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A local derivative with new parameter was used to model diffusion. The modified
equation was solved iteratively. Stability of the used method together with the
uniqueness of the special solution was studied. An algorithm was proposed to de-
rive the special solution.
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Introduction

In the most recent century, mathematics apparatus were employed to replicate real
world problems, which take place in all branches of sciences. The diffusion equation is a par-
tial differential equation that portrays density dynamics in a material undertakes diffusion. It
is also used to describe progression demonstrating diffusive-like performance, for example
the transmission of alleles in a population genetics [1-4]. The convection diffusion equation
explains the flow of heat, particles, or other physical quantities in conditions where there is
both diffusion and convection or advection. For information concerning the equation, its deri-
vation, and its theoretical significance and consequences [1-4]. The following convection dif-
fusion equation is considered here [2]:

oT (x, 1) T(x,t) |, 0°T(x,1)
cp{ o +cu o }—A o +0(x, 1) (1)

X

This equation can be written in the form:

or@,n_ o0 O*T(x, 1) UEY)
ot ox ox? cp

)

where a = J/cp is the diffusion coefficient. One of the most used mathematical concepts in
modeling is perhaps the concept of derivative. The contemporary improvement of calculus is
frequently attributed to Isaac Newton and Leibniz, who provided self-determining and unified
approaches to differentiation and derivatives [5-7]. Due to the complexity of the physical
problems encountered in our daily basic, the concept of derivative has been modified. The
concept of fractional derivative was formulated by Riemann-Liouville, and later modified by
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Caputo [8-10]. This concept has been used for modeling real world problems [11-13]. How-
ever, these derivatives do not satisfy basic properties of the Newtonian concept, for instance
the product, quotient and the Chain rules that are being taught to undergraduate students. This
issue has been a worry for researchers in the field of fractional calculus [14, 15]. To solve this
problem, we have introduced a fractional derivative called beta-derivative. The derivative will
be used in this paper to modify the diffusion equation. We shall present in the following sec-
tion, the definition and some properties of the local derivative with parameter.

Definition and properties of beta-derivative

Let ae R and g be a function, such that g :[a, ) — R. Then, the f-derivative

L 1
g{t+5{t+r(ﬂ)} }—g(t)

g

of g is defined as:

0 D/ 1g(0]= lim 3)
-0

forall > a, §€(0,1]. The function g is said to be S-differentiable if the above limit exists.

Assume that, the given function g :[a, ©) —> R is f-differentiable at a given point
ty 2 a, f<(0,1], then, g is also continuous at #;, [16].

Assuming that f'is f-differentiable on an open interval (a, b) then, [16]:

—if 6‘ D Wf (1) <0 for all z € (a, b) then f'is decreasing there,

—if 6‘ D %’f (t) >0 for all ¢ € (a, b) then fis increasing there, and

—if 6‘ D, f(H)=0 for all ¢ € (a, b) then fis constant there.

Assuming that, g #0 and fare two functions f-differentiable with S (0, 1] then,
the following relations can be satisfied [16]:

ng[af (x)+bg(n]=af Dtﬂ[ F@O1+b¢ Dtﬂ[ f(1)] for all a and b real number;
6‘ Dtﬂ (¢) =0 for c any given constant;
4 (0g1= g0 D 101+ F0¢ D )}

P IO gD L1~ 0 Te )]
07 gty g2 ()

Assuming that f:[a, ©) —> R, be a function such that fis differentiable and also «
is differentiable. Let g be a function defined in the range of fand also differentiable, then we
have the rule [16]:

-4
4p’gof (0] =(r+$} 1 Og1f 0] @)

Let f'be a function, defined in an open interval (a, b), then the f-integral of f'is given
as:

s f 1Y
élx[f(x)]=£(t+m] f(0)de (5)
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Solution of the modified diffusion equation

One can find in the literature nowadays several methods to dealing with linear and
non-linear equations. However, we shall mention the recent and efficient one, that have been
intensively used, they are homotopy perturbation method [17, 18], Adomian decomposition
method [19, 20], homotopy Laplace perturbation method [21], Sumudu homotopy perturba-
tion method [22], and homotopy decomposition method [23, 24]. However, in this paper we
shall use only two of these mentioned techniques namely: Laplace homotopy perturbation
method, and homotopy decomposition method. Note that, the homotopy decomposition meth-
od will be used to solve the system with the f-derivative. We modify eq. (2) by replacing the
local derivative with the f-derivative to obtain:

2
LOTCn BT | 0 1)
ox ox? cp

4D/T(x, )= (6)

To solve eq. (6), we apply on both sides the inverse operator of S-derivative eq. (5)
to obtain:

2
T(x,1)-T(x, 0)= 11" [—eu oIy, ,90 T(;C’ D, o ”J )
! Ox Ox cp

We assume that, the solution of our equation is in the following form, with p an im-
bedding parameter:

Tt p)=Y pT (e 0) ®)
k=0

However, replacing eq. (8) in eq. (7), we obtain:

i PT (x, 1) = T(x,0)=
k=0

5{2 P (x, t)} o° {Z P (x, t)} t
=p6‘1ﬂ P b g L= UCR))
! Ox ox? cp

)

Now, re-arranging and putting together all terms according to their power of the em-
bedding parameter p, we obtain the equations:

2
Tyt =T(x,0),  T,(x1)= gltﬁ(—gu h(xh) , 0T ”+Q(x’t)j (10)

ox o’

For any k >1, we have the recursive formula:

Ta(x:0) , O*T, ,(x, 1)
ox ox?

T (x,0)= gltﬁ(—gu

It is therefore important to note that, if the first component is provided, the rest are
obtained just by integration of each above equation.
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Convergence analysis

One of the important parts of any iteration method is to prove the uniqueness and the
convergence of the method; we are going to show the analysis underpinning the convergence
and the uniqueness of the proposed method for the general solution for p = 1.

Assuming that X and Y are Banach spaces and V' : X — Y is contraction non-linear
mapping. If the progression engender by the three dimensional homotopy decomposition
methods is regarded as:

n—1
T, 0)=V[T, (x,0]= Y T,(x,0), n=1,2,3" (11)
k=0

Then, the following statements hold:
a) | T, (x, ) -T(x, 0| < p" |1(x, )~ T(x,1)||, (0< p<1)
b) For any n greater than 0, 7(x, ¢) is always in the neighborhood of the exact solution 7{(x, ¢) and
c) lim T'(x,t)=T(x,t)
"% Proof. The proof of a) shall be achieved via induction on the natural number 7.
However, when n = 1, we obtain:

|G ) =T, 0| = |V (T (s 0) = T(x, 1)

However, by hypothesis, we have that J has a fixed point, which is the exact solu-
tion. Because if T'(x, ¢) is the exact solution, then:

o—1 © 0
T(x,0)=T,(x,t)=V {Z T, (x, z)} =V {Z T, (x, t)} =Y T(x,10)
k=0 k=0 k=0

since o —1 is the same as oo, therefore we have that:

T(x,t)=V[T(x,?)]
Then
|7, ) = T(x, )| = | V[T (x, 0] = VM (x, )]

[VI7y e, 0= VIT e, 0] = [V, G 01 =T, )| = [ VAT, (0] = VIT (e, 0|
Using the fact that J is a non-linear contractive mapping we have the inequality:
V1T G 0= VIT )| < 2| 7,0 (o ) = VT )]
Furthermore using the induction hypothesis, we arrive at:

T, (x. ) =VIT(x, D] < po" " | Ty (x, ) = T(x, 1)

P

and the proof is completed.
Again we shall proof this by employing induction technique on m. For m = 0, we
have:

1

—_

n

3

fw,h

“ wih!

Ty(x,t)=1(x,t) =

>
Il

w=0
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According to the idea of the homotopy decomposition method, previous equation is
the contribution of the initial conditions. More importantly, the above is nothing more than
Taylor series of the exact solution of order nml, thus this leads us to the situation that, we can
find a positive real number » such that:

|17, ) =T (x, 1) < r

This is true, because the contribution of the initial conditions is in the same neigh-
borhood of the exact solution. Then the property is verified for m = 0, let us assume that, the
property is also true for m — 1, that is we assume that, we can find a positive real number r
such that:

|72 G, ) =T, )| <7
We now want to show that the property is also true for m. In fact:
7,100 =T )| = VLT, (e, 01 =V IT (e, 0]
using the fact that V' is a non-linear contractive mapping leads us to obtain:
VLT, e 01 = VLT Cx, ][ = | VAT, (e 0] = VIT (s )] < pr
Since p <1, we finally have:
|7, (e, )= T(x, )| < r

and this completes the proof.
The proof of ¢) is directly achieved using the a) according to:

lim

Then

|T,(x, )= T(x, )| <lim,_,.,, p" |[I(x, ) =T (x,1)|=0

——
lim 7,(x, ) =T (x, t)
n—»0

Uniqueness analysis

To partially show the efficiency of the used method, we present in this section the
uniqueness of the special solution for using the above technique. To achieve this, we assume
that the exact solution of eq. (6) exists and that, the special solution converge to the exact so-
lution for larger natural number N. Let assume by contradiction that, there exist two different
special solutions 7;(x, ) and T, (x, ¢) then consider the Hilbert space:

L, T
H=— 172 (12)
[7.7 <o
Proof. Also consider the following operator:
2
PTG, 0= ¢ DVIT(x, 1)) = —eu L0 1, OO0 1) OO0 1) (13)

ox ox? cp

The aim of our proof is to show, using the inner product that:

I,-T| <e¢ (14)
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To achieve this, we evaluate:

u,v

(P(T,)-P(T;), D) foorr DeH=—"— (15)
J uy < o
However
2
P(Ty) = P(T) = —&u [T, (x, 1) - T;(x, t)] iy O° [T, (x, t) =T (x, 1)] (16)
ox ox”
Thus
- 2 —_—
(P(Ty)-P(T;), D)= guM,D + aM,D (17)
Ox ox?
We shall evaluate case by case, thus we start with the first component:
( cu oL -15) , Dj
Ox
But using the Schwartz inequality, we obtain:
T, -T
[eu¥,0j<wn(n—z)x|su (18)
X

But using the properties of the inner product and using the continuity of the partial
derivative, we can find a positive constant w such that:

o -T
[suM,D]wwn(n—Tz)lsu (19)
Ox
Using the same routine, we obtain the inequality for the second component:
(T, - T,
[a%aD}aOlOlell(Tz—Tl)l 0)

where O; and O, are positive constants. Now putting eqgs. (19) and (20) into eq. (17) to obtain:
(P(T) = P(T}), D) < (we +a0,0,) | D || (T, = T)) | 21

Now since T is the exact solution of our modified equation, then 7 and 7, converge
to T, thus, we can find two large natural number N and M such that:

IT-T| < ¢ for N (22)
2(we +a0,0,)| D |
IT,-T| < ¢ for M (23)

2(we +a0,0,)| D |
Now take m = max(N, M), then:

&

|7, -1 | < fo
2(we +a0,0,)| D]

r M (25)
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Replacing eq. (25) in eq. (21), we arrive at:
(P(Ty) - P(T;). D) <& (26)
With & extremely very small, we have that |T, — Ty| = 0, this implies 7, = T}.

Conclusion

A novel local derivative was used in this work to model the convection-diffusion.
This derivative is a local derivative with fractional order. Some useful properties of the new
derivative were presented. The modified equation was solved iteratively using the well known
technique homotopy decomposition method, which is the modification of homotopy perturba-
tion method. To show the efficiency of the used method, we presented a detail analysis of the
stability and the uniqueness of the special solution.

Nomenclature

c — specific heat, [Jkg'K™'] Greek symbols

O(x, 1) — source term, [Wm™] ¢ — porosity, []

T — temperature, [K] /1 ph fl’ ductivi 1
p _ time, [s] — thermal conductivity, [WK 'm ]
" _ velocity, [ms™] p —mass density, [kg]
References

[1] Kilbas, A., et al., Theory and Applications of Fractional Differential Equations, Elsevier, 2006

[2] Li, B, Q., Discontinuous Finite Elements in Fluid Dynamics and Heat Transfer, Springer-Verlag, Lon-
don, 2006

[3] Versteeg, H., Malalasekera, W., An Introduction to Computational Fluid Dynamics, Prentice Hall, Upper
Saddle River, N. J. USA, 2007, pp. 262-263

[4] Smoluchowski, M. v., About Brownian Motion under the Action of External Forces and the Relationship
with the Generalized Diffusion Equation (in German), Ann. Phys. 353 (1915), pp. 1103-1112

[51 Yang, X. J. et al., Cantor-Type Cylindrical-Coordinate Method for Differential Equations with Local
Fractional Derivatives, Physics Letters A, 377 (2013), 28-30, pp. 1696-1700

[6] Florian C., The History of Notations of the Calculus, Annals of Mathematics, 25 (1923), 1, pp. 1-46

[7]1 Leonid, P., Cloud, M. J., Approximating Perfection: a Mathematician’s Journey into the World of Me-
chanics, Princeton University Press, Princeton, N. J., USA, 2004

[8] Apostol, T. M., One-Variable Calculus with an Introduction to Linear Algebra, Wiley, New York, USA,
1967

[9] Atangana, A., Aydin, S., A Note on Fractional Order Derivatives and Table of Fractional Derivatives of
Some Special Functions, Abstract and Applied Analysis, 2013 (2013), ID 279681

[10] Caputo, M., Linear Models of Dissipation Whose Q is Almost Frequency Independent, Part II, Geophys-
ical Journal International, 13 (1967), 5, pp. 529-539

[11] Atangana, A., Botha, J. F., Generalized Groundwater Flow Equation Using the Concept of Variable Or-
der Derivative, Boundary Value Problems, 2013 (2013), pp. 53

[12] Magin, R. L., Fractional Calculus in Bioengineering, Begell House, Redding, Conn., USA, 2006

[13] Chechkin, A. V. et al., Fractional Diffusion in Inhomogeneous Media, Journal of Physics A, 38 (2005),
42, pp- L679-L684

[14] Granville, S., The Numerical Solution of Ordinary and Partial Differential Equations, Academic Press
Professional, Inc., San Diego, Cal., USA, 1988

[15] Yang, X. J., Local Fractional Integral Transforms, Progress in Non-linear Science, 4 (2011), pp. 1-225

[16] Merdan, M., Mohyud-Din, S. T., A New Method for Time-Fractional Coupled-KDV Equations with
Modified Riemann-Liouville Derivative, Studies in Non-linear Science, 2 (2011), 2, pp. 77-86

[17] Tan, Y., Abbasbandy S., Homotopy Analysis Method for Quadratic Riccati Differential Equation, Com-
munications in Non-linear Science and Numerical Simulation, 13 (2008), 3, pp. 539-546



Atangana, A., et al.: Solution of Diffusion Equation with Local Derivative with ...
S238 THERMAL SCIENCE, Year 2015, Vol. 19, Suppl. 1, pp. S231-S238

[18] Atangana, A., Drawdown in Prolate Spheroidal-Spherical Coordinates Obtained via Green’s Function
and Perturbation Methods, Communications in Non-linear Science and Numerical Simulation, 19 (2014),
5, pp. 1259-1269

[19] Atangana, A., A Note on the Triple Laplace Transform and its Applications to some Kind of Third-
Order Differential Equation, Abstract and Applied Analysis, 2013 (2013), ID 769102

[20] Dufty, D. G., Transform Methods for Solving Partial Differential Equations, CRC Press, New York,
USA, 2004

[21] Brychkov, Y. A., Multidimensional Integral Transformations, Gordon and Breach Science Publishers,
Philadelphia, Penn., USA, 1992

[22] Kilicman, A., Gadain, H. E., On the Applications of Laplace and Sumudu Transforms, Journal of the
Franklin Institute, 347 (2010), 5, pp. 848-862

[23] Yang, X. J., Baleanu, D., Fractal Heat Conduction Problem Solved by Local Fractional Variation Itera-
tion Method, Thermal Science, 17 (2013), 2, pp. 625-628

[24] Chen, Y. Q., Moore, K. L., Discretization Schemes for Fractional-Order Differentiators and Integrators,
IEEE Transactions on Circuits and Systems I, 49 (2002), 3, pp. 363-367

Paper submitted: November 15, 2014
Paper revised: February 2, 2015
Paper accepted: March 4, 2015




<<

  /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



