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Abstract

Two inequalities are established connecting the graph invariants of inci-
dence chromatic number, star arboricity and domination number. Using
these, upper and lower bounds are deduced for the incidence chromatic
number of a graph and further reductions are made to the upper bound
for a planar graph. It is shown that cubic graphs with orders not divis-
ible by four are not 4-incidence colorable. Sharp upper bounds on the
incidence chromatic numbers are determined for Cartesian products of
graphs, and for joins and unions of graphs.

1 Introduction

An incidence coloring separates the whole graph into disjoint independent incidence
sets. Since incidence coloring was introduced by Brualdi and Massey [4], most re-
search has concentrated on determining the minimum number of independent in-
cidence sets, also known as the incidence chromatic number, which can cover the
graph. The upper bound on the incidence chromatic number of planar graphs [7],
cubic graphs [13] and a lot of other classes of graphs were determined [6, 7, 15, 17, 21].
However, for general graphs, only an asymptotic upper bound is obtained [9]. There-
fore, to find an alternative upper bound and lower bound on the incidence chromatic
number for all graphs is the main objective of this paper.

In Section 2, we will establish a global upper bound for the incidence chromatic
number in terms of chromatic index and star arboricity. This result reduces the
upper bound on the incidence chromatic number of the planar graphs. A global
lower bound which involves the domination number will be introduced in Section 3.

* This research was partially supported by the Pentecostal Holiness Church Incorporation (Hong
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Finally, the incidence chromatic number of graphs constructed from smaller graphs
will be determined in Section 4.

All graphs in this paper are connected. Let V(G) and E(G) (or V and E) be the
vertex-set and edge-set of a graph G, respectively. Let the set of all neighbors of a
vertex u be Ng(u)(or simply N(u)). Moreover, the degree dg(u)(or simply d(u)) of
u is equal to | Ng(u)| and the maximum degree of G is denoted by A(G) (or simply
A). An edge coloring of G is a mapping o : F(G) — C, where C' is a color-set, such
that adjacent edges of G are assigned distinct colors. The chromatic index x'(G) of
a graph G is the minimum number of colors required to label all edges of G such
that adjacent edges received distinct colors. All notations not defined in this paper
can be found in the books [3] and [22].

Let D(G) be a digraph induced from G by splitting each edge uv € E(G) into two
opposite arcs v and vt According to [15], incidence coloring of G is equivalent to
the coloring of arcs of D(G), where two distinct arcs w0 and Ty are adjacent provided
one of the following holds:

(1) u=uz
2)v=zory=u.

Let A(G) be the set of all arcs of D(G). An incidence coloring of G is a mapping
o : A(G) — C, where C is a color-set, such that adjacent arcs of D(G) are assigned
distinct colors. The incidence chromatic number, denoted by x;, is the minimum
cardinality of C for which o : A(G) — C'is an incidence coloring. An independent
set of arcs is a subset of A(G) which consists of non-adjacent arcs.

2 Incidence chromatic number and Star arboricity

A star forest is a forest whose connected components are stars. The star arboricity of
a graph G (introduced by Akiyama and Kano [1]), denoted by st(G), is the smallest
number of star forests whose union covers all edges of G.

We now establish a connection among the chromatic index, the star arborcity and
the incidence chromatic number of a graph. This relation, together with the results
by Hakimi et al. [10], provided a new upper bound of the incidence chromatic number
of planar graphs, k-degenerate graphs and bipartite graphs.

Theorem 2.1 Let G be a graph. Then x;(G) < X'(G) + st(G), where x'(G) is the
chromatic index of G.

Proof: We color all the arcs going into the center of a star by the same color.
Thus, half of the arcs of a star forest can be colored by one color. Since st(G) is the
smallest number of star forests whose union covers all edges of G, half of the arcs
of G can be colored by st(G) colors. The uncolored arcs now form a digraph which
is an orientation of G. We color these arcs according to the edge coloring of G and
this is a proper incidence coloring because edge coloring is more restrictive. Hence
X'(G) + st(GQ) colors are sufficient to color all the incidences of G. O
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Remarks: Theorem 2.1 was independently obtained by Yang [23] previously. For
further information please consult the webpage [18].

We now obtain the following new upper bounds on the incidence chromatic num-
bers of planar graphs, a class of k-degenerate graphs and a class of bipartite graphs.

Corollary 2.2 Let G be a planar graph. Then x;(G) < A+ 5 for A # 6 and
xi(G) <12 for A =6.

Proof: The bound is true for A < 5, since Brualdi and Massey [4] proved that
Xi(G) < 2A. Let G be a planar graph with A > 7, we have \'(G) = A [14, 20].
Also, Hakimi et al. [10] proved that st(G) < 5. Therefore, x;(G) < A +5 by
Theorem 2.1. 0

While we reduce the upper bound on the incidence chromatic number of planar
graphs from A +7 [7] to A + 5, Hosseini Dolama and Sopena [6] reduced the bound
to A 4 2 under the additional assumptions that A > 5 and girth g > 6.

A graph G is k-degenerate [12] if every subgraph of G has a vertex of degree
at most k. Coloring problems on k-degenerate graphs [5, 7, 11] are widely studied
because of its relative simple structure. In particular, Hosseini Dolama et al.[7]
proved that x;(G) < A+ 2k — 1, where G is a k-degenerate graph. Moreover,
certain important classes of graph such as outerplanar graphs and planar graphs are
2-degenerate and 5-degenerate graphs, respectively [12]. A restricted k-degenerate
graph is a k-degenerate graph with the subgraph induced by N(v;)N{vy,ve,...,v;1}
is a complete graph for every i. We lowered the bound for restricted k-degenerate
graph as follow.

Corollary 2.3 Let G be a restricted k-degenerate graph. Then x;(G) < A+ k + 2.

Proof: By Vizing’s theorem, we have x'(G) < A + 1. Also, the star arboricity of a
restricted k-degenerate graph G is less than or equal to k + 1 [10]. Hence we have
Xi(G) < A+ k +2 by Theorem 2.1. O

Corollary 2.4 Let B be a bipartite graph with at most one cycle. Then x;(B) <
A+2.

Proof: When B is a bipartite graph with at most one cycle, st(B) < 2 [10]. Also,
it is well known that x'(B) = A. These results together with Theorem 2.1 prove the
corollary. O

3 Incidence chromatic number and domination number

A dominating set S C V(G) of a graph G is a set where every vertex not in S
has a neighbor in S. The domination number, denoted by ~(G), is the minimum
cardinality of a domination set in G.
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A mazimal star forest is a star forest with maximum number of edges. Let
G = (V, E) be a graph, the number of edges of a maximal star forest of G is equal
to |V|—~(G) [8]. We now use the domination number to form a lower bound on the
incidence chromatic number of a graph. The following proposition reformulates the
ideas in [2] and [13].

2|E|
Proposition 3.1 Let G = (V, E) be a graph. Then x;(G) > ————.
VI =~(G)
Proof: Each edge of GG is divided into two arcs in opposite directions. The total
number of arcs of D(G) is therefore equal to 2|E|. According to the definition of
the adjacency of arcs, an independent set of arcs is a star forest. Thus, a maximal
independent set of arcs is a maximal star forest. As a result, the number of color

2|E|
VI =~(G)

class required is at least

Corollary 3.2 Let G = (V, E) be an r-regular graph. Then x;(G) > ———

Proof: By Handshaking lemma, we have 2|E| = Z d(v) = r|V], the result follows

veV
from Proposition 3.1. ]

Example 3.1 Corollary 3.2 provides an alternative method to show that a complete
bipartite graph K, ,, where r > 2 is not r + l-incidence colorable. As K, , is a r-
regular graph with y(K,,) = 2, we have

T
Xi(Knr) > W = l—l >r+1.
V1 r

O

Example 3.1 can be extended to complete k-partite graph with partite sets of
same size.

Example 3.2 Let G be a complete k-partite graph where every partite set is of size
J. Thus, the order of G is kj = n and G is a (n — 7)-regular graph with v(G) = 2.
According to Corollary 3.2, we have

for k > 3. Therefore, G is not (A(G) + 1)-incidence colorable. O
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Corollary 3.3 Let G = (V, E) be an r-regqular graph. Two necessary conditions for
Xi(G) =1+ 1 (also for x(G?) =r+1 [17]) are:

1. The number of vertices of G is divisible by r + 1.

2. If r is odd, then the chromatic index of G is equal to 7.

Proof: We prove 1 only, 2 was proved in [16]. By Corollary 3.2, if G is an r-regular

graph and x;(G) = r + 1, then r + 1 = x;(G) > ‘V|71‘{Y|(G) = T‘Z|1 > v(G).
Vv

Since the global lower bound of domination number is A|—+1—‘ , we conclude that

the number of vertices of G must be divisible by r + 1. O

4 Graphs Constructed from Smaller Graphs

In this section, the upper bounds on the incidence chromatic number are determined
for Cartesian product of graphs and for join and union of graphs, respectively. Also,
these bounds can be attained by some classes of graphs [19].

We start by proving the following theorem about union of graphs, where the
graphs may not disjoint.

Theorem 4.1 Let Gy and Gy be graphs. Then x;(G1 U Gs) < x:(G1) + xi(Ga).

Proof: If some edge e € E(G1)NE(G>), then we delete it from either one of the edge
set. This process will not affect I(Gy U G2), hence, we assume E(Gy) N E(Gq) = @.
Let o be a x;(G1)-incidence coloring of 7 and A be a x;(Gs)-incidence coloring of G
using different color set. Then ¢ is a proper (x;(G1) + x:(G2))-incidence coloring of
G1UG, with ¢(ut) = o(ud) when uv € E(G,) and ¢(ud) = A\(ut) when uv € E(Gs).

O

The following example revealed that the upper bound given in Theorem 4.1 is
sharp.

Example 4.1 Let n be an even integer and not divisible by 3. Let G; be a graph
with V(G1) = {u1,ua, ..., u,} and E(G1) = {ugi_1ug | 1 < i < 5§} Moreover, let
G be another graph with V(G,) = V(G1) and E(G3) = {ugiugiyr | 1 < i < §}
Then, it is obvious that x;(G;) = x;(G2) = 2 and G; U Gy = C,, where n is not
divisible by 3. Therefore, x;(Cy) = 4 = xi(G1) + xi(Ga). O

The Cartesian product of graphs G; and G, denoted by G100Gs, is the graph
with vertex set V(G1) x V(Gs) specified by putting (u,v) adjacent to (u’,v") if and
only if (1) u =« and vv' € E(G3) or (2) v =" and uv’ € E(Gy).

Theorem 4.2 Let Gy and Go be graphs. Then x;(G10Gs) < x:(G1) + xi(Ga).
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Proof: Let |V(Gy)| = m and |V(Gg)| = n. G10G; is a graph with mn vertices
and two types of edges: from conditions (1) and (2) respectively. The edges of type
(1) form a graph consisting of n disjoint copies of G1, hence its incidence chromatic
number equal to x;(G1). Likewise, the edges of type (2) form a graph with incidence
chromatic number y;(Gs). Consequently, the graph G;0G5 is equal to the union of
the graphs from (1) and (2). By Theorem 4.1, we have x;(G10G2) < x:(G1)+x:(Ga).
O
We demonstrate the upper bound given in Theorem 4.2 is sharp by the following
example.

Example 4.2 Let Gy = Gy = (4, it follows that G;00G, is a 4-regular graph. If
G10G, is 5-incidence colorable, then the chromatic number of its square is equal to
5 [17]. However, all vertices in G100G5 are of distance at most 2. Therefore, G;0G»
is not 5-incidence colorable and the bound derived in Theorem 4.2 is attained. [

Finally, we consider the incidence chromatic number of the join of graphs.

Theorem 4.3 Let Gy and Gy be graphs with |V(G1)| = m and |V (Gs)| = n, where
m >mn > 2. Then x;(G1 V G2) < min{m + n, max{x;(G1), xi(G2)} + m + 2}.

Proof: On the one hand, we have y;(G; V G3) < m +n. On the other hand, the
disjoint graphs G and G5 can be colored by max{y;(G1), x:(G2)} colors, and all other
arcs in between can be colored by m+2 new colors. Therefore, max{x;(G1), x:(G2)}+
m + 2 is also an upper bound for x;(G; V Gs).

We utilize the following example to show that the upper bound in Theorem 4.3
is sharp.

Example 4.3 Let G; = K,,, and G2 = K,,. Then the upper bound m+mn is attained
since Gy V Gy = K1, On the other hand, let G; be the complement of K, and
G5 be the complement of K, with m > n > 2. Then the other upper bound
max{x;(G1), xi(G2)} + m + 2 is attained because G1 V Gy = K,,,, and x;(G1) =

References

[1] Jin Akiyama and Mikio Kano, Path factors of a graph, Graphs and applications:
Proc. First Colorado Symposium on Graph Theory (Frank Harary and John S.
Maybee, eds.), Wiley, 1985, pp. 1-21.

[2] 1. Algor and N. Alon, The star arboricity of graphs, Discrete Math. 75 (1989),
11-22.

[3] J.A. Bondy and U.S.R. Murty, Graph theory with applications, 1st ed., New
York: Macmillan Ltd. Press, 1976.



INCIDENCE COLORING, ARBORICITY AND DOMINATION 113

[4] R.A. Brualdi and J.J.Q. Massey, Incidence and strong edge colorings of graphs,
Discrete Math. 122 (1993), 51-58.

[5] Leizhen Cai and Xuding Zhu, Game chromatic index of k-degenerate graphs, J.
Graph Theory 36 (2001), 144-155.

[6] M. Hosseini Dolama and E. Sopena, On the maximum average degree and the
incidence chromatic number of a graph, Discrete Math. and Theoret. Comp. Sci.
7 (2005), 203-216.

[7] M. Hosseini Dolama, E. Sopena and X. Zhu, Incidence coloring of k-degenerated
graphs, Discrete Math. 283 (2004), 121-128.

[8] S. Ferneyhough, R. Haas, D. Hanson and G. MacGillivray, Star forests, domi-
nating sets and Ramsey-type problems, Discrete Math. 245 (2002), 255-262.

[9] B. Guiduli, On incidence coloring and star arboricity of graphs, Discrete Math.
163 (1997), 275-278.

[10] S.L. Hakimi, J. Mitchem and E. Schmeichel, Star arboricity of graphs, Discrete
Math. 149 (1996), 93-98.

[11] A.V. Kostochka, K. Nakprasit and S.V. Pemmaraju, On equitable coloring of
d-degenerate graphs, STAM J. Discrete Math. 19(1) (2005), 83-95.

[12] D.R. Lick and A.T. White, k-degenerate graphs, Canad. J. Math. 22 (1970),
1082-1096.

[13] M. Maydanskiy, The incidence coloring conjecture for graphs of maximum degree
3, Discrete Math. 292 (2005), 131-141.

[14] D.P. Sanders and Y. Zhao, Planar graphs of maximum degree seven are class 1,
J. Combin. Theory Ser. B 83 (2001), 201-212.

[15] W.C. Shiu, P.C.B. Lam and D.L. Chen, Note on incidence coloring for some
cubic graphs, Discrete Math. 252 (2002), 259-266.

[16] W.C. Shiu, P.C.B. Lam and P.K. Sun, Cubic graphs with different incidence
chromatic numbers, Congr. Numer. 182 (2006), 33—40.

[17] W.C. Shiu and P.K. Sun, Invalid proofs on incidence coloring, Discrete Math.
308 (2008), 6575-6580.

[18] Eric Sopena, The Incidence Coloring Page, at
http://www.labri.fr/perso/sopena/pmwiki/index.php.

[19] Pak Kiu Sun, Incidence coloring: Origins, developments and relation with other
colorings, Ph.D. thesis, Hong Kong Baptist University, 2007.



114 PAK KIU SUN AND WAI CHEE SHIU
[20] V.G. Vizing, Some unsolved problems in graph theory (in Russian), Uspekhi
Mat. Nauk. 23 (1968), 117-134.

[21] S.D. Wang, D.L. Chen and S.C. Pang, The incidence coloring number of Halin
graphs and outerplanar graphs, Discrete Math. 256 (2002), 397-405.

[22] D.B. West, Introduction to graph theory, 2nd ed., Prentice-Hall, Inc., 2001.

[23] D. Yang, Fractional incidence coloring and star arboricity of graphs, Ars Com-
bin. (to appear).

(Received 26 May 2011; revised 25 May 2012, 24 July 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 /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
  ]
  /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


