International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:3, No:5, 2009

IFS on the Multi-Fuzzy Fractal Space
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Abstract—The IFS is a scheme for describing and
manipulating complex fractal attractors using simple mathematical
models. More precisely, the most popular “fractal —based” algorithms
for both representation and compression of computer images have
involved some implementation of the method of Iterated Function
Systems (IFS) on complete metric spaces. In this paper a new
generalized space called Multi-Fuzzy Fractal Space was constructed.
On these spases a distance function is defined, and its completeness is
proved. The completeness property of this space ensures the
existence of a fixed-point theorem for the family of continuous
mappings. This theorem is the fundamental result on which the IFS
methods are based and the fractals are built. The defined mappings
are proved to satisfy some generalizations of the contraction
condition.

Keywords—Fuzzy metric space, Fuzzy fractal space, Multi fuzzy
fractal space.

I. INTRODUCTION

EPRESENTATION as well as compression of a computer

images involves implementation to the methods of
Iterated Function Systems (IFS) on complete metric space [1].
In 1981, Hutchinson [17] introduced the formal definition of
iterated function systems (IFS). These methods are useful
tools to build fractals and other similar sets. In many scientific
and engineering applications the fuzzy set concept plays an
important role [15]. The fuzziness appears when we need to
perform, calculations with imprecision variable on a manifold.
The concept of fuzzy sets was introduced initially by Zadah
[16] in 1965 as an extension to the classical notion of set.
Since then, various concepts of fuzzy metric spaces were
considered. George and Veeramani [14] and Kramosil and
Michalek [12] have introduced the concept of fuzzy metric
space which has important application in quantum particle
physics. Fadel S.F. [2], in his thesis generalized the fixed-
point theorem to IFS. Fixed-point theory of contractive type
mappings in fuzzy metric spaces for different is closely related
to that in probabilistic metric spaces [13].
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In this paper, new fuzzy metric space are introduced and
used to construct fuzzy fractal space, some of their properties
are studied in terms of their completeness to ensure the
existence and uniqueness of a fixed point for a family of
continuous mappings. A generalization of the theory of fuzzy
metric space to construct a new space called Multi-Fuzzy
Fractal Space is presented.

The layout of this paper is organized as follows. In section
11, some background material is included to assist readers less
familiar with the detailed exposition of the fundamentals of
metric space and Hausdorff space, and IFS concepts, to
consider. Section Ill, is devoted to the fundamental result on
fuzzy fractal space, the uniform structure of this space and the
theory of a fuzzy contractive mapping. In section IV, the
structure of the multi-fractal space is drawn, and then the
concept of IFS is applied. In section V, new space called the
multi-fuzzy fractal space is constructed, proving its
completeness and an extension of the contraction property
(which represents the fundamental idea of this paper) is
proved. Conclusions are drawn in section VI.

Il. PRELIMINARIES

In this section, some definitions and theories of metric
space and Hausdorff space are given to fill in some
background for the reader. A more detailed review of the
topics in this section was given in [6]

Definition 1. Let (X,d) be a complete metric space. The
Iterated Function System (IFS) is a set of n contraction maps
W={w;,Wy,...,Wn}, W : X = X

The space of fractal denoted by H(X) is the place where
fractals live. The elements of this space are the non-empty
compact subsets of the complete metric space (X,d). There is a
relation between the spaces X and H(X), since a point A in
H(X) corresponds to a compact subset in X [3]. In order to
show that H(X) is a metric space we must define a distance
function between any two compact sets called Hausdorff
distance defined as follows.

Definition 2. D(A,B)=max {d(A,B),d(B,A)}, (AB e
H(X)) = max{max mind(x,y),maxmind(x,y):xe A,y B}

X y y X
where d(A,B)=max{d(x,B):x A} and d(x,B)=
min{d(x,y):y eB}.
D defined in this form is a metric function, and (H(X),D) is a

metric space. The fixed point theorem is proved in [6], after
proving the completeness of (H(X), D).

Definition 3. Let (X,d) be a complete metric space. A
mapping f: X—X is called a contraction mapping (or
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contraction on X) if there exists a real number r with 0<r<1
such that d(f(x),f(y))< rd(x,y) for every x,y eX.

Let (X,d) be a complete metric space. Then (H(X),D) is a
complete metric space. Moreover if {A,eH(X)} =1 is a
Cauchy  sequence, then A=Lim A, e H(X) ,where

n—o

A={xeX:there is a Cauchy sequence {x,€A,} that converges
to x}.

Definition 4 [4]. The transformation W:H(X)—>H(X), is
defined, whereW (B) = nLljlwn(a) for any BeH(X), it is easily
shown that W is a strict contraction, with contractivity factor

i 1’33{%;&"}. According to the contraction mapping
theorem, if (X,d) is complete, then W has a unique fixed point
A in H(X), satisfying the remarkable self-covering condition,

N
A=W (A) = U wy(A).
n=1

I1l. Fuzzy FRACTAL SPACE

A fuzzy singleton as introduced by Zadeh [16], is an
ordered pair (x,t), where xeX and tel. These singleton
represent the element of the set X =XxI. A new fuzzy space is
constructed depending on the elements of this set, which is
defined as follows. Most of the definitions and concepts in this
section can be found in [11].

Definition 1. Let (X,d) be a metric space. Let X be a set
consisting of all fuzzy singleton (x,t) defined as a mapping x:
X—[0,1] where xe X and te[0,1], associating with each
element x its grade of membership x, , defined as a

nonempty subset. x; ={(x, x4 ):xe X,tel}, these elements
are defined also as:

Xt(u):|::) ))((it
Definition 2. A distance function d° is defined
asd”(x,,ys) = max{d(x,y),[t—s|}, X, ys€ X . It's easy to
show that d” satisfies the following axioms:-
o d*(X,Ys)20 VX,V eX
o d*(x;,ys)=0 iff x =y,
o d*(x¥s) =0 (Yo %) VX, ¥s € X
o d*(X,Ys) <d* (X, zp)+d*(zp, ),V xt,ys,zpe)z

Definition 3. The space, F(X)=P( X ) where F(X)={AeP(X )
[A:X—1,A(x)=t}, and P( X ) is the power set of Xxl, is called
fuzzy space. The space (F(X),d*) is a complete metric

space.
Definition 4. w™: X — X , is defined as w"(x,t)=(w(),rt).

Theorem 5. w" is a contraction mapping on the
space (F(X),d*).

Proof. d"(w"(x,t),w"(y,s))=d"((W(x),rt),w(y),rs))
=max(d(w(x),w(y)),|rt-rs[)
<max(rd(x,y),r|t-s|)
<r max(d(x,y),|t-s[)
<r d'((x,1),(y,8)) 0

Definition 6. The space H(F(X))={AeF(X)|A=d, A
compact}cF(X), is called fuzzy Hausdorff space or fuzzy
fractal space.

Definition 7. The distance function D” on H(F(X)), is defined
as follows.

su p inf max{d(x,y),|A(x)- B(yj},

D" = max xeX yeY ,
su p inf max {d(x,y),|A(x)-B(yj}

YeY  xeX

Definition 8. Let w:H(F(X))— H((F(X)) be defined as

W A)={w (x.b)|(x,0) €A}, A={(x, A(X))|xeX}, and

W (A)={w (x),rt)|(x,t) e A}={(W(x),rAXX))|x e X} e F(X).

Theorem 9.  w*:H(F(X))— H((F(X)),

mapping on the space (H(F(X)),D*).

Proof. D"(w'(A)W'(B))=D"((W(x),rA(x)),(w(y),rB(y)))

is a contraction

= maxy sup inf max {d(w(x),w(y),|rA(x)- rBy)|,
Xy

supin f max ld(w(x), w(y) [rAG)- 1 B(Y) |
y X

< max{su p inf max {rd(x,y),r|A(X)- B(Y)|}}n
X y

{su p inf max {rd(x,y),"{A(X)- B(Yﬂ}}
y X

sup inf max {d(x,y),\A(X)- B(Y)\}’
X y

= rmax
sup inf max {d(x,y), A(x) - By)}
y X

=rD'(A,B)
Therefore w™ is a contraction mapping on the space
(H(F(X)).D). O

Let (F(X),\/\ic ,w’;,...w’;) be a hyperbolic fuzzy dynamical
system, where (F(X),d") is a complete metric space, and each

w*, :F(X)—>F(X), is a contractive function with corresponding
contractivity factor s,, r=1,2,...,N.

Definition 10. Let W*: H(F(X))—>H(F(X)), be defined as:
w(B)= _Ulw?( B) forany Be H(F(X), B ={(X.B())|xe X .
i=

Theorem 11. W" is a contraction mapping provided w" is a
contraction.
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Proof. Let A, BeH(F(X)), q">D"(A,B) be given, if x; is any
element of W*(A), then

(V%) (X e W; (A),(3i)(3x{ ),(x; € A) suchthat w; (x])=X

since D'(A,B)<q=(3V, )y, eB),>d*(x,y,)<q*.
=(3Ys)¥s €W, (B),> W (Yi)=Ys. then

d* (. ¥s ) = d* (Wi (XF).w; (¥5))
= max{d(w(x),w(y))| rt-rs|}
<max{rd(x,y"),r|t-s|}
< rmax{d(x’,y"),|t-s|}
=rd" (x{y")
<rg*
this is true for all xeW'(A), so W'(A) is in the rg-
neighborhood W (B), also if ys is any element of W (B),
then (V) (ys € W (B)),(3i)(3y; ).(v; € B) such that
wie) =1,
since D (AB)<q= (3 )X €A)>d*(X,y.)<q*.
= (3x), % €W, (A), > W (x) =X, then

d* (%, ys) =d * (W (X)), W (¥5))
= max{d(w(x'),w(y"), rt - rs |}
<max{rd(x,y),r|t-s|}
< rmax{d(x,y),|t-s|}
=rd"(x; y5)
<rg*
this is true for all y;e W'(B), so W'(B) is in the rg-
neighborhood of W’(A), therefore D*(W"(A),W"(B)<rq", and
this is true for every q>D"(AB), which implies
D(W'(A),W'(B)<D"(A,B), and W is a contraction in the
complete metric space H(F(X)). 0

IV. MULTI FRACTAL SPACE

Let J be a set, assume that for each jeJ we have a metric
space (X;,d;). The product space ¥ = J.l;IJ X j is the space that

consists of all J-tuples (X));; with x;eX;, define d:XxX— R as
follows: If X=(x1,X2,...Xn) and, Y=(y1,Y2,....yn) are elements of
X, then d(X)Y)=" Tax N dj (xj,yj) - Itis easy to verity that d

satisfies the requirements to be a distance function, if d
represents the product metric on X then (X,d) is a metric space.
This result follows also from the following theorem.

Theorem 1. [10] The product of a finite number of metric
spaces is a metric spaces.
Let (X;,d;), be complete metric spaces, for i=1,2,...,N. Let
N

2= TT Xj =X;Xox,.... 3%, (.d) be a complete metric
i=1

space. For each complete metric space ((X;d;), i=1,...,N)
there is an associated Hausdorff space ((H(X;),D;) i=1,...,N),
which is also complete metric spaces.

Definition 2. Let AX)=H(Xy)xH(X2)x...xH(Xy) then “AX) is a
Hausdorff space (since the product of Hausdorff spaces is a
Hausdorff space) [4].To prove that ~AX) is a metric space the
following steps are important, let A=(AgA,,...,Ay) and
B=(B;,B,,...,By) are element of H(X).

Definition 3. Let [9] & (A’B):Qgﬁ{Di(/'\’Bi )}, where
A&BeH(X) (each of A & B are an n-tuple of elements of
H(X;)), < satisfies the requirements to be a distance function,

so (AX), 7)) is a metric space, and moreover it is a complete
metric space.

Let (X; wg,w,,...,wy) be a hyperbolic IFS on a complete
metric space X. then there exists unique A < X such that

N
A= U wj(A).
i=1

Let (X;dj), i=1,2,...,N, be complete metric space. Let
Wi‘} : XJ- - X;, k=1, 2, ...,m(i,j), i, j=1,2, ...,N be contraction
mapping. Then there exists a unique A=(Ay,...,Ay) such that

A= LNJm(iU'j)w-k- (A:) i=1,2,...,N and hence
ik
N N m@ij) |
TLA =11 U U wjAj) |
i=1 i=1li=1 k=1

N N

Definition 4. [12]. Let W:IHH(Xi)a_HlH(Xi) be defined
= 1=

by:

N Nm@j)
#'@B)=11(U U Wij(Bj )
i=1 i=1 k=1

Theorem 5. [12] 77 is a contraction mapping on the complete

N
metric space (ille(Xi ). ), where

W"(INIB)—H(N
T R = |

mi) g
kU Wij( J))

V. MuLTI-FuUzzY FRACTAL SPACE

In this section we define a new space called “multi-fuzzy
fractal space” as a generalization of the fuzzy fractal space,
and then we give some definitions and prove some results
about this space. Let (F(X;),Dy), i=1, 2, ...,N be a complete

: *kK
metric space. Let w..

i P FXG) (E12,.m(i),
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ij=1,2,....N)
N m(i,j) «k
A=Y i
Definition 1. A multi-fuzzy fractal space is defined
as H(F(X)) = ilElllH(F(Xi ) = HIEK)XHEXo)%, .. xHE ()

be a contraction mapping such that

(Aj ) foreachi=1,2,...,.N

Definition 2. A distance function on this space defined as.

“~/(A,B)
—max{D/ (A ,B,):i=1,..N},( ABeH(F(X)= ilElllH(F(Xi ")

then ~AF(X)) with <" is a complete metric space.

= N N
Definition 3. Define W : [T H(F(X;))— I1 H(F(X;)) such
i=1 i=1

that W™ (B HB ) ﬁ B mEiJ’j) *K(B )
a = )= Wis .
i=1 ' i=lj=1 k=1 ) )
Theorem 4. 7/ is a contraction mapping on the complete
metric space (AF(X), ~*) if it satisfies,

*( 7(A), 7 (B))<r /' (AB) where ~*=max{D; }and D; is a
distance function defined on the space H(F(X;))

Proof.

+ N N N m(l J) +K
where w; (I1Bj) = I1 U U Wij (Bj)),
i=1 i=1j=1
Let A BeH(F(X) = H H(F(X;)
i=1

where A= HA, ,and B= HB
i=1 =1

Letq > ~*(A,B) be given, then
1,2 Ny_ N N
(V X)X =X, 0 X, e X ):il;llxti :il;ll(xi 1)
where x; =(x;.t; )€ H(F(X;)),
N N m(l ) I
X, eW (A)=T11 we (A])
i= 1] 1 k 1Y
(v, )(xt € U (Ul)w (Aj))), (3]) (3k), such that
(I eA) > (W’i} (%")=x ) since

(Vi )(3ye )y €Bi)> (d7(x,

“*(A,B)<q’, then

Yo )<g )=

3ys eUUW (B )
X —H
t |_1Xt

d"(X,.Y,) = max d” (4 ,y3,)

ok ko

=max(d (W.. (X',I ),W-- (yd )

< max {d(Wu(X )W.,(y DALS ity — 1S Jl}
S]T,?,ﬁ {rijd(xj,yj),fij“j— il

<1y max {d(X'j,y’j)vltj_Sj |}
rd O, Ye,)
<rg where , =max{r;}
]
<rq forall r=max{r}
I

which implies that 7*(A) is in the rg*-neighborhood of
7*(B) . By the same steps we have,

1,2 Ny N N
(VYO Y =05, Ve oo Vi )= ilillyti = ilill(yi 5 )

i o NN T K
i, =(¥i.51) e H(F(X;)), Yy eW (A)=TTU U w
i=1j=1 k 1

Wi (Aj)

i Nm(ij) Lk .
(Vi)yy € _U1 kU1 Wi (A), (3]) (3k),  such  that
J= =

) ko _ ;
(Fyy €B;) 3(wij (yy )=y ), since “*(A,B)<q, then
. <K
(Vi (X € A)a(d (! yd ) <a)=3x eUUW (Aj)

Yo =11yl
s—ll;llysi

d7( X Ys) = maxd” (x,.y5,)

P SR
=max (d”(wy (4 )wy (7))
<Tax{d(W,J(X )Wh (5Nt = rys Jl}
sjrgigi‘({rijd(xj,yj )t [ty —=s jl}
< ry max doxg .yt - 1)

rd” (.Y,

<rg where :m?x{ r }

<rq’ forall r=max{r}

375



International Journal of Engineering, Mathematical and Physical Sciences
ISSN: 2517-9934
Vol:3, No:5, 2009

which implies that 7*(B) is in the rg*-neighborhood of
7%(A) and hence, ~*(W"(A),W'(B))<rq, which implies
< 7*(A), 7*B)<r o*(AB).  Therefore, 7~ is a
contraction with contractivity factor, r=max{r,r,...,rn}. [

By the contraction mapping theorem on the space
(AF(X)), ~*), has aunique fixed point A, i.e. 7*(A)=A.

VI. CONCLUSION

New fuzzy metric spaces are introduced and used to
construct fuzzy fractal space; some of their properties are
studied in term of their completeness to ensure the existence
and uniqueness of a fixed point for a family of continuous
mappings. A generalization of the theory of fuzzy metric
space to construct a new space called Multi-Fuzzy Fractal
Space is provided.
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