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Abstract. In this paper, we construct certain analogues of the Arakawa-Kaneko
zeta functions. We prove functional relations between these functions and the Mordell-
Tornheim multiple zeta functions. Furthermore we give some formulas among Mordell-
Tornheim multiple zeta values as their applications.

1. Introduction

Let Z be the rational integer ring, N the set of natural numbers, Ng = N U {0}, Q the
rational number field and C the complex number field. We denote n repetitions of m by
{m}" for m,n € N and r-tuple unordered pair of {ki, k2, ..., k;} by [k1; k2; ...; k] for
kl,kz,...,kr GN().

Arakawa and Kaneko [1] introduced

1 [e'e) ts—l .
() ki) = o [ i (1= e,

so called “Arakawa-Kaneko zeta function”, for (ki,kp,..., k) € N  and s € C with
J(s) > 0, where Liy, x,,... .k (z) is the polylogarithm defined by

my

. Z
lel,kz,m,kr (Z) = Z m (Z € (C, |Z| < 1) .

O<my<my<---<my mymy” Ny

When r = 1, &(k; s) is also denoted by £ (s). They proved that for m € N, £({1} !, k;
m + 1) can be written in terms of multiple zeta values (MZVs) in [1, Theorem 9].
On the other hand, Matsumoto defined the “Mordell-Tornheim r-ple zeta function” by
o0
1
Q) w150, s s) = Y

8 8 Sr+1 "
S1..8) s, r
mymy,...mp=1 M My = 0y (Zj:l mj)

The sum on the right-hand side of (2) converges absolutely when
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withl < ki < ky < -+ < kj <rforany j = 1,2,...,r (see [8, Lemma 2.1]).
Matsumoto proved that this function can be continued meromorphically to the whole C"*!-
space in [4] and [5]. This zeta function in the double sum case was first studied by
Tornheim [10] for the values at positive integers in 1950s. He gave some evaluation for-
mulas for ¢yr.2(ky, k2; k3) when ki, k2, k3 € N. Mordell [6] independently proved that
tmr2(k, k; k)n_3k € Q for all even k > 2. Tsumura [11, Theorem 4.5] and Nakamura [7,
Theorem 1] showed certain functional relations among the Mordell-Tornheim double zeta
functions and the Riemann zeta functions.
In this paper, for k € N, we first define the function

1
E(k]; ) = %/0

which can be regarded as an analogue of the Arakawa-Kaneko zeta function of Mordell-
Tornheim type (see Definition 1). We construct functional relations between & ([k]; s) and
the Mordell-Tornheim multiple zeta functions (see Theorem 8). For example,

c(2)%2(s) —20(QE(2]; 5) + E(12; 21 5)
=tmr3(2,2,0;8) +25¢mr3(2,1,0; s + 1) +s(s + DEmr3(1,1,0; s +2) .

This can be proved by the method similar to the proof of [1, Theorem 8§].
Secondly, we show certain relation formulas among Mordell-Tornheim multiple zeta
values (see Corollary 9). For example,

00 ts—l r
- [ [Lit; (1 —e™dt (s €C. 9%(s) > 0)
j=1

c@)*¢(m +1) — 2;(2)%§MT,m+1(2’ " N+ %;MT,m+2(2, 2,{1}"; 1)
=imr3(2,2,0;m+ 1) +2(m + )¢mr 32, 1,0, m + 2)
+m+1D)m+2)¢ur3(1,1,00m+3) (meN),
and
(3) ¢mr3(2, 1,15 1) = 28(2)¢(3) — ¢(5) .

(3) had been obtained in [9, Theorem 5]. Lastly, we consider a generalization of main
results (see Theorem 15).

2. Preliminaries

We first construct a Mordell-Tornheim type analogue of £ (k1, k2, . .., k»; s) and con-

. . . . . k
tinue it analytically to an entire function. We define {C[ ]MT} by

" Li (1
@ L= L, _ZcmMT—
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for [k] = [k1;ko;...; k-] and k = (k1,kp, ..., k) € Z". These are generalizations of
poly-Bernoulli numbers {C,,(f )} defined by
el —1 - Z Con m!
m=0
fork € Z (see [1]). Since Lig(1—e™") = O(t) (t — 0) and Liy(1 —e™") = O(¢) (t — 00)
for all k € N, we can define the following function.
DEFINITION 1. Fork € N  ands € C with R(s) > 1 —r, let

r

t
[ ] Lic; (1 — et
j=1

1 0o 4s5—1
) s([k];s>=%/o p—

where I'(s) is the gamma function.

The integral on the right-hand side of (5) converges absolutely uniformly in the region
N(s) > 1 —r. We can see that £([k]; s) = & (s) holds fork = (k) € Nwhenr = 1.
Further, we define £(9; s) = ¢(s) forr = 0.

THEOREM 2. Fork = (ki, k2, ..., k) € N, the function £([k]; s) can be contin-
ued analytically to an entire function, and satisfies
(6) E([k]; —m) = (=1)"C¥, (m e No).

Proof. Let

' B ts—l r ) .
A([k],s)_Let_lngkj(l—e )dt

_ (eznﬂs . 1)/

ts—l r
[ [ Lit; (1 = e™"ar

t
el —1
j=1

r

ts—l ) .
+./cg€’—1jlj[1lej(1_e )dt (s €C),

where C is the contour which goes from 4-o0 to a efficiently small ¢ > 0 along the positive
real axis (top side), goes round counterclockwise along the circle C. centered at 0 with
radius &, and goes back to +o0 along the positive real axis (bottom side). We note that ¢*
means ¢* 127 where J(¢) varies O (on the top side of the positive real axis) to 2 (on the
bottom side). Since the integrand has no singularity on C and the contour integral converges
absolutely for all s € C, we can see that A([k]; s) is entire. Suppose R(s) > 1 — r, then

the second integral tends to 0 as ¢ — 0. Therefore we have

1
k]; s) =
09 =

Since £([k]; s) is holomorphic for N(s) > 1 — r, this function has no singularity at any
positive integer. Therefore this gives the analytic continuation of £([k]; s) to an entire

A([k]: ).
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function. Let s = —m for m € Ny. Using (4), we have
(=D"m!
k]; —m) = ———A(k]; —m
& ([k] ) T ([k] )
_(=D"m!

o
tn
=——— [ Ny M g
27 /_1 c. r;) n,MTn!
(k]
= (_l)mcm,MT :
This completes the proof. (]

Secondly, we show a relation between the Mordell-Tornheim multiple zeta values and
E([k]; m + 1) for m € Np. For this aim, we consider the following function and give a
lemma.

DEFINITION 3. Fork = (ki,k2,...,kr4+1) € N x Ng and z € C with |z] < 1, let
00 L om;
z j=1"
@) L= Y

kry1 ”
et e (),

Under the above condition, the sum on the right-hand side of (7) converges absolutely
uniformly. We note that Ly (z) = Lig, 4, (z) holds for r = 1 and k = (k1, k2). By direct
calculation, we have

LEMMA 4. Fork = (ki,ka, ..., ke, krs1) € N'Tland z € Cwith |z| < 1,
1
~ L@ 22,

d
d_z Lx(z) =

r

1
“[tiv@ k=1,

j=1
where k"D = (ki ka, ... kr kry1 — D).
Using Lemma 4 and calculating directly, we obtain

PROPOSITION 5. Fork = (ki,kp, ..., k) € N and meNy,

1
s([k], m + l) = %;MT,m+r(klvk27 . "1kr1 {l}ms l) .

Since £(@; s) = ¢(s), Proposition 5 still holds for r = 0 when m > 1. We can
recover [3, Corollary 4.2 and Theorem 4.4] as follows.
COROLLARY 6. Form € Ny,
w1 ("5 D) = (m 4+ Dlg(m +2).
Proof. By &1(s) = s¢(s + 1) and Proposition 5, we obtain the assertion. O
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3. Main results

In this section, we give main results. We first prepare the following lemma which is
necessary to show the first and second main results.

LEMMA 7. Fors; € Cwithdi(s;) > 02 < j <r)and R(s;11) > r,
(8) CMT,I‘(Oa 52,-”asr;5r+l) =

r+1

2tj
/ J

ty---dtrdty 11 .
T4 r(s/)// / (et = DTj 2(€t’+t’“—1) r

Proof. Using the well-known relation

o0
mS = m/ 7 le™™dr (meN, s eC, R(s) > 0)
) Jo

fors; € C with 9i(s;) > 0(2 < j <r) and (s, 1) > r, we have
r+1

l—[ L(sj) x ¢mr,r(0,82,..., 80 Sr+1)
=2

S ()

my,my,....my=1 j=2

00 r )
x </ A le_<zj_'m’)t’“dt >
= Z / / / dtrdts - - dtr+1

my,my,..mp=1

r+1

-

sj—1 —mjty4 l—[ —mj(tj+tr11)
l—[tj (e r ) e VST
j=2 j=2

1
1—[;+£ t;]
/ / / et;+| — 1) 1‘[ ( tit+try1 _ 1)dt2dt3 it

Changing the order of summation and integration is justified by absolutely convergence.
Therefore we complete the proof. (]

Using Lemma 7, we have the first main result as follows.

THEOREM 8. Forr € Nands € C,

3 (;>(—1>f cQERY T 8)
=0
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r r . ) .
=y (j><s>j;MT,r+1({2}’ ALY, 05 4 )
j=0

where { (s) is the Riemann zeta-function and (s); is the Pochhammer symbol defined by
(s)j=sts+D---(s+j—-1
for j € Ny.
Proof. Fors € C with 9i(s) > 0, we let

00 00 ts—l r fi4t
— r+1 J r+1
IMTr41(5) = /0 fo dndiy---dip 0= [

——— J=
r+1

Using

9 Lin(l — etimtray = i Ir41

o, P T I=<j=<n),

we have
-

r . . .
Imt,r+1(s) = Z ( .)(—l)r 1C@) T ®EW2Y ] s)
=0 ™
On the other hand, by Lemma 7 and
! { ! J
CMT 1y Siy ey Sjy s Spq2) = CuT 1oy Sy ooty Siy s Sp42)

for] <i <j <r+41,wehave

r

r . —j i .
ARIOEDY <j)F(S + Demr 1 (271,055 + )
j=0
By the analytic continuation, we obtain the desired identity. (]

By Theorem 8 and Proposition 5, we immediately obtain the second main result as
follows.

COROLLARY 9. Forr,m € N,

X’: (r) (=Di¢@y—/

j St e (2, (1 D)
j=0 '

=) (:)(m + D1 (2 (1Y, 0m 4+ 14 ).
j=0

Next, in order to evaluate {7 2k+1(2, {1}2"; 1), we quote [2, (75)]:

1 b M b
®) la.b)=7 {((—1) (a) - 1) ¢M) + (1 +(=1) )C(a)é“(b)}



On Analogues of the Arakawa-Kaneko Zeta Functions of Mordell-Tornheim Type 117

(M=3)/2

+ (=Dt Y {(az_kl> + <b2_kl>};(2k+ De(M — 2k — 1),

k=1
wherea,b €e Nwitha,b>2, M =a+b =1 (mod 2) and ¢(a, b) = {m72(0, a; b).
REMARK 10. We note that (9) also holds for a = 1 providing we remove the term
containing ¢ (1).

Combining (9) and Corollary 9 in the case r = 1, we have the third main result as
follows.

PROPOSITION 11. Fork e N,

1
eurons12, (135 1) = (2k>!{<:(2><;(2k +1) - 5(2/«2 +k —2)¢(2k +3)

k—1
+ 3 @k + 1 =21 @20+ g2k +2 — 2n)} .
n=1

EXAMPLE 12.

Smr3(2, 1,15 1) =2¢(2)¢(3) = ¢(5) ,
¢mr,s(2, 1, 1,1, 1; 1) = 41H{E(2)¢(5) + 3¢(3)5(4) — 45 (D)} .

These results correspond to [1, Theorems 6, 8, 9 and Corollary 11]. Results in [1]

are relations between &(k1, k2, ..., k-; s) and multiple zeta functions or MZVs. On the

other hand, our results are relations between & ([k]; s) and Mordell-Tornheim multiple zeta
functions or Mordell-Tornheim multiple zeta values.

4. A generalization of the function & ([k]; s)

In this section, we consider a certain generalization of the function &([k]; s) and aim
to generalize Theorem 8.
By the definition (7), for k = (ky, k2, ..., k-, kr+1) € N” x Np, we have

Iy _ Rk —
10) Lol et = !O(t) if ke =0and I = (] [kj =1} 2 1,
O(1) otherwise (t — o0)
and
(11) Lx(l—eH=0@") t—0).

Using (10) and (11), we can define the following function.
DEFINITION 13. Forry,rz,...,rg € N, k; = (k{i),kéi), ...,kﬁf),kgil) e N x
Noand s € Cwith %(s) > 1 — 37, r;, let

ts—l g
1 Ly, (1 — e Ndt.
¢~ hia

1

1 o
(12) Eg([kiskas .. .5 kglss) = ﬁ/o
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The integral on the right-hand side of (12) converges absolutely uniformly in the region
NR(s) > 1 — Y°7_, r;. Further we note that

&1([k1]; s) = &(K]; 5)
fork; = (ki, k2, ..., k-,0), k = (k1,k>, ..., k) and s € C. Therefore we can see that
Definition 13 is a generalization of the function £([k]; s). By the same method as in the
proof of Theorem 2, we have

THEOREM 14. For g,r1,r2,...,rg € Nandk; € NP xNg (1 <i < g), the
Sunction §4(kq; ko; ... ; kgl; §) can be continued analytically to an entire function.

By the same method as in the proof of Theorem 8, we obtain

THEOREM 15. ForgeN, r=(ri,r,...,1ry) € N9ands € C,
g
(13) PGS { [] riteei+ 1>}§n([{1}’f+1]jej; 5)
n=0 JClg tjel\J
gJ=n

wt(r)

g ..

=X on ¥ ()]

n=0 ittig=n =1 N
r1>1;>0

X tut,g+1 (m—it+1,m—ir+1,...,rg —ig+ 1,05 +n) ,
where £4(0;5) = ¢(s), Ig = {1,2,..., 9}, [kisko;...; k] = [kj]jelg and wt(r) =
i
Proof. We define the function Jyr (s) by

o0 pOO o0
JMT,r(S)=// / dtidty -+ - dig4
0 Jo 0
—_——
g+1

o o g
g [T (s € C, R(s) > 0)

elort — 1 L L ptjttgrn
J:
forr = (r1,r2,...,1rg) € N9, It follows from Lemma 4 that
a P (tj +tg1)
_ _ 1y — o T gl
(14) o1, E{l}rj+|(l e liTlgry = S 1

Using (14) and Corollary 6, we have

g9
Iure(s) =D (=) Z{ I1 rj!z(rj+1)}

n=0 JCly tjelg\J
tJ=n

x D& (1Y jers )
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for N (s) > 1. On the other hand, by Lemma 7, we have
wt(r)

g .
nrer =Y re+n Y AT ) -
n=0 J

i 4etig=n * j=1
r1=ij>0

X ur,g+1 (n—it+Ln—iz+1,...,rg —ig+1,0;54n)

for N(s) > g. By the analytic continuation, we obtain (13) for all s € C. Therefore the
proof is completed. O

REMARK 16. In particular, Theorem 15 in the case (g, r) = (7, {1}") coincides with
Theorem 8. Hence we can see that Theorem 15 is a generalization of Theorem 8.

We have not obtained the values of &4 ([ki; ko; ...;kg]; m + 1) form € Ny. But we
have obtained a certain proposition as follows.
PROPOSITION 17. For g,r1,r2,...,rg €N,
g g
Zrjlgg—l([{l}ri+l]i619\{j}; ri+1)= l_[ Cmr; (175 1)
j=1 j=1

Proof. By (14) and the partial integration, we have
r !5([{1}”“]1'619\{1}; ri+1)

o0 tr] g9 _
:/0 etjlj[c{l},ﬁl(l—e Ydt
g
]‘[ Eurrr, (11 1)—Zf

(yiet (1= e

l#/

Q@

=[] emr,qyi; 1)

j=1
- er g (Y Nicr\gyiry + 1)
j=2
Therefore we complete the proof. (]

REMARK 18. In particular, combining Corollary 6, Theorem 15 in the case g = 2
and Proposition 17 in the case g = 2, we have the Euler decomposition (cf. [1]).

k
§(k+1)§(r+1)=2<rtm)§(k+l—m,r+l+m)

m=0

" (k
+ (:n>§(r+l—n,k+l+n) (rkeN).
n=0



120

T. ITO

Acknowledgments. The author thanks Professor Hirofumi Tsumura and Kohji

Matsumoto for useful advice and pointing out some mistakes and unsuitable expressions.
The author also thanks Professor Yasushi Komori for his detailed explanations of the ana-
lytic theory of multiple zeta functions in the intensive course at Tokyo Metropolitan Uni-
versity.

[1]

[2]

[8]
[9]

[10]
[11]

References

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

J. M. Borwein, D. M. Bradley and D. J. Broadhurst, Evaluations of k-fold Euler/Zagier sums: a com-
pendium of results for arbitrary k, Electron. J. Combin. 4 (1997), no. 2, Research Paper 5, approx. 21
pp-

M. Hoffman, Multiple harmonic series, Pacific J. Math., 152 (1992), 275-290.

K. Matsumoto, On the analytic continuation of various multiple zeta-functions, in “Number Theory for
the Millennium II”, Proc. Millennial Conf. on Number Theory (Urbana-Champaign, 2000), M. A. Bennett
et al. (eds.), A K Peters, 2002, pp.417-440.

K. Matsumoto, On Mordell-Tornheim and multiple zeta-functions, in “Proc. Session in Analytic Number
Theory and Diophantine Equations”, D. R. Heath-Brown and B. Z. Moroz (eds.), Bonner Math. Scriften
360, Bonn, 2003, n.15, 17pp.

L. J. Mordell, On the evaluation of some multiple series, J. London Math. Soc. 33 (1958), 368-371.

T. Nakamura, A functional relation for the Tornheim double zeta function, Acta Arith. 125, no. 3 (2006),
257-263.

T. Okamoto and T. Onozuka, Functional equation for the Mordell-Tornheim multiple zeta-function, to
appear in Funct. Approx. Comment. Math.

K. Onodera, Generalized log sine integrals and the Mordell-Tornheim zeta values, Trans. Amer. Math.
Soc., 363 (2011), 1463-1485.

L. Tornheim, Harmonic double series, Amer. J. Math. 72 (1950), 303-314.

H. Tsumura, On functional relations between the Mordell-Tornheim double zeta functions and the Rie-
mann zeta function, Math. Proc. Cambridge Philos. Soc. 142, no. 3 (2007), 161-178.

Takuma ITO

St. Ursula Gakuin Eichi High School
1-2, Ipponsugimachi, Wakabayashi-ku,
Sendai 984—0828 Japan

e-mail: sugakunotakuma.ito@gmail.com




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /JPN <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive true
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


