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Abstract� The asymptotic a�s��relation

H � lim
n��

n lognPn
i�� L

n
i �X�

is derived for any �nite�valued stationary ergodic process X � �Xn� n � Z� that satis�es a

Doeblin�type condition	 there exists r � 
 such that ess inf P �Xn�r j B���n� � � � �� Here

H is the entropy rate of process X and Ln
i �X� is the length of a shortest pre�x in X which

is initiated at time i and is not repeated among the pre�xes initiated at times j� 
 � i� j � n

�i �� j�� Such an asymptotic was previously established by Shields in �

 for the i�i�d� processes

and the irreducible aperiodic Markov chains�






� Introduction

This work follows a paper by P� Shields �

 concerned with a problem of a relation between

the entropy rate of a �nite�valued stationary ergodic process and asymptotics of the lengths

of shortest new pre�xes in the process� This problem arises in Information Theory� within the

framework of the study of the so�called Ziv�Lempel encoding algorithms� �A comprehensive

introduction into Ziv�Lempel encoding may be found in ��
� A review of concepts and results

about the subject is given in ��
 and various related results can be found in �

� ��
� ��
 and ��


� see also the references therein��

Let us �x some preliminary notation and de�nitions	 We shall use the standard model for a

source� that is� a stationary ergodic stochastic process X � �Xn� n � Z�� taking values in the

�nite set V �the �alphabet��� let H be the entropy rate of this process� Given a realization

x � �xn� of the process� by xa�b we denote the word �xa� � � � � xb� taken from x �for a � b

integers�� The key object in our forthcoming discussion is Ln
i �x�� which is de�ned as the

length of the shortest �pre�x� in x initiated at time i that is not repeated among the pre�xes

initiated at times j� 
 � j � n� j �� i �
 � i � n integers�	

Ln
i �x� � min �l � 
 	 xi�i�l�� �� xj�j�l�� for any j � 
� � � � � n� j �� i
� �
�

This symmetric version of the Ziv�Lempel pre�x was introduced by Grassberger in ��
� In

the same paper it was conjectured that the asymptotic relation




H
� a�s� lim

n��

Pn
i�� L

n
i �X�

n logn
���

holds for every stationary ergodic process X� and it was proved in �

� for the special cases

where X is an i�i�d� process� an irreducible aperiodic Markov chain� or H � �� Moreover� it

was shown in ��
 that there exist Bernoulli processes for which ��� fails even in probability �the

precise de�nition and an extensive treatment of the Bernoulli property for stochastic processes

can be found in ��
�� On the other hand� the weaker relation

a�s� lim sup
n��




n
�

�
i 	 
 � i � n�

���Ln
i �X�

logn
�



H

��� � �

�
� � ���

was proved in �

 for any ergodic process with H � � �for any � � ���

Result ��� was suggested in ��
 as an entropy�estimator	 Observing the output of a source ��

a stationary ergodic process� X� calculating the lengths Ln
i �X� of its shortest new pre�xes�

�



and forming the quantities in the r�h�s� of ���� would �almost surely� produce� for large n�

accurate estimates for the entropy H of the source� The practical signi�cance this new result

lies in its applications to non�Markov sources �when the Markov property cannot be assumed

or is to be tested�� and to sources with long�range correlations�

In most realistic applications� like for e�g� in image processing or English text encoding� such

long�range dependence does in fact occur� It is� therefore� important to extend ��� to processes

that may not have �nite dependence on their �past�� that may possess �in�nite memory��

In this paper we extend result ��� to a wider class of processes by exploiting a connection

between one�dimensional stochastic processes� and spatial processes that arise as equilibrium

states in Statistical Mechanics	 We introduce a new condition on the dependence of our process

X on its past� It is a version of a Doeblin�type condition in Statistical Mechanics� where in the

corresponding physical model� instead of looking at the �past� of the process� we are measuring

the strength of �interactions� between distant �particles� on a given particle con�guration�

Our condition is the following	 We require that there exists an integer r � 
 and a real

� such that for all y � V we have

ess inf
x

P �Xr � y j x����� � � � �� ���

and in Theorem 
 we prove that ���� together with ergodicity and stationarity� imply the validity

of ���� The important feature of condition ��� is� of course� that it is weaker than the Markov

property� in the sense that it allows our process to �possibly� have in�nite memory� To be more

precise� ��� says that conditionally on �almost� any semi�in�nite con�guration x���� on the

past of the process� after a �xed� �nite number of steps �namely r�� any �nite con�guration

xr�r�n of symbols from V may occur� with positive probability�

Theorem � is a more technical result	 We show that ���� together with a mild �regularity�

condition on X� implies that X is a Bernoulli process�

Finally� in order to ensure that we have produced a genuine generalization� we close Sec�

tion � with a discussion about the existence of non�Markov processes satisfying condition ����

Examples of such processes are produced by the Theory of Gibbs processes� We brie�y outline

the construction of such examples and we indicate a natural analogy between our construction

and the actual physical model it corresponds to�

�



� Statements of Results

Given a ��nite or in�nite� set T � Z� we denote by BT the ��algebra generated by the

collection of random variables XT � �Xn� n � T�� likewise� by xT we denote the restriction

of a realization x to T� The notation �s� s��� �s� s�
� etc�� is used below for intervals on

the lattice Z �naturally s may take value �� and s� the value ��� In the case of the

semi�in�nite interval ���� �
 we use the simpli�ed notation B� and x��

Theorem � Suppose that the stationary ergodic process X satis�es the following Doeblin�

type condition� there exists an integer r � 
 and a real � such that for all y � V we

have�

ess inf
x
� P �Xr � y j B�� 
 �x�� � � � �� ���

Then relation ��� holds�

Using Ornstein�s results �see ��
�� it is easy to prove that bound ���� together with a mild

�regularity� assumption on the conditional distributions of X implies that X is a Bernoulli

process	

Theorem � Suppose that the stationary process X satis�es �	� and the following condition�

ess sup
x�x�� x�k���x�

�k��

���� � P �Xr � y j B�� 
 �x��

� P �Xr � y j B�� 
 �x���
� 


���� � 	k� ��a�

where X
k

	k 
�� ��b�

Then X is Bernoulli�

Examples of non�Markov processes satisfying conditions ��� and ��a�b� are given by means of

the theory of Gibbs processes� The gist of the approach is in replacing the one�sided conditional

probabilities

� P �Xr � y j B�� 
 �x��

by two�side ones

h
P
�
X�s�s�� � y�s�s�� j B����s��� � B�s�����	

�i
�x����s��� � x�s�����	�� ���

�



Here B��	 �B�
	 denotes the �� algebra generated by B��	 and B�
	� and x����s����x�s�����	

is the realization over Z n �s� s�
 obtained by glueing realizations x����s��� and x�s�����	

together� A natural way to obtain a compatible system of conditional probabilities ��� is to

�x a function v�l� x� x�� of a non�negative integer variable l and variables x� x� � V� which

takes real values and the value ��� and is symmetric in x� x� �v�l� x� x�� � v�l� x�� x��� An

important requirement on v is that it tends to zero rapidly enough as l 	 � �see below��

We then de�neh
P
�
X�s�s�� � y�s�s�� j B����s��� � B�s�����	

�i
�x����s��� � x�s�����	�

�
exp

h
	W �y�s�s��� � 	W �y�s�s��jx����s��� � x�s�����	�

i
���s� s�� x����s��� � x�s�����	�

� ���

Here 	 � R is a parameter �an inverse temperature in Statistical Mechanics� and W �y�s�s���

and W �y�s�s��jx����s��� � x�s�����	� denote the sums

W �y�s�s��� �
X

s�j�k�s�
v�jj � kj� yj� yk� ��a�

and

W �y�s�s��jx����s��� � x�s�����	� �
X

s � j � s��
k � Z n �s� s�


v�jj � kj� yj� xk�� ��b�

respectively� Finally� ���s� s
�� x����s��� � x�s�����	� is the appropriate normalizing factor

���s� s
�� x����s��� � x�s�����	�

�
X

ey�s�s����eys�����eys� 	 exp
h
	W �ey�s�s��� � 	W �ey�s�s��jx����s��� � x�s�����	�

i
� ���

Physically speaking� the value v�l� y� y�� is interpreted as the �potential energy� of a pair

of �spins� y� y� � V which are at a distance l � � apart� Continuing this analogy� W �y�s�s���

can be thought of as the potential energy of a �nite con�guration of spins y�s�s�� � �ys� � � � � ys��

which is produced by the two�body potential v� and similarly� the quantity W �y�s�s��jx����s����

x�s�����	� is interpreted as the energy of interaction between the �nite con�guration y�s�s�� and

the in�nite con�guration x����s��� � x�s�����	�

Suppose that v is dominated by a positive function ��l� 	

jv�l� 
� 
�j � ��l�� l � ��

�



where ��l� takes� for l � l�� �nite values and is monotonically decreasing� �For l 
 l�� we

may set v�l� y� y�� � ���
 Then under the assumption that � is decreasing su�ciently fast�

that is� X
l�l�

l��l� 
�� �
��

there exists� for any 	� a unique process X with the two�side conditional probabilities ���

determined� PX�a�s�� by formula ���� and also it satis�es conditions ��� and ��a�b�� This process

is called the Gibbs process corresponding to the potential v and the inverse temperature 	�

For the proofs see ��
� Ch� �� Sect� ���� Theorem ����� or the original papers �
�
� �


� �
�


and �
�
�

Remark� It has been proved �see �
�
� that a Gibbs process exists and is unique under a

condition weaker than �
��� namely that the value of

B � lim sup
n��




log logn

nX
l��

l��l�� �

�

is �nite and su�ciently small� However� it is not clear whether or not this condition guarantees

the Bernoulli property�

The proof of Theorem 
 is carried out in Section � and the proof of Theorem � in Section ��

� Pre�xes and Doeblin�s condition

We start with the following lemma	

Lemma ��� Under condition �	��

P �Ln
i �X� � N� � n�
� ���N�r�� �
��

Proof� In the sequel we mark by � the end of the proof of an intermediate assertion� Let

us assume �rst that r � 
 in ���� Condition Ln
i �x� � N means that the word xi�i�N�� is

repeated among the words xj�j�N��� for some 
 � j � n� j �� i� Let j� be the least such j

and assume� without loss of generality� that i 
 j�� Consider two cases	 i �N � 
 � j� and

i�N � 
 
 j�� In the �rst case set k � j� � i � 
 and write

P �Xi�i�N�� � Xj��j��N���

�
X

xi�i�k����xi�����xi�k��	

P �Xi�i�k�� � xi�i�k���� P �Xj��j��N�� � Xi�i�N�� j Xi�i�k�� � xi�i�k��� �

�
��

�



Observe that k � N � Writing the conditional probability in the r�h�s� of �
�� as a product

gives an estimate

P �Xj��j��N�� � Xi�i�N�� j Xi�i�k�� � xi�i�k��� � �
� ��N � �
��

Substituting �
�� into �
�� then yields

P �Xi�i�N�� � Xj��j��N��� � �
� ��N � �
��

In the second case we repeat the argument with replacing k by N � this again leads to

�
��� Finally� bound �
�� follows after counting all possibilities for j��

In the case of a general r � 
� replace �
� ��N in the r�h�s� of �
�� by �
� ���N�r�� In

fact� the inequality

P �Xj��j��N�� � Xi�i�N�� j Xi�i�k�� � xi�i�k��� � �
� ���N�r� �
��

holds because we can bound the conditional probability in the l�h�s� of �
�� from above by

P �Xj��tr � Xi�tr� t � �� � � � � �N�r
 j Xi�i�k�� � xi�i�k��� � �
��

and then write �
�� as a product of r�step conditional probabilities� The rest of the argument

does not di�er from the previous case r � 
� �

Corollary ��� There exists a constant c � � such that
 with probability one


lim sup
n��

max
��i�n

Ln
i �X�

logn
� c� �
��

Proof� We use a standard Borel�Cantelli argument� Let

Bn�c �

�
x 	 max

��i�n

Ln
i �x�

logn
� c

�
�

It su�ces to prove that� for some c � ��X
n

P �Bn�c� 
�� �
��

Combining �
�� with the obvious inequality

P
�
max
��i�n

Ln
i �X� � N

�
� n max

��i�n
P �Ln

i �X� � N� � ����

yields

P �Bn�c� � n
�
� ����c�r	 log n��

and �
�� follows if c � ��r� log�
� ��� �

Proof of Theorem �� It su�ces to combine result ��� and Corollary ����

�



� The Bernoulli property

Proof of Theorem �� The main point now is to �nd a so�called very weak Bernoulli partition�

A natural candidate is the partition 
 of the realization space into the elements Ci�
� of the

form

Ci�
� � fx 	 x� � ig� i � V�

According to the results of Section �� Part 
 from ��
� to prove that 
 is weak Bernoulli it

su�ces to check that

lim
N��

ess sup sup
A � BN��

� P �A j B��� P �A� 
 � �� ��
�

It is natural to analyze higher�order Markov chains approximating our process X� The

s�th Markov chain approximating X is a Markov chain with state space Vs� and transition

probability matrix Qs � �qs�x��s� x
�
��s�� given by

qs�x��s� x
�
��s� � P �Xr � x��� � � � � Xrs � x�s j X��s��	r � x�� � � � � X� � xs��

where x��s � �x�� � � � � xs�� x
�
��s � �x

�
�� � � � � x

�
s�� According to condition ���� for any s � 
� this

chain is irreducible and aperiodic and has a unique equilibrium distribution �s 	

�s Qs � �s�

Moreover� this distribution satis�es

��x��s� � �s � ��

The main technical step of the proof is the following	

Lemma ���� There exists a constant � � ��� 
� such that for any positive integers s and

t and any probability distribution � on Vs� the variation distance var � �Qt
s� �s 
 obeys

var � �Qt
s� �s 
 � �t� ����

Proof� The proof of this lemma follows a standard argument used in the theory of Gibbs

processes �see the above references and also �
�
� �
�
 and �
�
�� Here we give a simpli�ed version

of the for the completeness of the exposition�

�



Writing

Ss � fx��s � V
s 	 ��x��s� � �s�x��s�g

and

Ts � fx��s � V
s 	 ��Qs��x��s� � �s�x��s�g

we have

var � �Qs� �s 
 �
�



P
x��s

��� ��Qs��x��s�� �s�x��s�
���

�
X

x��s � Ts

� ��Qs��x��s�� �s�x��s� 
 �
X
x��s

� ��x��s�� �s�x��s� 

X

x���s � Ts

qs�x��s� x
�
��s�

�
X

x���s � Ss

� ��x��s�� �s�x��s�


	

� 
� X
x���s � �Ts

qs�x��s� x
�
��s�

�

� � ����

where �Ts denotes the complement V
s n Ts�

To estimate the term in the large square brackets in the r�h�s� of ����� we use

Lemma ���� Fix a �semi�in�nite � realization x�
� � �xn� n � 
� and denote by eqs�x���s�

the value of the transition probability qs�x
�
��s� x

�
��s�� There exists a constant � � ��� 
� such

that for any s and any x��s� x
�
��s � V

s� we have

qs�x��s� x
�
��s� � �eqs�x���s�� ����

Proof� We write

qs�x��s� x
�
��s� � P �Xr � x�� j X��s��	r � x�� � � � � X� � xs�

�P �X
r � x�
 j X��s�
	r � x
� � � � � Xr � x���� � � �� P �Xsr � x�s j X� � xs� � � � � X�s��	r � x�s���

and replace� in each term� the values xj by x�
j � for j � 
� �� � � � � Using estimates ��a�b� leads

to ����� �

Returning to ����� we bound the r�h�s� from above by

X
x���s � Ss

� ��x��s�� �s�x��s�


	

� 
� �
X

x���s � �Ts

eqs�x���s�
�

� � ����

We also can assume that X
x���s � �Ts

eqs�x���s� � 
� �

�



for otherwise we can replace in ���� Ss and eTs with their complements and arrive at an
expression similar to ����� with Ts instead of �Ts� Therefore�

var ��Qt
s� �s
 �

�

�



�
�
� X
x���s � Ss

� ��x��s�� �s�x��s�


�



�

�

�



�
�
� X
x��s

��� ��Qs��x��s�� �s�x��s�
���

�
�

�



�
�
�
var � �� �s 
�

Now putting � � 
�
���� the assertion of Lemma ��
 follows by iterating the bound obtained�

�

It is now easy to complete the proof of Theorem �� Set N � �n�r
 and denote by Bfr�
r�����lrg

the ��algebra generated by the r�v�s Xr� X
r� ���� Xlr� 
 � l � N � We can write

� P �A j B�� 
�x�� �
P

x������ xN

QN
l�� � P �Xlr � xl j Bfr�
r������l��	rg � B�� 
��x�� � � � � xl� � x��

�� P �A j Bfr�
r�����Nrg � B�� 
��x�� � � � � xN� � x�� ����

and� similarly�

P �A� �

X
x������ xN

NY
l��

� P �Xlr � xl j Bfr�
r������l��	rg� 
��x�� � � � � xl�� � P �A j Bfr�
r������l��	rg� 
�x�� � � � � xN��

����

The idea is now to �cut o�� the conditional probabilities passing to the higher�order Markov

chains approximating the process X� Let us denote the probability distribution on the space of

the realizations x � �xn� n � Z�� induced by the s�th order chain� by eP �s	� We can of course

write down formulas similar to ����� ���� for eP �s	�A j B�� 
�x�� and eP �s	�A�� Comparing

corresponding factors then yields����� � P �A j B�� 
�x��

� eP �s	�A j B�� 
�x��
� 


����� � N

s

X
k�s

	k ����

and similarly ����� P �A�eP �s	�A�
� 


����� � N

s

X
k�s

	k� ����

Applying Lemma ��
 now yields����� � eP
�s	�A j B�� 
�x��eP �s	�A�

� 


����� � ���N�s	�s�� ����


�



so that choosing s � s�N� in such a way that both ��N � s��s
 	� and �N�s�
P

k�s 	k 	 ��

as N 	�� leads to ��
�� This completes the proof of Theorem ��

References

�

 P� Shields� Entropy and pre�xes� Annals of Probability� ��	�������� 
����

��
 T�M� Cover and J�A� Thomas� Elements of Information Theory� J�Wiley	 New York� 
��
�

��
 A� Wyner and J� Ziv� Some asymptotic properties of the entropy of a stationary ergodic

data source with applications to data compression� IEEE Trans� Inf� Theory� ��	
����
����


����

��
 P� Shields� String�matching	 the ergodic case� Annals of Probability� ��	

���
���� 
����

��
 D� Ornstein and B� Weiss� How sampling reveals a process� Annals of Probability� 
�	����

���� 
����

��
 D� Ornstein and B� Weiss� Entropy and data compression schemes� IEEE Trans� Inf�

Theory� ��	������ 
����

��
 P� Grassberger� Estimating the information content of symbol sequences and e�cient

codes� IEEE Trans� Inf� Theory� ��	�������� 
����

��
 D� Ornstein� Ergodic Theory
 Randomness and Dynamical Systems� Yale University Press�


����

��
 H��O� Georgii� Gibbs Measures and Phase Transitions� W� de Gruyter	 Berlin et al� 
����

�
�
 R�L� Dobrushin� The problem of uniqueness of a Gibbs random �eld and the problem of

phase transition� Funct� Anal� Appl�� �	�����
�� 
����

�


 D� Ruelle� Statistical mechanics of a one�dimensional lattice gas� Math� Phys�� �	��������


����

�
�
 G� Gallavotti and S� Miracle�Sole� Absence of phase transitions in hard�core one dimen�

sional systems with long�range interactions� Journ� Math� Phys�� 

	
���
��� 
����







�
�
 Ju�M� Suhov� The matrix method for continuous systems in classical statistical mechanics�

Trans� Moscow Math� Soc�� ��	
����
�� 
��
�

�
�
 R�A� Minlos and G�M� Natapov� Uniqueness of the Gibbs distribution in one�dimansional

classical systems� Theor� Math� Phys�� ��	�������� 
����

�
�
 G� Gallavotti� Ising model and bernoulli schemes in one dimension� Commun� Math� Phys��

��	
���
��� 
����

�
�
 G� Caldiera and E� Presutti� Absence of phase transitions in hard�core one dimensional

systems with long�range interactions� Commun� Math� Phys�� ��	�������� 
����

�
�
 Yu�M� Suhov� Random point processes and DLR equations� Commun� Math� Phys��

��	

��
��� 
����

                     


�



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


