indner

L

M

Towards a

Cloud Definition

2]
2
=
i)
O
W
<
L o
=
RV
©
Q
- -
(a )]
<

L. M. Vaquero, L. Rodero-Merino, J. Caceres,

AN

N




(@]
3
c
<
QL
~O
Q
=
@)
—

@ MNponyoupuevn bdouAela

© Texvikéc AEMTOUEPELEC

© MeBoboloyia



(@]
3
c
<
QL
~O
Q
=
@)
—

Dl

Dt




Aev uTtApXEL OpLOOC Yia Tto cloud
computing

| Cloua Deti
TIPOKOAELTOL OUYXUON OXETIKA LE TO TL AKPLBWC lval KAl TIOLEC
elval oL duvatotntecg tou e€alttiag:

* TWV TIOLKIAWV TEXVOAOYLWV TTOU XPNOLUOTIOLEL.
* Bpioketal oto mpwto otaddlo tou Hype Cycle* ( Positive Hype)

TIPOKOAELTOL YEVIKEUON TOU OPOU N omola EPLKAELEL cuOTAMATA
TIoU O€V AVAIKOUV OTNV CUYKEKPLUEVN KaTnyopia.

* ypadlknl ovamopactoon TNG WELHOTNTAC, ULOBETNONC KOl  EMIXELPNOLAKAG  £POPUOYAS
OUYKEKPLUEVWY TexvoAoywwv Gartner, Hype Cycle of Web and User Interaction Technologies, July 4/44
2008
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2Uvoyn otoxou

4 7 4

77

H dtatunwon evog oplopoU 0 OTIoLoC val EUTIEPLEXEL OAOL TAL
XapaKTneLlotika tou cloud computing. O oplopocg ival
ONUOVTLKOC ETELON:

* 0OpPLOBETEL TNV OUYKEKPLUEVN EVVOLA OE EPEUVNTLKO eTtinedo
* UTIOYPOUMULILEL T ETLXELPNUATIKA 0dEAN TIOU Elval TiBavo va

npokupouv

O SLoxwplopnog twv opwv cloud kat grid computing. O omoiog
glval onUaVTIKOG:

° yla TNV Katovonon tTwv dtadpopwv Twv SUo EVVoLWY

6/44
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Baowkn bea
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* To cloud computing amoteAel €va TUTTO KATOVEUNUEVOU

OUOTAMATOC.

* Yriootnpilet scalability ko virtualization twv nopwv.

* JKOTIOG £lval N Helwon TN¢ oTATAANG TTOPWV KOl TOUTOXPOVA. N
TLOPOX UTTOAOYLOTIKAC LoXUOC OTOU XPNOTEC.

e Méow tou cloud yivetal mapoxn mMopwv w¢ UTINPECLEC TTPOCG
TOUG XPNOTEC KAvovTacg xprion tou dtadiktuou.

e OLunnpeoiec mou mapexeL €va cloud eival mpooBacipec péow
evoc SltadpulAlotry browser evw To AOYLOULKO KoL Tta dedopéva
elval armobnkevpéva otov EUTINPETNTI TOU CUCTAHATOC.

12//44
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NOTEC OTOUC OTOLOUC TIOPEXOVTOL OL UTINPEC

oLXp

Service Users:

14

TIOPEXEL TIGC UTINPECLEG OTOUG XPNOTEC TOU

Provider (SPs)

e Service

lag dlemadnic.

14

OUOTAMATOC HECW Hiag
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EPETOL OOV UTINPECLA N UTTO

 |Infrastructure Provider (IPs)
npoocd

13/44




Tumol twv cloud cuotnuaTwy

i

e Infrastructure as a Service (laaS):

O IPs dlaxelpitetal eva cuvolo mopwv. Méow virtualization €xel
duvatotnta dnuoupylag cuoTtNUATWY (LEe pun dopnpévo TPOTO)
Baon twv avaykwv tou meAdtn. (Hadoop, Amazon Elastic
Compute Cloud)

 Platform as a Service (PaaP):
Nopexel pla mAatdoppa otnv omola otnv omoio TPEXEL TO
ocvotnua. (Google App Engine, Azure Services Platform)

e Software as a Service (SaaS):

EVOANOKTIKO TwV €POPUOYWV TIOU TPEXOUV TOTIKA OTOUG
UTIOAOYLOTEC TwV Xpnotwv. (Google Docs, Online office suite).

14/44
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*KQTNYOPLOTIOLNGN TOUG

4
14

N EVOC OPLOUO

14

OC EVOC KOLVO

14

14

I

autoug.

*€Coywy
ouvOuAleL OAQ T XOLPAKTNPLOTLK

TIOPOLVOLLOLOTH YLOL TOUG OPLOUOUG

* Evtoruop

ion

t

Imiza

User Friendliness
Internet Centric
Resource

Pay per Use
Service SLAs*
Infrastructure SLAS
* Service Level Agreement

Virtualization
Resources

Variety of
Automatic
Adaptation
Scalability
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(amoteAeoua)

I

). These resources can be dynamically reconf

adjust to a variable load (scale), allowing also for an opt

Services

£TN TWV OPLOUWV

resources (such as hardware, development platforms and/or
by a pay-per-use model in which guarantees are offered by the

resource utilization. This pool of resources is typically explo
Infrastructure Provider by means of customized SLAs

Clouds are a large pool of easily usable and accessible v
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2UyKkplon clouds pe grid:
KOLVOL XOLPOKTNPLOTLKA SLaLPOPETLKN IPOTEYYLON

Virtualization: KaAUmtel tnv etepoyévela | Emekteivel tnv Stadilkaoia kol 0To
TWV OPWYV HECW VALKO
Virtualization 6eSopévwy
KQL TTIOPWV

Security: Me v xprion KaBe xpnotng exet povasdikn
TILOTOTIOLN TLKWYV npooBacn o€ KABE ELKOVLKO

nieptBaAAov (amopovwon)

Scalability: Méow tn¢ avénon tou QVATPOCAPHOYH TWV TTOPWV UE
aplOpoL TWV KOUB WV QUTOHOTOTIOLNLEVO TPOTIO

SelfManagement AVoKoAN xwplg eviaia Avtopatonolnpévn dtadikaoia, pe
Slaxeiplon cvotripatog 16teq SuoKoALeG

QoS Guarantees | [eploplopeveg, ot MePLOPLOUEVEC, OL EYYUNTELG
edappoyeg KaAUTTTOUY KAnpovopouvTaL amno T
QUTOV TOV TOMEQ mAatdopua

21/44
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2UyKkplon clouds pe grid:
Awadopec (2/2)

Software

Ol edappoyEg anattolv

H pon epyaciwyv dev mailet

Workflow: HLOL TIPOKABOPLOUEVN PO | CNUOVTLKO POAO yLa TG EHAPHOYES
EPYQCLWYV TIOU VOl
OUVTOVILEL TIG UTINPEDILEG

Usability: MikpOtepog BaBuOG | MeyaAutepn suxpnotia péow Tne
guxpnoTtiag amokpu NG AEMTOUEPELWV

Standardization:

Yridpxouv mpotuTa HECO
TWV omoilo meTuxailveTal n
SlaAeltoupykoTnTa

Avaykn yla mpOTuUTa 0TNV
anoBrkevon, molotnTa
UTINPECLWY, KABOPLOUOU TWV
Stemadwv

Payment
Model:

QVEAQOTLKO, TLILOAOYNGN
Baon evog otabepou
ToooU ava UTnpecia

EvéAikto, TIpoAdynon Baaon tng

Xpron Tng unnpeoiag
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Building a Cloud
for Yahoo!

Building a Cloud for Yahoo!

B. Cooper, E. Baldeschwieler, R. Fonseca, J. J. Kistler, P.P.S.
Narayan, C. Neerdaels, T. Nerin, R. Ramakrishnan, A.
Silberstein, U. Srivastava, R. Stata




Building a Cloud ,
for Yahoo! 0 ZTOXOC
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O Teyvicéc AemtopépeLec
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Building a Cloud ,
for Yahoo! 0 ZTOXOC
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Building a Cloud
for Yahoo!

Mpoodopd UMNPECLWV OTOUG XPHOTEC.

* UTLOAOYLOTLKH LOXUG
* aOONKEUTIKA LKavOTNTA

EukoAOtepn mapaywyn epappoywv

e Stadikaoia avantuéng
* oUVTAPNON

27/44
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Building a Cloud
for Yahoo!

@ Mponyoupevn doulela
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[Mponyoupuevn OoUAELA

Building a Cloud
for Yahoo!

H Yahoo! §paotnplomoleital otnv mapoxn UTtnPECLWV.
MponyoUpevn

bouleia e OL UTINPEGLEC aUTEC Sev amotelouv cloud services

* £XOUV OLWG KOLWVA XOPOKTNPLOTLKA

30/44
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Building a Cloud
for Yahoo!
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Building a Cloud
for Yahoo! Multitenancy:

Elasticity:
ATTOULTN OELC

Scalability:

Load Balancing:

Artattnoetc (1/2)

Ol UTtNpPEeoiec tou TtapExeL to cloud mpemel va
urtootnpilouv Sladopetikec edappoyec. Ot
epapuoyec upmopouv  va  Slapolpalovral
nAnpodopleg oAl gekteAolvTal
QTIOLOVWHEVQL

N epapUOYEC TIPEMEL va elval o€ BEon va
Slampaypatevovtal Kot vo AapBavouv
ETILTAEOV TTOPOUC

TO oUOTNUA TIPETIEL VO AVOKOATOVEUEL T
dedopéva o€ MEPUTTWOELG ELOAYWYNC VEOU
UALKOU

Suvatotnta petadopac doptiov avapeoa
OTOUG €€UTINPETNTEC YL va artodeuyOel
urnepdpoptwon.

33/44




Artattnoelc (2/2)

Buildinga Cloud Availability:
for Yahoo!

Security:

Operability:
ATTOULTN OELC

Metering:
Global:

Simple APlIs:

TO olOoTNUO TIPETEL VoL cuVeXLleL TNV AELToupyia
TOU aKOpA Kol o€ Tiepimtwon vPnAwv MocooTwv
amotuyioag.

kplolo onueio yiati mapaBiaon tng aodpaletag
TOU ouothuatog Ba mpokaAEoel MPOBANUa Ko
oTLC EdbapPLOYEC.

AELTOUPYLKOTNTA CUCTNUATWY KOl TWV
dtacuvdéoewv tou cloud. lNa 1o eUKoAN
Slaxeiplon.

nopakoAolBnaon tng xpnollomnoinon Twv nopwv
yla AnYn amodpdcewv Kol UTTOAOYLOUO KOGTOUC.

TOTOBETNON TWV UTINPECLWY «KOVTA» OTOV
XpPNotn ya peiwon kabuotepnoswv

SdleukOAuvon TNC aVATTTUENG TWV EPAPUOYWV
TIoU Xpnotuomnolouv to cloud.
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Building a Cloud
for Yahoo!

O Teyvicéc AemtopépeLec
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Building a Cloud
for Yahoo!

KoBuoTtEpNong

Messaging _ Emkowvwvia

OVOUOLWYV UTINPECLWV

Batch processing Operational Storage Provisioning

| Hadoop | | m0ps | | [ oostor | [ Sterpa | -- Alaeiplon Twv

dedopevwy
TexViKéC ﬂ‘a v gl g

AETTOUEPELES % % % EH Tl T ] 4

ta | o | o fm
m|=|=o
A | afo

A
1
2
3
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Hadoop (Infrastructure as a Service )

Building a Cloud
for Yahoo!

* Elval n ekdoxn avoulytou kwdika tou MapReduce.
* Exel uhomolnBei o java
e JUMPBAAEL oTNV TTILO EUKOAN cuyypadn MPOYPAUATWV

TEXVIKEC e Ta dedopeva anobnkevovtal oto Hadoop File Systrem (HDFS)

AETITOUEPELEC
*Yrtootnpilel oplovtia KAlpAakwon (auéavovtog toug

eEUTINPETNTEC aVEAVETAL ATTOONKEVTLKN KOl UTTOAOYLOTIKA LoXUC)
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Hadoop oto Cloud

Building a Cloud
for Yahoo!

» TpExel o€ €va cluster mou amoteAeitat ano 10000 nupnveg linux
e Yriootnpilel kevtpkn dlaxeipon twv e€umnpetnTtwy
e Mapayel dedopgva mou xpnotponolovvtal o web search

e ArtoteAel tnv peyaAutepn Hadoop edappoyn:
*Emnte€epyaletal MEPLOCOTEPA OO £VA TPLOEKATOUUUPLO CUVOECHOUC
* 300TB cupmiecpuEVWY SeSopEVWVY

TEXVIKEC
AETITOUEPELEC

* 33% TaxUTEPO OE OXEON UE MAAALOTEPEG TEXVOAOYieg oto idlo cluster
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Building a Cloud
for Yahoo!

Méoo amoBnkeuvong adountwy apxeiwv.( cuvnuuEva
NAEKTPOVLIKA unvupata, clips oto Yahoo! Video )

Yriootnpllel KALLAKWON OXETIKA UE
T 6ebopéva ou amobnkevovtal
TOV apLlOUO TWV EPWTNOEWV avA SEUTEPOAETTO

TEXVLIKEC
AETITOUEPELEC

Noapéexel umtnpeoieg Slaxeiplong Twv apyeiwv (m.x aAlayn Twv
SIKAULWUATWY O€ €va apyeio)

40/44



MobStor oto Cloud

Building a Cloud
for Yahoo!

eKevtplkn SLaxelplon Twv UMNPECLWV

eYe KAOe edappoyn MapEXETAL EVOC XWPOC OTOV OTOLO
opyovwveL Ta Sedopéva XpnoLpomolwvTac ormoladnmote popdn

*TomoBOetel o SeSopéva KOVTA OTOUC XPrOTEC TIPOKELUEVOU VAl

i HELwBOoULV oL kabuoteproeLg.

AEMTOEPELE
Hep - eXpnolpormoleital ano epapUoyEG OTWG:

*Yahoo! Maps
*Yahoo! Mail
*Yahoo! Open platform
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Sherpa (PNUTS)

Building a Cloud
for Yahoo!

e ArtoBnkevon SounpEVWY MAnpodopLwv
e Ta 6edopEvVa opyavwvovTaL O TIIVOKEC.
e ErLtpémnel otic epapUOYEC VoL SNLLOUPYROOUV TILVAKEC.

TeXVIKEC * OLtpageL mou umootnpilovtal eival N mpoBoAn kat erAoyn

AETTTOUEPELEG , , , _ o
*H oxedioon unootnpilel kupiwg online untnpeoieg 6Mwg

EPWTNOELG TTou Stafalouv oL eLoAyouV eyypadeC
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Sherpa oto Cloud

Building a Cloud
for Yahoo!

e ArtoteAel umtnpeoia dholeviag n omoia lval KEVTPLKOTIOLNUEVN
* Juvepyadletal pe aAeG untnpeoieg oto cloud
e To Hadoop xpnotpormolet to Sherpa ywa amoBrikevon.

TeXVIKEC * Metadopa eyypadwv ano to HDFS o nivakeg tou Sherpa

AETTTOUEPELEG , ,
* To MobStor xpnotponoteitat ano to Sherpa yia tnv

amoBrkevon Twv petadeSoUEVWVY TOU
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KpLtikn TnC epyoaoilog

e MAeovekTApaTA :

Mapouotdalel kal dtaxwpilel TIg TexvoAloyieg tou cloud computing
TIOLEC OTIO QLUTEC €lvall VEEC KalL TIOLEC TIpOUTIAPXAV.

H ouykplon cloud kot grid mapouoldlel ta TAEOVEKTAUOTA TNG
VEQC TEXVOAOYLOC 0€ oXEoN HE AAAQ KOTAVEUNMEVA CUOTHHOTAL.
Tovilel ta emixelpnoakd odb€An ov npoodepet to Cloud

e MelovekTrpota

Building a Cloud 2TOV TPOTELVOUEVO 0plopo Oev avadépetal o Internet Centric
for Yahoo! Xapaktripag tou cloud.

H oUykplon Ba pmopouoe va meplhapfavel kat aAAQ cuoTrpota

(utility computing, autonomic computing).

Y Aev uTtapxeL Kapia avadopd og BEpATA LOLWTLKOTNTOC.

A
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