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Abstract

A class of cyclic balanced designs with ten test-hills is introduced; these
designs can be repeated cyclically any number of times up to the require-
ment of the experimenter and subject to the availability of experimental
material. The designs are balanced with respect to first order nearest
neighbours and there are 26 isomorphism classes of such designs. The
designs are suitable for de Wit replacement series, mixed cropping trials
or two component plant breeding trials, etc.
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1 Introduction

Different varieties, when sown together, may show an increase or decrease in yield
depending upon the environmental conditions such as weather, plant density, min-
eral resources etc. The basic plant biology proposes that plant-plant interactions
are inherently local in nature. Therefore, a plant’s growth depends upon the local
conditions which are of much greater worth to plants than to animals; see Stoll and
Weiner [13]. Intercropping is receiving increasing attention because it offers potential
advantages for resource utilization, decreased inputs and increased sustainability in
crop production (Andersen et al. [1]).

It is important to differentiate intercropping and competition because they differ on
the basis of objectives behind them. In intercropping, the objective is to find the best
technique to grow in mixtures. However, in competition, mechanism of competition
is investigated, i.e. how genotypes or species in mixture tolerate the other or provide
competition benefit (Mead and Riley [8]). If the lack of resources limits the growth
of an individual then that individual has suffered from competition (Stoll and Weiner
[13]). According to Bulson et al. [4], components of a mixture use limiting resources
more efficiently than pure stands.

Better biological efficiency of mixtures compared with monocultures may result from
differences in growing cycles and root and root architecture (Wilson [19], Ponce
[10], Aufhammer et al. [2], Vandermeer [16]). This fact has been observed in small
grains when one component of a mixture is less at risk to lodging and provides
support for the second component (Sobkowicz [11]). Space between plants is the main
building block in studying plant communities. Its role is fundamental and cannot be
ignored (Hutching [7], and Crawley and May [5]). It is worth differentiating between
behaviour of a plant to collect its share from resources and the reaction it shows
when its neighbours share resources (Goldberg [6] and Tremmel and Bazzaz [15]).
Sobkowicz and Tendziagolska [12] assessed the productivity of mixtures of oats and
wheat, and compared two different approaches used in plant competition studies
vis-a-vis replacement designs and additive designs.

Array θ Array η
− 0 0 0 0 0 − − 1 1 1 1 1 −
0 0 0 1 0 1 1 0 0 1 0 1 1 1
− 0 0 0 0 0 − − 1 1 1 1 1 −

Table 1: Two arrays θ and η with their respective values

Boffey and Veevers [3] constructed balanced designs on a triangular lattice. How-
ever, Veevers and Zafar-Yab [18] referred in Street and Street [14], introduced three
complete families of balanced designs in equal proportion for two varieties planted
on a square lattice. Langton [9] used these designs and concluded that mixture per-
formance is better than monoculture. In this paper we investigate balanced designs
on a square lattice which are cyclical in nature. In arrangement of plants, the place
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of plantation is called a hill plot or a hill. In any arrangement of hills, all except the
border hills are test-hills. Consider a competition experiment utilizing a fifty-fifty
mixture of two varieties planted on a square lattice. In such an arrangement a plant
of one variety could be immediately surrounded by 0, . . . , 4 plants of the other va-
riety thus providing five levels of competition. It would be desirable to have such a
design (Θ) so that all levels of competition for both varieties appear equally often.
A balanced design Θ, obtained by taking reflection in the minor axis (mirror image)
or by taking the complement (interchanging all X’s and Y’s), or a combination of
these operations on Θ, is said to have the same isomorphism class as that of the
basic balanced design Θ.

(a) Incidence matrix Column permutation
of design θ applying 7 − k + 1 of
for variety 0 incidence matrix (a)

columns columns
rows 1 2 3 4 5 6 7 rows 1 2 3 4 5 6 7

1 − 1 1 1 1 1 − 1 − 1 1 1 1 1 −
2 1 1 1 0 1 0 0 2 0 0 1 0 1 1 1
3 − 1 1 1 1 1 − 3 − 1 1 1 1 1 −

Table 2: Incidence matrix of design θ and its column permutation

2 Isomorphism in Competition Designs

In competition designs, two designs θ and η are said to be isomorphic if the incidence
matrix of design θ (for the same or opposite variety) can be obtained either by row
or column permutation of the incidence matrix of design η (for the same or opposite
variety), and vice versa.

Incidence matrix for
variety 1 of design η
− 1 1 1 1 1 −
0 0 1 0 1 1 1
− 1 1 1 1 1 −

Table 3: Column permuted incidence matrix (a) matches
with the opposite variety incidence matrix of design η
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Example 2.1

Consider two arrays θ and η presented in Table 1, in which the two varieties are
denoted by 0 and 1. Both the arrays are apparently different but the incidence
matrix of column permutation, where k = 1 . . . 7, in array θ (for variety 0) matches
with the incidence matrix for variety 1 of array η as shown in Table 3 . Hence both
arrays θ and η are isomorphic.

3 Construction of Cyclic Balanced Designs consisting of ten
Test-hills

The two varieties are denoted by X and Y . In the construction of cyclic balanced
designs, considering 34-hill plots are arranged in three rows such that the first and
the last rows consist of 10 similar hills and the second row consists of 12-hills. The
layout of hills is shown in Figure 1(a), in which hills are shown as star (*), while
the boxed hills are test-hills. To obtain a cyclic balanced design the first hill and
the eleventh hill of the middle row must be similar. In a single replication of such a
design the test-hills need to be arranged in such a way that every next cycle results
in a replication of the same balanced design. To obtain a balanced design consisting
of only ten test hills there must be equal numbers of hills for both varieties X and Y .
Letter strings XXX and Y Y Y must be a part of possible arrangements to obtain
zero opposite neighbours for both varieties X and Y respectively. Similarly, letter
strings Y XY and XY X must be a part of possible arrangements to obtain four
opposite neighbours for both varieties X and Y respectively. Since the designs are
cyclic in nature, therefore, the cycle of 10 test-hills can be started from any arbitrary
hill. There are three possible isomorphic ways of arranging these ten test-hills in a
cycle shown in Figure 1 ((b),(c) and (d)).

3.1 Designs in the isomorphism class of Figure 1(b)

Test-hills shown in Figure 1(b) when arranged in a line give a string of X ′s and Y ′s
and is given below with the feasible permutations for balance shown in the subscript.
For example X(1,3) indicates that X has either one or three opposite neighbours.
Among feasible permutations only 10 are isomorphic and are shown in Figure 2(b).

Y [X(1,3) X(0,2) X(0,2) X(1,3) Y4 X4 Y(1,3) Y(0,2) Y(0,2) Y(1,3)] X

The subscripts of string of X ′s and Y ′s are allotted symbols after some re-arrange-
ments and are presented in Table 4.

3.1.1 Isomorphism classes in designs of Figure 1(b) and Figure 1(c)

Four types of isomorphism can occur in each isomorphism class; they are: (a) basic
balanced design itself; (b) rotation of (a); (c) complementation of (a); and (d) a
combination of (b) and (c). It is desirable to know what changes can be observed
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Figure 1: (a) Boxed hills are test-hills and the border hills are non-testable hills.
Three possible ways of arranging ten test-hills are: (b) showing four consecutive
hills of both varieties together, (c) showing three consecutive hills of both varieties
together and (d) showing three consecutive hills of both varieties in isolation.
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Figure 2: (a) Ten test-hills are lying on a ring and (b) Ten basic designs — selected
one from each isomorphic class. These are classified in 4 groups w.r.t. the feasible
permutations of numbers of neighbours of X and Y .
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Feasible permutations Feasible permutations
number Symbols of opposite Symbols of opposite

neighbours of X neighbours of Y

1 Ux 10234 Úy 43201

2 Vx 12034 V́y 43021

3 V́x 30214 Vy 41203

4 Úx 32014 Uy 41023

Table 4: Feasible permutations of numbers of opposite neighbours of X and those of
Y which lead to balanced designs.

by applying operations (b), (c) and (d) on (a). Sixteen balanced designs can be
realized by all possible combinations of arrangements of symbols allotted to possible
permutations of numbers of opposite neighbours of X and Y . But these are not
unique. Rotation of symbols Ux and Vx are denoted by Úx and V́x respectively.
Rotation of a pair of symbols, such as UxVy, is (UxVy )́ which is isomorphic to V́yÚx.

Example 3.1

Consider a design with Ux = 10234 and V́y = 43021; the operations (UxV́y )́ =

(V́y )́ Úx = Vy Úx, where (V́y )́ = Vy = 41203 and Úx = 12034. In other words when

the pair of symbols UxV́y is considered then there is no need to consider the pair

Vy Úx, because one design from this isomorphism class has already been constructed.

Since complement of Vy Úx is Úx Vy. This procedure is explained below with the help
of Figure 2 (a).

Suppose the varieties are layed on a ring as displayed in Figure 2 (a). Let us make a
cut at A. Straighten the ring to form a layout of varieties as under. Reading from left
to right makes clear the arrangement of the first permutation of X and the second
possible permutation of Y , i.e. Ux Vý in Table 4.

Y [X1 X0 X2 X3 Y4 X4 Y3 Y0 Y2 Y1] X (3.1.a)

However, reading from right to left, the arrangement results in the fourth possible
value of X and the third possible permutation of Y , i.e. Vy Ux́ (See Figure 2 (a))as
shown below:

X [Y1 Y2 Y0 Y3 X4 Y4 X3 X2 X0 X1] Y (3.1.b)

Rotation of (3.1.b) is (VyÚx)́ = (Úx)́ V́y = Ux V́y, which is essentially (3.1.a); there-
fore, both these arrangements belong to the same isomorphism class. Only one of
these needs to be retained. Out of 16 possible arrangements obtained by the combi-
nation of symbols of X and Y , there are only 10 isomorphism classes and these are
shown in Figure 2 (b).
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Feasible permutations Feasible permutations
Number Symbols of opposite Symbols of opposite

neighbours of X neighbours of Y

1 Ux 30142 Úy 24103

2 Vx 30124 V́y 42103

3 V́x 10324 Vy 42301

4 Úx 10342 Uy 24301

Table 5: Feasible permutations of numbers of opposite neighbours for X and Y which
lead to balanced designs.

3.1.2 Construction of balanced designs.

Each of the 10 arrays given in Figure 2(b) is the central row of a design. The
complete design is realized when suitable varieties are added in each of the first and
the third row i.e. when only 10 hills for any of the first and third row are suitably
assigned a variety X or Y . Consider the arrangement of Group (iv) in Figure 2 (b).
Treat the digits shown below each X or Y (numbers of opposite neighbours) as their
subscripts. For realizing 3 opposite neighbours of X at the left-most test hill, we
must assign variety Y to hills above and below it. Similarly, for realizing 2 opposite
neighbours of X at the next test hill we must assign variety Y to hills above and
below it. Continuing this process, a full design is realized.

Binary digits from these designs can be obtained by replacing X and Y by 0 and
1 respectively. Veevers and Boffey [17] use octal representation of such designs to
reduce the volume of tables and this is true for this paper. These designs are sym-
metric about the second row; therefore, octal representations of the first two rows of
the designs are presented in Table 7 from N = 1 to N = 10.

3.2 Designs in the isomorphic class of Figure 1(c)

Test-hills shown in Figure 1 (c), when arranged in a line, give a string of X’s and
Y ’s; see below, with the feasible permutations for balance shown in the subscript.

Y [X(1,3) X0 X(1,3) Y(2,4) X(2,4) Y(2,4) X(2,4) Y(1,3) Y0 Y(1,3)] X

These feasible permutations are presented in Table 5. Following the arguments of
the Section 3.1, ten isomorphism classes from a total of 16 feasible permutations can
be obtained. These designs are labeled from N = 11 to N = 20 in Table 7 in their
octal representations.

3.3 Designs in the isomorphic class of Figure 1(d)

Test-hills shown in Figure 1 (d), when arranged in a line, give a string of X’s and Y ’s;
this is given below with the feasible permutations for balance shown in the subscript.
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Symbols Ly = 23014 My = 21034 Ĺy = 41032 Ḿy = 43012

Lx = 30142 P11 P12 P13 P14

Mx = 10342 P21 P22 P23 P24

Ĺx = 10324 P31 P32 P33 P34

Ḿx = 30124 P41 P42 P43 P44

Table 6: Feasible permutations of numbers of opposite neighbours of Y and X are
shown in the first row and in the first column respectively.

Y [X(1,3) X0 X(1,3) Y(2,4) X(2,4) Y(1,3) Y0 Y(1,3) X(2,4) Y(2,4)] X

Symbols similar to the ones assigned in Table 5 are allotted to the feasible permu-
tations of numbers of opposite neighbours of X and Y . Complement or rotation of
Lx and Ĺx respectively are Ly and Ĺy. The same is true for Mx and Ḿx. Also let
Pij , where i,j = 1, . . . , 4, represent the possible number of ith and j th permutation
of numbers of opposite neighbours of X and Y , respectively, in Table 6. A unique
property of these designs is that symbols Pij’s, the test-hills, are symmetric in the
sense that five consecutive test-hills are the complement of the other five.

3.3.1 Isomorphic classes in designs of Figure 1(d)

The complement of P32, i.e. (L′
xMy)

− = L′
yMx, is equivalent to MxL

′
y, which is

essentially P23. Rotation of P32, i.e. (L′
xMy)

′ = M ′
y(L

′
x)

′ = M ′
yLx, is equivalent to

LxM
′
y, which is essentially P41. The complement of the rotation of P32, i.e.

((L′
xMy)

′)− = (M ′
yLx)

− = M ′
xLy,

is equivalent to LyM
′
x, which is essentially P14. Since designs P23, P41 and P14 can

be obtained by an operation on P32, it follows that these four designs belong to the
same isomorphism class and only one of these needs to be retained.

Investigations of remaining possibilities result in four isomorphic classes consisting
of pairs of possibilities, namely; (P31, P13), (P33, P11), (P22, P44) and (P24, P42) and
one isomorphic class that consists of four possibilities namely (P34, P21, P43, P12). As
a result there are six isomorphic classes from explicit considerations. After retaining
one design from each isomorphism class, the list of designs is: P31, P32, P34, P33, P22

and P24. These designs are labeled from N = 21 to N = 26 in Table 7 in their octal
representations.

A three row elongated design of any length can be obtained by horizontally repeating
the cycles the desired number of times. However, none of these designs build into
larger designs vertically.
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N Balanced Design N Balanced Design N Balanced Design
1 0323 4136 2 0325 4136 3 0332 4136
4 0334 4136 5 0525 4136 6 0532 4136
7 0534 4136 8 1232 4136 9 1234 4136
10 1434 4136 11 1143 4256 12 1146 4256
13 1066 4256 14 1063 4256 15 1113 4256
16 1036 4256 17 1033 4256 18 0313 4256
19 0233 4256 20 0363 4256 21 0316 4272
22 0332 4272 23 0217 4272 24 0233 4272
25 0370 4272 26 0255 4272

Table 7: N identifies each isomorphism class
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and species (wheat, rye) mixtures on grain yield of disease-free stands (in Ger-
man, abstr. in English), J. Agron. Crop Sci. 163 (1989), 319–329.

[3] T.B. Boffey and A. Veevers, Balanced designs for two-component competition
experiments, Euphytica 26 (1977), 481–484.

[4] H.A.J. Bulson, R.W. Snaydon and C.E. Stopes, Effects of plant density on
intercropped wheat and field beans in an organic farming system, J. Agric. Sci.
Camb. 128 (1997), 59–71.

[5] M.J. Crawley and R.M. May, Population dynamics and plant community struc-
ture: Competition between annuals and perennials, J. Theoret. Biology 125
(1987), 475–489.



CONSTRUCTION OF VARIETY COMPETITION DESIGNS 187

[6] D.E. Goldberg, Components of resource competition in plant communities, in
“Perspectives on Plant Competition”, eds. J.B. Grace and D. Tilman, New York,
NY, USA: Academic Press (1990), 22–47.

[7] M.J. Hutchings, The structure of plant populations, in “Plant Ecology”, ed.
M.J. Crawley, Oxford, UK: Blackwell, (1986), 97–136.

[8] R. Mead and J. Riley, A review of statistical ideas relevant to intercropping
research, J. Roy. Stat. Soc. Ser. A 144 (1981), 462–509.

[9] F.A. Langton, Effect of intergenotypic competition on selection within chrysan-
themum progenies, Euphytica 34 (1985), 489–497.

[10] R.G. Ponce, Competition beween barley and Lolium rigidum for nitrate, Weed
Res. 38 (1998), 453–460.

[11] P. Sobkowicz, Interspecific competition in mixtures of spring cereals, Zesz. Nauk.
AR Wroc. (in Polish, abstr. in English), 458 (2003), 1–105.

[12] P. Sobkowicz and E. Tendziagolska, Competition and Productivity in Mixture
of Oats and Wheat, J. Agronomy Crop Sci. 191 (2005), 377–385.

[13] P. Stoll and J. Weiner, A Neighborhood view of interactions among individ-
ual plants, in: “The Geometry of Ecological Interactions: Simplifying Spatial
complexity”, eds. U. Dieckmann, R. Law and J.A.J. Metz, Cambrige University
Pres, (2000), 11–27.

[14] A.P. Street and D.J. Street, “Combinatorics of experimental design”, Clarendon
press Oxford, (1987).

[15] D.C. Tremmel and F.A. Bazzaz, How neighbor canopy architecture affacts target
plant performance, Ecology 74 (1993), 2114–2124.

[16] J. Vandermeer, “The Ecology of Intercropping”, Cambridge University Press,
Cambridge, UK, (1989).

[17] A. Veevers and T.B. Boffey, Designs for Balanced observation of plant compe-
tition, J. Stat. Plan. Inf. 3 (1979), 325–331.

[18] A. Veevers and M. Zafar-Yab, Balanced designs for two-component competition
experiments on a square lattice, Euphytica 29 (1980), 459–464.

[19] J.B. Wilson, Shoot competition and root competition, J. Appl. Ecol. 25 (1988),
279–296.

(Received 19 Aug 2009; revised 26 Feb 2010)



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


