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Abstract

In this paper we extend and generalize the classical Banach’s contraction principle
and Edelstein’s contraction theorem on a fuzzy metric spaces endowed with a binary
relation. We extend and generalize some earlier results in the literature.
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1. Introduction

The best known result from the Fixed Point Theory is Banach’s Contraction Principle,
which is one of the most important results of analysis and considered as the begining and
main source of metric fixed point theory. It guarantees the existence and uniqueness of
fixed points of certain self-maps of matric spaces, and provides a constructive method to
find those fixed points. Fixed point theorems have applications not only in the different
branches of mathematics, but also in physics, chemistry, engineering, biology, computer
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science and others. Due to its importance, Banach contraction principle has been ex-
tended in many different directions. Infact there is vast amount of literature dealing with
generalizations and extentions of this theorem (cf. [5]-[7], [13], [17], [18]).

The concept of fuzzy set was initiated by Zadeh [27]. Thereafter, it was developed
extensively by many authors which also include interesting applications of this theory in
diverse areas. To use this concept, several researchers have defined fuzzy metric space
in several ways (e.g. [2], [8], [10], [15], [20]). George and Veeramani [11] modified the
concept of fuzzy metric space introduced by Kramosil and Michalek [15]. The origin
of fixed point theory in fuzzy metric spaces is often traced back to the paper of Grabiec
[12] wherein he extended classical fixed point theorems of Banach and Edelstein to
complete and compact fuzzy metric spaces respectively. Very recently Alam and Imdad
[1] presented new varient of classical Banach contraction principle on a complete metric
space endowed with a binary relation which, under universal relation reduces to Banach
contraction principle. Many authors proved fixed point theorems in fuzzy metric space
including [3], [4], [9], [21]-[25].

The aim of this paper is to extend and generalize the, Banach contraction principle
to a complete fuzzy metric space and Edelstein contraction theorem to a compact fuzzy
metric space endowed with a binary relation to the contractive conditions which are
relatively weaker than usual contraction as it is required to hold only on those elements
which are related under the underlying relation rather than the whole space. We extend
and generalize the results of Alam and Imdad [1] and Grabiec [12].

2. Preliminaries

To set up our main results in the sequel, we recall some necessary definitions and prelim-
inary concepts in this section. Let N, Ny, O, and R denote the sets of positive integers,
non-negative integers, rational numbers and real numbers respectively.

Definition 2.1. [20] A binary operation x* — [0, 1] x [0, 1] — [0, 1] is called a
continuous t-norm if ([0, 1], *) is an Abelian topological monoid with the unit 1 such
thata * b < c % d whenevera <cand b <d forall a, b.c.d € [0, 1].

Definition 2.2. [11] The 3-tuple is called a fuzzy metric space if X is an arbitrary
nonempty set, * a continuous t-norm and M a fuzzy set on X 2 % [0, 00) satisfying the
following conditions, for all x, y,z € X and#,s > O :

(FM-1) M(x, y,t) > 0,

(FM-2) M(x,y,t = 1) forall t > Oif and only if x = y,
(FM-3) M(x, y,t) = M(y, x,t)

(FM-4) M(x, y,t) * M(y,z,8) < M(x,z,t +s), and
(FM-5) M(x, y, t) : (0, 00) — [0, 1] is continuous.

Example 2.3. [11] Let (x, d) be a metric space. Define (a * b) = ab (ora x b =
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min{a, b}) and for all x, y € X and ¢ > 0,

Mx,v,t)) = ———.
¥ D= Gy

Then (X, M, x) is a fuzzy metric space. We call this fuzzy metric M induced by the
metric d the standard fuzzy metric.

Definition 2.4. [11] Let (X, M, %) be a fuzzy metric space:
(a) A sequence {x,}in X is said to be convergent to a point x € X, if

lim M (x,,x,t) =1, forallt > 0.
n—oo

(b) A sequence {x,} in X is called Cauchy sequence if

hm M(-xn—|—p, Xn, t) = 1’
n—oo

forallt > O and p > 0.

(c) A fuzzy metric space (X, M, %) in which every Cauchy sequence is convergent, is
said to be complete.

(d) A fuzzy metric space (X, M, *) is said to be compact if every sequence contains
a convergent subsequence.

Lemma 2.5. [12] Forall x, y € X, M(x, y, -) is non decreasing.

Definition 2.6. [14] Let (X, M, x) be a fuzzy metric space. M is said to be continuous
on X2 x (0, 00) if

lim M (x,, yn,ty) = M(x, y, t),

n—oo

whenever {(x, y,, t;)} is a sequence in X 2% (0, 0o) which converges to a point (x, y, t) €
X2 x (0, 00); ie.,

lim M (x,, x,t) = lim M(y,,y,t) =1and lim M(x, y,t,) = M(x, y, t).
n—oo n—o0 n—oo
Definition 2.7. [12] Letlim x, = x and lim y, = y. Then
n n
(7.1) lim M(x,, y,,t) > M(x,y,t) forallt > 0;
n— oo
(7.2) If M(x, vy, ) is continuous, then lim M(x,, y,,t) = M(x, y,t) forall t > 0.
n—oo
Definition 2.8. [16] Let X be a nonempty set. A subset R of X 2 is called a binary

relation on X.
Notice that for each pair x, y € X, one of the following conditions hold:
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(1) (x,y) € R; which amounts to saying that “x is R-related to y” or “x relates to y
under R”. Sometimes, we write x Ry instead of (x, y) € R;

(i1) (x,y) ¢ R; which means that “x is not R-related to y”” or “x does not relate to y
under R”.

Trivally, X 2 and ¢ being subsets of X 2 are binary relations on X, which are respec-
tively called the universal relation (or full relation) and empty relation.

Throughtout this paper, R stands for a nonempty binary relation, but for the sake of
simplicity, we write only “binary relation” instead of “nonempty binary relation.”

Definition 2.9. [1] Let R be a binary relation defined on a nonempty set X and x, y € X.
We say that x and y are R-comperative if either (x, y) € R or (y, x) € R. We denote it
by [x, y] € R.

Definition 2.10. [1] Let X be a nonempty set and R a binary relation on X.

(i) The inverse transpose or duel relation of R, denoted by R, is defined by R™! =
{(x,y) € X*: (y,x) € R}.

(ii) The symmetric closure of R, denoted by R’, is defined to be the set R U R -1 (i.e.,
R® := RU R™Y). Indeed, R® is the smallest symmetric relation on X containing
R.

Proposition 2.11. [1] For a binary relation R defined on a nonempty set X,
(x,y) € R < [x,y] eR.
Proof. The observation is straightforward as

(x,y) € R < (x,y)e RUR™!
(x,y) e Ror(x,y) € R~!
(x,y)e Ror(y,x) e R
[x,y]€e RUR™L.

111

Definition 2.12. [1] Let X be a nonempty set and R a binary relation on X. A sequence
{x,} C X is called R-preserving if

(Xn, Xn+1) € RV n € Np.

Definition 2.13. [1] Let (X, M, *) be a fuzzy metric space. A binary relation R defined
on X is called d-self-closed if whenever {x,} is an R-preserving sequence and

Xy —> X
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then there exists a subsequence {x,, } of {x,} with [x,,, x] € R for all kK € Ny.

Definition 2.14. Let X be a nonempty set and 7 a self mapping on X. Abinary relation
R defined on X is called T-closed if for any x, y € X,

(x.y) e R— (Tx,Ty) € R.

Proposition 2.15. [1] Let X, T and R be the same as in definition 14. If R is T-closed,
then R’ is also T-closed.

Definition 2.16. [1] Let X be a nonempty set and R a binary relation on X. A subset E
of X is called R-directed if for each x, y € E, there exists z € X such that (x,z) € R
and (y, z) € R.

Definition 2.17. [1] Let X be anonempty setand R abinary relationon X. Forx, y € X,
a path of length k& (where k is a natural number) in R from x to y is a finite sequence
{zo0, 21, 22, - . ., 2k} C X satisfying the following conditions:

(1) zo=xand zx =y,
(1) (zj,zi+1) € Rforeachi(0 <i <k —1).

Notice that a path of length £ involves k + 1 elements of X, although they are not
distinct.
In this paper, we use the following notations:

(i) F(T) = the set of all fixed points of T,
(i) X(T; R) ={xe X:(x,Tx) € R},

(ii1)) Y (x,y, R) := the class of all paths in R from x to y.

3. Main Results
In order to establish our main result, we first prove the following proposition:

Proposition 3.1. If (X, M, x) is a fuzzy metric space, R is a binary relation on X, T is
a self-mapping on X, 0 < k < 1 and ¢ > 0, then the following contractivity conditions
are equivalent:

1) M(Tx, Ty, kt)y> M(x,y,t)Yx,y e X with (x, y) € R,
(i) M(Tx, Ty, kt) > M(x,y,t)Vx,y e X with [x, y] € R.
Proof. The implication (ii) = (i) is trivial. Conversely, suppose that (i) holds. Take

x,y € X with [x, y] € R, then (i1) directly follows from (i). Otherwise, if (y, x) € R.
then using the symmetry of M and (i), we obtain

M(Tx, Ty, kt) = M(Ty, Tx,kt) = M(y,x,t) = M(x, y,1).
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This shows that (1)==>(ii). |
Fuzzy Banach contraction principle:

Theorem 3.2. Let (X, M, x) be a complete fuzzy metric space withtlim M(x,y, t)=1
—00

forall x, y € X, R abinary relation on X and 7 a self mapping on X. Suppose that the
following conditions hold:

(a) X(T; R) is non empty,
(b) R is T-closed,
(c) either T is continuous or R is d-self closed.

(d)
M(Tx, Ty, kt) > M(x,y,t) YVx,y€e X with(x,y) € R
where 0 <k < landt > 0.

Then T has a fixed point. Moreover, if

(e) Y(x,y, R%)isnon empty, for each x, y € X, then T has a unique fixed point.

Proof. Let xo be an ordinary point of X (7, R). Define an iterative sequence {x,} by
xp = T"(xg) or x,4+1 = Tx, VY n € Ny. As (xo, Txp) € R, using assumption (b), we
obtain

(Tx0, T*x0), (T?x0, T3x0), ... (T"x0, T"'x0) € R

so that
(Xn, Xnt1) € RV n € Ny (D

Thus the sequence {x,) is R-preserving. Applying the contractive condition (d) to (1),
we deduce for n € Ny, that

t
M(Txna T-xl’l-‘rla kt) = M(xn—f—l» xn+27 kt) 2 M (TXO, TXI, kn_])

t
=M (xlaxz’ kn__1>
foralln € Nypandt > O.

Thus for any positive integer p, we have
M (T xp, Txn+p7 ) = M(xn—i—l,xn—f—p—i—l’ 1)

t t
> M <Xn+1, Xn+2s ;) x 0w M (-xn—l—p»xn-l-p-l-la ;)

t t
M<x1,x2, W)*"'*M(XI’XZ, W)

v



Relation-theoretic fuzzy Banach contraction principle 6935

since M(x,y,t) — 1l ast —> oo we get

imM (Tx,, Txpyp,t) > 1% ...x1=1
n

which implies that the sequence {x, } is Cauchy, hence convergent. so there exists x € X
such that

Iim x, = x.
n—-oQ

Now assume that 7 is continuous, we have

lim x,41 = lim Tx, =Tx
n—-o0 n—-oo

Owing to the uniqueness of limit, we obtain 7'x = x, i.e., x is a fixed point of 7.
Now let us assume that R is d-self-closed. As {x,} is R-preserving sequence and

Iim x, =x
n—-o0

there exists a subsequence {x,, } of {x,} with
[xn,, x] € RY k € Np.

Using (d) and proposition(18), [x,,,x] € Rand lim x, = x, we obtain
n—-oo

M (xpy,» Tx, kt) = M(Txy,, Tx,kt) > M(xy,, x,1) —> 1 as k —> o0,

1.e.,
lim M(x,,x,t) =1
n—-oo
so that
iy = T
Again owing to the uniqueness of limit, we obtain
Tx =x

so that x is a fixed point of 7.
To prove uniqueness, let us take x, y € F(t), i.e.,

Tx)=x & T(y)=y 2)

By assumption (e), there exists a path (say{zo, z1, 22, ...z-}) of some finite length r
in R® from x to y so that

20 =X, zr =, [2zi,ziy1] € R foreachi(0 <i <r —1) 3)
As R is T-closed, by using proposition (15), we have

[T"z;, T"z;+1] € R foreachi(0 <i <r — 1) and for eachn € Ny 4
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Now making use of (2), (3), (4), Fm-4, assumption (d) and proposition 18, we obtain

M(x,y,t) = M(Tx,Ty,t)
M(TZO’ TZr’t)
M(TnZO’ TnZV7 t)

t t t
M (TnZ09 Tnzla _> * M (TnZI’ TnZ29 _) *x-oox M (Tnzr—l’ Tan, _>
P P p

t t (p) t
Z M 20> Zl’_l’l * M 20, Zl’_i’l * -1-7~ * M 20, <1, n
pr pr pr

> 1x1=%x..x%x1
= 1

v

so that x = y. Hence T has a unique fixed point. [

If R is complete or X is R*-directed, then the following consequence is worth record-
ing:

Corollary 3.3. Theorem (19) remains true if we replace condition (e) by one of the
following conditions (besides retaining the rest of the hypothesis):

(e/) R is complete

(e//) X is R*-directed.

Proof. If R is complete,then for each x, y € X, [x, y] € R, which amounts to saying
that {x, y} is a path of length 1 in R® from x to y so that Y (x, y, R®) is nonempty. Hence
Theorem 19 gives rise to the conclusion.

Otherwise, if X is R’-directed, then for each x, y € X, there exists z € X such that
[x,z] € Rand [y, z] € R so that {x, z, y} is a path of length 2 in R® from x to y. Hence
Y (x, y, R®) is nonempty, for each x, y € X and again by Theorem 19 the conclusion is
immediate. |

Fuzzy Edelstein contraction theorem:

Theorem 3.4. Let (X, M, %) be acompact fuzzy metric space with M (x, y, -) continuous
for all x, y € X, R abinary relation on X and 7 a self mapping on X. Suppose that the
following conditions hold:

(a) X(T; R) is non empty,
(b) R is T-closed,
(c) either T is continuous or R is d-self closed.

(d/) M(Tx,Ty,t) > M(x,y,t) Vx,ye X with(x,y) e R & x#y & t>0.

Then T has a fixed point. Moreover, if
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(e) Y(x,y,R%)is non empty, for each x, y € X, then T has a unique fixed point.

Proof. Let xo be an ordinary point of X (7', R). Define an iterative sequence {x,} by
Xn = T"(x0) or x,01 = Tx, YV n € Ny. As (x9, Txp) € R, using assumption (b), we
obtain

(Txo, T*x0), (T?x0, T*x0), ... (T"x0, T""'x0) € R

so that
(Xn, Xnt1) € RV n € Ny

Thus the sequence {x,) is R-preserving.
Now since X is compact, {x,} has a convergent subsequence {x,,}.
Let limx,, = x. Now assume that T is continuous, we have
1

IimTx,, =Tx 5)
l

lilmszni =T%x (6)

As (xp,, Txp,) € R.
Now observe that
M(xp,, Txy,,t) < M(Txp,, sznl, 1) <o < M(xp, Txy,,t)
< M(TXp;, T?Xp 1) < -+ < M(xn, s TXpyoys 1)
< M(Txp,,,, szniH,t) <---<1Ve>0.

Thus {M (x,;, Txy,, 1)} and {M (T xy,, sznw 1)} (t > 0) are convergent to a common
limit [19]. So by (5),(6) and (7.2) we get
M(x,Tx,t) = MImx,,, Tlimx,,,t)
= limM(x,,, Txui, t)
lim M(Tx,,, T*xp,, )
= M(lim Tx,,, lim T?x,, t)
= M(Tx,T*x,1)

for all t > 0. Now suppose x # T x. Then by (d/), we have
M(x,Tx,t) < M(Tx.T?x,1),t > 0

which is a contradiction. Hence x = T'x, i.e., x is a fixed point of 7.
Now assume that R is d-self-closed. As {x,} is an R-preserving sequence and

lim x, = x, there exists a sequence {x,;} of {x,} with [x,,,x] € R Vi € N us-
n—oo

ing (d/), proposition 18, [x,,, x] € R and lim x,, = x, we obtain
1—> 00

M(xp, 41, Tx,t) = M(Txy;, Tx,t) > M(xp,,x,t) > lasi — 00
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Thus
Xp+1 —> Tx
Owing to the uniqueness of limit, we obtain 7x = x. so that x is a fixed point of 7.
Uniqueness follows from (d ).

References

[1] A.Alam, M. Imdad: Relation theoretic contraction principle. Journal of Fixed Point
Theory and Applications. July 2015, DOI: 10.1007/s 11784-015-0247, 9 pp.

[2] G. Artico, R. Moresco: On fuzzy metrizability. J. Math. Anal. Appl. 107(1985),
144-147.

[3] Y. J. Cho: Fixed point in fuzzy metric spaces. J. Fuzzy Math. 5(4)1997, 949-962.

[4] Y. J. Cho, H. K. Pathak, S. M. Kang and J. S. Jung: common fixed points of

compatible maps of type(8) on fuzzy metric spaces. Fuzzy Sets and Systems,
93(1998), 99-111.

[5] L. B. Ciric: A Generalization of of a contraction principle. Proc. Am. Math. Soc.
45(1974), 267-273.

[6] L. B. Ciric, D. Mihet, R. Saadati: Monotone generalized contraction in partially
ordered metric spaces. Topol. Appl. 156(17)(2009), 2838-2844.

[7] L. B. Ciric: Some new results of Banach contractions and Edelstein contractive
mappings on fuzzy metric spaces. Chaos Solitons Fractals. 42(2009), 146-154.

[8] Deng Zi-ke: Fuzzy pseudo metric spaces. J. Math. Anal. Appl. 86(1982), 74-95.

[9] B. Deshpande, A. Handa: Nonlinear mixed monotone-generalized contractions
on partially ordered modified intuitionistic fuzzy metric spaces with application
to integral equations. Afrika Mathematica (springer) 2013, DOI:10.1007/s13370-
013-0204-0.

[10] M. A. Erceg: Metric spaces in fuzzy set theory. J. Math. Anal. Appl. 69(1979),
205-230.

[11] A. George, P. Veeramani: On some results in fuzzy metric spaces. Fuzzy Sets and
Syst. 64(1994), 395-399.

[12] M. Grabiec: Fixed points in fuzzy metric spaces. Fuzzy Sets and Syst. 27(1988),
385-389.

[13] G. Jungck: Commuting mappings and fixed points. Am. Math. Mon., 73(1976),
261-263.

[14] F. Kiany and Amini-Harandi: Fixed point and endpoint theorems for set-valued

fuzzy contraction maps in fuzzy metric spaces. Fixed Point Theory and Applications
2011, 2011:94. DOI: 1186/1687-1812-2011-94.

[15] J. Kramosil, J. Michalek: Fuzzy metric and statistical metric spaces. Kibernetika.
11(1975), 336-344.



Relation-theoretic fuzzy Banach contraction principle 6939

[16] S.Lipschutz: Schaum’s outlines of Theory and Problems of Set Theory and Related
Topics. McGraw-Hill, New York, 1964.

[17] D. Mihet: A Generalization of of a contraction principle in probabilistic metric
spaces (ii). Int. J. Math Sci. 5(2005), 729-736.

[18] S. B.Jr. Nadler: Multi-valued contraction mappings. Pac. J. Math. 30(1969), 475—
488.

[19] B.K.Ray, H. Chatterjee: Some results on fixed points in metric and Banach spaces.
Bull. Acad. Polon. Math. 25(1977), 1243—-1247.

[20] B. Schweizer, A. Sklar: Statistical metric spaces. Pacific J. Math. 10(1960), 314—
334.

[21] S. Sharma, B. Deshpande: Common fixed points of compatible maps of type (b)
on fuzzy metric spaces. Demonstratio Mathematica xxxv(1)(2002), 165—-174.

[22] S.Sharma, B. Deshpande: Common fixed points without continuity in fuzzy metric
spaces. J. Korea Soc. Math.Educ. Ser. B: Pure Appl. Math. 12(4)(2005), 289-306.

[23] S. Sharma, B. Deshpande, D. Thakur: Related fixed point theorem for four map-
pings on two fuzzy metric spaces. International Journal of Pure and Applied Math-
ematics 41(2)(2007), 241-250.

[24] S.Sharma, B. Deshpande: Common fixed point theorems for finite number of map-
pings without continuity and compatibility on fuzzy metric spaces. Fuzzy Systems
and Mathematics, 24(2) (2010), 73-83.

[25] S. Sharma, B. Deshpande: Discontinuity and weak compatibility in fixed point
consideration on non complete Fuzzy metric Spaces. Journal of Fuzzy Mathematics.
11(2)2003, 671-686.

[26] Vasuki: Common fixed point for R-weakly commuting maps in fuzzy metric spaces.
Indian J. Pure Appl. Math., 30(4)1999, 419-423.

[27] L. A. Zadeh: Fuzzy sets. Inf. Control., 8(1965), 338-353.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


