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THE LINEAR SPAN OF PROJECTIONS IN SIMPLE
C*-ALGEBRAS

GERT K. PEDERSEN

Let A be a C*-algebra and consider the following chain of conditions:

{(AF) 4 is approximately finite-dimensional.

(FS) A, has a dense set of elements with finite spectrum.

{CP)  The convex hull of projections is dense in the unit ball of 4.
(LP)  The linear span of projections is dense in A.

(AP)  The algebra generated by projections is dense in A.

ap) A has non-trivial projections.

Clearly each of the conditions implies every other below it. The question
under discussion is whether any lower condition will imply a higher one if A4 is
assumed to be simple. We show that (3P) implies (AP) (an unpublished result by
the authors of [1]), and that (3P) implies (LP) in a number of interesting cases
among which are Cuntz’s algebras 0, ([7]) and Rieffel’s irrational rotation C*-
algebras ([11], [12]). _

Nevertheless (3P) does not in general imply (LP), just as (LP) does not imply
(CP). It is conceivable that (CP) implies (FS) for any simple C*-algebra, but it is false
that (FS) implies (AF). Finally it should be mentioned that not all simple C*-algebras
satisfy (AP), see [3] and [4]. For background and terminology we refer to [9].

A preliminary version of this paper was substantially enriched by contributions
from B. Blackadar and G. A. Elliott. It is a pleasure to thank them both for their
generous help.

POSITIVE RESULTS

Let D be a closed *-invariant subspace of a C*-algebra. 4. Following [1] we
say that A derives D if ad — da e D for every a in 4 and d in D. We say that D
is wunitarily invarignt if uDu* = D for every unitary u in A. The equation §

exp(ith) d exp(— ith) = d + it(hd — dh) + O(t?),
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valid for every real ¢ and every & in A4, shows that if D is unitarily invariant
then A4 derives D (cf. [1, 5.2]). Since the projections in A is a unitarily invariant
set we immediately obtain the following result.

LEMMA 1. Given a C*-algebra A let L(P) and A(P), respectively, denote
the closed linear span and the C*-algebra generated by the projections in A. Then A
derives both L(P) and A(P).

PROPOSITION 2. If A is a simple C*-algebra with a non-trivial projection
then the subalgebra generated by projections is dense in A.

Proof. Define A(P) as in Lemma 1 and note that A(P) # 0 and A(P)# C 1
(if 1 € A). Since A derives A(P) by Lemma 1, there is by [1, 5.1] a closed ideal I
of A, contained in A(P), such that A(P)/I is contained in the center of A/I. f I = ¢
then A(P) is trivial, since the center of A is trivial; in contradiction with our assump-
tion. Thus 7 # 0, whence I = A since A is simple; which implies that A(P) = A.

THEOREM 3. Let A be a simple C*-algebra with a non-trivial projection
and denote by L(P) the closed linear span of projections in A. If L(P) # A there
is a non-zero, self-adjoint, tracial functional on A vanishing on L(P).

Proof. By Hahn-Banach’s theorem there is a non-zero, self-adjoint functional
o on A vanishing on L(P). Since A derives L(P) this implies that ¢(xy) = @(yx}
for every x in A and y in L(P). But then the same equality holds with y in the
C*-algebra A(P) generated by the projections in A. By assumption A contains a
non-trivial projection, whence A(P) = A by Proposition 2. Consequently ¢(xy) =
= ¢@(yx) for all x, y in 4, as desired.

COROLLARY 4. Let A be a simple C*-algebra with a non-trivial projection.
If A has no tracial states or has a unique tracial state then the linear span of pro-
Jections is dense in A.

Proof. Take L(P) as before .If L(P) # A there is by Theorem 3 a non-zero
self-adjoint tracial functional ¢ on A vanishing on L(P). Let ¢ = ¢, — ¢@_ be the
Jordan decomposition of ¢ in positive parts (cf. [9,3.2.5]) and note that both
¢, and ¢_ are finite traces on 4. If ¢_ = 0 then ¢ > 0. However, any tracial
state on a simple C*-algebra is faithful, in contradiction with ¢(L(P),) = 0. Thus
¢_ # 0and similarly ¢, s 0. Since ¢, I ¢_ we see that 4 has at least two linearly
independent tracial states whenever L(P) # A.

COROLLARY 5. If A is a stable, simple C*-algebra with a non-trivial pojec-
tion then the linear span of projections is dense in A.

The next result is an observation of Rieffel adapted to a slightly more general
situation (see (11}, [12]).



LINEAR SPAN OF PROJECTIONS 291

LemMa 6. (Rieffel). Let A be a unital C*-algebra containing a pair of uni-
taries u, v such that uv = Qvu with 8 # 1. Then A has a non-trivial projection.

Proof. We may as well assume that Sp(v) = T (the unit circle) since otherwise
the C*-algebra C*(v) generated by » contains a non-trivial projection. Thus C*(v) =
= C(T) and from the equation uvu* = Av we obtain an automorphism « of C(T)
given by

of () =ft+2), feCD),

writing T as an additive group (= R/2nZ) with 1 = Arg0.
We may visualize T as [0, 2rf, with 0 < A < . Take any f in C(T) such that

fG[2) = 1/2, 0 <f() < 1/2; and f() =0 if t¢[0, Al

Now define g in C(T) by
1/2 — (1/4 — f(H)B)V2 if 0<t<i)2

gty = |2 HWA—JOYE i A2<e<d
1 —gt—4) if A<t<22
0 i 1¢10,22].

It is straightforward to check that g satisfies the equations
(*) gy +gt+ =1 if 0 << A
(%) ' g(t) — g(t) = f(t)* + fit — A)* for all 1.

(On the interval [0, 4], g is made to satisfy (s*) since f{t — 1) == 0; on [2, 2n] we
have f(t) =0 and s and 1 — s are simultaneous solutions to s — s* = f(t — 1)%;
and outside [0, 24] everything is zero.)

Set p = g + fu + u*f. Since C*(v)}( = C(T)) is contained in 4 we have p € 4,,.
Moreover, since « = Adu we see from (%) and (x+) that

pr=g*+ f2+ a7 (f?) + (gf + foug)) u + u*(fg + ale) /) +
+ fo(f) v + u o(f) f= g + (g + a(g)) fu + u*f(g + «(g)) = p.

THEOREM 7. Let A be a simple, unital C*-algebra and assume that there is
an ergodic, compact, abelian group of automorphisms of A. Then the linear span of
projections is dense in A.

Proof. Denote by G the ergodic, compact, abelian group in Aut(4). By
[8,2.3 & 2.11] there is a family {u(y) |y < é} of unitary (eigen) operators in 4 (rela-
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tive to the action of G) such that 4 is the closed linear span of the u(y)’s. Moreover,
by [8, 4.5 & 6.1] the function 7: G % G — T given by

200, 8) = u(y) u(®) u)*u(d)"

is a symplectic bicharacter (and is a complete invariant for the conjugacy class of 4
relative to G). Since 4 is simple, y is injective in the sense that if y # O there is a ¢
such that y(y, 8) # 1 (cf. [8, 5.8]). Applying Lemma 6 to u(y) and u(5) we see that A
contains non-trivial projections. Finally, 4 has a unique tracial state by [8, 6.3,
so that the linear span of projections lies dense in 4 by Corollary 4.

REMARK 8. In any unital AF-algebra the unitary group is connected. This
fact is used in {8, 6.5} to show that the simple (nuclear) C*-algebras describec
in Theorem 6 are A F-algebras if and only if G is totally disconnected.

REMARK 8. In the class & of separable, simple, unital C*-algebras with
unique tracial state there is an obvious invariant; viz. the range of the trace on
the set of projections, which gives a countable subset E of [0, 1]. Take 4 in &
and suppose that », v are unitaries in 4 with uv = Quv. Inspection of the proof

of Lemma 6 shows that (2r)~! Argf e E(4). Since u"v = §"vu" it follows that
actually

(*) (Z@2m)~* Arg 0 + Z) n [0, 1] = E(A).

The recent results of Pimsner and Voiculescu [10] show that if # and v are genera-
tors for A then equality holds in ().

Assume now that 4 is a C*-algebra in & as in Theorem 7 and denote by G
the ergodic, compact, abelian group of automorphisms. Then A is (linearly) gene-

rated by a family {u(y) |y eé} of unitaries such that
x(¥, ) = u(y) u(6) u(y)*u(6)* € T
for all y,d in é It follows from the above that

() veﬁ(z Arg x(y, 0)) n [0, 1] <= E(A).

Maybe an elaborated version of the construction in [10] could give an embedding
of A as a subalgebra of an 4 F-algebra, in such a way that equality could be estab-
lished in (sx).

NEGATIVE RESULTS

ProrosiTiON 9. (Blackadar) There is a separable, simple, unital C%-algebra
with a non-trivial set of projections whose linear span is not dense in the algebra.
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Proof. Put A = [0, 1] and let 4, be the separable, simple, unital projectionless
C*-algebra constructed in [4, 4.4]. If M = A, ® M, there is exactly one equivalence
class of non-trivial projections in M (see [4, 4.11]). Since A, bas two extremal
tracial states, if follows that M has the same property. But 7(p) = 1/2 for any tracial
state t and any non-trivial projection p of M, and thus the linear span of projec-
tions cannot be dense in M.

ProrosiTion 11. (Blackadar) There is a separable, simple, unital C*-algebra
M such that the linear span of projections is dense in M, but the convex span of
projections is not dense in the unit ball of M.

Proof. Let A be the separable, simple, unital, projectionless C*-algebra con-
structed in Section 3 of [4], and put M = 4 ® M,. By [4, 4.9] there is exactly one
equivalence class of non-trivial projections in M. Since 4 has a unique tracial
state ([4, 4.2]), so does M, and it follows from Corollary 4 that the linear span
of projections is dense in M. However, the tracial state T on M takes arbitrarily
small values on the unit sphere of M, (consider the restriction of 7 to the commu-
tative C*-subalgebra generated by a positive element with infinite spectrum), so

there is an x in M, with ||x|| =1 and ©(x) < -411— If now Y, A,p, is a convex

combination of projections with 1, corresponding to p, = O then

1S Aupn — %1l 3 % At(pn)— 7(x) > %(I g — %;

1Y Apn — x1l 21— 1Y Apull 21— (1 = Ag) = Ao;

from which we conclude that (Y, A.p, — x|l > —;—

REMARK 12. In the two previous (counter) examples we have used the
fact that when A is projectionless and unital then 4 ® M, has a single equivalence
class of non-trivial projections. As pointed out by Blackadar this is the result of
his choice of 4 (rather his choice of order unit in the dimension group for the
AF-algebra underlying the construction of A). Indeed, for any » there is a projection-
ess A as above such that 4 ® M, has » distinct equivalence classes of projections.

REeMARK 13. It is appropriate to mention here the condition:

(HP) For each hereditary C*-subalgebra B of A4 there is an approximate umit
in B consisting of projections.

Note that we do not assume in (HP) that the projections form an increasing
net. Condition (HP) arose in eonversation with Blackadar and Elliott, and we arrived
at the following characterization.
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ProrosITION 14. In any C*-algebra we have the implications
(FS) = (HP) = (CP).

Proof. (FS) = (HP) (see the proof of {5, 3.1]). Let B be a hereditary C*-
subalgebra of 4 and take x;,...,x, in B and ¢ > 0. We must find a projection p
in B such that [[(1 — p) x,|| < ¢ for all k. Since

1
I — p) xJE = (1 — p) %1 — P < UL — p) (B xx)® I,

it suffices to consider a single element x in B, and by normalization we may take
lIxll = 1.

Choose & > 0 such that 65 < ¢ — &% Then choose n so large that 1 — §2 < d.
By assumption there isa y in A, with finite spectrum such that Jlx — y|| <. By
spectral theory we may assume that 0 < y < 1 and since ¢ — t¥” is continuous we
may further assume that |ix¥"— yV7|| < & (cf. [9, 1.1.9]). Let g denote the spectral
projection of y corresponding to the interval [, 1], so that [|(1 — ¢) y|| < . By our
choice of n, |[(1 — y¥") qll < & whence

(1 — q) x|l <26 and [Ix}"gx'" — g < 36.

The last inequality shows that with z = x"gx'" we have [z — z2|| < 65, so that
the spectrum of z is contained in [0,¢] U [1 — &, 1] by our choice of 5. Conse-

quently the spectral projection p of z corresponding to the interval [%, 1] be-

longs to B (since z € B) and |z — p|| < ¢. Finally
(I=—pxll<e+ Il —2)xl| <e+30+[0 —g)x]| <&+ 56 < 2.

(HP) = (CP) Given x in A, with |x|=1fix n and for 1 <k < n let p,
denote the spectral projection of x (computed in A4") corresponding to the interval
[k/n, 1]. Then

1 1 1
—Yps<x<—+=Yn.
n n n

For cach k the set B, = p,4”p, n A is the hereditary C*-subalgebra of 4 corres-
ponding to the open projection p, (cf. [9, 3.11.10]). By assumption there is a net
{p.;} of projections in B, converging strongly (in A4") to p,. Consequently the

1 . . .
net {—— ¥y pk,,} is strongly convergent to L Y. p.. With n— co this shows that
n n

the convex hull of projections in A4 contains x as a strong limit point. Since x € 4
if follows from Hahn-Banach’s theorem that the convex set contains x as a limit
point in norm, as desired.
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REMARK 15. Note the condition (HP) in fact implies that any x in the unit
ball of 4, can be approximated in norm from below with convex combinations of
projections; a fact which is not immediate from condition (FS).

Finally let us remark that even condition (FS) does not imply (AF). An obvious
counterexample arises by taking A4 to be a factor of type III and noting that any
unital AF-algebra has a tracial state. The undesirable fact that A4 is non-separable
is circumvented by our last example.

ProPOSITION 16. (Elliott) There is a separable, simple, unital C*-algebra A
such that A,, contains a dense set of elements with finite spectrum, but A is not
approximately finite-dimensional.

Proof. Let M be a factor of type Il on a separable Hilbert space and let 4,
be a separable C*-subalgebra of M containing a proper isometry u (i.e. u*u =1
but uu* # 1). Assume that we have defined an increasing chain of separable C*-
subalgebras 4, of M, 0 < k < 2m, such that A4,, is simple if &k > 1 and such that
the closure of the set of self-adjoint elements in A, ., with finite spectrum contains
(As)sa for k = 0. Then choose a countable family E of spectral projections from
a dense set in (A,,), such that in the (separable) C*-algebra A,,,, generated by A,,
and E the self-adjoint elements in A,,,; with finite spectrum lie dense in (A4y,),,.
Now use [2, 2.2] (applied to A,,.; and M) to find a separable simple C*-algebra
Agwra With 4,5,y = 4,,.» =« M. Working by induction we can thus define a sequence
(4,), and we let A be the closure of U A4,. Then A is simple because it [is the induc-
tive limit of the simple C*-algebras A4,,. Moreover, the elements with finite spectrum
in A, lie dense in (A4,,),, for all n, hence lie dense in 4, . Finally A is not AF because
it contains a proper isometry (cf. [7]).

REFERENCES

1. AKeMANN, C. A.; PepersEN, G. K.; Tomivama, J., Multipliers of C*-algebras, J. Functional
Analysis, 13 (1973), 277—-301.

2. BLACKADAR, B., Weak expectations and nuclear C*-algebras, Indiana Univ. Math. J., 27 (1978),
1021 —1026.

3. BLACKADAR, B., A simple C*-algebra with no nontrivial projections, Proc. Amer. Math. Soc.,
78 (1980), 504 —508.

4. BLACKADAR, B., A simple unital projectionless C*-algebra, J. Operator Theory, 5 (1981).

5. ELLioTT, G. A., Automorphisms determined by multipliers on ideals of a C*-algebra, J. Func-
tional Analysis, 23 (1975), 1—10.

6. BrRATTELI, O.; ELLIOTT, G. A.; HERMAN, R. H., On the possible temperatures of a C*-dyna-
mical system, Preprint.

7. CUNTZ, J., Simple C*-algebras generated by isometries, Comm. Math. Phys.,57(1977), 173 —185.

8. OLeseN, D.; PrpErsEN, G. K.; TAkEsAkI, M., Ergodic actions of compact abelian groups,
J. Operator Theory, 3 (1980), 237—269.

10~2443 14



296 GERT PEDERSEN

9. PepErsEN, G. K., C*-qlgebras and their automorphism groups, LMS Monographs No. 14,
Academic Press, London-New York, 1979.
10. PimsNer, M.; VoicuLescu, D., Imbedding the irrational rotation C®-algebra into an AF-
algebra, J. Operator Theory, 4 (1980), 199 —208.
. RierFeL, M. A., Irrational rotation C*-algebra, ICM Helsinki 1978, Abstracts, p. 135.
. RierFrEL, M. A., C*-algebras associated with irrational rotations, Pacific J. Math., to appear.

—t
—

—
o

GERT K. PEDERSEN
Matematisk Institut
Kgbenhavns Universitet
Universitetsparken 5, DK-2100 Kgbenhavn
Denmark.

Received March 21, 1980,




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 <<
    /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 [2400 2400]
  /PageSize [445.039 677.480]
>> setpagedevice


