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Abstract

Starting from proper coloring of vertices, various types of vertex colorings have
been studied. Recognizable colorings [1], detectable colorings [2], irregular colo-
rings [3], are coloring of vertices which distinguish the vertices in some manner.
A slight variation of irregular colorings is the Neighborhood distinguishing colo-
rings. In this case, the code of the vertex does not involve the color assigned to
the vertex. Whereas irregular coloring exists in any graph, Neighborhood Distin-
guishing Coloring exists in a graph if and only if any two non-adjacent vertices
do not have the same neighbor. The definition and some of the properties of this
coloring are given in [4] . In this paper, graph G with χNDC(G) = 2 are characteri-
zed. Necessary and sufficient conditions for existence of ND-coloring in trees are
derived. A lower and upper bound for χNDC of union of two graphs have been found.

AMS subject classification: 05C15.
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1. Introduction

A (proper) coloring of a graph G is a function c : V (G) → N having the property
that c(u) �= c(v) for every pair u, v of adjacent vertices of G, where N is the set of
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positive integers. A k-coloring of G uses k colors. The chromatic number χ (G) of G

is the minimum positive integer k for which there is a k-coloring of G. For a positive
integer k and a proper coloring c : V (G) → {1, 2, . . . , k} of the vertices of a graph
G, the color code of a vertex v of G (with respect to c) is the ordered (k+1)-tuple
codec(v) = (a0, a1, . . . , ak) , where a0 is the color assigned to v (that is, a0 = c(v))
and for 1 ≤ i ≤ k, ai is the number of vertices adjacent to v that are colored i . If the
coloring c is clear, we write codec(v) as code(v) or simply, code(v) = a0a1a2 . . . ak.

Therefore, if a0 = i, then ai = 0, for 1 ≤ i ≤ k and
k∑

i=1

ai = degGv. The coloring c is

called irregular if distinct vertices have distinct color codes and the irregular chromatic
number χir (G) of G is the minimum positive integer k for which G has an irregular
k-coloring [3]. For any vertex u ∈ V (G), u is assigned a k-tuple (a1, a2, . . . , ak) where
ai is the number of vertices adjacent to u that are colored i, and if distinct vertices have
distinct codes then the coloring is called ND-coloring. The minimum cardinality of a
NDC-partition is called the ND-coloring number of G and is denoted by χNDC(G) [4].
Characterization of trees which admit NDC and charaterization of bipartite graphs for
which χNDC(G) = 2 are done. The χNDC number of the union of two graphs has been
found to lie between the maximum of χNDC’s of the two graphs and the sum of the
χNDC’s of the two graphs.

2. Main Results

Theorem 2.1. χNDC(G) = 2 if and only if G is bipartite graph satisfying the following:
Let V1, V2 be the partite sets of G. Then

(i) ||V1| − |V2|| ≤ 1.

(ii) G has one isolated vertex if ||V1| − |V2|| = 1 and no isolated vertex if |V1| = |V2|.
(iii) Suppose V1 = {u1, u2, . . . , uk} and V2 = {v1, v2, . . . , vk+1}. Then ui has k − i + 1

neighbors in V2, 1 ≤ i ≤ k and V2 has an isolated vertex. If |V1| = |V2| then ui

has k − i + 1 neighbors in V2, 1 ≤ i ≤ k and vi has k − i + 1 neighbors in V1,
1 ≤ i ≤ k.

Proof. Let G be a bipartite graph satisfying the hypothesis. Then, clearly χNDC(G) = 2.
Conversely, Suppose χNDC(G) = 2. Then, χ (G) ≤ χNDC(G) = 2. If χ (G) = 1, then
G = Kr . In this case, G admits NDC if and only if r = 1. That is, G = K1. Hence
χNDC(G) = 1, a contradiction. Therefore, χ (G) = 2. Then G is bipartite. Let V1, V2
be the partite sets of G. Suppose |V1| ≥ |V2| + 2. Let V1 = {u1, u2, . . . , uk} and
V2 = {v1, v2, . . . , vl} where k ≥ l + 2. Since π = {V1, V2} is χNDC - partition of G,
the code of ui is (0, |N (ui)|). Therefore, |N (u1)|, |N (u2)|, . . . , |N (uk)| are all distinct.
Therefore |V2| ≥ k − 1. i.e., l ≥ k − 1, a contradiction. Since l ≤ k − 2. Therefore
k ≤ l + 1. i.e., ||V1| − |V2|| ≤ 1. Suppose, ||V1| − |V2|| = 1. Let without loss of
generality |V1| = |V2| + 1. Let |V1| = k + 1. Then |V2| = k. Also, u1 as k neighbors
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in V2, u2 has k − 1 neighbors in V2, . . . ,uk+1 has no neighbor in V2. i.e., G has one
isolated vertex. If |V1| = |V2| = k, then G has no isolated vertex and ui has k − i + 1
neighbors in V2, vj has k − i + 1 neighbors in V1. Hence G satisfies the hypothesis. �

Theorem 2.2. Let G be a graph of order n with χNDC(G) = k ≥ 2. Then G is a k-partite
graph satisfying the following: Let V1, V2, · · · , Vk be the elements of a χNDC-partition
of G.

(i) ||Vi | − |Vj || ≤ 1, for all i, j , 1 ≤ i, j ≤ k.

(ii) If |Vi | − |Vj | = 1 and if |Vi | > |Vj | then there exists exactly one vertex in Vi which
is not adjacent with any vertex in Vj .

(iii) If |Vi | = |Vj |, every vertex of Vi is adjacent with some vertex of Vj and vice versa.

(iv) If Vr = {u1, u2, · · · , uk} and Vs = {v1, v2, · · · , vk+1}, then ui has k− i+1 neighbors
in Vs , 1 ≤ i ≤ k and Vs has exactly one vertex which is not adjacent with any
vertex of Vr . Also, if |Vr | = |Vs |, then ui has k − i + 1 neighbors in Vs , 1 ≤ i ≤ k

and vi has k − i + 1 neighbors in Vr , 1 ≤ i ≤ k.

Proof. The Proof follows on the same lines as in theorem 2.1. �

Remark 2.3. The maximum number of edges that a graph G with n vertices and

χNDC(G) = 2 can have is

⌊
n
2

⌋
(
⌊

n
2

⌋ + 1)

2
.

Proof.
Case(i) : n is even. Say n = 2k. Then the partite sets of G have equal cardinality,

namely k. By condition (iii) the number of edges is
k(k + 1)

2
=

⌊
n
2

⌋
(
⌊

n
2

⌋ + 1)

2
.

Case(ii) : n is odd. Say n = 2k + 1. Then the partite sets of G have cardinalities

k, k + 1. Also, G has an isolated vertex. Therefore, number of edges of G is
k(k + 1)

2
=

⌊
n
2

⌋
(
⌊

n
2

⌋ + 1)

2
. �

Theorem 2.4. Let T be a tree. If there exist a vertex in T which supports two pendant
vertices, then T does not admit NDC.

Proof. Obvious. �

Theorem 2.5. Let T be a tree. Then T admits NDC if and only if any support vertex
supports exactly one pendant vertex.

Proof. Suppose T is a tree in which any support vertex supports exactly one pendant
vertex. Let u and v be two non-adjacent vertices of T .

Case (i) u and v are pendant vertices. Clearly N (u) �= N (v).
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Case (ii) One of u or v is a pendant vertex. Then also N (u) �= N (v).

Case (iii) Both u and v are not pendant vertices. Suppose u or v is a support vertex.
Then N (u) �= N (v).

Case (iv) u and v are neither pendant vertices nor support vertices. If u and v have more
than one vertex as a common neighbor, then there exists a cycle, a contradiction.
Therefore, u and v have atmost one vertex as a common neighbor. Therefore,
N (u) �= N (v) for any two non adjacent vertices u, v of T . Therefore, T admits
NDC. Conversely, suppose T admits NDC. Then, any support vertex supports
exactly one pendant vertex. �

Theorem 2.6. Let G be a uni-cyclic graph with g(G) ≥ 5. Then, G admits NDC if and
only if any support vertex supports exactly one pendant vertex.

Proof. Let G be a uni-cyclic graph with g(G) ≥ 5 and any support vertex supports
exactly one pendant vertex. Let u and v be two non-adjacent vertices.

Case (i) Let deg(u) ≥ 2 and deg(v) ≥ 2. If N (u) = N (v), then g(G) ≤ 4. Therefore,
N (u) �= N (v).

Case (ii) deg(u) = 1. If deg(v) ≥ 2, then N (u) �= N (v). If deg(v) = 1, then u and v
are pendant vertices of different supports and hence N (u) �= N (v). Therefore, G

admits NDC. Conversely, let G be a uni-cyclic graph with g(G) ≥ 5 which admits
NDC. Clearly any support vertex can support exactly one pendant vertex. �

Theorem 2.7. Let G and H be two graphs such that atmost one of G, H contains an
isolate vertex. Then χNDC(G ∪ H ) ≤ χNDC(G) + χNDC(H ).

Proof. Let G and H be two graphs such that atmost one of them has an isolate (Note that if
both G and H have isolates then G∪H will not admit NDC-partition). Assume that both
G and H admit NDC-partition. Let π1 = {V1, V2, . . . , Vk} be a χNDC - partition of G and
π2 = {W1, W2, . . . , Wl} be a χNDC - partition of H . Let π = π1 ∪ π2. If u, v ∈ V (G),
then Cπ (u) = (a1, a2, . . . , ak, 0, 0, . . . , 0) and Cπ (v) = (b1, b2, . . . , bk, 0, 0, . . . , 0).
Since Cπ1(u) �= Cπ1(v), Cπ (u) �= Cπ (v). If u, v ∈ V (H ), then also Cπ (u) �= Cπ (v).
If u ∈ V (G) and v ∈ V (H ), then Cπ (u) = (a1, a2, . . . , ak, 0, 0, . . . , 0) and Cπ (v) =
(0, 0, . . . , 0, b1, b2, . . . , bl). Cπ (u) = Cπ (v) if and only if ai = 0, 1 ≤ i ≤ k and
bj = 0, 1 ≤ j ≤ l. That is u and v are isolates in G ∪ H , a contradiction. Therefore,
Cπ (u) �= Cπ (v). Therefore, π is a χNDC - partition of G∪H . Therefore, χNDC(G∪H ) ≤
χNDC(G) + χNDC(H ). �

Remark 2.8. Let G = C5 ∪ C11. Suppose χNDC(G) ≤ 5. Any vertex of G has degree
2. There are 16 vertices. Since there are atmost 5 classes there should be 16 different
codes with 5-coordinates each of which contains either 2 in exactly one place or 1 in
exactly two placces. There are 5 different codes with 2 in exactly one place. If a code
has 1 in the first place then there are four choices for the other one in the code. If 1
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occurs in the second place, the first placce is 0 and there are three choices for another
1. If 1 occurs in the third place, the first two places must be 0 and there are two choices
for another 1. If 1 occurs in the fourth place, then the first three places are 0’s and there
is only one choice for another 1. Hence, there are 10 choices for different codes with
two 1’s. Therefore, there are only 15 possible codes with 2 in exactly one place or 1 in
exactly two places. But, Sixteen different codes are required. Therefore, χNDC(G) > 5.
Let V (C11) = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11} and V (C5) = {1′, 2′, 3′, 4′, 5′}. Let π =
{{8, 3′, 5′}, {2, 4, 2′}, {5, 7, 10}, {3, 11}, {6, 9}, {1, 1′, 4′}}. Then π is a NDC-partition for
G = C5 ∪ C11. χNDC(C5 ∪ C11) = 6 < χNDC(C5) + χNDC(C11) = 8.

Theorem 2.9. Max {χNDC(G), χNDC(H )} ≤ χNDC(G ∪ H ).

Proof. Suppose π is a NDC-partition of G ∪ H such that |π | < χNDC(G), χNDC(H ).
Let π = {V1, V2, . . . , Vk}. Let π1 = {V ′

1, V ′
2, . . . , V ′

k} where V ′
i = Vi ∩ V (G). Let

u, v ∈ V (G). Cπ (u) �= Cπ (v). Since |N (u) ∩ vi | = ∣∣N (u) ∩ v′
i

∣∣, Cπ1(u) �= Cπ1(v).
Therefore, π1 is a NDC - partition of G. |π1| ≤ k = |π | < χNDC(G), a con-
tradiction. Therefore, |π | ≥ χNDC(G). Similarly, |π | ≥ χNDC(H ). Therefore,
Max{χNDC(G), χNDC(H )} ≤ |π | = χNDC(G ∪ H ). �

Corollary 2.10.

(i) Let π1 = {V1, V2, . . . , Vk} and π2 = {W1, W2, . . . , Wl} be χNDC - partitions of
two graphs G and H respectively. Let k < l. Let for any v ∈ V (H ), atleast
one element at a co-ordinate greater than k in the code for v is non zero. Then
χNDC(G ∪ H ) = max{χNDC(G), χNDC(H )}.

Proof. Let π = {V1 ∪W1, V2 ∪W2, . . . , Vk ∪Wk, Wk+1, . . . , Wl}. Let u, v ∈ V (G∪H ).
If u, v ∈ V (G), or u, v ∈ V (H ), then Cπ (u) �= Cπ (v). If u ∈ V (G) and v ∈ V (H ),
then Cπ (u) = (a1, a2, . . . , ak, 0, 0, . . . , 0) and Cπ (v) = (b1, b2, . . . , bk, bk+1, . . . , bl). By
hypothesis bk+t �= 0 for some t , 1 ≤ t ≤ l − k. Therefore, Cπ (u) �= Cπ (v). The-
refore, π is a NDC-partition of G ∪ H . Therefore, χNDC(G ∪ H ) ≤ |π | = l =
max{χNDC(G), χNDC(H )}. But, χNDC(G ∪ H ) ≥ max{χNDC(G), χNDC(H )}. The-
refore, χNDC(G ∪ H ) = max{χNDC(G), χNDC(H )}. �

(ii) Let G and H be two graphs which admits χNDC - partition and let G ∪ H have
atmost one isolate. Let π1 = {V1, V2, . . . , Vk} and π2 = {W1, W2, . . . , Wl} be
χNDC-partitions of two graphs G and H respectively. Let k < l. Let π =
{V1 ∪ W1, V2 ∪ W2, . . . , Vk ∪ Wk, Wk+1, . . . , Wl}. Suppose for any v ∈ V (H ) for
which Cπ (v) has 0’s in all the co-ordinates from k+1 to l, Cπ (u) �= Cπ (v) for any
u ∈ V (G). Then, χNDC(G ∪ H ) = max{χNDC(G), χNDC(H )}.

Proof. If u1, u2 ∈ V (G), then Cπ (u1) �= Cπ (u2). So is the case if u1, u2 ∈ V (H ).
Suppose u1 ∈ V (G) and u1 ∈ V (H ) and N (u2)∩Wk+t is non empty for some t , 1 ≤ t ≤
l − k. Then Cπ (u1) �= Cπ (u2). Suppose N (u2) ∩ Wk+t = φ for every t , 1 ≤ t ≤ l − t .
Then by hypothesis, Cπ (u1) �= Cπ (u2). Therefore, π is a NDC-partition of G. Therefore,
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χNDC(G ∪ H ) ≤ |π | = l = max{χNDC(G), χNDC(H )}. But, χNDC(G ∪ H ) ≥
max{χNDC(G), χNDC(H )}. Therefore, χNDC(G ∪ H ) = max{χNDC(G), χNDC(H )}.

�

Remark 2.11. There exist Graphs G and H for which χNDC(G∪H ) > max{χNDC(G),
χNDC(H )}. See remark 2.

Remark 2.12. In the following, an example is given where
χNDC(G ∪ H ) = max{χNDC(G),
χNDC(H )}. Let G = C6 and H = C5. Let V (G) = {u1, u2, u3, u4, u5, u6}, V (H ) =
{u′

1, u′
2, u′

3, u′
4, u′

5}. Let π = {{u1, u′
1, u′

4}, {u2, u′
5}, {u3, u6}, {u4, u′

1}, {u5, u′
3}}. The co-

des of the vertices are, u′
1 : (1, 1, 0, 0, 0), u′

2 : (0, 0, 0, 1, 1), u′
3 : (2, 0, 0, 0, 0), u′

4 :
(0, 1, 0, 0, 1), u′

5 : (1, 0, 0, 1, 0), u1 : (0, 1, 1, 0, 0), u2 : (1, 0, 1, 0, 0), u3 : (0, 1, 0, 1, 0),
u4 : (0, 0, 1, 0, 1), u5 : (0, 0, 1, 1, 0) and u6 : (1, 0, 0, 0, 1). Hence π is a NDC-partition of
G ∪ H . Therefore, χNDC(G ∪ H ) = |π | = 5 = max{χNDC(G), χNDC(H )}.

References

[1] Gary Chartrand, Linda Lesniak, Donald W. Vanderjagt, Ping Zhang, Recognizable
colorings of Graphs. Discussiones Mathematicae, Graph Theory 28(2008), 35–57.

[2] Henry Escuadro, Ping Zhang, Kalamazoo, On Detectable Colorings of Graphs.
Mathematica Bohemica, No. 4(2005), 427–445.

[3] Mary Radcliffe, Ping Zhang, On Irregular Colorings of Graphs. AKCE J.Graphs.
Combin., 3, No. 2(2006), 175–191.

[4] R. Ramar, V. Swaminathan, Neighborhood Distinguishing Coloring in Graphs,
Accepted for publication in the Special volume on Journal of Innovations in In-
cidence Geometry, (2012).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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
  ]
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


