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Instead:

Five selected characteristics (C1-C5)
of Visual Analytics (VA solutions)

|eadm9 to ] C1: problem size
a discussion of C2: visualization richness
—Ccom prom iseS C3: interaction pace

C4: computational analysis

— chances

C5: comprehensiveness




* So let’s start with C1; Problem Size...

C1l: Large Data

® Arecurring statement: there’s sooo much data...
... therefore visual analytics!

Daniel Keim, 2007: Thomas Ertl, 2009:

Challenge of the Information Age

Information Explosion

= Today: the Peta (10'*) era

100 miltlon FedEx transactions per day = Computer Simulations
150 million VISA credit card " e 1 Puiabytn paryour
tranacKoraR per iy * High-periormance computing conter 1 Petafiop per second
* Game PC graphics card 1 Terafiop per second
3 n long distance calls Sensors
In ATT's network per day Satedite astroncemy 1 Petabyte per yoar
bilion e-malls worldwide it ptet el O e
perday [ < high-traughpa e per yea
GO0 biilion IP packets per day Digital Events
DE-CIX backbone Credit card fransactions 100 Mo per day
* Long dstance cals ATT 300 Mio per day

interret packets hrough DE-CIX 500 Bill per day

Winssnl Analytics - Kaim - May, 11 2007
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Why is the topic highly relevant today? Information Explosion
= Tomomow: the era of Exa{10'") and Zota (10°")

+ Wery Large Data Collections are available in Databases = Digital Information (created, captured, rephicated)

and Data Warehouses - 2002 22 Exabyle
» 2006 184 Exatiyle
* On the Basis of the Data Complex Decisions have to « 2010 almost 1 Zetabyte INCreass per year

made in a timely fashion (26 wilkon e-mailvyear, lolaling about 6 EB of data)

Pure ion Methods
de not work for Billiens of Data Records

uaIpA ‘spuall Bunndwo) rensip

= Information “stored” by humans

e 1 Petabyte in entre Me time
* BO% thecugh vision [space, form, coloe, texture, ..
* theough display with 1-100 Megapixels

Full ¥ anly
work for well-defined and clearly specifiable problems.

Especially for adversarial situations:
Fraud, Viruses, SPAM, Anacks, Compedtition, ...

= Visualization plays a significant role in dealing with digital data
* Interaction and abstraction
are the keys for the visualization of huge data sots

Visisal Anabytics - Kaim - My, H 2007




C1l: Large Data

® A recurring statement: there’s sooo much data...
... therefore visual analytics!

Daniel Keim, 2009:

D 1 Infi g Man
QD

9 Visual Analytics Mantra o

% én::n al:cl flltetr.

wn Details on demand
3

= »2Analyse first,

- Show the Important,

;

Zoom, filter
and analyse,
Details on demand.“

C1l: Large Data — a question mark...

® Christian Chabot (CEO of Tableau), 2008:

People adopt visual analytics primarily to help
them see and understand massive data
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Contributor ID  Industry Recommendaton Ticker Close Volume

1/14/2008 Hardware  Sell AAPL 50.22 3,485,600 I
1 umizo08 Hardware  Buy CsSCO 53325 21,608,000 |
12008 Software Hold MSFT 5451 23,372,800




C1: Problem Size — some categorization

® Small » moderate » large » very large (huge)
® no VA needed for (really) small problems

® lots of solutions do work for moderately sized cases
/Il e.g., an Excel sheet of data (hundreds, thousands, ...)

® selected solutions address large problems
// tens to hundreds of thousands, etc.

® very few focus on (really) huge problems

® Important difference between large and huge cases!

® Small » moderate » large » very large (huge)
® no VA needed for (really) small problems [ %

® |ots of solutions do work for moderately Siz| . i
/Il e.g., an Excel sheet of data (hundreds, thous ] =

® selected solutions address large problems
// tens to hundreds of thousands, etc.

® very few focus on (really) huge problems Wi tableay
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|
!
| Pixel bar charts: a visualization technique for
very large multi-attribute data sets¥
' Daniel A. Keim'-*
Ming C. Hao'
| Umesh Dayal’
| Meichun Hsu'?
Hewlern-Packard Research Lobs, Pule Ao
Caldornia, ULS.A; ~ CommerceQne, Meaanton,

Caftkenic, (LS4 "ATET Resmrch laby, Morhom
123 4 5 6 7 10 2z 123 4 5 6 10 12 123 4 5 67T 1O

® Important difference between large and huge cases!




C1: Problem Size — some categorization

® Small » moderate » large P very large (huge)
® no VA needed for (really) small problems

® lots of solutions do work for moderately Siz| . =
/Il e.g., an Excel sheet of data (hundreds, thous

® selected solutions address large problems
// tens to hundreds of thousands, etc.

Data-Driven Documgnls

i |

:Pixel bar charts: a visualization technique for
(very large multi-attribute data sets¥
|

® Small » moderate » large » very large (huge)

Data-Driven Documgnls

® no VA needed for (really) small problems

® lots of solutions do work for moderately siz| .- =
/Il e.g., an Excel sheet of data (hundreds, thoud__

® selected solutions address large problems
// tens to hundreds of thousands, etc.

® very few focus on (really) huge problems

i |

Outlier-preserving Focus+Context Visualization in Parallel
Coordinates




o Next C2: Visualization Richness...

C2: Visualization

® The perceptual and cognitive power of users
should not be left unutilized!

® Matt Ward, 2010:

2 he Beginning there were Mapping
» ta values control the visual variables of points,

7 s, areas, surfaces, and volumes.

3 [T | B
o v i Vv

J. Bertin, Semiology of Graphics: Diagrams, Networks, Maps. University of Wisconsin Press,
Madison (1983).

EuroVis 2010, Bordeaux, France




C2: Visualization

® The ; : ' .
n Dealing with Dimensions
sSNno
= ny categorizations of 'l - —
o MatiEE e inton |5 (FEE
dimension organization R fFE -
m (see below paper for an earlyone) | = ' F = E
= 1 .III 3 B — L s
S * 1 * My categories: PN s — Tt g
» | Data — Subsetting $gi :
5 lines (e.g., SPLOMs, dense pixels) g
3 — Reorganization g =
T |+ Positi (e.g., parallel coords, glyphs) = e
- Size I Embedding :l::'x;::;lullmm'ms- Stacked graphs - Excel
* Shap (dimensional stacking, stacked
* Value bar charts, trellis displays) b
: ((:)0.—:::, — Reduction ;ﬂ En-?
] (PCA, MDS, RadViz) E sl
giotigey Wong and R. D. Bergeron, "30 years " Wi e Valon i Reaton ity ~Yorg
Scientific Visualization: Overviews, Methodologies, and Techniques, edited by Nielson,
LB:_’W Hagen, and Mueller (1994). pp. 3-33.
= B EuroVis 2010, Bordeauy, France
——

C2: Visualization

® The
sho

* Many categorizations of

® Mat dimension organization
m (see below paper for an early one)
% 1. I 1 A My categorles: Parallel Coords. - XmdyTool 30 Paraliel Em“,w“_um,ﬂ* Chemoff Faces - Wikipedia
@ | Data] - Subsetting o oo
E lines (e.g., SPLOMs, dense pixels) s ‘:,'-: :.‘-"‘
3 — Reorganization o t
@ |* Positi] (e.g., parallel coords, glyphs) e — e s

* Size — Embedding o

* Shap (dimensional stacking, stacked |} A AN ) | :

* Value bar charts, trellis displays) i | : ' i k l |L ] :

SiColor b _ L RIRAN

M orien — Reduction e o Z i

> PoimCloudiplore
o (PCA, MDS, RadViz) Y S——
* Motic P. Wong and R. D. Bergeron, *30 years of multidimensional multivariate visualization.” in
Scientific Visualization: Overviews, Methodologies, and Techniques, edited by Nielson,
J. Bertir Hagen, and Mueller (1994). pp. 3-33.
Madiso| I EliroVis 2010, Bordeatn: France
Eurovis ZU1U, boraeaux, France R




C2: Visualization

® The

o Dealing with Dimensions

* Many categorizations of
Mat dimension organization

m (see below paper for an early one)
c P
2 1. II| * My categories: = - EE
» | Data] — Subsetting nthl - | EEEEE
% lines (e.g., SPLOMs, dense pixels) ' I I I I | I I l I = [ r
< o A =
8 — Reorganization TP == -
= | Positi] (e.g., parallel coords, glyphs) e ——— Tl Dislay - ChartSpace GeneralLogic Dlagam -5
: . h ]
* Size — Embedding et A .
* Shap (dimensional stacking, stacked alh b b ¥ i ;‘;i = FHH HF HHH
* Value bar charts, trellis displays) e ‘:t B i R -
= ‘ . M Mo B Dimensional Stacking - XmevToal
. g:,::, — Reduction —
- xtul (PCA, MDS, RadViz)
* Motic P. Wong and R. D. Bergeron, *30 years of multidimensional multivariate visualization.” in
Scientific Visualization: Overviews, Methodologies, and Techniques, edited by Nielson,
tﬂa:_mr- Hagen, and Mueller (1994). pp. 3-33.
ikt EuroVis 2010, Bordeaux

C2: Visualization

® Thel

o Dealing with Dimensions

M * Many categorizations of
at dimension organization
(see below paper for an early one)

1. |1 * My categories:

m
=
o
<
» | Data — Subsetting
E lines (e.g., SPLOMs, dense pixels)
8 — Reorganization
o |* Positi] (e.g., parallel coords, glyphs) S Gt i A Ao
* Size — Embedding ==
* Shap (dimensional stacking, stacked o
* Value bar charts, trellis displays) - '
S Col i :
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Scientific Visualization: Overviews, Methodologies, and Techniques, edited by Nielson,
LB:_"" Hagen, and Mueller (1994). pp. 3-33.
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C2: Visualization — more...

® Also from Matt Ward's talk:

Other Challenges
in Mappings

* Too many records

a10uka3 0TOZ SIA0INT

* Too many variables
* Non-numeric fields

* Missing values

* Streaming data

Lany partial solutions;
a

Il have limitations.

C2: Visualization — more...

® Also from Matt Ward's talk:

* Missing values

* Streaming data

Many partial solutions;
all have limitations.
| ===

£ ﬂther Challen [ ; ;“ll
z 8€s \ & |
= | in Mappings \ ... ;;‘_:
§ J Tool? p B
2 And Then There are Relations
% * Too
5 1
*Nol  And What About Data Properties?
| .. like data uncertainty

(SR L)

Ill][l“
| |m




C2: Visualization Richness

® None / primitive » advanced » rich

® none or at least some primitive vis (bar charts, etc.)
are the minimum — state-of-the-art, in particular
outside visualization

® advanced: state-of-the-art wrt. visualization,
In particular selected advanced visualization

® rich: an extensive spectrum of available vis. —
there is a choice of various advanced vis. techniques

1240 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 1. NO. 6. NOVEMBER/DECEMBER 2007

]]] Animated Transitions in Statistical Data Graphics
. : i r i i l Jeffrey Heer, Grorge G Robertsan (prefuse)
E . 1 II 'S | '-' L?
— - .I I | - . ‘ b — Animated Transitions in
| 1 . Statistical Data Graphics

Jeffrey Heer
George G. Robertson

® Rich: often through library-sort of solutions ==




C3: Interaction

Mapping Comes Intera

isualization without interaction
s like a sports car with no engine!

Nice to look at,
ut not good for much! ©

EuroVis 2010, Bordeaux, France

C3: Interaction

® Making VA aloop, an interactive visual dialog, like

® show & brush |
e .. The Iterative Process of IVA

® Loop / bundling of two complementary parts:
® visualization — show to the user!
Something new, or something due to interaction.

® interaction — tell the computer!
What is interesting? What to show next?

@ Basic example (show = brush - show — ...

cooling jacket context: .
1. show a histogram of temperatures
2. brush high temperatures (>90°[+2°])
3. show focus+context vis. in 3D
4. locate relevant feature(s)

® KISS-principle IVA:

® linking & brushing, focus+context visualization, ...

a10uA8) ZT0Z YA0INT ‘HH




C3: Interaction

® Making VA aloop, an interactive visual dialog, like

® show & brush |
® .. The Iterative Process of IVA

omplementary parts:

to the user!
iething due to interaction.

omputer!
at to show next?

Interactive Analysis — levels of complexity

A lot can be done with KISS-principle IVA! [pareto rule] ""‘

t brush — show — ...),

tus+context visualization, ...

For more advanced exploration/analysis tasks, p | »,
we extend it (in several steps): & |emperatures
Lires (>90°[x27))
vis. in 3D
fre(s)

dlouAay ZT0Z YACINT ‘HH

@ VA, level 2: logical combinations of brushes, e&
utilizing the feature definition language [Doleisch et al., 2003]

@ VA, |. 3: attribute derivation; advanced brushing,
with interactive formula editor; e.g., similarity brushing

@ IVA, 14: application-specific feature extraction, e.g.,
based on vortex extraction methods for flow analysis

»,
¢
Sy

[ 4

C3: Interaction

® Making VA aloop, an interactive visual dialog, like
® show & brush

@ .. \ m| e .
. . . I' ‘f‘ p"‘ i: f
® A really important question is: ¥ |

how fast is one such loop? \— —"— |

® Jean-Daniel Fekete,|2012: : O
, Response Times g

TABLE 3. HUMAN TIME CONSTANTS FOR TUNING 24
COGNITIVE CO-PROCESSOR * 0.1 sec-animation, visual continuity, sliders 5

TIME CONSTANT VALUE | REFERENCES * 1 sec-system response, conversation break o
Perceptual processing | .1s | [5] * 10 sec- cognitive response 3
Immediate response 1s [2“ ] Stuart K. Card, George G. Robertson, Jock D. Mackinlay. The information visualizer, an )
Unit task 10s [5‘21] information workspace. Proc. CHI '91, 181-186, 1991. 9)‘
m

THE INFORMATION VISUALIZER, * Beyond 20 sec, users wait and loose attention | =

AN INFORMATION WORKSPACE

— Forget their goals and plans
Stuart K. Card, George G. Robertson, Jock D. Mackinlay

— Progress bar needed!

Xerox Palo Alto Research Center '
Palo Alto, California 94304
(415) 494-4362, Card PARC@ Xerox.COM CHI 91




C3: Interaction

® Jean-Daniel Fekete, 2012:

Needed to maintain planning, hypotheses

o

QD

17} Interaction / Cognition

5

Y * Main issue: managing short-term memory
g. efficiently

2 7 items +2

&

-~

* Typing/language use several items
— Scripting / SQL interfere with exploration

* Other issue: avoid distracting, understanding
is cognitively demanding!

Topology-Aware Navigation in Large

C3: Interaction afaonions

1, F. Chevalier, N. Henry Riche, E. Pietriga, J.-D. Fekete, ACM CHI 09

® Jean-Daniel Fekete, 2012:

)
QD
Q
20
% Exa mp|es Of |nte rad Visual Form Interaction: ScatterDice
0p)
3
» i iy |
= View-level R
2 — Topology-Aware Navigation in Larg
2 * Visual-form level =
— ScatterDice, GraphDice
* Data level
— Dynamic Queries, Brushing His
—

Machine Learning Level




C3: Interaction

ylel reulwas [ymsbeq

® Jean-Daniel Fekete, 2012:

- i o

Topology-Aware Navigation in Large

Networks

, F. Chevalier, N. Henry Riche, E. Pietriga, .-D. Fekete, ACM CHI 09

WikipediaViz:
Pre-computed data (continuously)

F. Chavalier, 5. Huot and 1.0, Febete Wi
Beaders Pacificvis "10; IEEE Pacific Visu

Viz; Corveying Article Guality for Casual Wikipedia
tion Sympasium, 10 pages, March 2000, Taipel, Tabwan.

BC

Brg

Visual Form Interaction: ScatterDice

* Machine Learning Level

e, DC, USA, 147-153

C3: Interaction Pace

before attention breaks!
® immediate: =1s —

® Separate » unit task » immediate » continuous
@ separate: offline processing
® unit task [Card et al., '91]: =10s —

The unit task time constant. Finally, we seck to make it
possible for the user to complete some elementary task act
within 10 sec (say, 5~30 sec) [5,21], about the pacing of a
point and click editor. Information agents may require
considerable time to complete some complicated request,
but the user, in this paradigm, always stays active. He or
she can begin the next request as soon as sufficient
information has developed from the last or even in parallel
with it.

maintains an interplay, a conversation

® continuous: =0.1s —

smooth in the eye (perception)

The perceptual processing time constant, The Cognilive
Co-processor is based on a continuously-running scheduler
loop and double-buffered graphics. In order to maintain
the illusion of animation in the world, the screen must be
repainted at least every .1 sec [5]. The Cognitive Co-
processor therefore has a Governor mechanism that
monitors the basic cycle time. When the cycle time
becomes too high, cooperating rendering processes reduce
the quality of rendering (c.g., leaving off most of the text
during motion) so that the cycle speed is increased.

The immediate response time constant. A person can make
an unprepared response to some stimulus within about a
sccond [21]). If there is more than a second, then cither the
listening party makes a backchannel response to indicate
that he his listening (e.g., "uh-huh") or the speaking parly
makes a response (e.g., "uh...") to indicate he is still
thinking of the next speech. These serve to keep the parties
of the interaction informed that they are still engaged in an
interaction. In the Cognitive Co-processor, we attempt to
have agents provide status feedback at intervals no longer
than this constant. Immediate response animations (e.g.,
swinging the branches of a 3D tree into view) are designed
to take about a second. If the time were much shorter, then
the user would lose object constancy and would have to
rcorient himself. If they were much longer, then the user
would get bored waiting for the response.

® Really important differences on the user side!




* Sure, C4; Computational Analysis...

C4: Computational Analysis

® VA is about the integration of interactive visual
analysis means and computational analysis

Humans and Computers

"Computers are incredibly fast, accurate, and stupid;

humans are incredibly slow, inaccurate, and brilliant;

together they are powerful beyond imagination."

attributed to Albert Einstein

2102 MleL feulwss ynisbeq ‘wiay '




C4: Computational Analysis

® VA is about the integration of interactive visual
analysis means and computational analysis

® So then: computational analysis...
® from statistics
® from data mining
® from machine Iearnlng (==

C4: Computational Analysis

® None » selected P rich
® vis.-and-only-vis. solutions do not offer comp.

analysis
Some Examples
Integrated Methods . ;
@ Integration of clustering

T

I

g . C|UStel’lng [Fua..., ‘99] ir[v. Wijk..A., ‘99] [Sukharev..., 2009]
[} ® k-means

c " " g

> ® hierarchical _clustering mej ...4
(7)) 8 elc.

m . .

3.| ® Projections (embeddings), €.g.,

D ® PCA

N e MDS

= 8 efc. (SOM)

N

@ Classification, regression
@ decision trees
® SVM

8 efc. (gen. alg.)
e Etc.




- Last, here, C5; Comprehensiveness..,

C5: Comprehensiveness

® How specialized is the VA solution?
Does it cover heterogenous aspects?
Is the VA solution open?

® Chris Weaver, ) )
2011: What is Improvise¢ \>

It's a desktop application for interactively
building and browsing visualizations.

Ll
L e
%

TT0Z ‘wninbojj0d SO ‘8re1s ewoyep o

-
It's different because of how
richly interactive its visudlizations can be,

and how multiple views of data allow
analysts to express complex queries
using only simple interactions.

CTTETEeT

S e

Rich interaction can afford
more useful visual analysis tools.

g L
i




C5: Comprehensiveness

® How specialized is the VA solution?
Does it cover heterogenous aspects?
|s the VA solution open?
F— = el O
What Does Improvise Try To Do?2 Drovise e \> a3
=2
T o
» Support live design of visual tools as an integral and essential part of int fivel £ & =! H = 3
the data exploration and analysis process, by ‘OF in grc:c: Ively . . Q
- accessing and querying data alizations. Bew ! = %
- visuall ding dat Sl S
Visuglly encoaing dala acause Of how SD
- creatfing, coordinating, and laying out views isualizations can be '®)
- coupling view interactions with data transformations ' 0]
jultiple views of data allow Q
* Aim for “improvisational visualization" by combining D express complex queries g
- afullinformation visuailization toolkit (similar to the InfoVis Tookit and prefuse) pg only simple interactions. -g
— an architecture and language for coordinating queries across multiple views E
- an integrated user interface for building and browsing visual tools on-the-fly ..3
! S
fools. P
[EEY

C5: Comprehensiveness

® How specialized is the VA solution?
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C5: Comprehensiveness

® How specialized is the VA solution?
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® How specialized is the VA solution?
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C5: Comprehensiveness

® Targeted » semi-flexible » open

® targeted: one specific problem context, tailored /
optimized solution

® semi-flexible: general wrt. a certain type of problem

® open: broad variety of problems, also broad variety of
problem aspects (can treat heterogeneous problems)




Five Characteristics — summary

Cl:problem size
small » moderate » large » very large (huge)

C2: visualization richness
none / primitive » advanced P rich

C3:interaction pace
separate P unit task » immediate » continuous

C4: computational analysis
none P selected » rich

C5: comprehensiveness
targeted » semi-flexible » open

Five Characteristics — summary

Cl: problem size -
small » moderate » large » very large (huge)

C2: visualization richness
none / primitive » advanced P rich ? ?

C3:interaction pace
separate » unit task » immediate » continuous

C4: computational analysis
none P selected » rich ?

C5: comprehensiveness 27

targeted » semi-flexible » open

?




Five Characteristics — summary

Cl:

C2:

C3:

C4:

C5:

problem size » distinguish between large and huge!
small » moderate » large » very large (huge)

visualization richness» different views for different purposes!
none / primitive » advanced P rich

Interaction pace » respect the human time constants!
separate » unit task » immediate » continuous

computational analysis » huge potential for VA!
none P selected P rich

comprehensiwesemany VA cases are, in fact, heterogeneous!
targeted » semi-flexible » open

approaches to VA: » from visualization, adding analysis
» from analysis, adding visualization
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