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$100 per Genome? 
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$500-$10,000 per Genome 

The Gene Sequencing Explosion 

Source: George Church, Harvard Medical School, as reported in IEEE Spectrum, Feb ’10. Figures represented in USD 



Astronomy and Particle Physics 

By 2016 the New Large Synoptic Survey Telescope in Chile will acquire 140 
terabytes in 5 days - more than Sloan acquired in 10 years    

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

The Large Hadron Collider at CERN generates 40 terabytes of data every 
second 

Sources:  The Economist, Feb ‘10; IDC  



• Data collection 

– Sensor networks, satellite 

surveys, high throughput 

laboratory instruments, 

observation devices, 

supercomputers, LHC … 

• Data processing, 

analysis, visualization 

– Legacy codes, workflows, 

data mining, indexing, 

searching, graphics … 

• Archiving 

– Digital repositories, 

libraries, preservation, … 

SensorMap 

Functionality: Map navigation 

Data: sensor-generated temperature, video 

camera feed, traffic feeds, etc. 

Scientific visualizations 

NSF Cyberinfrastructure report, March 2007 

A Digital Data Deluge in Research 



1. Thousand years ago – Experimental Science 
– Description of natural phenomena 

2. Last few hundred years – Theoretical Science 
– Newton’s Laws, Maxwell’s Equations… 

3. Last few decades – Computational Science 
– Simulation of complex phenomena 

4. Today – Data-Intensive Science 
– Scientists overwhelmed with data sets 
 from many different sources  

• 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) 

Emergence of a Fourth Research Paradigm 

2

2

2
.

3

4

a

cG

a

a

















http://es.rice.edu/ES/humsoc/Galileo/Images/Astro/Instruments/hevelius_telescope.gif


X-Info 
• The evolution of X-Info and Comp-X for each discipline X 

• How to codify and represent our knowledge  

 

• Data ingest   
• Managing a petabyte 
• Common schema 
• How to organize it  
• How to reorganize it 
• How to share with others 

• Query and Vis tools  
• Building and executing models 
• Integrating data and Literature   
• Documenting experiments 
• Curation and long-term preservation 

The Generic Problems 

Experiments & 
Instruments 

Simulations 

answers 

questions 

  Literature 

Other Archives facts 

facts ? 

With thanks to Jim Gray 



Bio-informatics: 
Machine Learning and HIV 



• The NSF Ocean Observatory Initiative 
– Hundreds of cabled sensors and robots exploring the sea floor 
– Data to be collected, curated, mined 
– OOI 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. 

Environmental Informatics: 
Smart Sensors and Data Fusion 





An edited 
collection of 26 
short technical 

essays, divided into 
4 sections 



Free PDF Download 
Amazon Kindle version; Paperback print on demand 

• “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 

 

http://research.microsoft.com/fourthparadigm/  

http://research.microsoft.com/fourthparadigm/
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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? 

 


