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Anscombe’s Quartet

Number of observations (n) = 11
Mean of the 2’s (£) = 9.0

12 7 Mean of the y’s (§) = 7.5
Regression coefficient (b;) of yonz = 0.5
10 - Equation of regression line: y = 3 + 0.5
< ~ Sum of squares of x — £ = 110.0
> 8- s Regression sum of squares = 27.50 (1 d.f.)

Residual sum of squares of y = 13.75 (9 d.f.)
Estimated standard error of b = 0.118

»
(@)

4 - F.J. Anscombe. Graphs in statistical analysis.
American Statistician, 27(1):17-21, Feb. 1973




Datasaurus data set

e X Mean: 54.26

K Y Mean: 47.83
-v:;rx 'gm X SD : 16.76
.mﬁiv}”. ' Y SD : 26.93
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INFORMATION
VISUALIZATION

COLIN WARE




Pre-attentive Processing

“Iasks that can be performed on large multi-element displays in less than 200-250
milliseconds (msec) are considered pre-attentive.”
[Healy and Enns '12]
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orientation
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length
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closure



slze
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curvature
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density
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hue
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luminance
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Preattentive Processing

flicker direction of motion velocity of motion lighting direction

19



Preattentive Processing

deadeye

Krekhov, Andrey, and Jens Kruger. "Deadeye: A Novel Preattentive Visualization Technique Based on Dichoptic Presentation." IEEE
fransactions on visualization and computer graphics (2018).
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Pre-attentive Processing: Color

21



Pre-attentive Processing: Color

22



Gestalt Psychology

> The Gestalt Laws
1. Simplicity
Closure
Similarity
Proximity
Continuity

L



1. Law of Simplicity

> Reality is organized and
reduced to the simplest
form possible

24



1. Law of Closure

> The mind completes
missing parts so it can see
a simple image

e
¢J
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2. Law of Similarity

> The mind groups similar
elements together
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3. Law of Proximity

> Spatial (or temporal)
proximity induces the mind
to see a totality
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4. Law of Continuity

> Lines follow the smoothest
and simplest path.
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“The use of computer-supported interactive, visual representations of abstract
data to amplify cognition.”

[Card et al., 1999]
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Data-Driven Principles of Visualization Design

Position Position Position
Length Gray ramp Shape
Angle Color ramp 4 Color hue

Area .0‘ Color hue =</ Gray ramp
Gray ramp /Y X Length Color ramp
Color ramp Angle Length

Color hue Area Angle
Area

[Mackinlay, 1986]
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Uncovers emergent properties and outliers
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Exposes problems with the dataset
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Enhances communication
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Uses of Information Visualization

> Supports analysis
— Uncovers emergent properties and outliers
— Exposes problems with the data set

> Enhances communication

35



Roadmap

> Motivation

> \Visual Perception

> nformation Visualization
— Guidelines

> Software Visualization
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Guidelines of valuable information visualization can consider
style, integrity, and design

EDWARD R. TUFTE EAowt R, tige
VISUAL EXPLANATIONS Envisioning Information

AN NN NN

. ST L T o R L W UL
BIR LerTT  RE nRsE
SECOND EDITION

* St o . ' A" N\
The Visual Display . g
i ‘ ' ) . 7 , | . G — \\ \\?\ - <H
of Quantitative Information SAGES AND QUANTITIES. EVIDENCE AND NARKATIVE
-~ -~
[ .. .~ - ~.: _.-. -

FDVWARD R, TUET
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Style: Minimize Non-Data Ink

s T - - -
s, NN B S
s M N S
I I S
N B S
o -
o
g 1 I
S I i SRR

-

Removing ink from your graph should remove meaning from it.
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Relationship of Actual Rates of Registration to Predicted Rates
(104 cities 1960).
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Design: Choose the appropriate representation

Estimates of relative survival rates, by cancer site

Prostate

Thyroid

Testis

Melanomas

Breast

Hodgkin's disease
Corpus uteri, uterus
Urinary, bladder
Cervix, uteri
Larynx

Rectum

Kidney, renal pelvis
Colon
Non-Hodgkin’s
Oral cavity, pharynx
Ovary

Leukemia

Brain, nervous system
Multiple myeloma
Stomach

Lung and bronchus
Esophagus

Liver, bile duct
Pancreas

% survival rates and standard errors

5 year

988
96.0
94.7
89.0
86.4
85.1
843
82.1
70.5
688
62.6
618
61.7
578
56.7
55.0
42.5
320
29.5
238
150
14.2

7.5

4.0

0.4
08
LI
08
0.4
1.7
1.0
1.0
1.6
2.1
1.2
1.3
08
1.0
1.3
1.3
1.2
1.4
1.6
1.3
0.4
1.4
L1
05

10 year

95.2
958
94.0
86.7
783
798
83.2
76.2
64.1
56.7
55.2
544
554
46.3
44.2
49.3
324
29.2
12.7
19.4
10.6

79

58

30

09
1.2
1.3
I
06
20
1.3
4
|8
25
4
1.6
1.0
1.2
4
1.6
1.3
1.5
1.5
.4
04
1.3
1.2
1.5

|5 year

87.1
94.0
91.1
83.5
71.3
738
80.8
70.3
628
458
518
498
539
383
37.5
499
29.7
27.6

7.0
19.0

1.7
1.6
1.8
1.5
0.7
24
1.7
1.9
2.1
28
1.8
20
1.2
1.4
1.6
1.9
1.5
1.6
1.3
1.7

8.1 04

7.7
6.3

1.6
1.5

2.7 06

20 year

8l.1
954
882
828
65.0
67.1
79.2
67.9
60.0
378
49.2
473
52.3
343
33.0
49.6
262
26.1

48
14.9

6.5

54

76

2.7

30
21
23
1.9
1.0
28
20
24
24
31
23
26
.6
.7
.8
24
1.7
1.9
1.5
1.9
04
20
20
08

@ W

S year

10 year

15 year

20 year

8 Brain, nervous

O Multiple
mychoma

OStomach

Syear

10 year

15 year 20 year

41



Estimates of relative survival rates, by cancer site

5 year 10 year 15 year 20 year
Prostate 99
Thyroid ;
Testis gg\ﬁ\“/%
91
Melanomas 89 \ \ 88
86 a7 87
Breast
Hodgkin's disease 83 \
Corpus uterl, uterus 83 84 83
Urinary, bladder 82 —— a1 81
78
76
Cervix,uteri 71 %
Larynx 69 638
67
65
dnapren o 63 A
ney, renal pelvis
Colon \ 60
Non-Hodgkin's §§
Oral cavity, pharynx 57
5
52 52
. "3
47
46 46
44
Leukemla 43

Braln, nervous system
Multiple myeloma

Stomach

Lung and bronchus

Esophagus

Liver, bile duct

Pancreas

LF L A7
/

30 29 30
26
24
19 19
15
14
13
”\
8 8 - 9 8
6 § = ¢

&
/
s
s
s
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Estimates of relative survival rates, by cancer site

Prostate

Thyroud
Testis

5 year 10 year 15 year 20 year
99&
gg\g\“/gs

Melanomas

91
89 \
\ 87 88

Breast
Hodgkin's disease 83 \
Corpus uterl, uterus 33 84 83
Urinary, bladder 82 \ . -
\ = "
78
76 \
\ 74
Cerviguteri 71 %
Larynx 69 638
67
65
ey reniisen 83 —
ney, renal pelvis
Colon \ 60
Non-Hodgkin's §§
Oral cavity, pharynx 57
Ovary 55 2 o4
52 \: 52
47
46 46
44
Leukemlia 43

Braln, nervous system
Multiple myeloma

Stomach

Lung and bronchus

Esophagus

Liver, bile duct

Pancreas

LF L A7
/

w
N

26
24
19 19
. \
15
14
13
”\
R 8 < 8 8
6 § = ¢

&
/
s
s
s

Estimates of relative survival rates, by cancer site

Digestive Respiratory
5 10 15 20 5 10 15 20
Larynx 69
Rectum 63
Colon 62
or:wym; 57 57
55 4
\sz\sz Colon
49 Rectum
%0
44 \
38 8
13
Stomach 24
19—19\
Lung and
Esophagus 14 15 bronchus '5\
\ n
bledy 8. 8—8_ 8 \s
TS — 60 : T~
Pancreas 4 3 3 3

Reproductive
5 10 15 2
Prostste 9
AN
Testis 95\83
\r
Breast 86 o “
Corpus uteri u\” \
uterus \
s L))
\N
78
Corvixuten 71 n
NN,
“\63
&0
Ovay 55
LS

9H—

Melanomas 89
Hodgkin's \”
disease 85 \“\
Unnary, bladder 82\ -
80
76\
\74
59
b
renal pelvis 62
Non-Hodgkin's SU\
54
\”\
46 47
Leukemia 43 \
38\
bain o2 *
nervous system
Multiple myeloms 30\29\30
\23\
\26

13

/
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Integrity: Present only the data

s107 108

$9.7

$78

This cluster of type emphasizes and $74
stretches out the low value for 1966-
1967, encouraging the impression that
recent years have shot up from a small,
stable base. Horizontal arrows provide
similar emphasis.

Total Budget —
Total Aidto —
Localities”
*Varying from a low
of 56.7 percemt of
the total in 1970-71 2
to & high of 607 - ' s . - o
percent in 1972-73 TRl TS TREE T e TR R, et SRR R B
T et Aoy SSE RS METY S NS | P
, Ry
This squeezed-down block of type Estmated  Recommended
contributes to an image of small, Arrows pointing straight up emphasize
squeezed-down budgets back in the recent growth. Compare with horizontal

good old days. arrows at left.



Improvement 1: Eliminate Chart Junk

Leaving behind the distortion in the chartjunk heap at the left

yields a calmer view:

45



Improvement 2: Adjust the underlying information...

Per capita
budget expenditures,
in constant dollars

$400 - eescssibecasasasannesninasecnitinennns | PRI -
- [
/.\. . \ 5%
« £l \ /
s380 - . roe @ ccccscnns APR— -
./
$360 -~
$340 -
2
$320 - /////
-
$300 -

1067 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977



Roadmap

> Motivation

> Visual Perception

> [nformation Visualization
>Software Visualization

47



‘SV is the use of interactive computer graphics to enhance the interface
between users and their programs.”

[Price, 1992]
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Roadmap

> Motivation
> Visual Perception
> Information Visualization

>Software Visualization
— Structure
— Evolution
—Behavior
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Space Filling Techniques

> Use of pre-attentive
processing features of

— Locality
— Size
> Techniques

— Treemaps
— Voronol diagrams

Texas

Alaska

Oregon

Nevada

Colorado

MNew Mexico

Arizona

California

Montana

50



Providing an overview of size distribution

org/argouml/

—1
10
sl

I T 1
| | .
nn
1T t s
| ~ |
4
applicatibn  kernet

ArgoUML
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Polymetric Views

> Use of pre-attentive
processing features
— Size
— Color
— Connectedness

> Available tools
— Roassal, Mondrian, XRay

Height metric

Position metrics i
—>

Width metric
——-

Color
metric
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Providing an overview of inheritance

pgoopooo 0
TR & é

DT ape []00003[]0[][]“ DDUD"[]C]I_]
TR 'y ﬁ

/I‘.\\‘-_ uucngannnDnucAmngauiDEDCD[]ﬂ DDDBDDUUU%DUU:ODUDEQQJ
|| igsjil !!

\)

.lll "
ey ) (oS -

T S LR W
7l i S
BB S Bt s o cs g sh T
'II'I'.II""."‘ﬁ'

g o et .
£l | ArgoUML
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Metaphor: City

> Use of pre-attentive
processing features of
— Size
— Color
— 3D spatial locality

> Avalilable tools

— CodeCity
— CityVR
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Detecting Outliers

Facade FacadeMDRImpl
org.argoumi.umi.model org.argouml.uml.model C Prp Pmla f;nS”e r classfile
LOC: 0 —> <— LOC: 3413 t'g)%”;”‘; feveng.class
NOM: 337 NOM: 349 ui.explorer.rules NOM: 204 ,
NOA: 1 NOA: 3 NOA: JavaRecognizer
o :85 org.argouml.uml.reveng java
JavaRecognizer LOC: 5654
orgargoumlumllmguageljba(;acg.egza(t;)é NOM': 176
NOM: 91 i . & e NOA: 79
NOA: 24 X R

n." : N ‘ : ....

LOC -> Color
NOM -> Height
NOA -> Area

— STDCTokenTypes  JavaTokenTypes

org.argouml.uml.reveng.classfile org.argouml.uml.reveng.java

JavaTokenTypes LOC: 0 LOC: 0

org.argouml.uml.language.java.generator NOM: 0 NOM: 0
LOC: 0 : '

1 A1l
NOM: 0 NOA: 152 NOA: 173

NOA: 146

ArgoUML






Communicating the locality of problems

Viarcel Bruch @ MarcelBruch - 2h

Nanna know which parts of your code cause loads of errors? This is the new
'Sin City of Code":

SoWaca, Teatured By LACS R *ad Codetialla

",t".
\’. \\':3¢ ;I'
nliﬁf# n“r:’ﬂ'ﬁ

'll P,t" .,

2 'f
<’ WMo

- J. LA 4N
"rnuvﬂ
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Hierarchical Visualization

I o
H
> Use of pre-attentive \
processing features of T
— Size "
— Spatial locality
— Connectedness I
— Color & a;p. S

cognitive

> Avalilable tools

— Softwarenaut, Rigi, Shrimp,
etc.

—

il

T
(ST

i18n

kernel



Structure — Summary

> Visualized software aspects
— Inheritance
— Containment

— Dependencies

> Visualization techniques
— Space filling techniques
— Polymetric Views
— Metaphors

— Hierarchical Visualization

59



Roadmap

> Visual Perception
> |nformation Visualization

> Software Visualization
— Structure
— Evolution
—Behavior
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CODE SWARM



SeeSoft mapped time on color to visualize churn

stats
lines

HILERS

32713271327

135299/19233/15255

22192152

filel.c file?-C filed.c

file10.c
filell.c

=

if (IS_GET_DAT { pchlal_ptr )

[ Kl

7 Get DSL Information */
*the DPB for us, how lucky we arell

dslinfo.dsl = dpb_ptr-=port;

/“ the macro call IS_GET_DAT has ju §

* Use RTretval for RTERRASSRT/RTL |

SRARAASRE A

file18.c

file19.c

file2l.c

file22.c
| —

file23.c

file2d.c

L

file25.c

D

file2b.c

N

file27.c

file28.c

file29.c

i

file38.c
file39.c

=
®
=
o

= =

filed3.c

filedd.c

filed6.c

filed8.c

filed9.c

filedS0.c

filed1.c

fileS2.c

The Seesoft system
maps each line of code
into a thin row. The
color of each row
indicates a statistic of
interest, e.g., red rows
are those most recently
changed, and blue are
those least recently
changed
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Mapping evolution on space (the x-axis)
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Y-axis represents individual files sorted alphabetically
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ors on colors and Kkill alphabetical order
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Alphabetical order must die (J. Nielsen)
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System evolution can be mapped on
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Roadmap

> Visual Perception
> |nformation Visualization

>Software Visualization
— Structure
— Evolution
—Behavior
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Massively reliant on visual pattern recognition and interactivity
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Visual detection of bugs
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Present and Future of Software Visualization

> Novel interaction techniques
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Present and Future of Software Visualization
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Present and Future of Software Visualization

Project: Revision: Model Timestamp: &
general

February 15, 2017

e stefan L)

~ 1 TR L / I

February 17, 2017

Sofia M .

June 21, 2017

o

SCIEL Admin |

< I've got a bug (see ticket) that relates to the login function. Did anybody know
where | should start to locking for a potential solution?

stefan [C00

Bob _
m Oh year you should look into the login bundle and maybe also into the gui bundle
\Q Okay thanks, | will look into the code %

Bundles

Services

History

Classes
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Present and Future of Software Visualization

> Novel interaction techniques

> 3D Software Visualization
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Present and Future of Software Visualization

> Novel interaction techniques

> 3D Software Visualization

Structure Behavior Evolution

Baum, D., Schilbach, J., Kovacs, P., Eisenecker, U., & Muller, R. (2017, September). GETAVIZ: generating structural, behavioral, and evolutionary views
of software systems for empirical evaluation. In Software Visualization (VISSOFT), 2017 IEEE Working Conference on (pp. 114-118). IEEE.
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Present and Future of Software Visualization

> Novel interaction techniques
> 3D Software Visualization
> Multiple media to display visualizations
= 2D: Wall displays, Tabletops, Mobile devices
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Present and Future of Software Visualization

> Novel interaction techniques
> 3D Software Visualization
> Multiple media to display visualizations
= 2D: Wall displays, Tabletops, Mobile devices
= 3D: AR, VR, CAVE, Stereo glasses, 3D prints
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Present and Future of Software Visualization

CardfFace

CardFace( cardName)
DrowSelf( row, col)
Print(CardPosition toplLeft)

Equals( obj)
GetHashCode()

PrintCardOne(CardPosition topleft)
PrintCardTwo(CardPosition topleft)
PrintCardThree(CardPosition topleft)
PrintCardFour(CardPosition topleft)
PrintCardFive(CardPosition topleft)
PrintCardSix(CardPosition topleft)
PrintCardSeven(CardPosition topleft)
PrintCardEight(CardPosition topleft)
PrintCardNine(CardPosition topleft)

et & HeED (Printable Card ‘mCardBack CardFace

[Serializable]
GameEngine
{

maxLevel = 3;
point = 2;
CardBack[,] CardBack {
| — CardFace[,] CardFace {
Player Player { get; set; }
Payrpae. ¢l y y ) )
ardBack]] cardBack i =

Seriall ationinfoirf. List<CardPositiony Check { get; set; }
. ata( s Level { - - }
(:)t)](?(:t[)

eck
o GameEngine(CardBack([, ] cardBack, CardFace[,] cardFace, Player player,

.CardFace = cardFace;

.CardBack = cardBack;

.Player = player,

.Check = List<CardPosition>();
.Level = level;

Khaloo, P., Maghoumi, M., Taranta, E., Bettner, D., & Laviola, J. (2017, September). Code Park: A New 3D Code Visualization Tool. In Software
Visualization (VISSOFT), 2017 IEEE Working Conference on (pp. 43-53). IEEE.




Present and Future of Software Visualization
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Present and Future of Software Visualization

> Novel interaction techniques

> 3D Software Visualization

> Multiple media to display visualizations
= 2D: Wall displays, Tabletops, Mobile devices
= 3D: AR, VR, CAVE, Stereo glasses, 3D prints

> Focus on evaluation of software visualizations
> Beyond time & Correctness
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Present and Future of Software Visualization

> Novel interaction techniques
> 3D Software Visualization
> Multiple media to display visualizations
= 2D: Wall displays, Tabletops, Mobile devices
= 3D: AR, VR, CAVE, Stereo glasses, 3D prints
> Focus on evaluation of software visualizations
> Beyond time & Correctness
> Replicability & Reproducibility

34



Present and Future of Software Visualization

http://evaluate.inf.usi.ch/artifacts https://www.acm.org/publications/
https://www.artifact-eval.org/ policies/artifact-review-badging

Open @ Access VIS Ow
A collection of open access visualization research at the VIS 2018 conference. In i GitHub.

Tuesday morning

ﬁ Open Access Paper

- Dongyu Liu, Panpan Xu, Liu Ren

e Open Materials

0 Open Experiment Data

http://oavis.steveharoz.com/



Inheritance
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What you should know

> What is pre-attentive processing?

> What are the laws of Gestalt psychology?

> What is information visualization?

> Which aspects of software are usually visualized?

> Which techniques allow to visualize software structure?

> On what visualization features can we map evolution?

> What kinds of problems can be solved with software visualization?
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