Topic Notes

Graphs and Networks 1

—

CS 7450 - Information Visualization
October 21, 2013
John Stasko

Connections

N\
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
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Drawin
Adjacency matrix g
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Graph Terminology h
e —)
Graphs can have cycles

Graph edges can be dlirected 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
—
Subcase of general graph

No cycles

Typically directed edges ‘
Special designated root vertex Y '\

b

Fall 2013 CS 7450 5

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
N\
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
%
What led to particular layouts being liked
more?

Discuss
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Layout Algorithms
%
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Entire
research
community’s
focus
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Vertex Issues

Shape
Color
Size
Location
Label

Fall 2013 CS 7450 11

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/datastruct.dot.txt

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

Fall 2013 CS 7450 13

Which Matters?
—
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

Fall 2013 CS 7450 15

But What about User Tasks?
So what do people want to do with or
learn from network visualizations?

Recurring theme of this class: Too often this
is neglected
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Graph Vis Task Taxonomy
Start with Amar et al ‘05 low-level tasks
Then add four types of other tasks (next
pages)

Lee et al

Fall 2013 CS 7450 BELIV 06 17

Graph Vis Task Taxonomy
\,ﬁ
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 2013 CS 7450 18



Graph Vis Task Taxonomy
r\yﬁ
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 2013 CS 7450 19

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 2013 CS 7450 20
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Layout Heuristics
R —l]|
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 2013 CS 7450 21

Types of Layout Algorithms \
=

Rank Assignment I
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= Hicrarchy Ranking
- P. Mutzel, et al
B \
Graph Drawing ‘97
{Twao Layer) Grid Layout
Crossing Minimization Tree Livouw
Visibility regresentation
el Lepvour
~——— Compaction
Comvex Layous
= | Ranking
e FPP Layout
¥ Si
. o | Compuse Coard
o Sctoniyeler Layout - Augment.
Hierarchy Layout E— Ho cocein
Faast Hiierarchy Layous
Pianar Grid Layant
[}

Subgraph {extraction)

Planar sufigraph ﬁ I izati
M il
nsert edges

Acveliv mtrgragh

~———— Edge Insertion
Shortest Path

Fall 2013 CS 7450 22

11



Common Layout Techniques
—

Hierarchical
Force-directed
Circular
Geographic-based

Clustered We will di
i e 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 2013 CS 7450 24



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 2013 CS 7450 25

Graph Drawing Uses .
Many domains and data sets can benefit
significantly from nice graph drawings
Let’s look at some examples...

Fall 2013 CS 7450 26
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http://www.nytimes.com/interactive/2008/05/05/science/20080506_DISEASE.html

Human Diseases

ey, 2008 = sieunTo EnAL :ggmc%
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

Click and drag
to zoom

Aganes
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Music Artists

mmw

Bob James

http://www.liveplasma.com/

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

US Budget
DEATH AND TAXES_

Social Analysis
R —
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 2013 CS 7450 30
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Social Network Visualization
——
Social Network Analysis

http://www.insna.org

Hot topic again
Why?
Terrorists
Facebook

P
r-.//l)iagmmming
a '\rl, an Intimate
ﬁi».q A % Network

- \\ %X I 5. = L
AWV ST ol N - Can
% (,'q,,D bgd A}L?F ( a >
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People connections

Charles Isbell, Cobot .,

Fall 2013 CS 7450
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Geo Applications
%
Many problems and data sets have some
geographic correspondence

Fall 2013 CS 7450 36
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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

Where does a
dollar bill go?

http://www.nsf.gov/news/special_ reports/scivis/follow _money.jsp

Fall 2013 CS 7450 38
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3 Subway Diagrams
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 2013 CS 7450 42
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But Is It InfoVis? )
—— |
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...

Fall 2013 CS 7450 43

Circular Layout h
— e d®

Ultra-simple
May not look so great

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

Fall 2013 CS 7450 44



Arc Diagram Layout

%ﬁ
Wattenberg
InfoVis ‘02
http://www.visualcomplexity.com/vc/index.cfm?method=Arc%20Diagrams
Fall 2013 CS 7450 45

Tree Layout
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 2013 CS 7450 46
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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 I->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 2013 CS 7450 47

Force-directed Layout
— Y
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 2013 CS 7450 48
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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 2013 CS 7450 49

Force-directed Example
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Figure 2: A graph drawing through a number of iterations of a force directed algorithm.
http://www.cs.usyd.edu.au/~aquigley/3dfade/
Fall 2013 CS 7450 50

25



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

In Action

ew Examples Documentation Downioad

Protovis

Force-Directed Layouts

Fall 2013 CS 7450 51

Images from JUNG

Variant
%
Spring layout
Simple force-directed spring
embedder —_—ee—e

Fall 2013 CS 7450 52
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Images from JUNG

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

Fall 2013 CS 7450 53

Images from JUNG

Variant \
R —l]|
Kamada-Kawai algorithm

Examines derivatives of force equations

Brought to zero for
minimum energy

Wilaposd > Cne compunent st

f { A2

NP A

A )‘[V

AN\ 2
e
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Other Applications .
-l

Email

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

Solutions???

Fall 2013 CS 7450 55

Possible Solutions .
R
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 2013 CS 7450 56
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Case Study

NicheWorks
Interactive Visualization of Very Large Graphs
Graham Wills

Lucent (at that time)

Fall 2013 CS 7450 57

Big Graphs .
—
20,000 - 1,000,000 Nodes

Works well with 50,000

Projects
Software Engineering
Web site analysis
Large database correlation
Telephone fraud detection

Fall 2013 CS 7450 58



Features

R

Typical interactive operations

Sophisticated graph layout algorithm

3 Layouts
Circular
Hexagonal
Tree
3 Incremental Algorithms
Steepest Descent
Swapping
Repelling

Fall 2013 CS 7450 59

Web Site Example

Circle layout Hexagonal layout Tree layout

Fall 2013 CS 7450 60
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Interface

Interface

I

.p:ﬂsﬂuvers.mtgerﬂ.em

http:/f205.228.252.8/? TP:MainMen

Jicpllib.uic.eduf004chicago/004chicago.htiml
-1.risoe. dk:G60/petersenirpyf 62
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Phone Fraud Example

Shown are
people calling
that country

Length of
edge is
duration of
call

40,000 calls
35,000 callers

Fall 2013 63

Fraud Example

icaragua A
-

Filtering for people
who made multiple
calls and spent a

significant amount

%@,aﬂesh of time on the phone

;E fmen Playing with parameters
like these is important

because fraudsters
’*’“““Z“e'a know how to evade
)““‘“S‘a" Note the two people
calling Israel and Jordan

ifippines

Fall 2013 E/ prus  CS 7450 64
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Fraud Example h
\ﬁ
Zooming in, we notice they have

similar calling patterns and numbers
(likely part of same operation)

Illegal to call between Israel and
Jordan at the time, so fraudsters

set up rented apts in US and charge
Israeli and Jordanian business people
for 31 party calling

When bills came to US, they would
ignore and move on

Fall 2013 CS 7450 65

More Neat Stuff

http://willsfamily.org/gwills/
Lots of interesting application areas
More details on NicheWorks

Fall 2013 CS 7450 66
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http://www.visualcomplexity.com

Mucho Examples

Fall 2013 CS 7450 67

Graph Drawing Support

R —l]|
Libraries
JUNG (Java Universal Network/Graph
Framework)
Graphviz (formerly dot?)
Systems
Gephi
TouchGraph
Fall 2013 CS 7450 68
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http://jung.sourceforge.net/

i ¢ X & ([ oo Bt ]

2 ot Vi Gt St I8 Marts N Tofic 8 150 400 8 740 62 Zimbrn B2 2 11 ot I st KOV | K v Soccr 9 it T e ) Frabock gt
S

JUNG

=

Java Universal Notwork Graph Framewark

Overview

JUNG — tha Java Unfversal Netwerk Graph Frameuwork.-is n saftware library that prenddes  commen and exten dbie language fer the modeling, andysis, and
visuallzation of data that can be represented as a graph or network, It s written In Java, which alows JUNG based applications Lo make use of the extensive
bt in cxpabilti Java API, 23 well ting Java Bbearies.

The JUNG architecture is designed to support a varisty of representations of entties ond thelr relations, such as directed and undirectad graphs, mult-madl
rapis, aphs with paralel edes, and Rypergraphs. It provides s mechanism for annatating graphs, catities, and relations with metadata. This fadiitates the
‘craation o ansytie tocks for complei: data 5ot that can examing the relstions batwasn entities 5 wel ok the metadsts ottazhed to sach antity and relation.

The son of JUNG includes i of & number of algorithy
routines for dustaring, decompasition, opHmization, random sraph generstion, statistica sulysl,

. dnta mining, and social metwork snalysis, such s

Ao, and imp

measares (centraity, Pagefank, HITS, ete.).

JUNG dso provdss o visusitzation framewark
use the framawork n st

thair sttantion, or thair sgorithms, on spacifi portions of the graph.

Usars ean use one of the
Mow users to focus

A5 30 0pen-s0urcs tibeary, JUNG pravides & common framemark for Graph  stwork aa dysis ad VisuadliZation, We hops That JUSG wil make It sasise for thase
who work wAth ta to maks us of one anothers' development SHorts, and thus svedd continualy re-inventing the wh

= The JUNG Framework Devstopaent Taam

Announcements

34 January 2010 JUNG 2.0.1 relossed.

10 Aprl 2008: JUNG 2.0 relemsed.

25 July 2008: JUNG 2.0 batat retonsd.

20 Fobruary 2007: JUNG 2.0 alphat relasse

Jung 2.0 Dames avalabie as applsts.

Maven? generated site for Jung 2.0,

18 Jonuany 2007: retansed lindudes & aumber of bug fless).

20 Octaber 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 foresseable future, but future development wil be focused solsly on JUNG 2.0 and its successors.
7 March 2006: JUNG 1.7.4 reloased.

Fall 2013
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http://www.graphviz.org

Graphviz
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Home
Welcome to Graphviz

What is Graphwiz?

Graphiz s open sourca grah visualizaton softwars. Graph wisuaization s 2 way of
reprasnting StXtural Afermation 38 A3graMs of ADSUTACT OrapNs and nEtwarks. It Nas
important applications in networking, biorformatics, sotware engineesing, datsbase and
web design, machine leaming, and 1 vesual mesfaces far other techrucal domans.

Features

The Graphiz layout programs take descriptiens of graphs in a simple text language, and
make diagrams in usafd farmats, wuch 5 mages and VG fur web pages, POF or Pastsat
for, . o i Drowsse. (Graphua 20
Suppurts AL, an XML dialect.) Graphse has many usel features for cencrete disgrams,
such a5 options for calars, fonts, kabular node Layouts, e styles, hyperinks, rolland custom
snapes.

 to-do st
* to-do st for 2.28
+ Graglvez User Types

Roadmap
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muls-dimensicnal scalng.

fdp “cpring model” Layouts cmilar o thess of nusts, but doss thes by redusng
10088 FaNBE 130 Working with £18gr.

muliscabe version of 1 For the layout of 1sge graphs
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stems, dynamic and hierarchical
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Runs on Windows, Lin

and Mac 05 X. GephiIs.
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|
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bQuickstan B videos

atures, complete support for longitudinal networks, and fixes mare than 80 bugs!

APPLICATIONS PAPERS
Like Photoshop™ for graphs.
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http://www.touchgraph.com/navigator

TouchGraph

e o tiew Vit Gockemaes oo telp
e £ | Wit v ouchigash comi nengator
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5. Graph Vissazation and Socka Net...|

1, TouchGraph

TouchGraph

NAVIGATOR

You have years of relational
information at your fingertips.
w you can learn from it

 LsamMosl | | & Tyinhowt | [Ln Ovdart

Load Data Easily Visuaize and Filter

@ sniwge

Group Data in Tables

F s

:: u:?s.
CEET .

TouchGraph
drought our target
customer universe €
tife in  compelling
way, allowing us to
identify the custamers
with the greatest
potential for inflrence
- Cindy Lend, vP
Hartin|Wilinms

Using the
TouchGraph Novigotor
e were able to visualize
our email trafic and
ensare that our new
development team was
folly integrated with our
company:

- Zachary Ohon, CFO

Stber Sstems

Enight =
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Graph Drawing Resources
B — ]
Book CRAPH DRAWIN

diBattista, Eades, Tamassia, and Tollis, e

Cng

Graph Drawing: Algorithms for the o¥ 7w

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

Upcoming .
Graphs and Networks 2
Reading

Perer & Shneiderman ‘06

Hierarchies and Trees 1

Reading
Card & Nation ‘02
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