(_/
NTMSCI 7, No. 3, 350-355 (2019) BISKKA 350

© NewTrendsin Matematcal Sciences

http://dx.doi.org/10.20852/ntmsci.2019.375

Development cutting plane method to find optimal
integer solution for Fuzzy linear programming problems

Isra’a H. Hassan, Rasha J. Mitilf and Waleed Khalid Jabér

lUniversity of Technology-Iraq Engineering Communicatiphaq
2University of Technology-Iraq Applied Sciences, Iraq
SUniversity of Thi-Qar, Iraq Computer Science & Mathematicaq

Received: 28 April 2019, Accepted: 8 July 2019
Published online: 29 September 2019.

Abstract: An integer linear programming problems (ILPP) in which dim&nt of objective function are Fuzzy Number and
Completely Fuzzy Integer Linear Programming Problems [®PF) may be treated. This work presents a new technique tthget
optimal integer solution for linear programming problemighviuzzy variables by using Ranking function. Examples everesented
they clarifying the accuracy of the reviewed technique stachnique is the best to find the optimal integer solutiof-tdfPP).
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1 Introduction

(LP) is an almost important mechanism for operation re$edtds involved with the linear function while satisfying a
set of linear equality and inequality constraints. Fuzzyteeory has been used many people discipline like control
theory and administration science, arithmetic modeling manufacturing applicatiorl] such as analysis of water, air
pollution regulation problem the idea fuzzy linear prograimg (LP) was the first time by zimmermans] [ (FLPP) have

a fundamental role in fuzzy modeling which can subedit utadely in realistic environmentd]. Afterward, many
authors have treated differences kinds of the (FLPP) anchggieveral approaches several these problems.

Specially, the appropriate methods are established ondeee af comparison of fuzzy numbers with help of ranking
functions B],[7],[8]. (LP) problems are related to many fields, such as artifintelligence and operations research. It is
important to representing the display of problertisHinally, Herrera and Verdega$] have approach three methods for
solving three designs of (FILP) established on the reptatien theorem and on fuzzy number ranking method for a
(FLIP) problem by crisp linear integer programming probderRandian and Jayalakshmj jhave suggested a model
method for solution (LIP) problem with fuzzy variables byingsthe traditional (LIP). A new technique was introduced
in this work for finding an optimal fuzzy integer solution f@FILP) problems, when the coefficients of objective
function are fuzzy numbers, and (CFILPP) by developmenirauplane method and integer simples tableau with help
of ranking function, the obtained results exactly satidfytee constraints and the computation in the proposed na&itho
more easy and simple.
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2 Preliminaries

Definition 1. [4] If X is a collection of objects denoted generically by X, thaeiuzzy seéi in X is defined to be a set
of ordered pairsd = {(x, g : X € X}, where s is called the membership function for the fuzzy set . The r@eship
function maps each element of X value betw@et.

Definition 2.[2] A fuzzy sedi, defined on the universal set of real numberisRaid to be a fuzzy number if its membership
function has the following characteristics.

(i) Mz:R— [0,1] is continuous.

(i) Mz(x) =0 ,Vx e (—,aJ[d, )
(iii) Mgz(x) is strictly increasing ora, b] and strictly decreasing ofe, d]
(iv) Ms(x) =1vxe [a,b] wherea<b<c<d.

Definition 3. [1],[4],[9] For any fuzzy numbei= (a,a", a, B) the trapezoidal membership function is as follows

a<x<a

|
1-82 d —a<x<a;
1
17x—a“,au§xéau+ﬁ;
0

Ma(X)

B
, otherwise

3 Ranking function [4]

The Ranking function is applicable approach for orderirzfunumber. The Ranking function is denotedd(yR) where
M F(R) — R, is the set of fuzzy numbers. Lat= (a,a% a, B) € F(R) thenR(d) = 3(a' +a'+ 3(B—a)).

4 Fuzzy integer linear programming problems (FILPP) [1]

A fuzzy linear integer programming (FILP) is defined as

Max
(P)|or |Z=cX
Min,
subject toAXR=~>)p (1)
%> 0 are integer ()

whereA = (ajj)m«n iS nonnegative matrix, the cost vecoe (F(R)") andX'= (X )n.1 andb = (bj)m.1 are non-negative
real fuzzy vectorsvl < j<n,1<i<m

Definition 4. [2] (Feasible and Optimal Solution) A fuzzy veckds said to be a feasible solution of the problérp) if
% satisfies AR="~2)p andX > 0
Xo is optimal feasible solutions to the problé® ) if z— &xy > 0.
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5 Completely fuzzy integer linear programming problems (CHLPP) [ 7]

Consider the following (CFILPP) with (m) fuzzy constraimtsd (n) fuzzy variables as follows:

Max
(P) [ or |[Z=¢"%
Min,
subject toAX < b ©)
X >0 are integer (4)

wherec™= (€})1.n A= (& )mn, X = (%)nez andb= (b)m1 € F(R) ¥ 1< j<n1<i<m
In this work we solve two cases of FILPP. The first case areyfummnbers in the objective function coefficients, the
second case are completely fuzzy integer linear progragnprioblems.

6 Development cutting plane method for (FILPP)

Now we suggest a new technique to find an optimal fuzzy intlgear solution for (FILPP) with help of the development
of simplex tableau as shown in the following examples

MaxZR CeXg + CnSy

Subject to
BXg+NS\R™ b

Xg >0, >0 are all integers

Hence Xg + B~INSy = B~1b. Therefore
Z=Cs(B™b—BINSy) + ChSy
CeB b CeB NSy +CnuSy
7+ (CaBIN—Cy)Xn =CB b

atSy = 0, we haveXg = B~ b, andZ = CgB b
Then the above problem can be solved by using developmeagdansimplex tableau as below: Then Apply simplex

Basic -th R.H.S
Z CesB IN—-Cy | CeB ™ Tb
Xg -1 0
N B~IN B~1b
i
Sg [ pi\r/)g;gltre?r\:venl

algorithm, the entering variable can be found by use rankingtion.[.] denoted the integer function.
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7 Numerical example

To demonstrate the solution process for (FNILPP) by usivgld@ment cutting plane method and integer simplex tableau
let us treat the following problem

MaxZ = (5,8,2,5)x1 + (6,10,2,6)x,
22X+ 3% <6
5x1+4x <10
X1,X2 > 0 and integers

By using ranking function ofyo1) , R (yo1) = 2(a +a"+ 3(B — a)), R(yor) = —7.25,R(yo2) = —9. Since the problem

11 1%} R.H.S
Z [(-8,5,52)] (-10,-6,6,2)] 0
X1 -1 0 0
X2 0 -1 0
S 2 @) 6
S 5 4 10
S 0 ((1)) 2

is maximum, and by using simplex algorithm the interringadle ist; and leaving variable i€S;). To find the new table
first we find the elements of the r@®;) as follows

23 6

SCl = ([3]) [3]7[5]) = (07 172)'

Second, the pivot element is ((1)),we apply simplex algonito find the new table as follows:

t1 to R.H.S
Z | (-8,5,5,2)| (6,10,2,6) (12,20,4,12)
X1 -1 0 0
X2 0 1 2
S 2 -3 0
S (5) -4 2
S| (@) -1 0

S = (gh (2 b 2) = (1. -1,0)

The pivot element is ((1)), we apply simplex algorithm to fthe table (3), since

O(yor) = 5(13+ 5(5-2)) = 2(13+3) >0
and 1 1 1_ 3
O(yor) = 5(5-2+5(8-7))=5(B8+5) 20

Therefore the optimal fuzzy integer solutiorz{d 2, 20,4,12), x; = 0 x, = 2. Note: the above problem is solved in paper

[2] and found the optimal non integer solutiondg%?, 198 32 90 'x, — 10 x, — &,
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8 Example

In this example we treat with (CFLIPP).
minZ=(-3,-1,2,2)x1 + (—6,1,—-1,—-1)%.

Subject to
(0,1,2,2)X1+ (1,2,3,3)% < (4,6,3,3).
(1,2,3,3)X1+ (0,1,2,2)% < (1,3,2,2).

X1,X2 > 0 and integers. Here we solve this problem directly by usimeglrity property of ranking function transformation
all the fuzzy constraint and restriction into the crisp daaigts and all (LPP) can be written as

max(2) = (0(1,2,3,2)) Q) 0 (%) + (0(2,3,1,1)) Q) O (%)

Subject to
(0(0,1,2,2)) QO (x1) + (0(1,2,3,2) Q) 0(%) < (0(1,5,4,2)),
(0(1,2,3,2)) @ 0(%) +(0(0,1,2,2)) Q) 0(%) < (0(2,6,1,2)),

0(X1), O(%)S> 0, since ifa= (a,a", a, B) then

(@) = 5@ +a+ (B a).

Therefore the new problem is as below:

Nz

5
maxd(Z) = le+ —Xo

Subject to

X1, X2 > 0

and integers. Now by using development integer simplexetald find the optimal as follows,

1 b RH.S
zZ 2 0 5
xx 1 -2 0
X 0 1 2
s34 0
32 ¥

The optimal integer solution 8=5,x; =0 x, = 2.
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9 Inference

This technique is considered one of the new and best waysddh@solution of optimal (FILPP) and completely fuzzy
Integer Linear Programming Problems (CFILPP) by using aedirranking function, since the ease of calculation and
speed in the solution and the lack of number of tables of mmlompared to other methods.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

All authors have contributed to all parts of the article. &lithors read and approved the final manuscript.

References

[1] P.Pandian , M.Jayalakshmi , A new method for solving getelinear programming problems with fuzzy variables , Aqqbl
Mathematical sciences , vol .(4) , no (20) , pp. 997- 1004 0201

[2] N. M.Amiri, S.H.Nasseri, A. Yazdani, Fuzzy primal singgl Algorithms for solving fuzzy linear programming problerrranian
Journal of operation research , vol.(1) , no.(2) , pp. 682809.

[3] S.H.Nasseri, E.Ardil , simplex method for fuzzy variabiinear programming problems , International Journal offraatical ,
computational , physical and Quantum Engineering volr{8§10), 2009.

[4] I.H.Alkanani , F.A.Adnan , Ranking Function Method fool8ing Fuzzy linear programming problems , Mathematicabity and
modding , vol.(4) , no.(4) , 2014.

[5] M.Jayalakshmi , P.Pandian , A New method for finding ariropt fuzzy solution for fully fuzzy linear programming prigins ,
International Journal of Engineering Research and Apiitina , vol.(2), Issue(4), pp.247-254 , 2012.

[6] S.S.Roseline , E.C.Henry Amirthajaj , Different stigites to solve fuzzy linear programming problems , sciencktachnology ,
4(5) , 2012.

[7] A.Kumar , P.Singh , J.Kaur , Generalized Simplex aldoritto solve fuzzy linear programming problems with Rankirfg o
Generalized fuzzy Numbers , Turkish Journal of fuzzy systeoi.(1) , no.(2) , pp.80-103 , 2010.

[8] Someshwar Siddi, Dr. Y. Raghunatha Reddy, Solution tégar linear programming problems with triangular fuzzyniers,
6(3), March, 2017, International journal of engineeringsces & research technology.

[9] D. Stephen Dinagar and M Mohamed Jeyavuthin , Fully Furzgger Linear Programming Problems Under Robust Ranking
Techniques , 6(3), 2018 , pp.19-25, International jourmahathematical and its applications . P.Rajaraes ,

© 2019 BISKA Bilisim Technology



	Introduction
	Preliminaries 
	Ranking function  4
	Fuzzy integer linear programming problems (FILPP)  1
	Completely fuzzy integer linear programming problems (CFILPP) 7
	Development cutting plane method for (FILPP) 
	Numerical example
	Example
	Inference

