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INTRODUCTION

SO FAR THE DATA CONTAINED ONLY ENTITIES

RELATIONS BETWEEN ENTITIES ARE RELEVANT



MOTIVATION

The Structure of Romantic Relations at "Jefferson High School”
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Each circle represents a student and lines connecting students represent romantic relations occuring within the 6 months
preceding the interview. Numbers under the figure count the number of times that pattern was observed (1.¢. we found 63

pairs unconnected to anyone else).




APPLICATIONS:

SOCIAL SCIENCES
COMMUNICATION NETWORKS

Intrusions, load balance

SECURITY

Financial transactions
E-mails...

ENGINEERING & IT

Production process
Source code



RELATIONAL INFORMATION

ENTITIES
Entity attributes

RELATIONS

Relation attributes
* type of relation
* orientation

e other

t




TYPES OF RELATIONS

SYMMETRY

Symmetric (directed) colleagues
Asymmetric (undirected) parent-child
TRANSITIVITY

Transitive family
Intransitive email
CARDINALITY

One-to-many email
One-to-one ohone call

Many-to-many P2P network



BASICS OF
RELATION
VISUALIZATION




NODE-LINK DIAGRAMS

ENTITIES — NODES 0000070
RELATIONS — LINKS
IMPORTANT m
O

LAYOUT OF NODES U
Groups, structures

o—oO
SHAPE OF LINKS

Emphasize link orientation - 70
O



NODE LAYOUTS - STRUCTURED

ORDERED NODES 000000

Linear
Multi-linear

Circular
Radial . .

TOP-TO-BOTTOM O
LAYOUT
O




NODE LAYOUTS - ORDERED
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NODE LAYOUTS - ORDERED
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NODE LAYOUTS - ORDERED
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NODE LAYOUTS - UNSTRUCTURED

UNORDERED NODES

Force-directed
Clustering
Random scattering

BOTTOM-TO-TOP
LAYOUT

GEOGRAPHIC

Ordered & unstructured




NODE LAYOUTS - GEOGRAPHIC

http://bestiario.org/research/citydistances/




NODE LAYOUTS - CLUSTERS

gondapeter.sk




LINK SHAPES

LINES

Color
Thickness
Variations along path

CURVES

Curvature
Start/end tangent
Clockwise orientation (+ -)

POLYGONAL LINES




EXAMPLES OF LINK TYPES

RELATION TYPE

Line shape
Symbols
Line color




USING NODES TO ADD INFORMATION

COLORS

CQ RANOVETTER MS, 1973, ...
SHAPES B e
& - WASSERMAN s, 1994, ...
GLYPHS

JOHEN S, 1985,

3ERKMAN

EVEN RELATIONS (SETS, CLUSTERS) CAN BE
DISPLAYED USING NODES INSTEAD OF LINKS

Relation — group — entity attribute



ADJACENCY MATRICES

ALTERNATIVE TO NODE-LINK DIAGRAMS
ROW/COLUMN ORDERING IS ESSENTIAL
PATTERNS FOR VARIOUS RELATIONS

One to one
One to many
Many to one
Many to many



MATRIX VISUALIZATION PATTERNS
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MATRIX VISUALIZATION PATTERNS

E.G. BRIDGE BETWEEN COMMUNITIES

Aol 'D
O | [Efa e bt 8] el =T =
HEEE JELoREkEE S R R e
S SE SEEEEIEEE i () (AT =HEE AREE
F ol = =z |T Egmam == [51= =h =g = = =[5
g:—‘g 5 gggg _.E% izl = B
Ll
Fobertson Fobertson STRlETEaE Foberson
Pedersen Federsen Federsen Pedersen
hMasinter Masinter Masinter Masinter
Halvorsen Halvorsen Halvorsen Halvorsen
parst Hearst aarst Hearst
Fao Fao Fao Fan
Card
. . Card
tdackinlay tdackinlay Mackinlay ' Mackinlay
Piroll CLn Firoll
Ptk P ithoam BT
Gossweiler ;
Chi mﬁﬂﬁuﬂh
arry
Earry Ried]
Riedl :
- Carlis
Catlis Shoop
Shoop Fetel
Hetze|
A1l
o @ = =
GEEET = = o e ey e I P T o
= el 17 e = e e
2Bl PeRsE el e
— |='|—= = -—o-_‘ s2 2= =
s R EEE % Sl 2 [FEFE
o | [T o (2 o = S=ET= =
=== = E

NodeTrix: http://www.Iri.fr/~nhenry/PhD.html




EXAMPLES
OF
TECHNIQUES




ARC DIAGRAMS

LINEAR ORDER

LINK ORIENTATION
Bottom/top arc

INTERVALS

Martin Wattenberg: The shape of song

http://www.turbulence.org/Works/song/




ARC DIAGRAM - BIBLE CONTRADICTIONS

http.//www.project-reason.org
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GLOBES




RADIAL GROUPING
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SUMMARY

INFORMATION:

Relations
Groups
Society patterns

NODE-LINK DIAGRAMS

Node - shape, color, position
_ink - shape, color, orientation

LAYOUTS
MATRICES




TREES
AND
HIERARCHIES



TREES

NO CYCLES => DISTA

NCE

DISTANCES => ORDERING
ORDERING  => LAYOUT  ctenappore, 22aro- Trachs
WA DA
mﬁﬁm e *’fﬂ . . N Migjﬂm
; CFWM H\Niromedusa
SPECIFICS OF TREES N Hrdra
leaves vs. root vs. nodes ™ N , D ictacalephu
HIERARCHIES fﬁ'f**m

parent-child relation important



TREES CONTINUED

TREES ARE
SPECIAL SUBSET
OF GRAPHS

=>

GRAPH
VISUALIZATION
TECHNIQUES

NODE-LINK
DIAGRAMS




TREE LAYOUTS - ROOTED TREE

ROOTED TREE

Uses up space quickly
Emphasizes levels



TREE LAYOUTS - CONE TREE

ROOTED TREE IN 3D
POPULAR EXAMPLE

NOT SO POPULAR
TECHNIQUE




DENDROGRAM

HIERARCHICAL CLUSTERS =F
NESTED SETS =t
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TREE LAYOUTS - RADIAL TREE

RADIAL TREE

| evels on concentric circles
Subtree in circle segment
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TREE LAYOUTS - BALLOON TREE

SALLOON TREE

-ocus on subtrees in smaller circles
Recursive space subdivision




TREE LAYOUTS - SPACE FILLING




SPACE FILLING - GOAL OR ISSUE?

http://www.texone.org/tree/tree.php?id=applet




HYPERBOLIC TREE BROWSER

LAMPING & RAO, 96
i |
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FOCUS+*CONTEXT VISUALIZATION




ONE STEP
FROM
NODES AND LINKS




FILE BROWSER

PROS/CONS? " , %

v [ doc
v |7 spacetree
v |7 styles
* main.css
» | javascript
» | index
v [F files

¢ Spacetree-js.html
| index.html
» | hypertree
» | treemap
» [ ¥ rgraph
» | examples
» | compressed
v | source
* Treemap.js



FILE SYSTEM NAVIGATION

SGI FILE SYSTEM NAVIGATOR

File Vis Colors

A D!
!M
=
{JContfig.in
{IMakefile

ZJREADME.PCI
{JRELEASE-NOTI
(jcompressor
Glowlevel
Gizftape

7 nodes
T

http.//fsv.sourceforge.net/




ESCAPING
NODES AND LINKS
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TREEMAPS - MAP OF THE MARKET

- Litilities

Health Care Financial

Capital Goods

Transport

Consumer Cyclicals Technology

N

Telecum Consumer Staples

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




MAP OF THE MARKET TODAY

HEALTH CARE FINANCIALS OlL & GAS

http.//www.marketwatch.com/tools/stockresearch/marketmap

FACEBOOK
YAHOO
IBM

APPLE
WD
NOKIA




TREEMAPS IN 3D

RATHER EXOTIC ©




STEPTREE
THOMAS BLADH

Master thesis
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CIRCULAR TREEMAPS

UNUSED SPACE?




OTHER MODIFICATIONS
VORONOI TREEMAPS
CUSHION TREEMAPS

Perception of siblings




VORONOI TREEMAPS

B, Zoom M S, zooMm ouT

Food and beverages 15%

The high price of oil iz a factor that
hags made food prices rige quickly.

~——————— Transportation 18%

Gas is 5.2 percent of spending
nationwide, but only 3.8
percent in the MNew York area.

Used cars
and trucks

Full-servica
restaurant

H [
Miscellaneous 3% meals

Recreation 6%

'— Health care 6%

Az a group, the elderly spend
about twice as much of their
budget on medical care.

vacation
homeas

-

Education/Communication 6% ——|

Cellphones were added to the index
in 1897 Because the Consumer
Price Index can be slow to add new
goods, which are often cheaper, it
may overstate parts of inflation.

1

| Electricity

"Chwmar's equivalent rent” ‘
[what homeowners would pay ‘ .

if they were renting their Faa———
homes)

Apparel 4%

The ratio of spending on
women's clothes to that on
men's clothes is about 2 to1.

Housing 42%

In the C.F.l., home ownership costs track
rent prices more closely than housing
prices. This means inflation may have
been understated when home prices
were riging faster than rents.

http://www.nytimes.com/interactive/2008/05/03/business/20080403_SPENDING_GRAPHIC.html




INTERRING

YANG, WARD & RUNDENSTEINER

Circular edge Radial edge

\

Root node

Non-leaf node

Leaf node

Layer



NTERRING

1992
2001 2000




INTERRING - EVOLUTION OF LANGUAGES




