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Abstract. Many applications require the establishment of mappings be-
tween ontologies. Such mappings are established by domain experts or
automated tools. Errors in mappings can introduce inconsistencies in
the resulting combined ontology. We consider the problem of identify-
ing the largest consistent subset of mappings in hierarchical ontologies.
We consider mappings that assert that a concept in one ontology is a
subconcept, superconcept, or equivalent concept of a concept in another
ontology and show that even in this simple setting, the task of identifying
the largest consistent subset is NP-hard. We explore several polynomial
time algorithms for finding suboptimal solutions including a heuristic
algorithm to this problem. We experimentally compare the algorithms
using several synthetic as well as real-world ontologies and mappings.

1 Introduction

Many semantic web applications (e.g., building predictive models from disparate
data sources, assembling composite web services using components from multi-
ple repositories) rely on mappings to bridge the semantic gaps between disparate
ontologies. Such mappings may be established by domain experts, or automated
tools designed to discover such mappings from data[l, [9]. This is inherently an
error prone process. Errors in mappings can make the resulting ontology incon-
sistent. Consider for example an ontology with a single concept (say c,) and
another ontology with a single concept (say ¢,). Consider the following set of
mapping between the ontologies: (1) ¢, < ¢, and (2) ¢, < ¢, where < denotes
strict subconcept relationship. Obviously both these mappings cannot simulta-
neously hold. To ensure the consistency of the resulting ontology, one of the
two mappings has to be discarded. While in this case the ontologies were sim-
ple and mappings were straightforward, in general, because of the large number
of concepts and mappings involved, it is necessary to automate the process of
identifying and eliminating inconsistencies.

In this paper we consider the problem of identifying the maximum subset of
consistent mappings between hierarchical ontologies. We show that this problem
is NP-hardeven in the restricted setting of mappings that assert that a concept
in one ontology is a subconcept, superconcept, or equivalent concept of a concept
in another ontology. We introduce several polynomial time algorithms for finding
suboptimal solutions to the problem. We experimentally compare the algorithms
using several synthetic as well as real-world ontologies and mappings.
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2 Problem Description

We first introduce notations and definitions that we use in formalizing the prob-
lem of identifying the maximum subset of consistent mappings between hierar-
chical ontologies.

Definition 1 (Concept and Relationships). A concept (or a class) repre-
sents a collection of objects or individuals. We consider two types of relationships
between any pair of concepts:(1) strict subconcept relation (<) and equivalence
relation(=).

Definition 2 (Ontology). An ontology Ox: (Ck, Ry) where x € N is a two-
tuple of a non-empty finite set of concepts Cy and a finite set of relationships Ry
between those concepts.

In our setting each ontology can be represented as a directed graph (called the
ontology graph) where the each vertex is a set of equivalent concepts in the
transitive closure of the ontology and a directed edge exists between two nodes
in the graph if and only if a relationship exists between the concepts associated
with two nodes (Note the edge is directed from the subconcept towards the
superconcept).

Definition 3 (Ontology Graph). The ontology graph associated with a given
ontology Ox: (Ck, Ry) is the graph Go,: (Vo,, Eo,) where Vo = {vf,v3...}
is a non-empty finite set of vertices and each vertex v} represents a non-empty
finite set of equivalent concepts in Cy such that exactly one of the following
conditions is true: (1) either v¥ is a singleton set and the only concept contained
in this set is not related to any other concept in Cx with the equivalence relation
or (2) Cardinality of v¥ is more than 1 and each concept in v¥ is related to at
least one other concept in vy with the equivalence relation. Ep_ is a finite set of
edges such that if (€} = v} --» v;) then, 3cj € wvf,3c; €vj:icf <) € Ry

Tm
Note that each concept in the ontology is associated with one and only one vertex
in its associated ontology graph. In addition, if any two concepts are related
through an equivalence relation they must have the same associated node in the
ontology graph.

Remark 1 (Simplifying Assumption). Given an ontology Oy : (Cy, R,), it is fairly
straightforward to generate the corresponding ontology graph Go,: (Vo,, Eo,).
Note that we are actually merging all the equivalent classes in an ontology into a
single vertex in the corresponding ontology graph. Since this merging is just the
conceptual merging in the representation and not the actual merging of classes in
the ontology, for simplicity, we will assume that the input ontologies do not con-
tain any equivalence relationships. As a result, all the relationships contained in
an ontology are subconcept relationships (hierarchical ontologies). This implies
that all the vertices in the corresponding ontology graph have a single concept
associated with them.

Definition 4 (Inconsistent). An ontology Oy: (Cy, Ry) is said to be incon-
sistent, if the transitive closure of Ry contains ¢ < c;.
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Each subset of relationships in R, that lead to some relationship ¢} < ¢} in the
transitive closure of the ontology is said to be a set of conflicting relation-
ships. For any inconsistent ontology there may be one or more sets of conflicting
relationships and each set may contain two or more relationships that conflict

as a whole.

Definition 5 (Consistent). An ontology Oy: (Cy, Ry) is said to be consistent
if it is not inconsistent.

Theorem 1. An ontology Ok is consistent if and only if its ontology graph Go,
is a directed-acyclic graph (DAG).

Proof. The proof (for the if direction) is by contradiction and follows from the
fact that there is one-to-one mapping between concepts and relationships in
ontology to vertices and edges in ontology graph. As such any concept associated
with a vertex participating in a cycle will have a subconcept relationship with
itself in the transitive closure of R,. The reverse direction of the statement follows
in a similar way.

Definition 6 (consistent). We define function consistent: O — {T, L} as:
. T if Go, is DAG

consistent (Oy) = {J_ otherwise

Therefore, the function consistent can be implemented using the topological or-
dering algorithm with a running time of O (|V| + |E|) where |V| is the number of
vertices and |E| is the number of edges in the graph [11]. Alternatively, we have
a running time of O (|C| + |R|) where |C| is the number of concepts and |R| is
the number of relationships in the ontology.

Given any two different ontologies Oy: (Cx, Ry) and Oy: (Cy, R,) the Mappings
define the relationships between any two concepts in the ontologies.

Definition 7 (Mapping Relationship). Given O, and Oy, a mapping rela-
tionship 7 is a relationship ¢;Rc; where cf € Cy, ¢} € Cy, and (1) ¢f < ¢}
represents that c; is subconcept of cz; (2) ¢t~ c;{ represents that c; is supercon-

cept of ¢ and (3) cf = ¢} represents that ¢ is equivalent to c}.

Definition 8 (Mapping Set). Given Oy and Oy, a mapping set My, is a
finite set of mapping relationships.

Given ontologies Oy, Oy, and mapping set M,.,, we can generate a merged ontol-
ogy by using the relationships specified in the mapping set M.,. We denote the
merged ontology by O,: (C,, R,). In addition we use the following notations:
] = [Cd + IC, |, [RI = [Re] + Ry, and [M] = M.

This merged ontology can be represented by a graph called mapping graph.
Given a pair of ontologies Oy, O, and a mapping set M,.,, the corresponding
mapping graph is Gu,,, : <VMXW, EMX:» where,
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Table 1. Relationships in Mapping Graph

Relationship  In Mapping Graph  Edge Type

c; < v; —=> U} Ontology edge
¢ =< vf — v} Mapping edge
¢ =c vy — vy Mapping edge
¢ =c; v v Mapping edge

— Vu,, is finite non-empty set of vertices
— Eu,, is finite set of labeled directed edges such that each edge is one of the
following:

e an ontology edge corresponding to some subconcept relationship specified
in either ontology.
e an mapping edge corresponding to some subconcept or superconcept re-
lationship specified in mapping set.
e an mapping edge corresponding to some equivalence relationship speci-
fied in mapping set.
Table [ lists down how each relationship is being represented in the mapping
graph.

The mapping graph intuitively differs from the ontology graph in the sense that it
allows to distinguish between the edges corresponding to the relationships in the
ontologies and the edges corresponding to the mapping relationships. In addition
it can contain bidirectional edges corresponding to the equivalence relationships
in the mapping set.

Remark 2 (Converting Mapping Graph to Ontology Graph). A mapping graph
Owm,,, can be easily converted to the corresponding ontology graph Q@MX:Y by
first copying all the non-mapping edges and unidirectional mapping edges to
the ontology graph and then merging the vertices that are combined by the
bidirectional mapping edges.

Theorem 2. A merged ontology Ow,,, is consistent if its mapping graph Gu,,
is a DAG.

Proof. This is straightforward since the mapping graph Gy, can be converted to
ontology graph Q@MX:Y which in turn must be a DAG for the combined ontology
O, to be consistent as per Theorem [II

Theorem 3. Given consistent ontologies Ok, Oy, and a mapping set My.,, any
cycle in Gy, must contain at least two edges corresponding to the mapping
relationships, that is, at least two edges in any cycle must belong to the set

(]EMW \ (]on U]Eoy)>- Moreover, those edges must be either (v} — vz and

Y X X Y X Y X Y y X
v — vi) or (vi — v} and vi «— v]) or (v «— v} and v[ — vg) or
(vf v} and v —— v].
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Proof outline. Since the given ontologies are consistent, they must be both DAGs
by Theorem [Il Moreover, for the vertices corresponding to these DAGs to par-
ticipate in a cycle in the mapping graph, there must be a path that goes from
one DAG to the other DAG and back to the first DAG. Consequentially, two
directed edges with opposite directions must exist between vertices in the two
DAGs. Since the edges between the two DAGs are due to the mapping set, at
least two of the edges in any cycle must be the mapping edges as specified above.

Remark 3. We can observe that each cycle can in turn be represented as a chain
of relationships which will lead to inconsistency in the ontology. Hence, any such
chain would contain at least two mapping relationships which must be either
(cf = ¢jand ¢§ = ¢f) or (¢f < ¢j and ¢§ = ¢f) or (¢f = ¢j and ¢ = ) or
(cf=cj and ¢f = ¢]).

Definition 9 (Consistent Mapping Subset). Given consistent ontologies Ox
and Oy, and a mapping set M,.,, a subset M;:y C M., is said to be a consistent

mapping subset if consistent (OM;;Y) =T.

Definition 10 (Maximal Consistent Mapping Subset). Given O, and O,,

and My.,, a consistent mapping subset M;:y C M.y is said to be a maximal

consistent mapping subset if (consistent (OMiw) =T ) and Vr%Y € My \ ML,
(consistent ((’)ng) = J_) where M:(/y — (M;:y U {,r;:y}>

Intuitively, a consistent mapping set is maximal if adding any more mapping
to it will lead to inconsistencies. Note that for any given pair of consistent on-
tologies and a set of mappings between them there can be, in general, multiple
maximal consistent mapping subsets. Furthermore, the user might have prefer-
ences over the mappings to be retained in the solution. A simple way to specify
such preferences is by assigning weights to the individual mappings.

Definition 11 (Weighted Mapping Set). Given a pair of ontologies Oy and
Oy, a weighted mapping set M., is a set of mapping relationships along with a
weight function w: My, — (R>0) where (R>o) is the set of positive reals.

We will often use shorthand notation w* (M., ) to represent sum of weights of all
relationships in Mi.,. In the rest of the paper, we will assume weighted mapping
sets. If the w function is not specified, we will assume each mapping has a unit
weight.

Definition 12 (Maximum Consistent Mapping Subset). Given a pair of
ontologies Oy and Oy, a weighted mapping set M., a maximal consistent map-
ping subset M’X:y C M., s said to be a mazximum consistent mapping sub-
set if VM, C My : w* (M) > w* (M) where M/, is a mazimal consistent
mapping subset.

So a maximum consistent mapping subset is a mazimal consistent mapping subset
with the most weight. Again, for any given pair of consistent ontologies and
a weighted mapping set between those two ontologies, there can be multiple
maximum consistent mapping subsets.
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Definition 13 (Feedback Arc Set (FAS)). Given a directed graph G: (V, A)
where V is the set of vertices and A is the set of directed edges (arcs), feedback
arc set of G is a subset of edges, A" C A such that G': (V, A\ A') is acyclic.

We now introduce the definition of Minimum Feedback Arc Set in Bipartite
Tournament MFASBT [8].

Definition 14 (MFASBT). Given a bipartite tournament graph G: (X, A,Y)
where X and Y are bipartite sets of vertices and A is set of directed arcs between
the bipartite and a number k € N, is there a feedback arc set of size at most k,
that is, is there a subset A’ C A such that |A'| <k and G\ A’ is acyclic?

2.1 Problem Formulation

We now formally introduce the problem we are trying to solve in terms of the
notation and definitions introduced above.

Decision Version (McMy): Given two consistent ontologies Oy and Oy, some
weighted mapping set M.,, and a number k € N, is there a maximal consistent
mapping subset M;:y C M., of weight at least k7 Formally, McMq can be stated
as:
Given Oy, Oy, M.y, and some k € N, is there M;:y C M.y such that all the
following are true:

1. consistent ((’)M;:J =T.

2. VY € My \M,,., : (consistent (OMify) = J.) where M, = (M;:y U {T;’y}).
3. w” (ML) > k.

Optimization Version (McM): Given two consistent ontologies O, and Oy,
and some weighted mapping set M,.,, identify a maximum consistent mapping
subset M;:y C My.,. Formally, McM can be stated as:

Given Oy, Oy, and M,.,, find a subset M;:y C M., such that all the following
are true:

1. consistent ((’)M;:J =T.
2. VY € My \M,,,, : (consistent (OMify) = J.) where M, = (M;:y U {T;’y}).

3. VMY, C Miy: w™ (M) > w* (M) where M/ is a maximal consistent
mapping subset.

3 Eliminating Inconsistent Mappings

We first show that the decision problem McM, is NP-complete. We then proceed
to describe several efficient algorithms for finding sub-optimal solutions to the
optimization version of the problem.

Theorem 4. McMy is NP-complete.
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Proof Outline. The complete details of the proof are omitted for lack of space
but main idea of the proof to reduce problem of Minimum Feedback Arc Set
in Bipartite Tournament (MFASBT) [g], a known NP-completeproblem, to a
special instance of the decision problem McM,.

Theorem 5. McM is NP-hard.
Proof. The proof follows from Theorem [41

Since McM is NP-hard, we consider several sub-optimal solutions to the problem.
Specifically, we relax McM by dropping the 3"% condition in its definition to
obtain McM,,.

Definition 15 (McM,,). Given a pair of consistent ontologies Oy and Oy, and
a mapping set M.y, find a subset M;:y C M., such that all the following are
true:

1. consistent ((’)M;J =T
2. V¥ € Miy \ M, : (consistent (OM;{J = J.) where M, = (Mfcy U {r;:y}>

We consider three polynomial time algorithms for McM,,, which provide sub-
optimal solutions to McM.

3.1 Naive Approach

A simple approach to identifying a maximal consistent subset of M., is to start
with the set M, initially empty, and add to it mappings from My, \ M,
one at a time, in decreasing order of their weights, as long as the combined
ontology OMi:y remains consistent. The correctness of the algorithm follows by
construction and a straightforward analysis shows that the running time of the
algorithm is O(|M| (|C| + |R| + [M])) (Recall |C| = |Cy| +|Cy|, |R| = |Ry| +|Ry],
and [M] = [Mcy).

3.2 Biased Approach

It follows from Remark [Bl that given a pair of strict partial order ontologies Ox,
O, and a mapping set M., the resulting combined ontology is guaranteed to
be consistent if M., contains only mappings relations of type < or of type >.
This is because in such a case the associated mapping graph is guaranteed to be
acyclic. This observation leads to the following biased algorithm: Let M~ and
M, be the subsets of mapping relations (respectively) of type < and > in M,.,.
We start with the subset M, initialized to one of the mapping subset that has
the larger weight among M~ and M. . We add to Mfcy, mappings one at a time,
from My, \ M., in decreasing order of their weights, as long as the combined
ontology OMi:y remains consistent. The correctness of the algorithm follows by
construction and a straightforward analysis shows that the running time of the

algorithm is also O(|M] (|C| + [R| + [M])).
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3.3 Graph-Based Approach

We proceed to describe a solution for McM,,, that is inspired by an algorithm in-
troduced by Demetrescu and Finocchi for finding a feedback arc set in a weighted
directed graph [2]. We start with the mapping graph Gy, constructed from a
given pair of ontologies Oy, O, and a set of mappings M,.,. Recall that the edges
in Gy, are of two types: (1) those corresponding to relations in O, and Oy; and
(2) the edges corresponding to mappings in Mi.,. The basic idea is to identify and
remove a minimal feedback arc set in Gy, while preserving all the edges of type
(1). We construct Gyy, a weighted version of Gy, by assigning infinite weights to
edges of type (1) and weights that reflect user preferences for mappings in M.,
to edges of type (2). The edges in a minimal feedback arc set of Gy correspond
precisely to the mappings that need to be removed from M., in order to obtain
a maximal consistent mapping subset of M.,. As computed by Demetrescu and
Finocchi, the worst runtime complexity of this algorithm is O (|V||E|) which in

our case turns out to be O(|(C\ (IR + |M\)) Moreover this algorithm guarantees

an approximation ratio bounded by the length (in terms of number of edges) of
the longest simple cycle in the graph. We note that Demetrescu and Finocchi’s
algorithm for MFASBT works by removing edges with the minimum weight.
Consequently, we need a procedure to assign weights to the edges in the Ontol-
ogy Graph. To ensure that only the mapping edges are removed in our solution
we assign an infinite weight to all the non-mapping edges. Approaches to assign
weights to non-mapping edges include assigning unit weight to all non-mapping
edges. The user preference of mappings can be incorporated by assigning user
defined weights to the mappings.

4 Evaluation and Results

Since there are no benchmarks available for evaluating the performance of al-
gorithms for identifying maximal consistent subsets of mappings between on-
tologies, we used randomly generated ontologies and mapping sets. We chose
parameters of the distribution used to generate the ontologies based on a survey
of real world ontologies published by Wang et. al. [15]. We say that an algo-
rithm outperforms another if the cardinality of the solution (maximal consistent
mapping subset) returned by it exceeds that of the solution returned by the
other.

Our first set of experiments were designed to compare the sub-optimal solu-
tions computed by the Naive, Biased and Graph based approaches with each
other. The graph-based approach yielded the best result on 88% of the cases;
The Biased approach provided the best result in 7% of the cases; and the Naive
approach yielded the best result 5% of the cases.

Our second set of experiments focused on the execution time of the algorithms
on some real world ontologies and mappings taken from [4]. The results of these
experiments are shown in Table Pl Interestingly, in this case, the graph based
algorithm executes significantly faster than the other two algorithms. This can
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Table 2. Avg. Execution Time (in ms) for Real World Ontologies and Mappings

Ontology Name |C| [R| M| Simple Naive Biased Graph-based
animals (A, B) 17 19 9 7 2 1
people+pets (A, B) 116 147 58 100 90 2
russia (C, D) 225 243 86 264 285 2
russia (1, 2) 314 327 70 336 286 3
russia (A, B) 254 275 103 374 379 3
Sport (Soccer, Event) 570 558 148 1326 1332 8
Tourism (A, B) 814 850 190 2827 2754 124

be explained by the fact that the mappings used were specified by experts and
contained few inconsistencies. In such a setting the resulting mapping graph
contains few cycles and the graph based algorithm is able to terminate quickly.
However, the other algorithms need to check for consistency whenever they try
to add a mapping to the solution set, and hence, they end up performing poorly.

Our third set of experiments were designed to compare the best of these three
approaches with the brute force approach. The latter exhaustively enumerates
all possible subsets of Mi.,, checks each of them for consistency and outputs a
maximum consistent subset. To permit exhaustive enumeration, we had to limit
the cardinality of the mapping set to a maximum of 31. We found that in 97% of
the cases, the heurstic solution was as good as the optimal solution. Morever, in
the cases where the heuristic solution differed from the optimal, the cardinality
of the set of mappings in the heuristic solution differed from the optimal solution
by atmost 2.

5 Summary and Discussion

We showed that the problem of identifying the maximum subset of consistent
mappings between hierarchical ontologies is NP-hard. We explored introduce sev-
eral polynomial time algorithms for finding suboptimal solutions to the problem
in the restricted setting of mappings that assert that a concept in one ontology
is a subconcept, superconcept, or equivalent concept of a concept in another
ontology. These algorithms can be extended in a natural way to deal with more
expressive mappings between hierarchical ontologies e.g., those that assert the
equivalence of a concept in a target ontology with a concept that is formed by
Union, Intersection or Difference of two or more concepts in the source ontology.
The task of specifying the mappings has been extensively studied in the seman-
tic web, database and the ontology communities in various contexts including
ontology mapping, ontology matching, ontology alignment, ontology merging and
ontology integration (see survey papers [1], [3],[9], and the book [6]). The On-
tology Alignment Evaluation Initiative is a coordinated international initiative
that is aimed at developing a set of common metrics and benchmarks for evalu-
ating ontology alignment methods [5]. A variety of techniques for automating the
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specification of mappings between ontologies have been explored. These include
schema based approaches, instance based approaches or a combination of the
two (see [6] for a detailed discussion of these methods). Of related interest is the
work in learning from heterogeneous data sources in presence of mapping errors
[12]. Ensuring consistency of mappings, specially in large ontologies, has been
identified as one of the major challenges in ontology integration |14]. Barring a
few exceptions ([13],[10],[7]) the problem of eliminating inconsistent mappings
has received limited attention in the literature. To the best of our knowledge,
the the problem of finding the maximum consistent subset of mappings has not
been studied.

References

1. Choi, N., Song, I.Y., Han, H.: A survey on ontology mapping. SIGMOD Rec. 35(3),
34-41 (2006)

2. Demetrescu, C., Finocchi, I.: Combinatorial algorithms for feedback problems in
directed graphs. Inf. Process. Lett. 86, 2003 (2003)

3. Doan, A., Halevy, A.Y.: Semantic-integration research in the database community.
Al Mag. 26(1), 83-94 (2005)

4. Ehrig, M., Sure, Y.: Foam - a framework for ontology alignment and mapping.
In: Gil, Y., Motta, E., Benjamins, V.R., Musen, M.A. (eds.) ISWC 2005. LNCS,
vol. 3729. Springer, Heidelberg (2005)

5. Euzenat, J., et al.: Ontology alignment evaluation initiative (2010),
http://oaei.ontologymatching.org/

6. Euzenat, J., Shvaiko, P.: Ontology Matching. Springer, Berlin (2007)

7. Falconer, S.M., Storey, M.A.D.: A cognitive support framework for ontology map-
ping. In: Aberer, K., Choi, K.-S., Noy, N., Allemang, D., Lee, K.-1., Nixon, L.J.B.,
Golbeck, J., Mika, P., Maynard, D., Mizoguchi, R., Schreiber, G., Cudré-Mauroux,
P. (eds.) ASWC 2007 and ISWC 2007. LNCS, vol. 4825, pp. 114-127. Springer,
Heidelberg (2007)

8. Guo, J., Hiiffner, F., Moser, H.: Feedback arc set in bipartite tournaments is np-
complete. Inf. Process. Lett. 102(2-3), 62-65 (2007)

9. Kalfoglou, Y., Schorlemmer, M.: Ontology mapping: the state of the art. Knowl.
Eng. Rev. 18(1), 1-31 (2003)

10. Kalyanpur, A., Parsia, B., Sirin, E., Grau, B.C.: Repairing unsatisfiable concepts
in owl ontologies. In: Sure, Y., Domingue, J. (eds.) ESWC 2006. LNCS, vol. 4011,
pp. 170-184. Springer, Heidelberg (2006)

11. Kleinberg, J., Tardos, E.: Algorithm Design. Addison-Wesley Longman Publishing
Co., Inc., Amsterdam (2005)

12. Koul, N., Honavar, V.: Learning in presence of ontology mapping errors. In: Web
Intelligence (2010)

13. Meilicke, C., Stuckenschmidt, H., Tamilin, A.: Repairing ontology mappings. In:
AAAT, pp. 1408-1413 (2007)

14. Shvaiko, P., Euzenat, J.: Ten challenges for ontology matching. In: Meersman, R.,
Tari, Z. (eds.) OTM 2008, Part II. LNCS, vol. 5332, pp. 1164-1182. Springer,
Heidelberg (2008)

15. Wang, T.D., Parsia, B., Hendler, J.: A survey of the web ontology landscape. In:
Crugz, L., Decker, S., Allemang, D., Preist, C., Schwabe, D., Mika, P., Uschold, M.,
Aroyo, L.M. (eds.) ISWC 2006. LNCS, vol. 4273, pp. 682-694. Springer, Heidelberg
(2006)


http://oaei.ontologymatching.org/

	Identifying and Eliminating Inconsistencies in Mappings across Hierarchical Ontologies
	Introduction
	Problem Description
	Problem Formulation

	Eliminating Inconsistent Mappings
	Na\"{i}ve Approach
	Biased Approach
	Graph-Based Approach

	Evaluation and Results 
	Summary and Discussion



<<
  /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




