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On the completeness of certain kernel-defined
semi-inner product spaces

Reinhard Wolf

Abstract. Let X be a compact Hausdorff space. A kernel function on X ×X, enjoying

additional properties, naturally defines a semi-inner product structure on certain subspaces of all

finite signed Borel measures on X. This paper discusses the question of completeness of such

spaces.

1. Introduction and notation

Let X be a compact Hausdorff space. We denote by C(X) the Banach space
of all real-valued continuous functions on X equipped with the usual supremum
norm. Further, M(X) denotes the linear space of all finite signed Borel measures
on X and the usual measure norm of μ in M(X) is given by |μ|. M0(X) is defined
as the linear subspace of M(X) consisting of all measures of total mass 0. For x

in X , we denote by δx the point measure at x.
Now consider a kernel function k in C(X ×X). For μ and ν in M(X) we set

Ik(μ, ν) =
∫

X

∫
X

k(x, y) dμ(x) dν(y)

and
Ik(μ) = Ik(μ, μ).

Further we define the linear mapping

Tk : M(X) −→C(X),

Tk(μ) = kμ, μ in M(X),

where kμ (the potential of μ with respect to k) is given by

kμ(x) =
∫

X

k(x, y) dμ(y), x in X.
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Recall that the kernel function k is called symmetric, if

k(x, y) = k(y, x) for all x and y in X.

Further the kernel function k is of (strictly) positive type for a linear subspace
L of M(X), if

Ik(μ) ≥ 0 for all μ in L,

Ik(μ) > 0 for all μ �=0 in L,

respectively.
It is straightforward and well known, that a symmetric kernel function k

in C(X ×X), which is of positive type for a linear subspace L of M(X), defines a
semi-inner product space, we call it Ek(L), given by

Ek(L) = (L, ‖ · ‖),

(μ | ν) = Ik(μ, ν), μ, ν in L,

‖μ‖2 = (μ | μ), μ in L.

Note that Ek(L) is an inner product space if and only if the kernel function k

is of strictly positive type for L.
This paper deals with the question of completeness of the (semi)-inner product

space Ek(L) for certain subspaces L of M(X).
Questions of that type naturally appear in classical potential theory in a slightly

different setting: for example, recall that for the Riesz kernels kα : R
n→(−∞, ∞]

on the euclidean space (Rn, ‖ · ‖) defined by

kα(x, y) = ‖x−y‖α−n, x, y in R
n, 1 <α <n,

the inner product space Eα of all signed Borel measures μ (finite on compact subsets
of R

n) with finite energy is not complete. The inner product of the measures μ and
ν in Eα is given by

(μ | ν) =
∫

Rn

∫
Rn

kα(x, y) dμ(x) dν(y)

and the energy of μ is given by (μ|μ). For a proof of this result see Theorem 1.19
in [3].

Furthermore the above defined spaces Ek(L) play a key role in the analysis of
certain compact metric spaces: Let (X, d) be a compact metric space. Recall that
the space (X, d) is called (strictly) quasihypermetric (or of (strictly) negative type)
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if the kernel function k=−d is of (strictly) positive type for M0(X). For examples
and discussion of such spaces see e.g. [2], [4], [6], [7], [5] and [8].

In [4] (Theorem 6.1) it is shown, that the semi-inner product space
E−d(M0(X)) is complete if and only if X is finite under the additional assumption,
that

sup
μ∈ M(X)
μ(X)=1

∫
X

∫
X

d(x, y) dμ(x) dμ(y) < ∞.

Theorem 2.8 of this paper will prove this result without the above given additional
assumption.

2. The results

We first need the following simple result.

Lemma 2.1. Let X be a compact Hausdorff space and k be a function in
C(X ×X). Then

(1) the linear mapping

Tk : M(X) −→C(X),

Tk(μ) = kμ, μ in M(X),

is bounded, where M(X) is equipped with the usual measure norm;
(2) for x, x1, x2, ..., xn in X set

α =max
i≥1
j ≤n

|k(xi, xj)−k(x, x)|.

Then for all α1, α2, ..., αn in R we have
n∑

i,j=1

αiαjk(xi, xj) ≤ α

( n∑
i=1

|αi|
)2

+k(x, x)
( n∑

i=1

αi

)2

.

Proof. (1) Just use the boundedness of k and the Hahn–Jordan decomposition
of measures μ in M(X).

(2) This is straightforward by the triangle inequality. �

Theorem 2.2. Let X be a compact Hausdorff space and f be a function
in C(X). Let k be a symmetric kernel function in C(X ×X), which is of strictly
positive type for the linear subspace L of M(X) given by L={μ∈ M(X)|μ(f)=0}.
Then

Ek(L) is complete if and only if X is finite.
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Proof. If X is finite, then of course Ek(L) is complete. So let us assume that
there exists some infinite compact Hausdorff space X with the property that Ek(L)
is complete.

By part (1) of Lemma 2.1, we can find some A>0, such that

‖kμ‖ ∞ ≤ A|μ| for all μ in M(X).

Hence for all μ in L we get

‖μ‖2 = Ik(μ) =μ(kμ) ≤ |μ| ‖kμ‖ ∞ ≤ A|μ|2,

and so
‖μ‖ ≤ A1/2|μ| for all μ in L.

By assumption Ek(L)=(L, ‖ · ‖) is a Banach space and since (L, | · |) is a closed
linear subspace of (M(X), | · |) and hence a Banach space as well, an application of
the open mapping theorem implies the existence of some constant B>0, such that

|μ| ≤ B‖μ‖ for all μ in L.

Since X is compact and infinite we can find some non-isolated point x in X .
Choose some α>0, such that

max
(

‖f ‖∞, sup
z∈X

|k(z, z)|
)

≤ α

and consider the following two cases:
(1) f(x) �=0.
Choose some ε>0, such that

4α2ε+αε2 <
|f(x)|2

B2
.

Since k and f are continuous functions we can find some neighbourhood U(x)
of x such that |k(x, x)−k(u, v)|<ε and |f(x)−f(u)|<ε for all u and v in U(x).
Since x is non-isolated, there is some y �=x in U(x). Now define the measure ν=
f(x)δy −f(y)δx. Of course ν(f)=0 and hence ν is in L. Moreover

‖ν‖2 = Ik(ν) ≤ ε (|f(x)|+|f(y)|)2+α (f(x)−f(y))2

by part (2) of Lemma 2.1, and so

‖ν‖2 ≤ 4α2ε+αε2.

But

|f(x)|2 ≤ (|f(x)|+|f(y)|)2 = |ν|2 ≤ B2‖ν‖2 ≤ B2(4α2ε+αε2) < |f(x)|2,

a contradiction.
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(2) f(x)=0.
Choose some ε>0, such that

max(4ε, ε(2+ε)2+αε2) <
4

B2
.

Since k is continuous we can find some neighbourhood V (x) of x, such that

|k(x, x)−k(u, v)| <ε for all u and v in V (x).

Assume first that there exists some

y �=x in V (x) such that f(y)= 0.

For ν=δx −δy we get that ν is in L and by part (2) of Lemma 2.1, ‖ν‖2 ≤4ε and
hence

4 = |ν|2 ≤ B2‖ν‖2 ≤ 4εB2 < 4,

a contradiction.
Second we may assume, that

f(u) �=0 for all u �=x in V (x).

Since x is non-isolated we can find some y �=x in V (x) (note that f(y) �=0). By the
continuity of f and the Hausdorff property, there exists some neighbourhood W (x)
of x such that

W (x) ⊆ V (x), y /∈ W (x)

and
|f(u)| = |f(x)−f(u)| <ε|f(y)| for all u in W (x).

Again since x is non-isolated we can find some z �=x in W (x). Now define

ν = δx −δz+
f(z)
f(y)

δy

and note that ν is in L and

‖ν‖2 ≤ ε

(
2+

|f(z)|
|f(y)|

)2

+α

(
f(z)
f(y)

)2

,

by part (2) of Lemma 2.1. So ‖ν‖2 ≤ε(2+ε)2+αε2 and therefore

4 ≤
(

2+
|f(z)|

|f(y)|

)2

= |ν|2 ≤ B2‖ν‖2 ≤ B2(ε(2+ε)2+αε2) < 4,

a contradiction. �
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Letting f be a constant function on X we obtain the following result.

Corollary 2.3. Let X be a compact Hausdorff space and k be a symmetric
kernel function in C(X ×X), which is of strictly positive type for M0(X) resp.
M(X). Then Ek(M0(X)) resp. Ek(M(X)) is complete if and only if X is finite.

Before discussing the case when the kernel function is of positive type, but not
necessarily of strictly positive type for certain subspaces of M(X), we recall the
following basic remark.

Remark 2.4. Let X be a compact Hausdorff space and k be a symmetric kernel
function in C(X ×X) of positive type for some linear subspace L of M(X). Further
let F ={μ∈L| ‖μ‖=0}. Then

(1) F is a linear subspace of L;
(2) F ={μ∈L|(μ|ν)=0 for all ν in L};
(3) Ek(L)|F is an inner product space, where the inner product is given by

(μ+F | ν+F )= (μ | ν) for μ and ν in L;

(4) the (semi)-inner product space Ek(L) is complete if and only if the inner
product space Ek(L)|F is complete;

(5) for L=M0(X) we have

F = {μ ∈ M0(X) | kμ is constant on X}.

Proof. Parts (1)–(4) are well known. To show part (5) consider some μ in F

and let x and y be in X . By part (2) we get

kμ(x)−kμ(y)= (μ | δx −δy)= 0

and so kμ is constant on X . Conversely if kμ is constant on X for some μ in M0(X)
we obtain ‖μ‖2=Ik(μ)=μ(kμ)=0 and hence μ is in F . �

Now we note, that the assertion of Theorem 2.2 is not true in general, if we
consider kernel functions of positive type, but not of strictly positive type.

Remark 2.5. For n≥2, let Sn−1 denote the euclidean unit sphere in R
n, let X

be a compact subset of Sn−1 and let k(x, y)=−‖x−y‖2 for x and y in X , where
‖ · ‖ denotes the euclidean norm on R

n. Routine calculations show, that for a given
measure μ∈ M0(X) we have

Ik(μ)= 2
n∑

i=1

(∫
X

(x | ei) dμ(x)
)2

,
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where e1, e2, ..., en are the canonical unit vectors in R
n. This implies, that k is of

positive type for M0(X). As shown in Remark 2.3 in [4] one can easily see, that

dim Tk(M(X)) ≤ n+1 < ∞

(to be precise, the operator under consideration in Remark 2.3 in [4] is −Tk instead
of Tk). If T 0

k denotes the restriction of Tk to M0(X), we get

dim(M0(X)|F ) ≤ dim
(

M0(X)|kernT 0
k

)
=dim T 0

k (M0(X)) ≤ dim Tk(M(X)) < ∞,

by part (5) of Remark 2.4.

Hence the inner product space Ek(M0(X))|F is of finite dimension and there-
fore complete. Summing up (recall part (4) of Remark 2.4) we have that Ek(M0(X))
is complete for every compact subset X of Sn−1, no matter if X is finite or infinite.

Note that the reason for the completeness of Ek(M0(X)) in the above given
remark was the fact that Tk(M(X)) is of finite dimension even for infinite X . This
cannot happen for kernels defined by a metric because of the following result given
in [4] (Theorem 2.1).

Theorem 2.6. Let (X, d) be a compact metric space. Let

T : M(X) −→C(X)

T (μ)(x) =
∫

X

d(x, y) dμ(y), x in X, μ in M(X).

(T =Td in our notation.) Then T (M(X)) is of finite dimension if and only if X is
finite.

Remark 2.7. Compare Theorem 2.6 to the comments given in Remark 2.5: it
can happen that −k (where k(x, y)=−‖x−y‖2 for x and y in X ⊆Sn−1) defines
a metric on certain subsets X of Sn−1, but a theorem of Danzer and Grünbaum
(see [1]) tells us that this can only be the case if |X| ≤2n<∞.

In light of Theorem 2.6, Remarks 2.5 and 2.7 we now prove the following result,
which was shown in [4] (Theorem 6.1) under the additional assumption that

sup
μ∈ M(X)
μ(X)=1

∫
X

∫
X

d(x, y) dμ(x) dμ(y) < ∞.

Recall from Section 1 that a compact metric space (X, d) is quasihypermetric if the
corresponding kernel function k=−d is of positive type for M0(X).
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Theorem 2.8. Let (X, d) be a compact quasihypermetric space. Then the
(semi)-inner product space E−d(M0(X)) is complete if and only if X is finite.

Proof. It is enough to show that the completeness of E−d(M0(X)) implies
that X is finite. To use our usual notation, let k=−d on X ×X . By part (1) of
Lemma 2.1, we can find some A>0 such that

‖kμ‖ ∞ ≤ A|μ| for all μ ∈ M(X).

As in the proof of Theorem 2.2 it follows that ‖μ‖ ≤A1/2|μ| for all μ in M0(X).
Let F ={μ∈ M0(X)| ‖μ‖=0}. Part (5) of Remark 2.4 tells us that F is given by
F ={μ∈ M0(X)|kμ is constant on X}.

By part (1) of Lemma 2.1, we know that F is a closed subspace of M0(X),
where M0(X) is equipped with the usual measure norm and hence M0(X)|F
(equipped with the usual factor norm) is a Banach space. Now let μ be in M0(X)
and ν be in F , then ‖μ‖=‖μ+ν‖ ≤A1/2|μ+ν| and therefore ‖μ+F ‖ ≤A1/2|μ+F |
for all μ+F ∈ M0(X)|F .

By assumption (recall part (4) of Remark 2.4) Ek(M0(X))|F is a Banach space
and so again applying the open mapping theorem, we can find some B>0 such that

|μ+F | ≤ B‖μ+F ‖ for all μ in M0(X).

Now fix some x and y in X, x �=y: Of course |δx −δy+F | ≤2. For arbitrary ν in F

we get

|δx −δy+ν| = sup
f ∈C(X)

‖f ‖ ∞ =1

|f(x)−f(y)+ν(f)| ≥ |f0(x)−f0(y)+ν(f0)|,

where f0 in C(X) is given by

f0(z) =
d(x, z)−d(y, z)

d(x, y)
, z in X.

(Note that ‖f0‖ ∞ =1, by the triangle inequality of the metric d.) As mentioned
above, ν in F implies that kν =(−d)ν is a constant function on X . Hence

ν(f0) =
−kν(x)+kν(y)

d(x, y)
= 0.

Therefore
|δx −δy+ν| ≥ |f0(x)−f0(y)| =2.

Summing up we get
|δx −δy+F | =2.
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On the other hand
‖δx −δy+F ‖2 = ‖δx −δy ‖2 =2d(x, y)

and hence
‖δx −δy+F ‖ =(2d(x, y))1/2.

Now it follows, that

2 = |δx −δy+F | ≤ B‖δx −δy+F ‖ =B(2d(x, y))1/2

and hence d(x, y)≥2/B2. Since x �=y were chosen arbitrarily, the compactness of X

implies that X is finite. �
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2. Hjorth, P., Lisonĕk, P., Markvorsen, S. and Thomassen, C., Finite metric spaces
of strictly negative type, Linear Algebra Appl. 270 (1998), 255–273.

3. Landkof, N. S., Foundations of Modern Potential Theory, Nauka, Moscow, 1966
(Russian). English Transl.: Springer, Berlin–Heidelberg, 1972.

4. Nickolas, P. and Wolf, R., Distance geometry in quasihypermetric spaces. I, Bull.
Aust. Math. Soc. 80 (2009), 1–25.

5. Nickolas, P. and Wolf, R., Finite quasihypermetric spaces, Acta Math. Hungar. 124
(2009), 243–262.

6. Nickolas, P. and Wolf, R., Distance geometry in quasihypermetric spaces. II, to
appear in Math. Nachr.

7. Nickolas, P. and Wolf, R., Distance geometry in quasihypermetric spaces. III, to
appear in Math. Nachr.

8. Schoenberg, I. J. Metric spaces and positive definite functions, Trans. Amer. Math.
Soc. 44 (1938), 522–536.

Reinhard Wolf
Fachbereich Mathematik
Universität Salzburg
AT-5020 Salzburg
Austria
reinhard.wolf@sbg.ac.at

Received January 29, 2009
published online December 9, 2009

mailto:reinhard.wolf@sbg.ac.at

	On the completeness of certain kernel-defined semi-inner product spaces
	Abstract
	Introduction and notation
	The results
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


