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spatial channels are the most
effective for all attribute types

(® Magnitude Channels: Ordered Attributes
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recall: attribute semantics

when we arrange tabular data, attributes are chosen to be
keys and values

Attributes (columns)
|

ltems

(rows)
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Cell containing value

multidimensional



Scale of Tables

Need different approaches for “normal” and “high-

dimensional” tables. Homogeneity
How many dimensions? Same data type?
~50 — tractable with “just” vis Same scales?

~1000 — need analytical methods

Age Gender Height

How many records? Bob 25 M 181
Alice 22 F 185

~ 1000 — “just” vis is fine .
Chris 19 M 175

>> 10,000 — need analytical methods

BPM1 BPM2 BPM3

Bob 65 120 145
Alice 80 135 185
Chris 45 115 135
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Parallel Coordinates
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[Doerk 2011]

P :’ e
. Lrigss UQ'
o 1 g (13 L] n'?'u“ m:’:’.‘
a - . -
o B Dimey "Q"'
ST
i '@v' 'I]’u.
ree =~
'
e . fra
> e
&
e .
x
-~ .:3 3 fe
o Wi - e
’ 2 & & a !
I,Q o @,
[ P . : @
«“ - :
y 1 1

> [Chuang 2012]

strong analytics
component




Express Ualues

No Keys



encode using zero keys:
scatterplots

2000

Arrange Tables
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Regression Lines

Goal: Find the best values of 8y and §8;, denoted Bg and Bl, so that the
prediction y = 8y + B1z “best fits” the data.

Approach: use least squares to minimize the sum of the squares of the errors

R%0.06

REXTHOR, THE DOG-BEARER

T DONT TRUST LINEAR REGRESSIONS WHEN ITS HARDER
TO GUESS THE DIRECTION OF THE CORRELATION FROM THE
SCATTER PLOT THAN TO FIND NELJ CONSTELLATIONS ON IT
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Encode one Key
Httribute



encode one key attribute:
bar, dot, & line charts
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Encode Multiple Key
Flttributes



Arrange Tables
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Stacked Bar Chart

Keys: Class, Survival 0,

Bl Dicd
. 0.8

700 | mmmm  Survived
0.6

Class is spatial

Survival is color

e
—

=
=
0.4

Left: absolute values 2 -

Right: proportional
values

0.2

0.0
Ist Class 2nd Class 3rd Class Ist Class 2nd Class 3rd Class



Comparison of bar chart types

Category 1 @ ltem 3

Category 2 @ :’:em ;
Category 3 @ |tem 5
Category 4 © Item 4
Category 5 @ -
ltem 5
Pie Chart Stacked bar chart
. .0
ltem 1 I
Layered item 2 .
Bar ltem 3 ]
Chart ltem 4 -
ltem 5 |
Small
Grouped ™ Multiples

Bar 15-
Chart

7

Streit & Gehlenborg, PoV, Nature Methods, 2014

ltem 1 ltem 2 ltem 3 ltem 4 ltem 5



Stacked Area Chart

25



http://stackoverflow.com/questions/2225995/how-can-i-create-stacked-line-graph-with-matplotlib

100% Stacked Area Chart



http://stackoverflow.com/questions/16875546/create-a-100-stacked-area-chart-with-matplotlib

acked Area vs. Line Graphs
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leancrew.com &
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http://www.leancrew.com/all-this/2011/11/i-hate-stacked-area-charts/
http://www.practicallyefficient.com/2011/11/25/boring-charts/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%253A+PracticallyEfficient+%2528practically+efficient%2529

Can you spot the trends?
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http://vizwiz.blogspot.com/2012/08/displaying-time-series-data-stacked.html
http://vizwiz.blogspot.com/2012/08/displaying-time-series-data-stacked.html
http://vizwiz.blogspot.com/2012/08/displaying-time-series-data-stacked.html

Table Lens

Interactive table-
based
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https://youtu.be/qWqTrRAC52U?t=37s

Bertifier
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LineUp
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Rank

University Score

A

Oxford, UKE4.0




Support Multiple Attributes



Score = f(A, B, C)

Rank |University A B C
1. MIT,USA B
2. Harvard, USAl S
3. Princeton, USl  l
4. Cambridge, Ul
5. Oxford, UK Bl |




Combiner functions: f(A,B,C)

(Weighted) sum

SCOI’e=WaA+WbB+WCC 9Serlal
Maximum

Score = max(A. B, C) —~> Parallel
Product
Nesting Complex

Combiners



Serial Combineras stacked Bar)

w A + w. B + w C

Rank |University A B C

1. MIT, USA I e
Harvard, USA B s

Princeton, USA i R
Cambridge, UK i I
Oxford, UK

s Wi




Serial Combineras stacked Bar)

w A + w. B + e

Rank |University A B C

1. MIT, USA I
Harvard, USA BT aae

Princeton, USA I
Cambridge, UK I
Oxford, UK L [ [ |

s Wi




Serial Combineras stacked Bar)

w A + WI B+ w C
Rank |University A B C
1. MIT, USA

s Wi

Oxford, UK
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Flexible Mapping of
Attributes to Scores
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93 visible of 399 (23.31%) 3

4 SUM (Engineering & Technology, Arts & Humanities, Life Sciences & Medicine) A

33.33% 33.33% 33.33%

School Name Country rEngmeermg & Technology Arts & Humanities Life Sciences & Medicine
Filter Filter:
<None> 2outof43
University of Oxford United Kingdom
University of Cambridge United Kingdom
Harvard University United States
Stanford University United States
Massachusetts Institute of Technology (MIT United States
University of California, Berkeley (UCB) United States
University of California, Los Angeles (UCL United States
Yale University United States
UCL (University College London) United Kingdom
Columbia University United States
Princeton University United States
University of Edinburgh United Kingdom
University of Michigan United Stales
Cornell University United States
University of Pennsylvania United States
The University of Manchester United Kingdom
Imperial College London United Kingdom
University of Chicago United States




Compare Rankings



Bump Charts

Rank

University Score re

Score

s Wi

MIT, USA — s
Harvard, USA

Princeton, USA
Cambridge, t |
Oxford, UK — 8. 0




Bump Charts

Rank |University Score Rank | Score Score
1. MIT, USA
Harvard, USA S
Princeton, USA B

Cambridge, UK B
Oxford, UK | ]

Al




Rank

2B 453 visible of 453 (100.00%)

School Name
Filter:
<None>
Massachusetts Institute of Te
California Institute of Technol
Harvard University
University of Cambridge
UCL (University College Lond
University of Oxford
Princeton University
Imperial College London
University of Chicago
Stanford University
Columbia University
Duke University
University of Pennsylvania
Johns Hopkins University
Yale University
University of Michigan
Ecole normale supérieure, Pa
Northwestern University

World University Ranking

46.55% 32.72% 20.72%
|K/IAX (Academic re Faculty/stud Citatio
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Pixel Based Displays

Each cell is a “pixel”, value
encoded In color / value

Ordering critical for interpretation

If no ordering inherent, al|
clustering is used

Scalable — 1 px per item
Good for homogeneous data

same scale & type

| | | | | I 7
-— —ee
[Gehlenborg & Wong 2012]



3D Pitfall: Occlusion & Perspective

Which one is the tallest bar?
What is the pattern in the data?

[Gehlenborg and Wong, Nature Methods, 2012]



3D Pitfall: Occlusion & Perspective

Which one is the tallest bar?
What is the pattern in the data? 0

[Gehlenborg and Wong, Nature Methods, 2012]



Heterogeneous Data?

Proneural Neural Classical Mesenchymal
I

ge
PDGFRA c¢n
mut
ge
EGFR ¢n
mut
ge
NF1 cn
mut
ge
CDKNZ2A
cn
‘osmmms B 0D Copy Numboe
Gene Expression Mutaton ~ TP53LOH  EGFRuvII high level amplification

low level amplification
normal copy number
hemizygous deletion
homozygous deletion

[Verhaak 2012]
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Good Color Mapping




Color is relative!




Clustered Heat Map
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http://square.github.io/cubism/
http://square.github.io/cubism/

Combining Various Charts

Toggle summary Summary of all All dimensions
button dimensions shown separately

e

Context
(non-genetic)
datasets

Dimensions

_ ..—_-_ Sorted
_— = by this row

Multi-mapping
of gene family

Collapsed
incoming node

outgoing
nodes Groups of same dataset Different Datsets



Design Critique



Next

Yield curve 101

The yield curve shows how much it costs the federal
government to borrow money for a given amount of time,
revealing the relationship between long- and short-term
interest rates.

8% yield
per year

It is, inherently, a forecast for what the economy holds in the

future — how much inflation there will be, for example, and

how healthy growth will be over the years ahead — all

embodied in the price of money today, tomorrow and many 6%
years from now.

4%
2%
'S0
92
30-year
'00 20-year
10-year
02 7-year
‘04 5-year
‘06 3-year
‘08 | 2-year
'10 1-year
6-month
12
3-month
2014
1-month
Treasury

Document: https://goo.gl/We6wOil
Website: http://goo.gl/D3misy



https://goo.gl/W6w0iI
http://goo.gl/D3mIsy

Spatial Fxis
Orientation



Arrange Tables
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Volume Recursive Subdivision

(® Axis Orientation
2 Rectilinear 2 Paral

L

(® Layout Density
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Spatial Flxis Orientation
Scatterplot Matrix



Scatterplot Matrices (SPLOM)

_ . " sepal length : .: | g::’ _!.i ?
Matrix of size d*d VAL R AN
Each row/column IS one :o
dimension "‘_, S b o

Each cell plots a scatterplot of J% / S
two dimensions . :.


http://bl.ocks.org/mbostock/4063663

Scatterplot Matrices

Limited scalability (~20
dimensions, ~500-1k
records)

Algorithmic approaches:

Clustering & aggregating
records

Brushing Is important Choosing dimensions

Often combined with “Focus
Scatterplot” as F+C
technique

Choosing order



SPLOM Aggregation - Heat Map

Interactive Ninned Scatterplot Manix  Dimsnsions: 5 v Bins: 20 v | Jata Points: | 100k ¥
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2cwered E¥ Datavore end 0.

Datavore: http://vis.stanford.edu/projects/datavore/splom/


http://vis.stanford.edu/projects/datavore/splom/
http://vis.stanford.edu/projects/datavore/splom/

SPLOM F+C, Navigation
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https://www.youtube.com/watch?v=2bYIRcO-gwg

Spatial Flxis Orientation

Parallel Coordinates



Parallel Coordinates (PC)

AXes represent attributes
Lines connecting axes represent items



Each axis represents
dimension

Lines connecting axis
represent records

Suitable for

all tabular data types

heterogeneous data

economy (mpg)

45

Parallel Coordinates

cylinders
80—

displacemert (cc)

450 —

power (hp)

220~

weight (Ib)

5,00C



http://bl.ocks.org/jasondavies/1341281

PC Limitation:
Scalability to Many Dimensions

0000000



PC Limitation:
Scalability to Many Items

Solutions:

Transparency

Bundling, Clustering
Sampling




PC Limitations

Correlations only between adjacent axes

SOI UtiO n: Inte raCtiO n economy (mpa) disr;lasg eeeeeeee power (hp) cylinders weight (Io) 0-50 /mfh (s)
. ) “— Y
Brushing ; S ‘ /i
. , =
Let user change order \ = //
= /45\
o _ -
1/ /. dh 4 ,




PC Limitation:

Ambiguity

Solutions:

Brushing Line
Line A or B?
Curves Line B
e A or B?
Curve A Curve A
Curve B
Curve B Curve B
Curve A

Line A ,
Line ?
[ine E\ Line ?
[L.inc C L.inc ?
Curve A
—_— |
e A Curve /
Curve C
Curve B

Graham and Kennedy 2003

Curve C
Curve A

Curve B



Parallel Coordinates

Shows primarily relationships
between adjacent axis

Limited scalabllity (~50
dimensions, ~1-5k records)

Algorithmic support:
Choosing dimensions
Choosing order

Transparency of lines Clustering & aggregating
Interaction is crucial records

AXIs reordering

Brushing

Filtering



http://bl.ocks.org/jasondavies/1341281
http://bl.ocks.org/jasondavies/1341281

HIERARCHICAL PARALLEL
COORDINATES

goal: scale up parallel coordinates to large datasets

challenge: overplotting/occlusion




visual representation: variable-
width opacity bands

show whole cluster, not just single
item

min / max: spatial position
cluster density: transparency
mean: opaque

\

HPC: ENCODING DERIVED DATA

\




HPC: INTERACTING WITH
DERIVED DATA

interactively change level of detall to nawgate cluster
hierarchy e o

Fua 1999



Star Plot

Similar to parallel coordinates

MER IDD
Design 1
Design 2
Design 3
Design 4

Star Plot of MER DD and Automated Designs

Accuracy

Link
Deflection

Actuator /

Saturation

http://start1.jpl.nasa.gov/caseStudies/autoTool.cfm

Mass

Radiate from a common origin

Collision
Trajectory
Completion
Time
(Task Completion)

[Coekin1969]

AMC CONCORD
e 2

ALDIFOX

'.{-

S

BUICK LE SABRE

BUCK SKY LARK

1979 AUTOMOBILE ANALYSIS

ﬁ@

AMC PACER

CAD.DEVILLE

AMC SPIRIT

<k

BUKK CENTURY

BUKK REGAL

e

CAD. ELDORADO

BUKK ELECTRA

BUKK RVIERA

CAD.SEVILLE

9l,ock

http://www.itl.nist.gov/div898/handbook/eda/section3/starplot.htm

org/kevinsche

l/r

AW



http://bl.ocks.org/kevinschaul/raw/8833989/
http://bl.ocks.org/kevinschaul/raw/8833989/

Data Reduction
Sampling

Don't show every element, show a
(random) subset

Efficient for large dataset
Apply only for display purposes
Outlier-preserving approaches

[Ellis & Dix, 2006]

-
’ 'r .‘ .. 4 " ‘.‘ ) v >
p [,. Rl 4 '_" .. o ¢ ‘."':“' Y A " ¢ y ] .‘_. ‘ o

\
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Filtering

Define criteria to remove data, e.g.,

minimum variability
> / < / = specific value for one dimension

consistency in replicates, ...

Can be interactive, combined with
sampling



Spatial Flxis Orientation
Hybrids



Flexible Linked Axes (FLINA)

'} '}
3 3 sy
T ; ' , .:.'
&" y I. » .
ac ) hp -
."
.a_
5 = o
3 A gl « *% &
" Yo
ac hp -

(a) scatterplots

(d) Hyperbox (e) Time Wheel (f) Many-to-many PCP

Claessen & van Wijk 2011



Web-based implementation of
FLINA concept

0c

o

Weight
2000 4000

http://vis.pku.edu.cn/mddv/val/



http://vis.pku.edu.cn/mddv/val/

Connected Charts
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Domino

origin

Barbados

Ireland |

Sweden

UK
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Rihanna
u2
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The Beatles
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N 1 = |
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Gratzl et al. 2014


https://www.youtube.com/watch?v=bm59Y8QYbAQ

Spatial Flxis Orientation

Parallel Sets



Parallel Sets

builds on PC to better handle categorical data

discrete
small number of values
no implied ordering between attributes

task: find relationship between attributes
interaction driven technique



Visual Encoding

boxes scaled by frequency

color coded by values for current active dimension

Sraset Y
File WiE
i User Defined ... 0 100000 % out of 22071 arH
=l newDimenzionT: User_Dim_1 Clacs Cl =l Age: Age
-8 newselection d33 L1as3 e adult
E]DE ,IEI,HD @- Zrid 2rd Crenr j _____ ﬂ |:I'-I|||:I
- ref > Clazs ; Crew E|J Clazs Class
-l remaining EIJIE lower
L @ crew
e g rd
Sex Sex EIEE upper
2| femal: male 3 - q st
e 2nd
- Sew Sew
[+ Survived: Survived
Dirmenzsion added. ‘ 5

Bendix, Kosara, Hauser, 2005



Visual Encoding

- boxes expand to show histogram

Market
|'..'i lowr on| |low-midle middle onlsy high-mid hiogl ]
FamilyT ype
I lAﬂ.T A2C 1 A2
. 9 X%
2 [arne| |ar| |anenploy | [workilng workirng ramily | [or ing =1 |working chi 2
r Lr r }r .+_ F rh R -
Income
4|le== L0000 - 20_000 ATS 20000 - 4C |-4III-IIIIII |I|1-:-| 4

Bendix, Kosara, Hauser, 2005



Interaction: Reorder

Class Llazs

|_.'.I l=t | |£nc| |crenr ‘31-:-:1 |_.'.I l=t | |2nc| |[2rd CYenr

Cex Cex

D |lmalw fomal D |lmala foamal
Survived Survived

4 |10 'E,FES 4 | Il 'Eli"ES

Bendix, Kosara, Hauser, 2005



Interaction: Aggregate

Clazs | LClazs

|J 1=t} |2nc] |2rd CY et |j 1=t srid Srd C Y aTnT

Cex Cex

) lmals femal ) lmale femal
Survived Survived

4 (1o | |wes 4 (1o | |wes=

Bendix, Kosara, Hauser, 2005



Interaction: Filter

Llazs Llazs
J |1=t Zrid
Cex Sex
b lmala famal J |mala famala
Survived Survived
4 (1o wes 4 1o wes

Bendix, Kosara, Hauser, 2005



Interaction: Highlight

LClass LClass

< 1=t | |£€nc| |2rd ¥ ens < |1zt | |ZRnc

Sex Sex

g |lmoalc fomol P |lmoalc fomol
Survived Survived

@ |no Tes & |no vas

Bendix, Kosara, Hauser, 2005



Parallel Sets

A visualisation technique for multidimensional categorical data.

Titanic Survivors

Survived

Survived Perished



http://www.jasondavies.com/parallel-sets/

Filling Space



Arrange Tables
(® Express Values

® : -

(3) Separate, Order, Align Regions

2 Separate 2 Order 2> Align
o [
-
m uE antH L_l_l_l.l
v
2 1 Key 2> 2 Keys 2> 3 Keys 2 Many Keys
List Matrix Volume Recursive Subdivision
— [ 1]
E iy =n

(® Axis Orientation
2 Rectilinear 2 Parallel 2 Radial

IR

(® Layout Density

2 Dense 2 Space-Filling




Dense pixel display: VisDB

represent each data item, or each attribute in an item as
a single pixel

can fit as many items on the screen as there are pixels,
on the order of millions

relies heavily on color coding
challenge: what’s the layout”



The data...

large database where each item has
multiple attributes (on the order of 10)

goal: visualize the relevance of set of
items which satisfy a query

B
plot out data items In a spiral pattern, @
ordered by relevance

Keim, Kreigel, 1994



relevance
factor dim.1 dim.2

~ !

an®

P
dim.3 dim.4 dim.5

Keim, Kreigel, 1994



Keim, Kreigel, 1994




