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Abstract. For the analysis of many exotic financial derivatives, the He-
ston model, a stochastic volatility model, is widely used. Its specific pa-
rameters have to be identified from sets of options market data with
different strike prices and maturities, leading to a minimization prob-
lem for the least square error between the model prices and the market
prices. It is intrinsic to the Heston model that this error functional typi-
cally exhibits a large number of local minima, therefore techniques from
global optimization have to be applied or combined with local optimiza-
tion techniques to deliver a trustworthy optimum. To achieve results in
reasonable time, we approach as follows: (1) For the evaluation of the
objective function, we use a Fourier cosine method, optimized for paral-
lelization, and (2) the local/global optimization scheme is carried out on
parallel architectures. Results are reported for a multi GPU server and
a multicore SGI Altix 4700.

Keywords: Heston Model, Calibration, Cosine Method, GPU,
Multicore CPU.

1 Model and Methods

1.1 The Heston Model

The Heston stochastic volatility model [1] relaxes the constant volatility assump-
tion in the classical Black Scholes model by incorporating an instantaneous short
term variance process (CIR)

dSt = r(t)Stdt +
√

vtStdW 1
t (1)

dvt = κ(θ − vt)dt + λ
√

vtdW 2
t v0 ≥ 0

where r denotes the domestic yield curve, vt denotes the stock price variance,
dW i

t are standard Brownian motions with correlation ρ, κ is the the mean re-
version parameter, Θ is the long term level and λ is the volatility of variance
parameter. The variance process is always positive if 2κθ > σ2 (Feller condition).
The characteristic function of the Heston model is analytically available. (see for
example [2]).
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1.2 The Calibration Problem

Before complex instruments can be priced, the model parameters pi have to be
calibrated to market prices of liquid instruments, e.g. by minimizing the least
squares error of model prices compared to market prices [2].

∑

j

||V Mod
j ({pi}) − V Mar

j ||2 → min (2)

where the Vj are single calibration instruments, i.e. European call/put options
with with different strike prices and different expiries. One of the difficulties in
solving the resulting inverse problem is that the market information is insuffi-
cient to completely identify a pricing model, which means that several sets of
model parameters may reproduce the market prices, leading to ill-conditioned
problems and model uncertainty. To overcome the ill-conditioned nature of the
problem, regularization methods can be used to guarantee stable parameters [2].
The corresponding optimization problem, formulated as a minimization prob-
lem of a least squares functional, is not necessarily convex as a function of the
model parameters and is therefore hard to solve. It may happen that several,
even a large amount of local minima exist. Another problem that may arise is
that the objective function may exhibit an extremely ”flat” behaviour such that
even if only a unique minimum exists, a parameter set is accepted as optimal
although it is far away from the true optimum. Two groups of algorithms can be
applied to solve these optimization problems. The first group are locally conver-
gent algorithms which will find a minimum but not necessarily the global one
(e.g. Levenberg-Marquardt). The second group of algorithms are globally con-
vergent, which should theoretically (CPU time going to infinity) be able to find
the global minimum (simulated annealing, particle swarm methods, evolution-
ary algorithms, . . . ) [4]. The disadvantage of the second group is the enormous
amount of computation time in comparison to the algorithms of the first group
to obtain results. Our key idea to overcome this drawback is to take the best
parts of both worlds to improve the quality of the results for the first group and
to speed up the computation for algorithms of the second group. We start with
quasi-random low-discrepancy sequences to get a good coverage of the parameter
space and evaluate the residual function (2) for each of these NI points. After
sorting, a gradient based algorithm (Levenberg-Marquardt) is started from the
NB best points of the initial set. The Levenberg-Marquardt algorithm is an it-
erative technique that locates the minimum of a function that is expressed as
the sum of squares of nonlinear functions. It has become a standard technique
for nonlinear least-squares problems and can be thought of as a combination of
steepest descent and the Gauss-Newton method [9].

Special attention is turned to the stability of the optimal parameters and
of the prices for the exotic instruments obtained under these parameters with
respect to time. Crucial for this kind of algorithm is the fast evaluation of the
residual value as well as the corresponding gradients with respect to the model
parameters.
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1.3 Fast Evaluation of European Style Options and Their
Derivatives

If the model under consideration does not provide an analytic solution for the
European option price efficient numerical methods are required to price Euro-
pean options in order to calibrate the parameters of the model to given market
data.

Starting point is the risk neutral valuation formula

v(x, t0) = e−rΔt
EQ[v(y, T )|x] = e−rΔt

∫

R

v(y, T )f(y|x)dy (3)

where v denotes the option value, Δt is the difference between the maturity T
and the valuation date t0, f(y|x) is the probability density of y given x and r is
the risk neutral interest rate. Some of the state of the art numerical integration
techniques have in common that they rely on a transformation to the Fourier do-
main [7]. The main reason for this is that the probability density function appears
in the integration in the original pricing domain but is not known analytically
for many important pricing processes. Instead, the characteristic functions of
these processes, the Fourier transforms of the respective density functions, can
often be expressed analytically. The density and its characteristic function form
a Fourier pair and the idea of the Fourier-Cosine method [6] is to reconstruct
the whole Fourier integral in - not only the integrand - from its Fourier-cosine
expansion. In the case of European options one ends up with

L[v(x, t0)] = e−rΔt
′N∑

k=0

Re
{

L

[
[φ

(
kπ

b − a
, x

)]
exp

(
−i

kaπ

b − a

)}
Vk (4)

Vk depends on the payoff of an European option at maturity T . L[·] denotes an
operator being id, if the option value or L = ∂

∂pi
if the gradient of the option

value with respect to the ith model parameter should be calculated.

2 Implementation Details

We have implemented the calibration routine on two parallel hardware platforms,
a CPU multicore server SGI Altix 4700 with 256 cores in clusters of four with one
terabyte memory and a GPU server with two C1060 (240 streaming processor
cores) and one GTX 260 (192 CUDA cores) graphic cards from Nvidia, two Intel
E5520 CPUs and 24 gigabyte memory. For parallelization Open-MP has been
used on the SGI machine and a combination of Open-MP and the Nvidia Cuda
framework has been used on the GPU Server.

The key point in programming effective GPU algorithms is the optimal mem-
ory management. We used constant memory (which is read-only but cached)
for look-up tables and ensured that all memory transactions on global memory
are coalesced. Special emphasize has been put on the minimization of memory
transfers between host and global memory since this is bottleneck in terms of
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speed. To achieve the highest performance, it is necessary to get the best com-
bination of the number of registers, the number of threads and the amount of
shared memory. All GPU computations has been performed in double precision
to ensure the accuracy necessary for calibration purposes. However, at this point
in time double precision is much slower than single precision (typically ba a fac-
tor of eight). Switching to new hardware with FERMI technology will probably
speed up the whole algorithm.

On each of our testing platforms the function evaluations for the NI starting
points are distributed between the processing units - GPUs or Cores. Whereas
the parallelization is straight forward in the CPU case, details of the implemen-
tation on the GPU can be found in figure (1). The residuals (2) are sorted on

Fig. 1. Implementation details of the calibration algorithm - a combination of
quasi-random low-discrepancy sequences and a gradient based Levenberg-Marquardt
algorithm

the CPU, and Levenberg-Marquardt algorithms are started from the NB points
with the lowest residuals. Within the Levenberg-Marquardt algorithm, it de-
pends whether the evaluation of the objective function (2) and the derivatives
with respect to the model parameters are again performed in a parallel man-
ner. In the case of the Multicore CPU machine each core is used to perform
a Levenberg-Marquardt optimization and the residual and the derivatives are
computed sequentially. Also in the GPU case, each GPU performs such an opti-
mization but the threads and multiprocessors on each GPU are used to parallelize
the summation in (4).

The main difference in the implementation between the GPU and the CPU is
the number of summands used in (4). To get the best performance on the GPU,
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each thread on each Multiprocessor should be equally busy. Therefore it is advan-
tageous to keep the number of summands N fixed. On the other hand, on a CPU
or a MultiCore CPU, a processing unit can start with the next parameter set after
finishing a valuation task therefore it is advantageous to have a stopping criterion.
We use the absolute value of the characteristic function, i.e. the envelope function
as stopping criterion and abort the summation if |φ(u)| < ε.

3 Results

Market Data
All results presented in this section are calculated for a set of options on the
FTSE-100 index for May 1st 2008. The forward rates (GBP) on that date ranged
between 3.4% p.a. and 4.52% p.a. (continuous compounding).

Evaluation of Points in the Parameter Space
We start with reporting the performance of the first part of our combined al-
gorithm - the evaluation of the residual for a large number of points in the five
dimensional parameter space. As mentioned before, the speed of the calculation
of one option set (different strikes and maturities) is crucial. Therefore we re-
port the performance using the GPU compared with a single core of the CPU of
our GPU Server and using several CPUs on our multicore CPU server in Tab.1.
Starting from NI points we evaluate the objective function for each of these
parameter sets. Increasing NI allows to improve the best residual, as NI1 ⊂ NI2

if |NI2 | > |NI1 | when using quasi-random low discrepancy sequences (here Sobol
points). Unfortunately it is possible that the optimal parameter set violates the
Feller condition.

Table 1. This table shows the average computation time (in milliseconds) for one
option set (256 options) on the GPU (C1060),on a single core of the GPU server, on
three GPUs (2xC1060+1GTX260) and for 8 and 32 cores on the Altix for a fixed
number of summands denoted by N = 512 as well as for an abort criterion denoted by
ε = 10−8

NI CPU-N GPU-N CPU-ε 8-CPU-N 32-CPU-N 8-CPU-ε 32-CPU-ε 3-GPU-N

27 217.24 4.05 15.59 9.46 3.52 1.40 1.42 4.19
28 217.02 3.29 16.29 9.55 2.75 1.41 0.68 2.34
210 216.97 2.85 16.92 9.26 2.39 1.14 0.50 1.30
212 217.03 2.71 17.10 9.27 2.38 1.05 0.47 1.02
214 217.00 2.68 16.96 9.20 2.34 1.03 0.47 0.97
216 216.96 2.67 16.94 9.23 2.33 0.93 0.45 0.95

The Gradient Algorithm and the Feller trap
Next we will focus on the gradient part of the calibration algorithm (Leven-
berg Marquardt). To check whether the analytical derivatives are advantageous
to the numerical ones, calculated via finite difference formulas, we have used
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our gradient based optimization routine. We have started from the following
point in the five dimensional parameter space: (2.5, 0.5, 0.5,−0.5, 2.5) and per-
formed 50 iterations of the Levenberg-Marquardt algorithm (see Tab.2). Again
a major drawback for the performance of the Levenberg-Marquardt is the Feller
condition. Up to our experience, for some of the starting points the algorithm
converges towards parameter sets not satisfying the Feller condition. When hit-
ting the boundary of the area defined by the Feller condition we add/subtract
a small number to move the parameter set to the allowed region - slowing down
the performance of the whole algorithm. As Tab.3 shows this is especially true
for the algorithm using analytic derivatives. Furthermore the values for the op-
timal parameters can be different for each of the methods used for calculating
the derivatives (compare with Tab.2).

Table 2. This table shows the residual and the corresponding calibrated parameter
set using the Levenberg Marquardt algorithm starting from (2.5, 0.5, 0.5, 0.5,−0.5) and
fixing the number of iterations to 50. The different lines correspond to the different
methods for calculating the derivatives with respect to the Heston parameters: analytic
means calculation using (4), bd means using a simple backward difference quotient (first
order), fd means forward difference quotient (first order), cd means central difference
quotient (second order) and cd2 means a higher order central difference quotient (fourth
order).

Method Residual κ θ λ ρ v0

analytic 0.00181063 0.092252 0.486551 0.695210 -0.384361 0.048140
fd 0.00181035 0.090878 0.493407 0.694971 -0.384394 0.048132
bd 0.00181089 0.093595 0.480052 0.695447 -0.384329 0.048147
cd 0.00181063 0.092256 0.486530 0.695211 -0.384361 0.048140
cd2 0.00181063 0.092249 0.486566 0.695210 -0.384361 0.048137

The Overall Calibration Algorithm
Finally we report some results for the whole calibration algorithm - the combi-
nation of the quasi-random low discrepancy sequences and the gradient based
algorithm, the overall performance on our different computing systems and some
comparison with other optimization algorithms. We have used a simulated an-
nealing (SA) algorithm, a direct search simulated annealing (DSSA) algorithm
and a differential evolution (DE) algorithm [4],[5] to get values for comparison.
All of these algorithms give comparable results for the value of the objective
function (2) but the parameter sets are different. The reason for this will be
reported elsewhere [10]. In Tab.4 the results for these global optimization al-
gorithms are reported. Furthermore we have added results obtained with our
combination algorithm and emphasize the enormous advantage in performance
obtained with our method. Table 5 shows the dependence of the residual and
the optimal parameters from the starting points NI and the number of points
NB chosen after sorting to start the gradient based algorithm from.
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Table 3. This table shows the influence of the Feller condition on the results when
starting from a certain point of the parameter space (2.5, 0.5, 0.5, 0.5,−0.5). The num-
ber of iterations for the Levenberg-Marquardt algorithm has been fixed to 20 for these
calculations.

Method Feller y/n Time[s] κ θ λ ρ v0 R

analytic y 286 5.16374 0.0535189 0.743359 -0.656857 0.0532264 0.00317053
analytic n 13 0.490489 0.128122 0.757395 -0.381153 0.0489238 0.00175283
fd y 142 4.94054 0.0557186 0.741914 -0.634476 0.0474512 0.00300541
fd n 24 0.599426 0.117699 0.803694 -0.376169 0.0490682 0.0017445
bd y 40 8.32845 0.0523705 0.926955 -0.409117 0.0488767 0.00341173
bd n 24 0.609957 0.116568 0.805291 -0.37605 0.049105 0.00174367
cd y 65 4.45272 0.0525163 0.682833 -0.66807 0.0522633 0.00321284
cd n 38 0.604866 0.11711 0.804514 -0.376109 0.0490869 0.00174406

Table 4. This table shows results obtained with SA, DSSA, DE and our hybrid method
(HM). For the results obtained with the hybrid method we have used NI = 16384,
NB = 8 and report the parameters of the best three points.

Method Time κ θ λ ρ v0 R

SA > 1h 1.37489 0.0659624 0.42583 -0.521524 0.0442002 0.0026999
DSSA > 1h 3.326651 0.056260 0.609410 -0.528481 0.045514 0.002731
DE > 1h 2.19221 0.0606641 0.515656 -0.52504 0.0442017 0.002674
HM 20s 2.110270 0.060529 0.503548 -0.532090 0.045330 0.002684
HM 20s 2.851548 0.057947 0.574742 -0.512623 0.045789 0.002700
HM 20s 4.487206 0.054525 0.699049 -0.509853 0.045819 0.002808

Table 5. This table shows the residual for different combinations of initial points NI

and Levenberg-Marquardt starting points NB .

NI\NB 1 2 4 8 16 32 64 128

27 0.00441 0.00383 0.00359 0.00353 0.00316 0.00297 0.00293 0.00285
28 0.01350 0.01350 0.00343 0.00306 0.00300 0.00287 0.00287 0.00287
210 0.00394 0.00325 0.00311 0.00311 0.00311 0.00293 0.00288 0.00285
212 0.00311 0.00311 0.00311 0.00299 0.00290 0.00286 0.00275 0.00275
214 0.00286 0.00286 0.00286 0.00286 0.00285 0.00285 0.00283 0.00282
216 0.00286 0.00286 0.00286 0.00286 0.00286 0.00283 0.00283 0.00283

4 Conclusion

We have presented an algorithm for the calibration of the widely used Heston
model which is theoretically capable of finding the global minimum. The combi-
nation of local and global algorithms together with parallelization on GPUs and
CPUs led to a massive speed up compared to global algorithms. Including the
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Feller condition has an enormous impact on the results and the performance -
these problems will be addressed in further investigations.
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Birkhäuser, Basel (2009)

3. Albrecher, H., Mayer, P., Schoutens, W., Tistaert, J.: The Little Heston Trap.
Wilmott Magazine, 83-92 (January 2007)

4. Brabazon: Biologically Inspired Algorithms for Financial Modelling. Springer, Hei-
delberg (2006)

5. Hedar, A.-R., Fukushima, M.: Hybrid simulated annealing and direct search
method for nonlinear unconstrained global Optimization. Optimization Methods
and Software 17, 891–912 (2002)

6. Fang, F., Osterlee, K.: A novel pricing method for European options based on
Fourier-Cosine series expansion, MPRA Paper (2008)

7. Carr, P., Madan, D.B.: Option valuation using the fast Fourier transform. J. Comp.
Finance 2, 61–73 (1999)

8. O’Sullivan, C.: Path dependent option pricing under Levy processes, EFA 2005
Moscow Meetings Paper, SSRN (February 2005),
http://ssrn.com/abstract=673424

9. Madsen, K., Nielsen, H.B., Tingleff, O.: Methods for Non-Linear Least Sqares
Problems, 2nd edn (2004)

10. Aichinger, M., Binder, A., Fürst, J., Kletzmayr, C.: Advanced Methods for the
Calibration of Heston and Bates Models (to be submitted)

http://ssrn.com/abstract=673424

	A Fast and Stable Heston Model Calibration on the GPU
	Model and Methods
	The Heston Model
	The Calibration Problem
	Fast Evaluation of European Style Options and Their Derivatives

	Implementation Details
	Results
	Conclusion
	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




