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The Data Deluge




A Digital Data Deluge in Research

« Data collection W sersoniy

— Sensor networks, satellite
surveys, high throughput
laboratory instruments,
observation devices,
supercomputers, LHC ...

SensorMap
: Functionality: Map navigation
°
Data proceSSIng’ Data: sensor-generated temperature, video
. ~ . . camera feed, traffic feeds, etc.
analysis, visualization

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

« Archiving

— Digital repositories,

libraries, preservation, ...

This work is licensed under a Scientific visualizations |
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The Genomics Revolution

GENOMICS DATA VS. MOORE’S LAW
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Genomic data is growing exponentially

Statistical methods and machine learning over these
large datasets are key technologies to providing insights
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Genomics and Personalized Medicine

Adapting treatments to a person’s specific genetic
make-up:
e Targeting patients who can benefit (e.g. 10% of

people cannot respond to codeine), and not
develop toxicities (e.g. Abacavir for HIV).

* Appropriate dosage of a drug by using genetic
variants to understand drug metabolism (e.g. anti-
depressants, beta blockers, opioid analgesics)

 More drug approvals (re-approvals) because can
now target the right sub-group based on genetics.

This work is licensed under a
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The ‘Cosmic Genome’ Project

* The Sloan Digital Sky Survey is the first

major astronomical survey project:

— 5 color images and spectra of % of the sky
— Pictures of over 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

This work is licensed under a
Y Creative Commons Attribution 3.0 United States License.
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Public Use of the SkyServer

* Posterchild in 21st century data publlshmg

— 380 million web hits in 6 years

— 930,000 distinct users
vs 10,000 astronomers

— 1600 refereed papers!

— Delivered 50,000 hours
of lectures to high schools

— Delivered 100B rows of data

e GalaxyZoo ‘Citizen Science’ site has over 200,000
volunteers

— Hanny’s ‘Voorwerp’
— Green Pea galaxies

This work is licensed under a
oY Creative Commons Attribution 3.0 United States License.
S— ~— ——




Hanny van Arkle’s Voorwerp

Hanny Van Arkel, a Dutch
schoolteacher and Galaxy Zoo
volunteer, posted an image to
the Galaxy Zoo forum and
asked "What's the blue stuff
below?" No one knew. The
object became known as the
"Voorwerp" — Dutch for

"object".

This work is licensed under a
Creative Commons Attribution 3.0 United States License.




WorldWide Telescope

http://www.worldwidetelescope.org/

This work is licensed under a
B Creative Commons Attribution 3.0 United States License.
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The Fourth Paradigm




Emergence of a Fourth Research Paradigm

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 1
. 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

(With thanks to Jim Gray)
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X-Info

* 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

This work is licensed under a
oY Creative Commons Attribution 3.0 United States License.

Query and Vis tools

Building and executing models
Integrating data and Literature
Documenting experiments

Curation and long-term preservation

With thanks to Jim Gray




Jim Gray’s Call to Action

Listed 7 key areas for action by Funding Agencies:

1. Fund both development and support of
software tools

nvest at all levels of the finding ‘pyramid’

3. Fund development of ‘generic’ Laboratory
nformation Management Systems

4. Fund research into scientific data management,
data analysis, data visualization, new algorithms
and tools

This work is licensed under a
B Creative Commons Attribution 3.0 United States License.
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Jim Gray’s Call to Action (continued)

Remaining three key areas for action relate to
the future of Scholarly Communication and
Libraries:

5. Establish Digital Libraries that support the other
sciences like the NLM does for Medicine

6. Fund development of new authoring tools and
publication models

7. Explore development of digital data libraries that
contain scientific data (not just the metadata)
and support integration with published literature

This work is licensed under a
B Creative Commons Attribution 3.0 United States License.
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The
FOURTH
PARADIGM

DATA-INTENSIVE SCIENTIFIC DISCOVERY

EDITED BY |-/ |
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Free PDF Download
Amazon Kindle version; Paperback print on demand

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

. “The impact of Jim Gray’s thinking is continuing to

A 'Research s @ ' @ @
get people to think in a new way about how data

»»»»» ts  Public

and software are redefining what it means to do Home  OurResearch  Collaboration | Careers R el wiced Video Player
R i About External Research Tools and Services Opportunities e gt €ctures
science. @ = Collaboration e Fourth Paradigm: Data-Intensive Scientific Discove P = &

— 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

This work is licensed under a

Creative Commons Attribution 3.0 United States License.
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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

The Fourth Paradigm Now Available
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

F ORURRETNE the Amazon.com site.

PARADIGM 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




Some Examples of
Data-Intensive Science




Statistical Machine Learning (ML)

 Computer Science challenges (Language, Speech,
Vision) are not the only ones susceptible to data-

driven ML approaches
* Anything with uncertainty, large amounts of data
and a large search space can benefit, e.g.
— SPAM
— Search and Ad relevance
— Traffic analysis and prediction

— Large swaths of “science”

This work is licensed under a
oY Creative Commons Attribution 3.0 United States License.
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Using Spam Blockers
HIV, Too

A Microsoft researcher and his team make a
surprising new assaulton the AIDS epidemic

To Target

BY STEPHEN BAKER
AND JAY GREENE
UT-RATE PAINKILLERS!
Unclaimed riches in NI
gerial! Most of us quack-
Iy wdentify such e¢-mail
messages as spam. But
how would you tench tha
skill 10 a machine? David
Heckerman needed 1o know, Early this
decade, Hechurman was leading a spam
blocking team at Microsoft Rescsrch. To
build their tool, team members meticu-
lously mapped out thousands of signals
that & message might be junk. An e-mnal
feamurning “Viagra ™ for example, was
& oo bt to be spam-—but thengs got
complicased in a herry
N spamuncrs saw that "Viegra™ mes-
sges were geting cappod, they switched
10 Viagra, or Vi agra. It was slmost as if
spam, Lke a Ining thing, were mutatmg

Research

MECKERMAN

from has phalanthropy work, Gates lined
up Heckerman with AIDS resesrchers at
Massachusens General Hospital, the Uni-
versity of Washmngton, and elsentre
Since then, the S0 -yeur-okl Hecker
man and two collcagucs have croated
their owm biology mche at Microsoft,
where they build HIv-detecting software
These are research tooks 1o spot infocted
cells and corrciase the viral mutatons
with the individual's gemetic profik.
Hecherman's team runs mountains of
data throagh enormous £ 320
VN PUTETS, OpeTRiie . Thanks
to smarter algonthms and morc power
ful machenes, t silting theough the
data 450 umes than o year age. In
June, the team redeased ins

This paraliel between spam and biolo
£y resomased for Hockerman, a physicias twols for free on the Internet
as well as & PhD in computer sclence A new industry for the bebemwth %o
It &dn't ke bim long 1o realie that congaer? Not exactly. Hoclicrman's nook
his spam-blocikang tool in Redmond reprosents
could extend far beyond Sl”]llll just one saadl nodc in
jank c-mail, inso the realm * e global AIDS research of
of life scence. In 2008, MIULALIONS font largely by

meariced

he surprisex] colleagues in cooperation. “The Micro
Rodmeond, Wash., by refo mayv cCre )13 ll]) soft group has a different
cusing the spam-blockan - = & perspective and a good
inh':l-lngv r!:\ one of '.h: 1m )!]]Pllt(‘l stntisticnl  backgroumd,
workd's Jud. best, fastest i||‘(i n](‘(li('il] says ".?T, $vﬁ".-ln 1
matating oonund rums = resesrcher s Los Alamos
HIV, the virus that leads  VITLISCOS National Laborasories. The
10 AIDS. key quarry they all face is
Heckerman was plung E—— the virus ksel, which is
ing ino medicine—and proving wilier than any of
currying Microsoft with him. When
he brought his plan to Bill Gases, the
company chasman “got rendly excited
Heckerman says. Well versed on HIV

Microsoft’s corporate foes. While Heck
erman has high hopes that hw wols will
lead to vaccines that cam be tessed oo
hamans wixthan three years, his rescasch

Creative COmMMOIs> AwivuUUI 3.U ULIILEU DLdLED LILEIISE.
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Fighting HIV with ML and HPC

 PhyloD.Net is a Bayes-net-based tool that
deciphers evolution of HIV within a patient

 Developed by eScience research group and
published in Science, March 2007

* Now used by dozens of HIV research groups ; o
* Led to discovery of two key insights to fight HIV: -

— Our immune system attacks frameshift
epitopes, which may be useful to include in
a vaccine (JEM, 2010)

— Natural killer cells directly attack HIV =
(Nature Medicine, in review)

u - - [Figure 12
S Gag phylogenetic depends
HOMER and Contract cohy

T

* Typical job

- 10 = 20 CPU hours Wlth eXtreme jObS PhyloD.Net on cover of PLoS Comp Bio, Nov 2008
08 Carlson, Kadie, & Heck t al.
requiring 1K — 2K CPU hours SRS A

— Requires a large number of test runs for a
given job (1 — 10M tests)

This work is licensed under a
Y Creative Commons Attribution 3.0 United States License.
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The Swiss Experiment (EPFL, Marc Parlange)

* Climate change affects on the regional

hydrologic cycle will have profound implications
for the Alps and therefore Europe

* Need for field measurements remains crucial to
test simulations and guide the design of new
models used in warning networks.

— There are known areas where predictability is poor yet
potential implications are large

— Larger and more diverse observational spatial scales

with appropriate instrumentation -
P - :‘

» -—» > :“,- i"':jf‘ " - ,,,.‘Mm

* Partnering with schools to get sensors N A
deployed over a wide spatial area
— 1000 children from 10-14

— ‘touching’ the environment changes how people
perceive environmental issues

—

“Our a%ility to estimate the hydrologic cycle at
regional scales generally remains behind
societal needs”

This work is licensed under a
EY Creative Commons Attribution 3.0 United States License.
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Supporting 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

Juan de Fuca Q. Faciic City
Plate

Newport

Regional Scale Nodes
Potential Expansion Nodes
NEPTUNE Canada Nodes g
Shore Stations

@ Coastal Mooring @

Cabled Coastal Mooring W




Digital Humanities




ChronoZoom — History in its broadest possible context ...

ChronoZoom f.

’ Eath & Panetiry Sonce
Univeraity of Calitornia, Berkaley

The challenge: exploration of all known time
series, and smoothly transition from billions
of years down to individual nanoseconds... 5,150 6o

Earth & Life History

- Bilions of Yz g aq G

Viowh by

This is what Walter Alvarez, Professor of Earth i
and Planetary Science at University of 7 I |
Berkeley set out to do. And he did it, with the o

help of Microsoft Research and the Live Labs [ l -

team.

Our vision is to create an application that
allows researchers to browse, overlay, and
explore interdisciplinary data sources.

www.chronozoomtimescale.org

This work is licensed under a
Y Creative Commons Attribution 3.0 United States License.
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New explorations of the history of the universe

See the demo live at
www.chronozoomtimescale. By
org Walter Alvarez with the | ™=
support of Bill Crow and the e
Live Labs Seadragon team.

w
*

Amphibia "5«

E. Cosmic events within the Milky Way - P
and nearby galaxies ettt Popdtn o, S —
rreguiareary Milky Way galary 79 s
Gobulrcusters 97 ‘ I o —
D. Cosmic events beyond the Milky Way Galaxy

The Second Pyramid and Great Pyramid at Giza

B. Dark energy and accelerating expansion of the Universe

After inflation, the expansion ey
ofthe Universe ither.. ) : 4#“9'*
e — —— Jecel

_fistdecelerated:

then a«.elmltd—,
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The Future of Scholarly
Communications




Facilitating the move from static summaries
to rich information vehicles

This work is licensed under a
Creative Commons Attribution 3.0 United States License.

Pace of science is picking up...rapidly

The status quo is being challenged and
researchers are demanding more

Why can’t a research report offer more ...

Prior Art Experiments | Display n-dim Share & Management

Projects Analytical Needlein a Exchange Reports

Data Instruments Haystack Review Ideas Scorecard




Envisioning a New Era of Research
Reporting

Imagine...

* Live research reports that had multiple end-
user ‘views’ and which could dynamically

tailor their presentation to each user Reproducible
 An authoring environment that absorbs and ' - Research
encapSUIateS researCh WOFkﬂOWS and Op't-i.n-l.al extremophile sampling locations
outputs from the lab experiments gephumes
 Areport that can be dropped into an Interactive .
electronic lab workbench in order to Data | A
reconstitute an entire experiment T

e Aresearcher working with multiple reports
on a Surface and having the ability to mash
up data and workflows across experiments

* The ability to apply new analyses and e
visualizations and to perform new in silico e Reputation
experiments & Influence

This work is licensed under a
Y Creative Commons Attribution 3.0 United States License.
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Publications as Live Documents

| E-Print: Surface Second Harmonic Generation studies of L-phenvialanine at the air/water interfa - Microsoft Internet - =10l x|
File Edit View Favorites Tools Help | o>
Qe - @ - [x] [B] (0| Psearch orovoies @reie 3| (2- 2 B - JBE & B
Agd'es@http://Iocalhost:8080/myRDFBrowser/eprints/eprint.hu'n :l Go |L'nks 24
GOOS]Q'I E“@Seard\Web - @ searchisite | g3 | P29eRank ¢ - Ch7iblocked | [ Options -
uorescence I1s still present, the fluorescence signal might be subtracte om the overall signal iIf the percentage -

contribution and the phase between the SHG signal and the TPF signal is known.

4.2 Polarisation Dependence

The polarisation dependence of the SHG signal was recorded for bulk phenylalanine concentrations from 0.005 mol
dm™= up to 0.8 mol dm = . This approach would reveal any change in the preferred orientation of the phenylalanine
molecule at the air/water interface with increasing bulk concentration. The SHG signal was monitored for the
linear output polarisations I_2=), IS““'), 1“5(2“"‘, where P, S, and +45 correspond to the output harmonic polarisation
Pharmonic and r=90° for Sharmonic light). The conditions were optimised to avoid the
two photon fluorescence present with the SHG signal. A representative sample of five plots
data at different concentrations are shown in Figures 711.

0.9+

0.8

0.7

0.6

0.5+

0.4 4

0.3

SHG Intensity/ au

0.2

0.1+

0.0

=l
& [ N Local intranet 7

Link to sir?nulatio-n software Link to data, follow links back to
and data in archive the raw data archive
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vance Lemmon This paper challenges long held ideas in the cadherin
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believed to have only one or two binding partners, yet this
paper shows that cells expressing different classic
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Nonetheless, they showed different sorting behaviors. So it
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binding specificities of cell adhesion molecules.
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Lab Notebooks as Blogs?

2 Useful Chemistry - Microsoft Internet Explorer

File Edit View Favorites Tools Help

@Back M Y ‘ib] @ _h /;\’ Search \;}( Favorites e} L" Li;'. e -

Address ’@ http:jusefulchem.blogspat.com
2l b A record of an experiment that failed...

| spent some time today going over EXP042, the experiment done by

Khalid and Lin recently to monitor by NMR the formation of an imine .

by mixing phenylacetaldehyde and t-butylamine in CDCI3. Since we [ ] P u bI |Sh a ble ?
have recently figured out how to save all of our NMR spectra in JCAMP

format and view them using Robert Lancashire's JSpecifiew, | thought

it would be a good idea to do a brief screencast demonstrating how

this wonderful software can be used in a real chemistry experiment. L4 U Sefu I ?

First | analyze the H NMR of phenylacetaldehyde and demonstrate the
underintegration problem of the aldehyde proton. (Anyone out there
know why the integral is only coming out to 0.65 H? This shows up in
the printed spectra as well so it is not a JCAMP problem.)

Then | do expansions of the peaks that start to form 5 minutes after
adding the amine. There is a triplet and a doublet with the same
coupling constant that are consistent with imine formation. Finally, |
show the mess that results after 42 minutes.

For more details read the discussion section of the experiment and
please feel free to comment. To actually update the wiki directly just
request an account. | don't allow anonymous guest updates because it
is too easy for my students to forget to log in and | want to make sure
they get credit for what they did.

| think this is a pretty good example of a "failed experiment" that
would never be published to this level of detail by traditional
publishers. How often do you get to do spectrum expansions even on
supplementary data associated with a paper? | know that there are a
lot of people doing Ugi reactions and the formation of the imine in

o — With thanks to Jeremy Frey
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New Tools: Disseminate and Share

PData’ Colklgarziges) ) . .
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Chem4Word
*  Chemistry Drawing in Word

Created in collaboration with University of
Cambridge; Peter Murray-Rust, et.al.

Intent: Recognizes
chemical dictionary and
ontology terms

Author/edit 1D and 2D chemistry.
Change chemical layout styles.

Relationships: Navigate and link

referenced chemistry
Data: Semantics

stored in Chemistry
Markup Language
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| c2He02
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>
<bond atomRefs2="
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Soonimt ' g authored chemistry
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New Tools: Archiving and Preservation

Datal (50113 0TATION N P
Acquisition ] ANAIYSISEAnd PDISSENNAte;
A 4 - 5 4+ 4 L g
¢ 3 e DAtANVIITINE; dNUISHAre Preservation
dNONVIOUENNE] VISUAIIZaton

Native support for RSS, OAI-PMH
OAI-ORE, AtomPub and SWORD

Default web Ul with CSS support
and custom ASP.Net controls

Zentity

Title
Authors

Description  This book provide ManageSpeedChange.pdf

Title

Authors verett M F Date .

Description Tt

Flexible data model enables
‘ many scenarios and can be
e e e e e\ €ASIY extended over time

Title

A semantic computing platform to store and
expose relationships between digital assets
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Research Repositories




The Michigan Daily, September 24, 2007

University of Michigan’s libraries are canceling some
journal subscriptions because of budget cuts and the
increasing costs of the subscriptions

University Librarian Paul Courant said that about
2,500 were canceled in the 2007 fiscal year

The University Library budget has gone up by an
average of 3.1 percent per year since 2004

According to Library Journal magazine, the average
subscription price of national arts and humanities
journals has increased 6.8 percent per year since
2003. National social science journals increased 9.2
percent and national science journals increased by

3.3 percent

This work is licensed under a
B Creative Commons Attribution 3.0 United States License.
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Current Scholarly Publishing
Model is in Crisis
e Journal subscriptions rising faster than library
budgets

— Cancelling subscriptions, no freedom for new journals
in new and emerging fields

 Web technology and digital media now make
dissemination of knowledge ‘easy’ and ‘free’
without the traditional paper journals

— Similar dilemmma to that of the music industry with
MP3 and ‘free’ digital copies

sed under a




Open Access Repositories and OA Policies

e Subject Repositories
— PubMedCentral, arXiv, RePEc, DBLP ...
— Proposed Federal Research Public Access act

Institutional Repositories and OA Policies

— Registry of OA Repositories http://roar.eprints.org/
— Over 100 OA policies

* Harvard, MIT, University of California ...
— Over 22M items in over 1000 OA repositories worldwide
* Open Access Models
— Gold (author pays) — e.g. PLoS
— Green (self deposit) — e.g. arXiv
* Protocols

— OAI-PMH, OAI-ORE, SWORD, etc.
® This work is licensed under a
Creative Commons Attribution 3.0 United States License.




Research Repositories

* Repositories will contain not only full text versions of

research papers but also ‘grey’ literature such as
workshop papers, presentations, technical reports and

theses
* In the future repositories will also contain data,
images and software
* Federated databases of scientific information and cross
database search tools
* NIH National Library of Medicine

 WorldWideScience.org

This work is licensed under a
oY Creative Commons Attribution 3.0 United States License.
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Virginia Tech: Electronic Theses and Dissertations

digia! ibrary and archives Le

[VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY |

10,595 VT ETDs
Electronic
Theses and Dissertations o Browse VT ETDs
Requests for " Search T ETDS
including available, restricted and withheld ETDs o Federated Search search multiple ETD libraries

simultaneously through the ETD OAI Union Catalog

ETDS grew from Vt (not maintained by DLA)
arou nd 220,000 etds Find out about ETDs

0 http://scholar.lib.vt.edu/theses, . ion i i ivi
in 1997/98 to p:// )/ / Facts, Data, Information including archiving,

servers, staffing, use, etc.
e Survey Results: Graduates Whose ETDs Are

n ea rly 20 M Accessible Worldwide (556 kb) A
FOR ETD AUTHORS e Presentations and Publications about VT ETDs

by 2006/07 e GUIDES User Survey Form

o Copyright

o ETD Examples Share your opinions

o General Information for Authors

o Graduate School Catalog NDLTD

o Graduate School Guidelines

o Preparing your VT ETD » Networked Digital Library of

e LEARNING TOOLS Theses and Dissertations

o Adobe PDF Tutorial VT Workshop

- - _— - MaAamalemw~
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Commentary

This is one of a series of commentaries on the future of scientific publishing. For a listing of the other commentaries, see http://
www.jneurosci.org/cgi/content/full/26/36/9077.

As We May Read

Paul Ginsparg

Departments of Physics and Information Science, Cornell University, Ithaca, New York 14853

The e-print arXiv (http://arXiv.org/), ini-
tiated in August 1991, has effectively
transformed the research communication
infrastructure of multiple fields of physics
and could play a prominent role in a uni-
fied set of global resources for physics,
mathematics, and computer science. It
has grown to contain >375,000 articles
(as of July 2006), with =>50,000 new sub-
missions expected in calendar year 2006
and >40,000,000 full-text downloads per
year. It is an international project, with

dedicated mirror sites in 17 canntries and

ders of magnitude. Even with the majority
of science research journals now on-line,
researchers continue to enjoy both the
benefits of the rapid availability of the ma-
terials, even if not yet reviewed, and open
archival access to the same materials, even
it held in parallel by conventional publish-
ers. The methodology works within copy-
right law, as long as the depositor has the
authority to deposit the materials and as-
sign a nonexclusive license to distribute at

the time of deposition, because such a li-
. | 4 1

helps ensure that the arXiv remains a fo-
rum for communication among research
professionals, not a mechanism for
outsiders to communicate to that com-
munity. Additionally, a small group of
volunteer “moderators,” consisting of in-
terested experts from around the world,
cursorily prescans new submissions, typi-
cally only at the level of title and abstract,
for appropriateness to the proposed pri-
mary subject area.

The arXiv repository functions are
a HN} - 1. 4. + s iela el

Paul Ginsparg is the creator of arXiv, an open access repository for
pre-publication of much of the physics and astronomy literature

Published in the Journal of Neuroscience,
September 20, 2006
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Ginsparg’s Conclusions?

“On the one-decade time scale, it is likely that more research
communities will join some form of global unified archive
system without the current partitioning and access
restrictions familiar from the paper medium, for the simple
reason that it is the best way to communicate knowledge and
hence to create new knowledge.”

“Ironically, it is also possible that the technology of the 21st
century will allow the traditional players from a century ago,
namely the professional societies and institutional libraries, to
return to their dominant role in support of the research
Enterprise.”

This work is licensed under a
BY Creative Commons Attribution 3.0 United States License.
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Cloud Computing




Cloud Computing: A Microsoft View

Another Definition:

— Cloud Computing means using a remote data center to
manage scalable, reliable, on-demand access to
applications

— Providing Applications and Infrastructure over the
Internet

— Scalable means:
* Possibly millions of simultaneous users of the app.
* Exploiting thousand-fold parallelism in the app.

— Reliable means on-demand, continuous availability

— Applications span the continuum from the Client to the
Cloud

Three New Aspects to Cloud Computing:

— lllusion of infinite computing resources available on
demand

— Elimination of an upfront commitment by cloud users

— Ability to pay for use of computing resources on a short-
term basis as needed

This work is licensed under a
Creative Commons Attribution 3.0 United States License.
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Cloud Data Centers: Economies of Scale

* Data Centers range in size from “edge” facilities
to megascale (100K to 1MK servers)

o Offer real economies of scale

» Approximate costs for a small size center (1K servers)
and a larger, 400K server center.

Technology | Costinsmall- | CostinLarge

sized Data Data Center
Center

Network $95 per Mbps/ $13 per Mbps/ 7.1

Month month
Storage $2.20 per GB/  $0.40 per GB/ 5.7
Month month
Administrat ~140 servers/ >1000 7.1
ion Administrator Servers/

Administrator

Data Center estimates from James Hamilton
@ This work is licensed under a
Creative Commons Attribution 3.0 United States License.
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Microsoft’s Datacenter Evolution

Datacenter Co-Location Quincy and San Antonio Chicago and Dublin Modular Datacenter
Generation 1 Generation 2 Generation 3 Generation 4
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Density
and Deployment

Scalability and Time to Market
Sustainability Lower TCO
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Windows Azure Platform Availability

Northern

Western
Europe

Southeast

1 This work is licensed under a
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Azure Content Delivery Network

* Better performance and user experience by caching
Azure blobs at strategically placed locations

— 18 locations globally (United States, Europe, Asia,
Australia and South America) and growing

—

- picl.jpg | |
Edge Location

Content Delivery Network
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Cloud Options

DEDICATED CLOUD

PUBLIC CLOUD
\‘/Secure Cloud

Federation
g
(( PRIVATE CLOUD

This work is licensed unadci o
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Towards a Semantic Future




Today...

tori ti
Computers are S8 huge amounts

great tools for of data
) —

For example, Google and Microsoft both have
copies of the entire Web for indexing purposes

This work is licensed under a
Creative Commons Attribution 3.0 United States License.
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Need for Semantic Computing?

 Semantic computing combines concepts and
technologies that
— Enable data modeling
— Capture relationships
— Allow communities to define ontologies

— Exploit machine learning

» Will empower computers to reason about the data

d Current technologies
® This work is license Possibilities for innovation
Creative Commons Attribution 3.0 United States License.
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Tomorrow...

L] L] t i ti
Computers will still S8 huge amounts
be great tools for of data
managing indexing

We would like "
computers to also of the world’s
help with the information
automatic —
S—— .

Creative Commons Attribution 3.0 United States License.




Moving to a world where all data is linked ...

Data/information is inter-
connected through machine-
interpretable information (e.g.
paper X is about star Y)

Social networks are a special case
of ‘data meshes’

A knowledge ecosystem:
— Arricher authoring experience
— An ecosystem of services
— Semantic storage

— Open, Collaborative,
Interoperable, and Automatic

This work is licensed under a e N
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... and can be stored/analyzed in the Cloud

Vision of Future Research Visualization and

analysis services scholarly

Cyberinfrastructure using communications

domain-specific services I 1 . search
Client + Cloud resources _ § blogs & g

social networking |

Reference T ——
management (/
Project (&
management

document store

IrTssaging
. identity 1 mail
. # notification J

storage/data
TEGHN ‘

KMM“ W e

S AR Y e knowledge
. compute
: management .
services

knowledge virtualization
S Pl o e i discovery
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research.microsoft.com/en-us/collaboration/tools

Dryad; DryadLINQ
Windows HPC release

Computational Biology Toolkit
Enables and accelerates fundamental advances in biology

F#
Collaboration with the academic and research community on F#’s typed
functional and object-oriented programming on the .NET platform

Plug-ins for Office
Ontology Add-in for Word
Article Authoring Add-in for Word
Chem4Word — Chemistry Drawing in Word
Microsoft Electronic Journals Service
Open XML Document Viewer

Software Engineering Tools
Spec#: Program verifier for C# extended with design by contract
VCC: Program verifier for Concurrent C N
PEX: automatic unit testing tool for .NET
CHESS: Unit testing tools for concurrent Win32 executable and .NET

Windows Azure.
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Microsoft

Your potential. Our passion.”

This work is licensed under a
B Creative Commons Attribution 3.0 United States License.
- ~— —
P —F s




