Hierarchies, Graphs, and
NetWOrkS Wl

C. Andrews

2016-04-17



"sv}

¥

Hierarchies

~»~
QUEEN PRINCE
ELIZABETH 11 PHILLIP
1926- 1921-

. 2 X 7 -
': -* e .l= 4( ot
7« "/ P ol
PRINCESS PRINCE CAMILLA PRINCESS CAPTAIN SARAH PRINCE SOPHIE PRINCE
DIANA CHARLES PARKER ANNE MARK FERGUSON ANDREW RHYS~JONES EDWARD
1961-1997 1948- BOWLES 1950- PHILLIPS 1959- 1960- 1965- 1964-
G 0 1947- o 1948-
PRINCE KATE PRINCE AUTUMN PETER ZARA MIKE PRINCESS PRINCESS JAMES, LADY LOUISE
WILLIAM MIDDLETON HARRY KELLY PHILLIPS PHILLIPS TINDALL BEATRICE EUGENIE VISCOUNT MOUNTBATTEN-
1982- 1982- 1984- 1978- 1977- 1981- 1978- 1988- 1990- SEVERN WINDSOR

2007- 2003-

PRINCE SAVANNAH ISLA

GEORGE PHILLIPS PHILLIPS
2013- 2010- 2012-

http://www.telegraph.co.uk/



http://www.telegraph.co.uk/news/uknews/theroyalfamily/10173347/The-Royal-Family-tree.html
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Hierarchies
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Hierarchies

Secretary of Defense

Office of the Secretary of Defense

Chart reflects PAS officials and those reporting directly to the Secretary and Deputy Secretary of Defense
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Hierarchies
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What are we trying to discover?

It is all about structure and relationships

descendants 4 height

grandparent §

depth

Y  ancestors |

child sl Nt

dense sparse



Trees
Node-link graph




Trees

Node-link graph






Trees
Node-link graph Challenges

We need to display both structure and data

Structure consumes space

The amount of data grows exponentially with the
depth




Conventional tree visualization

http://www.informatik.uni-koeln.de/ls_juenger/research/vbctool/



http://www.informatik.uni-koeln.de/ls_juenger/research/vbctool/

Radial layout

http://bl.ocks.org/mbostock/4339607



http://bl.ocks.org/mbostock/4339607
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Two views of a tree
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Robertson et al., “Cone Trees: Animated 3D Visualizations of Hierarchical Information”



Hyperbolic browser

The tree is laid out in
hyperbolic space and

circle. i

Can show 10x the number of Z™
nodes of a standard 2D

approach (1000 vs. 100)

Lamping et al. “A Focus + Context Technique Based on
Hyperbolic Geometry for Visualizing large Hierarchies”
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it Walrus


http://www.caida.org/tools/visualization/walrus/

Force-directed radial layout
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http://www.autodeskresearch.com/projects/orgorgchart

Degree-of-Interest (DOI) Trees
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Card and Nation, “Degree-of-Interest Trees: A
Component of an Attention-Reactive User Interface”




Degree-of-Interest Trees
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Card and Nation, “Degree-of-Interest Trees: A
Component of an Attention-Reactive User Interface”



Space filling trees

Connections Containment
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http://www.cs.umd.edu/hcil/VisuMillion/

Building a treemap

makeTreeMap(node, orientation)
Boreach child o -node
1f orientation 1s vertical
create rectangle with width scaled as proper
percentage of node
Ieichi Ld “has. ehilldEen
makeTreeMap(child, horizontal)
else
create rectangle with height scaled as proper
percentage of node
EEean 1 lahas il ldren
makeTreeMap(child, vertical)



Treemaps
Example: Sales figures ($M)

North America
United States ($200)
Canada ($200)

Europe
Germany ($150)
Austria ($100)
Russia ($150)
Sweden ($100)

Asia
S. Korea ($50)
China ($50)

$1000

borrowed from M. Porath



Treemaps
Example: Sales figures ($M)

North America ($400)
United States ($200)
Canada ($200)

Europe ($500)
Germany ($150)
Austria ($100)
Russia ($150)
Sweden ($100)

Asia ($100)

S. Korea ($50)
China ($50)

$400

$500

$100

borrowed from M. Porath



Treemaps
Example: Sales figures ($M)

North America ($400)
United States ($200)
Canada ($200)

Europe ($500)
Germany ($150)
Austria ($100)
Russia ($150)
Sweden ($100)

Asia ($100)

S. Korea ($50)
China ($50)

$200 $200
$150 $150 $100 | $100
$50 $50

borrowed from M. Porath



Treemaps
Example: Sales figures ($M)

North America ($400) United States Canada
($200) ($200)

United States ($200)
Canada ($200)
Europe ($500)
Germany ($150)
Austria ($100)
Russia ($150)
Sweden ($1 00) Germany Austria Sweden
($150) ($100) ($100)
Asia ($100)
S. Korea ($50)
China ($50)

S. Korea

($50)

borrowed from M. Porath



Nested treemap
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http://www.cs.umd.edu/hcil/treemap-history/



http://www.cs.umd.edu/hcil/treemap-history/

Cushion treemaps
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Grand Perspective
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The aspect ratio problem...
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The aspect ratio problem...

Which one is bigger?

Trick Question!




Squarified treemaps
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Bruls, et al. “Squarified Treemaps”



Even more approaches...
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Example: Presidential election 2012
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http://www.treemap.com/datasets/uselections/US%20Presidential%20Elections%20-%202012-72dpi.png

Example: Movie budgets
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http://www.treemap.com/datasets/uselections/US%20Presidential%20Elections%20-%202012-72dpi.png

Example: News stories
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http://newsmap.jp

Circular partition treemaps

Onak and Sidiropoulos, “Circular Partitions with Applications to Visualization and Embeddings”



Voronoi treemaps

arg/argouml/. ./

Balzer et al. “Voronoi Treemaps for the Visualization of Software Metrics”




Treemaps

Voronoi
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Balzer and Deussen, “Voronoi Treemaps”



Circular treemaps

http://visualign.wordpress.com/tag/treemap/



http://visualign.wordpress.com/tag/treemap/

Networks

Tree Network



Graph representations

vertex and edge tables adjacency lists

S
d ink d el ttr2
edge source sin node attr attr B: A C
1 A B A - - C-B
2 B C B - -
@& 3 L

adjacency matrix

Node - link diagram

A B C
A 0 1 0
B il 0 Il
C 0 1 0




Shneiderman’s NetViz Nirvana

Every node is visible

For every node, you can count its degree

For every link you can follow it from source to destination

Clusters and outliers are identifiable



Aesthetic considerations

Minimize

e edge crossings
® area

® [ine bends

* line slopes

e total edge length

* max edge length

® edge length variance

Maximize
e smallest angle between edges
® symmetry




Graph visualization

What do nodes look like? What do links look like?

How do we lay out the graph?




Edge styles

—0

;- O

Straight Orthogonal

Curved



Common layout styles

Hierarchical e \
Force directed
Circular
Geographic
Clustered

Matrix

Attribute based /

http://www.thenetworkthinkers.com/2013/03/big-data.html



http://www.thenetworkthinkers.com/2013/03/big-data.html

Hierarchical graph layout

Sugiyama layout

http://www.roguewave.com/



http://www.roguewave.com/portals/0/products/visualization/docs/views/5.6.jp/Views.html#page/OptionsGraphLayout/layouts.5.13.html

Force-directed layout

Constraint-based layout



Force directed layout

http://bl.ocks.org/mbostock/4600693



http://bl.ocks.org/mbostock/4600693

Circular layout
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http://www.perceptualedge.com/blog/?p=680



http://www.perceptualedge.com/blog/?p=680

Circular graph + hierarchical edge bundling

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



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

Chord diagram

%

http://www.facegroup.com/tag/influencers



http://www.facegroup.com/tag/influencers
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http://bost.ocks.org/mike/uberdata/
Source: Uber Blog.


http://bost.ocks.org/mike/uberdata/

Geographic

T

:
e "
-y b
‘\\,‘
L

https://www.metabunk.org/threads/visualizing-fli aths-above-30-000-feet.812/



https://www.metabunk.org/threads/visualizing-flight-paths-above-30-000-feet.812/

Clustered graph layout

Balzer and Deussen, “Level of Detail
Visualization of Clustered Graph Layouts”
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http://research.microsoft.com/en-us/projects/nodex|/

(a) Graph Hierarchy (b) Graph

http://www.personal.psu.edu/lug129/blogs/serendipity/graph-drawing/
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http://hci.stanford.edu/jheer/files/zoo/
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Henry and Fekete, “MatrixExplorer: a Dual-Representation
System to Explore Social Networks”
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Henry and Fekete, “MatrixExplorer: a Dual-Representation
System to Explore Social Networks”
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Case Study: VAST 2008 Challenge
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http://hcil2.cs.umd.edu/newvarepository/VAST%2520Challenge%25202008/challenges/MC3%2520-%2520Cell%2520Phone%2520Calls/entries/University%2520of%2520California,%2520Davis%2520-%2520MobiVis/

Case Study: VAST 2008 Challenge
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