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Abstract 

In this work, we propose a new approach for finding the solution of Mixed integer 

programming problem using Fuzzy sequential linear programming method, an algorithmic 

method is introduced. Computational results are presented and termination criteria for the 

solution scheme are discussed. 

1. Introduction 

Sequential Linear Programming was originally proposed by Griffith and 

Stewart [6]. Bhavikatti [3] suggested several improvements to the method to 



R. ABDUL SALEEM, G. RASITHA BANU and S. MEENAKSHI 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 2, December 2021 

660 

ensure that the method can be used almost as a black box for practical 

problems. Sequential Linear Programming [1, 5, 7, 8] is one of the dominant 

methods for solving nonlinear optimization problems. The Sequential Linear 

Programming [4] consists in linearizing the constraints and the objective 

function in the neighbourhood of a design vector and solving the resulting 

linear programming problem to get a new design vector. The linearization of 

non-linear equations and the solution of linear programming problem is 

sustained in a sequence till optimal solution is reached [2]. 

Fuzzy sets have been introduced by Lotfi. A. Zadeh (1965) [10] as a 

mathematical way of representing impreciseness or vagueness in everyday 

life. Fuzzy set theory has been practically applied to many disciplines such as 

control theory and operational research, mathematical modelling and 

industrial applications. The concept of fuzzy optimization in wide-ranging 

was first proposed by Tanaka et al, 1974 [9]. Zimmerman, 1978 [11], Proposed 

the first formatting of fuzzy linear programming. 

The paper is organized as follows: Basic concepts of fuzzy sets and 

hexagonal fuzzy numbers are given in Section 2, and Section 3 deals an 

Algorithm to Solve Fuzzy Mixed Integer Programming Problem Using Fuzzy 

Sequential Linear Programming Method. In section 4 proposed algorithms is 

given to solve MIFSLPP. Finally, in Section 5, the efficiency of the proposed 

method is explained by means of an example. 

2. Preliminaries 

Definition 2.1. A fuzzy set A
~

 is defined by    ,:,
~

AxxxA A   

   1,0 xA  [10]. In the pair   ,, xx A  the first element x belongs to the 

classical set A and the second element  xA  belongs to the interval [0, 1] 

called membership function. 

Definition 2.2. A fuzzy set A
~

 on R must possess at least the following 

three properties to qualify as a fuzzy number: 

(i) A
~

 must be a normal fuzzy set; 

(ii) 
A
~  must be a closed interval for every  ;1,0  and 
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(iii) the support of A
~

 must be bounded. 

Definition 2.3. A fuzzy number HA
~

 is a hexagonal fuzzy numbers 

denoted by  654321 ,,,,,
~

aaaaaaAH   where  654321 ,,,,, aaaaaa  are 

real numbers and its membership function  x
HA

~  is given below 
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Operations of Hexagonal Fuzzy numbers 2.4.  

Following are the three operations that can be performed on hexagonal 

fuzzy numbers, suppose  ,,,,,,
~

654321 aaaaaaAH   and  ,,,
~

321 bbbBH   

654 ,, bbb  are two hexagonal fuzzy Numbers then 

Addition:  665544332211 ,,,,,
~~

babababababaBA HH   

Subtraction: 

 665544332211 ,,,,,
~~

babababababaBA HH   

Multiplication: 

 665544332211 ,,,,,
~~

babababababaBA HH    

Ranking Function 2.5. An efficient approach for comparing the fuzzy 

numbers is by the use of an efficient ranking function   ,: RRF R  where 

 RF  is a set of fuzzy numbers defined on set of real numbers, which maps 

each fuzzy number into the real line, where a natural order exists i.e. 

(i) BA
~~

  if and only if    BA
~~

RR   
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(ii) BA
~~

  if and only if    BA
~~

RR   

(iii) BA
~~

  if and only if    BA
~~

RR   

i.e.   














 


54

19

54

2101515102~ 654321 waaaaaa
AR H  

where  ,,,,,, 654321 aaaaaa  are hexagonal fuzzy numbers. 

Definition 2.6. When 1w  the hexagonal fuzzy number is a normal 

fuzzy number. 

3. An Algorithm to Solve Fuzzy Mixed Integer Programming 

Problem Using Fuzzy Sequential Linear Programming Method 

Step 1. Assume an initial point  ,~ 0x  two convergence parameters  and 

. Set an iteration Counter .0t  

Step 2. Calculate   .~ txf  If    .~  txf  Terminate; Else go to step 

3. 

Step 3. Frame the Fuzzy Sequential Linear Programming Problem as 

Maximize or Minimize         ttt xxxfxf ~~~~   Subject to constraints 

         Jjxxxgxg tt
j

t
j ,,2,1;0~~~~   

         Jjxxxgxg tt
j

t
j ,,2,1;0~~~~   

         Kkxxxhxh tt
k

t
k ,,2,1;0~~~~   

   .~~~ t
i

t xxx   

Step 4. Formulate the given Fuzzy mixed integer programming problem. 

Step 5. Drop all the integer variables in the fuzzy objective function and 

in the constraint set. Apply Sequential linear programming solution mixer 

integer programming Problem.  

Step 6. Does the linear programming have a solution? If yes, stopping at 

the satisfied criteria and get the results, if No, apply sub routine solution to 
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determine new variable cost substituting for fixed costs. 

Step 7. Therefore, the criteria      ttt xxx ~~~
1  and 

        ttt xfxfxf ~~~
2

1   is satisfied and print the result. 

4. Numerical Example 

Minimize   2
4
2

~~~ xxxf   Subject to 

5~~
21  xx  

6~2~
21  xx  

Non-negative restriction 0~~
21  xx  

Solution. 

The Formulated Fuzzy Sequential Linear Programming Problem is 

converted in to Hexagonal Fuzzy Sequential Linear Programming Problem as 

Minimize     2
4
2

~~1;2,5.1,3.1,1,5.0,0~ xxxf   

Subject to 

     1;7,6,5.5,5,4,3~1;2,5.1,3.1,1,5.0,0~1;2,5.1,3.1,1,5.0,0 21  xx  

     1;8,7,5.6,6,5,4~1;4,3,5.2,2,1,0~1;2,5.1,3.1,1,5.0,0 21  xx  

Non-negative restriction 

 .0,0,0,0,0,0~,~
21 xx  

By using Ranking function, we obtained 

    70.01;4,3,5.2,2,1,035.01;2,5.1,3.1,1,5.0,0  RR  

    11.21;8,7,5.6,6,5,476.11;7,6,5.5,5,4,3  RR  

Therefore 

Minimize   2
2

4
1

~~35.0~ xxxf   Subject to 

76.1~35.0~35.0 21  xx  
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11.2~70.0~35.0 21  xx  

Non-negative restriction 0~,~
21 xx  

Let us calculate fuzzy cost and fuzzy constraints gradients functions at 

the point 0t   and  tx~  Choose    1,1~.01.0 0
21  x  

Therefore, the criteria      ttt xxx ~~~
1

1   and 

        ttt xfxfxf ~~~
2

1   is satisfied. 

The optimal solution is 01.6~
1 x  and .00.1~

2 x  

5. Conclusion 

The proposed Fuzzy Sequential Linear Programming algorithm offers a 

suitable and well-organized method to solve the mixed integer programming 

problems. It provides not only the optimal solution but also near optimal 

solutions. So, it covers the way for the performance analysis of the solutions 

obtained. The optimal solutions obtained from the proposed algorithm are 

more approximate than many other solutions obtained from the existing 

methods. 

References 

 [1] R. E. Griffith and R. A. Steward, A nonlinear programming technique for the 

Optimization of continuous processing systems, Journal of Management Science 7 379-

392.  

 [2] S. S. Bhavikatti, Computational efficiency of improved move limit method of sequential 

linear programming for structural optimization, Computers and Structures 11 (1980), 

191-196.  

 [3] D. M. Himmelblaue, Applied Nonlinear Programming, McGraw Hill, New York, 1972.  

 [4] J. S. Arora, Introduction to optimum design. McGraw-Hill, 1989.  

 [5] S. S. Rao, Engineering optimization-Theory and practice, New Age International (P) Ltd. 

Publishers, New Delhi, 1996.  

 [6] K. Deb, Optimization for engineering design: Algorithms and examples, Prentice Hall of 

India, 1995.  

 [7] G. Carpentieri and J. L. Tooren, Improving the efficiency of Aerodynamic Shape 

optimization on Unstructured Meshes, 44th AIAA Aerospace Sciences Meeting and 

Exhibit, Reno, NV, Jan 2006.  



ALGORITHMIC APPROACH TO SOLVE MIXED INTEGER … 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 2, December 2021 

665 

 [8] L. A. Zadeh, The concept of a linguistic variable and its applications to approximate 

reasoning - Parts I, II, III, Inform. Sci. 8 (1975), 199-249.  

 [9] M. Torabi and J. A. Dracup, A sequential linear Programming Approach to solve Mixed 

Integer Programming Problems, Comput. Math. Applic 15(12) 1029 -1039, ISSN: 0097-

4943/88. 

 [10] L. A. Zadeh, Fuzzy sets, Information and Control 8 (1965), 338-353.  

 [11] H. J. Zimmerman, Fuzzy programming and linear programming with several objective 

functions, Fuzzy Sets and Systems 1(1) (1978), 45-55.  


