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with the two point of interface for the separate system of differential
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polyparametric family of known integrals is calculated.
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STOCHASTIC APPROXIMATION PROCEDURE WITH
IMPULSIVE MARKOV PERTURBATIONS

In this paper we discuss asymptotic behavior of the stochastic
approximation procedure in case when the regression function is
perturbed by the Markov impulsive process. Also we consider the
stochastic approximation procedure stability conditions in the terms of
existence of Lyapunov's function for the averaged evolution system.
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Introduction. The goal of the Robbins-Monro Stochastic Approxi-
mation Procedure (SAP) [1] is to find the solution of the equation
C(u) =0 in the case when the measurements of regression function C(u)

are made with some errors. It is widely used in the mathematical statistics
[2], control theory, image, signal and voice recognition theory [3], etc.

Let us consider the situation when estimated function errors are de-
fined by impulsive process. Then the continuous SAP is defined by the
differential equation
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du® (t) = a(t)[c(ug(t),x(t / g4))dt + gdr]‘g(t)}, (1)

with C(u,") € C*(R") .
Where a Markov process x(¢),t>0 in the standard phase space
(X,R) is defined by the generator:

Qo(x) = ¢(x) [P(x,dy)[0(») - ()], ¢ € B(X),
X

here B(X) is the Banach space of real bounded functions with supremum-

norm || ¢ [|= max | ¢(x) .
xeX

A uniformly ergodic embedded Markov chainx, =x(r,), n=0
with stationary distribution p(B),B e is defined by the stochastic ker-
nelP(x,B),x € X,BeXN. A stationary distribution 7(B),BeN of the

Markov process x(¢),t >0 is defined by the representation:
7 (dx)q(x) = gp(dx), g = [7(dx)q(x).
Lets denote by R, potential ope)r(ator of the generator Q:
Ry = H—(H+Q)_l, where ITg(x)= fﬁ(dy)(p(y) is the projector on the
X

zeros subspace N ={¢:Qqp =0} of the generator Q.

Impulsive Perturbation Process. An impulsive perturbation process
(IPP) n°(¢), t = 0 is defined by the representation [4]:

70 = o (dssx(s %) : @)
0

where the family of independent increment processes 7°(¢,x), >0, xe X
is defined by the generators:

e (x)pw)= 8_4J'[¢(w+gzv)—¢(w)}l"(dv;x), xeX. )
R

Generator (3) can be rewritten in the asymptotic form

I ()p(w) = £ T (x)p(w) + T, (x)p(w) + £77° (x)p(w),
where

Ty (x)p(w) = b ()¢ (w); by (x) = v (dv;x) (4)
R

F (0000 =2 by 00) by(6) = [T (dbs ), )
R
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and the remaining term satisfies the condition “52 yé (x)(p(w)H — 0 while
e—0.
Let also the following balance conditions take place:
Ty (x) = [ (dx)by (x) = 05 by(x) = [V (dv;x). (6)
X R

Stochastic Approximation Procedure behaviour. Let us consider
the continuous SAP (1) convergence under the exponential stability condi-
tions of the averaged evolution system:

da(t) _ /-
= C(a(r)), 7)

where
C(u) = [7(dx)C(u,x).
X
Balance condition must be satisfied for the averaged evolution sys-
tem equilibrium point u,, existence:

T1C (ug, x) = [(dx)C (uy,x) = 0. (8)
X

Without limiting the generality, further assume that u, = 0.

Theorem. Let there exists Lyapunov function V(u)e C*(R) that
provides the exponential stability of the averaged system (7):
Cl:CV(u) < —cV(u), ¢>0. )
Also let the additional conditions hold true:
Cc2 :| I3 (x)V(u)| <e, (1+V W), ¢, >0,

C3:

yg(x)V(u)‘ <o (14V W), ¢ >0,

C4:| LR L (x)V )| <cy (147 (W), ¢ > O,
CS:‘ I} (x)ROC(x)V(u)‘ <es(14V W), s >0,
C6:|C()R, I} (x)V ()| < ¢ (1+V (u)), ¢ > O,
C7:‘C(x)ROC(x)V(u)‘Sc7(1+V(u)), ¢ >0, (10)
C8:| I (x) Ry [ (x)V (w)| < ¢ (1+V (), cg > 0

C9:| Ty (1) RyC (Y ()] < ¢ (1+ (w)), e > O,

C10:

7 (R, [ (x)V(u)‘ <o (1+V W), ¢ >0,

Cll1:

¥ (x)ROé(x)V(u)‘ <e, (147 @), ¢, >0,
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with
C(x)=C(x)-L.

In addition let the function C(u,x) has the third derivative on u € R,
and is uniformly bounded on x € X . Furthermore, let the balance condi-
tion (6) takes place. Let also pick control function a(¢) >0 in such way
that it satisfies the conditions [2]:

[a(®)dt =, [a* ()dt <.
Then the solution of the evolution equation (1) converges weakly (with
probability 1) to the equilibrium point #, = 0 of the averaged system (7) for
all initial values u®(0)=u andall & < ¢&,, where &, is small enough, i.e.:

P{1imu5(t) = 0} =1.
[—0

The proof of the theorem is made with the help of the singular per-
turbation problem solution and martingale characterization of the two-
component Markov process.

Let's consider Markov process

O :=x(t/£4), £>0. (11)

This process is heterogeneous in time because the SAP u®(¢) (1) de-
pends on the control function a(z) .

Lemma 1. A generator of the two-component Markov process u® (¢),
x(t/g4) , t>0 has the form

L)@, x) = &' Qe(u, x) + £a()T* (x)p(u, x) + a(t)C(x)p(u, x), (12)
where C(x)(u, w,x) = C(u, x)@, (u,x),

Proof. Let us denoteu® (¢) =u, , x (t ) x, . Then according to the

Markov process generator definition [5] we obtain:
1 .
Lip(nn) = lim | p(u (+8).x((1+) %)) -
—go(u‘g(t),x(t/g4 )) |u®(t) = u,x(t/54) = x} =

1
- 112’%) E|: (ut+A7 z+A (0(” x)] =

1 1
=l E| 0(00050) 0050 ) lim Bl (i05) - 00
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According to (1): u(1+A)=u+a(t)C(u,x)A+ea(t)An®(t)+o(A),

therefore

1
lim —E[W(UHA > XA ) - (p(u,xHA )] =
A—0

tim [ 01+ () Clu, 08 + a0 (0 +0(8), . )~ 9 3,0, )

A—0
Let us add and substitute w(u +a(t)C(u,x)A+o(A),x,, A) in the last

limit. Thus we obtain:

1
lim - F [@(tenrxion) = 0300 ) | =

A—0
lim iE[qo(u +a()C(u,x)A+ ga(t)dn® () + o(A), x, . 5 ) -
A—0 A
—¢)(u +a(t)C(u,x)A+o0(A),x,, o )J +

+lim %E[(P(” +a(t)C(u,x)A+0(A), x;, 5 ) - (D(b‘»xHA )]

A—0

According to the generator I'* (x) definition:
1
P (90 = tim - E[ 0w+ An° () - ptw) |
A0 A

Let's also denote v=u+a(t)C(u,x)A+0(A) (in this case v—u
while A — 0). As a result we obtain:

tim £ ¢ (v + 2007 0,511 )~ 034 ) | = 20O ()pt )

A—0
Then we can transform the second limit to the form

1
lim _E|:¢7(“ +a(t)C(u, x)A, x,, 5 ) - ¢(“vxt+A ):' =
A0 A

lim iE[(/}; (1.3, ) (a()C @ )A +0(A)) | = a()) C(u, x)2, (11, ).

A—0

So, using the process x(z / 6‘4) generator definition:

1 -4
lim— £ U,x —o(u,x)|=¢ u,x),
tim — E[ 9 (1,%,.) = 0(4,%) ] = £ Qo )
we obtain (12).

Lemma 2. A generator Lf(x) of the Markov processu®(¢),

x(t / 54) , >0 can be rewritten in the asymptotic form
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L)@, x) = £ *Qe(u,x) + &~ a(O)T| (x)p(u, x) +
+a(H)C(x)P(u, X) + 67 (X)(u, x),

(13)

where
07 (x) = £*a(0)y” + £a(OT 5 ()9 (u, x),
and generators I'|(x), [, (x) are defined in (4) and (5) respectively.

Also the remaining term is such that |67 (x)(x)(o(u,x)“ — 0 while

—0.
We can proof this lemma using the representation (3) of the generator

I'*(x) and lemma 1.

Lemma 3. Under the conditions of the theorem, the singular pertur-
bation problem for the operator (13) on the perturbed Lyapunov function
VE(u,x) =V () + &> a(t)V, (u, x) + £*a(t)V, (u, x)
has the solution in the form

LS (x)V,F (u,x) = a(t)LV (u) + €67 (x)V (u), (14)
where the limit generator L is such that
LV (u) < —ca(t)V (u) (15)

and the remaining term &7 (x) satisfies the inequality:
o (x)V(u)‘ <) (1+V@w)).

Proof. Let us collect the similar terms with respect to & in order to
prove equality (14):

L{COV (%) = 67'Q+ &7 'O (x) + a())C(x) +

+ea(t)ly(x)+&%a(0)y" ()|
[V )+ & w,x)+ 8*a)V, (%) | =
= e QV )+ & a()[QV; (u,x) + T (x)V (u) ]+
+a(O)] QVy (u, x) + C)V (u) [+ ea(t)T, (x)V (u) + (16)
+&2a(0)| a(OT, (), () + 77 (W () |+
+&2a(t)’ [T, (x)V, (u, x) + C(x)V] (u, x) |+
+&*a(t)* [ COWVy (u,x) + T () (u, x) +

+&%a(0)] a7, (W %)+ 7 (W, (0,2) |+ £°a(e)y* ()W, ().
Since @(u,w) doesn't depend on x , then
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QV(u)=0,<V(u) e Ny.
The following equation can be solved under the balance condition (6)
QN (u,x)+I';(x)V (u) = 0.
That is why
Vi(u,x) = Ryl (x)V ().
We can obtain the limit process L using the solution condition of the
last equation:
a(t)QVy(u,x)+a(t)C(x)V (u) = a(®)LV (u).
Thus
LV (u) = TIC(x)V (u) = TIC(u, x)V ' (1)
and then
Vo, x) =[a@®)]” Ry [a()C(x) = a(d)L]V () = RyC(x)V ().
We can obtain 67 (x) from the rest of terms in (16):
0 (¥)V () = a(O)T, () () + £a(t)| @O, (D)W, (4,3) + (¥ () |+
+&%a(t)’ [Ty (x)Vy (u, x) + COV; (u, x) J+
+&%a(t)’ [ COVy (u,x) + T (x)V; (u, x) |+

+&ta(t) [a(t)rz (X)W, () + 7% (X)W (1 x)} +&5a(t)y (W, (u, x),

and then, using the representation of the Lyapunov function perturbations
Vo(u,x) and V] (u,x), we can obtain

0 (X () = a()T, (x)V (o) + £a(t)| a(OTy (DR, (0 )+ 7* (¥ (w) |+
+&2a(t)? [rl ()R, GV () + C(x)R,T, (x)V(u)] +
+&3a(t)? [C(x)Roé(x)V(u) +T,(X)R,T (x)V(u)] +
+2*a(t)] aOT,(DRCWV )+ 7 (R (0 () |+
+&%a(t)y* (x)RyC(x)V (u).
Let's denote by 6, — 65 corresponding expressions near & and a(t)
Since Lyapunov function V(u) is smooth enough and under the con-
dition C2, for §, =T, (x)V' (u) we obtain
16y I< ey (14V (w)).

Second term 6, =T (x)R, [, (x)V (1) + 7 (x)V (u) under the condi-
tions C3 and C4 satisfies the inequality
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16 1< (e5 +¢4 ) (1+V (w)).
Using the theorem conditions C5 and C6, we can obtain the esti-
mate for the term 6, ="' (x)R,C(x)V (1) + C(x)R I, (x)V (u) :
16, 1< (cs +c6)(1+V(u)).
Similarly for 65 = C(x)R,C(x)V (u)+I,(x)R,I';(x)V (1) (according
to C7 and C8) we obtain:
|65 |< (07 +cg )(1 + V(u)),
and for 6, =T, (X)RyC(x)V (u)+ y* (x)R, [} (x)V (1) (according to C9 and
C10) there is a similar estimate:
10, 1< (o +c10)(1+V ().
And, using the condition C11, we can bound 65 = y* (x)R,C(x)V (u)
with:
105 [< ¢y (147 (w)).
Thus, for the remainder term 67 (x)V' (1) cumulative estimate holds:
Hf(x)V(u)‘ <c'a®(t)(1+V (). (17)

Theorem proof. Using the condition C1 and inequality (17) we can
obtain:

LEQOV,E (u,x) < —ca(t)V (u) +¢ a®(0) (1+V (). (18)

Then the stochastic approximation procedure convergence follows
from the inequality (18) and the theorem 1 in [6].

Conclusions. Stochastic approximation procedure converges weakly
to the equilibrium point of the averaged system under the condition of the
exponential stability of that system and additional limitations on the re-
gression function smoothness. These results can be used to identify the
SAP asymptotic behaviour [7; 8; 9]. Such SAP can also be used as a
scratch for the stochastic optimization procedure (Kiefer-Wolfowitz
method [10; 11]) in impulsive perturbations case.
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PO3rIHYTO acCMMITOTHYHY TOBEAIHKY MPOLEAYPH CTOXAaCTHYHOI arpok-
cUMaIlii JUlsl BUMaKy, Koiu (yHKIis perpecii 30ypeHa MapKOBCHKHM IMITYIIb-
cHUM tpotiecoM. OniepykaHo JOCTaTHI YMOBH 301KHOCTI TIPOLIETYPH B YMOBAX
icHyBaHHs QyHKIIi JIATTyHOBa 171 ycepeJHEHOT €BOIONIHOT CHCTEMU.

KirouoBi ciioBa: npoyedypa cmoxacmuunoi anpoxcumayii, Mapkoeco-
Kuil npoyec, iMnyavbcHe 30ypeHs.

Otpumano: 23.04.2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 [
    /PDFX1a:2001
  ]
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
    /HEB <>
    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
  >>
  /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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [419.528 595.276]
>> setpagedevice




