John W. Tukey (1915-2000)

“The best single device for
suggesting, and at times
answering, questions beyond
those originally posed is the
graphical display.”







Exploratory Analysis
of Relational Data



Main ldea

Formal framework for extracting, manipulating, and
drawing graphs implied by a relational database.
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Node and Edge Tables

Graph Interpretation

Pap 11-1"5*r
|paper ID |title | year binned |authors | dite_count | Node Table
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node and graph graph
edge tables interpretations visualizations
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operators

implemented with defined semantically
relational algebra for graphs




Joined citalions

edge table node table
N, N,
—~— N,
citation —
author, | author, | 0 name | salary | school
@ saah | John | 2001 g Jon | 160K | Yake
L John | Pam | 2000 g Mary 70K MIT
:g George | Pam | 1997 Y Samah 80K Yale
o Mary Pam 1908 © Caros 895K Harvard
Mary Pam 1839 Fred 1.4 Duke
Carlos Pam 2000 George 80K MIT
Carlos Fred 2000 Pam 120K MIT
Harry | Carlos 2002 Harry 55K Duke
Harry | Caros | 2004
group by school
N, N, N
A= gt
author, | author, oi;aattign school, | school, ao.u.it::tr asvzlraage school
Sarah John 2001 Yale Yale "6 2 80K Yale
John Pam 2000 Yale MIT _g 3 0K MIT
George | Pam | 1997 | MIT MIT 8 95K | Harvard
Mary Pam 1998 MIT MIT E" 2 60K Duke
Mary Pam 1869 MIT MIT E
Carlos Pam 2000 | Harvard MIT o
Carlos Fred 2000 Harvard Duke %
Harry Carlos 2002 Duke Harvard ©
Harry Carlos 2004 Duke | Harvard

graph interpretation graph visualization

T, citations table @

N,: author, \ / \

N,: author, "4

T, authors table @ —
N, name

f . node color — school @

node size — salary

aggregating the graph by the school attribute
results in a new graph interpretation, and
corresponding visualization

: joined citations table

: school,

- school,

: authors by school table

" school 3

Harvard
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Ni
f . node color — school
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Detection

G-Café
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Proposed Approach

Design a system that combines
e Data mining methods
e Visualization technigues

For a system that can intelligently interact with
the system administrator.



Approach: Idea

e Incorporate user domain knowledge

e Interactive system

Administrator does the thinking
Algorithm does the grunt work

User

Learning
Algorithm
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Yisualization Properties(s);

Data Sourcels):
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— Clause Builder

Ok

Refresh Clause

HTTP_transaction_id | membership l srcﬁtype_id_l:l:unwif\_'

Single Predicates (TRUE For &l Elements);

Stanford_MOT_FROM
Stanford_Destination
is_web_crawl_mmbr
high_taokal_data
is_web_crawl_type

[ duratian

Gaoogle_Fram
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Possible fixed predicates;
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24160
24095
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I Visualization Panel (SP)

REX]

‘Wisualization Properkies(s):

x ITime Petiod vI
¥ |Nu:umina| vI
Aaggregation: Graph .,I

Coloring: Aggregation ﬂ

Mark; |C|:|||:|r Mapping vI

# coord: |First_time vI
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visualization Properties(s):

# Time Period |

¥ quantitative |
Aggregation: =

Colaring: Data_Source ¥ |

Mark: |COIor Mapping vl
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¥ coord: s _port =

Data Sourceis):
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Shaded Relief and Contours from
Elevation Data

-Mike Cammarano



Motivation for LOD

B

figure 24.6 Two representations of Great Britain and Ireland at the scale of about 1:15,000,000. The map on
the left (A) is simplified to fit the scale and is suitable for a reference map intended to give the impression of
detailed precision. The map on the right (B) is a diagrammatic generalization suitable as a base on which to
display thematic data. Note that (B) captures basic shapes, which tend to be masked by the detail in (A).



Motivation for LOD
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Cartographic Generalization

Selection

Simplification | .~ | |\

Exaggeration O—&f\o O_i_o/ B

Regularization OL O_I—o
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Displacement
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Aggreg\%ﬂ%er 96], [MacEachren 94], [DiBiase 91]
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Shading Model










Motivation

Standard online route maps difficult to use

Simi Walley
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Three Generalizations for Route Maps

Our observations from
handdrawn examples:

Distortion
Road length
Turning angle

Simplification
Road shape

Generalizations emphasize turning
points!



LineDrive: Route Map Design System

Paramount Ranch 8th P10.2
National Park : 9th St 0.1

Wood Blvd 0.2

Hotel
Figueroa

Handdrawn route map LineDrive route map




Results: Bellevue to Seattle
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STANFORD UNIVERSITY

Flow Map Layout

Doantam Phan
Ling Xiao
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25 October 2005
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Global Internet Map
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Related Work

[Tobler 2004]
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System Diagram

Layout Adjustment (Geometric Distortion)

\

Primary Clustering

\

Rooted Clustering
\
Spatial Layout

* (Edge Routing)
Edge Routing

(Edge Merging)
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Edited Colorado Map
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demo.explore. ExploreMain

IP: | 171.64.93.152 |

Start: | 2005-10-05 14:00:01 | End: | 2005-10-05 14:59:00 | Wariable to Display:

Fieer String: | d_port=d4s | Min. Display Width Max, Display width

[ Query H Filker ” Copy ]




Visualizing
Dataspaces

(GEUEWAL))

Mike Cammarano With: Pat Hanrahan
G-café, 23 Feb. 2006 e R

Dan Ramage



Attached

i_: { ; | \%aipienf
: ¢ % CourseGradeIn

Sender =

EarlyVersion

Pr'esenfaﬁonForJ

Or‘iginifufechrom\
e m— 24 \—-_—-——~ |

AddressOf

(Halevy ‘05)




Too many bits, In too many places.

(Halevy ‘05)

calendar Presentations

Our emphasis Is on personal information collections.



Dataspace

e Associations and attributes added by
many independent sources.

System Architecture

1

Reference
Reconciliation




Reorganize on-demand

—say what | want (query)
—get around (browse)

e How does the computer ...
— present the content (Vvis)

Goal: Seamless information space.



Overview

e \What's old:

— Text search
— Faceted navigation

e \What’s current:
— Dataspaces and semantic web
— Semex
— Other associative browsers

e What are we contributing:
— Pervasive multiple-selection
— Browse via sets of associations
— Fit visualizations with schema resolution



Flamenco

Denali Image Search

Refine your search further within these These terms define your current search. Click the X to remove a term.
categories:

Media (group results) Themes: military = war X start a new search
aguatint {23), book (1), ceramic (a), ‘ i _I|
costurme (1), drawing [34), drypoint (25),

etching (204), glass (1), linocut (#s), [sword C alliterns @ within current results

lithograph (12s8), mare...

Location (group results) 824 items (grouped by themes) view ungrouped items

Asia (25), Australia (1), BEurope (s56), North
America (11a), Dceania (2) hattle 370

Date {group results)

1-1000 A D (4, 15th century (s), 16th
century (48), 17th century (131), 18th
century (35), 19th century (188), 20th
century (120), B.C. (2), date ranges
spanning multiple centuries (zss), date
unknown (&a)

(La Batilley pl.... (One from JThe M... (COne fram the se... (COne fram the se...
Themes: all = military = war Callot Callot Slevogt Slevogt
hattle (s12), brawd (3), combat (81), 1633 1635 18th - 20th cent... 18th - 20th cant...

duel (14), fencing (73], fighting (13a), all 310 items.
jousting (3), struggle (27), war (323)

Objects (group results) e €
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Visualization-matching

e | ike schema-matching
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Figure 1: Computer Science Department Ontologies




Visualization-matching

e Fit objects into a particular
visualization.

— If they are missing a needed attribute,
search for a similar one nearby.



Visualization matching

e Need:
Person->=Image

e Try:
Person-=HomePage->=Image

e Need:
File-=Author

e Try:
File->ContainedIn-=Author
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Mission Statement

Design and Develop...

1) visualizations for large, paper-based
displays
2) techniques for interacting with them.



Benefits

Familiarity
Size & Amount o

Robustness &
Permanence

Physicality
Resolution
Flexibility
Mobllity
Collaboration




Drawbacks of Paper-Based

Interfaces
Static Organization of Content

SLOW Refresh Rate for Output

No Computation (e.g., Text Search)
Lacks Network Connectivity

Not enough Data Storage



Combine Them!

g!:-'_‘.l £t \f;i:' -

e .- Semi-Static Output
WS e Print a Visualization on a Wide-format Prin

Input
\\\\ - Digital Pen

Real-Time Output
__ * Mobile Device

~+ Nearby Display (LCD or Laptop)
* Projected Overlay
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Applications: Mgg

Biology
Astronomy
Archaeology
Architecture
Tourism
Subway/Bus
Ski Resorts ©
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Summary & Contributions

Large Interactive Paper Surfaces

Research
* Design Space for Interactive Gigapixel
Displays
e Technique for Rapid Prototyping & WOz
Future

o Library for developing interactive
visualizations

e Toolkit for new Interactions & visualizations



Reorderable Matrices
&
Voting patterns in the US House of
Representatives
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