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Huge opportunities for insight and innovation

through ‘scaling’ our research capabllities



* Length scales:

e Research teams:
* Timescales:

o Complexity:

e Data:

from infinitesimal to galactic
from individual to community
from instant to eon

from single source to webscale

from documents to digital libraries




Length

from infinitesimal to galactic



De

3D registration, segmentation,
and complete neural circuit
reconstruction

eural circ‘itry of the brain - the infinitesimal

* Visualize and “fly through” 3D
images of neural circuitry at
least 100GBs

« Database design and
management for storing and
querying multi-TB datasets
containing 3D microscopy
iImages of neural circuits

Harvard University: Jeff Lichtman, Kenny Blum and Hanspeter Pfister
MSR: Michael Cohen



the galactic

World'Wid: COR
NECresolt Nexi Medhe Aesear b

Seamless Rich Social Media Virtual Sky
Web application for science and education

« Science- Seamless integration of multi-wavelength, multiple
telescope distributed image/data sets and one click contextual
access to distributed web information/data sources

« Education- Easy as Powerpoint, rich social media authoring
environment within the sky allowing astronomers, educators
and kids to create and share rich narrated guided tours of the
universe

www.worldwidetelescope.org

ID magazine International Design Annual TIME magazine “50 Best
“Best in category; Interactive 2009” sites on the Internet 2009”

Harvard-Smithsonian: Alyssa Goodman
Johns Hopkins University: Alex Szalay
Microsoft Research: Curtis Wong, Jonathan Fay




from individual to community



Chasing HIV — to web scale analysis

InfoTech ! Researct

Tracking the
evolution of HIV
inside an

s B individual
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http://www.galaxyzoo.org

GALAXY ZGO

Home The Story So Far The Science How To Take Part Classify Galaxies Forum Zoo Media Blog FAQ Contact Us




Hanny van Arkle's Woorwerp
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"Green Peas”
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from single source to webscale



Understanding the global carbon cycle

« Measurements of CO2 in the atmosphere show 16-
20% less than emissions estimates predict...the -~
difference is either due to plants orocean  ____. et}
absorption.

Gross Photosynthesis

Dark and
Photo Respiration

* Cross site studies and integration with modeling
increasingly important

« 921 site-years of data

» 240 sites around the world; 80+ site-years now being added
* 60+ paper writing teams

* American data subset is public and served more widely

« Summary data products greatly simplify initial data
discovery

-500 o} 500 1000 1500 T

Pub_NEE (gC m?yr")

www.fluxnet.org

UC Berkeley: Dennis Baldocchi
Microsoft Research: Catharine van Ingen







Sensor Networks in Brazil




| SensorNeworksinBrzl

* Pilot project with hundreds of sensors

« 'Hostile environment’

* Demonstrating good reliability
» Key datasets for environmental science

* Now looking to scale this to thousands

» Microsoft has experience of dealing with webscale
data challenges...



Web data has structure...

...and that counts

(e.g. Body, Title, Anchor)

Users form ‘query’

Search engines report
unigram body hits...
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Single Tag Cloud - Multi Tag Cloud
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Ref: Dr. Li Ding, Rensselaer Polytechnic Institute
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tree
building

body—» aeroplane

grass grass grass road

£ 5

tree building

bike building

road

Object Building Grass Tree Aeroplane Water Face
classes
Bike Flower Sign  Bird Book Chair Road Cat - Body Boat
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e LhronoZoom
r Earth & Planetiry Sclonce | r
Univeraity of California Berkeley j Carth & Life Histor Y
The challenge: exploration of all known time series, and 150 o AT
smoothly transition from billions of years down to

individual nanoseconds... .. y | 0Ga

This is what Walter Alvarez, Professor of Earth and |
Planetary Science at University of Berkeley set out to do. S

And he did it, with the help of External Research and the
Live Labs team.

'''''

Our vision (s to create an application that allows
researchers to browse, overlay, and explore
(nterdisciplinary data sources.

»
"
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www.chronozoomtimescale.org



(Tetrapods with
tenestrially-adapted eggs)

Mammals “Siimeir.,

Amniotes A 17
16]3

Reptiles, dinosaurs, birds

Theria " semdegs s e

361 Ma

Amphibia "5 w0

D. Cosmic events beyond the Milky Way Galaxy

milen st e By

S 1 1201780 = )
3rd Millenium B.C. 2nd Millenium B.C. 1st Millenium B.C.

The unfinished granite obelisk at Aswan
The Second Pyramid and Great Pyramid at Giza — 7

B. Dark energy and accelerating expansion of the Universe
After inflation, the expansion
of the Universe either...

. first decelerated, then accelerated...

j_“ 0 L ! 1

oo, 12Ga 10Ga 8Ga

3rd Millenium B.C. 2nd Millenium B.C. 1st Millenium B.C. 2nd Millenium A.D.

See the demo live at www.chronozoomtimescale.org Walter Alva eadragon team.



http://www.chronozoomtimescale.org/
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Our vision is to create an application that allows researchers to
browse, overlay, and explore research both inside and outside of
their specific expertise. Applications for such a tool are massively
interdisciplinary and touch not only earth sciences but physics,

Zoom [zoom]: an apt metaphor for the contextual age. Zoom is about

g e n O m i CS’ a Stro n O myl eco n O m iCS’ h i Sto ry’ b i O | Ogy’ m a rketi n gl a n d the (dis)aggregation, exploration, and comparison of massive data sets

at multiple scales. Zoom is the new search.

just about any field that produces or consumes data that is
somehow related to time.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
\'

2000

See the demo live at www.chronozoomtimescale.org Walter Alvarez with the support of Bill Crow and the Live Labs Seadragon team.
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http://www.chronozoomtimescale.org/
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from documents to digital libraries
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Lecture 2: The Relation of
Mathematics and Physics

Lecture 3: The Great Conservation
Principles

Lecture 4: Symmetry in Physical Law

Terms of Use

FEATURED VIDEO:
Lecture 1: Law of Gravitation — An Example of Physical Law

w, Cornell Un

ve

Search Video

Lecture 5: The Distinction of Past and

Lecture 6: Probability and Uncertainty
— The Quantum Mechanical View of
Nature




er - Wikipedia, the free encyclopedia

Ikipedia)

Oddly. Cassini seems to have
abandoned this reasoning. which
Remer adopted and set about
buttressing in an irrefutable
manner, using a selected number
of observations performed by
Picard and himself between 1671
and 1677. Remer presented his
results to the French Academy of
Sciences, and it was summarised
soon after by an anonymous
reporter in a short paper.
Démonstration touchant le
mouvement de la lumiére trouvé
par M. Roemer de I'Académie des
sciences, published 7 December
1676 in the Journal des sgavans.
Unfortunately the paper bears the
stamp of the reporter failing to
understand Remer's presentation,
and as the reporter resorted to
cryptic phrasings to hide his lack
of understanding, he obfuscated

Fic. 70.

llustration from the 1676 article on &
Remer's measurement of the speed of
light. Remer compared the duration of

Search Video

Example of Physical Law

[ Load

Fary: [ None

Romer
Feynman means Dane Oz Christensen
Romer. who found the speed of light was

finite by studying the position of Jupiter's

—

Insert Note at: 28:19

Remer discovered the speed of light

n

28:19
Notes

+ Extras |

™

38 /150

+
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moons

Ole Romer [in 1676], having confidence in the law of
gravitation,

55:37
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Credits: Contributors
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Matches:
Transcript (6)

v Hide Transcript Matches

Richard Feynman

Law of Gravitation - An
Example of Physical Law

‘Research

OO0y PROJECT TILIVA

.~data were collected they came into the hands of Kepler, who then tried
to analyze what kinds of He At..

~epler found the answer to this, too. He found this: that if you put the
position of the planet down...

€ | Richard Feynman: The Messenger Series: Law of Gravitation — An Example of Physical Law

«l NOTEs |2 % Commentary: Off Switch EXTRAS A
= 06:07

Introduction by Feynman
@ 22:56

Kepler simulation

@ 3527
Coma galaxies
hitpi/s D

230 that's three laws of Kepler, which s a very complete descnption of
the motion of the planets The.

telescope.arg/images/scr

| 1 -JIncidentally, at the time of Kepler, the problem of what drove the
1! | planets around the sun was that..
‘ ext Extra |
‘ e ngspm_ -.new, because he only said the two things which Kepler said, in
i different language: one is exactly...
insert Note at: 0607 07150 -.slightly different than the perfect ellipses of Kepler the planets ought

to be going-- Jupiter, When...

Matches:
Transcript (6)

» Show Transcript Matches

PresenterA 2, et. al.

+ Extras | BE BB WUl D B8 @ Ba@Eee G5 PAaE @ EE =6 g
Credits: Contributors = Stimulant

Lecture 3

Matches:
Transcript (6)

b Show Transcript Matches

PresenterA 3, et. al.

Lecture &

PresenterA 4. eot. al.



Linked Interactive Simulations and Visualizations

Nicrosert

Research
0 PODIUM Search Podium Videos gel
€ | Richard Feynman: The Messenger Series: Law of Gravitation - An Example of Physical Law
€| NOTES % Commentary: None Switch EXTRAS hd
33:34

Globular cluster

M81 Galaxy Tour
The MB1 Galaxy M3 Globutar
r in WorldWide Telescope

Research
0 PODIUM Search Podium Videos p

 M81 Galaxy Tour

Multiwavelength composite image
3.6 - 24 microns

55:37

©2009 Microsoft Corporation. All rights reserved.

The MB1 Galay M3 Globular Cluster in WorldWide Telescope

ContactUs | Terms of Use | Trademarks | Privacy Statement ©2009 Microsoft Corporation. All rights reserved. Microsoft




HUBBLE HUBBLE ’

DISCOVERIES TELESCOPH

News Release Archive: Nebula
News Release S of 128
<< BACK TO

COLLECTION

News Release Number: STScl-2008-31

Hubble Unveils Colorful a
Milestone

Release

Rela
Images i

Introduction Fast Facts Lin

Research

XY PRPOIECT TI1LIVA

®. NOTES | = | Load Export »
(Clear Al Notes )

22:35
Great explanation of Keplers 3 laws

o 28:19
Romer discovered the speed of light in

-4 39:25
est star forming region
Ho//hubbiesite org/newscenter/archive/re
magelafommatHuel _print/
Insert Note at: 39:25 0/ 150

€  Richard Feynman: Law of Gravitation — An Example of Physical Law

& Commentary: | Nons v || Ltead |

where the gas has been compressed or attracted to itself here.
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€ | Richard Feynman: Law of Gravitation — An Example of Physical Law

< NOTES |2 L Export »

© 22:35
Great explanation of Keplers 3 laws

o 28:19
Romer discovered the speed of light in

© 39:25 |
Latest star forming region

P ¥ o i |
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il

Insert Note at: 39:25 0/ 150

|

TRANSCRIPT

planets and look at the planets to see if they attract each other?
This experiment-- the direct test-- was made by Cavendish on
equipment which you see indicated on the next slide (if I got my
slides right).

Well, I made a mistake: I was talking about the importance of
gravitation, and I was overwhelmed by my clever remark about
astrologers, and forgot to mention the important places where
gravitation does have some real effect in the behavior of the
universe.

One of the interesting ones is the formation of new stars.
In this picture, which is a gaseous nebula inside our own

la and is not a lot of stars, but is gas), there are places

where the gas has been compressed or attracted to itself here.

It starts, perhaps, by some kind of shock waves to get collected,
but the remainder of the phenomenon is gravitation pulls the
cloud of gas closer and closer together.

So big mobs of gas and dust collect and form balls, which, as
they fall still further, the heat generated by the falling, lights them
up and they become stars-- and we have in the next slide some
evidence of the creation of new stars.

It is, unfortunately, harder to see than I thought it was when I
looked at it before, but this is not exactly the same as this.

_This bump here is further out than here and that this also has a

Formation of Stars
A dexaiption of ho

Messier M42 Nebula

Star and planet formation in the Orion

Nebula as shown in images from the Hubble
‘ Space Telescope

Notes |

+ Extras | @wE B B @EEas 1477 e B aar @ B8 =@ =|







The Garibaldi Project at Brown University
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* Novel ways to visualize and explore data, digital assets,
relationships, meaning, sharing, archiving

Collaboration
and
Visualization

Disseminate and
Share

Data Acquisition
and Modeling

Analysis and
Data Mining

Archiving and
Preservation




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 Management

Projects Analytical Needleina Exchange Reports

Data Instruments Haystack Review ldeas Scorecard




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 encapsulates Research

research workflows and outputs from the lab experiments == ="=====

Optimal extremophile sampling locations

A report that can be dropped into an electronic lab B e iy

workbench in order to reconstitute an entire experi Interactive

A researcher working with multiple reports on a Su Data —

and having the ability to mash up data and workflows S

across experiments Eramms

The ability to apply new analyses and visualizations and to e Dynamic

perform new (n silico experiments e Documents
B, Reputation

& Influence



A vl
*e
PublfQed |

Hindawi 5 [Eiprints 2.

Services: repository deposit
via SWORD

Fage Layout Refecences Maitiags Review View Addins | lru'ﬂl Special Chemistry Creative Con;mons Ontologtes
7 =l Opticass Sections ~ ([ import | (BF tournat Pane) & uploag
Structure: Read, convert, and author NLM | .5l 5/ 5 Qoo B e | G oo Mo emeis
&7 Notes Poret 51 Settings

Sections Refecences Toofs

XML documents

Relationships: ORE
/ Resource Map creation

Zmrwmom regarding single dose Naproxen triats| 1>

Single-, @ina, a T At abr: a =1
gle-dose oralnaproxen for cute postoperative paby: a quantitati
ve

In one US study, postsurgical pain was the Jg.

T —

Footnotes

Relationships: Citation lookup and reference

i . . — ey _| management
Structure: Client-side XML validation - B 1—?,1_,

http://research.microsoft.com/authoring/



http://ccaddin2007.codeplex.com/
http://research.microsoft.com/authoring/

Data Acquisition Collaboration
and Modeling and
Visualization

Data: Semantics stored in
Chemistry Markup Language

<?xml version="1.0" ?>
<cml version="3" convention="org-synth-report" xmIns="http://www.xml-cml.org/schema">
<molecule id="m1">
<atomArray>
<atom id="al" elementType="C" x2="-2.9149999618530273" y2="0.7699999809265137" />
<atom id="a2" elementType="C" x2="-1.5813208400249916" y2="1.5399999809265137" />
<atom id="a3" elementType="0" x2="-0.24764171819695613" y2="0.7699999809265134" />
<atom id="a4" elementType="0" x2="-1.5813208400249912" y2="3.0799999809265137" />
<atom id="a5" elementType="H" x2="-4.248679083681063" y2="1.5399999809265137" />
<atom id="a6" elementType="H" x2="-2.914999961853028" y2="-0.7700000190734864" />
<atom id="a7" elementType="H" x2="-4.248679083681063" y2="-1.907348645691087E-8" />
<atom id="a8" elementType="H" x2="1.0860374036310796" y2="1.5399999809265132" />
</atomArray>
<bondArray>
<bond atomRefs2="al a2" order="1" />
<bond atomRefs2="a2 a3" order="1" />
<bond atomRefs2="a2 a4" order="2" />
<bond atomRefs2="al a5" order="1" />
<bond atomRefs2="al a6" order="1" />
<bond atomRefs2="al a7" order="1" />
<bond atomRefs2="a3 a8" order="1" />
</bondArray>
</molecule>

</cml>

Intelligence: Verifies validity of
authored chemistry

Cambridge University: Peter Murray-Rust, Joe Townsend
Microsoft Research: Lee Dirks, Alex Wade

Analysis and
Data Mining

Archiving and
Preservation

CPapee 6 - Version 560 - farcrosaft Werd:

Author/edit: 1D and 2D chemistry to
change chemical layout styles.

e
Home  inset  Pagelavout  Refeceoces  Moiings | Review
== b d
= & :
Chemistry. ? ." . .‘.
imer e Vpiap! | Import Tweak  View  Maek e
Ganey seiecnon et rie 30" Options chemiey || e
G Naviga
——— s Embedded Control

Solvents were distilled at atmospheric water ] | Na1?

Pentatie) and calcium h tvdride ﬁﬁmiorqnwfhane} undera dinj

t

View  JsertSections  insert Special

Relationships: Navigate and
link referenced chemistry

Hrogen atmosphere.

Intent: Recognizes chemical
dictionary and ontology terms



Archiving and
Preservation

Collaboration
and
Visualization

Analysis and
Data Mining

Data Acquisition
and Modeling

-
" " THE NATIONAL CENTER FOR

(a3l Tl‘\ BIOMEDICAL ONTOLOGY

University of California

-
R A R e ——— [ Giott aadin_eesE (z;.“Qm.gmm ket P —— e — rm—mae, 1 o
= AH# o,

Review view Addins Insert Special = Creative C: an

#f rHome | insert Page Layout References Matitngs ©
= x - — T 2 3 Findg -
L3 5 |/[caminia Bocn 12 A WY ES 4= - e (Ol ) |AaBbCer| AaBbCcI AaBbC Aasbcer A4 ?R“._“
Paste o /ML I~ abe e et Bl Sy F = - -] T Notmar [ flNo Spact..,  Meadingi  Heading 2 - Shtry, ::-.stlta
- - tyles ~ e
[LENpBoss ] | — Lot g R i— K Styles =) Editing
] the B, fadd-1n using the I 1S e 4 - T — . '5 BioLi Info’ Paih CORtak e 7> 1
ioLit logy Term Viewer) -~ x
el
jjf oocn Tems [Bowee]
| tusercurosis
f

Diabetes and tuberculosis: the impact of the diabetes epidemic on

tuberculosis incidence

/ & disense
{ & dizeaze of infectious agent
f = communicable disease
I = infectious dizesse
| = Bacterial infections
= Gram-Peositive Bacteriy
= Actinomycetaiag in
= Mycobactery
Tuberculosis

Intent: Term recognition
& disambiguation

bl Geike Raglic. Brion & Williams, teremy A

Relationships:
Ontology browser

CC Science Commons: John Wilbanks™

UCSD: Phil Bourne, Lynn Fink
Microsoft Research: Lee Dirks, Alex Waden



COMMU

NICATIONS
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Finding the Fun
in Computer Science
Education

A Smart
Cyberinfrastructure
For Research

DNS Lies
Ready for Web OS?

A Threat Analysis of
RFID Systems

D it

viewpoints

Viewpoint

A “Smart” Cyberinfrastructure
for Research

A view of sernantic computing and its role én research.

wr wes mas emorped as the

larges:

mation repository on the

planct. Human knowledpe

n caprured oo the Web in
varsous digital formas: Web pagoes, mews
arthcdes, blog posas, digitized books,
scanned padntings, videoos, podeasts,
hrics, speech transcripts, and so fasth
Ower the years, senvices have emernged
0 aggregate, index, and cnable the
rapsd scarching of all this digial data
but the full meaning of thas data may
only be interpretable by humans. In
the common case, machines are inca
patile of understanding or reasoning
about the vast amounts of data avadl-
able an the Web, They are not sbic to
interpret. or infer mew  informsation
from the data and this has been a topéc
of sctive rexcasch interest for decades
within the amificial imellipence com-
munity. While the dreram of anificial
intelligence—machines  capable  of
buman-ievel reasoming and under-
standing—may still not be within our
grasp, we beliove somantic technodo
gies hold the promise that machines
will be able o meaningfully process,
combine, and infer information from
the warld's data in the not1oo-distam
Future (voe Figure 1)

The Web ecosystem of simple for
mats and protocols is an cxample of
Bow we can effectively manage, share,
access, and represent large ansounts
of data. Companaes Hike Microsodt and
Google are bullding large-scale servie-
es (sach as search and cloud senvices)
everaging the oxisting hardware and

software infrastrocturcs Schema
languages, XML, Entity Data Models,
Microformats, RSS, Atom, RDF [sec
barpe rwewwow Lonp KDEY), OWL  [(see
hatpo iwww.w Lose 2007 /OWL,  and

other technologies are being used to
caprure the information in dats while
machine learming, entity extraction,
neural networks, cluscoring, and s
went semantics are approaches to ex-
tracting information from tha data
and bhelp reason abowt it The ficld s
an active area of roescarch and expen
montation and is still rapidly evolving
(see the sidebar “Semantic Compaot-
Ing” vs. “Semantic Web™)

Data Mesh

At the conter of our discussion is the
concept of a “data mesh,™ a term we
use o refer 1o the various information
and knowicdge represemtation tech
mgqecs techoologies that have boeen
developed over the years (sec Figure
2L In ks simplest form, & data mesh
fooks ke a dlrected graph in which
the nodes represent  data/informa
tion captured n well known formats

and the odges capoure a relationship,
characterized by a predicste and per-
haps other informeation, Between the
linked data. For cxample, “Jame Hstens
o Santana overy day” s a relation
ship, in which “Jane™ (1he sabject) and
“Samana” (the objoct) are the wodes,
“lstens po” s the odpe (the predicae),
and “every din™ s an stribute of the
edge. Other tuples could add funther
information 1o the data mesh (for ew
ample, “Santana is an arise,” “Sanoe
na plays the gaitar,” “Santana makes
masic,” “Janc mot Santana in 1995
and so forth). Semantic Web's RIN is
one, but not the only, techmology that
can be used o represcnt soch graphs
or knowledge bases. Indeed, Cye,* 3
mantic Networks, WordNet,
Net' are examples of other such tech
nologics approaches. Scaling o the
sanse level as the Web sailll remains &
challenge for these approaches.

We believe there is an opportunity
10 involve users, wivo are now equaily
producers as they are consumers of
information om the Web, and not
Just the very fow experts in producing

[ oea Woormstion

&m

O\ iy,

Fugure 1 Data information, - While we are good 3t data mansgeanent at wcale (Aor
Crample. Google. Amalon) we are Par Fway ITOM SUPDOITNG INASILITISN repr e sentation
and a2 scale It 3 great cpPortunity for mncvation.
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Collaboration
and
Visualization

Data Acquisition
and Modeling

Default web UI with CSS support and
custom ASPNet controls

Zentity

Analysis and
Data Mining

Disseminate and
Share

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

Title Ma
Authors Everett M._Roger
Description

change implermen

This book pProvides m,

Taging Ar the Speed of Change

s

eamingful insights in
tatic 4 "

pul Cs an !¢ -
2. Not only does it five professionals ooy g o

Sore By Title o

Date 23 july 2005
File

Manage speedChange pdf

change dynami

@ structured as well as very

t only does it five

Date 23+ july 2005

Mq'ugeSpeﬁdu‘J'L@?

s e e i e, | Flexible data model enables many

professionals a Structured as well as
! v

This book pProvid,

change imp ementation

of Change

Title
Managing At the speed of Change
Authors Everert M. Rogers
Descri, T Ovide:
P tion k his book prowv des meaning
change implementation No
Ties pe
k: tie Ma"ragrﬂg At the Speed
uthors Everert m Rogers
Doscﬁpﬂon

es meaningf,

scenarios and can be easily
extended over time

23 ' July 200s

MahageSpeecChamge D

BMics and usef
S @ structure

wul guidelines on
d 35 well as ver

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

Date 23 'July 20085
File



Data Acquisition
and Modeling
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Visualization

Analysis and
Data Mining

Disseminate and

Share
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Archiving and
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- Length scales: from infinitesimal 1o galactic
» Research: from individual to community
e Jimescales: from instant to eon
¢ Complexity: from single source 10 \Wwelhscale
- pala: from documents 10 digital \Wavaxies

ng |
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A model of computation and data
storage based on “pay as you go”
access to “unlimited” remote data
center capabilities

Provides a framework to manage
scalable, reliable, on-demand access to
applications

The “invisible” backend to many of our
mobile applications

Historical roots in today's Internet apps
« Search, email, social networks
* File storage (Live Mesh, MobileMe, Flickr, ...)




A Cloud Service : www.smugmug.com

SmugMug & Login | retp | EEEE I Q. -

Devoted to priceless photos.

Most Internet companies dream of selling
to bigger ones, and getting rich.

We don't.

Living a dream.

We dream of an independent company
devoted to nothing but your priceless
photos.

A company that backs up your photos to
three data centers across the U.S.

A profitable, debt-free company.
That earns your fanatical loyalty.

We're living that dream.

Details, details. Photo by Dennis T. Dease.

36 employees. More than 300,000 paying
customers. 372,720,004 photos and
counting.

We'll always be smaller than the photo-
sharing divisions of giant companies.

Which is a very good thing.
Our story.

News  Browse Keywords Communities  Forum Wiki ClubSmug | Prints & Gifts | Shopping Cart | Login
Terms | Privacy | About Us | Contact SmugMug | Blogs @ APl  Affiliates




e In your

A 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 application

 Reliable means on-demand; 5 “nines” available right now




Range in size from “edge” facilities to
mega scale.

Unprecedented economies of scale

Approximate costs for a small size center (1K servers)
and a larger, 50K server center.

Technology | Cost in small- Cost in Large
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

Admin ~140 servers/  >1000 Servers/ 7.1

Admin Admin

Each data center is
11.5 times

the size of a foothall field




Conquering complexity

 Building racks of servers & complex cooling
systems all separately is not efficient.

« Package and deploy into bigger units

« 3 Sockets: Power, Cooling, Bandwidth

Introducing

ICE Cube”




Infrastructure as a Service (IaaS)
Provide a way to host virtual machines on demand

. Inf
Platform as a Service (PaaS) e e as @

Service
You write an Application to Cloud APIs and the
platform manages and scales it for you.

Software as a Service (SaaS)
Delivery of software to the desktop from the Cloud

e Y

Azure” Services Platform
E\I?Sew‘ces | E’ﬁ;repo'nt SewiceJ %ﬁo& CRM Serv%

\L £ Windows Azure

Platform as a Software as a

Service Service



PhyloD as an Azure Service

Statistical tool used to analyze DNA of HIV
from large studies of infected patients

PhyloD was developed by Microsoft Research
and has been highly impactful

Small but important group of researchers Cover of PLoS Biology
100's of HIV and HepC researchers actively use it November 2008
1000's of research communities rely on results

Typical job: 10 — 20 CPU hours; Extreme jobs: 1K — 2K CPU hours
— Large number of test runs for a given job (1 — 10M tests)
— Highly compressed data per job ( ~100 KB per job)



Catharine van Ingen (Microsoft Research), Jie Li, Marty Humphrey (UVA), Youngryel Ryu (UCB), Deb Agarwal (BWC/LBL), Keith Jackson (BL), Jay Borenstein (Stanford) , Team SICT: Vlad Andrei, Klaus Ganser, Samir
Selman, Nandita Prabhu (Stanford), Team Nimbus: David Li, Sudarshan Rangarajan, Shantanu Kurhekar, Riddhi Mittal (Stanford)

Source Imagery Download Sites

MODIS Data Reduction Service

Request Queue

&) 5 [l\ —-— O ee—
Download
Queue Source
Data Collection Stage Metadata Scientists
AzureMODIS
Service Web Role Portal
Data Reduction Status Monitor il = . = Lo e et — SCIentIfIC
- Results
s Download

Science results

Reduction #1 Queue T Reduction #2
Derivati R I t] St Queue . .

CO2 assimilation (umol m-2 s-1) DOY: 160 Year: 2003 . GPP (umol m-2 s-1) DOY: 200 Year: 2003
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- Length scales: from infinitesimal 1o galactic

» Research: from individual to community
e Jimescales: from instant to eon
¢ Complexity: from single source 10 \Wwelhscale
- pala: from documents 10 digital \Wavaxies

‘—
___Enabled/ owered/accelerated by Cloud Con
QljveServices e & SQL Servi SharePomtSerwces DynamcsCRMSerwces
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tori ti
Computers are huge amounts
great tools for of data

managing indexing

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



« 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

Current technologies




. . tori ti
Computers will still huge amounts

be great tools for
managing indexing

We would like
computers to also
help with the
automatic

of data

- . | of the world’s
organization correlation analysis . .
~ information




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:
* Aricher authoring experience
* An ecosystem of services
« Semantic storage

* Open, Collaborative,
Interoperable, and Automatic

Attribution: Chris Bizer


http://www4.wiwiss.fu-berlin.de/bizer/pub/lod-datasets_2009-03-27_colored.png
http://www4.wiwiss.fu-berlin.de/bizer/pub/lod-datasets_2009-03-27_colored.png

visualization and analysis

Vision of Future Research: °i

o o ° scholarly communications
scaling cyber-infrastructure with B
Client + Cloud .

—

Reference

Project management

( instant messaging

identity

mail

document store

compute
services

notification
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storage/data services

nowledge management
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Microsoft

http://research.microsoft.com/collaboration

© 2010 Microsoft Corporation. All rights reserved. Microsoft, Windows, Windows Vista and other product names are or may be registered trademarks and/or trademarks in the U.S. and/or other countries.
The information herein is for informational purposes only and represents the current view of Microsoft Corporation as of the date of this presentation. Because Microsoft must respond to changing market conditions, it should not be interpreted to be a commitment on the part of
Microsoft, and Microsoft cannot guarantee the accuracy of any information provided after the date of this presentation.
MICROSOFT MAKES NO WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, AS TO THE INFORMATION IN THIS PRESENTATION.
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