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Abstract We obtain some non-reducibility results concerning some natural equivalence re-
lations on reals in the Solovay model. The proofs use the existence of reals x which are
minimal with respect to the cardinals in L[x], in a certain sense.
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1 Introduction

The Borel reducibility of Borel and analytic equivalence relations is one of the key points of
interest in modern descriptive set theory. Given a pair of equivalence relations E and F on
Borel sets resp. X, Y (sets of reals or sets situated in any Polish space), E is said to be Borel
reducible to F, symbolically E <go F, iff there exists a Borel map ¢ : X — Y such that

xEx < 9x)F8Ex)

for all x, x" € X. Such a map ¥ obviously induces an injection from the quotient X /E to Y /F.
Therefore the inequality E <oz F can be understood as the fact that the Borel cardinality
of X/E is < that of Y /F. We refer to [7] for matters of original motivation and some basic
results in this direction, and to [5] for a more modern exposition.
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The structure of Borel cardinalities (that is, Borel equivalence relations under <go) is
quite rich: in particular it embeds the structure of 4 (w) under inclusion modulo finite [9],
and therefore embeds any partial order of size X;. Compare this to the structure of Borel
cardinalities of pointsets in Polish spaces, which contains only finite cardinalities, 8¢, and
the continuum ¢, and to the structure of true set theoretic cardinalities of pointsets and their
quotients, which depends on the basic setup of the set theoretic universe.

This note belongs to a somewhat different branch of descriptive set theory whose broad
description is real-ordinal definable (ROD for brevity) pointsets and relations in the Solovay
model. (This model served as the background of several outstanding theorems in the early
era of forcing. In particular Solovay [10] proved that in this model all ROD (including all
projective) sets of reals are Lebesgue measurable and have the Baire property.)

Let <gop be the order of ROD reducibility, similar to <gox but with ROD maps . The
<gop structure of ROD equivalence relations in the Solovay model has some striking sim-
ilarities to the <gor structure of Borel and analytic equivalence relations. In particular the
following dichotomy holds in the Solovay model, see [3]:

if E is a ROD equivalence relation on the reals then either E admits a ROD reduction
to equality on the set 2<“! of all countable transfinite dyadic sequences, or Ey <goy E,

where Ej in this context can be identified with the Vitali equivalence relation on the real line.
This can be compared with the Ulm-style dichotomy for analytic (that is, £|) equivalence
relations, proved under the hypothesis of sharps in [2] and under the hypothesis that the
universe is a set generic extension of the constructible universe L in [4]:

if E is an analytic equivalence relation then either E admits a Aé (in the codes) reduc-
tion to the equality on 2<1, or Ey <goy E.

Another relevant result of [6] asserts that the <;qp-interval between Eq and E; is empty in
the Solovay model, similarly to the emptiness of the <yz-interval between E, and E; by a
classical result of [8].

These initial results lead us to a general problem of the structure of Borel, and, generally
speaking, ROD equivalence relations under the ROD reducibility in the Solovay model. We
consider, in the Solovay model, a series of OD (ordinal-definable) equivalence relations!
Q,, 1 <n < w, where xQ, y iff 0¥ = wr! and prove that they are pairwise <pop-
incomparable. Quite differently from the known irreducibility proofs in the theory of Borel
reducibility, our proof involves some forcing coding systems, most notably a coding by a
minimal real earlier developed in [1].

2 The main theorem

Let x be inaccessible in L and consider L[G], where G is generic for the gentle Lévy
collapse P of k to w; (i.e., a condition in P is a finite function f from a subset of w X k into
k such that f(n,a) <« for each (n, @) in Dom(f)). We refer to M = L[G] as the Solovay
model.” Tt was exactly the model where by [10] all ROD (including all projective) sets of

ntroduced by P. Kawa, who also conjectured their mutual <gop-incomparability in the Solovay model, in
a discussion with the second author of this paper in the course of a meeting at the University of Florida,
Gainesville, May 2007.

2Sometimes the term “Solovay model” is used to refer not to M, but to the L(R) of M. But as M and the
L(R) of M have the same notion of ROD-reducibility, this distinction is not relevant for the results of this
paper.
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reals are Lebesgue measurable. In M we consider the equivalence relations:
xQey iff o™= foreachf, 0<& <k =ow.

We make it clear that Q¢ are considered in this paper as equivalence relations on the reals
(that is, on the Baire space w®), although in principle they make sense for sets x, y of any
kind.

Theorem 1 In M, Q; is not ROD-reducible to Q5.

Proof For the sake of simplicity, we consider only the case of OD-reducibility. The general
ROD case (that is, when a real parameter is added) is an easy relativisation. Thus we prove
that Q, is not reducible to Q, via any OD function.

For the proof of this fact we need a lemma that involves a “cardinal-minimality” cod-
ing, and this is the key lemma in the proof. The lemma holds under the assumption of the
countability of wf, therefore is true in the Solovay model.

Lemma 2 Suppose that a)f is countable. Then there is a real x such that a)lL[X] = a)ZL,
wf[)‘] = wk but there is no real a in L[x] such that a)ZL[“] =wk.

Proof Start with L as the ground model. First Lévy collapse »% to w? in the usual way, using
conditions of size w. As this forcing has only w} antichains in L by a simple cardinality
argument, our hypothesis implies that a generic for this forcing exists in V. In this generic
extension let A be a subset of w¥ which codes a wellordering of @} of length w%.

Now we introduce a forcing P in the new ground model L[A] which adds the desired
real x. This forcing bears some similarity to the forcing found in [1], Sect. 6.1. In L[A],
define a free to be a set T of finite, increasing sequences of countable ordinals closed under
initial segments with the property that if o belongs to T then o has uncountably many
extensions in 7. In addition, we require that whenever o is a splitting node of T, i.e., an
element of T such that o * o belongs to T for more than one «, then in fact there are
uncountably many such «’s. The nth splitting level of T consists of those splitting nodes o
of T such that exactly n proper initial segments of ¢ are also splitting nodes of T'.

Any such tree in L[A] in fact belongs to L, as L and L[A] have the same subsets of a)lL.
The forcing P consists of those trees which code as much of A as possible, in the sense we
next describe.

By induction on i < w! define the ordinal y; as follows: ; is the least ordinal u greater
than each y;, j < i, such that A = L,[ANi]is admissible and has wlL as its largest cardinal.
We write A; for L,,[A Ni]. For each tree T we define |T'| to be the least i such that T
belongs to A; and call it the rank of T .

As a)lL is countable in V, any tree 7 has branches in V which are cofinal in a)lL, in the
sense that the ordinals appearing in the branch are cofinal in a)lL We say that the tree T
codes A at i iff for each branch b through T in V which is cofinal in w?:

(x) ieA iff L, [b]isadmissible.

Although this notion refers to branches through 7' in V/, it is nonetheless expressible in
the model L[A], for the following reason: Suppose that (x) were to fail for some b in V
(where b is a branch through 7 which is cofinal in a)lL). Now let P be a forcing in L[A]
which forces that a)lL is countable. If G is P-generic over V, then (%) fails for some b in
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V[G] and therefore by absoluteness, also for some b in L[A][G] (as T and w{‘ are countable
in that model). So (x) fails for some b in a set-generic extension of L[A]. Conversely, if (x)
fails for some b in a set-generic extension of L[A], then it also fails for some b in a set-
generic extension of V and therefore again by absoluteness, for some » in V. Thus instead
of referring to branches in V we can equivalently refer to branches in a set-generic extension
of L[A], a quantifier expressible in the model L[A].

Now let P consist of all trees T in L[A] such that T codes A at i for each i less than |T'|.
Conditions in P are ordered by Ty < T; iff Tj is a subtree of 7.

Sublemma 3 Suppose that T belongs to P and i < w%. Then T has an extension T* such
that i <|T*|.

Proof We prove this by induction on i. The case i = 0 is vacuous. Suppose thati = j + 1.
By induction we may first extend 7' to have rank at least j and therefore can assume that
IT| equals j. Thus 7 belongs to A; =L, ,[AN j].

First suppose that j is an element of A. View T as a partial order which belongs to A;
and we will thin T to T* € A; so that each branch b through T* which is cofinal in wF
is generic for the partial order T over .A;. To achieve this, first note that if D,,, n € w, are
dense subsets of T in .A; and o is any splitting node of T, we can thin 7' (o) = (T above o)
to T*(o) so that any branch through 7*(o) meets each D,. The latter is done by thinning
T below each o * @ to meet Dy, then thinning below each 7 * o, where 7 is an extension
of o on the next splitting level, to meet D, and so forth. Now using this, thin 7 to T* as
follows: List the dense subsets of 7" which belong to A; as (D, | o < a)lL); such a list exists
inside A;, as A; has cardinality a)IL in A;. Now thin T below each o * «, where o is on the
Oth splitting level of T', to guarantee that any branch through o * a meets each of the Dyg,
B < «. Then thin below each node 7 * o, where 7 is on the first splitting level, to guarantee
that any branch through 7 * o meets each of the Dg, B < «, and so forth. The result is a tree
T* with the property that whenever the ordinal o appears on a branch b through 7%, b meets
each Dg, B < a. Thus whenever b is a branch through 7 which is cofinal in a)lL, b is generic
for the partial order T over the model .4;. As the enumeration of the D,’s was chosen in
Aj;, it follows that T* can also be chosen in .4;, and therefore has rank i. And as any branch
through 7* which is cofinal in w! is generic over A; for the partial order T € A}, it follows
that L, [b] is admissible for any such branch b, as admissibility is preserved by set-forcing.

Now suppose that j does not belong to A. We wish to thin 7 to T* so that any cofinal
branch through T* will destroy the admissibility of A; (i.e., L w [b] will be inadmissible).
Choose a subset B of of in A; such that B codes a wellordering of w® of length ;. This is
possible as u; has cardinality a)lL in the model A;. Then L " [B] is inadmissible. For each
o < wh, let B, < wk be the position of B N« in the canonical wellordering of L, and let
C consist of these f,’s. Then C is unbounded in w{ and L,;[D] is inadmissible for any
cofinal D C C, as from D we can easily recover B.

Now thin T to T* as follows: Suppose that ¢ is on the Oth splitting level of 7. List
Succr (o) ={a | 0 xa € T} in increasing order as (y, | o < a)lL). Thin out 7 below o by
discarding the o * y, for o not in C. Now repeat this for nodes o that remain and are on the
first splitting level, by saving only those o * y which are “indexed” in C. After w steps, the
resulting tree 7" has the property that for any branch b:

If o is an initial segment of » which is a splitting node of 7, then b extends o * y
where y is “indexed” in C.
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In particular, if b is a cofinal branch through 7%, then b determines a cofinal subset D of C,
which in turn determines B, and therefore L u;[b]is inadmissible, as desired.

Finally suppose that i is a limit ordinal. We may assume that |T'| is less than i. First
suppose that i has L-cofinality @ and choose an w-sequence iy < i} < --- cofinal in i with
|T| < ip. Note that this sequence can be chosen in A; as in this model i has cofinality either
w or a)lL and the latter cannot occur. Let o be on the Oth splitting level of T. As T above
any o * « is a condition of rank at most that of 7', we can apply induction to thin out T
above each such node to a condition of rank iy. Then for each remaining node ¢ on the first
splitting level, thin out the tree above each o * « to a condition of rank i;. Continue in this
way for w steps and the result is a tree with the property that each cofinal branch b codes A
at j for each j less than i. Moreover this construction can be carried out in .4;, and therefore
the resulting tree has rank i, as desired.

If i has L-cofinality w’ then choose an wf-sequence iy < ij < --- cofinal in i with
|T| < ip. Again we may assume that this sequence belongs to .4;. Now thin out 7 in w
steps as in the case where i has L-cofinality w, except when considering a node whose last
component is the ordinal «, thin the tree above this node to have rank i,. The result is a tree
with the property that for any branch  and any ordinal « occurring on b, b codes A at j for
each j less than i,. It follows that for any cofinal branch b, b codes A at j for all j less than
the supremum of the i,’s, namely i. ]

Sublemma 4 The forcing P collapses wt and preserves all other cardinals.

Proof Clearly P collapses ot as the intersection of the trees in a generic produces an w-
sequence cofinal in wlL. And as P has size w% in L[A], it follows that cardinals greater than
w? are preserved. So we need only check that w? is preserved. As wf is collapsed, it suffices
to show that if T forces f to be a function from w into a)ZL, then some extension of T forces
a bound on the range of f .In L[A] let (M, | n < w) be a X;-elementary chain of submodels
of alarge H(0) = Ly[A] such that:

1. M, contains A, P, T, the name f and all countable ordinals as elements.
2. Each M, has cardinality w; and contains (M,, | m < n) as an element.
3. If M, is the union of the M,’s, then the sequence (M, | n € w) is definable over M,,,.

It is straightforward to obtain such a sequence, by taking the first w-many X;-elementary
submodels of Ly[A] which contain the parameters mentioned in 1 above. Note that if i,
denotes the intersection of M, with w%, then the transitive collapse of M, is an initial seg-
ment of A; (as i, is a cardinal in the former but not in the latter), which is in turn an initial
segment of the transitive collapse of M,,;,. Also the transitive collapse of M,, is an initial
segment of A; , where i, is the supremum of the i,’s (as i, is a cardinal in the former but
not in the latter).

Now thin T below each o * o, where o is on the Oth splitting level of 7', to a condition
forcing a value of f (0). This can be done inside My. Thin T further in A;, so that the
resulting 7y is a condition of rank iy below each o * o, and therefore Tj itself is a condition
of rank iy, belonging to the model A;,. Then thin Tj below each o * a, where o is on the
first splitting level of Ty, to a condition forcing a value of f (1). This can be done inside M.
Thin further in 4;, so that the resulting T is a condition of rank ;. The resulting sequence
of T,’s can be chosen definably over M,, and therefore belongs to A;,. The intersection of
the 7,,’s is therefore a condition forcing the range of f to be contained in the set of possible
values of f (n) occurring in this construction. O
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Sublemma 5 Suppose that G is P-generic over L[A]. Let f : v — ot be the unique infinite
branch through all of the trees in G. Then the range of f is cofinal in ¥ and L[A][G] =
LIf]

Proof The first conclusion is clear, as given any o < w’, any condition can be thinned so
that any infinite branch includes an ordinal greater than «. It follows from the definition of
the forcing and Sublemma 3 that f codes A at i for every i less than a)ﬁ, and therefore
A Ni can be inductively decoded in L[f]. So A belongs to L[ f]. Finally, note that G
consists precisely of those conditions 7 in L[A] such that f is a branch through 7', as if
f is a branch through a condition 7', then 7 must have uncountable intersection with each
condition in G, else the range of f would be bounded in a)lL. O

Sublemma 6 Suppose that a is a real in L[ f] and ¥ is countable in Lla]. Then f belongs
to Lla].

Proof Suppose that T is a condition forcing ¢ to be a cofinal function from w into wf. We
show that some extension of T forces that f belongs to L[g], where f is the canonical name
for the cofinal function f : w — w! added by G. Let o be on the Oth splitting level of T and
for each o such that o * « belongs to T, thin T above ¢ * « to force a value of ¢(0). Then
for each o on the first splitting level of the resulting tree 77, thin out above each ¢ * « in T}
to force a value of g(1). Using an w-sequence of X;-elementary submodels as in the proof
of Sublemma 4, we can ensure that after continuing this for w steps, the result is a condition
T*, and moreover, the function that assigns to each node o on the nth splitting level of 7*
the value of g(n) forced by T* below o belongs to A7+

Now as T forces that ¢ has range cofinal in a)lL, so does T*, and therefore there are
uncountably many values of ¢ forced by T* below its various splitting nodes . Therefore
for some ng, uncountably many values of ¢(n) are forced by T* below nodes on the nyth
splitting level of T*. Let X, be an uncountable subset of the nyth splitting level so that if
o, T are distinct elements of X, then 7* below o and T* below t force distinct values of
g(no). Thin out T* by discarding nodes on the nyth splitting level which do not belong to
Xo. Now for each remaining node o on the ngth splitting level, we may choose n; and an
uncountable X consisting of nodes extending o on the n-st splitting level so that if 7y and
71 are distinct nodes in X, then 7* below 7y and T* below 1, force distinct values of g(n).
Discard all nodes on the n;-st splitting level that extend ¢ and do not belong to X ;. Continue
this for w steps and note that the resulting tree 7** still belongs to Ar+|. As each node of
T** has uncountably many extensions in 7**, we may further thin 7** to a condition 7***
in A\T*| .

Now note that if G is P-generic and contains the condition 7***, then f = f©, the
unique infinite branch through all of the conditions in G, can be recovered from g = ¢, as
any two distinct branches through 7*** give rise to different versions of g. So f belongs to
L[A, g]. Butas A is a subset of wt = wlLM’f ! with constructible proper initial segments, it
then follows that forces f belongs to L[g], as desired. O

Now come back to the proof of Lemma 2. Let f be as in Sublemma 5. First of all, there
obviously exists a real x such that L[x] = L[ f]. Further, all L-cardinals except for a)lL and
w% are still cardinals in L[x] = L[f] = L[A][G] by Sublemma 4 and the choice of A. It
follows that w;™ = w and w5™! = wk. Now to finish the proof consider any real a € L[x]

and prove that a)ZL[“] #* a)3L. There are two cases. If a)lL is countable in L[a] then f € L[a]
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Lla] Lla]

by Sublemma 6, hence ws'“) = wk. If w' = " then w} = W' because w! remains a
cardinal even in the blgger model L[x]. ]

Now it does not take much to finish the proof of Theorem 1. (Recall that only the case of
OD-reducibility is considered.) Suppose that Q; were OD-reducible to Q, via the OD func-
tion . Note that for each real z, L[z] is closed under ¥, as the fact that we are in the Solovay
model implies that any real which is OD relative to z is contructible relative to z. Choose x as
in Lemma 2; so (a)L[x], L[x]) (w%, k). Choose y areal arising from the usual Lévy col-
lapse of wf to w; then (a)L[‘], f[y]) = (wk, w}). As x Q; y holds and & reduces Q to Q,,
it follows that # (x) Q, 9 (y) holds, i.e., that "™ = wfw(y)]. Now a)ZLW"’)] cannot be wk,
else ¥ (y) Q 0 Q, 9¥(0) holds, which implies that y Q, 0 holds, contradicting wle = wl.
So sz[l”‘V)] must be @} . But by the choice of x, no real z in L[x] satisfies a)ém = wf, and

in particular wf PO oes not equal a)_%, contradicting 9 (y) Q, #(x). O

3 Generalization
Theorem 1 has the following straightforward generalisation:

Theorem 7 In the Solovay model M, Q,, is not ROD-reducible to Q, for any 0 < m <
n<o.

Proof First suppose that m equals 1. Let A € o code a Lévy collapse of wf,, to f,

code A by B C w} without collapsing cardinals, and finally code B by a real x as in the

proof of Theorem 1, collapsing wlL but preserving all other cardinals. Then for any real z

in L[x], elther o = wl, in which case w ¥ = wk, or x belongs to L[z], in which case
ot =l . In partlcular there is no real z in L[x] “such that o =k .

Now let y code a Lévy collapse of w¥ to w. Then x and y are Q;-equivalent. Suppose

(y)

B(y)

that ® were an OD-reduction of Q, to Q,. Then we have »’® = w; . Now wy " cannot
be w , else ¥ (y) Q, ¥(0) and therefore y Q, 0, contradicting ), Ly equals

wy, . But this contradicts the fact that )™ = w2 and no real z in L[x], such as & (x),
can satisfy !¢l = o .

Now suppose that m is greater than 1. Then the proof is easier: Let A C wk code a Lévy
collapse of a)n+1 to wk, let B C wk ., code both A and a Lévy collapse of a)L to a) _, and
then let C C o code B. Now choose x to be a real coding C using - sphmng trees, in
analogy to the proof of Theorem 1, which used w;-splitting trees to code a subset of w?.
Then L[C] and L[x] have the same cardinals and x has the property that for any real z in
L[x], either z belongs to L or x belongs to L[z]. In particular, for any real z in L[x], w,f[z]
is either ! or ok, ,.

Now let y code a Lévy collapse of ot to ok

—a) . So wy,

Then x and y are Q,,-equivalent. Suppose

m—1-

that 9 were an OD-reduction of Q,, to Q,. Then we have w?® = @’ Now w’® cannot
be u) , else ¥ (y) Q, ¥(0) and therefore y Q,, 0, contradicting a)LM a)m+1 So wﬁm equals

wk, . But this contradlcts the fact that @?® = wy® and no real z in L[x], such as 9 (x),
can satisfy !¢ = ol . O

We finish with the easier result establishing irreducibility in the opposite direction:

Proposition 8 In M, Q, is not ROD-reducible to Q,, for 0 <m < n.
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98 S.-D. Friedman, V. Kanovei

Proof Choose areal x such that @21 > wf but wL* = L. (Such a real is obtained by cod-
ing a collapse of w- '\ to ok using almost disjoint coding; perfect-tree coding is not needed.)
Then x is not Q,-equivalent to 0. If ¥ were an OD-reduction of Q, to Q,,, then it follows
that 9 (x) is not ,,-equivalent to ¥ (0), which contradicts W’ = L = LPO1, O

4 Questions

(1) In M, for any countable ordinal « define x Q, y iff W™ = wED!. For which pairs «, 8

of countable ordinals is Q, OD-reducible to Qg in M ? (Note, for example, that for limit

ordinals £ less than the least L-inaccessible, Q¢ and Q¢ are identical, as by Jensen’s

Covering Theorem, a)ELEl] is the least L-cardinal greater than a)é L1 for any real x, which

is uniquely determined by (and uniquely determines) a)é‘ )
(2) Is there a real x such that (a)ILM, a)ZL [x]) = (wZL, wf) and for each real y in L[x], either

L[y . .
(@, Y is (wk, wk) or y preserves cardinals over L?

References

1. Friedman, S.D.: Fine Structure and Class Forcing. de Gruyter Series in Logic and its Applications, vol. 3.
de Gruyter, Berlin (2000)

2. Hjorth, G., Kechris, A.S.: Analytic equivalence relations and Ulm-type classification. J. Symb. Log. 60,
1273-1300 (1995)

3. Kanovei, V.: An Ulm-type classification theorem for equivalence relations in Solovay model. J. Symb.
Log. 62(4), 1333-1351 (1997)

4. Kanovei, V.: Ulm classification of analytic equivalence relations in generic universes. Math. Log. Q.
44(3), 287-303 (1998)

5. Kanovei, V.: Borel Equivalence Relations: Structure and Classification. AMS University Lecture Series,
vol. 44. Am. Math. Soc., Providence (2008), 236 p.

6. Kanovei, V., Reeken, M.: A theorem on ROD-hypersmooth equivalence relations in the Solovay model.
Math. Log. Q. 49(3), 299-304 (2003)

7. Kechris, A.S.: New directions in descriptive set theory. Bull. Symb. Log. 5(2), 161-174 (1999)

8. Kechris, A.S., Louveau, A.: The classification of hypersmooth Borel equivalence relations. J. Am. Math.
Soc. 10(1), 215-242 (1997)

9. Louveau, A., Velickovic, B.: A note on Borel equivalence relations. Proc. Am. Math. Soc. 120(1), 255—
259 (1994)

10. Solovay, R.M.: A model of set theory in which every set of reals is Lebesgue measurable. Ann. Math.

92, 1-56 (1970)

@ Springer



	Some natural equivalence relations in the Solovay model
	Abstract
	Introduction
	The main theorem
	Generalization
	Questions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


