Graphs and Networks 1

—

CS 4460 — Intro. to Information Visualization
November 6, 2017
John Stasko

Learning Objectives -

Define network concepts
vertex, edge, cycle, degree, direction

Describe different node-link design choices
color, width, position, shape, size, label, form

Enumerate primary aesthetic considerations for layouts
edge crossings, clusters, symmetry, edge lengths

List example tasks for network data

Explain "ball of string/hairball" problem

List common layout approaches and describe characteristics of each
hierarchical, force-directed, circular, geo, matrix

Define "edge bundling"

Fall 2017 CS 4460 2



Connections
— 1
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?

— el
Vertices (nodes) connected by
Edges (links)

Adjacency list

HI

Drawing
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Adjacency matrix
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Graph Terminology )
ﬂ\,ﬁ—
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
S
Subcase of general graph

No cycles

Typically directed edges .
Special designated root vertex "4 \‘
/‘\.

=

Canns = ‘ﬁ% WIS H/
> 2\W 112K WAV/(E(E)|K
N CIVAY Hkgﬂig) L WESN

Fall 2017 CS 4460 6



Graph Uses n
Iy
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
Graph layout and positioning

Make a concrete rendering of abstract graph
Navigation/Interaction

How to support user changing focus and
moving around the graph
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Scale Challenge .
Previous two issues not too bad for small
graphs, but large ones are much tougher

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

Changing focus may entail a different
rendering
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Layout Examples \
I—
Homework assignment
Let’s judge!
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Results

What led to particular layouts being liked
more?

Discuss
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Talk Thursd ay TSRB Audizt_o?’riﬂm
M

Georgia  Interactive
Tech ' Computing

Visualizatios

Data Presentat
‘Letting the Data'Sg
just isn’t that easy’

Thursday, Nov. 9, 2pm / TSRB Auditnxiﬁ
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Quiz 4
I ——

[cs 4460, Fall 2017 Name:
Pop Quiz 4
1111117

1. Draw the shce-and-dice treemap representation for the hierarchy below. It uses this
notation
Node: Childl, Child2, ... (order means nothing)

C-3.E-1.F-1.G-4.H-6,1-3,J-6. K-2. L4
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Graph Drawing

Entire
research
community’s
focus
et B Vst
== yWorks
WEe, Important dates
A i =
= @Springer
;_;». ‘e
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Vertex Issues n
B
Shape
Color
Size
Location
Label
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http://www.research.att.com/sw/tools/graphviz/examples/directed/profile.dot.txt

Edge Issues

Color
Size

Label
Form

Polyline, straight line, orthogonal, grid,
curved, planar, upward/downward, ...

Fall 2017 CS 4460 17

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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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 2017 CS 4460 19

Which Matters?

— el
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

Fall 2017 CS 4460 20
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Shneiderman’s NetViz Nirvana
______::::============EEEE===E!=================I=======III=E§Egi_

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 2017 CS 4460 21

Classic Problem
i
With enough vertices and enough edges,
you get... Nripy
A hairball! i
(ball-of-string) -

http://visone.info/wiki/images/b/b7/Caltech36-hairball.png

Fall 2017 CS 4460 22
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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
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Graph Vis Task Taxonomy
—
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 2017 CS 4460 BELIV'06  ,,
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Graph Vis Task Taxonomy
ﬂ\,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
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Graph Vis Task Taxonomy -

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 2017 CS 4460 26
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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 2017 CS 4460 27

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

Fall 2017 CS 4460 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
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Note the two
extra variables
per vertex

Click and drag
to zoom

%,
. .
®
« 3°
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.
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



Social Network Visualization

Social Network Analysis
http://www.insna.org
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Hot topic again

Why?
Terrorists

Facebook

33

http://www.slate.com/id/2180392/

34
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Layout Heuristics

—

Layout algorithms can be

Fall 2017

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

CS 4460 35

Common Layout Techniques
Hierarchical
Force-directed
Circular
Geographic-based
Clustered
) We will discuss many
Matrix of these further in the
Attribute-based slides to come

Fall 2017

CS 4460 36
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Tree Layout (Use Last Week)

ﬁﬁ;

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 2017

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

http://www.csse.monash.edu.au/hons/se-projects/2006/Kieran

Fall 2017

CS 4460 37
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.
.Simpson/output/html/node7.html#sugiyamaexample
CS 4460 38
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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 2017 CS 4460 39

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 2017 CS 4460 40
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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 2017 CS 4460 41

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 2017 CS 4460 42
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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

Uses curved lines and
becomes "chord diagrams"

Fall 2017 CS 4460 43

http://circos.ca/

Circos

WHAT IS CIRCOS?
CIRCULAR VISUALIZATION

Clrcos is a software package for visw
between objects or positions. There

ation. It visualizes data in a clrcul
& clrcular layout s advantageous,

infographics and with a high d
in the figure to tallor its focus points and detal to your audience.

yout — this makes Circos ideal for exploring relationships

the least being the fact that it is attractive.

a ideal for creating publicati
have fine h el

atio, richly layered data and pleasant symmetries. You

Fall 2017 CS 4460 44
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https://gigaom.com/2012/06/29/whos-connected-to-whom-in-hadoop-world-infographic/
Chord Diagram

. “amazon
*¥ webservices

1]
H

//friv!llf}: “ni\‘,\\:"}\\
R
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http://www.nytimes.com/interactive/2007/12/15/us/politics/DEBATE.html?_r=0

December 15, 2007 SIGN INTO E-MAIL OR SAVE THIS | FEEDBACK

Naming Names ﬁ-

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.

;;;fw
L7

) z
" )
[s]
\\77 z
= Z
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.

EDWARDS

Each thin line represents
one candidate speaking
the last name of another
candidate.

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

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

Source: Debate transcripts Jonathan Corum and Farhana Hossain/The New York Times

Fall 2017 CS 4460 46
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Arc Diagram Layout

Wattenberg
InfoVis ‘02

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

Fall 2017 CS 4460 47
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http://www.nthelp.com/images/uunet.pdf

Geo/Map Approaches
M

UUNET’s North America Internet network

Maps can easily become networks
Fall 2017 CS 4460 49

http://www.citylab.com/tech/2014/02/mapping-where-people-run/8313/

Where People Run

| waincn | armsen §uvs | neows ey

CITYLAB COMMUTE WORK HOUSING WEATHE

o

Atlanta

Mapping Where People Run
These paptecs chart the o popudar futes i 22 e,
[(EERCE000
apder oy g Em
i
!
Y
.
1
5 4
i\ !
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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!

Subway-style diagrams have become their
own genre of network layouts

Fall 2017 CS 4460 54
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Matrix Representations -
ﬂ\,ﬁ—
Forget the node-link approach

Les Miserable

http://www.themacroscope.org https://homes.cs.washington.edu/~jheer/files/zoo/

Fall 2017 CS 4460 55

Drawing Graphs Better -
—
Can we do clever “tricks” to make dense
graphs more readable?

Fall 2017 CS 4460 56
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- more difficult to discern due to visual clutter.

Hierarchical Edge Bundles
%
Bundle edges that go from/to similar
nodes together
Like wires in a house
Uses B-spline curves for edges

Reduces the clutter from many edges

Holten
TVCG (InfoVis) ‘06

Fall 2017 CS 4460 57

Example

i

b}

\

«
p

a)

Fig. 11. A sofiware system and its associated call graph (caller = green, Fi ;. i i f

< 2 5 - ig. 12. Radial layout construction. (a) A radial tree layout is used for
callee = red). (a) and (b) show the system without bundling using a radial the inner circle and subsequently mirrored to the outside; (b) the inner
ag absquar_ltled t;‘eem:ptlayot:t'(r;:de Ia(bells dlsable:_i)f re;pfgctlvtz_’j. (@) layout is hidden and its structure is used to guide the adjacency edges.
800 (b).mainly show hot epois; the actual connectivty-informaton s Anicicle plot based on the mirrored layout is used to show the hierarchy.

Fall 2017 CS 4460 58
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Fig. 13. A software system and its associated call graph (caller = green, callee = red). (a) and (b) show the system with bundling strength g = 0.85
using a balloon layout (node labels disabled) and a radial layout, respectively. Bundling reduces visual clutter, making it easier to perceive the
actual connections than when compared to the non-bundled versions (figures 2a and 11a). Bundled visualizations also show relations between
sparsely connected systems more clearly (encircled regions); these are almost completely obscured in the non-bundled versions. The encircled
regions highlight identical parts of the system for (a), (b), and figure 15.

Fall 2017 CS 4460 59

Opinion
M
Many graph drawings/visualizations
(particularly the hairballs) provide little
insight about the underlying data

Many are just "show offs" to make an
accompanying visualization

Fall 2017 CS 4460 60
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Many Examples
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http://www.visualcomplexity.com
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But Is It InfoVis?
By
i&;ﬁi—i
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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http://gephi.org

s

Like Photoshop™ for graphs.
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http://marvl.infotech.monash.edu/webcola/

-
cola.js
cola.js
Constraint-Based Layout in the Browser
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=
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Learning Objectives

Define network concepts
vertex, edge, cycle, degree, direction

Describe different node-link design choices
color, width, position, shape, size, label, form

Enumerate primary aesthetic considerations for layouts
edge crossings, clusters, symmetry, edge lengths

List example tasks for network data

Explain "ball of string/hairball" problem

List common layout approaches and describe characteristics of each
hierarchical, force-directed, circular, geo, matrix

Define "edge bundling"
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Upcoming )
e ———)
Graphs and Networks 2

Prep: Try out immersion (website)

Lab 8: D3 Interactivity 2
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