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ABSTRACT

In this paper, we present a novel graph visualization method, which
helps users to analyze dynamically evolving social networks in
context. Our method comprises two techniques. First, it uses an
optimization-based approach to dynamically compute a graph lay-
out by balancing the stability and readability of the layouts. Second,
it automatically derives proper animated transitions to smoothly up-
date an existing graph layout. As a result, our work helps users to
easily comprehend and track the dynamic evolution of a social net-
work over time without losing their visual context. Our preliminary
experiments demonstrate the promise of our proposed work.

1 INTRODUCTION

We are developing dynamic graph visualization methods to facil-
itate social network analysis. A typical social network, such as
LinkedIn, is constantly evolving with a non-deterministic number
of people joining and leaving the network, or connecting to dif-
ferent parts of the network. Since it is difficult to predict how a
social network would evolve, a major challenge in visualizing the
evolving network is to capture all the updates while preserving a
user’s mental map of the network so that s/he can easily extract
and integrate information across the changing configurations of the
network.

To address this challenge, we have first examined existing re-
search efforts in graph visualization [3]. These works roughly fall
into two categories. First, there are offline graph visualization ap-
proaches. These approaches assume that the configuration of a
network/graph is always known in advance [2]. It utilizes all the
known characteristics of a dynamic network (e.g., nodes connec-
tivity) to optimize the layout of a graph. In contrast, the second
category of approaches, online graph visualization, performs incre-
mental graph layout using the characteristics of the graph available
at run time. For example, Frishman and Tal [3] propose a force-
directed layout technique, which tries to control the displacement of
nodes according to the current structure of the graph. This method
however focuses mainly on maintaining the stability of a graph lay-
out which may sacrifice the readability of the resulted visualization.
As a result, users may not be able to easily maintain their visual
context when viewing a dynamically evolving network.

Building on the previous work, we are developing an
optimization-based approach to dynamic graph layout. Specifically,
we use a spectral method to optimize the layout of a graph by bal-
ancing the graph’s readability and stability. To further help users to
comprehend the changes in a graph, we also develop a method that
can dynamically determine proper animated transitions needed to
gradually transform one graph layout to another.

2 BALANCING THE READABILITY AND STABILITY

To help maintain a user’s mental map, successive layouts of sim-
ilar graphs should have minimal changes (stability). Furthermore,
each of such layouts should still effectively convey the properties
of the underlying graph (readability). Thus, our goal is to produce
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a sequence of graph layouts that optimize both the stability and
readability of the resulted visualization. To achieve this goal, we
develop a spectral layout algorithm based on [5].

Given a dynamic graph Gt =< Vt ,Et > at time t, consisting of a
set of nodes Vt and links Et , we define an energy function to model
the desired graph layout as follows:

min[∑
i< j

ωi jα(||Xi−X j||−di j)
2 + ∑

i∈Ck

(1−α)(Xi−X ′i )
2] (1)

Here X ′i and Xi represent the previous and new position of node
vi ∈ Vt , respectively. The first item of the equation is from the Ka-
mada and Kawai method [5], which maximizes the readability of
a graph visualization. In addition, di j is the shortest distance be-
tween two nodes vi and v j . The second item, which we have added,
attempts to minimize the changes in successive layouts.

Instead of stabilizing all the unchanged nodes (U), we extract a
representative set of unchanged nodes Ck ⊆U to improve the per-
formance of the algorithm. The final layout model is constructed by
optimizing both the readability and stability of a graph layout. Here
α ∈ (0,1) is the weight to be dynamically computed to achieve the
desired balance between readability and stability.

Figure 1: An example illustration on extracting a set of representative
nodes by coverage ratio and number, rep = ”representative set”.

One of the key aspects in our algorithm is to extract a represen-
tative set of nodes Ck. Here, Ck is a minimum number of nodes that
are needed to define the overall skeleton of an evolving graph. Our
algorithm extracts the node set Ck in four steps. First, the node(s)
with the highest degree of connectivity (i.e., the number of links
incident on the node) is/are added to Ck. Second, for the nodes
which are in {vi|i ∈U ∧ i /∈ Ck}, a coverage ratio is calculated by
dc(vi)/degree(vi), where dc(vi) indicates the number of paths be-
tween node vi and all the nodes in Ck. If the value of this coverage
ratio exceeds a threshold, it means that this node is well covered by
Ck. Currently, the threshold is empirically defined to be 0.4. Third,
we compute a coverage number for each node vi to represent the
number of nodes to be covered by Ck, if vi is added to Ck. Finally,
the node with the highest coverage number and the lowest coverage
ratio will be added to Ck. Figure 1 is an example to illustrate the
extraction of the representative nodes.

At the initialization stage, we use both the topology of graph Gt
and the layout information of graph Gt−1 to determine the initial
placement of all the nodes Vt . We utilize stress majorization [4],
a well-known technique used in multidimensional scaling, to com-
pute the layout expressed in equation (1). The overall complexity
of our algorithms is O(n3), where n is the number of nodes.



Figure 2: An example illustration on extracting the key connection
nodes. (a) The existing layout showing key connection nodes with a
cyan border and the initial positions of the new nodes to be added.
(b) The new layout showing the existing nodes in blue and the new
nodes in yellow.

3 ANIMATED TRANSITIONS BETWEEN DIFFERENT GRAPH
LAYOUTS

Our dynamic graph layout algorithm described above renders a se-
quence of readable and stable graph layouts. However, due to the
unpredictable dynamics of a social network, there may be dramatic
changes in a network from time to time. For example, a number
of people may join a social network simultaneously but connect to
very different parts of the network. To further help users maintain
their visual momentum across the changing sequences of graphs,
we dynamically derive animated transitions to gradually reveal the
changes between different layouts. The key idea is to gradually
morph the old layout Gt to a new layout Gt+1 while minimizing the
amount of transition time needed. Currently, we have used three
heuristics to determine the needed transitions. First, we use fading-
out to animate the removal of nodes or links from the network. Sec-
ond, we animate the movements of the remaining nodes and links
from their existing positions to their new positions. Third, we use
fading-in to animate the addition of new nodes or links.

Animating the movements of nodes from their existing locations
to new locations is relatively straightforward. However, animating
the addition of a new node or removal of an existing node is much
tricker. Accordingly, there are two key challenges. First, when
adding a new node, we need determine where a new node should
appear initially in the graph. Second, when removing an existing
node, we need to determine how to reconfigure the rest of the graph
after the node is removed. To address these two challenges, we de-
veloped two transition techniques, respectively. One is to gradually
add a new node as if it were split from an existing node. On the
other hand, when removing a node, we animate the removal as if
the node were merged into an existing node. The key in our work
is to find the right node from which the new node will be split from
and the removed node will be merged into. Currently, our major
consideration is to minimize the transition time by choosing the
node that has the shortest path to the new node or the node to be
removed. Figure 2 illustrates the basic idea of finding such nodes
and determining the initial positions of the new nodes.

4 RESULTS

We have conducted preliminary experiments to evaluate our ap-
proach by comparing it with several existing approaches. In partic-
ular, we have compared the layout results produced by our method
with those produced by Frishman and Tal’s method [3], and the So-
NIA method [1]. Figure 3 shows the comparison results, where the
data set and snapshots of Frishman and Tal’s method and SoNIA
method are from [3]. The comparison shows that our method is
able to produce a graph layout that balances both the readability
and stability of the graph. Moreover, our informal user study shows
that users prefer the graph visualization produced by our method
with animated changes, since it is not only aesthetically pleasing,
but also allows users to easily comprehend and navigate a dynami-
cally evolving graph.

Figure 3: A comparison with the existing methods. (a) our method;
(b) Frishman and Tal’s method; (c) SoNIA method.

5 CONCLUSION

We are developing dynamic graph visualization techniques to fa-
cilitate social network analysis. In particular, we present an
optimization-based graph layout method to produce a sequence of
readable and stable graph layouts that can effectively visualize an
evolving social network over time. To maintain the visual continu-
ity between different graph layouts, we have also developed visual
transition techniques to animate the transition from one graph lay-
out to another. As a result, our work allows users to easily navigate
and observe the evolution of dynamic social networks, which are
visually represented as dynamic graph layouts.
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