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Abstract

This article presents new generalizations of common fixed-point
theorems for fuzzy mappings defined locally on closed balls within a
complete G-metric space. Our results extend several existing theorems
in the literature and provide deeper insights into the behavior of fuzzy

mappings in G-metric spaces.
1. Introduction

The beginning of the new millennium marked significant advancements
in “computational intelligence” or ‘“soft computing.” These terms were

coined in the early 1990s, coinciding with the development of fuzzy set
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theory by Zadeh [11]. Prior to the 20th century, uncertainty was often viewed
as undesirable in scientific work, with efforts focused on eliminating it.
However, this perspective began to shift in the early 1900s, influenced by the
emergence of statistical mechanics. Zadeh’s seminal paper introduced a new
framework for understanding uncertainty, which laid the foundation for what

we now know as fuzzy set theory.

The fixed-point theorem, commonly known as the “Banach Contraction
Principle,” has been extensively studied for many years. These studies have
led to various generalizations and adaptations of the principle, particularly
for single-valued and multi-valued mappings. Notable contributions to the
study of single-valued mappings include the works of Akram and Mazhar
[2], Kalinda [8], Kannan [9], Khan and Kubiaczyk [10], Liu [12], and
Rhoades [18]. For multi-valued mappings, significant contributions have
been made by Akram and Ajmal [1], Ciric [4], Fisher and Iseki [6], Markin
[14], Nadler [16], Nosheen and Akram [17], and Sing and Whitefield [22].

In this paper, we first review key concepts related to fuzzy sets, fuzzy
mappings, and the fixed-point theory of fuzzy mappings, building upon
previous works [2, 4, 12, 18, 19, 20, 23]. Additionally, we present new
results, proving common fixed-point theorems for pairs of fuzzy mappings

defined locally on closed balls within complete G-metric spaces.
2. Preliminaries

This section presents some basic definitions and results on G-metric

spaces. Most of the definitions and results are taken from [7, 13, 15].

Definition 2.1 [15]. Let X be a nonempty set, and let G : X x X x X

— R, be a function satisfying the following properties,
() G(x, y,z)=0if x =y =z,
(ii) G(x, x, y) > 0 forall x, y € X with x # y,

(ii)) G(x, x, ¥) < G(x, y, z) forall x, y, z € X, with z # y,
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(iv) G(x, y,z)=G(x, z, y) = G(y, z, x) = --- (Symmetry in all three
variables),
(v) G(x,y,2)<G(x,a,a)+G(a, y, z) forall x,y,z,ae X (rectangular
inequality).
The function G is called a generalized metric or, more specifically, a

G-metric on X, and the pair (X, G) is called a G-metric space.

Definition 2.2 [15]. A G-metric space (X, G) is called symmetric
G-metric if G(x, y, y) = G(y, x, x) forall x, y € X.

Definition 2.3 [15]. Let (X, G) be a G-metric space, and (x,) be a

sequence of points of X. Then a point x € X 1is said to be the limit of the

sequence (x,) if lim G(x, x,, x,,) = 0. If the limit exists, we say that
n, m—»w

the sequence (x,,) is G-convergent to x.

Proposition 2.4 [15]. Let (X, G) be a G-metric space. Then the
following are equivalent:

(i) (x,) is G-convergent to x,

(ii) G(x,, x,,, x) > 0, as n — o,

(iii) G(x,, x, x) > 0, as n — oo,

(iv) G(x,,, x,, x) > 0, as m, n — o.

Definition 2.5 [13]. A sequence (x,,) in a G-metric space (X, G) is said
to be G-Cauchy if, for every € >0, there is N € N such that

G(x,, x,,, x;) <&, for n,m,l>N,; that is if G(x,, x,, x;) > 0 as

n, m,l — oo.

Proposition 2.6 [13]. Let (X, G) be a G-metric space. Then the

following are equivalent,

(i) (x,) is a G-Cauchy,
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(ii) for € > 0, there exists N € N such that G(x,, x,,, X,,) < €&, for all

n,m=>=N.

Definition 2.7 [15]. A G-metric space (X, G) is said to be G-complete if
every G-Cauchy sequence in (X, G) is G-convergent in X.

Definition 2.8 [15]. Let (X, G) and (X', G') be G-metric spaces and let
f (X, G) > (X', G') be a function. Then f'is said to be G-continuous at a
point @ € X if and only if, given & > 0, there exists o > 0 such that
x,yeX; and G(a, x,y)<d implies G'(f(a), f(x), f(y)<e A

function fis G-continuous at X if and only if it is G-continuous at all a € X.

Let us gather some preliminaries. For a nonempty set X, we define the

following collections.
2X ={4:4c X}
CL(2Y) = {4 € 2% : 4 is nonempty and closed}
C(2%)={4 2" : 4is nonempty and compact}
CB(2%) = {4 e 2% : 4 is nonempty, closed and bounded}.

Let A and B be two bounded and closed elements of CB(2%),

D(4, B, B)= inf G(a, b,b), D(a, B, B) = inf G(a, B, B). (1)
acA,beB beB

Then the Hausdorff metric is defined as

H(A, B, B) = max{sup D(a, B, B), sup D(4, b, b)}. ()
acA beB

A fuzzy set A in X is a function with a domain, a universal set X and
range [0, 1]. We denote by I, the collection of all fuzzy sets in X, where
the universal set X is a crisp set. If 4 is a fuzzy set and x € X, then A(x) is

the grade of membership of x in A. The o -level subset of a fuzzy set 4 is
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denoted by [A4], and is defined by
[4], ={x: A(x) > o if a € (0, 1]},
and
[4]y = {x : 4(x) > 0}.
We now define a subcollection W(X) of 1% by
W(X)={4eI* :with [A]; nonempty and closed}.

For 4, Be ¥, 4 c B means A(x) < B(x) for each x € X, and for
A, B e W(X), we define

Dy(4, B, B) = H([4]};, [B];. [B])). 3

Open ball: Let (X, G) be a G-metric space and xy € X. For r > 0, we

define a G-open ball with the center x( and having radius r as follows:
Bg(xg, 7) = {x € X; G(xg, x, x) < r}

and the closed ball with a center x( and having radius 7 as
Bg(xg, r) = {x € X; G(xy, x, x) < r}.

Fixed point: Let (X, G) be a G-metric spaceand 7 : X — F(X) be a

fuzzy mapping. A point x* € X is said to be a fixed point of T if
(x"} < T(x"). If H:X — F(X) is another fuzzy mapping, then a point
x" e X is said to be a common fixed point of T and H provided

X} T(x")N H(xY).

Lemma 2.1 [15]. Let (X, G) be a G-metric space, and A, B be two
nonempty closed and bounded subsets of X. Then for each a € A,

G(a, b, b) < H(4, B, B).
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Lemma 2.2 [13]. Let (X, G) be a G-metric space, and A, B be two
nonempty closed and bounded subsets of X. Then for each a € A, € > 0,

there exists an element b € B such that
G(a, b, b)< H(A4, B, B) + &.
Lemma 2.3 [15]. Let x € X and A € F(X). Then {x} < A4 if and only
if D(x, 4, 4) = 0.
Lemma 2.4 [15]. Let x, ye X and A e F(X). Then D(x, 4, A) <
G(x, y, )+ D(y, 4, A).

3. Main Theorems

This section presents some fixed-point theorems of fuzzy mappings
defined locally on closed balls in G-metric spaces.

Theorem 3.1. Let (X, G) be a complete G-metric space, xy € X and
Bg(xg, r) be a closed ball with the center at xy and radius r. Define

T :Bg(xg, r) > W(X) be a fuzzy mapping that satisfies the following
conditions

D\(Tx, Ty, Tv) < kG(x, y, y) forall x, y € Bg(xg, r)
and

D(xg, [Txo];» [Txo],) < (1 = k)r for some k € [0, 1).

Then T possess a fuzzy fixed point, that is, there exists a point x € BGTO,I’)
such that x € Tx.
Proof. Choose x; € X such that {x;} < Txy and G(xg, x1, x) <
(1 —k)r. This is possible because [Txy], # & and D(xq, [Txo];, [Txo];) <
(1-Fk)r.
Choose ¢ > 0 such that
kG(xg, x1, x1) + & < k(1 = k)r.
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Now choose x, € X such that {x,} < Tx; and
G(x1, x2, x3) < Dy([Txo ]}, [T ], [T ])) + &
< kG(xg, X1, X1) + €
<k(1-k)r.

Now, we show that x, € Bg(xq, ). For this, we use property (V) of G-

metric.
G(xp, X2, Xp) < G(xp, x1, x1) + G(x1, x7, x7)
<S(A=-k)r+k(l-k)r
SU=k)l+k+ k% +-]

<(1- k){ﬁ} =r.

This implies x, € Bgz(xg, ). Continuing this way, we obtain a sequence

{x,} < Tx,_; with
G(x,, X1, X,1) < K" VA= k)r forn =3, 4, ...
This sequence {x,,} is a Cauchy in BGTO,r). Since BGTO,r) is complete,
so there exists x € Bg(xy, ) with G(x,, x, x) > 0 as n — o
Further, notice that,
D(x, [Ix]);, [Tx]),) < G(x, x,, x,,) + D(x,,, [Tx];, [Tx],)
< G(x, x,, x,) + kG(x,,, x, x) > 0 as n > o

which implies x € [Tx]; that means {x} < Tx.

Theorem 3.2. Let (X, G) be a complete G-metric space, xy € X and

Bg(xg, ) be a closed ball with the center at x, and radius r > 0. Let
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F, T :Bg(xy, r) > W(X) be two fuzzy mappings. Suppose there exists a
constant k € [0, 1/2) such that

Dy(Fx, Ty, Ty) < k[D(x, [Ty}, [Tv]) + D(y, [Fx];, [Fx])] (1
Sorall x, y € Bg(xy, ) and

1-2k
D(xg, [Fxol;> [Fxol) < (ﬁj” (2)

Then F and T possess a common fuzzy fixed point in closed ball Bg(xq, r),
that is, there exists x* € Bg(xg, r) such that {x"} < Fx" N Tx".

Proof. Let us pick x; € X satisfying {x;} < Fx; such that

G(XO, X1, )Cl) < (%)V (3)

This is possible because [Fxy], # & and D(xy, [Fxol;, [Fxo),) < [%j r.

For simplicity choose A = %k This gives
G(xg, x1, x1) < (1 =1)r <r.
Because (1 — ) < 1. This implies that x; € Bg(xg, 7). Now, choose & > 0,
MG (xg, X1, X1) + ﬁ <Ml=2)r. (4)

Next, we pick x, € E satisfying {x,} < Tx; and
G(x1, x5, x9) < Dy(Fxg, Txy, Txy) + €
< k[D(xo, [Tx], [T ]) + D(xy, [Fxolys [Fxol)]+ ¢
< k[G(xg, x9, x9) + G(xp, x1, X1)] + €
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Using property (V) of G-metric, we get
G(x1, x5, X9) < k[G(xq, x1, X1) + G(x1, X2, X7)] + &.
By rearranging, we get
(1-k)G(xq, x9, x3) < kG(xg, X1, X1) + &
Therefore,

€
G(XO, X1, xl) + m

k
G(xp, X3, Xp) < %
S

< }\,G(Xo, X1, xl) + %

Using inequality (4), we get
G(x1, X9, X9) < M1 =A)r.
Now, we show that x, € BGTO,;’).
As
G(xg, x2, x2) < G(xg, x1, x1) + G(x1, X3, x3)
<(T=2)r+11-2)r by (4)and(5),

then we have

G(xp, X2, X2) < (A=) r(1+A) < A=)l + A+ 22 + 23+ ] =1

This gives that x, € Bg(x, r).

)

Continuing in this way, we can pick a sequence {x,} in Bg(xg, ) such

that {xy; 41} < Fxp and {xp5 2} © Fixppyy with

G(X2k+1, X2k +25 X2k+2) < 7u2k+1(1 - 7\‘)1’ for k=0,1,2, ....

Notice that from the Cauchy root test, the sequence {x,} is Cauchy in

Bg(xg, ). As Bg(xy, r) is complete, there exists a point x* € Bg(xg, r)
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such that lim x, = x". It remains to show that {x"} < Tx". Consider
n—»0

D(x", [Tx*], [Tx*])
< G(x", X415 Xaps1) + Dxayers [T [TX7])
< G(x", X415 Xops1) + Dy (Fxgy, [Tx7 ], [Tx7]))
< G(x", X415 Xaps1) + K[D(xpy, [T [TX7)

+ D(x*a [FXZn]p [Fx2n]1)]

< G(x", xap415 X2n41) + kD(x, [Tx"],, [T7]))

+kG(x", Xopa1s Xopan):

Therefore,

D(x", [Tx*],, [Tx"])) = kD(xp,, [Tx7],, [Tx7])

< G(X", xau41s Xap1) + KG(X", xp415 X2p41).
Taking limit n — oo, we get, (1 - k)D(x", [Tx"];, [Tx"],) < 0. This implies

that {x*} < Tx". Similarly, using
DO, [Fx*]y, [Fx']) < G5, a1, Xope) + D(xapers [FX7], [FX7])).

It can be shown that {x"} ¢ Fx". Hence, {x"} ¢ Fx" | Tx". That means x"

is a common fixed point of F and 7.

Corollary 3.3. Let (X, G) be a complete G-metric space. Let xy € X
and BGTO,I”) be a closed ball with the center at xy and radius r > 0. A
fuzzy mapping F : BGTO,I") — W(X) possesses a fuzzy fixed point in

Bg(xg, r) if there exists a constant k € (0, 1) such that
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Dl(Fx: Fy: Fy) < k[D(x, [Fy]l’ [Fy]1)+ D(y: [Fx]l’ [Fx]l)]

and

D(xo. [Frol. [Fxo]) < (11‘_2]{"}.

Theorem 3.4. Let (X, G) be a complete G-metric space. Let xy € X
and Bg(xg, r) be a closed ball with the center at x and radius r > 0. Two
fuzzy mappings Ty, T, : Bg(xg, r) = W(X) can have a common fuzzy fixed

point in Bg(xq, ), if there exists a constant k € (0, 1/2) with

D(x, [Tlx]p [Tlx]l) + D(y, [sz]l, [sz]l),
Dl(]—ix’ sz, sz) < k max D(x’ [Tix]lﬂ [Tix]l) + G(x’ Vs y):

D(y’ [TZy]la [TZy]l) + G(x’ ) y)
for all x,ye Bg(xg,r) and D(xy, [Tixo], [Tixp]) < (1=A)r  holds,

2k
where N = maX(Zk, m)

Proof. Let us take two points xq, x; € X such that {x;} < Tjxq and
G(xg, x1,x1) < (1 =21)r. (6)

This is possible because 7jxy is nonempty and D(xo, [Tixo]; [Tix];) <

(1-2)r
Take a positive number ¢ > 0 such that
LG(xg, X1, X1) + % <Ml =2n)r. (7)
Choose a point x, € X, such that {x,} < Thx;
G(xy, xg, x3)

< Dy(Tixg, Toxy, Txy) + &
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D(xg, [Tixo],» [Tixo],) + D(x1, [Toxp ], [Tx1];),

< k maxq D(xo, [Tixo);. [Tixoly) + G(xg, x1, x1), +e
D(xy, [Tyx(], [Txi]) + Glxg, x1, xp)

G(xg, x1, 1) + G(x1, X2, X3),

< k maxy G(xg, x1, x1) + G(xq, x1, x1), ¢ + &

G(xb X2, Xz) + G(XO’ X1s xl)a
Here are two possible cases:

Case 1.

G(xl, Xy, )Cz) < k[G(Xo, X1, Xl) + G(Xl, X, xz)] + €.

This gives
(1= k)G(xy, xa, x3) < kG(xg, X1, x1) + €
G(xq, X9, x9) < k G(xg, x x)+L
1> 2’2—1_k 0> > A1 1— %
< AG(xg, X1, X1) + l—gk <M1= A)r by (7).
Case 2.

G(xy, xg, x2) < 2kG(xg, X1, X1) + €

< AG(xg, X1, X1) + € < AG(xg, x1, x1) + %
<ML =2)r by (7).
Using property (V) of G-metric, and results of Case 1 and Case 2
G(xg, x2, x2) < G(xg, x1, x1) + G(x1, X2, x3)
<(A=-2)r+11-1)r
<(1=2r)rl+ 4]

<SU=-Mrfl+r+22+-]=r
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This implies x, € Bg(xg, ). Continuing in the same way, we can generate a
sequence {x,}, in Bg(xg, ) with {xp,.1} < Tixa, and {xp, 0} <
T5x5,41 and satisfying the inequality

G(Xaps1s Xopsns Xoprn) < A" A =N)r, n=0,1,2, ...
From the Cauchy criteria, it is clear that {x,} is a Cauchy sequence in
BGTO,r). As BGTO,r) is complete, there must exist a point z in
Bg(x, r) such that {x,} converges to z.

Consider
D(z, [Tz, [Thz]))

< G(z, Xap41> X2041) + Dlxopy1, [Tz, [1z];)

< Gz, 2415 Xon11) + Di(Tixg,, [Taz];, [Thz];)

< G(z, X241 X2n+1)
D(x2p, [Tix2, ]} [Tix2,])) + D(z, [Thz];, [Taz]),
+ k maxy D(xp,, [Tixg, |s [Tixn ) + Glxops 2, 2),
D(z, [Tz}, [Thz])) + G(xap, 2, 2)
< G(z, X2p415 X2n+1)
G(x2ps Xan11s X2n41) + DAz, [Iz];, [12])),

+kmaxs D(Xp,, X2p41> X2p4+1) + G(x245 2, 2),

D(z, [Dyz]}, [[z])) + G(xay, 2, 2)
Applying limit as n approaches to «, we have
D(Z: [TZZ]ls [Tzz]l)
G(z, z, z) + D(z, [Tzz]l, [Tzz]l),
< G(z, z, z) + kmax{ G(z, z, z) + G(z, z, z),

D(z, [Tyz]),, [Thz]),) + G(z, z, z)
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As G(z,2,2z)=0

D(z, [Tzz]p [Tzz]l) < kD(z, [Tzz]p [Tzz]l)
which implies
(1-k)D(z, [z, [Trz]) < 0.
That means D(z, [T5z];, [Thz];) = 0. Hence {z} < T>z and z is a fuzzy fixed
point of 75.
In the same way, by repeating for
D(z, [[iz);, [Tiz])) < G(z, x24425 X2p42) + D(x2n42, [i2); [Ti2])-

We can show D(z, [Iiz];, [Tiz],) = 0, which implies {z} < Tjz and z is

a fuzzy fixed point of 7;. Hence z is a common fixed point of 7] and 75.

Corollary 3.5. Let (X, G) be a complete G-metric space. Let x5 € X
and Bg(xg, r) be a closed ball with the center at xy and radius r > 0. A

fuzzy mapping T : Bg(xg, r) > W(X) possesses a fixed point z in

Bg(xg, r) if there exists a constant k € (O, %) such that

D(X, [Tx]l> [Tx]l) + D(ya [Ty]la [Ty]l)a

Dy(Tx, Ty, Ty) < k max{ D(x, [Ix];, [Tx],) + G(x, y, ),

D(y, [Ty}, [Tv]) + G(x, v, y)

for all x,yeBg(xy,r) and D(xg, [Txo]}, [Txo])) < (1 =X1)r  with

k
A= max(2k, mj

Proof. In Theorem 3.4,take I} = 7, =T.
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4. Conclusion

We have demonstrated that two fuzzy mappings, defined locally on a

closed ball in a G-metric space satisfying a generalized contractive condition

possess a common fuzzy fixed point. Furthermore, Theorems 3.2 and 3.4

extend previous results, generalizing the classical fixed-point theorems from

single fuzzy mappings to the case of common fixed points for pairs of fuzzy

mappings defined locally in a G-metric space. These findings contribute to a

deeper understanding of fuzzy mappings and their fixed-point properties in

G-metric spaces.

[1]

(2]

(3]

[6]

[7]

[10]

References

M. Akram and Sumaira Ajmal, A common fixed-point theorem for a pair of fuzzy
mappings in complete G-metric spaces, JP Journal of Fixed Point Theory and
Applications 19 (2023), 35-49.

M. Akram and Yasira Mazhar, A fixed-point theorem of generalized ¢-
contractions in partially ordered G-metric spaces, JP Journal of Fixed Point
Theory and Applications 14(3) (2019), 125-153.

Azam and M. Arshad, A note on fixed-point theorems for fuzzy mappings, Fuzzy
Sets and System 161 (2010), 1145-1149.

B. L. J. Ciric, A generalization of Banach contraction principle, Proc. Amer.
Math. Soc. 45 (1974), 262-266.

Elida Hoxha and A. Isufati, Common fixed-point Theorem for fuzzy weakly
contractive mapping, Int. Journal of Math. Analysis 5 (2011), 397-405.

B. Fisher and K. Iseki, Fixed point theorems for compact metric spaces, Publ.
Math. Debrecen 25 (1978), 193-194.

Hans J. Zimmermann, Fuzzy Set Theory and its Applications, Springer
International Edition, Kluwer Academic Publishers, 2006.

A. K. Kalinda, On a fixed-point theorem for Kannan type mappings, Math.
Japonica 33(5) (1988), 721-723.

R. Kannan, Some results on fixed-points, Bull. Calcutta Math. Soc. 60 (1965),
71-76.

M. S. Khan and Kubiaczyk, Fixed-point theorems for point to set valued
mappings, Math. Japonica 33(3) (1988), 409-415.



16

[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

[22]

(23]

Muhammad Akram

Lofti A. Zadeh, Fuzzy sets, Information and Control 8(3) (1965), 338-353.

Z. Liu, On fixed-point theorems for Kannan map, Punjab Uni. J. Math. 28 (1995),
112-119.

Marudi Ganesh, Introduction to Fuzzy Sets and Theory, Eastern Economy Edition
Prentice Hall of India, 2006.

J. T. Markin, Fixed point theorems for set-valued contraction, Notes of Amer.
Math. Soc. 15 (1968), 639-640.

Z. Mustafa and B. Sims, Approach to generalized metric space, Journal of Non-
Linear and Convex Analysis 7 (2006), 289-297.

S. Nadler, Multi-valued contraction mappings, Pacific J. Math. 30 (1969),
475-488.

Nosheen and M. Akram, Some fixed point and common fixed point theorems for
asymptotically regular multivalued mappings in G-metric spaces, JP Journal of
Fixed Point Theory and Applications 13(1) (2018), 43-55.

B. E. Rhoades, Some fixed-point theorems for pair of mappings, Janantha 15
(1985), 151-156.

V. Sharma and S. C. Arora, Fixed point theorems for fuzzy mappings, Fuzzy Sets
and System 110 (2000), 127-130.

Scong H. Cho, Fixed-point theorems for fuzzy mappings, J. Appl. Math. 19
(2005), 485-491.

S. Heilpern, Fuzzy mappings and fixed-point theorems, J. Math. Anal. Appl. 83
(1981), 566-569.

K. L. Sing and J. H. M. Whitefield, Fixed-point for contraction type multi-valued
mappings, Math Japonica 27 (1982), 117-124.

P. Vijayarajo and M. Marudai, Fixed-point theorems for fuzzy mappings, Fuzzy
Sets and Systems 135 (2003), 401-407.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


