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Abstract. This paper presents a new fast algorithm to compute an approximation
to the median between two strings of characters representing a 2D shape and its
application to a new classification scheme to decrease its error rate. The median
string results from the application of certain edit operations from the minimum
cost edit sequence to one of the original strings. The new dataset editing scheme
relaxes the criterion to delete instances proposed by the Wilson Editing Proce-
dure. In practice, not all instances misclassified by its near neighbors are pruned.
Instead, an artificial instance is added to the dataset expecting to successfully
classify the instance on the future. The new artificial instance is the median from
the misclassified sample and its same-class nearest neighbor. The experiments
over two widely used datasets of handwritten characters show this preprocessing
scheme can reduce the classification error in about 78% of trials.

1 Introduction

Dataset editing has received considerable attention from the seminal works of Wilson
[[L7] about the edited near neighbor rule (ENN) because this technique can be useful
to improve nearest neighbor classifiers response. Mainly, these algorithms focus on
deleting wrong tagged instances from a set, which will be used as training set for a given
classifier. Several modifications have been proposed such as [2)][4][13] and [15][18]
more recently, facing with some problems of basic Wilson procedure as statistically
dependence of estimations over each instance [10]. Another group of algorithms also
changes some instances tag while editing, such [6] and [[14].

In many problems, patterns do not have a vectorial representation, instead another
syntactic coding such strings and trees are commonly used. Methods cited before mainly
concern with these vectorial representations and distances. Therefore, when dealing
with strings a suitable distance has be selected. In our case, the widely used Leven-
shtein edit distance [7] is choosen. In addition, some approaches find representatives
instances as centroids [[12] or prototypes, so this concepts need to be extended to the
new coding schemes.

Several authors [[1]] [3] [S]] have described algorithms to get a prototype representing
a set of strings, as the centroid, the median string or an approximation. Most of this
works build the desired string by successive refinements of a initial string or by some
ad-hoc procedure.
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This work proposes new Wilson based approach to edit a dataset of instances that
have been encoded by some string representation. The inclusion of a prototype repre-
senting both, an instance and its same-class nearest neighbor inside a k-neighborhood
if exist, when the instance is misclassified, is the main difference from others described
in the literature. Besides, this paper presents a fast algorithm to compute the proto-
type representing two strings suitable for requirements of described editing procedure.
Section [2] provides a detailed explanation of the algorithm to build the prototype and
some useful concepts. Section [3] describes the proposed editing procedure and several
considerations related to the computational complexity of proposed algorithms. Finally,
section M illustrates with different experiments the behavior of proposed methods.

2 Prototype Construction

To compute the prototype representing two strings, this case defined as the median
string, the proposed approach focus on information gathered from calculation of the
distance between those strings. This section contains a glance of the selected distance
measure, the Levenshtein [7]] edit distance. Latter a procedure to compute the median
string is covered.

2.1 Edit Distance

Let X' be an alphabet and S7 = {511, 512.-S1m }» S2 = {S21, 522..52,} two strings
over X where m,n > 0, the edit distance between S; and Sa, D(S7, S2), is defined in
terms of elementary edit operations which are required to transform \S; into So. Usually
three edit operations are considered:

— substitution of a symbol a € Sy by a symbol b € Ss, denoted as w(a, b)
— insertion of a symbol b € S in S7, denoted as w(e, b)
— deletion of a symbol a € S1, denoted as w(a, €).

where € denotes an empty string. Let ng = {q1,42, ..., qr} be a sequence of edit
operations transforming S; into S}, if each operation has cost e(g;) the cost of Qg% is

Egs1 = Zle e(¢;) and the edit distance D(Sy, S2) is defined as:
D(S1,52) = argmin{ EQ?%} .

Strings involved in this work are Freeman Chaincodes, for that reason substitution costs
are computed as follows:

e(w(a,b)) = argmin{|a — b|,8 — |a — b|}

In the case of the insertions and deletions the cost 2 was chosen which is half of the
maximum cost of the substitution operation; this same fixed number is used in [[L1]. The
dynamic programming algorithm exposed by Wagner [[16] allows to compute D(S1, S2)
in O(Lg1 x Lg2) time, where Lg denotes the length of string S.
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2.2 Fast Median String Computation

The median of a set T of strings can be briefly defined as the string R which realizes:
argming{z D(R,S))|S; € T} (1)

As explained above, the proposed approach computes the median R of two strings Sy
and S by applying a subset of edit operations from the minimum cost edit sequence
Q21 to S1. To choose those editions that will be applied, each element at Q23 is tested
to estimate how it will affect D(S1, R) and D(S2, R), since the algorithm seeks for a
string R satisfying (1)) and @). This additional requirement means that an R near of the
halfway between .S, and S5 will be preferred.

argming{|D(R, S1) — D(R, S2)|} 2

The idea behind the algorithm is that each operation g; in ‘gé affects the future
D(R, S1) and D(R, S2) since can be guessed that a rejected operation keeps R similar
to 51 while accepted editions makes R resembles to S5. A close examination of each
possible operation help to explain this conjecture.

For insertions, let b%, be the k-esime symbol from Ss. An operation ¢; = w(e, b%,)
from Qﬁf indicates the insertion of this symbol into S; to obtain R. Suppose g; is
accepted, thus can be expected that lef does not involves an insertion of a symbol
in R to be matched with b%, in S since it was done before. A similar reasoning led
to guess this symbol is market to deletion from R when D(R,S7) is computed. In
turn, a symbol b’gl deleted from S to get R will be pointed to be inserted again while
computing distance from R to 5.

Substitutions w(bg, , bgs,) will always applied, but whenever possible a symbol m
will be placed in R instead bg, or bg,. The choice of m tries to make R similar to both
S1 and S5, thus must satisfies:

e(w(bs,,bs,)) = e(w(bs,,m)) + e(w(m, bs,))- 3)

argming {|e(w(m, bs,)) — e(w(m,bs,))[}- )

Previous assumptions allow estimating how applying or not an operation g; will af-
fect distances from R to S; and S5. Chosen insertions of bgo into S7 contributes with
e(w(bga,€)) to D(R, S1) since the inserted symbol need to be deleted, now g; has not
an effect on D(R, S2). If the insertion is rejected implies D(R, S7) does not change,
but D(R, S3) will grow by e(w(e, bg2)). Unlike the insertion occurs in the case of the
deletion operation. If a deletion is discarded D(R, S3) increases by e(w(bgs1,¢)) or
D(R, S1) by e(w(e, bs1), if operation is accepted. Substitutions make both D(R, S1)
and D(R, S2) grow by e(w(bs1,m)) and e(w(m, bga)) respectively.

For example, let S; = {a, b}, So = {d, e} and e(w(-,€)) = e(w(e,-)) = 1. Table[I]
shows the substitution cost between symbols, thus Q3% = {w(a, ), w(b,d),w(e,e)}.
Possible options to select or not an operation yields the tree at Figure [Tl where each leaf
node shows a candidate R. Inside brackets, an estimation of the cumulative contribution
of each operation up from the node to D(R, S1) and D(R, S2) respectively. Procedures
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FMSC and FindOp outlined below allow searching through the tree for those edit oper-
ations which yields an R satisfying established requirements.

Let:

Qg%:minimum cost edit sequence to transform S; into S3.

d: difference between cumulative S1 and S2.

r: the better consecutive symbols corresponding to d difference.
function FindOp (op,,asi,as2) : (d, 1)

/* op;: index of the operation op € Qg% to analyze 1if is applied or not =/

/* ag1 = 0: cumulative distance of applied editions over D(R,S1) =/

/* ag2 = 0: cumulative distance of applied editions over D(R,S2) x/

/* better = (00, D): local better result */

if (op; ==0) then
better = (ag1 — aga, D)

else

case Q2[op)
- w(b51,€,): /* Deletion */
/* Rejected =/
(dnm Tno) = FindOp(op; —1,as1,as2 + e(w(bSh 5)))
/* Accepted x/
(dyes; Tyes) = FindOp (op; — 1, as1 + e(w(e, bs1)), asz2)
if (|dyes| < |dno|) then
better = (dyes, ryes U {bs1})
else
better = (dnos Tno)
end if
- w(&,bsz): /* Insertion */
/* Rejected x/
(dnosTno) = FindOp (op;, — 1, as1,as2 + e(w(e,bs2)))
/* Accepted x/
(dyes;Tyes) = FindOp (op; — 1, as1 + e(w(bsz,¢€)), as2)
if (|dyes| < |dno|) then
better = (dyes, ryes U {bs2})
else
better = (dno,Tno)
end if
- w(bSl,bSQ): /* Substitution */
foreach symbol m satisfying (@) and (@)
(d,r) = FindOp (op,—1, as1+e(w(m,bs1)), ase+e(w(m,bsa)))
if (|d| < |better|) then
better = (d,r U {m})
end if
end foreach
end case
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end if
return better
end function

procedure FMSC (51, S2)

/+ S1 and S2: strings to compute its median R

- compute D(S1,S52) to get Qﬁf
- (d,r) = FindOp(Lng,0,0)
- return 7

end procedure

Table 1. Substitution cost between two symbols. e(w(-, -))

abcde
a01234
b10123
c21012
d32101
e43210

R‘ a,c a,c,e C c,e
[1,3] [2,2] [2,2] 3,11

Fig. 1. Each branch represents a possible set of operations to get R from Sy

3 Editing Algorithm

Let T a set of instances. Wilson [17] based editing procedures such [4]][13]] remove
all misclassified instances, t;, by its k-nearest neighbors (K -NN). This kind of edit-
ing cleans interclass overlapping regions while the boundaries between classes are
smoothed. A K-NN classifier that uses the edited set as training set could be improved
its classification results respect the classification through the original dataset.

As point Wilson [18]], in some cases editing has be done carefully because the al-
gorithm may remove a lot of instances, while spoiling the generalization capabilities.
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When k£ > 1, a wrong classification of ¢; does not mean that no one k-nearest neighbors
belongs to the same class of ¢;. Thus, it is reasonable to think that ¢; does not need to
be an outlier, but can be a boundary instance useful for next classifications.

The proposed approach aims to face successfully this problem by adding to 7" an
artificial instance R computed from ¢; and its same-class nearest neighbor, ¢, if it be-
longs to k-nearest neighbors. If R, tagged as ¢;, satisfies D(R, t;) < D(t;,t;) and @).
Its inclusion boosts the chance ¢; will be correctly reclassified since by definition R lies
in the ¢; k-neighborhood. Moreover, this can be viewed as some space regions poorly
covered from the original instances become better represented. From these assumptions
can be guessed this editing scheme leads to lower classification errors versus the origi-
nal dataset. Artificial instance R will be computed by the procedure Fast Median String
Computation, FMSC for short, described at section 2.2} as R = FMSC(t;,t;). The
algorithm sketched below allows compute the edited set.

Let:

T:instance set to edit.

K :number of near neighbors.
foreach instance t; in T

- classify t; by its k-near neighbors in T —t;.
if wrong classified then
- find {;, the k-near same-class neighbor of ;.

if exist t; then
- build R = FMSC(t;t;).
- make T=TUR.
else
- mark t; to deletion.
end if

end if

end foreach
- delete from T all market instances.

3.1 Computational Cost Analysis

Computing the median R from strings S7 and S5 involves the calculation of D(S7, S5),
which can be accomplished in O(Lg; x Lg2) as was pointed at subsection 2.1l From
definition of this distance LQ?? = Lg1 + Lgo for the worst case, i.e when there are no
substitutions.

Searching through the tree with FindOp can be viewed as evaluating all possibili-
ties to assigning {accepted/rejected} to every q; in Q22, so there are olag chances,
this is, the number of branches on the tree. Denoting a rejected operation by ~ g;, let
Op ={q1,~ q2,~ g3, ..., qn } be a possible assignation and ¢;, ¢ < n, an arbitrary oper-
ation. Clearly, the estimate ag; to D(R, S1) associated with Op can be decomposed as
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as, = a4 a" where af;" denotes the cumulative contribution of those opera-
tions ¢y, .., g, to as1, this holds also for ags.

Be Op' a new assignment derived from Op by changing the {accepted/rejected}
tag to some operations {qo, .., ¢;} while {git+1,..,¢»} gets unchanged. Consequently
the value a’g; related to Op’ is a’s, = a’g'l'l + aggl“”, an expression which is partially
calculated before, similarly can be computed a’s2. Moreover, if those assignations to
{¢i+1, --, @n } minimizes |af;;1“" — a?gl“"| thus, the optimal sequence of assignations
is one which have {g;+1, .., g } as subsequence.

Considerations above allows to speed up computation of FindOp procedure by ap-
plying a dynamic programming approach leading a O(maxz{Ls1 X Lga, Lgsa x D,}),
where D, = D(S1,52) .

The editing procedure needs to classify every instance at 7', which requires an
O(|T)?) time. A second steps involves computing FMSC for every wrong classified
instance having a same-class k-near neighbor. The worst case, all |T’| instances will

need to be processed, so this step entails O(|T'| x FindOp) time.

4 Experimental Results

The behavior of the proposed algorithms was analyzed using two sets of strings (Free-
man Chaincodes). Digits and character contours from the NIST 3 DATABASE with 26
and 10 classes respectively.

To evaluate the editing algorithm a sample of 80 instances per class was drawn and
each set splits in 4-fold to use a crossvalidation technique. At a first stage, for a fixed
value of K, all training sets were edited by the Wilson procedure and each test set
classified by the K-NN rule using the respective edited set. Latter, each original training
set was edited but this time by our proposed approach classifying again the test sets. As

Table 2. Average error rate (4-folds) as percent for classification with different edited sets.
(Characters set).

K on Edition
K=3 K=5 K=7 K=9 K=11 K=13 K=15 K=17

K on Classif.
Not Edited
Wilson
JIWilson
Wilson
JJWilson
Wilson
JIWilson
Wilson
JIWilson
Wilson
JJWilson
Wilson
JIWilson

Wilson
JIWilson

Wilson
JIWilson

1 13.7 16.5 14.6 15.8 13.8 16.3 13.8 16.8 13.8 17.1 13.4 17.1 13.4 17.5 13.2 17.8 13.1
3 147 17.6 153 17.6 14.6 17.5 14.4 17.8 14.2 18.8 14.0 18.9 13.9 19.6 13.8 19.9 13.3
5 154 17.615.2 17.9 14.4 179 14.1 18.5 14.1 18.9 14.2 19.5 14.1 19.8 13.8 20.2 13.7
7 16.0 19.4 16.2 19.6 15.1 19.9 15.2 19.8 14.7 20.2 14.2 20.7 14.0 20.8 14.0 21.3 14.1
9 17.1 19.5 16.3 20.1 15.5 20.3 15.3 20.5 14.8 21.0 14.8 21.6 14.5 21.8 14.6 22.2 14.6
11 17.7 20.0 17.7 20.8 16.5 20.8 16.1 21.3 15.4 21.6 15.0 22.3 15.0 22.3 15.2 23.1 15.0
13 18.3 21.0 18.2 21.2 17.1 21.7 16.4 22.1 16.5 22.5 15.8 22.8 15.5 23.3 15.5 23.7 15.7
15 18.6 22.0 18.9 21.6 18.0 22.3 17.1 22.6 16.7 23.3 16.2 23.5 16.3 23.7 16.0 24.2 16.0
17 19.6 22.1 18.8 22.7 18.0 23.0 17.5 23.8 17.4 24.0 16.9 24.0 16.5 24.6 16.5 24.8 16.4
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Table 3. Average error rate (4-folds) as percent for classification with different edited sets. (Digits
set).

K on Edition

K=3 K=5 =7 K=9 K=11 K=13 K=15 K=17
el

£ = = = = = = = =
E 22 =22 =2 = = =2 = =
Zzg 3232525282582 5z%2%58

1.8281926182518291.6281.6281.62815281.5
203.12329233.0203319342034203.819391.8
303.6293.6283828432.6432.64.12543234425
35433543294329452.64.62.6482.650255.124
3643354133433.04.629492849285.12.85428
1141452945294.629463.04.63.6483549355334
13444831483350315033534.05.63.5593.5593.4
154.851385138543.6553.855456.143634.16.33.9
17495141514.05438553.9554.66.14.26.04.36.14.3

© < w» w — K on Classif.

a baseline, the original training sets classficantion is used. At each fold, editing was
repeated for odds values of K from 3 to 17, while in the classification stage, the range
was from 1 to 17. Remaining a total of 288 trials on each dataset. As distance, the
Levenshtein distance was chosen which is described in the section 2.1}

Tables 2] and 3] show some results for the 4-fold experiments when the test set uses:
the original training set, different edited sets for the characters and the digits datasets,
respectively. Through these experiments, Wilson procedure never reduces the baseline
error rate (classification with original tranining sets), while our proposed approach,
labeled as JJWilson, is to able to improve by 79.1% of the trials in the case of characters
dataset and by 77.7% in the case of digits dataset. These improvements are highlighted
in bold type in the tables of results. So, the experiments in both datasets show that the
proposed algorithm for editing outperforms the Wilson approach, with respect to the
error rate reduction.

5 Conclusions and Future Work

A novelty method was presented to edit a dataset of contours encoded by Freeman
Chaincodes. In addition, a new fast procedure to compute the median between two
strings based on a string edit distance is explained. Experiments show that the edit
scheme behaves well on the studied datasets. Further investigations can be addressed to
revise the method to identify the misclassified instance, and consider other near neigbor
belonging to the same class instead the nearest one to build the new prototype. Also,
others datasets could be studied and compared with additional edit methods. Moreover,
our fast median string algorithm between two examples could be extended to compute
the average of NV examples.



756 J.1. Abreu Salas and J.R. Rico-Juan

Acknowledgements

This work is partially supported by the Spanish CICYT under project DPI2006-15542-
C04-01, the Spanish MICINN through project TIN2009-14205-CO4-01 and by the
Spanish research programme Consolider Ingenio 2010: MIPRCV (CSD2007-00018).

References

1. Cérdenas, R.: A Learning Model for Multiple-Prototype Classification of Strings. In: 17th
International Conference on Pattern Recognition, vol. 4, pp. 420—442 (2004)

2. Devijver, 1., Kittler, J.: On the edited nearest neighbour rule. In: 5th Int. Conf. on Pattern
Recognition, pp. 72-80 (1980)

3. Duta, N, Jain, A., Dubuisson-Jolly, M.: Automatic Construction of 2D Shape Models. IEEE
Transactions on Pattern Analysis and Machine Intelligence 23, 433-446 (2001)

4. Ferri, F.,, Vidal, E.: Comparison of several editing and condensing techniques for colour im-
age segmentation and object location. Pattern Recognition and Image Analysis (1992)

5. Jiang, X., Schiffmann, L., Bunke, H.: Computation of median shapes. In: 4th Asian Confer-
ence on Computer Vision (2000)

6. Koplowitz, J., Brown, T.: On the relation of performance to editing in nearest neighbour
rules. Pattern Recognition 13, 251-255 (1981)

7. Levenshtein, V.: Binary codes capable of correcting deletions, insertions and reversals. Soviet
Physics 10, 707-710 (1966)

8. Martinez, C., Juan, A., Casacubierta, F.: Median strings for k-nearest neighbour classifica-
tion*1. Pattern Recognition Letters 24, 173-181 (2003)

9. Olvera, J., Martinez, F.: Edition schemes based on BSE. In: 10th Iberoamerican Congress on
Pattern Recognition, pp. 360-368 (2005)

10. Penrod, C., Wagner, T.: Another look at the edited neares neighbour rule. IEEE Trans. on
Systems, Man and Cybernetics 7, 92-94 (1977)

11. Rico-Juan, J.R., Micd, L.: Comparison of AESA and LAESA search algorithms using string
and tree-edit-distances. Pattern Recognition Letters 24, 1417-1426 (2003)

12. Sanchez, J., Pla, E., Ferri, F.: Using the nearest centroid neighbourhood concept for editing
purposes. In: 7th Symposium National de Reconocimiento de Formas y Andlisis de Imagen,
vol. 1, pp. 175-180 (1997)

13. Tomek, I.: An experiment with the edit nearest neighbour. IEEE Trans. on Systems, Man and
Cybernetics 6, 448-452 (1976)

14. Tomek, I.: A generalization of the k-NN rule. IEEE Trans. on Systems, Man and Cybernet-
ics 6, 121-126 (1976)

15. Viazquez, F., Sanchez, J., Pla, F.: A stochastic approach to Wilson’s editing algorithm. In:
Marques, J.S., Pérez de la Blanca, N., Pina, P. (eds.) IbPRIA 2005. LNCS, vol. 3523,
pp. 35-42. Springer, Heidelberg (2005)

16. Wagner, R., Fischer, M.: The String-to-String Correction Problem. Journal of the ACM 21,
168-173 (1974)

17. Wilson, D.: Asymptotic properties of nearest neighbor rules using edited data. IEEE Trans.
on Systems, Man. and Cybernetics 2, 408421 (1972)

18. Wilson, D., Martinez, T.: Reduction techniques for instance based learning algorithms. Ma-
chine Learning 38, 257-286 (2000)



	A New Editing Scheme Based on a Fast Two-String Median Computation Applied to OCR
	Introduction
	Prototype Construction 
	Edit Distance
	Fast Median String Computation

	Editing Algorithm
	Computational Cost Analysis

	Experimental Results
	Conclusions and Future Work
	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




