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Abstract. A kernel in a directed graph D(V, E) is a set S of vertices
of D such that no two vertices in S are adjacent and for every vertex u
in V'~ S there is a vertex v in S , such that (u,v) is an arc of D. The
problem of existence of a kernel is N P-complete for a general digraph.
In this paper we introduce the strong kernel problem of an undirected
graph G and solve it in polynomial time for circulant graphs.
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1 Introduction

The concept of kernel is widespread and appears in diverse fields such as logic,
computational complexity, artificial intelligence, graph theory, game theory, com-
binatorics and coding theory [3], [4]. Efficient routing among a set of mobile hosts
is one of the most important functions in ad hoc wireless networks. Dominating-
set-based routing to networks with unidirectional links is proposed in [1], [9]. A
few years ago a new interest for these studies arose due to their applications in
finite model theory. Indeed variants of kernel are the best properties to provide
counter examples of 0 — 1 laws in fragments of monadic second order logic [§].
A kernel [6] in a directed graph D(V, E) is a set S of vertices of D such that
no two vertices in S are adjacent and for every vertex u in V ~\ S there is a
vertex v in S, such that (u,v) is an arc of D. The concept of kernels in digraphs
was introduced in different ways [I0], [14]. Von Neumann and Morgenstern [14]
were the first to introduce kernels when describing winning positions in 2 person
games. They proved that any directed acyclic graph has a unique kernel. Not
every digraph has a kernel and if a digraph has a kernel, this kernel is not
necessarily unique. All odd length directed cycles and most tournaments have
no kernels [3], [4]. If D is finite, the decision problem of the existence of a kernel
is NP-complete for a general digraph [5], [I3], and for a planar digraph with
indegrees < 2, outdegrees < 2 and degrees < 3 [7]. It is further known that a
finite digraph all of whose cycles have even length has a kernel [I1], and that the
question of the number of kernels is NP-complete even for this restricted class

of digraphs [12].
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In this paper we view the kernel problem from a different perspective. In the
literature, only the existence of kernel of a digraph G and its applications are
extensively studied. Our aim in this paper is to investigate all strong orientations
of G and to determine the strong kernel number of G. This number is different
from the independent domination number ~; for undirected graphs where ~; is
the cardinality of a minimum independent dominating set [2].

2 Kernel in Oriented Graphs

An orientation of an undirected graph G is an assignment of exactly one direction
to each of the edges of G. There are 27! orientations for G. Let O,(G) denote
the set of all orientations of G. For an orientation O € O,, let G(O) denote the
directed graph with orientation O and whose underlying graph is G.

An orientation O of an undirected graph G is said to be an acyclic orien-
tation if it contains no directed cycles. Let O,(G) denote the set of all acyclic
orientations of G.

An orientation O of an undirected graph G is said to be strong if for any two
vertices x, y of G(O), there are both (x,y)-path and (y,x)-path in G(O). Let
Os(G) denote the set of all strong orientations of G.

An orientation O of an undirected graph G is said to be weak if for any two
vertices x,y of G(O), there is either a (z,y)-path or a (y,z)-path in G(O). Let
0., (@) denote the set of all weak orientations of G.

So far the only known problem on this topic is the kernel problem which in-
vestigates the existence of some kernel in a digraph. We introduce kernel number
(kz), acyclic kernel number (k,), strong kernel number (), and weak kernel
number (k,,) for various orientations of a given graph.

Notation 1. Let G(O) denote the directed graph with orientation O and whose
underlying graph is G. The kernel number of G(O) to be defined below is denoted
by k(G(O)). For convenience we write K(G(O)) as (O).

Definition 1. The kernel number k, of G is defined as
kz(G) = min{k(0) : O € O,(G)}
Definition 2. The acyclic kernel number k, of G is defined as

ka(G) = min{k(0) : O € O,(G)}

Definition 3. The strong kernel number ks of G is defined as

ks(G) = min{k(0) : O € O4(G)}
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Definition 4. The weak kernel number k., of G is defined as
kw(G) =min {k(0) : O € 0,(G)}

The acyclic (strong or weak) kernel problem of an undirected graph G is to find
a kernel K of G(O) for some acyclic (strong or weak) orientation O of G such
that | K| = kg (ks Or Ky).

In this section we exhibit the relationship among the parameters v;, Kz, K
and Kq,.

Theorem 1. Let G be a graph. Then v; = k., where v; is the independent
domination number.

Proof. 1t is always true that v; < k,, since a kernel of a directed graph is an
independent dominating set of the corresponding underlying undirected graph.
We identify a minimum independent dominating set and orient all the edges
incident at each of these vertices as incoming edges. This implies k; < ~;. Hence
Yi = Kg- O

Ilustration 1. For the graph G in Figure 1(a), I' = {3,4} is an independent
dominating set. Thus «; = 2. Figure 1(b) shows an arbitrary orientation of G
with the edges incident at 3,4 as incoming edges. Hence x, = 2.

5
(a) (b)

Fig. 1. (a): Independent domination number = 2; (b): Kernel number = 2

1 1
2 4 2 : 4
3 3
(@) (b)

Fig. 2. (a): Weak kernel number = 1; (b): Strong kernel number = 2
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Ilustration 2. In Figure 2(a), K = {1} is a weak kernel. Thus x,, = 1. On the
other hand, in Figure 2(b) K = {2,4} is a strong kernel. Thus x, = 2.

Lemma 1. For any graph G, O, and Oy are disjoint.

Proof. Let O be some orientation in Oy and G(O), the corresponding oriented
graph. Then there exist (u,v)-path and (v,u)-path, for all u,v € V(G). This
shows that there exists at least one cycle in graph G(O). Hence O ¢ O,. Thus
0O, and Oy are disjoint. O

The following result is trivial as every strong orientation of a graph G is also a
weak orientation.

Lemma 2. For any graph G,O; is a subset of O,,.
Lemma 3. Given any hamiltonian graph G,Oq N Oy, # ¢.

Proof. 1t is enough to find an orientation which is both acyclic and weakly
oriented. Let C' = vjv3...v,v7 be a hamiltonian cycle in G. Orient the path
V1V2...U, 1V, in the clockwise direction and the edge v,v; in the anticlockwise
direction. Orient every other edge v;v; of G from v; to v; whenever i < j. The
resulting orientation O on G is clearly weak, as there is always either a (v;, v;)-
path or (vj,v;)-path along the orientation of C. Next we claim that G(O) is
acyclic. Suppose there is a cycle v, vi,...v5, v;, . By definition i1 < is < ... < ig
and hence ¢;, < 77 is not possible. Thus v;, v;,...v5, vi;, is not a directed cycle.
This proves that O is an acyclic orientation. O

Remark 1. If O, N O, # ¢, then it is not necessary that G is hamiltonian. See
Figure 3.

Remark 2. For an arbitrary graph G,0O, N Oy may be empty. The graph G
in Figure 4(a), has an acyclic orientation O and G(O) is not weakly connected.
Thus Oq N Oy = ¢, whereas for the graph in Figure 4(b), Oq N Oy # ¢.

Lemma 4. For any noncomplete graph G on 8 or more vertices, O,, is a proper
subset of O.

Proof. Since G is not complete, there exist two independent vertices u and

v. Consider an orientation O such that all the edges incident at u and v are
incoming edges. Then neither there is a (u, v)-path nor there is a (v, u)-path. This

Fig.3. O € O, N Oy but G(O) is not hamiltonian
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()

Fig. 5. Relation between different orientations for hamiltonian Graphs

implies that O ¢ O,,. Since O,, is a subset of O, and there exist an orientation
O € O, \ Oy, 0, is a proper subset of O,. O

Figure 5 depicts the set theoretical relationship among O, O,, O, O,,, for
hamiltonian graphs.

Next we exhibit the relation among the parameters such as kernel number,
acyclic kernel number, strong kernel number and weak kernel number.

The proof follows from Lemma 1 and Lemma 2.

Theorem 2. Let G be an undirected graph. Then (i) £y < Ky < kg (1) Kz < Kq.

The salient feature of this paper is the following theorem where we obtain a
lower bound for the strong kernel number of regular graphs.

Theorem 3. Let G be an r-reqular graph on n vertices. Then ks > [n/r].

Proof. Let O € Os and K be some kernel of G(O). For any vertex v € K there
are at most r — 1 incoming edges. Thus |K| > [n/r]. O

3 Kernel in Oriented Circulant Graphs

In this section we obtain the strong kernel number for oriented circulant graphs,
proving that the strong kernel problem is polynomially solvable.
We begin with the definition of circulant digraph [15].
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Fig. 6. Circulant digraph(DC%7(1,2))

Definition 5. A circulant digraph D(C,,(S)), where S C {1,2,....,n—1},n > 2,
is defined as a digraph with vertex set V.= {0,1,2,....,n — 1} and the edge set
E ={(i,j)}: there is s € S such that j —i = s (modn)}. See Figure 6.

If S ={1,2,...,5} we write D(C,(1,2,...,7)) instead of D(C,(S)). We observe
that kernel does not exist for D(C7(1,2)) in Figure 6. Thus it is interesting to
note that the directed circulant graphs do not possess kernels in certain cases.
This motivates us to consider oriented circulant graphs.

Definition 6. [15] A circulant undirected graph C,(S), where S C {1,2, ..., [n/2]}
n > 3, is defined as an undirected graph with vertez set V = {0,1,2,....n — 1} and
the edge set E = {(4, ) : thereis s € S such that | j — i |= s (modn)}.

Clearly C,,(S5) is 2 |S|-regular.

Lemma 5. Let G be C),(1,2,....s),1 < s < |n/2|. Then G has at least 2™~
strong orientations where m denotes the number of edges in G.

Fig. 7. (a) Cycles marked in C12(1, 3); (b) Ci2(1, 5) has one hamiltonian cycle I" and
exactly one inner hamiltonian cycle I(0)
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Proof. The circulant graph G contains the cycle Cy,(1) on n vertices as a sub-
graph. Let it be oriented in clockwise direction. Clearly, this orientation induces
a strong orientation of G. Now the remaining m — n edges can be oriented in
2™m~" ways. Hence G has at least 27"~ strong orientations. (I

We proceed to prove that the strong kernel problem is polynomially solvable for
Cn(1,2,...,5),1<s<|n/2].

Lemma 6. Let G be Cy,(1,s),2 < s < |[n/2]. The edge set E of Cy(1,s) is
partitioned into the following cycles:

1. The outer hamiltonian cycle I' = (0,1,2,...,0).

2. | number of edge-disjoint inner cycles I(k) = (k,k + s,k + 2s,...,k+ ("] —
1)s,k),0 <k <1—1, each of length 7} where | = g.c.d(n,s) and vertex labels
taken modulo n.

Proof. Case 1: ( s divides n )

Since s divides n, we have [ = s. In addition to the outer hamiltonian cycle
I, Cy(1,s) has the following inner cycles: I(0) = (0,s,...,0);I(1) = (1,s +
1...,151(2) = (2,8 4+ 2,...,2);...I(s = 1) = (s — 1,25 — 1,...,8 — 1). See
Figure 7(a). For i # j,V(I(1)) N V(I(j)) = ¢,1 < i,j <l and UV (I(k)) =
{0,1,2,3,...,n—1}. Hence the cycles I(0), I(1),I(2),. .., I(s—1) are edge-disjoint
and these cycles together with I" partition the set E.

Case 2: ( s does not divide n )

If s does not divide n, then [ = 1. In this case, in addition to the outer hamilto-
nian cycle I', there is one more hamiltonian cycle which is 7(0) = 0, s, 2s,...,0.
See Figure 7(b). O

Notation 2. Let C3"(1,s) be a subgraph of Cn(1,s) where the edge set of
C3ub(1,5) consists of : (i) the edges of the outer cycle I' (ii) the edges of the
inner cycle 1(0).

Notation 3. A segment II*(z) of C5%*(1,5) is a path of consecutive vertices
x,x+1,...,x+1 of length . Similarly a segment IT~(x) is a path of consecutive
vertices x,x — 1,...,x —  of length l, where l = g.c.d(n,s). See Figure 8.

The following Lemma gives a strong orientation of C, (1,2, ...,5),2 < s < |n/2].

Lemma 7. Let C:%*(1,s) have an orientation O satisfying the following
conditions.

1. Inner cycle I1(0) is oriented clockwise
2. IT*(il) is oriented either in clockwise or in anticlockwise direction where
i=0,1,...,[n/l] = 1. Then O is a strong orientation.
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X
x+1)
x+21t )
x+3

Fig.8. 1 =3I " (z) =z, 2+ 1,2+ 2,2+3; 11 (z)=z,z— 1,z —2,2 -3

Proof. Let u,v be any two vertices of C5%*(1,s) and let u be in ITT(il) such
that w = il +¢ and v be in ITT(41) such that v = jl+ h. Both IT*(il) and I (ji)
are oriented either clockwise or anticlockwise. Thus there are four possible cases.

Case 1: (/I (il) and IT"(jl) are Oriented Clockwise)

Here is a directed path from u to v : (il +¢, il +t+1,...,(¢+ 1), (i + 1)l +
Syees jlyjl4+1,..., 41+ h) mod n. In the same way we trace out a directed path
fromwv tow: (jl4+h,jl+h+1,...,(J+D, G+ Dl+s,... il il +1,d+2,...,i+t)
mod n. See Figure 9.

Case 2: (II"(il) is Oriented Clockwise and II*(jl) is Oriented
Anticlockwise)

There is a directed path from w to v: (il + ¢, il + ¢+ 1,..., (0 + 1), (i + 1)l +
Sy, (JFDL(GH+1)I—1,...,jl4+ h) mod n and there exist a directed path from
vtouw: (Jl+h,gl+h—1,...,5Ljl+s,...,i,il+1,...,i +1t) mod n.

Case 3: (II"(il) is oriented anticlockwise and I7"(jl) is oriented
clockwise)

Here is a directed path from w to v : (il + ¢, il +t—1,... il il +s,..., 50, jl+
1,...,jl + h) mod n. In the same way we exhibit a directed path from v to
w:(Gl+hjl+h+1,..,G+DLG+D)I+s...,(@+DLGE+F1)I—1,... il +1)
mod n.

Case 4: (II*(il) and 1T (jl) are oriented anticlockwise)

Here is a directed path from w to v : (il +¢,il+t—1,... i, il+s,...,(G+ 1), (j+
DI —1,...,5l+ h) mod n. In the same way we trace out a directed path from v
tow: (jl+h,jl+h—1,... 5L, jl+s,....(i + 1), (i+1)—1,...,idl+t) mod n. O

Theorem 4. Let G be C,,(1,2,...,5),1 < s < |n/2]. Then ks = [n/2s].
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JI2810

Fig. 9. Co1(1,6); [T (il) and IT1(jl) are oriented clockwise

T 25=6
(a) (b)

Fig. 10. (a) 11~ (0) is oriented in clockwise direction and II*(0) is oriented in anticlock-
wise direction in C12(1,2,3); (b) Inner cycle I(0) is oriented clockwise in C12(1,2, 3)

Proof. By Theorem 3, ks > [n/2s]. We claim ks < [n/2s]. Two cases arise.

Case 1: (s divides n)
Subcase 1: (n/s is even)
We claim that K = {0,2s,4s,...,(n/2s — 1)2s} is a kernel of Cy,(1,2,...,s).
Step 1: For 0 < k < n/2s, [T (2ks) is oriented anticlockwise and IT~ (2ks) is
oriented clockwise. See Figure 10(a).
Step 2: Orient the inner cycle I(0) as clockwise. See Figure 10(b).
Step 3: The remaining edges at 0, 2s,4s,. .., (n — 2s) are oriented as incoming
edges into the respective vertices. See Figure 11.
Let u € V ~ K such that 2kos < u < 2(kg + 1)s for some kg. Then either u is
adjacent to 2kgs or adjacent to 2(kg+1)s in C,(1,2,...,s). By the construction
of strong orientation of C,(1,2,...,s), either (u,2kos) or (u,2(ko + 1)s) is an
arc. Also K is an independent set of Cy,(1,2,...,s). Clearly |K| = [n/2s].
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Fig. 11. Edges at 0,2s,4s,...,n — 2s are oriented as incoming edges in C12(1,2,3)

Subcase 2: (n/s is odd)
We claim that K = {0,2s,4s,...,(|n/2s] — 1)2s,n — s — 1} is a kernel of
Cn(1,2,...,8).

Step 1: For 0 < k < |n/2s|,II"(2ks) is oriented anticlockwise and IT~(2ks)

is oriented clockwise.

Step 2: All other segments I1(7) are oriented in the clockwise direction.

Step 3: Orient the inner cycle I(0) as clockwise.

Step 4: The remaining edges at 0,2s,4s,...,(|n/2s] —1)2s,n — s —1 are

oriented as incoming edges into the respective vertices.

Step 5: The remaining unoriented edges of C,(1,2,...,s) are oriented

arbitrarily.
When k = |n/2s], the vertex 2s|n/2s] is adjacent to 0. Hence we choose the
vertex n — s — 1 which is not adjacent to 0 and n — s — 1 € (n — 2s,n — s).

Let u € V ~. K such that 2kgs < u < 2(ko + 1)s for some kg. Then either u is
adjacent to 2kgs or adjacent to 2(kp+1)s in C,(1,2,...,s). By the construction
of strong orientation of C,(1,2,...,s), either (u,2kos) or (u,2(ko + 1)s) is an
arc. Also K is an independent set of C,,(1,2,...,s). Clearly |K| = [n/2s].

Case 2: (s does not divide n)
Subcase 1: (|n/2s]2s <n —s)
We claim that K = {0,2s,...,2s|[n/2s|} is a kernel of C,,(1,2,...,s).
Step 1: For 0 < k < |n/2s]|, II'*(2ks), is oriented anticlockwise and IT~ (2ks)
is oriented clockwise.
Step 2: All other segments I1(7) are oriented in the clockwise direction.
Step 3: Orient the inner cycle I(0) as clockwise.

Step 4: The remaining edges at 0, 2s,...,2s|n/2s] are oriented as incoming
edges into the respective vertices.
Step 5: The remaining unoriented edges of C,(1,2,...,s) are oriented

arbitrarily.
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Let w € V ~ K such that 2kos < u < 2(kg + 1)s for some ko. Then either
u is adjacent to 2kgs or adjacent to 2(kg + 1)s are adjacent in C),(1,2,...,s).
By the construction of strong orientation of Cy,(1,2,...,s), either (M) or
(u,2(ko + 1)s) is an arc. Also K is an independent set of C,,(1,2,...,s). Clearly
K| = [n/2s]

Subcase 2: (n —s < |[n/2s]2s <n —1)
Subcase 2(a): (n —s < [n/2s]2s <n—1)
We claim that K = {0,2s,4s,...,(|n/2s] —1)2s,n — s — 1} is a kernel of
Cn(1,2,...,9).
Step 1: For 0 < k < |n/2s|,II"(2ks) is oriented anticlockwise and IT~(2ks)
is oriented clockwise.
Step 2: All other segments I1(i) are oriented in the clockwise direction.
Step 3: Orient the inner cycle I(0) as clockwise.
Step 4: The remaining edges at 0,2s,4s,...,(|n/2s] —1)2s,n — s —1 are
oriented as incoming edges into the respective vertices.
Step 5: The remaining unoriented edges of C,(1,2,...,s) are oriented
arbitrarily.

The proof is similar to that of subcase 1 of case 2.

Subcase 2(b): (|n/2s|2s=n—1)

We claim that [ = g.c.d (n,s) = 1. If possible let [ > 1. This implies that

n = kil and s = ksl for some integers k; and ko. But n — 1 = ks, where

k =2 |n/2s]. Therefore n — ks = 1. Hence g.c.d(n,s) = 1.

Therefore |n/2s]2s =n — 1 = (k1 — 2kg |k1/2k2]) = 1.

Since [ > 1, (ki — 2kz |k1/2k2]) = | is not an integer, a contradiction.

We next claim that the vertex (|n/2s|—1)2s is adjacent to the vertex n—s—1.

Consider
(n—s—=1)—=(|n/2s] —1)2s=n—s—1—|n/2s|2s+ 2s

=n+s—1—|n/2s]2s=3s

Since the distance between the two vertices (|n/2s] —1)2s and n —s — 1 is

s, they are adjacent to each other. Hence we choose the vertices n — s — 1

and (|n/2s] —1)2s — 1 in K.

We claim that K = {0,2s — 1,4s — 1,...,(|n/2s] = 1)2s — 1,n —s — 1}.

Step 1: Mark the vertices 0,2ks — 1,k =1,2,...,|n/2s] — 1 and n — s — 1.

Step 2: IT7(0), II"(2ks — 1) and II't(n — s — 1) are oriented anticlockwise
and I17(0), I~ (2ks — 1) and I~ (n — s — 1) are oriented clockwise.

Step 3: All other segments I1(i) are oriented in the clockwise direction.

Step 4: Orient the inner cycle I(0) as clockwise.

Step 5: The remaining edges at 0,2s—1,4s—1,...,(|n/2s]—1)2s—1,n—s—1
are oriented as incoming edges into the respective vertices.

Step 6: The remaining unoriented edges of C,(1,2,...,s) are oriented
arbitrarily.
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The proof is similar to that of subcase 1 of case2. (I
Thus we have the following Theorem.

Theorem 5. The strong kernel problem for C,(1,2,...,5),1 < s < |n/2]| is
polynomially solvable.

4 Conclusion

We have introduced variations of kernel number for oriented graphs and have
exhibited relations among them. We have estimated the lower bound for the
strong kernel number for regular graphs. We have also proved that the strong
kernel problem is polynomially solvable for circulant graphs. Further the various
parameters introduced in Section 2 have opened new avenues for further research
in this field.

References

1. Alzoubi, K.M., Wan, P.J., Frieder, O.: New Distributed Algorithm for Connected
Dominating Set in Wireless Ad Hoc Networks. In: Proc. 35th Hawaii Int. Conf.
System Sciences, pp. 1-7 (2002)

2. Armugam, S., Velammal, S.: Maximum size of a connected graph with given dom-
ination parameters. Ars Combin. 52, 221-227 (1992)

3. Bang-Jensen, J., Gutin, G.: Digraphs: Theory, Algorthims and Applications.
Springer, London (2000)

4. Berge, C., Duchet, P.: Recent problems and results about kernels in directed graphs.
Discrete Mathematics 86, 27-31 (1990)

5. Chvatal, V.: On the computational complexity of finding a kernel. Report No.
CRM-300, Centre de Recherches Mathematiques, Universite de Montreal (1973)

6. Berge, C.: Graphs, vol. 6. North Holland Publishing Co., Amsterdam (1985)

7. Fraenkel, A.S.: Planar kernel and Grundy with d < 3,d" < 2,d™ < 2 are NP-
complete. Discrete Applied Mathematics 3, 257-262 (1981)

8. Bars, J.-M.L.: Counter example of the 0—1 Law for fragments of existential second-
order logic: an overview. The Bulletin of Symbolic Logic 6(1), 67-82 (2000)

9. Wu, J.: Extended Dominating-Set-Based Routing in Ad Hoc Wireless Networks
with Unidirectional Links. IEEE Transactions on Parallel and Distributed Sys-
tems 13(9), 866-881 (2002)

10. Kswasnik, M.: The generalisation of Richardson theorem. Discussiones Math. IV,
11-14 (1981)

11. Richardson, M.: Solutions of irreflexive relations. Ann. of Math. 58, 573-590 (1953)

12. Szwarcfiter, J.L., Chaty, G.: Enumerating the kernels of a directed graph with no
odd circuits. Inform. Process. Lett. 51, 149-153 (1994)

13. Van Leeuwen, J.: Having a Grundy-numbering is NP-complete. Report No. 207,
Computer Science Dept., Pennsylvania State University, University Park, PA
(1976)

14. Von Neumann, J., Morgenstern, O.: Theory of Games and Economic Behaviour.
Princeton University Press, Princeton (1944)

15. Xu, J.: Topological Structure and Analysis of Interconnection Networks. Kluwer
Academic Publishers, Dordrecht (2001)



	Kernel in Oriented Circulant Graphs
	Introduction
	Kernel in Oriented Graphs
	Kernel in Oriented Circulant Graphs
	Conclusion



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




