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Sensor-driven (data-driven) science and
engineering

Jim Gray

Transforming science (again!)
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[John Delaney, University of Washington]
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eScience is driven by data
more than by cycles

Massive volumes of data from sensors and networks
of sensors

Apache Point telescope,
SDSS

80TB of raw image data
(80,000,000,000,000 bytes)
over a 7 year period



Large Synoptic Survey
Telescope (LSST)

40TB/day

(an SDSS every two days),
100+PB in its 10-year
lifetime

400mbps sustained data
rate between
Chile and NCSA



Large Hadron Collider

700MB of data
per second,
60TB/day, 20PB/year



Major labs

lllumina
HiSeq 2000 have 25-100
Sequencer of these
machines

~1TB/day



Regional Scale
Nodes of the NSF
Ocean Observatories
Initiative

1000 km of fiber
optic cable on the
seafloor, connecting
thousands of
chemical, physical,
and biological
sensors



The Web

20+ billion web pages
X 20KB =400+TB

One computer can
read 30-35 MB/sec
from disk =>4 months
just to read the web
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Burch/Cheswick map of the Intemet
showing the major I5Ps. Data collected 28 June 1999
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Point-of-sale terminals



eScience is about the analysis of data

The automated or semi-automated extraction of
knowledge from massive volumes of data
There's simply too much of it to look at

It's not just a matter of volume
Volume
Rate
Complexity / dimensionality



eScience utilizes a spectrum of computer
science techniques and technologies

Sensors and sensor
networks

Backbone networks
Databases

Data mining
Machine learning
Data visualization

Cluster computing
at enormous scale



eScience is married to the Cloud: Scalable
computing and storage for everyone

[Werner Vogels, Amazon.com]



eScience will be pervasive

Simulation-oriented computational science has been
transformational, but it has been a niche

As an institution (e.g., a university), you didn't need to excel
in order to be competitive

eScience capabilities must be broadly available in any
iInstitution
If not, the institution will simply cease to be competitive



Top scientists across all fields grasp the
implications of the looming data tsunami

Survey of 125 top
Investigators
"Data, data, data”

Flat files and Excel are
the most common data
management tools
Great for Microsoft ..
lousy for sciencel
Typical science workflow:
2 years ago: 1/2 day/week
Now: 1FTE
In 2 years: 10 FTE

Need tools, tools, tools!




The University of Washington
eScience Institute

Motivating observations

Like simulation-oriented computational science, data-intensive
science will be transformational

Unlike simulation-oriented computational science, data-
intensive science will be pervasive

Even more broadly than simulation-oriented computational
science, data-intensive science draws on new techniques and
technologies from computer science, statistics, and other
fields

Cloud services are essential - "get computing out of the
closet”

If we don't lead in the development and application of these
techniques and technologies, we're going to lose




Mission
Ensure the University of Washington's position at the
forefront of research both in modern eScience techniques
and technologies, and in the fields that depend upon these
techniques and technologies

Strategy
Bootstrap a cadre of Research Scientists
Help leading faculty become exemplars and advocates

Broaden impact by aggressive community-building and sharing
of expertise and facilities

Add faculty in key fields

Launched in July 2008 with $1 million in permanent
funding from the Washington State Legislature
Many grants received since then



Computer Science:

From data to insight to action

Sensors and sensor
networks

Backbone networks
Databases

Data mining
Machine learning
Data visualization

Cluster computing at
enormous scale

Enabling 215" Century Discovery
in Science and Engineering

Enabling Evidence-Based
Healthcare

Enabling the New Biology

Enabling Advanced Intelligence
and Decision Making for
America’s Security

Enabling a Revolution in
Transportation

Enabling a Transformation of
American Education

Enabling the Smart Grid



Forty years ago ...






[Peter Lee, DARPA, and Pat Lincoln, SRI]






With forty years of hindsight, which had
the greatest impact?

EXPONENTIALS $J us



Is this a great time, or what?!?!




