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The fuzzy symmetric solution of fuzzy matrix equation AX = B, in which A is a crisp m X m nonsingular matrix and B is an m x n
fuzzy numbers matrix with nonzero spreads, is investigated. The fuzzy matrix equation is converted to a fuzzy system of linear
equations according to the Kronecker product of matrices. From solving the fuzzy linear system, three types of fuzzy symmetric
solutions of the fuzzy matrix equation are derived. Finally, two examples are given to illustrate the proposed method.

1. Introduction

Linear systems always have important applications in many
branches of science and engineering. In many applications, at
least some of the parameters of the system are represented by
fuzzy rather than crisp numbers. So, it is immensely impor-
tant to develop a numerical procedure that would appro-
priately treat general fuzzy linear systems and solve them.
The concept of fuzzy numbers and arithmetic operations
with these numbers was first introduced and investigated by
Zadeh [1], Dubois et al. [2], and Nahmias [3]. A different
approach to fuzzy numbers and the structure of fuzzy
number spaces was given by Puri and Ralescu [4], Goetschell
et al. [5], and Wu and Ming [6, 7].

Since Friedman et al. [8, 9] proposed a general model
for solving an n X n fuzzy linear systems whose coefficients
matrix is crisp and the right-hand side is an arbitrary fuzzy
numbers vector by an embedding approach in 1998, many
works have been done about how to deal with some fuzzy
linear systems with more advanced forms such as dual
fuzzy linear systems (DFLSs), general fuzzy linear systems
(GFLSs), fully fuzzy linear systems (FFLSs), dual full fuzzy
linear systems (DFFLSs), and general dual fuzzy linear
systems (GDFLSs). These works were performed mainly by
Allahviranloo et al. [10-13], Abbasbandy et al. [14-17],
Wang et al. [18, 19] and Dehghan et al. [20, 21], among
others. However, for a fuzzy matrix equation which always

has a wide use in control theory and control engineering,
few works have been done in the past decades. In 2010, Guo
et al. [22-24] investigated a class of fuzzy matrix equations
AX = B in which A is an m x n crisp matrix and the
right-hand side matrix B is an m x I fuzzy numbers matrix
by means of the block Gaussian elimination method and
the undetermined coefficients method, and they studied
least squares solutions of the inconsistent fuzzy matrix
equation AX = B by using the generalized inverses. In 2011,
Allahviranloo and Salahshour [25] obtained fuzzy symmetric
approximate solutions of fuzzy linear systems by solving
a crisp system of linear equations and a fuzzified interval
system of linear equations. Meanwhile, they [26] investigated
the maximal and minimal symmetric solutions of full fuzzy

linear systems AX = b by the same approach.

In this paper, we propose a general model for solving
the fuzzy matrix equation AX = B where A is crisp m X m
nonsingular matrix and Bisanm xn fuzzy numbers matrix
with nonzero spreads. The model is proposed in this way,
that is, we first convert the fuzzy matrix equation to a fuzzy
system of linear equations based on the Kronecker product
of matrices and then obtain three types of fuzzy symmetric
solutions of the fuzzy matrix equation by solving the fuzzy
linear systems. Finally, some examples are given to illustrate
our method. The structure of this paper is organized as
follows.



In Section 2, we recall the fuzzy number and present the
concept of the fuzzy matrix equation and its fuzzy symmetric
solutions. The method to solve the fuzzy matrix equation
is proposed and the fuzzy symmetric solutions of the fuzzy
matrix equation are obtained in detail in Section 3. Some
examples are given to illustrate our method in Section 4 and
the conclusion is drawn in Section 5.

2. Preliminaries

2.1. Fuzzy Numbers. There are several definitions for the
concept of fuzzy numbers (see [1, 2, 4]).

Definition 1. A fuzzy number is a fuzzy setlikeu : R — I =
[0, 1] which satisfies the following:

(1) u is upper semicontinuous,

(2) u is fuzzy convex, that is, u(Ax + (1 — A)y) =
min{u(x),u(y)} forallx,y € R, A € [0,1],

(3) u is normal, that is, there exists x, € R such that
u(x) =1,

(4) suppu = {x € R | u(x) > 0} is the support of the u,
and its closure cl(supp u) is compact.

Let E! be the set of all fuzzy numbers on R.

Definition 2. A fuzzy number u in parametric form is a pair
(u, ) of functions u(r), u(r), 0 < r < 1, which satisfies the
requirements:

(1) u(r) is a bounded monotonic increasing left continu-
ous function,

(2) u(r) is a bounded monotonic decreasing left contin-
uous function,

(3) u(r) <u(r),0<r<1.

A crisp number x is simply represented by (u(r),%u(r)) =
(x,x), 0 < r < 1. By appropriate definitions the fuzzy
number space {(u(r),u(r))} becomes a convex cone E!
which could be embedded isomorphically and isometrically
into a Banach space.

Definition 3. Let x = (x(r),%(r)), y = (y(r),y(r)) € E,
0 < r < 1, and real number k € R. Then,

(1) x = yiffx(r) = y(r) and x(r) = y(r),

(2) x+y = (x(r) + y(r), X(r) + y(r)),

(3) x —y = (x(r) = y(r), x(r) — y(r)),

(4)

k=0,

{(kx(r),kx(r)),
kx = (1)

(kx(r), kx(r)), k<0.

2.2. Kronecker Product of Matrices and Fuzzy Matrix. The
following definitions and results about the Kronecker prod-
uct of matrices are from [27].
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Definition 4. Suppose A = (a;;) € R"™", B = (b;;) € RP*1,
the matrix in block form:

a B anB a1,B
anB apB a,B

A®B= € R"Pxm - (2)
amlB amZB . amnB

is said the Kronecker product of matrices A and B, denoted
simply by A ® B = (a;;B).

Definition 5. Let A = (a;;) € R™", a; = (a1a2i,...,
a,m-)T, i=1,...,n, the mn dimensions vector:
a
a
Vec(A) = | . (3)
Qan

is called the extension on column of the matrix A.

Lemma 6. Let A = (a;j) € R™", B = (b;j) € R, and
C= (Cij) € R, Then,

Vec(ABC) = (CT ® A) Vec(B). (4)

Definition 7. A matrix A = (aij) is called a fuzzy matrix,
if each element dj; of As a fuzzy number, that is, a;; =

(gij(r),ﬁ,-j(r)), l<i<m,1<j<n 0<r=<l
Definition 8. Let A = (@ij = (Qij(r),aij(r)) € Emn g =

~ o~ ~ T . . .
(@1j,d2js...»4mj)" s j = 1,...,n. Then, the mn dimensions
fuzzy numbers vector:

Vec(A) =1 . (5)

is called the extension on column of the fuzzy matrix A.

2.3. Fuzzy Matrix Equations

Definition 9. The matrix system:

~ ~ ~
an diz ccc Aim X11 X12 tt Xin
az diz -t dom X21 X120ttt Xop
Aml Am2 " Amm Xml Xm2 = Xmn
~ ~ (6)
b by -+ by,

z21 b12 Eln

~ ~

bml bm2 Zmn

where a;j, 1 < i, j < m are crisp numbers and b;j, 1 < i <
m, 1 < j < n are fuzzy numbers, is called a fuzzy matrix
equations (FMEs).
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Using matrix notation, we have

~ ~

AX = B. (7)

A fuzzy numbers matrix:

~

X = (?Cb‘) = (E’j(”)y&j(”)r

l<i<m,1<j=<n 0=<r<l,

(8)

is called a solution of the fuzzy linear matrix equation (6) if
X satisfies

AX = B. 9)

Clearly, Definition 9 is just for the fuzzy matrix equation
and its exact solution. In this paper we will discuss its
approximate fuzzy symmetric solutions.

3. Method for Solving FMEs

In this section, we will investigate the fuzzy matrix equation
(7), that is, convert it to a crisp system of linear equations and
a fuzzified interval system of linear equations, define three
types of fuzzy approximate symmetric solution and give its
solution representation to the original fuzzy matrix equation.

At first, we convert the fuzzy matrix equation (7) to a
fuzzy system of linear equations based on the Kronecker
product of matrices.

Theorem 10. Let A = (aj;) belong to R™", let X = (xij) =
(Eij(r),gij(r)) belong to E™!, and let B = (bij) belong to Rixs,
Then,

Vec(AXB) = (BT ® A) Vec(X). (10)

Proof. Let X = (%,%,...,%), ¥ = (%ij(r),x;;(r)) € E™,

i=12,...,mj=12..1LB=(b,b,...b), b € R,
j=1,2,...,1 Then,
AXb
AXb,
Vec(AXB) = Vec(AXb1,AXb,...,ARby) =
AXb
(11)
Since
bij
byj

AXb; = (A%, ARs,..., AX)b; = (AR, AK,..., AR)
by
= b]jA%l + szA)?z + -+ ble)?[

= (b]jA, szA, ey bn]A) Vec()?),
(12)

3
we have
bnA bpA - byA
N biA bpA - bpA N
Vec(AXB)=| . . . Vec(X)
. . . . (13)
buA byA --- biA
= (B" & A) Vec(X). O

Theorem 11. The matrix X € E™*" is the solution of the fuzzy
matrix equation (7) if and only if X = Vec(X) € E™ is the
solution of the following linear fuzzy system:

Gx =, (14)

whereG=1,® Aandy = Vec(B).

Proof. Setting B = I,, in (10), we have
Vec(AX) = (I, ® A) Vec(X). (15)

Applying the extension operation the Definition 8 to two
sides of (7), we also have

G% = ,)\;7 (16)

where G = I, ® A is an mn X mn matrix and y = Vec(g) isan
mn fuzzy numbers vector. Thus, the X is the solution of (7)

which is equivalent to that X = Vec(X) which is the solution
of (14).
For simplicity, we denote p = mn in (7), thus

it g1z - Lip
D1 Lz Lp
G = . . . . >
1 8p2 " 8pp
N (17)
%1
~ |72
Y=
Y
in (14). O

The following definitions show what the fuzzy symmetric
solutions of the fuzzy matrix equation are.

Definition 12 (see [28]). The united solution set (USS), the
tolerable solution set (TSS), and the controllable solution set
(CSS) for the system (14) are, respectively, as follows:

X33 ={x € R :Gxny#¢},
Xya={x€RF:Gx cy}, (18)
Xy = {x e R’ : Gx 2 y}.



Definition 13. A fuzzy vector X = (X1,%X2,...,%,)" given by
Xi = [x;(r),%i(r)],1 <i < p,0 <r < 1is called the minimal
symmetric solution of the fuzzy matrix equation (7) which
is placed in CSS if for any arbitrary symmetric solution Z =
(21,235...,2p)7, which is placed in CSS, that is, X(1) = (1),
we have
(Z=2X%), thatis, (z; 2 X)), thatis, o3, > 03, i=1,2,...,p,
(19)

where 0z and oy are symmetric spreads of z; and X,
respectively.

Definition 14. A fuzzy vector X = (X1,%X2,...,%,)7 given by
X = [x(r),x(r)], 1 <i < p,0<r < 1is called the
maximal symmetric solution of the fuzzy matrix equation
(7) which is placed in TSS if for any arbitrary symmetric
solution Z = (21,23,...,2,)7, which is, placed in TSS, that
is X(1) = Z(1), we have
(X 2 2), thatis, (X; 2 z;), thatis, oy, >0z, i=12,...,p,
(20)

where o0z and oy are symmetric spreads of Z; and X,
respectively.

Secondly, in order to solve the fuzzy matrix equation (7),
we need to consider the fuzzy system of linear equation (14).
For the fuzzy linear system (14), we can extend it into to
a crisp system of linear equations and a fuzzified interval
system of linear equations to obtain its fuzzy symmetric
solutions.

Theorem 15 (see [25]). The fuzzy linear system (14) can be
extended into a p X p crisp function system of linear equations:

g g2 o Ly [ Zl(l)
£1 L2 0 Lp X1 )’2(1)
p1 8p2 " &pp/ \Xp yp(1)

gulxi —ai(r),xi +ar(r)) + - - -
+81p (xp —on(r),xp + ocl(r)) = (Zl(r)’71(f)),
g1x1 —ai(r),xi +ar(r)) + - - -

+ & (xp —ay(r),x, + ocl(r)) = (Xz(r)’yz(r)))

gpl(xl —a,(r),x1 +ocp(r)) + -

+app (xp —ap(r),xp + ocp(r)) = (Xp(r),yp(r)),
(22)

where y;(1) € R, i = 1,2,...
unknown spreads.

,pand ai(r), i = 1,2,...,p are
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Now, one solves the crisp linear system (21) to obtain
X, i = 1,2,...,p, that is, existed uniquely since det(G) =
det(I,® A) = det(A)" # 0 and solve the interval equations (22)
to obtain ai(r), i =1,2,...,p.

So, without loss of generality and for simplicity to express
the theory, it is assumed that the coefficients matrix G is
positive. Then, ith equation of interval system (22) is

gl — ai(r), 0 + (7)) + - - -
(23)
+ gip (xp — @i(r), xp + (1)) = (Xi(r),?,-(r)),

it can be rewritten in parametric form:

p
Zgij<xj - ai(r)) =y, i=12..,p, (24)
j=1

P
>gi(x+a(n) =7, i=12...,p.  (25)
j=1

So, after some computations and replacing a;(r) with a; ()
in (24) and replacing a;(r) with ap(r) in (25), (24), and (25),
they are transformed, respectively, to

(xil(r) = fl (xl)---)xp,gila---,gipyzi(r», i= 1)2)-~~)p)

0(1'2(7‘) = fZ(xla---rxp)gil)---;gipryi(r))y i= 1,2:---,}7-
(26)

However, a;(r) is function of Xi,...,Xp,gi;... ,gip,zi(r),
ap(r) is function of Xi,...,%Xp,gil>...>8ip> ¥;(r) such that
ai1 (r) and aip(r) are obtained spreads of ith equation in system
(22). Perhaps, a1 () and aip(r) do not satisfy the rest of interval
equations (22). Therefore, one should determine the reasonable
spreads according to decision makers. To this end, three type of
spreads are proposed as follows:

ar(r) = min{a; (), app(r)}, i=12,...,p, 0<r <1,
ay(r) = max{a; (), apn(r)}, i=12,...,p, 0<r =<1,
o (r) = Aay(r) + (1 = Var(r), i=12,...,p,

0<r=<1, 2e[0,1].
(27)
Hence, by such computations, the fuzzy vector solution of

system (7) under proposed spreads (27) will be as follows. For
i=12,...,p,0<r, A=<l
~ ~ ~ t
X = (%), %),
Xi(r) = (xi — ar(r), xi + ar (1)),
~ t
Xy = (Xi(r),...,%(1)) ,
U ( 1 P ) (28)
Xi(r) = (xi — av(r), xi + ay(r)),
t

= (%), %(0)

Xi(r) = (xi — an(r), x; + an(r)).
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Now, it is shown that this method always gives us a fuzzy vector
solution provided that the right-hand side of system (7) be a
triangular fuzzy vector with nonzero left and right spreads.

Theorem 16. Let the right-hand side of the system (14), be
J(r) = Gr(r),.... 5p(n), where §i(r) = [y.(1) - ai(1 —
r), y,(1) + Bi(l = r)], i = 1,2,...,p and let ar(r), ay(r)
and oy (r) be defined by (27), then ar(r), ay(r), and a)(r) are
positive for all 0 < r, A < 1, such that

ar(r) = min<| Oiz(l(;jr),ﬁiz(l‘;;)]n (29)
au(r) = max<| Giz(l‘g:jr)’ﬁiz(lg:jr)}’ (30)
a(r) = )Lmax{ oi(1 = r),ﬂi(l — r)}
> & z)gij’
(31)
+(1-21) min<| ol—r) Bil—r)
2lgil 2 |gj

Proof. Let us consider the ith row of interval equations (22),
then by applying (24)-(25), we have

Zgij (xj - OCil(T)) + Zgij (xj + “il(r))

jeH jeQ

p p
= Z gijXj — 2 gij|an(r) =y (1) —ai(1-7),
. . (32)
Zgij (xj ‘HXiz(i’)) Zg:;( “zz(r))

jeH jeq

-

gz; “12(7) }’(1)+/3(1—V)

T[\/]'m

where H and Q include positive and negative components
of coefficient matrix G, respectively. Also, it is obvious that
i, Pi, and the denominator are positive numbers. Therefore,
ar(r) > 0.

Since that Y (1) =y,(1) =
show (29), that is,

Zleg,»jxj, it is sufficient to

i 1- i 1—r
ain(r) = u, ap(r) = M,
8ij Z)gij‘ (33)
i=12,...,p, 0<r<1L
For results (30)-(31), the proofs are similar. O

Theorem 17. Consider spreads (29)—(31) and corresponding
solutions X, Xu, then we one gets

(1) X, € TSS,

(2) Xy € CsS.

In addition, one can find the maximal and minimal
solutions of fuzzy linear system (7) which are placed in TSS
and CSS when the cores of compared solutions in each cases are
equal.

Theorem 18. )?L is maximal symmetric solution in TSS, )?U is
minimal symmetric solution in CSS.

Proof. Using definitions of TSS and CSS, the proofs are
obvious. O

Moreover, we could express our proposed method by
algorithm as follows.

Algorithm 19.

(1) We convert the fuzzy linear matrix equation (7) to
a fuzzy system of linear equations (14) based on the
Kronecker product of matrices.

(2) We solve system (21) and obtain its crisp solution,
that is, x = (x1,...,%4), X; € R.

(3) By applying crisp solution (solution of 1-cut), system
(14) is transformed to the system of interval equa-
tions (22).

(4) The spread of all elements of fuzzy vector solution
will be obtained by solving system (22), whereas,
spreads are named as a;; (1), apn(r), respectively, i =
1,2,...,4,0<r<1.

(5) The symmetric spreads can be assessed using (27).

(6) The fuzzy vector solutions are derived by (28).

4. Numerical Examples
Example 20. Consider the following fuzzy matrix system:
1 -1 %11 3?12 _ (r,2—r) 1+r3-7r)
1 3 )\xu X0/ \4+r,7-2r) (442r,6-2r))
(34)

By calculations, we know that the exact solution of above
fuzzy matrix system is

(L3, 7) (1o 4,20 1)
8 8’8 8 8 8§ 8 8
(2ol o3y (3.524)
8§ 8’38 8 8’8 8

it admits a strong fuzzy solution.

By Theorems 10 and 11, the original fuzzy matrix
equation is equivalent to the following fuzzy linear system
GX =y, that is,

1 -10 0 )?11 (7’,2—7’)

130 0 [[%a] | @+r7-2r) 36)
0 0 1 -1 %12 N (1+T,3—7‘) ’

0 0 1 3 X2 (44 2r,6 —2r)



Then, 1-cut of system is
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Thus, the fuzzy symmetric solutions of the (14) are obtained

as follows:
1 -10 0 X11 1
1 3 00 x| |53 1—-r 1-r
00 1 —1||xa|={2] (37) (2— 2+ )
0 0 1 3 X22 4 1—7r 1—7r
(1 Tty )
Therefore, the crisp solution is x = (2,1,2.5,0.5)". Now, the X(r) = ,
system of interval equations (22) is as follows: (2'5 1 ; "’2.5 + 1 ; r)
2— 2+ - (1- 1+ _
(2= ai(r),2+a1(r)) = (1 — a1 (r), 1 + a(r)) (05_ 14 r 054 1 - r)
= (1’,2 - r))
(2= aa(r), 2+ ax(r)) +3(1 — aa(r), 1 + a2(r)) (2 B r)
=(4+r,7-2r), 2
-0
(2.5 = a3(r), 2.5+ az(r)) — (0.5 — a3(r),0.5 + az(r)) N 2
Xy(r) = - R
=1+r3-r), 5—
( ) (25-15" )
(2.5 — aq4(r), 2.5 + ag(r)) + 3(0.5 — a4 (r), 0.5 + a4 (1)) ( 1—r 1_1»)
= (2+2r,6 - 21). 2 2
Hence, the following results are obtained for all » € [0, 1] as (2 _(1=-na+A) 54 (1-r)(1 +A)>
4 ’ 4
an(r) = an() =aar) = o0 anr) = 1T A A
nir) = ailr) = aulr) = —=—, ir) = ——, (1_(1—1’)4(1+ )’1+(1—r)4(1+ ))
1-r x(r) =
w1 (r) = an(r) = axs(r) = a(r) = ) (1-r1+21) (1-r1+1)
2 2.5 — 2.5+
(39) 4 ’ 4
05 (I—=r)(1+1) 05+(17r)(1+)t)
and applying (27) we get forall0 <7, A < 1, DT 4 > 4
1-r (41)
ar(r) = VR ay(r) = 5
(40) According to Theorem 15, we know that the fuzzy
a(r) = (1-r@1+1) approximate symmetric solutions of the original fuzzy
4 ' matrix equation AX = B are
N <2—1_r,2+1 r) (2.5—1—,25+1_r)
& X11 X12 4 4 4
Xu(r) = X Xn) (1_1—1' H_l—r) (05_1—r05+1—r) ’
4’ 4 ' 4 7 4
Y (2—1_r,2 1_r> (2.5—1 r,25+1_r>
& X1 X2 2 2 2 2
Aulr) = Xa1 X2 - (171_r1+1_r> (0571—1’05_'_1—1’) ’
2’ 2 ’ 2 0 2 (42)
& (X X
Xilr) = (%21 %zz>

(I-r)(1+1) )

-

+ (1 —r)(l-hl))

(2.5_ (1—r)2(1+)t)’25+ (1—r)(1+/\)>

2 2 2
- (1=n+))  (1=n1+A) (1-na+d) . 1A-na+y |
(1* 2 , 1+ 5 ) (0.5— 2 ,0.5 + 5 )

respectively.
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Example 21. Consider the fuzzy matrix system:

1 0 x11 x12 x13
-1 1/\Xn1 Xn X3

(43)
(A +r3—-r) 5+1,7-1) Q+r,4-71)
S \(6+r,8-r) B+r,5-1r) (r,2-71)
The exact solution of above fuzzy matrix system is
(1+r3-r) 5+r,7—-1r) 2+r,4—7) (44)
(9,9) (6,6) (44) )

and it is a weak fuzzy solution.

By Theorems 10 and 11, the original fuzzy matrix
equation is equivalent to the following fuzzy linear system
GX =y, that is,

1 00 0 0 0\ /X (1+r,3—71)
-11 0 0 0 0% (6+r,8—71)
00100 Of|X:2] |G+r7-1) (45)
00-110 0||X% ]| |BG+r5-1]|
00 0 0 1 0| Q2+r4—71)
0O 0 0 0 -11 %23 (r,2—r)
Then, 1-cut of system is
1 00 0 0 0\ /xn 2
“11 0 0 0 0]]xy 7
001 00 Offxz|_ |6
0 0-110 0||lxn| |4 (46)
00 0 0 1 0]]xis 3
00 0 0 —1 1/ \xys 1

Therefore, the crisp solution is x = (2,9,6,10,3,4)T. Now,
the system of interval equations (22) is as follows:

2-a(r),2+a(r) =0+r3-7),

-2 =0a(r), 2+ a(r) + (9 = aa2(r),9 + az(r))
=(6+r,8-71),

(6 —as(r),6+a3(r)) = (5+71,7—7),

— (6 —ay(r),6 +ag(r)) + (10 — ay(r), 10 + ag(r))  (47)
=B+r5-r1),

(B—as(r),3+as(r)) = 2+r,4-7),

= —as(r),3+as(r)) + (4 — as(r),4 + as(r))
=(r,2—r).

Hence, the following results are obtained for all » € [0, 1] as

ani(r) = ai(r) = ais(r) =1 -,

@a(r) = ana(r) = as(r) =

(48)
a1 (r) = axs(r) = axs(r) =1-r,
(1) = aaa(r) = ae(r) = ;r,

7
and applying (27), we get forall0 < r, A < 1,
a(r) = 1% ay(r) =1-r,
(49)
(I=r)(1+A)
o(r) = ———.

2

Thus, the fuzzy symmetric solutions of the (14) are obtained

as follows:
1-—r 1—r
(2_ 2 2 )
1-r 1—r
(9_ 2 0t )
1—r 1—r
(6_ 2 %t )
xi(r) = 1—r 1-r\ |
(1 27 2 )
1-—r 1-r
(3_ 2 0t )
1—-r 1-r
(4= 55 5T
2-(1-r),2+1-1)
9-(1-7r),9+(1-r1))
6-(1-r),6+(1-r1))
= o -0+
B-(1-7r),3+(1-r1))
4-(1-r),d4+(1-71))
(1—r)(1+)t) (1—r)(1+)t)
_ 5 )2
(2 )
(1-r)(1+1) 1—r)(1+)t)
(97 2 I+ )
(1—r)(1+)t) (1—r)(1+)t)
_ 5 ,6
o )
X\\r) =
(10_(1—r)(1+)\)’ (1—r)(1+)u))
2
(1-r)(1+1) (1-r)(1+A)
(3_ 2 Ot 2 )
(1-r)(1+1) (1-r)(1+A)
(4_ ot 2 )
(50)
respectively.

According to Theorem 11, we know that the fuzzy
approximate symmetric solutions of the original fuzzy

matrix equation AX = Bare
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(2_1—r,2+1—r> (6_1—r)6+1—r> <3_1—r,3+1—1‘)
X()— x11x12x13 _ 2 2 2 2 2 2
t X1 X X3 (9_1—r9+1—r> (1 1—r> (4_1—r4+1—r> ’
P ) 2 2 2 i 2
XU(r) (xn X12 x13> ((1+r 3o BT (2+7’>4—”)> (51)
X1 Xn X 8+r,10-7r) (9+r,11—r) 3+r,5-71)
N R e =)
K= (¥ 322 = 2 o o
X21 X22 X23 ( ﬁ ﬁ) (10 A 10+é) (4 A 4+é> ’
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respectively, where 4 denotes (1 — r)(1 + 7).

5. Conclusion

In this work, we presented a model for solving fuzzy matrix
= B in which A is crisp m X m nonsingular
matrix and B is an mxn arbitrary fuzzy numbers matrix with
nonzero spreads. The model was proposed in this way, that
is, we converted the fuzzy linear matrix equation to a fuzzy
system of linear equations based on the Kronecker product
of matrices, and then we extended the fuzzy linear system
into a crisp system of linear equations and a fuzzified interval
system of linear equations. The fuzzy symmetric solutions of
the fuzzy linear matrix equation were derived from solving
the crisp systems of linear equations. Numerical examples
showed that our method is feasible to solve this type of fuzzy
matrix equations.

equations AX
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