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Abstract: Bottom-up layout algorithms for compound graphs are suitable for presenting the microscale view of models
and are often used in model-driven engineering. However, they have difficulties at the macroscale where
maintaining the overview of large models becomes challenging. We propose top-down layout, which utilizes
scale to hide low-level details at high zoom levels. The entire high-level view can fit into the viewport and
remain readable, while the ability to zoom in to see the details is still maintained. Top-down layout is an
abstract high-level layout process that can be used in conjunction with classic layout algorithms to produce
visually compelling and readable diagrams of large compound graphs.

1 INTRODUCTION

Automatic graph drawing is the process of creat-
ing a two-dimensional drawing of a graph. There
are many graph drawing algorithms for different pur-
poses such as tree layout (Di Battista et al., 1994),
force- and stress-based layout (Fruchterman and
Reingold, 1991; Gansner et al., 2005), and layered
layout (Sugiyama et al., 1981). While most graph
drawing algorithms operate on graphs where each
node is an atomic element, the graph drawing problem
can be expanded to include compound graphs where
nodes can be parents of sub-graphs (Eades et al.,
1997; Rufiange et al., 2012).

A common approach to drawing compound
graphs is to first draw the sub-graphs and then draw
the parent nodes around them. This recursive bottom-
up approach provides a simple solution to determin-
ing sizes of nodes and it allows the entire graph to
be laid out at the same scale. The downside of
the bottom-up approach is that drawings can become
very large as the graphs grow in size. A zoom-to-
fit scaling then results in a scale where labels be-
come illegible and also the overall structure is diffi-
cult to discern. Another downside is that the over-
all variability in node sizes increases for graphs with
deeper hierarchies due to different numbers of de-
scendant nodes. This tends to result in large amounts
of whitespace when these differently sized nodes are
laid out (Gutwenger et al., 2014).
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We propose a paradigm that aims to utilize com-
puter screens effectively for drawing large compound
graphs. The zoom-axis is treated as a third dimen-
sion for compound graph layouts using a top-down
approach. The dimensions of parent nodes are fixed
first and the child layouts are scaled down to fit within
their parent. Figure 1b shows an example of such
a layout. In top-down layout the overall structure is
discernible and the top-level labels are readable, fa-
cilitating systematic exploration of the whole model.
As further motivation for the top-down layout ap-
proach, we consider the possibility of incremental
layout. This has performance benefits both in terms of
time and space. We can defer parts of the layout com-
putation until we need them and we do not need to
store the entire layout in memory immediately. This
is especially useful for large models that are only par-
tially visible at any given time.

The graph shown in Figure 1 represents an SC-
Chart (von Hanxleden et al., 2014), which beyond
nodes and edges also contains other elements such as
different types of labels. While providing visualiza-
tions for languages such as SCCharts is the motivation
for top-down layout, we consider the work presented
here applicable to compound graphs in general. There
exist other graph layout approaches for large com-
pound graphs that use top-down approaches (Vehlow
et al., 2017; Abello et al., 2006; Archambault et al.,
2007) but they are often more targeted at data visu-
alization, which does not transfer well to the model-
driven engineering domain that SCCharts belongs to.



(a) Bottom-up layout. (b) Top-down layout.
Figure 1: Comparison of bottom-up and top-down layout for a compound graph. In this case, the graph is an SCChart that
represents a railway wagon.

Contributions and Outline

The contributions of this paper are the following:

• We propose top-down layout, a high-level,
general-purpose layout framework for drawing
compound graphs (Section 3). Several methods
for deciding node sizes are introduced in the form
of node size approximators and top-down aware
layout algorithms.

• Three possible configurations of top-down layout
for SCCharts (Section 3.2), practically validated
with an implementation within the open-source
ELK1 framework, demonstrating the advantages
and disadvantages of top-down layout.

• Two quantitative evaluation metrics to reason
about large two-dimensional graphs by modelling
zoom as a third axis. These metrics are used to an-
alyze and compare the different layout algorithms
for a large set of SCCharts (Section 4).

2 DEFINITIONS

Compound Graphs A compound graph G consists
of a set of nodes V , a set of edges E ∈V×V and a con-
tainment function τ′ : V → 2V that maps nodes to the
set of their children. This is the inverse of the hierar-
chy function τ : V →V that is typically used in defini-
tions of compound graphs (Eades et al., 1997), which
maps nodes to their parents. For top-down layout we
restrict edges to be between nodes that have the same
parent, whereas additional considerations are neces-
sary for hierarchy-crossing edges.

1https://www.eclipse.org/elk/

A well-formed compound graph’s containment
function is a tree, which means that every tree can be
mapped onto a compound graph, however not every
compound graph can be mapped onto a tree. Trees
are also sometimes called hierarchical graphs and
there are many different visualization techniques for
them (Eades et al., 1997; Rufiange et al., 2012; Di
Battista et al., 1994).

A clustered graph is structurally also a compound
graph, but the term is typically used when the contain-
ment function is extracted from the underlying graph
through a clustering method rather than being defined
by the graph itself.

Compound Graph Layout A layout or drawing Γ

of a compound graph is a mapping where each node is
mapped to a bounding box and each edge is mapped
to a curve in the plane. Positions are relative to the
parent node if one exists.

A layout Γ of a compound node r is composed
of the layout Γr of its children and the respective
layouts of each child’s contents Γc together with a
scale factor s. This composition is expressed as Γ =
Γr ◦ (s,{Γc|c ∈ τ′(r)}).

Each layout Γ has a size that is determined by the
minimal bounding box around the nodes and edges
included in Γ. For a node v where τ′(v) =∅, the size
of its bounding box is a base size defined by the node.

3 TOP-DOWN LAYOUT

We now introduce top-down layout as a general-
purpose approach for laying out large compound
graphs. As explained, top-down layout aims to di-

https://www.eclipse.org/elk/


rectly utilize zoom as a third dimension during layout
to provide readable views of diagrams at any zoom
level and to allow incremental graph layout.

3.1 Algorithm

Each node in a compound graph is assigned a node
type that controls how it is handled by the top-down
layout procedure.

• ROOT — the entry point of top-down layout,

• FLEXIBLE — nodes that are assigned a size and
scale their children accordingly,

• FIXED — nodes that do not scale their children.

3.1.1 Layout Procedure

In Algorithm 1 the traditional bottom-up layout pro-
cess is shown. In order to invert the process to a
top-down procedure, we switch the order of the re-
cursive, layout, and size steps and insert an additional
scale step. The resulting algorithm is shown in Algo-
rithm 2. Here, we return the layout as a result in each
step. This is for the sake of clarity, but it is not nec-
essary. The layout can be stored directly on the graph
in a single pass.

Additionally, we allow marking nodes for layout,
which allows early termination and thus partial lay-
out of a graph to save computation time. Inner nodes
can be laid out later and composed into the already
existing partial layout. The benefit is that layout calls
can be deferred to when the result is actually required
e.g., when we are zoomed in close enough to discern
details. This incremental layout is not possible using
a bottom-up approach.

BOTTOMUPLAYOUT(G,r)
Input : Compound graph G = (V,E,τ′),

current root node r ∈V
Output: Layout Γ

// Recursive call
foreach c ∈ τ′(r) do

Γc← BOTTOMUPLAYOUT(G,c)
end
// Compute layout
Γr← layout(r)
// Set size according to layout
r.size← Γr.size
// Compose layouts for rendering
return Γr ◦ (1,{Γc|c ∈ τ′(r)})

Algorithm 1: General bottom-up layout procedure.

TOPDOWNLAYOUT(G,r)
Input : Compound graph G = (V,E,τ′),

current root node r ∈V
Output: Layout Γ

// Set node sizes
if r is FLEXIBLE or r is ROOT then

foreach c ∈ τ′(r) do
c.size← predictSize(c)

end
end
// Compute layout
Γr← layout(r)
if r is ROOT then

r.size← Γr.size
end
// Compute scale factor
if r is FLEXIBLE then

sr← r.size/Γr.size
end
// Recursive call
foreach c ∈ τ′(r) do

if markedForLayout(c) then
Γc← TOPDOWNLAYOUT(G,c)

end
end
// Compose layouts for rendering
return Γr ◦ (sr,{Γc|c ∈ τ′(r)})

Algorithm 2: General top-down layout procedure.

3.1.2 Size Prediction

The core issue of performing a top-down layout is the
task of choosing appropriate sizes for nodes. In or-
der to compute a layout, we require the sizes of all
nodes to be known. In bottom-up layout this is solved
by using the size of the already calculated child lay-
out. In top-down layout we change the order of the
operations. Therefore, we need to set a size first. We
propose two strategies:

Node Size Approximation The first step moving
away from bottom-up layout is to make all nodes
FLEXIBLE i.e., nodes that may apply a scale to their
children. The simplest method is to assign the base
size to each node. However, this may result in large
scale differences between parent nodes and their chil-
dren, which creates a lot of whitespace.

A size approximator P estimates the width and
height of a compound graph G. The aim of a size
approximator in general is to minimize the amount
of additional whitespace that is introduced when scal-
ing down a child layout, while providing appropriate
amount of space corresponding to the complexity of



the child layout. We have already implicitly intro-
duced the simplest size approximator, which is the
one that always returns the base size. A more sophis-
ticated, but still very basic approximator, counts the
children of the root node in G and takes the square
root of that count as a multiplication factor for the
base size. This is the default size approximator used
in the later examples and is called the node count ap-
proximator.

If a layout is produced that has an aspect ratio
that is close to the aspect ratio of the base size, this
heuristic tends to introduce little additional whites-
pace when compositing the child drawing into its par-
ent.

Top-down Aware Layout Algorithms This ap-
proach uses FIXED nodes, which are container nodes
for several nodes of the base size. The base size is a
constant size defined by a diagram designer. We use
layout algorithms that can predict the size of their re-
sulting layout before computing the layout.

Topdownpacking is a simple layout algorithm that
fulfils this property. It takes several nodes, gives each
the base size, and arranges the nodes in a square grid.
If n is the number of nodes and there is no integer
solution to

√
n, the grid will be incomplete. The dif-

ferent cases are illustrated in Figure 2. If an entire row
is empty, it is removed. Alternatively, it is possible to
expand nodes vertically to fill the space and maintain
the aspect ratio of the parent. Afterwards, the nodes
of the last row are expanded horizontally to fully use
the available space provided by the parent node.

(a) 9 nodes can
completely fill a
3×3 grid.

(b) For 6 nodes
the final row is re-
moved.

(c) For 5 nodes
the incomplete
row is expanded.

Figure 2: Different cases of Topdownpacking.

3.1.3 Hierarchy-crossing Edges

Although top-down layout cannot directly deal with
hierarchy-crossing edges. There are still techniques
to realize top-down diagrams with hierarchy-crossing
edges. There are two basic approaches. The first tech-
nique is to add in the hierarchy-crossing edges after
the layout is complete. For some applications simple
straight line edges can be sufficient but more com-
plex problems can also be solved using standalone
edge routing algorithms. The second technique can
be applied during the main layout procedure. Instead

of modeling the hierarchy-crossing edges as a single
edge, we split them into multiple edges and connect
them at the boundaries of the compound nodes using
ports. The advantage is that we do not need an ad-
ditional post-layout processor for hierarchical edges
and can therefore keep the benefits of top-down lay-
out such as iterative diagram generation. The down-
side is that the scaling of the different edge sections
would end up being different, which depending on the
application could be undesired.

3.2 Application on SCCharts

We apply top-down layout to the visualization of SC-
Charts (von Hanxleden et al., 2014), which are a di-
alect of Statecharts (Harel and Gery, 1996). Syntac-
tically, Statecharts are Higraphs (Harel, 1988), which
are a visualization formalism combining advantages
of graph drawings and Venn diagrams (Venn, 1880)
to visualize set-theoretic properties. Our compound
graphs do not include partial containment of nodes,
but we can handle the partitioning of nodes into what
we call regions. Regions are modeled as regular nodes
contained within a parent with the restriction that they
cannot have any incident edges.

SCCharts are a modeling language whose mod-
els are edited and viewed both textually and graph-
ically. The corresponding diagram is then synthe-
sized and automatically laid out using ELK (Schnei-
der et al., 2013). SCCharts are synthesized into com-
pound graphs with two semantically different types of
nodes called states and regions as introduced above.
States are connected by edges. A state can also have
internal structure, in which case it is called a super-
state. Superstates contain regions and regions always
contain states. The layout of states in a region is per-
formed using a layered approach (Sugiyama et al.,
1981). The layout of regions in a superstate is per-
formed using Rectpacking (Domrös et al., 2021).

3.2.1 Layout Configuration

We introduce three variants of top-down layout for
SCCharts. To illustrate the differences of these vari-
ants we use the Controller SCChart. This is an exam-
ple from the railway domain, consisting of over 1700
states with a maximum hierarchical depth of 9. The
textual source contains over 35 000 lines. This is an
example of a large model that may be browsed to un-
derstand the system architecture and the interactions
of different components.

Figure 3a shows the traditional bottom-up draw-
ing of Controller. This provides very little informa-
tion to the observer. If one would scale Figure 3a to
fit an A4 sheet, the largest font would have a size of



(a) Bottom-up layout. All nodes are drawn at the same scale
resulting in illegible labels at all levels.

(b) Top-down layout using FLEXIBLE states and regions. The
node count approximator is used for all nodes.

(c) Top-down layout using FLEXIBLE states and regions.
Look-ahead layout approximates the aspect ratios of regions. (d) Top-down layout with FIXED states laid out by Topdown-

packing and FLEXIBLE regions in a layered layout.

Figure 3: Comparison of the bottom-up layout and three different top-down layout configurations for the Controller example
SCChart.

0.322 pt. In comparison, if one would scale Figure 3d
the same way, the title label font would be about 53
pt, and the font size of the top-level regions would be
about 48 pt, which is quite readable.

Flexible Region sizes This first variant of top-down
layout, shown in Figure 3b, aims to be less invasive in
the established visual style of SCCharts and to reduce
scale discrepancies between regions. It is similar to
the bottom-up procedure, but scaling may now be ap-
plied in each compound node. All nodes are FLEXI-
BLE and are laid out by their usual layout algorithm.

The essential step to produce aesthetic layouts is
the node size approximation that is done for each
child before computing the layout. Here we use the
node count approximator. This results in states and
regions having different sizes based on their contents,
which reduces the difference in scale factors between
sibling nodes while still maintaining a readability im-

provement.

Flexible Region sizes and Look-Ahead Layout
This variant is shown in Figure 3c. To get an aspect
ratio that fits the aspect ratio that we will get during
the layout process, we can first compute the layout
for one hierarchical layer and then take the resulting
output dimensions and use them as our size approx-
imation. If there are no grandchild nodes, this pro-
duces a perfect size prediction. In practice, we do not
yet know how large the child nodes will be, because
FLEXIBLE nodes are assigned sizes later.

During the approximation step, we set the sizes of
the children using the node count approximator. For
the case of SCCharts, this means that the look-ahead
is suitable due to the alternation of regions and states.
This is because the node count approximator works
well in conjunction with Rectpacking, where we can
set the target aspect ratio as an input.



Fixed Region Sizes In this top-down variant for
SCCharts, shown in Figure 3d, we give all states the
FIXED node type, while all regions are assigned the
FLEXIBLE node type. The states in regions can be laid
out using the layered approach. The resulting layout
is then scaled down to fit the fixed region size. How-
ever, due to being FIXED nodes, the regions in states
cannot be laid out using the normal Rectpacking al-
gorithm that is used in bottom-up layout. Instead,
we use Topdownpacking. The result is that all con-
current regions have the same sizes and can be easily
viewed simultaneously. Their contents can have dif-
ferent scales, depending on the number of children a
region has.

4 EVALUATION

This section introduces quantitative metrics for evalu-
ating the quality of different diagrams regarding their
utilization of the zoom axis of the drawing.

4.1 Diagram Scale Normalization

To accurately compare different diagrams, the scales
used in them need to be normalized. For this, we in-
troduce the z-level, which represents the zoom level
and the extension of a diagram into the third dimen-
sion. More precisely, we need to define two fixed
points that are used to normalize diagram scales al-
lowing the comparison of distinct drawings at corre-
sponding zoom levels. We define our range of inter-
est of z as the range [0,1], where z = 1 means that
the diagram is zoomed out to fit the entire drawing
within a standard viewport (zoom-to-fit). In contrast,
z = 0 means that we are zoomed in far enough that
the smallest details are visible at their intended view-
ing size. These boundaries define the points where
there is no practical reason to zoom further in or out,
respectively.

The choice of the viewport size is non-trivial be-
cause different display sizes enable different visual-
izations (Jakobsen and Hornbæk, 2013). In our case,
to work with some arbitrary but concrete numbers, we
are examining a fixed viewport size with a resolution
of 600 by 400 pixels. This emulates a diagram view
as one window in a larger editor.

For the diagrams created and examined in the
scope of this work, we have two distinct cases of scale
usage in diagrams. Bottom-up diagrams start with a
scale of 1 at z = 0 and build up the diagram around
that. This means that the final zoomed-out diagram
is drawn at a scale that is typically between 0 and 1,
because the diagram needs to be scaled down to show

z
0 1

sd

0
a

1

(a) Bottom-up case.

z
0 1

sd

0
1

a

(b) Top-down case.
Figure 4: Conversion from z-level to diagram scale.

everything at once unless it is very small. For bottom-
up diagrams, we define the diagram-specific constant
a as the render scale of the diagram at z = 1. In the
case that diagrams are smaller than the viewport, a is
greater than 1 and zoom-to-fit would enlarge the di-
agram until it filled the viewport. I.e., at z = 1 the
diagram would be rendered at a scale larger than 1.
In our analysis we set a ≤ 1, i.e., stop enlarging the
diagram once it is drawn at a scale of 1.

The other case is top-down layout. In this ap-
proach, the layout begins by giving the topmost node
a scale of 1 and then, as it descends the hierarchy,
nodes get smaller and smaller scales. This means that
at z = 1 the render scale is 1, and that the diagram
typically needs to be enlarged by some factor a > 1 to
show the smallest details. For top-down diagrams, a
can be computed by finding the diagram element with
the smallest scale and taking the inverse. This means
that increasing the diagram drawing size by that fac-
tor a results in drawing the smallest element at its in-
tended size. In other words, at z = 0, a top-down lay-
out is drawn at scale a. In a nutshell, in bottom-up
diagrams a is the minimum scale factor, and in top-
down diagrams a is the maximum scale factor. To
compare these two distinct linear scalings, we trans-
late between diagram scales and z-level.

For both bottom-up and top-down layouts, we can
determine a and use that value to compute the current
diagram scale sd for a given z using the following case
distinction, illustrated in Figure 4. This allows us to
compare bottom-up and top-down layouts.

sd(a,z) =

{
z · (a−1)+1, if 0 < a≤ 1
z · (1−a)+a, if a > 1

(1)

4.2 Evaluation Metrics

We now introduce two contrasting quantitative met-
rics. The readability, which considers the legibility
of texts measured across the zoom level, and the scale
discrepancy, which describes the scale differences be-
tween topologically close nodes.



4.2.1 Readability

Diagrams typically contain text in addition to graph-
ical notation, i.e., nodes and edges. It is difficult to
quantitatively determine at what scale different draw-
ings are readable in the sense that a viewer can un-
derstand their meanings. For texts, this is a simpler
task since we can consider the on-screen text size.
For example, at a font size of 12 pt text is easily leg-
ible for the average reader, but as it gets smaller, it
becomes increasingly illegible. Different font sizes
may be used throughout the diagram, e.g., to distin-
guish node titles from other labels. We abstract away
from this by assuming the diagram designer has cho-
sen suitable font sizes.

A given label t has a unit size. The text scale st
is a multiplier that determines the actual on-screen
size and is defined by the scale factor of the contain-
ing node. The diagram itself also has a scale sd(z)
that is 1 when the diagram is rendered at the size of
its base elements. I.e., sd(z) = 1 for z = 1 in top-
down drawings and sd(z) = 1 for z = 0 in bottom-up
drawings. Base elements are those elements that have
a text scale st = 1. The render scale rs of an ele-
ment t, i.e., the drawn on-screen scale, is calculated
as rst(z) = st · sd(z), which is simply the multiplica-
tion of the scale factor and the current zoom level of
the diagram.

In top-down layouts children are always scaled
relative to their parent. This means that although the
z-level is a linear scale, the text scales decrease expo-
nentially as we descend the hierarchy. Examples for
concrete scale values are shown in Figure 5.

We consider elements readable for a given z-level
if rst(z) ≥ 1 holds. Let R (z) be the set of read-
able texts at zoom level z, and let T be the set of
all texts in a diagram. The fraction of readable texts
is r(z) = |R (z)|/|T |. As we zoom into a diagram,
the fraction of the diagram included in the viewport
shrinks quadratically. We assume for simplicity that
the aspect ratios of the viewport and the diagram are
equal. This corresponds to the act of zooming out
until the entire diagram fits into the viewport. We de-
note the area of the viewport as Av and the area of
the diagram as Ad to obtain the proportion v(z) of the
diagram visible in the current viewport.

v(z) = min
(

Av

Ad · sd(z)2 ,1
)

(2)

The quadratic term stems from the fact that both
width and height are scaled. v(z) must be capped to
a maximum of 1, as larger values only mean that the
diagram is smaller than the viewport and could be fur-
ther enlarged to fit the whole viewport. This does not

increase the number of onscreen elements any further.
We model the readability of the diagram as a combi-
nation of the proportions of readable and visible texts.

R(z) = r(z) · v(z) (3)

The aim is to spread the readability out uniformly
across z so that at any given zoom level there is al-
ways something readable. We can see this in Figure 3
and Figure 5. In Figure 3a it is impossible to read
anything, while in the various top-down layouts there
is always some text at a readable scale.

4.2.2 Scale Discrepancy

In a traditional bottom-up layout, all parts of the dia-
gram are drawn at the same scale. This means that
when panning across the diagram, the zoom level
does not need to be adjusted to view different parts
of the drawing. Several areas can be viewed simulta-
neously, with the caveat that they do still need to be
close to each other and not too large.

In a diagram laid out using a top-down approach,
nodes may have different scales, and these scale dis-
crepancies can be large enough that it is difficult to
view both nodes at the same time without adjusting
the zoom level. Each node n in a compound graph
has an associated scale sn that defines the scale that is
applied to the node’s child layout. The scale discrep-
ancy D(n) is defined as

D(n) =
max(Sn)

min(Sn)
−1, (4)

where Sn is the set of scale factors of the chil-
dren of n. The discrepancy then describes how much
smaller the smallest scale is relative to the largest
scale. The scale discrepancy is 0 if all scales are
equal. Scale discrepancy is only examined on a topo-
logically local level. This means that the nodes that
are being compared have at most one intermediate
node on a path between them. These paths can contain
edges and child-parent relations. Nodes that are close
together are often viewed at the same time. They
should be legible at the same z-level. Nodes that are
not close to each other are usually not viewed simul-
taneously, and therefore their discrepancy is of lower
priority.

4.3 Applying the Metrics

We apply the introduced readability and scale dis-
crepancy metrics on a large set of SCCharts. These
stem from industrial projects and from class assign-
ments. Our goal is to showcase the usefulness of the
metrics in reasoning about the efficacy of different
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Figure 5: Illustration of the scale calculations that are done in top-down layouts.

top-down layout variants. Additionally, we demon-
strate the difference to standard bottom-up diagrams
that do not utilize scaling.

Figure 6: Distribution of the graph sizes according to the
number of labels.

The examined diagrams are generated from a set
of 1250 SCCharts. The distribution of the models’
size variation is captured in Figure 6. We group the
dataset into small, medium and large models to com-
pare the effect model size has on the different algo-
rithms. We use the number of labels as the size mea-
sure, because the metrics focus on the legibility of di-
agrams. There are also diagrams with many labels
that end up being small, and large diagrams with few
labels.

For readability and scale discrepancy, measure-
ments were taken for all of the sample diagrams. The
established bottom-up layout and all three top-down
layout variants outlined in Section 3.2.1 were exam-
ined.

As previously discussed, good average readabil-
ity is characterized by being approximately uniformly
distributed across the entire z range. This would mean
that no matter at what zoom level a diagram is being
viewed, the proportion of readable elements in the

viewport would remain approximately constant. As
diagrams become larger, that ideal constant decreases,
because the zoom range in which the labels are dis-
tributed becomes larger. Scale discrepancy should be
minimized. Bottom-up layout naturally has no scale
discrepancy, but for top-down layout we can compare
how well the different variants minimize scale dis-
crepancy in differently sized graphs.

Figure 7a shows the readability metric for all algo-
rithms grouped by the three size groups. For bottom-
up layout readability is always 0 until the legibility
threshold is reached. The smallest diagrams reach
an average readability of about 0.75 at the lowest z-
level. This indicates that on average, three-quarters
of the smallest diagrams fit into the viewport. For the
larger groups, this value is a lot smaller. For the top-
down variants, we can observe that in general, they
get close to uniform readability. At the highest z-
level the readability sometimes drops sharply. This
could be because many diagrams have one readable
title and many small children. As we zoom further in,
these large discrepancies are quickly reduced. Fur-
ther observations are that the fixed region sizes algo-
rithm performs better for smaller diagrams, but both
flexible scale algorithms appear to produce better re-
sults for the larger diagrams. Look-ahead layout pro-
duces the most consistent readabilities for small and
medium graphs. It is important to keep in mind that
the readability for the different groups of graphs is
on different vertical scales. For small diagrams the
readability reaches up to 0.8, whereas for large dia-
grams the highest reached readability is only about
0.07. This is to be expected since as the number of
labels goes up, the overall readability decreases.

In Figure 7b the histogram shows how the scale



(a) Average readabilities across z-level (higher is better). (b) Histograms of scale discrepancies (further left is better).

Figure 7: Evaluation of readability and scale discrepancy across 1250 SCCharts. Note that the vertical scales in Figure 7a
differ.

discrepancies are distributed in the examined dataset
for each algorithm. The histograms are restricted to
scale discrepancies between 0 and 50, but notably, for
the flexible scale look-ahead layout algorithm, there
are some extreme outliers in the area of around 200.
There is no scaling in bottom-up layout, so there are
no scale discrepancies. Both flexible scale algorithms
produce consistently smaller scale discrepancies than
the fixed scale method.

5 RELATED WORK

We focus on abstract visualization techniques for
compound graphs and on the effects of scale, both in

the underlying data and the resulting visualizations.

Visualizing Trees In approaches where all elements
of different hierarchies are treated equally, the re-
sulting diagrams grow rapidly in their space require-
ments. A concept to handle this is a fractal layout,
where the diagram is self-similar. This means that
no matter which hierarchy level is being viewed, the
space requirements of what is shown in the viewing
area are always similar (Koike and Yoshihara, 1993).
Top-down layout also aims to achieve fractal self-
similarity with a general-purpose approach that can
be applied to any model containing hierarchical struc-
ture.

Balloon trees and their variations (Holten, 2006;
Melancon and Herman, 1998; Carriere and Kazman,



1995) are examples of self-similar diagram types.
Tree graphs are restructured into compound graphs
where the child relation is restricted to one layer for
an algorithm such as radial tree layout, and the grand-
children are contained within their parents. The top-
down layout presented here, can be combined with
Eades’s radial layout (Eades, 1992) to produce bal-
loon tree-like drawings.

Treemap layouts are an approach for drawing hi-
erarchical graphs that aim to fill the available space
effectively. Each node in a treemap receives an area
proportional to its weight. Typically, square aspect ra-
tios of the nodes are a desired goal (Shneiderman and
Wattenberg, 2001).

Multilevel Layout Approaches Top-down divide-
and-conquer approaches to graph layout have previ-
ously been used to tackle large graphs in combina-
tion with force-directed layout algorithms (Walshaw,
2001; Gajer et al., 2000; Hachul and Jünger, 2005;
Bourqui et al., 2007). By first clustering groups of
vertices, a computationally expensive algorithm can
be applied to a smaller graph. This process can then
be repeated on the individual clusters until eventu-
ally all vertices have been laid out. However, this is
not applicable if the hierarchical structure is already
given, as is the case for SCCharts.

Group-in-Box layouts also deal with clustered
multilevel approaches but additionally use a treemap
layout to arrange the clusters in boxes (Rodrigues
et al., 2011; Chaturvedi et al., 2014). We also com-
bine different layout algorithms in our multilevel ap-
proach but in the concrete application the choice of
algorithms is left up to the diagram designer.

Geographic Map Exploration Common map and
navigation apps, such as Google Maps, also face the
problem of visualizing (geographic) data sets that are
much too large to be displayed all at once. The
main technique to solve that problem is information
filtering. That approach has inspired several works
to visualize large graphs, for example by aggregat-
ing nodes and edges, as illustrated for example by
GraphMaps (Mondal and Nachmanson, 2018).

We share the goal of making large graphs ex-
plorable by just zooming and panning. This includes
the aim to show (at least some) labels at legible size
irrespective of the current zoom level. Our approach
differs in that we build on graphs that are already hier-
archically structured, and that we tackle the problem
by varying scales. However, a natural extension of
our approach is to also filter out graph elements that
are below a certain size. Such filtering, which actu-
ally is already part of our tooling but is not discussed

further here, also improves rendering performance.

Zoomable User Interfaces A Zoomable User In-
terface (ZUI) is a paradigm that differs from the typ-
ical window and desktop metaphor. Instead of a
bounded window, the interface is conceptually an
infinite plane where user interface elements can be
freely positioned and scaled (Bederson and Hollan,
1994). This adds additional freedom in interface de-
sign but also comes with challenges, especially re-
garding user interaction. Bedersen et al. developed a
general framework for creating ZUIs (Bederson et al.,
2000), and Good and Bederson demonstrated its ap-
plication for slide show presentations (Good and Bed-
erson, 2002). Top-down layout uses the same prin-
ciples to display information in a compact and ex-
plorable manner.

Zooming and Layout Many techniques for im-
proving the navigation and readability of large di-
agrams leverage capabilities available by viewing
diagrams on computer screens. The most basic
technique is pan+zoom, which allows us to navi-
gate large graphs on comparatively small screens.
Other approaches are more invasive, actively distort-
ing or dynamically adjusting the drawing. These fo-
cus+context techniques include fisheye lenses (Sarkar
and Brown, 1992) and dynamic expansion of hierar-
chies. This expansion is also a standard diagram in-
teraction method of the Kieler Lightweight Diagrams
(KLighD) framework (Schneider et al., 2013) used by
SCCharts (von Hanxleden et al., 2014).

While these techniques improve the navigability
of large diagrams, they do not utilize the zoom capa-
bility at the layout step of the graph visualization. We
emulate zooming during graph layout by scaling parts
of the drawing down. Top-down layout enhances the
usability of pan+zoom by utilizing scale.

In this paper we focus on a static approach to
top-down layout. We do not consider dynamic ap-
proaches such as semantic zooming (Bederson and
Hollan, 1994). However, we believe both approaches
can and should be combined to provide the best pos-
sible user experience.

6 CONCLUSION

We introduced a general-purpose layout approach to
construct top-down diagrams with arbitrary layout al-
gorithms and a large degree of configuration flexi-
bility. We also established a general framework for
analyzing and discussing drawings of compound di-
agrams that actively use scale as part of their visual-



izations. We put the designed metrics into practice by
analyzing several variants of top-down layout, and the
expectations lined up with the results.

One goal is to find a configuration and methods
of node size approximation that allow a good balance
of readability and scale discrepancy, and a qualitative
evaluation with user feedback in addition to quantita-
tive metrics. An ideal result would be a layout that
looks like a bottom-up layout at the microscale, but
like a top-down layout at the macroscale. Good size
approximation is the key to achieve this.

Top-down layout is a promising approach for han-
dling large compound graphs and opens up many ap-
plications. Overall, the top-down approach results in
diagrams that are more compact drawings of large
graphs with a better general overview at each hierar-
chical level than the bottom-up counterpart. With SC-
Charts as a concrete application for top-down layout,
we demonstrated that the principles can be applied to
a wide range of similar domains.

Future work will focus on improved node size
approximations that are both effective and efficient.
Additionally, further applications of top-down layout
are incremental and partial layout of large, poten-
tially unbounded, graphs as well as the combination
of our static layout approach with dynamic filtering
and techniques as used in common map viewing tools.
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APPENDIX

Drawing Balloon Trees with Top-Down Layout
In Section 5 we stated that top-down layout could be
used to create drawings similar to balloon trees. We
now show how this can be done. Our input is a tree
G = (V,E) with a root node r. We now transform this
tree into a compound graph in the following manner.
We create a new compound node r′ and add r as well
as its adjacent nodes as children to r′. We repeat this
process recursively for all adjacent node of r. In the
case that a node does not have its own unprocessed
nodes, i.e., it is a leaf of the tree we do not create a
compound node but simply add it as leaf node. In the
rendering leaf nodes are drawn as circles, compound
nodes are invisible except for a central node drawn in
red. Each compound node is laid out using a radial
layout algorithm with the red core node acting as the
root. Top-down layout scales down the drawings so
that they fit inside the compound node parents. We
draw hierarchy crossing edges to connect the com-
pound nodes with each other. The result can be seen
in Figure 8.

Figure 8: A balloon tree created by applying radial layout
in a top-down drawing of a compound graph.


