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Abstract. Algebraic signal processing theory established the abstract frame for modern signal
processing. In this paper, the algebraic representation of signal decimation in frequency domain
for 1-D finite time model was studied on the basis of the algebraic signal processing theory. And
the result was compared with existed results in classical signal processing. The results show that
the algebraic signal processing theory is abstract representation and generalized form of classical
theory for further.
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1 Introduction

The signal processing theory and technology have been widely used in high-tech fields such as aerospace,
biomedicine, earth physics and so on. The research of the novel signal processing theory and technology
has becomes one of the most important research topics in modern signal processing and applied
mathematical society. The classical signal processing theory is based on the concepts of signal, filter
(linear system), spectrum, and Fourier transform [1] and so on. However, with the rapid developments of
the requirements of modern systems, we will not obtain the optimal results if we use the classical Fourier
transform. For example, when processing the nonstationary signals or spare signals, the most useful tools
are not the classical Fourier transform.

In order to overcome these shortcomings of the classical Fourier transform, the research of the novel
signal processing tools for nonstationary signals and systems becomes one of the hottest research
directions, many kinds of novel signal processing theory and method, for example the wavelet transform
[2], fractional Fourier transform [3], linear canonical transformation [4] and time-frequency analysis [5],
have been widely studied and play a good role in practical applications. Among them, the fractional
domain signal processing methods [3-4, 6-8] and the sparse signal processing [9] methods receive much
interests in recent years. The classical concepts and methods associate with the Fourier transform, for
example, the sampling theorem, the correlation and convolution theorem and the uncertainty principles,
are well investigated and studied in the fractional domain [10], one can find more results in fractional
domain signal processing associated with the linear canonical transform in [4], the theories and
applications of linear canonical transform in signal processing can be refer to the newly published book
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[4, 11].

It should be noted that all of the above mentioned signal processing methods are focus on the signal
itself, and they have no ability of explore the overall structure of the whole signal spaces. In order to
explore and study the overall structure of signal processing methods spaces and derive the novel signal
processing methods, the application of the modern algebra and geometric theory to signal processing are
becoming one of hottest research topics [12-18]. Among them, the algebraic signal processing (ASP)
theory, which proposed by Puschel proposed and based on the classical signal processing methods [12-15,
17-18]. The core of the ASP is of linear signal model (A, M, @), where A is the filter algebra, and M is
A-module that composed by signals, @ is a bijective transform from vector space V to M. This signal
model is relied on the definition of a shift operation, different shift operation will achieve different signal
models, and there also exist the corresponding signal processing concepts, for example the filtering,
spectrum and Fourier transform, associate with the different signal models. At the same time, beside the
characterization and representation of signal processing methods based on the algebraic method, the
research of the signal processing based on the modern theory of geometric theory and methods has
becomes one of interesting topics in recent years [19-22]. Allof these methods can provide us a novel
way for further exploration and study of signal processing methods from the overall structure of the
signal spaces. From these theory we can not only explore the whole structure of these spaces, but also can
propose more novel signal and information processing methods based on the derived results.

All of the signals processing in modern ASP theory are related to the discrete signal spaces, and in real
application of discrete signal processing situations, we often encounter the problem of sampling a signal
by decimation and interpolation. The decimation and interpolation is one of basic operations in multirate
signal processing field [23]. The frequency effect of these two operations are well investigated in the
classical Fourier transform domain, and there are two kinds of signal decimation: by time and frequency
decimation. However, for the best of our knowledge, there are no paper published associated with the
effect of. decimation and interpolation associate with the algebraic and geometric signal processing.
Therefore, it has important and theoretical significance to study the representation of signal decimation in
the framework of ASP.

In this paper, we investigate the characterization and representation of the signal decimation in the
frequency domain. The paper is organized as following, Section 2 reviews the theory of the ASP, and
Section 3 discusses the decimation in the framework of ASP, Section 4 is the conclusions of the paper.

2 Preliminaries

2.1 Algebraic Signal Processing

Algebraic signal processing (ASP) is a novel approach and generalization of linear signal processing that
proposed by Puschel [13]. Where algebra refers to the theory of groups, rings, and fields of modern
algebra. The classical concepts, for example, filtering, z-transform, spectrum, and Fourier transform of
linear signal processing are all generalized to associated with ASP. It is shown in [24] that key
observation underlying ASP is that standard signal processing is already algebraic in nature. The
following example is proposed in [24].

A=h=3 hx"|h=(h,),., l'(Z) )

neZ

M=s=Ysx"|s=(,),, €/(Z) @)

neZ

For more results associate with the theory and methods of ASP, one can refer to [12-14, 24].
2.2 The Signal Model

From the theory of the algebraic signal processing, we can see that ASP is built on a signal model
(A,M,¢) [24]. In general, we can conclude that the essence of ASP is to abstract the effect of filter to
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signal to filter space to signal space, and then the signal model is established based the algebraic
operations of the signal space. The linear signal model can be rewritten as following [12].
Definition 1 (linear signal model [12]). A discrete linear signal model is defined as (A,M,¢),

where A is a filter algebra, and M is M-module that composed by signals, let ¥ <C’ is a complex
signal on discrete set / , ¢ is a bijective transform from vector space V to M , we have

dim(V )=dim(M), and
OV >M 3
and @ is best explained through an example: With M as in Eq.(2),

QPP 5> M5 ) s,x @)
neZ
is the well-known z-transform [24].

After the definition of the signal model (4, M, @) it is therefore to ask which algebra and modules
are used in ASP. The examples shown in [12] are associated with the infinite discrete-time signal
processing. An important issue about this is which other algebra and modules actually occur in discrete
signal processing and why. In order to better understand this we will start by understanding what’ shift’
and ’shift-invariance’ means in our algebraic theory by focusing on the cases where only one shift is
available in the following definition 2.

Definition 2 (Shift operator [12]). Shift operator x is a special filter, in other words, x € 4, in general,
that is to say, every s € A can be represented as a polynomial or series of shift operator.

Mathematically, this means that the shift operator generates the algebra A4 . This kind of representation
is an algebra in content of algebraic theory. All of the existing signal models, for example, the one-
dimensional time, one-dimensional space, one-dimensional and two-dimensional spatial neighborhood
signal model, are proposed in [12-14, 24], are established according to the different shift operations.

Another important concept in signal processing is shift-invariance. In the algebraic theory this property
takes a very simple form. Namely, if x is the shift operator and a filter, then /4 is shift-invariant, if, for
all signals s, /(xs)=x(hs), which is equivalent to /x = xh. Requiring shift-invariance for all filters 4

thus means [24].
xh=hx"forall hed. 5)

In general, we can establish a signal model by the following steps.
(1) Define the shift operation, for example, we can define the shift operation in time as g0f, =t

n+l >
and q is the corresponding shift operator.

(2) Define the linear extension.

(3) Realization.

In one-dimensional discrete time space model, the shift operator is the conventional time shift
operation, it is shown in [12-13] that the invariant signal model is equivalent to the exchangeable of
algebra A. And the finite dimensional commutative algebra produced by x is actually a polynomial
algebra, that is:

A= C[x]/p(x) (6)

where p(x) is a polynomial of order », and C[x]/ p(x) is a set of polynomials which order are less than

n in addition and modular multiplication.
2.2 The Fourier Transform in ASP

When the signal model is established, the corresponding concepts, for example, the filtering, spectrum,
and the frequency response and the Fourier transform, are determined accordingly.

We assume that p(x) is a separable polynomial, i.e.,
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p(X)ij:)(x—ak)’ a, #a, for k=1l 7

Weseta =(a, ,....,2, ;) . In other words, separability means that p has no zeros of multiplicity larger

than 1, and this property ensures that the spectrum of M consists exclusively of one dimensional spectral
components.

The spectral decomposition of the regular module M =C[x]/p(x) is also called the Fourier

transform in ASP theory, and it is given by the Chinese remainder theorem as following [12].

A Clx]/p(x) — C[x]/(x—2a,) ®...® C[x]/(x—a,_,) 8)

s> (s(aty)s-ns(ex, ) C)]

If we let C[x]/p(x)=M,, it is easy to see that M, is of dimension 1, and the elements of

C[x]/ p(x) are polynomials of degree of 0 or scalar. Further, M, is an A-module. In this case, the

above Fourier transform associate with the ASP can be rewritten as following.

A:M—>@wewM, (10)

s> (s, )wew (11)
For finite shift invariant signal model, we have [14]
A=C[x]/ p(x) =C[x]/(x" =1) (12)

Let b :(1, X, ), x" =1 is a basis of M M, then the Fourier transform associate this kind of model

can be derived by Chinese remainder theorem as following.

A:CIx]A(x" = 1) > @~ Clx]/(x —wh) (13)

s=s(x)— (s(wg ), s(ws ) s(w:’l)) (14)

In this case, this kind of transform is just the classical discrete Fourier transform.
For more results about the ASP, one can refer to [5-8].

3 The Main Results

In multi-rate signal processing community, we often use signal decimation and interpolation operations
to obtain the better results. Decimation and interpolation are most important operations in multi-rate
signal process in fields. It is interesting and worthwhile to investigate this topics in context of ASP. In
this section, we will investigate the signal decimation representations in the framework of algebraic
signal processing theory.

In order to better show the derived results in this paper, we will consider two signal models in the

framework of ASP theory. We let the parameters of signal model one as A=M =C [x]/(x" - 1) , and
the basis of module as b = (1, X, e x"’l) ; while the parameters of signal model two as

A =M= C[x]/(x”/'" —1),n =km,keN*, and the corresponding basis of module M’ is
b’=(1, X, e x"/"”l).

3.1 The Fourier Transform in ASP

Firstly, based on the definition of Fourier transform, we obtain the relationship between the Fourier
transform under the different signal models.
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Theorem 1. If we let the Fourier transform for a signal s(x) in signal model one as A(s)z

(s(ao, . S(a, ))) , and the Fourier transform in signal model two as

A(s)= (s (B - s(B, ))) , then we can obtain the relationship between them as following.

s(B) =s(a,,),0<I<n/m-1. (15)

Proof. Without loss of generality, we take m = 2 as an example to prove this theorem, the other cases
can be derived by the similar method. Suppose the representation of a signal s (x) under the signal model

one A=M = C[x]/(x"") as following.

s(x) = nz_llskxk mod(x" —1) (16)
k=0

Then based on the Fourier transform definition, the Fourier transform ofsignal s(x) under the signal
model one can be derived as:

2

n—1 _ e
s(a) =Y se 7 0<i<n, a7

By the similar method, we can derive the representation of s(x) under the signal model two
A'=M'=C[x]/(x"* -1) as:

n/2-1

s(x)= Zskx mod(x" —1)= (Zskx + Z s, x )ymod(x" —1)

(18)

n/2-1
= Z (s, + Sn/2+k)xk mod(x" —1)
k=0
At the same time, the corresponding Fourier transform of signal s(x) under the signal model two as:
n/2-1 ].4
s(B) = Z(Sk+sn/2+k)e ",0<l<n/2 19)
Based on the above equations, we can obtain that for 0</<n/2,

L nl2- ]—kz n-l i

n—1 _iamy
S(azz)zzsk T Z ot Z spe "
=0

n/2-1 —/4—”/{1 n/2-1 —./4—”(m+n/2)/
e n
m+n/2
= o (20)

S (s, +sken2)e 0

=s(8)

This finishes the prove of theorem 1.

Theorem 1 shows the relationship between the Fourier transforms of the decimation operations. It
should be noted that the above results are based on the definition of the signal model and the
corresponding basis of the module M, if we change the basis of the module M’ in theorem 1 to

2r 7j2l(n:m71)xn,m—1

b=(e " ,,e ” ),

then we can obtain the following theorem 2.
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Theorem 2. If we let the Fourier transform for a signal s(x) in signal model one as A(s)
=(s(a,), ... s(a, ), and the Fourier transform in signal model two as A(s)= (s(%), - 8(¥pimat ) >
then we can obtain the relationship between them as following.

s(7,)=s(a,,,),0<1<n/m—-1. (1)
Proof. We also take m = 2 as an example to prove this theorem. Based on the method of proving the
theorem 1, the Fourier transform of s(x) under the signal model one is

27

n—1 .
S(a) =Y s;e " 0<i<n. 22)
k-0

>

At the same time, because the basis of the signal model two 1is changed to &=

27 27 Im-1
—j=x —j==(n/m-1)x" . . . :
(Le " yeers@ " ), therefore the representation of signals(x) under the signal model two is:
n/2-1 7 jﬁk
s(x) = Y (s, =5,,.,)xe " mod(x"*™") (23)
k=0
And the corresponding Fourier transform of s(x) under the signal model two as:
n/2-1 2
— 22 k1+1)
s(y,) = Z (¢ =Sui)e " =8(Qy.) (24)
k=0

This finishes the proof of the theorem 2.

From the results of the above two theorems, it can be concluded that by choosing different basis of the
module M one can realize the decimation of the discrete signal. It should be noted that when the basis
and the module M are choose to be the classical one, the results derived in Theorem 1 and 2 becomes the
classical results associated with the Fourier transform.

3.2 Examples

We propose the following two examples about the applications of the derived results for different signal
models.
(1)Incaseof n = 4, m = 2.

In this case, the signal model one can be rewritten as 4 =M =C|x]/ (x4 —1) , the basis of module M

can derived as b =(1,x,x*,x’) . The signal model two can be rewritten as 4'=M'=C[x]/(x’ -1), and

the basis of module M’ is Z =(1,x)
Suppose the discrete signal is s[n]=&[n—5]+[n—3]+S[n+1]+5[n+2], then the signal s(x) can

be represented under the signal model one as following

s(x) =x7+x"+xX + X =x+x7+ 2xXmod(x* —1) (25)
4 -J e =J 2z
Because the roots of p(x)=x'-1 are a,=e * =-1, o =L ag=e *=—j, a,=
j z—ﬂx —-j z—ﬂx
e 4= -La,=e R J so the spectrum of discrete signal s [n] underthe signal model one can be
derived as:
s(ag) =4s(a) = j—Ls(ay)==2, s(ey)=—j -1 (26)

By the similar method, one can derive the signal representation under thesignal model two as
following
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s(x)zx"2 +x '+ +x° =1+3x mod(x2 -1) 27

And because the roots of p(x)=x’-1 are B, =1, f,=—1, so the spectrum of discrete signal s[n]
under the signal model two can be derived as following.
s(By) =s(ay) =4,5(p) =s(a,) = 2. (28)
(2) In case of different basis of signal model.
In this case, we suppose the signal model two as A'= M'= C[x]/(x2 —1) , and the basis of module

M'is [1, ejzxj then for the discrete signal the signal can be rewritten as following under the signal

model two.

4 3 St

s(x) =e”"x7 + i re T re 2y
=—x" 4+ jx "+ 0 =y’ 29)
=—1+ jxmod(x* —1)
And because the roots of p(x) =x’—2are y, =1, y, =—1, therefor the spectrum of signal s[n] under
the signal model two can be derived as following.

s(ry)=-1+j=s(a), s(r)=~1-j=s(a). 30

4 Conclusions

Based on the theory of the ASP and one-dimensional time signal model, the relationship between
decimation operations based on ASP are investigated in details. The derived results can be seen as the
generalization of the classical results to associate with the ASP. How to establish the connections of ASP
with the fractional Fourier transform and linear canonical transform will be our future research directions.

Acknowledgments

This work was supported in part by the National Natural Science Foundation of China (No. 61620106001)
and Beijing City Board of Education Science and Technology Plan (No. KM201711232009).

References

[1] A.V. Oppenheim, R. Schafer, J. Buck, Discrete-time signal processing, third ed., Prentice Hall, New York, 1999.

[2] L. Daubechied, Ten Lectures on Wavelets, Society for Industrial and Applied Mathematics, Philadelphia, 1992.

[3] R. Tao, B. Deng, Y. Wang, Fractional Fourier Transform and Its Applications, Tsinghua University Press, Beijing, 2009.

[4] T.Z. Xu, B.Z. Li, Linear Canonical Transform and Its Applications, Science Press, Beijing, 2013.

[5] L. Cohen, Time-frequency Analysis: Theory and Applications, Prentice Hall, New York, 1994.

[6] R. Tao, B.Z. Li, Y. Wang, On sampling of band limited signals associated with the linear canonical transform, IEEE
Transactions on Signal Processing 56(11)(2008) 5454-5464.

[7] K.K. Sharma, S.D. Joshi, Signal separation using linear canonical and fractional Fourier transforms, Optics Communications
265(2)(2006) 454-460.

[8] B.Z. Li, Q.H. Ji, Sampling analysis in the complex reproducing kernel Hilbert space, European Journal of Applied
Mathematics 26(01)(2015) 109-120.

102



Journal of Computers Vol. 29, No. 2, 2018

[9] D.L. Donoho, Compressed sensing, IEEE Transactions on Information Theory 52(4)(2006) 1289C-1306.

[10] Q. Feng, B.Z. Li, Convolution theorem for fractional cosine-sine transform and its application, Mathematical Methods in
the Applied Sciences 40(10)(2017) 3651-3665.

[11] J.J. Healy, H.M. Ozaktas, Linear Canonical Transforms: Theory and Applications, Springer, New York, 2016.

[12] M. Puschel, M. Rotteler, Algebraic signal processing theory: 2-D hexagonal spatial lattice, IEEE Transactions on Image
Processing 16(6)(2007) 1506-1521.

[13] M. Puschel, J.F. Mura, Algebraic signal processing theory: foundation and 1-D time, IEEE Transactions on Signal
Processing 56(8)(2008) 3572-3585.

[14] M. Puschel, J.F. Mura, Algebraic signal processing theory: 1-D space, IEEE Transactions on Signal Processing 56(8)(2008)
3586-3599.

[15] A. Sandryhaila, J. Kovacevic, M. Puschel, Algebraic signal processing theory: 1-D nearest-neighbor models, IEEE
Transactions on Signal Processing 60(5)(2012) 2247-2259.

[16] A. Popoff, Fundamentals of Signal Processing in Metric Spaces with Lattice Properties, CRC Press, Boca Raton, FL, 2018.

[17] A. Sandryhaila, S. Saba, M. Puschel, Efficient compression of QRS complexes using Hermite expansion, IEEE
Transactions on Signal Processing 60(2)(2012) 947-955.

[18] A. Sandryhaila, J. Kovacevic, M. Puschel, Algebraic signal processing theory: Cooley-Tukey type algorithms for
polynomial transforms based on induction, SIAM Journal on Matrix Analysis and Applications 32(2)(2011) 364-384.

[19] R. Tao, B.Z. Li, H.F. Sun, Research progress of the algebraic and geometric signal processing, Defence Technology
9(1)(2013) 40-47.

[20] S. Amari, H. Nagaoka, Methods of Information Geometry (Translations of mathematical monographs), American
Mathematical Society, New York, 2000.

[21] S. Amari, Differential-geometrical Methods in Statistics, Lecture Notes in Statistics, Springer-Verlag, Berlin, 1985.

[22] R. Nock, F. Nielsen, S. Amari, On conformal divergences and their population minimizers, IEEE Transactions on
Information Theory 62(1)(2016) 527-538.

[23] R. E. Crochiere, L.R. Rabiner, Multirate Digital Signal Processing, Prentice Hall, New York, 1983.

[24] M. Puschel, Algebraic signal processing theory: an overview, in: Proc. Digital Signal Processing Workshop, IEEE Signal
Processing Education Workshop, 2006.

[25] W.C. Curtis, . Reiner, Representation Theory of Finite Groups and Associative Algebras, American Mathematical Society,

Providence, 1962.

103




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


