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Abstract

We consider a natural generalization of the well�studied Genocchi numbers� This

generalization proves useful in enumerating the class of deterministic �nite automata
�DFA� which accept a �nite language� We also link our generalization to the method

of Gandhi polynomials for generating Genocchi numbers�

� Introduction and Motivation

The study of Genocchi numbers and their combinatorial interpretations has received much
attention �see ��� �� �� �� 		� 	
�� In this paper� we give another combinatorial interpretation
of the Genocchi numbers� as well as suggest a generalization of the Genocchi numbers

The Genocchi numbers may be de�ned in terms of the generating function
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They may also be de�ned in the following way �cf �		� 	
�� Let the Gandhi polynomials
be de�ned by �

A�n� 	� k� � k�A�n� k � 	�� �k � 	��A�n� k�

A�	� k� � k� � �k � 	��

Then jG�nj � A�n� 	� 	� The �rst few values of jG�nj are 	�	���	��	��
Our motivation comes from automata theory We are interested in the number of �nite

languages recognized by deterministic �nite automata �DFAs� with n states It is easy to see
that if a DFA M � �Q��� �� q�� F � accepts a �nite language� then there exists an ordering of

	



the elements of Q� say Q � f�� 	� �� � � � � ng with q� � � and such that ��i� a� � i for all i � Q

and a � � Thus� we are interested in the number of labeled directed graphs with labeled
edges on n vertices in which all edges �u� v� satisfy u � v

There have been previous generalizations of the Genocchi and Euler numbers �eg Du�
mont �
�� Dumont and Randrianarivony ���� Horadam �	��� Thakare �	�� and Karande and
Thakare �	��� but apparently none deal with the extension we propose here To our knowl�
edge� this generalization has not been suggested

� De�nitions and Background

We �rst recall some de�nitions from automata theory and formal languages For any terms
not covered here� the reader may consult Hopcroft and Ullman �	�� Let � denote a �nite
alphabet Then �� is the set of all �nite strings over � The empty string is denoted by �
A language L over � is a subset of �� A deterministic �nite automaton �DFA� is a ��tuple
M � �Q��� �� q�� F �� where Q is a �nite set of states� � is a �nite alphabet of symbols�
q� � Q is the initial state and F � Q is the set of �nal states The transition function � is
a function � � Q� �� Q It is extended to Q� �� � Q in the following manner For any
w � �� and a � �� ��wa� q� � ����w� q�� a� for all states q � Q �we set ��q� �� � q for all
q � Q�

A string w � �� is accepted by M if ��q�� w� � F  The language accepted by a DFA M

is the set of all strings accepted by M � denoted by L�M��

L�M� � fw � �� � ��q�� w� � Fg

We say that a DFA M accepts a language L � �� if L � L�M�
We now proceed with our generalization of the Genocchi numbers An alternate de�nition

for the Genocchi numbers given by Dumont ��� is as follows� De�ne Bn�k by
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X�
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where the sum is taken over all k�� � � � � kn�� such that 	 � k� � k� � � � � � kn�� � kn�� �
�n� k and kj � �j for all j Then G�n � Bn��� or� in particular
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Consider the change of variables i� � k� and i� � k� � k��� for � � � � n � � Then the
following is an equivalent formula for G�n�
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Given this representation� we may make the main de�nition of the paper� by replacing the
appearance of multiples of � by multiples of an arbitrary integer k 	 ��

�



De�nition ��� De�ne the following sequence of integers G
�k

�n for all k 	 � and n 	 	�
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Call the sequence fG
�k

�n gn�� the k�th generalized Genocchi numbers�
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Figure �	� Small values of G
�k

�n 

Note that Horadam de�nes the generalized Genocchi numbers of order k �	�� which do not
appear to be related to our de�nition in any meaningful way Figure �	 shows the �rst few
values of G

�k

�n for small values of k The method of generating Genocchi numbers by Gandhi

polynomials �		� 	
� may also be generalized to generate the sequences G
�k

�n 

Lemma ��� Given the following Gandhi polynomials

Ak�n� 	� r� � rkAk�n� r � 	�� �r � 	�kAk�n� r�

Ak�	� r� � rk � �r � 	�k

then G
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�n � Ak�n� 	� 	��
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For all r 	 	 and s 	 	 Then note that by De�nition �	�
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Also note that by the binomial theorem�
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Now we consider the general case of Pk�s� r� For convenience� denote Jr � rk �
Pr��
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Then
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Further� note that Jr � k� ir��� Jr��� We may consider the inner most sum of ����� again
using the binomial theorem�
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Thus substituting this into our expression for Pk�s� r� gives
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From ���� and ����� we can conclude that Ak�n� r� � Pk�n� r� Thus� the result follows
from ����

��� Alternate Expressions for G
�k�
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In this section� we consider exponential generating functions for G
�k

�n  Recall that
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For this� we will consider a generalization of the Stirling numbers given by Comtet ���
The equivalence of the generating function ��
� and the expression for Genbocchi num�

bers in terms of Gandhi polynomials was proved by Riordan and Stein �	
� In particular�
let Ak denote the Gandhi polynomials of Lemma �� Then Riordan and Stein have shown
the following holds for all 	 � j � n�

A��n� 	� �

j��X
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��	��x�x� � � � xj��h��x�� � � � � xj���A��n� j� j � 	� ��
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where xi � i� and hi�x�� � � � � xi� is the homogeneous product sum symmetric function �see
�	��� We may immediately conclude that

Ak�n� 	� �

j��X
���

��	��x��kx��k � � � xj���kh��x��k� � � � � xj���k�Ak�n� j� j � 	� �� ����

where xi�j � ij Consider the following de�nition�

De�nition ��� De�ne the following numbers Tk�n� i� for all k 	 �� n 	 	 and all i as
follows�

Tk�	� 	� � 	

Tk�n� i� � � 
i �� �	� n�

Tk�n� i� � ikTk�n� 	� i� � Tk�n� 	� i� 	� 
i � �	� n�

Call the numbers Tk�n� i� the k�th central factorial numbers�

Note that this de�nition is consistent with the central factorial numbers when k � � �see
��� Eq ���� p ����� Now the relation

h��x��k� � � � � xj���k� � h��x��k� � � � � xj�����k� � xj���kh����x��k� � � � � xj���k�

implies that if we take ���� with j � n then

Ak�n� 	� �
nX
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By Lemma ��� this gives us a represtentation for the generalized Genocchi numbers in terms
of the generalized central factorial numbers which is of independent interest �compare with
�	
� Eq ���� p ������
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Figure ��� Small values of T��n� i�
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����� Generalized Stirling Numbers

In our pursuit of a generating function for Gk
�n� we may now turn to the generalization of

Stirling numbers given by Comtet ��� This generalization of the Stirling numbers includes
the k�th central factorial numbers Tk�n� i�

Let 	 � �	�� 	�� � � �� be an in�nite sequence The generalized Stirling numbers of the
second kind S��n� k�� are given implicitly by

xn �
nX

k��

S��n� k��x� 	���x� 	�� � � � �x� 	n����

The following identity is given by Comtet ����

S��n� k� � S��n� 	� k � 	� � 	kS��n� 	� k � 	��

Comtet also gives the following generating function�
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This equation was also known to Bach �	� Eq �	�� p �	��

Thus� for the generalized central factorial numbers Tk�n� i�� we may choose 	�k
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such that 	
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j � jk Then we get that
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This yields the following expression using �����
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Unfortunately� we have not been able to extend this to a generating function for Gk
�n in

the manner of Riordan and Stein �	
�

� Combinatorial Interpretations

In this section� we go through several combinatorial interpretations of the generalized central
factorial numbers and the generalized Genocchi numbers






��� Quasi�Permutations

Recall the following de�nition �cf ��� p ��
���

De�nition ��� A set P � f	� � � � � ng � f	� � � � � ng is a quasi�permutation of f	� � � � � ng if
there exists a permutation p of f	� � � � � ng such that P is a subset of the following set

f�i� p�i�� � i � f	� � � � � ng� p�i� � ig

Let jP j denote the cardinality of P as a set For any subset P � f	� � � � � ng � f	� � � � � ng�
let Y �P � � fi � �i� such that �i�� i� � Pg� the projection of P on the second component
Similarly� X�P � � fi � �i� such that �i� i�� � Pg

We can generalize a theorem of Dumont ��� Thm 	� p ���� �which is itself inspired by
a theorem of Foata and Sch�utzenberger �	�� Prop ��� p ���� concerning combinatorial
interpretations of the central factorial numbers as follows�

Theorem ��� The quantity Tk�n� i� is equal to the number of k�tuples �Q�� Q�� � � � � Qk� of
quasi�permutations of f	� � � � � ng such that

 jQjj � n� i for all j with 	 � j � k

 for all 	 � j� j � � k� Y �Qj� � Y �Qj���

Proof� The proof is a simple generalization of that of Dumont ��� Thm 	� p ����

Note that a simple calculation will show that the result of Dumont concerning tuples of
permutations ��� Thm �� p �	�� does not generalize obviously to k�th generalized Genocchi
numbers

��� Finite language DFAs over � letters

We start by de�ning a set of directed graphs which will be of interest�

De�nition ��� Let Gn�k de�ne the set of digraphs satisfying the following conditions� For
all G � �V�E� � Gn�k�

 There are n vertices� labeled f	� � � � � ng�

 The edges of E are labeled with an integer from the set f	� �� � � � � kg� Thus an edge of
E is given by an element of V � f	� �� � � � � kg � V �

 All the edges of E are directed and satisfy the following� if e � �u� a� v� � E and u �� n

then e is directed from u to v and u � v� If u � n then necessarily v � n�

 G is initially connected� that is� for each vertex v� there exists a directed path from 	
to v�

 The graph G is complete� For each vertex v and each integer i �	 � i � k�� there exists
an edge with source v and label i�

Given ��	�� we can prove the following�

Theorem ��� For all n 	 	� jGn��j � G�n�

�



Proof� The sum given in ��	� represents the number of ways of connecting each of the
vertices �� � � � � n with a lower numbered vertex We can see this as follows Consider vertex
� In order for vertex � to be connected to vertex 	� at least one of the � edges leaving vertex
	 must enter vertex � We let i� of them enter �� and account for all possible combinations

Now for vertex �� at least 	 of the �� i� edges leaving vertex 	 and � which have yet to
be assigned must enter vertex �� let i� of them enter vertex �

We continue this process for the �rst n � 	 vertices The result is the sum ��	� The
vertex n is initially connected since by de�nition all edges leaving vertex n � 	 must enter
vertex n

We can also give a direct proof of Theorem �� Recall ��� that a surjective step function
�SSF� of size �n is a function f � f	� �� � � � � �ng � f	� �� � � � � �ng such that

 f is increasing function� ie f�i� 	 i

 the image of f is exactly f�� �� 
� � � � � �ng

Theorem ��� �Dumont� 	
� ���� The number of surjective step functions of size �n is
G��n	�
�

We show a bijection between all SSFs of size ��n� 	� and Gn��
Let f � f	� �� � � � � �n � �g � f�� �� 
� � � � � �n � �g be a surjective step function of size

��n� 	� Then de�ne the graph Gf � �Vf � Ef� as follows� Vf � f	� � � � � ng and

Ef � f�n� a� n� � a � f�� 	gg

� f�i� ��
f��i�

�
� 	� � 	 � i � ng

� f�i� 	�
f��i� 	�

�
� 	� � 	 � i � ng

Lemma ��	 Let f be a SSF of size ��n� 	� and Gf the resulting graph� If �u� v� � Ef with
u �� n then u � v and further Gf is initially connected�

Proof� Let i be any integer such that i �� n Then the two edges with source i are
�i� �� f��i


�
� 	� and �i� 	� f��i��


�
� 	� Then

f��i�

�
� 	 	

�i

�
� 	 � i� 	 � i

f��i� 	�

�
� 	 	

�i� 	

�
� 	 � i �

	

�
� i

by the fact that f is increasing
Now we show Gf is initially connected We proceed by induction on i Assume that all

vertices with label less than i are connected to vertex 	 Now consider vertex i � n Since f
is surjective on f�� �� 
� � � � � ��n�	�g� there exists some j such that f�j� � ��i�	� Consider
the parity of j

�



case �
 j is even� Let j � be an integer such that �j � � j Then j � 	 	 and f��j �� � �i� �

implies i � f��j�

�

� 	 and thus �j �� �� i� � Ef  By above� j � � i� and thus by induction i is
connected to vertex 	
case �
 j is odd� Let j � be an integer such that �j � � 	 � j Then j � 	 	 and f��j � � 	� �

��i � 	�� so again i � f��j���

�

� 	 and thus �j �� �� 	� � Ef  Once again j � � i and thus by
induction i is connected to vertex 	

Lemma ��� Let G � �V�E� � Gn��� Then there exists a SSF f of size ��n � �� such that
G � Gf �

Proof� Obvious

Thus� we have a direct bijection demonstrating Theorem �� We now return to our
motivation� DFAs which recognize �nite languages Adding �nal states in all possible ways�
we have the following corollary�

Corollary ��� The number of �nite languages over a two letter alphabet accepted by a DFA
with n states is at most �n��G

��

�n �

Unfortunately� this bound is asymptotically worse than that given by Domaratzki et al� ���
This is due to the fact that many of the languages recognized by distinct DFAs will be the
same� due to relabeling of states However� the upper bound �n��G

��

�n is better than the

bound given by Domaratzki et al� for the values n � ��

��� Finite language DFAs over k letters

The argument of Theorem �� can be easily extended to graphs over a k letter alphabet In
fact� if we repeat the same argument to get the following result�

Theorem �� jGn�kj � G
�k

�n �

Corollary ���� The number of �nite languages over a k letter alphabet accepted by a DFA
with n states is at most �n��G�k


�n �

��� k�th Surjective step functions

We may adapt the combinatorial interpretation of Dumont ��� to generalized Genocchi num�
bers�

De�nition ���� A k�th surjective step function �k�SSF� of size kn is a increasing surjective
function f � f	� �� � � � � kng � fk� �k� �k� � � � � kng

Lemma ���� There are G
�k

��n	�
 k�th surjective step functions of size kn�

�



� Conclusions and Further Work

In this paper� we have considered a new generalization of the Genocchi numbers This
generalization has proved useful in our attempts to enumerate the number of �nite languages
recognized by DFAs with n states However� this work is only a slight progress towards this
goal� and any e�ective enumeraion must be an unlabelled enumeration of DFAs� which
appears to be very di�cult� even in the case of recognition of �nite languages

Our introduction of these new classes of Genocchi numbers is also not complete� as we
have not given an expontential generating function for the sequences G

�k

�n 

� Acknowledgments

Thanks to Je� Shallit for his careful reading� motivation and pointing me towards the Genoc�
chi numbers Thanks to Kai Salomaa for his many useful comments Marni Mishna also
carefully read this paper and had many useful suggestions

References

�	� G Bach �Uber eine Verallgemeinerung der Di�ernzengleichung der Stirlingschen Zahlen
�Art und einige damit zusammenh�agende Fragen Journal Fur Die Reine und Ange�
wandte Mathematik� �����	������ 	�
�

��� L Comtet Nombres de Stirling G�en�eraux et fonctions sym�etrique C�R� Acad� Sc�
Paris Serie A�� ������������ 	���

��� M Domaratzki� D Kisman� and J Shallit On the number of distinct languages ac�
cepted by �nite automata with n states In J Dassow and D Wotschke� editors� Third
International Workshop on Descriptional Complexity of Automat� Grammars and Re�
lated Structures� ����� pages 

���� ���	

��� D Dumont Sur une conjecture de Gandhi concernant les nombres de Genocchi Disc�
Math�� 	���	����� 	���

��� D Dumont Interpretations combinatoires des nombres de Genocchi Duke Math� J��
�	������	�� 	���

�
� D Dumont Une g�en�eralisation trivari�ee sym�etrique des nombres eul�eriens J� Comb�
Theor� Ser� A�� ����������� 	���

��� D Dumont and A Randrianarivony Derangements et nombres de Genocchi Disc�
Math�� 	��������� 	���

��� D Dumont and A Randrianarivony Sur une extension des nombres de Genocchi
Europ� J� Comb�� 	
�	���	�	� 	���

	�



��� D Dumont and G Viennot A combinatorial interpretation of the Seidel generation of
Genocchi numbers Disc� Math�� 
������� 	���

�	�� D Foata and MP Sch�utzenberger Th�eorie G�eom�etrique des Polyn�omes Eul�eriens
Number 	�� in Lecture Notes in Math Springer�Verlag� 	���

�		� J M Gandhi A conjectured representation of Genocchi numbers Amer� Math�
Monthly� ���������
� 	���

�	�� J E Hopcroft and J D Ullman Introduction to Automata Theory� Languages� and
Computation Addison�Wesley� 	���

�	�� AF Horadam Genocchi polynomials In Applications of Fibonacci Numbers� volume ��
pages 	���	

� 	��	

�	�� B K Karande and N K Thakare On the uni�cation of Bernoulli polynomials and
related functions Ind� J� Pure Appl� Math�� 
����	��� 	���

�	�� P A Macmahon Combinatory Analysis Chelsea Publishing Company� 	�	�

�	
� J Riordan and P R Stein Proof of a conjecture on Genocchi numbers Disc� Math��
����	����� 	���

�	�� N Thakare Generalization of Bernoulli� Euler numbers and related polynomials Boll�
Un� Math� Ital� B �
�� 	������������� 	���

		



<<
  /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


