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Abstract

A graph is Ramsey unsaturated if there exists a proper supergraph of
the same order with the same Ramsey number, and Ramsey saturated
otherwise. This has been studied by Balister, Lehel and Schelp [J. Graph
Theory 51 (2006), 22–32]. In this paper, we show that some circulant
graphs, trees with diameter 3, and Kt,n ∪ mK1 for infinitely many t, n
and m, are Ramsey unsaturated.

1 Introduction

Throughout this paper, r(G, H) denotes the Ramsey number of a pair of graphs
(G, H), i.e., the minimum n such that in any coloring of the edges of Kn with colors
red and blue, we either obtain a red subgraph isomorphic to G, or a blue subgraph
isomorphic to H. We write r(G) for r(G, G).

Definition. A graph G on n vertices is said to be Ramsey unsaturated if there
exists an edge e ∈ E(G) such that r(G+e) = r(G). The graph G is Ramsey saturated
if r(G + e) > r(G) for all e ∈ E(G), i.e. G is not Ramsey unsaturated.

This has been studied by Balister, Lehel and Schelp in [1]. In particular, they
showed that the path Pk and the cycle Ck are Ramsey unsaturated for all k ≥ 5. In
this paper, we show that some circulant graphs, trees with diameter 3 and Kt,n∪mK1

for infinitely many t, n and m are Ramsey unsaturated.
In the following, for X and Y (not necessarily distinct) in the vertex set V (G)

of G, E(X, Y ) denotes the set of edges between X and Y . For v ∈ V (G), NG(v)
denotes the neighborhood of v in G, that is, NG(v) = {u ∈ V (G) | uv ∈ E(G)}.

2 Results

2.1 Circulant graphs

The circulant graph C(n; S) is the graph with the vertex set V (C(n; S)) = {i | 0 ≤
i ≤ n−1} and the edge set E(C(n; S)) = {(i, j) | 0 ≤ i ≤ n−1, 0 ≤ i ≤ n−1, (i− j)
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mod n ∈ S}, where S ⊆ {1, 2, . . . , �n/2�}. Given a circulant graph C(n; S), if x, y ∈
V (C(n; S)) such that |x − y| = k, then we call (x, y) a k-chord. In [1], the following
was shown.

Theorem 2.1. Let n and k be integers with n ≥ 5, 1 < k < n/2, and gcd(k, n) = 1.
If there is an odd i > 0 such that ki ≡ ±1 mod n, then r(Cn + k-chord) = r(Cn).

By using the same technique in the proof of Theorem 2.1 in [1], we can show the
following:

Theorem 2.2. Let n ≥ 5 such that m2 ≡ ±1 mod n and m 
≡ ±1 mod n. If there
exists k where 1 < k < n/2 which is relatively prime to both n and m, and an odd
j > 0 such that kj ≡ 1 mod n, then r(C(n; {1, m}) + k-chord) = r(C(n; {1, m})).

Proof. Assume that r(C(n; {1, m}) + k-chord) > r(C(n; {1, m})). Then there exists
a red-blue edge coloring on Kr(C(n;{1,m})) such that it contains no monochromatic
C(n; {1, m}) + k-chord. Without loss of generality, we assume that it contains a red
C(n; {1, m}). Then each k-chord of this red C(n; {1, m}) must be blue, i.e. the edges
(ik, (i + 1)k) must be blue for 0 ≤ i ≤ n − 1.

Consider the mapping f given by i �−→ im where 0 ≤ i ≤ n − 1 on the vertex
set of C(n; {1, m}). Since m2 ≡ ±1 mod n, f is an automorphism of the circulant
graph C(n; {1, m}). Then the k-chord of this circulant graph f(C(n; {1, m})) must
be blue, i.e. (ikm, (i + 1)km) must be blue for all 0 ≤ i ≤ n − 1.

Since k is relatively prime to both n and m, for each j, the edges (ikj, (i + 1)kj)
and (ikjm, (i + 1)kjm) where 0 ≤ i ≤ n − 1 form the circulant graph C(n; {1, m}).
Denote the circulant graph C(n; {1, m}) formed by the edges (ikj, (i + 1)kj) and
(ikjm, (i + 1)kjm) where 0 ≤ i ≤ n − 1 by C(j).

By our assumption C(0) is red and we have shown that C(1) is blue. Likewise,
one can show that C(j) is red for all even j and blue for all odd j. It is therefore
apparent that kj 
≡ 1 mod n for all odd j. Otherwise, C(j) = C(0) would need to
be both red and blue.

Let Z
×
n denote the multiplicative group of integers mod n that are relatively prime

to n. Then |Z×
n | = φ(n), the Euler phi function. Then we have the following:

Corollary 2.1. Let n ≥ 5. If φ(n) = 4q where q is an odd number greater than 1,
then C(n; {1, m}) is Ramsey unsaturated for some m 
≡ ±1.

Proof. Since φ(n) is divisible by an odd prime p, there exists a nontrivial element k
in the p-Sylow subgroup of Z

×
n . Then k is relatively prime to n and kj ≡ 1 mod n

for some odd j.
Since φ(n) = 4q where q is odd, there exists a nontrivial element m in the 2-Sylow

subgroup of Z
×
n . Then m is relatively prime to n and m2 ≡ ±1 mod n. Moreover,

k and m must be relatively prime.
Applying Theorem 2.2 to either k or (n − k)-chords of C(n, {1, m}), we get

Corollary 2.1.
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It is well-known that if n = pk1
1 . . . pkr

r where pi are distinct primes and ki > 0,
then φ(n) = pk1−1

1 . . . pkr−1
r (p1−1) . . . (pr−1). Let S be the set of all odd primes p such

that p− 1 = 2d where d is odd; then for p1, p2 ∈ S, we have φ(p1p2) = φ(2p1p2) = 4q
where q is odd. Since S is an infinite set, by Corollary 2.1, there are infinitely many
n such that C(n, {1, m}) is Ramsey unsaturated, namely, n = p1p2 or 2p1p2 where
p1, p2 ∈ S.

Note also that there exists some n which is not in the form of Corollary 2.1. For
example, 132 ≡ 1 mod 28 and 93 ≡ 1 mod 28, by Theorem 2.3, r(C(28, {1, 13}) +
9-chord) = r(C(28, {1, 13})). In particular, C(28, {1, 13}) is Ramsey unsaturated.
By finding n which is not in the form of Corollary 2.1 and which satisfies the condition
in Theorem 2.2, one can find more circulant graphs which are Ramsey unsaturated.

Theorem 2.3. Let n ≥ 5 such that m2
1 ≡ ±m2 mod n and m2

2 ≡ ±m1 mod n
for some m1, m2 
≡ ±1 mod n. If there exists k where 1 < k < n/2 which is
relatively prime to both n, m1, m2, and an odd j > 0 such that kj ≡ 1 mod n, then
r(C(n; {1, m1, m2}) + k-chord) = r(C(n; {1, m1, m2})).

Proof. Assume that r(C(n; {1, m1, m2}) + k-chord) > r(C(n; {1, m1, m2})). Then
there exists a red-blue edge coloring on Kr(C(n;{1,m1,m2}) containing no monochromatic
C(n; {1, m1, m2}) + k-chord. Without loss of generality, we assume that it contains
a red C(n; {1, m1, m2}). Then each k-chord of this red C(n; {1, m1, m2}) must be
blue, i.e. the edges (ik, (i + 1)k) must be blue for all 0 ≤ i ≤ n − 1.

For t = 1, 2, consider the mapping ft given by i �−→ imt where 0 ≤ i ≤ n − 1 on
the vertex set of C(n; {1, m1, m2}). Since m2

1 ≡ ±m2 mod n and m2
2 ≡ ±m1 mod n

which implies m1m2 ≡ ±1, ft is an automorphism of C(n; {1, m1, m2}). Then the
k-chord of this circulant graph ft(C(n; {1, m})) must be blue, i.e. (ikmt, (i + 1)kmt)
must be blue for all 0 ≤ i ≤ n − 1.

Since k is relatively prime to n, m1, m2, for each j, the edges (ikj, (i + 1)kj),
(ikjm1, (i+1)kjm1) and (ikjm2, (i+1)kjm2) where 0 ≤ i ≤ n− 1 form the circulant
graph C(n; {1, m1, m2}). Denote the circulant graph C(n; {1, m1, m2}) formed by the
edges (ikj, (i+1)kj), (ikjm1, (i+1)kjm1) and (ikjm2, (i+1)kjm2) where 0 ≤ i ≤ n−1
by C(j).

By our assumption C(0) is red and we have shown above that C(1) is blue.
Likewise, it can be shown that C(j) is red for all even j and blue for all odd j. It is
therefore apparent that kj 
≡ 1 mod n for all odd j. Otherwise, C(j) = C(0) would
need to be both red and blue.

Corollary 2.2. Let n ≥ 5. If φ(n) = 3q where q 
≡ 0 mod 3 and q ≡ 0 mod p for
some odd prime p, then C(n; {1, m1, m2}) is Ramsey unsaturated for some m1, m2 
≡
±1.

Proof. Since φ(n) = 3q and q 
≡ 0 mod 3, there exists a nontrivial element m1 in
the 3-Sylow subgroup of Z

×
n . This implies that m1 ≡ 1 mod n and m1 
≡ ±1. By

taking m2 = m2
1, then we have m2 
≡ ±1; m2

1 ≡ m2 mod n and m2
2 = m4

1 ≡ m1

mod n.
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Moreover, since φ(n) = 3q where q ≡ 0 mod p for some odd prime p, there exists
a nontrivial element k in the p-Sylow subgroup of Z

×
n . Then k is relatively prime to

n, m1, m2 and kj ≡ 1 mod n for some odd j.
Now considering either k or (n − k)-chords of C(n, {1, m1, m2}) and applying

Theorem 2.3, we have Corollary 2.2.

Note that there exists some n which is not in the form of Corollary 2.2. For
example, we have 72 ≡ 11 mod 19; 112 ≡ −7 mod 19 and 59 ≡ 1 mod 19, by
Theorem 2.3, r(C(19, {1, 7, 11}) + 5-chord) = r(C(19, {1, 7, 11})). This shows that
C(19, {1, 7, 11}) is Ramsey unsaturated. By finding n which is not in the form
Corollary 2.2 and satisfies the condition in Theorem 2.3, one can find more circulant
graphs which are Ramsey unsaturated.

2.2 Trees with diameter 3

In [1], the following conjecture is stated:

Conjecture 2.1. If Tn is a non-star tree of order n ≥ 5, then r(Tn + e) = r(Tn) for
each edge e such that Tn + e is bipartite.

Note that if Tn is a tree of order n ≥ 5 such that diam(Tn) = 3, then Tn is a
non-star tree. We will show that Conjecture 2.1 is true for all trees with diameter
3. Note also that if Tn is a tree of order n ≥ 5 with diam(Tn) = 3, there exist two
distinct vertices a, b in Tn such that ab ∈ E(Tn); and for any e ∈ E(Tn) − {ab},
e = xa or xb where x ∈ V (Tn) − {a, b}. See Figure 1.

• •a b• �
�
•

��•
�

�•
...

•�
�
•

��•
�

�•
...

Figure 1. Tree with diameter 3.

Theorem 2.4. If Tn is a tree of order n ≥ 5 such that diam(Tn) = 3, then r(Tn+e) =
r(Tn) for each edge e such that Tn + e is bipartite. In particular, Tn of order n ≥ 5
with diam(Tn) = 3 is Ramsey unsaturated.

Proof. Let e = cd be an edge of Tn such that Tn+e is bipartite. Then by renaming the
vertices of c and d if necessary, we must have c ∈ NTn(a)−{b} and d ∈ NTn(b)−{a}
where NG(x) denotes the neighborhood of x in G.

Suppose that r(Tn + e) > r(Tn). Then we have a red-blue coloring on Kr(Tn) such
that it contains no monochromatic Tn + e. We can assume that it contains a red Tn.
Then E(NTn(a) − {b}, NTn(b) − {a}) are blue.

Define U = V (Kr(Tn)) − NTn(a) − NTn(b) + {a, b}. If there exist two distinct
vertices u, v in U such that ux′ and vy′ are blue for some x′ ∈ NTn(a) − {b} and
y′ ∈ NTn(b) − {a}, then E(NTn(a) − {b}, NTn(b) − {a}) ∪ ux′ ∪ vy′ contains a blue
Tn + e. Therefore, one of the following is true:
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Case 1. E(U, NTn(a) − {b}) is red; or

Case 2. E(U, NTn(b) − {a}) is red.

Case 1. Note that r(Tn) ≥ max{n + |NTn(a)| − 1, n + |NTn(b)| − 1} (see [4] for
example). This implies |U | ≥ |NTn(b)| + 1. If there exists u ∈ U such that uy is red
for some y ∈ NTn(b) − {a}, then E(U, NTn(a) − {b}) ∪ uy contains a red Tn + e.

Therefore we may assume that E(U, NTn(b)−{a}) is blue. However, E(NTn(a)−
{b}, NTn(b) − {a}) ∪ E(U, NTn(b) − {a}) contains a blue Tn + e.
Case 2. We can apply the same proof as in Case 1 by switching the labels a
and b.

2.3 Kt,n ∪ mK1

Theorem 2.5. Let Kt,n be the complete bipartite graph such that 1 ≤ t ≤ n. Let
Kt,n ∪ mK1 be the graph union of Kt,n and m K1’s. If r(Kt,n ∪ mK1) ≥ n + 2t + 1,
then r(Kt,n ∪ mK1) = r(Kt,n ∪ mK1 + e) where e is an edge connecting any one
of the K1 and a vertex in the n-side of Kt,n. In particular, Kt,n ∪ mK1 is Ramsey
unsaturated.

Proof. Suppose that we have a red-blue coloring on Kr(Kt,n∪mK1). We can assume
that there exists a red Kt,n since r(Kt,n∪mK1) ≥ r(Kt,n). Let U = V (Kr(Kt,n∪mK1))−
V (Kt,n) and V be the n-side of Kt,n.

If there exists u ∈ U , v ∈ V such that uv is red, then we have a red Kt,n∪mK1+e.
Therefore, we may assume that E(U, V ) is blue. We claim that

|U | ≥ t + 1. (1)

To prove this, note that |U | = r(Kt,n ∪ mK1) − (t + n). Combining this with the
assumption that r(Kt,n ∪ mK1) ≥ n + 2t + 1, we get (1).

Hence, E(U, V ) contains a blue Kt+1,n in Kr(Kt,n∪K1). By considering this blue
Kt+1,n union with the vertices which are not in this blue Kt+1,n, one can show that
there exists a blue Kt,n ∪ mK1 + e in Kr(Kt,n∪K1).

From Theorem 2.5, we have the following:

Corollary 2.3. If m ≥ t + 1, then Kt,n ∪ mK1 is Ramsey unsaturated.

Proof. It is obvious that r(Kt,n∪mK1) ≥ m+n+t. Hence, by assumption m ≥ t+1,
we have r(Kt,n ∪ mK1) ≥ n + 2t + 1. Now apply Theorem 2.5.

Corollary 2.4. If 1 ≤ t ≤ n/2 − 1, then Kt,n ∪ mK1 is Ramsey unsaturated.

Proof. By Theorem 2.5 and r(Kt,n ∪ mK1) ≥ r(Kt,n), it is sufficient to show that
r(Kt,n) ≥ n + 2t + 1 if 1 ≤ t ≤ n/2 − 1. From [3], we know that r(K1,n) ≥ 2n − 1.
Therefore, if 1 ≤ t ≤ n/2 − 1, we have r(Kt,n) ≥ r(K1,n) ≥ 2n − 1 ≥ n + 2t + 1.

A (v, k, λ, μ) strongly regular graph is a graph with v vertices that is regular of
degree k in which any two distinct vertices have λ common neighbors if they are
adjacent and μ common neighbors if they are nonadjacent.
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Corollary 2.5. If a (4n− 3, 2n− 2, n− 2, n− 1) strongly regular graph exists, then
Kt,n ∪ mK1 is Ramsey unsaturated for 1 ≤ t ≤ n and n ≥ 3.

Proof. By [2], r(K2,n) ≥ 4n− 2 if there exists a (4n− 3, 2n− 2, n− 2, n− 1) strongly
regular graph. Therefore, we have r(Kt,n) ≥ r(K2,n) ≥ 4n − 2 ≥ n + 2t + 1 since
1 ≤ t ≤ n and n ≥ 3. By Theorem 2.5, Kt,n ∪ mK1 is Ramsey unsaturated.

Corollary 2.6. If 4n − 3 is a prime power, or n = 12, then Kt,n ∪ mK1 is Ramsey
unsaturated for 1 ≤ t ≤ n.

Proof. From [7], we know that a (4n− 3, 2n− 2, n− 2, n− 1) strongly regular graph
exists for n if 4n− 3 is a prime power. From [5], we know that a (4n− 3, 2n− 2, n−
2, n − 1) strongly regular graph exists for n = 12. Hence, Corollary 2.6 follows from
Corollary 2.5.

Corollary 2.7. If n is odd and there exists a symmetric Hadamard matrix of order
2n − 2, then Kt,n ∪ mK1 is Ramsey unsaturated if 1 ≤ t ≤ n and n ≥ 4. If there
exists a symmetric Hadamard matrix of order 4n − 4, then Kt,n ∪ mK1 is Ramsey
unsaturated if 1 ≤ t ≤ n and n ≥ 5.

Proof. From [2], we know that r(K2,n) ≥ 4n − 3 if n is odd and there exists a
symmetric Hadamard matrix of order 2n−2. Therefore, r(Kt,n) ≥ r(K2,n) ≥ 4n−3 ≥
n + 2t + 1 since 1 ≤ t ≤ n and n ≥ 4. By Theorem 2.5, Kt,n ∪ K1 is Ramsey
unsaturated.

From [2], we also know that r(K2,n) ≥ 4n−4 if there exists a symmetric Hadamard
matrix of order 4n − 4. Therefore, r(Kt,n) ≥ r(K2,n) ≥ 4n − 4 ≥ n + 2t + 1 since
1 ≤ t ≤ n and n ≥ 5. By Theorem 2.5, Kt,n ∪ mK1 is Ramsey unsaturated.

References

[1] P. Balister, J. Lehel and R. H. Schelp, Ramsey Unsaturated and Saturated Graphs, J.
Graph Theory 51 (2006), 22–32.

[2] G. Exoo, H. Harborth and I. Mengersen, On Ramsey numbers of K2,n, Graph theory,
Combinatorics, Algorithms, and Applications, SIAM, Philadelphia, (1991), 207–211.

[3] F. Harary, Recent results on generalized Ramsey theory for graphs, Graph Theory and
Applications, Springer, Berlin, (1972), 125–138.

[4] P. E. Haxell, T. �Luczak and P. W. Tingley, Ramsey Numbers for Trees of Small Maxi-
mum Degree. Combinatorica 22 (2002), 287–320.

[5] R. Mathon, On self-complementary strongly regular graphs, Discrete Math. 69 (1988),
263–281.

[6] S. Radziszowski, Small Ramsey numbers, Electron J. Combin. (2004), Dynamic Survey
DS1.

[7] J. J. Seidel, A survey of two-graphs, Colloquio Internazionale sulle Teorie Combinatorie,
Rome, 1973, Tomo I, Accad. Naz. Lincei (1976), 481–511.

(Received 11 Sep 2008; revised 25 Feb 2009)



<<
  /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


