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ABSTRACT 
A novel density-based distance measure and an outlier detection 
method using evolutionary search are presented in this paper. A 
fitness function based on nearest neighbor distances is proposed 
and the genetic recombination operators are designed to achieve a 
balance of exploration and exploitation in the nearest 
neighborhood space. The methodology is tested on datasets of 
varying sizes (small to moderate) and dimensionalities and 
performance is compared to existing evolutionary methods for 
outlier detection.    

Categories and Subject Descriptors 
H.2.8 [Database Applications]: Data Mining 

General Terms 
Algorithms 

Keywords 
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1. INTRODUCTION 
Identifying outliers is central to data mining activities such as 
credit card fraud detection, voting irregularity analysis, and 
network intrusion among others where the outlier is an object of 
interest. This is in contrast to supervised and unsupervised 
classification tasks where outliers impede system performance 
and should therefore be removed or ignored. In either case, 
detection of outliers is of paramount importance. The task of 
outlier detection in data can be categorized into three groups – (1) 
statistical methods which assume a priori knowledge of the 
distribution of the data and outliers are defined as data objects that 
do not belong to the distribution, (2) deviation-based methods 
(also called spatial methods) which identify outliers as those 
objects whose spatial attributes deviate significantly from the 
main characteristics of the data, and (3) the most popular distance-
based methods which identify outliers simply according to 
distances to nearest neighbors. In this approach, an object in a 
dense region of data will be close to its neighbors while a 
potential outlier will have relatively fewer points in its immediate 
neighborhood. The advantages of defining outliers using distances 
are that no explicit statistical distribution needs to be defined and 
that they can be applied to any feature space for which a distance 
measure can be defined [2]. An obvious disadvantage of using 
nearest-neighbor based techniques is the computational burden – a 

simple nested loop will be of quadratic complexity. Researchers 
have proposed improved data structures, data preprocessing and 
indexing techniques to deal with this issue [3]. In this paper, an 
improved density-based distance measure is proposed to be used 
with an evolutionary search algorithm for outlier detection. The 
density-based distance measure will be shown to reduce the 
number of pairwise computations needed to identify an outlier. A 
novel recombination operator that exploits the density-related 
information is also proposed to be used with the evolutionary 
algorithm. 

2. METHODOLOGY 
Consider three objects in a two-dimensional data: A (0, 0), B (1.5, 
2.6) and C (3, 0) such that C is in a sparse region of the data. The 
pairwise Euclidean distances between the three objects is the same 
(= 3 units), and unless distance computations with all other 
objects in the dataset are performed, C will never be identified as 
a potential outlier. However, if data density around the objects is 
considered the distances AC and BC can be weighted so as to 
reflect the fact that C’s attribute values (3, 0) are in a sparse 
region of the data. The distances between objects is defined such 
that for each attribute, the distance is made up of two parts – a 
simple Euclidean distance that measures how far in the feature 
space the objects are, and a density-based component based on 
Lancaster’s modified mean valued χ2 transformation [7] inversely 
related to the immediate density of the attribute, which relates 
directly to the observed frequency of the feature (in case of 
categorical or nominal features) or the frequency of the bin (in 
case of continuous numerical features). Another advantage of this 
modified distance measure is attribute distances for categorical 
attributes can be combined with those for continuous attributes.  

2.1 Representation 
An n-integer representation is used where n is the cardinality of 
the dataset (every object is labeled from 1 to n). The value of the 
ith gene represents the nearest neighbor of the ith object. The 
nearest neighbor is defined in terms of the modified distance 
measure that combines a Euclidean measure with a density-
dependent measure of distance.  As an example for n = 5, an 
individual [21235] decodes to a solution where object labeled 2 is 
the nearest neighbor of objects 1 and 3, and object 1 is the nearest 
neighbor of object 1, object 3 is the nearest neighbor of object 4 
and object 5 is its own nearest neighbor. As will be described 
later, genes which self-refer themselves (such as the object 5 
being its own nearest neighbor) will be prohibited by a mandatory 
mutation. The idea is to generate an integer string that captures 
nearest neighbor information as effectively as possible. As can be 
seen this representation is unwieldy for very large datasets. For 
such datasets a representation similar to the one in [5] can be used 
where the size of the integer chromosome is variable. A 
chromosome encodes for k outliers where k varies from individual 
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to individual in the population and the ith gene in the chromosome 
to the label of the ith outlier. 

2.2 Fitness Function 
A chromosome is assigned a fitness value inversely proportional 
to the sum of nearest neighbor distances encoded in it. If a 
chromosome encodes for the optimal (or a near-optimal) solution, 
the sum of nearest neighbor distances will be less than one that 
does encodes for a sub-optimal solution. However, to be valid, an 
object should not be allowed to refer to itself as its nearest 
neighbor. If k outliers are sought, the n nearest neighbor distances 
in a fit individual can be sorted and the genes with the largest k 
distances can be identified as the outliers.  

2.3 Recombination  
A modified uniform crossover operator with a predefined 
probability is used as the primary source of variation in the 
evolving population. For two parents selected for crossover, the 
crossover operator compares nearest neighbor distances for each 
position, and the offspring inherits the allele which represents the 
smaller distance. For example if [21234] and [34151] are selected 
for crossover, the crossover operator compares if the object 
labeled 1 is closer to object 2 or object 3. If object 1 is closer to 
object 2 than it is to object 3, then the offspring chromosome will 
inherit 2 as the allele for the 1st position, and so on. A mutation 
operator is also used to mutate positions with a predefined 
probability as a secondary source of variation. In addition the 
mutation operator is also used in a corrective mode – to modify an 
allele if a self-reference is found. In order to amplify the 
exploitation component of the search, a few experiments were 
conducted with the mutation operator switched off after a certain 
number of generations. 

2.4 Initial Population 
An initial population is created randomly by assigning allele 
values to genes (while explicitly avoid self-referencing). Another 
method initialization method investigated for moderately-sized 
datasets (higher dimensional datasets) is clustering using k-means 
to identify clusters and then assigning allele values to individuals 
in the initial population from its own k-means cluster. A simple 
Euclidean measure is used as the distance function with the initial 
k-means step. Although, this adds complexity to the algorithm, it 
is shown to speed up convergence and improve performance. 

2.5 Selection and Evolution 
A mating pool is created by using a fitness-proportional selection 
operator. Parents are selected at random for crossover from the 
mating pool and an offspring population of half the size of the 
parent is created. The new population is created by retaining the 
top half (fitness) of the existing parent population and replacing 
the bottom half by the newly created offspring population. The 
evolution is continued till a fixed number of generations or until 
the average fitness of the population stabilizes (which happens 
quickly in the absence of mutation later on in the evolution 
process).     

3. RESULTS 
In the first series of experiments, five benchmark datasets from 
statistical outlier detection literature are tested to tune algorithm 
parameters. The performance is compared to a Least-Squares (LS) 
error-based genetic algorithm for outlier detection as reported in 
[5]. It was found that when the initial population was created 
using k-means, the average number of iterations to convergence 

reduced by a factor of 1.5-2.0. In almost all the runs, the mutation 
operator was switched off completely after a fixed number of 
generations. Two synthetic datasets (n = 1600) of different 
dimensionalities are also tested to validate parameters identified in 
the first series of experiments. Both datasets include objects 
generated from three Gaussian distributions with uniformly 
distributed outliers. The outliers occupy sparse regions in a two 
dimensional plane (first dataset) and in 12-dimensions (second 
dataset). In the third series of experiments, two actual datasets – 
the yeast dataset from UCI Machine Learning Repository [6], and 
2010 traffic volume data for major California highways [4]. The 
yeast dataset has 1484 instances in 6-dimensions while the 
highway dataset has 7089 instances (after checking for missing 
values) in 4-dimensions. In the yeast data, the algorithm was able 
to identify the most unrepresentative objects of the 10 yeast 
groups for small values of k. In the highway data, the algorithm 
consistently identified 6-7 outliers, which are believed to be 
erroneous measurements in the data. Complete results on all 
datasets will be reported in the detailed version of this paper [1].    

4. DISCUSSION AND FUTURE WORK 
A novel density-based distance measure for use with an 
evolutionary search algorithm for outlier detection in moderately 
sized data is investigated. The algorithm is substantiated with 
experiments on datasets of varying degree of complexity and 
initial results are encouraging. Future work includes developing a 
methodology to automatically identify the right number of outliers 
(k) from the components of the fitness formulation. For k outliers, 
the gradient of the kth nearest neighbor distance measured with 
respect to the (k–1)th distance will be the largest for uniformly 
distributed outliers in normally distributed data. This aspect will 
be investigated in subsequent work. The potential of a varying k-
integer representation will also be investigated. 

5. REFERENCES 
[1] Banerjee, A. Distance measures for outlier detection in 

mixed feature data, unpublished.    
[2] Bay, S. D., and Schwabacher, M. Mining distance-based 

outliers in near linear time with randomization and a linear 
pruning rule. In Proceedings of the SIGKDD Conference on 
Knowledge Discovery and Data Mining (Washington D.C., 
Aug 24-27, 2003). ACM Press, New York, NY, 2003, 29-38.     

[3] Berchtold, S., Keim, D., and Kreigel, H. –P. The X-tree: an 
index structure for high-dimensional data. In Proceedings of 
the 22nd International Conference on Very Large Databases 
(Bombay, India, Sep 3-6, 1996). Morgan Kauffmann, San 
Francisco, CA, 1996, 28-39.    

[4] California 2010AADT Data [http://traffic-counts.dot.ca.gov]. 
California Department of Transportation (2012). 

[5] Crawford, K. D., and Wainwright, R. L. Applying genetic 
algorithms to outlier detection. In Proceedings of the 6th 
International Conference on Genetic Algorithms (Pittsburgh, 
PA, July 15-19). Morgan Kaufmann, San Francisco, CA, 
1995, 546-550.  

[6] Frank, A., and Asuncion, A. UCI Machine Learning 
Repository [http://archive.ics.uci.edu/ml]. Univ of California, 
Irvine, CA: Computer Science (2010).  

[7] Lancaster, H. O. The combining of probabilities arising from 
data in discrete distributions, Biometrika 36, (1949) 370-382. 

 

652



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Academy
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Alba
    /AlbaMatter
    /AlbaSuper
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BabyKruffy
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chick
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Croobie
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Fat
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Freshbot
    /Frosty
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GlooGun
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jenkinsv20
    /Jenkinsv20Thik
    /Jokerman-Regular
    /Jokewood
    /JuiceITC-Regular
    /Karat
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /Poornut
    /PoorRichard-Regular
    /Porkys
    /PorkysHeavy
    /Pristina-Regular
    /PussycatSassy
    /PussycatSnickers
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Square721BT-Roman
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /WeltronUrban
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




