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A Tidal Wave of Scientific Data





What is Data Science?

http://en.wikipedia.org/wiki/Data_scientist



Thousand years ago – Experimental Science

• Description of natural phenomena

Last few hundred years – Theoretical Science

• Newton’s Laws, Maxwell’s Equations…

Last few decades – Computational Science

• Simulation of complex phenomena

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 and the Fourth Paradigm
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eScience is the set of tools and technologies

to support data federation and collaboration
• For analysis and data mining

• For data visualization and exploration

• For scholarly communication and dissemination

(With thanks to Jim Gray)

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


X-Info

•

•

• 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)



•
• Multidisciplinary interactions

• Wide temporal and spatial scales

•
• Real-time data streams

• Structured and unstructured data

•
• Virtual organizations

• Management and Social Challenges

 Opportunity for Computer Scientists to work with 
scientists to solve some of the Grand Challenges 
facing humanity

Changing Nature of Research



eScience and Data-Intensive 
Scientific Discovery

The Fourth Paradigm

Science@Microsoft http://research.microsoft.com

Amazon.com

http://research.microsoft.com/en-us/collaboration/fourthparadigm/default.aspx
mailto:Science@Microsoft
http://research.microsoft.com/
http://www.amazon.com/Fourth-Paradigm-Data-Intensive-Scientific-ebook/dp/B00318D9Y2/ref=sr_1_4?ie=UTF8&s=books&qid=1261412355&sr=8-4


An edited collection of 26 

short technical essays, 

divided into 4 sections



Science@Microsoft
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Computational Ecology and 

Environmental Science
Where environmental Questions meet Computer Science

Climate change: arguably 

greatest global challenge of 

the 21st century

• What will be the impact of 

policy decisions and human 

actions?

• Will vegetation (mostly 

forests) continue to absorb 

25% of human CO2

emissions?

Computational Modeling seeks 

to create understanding from 

data sets that are distributed 

and diverse in time and space

 Looking forward to learning more about this in Drew Purves keynote: 

Predicting the Future of All Life on Earth



Genomics and Personalized medicine

Use genetic markers to…

 Understand causes of disease

 Diagnose a disease

 Infer propensity to get a 
disease

 Predict favorable response to a
drug

 Predict bad reaction to a drug



GWAS: Genome-wide association studies
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GWAS Challenge: Confounding factors

Suppose the set of cases has a different 
proportion of ethnicity X from control. 

Suppose we use linear regression to look for 
SNP-phenotype correlations.

Then genetic markers that differ between X 
and other ethnicities in the study, Y, will 
appear artificially to be associated with 
disease.

Problem gets worse with more data.

Advanced machine learning 
technologies required
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FaST-LMM: Factored Spectrally 
Transformed Linear Mixed Models

• Best algorithms for GWAS use linear mixed 

models

• But these have O(N3) runtime and O(N2) 

memory use 

 N<5,000

• FaST-LMM has O(N) runtime and memory 

use

 N>100,000; much more signal

• Requires number of SNPs used to estimate 

similarity among individuals to be less than N

• Results are more accurate than standard 

approach!

nature | methods September 2011

nature | methods June 2012

FaST-LMM

previous

state of 

the art



‘Moondog’ Azure Cloud Project

• Wellcome Trust data for seven 
common diseases

• With FaST-LMM and Azure, can 
look at all SNP pairs (about 60 
billion of them)

• 1,000 compute years; 20 TB 
output 

• Using 27,000 Azure compute 
cores analysis was completed
in just 13 days 



Moondog project with Azure: First Results

PPARD LIMK1

In coronary artery disease…



CMS Office, April 13, 2009:  “The Centers for Medicare & 

Medicaid Services (CMS) today announced …the 

Agency’s Care Transitions Project, seeking to eliminate 

unnecessary hospital readmissions.”

A Healthcare Challenge



Learning from a Case Library

All visits during the years 2001 to 2009                         
(e.g., ~300,000 ED visits)

• Admissions, discharge, transfer (ADT)

• Chief complaint in free text 

• Age, gender, demographics

• Diagnosis codes (ICD-9)

• Lab results and studies

• Medications

• Vital signs

• Procedures

• Locations in hospital

• Admitting and attending MD codes

• Fees and billing 

~25,000 variables considered in dataset

M. Bayati, M. Braverman, E. Horvitz



Performance of Classifier for Readmission



Engineering Real-World Solutions



Translation: Research Open World



Predictive Platform  goes live…



Experiences from the Field



 1 in 20 hospital visits, ~$20 billion/yr. 

Other Opportunities for ML in Healthcare

Hospital-Associated Infections

J. Wiens,  J. Guttag, E. Horvitz



An Urban Grand Challenge: City Dynamics?

Scope
Traffic flow

Human mobility

Energy consumption

Environment

Economic 

Populations 

……

Data available
Mobile phone signal

GPS traces of vehicles and 
people

Ticketing data in public 
transportation systems

User-generated content

Transportation sensor 
networks

Camera and loop sensors

Parking lots

Environmental sensor 
network

Air quality

Temperature

Radiation

Transaction records of 
credit cards

….
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LiveANDES: 
Preserving Latin America’s Wildlife

• Microsoft Research, LACCIR Virtual 
Institute, and PUC-Chile are 
collaborating to develop better tools 
for researchers and citizen scientists to 
map the distribution of endangered 
wildlife.

• The platform is designed to store and 
parse data points about Latin 
America’s wildlife, including 
photographs, audio and video 
recordings, and location and sighting 
data.

• Researchers use the data stored in the 
tool to identify species living in Latin 
America, where they live today, and 
elements that may be threatening 
their future.

• More information at:
http://research.microsoft.com/en-
us/collaboration/stories/liveandes_cs.aspx

Preserving 

wildlife, one 

picture at a time 

http://research.microsoft.com/en-us/collaboration/stories/liveandes_cs.aspx


Sugarcane Project

Working with Brazilian 
researchers led by Prof. 
Glaucia Souza (USP) to 
sequence the DNA of a 
representative strain

Problem: 10 
chromosomes, each 
present in 5-16 copies

• Very high 
‘heterozygosity’

Goals: higher energy 
yield, better drought 
tolerance, better disease 
resistance

Sugarcane supplies Brazil with 18% of its energy



Progress (May 2013)

• Data received from USP:
• 454: 10X coverage of the monoploid genome

• Illumina: 36X coverage of the polyploid genome (170bp 
library)

27X coverage of the polyploid genome (400bp 
library)

• Standard de novo assembly followed by variant 
identification and allele separation
• Our current assembly is: N50 = 1,741 bp (not great)

 Solution: better data

• Now trying hierarchical approach
• Shear genome into long fragments (10K bp)

 Long fragments act as a framework for assembly





Bioresources 

Informatics

Biological Data 

Analysis Solutions

Biodiscovery

Agrobiodiversity

Bioenergy

Biomedical 

Informatics

Health Information 

Systems and 

Personalized 

Medicine

Neglected Diseases

Public Health and 

Epidemiology

Scientific Computing

IT Innovation

Visualization 

Machine Learning

www.bios.co



ANURA: Project Overview
Sensor Networks for Classifying and Monitoring Frogs Based 

on Their Vocalizations  as an Early Indicator  for Ecological 
Stress in Rain Forests

• The Amazonian rainforest is a key 
ecosystem environment

• Frogs are natural candidates to indicate 
environment stress:

• Abundant; easily sampled; stable in 
numbers; very sensitive to 
environmental changes

 Early indicator of an environment 
problem

 Bio sensor

• Goal: monitor a frog that “monitors” the 
environment

• Main scientific question: how to monitor 
frogs using real sensor networks and provide 

useful outcomes to biologists?

Amphibian distribution in the world

www.globalamphibians.org

[Thanks to Prof. Antonio Loureiro, UFMG]



GPGPU Accelerated Image Processing and 
Visualization: Applications in Environmental 

Sciences and Health Care

• Weather Forecast Interactive Visualization

• Dynamic Textures Segmentation with GPU

• Recognition of textures in motion applied to 
video analysis of water, fire, smoke, crowds, 
etc.

• Binary Local Fractal Dimension (LFD)

• Use of 3D high-resolution computed 
tomographic images for analysis of 
osteoporosis induced fracture risk.

• Development of image restoration 
algorithms

• Noise-reduction algorithms  applied to 
medical images (ultrasound, MRI, CT, etc.).

Binary Local Fractal Dimension to analyze 

3D High Resolution CTI

Weather Forecast Visualization

Dynamic Textures Segmentation with GPU

[Thanks to Alexandra Diehl, UBA]



Outline

• The Data Deluge, eScience and the 
Fourth Paradigm

• Examples of eScience
• Environment

• Genomics 

• Healthcare

• Microsoft Research, eScience and LATAM

• Open Data and Open Science

• Machine Learning, Visualization 
Technologies and Cloud Services



Tools to support the Data Life Cycle

Data

Acquisition & 

modelling

Collaboration 

& visualisation

Analysis & 

data mining

Dissemination 

& sharing

Archiving & 

preserving



Seamless Rich Social Media Virtual Sky

Web application for science and 

education

World Wide Telescope
www.worldwidetelescope.org 

Participants

Alyssa Goodman; Harvard University

Alex Szalay; Johns Hopkins University

Curtis Wong, Jonathan Fay; Microsoft Research

Integration of data sets and one-click contextual 
access

Easy access and use

Over 4M unique users (someone that has 
downloaded, installed, and successfully used WWT)

The average number of WWT users over 8K per day

http://www.worldwidetelescope.org/


Layerscape and Seismic Data



Tohoku events (shallow) and subduction slab



http://www.chronozoomproject.org/



Vision for a New Era of Research Reporting 

Dynamic
Documents

Reputation
& Influence

Reproducible 
Research

Interactive 
Data

Collaboration

(Thanks to Bill Gates SC05)



Data Curation for Excel (DataUp)

Excel add-in and HTML5 browser app

Microsoft Research with California 

Digital Library’s Curation Center

Linked to the DataONE (an NSF 

DataNet Project)

• Goal to facilitate data management, 

sharing, and archiving for scientists. 

• Building open-source add-in 

(extension) for Microsoft Excel to 

assist in documenting and preparing 

Excel data for archiving and sharing. 

• Targeting environmental scientists but 

should be useful for wide audiences  

• Define archiving as movement or 

storage of data with metadata, to a 

repository for long-term retention. 

http://dcxl.cdlib.org/ 

http://www.cdlib.org/


The Berlin Declaration 2003

• ‘To promote the Internet as a functional 
instrument for a global scientific knowledge 
base and for human reflection’

• Defines open access contributions as 
including:

• ‘original scientific research results, raw 
data and metadata, source materials, 
digital representations of pictorial and 
graphical materials and scholarly 
multimedia material’



Datacite and ORCID

DataCite

• International consortium to establish easier access to 
scientific research data 

• Increase acceptance of research data as legitimate, 
citable contributions to the scientific record 

• Support data archiving that will permit results to be 
verified and re-purposed for future study.

ORCID - Open Research & Contributor ID 

• Aims to solve the author/contributor name ambiguity 
problem in scholarly communications

• Central registry of unique identifiers for individual 
researchers 

• Open and transparent linking mechanism between 
ORCID and other current author ID schemes. 

• Identifiers can be linked to the researcher’s output to 
enhance the scientific discovery process

http://www.tib-hannover.de/fileadmin/datacite/index.html


•
+ Metadata
+ Query options
+ URI conventions
+ JSON representation

•
•
•

www.odata.org

https://api.datamarket.azure.com/DataGovUK

/MetOfficeWeatherOpenData/

“Web protocol for querying 

and updating data”

http://www.odata.org/
https://api.datamarket.azure.com/DataGovUK/MetOfficeWeatherOpenData/


All Scientific Data Online

• Many disciplines overlap and use 

data from other sciences. 

• Internet can unify all literature and 

data

• Go from literature to computation to 

data back to literature. 

• Information at your fingertips –

For everyone, everywhere

• Increase Scientific Information 

Velocity

• Huge increase in Science 

Productivity

(From Jim Gray’s last talk)

Literature

Derived and 

recombined data

Raw Data
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Machine Learning

storing computing

managing indexing

huge amounts

of data
computers are

great tools for

acquisition discovery

aggregation organization

correlation analysis

interpretation inference

of the world’s information

and knowledge

we would like computers to 

also help with the automatic



Understanding Medical Images

InnerEye focuses on the analysis 

of patient scans using machine 

learning techniques for 

automatic detection and 

segmentation of healthy 

anatomy as well as anomalies.

In this image, we see that 

InnerEye can separate a carotid 

artery visually from adjacent 

parts of a human body



Kinect-based Augmented Reality for Surgery 
Planning and Navigation



A Natural Disaster App in the Cloud

Fire App designed to:
• Calculate and visualize the risk of wildfire ignition and 

simulate fire propagation using Cloud resources

• Assist with early warning, fire control and civil protection

Data Sources
• weather model and real-time information

• forest vegetation and fuel models

• topography (elevation, slope and aspect)

• high-resolution satellite images

• road networks

• fire history

• urban, agricultural & recreational areas

• other socioeconomic layers
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Visualization of fire ignition risk,
based on 5-day weather forecast



Visualization of fire ignition risk,
based on current weather
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Fire propagation simulation and mapping



http://www.windowsazure.com/education

Microsoft’s Azure Cloud

Windows Azure

Web Sites

Start quick and 
scale as you go

Mobiles 
Services

Backend 
solutions for your 
mobile app

Cloud 
Services

Enterprise-grade 
Cloud Platform

Virtual 
Machines

Infrastructure on 
your terms

Big Data

Get actionable 
insights from 
your data

Media

Ingest, Encode, 
Protect, Stream

Windows Azure Faculty Resources

www.microsoft.com/faculty

Now supports Linux VMs 
and Hadoop MapReduce

http://www.windowsazure.com/education


Machine Learning

Visualization 
Technologies

Cloud Services



•
• http://research.microsoft.com

•
http://research.microsoft.com/research/downloads

•
• http://research.microsoft.com/en-us/collaboration/

•
• http://www.microsoft.com/science

•
• http://www.microsoft.com/scholarlycomm

•
• http://www.codeplex.com

•
• http://www.outercurve.org/

• Tony Hey on eScience
• http://tonyhey.net/

Some Resources

http://research.microsoft.com/
http://research.microsoft.com/research/downloads
http://research.microsoft.com/en-us/collaboration/
http://www.microsoft.com/science
http://www.microsoft.com/scholarlycomm
http://www.codeplex.com/
http://www.outercurve.org/



