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Discussion:
PivotGraph

Visual Exploration of Multivariate Graphs

Martin Wattenberg
Visual Communication Lab, IBM Research
1 Rogers St., Cambridge MA 02142
mwatten@us.ibm.com

Figure 1. 4 PivotGraph visualization of a large graph
rolled up onto two categorical dimensions

ABSTRACT

This paper introduces PivotGraph, a software tool that uses
a new technique for visualizing and analyzing graph
structures. The technique is designed specifically for graphs
that are “multivariate,” i.e., where each node is associated
with several attributes. Unlike visualizations which
emphasize global graph topology, PivotGraph uses a simple
grid-based approach to focus on the relationship between
node attributes and connections. The interaction technique
is derived from an analogy with methods seen in
spreadsheet pivot tables and in online analytical processing
(OLAP). Finally, several examples are presented in which
PivotGraph was applied to real-world data sets.

Author Keywords
information visualization, graph drawing

ACM Classification Keywords

H.5.2. [Information Interfac User Interfaces. 1.3.6
[Methodology and Techniques]: Interaction Techniques

INTRODUCTION

A common goal in exploratory data analysis is to form
hypotheses about a graph. In contexts ranging from social
networks to Markov chains, it can be important to
understand the properties of a graph and make inferences
about why it looks the way it does. Because of the complex
structure and large size of many graphs, such an analysis
can be difficult.

Visualization is one solution to this problem. In one popular
approach, nodes of a graph are represented by a dot, and
edges by lines or curves linking them. Such “node-and-link
diagrams” have been explored intensively throughout this
century (see [3, 10, 14, 15]). A second common approach is
a matrix view, or density table, that displays a graph’s
adjacency matrix overlaid on a grid [4].

Both node-and-link diagrams and matrix views emphasize
link structure. In many cases, however, data about a graph
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GLO-STIX: Graph-Level Operations for Specifying Techniques and
Interactive eXploration

Charles D. Stolper, Minsuk Kahng, Zhiyuan Lin, Florian Foerster, Aakash Goel, John Stasko, and Duen Horng Chau

GLO-STIX: Graph-Level Gperations for Specitying Technigues and Intecactive explaration
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Fig. 1: A screenshot of the GLO-STIX user interface showing a user exploring the Les Misérables character co-occurrence graph
] using graph-level operations (GLOs). Nodes are characters, and an edge connects two characters if they co-occur in a chapter. The

original node-link view of the graph is saved by the user as a snapshot in the bottom pane. From the list of operations available
(shown in left-most column), applying those selected in the middle column transforms the original graph into the PivotGraph
visualization [30] displayed in the main view. All graph figures in this paper were generated using GLO-ST!

Abstract— The field of graph visualization has produced a wealth of visualization techniques for accomplishing a variety of analysis
tasks. Therefore analysts often rely on a suite of different techniques, and visual graph analysis application builders strive to provide
this breadth of techniques. To provide a holistic model for specifying network visualization techniques (as opposed to considering
L each technique in isolation) we present the Graph-Level Operations (GLO) model. We describe a method for identifying GLOs and
apply it to identify five classes of GLOs, which can be flexibly combined to re-create six canonical graph visualization techniques. We

discuss advantages of the GLO model, including potentially discovering new, effective network visualization techniques and easing the
engineering challenges of building multi-technique graph visualization applications. Finally, we implement the GLOs that we identified
into the GLO-STIX prototype system that enables an analyst to interactively explore a graph by applying GLOs.

Index Terms—Graph-level operations, graph visualization, visualization technique specification, graph analysis, information visual-
ization.

+

1 INTRODUCTION
Charles D. Stolper is with the College of Computing, Georgia Institute of
chadstolper@ gatech.edu.
h the College of Computing, Georgia Institute of
kahng@gatech.edu.
Zhiyuan Lin is with the College of Computing, Georgia Institute of

The field of graph visualization has provided analysts with a number of
useful techniques for displaying the nodes and edges of a graph. Each
of these techniques can be quite effective at showing aspects of the
graph to the analyst. In other words, different techniques are effective
Techno, E-mail: =1ind8@gatech.edu. at accomplishing different tasks. When analys!s wi;h to perforrq mul-
s with the College of Computing, Georgia Institute of tiple tasks, thgy often t!.lm tp m_ultlple graph _vnsuallzanon t.echmques.
Technology. E-mail: florian.foersier@ gatech.edu. Developers of graph visualization systems, in turn, must implement

th the College of Computing, Georgia Institute of this variety of techniques in their applications.
E-mail: aakashgoel@gatech.edu. We introduce the new idea of graph-level operations (GLOs),
John Stasko is with the the College of Computing, Georgia Institute of which provides an alternative to implementing each graph visualiza-
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Lab Study

Users can make the same findings as other tools
And more!

New users can make findings

New users understand the exploration history
And usually motivation!



Field Study With Archaeologists

“How were Iron-Age communities integrated into
the political and economic structure of the Roman
Empire?”

“How were urban social hierarchies within the
Roman provinces structured and articulated?”
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GraphTrail

Scalability

1. Number of nodes, edges, types

Nodes Types Edges Types
CHI 10K 3 20K 3+

Archaeology 13K 24 20K 35
2. Number of charts

20 — 30 per session



* A system for exploring large multivariate, heterogeneous networks
using aggregation by node and edge attributes,

* A method for capturing data provenance and integrating it directly into
the workspace, and

* A longitudinal field study and a qualitative lab study that demonstrate
the utility of these approaches.

Dunne C, Riche NH, Lee B, Metoyer RA and Robertson GG (2012), "GraphTrail: Analyzing large multivariate,
heterogeneous networks while supporting exploration history"”, In CHI "12.

Riche N, Lee B and Dunne C (2011), "Interactive visualization for exploring multi-modal, multi-relational, and
multivariate graph data". US Patent No. (8743122).
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Your server is hosted thar

Run some Python (

T run the code below:

1. Click on the cell to S€
2. Press SHIFT+ENTER

A full tutorial for using the

In [ ): %matplotlib inline

import pandas as pd
import numpy as np
import matplotlib

— Jupyter Lorenz Differential Equations s

A

File Edit View Insert Call Kernal Help Python3 O

B+ & @B % > B C | Coe ¢ Call Toolbar:  Mone

ar

Exploring the Lorenz System

In this Notebook we explore the Lorenz system of differential equations:

X= d‘(y - X)

y=px-y-axz

i=—fe+xy
This is one of the classic systems in non-linear differential equations. It exhibits a range of
complex behaviors as the paramaters (7, . ) are varied, including what are known as chaotic

solutions. Tha system was originally developed as a simplified mathematical model for
atmospheric convection in 1963,

In [7]: interact(Lorenz, N=fixed(10), angle=(0.,360.),
o=(0.0,50.0),8=(0.,5), p=(0.0,50.0));

angle 308.2
rra_time 12
a 10
B 26
p 28
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Films
title string
episode_id integer
opening_crawl |string
director string
producer string
release_date date
species array
starships array
vehicles array’
characters array
planets array
url string
created string
edited string
Vehicles
% k! 1 R name
LA ) (5 model
vehicle_class
manufacturer
N length
cost_in_credits
. crew
passengers

Vehicle

max_atmosphering_speed
cargo_capacity
consumables

films

pilots

url

created

edited

string
string
string
string
string
string
string
string
string
string
string
array
array
string
string
string

Starships
name string
madel string
starship_class string
manufacturer string
cost_in_credits string
length string
crew stnng
passengers string
max_atmosphere_speed|string
hyperdrive_rating string
MGLT string
cargo_capacity stnng
consumables string
films array
pilots array
url string
created ng
edited string
People
name string

birth_year |string
eye_color |string
gender string
hair_color |string
height string
mass string
skin_color |string
homeworld |string
films array
species array

array
array
tring
created stor
edited string

Starships

Species
name string
classfication string
average_height Type
average_lifespan string
eye_colors string
hair_colors string
skin_colors string
language string
homeworld string
people array
films array
url string
created string
edited string

f

Planets

name
diameter
rotation_speed
orbital_period
gravity
population
climate

terrain
surface_water
residents

films.

url

created

edited

string
string
string
string
string
string
string
string
string
array

« | Planets

string
string
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StoryFacets

Trail facet — Star Wars trilogy ships & pilots

e o Attribute exploration
Filtering Pivoting
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StoryFacets

Dashboard facet — Star Wars male vs. female

Markdown People Markdown
gender |l male
[ female
Male — i Female
4 times larger than female M wa _ Drives fastest spaceship
5 times more starships M hermaphrodite Only appear from new frilogy
Appeared at all series
28
1
(@) 80800 (d)
208080 W
Ssess 20088 oo sse o
Starships ssses Y0066 Starships
00080 ([ [ [ ][]
([ 11 1]
00088
([ 11 1]
(1 [ ] ] ]
| ssssses. | o=
T == ===
male female none nia hermaphrodite
(b) gender  (c) (e)
Starships Starships
899 991 1,083 1,175 1,267 1,359 1,451 1050 ) 11600 h 8000

max_atmosphering_speed max_atmosphering_speed

(f) (9)
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Infographic facet — Star Wars Jabba the Hutt

Markdown Markdown

Markdown

gender [l female
U male
B r/a
B none

B hermaphrodite

female male na none hermaphrodite

gender

(c)

The only hermaphrodite in the Starwars is Jabba Desilijic Tiure

Eye color
Biography Skin color
Chronologi
Early life (600 BBY-22 BBY) d
Era(s)

"I see only a festering, mountainous pustule which fancies himself to
be a high lord of merchants and criminals.” Kajidic
—Ki-Adi-Mundifsl

Jabba, who was born on Nal Hutta, was the child of Zorba Desilijic Tiure.
[12] He took formal control of the Desilijic kajidic around 2 BBY, when he
killed the offspring of Jiliac, the former leader. The old Hutt died following
a grueling fight to the death with Durga Besadii Tai.l'3]

Affiliation

At the incredibly young age of 80, the :
up-and-coming gangster established

his criminal empire on the remote

desert world of Tatooine, located in -
the Tatoo system. In 516 BBY, he

moved his criminal operations into an old B'omarr M
Jabba hosts the Boonta Eve Classic himself in the planet's comfortable obscurity.[14]

(d)
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Story (slideshow) facet — Star Wars character height

Link for sharing

Answer #7 Explore Dashbeard Story

r - s ':

: Get share link :

I

i
1
I Answer #7 preview ©

l And he is Lama Su from Kamino.
L L L & ¢ L & &R 1 &R R % R N .}
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Linked back to trail facet

Maricivar. Matotoaan
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(a) Trail Facet
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Evaluation

19 casual participants in a public setting

* Novice users select different communication formats based on target
audience and nature of the content

Three visualization professional expert reviewers
 Different & specific uses of the three views

Evaluate how view affects presentation style and structure

Future: Evaluate how view, context, and expertise affect knowledge
transfer



* Exploratory data analysis is much more than the initial exploration
session

e Unified platform to support exploration, collaboration, discussion, and
presentation

* Current & ongoing studies reveal future directions

Dunne C, Skelton C, Diamond S, Martino M and Meirelles | (2016), "Quantitative, qualitative, and historical
urban data visualization tools for professionals and stakeholders"”, In HCI International "16.

Park DG, Dunne C, Ragan E, EImqvist N (2016) “StoryFacets: Generating Multiple Representations of
Exploratory Data Analysis for Communication”, Under submission.



GraphTrail & StoryFacets

Blocks to build on

e Additional visualizations
e Context aware comments
* Exploration hints for new paths

» Streaming/temporal data, intelligent
updates, and resurgent relevancy

* Linked chart parameterization for
comparisons with auto chain layout
and compression

* Advanced modeling and analytics (IBM
Catalyst, IBM Watson)

* User management & security




