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Licklider’s Vision

“Lick had this cencept — all of the stufi
inked tegether threlgheut the werd; that
YOU can Use a remote computer, get data

frem a remote computer, or Use ets of
computers In yoeur jol”

Larry Rolbests — Principall ArChitect oif thie
ARPANET:




PlhNSIcCS andithe \Welh

¢

Tiim Berners-Lee developed the Web at
CERNIas a tool for exchanging Infermation
petween the partners in physics
collaporations

The first Web Site in the USA was a link te
the SLLAC library catalogue

It was the international particle physics
community who first emraced the \Welh

‘Killer® application o thelnternet

Transformed modern world — academia,
business and leisure




Beyoend the \Welh?

& Scilentists developing collaboeration
technoelogies that go far beyond the capabilities
of the Wel

10} USE reEmote computing rEseUCES

oNnteagirate, ederaie anerancly/SeNnieHiaiensiem)
many’ disparate; distiuied; e EsSElCES

lloraccess and contrel remote expeimeRiel
eguipnIent

Capability te acecess, move, manipulate and
mine data Is the central reguirement of these
new collaborative science applications

> Data held infilie oy datanase reposiieles
> Data generated By acceleratior oF telESCoPES
> Data gathered firem nmoelile sensel NEWeIkS




What I1s e-Science?

‘e-Science Is about global collaboratien
N key areas of science, and the next
generation of Infrastructure: that will

enaple It

John Taylon

Director General of Research Councils
UK, Office of Science and Trechnoelogy.




The e-Science Vision

& e-Sclence Is about multidisciplinary science
and the technoelogies to support such
distributed, collaborative scientific research
> Vany areas; ol SClence areun dengeroitene

eEVervhelmed oy a daierdellgemieiiNeWaingiE

hreughput devices, sensel NENBIKSISELENILE
SUrveys ...

Areas; suichr ast bieinfermatics, genenmiics; g
design;, engineerng, healthcare: ... reqguire
collaberation Betweeni different demalin eEXPErts

‘e-Scilence’ Is a shorthand for a set of
technologies to support collaborative
networked science




e-Sclence — Vision and Reality.

Vision

¢ Oceanographic sensors - Project Neptune
> Jomt US-Canadian propesal

Reality

¢ Chemistry — The Comb-e-Chem Project
> Annotation, Remoete Eacilitiesrand e-Puiplisiing




http://MWwww. heptune.washington.eduy.

i,
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Research
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Publishing

[ SelsPlume-07MEB.dxc

Optimal extremophile sampling Ioclk
in volcanic megaplumes

by Mary Baker,
Holly Holt

Sang Jin Hong
Gerwald Oberleitner
Reshma Patel

Marko Zajc

Lorem ipsumdolor §il anet, consecieer
adipiscing elil. Nulla et elit. Aliquam nac justo.
MLlla 1o1or. .-“l.llql.!EITI erat \I‘ﬂllltpﬂt. Fhaselius
acvalil ul melus vehicula posuere Mauris a
telius sil ame| Iectus rhcncus porttior, Nam id
lectus, Nam sed enim vel mi consequat sceler-
iscue. hulla scelefisque lempor libero. Cras
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Documents
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Woodgrove University
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TThe Comb-e-Chem Project

Video Data
Stream

Automatic
Annotation

HPC Simulation

Data Mining

and Analysis
Structures
Database

[
(¢b)
£
=
(@)
S
£
(@)

Combinatorial

National X-Ray Chemistry
Service Wet Lab

Middleware




Natienal Crystallographic Service

Send sample Collaborate in e-Lab Search materials database Download full

material to - experiment and ‘ and predict properties using - data on materials

NCS service obtain structure Grid computations of interest
A

ii
e Structures Computation
X-Ray e-Laboratory Database Service




A digital lab book
replacement that chemists
were able to use, and liked




Monitoring laboratory
experiments using a
broker delivered over
GPRS on a PDA




Crystallegraphic e-Prints

e s Direct Access to Raw Data
from scientific papers

51 ERark Soultumpton - N-(5-Chiora-sryrihn- 2o }-4-fhuor-tbenzamde C 1ZHB0FN - Netscaps
o Be E Vew o fookmaks Jook Mndow Hep
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(127447)

+ (4s1c9999_scan? jpg
(126927) _SYMMETRY_CELL_SETTING: triclinic

_SYMMETRY_SPACE_GROUP_NAME_H-M: .1
_CELL_ANGLE_GAMMA: B6.3T4(6)

+ (4srcO999 drx (849) _CELL_ANGLE_BETA: B0 B43(6)
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+ (MsrcO999 scheme jpg _REFINE_L5_WR_FACTOR_GT: 01091

REFINE_LS_WR_FACTOR_REF: 0.1202

_CELL_ANGLE_ALPHA: 77 641(4)

(3069)
« extracted cmi (3325)
+ extracted_data td (489) _CELL_LENGTH_A: 52061(3)

CELL_LENGTH B: 10.2615(11)
_DIFFRN_AMBIENT_TEMPERATURE: 120(2)

- REFINE_LS_R_FACTOR GT: 0.0531
O ae
—De IR Yeu (o Beimeis Due finam e _CELL_LENGTH_C: 10.6118(10)

You
Qa [% W% N ey 5] <% EXPTL_CRYSTAL_DESCRIETION: plate

EPSRC National Crystallography Service Archive Staff Only. edil this record

Data Collection Summary keedl (dellboy)

Contact Information

Summary report for Directory: diska/03hms003
Report generated Mar 19, 2003, 170134

Unit cell

6354 reflectons with 2 91 *<theta<I7 487 irevobmion berween T 00A and O TTA) weve used for wnt cell refinement

= Raw. data sets can e Veny

> UAmpitrom)  (5.2084 - 0.0003
T Clagstrom) (202621 - 0001}
«(Angstrom) 106123 = 0.0010

== large - stored at UK Natienal
Datastore using SRB soeftware

Mouaicity {7} 0673 =~ 0.004




Support for e-Science

¢ Cyberinfrastructure and e-Infrastructure

> I theus; Eurepe and Asia there s a comimen
Vislien feif ther cyhernirastructlre: reguiree o
SUpport the e-Sclence revolliien

SEb ol Milddieware SEAIICES, SUPReIEC eI EIE)
g BaRdWidia acadenmiicreseaciNiENVeIksS

Similar te vision of the Grid as a set of
services that allows scientists —andiinadustry —
to routinely set up “‘Virtual Organizations: for
their research — or business

> Many companies emphasize computing cycle
aspect of Glids

The ‘MicresoiittGrHak Vision IS more abouireate
management thian about compuie ClUSHErs




Six Key Elements for a Global
Cyberinfrastructure for e-Science

. Highrbandwidth Research Networks
. Internationally’ agreed AAA Infrastructure

. Development Centers fiorr Open: Standard
Grid Middleware

. Technoelogies and standards foer Data
Provenance, Curation and Preservation

. Open access to Data and Publications
via Interoperable Repositeries

. Discovery Services and Collaborative
Tools




TThe Web Services ‘Magic Bullet’

Company A

Open Source
(OMII)

Company C
(.Net)




Technical Computing
Reduced Time To Insight

Computational \
Modeling

Persistent
Distributed
Data

Workflow,
Data Mining
& Algorithms

Interpretation
& Insight




flechnical Computing Inf Micresoii

¢ Radical Camputing

> Research in potential breakthrough
technolegies

¢ Advanced Computing fior Science and
Engineering
> Application of new: algorithms, toels and

technologies to scientific and engineering
problems

¢ High Performance Computing

> Application ofi high performance clusters
and database technoelegies to Industiial
applications




Radical Compuiting

¢ I he end ofi Moore’s Law as we know. It

> Numer ol transistorsionia chlp will
ConNNUETo INCIEASE

> No significant Increase neleck SpPpEed
¢ Remember Amdanl’s LLaw

> liFapplicatieon 1si 90Y% parallels myeddimmitim
SPEed-Up that can he gained 1o
parallelisnis at most 10X

¢ Future ofi silicon chips

> “100’s of cores on a chip in 2015"
(Justin RattRer, Intel)

» “4 cores” [THop => 25 Tflops/chip




Radicall Computing (continuea)

¢ | industry has been driven by
Increasing chip velumes and new
applications

> Nulti-core Chips el SEeners
> Nulti-cere chips fer clients?

Challenge not only fior Microsoit but
for entire IT industry

> New paradigms te expliort parallelisim

> What applicatiens canexploiisuch en:
chip parallelism®?




Advanced Cemputing for
Selence andEngineerng
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TOOLS Workflow, Collaboration, Visualization, Data Mining

DATA Acquisition, Storage, Annotation, Provenance, Curation, Preservation

CONTENT Scholarly Communication, Institutional Repositories




New'Science Paradigms

¢ [heusanad years ago:
Experimental Science
- description of naturall phenemena
[LaSt iew nundredyears:

Theoretical Science
- Newten’s Laws, Maxwell’s Equations ...

L ast few decades:

Computational Science
- sSimulation of complex phenemena
Today:
e-Science or Data-centric Science
- unify theory, experiment, and simulation
- Using data expleration and data mining
> Data captured by instruments
> Data generated by simulations
> Processed by software
» Scientist analyzes databases/files

(With thanks to Jim Gray)




The Problem for the e-Scientist

=

Data ingest ¢ Data Query and' Visualization

Managing a petabyte tools
Common schema ¢ Support/training

How to organize it? ¢ Performance
How to reorganize it? > Execute queries in a minute

: . Batch (bi heduil
How to coexist & cooperate with =~ \b19) Ui stneduing
others?




Customer Segment / Systems

Top 500 Supercomputer Trends

Architectures / Systems

i _topS00_org/

B Others
B Vendor
Classified
[ Academic
Research
I Industry

Interconnect Family / Systems

B simD

B Single Processor
Cluster

[ Constellations
SMP

N

W tops00_org/

Infiniband
NUMAlink
Fast Ethernet
Fireplane
Ethernet
NUMAflex
Quadrics

I Gigabit Ethernet

B Cray Interconnect
Myrinet

| SPSwiich
Crosshbar

L (T

-/wrww _topS00_org/

B Others
| IBM3090
LY Maspar
B onvex
B 1ccm2
AR
KSR
| Hitach\ SR8000
Hitachi
Nec
Fujitsu
Alpha
N cray

M HP

Sparc
_ miPs




SUpercomputing Goes

Personal

1991

1998

20)0)5)

Cray Y-MP' C916

Sun HPC10000

Shuttle @ NewEgg.com

Architecture

16 x Vector
4GB, Bus

24 x 333MHz Ultra-
SPARCII, 24GB, SBus

4 x 2.2GHz x64
4GB, GigE

OS

UNICOS

Solaris 2.5.1

Windows Senver 2003 SP1

GFlops

~10

~10

~10

Top500 #

i

=10/0)

IN/A

Price

$40,000,000

$1,000,000 (40x drop)

< $4,000 (250x drop)

Customers

Government Labs

Large Enterprises

Every Engineer & Scientist

Applications

Classified, Climate,
Physics Research

Manufacturing, Energy,
Finance, Telecom

Bioinformatics, Materials
Sciences, Digital Media




Continuing Trend Tewards
PDecentralized, Netwoerked

Resolfces o,/
.//




Berlin Declaration 2003

¢ lo promote the Internet as a functienal
instrument for a glebal scientific
knewledge base and fior uman
reflection’

Defines open access Contipuiiens as

Including:

» ‘original scientific research results,
raw. diatar and metadaia, Seurce
materialis; digitalirepresentaiens ol
pictorial"and graphical maerdals amne
Schoelanly muitimeadia materdails




NSE "Atkins’ Report on
Cyberinfrastructure

‘the primary access to the latest findings
N a grewing numiber off flelds Is through
the Wel, then through classic prepiints
and conferences, and lastly: through
refereed archival papers:

‘archives containing hundreds  on
thousands of terabytes of data wWill be
affordable and necessary for archiving
scientific and engineering Information:




Micresofit Strategy for e-Science

Microsoit Intends te Work with both the
sclentific and librany communities:

> 10/ define open standard and/eiiniereRerie
nigh:level senvices;, Work fioWs aneieis

> [0 assist e commuRity. IR develeping 6pen
scholarly cemmunication andintereperane
[epositeries
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