International Journal of Computational Geometry & Applications

© World Scientific Publishing Company

AN ALGORITHM FOR DRAWING A HIERARCHICAL GRAPH

PETER EADES

Department of Computer Science, University of Newcastle
Unwversity Drive, Callaghan, NSW 2308, Australia

and

XUEMIN LIN

Department of Computer Science, University of Western Australia

Nedlands, WA 6009, Australia
and

ROBERTO TAMASSIA
Department of Computer Science, Brown University
Boxz 1910, Providence, Rhode Island 02912, USA

Received (received date)
Revised (revised date)
Communicated by Editor’s name

1. INTRODUCTION

Graph layout algorithms are increasingly used in graphic user interfaces for
visualization for information and software engineering”'*15. The quality of the
layout is the key to the success of the model: a nicely drawn graph is worth a
thousand words, but a poor layout can be misleading.

Of course the quality of a layout is a subjective matter, but several aesthetic
criteria are generally accepted. For instance, edge crossings should be avoided, and
a symmetric drawing is desirable where possible. Other aesthetic criteria include
the minimization of the number of bends in the edges'®, the minimization of the
number of different slopes used by edges®, and the minimization of the variance
in the edge length®. In this paper we present a method for drawing “hierarchical
directed graphs”, which are digraphs in which each node is assigned a layer, as in
Figure 1.

Hierarchical graphs appear in several graph drawing applications, where nodes
are assigned layers for semantic reasons. More importantly, general methods for
drawing directed graphs usually begin by transforming the input digraph into a

hierarchical graph, then applying a hierarchical graph drawing algorithm®:%14,
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Fig. 1. A hierarchical directed graph

Our layout algorithm satisfies several important aesthetic criteria. For instance,
it produces planar and symmetric drawings whenever such drawings are possible.

The algorithm is described in Section 3. The two properties above are precisely
defined and proved in Sections 4 and 5. Our algorithm is related to some layout

.15, which seek to form a drawing with

heuristics, originally due to Sugiyama et a
a small number of crossings; in Section 6 we briefly describe the relationship, and
report on the performance of our algorithm as a crossing minimization heuristic.
The planarity property proved in Section 4 holds for a restricted class of hier-
archical graphs. In fact our algorithm works best for hierarchical graphs which are
not too dense. For dense graphs, other techniques such as edge concentration 3
are more suitable. In the final section we discuss the limitations of our algorithm,
and show how to extend the results of Section 4 to a slightly more general class of

graphs.

2. TERMINOLOGY

Standard graph theoretic terminology? is used.

A hierarchical graph H = (V, A, A k) consists of a directed graph (V, A4), a
positive integer k, and, for each node u, an integer A(u) € {1,2,...,k}, with the
property that if (u,v) € A, then A(u) > A(v). For 1 < i < k the set {u : A(u) = i}
is the ¢th layer of H and is denoted by L;. Note that a hierarchical graph is acyclic.

The span of an arc (u, v) is A(u) — A(v). An arc of span greater than one is long;
and a hierarchical graph with no long arcs is proper. For most of this paper we
deal with proper hierarchical graphs; in Section 7 we show how the results apply to
graphs with long arcs.



The layers L; and Lj are the boundary layers of H. In many applications, all
sources and sinks are in L and L; respectively; in this case H is a boundary s-t
graph.

A hierarchical graph is conventionally drawn with layer L; on the horizontal
line y = ¢ as in Figure 1. If the graph is proper, then arcs are drawn as closed line
segments. Thus a drawing of a proper hierarchical graph is a 1 — 1 mapping « which
assigns a point a(u) = (e (u), ay(u)) to each node u € V. The drawing convention
implies that «,(u) = A(u) and so effectively the only role of a drawing algorithm is
to choose ay(u).

A drawing is planar if no pair of nonincident arcs intersect. A planar draw-
ing is convez if every internal face is a convex polygon. A hierarchical graph is
hierarchically planar if it has a planar (hierarchical) drawing.

In the following it is often convenient to discussing mappings o : V — R? which
are not necessarily 1—1; such a mapping will be called a sketch. A boundary sketch
3 of H consists of an z-coordinate 3;(u) for each node v in the boundary layers
of H. A sketch o of H extends the boundary sketch 8 if ay(u) = 8, (u) for each
u in the boundary layers of H. Similarly we can define a boundary drawing and
an extension of a boundary drawing. Our algorithm essentially assumes that nodes
in the boundary layers have fixed positions; thus we say H is hierarchically planar
with respect to 3 if it has a planar drawing which extends 5.

Next we define a connectivity condition for proper boundary s — ¢ graphs; this
condition generalizes 3-connectivity.

In a proper boundary s—t graph H, a pair {u, v} of distinct nodes L; is collapsible
if w and v are in the same nonboundary layer L;, and there are two nodes a € L;
and b € L; such that j > ¢ > [, and every directed path from a sink to a source
containing u always passes through a and b, and also every directed path from a
sink to a source containing v always passes through a and 5. Note that, intuitively,
by replacing every arc in H by an elastic band, we have that if {u, v} is collapsible,
then by pulling a away from b, all the directed paths from a to b containing either
u or v would collapse together.

A proper boundary s—t graph H is collapse free if there are no multiple arcs and
no collapsible pairs. If {u, v} is collapsible, then the pair {a,b} mentioned above
i1s a separation pair of the underlying undirected graph G of H; thus if G has no
multiple edges and is 3-connected, then H is collapse free.

We denote the indegree of u by d and the outdegree of u by d}.

3. THE ALGORITHM

Our algorithm is inspired by an algorithm proposed by Tutte!”!® for drawing
triconnected planar graphs. For a proper boundary s —¢ graph H = (V, A, A k)
we first choose a boundary drawing 5 for H, for example, by spacing L; and L
equally on the lines y = 1 and y = k. Then we choose the # coordinate z(u) for each
nonboundary node u by placing u at a kind of weighted barycentre of its neighbours



as follows: )

T

1
w(u) o)+ o Y a(v). (1)
2d3
(v,u) (u,v)
On the right hand side of these equations, the symbol z(v) is 8, (v) if v is a boundary
node, and otherwise represents a variable for the # coordinate of v. Thus (1) is a
system of m equations in m unknowns, where m is the number of nonboundary

nodes. We will write the system as
Mx =10 (2)

where z is the (unknown) vector of  coordinates of nonboundary nodes. Note that
the coefficient matrix M is closely related to the adjacency matrix of the graph: it
has nonzero entries only on the diagonal, and at the same places as the adjacency
matrix.

We show below that the system has a unique solution.

The output of our algorithm, which we shall call the Degree Weighted Barycentre
(DWB) algorithm, is the sketch defined by the solution to the equations (1).

Note that the equations (1) are different from the equations used by Tutte!”!8;
in fact, the theorems in Sections 4 and 5 below would not hold for an algorithm
that directly applied Tutte’s equations to hierarchical graphs. Further, these results
cannot be obtained by the method of Becker and Hotz!.

A sample output of algorithm DWB 1s in Figure 2.
®

Fig. 2. A sample output of algorithm DWB

First we show that the system of equations has a unique solution.
Theorem 1 [f H = (V, A, A k) is a proper boundary s—t graph and 3 is a boundary
sketch of H, then the equations (1) have a unique solution extending 5.
Proof. We only need to prove that if every sink and source v has been assigned
Bz (v) = 0, then the unique solution of the equations (1) is #(u) = 0 for each u.
For each i € {1,2, ...k}, let m; denote the maximal value of |z(u)| over all u € L;.
One can easily infer from equations (1) that, for 2 < i < k — 1,

my < =(mi—1 + mig1).

| —



Since my; = 0 from the boundary conditions, we can deduce that, for 2 < ¢ <k —1,

t—1
mi S Mg (3)

Also, mp = 0, and it follows that

k—ev—1

miy] < ————
=T

m;. (4)
The only solution to (3) and (4)ism; =0for2<i<k—1. 0O

An implementation of algorithm DWB could use Gaussian elimination to solve
the equations (1), with an asymptotic time complexity as good as the best matrix
multiplication algorithm. In practice, we have found that the following simple Gauss
- Seidel iteration is quite fast:

Algorithm DWB_GSITERATION
1. Choose initial # coordinate x(u) for each nonboundary node u;
2. Repeat the following until = converges:
fori:=21tok—1do
for each w € L; do x(u) := % E(v,u) z(v) + ﬁ E(u,w) z(w)

The following equations characterize the iteration above:

; 1 : 1 .
x(])(u) = Z x(])(v) +— Z x(]_l)(w). (5)
2dy o 2d (o

Here #(%) is the initial position and the value of z after j iterations of the main
(outside) loop is #\); if w is in the boundary, then #()(u) = 20U~V (u) = B, (u).
The equations (5) are used in Sections 4 and 5 to prove properties of algorithm

DWB.
Lemma 1 The iteration (5) converges to the solution of (1).
Proof. Define A7% and A; by:

AV = max{|eV(u) — 2U D (w)| s v € Li},
Aj = max{AM2<i<k— 1}

Using (5) and the same kind of reasoning as for Theorem 1, one can show that for
j>land2<i<fk—1,

o 2i—1 -1
AJ? S 22»7_1A]'—1,
and 1t follows that
2k=3 _1
Al S T A

2k=3 _ \/ 7!
(5=) ~



Thus A; — 0 as j — oo and () converges to the solution of (1). O

4. PLANARITY AND CONVEXITY

In this section we prove the following theorem.

Theorem 2 Suppose that a proper boundary s—t graph H = (V, A, A, k) is collapse
free. If H 1is hierarchically planar with respect to the boundary drawing 3, then the
drawing output by algorithm DWB is planar and conver.

We need the following concepts to prove the theorem. Given two points p; =
(z1,y) and pa = (x2,y), p1 is on the left (right) of py if 1 < w2 (v > z2). If
1 < &g (#1 > x2), then we say py is strictly on the left (right) of ps. Note that p;
and ps are on the same horizontal line.

Suppose that a proper boundary s — ¢ hierarchical graph H = (V, A A k) is
hierarchically planar, and a drawing « of H 1s hierarchically planar. A sketch @ of
H preserves the topology of « if for each i € {1, 2, ..., k} and each pair {u,v} of
nodes in L;, @(u) is on the left of @(v) whenever «(u) is strictly on the left of a(v).
Note that a hierarchically planar drawing preserves the topology of itself.

The following lemma is simple but useful.

Lemma 2 Suppose that a proper boundary s —t hierarchical graph H = (V, A, A\, k)

1s hierarchically planar, and a drawing o of H s hierarchically planar. Further,

suppose that a drawing @ of H preserves the topology of a. Then & s hierarchically

planar.

Proof. It is obvious that @ and « induce the same ordering of the nodes in the

same layer of H. Thus @ and « have the same number of arc crossings. O
Consider the Gauss-Seidel iteration (5), and define a sketch o/ by:

ity = | 2P, M)
=1 5, A

?

VOIA

?

for i € {1,2,...,k}. Intuitively, o/ is the sketch after j iterations of the main loop
and i iterations of the inside loop of the iteration characterized by (5). Note that
al=LE=1 = gi=1k = g1,

From Lemma 1 we can infer that as j — oo, the sketch a/*~1 converges to the
sketch output by algorithm DWB.

Further, the iteration preserves the topology of a hierarchically planar drawing.

Lemma 3 Suppose that a drawing o of a proper boundary s—t graph H = (V, A, A k)
is hierarchically planar, and the sketch o/' (1 < i < k —2) preserves the topology
of . Then the sketch o't also preserves the topology of o.

Proof. Consider /' and a/it!; only the locations of the nodes of L;y; in o/’
have been changed in a/**!. Since o/’ preserves the topology of a, we need only
to verify that for each pair {u, v} of distinct nodes in L;41, if a(w) is strictly on the
left of a(v) then a/*t1(u) is on the left of af»i*+1(v).

For each node w in V| let N, denote the node set {z : either (z,w) €
Aor (w,z) € A}



Let {u, v} be an arbitrary pair of distinct nodes in L; 11, and let a(u) be strictly
on the left of a(v). Since « is planar, we have that for each node ¢ € N, and
each node b € N,, a(a) is strictly on the left of a(b). Note that a/'! preserves the
topology of o. Thus for each node a € N, and each node b € N,, a/¥(a) is on the
left of a/¥(b); this together with (5) ensure that a/'*1(u) is on the left of af»i*+1(v).
O
Proof of Theorem 2: If H is hierarchically planar with respect to 3, then it
has a hierarchically planar drawing « which extends 5. Since the convergence is
guaranteed by Lemma 1 irrespective of the initial sketch, we can use this drawing
« as an initial sketch and apply the iteration (5). By Lemma 3 the sketch ap g
output by algorithm DWB preserves the topology of «. Hence to prove planarity
we only need to prove that if the input to algorithm DWB is a hierarchically planar
proper boundary s —¢ graph and is collapse free, then o gis 1 — 1.

Note that g is 1 — 1 and ap s extends §. Thus if ag g is not 1 — 1, then there
are two nodes u,v € L; (i # 1,k) such that ags(u) = agg(v). Without loss
of generality, assume that o(u) is strictly on the left of «(v). Suppose that for
1 < j <k, P; denotes the set of nodes w € L; such that there is a directed path
from a source to a sink which passes through either u or v and contains w.

Since H is collapse free, without loss of generality, we may assume that |P;| > 2
for 1 < j < ¢. Note that « is hierarchically planar, and ag; preserves the topology
of a. Thus for each node ¢ € N, and each node b € Ny, agg(a) is on the left
of g g(b). From (1), noting that ap g(u) = am p(v), we can deduce that in ap g
the vertices of P;_; are at the same location; and then similarly it follows that the
vertices of P;_ are at the same location (noting that |P;_1] > 2). One can continue
this argument to show that |P;| > 2, contradicting the fact that 3 is 1 — 1. Thus
ag s 1s1—1.

Finally, note that the convexity of equations (1) implies the convexity of the
output of algorithm DWB. O

5. SYMMETRY

In this section we briefly show that algorithm DWB above “displays symme-
tries”; intuitively, this means that if the input of algorithm DWB has an appro-
priate automorphism 7, then the output has a corresponding symmetry. A general
model for symmetry in graph drawings is introduced by Lin'! to make such intu-
itive notions precise; the application below of this model to hierarchical graphs is
particularly simple.

A geometric automorphism of a hierarchical graph H = (V, A, A k) is an auto-
morphism v of the underlying undirected graph such that 4% = 1 and either

e v preserves the layers, that is, ¥(L;) = L;, and v has at most one fixed point
in each layer (this is a normal reflectional automorphism); or

e v reverses the layers, that is, v(L;) = Ly_;41 for 1 <i < k, and if k is odd,
then v fixes each node in Lj41)/2 (thisis a reverse reflectional automorphism);
or

o y(L;) = Lg_iy1 for 1 < i < k, and there is at most one fixed point in L¢;11)/2



when k is odd (this is a rotational automorphism).

A nontrivial isometry of the plane 1s a symmetry of a sketch of a hierarchical
graph if it maps the image of a node to the image of a node, and maps the image
of an edge to the image of an edge.

A sketch « displays a geometric automorphism v if there is a symmetry s such
that s(a(u)) = a(y(u)) for each node u. If the sketch is 1 — 1 (that is, « is a
drawing), then we say that it clearly displays s.

It is not difficult to show that a symmetry of a drawing of a hierarchical graph
induces a geometric automorphism of the hierarchical graph. More significantly, for
the output of algorithm DWB, we can also show the converse.

Theorem 3 Suppose that v is a geometric automorphism of a proper boundary
s —t digraph H. If the boundary drawing B displays the restriction vg of v to the
boundary layers, then the output sketch of algorithm DWB displays ~.

Proof. To prove this theorem, we need to introduce the following iteration
which implements Gauss - Seidel iteration symmetrically:

Algorithm DWB_SYMMETRIC _GSITERATIONS
1. Choose an initial # coordinate #(u) for each node u;
2. Repeat the following until = converges:
2.1 fori:=1+to L%J do
for each w € Ly do x(u) := Zd_ Yy (V) + d+ 2wy T(W);
for each u € Ly,_; do x(u) := Zd_ E(v 0¥ z(v) + 2d+ E(u W) T z(w);
2.21F k is odd THEN
for each w € Lijy1y/2 do x(u) = % E(v,u) z(v) + ﬁ E(u,w) z(w);

The following equations characterize the iteration above:

29 (u @ (v

=D (6)

2d (u o)

when the iteration is implemented on u € L;y1; and

(J) _ (- 1)
2 (v,u) 2d (u,w)

P (w), (7)

when the iteration is implemented on u € L;_;; and
(J) (J)

() ]
2d =) 2d ! (w), (8)

(w,w)

when the iteration is implemented on u € L(g41)/2. Here 2(9) is the initial position
and the value of x after j iterations of the main (outside) loop is 2 if w is in the
boundary, then () (u) = 20U~V (u) = B, (u).

Using the same method as for Lemma 1, we can prove that z/(u) produced by
the iteration DWB_SYMMETRIC_GSITERATIONS converges to the solution of

(1).



Given a geometric automorphism v of H, one can easily construct a drawing
o9 of H which extends 8 such that o(® displays . Note that every step of the
iteration DWB_SYMMETRIC_GSITERATIONS characterized by (6) and (7) and
(8) preserves the symmetry of the sketch. Thus, using o9 as an initial state for
the iteration, the output sketch displays y. O

6. MINIMIZING CROSSINGS

The main attraction of algorithm DWB is for symmetric and planar drawings.
However, in this section we will briefly discuss the non-planar case.

Of course we would like to draw non-planar hierarchies with as few crossings as
possible. Unfortunately, the problem of finding a drawing to minimize arc crossings
in a hierarchical graph is NP-complete, even if there are only two layers'®.

Here we note that the crossing minimization problem is NP-complete even when

the boundary drawing is fixed.

Fixed Boundary Crossings Problem

INSTANCE: A boundary s — ¢ graph H, a boundary drawing 3 of H,
and an integer K.

QUESTION: Is there a hierarchical drawing of H which extends § and
has at most K arc crossings?

Eades and Wormald” have shown that for a hierarchical graph with two layers, if
the positions of nodes in one layer are fixed, then the crossing minimizing problem is
NP-complete. A simple polynomial transformation from the crossing minimization
problem discussed by Eades and Wormald” to the Fixed Boundary Crossing problem
above can be constructed; we leave details to the reader.

Theorem 4 The Fized Boundary Crossings Problem is NP-complete. O

A number of crossing reduction heuristics are derived from the barycentre method
of Sugiyama et al.'® and its children®'* have been applied to this NP-complete
problem. One variant of this method, outlined below, is very similar to the algorithm
DWB_GSITERATION introduced in Section 3.

Algorithm BARYCENTRE
1. Choose initial # coordinate z(u) for each node u (including boundary nodes);
2. Repeat the following until  does not change:
2.1 fori:=1+%tok do
for each w € Ly do t(u) := % E(v,u) z(v) + ﬁ E(u,w) z(w)
2.2 Sort the nodes of L; into increasing order of ¢;
2.3 Let the x coordinate of the jth node in L; be j.

Although there 1s considerable discussion concerning the best choice of a variant
for the barycentre method (see, for example, Rowe et al.l?), it is clear that most
variants are reasonably effective in reducing crossings.

The main difference between such barycentre methods and algorithm DWB is
step 2.3: algorithm DWB_GSITERATION does not quantize the locations after



each iteration. The quantization at step 2.3 makes BARYCENTRE difficult to
analyse; for instance, it is not clear that it always terminates.

We believe that algorithm DWB can be used as a heuristic to reduce arc cross-
ings. We have tested algorithm DWB and found that for graphs of less than 100
nodes and 300 edges, a reduction of around 50% may be expected. Note that
the arc crossings can be further reduced using a greedy switching technique as a
postprocess, as described by Makinen!?.

7. REMARKS

The theorems above can be generalized to cover improper hierarchical graphs,
using a method which is standard in the graph drawing literature: each arc of span
k > 1 is replaced by a path of £ —1 dummy nodes, then algorithm DWB is applied.
In the final drawing, the dummy nodes are removed. Note that this strategy ensures
that the long arcs are drawn as straight lines by algorithm DWB (because of the
convexity of the equations (1)). Tt immediately establishes symmetry and planarity
as well.

Di Battista and Nardelli® have given a linear algorithm to test planarity for
hierarchical graphs (with some restrictions). Based on the order of the boundary
nodes given by the di Battista - Nardelli algorithm, we may get a convex planar
drawing with appropriate symmetries.

Algorithm DWRB does not work well for dense graphs; if each layer is close to a
complete bipartite graph, then a technique such as edge concentration'3 is necessary.
Further, Algorithm DWB is limited by the necessity to choose a boundary sketch 3;
without a good choice of 3, the worst case performance is poor and we are unable to
provide performance guarantees such as those discussed by Eades and Wormald”.
However, we have observed in tests that even a random choice of 3 usually gives a
good drawing.

References

1. B. Becker and G. Hotz, “On the optimal layout of planar graphs with fixed bound-
ary”, STAM J. Computing 16 (1987) 946-972.

2. J. A. Bondy and U. S. R. Murty, Graph Theory with Applications, (Macmillan,
1976).

3. J. Czyzowicz, A. Pelc and 1. Rival, “Drawing orders with few slopes”, Technical
Report TR-87-12, Department of Computer Science, University of Ottawa, 1987.

4. G. Di Battista, P. Eades, R. Tamassia and 1. Tollis, “Algorithms for Drawing Graphs:
An Annotated Bibliography”, Comp. Geom. Theory Appl.. 4 (1994) 235 — 282.

5. G. Di Battista and E. Nardelli, “Hierarchies and planarity theory”, IEFE Tran.
Syst., Man, Cybern. 18 (1988) 1035-1046.

6. P. Eades and X. Lin, “How to Draw a Directed Graph,” Proc. IEEE Workshop on
Visual Languages (VL’89), pp. 13-17, 1989.

7. P. Eades and N. C. Wormald, “Edge crossings in drawings of bipartite graphs”,
Technical Report 108, Department of Computer Science, University of Queensland,
1989.

10



8. P. Eades and N. C. Wormald, “Fixed edge length graph drawing is NP-hard”, Dis-
crete Applied Mathematics 28 (1990) 111-134.

9. E. R. Gansner, S. C. North and K. P. Vo, “DAG - a program that draws directed
graphs”, Software Practice and Ezperience, 18 (1988) 1047-1062.

10. M. R. Garey and D. S. Johnson, “Crossing number is NP-complete”, SITAM J. of
Algebraic and Discrete Methods, 4 (1983) 312-316.

11. X. Lin, “Analysis of algorithms for drawing graphs”, Ph. D Thesis, Department of
Computer Science, University of Queensland, 1992.

12. E. Makinen, “Experiments in drawing 2-Level hierarchical graphs”, Technical Re-
port A-1988-1, Department of Computer Science, University of Tampere, 1988.

13. F. J. Newbery, “Edge concentration: a method for clustering directed graphs”, in
Proc. 2nd Int. Workshop on Software Configuration Management, 1989, pp. 76-85.

14. L. A. Rowe, M. Davis, E. Messinger, C. Meyer, C. Spirakis and A. Tuan, “A browser
for directed graphs”, Software Practice and Ezperience 17 (1987) 61-76.

15. K. Sugiyama, S. Tagawa and M. Toda, “Methods for visual understanding of hi-
erarchical system structures”, IEEE Tran. Syst., Man, Cybern. SMC-11 (1981)
109-125.

16. R. Tamassia, “On embedding a graph in the grid with the minimum number of
bends”, SIAM J. Computing 16 (1987) 421-444.

17. W. T. Tutte, “Convex representations of graphs”, Proc. London Math. Soc. 10
(1960) 304-320.

18. W. T. Tutte, “How to draw a graph”, Proc. London Math. Soc. 13 (1963) T43-768.

11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


