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Abstract: An integer linear programming problems (ILPP) in which coefficient of objective function are Fuzzy Number and
Completely Fuzzy Integer Linear Programming Problems (CFILPP) may be treated. This work presents a new technique to getthe
optimal integer solution for linear programming problems with fuzzy variables by using Ranking function. Examples were presented
they clarifying the accuracy of the reviewed technique. This technique is the best to find the optimal integer solution of(FILPP).
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1 Introduction

(LP) is an almost important mechanism for operation research. It is involved with the linear function while satisfying a

set of linear equality and inequality constraints. Fuzzy set theory has been used many people discipline like control

theory and administration science, arithmetic modeling and manufacturing application [1] such as analysis of water, air

pollution regulation problem the idea fuzzy linear programming (LP) was the first time by zimmermann [6]. (FLPP) have

a fundamental role in fuzzy modeling which can subedit uncertainly in realistic environment [6]. Afterward, many

authors have treated differences kinds of the (FLPP) and submit several approaches several these problems.

Specially, the appropriate methods are established on the idea of comparison of fuzzy numbers with help of ranking

functions [3],[7],[8]. (LP) problems are related to many fields, such as artificialintelligence and operations research. It is

important to representing the display of problems [1].Finally, Herrera and Verdegay [5] have approach three methods for

solving three designs of (FILP) established on the representation theorem and on fuzzy number ranking method for a

(FLIP) problem by crisp linear integer programming problems. Pandian and Jayalakshmi [1] have suggested a model

method for solution (LIP) problem with fuzzy variables by using the traditional (LIP). A new technique was introduced

in this work for finding an optimal fuzzy integer solution for(FILP) problems, when the coefficients of objective

function are fuzzy numbers, and (CFILPP) by development cutting plane method and integer simples tableau with help

of ranking function, the obtained results exactly satisfy all the constraints and the computation in the proposed method is

more easy and simple.
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2 Preliminaries

Definition 1. [4] If X is a collection of objects denoted generically by X, thena fuzzy set̃a in X is defined to be a set

of ordered pairsã = {(x,µã) : x ∈ X}, whereµã is called the membership function for the fuzzy set . The membership

function maps each element of X value between[0,1].

Definition 2. [2] A fuzzy set̃a, defined on the universal set of real numbers R, is said to be a fuzzy number if its membership

function has the following characteristics.

(i) Mã : R→ [0,1] is continuous.

(ii) Mã(x) = 0 ,∀x∈ (−∞,a]
⋃

[d,∞)

(iii) Mã(x) is strictly increasing on[a,b] and strictly decreasing on[c,d]

(iv) Mã(x) = 1∀x∈ [a,b] where a≤ b≤ c≤ d.

Definition 3. [1],[4],[9] For any fuzzy number̃a= (al ,au,α,β ) the trapezoidal membership function is as follows

Mã(x)



















1− al−x
α , al −α ≤ x< al ;

1, al ≤ x≤ au

1− x−au

β , au ≤ x≤ au+β ;

0, otherwise.

3 Ranking function [4]

The Ranking function is applicable approach for ordering fuzzy number. The Ranking function is denoted byF(R) where

R : F(R)→R, is the set of fuzzy numbers. Let ˜a= (al ,au,α,β ) ∈ F(R) thenR(ã) = 1
2(a

l +au+ 1
2(β −α)).

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

A fuzzy linear integer programming (FILP) is defined as

(P1)







Max

or

Min,






Z̃ = cx̃

subject toAx̃R(≤,≈,≥)b̃ (1)

x̃≥ 0 are integer (2)

whereA= (ai j )m∗n is nonnegative matrix, the cost vectorc∈ (F(R)n) andx̃= (x̃ j)n∗1 andb̃= (b̃i)m∗1 are non-negative

real fuzzy vectors.∀1≤ j ≤ n,1≤ i ≤ m

Definition 4. [2] (Feasible and Optimal Solution) A fuzzy vectorx̃ is said to be a feasible solution of the problem(P1) if

x̃ satisfies ÃxR(≤,≈,≥)b̃ andx̃≥ 0

x0 is optimal feasible solutions to the problem(P1) if z− c̃x0 ≥ 0.

© 2019 BISKA Bilisim Technology



NTMSCI 7, No. 3, 350-355 (2019) /www.ntmsci.com 352

5 Completely fuzzy integer linear programming problems (CFILPP) [ 7]

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

(P2)







Max

or

Min,






Z̃ = c̃T x̃

subject toAx̃≤ b̃ (3)

x̃≥ 0 are integer (4)

wherec̃= (c̃ j)1∗n Ã= (ãi j )m∗n, X̃ = (x̃ j)n∗1 andb̃= (b̃i)m∗1 ∈ F(R) ∀ 1≤ j ≤ n,1≤ i ≤ m

In this work we solve two cases of FILPP. The first case are fuzzy numbers in the objective function coefficients, the

second case are completely fuzzy integer linear programming problems.

6 Development cutting plane method for (FILPP)

Now we suggest a new technique to find an optimal fuzzy integerlinear solution for (FILPP) with help of the development

of simplex tableau as shown in the following examples

Maxz̃R=C̃BXB+C̃NSN

Subject to

BXB+NSNR=b

XB ≥ 0,SB ≥ 0 are all integers

Hence,XB+B−1NSN = B−1b. Therefore

Z̃ = C̃B(B
−1b−B−1NSN)+C̃NSN

C̃BB−1b−C̃BB−1NSN +C̃NSN

Z̃+(C̃BB−1N−C̃N)XN = C̃BB−1b

at SN = 0, we haveXB = B−1b, andZ̃ = C̃BB−1b

Then the above problem can be solved by using development integer simplex tableau as below: Then Apply simplex

Basic -tn R.H.S
Z̃ C̃BB−1N−C̃N C̃BB−1b
XB -I 0
SN B−1N B−1b
Sci [ pivotrow

pivotelement]

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

To demonstrate the solution process for (FNILPP) by using development cutting plane method and integer simplex tableau.

let us treat the following problem

MaxZ= (5,8,2,5)x1+(6,10,2,6)x2

2x1+3x2 ≤ 6

5x1+4x2 ≤ 10

x1,x2 ≥ 0 and integers.

By using ranking function of(y01) , R(y01) =
1
2(a

l +au+ 1
2(β −α)), R(y01) =−7.25,R(y02) =−9. Since the problem

t̃1 t̃2 R.H.S
Z (-8,-5,5,2) (-10,-6,6,2) 0̃
x1 -1 0 0
x2 0 -1 0
S1 2 (3) 6
S2 5 4 10
Sc1 0 ((1)) 2

is maximum, and by using simplex algorithm the interring variable ist̃2 and leaving variable is(S1). To find the new table

first we find the elements of the row(Sc1) as follows

Sc1 = ([
2
3
], [

3
3
], [

6
3
]) = (0,1,2).

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

t̃1 t̃2 R.H.S
Z (-8,-5,5,2) (6,10,2,6) (12,20,4,12)
x1 -1 0 0
x2 0 1 2
S1 2 -3 0
S2 (5) -4 2
Sc1 ((1)) -1 0

Sc2 = ([
5
5
], [

−4
5
], [

2
5
]) = (1,−1,0).

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

ℜ(y01) =
1
2
(13+

1
2
(5−2)) =

1
2
(13+

3
2
)≥ 0

and

ℜ(y02) =
1
2
(5−2+

1
2
(8−7)) =

1
2
(3+

3
2
)≥ 0

Therefore the optimal fuzzy integer solution is ˜z(12,20,4,12), x1 = 0 x2 = 2. Note: the above problem is solved in paper

[2] and found the optimal non integer solution isZ̃(90
7 ,

148
7 ,

32
7 ,

90
7 ), X1 =

10
7 , X2 =

6
7.
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8 Example

In this example we treat with (CFLIPP).

minz̃= (−3,−1,2,2)x̃1+(−6,1,−1,−1)x̃2.

Subject to

(0,1,2,2)x̃1+(1,2,3,3)x̃2 ≤ (4,6,3,3).

(1,2,3,3)x̃1+(0,1,2,2)x̃2 ≤ (1,3,2,2).

x̃1, x̃2 ≥ 0 and integers. Here we solve this problem directly by using linearity property of ranking function transformation

all the fuzzy constraint and restriction into the crisp constraints and all (LPP) can be written as

maxℜ(z̃) = (ℜ(1,2,3,2))
⊗

ℜ(x̃1)+ (ℜ(2,3,1,1))
⊗

ℜ(x̃2).

Subject to

(ℜ(0,1,2,2))
⊗

ℜ(x̃1)+ (ℜ(1,2,3,2))
⊗

ℜ(x̃2)≤ (ℜ(1,5,4,2)),

(ℜ(1,2,3,2))
⊗

ℜ(x̃1)+ (ℜ(0,1,2,2))
⊗

ℜ(x̃2)≤ (ℜ(2,6,1,2)),

ℜ(x̃1), ℜ(x̃2)S≥ 0, since ifã= (al
,au

,α,β ) then

ℜ(ã) =
1
2
(aL +au+

1
2
(β −α)).

Therefore the new problem is as below:

maxℜ(Z̃) =
5
4

x1+
5
2

x2

Subject to
1
2

x1+
5
4

x2 ≤
5
2

5
4

x1+
1
2

x2 ≤
17
4

x1,x2 ≥ 0

and integers. Now by using development integer simplex table we find the optimal as follows,





















t̃1 t̃2 R.H.S

Z 5
4 0 5

x1 1 −2 0

x2 0 1 2

S1 − 1
2 − 1

4 0

S2 − 5
4 2 13

4





















.

The optimal integer solution isZ = 5 , x1 = 0 ,x2 = 2.
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9 Inference

This technique is considered one of the new and best ways to find the solution of optimal (FILPP) and completely fuzzy

Integer Linear Programming Problems (CFILPP) by using a linear ranking function, since the ease of calculation and

speed in the solution and the lack of number of tables of solution compared to other methods.
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