
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 Idea

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

Database

graph operations
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Proposed Approach

Design a system that combines
z Data mining methods
z Visualization techniques

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



Approach: Idea

z Incorporate user domain knowledge 

z Interactive system
z Administrator does the thinking
z Algorithm does the grunt work











Shaded Relief and Contours from 
Elevation Data

-Mike Cammarano



Motivation for LOD



Motivation for LOD



Cartographic GeneralizationCartographic Generalization
•• SelectionSelection

•• SimplificationSimplification

•• ExaggerationExaggeration

•• RegularizationRegularization

•• DisplacementDisplacement

•• AggregationAggregation[Monmonier 96], [MacEachren 94], [DiBiase 91]







Approach







Shading Model







MotivationMotivation
•• Standard online route maps difficult to useStandard online route maps difficult to use



Three Generalizations for Route MapsThree Generalizations for Route Maps
•• Our observations from Our observations from 

handdrawnhanddrawn examples:examples:

•• DistortionDistortion
•• Road lengthRoad length
•• Turning angleTurning angle

•• SimplificationSimplification
•• Road shapeRoad shape

•• Generalizations emphasize turning Generalizations emphasize turning 
points!points!



LineDrive: Route Map Design SystemLineDrive: Route Map Design System

Handdrawn route map LineDrive route map



Results: Bellevue to SeattleResults: Bellevue to Seattle
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[Telegeography 2001]



[Telegeography 2001]



Flow Maps

[Minard 1864]



Related Work

[Tobler 2004]



Flow Maps

[Minard 1864]



Geographic Distortion



Edge Merging



Edge Routing



System Diagram

(Geometric Distortion)

(Edge Merging)

(Edge Routing)

Layout Adjustment

Primary Clustering

Rooted Clustering

Spatial Layout

Edge Routing



Tobler’s California Migration Map



California Migration



Edited Colorado Map



Layering



[Footprint Network 2005]





Visualizing
Dataspaces
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Too many bits, in too many places.(Halevy ‘05)

Our emphasis is on personal information collections.



Dataspace
• Associations and attributes added by 

many independent sources.



Reorganize on-demand

• How do I …
–say what I want (query)
–get around  (browse)

• How does the computer …
–present the content (vis)

Goal: Seamless information space.



Overview

• What’s old:
– Text search
– Faceted navigation

• What’s current:
– Dataspaces and semantic web
– Semex
– Other associative browsers

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



Flamenco



Multiple selection demo



Faceted navigation demo



Visualization-matching

• Like schema-matching



Visualization-matching

• Fit objects into a particular 
visualization.
– If they are missing a needed attribute, 

search for a similar one nearby.



Visualization matching

• Need:
Person->Image

• Try:
Person->HomePage->Image

• Need:
File->Author

• Try:
File->ContainedIn->Author



stanford hci group

G-Café · 16 March 2006

Interactive Gigapixel 
Displays

fluid interaction on large paper surfaces
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Art



Mission Statement

Design and Develop…
1) visualizations for large, paper-based 

displays
2) techniques for interacting with them.



Familiarity
Size & Amount of Data
Robustness & 
Permanence
Physicality
Resolution
Flexibility
Mobility
Collaboration

Benefits



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!
Semi-Static Output

• Print a Visualization on a Wide-format Print
Input

• Digital Pen
Real-Time Output

• Mobile Device
• Nearby Display (LCD or Laptop)
• Projected Overlay



Applications



Biology
Astronomy
Archaeology
Architecture
Tourism
Subway/Bus
Ski Resorts ☺

Applications: Maps



social networks: vizster



sparklines: intrusion 
d t ti





Summary & Contributions
Large Interactive Paper Surfaces
Research

• Design Space for Interactive Gigapixel 
Displays

• Technique for Rapid Prototyping & WOz
Future

• Library for developing interactive 
visualizations

• Toolkit for new interactions & visualizations



Reorderable Matrices
&

Voting patterns in the US House of 
Representatives

Flash G
7 Feb 2006
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