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EBERLEIN COMPACTNESS

SURJIT SINGH KHURANA

ABSTRACT. For finite measure space (X,.A4,u), a Ba-
nach space E with E’ its dual, and a relatively countably
compact Q C (L1(E),o0(L1(E), Lo(E"))), entirely different
proofs are given of the results that (i) Q is Eberlein compact,
(ii) the closed convex hull of Q in (L1(E), o(L1(E), Leo(E")))
is also compact and (iii) the closed convex hull of @Q in
(L1(E),0(L1(E), Loo(E"))) and in (L1 (E), ||-||1) are the same.

1. Introduction and notation. In this paper (X, A, ) is a finite
measure space, F a Banach space and E’ the dual Banach space. For
locally convex spaces, the notations and results of [7] will be used;
for a locally convex space F', with F’ its dual and z € F, f € F’,
f(z) will also be denoted by (f,z) or (z, f). All vector spaces are
taken over R, the set of real numbers. For measures, the results and
notations of [3] will be used. For a Banach space F', L1(F) = Li(u, F)
and Loo(F) = Loo(p, F) will have the usual meanings. If F = R,
Ly(u, F), Loo(t, F) will be denoted by L1, Lo, respectively. A compact
Hausdorff space is called Eberlein compact if it is homeomorphic to a
weakly compact subset of a Banach space; a subset A of a Hausdorff
topological space X is called relatively countably compact if every
sequence in A has a cluster points in X ([6]). For a topological space
Z, C(Z) will denote the set of all continuous real-valued functions on
Z and for a subset A C Z, A will denote the closure of A in Z.

In [1, 2], it is proved that a compact Q C (L1(E),0(L1(E), Loo(E")))
is Eberlein compact and the closed convex hull of @ in (Li(FE),
o(L1(E), Loo(E"))) is also compact; it is further proved that the closed
convex hull of Q in (L1(E),0(L1(F), Loo(E"))) and (L1(E), || - ||1) are
the same. In this paper, starting with a relatively countably compact
Q in (L1(E),0(L1(E), Loo(E"))) and denoting its closure and its the

2010 AMS Mathematics subject classification. Primary 46G10, 46A50, 46E40,

Secondary 28B05.
Keywords and phrases. Relatively countably compact, Eberlein compact,

Grothendieck completeness theorem, barycenter.
Received by the editors on August 1, 2011.

DOI:10.1216/RMJ-2014-44-1-179  Copyright (©2014 Rocky Mountain Mathematics Consortium

179



180 SURJIT SINGH KHURANA

closed convex hull in (L1(E),o(L1(E), Lo (E'))) by @ and W, respec-
tively, we give entirely different proofs that @ is Eberlein compact, W
is compact and W is also the closed convex hull of @ in (L1 (E), || - |1)-

First we set some notation straight. Relative to the measure space
(X, A, ), we denote by B and S the compact unit balls of Lo, and
E' with (Lo, L1) and o(E’, E) topologies. An element f € Li(E)
can also be considered an element of C(B x S), f(b,s) = [so fbdy;
this mapping from L;(E) to C(B x S) is one-to-one, continuous with
o0(L1(E), Loo(E")) on L1(FE) and pointwise topology on C(B x S). We
will again denote by f the image of f € L1(FE) in C(B x 5).

The paper is set up like this. Starting with a relatively countably
compact subset @ of (L1(E),o(L1(E), Loo(E"))), we prove some lem-
mas about . These lemmas are used in the proof of our theorem
that Q is Eberlein compact. In the next section, we start with a com-
pact Q C (L1(E),0(L1(E), Loo(E"))), denote its closed convex hull in
(L1(E),0(L1(E), Lo (E"))) by W and prove that W is compact and is
also equal to the closed convex hull of @ in (L1(E),| - |l1)-

2. Eberlein compactness. We first prove some lemmas. In the
first lemma we prove that the || - ||;-norm of an element of L, (E) equals
its sup over the elements of the closed unit ball of Lo (E").

Lemma 1. For a q € Li(E), |qlli = sup{l{g,9)| : g €
Loo(E"), ||9]lec < 1}. Also we have

lglli = sup{(q,9) : 9 € Loo(E"), llglloc <1}
lqlly = sup{[{q, 9)| : g € Loo(E"), g simple ||g[loc <1}
gl =sup{(g,9) : g € Loc(E'), g simple ||g|loc < 1}.

Proof. When ¢ is simple, it is trivially true. In the general case
assume that ||¢||1 > sup{[{q, 9)| : ¢ € Loc(E’), ||g]lcc < 1} +4c for some
¢ > 0. Take a simple go € L1(E) such that ||g — go]|1 < ¢. This means
llgll1 < llgoll1 + ¢. Select a simple g € Lo (E’) with ||g]|co < 1 such that
laolls < (g0, )| +c. Since [l —aolly < ¢, we have |{go, )] < (g, 9} +c.
Thus, [lgllx < llgollr +¢ < [{q0, 9)|+2¢ < [{g, 9)| +3c < [lglls —dc+3c =
llgllx — ¢ which is a contradiction. The others are easily verified. O
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Corollary 2. If Q is a relatively countably compact subset of
(L1(E),0(L1(F), Lo (E"))), then Q is bounded in (L1(E),| - 1)

Proof. We first prove that @ is point-wise bounded on L. (E").
Suppose this is not the case. This means there is a sequence {g,} C Q
and a g € Loo(E") such that (g,,g) > n for all n. Since this sequence
has a cluster point in L;(E) with o(L1(F), Lo (E’)) topology, this is a
contradiction. Since Lo (E’) is a Banach space and the elements of @
can be considered as linear continuous mappings L. (E’) — R, by the
uniform boundedness principle, @ are uniformly bounded on the unit
ball of Lo (E’). The result now follows from Lemma 1. O

The next lemma establishes a result about the uniform convergence
of some integrals relative to the elements of Q.

Lemma 3. Let Q be a relatively countably compact subset of
(L1(E),0(L1(E),Loo(E"))). Then, for a disjoint sequence {A,} C A,
Ja, (@)l dpp — 0 uniformly for f € Q.

Proof. Suppose this is not true. Then there is a sequence {g,} C @
such that fAn llgn (z)|| die > 4c for all n for some ¢ > 0. Using Lemma 1,
for every n, take a finite disjoint sequence {A? : 1 < i < p(n)} C A,
A C A,, and a finite sequence {g!* : 1 < i < p(n)} C S such that

20 (s Xargl') > 4c. The elements of the countable set {Xangj" :
1 <4 < p(n),n € N} are denoted by {h,}. For any subset M C N,
> nen P is in the closed umit ball of Loo(E"). Put Y = {>° 1/ by
M C N} and Yo = {>,cp hn : M afinite subset of N}.  Yj is
countable. We now prove that Yj is dense in (Y, 0(Loo(E"), L1(E)); to
prove this, we have to simply prove that, for a disjoint sequence { B, }, in
A, a sequence {g,} C S, and f € Li(E), we have >, ..., (f,XB,9i) —
D i<icoolfsXBigi) In L. Since |(32, <;<,, XB,giof)(@)] < || f(2)]| on X,
it follows from the dominated convergence theorem. Now @ C C(Y),
Y is separable and @ is relatively countably compact in the topology
of pointwise convergence on Y and so, by [6, Theorem 2.1, page 538],
there is a subsequence of {g,}, which again we denote by {¢,} and
q € Ly(E) such that ¢, — ¢, pointwise on Y. Now define A, : 2V — R,
M(M) = > crldn, hm); they are easily verified to be countably
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additive and lim A, (M) exists for every M C N. By [4, Lemma 2.2],
the convergence is uniform on 2V. Let A\,, — A; then ) is also countably
additive. So there is an mg € N such that |\, — A| < ¢ on 2V, for all
n > mg. Now choose an m € N, m > mg such that |A(U)| < ¢ for any
U C P, where P,, = {n € N : n > m}. Combining these results, we
get A\ (U) < 2¢ for any U C P,,. This is a contradiction. O

The next lemma uses Lemma 3 to prove some additional results about
the uniform convergence of some new integrals relative to the elements

of Q.

Lemma 4. Let Q be a relatively countably compact subset of
(L1(E),0(L1(E), Loo(E"))). Then

(i) For any decreasing sequence {A,} C A with A, | A, A being
w-null, fAn I f(@)|| dp — O uniformly for f € Q;

(if) limy,a)—o([4 I/ (@)lldp) = O uniformly for f € Q.

Proof. (i) Suppose this is not true. Then there is a sequence
{a.} C @Q such that [, |gu(2)]ldu > 2c for all n for some ¢ >
0. Put ng = 1 and select an n; € N, ny > ng, such that
fAnl [@n ()|l dp < ¢ (note that limp, oo [, [lgn (#)[| dw = 0). This
implies that fAnO\Anl llgne (z)|| dpe > ¢. Now select an ny € N, ng > ny
such that fAn2 lgn, (z)|| du < c. This implies that fAnl\AnQ llgn, (2)|| du >
c. Continuing this process, we get an increasing sequence {n;y} C N
such that fAnk RV lgn,_, (x)]| du > ¢ for all k. Since the elements
of the sequence {A4,, , \ A,,} are mutually disjoint, this contradicts
Lemma 3.

(ii) Suppose this is not true. That means there is a sequence
{B,}, in A, a sequence {q,} C @ such that u(B,) < 1/2"*! and
an llgn(z)|| die > ¢ for all n for some ¢ > 0. Put A, = Un<i<ooBi-
Now u(A,) < 1/2" and A, |, and so A, | A where A is p-null.
By (i), fAn lgn(2)||dp — 0. Since B, C A, for all n, we get
an llgn(x)|| die — 0. This is a contradiction. i

Now we come to the main theorem of this section.
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Theorem 5. (X, A, u) is finite measure space, E a Banach space and
Q is a relatively countably compact subset of (L1(E), 0(L1(E), Lo (E")).
Then @ is Eberlein compact.

Proof. We consider Q C (C(B x S),|| -]|)- In pointwise topology,
Q C (C(BxS), ||| is relatively countably compact and, by Corollary 2,
is norm bounded and so its closure in C'(B x S) is pointwise compact.
This implies that it is relatively weakly compact in the Banach space

(C(Bx5), [ -1

Now we want to prove that @) is relatively compact in (L1 (EF), o (L1 (E),
Lo (E"))). Put p=sup{|lqll1 : ¢ € Q} (by Corollary 2, @ is bounded in
(L1(E), || |l1))- Take anet {fo} C Q; there is a subnet, which again we
denote by {f}, such that f, — f € C(B x S) (pointwise topology).
So there is a sequence {f,} C {fa} such that f, — f € C(B x 5)
(pointwise topology). Since @ is a relatively countably compact subset
of (L1(FE),0(L1(E), Loo(E"))), this sequence {f,} has a cluster point,
say fo € Li(F). It is easily seen that f = fy on B x S. Now we
will show that f, — fo pointwise on Lo (E’). First we prove that
lfoll1 < p. This follows from the fact that fy is a cluster point of
{fn} CQin (L1(F),o(L1(E), L(E"))) and from Lemma 1.

Now take a g € Loo(E'), [|g9]loc < 1 and fix a ¢ > 0. Using Lemma
4 (ii), select an n > 0 such that [, || f(z)|| dpu < c¢/4 forall f € Q, as well
as for fy, and for all A € A, when u(A) < n. Now get an A € A, with
1(A) < n, and a simple function go € Loo(E") such that ||g — golleo <
¢/[8(1+ p)] on X\ A. Now, on X, |{(fa—fo)(), 9)| < lfa(@)|+]|fo()]

?rr;ldy on X\ A, [{(fa=fo)(@), 9—g0)| < (I fa(@) ]+ [l fo(2)[)e/[8(1 + p)].

| [a- @ | < [ (fa - o)
’/X\A — fo)(g — go)du}
‘/X\ — fo) go)du‘

pc
2 +
2 8(1 +p)
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’/ — fo) go)du‘
X\A

‘/ — fo)(g0) dﬂ‘ — 0,
X\A

as we take the limit over «, the result follows. Thus closure Q of Q
n (Li(E),0(L1(E), Lo (E’)) is compact. Since B x S separates the
points of (L1(E)), Q is also a weakly compact subset of the Banach
space C(B x S) and as such is Eberlein compact.

Since

3. The closed convex hull. Now we come to the study of the
closed convex hull of a compact subset Q of (L1(E), (L1 (E), Lo (E'))).
First we prove the result under the assumption that (Li(E),| - |l1) is
separable; for this, we use the technique of barycenters of probability
measures studied in [5].

Lemma 6. Suppose (L1(E),|| - ||1) is separable and Q is a compact
subset of (L1(E),o(L1(E), Loo(E"))). Then

(i) the closed covex hull, W, of Q in (L1(E),0(L1(E), Loo(E"))) is
compact;

(ii) W is also the closed covex hull of Q in (L1(E), | - 11)-

Proof. Let P be the set of all regular Borel probability measures on
(Q,0(L1(Fo), Lo (EY))) and By the closed unit ball of (L1 (E), || - [|1)’.
Fix a A € P and put L = {h € (L1(E),]| - |1)’ : h A-measurable}. We
claim that By = Loo(E’) N By (closure in o((L1(E, || - |l1), L1(E))).
Suppose this is not true. Then, by the separation theorem ([7, 9.2,
page 65]), there is a ¢ € By and a g € Li(E) such that (¢,g) >
sup(Bo N Loo(E’),g). This implies that [glli > (¢.9) > llgllx (by
Lemma 1), which is a contradiction.

Since By is metrizable in o((L1(E), || - ||1)’, L1(E))), for any ¢ € By
there is a sequence {¢,} C Loo(E’) N By such that ¢, — ¢ pointwise
on Li(E); this means that ¢|g is A-integrable. Consider the mapping
Vi (Li(E),|l-1) — R, ¥(¢) = [ ¢jq dX. If a sequence, in By, ¢, — 0
pointwise on L1 (g, E), then, by the dominated convergence theorem,
¥(én) — 0, and so, by the Grothendieck completeness theorem (5,
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page 149]), there is an f) € Lq(F) such that ¢(¢) = ¢(f)) for all ¢ €
(L1(E), || - ||1)" (in the terminology of [5], f is the barycenter of X).

Now, considering P with the topology of pointwise convergence on
C(Q) and Ly (F) with the topology of pointwise convergence on Lo (E),
P is a compact convex set and the affine mapping T : P — L1(E),
A — [, is continuous. Since P is compact, it follows that T(P) =
convex (@) = W. Thus, W is compact.

Now put Wy =, the closed convex hull of @, in ((Li(E),]| - |1)-
Evidently, Wy C W. To prove Wy D W, it is enough to prove that
each f\ € Wy. If fi ¢ Wy, by the separation theorem ([7, 9.2, page
65]), there is a ¢ € By such that [ ¢dX\ = ¢(fr) > supq(Q) (note that
¢ is M-integrable). Since X is a probability measure on @, this is a
contradiction. This proves the result. ]

By the next lemma, we reduce the general case to the case when
(L1(E), || - ||1) is separable.

Lemma 7. Suppose that Q is separable compact subset of (L1(E),
0(L1(E), Loo(E"))). Then there is a separable closed subspace Ey C E
and countably generated o-algebra B C A such that, for each f € Q,
f(X) C Ey aefuo] and f : X — Ey is B-measurable where py =
ws- Also, (L1(Ev),| - |l1) is separable and Q is a compact subset of
(L1(Eo), 0(L1(Eo), ool ED)).

Proof. Take a dense sequence {g,} C Q. Evidently, there is a
separable subspace Ey C E such that ¢,(X) C Ey almost everywhere
[1]. We claim for any g € {¢, }, one gets ¢(X) C Ey almost everywhere
[£]. To prove this, we take a ¢ € {gn}. So there is a subsequence of {¢, },
which again we denote by {g,}, such that ¢, — ¢ in o(L1(F), Lo (E"))
(Theorem 5). We claim ¢(X) C Ey almost everywhere [p]. Suppose this
is not true; this means there is a ¢ > 0 such that ¢(X) ¢ E° = Ey + (L
almost everywhere [u], L being the closed unit ball of F (closure in E;
note Fo = NS (Ey + (1/n)L)).

Take a separable closed subspace Fy C E, E1 D Ey, such that
q(X) C E; almost everywhere [u] and u(¢~!(Ey \ E°)) > 0. This
implies that there is a 79 € E; and a ¢ > 0 such that B(zg,c)NE? = @
and p(A) > 0 where A = ¢~ Y(B(xg,c)) (here B(zg,c) is the open
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ball, in E;, with center at xy and radius ¢, and B(zo,c) its closure
in E7) (here we are using that E; is separable). By the separation
theorem ([7, 9.1, page 64]), there is an f € FE’, with [|f]] = 1,
such that inf f(B(zo,c)) > sup f(E®). This implies f(Ep) = 0 and
sup f(E°) = ¢. Thus, inf f(B(zo,¢))) > (>0 Now 0= [, f o g dpu —
fA foqgdu > Cu(A) >0, a contradiction.

Now take a o-algebra B C A such that B is countably generated
and each ¢, is measurable with respect to this o-algebra. Putting
po = s, L1(po, Eo) is separable in norm topology. We claim Q =
@ C Li(po, Ep). Suppose ¢, — ¢. Fix an f € E’ and, for each
A € B, define the measure vy(A) = lim [, g, dpo; it is easily verified
that vy < o, and so there is a ¢y € Li(uo) such that vy = ¢rpo. So
we have ¢y = f o ¢ almost everywhere [u]. Thus, f o ¢ is B-measurable
for every f € E’. Since Ej is separable, this means ¢ is B-measurable.

It is obvious that @ is a compact subset of (Li(Ey),o(L1(Eo),
Lo (Ep)))- O

Now we prove the main theorem of this section in the general case.

Theorem 8. Let Q be a compact subset of (L1 (F),c(L1(E), Loo (B’ )))
Then the closed convex hull W of Q in (L1(E),o(L1(E), Loo(E"))) is
also compact, and W is also the closed convex hull of Q in (L1(E), |||l1)-

Proof. Let Wy be the closed convex hull of @ in (L1 (E), ||-||1) and Wy
the closed convex hull of @ in C(B x S) with weak topology of C'(Bx.S).
Fix a ¢ € Wp. Since the closed convex hull of @, in C(B x S) with weak
topology, is weakly compact, there is a sequence {¢, } C @ such that ¢ is
in the closed convex hull, in C'(B x S) with weak topology, of {g, }. Let
Q1 = {qn} (closure in (Li(E),0(L1(E), Loo(E"))). This means that
@1 is a separable compact subset of (L1(E),o(L1(E), Loo(E"))). By
Lemma 7, )1 is contained in a separable (L1(Ey), ||-]l1) and is compact
in (L1(Ep),0(L1(Ev), Loo(E}))). By Lemma 6, the closed convex hull
Wy of Q1 in (L1(E),0(L1(E), Lo(E"))) is also compact and W1 is also
the closed convex hull of Q1 in (L1(E),|.|]1). Since W is also weakly
compact in C(B x S), we get ¢ € Wi. This means Wy C Wyo. Thus,
Wo = Woo.
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Now we want to prove that Wy is compact in (Li(E),o(Li(E),
Lo (E"))). We take a net {fo} C Wp such that f, — fo € Wy
pointwise on C(B x S) (note Wy is weakly compact in C(B x S)). Since
@ is bounded in (L1(E),| - ||1) (Corollary 2), Wyo is also bounded in
(L1(E), ||-|l1) and so Wy is also bounded in (L1 (E), ||-||1). By Lemma 4,
we have lim,4)—0( [ || f ()| du) = 0 uniformly for f € @ and from this
it immediately follows that lim,a)—o( [, |f(2)| dr) = 0 uniformly for
f € Wyo. This is the main result used in Theorem 5 when it is proved
that if f, — fo pointwise on C'(B x S), then f, — fo pointwise on
Loo(E"). So we get that Wy is compact in (L1 (FE), o(L1(FE), Loo (E))).
This proves the result.

REFERENCES

1. Jurgen Batt and Wolfgang Hiermeyer, On compactness in Ly(u, X) in the weak
topology and the topology o(Lp(u, X), Lq(p, X’), Math. Z. 182 (1983), 409-423.

2. Jurgen Batt and G. Schluchtermann, Eberlein compacts in Li(X), Stud. Math.
83 (1986), 239-250.

3. J. Diestel and J.J. Uhl, Vector measures, Amer. Math. Soc. Surv. 15, American
Mathematical Society, Philadelphia, 1977.

4. Surjit Singh Khurana, Topologies on spaces of continuous vector-valued func-
tions, Trans Amer. Math. Soc. 241 (1978), 195-211.

5. R.R. Phelps, Lectures on Choquet theorem, Van Nostrand, New York, 1966.

6. J.D. Pryce, A device of R.J. Whitley applied to pointwise compactness in
spaces of continuous functions, Proc. Lond. Math. Soc. 23 (1971), 532-546.

7. H.H. Schaeffer, Topological vector spaces, Springer Verlag, Berlin, 1986.

DEPARTMENT OF MATHEMATICS, UNIVERSITY OF Iowa, IowA CiTy, IA 52242
Email address: khurana@math.uiowa.edu




<<
  /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 false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [1200 1200]
  /PageSize [432.000 648.000]
>> setpagedevice


