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The Gene Sequencing Explosion

‘$3 billion per Genome

$45,000 per Genome

$500-$10,000 per Genome
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Astronomy and Particle Physics

In 2000 the Sloan Digital Sky Survey collected more data in its 1t week than
was collected in the entire history of Astronomy

. - *
w B . 3

. By 2016 the New Large Synoptic Survey Telescope in Chile will acquire 140
: terabytes in 5 days - more than Sloan acquired in 10 years
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The Large Hadron Collider at CERN generates 40 terabytes of data every
second
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Sources: The Economist, Feb ‘10;
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A Digital Data Deluge in Research

 Data collection e =y
— Sensor networks, satellite : :
surveys, high throughput
laboratory instruments,
observation devices,

SensorMap —
Su percomputers, LHC ... Functionality: Map navigation
Data: sensor-generated temperature, video
° Da‘ta process|ng’ camera feed, traffic feeds, etc.

analysis, visualization

— Legacy codes, workflows,
data mining, indexing,
searching, graphics ...

« Archiving

— Digital repositories,
libraries, preservation,

Scientific visualizations T —
NSF Cyberinfrastructure report, March 2007
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Emergence of a Fourth Research Paradigm

Thousand years ago — Experimental Science

Last few hundred years — Theoretical Science .
Newton’s Laws, Maxwell’s Equations... {a} 472G p C

Last few decades — Computational Science

Today — Data-Intensive Science

>

from many different sources

Description of natural phenomena

Simulation of complex phenomena

Scientists overwhelmed with data sets

Data captured by instruments
Data generated by simulations
Data generated by sensor networks
eScience is the set of tools and technologies

to support this data-intensive science
For analysis and data mining
For data visualization and exploration
For scholarly communication and dissemination

(With thanks to Jim Gray)
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* The evolution of X-Info and Comp-X for each discipline X

 How to codify and represent our knowledge

The Generic Problems

e Dataingest

e Managing a petabyte

e Common schema

e How to organize it

e How to reorganize it

e How to share with others

Query and Vis tools

Building and executing models
Integrating data and Literature
Documenting experiments

Curation and long-term preservation

With thanks to Jim Gray
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Smart Sensors and Data Fusion

* The NSF Ocean Observatory Initiative
— Hundreds of cabled sensors and robots exploring the sea floor
— Data to be collected, curated, mined
— OOl Architecture plan of record, store this data in the cloud

Data collected from:
* Ocean floor sensors, AUV tracks, ship-side
cruises, computational models

Data moves from ocean to shore side data
center to the Azure cloud to your computer.

Portland

Pacific City
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PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY
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INTRODUCTION Dan Fay
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INTRODUCTION Simon Mercer

THE HEALTHCARE SINGULARITY AND THE AGE OF SEMANTIC MEDICINE
Michael Gillam, Craig Feied, Jonathan Handler, Eliza Moody,
Ben Shneiderman, Catherine Plaisant, Mark Smith, John Dickason

HEALTHCARE DELIVERY IN DEVELOPING COUNTRIES:
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Joel Robertson, Del DeHart, Kristin Tolle, David Heckerman
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3. SCIENTIFIC INFRASTRUCTURE
INTRODUCTION Daron Green
A NEW PATH FOR SCIENCE? Mark R. Abbott

BEYOND THE TSUNAMI: DEVELOPING THE INFRASTRUCTURE
TO DEAL WITH LIFE SCIENCES DATA Christopher Southan, Graham Cameron

MULTICORE COMPUTING AND SCIENTIFIC DISCOVERY
James Larus, Dennis Gannon

PARALLELISM AND THE cLoup Dennis Gannon, Dan Reed

THE IMPACT OF WORKFLOW TOOLS ON DATA-CENTRIC RESEARCH
Carole Goble, David De Roure

SEMANTIC eSCIENCE: ENCODING MEANING IN NEXT-GENERATION
DIGITALLY ENHANCED SCIENCE Peter Fox, James Hendler

VISUALIZATION FOR DATA-INTENSIVE SCIENCE
Charles Hansen, Chris R. Johnson, Valerio Pascucci, Claudio T. Silva

A PLATFORM FOR ALL THAT WE KNOW: CREATING A KNOWLEDGE-DRIVEN
RESEARCH INFRASTRUCTURE Savas Parastatidis

4, SCHOLARLY COMMUNICATION
INTRODUCTION Lee Dirks

JIM GRAY'S FOURTH PARADIGM AND THE CONSTRUCTION
OF THE SCIENTIFIC RECORD  Clifford Lynch

TEXT IN A DATA-CENTRIC WORLD Paul Ginsparg

ALL ABOARD: TOWARD A MACHINE-FRIENDLY SCHOLARLY
COMMUNICATION sYSTEM Herbert Van de Sompel, Carl Lagoze

THE FUTURE OF DATA POLICY
Anne Fitzgerald, Brian Fitzgerald, Kylie Pappalardo

| HAVE SEEN THE PARADIGM SHIFT, AND IT IS Us John Wilbanks

FROM WEB 2.0 TO THE GLOBAL DATABASE Timo Hannay
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“The impact of Jim Gray’s thinking is continuing to
get people to think in a new way about how data
and software are redefining what it means to do
science."

— Bill Gates, Chairman, Microsoft Corporation

“One of the greatest challenges for 21st-century
science is how we respond to this new era of data-
intensive science. This is recognized as a new
paradigm beyond experimental and theoretical
research and computer simulations of natural
phenomena—one that requires new tools,
techniques, and ways of working.”

— Douglas Kell, University of Manchester

“The contributing authors in this volume have
done an extraordinary job of helping to refine an
understanding of this new paradigm from a variety
of disciplinary perspectives.”

— Gordon Bell, Microsoft Research
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The Fourth Paradigm: Data-Intensive Scientific Discovery

Presenting the first broad look at the rapidly emerging field of
data-intensive science

7 The Fourth Paradigm Now Available
4 in Paperback and On Demand

The Fourth Paradigm is available as a free PDF
download from this page. However, if you want
a printed paperback copy or a Kindle version of
the Fourth Paradigm, they are now available.
Please visit the following links to Amazon.com.
There will be a cost for those versions listed on
the Amazon.com site.

FOUI\TII

IGM Order the paperback from Amazon.com

Order the Kindle version from Amazon.com

Increasingly, scientific breakthroughs will be powered by advanced computing
capabilities that help researchers manipulate and explore massive datasets.

The speed at which any given scientific discipline advances will depend on how
well its researchers collaborate with one another, and with technologists, in areas
of eScience such as databases, workflow management, visualization, and cloud
computing technologies.

In The Fourth Paradigm: Data-Intensive Scientific Discovery, the collection of
essays expands on the vision of pioneering computer scientist Jim Gray for a new,
fourth paradigm of discovery based on data-intensive science and offers insights
into how it can be fully realized.

In the News

= A Deluge of Data Shapes a New Era
in Computing

Download The Fourth Paradigm
= Full text, low resolution (6 MB)

= Full text, high resolution (93 MB)

= By chapter and essay

Related Resources

= Microsoft Research collaborative
projects

= eScience Workshop 2009
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Questions for Discussion

What are the potentially important technologies
for applications in data-intensive science?

What semantic technologies will deliver new tools
for the global research community?

How can the cloud be leveraged for data-intensive
science?

How do we educate a new generation of students
and research scientists to have both discipline
based skills and knowledge of data technologies?
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