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Abstract We present a very natural generalization of the Arakawa–Kaneko zeta
function introduced ten years ago by T. Arakawa and M. Kaneko. We give in par-
ticular a new expression of the special values of this function at integral points in
terms of modified Bell polynomials. By rewriting Ohno’s sum formula, we are able
to deduce a new class of relations between Euler sums and the values of zeta.
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1 Introduction

The Arakawa–Kaneko zeta function was introduced ten years ago by T. Arakawa and
M. Kaneko in [1]. Let us recall that this is the function ξk defined for any integer
k ≥ 1 by

ξk(s) = 1

�(s)

∫ +∞

0

t s−1

et − 1
Lik

(
1 − e−t

)
dt,

where Lik denotes the kth polylogarithm Lik(z) = ∑∞
n=1

zn

nk . The integral converges
for �(s) > 0 and the function ξk can be analytically continued an entire function of
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the whole s-plane. For k = 1, ξ1(s) is nothing else than sζ(s + 1) and for s = 1,
ξk(1) = ζ(k + 1). In [1], Arakawa and Kaneko have expressed the special values of
this function at negative integers with the help of generalized Bernoulli numbers B

(k)
n

called “poly-Bernoulli numbers”. Introduced by M. Kaneko in [5], these numbers are
defined by the generating function

Lik(1 − e−z)

1 − e−z
=

∞∑
n=0

B(k)
n

zn

n! .

In the case where k = 1, one finds again—apart from the sign for B
(1)
1 —the classical

Bernoulli numbers. Arakawa and Kaneko also provide in [1] (see their Corollary 10)
a rather complex expression of the special values of the function at positive integers
in terms of MZV (multiple zeta value) but, very soon afterwards, a simpler represen-
tation of the values of ξk at positive integers in terms of MZSV (multiple zeta-star
value) has been obtained by Y. Ohno. More precisely, transforming the original ex-
pression given in [1] by means of a duality theorem, Ohno establishes in [7] that

ξk−1(m) =
∑

n1≥n2≥···≥nm≥1

1

nk
1n2 · · ·nm

= ζ �(k,1, . . . ,1︸ ︷︷ ︸
m−1

),

where ζ �(k1, k2, . . . , km) refers to the sum

∑
n1≥n2≥···≥nm≥1

1

n
k1
1 n

k2
2 · · ·nkm

m

.

Subsequently, this expression has found an important continuation in [8] where Ohno
states and proves his remarkable sum formula

k−2∑
m=0

ζ �(k − m,1, . . . ,1︸ ︷︷ ︸
m

) = 2(k − 1)
(
1 − 21−k

)
ζ(k),

which is also the subject of an interesting commentary in [6].
In this article, we introduce a more general function ξk(s, x) defined for �(s) > 0

and x > 0 by

ξk(s, x) = 1

�(s)

∫ +∞

0
e−xt Lik(1 − e−t )

1 − e−t
t s−1 dt

which is a very natural extension of the Arakawa–Kaneko zeta function in the same
way as the Hurwitz zeta function ζ(s, x) generalizes the Riemann zeta function; one
has ξk(s,1) = ξk(s) and, in the case where k = 1, the function ξ1(s, x) is nothing else
than the classical sζ(s + 1, x).

Following the same pattern as in [1], we show that this function ξk(s, x) can be
analytically continued to the whole complex s-plane as an entire function of s, and
we express its special values at negative integral points by means of generalized
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Bernoulli polynomials B
(k)
n (x) whose values at 0 are precisely the poly-Bernoulli

numbers (cf. Theorem 2 and Remark 3). In this way, we show that

ξk(−m,x) = (−1)mB(k)
m (x) (m = 0,1,2, . . . ).

Regarding the special values of ξk(s, x) at positive integers, we obtain the following
representation (cf. Theorem 1)

ξk(m + 1, x) =
∞∑

n=0

n!
(n + 1)kx(x + 1) · · · (x + n)

Pm

(
h(1)

n (x), . . . , h(m)
n (x)

)
,

where Pm(x1, . . . , xm) denotes the mth modified Bell polynomial defined by the gen-
erating function

exp

( ∞∑
m=1

xm

tm

m

)
=

∞∑
m=0

Pm(x1, . . . , xm)tm (∗)

and where

h(m)
n (x) =

n∑
j=0

1

(j + x)m
. (∗∗)

This “Hasse formula” extends the representation already given in [3] in the case
k = 1 (cf. Remark 2). Specializing this expression at x = 1, we then deduce a new
expression for the values of the Arakawa–Kaneko function at positive integers (cf.
Corollary 1) from which follows the decomposition

ξk−1(m + 1) = ζ �(k,1, . . . ,1︸ ︷︷ ︸
m

) =
∞∑

n=1

1

nk
Pm

(
Hn,H

(2)
n , . . . ,H (m)

n

)

where Hn,H
(2)
n , . . . ,H

(m)
n denote the harmonic numbers (cf. Corollary 2). This leads

us to the rewriting of Ohno’s sum formula in the following form

k−3∑
m=1

∞∑
n=1

1

nk−m
Pm

(
Hn,H

(2)
n , . . . ,H (m)

n

) = [
(k − 2) − (k − 1)22−k

]
ζ(k),

which defines a new class of relations between Euler sums and the values of zeta
(cf. Corollary 3 and Example 3). This class contains in particular (in the simplest
case where k = 4), the famous relation

∑∞
n=1

Hn

n3 = 5
4ζ(4) whose origin goes back to

Euler and Goldbach (cf. [4]).

2 A generalized Arakawa–Kaneko function

Proposition 1 Let

F(s, x) = 1

�(s)

∫ +∞

0
e−xtf (t)ts−1 dt
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be a Laplace–Mellin integral with

f (t) =
∞∑

n=0

an+1
(
1 − e−t

)n
,

where the coefficients an are assumed to satisfy the condition |an| = O( 1
n
). The fol-

lowing properties hold:

1. The integral F(s, x) converges for �(s) > 0 and x > 0.
2. If m is a natural number and s = m + 1 then

F(m + 1, x) =
∞∑

n=0

n!an+1

x(x + 1) · · · (x + n)
Pm

(
h(1)

n (x), . . . , h(m)
n (x)

)
, (1)

where Pm and h
(m)
n are respectively given by formulas (∗) and (∗∗).

Proof By our assumption on an, there exists a constant C > 0 and an integer N ≥ 1
such that for all t ≥ 0

∞∑
n=N

|an|
(
1 − e−t

)n−1 ≤ C

∞∑
n=N

(1 − e−t )n−1

n
≤ C

∞∑
n=1

(1 − e−t )n−1

n
= Ct

1 − e−t
,

which ensures the convergence of the integral and justifies the interchange of
∫

and
∑

F(s, x) =
∞∑

n=0

an+1

∫ +∞

0
e−xt

(
1 − e−t

)n ts−1

�(s)
dt.

Then, formula (1) results from the following Lemma 1. �

Lemma 1 For x > t , one has

∫ +∞

0
e−xξ

(
1 − e−ξ

)n
eξt dξ = n!

x(x + 1) · · · (x + n)
× exp

( ∞∑
m=1

h(m)
n (x)

tm

m

)
.

Proof For a > 0 and b > 0, let us start from the classical Euler’s relation

B(a, b) =
∫ 1

0
ua−1(1 − u)b−1 du = �(a)�(b)

�(a + b)
.

Putting u = e−ξ , a = x − t and b = n + 1, one deduces

∫ +∞

0
e−xξ

(
1 − e−ξ

)n
eξt dξ = n!

(x − t)(1 + x − t) · · · (n + x − t)
.
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Moreover, one has

n!
(x − t)(1 + x − t) · · · (n + x − t)

= n!
x(x + 1) · · · (x + n)

×
n∏

k=0

(
1 − t

k + x

)−1

= n!
x(x + 1) · · · (x + n)

× exp

(
−

n∑
k=0

ln

(
1 − t

k + x

))

= n!
x(x + 1) · · · (x + n)

× exp

(
n∑

k=0

∞∑
m=1

tm

m(x + k)m

)

= n!
x(x + 1) · · · (x + n)

× exp

( ∞∑
m=1

h(m)
n (x)

tm

m

)
.

�

Applying now Proposition 1 with an+1 = 1
(n+1)k

, one has

f (t) =
∞∑

n=0

(1 − e−t )n

(n + 1)k
= Lik(1 − e−t )

1 − e−t
,

and we immediately obtain the following theorem:

Theorem 1 Consider an integer k ≥ 1. The Laplace–Mellin integral

ξk(s, x) = 1

�(s)

∫ +∞

0
e−xt Lik(1 − e−t )

1 − e−t
t s−1 dt

converges for �(s) > 0 and x > 0. Moreover, one has

ξk(s, x) =
∞∑

n=0

1

(n + 1)k

∫ +∞

0
e−xt

(
1 − e−t

)n ts−1

�(s)
dt.

In particular, if m is a natural number and s = m + 1, then

ξk(m + 1, x) =
∞∑

n=0

n!
(n + 1)kx(x + 1) · · · (x + n)

Pm

(
h(1)

n (x), . . . , h(m)
n (x)

)
. (2)

Remark 1 In the case x = 1, one has

ξk(s,1) = 1

�(s)

∫ +∞

0
e−t Lik(1 − e−t )

1 − e−t
t s−1 dt

= 1

�(s)

∫ +∞

0

t s−1

et − 1
Lik

(
1 − e−t

)
dt = ξk(s).
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Thus, in this case, one finds again the original Arakawa–Kaneko zeta function intro-
duced in [1].

Remark 2 In the case k = 1, one has Li1(1−e−t )
1−e−t = t

1−e−t from which it follows that

ξ1(s − 1, x) =
∫ +∞

0
e−xt

(
t

1 − e−t

)
t s−2

�(s − 1)
dt = (s − 1)ζ(s, x).

Thus, in this case, identity (2) is nothing else than the representation for the values of
the Hurwitz zeta function (called Hasse formula) given in [3]

(m + 1)ζ(m + 2, x) =
∞∑

n=0

n!
(n + 1)x(x + 1) · · · (x + n)

Pm

(
h(1)

n (x), . . . , h(m)
n (x)

)
.

Example 1

ξk(1, x) =
∞∑

n=0

n!
(n + 1)kx(x + 1) · · · (x + n)

;

ξk(2, x) =
∞∑

n=0

n!
(n + 1)kx(x + 1) · · · (x + n)

n∑
i=0

1

i + x
;

2ξk(3, x) =
∞∑

n=0

n!
(n + 1)kx(x + 1) · · · (x + n)

[(
n∑

i=0

1

i + x

)2

+
n∑

i=0

1

(i + x)2

]
;

6ξk(4, x) =
∞∑

n=0

n!
(n + 1)kx(x + 1) · · · (x + n)

×
[(

n∑
i=0

1

i + x

)3

+ 3
n∑

i=0

1

(i + x)

n∑
i=0

1

(i + x)2
+ 2

n∑
i=0

1

(i + x)3

]
.

Theorem 2 For all integers k ≥ 1 and real x > 0, the function s �→ ξk(s, x) can
be analytically continued to the whole complex s-plane and its values at negative
integers are given by

ξk(−m,x) = (−1)mB(k)
m (x) (m = 0,1,2, . . . ), (3)

where B
(k)
n (x) is defined by the generating function

e−xz Lik(1 − e−z)

1 − e−z
=

∞∑
n=0

B(k)
n (x)

zn

n! .
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Proof We apply the classical method to analytically continue a function defined as a
Mellin transform (cf. [2]). One splits up ξk(s, x) as the sum of two integrals:

ξk(s, x) = 1

�(s)

∫ 1

0
e−xt Lik(1 − e−t )

1 − e−t
t s−1 dt

+ 1

�(s)

∫ +∞

1
e−xt Lik(1 − e−t )

1 − e−t
t s−1 dt.

The second integral converges absolutely for all s ∈ C and x > 0 and cancels at

negative integers (because 1
�
(−m) = 0 for m = 0,1,2, . . . ). For �(s) > 0, the first

integral may be written as

1

�(s)

∞∑
n=0

B
(k)
n (x)

n! × 1

n + s
,

from which follows that

lim
s→−m

ξk(s, x) =
(

lim
s→−m

1

�(s)(m + s)

)
B

(k)
m (x)

m! = (−1)mB(k)
m (x). �

Remark 3 From the generating function which defines them, the polynomials B
(k)
n (x)

are given by

B(k)
n (x) =

n∑
q=0

(−1)n−q

(
n

q

)
B(k)

q xn−q,

where B
(k)
n = B

(k)
n (0) are the poly-Bernoulli number introduced by Kaneko in [5]. In

particular, specializing identity (3) at x = 1, one finds again

ξk(−m,1) = (−1)mB(k)
m (1) =

m∑
q=0

(−1)q
(

m

q

)
B(k)

q ,

which is nothing else than the expression given by Arakawa and Kaneko (cf. [1],
Theorem 6).

3 New expression of ξk(m + 1)

Specializing identity (2) at x = 1, one obtains

Corollary 1 For all natural numbers m ≥ 0 and integers k ≥ 1, one has

ξk(m + 1) =
∞∑

n=1

1

nk+1
Pm

(
Hn,H

(2)
n , . . . ,H (m)

n

)
with H(m)

n =
n∑

j=1

1

jm
. (4)
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Example 2

ξk(1) = ζ(k + 1);

ξk(2) =
∞∑

n=1

Hn

nk+1
;

ξk(3) = 1

2

[ ∞∑
n=1

(Hn)
2

nk+1
+

∞∑
n=1

H
(2)
n

nk+1

]
;

ξk(4) = 1

6

[ ∞∑
n=1

(Hn)
3

nk+1
+ 3

∞∑
n=1

HnH
(2)
n

nk+1
+ 2

∞∑
n=1

H
(3)
n

nk+1

]
;

ξk(5) = 1

24

[ ∞∑
n=1

(Hn)
4

nk+1
+ 6

∞∑
n=1

(Hn)
2H

(2)
n

nk+1
+ 3

∞∑
n=1

(H
(2)
n )2

nk+1

+ 8
∞∑

n=1

HnH
(3)
n

nk+1
+ 6

∞∑
n=1

H
(4)
n

nk+1

]
.

4 Rewriting of Ohno’s sum formula and application to Euler sums

From the comparison of (4) with the expression given by Ohno (cf. [7] Theorem 2,
and [6] Paragraph 2),

ξk−1(m) = ζ �(k,1, . . . ,1︸ ︷︷ ︸
m−1

) :=
∑

n1≥n2≥···≥nm≥1

1

nk
1n2 · · ·nm

,

one can immediately deduce the following decomposition

Corollary 2 For all natural numbers m ≥ 0 and integers k ≥ 2,

ζ �(k,1, . . . ,1︸ ︷︷ ︸
m

) =
∞∑

n=1

1

nk
Pm

(
Hn,H

(2)
n , . . . ,H (m)

n

)
. (5)

Rewriting now Ohno’s sum formula (cf. [8], Theorem 8)

k−2∑
m=0

ζ �(k − m,1, . . . ,1︸ ︷︷ ︸
m

) = 2(k − 1)
(
1 − 21−k

)
ζ(k),

thanks to the preceding decomposition (5), and taking into account that ξ1(k − 1) +
ξk−1(1) = kζ(k), one obtains the following formula which defines a new class of
relations between Euler sums and the zeta values
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Corollary 3 For all integers k ≥ 4,

k−3∑
m=1

∞∑
n=1

1

nk−m
Pm

(
Hn,H

(2)
n , . . . ,H (m)

n

) = [
(k − 2) − (k − 1)22−k

]
ζ(k). (6)

Example 3

∞∑
n=1

Hn

n3
= 5

4
ζ(4) (Euler and Goldbach);

∞∑
n=1

Hn

n4
+ 1

2

[ ∞∑
n=1

(Hn)
2

n3
+

∞∑
n=1

H
(2)
n

n3

]
= 5

2
ζ(5);

∞∑
n=1

Hn

n5
+ 1

2

[ ∞∑
n=1

(Hn)
2

n4
+

∞∑
n=1

H
(2)
n

n4

]

+ 1

6

[ ∞∑
n=1

(Hn)
3

n3
+ 3

∞∑
n=1

HnH
(2)
n

n3
+ 2

∞∑
n=1

H
(3)
n

n3

]
= 59

16
ζ(6);

∞∑
n=1

Hn

n6
+ 1

2

[ ∞∑
n=1

(Hn)
2

n5
+

∞∑
n=1

H
(2)
n

n5

]

+ 1

6

[ ∞∑
n=1

(Hn)
3

n4
+ 3

∞∑
n=1

HnH
(2)
n

n4
+ 2

∞∑
n=1

H
(3)
n

n4

]

+ 1

24

[ ∞∑
n=1

(Hn)
4

n3
+ 6

∞∑
n=1

(Hn)
2H

(2)
n

n3
+ 3

∞∑
n=1

(H
(2)
n )2

n3

+ 8
∞∑

n=1

HnH
(3)
n

n3
+ 6

∞∑
n=1

H
(4)
n

n3

]
= 77

16
ζ(7).

Acknowledgement The authors wish to thank Professor Yasuo Ohno from Kinki University for the
interest he has shown regarding this work.

References

1. Arakawa, T., Kaneko, M.: Multiple zeta values, poly-Bernoulli numbers and related zeta functions.
Nagoya Math. J. 153, 189–209 (1999)

2. Cartier, P.: An introduction to zeta functions. In: From Number Theory to Physics, pp. 1–63. Springer,
Berlin (1995)

3. Coppo, M.-A.: Nouvelles expressions des formules de Hasse et de Hermite pour la fonction zeta
d’Hurwitz. Expo. Math. 27, 79–86 (2009)

4. Euler, L.: Meditationes circa singulare serierum genus. Opera Omnia I 15, 217–267 (1775)
5. Kaneko, M.: Poly-Bernoulli numbers. J. Theor. Nr. Bordx. 9, 199–206 (1997)



162 M.-A. Coppo, B. Candelpergher

6. Kaneko, M.: A note on poly-Bernoulli numbers and multiple zeta values. In: Diophantine Analysis and
Related Fields. AIP Conference Proceedings, vol. 976, pp. 118–124. AIP, New York (2008)

7. Ohno, Y.: A generalisation of the duality and sum formulas on the multiple zeta values. J. Number
Theory 74, 39–43 (1999)

8. Ohno, Y.: Sum relations for multiple zeta values. In: Zeta Functions, Topology, and Quantum Physics.
Dev. Math., vol. 14, pp. 131–144. Springer, New York (2005)


	The Arakawa-Kaneko zeta function
	Abstract
	Introduction
	A generalized Arakawa-Kaneko function
	New expression of xik(m+1)
	Rewriting of Ohno's sum formula and application to Euler sums
	Acknowledgement
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


