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Abstract

A Roman dominating function on a graph G is a function f : V(G) —
{0,1, 2} satisfying the condition that every vertex u for which f(u) =0
is adjacent to at least one vertex v for which f(v) = 2. The weight of a
Roman dominating function is the value f(V(G)) = >_,cv (g f(u). The
Roman domination number of G, yg(G), is the minimum weight of a
Roman dominating function on G. In this paper, we study independent
Roman domination in graphs and obtain some properties, bounds and
characterizations for the independent Roman domination number of a
graph.

1 Introduction

Let G = (V(G), E(G)) be a simple graph of order n. We denote the open neigh-
borhood of a vertex v of G by Ng(v), or just N(v), and its closed neighborhood by
Nlv]. For a vertex set S C V(G), N(S) = UyesN(v) and N[S] = UyesN[v]. The
degree deg(x) of a vertex = denotes the number of neighbors of = in G. A set of
vertices S in G is a dominating set, if N[S] = V(G). The domination number, v(G)
of G, is the minimum cardinality of a dominating set of G. For a graph G and a
subset of vertices S we denote by G[S] the subgraph of G induced by S. A subset
S of vertices is independent if G[S] has no edge. A set S C V(G) is an independent
dominating set if S is independent and dominating set. The minimum cardinality
of such a set is the independent domination number i(G). For notation and graph
theory terminology in general we follow [2].
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With K, we denote the complete graph on n vertices and with C,, the cycle of
length n. The cartesian product of two graphs G, and G is the graph G10G5 with
vertex set V(G1) x V(Gz), such that two vertices (uy,us) and (v, vq) are adjacent
if and only if either u; = vy and uguy € E(G2), or uz = vy and uv; € E(G1). An
r-partite graph G is a graph whose vertex set V(G) can be partitioned into r sets
of pairwise nonadjacent vertices. For positive integers p1,pa, ..., b, the complete r-
partite graph K, ,, . p, is the r-partite graph with partition V(G) = ViUV U---UV,
such that |V;| = p; for 1 < i < r and such that every two vertices belonging to
different partite sets are adjacent to each other.

We recall that a leaf in a graph is a vertex of degree one, and a support vertex is
one that is adjacent to a leaf. Let L(G) be the set of all leaves in a graph G.

For a graph G, let f : V(G) — {0,1,2} be a function, and let (V4;V1;V3) be
the ordered partition of V(G) induced by f, where V; = {v € V(G) : f(v) = i}
and |V;| = n; for i = 0,1,2. There is a 1 — 1 correspondence between the functions
[ :V(G) — {0,1,2} and the ordered partitions (Vp; V3; V2) of V(G). So we will write
f=Vo; Vi3 Va).

A function f : V(G) — {0, 1,2} is a Roman dominating function, or just RDF,
if every vertex w for which f(u) = 0 is adjacent to at least one vertex v for which
f(v) = 2. The weight of an RDF is the value f(V(G)) = >,y f(u). The Roman
domination number of a graph G, denoted by v5(G), is the minimum weight of an
RDF on G. A function f = (Vo; Vi; V2) is called a «g-function if it is an RDF and
f(V(G)) = VR(G)7 [17 5, 4}'

Cockayne et al. in [1] introduced the concept of independent Roman domination
in graphs. An RDF [ = (Vj;V4; V%) is called an independent Roman dominating
function if the set V3 UV5 is an independent set. The independent Roman domination
number, ig(G), is the minimum weight of an independent RDF on G. McRae [3] has
shown that the decision problem corresponding to independent Roman dominating
functions is NP-complete, even when restricted to bipartite graphs.

In this paper we study the independent Roman domination number in a graph
G. We give some properties, bounds and characterizations for this new parameter.
We make use of the following:
Proposition A [1]: Let f = (Vo; Vi; V) be any yr-function. Then
(a) G[V1], the subgraph induced by Vi, has maximum degree 1;
(b) no edge of G joins Vi and Vs.

We call an RDF f = (Vy; Vi; Vo) in a graph G an i g-function if it is an independent
RDF and f(V(G)) = ir(G). Let v € S C V(G). A vertex u is called a private
neighbor of v with respect to S if u € N[v] — N[S — v].

2 General results and bounds

It is obvious that any independent RDF on G is also an RDF. So for any graph G,
ir(G) > vr(G). Our first aim is to give a characterization of all graphs with equal
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Roman domination number and independent Roman domination number.

Lemma 1 Let f = (V;V1;V3) be an RDF for a graph G. If Va is independent, then
there is an independent RDF g for G such that w(g) < w(f).

Proof. Let G be a graph and let f = (Vp; Vi;V2) be an RDF for G such that V5
is independent. Let f! = (Vi; V1 Vi) where Vi = N(V,), Vit = V} and V! = V.
If V; is independent then f! is an independent RDF for G. So suppose that V; is
not independent. Let z; € V; be a vertex such that deggpyj(z1) > 1, and let 2=
(Ve Vi Vi), where Vi = Vo U Nopsy(21), Vi = Vi \ Nepa[21] and V32 = Vo U {z1}.
It is obvious that V;? is independent. If V2 is not independent, we continue the
above process. So there is an integer k such that f* = (V{¥; VF; V§F) and VF U Vi is
independent. Since for i = 1,2,...,k — 1, w(f*!) < w(f?), we deduce that f* is an
independent RDF for G with w(f*) < w(f). m

Corollary 2 For a graph G, ir(G) = vr(G) if and only if there is a yr-function
f = (Vo; Vi; Vo) such that Vs is independent.

Applying Corollary 2, the following is easily verified.

Proposition 3 (1) ig(K,) = vr(K,).

(2) ir(Pn) = ir(Cn) = () = 7r(Cy).
(3) ir(P0P,) = yr(POR,).

Theorem 4 ig(K,,,) = min{m,n} + 1.

Proof. Let X and Y be the partite sets of K, ,. First notice that if x € X, then
(Y; X\ {z};{z}) is an independent RDF for G, and so ig(Kn) < min{m,n} + 1.
Now let f = (Vo; Vi; Va) be an independent RDF for K, ,. It is obvious that either
ViUV, C X or VUV, CY. Further, V; # 0. We deduce that the weight of f is at
least min{m,n} + 1. Thus the result follows. m

In the following we prove that for any graph G with maximum degree at most

three, ir(G) = Yr(G).
Theorem 5 For any graph G with A(G) < 3, vr(G) = ir(G).

Proof. Let G be a graph with A(G) < 3. Suppose to the contrary that v(G) <
ir(G). Let f = (Vo;V1;V2) be a yg-function for G. By Corollary 2, V3 is not
independent. If G[V5] has a component containing a path P3 on three vertices, then
we label the central vertex of P; by 0, and its private neighbor with respect to V5 by
1, and obtain an RDF for G with weight less than yz(G). This contradiction leads
that any component of G[V3] is a K. Let G, Ga, ..., G, be the components of G[V5]
with V(G;) = {v;,u;} for 1 <4 <r. It follows that

9= Vo U{ur, s Vi U (Ui N(wi) \ {oi}); Va \ Ui {uwi})

is an RDF for G with weight yg(G). By Lemma 1, there is a ig(G)-function g; such
that w(g1) < w(g). We deduce that yr(G) = ig(G), a contradiction. m
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Corollary 6 If vr(G) < ir(G), then A(G) > 4.
Next we give some upper bounds.

Theorem 7 For any graph G of order n, ir(G) < n. Further, the equality holds if
and only if G = mKy U K for some integers m,l with n = 2m + (.

Proof. Let G be a graph of order n. It is obvious that (0; V(G);0) is an RDF for
G. So Lemma 1 shows that igr(G) < n.

For the next part, first it is obvious that if G = mK, U K, for some integers
m,l with n = 2m + [, then ig(G) = n. Suppose that G is a graph of order n
and ig(G) = n. For n = 1,2 the statement is obviously true. Thus assume that
n > 2. We show that G has maximum degree at most one. Suppose to the contrary,
that v is a vertex of degree at least 2. Let GGy be the graph obtained from G by
removing G[N[v]]. By the first part of the current theorem, ir(G;) < |V(G1)|. Let
f = (Vo; V1;V2) be an ig-function for G;. Then g = (Vo U N(v); Vi; Vo U {v}) is
an independent RDF for G with weight less than n, a contradiction. Thus G has
maximum degree at most one, and so the result follows. m

Theorem 8 For any graph G with A(G) > 3

in(C) < a(@) + 12 =2

L 2(AG) - 3)

Proof. Let G be a graph with A(G) > 3. If ir(G) = yr(G), then the inequality
follows since vgr(G) > 2. Suppose that ig(G) > vr(G). Let f = (Vo;V1;Va) be a
~yr-function for G. By Corollary 2, V5 is not independent. Let z1y; € F(G[V]),
and let Y] be the set of all private neighbors of y; with respect to V5. Then f; =
(Vo(l); Vl(l); V2(1>) is an RDF for G, where Vo(l) = (Vo \Y1)U{u}, Vl(l) =V UY] and
VY = Va\ {mu}. If VY is not independent, then we let 2oy, € E(G[ViV]), and let
Y3 be the set of all private neighbors of ¢, with respect to V2(1>. Then

fo= (V2 = (VO Vo) U{ge s Vi = VP U Y 132 = 10\ {w})

is an RDF for G. Continuing this process produces an RDF f,, = (Vo(m); Vl(m>; V2(m))
for some integer m such that V2(m> is independent. By Lemma 1, there is an ig-
function ¢ such that igr(G) = w(g) < w(fn). It follows that ig(G) < vr(G) +
m(A(G) —3). But m < |Vp| —1< # —1= W We deduce that ix(G) <
(G + HF2(AG) - 3).

We remark that for a graph G with A(G) = 3, Theorem 8 implies that ig(G) =
vr(G). This fact is also stated in Theorem 5. In the following we characterize all
graphs G with A(G) > 3 achieving equality in Theorem 8.

Theorem 9 For a graph G with A(G) > 3, ig(G) = vr(G) + W(A(G) —3) i
and only if either vr(G) = igr(G) = 2, or yr(G) =4, ir(G) =1+ A(G).
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Proof. Let G be a graph with A(G) > 3. First notice that if either vg(G) = ig(G) =
2, or vr(G) = 4,ip(G) = 1+A(G), then ix(G) = “/R(G)—FLQ’)*Q(A(G)—?;). Suppose
that ig(G) = vr(G) + W(A(G) — 3). The result is obvious for yg(G) = 2. So
suppose that vx(G) > 3. Since A(G) > 3, ir(G) # vr(G), and so by Corollary 2,
for any yg-function f = (Vo; V1;V2) on G, V4 is not independent. Let f = (Vo; Vi; V2)
be a yg-function on G, and let A be the a maximum independent subset of V5. We
observe that V5 \ A # (). We proceed with Fact 1.

Fact 1. [N[V3] \ NA]| < (A(G) — D|V3 \ A
To see this notice that N[V,] \ N[A] = N[V, \ A] \ N[A]. Also N[V,] \ N[4] =
Unervana Nul \ N[A]. Now

INVR\N[A]| = | |J Nul\N[4]|
ueVz\A

< > |N[u - N[A].
ueVo\A

But for any u € V5 \ A by maximality of A we find that u is adjacent to a vertex
vy € A. Thus |N[u] N N[A]| > 2. We deduce that |N[u] \ N[A]| = |[N[u]| — [N[A] N
Nu]| < A(G) — 1. This completes a proof for Fact 1.
Let ¢ = (N(A);V(G) \ N[A]; A). Then g is an RDF for G. It follows that
w(g) = 2|A|+|V(G)\ N[A]]. Since V; C V(G)\ N[A], we observe that V(G)\ N[A] =
ViU (N[V2] = N[A]). Now

w(g) = 2A|+[V(G)\ N[4]
= 2|A| + Vi U (N[Va] — N[A])|
2|A| + [Vi| + |N[Va] — N[A]].

Applying Fact 1, we obtain that

IN

2[A[+ Wi + (A(G) = D)[V2 \ A]

2[A[+ Vil + (A(G) = D(|Va] = |A])

= 24| = 2|V3| + 2[Va| + Vi| + (A(G) — 1)(|Va| — |A])
= r(G) + ([Va| = [A(A(G) = 3)

w(g)

= (@) + (2 ae) -9
= n(@) + (WO 6 ) - 9)

Since A(G) > 3 we find that vg(G) > 2. It is a routine matter to see that

)
[Vi] + 2| A| > 2. This leads that w(g) < vr(G) + (%)(A(G) —3). By Lemma 1,
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there is an iz-function A for G such that

r(G) —2

ir(G) = w(h) < w(g) < 7r(G) + (=

JA(G) = 3) = ir(G).

We conclude that

r(G) —2
2

— W[ - 2/4]

NA(G) ~3) = (@) +(2E ]

Yr(G) +(

AG)=3) (1)
and

INIV2I\ NIA]| = (A(G) = 1)[Va \ A (2)

The relation (1) implies that |Vi| + 2|A| = 2, and therefore |Vi| =0 and |A| = 1.

Then G[V;] is a complete graph. Let G[V2] = K; where ¢t > 2. Let u € Vo \ A. It
follows that |N[u] \ N[A4]| < A(G)+ 1 —t, and so

| U NN < Y IN[u]\ N[A]
ueVa\A ueVa\A
< (AG)+1=1)Va \ 4
< (AG) =12 \ Al

But relation (2) implies that (A(G) + 1 —¢)|V2 \ 4| = (A(G) — 1)|V2 \ 4], and
therefore ¢ = 2. Since |V;| = 0, we deduce that vg(G) =4 and so ig(G) = 1+ A(G).
n

3 Relations with independent domination

It is obvious that for any graph G, i(G) < ig(G) < 2i(G). In this section we give a
characterization of all graphs G' which zR(G) =i(G)+k for 0 <k <i(G).

Theorem 10 For a graph G of order n, ig(G) = i(G) if and only if G = K,,

Proof. It is obvious that ig(K,) = i(K,). Let G be a graph of order n and
ir(G) =i(G). Let f = (Vo; V1;V2) be an ig-function for G. It follows that

(@) < Wi+ Vol < Vil +2|Va| = ir(G).

We deduce that Vp = ), and so i(G) = n. Thus, G = K,,. =
The next theorem gives a characterization for all graphs G with ig(G) = i(G)+1.

Theorem 11 For a graph G of order n, ip(G) = i(G) + 1 if and only if G has a
vertezx of degree n —i(G).
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Proof. Let G has a vertex v with deg(v) = n —i(G). First let G' = G[V(G)\ N[v]].
By Theorem 7, ig(G') < |V(G")|. Let (Vy; V{; V3) be an ig-function for G'. It follows
that (N(v) U Vo'; Vi's {v} U {V2}) is an independent RDF G. We conclude that
irn(G) <i(G) + 1.

For the converse suppose that ir(G) = i(G) + 1. Let g = (Vo; Vi; V) be an ig-
function. Since V; U V4 is an independent dominating set, we deduce that |Va| < 1.
If Vo = 0, then V; is not independent, which is a contradiction. So [V,] = 1. Let
Vo = {u}. Then any vertex of 1} is adjacent to u. So deg(u) = |Vo| = n—|V1|—|Va| =
n—i(G). =

Now we are ready to give the main result of this section.

Theorem 12 For a graph G of order n and an integer k with 2 < k < i(G),
ir(G) = i(G) + k if and only if the following hold:

(i) For any integer s with 1 < s < k—1, there is no independent set U, of cardinality
t such that 1 <t < s and |J,cy, N[v]| =n —i(G) — s+ 2t,

(ii) There is an independent set W, of cardinality [ for some integer | with 1 <1 <k
such that |J,ep, N[v]| =n —i(G) — k +2L.

Proof. Let G be a graph of order n and k& > 2 be an integer.

(=) Let ig(G) = i(G) + k. First we prove (i). Suppose to the contrary that there
exist two integers sg and to with 1 < t3 < s < k — 1 and G has an independent
set Uy, of cardinality ¢o such that |,y N[v]] = n —i(G) — s +2t. Then f =
(N(Us); VIG)\N[Us,]; Us,y) is an RDF for G such that Uy, is independent. By Lemma
1, there is a igr(G) function g such that w(g) < w(f) = i(G) + so < i(G) +k — 1.
This is a contradiction, since ig(G) = i(G) + k. Thus (i) is true.

Now we prove (ii). From 2|V3| 4 |Vi| = i(G) + k we have that |Vi| + V2| > i(G). By
Theorem 10, |Vz| # 0. Then |Va| =1 (1 <1 < k), and so |Vi| = i(G) + k — 2. Let
W; = V5. There exists an independent set W, of cardinality [ such that

U NWll=n— Wil =n—((G)+k—2l) =n—i(G)— k+2L

veW;

(«<=) Suppose to the contrary that ig(G) = i(G) + m where m < k — 1. If
m = 1 then Theorem 11 implies that G has a vertex of degree n — i(G), and putting
s =t =11n (i) produce a contradiction. So suppose that m > 2. By part (ii) of
(=) G has a set W, of cardinality [ with 1 <[ <k — 1 such that

| NIl =n—i(G) —m+2L

veW;

By (i) for any integer s with 1 < s < k — 1, G does not have a set U; of cardinality
t (1 <t < s)such that [y, N[v]| = n —i(G) — s + 2t, a contradiction. On the
other hand if ig(G) = i(G) + m where m > k + 1, then by part (i) of (=) for any
integer s with 1 < s < m — 1, G does not have a set Uy of cardinality ¢ (1 <t < s)
such that

| Nl =n—i(G) — s+ 2t.

veU;
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This contradicts (ii). We deduce that ix(G) =i(G) + k. =

Acknowledgments

We would like to thank the referees for their careful review of our manuscript and
some helpful suggestions.

References

[1] E.J. Cockayne, P.M. Dreyer Jr., S.M. Hedetniemi and S.T. Hedetniemi, On
Roman domination in graphs, Discrete Math. 278 (2004), 11-22.

[2] T.W. Haynes, S.T. Hedetniemi and P. J. Slater, Fundamentals of Domination in
Graphs, Marcel Dekker, NewYork, 1998.

[3] A.A. McRae, Private communication, March 2000.

[4] C.S. ReVelle and K. E. Rosing, Defendens imperium romanum: a classical prob-
lem in military strategy, Amer Math. Monthly 107 (2000), 585-594.

[5] 1. Stewart, Defend the Roman Empire!, Sci. Amer. 281 (6) (1999), 136-139.

(Received 9 Dec 2009; revised 27 Sep 2011)




<<
  /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


