
Exploiting Circuit Representations in QBF Solving

Alexandra Goultiaeva and Fahiem Bacchus

Department of Computer Science
University of Toronto

{alexia,fbacchus}@cs.toronto.edu

Abstract. Previous work has shown that circuit representations can be exploited
in QBF solvers to obtain useful performance improvements. In this paper we
examine some additional techniques for exploiting a circuit representations. We
discuss the techniques of propagating a dual set of values through the circuit,
conversion from simple negation normal form to a more optimized circuit repre-
sentation, and adding phase memorization during search. We have implemented
these techniques in a new QBF solver called CirQit2 and evaluated their impact
experimentally. The solver has also displayed superior performance in the non-
prenex non-CNF track of the QBFEval’10 competition.

1 Introduction

Quantified Boolean Formulas (QBF) are a PSPACE-complete extension of satisfiability
(SAT) in which the propositional variables can be either universally or existentially
quantified. The addition of quantifiers, and the arbitrary nesting of quantifiers, provides
considerable additional representational power: QBFs can compactly represent a much
wider range of problems than SAT. This can make QBF more effective than SAT for
representing and solving some problems [1].

While traditionally QBF solvers have represented their input in prenex conjunctive
normal form (CNF), some recent work has explored non-CNF solvers. For example,
in [2] a QBF solver utilizing a circuit representation was presented and shown to have
some advantages over CNF based solvers.

In this paper we present some additional ways of exploiting a circuit representation
to obtain better performance. We present an overview of dual propagation (explored
more fully in [3]) which provides superior detection and learning of solutions; some
techniques for converting negation normal form to a more optimized circuit representa-
tion; and extend the phase memorization technique utilized in SAT solvers [4] to QBF.
We have implemented all of these techniques as an extension of the CirQit solver [2],
and we present empirical evidence supporting their usefulness.

2 Background

A QBF has the form Q.φ, where φ is an arbitrary propositional formula and Q is a
sequence of quantified variables (∀x or ∃x) one for each variable in φ (i.e., the formula
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has no free variables).1 The truth value of a QBF is defined recursively: ∃xQ.φ is true
iff there is at least one value v of x for which Q.φ|x=v is true, and ∀xQ.φ is true iff
Q.φ|x=v is true for both values v of x.

Typically QBF solvers represent the body of the QBF, φ, in CNF. However, φ can
be represented in other ways. In circuit-based solvers, e.g., the CirQit solver of [2], φ
is represented as a logical circuit consisting of AND, OR and NOT gates along with
lines running from gate outputs to the inputs of other gates. The quantified variables
of Q are the inputs to the circuit and the output line of each gate is labeled with a
new variable. Formally, these variables can be treated as new existentially quantified
auxiliary variables scoped by all of the input variables with a path to them in the circuit.

The CirQit solver explores different settings of the input variables during a back-
tracking search and propagates primal values through the circuit to determine logical
consequences of these settings. During search the aim is to determine when the QBF
body φ is satisfied. This occurs when the circuit inputs force the circuit output to be true.
Hence, CirQit initially sets the circuit output to 1 and propagates this primal value back
through the circuit. Whenever a circuit line is forced to be both 0 (false) and 1 (true)
(by propagation from the inputs and from the output’s primal value) a contradiction
is detected: the circuit cannot be satisfied under the current input settings. Similarly, a
contradiction is detected whenever the value of a universally quantified input is forced.

As shown in [2] clausal reasons for each forced line can be extracted from the cir-
cuit, and clause learning can be performed when conflicts are detected. Further, when
φ is satisfied cubes can be extracted by finding a subset of the input lines sufficient
to propagate 1 to the circuit output. Finally, the circuit representation naturally sup-
ports don’t care reasoning. In particular, certain lines of the circuit, can be marked
as don’t care during a don’t care propagation process. Input lines that become don’t
care do not need to be branched on during search, and do not need to appear in the ex-
tracted cubes. This can yield better (smaller) cubes than the technique employed in CNF
solvers.2

3 New Techniques for Exploiting the Circuit Representation

3.1 Dual Propagation

While clauses are used in QBF solvers to learn settings that falsify the QBF formula,
cubes are used to learn settings that satisfy the formula. However, cubes are usually
not as effective as clauses in improving the efficiency of QBF solvers. In particular, the
solver starts off with no cubes, and the cubes it learns initally are usually quite large
and thus only useful quite deep in the search tree. On the other hand, the solver starts
off with many short clauses in its input (in the circuit representation these clauses are
implicit in the logical relationships between the gate inputs and its output), and even
initially learnt clauses can be quite short.

1 This is the prenex form where the quantifiers precede the formula body. Non-prenex represen-
tations allow quantifiers to appear in front of any sub-formula of the body. We do not address
the possible advantages of non-prenex representations in this paper.

2 In CNF a cube is extracted by finding a set of true literals sufficient to satisfy every clause.
Even clauses from the don’t care part of the circuit must be satisfied.
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In [3] a new technique is presented that allows the identical technique of clauses and
clause learning to be used to detect both satisfying and falsifying input settings. This
new technique is called dual propagation, and we present a brief overview of its main
ideas here, leaving the details and comparison with prior methods to [3].

Consider the negation of the QBF being solved ¬Q.φ. This formula is false iff the
original QBF Q.φ is true. Taking the negation in we obtain (¬Q).(¬φ), where ¬Q is
the same as Q except that its quantifiers are flipped. For ¬φ we can exploit the circuit
representation. This formula can be represented by the same circuit used to represent φ,
Cφ, by simply passing the output of Cφ through a NOT gate.

If we want to solve ¬Q.φ with a circuit based solver we would take the circuit
NOT(Cφ) and set its output to 1/true. The 1 would propagate back through the final
NOT gate, and set the output of Cφ to 0. So we see that the final NOT gate can be
discarded; it suffices to set the output of Cφ to 0. Now the solver would search various
settings of the circuit input lines. These are identical to the input lines of Cφ but have
reversed quantifiers. Propagation and clause learning operate just as before.

Conflicts discovered while solving ¬Q.φ are actually solutions for Q.φ; if ¬Q.φ
cannot be made true under the current input settings, Q.φ cannot be made false. Propa-
gation on ¬Q.φ can force variables that in Q.φ are universal. This indicates that in Q.φ
the other value is guaranteed to lead to a solution and need not be explored. Similarly,
clause learning on ¬Q.φ yields clauses that if falsified indicate that Q.φ is satisfied.
Thus, propagation and clause learning on ¬Q.φ detects settings that satisfy Q.φ using
the same techniques used on Q.φ to detect settings that falsify Q.φ.

The circuit representation can be exploited to implement this idea by simply prop-
agating two sets of values through the circuit: the original primal values generated by
setting the circuit output to 1, and a new set of dual values generated by setting the
circuit output to 0. Since both ¬Q.φ and Q.φ have the same input lines (with flipped
quantifiers) the input lines always have identical primal and dual values. Thus values
can be transferred between the primal and dual channels via the input lines.

As before, backtracking search sets input lines, and both primal and dual values are
propagated through the circuit. Thus propagation might set either or both values of the
auxiliary variables. Contradictions are detected from both the primal and dual values,
and in either case a clause is learnt and the solver backtracks. Primal and dual clauses
are put in separate databases: unit propagating primal clauses forces primal values while
unit propagating dual clauses forces dual values.

It can be seen that a primal conflict causes backtrack and an existential of Q.φ to be
forced (the opposite value must falsify Q.φ), while a dual conflict causes backtrack and
a universal of Q.φ to be forced (the opposite value must truthify Q.φ). Furthermore,
the solver always encounters either a primal conflict or a dual conflict along each path
it explores—once a sufficient number of input lines have been set either a 0 or a 1
must be propagated to the circuit output causing a conflict with the other value. The
solver terminates on learning either an empty primal or an empty dual clause indicating
that the input QBF is false or true respectively. Finally, don’t care propagation can be
extended to work with dual propagation.
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3.2 Better Circuits from NNF

Negation normal form (NNF) has recently been adopted as the standard non-clausal in-
put format for the QBF evaluation. However, because NNF involves pushing all nega-
tions down to the level of the propositional variables, it can obscure structure in the input
formula. For example, consider the propositional formula (c ∨ F (x)) ∧ (d ∨ ¬F (x)),
where F (x) is some sub-formula over the variables x. In a circuit representation a sin-
gle sub-circuit, CF (x), could be used to represent F (x), its output feed into the gate
OR(c, F (x)), and the negation of its output feed into the gate OR(d, NOT(F (x)). Ini-
tially, if the formula must be true, the output of both OR gates is forced to 1. Then,
e.g., if during search c was set to 0, propagation would set the output line of CF (x) to
1, the output line of NOT(F (x)) to 0, and thus force d to 1. If this formula was first
converted to NNF, then a separate sub-circuit, C¬F (x), would have to be constructed
for ¬F (x) which would share only inputs (and negated inputs) with CF (x). Depending
on the complexity of CF (x), it is likely that forcing the output of CF (x) would have no
effect on the output of C¬F (x)—e.g., if the output of CF (x) failed to propagate down
to any of its inputs.

Here we suggest a technique for recovering structure that might be lost in an NNF
representation. We define an inductive relation of structural equivalence

i≡ and struc-
tural negated equivalence

ni≡ between two propositional formulas represented in NNF:

– For every literal l, l
i≡ l and l

ni≡ ¬l
– G1 ◦ · · ·◦Gn

i≡ F1 ◦ · · ·◦Fn for ◦ ∈ {∧,∨} if Gi
i≡ Ff(i) for every i ∈ {1, . . . , n}

under some bijection f : {1, . . . , n} → {1, . . . , n}.
– G1 ◦ · · · ◦Gn

ni≡ F1 • · · · •Fn for {◦ = ∧, • = ∨} or {◦ = ∨, • = ∧} if Gi
ni≡ Ff(i)

for every i ∈ {1, . . . , n}, under some bijection f : {1, . . . , n} → {1, . . . , n}.

It can proved by a simple induction that if G
i≡ F then G and F represent the same

boolean function, and that if G
ni≡ F then G and ¬F represent the same boolean func-

tion. A simple example of this definition is that (a ∧ (b ∨ c))
ni≡ (¬a ∨ (¬b ∧ ¬c)).

To simplify an NNF we first generate for every subformula F a function identifier
(id) fid (F ) and a negated function id nfid (F ) so that for any two subformulas G and F ,
G

i≡ F iff fid (G) = fid (F ), and G
ni≡ F iff fid (G) = nfid (F ).

This accomplished by using hashing techniques to identify structurally equivalent
sub-formulas (similar to how BDDs are constructed). Ids for the subformulas are as-
signed bottom up so that a subformula obtains an id only after its children subformulas
have obtained theirs. For each variable v unique ids are created for v and for ¬v. In
addition we set nfid (v) = fid (¬v) and nfid (¬v) = fid (v). Each function id assigned is
kept in a hash table. The subformula F1 ◦ · · · ◦ Fk is assigned an id by first sorting its
children Fi by their ids. Then an id is computed that is a function of the operator ◦ (∨
or ∧) and the ids of the sorted children. Similarly a negated id is computed by repeating
the computation using the dual operator of ◦ and the (already computed) negated ids
of the children (resorted by their negated ids). Both ids are stored in the hash table. It
is not hard to show that this procedure generates ids that satisfy the conditions stated
above, i.e., G

i≡ F iff fid (G) = fid (F ), and G
ni≡ F iff fid (G) = nfid (F ).

Using the subformula ids an optimized circuit can now be constructed to represent the
NNF. Again we build up the circuit bottom up, first creating input lines corresponding
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to fid (v) and nfid (¬v) for each variable. To construct the circuit for the subformula
F = F1 ◦ · · ·◦Fk we first check to see if subcircuits for fid (F ) or nfid (F ) have already
been constructed. If so we simply reuse the output line (or output line run through a
NOT gate) as the line representing F . Otherwise we create a new gate representing ◦
whose inputs are the outputs of the subcircuits corresponding to the Fi, and mark this
as the circuit that has already been constructed for fid (F ). This allows the subcircuit
constructed for F to be reused to represent future subformulas.

This process creates a more compact circuit. In particular, the circuit needs only
one sub-circuit (and perhaps an additional NOT gate) to represent an entire set of sub-
formulas {F1, . . . , Fk} of the NNF with either Fi

i≡ Fj or Fi
ni≡ Fj (1 ≤ i, j ≤ k).

3.3 Simplifying the NNF

Using the ids constructed as described above we can perform some further simplifica-
tions of the NNF. This utilizes two easy to verify logical rules: φ∧F (φ) ≡ φ∧F (TRUE)
and φ ∨ F (φ) ≡ φ ∨ F (FALSE), where φ is any propositional formula.

The algorithm is simple and is applied before the circuit representation is generated:
using the fid and nfid identifiers, any repeated occurrences of a subformula in its sibling
subformula can be replaced with a constant according to the above logical rules. The
NNF is then simplified, function ids regenerated, and the rules are applied again. This
process is repeated until no further simplifications are possible, after which the circuit
representation can be generated.

3.4 Phase Memorization

Phase memorization in SAT involves setting variables to their previously set values
on the new descent after backtrack [4]. The main idea rests on the intuition that often
a problem decomposes into different subproblems. Reusing the previous values after
backtrack allows the solver to retain some of the work done on other subproblems.

In QBF, we have two types of backtrack—success and failure. Also, universal and
existential variables play very different roles in QBF. We consider this interplay in light
of the above idea and in light of the now completely symmetric processes of failure and
success backtracking under dual propagation.

In a conjunction of different subproblems, the universal variables in one subproblem
cannot affect the solution of another one—all possible settings need to be checked any-
way. This leads to the idea that remembering existential variables might be beneficial
after a conflict is generated on one of the subproblems, but that the universal settings
are irrelevant. Symmetrically, if a solution is found, only the settings of the universal
variables are important.

Based on this intuition, we implemented the following phase memorization schema:
we restore phase values only for those variables that are existential with respect to the
primal or dual conflict that occurs. This means that phases are restored for the exis-
tential variables when backtracking from a conflict, and for universal variables when
backtracking from a solution.
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4 Experimental Results

We have modified the solver CirQit2 [3], which includes dual propagation. The new
solver, CirQit2.1, is slightly more optimized, reads NNF input and includes all tech-
niques discussed here. The experiments were run on all the non-Prenex, non-CNF
benchmarks currently available from QBFLIB [5]. All tests were run on a 2.8GHz ma-
chine with 12GB of RAM under a time limit of 1200 CPU seconds per instance.

Table 1 shows the comparison between CirQit2.1, CirQit2 [3], CirQit [2] and some
state-of-the-art CNF-based QBF solvers: quantor (version 3.0, with the recommended
picosat back end) [6], Qube (version 6.5) [7], nenofex [8] and depqbf [9]—the latter two
are the versions submitted to the main track of QBFEVAL’10. The non-prenex non-
CNF instances are converted to prenex CNF using a conversion tool available on the
QBFEval site. Internally, CirQit converts input instances to prenex form using a naive
algorithm that places the variables in the same order in which they are encountered.

On the domains from the set BMC QBF 1.0 (“assertion”, “consistency” and “pos-
sibility”), the bottom-up solver quantor outperforms CirQit2.1, as well as any other
search-based solver. With this exception, CirQit2.1 proves to be superior. The drastic
difference between CirQit and CirQit2 shows the effectiveness of dual propagation,
while the improvement of CitQit2.1 shows the effectiveness of the other techniques.
Each technique contributes to the improvement. Turning off any one of them reduces
the performance of CitQit2.1. Without generating better circuits, it can solve only 344
problems (out of 492); without simplification, 340; without phase memorization, 344.
Overall the preprocessing techniques reduced the number of variables by 0.99%, but
only because they were less useful on the more numerous benchmark families.

Table 1. Comparison between CirQit2.1 and other state-of-the-art CNF-based solvers. The largest
number of instances solved is shown in bold, with ties broken by the time taken to solve those
instances. Percent decrease in the number of variables (from CirQit2.1 to CirQit2) is also shown.

CirQit2.1 CirQit2 CirQit quantor Qube6.5 nenofex depqbf

Solved Time % Dec Sol. Time Sol. Time Sol. Time Sol. Time Sol. Time Sol. Time

Seidl (150) 150 43 12.63 150 318 147 2,281 42 3,272 149 2,485 82 1,160 150 557

assertion (120) 48 16,166 0.67 40 14,503 3 1 119 8,736 6 1,180 12 4,170 24 145

consistency (10) 7 2,562 0.51 4 1,283 0 0 10 720 0 0 1 306 0 0

counter (45) 43 1,368 7.77 40 492 39 1,315 28 414 31 540 29 1,727 31 70

dme (11) 11 11 27.59 10 5 10 15 0 0 7 88 8 94 11 901

possibility (120) 57 17,535 0.50 45 16,121 10 1,707 111 7,976 14 4,713 12 4,037 10 143

ring (20) 20 40 24.31 20 53 15 60 11 479 16 189 11 4 13 243

semaphore (16) 16 2 39.99 16 3 16 7 16 12 16 361 16 1,193 16 39

Total (492) 352 37,728 0.99 325 32,779 240 5,389 337 21,613 239 9,557 171 12,692 255 2,098
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Zhao, X. (eds.) SAT 2008. LNCS, vol. 4996, pp. 196–210. Springer, Heidelberg (2008)

9. Lonsing, F., Biere, A.: A compact representation for syntactic dependencies in QBFs. In:
Kullmann, O. (ed.) SAT 2009. LNCS, vol. 5584, pp. 398–411. Springer, Heidelberg (2009)

www.qbflib.org

	Exploiting Circuit Representations in QBF Solving
	Introduction
	Background
	New Techniques for Exploiting the Circuit Representation
	Dual Propagation
	Better Circuits from NNF
	Simplifying the NNF
	Phase Memorization

	Experimental Results
	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
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




