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Abstract
There is a wealth of visualization techniques available for
graph and network visualization. However, each of these
techniques was designed for a specific task. Many graph
visualization techniques and the transitions between them
can be specified using a set of operations on the
visualization elements such as positioning or resizing
nodes, showing or hiding edges, or showing or hiding axes.
We term these operations Graph-Level Operations or
GLOs. Our goal is to identify and provide a
comprehensive set of these operations in order to better
support the broadest range of graph and network analysis
tasks. Here we present early results of our work, including
a preliminary set of operations and an example application
of GLOs in transitioning between familiar graph
visualization techniques.
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Introduction
More and more often, analysts must understand
connections within their data. The field of graph
visualization has developed around this task, providing a
wealth of techniques for communicating and exploring
graph and network data sets. These techniques range
from force-directed node-link diagrams to
PivotGraphs [16] to matrix displays to more traditional
visualization techniques such as scatterplots.

For the most part, each of these techniques is most
effective for a single task. To accomplish a series of tasks,
one can imagine transitioning between these different
techniques. For example, starting with a force-directed
layout, one could reposition the x coordinate of each node
based on its betweenness centrality. One could then
reposition the y coordinate of each node based on its
degree. Adding x- and y-axes to the layout and hiding the
links between nodes leaves us with a scatterplot of
betweenness centrality vs. degree.

The above sequence demonstrates how these transitions
(and the techniques themselves) can be decomposed into
generalizable, atomic graph-level operations (GLOs) such
as repositioning by a variable or adding an axis or
removing all links. We can define techniques by a set of
GLOs and efficiently transition between existing
techniques by means of GLOs.

A vocabulary of graph visualization operations provides
analysts and graph visualization technique designers the
potential to identify new and effective views of graph data
through novel combinations of these operations. From the
graph visualization system-builders’ perspective, rather
than implement every graph visualization technique, they
can alternatively implement every GLO and still provide
the same (and potentially greater) coverage.

In this extended abstract, we present the following
contributions to HCI and graph visualization:

• We introduce graph-level operations (GLOs) as
atomic operations on all or partial graph
visualization elements;

• We enumerate a preliminary set of GLOs derived
from a set of node-centric visualization techniques;

• We provide an example of transitioning between a
series of existing graph visualization techniques by
means of GLOs;

• We describe the requirements of user interface for
exploring a graph and creating new graph
visualization techniques using GLOs.

Related Work
Software systems and tools have been developed for graph
analysis. There are many software libraries for
visualization, such as JUNG [11]. Some visualization
toolkits, such as Protovis [7] and D3 [5], provide a
declarative language for developing new visualizations,
including network visualizations. GUESS [1] defines
languages for navigating graphs. However, these tools
require users to have programming skills, which makes
difficult for many analysts to use them. Some graphical
tools, such as UCINet [4], Pajek [3], and Gephi [2], make
it possible to visualize graphs without programming.
NodeXL [13] enables analysts to do so in a commercial
spreadsheet. These systems tend to provide only a small
number of visualization techniques, and it is impossible to
define new techniques.

There has been work on defining common operations for
the process of visualizing data, but the operations in these
work focused more on filtering and grouping data than on
placing and aligning visual elements. Polaris [14]



formalized steps for visualizing multidimensional data
from relational databases. The Ploceus [10] and Orion [8]
projects proposed several operations and methods for
manipulating and transforming relational data into graphs.
In our work, we would like to define operations for placing
and arranging nodes and edges in the graph in addition to
selecting them from raw data sets.

Graph-Level Operations
We hypothesize that all graph visualization techniques,
such as force-directed node-link diagram, PivotGraphs,
and scatterplots, as well as the transitions between any
pair can be decomposed into a set of atomic operations
on visualized graphs. We define Graph-Level Operations
(GLOs) as these atomic operations on some or all graph
visualization elements of a representation. Theoretically,
one can compose any graph visualization technique and
transition between them using different combinations of
GLOs.

By defining GLOs as atomic, we indicate that each GLO is
independent from each other and represents a basic unit
of operation for visualizing a graph. Similar to atoms
themselves, GLOs can be further decomposed. However,
we expect that such micro-operations do not represent
meaningful operations for the task of analyzing a graph
using visualization. For example, transitioning from a
force-directed node-link diagram to scatterplot view of the
same graph is not a GLO itself since it can be broken
down into a set of smaller, basic operations such as
transitioning x and y by attributes as we show below.
These operations could be decomposed into even smaller
operations such as calculating the value of the attribute
for a node and editing the x or y position of the node
according to the attribute’s recalculated value. Although
these micro-operations are important on an algorithmic

level, they would not add value for visualizing a graph
from the user’s perspective.

Graph-Level Operations can be defined broadly. Those
operations can be not only modifying existing visual
elements but also add or remove visual elements in a
display. Take drawing an x axis as an example. Though
this operation does not modify any of the existing visual
elements (the nodes and links), it does introduce new
visual elements into the visualization that, along with
other visual elements, comprises a scatterplot.

Our Approach
In order to identify as many Graph-Level Operations as
possible, we have followed a simple method. First, we
identify as many different graph visualization techniques
as possible. Second, we form all pairs of techniques. For
each pair, we transition one technique to and from the
other, recording each step. Each step of these transitions
is a single GLO. As this is a work-in-progress, this method
is still ongoing. We include here a preliminary set of GLOs
that we have identified by applying the above method to
four node-centric graph visualization techniques:
force-directed node-link diagrams, semantic
substrates [12], arc diagrams [15], and scatterplots.

The following GLOs are related to changing the position
of nodes:

• Align Nodes {Left,Center,Right} on x
• Align Nodes {Top,Middle,Bottom} on y
• Evenly Position Nodes on x or y
• Apply a Force-Directed Algorithm to the Nodes
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Figure 1: Results of the GLOs making up the transition from a force-directed layout to semantic substrates

The following GLOs position nodes utilizing their
attributes:

• Substrate Nodes on x or y by {attribute}
• Position Nodes on x or y by {attribute}

Furthermore, there are GLOs related to changing the
properties of node or edge glyphs:

• Size Nodes by a Constant or {attribute}
• Show or Hide Links
• Show Links as {Straight,Curved,Circles}

Finally, there are operations unrelated to the nodes and
edges:

• Show/Hide x or y Axis

We have implemented these GLOs in a browser-based
prototype system using D3.js [5].

GLOs in Practice
In this section, we demonstrate how transitions between
graph visualization techniques can be defined by sets of
graph-level operations (GLOs).

We begin with the layout in Figure 1a: the nodes in a
graph are positioned according to a force-directed layout
algorithm and are sized according to their degree.
Figure 1b shows the result of applying our first graph-level
operation (GLO): substrate nodes on y by category. This
GLO positions nodes along the y dimension according to
their categories (here double-encoded with color).
Applying a GLO to evenly distribute the nodes of each
category along the x axis results in Figure 1c. Next, we
apply a GLO that adjusts the interaction to only show
edges of one node at a time (Figure 1d). Finally, we apply
a GLO to size the nodes to a fixed circle size as opposed
to being sized by the value of a particular attribute in
order to minimize node occlusion. This results in the
semantic substrates visualization technique [12]
(Figure 1e/2a).

Continuing, we apply a GLO to relatively position the
nodes along the x axis according the value of their
betweenness centralities (Figure 2b). We can then apply a
GLO to display the axis itself (Figure 2c). Applying a
related set of GLOs to relatively position the nodes on the
y axis by their degrees and display that axis results in the



displays in Figures 2d and 2e. Applying a GLO to hide all
edges results in the scatterplot shown in Figure 2f.

(a) (b) (c)

(d) (e) (f)

Figure 2: Results of the GLOs making up the transition from semantic substrates
to a scatterplot

Thus, we have demonstrated transitions from a
force-directed layout to semantic substrates to a
scatterplot through a series of graph-level operations
(GLOs).

User Interface
Any user interface for exploring graphs using GLOs should
enable the user to transition between pre-defined
techniques, such as the transitions we described above.
However, we are especially interested in providing a user
interface in order to enable network analysts to identify
novel, effective graph visualization techniques.

Based on these two goals, we have identified a number of
requirements for a user interface:

• Enable an analyst to apply individual GLOs to a
graph

• Enable the analyst to highlight nodes or edges of
interest in a graph in order to observe these through
the course of the transitions

• Assist analysts by communicating potentially
interesting GLOs

• Identify and communicate any past operations that
no longer have any impact on visualization

• Enable an analyst to move backwards and forwards
through the GLO history

• Enable an analyst to save a GLO history as a
technique to apply to other graphs

• Enable an an analyst to export an image of the
current visualization along with its GLO history to
enable the analyst to compare different techniques

Next Steps
As we move forward with this project, we will continue to
grow and refine the set of graph-level operations by
iteratively expanding our set of existing techniques beyond
node-centric techniques. We will consider the case of
node duplication, which we have identified as necessary
for techniques such as matrix layouts [6] and parallel
coordinates [9]. We will also consider node and edge
aggregation, necessary for techniques such as
PivotGraphs [16]. We will implement and refine the user
interface that we discussed above through a user-centered
design approach. Finally, we will conduct a study of
GLOs’ utility in both exploring graphs and discovering
novel, effective graph visualization techniques.
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