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Sri W@@r@l Yuslenita Muda?, Fitri Aryani®, Rahmawati*

%’3@)egargnéﬂt of Mathematics, Faculty of Science and Technology, Universitas Islam Negeri Sultan Syarif Kasim Riau
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j:;A%Tl:gL% INFO ABSTRACT

';Puijligjede Online: The main objective of this research is to solve the system of equations of dual complex fuzzy
Bé/lg @24 matrices AX + Y = BX + Z where A, B are crisp coefficient matrices of size nx n, and ¥, Z are
i s 2 £ complex fuzzy number matrices. By transforming it into the form of a system of equations of
u;g' :j % g: complex fuzzy matrices SX + ¥ = RX + Z where S > 0 denotes the positive entries of matrix
S =y A, S < 0 denotes the absolute values of the negative entries of matrix A4, R = 0 denotes the
2 Z % § positive entries of matrix B, R < 0 denotes the absolute values of the negative entries of matrix
o %J = 5 B, and ¥, Z are matrices of complex fuzzy numbers. Based on the research, it is obtained that
Correspording Author: the solution of the system of equations of dual complex fuzzy matrices can be achieved by
Srovahylini transforming the system of equations of n x n matrices into 2n X 2n matrices, where n > 2.
JKEYWORDS: Fuzzy Linear Systems, Dual Fuzzy Linear Systems, Complex Numbers

s 5 a

fu]]

5 INTR@DUCTION

Ore offnejssues encountered in the field of mathematics is
linear e:gua;ﬂon systems. Linear equation systems are widely
u§ed |r<E v%rlous fields of science such as physics [1],
qgtlmliﬁtlcm [2], economics [3], management and financial
busmess [Aﬁ transpartation planning [5], flow theory, and
fﬁ)w cohtrcxl [6]. In certain fields such as decision theory,
(;Dntrolciheofy, and some areas of management science, the
pfoblelﬁs oT linear equations involve not only real numbers
but aIsGﬁfuzzy based-linear equations as their mathematical
rﬁodels%?]

Fhe salution of fuzzy linear equation systems can be
(gpressﬁd as the matrix equation AX = ¥, where 4 is a crisp-
\@jlued matrix and ¥ § a vector-valued in fuzzy numbers, as
first pr(&josed by Fridman et al. [8], [9]. Furthermore, several
methods*.for solving such fuzzy linear equation systems can
l% found in [10], [11], [12], [13], [14]. In paper [9],n X n
complex fuzzy matrix is transformed into a 2n x 2n form
using the method ‘provided in [15]. Subsequently, the
complezg form of 2nx 2n fuzzy linear equation systems is
develoged into a dual form.

In rece@ years, the dual form of fuzzy linear equation systems
has see@rapid development and has a broad application scope
across \grious fields such as economics, finance, engineering,

and physics [16]. In [17], the complex dual fuzzy linear
equation systems are transformed into the form of complex
dual fuzzy matrix equation systems written as AX + ¥ =
BX + 7, where A and B are standard complex matrices, ¥
and Z are complex vectors on the left-hand side and right-
hand side respectively, and X is the unknown complex
vector. Furthermore, in [18] the dual fuzzy linear systems are
solved algebraically, with research findings indicating that
the coefficient matrices are crisp-valued matrices and the left-
hand and right-hand vectors are valued in fuzzy numbers.

Recent research on solving dual fuzzy matrix equation
systems can be found in [19]. In [20], fuzzy linear equation
systems are solved using numerical methods. Furthermore,
[21] discusses systems of linear equations with coefficients
as complex numbers and constants as complex fuzzy numbers
using the Doolittle decomposition method. Based on the
previous research, there has been no discussion on complex
dual fuzzy linear equation systems. Hence, we propose a
study on solving complex dual fuzzy linear equation systems.

Il. PRELIMINARIES
Solving the system of equations of dual complex fuzzy
matrices in 2n X 2n form. The research method employed is
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a llterature reV|ew The following are some supporting
:theorles usédlin the research.

Definition 2.1 [11]: A fuzzy set ¥ with membership function
fiz: R - [0;1]Fs called a fuzzy number if

o ‘T‘heE (eJX|sts to € R such that ug(t,) =1, ie., X

i

s 2 |<ror|ggalU

i, o EorncanM;/I € [0,1]and s,t € R, we have uz(ds +
3 § gl £ Do) =min {uz(s), e (D)}, ice., s a convex
@ 3 f_ﬂ_z@s@t

i, o Eorgarfﬁ s €_R, the set {t € R: uz(t) > s} is an
% § &)eg s&m R.€e., ug is upper semi-continuous on R.
ig g f_ eaaseift € R ugz(t) > 0} is a compact set in R,
g% \;"Vhé?e A:denotes the closure of A

V:ﬁ{ Ef’fef@ t@thgset of-all fuzzy numbers as F in this study. In
@ Eu@r m@can argue that R c F if we consider the real
line®R a3 I@ {X; : 3, which represents real numbers [22].
;d@o%llgthe fuzzy number % is a-level for0 < @ <1
\g ngri;e gs[x]a {t € R: ug(t) = a}andfora = 0
iﬁi@d%ingd as [X]y ={t € R: ug(t) > 0}. With the
%pplﬁ)rtiof the fuzzy 8ét defined as

@m’;(j =[X]o ={t € R: ug(t) > 0},

C%nﬁltlﬁns— —(i) through (iv) suggest that for each a €
Fﬂl%[aaa =is a bounded closed interval in R [15], by
Defmalt@niﬂ 1. Here, the a-level of the fuzzy number % is
dﬁnéted: byg (%], = [x(a),X(a)],, for ever a € [0,1]. It is
d:eaﬁ;that |ffor every a € [0,1], x(a) =x(a), thenx isa
crispredl namber.

Enecegﬁary and sufficient condition for an interval member
%(a) &(oé)] 0 < a < 1, to be the a-level of a fuzzy number
inF is &tataj by the following lemma.

I;;emm%z B[23]: Let {[x(a),X(a)] : 0 < a < 1} beacertain
ribn emptyget member in R. If

(D[gga) x(a)}is a bounded closed interval, for every
saE [01],

S[xlay), x(ap)] 2 [x(az), X(ay)] for all 0 < a; <
:a;< 1,

U[l@n x(a)s llm x(ak)] [x(a),X(a)] whenever
J{ak} is a~non-decreasing sequence in  [0,1]
‘Hconverging to a.

TFhen tfé_ set [x(a), %(a)] represents the a-level of the fuzzy
r%mbergfx in IF. Conversely, if [x(a), ¥(a)],0 < a < 1, isthe
qﬂevel of a fuzzy number ¥ € I, then conditions (i) - (iii) are
sgllsflee”r

I%margz:z 1 [14] By-Lemma 2.2 it is concluded that if the
family =

(
v

z| edue) undede ynuaq U

1eful

{[x@),x(@)]:0 <a <1},

presentsithe a-levels:of a fuzzy number, then:

1) Trpje condition (1) implies the functions x and x are
b(ﬁ_élnded over §0,1] and x(a) < x(a) for each a €
[Oﬂ]

4P|B‘%L

2) The condition (ii) implies the functions x and x are non-
decreasing over [0,1], respectively.
3) The condition (iii) implies the functions x and x are left-
continuous over [0,1].
For x,y € F, and 1 € R, based on the extension principle,
arithmetic operations on the fuzzy number are presented
using the concept of a-levels of fuzzy numbers and interval
arithmetic. Then the a-levels of the sum % + ¥ and the
product A - ¥ are obtained as follows
[3? +}7]a = [f]a + [y]a = {S +t:s € [f]a:t S [37]05}
= [x(@) + y(@), %@ +¥(@)],
[A-%]g =2 [X]q = {At:t € [%]o}
B [lg(a),/li(a)], A=0,
- {[/ﬁ(a),/lg(a)], 1<0.
Definition 2.2 [24]: For any complex fuzzy number
represented by Z = % + iy, with % = [x(r),x(r)] and 7 =

[X(r),y(r)],ogrsl, it can be written as Z=
k. 70] + i [y, 70)] = (207 + iy, G +
iy ()|

Further, arithmetic operations of complex fuzzy numbers are
discussed in [25], [26], and [27] as stated in Definition 2.3.
Definition 2.3 [28]: For any two rectangular complex fuzzy
numbers Z; = %, + iy, and Z, = X, + iy, and a complex
number ¢ = a + ib, the a-cut of the sum Z; +
Z, and the product c - Z; are determined based on interval
arithmetic as follows:
[Z~1 + Z~2]a = ([fl]a + [J?Z]a) + i([yl]a + [}72]11)
= [x(@) + x(@), 7 (0) + (@)

+ i [ya(@) + y(@), 7@ + V(@)
and
[C ' Z~1]a i [(a +ib) - Z~1]a = (a+ib)- ([fl]a + i[yl]a)
= (a[fl]a - b[yl]a) + i(a[fl]a + b[yl]a)-
Also, two rectangular complex fuzzy numbers z;, = %; + iy,
and Z, = %, + iy, are said to be equal if and only if ¥, =
Xand §; =3, ie., [%]e = [X2]e and [$1]a = [y2]a, for
every ¢ € [0,1].
Definition 2.4 [18]: We say that two fuzzy numbers % and j
are equal if and only if for any t € R, ux(t) = uy(t), [X], =
[#], forany a € [0,1]. Also
¥cyolxl, € Flo VYa € [0,1].
Furthermore, we define two concepts: "a-radius" and "a-
center" of any rectangular complex fuzzy number.
Definition 2.5 [25]: We define the a-center of a rectangular
complex fuzzy number Z = ¥ + iy as follows:
e = <E(a) + g(a)) o (?(a) + X(“)>,a e 0.,
2 2
Where [%],, = [x(a), ¥(a)] and [7], = [y(a),7(@)]
Definition 2.6 [25]: We define the a-radius of a rectangular
complex fuzzy number Z = ¥ + iy as follows:
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2

Where [x]m—jlxm) x(@)] and [7], = [y(@),7(@)]

For @any” aDex[O 1];-it is evident that the a-radius and a-
éént@‘ of aﬂ#e&angular complex fuzzy number are complex
@m%erﬁ Igth@ section that follows, we define a system of
@n@le&*ftﬂzg—lmear equations so that the a square matrix
vmthz’compgx Sralues.represents its coefficient matrix.

Een@rgza @8] Clearly, the a-radius and a-center of any

=

fuz zyngmbpr@re definite real functions of a.
nark 2% 3-18] For a fuzzy number %, if for every a €
x (&g mO then it can be easily concluded that ¥ is a
aFF nﬁ‘nber

231 518] For a fuzzy number %, if for every a €
Zx(a)Yor x(a) = x(a), then according to

3 it can be shown that % is a definite real (crisp)

) — x(a)) iy (3’(“) - )’(0-’)> € [0A].

)Eu@uéﬁj
:acﬁeﬁ xmu

P EEFE
ey
]|

K%

=3

2!
I‘ut%“L )
JE%W Me@ﬂ

State
@ncée :

@e@arg [18]: Two fuzzy numbers % and ¥ are equal if
and ‘only itx€(a) =y (a) and xR(a) = yR(a), for every
gcdo.d].E

19 statements can be deduced from [29].

Wzt
Eu
ésum

Remark %6 [18]: Let Xy, %y ..., %, € F, A, Ay, o) Ay €
Rawd 7 = Y- Ail then

o 08 D

£ Dub(@ = ZAxl (@, 4" (@) —Zu i (@).

e =

%efg;ntgpn% 7 [18] We define a vector- valued fuzzy number
as f=§‘(i§f )T, where, i = 1,2,...,n, is a fuzzy
numbers SAlso, we denote  [X],with [X], =
@]]a,_ 2fe o [Xnla)Tand  consequently  x“(a) =
(xf (aRxi(a ),...,x,f,(a))T and xR (@) =
G (@) @), .., 1fi(@)

@;mrthe@ogé for twa-Vector-valued fuzzy numbers X and ¥,
\ge define DSJ—” 3 )

= S RSV, <[Pl vae (0]

=2 - &%l Slile, i=12,..,n,va € [0,1].
%eorégw 21 [18]: Let A = (al,) ., be an arbitrary crisp-

falued @atrlx and also X = (%, %,, ...,
ctorwlued fuzzy number. Then

(45%) (@) = A-X°(a),

%,)T be an arbitrary

wEIuB) u

'S NIg uiz!
11Y uesijnua

(4-%)" (@ = 141 X*(@),
(|au|)nxn
Bﬁoof El?he proof follows from Statement 2.6 and Definition
2. m=
One mElgumg topic/in fuzzy mathematics with numerous
appllcagons across various branches of science is the dual
fuzzy linear equation:system. These systems are defined as
follows:
Deflnlt@n 2.8 [9]: Afuzzy equation system
a11%; + QX + o+ A Xy = 9, oy

e
D
@
E

|ejese

“The Algebraic Solution of Dual Fuzzy Complex Linear Systems Formed 2nx2n”

Az1X1 + Ap2Xy + -+ App Xy = Yo,

Ap1 Xy + QX + 0+ A Xy = P
Is called a fuzzy linear equation system with A = [aij]?jzl

being a crisp coefficient matrix and ¥; being a fuzzy number.
Definition 2.9 [9]: A vector of fuzzy numbers
(x4, X2, .., x)Tis given by

xi = (uMED), 1<i<n,

it is called a solution to the fuzzy linear system if

n n
Z aijxj = Z aijxj = &,
j=1
n

n
29 = ) T =T,
Jj=1

j=1

0<r<i,

()

If, for a specific i, a;; > 0,1 < j < n, we only obtain

n
Z QijXj = Yi Z ajXj = Y;. ®3)
j=1 Jj=1
Considering the fuzzy linear equation system in Equation (1).
Transform the n x n coefficient matrix A into a 2n X 2n

matrix as follows:

S11%; + -+ SinXn + S1n41 (—31)
+ S1n42(=%) + -
+ 5120(—0) = Y1
Sn1X1 i} SnnXn + Sn,n+1(_x_1)

+ Snn+2 (_x_z) R

4
+ Sn,Zn(_m =
Sn+1,1ﬁ +-t Sn+1,nx_n + 5n+1,n+1(_x_1)
+-t Sn+1,2n(_m ==Y
SZn,lﬁ + -t 52n,nx_n + 52n,n+1(_x_1) + o
+ SZn,Zn(_E) = _yn’
where
Sij = Sitnj+n = j, if a;; =0,
' ®)

Sijen = Si+nj = @;j, if a;; <O0.
And any s;; not determined by Equation (5) is zero. Using
matrix notation.
SX =Y, (6)
where

~ _ _N\T
X = (ﬂ, s Xy =X, ...,—xn) )

~ _ _\T

Y = (&, s Yo =Y s —yn) .

The structure of S expresses s;;, 1 < i,j < n, and

B C
=z gk (7)
with B being the positive entries in matrix A and C the
absolute values of the negative entries in matrix 4, and A =
B — C. Now we need to compute S~ (if it exists) and then
obtain
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S X =S"1y. ®)
Theorem; 12 [9]: If S~ exists, it must have the same
structure asS namely

N = x

Uo o O = s =[ ©)

%e@e@ 22339] The unique solutlon X of Equation (6) is a
@zﬁ \@ctg ﬁr any arbitrary Y if and only if is S~ non-
g%’lvg t@t ES,

588 3@ Y= 1<,/ 2 2n. (10)
@rtﬁerme@IaBatlons for the proofs of Theorem 2.2 and
1_?geerrem 2;3 are discussed in [[9] pages 204-205].

Busig

@fmltmn% 1@ [18]-A linear system of n x n
= =
o & ca 1% i;"’ A%, + o+ apX, + 9
L = =
3 &?S_ (;[? v a - bllxl + blzxz +
=z ggf’ 5 g + bypXy + 23
<~ ~ ~ ~
é Q SazpXy T A% + o ¥ QonXn T2
g % (;'5 § = b21f1 + bzzfz + .- (11)
=} o= ~ ~
Qj} % o - + bann + Zl
- 5 D = .
jaf] = .
Ao €~
a8 % Xy + Apz¥s + -+ A Xy + Iy
e = by Xy + bpyXy +
0 = Qj’ = = bp1%; n2Xp +
Q T S s
g—?' % T = + bnnxn + Zny
Whete %e&coefﬂment matrices A = (a;;) B = (by)
ab]) —rh= —
are C%Wg "geal crisp nxn matrices, and vectors Y =
1 Foron 3D Z = (21,25, ..., 2,)T are  complex fuzzy

n
d

\mctorsswni the form ¥ = g+ ih and Z = p + ig which are
uﬁk@&v&ﬂ X = (&%, %,..,%,)" is a complex fuzzy number
\Z@ctﬁr @lthjthe form % = & +if. Also, it is referred to as a
Gemplef d@l fuzzy linear system.
Based @1 Defmltlon 2.10, the matrix form of the complex
c%ﬂal fu_ﬁ,y%near system in Equation (11) is as follows:
& ﬂ:;m AX+Y =BX+7, (12)
\@wre matﬂcesA B and vectors X,¥ and Z are defined in
l%%fmltmnglo Additionally, it is important to note that for
a‘r‘ty corﬁpl@ fuzzy number X € FF¢ there is no element j €
IEE such:th@‘,t % + ¥ =0. In other words, for any ¥ € F¢ — R,
@e have jx + (—X)# 0and consequently, we cannot
e;lf]mvalgnt& replace the complex dual fuzzy linear system in
Eguation (12) withs the complex fuzzy linear system
B =7-7.
from E‘Euatlon (12),we transform it into the matrix form of
tFre corq};lex dual fuzzy linear system of 2n x 2n as follows:

w

= = SX+7=RE+7Z, (13)
Thus, =

;73'— 51;?_1 + ot SigXn + Spna (ZX0) +

g + S0 (=%0) + 01

==

=‘r11x_1+...+r1nx_n (14)

+ T (X)) +
+ 1100 (%) + 24,

“The Algebraic Solution of Dual Fuzzy Complex Linear Systems Formed 2nx2n”

Sn1Xy + o+ SpnXn + Spna (ZX1) + o+
Snan(=Xn) + Yo = Ty + -+ Ty X +
Tan+1(—X1) + o+ T o (=50) + Zp,
Sn+1,1%1 0 SnernXn + Snrnea (—31)

+oeet Sn+1,2n(_z)
+ (=)
=T Tt Th+1n¥n

+ rn+1,n+1(_x_1) +
+ rn+1,2n(_E) + (_Z_l)r

SanaX1 + o F SapnXn + Sanner (X)) +

+ 52n,2n(_E) + (_E)
=TaaX Tt T2nnXn

+ a1 (—X0) + -
+ an,Zn(_E) + (_Z):
where
S = Sij = Si+n,j+n = al-j, if aij = 0,
S = Sijin = Siynj = Aj) if a;; <0,
R = ri]- = ri+n,j+n = bij' if bl] = 0,
R = ri,j+n = ri+n,j = bij' if bl] < 0,
. N _N\T
X = (ﬂ, s Xy X1, e —xn)
= <61 +if,..,e, +ify,—€;
+ (_ifl)' ) _a
_\T
+ (—lfn)> ,
_ |
= (&, ees Yy =Y e —yn)
= <&+iﬁ,...,&
+ih,,—9g1
+ (=ihy), o, —
__\T
+ (—ihn)) ,

T
Z = (z_l, s Zpy —Zy e, —Zn)

(15)

= (&+ iq, ., Pn

+iqn —p1

+ (—iqq), . —Pn
'a Y

+ (_iQn)) .

Definition 2.11 [18]: If for the system in Equation (12),

det (A — B) # 0, then we define the extended solution of the

system in Equation (12) as follows:
Xg=W@A-B)Y(Z-7). (16)

Also, if det(A — B) =0, then we say that the extended

solution does not exist.

Definition 2.12 [18]: A vector-valued fuzzy number X, =

(B0 By oo an)T is called an algebraic solution of the dual
fuzzy linear system in Equation (12) if
AXA+Y= BXA+Z~,
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;or n other words

'~<:1

n
Z Xiu+ 7, Vi=12,.

m;1_x j=1

Remark 2.7 HS] Based on Definition 2.4 and Definition

Zgl |t<ts (ﬁeao that Xj = (Xy,, %z, - an) is an algebraic
solt&ﬁorﬁ:_“oﬁhe{}ystem in Equation (12) if

= Z Bj; [XjA]a +1[Zilq

[0,1] and1=12 ,n. also, if det (A —
ing to-Definitions 2. 4 and 2.11, we have

], =4-B (12 - [7],)

u
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SSION RESULTS

1€ reéSearch objective is to solve the system of equation
Ie% dual fuzzy fhatrices, here we present the algebraic
wgol?ed'

Gger@f the system of equations dual complex fuzzy
m%rrées inthe form AX + Y = BX + Z where 4, B are
crESp coefficiert matrices, and ¥, Z are complex fuzzy
“nopiers,

d\lé@(t ahe first step is to transform it into a system of
%qgatmns dual complex fuzzy matrices in the form

@B uep ugguBLWNBUBLW

e[em Buek u%

Cpcgrtwe entries of matrix B,R < 0 denotes the absolute
va;fyegof the negative entries of matrix B, and ¥, Z are
co&wp&x fuzzy numbers.

Then?determine det(S — R) # 0 so that the inverse of
(.SF g) exists, and the system of equations of dual
co(grpﬂex fuzzy matrices has a solution.

D&termrnmg the:algebraic solution of the complex dual
fugyﬁﬁnear equation based on Theorem 3.1 using X =

(si 3) YZ —7).

Q

fdede ynjueg weep ki sin} emw qmmas neyra ueiBeqos »e/ffe

ampﬁ% gl Given the system of equations of a complex
al fuazy ‘matrix as follows:

% 713

(a+i(-242a),(2—a) +i(2 - 2a))
i Ea +i(—4 ¥a),(25-15q) +i(-1 - 2a))
4 f1
=g 2] Lzz]
+E((4+a)+i(1 —a),(6—a)+i(—1+a))]
H(=2+a) +i(-3+a),(—a) +i(-1- 0()) ’

Deternﬁﬂe the solution of the system of equations of a
compleg dual fuzzy matrix.

‘nery eysng Njn uizi eduggu
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if it is transformed into a 2n X 2n matrix equation, then it is
obtained as:

[6 2 0 O]
2]_) 1 7 0 0
7 0 0 6 2f
0 0 1 7]
and
[2 4 0 O]
[2 4]_) 4 2 0 0
4 2 0 0 2 4f
0 0 4 2]
so the system of equations is
6 2 0 0[&] [ a+i(-2+2a)
1 7 0 0 x_z a+i(—4+a)
00 6 2||-xm|T| -(@-ao+i2-20)
0 0 1 7%, l—((2.5—1.5a)+i(—1—2a))J
2 4 0 o][&
4 2 o off X2
o0 2 4f|-x
0 0 4 2l|l-%
 G+a)+i(l—a)
(2+a)+i(-3+a)
Hl-(6-a)+i(-1+a)|
—(—a+i(-1-a)

since det(S — R) = 196 then (S — R)~! exists and has the
algebraic solution as follows.
X=6-R)Y(Z-Y)
ASw CEELTS 0o\t G+a)+i(l—a)

LNl 0 0 (—2+a)+i(-3+a)
AN e ) —(6-a)+i(-1+m)
0 0 -3 5 —(—a+i(-1-a))
a+i(—2+2a)
[ a+ti(—4+a) ]
- (- +i2-2a)
l—((z.s —15a) +i(-1- Za))J
5/14 1/7 0 0 4+i(3-3a)
|3/14 2/7 0 0 -2+
1 o 0 5/14 1)7 —4+i(3-3a)

0 0 3/14 2/7 (25+05a)+l( Q)

8 (17 15 )
7T\ 12
2

i (13 9 )
77\ 12 " 12¢
( 1 15)+_(15 17 )’

14% 7 12 14 127

( 1 1) ny ( 9 13 )
L 77977 14~ 12°
s0, the solution of the system of equations of a complex dual
fuzzy matrix is:

_[8 15+1 ]+,(17 15 15+17 ])
x1_7’14 2% T \[12 12 12 T 12 %)

Solutiop: 13 9 9 13
Cren w=rg 79 (e g el
A= [?g 5 and B = [i LZL] _ _
a Example 3.2 Given the system of equations of a complex
o dual fuzzy matrix as follows:
4251 | Sri Wahyuni, IJMCR Volume 12 Issue 05 May 2024



Xy
X,
X3

(a -hl&z +29),2—a)+i(2 - 2a))

[V
o+ ((2ot®) +iQa + 2),3 +i(6 — 2a))
) ($2%L§?a+4)( 1-a)+i(8 - 2a))
L —r1-
é@lg 181
3—522% =)
® Blig 833 0 3
& i(@r £1) +i(1+8a),(4 —a) +i(6+ 5a))
3 %(@-—2)+z(4a—2)(3—a)+1(8+2a)),
5 (@ D +iC5a +3),(6 ~ @) +i(~4 +30))
@pé?mmemthé solution of the system of equations of a
@n‘@lexdual@zzy matrix.
Soldtion: » 2
3 o8
I3 ca
S5 qd25 g o0 1 1 1
£=535 ¢ —1] and B=|2 3 —zl,
Sdis 2 3 1 -3 0
ifjitis tfangformed into a 2n X 2n matrix equation, then it is
obtained as;
%tg = = 292 0 0 0 0
s
527 B 37100 0 1
88 = 103 020
2 =18 21|
ECP 5 000220
E 225 001310
2525 lo2010 3
MWE 3 2
S3H28 1100 0
> 0.5 2 2300 0 2
‘;;%512_)1 000 30
5 3 % 000 1 1 1f
5 Soa 002 230
5 =9 0 3 0 1 0 o0
s{%the system of equation is
2 27020 0 0p 2] a+i(=2 +2a)
3 13050 o i} %2 | Q+a)+ia+2)
Ig 0350 2 0|E|Jr —2+iQa+4)
Ig_ 02052 2 Off-x| | —(2-a)+i(2-2a)
0 03le3 1 OJI_EJ —(3+i(6 - 2a))
9 2051 0 3l 5] lq1-0+ie-20)
5 88 T 11 0 0 09 2]
g 5 2 300 0 2] xz
3 o _|t o0 o0 30
N3 00011 1%
c T @ 0 2 2 3 oJ %
=5 0 3 0 1 0 ol 5
® 3 (4a — 1) +i(1 + 8a)
= (4a —2) +i(4a —2)
= ;j' L e+ D +i(=5a +3)
o) = —((4—a)+i(6+5a)) [
T2 —((3 — @) +i(8 + 2a))
5 (6 —a) +i(= 4+3a))

since djét(s R) =70 then (S — R) ! exists and has the

algebraw solution as follows.

“The Algebraic Solution of Dual Fuzzy Complex Linear Systems Formed 2nx2n”

(4a—1)+i(1+8a)

1 _12 _01 8 8 _011 (42 = 2) +i(4a - 2)
0 o 3 o0 -1 O| (4a +1) + i(=5a + 3)
“lo 0o o 1 1 —((4— @) +i(6 + 5))
0 0 -1 1 -2 0J —(B-a)+i(8+2a))
0 -10 0 0 3 \_—((6—a)+i(—4+3a))_

—2+iQa+4)

| -(C-a)+i(2 - 2a))
-(3+i(6-2a))

—(( 1—a)+i(8— Za))

70 29 7 7 7 4

99 99 33 99 99 33
10 10 1 1 1 1

33 33 11 33 33 11
1 1 10 10 10 1

99 99 33 99 99 33
7 7 4 70 29 7

99 99 33 99 99 33
N ™ i B 1

<K %R -  BER
0 10 1 1 1 10
99 99 33 99 99 33|

3a—1+i(3 + 6a)

| 3a+i(2a) |

[4a +3 +i(—=7a—-1)|
—4+i(—4—T7a) ‘

a+i(-2+2a)
QC+a)+iRa+2) )
|

a+i(-2-4a)
—74i(12 - 5a)
34 221 ,(250 +203)-
9% 99 99 “ T 99
1,58 (31 29)
3933t i33% 33
10 52 | ( 251 7 )
9% 5 99 “ 99
7 230+_< 767 49) '
9% 799 99 “ 99
2 47, ( 20 26)
3% 33T 733% 33
1 173 ( 134 +425)
9% 799 99 “ " 99 )

s0, the solution of the system of equations of a complex dual

fuzzy matrix is:
34 221 7 230

R e TR R T

250 203 767 49
+ l( a+— )
[1 58 2
X

9999 “* 99
_ 4 ]+ (31 +29 20 26})
2= [3% 33737 33337 33
Here we present the theorem regarding the solution of
complex dual fuzzy linear equations.
10 52 1 173

9%t55: 5% 59

= X=GS-R)'CZ-7) 251 7 134 425
3 (- — — gy — =
o J”( 99 ¥ " 99" 99 * 99)
4
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Example 3 3 leen the system of equations of a complex
dual fuzzy Matrix as follows:
—3] [ ] ((a+i(-2+4+3a),2—a)+i(2-2a))
¥ (@t i(a+4),2-a)+i(-1-2a))
22
[3.9 3

C)QQ?W+(1+a)Q—a)+K3—aD
4—31- 2&)4— iQRa—4),4-2a)+i(—1-2a))l
@et@m@e:the:. solution of the system of equations of a
(3‘£>mgle>?<v dgal@zzy matrix.

(44 2a)+i(2a —4))
-(2-a)+iB-a)
(4 - 2a) + i(~1 - 2a))]
smce dzét(ﬁ R) =0 then (§ — R)™! does not exist so the
szystem Qf eguatlons of-a complex dual fuzzy matrix does not

@ve a@IL[Elon

Q_} 0.)

@sed Q{l the steps of solving the system of equations of a

cm‘mple% dual fuzzy matrix and the provided example, here

vg pressnt the theorem regarding the solution of the system

Q}equaﬁons of a complex dual fuzzy matrix.

'EPleoreg 31 Let"AX+Y =BX+Z where ABare

c@efﬁci@nt matrices of size n x n and ¥, Z are complex fuzzy

numbers. If the equation is transformed into SX + ¥ = RX +

Z whefé S = (s;;), R = (r;),1 < i,j < n, be nonnegative

matrice%% The solution of SX + ¥ = RX + Z has a unique

fuzzy solution if and only if (S — R)™! exists. Furthermore,

that solgtion is also a Solution for AX + ¥ = BX + Z.

Proof. £

(=>)Gi§en S={s;) R=(r;),1<i,j<n are
n@negative matrices, and the linear system of dual

+

»

(Qa+i(1+a)) 1
|
|

3mu%oa e
1)) =
givﬁlc g%
é%’sg -2
@éigez o B=[; 7]
|t“1$t@s_t@dlntoa2n><2nmatr|xequat|on then it is
shtained as? 2
58 582 04 3
328cl4 20 0
=] by
[gngzu Slo 3 2 of
B 3 S alo o 4 2]
o) =
@ds 55 _
S@ ==[1 09 2
fié— 3 10 0
3 919 S0 2 1 of
» cg zlo 0 3 1l
s6 thé sgstﬁn of equations is
&ijEO 3[&1 [ (a+i(=2+3a)
S @330 of 21 | (a+i(a+4) I
S 2382 of| x| l—«z—a)+u2—2@)J
9 B0 g0=4 21—l 1-(C-a)+i(-1-2a)
= =S x
S > = 10 0 2][2]
= L L X
= &= 13 1 0 0f] =2
£ 2y 02 1 ol|-x
= s 0 0 3 1ll-5;
o 23
I3
= O
c &
® < g
- cC x
(= 2] DJ
?.. , o

“The Algebraic Solution of Dual Fuzzy Complex Linear Systems Formed 2nx2n”

fuzzy SX +Y = RX + Z has a unique solution, it will
be satisfied if (S — R) exists.
With Equations (2) and (3), the dual fuzzy linear system

n n
ZSUJ’C; +}Z=ZTLJXJ+’ZVL, (21)

j=1 j=1
is equivalent to (since s;; = 0 and r;; = 0 for all i, j)
n n
Zs”ﬁ-l_ﬂzzr”ﬁ-i_ﬁ‘
i=1 i=1
£ " (22)
Zsijx_j‘FW:ZTijx_ijZ_i'
j=1 j=1
with X, ¥, and Z given as in equation (15). consequently,
n
Z(Sij —7y)% =7~ Yu (23)
j=1

n
Z(Sij — rij)x_j =z~ Y (24)
j=1
If det(S — R) # 0, then (S — R) ™1 exists, so equations
(23) and (24) have a unique solution (x]) (xj)

(=)Given S=(s;), R=(r;),1<ij<n, and (S-—
R)™1 exists, it will be shown that the linear system of
dual fuzzy SX + ¥ = RX + Z has a unique solution.
Because (S — R)™! exists, it has a unique solution

(), @
le Z S: ru) )
zn:x_] zn: Slj _rij)_l (Zi — D).

Next, both S|des are multiplied by Z};l(s”—
r;;) resulting in

n
Z(Stj —1y)x; = Zi— Y,
j=1 o

n
D (sy—r)B =7
j=1

Then,
n n
Zsijxj +& = Zrijxj + é
j=1 j=1
n n
j=1 j=1
Are equivalent (since s;; = 0 and r;; = 0 for all i, j)
n n
ZSUJ?; +5il =Zrijxj +Z.
j=1 j=1

IV. CONCLUSION
Based on the discussion above, the system of equations of
complex dual fuzzy matrices AX +Y = BX +Z where

4253 |

Sri Wahyuni, IJMCR Volume 12 Issue 05 May 2024



“The Algebraic Solution of Dual Fuzzy Complex Linear Systems Formed 2nx2n”

'”.are Coef‘f|0|ent matrices of size nxn and ¥,Z are

rcomplex filizzy numbers that can be solved by transforming
them into a 2n x 2n complex fuzzy matrix. The system of
équations refefred to'is SX + Y = RX + Z where S > 0 are
tEe q?nne%ti@ entries of matrix A, S < 0 are the absolute
\taIL@s of EBle"Snegatlve entries of matrix A, R = 0 are the
ﬁ@ hﬁg’&tl‘%’ antrles of matrix B, R < 0 are the absolute
\zall@s of ﬁwe:negatlve entries of matrix B, and ¥,Z are
rgatﬁceioﬁ c@nplex fuzzy numbers with the solution X =
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