2D Visualization Techniques:

Taxonomy and overview
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These slides have been largely adapted from D. Keim, B. Zupan and M. Hearst
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Today

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

* Project presentations Week 13 and 14
* Project papers due Week 14.
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Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...)

=T networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis, 1 ulti-dimensional

M Berthold & DJ Hand (eds),
Springer, 2003. . .
T two-dimensional
=+ one-dimensional
Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display
Link & Brush
Dense Pixel Display , _
Distortion
Stacked Display Visual.ization Interaction & Distortion Technique
Technique
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Filtering

Iconic Display
Link & Brush
Dense Pixel Display , _
Distortion
Stacked Display Visual.ization Interaction & Distortion Technique
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Data: One-Dimensional

Trend Component

BGL (mg/dl)

a0t 1 1 1 1 1 1 1 1 1 ]
0 2 4 B i 10 12 14 16 18 20
Time {days)
T Daily Cycle component (* breakfast, o lunch, + dinner)
? 100 T Ll 1 T I Ll T 1 T
= { 3
- "
g S0P ¢ : G .
= L. 9
= )
c N : - y
g U i Ul ¥ =
@ . 4 X
S -sof :
[
T
> _1 DU 1 1 1 1 1 1 1 1 1
. 0 2 4 ] g 10 12 14 18 18 20
@ Time (days)

I__l —| |||: SCHOOL OF INTERACTIVE
R Bellazzi: Mining Biomedical Time Series by Combining Structural Analyisis 'and- ral Abstractions,
In Proc. of AMIA 1998.

iy



Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...)

=T networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis, 1 ulti-dimensional

M Berthold & DJ Hand (eds),
Springer, 2003. . .
T two-dimensional
=T one-dimensional
Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display
Link & Brush
Dense Pixel Display , _
Distortion
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Technique
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Data: Two-Dimensional

MineSet’s Map Visualizer.
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Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...)

=T networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis, 4+ multi-dimensional

M Berthold & DJ Hand (eds),
Springer, 2003. . .
T two-dimensional
=+ one-dimensional
Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display
Link & Brush
Dense Pixel Display , _
Distortion
Stacked Display Visual.ization Interaction & Distortion Technique
Technique

SCHOOL OF INT CTIVE
ARTS #+ TECHNOLOGY

|__||_




General ISettings I

— Target class value:
I (None) j

— Shown attributes
sepal length
petal length
petal width
sepal width

arvp | msroown |

Add attr. | Remove attr. |

— Hidden attributes

Optimization dialog | —
— Zoom / Select 430 1.00 0.10 2.00

@ olol o xIm|| . n .

sepal length petal length petal width sepal width

® ins=Irs-setosa ® ins=lrs-versicolor * ins=lrs-virginica

Save Graph |
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Data: Multi-Dimensional




Data: Multi-Dimensional

[T1p: 2001.04| D
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Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...), METADATA

=T networks

) ) . T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis, 1 ulti-dimensional

M Berthold & DJ Hand (eds),
Springer, 2003. . .
T two-dimensional
=+ one-dimensional
Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display
Link & Brush
Dense Pixel Display , _
Distortion
Stacked Display Visualization Interaction & Distortion Technique
Technique
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Data: Text

SPIRE Version 2.2.1 for Solaris (06/25/97)

p | Loading Batabase “conlit_all’...
Batabase ‘canlit all’ sucosssfully losded,

wlo

Galaxy visualization of 567,437 cancer literature abstracts

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

Galaxies visualization

Uses the “night sky”
visualization to represent a
set of documents

One document — one star

Stars clustered together
represent related
documents

Includes analytical tools to
investigate groups and
time-based trends, query
contents



Data: Text

= SPIFE. (S Solacis Veraien 2,000

Filo | €dit | Teols | Visualizatices | Help | Selected 2 clusters
Selected 11 documents
Querylng the databyse fee gisting terns: pleass wit...

seal bosniy /
lbo:nla boznt; 2nid basnt

raq iradi V)

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

ThemeView (TM)

Topics or themes of text
documents shown in relief
map of a natural terrain

The height of a peek
relates to the strength of
the topic
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Data: Text

Theme River (TM)

» Jdentification of time
related trends and
patterns

» Themes represented as
colored streams

 The width of the
stream relates to the
collective strength of a

theme
Hay Jun Jul Aug Sep
From Inspire (TM) Software, see
www.pnl.gov/infoviz/technologies.html
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Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...), METADATA

= networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis,
M Berthold & DJ Hand (eds),
Springer, 2003.

=T multi-dimensional

T two-dimensional

=T one-dimensional

Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display

Link & Brush

Dense Pixel Display

Distortion

Visualization

Stacked Display Teehni
echnique

Interaction & Distortion Technique
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E. coli metabolic network (colors denote predominant
biochemical class of metabolites)
Ravasz et al., Science 297, 30 Aug 2002.

Data: Networks

S. cerevisiae gene interaction network
Tong et al., Science 303, 6 Feb 2004.
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Data: Networks

Topology

« What’s connected to
what

« Strength/nature of
relationship

« Balance

Tenable Network Security's Security Center

2D Visualization | IAT814 | 10.11.2009
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Data: Tree Hierarchies

*

g &l — ¥
; } 4
o s
v d\ )

‘V

.
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e TN o
— 7 .\
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Unix home directory Selected detail

Kleiberg et al.: Botanic Visualization of Huge Hierarchies, In InfoVis, 2001.
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Data Type

C I a SS Ifl Catl O n T other (e.g. algorithms/software, ...), METADATA

=T networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis, 1 ulti-dimensional

M Berthold & DJ Hand (eds),
Springer, 2003. . .
T two-dimensional
=+ one-dimensional
Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display
Link & Brush
Dense Pixel Display , _
Distortion
Stacked Display Visualization Interaction & Distortion Technique
Technique
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Data: Metadata

. Personal : ]
® BrUShlng Office Tools 1§ M ]
2 Hardware 1 2 4Mp ]
g  Graphics 1 B 3| 1
g Games 1 g M ]
Educational . 7] ]
. BUSINESS —— oM ]
¢ U ncertalnty oM 2M 3M 4M 5M 6M 7M 8M Annie Eric Robert Sue
Sum of Total Employee
® 1.2M l I ‘ - l [
. S 1.0M M—e— ]
 History 5 08 = “
£ 0.4M 2 .
@ 0.2M = mk ]
L @ .. ® J
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Data: Metadata

Fiters: ”:I
111

Graphic Type: (1
Bar Chart > il UL
Bookmarks:  [] Show Only Show Ma! Move Market Size to Add State to Columns  Add Product to Colurmns
Columrs
(Export ] [(Reset ] [ >
Coun A Conn A - -
L2 - ree - - -
=EI=EIF
o L "‘ 7:
Open Shast 1 Ackd Markat Add Markat Sze  Add Product Add Budow! Add Budow! Sewt  Show Mel
Profit
Conn - Comw & B n
o B ror v - o
e = L £
- ’ . { ™ =
Unrdo Urdo Undo Undo Undo
x - - S A B
o “ S o - S A
nh { : o i /4 o~ s
— - — i SR N TSV AY W
Redo Redo Redo Redo Redo Add Irvertory  Add Margin

* History

* Navigation
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e
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Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...)

=T networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis,
M Berthold & DJ Hand (eds),
Springer, 2003.

=T multi-dimensional

T two-dimensional

=T one-dimensional

Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display

Link & Brush

Dense Pixel Display

Distortion

Visualization

Stacked Display Teehni
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Standard 2D/3D

& Ot Attribute Statistics E]@
¢  X-y (x-y-z) plots ~Atvbtes
S
° b a r C h a r‘tS workclass Values

frlwgt 90.00
education ’

L4 i educationum
| I n e g ra p h S marital-status
. occupation
* histograms rltonshp
race

maps -

° capital-gain

p capitalHoss 48.00

hours-per-week

native-country 3891+ ;%gg

y
28.00

max

75%

mean
median

25%

17.00 min

§77 total values

67 distinct values
Save Graph
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Standard 2D/3D

General ISettlngs I 140

* Xy (X'y'Z) pIOtS Variable ]

e bar charts e Al
. Target value i 0.8
* line graphs [>50K R . -
 histograms ]
<=50K b 0.6
*  maps ]
05
B 04
1 03
4 0.2
1 0.1
] 0
20 30 40 70 80 90 100

frequency
L= (o]
o o

| 1 1

'S
o
1

N
o
|

1

o
L

Save Graph
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Standard 2D/3D

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

* line graphs

* histograms

*  maps

Qt Scatterplot

General lSettings I

— Xaxds attrbute ————————;

I sepal length

— Y ads attibute —————————

I sepal width

Color attribute
I~ Show color legend

| iris

Shape attribute

I (One shape)

— Size attibute ————————;

I {One size)

VizRank optimization dialog

Cluster detection dialog

Zoom / Select

alf@ 9 o x/m

Save Graph

sepal width

451

354

251

B

®
®
& 1
45 5 55 6 6.5 7 75 8
sepal length
#& irs=Iris-setosa # ins=Iris-versicolor # ins=Iris-virginica

1
e
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Standard 2D/3D

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

* line graphs

* Bubble charts

* histograms

*  maps

Paese

Click to select,
Ctrl-Click: multiple
Shift-Click: range

M Usa

M Cina

M Ciappone
Germania

M Francia

M India

M Gran Bretagna
Corea

[ Brasile

M Canada

M Taiwan

W Italia

M Russia

M Spagna

M Resto del mon

Spesa 2007 (miliardi $ a ppa)

Disks colored by Paese

- 200

100

L0

Resto del mondo
102

Russia
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Geometrically Transformed Displays

POLLUTION DATA

* includes several o} =T g =
| 2 2 2
C!assgs of . 2;%%{ g '?;\2/
visualizations | AT 2* | =
e projection pursulit, 27 . 2|
finding “interesting 2 Les0 ?'%/ , =
. ” 2 2 12 2 T 2
transformations” of 0 - - - °
multi-dim data set o . - . ?;_/
. 22 2 2 2 2
« scatterplot matrix o \‘/—3\2 Bazt 2
2

« parallel coordinates

2, 2 2 .2 = SULFUR 3000
2 f'z\?,-qn‘zﬂ 2 QXIDE
WwEE 2 2 | ﬁ{\z
0
L) 250 500 ) 100 200

SCHOOL OF INTERACTIVE
ARTS + TECHNOLOGY

rﬁl_




Geometrically Transformed | m

 Parallel coordinates

4 —z':. ” Y 7
|
., N/

i f )
RN
WM AN
"}\ I NIAR A _!_s' !
I NG
:"\/} LW "!/ IalRs
ARpRARARER

Figure 1: The full dataset consisting of 473 batches

» Ki A O Ke XS X A7 KB X% O XKIe Xil X2 XY Xie XN

\ /

l

Figure 2: The batches high in Yield, X1, and

Quality, X 2.

v‘%ii/

2D Visualization | IAT814 | 10.11.2009

ure 5: The best batch. Highest i
and very high in Quality, X2,

|

Figure 7: Upper l:aTige of splitin X15




Parallel Coordinates

T T T T T T
Weight L1 L2 L3 Height  Width L21 L32 L31

http://www.evl.uic.edu/aej/526/kyoung/Training-parallelcoordinate.html
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lconic Displays

FiOz  «— HR —» . Catecholamines

Circulation
—_— \ BP _~Timeach): flspont)
Respiration i IPIP
v $ PEER/PaW/CPAD leval

Total resp. rate

—'\—___‘_
Fluid balance  Intzke[| == $ Outout

Catechelamines T T
Fio, T T
74 40 &0 20 100

i Patient: 96099 08.07.1996 00:00 - 27.08.1996 23:45
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Dense Pixel Displays

v

vivivty
|

v

il
1

v

‘DOW JONES

GOLD.USS

IBM

DOLLAR

DA Keim et al.: Recursive Pattern: A technique for visualizing very large amounts 5%2

Proc. Visualization 95, pages 279-286, 1995.

O
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Dense Pixel Displays

attr. 8 attr. 1

SCHOOL OF INTERACTIVE
°* ARTS + TECHNOLOGY

Ankerst et al.: Circle Segments: A technique for visually exploring large multidimérrsTOHal dataJ
In Proc. Visualization 96, Hot Topic Session, 1996. —— =t




Stacked Displays

* an example 1s
dimensional |
stacking

*  embed one
coordinate system

ke
e
b
o
o
o
]

sl n
within the other L I
* e.g. two attributes --n x 5
in one system, aSiS i

then another two
when drilling
down

e
U

J LeBlanc et al.: Exploring n-dimensional databases. In Proc. Visualization 90, paggai

[
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Stackad Nicnlavc

edibility

0K
ammﬂqﬂ
Jielf

$02

mt
I
(][ |2l v |

<>
= ||

—

spore print colox

B pOISONoUS

Label Probability
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| | - | 1
Detail Slider
.00
| T | 1
Rotx Roty A % Weight Threshold
Decision table visualization from SGI’s MineSet — ‘
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Stacked Displays

Qt Mosaic Display

— Shown attributes
— 1st attribute

ISEX

L

— 2nd attribute
| age

L

— 3rd attribute
| status

L

— 4th attibute

I {(none)

L

I~ Show distribution
[V Show aprioni distribution
[V Show distribution horizontally

B=1E3

Save Graph

ilal

status
firstsecond third
chid I ] [
age
adult
male

female

Mosaic display in Orange.

e
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Data Type

C I aSS Ifl Catl O n T other (e.g. algorithms/software, ...)

=T networks

) ) . =T text, web content
D Keim & M Ward: Visualization,

in Intelligent Data Analysis,
M Berthold & DJ Hand (eds),
Springer, 2003.

=T multi-dimensional

T two-dimensional

=T one-dimensional

Standard 2D/3D Display Standard

Geometrically Transformed Display _Projection

Filtering

Iconic Display

Link & Brush

Dense Pixel Display

Distortion

Visualization

Stacked Display Teehni
echnique

Interaction & Distortion Technique
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Visualizing Networks

* Networks/graphs vs trees

« Algorithms for network layout
* Multidimensional networks

* New toolkits

M|

L
|_
| -
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Graph and Tree Data Structures

« Graphs: @7
» Representations of structured, connected data

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

e Trees:

= Graphs with a specific structure

« connected graph with n-1 edges /{G
= Representations of data with natural hierarchy
= Nodes are either parents or children

rﬁl_
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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

—
Slide adapted from Jeff Heer . —!_ J
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Common Applications

* Process Visualization (e.g., Visio)

* Dependency Graphs

» Biological Interactions (Genes, Proteins)
« Computer Networks

» Social Networks

« Simulation and Modeling

ARTS # TECHNOLOGY

L
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Slide adapted from Jeff Heer
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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.

SCHOOL OF INTERACTIVE
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Graphs: the problem

NAVIGATIONAL VIEW BUILDER

rufnakjpe 3
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Graph Layout: The Problem

BZ. H:% 1DissUsenet'datacollection’Lang.C.Arpril.net {1078)
Layout GraphOnly Previous Redraw Next Options Export Spin Move Info

r
i
1

i
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: The Problem

Graph Layout

INTERACTIVE
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Traditional Graph Drawing

poly-line graphs
(includes bends)

orthogonal l
drawing |
@

planar, straight-
line drawing

upward drawing of DAGs

Slide adapted from Jeff Heer ':E Loor




Aesthetic constraints

* Minimize link crossings
* Minimize link lengths

* Minimize link bends

* Maximize symmetries

« Mathematically difficult to do
everything

 Unsuited for interactive
visualization

* Prioritise and precompute

SCHOOL OF INTERACTIVE
ARTS + TECHNOLOGY

rﬁl_

[




Layout Approaches

« Tree-ify the graph - then use tree layout
« Hierarchical graph layout
« Radial graph layout
« Optimization-based techniques
= |ncludes 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)

OOOOOOOOOOOOOOOOOOO
TTTTTTTTTTTTTTT

—
Slide adapted from Jeff Heer o —I




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

Slide adapted from Jeff Heer

M|

L
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Tree-ify the graph

Lamberteschi
Jis]
Giner
O
Guadagni
i Albigzi
Bischeri Tormabucenl % .
o [+ Pazzi
Sakviati L
B dich =
]
Barbador  Acciailali
Ridolf
Castellant o
|
I’Elaj.r.!i Srr‘nj-.\m
L
. |___| —‘ ‘[— SCHOOL OF INTERACTIVE
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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
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Hierarchical Graph Layout

Sﬂ: Edmm

/

611: Edmm

Evolution of the
UNIX operating

S

PWBIO

system T e A i
« Hierarchical va \1 1\
layering based on /’1’“\ o “} “‘I"“
deSCent ._ 31\' U:m;lm .T.:lf;i:a;'s..l:q"- I ._'T'.Esa.’:.o- crfum_:a )
e \ / . .!..
X ns | ./ -
7\\2,133:1/ 43Lm\mwm s,;;i:;;b
. / | \ \ 1
1
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Hierarchical graph layout

Gnutella network
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Radial Layout

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

 Gnutella network
00lQ0g

e}
o o
o}
oo
e}
g o
O S
o o
o) o)
i 3
o} o
o] 10 A o]
§ o
O d‘; O
o} B 5559 <
fo) OBOID O
o] 8 o]
o %%54 o
QA3 211 o]
®d Sielele!
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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

—
Slide adapted from Jeff Heer o —I
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Example: Force-Directed Layout

tip,... ..‘ponﬂdential_infcrmact:lijor{}e ......current_of_air USGS phySICS model
hint L @
e . to layout graph,
e g L8 Nodes repel each
e w0 o other, edges act as
P S0 wind o e .
nofhingness ‘.i'dle_wordS- : .'..-.-:.._:..,.w'Nander as  “winding Sprlngs’ and Some
Q- - ; T
e wme et amount of friction or
- [ RPN drag force is used.
lift L ’ S fart
’ . farting:' . .
e Special techniques to
vs;ind_instrument dampen “jitter”.
visual wordnet http://www.kylescholz.com/projects/wordnet
. . o L
YIFHWRIAS om Je HeddLD://WWW. Visuwords.com/ MU | e




Typical Sugiyama layout (dot)

- preserves tree structure

Ve
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Alternative method

- preserves uniform edge Iengths’/ X

slide borrowed from Tim Dwyer

v7 V3 Vo vli0 vl vli2 vl3 vli4
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slide borrowed from Tim Dwyer

(a) 1 band (b) 6 bands

(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
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ICES

Matr

http://www.informaworld.com/smpp/content~content

a789632485~db=all

{0LOGY

20 Years of Four HCI Conferences: A Visual Exploration

Henry et al. IJHCI 2007



Matrices with Submatrices

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




InfovisSet

File Help

Graph Matrix
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Focus+Context

* Pioneered by Furnas

 Continuous Zoom
(Bartram, Ho, Dill)
= CZWeb
= CZSaw
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Fisheye and Nested Approaches

« Carpendale : Extended
Pliable Surfaces
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Fisheye and Nested Approaches

« Treeduxtaposer
(Munzner, 20006)

R

- '_‘ {, N-ub.hold

T g
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.

ALt B e
Fave swm v

| recmn ven

Pane swam ovv
Apar gy bt

d . e et e O

’ {

".”Mmun

Homas Lopirm
hets gty
Fos wapetv e
L R

L o ]
L ]

L ol ]

Slide adapted from Jeff Heer
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Detail and
Context with
Links

(Holten)

1 O

i

L
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Hyperbolic Browser: Inspiration

PRt R
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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.

= http://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 Pl)

= 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
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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

= &
= =
%
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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
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L
B
—

[

SCHOOL OF INTERACTIVE



User orientations - Solutions

Preserving Angular Orientation

Left to Right Ordering

—THovard]

Fachizd]
[

rﬁl_

Mal
Herox i J
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Kobayashi
-Cha p e B 3
=
2 [Drave
; Smt [Andrftona)[K2uee m
i A A 20N A
[P. A Allaire, President, President 401 -- 777 . . h—— -
o RGN f#. R. Hicks, Marketing & Customer Operations, Execut 343 -- 777 [0, E, Soncad, Fuji Xerox Dperations Control Manager S
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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

=)
Slide adapted from Jeff Heer ]
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Structurally Independent Layout

The “Skitter” Layout

3 %
3 ¥
E]

H &

Internet Connectivity

Angle = Longitude

= geography
« Radius = Degree

# of connections

Skitter, www.caida.org

http://www.caida.org/research/topology/as_core_network/2007/images/ascore-simple.2007_big.png
Slide adapted from Jeff Heer
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Progressive Disclosure

Only show subsets that are currently
selected

http://www.theyrule.net/

http://kylescholz.com/projects/wordnet/
wordnet2.html

THEY RULE 2004 -

COMPANIES

DIRECTORS

INSTITUTIONS “

LOAD MAP Susan P. Orr
SAYE MAP Isaac Stein
CLEAR MAP i

FIND CONNECTION '

John H. Scully

ADD NOTE b .

LOG-IN | SIGN-UP VictorialP. Sa} 1 jcimmtons

PRINT MAP < S. Oldman Walter B. Hewlett
HELP

REEUT UJ. Richard West

Denisefifl. O'Lag:

Bhamribs. RIS

. Donald T. Yalegtine Jerry Yang o
Johnlf. Leuin

illiarn C. Landreth
Ward W. Woods James C. Morgan

L
Leslie P. Hume Stal ersity H. Chen ‘

Roderick C. McGeary, . | " iterns Carol Bartz
Petefifligains
s
Leslie Hatamiya ‘

4
Jg ' Victorggrias, JoNn P- MorgridgeM. Michelle Burns
Fadford M.

B.—Cruns'on L

reeman’ i es F. GibbongaPh.| Larry R. Carter
Paul ¥. Barber n T. Charnbers

by

Mariann Byerwalter Kenneth J. Bacon

Young .J. Boozer ﬁleier S Bing

Michael H. Choo

Robert M. Bass

T. Robert Burke
Jon E. Blum
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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.
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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

@
N
NN

0——0 —

Visual Exploration of Multivariate Graphs, Wattenberg, IEEE Infoviz 777

N
o = -
B
w
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Multidimensional Pivot Graphs

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

Node and Link Diagram PivotGraph Roll-up

BN
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File View Scale

X-Axis:
I Gender L'
Y-Axis:

iw' iv

Fip XY | Clear |
People In vs. Out Degree
@z ® oo
. ‘1‘3 ‘ 0.0
® o
. 3 ® oo

Relationships  Rel. / Person

ey 50 el 10.000
ity 2 5 -4 5.000

et 10 J—
5

Select:
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[ (Al Values) |
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blue

red

Compare 2D Pivot Graph with 2D Matrix

blue | red

salty sour sweet salty sour sweet

weet sour  salty

n

sweet sour salty

green

green
salty sour sweet

sweet sour  salty

salty

sour

sweet

blue red green
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Issues with Pivot Graphs

« Disconnected components may become connected
* Acyclic graphs may obtain cycles

L
|_
| -
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New toolkits!

Networks for excel by Marc Smith et al. at
Microsoft research 3 -~
= Used to be called .Netmap e e I RS
= Now called NodeXL : o
= Requires windows-specific software

* (Search on “excel NodeXL")

7
‘5 I///’

/
/
=

e Chart Tamer for Excel
« Stephen Few et al.
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NetMap: Edges Worksheet

r

Bg)E9 -
Home Insert Page Layout

SampleSocialNetworkv5.xlsx - Microsoft Excel

View

Table Tools

Developer ‘ Add-Ins [[ Design

< CEUNG &3
&8 Mindjet MindManager
Menu Commands Toolbar Commands

CEUNG

Custom Toolbars

Formulas Data Review

Show Graph

C#UNG 2008

Fa > (0 fe|ves

A B C D E F G H |
1 v = v DIOT hé [ v [8] v hle? B2
2 16899266 14258203 Yes Edges Worksheet
Slide courtesy Marc Smith — —| | |E SCHOOL OF INTERACTIVE
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.NetMap: Vertices Worksheet

Vertex Radius 15522825 15522825

Enter an optional 2 R B

vertex radius 42502628 425026
S between 0.1 and m—

50.

CCCCCCCCCCCCCCCCCCC
ARTS + TECHNOLOGY
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@ . H;") ¥ (‘JA ﬁ ,_] 23 : \.'i‘suSi‘tes.xl_sx - Microsoft Excel non-commercial use Table Tools
-a/ Home Insert Page Layout Formulas Data Review View Add-Ins Design '@ - 3 X
»iﬁ J@ ~:§J Connections %l | ' \ ' & Clear % _' =4 Data Vélidation > % Group ~ 4‘5 &’h Data Analysis
3 Properties (i | z:; Reapply [F& Consolidate @ Ungroup = 7=
e Exteinal Refrevsh == Edit Links -‘z\l oL 7 Advanced Lol i £ What-If Analysis ~ _f{_] Subtotal
Data All Columns Duplicates = y s
Connections Sort & Filter Data Tools QOutline E Analysis
E236 > fe | -
Vertex1 | Vertex2 | Color | Width L_Qgggigyﬁj Visible? | M CZUNG 2008 v X
232 UK us Sky Blue 2 - ] Read Workbook Refresh Layout | &% Layout ~ =] Metadata 2 Options
233 UK us Sky Blue 3
234 UK us sky Blue 5
<235 UK us Sky Blue 5
236 UK us Sky Blue SI .I
237|UK us Sky Blue 5 Edge Opacity
238 UK us Sky Blue 5 Enter an optional
239 UK us Sky Blue 5 edge opacity
between 0
240 UK us Sky Blue 5 (transparent) and 10
241 UK us Sky Blue 5 (opaque).
242 UK us Sky Blue 2
243 UK us Sky Blue 5
244 UK us Sky Blue 5
245 UK us Sky Blue 5
246 UK us Sky Blue 5
247 UK us Sky Blue 1
248 US us Blue 4
2439 Zambia us Blue 3
250 UK Vatican RecH 1
251 UK Venezuela Red 1
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M 4 » M| Edges - Vertices - Images .~ ¥l
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Slide courtesy Marc Smith
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Marc’s Facebook Graph
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Chart Picker [l
1. Select the relationship(s) 3. Select the type of chart
you want to display. you want to use.
Ch r.t T Simple Value Comparison Column “
d amer T
Time Series Bar De— :
Datct % Cvlewd | Cosom ', — :
T LI LI 11 e Parto-Whole/Ranking )
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