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Heat equations with distributed delay are a class of mathematic models that has 
wide applications in many fields. Numerical computation plays an important role 
in the investigation of these equations, because the analytic solutions of partial 
differential equations with time delay are usually unavailable. On the other hand, 
duo to the delay property, numerical computation of these equations is time-
consuming. To reduce the computation time, we analyze in this paper the 
Schwarz waveform relaxation algorithm with Robin transmission conditions. The 
Robin transmission conditions contain a free parameter, which has a significant 
effect on the convergence rate of the Schwarz waveform relaxation algorithm. 
Determining the Robin parameter is therefore one of the top-priority matters for 
the study of the Schwarz waveform relaxation algorithm. We provide new formu-
la to fix the Robin parameter and we show numerically that the new Robin pa-
rameter is more efficient than the one proposed previously in the literature. 
Key words: Schwarz waveform relaxation, heat equation, distributed delay, 

parameter optimization, convergence analysis 

Introduction 

Differential equations with time delay model physical systems for which the evolu-
tion not only depend on the present state of the system but also on the past history. These 
models are found, for example, in population dynamics and epidemiology [1, 2], where the 
delay is due to a gestation or maturation period arising from the processing in the loop of con-
troller feedback. Unlike the regular differential equations, the analytic solution of the delay 
differential equation is usually unavailable. Therefore, numerical computation plays an im-
portant role for studying these equations. A good starting point to study the analysis and nu-
merical computation of delay differential equations is the monograph by Bellen and Zennaro 
[3], and the references therein. Very recently, delay models are also found useful in fractional 
calculus [1, 2, 4-10]. 

There is little experience with numerical methods for solving delay partial differen-
tial equations (PDE). Zubik-Kowal and Vandewalle [11] analyze the convergence of a wave-
form relaxation scheme of Gauss-Seidel and Jacobi type, for solving the discretized problems. 
Waveform relaxation schemes using domain decomposition in space, which is for parabolic 
equations without delay were introduced by Gander and Stuart [12] and independently by Gi-
ladi and Keller [13]. In these papers, it was shown that domain decomposition leads to a fun-
–––––––––––––– 
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damentally faster convergence rate than the classical waveform relaxation methods. The algo-
rithms are characterized by firstly partitioning the whole spatial domain into several sub-
domains and then solving all the sub-problems simultaneously by exchanging the value of the 
solution between sub-domains through iterations. 

The way that one chooses to exchange the value of solution between sub-domains is 
terminologically called transmission conditions (TC), and the Dirichlet and Robin TC are two 
popular choices. The Dirichlet TC lead to the so-called classical Schwarz waveform relaxa-
tion (SWR) algorithm, which got considerable attention in the literature [11-15]. The perfor-
mance of the SWR algorithm can be drastically improved by using better more efficient TC, 
e. g., the Robin TC, between sub-domains. The Robin TC contain a free parameter, which has 
a significant effect on the convergence rate of the algorithm. Therefore, optimizing the Robin 
parameter is one of the top-priority matters. For PDE without delay, this issue is deeply stud-
ied by Gander and his colleagues (see, e. g., [16-19] and references therein). 

However, for PDE with time delay much less results for the SWR algorithm are 
known in the literature. Vandewalle and Gander [20] studied the SWR algorithm with Robin 
TC for a class of representative delay problems, the heat equation with a distributed delay: 
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where a > 0 and τ > 0. It was shown that the existing techniques for optimizing the Robin pa-
rameters cannot be generalized to PDE with time delay. The main difficult arises from the 
complexity of the curve along which one needs to solve the min-max problem for determining 
an ideal Robin parameter. The main idea in [20] lies in selecting a regular box containing the 
complex curve and then solving the related min-max problem over the box. Based on this 
idea, the authors in [20] proposed a formula to compute the Robin parameter, which results in 
satisfactory convergence rate for the SWR algorithm. 

The goal of this paper is to provide a new formula to compute the Robin parameter 
for the SWR algorithm applied to eq. (1). We present details for the parameter optimization 
and numerical comparison shows that the new Robin parameter is more efficient than the old 
one given in [20].  

The SWR algorithm with Robin TC 

Following the work in [20], we decompose the spatial domain Ω =  into two sub-
domains 1Ω ( ,0]= −∞  and 2Ω [0, ).= +∞  Then, the SWR algorithm consist of solving itera-
tively subproblems on space-time domains Ω (0, )( 1,2),j T j× = as: 
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where  j = 1, 2 and k ≥ 1 denotes the iteration index. For k = 0, the initial guesses 0 ( , )ju x t  are 
arbitrarily chosen. If p = ∞, the Robin TC are reduced to the Dirichlet TC. Let k

je  be the er-
rors on sub-domain Ω j  at iteration 0k ≥ , i. e., Ω| j

k k
j je u u= − . Then, following the analysis 

in [20]:  
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where ρ(p, L) is the convergence factor of the SWR algorithms and is defined by: 
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Here and hereafter, the real part of the square root of any complex number is non- 
-negative. The convergence factor ρ(p) can be represented as: 
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Naturally, we want ( ) 1pρ   and this leads to the min-max problem: 
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For the case τ = 0, i. e., the regular heat equation, we have Γ = {z: z = (iw)1/2, w ∈  
∈ [–wmax, wmax]}, which is obviously a simple curve in the complex plane and therefore solv-
ing the min-max problem (5) is easy. However, for 0τ >  the curve Γ  is very complicated as 
shown in fig. 1 on the left. The idea proposed by Vandewalle and Gander [20] lies in choos-
ing a regular box (denote by ) that covers the curve Γ and then solving the min-max problem 
over this box instead of along the complicated Γ. (An illustration of the box is shown in fig. 1 
on the right.) This idea leads to the following min-max problem: 

   
Figure 1. (a) The curve Г defined by (4) with a = 1.48 and τ = 5; (b) illustration of the box  that covers Г 
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Since  covers Г, it is easy to see: 
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This implies that the Robin parameter obtained by solving (6) is an approximate so-
lution of (5). The solution of the min-max problem (6) is given in the following theorem. 

Theorem 1 (Theorem 6, [20])  

Let  

max
max

2π0 iand b i ae ω ττ ℜ ω
τ

−  = = + +     
, then 

1. the SWR algorithm (2) is convergent for any p > 0, provided 0 < aτ2 ≤ π2/2 and 
2. if 0 < aτ ≤ 1, the solution of the min-max problem (6) is given by: 
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The formula (7) for computing the Robin parameter requires 0 < aτ ≤ 1 and we do 
not know whether the parameter oldp∗  given by (7) is still efficient or not when aτ > 1. 

A new formula to compute the Robin parameter 

In this section, we give a new formula to get the Robin parameter. We rewrite ρ(p) 
as: 
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From Theorem 1, we shall restrict our analysis to the case p > 0, since otherwise 
ρ(p) ≥ 1.  

Define 
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The quantities α and η0 satisfy; 

 2
0η α≥  (10) 

To see this, we note that min sin[ ( )/ ]a aω τ ωτ ωτ τ∈ =  for a < 0 and aτs0 for  
a < 0. It thus holds that:  
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We have:  
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since Y is increasing (resp. decreasing) function of s when a < 0 (resp. a > 0).  
This lemma implies that we can get a reliable Robin parameter by solving: 

 
0 10 [ , ]min max ( , )p pη η η η> ∈ =  (11) 

Theorem 2  

Let τ > 0 and η0 > 0. Then Robin parameter can be chosen as new ,p p∗=  where 
newp∗  is the solution of the min-max problem (11), is given by: 
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The quantities η0, η1, α, and the function ( , )p η  are given by eq. (9). 
Proof. For any p > 0 and 0 1[ , ],η η η∈ routine calculation yields: 
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The square root (2η2 – a)1/2 is a negative real quantity, since from (10) it holds 
2 2 2

0 02 2 .η α η α η− ≥ − ≥  Hence, the solution newp∗  of (11) should satisfy 0 new 1,p p p∗≤ ≤  
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since otherwise we can uniformly reduce new( , )p η∗  by increasing or decreasing new .p∗  We 
next claim that the function ( , )p η does not has a local maximum for 0 1[ , ].η η η∈ A deriva-
tive of ( , )p η with respect to η gives: 

 2 2 2 2( , ) 4 (2 )[( ) ]p p p pη η η α η η α −∂ = − + + + −  (15) 

This implies that the ( , )p η  has a unique local extremum located at η = η* =  
= [(p2 – a)/2]1/2. It holds that 2 2 2( , ) 16 [( ) ] 0.p p pη∂ η η η η α∗ ∗ −= + + − >  Hence, p* must be 
a local minimum of ( , ).p η  For any p > 0, the previous analysis implies that: 

 { }
0 1[ , ] 0 1max ( , ) max ( , ), ( , )p p pη η η η η η∈ =    (16) 

From (14) we know that 0( , )p η 1[resp. ( , )]p η�  is increasing (resp. decreasing) 
function for 0 1, .[ ]p p p∈  This relation together with (15)-(16) gives newp∗  in (12)-(13). 

Numerical comparisons 

In this section, we compare the parameters oldp∗  (Theorem 1) and newp∗  (Theorem 
2). Since both oldp∗  and newp∗  only depended on a and τ, the convergence factor ( )pρ  defined 
by (3) by using oldp p∗=  and newp p∗=  also only depends on a and τ. In fig. 2, we show 

old( )pρ ∗  and new( )pρ ∗  on the (a, τ) plane. We see that the advantage of using newp p∗=  is 
very apparent, since with this parameter the region ( )p rr ≤  (with some (0,1)r∈  on the  
(a, τ) plane is obviously larger than the region with old .p p∗=  Moreover, we find numerically 
that new( ) 1pρ ∗ <  holds on a region with boundary 2 2π /2,aτ = while old( ) 1pρ ∗ <  only holds on 
a region with boundary 2π /2aτ = . We next fix one of the two problem parameters a or τ and 
show in fig. 3 the convergence factor as a function of the other parameter. The results shown in 
figs. 2 and 3 imply that the Robin parameter, newp∗ , proposed in this paper results in smaller 
convergence factor than the one oldp∗  given in [20]. 

   
Figure 2. (a) The convergence factor ρ(p) with ∗

newp = p  and (b) ∗
oldp = p  on the (a, τ) plane 

At the end of this section, we do numerical experiments to compare the convergence 
rates of the SWR algorithm using two Robin parameters, new,∗=p p proposed in this paper and 

oldp p∗=  given in [20]. We consider the initial and source functions: 

 0 ( , ) sin(π )cos( ), ( , ) ( 1)( 3)sin( ), with ( , ) [0,3] [0,10]u x t x t f x t x x t x t= = − − ∈ ×   (17) 
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Figure 3. (a) For τ = 2.5 the convergence factor by using ∗

newp = p  and ∗
oldp = p  as a function of a and 

(b) for a = 1 the convergence factor using the two Robin parameters as a function of τ 

Then, we discretize the continuous SWR algorithm (2) using a centered finite differ-
ence scheme in space with mesh parameter Δx = 0.025 and a backward Euler method in time 
Δtx = 0.02. Let a = 0.25 and τ = 3.5. Then, we get from Theorems 1 and 2 that the two Robin 
parameters, new 2.3191p∗ =  and old 3.3417,p∗ =  respectively. In fig. 4(a), we show the meas-
ured error of the SWR algorithm using these two Robin parameters, where we can see that, 
compared to the Robin parameter oldp p∗=  given in [20], the new parameter results in much 
faster convergence rate. It would be interesting to verify to what degree the choices newp p∗=  
and oldp p∗=  correspond to the best choice as one can make in the fully discretized situation. 
In fig. 4(b) we show the error obtained after five iterations of the algorithm using various val-
ues for the Robin parameter, p, in the transmission conditions. The choices newp p∗=  and 

oldp p∗= are indicated by a circle and a star, respectively. One can find in fig. 4(b) that the pa-
rameter newp p∗=  analyzed in this paper is very close to the best one, while oldp p∗=  is far 
away from the best one.  

   
Figure 4. (a) Convergence rates of the SWR algorithm using ∗

newp = p  (solid line) and ∗
oldp = p   

(dash line) as the Robin parameter and (b) the errors after five  iterations of the algorithm by using 
various values of the Robin parameters p; the choice

 
∗
newp = p proposed in this paper and ∗

oldp = p  
given in [20] are respectively indicated by a circle and a star 
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Conclusion 

We have analyzed the SWR algorithm with Robin TC for a class of representative 
heat equations with distributed delay. We provided a new formula to determine the free pa-
rameter contained in the TC and numerical results show that the new Robin parameter is more 
efficient than the one proposed in the literature. 

Nomenclature 
a — reaction rate, [molcm–3] 
f — source term, [molcm–3] 
p — Robin parameter, [–] 
T, t — time, [s] 
u — concentration, [molcm–3] 
x — displacement, [cm] 

Greek symbols 

Г — a curve in the complex plane, [–] 
Ω — spatial domain, [cm] 
τ — delay quantity, [s]

Acknowledgment 

The author is supported by the NSF of China (No. 11301362), the China Postdoctor-
al Foundation (No. 2015M580777), the NSF of Sichuan Province (No. 2014JQ0035, 
15ZA0220) and the NSF of SUSE (No. 2015LX01). 

References 
[1] Hristov, J., Diffusion Models with Weakly Singular Kernels in the Fading Memories: How the Integral 

Balance Method Can be Applied? Thermal Science, 19 (2015), 3, pp. 947-957 
[2] Metzler, R., Klafter, J., The Random Walk's Guide to Anomalous Diffusion: a Fractional Dynamics Ap-

proach, Physics Reports, 339 (2000), 1, pp. 1-77 
[3] Bellen, A.,Zennaro, M., Numerical Methods for Delay Differential Equations, Oxford University Press, 

Oxford, U. K., 2003 
[4] Liu, C. X., et al., Chaos in Discrete Fractional Cubic Logistic Map and Bifurcation Analysis, Journal of 

Computational Complexity and Applications, 1 (2015), 2, pp. 105 -111 
[5] Kuang, Y., Delay Differential Equations with Applications in Population Dynamics, Academic Press, 

Boston, Mass, USA, 1993 
[6] Ruehli, A. E., Johnson, T. A., Circuit Analysis Computing by Waveform Relaxation, Wiley Encyclopedia 

of Electrical Electronics Engineering, New York, USA, 1999 
[7] Wu, J., Theory and Applications of Partial Functional Differential Equations, Springer-Verlag, New 

York, USA, 1996 
[8] Wu, F., Liu, J.-F., Discrete Fractional Creep Model of Salt Rock, Journal of Computational Complexity 

and Applications, 2 (2016), 1, pp. 1-6 
[9] Yang, X. J., Srivastava, N. M., An Asymptotic Perturbation Solution for a Linear Oscillator of Free 

Damped Vibrations in Fractal Medium Described by Local Fractional Derivatives, Communications in 
Nonlinear Science and Numerical Simulation, 29 (2015), 1-3, pp.499-504 

[10] Yang, X. J., et al., Local Fractional Similarity Solution for the Diffusion Equation Defined on Cantor 
Sets, Applied Mathematics Letters, 47 (2015), Sept. pp. 54-60 

[11] Zubik-Kowal, B., Vandewalle, S., Waveform Relaxation for Functional Differential Equations, SIAM 
Journal on Scientific Computing, 21 (1999), 1, pp. 207-226 

[12] Gander, M. J., Stuart, A. M., Space-Time Continuous Analysis of Waveform Relaxation for the Heat 
Equation, SIAM Journal on Scientific Computing, 19 (1998), 6, pp. 2014-2031 

[13] Giladi, E., Keller, N. B., Space-Time Domain Decomposition for Parabolic Problems, Numerische 
Mathematik, 93 (2002), 2, pp. 279-313 

[14] Gander, M. J., Zhao, N., Overlapping Schwarz Waveform Relaxation for the Heat Equation in n-Dimen-
sions, BIT Numerical Mathematics, 42 (2002), 4, pp. 779-795 

[15] Gander, M. J., Helpern, L., Optimized Schwarz Wave Form Relaxation (SWR) for the One-Dimensional 
Heat Equation (in French), Comptes Rendus Mathematique, 336 (2003), 6, pp. 519-524 

[16] Bennequin, D., et al., A Homographic Best Approximation Problem with Application to Optimized 
Schwarz Waveform Relaxation, Mathematics and Computations, 78 (2009), 265, pp. 185-223 



Wu, S. L.: Schwarz Waveform Relaxation Algorithm for Heat Equations with … 
THERMAL SCIENCE, Year 2016, Vol. 20, Suppl. 3, pp. S659-S667 S667 

[17] El Bouajaji, M., et al., Optimized Schwarz Methods for the Time-Harmonic Maxwell Equations with 
Damping, SIAM Journal on Scientific Computing, 34 (2012), 4, pp. A2048-A2071 

[18] Dolean, V., et al., Optimized Schwarz Methods for Maxwell’s Equations, SIAM Journal on Scientific 
Computing, 31 (2009), 3, pp. 2193-2213 

[19] Gander, M. J., Helpern, L., Optimized Schwarz Waveform Relaxation for Advection Reaction Diffusion 
Problems, SIAM Journal on Numerical Analysis, 45 (2007), 2, pp. 666-697 

[20] Vandewalle, S., Gander, M. J., Optimized Overlapping Schwarz Methods for Parabolic PDE with Time-
Delay, Lecture Notes in Computer Science, 40 (2004), V, pp. 291-298 

 
 

 
 
 
 
 

Paper submitted: February 1, 2016 
Paper revised: March 11, 2016 
Paper accepted: March 22, 2016 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /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 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /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 false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /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 false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /FRA <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /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

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



