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Flelds In Visualization
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Scalar Fields Vector Fields Tensor Fields
(Order-0 Tensor Fields) (Order-1 Tensor Fields) (Order-2+)

Each point in space has an associated...
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Streamlines & Variants

o Steady vs. Unsteady flows
- In unsteady flows, the vector field changes over time
e \/ariants: Pathlines and Streaklines

/" L W / W
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?//_’T TN [TRENN ?’?xo\?\
b L L, L,
pathline streakline streamline for {,

T. Mller]
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Streamlines & Variants

o Steady vs. Unsteady flows
- In unsteady flows, the vector field changes over time
e \/ariants: Pathlines and Streaklines

/" L W /

TN (LTSN [LCRRS NN
?//_’T TN [TRENN ?’?xo\?\
b L L, L,

pathline streakline streamline for {,

| | | [T. Méller]
All are identical in steady flows!
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Streamlines vs. Pathlines

Streamlines Pathlines
[Weinkauf & Theisel, 2010]
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Streamline Variants

NASA Dryden Flight Research Center Photo Collection
http://www.dfrc.nasa.gov/gallery/photo/index.html

NASA Photo: ECN-33298-03 Date: 1985

1/48-scale model of an F-18 aircraft in Flow Visualization Facility (FVF)

Streaklines INASA] Stream Tubes [Weiskopf/Machiraju/Méller]
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Line Integral Convolution

e (Goal: provide a global view of a steady
vector field while avoiding issues with clutter,
seeds, etc.

e Remember convolution”

o Start with random noise texture

e Smear according to the vector field
® Need structured data

[Weiskopf/Machiraju/MOoller]
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Scalar Field Topology

Reeb Graph/Contour Tree/Merge Tree

_ W

2D Scalar function

Morse-Smale Complex

b
I |

lvia Levine]
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Vector Field Topology

® |nstead of “guessing” correct seed points for streamlines to understand the
field, try to identify structure (topology) of the field

Saddle point

Unstable node

\)1

Stable node <

44
Figure 7.1 A phase portrait.

M. Henle]
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Critical Points
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lext Visualization

o \\Why visualize text? Text is already visual, right”
e How much text”? What granularity”? (What is an item?)
- Single string
- Words/lines
- One document
- Multiple documents (corpus)
e Considerations:
- Legibility
- Variable length

- Locality
- Occurence
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Tag Cloud (One Document)

e Derived data: number of occurrences of words
e Channel: Font size

e Potential problem: Think about ink...
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Word Tree (One Document)

this nation will rise up and live out the true meaning of its creed: "WYe hold these truths to be self-evident,

on the red hills of Georgla the sons of farmer slaves and the sons of Tormer slave owners will be able to sit dow

one day

even the state of Mississippl, a state sweltering with the heat of injustice, sweltering with the heat of oppression

that

down inAlabama, with 1ts viclous racists, with its governar having his ips dripping with the wards of interposition

every valley shall be exalted, and every hill and mauntain shall be made [ow, the rough places will be made plal

oy Tour [ittle children will one day live In a nation where they will not be judged by the color of their skin but by the

down inAlabarma, with 1ts wicious racists, with Its governar having his lips drpping with the wards ¢
today . | have a dream that one day

every valley shall be exalted, and every hill and mountain shall be made [ow, the rough places wil

[Wattenberg & Viegas, 2007]
D. Koop, CS 490/680, Fall 2019 Northern Illinois University =~ 12




Phrase Nets

elizabeth father
catherine
hennet =
jane
hingley
Kty |
sisters
mother
sister
hrother “ncle
regret Kind
attentive

ignorance folly

Pride and

Prejudice

Query: x and Y

play

grave

follies

wishes
affection

gratitude

character
hooks

[van Ham, 2009]
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Parallel Tag

Clou

ds (Multiple Documents

about
adverted
alia

anent

appellant
appellant's

appellee

aaaaaaaa

asseveration

below

boat
brevi

bri_ef

aaaaaaaaaa

commonwealth

defendant

del

eeeeee

aaaaaaaa

factfinding
ferritin

government's
guidelines

here
incarcerative
inference

inter
jury
limned

lobster

Ist
might
more
mortgage

nnnnnnnn

plausible
point

rescript
said

say

see
some

suggested

supra

think
tit

town

trialworthy

vessel

VIS

viz

whom

First

adjourned
alia
allocution
arbitration

ashestos
broker

closure

commenced
complaint

conveniens

ccccc

defehdant

disenfranchised
E:grqt
extortion

foreign

farum
fraud
fes

ground

injunmction
inter

internal
keeplock

marks

millions

hhhhhhhhhh

narcotics

omitted
payment

plaintiff
plaintiff's
principal

proceedings

quotation
racketeering
reinsurance
respect
security

see
shareholders
shares

sterile
stock
subway

summation
trg«ge
vacated

waybill
where
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Project

e Presentations on Thursday:
- lurn In code for the visualization to Blackboard by Dec. 4 at 11:59pm
- 5 minutes per presenter
- Showcase the visualization (not slides)
e Brief introduction to your data and questions
e Discuss design decisions
e Demonstrate the interactive features of your project
- Should run in a web browser so we will use my laptop
e Have until Dec. 6 to turn in final code and report
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Final Exam

e [hursday, Dec. 12, 10-11:50am
e Covers all topics but emphasizes second half of the course
e Similar format as Midterm (multiple choice, free response)

e As with the Midterm, 680 students will have a few questions related to the
research papers

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 16




“‘Computer-based visualization systems provide visual representations of
datasets designed to help people carry out tasks more effectively.”

— T. Munzner
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Dataset lypes

2 Tables 2> Networks 2 Fields (Continuous) 2> Geometry (Spatial)
Attributes (columns) Grid of positions
>
ltems Link
(rows) ? Cell - @ g Position
Node
v r(item)
Cell containing value k}AttributeS(columns) S
N
Value in cell
> Multidimensional Table > Trees

) + Sets
)
> AXI\ + Text
v .4— Value in cell

Attribm

Key 2

[Munzner (ill. Maguire), 2014]
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lasks

& Actions @ Targets

(2 Analyze (3 AllData

- Consume 2 Trends = Qutliers = Features

2 Discover = Present - Enjoy ‘ ‘ ‘V l\,
| Sl
4 -II: II /\/ Al @

(3 Attributes

2 Produce
> Annotate = Record = Derive > One K4 Many
}q [j' —— / 2 Distribution = Dependency = Correlation = Similarity
—T T ‘ ‘
-IIIII.- o—eo .o. \//
@ > Extremes )
Search
il
Target known Target unknown
Location .
Look - B
Known ookup . rowse @ Network Data
Location ®.> Locate . @: Explore -> Topology
unknown Y ) : , [ { :
@ Query > Paths
> Identify = Compare 2 Summarize ya

L s
PP @ Spatial Data
_/ 2 Shape

[Munzner (ill. Maguire), 2014]
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How do we do visualization?

How?

Encode Manipulate
® Arrange ® Map ® Change
> Express > Separate frorT\ categorical and ordered e .
attributes ‘ N S
— .....
LI > Color
> Order > Align -)HL:).. _)SGt.ur.aaon -)Lumg:nce @ Select
(] _ © ..,
-mE L-_-_-_l 2 Size, Angle, Curvature, ... ‘ o
2> Use s @ I~ [))> (® Navigate
a“} > Shape <.
+ O N0 A
-2 Motion
Direction, Rate, Frequency, ...
& 400
o ® G

D. Koop, CS 490/680, Fall 2019

Facet

Reduce

(® Juxtapose

(® Partition

»>

(® Superimpose

Y .

® Filter

35

[Munzner (ill. Maguire), 2014]
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Nested Visualization Design

X Domain situation
You misunderstood their needs

© Data/task abstraction
You're showing them the wrong thing

Visual encoding/interaction idiom
The way you show it doesn’t work

Algorithm
Your code is too slow

[Munzner (ill. Maguire), 2014]
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Visual Encoding

Bubbles FACTS TEACH ABOUT »HOW TO USE Share English

Color World Regions v

years

Y S S B e A Q

20 L e o e @.

Select @ Search...

o . ’ Afghanistan
60 | .............. ." ...... . ’ Albania

5 5 5 5 5 5 5 5 i Algeria
Andorra

Angola

Antigua and Barbuda

Life expectancy

o . . . . . . . . F: ¢ K’ EI
-®
| | | | | |  [Gapminder, Wealth & Health of Nations]
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https://www.gapminder.org/tools/#_chart-type=bubbles

Visual Encoding

e How do we encode data visually?
- Marks are the basic graphical elements In a visualization
- Channels are ways to control the appearance of the marks

o \Marks classified by dimensionality:
(® Points (® Lines (® Areas

° e e’ ///\/\ @

e AlSO can have surfaces, volumes
e [hink of marks as a mathematical definition, or Iif familiar with tools like Adobe
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Channels by Effectiveness

Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes (® ldentity Channels: Categorical Attributes
A
Position on common scale o ° 5 Spatial region - N .
=
Position on unaligned scale o Color hue HEB
@
Length (1D size) - Motion O o * °
° Co
Tilt/angle Shape +~ O 0 A
Area (2D size) 4
g
Depth (3D position) e —e g
Color luminance mE
£
@
Color saturation B
Curvature ) ) ) )
£ @
: A 0
Volume (3D size) v :

_ [Munzner (ill. Maguire), 2014]

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 24



D3

® Nitp://d3|s.org/
e Supports data as a core piece of Web elements
- Correspondence between data and DOM elements
- Dealing with changing data (joins, enter/update/exit)
- Data drives the marks and channels
e Selections (similar to CSS) that allow greater manipulation
¢ |ntegrated layout algorithms, axes calculations, etc.
® FOCUS On Interaction support
- Straightforward support for transitions
- BEvent handling support for user-initiated changes
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http://d3js.org/

Arrange lables

(® Express Values
——»

(® Separate, Order, Align Regions

> Separate > Order > Align
O - .. .. . - - .
|
- > mammBl
> 1 Key > 2 Keys 2> 3 Keys 2 Many Keys
List Matrix Volume Recursive Subdivision

=) |

(® Axis Orientation

2> Rectilinear 2> Parallel 2 Radial
‘ 11 17
—  —
> /l\

[Munzner (ill. Maguire), 2014]
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Categorical Map

Chinese |

Steakhouse |8

Breakfast/Brunch |

Diners [

Bakery |

Donuts [l
Hawaiian

Pub Food ¥
ltalian

Mexican Food [
Seafood

Barbecue 8
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Map with Two Variables

: i s
L , : - By Population
Density \ :
- . % . 4
] - | ) .-I F_' “- _‘. - :- [ I". L ‘
; . ol & . . b, — ‘. :
: - E - t. ‘., 5 |I|" ’
L ] ,1 . ; % \ - L l'-%.. -:'i_ ot l..--"'."' ’
1';4';"_"' 3 p \ 3 LI
‘;NL-E-!:E I.I l Gl & - * = "' -rI I . . -
-T B .i L * = 1 - ~
; > _ :
- _._1 ¥ i - . - . B?'i‘_.
N X H &
v ' O

: . . .~ COUNTY KERRY
3 o b : W, e "~ WONBY ... BUSH
, # o[ o o Urban l
’ a . - Suburban
s N : p
- RN Al i FEE\ Rural
. r* - ‘ ili' { Unpopulated*
. ' . s %,
- ) . . N ‘ *Areas with less
’ This map removes mostly uninhabited % j‘ than three people
areas, revealing Mr. BushOs suburban per square mile.

~®%  andrural support in the East and South.

[M. Ericson, New York Times]
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Rectangular Cartogram

1860 Presidential Election

ELECTORAL
CANDIDATE PARTY VOTES
- Abraham Lincoln Republican 180
I John C. Breckinridge Southem Democratic 72
John Bell Constitutional Union 39

. Stephen A. Douglas  Northern Democratic 12

*--1 DEL.

Each state is sized by
the number of electoral
votes it had in 1860.

[New York Times]
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Arrange Networks and Irees

® Node-Link Diagrams

Connection Marks

« NETWORKS § « TREES

® Adjacency Matrix _

Derived Table H HBE
H B

 NETWORKS |« TREES EE
B

® Enclosure
Containment Marks HEEBE BEE BB

[Munzner (ill. Maguire), 2014]
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Tree Visualizations

[McGuffin and Robert, 2010]
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Human Color Perception

Input stimulus Cone response curves Product »- Response
Integrate

—
pa—

|

- 3\ =
5 s F
3 [ 2 [
v a L
.g a X ® a = |
S L 'y u
2 g i |
o- | | | | | | | O- | 0 A/‘; | [

400 700 400 700 400 700 SML

Metamerism: same three responses == same color

lvia M. Meyer]
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Avoid Rainbow Colormaps!

 —
llI of

[Borland & Taylor, 2007]
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Colormaps

Categorical
Binary y S - Categorical
n 3 TFA
TFA Categorical
Diverging 3 S
-
y S 2 S
n c% 1 o
Vg
-1 0 +1 S TFA
Diverging
S 3
Diverging .:. § 2 Sequential
S
-1 0 +1 & 1
-1 0 +1
Diverging Sequential

3

Diverging
- N
Sequential

-1 0 +1 255075
[Munzner (ill. Maguire), 2014]
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INnteraction Overview

® Change over Time (® Navigate
e . ® .o 2 |tem Reduction 2 Attribute Reduction
o : ° @ ® :
o > Zoom > Slice
Geometric or Semantic . .
N ...c »EEEE~
(® Select e ¢ ==== —
° o s« g ®, > Pan/Translate > Cut
o ®
( ° ’ ) ’ . ‘e » ) .
> Constrained > Project

[Munzner (ill. Maguire), 2014]
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Staged Animated Transitions

- Grouped  Stacked

01 2 3 4 5 6 7 8 9 1011 121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57

IM. Bostock]
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http://bl.ocks.org/mbostock/3943967

Staged Animated Transitions

- Grouped  Stacked

01 2 3 4 5 6 7 8 9 1011 121314151617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57

IM. Bostock]
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Multiple Views

(® Juxtapose and Coordinate Multiple Side-by-Side Views

Data
- Share Encoding: Same/Different Al Subset None
> Linked Highlighting
¢ UL .
'II' T . - ° o) Same Redundant 'l'l‘ ng;\;;e”vv/ .
'-g -IIII Small Multiples
- Share Data: All/Subset/None S
y : B 5 |I|I 5o 'III' Multiform,
I ||| - oo .. toee Different Overview/ No Linkage
1 1| e . ’ Multiform « o Detail

2 Share Navigation

-y I > (® Partition into Side-by-Side Views
Mur

(® Superimpose Layers

[Munzner (ill. Maguire), 2014]
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Flltering and Aggregation

Reducing Items and Attributes Reduce
(2 Filter ® Filter
> Items === » 5255
EEEEE»#:::::
e ® Aggregate
> Attributes =SSS50, SEESS
e . =====) EEEEE
se=== "~ S

(® Aggregate

> [tems
—t—t—t——Be | | | |

o s s . 9

=Tt | || |

> Attributes

=SSSS L, =5
— [Munzner (ill. Maguire), 2014]
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Focus+Content

® Embed
> Elide Data

-

2 Superimpose Layer

2 Distort Geometry

-

Reduce

® Filter

® Aggregate
)_

e
}

® Embed

1

[Munzner (ill. Maguire), 2014]
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Flelds In Visualization

Z%Q
e

Scalar Fields Vector Fields Tensor Fields

Each point in space has an associated...
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Flelds In Visualization

~

-

L

Scalar Fields Vector Fields Tensor Fields
(Order-0 Tensor Fields) (Order-1 Tensor Fields) (Order-2+)

Each point in space has an associated...
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|Sosurfacing

(a) An isosurfaced tooth. (b) Multiple isosurfaces. |
[J. Kniss, 2002]
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Volume Rendering
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Vector Fields

NASA Dryden Flight Research Center Photo Collection
http://www.dfrc.nasa.gov/gallery/photo/index.html

NASA Photo: ECN-33298-03 Date: 1985

1/48-scale model of an F-18 aircraft in Flow Visualization Facility (FVF)

Streaklines INASA] Stream Tubes [Weiskopf/Machiraju/Méller]
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The purpose of computing Is about insight, not numbers

- R. W. Hamming
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The purpose of visualization is about insight, not pictures

— Card, Mackinlay, Schneiderman
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Projects Thursday
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