Data Visualization (CSCI 627/490)

Networks
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3D to 2D: Projection

Central Meridian
(selected by mapmaker)

Great distortion at
high latitudes

Examples of two rhumb

: lines (direction true
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l two points)

\T/  Equator touches cylinder
| if cylinder is tangent

Reasonably true shapes

and distances within
15 degrees of Equator

[USGS Map Projections]
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Projection Classification

Mynahedral
projections

Gore map

Dymaxion map

Goode's
homolosine

Lambert cyl eq area Plate carree

[J. van Wijk, 2008]
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Don't Just Create Population Maps!

C

SURBSCRIBERS TO
MAFTHA STEWART LVING

& THE BUSINESS IMPLICATIONS ARE CLEPR.

y

CONSUIMERS OF
FURRY PORNOGRAPHY

PET PEEVE #208:

GEOGRAPHRIC PROFLE MAPS WHICH PRE
BAS\CALLY JUST FPOPULATION MAPS [xked]
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Cartograms

1860 Presidential Election

ELECTORAL

CANDIDATE PARTY
] Abraham Lincoln Republican

] John C. Breckinridge Southem Democratic
__| John Bell Constitutional Union
- Stephen A. Douglas Northern Democratic

DEL.

VOTES

180
72
39
12

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

e Data: geographic geometry data & two

guantitative attributes (one part-of-whole)

=1 ® Derived data: new geometry derived from the

part-of-whole attribute
e [asks: trends, comparisons, part-of-whole

® HOow: area marks from derived geometry,
color hue/saturation/luminance

e Scalability: thousands of regions
e Design choices:

- Colormap

- Geometric deformation

[New York Times]
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D3 Map Example
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https://codepen.io/dakoop/pen/Vwwvmmx
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Midterm

e Thursday, October 15, 9:30am-10:45am
e Covers material through last week
 Format:

- Multiple Choice

- Free Response (often multi-part)

- CS 627 students will have extra questions related to the research papers
discussed
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http://faculty.cs.niu.edu/~dakoop/cs627-2020fa/midterm.html
http://faculty.cs.niu.edu/~dakoop/cs627-2020fa/midterm.html

Project

e [Wo Possibilities:
- Create an interactive visualization
- Work on a research project
e Dataset Choices:
- Information Wanted: A dataset of iImmigrants looking for family & relatives
- Vessel Tracking: A dataset of ship movements near the United States
- Prescription Drug Costs: A dataset of medicine costs in the United States
® rst step:
- Examine data, determine format, attribute characteristics, etc.
- Think of questions a visualization can help answer
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Networks

e \\WVhy not graphs”?
- Bar graph
- Graphing functions in mathematics
e Network: nodes and edges connecting the nodes

e Formally, G = (V,E) is a set of nodes V and a set of edges E where each edge
connects two nodes.

e Nodes == Items, edges connect items
e Both nodes and edges may have attributes
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Arrange Networks and lrees

(® Node-Link Diagrams

Connection Marks

« NETWORKS f§ « TREES

(® Adjacency Matrix _
Derived Table u - u =
in

® Enclosure
Containment Marks HEEBEE BEEE BB

[Munzner (ill. Maguire), 2014]
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Molecule Graph
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Molecule Graph

e Nodes may have attributes
(e.g. element)
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Molecule Graph

e Nodes may have attributes
(e.g. element)

e dges may have attributes
(e.g. number of bonds)
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Web Sites as Graphs (amazon.com)
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Social Networks

facebook e
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Networks as Data

Nodes
ID | Atom | Electrons | Protons
Ol N / /
1 C 6 6
21 S 10 16
3| C 6 6
41 N [ /
Edges
ID1 {ID2| Bonds
O | I
1 | 2
1| 3 2
3| 4 1
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Node-Link Diagrams

e Data: nodes and edges

e [ask: understand connectivity, paths,
structure (topology)

® Encoding: nodes as point marks,
connections as line marks

e Scalability: hundreds

e .. .but high density of links can be
oroblematic!

® |[ssue with the encoding?
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Arc Diagram

|D. Eppstein, 2013]
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Network Layout

® Need to use spatial position when designing network visualizations
e Otherwise, nodes can occlude each other, links hard to distinguish
e How?"

- With bar charts, we could order using an attribute...

- With networks, we want to be able to see connectivity and topology (not In
the data usually)

e Possible metrics:
- Edge crossings
- Node overlaps
- |otal area
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-orce-Directed Layout
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https://observablehq.com/@d3/force-directed-graph
https://observablehq.com/@d3/force-directed-graph

Constraint-Based Optimization (ColLa)

e Higher quality layout

e \ore stable In interactive "=
applications (no "jitter") Wi

o Allows user specified constraints o
such as alignments and grouping ot | o

®
e Can avoid overlapping nodes . NS
.

e Provides flow layout for directed * e
graphs . A Ty =5 .

e May be less scalable to very large . o ‘~
graphs .

e Can route edges around nodes

[T. Dwyer et al. (WebCola); M. Bostock (Example), 2018]
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https://marvl.infotech.monash.edu/webcola/
https://observablehq.com/@mbostock/hello-cola
https://marvl.infotech.monash.edu/webcola/
https://observablehq.com/@mbostock/hello-cola

stdp

[Hu, 2005]
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“Hairball”

[Hu, 2014]
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Hierarchical Edge Bunadling

[Holten, 2000]
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Hierarchical Edge Bunadling

[Holten, 2000]
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Hierarchical Edge Bunadling

® Hlexible and generic method
e Reduces visual clutter when dealing with large numbers of adjacency edges
e Provides an intuitive and continuous way to control the strength of bundling.

- Low bundling strength mainly provides low-level, node-to-node connectivity
iINnformation

- High bundling strength provides high-level information as well by implicit
visualization of adjacency edges between parent nodes that are the result of
explicit adjacency edges between their respective child nodes

[Holten, 2000]
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Bundling S

] A}
e ||

[Holten, 2000]
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Adjacency Matrix

e Change network to tabular data and use a
matrix representation

e Derived data: nodes are keys, edges are Z 1IN
boolean values \A/

¢ [ask: lookup connections, find well-
connected clusters

e Scalability: millions of edges

mo O m >

e Can encode edge weight, too

[Henry et al., 2007]
D. Koop, CSCI 627/490, Fall 2020 Northern Illinois University 26




Cliques in Adjacency Matrices
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[Gehlenborg and Wong]
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Structures from Adjacency Matrices

= T=cliques =

v 42
40

() 39

37

38
°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°°° SOONUWWNWWU 1
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO [Mc< iuffln]
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Node-Link or Adjacency Matrix”?

o Empirical study: For most tasks, node-link is better for small graphs and
adjacency better for large graphs

e Multi-link paths are hard with adjacency matrices

* [mmediate connectivity or neighbors are ok, estimating size (nodes & edges
also ok)

® People tend to be more familiar with node-link diagrams
¢ | Ink density Is a problem with node-link but not with adjacency matrices
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