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Abstract. Least-squares estimation of various linear models for interval data
has already been considered in the literature. One of these models allows dif-
ferent slopes for mid-points and spreads (or radii) integrated in a unique
equation based on interval arithmetic. A preliminary study about the con-
struction of confidence regions for the parameters of that model on the basis
of the least-squares estimators is presented. Due to the lack of realistic para-
metric models for random intervals, bootstrap approaches are proposed. The
empirical suitability of the bootstrap confidence sets will be shown by means
of some simulation studies.

Keywords: Confidence region, Simple linear regression model, Interval ran-
dom set, Bootstrap approach.

1 Introduction

The study of the linear relationship between two random intervals has been
addressed in the literature on the basis of several set arithmetic-based regres-
sion models (see, for instance, [2, [3, [ Bl 6] [7, §]). In order to analyze those
models the mid-spread representation of the involved intervals is employed.
The utility of this representation is twofold. On one hand, it captures the lo-
cation and imprecision of the intervals, and on the other hand, it is technically
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easier to handle than the minimum-maximum representation. The linear
model presented in [3], denoted by Model M, generalizes those in [4] and [6].
Least squares estimation problems of Model M has been also considered
in [3]. On the basis of least-squares estimators different approaches to deter-
mine confidence regions can be proposed. Contrary to what happens when the
linear regression problem between real random variables is addressed, in the
interval scenario no realistic parametric models to describe the distribution
of the random sets have been defined up to now. Thus, exact methods are
not feasible. Inferential studies about Model M can be developed by means
of asymptotic techniques, based on the study of the limit distributions of the
regression estimators. To improve the results for finite sample sizes, bootstrap
methods are widely considered. In this work several bootstrap approaches are
considered in order to build confidence sets for the parameters of the model.

2 Preliminaries

Let (J£:(R),+,-) be the space of nonempty compact intervals of R endowed
with the semilinear structure induced by the Minkowski addition and the
product by a scalar, that is, A+ B={a+b|la€A,be B} and LA = {Aalac A}
for all A,B € #;(R) and A € R. Moreover, given A,B € %.(R), if there ex-
ists C € J#:(R) so that A =B+ C, then C is defined as the Hukuhara dif-
ference between A and B, denoted by A —gy B. The interval A can be char-
acterized by means of the real vector (infA,supA) € R? such that infA <
supA, or equivalently, by its mid-point (or centre) and its spread (or ra-
dius), that is, (midA,sprA) with sprA > 0, where midA = (supA +infA)/2 and
sprA = (supA —infA)/2. The notation A = [infA,supA] or A = [midA + sprA],
respectively, will be considered in each case.

Several metrics can be defined on the space JZ(R). For least squares prob-
lems associated with regression studies, an Ly-type metric is suitable. Taking
inspiration on the family of metrics for compact convex sets introduced in
[10], a generalized Ly-type distance between two intervals A and B can be
defined as

do(4,B) = \/ (midA — midB)? + 8 (sprA — sprB)? (1)

with 6 > 0.

Given a probability space (Q,4,P), a mapping X : Q — J#.(R) is said
to be an interval-valued random set (or random interval), if it is </|%,,-
measurable, %;, denoting the o-field generated by the topology induced by
the metric dg on J:(R).

Let X : Q — J#(R) be a random interval such that E(|X|) < e (with
1X|(w) = sup {|x| |x € X(w)} for all w € Q), then, the expected value of X in
Kudo-Aumann’s sense (see, e.g., [1]) is the interval E(X) = [E(infX), E(supX)].
The variance of X is defined in the classical statistical way, in terms of the
dg metric, as 03 = E (dg(X,E(X))?), whenever E(|X|?) < eo. However, it is not
possible to define the covariance analogously to the usual concept, due to
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the lack of linearity on JZ:(R). Through the (mid-spr) parametrization it is
possible to define the covariance between X and Y by means of the natural
concept of covariance in Hilbert spaces as oxy =E ((tx —Ep ty —E,y>9), where
tx = (midX,sprX) € R? (analogously for #y), and (-,-)g is an inner product on

R? defined in terms of the constant 8 >0 (see () as (a,b)g = a’ (é g)b for

all a,b € RZ. The covariance can be expressed in terms of mids and spreads
as oxy = Cov(midX, midY) + 6Cov(sprX,sprY). The variance of the interval X
can be also expressed as 67 = Var(midX) + 6 Var(sprX).

The estimators for the moments of random intervals presented above are
the usual ones. Given a simple random sample {(X;,Y;)}7_, from (X,Y), let us

define by X = (X; + X2+ ...+ X,,)/n, 62 = dg(X,X)? (analogously ¥ and 62)
and 8x,y = (tx —tx,ty —ty)p the sample mean, the sample variance and the
sample covariance for random intervals, respectively.

3 Linear Regression Model M

A natural way to model the relationship between two random intervals has
been previously proposed by the expression ¥ = aX + €, with ¢ € R and ¢
a random interval such that E(€|X) =B € % (R) (see [6]). Nevertheless, this
model is not flexible enough for many real-life applications. As an exam-
ple, it can be easily checked that this interval linear model tranfers relation-
ships between the mid and spr real variables by means of the expressions
midY = oomidY +mide and spr¥Y = |et|sprY + spre. Since both equations involve
the same regression coefficient (in absolute value), the model is somehow
restrictive.

With the aim of considering the mid and spr components of the intervals
separately, but keeping the good properties of the interval arithmetic, a new
representation has been introduced in [3]. Each interval A € J#:(R) can be
expressed as A = midA[1 0] + sprA[0 + 1]. This notation gives the inspiration
to formalize the called Model M between X and Y in [3] as

Y = omidX[1 + 0]+ BsprX[0 £ 1]+ ¢ (2)

with o, B € R and E(g|X) = B € :(R). For simpler notation, the linear model
@) will be denoted by ¥ = aX™ 4+ BXS 4 £. Moreover, it is easy to check that
X5 = —X5 (since X5(w) = [—sprX (w),sprX (m)], for all @ € Q), so it is possible
to consider B > 0 without loss of generality.

From (@) the linear relationships for mid and spr variables of X and Y are
midY = omidY + mide and sprY = |B|sprY + spre, which clearly entails more
flexibility. The flexibility is associated with the extra parameter of Model M,
which depends on two scalars and one interval value.
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3.1 Least Squares Estimation of Model M

The least-squares (LS) estimation of the regression parameters of the model
(@) has been developed in [3]. The LS approach leads to a contrained mini-
minization problem, namely,

~ . 1< 2 M N
(a,B, ):argmln{aeR’bEO?CE%(m} n;de(Yi,aXi +bX7 +C) -

subject to be S

where S = {b € [0,0) : ¥; —y bXexists, for all i = 1,...,n}. It is easy to check
that b € S implies that ¥; —y (aXM 4 bX?) exists for all i = 1,...,n and for all
a € R. The existence of these Hukuhara differences assures the existence of
the residuals of the sample model, and thus, the coherence of the solutions
as suitable estimators of the regression parameters.

It should be underlined that, as it was shown in [6] for the simpler model,
if the restriction is overseen, the obtained estimates of the parameters could
not work as estimates for the model (because the residuals could not exist).

The resolution of problem (B]) provides the following expressions:

~ 6'XM.Y 2 . ~ 8XS Y
a= ~," , PB=min{5,max {0, Py } and (4)
O-XM GxS

B=Y —y (aXM+BX5)
where 5y = min{sprY;/sprX; : sprX; # 0} (5p =co if sprX; =0 for all i =1,...,n).

4 Bootstrap Confidence Regions for the Regression
Parameters

Since it is not feasible to look for the exact distribution of the LS estimators
and since the asymptotic results usually provide good results only for very
large sample sizes, in this section some alternatives based on bootstrapping
are explored.

Different schemes to generate bootstrap samples from Model () can be
followed. When a fixed design is considered (that is, the independent variable
is not random but deterministic), the most usual procedure is the residual
bootstrap. On other hand, when both variables in the linear model are con-
sidered as random elements, the natural resampling is made from a simple
random sample of the pair of variables by means of the paired bootstrap (see
[9) for a complete description of both procedures). The linear model (@) is
formalized for two random intervals, so the paired bootstrap approach will
be used for the development of inferential studies about Model M.

Several bootstrap confidence sets can be constructed for the regression
parameters of linear models involving real-valued random variables (see [9]).
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The best known ones are the percentile, hybrid and t- bootstrap confidence
set. Each of them is based on the sample distribution of a different bootstrap
expression obtained from the bootstrap estimator of the parameter.

Let X and Y be random intervals verifying Model (2)). The separate expres-
sions for the least-squares estimators of the parameters o and B presented
in (@) allow us to build confidence sets for each parameter separately. Let o
be the least-squares estimator of o obtained from a simple random sample
{X;,Y;}1, from (X,Y). We denote by {X;,Y;*}"_, a bootstrap sample, gener-
ated by means of the election of n elements uniformly and with replacement
from {X;, Y}’ ,. Let 0* be the least-squares estimator of o with respect to the
bootstrap sample. From the bootstrap estimator &* the procedure to build
the three confidence intervals (CI) for parameter o follows.

e Bootstrap percentile CI. If we denote by Kgpor the distribution function
of the bootstrap estimator a*, the bootstrap percentile CI for a at a
confidence level 1 — p is defined by means of the corresponding percentiles
of Kgpor, that is,

ICP(O()lfp =

K§010T(P/2) ) Kz;olor(l_P/z) ] ) (5)

where KB_OIOT denotes the pseudoinverse of Kgpor-

e Bootstrap hybrid CI. Let Hgpor be the distribution function of the term
n'(a* — @), where [ is an arbitrary constant. Hzoor (x) = P[n! (0" — &) < x],
for x € R. The most usual election for [ is 1/2. Thus, the bootstrap hybrid
CI for a at significance level p has got the expression

~

1@y = [ @ Hidor(1-p/2) . = ) Hidor(p/2) ] ©)

~

. . . oa—o ~
e t-bootstrap CI. We consider the standarized pivot R= . =, where Gé
[7
is an estimator of the variance of ¢, and the bootstrap replica of R, R* =
ot —a ~ . . ~
~ , with 0%, the analogous estimator for the variance of o*. If we

a*
denote by Ggoor the distribution function of R*, the t-bootstrap CI for o
at confidence level 1 —p is given by

ICr(a)i—p = a_aaGEéor(l_P/z) ) a_a&GE(IJOT(p/Z) (7)

Remark 1. The percentiles of the functions Kgoor, Hpoor and Gpoor (in each
case) can be approximated from the empirical distribution of o* by means of
MonteCarlo Method.
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Remark 2. It can beAszhown that the estimator of the variance of o can be

~ O de S, . .
expressed as 0'&2\ = Amz’dg . However, it is difficult to obtain an analytic ex-
no._.
midX

pression for (AFE. In this case, a bootstrap estimator of the variance of § can

be approximated by means of MonteCarlo Method based on B; bootstrap
replications (see [9]).

Taking into account the definitions and remarks presented above, an algo-
rithm for the construction of the percentile, hybrid and t- bootstrap confidence
set for parameter o of Model M has the following form.

Algorithm: bootstrap confidence sets for o

Let {X;,Yi}!, be a random sample obtained from (X,Y). Let p be a fixed
significance level and B € N large enough.

P1. Compute the estimates & and (Aié.
P2. Generate B bootstrap samples {X, Y}/ | of size n, resampling with
replacement from the original sample {X;,Y;}" .

P3. For each iteration b =1,..., B, compute the estimate for a from the corre-
~ OyMx yx .
sponding bootstrap sample, o*(b) = iz o , and the bootstrap estimator
XM*
: : ~x2 Omide*
of its variance, o5= .
NOpidx+

P4. Aproximate the lower and upper limits of the intervals (), (@) and
(@) substituting the quantiles of the distributions with the correspond-
ing quantiles from the empirical distribution of &*. That is, the values
{a*(b)}8_, are increasing ordered, and the ones in position [(p/2)B]+ 1
and [(1 —p/2)B] are selected (where [-] denotes the integer function). Let
o, and o, be that values. Thus, the percentile, hybrid and t- confidence
sets for a at a confidence level 1 — p are given by

ICp(a)1-p = { ocy aéz} ,

ICy(a))_p = [za_agz 20— 0y } , and
ag,—o ag —o
=~ = Vo ~_ = Oc
ICr(at)1—p = [a—aa 5 %—0a ]
O O
respectively.

An analogous algorithm can be developed for the construction of the boot-
strap confidence sets for the regression parameter f§ in Model M, taking into
account the details explained in Remark
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4.1 Simulation Studies

The empirical behaviour of the bootstrap procedure can be shown by means of
some simulation studies. Let us define a theoretical situation for two random
intervals X and Y associated by means of the expression

Y =x"4+x5+¢ (8)

where the independent interval X is characterized through the real random
vector (midX,sprX) such that midX ~ N(0,1) and sprX ~ x?, and the error
interval term is also defined by mide ~ N(0,1) and spre ~ x7 + 1 independent
from X.

For different samples sizes n, a random sample from (X,Y) is simulated.
Let {X;,Y;}"_, be one of them. For k = 10000 iterations of the suggested boot-
strap algorithms, the 0.95 — bootstrap confidence sets for o (and analogously
for B) based on B = 1000 bootstrap replications are computed, checking for
each of them if the theoretical parameter o =1 (and 8 = 1) belongs to the

corresponding confidence interval. Finally, the coverage rates are gathered in
Table [11

Table 1 Empirical confidence level of the bootstrap CIs for o and 8

a B
n ICp(a)  ICu(a)  IG(a)  ICp(B)  ICy(B)  IC/(B)
30 09301 09318 09374  0.8852  0.8911  0.8969
50 0.9360  0.9458  0.9466  0.8985  0.9061  0.9067
100 09460 09465 09476 09012 09082  0.9124
200 09475 09487 09494 09111 09123  0.9152

Since the success rates are close to the nominal confidence level 0.95 (the
larger sample size, the closer they are), the empirical correctness of the boot-
strap procedure is justified. Indeed, for parameter o, the rate of convergence
of the empirical significance level can be found in [9]. IC; (o) is the most ac-
curate, ICy (o) the second one, and ICp() is the less accurate of the three
approaches. In the case of parameter f, the approximation to the nominal
level is slower. A prelimil}\ary analysis of this result has shown that the ex-
pression of the estimzltor B depending on the sample term §; entails that the
bootstrap estimator B* does not always perform well. Let us recall that §p is
an order statistic (it is defined as the minimum of several real random vari-

ables), for which classic bootstrap methods are inconsistent in some situations
(see [9]).
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5 Concluding Remarks

Different procedures to construct bootstrap confidence sets for the parame-
ters o and B of Model M have been proposed. Their empirical correctness
has been shown by means of some simulation studies. With respect to the
parameter f3, a wider study and a possible improvement of the bootstrap
procedure for the construction of confidence sets will be addressed in future
research. The statistical study of Model M will be extended by means of the
development of other inferential studies, like hypothesis testing, the study of
linear independence, among others.

Acknowledgements. This research has been partially supported by the Spanish
Ministry of Science and Innovation Grants MTM2009-09440-C02-01 and MTM2009-
09440-C02-02, the Principality of Asturias Grants IB09-042C1 and 1B09-042C2, the
COST Action IC0702 and a Research Grant from Fundacion Banco Herrero. Their
financial support is gratefully acknowledged.

References

1. Aumann, R.J.: Integrals of set-valued functions. J. Math. Anal. Appl. 12, 1-12
(1965)

2. Blanco-Fernandez, A., Colubi, A., Corral, N., Gonzilez-Rodriguez, G.: On a
linear independence test for interval-valued random sets. In: Dubois, D., Lu-
biano, M.A., Prade, H., Gil, M.A., Grzegorzewski, P., Hryniewicz, O. (eds.)
Soft Methods for Handling Variability and Imprecision. Advances in Soft Com-
puting, vol. 48, pp. 331-337. Springer, Heidelberg (2008)

3. Blanco-Fernandez, A., Corral, N., Gonzalez-Rodriguez, G.: Estimation of a flex-
ible simple linear model for interval data based on the set arithmetic (submitted
for publication, 2010)

4. Gil, M.A., Lubiano, M.A., Montenegro, M., Lépez-Garcia, M.T.: Least squares
fitting of an affine function and strength of association for interval-valued data.
Metrika 56, 97-111 (2002)

5. Gil, M.A., Gonzélez-Rodriguez, G., Colubi, A., Montenegro, M.: Testing linear
independence in linear models with interval-valued data. Comput. Statist. Data
Anal. 51(6), 3002-3015 (2007)

6. Gonzdlez-Rodriguez, G., Blanco-Ferndndez, A., Corral, N., Colubi, A.: Least
squares estimation of linear regression models for convex compact random sets.
Adv. Data Anal. Class. 1, 67-81 (2007)

7. Montenegro, M., Casals, M.R., Lubiano, M.A., Gil, M.A.: Two-sample hypoth-
esis tests of means of a fuzzy random variable. Inf. Sci. 133, 89-100 (2001)

8. Montenegro, M., Colubi, A., Casals, M.R., Gil, M.A.: Asymptotic and Boot-
strap techniques for testing the expected value of a fuzzy random variable.
Metrika 59(1), 31-49 (2004)

9. Shao, J., Tu, D.: The Jackknife and Bootstrap. Springer, New York (1995)

10. Trutschnig, W., Gonzalez-Rodriguez, G., Colubi, A., Gil, M.A.: A new family
of metrics for compact convex (fuzzy) sets based on a generalized concept of
mid and spread. Inf. Sci. 179(23), 3964-3972 (2009)



	On Some Confidence Regions to Estimate a Linear Regression Model for Interval Data
	Introduction
	Preliminaries
	Linear Regression Model M
	Least Squares Estimation of Model M

	Bootstrap Confidence Regions for the Regression Parameters
	Simulation Studies

	Concluding Remarks
	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




