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CS 7450 - Information Visualization
November 9, 2015
John Stasko

Connections

— A
Connections throughout our lives and the
world

Circle of friends

Delta’s flight plans

Model connected set as a Graph
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What is a Graph? .
Vertices (nodes) connected by
Edges (links)

Adjacency list

HEa

Drawin
Adjacency matrix g

OO
= O~ N
O~ O|W
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Graph Terminology -

Graphs can have cycles

Graph edges can be directed or
undirected
The degree of a vertex is the number of
edges connected to it

In-degree and out-degree for directed graphs

Graph edges can have values (weights)
on them (nominal, ordinal or quantitative)
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Trees are Different

I —
Subcase of general graph

No cycles

Typically directed edges .
Special designated root vertex v\

d o
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Graph Uses
In information visualization, any number of
data sets can be modeled as a graph

US telephone system

World Wide Web

Distribution network for on-line retailer

Call graph of a large software system

Semantic map in an Al algorithm

Set of connected friends

Graph/network visualization is one of the
oldest and most studied areas of InfoVis
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Graph Visualization Challenges
e ———
Graph layout and positioning

Make a concrete rendering of abstract graph
Navigation/Interaction

How to support user changing focus and
moving around the graph

Scale

Above two issues not too bad for small
graphs, but large ones are much tougher
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Layout Examples -

Homework assignment
Let’s judge!
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Results
i
What led to particular layouts being liked
more?

Discuss
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Graph Drawing
i

Entire
research
community’s
focus

Program Committee Chairs

—
- ﬂ 4\ Springer
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Vertex Issues

Shape
Color
Size
Location
Label
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Edge Issues

Color
Size
Label

Form

Polyline, straight line, orthogonal, grid,
curved, planar, upward/downward, ...
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http://www.research.att.com/sw/tools/graphviz/examples/directed/profile.dot.txt
http://www.research.att.com/sw/tools/graphviz/examples/directed/profile.dot.txt
http://www.research.att.com/sw/tools/graphviz/examples/directed/datastruct.dot.txt
http://www.research.att.com/sw/tools/graphviz/examples/directed/datastruct.dot.txt

Aesthetic Considerations

Develop a set of metrics to quantitatively rate
the “goodness” of a graph layout

What metrics would you use?
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Aesthetic Considerations

Crossings -- minimize towards planar

Total Edge Length -- minimize towards proper
scale

Area -- minimize towards efficiency

Maximum Edge Length -- minimize longest
edge

Uniform Edge Lengths -- minimize variances
Total Bends -- minimize orthogonal towards
straight-line
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Which Matters?
— 1
Various studies examined which of the
aesthetic factors matter most and/or what
kinds of layout/vis techniques look best

Purchase, Graph Drawing 97

Ware et al, Info Vis 1(2)

Ghoniem et al, Info Vis 4(2)

van Ham & Rogowitz, 7VCG '08

Results mixed: Edge crossings do seem
important
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Shneiderman’s NetViz Nirvana -

1) Every node is visible
2) For every node you can count its degree

3) For every link you can follow it from
source to destination

4) Clusters and outliers are identifiable
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Classic Problem
i
With enough vertices and enough edges,
you get... e

A hairball!
(ball-of-string)

http://visone.info/wiki/images/b/b7/Caltech36-hairball.png
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But What about User Tasks?
i
So what do people want to do with or
learn from network visualizations?

Recurring theme of this class: Too often this
is neglected

Fall 2015 CS 7450 18



Graph Vis Task Taxonomy
I —
Start with Amar et al ‘05 low-level tasks
(retrieve value, find extreme, sort, etc.)
Then add four types of other tasks (next
pages)

Lee et al

Fall 2015 CS 7450 BELIV'06 g

Graph Vis Task Taxonomy

1. Topology-based tasks

Adjacency

Find the set of nodes adjacent to a node
Accessibility

Find the set of nodes accessible to a node
Common connection

Given nodes, find the set of nodes connected to all
Connectivity

Find shortest path

Identify clusters

Identify connected components

Fall 2015 CS 7450 20
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Graph Vis Task Taxonomy
ﬂ\,ﬁ—
2. Attribute-based tasks

On the nodes
Find the nodes having a specific attribute value

On the edges

Given a node, find the nodes connected only by
certain kinds of edges

Fall 2015 CS 7450 21

Graph Vis Task Taxonomy -

3. Browsing tasks
Follow path
Follow a given path
Revisit
Return to a previously visited node
4. Overview task

Compound exploratory task
Estimate size of a network
Find patterns

Fall 2015 CS 7450 22



Layout Heuristics
-\, |}
Layout algorithms can be
polyline edges
planar
No edge crossings
orthogonal
horizontal and vertical lines/polylines
grid-based
vertices, crossings, edge bends have integer coords
curved lines
hierarchies
circular

Fall 2015 CS 7450 23

Types of Layout Algorithms “

DFS Ranking From :
—=  Hierarchy Ranking y— P. MUtZeI, et al
Graph Drawing ‘97

{Two Layer) Grid Layout
Crossing Minimization

Visibility representation

———— Compaction

- Ranking
= | Cross, Min, HAFLG
= | Compuss Coon
Sohapder Eayous ~<—— Augment.
Hierarchy Layout _— i crossings
First Higrarchy Layous

Subgraph (extraction)

Plangr suligraph ﬁ zati
M sudag

Acyelic uibgragh

—————— Fige Insertion
Shortest Path
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Common Layout Techniques

—
Hierarchical
Force-directed
Circular
Geographic-based
Clustered

) We will discuss many
Attribute-based of these further in the

Matrix slides to come
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Scale Challenge .
—
May run out of space for vertices and

edges (turns into “ball of string”)

Can really slow down algorithm

Sometimes use clustering to help
Extract highly connected sets of vertices
Collapse some vertices together

Fall 2015 CS 7450 26



Navigation/interaction Challenge
How do we allow a user to query, visit, or
move around a graph?

Changing focus may entail a different
rendering

Fall 2015 CS 7450 27

Graph Drawing Uses

Many domains and data sets can benefit
significantly from nice graph drawings

Let’s look at some examples...

Fall 2015 CS 7450 28
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http://www.nytimes.com/interactive/2008/05/05/science/20080506_DISEASE.html

Human Diseases

oy = 2008 = sennrosuaL meﬂ
Mapping the Human ‘Diseasome’

Researchers created a map linking different diseases, represented by circles, to the genes they have in common, represented by squares. Related
Article: Redefining Disease, Genes and All

L
e
° 3 ®
, e ‘«
20 lhy
o b s ‘yopalhy

o
] o, .. ... o
o =
B ol

Note the two
extra variables
per vertex

Click and drag
to zoom

%,
. .
®
« 3°
o -
.
TYPE OF DisEASE scae
® Cancer o Connective tissue @ Cardiovascular o En Gastrointestinal @ Ear, nose, throat Mt
Bone @ Muscular @ Hematological @ Immunological ® Nutitional © Ophthaimological  ® Neurological Unclassified  disease or disorder and is
Skeletal ® Dermatological @ Renal i

i scaled in proportion
© Metabolic © Respiratory. ® Psychiatric EdinoaaLe ;
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Music Artists older

Marc Antoine

R steve Cole

|

Chris Botti
~—

-

3rian Cul

Richard Elliot Chuck Locb

\
;"“‘*4

Earl Klugh

Bob James

http://www.liveplasma.com/

Joe Sample
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newer

Mmusic Contact  Help usa ~ Falowws [l 3
la

Atics Monkays, Coldplay, Radiohead Led Zeppeiny

Y FUNNY VALENTINE —CHRIS BOTTI

OO
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http://mibi.deviantart.com/art/Death-and-Taxes-2007-39894058

US Budget

A VISUAL GUIDE TO WHERE YOUR
FEDERAL TAX DOLLARS GO

16



Colegre

Social Analysis
M

Facilitate understanding of complex socio-
economic patterns

Social Science visualization gallery (Lothar
Krempel):

http://www.mpi-fg-koeln.mpg.de/~lk/netvis.html
Next slides: Krempel & Plumper’s study
of World Trade between OECD countries,
1981 and 1992

Fall 2015 CS 7450 33
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Colege

KRR 11:5:23 > CECOTRRERR Hahd Traso 1662 (OECO) srturcod 1661 ALmpchrtt 00,0.01.0,1.0

Social Network Visualization
M

Social Network Analysis

http://www.insna.org

Hot topic again
Why?
Terrorists
Facebook

Fall 2015 CS 7450 36



People connections

Fall 2015
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Geo Applications
{%5
Many problems and data sets have some
geographic correspondence

Fall 2015 CS 7450 39

Byte traffic into the ANS/NSFnet T3 backbone for the month of November, 1993

http://www.ncsa.uiuc.edu/SCMS/DigLib/text/technology/Visualization-Study-NSFNET-Cox.html

20



Follow the Money

Where does a
dollar bill go?

http://www.nsf.gov/news/special_reports/scivis/follow_money.Jjsp

Fall 2015 CS 7450 41
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Atlanta
MARTA

WOO0-W00
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3 Subway Diagrams n

I —

Geographic landmarks largely suppressed

on maps, except water (rivers in London

& Paris) and asphalt (highways in Atlanta)
Rather fitting, no?

These are more graphs than maps!

Fall 2015 CS 7450 45

But Is It InfoVis?

— el
I generally don’t consider a pure graph
layout (drawing) algorithm to be InfoVis
Nothing wrong with that, just an issue of
focus
For InfoVis, I like to see some kind of
interaction or a system or an application...

Still, understanding the layout algorithms is
very important for infovis

Let’s look at a few...
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Circular Layout

NN~ )

Ultra-simple

May not look so great

Space vertices out around circle
Draw lines (edges) to connect

vertices

Fall 2015

December 15, 2007

CS 7450
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http://www.nytimes.com/interactive/2007/12/15/us/politics/DEBATE.html?_r=0

Naming Names

Names used by major presidential candidates in the series of Democratic and Republican debates leading up to the Iowa caucuses.

Rol over any candidate’s
name for details.

Every line ends at an
arrow, which points to the
name that was spoken

Source: Debate transcripts

Fall 2015

CS 7450

Gly

Lhapy,

SIGN IN TO E-MAIL OR SAVE THIS

FEEDBACK

The length of each circle
segment represents the
total number of words
spoken by the candidate
during the debates. Each
tick mark represents 1,000
words.

Each slice represent:
one debate, arranged
clockwise from the first
to the final debate.

Jonathan Corum and Farhana Hossain/The New York Times

s

48
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Arc Diagram Layout

Wattenberg
InfoVis ‘02

http://www.visualcomplexity.com/vc/index.cfm?method=Arc%20Diagrams

Fall 2015 CS 7450 49
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Tree Layout

— 1
Run a breadth-first search from a vertex
This imposes a spanning tree on the graph

Draw the spanning tree

Simple and fast, but obviously doesn't
represent the whole graph

Fall 2015 CS 7450 51

Hierarchical Layout

Often called Sugiyama layout

Try to impose hierarchy on graph
Reverse edges if needed to
remove cycles
Introduce dummy nodes
Put nodes into layers or levels
Order |->r to minimize crossings

Figure: A graph showing a layered layout,
created with the Sugivama heuristic, with the
layers shown. The bends in the edges
correspond to dummy nodes.

http://www.csse.monash.edu.au/hons/se-projects/2006/Kieran.Simpson/output/html/node7.html#sugiyamaexample

Fall 2015 CS 7450 52
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Force-directed Layout
— 1
Example of constraint-based layout
technique
Impose constraints (objectives) on layout
Shorten edges
Minimize crossings

Define through equations

Create optimization algorithm that
attempts to best satisfy those equations

Fall 2015 CS 7450 53

Force-directed Layout

Spring model (common)
Edges — Springs (gravity attraction)
Vertices — Charged particles (repulsion)
Equations for forces

Iteratively recalculate to update positions
of vertices

Seeking local minimum of energy
Sum of forces on each node is zero

Fall 2015 CS 7450 54
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Force-directed Example

@ ®) ©

o
[5) -@
6] o
. o
(d © @
Figure 2: A graph drawing through a number of iterations of a force directed algorithm.

http://www.cs.usyd.edu.au/~aquigley/3dfade/

Fall 2015 CS 7450 55

http://vis.stanford.edu/protovis/ex/force.html

In Action

Overview Examples Documentation Downioad

Protovis

Force-Directed Layouts

An infutive approach to network layout is to model the graph as a phy
are campened springs that pul related nodes fogeter. A physical s

are charged particies that repel each ofher. and links
&5 then Getermines node Positions. appron
r

techniques tat avoid computng all painwise forces enable the you 1es. In addition, interactviy allows 1
direct the layout and jogie nodes to disambguate Inks. Such 3 5. good starting point for understanaing the structure of
a general ted graph

IS network represents character CO-0CCUITence in the chaplers of Victor HUQO's CIassic nove!, Les Miséradies Node CoRors depict custer
memberships computed by a community-detection aigorthm Source: Knuth, D E 1993 The Stanford Base” A Piatrorm for

Fall 2015 CS 7450 56
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Images from JUNG

Variant
Spring layout
Simple force-directed spring

embedder _——
Fall 2015 CS 7450 57
- Images from JUNG
Variant
%

Fruchterman-Reingold Algorithm
Add global temperature
If hot, nodes move farther each step
If cool, smaller movements e —
Generally cools over time

Fall 2015 CS 7450 58
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Images from JUNG

Variant ﬁ
— .
Kamada-Kawai algorithm
Examines derivatives of force equations

Brought to zero for T
minimum energy ‘

4
ﬁ,#"
e
Other Applications “
—
Email

How would you visualize all email traffic in
CoC between pairs of people?

Solutions???

Fall 2015 CS 7450 60
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Possible Solutions
%
Put everyone on circle, lines between
Color or thicken line to indicate magnitude

Use spring/tension model

People who send a lot to each other are
drawn close together

Shows clusters of communications

Fall 2015 CS 7450 61

http://www.visualcomplexity.com

Mucho Examples

comy
5 s
.
SR visual
Y complexity aStere

Fall 2015 CS 7450 62
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Graph Drawing Support

Libraries

JUNG (Java Universal Network/Graph
Framework)

Graphviz (formerly dot?)
Systems

Gephi

TouchGraph

Fall 2015 CS 7450 63

http://jung.sourceforge.net/

jung A
5 Most Vit | Gt Sartnd [0 Mt N Tofic B0 | 130 4000 8 7450 62 Zimbes B T2 1) Gt BB a1 WL | 000 v Soccur @ it L e I Focbook _ Knight
JUNG - saus Univessa Metworkseap._| -

JUNG [

Java Universal Network /Gragh Framewark

Ovariew Overview

Dot

— JUNG — the Java Universal Netwerlc/ Graph Framework.-is a saftware library that provides s commen and exten dibie language for the modeling, andysis, and

= visualization of data that can be regresented as a graph ar netwark, IL1s written in Java, which alaws JUNC-based apgiieations to make use of the extensive

- built in capabilities cf the Java AP, ax well as thase of ather existing third party Java Sbearies
w

Profocts Using JUKG  The JUNG architeeture is designed to suppart a varlsty of representations f entities and thelr relations, sueh as directed and undireeted graphs, multi-madal
ra Sraphs, graphs with paralel edges, and hypergraphs. |t provides  mechanism for annotating graphs, entities, and relations with metadota, This facilitates the.
support crantion of snslytic toels for complex dat 5615 that £an examing the reistions batwasn entities a3 well a5 the metadsts attached to sach entity and reistion. | ©
Team
P, The current distribution of JUNG includ of 8 number of ph thecry, data mining, and social network snaysis, such s

rautines far dustering, decompasition, optimization, random graph generation, statistical analyst mrs? e s by

e measures (centrality, PageRank, HITS, etc.).
Sourcelorge
Acknowssdgements  JUNG dso providos a vissdization framewark tacks for network data. Users can use an of the

Tl out . o use the framework i In adition, fltesiag mechanisms are provided which alaw usess ta focus

1y
their attention, or their sgorithms, an spacific partions of the graph,
5 an open-source libeary, JUNG provides a cammon framewark for graph fnetwork analysis and visuallzation, We hope that JUNG wil make It easier for thase
who woek with relational data ta make use of ana anothers' development affarts, and thus avoéd continwally ro-laventing tho whed,
The JUNG Framewark Developenent Team

Announcements

24 Januasy 201 JUNG 2.0.1 relossed.

10 Apel 2009: JUNG 2.0 relessed.

25 July 2008: JUNG 2.0 batat retgnsd.

20 Fobruary 2007: JUNG 2.0 alphat relasse

Jung 2.0 Demes avallable a5 applsts.

Maven? generated site for Jung 2.0,

26 Jonuaey 2007: JUNG 1.7.6 1842050 fInciueS & AUmDEs Of bag fises)

20 October 2006: JUNG 1.7.5 released.

NOTE: Thisis expected ta be the last release of JUNG before JUNG 2.0 {currently in development) s released, We will continue to suppert JUNG 1.7.5 for
the foresceable futare, but future development wil be focrsed solety on JUNG 2.0 and its suceessces.

7 March 2006: JUNG 1.7.4 reloased. L

Done
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http://www.graphviz.org

Graphviz

Ble £t Yo Hatoy. fockmats Jools Hlp

T C K DA e A gone
4 Mo vites _ Gam Stanct 8 s N Tomec 0 133 4e0r 8y 740 52 Zonbe K3 72 1 Gt I st B K91 K0 v Scccs @ Bt X v ) ook | Kghe
A, Home | Grapinie - Geoph Vislato...

I\@ Graphviz - Graph Visualization Software -

Home Active forum topics
Notlogged in Welcome to Graphviz * ot 1 por b it
fogin/create new account " G

What is Graphviz?
Graphiz is open sour:

rooh viushzaton otware, Gaph veuskzation ¢ 3

representng strurtural nform: Gagrams of abtrack raphs and networks It has v

moortant solkcatons innetworking. bokdomatk, -ml(v-s»zh;n(wnv) database s .
web desion. d

Features N

e Grahviearut regrams ke desrgsons o graghs 0 sl et arguoge, and
web pages, 70f or Poszsarot |4\
fo ki oot documrts of G613 s o EMace roph rowter (oo e |

Password: *

w accourt
« Requost new passwon

Forume mp0ts L. an 0. dalck) Graphiz sy useh festuresfor cncetsdr
- FAQ i a8 opionsfor colors,forks, Ladar ode v, ine skes, rperoks, roklnd custors | \VBlgr
ehapas.
User login s
25 Roadmap &
ot “hierarchical” or layered drawings of drected graphs. This i the defaut tocl to

use i edges hava dractionsity.

neato  “spring model” Byouts. THE i the delauk tooi to use f e graph s Rok Eo0
1319 (abouk 100 nodes) and you dont know amthing else about &, Neats
attempts to minimize a giobal energy function, which 5 equivalert to statisticsl
mult-dimensicnal scalig.

dp  “sprng model” tayouts smilar to those of neato, but does thi by reducng
forces rathar than working with energy.

stdp  mutiscale version of 0 for the Layout of lrge graphs.

twopi  radial layoues, sfter Grahaem Wil 97, Nodes are pisced on concentric dircles
depervding ther datance from a gwen rack node.

crco  circular layous, after Six 3nd Tolks 99, Kauffman and Wiase 02. This s sutsble 4
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http://gephi.org

o i - geohe P
2 Mt Visted _ Gt Strted B8 Marrts N Tt 90 131 4091 8 7450 52 Zoob I T2 11 Gt I i B KPLU Kl e Soccur @ i I e ) Facbock _ Koight

[ Gepti a0 open souce graph visualiza_| -

C¢2) Gephi |

The Open Graph Viz Platform [*= |

interactive vi

a nd
exploration platform for ail kinds of notworks

complex systems, dynamic and hierarchical
araphs.

Runs on Windows,

x and Mac OS X. Gephi is

open-source and free

» restures » Screensh
b Quickstart b videos

hots

Gephi 0.7 beta is out! Congratulations to the core developers and the Google Summer of Code students. It brings many awalted
features, complete suppor , and fixes.

Learn More »

APPLICATIONS PAPERS
Like Photoshop'™ for graphs.
 Exploratory Data Analysis: intiton eciereed

et Amsbe; sy

Bone
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http://www.touchgraph.com/navigator

TouchGraph
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Graph Drawing Resources
%
BOOk ORAPH DRAW .‘\\v
diBattista, Eades, Tamassia, and Tollis, .
Graph Drawing: Algorithms for the

Visualization of Graphs, Prentice Hall,
1999

Tutorial (talk slides)

http://www.cs.brown.edu/people/rt/papers/gd-tutorial/gd-constraints.pdf

Web links
http://graphdrawing.org
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Upcoming )
ﬂ\,ﬁ—
Graphs and Networks 2

Reading
Perer & Shneiderman ‘06

Visual Analytics

Readings
Keim et al ‘08
Stasko, Gorg & Liu ‘08
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