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Topic
Intro, schedule, and logistics
Applications of visual analytics, data, and basic tasks
Data preparation and reduction
Data preparation and reduction
Data reduction and similarity metrics
Dimension reduction
Introduction to D3
Bias in visualization
Perception and cognition
Visual design and aesthetics
Cluster and pattern analysis
High-Dimensional data visualization: linear methods
High-D data vis.: non-linear methods, categorical data
Principles of interaction
Visual analytics and the visual sense making process
VA design and evaluation
Visualization of graphs and hierarchies
Visualization of time-varying and time-series data
Midterm
Maps and geo-vis
Computer graphics and volume rendering
Techniques to visualize spatial (3D) data
Scientific and medical visualization
Scientific and medical visualization
Non-photorealistic rendering
Memorable visualizations, visual embellishments
Infographics design
Projects Hall of Fame demos

Projects

Project 1 out

Project 2 out

Project 3 out

Project 4 out

Project 4 halfway report due

Project 5 out



HIERARCHIES = [REES




TREE — A NATURAL METAPHOR

Mapping publications to a tree
= major leaves are papers
= minor leaves are co-authors
= heightis time
= fruit are comments
= sjze or color is number of
paper’s citations
= journal papers on right side
conference papers left side

0<  15< 30< 100< 0< 15< 30< 100<

Fung and Ma, Personal VIS 2015



PRODUCTIVE VS. UNPRODUCTIVE
RESEARCHERS

Productive Unproductive



BOTANICAL-INSPIRED VISUALIZATIONS

Visualizing hard drives with tree
cartoons

one file many files

Kleiberg et al., IEEE InfoVis 2001



BOTANICAL-INSPIRED VISUALIZATIONS

Color maps to file type
= Dblue are pdf files, red are image files




CONVENTIONAL

Standard Node-Edge layout
for a hierarchical network
= 3evels

= color maps to quantitative
information (here
population)
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DENDROGRAM

Typically used to
depict classification
hierarchies 3

= split-off points
visualize proximity

Sy sechuran fox
' - 8 culpeo fox

i .-~ pampas fox
- 8 chilia

/

Bears split

off first

Arctic fox \ 20

kit fox K7 o
Corsac fox A L2 X
Ruppell's fox AN
red fox

Cape fox

Blanford's fox

fennec fox

raccoon dog —

bat-eared fox
short-eared dog
crab-eating fox

Darwin's fox




BIRDS AND DINOSAURS

<@ Sauropods

( .

Carnosaurs

|
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=== 1‘ ~ Compsognathids
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' Alvarezsaurs
\
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= = B
/
FOSSIL FILAMENTS AND FEATHERS
Dinosaur fossils reveal nine featherlike forms. as
well as bumps stmiar to the feather-supporting
quill knobs of living birds. Only the four feather
fypes in tho right column are seen in living birds, Dromacosaurs
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CIRCLES ARE MORE SPACE-EFFICIENT
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CHORD DIAGRAMS

Represents flows or WENT e
connections between
several entities

= for example the

number of people 3
migrating from ¢
one country to K
another

g 55 ¥
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MORE COMPLEX CHORD DIAGRAM

Can we make it easier
to read?

" yes

» via edge bundling




HIERARCHICAL CHORD DIAGRAM

Hierarchy of the Flare
ActionScript visualization

library

= elements are organized
in several folders, such
as query, data, scale...

= each folder is then
subdivided in subfolders
and so on.

= can be visualized as a
radial dendrogram

F- g
@ £ 338 &
z §, 3o ©3F & ]
= g 2 g B | * o
2283 K §<, 28558825 £
8.8 % 3RSt 8hiiEiciafisfed des
SR%%% 20020t R8C iRt RIS iEES SAd e
¢ %5352 33RTLSRAT AR REERIOREE 00y P,
% Hahhibpbiiiisai s eenaaig i SfEisdded
3 55 ¢02% Chad ©OIgS FEFTFEFFS
A A CeSFEFFS
227358 5%%% EEEEF
5, RELAAEST SSESS
4)%6045\«.6( % T (g@;; &
%%% 2 7 8 & & Q,f-" e
T, T, s B < & &
£, 9,5 G
%;q%@\ 9%@, e | [ ,\.d‘ 585 CP“A
5, Fele oo &
%is, Cop & o, 00, 1 A S e
Wy Y S g o ¥ o R e
N %"Cht., P e
S, g el
3
e, ‘0(,.( ﬂ%an § ) é_@ﬁs oy
4 a%r: Ua\'a%\ﬂi‘
Y gty Ve s
ba?éf Logeem . (i
Too, 0, S J / 0e®
S%;w*p Vony 0% o
gt Ve, 2 e
o / e
o sf'@'w uws\gm\a
qe
%&e@%‘;‘f’? 1;\::3}":
Rop2erer -~ - Drgfol o
Edgogzey orar vty
e 2
g:deSpme - partice
Ig9eSprite - Simulation
Datasprite - Spri
DataList SpringForce
~ Daa K AggregateExpression
TooltipControl And
SelecHDnCunlmll Asithmetic
panZoomCentrak Average
Igontrol BinaryExprass;
Havelcm‘“"| 4 C%Farisi:,essmn
ExpandConttel Composigg,
oredCetla Gaont Fesion
cont®) Disip!
c\micc";f“a\ > E“Z"':s%"
s
L / ” ““’“ﬂﬂ%m{
O e e | 'sq
et
PG é"e@,
P:;.ﬁis = 1y %ch
S L Ty,
55@“ g "
e,\ﬁ?qe':u N
e o, %,
2% e »F iy, W
0¥ 0% e o
R “
& < e@d‘ 3
<© o
A ION 4 o
Sl %
& D 7
¢S "
é“'?ag\ 5 %
St Fe BT
FEIE S8y ey
CEPFES . I
& FFSLe 235
& T 25e8%3%
.#‘-’ﬁé’gaﬁf%%észsggogéﬁaé 3270
<f g¥iggisisgazis vT b
F555 5 £2 ¢ 3
£4



HIERARCHICAL CHORD DIAGRAM

Visualize dependencies in the library
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FEDGE BUNDLING
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RADIAL PLOTS AND EDGE BUNDLES

Original Graph

Jia et al., Computer Graphics Forum 2011



| EVELS OF EDGE BUNDLING

Edges are represented by splines with tension 3

Setting B
= |ow values mainly provide low-level, node-to-node connectivity
information

= high values provide high-level information

Holten, IEEE TVCG 2006



FDGE BUNDLING EXAMPLE

Software system call graph
= green is caller, red is callee

balloon layout (isolated processes) radial layout (more integrated)
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CURVED EDGES MODELED AS SPLINES

Curved edges are represented as splines
= aspline is a smooth curve defined by some control points
= moving the control points changes the curve

P4
®
P4 t=1

t=0
e Py
Interpolation Bézier (approximation)

*P>
0 “
.

BSpline v’

t=0

(approximation) b

e P7



PRIMER: UNIFORM CUBIC B-SPLINE

n
A B-Spline curve is defined as follows:  X(t)=)>_RB, ,(t)
= nis the total number of control points k=0
= dis the order of the curves, 2 <d < n+1, d typically 3 or 4
= B, ,are the uniform B-spline blending functions of degree d-1
= P, are the control points

= Each B, is only non-zero for a small range of t values, so the
curve has local control _ N

-1 3 -3 1]¢°

1 3 -6 0 4t

| | (t) 6[ o M1 2 3] -3 3 3 1|t
Or in matrix form: 1 0 0 01

= tisthe parametric variable -
= defined on [0,1]



PRIMER: UNIFORM CUBIC B-SPLINE

Four basis functions B must be active P,
to define the B-Spline curve P1/\ﬁ=1

0.7 ~
0.6 A
0.5 -
0.4 A
0.3 -
0.2 A

0.1 A

BO,4 B6,4

R

3 25 -2 15105@051152253354455



PRIMER: UNIFORM CUBIC B-SPLINE

The locations of the control points scale the basis functions

= in this simple example we see a continuous 1D function generated
from 6 control points and basis functions

X(t)=>R.B,.(t)

N

0.25 A

0.2 A

0.15 -

0.1 -

0.05 -

The curve can’t start until there are 4 basis functions active



CUBIC B-SPLINE ANIMATED

1 aP;



EXTENSION TO SURFACES

B-spline surface
Control

Polygon




APPLICATION TO PARALLEL COORDINATES

One straightforward way of reducing clutter is to replace
polylines with polycurves:

MPG Cylinders Horsepower  Weight Acceleration  Year Origin
45,60 500 230,00 514000 24.80 8200 300

i
f

.00 300 4800 -‘ 51300

Each line segment is replaced with an end-point interpolating,
quadratic B-spline. A tension parameter can be controlled by

the USET. McDonnell and Mueller, Computer Graphics Forum, 2008



FDGE BUNDLING (CONT.)

Let m be the mid-point in viewport coordinates of vi; and vi+y,,
end-points of a line segment

Let cx be the cluster to which this segment belongs and cx. be
its mid-point in viewport coordinates

Let A and [} be tension parameters (usually A = 0.75) and 0 <
B < 1 IS Set by the user dimension i dimension i+/

The control points of the v,
spline are given by:

= (-1, viy) |
= (0, Bm + (1-B)p) e

= (1, vi+1y) .




FDGE BUNDLING (CONT.)

The tension can be changed to control the amount of clutter
reduction

In our implementation, the A parameter is fixed, but the 8
parameter can be changed in the GUI

Examples of medium and low tension, respectively:

MPG Cylindsrs Horsepowsr  Weight Acosleration  Year Origin MPG Cylindsrs Horsepowsr  Weight Acosleration  Year Origin
4860 .00 23000 514000 2480 8200 300 4860 .00 23000 514000 2480 8200 300




CLUSTER RENDERING

Recall that clusters are often rendered as heavy line segments
on top of the dataset

In IPC we render the clusters as polygonal meshes
They help to show the ranges of each cluster along axes
The vertical “spread” can be controlled by the user

125 22s 11h

11s 12s 22s 11h 11s 12s 22s 11h 11s
122.40 45.90

122.40 76.50 122.40 45.90 122.40 76.50 122.40 43.90 122.40 76.50




ALPHA (OPACITY) BLENDING

Draw curves at different opacities
» |ong curves: low opacities (high transparencies)
= short curves: high opacity (makes short curves visible)

alpha blending disabled alpha blending enabled



ALPHA (OPACITY) BLENDING

Alpha blending also enables visualization of sub-bundles and
differentiation of lines

alpha blending disabled alpha blending enabled



SANKEY DIAGRAM

Another bundling
technique
= flow diagram

=  the width of the arrows
is proportional to the
flow rate

Use cases:
= where money came from and went to (budgets, contributions)
= flows of energy from source to destination
= flows of goods from place to place



HIERARCHIES WITH SUN BURST DISPLAYS




SUNBURST WITH PARTITION OF UNITY

1] |'n.r'|

L=

. L 163 LAY

United 5ta...
United 5ta East Nott.. ich
lIChigan

Size Population Color  Median Household Income

Low



SAME DATA WITH TREEMAP

South Region West Region Mortheast Regi..
South Atlantic Padfic Mountain Middle Atantic

Arizona

o
. Morth Car... | Virginia Washi...
Florida —

California Colorada | Ut...

South Car...

Georgia 0.

Pennsylvania
Midwest Region

westsout Conta Casioout East Morth Central West Narth, .,

Tennessee Missouri

ichi Mew Jersey
Ilinois Michigan

Alabama Mew England
Minnes... Io...

Connecti...

Indiana | Wisc... Massa... )
Maine

Population  Color  Median Household Income £35000 _ £70000

Lovisiana | Oklah...




TREEMAP CONSTRUCTION




TREEMAP FOR STOCK PORTFOLIO

TECHNOLOGY
INTERNET INFORMATION PRO _ TELECOM SERVIGES

GOOGL
+0.07%

FB

AKAM
BUSINESS SOFTWARE & SERVI

ADP
SEMICONDUCTOR -

INTC
+0.14%

MSFT
+0.73%

TXN ==

FINANCIAL
MONEY CENTER BANKS

BAC

WFC  510%

+0.47%

APPLICATION SOFTWAR

CRM
+0.85%

ORCL  apee
1074% 1w
INTU
+0.54%
NETWORKING&C COMMUMICATIO

Csco Qcom

+0.35%

DATASTOR [DIVERSIFIED| SEMICOND

ADI
EMC | HPQ | % »
p— SEMICO DIVERSI
sgszx 013 AMAT -,
HST% | oo
S5TX

DIVERSIFIED SpMICO CERN
e

TEL
GIW  +178%

155
APH

CREDIT SERVICES

AXP

+1.07%

COF DFS .o

A% 093
C EFX 02X NTRS [

JPM

+0.88% « GS

015%

PNC
0Xr%

PROPERTY & CASUALTY INSURAMCE MS
+0.12%

AIG  ace

H043% 00 v

BRK-B
+0.24% o
MET

ALL s
+Ha7T%

INVESTMENTE ~ REGIOMAL - MI REIT - RETAIL

AT GGP
USB *°* spg o
+0.86% KEY +129%

REIT - HEA INSURAN REIT-1

094 VTR
1 mmc aon PSA

m 006 012 076

REIT-KES' REGIO  DIVERSIFIE

LIFEINSURANC g AVB  ggr ICE

075 000

PRU ESS BXP w2
ST e g ACCID (S2BSK 059

LNC  AaMT AFL CBG
17 snas ST

SERVICES

CMCSA
+1.05%

CONSUMER GOODS
ELECTRONIC EQUIPMENT

AAPL
+0.11%

BEVERAGES - SOFT DRINKS

PEP
+1.10%

MNST DPS

BEVERA MEAT FARM
ADM

BASIC MATERIALS

SLB

BHI
HAL *419% i5og% 198
<443
NOV SPECIALTY CHEMIC [DILE
HES ':{‘?,F.' AGRICULTURAL |\jye| ppg SHW =5
NEBL DD 054 giay | [OORBER
539 +0.23% OIL & GAS REFININ
RRC MPC AA
05e% CF  poax 185
HEALTHCARE
DBUC LA IEs

AMGN

CELG
-0.46%

BSX 5T) ew

B"B ZMH I5RG var

ALXN DRUGS-GEN MEDICA

VRTX ACT
HEALTH CARE PLANS

CVS ESRX awmv MEDICA DRUG  HOSPIT

196
-006% T mo HCA
+0.95% AGN 7E

000%
UNH = 9 .
L ENDE.
INDUSTRIAL GOODS UTILITIES
DIVERSIFIED MACHINERY AFROSPACE /DEFENSE PRODUCTS ELECTRIC UTILITIES

AEP
4145

EIX
RTN
+0.04%
METAL
VMC

PCP 0 +0.66% MDTE

LUMBE| DIVERSIFIED UTILITIE
EXC PEG

DUK 1=
+086% cor  ES NI

+067%

Size is mapped to market cap, yellow boxes are investor's holdings



CUSHION TREEMAP

i

=
=
=

(100D

Advantages
= due to perceived discontinuity in texture between nodes, lines are

no longer necessary to separate nodes
= more of the space can be used for the actual node display

= much smaller nodes can be shown than in a flat treemap



TREEMAP FOR DISK DRIVES

Used in programs like
=  WinDirStat (Windows)
=  KDirStat (Linux)
= Disklnventory (Mac)

#& C: - WinDirStat o= % L3000 - wisbwStan alx
File Edit CleanUp Treemap Report Options Help the .w_ NW m Bapert WV e ;
Fg ) 2@EL | @X|O|) & Ear WL Ux O R ‘
Name Subtree Percent...  Perce... \il Extensi.. Col... Description >|:‘ W—’M%W‘ W’ﬂ
ﬁ BOOT (C) I [1:43s] | % di [ Application Extension = B (C] [— 0% ZLEBGE. WOLI6L  MAM “ o BN purk shepPro®
.. Windows = 391% %) sys [ System File [ = o r — . = .as 3 OTa0us
= | Program Files - 214% [ .exe [ Application 3 5 3 Ockrwarke o - 24.5% 53GE 1458 1337 I ox S Arwercirg
1. Microsoft Visual Studio 8 - 18.8% :4 35 (- | 36“_3B6F-FC'70-1103-A536---- B Oy e 'l B 1,9GE 253 A5 C 3 A T Aoy ywnbbhs
I\ Lenovo - 15.5% Aib M Object Fle Library B 2 WHOIWS [ 67%  14GE 0515 9AM ] pch L3 Pracorpled e
= J. MSDN | | 106% g ~hmd5l 5 :V;I::v:islinstaller Package ‘ w ey e i A% MIIVE i i g tos g -:‘cr:kdr&:-m-
P — MSDNS.0 LS ;”‘ 2 : o I # {23 RECALER I L% AV Isss 53 6 _'J L ‘:‘:_"":'j"_d
< * ‘i ’ »




TREEMAP VARIATIONS

SliceAndDice = Squarified Strip
| )
_ T
order ordered unordered ordered
aspect ratios very high lowest medium
stability stable medium medium

Squarified treemap is preferred

it's difficult to visually compare
long slivery tiles with tiles that
have a more even aspect ratio

a squarified treemap makes the
map more globally comparable

Voronoi treemap

e based on Voronoi
tesselation

vacat

127 Owner's equivalent rent
ey w Share of spending  23.9%
Change, 2007-08 +26% t"/
(what homoownors would pay N
if they were renting their _
homos)




CONSTRUCTING A SOUARIFIED TREE MAP

Optimization criterion

= keep aspect ratio of
boxes close to 1

Sequence:
= steps1,2,4,5 7,9 10

= steps 3, 6, 8 would
increase the aspect
ratios of the boxes

= gstart a new row

Bruls, Huizing, Van Wijk, (2000).
Squarified Treemaps. Data
Visualization. Springer

6
step 1 83
6
® 4
step 4 54
6 2
6 4 |3
step 7 l 25/18
[ 212
6 413
step 9 25/18

*

6 4
6
6 5
step 2 32 step 3 4/1
6 6
5 | a3 6 B
step 5 4927 step 6 a2
5 3
6 4 |3
step 8 144/50
6 2 I’l
6 3
step 10 25/9




SOUARIFIED TREEMAP EXAMPLE

ST Eimen=t
I T
III:%]::__I*_[F_E I
R
i
H
- H | ::#
T %—]H] ——:_ﬁ ”1;1[1
T | T
—#;E:F ﬂrl l[—m[] I_’_" .—-—II:-IJ_LJF
AT B T 2 (O
i M
- i e T
T—[ T T 1 1T
CFE b T |- $|“JF[
]Hrﬁ—ﬁ*;E Emasis:lans 2
standard layout squarified

Can greatly improve
= ability to compare the magnitude of different leaf nodes
= at the same time maintain some level of the original hierarchy



