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What might graph visualization 
building blocks look like?


9




Semantic Substrates


10


B. Shneiderman and A. Aris, “Network Visualization by Semantic Substrates,” IEEE 
Transactions on Visualization and Computer Graphics, vol. 12, no. 5, pp. 733 –740, 2006.




PivotGraph


11


M. Wattenberg, “Visual Exploration of Multivariate Graphs,” in Proc. of the ACM SIGCHI 
Conference on Human Factors in Computing Systems, (CHI 2006), New York, NY, USA, 
2006, pp. 811 –819.




12




13


Semantic Substrates 
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Semantic Substrates 
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§  Substrate on X

§  Aggregate

§  (Size Nodes by Count)

§  Display All Links

§  Show X Axis

§  Show Y Axis
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Identifying GLOs

1.  Align Nodes

2.  Evenly Distribute Nodes


3.  Evenly Distribute Nodes by Attribute

4.  Substrate Nodes by Attribute


5.  Evenly Distribute Nodes within 
Substrates


6.  Position Nodes Relatively

7.  Evenly Distribute Nodes Radially by 

Attribute

8.  Evenly Distribute Nodes Radially


9.  Position Nodes Radially by Attribute

10. Substrate Nodes Radially by Attribute


11. Evenly Distribute Nodes Along Plot 
Radius


12. Evenly Distribute Nodes Along Plot 
Radius


13. Position Nodes Along Plot Radius by 
Attribute


14. Substrate Nodes Along Plot Radius


15. Position Nodes Along Plot Radius by 
Constant


16. Apply an Algorithm to the Nodes


17. Size Nodes by a Constant

18. Size Nodes Relatively by a Continuous 

Attribute

19. Display All Links


20. Display Selected Links

21. Hide Links


22. Display Links as Straight

23. Display Links as Curved


24. Display Links as Circles

25. Clone Active Generation


26. Select Generation k

27. Set Source Generation k


28. Set Target Generation k


29. Remove Generation k

30. Aggregate by Attribute


31. Aggregate by Attribute and Attribute

32. Deaggregate Generation k


33. Show Axis

34. Hide Axis
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How did we get here?
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Fixed Implementation Target

Get the Techniques “For Free”
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Benefits: For Analysts…


New Method of Graph 
Exploration


“Between Techniques”
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Identify New, Effective Techniques?
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Data | Subgraphs | Interaction


Card, Stuart K., and David Nation. "Degree-of-interest trees: A component 
of an attention-reactive user interface." Proceedings of the Working 
Conference on Advanced Visual Interfaces. ACM, 2002.


   

Compression in X. The tree not fitting in the X direction is com-
mon and occurs either because of a large branching factor below 
one node or else because there is an accumulation of widths 
across several subtrees.  In the latter case, the nodes below each 
box are laid out in the horizontal space available for each box.  
This pattern is visible in Figure 6.  The nodes with the highest 
DOIs in a row have the largest node size.  This node size estab-
lishes the Y height of a region in which to lay out the immediate 
descendents of a node.  If there are too many Y descendents hori-
zontally, they are folded into multiple rows according to a com-
mon organization chart convention (with a vertical line joining 
the rows, see Figure 11).  If the branching factor of individual 
subtrees is large, then the nodes are overlapped as in Figure 6.  If 
there are elided nodes below a threshold DOI value, then a trian-
gular symbol proportionate to the log of the number of nodes is 
used. 

To handle trees too wide for the bounding box, the box is divided 
horizontally into three regions (Figure 7): The regular free layout 
zone, a compression zone, and an aggregation zone.  Typically, 
70% of the screen is in the free layout zone, with 30% in the 
combined compression and aggregation zones.  If necessary, the 
horizontal layout will be compressed (as in row 3 of Figure 6) for 
some of the nodes by overlapping them.  As the mouse is moved 
over these nodes, they spring to the front, overlapping their 
neighbors, thereby allowing the user to peruse them. Space in the 
compression and aggregation zones is allocated according to the 
fractional DOI value of each node. By default, the value gets 
smaller as the node gets closer to the edge of the display. With 
large numbers of nodes, multiple nodes may occupy the same 

display location. Only one of the nodes will be displayed. If that 
node is selected as the focus node, it will be shifted to the free 
layout zone and surrounding nodes will then be visible. The use 
of DOI to do selective expansion and the use of folding rows 
greatly increases the size of tree that can be horizontally laid out.  
The use of compression and aggregation zones ensures that all 
trees can be fit within the space. 

 

Figure 8. Organization chart with over 400 nodes accessible over WWW through Web browser. 

Compression in Y. It can also happen that a tree would be too 
deep vertically to fit within its space.  Normally the tree is then 
scaled to fit within the Y dimension. If the scaling would result in 
nodes that are too small to display their contents, nodes are either 
elided lower in the tree or at the top, depending on the DOI and 
the position of the node of interest.  First, if the nodes for a tree 
are less than a threshold DOI, then they are elided and replaced 
by an elision graphic, essentially representing the nodes as a clus-
ter.  Since nodes decrease intrinsic importance with distance from 
the root and in distance importance with distance from the focus 
node(s), the chain of nodes from the focus node through succes-
sive parent nodes to the root will have the same DOI value except 
that the fade feature will gradually make the nodes smaller as they 
approach the root node. Since the tree is scaled to fit within the 
window, this could cause all of the nodes to become very small 
for very deep trees. To deal with this problem a top portion of the 
tree is removed and replaced with an elision graphic.   

4.2 Expand to Fit 
 

   

Degree of Interest
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NodeTrix: A Hybrid Visualization of Social Networks
Nathalie Henry, Jean-Daniel Fekete, and Michael J. McGuffin

Abstract— The need to visualize large social networks is growing as hardware capabilities make analyzing large networks feasible
and many new data sets become available. Unfortunately, the visualizations in existing systems do not satisfactorily resolve the
basic dilemma of being readable both for the global structure of the network and also for detailed analysis of local communities. To
address this problem, we present NodeTrix, a hybrid representation for networks that combines the advantages of two traditional
representations: node-link diagrams are used to show the global structure of a network, while arbitrary portions of the network can
be shown as adjacency matrices to better support the analysis of communities. A key contribution is a set of interaction techniques.
These allow analysts to create a NodeTrix visualization by dragging selections to and from node-link and matrix forms, and to flexibly
manipulate the NodeTrix representation to explore the dataset and create meaningful summary visualizations of their findings. Finally,
we present a case study applying NodeTrix to the analysis of the InfoVis 2004 coauthorship dataset to illustrate the capabilities of
NodeTrix as both an exploration tool and an effective means of communicating results.

Index Terms—Network visualization, Matrix visualization, Hybrid visualization, Aggregation, Interaction.

✦

1 INTRODUCTION

Social network analysis is a growing area of the social sciences. Vast
new datasets are becoming available as people conduct ever more of
their social lives electronically. Online projects such as Wikipedia or
open-source software development are creating new social networks
on a global scale. At the same time, the challenges of a more in-
tegrated world generate new demands for analysis such as monitor-
ing terrorist networks or the spread of potentially pandemic diseases.
Social network visualization is becoming a popular topic in informa-
tion visualization, generating more and more tools for analysts. In
2006, 10 network-related articles (or 30%) were presented at the In-
foVis Symposium and 6 at the VAST symposium. The large major-
ity of network visualization systems use the node-link representation:
54 (out of 55) node-link based systems are referenced in the Social
Network Analysis Repository (http://www.insna.org/), and
49 (out of 52) on the Visual Complexity website (http://www.
visualcomplexity.com/). This representation is well suited to
show sparse networks, but social networks are known to be globally
sparse and locally dense. Therefore, social network visualization faces
a major challenge: obtaining a readable representation for both the
overall sparse structure of a social network and its dense communities.

In this article, we propose a novel visualization called NodeTrix to
address this challenge. NodeTrix integrates the best of the two tra-
ditional network representations by using node-link diagrams to vi-
sualize the overall structure of the network, within which adjacency
matrices show communities.

The article is organized as follows: after the related work section,
we describe the NodeTrix representation and the data structure we rely
on. We then detail the interaction techniques we designed for creating
a NodeTrix hybrid, either by starting from a standard node-link di-
agram or from a standard adjacency matrix. Finally, we describe a
case study using NodeTrix to explore and present the results of a co-
authorship social network.

• Nathalie Henry is with INRIA Futurs/University Paris-Sud, France and
University of Sydney, Australia, E-mail: nathalie.henry@lri.fr

• Jean-Daniel Fekete is with INRIA Futurs, France, E-mail:
jean-daniel.fekete@inria.fr.

• Michael J. McGuffin is with Ontario Cancer Institute and University of
Toronto, Canada, E-mail: mjmcguff@cs.toronto.edu.

Manuscript received 31 March 2007; accepted 1 August 2007; posted online
27 October 2007.
For information on obtaining reprints of this article, please send e-mail to:
tvcg@computer.org.

Fig. 1: NodeTrix Representation of the largest component of the Info-
Vis Co-authorship Network

2 RELATED WORK

In the rest of this article, we use “graph” to refer to the topological
structure with no associated attributes and “network” for a graph with
an arbitrary number of attributes associated with its vertices and edges.
“Vertices” and “edges” refer to topological features while “nodes” and
“links” refer to their visual counterparts in node-link diagrams. For
matrices, “rows” and “columns” refer to the visual representation of
vertices and “cells” are the visual representation of edges.

2.1 Social Network Analysis
Social networks are graphs where the vertices are actors (people) and
the edges are relationships. They vary from very sparse (genealogical
trees) to very dense (exports and imports between countries). Small-
world networks belong to an intermediate category that occurs very
frequently in social networks, including many acquaintanceship net-
works as well as the global Internet. They are the focus of many stud-
ies [23, 20] because of their interesting properties [33]. For social
network visualization, the most relevant of these properties are a high
clustering coefficient, corresponding to the presence of many locally
dense clusters, and a small cross-section, caused by a small number of
hub vertices connecting communities in a graph that is globally sparse.

Social network analysis relies on three important tasks [31, 27]:

• (T1) identify communities, i.e. cohesive groups of actors that are
strongly connected to each other;

• (T2) identify central actors, i.e. actors linked to many others or
that bridge communities together;

• (T3) analyze roles and positions — these are higher level tasks
relying on the interpretation of groups of actors (positions) and
connection patterns (roles).
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Multivariate Network Exploration and Presentation:
From Detail to Overview via Selections and Aggregations

Stef van den Elzen and Jarke J. van Wijk

Fig. 1. Multivariate network exploration using selections of interest, detail view (left) and high-level infographic-style overview (right).

Abstract—Network data is ubiquitous; e-mail traffic between persons, telecommunication, transport and financial networks are some
examples. Often these networks are large and multivariate, besides the topological structure of the network, multivariate data on
the nodes and links is available. Currently, exploration and analysis methods are focused on a single aspect; the network topology
or the multivariate data. In addition, tools and techniques are highly domain specific and require expert knowledge. We focus on
the non-expert user and propose a novel solution for multivariate network exploration and analysis that tightly couples structural and
multivariate analysis. In short, we go from Detail to Overview via Selections and Aggregations (DOSA): users are enabled to gain
insights through the creation of selections of interest (manually or automatically), and producing high-level, infographic-style overviews
simultaneously. Finally, we present example explorations on real-world datasets that demonstrate the effectiveness of our method for
the exploration and understanding of multivariate networks where presentation of findings comes for free.

Index Terms—Multivariate Networks, Selections of Interest, Interaction, Direct Manipulation.

1 INTRODUCTION

Many real-world phenomena can be modeled as multivariate net-
works: e-mail traffic between persons within a company, a telecom-
munication network, money flowing between bank accounts, or physi-
cal objects such as airplanes flying from airport to airport or migration
of people between cities. The common theme here is the connection
(relation, link, edge) between objects (nodes, vertices). The number
of nodes and links of real-world data is generally large, in the order of
thousands. For these networks often more information on the nodes
and links is available. For example, in case of a company e-mail net-

• Stef van den Elzen is with the Department of Mathematics and Computer
Science, Eindhoven University of Technology, The Netherlands, and
SynerScope BV, Eindhoven, The Netherlands. E-mail: s.j.v.d.elzen@tue.nl.

• Jarke J. van Wijk is with the Department of Mathematics and Computer
Science, Eindhoven University of Technology, The Netherlands. E-mail:
j.j.v.wijk@tue.nl.

Manuscript received 31 Mar. 2014; accepted 1 Aug. 2014; date of
publication xx xxx 2014; date of current version xx xxx 2014.
For information on obtaining reprints of this article, please send
e-mail to: tvcg@computer.org.

work we know more attributes of the persons (nodes) involved, like
age, gender, and job title. We also have more information about the
e-mails (links) such as time-sent, header-information, and body text.

The exploration and analysis of large multivariate networks is still
a challenge. Current methods are focused on either the structural as-
pect of the multivariate network, e.g., [46] or the multidimensional
data attached to the nodes and links, e.g., [35]. However, we be-
lieve the greatest insights are gained from simultaneous exploration,
as the two might be correlated or influence each other. For example,
we are not only interested in who is e-mailing to whom (structure)
or whether females or males are communicating more (multivariate
data), but we are more interested in whether females are communicat-
ing more with females or more with males and also between which
departments and what the distribution over time is (both structure and
multivariate data). For this we need to be able to inspect the attributes
in context of the underlying network topology. We provide a method
that enables users to explore both aspects in a uniform method using
selections of interest as central element. In summary, we go from De-
tail to Overview via Selections and Aggregations, which explains the
acronym we selected for our approach: DOSA. And also, a dosa is a
spicy Indian wrap, which resonates with our aim to combine existing
ingredients into a tasteful result.
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Thank You!
 Chad Stolper

chadstolper@gatech.edu
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Questions?
 Chad Stolper

chadstolper@gatech.edu
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