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Abstract

LR fuzzy matrices is studied. At first we solve 1-cut system in order to find the core of LR fuzzy
solution; then to obtain the spreads of the LR fuzzy solution, we discuss in several cases. The spreads
are obtained by using multiplication, quasi norm and minimization problem with a special objective
function. We prove some theorems and we suggest conditions in which the fuzzy dual matrix system
of AX + B = CX + D and the fuzzy matrix system of (A Oy C)X = (D &y B) have the same
LR fuzzy solution and we discuss about the conditions where LR fuzzy dual matrix system has crisp
solution. Finally numerical examples are solved to illustrate the ability, accuracy and capability of

the proposed method.
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1 Introduction

Inear systems have important applications in
L many branches of science and engineering. In
many applications, at least some of the parame-
ters of the system are represented by fuzzy rather
than crisp numbers. So, it is immensely impor-
tant to develop a numerical procedure that would
appropriately treat general fuzzy linear systems
and solve them [2]. Friedman et al. [4] intro-
duced a general model for solving a fuzzy n x n
linear system whose coefficient matrix is crisp and
the right-hand side column is an arbitrary fuzzy
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number vector. They used the parametric form
of fuzzy numbers and replaced the original fuzzy
n X n linear system by a crisp 2n x 2n linear sys-
tem and studied duality in fuzzy linear systems
Ax = Bx 4y where A, B are real n X n matrices,
the unknown vector z is vector nx 1 of fuzzy num-
bers and the constant y is vector n.x 1 of arbitrary
fuzzy numbers, in [5]. Buckley and Qu in the con-
tinuous of their works in [5, 6], proposed different
solutions for fully fuzzy linear system(FFLS) in
[8]. Based on their work, Muzzioli and Reynaerts
have studied FFLS in a dual form [9]. Their ap-
proach to solving a n x n FFLS leads to solving
a 2"+t crigp system. Clearly, for a large n,
obtaining such a solution is not easy work and
such an approach has a big error. Then numeri-
cal method applied to solve fuzzy linear systems
[10, 11, 12, 13, 14, 15]. Recently fuzzy systems
have been studied by many authors [16, 17, 18].
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In [19, 20], the solution of fuzzy linear system
(FLS) was investigated based on a 1-level expan-
sion. In this paper, we are finding the solution
of a fully fuzzy dual matrix system of the form
AX + B = CX + D, using multiplication LR
fuzzy matrix, quasi norm, minimization problem.
The paper is organized as follows, In Section 2,
we recall some fundamental results on fuzzy num-
bers. The proposed model for solving the system
AX 4+ B = CX + D are discussed in Section 3.
Section 4 introduces three examples for illustra-
tion of method and conclusions are drawn in Sec-
tion 5.

2 Preliminaries

In this section, some basic definitions which are
required in the following are defined. These no-
tations can be found in [1, 3, 23, 25].

Definition 2.1 [21] A fuzzy number is a fuzzy
set like u(z) : [a,d] — [0, 1] which satisfies

1. w is upper semi-continuous,
2. u(z) = 0 outside some interval [a,d],

3. There are real numbers b, c such that a < b <
c<d and,
u(x) is monotonic increasing on [a,b],
u(x) is monotonic decreasing on [c, d],
u(x)=1b<z<ec.

The membership function u(x) can be expressed
as:

0 otherwise,

where fL(z): [a,b] — [0,1] and f&(z) : [¢,d] —
[0,1] are left and right membership functions of
fuzzy number @ respectively . (see [22] )

Definition 2.2 [26] A fuzzy number u is said to
be a LR fuzzy number if

a—x

L( ), v<a,a>0

«

r—a
B

where a is the core of u, o and B are left and
right spreads, respectively, and the function L(.),
which is called left shape function, satisfies:

R(

), z>a,5>0

L(z) = L(-=)
L(0)=1and L(1)=0
L(z) is non-increasing on [0, 00)

The definition of right shape function R(.) is sim-
ilar to that of L(.). The core, left and right
spreads, and the shape function of LR fuzzy num-
ber w are symbolically shown as: u = (a,a, ).
We say that u = (a,a, 3) is positive (negative)if
a—a>0(a+p<0).

Definition 2.3 [6] Let © = (a,a, ) and v =
(b,7,9), we have:

Addition:
u+v = (a,, 8)+(b,7,9) = (a+b, a+~, f+9)

Multiplication:

( (ab,ay+bao,ad+bp), T>0,7>0
(a.b,b.av —a.0,b.6 —ay), u<0,v>0
(a.byay —b.8,a.6 —b.a), u>0,v<0

(a.b,—a.0 —b.8,—ay —b.a), u<0,v<0

WU~ (a.byay —b.8,a.6+b.8), w>0, 0€V
(a.byb.av — a.0,—a.y —b.a), u<0, 0€v
(a.b,b.a — a.6,a.6 +b.8), 0€u, v>0

(a.byay—b.8,—ay —b.a), 0€U, v<O0

(a.byay —b.8,a.0 +b.8), 0€u,0€v
Scalar multiplication:
(Aa, Aa, AB), A>0
AX)u = A a,a, ) =
® ®( /B) { (Aa, =28, —Aa), A <0
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Definition 2.4 Let A = [(aij, cij, Bij)] and B=

[(bij, 6ij,vi)] where 1 < 4,5 < n, then Hukuhara

difference between A and B define as follows:
Aon B = [(aij — bij, aij — 0ij, Bij — ¥ij)]
Definition 2.5 The fuzzy linear system

[ (allaaau)ﬁau) (alnvaamaﬁbln)

(ann7 Xays Bann)
(xlnv Uln, Bln)

(anla Qg s Bam)
(%11, 011, B11)

_l’_

(xnn» Qpn, ﬂnn)
(blnv Qbyy s ﬁbln)

L (xnla anl, ﬁnl)
i (b117 Qpyq, ﬁbll)

(bnn7 [C7 ﬂbnn)
(Cln7 Qeyy s ﬁcln)

L (bn17 Ab,,q s ﬂbnl)
(Cllv Qeyys 5011)

(Cnh Qe ﬂcnl ) (Cn'm Qe ﬁcn,n)

(211,011, B11) (Z1ns @1n, Bin) |
(2.1)

($n17an17ﬂn1) (itnn,annaﬁnn)

(d11, @ayy,Bdyy) (din,aq,,,,Bdi,,)

_l’_

(dn17adnl7ﬁdn1) (dnnvadnn’ﬁdnn) |

is called a fuzzy dual matriz system in which

é = [(aij; 2ay;s Baij)] ~and X = [(xijvaij’ﬁi’j)};
B = [(bij’abij7ﬁbij)]} C= [(Cij’acij’/BCij)] , D=
[(dij, ;> Ba;)], are LR fuzzy matrices and de-
noted by g)?—l—é = 6)}4—15, if A = [ai’j]nxm C =
Ci.jlnxn, we suppose that A — C' is nonsingular.

3 The solution of Fuzzy Dual
Matrix System

Definition 3.1 If A = [ajjlnxn , 4,5 =1,2,...,n
be a crisp matriz then we define quasi norm A as :

|All= maz; ;{| ai; |}

Definition 3.2 Matriz @is called a LR fuzzy
matriz if each element of A is a LR fuzzy number
and showing as A = [(a;j, cvj, Bij)]-

Definition 3.3 We say that ©v = (a,a, ) is
fuzzy zero if a =0,a —a < 0,a+ 3 > 0.

Now we solve the system of fuzzy Dual matrix
(2.1). First, by solving the 1-cut system, we have:

n n
E QT + bij = E C1kTkj + dij
k=1 k=1

(3.2)

,j=1,...,n.

from 3.2, we obtain z;, k,j =1,...,n. Now we
consider three situations to find the spreads.

If zp; > 0, then we consider Zp; =
(@, ks, Brj) > 0 hence, xp; — oy; > 0. If
xy; < 0, then we consider Zy; = (v, ok, Bij) <
0 hence, zpj + Br; < 0. If z; = 0, then
we consider Zp; = (oij,ar;,Bk;) =~ 0 hence,
Tp; — ag; < 0 and x5 + Br; > 0. Now, with
above conditions we solve the following system
fori,j=1,...,n.

Z&ik>0,xk]‘>0 AikTrj + Z&ik<0,wk]‘<0 ik Tk;j
T Z&ik>ovxkj <0 QikThj + Z&m<07xkj >0 GikTkj
- Z&z‘k>0,zkj=0 Uik Trj + Z&ik<07zkj:0 ik Tk
+ Zoe&ik,xkj >0 GikTrj + Zoeaik,%.@ ik Tk
+ Z()Eéik,xkao AikTrj + bij
Zélk>07$k]' >0 ClkThj + 261k<0,mk]-<0 C1kTLj
+ Zélk>0,$k]’ <0 C1kThj + Zalk<0,xkj ~0 C1ETkj
- Zalk>07xkj20 CrrTrj + Zﬁ1k<0,xkj=0 C1%Tkj
+ 2 0é1 0,50 CLiTE] T Zogelk,% <0 C1kTk;j
+ 2 0ce a0, =0 ClkThj T dij
(3.3)
And rewrite above system regarding to Definition
2.3 as follows.
If by solving system (3.2) for all k,7 =1,...,n,
xg; > 0, we find positive fuzzy solution. By using
Definition 2.3 in system (3.3), we have :

Z (aipouj + Thjo,, )+

a;x>0
> (Cay Ty — airBri) + a,, =
a;1.<00r0€a;y
Z (Cikkj + Tjoe,, )+ (3.4)
Eik>0
> (Cepmry — cikBry)
Cik<0or0€C;)

+ay

35
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>

O€aora;; >0

Z (BajeThj — GikOukj)

@5 <0

(aikBrj + TrjBasy )+

+Bb;; =

(3.5)
(cinPrj + TrjBe;y, )+

>

Cip>00r0€C;

> (Bemrs — cirang)

)
+ﬂdi]~

ij=1,...,n.

By using quasi norm, we solve the following min-
imization problem to find spreads:

Min{|| Z (aikakj + xkjaaik)+

aik>0

(g Thj — QikBrj) +

a;<00r0€a;y

- Z (cikakj + Trjoe,,)
k>0

= > (Cepmry — cinBry) — oy, |
€ <00r0€C;)

+ || Z (aikBrj + TrjBay)

0€aora;;,>0

+ Z (BaipTrj — aikokj)
a;,<0

By = > (cinBrj + TrjBey)

;1 >00r0€C;
- Z (BewTrj — Cikoug) — Bay; I}

ik <0

sit. 0 S Ozkj S ijuﬁkj Z 0, (36)
i k=1,...,n.

where by using definition 3.1, it can be written as
follows:

Min{Mami,j ] Z (aikakj +l’kjaaik)+

ﬁik >0

(g Thj — @ik Brj) +

a;<0or0€a;y,

- g (Cikakj + iUijécik)
k>0

— E (g Thj — CikPrj) — Qay;
E¢k<OOT0€Eik
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D

0O€aora; >0
+ E (BaiThj — aikarj) + B,
a;<0
ik >00r0€C;;,

> (Bewhj — cinons) — By, |}

k<0

+ Maz; j | (@ikBrj + TrjBay,)

(CikBrj + xrjBeyy,)—

st. 0< Qg < Tk, 6kj >0, (3'7)

i,5,k=1,...,n.

By using
21 = M(Lﬂji’j | Z (aikakj + mk?jaaik) +

a;p>0

a3 <00r0€a;y

- E (cikakj+xkjacik)
>0

(g Thj — QikBrj) +

-

Cik<00r0€C;L

(Qes Thj — CikBrj) — Qg |

z9 = Ma:ni,j |

D

(@ikBrj + ki Bay)

0€aora;,>0
+ ) (Bayrs — ainces) + B,
a;<0
— Z (CikBrj + x1iBey,)
i >00r0€C;)
- Z (Bew T — Cikug) — Bay; |
k<0
we will have
Min z1 + 29

st. —z1 < Z (aikar; + Thjog,,) +

a;>0

a;,<00r0€a;)

=) (cian + Trjoe,)
cip>0

(Qag, Thj — i Brj) + o,



F. Babakordi et al., /IJIM Vol. 12, No. 2 (2020) 109-119

- Z (e, i — CikBrj) — a,; < 21
Cik<00r0€C;K

—29 < Z (aikBrj + TrjBay)
Ocaora;,>0

a;1<0

— Z (CikBrj + TrjBey)

Cik>00r0€C;K

= > (Bewnj — ciroiy) — Ba,, < 22

¢ie<0

0< A4 S'Ik‘jaﬁkj 207 kajai: ]-a"'vn (38)

If by solving system (3.2) for all k,5 =1,...,n,
z; < 0, we find negative fuzzy solution. To find
the spreads of negative fuzzy solution, we solve
following minimization problem:

Min Z1 +2’2

st. —z1 < Z (aikakj - $kjﬁaik)

;1 >00r0€a

+ Z (—aikBrj — BayTj) +

;<0

— Y (cowany — wiBey)

Cik>00r0€C;

— Z (—CikBrj — BeuTrj) — dy; < 21

¢ix<0
—29 < Z (aikﬁkj - aaikmkj)
a;>0
+ Z (_aikakzj - xkjaaik) + ﬁbij
a;,<0o0r0€a;k
— Z (CikBrj — Qegpar;)

x>0

- Z (—Cikouj — Thjorey,) — Bay; < 22
Cik<00r0€C;)

in which

21 = MCLCUZ'J | Z (aikakj - xkjﬁaik)

;. >00r0€a;
+ Z (—aikBrj — BayThj) +

;<0

— Y (cwany — wiBey)

Cik>00r0€C;

— Z (_Cik/Bkj - ﬁcikxkj) — Qq,; |

Eik <0

29 = Max; ; |< Z (aikﬁkj - aaikxk]’)

;>0
+ Z (_aikakj - xkjaaik) + IBbij
;. <00r0€a
- Z (Cikﬁkj - acikl'kj)
a,'k>0
- Z (_Cikakj - xkjacik) - /Bdij |
Ci1<00r0€C;k

If by solving system (3.2) for all k,j =1,...,n
zp; = 0, we find quasi zero fuzzy solution.

113

)

To

find the spreads of quasi zero fuzzy solution, we

solve the following minimization problem:

Min z1 + 29

st —am < Y (apa)

@i >00r0€a
+ E =i Brj) + b,
a;,<0
- > (crauy)
Cik >00r0€C; K
- E czkﬁky — Qg =2
Czk<0
—z3 < > (@ikBrj)
a;1>00r0€a;
+ g azkak’] +Bbu
Lk<0
- E (cikBry)
Eik>007“0€aik
- E —CikQkj) — Bay; < 2
Czk<0

ar; > 0,8k >0, kji=1,...,n (3.10)
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in which

z1 = MCLQL’Z’J ’

D

a;1.>00r0€a; ),

Y (—aikbBig) + u,

?iik<0

-

Cik>00r0€C;)

N

k<0

D

a;;>00r0€a;k

sumg,, <o(—aikak;) + Bo,;

= > (cirBry)

1. >00r0€C;

)

Czk<0

(airaus) +

(cikouy)

Czkﬂk] Qd,; ‘

z9 = Maa:i,j ’

(airBrj) +

—CikQj) — Bay; |

Total form

If by solving system (3.2), some of the variables
are positive, some of the variables are negative,
some of the variables are zero, to find spreads we
solve the following minimization problem

Min z1 + 29
st =2 < D (@R + ThjQa,) +
aik>0,xkj>0

@31, <00r0E€T; 1, ) >0
+ E (aikakj - xk‘jﬁaik)

@ >00r0€a;,,2k ;<0
+ g (—airBrj — BayTrj) +

Eik<0,iﬂk]’<0

E (airar;) +

?iik>007"0€?iik,rkj:0

Z (—aixBrj) + o,

Ak <07:Ekj:0

-2

Eik>07xkj>0

(Cikakj + ‘Tkjacik)

- > (e Thj — CikBrj)
Cik<00r0€C;k, 2k >0
- Z (Cikakj - xkjﬁcik)

Cik,>00r0€C; K, 2§ <O

Babakordi et al., /IJIM Vol. 12, No. 2 (2020) 109-119

>

Cik<0,75;<0

>

Cik>00r0€C;K Lhj =0

Gk <0,25,;=0

(—CitBrj — Bey®rj)

(Cikouj)

(—cikBrj) — aa;; < =1

—z9 <

2.

0caora;y >07$kj >0

>

a¢k<0,:l‘kj >0

>

aik>0,:1:kj <0

(@ikBrj + i Bayy)

(BayThj — @ikOk;) +

(aik/Bkj - aaikl‘kj)

>

a1, <00r0€a;1,2 ;<O

(—@ikQrj — Trjoa,,) +

D

a;;>00r0€a;k "Lhj =0

+ Z (_alkakj) + Bbij

@, <0,25;=0

(CikBrj + TrjBey,) —
Eik>007’0€5ik7$kj>0

(aitSrj)

Z (Bcikxkj - Cikakj) -
Eik<071'kj>0
- Z (Clkﬁk] - acikzkj)
Eik>0:$kj<0
- > (—Cikomj — Trjoe,,)
E,-k<00r065ik,a:kj<0
- > (cikBrj)

Cik>00r0€C; 7Tk j =0

>

Cik<0,75;=0

(—Cikauj)Ba;; < 22

0 < agj < g, By > 0,
if x; >0

agj > 0,0 < By < —myj,
if xp; <0

A4 > 071876] > 07
Zf Tgj = 0
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in which

21 = Max; j | g (@igouj + Thjo,,)
’d,-k>0,:pkj>0

a;,<0or0€a;y,xy; >0

+ > (@irakj = ThjBasy)

a;>00r0€a;y, 7Lkj <0

+ Z (—@irBrj — BayTrj)+

Ziik<0,xkj <0

> (aikou;)

a;1.>00r0€a; ), 7Tk =0

+ Z (—ainBrj) +

Eik<0,zkj:0

- E (CikOkj + Tijoe,,)
Cik>0,75,;,>0

- > (Qa Tkj — CikBrj)

Cik,<00r0€C; K, >0

- > (Cinathj — Trjfey)

Cik,>00r0EC; K,k <O

- Z (—CikBrj — Bey®hj)

Eik<071'kj <0

- > (ciruy)

;1. >00r0€C; ) 7Tk j =0

- Z (—CikBrj) — a, |

Eik<071'kj:0

29 = M(Ll‘@j | Z (aikﬁkj + ‘Tkj/Baik)

0caora;;,>0,x1;>0

) (Banthy — aikoug) +

@, <0,21;>0

a;x>0,21;<0

+ E (—aikakj — xkjaaik) +
’dik<00r0€’dik,:pkj<0

- > (@it Br;j)

a;1>00r0€a;y "Lkj =0

+ Z (—aikakj)-i—

?iik<0,rkj:0

Bbs;
- Z (CikBrj + TrjiBey,)

ik >00r0€C; K Wk >0

= Y (Bewmrj — Cinury)

Eik<07-73kj >0

- Z (Clk/ﬁkj - acikmkj)

€k >0,25,;<0

- > (—CikQij — ThjQey,) —

Cik,<00r0€C;k, 7)1 <0

- > (ciBr;)

Cik>00r0€C;K "Lhj =0

- > (—cinony)

Gk <0,25,;=0

Bdij |

Theorem 3.1 If models (3.12) have more than
two optimal solutions being fuzzy solutions for
system AX +B=CX + D, then it has infinite
number of fuzzy solutions.

It is similar to the proof of theorem 3.1 in [20].

Theorem 3.2 Let X _is the algebraic fuzzy so-
lution of AX + B=CX + D. Then the optimal
value of minimization problem is zero.

Let X = (mkj,akj,ﬂkj), 1 = 1,...,n,7 =

,t,k = 1,...,m is an algebraic solution,
then:
D (awanj + Thjoa,,) +
aik>0
Z (aalkxkj - a’Lk‘Bk‘]) + abij =
a;,<00r0€a;y

E (CikOj + Thjoe,, ) +
k>0

Z (O[Clkxk‘] - cik/Bkj) + adija

Cik<00r0€C;)

Z (@ikBrj + TrjBay) +

Oefiikorfiik>0
Z (BagTrj — aikaukg) + Bo,; =
aik<0

Z (CikBrj + ThjBey) +

Cik>00r0€C;)

Z (BeawThj — Cikug) + Bay;

<0
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by using the constraints of model (3.13), 21 =
zo =0 and z* = 0, so X is an optimal solution.

Theorem 3.3 If (Acy C) and (D &y B) eist
and (Ziij @Hgij) > 0 fora;; >0, ¢;j >0, (m-j OH
Eij) <0 fora;; <0, ¢;; <0 and0 € (&ij S)is EU)
for 0e aw, 0 € ¢;j, then the systems A7+ B =
CZ+ D and (Acy C)F = (D &y B) have the
same fuzzy solution.

For 1-cut system we have:

AX+B=CX+D—(A-C)X =(D-B)

Since (A — C) is nonsingular, the theorem is hold
for 1-cut system. On other hand, because (Z e
C) and (D 6 B) exist and (a;j ©m ¢ij) > 0 for
?il-j > 0, Eij > 0, (51] Sy 5”) < 0 for Ziij <
0, Eij <0andO e (’dijeg’c}j) for 0 € ’d,»j, 0e Ez’j,
minimization problem for the systems of A7 +
B=Ci+Dand (Acy C)i = (D oy B) is
similar. Therefore, the spreads of fuzzy solution
of the systems are equal too. Proof is complete.

Theorem 3.4 If (B OH D) and (A o C) exist,
A,C,(AcyC) >0 or A,C, (Ao C) < 0, system
(2.1) has a crisp solution.

First we suppose that (Boy D) and (Aey O)
exist, A,C,(Aoy C) > 0 and x; > 0, so from
(3.8) we have:

On other hand
Z (aikakj + xkjaaik) + A,
6ik>0

- Z (Cikakj + Trjoe,,) — Qg =
>0

> ((aw

a;1>0,¢;1.>0

- Cik)akj + xk‘j(aaik - O‘Cik)

+ (abij - adij)) Z (aikﬁkj + xk’jﬂaik) -+ Bbij
a;.>0
- Z (cikBrj + TrjBey) — Bay; =
Eik>0
> @ik — cin)Brj + i (Bay, — Bew )+
a; >0, >0
(/Bbij - /Bdij))
(3.14)
and (B 6y D) exists ie, ((aw, — aa,), (Be, —

Bay)) > 0, A,C, and (Acy C) > 0 ie, ((ay —
cik)? (aaik - Oécik), (Baik - Bclk)) > 07 so the con-
straint of (3.8) conclude that:

agj = Br; =0

Therefore, fuzzy dual matrix system has a crisp
solution.
The proof of other cases is similar and omitted.

4 Numerical Examples

Example 4.1
dual system:

Consider the following full fuzzy

Min 2 + 2 (0.5,0.2,0.3)71 + (0.4,0.2,0.1)%; + (0.3,0.2,0.2) =

(0.4,0.1,0.1)%1 + (0.3,0.2,0.1)%2 + (1, 0.4, 0.4)

(0.3,0.2,0.2)7; + (0.7,0.1,0.2)F5 + (0.5,0.2,0.1) =

st. —z2 < (@igQg; + Trjta,, ) + b,
2 (@it + T ’ (0.2,0.1,0.1)F; + (0.3,0.1,0.1)@> + (1.5,0.3,0.6)

a;>0
- Z (Cikuj + Tpjoe,,) — ad; < 21 By solving 1-cut system, we obtain:
Eik>0
1 =6,=x9 = 1.
2 <> (ainBrj + ThjBay) + B, R
B3>0 Since x1,x2 > 0, we use model (3.8):
— > (CinBrj + ThjBen) — Bay, < 22 '
Ep>0 mwn z1 + 22

—2z1 <0.1ag +0.1as + 04 < 2

0 <ap <xpj, Brj 20,k,j=1,...,n (3.13) —21 <0.1a; + 040+ 0.5 < z
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—29 < 01,81 + Olﬁg +1 < 2
—29 <0.1681 +0.465 + 0.2 < 29
0<a; <6,0<as<1,p1,0B, 21,22 > 0.

By solving above LP, we obtain:
2120‘5722:17 aq :/81:&2:62:0

So the system has a solution as:

On other hand, we have (a;; ©n ¢ij), aij, ¢ij > 0,
so _ theorem 3.3  concludes that  system
(Aeg C)X =(Doy B)):

(0.1,0.1,0.2)%; + (0.1,0,0)F3 = (0.7,0.2,0.2)

(0.1,0.1,0.1)%; + (0.4,0,0.1)Z = (1,0.1,0.5)

has the same solution as dual system:

Example 4.2  Consider the following fully
fuzzy matriz dual system:

{(—1,1,1)
B
B

The solution of 1-cut system is [ 8 8 ] .

_ O

o

ing model (3.13), we have
min 21 + 2o

—zn1 < Pritag—ann—Pa—1<2xn
—21 < Pratap—aip—Pr+1<2zn
—21 <2011 - 1< 2z
—21 < —2a12 < 21
—29 < aq1 + fo1 — Bi1 —a21 < 29

—z < g+ Paz — P2 —a —2 < 2

—20 < =211+ 1< 2
—29 < 2012 < 29
ai,j)ﬁi,j)'zl)'zQZ[)? 7”.7:172

(alla/ﬁll) (04127512) :| _
(0521, /321) ((122, 522)

The solutions are [

[ Eg’gg; Eg’gi ] , 21 = 1,29 =0, then the fuzzy
..~ | (0,0.0.5) (0,0,0)
solution is X = { (0,0,0.5) (0,0,2) | We ob-

serve that (D &y B) and (B &y D) do not exist,
so the conditions of theorem 3.3 and theorem 3.4
are not hold.

Example 4.3 Consider the following full fuzzy
dual system:

(=5,1,3)71 + (—2,2, )72 + (4,2,1) =
(_37 17 1)%1 + (_17 1>O)E2 + (17 17 0)

(_27 17 0)§1 + (_37 1> 1)'%2 + (37 15 2) =
(-1,1,0)z; + (—2,0,1)z2 + (1,0,0)

By solving 1-cut system, we obtain:
1 =29 = 1.

Since x1,x2 > 0, we use model (3.8):
min z1 + 2o

—21 <201+ P2 +3< 2z
21 <P+ B2+3< 2
—22 <201 a2 +4 < 20
—22 < a1 +ag+3 < 2
0<ay,az <1,p1,82,21,22 > 0.

By solving above LP, we obtain:
zn1=3z=4 ar=p=ay=0=0

so the system has a solution as:

On other hand, we have (B &y D) exists and
(A,C,(Aeny C)) < 0, so we observe that theo-
rem 3.4 is hold.
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5 Conclusion

In this paper, we suggested a method for solving
the LR fuzzy dual matrix system of AX + B =
CX +D in which Z E 5’ l~) X are LR fuzzy ma-
First, we solved 1-cut system for finding
the core and obtained spreads by using multi-
plication, quasi norm and optimization problem.
Then we explained the conditions in which the
systems AX+B=CX+Dand (Aoy C)X =
(D & B) have the same solution, and discussed
about the conditions where LR fuzzy dual matrix
system has crisp solution. For future research, we
will compare the obtained solution of our method
with the suggested solution in [9].

trices.
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