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Abstract Relative to a hyperstrong cardinal, it is consistent that measure one
covering fails relative to HOD. In fact it is consistent that there is a superstrong
cardinal and for every regular cardinal «, T is greater than k™ of HOD. The proof
uses a very general lemma showing that homogeneity is preserved through certain
reverse Easton iterations.
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1 Introduction

Assuming that there is no inner model with a Woodin cardinal, Steel constructs in [§]
a certain inner model K¢, from which the “true” core model K for a Woodin cardinal
is obtained. An important lemma in the derivation of K from K¢ is the following.

Lemma 1 (Measure one covering relative to K¢, see [8]) Assume there is no inner
model with a Woodin cardinal. If k is a measurable cardinal with a normal measure
wthen {a < k | @™ =a™ of K¢} has p-measure one.
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712 N. Dobrinen, S.-D. Friedman

A natural question is whether such a result will hold in the context of stronger large
cardinal properties, such as superstrength or supercompactness. The inner model K¢
is contained in HOD, the universe of hereditarily ordinal definable sets, and therefore
it is natural to ask:

Question Can measure one covering fail relative to HOD? L.e., is it consistent that for
some measurable cardinal k¥ with normal measure u, the set {& < « | ™ = aT of
HOD} has p-measure zero?

Theorem 1 Relative to a hyperstrong cardinal, it is consistent that measure one cov-
ering fails relative to HOD. In fact it is consistent that there is a superstrong cardinal
and for every regular cardinal k, k™ is greater than k™ of HOD.

Definition 1 « is superstrong iff « is the critical point of a j : V — M with
H(j(k)) € M. k is hyperstrong iff « is the critical pointof a j : V — M with
H(j()") e M.

In the hierarchy of consistency strengths we have: Measurable < Strong <
Woodin < Superstrong < « T supercompact < Hyperstrong < «+* supercompact.

Along the way to obtaining Theorem 1, we prove two very general lemmas showing
that different weak forms of homogeneity are preserved in reverse Easton iterations
(see Lemmas 5 and 6). At the end we mention a further application of homogeneity-
preservation in reverse Easton iterations to the study of morasses (due to Brooke-Taylor
and Friedman).

2 Proof of Theorem 1

This section will culminate in the proof of Theorem 1. Starting with a hyperstrong
cardinal « (or just a cardinal ¥ which is ¥ T-supercompact), we show in Lemma 2 that a
certain class-length iterated forcing P, a reverse Easton iteration of collapses, keeps at
least a superstrong cardinal in the extension universe. Next, we note in Lemma 3 that
any open-dense homogeneous forcing (see Definition 2) preserves HOD. Finally, we
prove in Lemma 5 that P is open-dense homogeneous, in fact weakly homogeneous
(see Definition 2). Theorem 1 then follows.

Lemma 2 Suppose k is hyperstrong and GCH holds. Let P be the class-length reverse
Easton iteration where at each stage o which is regular after the first o iteration stages,
a™ is collapsed to o by the collapse Coll(a, at) (and the iteration is trivial at stages
o not of this form). Then k remains superstrong after forcing with P.

Proof Thisis a standard master condition argument (see [2]) combined with the hyper-
ultrapower methods of [3] and [4]. For cofinally many successor cardinals y, P can be
written as P(<y)* P(>y) where P(<y) has size less than y and P (>y) is y-closed.
It follows that P preserves ZFC.

Let j : V — M witness the hyperstrength of . We may assume that every element
of M is of the form j(f)(a) where f : H(k™) — V and a belongs to H(j(k)™).
Let G be P-generic over V. To show that « is superstrong in V[G] it suffices to show
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Homogeneous iteration and measure one covering relative to HOD 713

that there is a P™-generic G over M such that j[G] € GM, GM is definable in
(VIG], G) and such that the H(j («)) of V[G]is in M[GM]. Here, P denotes M’s
version of P.

Choose G%K)
stage j(x) in the iteration PM we must choose GM( Jj(k)) to contain the pointwise
image under (the lifting to V[G,] of) j of G(x). But j[G(x)] is a compatible set
of conditions in PM(j(K)) which belongs to M[G )] (as j | H (k™) belongs
to M) and has size kT of V, less than j (k). As the forcing PM(j (x)) is j(x)-directed
closed, there is a single condition p in P™ (j(«)) which is stronger than all conditions
in j[G (k)] (a “master” condition). By the homogeneity of the forcing PM (j(k)) =
Coll(j(k), j(x)™), in VIG)llG(j(k))] we can choose a generic GM(j(K)) for
PM(j («x)) which contains the condition p. Thus we have j[G,+1] C G%«)H’ pro-
viding a lifting of j to V[G,+1], which we continue to write as j.

The forcing P (>«k) is k T-closed in V[G, 1] and kT of V is collapsed in V[G, 1 1].
Now we claim that if D € M [G%{) Jrl] is a set-sized maximal antichain in the forcing
PM(>j(K)) then D is met by an element of j[G(>«)]. Indeed, D can be written as
j(f)(a)G-}/u(K)+1 where f : H(k™ of V) — V, a belongs to H(j(x)") and H (k™)
of V has cardinality x in V[G,41]. By the T closure of the forcing P(>«), there
is a condition p € G(>k) which meets each maximal antichain D on P(>«) of
the form f([z)GK“, a € H(™) of V;but then j(p) = p € j[G(>«)] meets each
maximal antichain D’ on P™ (> j(k)) of the form j(f)(a")Hiw+1 a’' € H(j(kT))

of M = H(j(x™)). In particular, p meets the original D = j(f)(a)G}y(KHI. A sim-
ilar argument works for definable dense classes D and not just set-sized maximal
antichains.

Thus we can take GM (> j (k) to be the class of conditions extended by some con-
dition in j[G(>x)]. The resulting GM = G, | % GM (>«) is the desired PM generic
containing the pointwise image of G under j. O

to be G j(x), the generic for the first j (k) stages of the iteration. At

Thus if G is P-generic over V and V has a hyperstrong, then in V[G] we have
that the V-successor of every regular cardinal is collapsed and there is a superstrong
cardinal. It remains only to show that HOD of V[G] is contained in V.

Remark 1 In fact, in Lemma 2, we could have started with a cardinal ¥ which is just
K« T-supercompact. After the forcing, « will remain the limit of superstrong cardinals
(although « itself may not be superstrong).

We now define three versions of weak homogeneity.

Definition 2 Let P be a set partial ordering.

1. [5,6] P is weakly homogeneous iff for any two conditions p, g in P there is an
automorphism 7 of P such that 7 (p), g are compatible.

2. P is open-dense homogeneous iff for any two conditions p, g in P, there is an
open dense set D C P, an isomorphism 7 : D — D, and a p’ in D such that
p' < pand w(p’), g are compatible.

3. For p € P, let Cone(p) denote {r € P : r < p}, the cone of conditions in P
below p. P is cone homogeneous iff for any two conditions p, g € P, there exist
p' < p,q’ < q,and an isomorphism 7 : Cone(p’) — Cone(q’).
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714 N. Dobrinen, S.-D. Friedman

Remark 2 Weakly homogeneous is called almost homogeneous in [7].

Fact 1 Let P be a set partial ordering.

1. If P is weakly homogeneous, then P is open-dense homogeneous.

2. If P is open-dense homogeneous, then P is cone homogeneous.

3. Suppose for each p € P, there are two incompatible elements of P below p
(P being separative and atomless is sufficient). Then cone homogeneity of P
implies open-dense homogeneity of P.

Proof 1. is immediate from the definitions.

Suppose P is a set partial ordering which is open-dense homogeneous. Let
p.q € P. There exist an open dense set D € P, p’ < p,q' < ¢ in D, and
an isomorphism 7 : D — D such that 7(p’) = ¢’. Claim: & | Cone(p’) :
Cone(p’) — Cone(q’) is a cone isomorphism. Certainly 7 is 1-1 and order preserv-
ing. 7 | Cone(p’) is onto Cone(q’), since givenr < ¢’, 7' (r) < n~'(¢') = p/, and
7(w~1(r)) = r. Therefore, 7 | Cone(p’) is a cone isomorphism between Cone(p’)
and Cone(q").

Now suppose P is a cone homogeneous set partial ordering such that for each
p € P, there are two incompatible elements of P below p. Let p,q € P. We will
find an open dense set D, an isomorphism 7 of D, and py < p, go < g in D such that
7(Po) = qo.

First take p’ < p and ¢’ < ¢ such that p’ and ¢’ are incompatible. The existence
of such p’ and ¢’ follows easily from our assumption that below any element of P
there are two incompatible elements. By cone homogeneity, there exist pg < p’ and
qo < ¢’ and an isomorphism oy : Cone(pg) — Cone(qo). Since pp and g¢ are incom-
patible, we obtain for free an isomorphism g : Cone(pg) U Cone(gg) — Cone(pg) U
Cone(qo) by defining 79 | Cone(po) = o and g | Cone(gg) = o~ .

Let Xo = {po. go}. By induction, for each « < |P|™, build an antichain X, and
7, an isomorphism of Dy := {s € P : Ir € X,(s < r)} such that for all 8 < «,
Xp € Xy and my | Dg = mg (actually, by enumerating P at the beginning, one can
do this construction in < | P| steps). Let o < | P|T. If X, is a maximal antichain in P,
then 7, is the desired automorphism witnessing open-dense homogeneity of P. If X,
is not a maximal antichain in P, then there exist p) , ,, q, 1 incompatible with each
other and with every element in X, since for each p € P there are two incompatible
elements of P below p. There exist po+1 < p|, 41 and gg41 = q,, 41 and a cone
isomorphism oy : Cone(pg+1) — Cone(gu+1). Let Xo41 = Xo U {pa+1, Ga+1}
and Dy = {s € P :3Ir € Xo4+1(s < r)}. Let my41 be my U g4 U 00:1. Then
Tg+1 18 an isomorphism on Dy 1 a8 7y, 0g+1 and o, Jll are defined on incompatible
sets of conditions. At limit ordinals a, let Xo = (Ug_o Xp, Do = Up-, Dp and
Ty = Uﬁ<o{ g

At some ordinal @ < |P|*, X, will be a maximal antichain of P. Let D = D, and
7 = m,. Then D is an open dense subset of P, pg, qo € D, m is an isomorphism of
D, and (po) = qo. Hence, P is open-dense homogeneous. m]

Lemma 3 Suppose that P is a cone homogeneous set forcing, P belongs to HOD and
G is P-generic over V. Then HOD of V[G] is contained in HOD of V.
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Homogeneous iteration and measure one covering relative to HOD 715

Proof The following argument can be found in [5]. It suffices to show that if a is a
set of ordinals in V[G] which is definable in V[G] with ordinal parameters then a
belongs to V. Write x = {« | V[G] F ¢(«, B)}. Then « € x iff p I- ¢(a, B) for
some p € G. We claim that if p |- ¢(«, B) then in fact ¢ I ¢(«, B) forall g € P.
Indeed, suppose p |- ¢(a, ) and g € P. By cone homogeneity there are p’ < p
and ¢’ < ¢ and an isomorphism 7 : Cone(p’) — Cone(q’). Since p’ I+ ¢(a, B),
also ¢’ IF ¢(a, B). Hence, there is a dense set of elements which force ¢ (a, ). So we
have x = {« | p IF ¢(«, B) for some p € P}, and since P and its forcing relation are
ordinal-definable in V, it follows that x belongs to HOD of V. O

In the rest of the paper, we will show that forcings like that used in Lemma 2 are
weakly homogeneous. We first consider iterations of length equal to some ordinal.

Definition 3 Let A € Ord. We say that (P, | « < A) is an iteration with support
S = (S |a <Ar)if

Foreachoa < A, ., C Z(a);

Foreacha < A, x Cyandy € .%, — x € Sy;

Forall B <a <A, 3 C Y4

Ifx,y e Sy, thenx Uy € .%,.

Py 1 is the preorder Py * Oq, where Py IF Oy is a set partial ordering;

For limit &, Py is the preorder consisting of all -sequences p such that for § < «,
p 1 BIre, p(B) € Op, and supp(p) € o,

Forg,p € P,,q < piffforeacha < A,q | @ lFy g(@) < p(a).

SO

Let (P, | @ < A) be an iteration with support .. For 8 < & < A and a4 € Py,
« | B denotes the restriction of ay to Pg. For ay, ¢y € Py, define ay ~y ¢y iff
ay < cq and ¢y < ay. Py/~, is a partial ordering.

Definition 4 A total function ,, : P, — P, is a pre-automorphism of a preorder P,
iff y satisfies the following:

1. Forallay, cy € Py, coy < agq <> Ty(cy) < my(ay).
2. Foreach ¢, € Py, there is an a, € P, such that wy(ay) ~o Cq.

If 7y is a pre-automorphism of Py, then 77, is an automorphism of Py /~,, where
o ([agl~,) = [7Ta(aq)]~,. For Py-names o, my(co) is inductively defined to be
{{ma(0), ma(p)) = (1, p) €O}

Lemma 4 (Weak Homogeneity Preservation Lemma) Suppose that (P, | o < A)
(A € Ord) is an iteration with support ., where Py = {1y} and for each o, Py+1 =
Py % Qq, where Py forces Qg to be a weakly homogeneous partial ordering. Also

suppose that for each a and each pre-automorphism 1wy of Py, Py IF 7y (Qa) Qa
Then P /~, is weakly homogeneous.

Proof Fix p,r € P;.By induction, we obtain for each « < A a pre-automorphism 7,
of P, and at, € P, such that

1. Forall B <« andall ag € Pg, supp(rg(ag)) = supp(ag);
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716 N. Dobrinen, S.-D. Friedman

2. PForally < B <aandallag € Pg,m,(ag | y) =mnglag) [y

Forally < B <a,t, =tg | y;

4. Forall p <a,ifboth p [ BI- p(B) =1gandr [ BI-r(B) =1p, thent(B)isa
Pg-name for the trivial condition 15 in Qg;

5. Forall B <a,tg <mg(p | B).r | B.

Py = {lo}. Let mp denote the automorphism of Py, and let tp = 1g. (1)—(5) are
trivially satisfied.

Let 0 < a < A, and assume for all 8 < «, mg is a pre-automorphism of Pg and
mg, tg satisfy (1)—=(5).

(O8]

Case ] « = p+ 1. Let p | a be (pg,qp), where pgis p | B, and let r | o be
(rg, sg), where rg is r | B. mg is a pre-automorphism of Pg and pg I gg € QOg, so
g(pp) IF Jfﬂ(qﬂ) € mp(Qp). By hypothesis, Pg I+ np(Qp) = QOp, so mp(pg) I
mg(gs) € Qp. Hence tg I+ mg(gp), Sg € Qp. Since Pg I- Qp is weakly homoge-
neous, there is a Pg-name 65 such that Pg I 65 is an automorphism of Q,g, and
tg |- G5(mp(dp)) is compatible with $g. Let ig be a Pg-name for an element of O
such that 15 I- i1 < dﬂ(?‘[ﬁ(éﬂ)) sg. If both pﬂ IFgg =1g and rg I 55 = 1g, then
1g IF op(mp(gp)) = sp = 1p. In this case, let ug be a Pg-name for the trivial condi-
tion 1g € Qp. Lett, = (g, utg). Given (ag, bﬂ) € Pg * Qﬂ, define 7y ({ag, bﬁ)) =
(mpg(ap), (}ﬁ(nlg(l;lg))). 7y is a total function on Py, and t, < mo(p [ @), r | a. 7y
and ¢, satisfy (1)—(5).

Case 2 « is alimit ordinal. Define 7, on P, by 7, (ay) = (7o (ap), 6o (mo(bo)), 61 (i
([)1)), ...), for each ay, = {(ag, 130, Bl, ...) € Py. Note that for each g < o, mg(ay |
B) = malay) | B.-Letty = p<a 18- By (4) of the induction hypothesis and Defi-
nition 3 (3), t, € Py, since supp(fy) = supp(p | «)U supp(r | «). Forall 8 < «,
o« [ B=1tg <ma(p [ @) | B,r | B. Therefore, t, < my(p [ @),r | a. Hence,
(1)—(5) hold.

Now we show that m, is a pre-automorphism.
Claim I For all ay, ¢y € Py, cq < aq iff 74 (cq) < 7o (ag)-

Proof Suppose a = B + 1. Let {(cg, dﬁ) denote ¢, and (ag, 15/3) denote a,. Suppose
¢ < ay. Then cg < ag and cg I+ dg < bg. It follows that mg(cg) < mg(ag)
and np(cp) I nﬁ(dﬂ) < n,g(B,g) since g is a pre-automorphism of Pg. p(cp) I+
6p(p(dp)) < o (wg(bg)), since Pg I- o is an automorphism of Q. Therefore,
(p(cp), 6p(mp(dp))) < (mp(ap), Gp(mp(bp))).

Now assume that ¢, £ a,. Then either cg £ ag, or else (cg < ag and cg Iff dﬁ <
bﬁ) If cg £ ag, then wg(cg) £ mg(ag), since g is a pre-automorphism. Otherwise,
there is some eg < cp such that eg I d,g £ b,g Since 7g is a pre-automorphism of
Py, mg(ep) IF mp(dp) £ nﬁ(b,g) Since Pg |- op is an automorphism of Qﬁ, it fol-
lows that g (eg) I- Gﬂ(?‘[lg(dﬂ)) s Gﬁ(]‘[ﬁ(bﬁ)) Therefore, mg(cp) U7‘ G;;(Tr,g(dﬁ)) <
oﬁ(nﬂ(bg)) In both cases, (wg(cp), 65(mp(dp))) £ (mw(ap), oﬁ(nﬂ(bg)))

Now suppose « is a limit ordinal. ¢y, < ay <> forall 8 < a,cqy [ B <ay | B <
forall B <, mglca | B) < mplan | B) <> forall B <o, we(ca) | B < malaa) | B
< 7o (co) < a(an). O
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Homogeneous iteration and measure one covering relative to HOD 717

Claim 2 For each a, € P,, thereis a ¢, € P, such that ay, ~¢ 74 (cy).

Proof Let ay, € P,. We construct such a ¢, € P, by induction on f < «. Let
co = aq(0) = 1. Suppose B < « and cg € Pg satisfies mwg(cp) ~g g [ B.
7p+1 1s a pre-automorphism of Pg 1, so there exists an eg1 = (eg, fp) € Ppyi
such that wg1(eg+1) ~p+1 aa | (B+ 1). mpy1(ep+1) = (mplep), op(mp(fp))). So
mgleg) ~p aa | B ~p 7mp(cp). Hence, eg ~p cp, since g is a pre-automorphism.
Letcgy1 = (cg, fp).- Then mg1(cpq1) ~p41 aa [ (B+1),and cgy1 [ B = cp.

If B < « is a limit ordinal, let cg = Uy< p Cy. Since mg is support-preserving,
supp(cg) = supp(mwg(cg)) = supp(ag); so cg € Pg. Forall y < B, mg(cg) [ ¥ =
7y (cy) ~y ay,. This implies that wg(cg) ~p ag, since wg(cp) = Uy</3 my(cy). O

Hence, 7, is a pre-automorphism of P,,. O
The previous lemma also applies to iterations of length Ord.

Definition 5 We say that (P, | « < Ord) is an iferation with supports %, @ € Ord,

if

For each o € Ord, .7, € Z(a);

Forall B < a € Ord, S5 C S;

Ifx,y e Sy, thenx Uy € H;

P, is the preorder P, * Qa, where P, I Qa is a set partial ordering;

For limit o, Py is the preorder consisting of all «-sequences p such that for < «,

p | BlFps p(B) € Qp, and supp(p) € Hu;

6. Pord = Ugeora Pa ordered by g < p iff supp(q) 2 supp(p) and for each « €
supp(p), q | a |- g(a) < p(a).

Nk L=

p ~ord q iff p ~4 g for sufficiently large o. We say that (P, : ¢ < Ord) is
weakly or open-dense homogeneous iff for each ordinal A, (P, : @ < A) is weakly or
open-dense homogeneous, respectively.

Lemma 5 (Weak Homogeneity Preservation Lemma for Ordinal Length Iteration)
Suppose that (Py | o < Ord) is an iteration with supports 5’01, a € Ord, where
Po = {10} and for each o, Pyi1 = Py * Qa, where P, forces Qa to be a weakly
homogeneous set partial ordering. Also suppose that for each o and each pre-automor-
phism 7ty of Py, Py IF ﬂa(Qa) = Qa. Then P = Pord/~q,y is weakly homogeneous.

The above proof also works for iterations of open-dense homogeneous partial order-
ings.

Lemma 6 (Open Dense Homogeneity Preservation Lemma) Suppose that (Py | o <

A), where ). < Ord, is an iteration with supports S, & € X, where Py = {1} and for
each o, Pyi1 = Py % Qq, where Py forces Qq to be an open-dense homogeneous set
partial ordering. Also suppose that for each «, each open dense Dy, C P,, and each
pre-isomorphism 7wy of Dy, Py IF na(Qa(Da)) = Qa (Dy), where Qa(Da) denotes
the collection of D,-names for elements in Qu. Then P = P, /~, is open-dense
homogeneous.
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718 N. Dobrinen, S.-D. Friedman

Finally, we prove the main theorem.

Proof of Theorem 1.3 Suppose « is hyperstrong and V = GCH. Let P denote the
forcing used in Lemma 2. By Lemma 5, the partial ordering P is weakly homoge-
neous. Let G be P-generic over V. Then replacement holds in V[G] with G as a
predicate. It follows that any element of HOD of V[G] belongs to HOD of V[G,] for
some A < Ord. By Lemma 3, HOD of V[G, ] is contained in HOD of V. By Lemma 2,
k is still superstrong in V[G]. O

In a forthcoming paper, Brooke-Taylor and Friedman make essential use of Lemma 6
to prove the following theorem for preserving large cardinals while adding morasses.

Theorem 2 [1] Let V be a model of ZFC + GCH. Then there is a class generic
extension V[G] of V such that cardinals are preserved, n-superstrong cardinals are
preserved for all n in w + 1, hyperstrong cardinals are preserved, and in V[G] there
is a gap-1 morass at every regular cardinal.

We conclude this paper with the following open problem.

+)HOD

Open Problem 1s it consistent that (« be less than «* for all infinite

cardinals «?

Cummings and Woodin (unpublished) have established the consistency of
(K+)HOD < kT for a closed unbounded class of cardinals «.

References

1. Brooke-Taylor, A., Friedman, S.-D.: Large cardinals and morasses (to appear)

2. Cummings, J.: Iterated forcing and elementary embeddings. In: Foreman, M., Kanamori, A.,
Magidor, M. (eds.) Handbook of Set Theory. Kluwer, Dordrecht (to appear)

3. Dobrinen, N., Friedman, S.-D.: Internal consistency and global co-stationarity of the ground model.
J. Symbolic Logic 73(2), 512-521 (2008)

4. Friedman, S.-D.: Large cardinals and L-like universes. In: Set theory: recent trends and applications,

Quaderni di Matematica, vol. 17, pp. 93—110. Dept. Math., Seconda Univ. Napoli, Caserta (2006)

Jech, T.: Set Theory, the 3rd millennium edn. Springer, Berlin (2003)

Kanamori, A.: The Higher Infinite, 2nd edn. Springer, Berlin (2003)

Kunen, K.: Set Theory, an Introduction to Independence Proofs. North-Holland, Amsterdam (1980)

Steel, J.R.: The core model iterability problem. In: Lecture Notes in Logic, vol. 8. Springer, Berlin

(1996)

®© N oW

@ Springer



	Homogeneous iteration and measure one covering relative to HOD
	Abstract
	1 Introduction
	2 Proof of Theorem 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


