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Introduction

@ Vis.: good for exploration/analysis & presentation
® exploration: visualize to detect the unexpected
@ analysis: check hypotheses with visualization
@ presentation: show/communicate what you've found

® Focus here: interactive visual analysis, IVA

® Goal today: understanding IVA
@ levels of IVA
@ patterns of IVA
e ..

@ Personal background: =10 years of IVA research
® SimVis, IVA of ..., etc., applications, ...
® VisMaster N\ nVisMaster




Basis: Data Model, domain & range

® Data model d(x,t), independent/dependent variables

@ Domain: space x, timet @& Range: attributes d.

(@nd....) ® what?

® where? when’? @ several-many d
® 2D/3D space (can be dozens)

1D time @ often somehow
@ parameters coherent across

space-time locations
(continuous, distributions)

@ Example:

@ for each of one million grid cells
at each of hundreds of time steps

@ the simulated values of temperature,
pressure, flow velocity, etc., are given




Interactive Visual Data Analysis

® Main idea:

® enabling interactive & iterative exploration/analysis
of complex (multi-variate) and often also large data

@ allowing for visual information drill-down, cf.
Ben Shneiderman’s visual information seeking mantra

® built around a notion of the user’s interest —
subjective & current degree of interest per data item
@ Different “levels” of IVA:
® show & brush (tightest IVA loop)
@ relational analysis (“reading between the lines”)
® complex analysis (“joining forces”)
® and more ...

... an example of IVA (level 1) first ...



@ Important preliminary:
@ multiple views onto the data (here flow simulation data)

@ often at least one for domain variables (here 3D space)
and one for range variables (here pressure & velocity)




First Example: Linking & Brushing

@ Next: first IVA loop
® visualization leads to “l see (something)!” effect
@ user brushes “this something” (literally!)
@ linked visualization reveals insight!

g Render view

fast, rather high pressure




Show & Brush

(IVA level 1) ,@4

@ Tightest IVA loop

® show data (explicitly
represented information)

® one brush (onone
view, can work on >1 dims.)

show

-

brush

A typical (start into an)
IVA session of this kind:

@ bring up multiple views
@ at least one for x, t
@ at least one for d,

@ | see (something)!

® brush this “something”
@ linked F+C visualization
@ first insight!



Show & Brush (IVA level 1) ,@4

® Tightest IVA loop A typical (start into an)
@ show data (explicitly IVA session of this kind:
represented information) @ bring up multiple views
® one brush (on one @ at least one for x, t
view, can work on >1 dims.) ®@ at least one for d

@ | see (something)!

® brush this “something”
® linked F+C visualization
@ first insight!

® Requires:
® multiple views (=2)

® Interactive brushing
capabilities on views S
(brushes should be editable)

@ focus+context visualization
@ linking between views

... leads to... _
deqgree of interest

| “... requires...
~... Is realized via ...

® Allows for different IVA patterns (wrt. domain & range)

(next slide)



IVA: Multiple Views

® One dataset, but multiple views
®@ Scatterplots, histogram, 3D(4D) view, etc.
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& 3D View
T rTTE

IVA: Interactive Brushing| = color: temp.

® Move/alter/extend
brush interactively

® Interactively explore/
analyze multiple variates

[Doleisch et al., '03]
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IVA: Interactive Brushing

® Move/alter/extend
brush interactively

® Interactively explore/
analyze multiple variates

[Doleisch et al., '03]
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IVA: Interactive Brushing| = color: temp.

® Move/alter/extend
brush interactively

® Interactively explore/
analyze multiple variates

[Doleisch et al., '03]
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IVA: Interactive Brushing| = color: temp.

® Move/alter/extend
brush interactively

® Interactively explore/
analyze multiple variates

[Doleisch et al., '03]
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IVA: Interactive Brushing

® Move/alter/extend
brush interactively

® Interactively explore/
analyze multiple variates

[Doleisch et al., '03]
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IVA: Focus+Context Visualization

® Traditionally space distortion [Mackinlay et al. 1991]
® more space for data of interest
@ rest as context for orientation

® Generalized F+C visualization
® emphasize data in focus (color,opacity, ...)
@ differentiated use of visualization resources

color

2001, 2003]

(frequency) (space)

S

[Hauser...




F+C Visualization in IVA Views

@ Colored vs. gray-scale visualization

® Opaque vs. semi-transparent visualization

In a scatterplot (Ieft) or histogram (right): brushed data in red...
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F+C Visualization in IVA Views

[Novotny & Hauseér, '06] ~:.
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F+C Visualization in IVA Views




IVA: Linked Views

® Brushing: mark data subset
as especially intersting

® Linking: enhance brushed
data in linked views
consistently
(F+C)

(brushed view)
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IVA: Degree of Interest (DOI)

@ doi(.): data items tr; (table rows) — degree of interest
doi(tr,) e [0,1]

@ doi(tr,) = 0 = tr, not interesting (tr; € context)

@ doi(tr,) =1 = tr, 100% interesting (tr; € focus)

d1 d2 doi
17200 022 000

12100 010 @00
700 045 000
2100 050 400

20000 002 aof

2150 038 4ad

1560 087 074

1100 120 7,00

27200 012 aaf

2410 0OBE 478

1730 135 1,00

12100 220 060

J_E0 O0k7 Qad

30500 130 4Qad

24800 210 aAdo

20800 ZB0 aad

® Specification
@ explicit, e.qg., through direct selection
@ implicit, e.qg., through a range slider

min: | 0,0000000000 = ﬁhﬁ max: | 72,0000000000 =]

Wk = O W k= DO Wk = O W k= O
W W W W kR R R = = = e O O O O

@ Fractional DOI values: 0 < doi(tr,) < 1
@ several levels (0, low, med., ...)
@ a continuous measure of interest
@ a probabilistic definition of interest

(cont’d on next slide)



® Fractional DOI values esp. useful wrt. scientific data:
(quasi-)continuous nature of data «<» smooth borders

® Goes well with gradual focus+context vis.
techniques (coloring, semitransparency)

@ Specification: smooth brushing [Doleisch & Hauser, 2002]
® “inner” range: all 100% interesting (DOI values of 1)
@ between “inner” & “outer” range: fractional DOI values
@ outside “outer” range: not interesting (DOI values of 0)

1

| doi [ doi o S
1 1 1 T / \
0 e data ” 0 E— data:

brush  dimension brush  dim.




& 3D scatterplot
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Three Patterns of IVA

® Preliminary: domain x & range d visualized (22 views)

® brushing on domain visualization, ’
e.g., brushing . fromxiod
special locations X’ _
in the map view Y .
(1) » local investigation “‘d”
® brushing on range visualization,
e.g., brushing -© b iemdito x|
outlier curves A B VY vy
in a function d’ :
graph view

(2) » feature localization X

relating multiple | “d’ /\ “... withind...”

range variates " .
(3) » multi-variate analysis “d”
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A Layered Information Space

® Metaphor of a “sea of information”

@ Explicitly represented information (the data) on top,
iImplicitly represented information below (in layers)

user, task
show &
brush temp. vel. data
relational
/ information
P77

complex

information
‘XXM Vort. _featu_res_

In application terms

\




Relational Analysis (IVA level 2) ‘ﬁg

® Extended IVA loop A typical continuation
@ iterative & relational of an IVA session:
exploration/analysis @ bring up more views

® read between the lines @ add/combine brushes
(implicitly represented inform.) @ focus the analysis,

drill deeper!
combination‘ ’ show
\
‘ N\ user,

‘ l brush complex brushing application
temp. || vel. data
multiplel ; > relational

_ information
views & sels.

complex
information

features
in application terms

‘XXM vort.



Relational Analysis WNEE !ﬁg

® Extended IVA loop A typical conti_nuation
@ iterative & relational of an IVA session:
exploration/analysis ® bring up more views

® read between the lines ® add/combine brushes
(|mpI|C|tIy represented inform.) ® focus the analysis,

: drill deeper!
® Requires: P
@ multiple views A
@ feature definition language EET B application

@ multiple levels of F+C vis.

te vel data

relational
information

... the example of IVA
again (now level 2) ...

complex
information

@ Allows deep(er) information
drill-down

features
in application terms

3
©
& B ! .
° ® ﬂ.
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w
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IVA: Feature Definition Language

@ Explicitly represented degree of interest (DOI)
DOI: additional (synthetic) data dimension(s)

® Brushing results in DOI attribution(s),
relational analysis through multiple brushes

@ Tree structure through logical operators
@ root, level 0 (OR node): set of features
® level 1 (AND node(s)): feature specifications

® ... (individual brushes)
Example:

® Compare to: interesting are ...
- flow regions where
@ FeatureSet Interesting features
. natu ral |anguage ® F?eat;rrjezf;hEt:;;r;iiguhnpressure pressure is high
[ DB query S selection on Flow_5.Pressure| AND VQIOCity IS high

S Selection on Flow_SYelocity
@ Feature High turbolence

. S Selection on Flow 5T K Enery|
. I n/OUt. XM L & Feature Rather slow flow

S Selection on Flow_5Yelocity




IVA: Four Levels of F+C Visualization

® In show & brush: one brush (focus), rest is context
® data in focus: colored, less transparent
@ data in context: gray-scale, in background

® In relational analysis:
@ multiple features in a feature set (below top node)
® multiple views define a feature

(a) (b)
= advanced F+C visualization
@ here: three views, —

two (a, b) for one feature,

one (c) for one

other... brush DOl ... CA.AN. SD.....
feature DOI . .. ...
setDOI . ............

[Muigg et al., '08]



gray: overall- ‘conte_xt
~ green: other features (in the set)

red: feature defined with this view
and possibly with others, too

vellow: brushed in this view, but not
part of feature (only in combination

WY i cirerviovs) )
= advanced F+C visualization |

@ here: three views,

two (a, b) for one feature,
one (c) for one

but how!to color brush DOI . . ..

In combination with feature DOI . . . . ..
smooth brushing?

[Muigg et al., '08]



@ How to combine colors, @ How to combine colors,
when fractional DOI when many data items
values overlap? make one pixel?

® Simple color mixing (convex coms
values) does not do it! 0



most important!

@ Color:=
® red over (
@ green over (
@ yellow over

@ gray)) component

context set

oc( SN

@ Blending weights a;, a,, and a,, |
with
® q; = feature DOI

@ o, = set DOI — feature DOI
// only the rest here!

doic




IVA Example (repeated from level 1)

@ Two views (domain, range), one brush
® simple feature localization
® here: fast, mid-large pressure

g scatter plot

16.2302284...

fast, rather high pressure

-47.985012...

Y-Axis

Channel |Fow_5\elocity - How_5\elocity -




IVA Example, going level 2

& Histogram view

Alpha Values:
TF: 50.19%
ContextTF: 11.76 »

0.58751708... 16.2302284...

Channel | Flow_5:Velocity -

rather slow flow

-47.985012... 109.,78482...

Y-Axis X-Axis

Channel | Flow_5\elocity - How_5\elocity - Flow_5:Pressure -




IVA Example, level 2

® Three brushes, complementary F+C vis., FDL

& Histogram view
B election bounds editor

Lower bound:
Upper bound:

Lower percentage: 20 EI [C] Lock hounds
Alpha Values:
Upper percentage: EI

TF: 50,
ContextTF: 11.71

0.58751708...

h Ig h tu rb u Ie n Ce 0.58751708...

-47.985012... 199.178482...

Y-Axis X-Axis

Channel | Flow_5:\elocity hd Flow_5:\elocity - Flow_5:Pressure hd




Iterative Exploration/Analysis

<= )}AOM JO UOI}23lIp ulew

SciVis (overview, orientation)
New View (InfoVis)

Adjust Projection (InfoVis)

Brush InfoVis-view
Linked Visualization
Alter Brush
Add Brush (— compound brush)

Add View (InfoVis)
(presentation, report, ...)




IVA: Iterative Exploration / Analysis

<= )JOM JO UOI}DaJIp ulew

=
5

SciVis (overview, orientation)
New View (InfoVis)

Adjust Projection (InfoVis)

the start




SciVis (overview, orientation)
New View (InfoVis)

Adjust Projection (InfoVis)

iBrush InfoVis-view

Linked Visualization

<= )JOM JO UOI}DaJIp ulew



<= )}AOM JO UOoI}23lIp ulew

}

SciVis (overview, orientation)
New View (InfoVis)
Adjust Projection (InfoVis)
Brush InfoVis-view
Linked Visualization
Alter Brush
Add Brush (— compound brush

iterative refinement



SciVis (overview, orientation)
New View (InfoVis)

Adjust Projection (InfoVis)

Brush InfoVis-view

Linked Visualization
Alter Brush
Add Brush (— compound brush)
Add View (InfoVis)

<= )}AOM JO UOoI}23lIp ulew
P —

i iterative refinement

[T




Iterative Exploration/Analysis

SciVis (overview, orientation)
New View (InfoVis)

Adjust Projection (InfoVis)

Brush InfoVis-view
L

inked Visualization

Alter Brush

JOM JO uoI}2alip ulew

[ Aflll nvl lﬂl‘\ I \ I\ﬁmv‘\f\lll’]d erSh)
but how to capture features

ez-erative refinement

which cannot be grasped Show-&: brush
through data values 4—'"_-' L
or logical combinations of them? gumy,

ot [0

relational analysis/




Complex Analysis (IVA level 3) § i

® Joining forces: - Boosting IVA:
@ integrate computational @ derive information
analysis @ advanced brushes
® extend brushing @ access a new level of

exploration/analysis!

combinati

" show

user,
. application
attribute i

pbrush
S

derivation data

.

multiple relational
_ : _information
views &'sels: . brushing |
complex
information

features



Complex Analysis WNEEE)

® Joining forces: - Boosting IVA:
@ integrate computational @ derive information
analysis ® advanced brushes
® extend brushing ®@ access a new level of

] exploration/analysis!
@ Builds upon: & .

® advanced brushing

@ attribute derivation

user,
application

data

~ relational
~ information

complex

® Very powerful analysis / information

exploration mechanism! features
in application terms



IVA: Advanced Brushing

@ Two ways to get more out of IVA:
@ bring the data to the interaction (attribute derivation)

@ bring the interaction to the data (advanced brushing)
& angular brushing [Hauser et al., 2002]
\/ 7/ similarity brushing [Muigg et al., 2008]

\,.::) Complex " Feature |
Simple i ] Extraction
) brushing Brushing

Brushing extensions ~—

@

uuuuuuuuu

% £ = e T
i S i
Ry — A
\ . 1/ —
—_— =
v |
oo ceriers .
.
_ .
]
f .
{ . &
v
. t

@ Attribute derivation
+ advanced brushing
= access to complex
features

i s r—\
(1) () (rom)
\\ / / / \"‘T/

[
|
L
.
L
]
]
L.
.
[
P
=

=
e
|
v
“—
..
v k|
5 i |
R |
rtax
/ ]
]
]
a



IVA: Attribute Derivation

@ Comprehensible ways to derive synthetic data
dimensions from original data

@ data transformations
® linear transformations
® tolog scale
® efc.

@ derivative information (against the domain variables)
® dd,/ dx — gradient information (wrt. space)
® dd,/dt —change over time
@ relative information
® data normalization
® differences, ratios

@ model-related derivations
® according to known relations, e.g., div=V -v




Curve Sketching

® Understanding function graphs:
® special values of f(x): zero, extremes, etc.

@ relative properties — positive/negative change f'(x)
local maxima/minima — f'(x) = 0

® double-relative properties: the change of change
e.g., local maxima < f(x) =0 & f'(x) < 0
inflection point — f’(x) =

® Remember your days in school:

contave upwand

concave downward point of

inflection
Fla}=0 | /
CD
| ﬁ cu
| F{x)=0 /

/

| A & http://www.nipissingu.ca/calculus/tutorials/curves.html ‘




Cat:DPF m soot

Channels

Show

|Z| 3D Brushinig
[ Time Context
|E| Origingl Axes
|:| Zero Planes

Scale

@ Global
) Slab

) Selection

|:| Egual Scaling

View Mode
it D
L ! ﬁi&ﬁﬁi&i&i&i&ﬁéﬁém&% | o
e 0
- =
... & Both
3D Vieve
Style | Color

=lolx|

O

Border Visualization
D Principle Component ..
Histograms (20 View)

Alignment

Selection Mode

] _iman

Border |

(@ Monochrome
) From Selection
) From Channel

From Channel Parameters

Source Channel

[rwege ]

Spatial Combination:

Temporal Cotnbination:

|E| Depth Cueing
[ Haloz

v

X |Cal:DPF_m_soot

Current timespan: [0.5 - 80]

|V! ' |Ceﬁ DFF _m_soot_timedifference_0 ‘Y‘ i

|| Lock Slah

)

o4



3D Scatterplot :

0.00

Cat:DPE m soot timediffarence 0

CabDPF m soot 10.00
o
£
E
o
A
i
o
™

U0 CakDPF i soct 10.00

Channels

X |CatDPF_m_soat

|v| Vi ‘Cat DPF_m_sact_timediffere... " | z |Ca1 DPF _tn_zoat_timediffers.. "‘

Current timespan: [0.5 - 80]

[ | Lock Slab

Show

3D Brushing
D Time Cortext
Criginal &Axes
Zeto Planes

Scale

@ Global
) Slab

) Selection

|| Equal Scaling

=lo/x]

|:| Ancorlines

|E| Border Yisualization
|:| Principle Componert ...
|E| Histograms (2D Wiew)

Alignment

Crrlginal A

() Principal Component Axes

| Rescale ‘

alculiate ‘

View Mode Selection Mode
G
on o[ mer |
® Foth
3D View
Ste | Color | Border |

1 Manachrome
() From Selection
() From Channel

From Channel Parameters

Source Channel

Calar

Spatial Combinstion:

Temporal Combinstion:

[ ] Depth Cueing

D Halos

L

95



=lo/x]

g Show
o 3D Brushing |:|
D Time Cortext |E| Border Yisualization
Criginal &Axes |:| Principle Componert ...
—— e » smallest A%soot
Scale Alighment
® Global ® Original Sxes I
Y
only...
) Selection

|| Equal Scaling

Rescale

View Mode Selection Mode
i

®) Both

3D View

Style | Color | Border |

() Monachrame

464  CakDPF m soot timedifference 0

| I ) From Selection
-Z8 CAlFF ol -ed-zraree U redfleetcE § 232

CaEDPF m soot 10.00 ) From Channel

‘ From Channel Parameters

=lolx]

0.50000

red:
purple:
blue:

g cyan:
E
i green:
i yellow:
-5.50000
o
™
o CatDPr mosoal 10.00
Channels

X |CatDPF_m_soat |v| Vi {Cat OPF _tm_soot_tin

Current timespan: [0.5 - 80]




t=15s, smallest A%soot

3D Scatterplot

Alignment

View Mode Selection Mode

at:DPF m soaot timedifference 0

[

3D View

Border

10.00

From Channel Parameters

red: 0;
purple: —1;
blue:

cyan:
green:
yellow:

-5.50000

CatDPF m soof 10.00




CabDPF m soot

-~ 10.00

B4 CakDPF m soaot timediffsrence O

T8 CallFF sl

T

Channels

X |CatDPF_m_soat

|v| kA }Cat OPF _tm_soot_tin

Current timespan: [0.5 - 80]

0.50000

red: 0
purple: -1
blue:

cyan:
green:
yellow:

-6.50000

Show

3D Brushing
D Time Cortext
Criginal &Axes
Zeto Planes

Scale
@ Global
) Slab

) Selection

|| Equal Scaling
Rescale

View Mode

i

(8%

® Both

3D View

Style 1\ Color I

=lo/x]

O

|E| Border Yisualization

|:| Principle Componert ...

|E| Histograms (2D Wiew)
Alighment

Selection Mode

[ [~ mert |

Border |

() Monachrame

() From Selection

() From Channel

From Channel Parameters

» without slow
changing...

=lolx]




0.00

Cat:DPE m soat timediference 0

1218

00 CatDPE_m_soal 10.00

Channels

X |CatDPF_m_soat |v| Vi {Cat OPF _tm_soot_tin

Current timespan: [0.5 - 80]

B ¢.50000

red:
purple:
blue:
cyan:
green:
yellow:

-6.50000

0;
_1,

=lo/x]

Show

3D Brushing |:|

D Time Cortext |E| Border Yisualization

v | Original &xes |:| Principle Component ...

Zeto Planes |E| Histograms (2D Wiew)
Alighment
) Crlg 5

) Selection

|| Equal Scaling

. Rescale

View Mode Selection Mode

Q30

® Foth -

3D View

[‘Style | Color | Border |

1 Manachrome Calor
() From Selection

(! From Channel
From Channel Parameters

» wol/slowchanging,
wo/ (almost) done..

=lolx]




t=30s, without slow changin
£3DScatterplot

Alignment

View Mode Selection Mode

3D View

" Border
10.00

] 0.50000
red:

purple:
blue:

cyan:
green:
yellow:

-5.50000

Channels




t=30s, without (almost) done
& 3D Scatterplot

|:|F‘r| iple Componert .
e
Alignment

S0

Selection Mode

at[PE m

10.00 B b "7 PF m sal Iedferee [ finadroranze 1

B ¢.50000

red:
purple: —
blue:

cyan:
green:
yellow:

-5.50000




Scatterplot

i

CatDPE_m_soob

—

10.00

CatDEF m soot timedifference

o
<
=1

.64

Show

30 Brushing
[ Tite Context
|Z| Origingl Lxes
|:| Zero Planes

Scale

® Global
) Slab

() Selection

|:| Eqjual Scaling
View Mode
Crap

O

W Both

3D View

Ste | Color

=lo/x|

O

[¥] Border visualization
|:| Principle Cormponet ..
Histograms (20 Yigw)

Alighment

Selection Mode

Border |

533 () Monachromme

TEEE T sl freie

2,18

00 CatDPF i soof

10,00

Channels

M |Cat:DPF _m_soot

|v | ¥ |Cat DPF_m_caot_tim

Current timespan: [0.5 - 80]

L

P 50000

red: (1
purple: -1;
blue:

cyan:
green:
yellow:

-6.50000

{®) From Selection

» quite ,neqg.”“ Asoot
slowest changing..

=lolx|




t=40s, “quite” negative Asoot

D Scatterpl (=[P

o Show

o 3D Brushing [ an =
D Tirne Context Border Yisualization
Original Axes |:| Principle Companert ...
[ ] Zero Planes [v] Histograms (20 views)
Scale Alignment
® Global ® Ori
2 Shaka
() selection

D Equal Scaling

Rescale

nat timedifference

View Mode Selection Mode
= 8%
LL
= 8 %)) Simple |+ | Invert
[& ® Both
3D View

[‘style | Color | Border |

) Manachrarme |

6a
264

T30 CatDPF m soot 000

®) From Selection
) From Charngl

=lolx|

0.50000

red:
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blue:
cyan:
green:

yellow:

-5.50000

U0 CatDPE m soof 10.00

Channels

X |Cat:DPF_m_soot | b | N

Current timespan: [0.5 - 80]




t=40s, slowest changing
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IVA: Attribute Derivation

@ Further interesting opportunities !

@ re-projecting the data
® f.i. according to PCA
® data shear

@ statistical analysis
® moments of data subsets - ——— e
® data in relation

to moments,
e.dg., Z-score

® scale-space repr.

® Attribute derivation
+ advanced brushing
= access to complex
features

& |
---‘J




High-dimensional Scientific Data

@ Considering “scientific” data f(x), i.e.,

® some measured/simulated/modeled data f,
e.g., f being temperature, pressure, velocity, etc.,

® wrt. some domain X,
with x being 2D or 3D space, time, parameters, etc.

@ If x is high-dimensional (>3),
then “low-level” IVA is hard

® example: 100 runs of time-dependent 3D sim. data
® reducing the dimensionality can help

® Means to reduce the dimensionality
® selection, e.g., through sampling
® aggregation, e.g., by averaging
@ efc.



Integrating Statistics and IVA

[from IPCC AR #4, 2007]
2090 - 2099

@ Statistics allow to assess distributional

characteristics of sets of data,
e.g., along one data dimension

® Examples: L ———

(Cl

® map showing the average temperature in ten years

® accumulated sea ice in summer 2008

@ Statistics can be reintegrated into
IVA through attribute derivation

® mean, variance

® median, 1t & 3" quartile, IQR
® min, max, min—max range

@ efc.

n - (=]
T T
| | Extent (millions of square kilo
< — o
= [Cl=1=]
~Noo




® 10-10=100 runs
of time-dependent  —
(250 time steps) :
ocean simulation === ‘
(3 2D sections: Atlantic, Indian, Pacific)

@ Considering statistics wrt. the multiple runs

® derivation on
demand

@ visualization, e.qg.,
glyph-based (=)

. size: IQR
® basis for imed'a”temp focus on large IQR

complex analysis
(next%lide) d +§’¢* 40008 H

above: g5-q,; below: g,




Brushing “Boxplots”

® Analyzing outliers
® derivation of IQR / (max—min)

® large, i.e., =1: no outliers ‘

@ small, i.e., =0: some far outliers : 1

® derivation of upper/lower outlier range, focus on small QR
UOR = (max—q;) / (max—min), -

LOR = (gq—min) / (max—min),
and ULR = UOR-LOR
@ positive, if max far away
@ negative, if min far away

@ scatterplot of both and brushing ' bsize: Ulgg (anlerteot)oF
apove: , Delow:

® The according IVA loop
® show, derive, show, brush, ...
® very powerful analysis approach



® Of course there’s more: : ’
® approaches that “leave” the field R
® specialized feature extraction [Postetal., 2003] ==
® efc. ¢

® A lot of good literature

available
® Much can be embedded | : A\ uset,
Wlthln |VA aISO! feature extraction application
@ code as field [Birgeretal,'07] ™ ¢ .

!'elationa_l
information

complex
information

features
in application terms




Discussion of IVA Levels

® Show & brush:

@ satisfies KISS
principle
@ one brush
@ simple linking
® conceptually
simple

@ solves (maybe)
80% of all problems
(Pareto rule)

@ implemented
IN many cases



Discussion of IVA Levels
® Show & brush

5 ® Relational analysis:

‘ l brush @ coherent data /
Interaction metaphor
multiple‘ 4

space,
views & sels. ® but allows for more
complex queries

@ logical combinations
Example: match natural
i language

combination




Discussion of IVA Levels

% o, @ Show & brush
: ® Relational analysis

\

combinati

attribute

‘ k S ® Complex analysis:

derivation
| W @ extends data /
_mditipie | interaction metaphor
views & sels: “ brushing space
@ additional data
derivatives
Example(s): ® additional brushing

opportunities

@ combination of
computational and
Interactive analysis
very powerful!




Discussion of IVA Levels

' show
@ Relational analysis

,\ ‘
attribute brush _
oot / ‘ B ® Complex analysis
multiple'l @ Approaches beyond...

Views & sels. adv.brushing g “container” for
approaches that go

beyond DOIl-based
IVA

® Show & brush

combina

Really attractive to have all in one (IVA) framework!



Applications

VA of time-dep. 3D CFD data (engineering)
VA of industrial ensemble simulation data
VA of medical perfusion scans (3D+time)
VA of meteorological / climate research data
VA of sensor network data

VA of customer relation management (CRM) data



Conclusions

® VA useful in many application scenarios
@ follows common patterns (x=d, d=x, d=d)

@ |VA enables a visual dialog with the data
@ from data to information / knowledge (and back)

@ lterative concept enables steered analysis

® conquering the unexpected
® both in terms of findings,
@ but also in terms of analysis approaches

@ facilitates reasoning, leads to additional learning,
empowers the expert user (even makes experts!)

® |\VA as useful exploratory research methodology
® hypothesis generation
@ analysis prototyping
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