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A VECTOR FORM OF ALEKSANDROV’S THEOREM
FOR NORMAL TOPOLOGICAL SPACES

SURJIT SINGH KHURANA

ABSTRACT. Let X be a Hausdorff normal topological space, E a quasi-complete
locally convex space, C'(X) (resp. Cy(X)) the space of all (resp. all, bounded),
scalar-valued continuous functions on X, and F the algebra generated by the
closed subset of X. The following form of Aleksandrov’s theorem is proved: Sup-
pose pu: Cp(X) — E a weakly compact linear mapping. Then there exists a unique
finitely additive, exhaustive measure v: ¥ — E such that

(i) v is inner regular by closed sets and outer regular by open sets;

(i) / fdv = u(f), ¥f € Cy(X).

When X is also countably paracompact some additional results are also proved.

1. INTRODUCTION AND NOTATION

In this paper R stands for the set of real numbers, K will denote the field of real
or complex numbers (we will call them scalars), X a Hausdorff normal topological
space and E a quasi-complete locally convex space space over K with topology
generated by an increasing family of semi-norms ||.||,, p € P; E’ will denote the
topological dual of E. For ap € P, V, ={x € E : ||z||, < 1}; polars will be taken
in the duality < E, E’ >. We denote by C(X) the space of all K-valued continuous
functions on X, and by Cj(X) the bounded elements of C'(X). Z C X will be called
a zero-set if Z = f71(0) for some f € Cy(X) and the complements of zero-sets
will be called positive sets. The elements of the o-algebra generated by zero-sets
are called Baire sets and the elements of the o-algebra generated by closed sets are
called Borel sets; B(X) and Bo(X) are the classes of Borel and Baire subsets of X
and M, (X) denotes the class of all scalar-valued, countably additve Baire measures
on X. For locally convex spaces, the notation and results of [11] will be used. For a
vector space F', F* will denote its algebraic dual. N will denote the set of natural
numbers. For topological measure theory notations and results of ([5], [7], [12], [13],
[14]) will be used. All locally convex spaces are assumed to be Hausdorff and over
K. X will denote the Stone-Cech compactification of X.
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With sup-norm topology, Cy(X) is a Banach space which is isometric isomomor-
phic to C( X). The dual of Cy(X) is denoted by M (X). For a function f € Cp(X),
f will denote its unique continuous extension to X.

Now we come to vector-valued measures; integrability of scalar-valued functions
is taken in the sense of [8]. If A is a o-algebra of subsets of a set YV, p: A — F
a countably additive vector measure and p € P, we denote the p-semi-variation
of by fip, fp(A) = sup{lg o u[(A) : g € V'} (here V;) is the polar of V, in
the duality < E,E’ >) [8]; we consider the submeasure fi,: A — RT, f,(A) =
sup{||u(B)|lp, : B € A, B C A} ([2], [5]). It is easily verified that /i, is countably
sub-additive [2] and fi, < fi, < 4f1,. Also there is a control measure for fi,; this will
be denoted by Ap; this control measure can be chosen to be in the closed convex hull
of {lgop|:ge€ Vpo}, with norm topology on measures ([8], p. 20, proof of Theorem
1). This control measure also has the properties that:

(i) |f o p| < Ap for every fin E' with || f||, < 1;

(note that || f|l, = sup{|f(z)[ : 2 € V, });
(ii) if Ap(A) = 0 then fi,(A) = 0;
iii)  lim A)=0;
() | lim 7y (4)
(iv) Ap < fip.
We also have the result that if f: Y — K is measurable function, B € A and |f| < ¢

/deﬂ < cfip(B).
P
L' () will denote the space of p-integrable functions [8]. For any f € L'(u), we

take fiy(f) = sup{lg o ul(|f]) : g € VO} (8], Lemma 2, p. 23).

If ¥ is an algebra of subsets of aset Y and p: F — E a finitely additive measure
then p will be called exhaustive if for any disjoint sequence {A,} C F, we have
wu(Ay,) — 0 ([2]); exhaustive measures are called strongly bounded measures in [1];
for quasi-complete F, a finitely additive u is exhaustive iff p(F) is relatively weakly
compact inE- for Banach spaces, it is proved in [1] and it easily extends to quasi-
complete locally convex spaces.

on B, then

2. ALEKSANDROV’S THEOREM

In this section, we extend the celebrated Aleksandrov representation theorem,
for Hausdorff normal topological spaces, to the vector-valued measures. In scalar
case, in a simple form, this theorem says:

Suppose X is a Hausdorff normal topological space, F the algebra generated by
the closed subset of X and p: Cp(X) — K a continuous linear mapping. Then there
exist a unique, finitely additive measure v: ¥ — K such that:

(i) v is inner regular by closed sets and outer regular by open sets;
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(ii) /fdy = u(f), Vf € Cp(X). ([3], p-262; [13]). Note Cp(X) is contained in

the uniform closure of F-simple functions on X in the space of all bounded functions
on X and so each f € Cp(X) is v-integrable.

We state and prove the following extension. Our proof is obtained by the reg-
ularity properties of the corresponding regular Borel measure on X and is very
different from the given in [3] and other known proofs.

We start with a crucial lemma for normal topological spaces:

Lemma 2.1. Suppose A and B are two closed sets in a Hausdorff normal space X.
Then ANB = ANDB (for a subset C C X, C denotes the closure of C in X ).

Proof. By normality, the result is true if AN B = &. So we assume AN B # &.
Assume that a € ANB\ AN B. So there is a closed neighborhood Q of a, in X, such
that QN(ANB) = @. Putting P, = ANQ and P, = BNQ, we get PLNP, = &. Since
X is normal, P, N P, = @. But a € P, and also a € P5; this is a contradiction. [

Now we come to the main theorem

Theorem 2.1. Suppose X is a Hausdorff normal topological space and a weakly
compact linear mapping p: Cy(X) — E. Then there exist a unique finitely additive,
erhaustive measure v: F — E such that:

(i) v is inner regular by closed sets and outer regular by open sets;

(i) / fdv = u(f), Vf € Cy(X).

Proof. Considering fi: C' (X ) — E, we shall get an F-valued regular Borel measure
fi: B(X) — E ([7]) (we denote the measure ji by the same notation as operator fi
because the operator ji uniquely extends to all fi-integrable functions). If A is a
subset of X or X, 4 will denote the closure of A in X. Fix p € P.

We prove this theorem in several steps.

LLetC={A:Aa closed set in X'}. Then for every @ € C and ¢ > 0, there
exists W € C, such that W C X \ Q and f1,(X \ Q \ W) < c.

Proof. By regularity of fi,, there is a positive set V' C X \ Q having the property
that ,(X \ Q\ V) < § (a positive set in the complement of a zero-set). Take a

ge C(X),0<g<1,such that V = g~ 1(0, 1]. Denote by

- 1
Vnz{xEX:g(a:)>—}
n
and

Zn:{acef(:g(ac)zl}.

n
Now,

Zni1 D (ZpanNX) D (VN X) DV,
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(note X is dense in X ). By choosing n sufficiently large, without loss generality, we
can assume that f1,(V \ V,,) < g Taking W = (Z,,41 N X), we get the result. O

II. Let A be the algebra, in X, generated by € and denote, by A, the elements
of A which have the property that these elements and their complements are inner
regular by the elements of C. Then Ay = A.

Proof. We use Step I and Lemma 2.1 to prove it. By Step I, Ag O €. By definition,
Ap is closed under complements. Also, using Lemma 2.1, it is a routine verification
that if A and B are in Ay then AN B and AU B are also in Ay. This proves the
result. O

III. It is a simple verification that AN X D F. Alsoif Ac Aand ANX =g,
then fi,(A) = 0. To prove this, take any C € €, C being a closed set in X, such
that C C A. This means C is empty and so fi,(A) = 0.

Now we can define a v: § — E, v(B) = fi(A), A being any element in A with
B = AN X; it is a trivial verification that v is well-defined, is finitely additive and it
is inner regular by closed sets in X and outer regular by open sets in X (this means
forape P, F € Fandc > 0, thereis, in X, a closed set C and an openset V,C C F
and V D F, such that for any B; € F,B; C F'\ C and any By € F,By C V' \ F, we
have ||v(B;)|l, < ¢ for i = 1,2). We also have v(C) = (C), for any closed C C X.
Since v(J) is relatively weakly compact in F, v is exhaustive (= strongly additive)
([1], Corollary 3, p. 28; this is proved for Banach space E but easily extends to
quasi-complete locally convex space F). Also for any B € F, ,(B) < fi,(A), where
A is any element in A such that B = AN X.

IV. For any f € Cy(X /fdy

Proof. Assume [i,(X) < 1. Fix ¢ > 0 and take an f € Cp(X), 0 < f < 1. Then

there is a non-negative, F-simple function ZaiXBi such that B;’s are mutually

=1
f— Z a; X B;

Take mutually disjoint {4;} C fl such that B; = A; N X for every i. Also
consider mutually disjoint closed sets {C;} C X, such that fi,(A;\ C;) < —, for each
n

1. Now

H/fdu— > aw(Cy)

disjoint, their union is X and <con X.

< H/fdu—ZaiV(Bl)
<c+ Hzaiﬂ(Ai \ Cy) -
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n
f— Z a; X B;

=1

Also < ¢ implies that

<eg,

‘f S
=1

on U(C;) (note C; are also mutually disjoint by Lemma, 2.1).

Therefore,
H/fdﬂ— ZaiV(Cz‘) = H/fdﬂ - Zaiﬂ(@)
p p
<c+||S a4\ G) )
<c+n- € 2c.
n
This proves that u(f) = v(f). O

V. Uniqueness.
Proof. Let v: F — E be a finitely additive regular (inner regular by closed sets in
X and outer regular by open sets in X) measure, having relatively weakly compact
range, such that /fdu =0, Vf € Cp(X). This means v is exhaustive and so

Up(X) < o0, Vpe P. If v #0, thereis a p € P, a closed set Z C X, and ac > 0
such that ||v(Z)||, = 2c. Take a a open set U D Z such that 7,(U \ Z) < c. Take an
feC(X),0<f <1, f(Z)=1, f(X\U)=0. We get

Oz/fdz/:/zfdu+ U\Zfdu.

This means v(Z) = — fdv and so 2¢ < 1, 7,(U \ Z) < c. This contradiction
U\Z

proves the uniqueness. ]

These steps prove the result. O

Now we make the additional assumption that X is also countably paracompact.
In this case we prove that any Baire measure can be uniquely extended to regular
Borel measure.

Theorem 2.2. Suppose X is a Hausdorff normal and countably paracompact topo-
logical space and p: Bo(X) — E a Baire measure. Then it has a unique extension
to a countably additive Borel measure p: B(X) — E which is inner reqular by closed
sets and outer reqular by open sets.
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Proof. By ([7], Therem 2), we get a unique linear, continuous, and weakly compact
mapping p: Cp(X) — E which is continuous in the strict topology [, (which is
weaker than norm topology) on Cy(X). We fix a p € P and use the notations
of Theorem 2.1. As in Theorem 2.1, we get an FE-valued regular Borel measure
fi: B(X) = E.

We do the proof in several steps:

I. Let {Ci} be a decreasing sequence of closed subsets of X such that NCp, = C'.
Then f1,(N(C,) \ C) = 0.

Proof. We first consider the case when C'= @. In this case {V,, =C}, : 1 <n < oo}
is an opening covering X. Take an open neighborhood finite refinement covering and
a partition of unity {g, : @ € I} subordinated to this refinement. Let f,, = Z Ja
a€cly,
where I,, = {a : support of g, C V,,}. We get f,, 11 and so Z,, = f,,1(0) D C,, and
NZ, = @. Note Z, are zero-sets. Since  is a Baire measure, we have 0 = fi,,(N(Zy,).
Since N(C) C N(Zy), we get fi,(N(Cy)) = 0. Now we consider the case when
C # @. Fix a ¢ > 0. By Theorem 2.1 (I), there is a closed set @ C X \ C such that
fip(X\ C\ Q) < c. Since N(C,, N Q) = @, by using which is just proved above and
Lemma 2.1, we get fi,(N(C,, N Q)) = 0.

Now
@\ T) = (TN U @\ T\ D))
< Ap(Ca NQ) + (X \ Q\ ).
Taking limits, we get ji,(N(C,) \ C) < ¢. This proves the result. O

II. In the notations of Theorem 2.1(I, II), let, this time, A be the o-algebra, in
X, generated by C and denote, by Ag, the elements of A which have the property

that these elements and their complements are inner regular by the elements of C.
Then Ay = A.

Proof. As done in Theorem 2.1(II), Ag D € and it is an algebra. Take a sequence
{A,} C Ap. Fix a ¢ > 0 and take a sequence {C},} C € such that f,(A, \ C,) <

4% Vn. From this it easily follows that i,(UA, \ ( U Ci)) < ¢ for some m and
1<i<m

fp(NA, \NCy)) < c. Putting C = |J G, we get fi,(UA, \ C) < c¢. Let D,, =
1<i<m

N C;; then D, | and NC,, = ND,, and so NC,, = ND,,. Put D = ND,. By I,
1<i<n

fip(N(Dy) \ D) = 0 and we also have fi,(NA, \ NCy,)) < c. This gives
fip(NAn \ D) = fip((NAn \ D) U (NDn \ D)) = fip((NAn \ NCp) U (NDy \ D))
< fip(NAR \ NCy) + fip(NDy \ D) < ¢,

(using again I).



A wvector form of Aleksandrov’s theorem 39

This proves A = Ay. This proves the result. O
. AN X D> B(X)

Proof. From A D €, it follow that A N X contains all closed subset of X. Using this
with the easily verified fact that A N X is a o-algebra, the result follows. O

IV. For any A € A with ANX =&, ,(A) =0

Proof. By II, A is inner regular by the elements of €). Since AN X = @, the result
follows. g

Now we can define a p: B(X) — E. Take any B € B(X) and select any B € A
such that BN X = B; define u(B) = fi(B); it is a trivial verification that p is
well-defined, is countably additive and it is inner regular by closed sets in X and
outer regular by open sets in X. O

Remark 2.1. For scalar valued measure, this result is prove in [10].

3. REPRESENTATION THEOREM FOR C(X),
WITH X COMPLETELY REGULAR

In this section we assume that K = R. A subset B C C(X) will be called order-
bounded if there are elements f and g in C'(X) such that f <b < g, Vbe B. It is
well-known that a linear map p: C(X) — R, which maps order-bounded sets into
bounded sets, gives a unique v € M, (X) such that C(X) C L'(v) and u(f) = [ fdv
([4]; [14], Theorem 23).

We will extend to the vector case.

Theorem 3.1. Suppose X is a Hausdorff normal and countably paracompact topo-
logical space and p: C(X) — E be a linear map such that order-bounded subsets are
mapped into relatively weakly compact subsets of E. Then:

(i) there is a unique Borel measure v : B(X) — E, which is inner reqular by
closed subsets of X and outer reqular by open subsets of X, such that C(X) C L'(v)

nd () = [ fav;
(i) for every p € P, there s compact C C vX (the real-compactification of X ),
depending on p, such that v,(X \ C) =0 ([4]).

Proof. By [7], Theorem 7, p. 695, there is v : Bo(X) — E, a unique Baire measure,
satisfying all the conditions of the above theorem, except Borel extension. But the
regular Borel extension follows form Theorem 2.2. O

Acknowledgment. We are very thankful to the referee for pointing out some
typographical errors and also making some very useful suggestions which have im-
proved the paper. Also our thanks to Professor M. Rajagopalan for providing a
simple proof of Lemma 2.1.



40

Surjit Khurana

(1]

[9]
[10]
[11]
[12]

[13]
[14]

REFERENCES

J. Diestel and J. J. Uhl: Vector Measures, Amer. Math. Soc. Surveys, Vol. 15, Amer. Math.
Soc., 1977.

L. Drewnowski: Topological rings of sets, continuous set functions, integration I, II, Bull. Acad.
Polon. Sci. Ser. Math. Astronom. Phys., 20(1972), 269-286.

N. Dunford and J. T. Schwartz: Linear Operators, Interscience Publishers, 1988.

E. Hewitt: Linear functionals on spaces of continuous functions, Fund. Math., 37(1950), 161-
189.

S. S. Khurana: Topologies on spaces of continuous vector-valued functions, Trans. Amer. Math.
Soc., 241(1978), 195-211.

S. S. Khurana: Topologies on spaces of continuous vector-valued functions II, Math. Ann.,
234(1978), 159-166.

S. S. Khurana: Vector measures on Topological spaces, Georg. Math. J., 14(2007), 687-698.

I. Kluvanek and G. Knowles: Vector Measures and Control Systems, North-Holand/Americal
Elsevier, 1975.

D. R. Lewis: Integration with respect to vector measures, Pac. J. Math., 33(1970), 157-165.

J. Marik: The Baire and Borel measure, Czech. Math. J., 7(82)(1957), 248-253.

H. H. Schaeffer: Topological Vector Spaces, Springer Verlag, 1986.

F. D. Sentilles: Bounded continuous functions on completely regular spaces, Trans. Amer. Math.
Soc., 168(1972), 311-336.

R. F. Wheeler: Survey of Baire measures and strict topologies, Expos. Math., 2(1983), 97-190.
V. S. Varadarajan: Measures on topological spaces, Amer. Math. Soc. Transl., 48(1965),
No. 2, 161-228.

The University of lowa

Department of Mathematics

Towa City, Iowa, 52242, USA

E-mail address: surjit-khurana@uiowa.edu




<<
  /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 [595.276 841.890]
>> setpagedevice


