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Stochastic processes of counts have very broad applications in view of the host of integer-valued
time series which cannot be satisfactorily handled within the classical framework of Gaussi-
an-like series. In this paper we discuss recursive filters for partially observed discrete-valued time
series where the noise in the observations is a fractional Gaussian noise.

CroxacTrdeckast 00pad0TKa OTCYETOB MIUPOKO MPUMEHSETCS] B MHOKECTBE 33714, COAEPIKALINX
EJIOYMCIICHHO-OLICHUBACMbIC BPEMEHHBIC PsIJIbl, KOTOPBIMH HEJIb3s YJIOBJICTBOPUTEIBHO OIe-
pUpOBaTh B paMKaX KJIACCHYECKUX | ayccoBO-MOJOOHBIX pAOB. PaccMOTpeHBI peKypCUBHbBIE
GUIBTPHI U1 YaCTUYHO HAOTIOJAEMBIX IHCKPETHO-OIIEHMBAEMbIX PSIIOB, B KOTOPBIX IIyMBI
HaOMIOACHUH SABISIOTCS POOHBIMU ["ayCcCOBBIMU IIyMaMH.
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Introduction. The analysis of time series of counts is a rapidly developing area
(e.g. [1—7]). It has very broad application in view of the host of integer-valued
time series which cannot be satisfactorily handled within the classical frame-
work of Gaussian-like series. Many of the phenomena which occur in practice
are by their very nature discrete-valued [4].

To start, we make use of The Binomial thinning operator o introduced in [2,
6], namely: for any nonnegative integer-valued random variable X and a € {0,1},

X
aeX=>Y,
Jj=1

where Y1, 1, ... is a sequence of of i.i.d. random variables independent of X,
such that P (Y, =1)=1-P(¥;=0)=0.

With the operator o on hand and x; standing the realization of an integer-
valued process in period £, let x, ., =aox,,, +v,,,, where {v, }is some integer-
valued stochastic process.
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One may think of x; as referring to the number of patients in a hospital in pe-
riod £, then the number of patients in period £ + 1 is made up of a portion of those
patients who were present in period &k (o o x,,;) and new arriving patients vi;.
Time series models incorporating o have been extensively examined in [1—3,
5—71.

Dynamics with fractional Gaussian noise. Let Z denote the set of integers,
and Z" denote the set of non- negative integers. Following [8] we define a set of
functions £ on Z " with values in R. We suppose that if i <0, then £(i) = 0. These
functions could be considered as infinite sequences: f(i)=f,,i=0, 1, ... . Then
we define: if f', £ are in £ the convolution product /' *f % is defined by

=Y fL =S L
i=0 i=0

In this set of functions, consider the function u, which is defined as u = (uy,
uy, .)=(,1,..).
The convolution powers of u are as follows:

u’=(1,0,0,..),
W=u*u= (1,2,3,..),

w=u*u=(1,3,6,..)

b b

k(1 r r(r+l) r(r+l)(r+2)
! _(’1! 2 3| )

Note that for any fin £, / *u° =u"* f = f and for any s, 7 inR, u” *u* =u**". In
particular u” *u ™" =u°.

Let (€2, F, P) be a probability space upon which {w, }, k € N are independent
and identically distributed (i.i.d.) Gaussian random variables, having zero means

and variances 1 (N (0, 1)). Then [8] the fractional Gaussian noise is defined as
Wy 2 F W) (1) =Y U W,
i=0

Then w" is a sequence of Gaussian random variables which have memory and
are correlated. Also,

E[w,]=0,

Var (w)) =3 (u 2,
i=0
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n-1
r r _ r r
Cov(w,,w,_|)= z Uy_; Uy, _; +1.
i=0

Now consider a system whose state at time k1sx;, € Z_ . The time index k& of
the state evolution will be discrete and identified with N={0, 1, 2, ...}. The state
of the system satisfies the dynamics

Xy =0 oXp +Vpy. (1

Here {v, }, k €N are independent and identically distributed random variables
such that, for all k, v, € Z, has probability distribution ¢.

A noisy observation of x,, is to suppose it is given as a linear function of x
plus a random «noise» term. That is, we suppose that for some real numbers ¢,
and positive real numbers d; our observations have the form

Vi =CpXy +dwy.
Following [8] let z, =(u~" *y) (k). Therefore
2)

2o =, (U EX) () +d,w, 2 ey (xg,x,.)+d Wy,
where w is a sequence of 1.1.d. N (0, 1). Write {Z, }, k € N for the complete filtra-
tion generated by {z,, z,,..., z; }.

Using measure change techniques we shall derive a recursive expression for
the conditional distribution of x, given Z, .

Filtering. Initially we suppose all processes are defined on an «ideal» prob-
ability space (Q, F, P); then under a new probability measure P, to be defined,
the model dynamics (1) and (2) will hold. Suppose that under P:

1) {x;}, keNis an i.i.d. sequence with probability distribution ¢ (x) with
supportinZ _;

2){z;}, keNisaniid. N (0, 1) sequence with density function

1 2
W(Z):E € .
Let
7, =¥ (o' (20 —cohy(xo)))
doy (zg)
and for/=1,2, ....

Xl :¢ (x; -0, °x1—1)\V(df1(Z/ —ch(xg50,X1))) '
did(x)w(z))
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Set
(3)

[
I
2>

1=0
Let G, be the complete o-field generated by {x,, x,.., X;, 040 Xg, ..
wy Qg OXp 5 20,215 ey 2y y fOT k€N
Lemma 1. The process { A, }, is a P-martingale with respect to the filtration
{G, }, with ke N.
Proof. Since A, is G, -measurable E [A,,; |G, 1= AE [Ay,; |G, ]. There-
fore we must show that E [A,,, |G, ]=1:

E D Gil=

-E {4) (gt =04 2 X)W (it Vit =S P (K 5 X41)) G,
dpn® ()W (240)

-F P) (X1 =04 0y ) E {‘V (dicit (Vs =ChanPiat (Ko s X411))) y
¢ (x¥pi) AV (Zpa)

X[Ge» Xen ]Hgk].

Now,
E {\v (i (i =CuaPpn (s o X)) 1o 1} _
dp gV (Z4y) '
ZJ' W(dl;l—l(z_ckﬂhkﬂ (X5 s Xjy )))\y(z)dz 1
dk+1\|j(z)
=19 (X _akoxk) } ¢ (x—0tyox;) _ _
E = =1.
[ b (i) {; e O )'gk} 20

Define P on (Q, F') by setting the restriction of the Radon-Nykodim derivative
dar to G, equal to A
dﬁ k k*

A key result which relates expectation under P and P is given by a Bayes’s

like formulae ([9, 10]) -
Eli(x, =x|gk]=E[Ak1(xk =x|Gy]

E[A G, ]

where E (resp. E) denotes expectations with respect to P (resp. P).
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The next result shows that the original model can be recovered by some simple
transformations.
Lemma 2. The stochastic process {v, }, k € Nis an i.i.d sequence with den-

sity function ¢ (x) with supportin Z, and {w, }, k e Nare i.i.d. N (0, 1) sequences
of random variables, where

A
Vi = (X =0t 0x ),
241 h

Proof. Supposef, g:R — R are «test» functions (i.e. measurable functions
with compact support). Then with £ (resp. E)) denoting expectation under P
(resp. P) and using Bayes’ Theorem

XkE [infjvﬁ+1)g (Wk+1)|gk]:
AE (M 1G]

=E i Vi) € WD 1Ge T,

where the last equality follows from Lemma 1. Consequently

E[f(vim)gwe) Gy 1=

:E{(I) (pr =0 o X)W (gt (Zgay =Pt (Kgs s X i1)) y
dind (X)W (Z400)

Elf(vi) g W) Gil=

X f (X —0g Oxk)g(dl;l-l (Zgs1 —Cha M1 (X g5 s X | G 1=

=E [d) (x"qjl(;zlk)oxk )f (X1 —OLg 0 X ) X

<E {\I’ (d;h(J’kn —Cr M (X5 X441))) «
drgv(ziy)

x g (i1 (Zpa1 = Chat st (X Xt G Xt 11 G 1

Now

E [W (d1:1 (Vis1 =Char M1 (X055 X441))) y
digV(zy)

1
X (A1 (Zps = Cpa sy (X g5 X D G s X1y 1=
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Y (z)x

:J' \4 (dl:ll(z _Ck+1hk+1 (xo seees X i )))
R dk+1\|l(z)

X (i (2=l (¥, ) d2 = [y (1) g ()
R

and
E P (xkd;rl(;:f)oxk )f(xk+1 —Oly Oxk)|§k:| =
=E{ > q’(’“‘*mwx)f(x—akoxk)mk} S0 (0f (1)
xeZ, (1)()(3) teZ,
Therefore
E[f(via) & W) Gy 1= Zd)(t)f(t)f\lf(u)g(u)du-
teZ, R

The lemma is proved.

Consider the un-normalized, conditional expectation which is the numerator
of (3) and write E [A, 1 (x;, =x)|Z, 1=¢q,(x). If p, () denotes the normalized
conditional density, such that E[I (x, =x)|Z; ]= p,(x), and from (4) we see
that

-1
pk(x)=qk(x){2qk(t)} , keN.

teZ,

Then we have the following result.
Theorem 1.

W (dg' (29 =Coho(x)))
dodiy W(zg) W (z5y)
X Z z \V(d;l(zl _C1h](3COaxl)))><

x€Z, x€Z,

1 (x)=

X\V(dk_ﬁl—l(zkﬂ_ Chomt M1 (X5 s X5 X))) X
X 2 o (x—my )(xk Jot,'fk (1=, )" i o (x —mo)(xojotgb(l—ao)XO%-
me=0 my my=0 My

Proof Inview of (3)

E [Akxlwl] (xk+1 :x)lzkﬂ]:
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&

~ O (=0 o x )W (i (gt =Cpa i (s - X5 X))
A =
[ ' A (W (z10) ")(x)'z"”}

ZE{AH IR AT UGS

x€Z, dkd)(xk)\y(zk) _ak—loxk—l)d)(xk)x

X 2 ¢ (x—my )(xk )a,’?" (11—, )* ™ x
m=0 my

Y (dy (21 =Cha ot (X0, e X5 X))
X | Ziq |
dk+1 \4 (Zk+l )

\V(dal(zo_coho(xo)))
dy..diyv(zg)w(zpy)

X Z Z\V(dfl(z1 —c1hy(xg, x1)))

x€Z, x€Z,

W (i (Zpag =€l (Xg, s Xg, X)) X
Xk X m Xo—1 al X Xo—1
X Z(I)(x_mk)( kJOka(l—OLk)k x cee Z(I)(xl _mo)( Oja:)no(l_ao)o 10.
me=0 my my=0 My

Approximate recursion. In this section, we give recursive approximate es-
timates of the hidden states. Assume that x, is known and let

)ZW(dal(ZO _COhO ()70))6)(0()6),
doy (z)
')Nc/k = Z tﬁk(t)’

teZ,

AN ~
Xo=Xg, Golx

where
-1
Pr(x)=¢;(x) :{ Z F]k(t):| .
teZ,

Theorem 2. The un-normalized density ¢+(x) is approximately computed

by the recursion
1 _ ~ ~
o () _VY (di1(Zpn =i (Ko s X5, X)) %
A Y (Zpn)
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x . Z¢<x—r)[ ]aza—ak)"’am. )

t
teZ, r=0 r
Proof.
E [Nk (xppy =X)[ 24 1=

_ o ! -
:E{Ak O (x =0y ox YW (d (24 —Cpiyhy g (Xgss X 5X))) | Zk+l} :
diaV (Zgi)

Now we replace x,...,x;, withX,..., X, which, of course, are Z, ,; measurable:

E [kakﬂl(xkﬂ =x)|Zy 1=

“E|lA ¢(x_0‘k°xk)\lf(d1;i1(zk+1_Ck+1hk+1(fo,---,?7k,x))) _
= k | Zpe | =
dpgv(z)

:W(dl;l-l(zlﬁ—l —Crnlin (X, - Xy 5 X)) E[
dk+1 \V(Zk+1)
:W(dl;il(zkﬂ —Crt M (Xgs s Xp5 X)) |
dia W (Za)

Ad (x—0tp0x,)| 2y 1=

E{Ak > Z¢(x—r>(jjaz<l—ak>” Iz, =r>|zk}=
teZ, r=0
:\V(dl;il(zkﬂ_ Chaten (Ko s X5 X)) y
diaV (Zg41)
x 2 Z(I)(x—r)(ijaﬂl—ak)’rE[AkI(xk =02, 1=
teZ, r=0
:\V(dl;il(zkﬂ —Ct M (Ko s X5 X)) y
diaV (Zg41)
X Z Z (I)(x—r)(zjoc;(l—ock)tqu(t).
teZ, r=0 r

Taking ¢, (¢) as an approximation of g, (¢) the result follows.

In this paper an integer-valued process state space model is proposed. The
state space model is not directly observed. The observed process is corrupted
with a fractional Gaussian noise. Filters for the partially observed dynamics are
derived.
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CroxacTnyHa 0OpoOKa BIUTIKIB IIHPOKO 3aCTOCOBYETHCS y 0araThoxX 3ajadax 3 MiJIOYHCIIO-
OL[IHIOBAHUMH YaCOBHMH PsIaMH, KOTPUMH HE MOXKHA 3aJJ0BiTBHO OTEPyBaTH B paMKax Kia-
cuuHux ['aycoBo-noniOHuX psafiB. Po3risiHyTO pekypcUBHI (BIIbTPU Ul 4ACTKOBO CHOCTEpE-
KYBAaHHUX JUCKPETHO-OI[IHIOBAHHUX PSJiB, B KOTPUX IIyMHU CIIOCTEPEKEHb € aApoboBuME ['ay-
COBHMH IIyMaMH.

10.

. Aly A. A, Bouzar N. On some integer-valued autoregressive moving average models//J. of

Multivariate Analysis. — 1994. — 50. — P. 132—151.

. Al-Osh M. N., Alzaid A. A. First order integer-valued autoregressive (INAR(1)) process//

J. Time Series Anal — 1987. — 8.— P. 261—275.

. Freeland R. K., McCabe B. P. M. Analysis of low count time series data by poisson

autoregression// J. Time Series Anal. — 2004. — 25, No 5. — P. 701—722.

. MacDonald I. L. Hidden Markov and Other Models for Discrete-Valued Time Series. —

Chapman & Hall, 1997.

. Jung R. C., Tremayne A. R. Testing for serial dependence in time series models of counts// J.

Time Series Anal. — 2003. — 24, Iss. 1. — P. 65—84.

. McKenzie E. Some simple models for discrete variate time series// Water Res Bull.— 1985. —

21. —P. 645—650.

. McKenzie E. Some ARMA models for dependent sequences of Poisson counts// Advances

in Applied Probability. — 1988. — 20. — P. 822—8&35.

. Elliott R. J., Deng J. A Filter for a state space model with fractional Gaussian noise//

Automatica. — 2010. — 46. — P. 1689—1695.

. Aggoun L., Elliott R. J. Measure Theory and Filtering: Introduction with Applications//

Cambridge Series in Statistical and Probabilistic Mathematics, 2004.
Elliot R. J., Aggoun L., Moore J. B. Hidden Markov Models: Estimation and Control. —
New-York: Springer-Verlag, 1995. — Applications of Mathematics N 29.

Submitted 30.12.10

ISSN 0204-3572. dnekTpoH. mogenupoBaHue. 2011. T. 33. Ne 3 21



22

ISSN 0204-3572. Electronic Modeling. 2011. V. 33. Ne 3




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


