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Lepiinyn

H mopodoo dumhopatikny éxel og okomd tn digvpévnon g texvoroyiag tov Cloud
Computing kabod¢ kol ™ oyedioon kot avamTtuén VANPECIOGTPEPOVS TAUTOOPUOS LE
okomd TO MONItoring o€ GLOTAUATA VTOAOYIGTIKOD VEQPOVG. Apyikd yivetor o
nTapovciaon g tpoélevong kot totopiag tov Cloud Computing, TV yapaxTploTIKOV
TOV KOO Kot avaeopd o6ta HoviéAa vanpecudv tov. Emiong avageépovtal oidpopa
TPOKTIKGE TOPASEIYLOTA TEYVOLOYLDV GTO OTOI0L £YEL AUECT] EPUPLOYT] TO KVEPOGY). XN
oLVEYELDL TOPOVOIALETOL 1) OPYLTEKTOVIKT Kot VAomoinor g client-server mlateoppog
mov viomoindnke pe okomd to mMonitoring ot cloud ocvotnua. Télog péow poG
TEPOUOTIKNG Oladikaciog PacilOpevns 6€ TPAYUATIKO GUGTNO VTOAOYIGTIKOD VEPOULG
oLAAEYovTaLl dedopéva pe oKomd TNV €EETACT GeEvVapimV Kot TNV TapoakoAovOnon g
CUUTEPLPOPAS TOL CLGTNUOTOG. ZVUTANPOUATIKA TapatiBevTol TANPOPOpieg GYETIKA e
T1G TEXVOLOYiES OV YpNoLUoTOinOnKay KabmOE Kot 0 KMOKAG TOL Project mdvem oto onoio

Baciomnke 1 dnpovpyio TG TAATPOPLLOGS.



Abstract

The scope of this thesis is to study and investigate the technology of Cloud Computing
as well as the design and implementation of a service-oriented platform in cloud
systems. Initially, we start with a presentation of the origin and history of Cloud
Computing, a description of its functional characteristics follows and in the end a
reference to its service models is made. Furthermore various practical examples of
technologies in which cloud has direct application are presented. Next follows the
architecture and implementation of the client-server platform that was implemented with
the purpose of monitoring in a cloud system. Finally through an experimental procedure
depending on a real cloud computing system, data is collected with the aim of testing
various scenarios and monitoring the behavior of the system. There is an additional
section with references to technologies that were used as well as the software code of the

project on which the platform implementation was based.
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Evyapiotiec

Me mv gukapio ™G EKTOVNONG TS OUTAMUOTIKNG HOL £PYACIOG KOl TG OAOKANPOGNG
TOV KUKAOVL omovd®V pov oto Tunuo HAextpoAdywv Mnyovikav kot Mny. H/Y tov
E.M.IL , vioBo Vv avdykn va euyoplot|om 0Aovg Toug avlpomovug mov pe fondncoav
va OTacm PEYPL aVTO TO oNUETD.

Apyikd 6o MBera va gvyaprotnom Bepud tov Kabnyntm pov IdkmPo Zt. Beviépn, yu
Vv evkoipio Tov pov £dmwoe vo acyoAndd pe éva avtikeipevo to omoio eivor oA
EMIKOPO TN ONUEPIV €moyN ko To omoio émauée kou Ba cvveyilel va mailel omovodaio
POLO OTNV EMAYYEALOTIKN HOL otadtodpopia. Tov gvuyaplotd kol Yo to aicOnua
KOVOTOiNoNG TOov EVimod a@oL Hov d0Onke M dvvaTdTTO VO EMEKTEIVOD KOl Vo
EUMAOLTIC® TIG YVMOOEIS HOV GTOV TPOYPOUUOTIGHO KOl Vo VOGO O {1010¢ mio
OVTOY®OVIGTIKOG.

[dwitepeg evyaplotiec Ba MOesha va amevBiveo otov Ymoynelo Awddktopa Avopéa
Kowydn, yopic v moAdtiun kou acteipgutn Pondeia tov omoiov Ba Ntav addvatn M
dlekmopémon g SmMAOUATIKNG pov epyacias. H ocvpPorr tov ot ovyypagn g
gpyaciag Kabmg Kot otnv ovamTuEnN TG ePapuoyns vanpée (oTikng onuaciog.

Eniong o 0ela va euyoplotom GAOVE TOVE PIAOLG OV, GTEVOVG KO MUT), GUUPOLTNTEG
KOl Un, Tov MTav KOvid Hov, pe ot)plov Kot [e Tovg omoiovg mépaca 6 Opopea
eortnTKa ¥ pévia. Tovg evyaplotd Yo 6o tepdoape pall kot yio 6ca Bo BupopaocTe.

Téloc, BEA® va gvyaploTiom Waitepa Tovg yoveig pov, EAEvn ko Xtého. Xwpic Tovg
oo avtovg avOpmdmovg Ot Ba £ptoava ewg €00. Adidkoma to. TeEhevtain 24 ypovia,
omplov Ta dvelpa Kot TIG Prrodo&iec pov, pov Euabov va aymvifopot Kot vo yivopot
KaAvtepog. Tldvta Mtav dimio pov. Emiong o0 Ba éhewme amd 11 guyopiotiec kou 1M
VIOAOITY] OIKOYEVELNL OV TTOV TTAVTO MTaV OITAQ OV Kol LE EGTPOYVOY VO KLV YOI® TOL
Ovelpa Lov.

[dwaitepn avapopd Bo MBela vo kv otov kabnynt] pov oto Avkelo Modecto
TpumtoMtol®dTN, 0 0MOl0g OLCLUCTIKA NTOV EKEIVOG TOL AVOWE TO «PLTIAY Yo TNV
onuepwvn pov mopeia. Exeivog e evémvevcse Kot TOTEWYE GTO TL UTOP® VO KOTAPEP®.
‘Hrav o pévropdc pov.
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Elcaywyn

>nuepa, to cloud computing £yetl KATOKTAGEL TOV ETLYEPTLOTIKO KL O)L LOVO KOGLO, EVGD
YPNOUOTOLEITAL OTO TNV TAELOVOTITO TOV YPNGTAOV TOV SLOOIKTVOV £XOVTAG Y10 TO KOAG
umel oty kabnuepvomra tov aviporwv. Yrootmpiletat 6t to cloud B anotedéoet To
HEALOV TNG EMYEPNUOTIKNG TEXVOAOYING, TPOGPEPOVIONG EVILIMGCIOKE OUKOVOLUKA
armoteléopota. H avaykn vy véeg texvoAoyleg mOL TPOGPEPOVV ACPAAELD GTNV
amofrjKevon kal VKoM otV TPOGPacn, ivar o1 KupldTEPOL AOYOL TOV OVOTTTOYONKE
waitepa avTOG 0 TOUENS.
Q¢ €K TOVTOVL, OPYOVICUOL , O EVOC LETA TOV GALOV, petapépovy to Software tovg oto
cloud. TTAn0@pa epappoydv £xovv T PACT TOVG GTOV VEQPOC. ZNUEP KOTA KOPLo AdYO
VILdpyovV 3 HOVTELD LINPECIDOV, TPOGPEPOVTOS SLUPOPETIKEG SOLVATOTNTEG TO KOOEVAL.
Avta eivar:  laaS(Infrastructure-as-a-Service), PaaS(Platform-as-a-Service), SaaS
(Software-as-a-Service).
‘Evag cloud provider mapéyet vmodouég dayeipiong mopwv og moAlamAovg ypnotec. To
eowvopevo avtd ovopdaletar multitenancy kot amotelei v oveio twv cloud computing
VANPECLOV. ¢ OMOTEAEGUO TPOKVATEL OVAYKN YO OMOOOTIKY| Olayeipion TV
CLOTNUATOV VTOAOYIOTIKOD VEQOVG. Ot avfavopeveg avaykec oe mOPoVS KaOME Kot M
exfetikn avénon tov ypnot®v mov embupody vo erw@PeANBoVV TOV TAEOVEKTNUAT®OV
7oL mPpoopépel To cloud &yel 0dNyNoEL TOV TaPOYOLG GE avalTnon HEBOdMV Y10 GHOTO
management.
Kabe mapoyog cloud computing vinpecidv dabétel 6Tovg TELATES TOV Kot oYETIKO Web
interface yw ™ dwyeipion TOV EKOVIKOV UNYOVAOV, JioK®V Kol SIKTOOV TOL TOLG
napéxel, kabmg kot kamoro mpoypappatiotikd APl yio v avémtuén evoArloKTiKOV
EQUPUOYDV  dloyeipiong. ZVVETMC TPOKVTTEL avaykn Yo monitoring twv cloud
oLoTNUATOV. YThpyovv TOAAATAG epyaieio. monitoring otnv ayopd 6mwg to Nagios pe
dVVOTOTNTO OYOANCTIKNG KOl GLVEYOLS TopOKoAoVONoNG g Asttovpyiog ToV
vrodoudv. To monitoring emitpémet Ty €yKaipn ETIAVGT GNUAVTIKOV TPOPANUAT®OV TOV
UTOPOVV VO TAPOLGLUGTOVV TPOAABOIVOVTAG TUYOVCH OPVNTIKY EMOPACT] GTNV TOPOYN
11



TOV VINPECIDY GTOVG TEAKOVG YPNOTEC. TNV TAELPA TOV TOPOYXOL YiveTOl EAEYYOG TOL
hardware & software mov £yt ot 61G40e6M TOV EVED GTNV TAEVPA TOV KKOTOVOADTIY
TOPEYETAL TANPOPOPIN Yo TNV AOOCT TNG TAATPOPLOG KOl TOV VANPECSIOV. MEG® TOV
monitoring 0 mapoyog eyyvdror to amattovuevo QoS (quality-of-service) mov £yxet
ocvpuemvndel evd mapdAinio 1o KO0TOG €€ontiog TPOPANUATOV HEIDOVETAL OPOUOTIKA.
Téhog o mapoyog mpémet va. el AaPel vtoyn Tov “critical” katooTdoelg Kot vo Xl 6TV

€PYOAELOON KT TOL AUEGES ADGELS KO TPOTAGELS Y10l TV EYKOLPT AVIIUETMTIOT TOVG,

12



2.1 T €ivar To cloud computing;

2.1.1 Opiouog tov Cloud Computing

A

Yrapyovv apétpntotl opiopoi ko eppunveieg ya tov 6po “Cloud Computing” 1 aAlimg
Ymoloyiotikd NEpog mov pmopovv va gupebovv amd moikileg mnyés. O Opog
“DIOAOYIGTIKO VEQOS~ TTpoépyeTol TOAVAS amd dSorypAUUOTe SIKTVOV OTOL TO GYT|LLOL
TOV GLVVEQPOVL YPNOCLUOTOIELTAL Y10 VO OTTEIKOVIGEL GUYKEKPLUEVA €101 OIKTVOV OTTMG

to Internet 1} ecotepikd diktva.

Mia amhomomuévn epunveio yio to Cloud Computing 6o umopovoe va givor n €€nc:
«Meg tov 6po VTOAOYICTIKO VEPOG OVOPEPOUOGTE GTO GUVOAO TV EPOPUOYDV TOL
TopEYOVTOL 010 LEGOV ALaOIKTVOV GE GLVOVACUO HE TOV EEOMAMGUO Kol TO AOYIOUIKO

TOV KEVIPOV PACEOV dESOUEVOV TOL TOPEXOVY OVTEC TIC EQAPLOYES. »

Figure 1 To Cloud Computing mpoopéper evpeia
VKOUO, EPOPUOYDV GE TOLLOTA0VGS ypHotes [1]
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ougpwvo pe tov optopd tov US NIST [1] wg Cloud Computing opilovpe 0 povtédo
mov emiTpénel TNV e0KoAn kot on-demand (kat' amoitmon) mpdcPacn HECH® SIKTVOV GE
éva dlapolpalOPEVO GUVOAO OO TOPUUETPOTO|GIUOVS VTOAOYIGTIKOVG TOPOVG (TrY.
diktva, Servers, amodnkevtikdg YOPOG, LINPEGIES, EPAPLOYES) Ol 0TOT0lL LTOPOLY EVKOAM
Kol ypnyopa vo, mopakoAovdnBovv Kot dtatebovv pe eAdylotn dloyeploTikn TopépPoon

N oA Aemidpaon amd ToV TEPOYO TWV VINPECIDV.

Infrastructure

Storage

Figure 2 To Cloud = gpapuoyéctomodousi+omoOnkevtikoc yopos+apoofaon oxd to onitt [2]

14



2.1.2 Baoixa Aeitovpyixa Xopoxtypiotixa tov Cloud Computing

To povtédo tov Cloud pe Bdon tov opiopd tov NIST omaprtiletar amo 5 Pacikd

Agrtovpytko yopakmplotika [1]

e On-demand self-service

O xotavadlmmg prmopel va (NTNGEL LOVOUEPDG VTTOAOYIGTIKES SLVATOTNTEG, OTMG
0 xpOvoc ypnolwomoinong tov server kot To puEyebog Tov amofnKeLTIKOD YDOPOL TOV
Ba ypnowomomBel avtdpata pécw dkTHOL, YWPIG vo amorteiton kopio avOpdTIvn

OAANAETIOpaOT LE TOV TTAPOYO TNG EKACTOTE LINPEGLNG.

e Broad network access

Ot mapamdve dvvatdtteg eivol TpooPaciues amd movtod oo HEG® OIKTVOV Kot
OLOOEOOUEVOV UNYOVIGUAOV, TPAYUO TOV EMITPENEL TNV ¥PNON Kot TPOcPacn Toug
ond TOAMEC Kol €TEPOYEVEIG TAATPOPUES ¥PNOTN (Y. KvnTd ThAEP®VA, POPNTOVG

voAoylotég, PDA).

e Resource pooling

Ot vroloylotikoli mOPOL  TOL  WOAPHYOV GLYKEVIPMVOVTOL GE KOO GUVOAO
YPNCLOTOLOVTOS VO HOVIEAO TOAADV EVOIKIOOTOV, HE TOKIAOLG QLUOIKODG Kot
ewovikovg mopovg ot omoiot  amodidovior dvvapukd kat' oamaitmon ypnotn. O
KATOVOA®TNAG YEVIKG Ogv €xel Kavévo €Aeyyo M yvoon g axpifrg tomobeciog tmv
TaPEYOUEVOV TTOPWV, 0AAG umopel va dOvVaTOL Vo TPOGOIOPIGEL GE £Val O QLPTPMUEVO
eninedo Vv Tomobecio OTMC ™ y®pa, TNV TOAN N To data-center. I[Tapadeiypota TéTowV
TOp®V givar 0 amoONKeVTIKOC YDPOG, 1 enelepyasia, 1 LWNRUN, TO €0pog (VNG d1KTVLOV,

ta Virtual Machines.

15



e Rapid elasticity

Ot duvatdtmreg owtéc umopodv  va  mopokolovOnBoldv kar Srotebodv e
EMIGTIKO TPOTO, UEPIKES POPEC OLTOMOTA, OVEAVOVTOC 1| LEWDVOVTOS TO HEYEDOC TOVC
KOT omoitnorn. XTov KoTovoA®T] — TEMKO ¥pNoTn Ol OLVOTOTNTEG OVTEG TOov  givat
dwbéotpeg, ovyvd potdlovv va  givol amePLOPIOTEG KOl UTOPOVV VO OLyOPAGTOVV —

amoktnOovV 6€ OTOLUONTOTE TOGOTNTO, OTOLOOTTOTE GTUY LY.

e Measured Service

To ovomuata Cloud avtoépato eréyyovv kol PBEATIOTONMOO0V TN YPNON TOV
VTOAOYIOTIK®V TOP®V YPNCLUOTOIMVTOS KATO10, LETPNTIKG GUGTHUOTO GE KATO10 OO TOL
eMmedo NG aPOipeEONS MOV €104YOVV, KATAAANAO Yo TNV €KACTOTE TOPEXOUEVN
vanpecio  (amobnkevTikKoh YDOPOVL, VTOAOYICTIKNG 1oYV0G, €Opovg (MOVNG, €veEPYOL
apBpov ypnotwv kAm.). H ypnon tov ndépwv umopel va mapakoiovdnbei, eleyybel kot
va avaeepBel, moapéyovag Slapdveld Kol yuoo TIC 000 TAELPEC, TEMKOD YPNOTNH —

KOTOVOAWMT Kot TopdYOL TNG XPNOULOTOLOVUEVIC VINPEGING.

On-Demand
Self Service

Measured Broad
Sirvice Network
Access
Cloud
Rapid ~ " Resource
Elasticity Pooling

Figure 3 Ta faocika yopaxtypiotixe tov Cloud Computing [3]
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2.1.3 lIoropikn e&édién tov Cloud Computing

H éa vo mapéyeton po KeVIPOTomUEVT VIOAOYICTIKN VANPEGiO YPOVOLOYEiTAL TTGM®
o1 deKkaetio Tov '60 , GOV Ol VITOAOYICTIKEG VIINPEGIEG TAPEYOVTOV LEGH OIKTVLOV LE TN
YpNon  unyoviopol  kevtpikng time-sharing  (ypovouepiotiknig) texvoroyiag. O
UNYOVICUOG  auTOG  YPNOCLUOTOMONKE LE OKOTO TNV  OMOJOTIKOTEPY], YPNON TOV
KOGTOROPOV KEVIPIK®OV LOVAd®WV. £2¢ amoTtéAespa, moAhamAiol xprioteg popdloviav TG0
evoikn TpocPacn 660 ko CPU-time (ypovo mopiva) pHécwm g ¥pNone TEPLOTIKOV TOV

dev glyav dkég Toug emeepyaotikéc duvatotnres. [2]

WLS! - 11 GATEWAY
DI BUTTERFLY GATEWAY
0 OTHER GATEWAY

August 1987

Figure 4 ARPANET architecture — core of the Internet in August 1987 [4]

To emdupevo peydro Pruo oty totopia tov Cloud Computing éywve to 1969. O
Apepkavog emotiuovoc vroroyiotdv J.C.R Licklider cuvéfaie ot dnuovpyio Tov

ARPANET (Advanced Research Projects Agency Network) , tov mpoyovov Tov
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onpepwvov Internet. Opapd tov NTav 6A0L va. pmopovcay va. cuvdedodv Kol vo yovv

npocPaor oe mAnpoeopio (data) ko mpoypdupato (programs) ce omolodMmote onueio

a6 omovdmmote. And ToAAovg Bewpeitar o “matépag” Tov Cloud Computing. [3]

Figure 5 VM logo [5]

Tn  dexoetic tov 70, nm IBM
KLUKAOQOPNGE éva Aertovpyikd
cvotnua pe v ovoposioc VM mov
EMETPEME  OLOYEPIOTEG VO YOLV
TOMOTAQ  €IKOVIKA  ovothuate,  /
pumpoviuotae 1 aAlog  Virtual
Machines (Vms) oe éva povadikd
ovowd kOuPo. To ovykekpluévo
Aeltovpywkd ovotua viobémoe 10

unyaviopd tov  time-sharing g

dekaetiog Tov '50 ko to e£€MEe oe €val oAoKaivovPlo EMITEDO, LE AMOTEAECUO KATOES

Aertovpyieg mOV YPNGLOTOLOVVTAL GTA CTUEPLVAL GLGTHLATO VTOAOYIGTIKOD VEPOVS VOl

opeilovv v vmapén tovg oto VM g IBM.

Tn dekaetio Tov '90, o1 eToupeleg TNAETIKOIVOVI®DV Ol OTOIEG TPONYOVUEVDG TTPOGEPEPOLY

diktva  petaymyng kvkiopoto (point-to-point), otpdenkov ce  EIKOVIKA 1O1OTIKA

dikrvo/virtual private networks (VPNS) , ue kaAr mowdtnta vanpeciog (quality of service

- Q0S) kot KavOTOINTIKO KOGTOC.
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Circuit Switched Network

~\

\\Ae/\/']' \\\

Receiver Caller

A\

Packet Switched Network

= é/ &
SN =

R
AN

Receiver

Figure 6 Circuit switched vs Packet switched network [6]

H petoyoyn xokAduotog xpnoiomoteiton vpéme oTo KAUGIKE TNAEPOVIKA d1KTVLO, Kot
Baciletor oV €yKOTAGTOON €VOG KUKADUOTOS Yoo OAN TN OLUPKELN TNG TNAEQPMOVIKNG
ovuvoeonc. H mAnpoeopio peTapEpeTOl UE MOl GLUYKEKPLUEVT]) GLYVOTNTO ETAVIANYNG,
onAaodn poévo €va kavii mov el oplobel g ypovikny OBuvpida eivor Obéocipuo pe

AmOTEAEGHLOL TN U OOSOTIKT ¥priomn Tov £vpovg (dvne. [4]

Yta. cvoTiuoTe pETaymyng mokétov (packet switching) m mAnpogopia tov ¥pno
KaB®G Ko 1 emmpOcOeT TANPOPOPIO TNG EMKEPAAIONG TOL YPTCLUOTOIEITAL ECMOTEPIKA
010 OikTLO Y. dpopordynom, OWpbwon Aabov, Eleyyo pong kobmG kol GAAES
Aertovpyieg evBvlakdvovtal 6€ TakETA. ENUavTikd mAsovékTnua Oewpeitor | a&lomotio
TOV GUYKEKPLUEVOL GUOTILOTOS UETAYWOYNG KaODG Kot 1 a&lomoinor tov gupovg {mvng.

[4]
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To ovpPoro tov GLVVEPOL dpyloe va ypnolonoleitol wg onueio oproBénong pueta&d
0V mapoOYov Kor Tov Katavoimty. To cloud computing exteivet owtd 10 Oplo
neptlapfavovtag 6Aovg tovg eEummpetntég (Servers) kabmg kot OAN TV VITOdoUn TOL
dwktvov. To emdpevo Pripa Yo TOLG EMGTHHOVEG NTAV 1 EDPECT TPOTWV Y10 TN HETAPooN
ammd TO EIKOVIKG VITOAOYIGTIKG GLGTHOTA 6TV gkovomomon (Virtualisation) ce eminedo
OKTHOL, HE OTOYO TNV OMOJOTIKOTEPT AELOTTOINGT TNG LIOJOUNGC, TNG TAATPOPLOS KoL

TOV EPAPLOYDOV LEGH OAYOPIOLLOV Kt TEXVIKADV.

T At e

Application Application

Application

Operating System

STORAGE WNETWORK NETWORE SERVERS STORAGE

Figure 7 Virtualization of infrastructure [7]

H mpoéievon tov opov Cloud Computing dev eivon Eexdbapn. H mpdtn yprion tov
hoyiletan eite oe edwovg otnv Compag Computer to 1996 cite otov xkabnynt tov
[Mavemomuiov tov Té€ag , Ramnath Chellappa , mov avagépOnke oe avTdV TOV OpO OE
o okaonpoukn opAie tov 1o 1997 oyetikd pe €va vEOLTOAOYICTIKOTPOTLTO

(computing paradigm). [5]
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Automatic
Scaling

EC2

Monitoring » Load
Balancing

Figure 8 EC2 yapoxtnpiouxd [8]

To 2002, n Amazon ompovpyel to
Amazon Web Services (AWS)
TOPEYOVTOG EVOL AVETTVYLEVO GOGTNLLOL
vinpeowwv cloud. To 2006, swodyet to
Elastic Compute Cloud (EC2) g
EUMOPIKN  vanpecia  diktvov  (web
service). Q¢ amoTEAEGLO, EMLYELPNOELS
glyav 1 ovvatotmrta vo voirkialovv

VITOAOYIOTESG Y10 VO TPEYOLV TIG OUKEC

TOVG eQapuoyéc. [5]

A6 10 2008 Ko peTd mapaTnpEiTOL N EIGAYWYT GTNV ayopd AOYIGUIKOV Kot OPen-source

TAATQOPU®Y Yo, TNV ovamtuén dapdpov €00V ovotnudtov Cloud oe 10udteg 1

opyoviopovg pe vynio QoS kot pa gvpeia ykdpa IT vimpeciov. Mepikd tapadeiypota

eivan To. Eucalyptus, OpenNebula, OpenStack, Google App Engine, Windows Azure kot

Oracle Cloud.
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2.1.4 [leovextnuoro kou uetovextijuoro Cloud Computing

2141

ITAeovextnuoza

Ta svotquata Cloud computing epeavilovv Ta TOPAKAT® YOPOKTNPIGTIKA-KAESLH TOV

UITopOoVV Vo TapoVoacToVV ¢ TAcovektuota: [2] [6]

Melopevo k66106

Amotelel 10 onuoviikdotepo Betikd otoyeio tov cloud computing mov
emroyybveton pe MV €EAAEWYN EMEVOVCEMV GE OLTOTEAN AOYIGHIKO KOl
e&ummpemtéc. Méow tov cloud, ot emyeipnoeic e€okovopovv ypiuata AOy® g
EALELYTG GLVOPOU®VY Yio. liCeNCes Kot TG amovciog AEITOVPYIKOV daTAVOV OTMG
10 KO0TOG Yoo TV amofnkevon data , ™ dwyeipnon ko ™V avaPdduion
hoyiopikov. Emmpocheta véa poviéda ypéwong €xovv eppaviotel 6mmg to One-
time-payment ko to pay-as-you-go kévovtag to cloud computing mo eAkvotiko
®¢G vAomoinon. Enpaviikd otoyeio Oewpeiton Kol T0 PEIOUEVO KOGTOG OPYLKNG

emévovong (Low Barrier to Entry).

Aemopn epapuoync (API - Application programming interface)

Ot unyavég €xovv T duvatdtta aAAnAenidpaong pe cloud Aoyiopikod e Tov idto
TPOTO TTOV U10, SIETAPT XPNOTY EMTLYYAVEL aAANAETIdpaon petalh avOpmmov Kot
VTTOAOYIOTY].

Ta cvotiuoto LVTOAOYIOTIKOL VEQOVG Ypnoipomotovv Representational State
Transfer (REST)-based APIs.
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Xvvtpnon

H suvtiypnon (maintenance) spappoyav cloud computing sivol ebkoln, emeldn de
YPEWBLETAL 1 EYKATACTOCT] TOVS GTOVS VTOAOYLIOTEG KAOE POt YOPLOTA Kol M

pocPacn eivor QKT amd 0To10dNTOTE CNUETLD.

[IpooPacipodtta

H mpoécPaon yia toug ypnoteg pumopet va emttevydel and omolodnmote onpeio ko
pécw TANOMPOG MAEKTPOVIKOV GLOKELMOV OTMC MAEKTPOVIKOVG VTOAOYIOTEG,
smartphones, tablets kt\. pe amapaitntn tpovmoddeon amAd v VIapPEN VTOSOUNG

OLKTVOV.

Am60001M Ko KMpdkmon

Ot cloud diepyaciéc avanTdGeoVToL aVTORNTA HOVO OTav ypeldloviol He aueon
CUVETIELDL TNV TANPOUN HOVO Y10, EPOPUOYES KOl OmoONKELTIKO YMOPO Tov &ivar
avorykodio.

Ta ovotjuota cloud ypnowomolobv  SlOVEUNUEVEC  OPYLTEKTOVIKEG — TTOV

TPOGPEPOVY AE1OA0YT] VTOAOYIGTIKN 1GYD.

A&lomiotia

"Eva chotnpa vrohoyiotikod vEeovg xtileton mhve og pa 60evapn apyLITEKTOVIKY)

napéyovrag ehaotikotnra(resiliency) ko mieovaouo(redundancy) otovg ypnoTes.
[Mapéyovtor ocvotuato  ovtopatg  avakatevbovone petald mTAATPOpU®V
hardware mapdAinia pe vmnpecieg avaxkauyng(recovery). H dvvatdtnto
viomoinong e&icoppommong eoptov (load-balancing) «ot epedpikn Asttovpyiog

(back-up) kabiotd to Cloud Wwitepa a&idomaro.
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[Mopaywyuwommra

Abénon g moapayoywodtrag (productivity) umopel va emtevyfei pe v
enelepyacio TANPoPopiag amd TOAAATAOVS YPNOTEG TAPAAANAL, OTTMG KAl LLE TNV
amovcio avoyKaldTNToG EYKATAGTACTG ovafadpicemv AoyIoHIKoU amd Tovg 1010V

TOVG YPNOTEG.

Meydrog amodnkevtikdg xdpog

To cloud computing efaleipel avnmovyiec EMAEYNC OmMOONKEVTIKOD YMDPOL GE
TOMKG GLGTNUOTO VTOAOYIGTAOV TOPEXOVIAG OLGLUCTIKA GYEOOV OmEPLOPIOTN

OmOOMNKEVTIKN YOPNTIKOTNTO, ETOPKT Y10, OAEG TIG AVAYKEG.

Do To 6T0 TEPIPAALOV

‘Eva cloud ocvotua eivar yevikd mo amodotikd omd o tomikny IT vrodoun

YPNOUOTOLDOVTOAS  AYOTEPOVS  VIOAOYIOTIKOUG TOPOVE UE  GLVETELDL TNV
eEotkovounon evépyelag. Ava macGo GTIYUY, LOVO Ol TOPOL TOL TPOYLATIKG Elvarl

ovVayKoiol KoTovoA®vovTol omd To cOGTNUA.
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2.1.4.2 Merovextiuara

Av kot 1o ovomjuoto  Cloud Computing mapovoidlovv  cwpeia  Oetikdv
YOPOKTNPLOTIKOV, EV TEAEL LTAPYOVY Kl KOO0, LELOVEKTNLOLTO, TOV OVOAOYMG UTOPOVV

VO AVTILETOTIOTOOV EMLTUYDOC: [7]

e Acopdarera/IdimTikdOTnTOL

A&lonowmvrag o amopakpocpévn cloud vrodoun, to dedopéva pog exyeipnong
o omoiol pmopel va vor gvaicOnto Kot eUmoTeELTIKO €KTEIBEVTOL KO givon
emppenn o€ kaKOPovdeg embéoeic. Avtd pe ™ oepd Tov BETEl og Kivouvo TV
omopén g idag emyeipnone. Eivar kabnkov tov moapdyov cloud vanpeciov n
dlayeipton kol TpooTacio TV O0E0UEVOV , Apa 1N AEOTIoTIO TOL TaPOYOL Elvar

eEéyovoag onuaciog.

e XvuPoatodotnta

Otav o emyeipnon amogaciost va eviaybei oto Cloud , n mbavémmra vo
OVOYKOOTEL VO OVTIKOTOGTNGEL TO UEYOADTEPO UEPOC TOV VTOOOUDV TNG AOY®
acvpPatotntag €ivor apketd vynAn. Mo Adon oty mopandveo KootoBopa

kivnon elval Ta VPPLOKAE VEQ).

e E&aptmon mpoundevtn ( vendor lock-in)
‘Eva Bacikd HEOVEKTNUO OTO. GUGTNUATO VTOAOYIGTIKOU VEQPOUG OMOTEAEL T
eEaptnomn and tov Tapoyo. Av &vag YpNoTNS ATopacicel va aALAEEL ThpoYO, TOTE

N HeTOQopd UEYAANC TOGOTNTOC dedouEvav amd Tov €va TApoYo oTovV GALO

umopel va, tpoPet 1d1aitepo SVOKOAT KOl KOTIOGTIKY).
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e Teyvikég SuoKOAileg

H mbBavomta pog cofaprg dusAettovpyiog akopa kot ota, cloud cvotiuata tov
KoOADTEP®V TopOY®V O pmopel va ayvonbei. H teyvoroyion cloud umopel va
pocsPAndel and dwakoméc Asttovpyioc, mpoPANUATe NAEKTPOOOTNONG OAAL Kol

o TPOPANLOTO GUVIEGILOTNTOS TOL OLKTVOV.
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2.1.5 Ylormowjoeigc Cloud Computing

‘Eva povtého d1dBeong kabopilel 10 okomd ToVv VEQOLG Kol Tr QUOT TG Tomobeciag

avtov. Ot optopoi tov NIST yia ta téooepa poviéda didbeong eivor ot axdrovbot: [1]

[2]

Anuocio vépog (Public cloud):

H vrodopn dmpociov vépoug eivor dtaBéoiun yio dSnuUoOcta xpror, Kol ovinKeL GE
évav opyavicpud mov mwAel vampeciec vépovg. O mapoxdg eMTPEMEL GTOLG
KOTOVOAWDTEG Vo EXOVV VIO TOV EAEYYO TOVG TOPOVS oL £xovv (NTNGEL, Kl aVTd
yivetor cuvnBm¢ pécm pog OladtkTvakng dtemaens. To evoikio Tov KoTaVOA®TY
elvol oOpQMOVO [E TNV OVAYKN TOL HEG® TOL HOVIEAOL ‘“‘pay-as-you-go”
(mAnpovelg 66o ypnowomnoteic). Ta public Clouds mpocseépovv mpocPaocn oe
peydio  “tapeia” VITOAOYIOTIKGOV TOpwV Ol omoiot udAloto  €lvol  apKETA
EMEKTAGIUOL KOl O TPOCMPWVO OKOUO, EMMESO YOPIG VO OmOUTOVV KATOLN
EMEVOLON KEPUAIOV Yoo TNV avaATTLEN TV LOdoudV tov data center. Ta mo
dionua dmuoocta véen mepthapupdvoov to. Amazon Web Services, Google

AppEngine, and Microsoft Azure.

[ Head Office >
EFM Link s & Q

.-
N =

.. VPN or DSL Tail

Figure 9 Public cloud outline example [9]
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e [diwtikd vépog (Private cloud):

H vmodoun d1wtikov véeovg amotelel £vo GHVOAO a0 VTOAOYIGTIKOVG TOPOLG
OV TPOCGPEPOVIOL MG £VOL TPOTLTTOTONUEVO GUVOAO VTNPEGLDV Ol ONOLES
kaBopilovrar, oyedrdlovtor Kol YPNOLUOTOOVVTOL OTOKAEISTIKA omd  €vov
opyaviopod. H emdoyn avamtvuéng evog private cloud cuvibmg kabodnysitar omd
MV ovAyKn 7y SlTpnon  TOL  TANPOVLS  EAEYYOL  €VOC  TAPOYMYIKOV
TePPAAALOVTOC £E0NTIOG 1O10{TEP®V AMOITCEDV TOV EPOPUOYDOV oe Bépata gite
anddoong €lte VoUkoD TAOIGIOV AEtTovpyioc. ZNUOVIIKO YOPOKTNPIGTIKO OAAY
CUVAN PELOVEKTNLO TOV OTOTEAEL TO LYNAO KOGTOG OTOKTNONG Kol AELTOLPYIOG

tov. Ene1on éxet epappootel ota mlaictlo

Cloud Computing evog MoOm vmdbpyoviog data  center

R KATOOL  0PYOVIGUOD (KO  TTPOPOVDG
nicw and &va NOM vrapywv firewall) to
private  Cloud  vmékertar  6TOLG
TEPLOPIGLOVG ACPAAELOG TOL

OPYOVIGLOD KOl EMOUEVOG  TIOPEYEL

— e SIR2T2
; //l ‘ \\ HeyoAdteEPn oo@dAeln o gvaicHnta
N = dedopéva.
ﬁ) % M v o Bl o Ml o "
Emméov, o private Clouds

Figure 10 Private cloud outline example [10]
otafepomolovy Kol PEATIGTOTOOVY TNV

amddoon evoc Mo vrdpyovtog hardware oe éva cuykekpiuévo data center pécm
G T€YXVOAOYiag Tov Virtualization mwov ¥pNCIUOTOLOVY, PBEATIOVOVTOG KOTH TOAD
€101 TNV amoteAespatikdtnTo ToV data center eved TOPAAANAQ LELOVOLV KOl TO
AELTOLPYIKA KOOTN. XTO WOIOTIKE VEPN YPNOWOTOLEITOL OO TOVE OPYOVIGHOVG
Aoyiopkd ommg v mopaderypo VMWare, OpenNebula, CloudStack, vCloud

Director kot OpenStack.
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e Népog Kowotrog (Community cloud):

Y& autd 10 HOVIEAO M doun Tov VEQOVG Exel opyavmbel yia vo e&umnpetel o
Kown Agttovpyio N éva koo okomd. Mmopel va ypnowonoteiton and — Evov
opyovicd 1 oamd TOAAOLG OPYOVIGHOVG TOV €YOVV Gav Kowd TOmo KATOl0
eVOLPEPOV M| 6TOYO (.. OMOGTOAN, OMOUTIOES ACPAAELNG, TOMTIKY], OKEYELG
vroyopnTikdtNTag — SLUPLPacoD, acediela KTA.) . To vEépog kovdtnTag umopel

va To dtoyepilovot o1 0pYaVIGHOL TOV TO YPNGILOTOL0VV 1) £VaG TPITOC.

Community Cloud Model

-"'

Organization 1 Organization 2

Figure 11 Community cloud model outline [11]
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®  YBpowko vépog (Hybrid cloud):

H dopn evdg vPpidikod vE@ovg cuvovdlel mOAAL HOVTEAD VEQOV (1O1OTIKO,
KOwoTikO 1 duocto). Ta vépn avtd dtatnpovv to 1dloiTEP YOPOKTNPLOTIKA

TOVG, 0ALA givorl cuvdedepéva pall cav po povada.

Public
Clouds

Private
Clouds

Figure 12 Hybrid cloud model outline [12]
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2.1.6 Movtéra vrypeoiawv Cloud Computing

Ta povtéda vanpeoidv Cloud meprypdpovv Tov tpodmo e Tov omoio ot vanpecieg cloud

yivovtan dtaBécipeg otovg meAdtes. Ta mo ovo®ON HOVTELD VINPECIOV TEPIAULPEvoLY

éva cuvovacud tov laaS (infrastructure as a service), PaaS (platform as a service) kot

SaaS (software as a service). Emiong vmdpyn orinroe&hptnon petal&d ovtdv tov

povtélmv. [2]

laaS (Infrastructure as a Service)

To povtého Ymodoun-oc-Ynnpeoio mapéyel ototyeio. VTOSOU®Y GTOVG TEANTES
omwc Yoo mopdderypo.  ewkovikég  unyavég  (virtual  machines), ewovikd
amonkevtikd ydpo, ewovikd oiktva (VLANS), mpoypduuato mwpootociog
(firewall), e&ioopponntéc @optiov (load balancers) «abdc kot  dAlovg
VTOAOYLOTIKOVG TTOPOVE OV WITOPOVV VO 0ELOTOCOVY Ol XPNOTEC OV Ao
otiyun. Me 1o 1aaS, 0 @opéoc mapoyng twv vanpectodv dwayepiletor OAn Vv
vrodoun uéom hypervisors ot omoiot tpéyovv ta virtual machines , evéd o yprotng
eltvol appddlog yio o YoUNAOTEPO €MIMEOO AOYICUIKOV, ONANOT| TO AELTOLPYIKO
GUGTNUO KO TIC EQOPLOYEC.

The end user sees a
finished application

6 >

End User

Compute
Power

Load
Balancer

Firewall

Virtual Machine is
deployed and started

Virtual
Machine
Automation

The virtual machine is
uploaded to storage
and configured

to use storage.

Software

Virtual Machine
Owner

IaaS Vendor
Figure 13 laaS model example [13]
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Ot Amazon Web Services, OpenStack, IBM kot VMware givot K4motot omd toug

peyoaivtepovg mapoyovg laaS vanpeciov.
e PaaS (Platform as a Service)

To povtédo [MAateoppa-oc-Ymnpeoio mapéyel o 10N vaapyovco VITOAOYIGTIKT
TAQTQOPUO.  EPOPUOYADV OTOV  TEAATN, OCULUTEPIAUPAVOUEVOV  AELTOVPYIKO
oVOTNUA, TEPIPAALOV EKTEAECTG TPOYPAUUOTICTIKNG YADOGGOS, PAon dedouévav
N éva web server. Oi ypnotec de ypeldletor vo damavnoovy ypovo Yo
dnuovpyia TS VLOSOUNG TTOV ¥PELELETAL Y1a TIG EPOPHOYES TOVS. Ta oTotyEin TOV
TPocPEPeL To PaaS dtopopedvovtol Kot TopEYovionl avAaAoYa TIG OTULTGELS TV
epapuoydv ko owayepilovrar cvvnbog pécm evoc APl mov mpoceéper éva
obVoAO AELTOVPYL®V Y1 awto To okomd. To Google AppEngine eivat £vag didonuog
napoyog PaaS vinpesiov. Emiong ot Amazon Web Services 6nmg kot to Windows

Azure mapéyel koan PaaS vimpeoiec extdg amo laaS vanpeociec.

Business Users I

Business I
Apps
A\:_ll’ IDE ’

Developer / ISV

i
Backup Application Scalable
Data Security and Recovery Hosting Infrastructure

Figure 14 PaaS model example [14]
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SaaS (Software as a Service)

Xt0 povtélo Aoyiopkd-oc-Yanpeoia or ypnoteg £xovv mpoOcPact o€ ETOLESG
Moelg/epaproyéc Aoyiopkol kat Bacelg dedopévmv. O Tapoyog vInpecimv Saas
EXeL TOV TANPN EAEYXO OQLTOV TOV EQUPUOYDV, OVOAAUPAvVOVTAE TOGO TNV
EYKOTAOTACT, OGO Kot TN JSloyeipion TOvg, AmoAAAGGOVTOS TOVG YPNOTEG Omd
TETO1EG eVEPYELEG Kot PonBdvToC TIC EMYEPNGEIS VO UEDOGOVYV KOTO TTOAD TO
¢€0da o€ vVoAoyloTKoOg TOpovg. Tlapadeiypata SaaS vanpeci®V AmToTEAOHV TO
e-mail, o1 TLaTEOpUES KOWVOVIKNG JIKTOMONGE, T0 GLGTHOTO dlayEiplong project
kth. To povtého SaaS ocuvyvd avoapépetar cov “Software on Demand” ko

KooToAOYEITAL GLVINOWC avaL YpToN

3

< \Serwce

Internet -+

Software
/ Service
1
(L

Saas

Figure 15 SaaS model outline [15]
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To povtéha LVANPESLOV VIOAOYIGTIKOD VEQPOVLS OVOTUPIOTOVIOL GLVNOMG GE
opovg otoifag vAKov/Aoyiopikod. Mia Tétolo  ovamopdoToot  OmoKaAEiTOL
povtédo avagopdc vépovg (Cloud Reference Model) . 1o katdtato onueio
¢ otoifag €ival To VAKO | 1 vrodoun mov mepthapPdavel to diktvo. Kabog
KIVOOUOOTE TTPOG T TAV® 0T oToifa, KAOE LOVIEAD VINPECIHDV KANPOVOUEL TIG

1010TNTEG TOV HOVTEAOV VINPEGLOV OV PpiokeTor amd KATW® TOV.

Separation of Responsibilities

On-Premises Infrastructure Platform Software
(as a Service) (as a Service) (as a Service)

i |
)

Applications

Applications Applications

Data

You manage

'
Middleware

You manage

You mfmage
|
sabeuely JaY10

Virtualization Virtualization Virtualization Virtualization

Networking Networking Networking Networking

sabeuey 19410

sabeuel 12410

Figure 16 The 3 main cloud models responsibilities [16]
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Tov televtaio koupd €xovv KAVEL TNV EUEAVIOT TOLG KOl TO OVO TOPOKAT® HOVTEAL:

MaaS (Metal as a Service)

To Metal as a Service (MaaS) amotehei pa kavovplo, doun mopoyng cloud
VANPECLOV OV  OvVOTTUYONKE amd TOLG OMUIOVPYOVS TOL  AEITOVPYLKOV

ovotiuotog Ubuntu kot @épver ™ yAwooa tov cloud otovg @uotkodc Servers.

"Exel oyediaotel va 01e0K0ADVEL KOl VO VTOUOTOTTOLEL TV aVATTLEN KOl OLVOLUKN

TOPOYN LEYOAMV VIOAOYIGTIKOV TEPIPAALOVTOV OTwg Servers kabopilovtag to
hardware avaidywg v vampecio. Yrnpetei og éva otpdpo (layer) kdtom omd to
laaS. Me po amAn Owktvokr Oemapn emtpémeton 1 mpdcbeon, mapoyn,

EVMUEP®ON N AVOKVKAMOT TV Servers kot' araitnon. [8] [9]

o REGION o«
CONTROLLER :

Hghly avallable

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

CLUSTER | CLUSTER
CLUSTER CLUSTER
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Figure 17 MaaS model [17]
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NaaS (Network as a Service)

To Network as a Service (NaaS) givot £va katvovplo poviého oto ydpo tov cloud

computing mov aeopd TN SlVOUY VINPECIOV SIKTOOV EIKOVIKA TAV®D 0md TO

OladiKTLO Omd O10KTNTEG TG VIOOOUNG o€ Tpitovg (cuvhbwg pe TANpoUN ova

xpnon 1 suvdpoun). Kamoteg ano t1g vanpeciec mov mapéyovror: [10]

1.

2.

3.

Ewkovikd 101tk diktvo (VPN) :

Enexteivel éva 101otcd diktvo kot tovg mdépovg Tov divovtag Tov
duvatdTTo OMOGTOAMNG/AYNG dedOUEVOVY SLOUECOV OLOUOIPOCUEVODVY 1|
WOIOTIKOV SIKTO®V.

Evpoc {dvnc kot amaitnon :

H yopntikdémrta tov diktvov opileton dvvopkd pe PAoN TIG OTOUTIOELS
TOV KOUPOV/YPNOTOV.

Ewovomoinon mobile diktdov :

‘Evog Kataokevaotg OIKTOmV TnAETKovovidy yeipiletor £va dikTvo Kot

TOPEYEL TIC OLVATOTNTEG TOV GE TPITOVG UE XPEMOT) OVE YPNOM.

Xapoxtnprotikd: [11]

o Opatotnra dSikTHoL :

Axp1p1g yvdon g TomoAoyiag Tov SIKTOOV LE TAPOYT QTN TG YVAOONG

OTOVG YPNOTES Yo BEATIOTN 0&10TOINGCT TOV JIKTVOV.

o Evdo-dwtvaxkn avaivon kot eneEepyosio

"EAeyyoc tg mpombnong mokétmv oe kOUPOVE e oKomd T dnovpyia
€KDYV TPOTOKOAA®V dpopordynong kot ewdkov firewalls avaidymg tov

XPNOTN.
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Functional Virtualization

Figure 18 NaaS model [18]

2.1.7 Hapadeiyuara Cloud Computing

uepa 0 oplUOg TOV EQOPUOYDOV Kol TOV TPOYPOUUAT®OV OV YPNGLOTO0VV TNV

teyvoloyia Tov cloud computing av&aveton paydaio.

A0BIKTVOKES VINPESiEG MAEKTPOVIKOD Tayvdpopeiov onmwg to Gmail (SaaS) xoi to
Outlook (SaaS) eivar omd TIG TPMOTEG VANPEGIEC TOL AVEPNKOV GTO «GVUVVEPO»
TOPEYOVTAG UEYOADTEPT] YKAUO AEITOVPYIDV Kol EMAOYDOV EMEEEPYOTIOG GTOVG YPNOTESG
amd €va amAd PHéGo MAekTpovikng aAinioypapioc. H niextpovikn aAinioypagio ka0
¥pNoTn €ivorl amodnKeLIEVN GTOVG SEIVErS TG eKACTOTE LINPETING, YWPIg va yperdleTon
va givar amodnkevpévn Tomkd GTOV VITOAOYLGTY TOL XPNOTN Kol AUESH TPOGPAcIUn amd

omolodMmote ornueio.
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Figure 19 E-mail and cloud [19]

Ymnpeoieg anobnkevong oto cloud epgavifovior cuvey®dg Kot pe ohoéva meEPLoGOTEPO
Y®po yio. o ypnotn. To Dropbox, to Windows SkyDrive, to GoogleDrive kot to Ubuntu
One (SaaS) amotelolv vrnpecieg amobnkevong, cvyypovicpov, eLAaéne kot sharing
apyeiov peydiov o6ykov. Emurpémovv tnv dueon mpocPacn ota apyeion avtd omd
OTO10ONTOTE VITOAOYLOTN, G€ TOAAATAOVG YPNOTEG OV AVTO EXEL EMTPONEL EVD UEPIKEG
@opég 10 KatéPacua Tov apyeiov oev glvol amopaitnto Ko 0 ¥pNotng Umopet vo o€t

potoypagies, Bivieo kth. amsvbeiog pécm gvog browser.
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Figure 20 Cloud and some of its services

H xowovikn diktdmon, éva amo to HEYOADTEPO QOIVOUEVO GE TOYKOGULO €mimedo,
vmootpiletar oe tepdotio Pobud omd to cloud pécwm IMUOPIMDV  KOWOVIKOV
gpapuoymv (SaaS) énwc to Facebook, to Linkedin, to Twitter, epapuoydv VoIP omwg

to Skype ka1 10 Google Voice kabwg ka1t media vnpeowwv 0mwg o Youtube.

39



EE\IE GOUgle @ StumbleUpon
9.’ - * Y(lll blﬂg

4

.- del.icio.us
~ S Linked )

®:WORDPRESS

Figure 21 Cloud and some applications
To cloud éxer pmer dvvartd kot oto yOpo TV emyspfocwv. To salesforce omwg kot ta

SugarCRM kot ZohoCRM (SaaS) eivar Customer Relationship Management cuothiuata mov

Aertovpyovv anokAeloTikd oto cloud kot ypnoomolobvTal omd UeEYOLES ETOULPEIEG naymcuimg.\
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.
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as Low upfront costs

Figure 22 Cloud and CRM [20]
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2.2 IThotr@oppeg monitoring g svotipate Cloud Computing

Opyavicpoi ocvveydg ekepalovv evoloeépov otnv  alomoinon cloud computing
VANPECSLOV e oKOTO TNV PeATioTomoinon ¢ eveMEiog Kot g enektactuotnTag tov 1T
VANPECLOV OV TOPEXOVTOL GTOVG TEMKOUG YPNOTEG. ATO TNV GAAN HEPLd OU®G, M
TOPOKATEO TPOKANOT YiveTal WO10UTEPA EUPAVIG: 1 LEIWUEVT OPOTOTNTO GTNV ATOO00N
TOV VINPECIOY TOV TOPEYOVIOL GTOVG YPNOTES. AVTO GE TPAKTIKO EMIMESO EPUNVEVETAL
®¢g mBavn dyvolo amd TNV TAELPE TOL OPYOVIGHOL Yo UEIOUEVN ATOO0CT, Yid
TpofAqUaTO KATA TNV TOpoy N Asttovpyio TG VANPEGING Kol Yoo AAAOLG TOPEYOVTES
OV OOTEAOVV TPOYOTEN Yo TV mapoyn Pértiotov QoS (quality of service) otov
YPNOTN O OMOI0C TEMKA €lvarl 0 HOVOC TOV EXEL EMIYVOGOT TOV TOPATAVED TPOPANUATOV.
Amotédleopa YTov 1 ovaykn yio avamtuén cvotnudtov monitoring péocwm twv omoimv ot
opyavicpoi Ba glyav tn dvvatdtTa avd Tdoo oTiyun vo yvopilovy yio TNV KotdoToo
TOV TPOCSPEPOLEVOV VINPECLOV Kol VO UITOPovV vo emEUPovV OTOTE YPECTEL Yia TV

OVTILETOTION EKTOKTOV KOTOGTAGEMV.

H onuacio tov monitoring oe o cloud vrodoun umopei gvxora va damiotmbel amod

TOPAKAT® ®PEAT OV TpoceEpet: [12]

v' Opoazotnta oto cloud

‘Eva 1aaS cloud mepifddrov mapéyet peydin svehio otn dnuovpyio véwv server
Instances avd maco otiyun, xopic avnovyio yio T Sloyeiplon TG TPAYLOTIKNG
vrodounc. Ev tovtolg, axopo kot oe éva Swyepiowo cloud, cvvictavton
TPOANTTIKEG €VEPYeleg katl EAeyyor twv instances. 'Eva cloud instance mov
Bpioketon oe évo amopakpvopévo third-party kévipo oedouévov ypedleton
TPOGEKTIKN Topakolovdnon onwg akpipmg Ba cuvéBave av évag Server Nrav
dimha pog omdte Oa yope aVTOUATO GLVEIONGT CLYKPOLOUEVOV JEPYACIDV TOV
TPEYOLY TAVTOYPOVO, OLPPODY UVIUNG OTMC EMIONG KL TNG VAYKNG TPOGONKNG

EMITALEOV YOPNTIKOTNTOG GE TEPIMTMOT TEPLOI®V VYNANG dpacTNpLOTNTOC.
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v Anddoom epappoymv & server

H anddoon emmpedlel dueco Tovg YpNoTeEG EPOUPLOYDV TTOV TPEXOVV GE KATOL0
cloud instance. Eivat amopaitntn 1 yvdon €0V Uio EQOPUOYT VIEPKATAVOADVEL 1
VTOKOTOVOAMVEL  DTOAOYIOTIKOVG — OPOVG.  XVVERADSG  £€vog  VIenBuvog
napakoAovdnong wog cloud vrodoung mpénetl vo TopaKoAoLOHGEL TOPAUETPOVG
OmMC Y10 TOPASELY O TOV ATOONKELTIKO XMPO, TIC Hovadeg 160d0v-E0d0v (1/0),
™ pvnun, ™ CPU ko to odiktvo. Emiong vrmoypeovton va AdPet vmodym tov
SLAPOPES KATAGTAGELG OTIMG OV 1] TAYVTNTO TOL GLGTNUATOG £XEL EAATTMOEL , OV 01
VTOAOYLOTIKOT TOPOL VITEPKATAVAADVOVTOL KOODG Kot va BETEL £val YpoVIKO Op1o
MOTE VO EVIUEPAOVETOL £YKALPO Yo TUYOV TPOPANHOTA TPV LIAPEEL AVTIKTLITOC

GTOV TEAATT.

v XopnTtikdTnta Kot KoTavaimon

Muw GAAn Bedpnon-kAedi eivor m tvyovoo emdPACT HAKPOYXPOVIOG YXPNONS
VTOAOYIOTIK®OV TTOP®V TNV YOPNTIKOTNTO. YTApYovv 000 CeVAPLL. XTO TPAOTO
éva, ovopevo  pokpag owopkeiog umopel vo ogeidetar oe  AavOacuévo
ovyypovioud GLOTAUATOS N AdON oToV KMAKO OTtmg dlappor] uvhAung (memory
leak). "Evo 1£1010 @auvouevo pmopel vo SloyvooTel omd GUUTTOUOTO QVENUEVNG
KOTOVAA®ONG TOP®V TOV KAVOLV TO GVGTNHA o apyo. To kKAedi etvan 1 ykoupn
OVTIHETMOTION TPV TO CLUTTOUOTO YIiVOUV gUPovy). XT0 O0e0TEPO GEVAPLO O
oLVEXDS 0EAVOUEVOS aplBLOG YPNOTOV TOV EPAPLOYDOV OTTMS Kot 1| abénon tov
apyeiov kol Tov KOdika 6To choTHa ¥petdletal va vrootnpiletal and £ykoipn

TAPAAANAN aHENGN TNG YOPNTIKOTNTOC.
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Mia amtd T1g o NUoPLEic TAATEOPLEG MONItOring mopovctaleTal 6T GLUVEYELQL.

2.2.1 Nagios

To Nagios eivor por  ovoLYTOV-KOOIKO  EPOPUOYH  AOYIGHIKOD UE OKOTMO TNV
nTapakoAovOnon (monitoring) cueTUATOV, SIKTOH®V KOl VITOSOUMY, TPOGPEPOVTAG LIl
gvpeio YKALO VINPECIOV MONItoring yo Servers, epapuoyég Kot vanpecies. Evnuepavet
TOVG YPNOTEG O TEPIMT®OT TPoPANpaTog KaBmg Kot dtav €xel emAvdel o TpOPANUQ.
Emiong 1o Nagios mapéyst oloxAnpopévn mopokorovnon vanpeciovv web, cloud
computing ko storage. Méom ¢ ¥pMong Tov EmTLYYAVETAL OTOTEAECUATIKO MOonitoring
0€ TOIKIMO (QUGIKOV OAAG KOl EWKOVIKOV UNYOUVNUATOV HE OMOTEAEGUA OLENUEVN
dwfectuodTNT OAAG KOU YPYYOPN OVIXVELGON OLOKOTMY AEITOVPYIOG OIKTVOL Ko

npofAnudtmv oto TEPIariov Tov vépoug. [13]

TCPR/UDP
T Active Magios

Database semver Che'ik\ﬁ
— / Flugins o
= 4 Browser
— SHMP 7 -
x ot— Performance Data ~—
Switch/Router /_fL \
— < veRRD > >
N I ail
Eﬁ' TCRIUDP f
G ek
: rrd2graph
E“ 46___.,/F'assw = T Elr I
EEL v other
Application Server - any o
" Display Tool

Figure 23 Operating principle of Nagios [21]
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ﬂ Magios Core |

Current Network Status Host Status Totals Service Status Totals
Last Updated: Sun Jul 21 04:13:31 UTC 2013 |_| | | |_| | | |
Updsted every 90 seconds
Magioz® Core™ 3.2.3 - v Naios org |1—| 0 | 0 | 0 |?| 2 | o | o | o
Logged in as kagiosadmin
% Home | | | |
® Documentation igww History For all hosts | 0 | 1 | 3 | g
iy Motifications For A1 Hosts
Current Status iew Host Status Detail For 1 Hosts
® Tactical Overview
¥ Map Service Status Details For All Hosts
% Hosts
% Services
% Host Groups
locahost  Current Losd K 07-29-201304:09.04 DOk 14m 272 144 OK - load average: 0.00, 010, 0.47
Currert Users 0K 07-29-201304:09:42 OdOh13m43s 14 USERS O - 4 uzers currently logged in
HTTP uﬁ WARNING 07-21-2013041319  0d0Oh13m12s 44 HTTP WARMIMG: HTTPH 1 403 Forbidden
PING Ok, 07-21-201304:10:57  OdOh12m3ds 14 PING CH - Packet loss = 0%, RTA =005 ms
Fioct Partition WARMING 07-21-2013040834 OdOh1ima7s 44 DISK WARNING - free space: £1331 MB (17% inode=92%):
33H @i Ok, 07-21-2013041212 0OdOh1im19s 14 S5H OK - Open33H_5.3 (protocal 2.0)
Swvan Usade Ok, 07-21-20130412:43 OdOh10md2s 14 SVWAP OK, - 100% free (533 MB out of 535 ME)
Total Processes  OK 07-21-2013 04.08:27  0d Oh 10m 4= 144 PROCS OW: 50 processes with STATE = RSZDT

&8 Matching Zervice Ertries Displayed

Figure 24 IMopaderyua interface roo Nagios
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AvaTITUEN VTN PEGLOGTPEPOVC TAXTPLOPLAC TIHPAKOAOVONOTIC KoL
EAEYXOV VTTOSOUT)C UTTIOAOYLOTLKOU VEQPOUG

3.1 ApyrrekToviki)
3.1.1 Movtéio ITAatpopuag

To povtélo mov vAomombnke yopoaktnpiletar wg éva client-server povtéro. Ipdxkertan
Yo poe Sopn mov dtopotpdlel epyacieg petabh TOP®V 1 VANPEGLOV TOV OTOTEAOVV TNV
TAEVPA TOL SEIVEl Kol TOV TOVI®MV VINPECIOV TOV amoTeAovV TV TAgvpd Tov client.

[14]

To client-server povtélo meprypdpet T oyéon TV cLvePYUlOUEVOV TPOYPUUUATOV OE
poe epoppoyn. O server moapéyel pio. Asrtovpyio 1 vanpecio 6e €va 1) TEPIGGOTEPOVG

clients amd Tovg 0TOIOVE TPOEPYOVTOL AUTHGELS Y10 TETOLOV 160V VINPEGIES.

I'evikotepo, pio vanpeoio (Service) amoteAel o a@nPnUEV EVvOlo VITOAOYIOTIKMV
TOpoOV Ko dgv givarl avoykoio n evacydinon tov client pe tov tpdémo mov o Server
yepiletan «kéOe aitmon (request). O client pumopel amkd va yer v KovoOTTO, VO
KOTavvoel Tig amavtioelg (responses) mov otéAvovial Tiom omd tov Server Bacilopuevoc
0TO0 TPMOTOKOALO EPOPHOYNG, TO TMEPLEYOUEVO KOl TN LOPQOTOINoT TNG TANpo@opiog

YOPIC aVTO VA EIVaL OVOYKOGTIKO OTapaiTnTO.

H emwowovia peta&d clients kot SErvers emttuyyavetor pe TV ovVIOAAQyN UNVOUATOV
Héc® evog potifov unvoudtov aitnong-amdvinong (request-response). o v emtoym
EMKOVOVIN ATOLTOVVTOL L0 KOV «YADCCO» KOl GUYKEKPLUEVOL KOvOVEG oV opilovtan
o€ KAmo1o TpTOKoALO emikovaviac. OAa ta client-server tpmtokolha Aettovpyoldv 610
oto otpoua epappoyns tov OSI (application layer). T'ia tov Tepartépm oppoiicud g
avToAAaYNG TANpOoQOpiaG, umopel va epappootel amd tov server kamoto APl (Siemapn
TPOYPAULOTIGHOD gpaproydV). To APl amotelel éva oTpdOU 0QOipESG YO TOPOLG
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onwg Pacelg dedopévav 1 Aoyiopko. Tlepropilovrog v emkovaovia 6€ GUYKEKPIUEV
LOPOT TEPLEYOUEVOV, EMITLYYOVETOL LE TEPIGGOTEPT EVKOAO TO parsing, onAadn m

avaAvon strings and copPora €ite 6€ PLOIKN EITE GE TPOYPAUUATIGTIKY YADGGO.

Client 3

Figure 25 Simplified client-server model [22]
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3.1.2 Xvoratika ororyeia thoatpopuag monitoring cloud vrodousc

H apyrtextovicn tov svotpatog pmopet va avaivdel g 2 empépouvg TUNHOTA: TO

middleware ka1 tnv TAotEdpua.

3.1.2.1 Middleware

Qc middleware ypnowomoteitar pio. cloud computing mlotedpua wg laaS Avon, 1o
OpenStack. T'evikdtepa 0 porog evog middleware givor vo cuvdéel VIOAOYIOTEG Ko
pnyoviuato pe GAAEG approyEC, va VTOoTNPiEel TV emKovovia HETAE) TOAAUTADY
oToyEiov Aoylopikoy kaBmc Kot Asrtovpyieg €16000V-e£000V. AmoTeAEl TO GTPpOUA
(software layer) peta&d tov AEITOLPYIKOD GLGTAUNATOC KOl TOV EPUPUOYDV. ZVVAO®G

AVOQEPETOL KOl MG GLVOETIKOC Kpikog o€ éva povtédo client-server. [15]

Avolvtikotepo akolovOel po TepLypa®n g apyttektovikng tov OpenStack. [16]

To OpenStack eivar pia avorytod kmdwko cloud computing mlatedpua Aoyicpkov. H
CULYKEKPIUEVT] TEXVOLOYiOL eAéyyel peydlo POOIS vToAOYIOTIKOV, OTOONKELTIKOV KoL
SIKTLOKOV TOpwV dlapécov gvoc data center ko pmopel va dayeplotel amd TOVG
YPNOTEC HEC® €VOG dikTvakd Pooiouévov mivaka eréyyov (dashboard) omwg kot pe ™

ypron command-line epyaieiov 1 evoc RESTTul API.
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OPENSTACK

CLOUD OPERATING SYSTEM

OpenStack Dashboard

Compute Networking Storage

OpenStack Shared Services

A Il]ll rand | L

Figure 26 Openstack layers [23]

To OpenStack project mg chvoro oyedibdotnke pe okomd TN SLOVOUT EVOC ETEKTAGIUOV
oe peydro Padbud cloud Aertovpyikod cvothuotoc. I'o To Adyo avtd kabe pio amd TIC
VANPEGIEC-GLOTATIKA GTOLXEIN £YOVV GYEOAOTEL VO GLVEPYALOVTOL Y10, TV TOPOYY| EVOC
mAnpovg laaS. Avto emtvyydveton péow pésm APIS mov kdbe vimpecio Tpooceépel Kot

elval dtoBEatpa 6TOVG YPNOTEC.

[Mopokdto avapépovtal Kot TepLypdpovtal oL VINPEGiec mov cuvBEtovy v OpenStack

aPYITEKTOVIKT Hall TO YOpOKTNPIGTIKO OVOLE TOV Project 6To omoio aviKouv:
e Dashboard (Horizon)

[Mopéyer o web PBaciopévn avto-g&uanpetoduevn TOAN Yo GAANAETIOpaoT pe
T1i¢ OpenStack vanpeoieg, 60mmg M €vapén evdg instance, n avdbeon g IP

address kot 0 GuvToVIGUOG EAEYY®OV TTPOGPacTC.
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Compute (Nova)

Awyepileton tov kOKAo (ONG TV VITOAOYIGTIK®V INstances oe éva mepPdAiov
OpensStack. Kdamoteg amd tic u0hveg avthg T vanpesiog ivat vo «yevvay, va

ypovodpoporoyei kKo va 0étet extdc Aettovpyiag virtual machines.

Networking (Neutron)

Emutpéner  dwctvaxn ovvdeouotnro  petold tov  vroéromev  OpenStack
vanpectov, mapéyoviag Eva APl yio toug ypnoteg yio va opicovv diktva Kot
otwdNmote mepthapPavovy. Yrnootnpiler OAeg Tig vEeC TeXVOAOYieg Kot TapdYOLG

OKTOMV.

Obiject Storage (Swift)

AmoBnkevet ko ovaktd toyoio addunta data objects uéow evog RESTTul, HTTP
Baociopévov APl Ymootmpiler avamopaywmynq data pe omotéleouo va givol

avOeKTIKO o€ Ao

Block Storage (Cinder)

[Mopéxer ovveyég block amobnkevticd ydpo ota instances mov Tpéyovv kot

TAPOAANAG 1 OPYLTEKTOVIKY] TOL EMTPEMEL TN OMuovpyion Kot daxeipion tov

GLGKELMOV ATOONKEVOT|G.

Identity Service (Keystone)

[Mopéyer motomoinon(authentication) kai eovoroddtnon(authorization) yuo tig

vrorouteg OpenStack vanpeoiec.
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Image Service (Glance)

AmoOnkevet kot avaktd disk images elkovik@v punyavnudTmy Kot Yp1eILoTosiToL

o€ ektevn Pabpd amd v Compute vanpecia.

Telemetry (Ceilometer)

Extelei Aettovpyieg monitoring oe OpenStack cloud yiwa okomote a&loldoynone,

TILOAOYNONG OAAG KOl Y10 GTOTIGTIKOVG AOYOLC.

Orchestration (Heat)

«Evopynotpovery molhamiéc ovvBeteg cloud epoppoyéc ypnoipomolmvtog
g101kov tomov template format péow evoc Openstack-tomov REST API kot evog
ovpPartikod pe cloud Query API.

Database Service (Trove)

[oapéyer enextdoun ko a&domotn Cloud Database-as-a-Service Aertovpyia yia

oLOYETIOTIKEG Kou un database engines.
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310 TOPOKAT® GYNUO OmEKOVICETOL TOpaoTATIKA 1) apyltektovikr tov OpenStack pe

OLEC TIC VINPEGIES TOL KOl TAG SLACLVOEOVTOL Kl AAANAETLOPOVY LETAED TOVG

Heat
Orchestrates
cloud
Provides
Horizon ~ 0 ~ ~
Provides netwaork
cannectivity for
Neutron
Provides images
Provides
valumes for
A J hJ Provisions Y hJ
Stores
Cinder Nova Glance image in Swift
Manitors Ceilometer
Provides
<«
Auth for Keystone

Backups volumes in

Figure 27 Openstack conceptual architecture [24]
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3.1.2.2 Cloud Infrastructure Platform

Database
Server

Subscribe to database

Update o
" a - W
monitoring 2 2 F &
. =N ]
history L g

VI list

e iricw] 1|.|'|rtulal i —
Machine [ — ‘

CONTROLLER | Retrieve monitoring data ' E ‘

Figure 28 Zyeoiaypopua mlortpopuog viomoinong

H mopomdveo mhatedppo tov vionomdnke Ppioketon éva layer mve omd to middleware

Kot amoTeAEiTOL OO TO TOPOUKATO GLOTOTIKA GTOLYE DL
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Virtual Machine

To Virtual Machine (VM) omotelel o mpocouoimon €vOC  GLYKEKPLUEVOL
voAoY1oTIKOV TtEpBdAiovtog. Ta VMS Asttovpyohv Baciopéva 6Ty apyLrtektovikn Kot
TIG AEITOVPYiEG EVOG TPAYUOTIKOV 1] VTOOETIKOV VITOAOYIGTI] KL 1) EPOPLOYY| TOLG UTopEl
va. meptAapPdvel €101KO €EOMAMGUO Kol AOYICUIKO. ALTNGELS Yo enegepyacTikn 1oy,
VNN, okAnpo oioko Kot AL otoryeio €EOMMGHOV OlaelpilovTol amd TO GTPMLO,
ewcovomoinong (virtualization layer). Ta. VMSs dnpuovpyodvtal kot tpEyovy péca o€ Eva
tétowo layer, 6mwg o virtualization mAateoppo M KOO0 GOOTNUO. EAEYYOV KoL
napakorovOnong VMs (hypervisors) to omoio tpéyer méveo amd kamowov client 1
Aertovpyikd ovotnua. To virtualization layer umopei vo ypnowomombei yo

dnovpyio moAlmv pepovouévov Virtual Machine mepipailoviov.

Tomkd T LAoEgvodpeva AEITOVPYIKE GUGTILOTO KOl TPOYPAULOTE OEV EXOVV YVMOON
OTL TPEYOVV GE U0 EIKOVIKT TAATEOPLO. AVTO EXEL OC OMOTEAEGHA 1) EYKATAGTACT] TOVG
Vo EMTUYYAVETOL HE TOV 1010 TpOmO Omwg o€ €va @uolkd server. ‘Eva emmiéov
TAEOVEKTN O OTOTEAEL TO YEYOVOG OTL EQAPLOYES Kot LIINPESieg Tov Tpéyovy o€ £va VM

dev mapepPfarovv ovte o host Aertovpyikd cvotnua ovte dAto VM.

Controller

O controller mopéyel To KeEVIPIKO SLOYEPIOTIKO GVGTNUE Yo TIG LANPEGieg Monitoring.
Mepuég amd avtég o1 omoieg Oa meptypaodv e TEPIGGHTEPT) AETTOUEPELN OE EMOUEVO
vroKePAAOL0 gtval:
» Evnuepovetor yio ta. VMS mov eival 6€ katdotoon AEtovpyiog kabodg kot
déxetol TANPoPopisc oyeTIKEC e To hardware tovc.
»  JlapoakoAovOel avd Taktd ypovikd dwactipota to VMS kot eviuepdvel Tic fAcelg
OedOUEVOV UE OTOTIOTIKA OE0OUEVO OV TAPONKOV CUYKEKPIUEVEG YPOVIKEG

OTLYUEG.
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» Emrelel Aertovpyieg eAEyov Ko KpioMg GYETIKA LE TO TOTE KATOLO UNyGvNUo

Bpioketon og katdotaon critical ondte yperdletal va onkmbei ko dAlo VM.

Database

O pérog g Paong dedopévov eivar n amobnkevon TANPoEopiog mOLV GLAAEYEL O
server/controller oyetikd pe to. VMS. Tt dnpovpyia g TAaTt@Opoc, VAoTomOnKay

3 emuépovug Pacelg dedopévav e Eexwplotd poro 1 kabepia.

[Tpd ko kuprotepn 1 VM Database 1 omoia amodnkedet Tig €ng TAnpoopieg
1. Ovopa tov VM

IP 61e00vvon

2KANPOC dioKog

Mviun RAM

CPU mopnveg

S T

Katdotoon VM

Eniong viomoOnke o Monitoring Database 1 onoio amofnkedel dedopéva mov Kpotd
0 Server yaprn 6to MOoNitoring avéd cuYKeEKPLUEVO ¥POVIKO SLAGTN U OTTMG Y10 TUPAOELY L0
n CPU, n pviun ram kot o okAnpdg 0ickog mov gival o€ Ypnon T CLYKEKPILEVN OTIYUN.
Téhoc BempnBnke avoykaio ko n dnuovpyia pog Policy Database. Polog g eivau
kpatd o Opro/thresholds g CPU kot tng RAM vyia kdBe VM ta omoia av Eemepactovv

101€ 0 controller «piyvew o KotdoTaon “down” To cuykekpiuévo VM.
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3.1.3 Muyavicuoc raporxolodOnong

H Aewtovpyion tov monitoring otn ovykekpiévn miat@opua  avorapupdvetor €€
OAOKANPOL 0mtd TNV TAELPE TOL Server kot mo €wwka and tov controller. Eivow o
VINPEGio oL TPpooeEépeTal otov client o onoiog oty TpaypoTikdéTTa givor To VMS Ttov
Bpiokovtal o€ kataotaon “UP”.

H Xoywn elvar 6t monitoring tov VM mpaypotonogitor avd GOYKEKPLUEVO YPOVIKO
dtbotnua, To dedopéva. cvAiéyovtar amd tov controller ko tomoBetodvion oTIg
avtiotolyec Pdoelg dedouévav kol to TeMKO Pripa elvar n ocvykpion toug pe Pdon to
thresholds mov €yovv opiotel dote vo amopaviei av 1 katdotaon tov VM givar ektdg
Kvdovov, umopel va cuveylotel n Aettovpyio Tov Kou o yperaleton emmpdsbero VM va

«onkmBel» dote va vrootnpi&el TIg véeg avaykeg tov client.

VM Database Server Controller

Subscribe to Database

Retrieve VM list

VvV V

Retrieve VM & policy stats

A\ 4

Retrieve monitoring data

Figure 29 Sequence diagram of platform actions
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3.2 Yhomoinon

3.2.1 Java Project

To project mov viomombnke oto Eclipse ywpiletar og dvo emuépovg pépn. To mpdTo
uépoc eivar to VMinstance mov «amekovilewy éva virtual machine instance (1 xon
neplocotepa) Kot to dgvtepo o Controller mov mepiéyel Oleg TG Asttovpyieg TOV

Controller.

3.2.1.1 VMInstance

To project VMinstance mepiéyer 3 packages. Xto package model
nepiéyovral ta opyeio Vm.java, Monitoring.java kou Policy.java. Zta
CLYKEKPIUEVA Java apyeion @TIdvovpE KAAGELG-aVTIKEILEVA TOTTOL VM,
Monitoring kot Policy oavtiotoye 1o xoféva pe to O1kéC TOL

petapAntég-otabepés Kot 01kEG ToV HeBOSOVG-CLUVAPTNCELC.

Eekivovtag amo To  VMm.java ypnolpomoldvtog To - annotation
@XmlRootElement metvyaivoope mapping g kidong oe éva XML
ototyeio. Mg 1o annotation @Entity opilovpe 611 | KAdon omotelel pia
ovtotnra (entity) omdte avtodpota tomobeteitar oto persistence.xml.
Téhog péow ¢ xpione tov @Table kot @NamedQuery opileton o
Kupiog table g ovtomntog Kou avtictoryo €va oTATIKO QUEry mov

epapuoletarl TNy ovIoTNTO.

56



Kavovtog implemented to interface Serializable, dnA@vovpe ott 10

object ivar oeipromomopo. To table Vm pe autogenerated wkiedi id

epLEYEL Ta media

To

availableDisk
availableRam
cpuCores

ip

state

VMname

TOPOTOV®  OTOTEAODV  YOPOKTNPIOTIKA

ovykekpiévov virtual machine.

yvopicpato  TOv

Eniong opilovror péBodol kol cuVAPTNCELS Yo TNV avAKTNoN 1 TO

KOETAPIOUOY TMV TOPOTAVED TESIMV.

Avrtictoyo to Monitoring.java dopeitor katd axpipdc tov idto tpdmo

amAd pe To Otk Tov Tedia Ko TIG S1KEC TOV GUVAPTNOELG-HEBOOOVG

cpuvalue
diskvalue
ramvalue

timestamp

EmnpocOeta opiletar éva Javabean tomov VM pe to omoio &ivan

duvoT M AVTIoTOl(IoT TOAADV YPOUUOV-«UeTpoem» Tov table

Monitoring ce po povadikn ypopuun tov mivaka VM , pe Alya Aoyio

éva VM umopel va £yl ToAAmAES YpaLéG Monitoring otov mivaka.

‘To1o Aoyikn axkolovBOeitan ko yio To Policy.java pe medio

CPUthres
RAMthres
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Y10 DataAccess.java dnuiovpyeitat £vag EntityManager o onoiog givai
eva interface pe oxomd v dwayeipion &voc ovvorlov amd entity
instances (ue povadikod identity) mov opileton amd Eva persistence unit
(@PersistenceContext). To tekevtaio avaraupdver To mapping pe o
povaodtkn database.

Eniong péow tov @Stateless dniovooue 6t1 to Session bean eivat
stateless ue avefdptntec  Aettovpyiec. Méoa  ommv  KAdom
nepiapBdvovronr  péBodol Kol GUVOPTNGES Yoo TN Onuovpyia,
dwaypaen, evmuépmon M avalytnon entity instances. Xpnoiponoteitot
10 annotation @Transactional ®ote va emTpémovtat omd TV EPAPUOYY

transactions ota diayeplopevo beans.

To Controller.java mepiéyer OAeg Tig Aettovpyiec mov emTEAEl ©
controller ota. VM instances xofBmg kot to monitoring. Ieportépm

enenynon akoAovbel 6e EMOUEVO VTTOKEPAAALO.

¥to package servlets mepiéyovtan ta  ServiceRegistry.java ko
Servletlnit.java. Edd mepiloufdavetor 6tL €yl vo kdver pe o VM

instance avtd KadeowTo.

>to Servletlnit.java opifovue éva servlet pe tig avtiotoryeg pebodovg
init() ko destroy(). @swpivtog 6TL Tpocopotdvovue évav VM server,
pe v mpmtn pEbodo dnpiovpyodpe éva kKavovplo object, Ppickovpe
mv IP devbuvon kabmg kot aAla otowyeia onmwg CPU, RAM, disk ta
omoio. Kataypdeovtol Kot omodnkevovionw otnv database. Me 1
devtepn pébodo Ppickovpe tov ekdotote VM server ue Baon v IP

Tov Kot B€Tovpe TV Katdotaon Tov oe “DOWN™.
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To ServiceRegistry.java nepiéyet to interface ywa registry tov service
provider instance. O Provider mapéyetar amd TV Khoon

InstanceService.

Y10 package service mepilapPavetar to apyeio InstanceService.java.
[TeprapPaver 6ieg Tig vanpeoieg GET 1§ POST mov upmopovv va
KAnOovv pali pe to avtictoryo path tovc. Me to @Singleton annotation
dniavoovue Ot yioo to EJB (Enterprise Javabean) vmapyet évo uovo
instance ava application ave&aptnto tov apiBuod twv clients mov

B¢Aovv va youv TpdsPaon.

XPNCLUOTOLDOVTOG o€ K60 pebodo 10 annotation
@Produces(MediaType. APPLICATION_JSON),to JB0osS avolopfdvet
™ uetotponmn tov Java object uéowm Jackson oe JSON format

aVTONOTO.

To 1tekevtaio apyeio aG&lo ovagopds eivon to persistence.xml.
Iepiéyetar oto META-INF directory. Opilel évo persistence unit pe
povadikd ovoua. Méom tov transaction-type="JTA” kot tov jta-data-

source opileton 1 database otnv omoio «dgiyver» To persistent unit.

3.2.1.2 Controller

Méca oto project tov Controller éyovpe dnpovpynoet évo package
model o6mwg to avtictoryyo model oto project VMinstance. To
persistence.xml e&axolovbei va givar to id10.

H Swapopd Bpioketar oto ControllerServlet.java. Ovclaotikd Tpdketton
vy éva servlet mov tpéxet Tig Asttovpyiec tov Controller cav éva java
app oec évav server. AvoAvtikdtepn TmeEPLypor okoAovbel oTo

vrokepdlato Tov Monitoring.
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3.2.2 Baon Agoouévav

Y10 MySQL Workbench viomomOnke éva MySQL instance kot évo schema pe
6vopa vm_db to omoio mepiapPdver tovg mivakeg vm, monitoring ko policies
¢ database. Kdabe table mepilapfdver 6Aa T medion TOL AVOPEPOVTOL KOL GTO,
project. To kaOe medio £xel To d1kd ToL type evd to id eivon primary key, povadikd
Ko auto-av&ovopevo. Xe kdbe ypapuun tov mivakae vm pe povadikd id pmopei vo,
AVTIOTOLYOVV TEPIGCOTEPEG OO Lia YPOUUES T®V Tvakwv monitoring ko policies
KATL TO OmOi0 EMTVLYYAVETOL TPOmMOTMOL®VTAS To INdexes twv dvo TeAEvTaimY

TVOKOV.

Xty emduevn ceAido akoAovbel pia oynuatiky avoarapdotacn tov databases ko

THG cvvosovtal LETAED TOVC.
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L idINT(11)
m 5
DS
Fid INT(12) & Cpuvalu= DOUBLE(11,2)
“» CPLthres DOUBLE(11,2) & Remvalue DOUBLE(1:,2]
“# RAMthres DOU3LE(11,2) < Diskvalue DOJBLE(11,2}
OVM INT(11) PDVM INT{11)
odeos
FRIMARY ARY
fe_polides_1_idx fk_moanitoring_1_icx

DIP VARCHAR(45)

< CpuCores INT[11)

% Avail ableRam DOUBLE(11,2)
————— ~H1> Avail ableDisk DCUBLE(1:,2] [J b— — — —
o State VARCHAR(45)
“»WMname VARCHAR45)

I
I
I
|
I
*id INT(11) |
I
I
I
I
|

| Indexes

| PRIMARY
| VMname_UNIQUE

Figure 30 Databases outline and connections
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3.2.3 Monitoring

Y& TPONYOVUEVO KEQALOLO ava@EPONKE N AOYIKN Kot 1) Aettovpyiot Tov Monitoring
TO 07010 EMTLYYAVETAL LE TO LOVTEAO TOL VAomowOnke. Tlapakdtm meprypdeeton

OVOAVTIKOTEPO, OE EMITEDO KMIKO, 1) S10OIKOGIAL.

Ac Bewpfioovpe 01t oty mAsvpd tov client éyovpe éva cvvoro amd Virtual
Machines. Kabe VM £yt 1o d1ko tov instance to omoio tpéxet Egxmpltotd amnd To
vroérowma. Apyikd 1o VM ovykevipaver minpoeopieg onwg IP, CPU, RAM,
okAnpd dioko péow Sigar kidoewv. Epdcov etidEovpe éva DataAccess object
YPNOLOTOLOVHE HeBOSOVG TG KAAONS VM (doTE va. Ypawovpe OAL TO TAPOUTAVE
otV database. Av dev vapyet to VM, tote dnuovpyeiton £va entity instance ko
yiveton mapping oty avtiotolyn database. Av vmdpyet, tote Oétel To State tov

VM c¢ katdotaon “UP” kou yivetar avtictoyyn evmuépmon ot Paon.

Yty mhevpd tov Controller, diec o Aettovpyieg tov ypovodpoporoyobvtar Kot
emavorappdvovior avd Eva cLYKEKPIUEVO XPOVIKO dtdoTtnua (Yo tnv akpifeia 20
seconds) pe t yprion tov Timer ko Timertask. e npdto otédio o Controller
avaktd ) Alota pe ta VMS mov éxovv kataympndel otnv database. I'a kabe Eva
amd ta VMSs ¢ Motag ektedeiton monitoring. Apywd o&omoiwvtog v IP
address evoc VM umopovue péowm resteasy client va avoktioovue monitoring
TAnpogopia and 1o idto to instance tov VM péow json format kot vo tnv
amobnkedboovpe otnv database ypnowwomowwvrag to DataAccess object. H
monitoring mAnpo@opio. GVAAEYETAL HEG® TNG XPNoTNG KAdcemv Tov Sigar API kot
amobnkeveton oty database monitoring. v kataympnorn kdvovue mapping

uécwm javabean oto avtiotoryo VM o610 omoio £€ytve to monitoring.
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& tocaosesosorvnstan: N

€ C A [} localhost8080/VMInstance/service/monitoring

{"id":@,"cpuvalue":0.2563186796116505, "diskvalue":59.8, "ramvalue":66.80978703892399, "timestamp”:"09.11.2014 23:21:19","vmBean":null}

Figure 31 JSON format string ézcita amd «<ytomnuo» e vanpeciog

¥t ovvéyela oakolovbel To Koppdtt eiéyyov tov Controller. Avaktovrtag
TAnpogopia and olec Tig databases kot apov spapudcovue to thresholds tng
database policies octa VM stats kdvovpe ovOykpion pe To Oed0UEVOL TOV
monitoring.

Av kdmoo and ta opla mapaPlactel 1ote Bétovpe oe katactaon “DOWN” 1o

ovykekpipévo VM, péypt va «EavaonkwBel» dtav Ba emtpémovy ol GuvOnKec.

3.2.4 Anotélecuo

‘Exovtogc eykatactioet oto Eclipse tov WildFly 8.0 Runtime Server kot éyovtog
npocBéoel o dvo projects tov Controller kaw VMinstance, «&ekwvaue» tov

Server.

Eneion to Eclipse eykataotdbnke tomikd, 0 VIOAOYIGTNG £pYaciog avarauPfavet
poro evog VM. Omote oty xovedra Ba extummBoldv amoteAécpata oYeTkd pe
T0 ovykekpluévo unyavnuo. Avtictorya oto MySQL Workbench eyypdagpovral

OAEG o1 TANpoPOpieg oTig VM , monitoring ko policies databases.

Exxwvovrog tov server éyovpe to €£1G amoTEAEGUATO TNV EXOUEVT GEALDQ.
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=
&

Navigate Search oject Run Window Help

..

s e e = G s N QIR R O QU D O e e

Quick Access E|

(£ Markers [ Properties 4l Servers 1§ Data Source Explorer [25 Snippets | Bl Console 52 |47 Search =1 SQL Results N E aﬁl B

WildFly 8.0 Runtime Server [JBoss Application Server Startup Configuration] C:\Program Files\Java\jdk1.7.0_51\bin\javaw.exe (Nov 9, 2014, 11:05:59 PM)

23:86:15,795 INFO [org.jboss.resteasy.spi.ResteasyDeployment] (MSC service thread 1-4) Adding provider class org.eclipse.persistence.jpa.rs.exceptions.Entity

23:86:15,795 INFO [org.jboss.resteasy.spi.ResteasyDeployment] (MSC service thread 1-4) Adding provider class org.eclipse.persistence.jpa.rs.exceptions.Invoc:

23:86:15,795 INFO [org.jboss.resteasy.spi.ResteasyDeployment] (MSC service thread 1-4) Adding provider class org.eclipse.persistence.jpa.rs.exceptions.Rollb:

23:86:15,795 INFO [org.jboss.resteasy.spi.ResteasyDeployment] (MSC service thread 1-4) Adding provider class org.eclipse.persistence.jpa.rs.exceptions.Trans:

23:86:15,795 INFO [org.jboss.resteasy.spi.ResteasyDeployment] (MSC service thread 1-4) Adding provider class org.eclipse.persistence.jpa.rs.exceptions.NoSuct

23:86:16,809 INFO [org.wildfly.extension.undertow] (MSC service thread 1-3) JBAS@17534: Registered web context: /Controller

23:06:17,153 INFO [stdout] (Timer-1) Waiting 20 seconds...

23:06:17,231 INFO [stdout] (MSC service thread 1-4) Intel(R) WiFi Link 5100 AGN 192.168.1.3

23:06:18,385 INFO [stdout] (MSC service thread 1-4) Disk Capacity= 110.0

23:06:18,385 INFO [stdout] (MSC service thread 1-4) RAM= 3066.0

23:06:18,558 INFO [org.wildfly.extension.undertow] (MSC service thread 1-4) JBAS@17534: Registered web context: /VMInstance

23:06:18,683 INFO [org.jboss.as.server] (ServerService Thread Pool -- 29) JBAS@18559: Deployed "VMInstance.war" (runtime-name : "VMInstance.war"

23:06:18,683 INFO [org.jboss.as.server] (ServerService Thread Pool -- 29) JBAS@18559: Deployed "Controller.war" (runtime-name : "Controller.war”

23:06:18,823 INFO [org.jboss.as] (Controller Boot Thread) JBAS@15961: Http management interface listening on http://@.0.0.0:9998/management

23:86:18,823 INFO [org.jboss.as] (Controller Boot Thread) JBAS@15951: Admin console listening on http://0.0.0.0:9990

23:06:18,823 INFO [org.jboss.as] (Controller Boot Thread) JBAS@15874: WildFly 8.0.@.Final "WildFly" started in 18677ms - Started 434 of 492 services (100 ser

23:86:37,886 INFO [stdout] (default task-1) DEBUG

23:06:38,589 INFO [stdout] (Timer-1) Waiting 2@ seconds...

23:86:57,403 INFO [stdout] (default task-3) DEBUG

23:86:57,856 INFO [stdout] (Timer-1) Waiting 2@ seconds...

23:07:17,434 INFO [stdout] (default task-5) DEBUG

23:07:17,607 INFO [stdout] (Timer-1) Waiting 2@ seconds...

23:07:37,435 INFO [stdout] (default task-7) DEBUG

23:07:37,560 INFO [stdout] (Timer-1) Waiting 20 seconds...

<

1t

Figure 32 Output tny¢ monitoring diodikaciog oto Eclipse

Apyikd tomdvovtol ot mAnpogopieg tov Virtual Machine kot oakoAovBei 1 monitoring

dradwkaoio kibe 20 devtepOrenta.

Y10 emdpevo snapshots éxovv kpatnOei kamowa dedopéva Tov amodnkevTnKay otig 3 databases.

64



salriel Qw1 [RER Gy

BHI 08880 R <q (1=
1 ® [ELECT * FROM vm_db.vm;
2

E
|-
= |

(<] 1 |

Result Set Fitter O | Edt 52) E5 b | ExporyImport H) ] | Wrap Cell Content IR
id IP CpuCores AvailableRam AvailableDisk State VMname

p |48 152.168.13 4 3066.00 110.00 upP Fotis-PC

* HULL S HULL | HULL | HuLL | [HULL | [HULL | HULL |

Figure 33 MySQL Workbench VM database output
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SQL File 1 Query 1 x EKeli=gi Query 3

G H|Z 8 0|2 /| = Q (1) (%

1 ® |ELECT * FROM vm_db.monitoring;

< [, m ‘ »
Result Set Fiter © | edie 28] =5 S | Bxporvimport S {5 | Wrap Cell Content IR
] id timestamp Cpuvalue Ramvalue Diskvalue VM -
» (27 06.10201402:4321 0.00 1785.00 59.00 48
|28 06.10.2014 02:43:41 0.79 1520.00 59.00 48
29 06.10.2014 02:44:00 0.06 1910.00 59.00 48
30 06.10.2014 02:44:20 0.03 1503.00 59.00 48
31 06.10.2014 02:44:41 0.39 1926.00 59.00 48
32 06.10.2014 02:45:01 0.36 1519.00 59.00 48
3 nR1
monitoring 1 % Apply Cancel

Figure 34 MySQL Workbench Monitoring database output

SQL File 1 Query 1 Query 2 Query 3 x

G B | &2 ¥ & |ES | 3 Bl l= q (1 (=

1 e SELECT * FROM vm_db.policies;

< | n | »
Result Set Filter: < |Edit|ﬁ§§d}§b|£xpoﬂlmpoft§i@leapCeﬂConﬁent Ia
id CPUthres RAMthres VM Ao
> 1|27 0.90 0.950 48 ‘_
28 090 0.90 48 17
25 0.50 0.90 48
30 0.90 0.50 48
31 0.90 0.50 48
32 0.90 0.0 48
33 n ; 2

poliéies 1 x

Figure 35 MySQL Workbench Policies database output
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Mepapatikn Atadikacia

4.1 ApyrtekToviki

H mloteoppa mov meprypdeetal o610 TPOMYOOUEVO KEQAANIO VAOmoinOnke o€
TPOYHOTIKO €minedo VO TPAYUATIKEG ovvONKeS. AkoAovOel avaivtikd oyfuo wov

amekovilel v odokinpwpévn Cloud vrodoun.

\ Platform

INTERNET

Load Balancer

J g 9

VM Instancel VM Instance 2 VM Instance N

JBoss § Apache
i

Figure 36 OloxAnpawuévn omeixovien Cloud vrodouns
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AvaAivtikdtepa:

H apyitektovikn ¢ vrodoung amoteAeitan amd Ta TOPAKAT® OOUKA GTOLXELN:

Client

XV tpéyovca mEpoUaTiKy dtadtkaoio wg client Oewpoduoote gueic. Eidikodtepa,
uéom G spappoyng Apache JMeter £yovpe T OLVOTOTNTO TOTIKG Vo
«otoovpe» éva web test plan, mpocopoidvovtag mpaypotikd cevdplo. @OPTOL
(load) o¢ servers. I'a. mopadetrypa Evag GVYKEKPLUEVOS aplOUOS ¥PNOTMOV GTEAVEL
CLUVEYDC M Y10 OPIGUEVO YPOVIKO dtdotnpa éva M mepiocdtepa HTTP requests

tomov GET «ytummvtacy po cvykekpiuévn http oeAida.

Load Balancer

[pokertan v évov amdd Cloud Server tov omoio éyovue configur-apet va
Aertovpyel o¢ évag amAdg Apache Server. Opilovpe w¢ BalancerMembers toug
servers otovg omoiovg Ba droporpdler ta requests o load balancer. Q¢ pébodo
loadbalancing 6a ypnowwonomoovue évav “byrequest” balancing oalyopiOupo o

omoiog eivau Tapdpolog e tov akyoptbpo Round Robin.

Virtual Machines / Cloud Servers

‘Exovpe ot dtdbeon pog Evav apiBud and cloud servers tovg onoiovg dabétovpe
Kot Tp€yovv mave amd Openstack. Tovg cetdpovpe mote va kdvoovpe allocation
Vv emBount) pviun Kot tov embounto dicko. «Tpéyovv» 1660 wg JBOSS Servers
Aertovpydvtag g monitoring virtual machine instances 0 kafévog 660 kol ®G
Apache Servers tavtoypova mov tpéxovy éva PHP mpdypappa to omoio ektelel

A0V VTOAOYIGLOVG.
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Controller

Onwg ko ta Virtual Machines, o Controller eivon kot ekeivog €vag cloud server pe
™ dwpopd OtL Tpéxelt povo w¢g JBOSS Server kor mapéyel 1O KEVIPIKO

SLEPLOTIKO GOOTNLLO YioL TIG VINPEGiEG Monitoring.

Database

H Bdon dedouévov ypnowomotei tnv idwe IP address pe tov Controller aAld

«oKOVEY GE JLOPOPETIKO POrt.

4.2 E€ontiopdg

X1 owdbeomn pag Exovue évo duvautkd apBud arnd cloud servers o omoioc umopei vo

avéopelmbel avaAdYmS TIC OVAYKES TNG TEPOUATIKNG dtadtkaciag. o Adyovg evkoAiog

O6Ao¢ 0 kMOKaG oyetikd pe To configuration mapatifetor oto [apdpTnua.

To VMS €yovv ta €ENG YOpOoKTNPLOTIKA:

v

v
v
v
v

Evpoc IP dtevbiveewv 10.0.1.6:8080 em¢ 10.0.1.7:8080

CPU 1 core 3 GHz

RAM =2 GB

Disk =20 GB

JBoss Web Server

Eyxoteomuévoc oto path /opt/wildfly-8.1.0.Final/ . «Akobve» otmv port 9990.
Avaykaigg tpomomoiioelg ywvav oto Standalone.xml .

Apache Web Server

Eykateotuévog oto path /etc/apache2/ . «Axovew otnv port 80.
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v' PHP
To apyeio calc.php Bpicketa oto /var/www/html/ .

v" VM Instance
>to url http:/10.0.1.x:9990/console/App.html#deployments (6mov X t0o televTaio
octet tg IP address &vog VM) mpocBétovue to VMInstance.war to omoio

TEPLEYEL TOV AVTIGTOLYO KDOOIKO TOL TEPLYPAPNKE GTO TPONYOVLEVO KEPAAOLO.

Qc Controller ypnowwonowodue évo virtual machine pe ovdioyo yopakTploTIKA

OTMOC TOPOATAVE® KoL LUKPES O1APOPES.

v IP &1eHv6vvon 10.0.1.5:8080

v" Controller Instance
¥to url http:/10.0.1.5:9990/console/App.html#deployments mpocOétovpe to
Controller.war to omoio mepiEyel ToV AVTIOTOLXO KOIIKO TOVL TEPLYPAPNKE GTO
TPONYOVLEVO KEPAAALO.

v' Database
Kdavovpue login oty database péow MySgl Workbench ypnoiponoidvrag v idwa
IP address tov Controller oAld pe port 3306. Eyxovue ©on onuiovpynoet ta

schemas twv databases mov &yovv meptypapei 6TO TPONYOVUEVO KEPAAMLO.

Qc Load Balancer ypnowuonomoapue éva virtual machine pe tn dopopd 01t dev €xel
eykatactadei JBOSS 1| kat emmpocheto extdc amd tov Apache Web Server.
v IP 1ehbvvon 10.0.1.8:80
v Apache Web Server configuration
Eykateotuévog oto path /etc/apache2/ . «Axobew» otnv port 80. Avaykaieg

TPOTOTONGELC TpaypoTtomombnkav oto 000-default.conf .

O Apache JMeter o onoioc Oa avardfer poro client(s) éxel eykataotabei Tomikd cTov

VITOAOYLIOTY| EPYOGIOGC.
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4.3 Xegvapra,

[Iptv amd v extéleon «dbe oevapiov ovvoedpaoTe otTo pnyovinuoto. Emiong

owvdedpoote oto MySQL Workbench ypnoipomowwvrag v IP address 10.0.1.5 aAld

pésm tov port 3306.

Apykd Eexvape tov JBosS server ota VM instances tpéyovtag to script standalone.sh .

‘Exovpe @povticel mponyovuévmg va pvbuicovpe cooto to path péowm g evioAng
export JAVA OPTS="-Djava.library.path=/home/Ubuntu/

omm¢ emiong kavovpue restart tov Apache server ue apachectl —k restart, xatt to omnoio

emavorappaveronr kédbe @opd evoldpeca TV TOKIA®V CeEVAPIOV TNG TEPOUOTIKNG

dladKaciog.

X1 ovvéyela tpéyovue tov JBOSS server otov Controller xoi avtopdtmg Eekiva to

monitoring tov VM instances mov éyovue dtobéoet.

Mo mv enitevén tov otOYOL pog, Eexkvape kot tov Apace JMeter kou opilovpe 1o

configuration Tov web test plan mov 6éhovpe va tpé€ovpe.

H mepapatikn dtadwkacio amotereitol and ta Tapakdto cevdpla:

+ 1o Zevaplo

ApBudg VMs: 2

PHP loop counter: 50000

JMeter Configuration:
Users: 5
Ramp-up period: 0
Loop: Forever
URL: 10.0.1.8/calc
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+ 20 Zevaplo

ApBpoc VMs: 2

PHP loop counter: 50000

JMeter Configuration:
Users: 20
Ramp-up period: 0
Loop: Forever
URL: 10.0.1.8/calc

+ 3° Zevaplo

Ap1Opog VMs: 2

PHP loop counter: 50000

JMeter Configuration:
Users: 50
Ramp-up period: 0
Loop: Forever
URL.: 10.0.1.8/calc

£ 4° Sevapo

ApBudg VMs: 2

PHP loop counter: 50000

JMeter Configuration:
Users: 100
Ramp-up period: 0
Loop: Forever
URL: 10.0.1.8/calc
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+ 5° Tevaplo

ApOpoc VMs: 2

PHP loop counter: 80000

JMeter Configuration:
Users: 5
Ramp-up period: 0
Loop: Forever
URL: 10.0.1.8/calc

+ 6° Zevaplo

Ap1Opog VMs: 2

PHP loop counter: 80000

JMeter Configuration:
Users: 20
Ramp-up period: 0
Loop: Forever
URL.: 10.0.1.8/calc

+ 7° Tevaplo

ApOuoc VMs: 4

PHP loop counter: 80000

JMeter Configuration:
Users: 100
Ramp-up period: 0
Loop: Forever
URL: 10.0.1.8/calc



+ 8° Zevaplo

ApOpog VMs: 4
PHP loop counter: 160000

JMeter Configuration:

Users: 100

Ramp-up period: 0

Loop: Forever
URL: 10.0.1.8/calc

Table 1 Xevapia mewpouorikic oadikacios

Yevapio 1 2 3 4 5 6 7 8
ApBuodg VM 2
PHP Loop 50000 80000 160000
counter
Users 5 20 50 100 5 20 100 100
Ramp-up period 0
Loop Forever
URL 10.0.1.8/calc
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4.4 Anoteréopata

To cevépro ko Ta AmTOTEAEGUATA TOVE LWITOPOVV VO, KATNYOPLOoToInBovv Le KPLTHplo
TpOTOV TOV apliud TV dtebécipumy virtual machines, debtepov Tig emavoinyelg tov php
KOJK Kot Tpitov Tov aptfud tov ypnotov/threads. To anotedéopato e Stodtkaciog

TOL Monitoring Topatibeviol oe LOPPN TOGOGTOV.

Virtual Machines = 2

To oToryeio TOV EKOVIKOV UNYOVUATOV QAiVOVTOL GTOV TOPAKAT® TIVOKO.

Table 2 2-VM Instances

id IP CpuCores AvailableRam AvailableDisk State ~ VMname
167 10.0.16 1 2001 19 DOWN mon-inst-1
168 10.0.1.7 1 2001 19 DOWN mon-inst-2

Ta avdtata opro/thresholds wov akolovBovv Tic moAttikéc monitoring mov £xovpue

EQAPUOGEL QOIVOVTOL GTOV TOPUKATO TivaKa VIO TNV Hope1| (T0coctd/100).

Table 3 2-VM Instances Policy
id CPUthres RAMthres VM
643 0.9 0.9 167
644 0.9 0.9 168
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Loop = 50000

3 Users
Table 4 2-VM Instances Monitoring, 50000 loop, 5 users
id timestamp Cpuvalue Ramvalue Diskvalue VM
2159 14.12.2014 15:46:48 2 39.78 10 167
2160 14.12.2014 15:46:49 2 39.38 10 168
2161 14.12.2014 15:47:07 O 39.68 10 167
2162 14.12.2014 15:47:08 0 39.23 10 168
2163 14.12.2014 15:47:27 0 39.88 10 167
2164 14.12.2014 15:47:28 2 39.28 10 168
2165 14.12.2014 15:47:47 37.25 40.38 10 167
2166 14.12.2014 15:47:48 38.78 39.83 10 168
2167 14.12.2014 15:48:07 62 40.53 10 167
2168 14.12.2014 15:48:08 64 40.03 10 168
2169 14.12.2014 15:48:27 38.78 40.63 10 167
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2186 14.12.2014 15:51:08 50.98 40.33 10 168

2187 14.12.2014 15:51:27 44 40.88 10 167

2188 14.12.2014 15:51:28 52 40.33 10 168

30 ms

0 ms :4[ M | |»

No of Samples 42237 Latest Sample 24 Average 26
Deviation 3 Throughput 10,282 271/minute Median 24

Figure 37 JMeter Graph 2-VMs, 50000 loop, 5 users
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Figure 38 CPU Percentage Instace 1, 2-VMs, 50000 loop, 5 users
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Figure 39 CPU Percentage Instace 2, 2-VMs, 50000 loop, 5 users
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Figure 40 RAM Percentage Instace 1, 2-VMs, 50000 loop, 5 users
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Figure 41 RAM Percentage Instace 2, 2-VMs, 50000 loop, 5 users
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20 Users

Table 5 2-VM Instances Monitoring, 50000 loop, 20 users

id timestamp Cpuvalue Ramvalue Diskvalue VM

2189 14.12.2014 6 40.28 10 169
15:56:50

2190 14.12.2014 4 39.48 10 170
15:56:51

2191 14.12.2014 2 40.48 10 169
15:57:09

2192 14.12.2014 0 39.78 10 170
15:57:10

2193 14.12.2014 52.94 41.18 10 169
15:57:29

2194 14.12.2014 76 40.53 10 170
15:57:30

2195 14.12.2014 61.22 41.43 10 169
15:57:49

2196 14.12.2014 76 40.78 10 170
15:57:50

2197 14.12.2014 50 41.48 10 169
15:58:09

2198 14.12.2014 70 40.83 10 170
15:58:10

2199 14.12.2014 59.18 41.48 10 169
15:58:29

2200 14.12.2014 76 40.68 10 170
15:58:30
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58 ms

2216

2217

2218

16:01:09

14.12.2014 57.14 40.93 10 170
16:01:10
14.12.2014 42 41.58 10 169
16:01:29
14.12.2014 50 40.93 10 170
16:01:30

0ms (4] I [ D
No of Samples 87606 Latest Sample 62 Average 56
Deviation 152 Throughput ~ 19,693.306/minute Median 45

Figure 42 JMeter Graph 2-VMs, 50000 loop, 20 users
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Figure 43 CPU Percentage Instace 1, 2-VMs, 50000 loop, 20 users
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Figure 44 CPU Percentage Instace 2, 2-VMs, 50000 loop, 20 users
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Figure 45 RAM Percentage Instace 1, 2-VMs, 50000 loop, 20 users
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Figure 46 RAM Percentage Instace 2, 2-VMs, 50000 loop, 20 users
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50 Users

Table 6 2-VM Instances Monitoring, 50000 loop, 50 users

id timestamp Cpuvalue Ramvalue Diskvalue VM
2219 14.12.2014 16:06:38 O 39.53 10 171
2220 14.12.2014 16:06:39 2.04 39.88 10 172
2221 14.12.2014 16:06:58 4 39.73 10 171
2222 14.12.2014 16:06:58 O 40.08 10 172
2223 14.12.2014 16:07:18 43.75 41.58 10 171
2224 14.12.2014 16:07:19 46 42.18 10 172
2225 14.12.2014 16:07:38 62 41.88 10 171
2226 14.12.2014 16:07:38 69.39 42.33 10 172
2227 14.12.2014 16:07:58 62 41.93 10 171
2228 14.12.2014 16:07:58 74 42.23 10 172
2229 14.12.2014 16:08:18 62 42.03 10 171
2230 14.12.2014 16:08:18 72 42.43 10 172
2231 14.12.2014 16:08:38 53.06 42.08 10 171
2232 14.12.2014 16:08:38 62.75 42.48 10 172
2233 14.12.2014 16:08:58 62 42.13 10 171
2234 14.12.2014 16:08:59 72 42.53 10 172
2235 14.12.2014 16:09:18 56 42.28 10 171
2236 14.12.2014 16:09:18 74 42.68 10 172
2237 14.12.2014 16:09:38 60.78 42.28 10 171
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2238 14.12.2014 16:09:38 70.59 42.73 10

2239 14.12.2014 16:09:58 60 42.33 10
2240 14.12.2014 16:09:58 74.51 42.73 10
2241 14.12.2014 16:10:18 61.22 42.43 10
2242 14.12.2014 16:10:18 67.35 42.83 10
2243 14.12.2014 16:10:38 62.75 42.48 10
2244 14.12.2014 16:10:38 70 42.83 10
2245 14.12.2014 16:10:58 56 42.48 10
2246 14.12.2014 16:10:58 65.31 42.88 10
2247 14.12.2014 16:11:18 57.14 42.48 10
2248 14.12.2014 16:11:18 68.63 42.88 10

172
171
172
171
172
171
172
171
172
171

172

340 ms AT v, =

No of Samples 105212

Deviation

0 ms

I

I l

544

Latest Sample 822 Average 146
Throughput  19,786.3/minute Median 51

Figure 47 JMeter Graph 2-VMs, 50000 loop, 50 users
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Figure 48 CPU Percentage Instace 1, 2-VMs, 50000 loop, 50 users
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Figure 49 CPU Percentage Instace 2, 2-VMs, 50000 loop, 50 users
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Figure 50 RAM Percentage Instace 1, 2-VMs, 50000 loop, 50 users
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Figure 51 RAM Percentage Instace 2, 2-VMs, 50000 loop, 50 users
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100 Users

Table 7 2-VM Instances Monitoring, 50000 loop, 100 users

id timestamp Cpuvalue Ramvalue Diskvalue VM
2285 14.12.2014 16:54:47 3.92 40.13 10 175
2286 14.12.2014 16:54:49 11.54 40.63 10 176
2287 14.12.2014 16:55:07 O 40.48 10 175
2288 14.12.2014 16:55:08 0 40.73 10 176
2289 14.12.2014 16:55:27 70.59 44.33 10 175
2290 14.12.2014 16:55:28 62.75 44,98 10 176
2291 14.12.2014 16:55:47 70.83 44.08 10 175
2292 14.12.2014 16:55:48 68.63 44.48 10 176
2293 14.12.2014 16:56:07 72 43.88 10 175
2294 14.12.2014 16:56:08 60 44.08 10 176
2295 14.12.2014 16:56:27 67.35 43.93 10 175
2296 14.12.2014 16:56:28 61.22 44.18 10 176
2297 14.12.2014 16:56:47 71.43 43.83 10 175
2298 14.12.2014 16:56:48 58.82 44.23 10 176
2299 14.12.2014 16:57:.07 74 43.93 10 175
2300 14.12.2014 16:57:08 60.78 44.23 10 176
2301 14.12.2014 16:57:27 76 43.93 10 175
2302 14.12.2014 16:57:28 83.67 44.23 10 176
2303 14.12.2014 16:57:47 75 43.88 10 175
2304 14.12.2014 16:57:48 67.35 44.23 10 176
2305 14.12.2014 16:58:07 72.55 43.73 10 175
2306 14.12.2014 16:58:08 62 44.08 10 176
2307 14.12.2014 16:58:27 74 43.73 10 175
2308 14.12.2014 16:58:28 59.18 44.08 10 176
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Figure 52 JMeter Graph 2-VMs, 50000 loop, 100 users
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Figure 53 CPU Percentage Instace 1, 2-VMs, 50000 loop, 100 users
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Figure 54 CPU Percentage Instace 2, 2-VMs, 50000 loop, 100 users
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Figure 55 RAM Percentage Instace 1, 2-VMs, 50000 loop, 100 users
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Loop=80000

D users
Table 8 2-VM Instances Monitoring, 80000 loop, 5 users
id timestamp Cpuvalue Ramvalue Diskvalue VM
2315 14.12.2014 17:10:47 6 40.18 10 177
2316 14.12.2014 17:10:48 4 41.03 10 178
2317 14.12.201417:11:06 O 40.43 10 177
2318 14.12.201417:11:07 O 41.28 10 178
2319 14.12.2014 17:11:27 54 41.13 10 177
2320 14.12.2014 17:11:27  47.06 41.98 10 178
2321 14.12.2014 17:11:46  52.94 41.33 10 177
2322 14.12.2014 17:11:47  72.55 42.13 10 178
2323 14.12.2014 17:12:07 46 41.38 10 177
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2348 14.12.2014 17:16:08 44 42.53 10 178
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No of Samples 36492 Latest Sample 47 Average 32
Deviation 35 Throughput ~ 7,846.392/minute Median 27

Figure 57 JMeter Graph 2-VMs, 80000 loop, 5 users
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Figure 58 CPU Percentage Instace 1, 2-VMs, 80000 loop, 5 users
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Figure 59 CPU Percentage Instace 2, 2-VMs, 80000 loop, 5 users
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Figure 60 RAM Percentage Instace 1, 2-VMs, 80000 loop, 5 users
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Figure 61 RAM Percentage Instace 2, 2-VMs, 80000 loop, 5 users
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20 users

Table 9 2-VM Instances Monitoring, 80000 loop, 20 users

id timestamp Cpuvalue Ramvalue Diskvalue VM
2104 13.12.2014 17:05:49 2 41.58 10 156
2105 13.12.2014 17:05:50 1.96 41.78 11 157
2106 13.12.2014 17:06:08 O 41.88 10 156
2107 13.12.2014 17:06:09 4.08 42.03 11 157
2108 13.12.2014 17:06:28 74 43.03 10 156
2109 13.12.2014 17:06:29 90 43.18 11 157
2110 13.12.2014 17:06:48 77.55 43.18 10 156
2111 13.12.2014 17:07:08 73.47 43.18 10 156
2112 13.12.2014 17:07:28 75.51 43.23 10 156
2113 13.12.2014 17:07:48 73.47 43.28 10 156
2114 13.12.2014 17:08:08 78 43.33 10 156
2115 13.12.2014 17:08:28 75.51 43.33 10 156
2116 13.12.2014 17:08:48 76.47 43.38 10 156
2117 13.12.2014 17:09:08 71.43 43.48 10 156
2118 13.12.2014 17:09:28 68.63 43.53 10 156
2119 13.12.2014 17:09:48 72 43.53 10 156
2120 13.12.2014 17:10:08 78 43.53 10 156
2121 13.12.2014 17:10:28 73.08 43.58 10 156
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BT |t

oms [q] i | L

No of Samples 88616 Latest Sample 57 Average 48
Deviation 89 Throughput  20,511.064/minute Median 40

Figure 62 JMeter Graph 2-VMs, 80000 loop, 20 users
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Figure 63 CPU Percentage Instace 1, 2-VMs, 80000 loop, 20 users
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Figure 64 CPU Percentage Instace 2, 2-VMs, 80000 loop, 20 users
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Figure 65 RAM Percentage Instace 1, 2-VMs, 80000 loop, 20 users
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Figure 66 RAM Percentage Instace 2, 2-VMs, 80000 loop, 20 users
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Virtual Machines = 4

To oToryeio TOV EIKOVIKOV UNYOVNULATOV QOiVOVTOL GTOV TOPUKATO TTivaKa.

Table 10 4-VM Instances

id IP CpuCores AvailableRam AvailableDisk State ~ VMname
179 10.0.16 1 2001 19 DOWN mon-inst-1
180 10.0.1.7 1 2001 19 DOWN mon-inst-2
181 10.0.14 1 2001 19 DOWN mon-inst-3
182 10.0.19 1 2001 19 DOWN mon-inst-4

Ta avatata opro/thresholds wov akolovBovv Tic ToAttikéG Monitoring mov £xovpe

EQUPUOCEL POIVOVTOL GTOV TAPUKAT® TivaKa vTd TV pHopen (Ttocootd/100).

Table 11 4-VM Instances Policy

id CPUthres RAMthres VM
833 0.9 0.9 179
834 0.9 0.9 180
835 0.9 0.9 181
836 0.9 0.9 182
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Loop = 80000

100 users

Table 12 4-VM Instances Monitoring, 80000 loop, 100 users

id timestamp Cpuvalue Ramvalue Diskvalue VM
2469 14.12.2014 20:08:04 2 41.58 10 187
2470 14.12.2014 20:08:05 6 41.58 10 188
2471 14.12.2014 20:08:06 2 41.83 10 189
2472 14.12.2014 20:08:07 3.92 41.63 10 190
2473 14.12.2014 20:08:23 0 41.78 10 187
2474 14.12.2014 20:08:24 3.85 41.78 10 188
2475 14.12.2014 20:08:25 0 42.03 10 189
2476 14.12.2014 20:08:25 0 41.78 10 190
2477 14.12.2014 20:08:43 51.92 44.93 10 187
2478 14.12.2014 20:08:44 57.14 44.88 10 188
2479 14.12.2014 20:08:45 53.06 45.08 10 189
2480 14.12.2014 20:08:45 60 44.78 10 190
2481 14.12.2014 20:09:03 54 45.08 10 187
2482 14.12.2014 20:09:04 62 45.03 10 188
2483 14.12.2014 20:09:05 56.86 45.18 10 189
2484 14.12.2014 20:09:05 46.94 44.88 10 190
2485 14.12.2014 20:09:23 48.98 45.33 10 187
2486 14.12.2014 20:09:24 72 45.18 10 188
2487 14.12.2014 20:09:24 58 45.33 10 189
2488 14.12.2014 20:09:25 50 45.13 10 190
2489 14.12.2014 20:09:43 52 45.03 10 187
2490 14.12.2014 20:09:44 67.35 44,98 10 188
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2491
2492
2493
2494
2495
2496
2497
2498
2499
2500
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519

14.12.2014 20:09:45
14.12.2014 20:09:46
14.12.2014 20:10:03
14.12.2014 20:10:04
14.12.2014 20:10:04
14.12.2014 20:10:05
14.12.2014 20:10:23
14.12.2014 20:10:24
14.12.2014 20:10:24
14.12.2014 20:10:25
14.12.2014 20:10:43
14.12.2014 20:10:44
14.12.2014 20:10:45
14.12.2014 20:10:45
14.12.2014 20:11:03
14.12.2014 20:11:04
14.12.2014 20:11:04
14.12.2014 20:11:05
14.12.2014 20:11:23
14.12.2014 20:11:24
14.12.2014 20:11:24
14.12.2014 20:11:25
14.12.2014 20:11:43
14.12.2014 20:11:44
14.12.2014 20:11:44
14.12.2014 20:11:45
14.12.2014 20:12:03
14.12.2014 20:12:04
14.12.2014 20:12:05

53.06
54

o4
71.15
59.18
57.14
54.9
65.31
60

50

52
62.75
54.9
54
52.94
63.27
57.14
52.94
53.06
65.38
57.14
54.17
54

66
59.18
56

56

62

54

45.13
44.88
44.88
44.83
45.08
44.83
44.88
44.93
45.03
44.78
45.03
44.98
45.18
44.98
44.98
4493
45.08
44.83
45.03
45.03
45.18
45.03
45.08
45.03
45.18
4493
4493
4493
4498

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

189
190
187
188
189
190
187
188
189
190
187
188
189
190
187
188
189
190
187
188
189
190
187
188
189
190
187
188
189
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2520 14.12.2014 20:12:05 52 44.93 10 190

2521 14.12.2014 20:12:23 53.06 45.03 10 187
2522 14.12.2014 20:12:24 66.67 45.03 10 188
2523 14.12.2014 20:12:24 60 45.13 10 189
2524 14.12.2014 20:12:25 52.94 44.93 10 190
2525 14.12.2014 20:12:43 54 45.08 10 187
2526 14.12.2014 20:12:44 65.31 45.08 10 188
2527 14.12.2014 20:12:45 56.86 45.18 10 189
2528 14.12.2014 20:12:45 54 44.98 10 190

406 ms ' '.

oms [q] I [ [»
No of Samples 99040 Latest Sample 281 Average 279
Deviation 1379 [imeterv Paint l Throughput ~ 21,253.599/minute Median 57

Figure 67 JMeter Graph 4-VMs, 80000 loop, 100 users
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Figure 68 CPU Percentage Instace 1, 4-VMs, 80000 loop, 100 users
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Figure 69 CPU Percentage Instace 2, 4-VMs, 80000 loop, 100 users
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Figure 70 CPU Percentage Instace 3, 4-VMs, 80000 loop, 100 users
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Figure 71 CPU Percentage Instace 4, 4-VMs, 80000 loop, 100 users
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Figure 72 RAM Percentage Instace 1, 4-VMs, 80000 loop, 100 users
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Figure 73 RAM Percentage Instace 2, 4-VMs, 80000 loop, 100 users

110




46

45

44

43

42

41

40

Ramvalue

= Ramvalue

Figure 74 RAM Percentage Instace 3, 4-VMs, 80000 loop, 100 users
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Figure 75 RAM Percentage Instace 4, 4-VMs, 80000 loop, 100 users
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Loop = 160000

100 users

Table 13 4-VM Instances Monitoring, 160000 loop, 100 users

id timestamp Cpuvalue Ramvalue Diskvalue VM
2553 14.12.2014 21:01:26 2 41.48 10 195
2554 14.12.2014 21:01:27 O 41.33 10 196
2555 14.12.2014 21:01:28 0 41.83 10 197
2556 14.12.2014 21:01:29 2 41.53 10 198
2557 14.12.2014 21:01:46 O 41.73 10 195
2558 14.12.2014 21:01:47 2 41.53 10 196
2559 14.12.2014 21:01:47 O 42.08 10 197
2560 14.12.2014 21:01:48 1.96 41.73 10 198
2561 14.12.2014 21:02:06 66 45.83 10 195
2562 14.12.2014 21:02:06 88.24 45.18 10 196
2563 14.12.2014 21:02:07 79.59 46.18 10 197
2564 14.12.2014 21:02:08 79.59 45.83 10 198
2565 14.12.2014 21:02:26 68 45.53 10 195
2566 14.12.2014 21:02:26 92 45.18 10 196
2567 14.12.2014 21:02:27 80 45.73 10 197
2568 14.12.2014 21:02:28 81.63 45.48 10 198
2569 14.12.2014 21:02:46 66 45.28 10 195
2570 14.12.2014 21:02:47 80.39 45.63 10 197
2571 14.12.2014 21:02:47 76 45.28 10 198
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2572
2573
2574
2575
2576
2577
2578
2579
2580
2581
2582
2583
2584
2585
2586
2587
2588
2589
2590
2591
2592
2593
2594
2595

14.12.2014 21:03:06
14.12.2014 21:03:07
14.12.2014 21:03:08
14.12.2014 21:03:26
14.12.2014 21:03:27
14.12.2014 21:03:27
14.12.2014 21:03:46
14.12.2014 21:03:47
14.12.2014 21:03:47
14.12.2014 21:04:06
14.12.2014 21:04:06
14.12.2014 21:04:07
14.12.2014 21:04:26
14.12.2014 21:04:26
14.12.2014 21:04:27
14.12.2014 21:04:46
14.12.2014 21:04:47
14.12.2014 21:04:48
14.12.2014 21:05:06
14.12.2014 21:05:06
14.12.2014 21:05:07
14.12.2014 21:05:26
14.12.2014 21:05:26
14.12.2014 21:05:27

62.75
79.59
75.51
65.31
75.51
68.63
64.71
72
78
69.39
78
77.55
68.63
76
80
78.43
82
82
67.35
65.31
80
66
80
79.59

44.98
45.38
45.03
45.08
45.38
45.13
45.03
45.33
45.08
44.98
45.33
45.03
45.13
45.48
45.13
45.03
45.33
44.98
45.08
45.33
45.08
45.08
45.43
45.08

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

195
197
198
195
197
198
195
197
198
195
197
198
195
197
198
195
197
198
195
197
198
195
197
198
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2596 14.12.2014 21:05:46 66 45.08 10 195
2597 14.12.2014 21:05:47 80 45.43 10 197
2598 14.12.2014 21:05:47 78 45.08 10 198
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Figure 76 JMeter Graph 4-VMs, 160000 loop, 100 users
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Figure 77 CPU Percentage Instace 1, 4-VMs, 160000 loop, 100 users
Cpuvalue
100
90 *—'"'\
. /[, \
. / \
. / \
Cpuvalue

. / \
. / \
. / \

Figure 78 CPU Percentage Instace 2, 4-VMs, 160000 loop, 100 users
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Figure 79 CPU Percentage Instace 3, 4-VMs, 160000 loop, 100 users
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Figure 80 CPU Percentage Instace 4, 4-VMs, 160000 loop, 100 users
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Figure 81 RAM Percentage Instace 1, 4-VMs, 160000 loop, 100 users
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Figure 82 RAM Percentage Instace 2, 4-VMs, 160000 loop, 100 user
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Figure 83 RAM Percentage Instace 3, 4-VMs, 160000 loop, 100 users
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Figure 84 RAM Percentage Instace 4, 4-VMs, 160000 loop, 100 users
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TUUTMEPAC AT

Me Bdaon 1o mopomdve omoTEAECUOTO, TIVOKES KOl YPOENUOTO, Hropovv va e&oyBovv

ONUOVTIKA GUUTEPAGLOTO.

‘Exovtog éva cuykekpipévo aplBud ypnotav mov «ytomdve» cvveyoueva HTTP requests tumov
GET oge «dmoto virtual machine, oavtd €yel o¢ amotéleocua TNV KOTOVAA®GT TOP®V TOL
ocvotiuatog, 1060 oe CPU 660 oe pviun RAM kot v katamdvnon Tov o€ GxE0T UE TNV

katdotaon IDLE. Xpnowomowwvrog loadbalancer kot odyopibpo round-robin wopopaletat o

QOPTOG GTO UMY OVILOLTOL.

Oewpove MG KPLTNPLO-TOPAUETPOVS Ta £ENG:
o Ap1Budg ypnotawv/threads
o Amartntikdmra php kodduko,

e  Ap1Oudg unyovnudtov

Apyikd pe 2 pnmyoviuoto Kot AyOTEPO AmouTNTIKO @OopTio , aVEAVOVTOC TOUG YPNOTEC
TOPOUTNPNCUUE U0 EAAPPE GAAN CTIUOVTIKY) GTASIOKT] oOENCT TNG KATOVAAWDGONG TOV TOPWV,
10io¢ ¢ CPU, yopig va dtotapdccetol OUmg 1 opaAn Asttovpyio kdmotov VM 1 va Eemepvape
Kdmolo Oplo.

21 ovvéyela Opmg dmiacidlovtag To opto kdbe request kot amd 20 ypnoteg Ko dvw, n CPU
oe éva and to 2 pnyovnpota Eemepvad to 6plo 90% pe amotédecpo vo TiBETOL 08 KOTAGTAON
DOWN. To monitoring métuye.

Axppog pe TG 101eg TOPAPETPOVG TOV TPONYOVUEVOL GEVAPIOV, avEAvovTag Tov aplBud tov
VMs and 2 oe 4 , woopopdletonr KaAvtepa 0 @OpTOoG OmdTE 01 TOPOL KATAVOADVOVIOL GE
emTpenTd OpLo Ko dgv eppaviletan critical mepintwon.

O£A0VTAG VO GTPEGAPOVLE OKOLO TTEPICCOTEPO TNV VITOSOUN LOC, OITAAGIALOVLE Y10, KOO, Lol
@opd To POpTo KOs request pe amotélecpa Eva omd TO, UYOVILOTO VO, TEPTEL OE KOTAGTOON
DOWN eved ta vrdérouta cvveyilouv va givonr UP kot pe onuavtikny KatoavaAmon tov Topmv

TOVG,.
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KotoAnktikd , yivetar epeaveég 6tL o1 mdpot evOg UNYOVILOTOG KATOVOADVOVTAL TOGO UE TNV
avENoT TOV GLVOESEUEVOV XPNOTMOV OGO Kol [E TNV avENCN Tov OpTov KdAbe request. v
deVTEPT TEPITTMOT TO POLVOUEVO OLTO YIVETOL TTLO EUPOVES OLPOV KATOPEPVEL VOL PEPEL GTA OPLaL
ToVg ToL unyovipata. Tote yivetar cmOTN AVTIHETOTION TG KATAGTOCNG LECH TNG TAATPOPLLOG

monitoring wov vAomoOnke.

120



Mapaptnpa

[Mapaxdto Bo meptypa@ovV eKTEVOC O1A4QPOPES TEYVOLOYIES OV YpNoLOTOMONKAY Yoo TNV

VAOTTOIN O™ TNG VANPEGLOGTPEPOVS TAATPOPLLOG.
6.1 Java

I'evika:

H yA®ooo mpoypappoticpod mov ypnoipomomdnke ivon n Java. Ipoxeiron yio
L0 OVTIKELEVOOTPAPNC, PacIopuéVn-0e-KAACELS YADOGO 1 0oio GYESAGTNKE LE
oKomd vo. €xel 660 TO dVVATOV AYOTEPEG EEAPTNOCEIS EPOPUOYNG. ZTUOVTIKO
YOPOKTNPLOTIKO TNG €lval N eopatdtNnTo, ONANON TO TPOYPAUUUOTE GE YADOGO
Java tpéyovv mopouolo oe omorodnmote hardware 1 TAATEOPUO AELITOVPYIKOD

ocvothiuotog. [17]
XopoKTNPLoTIKA:

[Tapakdto yivetoar ava@opd 6€ KATO0 1O10ATEPO YOPAKTNPIOTIKA TNG YADGGOG
Java mov yivovtat eppavi oto project kot to omoio £x0VV AmOAVTN GYECT UE TV

1010TNTO TOV AVTIKELUEVOGTPAPOVS TPOYPOUULOTIGHOD.
o Kinpovoukétnra (Inheritance)

H apyn ™g kinpovopuodmtog Paciletor ot dnuovpyio pog véag kAdong
Omd Lo LITAPYOVOO. LLE OTTOTEAECLO. VO ETLITUYYOVETOL ETOVOYPTCLLOTOINOT
KOOKa. Me avtd TOV TPOTO, TO YOPOKTNPIOTIKA KOL 1 GLUTEPLPOPA TNG
OPYIKNG KAAOTC KANPOSOTOVVTAL GTNV VEN KAAON Kol Elval SuvaTh 1) ETEKTOO)

ue véeg petaPAntég ko pebddovc.
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o Ymepxdivyn Mebodwv(Method Overriding)

[Ipoxerron yro pa oradikacio 6Omov pio KAAon enavo-vAomotel pio pEBodo mov

KANPOVOUNGE QIO KATOL apYIKT) KAAGN.

o IMoAvuoperopdg(Polymorphism)

Ytov object-oriented TPOYPAUUOTIOHO O TOAVUOPPIGUOS CVOPEPETAL GTN
dvvatotTo vo ¥eplONACTE OVTIKEIPLEVO TOL OviKouy otnv 1o tepapyio

KAAGE®V oav vo Ty ovtikeipeva g kAdong Pdonc.

o E&mpéoeig(Exceptions)

To exception givail éva yeyovog mov ovufaivel katd ) Sbpkelo eKTELEOTG
€VOG TPOYPAULOTOG Kol TO 0Toi0 aAAGLEL TNV PLGLOAOYIKT] PO} TOV EVIOADV.
Otav AapPdaver yopo kamolo AdBog péca e o péBodo, onuovpyeitar Eva
exception ovtikeipevo 10 omoio mePEyeL TANPOPOPiaL Yo TOV TOTO TOV AGOOC
KO TN OTUyun mov owtd gpeoviotnke. Xxondc tov exception handling eivat va
«mavey Tic efapéoelg, va T yewpiletar avaAdymg Kor vo ovveyiler v

EKTEALEGN TOV TTPOYPAUUATOC,

JEE:

To Java EE eivan 1 Java vroloyiotikny mhoteopua g Oracle yio opyaviopovg
kot emysipnoets. [Hoapéyer o demapn/APl ko runtime mepipdriov yio v
avATTLEN Ko Agttovpyion AOYIoCUIKOD TEPIAAUPOAVOUEVOD SIKTVOK®OV VINPECIDV.
To Java EE mepihaupdaver apketéc APl mpodiaypoapés omwg e-mail, xml,

javabeans, servlets xtA. kot opiler ndg cvvtoviloviar. Avtd emITPENEL GTOVC
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TPOYPOLUOTIOTEG VO, ONUOVPYOVV TIC OIKEG TOVS EPOPUOYES, QOPNTES KO

emextaoiueg. [18]

SIGAR:

To SIGAR (System Information Gatherer) tng Hyperic amotedel éva API
TAQTQOPLLOG Y10 T GLAAOYN TANPOPOPiag cuoTratos. Xpnoteg tov SIGAR API.
Ov ypnoteg amoxtovv "popnth" mpoOcPacmn o€ monitoring data Omwg Yo
TOPAOELYLO. CPU, HEGO (POPTio, O10KOG, ram, OVixVeLoN OIKTLAK®OV OETAPOV,

TANpoPopieg eykatdotaong kat didpopeg petpikéc. [19]

6.2 Eclipse

[Tpoxettan yro Eva evomompévo meptpdAiov avdmtoéng. Ieptiapupdaverl Eva Pacikod
YOpo epyaciog (workspace) kot £va ETEKTAGLUO GVGTH oo plug-in.

Ta plug-in amotelobv kopudtior AOYIoUIKoD OV TPOGHETOVY £V, GUYKEKPIUEVO
YOPOKTNPLOTIKO GE Lo O VILAPYOVTO, EPOPLOYT AOYIGUIKOV.

Xpnowonombnke 1o Eclipse Software Development Kit (SDK) yia developing

oe yhdooa Java. Zvykekpiuéva n ékdoon Eclipse Java EE Kepler.
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Quick Access “ E[’ @;’Java QE Javal

1] Controllerjava 52 L}

[ty Project Explorer 37 [ tk,’ @ V=0

4 23 Controller
b A JAX-WS Web Services
» &1 Deployment Descriptor: Controller
b 4 JPA Content
b 15 Java Resources
b i JavaScript Resources
b (& build
b (& Controller
1 Servers
4 32 WMInstance
b A JAX-WS Web Services
b ‘37 Deployment Descriptor: VMinstance
b 4 JPA Content
4 8 Java Resources
4 [Brc
4 [ model
4 }J] Controller,java
b (R Controller
b [J) DataAccessjava
b 4] Monitoring.java
b [1] Policyjava
b lJ) Vmjava
b B senvice
b serviets
b (= META-INF
b m Libraries
b ) JavaScript Resources
b (& build
b (= VMInstance

7 backage model;
=~ import java.util.list;
import java.util.Timer;

import java.util.TimerTask;

W import javax,security.auth.Destroyable;
import javax.ws.rs.core.Response;

import org.jboss.resteasy.client.jaxrs.ResteasyClient;
import org.jboss.resteasy.client.jaxrs.ResteasyClientBuilder;
import org.jboss.resteasy.client.jaxrs.ResteasyWebTarget;

W import servlets.ServletInit;

public class Controller {

Timer timer;
private static DataAccess dta;

= public Controller() {

}

= private class MonitoringTask extends TimerTask {

public MonitoringTask() {
}

= Properties &b Servers 33 i

b & WildFly 8.0 Runtime Server [Stopped]

Markers ta Source Explorer [ Snippets B Console 4 Search

‘ Writable ‘ Smart Insert 1:1

Figure 91 Snapshot and Eclipse
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To Eclipse SDK mepihoufavel epyareio avantoéng Java (JDT), mpocpépovtag
Java petaylottiom) (compiler) poli pe éva mAnpeg poviédo omd Java apyeio.
Avto emtpénel Tpoympnuéveg texvikég refactoring kot avdivong kmotko.

To 1dwaitepo yapakmmpiotikdé tov Eclipse eivor n dvvatdtnra vrootipiEng
servers, 6mwg o Apache Tomcat ka1 0 WildFly Server (mov ypnoiponombnke oto
project). Q¢ amotélecpa emttpéneTon oto ¥pnotn N gvpeon Aabav (debugging)
Kol 1 TapakoAovOnomn Prpa-Prpo e KTEAEONS NG EPAPUOYNG KAOMG «TPEXEL)
GTOV £KACTOTE SErVer.

Téhog avaloyo yapaktnpiotikdé tov Eclipse eivar n dmapén ovommudrov
dwyeiptong Paoewv dedopévav. ITo cvykekpipéva ypnoornombnke 1o MySQL
Workbench ywo ™ onovpyio tov databases mov frtav omoapaitnteg yo. v

vAomoinon Tov project.

6.3 RESTful Web Services

To REST (Representational state transfer) pmopei va Oempnbei wg o apnpnuévn
évvola tov IMoykdopov Iotov. To REST apyitektovikd poviého epapuoleton
Kuplog yioo v avamtuén web vanpecidv o¢ evaAloktikny AVon 6g TEXVOAOYIES
VIOAOYIOTIKNG dtavoung 6mwg to SOAP. Ot web vanpeoieg mov vrdkewtal 6€
Kavoveg mov Ppiokovtar oto Opla TG apyrtektovikng tov REST ouvyvd

yapaxtpifovrar og “RESTTul”. [20]

To REST evoapkmvet o stateless client-server apyitextovikn otnyv onoio ot Web
vmpecieg Bewpovvioan mOport mov Tawvtomowovvtal péco tov URL tovg. Ot
nehdteg Web vanpecidv mov BEAOVY Vo ¥PNOLUOTONCOVY ATOVS TOVG TOPOVG
&xovv mpdoPacn e €va GLYKEKPIUEVO €100C AVATOPACTAUCNC HETOPEPOVTIOG
TEPLEYOUEVO EPOPUOYNG UEC® TNG XPNONG E€VOC UIKPOV OPIGUEVOL GLUVOAOV
ueBOdWV TOL TEPLYPAPOLV TNV EVEPYELD TTOV Oal EKTELESTEL TAV® GTOV TOPO. [21]

‘Eva and ta yopoktnpiotikd-kiewdd pwog RESTful Web vmmpesiog eivor
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Eexdbapn ypnon HTTP peboddwv pe tétolo 1poémo dote va akoAovdeitar To

TP®TOKOALO OTImG opiletarl oto RFC 2616.

HTTP Baciopéva RESTTul APIs opilovtat pe ta mapakdTo YopaKTNPLoTIKA:
» ¢va URI-Baon , my. http://localhost:8080/project/service/vm

»  kamoto media type 6mwg wy. JISON 1 XML mov 6o avaivBodv mopakdto
" PBaowéc HTTP pebddoovg 0mmg

1. GET: avdktnon kdmotov tépov

2. POST: dnuovpyia mopov Gtov Server

3. PUT: tpomomoinon/evnuépwon mopov

4. DELETE: dwaypoaer) mopov

Resources

Request  http://myserver/tasks

HTTP GET
Response
xm 200 OK
Media-type

Figure 92 Iopadeiyuo GET http uebodov (25)
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http://localhost:8080/project/service/vm

Xapoktnprotikd tov REST: [22]

. Klpdkoon pe okomd v vrootpiEn peyaiov aptBpod ototyeiwv oAAd
Kol aAANAEmOpAce®V PETAED OVTOV TOV GTOLXEIMV

Il.  Aniomta tov dienapmv

I1l.  Avvatomnta tpomtonoinong Twv ototyeiwv pe Pdon Tig avaykeg

IV. ®opnromra
V. Opoatdémra g entkovoviog Hetad tov ototyeinv

V1.  A&wmotia AOyo avtiotaong o€ a0 o€ eninedo GLGTNUATOG

6.3.1 Jboss/Wildfly

To Wildfly, yvootd péypr mpodtivoc ko wg Jboss, eivar évag application

server , dnuiovpyio g etopiog Jboss, vd avantvén and v Red Hat.

|dFl

Figure 93 WildFly logo (26)

Eivaw ypappévo oe Java,epappdler v Java EE mpodioypaen kot pmopel

va TpEEEL 68 TOAMUTAEG TAATOOPLLES.

127



6.3.2 RESTEasy

To RESTEasy civar évo JBOSS project mov mapéyet moikio mAaicio
(frameworks) pe oxomd 1o “yticywo” RESTful Web vmnpeoiov ko
RESTful Java epoppoyov. Eivar pio TANp®¢ ToTOmomuévn Kot gopnty
epappoyn ™ JAX-RS mpodaypaers. To JAX-RS eivor pio véa JCP
npodiaypa®n 1 omoia mopeyel évo Java APl yio RESTTul Web vanpeoieg
nave oto HTTP tpwtdkorro. [23]

To RESTEasy umopei vo tpé€el oe omolodnmote Serviet container oAld
KoAvTEPN evompdtmon pe tov Jooss Application Server eivar dtobéoiun

Yo KOAOTEPT OAANAETIOpaoT XpNoTn Ko TEPPAALOVTOG.

6.4 JSON

To JSON (JavaScript Object Notation) eivai pa ovoryTod TPOTUTOV HOPPN AVTOALAYNG
TANPOPOPIaG 1 Omoio YpNoUonTolEl Katavvontd amd Tov AvOpwmo Kelipevo yuu
LETAO0O0T QVTIKEWEV®Y TANPOQOPiag Ta. omoia amotehovvtar and (evydpro attribute-
value (YopaKTNPoTIKO-TIUN). XPNOIUOTOEITOL KUPIMG Yo HETOOOGT OEOOUEVMV HETAED
€VOG server Ko pog web epapuoyne, g evaalaktikn Aon otny ypnon XML. [24]
To JSON eivat o popen dedopévov aveldptntn ond YADOGGES, dEG0UEVOL OTL KMOTKOG
vy parsing kot onuovpyioc JSON eivar dwaBécipog 6 OAEC TIG TPOYPOUUOTIOTIKES
yAoooeg. [25]
Xtileton mhve o€ 30O dopEG:
- ovAdoyn amd Cevydplae OVOUATOC-TIUNG , TOV GE€ M0 TPOYPOUUOTIGTIKY
YAOGGo pmopet vo yopaktnplotel og object, struct, record KTA.

-l ToSvounuévn AMota Tipov (Tivakag, Mota)
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[Topaderypo JSON

{
"Name": "Bill",
"LastName": "Papadopoulos”,
"Age": 24,
"Gender™: {
"Type": "Male"
}
"Address™: {
"StreetAddress": "Venizelou 11",
"City": "Athens",
"Country": "Greece",
"PostalCode™: "17122"
h
"PhoneNumber": [
{
"Type": "Home",
"Number": "210 8888888"
}
{
"Type": "Mobile",
"Number": "6987766555"
¥
1
"Occupation": {
"Job": "Software Engineer"
"Years": "11"
}
}
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JSON / REST / HTTP

Client

[{"city": "Paris", "units™: "C"}]

Server

HTTP POST JSON

e

Iservice/weather

(REST Interface)

[{"low": "16", "high": "23"}]

Figure 94 JSON and RESTful APl (27)

ISONRequest.post(
"http:/fweww...com/request”,
{
"account” ; "1069"
L

J

l =i
L Service L | Service
=] provider —| consumer
| JSON service request
I > —
e JSON service response —

"name” : "Barry & Associates, Inc.”,
“phone” : "612-321-8156",

“streetl” : “14597 Summit Shores Dr”,
“street2" : ",

“city” : "Burnsville”,

“state” : “MN",

"postakcode” : "55306",

“country” : "United States"

Figure 95 JSON structure for Web Services (28)
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6.5 MySQL Workbench

To MySQL Workbench oamotedel epyoieio oyedacpod Pacewv  dedopévaov
evoopatovovtag avamtuén oe yAwooa SQL , dnovpyia, dayeipion, oxedlacud Kot
ocvvtipnon databases oe éva eviaio mepipairov avamtuéne yio MySQL. To Aoyiouiko
MySQL mpoocpépetl éva toyd, molv-vnpatiko kot a&tomoto SQL (Structured Query

Language) database server.

i
Local instance MySQL56 %

File Eﬁt View Query Datsbasse Server Tools Scripting Help

¢l&l ol JEIEEIE] [ o @ Dl

Navigator SQL File 1 Query 1 Query 2 Query 3 vm-Table x SQL Additions
MANAGEMENT est Ares -
e Table Name: m | Schema:  vm_db oo
© Server status ¢
5 Client Connections LW Collation: Iuth-defadtcoﬂaﬁon 'l Engine: [InnoDB 'I
j_ Users and Privileges
iabl A
2 Status and System Variables s
b Data Export v
¥, DataImport/Restore
- por Column Name Datatype PK NN UQ BIN UN ZF AI Default &
INSTANCE id INT(11) MEMOODOOW E
JIP VARCHAR(45) AEE B BB —
Startup / Shutdown e
0 . J CpuCores INT(11) OFMEBR @80
A servertogs > AvailableRam DOUBLE(11,2) 2 s I -
¥ Options File Smsm s ===
SCHEMAS Pt % Column Name: Data Type:
Q Filter objects Collation: Default:
v [ Tables - Comments: Primary Not Null Unique
» = monitoring
> policies Binary Unsigned Zero Fil
VE vm £ Auto Increment
» [#5] Columns
)@Indexes [N Indexes Foreign Keys Triggers Partitioning  Options
» T ForeignKeys
Information
Table: vm
Columns: ﬁl Action Output v
IEP Time Action Message Duration / Fetch
CpuCores
AvailableRam double
AvailableDisk  double(1
State varcha
VMname
Object Info

Figure 96 Snapshot from MySQL Workbench
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6.6 XML

H Extensible Markup Language (XML) eivor o yAoocsa ofjpuaveong mov opilet
éva, GOVOLO KOVOVMV Y10 TNV KOOIKOTOINGT GE HOPET| TOL €lval KaTovont TOG0

a6 Tov avOpmmo 660 Kot omd ™ unyovr. [26]

‘Eva amdo yevuco mapdderypo XML apyeiov akorovdei:

<Belgian_ menu>
<food>
<name>Belgian Waffles</name>
<price>$5</price>
<description>
Two of our famous Belgian Waffles with plenty of real
maple syrup
</description>
<calories>650</calories>
</food>
<food>
<name>Strawberry Belgian Waffles</name>
<price>$7</price>
<description>
Light Belgian waffles covered with strawberries and
whipped cream
</description>
<calories>900</calories>
</food>
<food>
<name>Berry-Berry Belgian Waffles</name>
<price>$8</price>
<description>
Light Belgian waffles covered with an assortment of
fresh berries and whipped cream
</description>
<calories>900</calories>
</food>
</Belgian menu>

A&o avagopdg givar o XML schema 1o omoio opilel mwg va meptypayelg Tumikd
ta otoyyeia oe éva apyeio XML kot ypnowonotgiton yio v emainbevon kot
gykvpotnta kabe "avtikeipwévov" o éva document. Teyvikd omotedel i

aenPNUéEVN cvAloyn amd metadata.
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6.7 Servlet programming

To servlet eivon g KAGom g YA®GGOG Java mov ypNOLUOTOLEITOL Yo, TNV
EMEKTOOT] TOV JUVATOTNT®V €VOC Server. Xpnowonogitar cvviwg yw v
EMEKTOAON TOV EQOPUOYOV oL "erAogevovvtal" omd web servers mote va

Bewpnbovv wg Java applets mov tpéxovv ce servers. [27]

Xpnon:
» eneepyacio/amodnkevon TAnpogopiag amod o html eoppao.
» mopoyn OLVOUIKOD TEPLEYOUEVOD OTMG TO. OMOTEAECUHOTO UG PAonC

OedoUEVOV.

‘Eva servlet cuppadiCer pe to Java Servlet APl , éva mpdtumo yio TV €Qapproyn
KAMice®mV oL amavtovy og requests kot to omoio mepi€yetar oto Java package
javax.servlet. To servlet eivaw £va object mov déyxetan £va request kot dnpovpyet
éva avtiotoyo response. Méow tg kKAnong tov uebddwv init() ko destroy()
emTVYYGVETOL 1 Oapywkoroinon tov Servlet instance kot o TEPUATIOUOC TNG

vnpeoiog avtiotorya. [28]
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Source Code

Controller

VM.java
package controller.model,

import java.io.Serializable;
import javax.persistence.*;

/**

* The persistent class for the vm database table.

*
*/
@Entity
@Table(name="vm")
@NamedQuery(name="Vm.findAll", query="SELECT v FROM Vm v")
public class Vm implements Serializable {
private static final long serialVersionUID = 1L;

ggjeneratedVaIue(strategy=GenerationType.IDENTITY)
private int id;

private double availableDisk;

private double availableRam;

private int cpuCores;

private String ip;

private String state;

private String VMname;

public Vm() {
}

public int getld() {
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return this.id;

}

public void setld(int id) {
this.id = id;

}

public double getAvailableDisk() {
return this.availableDisk;
}

public void setAvailableDisk(double availableDisk) {
this.availableDisk = availableDisk;
}

public double getAvailableRam() {
return this.availableRam;
}

public void setAvailableRam(double availableRam) {
this.availableRam = availableRam;
}

public int getCpuCores() {
return this.cpuCores;
}

public void setCpuCores(int cpuCores) {
this.cpuCores = cpuCores;
}

public String getlp() {
return this.ip;

k

public void setlp(String ip) {
this.ip = ip;

¥

public String getState() {
return this.state;
}

public void setState(String state) {
this.state = state;
}

public String getVMname() {
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return this.\VVMname;

ky

public void setVMname(String VMname) {
this.\VMname = VMname;
}

package controller.model;
import java.io.Serializable;

import javax.persistence.*;

/**

* The persistent class for the monitoring database table.

*
*/
@Entity
@Table(name="monitoring")
[/@NamedQuery(name="Monitoring.findAll", query="SELECT m FROM Monitoring m")
public class Monitoring implements Serializable {
private static final long serialVersionUID = 1L;

@Id
@GeneratedValue(strategy=GenerationType.IDENTITY)
private int id;

private double cpuvalue;

private double diskvalue;

private double ramvalue;

private String timestamp;

/Ibi-directional many-to-one association to Vm
@ManyToOne

@JoinColumn(name="VM")

private Vm vmBean;

public Monitoring() {
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ky

public int getld() {
return this.id;

}

public void setld(int id) {
this.id = id;

}

public double getCpuvalue() {
return this.cpuvalue;
}

public void setCpuvalue(double cpuvalue) {
this.cpuvalue = cpuvalue;
}

public double getDiskvalue() {
return this.diskvalue;
}

public void setDiskvalue(double diskvalue) {
this.diskvalue = diskvalue;
}

public double getRamvalue() {
return this.ramvalue;
}

public void setRamvalue(double ramvalue) {
this.ramvalue = ramvalue;
}

public String getTimestamp() {
return this.timestamp;
¥

public void setTimestamp(String timestamp) {
this.timestamp = timestamp;
}

public Vm getVmBean() {
return this.vmBean;
}

public void setVmBean(Vm vmBean) {
this.vmBean = vmBean;
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Policy.java
package controller.model,

import java.io.Serializable;
import javax.persistence.*;

/**

* The persistent class for the policies database table.

*/
@Entity
@Table(name="policies™)
@NamedQuery(name="Policy.findAll", query="SELECT p FROM Policy p")
public class Policy implements Serializable {
private static final long serial\VersionUID = 1L;

@Id
@GeneratedValue(strategy=GenerationType.IDENTITY)
private int id;

private double CPUthres;
private double RAMthres;

/Ibi-directional many-to-one association to Vm
@ManyToOne

@JoinColumn(name="VM")

private Vm vmBean;

public Policy() {
}

public int getld() {
return this.id;

}

public void setld(int id) {
this.id = id;

}

public double getCPUthres() {
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return this.CPUthres;
}

public void setCPUthres(double CPUthres) {
this.CPUthres = CPUthres;
}

public double getRAMthres() {
return this.RAMthres;
}

public void setRAMthres(double RAMthres) {
this.RAMthres = RAMthres;
}

public Vm getVmBean() {
return this.vmBean;
}

public void setVmBean(Vm vmBean) {
this.vmBean = vmBean;
}

package controller.model,
import java.util.List;

import javax.ejb.Stateless;

import javax.persistence.EntityManager;
import javax.persistence.PersistenceContext;
import javax.transaction.Transactional,

@Stateless
public class DataAccess {

@PersistenceContext(unitName="Controller")
private EntityManager em;

@Transactional

public void createVm(Vm vm){
em.persist(vm);
em.flush();
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ky

@Transactional

public void updateVm(Vm vm){
vm = em.merge(vm);
em.flush();

}

@Transactional

public void createMonitoring(Monitoring monitoring){
em.persist(monitoring);
em.flush();

by

@Transactional

public void Monitoring(Monitoring monitoring){
monitoring = em.merge(monitoring);
em.flush();

¥

@Transactional

public void createPolicy(Policy policy){
em.persist(policy);
em.flush();

}

@Transactional

public void Policy(Policy policy){
policy = em.merge(policy);
em.flush();

}

public List<Vm> getVms(){
return (List<Vm>)em.createQuery("select v from Vm v where
v.state="UP™,Vm.class).getResultList();

}

public Vm getVm(Integer id){
return (Vm)em.find(Vm.class, id);
}

public void saveMonitoringData(Monitoring mon){
em.persist(mon);
em.flush();

}

public void savePolicyData(Policy pol){
em.persist(pol);
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em.flush();

package controller;

import java.util.List;
import java.util. Timer;
import java.util. TimerTask;

import javax.ejb.EJB;

import javax.servlet.ServletConfig;
import javax.servlet.ServletException;
import javax.servlet.http.HttpServlet;
import javax.ws.rs.core.Response;

import org.jboss.resteasy.client.jaxrs.ResteasyClient;
import org.jboss.resteasy.client.jaxrs.ResteasyClientBuilder;
import org.jboss.resteasy.client.jaxrs.ResteasyWebTarget;

import controller.model.DataAccess;
import controller.model.Monitoring;
import controller.model.Policy;
import controller.model.Vm;

public class ControllerServlet extends HttpServiet{

private static final long serialVersionUID = 1L;
Timer timer;

@EJB

private DataAccess dta;

public ControllerServlet() {

}

@Override

public void init(ServletConfig config) throws ServletException{
super.init(config);
timer = new Timer();
timer.schedule(new MonitoringTask(), 0, 20*1000);
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private class MonitoringTask extends TimerTask {

public MonitoringTask() {
¥

public void run() {
List<Vm> vmList = (List<VVm>) dta.getVms();
for (Vm vm : vmList) {

Monitoring monit = getMonitoringData(vm);

boolean critical = false;
critical = CompareModule(monit);
if (critical) {

destroyVm(vm);
}
}
System.out.printIn("Waiting 20 seconds...");

private boolean CompareModule(Monitoring mon) {

Vm vm = mon.getVmBean();
Policy policy = getPolicyData(vm);

double CpuLoad = mon.getCpuvalue();
double CpuThres = policy.getCPUthres();
if (CpuLoad >= (CpuThres * 100)) {

vm.setState("DOWN");
System.out.printIn("CPU status is critical™);
System.out.printin("VM state is DOWN");
return true;

}

double UsedDiskSpacePerc = mon.getDiskvalue();
double SystemDisk = vm.getAvailableDisk();
if (UsedDiskSpacePerc >= (0.95 * 100)) {

vm.setState("DOWN");
System.out.printIn("Disk status is critical");

142



System.out.printin("VM state is DOWN");
return true;

¥

double UsedRAM = mon.getRamvalue();
double RAMthres = policy.getRAMthres();
double SystemRAM = vm.getAvailableRam();
if (UsedRAM >= (RAMthres * 100)) {

vm.setState("DOWN");
System.out.printin("RAM status is critical");
System.out.printin("VM state is DOWN");
return true;

by

return false;

¥

private Monitoring getMonitoringData(Vm vm) {

/I Monitoring mon = dta.getMonitoring(vm);
// 1) IMPLEMENT CLIENT TO RETRIEVE MONITORING DATA
/I 2) USE dta TO SAVE MONITORING DATA TO DATABASE
ResteasyClient client = new ResteasyClientBuilder().build();
ResteasyWebTarget target = client.target("http://" + vm.getlp()

+ ":8080/VMlInstance/service/monitoring™);
Response response = target.request().get();
Monitoring mon = (Monitoring) response.readEntity(Monitoring.class);
mon.setVmBean(vm);
dta.saveMonitoringData(mon);

return mon;

private Policy getPolicyData(Vm vm) {

/I Policy policy = getPolicyData(vm);
// 1) IMPLEMENT CLIENT TO RETRIEVE POLICY DATA
/I 2) USE dta TO SAVE POLICY DATATO DATABASE

ResteasyClient client = new ResteasyClientBuilder().build();
ResteasyWebTarget target = client.target("http://" + vm.getlp()

+ ":8080/VVMlInstance/service/policies");
Response response = target.request().get();
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Policy pol = (Policy) response.readEntity(Policy.class);
pol.setVmBean(vm);
dta.savePolicyData(pol);

return pol;

ks

public void destroyVm(Vm vm) {
/[ 1) RETRIEVE VM FROM DATABASE BY IP
/[ 2) SET VM STATE TO 'DOWN'
/l 3) UPDATE VM DATABASE

ResteasyClient client = new ResteasyClientBuilder().build();
ResteasyWebTarget target = client.target("http://" + vm.getlp()

+ ":8080/VMlInstance/service/vms/" + vm.getld());
Response response = target.request().get();
Vm vM = (Vm) response.readEntity(\VVm.class);

vM.setState("DOWN");
dta.updateVm(vM);

Persistence.xml
<?xml version="1.0" encoding="UTF-8"?>
<persistence version="2.1" xmIns="http://xmIns.jcp.org/xml/ns/persistence"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://xmIns.jcp.org/xml/ns/persistence
http://xmins.jcp.org/xml/ns/persistence/persistence_2_1.xsd">
<persistence-unit name="Controller" transaction-type="JTA">
<jta-data-source>java:jboss/RestDS</jta-data-source>
<class>controller.model.Monitoring</class>
<class>controller.model.Policy</class>
<class>controller.model.Vm</class>
</persistence-unit>
</persistence>
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VM Instance

package servlets;

import java.net.InetAddress;

import java.net.NetworklInterface;
import java.net.SocketException;

import java.net.UnknownHostException;
import java.util. Enumeration;

import javax.ejb.EJB;

import javax.servlet.ServletConfig;
import javax.servlet.ServletException;
import javax.servlet.http.HttpServlet;

import org.hyperic.sigar.FileSystemUsage;
import org.hyperic.sigar.Mem;

import org.hyperic.sigar.Sigar;

import org.hyperic.sigar.SigarException;

import model.DataAccess;
import model.Vm;

public class Servletinit extends HttpServlet {

/**

*

*/

private static final long serialVersionUID = 1L;
@EJB

private DataAccess dta;

private String ip;

@Override
public void destroy() {

/I 1) RETRIEVE VM FROM DATABASE BY IP

// 2) SET VM STATE TO 'DOWN'
System.out.printin("l AM GOING DOWN");
Vmvm = (Vm) dta.getVmBYIp(ip);
vm.setState("DOWN");
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dta.updateVm(vm);
}

@Override
public void init(ServletConfig config) throws ServletException {
super.init(config);
// 1) Retrieve IP from OS
/I 2) Retrieve CPU,RAM,DISK from OS
/I 3) Write all of the above to database

Vmvm = new Vm();
ip = null;

try {
Enumeration<NetworklInterface> interfaces = NetworkInterface

.getNetworklInterfaces();
while (interfaces.hasMoreElements()) {
NetworklInterface iface = interfaces.nextElement();
/[ filters out 127.0.0.1 and inactive interfaces
if (iface.isLoopback() || 'iface.isUp())
continue;

Enumeration<InetAddress> addresses = iface.getInetAddresses();
while (addresses.hasMoreElements()) {
InetAddress addr = addresses.nextElement();
ip = addr.getHostAddress();
System.out.printIn(iface.getDisplayName() + " " + ip);
}
}
} catch (SocketException e) {
throw new RuntimeException(e);
}

vm.setlp(ip);
Sigar sigar = new Sigar();

// double disk=system.getTotalDiskCapacity();
FileSystemUsage diskvalue = null;
try {
diskvalue = sigar.getFileSystemUsage("/");
} catch (SigarException e2) {
/I TODO Auto-generated catch block
e2.printStackTrace();
}
double disk = (diskvalue.getTotal()/1024)/1024;
System.out.print("Disk Capacity=");
System.out.printin(disk);
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vm.setAvailableDisk(disk);

/[ double ram=system.getRAM();
Mem ramvalue = null;
try {
ramvalue = sigar.getMem();
} catch (SigarException el) {
// TODO Auto-generated catch block
el.printStackTrace();
}
double ram = (ramvalue.getTotal()/1024)/1024,
System.out.print("RAM=");
System.out.printin(ram);
vm.setAvailableRam(ram);

try {
vm.setVMname(InetAddress.getLocalHost().getHostName());

} catch (UnknownHostException e) {
/I TODO Auto-generated catch block
e.printStackTrace();

¥

vm.setState("UP");

int cores = Runtime.getRuntime().availableProcessors();
vm.setCpuCores(cores);

if (dta.getvVmBylp(ip) == null) {
dta.createVm(vm);

Yelse {
vm = dta.getVmBYyIp(ip);
vm.setState("UP");
dta.updateVm(vm);

package servlets;

import java.util. Arrays;

import java.util.HashSet;
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import java.util.Set;

import javax.ws.rs.ApplicationPath;

import javax.ws.rs.core.Application;

import service.InstanceService;

@ApplicationPath("/™)
public class ServiceRegistry extends Application {

@SuppressWarnings(“"unchecked")
public Set<Class<?>> getClasses() {

return new HashSet<Class<?>>(Arrays.asList(InstanceService.class));

package service;

import javax.ejb.EJB;

import javax.ejb.Singleton;

import javax.ws.rs.GET;

import javax.ws.rs.Path;

import javax.ws.rs.PathParam;
import javax.ws.rs.Produces;
import javax.ws.rs.core.MediaType;

import javax.ws.rs.core.Response;
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import model.Monitoring;

import model.Policy;

import org.hyperic.sigar.CpuPerc;

import org.hyperic.sigar.FileSystemUsage;
import org.hyperic.sigar.Mem;

import org.hyperic.sigar.Sigar;

import org.hyperic.sigar.SigarException;

import java.text.SimpleDateFormat;

@Path("/service")

@Singleton

public class InstanceService {
@EJB

private model.DataAccess dao;

@GET
@Path("/policies™)
@Produces(MediaType. APPLICATION_JSON)
public Response getPolicy() {
Policy pol = new Policy();

pol.setCPUthres(0.9);
pol.setRAMthres(0.9);

return Response.accepted(pol).build();

@GET
@Path(*"/monitoring™)
@Produces(MediaType. APPLICATION_JSON)

public Response newMonitoring() throws SigarException{
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Sigar sigar = new Sigar();

Monitoring mon = new Monitoring();

System.out.printin("DEBUG");

CpuPerc perc = sigar.getCpuPerc();

double CPUusage = perc.getCombined() * 100; //get current CPU usage percentage
System.out.print("CPU usage = ");

System.out.print(CPUusage);

System.out.printin("%");

FileSystemUsage disk = sigar.getFileSystemUsage("/");

double diskvalue = ((disk.getTotal()-disk.getFree())/1024)/1024; // get used disk volume
System.out.print("Disk used volume =");

System.out.printin(diskvalue);

double UsedDiskPerc = disk.getUsePercent() * 100; // get percent of disk used
System.out.print("Disk used percent =");

System.out.print(UsedDiskPerc);

System.out.printin("%");

Mem ram = sigar.getMem();

double UsedMemory = (ram.getUsed()/1024)/1024; // get used memory volume
double TotalMemory = ((ram.getTotal()/1024)/1024);

double ramvalue = (UsedMemory/TotalMemory) * 100; // get percent of memory used
System.out.print("Memory used volume =");

System.out.printin(UsedMemory);

System.out.print("Memory used percent =");

System.out.print(ramvalue);

System.out.printin("%");

mon.setCpuvalue(CPUusage);

mon.setDiskvalue(UsedDiskPerc);

mon.setRamvalue(ramvalue);

java.util.Date date = new java.util.Date(); //get timestamp

java.sgl. Timestamp sg = new java.sgl. Timestamp(date.getTime());

String S = new SimpleDateFormat("dd.MM.yyyy HH:mm:ss").format(sq);
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mon.setTimestamp(S);

/[dao.createMonitoring(mon);

/I1. GET SYSTEM MONITORING WITH SIGAR API
/2. BUILD MONITORING JAVA OBJECT

/3. RETURN IT TO SERVICE CLIENT

return Response.accepted(mon).build();

@GET

@Path("/vms/{id}")

@Produces(MediaType. APPLICATION_JSON)

public Response getVm(@PathParam(™id™) Integer id){
return Response.ok(dao.getVm(id)).build();

package model;

import java.util.List;

import javax.ejb.Stateless;

import javax.persistence.EntityManager;
import javax.persistence.PersistenceContext;
import javax.persistence.Query;

import javax.transaction. Transactional;
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@Stateless
public class DataAccess {

@PersistenceContext(unitName = "VMlInstance")
private EntityManager em;

@Transactional

public void createVm(Vm vm) {
em.persist(vm);
em.flush();

@Transactional

public void updateVm(Vm vm) {
vm = em.merge(vm);
em.flush();

@Transactional

public void createMonitoring(Monitoring monitoring) {
em.persist(monitoring);
em.flush();

@Transactional

public void Monitoring(Monitoring monitoring) {
monitoring = em.merge(monitoring);
em.flush();

@Transactional

public void createPolicy(Policy policy) {
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em.persist(policy);
em.flush();

@Transactional

public void Policy(Policy policy) {
policy = em.merge(policy);
em.flush();

public List<Vm> getVms() {
return (List<Vm>) em.createQuery(

"select v from Vm v where v.state="UP™, Vm.class).getResultList();

public Vm getVm(Integer id) {

return (Vm) em.find(Vm.class, id);

public void saveMonitoringData(Monitoring mon) {
em.persist(mon);
em.flush();

public Vm getVmBYIp(String ip) {
Query q = em.createQuery("select v from Vm v where v.ip="" + ip + "™ ,Vm.class);
if (g.getResultList().isEmpty()) {

return null;

}else {
return (Vm) g.getResultList().get(0);
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public void savePolicyData(Policy pol) {
em.persist(pol);
em.flush();
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