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Announcements
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Project Design

e Start working on turning your visualization ideas into designs
e Sketch
e Options:

- Try vastly different options

- Refine an initial idea
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Assignment 4

e Create Choropleth Maps
- Deal with projections and GeoJSON Data
- Select appropriate colormaps

e [CS 680 Only| Part 3 is using other libraries,
you only need to do one option

e Example image at the right iIs not a solution
to Part 3, needs proper colormapping!
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http://faculty.cs.niu.edu/~dakoop/cs680-2019fa/assignment4.html

Set and Cluster Visualization

e Set and cluster visualization not
covered In depth in the textbook

e Nice summary of set visualization In
the following paper:

Visualizing Sets and Set-typed
Data, B. Alsallakh et al., 2014

Also: http://www.setviz.net
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https://kar.kent.ac.uk/39007/1/STAR_paper.pdf
https://kar.kent.ac.uk/39007/1/STAR_paper.pdf
http://www.setviz.net

Sets

e A set is a collection of unique objects

- Generally unordered

- Example: s = {("apple", "pear", "orange"})
e \\Vhat questions can we ask about sets”

- Containment: Is some item x in s

- Intersection: what items are in both s and 7

- Union: what items are in either s or 7

- Difference: what items are in s but not 7
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Set-typed Data - Characteristics

e Set Algebra

- Set operations, Cartesian product, power set, ...
e Set similarities

- Similarity measures (Jaccard, Tversky, etc.)
* Element degree

gl
: : &
- exclusive set membership J e
. . . o
e Dimensionality ¢ * oo
: . . & ®
- 2An possible combinations *Te T 2

- 2N2\n) possible queries

[B. Alsallakh et al., 2014]
D. Koop, CS 490/680, Fall 2019 Northern Illinois University 7




Set-typed Data - Representations

Boolean Attributes Multi-valued Attribute “lement-Set Tuples
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[B. Alsallakh et al., 2014]
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What are tasks with set data”

[All of the following Slides from B. Alsallakh et al., 2014]
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Venn Diagram

Famous
VWomen Hillary Clinton
Mother Teresa
Richard Dean
Anderson
Matt Leblanc
Movie TV Stars

Stars

[http://askville.amazon.com/idea-Venn-diagram/AnswerViewer.do?requestld=842061 3]
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Venn Diagram?

Trust
Partnership

Innovation
Performance

[viz.witf]
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Scalabllity

e How to show the intersection of four sets”? 87
e Fuler Diagrams: only show intersections/containments that exist
e Still run into scalability issues

British Isles

British Islands

United Kingdom

Ireland
(island)

Ireland
(state)

[Wikipedia]
D. Koop, CS 490/680, Fall 2019 Northern Illinois University ~ 40




What about cardinality

Area encoding Using glyphs

cabs which the
witness identified
as Blue

cabs which the —

Blue
cabs

Red
cabs

.000000.|cabs
0.000.0'

) aBlue cab { aRedcab
() a cab which the witness identified as Blue

[B. Alsallakh et al., 2014]
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Venn Diagram Visualizations

show only required seft relations

show unwanted set relations

a b . | . -
show set relation cardinalities
d
Q ) ‘ 7 nfoVis

InfoVis
SciVis

InfoVis

[B. Alsallakh et al., 2014]
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What if we don't worry so much about nice circles/
ellipses”?
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Compact Euler Diagrams: Use edges

Abigail

[oshuea
JL

Christopher

Daniel

[Riche & Dwyer, 2010]
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Compact Euler Diagrams: Use nesting

Jayden

Christopher

Daniel

Abigail

[Sa mantha

@Iexander '
y,

William|

[Riche & Dwyer, 2010]
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Euler Diagram Variants

use edges

sabella T ’ e
\ \::“,) 4

s

--s .
oo
EthanlAva

Christopher w
|Elizabeth Madison

split set info components

i )
Ellzabeth

Jayden

Abigail

split set iInfo components

use a concentric layout

[B. Alsallakh et al., 2014]
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Bubble Sets: Overlay set membership

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
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Bubble Sets & Overlay Techniques

e (Given spatial layout is determined by other attributes, want to show set
containment without modifying spatial layout

® |dea of "spatial rights”

e Construct regions based on a potential field
e Draw using containment marks

e How do we compute these?

D. Koop, CS 490/680, Fall 2019 Northern Illinois University ~ 48




Bubble Sets & Overlay Techniques

e (Given spatial layout is determined by other attributes, want to show set
containment without modifying spatial layout

® |dea of "spatial rights”
e Construct regions based on a potential field
e Draw using containment marks
e How do we compute these?
- Marching Squares!
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Overlays

Region-based Line-based Glyph-based
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More...

e Node-Link Visualizations

e \Matrix-based techniques

0000000000

0000000000
o]e)

0000000

lvia B. Alsallakh et al., 2014]
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More... Parallel Sets

Survived Perished

Sex

Female

Age /
Chil dult

[Kosara et al., 2006, Example: J. Davies]
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Clusters

e \What is a cluster?
- A grouping of objects (sets of objects)
- Why Is this not more precise?
e How do we determine if two items should be in the same cluster?
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Clusters

e \What is a cluster”
- A grouping of objects (sets of objects)
- Why Is this not more precise?
e How do we determine if two items should be in the same cluster?
- Distance
- Relationships: Connectivity and Containment (Hierarchies)
- Distributions
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Clusters

e \What is a cluster”
- A grouping of objects (sets of objects)
- Why Is this not more precise?
e How do we determine if two items should be in the same cluster?
- Distance
- Relationships: Connectivity and Containment (Hierarchies)
- Distributions
e Can an item be in more than one cluster?
- Hard clustering: no
- Soft (fuzzy) clustering: yes, for example, with likelihood of being in a cluster
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Visualizing Clusters

e |f a clustering algorithm assigns each data
item to a cluster, we can treat this like set
visualization

e [f a spatial distance is used, this often means < Thzri .
there is a no overlap (e.g. in 2D) B GRS

e \Vhat visual encodings could work"? - .
b A ERe RS
R A S RETOPRAR Y
..:.:... ‘ .::.: :. :..- . .:.:a ::- .-......:- .
eslesset, o YL .,’.!.:.\.' :
SR IO s ":»‘zj

[C. Polis, 2014]
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Hierarchical Clustering
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Hierarchical Clustering

e Fach item may belong to multiple groups, but groups are nested
e Data items are organized in a tree
e Creating hierarchical clusters:
- Agglomerative: start with individuals and group
- Divisive: start with one group and divide
e Any tree visualization method will work, but...
e ...generally containment marks used for clusters
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Network Clusters
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Network Clusters

e Create groups based on connectivity
e | ayout may be important (or could be used to create clusters)
e How to create network clusters:

- |ldea: Low connectivity between groups induces cuts

- Example: group of friends from home and group of friends at college (and
potential intersection)

- Can also use attribute information
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Biclustering

e Bicluster: network concept

e (Given two groups, each node in one group IS
L1 connected to every node In the other group
(goes both directions)

People Location

L2

L3

L4

(A)

M. Sun et al., 2016]
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Biset edge bundling (and grouping)

People Location People Location
L1 I L1
L2 L2
L3 L3
L4 L4
(A) (B) (C)

M. Sun et al., 2010]
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Biset Edge Bundling
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Bicluster Reordering Problem

A B CDE A E CDB A B CDEA

OO B W N -
OO b W N -

(a) (b) (C)

[Streit et al., 2014]
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Bicluster relationsnips as a grapn
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[Streit et al., 2014]
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