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Abstract: An alternative way of solving FNLPP is provided in this paper. Here the problem is first converted to a 
crisp multi-objective non-linear programming problem. Then a compromise solution is obtained using 
Zimmermann’s fuzzy technique. In the process the non-linear functions are converted to piecewise linear functions 
and thus the problem is converted to linear optimization problem using separable convex programming technique 
and then simplex method in adopted to find the solution. 
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1. Introduction 
 
As we know a basic linear programming problem deals with a single linear objective function, subject to a set of 
linear constrains in which the coefficients are known with certainty.  LPP having more than one conflicting 
objective problems are called multi objective LPP. 
 
Concept of fuzzy decision making was first proposed by Bellman and Zadeh [8].  Authors like L. Compose et. al., I. 
Takeshi et. al. and G. Zhang et. al. [1, 4, 5] focused their attention to solve fuzzy linear programming FLPPs.  An 
application of fuzzy Optimisation techniques to linear programming with multiple objectives has been given by 
Zimmerman [2]. P. A. Thakre et. al. [6] provided a method to solve FLPP where both the coefficient matrix of the 
constraint are fuzzy in nature. R.B. Dash et. al. [7] extended the idea to FNLPP. 
 
In this paper we propose a general MONLPP model in fuzzy environment where some objectives are to be 
maximised and minimized.  We have used triangular fuzzy numbers for representing the parameters of the 
problems with the help of Zimmermann’s fuzzy technique. 
 
2. Preliminaries  

Fuzzy number:  

A number  ��  whose membership function in general is defined as  
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where  ��
� : [��,,  ��] → [0,1] 

        and  ��
�: [��,  ��] → [0,1] 

are strictly monotonic and continuous mappings is called a fuzzy number.  
 
Trapezoidal fuzzy number: 
A fuzzy number   �� = (��,  ��,  ��,  ��) 
associated with the membership function 

��� (�) =

⎩
⎪
⎨

⎪
⎧

0
����

�����

1
����

�����

0

 ���
���
���
���
���

� < ��

�� ≤ � < ��

�� ≤ � ≤ ��

�� < � ≤ ��

� > ��
                                                                        (2.2)

 

is called Trapezoidal Fuzzy Number.  
 
Triangular Fuzzy Number: 

A fuzzy number  �� = (��,  ��, ��)  

is said to be triangular fuzzy number if its membership function is given by  
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Theorem-1: For any two triangular fuzzy numbers 

                         �� = (��, ��,   ��)  and  �� = (��,   ��, ��),   � ≤ � if and only if  
                       �� ≤ ��, �� − �� ≤ �� − ��  and   �� + �� ≤ �� + ��. 
Proof:  Obvious. 
 
3. Fuzzy Non-linear Programming Problem 
  
We consider the following fuzzy non-linear programming problem (FNLPP) in which the cost of the decision 
variables as well as the co-efficient matrix of the constraints are fuzzy in nature.  

           �(�) = ⟨�̃, �⟩ = ����� = ∑ ���
�
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                                                                                                                                                                              (3.1) 
subject to the constraints 
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The above problem can be rewritten as 
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Using theorem-1, the problem is further reduced to 

      �(�) = ��� ∑ ��� ��
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such that 
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Definition: 

A point Xx *  is said to be an optimal solution to a FLPP/FNLPP if  xCxC ,
~

,
~ *   for all Xx .  

 
4. Reduction to Multi-objective Non-linear Programming Problem  
  
The fuzzy objective function of (3.2) breads four crisp objective functions such as  

                           ��(�) = ∑ �� ��
��  

                           ��(�) = ∑ �� ��
��

 

                          ��(�) = ∑ �� ��
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  and                 ��(�) = ∑ �� ��
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Ultimately the FNLPP (3.2) reduces to a crisp multi-objective linear programming problem as follows: 
             ���
            � ∈ �

 {��(�),  ��(�),  ��(�),  ��(�)}                                                         (4.1) 

subject to the constraints of (3.2), where  ��:  �� − �. 
 
This crisp multi-objective function could have been solved reducing to weighted single objective function such as 

                                      ��� {���� + ���� + ���� + ����}   

subject to the constraints of (3.2). 
 
But in this paper, an alternative approach has been adopted by solving the mutli-objective crisp problem (4.1) 
using Zimmerman’s fuzzy technique as stated below.  
 
 
5. Zimmerman’s Fuzzy Programming Technique 
 
 To solve the MOLPP   

  �������� �� = � ��� �� ,
�

  � = 1, 2, … , � 

subject to ∑ ��� ��� ≤ � ,     � = 1, 2, … , �                                                                                                                      (5.1) 

                         �� ≥ 0. 

We use fuzzy programming technique suggested by Zimmermann. The method is presented briefly in the following 
steps. 
 
Step-1 
Solve the multi-objective linear programming problem by considering one objective at a time and ignoring all 
others. Repeat the process � times for � different objective functions.  Let  ��, ��, … , �� be the ideal solutions for 
respective functions. 
 
Step-2 
Using all the above ideal q solutions in Step -1 construct a pay –off matrix of size � by �. Then from the pay-off 
matrix find the lower bound (Lr) and upper bound (Ur) for the objective function �� as: 
 

�� ≤ �� ≤ ��, � = 1, 2, … , � 
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Step-3 
Define fuzzy linear membership function ���

(�) for the rth objective function �� ,  

� = 1, 2, … , � as 
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Step-4

 

Using the above membership functions, we formulate a crisp model by introducing an augmented variable   as: 

Min:   

Subject to 

� �����
+ (�� − ��)� ≥ �� , � = 1, 2, . . , � 

� ����� ≤ ��,                          � = 1, 2, … , � 

� ≥ 0, �� ≥ 0,                            � = 1, 2, … , � 

Step-5 
Solve crisp model to find the optimal compromise solution. Evaluate the value of objective functions at the 
obtained compromise solution. 
 
6. Numerical Example 
 
We illustrate the method by a numerical example given below. 
Solve the following FLNPP 
Max �(��, ��) = �̃�(−��

� + ��)�̃�(��) 
subject to the constraints

 

(3, 2, 1)��  +  (6, 4, 1)��  ≤ (13,   5,   2) 
(4, 1, 2)��  +  (6, 5, 1)��  ≤ (7,   4,   2) 
Max �(��,  ��) = �̃���

� +  �̃��� + �̃��� 
where �̃� = (7, 10, 14, 25) 
          �̃� = (20, 25, 35, 40)  

 
subject to 
3�� + 6�� ≤ 13 
4�� + 6�� ≤ 7 
�� + 2�� ≤ 8 
3�� + �� ≤ 3 
4�� + 7�� ≤ 15 
6�� + 10�� ≤ 9 
  ��,   �� ≥ 0.                                                                                                                                                                       (6.1) 
 
Now the fuzzy non-linear programming problem (6.1) reduces to  
Max.(−7��

� + 7�� + 20��, −10��
� + 10�� + 25��, −14��

� + 14�� + 35��, −25��
� + 25�� + 40��) 

subject to  
3�� + 6�� ≤ 13 
4�� + 6�� ≤ 7 
�� + 2�� ≤ 8 
3�� + �� ≤ 3 
4�� + 7�� ≤ 15 
6�� + 10�� ≤ 9 
   ��,   �� ≥ 0.                                                                                                                                                                      (6.2) 
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The problem (6.2) can be written as  
���. �� = −7��

� + 7�� + 20�� 
���. �� = −10��

� + 10�� + 25�� 
���. �� = −14��

� +  14�� + 35�� 
���. �� = −25��

� + 25�� + 40�� 
subject to 
3�� + 6�� ≤ 13 
4�� + 6�� ≤ 7 
�� + 2�� ≤ 8 
3�� + �� ≤ 3 
 4�� + 7�� ≤ 15 
 6�� + 10�� ≤ 9 
  ��,    �� ≥ 0.                                                                                                                                                                        (6.3) 
 
The crisp MONLPP is decomposed as four non-linear programming problems corresponding to each objective 
function and subject to same set of constraints. 
 
Now using Zimmerman’s method we find the lower bound (L.B) and Upper bound (U.B.) of the objective functions 
Z1, Z2,  Z3,  Z4  as in the following table 

Functions 1st 2nd 3rd 4th 
1
1Z  18.68     L1 23.47 32.87  38.44     U1 

1
2Z  19.24     L2 24.2 38.88 39.81    U2 

1
3Z  18.2      L3 22.75 31.85 36.4     U3 

1
4Z  

19.93    L4 25.05 39.87 41.04    U4 

 
As per step-4 of Zimmerman’s method, we finally solve: 
Minimize: � 
such that  
3�� + 6�� + 19.76 � ≥ 38.44 
4�� + 6�� + 20.57 � ≥ 39.81 
�� + 2�� + 18.2 � ≥ 36.4 
3�� + �� + 21.11 � ≥ 41.04 
4�� + 7�� ≤ 15 
6�� + 10�� ≤ 9 
��, �� ≥ 0.

 
Solving this LPP by simplex method, we get the optimal solution 

(��
∗, ��

∗) 
as follows. In the process we have used 

as in the case of separable programming.  
(��

∗, ��
∗)  = (0.003, 0.8982)  

      ���. �(��
∗, ��

∗)  = −�̃���
∗� + �̃���

∗ + �̃���
∗ 

                                       = �̃����
∗ − ��

∗�� + �̃� ��
∗ 

                                  = (7, 10, 14, 25) {0.003 − (0.003)�} + (20, 25, 35, 40)(0.8982)      
                                  = (7, 10, 14, 25) (0.002991) + (20, 25, 35, 40)(0.8982)      
                                  = (17.9849, 22.4849, 31.4788, 36.0027)    

        ��(��
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⎪
⎧
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Or   ��(0.003,0.8982)(�) =

⎩
⎪
⎨

⎪
⎧

0                                  � < 17.9849
����.����

�.�
17.9849 < � ≤ 22.4849

1               22.4849 < � ≤ 31.4788
��.������

�.����
31.4788 < � ≤ 36.0027

0                                   � > 36.0027

 

7. Observation  
 
We observe that the solution of this problem is very close to that of the weighted method adopted in the paper 
[8]. 
 
8. Conclusion 
 
This paper provides an alternative method of solution of Fuzzy Nonlinear programming problem.  This method is 
effective only on separable convex non-linear programming problems having imprecise co-efficient. 
 
In future, non-linear fuzzy quadratic programming problems can be derived using Beal’s and Wolf’s methods to the 
crisp non-linear programming problems.  
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