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MSR eScience Workshop —
Looking Back 8 yrs to the Beginning s

Scientific Data Intensive Computing Workshop 2004
Keynote: 20 Questions to a Better Application — Jim Gray
Online Science the New Computational Science

Talk: Data Explosion: Astrophysics with Terabytes of Data
- Alex Szalay



http://research.microsoft.com/en-us/events/scidata04/default.aspx

Online Science the New Computational Science

R o *%;: . . .
* In slgzgerrll:iilt?yngi:::nae?tChe i H‘? Roles PUbIIg:aI;r!f!:gl'q Dg?;lt:':'g'ng GIObaI Federatlons
’ S L R Authors Scientists Collaborations + Massive datasets live near their owners:
—better observational instruments and Publishers Journals Project www site _ S '
—and. better simulations = I Curators Libraries Bigger Archives — Near the instrument’s software pipeline
pr’odujcing a data avalanche Consumers Scientists Scientists — Near the applications
« Examples — * Exponential growth: — Near data knowledge and curation
P — Projects last at least 3-5 years . . .
~ BaBar: Gr;gssi;raﬁian% nformation — Data sent upwards only at the end of the project * Each Archive publishes a (web) service
1/3 obsenational Information | | - Data wil never be centralized — Schema: documents the data
— CERN: LHC will generate 1GB/s ~10 PBjy = S sem = cuwseowe oo + More responsibility on projects _ _
~ VLBA (NRAO) generates 1GB/s today _ Becoming Publishers and Curators — Methods on objects (queries)

— Pixar: 100 TB/Movie
+ New emphasis oninformatics:

— Often no explicit funding to do this (must change)
Data will reside with projects

Scientists get “personalized” extracts

- tSZapturin_g,_Drg:nizling, Visualizi — Analyses must be close to the data (see later) * Uniform access to multiple Archiyes
ummarizing, Analyzing, Visualizing + Data cross-correlated with Literature and Metadata — A common global schema Federation
What’s X-info Needs from us (cs) Call to Action
(not drawn to scale) How to Help’? _ _ _
Scientists Miners » X-info is emerging.

* Can’t learn the discipline before you start
(takes 4 years.)

* Can’t go native — you are a CS person
not a bio,... person

 Have tolearn how to communicate

* Computer Scientists can help in many ways.
—Tools
—Concepts
— Provide technology consulting to the commuity

Data Mining

Science Data

Plumbers » There are great CS research problems here
Have to learn the language —Modeling
* Have to form a working relationship with — Analysis
domain expert(s) — Visualization
+ Have to find problems that leverage your skills — Architecture
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Activation

Kinect Launches a Surgical Revolution

Microsoft Research Cambridge researcher
Helena Mentis is part of a U.K. research
team exploring a way for surgeons to
manipulate medical images with a wave of a
hand. Read more...

News f Energy-Capping System Holds Promise of Greener Data Centers - More feature stories »

Highlights Spotlight Worldwide Locations

» Microsoft Research Opens a Lab in New
York City
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» Video: Opportunities for the Future of
Computer Research
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Earth, Energy & Environment
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Visualizing and Experiencing E3 Data + Information: Provide a unique experience to reduce
time to insight and knowledge through visualizing data and information
Accessible Data: Ensure £ data (remote and local sensing) is easily discoverable, accessible

I ——

and consumable in the scientists domain

Enabling Scientific Collaboration: Look at new ways to enable collaboration in scientific
virtual organizations



Emergence of a Fourth Paradigm

* Thousand years ago — Experimental Science
*  Description of natural phenomena

* Last few hundred years — Theoretical Science 2
*  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 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



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

Changing Nature of Discovery

Complex models
Multidisciplinary interactions
Wide temporal and spatial scales

Large multidisciplinary data
Real-time steams
Structured and unstructured .

Distributed communities FOURTH
Virtual organizations
Socialization and management

Diverse expectations
Client-centric and infrastructure-centric

PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

http://fourthparadigm.org



http://fourthparadigm.org/

The Problem for the e-Scientist

How to codify and represent our knowledge

Experiments & | e >
Instruments

Simulations ' | facts >
Literature ' | facts >

Other Archives ' | facts >

The Generic Problems

« How to share with others

« Data ingest « Query and Vis tools

« Managing a petabyte  Building and executing models

« Common schema  Integrating data and Literature

« How to organize it « Documenting experiments

« How to reorganize it « Curation and long-term preservation

(With thanks to Jim Gray)

N
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EOS Article: Mountain Hydrology, Snow Color, and
the Fourth Paradigm by Jeff Dozier

FOS

Eos, Vol. 92, No. 43, 25 October 2011

VOLUMESZ ~ NUMBER 43
25 OCTOBER 2011
PAGES 373-384

Mountain Hydrology, Snow Color,
and the Fourth Paradigm

PAGES 373-37

The world's mourtain ranges accuma-
lale substantial snow, whoss mell produces
the bulk of runoff and often combines with
rain lo cause flocds. Waorldwide, inadequate
understanding and 2 reliance on sparsely
distributed ohservations Emit our ability to
predict seasonal and parasy=mal runoff 2z
climate changes, ecosystems adapt, popula-
tions grow, land use svolves, and socielies
make choioes.

To improve assessmenits of snow acoumu
latian, melt, and ranaff, scientists and com-
munity planners can take advantzge of two
emerging trends: (1) an abity to remotely
sense snow properties from satellites 2
& spalial scale appropriabe for mountain
regicns {10- to W0-meter resolution, cover-
age af the crder of 100,000 square kilome-
ters) and 5 daily temparal scals appropriste
for the dynamic nature of snow and (2) The
Foarth Paradigm [Hey af al, 2009], which
posits 2 new scient#fic approach in which
insight is discavered through the manipu-
lation of large data sets as the evolutionary
step in sdentific thinking beyond the first
three paradigms empiricsm, analyses, and
simulation. The inspiration for the book's
title comes from picnesring computer scien-
tist Jim Gray, based on 2 lecture he gave at
the National Academy of Scenoes 3 weeks
before he disappearsd at s=a.

Wiater From the Mosntan Snowpock

0f the seasonal changes that secur on
Earth's land surface, the most profound are
accumulation and meh of snow, filling riv-
ers and recharging aquifers that support
downstream ecosysiems and supply water
feur 20% of Earth's populstion. These high,
midlatitude snowpacks ars at risk because a
warming climate weuld change some snow-
fall 1o rainfall and defiver runcif months
belfore demand. Management of this water
for competing requinements (lood contral,
irrigaticn, hydropower, recreabion, and habi-
taf} now uses amessments of the snow siore
age and the plausible rate of mell_ Even in

Br J. DozER

well-instrumented basins, ssasonal forecasts
are sometimes wrong, In the Sierr Nevada's
American River, for example, the median
rrar of the 1 April forecast af the April-July
runcéf is 15%; 1 year out of every 5 exhibits
an errar that reaches nearly 40%. Compari-
som between forecasts and river flows shows
that the maximum error rom 90 ke 2011
was 1205 (Figure 1) Worldwide, mountain

ranges like the Hindu Kush, Tien Shan, Kara-

karam, Himalayas, and Andes poss formida-
ble difficulties even for rough estimates.
Manual and automated groand mez-
suremenits of snow water equivalent—all
an nearly flat ground and many in forest
clearings—do nat represent snow on the
landscape. Historically, water managers
assumed that ground messurements provide
some index to the actual volume of water,
bt established forecusting metheds depend
an statistical relations developed while Land
use and climate have been changing. Rich,

hard-wen, long-ierm data do show trends
already, but statistical uncertainty will get
warse a5 the past becomes less representz-
tive of the present [Milly of ol , 2008]. This,
scientists and waler managers need physi-
cally based approsches that account for
topographic heterageneity and estimaite the
volume of waler in basin-wide snow, rzla-
tive 1o historical trends and exiremes. Some
mountain regicns where snow Ealls con-
tain austere infrastracture, meager saug-
ing, challenges of accessibility, and emerg-
ing ar enduring insscurity related 1o water
resources, Remote sensing, models, and
datirtersive analyses clfer opportnities
to address this nesd. Similar methods can
b applied to Earth’s polar and subpolar
megions.

Thie Significance of the Color of Smow

H human eyes wens sensitive bo radiation
through the whole solar spectrum, snow
would be one of nature’s mast “colorful” sur-
face comvers, whose spectral reflectivity var
iex 2 snow crystals change size and shape
and gather dust or soct [Dosier e al., 2008].
Satellie-bome sensors such as the Landsat
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Snow is one of nature’s most colorful materials
(Landsat Thematic Mapper snow & cloud)

{N. Moloteh)




Information about water is more useful as we climb
the value ladder

Forecasting

Reporting
Done poorly,
but a few notable
counter-examples

Done poorly to moderately,
not easy to find

Aggregation

Quality assurance
Sometimes done well,

Collation . -
generally discoverable and available,

Monitoring

(I. Zaslavsky & CSIRO, BOM, WMO)




Environmental Ecosystem




Environmental Ecosystem

[ Communicate]

N
Decide
Implement]
Publish




Information ecosystem:

It is chaotic, unstructured and ad hoc

~
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The Ecological Data Flood

* We're living in a perfect storm of
remote sensing, cheap ground-based
sensors, internet data access, and
commodlty computing

* Yet deriving and extracting the variables

needed for science remains problematic

* Specialized knowledge for algorithms, g ;

internal file formats, data cleaning, etc, etc =

* Finding the right needle across the < e

distributed heterogeneous and very rapCmmsEe 0 sT=El
growing haystacks = IR =

FiRSTGOV:



Data Variety — The Spice of Life
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Data Integration Challenges

Albion Hab-8 Coverage

Reqular rasters, points, and
spatial features

Time series and intermittent
Vocabulary meanings Ses
(ontology)

Sparse in time, duration
location

Science variable derivation e
Gaps
Spatial/temporal harmonization

Albion_24k IP_Below_Barriers

17% Coverage
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Why Make this Distinction?

1ODIS Anmospho 2 &

Provenance and trust widely varies

Data acquisition, early processing, and reporting ranges from a large
government agency to individual scientists.

Smaller data often passed around in email; big data downloads can
take days (if at all)

Data sharing concerns and patterns vary

Open access followed by (non-repeatable and tedious) pre-processing

True science ready data set but concerns about misuse,
misunderstanding particularly for hard won data.

Computational tools differ.
Not everyone can get an account at a supercomputer center

Very large computations require engineering (error handling)
Space and time aren't always simple dimensions

Complex shared detector Simple instrument (if any)

Science happens when PBs, TBs, GBs, and KBs can be

Complex and Heavy process by experts Ad hoc observations and models



http://nsidc.org/daac/index.html
https://lpdaac.usgs.gov/

AzureMODIS — Azure Service for
Remote Sensing Geoscience

Source Imagery Download Sites

—EJ &
€]

Science pipeline for download, initial e 4]
processing, and reduction of satellite ureeMets | l
iImagery. Developed by MSR, UVa, UCB. T e e
Dramatically lowers resource and Request Queue
complexity barriers to use satellite imagery .
for terrestrial hydrology and geoscience. ureMODIS s

Common imagery location determination and -

upload from diverse sources B oo !

Optional scientist-provided reduction algorithm
(.NET, Java, or MatLab) =
On-demand scalability beyond local desktop or
cluster = Bs it
In use now to compute 10 year continental T ZIi 2E
scale water balance for North America. Per
year:

500 GB (~60K files) upload of 9 different source
imagery products from 15 different locations

400 GB reprojected harmonized imagery
consuming ~3500 cpu hours

Scientist

5 GB reduced science result leveraging reported
field data aggregates consuming ~60 cpu hour

Catharine van Ingen (Microsoft Research), Jie Li, Marty Humphreys (UVA), Youngryel Ryu
(UCB), Deb Agarwal (BWC/LBL)



Microsoft*

-~ SQLAzure

numerical and data analytics library for data scientists,
quantitative analysts, and others

organize, manage, mash up and gain new insights from
your data.

Organizationsto curate and publish its data on a private
data marketplace

data encryption services for cloud applications so that
they can roam encryption keys in a secure way.



http://www.microsoft.com/en-us/sqlazurelabs/labs/numerics.aspx
http://www.microsoft.com/en-us/sqlazurelabs/labs/dataexplorer.aspx
http://www.microsoft.com/en-us/sqlazurelabs/labs/data-hub.aspx
http://www.microsoft.com/en-us/sqlazurelabs/labs/trust-services.aspx

Discoverability Accessibility Consumeability

~
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Fetch Climate

MAURITANIA

Tools home Computat

(r“:-i | 6"““ y - CAMEROON
AW e £ \ ) GABON

REP, OF
CONGO

S ]

UAE"
5 SAUDIARABIA OMAN

KENY
CONGO UGANDA

(DRC) . SFANZANIA

ANGOLA

FetchClimate

ZAMBIA

NAMIBIAI  ZIMBABWE

Inspiration | Features | Try online | Download | Case studies | People | Acknowledgements

Retrieve climatic and environmental information with the
click of a button or a few lines of code

FetchClimate is a fast, free, intelligent climate information service that operates over the cloud
to return exactly the information you need. FetchClimate can be accessed either through a
simple web interface, or via a few lines of code inside any .NET program. FetchClimate is
intended to make it easy for you to retrieve information for any geographical region, at any grid
resolution: from global, through continental, to a few kilometres, and for any range of years
(1900 — 2010), days within the year, and / or hours within the day. FetchClimate can also
report the uncertainty associated with the values it returns and list data sources used to fulfil
the request. When multiple sources could potentially provide information on the same
environmental variable, FetchClimate automatically selects the most appropriate data source. .
Finally, the entire query you ran can be shared as a single URL, enabling others to retrieve the DOCU mentatlon
identical information.
{} Manual & examples for web version [v

Inspiration [} Manual & examples for programmatic
[pdf]

Vis

http://fetchclimate.cloudapp.net/

BOTSWANA

SOUTH
AFmCA<’




Environmental Informatics Framework (EIF)

Common Problems with Data
> To use data from different sources

o Non-standard formats, scales, and units

o Lack of data quality control

o Lack of metadata

o Difficult to repurpose data for different (my) tools

> 10 share data

o Lack of incentive (nc credit)

! Data Sources

G B
e

~
Microsoft Research Connections \

o Need extra resources and toois

» Hidden problems, seldom addressed

o Versioning

(data) d
o Provenance
o Curation




Environmental Informatics Framework (EIF)

Current State of Data Ecosystem

N
Microsoft Research Connections
-



Environmental Informatics Framework (EIF)

Advance data discoverability, accessibility, and consumability

/ Open Data Protocol (OData)
" i http://www.odata.org

It allows you to form URLs based on what you know about the underlying data

> A Web protocol for querying and updating data
o provides a way to unlock your data and free it from data silos

a does this by building upon Web technologies such as HTTP, Atom Publishing Protocol (AtomPub) and JSON
to provide access to information from a variety of applications, services, and stores.

> In Open Source/Specifications Promise — being submitted to OASIS

> An application of a set of internet standards:
o HTTP
o Atom (RFC 4287),
a AtomPub (RFC 5023),
o REST semantics

> Existing standards + easy data access API
> Added Geospatial data support -

o Feedback from the Community encouraged — www.odata.org

ooooo

7 e B
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http://gis.team.sdsc.edu/teamimages/
http://sensorweb.ncsa.uiuc.edu/SouthFlorida-Demo-WWT-HurricaneEarnesto2006/SouthFlorida-Demo-WWT-HurricaneEarnesto2006.html
http://129.174.65.115:9090/SearchingTestPage.aspx
http://www.microsoft.com/windowsazure/features/database/
http://www.silverlight.net/learn/overview/what's-new-in-silverlight-5
http://www.odata.org/
http://www.odata.org/
http://www.w3.org/Protocols/
http://www.ietf.org/rfc/rfc4287.txt
http://json.org/
http://www.odata.org/
C:/_yanxu/WWT/tours and videos/earthquakes.wtt

New ways to analyze and communicate data




The ‘Cosmic Genome’ Project

The Sloan Digital Sky Survey is the first major

astronomical survey project:
5 color images of % of the sky
Pictures of 300 million celestial objects
Distances to the closest 1 million galaxies

Jim Gray from Microsoft Research worked with
astronomer Alex Szalay to build the public
'SkyServer’ archive for the survey

New model of scientific publishing

Have to publish the data before astronomers publish
their analysis



http://www.sdss.org/

Public Use of the SkyServer

Posterchild in 21st century data publishing

380 million web hits in 6 years

930,000 distinct users
vs 10,000 astronomers

1600 scientific papers

Delivered 50,000 hours
of lectures to high schools

Delivered 100B rows of data

Citizen Science: GalaxyZoo

Goal of 1 million visual galaxy
classifications by the public

Allows general public to search for
photographs and classify
different types of galaxies




World Wide Telescope

Seamless Rich Social Media Virtual Sky and |
Web application for science and educatic



http://www.worldwidetelescope.org/

Layerscape  wweyersapeos

Powered by WorldWide Telescope

P []

* Community Site for WW B e: o R———

Powered by WorldWide Telescope

Tours and Laye rs (Data) N e

* Sharing by fe——
groups/individuals

From the upper reaches of the atmosphere to Earth's core, Layerscape lets you seamlessly
share and explore 3D visualizations of complex datasets via WorldWide Telescope.

With Layerscape, you can:

= Import data, images, videos and more to create your own visualizations and tours,
= Discover tours created by others
Create and join collaborative communities open to the public or a select group of invitees.

Watch the infroductory video for an overview of Layerscape's features. Then, click 'Sign In' to
start sharing.

Featured Content Featured Communities

< MBARI Dorado Drifter Tour 1 CTD Salinity
By: Rob Fatland
Category: Oceans & Rivers

i - 0 Community: Oceanography iew Community
Solid Earth o h, Vi

## Robs Geoscience
By: Rob Fatland
Rating (2

Top Categories

& 2010 chito
Earthquake

@, NOAA Climate
Proxy Webpage

& MS plus EEMs plus
PARAFAC

mmuni mmunity. Climate Robs Geoscience

Seismology

Tunity

s selsmology, earthquakes, seismic wave BGC, MS, EEM, PARAFAC

gs: climate, anthropocene, average tempe, S
@ Rating © Rating (1)

Sold Earh Communites Osean 8 Rivers Conmunites

## Seismology ## Climate ### Oceanography

## Solid Earth

e L4 b~ .
Cold Regiona™ |~ “hRcs

& Glacier Recession & Species Richness in
Global Oceans

Climate Robs Geoscience munity. Life Science

nmunity

munity

s climate change proxy data, cascades, C s causation, correlation oceans, Derek Tittensor, species richn

(1) (1) ) 2)

o Regorscommunts "

## Cold Regions ## Clouds in Space ### Life Science

## Robs Geoscience

Participate in our Online Survey | Privacy Statement | Terms of Use | WorldWi



http://www.layerscape.org/

xcel to Visualize in seconds

Insert Page Layout

Formulas Data Review View WWT Te

Home Insert Page Layout Farmulas Data Review View WWT Team @ %‘ %a %D L!_‘ oS
Visua[ize View ;ath(e F\'lanage Go To Viewpoint Connect Conta
e I:l |i Qg_-i Qﬂ.ﬁ. ‘éqj lzl Ei 0 Selection |Manager|Samples * | Viewpoint ,‘A{I‘A.v—r\i/lie::/;(:;lir:tss From Data Tar;{:T&t:cliine Us
Visualize View Capture GoTo Manage Go To Viewpoint Connect Contact Feedback WWT Add-in
Selection |Manager| 5amples = | Viewpoint Viewpoint - Viewpoints From Data Remotely Us © for Excel Help
Visualize WWT Viewpoints Target Machine Help
H9-0-HIFg=FT=d 3 <
Al - f | index
Layer Manager - X A B C D E F | G | H 1 K
Select Layer Sheetd_1 (not linked) - |1 [index lat lon alt color magnitude startdate enddate 72.5|start lat
| 2 | 0 72.5 -70 100000 white 0.25  1/1/2000 1/4/2000 26.37305556|end lat
[E] Show Range @ Update Range | 3 | 1 72.45387 -70.0101 99500 white 0.25 1/2/2000 1/5/2000 -70(start lon
4 2 7240775 -70.0202 99800 white 0.25  1/3/2000 1/6/2000 -80.11361111 [end lon
L R Delete Layer |5 | 3 72.36162 -70.0303 99700 white 0.25 1/4/2000 1/7/2000 -26.12634444|delta lat
Layer Name SheetZ_1 | B 4 72.3154% -70.0405 99600 white 0.25  1/5/2000 1/8/2000 -10.11361111 |delta lon
7 5 72.26937 -70.0506 99500 white 0.25  1/6/2000  1/9/2000 1000|max index
Reference Frame Earth - —
| 8 | 6 72.22324 -70.0007 99400 white 0.25  1/7/2000 1/10/2000 -0.046126944 (slope lat
w— | 9 | 7 7217711 -70.0708 99300 white 0.25  1/8/2000 1/11/2000 -0.010113611|slope lon
Data In The First Row WWT Label 1 10| 8 72.13098 -70.0809 99200 white 0.25  1/9/2000 1/12/2000 1/1/2000|start date
index Select One - [11) 9 72.08486 -70.091 99100 white 0.25 1/10/2000 1/13/2000
&t Latitude - | [12] 10 72.03873 -70.1011 99000 white 0.25 1/11/2000 1/14/2000
lon Longitude - | [13] 11 719926 -70.1112 98500 white 0.25 1/12/2000 1/15/2000
ait Altitude - 14 12 71.94648 -70.1214 98800 white 0.25 1/13/2000 1/16/2000
color Color - | 15 | 13 71.80035 -70.1315 98700 white 0.25 1/14/2000 1/17/2000
; 16 14 71.85422 -70.1416 98600 white 0.25 1/15/2000 1/18/2000
megntde Vagntuae 7 a7 15 718081 -70.1517 98500 white 0.25 1/16/2000 1/19/2000
stardate Start Date 7| (28] 16 71.76197 -70.1618 98400 white 0.25 1/17/2000 1/20/2000
enadate End Date MEET) 17 7171584 -70.1719 98300 white 0.25 1/18/2000 1/21/2000
To map additional columns, include the column in your E 18 71.66971 -70.182 98200 white 0.25 1/19/2000 1/22/2000
e ecton renge and clickine Wpdete fenge: busten E1 19 71.62359 -70.1922 98100 white 0.25 1/20/2000 1/23/2000
| 22 | 20 71.57746 -70.2023 93000 white 0.25 1/21/2000 1/24/2000

N
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Natural User Interfaces (NUI)
Kinect SDK and WWT

KINECT

* Rethinking ways in which people
will interact with .
computers/technologies of the
future

* Re-evaluating everything from

their (non—)ciohysmal design to the
human needs and interaction
models

* Revolutionize the way we think
about technolo fy and what it can
do on our beha




Our Next Steps

Continue to work with Scientists
Implement features from feedback
le. Netcdf support
New clients and User Interface
Make it easier to use/create tours

Cloud: Windows Azure integration - Write, Run, or Use Software

Write: Platform as a Service
Web Sites
Storage
Languages - .Net, Java, Python, PHP, Ruby, NodeJS, C++
Run: Infrastructure as a Service
Virtual Machines — Windows Servers & Linux
Connect to on-premises
Use: Software as a Service
Azure Media Services
HPC and Big Data — Hadoop, etc
Windows Azure Marketplace



http://www.microsoft.com/industry/government/guides/cloud_computing/5-PaaS.aspx
http://blogs.msdn.com/b/jmeier/archive/2010/02/11/software-as-a-service-saas-platform-as-a-service-paas-and-infrastructure-as-a-service-iaas.aspx
http://msdn.microsoft.com/en-us/library/bb507203.aspx

eScience in Action % :‘;
Microsoft eScience

Workshop 2012

October 8-9, 2012 | Chicago, Illinois
http://research.microsoft.com/events/escience2012



http://research.microsoft.com/events/escience2012

Data Storage Sustainability?

* Digital Data can be open — who should pay the cost?
* Spinning Disks, Bandwidth, Cooling, etc

FUTURE
TOLL ROAD

| TOLL |

Pay for your TV Licence

— To watch or record TV programmes you
l@ must have a TV Licence I

You only need 1 TV Licence for your home no matter
how many TVs you have.
The licence is for the place, not the TV.

You can watch TV programmes in lots of
different ways

On a TV set

On a computer or laptop
On a mobile phone

You might also have

A digital box (sometimes these are called digi boxes)




No Silver Bullet - What is needed?

Algorithms that scale

Data Management from the Start
Automatic Ancillary Data capture
Thinking about the Data, and retention
Data sharing is natural from the start
Visualization for everyone

Best practices — insights and challenges shared amongst
domains

le. eScience Workshop, etc



Challenges

Balancing
Data Acquisition | Bandwidth | Storage/Processing

Cross Discipline Collaboration — Knowledge sharing
The data deluge - How to manage and analyze information?

New types of Scientists:
Data Collectors & Data Analysis

Riding the commodity curve
Technology/Computing in support of Science



Microsoft:
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