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Abstract

The first part of this paper gives the definition about complex fuzzy structured element on the basis of
one-dimensional fuzzy structured element and some of its property. The following part introduces its limit
and continuity. All of this has opened up a vision for the research of fuzzy structured element, and also

played an important role in promoting its progress.
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1. Introduction

Many scholars have further studied the fuzzy structured
element, and they also have given out a lot of properties
about the fuzzy structured element. But the study of
complex fuzzy structured element is at its beginning
stage. In this paper, we study the complex fuzzy struc-
tured element, which breaking the blank situation of re-
searching the complex fuzzy structured element, and
laying a foundation for the further research of complex
fuzzy structured element. It also breaks the blank field of
researching area in complex fuzzy number, and brings
motivations for people to study the calculus in the field
of the fuzzy structured element. Meanwhile, it also en-
riches the knowledge of fuzzy mathematics and widens
the vision for the research of the fuzzy control, fuzzy
decision-making, etc. It also broadens a new area for its
study. Of course, the study of this paper is a qualitative
leap from the real area to the complex area, and brings
great convenience for the information classification and
management. In order to give a clear introduction for the
following part, we give the following illustrations as the
starting point, for a coordinate point f(a,b)=a+ib of

two-dimensional space, every coordinate point f(x,y)=

x+iy its degree of near f(a,b) can be expressed by
the fuzzy sets in fuzzy numbers, Recorded as 4 (x, y)

(hear we add (2) in the upper right corner of the two-di-
mensional space of symbols, which is different from one-
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dimensional space of symbols). In one-dimensional

space we have membership function B(x)= P (of
course there are others). As to the membership function
of two-dimensional space, we take the membership func-
tion B(x)= ei(T) and C(y)= ei(%)2

defined the membership function of two-dimensional
B(x)+C(»)

2

X—a.

, according we

space as Am(x,y) =

2.The E?-F“ Modulus of the Complex

Fuzzy Structured Element and Its
Related Concept

2.1. The Complex Fuzzy Structured Element

(2)

Definition 2.1.1 Let E* be a fuzzy set of R”in the

two-dimensional real number field, its membership func-
tion recorded as: £”(xy), here ﬁ’(x,y):w’
x,yeR,if B(x), C(y) meet the following nature, we

say the two-dimensional fuzzy set E'” is complex

fuzzy structuring element of R”.
1)BO)=1,C(0)=1, B1+0) = B(~1-0) =0, C(1+0)=
C(-1-0)=0
2) In the interval [-1,0) B(x), C(y) isasingle by
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left-continuous function, In the interval (0,1] is a single

down the right continuous function.

3) When -w<x<-l,—0o<y<-1 and 1l<x<oo,
I<y<w, we have B(x)= C(y)=0, that is to say

E”(x,9)=0.

If a fuzzy number A =a+rE”+it F® (here r, t

(2) (2)
are real numbers, and r,t>0, E~, F "~ are complex

fuzzy structuring element), we say A% is generated by

)

a linear of E® , F? , here A7 (x,y)=

(@+rE” @y)+1F (x.)
2
is all the fuzzy numbers generated by the linear E “ and

15'(2) .

. Here we state E(E(Z)—F(Z))

Definition 2.1.2 g(Em—F(Z)) is all the fuzzy num-

E?Y , F® et

bers generated by the linear

A7 e g(Em—F(Z)). There exist limited real numbers

a, r, teR, r,t>0, such that 4%

rt>0, we say va’+ri+t> is the EV—F?

modulus of the complex fuzzy number A’ . Recorded

@ | ., @
=a+rE”+it F* ,

as ‘A

. That is
‘A

Definition 2.1.3

B _p

=~Na*+r’ +1 )]

ED_p®

@ (@
E“-F

—distance

( E-distance” ), let complex fuzzy number

2) (2) (2) (2) 2 @2 . (2)
A7, B eg(E"-F") and A" =a+nE"+it, F",
(2) 2 . 2)

BY =a,+n E7+it, ™, here ay,a,,1,5,14,t, €R

and r7,n,t,t,>0.

We say (¢ —a) +(;—n) +(t—1,) s the

E¥—F® _distance of the complex fuzzy number

A and B , Recorded as dE“LF‘” (A(Z),Bm) , That is
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dp A" B)=@-a) +G-1) 461y (2

2.2. Subtraction and Multiply of Complex Fuzzy
Structuring Element

Definition  22.1. Let 4% , BY

2 @ @ @ @, .
C ceg(E"-F") , A =aq+rnE"+itt F7 ,

@ @ @ @ . @
B  =a,+n B +it,FF", C" =a,+r, B~ +it, ™, here

a,a,,5,5,t,t, R and n,n,t,t, >0.1f a,=qa,+a,,

2) . (2) (2)
K=htn, =t+t, wesay C7 is 47 plus B,

Recorded as g( = ,fl(z) +B7.

Definition 2.2.2 Let 4, BY, " es(E"-F"),
‘:4(2) :al +}’i E(Z)+itl }j@) , ?Q) :az"rl’i@'@)‘l‘l'tz}j@) ,
CQ)=a3+r3]§Q)+it3Ij'(2), here a,a,,7,7,t,t, R and
nhtt, >0 If a,=a,—-a,, n=n-rn, t,=t-t,,
we say gu) is the subtraction of {1(2) and §,<z>’ Re-
corded as gm =A4?-B?”.

Definition 2.2.3 Let A4”, C% e

@ CO )
A" =a+rE7+it F

g(€(2)_€(2>) ,

2) @) . (2)
, ? =@+ E7+it, F~, here

a,a,,5,1,t,, R and r,r,t,t, >0 . If a, =ka,
r=ky, t,=kt, we say C” is k multiply 4.

Recordedas C* =k 4™ .

3. The Limit of the Complex Fuzzy
Structuring Element

(2) (2) 2)

Definition 3.1 Let 4% es(E”-F?”), 4" e s(E"”

—-F%) , if VYe>0, 3N, such that n>N ,

E@ _p2

d (4,7,4%7)<¢ is true, we say {An(z)} con-

verge to A'” according to fuzzy distance dE“LF(z)'

dp2)_p2)

Recorded as Lim 4, = 4”.

n—o0

In the following we give a theorem about the conver-
gence of complex fuzzy numbers with the help of
E¥— F” _distance.
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Theorem 3.1. Let An(z) , AP eg(E?y

@ _ 2) - 2)
A, —an+r"€< +ztnF( , here

4D =

a+rE(2)+itF(2)

a,a,,r,r,,t,t, € R and r,r ,t,t, >0 , if

Ve>0,356>0 , such that when |a—a,|<0,

|r—r,|<6.|t—1,| <&, constant have inequality d ., .,

(4,7,47) <& is true. That is 4, converge to

2 . .
A®  according to fuzzy distance dor_por -

£
\/5 s

From the meaning of the question we know 3N,

Proof. In fact, we choose & =

£ £
when n>N , |la-a,k— , |r-r,K—
NG V3
£ .
|t—t, |< —=,thatiswhen n.>N,

NS

d (4,47 =J@-a) +(r-r) +(~1,)

< \/(%)2 +<%)2 +<%)2 e

So An(z) converge to A according to the fuzzy dis-

tance d . 0

Theorem 3.2 (Complex fuzzy limits with a number of
addition, subtraction and multiply theorem)

Let {Ah(z)} , {Bn(z) e&‘(l}(z)—lj&)) ,

A(Z), B(Z) c

dE{Z)iF(z)
sEY-F?) , keR , if Limd® = 47 ,
d.2)_p2)
Lim Bn(z) B® , we have,
4.2 12
1) Lim(4,”+B,") = A4?+B” )
d,_aLF(Z)
2)Lim(4,"-B”) = A4?-B? (4)
d o
3) Limk4® = kA” (5)

Proof. Only serves to prove (3), It is easy to get the
result when &k =0. In the following we prove the con-
clusion is correct when & #0 .
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dp2)_p2)
. 2 T 2
LimA4,” = 4%

n—o ~

Ve>0,AN,n> N ,

Because
Then we know
&
Ay (4,7 AT < (k#0)

So
dEm_Fu) (Ml(Z)’kle(Z)) :kdEw_Fm (14;1(2)3{1(2)) <e€.

Theorem 3.3 (The uniqueness of the limit) Let
{A “)}e g(E™) A%, B? e g(E?) if

d,2)_p2) () _p(2)

. 2 2 . 2 2
LzmAn() 4%, LzmAn() B,
n—ow ~ n—>ow ~

2 2
we have 4% =B7.
Proof. Because
dp2)_p(2) d.02)_rp(2)

. 2 2 . 2 h - 2
Lim 4, 4% Lima,” = BY
n—ow ~ n—>ow ~

So
Ve>0,3N,,N, >0, when n>N, , we have

@ 4@y_¢
dE<2>7F<Z> (An 914 )<E

Similarly, when n>N,, we have d . .. (An(z),B(z))

£
£
<_
2
Let N =max(N,,N,), When n> N, then
0<d o o (4”,B")<d o o (47, 4V +d, (47 ,B7)<e

As ¢ is arbitrary we obtain:

dE(z)_Fm ({1(2)a€(2)) =0

That is
4D — g

Definition 3.2 Let {A(z)}eg(E“)—F(z)), ‘A(”

=Ja,+r,+t, , if IM>0,MeR, ‘A‘Z)

always right, we say 47 is bounded.

£ _p®@

<M is

ED _p@

Theorem 34 (Bounded theorem) Let
{An (”} ce(E?) AP eg(E®) , if  Lim4,”
d.2)_p2)

= 4 and 4% is bounded, then we say {An(z)}
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is bounded.
Proof. because A7 1S bounded and
d.2)_p2)
LimA,"” A®, then 3IM,, st | 4% < M,, also

n—w

2 2
dN when n> N, wehave d Z(A”,A”)<5,
) E')—F') ~ n

Let ¢=1,thenwehave || A% |-|4 ® |<1
That is to say | 4, |<| 4% | +1

Here we choose M =M, +1
We can get | 4, @1<M, So {An(z)} is bounded

4. The Continuous Definition of Complex
Fuzzy Structuring Element

First of all, we know a+rE® is a fuzzy structuring
element, for A4? eg(E®) , A? =a+rE®+it F? |

r,t >0, refer to the continuity of fuzzy structuring ele-
ment, we give out the continuous definition of complex
fuzzy structuring element.

Definition 4.1 Let A? =a+rE®+itF? | r,
t eR and r,t>0, if fuzzy structuring element

a+rE® and tF" is continuous at every point

(x,y)eDxDc RxR, we say A” is continuous in

DxD.
Now we give the continuous definition of complex
fuzzy structuring element at some point.

Definition 4.2 Let 47 € &(E®), (x,,v,) € RxR, if

d.2)_n2)
Lim A% (x, y) = Ao(z)(xo, Y,), we say the complex

Y=

fuzzy structuring element A% is continuous at

(%9, 25) -

In the above definition, if we want to determine
whether a fuzzy-valued functions is continuous in
DxD, we should verify every point (x,y)e DxD,
which is very different to verification. Therefore, this is
only a theory definition. Here we give a determine theo-
rem about the continuous of complex fuzzy structuring
element.

Determine theorem 4.1 Let A” =a+rE?+it F*, r ,

B
t eR and rt>0 , E(z)(x,y)ZW’
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_BW+C(y)
2
as the membership function B, (x),C.(y) , Br(x),

Fm(x,y) , V(x,y)e R, then as long
C.(y) is continuous in D , we obtain A7 (x, y) is

continuous in D .
Proof. From the preceding introduce we know that:

(a+rE? (x,y)+1F(x,)
2

A% ()=
Therefore V(x,,y,) € DxD we have

(a+r@m(x()ayo))"'tF(z)(xo’yo)
2

4(2)()50’)}0) =
So

.
A=A ) = Z(E7 (x,0) = £ (x5, 00)

t
S (FP 06 2) = F 2, 30)

— g(BEz(x)_BE;xo))+g(CEz(y) CES}O))
HED B, 160 GO

Because the membership function B,(x),C.(y) >

B.(x),C.(y) are continuous in D , we know when

Ve>0,36>0, |x—x|<8,|y—y|<5,
BE(x)_BE(x0)<i CE(y)_CE(yO)<i
2 2 2k 2 2 2r
BF(x)_BF(x0)<£ CF(y)_CF(yO)<i
2 2 2602 2 2t

Thus we obtain
A%, 0) =47 (50, 3,) <&

Due to the arbitrariness of (x,y)e D, we know

2 . . .
A7 (x, y) iscontinuousin D .
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