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Abstract:  Today, a huge amount of interest in new actuators and a correspondingly
huge pressure on companies and research centres to develop the most
efficient, cost-effective electric design of the actuators for electric vehicles.
However, the design and analysis of actuators is very complex task, thus
need the help of multiprocessor computers to run efficient computations.
This work analyzes the use of two non-overlapping domain decomposition
methods (DDMs) in order to improve the calculation behaviour of finite
element method (FEM) with edge element approximation. In this case, the
DDMs under investigation are the Schur complement method and the
Lagrange multiplier based Finite Element Tearing and Interconnecting
(FETI) method with their algorithms. The performances of these methods
and solvers have been investigated in detail for two-dimensional parabolic
type problems as case studies.

Keywords: Domain decomposition, Iterative algorithm, Finite element method, Edge
element based parabolic type problem

1. Introduction

The numerical design of electromechanical actuators of electric vehicles is a very
complex task, because a lot of different physical aspects should be considered. The
performances of electrical equipments are not defined only by their electromagnetic
field, because the electromagnetic field has strong interaction between the following
quantities: electromagnetic field distribution, mechanical equation, external circuits, etc.
But, the analysis of complex system, e.g. analysis of motors of electric vehicle is very
resource-intensive and time consuming, wherein the resources and time of the
simulation plays an important role for designers and researchers. Therefore, the solution
of a complex system must be parallelised in order to speedup the numerical
computations with less computer requirement. The parallelisation of computation can be
approached with the use of a domain decomposition method (DDM) [1-8]. To solve
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Figure 1. Demonstration of mesh partitioning and distributed computation.

large scale problems, a domain has been divided into sub-domains that are fit into the
computer memory. While limited progress can be reached with improvement of
numerical algorithms, a radical time reduction can be made with multiprocessor
computation. In order to perform numerical design a computer with parallel processors,
computations should be distributed across processors (see in fig. 1). The used DDMs are
the Schur complement method and the Finite Element Tearing and Interconnecting
(FETT) method.

The Schur complement method [1-3], as sequential algorithm was started to use many
decades ago, when computer RAM was extremely small. Nevertheless, nowadays, this
method is a very popular parallel domain decomposition technique among engineers [3].

In the last decade, the Finite Element Tearing and Interconnecting (FETI) method [4-
6] has seemed as one of the most powerful and one of the most popular solvers for
numerical computation. The FETI requires fewer interprocess communication, than the
Schur complement method, while is still offers the same amount of parallelism [1].

The parallel finite element based numerical analysis on massively parallel computers
or on clusters of Personal Computers (PCs) needs the efficient partitioning [5] of the
finite element mesh. This is the first and the most important step of parallelization with
the use of domain decomposition methods.

Many domain decomposition or graph-partitioning algorithms can be found in the
literature. Gmsh [7] combined with METIS [8] algorithm has been used for the
discretization of the domain of problem and for the mesh partitioning.

The finite element method [9, 10] is an important technique for the solution of a wide
range of problems in science and engineering. Generally use vector and scalar potential
functions to describe the field quantities. Finite element techniques using nodal based
functions to approximate both scalar and vector potentials were first to emerge [10].
However, if the vector potential has two (in 2D) or three components (in 3D), the
uniqueness of the vector potential is not so evident and it can be prescribed by implicit
enforcement of Coulomb gauge [9, 10]. This problem is avoided if the vector potentials
are approximated by edge finite elements and taking care about the representation of
source current density [9, 10].
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This paper presents an edge element based parallel approach for the solution of two-
dimensional parabolic type problems by finite element method. The problems are
benchmarks to show the steps of the edge element based finite element technique with
DDMs. The comparison focused on the speedup and iteration of solvers of methods.

2. Problems Definition

The paper presents the steps of parallel finite element method through two 2D parabolic
type problems. The studied parabolic type problems are separated into two parts: the
conducting region (laminated core, steel plate) denoted by ., and the nonmagnetic and
nonconducting domain (air, windings) denoted by (,,. The I boundary denotes that the
normal component of the magnetic flux density is vanishing. The [y boundary denotes
that the tangential component of the magnetic field intensity is zero or a known surface
current density K [9, 10].

The first problem is the quarter of a single-phase transformer (see in fig. 2), where the
problem domain  is split into conducting ). and nonconducting Q, part. The detailed
description about the geometry of this problem you can find in [11]. The partial
differential equations of this problem are [9, 10]

UXVXTy=VxJ, inQ B
Toxn=0 only }_’KEaE‘bE’ 1)

1 .

VX(EVXA)—VXTO, inQ,,

Vx(3VxA4)+0%=0, inq, [~ Knan=by, 2)
u at
A-n=0, onlg

where J, = 63902 A/m? is the source current density, T is the impressed current vector
potential, A is the magnetic vector potential, u = pop, is the permeability, u, =
411077H/m is the permeability of vacuum, . = 4500 is the relative permeability,

Figure 2. The solution of T, impressed current vector potential at 10Hz.
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Figure 3. The solution of (3) when the frequency is SHz.

o = 1780 S/m is the conductivity, and n is the outer normal unit vector. The subscript
E and N denotes, the linear system of equation (Ka = b) from edge or nodal element
approximation.

At this problem, the impressed current vector potential the T, computation has been
performed by edge finite element approximation, and the magnetic vector potential A
has been approximated by nodal shape function, because it has only z-component, i.e.
A,. The (2) problem has been used to validate the results of parallel edge element based
finite element technique.

The second problem is a steel plate (0.1 x 0.04 m) around a coil (see in fig. 3). In this
problem, the conductivity and relative permeability are ¢ = 2-10°S/m and u, =
4000. This problem has only eddy current region ()., because the excitation is the
surface current density K = 200 A/m as boundary condition with the appropriate
direction. The partial differential equation and boundary condition of the steel plate
problem are the following [9, 10],

1 24 .
vx (zVxa)+o5=0, an,}_)KEaE=bE’ o)
Toxn=K only

The above mentioned problems have been solved by finite element method, i.e. the
Q = Q. U Q, region has been discretized by FEM mesh. The weighted residual method
with the Galerkin formulation has been applied to give the weak formulations of the (1),
(2) and (3).

The weak formulation of the (1) and (2) are [9, 10]

Jo OxW)-(VXT§HAQ = [ (VX W) - JodQ, 4)

and

1 4%
fncunn;(ka) -(vAHda + fﬂc N - a?dﬂ = fﬂn(V x Wy) - T§dQ, (%)

where W, is the vector weighting function of the k™ element, Ny is the nodal weighting
function of the k™ element. TX, AYX denote the approximated unknown potential
functions, e.g. [9]
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where Tp and A,p prescribe the Dirichlet boundary condition.

The weak formulation of (3) is [9, 10]
f (V X W) - (VxAK)dQ+f Wk o2 dQ f W, -KdrI. @)

3. Parallel Finite Element Method with Domain Decomposition

The main idea of domain decomposition method is to divide the domain ) into several
sub-domains in which the unknown potentials can be calculated simultaneously, i.e. in a
parallel.

The general form of a linear algebraic problem arising from the discretization of a
parabolic type problems defined on the domain () can be written as [12]

Ka = b, 8)

where K € R™" is a positive definite mass matrix, b € R™ on the right hand side of the
equations represents the excitations, and a € R™ contains the unknown potentials. Here
n is a number of unknowns.

In the following, we introduced the extensive review of the Schur complement
method and the FETI method for the parallel solution of edge element based problems.
However, the presented techniques also useful for the solution of nodal element based
problems.

3.1. Schur Complement Method

After the problem is partitioned into a set of Ny disconnected sub-domains, it can be
seen in fig. 4, and equation (8) has been split into Ng particular blocks [1-3]

&)

[Kr]] KI‘ T ] [aFJ [br]

where j = 1...Ng, Kj; is the positive definite sub-matrix of the j™ sub-domain, a; is
the vector of the right hand side defined inside the sub-domain. The sub-matrix Kjr, =

K}Fj j contains the value of j™ sub-domain, which connect to the interface boundary
unknowns of that region. The superscript T denotes the transpose. Krjr]-a and ar,
expresses the coupling of the interface unknowns.

Each sub-domain will be allocated to an independent processor core, because the sub-
matrix K;; with the Kjrj, Krj ; and the right-hand side b; are independent, i.e. they can
be assembled in parallel on distributed memory. Only the Krr) and bp]. are not
independent. The matrix Kpr and the vector by are assembled after interprocess data
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Figure 4. Example of partitioned of domain Q, and we show the edge directions of the
sub-domain interface boundaries, which is very important in the edge element based
DDMs.

transfer, because they are the assembly of Kp].pj and brj, where j is the index of sub-
domains.

The assembly and the solution of the sub-matrices can be performed parallel by
independent processors. However, the solution requires exchange of interface values
between the processes in charge of the various sub-domains. In many practical
applications, the preconditioned conjugate gradient (PCG) method is used because of its
simplicity and efficiency. The parallel implementation of the preconditioned conjugate
gradient method can be presented algorithm 1 [2].

Algorithm 1. Parallel PCG Algorithm.

1 Initialization:  ag = 0,

2 ro = bS

3 Assembly local ry with 1y, entries — T,

4 fori=0,1,... do

5 W; = M_lfi,

6 ¥i = 1w

7 Assembly y;,

8 Assembly local w; with wy, entries > W,
9 if i = 0 then

10 pi =w;,

11 else

12 pi = W; + (¥i/Vi-1)Pi-1

13 wW; = KSISI"

14 Bi = pi Wi,

15 Assembly £;,

16 Assembly local w; with wy, entries > W;,
17 a; = Pi-1 + (vi/ BPs>

18 5 =g + (vi/ B Wi,

19 if y;/vo < € then

20 return
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In the parallel PCG algorithm, Kg and bg are the mass matrix and right-hand side of
sub-domain, a is the unknown potentials, r is the residual vector, subscript I},; denotes
the external interface entries from neighbouring sub-domains, M = diag(Ks) is the
diagonal preconditioning matrix [12], w and p are working vectors, and € is the
specified error tolerance.

3.2. Finite Element Tearing and Interconnecting Method

After mesh partitioning (see in fig. 4), the FETI method consists in transforming the
original problem, equation (8) with the equivalent system of sub-domain equations [1,
4-6]

— T
with the compatibility of the magnetic vector potentials at the sub-domain interface [1,
4-6]
N

where j = 1 ... Ng, the number of sub-domains, K;, b; and a; are respectively the system

matrix, the representation of the excitation and the unknown potentials of j™ sub-
domain. The vector of Lagrange multipliers A introduced for enforcing the constraints
(11) on the sub-domain interface, and B; is a signed (£) Boolean mapping matrix,

which is used to express the compatibility condition at the j™ sub-domain interface [;

Usually, the partitioned problem may contain Ny < N floating sub-domains, where
sub-matrix K¢ (f = 1...Nf) is singular. The floating sub-domain means a sub-domain
without any constraints on boundary, e.g. Dirichlet boundary condition. To guarantee
the solvability of these generally singular problems, we require that [4, 5]

(b; —BfA) LR;, (12)
and compute the solution of equation in (10) as [4, 5]

a; = Kf(b; - BfA) + R;a;, (13)
where K/ is a pseudo-inverse of K; if K; is singular, else Kj = K;*. R; = Ker(K;) is
the null space of K; [12], and « is the set of amplitudes that specifies the contribution of
the null space R; to the solutiona;. Instead of a pseudo-inverse of matrix, the Moore-

Penrose matrix inverse has been used here [12]. The introduction of the a; is
compensated by the additional equations resulting from equation (12) [4, 5]

R](b; —BfA) = 0. (14)

Substituting equation (13) into equation (11), and exploiting the solvability condition
(14) lead after some algebraic manipulations to the following interface problem [1, 4-6]:

F -G
[—(;IT 0 I] [2] - [_de]~ (15)
where
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ZNS B K+BT
G, =[BiR, .. ByRy]
g ‘o (16)
d =35 BiK/b
e= [b1R1 bﬁSRNS].

In order to solve equation in (15) for the Lagrange multiplier vectorA, the following
splitting of A is performed [4, 5]

A=A, +P(QA, 17)

where A, is a particular solution of GfA = e and P(Q) is a projection operator [4],
where Q is an arbitrary positive definite matrix, in this case a unit matrix. The
projection matrix is P(Q) =1 — QGI(GFQGI)GF, which the following relationship hold
GIP(Q) =0

The classical preconditioned conjugate gradient method cannot be used because it is
derived for systems with symmetric positive definite matrices and the matrix F; does
not fulfil this requirement [1]. Therefore a modification which is based on the
application of an additional condition, GT A = e must be included. Additional condition
must always be satisfied during the iteration process.

The algorithm of the preconditioned modified conjugate gradient method is summarized
in algorithm 2 [1, 4].

Algorithm 2. PMCG Method.

1 Initialization: Ay = QG(GTQG,) e,
2 ro =d — FA,,
3 Wy = P(Q)Trm
4 hy = P(Q)F{'w,,
S So = hy,
6 while ||r||, <e(k=1,..) do
7 ay = s
spFisy’

8 Api1 = A — agSgs
9 i1 = T — axFiSg,
10 Wit1 = P(Q) 14,
1 hyy1 = P(QF Wy,
12 for0<j <k, do

j hjy1Fis;
13 ﬁllc == S}-TFISI-I’
14 Sk+1 = Ppyq + Z:'(:1 .8:(, Sj

In this paper, the also called lumped preconditioner F* has been used [1, 4]. In this case,
each sub-domain mass matrix is partitioned as in equation (9),

K¢ K"

— J J

o -5 9 as
J J
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where the superscript i and I' designate the sub-domain interior and interface boundary
DoF, respectively. The lumped preconditioner is given by [4, 5]

0 o
FL = 2;“:513]. [0 K}l_“r]BJT. (19)

The PMCG algorithm is run sequential to solve the equation (15) interface problem.
After obtaining the solution of Lagrange multipliers, A, a can be calculated as [4]

a = (GTQG,) "G, (20)

where r is the final residual term which is equivalent the jump of potentials between
sub-domains, and the sub-solution can be calculated parallel by equation (13).

4. Results and Discussion

In order to compare the iteration counts and speedup of the methods, we have run a
number of test cases using a research code that has been developed for that purpose on
the Matlab computing environment. This code simulates the state of the art techniques
used to implement the discussed DDMs in lower level programming languages (e.g.
FORTRAN, C) for high performance application.

The computations have been carried out on a massively parallel computer (SUN Fire
X2250). This computer works with a shared memory topology with two Quad-Core
Intel® Xeon® processors. The parallel programs have been implemented under the
operating system Linux.

The first parabolic type problem is a shell-type transformer (see in fig. 4), and it
contains 120994 edge elements, which means 81232 3-node triangular elements and
39763 nodes. At this problem, the impressed current vector potential [9] computation
has been performed by edge finite element approximation, and the magnetic vector
potential [9, 10] has been approximated by nodal shape function, because it has only z-
component. This problem has been used to validate the results of parallel edge element
based finite element technique. The second parabolic type problem is the plate problem
(see in fig. 5), and it contains 73984 edge elements, which means 49152 3-node
triangular elements and 24833 nodes.

Figure 5. Irregular decomposition of mesh into 8 sub-domain.
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In order to use the same stop criterion for the methods, € = 107°. The speedup has
been calculated by the following formula, speedup = Time, /Time,, where Time, is
the running time of the sequential algorithm or the running time with least processor
number, and Time, is the running time of the parallel algorithm executed on n
processor [1, 13].

In the tables are summarized the number of applied processor cores, N, the number
of degree of freedom of one sub-domain, DoF, the number of interface unknown,
C.DoF, the computation time (wall clock time) in seconds, Time, and the number of
iteration of the iterative solvers, Nolt.

The parallel performance results of Schur complement method and the FETI method
for the first parabolic type problem summarized in fig. 6, when the number of processor
cores is varied between 4 and 8. The speedups are computed using N, = 4 as the
reference point. The Schur complement method achieves good speedups, and the FETI
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Figure 6. The speedup of the first parabolic type problem.

Table 1. Performance comparison — First parabolic type problem at 10Hz.

N, 4 6 8
DoF 30477 20355 15297
C.DoF 424 650 827
Schur Time 152.332 84.555 68.495
ffe't';ﬂlsme“t Nolt 1128 1134 1146
FETI Time 801.086 508.481 397.266
Method Nolt 204 192 201
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method solver achieves reasonable ones. However, the total wall clock times (Time)
reported in table 1 show the big difference of the running performance. The reason of
this difference, the calculation of null space and pseudo-inverse are very time
consuming in edge element case, because the mass matrices of sub-domains are
singular.

For 1 < N,, < 8, the performance results of the Schur complement method and FETI
method are reported in fig. 7 for steel plate problem. The speedups are computed using
the wall clock time of sequential calculation (197.004 sec) as the reference point. The
Schur complement method achieves good speedups, and the FETI method solver
achieves reasonable ones. Furthermore, the total wall clock times (Time) reported in
table 2 show nearly same running performance, because this problem is relatively small
as the transformer problem.

It seems to be, the Schur complement method solved the problem faster, than the

12

Speedup

Number of processor cores
Figure 7. The speedup of the second parabolic type problem.

Table 2. Performance comparison — Second parabolic type problem at SHz.

N, 2 4 6 8
DoF 37060 18594 12436 9342
C.DoF 135 416 592 736
Schur Time 151.319 77.416 22.102 17.118
f{;’t‘;‘%‘sme“t Nolt 17 174 176 176
FETI Time 176.428 84.291 26.561 19.422
Method Nolt 67 68 72 73
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FETI method. However, the number of iteration reported in table 1 and 2 show the
solver of FETI method faster convergence rate as the solver of Schur complement
method. This conclusion is also supported by the convergence curves gives in fig. 8 and
9. These figures show the convergence curves of iterative solvers at steel plate problem
when using N,, = 8 and three different frequencies.

10" : : :
: - —1Hz
] ; : ——10Hz
10' .............. .............. ......... | ——s0Hz
10"
)
&
10°
10°
10'10 . ; i
0 65 130 195 260

Number of iteration

Figure 8. Convergence behaviour of PCG algorithm at different frequencies.

0
10

10°

10

Error

10°

]0' I H
0 50 100 150
Number of iterations

Figure 9. Convergence behaviour of PMCG algorithm at different frequencies.

5. Conclusions

In this paper, we have presented the description of Schur complement method and FETI
method for edge element finite element method. We have illustrated the speedup of the
methods and the convergence behaviour of solvers with the solution of two-dimensional
parabolic type problems on massively parallel computer.

204



D. Marcsa — Acta Technica Jaurinensis, Vol. 7., No. 2., pp. 193-206, 2014

In all cases, the Schur complement method outperforms the FETI method. The
computation of the null space and pseudo-inverse of the sub-domain mass matrices can
become the Achille's heel for the FETI method in edge element case. The computation
costs and the memory requirement are very high of these calculations. This is the
reason, why the total times of Schur complement method are smaller. However the
PMCG method convergence rate is better as the PCG method for Schur complement
method.

We have to note that only two benchmarks have been used for the numerical tests.
The tests with more complex three-dimensional problems will be the subject of a
forthcoming work.

Acknowledgement

This paper is sponsored by “TAMOP-4.2.2.A-11/1/KONV-2012-0012: Basic research
for the development of hybrid and electric vehicles - The Project is supported by the
Hungarian Government and co-financed by the European Social Fund”.

References

[1]1 Kruis, J.: Domain Decomposition Methods for Distributed Computing, Saxe-
Coburg Publications, Kippen, Stirling, 2006

[2] Nikishkov, G. P.: Basics of the domain decomposition method for finite element
analysis, in Mesh Partitioning Techniques and Domain Decomposition Methods,
Editor: Magoulés, F., Saxe-Coburg Publications, Kippen, Stirling, pp. 119-142,
2007

[3] Marcsa, D., Kuczmann, M.: Comparison of domain decomposition methods for
elliptic partial differential problems with unstructured mesh, Przeglad
Elektrotechniczny, vol. 2012, no. 12b, pp. 1-4, 2012

[4] Farhat, C., Pierson, K., Lesoinne, M.: The second generation FETI methods and
their application to the parallel solution of large-scale linear and geometrically
non-linear structural analysis problems, Computer Methods in Applied Mechanics
and Engineering, vol. 184, no. 2-4, pp. 333-374, 2000
DOI: 10.1016/S0045-7825(99)00234-0

[5] Farhat, C., Roux, F. X.: Method of finite element tearing and interconnecting and
its parallel solution algorithm, International Journal for Numerical Methods in
Engineering, vol. 32, no. 6, pp. 1205-1227, 1991
DOI: 10.1002/nme. 1620320604

[6] Toselli, A., Vasseur, X.: Robust and efficient FETI domain decomposition
algorithms for edge element approximations, COMPEL: The International Journal
for Computation and Mathematics in Electrical and Electronic Engineering, vol.
24, no. 2, pp. 396-407, 2005
DOI: 10.1108/03321640510586033

[7] Geuzaine, C., Remacle. J. F.: Gmsh: A Three-Dimensional Finite Element Mesh
Generator with Built-in Pre- and Post-Processing Facilities, International Journal
for Numerical Methods in Engineering, vol. 79, no. 11, pp. 1309-1331, 2009
DOI: 10.1002/nme.2579

205



D. Marcsa — Acta Technica Jaurinensis, Vol. 7., No. 2., pp. 193-206, 2014

[8] METIS - Serial Graph Partitioning and Fill-reducing Matrix Ordering, available
at: http://glaros.dtc.umn.edu/gkhome/views/metis (accessed 18 January 2014)

[9] Kuczmann M., Ivanyi, A.: The Finite Element Method in Magnetics. Akadémiai
Kiado, Budapest, 2008

[10] Bird, O.: Edge element formulation of eddy current problems, Computer Methods
in Applied Mechanics and Engineering, vol. 169, no. 3-4, pp. 391-405, 1999
DOI: 10.1016/S0045-7825(98)00165-0

[11] Bianchi N.: Electrical Machine Analysis Using Finite Elements, Taylor & Francis,
Boca Rotan, FL, USA, 2005

[12] Saad, Y.: Iterative Methods for Sparse Linear Systems, 2nd edition, SIAM, 2003

[13] Molnarka G., Varjasi N.: 4 Simultaneous Solution for General Linear Equations

on a Ring or Hierarchical Cluster, Acta Technica Jaurinensis, vol. 3, no. 1, pp. 65-
73,2010

206




<<
  /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 /Error
  /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


