


John Snow

The lines on the buildings are
proportional to the number
of deaths due to cholera from
those buildings.

Do you know how did Snow
realize which was the cause of
cholera by looking at this
map!?
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INFORMATION
VISUALIZATION

CEPTION FOR DESIGN

COLIN WARE




Preattentive Processing

Orientation Line Length Line Width Size

Shape Curvature Added Marks  Enclosure



Preattentive Processing: Color



Preattentive Processing: Color



Gestalt Psychology

> The law of simplicity
> The Gestalt Laws

1. Closure

2. Similarity

3. Proximity “Reality is organized and
4. Continuity reduced to the simplest

form possible”



1. Law of Closure

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

> Visual Perception
> Information Visualization
> Software Visualization
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The use of computer-supported
interactive, visual representations of
abstract data to amplify cognition



Uncovers emergent properties and outliers




Exposes problems with the dataset

Number of
dependencies

“Hippo”
*Industrial System

o « M LOC

| «>| 0K Files
*>100 Authors

Can you see a certain
suspect symmetry in the
interaction between the
subsystems of this project?

publicincludes
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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
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Roadmap

> Visual Perception

> |Information Visualization
— Visualization Principles [Intermezzo]

> Visualizing Software



Good information
visualization is based on
style, integrity, and design.

The Visual Display
of Quantitative Information

EDWARD R. TUFTI
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Style: Minimize Non-Data Ink
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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

% survival rates and standard errors
5 year I0year |Syear 20 year

Prostate 988 04 952 09 87.1 1.7 8l 30
Thyroid 960 08 958 12 940 16 954 2
Testis 947 1.1 940 13 91.1 1.8 882 23
Melanomas 890 08 867 1.1 835 15 828 19
Breast 864 04 783 06 713 07 650 10

Hodgkin's disease 85.1 1.7 798 20 738 24 67.1 28
Corpus uteri,uterus 843 10 832 13 808 1.7 792 20

Urinary, bladder 82.1 10 762 14 703 19 679 24

Cervix, uteri 705 16 641 18 628 21 600 24 —

Larynx 688 21 567 25 458 28 378 3. aColen
Rectum 626 12 552 14 518 18 492 23 R
Kidney,renal pelvis  61.8 13 544 16 498 20 47.3 26 S 5
Colon 617 08 554 10 539 12 523 16 : [ X
Non-Hodgkin's 578 10 463 12 383 14 343 17 N

Oral cavity,pharynx 567 13 442 14 375 16 330 18

Ovary 550 13 493 16 499 19 496 24 : . _ | :

Leukemia 425 12 324 13 297 15 262 17 %, &/ V. Lancer SurvivalRates

Brain,nervous system 320 14 292 15 276 16 26.1 19 m‘_

Multiple myeloma 295 16 127 15 70 13 48 15 I} - | [Siraen o ey
Stomach 238 13 194 14 190 1.7 149 19 ol S 2 ERmeT
Lung and bronchus 150 04 106 04 8.1 04 65 04 h" B H Wl ::-."«_:'; : (—
Esophagus 142 14 7913 77 16 54 20 “ i I” ||:} I'h 2

Liver, bile duct 75 11 58 12 63 15 76 20 Syear  10year  1Syesr  20year
Pancreas 40 05 3015 27 06 27 08
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Estimates of relative survival rates, by cancer site

5 year 10 year 15 year 20 year
Prostate 99
Thyroid ;
Testis §\§\94/95
. \
Melanomas 89
8 g7 87 s
Breast
Hodgkin's disease 23 .
Corpus uterl, uterus 83 84 83
Urinary, bladder 82 e ——— ~ %
a0

Cervixuteri
Larynx

Rectum
Kidney, renal pelvis
Colon

Non-Hodgkin's
Oral cavity, pharynx
Qvary

Braln, nervous system
Multiple myeloma

Stomach

Lung and bronchus

Esophagus

Liver, bile duct

Pancreas

\79

o o~
O -

LF T 27
/

:§Z§

638
67
65
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&
\ 60
i 57
5 ; y
52 T 52
2 e
46 46 \ o4
a3 2

32 32
30 29\30
\28§
26
24
19 19\
; s
13
11
8 sk 8 8
6 —— 6% ¢
4
T3 3 3

Estimates of relative survival rates, by cancer site

Digestive Respiratory Reproductive Other
S »®» B B 3 » B > 3 » B X 2 8 B X
Prostate 99\
Testis 9595 Thyroid “_“\“/95
\91\
o ™ i
Breast 86 Hodghin's .
Corpus uteri, 84 o \ disease M\”
uterus ~ Urinary, bladder az\
s1_ 8
~ 80
)
78
76\
\ \74
Corvixutent 71 n 7°§
Larynx 69 \ \
b
n 65
Rectu
Colon 62 e o
@
Oc;m 57 57 Non-Hodgkin's sa\
ss\“ Ovay 55 4
\sz\sz Colon \ L
49 Rectum o—0—% ”\
47
% 46
“\ \ Leukemia 43 \
8 18 \\ ss\
33 Bain Y "
Nervous sy stem
Multiple myeloms ;o\”\ao
\23\
\26
Stomach 24
19 e 19
Lung and
15 beonchus 15
Esophagus u\ 5 \" 5
bleduet 8. 8—8_ 8 \. \7
S e— 60 ¢ s ™~
Pancreas 4 y—3—13
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Integrity: Present only the data

$10.7 $108

$9.7

This cluster of type emphasizes and | aa 33
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
to & high of 60.7
percent in 1972-73 SR R et ik e, iy UG i Uoid
W WM R W
: ! |
This squeezed-down block of type Estimated  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.
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Improvement 1: Eliminate Chart Junk

Leaving behind the distortion in the chartjunk heap at the left

yields a calmer view:

St e

28



Improvement 2: Adjust the underlying
information...

$400 -

$380 -

$360 -

$340 -

$320 -

$300 -

Per capita
budget expenditures,
in constant dollars

£

=
19067 1968 19690 1970 1971 1972 1973 1974 1975 1976 1977
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Roadmap

> Visual Perception
> |nformation Visualization
> Software Visualization



Roadmap

> Information Visualization
> Designing Visualizations

> Software Visualization
— Structure
— Evolution
— Behavior



Space Filling Techniques

> Use of pre-attentive
processing features of
— Locality
— Size

> Types
— Treemaps
— Voronoi diagrams

32



Providing an overview of size distribution

org/argouml/

cognitige

]

applicalif)n




Polymetric Views

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

> Implemented In...

— Mondrian, Roassal,
— XRay

Height metric

Position metrics v

Width metric
« .

>

Color
metric

34



Providing an overview of inheritance
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3D Polymetric Views

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

> Implemented in...
— CodeCity (and clones)
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LOC
NOM
NOA

Detecting outliers

Facade
org.argoumi.umi.model
LOC: 0 —>
NOM: 337
NOA: 1
JavaRecognizer
org.argouml.uml language. java.generator

LOC: 3406
NOM: 91
NOA: 24

-> Color
-> Height
-> Area

FacadeMDRImpl

CPPParser
—iocaus T
NOM: 349 ui.explorer.rules NOM: 204

NOA: 3

JavaRecognizer

org.argoumiumlreveng java

LOC: 5654
NOM: 176
NOA: 79

NOA: 85

, STDCTokenTypes  JavaTokenTypes
JavaTokenTypes org.argouml| uml.rovonrl (@)daésh‘c ov(g) aégcuml umlreveng java
10 LOC: 0
O I L s NOM: 0 NOM: 0
k‘%%_oo 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":

Sovala, festered By LACSE. 38 *ad Codetradls

'J.‘ i h:l{r I{I?

f-. Ws!

tf/'*’ % B
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Hierarchical Visualization

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

> Implemented In...
— Softwarenaut
— Rigi, Shrimp, etc.

40



An
overview
of
the
dependencies
between
the
various
parts
of
the
system

[T 1]
-
INEE

language

1]

=

I

=l

cognitive

i18n

l

kernel

N

1

—

.

=

—

I|'
l"‘ —Tr
/ persistence

—
(_

pa..ern

sw..ext

ocl

mo..der

util

L

appl..ation

i

no..ion

ArgoUML



Structure — Summary

> Visualized Aspects
— Inheritance
— Containment
— Dependencies

> Techniques
— Polymeric Views
— 3D Polymeric Views
— Hierarchical Visualization
— Space filling techniques

> Challenges
— Displaying both structure and containment
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Roadmap

> Information Visualization
> Designing Visualizations

> Software Visualization
— Structure
— Evolution
— Behavior



Mapping evolution on time

Ikues

ccornu -

. »
} tO(L, Eradloff. *

furngssdmisatenis -

jlann »ll.

pmul et

steve,

sihenRto »
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Mapping evolution on color

filel/.c

llll
1]
— =
15
~N ~N
—— N
y ] [y ]

—
b
J V
~N A
& i
Ly

The Seesoft system
maps each line of code
into a thin row. The
color of each row
indicates a statistic of
interest, €.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
alphabeticall

J-—
ko |
e ot e 8 e e 8 s —_—eaee_—— ——
o I i
om0
A
o T, — i ————————— | E————
Do — S G —

e e

i I

e — —— —  — S el | e o —
e ——— ———|] (s o0 e = ey e e
R — —— = m === — = —_—
e ] [ B
— — - o L ug =1 > L BEe —_—
== e 5
-

! il
|

|
o ol
M E Al |

Ytk

y
|




Map authors on colors and Kill
alphabetical order
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System evolution can be mapped on

Ikues

ecornu

limisabeniis

7 Use RTretval for RTERRASSAT/RTL
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Roadmap

> Information Visualization
> Designing Visualizations

> 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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What you should know

> The laws of Gestalt psychology
> What is information visualization good for
> Which aspects of software can be visualized?

> Which techniques are used in visualizing software
structure?

> On what visualization features can we map evolution?

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