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Outline

Who am |? What do | do? Motivation

Some intuition for visualization and analysis
Grand challenges and key research areas
Discuss three of my favorites

Scale and Theory, Visualization for the Masses
Weave

Web-based Analysis and Visualization Environment

We do visualization, analysis, software

SensAble m
MGH

Pfizer
USAF s IARPA
Open Indicators Consortium -

and BBN, AGM, Biogen, AstraZeneca, ...
charles river analytics @
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Today

Today there are many visualization systems
web/cloud-based, desktop, free, partially free, in analysis packages
user-programmable, simple to use, some very complex

some browser agnostic and some not, some 2D and some 3D

Some in Javascript and some in languages new to many of us.

This is the decade for visualization

What is making it exciting are all its new instances
involving phones, pads, projectors, and bionics

| am going to discuss old/new Grand Challenges
resulting from new theories, new devices, and new
capabilities

There are still many problems ... Very exciting!

Visualization (today)

a.k.a.
Data Visualization
Scientific Data Visualization
Information Visualization
Visual Analytics

and visualization in almost all applications

Software, biology, math, sensors, devices, ...
Text, knowledge, images, videos, ...
Networks, space, physics, ...

Institute for Visualization and Perception Research UMASS.

Visual Analytics

The science of analytical reasoning
facilitated by interactive visual interfaces

information visualized
knowledge discovered
decisions made
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Institute for Visualization and Perception Research

My Visualization Research
Doctoral students (20-25), MS (2), UG (5), HS (1)

L IRPREEN m
information visualized

knowledge discovered
decisions made

Our Visual Analytics Research

Theory
Enhance data perception (1980s)

Visualize thousands of variables (1990s)

Reasoning
Evaluate insight (2000s) <= |[EEE VAST Challenges
Measure cognition (2010 on) <= USAF Leverage Points

Our Visual Analytics Research

Systems
Integrated analysis and visualization

Session history
Collaboration

Visualization for the masses

Performance with large data (millions of variables)
ADA Compliance

We deployed many systems
Lockheed’s cockpit graphics in Fighter Jets (80s)

Intel’s i860 graphics libraries (90s)
Universal Visualization Platform (2000s)
Open Indicators Consortium’s Weave (2010s)

S o :
el (06 » B 5 i o I CRE- FEF LIS




R

il S

Institute for Visualization and Perception Research

[ (e

70wy o et

Session History

o srovns e i b

[pr——

e G @R s

information visualized
knowledge discovered
decisions made

erty: Bayesi

| Loyt | St

Lot
[CES—

Fostor @ Tep Oin Olet Ot
S

OFsst Oy pust e o

OFted @8y prem e o
Blries

Loy potaie st

e Seramefoe To oy

caces 0

12/1/12

I3 = o mobaian ) CITRATE CVCLE [T cyvie)
1 (o )
! D
!

!

!

!

!

|

!

|

!

!

!

!

!

!

!

!

|

!

|

! o

! =3

!

L

N
!
|
!
|
!
!
|
!

i

[
T

o i . = @ = © 2 =
o] I
T I I T e e e e oo oa .

a Fer T T e - S o
I o — o " .
= T — H Loe
= B —)
o T T —— .
[ —
e i (| s VELOIED s PLITTC s L2000 o YLRBAG oo

ol T —

"= e ot Gprstons e cpen baset =]

Nurber of Operatons Since Open Dataset st cias

T — JSI=TE| Zoom actr

T S = e S e R R N et
1N

bl Visualzation Tool

pichon 2

[ ——— 30 1w SD®

e aara e

g

o et




Recommendation System (Chiang 2006)

Visualization
Visual Analytics

ser interaction/collaboration and control

Analysis, Computational and Synchronization Tools

Pipeline

Raw data
(information)

User interaction/collaboration actions

User interaction everywhere
Algorithms everywhere

Institute for Visualization and Perception Research

Lots Visualization Issues
the data

the transformations/computations
the presentation
the human

information visualized
knowledge discovered
decisions made
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A Visualization Pipeline

information visualized
knowledge discovered
decisions made
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Lots Visualization Issues
the data
the transformations/computations
the presentation
the human
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Data: 2004 cars and trucks
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Large x and y scale

City MPG

Large y scale

City MPG

Institute for Visualization and Perception Research

Lots Visualization Issues
the data
the transformations/computations
the presentation
the human

STy - ||
information visualized
knowledge discovered

decisions made

Large x scale

<3
Retail Price
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City MPG

Data determined scale
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City MPG

Depends on Data Mining Tasks & Techniques

Major Data Mining Tasks
Summarization
Association using
Classification
Prediction
Clustering

L. based on
Statistical Tools —

* Missing Value Imputation

» Normalizations

« Error & Variational Analysis
« Confidence Estimates

Major Techniques
Linear Regression Trees
Non-Linear Regression
MARS
Naive Bayes
K-Means and K-Median
Neural Networks
Association Rules
Decision Trees
Principal Curve Analysis
Support Vector Machines
Genetic Algorithms



Why are there so many?

Most problems are NP-Hard

High dimensional distributions are elusive
300 dimensional data set of only binary values

2300 = (210)30 = 102430 = (103)3° = 109
>> number of particles in the universe

Why are there so many? Really?

Metrics in high dimensional spaces are non-
intuitive

V2 V3 \n

For 36 dimensions the cube (1,1,1, ...,1)
corner is 6 units away from the origin!

(c) Eamonn Keogh, Jessica Lin, used with permission
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There are so many!

KDD2001 CUP
Thrombosis data set

Over 200 submissions
Over 100 different techniques
Many combined techniques

Gene a

KDD2002 CUP /

Document corpora

IEEE Visualization and VAST contests
Text, networks, videos, large data, ...

Curse of Dimensionality

Very costly to compute on large data sets
(even if not NP, often > order n?)

In a “real” data set, a large number of
dimensions precludes identifying precisely
its distribution model making the selection
of an algorithm somewhat heuristic)

But we still reduce (subset, reduce
dimensions, sample, ...)

(€) Eamonn Keogh, Jessica Lin, used with permission
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Lots Visualization Issues
the data

the transformations/computations
the presentation
the human
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History of O-Ring Damage in Field Joints (Cont)
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Identical patient data presented 4 different ways

The decision to stop varied
significantly depending on the
presentation of the data

Correct decisions were
56% with bar charts
56% pie charts
68% with tables
82% with icon displays

In actual clinical practice,

of the patients treated based on the
bar or pie charts

From Elting et al., BMJ 1999, 318

Visualization Techniques

Pure Interactions
2D and 3D Scatterplots Selection
Probing, Querying
Zoom (Linear and Non-linear)
Grand Tours

Matrices of Scatterplots
Statistical Charts

Line and Multi-line Graphs
Parallel Coordinates
Circle Segment

Polar Charts

Survey Plots

Heatmaps

Integrated with Analysis
Projection Pursuit
Dimensional Stacking

Height Maps Sammon Plots

Tree Maps Multi-Dimensional Scaling

Graphs PCA and Principal Curves

Iconographic/Glyph Displays Self Organizing Maps

Radial Visualizations

Identical patient data presented 4 different ways

Preliminary results from the
comparison of two hypothetical
clinical trials both treating the samg
condition

a generic conventional treatment

a generic investigational treatment

Would clinicians decide to stop the
trial because the data show

one of the treatments is
obviously better than the other?

Institute for Visualization and Perception Research

Lots Visualization Issues
the data
the transformations/computations
the presentation
the human

| § |
information visualized

knowledge discovered
decisions made
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So when/why do visualizations?
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Which state has the highest income?

Most college degrees? (from chris North)

. Table - StateData ()
State ICe
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Involving the User actually involves all
previous steps!

User interaction/cdllaboration and control

Analysis, Computational and Synchronization Tools

OTAL O aCtions

Institute for Visualization and Perception Research

What is a Grand Challenge?

©
Colege Degree %
—

Fertiky

9.

e 19000 1980

Per Capita Income

Four Types of Visualizations

Exploratory

Have no hypotheses about the data

Explore data interactively as undirected searches
Confirmatory

Have specific hypotheses about the data
Goal-oriented examination of the hypotheses
Presentation

Facts to be presented are fixed a priori
Select appropriate presentation techniques
Interactive Presentation

Interactions with a pre-defined animation

Operational Definition

A Grand Challenge is a goal recognized one
or two decades in advance, where by its
achievement represents a major milestone in
the advance of knowledge or technology
The problem is hard

There is a specific goal (clear when the
problem is solved)

Its solution often generates a “wow”

M _poCotaimors v |
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G r I Lots of Grand Challenge Studies

m“ Illuminating
Ll_l the Path

Challengell "~ B=f
Examples

Grand Challenge Problems
UMASS

NSF Monumental research challenges
Cognitive partners for humans

Personalized lifelong learning environments
Unfailingly reliable systems

Institute for Visualization and Perception Research

Past Grand Challenges in Visualization

Not really Grand Challenges More modern

but Nice Problems Architecture the brain, mind and computer
Memories for life
In silico life simulation
Non-classical computation

[ LR E# ERE ||
information visualized

knowledge discovered Note: BIG DATA is NOT a grand challenge

decisions made

Email Survey
Institute for Visualization and Perception Research UMASS

| contacted well over 200 visualization
researchers, some CHI, graphics, and related
. . i others, in two passes and asked simpl
Grand Challenges in Visualization and ... P Py

Do me a favor: tell me what you think are
the five grand challenges of InfoVis

There was a tremendous return

_ And the work began
L TR m
information visualized

knowledge discovered
decisions made
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Email Survey

Resulted in the identification of about 30 different
but related topics

These match the previous grand challenges

challenge comments

evaluation
experts infovis masses
system  techniques tools

understanduseduser

domain
easy experts
infovis masses
system
toolS . understand.eauser

12/1/12

AII unprocessed emails

data
lnfo rmatlon «InfoVis

ration interaction method

..technique wt00lS .

visual _,MV].Sua].].Z atlon

i ViSualizations ..

cognitive
human
perceptual
representation

understand

Process

visual

algorithms amount

devices dlSplay
lncreasmg larger
problems

scalability SCale  sets

resolution

1
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The top 11 (organized)

Evaluation (30) Knowledge Capture (21)
apprOaCh Human Cognition (24) Data Integration (21)
- Interaction (19) Visual Analytics (22)
design
h | Non-expert (30) Scalability (27)
Cl Market InfoVis (21) Uncertainty (15)
needs
. Theory (18)
studies the()ry think
widgets

Institute for Visualization and Perception Research UMASS ! Institute for Visualization and Perception Research UMASS.

Integration of Visualization and Analysis Selecting the Visual Mapping
The One Grand Challenge (or Selecting the Visualization)

[ LR E# ERE | NEEY | ||
information visualized information visualized

knowledge discovered knowledge discovered
decisions made decisions made

The big question Rephrased
This is really THE grand challenge

Given data set D, Task T, Medium M ,User U
(and some other things) Given a task

What is the best visual display? Determine the best/optimal visualization
to support the user in the decision-making
“best” must to be defined process

Requires measures of tasks, cognition, ...

12



Example of a theory’s use

Conjecture:
Given a data set D, given a task T,
given a medium M, given a user U

Then there exists a visualization V for which the

perceived information I is such that task T is

optimally perceptually and cognitively “resolved”
There are lots of unknowns, undefined terms and
measures (D, T, M, V, U, I) and a number of
dependencies

For example the perceived information I depends on the user
U and the medium M

I=Fd, 1, M)

‘ Institute for Visualization and Perception Research UMASS

Integration of Visualization and Analysis

Scalability (theory, engineering)

Visualization for the masses (engineering)

B Sag sl N
information visualized

knowledge discovered
decisions made

RadViz
(X5 Xpy X3 X5 X5, Xy X7)
T~ X ;’é"””'"’. © GNom
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Applications

With such a Conjecture we can (attempt) to solve a
large number of difficult problems

For example, we could build an average perceived
information measure across all users or classes
of users or visualizations or media or ...

Institute for Visualization and Perception Research UMASS.

Scalability and Theory:
RadViz and Millions of Variables

information visualized
knowledge discovered
decisions made

RadViz Mathematical Formulation

x;and y; are the coordinates for record /
8; is the angle for variable j

a;; is the value for dimension j of record i
d = # of dimensions and n = # of records.

12/1/12
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Chemical Compound Reactions
Associations Between 16,000 Variables

v s
Ser1romc oz 2530
I

Order of Dimensional Anchors is Critical

(1,0,1,0)

RadViz™ Gene Analysis

12/1/12

Example: 4d - (x, y, z, V)

RadViz Tissue Analysis

User: phoffman
Computer: RADVIZ1
Data File: E:\By Company\Applied Biosystems\analysis\phoffmanitissues3\abd(1).rvd Date and Time: June 13, 2002 15:22:49

Gail Breast Cancer Risk Assessment Model (16,532 patients)

o,

& £ 4 %
o % & %

~

Individuals with a 30 year risk > 20% Individuals know to have cancer (After study date)

14
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Multiple Clustering

Benign disease

Run many clustering algorithms on the same
data (MANY)
Make the dimensions in RadViz the clusters

This generates displays that are indirectly
incorporate fuzzy clustering

Density

Hormonal

After selecting cancer patients and arranging anchors,
visualization highlights that density-based models are needed

Repositioning Anchor Points Using a
Class Discrimination Layout
Algorithm on Newt Gene Expression
Data

Before repositioning After repositioning

Salamander Expression Levels

Expression Levels

Analysis of Compounds Used in
Drug Discovery Process

Normalized Radial Visualizations

A Normalized Radial Visualization (NRV) is a projective
transformation VNW where V is a data vector, N a
normalization mapping (perspective and hence projective), and
Y, an affine dimensional anchor mapping

. Aline segment projects into a single line

. Betweenness of collinear points is preserved
. Point-line incidence is preserved

. Convex sets map to convex sets

. Hyperspheres and ellipsoids map to ellipsoids (or
degenerate to lower dimensional features)

Daniels and Grinstein, Journal of Information Visualization 2012

15
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Weave’s History

Institute for Visualization and Perception Research -
William Mass

Charlotte Kahn, Director Boston Indicator Project
at the Boston Foundation

Visualization for the Masses Grants from National Academy of Sciences and

(Democratizing Visualization) DataHavens to explore technologies for web-based

visualization system
Weave (Web-based Analysis and Built prototype and estimate cost ($1Million
Visualization Environment)

Established Open Indicator Consortium and first 7

S | W% s members provide $150K each for 2 years
e 3 i s

information visualized
knowledge discovered
decisions made

Open Indicators Consortium (OIC) More members and others
Formed to fund first years of Weave

) ) MA Dept of Higher Education
. Arizona 9. Ohio US Dept of Labor

. Atlanta 10. Portland Associated Grant Makers

. Boston 11. Rhode Island Centers for Disease Control
. Chicago 12. Rockford

. Connecticut 13. San Antonio
. Grand Rapids 14. Seattle

. Kansas City 15. South Florida
.MAEEC iWeave.org

Numerous downloads

In use in the Census Bureau, UN, ...

Many more across the world

O~NO O WN -

The James L. Knight, Barr and The Boston Foundations
The Greater Lowell, Boston, New Haven and Rhode Island Community Foundations

16



The Fundamental Mission

Enable data visualization and analysis
of any available data

anywhere

by anyone

for any purpose

Under administrative and user controls

With source code and software freely available

County Health Status

Correlating and Benchmarking — Obesity, Diabetes, and
Socio-demographic factors analyzed across all counties

Open In

Four Types of Visualizations

Exploratory
Have no hypotheses about the data

Explore data interactively as undirected searches

Confirmatory

Have specific hypotheses about the data
Goal-oriented examination of the hypotheses
Presentation

Facts to be presented are fixed a priori
Select appropriate presentation techniques
Interactive Presentation

Interactions with a pre-defined animation

Weave: Data Visualization Software

12/1/12

Open Indicators Weave

17
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Open Indicators Weave

Foreclosure Data

CONNECTICUT

COLLABORATIVE

cHANG U cme LIC-PRIVATE PARTNERSHIP WORKING TO INCREASE THE
‘QUALITY AND AVAILABILITY OF DATA FOR EFFECTIVE PLANNING AND POLICY.

WEAVE [T! DATA CATALOG

VISUALIZE THE DATA USING OUR POWERFUL T0OLS. FIND THE INDICATORS YOU NEED.

invites you fo the

DATA-DRIVEN
CONNECTICUT CONFERENCE

FOR INFO AND REGISTRATION CLICK HERE

THURSDAY, JUNE 21, 2012

(AR |

LOGN | REGISTER

CT NONPROFIT STRATEGY PLATFORM
Data and tools for collaboration & communication

Building a body of knowiedge about data-its generation

and use.

NEWS

Announcing: Webinars in Introduction to CTData.org and
Advanced Weave

‘ Proceedings from the Data Driven Connecticut

|
T Data Collaborative invites you to the DATA-DRIVEN
CONNECTICUT CONFERENCE,
Thursday, June 21, 2012 . More information

12/1/12

Tract Level Analysis

Atlanta Partnership examines relationship of poverty, birth
utcomes, and community resources (2000-2006)

‘Open Indicators Weave

Percent Healthy Start Births

oy
'.
's"

F
Percent Children in Poverty

MetroBoston 2

DataCommon's

EXPLORE DATA: COMMUNITY SNAPSHOTS: DOTYOURSELF:

RESOURGES:

LEARNING COMMUNITY:

Join Us at Data Day 2012!

Dataday 012

Introducing WEAVE...

50, WEAVE P
(G1C) To s more about WEAVE, check out s cioweaue o1,

Map: Children in Families below Poverty (Census
p

0010 < 250

© 25010 < 500

@500 < 750

Interactive Ramachandran Plot
Visualization of subsets and motif searches

Figure 11: Subset visualization, amino acids of the individual peptide chains and by
sequence selected in the sequence visualization.

18



Weave: India Free Zones

‘\L

Version 1.0 Release

Multiple visualizations in web browser (a full system)
Highly interactive

necessary expectations (goal: 20s download, 1s interaction)
Client and host APIs

facilitate integration with web frameworks

equation and R-script editor

Data and Geometry can be on server OR client OR hybrid
Metadata support (Dublin Core)

R-Project, Weka, OpenMap, and Geoserver peer services
Administrative control over layout, content and interactions

All based on session state/history

Institute for Visualization and Perception Research

Modern Custom Visualizations

information visualized
knowledge discovered
decisions made

Weave: Mars

Pa 1ais Ragions and Unte - Usas

http://demo.oicweave.org/weave.html?defaults=Mars1.xml

12/1/12

Institute for Visualization and Perception Research

Demonstrations

information visualized
knowledge discovered
decisions made

Lifetime Risk of
breast cancer (%)

I50

25

I 0

Current Age

2>
2
%

& 8 ¢ L S P

Prob. of BRCA1/2
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I . 7
Identification of Patient Groups
‘ Institute for Visualization and Perception Research UMASS.

Drug Correlation Cost
Function (over all drugs)

C(p;, P) = X f(drug)) Futures Areas for Visualization

Plasticity
brain
body

: 2 Z i
[ LA #
N !
All Patients information visualized

knowledge discovered
decisions made

‘ Institute for Visualization and Perception Research UMASS. ‘ Institute for Visualization and Perception Research UMASS.

Slow Physical Plasticity: Genetics Last New Grand Challenge
Rapid Physical Plasticity: Bionics

Anonymity — protecting privacy for
open data yet allowing analyses

information visualized information visualized
knowledge discovered knowledge discovered
decisions made decisions made

Protecting Privacy

Institute for Visualization and Perception Research

Grand Challenge

Given a data set D Questions?
Generate a data set D’ where
stat (D’) = stat (D)
pattern (D’) = pattern (D)
mineAlgorithm (D’) = mineAlgorithm (D)
if X in D’ then cannot identify x in D
information visualized

knowledge discovered
decisions made
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