Cloud Computing Revolution

D. Caromel, et al.

1. Background: INRIA, ActiveEon
2. CLOUD Computing
3. ProActive Parallel Suite

4. Use Cases & Demos:
Genomics, Engineering, Multi-Disciplinary
5. Conclusion: Cloud Revolution ?

Cloud: Pay as you Go
Opex vs. Capex
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a 1990: PCs

Q 2000: Internet for Companies

Q 2010: Cloud for Companies

Concept: John McCarthy in 1961 originally coin the expression
“Utility Computing” (Electricity, Water, Gas)

Today: How could we do without Internet and Google Search ?
In 2020: we will not imagine working without Clouds

Today: We buy Network, Hardware, Software, Services

Tomorrow: Cloud Services (hiding N, H, S)

ProAcrive

Parallel Suite






OASIS (HC: 35)

d Researchers (5):

D. Caromel (UNSA, Det. INRIA
E. Madelaine (INRIA)

F. Baude (UNSA)

F. Huet (UNSA)

L. Henrio (CNRS)

0 PhDs (11):

Antonio Cansado (INRIA, Coni
Brian Amedro (SCS-Agos)
Cristian Ruz (INRIA, Conicyt)
Elton Mathias (INRIA-Cordi)
Imen Filali (SCS-Agos / FP7 S(
Marcela Rivera (INRIA, Conicy
Muhammad Khan (STIC-Asia)
Paul Naoumenko (INRIA/Régia
Viet Dung Doan (FP6 Bionets)
Virginie Contes (SOA4ALL) -
Guilherme Pezzi (AGOS, CIFR

Located in Sophia Antlpolls between

%+ Visitors + Interns Nice and Cannes,

ACTIVeeon Visitors Welcome!

SCALE BEYOND LIMITS




INRIA Lille

BLIES - 2 W 3 800 HC, 217 M Euro

2 900 Scientists

1200 Researchers, Faculty members
1200 Doctoral students
500 Post-Doct & Visiting scientists

1 000 Engineers, Technicians and Staff

8 Research Centres in France
"oPle 68 Associated Teams worldwide

Sy
® 4 000 Scientific Publications / year
“““ 230 Active patents

89 Innovative companies created



Startup Company Born of INRIA

ACTIVeeon =
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Some Customers:

(&) THALES

Some Partners:

Q &

DR’ACLE M’cmsoft e
d Co-developing, Support for ProActive Parallel Suite
AdWorldwide Customers: Fr, UK, Boston USA
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http://proactive.inria.fr/
http://proactive.inria.fr/
http://proactive.inria.fr/
http://www.hp.com/country/us/en/welcome.html?_r_=1
http://www.oracle.com/index.html

2. Cloud Computing
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MY DAUGHTER SMOKES, M

SON IS IN JAIL AND MY WIFE

AND MY GIRLFRIEND HAVE
LEFT ME.

DO YOU HAVE ANY ADVISE

FOR ME?

A

A GOOD CONSULTANT IS
ALWAYS ON pUTY

Source: ScienceDaily
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T s 3
= Basi |

d Dynamically scalable, often virtualized resources
d Provided as a service over the Internet

d Users need not have knowledge of, expertise In,
or control over the technology infrastructure

ofo - \ = C C
@

d Software as a service (SaaS), CRM, ERP
A Platform as a service (PaaS), Google App Engine
A Infrastructure as a service (laaS), Amazon EC2
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http://en.wikipedia.org/wiki/Scalability
http://en.wikipedia.org/wiki/Virtualization
http://en.wikipedia.org/wiki/Everything_as_a_service
http://en.wikipedia.org/wiki/Internet
http://en.wikipedia.org/wiki/Software_as_a_service
http://en.wikipedia.org/wiki/Platform_as_a_service
http://en.wikipedia.org/wiki/Infrastructure_as_a_service

Mosso ’ | Joyent

Google App Engine | Salg;f:it;ce | Amaz:armbt: Svcs
Rails One ' ity s ’
| | Akamai |
Paas | [  saas | laaS
Cloda Computing .
o Utility Computing -
Grid Computing .
Cluster Computing 7 /" . Super Computing
ProAcrive & From Joseph Kent Langley
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http://www.productionscale.com/home/2008/4/24/cloud-computing-get-your-head-in-the-clouds.html

T

a Grid Computing
= Several administrative Domains
= Virtual Organizations
= Trading not based on Currency
=»(Too) Hard

d Cloud solves the Issue:
= Pay as you Go

Distributed, //, & Grid Technologies for Clouds
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- . o
ores:

3 Moore’s Law rephrased:
Nb. of Cores double every 18 to 24 months

d Key expected Milestones: Cores per Chips (OTS)
= 2012: 32 to 64
= 2014: 64 to 128

3 1 Million Cores Parallel Machines in 2014
d 100 M cores coming in 2020

ad Multi-Cores are NUMA, and turning Heterogeneous (GPU)
d They are turning into SoC with NoC
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ProAcrtive

Source: http://www.apac.redhat.com Faratie! Suite
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http://blogs.sun.com/marchamilton
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HOW DO YOU KNOW YOUI'RE A ClO?

Behavior Shifts:

d Technology Is getting too

EVENT DRIVEN VALUE ADDED
BUSINESS PROCESSES SERVICE
ORIENTED MANAGEMENT

ARCHITECTURE

T~

(e -0l

(e

YOU TALK LIKE A
GARTNER VP...

... AND ...

Al

> complex ... even for CIO
& 7 (not for CTO)

) e d No longer want to buy
rack of servers or storage
or network device

ye(’ arnd po(’e

nlounaPE YoU a Want to by Services
d Want to Pay per Use

ONE WHO DOES NOT
UNDERSTAND IT

Qd CBA Australian bank Group Executive and CIO,
Michael Harte, announced their move to cloud

computing.

a “We will never buy another data center”
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3. ProActive Parallel Suite

ProAcTtive &
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Cloud Solution: ProActive Parallel Suite

ProAcrive &
Parallel Suite <&V

Monitoring

ProActive
esourcing

Desktop, Cluster, Grid & Cloud
Resource Manager

ProActiv
Schedulir%

Muilti-Platform Job Scheduler

ProActive
rogramming
Java Parallel Toolkit

SCHEDULING &
RESOURCING &

)\ PROCRAMMING @

..............

e B e ] oot gm _
] s S ==———==2| Java Parallel Multi-Platform Resource
=i m —r Toolkit Job Scheduler Manager

1R ; AMADEUS Used in Production Today:
[l veurtechnologyparner - 50 Cores = 300 Cores 2010

Strong Differentiation:
QJava Parallel Programming + Integration +
dPortability: Linux, Windows, Mac +
OVersatility: Desktops, Cluster, Grid, Clouds = Perfect Flexibility

ProAcrive &
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http://www.amadeus.com/amadeus/x4846.html

ProActive Programming:

Active Objects

ProAcTtive &
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ProActive Programming View
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ProActive Programming View
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Broadcast and Scatter

Broadcast is the default behavior
Use a group as parameter, Scattered depends on rankings

m=) ag.bar (cg); // broadcast>gg
ProActive.setScatterGroup(cg):
ag.bar (cqg) ; // scatter cg

ProAcrive é&
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Dynamic Dispatch Group

ag.bar(cg) ; g
ProAcrtive &

Parallel Suite 5«7
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1IC2D: Optimizing

ProAcrive é&
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Video 1:
IC2D Optimizing
Monitoring, Debugging, Optimizing

\\‘:
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Scheduling & Resourcing

ProAcrtive &
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ProActive Scheduling

ProActive
Scheduling

Multi-Platform Job Scheduler

&
Q
2
3
L)
o
P
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Fle Window Help

3
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Workflow Example : Picture Denoising

L5 Job

*with selection on native executable availability (ImageMagik, GREYstoration)
 Multi-platform selection and command generation
with file transfer in pre/post scripts

ProAcrive é&
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ProActive Resourcing

ProActive
esourcing

Desktop, Cluster, Grid & Cloud
Resource Manager

L
O
<
&
=
3
=
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RESOURCING User Interface
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Clusters to Grids to Clouds

e.g. on Amazon EC2

ProAcTtive &
Parallel Suite 5<%
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Private, Public & Hybrid Clouds

'iq ProActive
. B Scheduler

/ ( \ ( \

[ Static Policy ] Timing Policy Dynamic
L 12/24 . _ Workload Policy
LSF ( ) > <
Desktops EC2
(S J \_ )

T

Dedicated resources

Desktops

Amazon EC2
ProAcrtive &

Parallel Suite 5=
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Cloud Seeding with ProActive

d Amazon EC2 Execution

A Cloud Seeding strategy to mix heterogeneous
computing resources :

External GPU resources

ProAcrtive &
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Cloud Seeding with ProActive

+ Finland
g erige ‘;.
g veden

iceland

Unite..

ProActiVé, Schis duler Ve

«* YKpaisa
e ] ; Kazakhslan
=

+ Resourc*e';.Maﬁager Jw

Espafia

Canada

Web lnterface

s =

taly i b o
SHaW fl“kl e b
North My Tur ): \ A [E]

Atlantic Av hanls!a
Ocean g ’

orth Pacific
Ocean

V' ria o : o Paklsmn .
Amazon EC2 MRt o 8

. (- Thalland

. \"quzuella | ¢ s
Cosdnimarl\_ e AT P e K #
i 2 Ol L Kenya
% DR Congo, = ,y -
e "’ N Papua New

fanzania Guinea

| .
Angola' I :
Namlb&a

Noised video file

Madagascar i ol

South

Pacific

Ocean

South

Atlantic

Ocean

i? Argentina

1

ProAcrive i

Parallel Suite

k Botswa na 1

i
South
Africa

©2010 Google - Imagerie ©201 ﬁgiucsmgggﬁes cartographiques ©2010 AN




Cloud Seeding with ProActive

P
P
£ Suomi”:
+ Finland

iceland ¥ erige

g veden

Unxl~—

ProActlveotﬁchedgl o

Canada

Web lnterface

orth Pacific 3 ‘," 5 North

Scean B 2 RS Atlantic . /N it
i 2 R hanistan .
Ocean — B E Mg an s!a +:

- T . . Paklsmn
% ™ )—aﬂ-‘ 5 L
m L U4 T2 saudi ¥
azon i _-1‘ o EIGIR Arabla;'i
e B (= Thalland
. \"quzuella ¥ -4 s et : E_mlopl:s’, :
Colombla § i) by N TR
£ g - ] L Kenya it
i3hee ol s
Rt o, N i Saer S0y A . @ peouten
Brasu Vile o L oy Guinea
\Brazilk =4 Angola goF
Bolltia A,_’ j" N /

Namlb&a
kBO[SWa na

User submit:#% noised wded’}‘to the web At -

Madagascar o e

Africa

e GRLLnede
" ©2010 Google - Imagerie ©201 aM cs,mg - Ses cartographiques ©2010 AN

ProAcrive

Parallel Suite




Cloud Seeding with ProActive

; PU nodes

&Ly
P
£ Suomi”:
+ Finland

iceland ¥ erige

g veden

Unxl~—

ProActlveotﬁchedgl o

Canada

i Web lnterface

orth Pacific 3 ‘," 5 North

Dcsan G > ERE Atlantic ’ /N st
e, cean. e hanistan
Ocean — e Mg an s!a +:

« “'F,{\ = ria i 5 i ~"'53ud| . Paklsmn
Whatrcs Amazon EC2 4 o I A,a.,.a;»j
2 P .. (W Thalland
v\"quzuella ¥ -4 o R E_mlopl:s’, :
Colombla § i) b, SR TR 3
o - 0 O L Kenya it
l o : % DR Congo, = ,y 3 -
T 50 : 3 o y . NG Papua New
& . A % & Tanzania '\\"\"\
Brasnl i g L Guinea
\Brazilk 4 Angola goF
Bolltia A,_’ j" N /

Namlb&a

Botswana'
South

Web Server&igbmit a denmé’}ﬁg ;ob the s -

Madagascar o e

Africa

g ) ) G
Ctlve SCh ed u Ier " St d ©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,deﬁSes cartographiques ©2010 AN

ProAcrive

Parallel Suite




Cloud Seeding with ProActive

,CPU nodes

Canada

Web lnterface

orth Pacific Ry ‘ ; S North
Ocean '-:';‘ "- ) R Al Atlantic
; Ocean

% i Amazon EC2 4

Y \‘{quzuella

cm:linimalj\_’t; :

L 3hes :

z Brasnl Nl
H az \ ~;

o

CPU nodes d@fe used to spllf"}“the V|deo into:
ler ones Reness

|

ProAcrive

Parallel Suite

- .' .
o ‘l

° omi”

cinland

ProActivVe. ﬁcheduler I

na,

AVghanls!an e
Paklsmn §:

/s
Ethlopla
.y e R 4 , /s
4 eny'a T
e coes 4. o
apua New
% ___‘ Tanzanla Guinea
Angola J RN .}
SN v
Namlb&a |

'} Madagascar
gsotswa na g "‘J "‘J

South
Africa

©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,mQaﬁSes cartographiques ©2010 AN




Cloud Seeding with ProActive

iceland

Unxl~—

\ Tay -\\
Web Inte rface ProActive. Lﬁﬁh?f?u'ef il N

Mongolla s

Canada

orth Pacific 3 ‘," 5 North

Dcsan G > ERE Atlantic ’ /N st
e, cean. e hanistan
Ocean — e Mg an s!a +:

« “'F,{\ = ria i 5 i ~"'53ud| . Paklsmn
Whatrcs Amazon EC2 4 o I A,a.,.a;»j
2 P .. (W Thalland
v\"quzuella ¥ -4 o R E_mlopl:s’, :
Colombla § i) b, SR TR 3
o - 0 O L Kenya it
l o : % DR Congo, = ,y 3 -
T 50 : 3 o y . NG Papua New
& . A % & Tanzania '\\"\"\
Brasnl i g L Guinea
\Brazilk 4 Angola goF
Bolltia A,_’ j" N /

Namlb&a
kBO[SWa na

CPU nodes gfe used to spllf"}“the video inté: -

Madagascar o e

Africa

# Argentina
Ier O n eS " ©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,deﬁ Ses cartographiques ©2010 ANI

ProAcrive

Parallel Suite




Cloud Seeding with ProActive

} PU nodes

iceland

Canada

i Web lnterface

orth Pacific 3 ‘," o North
Ocean -.Z~; '-. X R E Al Atlantic
; Ocean

% i .V Amazon EC2

Y \"eq_ezuella
C’-"?"“f‘i‘x_j,‘ Aoy
,l;f' Lol .
Brasil Vil
¥
Brazilk 4

_Bollvia' 4,_‘ j"

sl

e small V|deos

GPU nodes #fs respon&ble“}fb denoise

|) Argentina
/|

ProAcrive

Parallel Suite

ProActlveDLSQheduler T

P "':
CSur”
|1and
g ‘erige
g vedén

; K R
Kaza hslan Mongolla
— ,-(-'

[2=1c 3
Aygnams!an e China
X s

Paklsmn [ St

saudi 7
L ' Arabla India | 5701 Lo
T us: nAlng
N - 9000
Emlopls
s, SR T 0 i
2 5 L) it
+1DR Congo’ =4, . %
B4 y : ne Papua New
% 4 Tanzania "\\'\\'\\
Al Guinea
Angola .43
Vi o |
Namibia

'} Madagascar
gBO[SWa na g o 7

£y

South
Africa

©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,deﬁSes cartographiques ©2010 AN




Cloud Seeding with ProActive

iceland

Unxl~—

ProActlveDLSQheduler

Canada

i Web lnterface

Mongolia '« 2~
- L,-“—-'

s oo ey
orth Pacific S P S North o ¥ Turke \ O L A [E
Ocean '-. ) o ¥ - Atlantic - é 5
b 47 K e - Mghanls!an o4 China
Paklsmn R

’ *‘%{\ 3 = .",(.' a5 )_,“:.“, -, L e
. México Al I lazon EC2 ; ¢ —{01" €57 i lfiaﬁ.la;i = India ! 47 L
« 5 U%: Nd ing

£ . e Th lland

v\"quzuella ¥ -4 o R E_mlopl:s’,
Colombla § i) b, SR TR 3
o - 0 O L Kenya it
l o : % DR Congo, = ,y 3 -
i ; 5 < ] p n Papbua New
& . A % & Tanzania '\\"\"\
Brasnl i g L Guinea
\BrazilF 4 Angola goF
_Bollvia A,_’ j" N /

Namlb&a
kBO[SWa na

GPU nodes &t respon&ble“}fb den0|se 2

Madagascar o e

:l
Africa

a # Argentina
S m al | VI d eOS " ©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,deﬁSes cartographiques ©2010 ANI

ProAcrive

Parallel Suite




Cloud Seeding with ProActive

iceland

Unxb—

4 \ v "y A
: Web lnterface PrOACt'VefnS:Qh??wer , R

Mongolia '« 2~

Canada

orth Pacific 3 ‘," 5 North

Dcsan G > ERE Atlantic ’ /N st
e, cean. e hanistan
Ocean — e Mg an s!a +:

« “'F,{\ = ria i 5 i ~"'53ud| . Paklsmn
Vo Amazon EC2 4 o I A,a.,.a;»j
£ e B (= Thalland
v\"quzuella Yoo} T E_mlopl:sy :
Colombla § i) b, SR TR 3
o - 0 O L Kenya it
l o : % DR Congo, = ,y 3 -
R ; . o f - n Papua New
& . A 5 Tanzania '\\"\"\
Brasil! &0 Tl = Guinea
~ Brazilk 4 Angola goF
ABolIvié 0 g Pty ‘

Namlb&a

{ Madagascar
kBotswa na g g -

South Chiie. . 1 South *2
Pacific Atlantic -

o PU nodes frierge the den0|f§e“d video pafts % :
—— - 3 i ©2010 Google—Imagerie©20'1ﬁaiLJcstdﬁ|Ses cartographiques ©2010 AN

ProAcrive

Parallel Suite




Cloud Seeding with ProActive

iceland

Canada

Web lnterface

orth Pacific . ‘ P North
Ocean '-:';‘ "-’ ) R Al Atlantic
; Ocean

Amazon EC2 4

Y México

« Venezuela

Colombla § 4
B e

55

< - -
_-~Brasill &5

~ Brazilk 4
aoalwé, g

South Chlle South
Pacific Atlantic
Oce

o PU nodes frerge the denmfsed video pafts
Argentnna

ProAcrive

Parallel Suite

Unxl-—

ProActive. Scheduleré R Y
+ Resou?@emManager \;w

3 e -
P au A "
i 4 Arab ;j India
b 7Chsd Sudan A

cinland
g erige
g veden

(

: K P ey
Kaza hstan| % Mongolia

g Furkiye b
¥ ikey I
AVghanls!an e

-

Paklsmn O

dl
ia .
U'A}»;ﬂﬁ‘.‘.'ll
Thailand
Emlopls

N
3 & en a
} DR Congo Y "
Papua New

Tanzanla Guinea

‘"<
Angola I ?

N

Namlb&a

'} Madagascar
gsotswa na g "‘J "‘J

South
Africa

©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,mQaﬁSes cartographiques ©2010 AN




Cloud Seeding with ProActive

Canada

Web lnterface

orth Pacific Ry ‘ ; S North
Ocean '-:';‘ "- ) R Al Atlantic
; Ocean

% i Amazon EC2 4

Y \‘{quzuella

cm:linimalj\_’t; :

L 3hes :

z Brasnl Nl
H az \ ~;

o

South

h
The final dertised video is & nt back 1O e

l? Argentina
L

ProAcrive

Parallel Suite

~:‘ \4 .' .
4

Suonn'
+ Finland

ProActive. ﬁcheduler Ty ey

Ha' 35 e
, ak n
Kaz s f i, Mongolia’. o 2

AVghanls!an e
Paklsmn §:

/s
Ethlopla
.y e R 4 , /s
4 eny'a T
e coes 4. o
apua New
% ___‘ Tanzanla Guinea
Angola J RN .}
SN v
Namlb&a |

'} Madagascar
gsotswa na g "‘J "‘J

South
Africa

©2010 Google - Imagerie ©201 ﬁEi)l-iLJcs,mQaﬁSes cartographiques ©2010 AN




Use Cases:

»
g, 4
-

Genomics - Sequencing
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IPMC Use Case and Collaboration

SOLID

machine from EFO::-'\?STI\I/:G

. Iled aralle uite

Biosystems
| 16 =
e Doges & Cluster
Nodes
can _be ﬁe'[‘,'s?ﬁi‘c’e';.
dynamically EC2 Clouds

added!

owZ2

Consorsium
55

ACTIvVeeon ProAcrive &

SCALE BEYOND LIMITS Parallel Suite %




O The distributed version with ProActive of Mapreads has been tested on the

INRIA cluster with two settings: the Reads file is split in either 30 or 10
slices

O Use Case: Matching 31 millions Sequences with the Human Genome (M=2,
L=25)

160

4 Time FASTER from 20 to 100
Speed Up of 80/ Th.
Sequential : 50 h =» 35 mn

EC2 only test: nearly the same
performances as the local
SOLID cluster (+10%)

For only $3,2/hour, EC2 has nearly the same perf. as
the local SOLID cluster (16 cores, for 2H30)
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Use Case: OMD2

Distributed Multi-Disciplinary Optimizations
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Coupling Mechanics, Aerodynamics

Conduit d'admission

9 ~ T ' =~ 13
350
300
250
P4 P3
P7
200 - P
P8
150 ~ Fe
pio pP
100 ~
50~
P12 P11
- r

r r r r r r r
-150 -100  -50 0 50 100 150 200 250 300

2D Air Conditionning

N 7] b

Cylinder Head External
ProAcrive @ Aerodynamic

Parallel Suite =W

58



Giid
Ghon

Oviedo

Ponferrada
=l

“Leén
0

ProActive OMD2 Demo

(11111409

' -
o

Southampton N
% IF Brighton

Exeter = B A ot .‘ ® ) 0

Y _Xt;..r:. oumemoutn Portsmouth EaatbOBTE

I Plymouth

) e T

Y= J )\ Beawvais
Rouen * 5——e'g
= / . . LY
= Evreux i)
=== Pari
N

| =
l..?v.%l Le Mans=—
e Mar

=0

.

- = s
1ours® Blois |

t i : 74

S~ Niort -
CD-adapco e

a Rochelle’s™ =

Le—s

\"| Chateawroux " Bourges
e, PO .

Clermont.

Bay of
Biscay

'y,
Montauban
= Albi

Toulouse
o ‘
Bilbao /) ¥\
vy’ . LPamplona
20 :

P

Andorra®
—

ProAcrive

Parallel Suite

/
(oW

.

7 Brussel~_
= Bruxelles
=0 -@F‘F‘E
' Resource Selection
-} Dataspace Input
4 u F‘,;"Native Executable

4% Dataspace Output

i -@GEDV-LAI‘-}DJJEH
' Resource Selection
i+ Dataspace Input
E='Native Executable
% Dataspace Output

» @ SOLVE
| Resource Selection
i+ Dataspace Input
E$'Native Executable

% Dataspace Output

'/ Resource Selection
-4 Dataspace Input
) E£ Native Executable
) % Dataspace Output

France

Ferrand \"'r\\ Lyol

o~ |
Saint-Etienne
~“ Grenople
o N

‘J.:;'“-x:& ‘\" )
\ e

==+ Gieen
Koblenzs '

e\ N 2 “Olz)
Karlsruhe o2 Stuttga
ST
?S}?Wrg ¢ Reutling
5 ',. F!Hbu‘;g im

© SBreisga

1000 Cores
Production
Cloud Portal




Video: Distributed Workflow
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Use Case 3:
Hydrodynamic

K-Epsilon and FineMarine
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Hydrodynamic Optimization:
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rodynamic Optimization: Execution
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Hydrodynamic:
Remote Steerin
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'Iﬂ i on: echnology Preview"

PFOACTIVQQ’ Q ProActive Fine Grain CLOUD

Parallel Suite| management:
m a =>»Pricing at the second
(like GSM)
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Industrial Cloud
Revolution Revolution

Concept

Technology

Socio Economical
Factors

Mechanization and centralization =~ Computing as a Utility

of manufacturing activities Centralization of Data Center
Supporting new technos Distributed Computing
(Mechanic, Tool Machines, Virtualization
etc.) Multi-Cores

Network
Large new demand was ready to IT Cost Reduction Pressure
use the new offer. ClO Nightmare

(A change in business attitude & CEO Out-of-DataCenter CapEx
organization)

elements converge Tor a strong Clouc

Sources & Inspiration: Simon Wardley (CSC) Scott Stewart
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ol "0

d Business revolution:
Not selling Hardware, nor Software, but Services
Also a Marketing Revolution:
= Big thing is SLA, no IongerWM
d Scientific Revolution:
Capacity to use large Public facilities
Capabilities: CERN-like EGEE no longer needed ?
Large Workflows: SpeedUp of Discoveries
d Social Revolution:
What will happen to CIOs ?
What will happen to outsourcing companies ?

Personal and Business facility convergence M
(like PC, Internet) proAcrve &

Parallel Suite 5%

70






CLOUD COMPUTING - BY ROBERTBRAVERY %;' WWW.TODNDOD.COM

B This cloud computing
S ' | don't understand it at all
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