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ABSTRACT

We show the structure of the InfoVis publications dataset using
Tulip, a scalable open-source visualization system for graphs and
trees. Tulip supports interactive navigation and many options for
layout. Subgraphs of the full dataset can be created interactively or
using a wide set of algorithms based on graph theory and combina-
torics, including several kinds of clustering. We found that convo-
lution clustering and small world clustering were particularly effec-
tive at showing the structure of the InfoVis publications dataset, as
was coloring by the Strahler metric.

1 INTRODUCTION

We use the Tulip [2] system to investigate the InfoVis 2004 con-
test dataset of relationships between published papers. Tulip is a
highly scalable open-source system for exploratory visualization of
graph and tree that offers an extensive set of algorithms based in
combinatorics. We use the following Tulip features extensively:

• interactive navigation, layout and selection

• subgraph hierarchy navigation

• extracting the induced subgraph for a selection set

• controlling color, rendering order, and label drawing priority
with the Strahler metric [1]

• convolution clustering [4]

• small world clustering [3]

• using lightweight plugins for additional computation

2 TULIP CAPABILITIES

We created a large directed graph from the XML file provided by
the contest organizers. The graph edges are oriented: there is an
edge (Y,X) if paper Y is cited by paper X. All nodes and edges have
properties that can be used for computation. Our original graph
contained all the properties such as year of publication specified in
the XML file, and Tulip can compute many other graph-theoretic
properties, for example the arity of nodes (total number of incom-
ing and outgoing edges) or their ranking by several metrics. Tulip
is extensible through its plug-in architecture, and we wrote plug-
ins to do application-specific computations. For instance, to create
a graph containing only authors and conferences, we created new
links between authors based on paper citations and assigned a cita-
tion count property for author nodes based on all their papers. We
also added coauthorship links, then deleted the paper nodes. Al-
though we experimented with creating separate graphs for paper
coauthoring and paper cocitation, we found the combined graph of
both coauthorship and cocitation to be much more informative.

We created many subgraphs of the entire dataset using the built-
in capabilities of Tulip. The general interaction paradigm in Tulip
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is that the user loads a graph and then creates many subgraphs
while interacting with the graph. These subgraphs form a hierar-
chy shown in an auxilliary window, and internal storage of data
is handled efficiently using inheritance so that only data unique
to a subgraph uses memory. In contrast to simply filtering away
edges and nodes so that they are not drawn, subgraph manipulation
changes the complexity of the underlying dataset, so that algorithms
intractable for the full dataset can be run on its subgraphs.

We can interactively select some set of nodes and edges using
regular expression search on a string property like author names, or
an arithmetic operation on numeric data such as year of publication.
We can simply delete a selected set, or carry out more sophisticated
graph-theoretic operations such as finding the induced subgraph or
reachable subgraph for that set. For instance, we found induced
subgraphs to show the evolution of the graph over time, because
simply selecting all the papers for a particular year would lose the
links to their authors.

We use the Strahler metric extensively. The Strahler metric takes
into account the global branching structure of the dataset as follows.
For each node in the graph, we compute the branching of the DFS
spanning directed acyclic graph (DAG) and the number of nested
cycles induced by edges that are not in the spanning DAG. In con-
trast, a simpler measure such as the citation count is simply a local
computation at each node. We can use this metric to control color,
label drawing priority, and progressive rendering order [1]. The ef-
fects of the latter is not directly visible in the still images, but can
be seen in the accompanying video. We use a greedy algorithm to
decide which labels to draw using the ordering given by the Strahler
metric of the nodes. The visual density of the labels was manually
optimized for each image using an interactive slider; we typically
used maximum density for small subgraphs but turned down the
density when showing overviews of large components. Finally, the
titles of all conferences and some papers were manually shortened
to make browsing easier.

In some of our examples, we compute a few simpler metrics for
author nodes. One is “longevity”: the number of years between
their first publication in this dataset and their last. Another is “pro-
lificness”: the number of publications. We also use the eccentricity
metric, which directly measures whether nodes are peripheral or
central. This metric is O(n3), so we use it only after simplifying
the graph via clustering.

Convolution clustering is an approach to partitioning a graph that
gives the user interactive control over how many clusters to create.
Tulip calculates a density function based on the chosen metric, dis-
plays a convolution of its histogram, and partitions the graph ac-
cording to the humps in the histogram. The user has a slider that
controls the extent that the convolution kernel blurs the histogram;
that is, whether there are a small number of wide low humps, or a
large number of sharper humps. When we use the Strahler metric
for convolution clustering, we can quickly segment the dataset by
importance, and focus our attention on the relatively small number
of nodes that have high value.

Small world clustering is a very different approach that cre-
ates a a recursive subdivision of the dataset, providing a simpli-
fied overview that shows the graph’s high-level structure [3]. This
approach uses heuristics to extract near-cliques; that is, nearly com-
plete subgraphs where most nodes are connected to each other by
edges. These near-cliques are collapsed into supernodes, and we
can then create a quotient graph where only a single edge is drawn



Figure 1: Author-conference evolution over time. Left: In 1997, only

a few papers published at InfoVis cited each other. Right: By 2002,

most were connected through co-citations

between two of these higher level supernodes if any exist between
the two near-cliques. We argue that this clustering provides a useful
mental map of the graph because once inside a supernode, every-
thing is “nearby”; that is, there are only a very small number of
hops between any of the nodes it contains. We compute the small
world clustering a strength metric that finds the number of cycles of
length 3 and 4 passing through each edge, normalized by the max-
imum possible value. Moreover, we automatically find the optimal
number of clusters by computing all possible clusterings, measur-
ing their quality, and picking the best result. Tulip allows interactive
exploration where one can either see the nested subgraphs drawn in-
side the screen extent of a supernode, or jump inside to see just the
supernode’s subgraph. Small-world navigation is useful when ex-
ploring an unfamiliar graph to quickly find the structure of complex
components.

In all the images we create, unless otherwise indicated the graph
layout used is Frick’s GEM algorithm [5] as implemented in Tulip.
Tulip also supports constrained motion, where moving nodes also
moves the edges attached to them, so in some of our final images
we made minor manual adjustment of the placement of graph com-
ponents to maximize label readability in the final images. (There is
no manual adjustment in the accompanying video.)

3 RESULTS AND DISCUSSION

In Task 2.1 we look at the graph of all papers. Our results show
that simply using the Strahler metric for coloring leads to the vi-
sual popout of highly cited work: Generalized Fisheye Views, Cone
Trees, and Tufte’s book. In Task 2.2 we use the graph of both papers
and authors, looking at evolution over time by separating the data
by year. All authors are always shown, but new papers are added
year by year. In 1986, most of the literature is disconnected, with
a small connected component featuring books by Tufte and Cleve-
land. That component gradually increases, until it encompasses the
entire dataset by 2002. In Task 2.3, we filter the dataset to only
include the papers published at InfoVis itself, along with their au-
thors, as shown in Figure 1. In 1995, there is of course no cocita-
tion between InfoVis papers. In 1996 a few cocitations appear, with
the largest connected component around Themescapes and Galax-
ies. Figure 1 Left shows that this central core grows much larger
in 1997, retaining the Themescapes paper at its heart, with only a
few scattered cocitations that are disconnected from it. This pattern
continues in later years, with the intercitation connection structure
in the central core growing more complex. Figure Figure 1 shows
that in the final year of 2002, only 20 papers drawn around the pe-
riphery are completely disconnected from any other InfoVis paper,
and a 21st connected component near the bottom, with the label of
Alan MacEachren visible, shows connections between three geo-
graphic visualization papers.

For Task 2.4, we show the full dataset of authors, conferences,

and papers, and again separate out the data year by year. Using
the Strahler metric for convolution clustering is a very powerful
way to track the evolution of central topics over time. We find
that Focus+Context started strong and became even more dominant.
Dynamic queries, ZUIs, brushing/statistical graphics, and high di-
mensionality are four more strong topics. In general, we see that
a first influential paper appears, and the topic expands to include
more papers as time went on. Tufte’s first book is an interesting
exception to the pattern followed by the other highly-cited items: it
stays singular through the entire dataset, never forming a connected
component with others. The clusters we create also show the rela-
tionship between the top authors and which of these authors publish
in which area, as described in our detailed entry.

In Task 3.2.2, we show an overview of all authors and confer-
ences, coloring the data by three different metrics. In Task 3.2.3,
we find the top authors according to Strahler metric using convolu-
tion clustering. The top tier has Card and Shneiderman; the next
has Mackinlay, the third highest is Roth, Robertson, Keim, and
Stasko; the fourth is Chi, Bederson, Eick, Rao, Pirolli, Ward, and
Brown; the fifth has 26 authors, and the last has all the rest. In Task
3.2.4, we show how small world clustering and coloring the quo-
tient graph edges by eccentricity metric yields an easily navigable
overview of the data.

4 OPEN PROBLEMS AND CONCLUSION

The most pressing need that we found when exploring the contest
graphs is a scalable algorithm for force-directed placement. Al-
though there has been a flurry of recent work in scalable force-
directed placement, the literature unfortunately only contains al-
gorithms suitable for mesh-like graphs. The graphs typically found
in infovis applications are not meshes. One of the reasons we made
heavy use of clustering, both convolution and small-world, is that
we could not create a useful drawing of the entire graph at the low-
est level of detail.

Tulip’s ability to find structure in this dataset shows that using
combinatorics to guide visualization is a very powerful approach.
The Strahler metric is useful for many functions: coloring, progres-
sive rendering, label drawing, and clustering. We found that both
convolution clustering and small world clustering provided insight
into the structure of the dataset. We also extensively used graph-
theoretic features such as finding the induced subgraph or reachable
subgraph for some set of selected nodes and edges.
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