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What is Information Visualization?

* “The use of computer-supported, interactive,
visual representations of abstract data to amplify

cognition [Card et al., 1999]
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iTunes Store Top 10 Songs

4 fields:

* Artist Name
« Song Name

22 countries...

* Country Name

 Chart Position

From Tabular Web Data to TreeMap

. 220 records...

ILOG

Discovery
[Baudel 2002]

Justice Lars Winner Leona Lewid Nelly Furtag Shakira UK Nz
[DOMTSIOR | [CUUWAST, SAMT ainytale e Prefi | | Valerie o
Journe Beth Hart | Alain Clark ; ;
Y Snr[se Avg Foo Fighten Mark Rons Stronger Ayo Technology (feat. Jug
QOKNIE St j | [EEIOEE [Maiorini | [Dalla pel e .
The Veronic{ Soulja Boy T| Mattafix W m\/ ol Kanye West 50 Cent Apologize -
PT
[Cantao g | [HOWI0 53 | [GOonye | | DE
Tiago Better| The Fray | The Hoosiel The Way| | [1Dont HELTEL | bE | 15
FirT TS L) | [Founaty | [y Secrey Timbaland | Good Char| Culcha Carl |y 2= mis v r The Vay | Ara
Delta Goodr| Kate Nash | Private [Encosta] | [Nada Qy Baby vh | Rooney Colbie Caillat Timbaland Shut Up
(STt YU | [SEs Al | [onmviEd) Jorge Palm Conchita
SE

Snow Patrol| Billy Joel | Freemasong [LetMeTl | [Jesuisy | |Lovels G —— DE DK
[BUaSOre | [AlESTS L] | [RUTK SiET Fedde Le G Zazie David Guetl Big Girls Don't - Y . AT

i Onnagl | [YoungF{ - out You Now
Yanessa da| Blof Nickelback q G_ Fergie Umbrelll Dont Stop th
[ EVEITAsTIF Stress Peter Bjorn Sugababes Rihanna
Widescreen| Elli Kokkinol Anika Moa | [JifBentZ | [Hospifal] | | If You e [ AU
[WIRATTWE | [She's 5o NOISIAM | Jeroenvan| Nephew | Katie Melug Ingenting mls
Bob Sinclar | Scouting for| Eros Ramaz Pequend | [Heater-
rVOTTETW] | [CyciomeT() | [Exrerme Kent Sean Kingston Gimme More

Ricardo Aze Samim 2 -
Leaf Baby Bash |Moby —— Britney Spears
TOny?q LovelsV] | | 1234 Kiss Kiss (feat
Linkin Park | Amy Winehd Jamie Scott Danny Brick & Lac| Feist Chris Brown No One
TG Pauhaay | [Money H AU TR Alicia Keys Big Gitl (You Are Be
The Last Go| Natasja The Killers Lauri TahkZ State of Sh DE s Cotres Fent CA Lu Love Today
Wy GINS | | [RISEUp | | [Everyining hristen] | [Happy El | | Hey The Wakp i IT Grace Kelly
- o o - - Amaranth —
Albino Supe| Yves Larock Michael Bub| JEnni Vartiz Mika Plain White Maroon 5 MIkA
=1 | [monsoon| [Inconsal] | [New S..Oq [Harder§ Nightwish Fl
Alejandro Fu Tokio Hotel | André Hazeg Backstreet | Yael Naim | Daft Punk T_:ired Of Being Sorry e
[RadorNo | rimoiie ) | rvorrseid) | |[Mia Merd [fThat's q Parlor Af| | [How FarWeve| | rou rouwmowr crme g | | Soulmate 1973
Bruce Spring Santana Ich +Ich Onirama | Shayne Wa Magnus Ug Matchbox Twenty | Enrique lglesias MNatasha Bedingfield James Blunt
d

Top 10 Albums - Choose a Song chart.




Visualization As Mapping

4 fields:

« Country Name
* Artist Name
« Song Name
 Chart Position

It’s a Mapping Process...

Source (iTunes)

Target (TreeMap)

Artist Name —
Song Name —

Country Name

Chart Position
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Related Work:

Trial and Error

Spot Fire ILOG Discovery
[Shneiderman 1999] [Baudel 2002]
Design Galleries T S
[Marks 1997] ]

Automatic Visualization

Tableau (Show Me)
[Mackinlay 2007]




Problems:

<tr>

1. How do we get the Web Data? DG
Extract data. Use a Screen Scraper.

</tr>

2. What is the source data meaning?
Capture Domain Semantics. Use an Ontology.

3. What can a visualization style convey?
Capture Visual Representation Semantics. Use an Ontology.

4. How do you present “source data meaning”

using “visualization meaning”?
Map between Source Data Entities and Target Artefacts.
Use Ontology Mapping.
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SemViz Pipeline (Web Page to Tabular Data)
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emViz Pipeline
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SemViz Plpellne (DO sub-graph to VRO)
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SemViz Plpellne (Score DO to VRO)
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SemViz Pipeline (Generate Visualizations)

<tr>

Web Page

Screen Scraper

</tr>

Tabular Data

Label Lookup Table

<td>Country</td> E
<td>Artist</td>
<td>Song</td>

Country Artist

Map Tabular Data
to DO sub-graph

v

Q
7

AN
o& 8

Semantic Bridge
Ontology (SBO)

Generate DO to

Domain Ontology
(DO)

Domain Ontology
(sub-graph)

<
¢

permutations

DO to VRO
permutations

Score and Rank
the permutations

iy

Ordered
Permutations
(Visualizations)

v

Visualization
Source Data

Visualization
Toolkit

(optimised)
Domam Ontology

buntry Artist

Visulizations

sualization Source Data

Gererate e Levol

isualization -

Toolkit Source ) ur.‘try Artist
Data tist Countr

Visual Representation
Ontology (VRO)

B m
Song Position
Domain Ontology
(sub-gragh) Visual Representation Ontology
e R
v Ordered
Permutations O/ C{ ED Q/ C! })O
(Visualizations)

Visualization Source Data
V.Genlt.era;[.e Level 0 Level 1 Level 2 Color
isualization . s
Toolkit Source Courlltry Artist Song POS:.Lt%On
Data Artist Country Song Position

_ o Country Artist Song Position
Visualization
J%OQ Source Data o o o .

1 Level 2 Color
Song Position
Position

Visualization
Toolkit

v

Visualizations

y Song

Song Position




“Traditional” Ontologies

m Graph Representation of Domain Knowledge
m Syntactically and Semantically rich
m Hierarchy of concepts and properties

= (e.g. Music Ontology Specification (MOS)) m

|

m Absolute relations (it exists, or does not exist) |
m RDF / OWL Pet




Ontologies with Certainty Factors (OCF)

=« (stila) Graph Representation of Domain
Knowledge

= (Canbe) Syntactically and Semantically rich
= (Can have a) Hlerarchy of concepts and properties

m \Weighted relations (0.0 > 1.0) Has e
m Fully connected graph /301 x (0.98)
003)

Add ress

m RDF (with weighted properties through Reification)




Traditional vs Ontologies with

Certainty Factors

Traditional
(RDF/OWL)

Explicit Conceptualisation Yes
Syntactically and Semantically rich Yes

Hierarchy of concepts Yes
Hierarchy of properties Yes

Relations Absolute

Technology RDF / OWL
Connectedness Partial

OCF
(RDF)

Can be
Can be
Can be
Can be

Weighted
(0.0 > 1.0)
RDF
Fully
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Visual Representation Ontology (VRO)

2D plot
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Semantic Equivalence
DO : Music VRO : 2D plot

VRO Relationship
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Mapping Permutations

ITunes: TreeMap:
» Country Name * Level 0
* Artist Name :>  Level 1
« Song Name * Level 2
 Chart Position  Colour

Assuming all fields are mapped
only once, there are:
24 permutations

Which visualization is best?

Calculate “Cognitive Value”

Score

Rank



Scoring Algorithm

» Based on “Ontology Mapping With Uncertainty” [Mitra et al, 20035]

Domain Ontology, DO Visual Representation

Art|

Ontology, VRO'

has g > 560.8 contains @¢ K¢

/
Son

W@

Wp=1-|sp—t,|

=1-10.8-0.7 |
=0.9

Let ® be the mapping from
DO to VRO

Wp is the weighting of the
concept pair DV.

totalwy

fi(s,t) :




Semantic Bridge Ontology (SBO)

Music DO :
Artist

Music DO :
Current
Chart
Position

Music DO :
Last
Week
Chart

Position

Music DO :
Weeks in

!haﬂ

2D Graph
VRO :

appropriateness
appropriateness

2D Graph
VRO :

Text

Labcy

» Stores available expert
knowledge

* Records all possible
mappings between all DO’s
and all VRO’s

* Fully-connected graph

« Each mapping has an
appropriateness value

*Default is 100, increased or
decreased as necessary.

* 2 purposes:
* Reduces complexity.
* Increases accuracy.



Source (iTunes)
Country
Artist Name

Song Name
Chart Position

Ta rg et (TreeMap)
Colour
Level O
Level 1
Level 2

# of mapping permutations: 24
# of visible map’g permutations: 24

,,,,,,,, Apple - iTunes - iTunes Store - Charts - Top 10 Songs
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BBC Top 40 to 2D plot

Source (BBC) Target (2D plot)
This Week X position
Last Week Y position
Artist Name Width

Height

Text Label

# of mapping permutations: 60
# of visible map’g permutations: 18
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Prefuse (Graph Network)

Source (iTunes)
Country
Song Name
Artist Name

Target (Graph)

# of mapping permutations: 6
# of visible map’g permutations: 6
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Summary:

* Ontologies with Certainty Factors
* Ontology Mapping

* Pragmatic Visualization Pipeline
* Domain Ontology (DO)
* Visual Representation Ontology (VRO)
« Semantic Bridge Ontology (SBO)

* Scored (and ranked) visualizations
* Automatic Information Visualization for Non-Experts
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