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These slides have been largely adapted from B. Zupan and M. Hearst
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Today

» Assignments and presentations
» Assignment 3 out this week
» Presentations start next week (Wednesday)

» Project presentations Week 12 and 13
* Project papers due Week 14.
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Springer, 2003.
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Data: One-Dimensional

Trend Component
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Data: Two-Dimensional

MineSet’s Map Visualizer.
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Qt Parallel coordinates
General ‘ Settings |
Target class value:
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Data: Text

I Tor Sotarts o725/

From Inspire (TM) Software, see

Galaxies visualization

Uses the “night sky”
visualization to

documents

One document — one
star

Stars clustered
together represent
related documents

Includes analytical
tools to investigate
groups and time-

based trends, query

www.pnl.gov/infoviz/technologies.html
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Data: Text ThemeView (TM)

Topics or themes of
] text documents shown
3 natural terrain
The height of a peek
relates to the strength
of the topic

From Inspire (TM) Software, see
www.pnl.gov/infoviz/technologies.html ﬁﬂ@ LE

Data: Text Theme River (TM)
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stream relates to
the collective
strength of a theme

£ane(7)

From Inspire (TM) Software, see
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Data: Networks

S. cerevisiae gene interaction network
Tong et al., Science 303, 6 Feb 2004.
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V Batagelj, A Mrvar: Pajek @ vlado.fmf.uni-lj.si/pub/networks/pajek/

Data: Tree Hierarchies

Unix home directory Selected detail

L
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Standard 2D/3D

*  X-y (x-y-z) plots
* bar charts

* line graphs

* histograms

* maps

R ot Attribute Statistics (=63
Atbutes
age
workciass Valves
friwgt 90.00
education
education-num
marital-status
occupation
reltionship
race
sex
capital-gain
capitaHoss 4800
hours per-week
3891+ 1386 mean
:anvecnunby 30
200
17.00
977total values
67 distinct values
Save Graph
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Standard 2D/3D

Qt Distributions
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Standard 2D/3D

*  X-y (x-y-z) plots
* bar charts

* line graphs

* Bubble charts

* histograms

*  maps
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Geometrically Transformed Displays

e includes several
classes of
visualizations

* projection pursuit,
finding “interesting

POLLUTION DATA
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Geometrically Transformed |

» Parallel coordinates

i

|
]

Figure 2: The batches high in Yield, X1, and
Quality, X2.
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Iconic Displays
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W Horn et al.: Metaphor graphics to visualize ICU data over time, In IDA! véi 1998.
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Dense Pixel Displays

‘'DOW JONES

i
[UTU L
Ui

GOLD.USS

DOLLAR

L
DA Keim et al.: Recursive Pattern: A technique for visualizing very large amounts ﬁ]@@i&
Proc. Visualization 95, pages 279-286, 1995.
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Dense Pixel Displays

attr. 8 attr. 1

attr. 7 attr. 2

attr. 6 attr. 3

attr. 5 attr. 4

Ankerst et al.: Circle Segments: A technique for visually exploring large multidi;
In Proc. Visualization 96, Hot Topic Session, 1996.

L
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Stacked Displays

an example is

dimensional HEER G G e e e
stacking x S kN
L. N o
embed one e i
coordinate system e i s
within the other g | B i
e.g. two attributes . i
in one system, T
then another two i R 7

when drilling
down

L
J LeBlanc et al.: Exploring n-dimensional databases. In Proc. Visualization 90, pagﬁ@@l\?#:;ﬁ?ﬁ; A

Sta(\llgnl Nicnlavie

edibility

Detail Slider

.00
| e |

Rotx Roty i Dolly || % Weight Threshold

Decision table visualization from SGI’s MineSet L
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Stacked Displays

Qt Mosaic Display

I™ Show distibution
[V Show apriori distribution
[V Show distribution horizontally

Save Graph |

Shown attributes
1st attribute
child
sex v
2nd attribute
age v
3rd attribute
status v age
adult
4th attribute
(none) v

status
firstsecond third cre:

S ——1

male female

Mosaic display in Orange.
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Classification
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D Keim & M Ward: Visualization,
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M Berthold & DJ Hand (eds),
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Visualizing Networks

* Networks/graphs vs trees

» Algorithms for network layout
* Multidimensional networks

*  New toolkits
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Graph and Tree Data Structures

| S .

* Graphs: @
= Representations of structured, connected data

= Consist of a set of nodes (data) and a set of edges (relations)
= Edges can be directed or undirected

* Trees:
= Graphs with a specific structure
» connected graph with n-1 edges ﬁ
= Representations of data with natural hierarchy
= Nodes are either parents or children

SCHOOL OF INTERACTIVE
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When is Graph Visualization Applicable?

* Ask the question: is there an inherent relation among the data
elements to be visualized?

= [f YES — then the data can be represented by nodes of a graph, with
edges representing the relations.

= [f NO - then the data elements are “unstructured” and goal is to use
visualization to analyze and discover relationships among data.

Source: Herman, Graph Visualization and Navigation in Information
Visualization: a Survey

SCHOOL OF INTERACTIVE
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Common Applications

* Process Visualization (e.g., Visio)

» Dependency Graphs

» Biological Interactions (Genes, Proteins)
»  Computer Networks

» Social Networks

» Simulation and Modeling

SCHOOL OF INTERACTIVE
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Graph Layout

* How to position the nodes and edges?
* The primary concern with networks

while inheriting other issues such as color, size, etc

* The topic of the Graph Drawing conference (as well as numerous InfoVis
papers) and even multiple books.

Slide adapted from Jeff Heer
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Graphs: the problem
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Graph Layout: The Problem

. Hi\1DissUsenet \datacollection\Lang.C.Arpril.net (1078)
Layout GraphOrly Previous Redraw Next Options Export Spin Move Info

L
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Graph Layout: The Problem

L
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Traditional Graph Drawing

poly-line graphs
(includes bends)

orthogonal
drawing l

planar, straight-
line drawing

upward drawing of DAGs

Slide adapted from Jeff Heer j sRactive

Aesthetic constraints

* Minimize link crossings
e Minimize link lengths

* Minimize link bends

* Maximize symmetries

* Mathematically difficult to do
everything

¢ Unsuited for interactive
visualization

e Prioritise and precompute

uuuuuuuuuuuuuuuuuuu
ARTS + TECHNOLOGY




Layout Approaches

» Tree-ify the graph - then use tree layout
» Hierarchical graph layout
» Radial graph layout
» Optimization-based techniques
= Includes spring-embedding / force-directed layout
» Adjacency matrices
» Structurally-independent layout
* On-demand revealing of subgraphs
» Distortion-based views
= Hyperbolic browser

* (this list is not meant to be exhaustive)

L
Slide adapted from Jeff Heer ﬂ@_& ARTS # TECHN

Tree-based graph layout

» Select a tree-structure out of the graph
= Breadth-first-search tree
= Minimum spanning tree
= Other domain-specific structures
* Use a tree layout algorithm
» Benefits
= Fast, supports interaction and refinement
» Drawbacks
= Limited range of layouts

sssssssssssssssssss
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Tree-ify the graph
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Slide adapted from Jeff Heer
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Hierarchical graph layout

* Use directed structure of graph to inform layout
» Order the graph into distinct levels
= this determines one dimension
*  Now optimize within levels
= determines the second dimension
= minimize edge crossings, etc
*  The method used in graphviz’'s “dot” algorithm

» Great for directed acyclic graphs, but often misleading in the case of

cycles

Slide adapted from Jeff Heer

it
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Hierarchical Graph Layout
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Slide adapted from Jeff Heer

Hierarchical graph layout
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Radial Layout

« Animated Exploration of Graphs with Radial Layout, Yee et al., 2001

¢ Gnutella network
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Optimization-based layout

» Specify constraints for layout
= Series of mathematical equations
= Hand to “solver” which tries to optimize the constraints
*  Examples
= Minimize edge crossings, line bends, etc
= Multi-dimensional scaling (preserve multi-dim distance)
= Force-directed placement (use physics metaphor)
* Benefits
= General applicability
= Often customizable by adding new constraints
» Drawbacks
= Approximate constraint satisfaction
= Running time; “organic” look not always desired

L
Slide adapted from Jeff Heer iﬂ@.&
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Example: Force-Directed Layout
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Uses physics model
to layout graph,

Nodes repel each
other, edges act as
springs, and some
amount of friction or
drag force is used.

Special techniques to
dampen fjitter”.

visual wordnet http://www.kylescholz.com/projects/wordnet

YiISUWOIDS o serr Hedd LR/ WWw.visuwords.com/

ARTS + TECHNOLOGY
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Typical Sugiyama layout (dot)
- preserves tree structure

Alternative method
- preserves uniform edge lengths

slide borrowed from Tim Dwyer
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e slide borrowed from Tim Dwyer

-/ : T A TN

(a) 1 band (b) 6 bands

— /
x/ \?

\ |

(c) 4 bands (d) 2 bands

Adjacency Matrices

» So far, only looked at node-link diagrams
» Often doesn’t scale well due to edge-crossings, occlusion, etc. --> hard to
read
» One solution: adjacency matrix
= show graph as table
= nodes as rows/columns
= edges as table cells

SCHOOL OF INTERACTIVE
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Slide adapted from Jeff Heer iﬂ@.&
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Matrices il il

http://www.informaworld.com/smpp/content~content=a789632485~db=all

20 Years of Four HCI Conferences: A Visual Exploration
Henry et al. IJHCI 2007

- — B
XN

ioLoGY

Matrices with Submatrices

+ _ http://www.informaworld.com/smpp/content~content=a789632485~db=all
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Using Distortion and Focus + Context

* The Hyperbolic Tree Browser

The Hyperbolic Browser: A Focus + Context Technique for Visualizing Large Hierarchies,
Lamping & Rao, CHI 1996.

= hitp://www.inxight.com/products/sdks/st/

= Uses non-Euclidean geometry as basis of focus + context technique
» The hyperbolic browser is a projection into a Euclidean space — a circle

= The circumference of a circle increases at a linearly with radius (2 PI)

= The circumference of a circle in hyperbolic space increases
exponentially

» Exponential growth in space available with linear growth of radius
= Makes tree layout easy

» Size of objects decreases with growth of radius
= Reduces expense of drawing trees when cut-off at one pixel

SCHOOL OF INTERACTIVE
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Appearance of Initial Layout

* Root mapped at center
» Multiple generations of children mapped out towards edge of circle
» Drawing of nodes cuts off when less than one pixel

SCHOOL OF INTERACTIVE
ARTS + TECHNOLOGY
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User orientation on refocus

* Problem
= Hyperbolic Geometry can allow disorienting rotations of objects when
refocusing
+ Solution one:
= Preserve initial angular orientation of parent to child nodes

e Solution two:

= Preserve left to right orientation of parent to child nodes beginning with
initial display

uuuuuuuuuuuuuuuuuuu

User orientations - Solutions

Preserving Angular Orientation Left to Right Ordering

28



Structurally-Independent Layout

* Ignore the graph structure.
» Base the layout on other attributes of the data
*  Examples:

= Geography

= Time
* Benefits

= Often very quick layout

= Optimizes communication of particular features
» Drawbacks

= May or may not present structure well

L
Slide adapted from Jeff Heer ﬂ&@i&
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Structurally Independent Layout

» The “Skitter” Layout
= Internet Connectivity

» Angle = Longitude
= geography

* Radius = Degree
= # of connections

Skitter, www.caida.org

Slide adapted from Jeff Heer
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Progressive Disclosure

*  Only show subsets that are currently

selected A A
- http://www.theyrule.net/ b
 http://kylescholz.com/projects/wordnet/ / “:‘ "ml»
wordnet2.html ,.i’i‘”

rd U ends ' g
i ' i
[ TR
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Problem: Multivariate Graphs

* What if you want to associate information with the nodes and edges?
* Typical approach: vary
= Size of nodes
= Color of nodes
= Fatness of edges
= Colors of edges
* However, it's hard to make quantitative comparisons when these retinal
cues are spread throughout the graph.

SCHOOL OF INTERACTIVE
ARTS + TECHNOLOGY

FhEE
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Solution: Wattenberg’s Pivot Graphs

* Use “roll-up” idea from OLAP to compress and re-express graph
data.

= Aggregate all nodes that have the same values on each of those
dimensions, and aggregate edges accordingly.

* In graph below,
F = Female, M = Male, Numbers mean counts

3
(F
2 2
/ \ Roll-up
@

:
o
o

NN

0——0,

sssssssssssssssssss
rrrrrrrrrrrrr

Visual Exploration of Multivariate Graphs, Wattenberg, IEEE Infoviz ???

Multidimensional Pivot Graphs

* What is added, and what is lost, from this transformation?

©
@ o

g ©
mo & -0 @

PivotGraph Roll-up

o '+ @

Node and Link Diagram
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File View Scale
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Issues with Pivot Graphs

» Disconnected components may become connected
» Acyclic graphs may obtain cycles

SCHOOL OF INTERACTIVE
ARTS + TECHNOLOGY

il

New toolkits!

Networks for excel by Marc Smith et al. at
Microsoft research
= Used to be called .Netmap

= Now called NodeXL
= Requires windows-specific software ,‘,.,m -

il Cardon

* (Search on “excel NodeXL")

*  Chart Tamer for Excel
» Stephen Few et al.
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.NetMap: Edges Worksheet

0a) L R SampleSocialNetworkv5.xlsx - Microsoft Excel Table Tools
: Home Insert Page Layout Formulas Data Review View Developer Add-Ins » Design
1< CEUNG ‘ a3 C#UNG V! Show Graph
&8 Mindjet MindManager ‘
Menu C d Toolbar Commands| | Custom Toolbars||  CFUNG 2008
F3 v fe | Yes
A B c D 6 | H ] I
1 width B3| opaci
2 16899266 14258203 Yes |Edges worksheet
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Slide courtesy Marc Smith iﬂ:\[@i&

.NetMap: Vertices Worksheet

F G H | J
Secondary abel B3| TooltipBavisible ]

16899266 16899266

15522825 Circle Vertex Radius 15522825 15522825

11305793 Circle Enter an optional 11305793 11305793

42502628 Circle vertex radius 42502628 42502628
. between 0.1 and

41929652 Circle 50, 41929652 41929652

41901803 Circle 41901803 41901803

A10NNOCT Fivala A1ANNOLT A1ANNOCT
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A=)

visuSites.xlsx - Microsoft Excel non-commercial use
— -

Table Tools

g Home Insert Page Layout Formulas \ IE‘ Review View Add-Ins Design @ -3 X
B | H’a | connections 3 ? K Clear E‘q |=f pata validation ~ = % Group ~  #= [ Data Analysis
&) 5% properties 2IAL 1B, Reapply = [FaConsolidate & Ungroup ~ “Z
e Emf"a': Refresh o et Links g | S ¥ Advanced o O WhatIf Analysis ¥ || & | subtotal
Data~ | Al -+ Columns Duplicates =2 alysi |
| Connections Sort & Filter Data Tools Outiine Analysis
E236 - fe|
Vertex1 | Vertex2 | Color | Width | Opacity | Visible? | C2UNG 2008 ~
P32 UK us Sky Blue 2 | [7] Read Workbook [E] Refresh Layout | §# Layout + = Metadata 7 Options
P33 UK us Sky Blue 3
b34 UK us Sky Blue 5
b3s uk us Sky Blue 5
P36 UK us Sky Blue s| !
237; UK us Sky Blue 5 Edge Opacity
P38 UK us Sky Blue 5 Enter an optional
b3g Uk us Sky Blue 5 erige opacity
==} between 0
pao UK us Sky Blue S (transparent) and 10
P41 UK us Sky Blue S, (opaque).
ba2 UK us Sky Blue 2
ZEHVS us Sky Blue 5
bas UKk us sky Blue s
bas uk us Sky Blue 5
bas UK us Sky Blue s
P47 UK us Sky Blue 1
bas US us Blue 4
b4 zambia  US Blue 3
bso UK Vatican  Rec™ 1
bs1/uk Venezuela Red i
bs2 UK Venezuela Red 1
bs3 uk Venezuela Red S,
ZdeMalaysia Vietnam z

Slide courtesy Marc Smith
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Marc’s Facebook Graph
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Chart Tamer

Chart Picker

1. Select the relationship(s)
you want to display.

Simple Value Comparison

Time Series

]
HOUE T BN oo

Mgy cokorts © Bar O Barvowe [ Gome.

Part-

anking

Distribution & Sinale
) Multiple

\ Correlation

2. Select what you want to feature.
Overall trends or patterns

Individual values or intervals

Both of the above

Objects available for encoding data

[Bars 114 Lines v~ Points .-*[Boxes #

3. Select the type of chart
you want to use.

I||I i
p—
=

Dot and Strip ’ 1iid

-]

Box and Stock

Scatter and Bubble | *

comesn il |

You will present a distribution relationship using bars in the form of a..

Reset

[ ok | cancel |

- Stephen Few + XL3

¢ Function-based

Atyookens O Bt O Ba s G |
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