Numer Algor (2011) 57:27-34
DOI 10.1007/511075-010-9409-6

ORIGINAL PAPER

The Lambert W-functions and some of their integrals:
a case study of high-precision computation

Walter Gautschi

Received: 18 February 2010 / Accepted: 27 June 2010 /
Published online: 16 July 2010
© Springer Science+Business Media, LLC 2010

Abstract The real-valued Lambert W-functions considered here are wy(y) and
w_1(y), solutions of we” =y, —1/e < y < 0, with values respectively in (—1, 0)
and (—oo, —1). A study is made of the numerical evaluation to high precision of
these functions and of the integrals f lw[—wo(—xe*x)]“x*5 dx,a > 0,8 € R, and

fol [—w_;(—xe™®)]*xPdx,a > —1, B < 1. For the latter we use known integral
representations and their evaluation by nonstandard Gaussian quadrature, if
a # B, and explicit formulae involving the trigamma function, if « = B.

Keywords Lambert W-functions - Integrals of Lambert W-functions -
Nonstandard Gaussian quadrature - Variable-precision computation

Mathematics Subject Classifications (2010) 33B99 - 33F05 - 65D20 - 65D30

1 Introduction

The (real-valued) Lambert W-functions are solutions of the nonlinear
equation

weY =y, yelR. (1.1)

If y > 0, there is a unique real solution, w(y), satisfying 0 < w(y) < oo. If
—1/e < y <0, there are exactly two real solutions, wy(y) and w_;(y), satis-
fying respectively —1 < wy(y) < 0 and —oco < w_;(y) < —1. Clearly, w(0+) =
0, wp(0—) =0, and w_;(0—) = —oo, while wo(—1/e) = w_(—1/e) = —1. For
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y < —1/e, there are no real solutions of (1.1). For a discussion of the various
branches of the Lambert W-functions, also in the complex plane, see [3].
We note that

—wo(—xe ) =x for0<x<l1, (1.2)
and likewise
—w_j(=xe ) =x for 1 <x<oo. (1.3)
Indeed, by definition,
—xe ™ = wo(—xe e 0<x <.

This identity remains valid if wo(—xe™™) at both occurrences is replaced by —x,
which is in [—1, 0]. By uniqueness of wy, there follows (1.2). The identity (1.3)
is proved similarly.

Our interest here is in the computation (to high precision) of the three
Lambert functions and of the integrals

o) 1
Io,[l,m](a,ﬂ)=ﬁ fo(x; ¢, B)dx and 11,[0,1](06,,13):/0 fi(x; a, B)dx,

(1.4)
where

folxsa, B) = [—wo(—xe )*x?, a > 0;
fitc;a, B) = [—w_1(—xe ™]*x P, o> —1,8 < 1. (L5)

Both integrals present numerical difficulties because of singularities of the
integrands at the upper resp. lower end point of integration.
For « = B, the integrals are explicitly known [8],

Io 1,00 (0, @) = @i (a) — 1, a > 0;
Liponla o) =ay (1l —a)+1, |a| <1, (1.6)

where v is the trigamma function. Their sum equals

sin(or)

2
a((@) +yi(l—a) =« [L} , (1.7)

by the reflection formula for v, (cf. [1, Eq. 6.4.7]). The Matlab rou-
tines' sT01infaa.m? and sT101aa.m? implement (1.6) in variable-precision
arithmetic.

LAll Matlab routines referred to in this paper can be downloaded from the web site
http://www.cs.purdue.edu/archives/2002/wxg/codessLAMBERTW .html. They make use of addi-
tional routines in the packages OPQ, SOPQ found on the same web site.

2This routine requires Matlab Version 7.8 (R2009a) or later.
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If o # B, then [8]

1 b ({1
Iy 1001, B) = oz——,8+l |:—1 —i—oz/o u 1( 1—/u > du|, a>0,

(1.8)

which for « = g reduces to (1.6) in view of [7, Eq. 4.251.4]. Similarly [§],

1 00 Inu a—p+1
11,[()’1](0[, ﬂ):m 1—|—(){/; MOI*I <m> du , o > —1, ,3 < 1.

(1.9)
Both formulae lend themselves to numerical evaluation by appropriate (non-
standard) Gaussian quadrature; see Sections 3, 4 for details.
Although the Lambert functions will not be used explicitly in what follows,
it may be of interest to briefly consider computational methods for their
evaluation. This is done in Section 2.

2 Computing the Lambert W-functions

There are of course many possible ways of solving the equation (1.1).> A
simple and generally reliable method is Newton’s method which, by choosing
the initial approximations judiciously, allows us to compute all three Lambert
functions defined in Section 1 (only the last two of them being of interest
here). For y near and above —1/e, Newton’s method, however, suffers from
loss of accuracy and consequent slow, or even lack of, convergence. In this
case a power series expansion method is proposed. For y near and below zero,
Newton’s method for w_;, while numerically stable, may take many iterations
(some 30 in Matlab double precision, when y = —107'°) to converge.

2.1 Newton’s method

The Newton iteration for (1.1) is

[v]2 —wl

w[”H]:%, v=0,1,2,..., 2.1)
w

where as initial value w® we take

0] _ y 1f0<y<€,
W= {ln(y/ Iny) ify>e (22)

for w(y), and

0 for wy(y),
[01 _ 0
we = {—2 for w_;(y). (23)

3For a recent discussion of numerical methods, see [2].
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The choice in (2.2), when y > e, is motivated by the asymptotic behavior of
w(y) as y — oo, and the choice in (2.3) by our desire to have monotone
convergence. The latter, in theory, is guaranteed (cf. [5, Example 6.4, p. 233])
by the convexity/concavity properties of the function we* and the fact that
w = —21s an inflection point of the curve y = we®.

Near the point (w, y) = (-1, —1/e), where the graph of y = we"™ has a
horizontal tangent, Newton’s method converges only linearly and may even
fail to converge because of cancellation errors in the denominator of (2.1).
Indeed, w!"! comes arbitrarily close to —1 when y approaches —1/e from
above. To avoid this difficulty, we use an appropriate power series expansion
(cf. Section 2.2).

2.2 Power series solution

Let
1 2
y=——+4x°, x>0. (2.4)
e
Then the solution w of (1.1) admits an expansion in powers of x,
w=—14cx+cx’+cx’ 4. (2.5)
Matching the power series of we® against the (finite) series (2.4), we find
cl = +v 26, (26)
and, with the help of Maple, that
1
C) = —g C%,
o, a1
3= — |y + gl + e /¢,
L o5 1 s
¢y = 302 + cscf + i3 + 5 €261 + 30° /c1,
I 3. 3., 1 4
Cs = C4Cy + C4C1 + E c3cy + Z cyel + 6 (Yo
+1c2+1c3+ & +2cic0¢3) /e
27T 3T g TR
2 43 T+ +csca +
ce = cscic c36C ¢l 4 cser + cyc
6 4C1C2 2321 8401 5C2 + €4C3
SR 2 o
+ cscp + 3 c4Cy +c1c3 + 3¢5 + 5 C3C
1 1 1
+§ cicy + 3 el + By cch> /c,

@.7)
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Clearly, for w = w_; we must select the minus sign in (2.6), and for w = wy the
plus sign. Substituting (2.6) in (2.7), we then get, again with the help of Maple,

2 11 43
w_](x)z—l—@x—gexz—% 2€3x3—ﬁ62)€4
769 1768
- V25— —— X+ (2.8)
4320 8505
and
2
wo(x) = —14++/2 ex—gex + v e’ 3—ﬁe x*
769 1768
ALy P R 2.9
TV Tess T 29)

A series expansion closely related to (2.8) is the power series expansion of
—w_j(—exp(—1+ z2/2)) in [4, Eq. (48)]; other related series can be found
in [4, Section 3.2]. Both expansions (2.8) and (2.9) are appropriate for, say,
x? < .5 x 107*, while Newton’s method is adequate in all other cases. In
symbolic routines, using variable-precision artithmetic, only Newton’s method
needs to be used, together with appropriate precautions near the branch point
(w, y) = (=1, —1/e) (cf. Section 2.3).

2.3 Matlab implementation

The procedures described in Sections 2.1 and 2.2 are implemented in the Mat-
lab routines wofy . m, wofy0.m, wofyl.m. The respective symbolic analogues
are swofy.m, swofy0.m, swofyl.m. These use only Newton’s method; to
counteract the loss of accuracy in swofy0.m and swofyl.m when y is near
and above —1/e, the working precision in these two routines must be selected
sufficiently larger than the target precision. For wofy0.m one needs 4, 6, 10
more digits than in the target precision when the distance of y from —1/e is
respectively 107, 107!, and 10~%; for swofy1 .m the numbers are 4, 7, and 12
digits, respectively.

3 The integrals Iy [1,00)(e, B) and Iy o,17(cz, B)

For the evaluation of Iy ; «)(c, 8), « # B, we use the integral representation
(1.8). In view of the logarithmic/algebraic singularity at the lower limit of the
integral in (1.8), and its regularity at the upper limit, we decompose the integral
into two parts: the first extended from O to 1/e, the second from 1/e to 1. The
former is written as

1/e
Tio.1/e1 = / (1 —x)"@ T 3= in(1/x)]* A+ dx, (3.1)
0
the second factor being treated as a weight function,

v(x;a, B) = x* In(1/0)]1* P, 0 <x < 1/e, (3.2)
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with the intention of applying Gauss quadrature relative to this weight func-
tion. The second part,

L In(1/w)\*#*!
Tiijen =f u! (—/ ) du,
1/e l—u

after the change of variable u = 1 — x(1 — 1/e), becomes

1 a—p+1
Ttjey = (1 — 1/e)/0 [1—(1—1/e)x]*"" ( 1n(:1 _(i/e)i/e)X)> dx
(3.3)

and is amenable to Gauss-Legendre quadrature on [0, 1].
With regard to Gauss quadrature for the (nonstandard) weight function
(3.2), we generate the relevant orthogonal polynomials (see [6] for details) by

the variable-precision Chebyshev algorithm from the moments

1/e 00
ne(via, B) = / e In(1/x0)1* P dx = / ety
0 1

1

zmr(a—ﬁ-i-lk-l—a), k:O,l,Z,....
These are generated (in variable-precision arithmetic) by the Matlab routine
smomvab.m?. The Matlab routine sr_vab.m then generates the first N
recurrence coefficients of the required orthogonal polynomials and stores
them in the N x 2 array abv. These in turn allow us to generate the desired
N-point Gaussian quadrature rule using the SOPQ routine sgauss.m. The
evaluation of /j 1 «)(a, B) from (1.8), using (3.1) and (3.3), is implemented in
the Matlab routine sI0linfab.m.

We ran this procedure in 32-digit arithmetic for @ =2, 1, % (¢ =0 is triv-
ial), and for each of these values for g =2, 1, %,O, —%, -1,2(a=1,8=
2 being trivial). The most time-consuming part of these calculations is the
generation of the N recurrence coefficients by the routine sr_ vab, which,
when N = 50, took about 12 minutes or less on the Sun Ultra 5 workstation,
assuming a good estimate of dig0O—the initial number of digits used in the
routine sr_vab. Tables of these coefficients can be found on the web site
http://www.cs.purdue.edu/archives/2001/wxg/tables in files whose names start
with “abv”.

A sample of results is shown in Table 1, where n denotes the number of
quadrature points needed for 32-digit accuracy and dig the number of digits
required in the routine sr_vab to obtain the recurrence coefficients accurate
to 32 digits. The number # is seen to be less than 30, which is remarkably
small for this type of accuracy. When o = 8, there is agreement with the
32-digit results obtained by the routine sI01infaa .m except for an endfigure
discrepancy of one unit in the case « = 8 = 2.

The integral Iy o.11(ct, B), by (1.2),isequalto 1 /(@ — B+ 1) ifa — B+ 1 > 0.
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Table 1 The integral .
Io.11,001(at, B) for selected a B n dig  Joq1,001(et, B)

values of o, § 22 27 115 0.28986813369645287294483033329204
0 26 115  0.55242099404393096881202067693593
—2 25 110  1.5857382583390739261863136404274
11 29 115  0.64493406684822643647241516664603
0 26 115  1.144934066848226436472415166646
—1 28 110  2.5136576366744873885388199948242
=2 27 110 0.56150165251555182684424279164016
0 28 110  2.3338359155089014467610187032541
—2 27 110  38.727633569979724008308403165634

4 The integrals Iy [o,1;(et, B) and Iy, 1,001 (e, B)

In order to evaluate /; |9 1;(«, 8) from the integral representation (1.9), we first
make the change of variable u = 1/x in the integral of (1.9) to write it as

/lx_ﬁ (—ln(l/x)>a_ﬂ+l dx.
0 1—x

This has the same form as the integral in (1.8). Hence, we deal with it in
the same way as was done in Section 3, i.e., decompose it into two integrals
analogous to (3.1) and (3.3). The first is calculated by Gauss quadrature with
respect to the weight function

u(x; a, B) = xPln(1/x)1* P, 0<x<l1/e, 4.1)
the second by Gauss-Legendre quadrature of

—In(1 = (1 = 1/e)x) “*ﬁ“d
(1= 1/e)x ) -

The moments of the weight function (4.1) are given by

1
- 1/6)/ [1——1/e)x]" (
0

wr(u; a, B) = MNa—B+2,k—p+1), k=0,1,2,...,

R
and are evaluated by the routine smomuab . m?. The Matlab routine sr_uab.m
then generates the recurrence coefficients for the required orthogonal poly-
nomials and stores them in the array abu. The integral ) o 1j(c, B) itself is
computed by the routine sI101lab.m.

The procedure was run in 32-digit arithmetic for o« =2, 1, %, —% and for
each of these values for g = 1,0, —1, —1, —2 (the case @ = —1, B = 1 being
trivial). The first 50 recurrence coefficients required in these computations,
generated by the routine sr_uab . m, are retrievable on the web site mentioned
in Section 3 from files whose names start with “abu”.

Selected results are shown in Table 2 in the same format as used in Table 1.
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Table 2 The integral .
I 10,17 (e, B) for selected o B ndig I j.1(@, f)

values of o, f 2 % 27 110 33.343927985540712124255844272507
0 27 110  6.0273152733489747770776399896483

2 25 110 0.66470507420927905363933223999206

% % 26 110 3.467401100272339654708622749969

0 26 115  1.4200196887885673611304689259528

125 110 0.61417487418179378390030116175849

—% 0 26 115  0.74291550121126488688927157124286

-1 25 115 0.41704512121160039084979057685156
-2 24 115 0.29216513963802369184942362241138

When o = B, the results are in complete agreement with those furnished by
the routine sI10laa.mwith dig = 32.

The integral I} [1.«) (e, B), by virtue of (1.3), exists only if 8 —a — 1 > 0, and
thenequals 1/(8 —a — 1).

Acknowledgements The computational problem in the case « = g was brought to the author’s
attention by Tony Tam. The author is indebted to Robert M. Corless for the References [2-4],
the first of which, but not the others, having been familiar to the author at the time of writing this

paper.

References

1. Abramowitz, M., Stegun, I.A.: Handbook of mathematical functions. National Bureau of Stan-
dards, Applied Mathematics Series 55, U.S. Government Printing Office, Washington, DC
(1964)

2. Barry, D.A.,Li, L., Jeng, D.-S.: Comments on numerical evaluation of the Lambert W-functions
and application to generation of generalized Gaussian noise with exponent 1/2. IEEE Trans.
Signal Process. 52, 1456-1458 (2004)

3. Corless, R.M., Gonnet, G.H., Hare, D.E.G., Jeffrey, D.J., Knuth, D.E.: On the Lambert W-
functions. Adv. Comput. Math. 5, 329-359 (1996)

4. Corless, RM., Jeffrey, D.J., Knuth, D.E.: A sequence of series for the Lambert W-functions.
In: Proceedings of the 1997 International Symposium on Symbolic and Algebraic Computation
(Kihei, HI), pp. 197-204. ACM, New York (1997, electronic)

5. Gautschi, W.: Numerical Analysis: An Introduction. Birkh4user, Boston (1997)

6. Gautschi, W.: Variable-precision recurrence coefficients for non-stand-ard orthogonal polyno-
mials. Numer. Algorithms 52, 409-418 (2009)

7. Gradshteyn, LS., Ryzhik, I.M.: Table of integrals, series, and products, 7th edn.
Elsevier/Academic Press, Amsterdam (2007)

8. Yu, Y.: Personal communication, October (2009)

@ Springer



	The Lambert W-functions and some of their integrals: a case study of high-precision computation
	Abstract
	Introduction
	Computing the Lambert W-functions
	Newton's method
	Power series solution
	Matlab implementation

	The integrals I0,[1,∞](α, β) and I0,[0,1](α, β)

	The integrals I1,[0,1](α, β) and I1,[1,∞](α, β)

	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


