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Distance graphs with large
chromatic number and arbitrary girth
Andrey B. Kupavskii (Moscow)

Abstract: In this article we consider a problem related to two famous combinatorial topics. One

of them concerns the chromatic number of the space. The other deals with graphs having big girth

(the length of the shortest cycle) and large chromatic number. Namely, we prove that for any l � N

there exists a sequence of distance graphs in R
n
with girth at least l and the chromatic number

equal to (c + o(1))n with c > 1.
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1. Introduction

1.1. History and related problems

In this article we study distance graphs (see [4]) of a certain type. Fix some

a > 0. We say that G = (V , E) is an a-distance graph in R
n
, if V is a subset of R

n

and

E � ��x, y� : x, y � V , �x� y� = a�.

Remark 1. If we consider an a-distance graph in Rn
, then we can apply homothety

and transform it into a 1-distance graph (which is also called unit distance graph).

So we won’t distinguish a-distance graphs for different a.
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Such graphs arise naturally in the context of the problem of finding the chro-

matic number of the space. This famous question was posed by Nelson in 1950:

what is the minimum number χ(R2
) of colors needed to color all points of the

plane so that no two points at distance one receive the same color? Although this

question doesn’t sound too difficult, it hasn’t got an answer yet. The best we know is

that 4 � χ(R2
) � 7. One may ask the same question for higher-dimensional spaces.

Here is the formal definition (see [2]):

χ(Rn
) = min�m � N : R

n = H1 � . . . �Hm : � i, � x, y � Hi �x� y� �= 1�.

There are quite a few results about this quantity (see the surveys [16], [18] and

also [12]), e.g. there are nontrivial lower bounds for the value of χ(Rn
), n � 24.

We will be interested in the behavior of χ(Rn
) as n��. The following asymptotic

lower and upper bounds are due to A. Raigorodskii [16] and D. Larman, C. Rogers

[14] respectively:

(ζlow + o(1))n � χ(Rn
) � (3+ o(1))n , where ζlow = 1,239 . . . .

The connection between the chromatic number of the space Rn
and distance

graphs in R
n
is intimate. On the one hand, it follows from the definitions that for

any such distance graph G, χ(G) � χ(Rn
). On the other hand, N.G. de Bruijn and

P. Erdős [5] proved that there exists a distance graph G�
in Rn

with finite number

of vertices such that χ(G�
) = χ(Rn

).

The second question that lies at the basis of this article is the following. Can

we construct graphs with arbitrarily large chromatic number and arbitrary girth (the

length of the shortest cycle)? The positive answer to this question was given by

P. Erdős [9]. He proved that such graphs exist, although the proof was probabilistic,

so there was no explicit construction. Later, L. Lovász [15] managed to construct

such graphs.

It is natural to ask how big can the chromatic number of a distance graph be

if we additionally require that the graph has no cliques (complete subgraphs) or

cycles of fixed size. The question, whether there is a distance graph in the plane

with chromatic number 4 and without triangles (which are both cliques of size 3 and

cycles of length 3) was asked by P. Erdős [10]. It was answered positively. Moreover,

P. O’Donnell ( [7], [8]) proved that for any l � N there exists a distance graph in

the plane with chromatic number 4 and girth greater than l.

We consider the following three families of distance graphs in R
n
: �(n, k) is

the family of all distance graphs that do not contain complete subgraphs of size k;
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�odd(n, k) is the family of all distance graphs that do not contain odd cycles of

length � k; �(n, k) is the family of all distance graphs that do not contain cycles
of length � k. We obviously have the following inclusion:

�(n, l) 	 �odd(n, l) 	 �(n, k) 	 �(n, k�),

where l � 3 and k� � k � 3.

Now we define the following quantities:

ζk = lim inf
n��

max
G��(n,k)

(χ(G))1/n,

ξodd
k = lim inf

n��
max

G��odd(n,k)
(χ(G))1/n,

ξk = lim inf
n��

max
G��(n,k)

(χ(G))1/n.

For example, the bound ζk � 1,1 means that there exists a sequence of distance

graphs Gn 	 R
n
, such that χ(Gn) � (1,1+ o(1))n and none of Gi contains cliques

of size k.

The values ζk and ξodd
k were considered in several papers (see [17]). The most

accurate estimates on ζk are due to A.Kupavskii [13] (see also [6], where both ξodd
k

and ζk were considered).

There are two approaches to estimate the quantity ζk . The first one is prob-

abilistic, so we don’t obtain an explicit graph. However, using this technique one

can see that ζk � ck, where ck > 1 and lim
k��

ck = ζlow . In [6] this method gave

nontrivial bounds only for k � 5. A refinement of this method suggested in [13]

works for k � 3.

The second approach is in some sense code-theoretic. It provides us with

explicit constructions of such graphs and it works for k � 3. Moreover, it gives

much better bounds for small k. But as k grows, this method becomes worse than

the probabilistic one, and the bounds tend to some constant that is significantly

smaller than ζlow .

A way to obtain bounds on ξodd
k , k � 5, is also code-theoretic. In [6] it was

proved that for any fixed k we have ξodd
k > 1.

Bounds on both ζk and ξodd
k that are slightly weaker than the code-theoretic

ones can be derived from simple geometric observations (see [13]).

03-Kupavskii.tex



143] Distance graphs with large chromatic number and arbitrary girth 55

1.2. Main Result

In the previous subsection we considered values ζk, ξ
odd
k , ξk. For the first two

values we mentioned some non-trivial bounds. However, both previous probabilistic

and code-theoretic approaches failed to provide any estimate for ξk , k � 4. The

main result of this article is the following

Theorem 1. For any fixed k � 3 we have ξk � 1+ δ, where δ = δ(k) is a positive

constant that depends only on k.

We say that a graph H is a forest if it doesn’t contain cycles. Consider a finite

family � = �H1, . . . ,Hm� of graphs. Let �(n,�) be the family of all distance
graphs in R

n
that do not contain any of Hi � � as a subgraph. We define the

quantity ξ(�) as above:

ξ(�) = lim inf
n��

max
G��(n,�)

(χ(G))1/n.

Theorem 1 provides us with the following appealing corollary:

Corollary 1. For any finite family � of graphs such that no Hi � � is a forest we

have ξ(�) � 1+ δ, where δ = δ(�) is a positive constant that depends only on �.

Proof. The proof is immediate. Let li be the length of the shortest cycle in Hi ,

where Hi � �. Then ξ(�) � max
i

ξli � 1+ δ, where δ depends only on �. �

Unfortunately, Theorem 1 says nothing about the family of graphs, on which

this bound can be attained. So it is natural to raise the following problem:

Problem 1. Prove Theorem 1 using an explicit construction.

The second disadvantage of the method used in this article is the following. The

graphs that finally can be obtained are not necessarily complete distance graphs, i.e.

in the definition of their set of edges we have the strict inclusion (not all possible

edges are drawn). Here is another question:

Problem 2. Prove Theorem 1 using complete distance graphs.

The rest of the article is organized as follows. In Section 2.1 we will give

necessary definitions and state auxiliary results. In Section 2.2 we will give the proof

of Theorem 1.
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2. Proof of Theorem 1

2.1. Preliminaries

As a basis of our construction we will take a family � = �G4i : i � N� of

distance graphs, where G4n = (V4n,E4n), and

V4n = �x = (x1, . . . , x4n) : xi � �0, 1�, x1 + . . . + x4n = 2n�,

E4n = ��x, y� : (x, y) = n�.

Here (, ) denotes the Euclidean scalar product. In the next subsection we will

prove that for any k � N there exists a family of graphs H4i such that for each i

the graph H4i is a subgraph of G4i and H4i has girth greater than k. Moreover,

χ(H4i) = (c + δ(4i))4i, where c > 1 and δ(i)� 0 as i��. This is all we need to

prove since in any dimension of the form 4i+ j, j = 1, 2, 3 we can consider a plane

of codimension j and embed an isometric copy of H4i there. As a result we obtain

a sequence of graphs with desired properties in all dimensions.

It is easy to see that

�V4n� =
�
4n

2n

�
= (2+ o(1))4n and �E4n� =

�
4n

2n

��
2n

n

�2

= (4+ o(1))4n.

We will use the following result from the paper [11]:

Theorem 2. For any ε > 0 there exists δ > 0 such that for any subset S of V4n,

�S� � (2 � δ)4n, the number of edges in S (the cardinality of E4n�S ) is greater than

(4� ε)4n.

Remark 2. We do not give any numerical bounds for ξk since they are very difficult

to derive. The reason is that we use Theorem 2, in which there is no explicit

dependency between ε and δ.

We will also need Lovász Local Lemma (see [1]):

Theorem 3. Let A1, . . . ,Am be events in an arbitrary probability space and J(1), . . . ,

J(m) be subsets of �1, . . . ,m�. Suppose there are real numbers γi such that 0 < γi < 1,

i = 1, . . . ,m. Suppose the following conditions hold:

1. Ai is independent of algebra generated by �Aj, j �� J(i) � �i��.
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2. P(Ai) � γi

�
j�J(i)

(1� γj).

Then

P

�
m"

i=1

Ai



�

m�
i=1

(1� γi) > 0.

We will use the following version of local lemma (see [3]):

Lemma 1. Let A1, . . . , Am and J(1), . . . , J(m) be as in Theorem 3. Suppose there

are real numbers δi such that 0 < δiP(Ai) < 0,69, i = 1, . . . ,m. Suppose the

following condition holds:

ln δi �
�
j�J(i)

2δjP(Aj). (1)

Then

P

�
m"

i=1

Ai



�

m�
i=1

(1� δiP(Ai)) > 0.

Proof. This form of local lemma is easy to derive from Theorem 3. We just need to

verify that the inequality 2 from Theorem 3 follows from the inequality (1). Indeed,

we have the following inequality:

ln δi �
�
j�J(i)

2δjP(Aj) �
�
j�J(i)

� ln(1� δjP(Aj)),

since ln(1� t) � �t� t2 � �2t for 0 < t < 0,69 (see [3]). We take an exponent of

both sides:

δi �
�

j�J(i)

(1� δjP(Aj))
�1
.

Finally, we substitute δi = γi/P(Ai). �

Recall that the independence number α(G) of a graph G = (V , E) is the size of

a maximum set S 	 V such that for any v, w � S we have �v, w� /� E .

2.2. Proof of Theorem 1

Fix natural numbers k � 3 and n. Let γ � (0, 1) be a constant that will be

defined later, and set p = γ4n . Consider a random subgraph G of the graph G4n in

which all edges are chosen independently and uniformly with the probability of each
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edge to occur equal to p. Namely, we have the probability space (Ω4n, �4n, P4n),
where

Ω4n = �G = (V4n, E), E � E4n�, �4n = 2
Ω4n,

P4n(G) = p
E
(1� p)
E4n
�
E
 for G = (V4n,E).

Denote N = �V4n�. We define two families of events on Ω4n . Firstly, for some l

we enumerate all l-element subsets of V4n and introduce the events

Xi = �ith l-element subset is independent�, i = 1, . . . , Cl
N .

Secondly, for each s = 3, . . . , k we enumerate all (labeled) cycles of length s

in G4n and introduce the events

Y s
j = �jth s-tuple is an s-cycle�, j = 1, . . . , cs(G4n),

where cs(G4n) is the number of labeled s-cycles in G4n .

Take l = (2 � δ)4n , where δ > 0 is again some constant that will be defined

later. The statement of Theorem 1 will follow from the inequality

P

�
Cl

N"
i=1

Xi �
k"

s=3

�
cs(G4n)"

j=1

Y s
j




> 0. (2)

Indeed, we obtain from (2) that there exists a subgraph G�
in G4n such that it

does not contain cycles of length � k and at the same time α(G�
) � l. The above

means that G� � �(4n, k) and

χ(G�
) � N

l
=
�

2

2� δ
+ o(1)

�4n

=
�
1+ δ� + o(1)

�4n

,

where δ� is a positive constant which will be seen to depend only on k.

To prove (2) we shall use Lemma 1. But before we apply it we have to estimate

the probabilities of the events Xi, Y s
i .

We start with Xi . Put ai = �E(G4n�Wi
)�, where Wi is an i-th l-element subset

of V4n . In other words, ai is the number of edges in Wi in the graph G4n . Then

P(Xi) = (1� p)ai � e�pai = e�γ4nai .
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Fix ε = ε(k) > 0 and choose δ = δ(ε, k) as in Theorem 2. Then obviously

ai � (4� ε)4n.

We go on to Y s
i . It is easy to see that for each s-tuple Qs

i we have

P(Y s
i ) = ps = γ4ns

.

We also need to analyze the dependencies between the events.

For each Xi let us estimate the number of Y s
j on which it may depend. Note

that if Xi and Y s
j are dependent then the corresponding sets Wi and Qs

j must have

a common edge. The number of ways to make an s-cycle out of a fixed edge is not

bigger than 2
(s�2)4n

. Thus the number of Y s
j on which Xi depends does not exceed

ai2
(s�2)4n

.

For all i, s, each Y s
i and Xi depend on not more than Cl

N events Xj.

It remains to estimate for each Y s1
i the number of the events Y s2

j on which it

depends. If they are dependent, Qs1
i and Qs2

j must have a common edge. Then it is

easy to see that the number of such events does not exceed

s12
4n(s2�2) = 2

4n(s2�2)(1+o(1))
.

For each event E � �Xi, Y
s
i � we split the set J(E) (see Lemma 1) into parts.

First one (Jx
(E)) contains all events of the type Xj. The other parts (J

y
s (E)) consist

of the events of the type Y s
j . We want to apply Lemma 1, so we rewrite the conditions

(1) for our events:�������������
(Xi) ln δx

i � 2
�

j�Jx(Xi)

δx
j e�γ4naj + 2

k�
s=3

�
j�J

y
s (Xi)

δ
y
j (s)γ

4ns
,

(Y s1
i ) ln δ

y
i (s1) � 2

�
j�Jx(Y

s1
i )

δx
j e�γ4naj + 2

k�
s=3

�
j�J

y
s (Y

s1
i )

δ
y
j (s)γ

4ns
.

(3)

Fix a constant f = f(ε, δ, k) > 0, which will be defined later, and put

δ
y
i (s) = e, δx

i = eγ4n(1+f)ai .

It is easy to see that for sufficiently large n we have

0 < δx
i P(Xi) < 0,69, 0 < δ

y
i (s)P(Y

s
i ) < 0,69
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(see Lemma 1). Then for any j

δx
j e�γ4naj = eγ4n(1+f)aj�γ4naj = e�(γ�o(1))4naj � e�(γ�o(1))4n(4�ε)4n = e�

�
(4�ε)γ�o(1)

�4n
.

We also have

Cl
N �

�
eN

l

�l

�
�

2

2� δ
+ o(1)

�4n(2�δ)
4n

= e(2�δ+o(1))
4n

.

Thus for any i

�
j�Jx(Xi)

δx
j e�γ4naj �

�
j�Jx(Xi)

e�
�
(4�ε)γ�o(1)

�4n
�

� Cl
Ne�

�
(4�ε)γ�o(1)

�4n
� e(2�δ+o(1))

4n
�
�
(4�ε)γ�o(1)

�4n
= o(1),

if

γ >
2� δ

4� ε
. (4)

Similarly, if (4) holds, then�
j�Jx(Y s

i )

δx
j e�γ4naj = o(1).

Thereby, if we suppose that (4) holds, then the inequalities (3) will follow from

the system �����������
(Xi) γ4n(1+f)ai � 2

k�
s=3

eai2
4n(s�2)(1+o(1))γ4ns

,

(Y s1
i ) 1 � 2

k�
s=3

e24n(s�2)(1+o(1))γ4ns
.

(5)

One can see that since γ < 1, both inequalities of (5) are consequences of the

following. For any function g(n) = o(1), any s = 3, . . . , k and all sufficiently big n

should hold

2
4n(s�2)(1+g(n))γ4n(s�1�f) = o(1). (6)
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In turn, to prove this it is enough to check the inequality

s� 2+ (s� 1� f) log2 γ < 0 (7)

for s = 3, . . . , k. Any γ,

0 < γ < 2
� k�2

k�1�f , (8)

satisfies (7), and also the system (5). Therefore, the system (3) is satisfied if both

(4) and (8) hold:

2� δ

4� ε
< γ < 2

� k�2
k�1�f . (9)

Lastly, we can choose the parameters. We choose ε = ε(k) so that

2

4� ε
< 2

� k�2
k�1 .

Then we choose f = f(ε, δ, k) small enough so that

2� δ

4� ε
< 2

� k�2
k�1�f .

Finally, we choose

γ = γ(f, ε, δ, k) �
�
2� δ

4� ε
, 2

� k�2
k�1�f

�
.

We have verified all the conditions of Lemma 1, hence the inequality (2) holds

and Theorem 1 is proved.
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and his Mathematics, Bolyai Series Budapest, J. Bolyai Math. Soc., Springer, 11 (2002),

649–666.

Andrey B. Kupavskii

Department of Number Theory
Mechanics and Mathematics Faculty
Moscow Lomonosov State University
Vorobiovy Gory, GSP-1
119 991, Moscow, Russia,
kupavskii@yandex.ru



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Eurostandart Coated Medium \05015% GCR, 100x300% ink limit\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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
    /Tci2
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile 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



 
 
    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 1
     Page size: same as page 1
      

        
     Blanks
     0
     Always
     1
     1
     /D/Work/Favre.11977/main-lat.pdf
     1
     1
     602
     237
    
     AllDoc
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     1
            
       CurrentAVDoc
          

     SameAsPage
     AfterCur
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0
     Quite Imposing Plus 3
     1
      

   1
  

 HistoryList_V1
 qi2base





