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" The Visualization Goal, and the MLV soln.

m ...adialogue between the user and data.

The IS to find information & make sense of large
volume of potentially diverse datasets of multiple
components and types.

Understand trends, anomalies

Isolate and reorganise information

Compare and make clear differences/similarities

Tryout scenarios, develop hypothesis

Systematic search

m The IS to develop Highly Interactive Visualization

Environment to enable information finding & discovery (so
called MLV environments)

Sense—making environments

Insight is often formed through interaction
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" This talk...

1. Visual Exploration,
2. Multiple Views,

3. Linked Views
4

MLV Additional considerations...
Lightweight, Managed, Extensible...

5. Towards a MLV Visual Analytic
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B 1. Exploration - Example,

m Looking for a London hotel, close to the conference but both
cheaper and within walking distance.

m Using web:

Visit conference page, to find appropriate hotels,

. (e.g. postcode, conference hotel name, pricing,
nearest tube).

Google search “London Hotels”
Confirm I Jump to Expedia to find hotels and pricing,

Reveal
Questions

Relations _ _ _
Goto multimap to find location

Discover “Google Local”, type in postcode Pricing still hard to
Generalise conference venue

Findings After browsing - find an appropriate hotel
Book hotel via expedia
Find local tube station from information on hotel website
Plan rail route, from looking at railtrack.co.uk
Presema“°1 geographic map and rail plan and timings
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B 1. Exploration

m Reveal the questions

become familiar with by testing, experimenting,
understanding, acquire skill, Learning the hypothesis
or model

m Confirming relations

Compare, relate, Prove disprove a hypothesis,
comparison, examine minutely,

m Generalization of findings
identify features, summarize, abstract

m Presentation
teaching, demonstration

onathan Roberts Inoburg
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= Visual Exploration

Generate, Compare, Relate, Manipulate,
Generate

m EXxploration needs highly interactive
systems
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"& Dynamic queries

m Instant update

~1Direct manipulation

- - ] ] -

C1Sliders/buttons R
FilmFinder: Ahlberg, Shneiderman

Example of a dynamic queries
environment created with IVEE
Measurements of heavy metals
in Sweden
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“a Zoom

m To focus, Select (or highlight) a feature set
of information

Zoom: telephoto-lens, reduced field of view
3D clipping
Semantic zoom

Alternate Representations
[Roberts, Ryan]
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“.a Filter and Extract

11111
12321
: . 13931
m Visual extraction

12321
constant quantity of information Nl11111
_and highlight | 11111
visually altered to stand out (colour, size ...) 12321
sliders (1 < highlight <4 ...) 13931
m Subset (filter) of the data 12321
. 11111

extract portions of the dataset
Specialize 11111
semi-automatic/manual 12321
(seed-point, selection) 13931
neighborhood / global operations 12321
11111
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" Filter and Extract | Wr#;__u(

m Visual extraction |

constant quantity of information
and highlight

visually altered to stand out (colour, size .})

sliders (1 < highlight <4 ...)
m Subset (filter) of the data

extract portions of the dataset \

Specialize
semi-automatic/manual
(seed-point, selection)

neighborhood / global operations

O WPk
WN -

R

RPRRPRRPR|[|PRRPRRR|[|RPRRRBR

RPRRPRPR|[|PRRPRRPRR|[|RPRRRBR
RPNWNR[PNWONR|[ RPNWN PR
P WOWR||RPWOWR
RPNWNR|[[PNWN PR
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“.a Filter and Extract

11111
12321
: : 13931
m Visual extraction 12 22 1
constant quantity of information 11 R 1
and highlight 11111
visually altered to stand out (colour, size ...) 12321
sliders (1 < highlight <4 ...) 13931
m Subset (filter) of the data 12321
. 11111
extract portions of the dataset ,
Specialize/Generalize —
semi-automatic/manual 3
(seed-point, selection) 3 3
neighborhood / global operations 3
\
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= Manipulation

m 3D

rotation of views,
objects

moving objects/parts
away (separation)

m Query/Investigate

probe (point, line,
area..)

& what is the value
here...

augment (position)
clip/cut-out objects
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£ Inxight Tabla Len: - [loremost tst]

* Focus + Context Table Lens == e -

Revanue Profits,

5555555555555

9999999999999999999999

- -
2 709e+008 | 943150

m Dual Views - Many variants:
Master slave; popup view
View on a bat (in VR)
Overview/detail view

(focus +context)

- Data and table
- Scatterplot/parallel

0.312254

coordinates

0.104085

Dual views -y
[Roberts]
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“.a Module Visualization Environments

dmin  Ee Group  Layour Fite Display__Cateaories _Mosts |

ReadDF a BoundBox
| E— | ——]

(o] ca
| I— ] —
=
 —— —

File | Viewing | Editors  Manips  Lights

GenerateColormap [ea=1
e —

Swithe?> o O
| —]

wiiteLat (oY=}
 E— —

) HrbipH

#

‘Meuaiabm SeHhs

Color Space Edit Mode

R-G-B — I Move I

Color Band Output?
Opacity 1 | RUN |

Min Domain Max Domain
0.000 255.0

0.000 255.0 0.000 255.0

Rotx Roty L1111 Zoom [i=id———— 18.3 D

IRIS Explorer
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1 2. Exploration through Multiple Views
Sifting through cards

. . ’ ;_r“'
m Exploration is merely WLV b
- R §
an exploration s )
4
through parameter -
parameter
Space! Parameter change tl, (2,13 view
space i
New view
on each
Replicate Eﬁ;‘::g:h'r 2 view
12 -1
Tl view
= 3 models of Multiple-Views o
R
Replace same view on
. . each parameter
Replicate MY parameter Ny th,
Overlay space view

Multiple view model [Roberts]
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http://www.kidsmatter.co.uk/images/clipart/cards.gif

"& Multiple Views

m Don’t
(standard, easy to generate, traditional...)

m Otherwise we may be
and maybe misunderstanding the information?

» Multiple view & multiform representations enable the user to
better understand the information.
Different views = multiple viewpoints
Alternative representations

Seeing information from different angles, perspectives, additional
insight, adding context, overcome misrepresentations, alternate

viewpoints.
Being provocative
Allow representation & re-representation of information
= Swap columns orders, rows etc.
m  Not just multiple views, but information linked
Linked navigation, Linked selection
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"& Forms...Multiforms (bar chars, hlstograms )

Microsoft Corp (MSFT)

5F RSI|1-| slo

|||||||||||||||||||
MSFT aally

MA
30 Fmapm

fire "E“—EJJ|51 Hjﬁai" g’T”JET"’J“Té’J

S |=r !l'?‘ D

2 =

—

= generalization Waltz [Roberts]
:c_g
o
&
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http://matplotlib.sourceforge.net/screenshots/finance_work2_large.png

1 3. Linked Views...

Chris North & Ben Shneiderman

- snap together
Matthew Ward
XmdvTool

cdv 1.6

Ther Mar 16 TT.16:45 GMT 1995

Plot Colours
intensity Fotygon Map A Fots

Huorintensity  Fotvgon Map AL Plois

RediGroen/floe Folgon Map A Fots

Hightight Colours

Sutaun P | gt | o | st |
Stk
i

T

Sky Bie | Aquemane | Fte Groen| Rosy Brows

Same color

Scatter Plot | Multi Scalter | Circie bap |

N

W Clhsses OFf [ BGE On Exif

cdv - Cartographic Visualization for

Enumerated Data
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— —# XGohi: arabidopsis .xgobi

Thursdery., Jume 24, %7

Spiral calendar

|| Bl File |[B View: Brush _|[B Tools][E Display|[@ Info”

[Hide or exclude ...|

herge Level

Drag L: paint, M: shape

80 100 120 140 180 180
Objects

Gl Objects

El Merge Lev]

{i)
=
)
o
@
@

L: SelectX, M:¥|

& Display missings

Click here to dismiss

— - XGobi: arabidopsis, parallel coordinates

Alu  Alu ATP ATP Auxi Auxi Cell Cell Effec Effec Iron Iron lIron Iron

SO X

Linking dendrogram to parallel
coordinate plot ( gene expression
data) (XGobi)
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http://www.billbuxton.com/silkfig16.gif

" An MLV analytical environment

> Linked
. navigation
Hypothesis, idea, :

conceptualization

Specialize
P1’
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“.a Benefits of MLV

m Correct dissemination

Different views "different understanding

m Generate and Overview

Underlying structure

m Control

over other views ... coupling/ brushing
over exploration itself ... an Exploration /view/ history

m Alternative viewpoints
m Comparison
m Collaboration potential
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] . . e data transforms
= Linking what? + mapping
- selections
* navigation

] COOrdina’[ing anyth|ng’) - move, zoom, filter

e enquiry - label

Enhance Map Render Transform
V, Abstract ®
Original Data; ——— Subset, |—w—p Visualization |——y—p> Image, \
\\ \ Object, N\ \
\ \ \ |
| | | I
| I ! /
v | | Abstract / ,’
? Original Data, Fw— P Subset,  [—p| Visualization |—ip Image, C
v\ \ Object, Vo v ]
N  / ¥ '
fE, / {’fEl fMZ/ /M, fR, I fR, T,/ l/ fT,
: (T (TTITTTO IF_;'____\ IF_\ _____ N
Notify 1 E C Subspace : | M C Subspace : | R C Subspace : T C Subspace :
[ [ [ [
I I I I
I - I - I - I
Evenl][ll::> | Sutl)zsert], Filter, : , M?pplng : | Elend(_arrllng : , GUI Controls :
L L Lo \_ fechniques \_ fgonithms N .
\_ Coordination Space -

Coordination Model [Boukhelifa, Roberts, Rodgers]
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" Web search - applications

EOX

Summary view and Ovendew Focus View
Search Summary 2 Search Summary 3| |
empty>

empty>
empty>
empty>

m Forms:

Plots, text,
N piivwww.cs.umd.edul..
Vd Iff p:ikniebachfmiuniK...
p:igraphics.stanford.

Brushing, selection
subset...

-

piiwww.antarctica.net/products.html
p:iwww.antarctica.netipressipress_release_102901.html

| -

Input 1: |593I’Ch Result Visualization  Input 2: |Inf0rmati0n Yisualization Input 3: |Database Wisualization

SES [Suvanaphen, Roberts]
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= Email visualization application

m Forms:

Text, plots

m Interaction
Brushing, linking, specialization

~List of Highlighted Emails -

T 7 D SUE} Max Date 03/06/2004
il o i i i Min D 10/09/2003
"vizreading-group” "Angie Allen! 11 Feb 2004 13:... Lab Mesting Minutes N M';; T?::E 23!25-!14
“iz-reading-group” "Andie Allen” 17 feb 2004 10:... Lab Meeting Minutes L | e 2 05:24:30
maew @kert.ac.Uk"J onathan Roberts” 18 Feb 2004 08.... Meeting it D
"viz-reading-group” 19 Feb 2004 09:... Lab Meeling Minutes gt tus s
maew2@kent.ac.uk "Jonathan Robers" 19 Feb 2004 08-...Meeting Top 5 Words
maew2@kentacuk "Jonathan Roberts'23 Feb 2004 12:..Meeting
*"Ano\e Allen" 24 Feb 2004 11-...Lab Meeting Minutes
wZ-Teading-group” Jenny Oatly" 26 Feb 2004 11-...Lab Meeting Minutes +
"vizreading-group""Jenny Catly” 26 Feb 2004 10-...Lab Meeting Minutes +
i 23:2 apn
16:1 T )
L — T
= 1 | -
| [ I I |
) T T T
M | I [ | |
= L1 | 11 1
2 = N D N W -
i 1 |
5 LS R A
11/02/04 26/03/04 e
. :
oY
i I + HTRTTHE . "em
0y H fuy
o | o] | GG | 10
3 & gﬁg I
foR gc
g
05:24 [ 0s:24
10/09/03 03/06/04 10/09/03 03/06/04

| NFORMATION PANEL TOOLBOX
List of Highlighted Emails- Email Data Set Data —= s 3 T ]
— — Max Date 03/06/2004 = ==
— e Min Dat 10/09/2003
Se‘eﬂd@ ‘tahmn Ofu Feb 2004 13:... Lab Mesfing Miulss Mox T 2;23."14 ~Tools
adin ' 'Apgie Allen” 17 Feb 2004 10:... Lab Meeting Minutes Min Ti 0524130 i
TW ﬂ(&i‘ﬁmohens” 18 Feb 2004 08:... Meeting N'" f"ze " ol Visual Brushing: | Highlight vl |
| Wiz-reading-grolp’ "Angie Allen” 19 Feb 2004 09:... Lab Meetmg Minutes T"' ‘;w’“i‘; & 1
maew2 @kentac.uk"Jonathan Roberts” 19 Feb 2004 oa:... Meeting EEERSaas —
maew2@kentacuk "Jonathan Roberts'23 Feb 2004 12:... Meeting Data Brushing: | None -
"vizreading-group"Angie Allen’ 24 Feb 2004 11:... Lab Meeting Minutes |
"viz-reading-group” "Jenny Oatly" 26 Feb 2004 11:...Lab Meeting Minutes| + |
!vizreading-group™"Jenny Oatly" 26 Feb 2004 10:... Lab Meeting Minutes y Fuzzy Brushing: = None L4l
Craph Graph : —_—
Tool Options—
23:28 —speelahzeck&zeomed ‘
16:13 f bru at |
i 2 las i
L] ' - hodad - ] 18
bt ats o ® L]
o T ® ™
N LJ .
P 0
- CH ® A |
< v % e H O I
. - -' o I
08:27 L L HulCud be | |
11/02/04 26/03/04 | " |
hd .
= 2. ' | Brush ' View r Log |
brushed . ata —r—r—
» .I b &
element — s _ F——
P ] View 1 Standard v
View 2 Standard v 1
View 3 Standarc v
05:24 7 os:2 View 4 Standard i
10/09/03 03/06/04 10/09/03 03/06/04 P
Wl Y

“Full data
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Email Data Set Data

Click&Brush [Wright, Roberts]
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" Linking components?

Type Vv, V,

m Selection; navigation

Scope

= neighbours, what
experiment

Lifetime

Coordination

] i Coordination i : !

= always on, temporarily | Objectl | | Object2 |
\ | \ !

On | T / N /

I n |t|a| IS&'[IOH k L Coordination Space L /
Event 1 Event 2

m What determines the
coupling.

Update

= 10 fps interaction

Abstract Coordination Model
[Boukhelifa, Roberts, Rodgers]
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M 4. Additional considerations

m MLV is a solution for interactive exploration...

m Managed views..

Linked
m to allow instant comparison, and joint manipulation

a visual history of the exploration
m Lightweight components (lightweight views)
Easily repeatable and undoable
Underlying Models and systems developed in visualization for MLV
(lightweight)
Exploration support from the system
= memory, roll back, differences, similarity
m Ease of use
Don’t get lost in amount of views,
Explanations, this does this,
m Extensible
Allow wide range of data to be visualized and explored

m [nteroperable
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" Management of MLV

m \Window Placement strategies
Fixed, user-driven, data-driven

m Challenges of clutter and Explosion of
vViews

m Challenges of “which image relates to
what parameters”
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B 5. Visual Analytics

Exploratory Visualization provides some of the functionality:

Reducing search, displaying large amounts of information in a
small area

Enhancing the recognition of patterns

Exploratory visualization provides a
manipulable medium

Easy to perceive and display relationships
m Relationships can be explicitly displayed

m \What about:
information provenance
Note taking
Collaboration & privacy

Massive data sets
m data integration & transformation

Production & presentation
m Need better integration

~ Analytical
Reasoning

Visual
Representation
& Interactions

Data
Representations &
Transformations

Production,
Presentation &
Dissemination
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" The origin of “Visual Analytics”

m Since 911, security

m US Department of Homeland Security (DHS) chartered
the National Visualization and Analysis Center (NVAC)
with the goal of helping to counter future terrorist attacks
In the US and around the globe.

m Long term R&D effort

Leadership of Pacific Northwest National Laboratory PNNL, Jim
Thomas

m The task
Integrating different forms of information
Testing scenarios, checking these hypothesis
Presenting information (cf. O-rings on Challenger)
Timely response — data changing, rapid update
Massive amounts of diverse data

UNIVERSITY OF KENT Jonathan Roberts 15" Edinburgh 05



"= Visual Analytics

m Visual analytics is the science of analytical reasoning facilitated by
Interactive visual interfaces.
Assist & test key observations
Build knowledge

Defend arguments

m Collaborate
m Compare solutions from alternative techniques

m Use standards
Iterative process
Collaborate
Analysis is structured & disciplined
Re-representation and manipulation

m Challenges with
Massive scale data
Rapid changing datasets

Variety of information/types
Capture & record the process, add notes annotations..

m Interaction and Exploratory Visualization & MLV, are all key concepts but it
integrates much more...
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& Summary

1. Visual Exploration,
2. Multiple Views,

3. Linked Views
4

MLV Additional considerations...
Lightweight, Managed, Extensible...

5. Towards a MLV Visual Analytic
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