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[MEPINAHWH

Jtnv mapovoa epyacia oxeSlAletal Kal UAOTOLETAL £€va  UNXOVIOUOG
afloAdynong Kat emAoynG UTTOAOYLOTLKWY VEGWV. O UNXAVIOUOG QUTOC OXESLAOTNKE
oaV UTtNPEoia LOTOU Ko UAoTtoLOnke o€ yYAWooa MPOYPALUATIONOU Java Kal PE TNV
mAatdopua Gria Development Kit. H xprijon tou pmopet va yivel pe tnv BonBela tou
Gria Client pe tVv mpooBnkn e8ikoL plug-in mou miong uAomolBnke ota mMAaiola
™C¢ SUTAWUATIKAC.

O oxebLaOUOG TOU CUYKEKPLUEVOU UNXAVIOUOU £XEL 0AV OTOXO TNV CUVOALKN
UMNPETNON TWV XPNOTWV TIOU €MLOUPOUV VOl EKTEAECOUV KATIOLO. £py0oio o€
UTTOAOYLOTLKO VEDOG, amo TNV ¢aon tne avalntnong Kal SEGUEVONC TOPWV UEXPL TNV
€KTEAEON TNG gpyaociag kal tn ARPn twv amoteAeopdatwyv. O XpAotng oe eldko
nieplBAANov BETEL TIC QMALTOELS TOU 000V adopad TIG MOPAUETPOUC Tou QoS Kat o
HUNXOVIOUOC avapeoo o mAnBwpa vepwv mou dlatnpel oe pa Baon dedopévwv
ETUAEYEL EKEIVO TTOU TALPLALEL KAAUTEPO OTLG VAYKEC TOU XPNOTN.

O unxaviopog ploeveital os €va eEUMNPETNTA Kal EKTEAELTOL oav uTnpecia
LOTOU, &VW TO KOMMATL TG UAomoinong mou adopd tov meAatn (Gria Client)
efunnpetel T1g avaykeg aAnAenidpaong pe tov xprnotn, SnAadr mpoodloplopol Twv
TPOTIUACEWVY ylo To QOS Kol Topouciacng TwV QMOTEAECUATWY EKTEAECNG TOU
HUNXQVLOUOU.

NEEeLc- KAEWOLA: YmoAoyloTikd VEPOG, UNXOVLOUOS eTAOYAC, 0€LoAGynon
aflomiotiag, cloud computing, Gria, Utility Computing, Eucalyptus, Amazon EC2






ABSTRACT

The objective of this study is the design and implementation of an evaluation
and selection mechanism for computing clouds. The mechanism was designed as a
web service and was implemented in Java programming language with the platform
Gria Development Kit. It can be used with Gria Client including a special plug-in
which was also implemented for this purpose.

The design of this mechanism aims to help user that want to conduct a
computing task in a computing cloud, starting from searching and allocating
resources till the execution of the task and getting the results. The user sets his QoS
preferences regarding the cloud and the mechanism selects the one that best fits his
needs, out of a variety of computing clouds that are stored in a local database.

The mechanism is hosted on a server as a web service, while the part that
regards the client (Gria Client) is used to interact with the user, which is settings the
QoS preferences and showing the selection mechanism results.

Keywords: Computing cloud, selection mechanism, reliability evaluation,
cloud computing, Gria, Utility Computing, Eucalyptus, Amazon EC2
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KEOAAAIO 1

EizArQrH

Ta tedevtaia xpovia mapatnpeital pia aAAayr oTov TPOTO AVILMETWILONG
TWV UTtNPECLWV uttoAoylotwy. Mpoypappata Kot Sedopéva TAEOV QmopoKPUVOVTaL
OO TOUC TIPOCWTILKOUC UTIOAOYLOTEG KOl €KTEAOUVTIOL Kal amoBnkevovtal o€
OUOTOLXLEG QMOUAKPUOUEVWY UTIOAOYLOTWY, TA OTOKOAOUUEVA KOL UTIOAOYLOTLKA
VvEpN. H otpodn o€ AUTO TOV TUTO OPYyAVWONG Elval akOpa O apxlko otadlo , n
oyopad AOYLOMLKOU YyLO TIPOCWIILKOUG UTIOAOYLOTEG Sev TipoOKeltal va eéadavioTel
ouvtopa, OAAG Ol OUVEXELC KOLVOTOMIEC TIAVW OTOV TOMEQ HAG 0dnyouv oTo
CUUMEPAOCUO OTL 0dNYyoUHAOTE PE otabepd Bripata mPoc autr) tnv KkatevBuvon.

H aAl\ayr) outl OVOUEVETAL ETNPEACEL OAOUC OOOUC EUTAEKOVTOL OTNV
0lyopa UTIOAOYLOTWYV Ao TOUC artAoUC XPNOTEG, LEXPL TOUC TIPOYPOLUATLOTEC, TOUC IT
managers aKOpQ Kol TOUG KATAoKeUaoTeg hardware yla urtoAoyLloTtéG. Bplokdpaote
UTMPOOTA O€ HLo onuavtiky aAdayn. Mapopota aAlayr) cuvéRn yla tpwtn dpopd mpLv
ano 50 xpovia, He TNV dnuloupyia Twv MpwWIwV time-sharing cuoTUATWV Ta omola
EMETPEMOV MPOOPACN OTLC UTIOAOYLOTIKEG SuvatotnTteg Twv mainframes akopa Kalt
oe xpnoteg mou Oev OlEBetav éva SlkO TOUG. ISWWTEG HE XPNON TEPUATLKWV
ETUKOLVWVOUOQV HECW TNAEDWVIKWY YPOUHWY ME €VO UTTOAOYLOTIKO KEVTIPO OMOU
TipaypaTonolouvtal OAeg ot epyacie. H adlén twv mpoowrikwv unoloylotwv(PC)
v dekaetia tou 1980 £depe pall tng tnv eAnida NG «ameleuBépwong» Twv
TIPOYPOUMATWY Kol SeSopévwv amo Ta KEvTpa autd. MNapola avtd ta PC sixav pia
eudavn aduvapia: Sev unrpxe eUKOAOG TPOTOG yla CUVEpPYaoia kat Slapoipacn Twy
Sdebopévwv.

Me tnv Vvéa TAON, OL UTIOAOYLOTIKEG Aeltoupyieg petadépovtal o€
amopakpuopéva datacenters mou eival mpoofacipo péow Ttou Stadiktuou. H
Sladopad pe ta time-sharing cuotiuata eival 6tL MAEov €vag XpHoTtng UMopel HEow
Tou SLaSIKTUOU VO ETLKOWWVEL UE TIOAAA VEDN TAUTOXPOVA, KATOLX QMO TOUG
omoioug eivat duvatov va avtaAdcouv Anpodopleg HeTaf TOUG.

Ao 1a o onpavtikad kat SnuodtAn utoAoylotikd védn mou eival Stabéotpa
yla TOUG XPAOTEG QUTA TN OTLYUN €lval to védog Tng Amazon, evw apdAAnAa eL61ko
AOYLOULKO avoLXTo avolxtol Kwdika Ue tnv ovopaocia Eucalyptus, mpooopuolwveL TNV
Aeltoupyia Tou Amazon Kol EMLTPEMEL OE OTMOLOOATIOTE XPNOTN va SnNULOUPYNOEL TO
O1k6 Tou uTtoAoyLoTIKO VEDOG Kat va To BEaeL otnv d1dBeaon Tou Kolvou.
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1.1. >kono:

H SutAwpatikn adopd otnv HEAETN TwV CUYXPOVWV TACEWV 000V adopd ta
UTTOAOYLOTIKA VEDN Kal TNV VAomoinon unnpeciag Lotol n omoia mapakoAouBel Kat
afloloyel SLaBéoipa UTIOAOYLOTLKA VEDN KOL KATOTILV OULTALATOG EVOG XPNOTH, UMopEel
KOLL T(POTELVEL AUTO TTOU TOLPLATEL OTLC AVAYKEG TOU.

APXLKA YLOL TOUG OKOTOUG TNG SUTAWUATIKAG €YLVE pla LEAETN yUpw amod Ta
UTTOAOYLOTIKA VEDN. MeAeTBnKav oL KATNYOPLEG OTIC Omoieg Slakpivovtal Kal ol
SladpopEcg petall Toug. Kataypdadnkav Ta o OnNUAVTIKA VEDN TTOU UTIAPYXOUV aUTH
TN OTLYU OTNV ayopd KoL TTPAYHATOoLRONnKe £va cUVIOUO CUYKPLTLKO TOUG.

AkoloUBw¢ yivetal mapouciacn ¢ TAATPOPHAC avolXToU KwSKA yLo
UTTOAOYLOTIKA. VEDN, Tou Eucalyptus. MeletiOnke n Soun tou, oL SLOXELPLOTLKEC
duvatotnTeg mou MPoodEpPeL Kal oL Tpomol aAAnAenidpaong pall Tou. H katavonon
TOU TPOMmou Aesttoupyiag tou Eucalyptus eival kplolpun KaBwg pe autdv Tov TPOMo
yivetal duvatr) n afloAdynon twv SLadpopeTIKWY VEGWY TIOU XPNOLUOTIOLOUV TNV
mAatdopua auTh).

ItV OUVEXEla ylvetal O OXeSLAOUOC TOU ouoTAUATOC. Ol OXeESLOOTLKEG
€TAOYEG TTOU €ylvav odrynoav otnv dnuloupyia Tou pnxaviopol afloAdynong Kot
€TUAOYNG UTIOAOYLOTLIKOU VEDOUG. O GUYKEKPLUEVOC UNXOAVIOUOG £XEL OOV OKOTIO TNV
mAnpn afloAdynon Twv UTINPECLWV Tou eival oe B€on va mapexel Eva VEDog , EVW
mapaAAnAa emiBAANAETAL va ival 660 To SuvATOV TILO AMAOIKOG Kol EUKOAOG OTNV
XPron, WOTE VO UITOPEL VL TO XPNOLUOTIOLNOEL O OTIOLOGONTIOTE XWPLC ELOIKEG YVWOELG
TIAVW OE UTTOAOYLOTLKA VEDN.

To oxeSlaopud akoAouBnoe n uhomoinon yla UTTOAOYLOTIKO TteEpLBAAAOV Linux.
Karmola ormd ta UMIOGUOTAKATA TOU HNXOVIOUOU XPNnoLUoToloUV epyaleia Ta omolia
elvat platform dependent kat wg €k Toutou Sev ntav duvaty n Snuoupyia
uAomoinong mou va AELToUpyEl KATW Ao omoLodHTIOTE AELTOUPYLKO CUOTNUA.

1.2. AOMH TOY KEIMENOY

Ma tnv mMAnpn nmeplypadn tou pnxaviopol , eival amapaitntn n e€€taon
INTNUATWV Ta omoia kaBopLoav TNV avaykn Snuioupylag Tou pnxaviopou avtou. H
nieplypadn Eekva amnod to SeUTePo KePAAALO TO OTIOL0 TTaPEXEL OAEG TIG TTANpodopieg
YUPW aTo TG GUYXPOVEC TAOELG OTA UTTOAOYLOTIKA VEDN.

MO0 CUYKEKPLUEVA TO TIPWTO KOUUATL Tou Kedahaiou adopd tnv meplypadn
TWV OUYXPOVWV TACEWV yla Tapoxn OIKTUaKWV Unnpecwwv mou PBaocilovtal oe
UTTOAOYLOTIKA VEDN, Tou emovopalopevou cloud computing. Zto §gUTEPO KOUUATL
yivetal avadopd otoug cuyxpovoug mapoxoug cloud computing kat emiyelpeital pa
oUYKPLON METAEL TWV KUPLOTEPWV ATtO AUTOUG.

2to tpito kedbdlalo meplypadetal n mAatdopua Eucalyptus, mAatdopua
TIAVW oTNV omoia BAacLloTKALE yLa TNV SnUloupyia Tou pnxaviopol agloAdynong Kot
emloync. Nepypadetat n Soun Kat o tpomog aAAnAenidpaong pall Tng.
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ITo TETOPTO KeEPAAALO TEPLYPAPETAL O OXESLAOUOC TOU HNXOVIOUOU.
Meplypadovral OAa Ta EMUEPOUC UTTOCUCTALATA TOU UNXOVIOUOU Kal oL AGyoL Ttou
gog obnynooav otnv  OUYKEKPLUEvn Sopr, €vw OTo EemOpevo  KedaAalo
TIOPOUCLAJOUHE QTOTEAECUATA €KTEAEONC TOU UNXOQVIOHOU afloAdynong Kol
emloyng o Sedopévo dataset.

JtTo £€Kkto Kedpahalo Exoupe Mot emidel€n xpnong TNG  UMnpeciag
ouvodeuopevn amo ta amapaitnta screenshots, kat T€Aog oto €BSopo kedalailo
HETA amd pla ovvoyn NG epyaciog yivetal avoadopd oe TIOAVEG TIPOOTITLKEG
EMEKTAONG TOU UNXAVLOUOU.
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KEDAAAIO 2

2YIXPONEZ TAZEIZ STHN MAPOXH YAHPEZIQN KAl
YMNOAOTIZTIKA NEDQH

To kepahalo auTO €£XEL WG OKOMO TNV E€l0aywyrn OTnv £vvolo Tou
umoAoyLoTikoU védouc. Mpayuatonoleitat emefynon Kat dtacadrvion opwv Omwg
cloud computing, utility computing, Software as a Service, mou xpnolgonolouvtot
EUPEWG OTIGC OUYXPOVEC UTINPECLEC LOTOU KOl EMIXELPEITAL Mo TTpooTadela
ene€nynong twv ocuvbnkwv Tou dnulovpynoav auth T VEA YEVIA  UTINPECLWV.
AvodEpovtal Ta TTAEOVEKTHMATO TOU UTIOAOYLOTIKOU VEDOUC, Kataypadovral ol
SLAPOPETIKEG KATNYOPLEG UTNPECLWV UTTOAOYLOTIKOU VEPOUC Kol TEAOG YIVETAL Lo
Tieplypadr) Twv LEYAAUTEPWY CUYXPOVWYV TTOPOXWV KL Lot GUYKPLON TOUG.

2.1. CLOUD COMPUTING

O opog cloud computing 1 on-demand computing sival évog véog 6pog[1] o
omnoiog avadépetal TO00 oTLG EPaPUOYEC oV elval SlabEoiueg péow Internet pe tnv
Hopdn ULag unnpeciag Lotol 600 Kal oto hardware Kal To AoyLoULIKO Tou BplokeTal
oe datacenters Kol XPNOLUOTIOLELTOL YLO TNV TAPOXA QUTWV TwWV unnpectwv. Ot
edappoyég ouvnBwe avadépovtal wg Software as a Service (SaaS) evw To AOYLOULKO
kal To hardware ota datacenters eival auto nmou amokaAoUue védpog-Cloud[10].To
cloud computing pmopet va xapaKtneLoTEL av OxL armAd CUYYEVEC, amdyovog Tou grid
computing[48,49,50,51].

Ta umoAoyLoTika védn Slakpivovtal o€ TPElG KUPLEG KATNYOPLEG avaioya TNV
0OPYAVWON TOUG Kal TOV OKOTO Tou e¢umnpetolv[2].0tav 1o védog eival Stabéatpo
EML MANPWUN OTO €UPU KOTAVOAWTLKO KOO amokaAsital dnuoocio védog-Public
Cloud, evw n unnpeoia mou nweital anokaAeital Utility Computing. Ta. KupLotepa
napadelypara public cloud mou umdpxouv onuepa eivat to Amazon Web
Services[12], to Google AppEngine[13] kat to Microsoft Azure[14]. Ztnv nepinmtwon
mou 1o védog Sev eival SlabBéoipo oto kowvd aAAd amoteAel To datacenter puog
emxelpnong N €vog opyaviopol TOTe amokaleital Wuwtiko védog-Private Cloud.
MNépav twv private kat public cloud, umdpyxouv kot Ta UPpPLOIKA VEDN, Ta
arnokaAoUpeva hybrid cloud. Ta hybrid cloud mpokUmtouv ané cuvduacuod private
kat public cloud. O mwo ocuvnBlopuévog Adyog umapéng hybrid cloud eival 6tav to
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private cloud evog opyaviopoU ©&ev pmopel vo aviamokplOel o€ QMOTOUEC
avéopewwoelg workflow , omdte pépoC TNG €pyaciag KATAVEUETOL OE KATOLO
e€wTtepLkO pubic cloud yla tkavomoinon Twv MPOCWPLVWY AUENUEVWY OTMALTHOEWV.
To cloud computing meplhapBavel to SaaS kat Utility Computing aAAa &ev
neptlappavel ta private cloud.

Elval eUkoAo va SLamIOTWOOUNE TO TTAEOVEKTUATA TOU SaaS tdéoo yla tou
XPNOTEC 00O KAl yld TOUG TOPOXoUC Twv uTnpeocwwv[3,4,5]. Toug mapoxoug
efunnpetel n €UKOAN E€YKATAOTAON TOU AOYLOULKOU, N €UKOAN ouVINPNON KoL n
KEVTPLKN Staxeiplon. O xpnoteg amod tnv AAAn, €xouv tnv duvatotnta npocBaong
oTNV UTnpeoia and omolodnmote onueio, omoladAMoTE oTyur , T duvatdtnta va
potpalovtol gUkoAo Sedopéva pe AAAOUG XPNOTEC Kal amoBnkeuong Toug o€
aopalég onpeio. To cloud computing 6ev mpoodEpet katL Stadopetiko , amAd Sivel
™ SuvaTtoTNTA OTOUG MAPOXOUG VoL IPOoPEPOUV TO TTPOIOV TOUC oav SaaS xwpic va
€xouv 81kO Toug datacenter.

Mo avaAutika 6cov adopd tn xprion tou hardware to Cloud computing
TIOPEXEL TG TTAPAKATW Suvatotnteg[17]:

e To Cloud computing énuoupyel tnv Yeudaicbnon tg UMapéng AmMepwWvV
UTTOAOYLOTIKWV TIOpwV. OL XproTEC £XOUV TNV duvaTOTNTA VA AUEOUELWVOUV TOUC
TIOPOUG TIOU XPNOLUOMoLloUV KABOe otTyun Kat £€tol 6ev  amalteltal amd Toug
XPNOTEC VA KAVOUV HOKPOTIPOBECUO OXESLOOUO TWV OIMOLTOEWV TOUC OfF
hardware.

Iy SaaS User

£

Web applications

g Saa$ Provider / Cloud User

"N

Utility computing

@ Cloud Provider

EIKONA 1:XPHZTEZ KAI MTAPOXOI CLOUD COMPUTING

e O xpnoteg tou Cloud computing dev deopelovtal Pe LAKPOXPOVEG CUMDWVIES
ooov adopd tnv xpron Twv nopwv[9]. Me autd tov tpomo Sivetal n duvatotnta
oe etTalpeleg¢ va EeKlvoUV HE MIKPEG oUpdwvieg kat va aufdvouv Toug
XPNOLLOTIOLOUEVOUG UTIOAOYLOTLKOUG TTOPOUG OGO aUEAVOVTOL KOL Ol ATALTACELS
TOUG.
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e H duvatotnTa MOV UTIAPXEL VO XPEWVETOL N XP1ON TOU UTIOAOYLOTIKWVY TTOPWV LLE
Baon PBpaxumpoBeopueg cupdwvieg(m.y. xpéwon enefepyaoctwy /wpa xpronc)
obnyel otnv amobECUEUON UTIOAOYLOTIKWY TIOpWV OTav TIAEOV OV UTAPXEL

avaykn xprong Toug.

Eva emituxnuévo mapAdelypa Xpriong Twv mapamndvw eivat to Elastic
Compute Cloud (EC2) mou mapéxetat and tnv Amazon Web Services[6]. To EC2
TIOPEXEL £vaV UTIOAOYLOTIKO KOpPBo pe enetepyaoty 1.0 GHz 2007 Opteron, 1.7GB
RAM kot 160GB amofnkeutikd xwpo npog $0.10 tnv wpa. To Amazon Simple Storage
Service (S3) xpewvel $0.12-50.15 avda GB yia kdBe priva xpriong evw $0.10-S0.17 avd
GB eloepxopevwy N e€epxopevwv Sedopevwy.

2.2. CLouD COMPUTING: ATI TQPA;

Av kol n dnuioupyia kot Asttoupyio peyadAng KAlpakog datacenters nAtav
KOTAAUTLKOG Ttapayovtag yia to cloud Computing, eivot oL TPEXOUOCEC TEXVOAOYLKEG
TAOELG KOL VEQ ETILXELPNUATIKA LLOVIEAQ TIOU TO WONCAV OTO VAl EMIKPATACEL AUTH TN
Xpovikn nepiodo[7,8,11].

Kamowa xpovia mplv, n TpAypatonoinon TANPWHUAG HE XPNnon
TIOTWTLKAG KAPTAG amaltolos [ oupdwvio pe o unnpeoia enefepyacia
MANPWHWY Omwc n VeriSign i n Authorize.net. H cupdwvia ATAV KOUUATL HLOG
HUEYOAUTEPNG EUMOPLKAG CUHPWVIOC, KABLOTWVTAC TO adUvaTo yla £va Wt N pLa
LLKPN €TIXElPNON va KAVEL SLASIKTUAKEC ayOpPEC UE XPHON TILOTWTLKAG Kaptag. Me
TOV €pXOUO OuwC tou Web2.0 kat tn Snuoupyia tou PayPal[15], kaBe dwwtng
UTOpEL va TPOYOTOTIOW)OEL AYOPEC XWPLE va glval amapaitntn n umapén KAmoLag
HaKpOoXPOVLIaG cUUdWVIAG , UE LNOOULVEG ETULTTAEOV XPEWOELG. Mo TAPASELYUA LE TN
xpion Ttou Google AdSense[16], omoloodnmote SwwtNG Slabétel Sikld TOU
lotooeAida, pnopel anoktroel €coda and Stadnuicels. To Amazon Web Services
e6palwbnke to 2006 pe Xprion AUTAG TNG SUVATOTNTOC: OL XPr|oTeG SeV amaltelTal va
€xouv cUMBOAALO N KATIOLX OKPOXPOVLO cUpdwvia pe tTnv Amazon. To povo mou
QUTALTELTOL VOL £XOUV E(VOL LA TILOTWTLKI KAPTA.

Av katL pe tnv €Aevon tou Cloud Computing mioteletal ot Ba
dnuloupynBolv véoL TUMOL edoapuoywyv, elvalt TOAU TUBAVO oOpLopEvol Nén
UTIAPXOVTEG TUTIOL Va alomotjoouv to cloud computing , cupBaAAovtog e aUTO ToV
TPOTIO OTNV TIEPALTEPW £5PALWOT) TOU.

o @opntég bdiadpactikés epapuoyég: Exel dtatunwOel n amodn OTL «TO
HEAAOV QVAKEL OTLG UTINPEGCLEG TTOU AVTATIOKPLVOVTOL OE TIPAYUATIKO XpOVO O€
nmAnpodopleg mou mapExovtal €ite amd XPNOTEG €lTE AMO pN-avOPWTLVOUG
napayovteg»[18]. TEtoleg umnpeoieg¢ efumnpetolvial KoAUTEpPA  QTo
umtobopuég cloud oL povo ylati mpénel va eival dStabéoueg 6co to Suvatov
TIEPLOCOTEPO XPOVO OAAA ylati TETOLOU TUTIOU UTINPECLEC XPNOLUOTIOLOUV
peyaAo oOyko Oebopévwyv ToOUu eUKoOAa amoBnkevovial ota PEYAAQ
datacenters. KdtL tétolo LoxUel o peyaAltepo Babuod yla edapUoyEg mou
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XPNOLUOTOLOUV TIOAAEC TINYEG SeSOUEVWVY ] AKOUA KOl AANEG UTINPECLEG OTIWG
TL.X. Ta mashups.

MapaAAnAn eneéepyacia dedouévwv: To cloud computing mapexel pa
povadikn eukalpia yla edpopuoyeég enetepyaciac Sedopévwv oL OTOLEC
enefepyalovral Terabyte &edopévwv Kal amaltolv TMOAAEC WPEC yla va
oAokAnpwBouv. Av urtapxel Suvatotnta napalAniomnoinong tng edpappoync,
OL XPNOTEG UIMOPOUV VA EKUETAAAEUTOUV TIG XPEWOELG TWV TTOPOXWV : N XPNon
£KATOVTAOWV UTIOAOYLOTWV YyLO HLla PLKPR Tteplodo KooTilel 600 n Xpnon
HEPLKWY UTIOAOYLOTWV yla peyaAutepn nepiodo. Oplopéva epyodeia Omwe to
MapReduce tn¢ Google[19] kat to mpoypappa avolxtou kwdika Hadoop[20],
ETUTPETOUV OE XPrOTEC VA UAOTIOLOUV TETOLEG EPAPUOYES XWPLC va yvwpilouv
AEMITOPEPELEG VLA TNV TIPAYHOTIKA KOTAVOUN TWV £PYACLWV QUTWV OTOUG
ekatovtadeg €€umMnPetNTEG TOU UTOAOYLOTIKOU VEPouc. H avaAuon
Kootoug/anodoong mpemnel va AapBavel urt’ oYLV To KOOTOC TNG UETAdOPAC
6ebopévwy oto vEdog ae oxéon e TV rBavn emLTayuvon otny enefepyaoia
Twv SedopEVWV.

Enéktaon eumoplkwv s@apuoywv: O Ttelevtalec ekOOOELS Twv
epoppoywv Mathematica kat Matlab emtpémouv v  xprion Cloud
Computing yla TNV MPAYHATOMOINON UTTOAOYLOUWY UE HEYOAO UTTOAOYLOTLKO
KOoTOG. AMNEeG edappoyEC Ba pmopouvoav e Tov (6lo tpomo va wdeAnbouv
EVOWHATWVOVTAG TNV duvatotnta va «Ttpéxouv» o védpoc. Kal oe auth tv
neplntwon sivatl amopaitnto va AndOel urt’ oYLV To KOOTOG TNG HETADOPAC
6ebopévwv OMwWE KoL TNG Xpnong emefepyaotikwy KOUPwVY oto VEpoC o€
oxéon He 1o KEPSOG ot xpovo. Ta symbolic mathematics mapouaoialouv
dlaitepo evbladépov KabBwG amaltouv peyaAo eMefEPYAOTIKO KOOTOG ava
povada Oebopévwy. Eva evlladépov evallakTiko Hovtédo Ba ntav va
Slatnpoupe ta Sedopéva oto védog kal va Baocllopoote oto SlabEotuo
gUpog {wvng yla va mapouolaloupe éva amokpiolpo GUI otov xpriotn. Eva
napopolo mapadelypa eival to rendering evog 3D animation, omou to
EMEeEEPYAOTIKO KOOTOG avVA povada dedopévwy lval TIOAU peyalo.

E@apuoyéc mou anaitouv auson anokpion: OPLOPEVEC EPOPLOYES TTOU
Ba umopoucav va aflomowjoouv Tov TAPOAANALOMO TOu VEdoug
neplopifovtal AOyo TOoU KOOTOUG HeTtadopdg Oebopévwy kal To XpoOvo
anokpong tou. o mapddelypa, €vw TO UTIOAOYLOTIKA HOVIEAQ TIOU
Xpnolgomolouvtal ywa tnv  ofloAoynon UOKPOTPOBECUWY OLKOVOULKWY
anoddcewv gival KAtAAANAa yLa xprion o€ védog, N ayopanmwAnacia HETOXWV
mou armattel akpifela dekdtwv tou OeutepoAémtou Oev elval . TETOLEC
epapuoyeg mBavotata dev Ba afLOTOL)OOUV TL( CUYKEKPLUEVEG UTIOOOUEG
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TOUAQXLOTOV UEXPL TO KOOTOC peTadopdg Sedopévwy oto VEDog oAl Kal n
TOXUTNTA ATTOKPLONG TOU VA HELwBoUV .

2.3. [1010z MMOPEI NA TINEI NAPOX0Oz CLOUD
COMPUTING;

Evw 6ev daivetal Suokolo va BpeBouv xprioteg cloud computing, molog Ba
ywotav napoxog cloud computing kat yiati; H dnuioupyia kat n ocuvtrpnon TETolwv
EYKATAOTACEWV €lval pia ToAudamavn Kal ylo autd HOVO HEYAAEC €TALpEleG TTOU
Spaotnplomolovvral oto dtadiktuo onwe n Amazon, Google, eBay kat n Microsoft
SlaB<touv OikéC Toug. MapdAAnAo oL ETOLPELEC QUTEC EMPETE va avamtuéouv To
KaTAAANAo Aoylouko(MapReduce, GoogleFileSystem, BigTable,
Dynamo[19,21,22,23]) kot UTTOSOUEG TO OTIOLO XPNOLUEVEL yla TNV Slaxeiplon Ttoug
oAAG Kot Toug BonBa va mpootatéPouv TNV emMEVOUCH TOUC oMo PUOLKEC Kol
NAEKTPOVLKEG ETILOEDELG.

AUTOG elval kal o AOyoC OTL TIPOKELMEVOU MOl €TAlpEia val yivel
napoxog cloud computing mpénel va €xel emevdUosl OXL HOVO OE TOAU peyaAa
datacenters oAAG kol 0To KATAAANAO Aoylopko Kol va SlaB€tel tnv amapaitntn
TEXVOYVWOLO TIOU ommotteital yio va Slatnpeic TETOLEC UTOSOUEC. ME QUTEG TIC
npoUmoBeoelg, kamowol AdyoL Tmou Mmopel va wbroouv pla etalpeia va yivel
napoxog cloud computing sivat :

o JSnuavtikd képdog: Av kat $0.10 tnv wpa(Amazon Web Services) potdlet
ULKPO 000, umoAoyiletal OtL mMoAU peyala datacenters (dekadwv xALASdwvV
UTTOAOYLOTWV) UmopoUV va ayopdcouv hardware, cuvdeon oto Stadiktuo Kot
NAEKTPIKA Tapoxy oto 1/5 i akopa kat oto 1/7 tng tung[24] mou
npoodépetal o peoaiov peyéBoug datacenters (ekatovtadwv i XIALASWV
urmoAoylotwy). To KOOTOG Yyl TNV QVAITuén Kol €yKOTAOTOON TOU
anapaitntou AoylopkoU pnopet va anocBeotel AOyw tou peydlou aplBuou
UTTOAOYLOTWV.

e Evioyuon vunapyouvoac enévéuong: H mpooBnkn unnpscwwv Cloud
Computing og pLa umtapxouca urtoSoun SNULOUPYEL pLa VEA TNy 008wV HE
(bavika) pkpo kootog, Bonbwvtag otnv e€0pANCN HEYAAWV MeEVOUOEWV OE
datacenters. lNa nmopadetypa MoAAEG amd TG texvoloyie¢ Tou Amazon Web
Services eiyav dnuoupynBel apxlkd yla TNV €EUTMNPETNCN ECWTIEPLKWY
Aettoupylwv ¢ Amazon[25].

o EmiBeon oto kareotnuévo: Mua etalpeia pe to amnattovpevo datacenter
Kol AOYLOULKO , UTtopel va emlBupel va TpoodEpeL KATL EVOANAKTIKO OE OXEON
HE Ta urapyxovta védn. Na napadelypa n Google pe to GoogleApps mapéxel
™ Suvatdétnta auvtopatou scalability kat load balancing &teukoAUvovtag
TOUG XPNOTEC Tou VEDOUG, oL omoilol o€ AAAOUG Ttapoxoug Ba Empeme va
UAOTIOL|COUV TLG CUYKEKPLUEVEG SUVATOTNTEG LOVOL TOUG.
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e Evioxuon tTwv UQIOTAUEVWV OXECEWV UE TOUG MEAATEG: ETalpeleg MOpOXNC
UTINPECLWV TIANPODOPLKAG EXOUV EKTETAUEVEC OXECELG UE TOUC TEAATEC TOUC
HEOW TWV UTNPECLwV Tou poodépouv. H emumAéov mapoxn cloud computing
unnpeowwv Ba BonBouoe otnv Slatripnon Kal evioxuon Twv CXECEWV AUTWV.

2.4. KATHIOPIEZ CLOUD COMPUTING KAI MAPOXOI

KaBe edappoyn amoaitel €va OCUYKEKPLUEVO UTIOAOYLOTIKO HOVTEAD, éva
HOVTEAO yla TNV amobrkeuon SeSopuévwy Kal ,0TNV TEPITTWON SLOUOLPACUEVWY
epopuoywy, €va HOVIEAO E€MLKOLVWVIOG. 2TnV mepinmtwon tou cloud computing n
xpnion virtual machines eivat amnapaitntn kabwcg ol diepyaocieg Saxeipong twv
UTTOAOYLOTIKWV TIOPWV TIOU €KTEAOUVTAL 0TO VEDOG MIPEMEL val lval KPUDEG oo ToV
Xxpnotn. Evag tpomog Staxwplopou twv utility computing mpoodopwv mou undpxouv
oUTA TN OoTLyUn Ba NTav Pe KPLTAPLO TO TOOO OUGCLACTIKO €Aeyxo Sivouv aTov Xprotn
otnv Slaxeiplon Twv UTTOAOYLOTLKWY TIOPWV.

Je QuTH TNV TEPUTTWOoN mMpwto otn Alota e€ivat to Amazon EC2 «xau
Enomaly[34]. Eva instance EC2 eival 600 to duvatov mio kovid oto hardware
Slvovtog ™ SuvatotnTo OTO XPAOTN Vo €ALYXEL OKOMO KOl TOV TUPrNva TOU
AettoupyilkoU mou Ba xpnolpomolnoel. To opatod otov xprniotn APl eival eAdayloto,
nepAappavoviag HOVO OPLOUEVEG €VIOAEC yla Tnv puBulon tou hardware. Aev
UTTAPXEL OPLO OTLG EPOUPHUOYEC TIOU UITOPEL VAL XPNOLUOTIOL|GEL O XPROTNC OAAG armod
™V @AAn n Amazon 8gv mpoodEpel Suvatotnta yla auto-scaling kat emavadopdc os
TEPUMTWON AVEMBUUNTOU TEPUATIOMOU TNC edappoyng, KabBwg OUTEC elval
duvatotnteg mou €0 PTWVTAL ATTO TNV EKACTOTE EPAPUOY).

Jto GAAo akpo amd to Amazon EC2 eival ta Google AppEngine,
Force.com[26] , Rackspace Cloud[27], Engine Yard Cloud[28]. OL GUYKEKPIUEVEG
TAQTPOPUEG SEV OTOXEVOUV OE YEVIKOU TUTIOU £PapUOYES, aAAd elval LOAVIKES yLa
web edappoyég mapéxovrag Suvatotnteg auto-scaling. EWdikad to Force.com €xel
oxeblootel €l8lKA yla EUTOPLKEG €PAPUOYEC OL OMOIEC XPNOLUOTMOLOUV TNV
salesforce.com Baon 6edouévwy Kal TOTA MEPALTEPW.

H evdlaueon Auon elval to Microsoft Azure. OL epapuoyEg Tou Azure
otnpilovtal otig PBiPAoBnkeg .NET , kat yivovtalr compile pe tn BonBela tou
Common Language Runtime. To oUotnua tn¢ Microsoft efumnpetel edpappoyég
YEVIKOU okormou, Slvovtag tTnv Suvatotnta oToug XProTeg va eTAEEOUV TNV YAwooo
TIPOYPOUHATIONOU TIou Ba XpnoLuomoljoouv aAAd OXL KoL TO AELTOUPYLKO cUOTNUA.
Ot BBAoBnkec mapéxouv wg €va Pabud tn Sduvatdtnta yla auto-scaling kat
QUTOMOTNG PUBULONG TOU SIKTUOU, KATOTILV KATIOLWY puBUicewy amod Tov XproTn.

MNapd tov Slaxwplopd mou mapatnpeital, dev umopel kamolog va
LOXUPLOTEL OTL pLa MAatdoppa eivatl KaAUTEPN ammd pla aAAn. loxUel avaloykd otL
LoXVEL KAl 0TI YAwOoEeC mpoypappatiopol Kat ta frameworks. Ol yAwooeg xapunAou
erunédou onwg n C kal n assembly entpénouv tov MARPN €Aeyxo Tou SLabéoiuou
hardware, aAAd av kamolog emBupel va ypapel pla ebpapuoyn Web, ot diaxeipion
Twv sockets kal Ttwv requests eivat SUOKOAN aKOUO KAl UE XPNON ETOLUWV
BLBAoBNKwv. Ao tnv AAAn frameworks uvnAoul emumédou omwc to Ruby on Rails,
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Sev amattouv amod Tov MPOoyPOUMATLOTH va aoXoAnBel kaBoAou pe tn Staxeiplon twv
requests, aAA@ oe mepintwon mou n edpappoyn dev eival andAvta cupPfatr pe T
framework , o MpoypAUUATIONOC UMOpel va yivel apketd ToAUTAokoC. Kavévag
npoypaupatiot)¢ Ruby on Rails 6ev Ba apvoluvtav tnv umepoxn t¢ C o€
OUYKEKPLUEVEC TEPUTTWOELS KAl TO avtiotpodo. Me tov (610 TPOMO KAl OTNV
neplntwon pag, Siwadopetikéc edapuoyég Ba  amattrioouv Kot SLOPOPETIKEC
mAatdopueg utility computing.

Erukevtpwvovtag ot 3 peydleg mAatdopueg utility computing (

Amazon Web Services, Microsoft Azure, Google AppEngine ) mapouoidloupe
OVOAUTLKA OTOLXELO yLa TIC SUVOTOTNTEC TOUG OTOV TTOPOKATW TIVOKOL:

Amazon Web Services

Microsoft Azure

Google AppEngine

YrnoAoyLotikd
HovtéAo(VM)

Movtélo
AmoBrkeuong

Movtélo

X86 APXLTEKTOVIKA ME
xprion Xen VM

H elootikotnta otoug
UTIOAOYLOTIKOUG TTOPOUG
ETUTPETEL scalability,
TNV omoia OuWE TPEMEL
va UAOTIOLNOEL o

xeiotng A va TV
eCaodpaliosl MEOoW
KAToLoL

pecalovra(m.y.Rightscal
e)

Mowilet amd  block
store(EBS) ot
enavénuévo  key/blob
store(SimpleDB)

To automatic scaling
mowiAeL amd kabdAou
scaling n
Slapoipaon(EBS) wg
TIANPWG QUTOUATO
(SimpleDB,S3), avdaioya
ToLo uovtélo
XPNOLLOTIOLE(TAL
Eyyunoelg  yw TNV
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AktUOU AEMTOUEPELES neplypadn Twv va otnpi€el t™
amokpuBovtal and tov components TnG Soun twv Web
xprotn. edappoyig edoppoywy

e H Umopén  security ® To scale up 1
groups pag 6ivel tnv scale down
Suvatotnta va elval auvtouarto
eNéyxouue Totot kopBotl KAl  KPUMUEVO
umopouv va anod Tov
ETUKOWVWVOUV T(POYPOLLULATLOT

® O Availability Zones n
pag Sivouv ™
Suvatotnta
amouovwong  mbavwv
BAaBwv tou Siktou

® O elaotikotnta otig IP
SlevBuvoelg

2.5. ANATKH A AHMIOYPTIA IAIQTIKQN
YMNOAOTIZTIKQON NEDQN

MExpL OTLYUNG EXOUUE O€L OTL OE TIEPLIITWON TIOU MLa ETILXELPNON TO
BeAnoel, umapyxouv otnV ayopad peyalol mapoyol cloud computing mou pmopel va
gfunnpetrioouv otnv dnuloupyia tnG KAt@AAnAng IT unodoung. Qotdéoo, peyaiol IT
opyaviopol mpoTiHoUV va emwdpeAnBouv twv MAgovekTNUATWY Tou cloud computing
Snuoupywvtag umoSopEG oL omoleg Ba Aettoupyolv VoG Tou opyaviopou[29,30].
Ot Aoyol eival ev téAeL n aioBnon aodpalelag Kal eAéyxou, KaBwWG oL TEPLOCOTEPOL
HUNXOVIKOL UTTOAOYLOTWVY TIPOTLHOUV va otnpilovtal ot SuvaTtoTNTEG TOUG yla TV
Tipaypatonoinon Kat SLEKmEpaiwon KPIOLHWY EpyOoLWV Topd va e€opTwvTal amno —
000 OPYOVWHEVOL KoL KOAOTIPOXLPETOL KaL av €lval auTtoi- Eévouc.

210 mapeABOV oL epapuoyEg Etpexav o dedicated servers kat l61Ka
cuotiuata amobrkeuong. MAéov oL edappoyég umopolv va petadepbolv o€
HEYAAO OplOUd €EUMNPETNTWY KOl CUCTHMOTA AmoBnKeuoNng XApn oTNV QVAmTUEn
Twv virtual machines. H Siaxeiplon twv virtual machines 6ev eivat katt dUokolo,
oAAd n Slaxeiplon tou live migration twv virtual machines amoteAel pia tpoxomnédn
otnv dnuloupyia Tou private cloud.

Tn AVon oe autd 1o mMpOoPAnua to €dwoe n cloud computing
mAatdopua avolytol kwdika, Eucalyptus[31,32]. To Eucalyptus eival AoyLopLKO mou
OXEOLAOTNKE IO TNV OpX WOTE va €lvol €UKOAO OTNV EYKATAOTOON KAl OGO TO
Suvatov AlyoTepo MOPEUPBATIKO OTO UTIAPXOV CUCTNHA, XWPLG va amaltel amo toug
KOUBOUG OTOUG Omoloug TPEXEL va TOU aAPLEPWVOUV QTTOKAELOTIKOUG TOpouC. To
e€wtepLko interface tou Eucalyptus Baciletal oto APl tou oAU dnpodtholc Amazon
EC2, evw mopEXeL Eva OTPWHA ELKOVIKOU SLKTUOU TO OTOLO ETILTPETEL TNV ATIOUOVWON
™G SIKTUAKAG Kivnong SLadopeTIKwVY XpnoTwv.
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KEDAAAIO 3

EUCALYPTUS

To Eucalyptus mpokeltal yla AOyloplkO avolxtol Kwdlko To omoio
SnuoupynBnke yla va mpoodépel tn Suvardotnta uAomoinong cloud computing
umnpeoiog pe xpron clusters unohoylotwv. To tpExov interface tou ,elval cuppatd
he ta interface twv EC2, S3, EBS[39,40] tng Amazon. To Eucalyptus uAomoi0nke
XPNOLHOTOoLWVTOC Kolva gpyoAeia tou Linux kol BaolKEG TeXVOAOYIEG UTNPECLWV
LOTOU, KATL TIOU ETUTPETEL TNV €UKOAN €yKOTAOTAON KoL ouviipnon tou [33].
Zekivnoe apxlkd oav MOVEMLOTNLOKO project oto “ Computer Science Department
at the University of California , Santa Barbara”, aAAa mA£ov unootnpiletal ano v
etalpeia “Eucalyptus Systems”[31,46,47] —uia etalpeia mou W6puBNKe amd toug
opXLKOUG SnULOUPYoUG yLa Vo CUVEXLOTEL N mpooTtaBeLa.

3.1. TENIKH APXITEKTONIKH TOY EUCALYPTUS

H oapyxttektoviky tou Eucalyptus eival amAr, €UEAIKTN HE LEPOPXLKN
oxeblaon[44,45]. OucLACTIKA TO CUCTNMA ETILTPEMEL OE €va XProTn va EEKLVAEL, va
eANéyxeL , va €xeL mpooPaon oe kol va Tteppatilel virtual machines[41,42,43]
XPNOLUOTIOLWVTAG HLa TPooopoiwan tou Amazon EC2 interface. Auto onuaivel 6tL ot
xpnoteg tou Eucalyptus oAAnAemibpolv He TO OUOTNUA XPNOLUOTOLWVTOG Ta
akplBwe dla epyaleia kat interface mou xpnotuonololyv yla va aAAnAemidpacouy pe
To Amazon EC2. MNpog 10 mapov umootnpilel virtual machines mou tpéxouv oe
Xen[35] kat KVM[36] hypervisor , aAAd oto pEANOV avapévetal va TpooteBel
urmootnpLEn kat yta VMware[37] kaBw¢ kat aAAouc.

To Eucalyptus ulomolel kd@Be umooUOTNUA TOU CUGCTHMOTOG UE TNV
popdr HLOC OUTOTEAOUG UMNPEciog LoTou. YmApXouv OUVOAlkA 4 Pactkad
umoouoTAUata, To kKaBéva pe to S1kG Tou Web-service interface, ta omoia
anaptifouv to Eucalyptus:

e Node Controller: sival urte0BUVO yLa TNV €KTEAEDH, ETLTAPNON KOl
TEPUATIONO TwV VM instances otov KOUPBO Omou TpEXEL

e Cluster Controller: cul\éyelL mAnpodopieg kat xpovodpopoloyel Tnv
ektéAeon Twv VM oe ouykekpluévoug node controllers, evw
Slaxelpiletal kat to virtual instance 6iktuo
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e Storage Controller (Walrus): sival pla umnpeciog LlotoU n omoia
XPNOLUOTOLE(TAL Yl TNV amoBnkeuon Kol avaktnon OeSoupévwv
vAomowwvtag to Amazon S3 interface, mapéxovrag Eva PnXaviopo ylo
v amnoBrkeuon kot mpocPacn oe virtual machine images kau
Sdebopévwy Tou Xpnotn.

e Cloud Controller: sivaL to onueio «el0o6dou» oto vépog TOCO yla
TOUC XPNOTEC TOou OO0 Kal yla tov dtaxelplotr. MNaipvel mAnpodopieg
Qo Toug KOpBoug yla toug SlabEauouc mopoug, maipvel anodAoelg
OXETLKA HE TNV XpovoSpouoAoynaon SlepyacilwyV , TG omoieg UAomoLel
LLE QLT OELG TOU Ttpocg Toug cluster controllers.

Ooa avadépoupe, paivovral meplypadlkd kat otnv Elkova 2:

CLC and
Walrus

Public Networ!

Private
Network

Cluster A Cluster B

EIKONA 2: IEPAPXIKH AOMH TOY EUCALYPTUS

3.2. NODE CONTROLLER

O Node Controller (NC) tpéxeL oe kdBe kOUPBo oTov omoio mpoopileTal va
TpEXouv virtual machine instances. Evag NC gA€yxeL Kol XpNOLUOTIOLEL TO AOYLOULKO

oTov KOUBO( T.X. TO AELTOUPYLIKO cUOTNUA Kot Tov hypervisor) avdloya TG EVIOAEG
miou AapPavel amnod tov Cluster Controller.

‘Evag NC cuAAéyel mAnpodopieg yla Toug oOpous Toug KOpBou mou
Bpioketal — Tov aplBuo tTwv MupAvwy, tTo PEYEBOC TNG UVAUNG, ToVv SlaBéaiLuo xwpo
oto 6loko- aAAG eA€yxeL KAl TNV Kataotoon twv virtual machine instances mou
Bpiokovtal otov koppo ( av kat o NC mapakoAouBel tig instances mou eA€éyxel, ival
mBavo instances va £EKLVACOUV KAl va TEPUATLOTOUV XWwPLg TNV mapépBacn tou NC
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He xpnon GAwv pnxaviopwv). OL mAnpodople¢ QUTEC oUAAEyovTal Kol
npowBouvtal oto Cluster Controller katdémwv attipatodg tou.

O Cluster Controller eAéyxet tig virtual machine instances oe éva
KOpBO He xprion twv evtoAwv runinstance kou terminatelnstance otov NC tou
kKopBou. Kotomv efakpifwong Ttou amootoAéa TNG aitnong -—T.X. MOVO O
administrator kalL o xpotng mou tnv fekivnoe eival oe Béon va TEPUATIOEL pLa
instance- Kal PHETA TOV €Aeyxo TwV SLaBEatpwyv mopwv, o NC ekteAel TNV eVIOAN Ue
v Bonbewa tou hypervisor. Na va €ekwvoel pa instance, o NC kdvel éva
avtiypado otov kOpPBo twv apxeiwv image tou instance ( Tou TUprnvVa TOU
AELTOUPYIKOU, TO OUCTHMOTOC OPXEIWV KOl TNG HUVAUNG), €lte amd KAmoLo
OTMOUOKPUOUEVO repository eite amo tomikny cache , dnuioupyel €va onueio
MPOoBaonG OTO OTPWUO TOU ELKOVIKOU SIKTUOU Kal Sivel evtoAn otov hypervisor va
gekwvnoel tnv instance. MNa va otopatiost pla instance, o NC 8ivel evtoAr] otov
hypervisor va teppatiost tnv VM, Kataotpédpel To onueio mpoofacng oTO ELKOVIKO
6lktuo kat Swaypadel ta apyxeia mou oxetilovratr pe tnv instance. Afilel va
avadepBbel otL oto Eucalyptus, ot NC mou avrikouv oto (dto cluster amoteAolv pia
Eexwplota Staxelpllopevn ovtotnta, pia Availability Zone.

3.3. CLUSTER CONTROLLER

O Cluster Controller (CC) ocuvnBw¢ tpéxel oto front-end umoloyloty €vog
cluster rj og omoLodrmote UTTOAOYLOTH €XEL SIKTUAKI) OUVEECN TOOO LE TOUC KOUBOUG
miou tpEXouv NC 600 Kal pe tov uttoAoylotr) mou tpéxel tov Cloud Controller (CLC).
MoAAEG amo Tig Asttoupyieg Tou CC elval mapOUoLeG He TIG Asttoupyieg Tou NC aAAd
elval yevika otov mAnBuvtko (m.x. runinstances, terminatelnstances) . O CC £€xel
TPELC BaOKES Slepyaocieg va ekTeEAETEL: VoL SPOUOAOYNOEL TIG EPXOUEVEC QUTHOELS YL
évapén instances oe ouykekplpévouc NC , va €AEyXeL TO OTPWHO ELKOVIKOU
SktUoU[52] twv instances kat va cuA\éyel/ avadEpel mAnpodopleg yla pia opada
NC. Otav o CC Aappdvel pla Oelpd amo instances TOU TIPEMEL va TPEEOLV,
eTUKOLWVWVEL e kKaBe NC péow tng evtoAng describeResources Katl oTEAVEL TNV EVTOANR
runinstances otov mpwto NC mou €xeL apketoUG eAelBepoug MOPOUG  yla va
doevnoel to instance. Otav évag CC Aaupavel pia eviohn describeResources,
AapBavel mapAdAAnAa Kal POl OELPA amo XapaKTnPLOTIKA (emefepyaoTikol TUPAVEG,
HVAMN Kol Xwpog Slokou) ou meplypddouv Toug TOPOUG TToU amattel éva instance.
Me xpnion autng tng mAnpodopiag , o CC unoloyilel mooeg mapdAAnAeg instances
TOU OUYKEKPLUEVOU TUTIOU WMopoUV  va ekteAeotolv otou¢ NC mou eAE€yxel Kal
avadpEpel To vouepo autd otov CLC.

3.4. VIRTUAL NETWORK OVERLAY

2to Eucalyptus, 6Aeg ot virtual machine €xouv Siktuakr cuvdeon petafl Toug
EVW TOUAAQ)LOTOV pLa €XEL TpOoBacn oto internet £€TolL WOTE 0 LOLOKTATNG va Utopet
va ouvdebel kal va aAAnAerdpdaoetl pall Toug. e €va UTIOAOYLOTIKO VEDOC TTou
umopel mapdAAnAa va xpnolgomolouv moAAol xprnoteg, oL virtual machines mou
OVAKOUV O€ Wla KOTOVOUR MIMOPOUV Vo EMIKOWVWVOUV evw virtual machines
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SLaPOPETIKWY KATAVOUWYV E(VaL ATTOUOVWHEVEC yLa AOYyous acdalelag, WOTE va PNV
elval duvatov évag xpnotng va mapeuBAnBel ot machines evog aAou xpnotn. To
Eucalyptus to emnttuyydvel auto ,dlatnpwvtag mapdAAnAa TNV EMKOWVWVIA HETAEY
Twv virtual machines 0600 Tto &duvatov mLo amAOIKN, WOTE v HMOopPEl va
EKUETAAAEUTEL OTO HEyoTOo TNV ULPNAR amdédoon Twv GCUYXPOVWV ELKOVIKWV
Siktuakwv interfaces[53].

Y10 Eucalyptus, to CC eAéyxel TNV Evapén Kal TOV TEPUATIONO TwV SIKTUAKWVY
interface Twv instances pe téooeplg Sltadopetikol TPOTOUC Tou opilovtal amnd Tov
SLOXELPLOTH TOU CUOTAUATOG. TNV TPWTN Mepinmtwon to Eucalyptus mpooaptd to
interface tn¢ VM kateuBeiav otnv Ethernet bridge mou cuvdéetal 01O MPAYUATIKO
Siktuo tou kopBou emtpEnovrag otov Slaxelplotn va eAéyxel tTnv DHCP kivnon tou
€lKOVIKOU Oiktuou pe tov (6lo tpomo mou Ba Siwoxewpilovtav DHCP kivnon
OVTLKELUEVWY TIou Sev avrkouv oto Eucalyptus. H gUtepn emthoyr EMTPENEL OTOV
Slaxelplotn va opioet Levyn MAC kat IP §teuBuvoewv. e auth TNV eMAoyN , 0 KABOe
VEO instance mou Snuoupyeital amd 1o cvotnua opiletal €va {gvyog , TO omoilo
ehevBepwvetal Otav To instance teppaTileTal. I€ QUTEC TIC SUO TEPUTTWOELS N
anodoon tng Stacuvdeonc petafl twv VM eival oxedov n BEAtiotn otav ot VM
TPEXOoUV 0TO 8l0 cluster aAAG Sev uTtApPXEL AMOUOVWON METAEY TwV SIKTUWV ToV
Stadpopetikwv VM .

Itnv tpitn emhoyn to Eucalyptus Staxelpiletat kot eAéyxel MANpwE Ta diktua
VM , mapéxovtag amopovwon tng kivnong petatl twv VM kat tov oplopo firewalls
HETAEL opadwv VM , evw umootnpilel ™ Suvapkn napaxwpnon IP SteuBuvoswv
oTIG VM KaTd TtV €KKLvnon Kal TNV AELTOUpyLla TOUG. I€ QUTH TNV MEPIMTWON OTOUC
XPNOTEC ETUTPETETAL KOTA TNV €KKivnon tTwv VM va TIC mpooaptouv og £va Siktuo
Tou opiletal amd tov xpnotn. e kabe tétolo Siktuo Sivetal éva povadiko VLAN
XOPAKTNPLOTIKO armod Tto Eucalyptus (Ewova 3) , kaBwg kat éva povadiko umodiktuo IP
oo £va eUPOC UTIOSIKTUWY TIOU €XEL OploeL 0 SLayxelplotng tou Eucalyptus amo mpv.
Me autd tov Tpomo Kabe opada VM mou avikouv o€ €va UTOSIKTUO QUMORLOVWVETOL
and s VM mou avikouv o aA\o umodiktuo, onwg auto opiletal and to VLAN
XOPOKTNPLOTIKO Kat TNV IP.

Physical Resource

To Physical
Ethernet
Physical
>
Vm Instance To Physical
VLAN Tagged Ethernet
Virtual >
Virtual Interface
Interface
Software

Ethernet Bridge

EIKONA 3:2E KAGE VM INSTANCE TOY EUCALYPTUS AINETAI ENA VIRTUAL INTERFACE NMOY ZYNAEETAI ME THN ETHERNET
BRIDGE TOY KOMBOY, 2TO OMNOIO TO VLAN INTERFACE ZYNAEETAI MEPAITEPQ.
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To CC Aettoupyel ocav SpopoAoyntn¢ HETAlU Twv umodiktiwv VM e
TPWTaPXLKA €mAoyn va UmAokapel tnv IP kivnon petaél twv umodiktuwv VM. Av o
XPNOoTNG To emBupel pmopel va emtpanel yla mopddselypa n kivnon TOKETWY
ICMP(ping) amd kot mpog to Snuooio Internet emitpémovtag povo SSH ouvbEaoelg
HETAEL Twv VM mou eAéyxel. To CC xpnolpomolel To ovotnua ¢pAtpapiopatog
TIOKETWV Tou Linux iptables[54] . TéAo¢ va onuelwooUpe OTL OAeC oL VM o€ auto tov
TPoOmo Asttoupylag maipvouv IP StevBuvon amd pla mpokaboplopévn Alota amo
€0WTEPLKEG IP SleuBuvoelg kal yla auto To Adyo dev pmopouv va cuvdeBouv pe
efwteplkd ovotnuata. Mpokelpévou va Slaxelplotel auty tnv katdotoaon to CC
ETUTPEMEL oTOV SlaXELPLOTH va opioel pia Alota and dnpoaoteg IPv4 SleuBuvoelg mou
Sev xpnoLuomnolouvTal TapEXOVTAG TNV SuVaTOTNTA OTOUG XPNOTEC va attouvtal IP
ano auth ™ Alota yia g VM Toug, 0tav QUTEG EEKLVOUV. € QUTH TNV TEPLTTWON
Xxpnotlpomoleitat to Linux iptables mpokewpévou va opioet NAT, DNAT kot SNAT
KQVOVEG yla TNV petadpaon dnuociwv IP SteuBlvoewy oe WOLwTIKEC IP SteuBuvoelc.
(Ewkova 4). H teAevtaia dtaboun emiloyn eival mapopold PE AUTH TIOU HOALG
Tieplypadnke pe TNV dtapopd 0Tl Sev MAPEXEL ATTOUOVWOT TWV SIKTUWV Twv VM.

Cluster Controller

Routing Rules

Deny ALL between NETWORK A and NETWORK B
Allow ICMP from ALL to NETWORK A

Allow TCP/SSH from NETWORK B to NETWORK A
Forward PUBLIC IP X to PRIVATE IP Y

VLAN A Tagged VLAN B Tagged

Virtual Interfaci Virtual Interfac:

VM Instance VM Instance
(VLAN A) (VLAN A)

EIKONA 4:TO CC XPHZIMOMOIEI TO LINUX IPTABLES 2Y:THMA QOIATPAPIZMATOZ MAKETQN T1A NA ENITPENEI ZE XPHITEZ
NA OPIZOYN KANONEZ EMIKOINQNIAZ METAZY TQN VM AIKTYQN KAI NA ANAOGETEI IP AIEYOYNZEIZ AYNAMIKA KATA THN
EKKINHZH TQN VM

Anoé amoyn taxvtntag emkowwviag, dvo VM emttuyxdvouv tnv
péylotn duvatn otav Ppilokovtal oto 6o cluster kat avikouv oto (6lo0 ELKOVIKO
6lktuo. Ztnv mepimtwon mou VM mou avkouv o€ SladopeTikd elkovika Siktua
B€Aouv va emikowvwvroouv, 0An n kivnon Ba mepdoel péoca and tov CC o omnoiog
Aettoupyel oav Spoporoyntig IP. Me autd tov tpomo Sivetal n duvatdtnta otov
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XPNoTn va emAéEel , avaloya T QVAYKEC Tou, €lte péylotn amodoon xwpic
TLEPLOPLOUOUG OTNV EMLKOWVWVIO LETOEL Twv VM, eite ehadpd pelwwpévn amodoon
eAéyXOVTaC WOTOCO TNV EMIKOWVWVI HETAEL TwV VM.

Otav ot VM eival Stapolpacpéveg os dtadopa clusters, to Eucalyptus
TIOPEXEL UNXAVIOUO olvdeong Twv CC pe tnv xprnon tunneling(yla mapadstypa pe
xprion tou VTUN([38]. Z& autr tnv nepimtwon, ta moaketa VLAN ano 1o €va cluster pe
tunneling petadépovtal oto aAAo pe xprion TCP 1} UDP ouUvdeong. H amoddoon autng
™G EmKowwviog onwe elvat Aoylkd efaptdrtal Kuplw¢ omd Tnv TaxutnTa
Slaolvbeong petall twv cluster. Mapdha autd oe mepimtwon TOAU KaAR
Slaolvbeong petafl twv cluster, n amédoon tou tunnel elval mou pmopel va
ETNPEACEL TNV TAXVTNTO EMLKOLVWVLOC.

3.5. STORAGE CONTROLLER (WALRUS)

To Eucalyptus mepthappavel to Walrus , pLa service anoBrikeuong debopévwv
TIOU XPNOLUOTOLEL TEXVOAOYieC uTinpeowwv otou (Axis2, Mule) kat €xel cuppatd
interface pe to Simple Storage Service (S3) tng Amazon. To Walrus vAomotel péow
HTTP to interface REST kaBw¢ kat SOAP interface ta onoia eival cuppata pe to S3.
To Walrus mapéxet SUo eldwv AeLtoupyieg:

e OuL xpnoteg mou é€xouv mpooPacn oto Eucalyptus pmopouv va
xpnotpomnotoouv to Walrus yia va petagpépouv dedopéva amod Kat
TPOG To VEPOC KaOBwWE Kal amo instances mou €xouv EeKLVNOEL OE

KouBoug

e EmutAfov to Walrus Aettoupyel oav service amoBrkevong VM images.
Ol images Tou OUOTNUA APXELWVY, TOU TIUPNVA KOl TNG MVAHUNG TTOU
XPNnoLdomnolouvtal yla va dnuioupynBouv instance VM og koupoug
umopouv va petadepBolv oto Walrus kol amo ekel kol €melta va
XpnotpornotnBouv anod Toug KOUPoUC.

OL XproTEG XPNOLUOMOoLoUV ta epyaleia tou S3 ( elte Ti¢ Amazon eite GAAwvV
Snuloupywv) yla va petadépouv Sedopéva mpog kal ano to Walrus. To cuotnua
XPNOLUOTOLEL T TLOTOTIOLNTLKA TNG BAong dedopévwy tou Cloud Controller.

Onwg kat to S3, to Walrus unootnpilel mMapdAAnAeg Kol CELPLAKEG
Hetadopeg dedopévwy. Mpokelpévou evioxuBel n mapaAiniomnoinon to Walrus dev
avaAopPBavel Tov €AeyXo TNG €yKUPOTNTAC Twv dedopévwy. Omwe Kat oto S3 ot
XPNoTeC mpénel va BeBatwaoouv otL Ta Sedopéva mou petadpEpovral oto Walrus eivat
€yKUpQ Kal OTL 6ev umdpxouv SUMAEG eyypadEg oe 6La avTKelpeva. e Tepimtwon
Tou eTXELPNBEL eyypadn o€ éva avtikeipevo oto omoio pia dAAn eyypadn sivat Adn
oe €€EAEn, n mpwtn eyypadn akupwvetal. To Walrus amootéAlel éva MD5
checksum tou avtikelpévou mou anobnkeUTNKe. ATLO TNV OTLYUN TTOU 0 XPHOTNG EXEL
e€akplBwOBel oav Eykupog xpnotng tou Eucalyptus, OAeC oL attRoeLg yLa eyypadn Kat
aVAyVWOon AVIIKELLEVWY armooTtéAovtal péocw HTTP.
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To Walrus emiong Aewtoupyel oav service amoBrikeuong Kot
Slaxeiplong twv VM image. Ol images TOU CUCTAUATOG apXEiwv, TOU TUPAVA TOU
AgLToupyLKoU Kat TG UVAKNG TG VM EVOWHATWVOVTOL OE TIAKETA KOl PETAdEPOVTOL
UE xprion Twv gpyaAeiwv EC2 mou npoodépovtat and tnv Amazon. Autad Ta epyoieia
ouuniélouv ta image, Ta KpumrtoypadoUVv PE XPHOoN TwV TILOTOMOLNTIKWY KoL Ta
Xwpilouv oe MOANA KoppaAtia Tou meplypdadovtal oto “image description file” 1
oAAlwg manifest. To Walrus €xel to kaBrjkov va emaAnBeVoeL TNV EYKUPOTNTA KAl Va
amokpuTttoypadrioel Ta image mou €xouv petadepBel anod toug xprioteg. Otav éva
node controller {nta kamowo image and to Walrus, mpotoU to KAvel instantiate,
OTEAVEL pla aitnon ywa petadopd n omoilo mioTonoleital Pe xpron KataAAnAwv
TILOTOTOLNTIKWY. EMelta To image enmaAnbeVetol w¢ MPOC TNV EYKUPOTNTA TOU
,amokpuTttoypadeital kot TéAo¢ anootéAAetal otov KopPo. MNa Adyouc BeAtiwong
™¢ anodoong kat emeldr) ouvnBwc tTa VM image sival apketa peyaAia, to Walrus
Statnpel pa cache pe ta image mou €xouv nén amokpunrtoypadnbei. H cache
Slaypadetal petd tnv mapodo kamolou SlactApatog f otav to manifest tou image
Eavaypadrel.

3.6. CLOUD CONTROLLER

Ta otolxeia mou amoteAoUv Tto Eucalyptus kal ta omoia meplypadnkav
napanavw diaxelpilovral amnd tov Cloud Controller (CLC). To CLC eivat pia cuAloyn
OTtO UTINPECLEC LOTOU TIOU avAaAoya Tov pOAO TOU XwpL{ovTal O TPELG KATNYOPLEC:

e Resource Services: EilvalL oL umnnpeocieg mou Siaxelpilovral tnv
Slavoprn Twv MOPWV TOU CUOTAHATOG OTL SLadopeg AELTOUPVIEG,
ETUTPEMOUV OTOUG XPNOTEG va SLaxelpilovral Tig dLlotnteg Twv virtual
machines, kol kataypddouv T6C0 Ta components TOU GUOTAUOTOG
000 KOlL TOUG ELKOVIKOUC TTOPOUG.

e Data Services: EANéyxouv ta 6edopéva TOU GUOTAUATOG KOL TWV
XPNOTWV KOl TAPEXOUV €val TIAPAUETPOTOLOLUO TEPIBAAOV OTO
XPNOTN Yyl TNV TPAYUATONOINON TWV OITNUATWY Yyl KATAVOUN
TIOPWV.

e Interface Services: Alaxelpl{ovtol TNV LETATPOTTI) MPWTOKOA WY, TNV
TILoTomnoinon Twv XPNoTtwv HEowV KataAAnAwy interface kat mapéxouv
epyaAeia Slaxelplong Tou cuOTUATOG.
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EIKONA 5: Ol SERVICES TOY CLOUD CONTROLLER. Ol MAYPEzZ TPAMMEZ AEIXNOYN TA MHNYMATA XPHZTQN ENQ Ol
ANOIXTOXPQMEZ TA MHNYMATA METAZY TQN SERVICES TOY ZY2THMATOZ

Ot Resource services TiG enmefepydlovtal TIG ALTHOELG TTIOU KAVEL 0 XPrioTNG yLa
€Aeyxo Twv VM kat emikowvwvoLv pe ta CC yla tnv d€oeuon Kal TNV anodéopeuon
Twv  GUOIKKWY TOPWV. M €lkOva TNC KOTAOTOONG TWV TIOpWV  TOU
ocuotnuartoc(System Resource State- SRS) Statnpeital pe TNV KATAAANAN eMKOWVwWvia
pe toug CC kal xpnolpomoleltal yla va emaAnBbeutel To Katd mooo eival duvath n
T(POYLLOTOTIOWNON TWV QULTOEWV Tou xpnotn (e xprion Service Level Agreements —
SLA). O €Aeyxoc tou SRS mpaypatonoleital og SUo otadla: Otav GTAVOUV Ol AULTHOELG
TOUu XpNotn ot mAnpodoplec SRS xpnolpomolouvtal ylo va anodaclotel Katd moco
Ba yivel amodektr n aitnon tou xprnotn pe Baon ta SLA. H dnuwoupyia VM katomiy
nephappavel tnv déousuon tTwv MOpwv oTto SRS, petadopd TOU ALTHUATOC yLo TV
Snuoupyia VM n omolia akoAouBeital amod tnv emBeBaiwon TNC KATAOTACNC TWV
mopwv oto SRS ot mepimtwon emnttuxiag  tnv akVPWON TNC Ot MEPIMTWON TOU
TPOKUPEL KATIOLO OPAApQL.

To SRS otnv cuvéxela MapakoAouBel TNV KOTACTACH TWV TIOPWV Kot
elvat umevBuvo ywa TNV aAlayn Tng Katdaotacng twv VM mou tpéxouv. Ot
nmAnpodopieg tou SRS Tpomomnolovvtal and yeyovota mou cupfBaivouv oto cuotnua
He Baon €va cUCTNUA KAVOVWYV TIoU otnpiletal ota untdapyovta SLA. H epappoyr) tou
SLA mupodoteital and Kamolo yeyovog (m.x. oAAalel pia 8lotnta tou SIKTUOU
ANYEL KATTOLOG XPOVOUETPNG) , TO OO0 ALOAOYEL KOl OTNV CUVEXELQ TPOTIOTIOLEL TNV
aitnon tou xpnotn(m.x. unopel va amoppiel TNV Altnon Tou Xprotn o MEPLTTWON
Tou autn Sev elval Suvatov va tkavormolnBel), N mpokalel aAAayEG oTnV Kataotoon
TOU CUOTAMATOC (TT.X. KATOVOUEG E XPOVLKO TIEPLOPLOWO). Evw n avamapdotacn Tou
OUOTAMATOC 0TO SRS pmopel va unv avtavokAd mAvta Toug pay Lotkoug TOpoug, N
dUon Kat n TBavotnTa TwV avaKpLBELWY ETUTPEMEL TNV S10POwWOT Toug OTav
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EIKONA 6:TO EUCALYPTUS NEPINAMBANEI TO WALRUS, ENA SERVICE AIAXEIPIZHZ AEAOMENQN ZYMBATO ME TO S3, NOY
XPHZIMOMOIEITAI TTA ANOGHKEYZH KAI MPOZBAZH ZE AEAOMENA XPHZTQN AAAA KAI IMAGES

epapudletal to SLA. EmumAéov o £Aeyxog amodoxng Kat ta SLA Asttoupyouv
puall yia 6uo Adyoug: va PBeBalwoouv OTL Sev yivovtol AmMOSEKTEC TEPLOCOTEPEG
OULTAOELC XPNOTWV OO O0EG UIMOPEL TO CUCTNUO VA LKAVOTIOLOEL KOl va. HELWOEL n
mbavotnta anotuyiag tkavomoinong twv SLA.

To Eucalyptus emitpémnel otoug xpnoteg va emAé€ouv mo cluster
B€Aouv va xpnoldomoljoouv yla va ekkwvioouv TG VM mpoodlopilovtag tnv
“Availability Zone” tou védoug mou B€Aouv va xpnoLlpomotoouy. EmutAéov yivetat
va adnoouv tnv duvatotnta emiloyng cluster oto Eucalyptus. Mo mapadslypo pe
xpnion tng Availability Zone “any” , To Eucalyptus Ba tomoBetroet TI¢ Katvoupyleg Vm
oto 1o adelo cluster , aAAa@ otnVv Tepimtwon eAeiewv og mopoug Ba SLapolpacet
TI]¢ VM oe moA\armAa cluster.

O Data Services dlaxelpilovral tnv dnuLoupyla, tpomonoinaon, EAeyxo
Kal amoBnkeuon Twv OeS6OUEVWV CUCTAMATOG KOl TwV XPNotwv. OL XPNOoTEG
ouvSEéovTal LE OUTA T services ylo va avakaAluyouv TANpodopieg yla Toug
SlaBéopoug mopoug (images kat clusters) kot yio va Slaxelplotouv SLadopeg
TIPOUETPOUG TIou adopouv Tig virtual machines kat Tnv katavoun twv Siktvwv. Ta
Resource Services aA\nAemiSpouv pe ta Data Services yla va amokw8IKOMOL|GOUV
TIOPOLETPOUG TIOU ELOAYOUV oL Xpnoteg (m.x. ta keys mou oxetilovtat pe tnv
dnuoupyla evog VM instance) . NopoAa autd oL MAPAUETPOL services autwv Sev
elval oTatikeg. MNa mapadelypa oL XprioTeg Umopouv va oAAAEOUV TOUG KOVOVEC TIOU
Aettoupyouv ta firewall katl mou emnpealel Tnv kivnon tou Siktuou. OL allayEg
UImopoUV va yivouv eite 0tav cuotnua Asttoupyel eite otav autd dev Asltoupyet
OAAQ LE TNV XPron KATAAANAWY TIAPAUETPWY OTNV OLTNON YLOL KATOVOL TIOPWV. Zav
QIMOTEAECHA, OL UTtnpecieg mou OSlaxelpilovtal 1o SIKTUO KOL TNV CUVOXH TWV
SebouEVWY TIPEMEL KATOTILV ATAiTNONG TOU XPrOTn va TPOTOMOoLoUV TNV KATdotaon
pLoG opadag virtual machines kat Toug elkovikoU SIKTUOU TTOU AUTEG BplokovTal.

EmumAéov  twv interfaces mTou  xpnolwgomolwoUv gl YAwooo
mpoypappatiopou (SOAP kat “Query”), ot Interface services mpoodépouv éva web
interface yla xproteg kal SlaXelPLOTEG TOu VEDOUG. XpnoLdomowwvtag éva web
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browser, oL xprioteg umopouv va attnBouv yia npécfacn oto védog, va katefacouv
TO. KPUTITOTOLNUEVA TILOTOTIOLNTIKA TIOU QUTALTOUVTAL YL TO TIPOYPOLMOTIOTIKA
interface, va aAAnAemidpdoouv pe TO cUOTNUA ,T.X. yla va SoUVe TIG SLaBEaipeg
images O&ilokou. OuL OlaxelploTEC MmopoUV eTMAéov va  SLAXELPLOTOUV TOUG
Aoyaplaopoug xpnotwy Kal va emiPAEnouv Tnv Stabeouotnta Kot Asttoupyia Twv
OUOTOTLKWY TOU GUCTHUATOC.

Tédog , Tta interface Twv UmMnpecwwv OTOU pmopel va
Xpnotpomnotnfouv anod XPrRoTEC YL VA EKTEAECOUV TOL AUTAMOTO TOUC HE SLadopoug
Tpomouc (m.x. EC2 SOAP kal “Query”, S3 SOAP kot REST). Emeldn oL Xpr)0TeC Umopouv
va xpnotpomnotjoouv kot EC2 SOAP kat EC2 Query mpwtokoA\a[12], moAAd epyaleia
Tmou eiyav oxedlaotel apxka yia vo douAevouv pe ta EC2 kot S3 pmopouv va
Souléyouv kat pe to Eucalyptus xwpig tpomomnolrosLc.
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KEDAAAIO 4

2XEAIAZIMOZ MHXANIZMOY AZIOAOMHZHE KAI ENIAOTHZ
YNOAOTIZTIKOY NEDOYZ

Onw¢ mapatnprnoape nén, otnv ayopd umapxet mAnBoc¢ mapoxwv cloud
computing evw n éAevon Kat edpaiwon tou Eucalyptus Ba dwoel Tnv duvatotnta os
TIEPLOCOTEPEG ETALPEIEC VA aOXOANOOUV HE TOV OUYKEKPLUEVO TOUEQ TAPOXNC
unnpeowwv[55,56]. Ta odpéAn tnc LMaPENG MOAAWVY TTOPOXWV Elval epdavr) yLa Toug
XPNOTEC TWV CUOTNUATWY QUTWV , WOTOCO TO MPOLANUA TTou dnuioupyeitat eivat ott
TIOAMEG dopEC oL xpnotec ocuotnuatwv cloud computing &ev eival oe Béon va
yvwpilouv 10 oUVOAO Twv SL0OEoipwY UTIOSOUWY KOl TIOLEG QO TIG UTTOSOUEG
talptalouv KoAUTEpA OTIC OVAYKEG TouG. H Alon mou mpoteivoupe eival pia
umnpeoia TtoL n omola emiPAEnel ta Stabéopa védn, kataypadel mMAnpodopieg
yLOL QUTA KOl KOITOTILY QULTHLOTOC TOU XPHOTH EMIAEYEL TO KAAUTEPO YLOL AUTOV HE Baon
TLC QVAYKEC TOU.

4.1. TENIKH APXITEKTONIKH 2YSTHMATOZ

H QpXLTEKTOVIK) TOU OUOTHUOTOG €ival amArn Kal amoteleital amo 4
avefAPTNTA UTIOCUCTHATA TO OTOLO UAOTIOLOUV KOWVA TPWTOKOAAQ EMLKOLVWVIAG.
Ta umocuoTHMATA AUTA £ival Ta akoAlouBa:

e Cloud Database: Eival n Baon dedopévwy otnv omola mepLéxovral
aVOAUTIKA oToLlxela yia KaBe védog.

e Cloud Supervisor: OucLaOTIKA TIPOKELTAL yLa Evav daemon o omolog
erutnpel Ta védn mou umdpxouv otnV BACH EVNUEPWVOVTAG TNV Yyl
ornotadninote aAlayn cupPaivel.

e Web Service: H unnpecia wotol n omoia ulomowOnke pe TNV
BonBela tou Gria Development Kit. Avauével cuvdEoelg amd Toug
XPNOTEC, EMIKOWWVEL e TNV BdAon yla va CUAAEEEL oTOLXELQ yla Tal
VEbN KaL UAOTIOLEL TOV UNXAVLOMO ETAOYNG.
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e Gria Client: O client pe tov omoilo o Xpriotn¢ CuUVOEETAL PE TNV
unnpeoia LotoL eivat o Gria Client pe tnv mpooBnkn evog plug-in ya
™V aAAnAenidpaon Pe TNV Utnpeacia LOTOU TTOU SNULOUPYICALE.

H apXLTEKTOVLKI) TOU CUOTNHATOC GALVETAL KL OTO TAPAKATW SLAypappa:

Ala@oipa

i Clouds
/\

XpR'O'rnq

Cloud

Supervisor

Web Service

Selection <« ~

Mechanism
Cloud Database

EIKONA 7: TENIKH APXITEKTONIKH ZYZTHMATOZ AZIOAOrHzZHz KAI ENIAOTHZ CLOUD

4.2. CLouD DATABASE

H Baon 6edopévwv mou Slatnpel otolyeia ywa ta védn Tou UTIAPYOUV
SlaBéoua elval Baoikotato otolxeio Tou cuotiuatog. H Baon Statnpet ta Bactka
otolxela kAaBe védpoug Ta omolo TPEMEL va SLABETOUPE Yyl VO UIMOPECOUME va
ETLKOLVWVNOOUUE pHall tou : IP, to povadikd certificate kat to private key mou
QIaLTOUVTAL YLa TNV gyKaTtaotacn acdaiols cuvdeong pall tou.

Onwg eidape katl mponyoupévwe, kKabe védog pe tnv mhatdopua Eucalyptus
amnoteAeital and avefdptnta availability zones yia ta omola mpémnel va cUAEYOUUE
nAnpodopies. OL mAnpodopieg auTtég adopolV TOGO TA XAPAKTNPLOTLKA OTOLXELD TNG
availability zone 600 kal otatiotikd otolxeia Asttoupyiag tng. OL mAnpodopieg
Aoumov mou cuAAéyovtal adopoulv : Tto Ovopa Tou availability zone, to av to
availability zone eival dtaBéaoipo yla xprion, To €Upog {wvng Tou Tomikol SlkTUou
Slaolvbeong petall twv KOUPwv tou availability zone ,otatiotikd otolxeia yla to
TIOOO KALPO TO CUYKEKPLUEVO availability zone Bploketal umod emitripnon, TN XPOVIKA
nieplodo mov eival og katdotacn Asttoupyiag kot tov aplbuo twv BAaBwv mou €xouv
eudaviotel 600 Kalpo mapakoAouBeital.
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H Baon téAog kpaTdel avaAuTlKA oTolxela kat yla kaBe tumo virtual machine
mou eival dtaBéolpog ava availability zone. Mo ocuykekplpéva yla kaBe tumo virtual
machine ¢uldocovtal otolxeia yla tov TUMmMo TG ( auth TN otyun ot dltabéoiuot
tumot Sdwakpivovtal oe ml.small,cl.small,m1.large,cl.large,m1.xlarge [45] ), mdoeg
instances autoL Tou TUTIOU TIOU UIOPEL va uTtootnpiéel autd to availability zone tnv
6€60UEVN XPOVIKI OTLYUN KOl TTOOEC TO UEYLOTO, TOV aplOUo tov emefepyaotwy, TO
HéyeBog TG pvnung RAM, to péyebog tou okAnpou Siokou Kal To KOOTOG Xpriong Tou
OUYKEKPLUEVOU TUTIOU VM avd wpa. To OXECLOKO HMOVTEAO TNG ATANG auTn¢ Baong
daivetat oto akdéAovBo Staypappa:

availability _zone
cloud PK |id
PK |id <+ cloud_id

_ name

ip net

private_key up

certificate times_checked
times_up
failures
previous_state

vm_item

V-PK id

zone_id
type

free
maximum
cpu

ram

disk

price

EIKONA 8: 2XEZIAKO MONTEAO BAZHZ AEAOMENQN

Onwg mopatnPoUE TO OXAHUA TNG CUYKEKPLUEVNG Baong dedopévwv dev
elvat dlaitepa moAUmAoko, aAAG amattoUpe VPNAEC TaxuTnteg mMpocfacng ota
Sebopéva Kal 600 To SuvaTov Tio eUKOAN SlacUvEean E TOV UTIOAOLTO CUCTNUA.

Ma toug avwtépw Adyouc mpoTunOnke n unxavr) HSQLDB 1.8[57]. H
HSQLDB eival éva cvotnua dlaxeipiong Baong dedouévwy ypauuévo os Java. H
HSQLDB umootnpilel ta mpotuma SQL-92, SQL-1999 kat SQL-2008 svw oL TIVOKEG
armoBnkevovtal otnv HMVAUN Kol OxL otov okAnpd 6ioko yla Adyoug TaxUTNTOg
npooBaong kot pe dedopévo otL n Baon pag dev daxelpiletal MOAU peyalo oyko
6ebopévwy. H emhoyn NG OUYKEKPLUEVNG HNXavAg €ylve efattiag Twv XapnAwv
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analtoswyv tng o€ hardware kat TG eUKOANG Slaxeiplong tng Ue xprion tou odnyou
JDBC péoa amo 1o mpoypappd pag, kabotl n uhomoinon toco tou Cloud Supervisor
000 kot tou Web Service pe ta onoia aAAnAemidpa n Baon €xeL yivel oe Java.

Ta otowela pe ta omola aMlAnAemibpa n Paon eivat o Cloud
Supervisor kaL to Web Service. H evnuépwon twv otolxeiwv tn¢ Baong yivetal ano
tov Cloud Supervisor ava taktd xpovikd Staoctipata, evw to Web Service €xel pévo
1o Sikatlwpa avayvwong twv dedopévwy ou untdapyxouv nén otnv Baon.

4.3. CLOUD SUPERVISOR

Mpokelpuévou n cloud database va eivol cuvexwg €vNUEPWUEVN yla TNV
Tpéxouoa Kataotacn ota VEdn, KpiBnke amapaitntn n  Snuwoupyla evog
TIPOYPAUHUATOG TO Omoio Ba Ta emITnpel avd TAKTA XPOVIKA Slootrpata kot Ba
EVNUEPWVEL TNV PBAon HE Ta VEWTEPA OTOLKela. EmutAéov autol, TO TPOYPOLUa
TPEMEL va eme€epyaletal TNV Kataotaon twv availability zones twv vedwv kal va
EVNUEPWVEL TA OTATIOTIKA OTOLXElol TTOU ¢$uUAACoOVTOL yla QUTEC otnv Baon. To
npoypappa auto ivat o Cloud Supervisor.

O Cloud Supervisor TTPOKELTOL OUCLACTIKA yLa €va daemon ypoppEVo o€ Java
0 omolog emikolVwVEL pe tn StaBéoipa vEpn Kal MPOYHLATOTOLEL TNV aVAVEWGN TNG
Cloud Database. Auty T oty o daemon eivol oOXeSLAOUEVOG WOTE va
ouvepyadetal pe ta védn mou vAomololv To interface emkowvwviag tou Amazon EC2.
Onwg eldape KoL MPONYOUUEVWC, OVAUECO OTL MAATPOPUEC TTou uTtoatnpilouv to
ouykekpLuévo interface eival kat to Eucalyptus.

O tpomog mou enikowvwvel o cloud supervisor pe ta védn eivat pe avtaAlayn
SOAP pnvupatwy. Mo va emITUXOUHE TNV ETMLKOWVWVIA OUTA KAVOUUE XPRon Twv
epyaleiwv APl tou Eucalyptus , ék6oon 1.5.2(api tools.v1.5.2). H ékdoon auth Twv
API tools tou Eucalyptus mpooopotlwvel t Aettoupyia Twv API tools ékdoong 2008-
12-01 tou Amazon EC2. Ta egpyaleia autd €lvol OUCLAOCTIKA O MOVASIKOG TPOTOG
ETUKOLVWVIOG HE Ta VEDN Kol pag divouv Suvatdtnteg Slaxeiplong toug aAAd Kal
avtAnong mAnpodoplwv yla autd. EWdikd to teAeutaio eival MOAU ONUOVTIKO Kal
elval n duvatotnta mou aflomoloU e Kal oTtnVv SIKLA pag uAomoinon.

H epyaoia nou emtelel o cloud supervisor gival n €€AG: avad TAKTO XPOVLKO
Sdlaotnua kal oe kABe védog mou Bpioketal otnv Bacon dedopévwy, HE Xpron Twv
anoBnkevpévwy certificates kal private keys, ektehel tnv evioAn “describe-
availability-zones verbose”. H cuykekpluévn evtoAn {nta amno to Cloud Controller va
dnuootevoel Tig Availability zones oL omoieg Aettoupyolv o autd KaBwg Kot
Aemtopépeleg yla TG {wveg autég. O cloud supervisor AapBAveL TNV AmAvtnon Tou
cloud, eneepyaletal tic MAnpodopleg KAl AVAVEWVEL avAAoya Ta TIEPLEXOUEVA TNG
Cloud database. e nepintwon pn €ykapng amavtnong, To védbog Bewpeital otL eival
€KTOC Aeltoupyiag. OL MEPUTTWOELS OTLG OToleg To VEDOG 1) CUYKEKPLUEVO availability
zone BswpnBnke ektdg Aettoupyiag kataypadovtal otnv Bdon Kat aflomolouvrtol
OoToV UTtoAOYLopO TNG aflomiotiag. H avtaAlayi Twv UNVUPAtwy autwv daivovtal
KOlL OTO TAPOKATW akoAouBLako Slaypappa:
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EIKONA 9:AKOAOYOIAKO AIATPAMMA AEITOYPTIAZ CLOUD SUPERVISOR

4.4. \WEB SERVICE

H Web Service amoteAel tov muprva tTng vuAomoinorng pag. Mia onuavtikn
oxedlaotikn anodaon mou AdaBape ntav n xprion tou Gria[58] yia tnv uAomoinon
™¢. To Gria elvat pia  service-oriented umodoprny (SOI- Service Oriented
Infrastructure) n omoia oxedldotnke wote va umootnpilel business 2 business
ouvepyoaoieg. To Gria XpnoLUomolel Ta Mo MpocdaATa TTPWTIOKOAAQ YLOL UTINPECLES
Lotou kot aopaiela Public Key Infrastructure (PKI1)[59] e€aodalilovtag pe autdv tov
TPOTO aoPaAn ETUKOWVWVIO METALY TOU XPNOTN Kal TG umnpeciog otol. To Gria
elval Aoylopiko avolytou kwdika kat StatiBetal dwpeav. H €kdoon tou Gria mou
XPNOLUOTIOLOUHE glval n 5.3.

H unnpeocia otou mou ulomotjoape Aowmov avamtuxdnke pe tnv Bonbela
Tou Gria Development Kit, kol pmopel va ocuvbeBel omolocdnmote Xprotng Ue TNV
BonBeLa tou Gria Client. Eival pla dwpedv unnpeoia Lotol kot Sev mpolmobETeL TV
Umapén kamowou Aoyaplacpou r SLA. MpOKeLtal yla pla umnpecio Lotou n omola
uropet va yivel deploy otov Tomcat Kol EMUTPEMEL O€ TTOPOUG va dnuLoupyndouv n
va Kataotpadouv . OL topoL otnv Mepimtwor] pag adopouv ToV UNXAVIOUO ETUAOYNG
availability zone kot mpootatelovtal pe xprion PBAC 2 (Process-Based Access
Control 2)[60].

AdoU ouvdeBel o ypnotng kat Katabéoel to altnud tou yla €€evpeon
véboug, n umnpeocia wotol cuvdéetal pe tnv Cloud Database , exteAel tov
HUNXOVIOUO yla TNV €mAoyn VEPOUG Kal KOTOTILV OIMOCTEAAEL TA ATIOTEAECOUATA TNG
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emloyng miow otov Gria Client. Onwg eilvatl katavontd, To KUPLOTEPO OTOLXELD TNG
Web Service glval o unxaviopog emAoync, 0 onoio¢ avaAUETAL OTNV CUVEXELA.

4.4.1. EMIZKONHZH MHXANIZMOY EMIAOTHE NEDOYZ

JKOTIOC TOU OUYKEKPLUEVOU UNXAVIOHOU €TAOYNAG, €lval va eTUAEEEL avapeoa
oto mARBog twv Stabéoipwv vedwy, To availability zone tou védpoug mou talplalet
TIEPLOCOTEPO OTLC OVAYKEG TOU Xprnotn. MNépa amod autd, 0 UNXAVIOHOE dnuloupyel
Kal avaAuTtiko configuration ywa kdBe availability zone, 6nAadn mooceg virtual
machines kalL TU tumou Oa xpnowuomownBouv. JuvoAwkd, ta &edopéva TOU
XpPNoLlpomolouvTalL oTov aAyopLlOpog emhoyng sivat:

e [IAnpo@opiscc yia TI¢ anaitioels Tn¢ epapuoyns o hardware.
O xpnotng dnAwvel tig InToLHEVEC Ao TNV eHAPUOYr) ATTALTOELG OF
UTTOAOYLOTIKOUG TOpouc. OL mAnpodopile¢ auTEC elval KpLolung
onuaoctiag kabwg kabopilouv og peyaAo TNV TEALKN EMLAOY).

e QoS neplopiouoi Kat npotTiunoeis tov xpnotn. O xprotng opilet
TLC TIPOTLUNAOELG TOU 000V adopd mepLloplopolc oto QoS, evw pmopset
va SnAwoel katl Baputnto Tou TIPENEL vo. 500l 08 CUYKEKPLUEVOUG
napayovtec QoS.

e [IAnpowopisc ooov apopa ta dtadéowua clouds. Kabe éva amno
ta Sabéopa clouds avrtiotoliletal pe mAnpodopisc yia to QoS ,
nAnpodopieg oL omoieg Oa xpnolponoltnBouv kata TV dtadkacia g
emloyng. OL mAnpodopiec adopouv MapAUETPOUG Tou QOS oL OToLeg
dnpoatomolouvtal amnod toug mapoxoug cloud computing, kKaBwg Kot
nmAnpodopieg oL omoieg e€ayovral yla ta clouds amd pnxaviopoug
EMLTAPNONG TOU CUOTHUATOG.
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EIKONA 10:AIATPAMMA AEITOYPTIAZ MHXANIZMOY ENIAOTHZ

Ao TNV oTLyun ou OAeg oL mAnpodopiec 50000V GTOV UNXOVIOUO ETAOYNAG ,
gekwva n ektéleon tou alyopiBuou n omola Ba pog dSwoel cav AMOTEAECUA TO
BéAtioTo configuration yia tnv epyacia mou entbBupel va tpé€eL o xpriotng.

4.4.2. MAPAMETPOI QOS

Onwg avadpepBnke Kal Mapamavw, yld vo KAVOUUE TNV BEATLOTN TeAWKN
emloyn configuration ywa tov xprotn, eféetalouvpe SLadopoug MAPAUETPOUG TOU
QoS. MNopaKATW TOPOUCLATOUKE TIC TIOUPAUETPOUC TIOU XPNOLUOTIOLOUME Kol Ol
omnoiol Bewpoupe OtL mailouv To oTouSALOTEPO POAO yLa TNV MAOYN €VOC VEDOUC.
OL apapetpol autol xwpilovral oe SU0 KUPLEG KATNYOPLEC:

o [lapauetpot umtoAdoytotikwy mépwv. Elval oL mapdpetpol mou oxetilovral
ue to hardware. Neplhappavouv:

O Tov aplOud enMefePYAOTIKWY LOVASWV ava KOUBo,
O TO peyedog TNV uvAung RAM ava kopfo,

o TO peyeBog Tou okAnpou biokou ava koupo,

o To 6LaBéoipo eVPog Lwvng TOU TOTILKOU SIKTUOU

O TO TMANB0G TWV UTIOAOYLOTLKWV KOUBWV.
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o [lapauetpot alomotia¢ ovotiuaro¢ .Elvalt oL Tmapduetpol TOU
oxetilovtal pe TNV aflomiotia Tou cuothuatog. OL TAPAUETPOL TOU
XPNOLLOTIOLOUE Elval :

o Availability: H miBavotnta va sival to availability zone &taBéoipo
omoladnmote oTlyury OEA|COUUE VA TO XPNOLLOTIOL|OOULE.

o Continuous availability: H miBavotnta to availability zone va sivat
SL0B£o1p0 yla T XPOoViIKN TIEPLOS0 TTOU XPNOLUOTIOLOUHE TO VEPOC.

o MTTR: o HEoOC XpOVOC TOU QmALTE(TAL yLa TNV emavadopd
availability zone oe Aettoupyla peta and BAaBn.

e [lpotiunosic xpriotn. Eivat oL TmopAueTpol ToU oxetilovtol e
TLEPLOPLOUOUG TTIOU BETEL 0 XPrIOTNC YLa TNV EKTEAEDH TNC EPYOOLOC TOU Kall
dlaitepeg MPOTIUAOCELG Ocov  adopd TNV EMAOy) TOU TEAKOU
configuration. OL MOPAUETPOL QUTEC Elval :

o Xpovog ektéAeong: H xpovikn mepiodog yla tnv omola emtbupei o
XPNOTNG Va KAVEL Xprion Tou VEPOoUC.

o Kootog: O péyloto moocod mou eivatl SlateBelpévog va dSwoel o
XPNOTNG yla TNV Xprion Tng unnpeoiag.

o Reliability Gravity: H Baputnta mou mpémnel va 00el amod tov
pUNxovilopo emdoyng otnv aflomiotia tou availability zone.

o Cost Gravity: H Baputnta mou mpenel va §00el amd Tov pnxoviopo
ETUAOYNG OTOV TEPLOPLOUO TOU TEALKO KOOTOUC yLa TNV XPHon tng
UTNpPeacioc.

4.4.3. METPHZH AZIONIZTIAZ NEQOYZ

‘Evag Kplolpog mapdyovtag yla TNV emAoyn tou KatdAAnAou védoug eival n
aflomioTia Tou Kol ylo auto Bewpndnke onuoavtikd va Ppebel pia kat@AAnAn
HETPLKN afloAoynong tng. Meletioape éva mAnbog PBiBAloypadilog ywa TNV
aflomiotia cuotnuatwv([62,63,64,65,66] . ItV MEPIMTWON HOG WOTOCO UTAPXEL O
TIEPLOPLOUOG OTL dev elpaocte oe B€on va yvwpilloupe TNV €OWTEPLK Sdourn €vog
védoug Kal n povn mAnpodopia 6cov adopd tnv aflomiotio Tou amoteAel n €voelen
otL éva availability zone eival oe katdaotaon Aettoupyiag i oxt. Me autd ta
Sebopéva umoyn katoAnfope OTL cav TAPAUETPOL afLOTILOTIOG MImopPoUV va
BewpnBouv:

o H Stadeoiudtnta : H mBavotnta 1o cluoTnUa va eival oe Asttoupyia
KATToLOL TUX Al XPOVLKI) OTLYUN).

o H ouvexnc Stadeouotnta: H mbavoétnta to oclotnua va elval o€
AELTOUPYLO CUVEXWCG YL KATIOLO XPOVLKH TtEpiodo t.
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e 0O Méooc¢ Xpovoc yia Eravapopd(MTTR): O pécog 6pog Tou XpOvou Tou
QmalTe(Tal TIPOKEIPMEVOU va oUOTNUO va €MAVEADBEL EMelTa amo Lo
BAGBN.

Onwg €xoupe el kabe availability zone evog védoug €xel avefdptntn
Aewtoupyia amnd ta umoAouna Tou iSlou vEdpoucg. EMOUEVWG QUTEC OL TTOPAUETPOL
UmopoUV va xapoktnpioouv povadika tnv aflomiotia tou kabe availability zone. lNa
TOV OKOTIO aUTO Snuoupynoape to pEyebog Reliability Score. O TpOMOC UTTOAOYLOLOU
Tou Reliability Score kaBe availability zone eivat o akoAouBoc:

1. Avdloya tnv StaBeowuotnta, pe BAacn tnv Katnyoplomoinon Onwg
yivetal kat oto [61] umoAoyiletal to availability score tou kabe
availability zone. OuL tipég tou availability score ¢aivovtal otnv
OUVEXELD :

AwaBeopotnto(%) Availability score XapoKTtnpLopog
[0, 90) 1 unmanaged
[90, 95) 2 managed
[95, 99) 4 well managed
[99, 99.9) 8 fault tolerant
[99.9, 99.99) 12 high availability
[99.99, 100] 16 ultra high availability
2. Yrmoloyiloupe tnv ouvexn OlaBeowpotnta tou availability zone.
Oewpoupe OtL n BAABEeC elval TuXaLeC Kal EMOUEVWV akoAouBolv thv
katavoury Poisson. Emopévwg n  continuous availability Oa
umoAoyietal cUpPwWvA LE TOV TUTIO :

Continuous Availability = e~t**

, OTIou A 0 Adyog Tou OAlkoU aplBpoUl Twv mapatnPEoUpeVWY BAaBwv mpog To
OUVOALKO XpOvo Aeltoupyiag tou availability zone, t o xpdvog mou o xpriotng Ba
XPNOLUOTIOLNOEL TNV UTNPECLA.

3. YmoAoylopog tou pEcou Xpovou yla emdlopbwaon BAABNG(MTTR). O
UTtOAOYLOMOG Tou MTTR yivetal pe tnv BorBela Tou TUMOU:

Xpovog mov to Availability Zone Sev elvar StaBéaiuo

MTTR =
Xpovog mov to Availability Zone mapakoiovOeital

4. 'Exovtag UTOAOYIOEL TIG MOPATIAVW TTOPAPETPOUC, O UTIOAOYLOUOG TOU
“Reliability score” yivetal pe Bdaon tov TUMO:
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AvailabilityScore * ContinousAvailability
exp(MTTR)

ReliabilityScore =

O 8&elkTn¢ aUTOC €lval ONUAVTIKOTATOC YLa TNV €MIAOYN EVOC VEPOUC amod Tov
HUNXOVIOUO pag Kal 000 peyaAutepo to Reliability score evog availability zone, toco
HeEYaAUTEPN elval n mBavotnta va pnv epdaviosl cofopd mpoBAnpa Katd tnv
XPOVLKH SLApKELA TTOU Bl TO XPNOLUOTIOLEL O XprioTNC.

4.4.4, [MEPITPADH TOY AATOPIOMOY

TNV OUVEXELD TIAPOUCLAJOUHME TOV OAyOpLOUO TIOU XPNOLUOTOLE(TOL OTO
UNXOVIoUO €mAOYAG TOpwv yla va emihé€oupe oe molo availability zone, molov
vEpoUug Kal e TL katavoun VM instances gival mPoTIHOTEPO va TPEEEL 0 XpOTNG TNV
epappoyn tou. O okomog tou aAyopiBuou eival va kataAnéoupe oe €va TEALKO
configuration AapBdavovtag umoyn TG TPOTIUNOEL TOU Xpnotn yia TG QoS
TIOPOUETPOUG KOL TNV TTIOLOTNTA TWV UTINPECLWYV TIOU TtpoadEpovtal amo toug cloud
computing mapoxoug.

KaBwcg 6ev umapyxet apkety BiBAloypadia 0TOV GUYKEKPLUEVO TOUEQ TNG
emAoynG védouc, peletnoape Kupiwg BiBAloypadia mou adopd otnv emihoyn
workflows oe grid apyxltektovikég[67,68,69,70]. Me Bdaon TIC OVAYKEG TOU
UNXOVIOMOU HOC, €V TEAEL TPOTIUAONKE pla TapaAAayry Tou alyopiBuou mou
napouataletal oto [71]. AkoAouBnOnke n 6L AoyLkn, TPOCAPUOCHEVN WOTOCO OTLC
QoS mMapapETPOUC TOU TPOPANUATOG HAC KOL OTIC €ELOIKEGC OUVONKEG Twv
UTTOAOYLOTIKWV VEDWV.

H otpatnylkp mou okoAouBoUpe oTov aAyoplOpo eival OTL apxLKa
anokAeloupe ta mpoPAnuaTikA Kot Ta availability zones twv vedwv ta omoia Sev
TANpouv ta QoS standards mou €xel B€oeL o xprotng. Anuiloupyolpe ta TBava
configuration yla ta availability zones mou €xouv pelvel kal Ta omoia KAAUTITOUV TLG
QITALTACEL TOU XPHOTN O€ UTIOAOYLOTIKOUG TTOPOUG, UToAoyL{ovTag TO KOOTOG TOUG
KOL TG METPLKEG TNG OELOTLOTIAC TOUG. ANULOUPYOUE MO OXETLKN KaTtAtaén Twv
SlaBéouwv configurations kat emiAéyoupe to configuration pe tnv ev téAel KaAUTEPN
anodoon.

Méaoa otov alyopLlOpo oL TPOTIUAOELG TOU Xprotn 6cov adopd tnv Baputnta
oToug mapayovteg kootog(CostSlope) kat aflomiotia(ReliabilitySlope) exdpalovral
HE TN Mopdn Sekadikwv aplBuwv mou maipvouv TpéEG oto Stdotnua [0,1]. Oco
HEYOAUTEPOG O APLOUOC TOOO TILO ONMOVTLK ELVaL N TTOPAUETPOG yLa TOV XPNOTN. Zav
OTOTEAECHA EXOUE :

CostSlope + ReliabilitySlope < 2

AkoAoUBw¢ meplypadovtal avaAluTikd OAa ta Brpata Tou aiyopibuou.
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Brua 1: Emhoyn twv availability zones mou eival oe katdotaon Asltoupyiog
Kol prtopouv va SltaBgéoouv tov analtolevo aplBpd KOpBwv oL omoiot va Anpouv
TO XOPOAKTNPLOTIKA TIOU €XEL DECEL O XPOTNG OXETIKA UE : aplOuo emefepyaotwy,
puéyeboc RAM, péyebog okAnpou biokou, eUpog¢ {wvng Oiktuou. Ta umodAouna
availability zones amoppintovtatl kaBwg dev pnmopouv va KaAUPOoUV TG AVAYKEC TOU
xprotn.

Brua 2: YmoAoylopog tou configuration tou kaBe availability zone, dnAadn
UTTOAOYLOMOC TNG Katavoung tTwv VM instances otoug StadopeTikoug tumoug VM
Tou TpoodEpovtal amod To VEPOC, HE KPLTAPLO TNV HLKPOTEPN SduvaTh OMATAAN
TIOPWV.

Brua 3: YoAOYLOPOG TOU GUVOALKOU KOOTOUC Xprong yla kaBe configuration.
To kb6oTog xpriong tou configuration x opiletat oav initialCost(x). Ta configurations
HUE UEYAAUTEPO KOOTOC Ao TO MEYLOTO TOCO TOU Umopel va SlaB€oel o Xpnotng
amnoppintovtat.

Brua 4: Yrmohoylopog tou reliability score yia 1o configuration tng ekaotote
availability zone. To reliability score Ttou configuration x opiletat oav
initialReliabilityScore(x) kot yivetal pe Tov TpOTMO Mou avadEPONKe MPONYOUUEVWC.

Brua 5: YMOAOYLOMOG MEYLOTOU KOOTOUuG (maxCost), €AAXLOTOU KOOTOUG
(minCost), péylotou Reliability score (maxReliabilityScore) kot e\axiotou Reliability
score (minReliabilityScore) Ttwv configurations mou €£xoupe OnULOUPYNOEL OfE
mponyoU Heva Briparta.

Briua 6: Twa kaBe configuration x ,UTOAOYLOMOG TWV TIHWV Feost(X) Kot
Freliability(X) LE XPNON TWV OUVAPTHOEWV:

initialCost(x) — minCost

Feose (x) = expifiCostSlope maxCost — minCost

Ko

Freliapiticy (x) = expifReliabilitySlope
initialReliabilityScore(x) — minReliabilityScore

maxReliabilityScore — minReliabilityScore

Brua 7: Twa kaBe configuration x, UTTOAOYLOUOG TWV VEWV KAVOVIKOTIOLN LEVWY
TLuwv Cost kat ReliabilityScore pe Bdon toug TUTOUG:

Cost(x) = initialCost(x) * F¢,g (X)

ReliabilityScore(x) = initialReliabilityScore(x) * Freiigpiity (X)
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Brjua 8: Yriohoylopog tou Seiktn Convertedindex(x) tou kaBe configuration x
ue Baon tov akéAouBo tumo:

Cost(x)
ReliabilityScore(x)

ConvertedIndex(x) =

O 6eiktng ConvertedIndex eival onupaviikotatog Kabwg pog deiyvel
v alomiotia evog configuration oe oxéon He TO KOOTOC Xpriong tou. Oco
XOUNAOTEPOC 0 SEIKTNG TOCO KAAUTEPN N TOLOTNTA UTINPECLWY TIOU TIAPEXEL OTOV
XPNOTN KaBwg yla tnv eKTEAEoN plag epyaciag mpoodEpel Mo aflOmoTn unnpecia
0O€ ULKPOTEPO KOOTOC. O OUYKEKPLUEVOCG SELKTNG XPNOLUOTOLELTOL yla TNV Katdtaén
Twv configurations kal ev T€AeL emhoyn tou BéAtiotou, dnAadn Tou configuration pe
™V pKkpotepn T Convertedindex.

4.5. GRIA CLIENT

Onwg eidape kot mponyoupévws , n Web Service ulomow)Bnke pe tnv
BonBela tou Gria Development Kit. Na tnv xprion HLOC TETOLAG UTINPECLAC LOTOU
amatteital kat o avtiotowxog client, o Gria Client. O Gria client mpokeltal yla éva
TIPOYPAHA TO OTIolo TIaPEXEL Eval TIANPEC ypadLkd TteptBaAlov yia aAAnAenidpaon
LE TIG UTINPEODLEC LoToU. To yeEYovOg eMUTAEoV OTL uTtooTnpilel plug-ins pog emitpemnel
VO EVOWUOTWOOUHE TIG VEEG SUVOTOTNTEC TTOU BEAOUE YLO TNV UTINPECLO PO XWPLC
va XpelaoTel va yivel recompile oAokAnpoc o client.

Ma tnv aflomoinon Aoutov tng Unnpeciag mou SnLoupyrnoape eUPavioTnke
n ovaykn yw tnv dénuioupyia tou KataAlnlou plug-in. To plug-in  mou
Snuioupynoape yla TtV Tnepimtwon pag Snuloupyel To KATAAANAO ypadlko
nieplBarlov wote o xpnotng adotou ouvdeOel pPe TNV UMNPECLO, LE TNV XPHON TOU
KataAAnAou ypadikol meptBAAAovTog va Hmopel €UKOAQ €LOAYEL AVOAUTIKA TLG
QMALTAOELS TOu 6oov adopd TIG QoS amattroelg tou. Ta dedopéva mou elonyaye o
XPNotng petadpepovtal otnv Web Service n omola Katomv oTEAVEL Ta amoteAéoaTa
NG enthoyng otov Gria client. O Gria client pe tnv BonBela tou plug-in mapouaoialel
Ta anoteAéopata o€ €va opopdo ypadikod rmeptBarlov. To plug in eivat ypappévo oe
YAwooa npoypappatiopol Java pe v BonBeta tou SDK 1.6 evw yla tnv dnuioupyia
Twv ypadlkwyv E£ylve xprion tou Java Swing. TNV OUVEXELX TNG OSUTAWMOTIKAG
TiepLléxeTal tutorial ywa tov TpOmMo Xpriong tng umnpeciag pe screenshots amd ta
ypad ko meptBariov tou Gria client.
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4.6.

AIATPAMMATA KAAZEQN

Ta Staypdppato KAACEWV TG UAoToinong divovtal akoAouBbwg.
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KEDAAAIO 5

AMNOTEAEZMATA EKTEAEZHZ AATOPIOMOY EMIAOIHS 3E
AEAOMENO DATASET

JTo Tmponyoupevo KepadAalo meplypaPape TOovV  0AyoplOuo  Tou
XPNOLLOTIOLELTAL OTOV UNXOVIOUO eTAoynG yia TV afloAoynon twv availability zones
TWV UTIOAOYLOTIKWV VEPWV. AUTOC 0 alyoplBuoc ulomolOnke oe ol umnpeocia
LOTOU Kal Tpaypatonol)oape S1ddopes EKTEAECELG TOU TIPOKELMEVOU VA SOUUE TOV
TPOmo Asttoupyiag tou. Ma va yivel autd TPOXWPHOOUE oTtnv Snuwoupyia evog
dataset amo OSwaBéowa vépn meplhapPavopsvwy Twv availability zones kot
AEMTOUEPELWVY YLO TOUG TUTIOUG TwV VM. TNV cuvéxela «tpe€aue» tnv Web Service
Yl OUYKEKPLUEVEC TIPOTIUNOELG XPNOTN KOl MEAETAOCAUE TO OIOTEAECHOTO TOU
oAyopiBpuou.

5.1. 2TATIZTIKA STOIXEIA DATASET

TNV evoTnTa QUTH Oa TAPOUCLACOUE OPLOUEVA OTOTLOTIKA OTOLXELQ YLO TO
dataset mou xpnotuonotunoape. Na avadpépoupe OtL To dataset amoteAeital anod 10
védpn Kkat ouvoAika 100 avefaptnta availability zones. Me &edouévo oOtL KABe
availability zone ocUpdwva e To PoVTEAD TTOU €EETAIOUE TIPEMEL VO UTIOOTNPILEEL 5
Sladopetikoug tumoug VM instance, umdpxouv cuvoAlkd 500 Eexwplotda tumot VM
Tlou uTtootnpilovral.

5.1.1. 2TATIZTIKA AVAILABILITY ZONES

Onwg avadEpOnke Kal MPONYOUUEVWE OTO KEPAAALO 4, TA XAPAKTNPLOTIKA
Twv availability zones mou pag evdladépouv eival n dtabeopotnta, to availability
score, To MTTR, 10 €Upog lwvng Oiktuou, o aplBuog BAaBwv kal av eival o€
katdotaon Asttoupyiag ) oxt. To dataset meplhapPadvel povo availability zones mou
elval ev Aettoupyla. Ze auta, n dtabBsopodtnta eival n akdéAoubn:
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Katavoun AtaBecipotnrag
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EIKONA 15:KATANOMH AIAGEZIMOTHTAZ TQN AVAILABILITY ZONES.

Me Baon tv SlaBeowotnta tg, n kabe availability zone maipvel to avaloyo
availability score. H katavoun twv availability scores givat n akdéAouBn:

Katavoun Availability Score
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16
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12
| I
1 2 4 8 12

Availability Score

AplOuoG Availability Zones

oON B O

16

EIKONA 16:KATANOMH AVAILABILITY SCORE TQN AVAILABILITY ZONES.

BAémoupe OTL umapxel oxedov (oog aplBuog availability zones ywo kaBe
availability score. E€aipeon mapatnpeitatl otov availability score (oo pe 12 omou Sev
UTIApXEL oUTe éva availability score. Evtunwolakd otolxeio elval otL umapyouv 12
zones e T€AeLo availability score.
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O apBudc twv BAaBwv mou €xel eudaviosl pla availability zone 6co v
ETUTNPOUUE ELVOL ONUAVTIKOG TaPAYoVTaG. Ta avTioTolXa OTATIOTIKA daivovtal oTto
TIAPOKATW SLAypappa.
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NARBog Availaility Zones

ApLOuog BAapwv

EIKONA 17:KATANOMH APIOMOY BAABQN AVAILABILITY ZONES.

O uéylotog aplBuog BAaBwv mou €xouv epdavioel ot availability zones mou
TapaATNPOUUE elval EPTA, EVW TA TEPLOCOTEPA £XOUV EUPAVIOEL LOALG pia BAARN.

Ano ta napandavw Sedopéva pmopetl va mpokUPeL kat to MTTR tou KaBe
availability zone. H avtiotolyn katavoun ¢aivetal oto Staypappa:

Katavoun MTTR

NAnBog Availability Zones

0,01 0,05 01

EIKONA 18:KATANOMH MTTR AVAILABILITY ZONES.
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‘Eva teAeutaio XapaKTNPLOTIKO €ival To €Vpog {wvng Tou SIKTUOU TNG KABe
availability zone. H avtiotowxn katavoun ¢aivetal oto akdAoubo Siaypappa:

EUpo¢ Zwvng AlktUou

45
40
35
30
25 ~
20 A
15 4
10 ~

ApLOpog Availability Zones

100 1000 10000

EUpog Zwvng (Mbit)

EIKONA 19:KATANOMH EYPOYZ ZQNHZ AIKTYOY AVAILABILITY ZONES.

MapatnpoUpe OTL UTLAPXOUV TOTLKA Siktua pe Tpla dtadopeTika eUpn Lwvng.
100MBit, 1GBit, 10GBit, pe tnv dgUtepn KATNyOPLa va €lval N Lo cuvNBOLoUEVN.

5.1.2. 2TATIZTIKA TYNQN VM

Mapamndvw 8ape TA OTATIOTIKA Twv availability zones tou dataset. MoAAEg
onuavtikég mMAnpodopieg yla to QoS adopolv Toug TUNoug tTwv VM instances mou
UImopoUV va ekkvnBolv ot éva védog. Ta avriotolya oOTATIOTIKA Tou dataset
daivovtal ota akdéAouba Slaypapparta.

APXIKA ONUAVTIKN TIAPAUETPOC €ival 0 OaplOUOG TwV EMEeCEPyOOTWY TIOU
SlaBétel éva VM instance. H katavour tou aplBuol eneepyaoctwyv dpaivetal oto
TapakatTw Slaypappa:
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EIKONA 20:KATANOMH CPU TQN TYNQN VM.

H xwpntikotnta tou okAnpoU &ioKou €miong omoTeAEl ML ONUAVTIKN
TIOPAUETPO. H avtioTowyn katavour ¢aivetol oto akoAouBo diaypappa:

Xwpnukotnta 2kAnpou Aiokou
350
300
250
200
150
100

N Bog timwyv VM

50

50 100 150 200 250 300 350

Xwpnukotnta IkAnpou Aiokou(Gh)

EIKONA 21:KATANOMH XQPHTIKOTHTAZ ZKAHPOY AIZKOY TQN TYNQ VM.

TNV CUVEXELA Ttapouctlaletal to HéyeBog tng pvAung RAM mou SlabEtel
kKaOe tumocg VM.
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EIKONA 22:KATANOMH METE@OYZ RAM TYMNQN VM.

Amo ta mopanavw Sdtaypdppata mov agopouv CPU, HDD , RAM BAénoupe
OTL UTApXEL HeyaAUTepog aplOuog Stabeoipwyv virtual machines yia pikpotepa
HEVEDN TWV TAPATTAVW XOPOKTNPLOTIKWY. KATL TETOlo Umopel va onpaivel otL 6co
XOUNAOTEPEG OL AMALTAOELG o o hardware TO00 TEPLOCOTEPEG eTIAOYEG Ba £xou e
Katd tnv avalntnon katdAAnAou cloud.

57



TEAOG pla TOAU ONUAVTIKA TIOPAUETPOC OMOTEAEL KAl TO KOOTOG OvA wpa
xpnong evog VM instance. H katavoun ¢aivetal oto akoAoubo Siaypappa:

Kootog

180
160
140
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100
80
60
40
20

NARBog timwy VM

0,1 0,2 0,3 04 0,5 0,6

Twn($/wpa)

EIKONA 23:KATANOMH KOZTOYZ XPHZHZ TYNQN VM.

5.2. ANOTEAEIMATA EKTEAEZHZ AATOPIOMOY

‘Exovtag w¢ 6edopévo to dataset mou meplypAdnKe AVWTEPW, TIPOXWPICAUE
otnv ektéAean Tou alyopiBuou. Ol mapdpetpol QoS mou BEcape RTav oL akOAOUBEG:

Iapapetpot QoS T
Ap1Buog instances ov BEAOVE VA EKKLVI|COVE 50
ApBuog CPU 2
Méyebog RAM 2048
Xwpntikomta ZkAnpov Alokov 100
EVpog Zwvng Aikthov 1000
Méyioto kbotog ($/wpa) 10.00
Xp6vog xpriong veépoug(wpes) 50
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5.2.1. EKTEAEZH AATOPIOMOY A STAGOEPEX NAPAMETPOYZ
QoS

APXLKA €KTEAOUUE TOV aAyOpLOUO ETIAOYNC Yla TIG TTAPOITAVW TIOPAUETPOUG
QoS. EmutAéov oL emidoyeg «Baputnta Aflomiotiag» kot «Boputnta Kootoug»
B€tovral otnv TN 50%. Ta mpwta 7 oMOTEAECUOTA TTOU ETLOTPEPEL 0 AAYOPLOUOG
elval ta akolouba:

AwevBuvon IP Ovopa Kootog Reliability Convertedindex
védoug Availability ($/wpa) Score
Zone

Cloud7 Zone7 226,66 12 15,113
Cloud4 Zonel 159,54 7,99 15,786
Cloud7 Zoneb6 321,38 16 17,253
Cloud6 Zone4 339,15 16 18,918
Cloud3 Zone2 348,3 16 19,815
Cloud1 Zoneb 387,97 16 24,033
Cloud9 Zone7 309,26 12 24,629

BAémoupe OtL 0 OAyoplOupog eméAe€e mpwto to availability zone pe to
ukpotepo Convertedindex. Me tnv Baputnta aflomiotiog Kal BaputnTta KOOTOUC va
elvat ota dla enimeda, ouolaotikd eTAEXONke n «péon» Avon, 6nAadn Tto
availability zone mou wkavormolel otov 6o BaBuo kat ta Suo Kpitrpla. Auto sival o
AOYOG Ttou aLomioteg AUOELC OMwCE N Zone 6 oto védog Cloud7 eival otnv tpitn 6éon
, KOwe €xeL apketd peyaho kootoc. AvtiBeta otnv deltepn Béon eival n Zonel
Cloud4 n omota av kat oxt Slaitepa aflomiotn eival wdlaitepa otkovopkn. TEAoG va
TOPOTNPAOOVUE OTL OTNV TEPLUMTTWON Twv availability zones pe 1o (6l0 oKop
aflomioTiag, KATaTtAooovIal O OeElpd TMpoTipnong kaboapd pe PAcn To KOOTOC
Xpriong Toug.

5.2.2. EKTEAEZH AATOPIOMOY TlA METABAHTEZ TIMES
NAPAMETPQN QOS

Mpokelévou va PEAETHOOUUE Tov BaBud mou ennpedlouv oL HeTOPBANTEC
«Bapvtnta aflomotiag» Kol «BaplTNTa KOOTOUG» TO TEAKO OMOTEAECUA
TIPOXWPNOQUE OFE MO OELPA EKTEAECEWV TOU OAYOPIOUOU. ITIG EKTEAECEL QUTEG
Slatnpovucape otabepr) TNV pia amd AUTEG TIG UETABANTEG Kol METORAANAUE TNV
OAAN amno to 0% €wg to 100%.

Apxik@, Béocape tnv petapAnti «Boaputnta aflomiotiagy oto 50%. Ito
mapokAtw Sdtaypapua daivetal n petapoAin twv dewktwyv Convertedindex yua ta 7
npwTta availability zones mou eméle€e o alyoplOuog , kabwg n petaBAnth «Bapvtnta
KOoToUG» petaBdAAetal amnod to 0% wg 1o 100%.
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EIKONA 24:AIATPAMMA METABOAHZ CONVERTEDINDEX lNA KYMAINOMENH BAPYTHTA KOZTOYZ.

MapatnpoUpe OTL 600 aufdavetal n PBaplTnTa KOOTOUC QUEAVETOL KAl TO
ConvertedIndex 0Awv twv availability zones. MdAwota, to Convertedindex twv Zone7
Cloud7 kat Zonel Cloud4 auvfdavetal pe alobntd HkpotePo puBUO O OXEON HE TWV
umolowmwyv. BA£movtag to kOOoTOC Xpnong tng kabe availability zone yivetat
KOTAVONTOC 0 AOYoG, KaBwc To KOOToG Twv SUo autwv availability zones slvat éwg
kat 50% YxounAOTEPO amd TwV UTIOAOLTIWY. XOpaKTNPELOTIKO €lval otL to Converted
Index tou Cloud1 Zone5 oxedov tputhactaletal yia Baputnta kéotoug oto 100%. Av
KOl OPKETA OELOTLOTO, TO CUYKeKPLUEVO availability zone kataAnyel va eival to
televtaio o€ oelpad emloyng , kabwg elval To Lo akplBo anod oAa ta Stabéoiua.

H 8eUTepn oElpA LETPAOEWYV TTOU KAVAE NTav BETovtag TV «Baputnta

KOOTOUC» 0TOo 50% Kat petaBallovtag tnv «Baputnta aflomiotiagy amno to 0% oto
100%. Ta amoteAéopata mou ipape paivovral akoAolBwG.
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EIKONA 25:AIATPAMMA METABOAHZ CONVERTEDINDEX A KYMAINOMENH BAPYTHTA AZIONIZTIAZ.

Jto Slaypoppo auto PAEmoupe OtL 600 aufdavetal n PBaputnta
alomnotiag pewwvetatl to Converted Index 0Awv Twv availability zones. H peiwon
elval peyalutepn yia availability zones mou 6&laBétouv  tov péyloto Badbuo
aflomiotiag, evw yla availability zones mou 6ev eival aflomiota n peiwon eivat
oXeO0V UNdeVLIKN. XOPOKTNPLOTIKA, EVW OTa TEpLocoTepa availability zones n peiwon
tou ConvertedIindex eivat touAdyxiotov 50%, oto Zonel-Cloud4 n peiwon eival

oXeOOV UNGEVIKN, KABWCG TO CUYKEKPLUEVO €lval TO TLO avaglomioto amd OAa T
availability zones.

Na mapatnpriooupe OTL Kopia amo TG dU0 autég petaBAntég Sev
ennpedlel oe amoAuto Babuod tv tehwkn emdoyn védoug. Ie KABe meplmtwon o
oAyopLlOpog Ba emAéLel o oAokAnpwpEéVN AUan yla Tov Xpnotn, n omnoia Ba tou
eTUTPEPEL va EKTEAEDEL TNV Epyacio TOU ampofAnuATLOTA.
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KEDAAAIO 6

EMIAEIZH THZ XPHZHZ THZ YMHPEZIAS

AkoloUBw¢ 6Oa mapoucLOoTOUV  OTWYULOTUTIOL XPHoNG TNG UTNpPEeoiag
ouvodeuopeva oo SLEUKPLVLOTIKA OXOALQL.

ApxKa o xpnotng ekkwvel tov Gria Client pe to e6ko plug-in yla xprion tng
umnpeoiog Lotol pag. MNpokelpévou Tto client va evtomiosl tnv umnpeocia, sivot
amopaitnTto o xpnotng va ewoayel otov client to wsdl tng umnpeoiog pag. Autd
umopel va yivel eite pe drag&drop tou URL amd tnv oeAiba tng umnpeciag oto
KEVIpLKOU mopdBupo tou client , eite emAéyovtog Services->Add Service kal
eloayovtag to URL oto £181k6 mapabupo onwe dpaivetol mapakatw:

& GRIA Client =) x]

File Services Filters  Plugins

‘ Service Viewl Management View
L ; ¢

Details

Build-]dk: 1.5.0_14

Built-By: cruisecontrol

Manifest-Version: 1.0

Created-By: Apache Maven

Main-Class: uk.ac.soton.itinnovation.grid.client.cli. GRIABootLoader
Archiver-Version: Plexus Archiver

\ Please enter the URL for the service's WSDL:

O
\9/ |1:S442fdevkitfservicesjsampleSer\nce?wsdl\|

|0£ancel|‘ “ﬂg}( |
T

| 0%

[Default Logging | Registry Logging

EIKONA 26:EIZATQrH URL YMHPEZIAZ 2TO EIAIKO POP UP MAPAGYPO.
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Kata tv mpooBnkn tng umnpeoiog otov client Ba mapouolaotel To €6k
certificate ™C¢ uTMnpeciag TOU £XOUHE ONUIOUPYNOEL UE TNV €AoY Vo TO
amoppiPoupe N va to dextoupe. Quolka to SexOUOOTE, KOL N OUVOECN WE TOV
€EUTINPETNTH €XEL EyKATAOTAOEL.

Onwg eldoape koL KOTA TNV Topoudioon tng SOUAG TOU OCUCTHUOTOC,
TIPOKELUEVOU VO XpNOLUomoltooupe Ti¢ Suvatdtnteg tng Web Service mpénel va
deopevooupe TOPOUG, TOPOUC Tou Ba xpnolpomolnBolv yla TNV €KTEAECH TOU
LUNXOVLIOMOU €TAOYNG. AUTO UTOpPEL val YiveL ETUAEYOVTAG TNV UTNPECLA KOl KAVOVTOG
Aeéi KAik-> Create New Resource . Ovoudloupe tnv resource Onwc¢ €mMOUUOUUE
(edw “Selection”) kot elpOOTE £TOLUOL VA XPNOLUOTIOL|GOUE TNV UTtNPEGia.

File Services Filters  Plugins

[ Service view Management View
’\:2 htfme 1197 0.0 12049 ido deit teanicac S 3mpleService ( active) R I A
% Create new resource - 2N

=~ Discover existing resources Details

&

L AETEA Build-Jdk: 1.5.0_14

& Rename Built-By: cruisecontrol
il Forget ftem Manifest-Version:; 1.0

Created-By: Apache Maven
Main-Class: uk.ac.soton.itinnovation.grid.client.cli. CRIABootLoader
Archiver-Version: Flexus Archiver

0%

‘ Default Logging ‘ Registry Logging

EIKONA 27:AHMIOYPTIA KAINOYPTIOY RESOURCE.

Me 6e€l KALK TAvVw OTO resource Tou Snuloupynoape, epudavifovral KATOLES
VEVIKEG ETILAOYEC TIOU UTIAPXOUV yLat OAeg TG Gria Web Services (“Update EPR”,
“View EPR”, “Rename”, “Destroy”,”Forget item”) xaOw¢ koL n emhoyn “Run

Instance” n omola uAomolel Tov pnxoaviopd pog. Ooa neplypddoupe paivovral otnv
TIOPOKATW ELKOVAL.
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File Services Filters  Plugins

[service View | Management View

T2 https:j/127.0.0.1:3442/devkit/services/SampleService ( active ) 7 Lia I A
(L Selactinn t aadut Py _
| Run Instance. .. | -

Deté\.\s
& Update EPR

) Build-]dk: 1.5.0_14

[72 view EPR Built-By: cruisecontrol

[& Rename Manifest-Version: 1.0
Destroy Created-By: Apache Maven

Main-Class: uk.ac.soton.itinnovation.grid.client.cli. GRIABoctLoader

[l Forget item Archiver-Version: Plexus Archiver

| Default Logging | Registry Lagging

1 INFO [WSDLCache] - Fetching WSDL from https:/f127.0.0.1:8442/devkit/services/SampleSenvice?wsd|
MNFO [AbstractTransport] - Starting invocation: GET /devkit/services/SampleService

NFO [AbstractTransport] - Starting invocation: getResources

NFO [InteractivexX509TrustManager] - Server cert not in keystore, but already trusted for this session
& INFO [InteractiveX508TrustManager] - Server cert not in keystore, but already trusted for this session
7 INFO [AbstractTransport] - Starting invocation: createSampleResource

6 INFO [InteractiveX508TrustManager] - Server cert not in keystore, but already trusted for this session
872 INFO [InteractiveXS09TrustManager] - Server cert not in keystore, but already trusted for this session

EIKONA 28:EKTEAEZH TOY MHXANIZMOY ENIAOIHz.

EmAéyovtag “Run Instances” eudaviletal éva €8kd frame, oto omoio
UmopoUpe va B€ooupe TIG emAoyéG mou emBupolpe ywa to configuration.
MrmopoUpe va emiAé€oupe aplBud instances amd VM mou emBupolpe va
EKKLV|OOUUE, TO MEYEBOC TNG pvAUNG RAM, to MANBOG Twv EMeCepyaoTWV Kal TO
Héyebog tou okAnpou Siokou ava instance, To eUpog {wvng TNG Staclvdeong ety
Twv instances , To MEYLOTO TOCO avad wpo ToU elpacte SlateBelpévol va
TIANPWOOUE KOL TNV WP TIOU EMLOBUUOUHE VO XPNOLUOTOL|GOUE To VEDOC. Emtiong
B£Toupe Kal TL Baputnta MPEMEL va 00el 0TOUG TTaPAYOVTEG afLOTILOTIOL KOL KOOTOG
(“Reliability Gravity” kot “Price Gravity” avtiotowa).
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# of Instances: |50 v | # of Cpu's: |2 b |
RAM Size: |2048 v | Disk Size: | 100 v |
LAN Speed(Mbit): 1000 v | Price ($ per hour): | 10.00 v |
75 25
Reliability Gravity(%): () Price gravity(%): — 7
IIIIIIIIIIIIWII IIlIITIIIIIIIIIIIII
Time to use the service(hou... |150 v |

@] checkout h | | m Cancel

EIKONA 29:EIZATQrH NAPAMETPQN QOS.

Ermtidéyovtag “Checkout” , ta debopéva mou elodyope otélvovral otnv Web
Service Kal gv ouvexeia AAUBAVOULE TNV AMAVINON TNG KE TA AMOTEAEOUATA TNG
eKTéAeonc tou aAyopiBuou emidoyng ota clouds tng PBaong Sedopévwv mou
Slatnpovpe. Ta amoteAéopata mapouctalovial HE Tov TPOMOo Tou dalvetal
TOPOKATW:

e have chosen |C\oud IP HAZ H\nstancem||#oﬂnsta...||Price ||CPU HRam HHdd HE

the following configurations: http /jww... [Zona4 [m1xlarge [33 lo.168 [ [z072 [120 [1000
http:/ww... [Zone4  [elxlarge [12 j0.174 B |s120 |230 |100c

Ip: http:ffwww.diplomatiki-test.com/services/clou
O AZ: Zones
Price: 1205.181

Ip: http:/jwww.diplomatiki-test.com/services/clou
AZ: Zongd
Price: 1241.815

®

Ip: http:ffwww.diplomatiki-test.com/services/clou
O AZ: Zonez
Price: 1306.124

Ip: http:/jwww.diplomatiki-test.com/services/clou
C AZ: Zonel
Price: 598.278
¥
< i =] <] i ] B

= Eucalyptus
Systein:

Ok | Close Powered by: #f1 Systems

EIKONA 30:MAPOYZIAZH ANOTEAEZMATQN EKTEAEZHZ MHXANIZMOY ENIAOTHZ.

21O aPLOTEPO TUAHA TOU TtapaBUpou mapoucLalovial KOTd OELPA MPOTLUNONG
oo To KAAUTEPO OTO XELPOTEPO Ta VEDN Ue Ta avtiotolya Availability Zones kat tnv
OUVOALKA TLUA yla xpron tng urmodoung. EmAéyovtag kabe éva amod autd, oto Seil
TUAUA TNG 006vng tapouaotdalovtal Ta avaluTikd otolxeia Tou configuration, SnAadn
eTuUAéov TMOOEG instances kal o€ Tt tumou VM Ba Tig tpé€oupe, twv aplBud twv
StaBéopwv CPU, ) dtaBgoiun RAM KTA.
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KEDAAAIO 7

Eninoro:

7.1. 2YNOWH

Jtnv mapoloa epyocia TEPLYPAPOUUE Eva HNXAVIOUO afloAoynong Kol
ETUAOYNG UTIOAOYLOTIKWV VEPWV. ITOXOG TNC epyaciag eival va koaboplotouv ta
OTOLXElO TTOU WIMOPOUV VOl XOPAKTNPLoOOUV €va VEPOC Kal AapBdvovtag autd ta
oTolxeia va anopavOoU e KATA TTOCO UMOPEL VO avTATTOKPLOEL OTIC QAT OELG HLOG

edapuoyng.

Apxka Sivetal To BswpnTikO LUTORBABOPO yla va. KATOVONCEL ToV oXESLACUO
Kall TNV VAomoilnon Tou pnxaviopou. AvaAvovtal Ta BaclkOTEPO XAPAKTNPLOTIKA TWV
TIo SNUOPIAWV UTIOAOYLOTIKWV VEPWV Kal oL BACIKEC TTOPAETPOL OXESLACUOU TOUG
ue WSlaitepn €udaocn tnv eleuBepla mou Sivouv otov xpriotn ocov adopd TNV
SLaxelpLoN TWV UTTOAOYLOTLKWYV TTOPWV.

TNV ouvéxela yivetal €8k mapouciaon TG MAATPOPHUACS UTIOAOYLOTLKOU
védoug Eucalyptus. H uhomoinon tou pnxoaviopoU €yLve L8LIKA yLOL TNV CUYKEKPLUEVN
TAQTPOPUA, EMOUEVWE E(VOL ONUAVTIKO VA YIVEL KATAVONTH N 0pYyAvwaorn, o TPOMmog
Aettoupylog Kat oL SLaxwpLoTIKEG SUVATOTNTES TLG CUYKEKPLUEVNC TTIAXTH OPUOG.

TNV CUVEXELX TOPOUCLAIOUHE TOV OXESLAOMO TOU HNXaviopoU pag. Mvetal
VEVIKN Teplypadn TNG OPXLTEKTOVIKAG TOu OAAA KoL avaAucon TOu TPOToU
AELTOUPYLOG TWV UTTOCUCTNUATWY TIOU TO amaptilouv .

Mpokelévou va  afLOAOYOOUUE TOV UNXOVIOMO TIOU  SNULOUPYHCOLE
TIPOYHLOTOTIOLOU UE KATIOLEG SOKLUEG TIAVW TOV aAyOplOuo yla cuykekpLluévo dataset
KOl TAPOUCLA{OUME TOL OTOTIOTIKA TWV OTOTEAECHATWY €KTEAeoNG Tou. Ta
anmoteAéopaTta TOU TNPOUE O KABe mepimtwon emPeBaiwoav TG APXIKES
EKTLUNOELG.
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7.2. ENEKTAZEIZ

H mapoloa SUTAWUATIKN €pyooio MEpA TG TEPLYPAPNC TOU HNXOVIOUOU
afLoAdynong Kot eMAOYNC UTTOAOYLOTIKWV VEPWYV, OKOTIO EXEL KaL TNV Kataypadh Tng
KaTAoTaong mou Slapopdwvetal otov Xwpo tou cloud computing. Eivat Suvatov
ETOPEVWCE VA ATIOTEAECEL €val «0ONYO» YLOL TOV CUYKEKPLUEVO TOUEQ TNG ETLOTHUNG
TWV UTTOAOYLOTWYV, O OTOLOC UIMOPEL VO OVOVEWVETOL CUVEXWG HE Ta vEa Sedopéva
TLOU TIPOKUTITOUV OTOV XWPO.

Ocov adopd TwPa TOV UNXAVIOUO TToU UAOTIOLR OO UE, eivat Suvatov va Sextel
Tpomornoloelg mou Ba tou dwoouv VEeg SuvatotnteC Kal Ba Tov KAVOUV TILO
OMOTEAEGHATLKO OTNV EMLAOYH UTTOAOYLOTIKOU VEDOUC.

To cUOTNUA TIOU KATAOKEVUAOAUE €XEL OXeSLOOTEL WOTE va ouvepyaleTal Ue
UTIOAOYLOTIKA VEDN TIOU Xpnaotpomolovv To interface emkowvwviag tou Amazon EC2,
6nAadn autd mou xpnolpomnololy tnv mAatdopua Eucalyptus kat puoikd pe to idlo
o Amazon EC2. Mwa evéladépouvoa epyacia Bo ATav n MEKTACN TOU CUCTHUOATOC
WOTE VA EMIKOWVWVEL Katl pe aA\a dnpodian védn onwe to Google AppEngine n to
Microsoft Azure.

O unXoviopog auth TN OTWUR , META TNV €AoY TOU KaTAAANnAou
UTTOAOYLOTIKOU VEDOUG yLOL TOV XPOTN, TOU OPouoLalel To avaAuTiko configuration
yla va tpe€el ta instances. MBavr eméktaon Ba Atav n Snuwoupyla evog mio
OAOKANPWUEVOU CUCTIHOTOG WOTE HETA TNV dadikaoia tng emtAoync va Slvetal n
SuvatoTtnTa OTOV XPHOTN VO EKKLVIAOEL TO instances oTo eMIAEYUEVO VEPOC PETA OO
tov Gria Client kabwg kat n Sduvatotnta va ta Staxelplotel kat va AdaBet
amoteA£opATA , XWPLC va EUIMAEKETAL Apeoa LE TO interface Tou kABe védoug.

Ooov adopa tov aAyoplBuo emhoyng , Ba pmopovos va e€eliytel wote va
nepAaUPBAVEL TIEPLOCOTEPEG EMUAOYEG yLa TNV afLoAOynon Kal emAoyn Tou VEpouC.
Autl Tn oty o aAyoplBpog AapPavel umoyn TOUG TOPAYOVIEG KOOTOC Kol
aflomiotia tou védoucg. Mia mibavn enéxktaocn Ba ntav va mpootebel KAmoLa PETPLKNA
¢ amnoédoong tou Védpoug , avaloya Tou hardware. Muwa afloAoynon Twv
SLOOECLUWY UTTOAOYLOTIKWYV TIOPWV.

ErumAgov, pia pebodoloyla mou XpnoLUomoLeiTal eVPEWG otnV afloAdynon
UmnPeclwV Ba PmopoUce va XPNOLUOTIONOEL KAl OTNV CUYKEKPLUEVN TEPLTTTWON
adopd tnv vlomoinon kamotag popdng feedback twv xpnotwv. Meta tnv ektéAeon
NG €pyaciag Tou o€ €val UTIOAOYLOTLKO VEDOG, 0 XPNOTNG £XEL TNV SuvatdtnTa va
a€LOAOYNOEL TNV TTOLOTNTA UTINPECLWYV TIOU TOU Ttapeixe to védog. H yvwon autr Ba
umopoUoe va xpnowdomolnBel amd Ttov aAyoplBpo emAoynG o€  HEANOVILKEG
a€LOAOYNOELG TOU VEPOUC.

Oa unopoloav va PooTteBoUV MEPLOCOTEPEC TtapAUETPOoL QoS TIg omnoieg Ba
Atav duvato va eléyxel o xpnotng. Kaboplopdg Min — Max tluwyv, afloAoynon
BapuTNTAG TMOPAUETPWY, VYEVIKA TIEPLOCOTEPEG emAoyé¢ mTou Ba Sivouv T
Suvatdtnta otov XproTn va MePLYPAdEL TTILO AVAAUTLKA TLG OTTALTOELS TOU.
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Onwg eidape, o OAOC HNXAVIOUOG uAomowBnke pe tnv PonBela ng
mAatdopuag Gria Development Kit kat €xel popdr) umnpeciag oTou Tou eival
npooBaotun e tn BonBela tou Gria Client. Mwa evaAAaKTIKN Tipooéyylon Ba Atav n
uAormoinon Tou pnxaviopol cav LotooeAiba. Me autd tov Tpoémo Ba yivovtav mio
amAoikn n xprnon tou, Buclalovtag KAMoLEG amo TI¢ duvatotntec aodaAeiag tou
Gria.
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[MAPAPTHMA

KQAIKAL KAAZEQN

2TO MOPAPTNHO AUTO TIEPLEXETAL O KWOLKAC TNG UAOMOINONG TOU UNXOVLIOUOU.
Onw¢ avadépbnKe Kal TPONYoUUEVWE KAVaPE xprion tou Gria Development Kit kat
OUYKEKPLUEVOL OTNPLXTNKAUE Ot £€va mopadelypa umnnpeoiag(Sample Service) mou
Atav SlaBéowo péow oto development kit. O kwdkag mou mapouctaloupe
anoteAel mpoaOrkn otov Nén undpyxovta KWOLKA TNS UTINPECLAG.

Apxka mtapouataloupe tov Kwdika tou plug-in tou client o omoiog xwpiletat
oe 6U0 MaKETA. TOo TPWTO TOKETO €ilval To gui. Ol KAAOELC KOL O KWOLKAC ToU
TIEPLEXOVTAL OE QUTO SLVOVTOL OTNV CUVEXELQL.

INPUTDIALOG.JAVA

package gui;

import java.awt.BorderLayout;

import java.awt.Dimension;

import java.awt.GridLayout;

import java.awt.Image;

import java.awt.Toolkit;

import java.awt.Rectangle;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.WindowEvent;
import java.awt.event.WindowListener;
import java.io.File;

import javax.swing.ImagelIcon;
import javax.swing.JButton;
import javax.swing.JComboBox;
import javax.swing.JDialog;
import javax.swing.JFileChooser;
import javax.swing.JLabel;
import javax.swing.JOptionPane;
import javax.swing.JPanel;
import javax.swing.JSlider;
import javax.swing.JTextField;
import javax.swing.SpringLayout;
import sample.SampleResource;
import sample.CustomerOptions;
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import java.rmi.RemoteException;

public class InputDialog extends JDialog implements
ActionListener,WindowListener{

/‘k‘k
*
*/

private static final long serialVersionUID =
7034221373288599186L;

private boolean start;

private JLabel
kernellLabel, ramdiskLabel, imageLabel, keyLabel, instancesLabel, ramLabel,
diskLabel, cpulabel, netlLabel,pricelabel, reliabilitysliderLabel,pricesl
iderLabel, timeLabel;

private JTextField kernelText,ramdiskText,imageText, keyText;

private JButton
kernelButton, ramdiskButton, imageButton, keyButton, runButton, cancelButt
on;

private JComboBox instances,ram,disk,cpu,net,price,time;

private JFileChooser fc;

private JOptionPane optionPane ;

private boolean run;

private Object sample;

private JSlider reliabilityslider,priceslider;

private String dir;

public InputDialog (Object sample) {

this.sample = sample;

run=false;

start= false;

setLayout (new BorderLayout());
dir="/home/kostas/gria/gria-client-cli-5.3/";

kernellabel = new JLabel ("Enter kernel manifest
file:",JLabel.TRAILING) ;

ramdiskLabel = new JLabel ("Enter ramdisk manifest
file:",JLabel.TRAILING) ;

imageLabel = new JLabel ("Enter 1image manifest
file:",JLabel.TRAILING) ;

keyLabel = new JLabel ("Enter key
file",JLabel.TRAILING) ;

instancesLabel = new JLabel ("# of
Instances:",JLabel.TRAILING) ;

cpulLabel = new JLabel ("# of
Cpu's:",JLabel.TRAILING) ;

ramLabel = new JLabel ("RAM
Size:",JLabel.TRAILING) ;

diskLabel = new JLabel ("Disk
Size:",JLabel.TRAILING) ;

netLabel = new JLabel ("LAN
Speed (Mbit) :",JLabel.TRAILING) ;

pricelabel = new JLabel ("Price (S per
hour) :",JLabel . TRAILING) ;

reliabilitysliderLabel = new JLabel ("Reliability
Gravity (%) :",JLabel.TRAILING) ;

pricesliderLabel= new JLabel ("Price

gravity (%) :",JLabel.TRAILING) ;
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timeLabel = new JLabel ("Time to
use", JLabel.TRAILING) ;

JLabel timeLabel?2 = new JLabel ("the
service (hours) :",JLabel.LEADING) ;

kernelText = new JTextField();
ramdiskText = new JTextField();
imageText = new JTextField();
keyText = new JTextField();

fc = new JFileChooser();
fc.setFileSelectionMode (JFileChooser. FILES ONLY) ;

kernelButton = new JButton ("Browse...");
kernelButton.addActionListener (this) ;

ramdiskButton = new JButton ("Browse...");
ramdiskButton.addActionListener (this) ;

imageButton = new JButton ("Browse...");
imageButton.addActionListener (this);

keyButton = new JButton ("Browse...");
keyButton.addActionListener (this) ;
cpu = new JComboBox (new

Strlng[] {"1", "2", "3", "4", "5", "6", "7", "8"});
cpu.setEditable (false) ;

reliabilityslider = new
JSlider (JSlider.HORIZONTAL,0,100,50);
reliabilityslider.setMajorTickSpacing (20) ;
reliabilityslider.setMinorTickSpacing(5)
reliabilityslider.setPaintTicks (true) ;

’

priceslider = new JSlider (JSlider.HORIZONTAL,0,100,50);
priceslider.setMajorTickSpacing(20) ;
priceslider.setMinorTickSpacing(5) ;
priceslider.setPaintTicks (true) ;

time = new JComboBox () ;

time.setEditable (true) ;

for (int 1i=1;i<300;i++)
time.addItem (1+"") ;

instances = new JComboBox () ;

instances.setEditable (false) ;

for(int 1 =1;1<=256;1++)
instances.addItem (""+1i);

ram = new JComboBox () ;

ram.setEditable (true) ;

for (int 1=128;1<=8192;1i+=128)
ram.addItem (""+1) ;

disk = new JComboBox () ;
disk.setEditable (true) ;
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for (int i=1;i<=500;1++)
disk.addItem(""+1i);

net =new JComboBox () ;
net.setEditable (false) ;
net.addItem("100") ;
net.addItem("1000") ;

(
net.addItem("10000") ;
net.addItem("100000") ;
price =new JComboBox () ;

price.setEditable (true) ;
price.addItem("0.10");
price.addItem("0 )
price.addItem("0 )
price.addItem ("0.40");
("0 )
("0 )

price.addItem ("
price.addItem

JPanel insidePanel = new JPanel (new GridLayout (1,1,5,5));

JPanel DbrowsePanel = mnew JPanel (new SpringLayout());
//use FlowLayout

JPanel infoPanel = new JPanel (new SpringLayout ()):;

browsePanel.add (kernellabel) ;
kernellabel.setLabelFor (kernelText) ;
browsePanel.add (kernelText) ;
browsePanel.add (kernelButton) ;
browsePanel.add (ramdiskLabel) ;
ramdiskLabel.setlLabelFor (ramdiskText) ;
browsePanel.add (ramdiskText) ;
browsePanel.add (ramdiskButton) ;
browsePanel.add (imageLabel) ;
imagelLabel.setLabelFor (imageText) ;
browsePanel.add (imageText) ;
browsePanel.add (imageButton) ;
browsePanel.add (keyLabel) ;
keyLabel.setLabelFor (keyText) ;
browsePanel.add (keyText) ;
browsePanel.add (keyButton) ;
SpringUtilities.makeCompactGrid (browsePanel,

4, 3, //rows, cols
6, 6, //initX, 1initY
6, 6); //xPad, yPad

infoPanel.add (instancesLabel) ;
instancesLabel.setlLabelFor (instances) ;
infoPanel.add (instances) ;
infoPanel.add (cpulLabel) ;
cpulabel.setlLabelFor (cpu) ;
infoPanel.add (cpu) ;
infoPanel.add (ramLabel) ;
ramLabel.setLabelFor (ram) ;
infoPanel.add (ram) ;
infoPanel.add (diskLabel) ;
diskLabel.setLabelFor (disk);
infoPanel.add (disk) ;
infoPanel.add (netLabel) ;
netLabel.setLabelFor (net) ;
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infoPanel.add (net) ;

infoPanel.add (pricelLabel) ;
pricelabel.setlLabelFor (price) ;
infoPanel.add (price);

infoPanel.add (reliabilitysliderLabel) ;
reliabilitysliderLabel.setlLabelFor (reliabilityslider);
infoPanel.add(reliabilityslider);
infoPanel.add (pricesliderLabel) ;
pricesliderlLabel.setLabelFor (priceslider);
infoPanel.add (priceslider);

infoPanel.add (timeLabel) ;

infoPanel.add (timeLabel?2) ;

infoPanel.add (time) ;

infoPanel.add (new JLabel ())

SpringUtilities.makeCompactGrid(infoPanel,
5, 4, //rows, cols
6, 6, //initX, initY
6, 20); //xPad, yPad

insidePanel.add (infoPanel) ;
setDefaultCloseOperation (DISPOSE ON CLOSE) ;

JPanel buttonPanel = new JPanel (new
GridLayout (1,2,10,10));

runButton = new JButton ("Checkout", new
ImagelIcon (dir+"resources/yes.jpg")) ;

runButton.addActionListener (this) ;

cancelButton = new JButton ("Cancel", new
ImagelIcon (dir+"resources/no.jpg"));

cancelButton.addActionListener (this) ;
buttonPanel.add (runButton) ;
buttonPanel.add (cancelButton) ;

add (infoPanel, BorderLayout.CENTER) ;
add (buttonPanel,BorderLayout.SOUTH) ;
setTitle ("Set Options");

Image img =
Toolkit.getDefaultToolkit () .getImage (dir+"resources/pyrforos.gif");

setIconImage (img) ;

setMinimumSize (new Dimension (550,320));

Dimension dim = getToolkit () .getScreenSize();

Rectangle abounds = getBounds () ;

setlLocation ((dim.width - abounds.width) /
(dim.height - abounds.height)

setVisible (true) ;

addWindowListener (this) ;

4

2
/ 2);

public String getOptions () {
if (run) {
String result="";
result+=instances.getSelectedItem() .toString()+" ";
result+=cpu.getSelectedItem() .toString()+" ";

78




result+=ram.getSelectedItem() .toString()+" ";
result+=disk.getSelectedItem() .toString()+" ";
result+=price.getSelectedItem() .toString()+" ";
result+=net.getSelectedItem() .toString()+" ";
result+=priceslider.getValue()+ " ";
result+=reliabilityslider.getValue()+" ";
result+=time.getSelectedItem() .toString();

return result;

}

return null;

public void actionPerformed (ActionEvent e) {

if (e.getSource () == kernelButton) ({
int returnvVal =
fc.showOpenDialog (InputDialog. this) ;

if (returnval == JFileChooser.APPROVE OPTION) ({
File file = fc.getSelectedFile();
kernelText.setText (file.getAbsolutePath());

}

if (e.getSource() == ramdiskButton) ({
int returnVal =
fc.showOpenDialog (InputDialog. this) ;

if (returnval == JFileChooser.APPROVE OPTION) ({
File file = fc.getSelectedFile();
ramdiskText.setText (file.getAbsolutePath());

}

if (e.getSource() == imageButton) ({
int returnVal =
fc.showOpenDialog (InputDialog. this) ;

if (returnval == JFileChooser.APPROVE OPTION) {
File file = fc.getSelectedFile();
imageText.setText (file.getAbsolutePath());

}

if (e.getSource () == keyButton) ({
int returnvVal =
fc.showOpenDialog (InputDialog. this) ;

if (returnval == JFileChooser.APPROVE OPTION) ({

File file = fc.getSelectedFile();
keyText.setText (file.getAbsolutePath());

}

if (e.getSource () == runButton) {

79




run=true;
dispose () ;
setVisible (false) ;

if ( e.getSource() == cancelButton) {
dispose();
setVisible (false) ;

public void windowClosed (WindowEvent argQO) {
if (run&&!start) {
start=true;
String options=getOptions{();
String result=null;
try{

result=((SampleResource)

sample) .check (options) ;

}

catch (RemoteException e) {
e.printStackTrace () ;

}

ResultDialog out=new ResultDialog(result);

public void windowActivated (WindowEvent arg0) {
public void windowClosing (WindowEvent arg0O) {
public void windowDeactivated (WindowEvent arg0O) {
public void windowDeiconified (WindowEvent arg0O) {
public void windowIconified (WindowEvent arg0O) ({

public void windowOpened (WindowEvent argQ0) ({

SPRINGUTILITIES.JAVA

package gui;

import javax.swing.*;
import javax.swing.SpringLayout;
import java.awt.*;
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public class SpringUtilities {

public static void printSizes (Component c) {

System.out.println ("minimumSize = " +
c.getMinimumSize());

System.out.println ("preferredSize = " +
c.getPreferredSize());

System.out.println ("maximumSize = " +
c.getMaximumSize () ) ;

}

public static void makeGrid(Container parent,
int rows, int cols,
int initialX, int initialy,
int xPad, int yPad) {
SpringLayout layout;
try {
layout = (SpringLayout)parent.getLayout () ;
} catch (ClassCastException exc) {
System.err.println ("The first argument to makeGrid
must use SpringLayout.");
return;

}

Spring xPadSpring = Spring.constant (xPad);
Spring yPadSpring = Spring.constant (yPad);
Spring initialXSpring = Spring.constant(initialX);
Spring initialYSpring = Spring.constant(initialY);

int max = rows * cols;

Spring maxWidthSpring =
layout.getConstraints (parent.getComponent (0)) .

getWidth () ;

Spring maxHeightSpring =
layout.getConstraints (parent.getComponent (0)) .

getWidth () ;

for (int 1 = 1; 1 < max; 1++) {

SpringLayout.Constraints cons =

layout.getConstraints (
parent.getComponent (i) ) ;

maxWidthSpring = Spring.max (maxWidthSpring,
cons.getWidth());
maxHeightSpring = Spring.max (maxHeightSpring,
cons.getHeight ());
}
for (int 1 = 0; 1 < max; 1++) {
SpringLayout.Constraints cons =

layout.getConstraints (
parent.getComponent (i) ) ;

cons.setWidth (maxWidthSpring) ;
cons.setHeight (maxHeightSpring) ;
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SpringLayout.Constraints lastCons = null;

SpringLayout.Constraints lastRowCons = null;
for (int 1 = 0; 1 < max; 1++) {
SpringLayout.Constraints cons =

layout.getConstraints (
parent.getComponent (1)) ;

if (i % cols == 0) {
lastRowCons = lastCons;
cons.setX (initialXSpring);
} else {

cons.setX (Spring.sum(lastCons.getConstraint (SpringLayout.EAST),
xPadSpring)) ;

}

if (1 / cols == 0) {
cons.setY (initialYSpring);
} else {

cons.setY (Spring.sum(lastRowCons.getConstraint (SpringLayout.SOU
TH) ,
yPadSpring)) ;
}
lastCons = cons;

}

SpringLayout.Constraints pCons =
layout.getConstraints (parent) ;
pCons.setConstraint (SpringLayout.SOUTH,
Spring.sum(
Spring.constant (yPad),

lastCons.getConstraint (SpringLayout.SOUTH)) ) ;
pCons.setConstraint (SpringLayout.EAST,
Spring.sum(
Spring.constant (xPad),

lastCons.getConstraint (SpringLayout.EAST))) ;
}

private static Springlayout.Constraints getConstraintsForCell (
int row, int col,
Container parent,
int cols) {
SpringlLayout layout = (SpringLayout) parent.getLayout ()
Component c¢ = parent.getComponent (row * cols + col);
return layout.getConstraints(c);

}

public static void makeCompactGrid(Container parent,
int rows, int cols,
int initialX, int initialy,
int xPad, int yPad) {
SpringlLayout layout;

try {
layout = (Springlayout)parent.getLayout () ;
} catch (ClassCastException exc) {
System.err.println ("The first argument to
makeCompactGrid must use SpringLayout.");
return;

}
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Spring x = Spring.constant(initialX);
for (int c¢c = 0; c < cols; ct++) {

Spring width = Spring.constant(0);
for (int r = 0; r < rows; r++) {

width = Spring.max(width,
getConstraintsForCell (r, c,
parent, cols).
getWidth());
}
for (int r = 0; r < rows; r++) {
SpringlLayout.Constraints constraints =
getConstraintsForCell (r, c, parent,

cols);
constraints.setX (x);
constraints.setWidth (width) ;
}
X = Spring.sum(x, Spring.sum(width,
Spring.constant (xPad)));
}

Spring y = Spring.constant(initialY);

for (int r = 0; r < rows; r++) {
Spring height = Spring.constant(0);
for (int ¢ = 0; ¢ < cols; c++) {
height = Spring.max(height,
getConstraintsForCell (r, c,
parent, cols).
getHeight ());
}
for (int ¢ = 0; ¢ < cols; c++) {
SpringLayout.Constraints constraints =
getConstraintsForCell (r, c, parent,

cols);
constraints.setY (y);
constraints.setHeight (height) ;
}
% = Spring.sum(y, Spring.sum(height,
Spring.constant (yPad)));
}

SpringLayout.Constraints pCons =
layout.getConstraints (parent) ;

pCons.setConstraint (SpringlLayout.SOUTH, V) ;

pCons.setConstraint (SpringlLayout.EAST, X);

RESULTDIALOG.JAVA

package gui;

import java.awt.BorderLayout;

import java.awt.GridLayout;

import java.awt.Image;

import java.awt.Toolkit;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.awt.event.WindowEvent;
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import java.awt.event.WindowListener;
import java.util.ArrayList;
import java.awt.Rectangle;
import java.awt.Dimension;

import javax.swing.ButtonGroup;
import javax.swing.ImagelIcon;
import javax.swing.JButton;
import javax.swing.JDialog;
import javax.swing.JLabel;
import javax.swing.JOptionPane;
import javax.swing.JPanel;
import javax.swing.JRadioButton;
import javax.swing.JScrollPane;
import javax.swing.JSplitPane;
import javax.swing.JTable;

public class ResultDialog extends JDialog implements
ActionListener,WindowListener{

private JRadioButton[] radioButtons;

private ButtonGroup buttongroup;

private JScrollPane cloudScrollPanel,tableScrollPanel;

private JPanel panel,cloudPanel,buttonPanel;

private JSplitPane resultPanel;

private JTable[] tables;

private JButton ok,cancel;

private int count;

private boolean launch, start;

private JLabel eucalyptus,eucalyptusLabel;

private JLabel announcement;

private static Stringl] tags = {"Cloud 1IP","AZ","Instance
Type", "#ofInstances", "Price","CPU", "Ram", "Hdd", "Network", "ConvertedIn
dex","Overall Price"};

private String dir;

public ResultDialog (String result) {
dir="/home/kostas/gria/gria-client-cli-5.3/";
launch=false;
start=false;
if (result!=null) {

Image im = (new
ImageIcon (dir+"resources/eucalyptus.png")) .getImage () ;

eucalyptusLabel = new JLabel ("Powered by:");
eucalyptus = new JLabel (new
ImageIcon (im.getScaledInstance (80, -1, Image.SCALE SMOOTH))) ;
eucalyptus.setSize (60, 60);
eucalyptusLabel.setlLabelFor (eucalyptus) ;

Stringl[] tmp;
ArrayList<String[]> configuration=new
ArrayList<String[]>();
tmp=result.split (";");
for (int 1=0;i<tmp.length&&i<1l6;i++) {
configuration.add (tmp[i].split ("#"));
}
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count = configuration.size();

panel = new JPanel (new BorderLayout());

resultPanel = new
JSplitPane (JSplitPane. HORIZONTAL_SPLIT) ;

cloudPanel = new JPanel (new
GridLayout (configuration.size()+1,1,10,10));

buttonPanel = new JPanel (new

GridLayout (1,8,10,10));

buttongroup = new ButtonGroup();

radioButtons = new
JRadioButton[configuration.size()];

tables = new JTable[configuration.size()];

announcement = new JLabel ("<html>We have

chosen<br></br>the following configurations:</html>");
cloudPanel.add (announcement) ;

for (int i=0;i<configuration.size () &&i<15;i++) {
createClouds (i, configuration.get(i));

}

radioButtons[0] .setSelected (true) ;

cloudScrollPanel new JScrollPane (cloudPanel) ;

tableScrollPanel = new JScrollPane (tables[0]);

resultPanel.setLeftComponent (cloudScrollPanel) ;
resultPanel.setRightComponent (tableScrollPanel) ;

ok = new JButton ("Ok");

ok.addActionlListener (this) ;
cancel = new JButton("Close");
cancel.addActionlListener (this) ;

buttonPanel.add
buttonPanel.add
buttonPanel.add
buttonPanel.add
buttonPanel.add
buttonPanel.add
buttonPanel.add
buttonPanel.add

new JLabel (""));
ok) ;

new JLabel (""));
cancel) ;

new JLabel (""))
new JLabel (""))
eucalyptusLabel
eucalyptus) ;

’

) 7

~ o~~~ o~~~

panel.add(resultPanel,BorderLayout.CENTER) ;
panel.add (buttonPanel, BorderLayout.PAGE END) ;
add (panel) ;

setSize (1000,400) ;
setDefaultCloseOperation (DISPOSE ON CLOSE) ;

Image img =
Toolkit.getDefaultToolkit () .getImage (dir+"resources/pyrforos.gif");

setIconImage (img) ;

Dimension dim = getToolkit () .getScreenSize();
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Rectangle abounds = getBounds () ;
setLocation((dim.width - abounds.width) /
(dim.height - abounds.height)

4

2
/ 2);

setVisible (true) ;
setTitle ("Results");
}

else{

JOptionPane.showMessageDialog (this,

"No Cloud could be found to match your
configuration",

"Sorry",
JOptionPane. WARNING MESSAGE) ;

dispose();

setVisible (false) ;

}

public void createClouds (int index, String[] cloud) {

String[][] details = new String[cloud.length][];
for (int i =0;i<cloud.length;i++) {
details[i] = cloud[i].split("™ ");

}

//create the radio button with the name of the cloud

radioButtons[index]= new JRadioButton ("<html>TIp:
"+details[0] [0]+"<br></br>AZ: "+details[0] [1]+ "<br></br>Price:
"+details[0] [details[0].length-1]1+"</html>");

buttongroup.add (radioButtons[index]) ;

cloudPanel.add (radioButtons[index]) ;

radioButtons[index] .addActionlListener (this) ;

//create the table with details about the configuration
of the cloud

tables[index]= new JTable (details, tags);

tables[index] .setEnabled (false) ;

tables[index] .setAutoResizeMode (JTable.AUTO RESIZE OFF);

}

public void actionPerformed (ActionEvent arg0O) {

if (arg0.getSource () ==0k) {
launch=true;
dispose () ;
setVisible (false) ;

}

else if (arg0.getSource ()==cancel) {
dispose () ;
setVisible (false) ;

else(
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for (int i1=0;i<count;i++) {
if (arg0.getSource ()==radioButtons[i]) {

resultPanel.remove (tableScrollPanel) ;
tableScrollPanel = new

JScrollPane (tables[i]);
resultPanel.add (tableScrollPanel);

public void windowActivated (WindowEvent arg0) {

}

public void windowClosed (WindowEvent argQ) {
if (launché&é&!start) {
start=true;

}

public void windowClosing (WindowEvent arg0O) {

public void windowDeactivated (WindowEvent arg0O) {

public void windowDeiconified (WindowEvent arg0O) {
public void windowIconified (WindowEvent arg0O) ({

public void windowOpened (WindowEvent arg0) ({

H poévn aAlayn mou KAVAWE NTaV oTov UTIOAOUTo Kwdka adopd tnv KAAon
SampleClientPluginSwing tou makétou sample.client. O kw&lkag TNG KAAGNE QUTHAG
dalvetal mapakATw.

SAMPLECLIENTPLUGINSWING.JAVA

package sample.client;

import gui.x*;
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import uk.ac.soton.itinnovation.grid.client.proxy.WebProxy;

import uk.ac.soton.itinnovation.grid.types.ConversationID;

import uk.ac.soton.itinnovation.grid.client.events.RegistryEvent;
import
uk.ac.soton.itinnovation.grid.client.swing.AbstractConversationBrowse
rPlugin;

import
uk.ac.soton.itinnovation.grid.client.plugins.GridClientPluginManager;
import uk.ac.soton.itinnovation.grid.client.proxy.ProxyHelpers;
import uk.ac.soton.itinnovation.grid.utils.ResourceTypeRegistry;
import
uk.ac.soton.itinnovation.grid.client.swing.ResourcePropertiesPanel;
import uk.ac.soton.ecs.iam.grid.comms.client.helpers.UserAbort;
import
uk.ac.soton.ecs.iam.grid.comms.client.StorableInStateRepository;
import java.rmi.RemoteException;

import java.util.Map;

import uk.ac.soton.itinnovation.grid.types.ThrowingRunnable;

import javax.swing.JOptionPane;

import sample.client.RemoteSampleService;

import uk.ac.soton.ecs.iam.grid.client.swing.Action;

import javax.swing.JPopupMenu;

import javax.swing.Icon;

import org.apache.axis.message.addressing.EndpointReferenceType;
import sample.SampleResource;

import uk.ac.soton.ecs.iam.grid.client.swing.ConversationBrowser;
import
uk.ac.soton.ecs.iam.grid.comms.client.StorableInStateRepository;
import
uk.ac.soton.itinnovation.grid.client.plugins.GridClientPluginProvider

’

import java.awt.event.WindowEvent;
import java.awt.event.WindowListener;
import java.util.ArrayList;

/** Grid client plugin for the sample service.
* This plugin extends the Grid client to allow it to use the Grid
sample service.
* It registers the objects relating to the service and also extends
the client's
* Swing interface to add menu actions for these resources.
*
* (@see GridClientPluginProvider for details of the client's plugin
system
*/
public class SampleClientPluginSwing extends
AbstractConversationBrowserPlugin {
public wvoid showPopupMenu (JPopupMenu menu, Class itemClass,
EndpointReferenceType[] items) {
// The user 1is trying to open the pop-up menu. Add any
extra menu items

if
(RemoteSampleService.class.isAssignableFrom(itemClass)) {
// The select object(s) are sample services...
menu.add (new Action (browser, items, "Create new
resource") {
@Override
public void dispatch (EndpointReferenceType
epr, Object service) throws Exception ({
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createNewResource ( (RemoteSampleService)
service);

1)
} else if
(SampleResource.class.isAssignableFrom(itemClass)) {

menu.add (new Action (browser, items, "Run
Instance...") {
public void dispatch (EndpointReferenceType
epr, Object sample) throws RemoteException ({

InputDialog tsa = new
InputDialog (sample) ;

1)

}

/** Create a new sample resource. */
private void createNewResource (final RemoteSampleService
service) throws Exception ({
/* Get the user to choose a name for the new resource. */
final String name = (String)
JOptionPane.showInputDialog(browser,
"Please enter a name for the new resource:",

"Name" ,
JOptionPane.QUESTION MESSAGE,
null, // icon
null,

"My resource");

if (name == null)

throw new UserAbort();

/* Invoke the service operation to create the resource
(in a new thread). */
browser.runThread (new ThrowingRunnable () {
public void run () throws RemoteException {
SampleResource resource =
service.createSampleResource (name) ;
// Add the new resource to the Swing GUI
EndpointReferenceType epr = ( (WebProxy)
resource) .proxyGetTarget () ;
ConversationID.setParent (epr, ( (WebProxy)
service) .proxyGetTarget () .getAddress () .toString());

browser.broadcast (RegistryEvent.createRegistryAddedEvent (epr)) ;

}

}, "Create resource");

O uméAounog kwdlkag €XEL oxEon e TO service auto kabauTo.

Tpomomnotoape tnv kKAdon SampleResource Tou makétou sample.common.

SAMPLECOMMON.JAVA
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package sample;

import uk.ac.soton.itinnovation.grid.types.IdentifiableResource;
import uk.ac.soton.itinnovation.grid.comms.wsdl.WebMethod;

import uk.ac.soton.itinnovation.grid.types.ResourceMetadata;

import uk.ac.soton.itinnovation.grid.comms.wsrf.WSResourcelLifetime;
import uk.ac.soton.itinnovation.grid.comms.wsdl.SoapBindingName;
import uk.ac.soton.itinnovation.grid.comms.wsdl.WebService;

import uk.ac.soton.itinnovation.grid.types.PolicyManagement;

import java.rmi.RemoteException;
import java.util.ArrayList;

/** The public interface for the Sample objects.

* Each method in this interface is a SOAP operation on the
SampleResource service.

* @see SampleService

* (@see sample.client.SampleConversation

*/
@WebService (targetNamespace = "http://www.it-
innovation.soton.ac.uk/2006/grid/sample",
name = "SampleResource",
wsdlLocation = "sample/sampleresource.wsdl",
serviceName = "SampleResource")

@SoapBindingName ("SampleResourceSoapBinding")
public interface SampleResource extends PolicyManagement,
WSResourcelLifetime, ResourceMetadata, IdentifiableResource ({
/** A unique string to represent a type of resource accessed
through the service. The PBAC policy with
* this name is used to protect operations on the service which
quote a context with this type.
* When discovering resources, they have this type in their
metadata.

* @see
uk.ac.soton.itinnovation.grid.types.ConversationID#getResourceType
*/
final String SAMPLE RESOURCE TYPE =

"http://SAMPLE/2006/SampleResourceType";

/* Add additional operations here. You must also add them to
the PBAC resource policy

* (sample-policy.xml) .

* After changing the policy, you must undeploy the old one
using the web interface.

* Returning the main admin screen will then automatically
deploy the new version.

*/

@WebMethod
String check (String options) throws RemoteException;

ZTnVv ocuvéxela apouaotalovtal ol KAACELG Tou MoKEToU ec2. OL KAAOELG Tou
TIOKETOU autoU adopouv tv O&nuoupyia tn¢ Cloud Database kat tou Cloud
Supervisor.

CLOUDITEM.JAVA
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package ec2;
import java.util.ArrayList;
public class Clouditem {

private String ip;
private String pk,cert;
private Arraylist<Availabilityzoneitem> zones;

public Clouditem ()
{
zones=new ArraylList<Availabilityzoneitem>();

}

public Clouditem(String 1ip, ArraylList<Availabilityzoneitem>
zones) {

this.ip=ip;
this.zones=zones;

}

public String getIp() {
return ip;

}

public void setIp(String ip) {
this.ip = ip;
}

public ArraylList<Availabilityzoneitem> getZones () {
return zones;

}

public void setZones (ArraylList<Availabilityzoneitem> zones) {
this.zones = zones;

}

public void addZone (Availabilityzoneitem zone) {
zones.add (zone) ;

}

public String getPk() {
return pk;

}

public void setPk (String pk) {
this.pk = pk;
}

public String getCert () {
return cert;

}

public void setCert (String cert) {
this.cert = cert;

}
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AVAILABILITYZONESITEM.JAVA

package ec2;
import java.util.Arraylist;
public class Availabilityzoneitem {

private String name;

private boolean up,previous;
private int net;

private int times up;

private int times checked, failures;
private ArraylList<Vmitem> vmtypes;

public Availabilityzoneitem() {
vmtypes = new ArrayList<Vmitem> () ;

}

public Availabilityzoneitem(String name, boolean up) {
this.name=name;
this.up=up;
vmtypes = new ArrayList<Vmitem> () ;

}

public Availabilityzoneitem( String name, boolean up,
mlsmall, Vmitem clmedium, Vmitem mllarge, Vmitem mlxlarge,
clxlarge) {

this.name=name;

this.up=up;

vmtypes = new ArrayList<Vmitem> () ;
vmtypes.add (mlsmall) ;

vmtypes.add (clmedium) ;
vmtypes.add (mllarge) ;

vmtypes.add (mlxlarge) ;
vimtypes.add(clxlarge) ;

public String getName () {
return name;

}

public void setName (String name) {
this.name = name;

}

public boolean isUp () {
return up;

}

public void setUp (boolean up) {
this.up = up;
}

public ArrayList<Vmitem> getVmtypes () {
return vmtypes;

Vmitem
Vmitem
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}

public Vmitem getVmtypesAt (int index) {
return vmtypes.get (index) ;

}

public void setVmtypes (ArraylList<Vmitem> vmtypes)
this.vmtypes = vmtypes;

}

public void setVmtypes (int index,Vmitem item) {
vmtypes.set (index, item) ;

}

public void addVmtypes (Vmitem item) {
vmtypes.add (item) ;
}

public int getNet () {
return net;

}

public void setNet (int net) ({
this.net = net;

}

public int getTimes up() {
return times up;

}

public void setTimes_ up (int times up) {
this.times up = times up;

}

public int getTimes checked() {
return times checked;

}

public void setTimes checked(int times checked) {
this.times checked = times checked;

}

public boolean isPrevious() {
return previous;

}

public void setPrevious (boolean previous) {
this.previous = previous;

}

public int getFailures () {
return failures;

}

public void setFailures(int failures) ({
this.failures = failures;

}
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VMITEM.JAVA

package ec2;

public class Vmitem {
private int free;
private int type;
private int max;
private int cpu;
private int ram;
private int disk;
private double price;

public Vmitem/() {

}

public Vmitem(int type,int free,int max,int
disk,double price) {

this.type=type;

this.free=free;

this.max=max;

this.cpu=cpu;

this.ram=ram;

this.disk=disk;

this.price= price;

}

public int getFree() {
return free;

}

public void setFree (int free) ({
this.free = free;

}

public int getMax () {
return max;

}

public void setMax (int max) {
this.max = max;

}

public int getCpu() {
return cpu;

}

public void setCpu (int cpu) {
this.cpu = cpu;

}

public int getRam() {
return ram;

}

public void setRam(int ram) {
this.ram = ram;

}

cpu,int ram,

int
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public int getDisk () {
return disk;

}

public void setDisk (int disk) {
this.disk = disk;
}

public double getPrice() {
return price;

}

public void setPrice (double price) {
this.price = price;

}

public int getType () {
return type;

}

public void setType (int type) {
this.type = type;
}

CHECKAVAILABILITY.JAVA

package ec2;

import java.io.BufferedReader;
import java.io.IOException;
import java.io.InputStreamReader;
import java.util.ArrayList;
import java.util.StringTokenizer;

public class CheckAvailability {

public CheckAvailability () {
super () ;

}

static void runInstances (String[] configuration) {
String image = uploadBundle(configuration);

String precmd="";

String cbuf;

String output="";

String cmd = configuration[0]+"/bin/ec2-describe-
availability-zones verbose";

if (!configuration[l].isEmpty())

cmd+=" -U " + configuration[1l];
if (!configuration([2].isEmpty())
cmd+=" -K "+ configuration[2];
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if (!configuration[3].isEmpty())
cmd+=" -C " + configuration[3];

Runtime r = Runtime.getRuntime () ;

String[] nargs = { "bash" ,"-i","-c", precmd+cmd};
Process p;
try {

P = r.exec(nargs);

p.waitFor();

} catch (IOException e) {
e.printStackTrace () ;
}catch (InterruptedException e) {
e.printStackTrace () ;

static String uploadBundle (String[] options) {
String result ="";

return result;

}

/* params: api directory, url of the service, private key,
certificate,
* returns ArraylList of Availability Zones, NULL if cloud 1is
unaccessible*/
static ArraylList<Availabilityzoneitem> availabilityZones (String
apidir,String url, String pk, String crt) {
ArrayList<Availabilityzoneitem> result=new
ArrayList<Availabilityzoneitem> () ;

//String precmd="source ~/.euca/eucarc;";

String precmd="";

String cbuf;

String output="";

String cmd = apidir+"/bin/ec2-describe-availability-zones
verbose";

if('url.isEmpty())

cmd+=" -U " + url;
if (!'pk.isEmpty())
cmd+=" -K "+ pk;
if(!crt.isEmpty())
cmd+=" -C " + crt;
try({
Runtime r = Runtime.getRuntime() ;
String[] nargs = { "bash" ,"-i","-c", precmd+cmd};
Process p = r.exec(nargs);
p-waitFor () ;
BufferedReader is =
new BufferedReader (new
InputStreamReader (p.getInputStream())) ;
while ( (cbuf=is.readLine ()) !=null) {

output+=cbuf+"\n";
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} catch (IOException e) {
e.printStackTrace () ;

}catch (InterruptedException e) {
e.printStackTrace () ;

}

if (output.contains ("AVAILABILITYZONE"))
result=process (output) ;

else
result=null;

return result;

}

private static Arraylist<Availabilityzoneitem> process (String

output) {

Availabilityzoneitem item = new Availabilityzoneitem()

ArraylList<Availabilityzoneitem> result = new
ArrayList<Availabilityzoneitem> (0) ;

ArraylList<String> token=new ArrayList<String>(0);

StringTokenizer st = new StringTokenizer (output);

while (st.hasMoreTokens ()) {

token.add (st.nextToken()) ;
}

item.setName (token.get (1)),
item.setUp ("UP".equals (token.get (2)));
if (item.isUp () &&token.size ()>58) {
for(int i =0;1<5;1i++)
item.setVmtypes (i, new
Vmitem (i, Integer.parselnt (token.get (17+1i*9)), Integer.parselnt (token.g
et (19+1*9) ), Integer.parselnt (token.get (20+i*9) ), Integer.parselnt (toke
n.get (21+i*9)), Integer.parselnt (token.get (22+1*9)),0));
}

else(

for(int 1 =0;1<5;1i++)
item.setVmtypes (i, new Vmitem(i,0,0,0,0,0,0));

}

result.add(item) ;
return result;

EUCALYPTUSDB.JAVA

package ec2;

import java.sgl.Connection;

import java.sqgl.DriverManager;
import java.sgl.ResultSet;

import java.sgl.ResultSetMetaData;
import java.sqgl.SQLException;
import java.sqgl.Statement;

import java.util.ArrayList;
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public class Eucalyptusdb {

Connection conn;
String tools="~/.euca/ec2";

public Connection getConn() {
return conn;

}

// we dont want this garbage collected until we are done

public Eucalyptusdb (String db file name prefix,String
username, String password) throws Exception ({ // note more general
exception

if (db_file name prefix.equals(""))
db file name prefix="hsqgl://localhost/xdb";
// Load the HSQL Database Engine JDBC driver
// hsgldb.jar should be in the class path or made part of
the current jar
Class.forName ("org.hsgldb.jdbcDriver") ;

// connect to the database. This will load the db files
and start the

// database if it is not alread running.

// db _file name prefix is used to open or create files
that hold the state

// of the db.

// It can contain directory names relative to the

// current working directory

conn = DriverManager.getConnection("jdbc:hsgldb:"

+ db file name prefix, // filenames
username, // username
password) ; // password

}

public void shutdown () throws SQLException {
Statement st = conn.createStatement () ;

// db writes out to files and performs clean shuts down
// otherwise there will be an unclean shutdown

// when program ends

st.execute ("SHUTDOWN") ;

conn.close () ; // 1f there are no other open connection

}

//use for SQL command SELECT
public synchronized ResultSet query(String expression) throws
SQLException {

Statement st = null;
ResultSet rs = null;

st = conn.createStatement () ; // statement objects
can be reused with

// repeated calls to execute but we
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// choose to make a new one each time
rs = st.executeQuery (expression); // run the query

// do something with the result set.

st.close(); // NOTE!! 1if you close a statement the
associated ResultSet is

return rs;

// closed too

// so you should copy the contents to some other object.

// the result set is invalidated also if you recycle an
Statement

// and try to execute some other query before the result
set has been

// completely examined.

}
//use for SQL commands CREATE, DROP, INSERT and UPDATE
public synchronized void update(String expression) throws

SQLException {

Statement st = null;

st = conn.createStatement () ; // statements
int i = st.executeUpdate (expression); // run the query
if (i == -1) {

System.out.println ("db error + expression);

}

st.close();

}

//fills the db for first time
public void initialize () throws SQLException{

Clouditem cloud = new Clouditem() ;
cloud.setIp("http://192.168.1.2:8773/services/Eucalyptus");

cloud.setPk("~/.euca/euca2-admin-7a5239f7-pk.pem") ;
cloud.setCert ("~/.euca/euca2-admin-7a5239f7-cert.pen") ;

update ("INSERT INTO cloud(id, ip, pk, cert) VALUES
("+cloud.getIp () .hashCode ()+","+"""+cloud.getIp()+"",
'"tcloud.getPk ()+"', '""+cloud.getCert()+"')");
ArrayList<Availabilityzoneitem> zones = new

ArrayList<Availabilityzoneitem> () ;

zones=CheckAvailability.availabilityZones (tools,cloud.getIp(),C
loud.getPk(),cloud.getCert());
if (zones==null) {
}

else(

for (int j=0;j<zones.size ();Jj++) {
update (
"INSERT INTO
availability zones (id,cloud id, name,up, failures,times checked, times u
p,previous state)
VALUES ("+ (cloud.getIp () tzones.get (j) .getName () ) .hashCode () +", "+cloud.
getIp () .hashCode ()+", ""+zones.get (j) .getName () +""',"+zones.get (J) .1isUp
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()+", "+ (zones.get (J) .isUp () ?20:1)+",1, "+ (zones.get (J) .isUp () ?21:0)+", "+
zones.get () .isUp ()+") ") ;
for (int k =0;k<5;k++)

update (
"INSERT INTO
vm_items (zone id, type, free,maximum, cpu, ram,disk) VALUES
("+(cloud.getIp()+zones.get (j).getName ()) .hashCode ()+","+k+", "+zones.

get (j) .getVmtypesAt (k) .getFree () +", "+zones.get (J) .getVmtypesAt (k) .get

Max ()+","+zones.get (j) .getVmtypesAt (k) .getCpu()+","+zones.get (j) .getV

mtypesAt (k) .getRam () +", "+zones.get (j) .getVmtypesAt (k) .getDisk () +")");
}

}

//creates the database
public void createTables () throws SQLException{

update (
"DROP TABLE IF EXISTS vm_items");
update (
"DROP TABLE IF EXISTS availability_zones");
update (
"DROP TABLE IF EXISTS cloud");
update (
"CREATE TABLE cloud (" +
"id INTEGER PRIMARY KEY," +
"ip VARCHAR (256)," +
"pk VARCHAR (256)," +
"cert VARCHAR (256))"
) ;
update (
"CREATE TABLE availability zones (" +
"id INTEGER PRIMARY KEY, " +
"cloud id INTEGER," +
"name VARCHAR (256), " +

"up BOOLEAN," +
"net INTEGER, "+
"failures BIGINT, "+
"times checked BIGINT," +
"times up BIGINT," +
"previous state BOOLEAN, "+
"FOREIGN KEY (cloud id) REFERENCES cloud (id) ON DELETE
CASCADE )" );
update (
"CREATE TABLE vm items (" +
"id INTEGER IDENTITY, " +
"zone id INTEGER, " +
"type TINYINT, "+
"free INTEGER, " +
"maximum INTEGER, " +
"cpu TINYINT, " +
"ram SMALLINT, " +
"disk SMALLINT," +
"price FLOAT," +
"FOREIGN KEY (zone id) REFERENCES availability zones ( id
) ON DELETE CASCADE )");
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}

private void createUsers () throws SQLException({

update ("CREATE USER service PASSWORD none ADMIN") ;
}
public void updatedb () throws SQLException{

ResultSet rs;

rs=query ("SELECT * FROM CLOUD");

ArrayList<String>cloud list=dump (rs);

Arraylist<Availabilityzoneitem> zones = new
ArrayList<Availabilityzoneitem> () ;
for(int 1 = 0;i<cloud list.size();i++) {

zones.clear () ;

Clouditem cloud = new Clouditem() ;

String arguments[] = cloud list.get(i).split (™ ");
cloud.setIp(arguments([1l]);

cloud.setPk (arguments[2]);

cloud.setCert (arguments[3]) ;

zones=CheckAvailability.availabilityZones (tools,cloud.getIp(),c
loud.getPk(),cloud.getCert());

if (zones!=null) {

for (int j=0;j<zones.size();Jj++) {

rs=query ("SELECT FROM

availability zones WHERE
id="+ (cloud.getIp()+tzones.get (j) .getName ()) .hashCode()) ;
ArrayList<String> output =

*

dump (rs) ;

if (output.size ()>0) {

Stringl] tmp =
output.get (0) .split (" ");

int
failures=Integer.parselnt (tmpl[6]);

int times checked =
Integer.parseInt(tmpl[7]);

int times up =

Integer.parselnt (tmp[8]);
String previous state=tmp[9];

update (
"UPDATE
availability zones SET name=""+
zones.get (j) .getName () +""',up="+zones.get (j) .isUp () +", failures="+((!zo
nes.get (j) .isUp()) &&previous state.equalsIgnoreCase ("TRUE") ?failures+
l:failures)+",times checked="+times checked+1+",times up=
"+ (zones.get (j) .isUp () ?times up+l:times up)+",previous state="+zones.

get (j) .isUp () +" WHERE id="+
(cloud.getIp()+zones.get (j) .getName ()) .hashCode());
for (int k =0;k<5; k++)
update (
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"UPDATE
vm_items SET free="+
zones.get (j) .getVmtypesAt (k) .getFree () +", maximum="+
zones.get (j) .getVmtypesAt (k) .getMax () +", cpu="+
zones.get (j) .getVmtypesAt (k) .getCpu () +", ram="+zones.get (j) .getVmtypes
At (k) .getRam () +",disk="+ zones.get () .getVmtypesAt (k) .getDisk () +"
WHERE zone i1d="+ (cloud.getIp()+zones.get (J) .getName ()) .hashCode()+"
AND type="+k);

}

else/{

update (
"INSERT INTO

availability zones(id,cloud id, name,up, failures, times checked, times u
p,previous state)
VALUES ("+ (cloud.getIp () +tzones.get (j) .getName () ) .hashCode () +", "+cloud.
getIp () .hashCode ()+", '"tzones.get (j) .getName () +""',"+zones.get (j) .1isUp
()+","+(zones.get (j) .isUp()20:1)+",1,"+(zones.get (J) .isUp () 21:0)+","+
zones.get (j) .isUp ()+") ")

for (int k =0;k<5; k++)

update (
"INSERT INTO
vm_items (zone_ id, type, free,maximum, cpu, ram,disk) VALUES
("+(cloud.getIp()+zones.get (j) .getName ()) .hashCode ()+","+k+", "+zones.

get (j) .getVmtypesAt (k) .getFree ()+","+zones.get (J) .getVmtypesAt (k) .get
Max () +","+zones.get (j) .getVmtypesAt (k) .getCpu()+","+zones.get (J) .getV
mtypesAt (k) .getRam () +", "+zones.get (j) .getVmtypesAt (k) .getDisk () +")");

}
}
//if the cloud is not accessible
else/{
update (
"UPDATE availability zones  SET
up=false WHERE cloud id="+ (cloud.getIp () .hashCode()));

}

}

public void disconnect () {
try {
conn.close () ;
} catch (SQLException e) {
e.printStackTrace () ;
}
}

public ArrayList<String> dump (ResultSet rs) throws SQLException

// the order of the rows in a cursor

// are implementation dependent unless you use the SQL
ORDER statement

ArrayList<String> result=new ArrayList<String>(0);

ResultSetMetaData meta = rs.getMetaData();
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int colmax = meta.getColumnCount () ;

int i;
Object o = null;
// the result set is a cursor into the data. You can
only
// point to one row at a time
// assume we are pointing to BEFORE the first row
// rs.next () points to next row and returns true
// or false if there 1is no next row, which breaks the
loop
for (; rs.next(); ) {
String tmp="";
for (1 = 0; 1 < colmax; ++1i) {
o = rs.getObject(i + 1); // Is SQL the

first column is indexed
tmp+=o0.toString () + " ";
// with 1 not O

}
result.add (tmp) ;

}

return result;

} //void dump ( ResultSet
rs )
public static void main (String[] args) {
Eucalyptusdb db = null;
String dir = "hsgl://localhost/xdb";
int count, timeout;
count=timeout=0;
if (args.length==1) {
if (args[0] .equalsIgnoreCase ("shutdown")) {
try {
db = new Eucalyptusdb(dir,"sa","");
db.shutdown () ;
return;
} catch (Exception exl) {
exl.printStackTrace(); // could not
start db
return; // bye bye
}
}
else if (args[0].equalsIgnoreCase ("initialize")) {

try({
db = new Eucalyptusdb(dir,"sa","");
db.createTables () ;
db.createUsers () ;
db.initialize();
db.getConn () .close();
return;

}

catch (Exception e) {
e.printStackTrace () ;

}
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else(

String query = args[0];

try({
db = new Eucalyptusdb(dir,"sa","");
ResultSet rs;
rs = db.query (query);
ArrayList<String> result = db.dump(rs);
for (int i =0;i<result.size();i++) {

System.out.println (result.get(i));
}
}catch (Exception e) {
e.printStackTrace () ;

}
else if (args.length==2) {
count = Integer.parselnt(args[0]);
timeout = Integer.parselnt(argsl[l]);
}
else(
System.out.println ("No proper
argument. {shutdown, initialize, (count, timeout) }");
return;

for (int j=0;j<count; j++) {
try {

db = new Eucalyptusdb (dir, "service","none");

db.updatedb () ;

ResultSet rs;

rs=db.query ("SELECT * FROM CLOUD");

ArrayList<String> tsa = db.dump(rs);

for(int 1 =0;i<tsa.size();i++)
System.out.println(tsa.get (i));

System.out.println();

rs=db.query ("SELECT * FROM

availability zones");

tsa = db.dump(rs);

for(int 1 =0;i<tsa.size();i++)
System.out.println (tsa.get (i));

System.out.println();

rs=db.query ("SELECT * FROM vm items");

tsa = db.dump(rs);

for(int i =0;i<tsa.size();i++)
System.out.println(tsa.get (i));

System.out.println();

} catch (Exception e) {
e.printStackTrace();

}
try {
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Thread.sleep(timeout) ;
} catch (InterruptedException e) {
e.printStackTrace() ;

}

}
try {
db.getConn () .close();
} catch (SQLException e) {
e.printStackTrace () ;

}

Ol kKAAoelg Tou adopouV Tov aAyopLlOo €lval Ol TIAPAKATW KoL TIEPLEXOVTOL
OTO TMOKETO algorithm.

CONFIGURATION.JAVA

package algorithm;
import ec2.Availabilityzoneitem;

public class Configuration ({

private Availabilityzoneitem az;

private String ip;

private double newprice,price;

private int az id;

private double
reliabilityScore,newreliabilityScore,convertedIndex;

public double getReliabilityScore() {
return reliabilityScore;

}

public void setReliabilityScore (double reliabilityScore) {
this.reliabilityScore = reliabilityScore;

}

public int getAz id() {
return az id;

}

public void setAz id(int az id) {
this.az id = az id;

}

public Configuration() {
super () ;

}

public Availabilityzoneitem getAz () {
return az;

}
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public void setAz (Availabilityzoneitem az)
this.az = az;

}

public double getPrice () {
return price;

}

public void setPrice (double price) {
this.price = price;

}

public double getNewprice () {
return newprice;

}

public void setNewprice (double newprice) {
this.newprice = newprice;

}

public double getNewreliabilityScore() {
return newreliabilityScore;

}

public void setNewreliabilityScore (double

newreliabilityScore)

this.newreliabilityScore = newreliabilityScore;

}

public double getConvertedIndex () {
return convertedIndex;

}

public void setConvertedIndex (double convertedIndex) {

this.convertedIndex = convertedIndex;

}

public String getIp() {
return ip;

}

public void setIp(String ip) {
this.ip = ip;
}

MYCOMPARATOR.JAVA

package algorithm;
import ec2.Availabilityzoneitem;

public class Configuration {

private Availabilityzoneitem az;
private String ip;
private double newprice,price;
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private int az id;
private
reliabilityScore,newreliabilityScore, convertedIndex;

public double getReliabilityScore() {
return reliabilityScore;

}

public void setReliabilityScore (double reliabilityScore)
this.reliabilityScore = reliabilityScore;

}

public int getAz id() {
return az id;

}

public void setAz id(int az_ id) {
this.az id = az id;

}

public Configuration() {
super () ;

}

public Availabilityzoneitem getAz () {
return az;

}

public void setAz (Availabilityzoneitem az) {
this.az = az;

}

public double getPrice() {
return price;

}

public void setPrice (double price) {
this.price = price;

}

public double getNewprice () {
return newprice;

}

public void setNewprice (double newprice) {
this.newprice = newprice;

}

public double getNewreliabilityScore() {
return newreliabilityScore;

}

double

{

public void setNewreliabilityScore (double newreliabilityScore)

this.newreliabilityScore = newreliabilityScore;

}

public double getConvertedIndex () {
return convertedIndex;

}
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public void setConvertedIndex (double convertedIndex) {
this.convertedIndex = convertedIndex;

}

public String getIp() {
return ip;

}

public void setIp(String ip) {
this.ip = ip;
}

SELECTION.JAVA

package algorithm;

import java.sgl.ResultSet;
import java.text.DecimalFormat;
import java.util.ArrayList;
import java.util.Collections;

import ec2.Availabilityzoneitem;
import ec2.Eucalyptusdb;
import ec2.Vmitem;

public class Selection {
public static String makeSelection (CustomerOptions options) {

ArrayList<Configuration>output = new
ArrayList<Configuration> () ;

try f{

Eucalyptusdb db=new
Eucalyptusdb ("", "service", "none") ;

ResultSet rs;

rs=db.query ("SELECT
zone 1id, ip,name, failures, times checked, times up,v.type,v.free,v.cpu,v
.ram,v.disk,v.price,net FROM cloud,vm items v,availability zones a
WHERE cloud.id=a.cloud id AND v.zone id=a.id AND wup=true AND
cpu>="+options.getCpu() +" AND ram>="+options.getRam() + " AND
disk>="+options.getHdd ()+" AND net>="+options.getNet() +"order by
zone 1id, type ASC");

output=processArrayList (db.dump (rs)) ;

} catch (Exception e) {
e.printStackTrace () ;

}

output=makeConfigurations (output, options);

if (output.size ()>0) {
calculateReliability (output,options);
calculateConvertedIndex (output,options);
System.out.println (prepareResult (output)) ;
return prepareResult (output);
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return null;

private static String prepareResult (ArrayList<Configuration>
input) {
String result="";
DecimalFormat myFormatter = new DecimalFormat ("###.###");

for (int i1=0;i<input.size();it++) {
Configuration conf=input.get(i);
for (int
J=0;j<conf.getAz () .getVmtypes () .size () ;j++) {
Vmitem item = conf.getAz () .getVmtypesAt (J):
result+=conf.getIp()+"

"tconf.getAz () .getName () +" "ttranslateZones(item.getType ())+"
"titem.getFree()+" "tmyFormatter.format (item.getPrice())+"
"titem.getCpul()+" "titem.getRam()+" "titem.getDisk ()+"
"+conf.getAz () .getNet ()+"

"+myFormatter.format (conf.getConvertedIndex () )+ " " +
myFormatter.format (conf.getPrice());

if (j<conf.getAz () .getVmtypes () .size()-1)
result+="#";
}
if (i<input.size()-1)
result+=";";

return result;

}

private static ArrayList<Configuration>
processArraylList (ArrayList<String> input) {

ArrayList<Configuration> result = new
ArrayList<Configuration> () ;
for (String i: input) {

String[] tmp = i.split(" ");

Configuration conf = new Configuration();

conf.setAz id(Integer.parselInt(tmp[0]));

conf.setlIp(tmpl[l]);

Availabilityzoneitem item = new
Availabilityzoneitem() ;

item.setName (tmp[2]);

item.setFailures (Integer.parselnt (tmp[3]));
item.setTimes checked(Integer.parselInt(tmp[4]));
item.setTimes up(Integer.parselnt(tmp[5]));

item.setNet (Integer.parselnt (tmp[1l2]));

item.addVmtypes (new
Vmitem (Integer.parselInt(tmp[6]),Integer.parselint(tmp[7]), Integer.pars
eInt(tmp[7]),Integer.parselnt (tmp[8]),Integer.parselInt (tmp[9]), Intege
r.parseInt (tmp[10]),Double.parseDouble (tmp[l11])));

conf.setAz (item) ;

result.add (conf);
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return result;

}

private static String translateZones (int input) {
String result;
switch (input) {
case (O:result="ml.small";break;

case l:result="cl.medium";break;
case 2:result="ml.large";break;
case 3:result="ml.xlarge";break;

case 4:result="cl.xlarge";break;
default: result="no default zone";break;

}

return result;

}

private static ArrayList<Configuration>
makeConfigurations (ArrayList<Configuration> input, CustomerOptions
options) {
ArrayList<Configuration> result = new
ArrayList<Configuration>();

float tmp price;

int tmp, number;

boolean found, first;

int zone;

for (int i=0;i<input.size();) {

zone=input.get (i) .getAz id();

tmp price=0;

tmp=0;

found=false;

first =true;

Configuration conf = new Configuration();

while (i<input.size () &&zone==input.get (i) .getAz id()) {
if (! found) {

if (options.getInstances () -
tmp<=input.get (i) .getAz () .getVmtypesAt (0) .getFree()) {

found= true;

number = options.getInstances() -
tmp;

input.get (i) .getAz () .getVmtypesAt (0) .setFree (number) ;

tmp price+=number*input.get (i) .getAz () .getVmtypesAt (0) .getPrice

if (tmp price<=options.getPrice()) {

conf.setPrice (tmp price*options.getTime());
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conf.setIp(input.get (i) .getlIp());
if(first) {

conf.setAz (input.get (i) .gethAz ());
}

else{

conf.getAz () .addVmtypes (input.get (i) .getAz () .getVmtypesAt (0));
}

conf.setAz id(zone);

result.add (conf) ;

}

else/{

number=input.get (i) .getAz () .getVmtypesAt (0) .getFree () ;
tmp+=number;

tmp price+=number*input.get (i) .getAz () .getVmtypesAt (0) .getPrice

if (first) {

conf.setAz (input.get (i) .getAz ());
first = false;

}

else{

conf.getAz () .addVmtypes (input.get (i) .getAz () .getVmtypesAt (0)) ;
}
}

i++;

return result;

}

private static void
calculateReliability (ArrayList<Configuration> input, CustomerOptions

options) {
for (Configuration i:input) {

double availability =
(double)i.getAz () .getTimes up()/i.getAz () .getTimes checked();

int availability score;

if (availability<0.90)
availability score=1l;

else if (availability<0.95)
availability score=2;

else if (availability<0.99)
availability score=4;

else if (availability<0.999)
availability score=8;

else if (availability<0.9999)
availability score=12;
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else
availability score=16;

double continuous_ availability=(double)Math.exp (-
options.getTime () *i.getAz () .getFailures()/i.getAz().getTimes checked(
))

double mttr =(double) (Math.exp(l-availability));

double score =
(double)availability score*continuous availability/mttr;

i.setReliabilityScore (score);

System.out.println("Continuous:"+continuous_availability+"
mttr:"+mttr+" "+i.getIp()+" "+i.getAz () .getName ()+":"+score);

}

private static void
calculateConvertedIndex (ArrayList<Configuration>
input, CustomerOptions options) {
double mincost=input.get (0) .getPrice();
double maxcost=input.get (0) .getPrice();
double maxreliability=input.get (0).getReliabilityScore();
double minreliability=input.get (0).getReliabilityScore();

for (int i=1;i<input.size();i++) {
if (input.get (i) .getPrice () <mincost)
mincost=input.get (i) .getPrice();
if (input.get (i) .getPrice () >maxcost)
maxcost=input.get (i) .getPrice();

if (input.get (i) .getReliabilityScore()<minreliability)
minreliability=input.get (i) .getReliabilityScore();
if (input.get (i) .getReliabilityScore ()>maxreliability)

maxreliability=input.get (i) .getReliabilityScore();
}

for (Configuration i: input) {

double
fcost=(double)Math.exp(options.getPrice slope()* (i.getPrice()-
mincost) / ( (maxcost-mincost) *100)) ;

double
freliability=(double)Math.exp (options.getReliability slope () * (i.getRe
liabilityScore () -minreliability)/ (100* (maxreliability-
minreliability)));

double newprice=(double) fcost*i.getPrice();

double
newreliabilityscore=(double) freliability*i.getReliabilityScore();

i.setConvertedIndex ( (double)newprice/newreliabilityscore) ;

}

Collections.sort (input, new MyComparator());
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for (Configuration i: input)
System.out.println (i.getIp()+"
"+i.getConvertedIndex()) ;

}

H kAdon Ttélo¢ SampleResourcelmpl tou makétou sample.impl €ival n
akoAouon.

SAMPLERESOURCEIMPL.JAVA

package sample.impl;

//Eucalyptus imports

import java.io.BufferedReader;
import java.io.IOException;
import java.io.InputStreamReader;

import ec2.*;
import algorithm.*;

//database imports
import java.sgl.ResultSet;
import java.util.ArrayList;

import sample.SampleResource; // ~SOAP operations on sample
resources

import sample.SampleService; // SOAP operations on the service
import sample.SampleResourceBean; // Bean holding resource state

// Client imports - we act as a client to the account and SLA
services

import
uk.ac.soton.ecs.iam.grid.comms.client.StorableInStateRepository;
//import

uk.ac.soton.ecs.iam.grid.comms.client.TradeAccountConversation;
import uk.ac.soton.ecs.iam.grid.comms.client.SLAConversation;
import uk.ac.soton.itinnovation.grid.service.types.Metric;

// Standard Java imports

import java.net.URL;

//import java.math.BigDecimal;
import org.apache.log4j.Logger;
import org.w3c.dom.Document;
import java.rmi.RemoteException;

// Standard Grid service imports

import org.apache.axis.message.addressing.EndpointReferenceType;
import
uk.ac.soton.itinnovation.grid.service.utils.gridservit.GridServicelit
ey

import uk.ac.soton.itinnovation.grid.utils.AtomUtils;

import uk.ac.soton.itinnovation.grid.types.ConversationID;
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import uk.ac.soton.itinnovation.grid.types.GridErrorException;
import uk.ac.soton.itinnovation.grid.service.types.GridResource;
import uk.ac.soton.ecs.iam.grid.utils.ImplementationFactory;

// Hibernate persistence
import org.hibernate.Session;
import org.hibernate.Transaction;

/** The implementation of SampleService. The mapping from the
interface to this class is in the

* implementationfactory.properties file.

*/
public class SampleResourcelmpl extends GridServicelite implements
SampleResource {

private static Logger log =
Logger.getLogger (SampleResourcelImpl.class) ;
private SampleServiceImpl service = (SampleServiceImpl)

ImplementationFactory.getSingletonInstance (SampleService.class);

public SampleResourceImpl () {
super ("SampleResource") ;

}

/** Get a SampleResourceBean that was stored using hibernate.
* Create a hibernate session automatically. This 1is not
suitable
* for Dbeans containing lazy collections, which require the
session
* to still be open when the collection is accessed.
* @throws GridErrorException if the resource does not exist
*/
private SampleResourceBean getResource (String resourcelID) {
Session session = factory.openSession();
try f{
return getResource (session, resourcelD);
} finally {
session.close () ;
}
}

@Override
protected Class<? extends GridResource> getResourceType (String
resourcelD) {
return SampleResourceBean.class;

}

/** Get a SampleResourceBean that was stored using hibernate.
* Use this version if you already have a session (to prevent
deadlock) or if
* the session must remain open when accessing the Dbean
(because i1t contains
* lazy collections that are only fetched from the database
when accessed) .
* @param session hibernate session to use
* @throws GridErrorException if the resource does not exist
*/
private SampleResourceBean getResource (Session session, String
resourcelD) {

SampleResourceBean resource = (SampleResourceBean)
session.get (SampleResourceBean.class, resourcelD);
if (resource == null)
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throw new GridErrorException("Can't find resource
'" + resourceID + "'!");
return resource;

}

public void destroy () throws RemoteException {
String conversationID = getConversationFromContext () ;

// Look up the resource
SampleResourceBean resource;
try |
resource = getResource (conversationID);
} catch (GridErrorException ex) {
log.error ("Failed to get resource! Removing from
PBAC anyway.", ex);
pdp.signal (conversationID, "destroy"):;
throw ex;

}

// Notify the SLA manager that usage has finished
StorableInStateRepository managingConversation =
getManagingConversation (resource) ;
if (managingConversation instanceof SLAConversation) {
// Our use of resources within the SLA drops to

Zero

EndpointReferenceType epr =
ConversationID.getEPR (thisServiceAddress, resource.getResourcelID(),
null) ;

service.pullPoint.addInstantaneousUsageReport (epr,
SampleServiceImpl .METRIC SAMPLE RESOURCES, 0.0);
service.pullPoint.addInstantaneousUsageReport (epr,
Metric.CURRENT ACTIVITIES, 0.0);
}

/* Do any clean-up required here. If an exception 1is
thrown here
* the resource will still exist and be accessible to the
user.

*/

// Signal to PBAC that the resource is finished
pdp.signal (conversationID, "destroy");

// Remove the resource from hibernate
deleteHibernatedObject (resource) ;

}

/** Used by SampleServiceImpl to when returning EPRs. */
URL getSoapEndpoint () {
return thisServiceAddress;

}

/** Return notices from the service as an Atom feed.
* These notices are displayed on the main admin page and can
also be polled
* Dby the administrator using a news aggregator. The feed
should be used to alert the
* admin to configuration problems and any other important
issues that come up.

*/
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public Document getAtomFeed (String atomFeed, String
serviceBase) {
Document doc = AtomUtils.getEmptyAtomFeed ("Sample
Resource", "Sample Resource",
atomFeed, serviceBase);
return doc;

public String check (String input) throws RemoteException {

String[] tmp = input.split(" ");
CustomerOptions options = new CustomerOptions();
options.setInstances (Integer.parselnt (tmp[0]));
options.setCpu(Integer.parselnt (tmp[l]));

options.setRam(Integer.parselInt (tmp[2
options.setHdd (Integer.parselInt (tmp[3

’

))
))
47)
))

options.setPrice (Float.parseFloat (tmp

options.setNet (Integer.parselnt (tmp[5]
options.setPrice slope (Integer.parselInt(tmp[6]));
options.setReliability slope (Integer.parseInt(tmp[7]))
options.setTime (Integer.parselInt (tmp([8]))

String result = Selection.makeSelection (options);

String s ="192.168.1.2 twin0 ml.xlarge 15 0.15 2 12 50
1000 99.9 0.16;a192.168.1.2a twinOa ml.xlargea 15a 0.15a 2a 12a 50a
1000a 99.9%a 0.17a";

//return s;

return result;

}
public ArrayList<String> select () throws RemoteException{

ArrayList<String> result = new ArrayList<String>();
result.add ("instances") ;

result.add("cpu");

result.add ("ram") ;

result.add ("disk") ;

return result;
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