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Abstract. The use of model-based diagnosis for automated program debugging
has been reported in several publications. The quality of the obtained results in
terms of debugging accuracy is good. Unfortunately, most of the proposed mod-
els and techniques have very high computational needs. In this paper we focus
on giving an explanation for the high computational needs of debugging. In par-
ticular, we propose a constraint representation of programs whose behavior is
equivalent to the original programs. We further analyze the constraint representa-
tion to obtain its hypertree width, which is an indicator for the complexity of the
corresponding constraint satisfaction problem. As constraint-based debugging is
equivalent to constraint solving, the hypertree width is also an indicator for the
debugging complexity. We further show that it is possible to construct arbitrarily
complex programs such that their hypertree width is not bounded as indicated in
previous literature.

1 Introduction

During programming and, even worse, during maintenance activities, locating and fix-
ing faults in the source code is an arduous and difficult task, which is hardly automated
in today’s integrated development environments. One reason is the limited applicability
of currently published approaches due to the underlying assumptions. E.g., approaches
using frequency measures are only appropriate if a large test suite is available and if a
tight integration of test case execution and debugging is given. Approaches that rely on
the program’s semantics provide good results even in cases where only one test case
is available but they suffer from high computational requirements, which prevent them
of being used for larger programs. Other approaches that are based on the program’s
structure can be used for larger programs but usually exhibit bad discrimination among
possible fault candidates.
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When considering the current state of research in debugging, should we conclude
that current approaches to automated debugging have been not successful? The answer
to this question is definitely no! There are many methods for automated debugging
which prove that automation is possible and effectively helps focusing on those parts of
a program which are more likely to be faulty. E.g., Peischl and Wotawa [12] provided
empirical evidence that model-based diagnosis [14] can be effectively used to reduce
the number of statements that someone has to consider during debugging. The published
results indicated a median reduction of 97 percent for debugging sequential hardware
designs. Mayer and colleagues [5] presented results on the use of model-based diagnosis
for debugging of sequential programs. The work has been extended to handle object-
oriented languages and the use of program abstraction; see Mayer’s PhD thesis [9].

In this paper we tackle the problem of giving reasons for the high computational
demands of automated debugging, in particular when using a model-based diagnosis
approach which utilizes the complete semantics of the program in order to obtain pre-
cise diagnosis.

Obviously, in general model-based diagnosis itself requires a lot of computational re-
sources, but a reduction is possible when focusing on single faults only. However, even
in this case the debugging of larger programs using the complete semantics requires a
lot of computing time. In this paper we explain why this is the case. By mapping pro-
grams to their equivalent constraint representation we reduce the debugging problem to
a constraint satisfaction problem. Constraint representations of programs have been de-
scribed in literature for different purposes like verification [13] and also for debugging
[11]. In contrast to verification which deals with fault detection, debugging deals with
fault localization and correction.

The tree width of the constraint satisfaction problem, which can be obtained from
the hypertree representation, is an indicator of the complexity for computing solutions.
The accuracy of this metric is especially high when the constraints are extensionally
modeled. We show that it is possible to construct arbitrarily complex programs such
that their hypertree width is not bounded. Moreover, we present experimental results
that indicate a high tree width for debugging problems.

2 Representing Programs as Constraints

In this section we describe the conversion of programs into their constraint represen-
tation. We also show the equivalence of both with respect to a given test suite. In par-
ticular, we show that if a program computes an output O for a certain input I , then
its constraint representation will also compute the same values for the corresponding
output variables.

Our work addresses sequential programs with a syntax and semantics similar to well-
known languages like Java, but without object-oriented constructs. For simplicity we
do not consider procedure calls in this paper, but it should be noted that procedures can
be straightforwardly integrated as shown in [10]. Our approach supports assignments
statements, conditional statements, and loops.

Throughout the rest of this paper we use the program given in Fig. 1 as running
example.
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1. i = 0;
2. r = 0;
3. while (i < x) {
4. r = r + y;
5. i = i + 1;

}
Fig. 1. A program for computing the product
of two natural numbers

1. i = 0;
2. r = 0;
3. if (i < x) {
4. r = r + y;
5. i = i + 1;

}
Fig. 2. Loop unrolling of the program from
Fig. 1 for 1 iteration

The first step for obtaining a constraint representation of an arbitrary program is
the conversion into a loop-free variant. The second step is to obtain a static single as-
signment form. The third step takes the static single assignment form and maps it to a
constraint system. In order to prove that the conversion step does not change the pro-
gram’s behavior we have to define what we mean with program equivalence. First of all,
converted program should compute the same outputs for the given inputs. Moreover, the
names of the variables in the converted program may differ from the original program,
but there is a correspondence between the variables, and so the corresponding variables
must be compared. Since we want to use the representation for debugging, we restrict
the program equivalence to the given test cases:

Definition 1. Given a program Π and a program Π ′, an input environment ωI ∈
ENV , a set of relevant output variables OUTPUT ⊆ V ARS, and a function σ :
V ARS �→ V ARS mapping variables from Π to the corresponding variables in Π ′.
We say that the programs Π and Π ′ behave equivalent if and only if for all relevant out-
put variables x ∈ OUTPUT the same values are computed, i.e., ωO(x) = ω′

O(σ(x)),
where ωO = I(Π, ωI) and ω′

O = I(Π ′, ω′
I) with ω′

I(σ(v)) = ωI(v) for all variables
v ∈ V ARS. We write Π =ωI Π ′.

Note that all variables that are not specified in OUTPUT might have different values
after applying the interpretation function. We extend Def. 1 to a set of input environ-
ments of the available test suite:

Definition 2. Two programs Π and Π ′ are equivalent if they are equivalent for all
input environments ωI , i.e., ∀ωI : Π =ωI Π ′. In this case we write Π = Π ′.

2.1 Loop-Free Programs

Since loops cannot be directly represented as a constraint system, we transform the
original program to a loop-free variant and prove its equivalence.

If the body of a while-loop is executed at most once, then the behavior corresponds
to the single execution of a conditional statement. In general, if a while-condition is
fulfilled, the statements in the block are executed and afterwards the condition is eval-
uated again. Hence, programs can be compiled into their loop-free equivalent if the
number of steps is known in advance. As we debug a program using a given test case,
we can simply execute the program for this test case in order to determine the maximum
number of iterations.
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Example: The loop-free variant of the program from Fig. 1 is depicted in Fig. 2 for
n = 1 iteration. It can be used for all cases where x ∈ {0, 1} without leading to a
different behavior compared to the original program.

Because of the loop unrolling the size (i.e., the number of statements) of the resulting
loop-free program increases. The amount of increase depends on the time complexity
of the original program. This results from the fact that the runtime of a program directly
corresponds to the number of statement executions. The more iterations a program has,
the more statements are executed. We summarize this finding in the following theorem:

Theorem 1. Given a program Π with time complexity O(f(Σ)) where Σ denotes the
size of the input. The corresponding loop-free program ΠLF has to have a size of
O(f(ΣM )) where ΣM is the maximum input size to be considered.

As a consequence, using this model directly for debugging is only feasible for programs
which have a low time complexity or when using inputs of smaller size. Although the
focus of this paper is on the complexity of debugging and not on the practicability of
the approach, we briefly discuss how to tackle the challenge of feasibility. One way
would be to compute the loop-free program in such a way that the number of nested
if-statements does not exceed the number of iterations in the given test cases. Then it
is guaranteed that the model captures the whole test suite. An improvement would be
to consider only failing (negative) test cases and to further reduce the test suite to small
test cases.

2.2 Static Single Assignment Form

The constraint representation requires that all left-side variables in the program have
unique names. Hence, we use an intermediate representation of the program, the Static
Single Assignment (SSA) form, which has the property that no two left-side variables
share the same name [1]. Since all variables are defined only once, the SSA form allows
for a clear representation of the dependencies that are established between different
variables inside the corresponding program.

Unique variable names can be easily obtained by adding an index at the end of the
name. However, although converting programs comprising only assignment statements
is straightforward, it is more difficult to convert programs with loops or conditional
statements. As we transform loops to nested if -statements, we only need to consider
conditional statements.

The idea behind the conversion of conditional statements is as follows. The value of
the condition is stored in a new unique variable. The if - and the else-branches are con-
verted separately. In both cases the conversion starts using the indices of the variables
already computed. Both conversions deliver back new indices of variables. In order to
get a value for a variable we have to select the last definition of a variable from the
if - and else-branch depending on how the if condition evaluates. This selection is
done using a function phi. Hence, for every variable which is defined in the if - or the
else-branch we have to introduce a selecting assignment statement which calls phi.

For example, the corresponding SSA form of the program fragment if e {.. x
= ..} else { .. x = ..}
is given as follows:
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var e = e; ...; x i = ...; x j = ...;
x k = phi(x i,x j,var e);

where the function phi is assumed to be part of the used data type and is defined as
follows:

phi(x, y, b) =
{

x if b = TRUE
y otherwise

The SSA representation for the program from Fig. 1 is depicted in Fig. 3. For brevity,
only one iteration is considered.

1. ı 0 = 0;
2. r 0 = 0;
3. var e 4 = (i 0 < x 0);
4. r 1 = r 0 + y 0;
5. i 1 = i 0 + 1;
6. r 2 = phi(r 1,r 0,var e 4);
7. i 2 = phi(i 1,i 0,var e 4);

Fig. 3. The SSA form of the loop-free variant of the program from Fig. 1 (for one iteration)

Obviously the transformation of loop-free programs into their SSA form does not
have an influence on the actual behavior (apart from the variable renaming), i.e., ΠLF =
ΠSSA without any restrictions.

Lemma 2. Given a program Π , a number n ∈ IN, a set of relevant output variables
OUTPUT ⊆ V ARS, and a function σ, which is defined as follows: For all variables
x ∈ V ARS \ OUTPUT : σ(x) = x 0. For all output variables y ∈ OUTPUT :
σ(y) = y M(y), where M(y) is the largest index assigned to a variable y. The loop-
free variant ΠLF = Γ (Π, n) of Π behaves equivalent to its SSA form ΠSSA. I.e., for
all input environments ωI ∈ ENV : ΠLF =ωI ΠSSA.

Note that in this lemma we implicitly assume, for simplicity, that output variables can-
not be used as inputs for a program. This assumption does not contradict generality.

2.3 Constraint Representation

The final step of the conversion is the compilation to a constraint satisfaction problem
(CSP). A CSP (V, D, CO) is characterized by a set of variables V , each variable having
a set of domains D, and a set of constraints CO, where each constraint defines a relation
R between variables. The variables occurring in a relation R ∈ CO are called the scope
SR of the relation. A solution of a CSP is an assignment of values to all variables which
does not contradict any given constraint. For more information regarding CSPs we refer
to Dechter [2].

The extensional modeling of a constraint is the explicit representation of all allowed
combinations of values for the variables of a constraint, within a certain domain. For
example, if we have the boolean equation z = y ∧ x, Dx = Dy = Dz = {0, 1},
then the extensional representation of this constraint is given by the following tuples:
< 0, 0, 0 >, < 0, 0, 1 >, < 0, 1, 0 >, < 1, 1, 1 >.
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An extensionally modeled CSP has the advantage that it can be tractable based on its
structure(i.e., hypergraph) rather than on the relations between its constraints. Based on
the structural representation of the CSP, we can determine the complexity of finding its
solution. Our framework implies such a modeling of the constraints.

The constraint representation of a program is extracted from its SSA representa-
tion.Let ΠSSA be a program in SSA form. Then the corresponding CSP

CSP (ΠSSA) is constructed as follows:

– All variables in ΠSSA are variables of the CSP.
– The domain of the variables in the CSP is equivalent to the datatype.
– Every statement x = e can be converted to a relation R where the scope {x1, . . . ,

xn} is equivalent to the set of variables used in expression e. The relation R(x, x1,
. . . , xn) is defined as follows: For all ω ∈ ENV with ω(xi)=vi: if I(x = e, ω)=
ω′, then R(ω′(x), v1, . . . , vn) is true, otherwise false.

Lemma 3. Given a program ΠSSA in SSA form and its corresponding CSP represen-
tation CSP (ΠSSA). For all ω ∈ ENV : I(ΠSSA, ω) = ω′ iff ω ∪ ω′ is a solution of
CSP (ΠSSA).

Using this lemma we can finally conclude that the whole conversion process is correct:

Theorem 4. Given a program Π and n ∈ IN, the loop-free representation for n iter-
ations, the SSA form and the CSP representation of Π are equivalent under the given
assumptions, i.e., Π = ΠLF = ΠSSA = CSP (Π).

This theorem follows directly from Lemma 1 to 3.

Example: From the SSA form which is depicted in Fig. 3 we extract the following CSP
representation:

Variables: V = VN ∪ VB with
VN = {x 0, y 0, i 0, r 0, r 1, i 1, r 2, i 2} and
VB = {var e 4}
Domains: D =

{
D(x) = N | x ∈ VN

} ∪ {
D(x) = {TRUE, FALSE}|x ∈ VB

}
Constraints:

CO =
{

i 0 = 0, r 0 = 0, var e 4 = (i 0 < x 0), r 1 = r 0 + y 0, i 1 = i 0 + 1,
r 2 = phi(r 1, r 0, var e 4), i 2 = phi(i 1, i 0, var e 4)

}

3 Constraint-Based Debugging

In the previous section we introduced a model that captures the syntax and semantics
of an arbitrary program. The model itself is a constraint system which can be used
for debugging by applying model-based diagnosis [14] techniques. For this purpose
we introduce the predicate AB(si), which means that statement si is abnormal. The
constraints are changed to the form ¬AB(si) → C(si), where C(si) is the original
constraint corresponding to statement si. E.g., the constraint (i 0 = 0) is changed to
¬AB(s1) → (i0 = 0), where s1 represents statement 1 in the SSA-form in Fig. 3.
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Based on the debugging model we are able to compute diagnosis. Intuitively, a di-
agnosis is a subset of statements s.t. the assumption that those statements are abnormal
and that all other statements are not abnormal does not contradict a given test case. Note
that test cases are also represented as constraints (without the AB predicate).

Hence, debugging is reduced to CSP solving and so we can use techniques from CSP
solving to classify the debugging complexity. It is well known that CSPs whose corre-
sponding hypergraph is acyclic can be solved in polynomial time [2]. A hypergraph
is a graph where edges connect an arbitrary number of vertices. The hypergraph for a
CSP represents variables as vertices and the constraint scopes as edges. Moreover, a
cyclic hypergraph can be decomposed into an acyclic one using available decomposi-
tion methods [3]. The resulting acyclic hypergraph is a tree structure where each vertex
represents several constraints which have to be joined in order to solve the CSP. The
maximum number of constraints to be joined is the tree width. When using the hyper-
tree decomposition, which is the most general decomposition method [3], the width is
called hypertree width. The hypertree width is a very good indicator for the complexity
of solving a extensionally modeled CSPs: as stated in [3], any given CSP can be solved
in O(|Σ|k ∗ log|Σ|), where k is the hypertree width and Σ the input size of the CSP.

Fig. 4. The hypergraph of the debugging model for the program in Fig. 1

The hypergraph of the debugging model of the program in Fig. 1 is depicted in
Fig. 4. In the following we discuss the consequences of the debugging model in terms
of complexity. In particular we are interested whether the hypertree width is bounded for
such a model or not. In [7] the author proved that structured programs have a hypertree
width of 6 in the worst case. Unfortunately, the result is based on considering the control
flow graph only but not the data flow, which is sufficient for some tasks to be solved
in compiler construction. The following theorem shows that the result of [7] cannot be
applied in the context of debugging where the control and data flow is of importance.

Theorem 5. There is no constant upper-bound for the hypertree width of arbitrary
programs.

Proof: (Sketch) We prove this theorem indirectly. We assume that there is a constant
value which serves as upper-bound for all programs and show that there is a class of
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programs where this assumption does not hold. Consider the class of programs that is
obtained running the following algorithm for n > 0:

1. Let Πn be a program comprising an empty block statement.
2. For i = 1 to n do:

(a) For j = i + 1 to n do:
i. Add the statement

xj,i = xi,i−1 + xj,i−1

at the end of the block statement of program Πn.
3. Return Πn.

In this class programs have n inputs and 1 output. Every variable depends on any
other directly or indirectly via another variable. Hence, the hypertree width depends on
the number of statements and there is no constant value, which contradicts our initial
assumption. �

Note that there is always an upper-bound of the hypertree width of a particular program,
which is given by the number of statements. However, the above theorem states that
there is no constant which serves as upper-bound for all programs. What is missing
is a clarification whether the number of nested if-statements after loop-unrolling has
an influence on the hypertree width. If the hypertree width of a program comprising a
while-statement depended on the number of considered iterations, then the complexity
of debugging would heavily depend on the used test cases. Fortunately this is not the
case as stated in the following theorem.

Theorem 6. Given an arbitrary program Π comprising at least one while statement.
There always exists an upper bound on the hypertree width when the number of itera-
tions increases.

Proof: (Sketch) If we have a while statement, we obtain a sequence of block statements
each block representing an iteration of the execution. These blocks are connected via
variables defined in the block statement of the while and used in it. Hence, the sequence
can be easily mapped to a tree where each node comprises all statements of the while’s
block statement. Hence, the hypertree width of this tree is bounded by the number of
statements in the block statement. Variables that are defined outside the while statement
and used by a statement inside do not increase the hypertree width because they are part
of every node. Only the variables that are defined within the while’s block statement
have to be looked at more closely. These variables are summarized to a single variable
using the phi functions. What we have to do is to add the corresponding constraint to
each node. Because this has to be done only once per node the overall hypertree width
of the resulting structure is bounded. Hence, the overall tree representing the while
statement is bounded by the number of statements used in its block statement. �

4 Experimental Results

As mentioned, the hypertree width is an important metric for the complexity of debug-
ging based on a constraint representation. Complex debugging problems have a large
hypertree width. In general, problems with a hypertree width of more than 5 are hard
problems.
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For computing the hypertree and the hypertree width we relied on an implementa-
tion provided by [6] which employs the Bucket Elimination algorithm [8]. Note that
this algorithm is an approximation algorithm, i.e., it does not always generate the op-
timal hypertree decomposition with a minimal width. However, as reported in [8], the
algorithm which performs the optimal decomposition is very time and space demand-
ing and is therefore not suitable for practical use, and the Bucket Elimination algo-
rithm in most cases provides better approximations than other known approximation
algorithms.

The obtained results are summarized in Fig. 5. For each program the table comprises
the lines of code (LOC) of the original program (column P) and of the corresponding
SSA form (S), the number of while-statements (#W), the number of if -statements (#I),
the max. number of considered iterations (#IS) and the hypertree width (HW) with its
minimum (min) and maximum (max) value. In min we depict the hypertree width for
one iteration and in max the hypertree width for the max. number of iterations as stated
in column #IS.

#LOC HW
Name P S #W #I #IS min max

BinSearch 27 112 1 3 4 3 8
Binomial 76 1155 5 1 30 3 30
Hamming 27 989 5 1 10 2 14

ArithmeticOp 12 12 0 0 - 1 1
Huffman 64 342 4 1 20 2 12

Multiplication 10 350 1 0 50 2 5
whileTest 60 376 4 0 9 2 8

Permutation 24 119 3 1 7 3 6
ComplexHT 12 370 1 0 30 3 17
SumPowers 21 173 2 1 15 2 10
ATestCase 43 682 4 4 10 5 7

BM4bitPAV2 F1 21 21 0 0 - 2 2
BM4bitPAV2 F2 21 21 0 0 - 2 2

IscasC17 F3 6 6 0 0 - 2 2
IscasC17 F1 6 6 0 0 - 2 2

BM4bitAdder F1 26 26 0 0 - 4 4
IscasC432 F1 160 160 0 0 - 9 9

Fig. 5. The hypertree width for different se-
quential programs

Fig. 6. The hypertree width as a function
of the number of iterations when unrolling
while-statements. For the sake of clarity we
depict only 5 programs from the set of tested
programs.

It can be seen that the hypertree width varies from 1 to more than 30. Although the
obtained results are only for small programs they allow us to conclude that debugging
programs is a very hard problem from the computational point of view.

The hypertree width obviously depends on the number of unrollings. We performed
several experiments with a larger number of iterations. Fig. 6 depicts the hypertree evo-
lutions of five different programs. It can be seen that in all of these cases the hypertree
width reaches an upper bound, as indicated in Theorem 6.
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5 Conclusion

Debugging is considered a computationally very hard problem. This is not surprising,
given the fact that model-based diagnosis is NP-complete. However, more surprising
is that debugging remains a hard problem even when considering single-faults only, at
least when using models which utilize the entire semantics of the program in order to
obtain precise results. In this paper we identified the hypertree width as an explanation.
We have shown that it is possible to generate arbitrarily complex programs. So there is
no constant upper bound for the hypertree width of programs. For programs with loops,
the number of iterations to be considered for debugging has an impact on the hypertree
width. This impact is limited by our finding that, for a given program, there is an upper
bound on the hypertree width which is independent from the number of iterations.

We provided empirical results using small well-known programs like binary search.
The computed values for the hypertree width varied from 1-30. Even the trivial Multipli-
cation program, which has only 10 lines of code,has a hypertree width of 5 when consider-
ing 50 iterations. These values are very high, which explains why debugging is such a hard
problem. A practical contribution of our work is the reduction of debugging to a constraint
satisfaction problem, which allows for the use of standard CSP solvers for debugging.
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1. Brandis, M.M., Mössenböck, H.: Single-pass generation of static assignment form for struc-
tured languages. ACM TOPLAS 16(6), 1684–1698 (1994)

2. Dechter, R.: Constraint Processing. Morgan Kaufmann, San Francisco (2003)
3. Gottlob, G., Leone, N., Scarcello, F.: A comparison of structural CSP decomposition meth-

ods. Artificial Intelligence 124(2), 243–282 (2000)
4. DeMillo, R.A., Pan, H., Spafford, E.H.: Critical slicing for software fault localization. In:

International Symposium on Software Testing and Analysis (ISSTA), pp. 121–134 (1996)
5. Mayer, W., Stumptner, M., Wieland, D., Wotawa, F.: Can ai help to improve debugging sub-

stantially? debugging experiences with value-based models. In: Proceedings of the European
Conference on Artificial Intelligence, Lyon, France, pp. 417–421 (2002)

6. http://www.dbai.tuwien.ac.at/proj/hypertree/index.html
7. Thorup, M.: All Structured Programs have Small tree width and Good Register Allocation.

Information and Computation Journal
8. Dermaku, A., Ganzow, T., Gottlob, G., McMahan, B., Musliu, N., Samer, M.: Heuristic Meth-

ods for hypertree Decompositions, DBAI-TR-2005-53, Technische Universität Wien (2005)
9. Mayer, W.: Static and Hybrid Analysis in Model-based Debugging. PhD Thesis, School of

Computer and Information Science, University of South Australia, Adelaide, Australia (2007)
10. Wotawa, F., Nica, M.: On the Compilation of Programs into their equivalent Constraint Rep-

resentation. Informatica 32(4), 359–371 (2008)
11. Ceballos, R., Gasca, R.M., Del Valle, C., Borrego, D.: Diagnosing Errors in DbC Programs

Using Constraint Programming. In: Marı́n, R., Onaindı́a, E., Bugarı́n, A., Santos, J. (eds.)
CAEPIA 2005. LNCS (LNAI), vol. 4177, pp. 200–210. Springer, Heidelberg (2006)

12. Wotawa, F., Peischl, B.: Automated source level error localization in hardware designs. IEEE
Design and Test of Computers 23(1), 8–19 (2006)

13. Collavizza, H., Rueher, M.: Exploring Different Constraint-Based Modelings for Pro-
gram Verification. In: Bessière, C. (ed.) CP 2007. LNCS, vol. 4741, pp. 49–63. Springer,
Heidelberg (2007)

14. Reiter, R.: A theory of diagnosis from first principles. Artificial Intelligence 32(1), 57–95
(1987)

http://www.dbai.tuwien.ac.at/proj/hypertree/index.html

	On the Complexity of Program Debugging Using Constraints for Modeling the Program’s Syntax and Semantics
	Introduction
	Representing Programs as Constraints
	Loop-Free Programs
	Static Single Assignment Form
	Constraint Representation

	Constraint-Based Debugging
	Experimental Results
	Conclusion
	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




