Transparent Layering for Visualizing Dynamic Graphs
Using the Flip Book Metaphor

Visualizing dynamic graphs is challenging because
changing node and edge attributes as well as
topological alterations need to be encoded in the
visual representation. However, existing ap-
proaches such as animation, juxtaposition, and
superimposition do not scale well. In this poster we
propose a novel layering approach for visualizing
dynamic graphs where the graph for each point in
time is a single layer and parts of each layer are
slightly shifted based on a degree-of-interest (DOI)
function. In contrast to 2.5D representations that
also use layering, users cannot freely change the
viewing perspective but are restricted to the top
view, avoiding occlusion and distortion problems.
We demonstrate the layering approach by applying
the concept to two graph visualizations: a node-link
diagram and a radial hierarchy visualization.

Visualizing Dynamic Graphs

Predominant visualization methods for dynamic graphs [1,2]:

Animation

Animation maps time to time. In the flip book metaphor this cor-
responds to rapidly flipping the pages.
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Juxtaposition

Juxtaposition represents the time steps using small multiples. In
the flip book metaphor this corresponds to tearing out the pages
and positioning them side-by-side.
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Figure 1: A mockup of a dynamic
node-link diagram of multiple
analysis workflows executed in
Refinery [4] as provenance visu-
alization.
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Superimposition

Superimposition stacks the static
graph representation of each time
step as layers on top of each other.
In the flip book metaphor this cor-
responds to the top view onto the
book that has semi-transparent
pages.

Layering Approach

Figure 1 visualizes a dynamic node-link diagram upon executed
and chained Galaxy workflows in Refinery Platform. Individual
time step layers are stacked slightly vertically shifted onto each
other, encoding time in position. Time is redundantly encoded in
brightness, such that old time steps fade to white. The combi-
nation of encoding time in position and brightness forms a black-
to-white gradient on nodes and edges.

The DOI value drives the aggregation, such that only elements
with small and similar DOI values are aggregated. The first
aggregation level reduces the size of node glyphs and the con-
tained data representations similar to a semantic zoom. The
second level further reduces the glyph size. In addition, the DOI
influences the shift of the layers, emphasizing the elements’
change over time. While static elements appear as a single
instance, highly changing ones have shifted layers.

In summary, applying our approach on a dynamic node-link
diagram can be interpreted as using a rubber sheet [3] for each
semi-transparent flip book page. Static parts of the diagram
(which correspond to a low DOI) are aggregated by squeezing the
rubber sheet locally, whereas highly changing ones (high DOI) are
locally stretched.

Radial Hierarchy Visualization

We extend the superimposition approach where the individual
semi-transparent layers—each representing the graph at a single
time step—are stacked on top of each other. Time and attribute
changes are encoded in position and brightness to ensure
scalability by aggregating non-relevant subgraphs defined by a
DOI function on all nodes and edges.

The DOI determines the relevance of an element for the user’s
task. We include user-driven components, such as results from
filter and search operations, next to automatic components,
expressing attribute and graph changes over time. Elements with
a low DOI value are less relevant and therefore can be aggre-
gated.

In Figure 2 the black circle in the center represents the root node
and arcs on each ring correspond to nodes in a certain hierarchy
level. Edges between two levels are connections within the
network. The width of the edges encode the used bandwidth. The
node position encodes attribute changes and edge brightness
combined with their relative position encode time. The more the
connection between two nodes jitters, the higher the corres-
ponding DOI, and the more the two nodes are separated. In the
Figure 2 the horizontal arcs have varying connections over time,
while the vertical arcs have stable connections that are attached
to their parent node.
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of the graph with a low DOI val-
ue are aggregated.

Figure 2: A datacenter infra-
structure visualized as radial
hierarchical network with phys-
ical servers and virutual ma-
chines as arc nodes and connec-
tions as edges. The time is
encoded in brightness and at-
tribute changes in node position.
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Discussion

Layout Algorithm: Algorithms that compute the layout for an
individual time step need to consider the space required by the
shift of other time steps. Also, within the same time step different
DOl values and aggregation levels appear, which may also change
during the analysis. Therefore, layout algorithms need to find the
right balance between computing a scalable compact layout and
preserving the user’s mental map between DOI changes.

Topological Changes: The approach of stacking and shifting
individual time steps of a dynamic graph works for small topol-
ogical changes. However, large changes generate problems re-
garding the layout algorithm, as well as the precise tracking of
changes among multiple time steps, since the most frequent time
step is on top.

Conclusion

We introduce the flip book metaphor as a novel layering ap-
proach for visualizing dynamic graphs. We extend the super-
imposition approach by combining it with a flexible DOI function,
which influences how non-relevant parts of the graph are aggre-
gated. Changes in time are encoded in position and/or brightness.
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