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ABSTRACT

Grammatical evolution neural networks (GENN) is a commonly
utilized method at identifying difficult to detect gene-gene and
gene-environment interactions. It has been shown to be an
effective tool in the prediction of common diseases using single
nucleotide polymorphisms (SNPs). However, GENN lacks
interpretability because it is a black box model. Therefore,
grammatical evolution of decision trees (GEDT) is being
considered as an alternative, as decision trees are easily
interpretable for clinicians. Previously, the most effective
parameters for GEDT and GENN were found using parameter
sweeps. Since GEDT is much more intuitive and easy to
understand, it becomes important to compare its predictive power
to that of GENN. We show that it is not as effective as GENN at
detecting disease causing polymorphisms especially in more
difficult to detect models, but this power trade off may be worth it
for interpretability.

Categories and Subject Descriptors
1.6.4 [Simulation and Modeling]: Model Validation and Analysis

General Terms
Algorithms, Performance, Verification.
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1. INTRODUCTION

With advancing technology, geneticists are able to collect and
store more and more data, giving them further insight into the
complex relationships in which genes interact to cause diseases.
Previously all diseases were believed to be “common” — that is,
easily explained by few genes without many interactions. In these
diseases, traditional statistical methods such as logistic regression
and the chi squared test were used to determine which genes were
responsible for disease status in an individual. However, today, as
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we are able to sequence more individuals and more of the
genome, it has become apparent the majority of diseases are in
fact complex and epistatic in nature, where many genes interact
with each other and with the environment to cause diseases [1]. In
these cases, traditional statistical methods have failed to predict
disease status.

A new method that is becoming more popular in the field of
genetics is Evolutionary Computation (EC). The method of EC
mimics natural selection, allowing a population of statistical
models to “breed” and “mutate” where only the best models
survive [2].

One of the most common EC algorithms used in genetics is
Grammatical Evolution (GE) which utilizes a set of rules known
as grammars to properly evolve the population of models. GE has
been explored on many different families of models, including
petri-nets, neural networks, and decision trees. Each has been
studied separately in the past, and the optimal parameter settings
for each type of model was found [3, 9]. Here we focus on
comparing Grammatical Evolution of Neural Networks (GENN)
and Grammatical Evolution of Decision Trees (GEDT), as they
are the most promising GE models currently available [4].

2. METHODS

2.1 Grammatical Evolution

Grammatical Evolution is a type of genetic algorithm which
mimics natural selection using a set of rules called a grammar.
Grammatical evolution initializes with a population of individual
models, each with their own starting fitness. This starting fitness
is a direct comparison of how well the newly created models
correlate to the true model [5]. Cross-validation is used to help
determine the fitness of a model: models can be created and tested
using 9/10 of the data, then their predictive error can be calculated
using the additional 1/10 of the data in a 10-fold cross validation
[6]. The population of models competes against each other, via a
predetermined selection method (tournament, roulette, etc.), to
determine which models the “fittest” and thus can pass on their
genetic model material. For each generation the fittest are either
passed onto the next generation as is, can mutate and be passed
on, or can breed with another model (“cross-over”), combining to
create a new model in the next generation, all with a determined
probability. Fittest must be defined but is often considered those
models with the smallest error. This selection process continues



until a specified number of generations have passed, or until a
certain fitness level is obtained [7].

2.2 Grammatical Evolution of Decision Trees
(GEDT)

Alone, decision trees are hierarchical and do not allow for
interaction between variables [8]. However, grammatical
evolution can be applied to decision trees, using the above
mentioned method of natural selection to optimize the decision
trees. Decision trees are created with nodes displaying loci chosen
to be in the model, each with three branches: one for each possible
genotype at the loci. Each branch then shows whether the
simulated individual has the disease of interest, i.e. is a case, or
does not and is a control, or, in epistatic models, will branch to
another loci.
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Figure 1. Decision Tree [adapted from 8]
SNPs are found at the nodes, which branch out depending on
alleles at that SNP to give ultimate disease status depending on
the interactions of these SNPs.
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Figure 2. Grammatical Evolution of Decision Trees
After parameter initialization, GEDT takes 9/10 of the data
and creates decision trees which are evaluated, and the ones with
the least error are evaluated on the remaining 1/10 of the data.
These models go on and mate to create the next generation of
models [6].
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2.3 Grammatical Evolution of Neural

Networks (GENN)

Unlike decision trees, neural networks are black box models. That
is, you are given the input and output, but cannot see what is
happening between the two. In modeling genetic diseases, you
have the input, the individuals’ SNPs, and the output, the disease
status, but can’t determine which SNPs interact to create the
disease or in what fashion they do.

Using grammatical evolution with neural networks has been
shown to be a very effective combination at identifying gene-gene
interactions. GENN has a very high statistical power, however it
creates models which are not easily interpretable [9]. This makes
it difficult for pharmacists and nurses to understand what the
model actually means.

™ Output

Figure 3. Neural Network
SNPs are input, and follow through a hidden model to give
disease status.

2.4 Datasets

Multiple datasets which attempted to mimic real life genetic data
were used. Complete description of their simulation can be found
in [9]. Each dataset used had 500 cases and 500 controls where
each individual had 100 SNPs. Data was generated such that two
of these SNPs were disease-causing with significant interaction
between the two, and the other 98 were noise loci. This epistatic
relationship is much more difficult to find than the common
disease case in which there is no interaction, so if the methods can
perform well in the epistatic case, they are expected to perform
well overall.

Different levels of heritability (5%, 10%, 15%, 20%, and 25%)
and minor allele frequency (0.2, and 0.4) were modeled, and all
combinations were considered to create 10 total models of
interest. 100 datasets were used for each model, resulting in 1000
total datasets. Models with higher heritability should be easier to
find, because more of the variability is due to genetics rather than
the environment, which our data does not contain information on.
The minor allele frequency is how often the rare allele is seen in
the population.

2.5 Implementation

Parameters used were as suggested by a previous study intending
to optimizing the efficiency of GEDT [3], and GENN [9]. For
GEDT, we let the simulations run for 550 generations with an
initial population size of 750 models, choosing parents using a
tournament selection. We let the data crossover 80% of the time,



and mutate 5% of the time. For GENN, simulations were run for
400 generations with an initial population of 200 models. The data
had a 90% crossover rate, and a 1% mutation rate, with
tournament selection. Additional GA parameters used are as
follows:

codon size = 8, GE wrapping count = 2, min chromosome size =
50, max chromosome size = 1000, and sensible initialization
depth =10 [9].

Most of the simulations were run on a server running Ubuntu
Linux or on N.C. State University’s High Performance Computing
(HPC) Cluster, which uses single, dual, and quad core Xeon
Processors with up to 3 GB of memory each
[http://www.ncsu.edu/itd/hpc/Hardware/Hardware.php].

2.6 Power Calculations

To calculate the effectiveness of each method, cross validation
was used. Cross validation is a method that creates a model using
only 90% of the data and then tests the model to the other 10% of
data. This process is repeated until all of the data had been tested.
The purpose of cross validation is to limit over-fitting the model.
Therefore, only loci with cross validations high enough to be
considered statistically significant were included in the model.
Power was defined as the number of times the method correctly
identified the actual disease-causing loci as the top 2 loci in the
cross-validation procedure out of each set of 100 datasets.

3. RESULTS
Table 1. Results from 100 SNP, 1000 individual Purely
Epistasic Models
Model Power (%)
# Allele Heritability | GENN | GEDT
Functional Frequencies
SNPs
2 0.2/0.8 5% 66 55
2 0.2/0.8 10% 87 65
2 0.2/0.8 15% 99 85
2 0.2/0.8 20% 95 87
2 0.2/0.8 25% 88 88
2 0.4/0.6 5% 98 78
2 0.4/0.6 10% 99 84
2 0.4/0.6 15% 100 90
2 0.4/0.6 20% 94 91
2 0.4/0.6 25% 100 92

An ANOVA was done to look at the effect of major allele
frequency (or equivalently minor allele frequency), (percent)
heritability, and type (GENN or GEDT) on power. All were found
to have a significant effect (with p-values of 0.0056, 0.0027, and
0.0056, respectively). It had been previously found allele
frequency and heritability were important for both methods [3,9],
however, we found that type did have an important effect on
power at the alpha = 0.01 level after accounting for heritability
and allele frequency. GENN was found to be significantly more
powerful than GEDT at detecting epistasis. Fitting an interaction
model suggested that all factors were still important as above (p =
0.0031, 0.0016, 0.0031, respectively), but all two-way interaction
terms were not significant. It is interesting to note that the three-
way interaction term was significant at the 0.1 level (p=0.0858).
This is visible in the graph below.
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Comparison of power in GENN and GEDT

over all levels of heritability and major allele frequencies
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Figure 4. Boxplots comparing the power of GENN and GEDT

summarized over all parameter settings considered

Here we see GENN is considerably more powerful than GEDT. It
is estimated that using GEDT rather than GENN, on average, will
produce an 11 point decrease in power (estimate=-11.1, std error=
3.475, p=0.0056).

Power Results for GENN and GEDT

by Heritability and MAF
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Figure 5. Plot showing the power of GENN and GEDT for
each heritability and minor allele frequency combination

The difference in power appears to be smaller for larger levels of
heritability and smaller MAF.

4. DISCUSSION

Ultimately, it seems as though GENN is in fact a better option,
because of its significant increase in power. GEDT would likely
be used only when interpretability is so important you are willing
to sacrifice power, though this difference in power is less extreme
for large levels of heritability and larger major allele frequencies.
This is sensible as higher heritabilities are easier to detect for
reasons listed above, and smaller minor allele frequencies are
again more extreme and could be easier to detect. Thus, GEDT is
a good alternative if you expect the true model to be easier to
detect. In difficult cases, GENN should be used.



It is important to continue this test on different levels of
heritability and minor allele frequency to see if this is a general
pattern.

5. ACKNOWLEDGMENTS

The research is based upon work supported by the National
Science Foundation under CSUMS grant #DMS-0703392 (PI:
Sujit Ghosh). The authors would like to thank the other
participants of the Computation for Undergraduates in Statistics
Program for their helpful input into the project, including Sujit
Ghosh, Jackie Dietz, Olivia Bagley, Allison Huber, Wesley
Stewart, Rachael Beckner, Nicole Mack, and James Kniffen.

6. REFERENCES

[1] Moore, J.H., The ubiquitous nature of epistasis in determining
susceptibility to common human diseases. Hum Hered, 2003.
56(1-3): p. 73-82.

[2] Motsinger, A.A., M.D. Ritchie, and D.M. Reif, Novel methods

for detecting epistasis in pharmacogenomics studies.
Pharmacogenomics, 2007. 8(9): p. 1229-41.

[3] Hoover, Kristopher, Rachel Marceau, Tyndall Harris,
Nicholas Hardison, David Reif, and Alison Motsinger-Reif.
"Optimization of Grammatical Evolution Decision Trees."

614

GECCO 'l1: Proceedings of the 13th Annual Conference
Companion on Genetic and Evolutionary Computation.
Dublin, Ireland. New York: ACM, 2011. 35-36.

[4] O'Neill, M. and C. Ryan, Grammatical Evolution:
Evolutionary automatic programming in an arbitrary
language. 2003, Boston: Kluwer Academic Publishers

[5] Hastie, T.J., R.J. Tibshirani, and J.H. Friedman, The elements
of statistical learning. Springer Series in Statistics. 2001,
Basel: Springer Verlag.

[6] Miller, B.L.G., D.E., Genetic Algorithms, Tournament
Selection and the Effects of Noise. Complex Systems, 1995.
9(3): p. 193-212.

[7] Alpaydin, E., Introduction to Machine Learning. 2004,
Cambridge, MA: MIT Press.

[8] Motsinger-Reif, A.A., et al., Grammatical evolution decision
trees for detecting gene-gene interactions. BioData Min,
2010. 3(1): p. 8.

[9] Motsinger-Reif, A. A., Dudek, S. M., Hahn, L. W. and
Ritchie, M. D. (2008), Comparison of approaches for
machine-learning optimization of neural networks for
detecting gene-gene interactions in genetic epidemiology.
Genet. Epidemiol., 32: 325-340. doi: 10.1002/gepi.203.




<<
  /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




