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Abstract:  We present a new high order finite difference method for second order
differential equation y''(x) = f(x,y) subject to boundary conditions
y(@) =a and y(b) =f. The method is based on rational function
approximation and its development is based on power series expansions.
Under appropriate conditions, local truncation error calculated and order of
method estimated six. Our finite difference method leads to nonlinear
system of equations. Numerical examples are given to illustrate the
effectiveness, efficiency and high order accuracy of the method.
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1. Introduction

In this paper, we consider numerical solution of the boundary value problem

y'®) =fxy) , x€[ab]lcR, fxy),yx €R (1)

subject to boundary conditions y(a) = a, and y(b) = 8, where «,f are real finite
constants.

The existence and uniqueness of the solution for the problem (1) is assumed. The
specific assumption on f(x,y) , to ensure existence and uniqueness will not be
considered [1, 2].

A second and fourth order three point discretization for problem (1) is well known [2,
3, 4]. A sixth order three point discretization for problem (1) is given by Chawla [5].
These methods based on the polynomial functions, which are normally smooth and
sufficient continuous derivatives. These methods are used to solve specific differential
equation.
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In the present paper, we describe a sixth order finite difference method for differential
equation (1). The method is based on rational function approximation and its
development based on power series expansions (Taylor and binomial). Our difference
method leads to a nonlinear system of equations. A significant feature of our method is
that each discretization of the differential equation at an interior grid point is based on
three evaluations of f(x,y). In section 2, we discuss the derivation and development of
the method. In section 3, under appropriate conditions obtain the local truncation error.
In section 4, we consider numerical examples to illustrate the effectiveness and
efficiency of the method. We also compare the performance of the present method with
the existing sixth order method given by Chawla in [5].

2. Derivation and Development of the method

An idea of rational function approximation method for solution of two-point boundary
value problems and development can be found in the literature [6, 7].

Let N be positive integer, h = (b —a)/Nand x; =a+1ih, i =0 (1) N. The value
of exact solution y(x) at grid point Xx; are denoted by y; , similarly yi' = f(x;,y;) = f;
etc.

Suppose we have to determine a number y; , which is an approximation to the value
of the theoretical solution y(x) of the problem (1) at the nodal point x;,i = 0 (1) N.
Assuming local assumption that no previous truncation errors have been made [8] i.e.
yi—1 = y(Xi—1) . For obtaining an approximate value y;, of the theoretical solution y(x;)
of the problem (1), that purpose, following the ideas in [9,10], we propose multistep
difference method as,

h?(as (i} +yils) +aayi)
G(xjth)+agyj+1taiyi-1t+azyi

Vie1 — 2¥i Vi1 = ()

where G(x),is an unknown sufficiently differentiable function of step length h and
coefficients a;,i = 0 (1) 4, are unknown constants to be determined under appropriate
restrictions and conditions. Also we assumed that

G(x; +h) +agyiyq +a1yiog +ayy; #0foranyi=1(1)N—-1
Let define a function F;(a, h,y) and associate (2) with it as,

Fi(a,h,y) = (y(x; + h) — 2y(x;) + y(x; —h)) x (G(x; + h) + agy(x; + h) +
ay(xi —h) + azY(Xi)) —h? (33 (Y”(Xi +h) +y"(x - h)) +a, Y”(Xi)) =0 (3)
Let us expand G(x; + h) , in Taylor series about point x = X;,

2 3 4 5
G(h) = G(x;) +hG'(x;) + = G"(x) + - GO () + 2-GH () + & GO (x;) + 0(h®)
“4)
where G’ denotes first derivative of G(h) w.r.t. h, G" ..... etc.

Expand F;(a, h,y) in Taylor series about point X; , we have
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<h2yl +5 yl(4) 360y(6) + O(hs)) X (G(xl- +h)+ (ag+a; +ay)y; +

(3) (4)

3 h4- hS
—(ap — apy; _(ao +a)y;” + g(ao -

3!

a)y® +0(h%) ) — h? ((2a3 +ay,) + azh?y™ + as y(6)> =0 (5)

h(ag — ay)y; + (ao +ay)y’ +

Using (4) in (5) and rewrite it as,
h?(A, - Za3 —a,)y +h3Ay) + ((Ao - 1233)}’(4) + 6A2Y1”) += (A1y(4)

28331") + - (A — 3023)y® + 15A2y(‘” + 154457 ) + oo (5Asy " + 3Ay}") +
0(h®) = 0 (6)

where
Ay = G(xp) + (ap + a1 + ay)y;
A= GO + (ap + (=D¥a y® , k=1(1)5
If we equate the coefficient of hJ,j = 2(1)7 in (6) both side, we will obtained
(Ag—2az;—an)yi =0
Ayyi' =
A — 12a3)yi(4) +6A,y;' =0
Ay + 2A5y] =0
(Ap — 30a3)y'¥ + 154,y + 15A,y]' = 0
5A;y™ + 3Agy) = 0
If we assume that yi(p) #0,=1(1)6, and
Ay, —30a; =0 (7
Thus we obtained,
Ay—2a3—a, =0
A=A =A;=0
(Ao — 12a3)y( + 6A,y] = 0
5A5y; " +3Asy]' = 0 ®
Solving system of equations (7-8), we obtained
a, = 28aj3

G(x;) = 30a3 — (2a, + a,)y;
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yP\"
GeM (%) = —ZaOyi(zm) + 3a; (— #) m=12

i
G'(x) = G(S)(Xi) = G(S)(Xi) =0 )
with the help of (4) and (9), from (2), after neglecting O(h®), we find that

2
8h2(yit,+28yf +y{ D(¥{")

Yi+1 Yi Yi-1 240(y{’)2—12h2 y{' yi(4)+h4(y§4))2 ( )
If we replace yi(4) in (10) by second order difference formulae
Vir = 2yi' +yila
h2
we have
sh2(y!, +28y} +yll (v}
Viter = 2¥i T ¥i-1 = Yisg 200 411 ) 3 (11)

2
240(y1') ~12y1' 014 =291 +¥il0) +(ia—2v1 +yily

Using a notation as defined above y;' = f(x;,y;) = f; , from (11) we get our rational
approximation method for numerical solution of problem (1) as

8h2 (fiy 1 +28f+fi_1) (£})*
Yier = 2Yi +Yie = 240(F)2—12 f; (fj31—2f+6;_ )+ (141 —26;+F_1)? (12)
1 1 i+1 1 i-1 i+1 1 i-1

A non-linear multistep method is usually designed for dealing with unconventional
problems such as initial-value problem, problem with singularities for which classical
methods generally performs poorly. It was noticed that some of the non-linear multistep
method which designed for singular problems do not perform on non- singular problems
[11]. The proposed method (10), a nonlinear multistep method designed to solve
unspecific problem (1). For each nodal point, we will obtain the nonlinear system of
equation given by [12] or a linear system of equations if the source function is f(x).
Thus the obtained resulting system of nonlinear equations (12) is solved by Newton-
Raphson method in considered model problems. In numerical section we will see that
the proposed method is suitable for both linear and nonlinear problem. The
computational results show that proposed method is effective and accurate.

3. Local Truncation Error

It follows from construction of the method (10) that the new method is at least of six
orders. In fact if we consider the local truncation error as defined in [12,13], of the
proposed difference method (10), may be written as

h? " " " h? yi(4) h* yi(4) 2
T = Yier = 2yi +Vie1 — 55 (Vien +28y1 +ying) X | 1= 5(7) + —(7> (13)

Vi 240

Write Taylor series expansion for each term in (13) about point x; , we have
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2,1 @ 4 b @ 8 h? 1L 2y @ (6)
(h yi +12y1 3603’1 +0Ch ))—5(30371 +h%y; +12y1 ) X ( -

-1
2 _(4) 4 (4)
20 \ yj 240 y1
2 2
Assume h4(yi(4)) —240(y{)? < h%y/ yi(4) < h4(yi(4)) + 240(y{")?, then by

application of binomial theorem on right side of (14), we have

(4 6) h? " @ , h* (& n2 y®
(hzyl +12y Y+ 360}’1( +0(h8))—; (30yi" + h?y; )+5y1 ) ><(1+—y——

h4

(4) 2
¥i 6V — [ 12 (4) (6) 8y | _ h° i (4)
GW(W)+0®)) @yl+nx +om)) " 30y) + 20y

360yl
P y® +0(h%)) = 0(h) (15)
Thus from (15), we conclude that proposed method (10) has at least six order
accuracy.

4. Numerical Experiments

In this section, the proposed method (12) is applied to solve four different model
problems. The resulting system of nonlinear equations so obtained solved by Newton-
Raphson method. All computations were performed in GNU FORTRAN language,
using double precision. Lety; , the numerical value calculated by formulae (12), an
approximate value of the theoretical solution y(x) at the grid pointx = x;. The
maximum absolute error

MAE(y) = max |y(x) —vyil

are shown in Tables 1-4, for different value of h ,the step length. Also we have
computed y; , using formula given by Chawla [5] and shown in the tables.

Example 1. Consider the following two point boundary value problem
2 1
y" (%) =—2y(x)—— , 1<x<2

with the boundary conditions y(1) = —, y(Z) = 0. In Table 1, the maximum absolute
error presented in exact solution (x) = (19X —5x%—-36/x)/38.

Example 2. Consider the following nonlinear two-point boundary value problem
3
y'(x) = Eyz(x) , 0<x<1

with the boundary conditions y(0) = 4,y(1) = 1.In Table 2, the MAE presented in
exact solution y(x) = 4/(1 + x)2.

Example 3. Consider the following nonlinear two-point boundary value problem
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1
y')=50+y+x0*, 0<x<1
with the boundary conditions y(0) = 0 = y(1) . In Table 3, the MAE presented in exact
solutiony(x) = —x—1+2/(2 —x) .
Example 4. Consider the Troesch’s problem [14].
y"(x) = aSinh(ay) +f(x) , 0<x<1

with the boundary conditions y(0) = 0 and y(1) = Sinh(1) .In Table 4, the MAE
presented in exact solution y(x) = Sinh(x) , for a = .5, 1.0 ,2.0.

Table 1. Maximum absolute error y(x) = (19x — 5x? — 36/x)/38 in for example 1

Error Step length (h)
4 8 16 32
(10) MAE | .13332743(-3) | .88431334(-5) | .46868072(-6) | .62557199(-7)
Chawla’s | MAE | .17962958(-5) | .26665235(-7) | .28091184(-7) | .67117142(-7)

Table 2. Maximum absolute error in y(x) = 4/(1 + x)? for example 2

Error Step length (h)
8 16 32 64
(10) MAE | .14692306(-3) | .65165545(-5) | .24017024(-6) | .47508550(-6)
Chawla’s | MAE | .13908767(-2) | .33620209(-3) | .70991518(-4) | .28845704(-5)
. . 2
Table 3. Maximum absolute error in y(x) = —x — 1+ Py for example 3
Error Step length (h)
4 8 16 32
(10) MAE | .24302900(-3) | .16158820(-4) | .76591971(-6) | .16093255(-7)
Chawla’s | MAE | .50297973(-3) | .76657532(-4) | .10819662(-4) | .83681783(-6)

Table 4. Maximum absolute error in y(x) = Sinh(x) for example 4

Error Step length (h), a =.50 Step length (h) , a= 1.0
4 8 4 8
(10) MAE | .14901161(-7) | .29802322(-7) | .95367432(-6) .59604645(-7)
Chawla’s | MAE | .14901161(-7) | .29802322(-7) | .29802322(-7) .59604645(-7)
Error Step length (h), a = 2.0
4 8 16 32
(10) MAE | .34451485(-4) | .21457672(-5) | .11920929(-6) No change
Chawla’s | MAE | .73480606(-3) | .13351440(-4) | .23841858(-6) .11920929(-6)
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5. Conclusion

A new kind of finite difference scheme is presented for numerical solution of two-
point boundary value problems in ordinary differential equation. The local truncation
error in the method (10) presented and is of order six. However numerical results only
confirm that method has order more than four. The computational accuracy of present

method can be improved if yi(4) replaced by high order difference formulae. However it
is satisfactory to obtain a comparable results using only three function evaluation unlike
[5]. Our future work will deal with the presence of higher order derivative term in
method to obtain the best computational result, the method can offer. Though method
developed for solving two point boundary value problems in ODEs, it has good
potential for efficient application to many problems in PDEs. The extension of present
method to different problem is crucial. Work in this specific direction is in progress.

References

[1] Baxley, J.V.: Nonlinear Two Point Boundary Value Problems in Ordinary and
Partial Differential Equations, Ordinary and Partial Differential Equations,
Lecture Notes in Mathematics vol. 846, pp. 46-54, 1981
DOI: 10.1007/BFb0089823

[2] Keller, H.B.: Numerical Methods for Two Point Boundary Value Problems,
Blaisdell Publishing Co., Waltham, Massachusetts, 1968

[3] Numerov, B.V.: 4 method of extrapolation of perturbations, Monthly Notices of
the Royal Astronomical Society, vol. 84, no. 8, pp. 592-601, 1924

[4] Chawla, M.M.: 4 fourth order tridiagonal finite difference method for general
nonlinear two point boundary value problems with mixed boundary conditions,
Journal of the Institute of Mathematics and its Applications, vol. 20, no. 2, pp. 83-
93,1977

[5] Chawla, M.M.: 4 sixth order tridiagonal finite difference method for nonlinear
two point boundary value problems, BIT Numerical Mathematics, vol. 17, no. 2,
pp. 128-133, 1977
DOI: 10.1007/BF01932284

[6] Mickens, R.E.: Nonstandard Finite Difference Models of Differential equations,
World Scientific, Singapore, 1994

[71 Lambert, J.D.: Numerical Methods for Ordinary Differential Systems, John Wiley,
Chichester, 1991

[8] Lambert, J.D., Shaw, B.: On the numerical solution of y' = f(x,y) by class of
formulae based on rational approximation, Mathematics and Computation, vol.
19, no. 91, pp. 456-462, 1965
DOI: 10.1090/S0025-5718-1965-0179947-7

[9] Van Niekerk, F.D.: Non-linear one- step methods for initial value problems,
Computers & Mathematics with Applications, vol. 13, no. 4, pp. 367-371, 1987
DOI: 10.1016/0898-1221(87)90004-6

[10] Okosun, K.O., Ademiluyi, R.A.: A Three Step Rational Methods for Integration of
Differential Equations with Singularities, Research Journal of Applied Sciences,
vol. 2, no. 1, pp. 84-88, 2007
DOI: rjasci.2007.84.88

112



P.K. Pandey — Acta Technica Jaurinensis, Vol. 7., No. 2., pp. 106-113, 2014

[11] Abelman, S., Eyre, D.: A numerical Study of multistep methods based on continued
fractions, Computers & Mathematics with Applications, vol. 20, no. 8, pp. 51-60,
1990
DOI: 10.1016/0898-1221(90)90209-3

[12] Jain ,M.K.: Numerical Solution of Differential Equations (2nd ed.), Wiley Eastern
Limited, New Delhi, 1984

[13] Stoer, J., Bulirsch, R.: Introduction to Numerical Analysis (2nd ed.), Springer-
Verlag, Berlin Heidelberg, 1991

[14] Troesch, B.A.: 4 simple approach to a sensitive two-point boundary value
problem, J. Comput. Phys, vol. 21, no. 3, pp. 279-290, 1976
DOI: 10.1016/0021-9991(76)90025-5

113




<<
  /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


