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Abstract
Let Kλ be the attractor of the following iterated function system(IFS):

{f1(x) = λx, f2(x) = λx + 1 − λ}, 0 < λ < 1/2.

Given α ≥ 0, we say the line y = αx is visible through Kλ × Kλ if

{(x, αx) : x ∈ R\{0}} ∩ (Kλ × Kλ) = ∅.
Let V = {α ≥ 0 : y = αx is visible through Kλ × Kλ}. In this paper, we give a complete
description of V , containing its Hausdorff dimension and topological properties.

Keywords : Visible Part; Cantor Sets; Hausdorff Dimension.

1. INTRODUCTION

Projections, sections, geodesic curves and visibility
are related to many aspects of fractal geometry. For
instance, the arithmetic sum of two self-similar sets

is indeed the projection problem1,2; sections of some
fractal sets are connected to the multiple represen-
tations of real numbers3; geodesic curves on frac-
tal sets are distinct from the classical differential

‡Corresponding author.
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manifolds.4 For more results on these problems, we
refer to Refs. 5–8.

The concept of “visibility” was investigated by
many scholars. Nikodym constructed a subset F of
R2 such that every point of F is visible from two
diametrically opposite directions.9 In convex geom-
etry, Krasnosel offered a beautiful criterion which
enables us to check whether the entire boundary of a
compact set of R2 is visible from an interior point.10

Falconer and Fraser proved that for a class of plane
self-similar sets when the attractor F has Hausdorff
dimension greater than 1 the Hausdorff dimension
of the visible subset is 1.11 The visible problem is
also related to the arithmetic on the fractals.12 The
readers can find more related results in Refs. 13–16.
Given α ≥ 0 and some subset F ⊂ R2, we say the
line y = αx is visible through F if

{(x, αx) : x ∈ R\{0}} ∩ F = ∅.

The middle-third Cantor set is one of the old-
est mathematical examples of fractals, which was
constructed by George Cantor in 1883.17 As the
best example of a perfect nowhere-dense set in the
real line, the middle-third Cantor set has already
been studied by many scholars, see Refs. 18, 19 for
instance and references therein. There are also some
results on the variations and higher-dimensional
extending of the classical middle-third Cantor set.
Zou et al. considered the self-similar structure on
the intersection of the middle-(1 − 2λ) Cantor set
with λ ∈ (1/3, 1/2).20 Deng et al. characterized the
shape of an optimal set of Cartesian product of the
middle-third Cantor set.21 In this paper, we shall
consider the visibility of the Cartesian products of
the middle-(1 − 2λ) Cantor set with λ ∈ (0, 1/2).

Let us first recall that a map ϕ : RN → RN

is termed a contracting similarity if there exists a
number r with 0 < r < 1 such that |ϕ(x)− ϕ(y)| =
r|x − y| for all x, y ∈ RN . Let {ϕi}m

i=1 be an iter-
ated function system (IFS) consisting of finite con-
tracting similarities. It is well known that there
exists a unique nonempty compact set F such that
F =

⋃m
i=1 ϕi(F ). We call F the self-similar set or

attractor for the IFS {ϕi}m
i=1.18 We say that the IFS

satisfies the open set condition if there exists a non-
empty open set O such that

⋃m
i=1 ϕi(O) ⊆ O with

the union disjoint. In this paper, we shall analyze
the following Cantor set.

Let Kλ be the attractor for the IFS

{f1(x) = λx, f2(x) = λx + 1 − λ}, 0 < λ < 1/2,

i.e.

Kλ = f1(Kλ) ∪ f2(Kλ). (1)

Observe that Kλ can be obtained from the closed
interval [0, 1] by removing a fixed proportion of each
subinterval in each of the iterative steps. In other
words, Kλ is a middle-(1 − 2λ) Cantor set.22

Let

V = {α ≥ 0 : y = αx is visible through Kλ × Kλ}.
It is easy to verify that the line y = αx is visible
through Kλ × Kλ if and only if

α /∈ Kλ

Kλ\{0} :=
{

x

y
: x, y ∈ Kλ, y 
= 0

}
.

Thus,

V = [0, +∞)
∖

Kλ

Kλ\{0} . (2)

By Ao,m(A) and dimH(A) we denote the set of
interior points, the Lebesgue measure and the Haus-
dorff dimension of A, respectively. Now, we state
our results.

Theorem 1.1. Let Kλ be given by (1). Then

(1) When 3−√
5

2 ≤ λ < 1
2 , V = ∅.

(2) When 1
3 ≤ λ < 3−√

5
2 ,

V = (0, +∞)
∖ ∞⋃

k=−∞
λk

[
1 − λ,

1
1 − λ

]
.

(3) When 0 < λ < 1
3 , V o 
= ∅. In particular, when

1
4 < λ < 1

3 , ([0, +∞)\V )o 
= ∅; when 0 < λ ≤ 1
4 ,

m([0, +∞)\V ) = 0 and dimH([0, +∞)\V ) =
log 4
−log λ .

The paper is arranged as follows. In Sec. 2, we
give the proof of Theorem 1.1. Finally, we give some
remarks.

2. PROOFS OF MAIN RESULTS

First, we introduce some notations. Let E =
[0, 1]. For any (i1, . . . , in) ∈ {1, 2}n, we call
fi1,...,in([0, 1]) = (fi1 ◦ · · · ◦ fin)([0, 1]) a basic inter-
val of rank n, which has length λn. Denote by En

the collection of all these basic intervals of rank
n. Suppose A and B are the left and right end-
points of some basic intervals in Ek for some k ≥ 1,
respectively. Denote by Gn the union of all the
basic intervals of rank n which are contained in
[A,B]. Let I be a basic interval with rank n. Define
Ĩ = f1(I) ∪ f2(I).
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The following lemma comes from Refs. 23 and 24,
here we give its proof just for the integrity of the
content.

Lemma 2.1. Let F : U → R be a continuous
function, where U ⊂ R2 is a nonempty open set.
Suppose A and B are the left and right endpoints
of some basic intervals in Gk0 for some k0 ≥ 1,
respectively, such that [A,B] × [A,B] ⊂ U. Then
Kλ ∩ [A,B] =

⋂∞
n=k0

Gn. Moreover, if for any
n ≥ k0 and any two basic intervals I, J ⊂ Gn,

F (I, J) = F (Ĩ , J̃),

where F (I, J) := {F (x, y) : x ∈ I, y ∈ J}, then

F (Kλ ∩ [A,B],Kλ ∩ [A,B]) = F (Gk0 , Gk0).

Proof. By the construction of Gn, i.e. Gn+1 ⊂ Gn

for any n ≥ k0, it follows that

Kλ ∩ [A,B] =
∞⋂

n=k0

Gn.

The continuity of F yields that

F (Kλ ∩ [A,B],Kλ ∩ [A,B]) =
∞⋂

n=k0

F (Gn, Gn).

Without loss of generality, we may assume that

Gn = ∪1≤i≤tnIn,i for some tn ≥ 1,

where In,i is a basic interval in Gn. By the condi-
tion in lemma, i.e. for any n ≥ k0 and any two basic
intervals I, J ⊂ Gn, such that

F (I, J) = F (Ĩ , J̃),

it follows that
F (Gn, Gn) = ∪1≤i≤tn ∪1≤j≤tn F (In,i, In,j)

= ∪1≤i≤tn ∪1≤j≤tn F (Ĩn,i, Ĩn,j)

= F (∪1≤i≤tn Ĩn,i,∪1≤j≤tn Ĩn,j)
= F (Gn+1, Gn+1).

Therefore, F (Kλ ∩ [A,B],Kλ ∩ [A,B]) = F (Gk0 ,
Gk0).

Lemma 2.2. Let f(x, y) = x
y , and I = [a, a +

t], J = [b, b + t] be two basic intervals. If 1/3 ≤
λ < 1/2, and b ≥ a ≥ 1 − λ, then f(Ĩ , J̃) = f(I, J).

Proof. Note that

Ĩ = [a, a + λt] ∪ [a + t − λt, a + t],

J̃ = [b, b + λt] ∪ [b + t − λt, b + t].

Therefore,

f(Ĩ , J̃) = J1 ∪ J2 ∪ J3 ∪ J4,

where

J1 =
[

a

b + t
,

a + λt

b + t − λt

]
=: [r1, s1],

J2 =
[

a

b + λt
,
a + λt

b

]
=: [r2, s2],

J3 =
[
a + t − λt

b + t
,

a + t

b + t − λt

]
=: [r3, s3],

J4 =
[
a + t − λt

b + λt
,
a + t

b

]
=: [r4, s4].

Note that f(I, J) = [r1, s4]. In the following, we
verify that f(I, J) = J1 ∪ J2 ∪ J3 ∪ J4.

Since b ≥ a ≥ 1 − λ and λ ≥ 1
3 , we have

r3 − r2 =
a + t − λt

b + t
− a

b + λt

=
t(1 − λ)(b − a + tλ)

(b + tλ) (b + t)
≥ 0.

Now, it suffices to check that

s1 − r2 ≥ 0, s2 − r3 ≥ 0 and s3 − r4 ≥ 0.

We have

s1 − r2 =
a + λt

b + t − λt
− a

b + λt

=
t(2aλ − a + bλ + tλ2)
(b + t − λt)(b + λt)

≥ t(a(3λ − 1) + tλ2)
(b + t − λt)(b + λt)

≥ 0,

and

s2 − r3 =
a + λt

b
− a + t − λt

b + t

=
t(a + (2λ − 1)b + tλ)

b(b + t)

≥ t(1 − λ + (2λ − 1)b + tλ)
b(b + t)

≥ 0.

Finally,

s3 − r4 =
a + t

b + t − λt
− a + t − λt

b + λt

=
t(−a − t + 2aλ + bλ + 3tλ − tλ2)

(b + t − λt)(b + λt)
.

If b 
= a, then b > a + t. Therefore, we have

− a − t + 2aλ + bλ + 3tλ − tλ2

≥ −a + 2aλ + (a + t)λ + t(3λ − 1 − λ2)

≥ a(3λ − 1) + t(4λ − 1 − λ2) ≥ 0,
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which leads to s3 − r4 ≥ 0. However, if a = b, then

s2 − r4

=
a + λt

a
− a + t − λt

a + λt
=

λ2t2 + at(3λ − 1)
a(a + λt)

≥ 0.

Thus, we finish checking that f(I, J) = J1 ∪ J2 ∪
J3 ∪ J4 = [r1, s4] =

[
a

b+t ,
a+t
b

]
.

Lemma 2.3. We have

Kλ

Kλ\{0} =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

[0,∞),

when
3 −√

5
2

≤ λ <
1
2
,

+∞⋃
k=−∞

λk

[
1 − λ,

1
1 − λ

]
∪ {0},

when
1
3
≤ λ <

3 −√
5

2
.

Proof. From Lemmas 2.1 and 2.2, it follows that
if λ ≥ 1

3

f2(Kλ)
f2(Kλ)

=
[
1 − λ,

1
1 − λ

]
.

Each x ∈ Kλ can be uniquely represented as

x =
∞∑

n=1

xnλn with xn ∈ {0, 1 − λ}.

Note that x ∈ f2(Kλ) if and only if x1 = 1 − λ.
Thus, each x ∈ Kλ\{0} is of form

x = λmx∗ with m ∈ {0, 1, 2, . . .}, x∗ ∈ f2(Kλ).

Thus, for any two x = λmx∗, y = λny∗ ∈ Kλ\{0}
with x∗, y∗ ∈ f2(Kλ) one has

x

y
= λm−n · x∗

y∗
∈ λm−n

[
1 − λ,

1
1 − λ

]
.

Thus,

Kλ

Kλ\{0} = {0} ∪
∞⋃

k=−∞
λk

[
1 − λ,

1
1 − λ

]
.

It is easy to check that
⋃∞

k=−∞ λk
[
1 − λ, 1

1−λ

] ∪
{0} = [0, +∞) when 3−√

5
2 ≤ λ < 1

2 , and intervals
λk
[
1 − λ, 1

1−λ

]
are pairwise disjoint when 1

3 ≤ λ <
3−√

5
2 .

For Kλ1 and Kλ2 with log λ1

log λ2
∈ Q, i.e. there exist

m0, n0 ∈ Z such that log λ1

log λ2
= n0

m0
and (m0, n0) =

1, Pourbarat proved the following result (Ref. 25,
Corollary 10).

Theorem 2.4. If λ1
1−2λ1

· λ2
1−2λ2

> 1
γ , then Kλ1

Kλ2
\{0}

contains an interior point, where γ := λ
− 1

n0
1 .

Lemma 2.5. If λ > 1
4 , then Kλ

Kλ\{0} contains an
interior point.

Proof. If λ > 1
4 , then λ2

(1−2λ)2 > λ. Therefore,
Kλ

Kλ\{0} contains an interior point by Theorem 2.4.

Lemma 2.6. If 0 < λ < 3−√
5

2 , then V has an inte-
rior point.

Proof. Note that f2(Kλ) ⊂ [1−λ, 1]. Thus, by the
argument in Lemma 2.3, we have

Kλ

Kλ\{0} ⊆ {0} ∪
∞⋃

k=−∞
λk

[
1 − λ,

1
1 − λ

]
.

Note that the intervals
[
λk(1−λ), λk

1−λ

]
for k ∈ Z are

pairwise disjoint when 0 < λ < 3−√
5

2 . Therefore, V
has an interior point by (2).

We recall that H1 denotes the one-dimensional
Hausdorff measure. A Borel set A is a 1-set if
0 < H1(A) < ∞. Simon and Solomyak showed that
if Λ is a self-similar 1-set in the plane satisfying the
open set condition and not contained in a line, then
it has radial projection of zero length from every
point.26 Fixing the point at the origin, we obtain
the following result.

Theorem 2.7. Let Λ be a self-similar 1-set in R2

with the open set condition, which is not on a line.
Then

m(P(0,0)(Λ\{(0, 0)})) = 0,

where

P(0,0) : R2\(0, 0) → S1, P(0,0)(x) =
x
|x| .

Lemma 2.8.
K1/4

K1/4\{0} has Lebesgue measure zero.

Proof. Note that when λ = 1/4, Λ = Kλ × Kλ is
a self-similar set with the following IFS

g1(x, y) =
(x

4
,
y

4

)
,

g2(x, y) =
(

x + 3
4

,
y

4

)
,

2050119-4
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g3(x, y) =
(

x + 3
4

,
y + 3

4

)
,

g4(x, y) =
(

x

4
,
y + 3

4

)
.

Clearly, the above IFS satisfies the open set condi-
tion. Therefore, the Hausdorff dimension of Λ is 1,
and 0 < H1(Λ) < ∞. Let

Γ =

{
(x, y)√
x2 + y2

∈ S1 : (x, y) ∈ Kλ × Kλ\{(0, 0)}
}

= P(0,0)(Λ\{(0, 0)}).

The Lebesgue measure of Γ is 0 due to Theorem
2.7. Let

Γ1 =

{
(x, y)√
x2 + y2

∈ S1 :

(x, y) ∈ Kλ × Kλ\{(0, 0)}, x 
= 0

}
.

Clearly, m(Γ1) = m(Γ) = 0. The metric on Γ1,
denoted by d1, is the arc metric. It is well known
that on S1, the arc metric is equivalent to the
Euclidean metric. Let

Γ2 =
{

arctan
y

x
: (x, y) ∈ Kλ × Kλ\{(0, 0)}, x 
= 0

}
.

The metric on Γ2 is the Euclidean metric (we denote
it by d2). We define the the map

φ : Γ1 → Γ2,

by

φ

(
(x, y)√
x2 + y2

)
= arctan

y

x
.

The map φ is indeed mapping a point on S1 into
its associated polar angle in the polar coordinate
system. Therefore, we may define φ in another way
as follows:

φ : Γ1 → Γ2, φ(a) = θa.

Clearly, φ is well-defined, and it is a bijection. More-
over, we shall prove that φ is a Lipschitz map, i.e.
there exists some constant L > 0 such that

d2(φ(a), φ(b)) ≤ Ld1(a,b).

Note that d2(φ(a), φ(b)) = d2(θa, θb), and that

d1(a,b) = d2(θa · 1, θb · 1) = d2(θa, θb).

Now, m(Γ2) = 0 follows from φ(Γ1) = Γ2, m(Γ1) =
0, and φ is Lipschitz. Therefore, m

(
K1/4

K1/4\{0}
)

= 0.

The following is proved in Ref. [27, Theorem 2.7].

Theorem 2.9. Let Λ be an arbitrary self-similar
set in R2 not contained in any line. Suppose that
g : R2 → R is a C2 map such that

(gx)2 + (gy)2 
= 0,

(gxxgy − gxygx)2 + (gxygy − gyygx)2 
= 0

for any (x, y) ∈ Λ. Then

dimH g(Λ) = min{1, dimH(Λ)}.
Lemma 2.10. When 0 < λ ≤ 1

4 , dimH([0,

+∞)\V ) = log 4
−log λ .

Proof. By the argument in Lemma 2.3, we have

Kλ

Kλ\{0} =
∞⋃

k=−∞
λk f2(Kλ)

f2(Kλ)
∪ {0}.

Thus

dimH
Kλ

Kλ\{0} = dimH
f2(Kλ)
f2(Kλ)

.

Clearly, Λ = f2(Kλ) × f2(Kλ) is a two-dimensional
self-similar set which is not contained in any line.
Let g(x, y) = x

y , then

(gx)2 + (gy)2 
= 0,

(gxxgy − gxygx)2 + (gxygy − gyygx)2 
= 0

for any (x, y) ∈ Λ. Therefore, in terms of Theorem
2.9,

dim g(Λ) = dimH
f2(Kλ)
f2(Kλ)

= min{dimH(f2(Kλ) × f2(Kλ)), 1}
= min{2 dimH(Kλ), 1}.

Hence, if 0 < λ ≤ 1/4, then

dimH
f2(Kλ)
f2(Kλ)

= 2 dimH(K) =
log 4
−log λ

.

Proof of Theorem 1.1. Theorem 1.1(1) and (2)
follows from Lemmas 2.3. Theorem 1.1(3) follows
from Lemmas 2.5, 2.6, 2.8 and 2.10.

3. FINAL REMARKS

The main idea of this paper is to establish a connec-
tion between the visible problem and arithmetic on
the fractal sets. Our idea can be implemented for
other overlapping self-similar sets. Similar results
can be obtained if we replace the line y = αx in the

2050119-5
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definition of V , by some parabolic curves or hyper-
bolic curves. However, these cases are more com-
plicate. We shall discuss these problems in another
paper.
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27. B. Bárány, On some non-linear projections of self-
similar sets in R3, Fund. Math. 237(1) (2017) 83–
100.

2050119-6

lixia
高亮


	INTRODUCTION
	PROOFS OF MAIN RESULTS
	FINAL REMARKS


<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'Press'] [Based on '[Press Quality]'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        30
        30
        30
        30
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.177000
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


