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Knowledge Visualization

Networks, Graphs and Trees
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Administrivia

* Assignment 2 presentations next week

* 5 each day
* 15 minutes each , including time for discussion
« Remember your two questions !!!

« Assignment 3 out tonight (you'll like this one).

Graphs and Trees | IAT814



We live iIn a connected world

 Online Social networks: Facebook, Twitter ~ e e
people connected online

* Information networks: WWW ~ web pages B\
connected through hyperlinks
« Computer networks: The internet ~ computers

and routers connected through wired/wireless
connections

 Whatis a network? “any collection of objects
in which some pairs of these objects are
connected by links” [Easley and Kleinberg, 2011]
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Visualizing Relations

Why relations? Isn’t all data inherently relational?

* Visualising data: seeing the patterns between the data values
and attributes that emerge and associate or disassociate in
some way

* Visualising relations: when how one datum relates to another is
an element in itself

« We want to see the overall structure of the data set

« Patterns emerge from structure as well as from values/
attributes

Graphs and Trees | IAT814



Common Applications

* Process Visualization (e.g., Concept maps

Visio) * Ontologies
* Dependency Graphs « Simulation and Modeling
« Biological Interactions « Probability maps

(Genes, Proteins)
« Computer Networks
» Social Networks
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Process flow diagrams
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Dependency graphs
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Gene networks

B Disease gene network
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Computer networks
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Internet

 What does the
Internet look like”

 Email paths

/
. Switzerland Spain I Japan [l ggggiaa'tjion . UK . Unknown
B Germany B taly [ Netherlands [l sweden B usA

Nature, 406, 3563-354(27 July 2000)
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Concept maps
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Ontologies
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Simulation graphs

Economic Spreadsheet
Excel

nosmocs Out-1

Process Model
UniSim
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pection

Reservoir Models
Eclipse ' REVEAL
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Probability maps

« Bayesian network
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Is this a network?

. [ Network | i
M a p ii n g Visualization : .

’ >
| Statistical Self Statistics |
» ! » surveniarce
Visualization
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VisJddi i +

Featured

Artistic Visualization

Visualization
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Arrange Networks and Trees

® Node-Link Diagrams

Connection Marks

' NETWORKS | « TREES

« Several ways to
represent relations

® Adjacency Matrix O

« Choice depends on Derived Table l-l=
relation, task and B m
scale O

(® Enclosure
Containment Marks EEER EEE BEBE

| v TRess

T. Munzner, Visualization Analysis and Design.

S F U Graphs and Trees | IAT814



Graphs as Network Models

« Graphs are only ONE way to represent networks

* Most powerful
« Most popular

« Graphs are well suited for topology-related problems
» Distance through the network (hops), propagation, clusters defined by

connectivity

lines

edges, arcs

math

links

computer science

bonds

physics

ties, relations

sociology

points
{arc, link , edge} = vertices
nodes
sites
actors
{ node , vertex } Source: L. Adamic SNA class @coursera

Network Visualization, QMSS @ Columbia

@denisparra
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A formal definition

« A graph is a way of specifying relationships among a
collection of items.

» A graph consists of a set of objects, called nodes or
vertices, with certain pairs of these objects connected
by links called edges.

— Easley and Kleinberg, 2011
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A bit of history: Graph models

* Around 1735, the mathematician Venn Euler set the
foundation for graph theory by creating a model to
represent the problem of the “7 bridges of Konigsberg”

Source: http://en.wikipedia.org/wiki/Seven_Bridges_of K%C3%B6nigsberg and “Linked” by A-L. Barabasi
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Tree Data

A tree can be thought of as simply a special kind of network.
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Tree layouts

» Topological structure with hierarchy
« Parent-child relations are paramount

* can have explicit sibling links but usually implicit
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Hierarchical Information

File Edit !iew Tools Help

|3 My Download Files

= &l %

All Folders

_Q Desktop
=1 2 My Computer
&= 3% Floppy (&)

 Pervasive
« File / Directory systems on computers

e Classifications / Taxonomies / Controlled
Vocabularies

« Software Menu structure
« Organization charts
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n
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Hierarchical Information

BYE i

B Exploring - C:\My Downlo.
File Edit View Tools Help

|3 My Download Files

= &l %

All Folders

gDesktup
-8 My

* Indented Outlines

« Good for Searching Bad for Structure
 Node-Link Trees

» Top-to-Bottom Layout

« 2D

« 3D : ConeTree

Radial Layout

« 2D : SunBurst, Hyperbolic Trees
« 3D :H3 & Walrus

Space-Filling Treemaps

g} Recycle Bi

-5 Network Neighborhood
n

|0 bytes (Disk free

SFU



Hierarchical Data — Traditional Node-Link
Layout

7 D\

lﬂi
i I

ﬁ\!

Allocate Space proportional to # of Children at Different Levels




Classical/Layered Indented Outline List

s[steve shaw]
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‘ Peter Shaw ‘ ‘ Paul Shaw | ‘ Ethel Shaw | ‘ Bettg. Bryan ‘ ‘ Alice T?rgan ‘

(] U [ ()
Rod Shaw Eliza Shaw Lily Fischer | | Jim Blais

A naive and easy-to-program layout: each subtree has an interval in x that
is not overlapped by the neighboring subtrees. A postorder depth-first-
traversal combines the intervals of subtrees to yield the interval of a parent
node.
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Another easy-to-program layout: a
preorder depth-first-traversal

L] & ) (]
‘Rod Shaw‘ ‘Eliza Shaw‘ ‘Lily Fischer‘ ‘dim Blais‘

A "Reingold Tilford" style layout : saves space in x by moving subtrees encoqnters hodes in order Of, their y
together as much as possible. (For details, see section 3 of Christoph _ coordinates, and the x coordinate of
Buchheim, Michael Jiinger and Sebastian Leipert, "Improving Walker's each node is proportional to its depth.

Algorithm to Run in Linear Time", Proceedings of Symposium on Graph
Drawing (GD) 2002, pages 344-353.) The is more complicated to program.



Classical/Layered
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A "Reingold Tilford" style layout : saves space in x by moving subtrees
together as much as possible. (For details, see section 3 of Christoph
Buchheim, Michael Jinger and Sebastian Leipert, "Improving Walker's
Algorithm to Run in Linear Time", Proceedings of Symposium on Graph
Drawing (GD) 2002, pages 344-353.) The is more complicated to program.

Indented Outline List

Another easy-to-program layout: a
preorder depth-first-traversal
encounters nodes in order of their y
coordinates, and the x coordinate of
each node is proportional to its depth.



Classical/Layered Indented Outline List
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Traditional Node-Link Layout =
SpaceTlree

°HC| Lab - Un|VerS|ty Of Maryland http://www.cs.umd.edu/hcil/spacetree/
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Space Tree cont.
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3D ConeTree

» Positive
* Higher Information Density
*  Smooth animation

* Negative

* Oceclusion

* Non-trivial to implement
 Requires horsepower

3D used to increase
Information Density

Children laid out in a
FIGURE 7 cylinder “below”

Cone Tree visualization of a directory hierarchy pa re nt
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Tree-link diagrams
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Tree — containment diagrams

Life
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Amphibians Arthropods Birds Mammals Insects Reptiles Algae Ferns and Horsetalls Mosses Seed plants
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Treemaps

Recursive,
repeated
subdivision of
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Treemaps — “Slice & Dice”
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Treemaps use containment marks
rather than connectivity marks
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Marc Smith and Andrew Fiore, 2001
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Martin Wattenberg, 1998
and

http://www.smartmoney.com/marketmap/
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Treemaps

* Which Problem do Treemaps aim to address?

=» Visualize hierarchical structure as well as content of (atom)
nodes

« What are Treemaps’ main design goals?

=» Space—filling (High Data / Ink Ratio)
=> “Structure” is represented using Enclosure / Containment
=> “Content” is represented using Area

» Pre—attentive, Early Visual Processes Used?
=» Position, Size = Area, Color and Containment

SFU



Treemaps

« Treemaps scale well to large number of nodes

:

 T—
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|
I
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i
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Initial Layout

 Root mapped at center

* Multiple generations of
children mapped out

towards edge of circle

« Drawing of nodes cuts
off when less than one
pixel
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User orientation on refocus

Problem
« Hyperbolic Geometry can allow disorienting rotations of objects when
refocusing
Solution one:
* Preserve initial angular orientation of parent to child nodes

Solution two:

* Preserve left to right orientation of parent to child nodes beginning with
initial display

Note: both rely on relative geometric consistency
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User orientations - Solutions

Preserving Angular Orientation

icks

(0 s iy
@m 84’ i
Car
’ H

Left to Right Ordering

Mal

!
.
207 70, M
[#. R. Hicks, Marketing & Customer prations, Execut 343 27?7
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Trees

« Different tree idioms use
containment and/or
connectivity

« Spatial position also
meaningful in some

 Different visual
channels

Michael McGuffin and Jean-Marc Robert, 2010
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Graphs are more complicated
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Graph Terminology

Graphs can have cycles
Edges can be directed or undirected

Degree of a vertex = # connected nodes
« In-degree and out-degree for directed graphcs

Graph edges can have values (weights)
« Nominal (N), ordinal (O), quantitative (Q)
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Undirected  Directed multimode Weighted  and
(Facebook (Twitter (Amazon user- (Facebook  more
friendships) following) product) likes)

i
A

iy
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Network Analysis measures

Node-level metrics Graph-level metrics

» Centrality toSize
. (In/Out) Degree  Diameter (longest path)

. Betweenness * Average path length
. Closeness * Average [node metric]

* Eigenvector
 Clustering coefficient

These are only a few representative measures

http://www.slideshare.net/gcheliotis/social-network-analysis-3273045
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Interpretation of measures

Interpretation in Social Networks

Degree How many people can this person
reach directly?

Betweenness How likely is this person to be the
most direct route between two people
in the network? %

M

Source: http://www.slideshare.net/gcheliotis/social-network-analysis-3273045 slide 24

Graphs and Trees | IAT814



Interpretation of measures

Interpretation in Social Networks

Closeness How fast can this person reach
everyone in the network?

Eigenvector How well is this person connected to
other well-connected people?

Source: http://www.slideshare.net/gcheliotis/social-network-analysis-3273045 slide 24
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Two more concepts...

« Total possible number of edges in a network

« #edges =n*(n-1)/2 (undirected network)
« #edges =n * (n-1) (directed network)

« (Shortest) Path: the shortest sequence of edges to be followed to

reach a node B from a node A in a network.

Which is the length of the shortest path
between Rafa Nadal and Sharonpova?

Graphs and Trees | IAT814 ‘
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Using these concepts in network analysis

« compare these 2 movie networks (characters’ interactions)

Source: http://moviegalaxies.com

"+ ®JAVIER

! i lcmouns
@ FRANCISCO .
v T,
. @HELENA
fr
Forrest Gump (1994) \ Traffic (2000)

Graphs and Trees | IAT814
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\o 1 .:‘I , / Abble. HOﬁman

Network metrics:

» Size: 94/271

* Density: 0.06
 Diameter: 4

»  Clustering coefficient: 0.8
 Avg. Path Length: 1.99

Node metrics:

Forrest

 Degree: 89
 Betweetnness: 3453.8
Abbie Hoffman

« Degree: 6

« Betweenness: 0

http://moviegaI‘éxies.qém/r’hovies/B1 6-Forrest-Gump
.
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Traffic (2000) Network metrics:
« Size: 68

* Density: 0.04
 Diameter: 7

JAVIER » Clustering coefficient:
SALAZAR 0.55
 Avg. Path Length: 3.54
. ] ;A.ROUNE Node metrics:
FRANCISCO BN Robert
o « Degree: 24
. * Francisco: is a bridge (structural holes) e Betweetnness: 1437.7
[ QH.EI.ENA Francisco
ar « Degree: 5
A + Betweenness: 1031
N

http://moviegalaxies.com/movies/837-Traffic
Graphs and Trees | IAT814



When is Graph Visualization Applicable?

« Ask the question: is there an inherent relation among the data
elements to be visualized?

« If YES — then the data can be represented by nodes of a graph, with
edges representing the relations.

« If NO - then the data elements are “unstructured” and goal is to use
visualization to analyze and discover relationships among data.

Source: Herman, Graph Visualization and Navigation in Information
Visualization: a Survey
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What kinds of relations?

This is speculative and incomplete !

» Associative (IS-A)
« Ais like B in some way
* Ordinal/Sequential
« A > B, precedes B, in sol
 Time
« Hierarchy
 Aisthe parentof Band C
* Influence
« Causal
» dependency
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Graph Visualization Challenges

« Graph layout and positioning
« Make a concrete rendering of abstract graph

* Navigation/Interaction

« How to support user changing focus and moving around the
graph

« Scale

« Above two issues not too bad for small graphs, but large ones
are much tougher

Graphs and Trees | IAT814



Graph and tree data structures

» Graphs:  Trees are different
« Structured, connected « N-1 edges
data
 No cycles

 hierarchical data
« Directed edges (implicit)

Special root vertex
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Graph Layout

* How to position the nodes and edges?
* Avoid clutter
« Maintain appropriate relations

* The primary concern with networks
« while inheriting other issues such as color, size, etc

« The topic of the Graph Drawing conference (as well as numerous
InfoVis papers) and even multiple books.
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Graphs: the problem
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The Hairball Problem

SFU
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Vertex/Node choices

« Colour

¢ Size

« Label

* Form/Shape
 Location

@] o
Inga punctata
Riwnchosia calycosa
O
rigonia rugosa

 —

male Senna papiliosa .
O
Inga vera O A
O 9 Longiigcar pus oliganthus
O 56"“ undulata jockea malscocarpa
na hayesiana O
H diculat
Celtis iguanaea ampea appendiculata
female
O

@ Trigonia Laevis
Centrosema plumieri

Inga sapindoides
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Edge options

e Colour
 Thickness
 |Label

Form T
* Polyline, straight, orthogonal, grid, curved, l
planar up/down

(a) Straight edge (b) Lombardi layout (c) Slightly cu (d) Heavily curved edge

Fig. 1. Examples of edge types used in the cured edge study.

Graphs and Trees | IAT814
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Aesthetic constraints

« Minimize link crossings « Often unsuitable for

« Minimize link lengths Interactive visualisation

e Area — minimize towards « Approximation algorithms
efficiency very complex

* Unless you only need to

 Minimize link bends compute layout once

*  uniform edge lengths — *  Precompute layout, or
minimise variances compute once at the
* Minimize lomgest edge beginning of an application
then support interaction

« Mathematically difficult to do
everything !
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Which is most important?

Various studies examined
which of the aesthetic factors
matter most and/or what kinds
of layout/vis techniques look
best

« Purchase, Graph Drawing '97
« Ware et al, Info Vis 1(2)
« Ghoniem et al, Info Vis 4(2)
« van Ham & Rogowitz, TVCG
'08
Results mixed: Edge
crossings do seem important

BUT

A recent study (Xu et al 2012)
found edge crossings less
important than path distance
and smoothness

Curved lines may be preferred
but performance is better with
straight ..
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Aesthetics are not yet defined fully [xuetal. 2012

« Lombardi layout a reasonable approach,
« Uses curved lines only when straight lines are not optimal

RESE

(a) Straight edge (b) Lombardi layout (c) Slightly curved edge (d) Heavily curved edge

Fig. 1. Examples of edge types used in the cured edge study.

Kai Xu, Chris Rooney, Peter Passmore, Dong-Han Ham, and Phong H. Nguyen. A User Study
on Curved Edges in Graph Visualization , InfoVis 2012.
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Shneiderman’s NetViz Nirvana

1. Every node is visible
2. For every node you can count its degree

3. For every link you can follow it from source to
destination

4. Clusters and outliers are identifiable

Graphs and Trees | IAT814



« But — what do people actually want to do with graph
visualizations??

» Recall the basic vis tasks of [Amar & Stasko]
* Lecture 5B

* 4 additional types of graph tasks

S F U Graphs and Trees | IAT814



Graph Visualization Tasks [stasko]

1. Topology-based tasks
« Adjacency (find the set of adjacent nodes)

« Accessibility (find the set of nodes accessible to a node given
a limit of hops)

« Common connection (given nodes, find the set of nodes
connected to all members)

« Connectivity
 Find shortest path
* |dentify bridges

Graphs and Trees | IAT814



Graph Visualization Tasks [stasko]

2. Attribute-based tasks

* Nodes(find the set of nodes with a specific attribute)

 Edges (Given a node, find the nodes connected only by
certain kinds of edges)
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Graph Visualization Tasks [stasko]

3. Browsing tasks
 Follow a path
* Reuvisit a previously visited node or path
« Explore different paths to same end —end connections

4. Overview and summary tasks
« Compound exploratory task
« Estimate network size and shape
 Find patterns
 Find clusters
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Common Layout Approaches

* Force-directed

* Hierarchical

« Circular

« Geographic-based

* Clustered

» Attribute-based

« Matrix

 (this list is not meant to be exhaustive)
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Optimization-based layout

« Specify constraints for layout
« Series of mathematical equations
« Hand to “solver” which tries to optimize the constraints
« Examples
« Minimize edge crossings, line bends, etc
* Multi-dimensional scaling (preserve multi-dim distance)
« Force-directed placement (use physics metaphor)
« Benefits

« General applicability
« Often customizable by adding new constraints

Graphs and Trees | IAT814



http://bl.ocks.org/benzguo/4370043

Force — directed layout e
« Spring model (common) O\ e W i
« Edges — Springs (gravity attraction) . ...\,/" A
» Vertices — Charged particles (repulsion) -'°-?§:"- .'?" \
« Equations for forces SN
 lteratively recalculate to update positions o

of vertices

* Seeking local minimum of energy
« Sum of forces on each node is zero
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Example: Force-Directed Layout

tip,

hint . CLo-

lead

jazz

nothingness

L@

wreathe .

idle_words .

hoist ©

lit

steer

air_current

confidential_information
n curve

@ *scent _hose

... -wander

méander - . g il
' L breamng_v.vﬂd < twine
weave . T
® _ S “fart
. ® fahing ) E
wi'nd_up . e
: roll
wind_instrument

current_of_air

. dwist

Uses physics model to
layout graph,

Nodes repel each other,
edges act as springs, and
some amount of friction or
drag force is used.

. ‘winding

Special techniques to
dampen fjitter”.

visual wordnet http://www.kylescholz.com/projects/wordnet

visuwords  http://www.visuwords.com/
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Variants of force layouts

 Address issues of randomness

 Use calculations to control how
layout moves with changes in
nodes

« Temperature to model how much
nodes move

e Demos at JUNG
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Idiom

Force-Directed Placement

What: Data

Network.

How: Encode

Point marks for nodes, connection marks for links.

Explore topology, locate paths.

ISsueS Why: Tasks

Scale

Nodes: dozens/hundreds. Links:  hundreds.
Node/link density: L < 4N

 Popular and easy

* Nondeterministic

« mall changes in input can
have large changes in output

« randomness, no constraints
on maintaining geometric

proximity
« Jitter
« Scalability: the “hairball”
problem
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Small-world networks

 high clustering, small path length

e vs. random uniform distribution
 examples
» social networks, movie actors, Web, ...

* multiscale small-world networks
« exploit these properties for better layout
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Small world coarsening

* remove low-strength edges
* maximal disconnected subgraphs
* Quotient graph: subgraph = higher-level node

Auber et al. Multiscale Visualization of Small World Networks. Proc. InfoVis 2003, p 75-81.]

Graphs and Trees | IAT814



Nested Quotient Graphs

* Visual encoding:
« Subgraph(s) laid out in
metanode
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Nested Quotient Graphs

* Pro: very evocative of
structure

« Con: doesn’t scale
past 3 levels
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Tree-based graph layout: add hierarchy

Select a tree-structure out of the graph
« Breadth-first-search tree
« Minimum spanning tree
» Other domain-specific structures
Use a tree layout algorithm
Benefits
« Fast, supports interaction and refinement
Drawbacks
« Limited range of layouts

Graphs and Trees | IAT814



Hierarchical graph layout

« Use directed structure of graph to inform layout
* Order the graph into distinct levels

 this determines one dimension
* Now optimize within levels

» determines the second dimension

* minimize edge crossings, etc

J 13

 The method used in graphviz’'s “dot” algorithm

» Great for directed acyclic graphs, but often misleading in the
case of cycles

Graphs and Trees | IAT814



Tree-ify the graph

Lambegeschl

Ginori
0

Guadagni
Bischert ° N%ini
sche I
g om&gmonl Pazzi
Salviati ©
Mtglct o

Barbadori  Acciaiuoli

Ridolfi  ©
Casl%llmi G

Per(;mi Sb'gm‘
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Tree-ify the graph
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Hierarchical Graph Layout

Sdi Ednm

TN

Gﬂ:Ednm P'W'B 10

« Evolution of the // \\ I'\_-
UNIX operating }"’*QW’I “’1\

SyStem mm USG?O Y CE Umx 1 |
« Hierarchical .

VxS 1.0 l . Us@3o - ‘CEUnix 2 -

layering based on @ T N T
deSCent 4 3:33%1. 2 UnixTs 30 OB Unis 3
b \ ( /[ \
| 1 Pl
.7\\2333:"/ ulnsn\smsdnm :5').3;3;;":0' ..
S / [ \ \ e
e

 Syhm V3 -
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Partial Map of Gnutella Network - 7/27/00

Clip2 Distributed Search Services
http://dss.clip2.com

(c)2000 Clip2.com, Inc.




Hierarchical graph layout

B s Tt | 8 P

(o . i

I~y
e

|
S |
VS u Gnutella network

-*'

N
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Typical Sugiyama layout (dot)

- preserves tree structure

p S

Alternative method

- preserves uniform edge Iengthi/ *

Graphs and Trees | IAT814

slide borrowed from Tim Dwyer and Marti Hearst

V7 v8 Vo v10 vll vli2 vl3 vl4
W " VlO\
vl 4— W0
Vo \
V3 V2
7 » l\
vl2
/\‘ vll
vl4d vli3




slide borrowed from Tim Dwyer

Examples |’ I A

P Fo% Ny

P B T P T

Layered Graph Lay0UtS ’ - ) i'-'--d' -IF -i:- -f;. Jil -d:: ti % " -'1. FE N ..-hi' -.'1.. 'i.-.-i- .-'1. -1. -h. 1.1.-».
(a) 1 band (b) 6 bands
Directed Acyclic Graphs

|dentify “ bands”

(¢c) 4 bands (d) 2 bands
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Radial layouts

UK IPv6 Resource Centre tasos Usivarsy Com pating Drparimeat

* Very simple e . ul L y -

v
5 "ii-“‘ B, & & oRre

PO e Ak imy

 Plot nodes around the
circumference

 Edges connect them
* Minimise crossings

A
Y
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Radial Layout

« Data abstraction: Hierarchical network

* encoding technique: radial layout

» interaction technique: animated transitions from old
new layout

Animated Exploration of Graphs with Radial Layout, Yee et al., 2001

»
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Adjacency Matrices

« So far, only looked at node-link
diagrams

« Often doesn’t scale well due to edge-
crossings, occlusion, etc. --> hard to
read

* One solution: adjacency matrix

« show graph as table
* nodes as rows/columns
« edges as table cells

S F U Graphs and Trees | IAT814



L m ) \issnte

™ Mioshi tebii. 111 ]

| Bobed) I Jaced —
Gian

Ices

Matr

http://www.informaworld.com/s

Graphs and Tree. | .. u.
20 Years of Four HCI Conferences

Henry et al. IJHCI 2007

A Visual Exploration



Matrices with Submatrices

http://www.informaworld.com/smpp/content~content=a789632485~db=all
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Idiom Multilevel Force-Directed Placement (sfdp)
What: Data Network.
] What: Derived Cluster hierarchy atop original network.
Node-link graphs e — e T S UL
Scale Nodes: 1000-10,000.  Links: 1000—10,000.
Node/link density: L < 4N.
Not very scaleable « Good for topological tasks
Re-ordering can disorient * Perceptually intuitive
Good for smaller networks « Perceptually unstable (some)
o : g . = -
AN ST TR

?"'.- .l._' EI

O

(a) (b) (c)

Graphs and Trees | IAT814
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Idiom

Adjacency Matrix View

What: Data

Network.

What: Derived

Table: network nodes as keys, link status between
two nodes as values.

Matrices

How: Encode

Area marks in 2D matrix alignment.

Scale

Nodes: 1000. Links: one milllion.

* Very scaleable
* Good for link density
« Easily support re-ordering

(a) (b)

O

Fast node-lookup
Perceptually stable
Hard to learn
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The two views can co-exist

A1 R EE A IS P A A R R A R A RS R R R R RS B2 4

Michael J. McGuffin. “Simple Algorithms for Network Visualization: A Tutorial.” Tsinghua Science and Technology (Special Issue
on Visualization and Computer Graphics) 17:4 (2012), 383—-398

Graphs and Trees | IAT814
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Structurally-Independent Layout

Byte traffic into the ANS/NSFnet T3 backbone for the month of November, 1993

Ignore the graph structure.
Base the layout on other attributes of
the data
« Geography
« Time
Benefits
» Often very quick layout

 Optimizes communication of particular
features

Drawbacks
° M ay O r m ay not p rese nt StI’U CtU re Wel I http://www.ncsa.uiuc.edu/SCMS/DigLib/text/technology/Visualization-Study-NSFNET-Cox. html
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Structurally Independent Layout

3

« The “Skitter” Layout
* Internet Connectivity

* Angle = Longitude | :
 geography ‘ *

 Radius = Degree
» # of connections

511(ORENTRAN

o5 LINX)]

Skitter, www.caida.org

http://www.caida.org/research/topology/as core network/2007/images/ascore-simple.2007 big.png
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Progressive Disclosure

* Only show subsets that are

currently selected
http://www.theyrule.net/

http://kylescholz.com/projects/
wordnet/wordnet2.html

““THEY RULE 2004 -

COMPANIES
DIRECTORS
INSTITUTIONS - John H. Scully
LOAD MAP Susan P. Orr

SAYE MAP

CLEAR MAP

FIND CONNECTION n

Isaac Stein

ADD NOTE p -

LOG-IN | SIGN-UP VictoriaP. Sant ;. Simmans

PRINT MAP < S. Oldman Walter B. Hewlett
HELP

ABOUT W. Richard West

urton J, eCWz#.ger

Deniseffl. Of LS‘iEmln RiSth

] Donald T. Vale tine Jerry Yang o
Johnilf. Leuin

lliarn aLandrefh

* Ward l-U Woods James C. Morgan
Leslie B Hume Stanford University H Chen

Rodenek C. McGeurQlohn L. risfR tems Curol Bartz
Peteffigains

Leslie ﬁufumigu * 0

Victorgrias, Jﬁjohn F. MorgridgeM. Michelle Burns
rgB Crunston !
radfor reeman es F. GibbongaPh| Larry R. Carter
Paul V. Barber n T. Chambers
Mariann Bgerwulter Kenneth J. Bacon
Young J. Boozer ﬁle'er $-Bing

Michael H. Choo

Robert M. Bass

T. Robert Burke
Jon E. Blum
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Aggregate/compound methods

 What about issues of scale?
 Too many dimensions
e Too much datal

« Add more sophisticated grouping and attribute cues to
graph

* More scalable solutions make use of clustering and
hierarchy
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Multilevel (compound) graphs

« Data abstraction: create a cluster hierarchy on top of
original graph (coarsening)
Graph Hier 1 | Graph Hier 2 | Graph Hier 3

LR A4al

0"

Archambault et al. GrouseFlocks: Steerable Exploration of Graph Hierarchy Space. IEEE Trans. Visualization and
Computer Graphics 14(4):900-913 200
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Containment and connectivity

 Compound networks can use both marks
 Interaction: expand metanodes to change the “cut”

(a) (b) (©)

Figure 9.10. GrouseFlocks uses containment to show graph hierarchy structure.
(a) Original graph. (b) Cluster hierarchy built atop the graph, shown with a node—
link layout. (c) Network encoded using connection, with hierarchy encoded using
containment. From [Archambauit et al. 08, Figure 3].
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Multi-level network drawing [Hu 2005]

« “Coarsen’” network

* Multilevel scalable force-
directed placement (sfdp)

« Lays out simplified version
of network and
successively adds detail

« 7220 nodes
13800 edges

Graphs and Trees | IAT814



Multi-level network drawing [Hu 2005]

At some point this
approach fails as well

« 26028 nodes
 100,209edges
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Problem: Multivariate Graphs

« What if you want to associate information with the
nodes and edges”?

» Typical approach: vary
« Size of nodes
« Color of nodes
« Fatness of edges
« Colors of edges

 However, it's hard to make quantitative comparisons
when these retinal cues are spread throughout the

graph.
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Solution: Wattenberg's Pivot Graphs

* Use “roll-up” idea from OLAP to compress and re-express graph
data.

» Aggregate all nodes that have the same values on each of those
dimensions, and aggregate edges accordingly.

* In graph below,
F = Female, M = Male, Numbers mean counts

o
10/ Xos .
NN

0——0,

N
- Q & -
—
w

Visual Exploration of Multivariate Graphs, Wattenberg, IEEE Infovis 2009




Multidimensional Pivot Graphs

« What is added, and what is lost, from this
transformation?

m° o @

Node and Link Diagram PivotGraph Roll-up
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——

Figure 10. Communication nerwork of people in a large
company. X-axis is division, y-axis is office geography. The
division in the lefimost column has far more cross-location

communication than the others.
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File View Scale

Fiip XY Ciear |
People Invs. Out Degies
.20 ® oo
@ =
e’ ’
® 3 ® oo
Helavonships Rel. / Person
ity 1) el 10 000
— 0  —
s 10 N

o0

Select
Genager

| (Al Vales)

Legacy

4]

| (A1 Vales)

Departmant

4]

[ (a1 Valses)

Ll

|

A

Position nodes into a grid based on attributes

Locaton A

Location 8

Location C

Location D
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blue

red

t  sour salty

ﬁ

Compare 2D Pivot Graph with 2D Matrix

blue
salty  sour

sweet

green

sweet sour salty sweet sour salty

salty

sour

sweet

blue

red

0« :

|

SFU
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Issues with Pivot Graphs

 More compact than matrix view
« Shows aggregate view!
* but

« Disconnected components may become connected
* Acyclic graphs may obtain cycles
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Semantic Substrates

« Group nodes into regions
« According to an attribute
« Categorical, ordinal, or binned numerical

* In each region:
« Position nodes according to some other attribute(s)

* Give users control of link visibility
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Semantic substrateI

« Specify node groups
as substrates
(regions to place
nodes

« Control link visibility

S

Network Visuslizabon by Semantic Substrates (WSS)
Ble Edt View Jools Help

Supreme 1982 1987 1992 1998
® L
L ]
©
© ° o o
. 200
o . . © © -
. « o @ [ ] - o ——
. e L] L]
© 3 o o L )
. B
’
— »
) Op ( O
o— 5 o:d‘ 6“0
< o °
Circuit 1882 1987 1992 1988

FEGIONS
wm Supe vme
13 Chrcu

CTEs

| Supreme 1o Sugreme
¥ Supreme 1o Creus

L Chrcuk to Supreme

¥ Corcus 1o Qroun

FANGES
|| Supreme
<«
1Hm8 . 20|
L Creun

4
1080 - 1095

Copyright {C) 2008  Liiv. of Mansand

Shneiderman, B. and Aris, A., Network Visualization by Semantic Substrates,
(Proceedings of IEEE Visualization/Information Visualization) IEEE Transactions on
Visualization and Computer Graphics 12(5), 733-740, 2006
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Semantic substrates

£ Network Yisualization by Semantic Substrates {(N¥SS) - ||:||5]
File Edit View Tools Help

Supreme 1982 1987 1992 1998 REGIONS
36 @ [ | Supreme
13 [] [] Circuit

« Specify node groups
as substrates
(regions to place
nodes

« Control link visibility

CITES
0 M [ | Supreme to Supreme
0 M [ ] Supreme to Circuit

18 W Circuit to Supreme
2l Circuit to Circuit

RANGES
[] Supreme

> Kl
1978 - 2002

Circuit

b |«

1991 -- 1993

LRSIy
N
Qrly

i 5@4
HCIL} L R
LI

TRYyLNT

Circuit 1982 1987 1992 1998 Copyright (C) 2006 Univ. of Manyiand

Shneiderman, B. and Aris, A., Network Visualization by Semantic Substrates,
(Proceedings of IEEE Visualization/Information Visualization) IEEE Transactions on
Visualization and Computer Graphics 12(5), 733-740, 2006
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How might we use graph vis?

Case study (Stasko)

* NicheWorks (Graham Wills, Lucent): interactive
visualization of very large graphs
« 20,000 — 1M nodes
« Software energinerring
« Web analysis
* Telephone fraud
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Features

* Sophisticated layout algorithm
 Circular
 Hexagonal
* Tree

« 3 incremental algorithms
« Steepest descent
« Swapping
* repelling
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Website example

Circle layout Hexagonal layout Tree layout
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Phone Fraud example

(N

Shown are | L
people calling
that country

Length of
edgeis
duration of

cl 40,000 calls

35,000 callers
63

Fall 2013
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Fraud example

Fall 2013

-
Filtering for people
who made multiple
calls and spent a
significant amount

of time on the phone

Playing with parameters
like these is important
because fraudsters
know how to evade

Note the two people
calling Israel and Jordan

SFU
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Fraud example cont.

..'; 1082050

7 77 7 AN

LN

Zooming in, we notice they have
similar calling patterns and numbers
(likely part of same operation)

Illegal to call between Israel and
Jordan at the time, so fraudsters

set up rented apts in US and charge
Israeli and Jordanian business people
for 3 party calling

When bills came to US, they would
ignore and move on
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New toolkits!

Networks for excel by Marc
Smith et al. at Microsoft R -
research AT o doeemenna

« Used to be called .Netmap

* Now called NodeXL

* Requires windows-specific
software

» (Search on “excel NodeXL”)EM

. Pevew View Orveloper Negod Oy

e Chart Tamer for Excel
« Stephen Few et al.
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NetMap: Edges Worksheet

0o (=, R i = SampleSocialNetworkv5.xlsx - Microsoft Excel Table Tools
- Home Insert Page Layout Formulas Data Review View Developer Add-Ins | Design
< CEUNG &3 C#UNG V| Show Graph

&3 Mindjet MindManager |

Menu Commands ' |Toolbar Commands| | Custom Toolbars|| C#UNG 2008 |

F3 v Je | Yes
G H |

1 mmz
2 | 16899266 14258203 Edges Worksheet
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NetMap: Vertices Worksheet

S

~[o [ | = oo ] =

2

A | B |
ox B4 Color |3 shape B3| Radius B3| opacity B

D E

P G H | J
secondary Label B Tooltip 3| visible B3
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Chart Tamer
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Chart Picker

1. Select the relationship(s)
you want to display.

Simple Value Comparison

Time Senes

Part-to-Whole/Ranking

Distribution = Single
() Multiple

Corralation

2. Select what you want to feature,

Overall trends or patterns
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Objects available for encoding data
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3. Select the type of chart

you want to use.
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Scatter and Bubble
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