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Abstract

A cube decomposition Q of a graph G is said to be 2-perfect if for every
edge {x, y} ∈ E(G), x and y are connected by a path of length 1 in exactly
one cube of Q, and are also connected by a path of length 2 in exactly
one (distinct) cube of Q. For both Kv and Kv −F , we give constructions
for half of the cases which satisfy the obvious necessary conditions, with
a small number of exceptions. We also show that there does not exist a
2-perfect Q-decomposition of K16 and conjecture that the same is true
for K25.

1 Introduction

Let G and H1, H2, . . . , Hn be graphs. The set H = {H1, H2, . . . , Hn} is a decom-
position of G if E(H1), E(H2), . . . , E(Hn) partitions E(G). If Hi is isomorphic to
H, for 1 ≤ i ≤ n, then H is said to be an H-decomposition of G. Furthermore, an
H-decomposition H is said to be 2-perfect if for every {x, y} ∈ E(G), x and y are
connected by a path of length 1 in exactly one copy of H ∈ H, and are also connected
by a path of length 2 in exactly one (distinct) copy of H ∈ H.

Most commonly G = Kv, the complete graph on v vertices, or Kv −F , the complete
graph on v vertices with the edges of a 1-factor removed.

An H-decomposition of Kv is said to be an H-design. For k < v, a Kk-design is
said to be resolvable if we can partition the copies of Kk in the decomposition into
parallel classes such that each class contains each vertex of Kv exactly once.

The problem of determining all values of v for which there exists an H-decomposition
of Kv is called the spectrum problem for H. The spectrum problem for 2-perfect m-
cycle decompositions has been considered by several authors: for example, see [1],
[2], [10], [11], [12], [16].

An n-cube, denoted Qn, is defined to be K2 if n = 1 and, for n ≥ 2, Qn = Qn−1×K2.
Consequently, a 2-cube is simply a 4-cycle and a 3-cube is a 3-dimensional cube.
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In 1979 in [8], Kotzig asked: “For which n and v does there exist an n-cube decom-
position of Kv?” This remains an open problem today.

An n-cube decomposition of Kv is possible only if the number of edges in Kv is
divisible by n2n−1, the number of edges in an n-cube. Furthermore, since an n-cube
is n-regular, the decomposition is possible only if the degree of a vertex in Kv is
divisible by n; that is n | v − 1.

Kotzig proves Theorems 1.1 and 1.2 in [9], thus establishing some necessary condi-
tions for existence of an n-cube decomposition of Kv.

Theorem 1.1 Let n be even. If Kv can be decomposed into n-cubes, then v ≡
1 (mod n2n).

Theorem 1.2 Let n be odd. If Kv can be decomposed into n-cubes, then one of the
two following conditions holds:

1. v ≡ 1 (mod n2n); or

2. v ≡ 0 (mod 2n) and v ≡ 1 (mod n).

In the same paper Kotzig proves that the conditions of Theorem 1.1 and Part 1
of Theorem 1.2 are also sufficient. Maheo was the first to prove, in [15], that the
necessary conditions of Theorem 1.2 are also sufficient when n = 3. The spectrum
problem for 5-cube decompositions of Kv has been completed settled by Bryant et
al.; see [4].

The obvious necessary conditions for existence of a Q3-decomposition of Kv −F have
also been shown to be sufficient; see [18]. Thus we have the following theorem.

Theorem 1.3 There exists a Q3-decomposition of Kv or Kv − F if, and only if,
v ≡ 1, 16 (mod 24) or v ≡ 2 (mod 6), respectively.

If we let the vertex set of Kv be denoted {u1, u2, . . . , uv}, then we can represent this
graph by (u1, u2, . . . , uv), or by any permutation of this. We let the 3-cube with vertex
set {a, b, c, d, e, f, g, h} and edge set {{a, b}, {b, c}, {c, d}, {d, a}, {e, f}, {f, g}, {g, h},
{h, e}, {a, e}, {b, f}, {c, g}, {d, h}} be denoted [a, b, c, d | e, f, g, h]; see Figure 1.
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Figure 1. The 3-cube denoted by [a, b, c, d | e, f, g, h].
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We define the distance between two vertices in a connected graph to be the length
of the shortest path which connects them. For example, the distances between a
and b, a and c, and a and g in the cube [a, b, c, d | e, f, g, h] are one, two and three
respectively. If the distance between two vertices x and y is k, then x and y are said
to be separated by distance k.

Given a cube A = [a, b, c, d | e, f, g, h], we can form two copies of K4, namely
(a, c, f, h) and (b, d, e, g), by connecting all vertices that are separated by distance
two. Let A(2) = {(a, c, f, h) , (b, d, e, g)}. We refer to A(2) as the distance 2 graph
of A.

Let Q be a Q3-decomposition of a graph G. Let Q(2) =
⋃

A∈Q A(2). Then Q is
2-perfect if Q(2) forms a K4-decomposition of G.

Results on K4-decompositions of Kv and Kv − F can be found in [7] and [3] respec-
tively.

Theorem 1.4 There exists a K4-decomposition of Kv or Kv − F if, and only if,
v ≡ 1, 4 (mod 12) or v ≡ 2 (mod 6), v �= 8, respectively.

For the remainder of the paper we denote a 3-cube by simply Q.

We investigate the problem of determining for which v there exists a 2-perfect Q-
decomposition of Kv or Kv − F . For such decompositions to exist the conditions of
Theorems 1.3 and 1.4 must be satisfied. That is, the obvious necessary conditions
for existence of a 2-perfect Q-decomposition of Kv or Kv − F are v ≡ 1, 16 (mod 24)
or v ≡ 2 (mod 6), v �= 8, respectively.

We obtain partial results for this problem, most notably:

• For all v ≡ 2 (mod 12) there exists a 2-perfect Q-decomposition of Kv − F ;

• There does not exist a 2-perfect Q-decomposition of K16; and

• If v ≡ 1 (mod 24), v �∈ {25, 96, 120, 144, 168, 216}, then there exists a 2-perfect
Q-decomposition of Kv.

For convenience we now introduce some more notation and terminology to be used
throughout this paper.

We denote by K(np1

1 , np2

2 , . . . , npx
x ) the complete multipartite graph with pi partite

sets of size ni, for 1 ≤ i ≤ x. The complete equipartite graph with p partite sets
each containing n vertices is denoted K(np).

We denote by G−H the graph with V (G−H) = V (G) and E(G−H) = E(G)\E(H).

A nested K3 is an ordered pair of graphs (H1, H2), such that H1 and H2 are copies
of K3 and K4 respectively, and H1 is a subgraph of H2. A nested K3-decomposition
of a graph G is a set H of nested K3s such that {H1 | (H1, H2) ∈ H} is a K3-
decomposition of G, and {H2 − H1 | (H1, H2) ∈ H} is a (K4 − K3)-decomposition
of G.
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If no confusion is likely to arise, then we will use uv to denote the edge {u, v}.
In Section 2 we consider cases which depend upon the existence of nested K3-
decompositions; this section includes some results on decompositions of Kv − F
and multipartite graphs. In Section 3 we consider decompositions of Kv . This
includes the non-existence proof for K16, and a method for constructing 2-perfect
Q-decompositions for almost all v ≡ 1 (mod 24).

2 Results which use nested K3-decompositions

Theorem 2.1 If there exists a nested K3-decomposition of K(np1

1 , np2

2 , . . . , npx
x ), then

there exists a 2-perfect Q-decomposition of K(2np1

1 , 2np2

2 , . . . , 2npx
x ).

Proof. Let E = E(K(np1

1 , np2

2 , . . . , npx
x )). Let H be a nested K3-decomposition of

K(np1

1 , np2

2 , . . . , npx
x ).

Let Bi = ((a, b, c), (a, b, c, d)) ∈ H be the ith nested K3 from the decomposition of
K(np1

1 , np2

2 , . . . , npx
x ). Let Ei

1 = {ab, ac, bc} and Ei
2 = {ad, bd, cd}. By definition of a

nested K3-decomposition, we have
⋃

i

Ei
j = E, for j ∈ {1, 2}.

Given Bi, let Ai = [a1, b2, c1, d1 | c2, d2, a2, b1]. Let Di
1 be the edge set of Ai, and let

Di
2 be the edge set of the distance 2 graph of Ai. Then

Di
1 = E(Ai) = {a1b2, a2b1, a1c2, a2c1, b1c2, b2c1, a1d1, b1d1, c1d1, a2d2, b2d2, c2d2},

and

Di
2 = E(Ai(2)) = {a1b1, a1c1, b1c1, a2b2, a2c2, b2c2, a1d2, b1d2, c1d2, a2d1, b2d1, c2d1}.

We can rewrite these sets as follows:

Di
1 = {u1v2, u2v1 | uv ∈ Ei

1} ∪ {u1v1, u2v2 | uv ∈ Ei
2}, and

Di
2 = {u1v1, u2v2 | uv ∈ Ei

1} ∪ {u1v2, u2v1 | uv ∈ Ei
2}.

Note that Di1
j ∩ Di2

j = ∅, for all i1 �= i2, where j = 1, 2. Hence

∪iD
i
1 = {u1v2, u2v1 | uv ∈ ∪iE

i
1} ∪ {u1v1, u2v2 | uv ∈ ∪iE

i
2},

= {u1v1, u1v2, u2v1, u2v2 | uv ∈ E}, and

∪iD
i
2 = {u1v1, u2v2 | uv ∈ ∪iE

i
1} ∪ {u1v2, u2v1 | uv ∈ ∪iE

i
2}

= {u1v1, u1v2, u2v1, u2v2 | uv ∈ E}.
Since E is the edge set of K(np1

1 , np2

2 , . . . , npx
x ), then {u1v1, u1v2, u2v1, u2v2 | uv ∈ E}

is the edge set of K(2np1

1 , 2np2

2 , . . . , 2npx
x ).

Hence {Ai} and {Ai(2)} are Q- and K4-decompositions of K(2np1

1 , 2np2

2 , . . . , 2npx
x ), re-

spectively. Thus Q = {Ai} is a 2-perfect Q-decomposition of K(2np1

1 , 2np2

2 , . . . , 2npx
x ).
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Corollary 2.2 If there exists a nested K3-decomposition of Kv, then there exists a
2-perfect Q-decomposition of K2v − F .

Theorem 2.3 [5, 13, 17] There exists a nested K3-decomposition of Kv for all v ≡
1 (mod 6), v ≥ 7.

Theorem 2.4 There exists a 2-perfect Q-decomposition of Kv − F for all v ≡
2 (mod 12), v ≥ 14.

Proof. The result follows from Corollary 2.2 and Theorem 2.3.

3 Decompositions of Kv

We begin by proving that there does not exist a 2-perfect Q-decomposition of K16.
We then give further results on decompositions of multipartite graphs which we
combine with decompositions of K49 and K73 to construct an infinite family of 2-
perfect Q-decompositions.

3.1 v = 16

It is possible to decompose K16 into copies of K4 or Q. However, despite all obvious
necessary conditions being satisfied, there does not exist a 2-perfect Q-decomposition
of K16.

Lemma 3.1 Every K4-decomposition of K16 is resolvable, and two copies of K4 are
vertex disjoint if, and only if, they are in the same parallel class.

Proof. This follows from the fact that a K4-decomposition of K16 is an affine plane
of order four.

Lemma 3.2 There exist no 2-perfect Q-decompositions of K16.

Proof. Let V = {ab | a, b ∈ {1, 2, 3, 4}}, and suppose that there exists a 2-perfect
Q-decomposition of K16 on the vertex set V , given by Q = {A1, A2, . . . , A10}. We
now seek a contradiction.

Note that each cube contains twelve pairs of vertices separated by distance 1, twelve
pairs of vertices separated by distance 2, and four pairs of vertices separated by
distance 3.

Let X be the set of triples {{x, y}, A, B}, where x, y ∈ V , A, B ∈ Q, and x and
y are separated by distance k in A, and by distance l in B, where k, l ∈ {1, 3}.
Our argument is based on the size of X and the maximum number of triples in X
containing a given pair {x, y}.
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We begin by considering Q(2) = A1(2)∪A2(2)∪ . . .∪A10(2), the K4-decomposition
of K16 on V , formed by the distance 2 graphs of the cubes in Q.

By Lemma 3.1, we can assume without loss of generality that {(11, 21, 31, 41), (12, 22,
32, 42), (13, 23, 33, 43), (14, 24, 34, 44)} forms a parallel class, with A1(2) = {(11, 21, 31,
41), (12, 22, 32, 42)} and A2(2) = {(13, 23, 33, 43), (14, 24, 34, 44)}.
In general, we see that A1, A2, . . . , A10 occur in vertex-disjoint pairs (parallel classes).
A corollary is that a given pair of vertices, x and y say, may be separated by distance
1, 2 or 3 in at most five distinct cubes of Q.

Since the other copies of K4 must intersect each of the K4s in A1(2)∪A2(2), we can
assume without loss of generality that A3(2) = {(11, 12, 13, 14), (21, 22, 23, 24)}.
Thus we have {{11, 22}, A1, A3}, {{12, 21}, A1, A3} ∈ X. In fact for each Ax, where
3 ≤ x ≤ 10, we have exactly two triples in X containing A1 and Ax. Thus there are
sixteen triples in X which contain A1. The same is true for every other cube in Q,
so accounting for repetition we have |X| = 80.

A pair of distinct vertices x and y must be separated by distance 2 in exactly one cube,
meaning that they are separated by distance 1 or 3 in m cubes, where 1 ≤ m ≤ 4.
Now x and y must be separated by distance 1 in exactly one of these cubes, and so
must be separated by distance 3 in m − 1 different cubes.

The pair {x, y} will occur in
(

m
2

)
triples in X. That is, if m = 1, 2, 3 or 4 respectively,

then x and y will be separated by distance 3 in 0, 1, 2 or 3 different cubes respectively,
and will occur respectively in 0, 1, 3 or 6 triples of X. But there are only four pairs
of vertices separated by distance 3 in each of the ten cubes; since 3 � 40, this is
insufficient to give the 80 triples in X (a contradiction).

3.2 v ≡ 1 (mod 24)

We take this opportunity to present some results on 2-perfect Q-decompositions of
equipartite graphs which can be obtained directly from nested K3-decompositions.
Of particular importance is the existence result for K(84) since it allows us to con-
struct decompositions of K(48p) and K(721, 48p), where p ≥ 4. (As an aside, there
do not exist any 2-perfect Q-decompositions of multipartite graphs with two or three
partite sets, and if the graph has four partite sets, then it is a necessary condition
that the partite sets have the same size.)

Theorem 3.3 [14] There exists a nested K3-decomposition of K(np) for each com-
bination of n and p given in Table 1.

Lemma 3.4 There exists a 2-perfect Q-decomposition of K(2np) for each combina-
tion of n and p given in Table 1.

Proof. This follows from Theorems 2.1 and 3.3.

Corollary 3.5 There exists a 2-perfect Q-decomposition of K(84).
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n p

n ≡ 0 (mod 2) p ≡ 1, 4 (mod 12), p ≥ 4
n ≡ 0 (mod 4) 7
n ≡ 0 (mod 6) p ≡ 0, 1 (mod 4), p ≥ 5
n ≡ 0 (mod 24) p ≡ 0, 1 (mod 5), p ≥ 5

Table 1: Values of n and p for which there exists a nested K3-decomposition of
K(np).

The next result permits the construction of many other 2-perfect Q-decompositions.

Lemma 3.6 If there exists a 2-perfect Q-decomposition of K(ab) and a Kb-decom-
position of K(np1

1 , np2

2 , . . . , npx
x ), then there exists a 2-perfect Q-decomposition of

K(anp1

1 , anp2

2 , . . . , anpx
x ).

Proof. Let G = K(np1

1 , np2

2 , . . . , npx
x ). Assume that there exists a Kb-decomposition

of G. Replace each vertex of G by a new vertices to obtain a K(ab)-decomposition
of K(anp1

1 , anp2

2 , . . . , anpx
x ). The result follows by our second assumption.

Theorem 3.7 [3] There exists a K4-decomposition of K(np) if, and only if, n(p −
1) ≡ 0 (mod 3), n2p(p − 1) ≡ 0 (mod 12), p ≥ 4 or p = 1, excluding the cases where
(p, n) ∈ {(4, 2), (4, 6)}.

Corollary 3.8 Let p ≥ 4. Then there exists a 2-perfect Q-decomposition of K(48p).

Proof. If p = 4, then the result follows from Lemma 3.4. If p ≥ 5, then by Theorem
3.7 there exists a K4-decomposition of K(6p). The result then follows by Corollary
3.5 and Lemma 3.6.

Theorem 3.9 [6] There exists a K4-decomposition of K(6p, n1) for all p ≥ 4 and n ≡
0 (mod 3) such that 0 ≤ n ≤ 3p−3, excluding the case where (p, n) = (4, 0), and pos-
sibly excluding the cases where (p, n) ∈ {(7, 15), (11, 21), (11, 24), (11, 24), (11, 27),
(13, 27), (13, 33), (17, 39), (17, 42), (19, 45), (19, 48), (19, 51), (23, 60), (23, 63)}.

Corollary 3.10 For p ≥ 4 there exists a 2-perfect Q-decomposition of K(721, 48p).

Proof. Let p ≥ 4. By Theorem 3.9 there exists a K4-decomposition of K(91, 6p).
The result then follows by Corollary 3.5 and Lemma 3.6.

We now give some existence results for 2-perfect Q-decompositions of Kv for relatively
small values of v. In each case the decomposition is cyclic; the decomposition of K49

uses two starter cubes and the decomposition of K73 uses three starter cubes. It
should be noted that while there exists a Q-decomposition of K25, an exhaustive
computational search did not find a cyclic 2-perfect Q-decomposition using a single
starter cube (developed modulo 25).
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Lemma 3.11 There exists a 2-perfect Q-decomposition of K49.

Proof. Let the vertex set of K49 be Z49. A suitable decomposition is given by
developing the following two starter cubes modulo 49:

[0, 1, 3, 35 | 37, 44, 28, 24] , [0, 3, 11, 29 | 15, 43, 33, 10] .

Lemma 3.12 There exists a 2-perfect Q-decomposition of K73.

Proof. Let the vertex set of K73 be Z73. A suitable decomposition is given by
developing the following three starter cubes modulo 73:

[0, 1, 3, 6 | 5, 28, 63, 46] , [0, 4, 19, 53 | 21, 52, 30, 39] , [0, 7, 31, 19 | 29, 37, 21, 66] .

Combining the results of this section, we obtain the following theorem.

Theorem 3.13 If v ≡ 1 (mod 24), v �∈ {25, 96, 120, 144, 168, 216}, then there exists
a 2-perfect Q-decomposition of Kv.

Proof. When v = 1 the result is trivial, and the required decompositions of K49

and K73 are given in Lemmas 3.11 and 3.12, respectively.

For larger values of v we take a 2-perfect Q-decomposition of either K(48p) (Corollary
3.8) or K(721, 48p) (Corollary 3.10), where p ≥ 4. We then add a new vertex, ∞, and
place a 2-perfect Q-decomposition of either K49 or K73 on each partite set together
with the vertex ∞.

4 Concluding remarks

For both Kv and Kv−F , we have given constructions for half of the cases which satisfy
the obvious necessary conditions, with a small number of exceptions. We have shown
that there does not exist a 2-perfect Q-decomposition of K16 and conjecture that the
same is true for K25. We have also given results which allow for the construction of
2-perfect Q-decompositions of many complete multipartite graphs, which could be
used with small existence results to develop constructions for the remaining Kv and
Kv − F cases.

References

[1] P. Adams and E. J. Billington, Completing some spectra for 2-perfect cycle
systems, Australas. J. Combin. 7 (1993), 175–187.

[2] P. Adams and E. J. Billington, The spectrum for 2-perfect 8-cycle systems, Ars
Combin. 36 (1993), 47–56.



2-PERFECT CUBE DECOMPOSITIONS 103

[3] A. E. Brouwer, A. Schrijver and H. Hanani, Group divisible designs with block-
size four, Discrete Math. 20 (1977) no. 1, 1–10.

[4] D. Bryant, S. I. El-Zanati, B. Maenhaut and C. Vanden Eynden, Decomposition
of complete graphs into 5-cubes, J. Combin. Des. 14 (2006) no. 2, 159–166.

[5] C. J. Colbourn and M. J. Colbourn, Nested triple systems, Ars Combin. 16
(1983), 27–34.

[6] G. Ge and R. Rees, On group-divisible designs with block size four and group-
type 6um1, Discrete Math. 279 (2004) no. 1-3, 247–265.

[7] H. Hanani, Balanced incomplete block designs and related designs, Discrete
Math. 11 (1975), 255–369.

[8] A. Kotzig, Selected open problems in graph theory, Graph Theory and Related
Topics, Academic Press, New York (1979), 358–367.

[9] A. Kotzig, Decompositions of complete graphs into isomorphic cubes, J. Com-
bin. Theory Ser. B 31 (1981) no. 3, 292–296.

[10] C. C. Lindner, K. T. Phelps and C. A. Rodger, The spectrum for 2-perfect 6-cycle
systems, J. Combin. Theory Ser. A 57 (1991) no. 1, 76–85.

[11] C. C. Lindner and C. A. Rodger, 2-perfect m-cycle systems, Discrete Math. 104
(1992) no. 1, 83–90.

[12] C. C. Lindner and D. R. Stinson, Steiner pentagon systems, Discrete Math. 52
(1984) no. 1, 67–74.

[13] C. C. Lindner and D. R. Stinson, The spectrum for the conjugate invariant sub-
groups of perpendicular arrays, Ars Combin. 18 (1984), 51–60.

[14] J. Q. Longyear, Nested group divisible designs and small nested designs, J.
Statist. Plann. Inference 13 (1986) no. 1, 81–87.

[15] M. Maheo, Strongly graceful graphs, Discrete Math. 29 (1980) no. 1, 39–46.

[16] E. Manduchi, Steiner heptagon systems, Ars Combin. 31 (1991), 105–115.

[17] D. R. Stinson, The spectrum of nested Steiner triple systems, Graphs Combin.
1 (1985) no. 2, 189–191.

[18] M. Waterhouse, Some equitably 2 and 3-colourable cube decompositions, Aus-
tralas. J. Combin. 32 (2005), 137–145.

(Received 26 Feb 2008; revised 28 Aug 2008)



<<
  /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 /OK
  /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 false
  /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


