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This Week

Section 7: Data, data, data
Homework 3 due Friday!
Homework 4 due Friday!

Project Proposal
Announce project repositories!
Don’t have a group - e-mail now!



Next Week

Tuesday Lecture: Social Visualization

Guest Speakers: Fernanda Viegas & Martin Wattenberg. Co-leaders
of Google's "Big Picture" data visualization group.

Thursday Lecture: Visualization and Arts

Guest Speakers: Mark Schifferli and Terrence Fradet from Fathom



Graph
Uisualization
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http://www.facebook.com/notes/facebook-engineering/visualizing-friendships/469716398919
http://www.itechnews.net

Graph Theory

Fundamentals
Tree Network Hypergraph Bipartite Graph
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Graph Terms (1)

A graph G(V,E) consists of a
set of vertices V (also
called nodes) and a

set of edges E connecting
these vertices.




Graph Terms (5)

Path
G contains only edges that
can be consecutively traversed

Tree
(G contains no cycles

Network
G contains cycles




Tree

A graph with no cycles - or:

A collection of nodes
contains a root node and 0-n subtrees
subtrees are connected to root by an edge

©



Graph Measures

Node degree deg(x)
The number of edges being incident to this node. For
directed graphs indeg/outdeg are considered separately.

Diameter of graph G
The longest shortest path within G.

Pagerank
count number & quality of links




Graph Algorithms (1)

Traversal: Breadth First Search, Depth First Search

N
Ui

- generates neighborhoods - classical way-finding/back-tracking
- hierarchy gets rather wide strategy

than deep - tree serialization
- solves single-source shortest - topological ordering

paths (SSSP)



Graph and Iree
Uisualization



Different Kinds of Tasks/Goals

Two principal types of tasks: attribute-based (ABT) and topology-based (TBT)

Localize — find a single or multiple nodes/edges that fulfill a given property
» ABT: Find the edge(s) with the maximum edge weight.
» TBT: Find all adjacent nodes of a given node.

Quantify — count or estimate a numerical property of the graph
» ABT: Give the number of all nodes.
- TBT: Give the indegree (the number of incoming edges) of a node.

Sort/Order — enumerate the nodes/edges according to a given criterion
* ABT: Sort all edges according to their weight.
» TBT: Traverse the graph starting from a given node.

list adapted from Schulz 2010



Three Types of Graph

Representations
é } H -
Explicit Matrix Implicit

(Node-Link)



Explicit Graph Representations

Node-link diagrams: vertex = point, edge = line/arc
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Criteria for Good
Node-Link Layout

Minimized edge crossings

Minimized distance of neighboring nodes

Minimized drawing area

Uniform edge length

Minimized edge bends

Maximized angular distance between different edges
Aspect ratio about 1 (not too long and not too wide)
Symmetry: similar graph structures should look similar

list adapted from Battista et al. 1999



Conflicting Criteria

Minimum number m
Space utilization
of edge crossings

Uniform edge symmetry

length

Schulz 2004



Explicit Representations

Pros:
is able to depict all graph classes
can be customized by weighing the layout constraints

very well suited for TBTs, if also a suitable layout is chosen
[McGrath et al. 1997], [Purchase et al. 2002], and [Huang et al. 2005]

Cons:

computation of an optimal graph layout is in NP
(even just achieving minimal edge crossings is already in NP)

even heuristics are still slow/complex (e.g., naive spring embedder is in O(n?))
has a tendency to clutter (edge clutter, “hairball™)



Force Directed Layouts

Physics model: .
edges = springs, o
vertices = repulsive magnets

: : . O
INn practice: damping Q| L
O m®.

. Expander /O T
COmputauOna”y (pushing nodes apart)
expensive: O(n3)

Limit (interactive): ~1000 nodes Spring Coi

(pulling nodes together)


http://bl.ocks.org/mbostock/4062045

Giant Hairball



Adress Computational Scalability:
Multilevel Approaches

KI\/IetanOde A Metanode B /

[Schulz 2004]
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Collapsible Force Layout
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http://bl.ocks.org/mbostock/1062288
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https://www.youtube.com/watch?v=A8USiec1FWQ
http://www.apple.com

Styled / Restricted Layouts

Circular Layout
Node ordering
Edge Clutter

g
v

"
l:.
.
'_.‘
V-
SN
o .
*

s
S

b
e
a5

| '.'\!

_" f".’ -h
b . e S
: . e ‘Q"“
X ¢ A'. ..' v ‘ '-.'_'
- . ' . =
o SR e e
’ . , . \' - -~ A\

A
»

PR e

- -

™ Ay
-
.l:.‘. i v At

| o
o
e

-

ca. 3% of all possible edges ca. 6,3% of all possible edges



Example: MizBee e oo
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https://www.youtube.com/watch?v=86p7brwuz2g

Reduce Clutter: Edge Bundling

|

Holten et al. 2006



ierarchical Edge Bundling

PEnd:P4 P :LCA(P03P4)

B=0.25

Bundling Strength

Holten et al. 2006



Fixed Layouts

Can’t vary position of nodes
Edge routing important

facebook



http://www.facebook.com/notes/facebook-engineering/visualizing-friendships/469716398919
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mbostock.github.com/d3/talk/201 1 11 16/bundle.html Michael Bostock



http://mbostock.github.com/d3/talk/20111116/bundle.html
http://mbostock.github.com/d3/talk/20111116/bundle.html

Explicit Tree Visualization
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http://billmill.org/pymag-trees/
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Hyperbolic Tree

Projection on a sphere (hyperbolic space)
Root initially in the center

Other nodes can be moved into focus
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https://www.youtube.com/watch?v=pwpze3RF55o
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Design Critique



The Yield Curve

http://go0o.gl/mt1iQo

92

02

04

'06

® O OO0 OO0 0 0

Next

Yield curve 101

The yield curve shows how much it costs the federal

government to borrow money for a given amount of time,

revealing the relationship between long- and short-term | 8% yield
interest rates. | peryear

It is, inherently, a forecast for what the economy holds in the
future — how much inflation there will be, for example, and
how healthy growth will be over the years ahead — all
embodied in the price of money today, tomorrow and many
years from now.

| 6%
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| 2%

30-year

20-year
10-year
, 7-year
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http://goo.gl/mt1iQo
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DEAR DATA: PEN PALS IN A DATA AGE >>

WHEN 3D WORKS

By Andy Kirk | March 20, 2015 |

38 28 3 23
9
vy OO
Earlier this week TheUpshot published a new interactive project visualising the ' . Created by Gregor Aisch and
Amanda Cox the work provides a "3-D view of a chart that predicts the economic future”.

It is a terrific piece of work because, as with any good visualisation, it makes understanding accessible, providing a visual
explanation of a potentially (at least for me) complicated subject matter.

The most striking immediate feature is the initial 3D display. Whilst the project received lots of deserved online | am
conscious that being positive about a 3D work might strike some as going against the grain: as we know, 3D is one of the
reliable punching bags for visualisation angst. However, | thought it was important to explain why 3D doesn't just work but is

essential in this case.

Yield curve 101
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http://www.visualisingdata.com/index.php/2015/03/when-3d-works/

Matrix Representations




Matrix Representations

SUN. '+
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Explicit
(Node-Link)

Matrix Implicit



Matrix Representations

Instead of node link diagram, use adjacency matrix

A B C D E

m O O W >




Matrix Representations

Examples:

P A E

£ (E) (B) :

c (X 5
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Matrix Representations

A BCDETFGH
A -
C
D :
O
E
M
j -
O A
H
ABCDE
Well suited for Not suited for

neighborhood-related TBTs path-related TBTs
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http://bost.ocks.org/mike/miserables/
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Matrix Representations

Pros:
can represent all graph classes except for hypergraphs
puts focus on the edge set, not so much on the node set
simple grid -> no elaborate layout or rendering needed
well suited for ABT on edges via coloring of the matrix cells
well suited for neighborhood-related TBTs via traversing rows/columns

Cons:
guadratic screen space requirement (any possible edge takes up space)
not suited for path-related TBTs



Special Case: Genealogy

Q Jacqueline @
.

d Clancy
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M O Bart
® Q Maggie
® Q Lisa



https://www.youtube.com/watch?v=gncBzqI7R-Q

Hybrid Explicit/Matrix
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[Henry et al. 2007]


https://www.youtube.com/watch?v=a4sa3bKmGW8

Implicit Layouts

SUN. '+
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Explicit
(Node-Link)

Matrix Implicit



Explicit vs. Implicit Tree Vis

A .-
A D
.k

(a)
.-
A D A

e e
(c) (d)

Fig. 2. (a) Explicit, node-link layout, (b) Implicit layout by
iInclusion, (c) Implicit Layout by overlap, (d) Implicit layout
by adjacency.
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Schulz 201 |
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Zoomable Treemap

HEALTH AND HUMAN SERVICES DEEENSE-MILITARY. PROGRAMS TREASURY

Procurement

Research, Dev...

AGRICULTURE VETERANS AEFAIRS TRANSPORTATION EDUCATION OFFICE OF...

Administration ... Healt.. Cen... Office ...

Benefits Programs
SOCIAL SECURITY ADMINISTRATION

JUSTICE
Fover... -

Employment and T...



http://www.nytimes.com/packages/html/newsgraphics/2011/0119-budget/

Example: Interactive TreeMap of a
Million Items

—
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Fekete et al. 2002



Sunburst: Radial Layout

[Sunburst by John Stasko, Implementation in Caleydo by Christian Partl]


http://bl.ocks.org/kerryrodden/477c1bfb081b783f80ad

Implicit Representations

Pros:
space-efficient because of the lack of explicitly drawn edges - scale well
well suited for ABTs on the node set
also useful for some TBTs

Cons:
can only represent trees
no free arrangement (maps)
useless for edge task



Adding Edges onto TreeMaps

without edge bundling
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Tree Visualization Reference

N
treevis.net - A Visual Bibliography of Tree Visualization 2.0 by Hans-Jorg Schulz

v.21-0CT-2014

Dimensionality Representation Alignment Fulltext Search Techniques Shown

D000 ONEA



http://treevis.net

Graph Tools &
FApplications



Gephi

http://gephi.org

makes graphs handy Home Features Plugins Users Developers Partners

G ho Download Blog Wiki Forum Support Bug tracker

The Open Graph Viz Platform [**

Gephi is a visualization and exploration platform
for all kinds of networks and complex systems,
dynamic and hierarchical graphs.

Runs on Windows, Linux and Mac OS X. Gephiis
open-source and free.

NN

Learn More on Gephi Platform »

- & Download FREE

Release Notes | System Requirements

» Features P> Screenshots ‘
» Quick start » Videos '

Gephi has been accepted again for Google Summer of Code! The program is the best way for students around the world to start
contributing to an open-source project. Students, apply now for Gephi proposals. Come to the GSOC forum section and say Hi! to
this topic.
Learn More »



http://gephi.org/
http://gephi.org

Cytoscape

http://vwwv.cytoscape.org[

Open source plz

BUDG

T4

&

HMLALPHAR= /d»-;' MFA2 |
\

SFH1

BR190

-
-

-
—

, ______{ %2 Network ~ VizMapper™ | Editor Filters)——————

~Current Visual Style
[ galFiltered Style

B @

~Visual Mapping Browser

e =

» Edge Line Style interaction

¥ Node Visual Mapping

v Node Color gal4RGexp
Mapping Type Continuous Mapping

Graphical View

» Node Label SGD symbol
¥ Unused Properties

Edge Color

Edge Font Face

Edge Font Size

Edge Label



http://www.cytoscape.org/

h

ytoscape Web

0. o ADEWEL o ADE.0rE

Feature Showcase Demo

Cytoscape web This is a separate demo application, built around the Cytoscape Web visualization.
Because this showcase is complex, you may experience issues, such as slowdowns, on older or less efficient browsers.

Save file Open file Style v Layout v
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Examples Visualstyle RILCI@ Properties

Filter such that m any filter is satisfied.

Reset filters

d

Find a value to filter
abe

Find a value to filter
shape

Find a value to filter

weight

0.03 0.45



http://cytoscapeweb.cytoscape.org/

NetworkX

https://networkx.github.io/

NetwgrkX

High-productivity software for complex networks

NetworkX is a Python language software package for the creation,
manipulation, and study of the structure, dynamics, and functions of
complex networks.

Documentation Examples
all documentation using the library
Features

e Python language data structures for graphs, digraphs, and multigraphs.
 Nodes can be "anything" (e.g. text, images, XML records)

e Edges can hold arbitrary data (e.g. weights, time-series)

» Cenerators for classic graphs, random graphs, and synthetic networks

e Standard graph algorithms

e Network structure and analysis measures

e Open source BSD license

o Well tested: more than 1800 unit tests, >90% code coverage

» Additional benefits from Python: fast prototyping, easy to teach, multi-platform

Reference

all functions and methods

1.8.1 - 4 August 2013
downloads | docs | pdf

1.9dev

github | docs | pdf
build passing

coverage ' 83°

Mailing list
Issue tracker
Developer guide



http://networkx.github.io/
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