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Abstract: In this paper, we consider the fully fuzzy linear programming problem at
which all the attributes and variables of the problem are fuzzy numbers represented
by a piecewise linear fuzzy number. This type of fuzzy numbers is used due to its
importance as a generalization of some other types of fuzzy numbers. We propose a
fuzzy version of the simplex method to solve the problem, which is shown to be a gen-
eralization of the conventional simplex method. We represent the simplex method in
a tabulated form and discuss whether a final solution exists, the problem is infeasible
or it is unbounded. Finally, it is shown that the proposed method is more realistic
than some of the existing methods.
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1 Introduction

Linear programming has been an important mathematical tool to solve real life problems
for a long time. If some of the data in a linear programming problem are vague, i.e.,
not precise due to unclear boundaries, then these data are usually represented by fuzzy
numbers. This fuzzy representation of the data gives a more realistic manipulation of the
problem under consideration since many real life problems contain fuzzy expressions such
as “approximately”, “almost” or “about”. Ignoring such expressions and representing
the data as crisp (unfuzzy) numbers cost losing some information about the resources,
costs or variables. Many applications of fuzziness can be found in different mathematical
fields [1, 9]. The literature is rich of applications of fuzzy linear programming problems
see, for example, [2,4,6]. A more general case is to have a fully fuzzy linear programming
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(FFLP) problem, where all the attributes and the variables in the problem are fuzzy
[5, 14].

Different solution approaches for FFLP problems can be found in the literature. For
instance, some authors convert the problem into one or more crisp linear programming
(CLP) problems with one or more objectives using some ranking method to get rid of the
fuzziness, then solve the new problems using the known methods for solving conventional
single or multi-objective linear programming problems [7, 14]. On the other hand, some
researchers prefer to solve the problem directly without converting it into another type
of problem. This is usually done using a fuzzy version of the simplex method [5, 11].

Many types of fuzzy numbers were used in the literature to represent this fuzziness,
namely, the triangular fuzzy number which was used by Ozkok et al. [14], the trapezoidal
fuzzy number which was considered by Das et al. [7] and by Kumar & Kaur [12], and
other types of fuzzy numbers used widely in the literature. A more general type of
fuzzy numbers is the n-polygonal fuzzy number, which generalizes the triangular and the
trapezoidal fuzzy numbers. It has been gaining a great interest recently, especially in
neural networks [13,17].

In a previous work [15], Tuffaha and Alrefaie studied the piecewise linear fuzzy number
of order n (PLFN-n), which is an n-polygonal fuzzy number with equidistant knots.
Convenient arithmetic operations were proposed on the PLFN-n in [15] and shown to
satisfy the most important properties such as commutativity, associativity, having an
identity and preserving the ranking value. Moreover, the operations were shown to give
a generalization of the conventional binary operations on the real numbers. Later on,
Tuffaha and Alrefaei [16] showed extra properties for the arithmetic operations. These
new definitions were used for solving a fully fuzzy transportation problem (FFTP) [3].
In this paper, we consider a fully fuzzy linear programming problem and represent the
fuzziness by the PLFN-n for the first time. A generalization of the known simplex method
is proposed using the arithmetic operations given in [15].

The paper is organized as follows. In Section 2, we give some preliminaries needed
throughout the paper. After that, in Section 3, the fully fuzzy linear programming
problem is constructed and the solution method is proposed. The advantages of the
proposed method are shown in Section 4, and some concluding remarks are given in
Section 5.

2 Preliminaries

In this section, we present the definition of PLFN-n and the binary operations on PLFN-
n’s. We also give some definitions to clarify some concepts related to the PLFN-n’s,
such as the fuzzy matrices and the maximum and minimum of a set of fuzzy values or
fuzzy-valued functions.

The following definitions are about the piecewise linear fuzzy number that is presented
in [15].

Definition 2.1 A fuzzy set Ã is called a Piecewise Linear Fuzzy Number of
Order n (PLFN-n) if its membership function is given by

fÃ(x) =


1
n [ x−pi

pi+1−pi
] + i

n ; pi ≤ x ≤ pi+1, i = 0, .., n− 1

1 ; pn ≤ x ≤ q0
−1
n [ x−qi

qi+1−qi ] + n−i
n ; qi ≤ x ≤ qi+1, i = 0, .., n− 1

0 otherwise.
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PLFN-n is represented by its knots: (p0, p1, .., pn; q0, q1, .., qn). The family of all
PLFN-n’s is denoted by PLn. Moreover, a crisp (unfuzzy) real number c can be repre-
sented in the PLFN-n form as c = (c, c, .., c; c, c, .., c).

Definition 2.2 Let (p0, p1, .., pn; q0, q1, .., qn) be a PLFN-n. Then its ranking value
is given by

R(P̃ ) =
1

4n
[p0 + 2p1 + 2p2 + ... + 2pn−1 + pn + q0 + 2q1 + 2q2 + ... + 2qn−1 + qn].

Definition 2.3 Let P̃ = (p0, p1, .., pn; q0, q1, .., qn), Q̃ = (r0, r1, .., rn; s0, s1, .., sn) ∈
PLn. The addition of P̃ and Q̃ is defined as follows:

P̃ ⊕ Q̃ = (p0 + r0, p1 + r1, .., pn + rn; q0 + s0, q1 + s1, .., qn + sn).

Moreover, the multiplication of P̃ and Q̃ is P̃ ⊗ Q̃ = (t0, t1, .., tn;u0, u1, .., un), where

un =
1

4n
[I +

n∑
i=1

(2i− 1)Xi + 2nXn+1 +

n∑
i=1

(2(n + i)− 1)Xn+1+i]

ui−1 = ui −Xn+1+i, for i = n, n− 1, .., 1

tn = u0 −Xn+1

ti−1 = ti −Xi, for i = n, n− 1, .., 1,

and I =
1

4n
[(p0 + 2p1 + .. + 2pn−1 + pn + q0 + 2q1 + .. + 2qn−1 + qn)∗

(r0 + 2r1 + .. + 2rn−1 + rn + s0 + 2s1 + .. + 2sn−1 + sn)]

Xi = (pi − pi−1) + (ri − ri−1), for i = n, n− 1, .., 1

Xn+1 = (q0 − pn) + (s0 − rn)

Xn+1+i = (qi − qi−1) + (si − si−1), for i = n, n− 1, .., 1.

This definition guarantees the preservation of the most common properties of PLFN-n’s.

Definition 2.4 Let P̃ = (p0, p1, .., pn; q0, q1, .., qn) ∈ PLn. If R(P̃ ) 6= 0, then the
multiplicative inverse of P̃ , in the sense that R(P̃ ⊗ P̃−1) = 1, is defined to be
P̃−1 = (t0, t1, .., tn;u0, u1, .., un), where

t0 =
1

R(P̃ )
+

1

4n
(p0 + 2p1 + .. + 2pn−1 + pn + q0 + 2q1 + .. + 2qn−1 − (4n− 1)qn)

ti = ti−1 + (qn−i+1 − qn−i) for all i = 1, .., n

u0 = tn + (q0 − pn)

ui = ui−1 + (pn−i+1 − pn−i) for all i = 1, .., n.

The following definitions are about the equalities, inequalities and matrices with
PLFN-n from [16].

Definition 2.5 Let ã and b̃ be two PLFN-n’s. Then

• ã and b̃ are equivalent, denoted ã ≈ b̃, if R(ã) = R(b̃).
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• ã is greater than b̃, denoted ã � b̃, if R(ã) ≥ R(b̃).

• ã is smaller than b̃, denoted ã � b̃, if R(ã) ≤ R(b̃).

Definition 2.6

• A matrix whose entries are PLFN-n’s is called a piecewise linear fuzzy matrix M̃.

• The set of all piecewise linear fuzzy matrices is denoted by M(PLn).

• The addition and multiplication of piecewise linear fuzzy matrices are similar to
those of real matrices, but using the binary operations given in Definition 2.3 on
PLn.

Definition 2.7 Let Ã = [ãij ]m×k, B̃ = [b̃ij ]m×k ∈M(PLn). Then

1. Ã and B̃ are equal or equivalent, written Ã = B̃ or Ã ≈ B̃, if their corresponding
entries are equal or equivalent, respectively.

2. A set of rows of Ã, {ãi1 , ãi2 , ..., ãip}, are linearly independent if the equation (c1⊗
ãi1)⊕ (c2⊗ ãi2)⊕ ...⊕ (cp⊗ ãip) ≈ 0̃ with c1, c2, ..., cp ∈ R can only be satisfied by
ci = 0 for all i = 1, .., p.

3. The rank of Ã is the maximal number of linearly independent rows of Ã.

4. If m = k, then Ã is a square fuzzy matrix, and we define the determinant of Ã,
denoted det(Ã), to be a PLFN-n computed in a similar way to how we compute
the determinant of a real square matrix, but using the binary operations given
in Definition 2.3 on PLn. Furthermore, if det(Ã) 6≈ 0, then the inverse matrix
Ã−1 can also be found by similar techniques to finding the inverse matrix of a real
matrix, but here Ã⊗ Ã−1 ≈ Ĩ, where the square matrix Ĩ is a fuzzy identity matrix
inM(PLn) whose entries are equivalent to zero, except for the entries in the main
diagonal which are equivalent to one.

It is known that a linear programming problem seeks the maximum or minimum of
a function subject to given constraints. The following definitions present the definition
of maximum or minimum of a set of fuzzy values or fuzzy-valued functions.

Definition 2.8 Let I be an arbitrary index set, and let S̃ = {ãi : i ∈ I} be a
set of PLFN-n’s. We define the maximum and minimum fuzzy value of the elements
of S̃, denoted max(S̃) and min(S̃), to be the elements of S̃ with the maximum and
minimum ranking values, respectively. In other words, if h1 = max{R(ãk) : ãk ∈ S̃} and
h2 = min{R(ãk) : ãk ∈ S̃}, then

max(S̃) = {ãi ∈ S̃ : R(ãi) = h1}, min(S̃) = {ãi ∈ S̃ : R(ãi) = h2}.

Note that max(S̃) and min(S̃) may have more than one element of S̃ if it contains
more than one PLFN-n with the maximum or minimum ranking value.

Definition 2.9 Let f̃ : (PLn)k → PLn, where k ∈ N, be a fuzzy-valued function.
Then the maximum and minimum of f̃ are defined by

max(f̃) = max{f̃(x̃) : x̃ ∈ (PLn)k}, min(f̃) = min{f̃(x̃) : x̃ ∈ (PLn)k}.

Remark 2.1 Note that max(f̃) = −min(−f̃).



NONLINEAR DYNAMICS AND SYSTEMS THEORY, 20 (4) (2020) 451–460 455

3 Fully Fuzzy Linear Programming with the Piecewise Linear Fuzzy Num-
ber

In this section, we construct the FFLP problem with PLFN-n and propose a solution
method. We generalize the simplex algorithm in order to solve a FFLP problem with
PLFN-n’s of the form

min z̃ = c̃x̃

s.t. Ãx̃ ≈ b̃

x̃ � 0̃,

(1)

where c̃ = [c̃j ]1×l, x̃ = [x̃j ]l×1, Ã = [ãij ]m×l, b̃ = [b̃i]m×1 are fuzzy matrices with

PLFN-n’s. Moreover, b̃i � 0̃ for all i = 1, ..,m, and the matrix Ã is with rank m.

3.1 Basic feasible solutions

After possibly rearranging the columns ãj of Ã, let Ã = [B̃Ñ], where B̃ is an m × m

invertible matrix consisting of m columns of ãj, and Ñ is an m× (l−m) matrix with the

rest of the columns. Then the constrains can be written as [B̃ Ñ]x̃ ≈ b̃. The variables

vector can then be split as follows: [B̃ Ñ]

[
x̃B

x̃N

]
≈ b̃, which gives B̃x̃B ⊕ Ñx̃N ≈ b̃ or

x̃B ⊕ B̃−1Ñx̃N ≈ B̃−1b̃. (2)

One solution is x̃ =

[
x̃B

x̃N

]
=

[
B̃−1b̃

0̃

]
, which is called a basic solution. B̃ is called the

basis, and the components of x̃B are called the basic variables. If x̃B � 0̃, then x̃ is called
a basic feasible solution (b.f.s.).

3.2 The fuzzy simplex method

Assume problem (1) has a basic feasible solution x̃′ =

[
x̃B

x̃N

]
=

[
B̃−1b̃

0̃

]
, whose objective

value is given by

z̃0 = c̃

[
B̃−1b̃,

0̃

]
= [c̃B c̃N ]

[
B̃−1b̃

0̃

]
= c̃BB̃−1b̃. (3)

The objective function in augmented form is

z̃ =
[
c̃B c̃N

] [x̃B

x̃N

]
= c̃Bx̃B ⊕ c̃N x̃N . (4)

From (2), we have
x̃B ≈ B̃−1b̃	 B̃−1Ñx̃N . (5)

Substituting (5) in (4) and simplifying give

z̃ ⊕ (c̃BB̃−1Ñ	 c̃N )x̃N ≈ c̃BB̃−1b̃.

Denote z̃N = c̃BB̃−1Ñ, then

z̃ ⊕ (z̃N 	 c̃N )x̃N ≈ c̃BB̃−1b̃. (6)
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From equations (6) and (2), and putting b̃ = B̃−1b̃, the current b.f.s. can be represented
in tabular form as

x̃B x̃N RHS

z̃ 0̃ z̃N 	 c̃N c̃BB̃−1b̃

x̃B Ĩ B̃−1Ñ b̃

We assume the absence of degeneracy, i.e., we consider that b̃ � 0. The case of
degeneracy, where b̃ has zero values, is known to cause some problems and needs a
special discussion that will be cited later.

Let J be the current set of indices of the non-basic variables, then z̃j 	 c̃j , where
j ∈ J are the elements of z̃N 	 c̃N . Now, from equation (6) we have

z̃ ≈ z̃0 	
∑
j∈J

(z̃j 	 c̃j)x̃j . (7)

If z̃j 	 c̃j ≺ 0 for all j ∈ J , then the current solution cannot be improved anymore,
and it is optimal. On the other hand, if z̃j	 c̃j � 0 for all j ∈ J , and z̃k	 c̃k ≈ 0 for some
k ∈ J , then increasing the value of x̃k does not affect the objective value, which means
that we have alternative optimal solutions with the same objective value. However, such
case is not treated differently than the previous case in this paper. In other words, even
if we have alternative optimal solutions, we will take only one of them into consideration.

Finally, if there exists z̃k 	 c̃k � 0 for some k ∈ J , then x̃k enters the basis because
this improves the objective value and one basic solution leaves the basis. To determine
the leaving variable, we use the ratio test in order to maintain feasibility, i.e., keep all
basic variables non negative. In order to maintain the nonnegativity of the variables, x̃k

is increased until the first point at which some basic variable x̃Br drops to zero. In fact,
we can increase x̃k until

x̃k =
b̃r
ỹrk

= min

{
b̃i
ỹik

; ỹik � 0, i = 1, ..,m

}
, (8)

and then x̃Br leaves the basis and we call it the blocking variable, and (8) is called the
minimum ratio. In fact, the only purpose of finding the minimum ratio is to determine the
blocking variable. However, we can use the ranking function to facilitate the calculations,
and the following ranked minimum ratio is enough to achieve the purpose:

R[b̃r]

R[ỹrk]
= min

{
R[b̃i]

R[ỹik]
; ỹik � 0, i = 1, ..,m

}
. (9)

In tabular format, we can change the basis using the elementary row operations,
which are known to maintain an equivalent problem, such that x̃k enters the basis and
x̃Br leaves it.

If ỹk � 0, i.e., the ranking values of all its elements are less than or equal to zero.
Then there is no blocking variable, and the value of x̃k can be increased indefinitely
giving always a better objective value without violating any of the constraints. Thus,

the problem is unbounded and the vector d̃ =

[
−ỹk

ẽk

]
is the direction of unboundedness.

To illustrate, we give two examples, one has optimal solution and the other is unbounded.
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Example 3.1 Consider the following FFLP problem:

min (1, 2, 3; 3, 4, 5)⊗ x̃1 ⊕ (−7,−4.5,−3;−1, 1, 2)⊗ x̃2

s.t. (−4,−2,−1; 2, 3, 5)⊗ x̃1 ⊕ (2, 3, 5; 6, 6.5, 8)⊗ x̃2 � (−1, 0, 1; 1, 3.5, 4)

(1, 3, 4; 4, 5, 7)⊗ x̃1 ⊕ (−3,−2.5,−2;−1, 0, 3)⊗ x̃2 � (5, 6, 7; 9, 10, 11)

x̃1, x̃2 � 0̃.

(10)

Adding the slack variables gives the following first simplex table:

x̃1 x̃2 ỹ1 ỹ2 RHS

z̃ (−5,−4,−3;−3,−2,−1) (−2,−1, 1; 3, 4.5, 7) 0 0 0

RV −3 2

ỹ1 (−4,−2,−1; 2, 3, 5) (2, 3, 5; 6, 6.5, 8) 1 0 (−1, 0, 1; 1, 3.5, 4)

RV 0.5 .5/ 1.5

ỹ2 (1, 3, 4; 4, 5, 7) (−3,−2.5,−2;−1, 0, 3) 0 1 (5, 6, 7; 9, 10, 11)

RV 4 −1 8

where the ranking value (RV) of each fuzzy number is written below it.
z̃k 	 c̃k = max{(−5,−4,−3;−3,−2,−1), (−2,−1, 1; 3, 4.5, 7), 0, 0} =
(−2,−1, 1; 3, 4.5, 7) � 0, thus the current solution is not optimal. From the ranked
minimum ratio test (9), we find
R[b̃r]
R[ỹrk]

= R[(−1, 0, 1; 1, 3.5, 4)]⊗R[(2, 3, 5; 6, 6.5, 8)−1] = 1.5 ∗ 0.2 = 0.3, so we pivot at

(2, 3, 5; 6, 6.5, 8) by performing the elementary row operations

R1 ←(2, 3, 5; 6, 6.5, 8)−1 ⊗R1

R0 ←(−(−2,−1, 1; 3, 4.5, 7)⊗R1)⊕R0

R2 ←(−(−3,−2.5,−2;−1, 0, 3)⊗R1)⊕R2.

This gives the second simplex table:

x̃1 x̃2 ỹ1 ỹ2 RHS

z̃
(−17.7,−10.7,−6.7;

−0.7, 5.3, 10.3)
(−15,−9,−3;

3, 9, 15)
(−8.4,−4.4,−2.4;

0.6, 4.6, 6.6)
0

(−11.1,−6.1,−3.1;
−0.1, 6.4, 8.9)

RV −3.2 0 −0.4 −0.6

x̃2
(−7.4,−3.9,−2.4;

1.6, 4.6, 7.6)
(−5,−2.5, 0;

2, 4.5, 7)
(−2.8,−1.3,−0.8;

0.2, 2.2, 3.2)
0

(−5.2,−2.7,−1.2;
−0.2, 4.3, 5.8)

RV 0.1 1 0.2 0.3

ỹ2
(−10.4,−1.9, 1.6;

6.6, 11.1, 16.6)
(−12,−6,−2;

2, 6, 12)
(−6.8,−2.3,−0.8;

1.2, 3.7, 5.2)
1

(−4.2, 2.3, 5.8;
9.8, 15.8, 18.8)

RV 4.1 0 0.2 8.3

z̃k 	 c̃k = max{(−17.7,−10.7,−6.7;−0.7, 5.3, 10.3), (−15,−9,−3; 3, 9, 15),
(−8.4,−4.4,−2.4; 0.6, 4.6, 6.6), 0} = 0, thus the solution is optimal. The optimal solution
for the problem is x̃1 = 0, x̃2 = (−5.2,−2.7,−1.2;−0.2, 4.3, 5.8) with the fuzzy objective
value z̃∗ = (−8.9,−6.4, 0.1, 3.1, 61, 11.1). Now, we solve the RLP problem for problem
(10), which is

min 3x1 − 2x2

s.t. 0.5x1 + 5x2 ≤ 1.5

4x1 − x2 ≤ 8

x1, x2 ≥ 0.
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Its optimal solution is x1 = 0, x2 = 0.3 with the optimal objective value z∗ = −0.6. As
expected, we have x1 = R(x̃1), x2 = R(x̃2) and z∗ = R(z̃∗).

Here is another example for an unbounded FFLP with PLFN-n’s.

Example 3.2 Suppose we have the following simplex table that represents some step
in the fuzzy simplex algorithm to solve some FFLP with PLFN-n’s:

x̃1 x̃2 x̃3 x̃4 RHS

z̃
(−13,−8,−3, 0;

0, 3, 8, 13)
(−13,−9,−3, 0;

0, 4, 8, 13)
(−16,−9,−4, 0;

2, 6, 11, 18)
(−17,−12,−7,−3;

−1, 3, 8, 13)
(−4,−1, 1, 4;
4, 7, 9, 12)

RV 0 0 1 −2 −10

x̃2
(−8,−6,−3,−1;

1, 3, 6, 8)
(−6,−4,−2, 0;

2, 4, 6, 8)
(−11,−8,−4,−2;

0, 2, 6, 9)
(−13,−6,−2, 1;

1, 6, 8, 11)
(−4,−1, 1, 4;
4, 7, 9, 12)

RV 0 1 −1 1 4

x̃1
(−2,−1, 0, 1;
1, 2, 3, 4)

(−3,−2,−1, 0;
0, 1, 2, 3)

(−7,−5,−3,−2;
−2,−1, 1, 3)

(−3,−1, 0, 1;
1, 2, 3, 5)

(−2,−1, 0, 2;
2, 4, 5, 6)

RV 1 0 −2 1 2

It is clear that the variable x̃3 needs to enter the basis. However,

ỹ3 =

[
ỹ23
ỹ13

]
=

[
(−11,−8,−4,−2; 0, 2, 6, 9)

(−7,−5,−3,−2;−2,−1, 1, 3)

]
� 0̃.

Therefore, the problem is unbounded with the direction of unboundedness:

d̃ =


−ỹ13
−ỹ23

1
0

 =


(−3,−1, 1, 2; 2, 3, 5, 7)

(−9,−6,−2, 0, 2, 4, 8, 11)
(1, 1, 1, 1; 1, 1, 1, 1)
(0, 0, 0, 0; 0, 0, 0, 0)

 .

4 Advantages of the Proposed Method

Applying the proposed method to a FFLP problem with PLFN-n’s preserves the ranking
values in each step of every iteration, which gives a fuzzy solution with ranking values
equal to the solution of the corresponding RLP problem. This property makes the
proposed method more realistic than the other methods existing in the literature that do
not guarantee the ranking values are preserved throughout the solution. To illustrate,
we implement the proposed method using the following example that was solved by Das
et al. [7]. The results are compared to the results obtained via the Das method. The
problem is a special case of the PLFN-n which is a trapezoidal fuzzy number that is
considered as a flat PLFN-1.

Example 4.1

max z̃ = (7, 10; 14, 17)⊗ x̃1 ⊕ (8, 13; 15, 20)⊗ x̃2

s.t. (11, 13; 15, 17)⊗ x̃1 ⊕ (7, 11; 13, 17)⊗ x̃2 � (94, 100; 102, 108)

(12, 14; 16, 18)⊗ x̃1 ⊕ (8, 12; 14, 18)⊗ x̃2 � (104, 112; 114, 122)

x̃1, x̃2 � 0̃.

(11)



NONLINEAR DYNAMICS AND SYSTEMS THEORY, 20 (4) (2020) 451–460 459

Solution by Das
Solution by the

proposed method

RS of

Das

RS of the

proposed

method

Solution of the

corresponding

RLP

x̃1 (0, 3; 3, 6) (0, 0; 0, 0) 3 0 0

x̃2 (4.38, 4.38; 4.38, 4.38) (−4312 , 77
12 ; 125

12 , 245
12 ) 4.38 101

12
101
12

z̃∗
(71.94, 86.94;
95.7, 110.7)

(−8156 , −7256 ;
−689

6 , −5996 )
91.32 117.8 117.8

It is clear that the solution by the proposed method coincide with the solution of the
RLP problem, while the solution in [7] does not.

Similarly, if the problem is solved by some existing methods, the solution does not
coinside with the solution of the RLP. For instance, Das et al. [7] have solved the previous
problem using two methods proposed by Kumar & Kaur [12] and Ganesan & Veeramani
[8]. The ranking values of the optimal objective values are 70.3 and 94, respectively. Both
of these values do not coinside with the optimal objective value for the RLP problem.

Another advantage is that the proposed method is a generalization of the conventional
simplex method. Suppose we have a crisp linear programming problem (P). Since every
crisp real number “a” can be written in the form of a PLFN-n as (a, a, .., a; a, a, .., a),
then we can replace every crisp number in problem (P) by its PLFN-n form. This results
in a FFLP problem, call it the fuzzified problem, that can be solved by the proposed
method. However, the proposed method preserves the ranking values in each step and
the arithmetic operations on the piecewise linear fuzzy number generalize the known
operations on the crisp numbers. This means that the solution of the fuzzified problem
by the proposed method is identical to the solution of the original crisp problem using
the known simplex method. This means that the simplex method is generalized by the
proposed fuzzy simplex method.

5 Conclusion

In this paper, a fully fuzzy linear programming problem with piecewise linear fuzzy
numbers is constructed. A solution method depending on extending the simplex method
is then proposed. The considered technique results in a generalization of the conventional
simplex algorithm. When the proposed method is applied to crisp linear programming
problems, it gives the same results as those obtained by using the classical simplex
method.

Considering the PLFN-n to represent the fuzziness in the problem gives a wider range
of problems that can be solved by the proposed method. The mostly used types of fuzzy
numbers in the literature are the triangular, the trapezoidal and the hexagonal fuzzy
numbers which are special cases of the PLFN-n.

Many applications of the constructed problem and the proposed solution method can
be done, such as transportation or supply chain problems with fuzzy data.

Finding the initial basic feasible solution in the case of having constraints of the type
“ ≈ ” or “ � ” is under study and will be presented in a future paper.
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