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Abstract

In 1994, S. K. Stein and S. Szab6 posed a problem concerning simple
three-dimensional shapes, known as semicrosses, or tripods. By defini-
tion, a tripod is formed by a corner and the three adjacent edges of an
integer cube. How densely can one fill the space with non-overlapping
tripods of a given size? In particular, is it possible to fill a constant
fraction of the space as the tripod size tends to infinity? In this pa-
per, we settle the second question in the negative: the fraction of the
space that can be filled with tripods of a growing size must be infinitely
small.

1 Introduction

In [11, 10], S. K. Stein and S. Szabé posed a problem concerning simple
three-dimensional polyominoes, called “semicrosses” in [11], and “tripods”
in [10].

A tripod of size n is formed by a corner and the three adjacent edges
of an integer n x n X n cube (see Figure 1). How densely can one fill the
space with non-overlapping tripods of size n? In particular, is it possible to
keep a constant fraction of the space filled as n — oo? Despite their simple
formulation, these two questions appear to be yet unsolved.

In this paper, we settle the second question in the negative: the density
of tripod packing has to approach zero as tripod size tends to infinity. It is
easy to prove (see [11]) that this result implies similar results in dimensions
higher than three.

Instead of dealing with the problem of packing tripods in space directly,
we address an equivalent problem, also introduced in [11, 10]. In this alter-
native setting, tripods of size n are to be packed without overlap, so that
their corner cubes coincide with one of the unit cells of an n x n x n cube.
We may also assume that all tripods have the same orientation. If we denote
by f(n) the maximum number of non-overlapping tripods in such a pack-
ing, then the maximum fraction of space that can be filled with arbitrary



Figure 1: A tripod of size n = 4

non-overlapping tripods is proportional to f(n)/n? (see [11] for a proof).
The only known values of function f are f(1) up to f(5): 1, 2, 5, 8, 11. Tt
is easy to see that for all n, n < f(n) < n?. Stein and Szabé’s questions
are concerned with the upper bound of this inequality. They can now be
restated as follows: what is the asymptotic behaviour of f(n)/n? as n — 0o0?
In particular, is f(n) = o(n?), or is f(n) bounded away from 07

In this paper we show that, in fact, f(n) = o(n?), so the fraction of the
space that can be filled with tripods of a growing size is infinitely small.
Our proof methods are taken from the domain of extremal graph theory.
Our main tools are two powerful, widely applicable graph-theoretic results:
Szemerédi’s Regularity Lemma, and the Blow-up Lemma.

2 Preliminaries

Throughout this paper we use the standard language of graph theory, slightly
adapted for our convenience. A graph G is defined by its set of nodes V(G),
and its set of edges E(G). All considered graphs are simple and undirected.
The size of a graph G is the number of its nodes |V(G)|; the edge count
is the number of its edges |E(G)|. A graph H is a subgraph of G, denoted
HCQG, it V(H) CV(G), E(H) C E(G). Subgraph H C G is a spanning
subgraph of G, denoted H C G, iff V(H) = V(G).

A complete graph on r nodes is denoted K,. The term k-partite graph
is synonymous with “k-coloured”. We write bipartite for “2-partite”, and
tripartite for “3-partite”. Complete bipartite and tripartite graphs are de-
noted K,s and K4, where r, s, t are sizes of the colour classes. Graph
Ky = K (short for K ;) is a single edge; we call its complement K, (an
empty graph on two nodes) a nonedge. Graph K3 = Kjq; is called a tri-
angle; graph Kj9; is called a diamond (see Figure 2). We call a k-partite
graph equi-k-partite, if all its colour classes are of equal size.



Figure 2: The diamond graph Kjo;

The density of a graph is the ratio of its edge count to the edge count of
a complete graph of the same size: if G C K,,, then

dens(6) = [B(G)/|B()] =BG (3 ).
The bipartite density of a bipartite graph G C K, is
denss (G) = |E(G)|/|E(Kun)| = |B(G)|/(mn).
Similarly, the tripartite density of a tripartite graph G C Ky, is
dens3 (G) = |E(G)|/|E(Kmnp)| = |[E(G)|/(mn +np + pm).

Let H be an arbitrary graph. Graph G is called H -covered, if every edge
of G belongs to a subgraph isomorphic to H. Graph G is called H -free, if G
does not contain any subgraph isomorphic to H. In particular, we will be
interested in triangle-covered diamond-free graphs.

Let us now establish an upper bound on the density of an equitripartite
diamond-free graph.

Lemma 1. The tripartite density of an equitripartite diamond-free graph G
is at most 3/4.

Proof. Denote |V (G)| = 3n. By Dirac’s generalisation of Turdn’s theorem
(see e.g. [7, p. 300]), we have |E(G)| < (3n)?/4. Since |E(Kny)| = 3n?, the
theorem follows trivially. |

The upper bound of 3/4 given by Lemma 1 is not the best possible.
However, that bound will be sufficient to obtain the results of this paper.
In fact, any constant upper bound strictly less than 1 would be enough.

3 The Regularity Lemma and the Blow-up Lemma

In most definitions and theorem statements below, we follow [9, 8, 3].
For a graph G, and node sets X, Y C V(G), X NY = (), we denote by
G(X,Y) C G the bipartite subgraph obtained by removing from G all nodes



except those in X UY, and all edges adjacent to removed nodes. Let F' be
a bipartite graph with colour classes A, B. Given some € > 0, graph F is
called e-regular, if for any X C A of size |X| > € |A], and any Y C B of
size |Y| > € |B|, we have

|densg (F'(X,Y)) — denso(F)| <e.

Let G denote an arbitrary graph. We say that G admits an e-partitioning
of order m, if V(G) can be partitioned into m disjoint subsets of equal size,
called supernodes, such that for all pairs of supernodes A, B, the bipartite
subgraph G(A, B) is e-regular. The e-regular subgraphs G(A, B) will be
called superpairs.

For different choices of supernodes A, B, the density of the superpair
G(A, B) may differ. We will distinguish between superpairs of “low” and
“high” density, determined by a carefully chosen threshold. For a fixed d,
0 <d <1, we call a superpair G(A, B) a superedge, if densy(G(A, B)) > d,
and a super-nonedge, if densy(G(A, B)) < d. Now, given a graph G, and
its e-partitioning of order m, we can build a high-level representation of
G by a graph of size m, which we will call ¢ d-map of G. The d-map M
contains a node for every supernode of G. Two nodes of M are connected
by an edge, if and only if the corresponding supernodes of G are connected
by a superedge. Thus, edges and nonedges in M represent, respectively,
superedges and super-nonedges of G. For a node pair (edge or nonedge)
e in G, we denote by u(e) the corresponding pair in the d-map M. We
call p: E(G) — E(M) the mapping function. The union of all superedges
p~H(E(M)) C E(GQ) will be called the superedge subgraph of G. Similarly,
the union of all super-nonedges in G will be called the super-nonedge sub-
graph of G.

We rely on the following fact, which is a restricted version of the Blow-up
Lemma (see [8]).

Theorem 1 (Blow-up Lemma). Let d > € > 0. Let G be a graph with
an e-partitioning, and let M be its d-map. Let H be a subgraph of M with
mazimum degree A > 0. Ife < (d—€)>/(2+A), then G contains a subgraph
isomorphic to H.

Proof. See [8]. |

Since we are interested in diamond-free graphs, we take H to be a dia-
mond. We simplify the condition on d and €, and apply the Blow-up Lemma
in the following form: if e < (d—¢)3/5, and G is diamond-free, then its d-map
M is also diamond-free.

Our main tool is Szemerédi’s Regularity Lemma. Informally, it states
that any graph can be transformed into a graph with an e-partitioning by
removing a small number of nodes and edges. Its precise statement, slightly
adapted from [9], is as follows.



Figure 3: An axial collision

Theorem 2 (Regularity Lemma). Let G be an arbitrary graph. For every
e > 0 there is an m = m(e) such that for some Gy C G with |E(G)\E(Gy)| <
e |V(G)|?, graph Gy admits an e-partitioning of order at most m.

Proof. See e.g. [9, 3]. [ |

The given form of the Regularity Lemma is slightly weaker than the
standard one. In particular, we allow to remove a “small” number of nodes
and edges from the graph G, whereas the standard version only allows to
remove a “small” number of nodes (with adjacent edges), and then a “small”
number of superpairs. In our context, the difference between two versions
is insignificant.

Note that if |E(G)| = o(]V(G)|?), the statement of the Regularity Lemma
becomes trivial. In other words, the Regularity Lemma is only useful for
dense graphs.

4 Packing tripods

Consider a packing of tripods of size n in an n X n X n cube, of the type
described in the Introduction (no overlaps, similar orientation, corner cubes
coinciding with n x n x n cube cells). A tripod in such a packing is uniquely
defined by the coordinates of its corner cube (7,7, k), 0 < i,5,k < n. More-
over, if two of the three coordinates (7,7j,k) are fixed, then the packing
may contain at most one tripod with such coordinates — otherwise, the
two tripods with an equal pair of coordinates would form an azial collision,
depicted in Figure 3.

We represent a tripod packing by an equitripartite triangle-covered graph
G C Kpnn as follows. Three color classes U = {u;}, V = {v;}, W = {wy},
0 < 14,7,k < n, correspond to the three dimensions of the cube. A tripod
(¢,7,k) is represented by a triangle {(u;,v;), (vj, wg), (wg,u;)}. To prevent
axial collisions, triangles representing different tripods must be edge-disjoint.
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Figure 4: A simple collision

Hence, if m is the number of tripods in the packing, then the representing
graph G contains 3m edges.

We now prove that the graph G is diamond-free. In general, G might
contain a triangle with three edges coming from three different tripods;
such a triangle would give rise to three diamonds. To prove that such a
situation is impossible, we must consider, apart from axial collisions, also
simple collisions, depicted in Figure 4.

Lemma 2. A tripod packing graph is diamond-free.

Proof. It is sufficient to show that the tripod packing graph does not contain
any triangles apart from those representing tripods. Suppose the contrary:
there is a triangle {(u;,v;), (vj, wk), (W, u;)}, which does not represent any
tripod. Then its three edges must come from triangles representing three
different tripods; denote these tripods (4,4, k'), (4,5, k), (7,4, k), where i #
i',j# 7', k # K. Consider the differences i — 4, j' — j, k' — k, all of which
are non-zero. At least two of these three differences must have the same
sign; without loss of generality assume that 7' — 4, 5/ — j are of the same
sign. Thus, we have either i’ <1, 7' < j, or i’ > i, 7/ > j. In both cases, the
tripods (4,5, k), (7,4, k) collide. Hence, our assumption must be false, and
the triangle {(u;,v;), (v, wy), (wg,u;)} not representing any tripod cannot
exist. Therefore, no triangles in G can share an edge — in other words, G
is diamond-free. |

Thus, tripod packing graphs are equitripartite, triangle-covered and diamond-
free. Note that these graph properties are invariant under any permutation
of graph nodes within colour classes, whereas the property of a tripod pack-
ing being overlap-free is not invariant under permutation of indices within
each dimension. Hence, the converse of Lemma 2 does not hold. However,
even the loose characterisation of tripod packing graphs by Lemma 2 is
sufficient to obtain our results.

The following theorem is a special case of an observation attributed to
Szemerédi by Erdés (see [5], [2, p. 48]). Since Szemerédi’s proof is apparently



unpublished, we give an independent proof of our special case.

Theorem 3. Consider an equitripartite, triangle-covered, diamond-free graph
of size n. The maximum density of such a graph tends to 0 as n — oo.

Proof. Suppose the contrary: for some constant d > 0, and for an arbitrarily
large n (i.e. for some n > ng for any ng), there is a tripartite, triangle-
covered, diamond-free graph G of size n, such that dens3(G) > d > 0. The
main idea of the proof is to apply the Regularity Lemma and the Blow-up
Lemma to the graph G. This will allow us to “distil” from G a new graph,
also triangle-covered and diamond-free, with tripartite density higher than
dens3(G) by a constant factor A\. Repeating this process, we can raise the
density to A\?d, A\3d, etc., until the density becomes higher than 1, which is
an obvious contradiction.

Let us now fill in the details of the “distilling” process. We start with
a constant v, 0 < v < 1; its precise numerical value will be determined
later. Select a constant € > 0, such that e < (yd — €)3/5, as required by the
Blow-up Lemma. By the Regularity Lemma, graph G admits an e-regular
partitioning, the order of which is constant and independent of the size of
G. Denote by M the yd-map of this partitioning, and let u : G — M be the
mapping function.

Consider the superedge subgraph u~'(E(M)). Let Go C p~Y(E(M)) C
G be a spanning subgraph of G, consisting of all triangles completely con-
tained in p~'(M); in other words, each triangle in G » is completely con-
tained in some supertriangle of G. We claim that G contains a significant
fraction of all triangles (and, hence, of all edges) in G. Indeed, the bipartite
density of a super-nonedge is by definition at most yd, hence the super-
nonedge subgraph has at most 3vd-n? edges. Every triangle not completely
contained in x~'(E(M)) must have at least one edge in the super-nonedge
subgraph; since triangles in G are edge-disjoint, the total number of such
triangles cannot exceed 3vd - n?. By initial assumption, the total number of
triangles in G is at least d-n?, therefore the number of triangles in G'A must
be at least (1 —3v)d-n?. By selecting a sufficiently small , we can make the
number of triangles in G a arbitrarily close to d - n?. For the rest the proof,
let us fix the constant v within the range 0 < v < 1/12, e.g. v = 1/24. As
a corresponding € we can take e.g. € = (yd/2)%/5 = d3/(5 - 48%).

It only remains to observe that, since graph G is diamond-free, its ~yd-
map M is diamond-free by the Blow-up Lemma. By Lemma 1, dens(M) <
3/4. This means that among all superpairs of G, the fraction of superedges
is at most 3/4. All edges of G o are contained in superedges of G, therefore
the average density of a superedge in G is at least 4/3 - dens(Gp). In
particular, there must be some superpair in G with at least such density.
Since G A consists of edge-disjoint supertriangles, this superpair is contained



in a unique supertriple F' C G 5, with

denss(F') > 4/3 - dens3(Ga) > 4/3- (1 —3y)d =
4/3-(1—3-1/24)d = 7/6 - d.

In our previous notation, we have A = 7/6 > 1.

We define the supertriple F' to be our new “distilled” equitripartite
triangle-covered diamond-free graph. Graph size has only been reduced
by a constant factor, equal to the size of the e-partitioning. By taking the
original graph G large enough, the “distilled” graph F' can be made arbi-
trarily large. Its density denss(F) > Ad = 7/6 - d > d. By repeating the
whole process, we can increase the graph density to (7/6)?-d, (7/6)3-d, ...,
and eventually to values higher than 1, which contradicts the definition of
density (in fact, values higher than 3/4 will already contradict Lemma 1).
Hence, the initial assumption of existence of arbitrarily large equitripartite
triangle-covered diamond-free graphs with constant positive density must
be false. Negating this assumption, we obtain our theorem. |

The solution of Stein and Szabd’s problem is now an easy corollary of
Lemma 2 and Theorem 3.

Corollary 1. Consider a tripod packing of size n. The mazimum density
of such a packing tends to 0 as n — oo.

5 Conclusion

We have proved that the density of a tripod packing must be infinitely
small as its size tends to infinity. Since the Regularity Lemma only works
for dense graphs, the question of determining the precise asymptotic growth
of a maximum tripod packing size remains open.

Nevertheless, we can obtain an upper bound on this growth. Let d be the
maximum density of tripod packing of size n. In our proof of Theorem 3, it
is established that the maximum density of tripod packing of size m(d>/(5 -
483))-n is at most 6/7-d, where m(-) is the function defined by the Regularity
Lemma. In [1, 4] it is shown that for tripartite graphs, m(t) < 4", These
two bounds together yield a desired upper bound on d as a function of
n, which turns out to be a rather slow-growing function. By applying the
“descending” technique from [11], we can also obtain an upper bound on the
size of a maximal r-pod, which can tile (without any gaps) an r-dimensional
space. The resulting bound is a fast-growing function of r. In [11] it is
conjectured that this bound can be reduced to r — 2 for any r > 4. The
conjecture remains open.



6

Acknowledgement

The author thanks Sherman Stein, Chris Morgan and Mike Paterson for
fruitful discussion.

References

[1]

N. Alon, R. A. Duke, H. Lefmann, V. Rodl, and R. Yuster. The algorith-
mic aspects of the regularity lemma. Journal of Algorithms, 16(1):80—
109, January 1994.

F. Chung and R. Graham. FErdds on Graphs: His Legacy of Unsolved
Problems. A K Peters, 1998.

R. Diestel. Graph Theory. Number 173 in Graduate Texts in Mathe-
matics. Springer, second edition, 2000.

R. A. Duke, H. Lefmann, and V. Rédl. A fast approximation algorithm
for computing the frequencies of subgraphs in a given graph. SIAM
Journal on Computing, 24(3):598-620, 1995.

P. Erdés. Some problems on finite and infinite graphs. In Logic and
Combinatorics. Proceedings of the AMS-IMS-SIAM Joint Summer Re-
search Conference, 1985, volume 65 of Contemporary Mathematics,
pages 223-228, 1987.

D. Gale. Tracking the Automatic Ant, and Other Mathematical Explo-
rations. Springer, 1998.

R. Gould. Graph Theory. The Benjamin/Cummings Publishing Com-
pany, 1988.

J. Komlés. The Blow-up Lemma. Combinatorics, Probability and Com-
puting, 8:161-176, 1999.

J. Komlés and M. Simonovits. Szemerédi’s Regularity Lemma and its
applications in graph theory. In D. Miklés, V. T. Sés, and T. Sz0nyi,
editors, Combinatorics: Paul Erdds is Fighty (Part II), volume 2 of
Bolyai Society Mathematical Studies. 1996.

S. K. Stein. Packing tripods. The Mathematical Intelligencer, 17(2):37—
39, 1995. Also appears in [6].

S. K. Stein and S. Szabé. Algebra and Tiling: Homomorphisms in the
Service of Geometry. Number 25 in The Carus Mathematical Mono-
graphs. The Mathematical Association of America, 1994.




<<
  /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


