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BURNING QUESTIONS?



PREVIOUSLY, ON CS 7250...



“Overview first, zoom and filter, and
details on demand.”

- Ben Shneiderman

“The Shneiderman Mantra”

Shneiderman, 1996



https://www.cs.umd.edu/~ben/papers/Shneiderman1996eyes.pdf

Interaction

Why interaction?

® Complexity reduction

® Static = specific story told to you, versus interactive =
viewer discovers the story

® Enables data exploration, insight, reasoning for oneself

® Makes it personal to the viewer

®Dive deeper!



Interaction

A few footnotes...
® [nteraction requires human time and attention

® Human-guided search vs. Automatic feature
detection vs. Interactive visualizations

® Find balance between automation and relying on
the human in the loop to detect patterns

Based on Slide by Hanspeter Pfister 6



Now, ON CS 7250...



TREES & (MAINLY) NETWORKS



GOALS FOR TODAY

® | earn the definition of a network (including node, edge)
® | earn the definition of a tree

® | earn common visual encoding techniques for network
data (i.e., node-link diagram, adjacency matrix), and the
advantages of each one.



Hall of Fame or Hall of
Shame



US presidential election network for 2012
primaries.

- Nodes: key entities from noun phrases.
Sized by degree.

- Edges: relationships from verbs.
Colored by positive (green) and negative
(red) weights.
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Sudhahar et al., 2015
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https://doi.org/10.1177%2F2053951715572916

Figure 4. Download figure | Open in new tab | Download powerpoint

A subset of the election network, coloured by partitioning it via the first eigenvalue of the symmetrised adjacency matrix (see
Appendix A8). Note that the split captures well the expected distinction between the Republican (red) and Democratic (blue)

camps. The orange and green links show negative and positive relations between entities.

Sudhahar et al., 2015 12



https://doi.org/10.1177%2F2053951715572916
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https://web.archive.org/web/20181114015724/http:/hangtime.blogs.nba.com/2014/03/19/analytics-art-nba-passing/

@ Dataset Types

- Tables 2> Networks - Fields (Continuous) 2> Geometry (Spatial)

Grid of positions

Cell
N 4 g Position

MAttributes (columns) .

Value in cell

Attributes (columns)
>

ltems

(rows)
v

Cell containing value

> [rees

A

2> Multidimensional Table

Key 2

v .4— Value in cell

Attribm
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> Networks (grapns

Link (edge, tie, relationship) ~ Network = entities and relationships
between them

Node (vertex, entity)
(item)

> [rees

AN

Tree = undirected, connected, acyclic network

15



Networks

® A network G consists of a set of nodes N and a set of edges E

® An edge e, ,, € E connects two nodes n1,n2 € N

®Eg.,G=1{1,2,3,4}, E={(1,2),(1,3),(2,3),(3,4),(4,1)}

-

Note all the same network,
just different layouts!
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Modified from slide by Frank van Ham 16



A bunch of definitions

O ZW 'S g \;f

An undirected graph A directed graph Welighted Unconnected Node degrees
root
parent
A cycle An acyclic graph A connected acyclic A roqted tree Node depths
graph, a.k.a. a tree or hierarchy

Modified from slide by Frank van Ham 17



Arrange Networks and Trees

® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Adjacency Matrix l
Derived Table H EE

H B
« NETWORKS | « TREES

® Enclosure

Containment Marks HEEBE

« TREES

“Treemap”

18



® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Primary concern is the spatial layout of nodes and
edges, a.k.a. graph drawing

® The goal is often to effectively depict the graph
structure for topology-based tasks:

- connectivity, path-following

- network distance

- clustering

- ordering (e.g., hierarchy level)

® But not always topology-based tasks. E.g.,
understanding attributes, statistics, metrics

Slide based on Miriah Meyer 19



Quantitative Tasks Spatlal LayOUt

More accurate Position

Quantitative Ordinal Nominal

Position Position Position

engt Density Color Hue
Angle Color Saturation Texture
Slope » XX Color Hue Connection
Area » Texture Containment
Volume Connection Density
Density Containment Color Saturation
Color Saturation Length S Shape
Color Hue Angle - By Length
, Slope s e Angle
Volume Area N < ~ Slope
@ @ Volume . e Area
= ' | Volume
Density

Less accurate

Mackinlay, 1986
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https://doi.org/10.1145/22949.22950

Spatial Layout

Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes
Position on common scale
Position on unaligned scale '_H o
Length (1D size) -
Tilt/angle ‘ o
Area (2D size) - = 1 i
Depth (3D position) —e | > o
Color luminance mE
Color saturation B
Curvature ) ) )
Volume (3D size) - v NN

Same

Same

Most »

Effectiveness

4 Least

(® Identity Channels:

Spatial region
Color hue
Motion

Shape

Categorical Attributes
o - .
HE N

21



Positions -

Angles -

Circular
areas

Rectangular

alreas
(aligned orin a
treemap)

Spatial Layout

Cleveland & McGill’s Results
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Log Error

Cleveland & McGill, 1984

Heer & Bostock (2010)
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https://doi.org/10.2307/2288400
http://vis.stanford.edu/files/2010-MTurk-CHI.pdf
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Tweets of the #Win09 Workshop
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http://londonist.com/2016/05/the-history-of-the-tube-map

B 1BM Watson News Explorer  recent news about current events investigate = advanced[+] o s v
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Barack Hussein Obama Il (US /ba’'ra:k hu:'sein
ou'ba:ma/; born August 4, 1961) is an American
politician who is the 44th and current President of the
United States. He is the first African American to hold
the office and the first president born outside the
continental United States. Born in Honolulu, Hawaii,
Obama is a graduate of Columbia University and
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California endures more wildfires, 1 sparked
by a hot car

Democracy
Voting Armenians

Immigration Emissions trading
Carbon dioxide equivalent

Electric vehicle o Emission standards AI r p O | | u tl O n

Fuel economy in automobiles Pensionfund IraqWar ° Nuclear power
Insurance g

Automotive industry

< Day of the Dead U.S. state Carbon dioxide Global warming
World Serles NBC Election Day

ssnranssad EINISSION Standard . 2=

Bill Clinton

=== (Qreenhouse gas

T=x Automobile Fuel efficiency  FElecton

University of California

. Mass shooting at Halloween party leaves at
least 4 dead in California

Sustainable transport

US role in Syria grows more complex with
Trump claim to oil

What is Dia de los Muertos and when is it

Corporate Average Fuel Economy Petroleum Climate change Chrocier
I National Football League
celebrated? Major League Baseball
Impeachment Fossil fuel The Daily Caller

New York Post Trade union
American Enterprise Institute

. Chicago girl, 7, shot while trick-or-
treating, in critical condition =

T|me||ne news articles across 7 days, 11 hrs, 2 min, 0 sec up to the current date: 11/1/2019 Powered By IBM Watson™



http://news-explorer.mybluemix.net/

Node-Link Visualizations - Marks & Channels

Node

® 000 ORA
Color Size Shape

Edge

Color Thickness Style  Direction

(" )

Gestalt Principles: Grouping, Proximity, Connectedness

\_ J




Node-Link Visualizations

® Nodes are distributed in space,

connected by straight or curved lines ink

® Typical approach is to use 2D space to

break apart breadth and depth Node

(item)

® Often space is used to communicate

hierarchical orientation

Slide based on Miriah Meyer 30



Node-Link Visualizations

® understandable visual mapping

Pros:

® can show overall structure, clusters, paths

® flexible, many variations

Link
Cons:
® automatic layout algorithm deficiencies Node
(item)

-time consuming to run
-non-deterministic results
-heuristics with sometimes poor results

® not good for dense graphs - hairball problem!

Slide based on Miriah Meyer 31



Mike Bostock
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Projection Transitions

Lagrange

Mike Bostock



Layout Algorithm: D3 Force-Directed

https://observablehqg.com/@d3/force-directed-graph

34


https://observablehq.com/@d3/force-directed-graph

Force-Directed Layout Algorithms

Kobourov, 2012 -



https://arxiv.org/pdf/1201.3011.pdf

Dashboard of the
COVID-19 Virus
Outbreak in

Singapore
2020.01.21-03.12

Upcode, 2020 36



https://co.vid19.sg/
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https://co.vid19.sg/

In-Class Curation —
Network Planarity Party

~25 min



https://canvas.instructure.com/courses/1781732/assignments/13853153
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Layout Algorithm Comparisons

Graph B

Hachul & Junger, 2006



BASIC RULES STRUCTURAL RULES

eame po | | i

How to compare? < | [ o v
User performance m""m"“-'?wﬁ;) i

Huang et al., 2007, etc. I T "';:u“'

e 66 00C T e

Simple rules or heuristics
Davidson & Harel, 1996

Global and local readability metrics
Purchase et al., 2002
Dunne et al., 2015

Sugiyama, 2002, p. 14



https://books.google.com/books?id=H06j5GJKITIC&printsec=frontcover#v=onepage&q&f=false
https://doi.org/10.1109/APVIS.2007.329282
https://doi.org/10.1145/234535.234538
https://doi.org/10.1057%2Fpalgrave.ivs.9500013
https://doi.org/10.1147/JRD.2015.2411412

® Node-Link Diagrams

Connection Marks

Scale Problems...

® Quickly run out of space!

® Tree breadth often grows exponentially
® | ayout algorithms are slow and heuristics
® Solutions:

- scrolling or panning

- filtering or zooming

- aggregation & simplification

Slide based on Miriah Meyer 43



"‘ Graph Viewer Test X

C www.yasiv.com/graphs#HB/blckhole

Yasiv ~ontact More Visualizations... ¥

GodylDunne

cEBY Qa6

vivagraph.js | Tweet

Choose Graph:

> ? J ] €
FAVORIITE GRAFHS
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cddeb
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ck400
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http://wwwyasiv.com/graphs#HB/blckhole
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»
- . .

.....

I Pause layout

Layout Settings

© Spring Coeff:
© Spring Length:
© Gravity Coeff:
© Drag Coeff:

© Theta Coeff:

Reset to default

HB/bilckhole

Nodes: 2121
Edges: 6370
Image:

0.0008

30

-1.2

0.009

Use mouse wheel to zoom in/zoom out



http://www.yasiv.com/graphs#HB/blckhole
http://www.yasiv.com/graphs#HB/blckhole
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https://gephi.org/

Arrange Networks and Trees

® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

® Adjacency Matrix l
Derived Table H EE

H B
« NETWORKS | « TREES

® Enclosure

Containment Marks HEEBE

« TREES

“Treemap”

46



® Adjacency Matrix l

Derived Table H HBE
B B

« NETWORKS 0 « TREES EE B
H

Alternate to node-link visualization for dense & weighted networks

A B C D E

A
B C B

C

D
D E

E

Slide based on Miriah Meyer 47



Adjacency Matrix

Node-Link
A
“-s?“':‘l'::h
\ \‘*:"\;‘ <
B RN
"2\
f o

Matrix

Henry & Fekete (2006) *°



http://msr-waypoint.com/en-us/um/people/nath/docs/Henry_infovis06.pdf

® Adjacency Matrix _

Derived Table H HBE
T
|
Pros:

® great for dense graphs
® yvisually scalable
® can spot clusters
Cons:
® row order affects what you can see
® abstract visualization

® hard to follow paths

Slide by Miriah Meyer 49
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Use the drop-down menu to
reorder the matrix and explore
the data.
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Source: The Stanford GraphBase.

https://bost.ocks.orqg/mike/miserables



https://bost.ocks.org/mike/miserables/

WDA-LS clustered co-occurrence

Use the drop-down menu to reorder the matrix and explore the data.

When ordered by cluster, rows and columns are clustered by affinity values using hierarchical agglomerative clustering.
Distance measure: Euclidean.
Linkage technique: Single.

Rows and columns are then arranged using leaf reordering using the algorithm from: Sakai, Ryo, et al. "Dendsort! modular leaf ordering methods for dendrogram representations in R." F1000Research 5 (2014).
Cell labels show count and color shows normalized affinity.

Cody Dunne and Tim Stutts, IBM Watson Health Cognitive Visualization Lab

Dataset: [ genesigenes Mediine (example) v || Edge List |

Order: | by Cluster » |

The guery was for genes related to the genes S0X9, TCF7LI, SMADY, PIK3CA, KRAS in Medline,
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http://wdals-matrix.mybluemix.net/

HiGlass :: About Examples Docs ()

HiGlass is a tool for exploring genomic contact matrices and tracks. Please take a look at the examples and
documentation for a description of the ways that it can be configured to explore and compare contact
matrices. To load private data, HiGlass can be run locally within a Docker container. The HiC data in the
examples below is from Rao et al. (2014) [2].

A preprint of the paper describing HiGlass is available on bioRxiv [1].
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(b) Matrix(MAT)

(d) Zoom on MatLink
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(c) MatLink

Henry & Fekete, 2007
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https://www.microsoft.com/en-us/research/publication/matlink-enhanced-matrix-visualization-analyzing-social-networks/

NodeTrix
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http://ieeexplore.ieee.org/document/4376154/#full-text-section

MapTrix

Outflow

.NT QLD .N‘l’ (s ¥ ;

o

m i £

W SA NEW AC W Sa NSW ACY O
; oo e ¢ :
0 { b Mux of g fiow vic viC
y i i

@ Y >

' TAS i
¢ ] Pt

(a) Bundled Flow Map (b) OD Map (c) MapTrix

https://vimeo.com/182970812
https://vimeo.com/278433529 Yang et al. 2016:m s
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