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Representation of Spaces of Entire Functions on
Banach Spaces

By

José M. ANSEMIL*, Richard M. ARON** and Socorro PONTE***

Abstract

We prove the impossibility of expressing the space of entire functions on any
infinite dimensional complex Banach space with a Schauder basis E as a countable
union of spaces of entire functions that are bounded on countable open covers of E.

81. Notation and Preliminaries

In the study of the space of holomorphic functions on infinite dimensional
complex normed spaces H(E), several natural locally convex topologies appear.
Among them, the three most important are the compact open topology g, the
Nachbin “ported” topology 7., and the bornological topology 75 associated to
these two topologies. One useful characterization of the 75 topology, introduced
independently by Nachbin [6] and Ceeuré [2] about 30 years ago, is that it is
generated by all seminorms p : H(FE) — C which satisfy the following property:
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For every increasing countable open cover © = {V; | j € N} of E, there is
a positive constant C' and a positive natural number jo such that

p(f) < Csupzev, |f(z)] for all f € H(E).

In fact, it is easy to see that the 75 topology on H(E) can be defined as an
inductive limit of the metrizable spaces Ho(E) = {f € H(E) | f is bounded on
each V;} (with the topology of uniform convergence on the Vj’ s considered and
where O ranges over the family of all increasing countable open covers of E).
Note that given f € H(FE), then f € He(E) where © is the increasing open
cover of E given by

0 ={V,V,...}

with V; ={z € E:|f(z)| < j}.

It is natural to wonder whether, in fact, (H(E), 75) is a countable inductive
limit of such spaces. The aim of this paper is to prove that this inductive limit
cannot be such a countable union, at least in the case when FE is any infinite
dimensional complex Banach space with a Schauder basis.

In our main result, below, we will be discussing sequences {©,}52, of
increasing countable open covers of E. That is, for every n,

®n = {Vn,la Vn,27 }7

where each V,, j is open, V,, ; C V,, j41 for all j and U2V, ; = E. As usual,
for a function h and a set V, ||h||v = sup ey |h(2)].

§2. Countable Unions of Spaces of Entire Functions

Our main aim in this paper is to prove the result mentioned in the abstract:

Theorem. For any infinite dimensional complex Banach space E with
a Schauder basis and for any sequence {©,}52 of increasing countable open
covers of E,

H(E) # Uil He, (E).

In fact, we will show the density of H(E) \ USL He, (E) in the space of
all entire functions H(E).

The proof of the theorem will use the following two propositions that we
believe are also interesting in themselves. The first proposition is an adaptation
of an argument of the second author in [1].
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Proposition 2.1. Let E be an infinite dimensional Banach space with
a normalized Schauder basis {e,} with basis constant M. Then given s > 0,
there is an entire function h on E such that |||, 1y < 00 and such that for
every p € N there is ¢ € N such that ||h[|p(c,, z) = oo

Proof. Let us fix a natural number ~; such that 2%1 < s and consider the
sequence {7, 525 where v; = 71 + j. For each n € N, let ¢, : E — C be given
by ¢n(x) = 2x,, where z =Y 7 xne, € E. Note that as we assume that the
projections x +— x,, have norm less than or equal to M, then our ¢, have norm
less or equal than 2M. Write N = U;N; where each N; is an increasing infinite
sequence and N; NNy = ¢ for j # k. Let N; = {n{,né, ...}, where we assume
that n} = 1, and let h be the function defined on E by

=33 G @), (@)

j=1k=2

ik

The function A is holomorphic because the series converges uniformly on com-
pact subsets of E. Moreover, h is bounded in B(0, 517). Indeed for « in B(0, 517)

we have
< ZZ |6y @) 56,5 )] <
j=1 k=2
S S l@M|lelly 20217 <
j=1k=2

0o o 9 v; 9 oo 00 4 kj
>3>[(3)"3] =22 (5) <
j=1k=2 =2

Given p € N, take another natural number ¢ > 2 and consider

S
Wp,t op+1 En}

= epp + —

)t

Then we have

h(wp,) Z Z { 5 (wp,e))" ¢ wp, } ’ i { ¢n Wp¢) p¢n (wp.t )} "

j=1,j#p k=2

The first sum is 0 since j # p, and so
e k

Bwp) = 3 [Gur(wp.0)) "0y ()] =

k=2

[(2 L 2ps+1 Q)T)t

which goes to oo with ¢ because 277 2% > 1. Since wy ¢ € B(e,r, 35) forallt € N,
we have that ||h[|p ,, 2) = o0, thls proves the result if we take g=nf. O
™1
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Proposition 2.2.  Let E be an infinite dimensional Banach space with
a normalized Schauder basis {e,} with basis constant M. For every R > 0 and
r > 0, there exists an entire function f such that

I1fllBo,r) < o0 and ||f||BMRe, ) = 0O

Proof. Given R and r let us define a function f on E by

fu):h(M;R)

being h the function associated with s = 537 in the above proposition. Then

1 fllBo,r) = 1Al p(0,51) < o0. On the other hand, if we take p = 1, the proof
of that proposition gives ¢ = ni = 1, which implies that [l B(ey,5) = o0
Therefore since for = € B(ey, s) we have 3M Rx € B(3M Rey, ), we get

1flBMRer 7y = 1Pl B(ey,5) = 00

|

Remark. It is not known if for any pair of disjoint balls By and B in
an infinite dimensional normed space E there is an entire function f such that

£, <o0and [|f]p, = oo

This is somewhat surprising, in light of results such as [1] that prove the exis-
tence of a dense set (for all the topologies we are considering) of entire func-
tions f such that for every e > 0, there is z. € E, ||z.|| < 1, satisfying
||f||B(z.,c) = o0o. For the normed spaces for which this occurs, we have the
following.

Lemma 2.1. Given R >0 and 0 <r < R, let f € H(E) be chosen to
satisfy the conclusion of the above proposition. Then for every n € N, there is
gn € H(E) such that

1
90 F B0,y < 5n and 90 fllp@arre, ) = 0

Proof. Let x1 = 3M Re;. By the Hahn Banach theorem there are u €
(E)g and « > 0 such that

u(a) < o < wu(b) for all a € B(0, R) and b € B(xy,7).
Note that u(0) = 0. Let us consider the functional v € E* given by v(z) =

u(x) — tu(iz) and y

gn = n .
2 ||fHB(o,R) ’ HUHB(O,R)
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Then g, € E* C H(E),

vf 1
Hgnf”B(O R) — n = 2n
2" (|l g o,y Il B0, ) B(0,R) 2
and
vf
Hgnf”B(ac r) = n B
L 2| £l Bo,r) IVl 5o,y Ba1,r)

(07

171l oy = 0-
2 flsom Wlsem - 2@

O

Proof of the Theorem.  There is no loss of generality if we assume that
the Schauder basis is normalized. Given a countable collection of increasing
open covers {0, }>2,, where each ©,, = {V,; | j € N}, we will prove the
existence of an entire function f on E such that for every n there is j, such
that [|f|[y, . = o0. As a consequence, f will not belong to He, (E) for any n.

Since U2, Vo, = E, there is jo € N such that 0 € Vy ;, and so there is
Ry > 0 such that B(0, Ry) C V,j,- It is well-known (see [3], pp. 157-158) that
there is an entire function fy in E such that ”fO”B(O,Ro) = 0.

Let 1 = 3M Rge; € E. Since use Vi, = E, there is j; € N such that
z1 € Vi,5, and then, since V; ;, is open and fy is continuous, there is 7y > 0
such that 71 < Ro, B(z1,71) C Vi3, and || foll gy, ) < 0©-

By Proposition 2.2 we get a function f; € H(E) such that

/1l 50, roy < 00 and || f1ll gy, ry) = 00

In this way we obtain sequences: {R,} C R™ increasing to oo, {z,} C
E {jn} € N, {r,} € R* and {f,} C H(E) having the following properties:
Foreveryn>1, R, = BM +1)R, 1,2, =3MR,_1€1, 1, < Ry, B(zp,r) C
Vigns WillBn,my < oo for all j = 0,...,n =1, |[|fullBo,R,_1) < 00, and

anHB(xn,rn) = 0.
By an application of Lemma 2.1 we get, for every n € N, a function
gn € H(E) such that

1
HgnanB(O,R”,l) < 2_n and HgnanB(a:n,Tn) = 0.

To conclude the proof, let us verify that the function

f=fo+afi+gfo+--
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satisfies our requirements.
Given a ball B in F, choose Ry in the above sequence such that B C
B(0, Rg). Then

oo oo oo 1
Z lg;fill g < Z ”gjfj”B(o,Rk) < %
j=k+1 j=k+1 j=k+1

which implies that the series that defines f is uniformly convergent on balls,
and so f is an entire function on F.
On the other hand, since

1fill B,y <00

for every n € N and j = 0,...,n — 1, we have that ||fol|(,,r,) < 00 and
1195 fill Bz ey < 00 forall j < n—1. Moreover for j =n+1,n+2,... we have
that B(x,,r,) C B(0,R;_1) and so

19; fill Ban.ra) < NgifillBOR, 1) <

o
This implies that
n—1 0o
1F | Ban iy = |[fo+ D 95f5 +anfa+ D 9if; 2
j=1 j=n+l B(zn,Tn)

n—1 o]
HgnanB(xn,r") - HfOHB(xmrn)+ Z ||9jfj||B(;,cm,~n)Jr Z ngfjHB(zmrn) =0
j=1 j=n+1

because ||gn fn HB(
that

L) = 00 Since B(xy,ry,) is contained in V;, ; we have

L ,T

I£1

Vajm
and also
1£lly,,,, = oo

because | foly, , = oo and 2721 195 £ill o,y < ©0- Therefore

f¢Heo,(E) foralln=0,1,2,..

In the next proposition we are going to see that not only is
H(E)\ UpZo He, (E)

non-void, but it is even dense in H(E) for the strongest topology we are con-
sidering on H(E), namely 7.
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Proposition 2.3.  Let E be an infinite dimensional Banach space with a
Schauder basis. For any sequence {©, 1}, of increasing countable open covers
of E, the set

H(E)\ Ul He, (E)
is dense in (H(E), 7s).

Proof. Without loss of generality, we may assume that the sequence
{On}32 is decreasing in n. That is, for every n and j we assume V,, ; D Vi 41 5.
Indeed, if this is not the case it is enough to consider a new sequence {®,,}22
where ®,, = {Wn]};";l and Wy, ; = N_yVk,; for all j. Note that each ®,, is
an increasing open covering of E. (Given n € Nyjz € E and k = 0,1,...,n, let
Jx be chosen so that = belongs to Vj ;. ; then x belongs to Wy, imas (), :k=0,..,n}-)
Note also that H(E)\ UpZ, He, (E) D H(E)\ Uyl He, (E). This assumption
allows us to ignore any finite number of terms in the expression of the function
f in the above theorem and this will be used later.

Let us prove first that for every continuous seminorm p in (H(E), 7s5) and
for every € > 0 there exists g, . € H(E)\ U5, He, (E) such that p(g,.) < e.
To do this, we will make use of the functions f,, g, and real numbers R, that
appear in the proof of the theorem.

With the notation of Lemma 2.1 let © = {f(ljj};?';l, where A; = {z € E :
| fr(@)gk(2)| < 55 for all k > j}. We claim that the collection © is an increasing
open cover of E. Indeed, every € E is in one of the balls B(0, R;_1), and

then for every k > j we have, )
(1) [ frgrllBo,r,—1) < [1fxgkllB0,RI_1) < ok

[e]
This implies that B(0, R;_1) C A; and so 2 € A;. By the definition of the
75 topology, given p there is a positive constant C' and a natural number jg
such that

2) p(g) < CHg”;le for all g € H(E).

Given € assume that the above jj satisfies Z;ijo 2% < &. We observe that the

function g, . in H(E)\ U2, He, (E), given by

Ip,e = gjofjo + gj0+1fjo+1 +oee

satisfies p(gp.e) < €. Indeed, from (1) and (2) we get that

o0

- 1
p(gp,g) S C Z ||gjf]||A_70 S C Z 2_j < €.

J=Jjo J=Jjo
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Finally, let f € H(E), a 75 seminorm p, and € > 0 be given, and take jo € N
as in the above paragraph. Let us assume that f ¢ H(E)\US2,He, (E). There
is no € N, that we may assume to be greater than jo, such that f € He,, (E).
By our assumption on the open covers, it follows that f € He, (F), and so

I

Vv, < oo forall n >ng and j € N. Given p and ¢, we have that
[+ 9pe € H(E)\UpZy He, (E).

To see this, if n > ng there is j, as in the proof of the theorem such that

WF+ gpellvi s = gpellvis, = 1fllvi, 5, = 00

Also, Vij,. D Va0 D -+ D Vy j,, and therefore [|f "‘gp,EHVn,jnO = oo for
n = 0,...,n9 — 1, which implies that f + g, € H(E)\ UL, He, (E). Thus,
p(f+gpe — f) =p(gpe) <e U

Remarks.

1. The above arguments can also be applied to normed spaces with a
Schauder basis such that the projections are uniformly bounded. For instance,
this happens for ¢y, the space of all eventually null sequences with any of the
p norms, and for every normed space which is dense in a Banach space with a
Schauder basis, since by the Perturbation of Basis Theorem these spaces also
have a Schauder basis with uniformly bounded projections (see, e.g., [4, Prop.
1.a.9.]). In particular this applies to C[0, 1] with any p norm, p € [1,0), since
they are normed spaces which are dense in LP[0, 1] which has a Schauder basis.

2. As we have shown in the proof of Proposition 2.3, from a given sequence
{©,,} of increasing open coverings of E, we can construct another sequence
{®,} of increasing open coverings of E such that for all n,

He,(E) C He,,, (E)

n+1

with continuous inclusions and U2 He, (E) C US2 yHa, (E). Then our Theo-
rem proves that the (LF)-space lim Hs, (E) does not agree with (H(E), 7s).
(LF)-spaces have been studied and applied to holomorphy by several authors,
particularly Mujica in [5].

Acknowledgements

This work was started when the second author was a visitor to the Depar-
tamento de Andlisis Matematico of the Universidad Complutense de Madrid
(April/June 2006), and concluded when the first and third authors visited the



SPACES OF ENTIRE FUNCTIONS 391

Mathematics Department of Kent State University (September 2007). They
acknowledge the hospitality of both institutions.

(1]

2]

(3]
(4]
(5]

(6]

References

R. M. Aron, Entire functions of unbounded type on a Banach space, Boll. Un. Mat. Ital.
(4) 9 (1974), 28-31.

G. Coeuré, Fonctions plurisousharmoniques sur les espaces vectoriels topologiques et ap-
plications ae ’étude des fonctions analytiques, Ann. Inst. Fourier (Grenoble) 20 (1970),
fasc. 1, 361-432.

S. Dineen, Complex analysis on infinite-dimensional spaces, Springer Monographs in
Mathematics, Springer, London, 1999.

J. Lindenstrauss and L. Tzafriri, Classical Banach spaces. I and II, Classics in Mathe-
matics, Springer, Berlin, 1977.

J. Mujica, Spaces of germs of holomorphic functions, in Studies in analysis, Adv. in
Math. Suppl. Stud. 4, 1-41, Academic Press, New York, 1979.

L. Nachbin, Topology on spaces of holomorphic mappings, Ergebnisse der Mathematik
und ihrer Grenzgebiete 47, Springer-Verlag New York Inc., New York, 1969.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


