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Vector Fields

Wind [earth.nullschool.net, 2014]
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Glyphs

® Represent each vector with a symbol

e [or vector fields, can encode direction,
magnitude, scalar value

e (500d:

- Show precise local measures

- Can encode scalar information as color
e Bad:

- Possible sampling issues

- Clutter (Occlusion): Can remove some

\ \
points to help \\\\\\\k\ N
- j | | | | Q‘ \ \\\\‘* N : :‘4“
Clutter is worse in higher dimensions RN N .
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Streamlines & Variants

® [race a line along the direction of the vectors
o Streamlines are always tangent to the vector field
e Basic Particle Tracing:
1. Set a starting point (seed)
2. lake a step In the direction of the vector at that point
3. Adjust direction based on the vector where you are now
4. Go to Step 2 and Repeat
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Streamlines

X,y] = [y, (172)x], Step: 0.5
e
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lvia Levine]
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Higher-Order Interpolation Comparison

D. Koop, CSCI 627/490, Fall 2020

—o—Euler, dt=1/2, 19 St.:hr.
—&—Euler, dt=1/4, 38 Schritte
—o—RK-2, dt=1/2, 18"2 Schritte
~=Euler, dt=1/8, 72 Schritte
~o—RK4, dt=1/2, 18™4 Schritte

]
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Projects

o Keep working on implementation

e Be creative, don't copy

e [hink about interaction

e Presentations on the last day of class (Dec. 3)
- Plan to use Blackboard. Please let me know If you know of tech. issues
- Upload to Blackboard beforehand in case of technical issues

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 7




Final Exam

e December 10, 2020, 10-11:50am

e Covers all topics but emphasizes second half of the course

e Similar format as Midterm (multiple choice, free response)

e 527 Students will have a extra questions related to the research papers
e Review next Tuesday: Bring Questions
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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
TN (LTSN [LCRRS NN
?//_’T TN [TRENN ?’?xo\?\
b L L, L,
pathline streakline streamline for {,

T. Mbller]
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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. Moller]
All are identical in steady flows!
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Streamlines vs. Pathlines

Streamlines Pathlines
[Weinkauf & Theisel, 2010]
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Streaklines and timelines

streamlines

pathlines

streaklines

/77777 T L I\

//
"/

D. Koop, CSCI 627/490, Fall 2020
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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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Streak Surfaces

[Krishnan et al., 2009]
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2D Vector Fleld Visualization lechnigues
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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®

e Start with random noise texture

e Smear according to the vector field
e Need structured data

[Weiskopf/Machiraju/Mdller]
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3D LIC

[Rezk-Salama et al., 1999]
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Critical Points

e Remember finding min/max for functions”?

e \Vant to understand the general structure of
a fleld, not the exact values

® -ind critical points, understand there is a e
general trend In between

* How? o
- Derivative for functions
- For fields...gradients e

[DQ Nykamp, Mathinsight]
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lopology

® [he general shape of data

¢ \/isualizations that can be "stretched" to resemble each other are
topologically equivalent

e [echnically, continuous transformations don't change anything
e Connect critical points to obtain a general picture of the data
e Can talk about topology in both scalar and vector fields
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2D Scalar Field Topology

V /4 - (/é‘.;;;\
// /"' } //A \%_\5

[Wikipedia]
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2D Scalar Field Topology

V /4 - (/é‘.;;;\
// /"' } //A \%_\5

[Wikipedia]
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Scalar Field Topology

e Examine the gradient (changes between points on the grid) of the scalar field
o \Where the gradient is zero, we have critical points (max, min, saddle)

e Can build Reeb Graph, Contour Tree, or Morse-Smale Complex from this

information to show the topology (with some reasonable assumptions albout
how the scalar field looks)
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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

Repelling Focus Saddle Point Re
R1, RZ> 0 R1*R2<0 l{f.kbo
11,12 1= 0 IL1R2=0 11,12=0

Center Attracting Node
N T RI, R2 = 0 R1, R2 <0
11,121=0 11,121=0 11,12=0

[Helman & Hesselink]

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 23



Critical Points

e Critical Points
- Find where the vector field vanishes (the zero vector or undefined)

- Attracting Nodes (Sinks), Repelling Nodes (Sources), Attracting Foci,
Repelling Foci, Saddles, Centers

e How to find such points”
- Gan use a similar idea to Marching Cubes
- Use the eigenvalues of the Jacobian matrix to classity
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Topological Skeleton
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Vore Examples

[Leving]
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Text
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Text 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

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 28



Data Sources

o | terature: books, poetry

e Social Media: tweets, posts
e \\eb: Pages, posts, emalls
e Code

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University = 29




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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TextArc (One Document)

ALICE'S ADVENTURES IN WONDERLAND

Lewis Carroll

THE MILLENNIUNM FULCRUM EDITION 3.0

‘Rabhito
CHAPTER | “uw

Down the Rabbit-Hole kb
and
8 0 rlasdzisiga
Alice was hedinning to getvery tired of sitting by her sister _ Vg*ﬁ;ﬁg |ﬂﬂehéfq9"'
on the bank, and of having nothing to do; once ortwice she had :
peeped into the book her sister was reading, but it had no
pictures or conversations in it, 'and what is the use ofa hook;
thought Alice “without pictures or conversation?'

S0 she was considering in her BwRYTING {35 well as she could,
far the hot day made her feel very sleepy and stupid), whether
the pleasure of making a daisy-cham would beworth #fietrouble
UTgEﬁHUJULIdeFMLHHgthHlehJE:,HHETI suddenly avWhite
Rabhbit with pink eyes ran close by her.

There was nothing so VERY remarkahble in that nor did Alice
think it so VERY much out of the way to hear the Rabhit sayto
itself, 'Oh dearl Oh dear! | shall be late!l” {when she thought
It over afterwards, it occurred to her that she ought to have

[textarc.orq]
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TextArc

® [hree rules:

- Show the entire text in an ellipse around the page: line-by-line and word-by-
word

- Like tag clouds, use larger font-size and brighter text for frequent words
- Central words move to the middle (links to its mentions)
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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]
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VWord lree

e A "Visual Concordance’

e Shows phrasing, relationships between words

e Starting point is a single word or snippet

e Branches to show common words/phrases that follow
e (Goal Is to show context: "keyword-in-context"
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INnteraction in Word Tree
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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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Words are more than just character sequences

Fed Drapes

Clark Coolidge Rhymes Phonetic Rhymes Character Clusters Levenshtein Distance

FELLEFAR HE BARN (came) up & smacked' me Identical Rhyme/Rhyme Riche
Who're you, bleeding? Fled. AAR AES

in back of a Perfect Rhymes = ®
1sso red is such that sun
fell in the rushes & pen bear appear Semirhyme
the white wrong numeral on the wall Syllabic Rhyme
can’t'take if off with the@locEk
down with theClocki Consonant Slant Rhyme
way
on the board - 'couch with brass, kindergartenClenchjoints Vowel Slant Rhyme ;
backed violet rip into the/gas valve OW1
it hemmed &snowed Pararhyme
the wrong way Eye Rhyme
remnant face
rubber Alliteration o
the pucker KL1

Assonance

IN. McCurdy et al., 2015]
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Poemage

e Support close reading—in-depth reading to generate as much productive
meaning as possible

e Search for poetic devices: affect, imagery, pun, metaphor
e Sound and linguistic devices = Rhyming
- |dentical: pare/pair
- Perfect: picky/tricky
- Assonance & consonance: blue/estuaries, shell/chiffon
- Eye rhyme: cough/bough
e Support exploration: scholars do not want computers to "solve" poems

IN. McCurdy et al., 2015]

D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University =~ 38




INterface

©00

Poemage_vO1

Poemage v 0.1

Set View

SONIC RHYMES

Identical Rhyme/Rhyme Riche

AET

Perfect Masculine

Perfect Feminine

Perfect Dactylic

Semirhyme

Syllabic Rhyme

Consonant Slant Rhyme

Vowel Slant Rhyme

Pararhyme

Syllabic 2 Rhyme

Alliteration

Assonance

Consonance

clear beautiful mess

SW

SH

CH

SK

Poem View

MachinationsCalcite
Clark Coolidge

acetonevimprinted

obliquegwatchdon the GKipbcar barn oil wall

ocarina & mumps

qQuchbwet green
I’d leave Solekey tothissgame to my friend, §heebwatercat

@ctopimpressed

weaving€andlexturn on«computer:cigarette,-paper wall

tarheels & balance

a lot of yellow&Tick@ieck

He'll have to hurry &«arryaway, to my blue friend<ustling>bringing
his moon &car

agate inked

merry melodies drool onghankof wet lead star tool

crayon &sands

length of granitedqucl- drill

It’scsuckingoup the strand, his crystal flag, & the eels tube for«hat,
their paradeswizzlesfun

arcti

splinter dry -dce spazz4duk&- ing@cesupperaichurctd
hard pinks & sponge breath

many forarms drift

Roller window going up on | repeat my offer food list in iron flakes

hover word show uncertainty custom set

Modes: 2 3 shuffle nodes
Path View
achinations Calcite
acetone
legue swatch skin
ug
sole key / this heet cat
@ct
cantie computer ~cigaretfe,
N
eck
\/
carry hustling
\ car
) Shank
san(j
buck
suckipg that,
swizXxle
arctic ‘suck
luke ace-supper at>church

{ show words ]

show context

[ fill intersecting paths ]

N CONTEXT SLIDER

D. Koop, CSCI 627/490, Fall 2020

EE
EE

IN. McCurdy et al., 2015]

Northern Illinois University 39




Comparing Documents

e \Nord choice/usage
e Relationships
e Phrasing
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