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Abstract. In this paper, we consider the application of accelerated meth-
ods in order to increase the rate of convergence of the diffusive iterative
load balancing algorithms. In particular, we compare the application of
Semi-Iterative, Second Degree and Variable Extrapolation techniques on
the basic Diffusion method and the Extrapolated Diffusion method for
torus graphs. It is shown that our methods require approximately 30%
less iterations to reach the balanced state compared to the existed ones.
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1 Introduction

We consider the following abstract distributed load balancing problem. We are
given an arbitrary, undirected, connected graph G = (V, E) in which node vi ∈ V
contains a number ui of current workload. The goal is to determine a schedule
to move an amount of workload across edges so that, the weight on each node
is equal. Communication between non-adjacent nodes is not allowed. This prob-
lem describes load balancing in synchronous distributed processor networks and
parallel machines when we associate a node with a processor, an edge with a com-
munication link of unbounded capacity between two processors, and the weight
as infinitly divisible independent tasks. Diffusion algorithms assume that a node
of the graph is able to send and receive messages to/from all its neighbours
simultaneously.

The performance of a balancing algorithm can be measured in terms of num-
ber of iterations to reach a balanced state and the amount of load moved over
the edge of the graph. The original algorithm described by Cybenko [2] and,
independently, by Boillat [1] lacks in performance because of its very slow con-
vergence to the balanced state [14]. Recently, diffusive algorithms have been
proposed [3,6,8,10,12] to speed up the iteration process by an order of magni-
tude. All commonly used diffusion schemes generate the unique l2-minimal flow
[3,4,8]. Most of the existing iterative dynamic load balancing algorithms [3,8,14]
involve two steps:
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– Flow calculation: Calculating the amount of workload to be migrated be-
tween neighbouring processors such that a uniform load distribution is
achieved when the migration is carried out to satisfy the flow.

– Task selection: Deciding which particular tasks are to be migrated, and
scheduling these tasks to the appropriate neighbouring processors.

In practice, the diffusion iteration is used for the flow calculation. The real
movement of task is complex and the exact details depend on the applications
and the data structures used. This paper is concerned with algorithms for the
first step. We consider the application of accelerated methods in order to increase
the rate of convergence of the diffusive iterative load balancing algorithms for
torus graphs. In particular, we apply Semi-Iterative (SI), Second Degree (SD)
and Variable Extrapolation (VE) techniques [13,15] on the Extrapolated Diffu-
sion (EDF) method [11] and compare their performances with the Diffusion (DF)
method. It is shown that our methods require approximately 30% less iterations
to reach the balanced state compared to the existed ones [4,6,8].

The paper is organized as follows. Section 2 presents the extrapolated diffu-
sion method. Section 3 adapts the aforementioned accelerated techniques to the
extrapolated diffusion method. These methods increase the rate of convergence
of the basic iterative scheme by an order of magnitude. Section 4 presents our
results and conclusions.

2 The Extrapolated Diffusion Method

The Extrapolated Diffusion (EDF) method for the load balancing has the
form [1,2]
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where cij are diffusion parameters, A(i) is the set of the nearest neighbors of
node i of the graph G = (V, E), u

(n)
i , i = 0, 1, 2, . . . , |V | is the load after the

n-th iteration on node i and τ ∈ R\{0} is a parameter that plays an important
role in the convergence of the whole system to the equilibrium state. The overall
workload distribution at step n, denoted by u(n), is the transpose of the vector
(u(n)

1 , u
(n)
2 , . . . , u

(n)
|V |) and u(0) is the initial workload distribution. In matrix form

(1) becomes
u(n+1) = Mu(n), (2)

where M is called the diffusion matrix. The elements of M , mij , are equal
to τcij , if j ∈ A(i), 1 − τ

∑
j∈A(i) cij , if i = j and 0 otherwise. With this

formulation, the features of diffusive load balancing are fully captured by the
iterative process (2) governed by the diffusion matrix M . Also, (2) can be written
as u(n+1) = (I − τL)u(n), where L = BWBT is the weighted Laplacian matrix of
the graph, W is a diagonal matrix of size |E| × |E| consisting of the coefficients
cij and B is the vertex-edge incident matrix. At this point, we note that if
τ = 1, then we obtain the DF method proposed by Cybenko [2] and Boillat [1],
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independently. If W = I, then we obtain the special case of the DF method
with a single parameter τ (unweighted Laplacian). In the unweighted case and
for network topologies such as chain, 2D-mesh, nD-mesh, ring, 2D-torus, nD-
torus and nD-hypercube, optimal values for the parameter τ that maximize the
convergence rate have been derived by Xu and Lau [14]. Next, we consider the
weighted case.

The diffusion matrix of EDF can be written as

M = I − τL, L = D − A, (3)

where D = diag(L) and A is the weighted adjacency matrix. Because of (3), (2)
becomes u(n+1) = (I − τD) u(n) + τAu(n) or in component form

u
(n+1)
i =

⎛

⎝1 − τ
∑

j∈A(i)

cij

⎞

⎠ u
(n)
i + τ

∑

j∈A(i)

ciju
(n)
j , i = 1, 2, . . . , |V |. (4)

The diffusion matrix M must have the following properties: nonnegative, sym-
metric and stochastic [2,1]. The eigenvalues of L are 0 = λ1 < λ2 ≤ . . . ≤ λn. In
case cij = constant, the optimum value of τ is attained at [13,15]

τo =
2

λ2 + λn
(5)

and the corresponding minimum value of the convergence factor

γ(M) = max{|1 − τλn|, |1 − τλ2|} (6)

is given by

γo(M) =
P (L) − 1
P (L) + 1

, where P (L) =
λn

λ2
, (7)

which is the P -condition number of L. Note that if P (L) � 1, then the rate of
convergence of the DF method is given by

R(M) = − log γo(M) � 2
P (L)

, (8)

which implies that the rate of convergence of the DF method is a decreasing
function of P (L). In the sequel, we will express the optimum values of the para-
meters involved, in each considered iterative scheme, using the second minimum
and maximum eigenvalues λ2, λn, respectively of the Laplacian matrix. A first
advantage of EDF is that it converges for any positive, real values of the para-
meters cij if τ ∈ (0, 1/||A||∞) [11], whereas in DF it is required that cij must
satisfy the conditions

∑
j∈A(i) cij < 1 for at least one i. The problem of deter-

mining the diffusion parameters cij such that EDF attains its maximum rate of
convergence is an active research area [3,5,11]. Introducing the set of parame-
ters τi, i = 1, 2, . . . , |V |, instead of a fixed parameter τ in 4, the problem moves
to the determination of the parameters τi in terms of cij . By considering local
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Fourier analysis [9,11] we were able to determine good values (near the optimum)
for τi. These values become optimum in case the diffusion parameters are con-
stant in each dimension and satisfy the relation c

(2)
j = σ2c

(1)
i , i = 1, 2, . . . , N1,

j = 1, 2, . . . , N2, where σ2 =
1−cos 2π

N1
1−cos 2π

N2

and c
(1)
i , c

(2)
j are the row and column

diffusion parameters, respectively, of the torus (see Fig. 1).
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Fig. 1. The diffusion parameters in a 2-D torus

At the optimum stage EDF is twice as fast as DF for stretched torus, that
is a torus with either N1 � N2 or N2 � N1 [11]. Apart from the fact that our
approach produces a monoparametric set of optimum values for the diffusion
parameters it also has the advantage of determining a closed form formula for the
involved parameter τ and the convergence factor γ (see Table 1). These facts have
two consequences. First, we avoid the computation of the second smallest and
largest eigenvalue of the Laplacian matrix for the determination of the optimum

Table 1. Formulae for the optimum τo and γo(M)

N1 N2 Case τo γo(M)

Even Even 1
[
3 + 2σ2 − cos 2π

N1

]−1 1+2σ2+cos 2π
N1

3+2σ2−cos 2π
N1

Odd Odd 2
[
2 + σ2(1 + cos π

N2
) + cos π

N1
− cos 2π

N1

]−1 cos π
N1

+cos 2π
N1

+σ2(1+cos π
N2

)

2+σ2(1+cos π
N2

)+cos π
N1

−cos 2π
N1

Even Odd 3
[
3 − cos 2π

N1
+ σ2(1 + cos π

N2
)
]−1 1+cos 2π

N1
+σ2(1+cos π

N2
)

3−cos 2π
N1

+σ2(1+cos π
N2

)

Odd Even 4
[
2 + 2σ2 + cos π

N1
− cos 2π

N1

]−1 2σ2+cos π
N1

−cos 2π
N1

2+2σ2+cos π
N1

−cos 2π
N1
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value for τ . This is a time consuming process and was an open problem as far
as we know. Second, we were able to study the convergence behaviour of the
EDF method and predict its performance using the expression for γ. In order to
further improve, by an order of magnitude, the rate of convergence of EDF we
can apply accelerated techniques (Semi-Iterative, Second-Degree and Variable
Extrapolation) following [15,13,7,6,12,10].

3 Accelerated Methods

3.1 The Semi-iterative Method

We now consider iterative schemes for further accelerating the convergence of
EDF. It is known [13,15] that the convergence of (2) can be greatly accelerated
if one uses the Semi-Iterative scheme

u(n+1) = ρn+1

[
ρ̄Mu(n) + (1 − ρ̄)u(n)

]
+ (1 − ρn+1)u(n−1) (9)

with

ρ̄=
2

2 − (β + α)
, ρ1 = 1, ρ2 =

(
1 − σ2

2

)−1

, ρn+1 =
(

1 − σ2

4
ρn

)−1

, n = 2, 3, . . . ,

(10)
where

σ =
β − α

2 − (β + α)
, (11)

with
α ≤ μi ≤ β, (12)

where μi are the eigenvalues of M . Because of (3), the eigenvalues of M and the
Laplacian matrix L are related via the following relationship

μi = 1 − τλi, i = 1, 2, . . . , n, (13)

hence
α = 1 − τλn and β = 1 − τλ1, (14)

since τ > 0. Expressing ρ̄ and σ (see (10) and (11)) in terms of λ1 and λn, with
the use of (14), we find that

ρ̄ =
2

τ(λ1 + λn)
and σ =

P (L) − 1
P (L) + 1

, (15)

with
P (L) =

λn

λ1
. (16)

But the optimum value of τ , τo is given by (5) which on substitution in the
expression of ρ̄ in (15) yields

ρ̄ = 1. (17)
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Moreover, for τ = τo, (6) becomes

γo(M) =
P (L) − 1
P (L) + 1

. (18)

By (18) and (15) we have that

σ = γo(M). (19)

Thus expressing (9) in terms of the Laplacian matrix L, using (3) and (17), we
obtain

u(n+1) = ρn+1(I − τoL)u(n) + (1 − ρn+1)u(n−1), (20)

where ρn+1, σ, τo are given by (10), (19) and (5), respectively. It is worth noting
that σ is equal to γo(M) (see (19)), which is the minimum value of the con-
vergence factor of EDF. In addition, γo(M) and τo, for EDF, are given by the
expressions of Table 1 for the corresponding values of N1 and N2. It can be
shown [7,13,15] that

γ(Pn(M)) =
2rn/2

1 + rn
, (21)

where Pn(M) is a certain polynomial in M (which is related to Chebyshev poly-
nomials) and

r1/2 =
σ

1 +
√

1 − σ2
=

√
P (L) − 1√
P (L) + 1

.

In addition, for P (L) � 1, we have

r � 1 − 4√
P (L)

, (22)

thus the asymptotic average rate of convergence for the Semi-Iterative EDF
(SI-EDF) method is given by

R∞(Pn(M)) = −1
2

log r � 2√
P (L)

(23)

as n → ∞. From (8) and (23) the following relationship holds between the
reciprocal rates of convergence1 of SI-EDF and EDF

RR∞(Pn(M)) �
√

RR(M)
2

. (24)

Therefore, the use of Semi-Iterative techniques results in an order of magnitude
improvement in the reciprocal rate of convergence of EDF and in turn in the
number of iterations.
1 RR(.) = 1

R(.) .
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3.2 The Second Degree Method

An accelerated scheme similar to (9) can be produced by considering constant
iteration parameters throughout the process. It is known as the Second Degree
(SD) method and is given by [15]

u(n+1) = u(n) + (ω̂o − 1)(u(n) − u(n−1)) + ω̂o(Mu(n) − u(n)), (25)

where ω̂o = 2
1+

√
1−σ2 with σ given by (19). Expressing (25) in terms of the

Laplacian matrix L, we obtain

u(n+1) = ω̂o(I − τoL)u(n) + (1 − ω̂o)u(n−1). (26)

If M̂ is the iteration matrix of the SD method, then [15]

γ(M̂) = (ω̂o − 1)1/2 = r1/2, (27)

thus the rate of convergence of the Second Degree EDF (SD-EDF) method is
R(M̂) = − 1

2 log r, which is comparable with the one obtained by semi-iterative
techniques. Also, by (23) and (27) we conclude that the rate of convergence of
semi-iterative and second degree methods depends on the same quantity r. This
implies that (23) and (24) hold also for the SD method.

3.3 The Variable Extrapolation Method

In the previous sections, it was shown how we can find effective iterative processes.
Note that in the new procedures each vector u(n+1) requires the computation of
the two previous vectors u(n) and u(n−1). In case we face memory limitation prob-
lems we can consider another iterative scheme (sometimes called the Richardson
method [13,15]) of accelerating the EDF method, where u(n+1) is computed using
u(n) only. This can be achieved by applying the following iterative scheme

u(n+1) = θn+1Mu(n) + (1 − θn+1)u(n), (28)

where θn+1 = 2
2−(β−α) cos (2n−1)π

2m −(β+α)
. The iteration parameters θn+1 are se-

lected in the cyclic order θ1, θ2, . . . , θm, θ1, θ2, . . . , θm, where m is an integer.
Expressing (28) in terms of L we have

u(n+1) = (I − θ̂n+1L)u(n), (29)

where θ̂n+1 = θn+1τo = τo

1−σ cos (2n−1)π
2m

with σ given by (19). The spectral radius

of the Variable Extrapolation EDF (VE-EDF) method is given by [15]

γ(P�m(M)) =
(

2rm/2

1 + rm

)�

, (30)

where � is an integer determining the number of cycles. It can be seen from (21)
and (30) that as m increases, then the rapidity of convergence tends to the one
given by the semi-iterative method. However, numerical experiments [15] show
that, for large m, numerical instability may occur. Also, it is undesirable to select
m very large because convergence is expected after �m iterations.
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4 Numerical Results and Conclusions

The purpose of the paper is to compare the application of accelerated techniques
to the DF and EDF methods. As expected, both methods produce the same
results in case of square torus [11], whereas for rectangular torus EDF tends to
achieve twice as fast convergence rate compared to DF. In particular,

RR∞(EDF ) � 1
2
RR∞(DF ) (31)

when N1 � N2 or N1 	 N2 (stretched torus) [11]. This is shown in columns
DF and EDF of Tables 2 and 3, respectively, where we present the number of
iterations for both schemes to converge using the same criterion. The convergence

criterion for both schemes was
∑|V |

i=1

(
u

(u)
i − ū

)2
< ε, where ū =

(∑|V |
i=1 ui

)
/|V |

and ε = 10−6, while the initial load u
(0)
i = ui was randomly distributed on the

nodes of the graph. For all cases we used the optimum values for the parameters
involved. These values are τo and σ = γo(M), which were obtained by the
formulae of Table 1.

Table 2. Number of iterations for DF, SI-DF, SD-DF and VE-DF methods

N1 × N2 τo γo(M) DF SI-DF SD-DF VE-DF m �

5 × 5 0.232 0.679 40 16 18 18 9 2
5 × 11 0.254 0.919 174 38 41 42 14 3
5 × 21 0.260 0.977 605 74 79 81 27 3
5 × 51 0.262 0.996 3375 182 194 178 30 6
5 × 101 0.262 0.999 13102 366 366 597 30 20
6 × 6 0.222 0.778 60 21 23 22 10 2
6 × 10 0.200 0.908 184 55 38 38 19 2
6 × 20 0.246 0.976 572 73 76 81 27 3
6 × 50 0.249 0.996 3375 182 192 232 29 8
6 × 100 0.249 0.999 12799 366 361 575 34 20

By (24) we have

RR∞(SI − EDF ) � 1
2
(RR∞(EDF ))1/2, (32)

or using (31),

RR∞(SI − EDF ) � 1
2
√

2
(RR∞(DF ))1/2. (33)

But (24) holds also for the DF method, this means that

RR∞(SI − DF ) � 1
2
(RR∞(DF ))1/2. (34)

Therefore, (33), because of (34), yields

RR∞(SI − EDF ) � 1√
2
RR∞(SI − DF ) (35)
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which indicates that the number of iterations of SI-EDF will be approximately
30% less than the number of iterations of SI-DF in case of stretched torus.
Clearly, this result holds for the other two accelerated methods (SD-EDF and
VE-EDF) as both these methods tend to obtain the same rate of convergence
as SI-EDF (see (27) and (30)). In Tables 2 and 3 we also present the number of
iterations for the accelerated versions of DF and EDF methods, respectively. For
the VE version of both methods the value of m was determined experimentaly
such that the number of iterations is minimum. The results of Tables 2 and 3
clearly show that fixing one dimension of a torus and increasing the other, the
number of iterations of the accelerated versions of EDF (SI-EDF, SD-EDF, VE-
EDF) is 30% less than the number of iterations of the corresponding versions
of DF. Similar results were also obtained in the odd/even cases. Therefore, our
theoretical expectation, which is expressed by (35), is verified. Finally, comparing
the accelerated versions of EDF we note that SI and SD have similar behaviour,
which is better than the VE version (Table 3).

Table 3. Number of iterations for EDF, SI-EDF, SD-EDF and VE-EDF methods

N1 × N2 τopt γopt EDF SI-EDF SD-EDF VE-EDF m �

5 × 5 0.232 0.679 40 16 18 18 9 2
5 × 11 0.091 0.874 113 30 32 30 30 1
5 × 21 0.029 0.958 348 54 59 58 29 2
5 × 51 0.005 0.992 1966 133 142 161 27 6
5 × 101 0.001 0.998 7176 264 269 387 30 13
6 × 6 0.222 0.777 60 21 23 22 10 2
6 × 10 0.129 0.870 109 29 32 30 30 1
6 × 20 0.043 0.956 328 53 56 58 29 2
6 × 50 0.007 0.992 1770 130 137 150 30 5
6 × 100 0.001 0.998 6824 261 260 385 26 13
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5. R. Elsässer, B. Monien, S. Schamberger, G. Rote, Toward optimal diffusion matri-
ces, International Parallel and Distributed Processing Symposium, IEEE Computer
Society Press, 2002.

6. B. Ghosh, S. Muthukrishnan and M. H. Schultz, First and second order diffu-
sive methods for rapid, coarse, distributed load balancing, 8thACM Symposium on
Parallesim in Algorithms and Architectures, 1996, 72-81.

7. G. H. Golub and R. S. Varga, Chebyshev semi-iterative methods, successive over-
relaxation iterative methods, and second-order Richardson iterative methods, Nu-
mer. Math. Parts I and II 3, 1961, 147-168.

8. Y. F. Hu and R. J. Blake, An improved diffusion algorithm for dynamic load
balancing, Parallel Computing 25, 1999, 417-444.

9. G. Karagiorgos and N. M. Missirlis, Fourier analysis for solving the load balancing
problem, Foundations of Computing and Decision Sciences 27, No 3, 2002.

10. G. Karagiorgos and N. M. Missirlis, Accelerated diffusion algorithms for dynamic
load balancing, Information Processing Letters 84, 2002, 61-67.

11. G. Karagiorgos and N. M. Missirlis, Local convergence analysis for the diffusion
load balancing methdod in torus (submitted).

12. S. Muthukrishnan, B. Ghosh and M. H. Schultz, First and second order Diffu-
sive methods for rapid, coarse, distributed load balancing, Theory of Computing
Systems 31, 1998, 331-354.

13. R. Varga, Matrix iterative analysis, Prentice-Hall, Englewood Cliffs, NJ, 1962.
14. C. Z. Xu and F. C. M. Lau, Load balancing in parallel computers: Theory and

Practice, Kluwer Academic Publishers, Dordrecht, 1997.
15. D. M. Young, Iterative solution of large linear systems, Academic Press, New York,

1971.


	Introduction
	The Extrapolated Diffusion Method
	Accelerated Methods
	The Semi-iterative Method
	The Second Degree Method
	The Variable Extrapolation Method

	Numerical Results and Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




