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Abotract

Widn lirniad ,etilnccs,it is quie chaUcogiqg to meet dynamic aod massivE cloud cruomerr' dEmandr.

Overutilization or rcfruing auy Scrvice levcl Agrcc,ment (Sl,A) drivcs b penalties, whie,h play m rtnccrtain

mle in thc clond hrsircss. ftrttermorc, cost, pcrfinurnc, d pcrultios arc the kcy frctus b revtnrc

geocrafion andcustomcr catisfuction Howcvcr, frsy hrye aoomplex currlation which beonrcs mot com-

plicaEdinthcabaenceofasuitablefrarcwortthatdcftrEs6cscfrcffisclearly. Scmiccl-cvclAgrununt

(SIA) it an initial docurncnt which negotiarc 6esc peramcmr before huincss initidization. thrc b the mas.

sivr wukload and Inunet activities, a lot of rubmation is necdcd" Ttcrefo,rc, itis e$cntial to have scalablc

rEsourrel , clear-cut SLA, and €fficient rerource provirion policies b avoid disastrons oottscfllcoccs.

Vrious sfidies hsye been conduc"ted in thir rcgud, howcycq arc still nodd. Ib address

thcresource scatability and SLA violation isnrcq ttc propocodnodcl usec rcdablerEsrnroos with suihblc
prices from exunal poyidErs. DeEpiE a federarcd clou( pruvidcrs arE not compelled to hire ftrom a spc-

cific alliancc. In casc of ovuloa4 the pruvidcr crn engrge extcrnal rEsourcer whcrover thcy are available

couvtnicntly and econonically. kr crubrcn' satifictiqL the poporcd Eodcl uses joint piccs Eodcl.

Alguiths arc ured to optimizc diftrent mcrics o maximize prrovidcrr' rryenuc. This strdy inycstigttd

the cosq pcrfomancc, andpenalties isruer mdpropoced krfumancc-bascdscfliLv layclAgrucnent (Pcr-

SL[) ftancmtort o optimizc these valucc fc rwenuc opdmizadon FETSLA optinizcc thesc prameus
and naximizcs both prcvidcrs' rErrcNrrc aod customcrs' satisfrction. For ruo*Joad migntion b cxEnral

Isi(ruf,isss, this sttrdy prropoaed smart rEsourEes allocation s minimi2s the tansfer dclay and cort.

Cloudttim sbrulatbn iB usod to evaluale thc functioiqg of thc poposed franeryort. gxpcrime.ntal rcsulc

show tbat other syrErns starts SLA violation as the wo*load incrcagcs by 500 cloudlets. Howeveq thE

proposcd stilctr€ cftctftrcly mrnqges huge rvo*Ioads of up to 12fl) clordlets wiilrort gcncrating ringlc

violatim. BVotruingjointpice.sonqutomorchoiceandomourciagthcoy€rloaddwortloadbcxhal
leEouruet, naximizc ruveNme gmcration Thc rccults chw that this framEryort gcnErrbr rcrcnue ftrom

ditrerent Fcing straEgiec. With thc cuncnt wrtloa4 it earns $ 1494 ftom reccrvcd crrsbmcrl, i?S%
ftom ondemand cusmcrr, ard $ 52t from negotirbd cusbmcffi. Hfuing cxEnal rcsouees eams cxEnrl
ruvEuuc as well as maximizes inffiaal rcvenuc. The resultr rhw that this crtr $21(n.

Thcabovediscussionvalid$es thatthcpoporcdframcryo*is adeEraEinrcvcnucgeocratimandcusbmcrt

$tisfrction. Crrsomcrr and providcrs monim thc hrsincss ormoef,nE b qgpod Esms ad conditions. This

franewck ig efficie,nt in handliqg mrsrirc reortloads, reycnuc gpncration, and custmt€rs' satisfrctiou" On

violatim, the pruvidcr is penalized. Thir agrcencnt furcreases the trustworlty relationship bctween Foyidcr
andconsumer.
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Chapter 1

Introduction

Thc rccent adrnnaes in smart echnolory (e.g Inlcrnet of Thi4gr (IoT), Artifcial Inelligsncc (AI) ad 5G),

gpocrale tlllarrsivc datrottfu. 118 51 billim deyices fuecast ir a big numbcr; evEn Eoum timcs gream

thar thc world population [U. Thcsc devices will increase the annual sizc of 6e global data-sphcrc up b
175 B q A N2!i [2" 31. Anothcr rcport rtrbr (as shorvn in Hgurc 1.6) that morp rhs" 331 billion dotlarE

will be inyesbd in thc clod up b ZJl3 [2]. Similarly, as shown in figurc 1.7 thc iffioct users ue cxpcctod

O incrcasc up O 5.5 billion ry b 2fr)3 [41. It nceds speial cc,hniqter and infrrstrucfitrc b prccess thc

incomfuE big data t5l. Rntbcrmore, inrcgrating AI in smrt devies na&Es 6c nctcrc* morc complicarcd.

Wift this rspid dcrclopmcnt in smrrt echnology, clord computing is gettittg morc and mrc atlenfion and

athactim [6,7].

The aboye Ua*gFouod Ehmt that today mutets are swiftly shifHng owards the clotd. It is bccoming

cnrcial for oday's business O migrae b 6c clotd. Rathcr 6m buying infrastsuchltcs, ol,cratut, liccnses,

and softrvuc; custom€rs easily hirc cloud services on nxnr afrordable e,hugcs. Clottd coryutiqg is Doving

desttop services to doorstep yis inEnrct llfutualization, porallel pocesslqg and distibued Eocersing ap
proachcrarcutdbpruyidcs€rviccronthcrrctumt ltishiglrlysuccesfrrlparadigmfcutilitycomptittg.

Clod tcchnolory is thc need of tim duc b incrcasing number of deyiccs and data [8, 9l to pruvidc thc

dcshop servies m thc network.

Ttough cloud was coined in 19!16, horveycr, it has ben in discussion sincc 1950 whcn mminalE were

conneced b the raainframe compuEs. Ileilce rcsrnrces Eharing idca was prcs€ot at that timc tm. In 1960,

Iohr Itficlarthy'gaw the idca that ooryuting rr$nrpes can bc delivcred at door srcp ruc,h as othpr utility

s€ryices. In 190, tto concetr of viruralization dffiloped. In 1990, rclecommuicatim coryades sUrrcd

thc Vitual Prfurate Nctwor(VPt{). Bcfore &at, dodicarcd lincs wcrc uscd for each ctstomcr. IE 1999,

"salesfqr,e.com" was thc ftst cloud scrvices poyidEr. Now-adays, Amazon is the leadiag clotd s€rrrioe
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pruvidEr. Googlc sEEd cloud s€ryices lnzfJi0/) and gpt a leading plaoc in thc clod ctnpetition. IBM ad
Oraclc sfficd thcirclond scrvices in 2011 sfrZJ.lzrcspectively tlO, 1U.

Clotd compudng clrssificr dcshop services inlo thce pimsry caEgories: hfustrutun an a Scruice

(IaoS), Platfunt u a Servit:c (ru$ d Sofrwarc as a Scnricc (SaoS) I12]. ltesc serviccs uc providcd in

thrce ditrercnt modcls: prirtuc clod pfrfu cloud d hybrid cloud [3], as shown in Figurc l.l. Irdtw-
tnrcfific as a Scmfu:c (Id) p ovidcs phpical rcsources otrlinc (e.g., computing, $orage, rnd nctx,orking). It
pruvides EEn Err, nctc,o* conncctions, sffiege, ad oth€r rclaEd rEsourtes. Amrzon Web Scrviccc (AWS)

fu moct popular IarS seivice povidcr I14]. Apail ftom AIVS, Micm Soft Aatre' Google Clod Platromt Ali
Babt Clotd ad IBM Clotd are thc lcadiqg IrsS trovidcrs in thc Earbt tls-ltl. SacS providm mlinc ry
plications (e.g., rnonituing, financg and cmnunicatioa) b conEumctr, runniqg on proyidEr infrasftctnc.
Oraclc is onc of thc popular SaaS rcrvice pmvidcr [10]. Aprt ftom Oracte, SAP , Cobweb , Muldoft atrd

SaleEForcc rc thc leading SaaS providcm in the cloud EEIGI Ul, 1F2U. eas proeidcs onlirc dcrelop
mcnt bolr (e.g, Esting, analyrir, ad deploymcnt $rvioel) for software dcvelopmcnr Uscr! ad cusmcrt
deriSp softwarc ruittg Eogranming laqguages, libraries, and ofrGr tools. Oraclc CXotd Plafform is onp of
thc populrkaS rcrviceprovider. ApartAomOraclc, AUISI, Googh ClordPtatro,rm,Iflicrosoft Aarc, ad
SalesForce are thc lcrding kas trovidcrs in tho Earbt ag,nl.

Simikly b clotd sctri@s caEguization "as I8ffiioes", frcy are prcvidcd in th€c diftrent models, as

showl in Figtre 1.2 Thcsc modcls ue phua cloud, prblb cld d,hybrful clond. Pltvotc cbd rcsourues

uc visible only fu the organization'i utors. It ir expcnsive and oaly laryE oryadzations utilize this, hsvr

high sccurity conpcrtrs. National Data Base and Registration Auhority klistan (NADRA-Prtistan) t23I
irdailylifeuccofaprivalcclondcomputinginktirtan- ntbfracbudcomputingrEsouruescanbehircd

by anlonc ftom public aftEr getriqg regirtration and sig[i4g SLA. These scflices Ety be Fovidpd by thc

busitrGst, academic G govtrrtmcnt . Google, Misogoft and Amazon arp thc cxarylc of a
public clod provider, popularly urd in pubic. Eyffi clottd ooryudng is a cmbination of both priwrc

clottd compting aod pnblic clord computing. This rcquircs special ee.hnology b cmblc thc portability of
data and qplications [131. UniwrsitieE, 1royiditrg thcir s€ryiceE to public arc examples of thc hyhid clord.

As discustcq ,aa$ proyidm phy$cal rEsourccs (e.g., computi4g, rrrcrnfiIL storagp, end nctyortiry) onlinc

as s€tricci, as shoum in figurc 1.3 . Thc traditional way of uri4g phyrical rEEorrrreeE has ffid limitations.

Firlt of all, oorytru infrastrucutrc cost ir high; cocondly, tlre are many isnrcs in cmfgurrtion, nan-
agEmmt, and nainEnance tZ]. llerefore, small and mcdium lcrel organizations cauot invcrt capiAl on
raaS 4 6c itritid ctrges of hnineor. Ttsy cinply hirc LaS scryiccs to $rrt their buEine$. IaaS clouds ur
gnoreirg rapidty 6an other cloud sewiocr. lte Compoutrd Atrnrral Grwth Rtb (CAGR) is?n.4 pcrcent

otrcr the Nls-2trn filtrrlstpcriod.
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RrbllcCloud

Figrre 1.2: Modcls of cloud computing

Aeneratty, IaoS udlltt fum ir thc pimary EEthod by which cloud tusiness ctrccers is deffimincd. In basic

Etrlrs, it ir a meanre of thc acnrd ruyElrtrc erflrd by ass€ts against 0te poEntial EeEnuG thcy cottld havc

eamed. hlaas clords, virtralization, panllcl and distihrcdproceming echniqucs arcurcd o inprove thc

utilization t25]. h virfralization, single hardwarc ic shrrcd with rnany uscrs. In paallel pnooessi4g, many

applications alE nrn in paraltcl simuttrncouly. In distibued pmocessing, hcayy rvo*loads are processcd

on diftrcnt solrErs [251. Utilization plap a decisivr rolc; in sasc of high utilizatiom, thc rcvtmrc inc,rcases

othprsisc rcs(rurpcs rcmain undenrtilizcd ard cauot be claimed in futurc and are wasEd W,zEl.

Ib efficiently allocae the rcsonrces, diftrcnt laaS rcludnlhg straEgies arc used b badle thc cusburers'

wo*load. These policies grcatly aftct tho rcsourte'r utilization, customcrs' satidaction and poviders'

ruyEnue. Widely uscd policics arc strtic and dymmic scheduling. In static scncduling a prior rcquest is scnt

for resoulpes, whilc in dynamic $hduling, rE$rurpcs arc dlocarcd acrordiry b cusbmcr neds [29]. In

casc of inefficient rEsourccg allocatiorU it crcaEs undcr m ovcr-utilizatim issucs.

Ibaddrcssthcnndcrandovrr-utilizationisrucs,fedcrarcdcloudcorc€ptwasinuo&rced. Fcdcrzdcbudk
the uion of difrere,nt cloud scrvice providcrr. lbcy hire aDd shrre their scrvices fm higherrcsources utiliza-

tion and custom€rs' satisfactim. In a fodcrarcd clon4 providert pmovide inEml rcsourpes b the crlstomcrs

c &ey rcnt exEnal rEff urces ftom othcr prcyidErs b Batiry the customcrs' needc [30]. Fedcrabd cloud

concept was intofirced b hatrdle thp resources scalsbility and load balancing issuos. It helps thc limitd
lEsourpeE providcri to extc,Dd their businccs. It efficiently utilim thc providcrs' rErouroes boe in undcr ad
ovtnrtilization r imitrtlion of thc fodsatcd clord is ttat thc providerr arc compellcd to hirc ftom thc unim.

They have b follw thcpatioilrrnrles ardrcstsictionr of fre federation [31].

Vitual scrvices craEs rurtrucst situation in ctsbmcrs, thaufore, an Sqrice Level Agl€emcnt (St A) is

agrced betureen thc pruvidcr and crrstom€rs. SLrt is an agrccmcnt to hlild tntst betuteen thc scrvicc ptovidcr

and cmgum. It c,nhanoec customctrr' satisfrctim by achiEving Q,rrality of Scrvice (agS) and impoves

thc rclrrtionship bctcrccn stack holdcffi. Penalties arc imposed on dpfaulter 132,331. As discussod earlicr,

rnassive transit is rhifting tmrards thc clond. Not only thc organizations, public ir also uing fre clond

Atzal Bdthlh I 2GFBASIPHIrcSft I 5 tuscldIn
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Figure 1.3: Infrastrucfire as a Service

in diftrent wayr. Thcreforc, It ir extrmcly nooesEary fc fre cloud busincsg to haYE clear-cut SLA for

custom€rs satisfrctim and quality assuranoe t34351.

Librvisc, thc scheduling ffi[ prbc dcls arc vcry important part for cusbmcr attractim and satidac-

tion Numbcm of prices modcls uc uced in cloud comprting. In ticrcd pricing, services are dividcd into

difrcrEnt tircs, hsving difrerr,nt pices. In rmit tridng, custmrcrs uc cnarged on a unit of space or band-

width used. This pricing mcchrnism ic morc fl€riblc then I ticrcd pricittg mcchanigm. In rubsctipion base

tricirry, cusbmcrs arc charged accoding b &Eir nrbrcription. Cusbmcrl get a dircrrunt by early tEsetra-

tims. Ilc downsidc of this trircitrg modcl are that 6e providcr giver guaranrced ccrviccs b customcmr, also

undenrtilizatim wrsEr the rcsoltrEcs. Usaggbased eicr4g is dso uccd by Amazon, chatgfuU according o
crstm€tr'c usagp [3O. lnmAucinU difrcrrent pncfug modcls in one busincsr ir complex howeytr, it attracts

morE cust(mcr!, vfrich improver the rcsources utilization [34.

This thcsis Eain focus is the Fovidffi' ,Evcnto nzximizltbn We have investigaled p€rformaDce mf,nagcr

EcoS SLA and pcnalties Eanagemcnt, r€srnupes scalability, customfi sstisfac{ion, rEsourcet managEmcnt,

cost EanagEm€Nrt, and pnces ErnagEmont. Ilc proeosd techdqttcs handle fout difrerent scenarios i)
fficicntly hanrdling thc masEivr dpamic workloads with limibd undcrlying rrsourres ii) managiqg perfor-

hrrn 
_/-

illlt
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mance in case of high utilization iii) cusomcr ratisfrction to attsact EltrE cusbmcrs b ilraEase thc rcsdrocs

utilizatim and iv) e,fficic,nt resources EanagEmt and provisim.

1.1 Motivation

RevEmrc ir tbc main oonccm of any businesr. Maximizing &c rwcmrc and havi4g pcrfcct marbt place, is

a goal of evcry busincss. rna^s mrrH is gtowi4g up vcry quictly. Toul hpcsanent in cloud oomputing, as

shominFigue 1.4 ir4Tbiltimdollariin Z)13,96billiondollrnin ZJ.ls,lfi billiondollur in20l7,176
billion dollm in Z)18, Zl billion dollan lnzUn and upected 331 billim dollars n2fitl [21. Similarly,

ar shomn in figurc 1.7, thc inieroc,t uccri arc €xpecEd b in&rc8se up b 5.5 billion tp b ZMB [4]. raa.s ig

morc dsnrding thrn otherr clond scrvices. Iu Conpoud Amud Gmouflh Rale (CAGR) ir Z).4 percent in
fu?fiLi-2frn forccast pcriodE. Furthcr, as Ehowr in Figrnc 1.5, morc than 51 billim devicer rc expced
b bc comcctd b tho InEret by thc cnd of ?fi23. tlris fu a big number, syen reven timcc greau than

tbc popletion of thc wholc wuld. Thosc deyiccs will incrrase thc anmnl size of fre global data-sphcre

up to 175 B, shwn in Figure 1.612,3]. Thig attractive cloud backgtound motivaEs the rescrcherf, b
fifihpr investigale thc field. lterc arc number of intcrccting fachr, as discnsscd below, which nced b be

inrestigaled fu pruviderr' rw€f,ure maximizatim.

2018 20t9 7p20

Figure 1.4: hrrcstments forecast in cloud mar&Et (in million)

Scrvice pcrfunwrcc dittctly inffi€s thc plovidem' rrrremrc. Clud rEsourues pcfumrncc covcrs the

numbcr of porametcrr. tt includes nrnning dEE, waitiag tinc, availability, rcliahility and cecruity ac. Thcsc

parancHt thtcsholds arc agreed dudqg tho SLA negotiatim. On violatiom of thesc thrcsholds, defrulrcr

payc pcnalties. SLA violation not only incrcasee cost hrt also crcabs dissatisfrction amoqg custonr€rs.

Thir needs a clcar cut SLA b avoids pcrfornancc dcgradatiom. The part of this disscrtation addresscs a

Uzrl MthalE LA0-FMSIPHDCSIF I 5 tusc6dIn
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Ferfumancc-bascd Scrvice kvpl furcemem (krSLA) o c,fficiently mrnqge the pcrfcmance parancErl

of thc scrriccs withort violating thcm.

2018 2019 2020 2021 2022

Figurc 1.5: Devices fq€cast in cloud ma*et (in bitlim)

Clotd ttsoulres ae rwt ilomblc, if not utilized on tirne, revcnuc is not gcncrabd" Also, efficicnt use of cloud

rEsoultes is a critical issuc. Wherc lowcr utilization minimi2ss thc povidcrr' rEycmtc, mutilizatim also

s€aleE issueE for clord providcm. In exft,mc utilization, pmyid€rs reject somc of 6c cxisting ctnbm€rs,

having mrssivE u,ortlo8ds. R€frrsilg thc crurmcrr' ruquest cr€ales disgatisfrction Morcover, rcjccting

massive wortload dispossess providcrr ftomhigherrcrcnrrc. Tbese issuca with thc clord rcsources motivaE

thepovidcrs o cxellcnfly utilize thcrcsources within tine andcfficicntlypruvidctto rtcouoes accordiag

to cusbmcrs' requiremcntr. Ib hadlc thcsc isnrcc, part of thir thccir discusscs the efficient ad smrt
rEsourpes schcduliag in clond compting.

ftiiiil
2017 2018 2019 2020 2021 2022 2023

Figue 1.6: Data spherc fqecast in cloud m*il,@)

175

I
2025
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Priccs play an activc role in cusbmcrs' satisfaction and attrrctim" Wh€rc price is dircctly proeqUonat

o pcrformance it is drc inverscly proeortonat b cusbmem' satisfactim. Maftet ncods such likc pncing

EodEl uftich addrress 6c nccd of lwcr pricer md higher pcrformarce cusbltErt [3t, 39].

lll
2019 zfJzo ?,J,zt 2022

Figue 1.7: Forecast of users, comecting to the inErn€t (in billion)

Aswrcr safi$actfun is a primary oonccf,n in bucinccs, whie,h shfirs how mrch seivices arc fulflliag thc

suEtonef,B' neds. Ctstomers are the measuEr of rcpurchrses. It is Etrc suitlblc econmically b rctain

existing cusbm€m then br rnab ncry oncr. Usually, conpsnics spend millims of dollan oa cusbmctr's

atbntion, ItowetEr, a small iweEtrncnt in cruomcrs' reEntion bcoofits morp. Ctrstomerl are the poHltid
of any compary A global survq, by AocenUrc Global Ctsbmcr Satisfaction (A(rcS) r€port (200t) shows

that pdcca arc not the most imputant conccra, thc moct important ir cusomcr satisfrc'tion scryice. Success.

ful custom€r satisfrction scrvices incrcasc Custmer Lifetimc Valuc (0.V) which cnhance thc cmpany'r
profit Accordiag b McKinscy !f01, 13 pcrc€nt of uhrppy cusbncm ell about 9-15 pcoplc about thcir

ilpcriilccs. Custmcrs' satisfrction is Eost impoftant for revcnuc and repurchares. Cusbmcr's rcEntion,

rcpeat prchasc and tikelihmd to Ell othem about the scrviccs are thc tey curtorrcm' satisfrction mrtriccE.

1.2 Scope of the Research

This thesfu investigaed the rcvcnuc maximizatim of thc prcvidcr, biling limiEd rcoources o handle hearry

y,orkloods (blg daia). Connecting b thir, thrcc difr€rcnt Echniques hsr/c been ptoposd o maximize thc

prcvidcm' ruvctue. Thc ccopc of lhis study is givcn below. Ihble 1.1 ako prcscnts the ccope of this thcsis.

. As diEcusscd earlic4 thir thesis covtr cloud pmyiderg' ruyenue maximization and cusbmst' satis.

frction.

Chryc 1. InEo&rctim
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. R€sourtes limiatim and arached challcnges are explored in thir rudy.

. Rcsourpc scalahility, pcrfomance, pemltieq cost, Ficcs, cusbmcr dir-satirfrction, and rsvEnuc arE

thc main challcngee which arc directly aftcEd by rcsouce limitatim. This sudy iurutigped dl
thesc cmplcxities.

Thble 1.1: Reserrch scope

Ctarectenirdcs Rescemn Sope

Parties

Objective

Methodology

Wo,rtload

Resources

IaaS cloud pruvidcrs and consumqt

Provid€m' rsvenue maximizatiqt

Resources scalability and crrstomcm' satisfrction

Cloudlct as custoem's wqkload

YIVIs as prcviders datace,nffis

13 Researrch Aims and Objectives

Cloud service providerr, pmvide deslilop scryiccs onlinc. Thesc services Eay bc in Gms of hanlware or

softurue. Cloud courputing is the fuhrre of flro cmi4g wmld. In thc ncxt gEncratioo, it wiU be thc put of
evcry field of life as today computsr is an ess€ntid part of evcry field. Irryp ransac{ions on thc clottd will
exend itr marbt.

The main objcctives of 6c proposcd model uc.

. -Ilow to optimiu rlcsotrrlo Willutbnfornubtwntwcnu?

Ctond rEsourges arc not stmble. Rprourcer not utilized m timc, arc wrsEd. thcrefore, undEr-

utilization of clorud cmputing rE$rurucs is a critical issnc, which dittctly niniuizes thc fovidErs'
leuenuc. Rrtcrmorc, the crubmcrs hire smc rcsources butlaEron, thcy donotuse them, suchlike

rEsourum ue also wased" Tbis topic hrs becn inrcEtiglled but nceds furttEr erplomrtion.

. -Hav n wisly tlu lutctogcruotg cuttorun; dcnuttds wirhtirnitcd rusowxcs?

Resourcc limiation is thc baritr to rffinuc generuion. The concept of federatcd clord was in-

to&rced b d€al wilh limitod rcsourpes. Howevrr, Fd€rarcd Clord dso has restictions on hiring

rEsouroei from specific prcviderc rcgisH€d with thc Fedcratcd clord. Evcn though, such rcsources
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Chf,E l. Intodrclim

maybeeasilyandmodcrarclyavaihhlcftompmyidffsortrlidcthcfedcrabdclord. Thisrcsultina
kind of mmopoly, whcrp a hircr is compelled b hfuc from a specific rcller.

. -How b ueatc a god SIAfur cuanur sat:$rctfun?

Clodcmptiqgisnotfacctofroehsincss. Prorridempovidcsavicesonlinemthcinlcrnct lhere
is no dircct conmtnication betwcen theFoyidcr and cmsuEcr. In such a scario, fu the ctrbmcr
and pruvidcr, it fu hrd fG boflr b tnrst each othcr. It ir 6c nced of thc day ttc prrovid€rs htw b
ncgotirrc a cler+tt SI,A b sttract mqr crsbmcrl and b incrcase frcir busincss.This satisfics ffi
cusm€rs as wcll asproviders.

. - How a opimiu priccs otd prichg plicics o caranaximtm rsctttu?

Prices play I vitrl rcle in any hrsincss. In the clou4 eonrc cu$omcrlr ncd high pcrfomrance and do

not carE abot* prices, whilG sulrc carE for pnces hrt not fm performance. Highcr prices dirsatisfy

thc customers, howeyretr, for optirum pertrmancc, highcr ficcs erp psi& It is challenging to satisfy

divcrse cusb,mcrc forpicer and pcrfomance. The aimof 6is rcsearch sudy is b fruthcriunestigaE

fte pnce policies b Batisfy thc cusmmcrs so that flre revcnue Esy b maximized.

. -WhlimiudlaaS rusurccs andnwhnnmuillutiq howtomfufutwthc SlAsvioldtd.
tonoxirniu ruyauu?

Fenalties play a wonc rolc in 6c cloud computiag hrsincss. It also minimizes the ctsbmer rctcntion.

PEnalties arc usually caurcd whcn non-scahblc rrsourrces are osudlized. Scrvicc p,mvidcm accqtr

theloaddSLAgfurgvenrcmaximizationhthEron,cannotnrnthesewo*load. Suchlikcdeci-
sims lcad to SLA violntions and peorlti$. Thc aim of thic strdy is to handlG the mnrsiyc ruo*load
with limiEdlrsoulper.

. - How a cflficiartty rrronage thc rpsoutxcs Wvlsf,onlor luauy lmdcd SIA to avoid SIA
rujcaion?

SLA Ermination is a maju o(noern in thc cloud cmprdng huincss. Thc rndn facmrs b 6c SI^A

Emilutionarcthcrcsourtesnon-rcalabilityandwrr-utilization. Furthcrmore,moctof tterEsoturel
uc wagEd due to incfficicnt tesourpe schefuling polices. Rcsources schcduliag and rcsotucc mtn-
agament needs furthcr in Esdgstim for bctE luyEiltc and performrnce.

lA ResearchContributions

This dissertation oovrcfis the cnalbngcs ffirads tho providcffi ruuEmrc maximization. We propoaed a framc-

v,otttoc'ftctftrclyoptimizeperfumancepenalties,cost,andrsycnuc. thedevelopedfranewortisincor-
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pmaEd in simulation and thc apffii was EsEdin varioru bpologicd and mporrl conditims rcsulting a

gr€at dcal. Thc dEtail coatibutims of this rtrdy arc givcn below.

. TbhandlcthcherogeneorucustoErcrrdcmandcdwithlimiedrcsonrccs,weinfiendtodesi8Bulp

proachwherc a rcrviccpluvidcr, ifowloaddorhaviqgoutmterrmorc thanthc railabletteotrceq

can s€rrE or ,rir" an qtcnul ,csor.rxc anyrvhcrc it ic availablc comtic,ntly and modcracly. With cr-

Elal rcsourtos, ftc Foyid€r having limited resotrc€s may exend the businccs. nnhermse, it dso

frcilitales troyidErs b rltltrourpe undcrutilizcd rEsourues.

. Tb ovcrcmc thp rcsotrocr utilizatim issuc, thc prroporcd appoach ties o efficimtly utilize thc

lEsourpes. Thc rcsourgcs, which are undcrutilizod, may be gvpn o crrsbmcrs uring rugotiatiot-

bascdprichg. Thc bcoefit of negotiation-bared gicing is ftat it geoerales sunc rsycnuo insEad of
wasting all undcrutilized resd[ces. Rrthcrnorc, penaltiec arc also not impo[cd on SLA violatims.

ftc propoaed framewmk strivEr 5 minimize rcgourtcs wastage by oftting ncgptiation-buod prrcing.

. Ctrstomcr satirfaction is pimry concem of any hlsitrcss. Clond huincss totally dcpends on the SLA

signcd by bo(h prtier. Ib nrintain pcrformance and cusbms satisfrcdon, tte poposed appmach

tw furfumarcc bascd Scnrir;c la,cl Agrpcrrrat (PcrSIA) to proyidc good pcrfumance rervices b
thc cusbm€rs. This modcl opfurizEs thc perfumance, cosf and prices to sadsry both thc trovidEr
andconsumcr.

. Price plays a vial role in cusbrtrcn' satishction. The proporcd apprroach uscs cuEbmcrs' suisfrc{ion

Echni4rcr to atrnrct and rctain M. Cwnnets atp diyided accudi4g b 6eir dcmands ad joint

prices arc otrcrcd so etrery custorncr mry be satisfied as pcr thcir nreds.

. WithlimiEdlaaSresourccsandmaximmutilization,itirenaflengingonaintainpcrfornrance,The

troposcd framcntork tries to maxinize thc pcrformaocc and rcsource scdability W hit'lrng acnul
,csourecs urd usi4g pcrfcmrnce-based Scrvice l.crel Agrcemcnt Wift optirum performance and

scalrblc rcsorEcq S[.A violation wil bG nininized.

o l! minimize SLA rcjection, in the poposcd Dodcl, SIA docs ,ot lud to tcrmilution dhccfr. Wifrr
earlier violations, priccs rc dccreasc( which re thc initial indicator b 6e FovidEr b adjrut thc

pcrformance. Thc initial dccrcasc in pcrformance does not arog pertormnoe and cusmnEr satitrc-
tion. Cusbmcrlrarealsorcimhrnedfclwerpcrfurmanocwithrcspecttodoryntime.lhemeforc,the

initial rcfuctionin pcrfornrnce do notdeinotirnrc ttcm.
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15 Pnoblem Statement

tbrvar& thc laa^s clord povidcr'r ruyenuc naximizatiolU pcruhics d ctttwrcr dissdtfrctiln Play a

criticsl rolc. Clord coryuting rEsourpcs are pcrishable. Maximm ruucruc cm be eamd by maxinum

utilization. In thp clgtr( moct of tbc providcr'r ruuEoue wrsE in pcoddes paymt Clotd prcvidEm elso

looetheirsrrnomcrsducbtbcirdissati#ction. Ctutom€rdissatishctionandrcjcctiumcansloEof wastsgp

of rwenuc.

This thesis addrcsscE t€tcuch Fobl€ms arirc frrom thc followittg quertion:

Wth lirniad rr;not rxcs availdilitty otd lt*rugauous ctmtonurr' dends, low o t toxirrtio

rtc ptwiden' tzvqrw and pcrfunnnrcc by nfufinnznng SIA t'alofril ud mnurs' dissotis-

lrction h lad clottds?

P.1: With limitcd nsoutecs,itis Erie challcngiry b mcet dynamic and rnassiw cusbmEr dcmamds.

Hig[crutilization urc,ftuing any SLA (cummcr) drivcs topenalties, whichplay shsrndousrols in

thc cloud busincss. In the ffErudlization phcnomcnon, insrad of maximizi4g the revcruc, a ptovidcr

wa8Es most of the rwenuc in payiag penaltier. hovidcrr haviry limiEd rtcourpes ac not able o
acept hcsyy loadd SI-AI. All incmiqg rcqucsts must bc lcss then m egal to thc cyailable capacity.

\ C ustrrner cW or k Ld 3 T dal Rneour @,a

tdt
(1.1)

ltis c@dition caEaEs dissatiffictim anong cusbncrs and prcvidcm hcavi4g mersivs wkload.
SLA, is violaEd orrcjeced&rc b limiEdresourcer.

P ernltiee x N umbero I S L AV idotian (r.2)

f,thcrc pendties increascr as the SLA violatiol incrcases (equatim 1.2)

. P-22 furfonwrcc, lmultics, cost, amd, narcntu arc thc kED, facbrs to rEvEDuE gpncration. Thcy have

a cmplex conplation aditgpts muc complicarcd in the absence of apopcrframflrort b clearly

dcfitrc thcsc factsr. SLA ir an initial docunent wbich negotiaEs therc parameus befurc huincEr

inidalization. Usuatly, SLA violatim (rccun duc to thc owrutilizatim of limitcd resources. Tte
povider is pe,ndized fm erch SLA violation which wasEs most of thc rcycntrc.
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Pq q. Rat

Per xl/t1

Per x7g

Reru x,l/2a

The aborrc crmpsison, eqntion no 1.3, 1.4 1.5, ard 1.6, explains that an increasc in performance

(per) naxinize the rcvcnuc (Reu) and minimi2s thc pcnalties (Z), howevcr, performrnce is also

pnoeqUonat to thc cort (1), which ic inwrcly poeutonrt b thc revcnue. TheEc paramcffir have

a complcx cmclatim. Thc siuratiotr gocs womc and cmplicaed if thcre ir no prcpcr francutodr,

which clearly dcfnes thcm"

. P!3: Under od ovcruilizgiuis thc -qjm oonc€En of IaaS puvidcrr. In cxpectation of high rcvenuc,

provid€rs accept mue SLAs whie,h tead b ovrrudlizatim. Somc dncs, in casc of lmrer quality of
mflbdtrg, ptroyidcrs arc not able b gct propcr cusbncrs to utilirc all thcir resources. Rutheinm,
urually, in clordcomputi4grrsorrrees arcrecenrcdfccurbmcrs, ryhich are notutilizcd and wasrcd.

Rn soure,sU tilizdion q. N umbrO t S Lk (r.7)

Ranrure x Rpa our e cU tili z otion

Rcsourpes utilization (equation m 1.4 ad rpwnue (equation no 1.t) arc dircctly popctional to tbe

numbcrof crubmcrs, utdthe numbsc of susbmcrs arc directlypoportional b rcsourtesutilization

and revenuc (egation no 1.9 8rd 1.10).

(1.3)

(1.4)

(1.5)

(1.O

(1.8)
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Rnaour eaUtilizdim x N urrfrerO f Cwtomen (1.e)

Raaenrrc x Rcsoure,aUtili zotion (1.10)

. P4t Prfuing plays a vial rclc in cusbmcrr' ratirfrctioq rcention, and anraction. Diftrcnt pice

modclsarcurcdinclordcomputiag. Somccusbmcrrnccdhighpcrformanceandpaymue,howew,

somecustomcfficannotpayhighandacccptlmpcrfomnanceresourceswithsuitablcpicer.Insuch

li&e sitation, there mrut be an attractiyc coct and Fciqg framewotk

. P-5: Ihe rccent advances in Infqoation lbe,hnology gI) and infrastrucurrc fircld a mrssirc truui-
tion from in-honsc Infumation and Communication Tbchnolory GCI) scrvices b cloud computing.

Rrthermorc, ncw datr processiqg puadigms (e.g. Big Data) hsye opcnd ncw business models, crc-

atiag ncw echnological rcquircmcots ad incrcasi4g thc ncd fm cloud scrvicer. Duo to ffre lage
scale of data ud inEnet busincss, exEnsive urtomatioa ir rcquircd. Thercfqc it is ess€ntial b haye

charcw SIAb Ewid disastrous cos€que[ces in the cusbmcrhrsinesr.

. P-6: Rcsourccs rcludtlhg m exrnral qord Service Prrovidcr (CSk) playr a vuy imputant role

in clotd data centcm. A good schduli4g policy maximizes resourte utilization and ctubmcr satis-

frction. Bad scheduliag scrercly affccE thc pcrformancc of the provider. This not omty atrects thc

pcrfmmarce, hrt it dso inscases thc oost, coo[gy consumptim , and crrcbmcr dissatisfrction. Thoco

arc the mnin lpjsoras that rchefuliag policies are the rnajc ourccruE for puvidcm t4U.

lbwads 6e IarS clottd providcr ruvEnuc and pcrfrrmaoce oetnizaUon,P-l,P-2, P-3 , P4, P-5, and P-

6 cleady $mv 6at undcr and wrrutilization, pcndtier, perfmmana, rreE(lnee scahbAliry, cost, and priocc

mrnrgem€nt, proper SLA managment, cusbmcr rctention, and atmtion urd cusbmcr disr*isfrction plays

a sitical rolc in rcvcnuc naximizatim.

1.6 ThesisOrganization

Tte corp chapters of this thcsis rc dErircd ftom rcscuch papcrs wdtEn durirU the PhD. This thesis is

diyidcd ino thrce prtr. First part disouscd the hiring exEnal resouroeE, 2nd diffirssed the perfumance

orptimization, and &c thidpartdircussd thccfficie,[trcsonces scneduliag on crErnalrcsourcec fonrevcmuc

maximization. The thcsis stnrctrrc ir shown in figure 1.8.
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C:hrytcr 2 explainr in dctail thc rcvcnuc rnaximizatioa preUmimt*. This cxplorcd 6G main ParamcErl

I 
* thc supplicrr' rEveruoE, directly or indirectly. Thir enrptcr is putially dErived ftom the rticle

Afitl Mttuh, Amyar Gltallti arrd Ali Dad "Cunprulunsivc survcy (m rwcntu naximizp-

tbn: Rcscaalclt clwllcttgcs ud qpou,Iusu Rcrcoxh clulhttgcs nd qpodus " Tlusoc'

tiots on Aturyitng Tchconnwicoiots Mnobgics, WW tkccpfudfur publicuionl, (h*

Wct@r1.6)

Chsp0cr 3 rcyicws the lircraturc and proyider thc bactgpund rclsvant fG thc oonErt of thc thcsis. l}c
asseisEd Echniqucc and liuanxe uc classificd ino seyEn difrcrent caEgoriel. fitis soctim hclps m

idemtiS research gapr, e;hallcnges, and dittctionr for rcvcnuc maximizatim. ltis chaper is dcrived ftom

At?al Mthalr, Anwu @uni ard Ali lhd "Cunprulwuivc iln qt on rcrtcnru naximizt-

tiot: Rcscoch cdlcttgcs od qpwlus" Rcscarch clulhngcs ud qpodus " Tlanxrc-

tiow on hrcrgfrng Tchcorunanbuiots Toclrrrologfu,n WW tAcccfudlor Wblicuin], (h*

Wctlrcor 1.6)

C[ryter 4 discnsscd 6c prropoced mcthodologgl. CloudSlim ad CXord Analytic arc used b simulaE thc

popored rcciniqucr. Ihe CloudSlim was exEndod b evatub the effetivtncss of tbe popoaed model. The

crpcrirncnal configumtion is codcd in Java to eyahlafie thc opcratim of ttis Eodcl.

Chrpfier 5 iwestigaEs the revr,nuc oetmizaton thoug[ cusbmEr saticfrctim and efrcicnt resources uti-

lization. In cxtc,mc utilization, fts high wmkload is outrourccd b exEual rcsotrce$ which e:rEnds thp

pruvidErhrdncss haviag linircd rEsrnrpes. this chapEis dcrived from

AlTrl Mrluh, Atwar @wti SMdrfrn Srurrrshirfund od Antlony Tlufuru Chrutopou-

bs "Optimizhg IaaS Pwfuler bqw tlttoughCttstonur Safi{rctfum od Eftcient Rcsourcc

PrwisiothginClottdContpwhg" ThcIET-Cuarunicaion20lg,bhoru 13,Issrp IE, p.2913

- 2n4 DOI: 10. I%9/tet-am2019.05 54, 20 19

(haptcr 6 discusscc Fcrformance bascd S€ryice Lcvel Agrcement (PcrSLA) for flsbmcr s*idaction and

trruty bruinesr. PeTSLA opimizcs fre SLA pramcms b an optimum poitrt P€rSLA specified thc psmmc-

Et, thEir thresholds, ad firrcs. Alggithms Eoniffi services and try O improve pcrformance in thc caso of
a friftup. this chspffi is dcrived from

Atul Dadtholr" Arwar Gllrlrlli, Gilueppc Acco, An onb kscap'c, and Shalub Sharltrshir

M " " futfuntwrc fuscd Scrzricc lzvcl Agearunt k cbnd cotttpwhg n naximiu prwihtx'
rcwnuu lEF-Comrunicuion W,aru 14, Issru 07, p. 1102 - l l 12, 2@0 (htryctfrctor 1.77)

AIul Badshoh I 2G FBASIPHDCSIF I 5 tugc 15 ol l9O



Chrycl. IaEo&ctim

C:hrytcr 7 diEcrutd the dclay ad rundng time minimization b maximize tte revenuc. lle ignrc with

hiring cxunal rEsoulces is tbat it incrcases the cost in ErEs of cner1ry consumption. Ib handle this icsuc,

such lib cxunal CSIPI uc deced which have thc bcst ruming and dclay timc. This chapG is dcrived

ftom

A{ul Mttult, Atuts Crrutti" Azpcm Inlu4 Httsruin Naqvi arrd Sarr.I&truri u&twt

Rcsourccs Allocatiu on Encrml CIM Scnicc Wn (CSPI) to Mifinnz, DcW run tW
Tt tE andTlzrrSn Cafi\ hfrrnatioul lounul dconWtcr Scialr;c (IICS) 2AL WhCIu 34,

Issu 03, (hrrgct facb? 1.34)

Chrpficr t propocce a rcliablc frarewuk frr monitoring providcr'r tcrvices by adoethg tbitd puQy mon-

iffiiqg Ecryices with clearcut SLA and penalties EeagsmEor Sincq this framcu,ort monims SLA as a

clord monituing scwie, it is namd rs Scrvice Level Agrccment Monitoriqg as a Scrvie (SLA-MaaS).

Ttischryffiis dcrivedftom

Afitl fudthatr Atccqa tful, "SIAMd: Scmicc laurl Agrxarcnt noinrhg thtwgh

Monibrhg as a Scrvicc" BiS fuA I In prodrctiot] ( Impact four 2.6)

(hrptcr 9 is thc comparlrfi'rc analyois of the prcposcd frmewck with others. ltis cnapH is putially

dErivEdfrom

lltd Mtlul6 Amyar Grwri, otd Ni Dd 'Cotpruhasivc suflct on raeruu nwi-
ndutfum Rcscarch dullcngcs and qptwlus " Rcscuch cWlcngcs od qprudus tt 7fu1s-

actiots on Fmeryhg Tcba nurunicuiuu Tccffigics, WW lrcccpted for pfilicatbn],
(Inpactfacar 1.6)

Ctrytcr 10 concludcs thc thcsiE with a summrry of the mein findingr and a disctssion of futurc rcscarc,h

dircctions.
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Chapter2

Revenue Maximization Preliminaries

Crcosamng high revcnuc is the ultimae geal of every service pruvidEr. In any tlryc of business, rrycnue

is thc mdn soDoern. In clotd oomputi4g, major pramcrcrs 6at sffcct ruuenue arc, the pcrformance of
thc rervicer, SLA and penaltics mrnag€m€nt, rEsourpes scdability, rtsources utilization and rchcduling,

ctutomcr satisfrctiort coot and picc rnnnagemcnt, and auction aod advcftiscment t16]. This cnapm covur
the prcliminaries of the thesis. Ihble 2.1 shms ftc ermimlogies used in this thcsic.

Inclotdcomrpttdng;datais gorudhnorutlwtomplrccs. Thffifor€,if itislostcsmcstolagedeyice
crrshes at onc place, it can be recoverod from othcr placer as shown in Figrue 2.1. Name nodc rvork as

a Ecwcr o @ thc ad&css of drta sbrcd on data nodcs. Dara is repHcaled on difrerrnt daa nodes for
secudty and rccovery purporcs. qoud computing Frovidc large data sffiage capacit,r. Cnstomcri only pay

for datt stomgc as pcr their use. Data sbfiagc infiastrucurc ir physically imisible b ctsbmers and it doca

not occupy their office spaacs 1421. Googlc cloud uscs hsdoop file sysun b sbrc and hadlc thc big data

t431.

Locatiu indcpndencc is onc of 6c maju edge of cloud computing. Cusbmcrs fitrd th€ saEE dcsktop

s€rvice on thpir ruryE. ltey can acoess thc rcrvices evcryrvhae in thc world uftc[E there is an inhnet
conncction. Irue to thc increase of had-held deyiccs, clond conputing is gtwing rapidly and is goiqg

more popular. It aubmatically Esmgw and rcpairs itsclf from rime b tino. qoud conrputing 1novidcg
scrvice on dcman( always at any timc, and anywhere [44].
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Tbble 2.1: Tbrminologies used in the thcsis

ftlm Irctuldm

Clondoomputing

Service l^evcl

Ag1ccmcnt

Quality of Service

Fenalties

S€rvicc Lffil Ob
jcctiver

Serviccs Scdabil-

ity

PhysicdMachinc

ViftulMachinc

Clord Service

Providcr

Clord cmpting pruyidcr tbc deslilop cotrtputing scwicer onlinc m thc na-
reort. Thcse serviccs arc caegcizcd as IarS, SarS, and k$. Cloud pruviden

chargcthccustomcraspcrruagelikeutilityrervices. virtulizationecmi+tcg

are used o distiburc thc rcsourccs arnong ttc users [451.

Clond is a virurl marlrct, thcrcfop, the services ag1ecmcnt fu iE crucid paft

SLA is an agcomert, agt€d bctxrecn scrvioc pruvidcr and consumcr. Ihtdld
Scrvice kvel Objcctirc (SI0)r rnd paramcur arc dircustcd and EigDd.

Plqulties arc enforced in case of violatim ['161.

The clord scryices ptrcly dcpads on QoS. Itis oovcrs thc lffil of scrvices

disc{sscd in SLA" Thc deftuler is penalized as pcr thc agrced pcnaltier stnrc-

hrc. In clou4 delan thonghpnt and resources avrilability arc cmsidcrcd as

Qos t4A.
In casc of QoS dcg1a&fion or SLA violation, 6c proyidcris pmalized as per

thc agr€cd pcnalty ststrcurc. Penalty is pard in cash m decrpasc in Fccs.
this altract cusbm€rt to tstut thc ptovidcr t4tl. FEoalticg arc ttc mein 1psstr1

tffiards ruvEilrc aegadafi,on.

Thc SI.o iE thc influcntial elemcnt of SI-A. Ttcse arc thc Esin objectives the

cusbmcr dcmards and agrcd with Clond Scrvice Providcr (CSP) t4tl.
Scrvice scatability fu thc cnrcill prt of fre clord scrvioes. If the provider

is able b scale the services as pcr thc cusmmcm' wo*loa( the scrvirs arc

called scalable. Horizontal and ycftical scahbility is nsod in clod cmputiag

t4el.

Phfical machinc is a hardwarc bosed cmpcr. Thir uminolory ir used o
difrercntiab the e,mpuu ftom vfutud marnincs. ThG yfutual machines Ec
crcaEd on physical macninc [50.
It is not poosible to pruvide indiyidrd physical rnachine b cH crsbmcrl.
Theirefonr, theph5nical machinc scrvices are virfrrally dividcd among ttc avail-

ablc rcrkload. A rcpamaa virtrral machine is created fu arery cusma [501.

Clotd Service Provi&ris s compatry whichprovidce the cloud scrviccs to ttc
cusbmcrwiag virfualization. Google, Amzon and Salesfuoe uc thc leading

CSPs t2l.
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Figrre 2.1: Strucfiue of cloud stonge

Ibtrm Irc0nldon

CXoud Information

Syrem
Clotd ldumation Sysm (CIS) contains thc dctail infamation of thc cloud

services ard SI.AI [5U. The detril infcmation about wo*losd and the rc-

Eourpes arc stsed on it

Thc most atrrrcdng fcaurc of cloud computiqg is rt4 itcolwcrfi cqlnl c*pcrtrct b opcmthg qcr$cs.
Orgadzafiom have not to oonsunc capital cxpascs at thc strt of thc huinesr. IE s€ryiccr can be available

on rrEly lw prices. Drc to," Wy aJ you gd'featuq small and medium lcvel companics can hire high
qtulity ssvioes. Serviccs arc providod at customcrr' door r@. It it utllity scrvbc gstlike clectricity, gas

sndElcphomc. Ctlsbmcrlgetcmnecadwithanycloudprcvidcr. ThcygcncraEbillaeordingbcusbEcrt
nscs [52].

In clod cmputing, cvcryfiW k h custqrun' a nfrol afracpoding b their nccds. What , where and horv

to use, arc cusmcrt' dccisionr. Scrvicer can be cusbmizod aocoding b frcir rcds. Due o customizltion,
they do notnccd b payforinelevantfimctios andapplications md also incrcasc the spedof rylicatim.
Maimancc is mc of thc major problcm and hrdgct aftcdng in taditioml m f,,uld. Clord cmputiag
rcducc 6E nced of IT cxpcrtr for maintenance of intasuucurc. ProvidEr is responsiblc fm every t,,pc of
mnintrnancp p!1.

Ooud cmrPrrtiag b higr.ly scMh. Cusbmsr can increasc or decreacc rcstnnres rccodhg b thcir or-
gsnizationll necds. InfiniE rtsourtres arc availablc m cloud scryElr. \tirtulization fu tho main enablcr of
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f---t.fanr \
\nldrutftr& (( mpport )tl-/

Figure 2.2:Yhy cloud

cloud coryuting. It shrcs thc rudcrlying infrastucuuc ammg m'ny uscrs. Errery uscr thitrk that only

s/hc is ruing thosc s€ryices. All thiE ir porsible due m virtulization, puallcl and distibued procesdng

rcchniges. Thclefonc, it providcr vcry hig[-lcvel utilization. Cloud corrputing pruvideE rmlimiEd spsoc.

Ctsomerc only pay fc that storagE ryhich is uscd by thcm. Clond p,rovidcrc EiNe 9.99 % cmmitmcnt of
availability of stucd datr 1541. lte chancrcristics of cloud comprting is stlryn nfigue1.2.

2.1 Perfomance Management

Ib llcep thc end uscm satisfie4 it ir cnrcial b pruvidE high-pcrfonurne scrvioer. CtstomcrE buy serviccs

m cloud comptiag for pcrformarce. It ir very oorylicated isEuc fur thc clord proyidEr. It is also chsl-

lcngirytocowstdtcpcrformanemanicerbErmtitativcmaficcsformcannemcot Clotdperfornance
diccusEes thc response tirne, nmni4g time, re,liahility and availability. SLA implemenc ttc agr€d pcrfor-

mance pafirmeteffi. Thc perfomance of the serviceg is EEEd by load E$, st€ss esg functional Esg nnd

laEncy Est [55]. Thblez.z show the abbrcviatims and notrtions uscd in ttc chspttr

lou*cort
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thble 2.22 Listof abbrcviatiotrs and notations usd in the thcsis

Abbrwlrtionr llcrcription Abhwhfions lleccrtption

ICT

SI,A
PaaS

AWS

SL0s
IT
Etr
PMs

SPE

RSF

cc

raas

Sars
CAGR

aos
ss
cLv
VIvIs

RQE

ASF

ILP
PSI-A

cs

ptrof

CSPs

CIsl

Informatim and Commui-
cation Tbchnology

Serviae Level Agrcemcnt

I{atrorm as aService

Amazonlleb Services

Scrvice L€vel Objcctives

Infonaation lbchnology

Efficiency

Physical Machines

Service Provisioning Engine

Response Satisfrction Factor

Cloud Scrvicc Providcrg

Cloud Information Sysem

Ferfonnance based Scrvice
Iflel Agrce,mcnt

Cloud ServiceProvidcr

Clord Computiag

Infrasmcturc as a Service

Softrvare as a Service

Cmpound Annual Growlh
kte
Quatity of Scrvice

Scrvices Scat-ability

Customer Lifetime Value

Vitual Machincs

Requcst arrcuc Engine

Assrumce Satisfaction Fac-
tm
Intcger Linear Program

Pergonalizcd Serviccs Lcvel
Agrecmcnt

Customer Satisfactioa

Profit

PoTSLA

csP

2.1.1 Exeqrtion fime

Baccvtion tbp futts the btal timo tah b e,xccute thp cusbmerr' workload. Thir dcpends on thc rEqucst

typeandrElorrpeswhichirbbecxccued. IfhcrcsouraesrenotappotrisE,ittr&estongsrthmusual

ts6l.

Per q,Llr',,* (2.r)

(2.2)
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4 qVn (2.3)

Thc abovc crprurim rhwr 6at pcrfqmmce (Per) is iwcrrcly proeotunt b btrl running timc (rrr,r).

hfitcr, thc btrl mmbcr of SLA violations (7") ir iuwtcly propodond o pcrformrncc. Whcttr, pcnaltier

(Z) are dircctly troporfimal to thc mmbcr of St-A viol*ion (7"). ltese pcnaldec have wqrc afrects m
clordhrsiness.

LlZ Responsc Time

ncsporuc ft ne fu thc waiting timc of crlsbm rcqucrt in hc waitiag queue. Rccponre tiEc dcpcnds on thc

undcrlyingttsourleerutilization IfthcundcdyingrrsortrresareheavilyutilizcGitta&eslongertocrocute

ncw trsls [54.

7.rq6 UX,S.9 (2.41

Per q.Ur,o (2.s)

Itc above cxpressim chows thff rccponsc timc (rr"") is dircctly proputional b total crubmcrs' rcqucst (u)

and senrices ratatltity (S,S). Frnttcr, pcrfcnancc is invrrrcly prcpositimd b btrl rcsponse time (rr"r).
lbtalrumbcrof SLAViolation (V") irinwrclypoportional opcrfurmanoe. Whcreaspcoalties aredirectly
proeorUonat b nunftcr of SLA violation (7").

2.13 Avaihbiltty

Awilabillityisdefinodasthcprescoceofthcagrcdrcsourceswhcntrcyareroquired. AvailabilitycoyErs

these rcsourccs which rc discrusod in SLA t5A.

. ., ?-aoolil - Tbwt
AAOU 8.

Tom
(2.6)
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aaoil q,llfoil x SS (2.7)

yxaaoil (2.r)

Ir thc abovc uprersion Aoail rhwr 6e availability of rcsourccatz,,*,it shows thc btal availability, rao.*

shows frc dom tirenr- shows the btd agrcd time. Rnfretnorp, availability is dircctly propotd,ond

b rrsources ralaUltity (SS) utd inwrcly plogorUonl to sysEm failurc (toill. Thc cost 1is dittctly
prqutioml b scrvices ayailability.

2.1.4 Resourrces Reliability

Rcsowecs ruliobillty ir defincd ac tte rcgourcec pcrforming of the pedeftrcd fonctimalities fG the qgl€cd

timc undcr agrced EEr and c,onditios. ltc resources arc rcliable if 6ey arc frult-olcrant and auomat-

ically rccwrrablc. Rcliability also inchrdcs the fault blerance, rccwcr-ability ard rcsotrocs cmstsnc,r.

Lwcr retriability rcdrrces crsfficrr' rchtion which lesds b lower uteruc [51.

Per q. Rnliability (2.9)

lte abore mathematical exprcssim shores thatreliable rEsourpes minimize thc numbcrof penalties.

2.2 SLAs and Penalties Management

$cntbc Lcvcl Agresrrratt (SIA) ir an undcrstrnding; ncgotialed betrvccn a povidcr and a connuner. Da
triled Service l^evel Objcctivcs (SIOs) uc addressc( cxpccEd seiviccs, Quality of S€rvicc (QoS) and

perfuEmarce ue agrcd and appoved t5]. Both pruvidcr and conmmer monim scrvic€s with agrccd Ems
and conditiomc. If violatims occur in agrccd Ems and conditions, penalties arc imposed on providcr t13].
CIcrly explainod SLA impoves thc curbmcrr' satisfaction and guaranee thc oontinuous pruvirion of ser-

vicce [301.

SLA violations leads b pctulths that are applicd in thc form of lorwer prices during E€ryice hiftuc or

direct sanction. Uuatly, cloud providcm acc€pt loadod S[.As, but hE on, they cannot pm,yidc lrsourpcc

in accordmce wi$ the qgrccmont As a rcsult, they haw b pay a large portion of their incme in fines.
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Dcrformrnce panltics, costs atrd rcvEmrca are complcxly rchled. ltcir inrcrdependence is explained in thc

follwing erpressionr.

Per q. Reu x Xx lhl (2.10)

frat x1-/2a (2.11)

Thc abovc compadsm cxplains that an increasc in pcrformance (per) naximizcs thc rcvcnuc (Rcu) and

ninimircs thopcnaltics (4), hrtpcrfcmance is dso prceordom"l to thc cost (X), whic,h ic ircrely prcpor-

tionsl b the revtnue. They havc a complu curclation. The sitration becomes morc complicarcd if thcrc is

no propcrframemtodq whic,hclerly dcfircs ttcrtr.

Rccent advances in Information Tbcbnologl (fI), anracted morp transitiqr bl"ads clord cmputing. Frlr-

thcrmorc, datr wuc and datr mining Echiqucc ako arracts thE marbt Drc b a largc rcale of data and

inErnethuincsc, itir vc4rescentialtohave clcarly dcfincdSLA othcrwiscprovifuwill be disnrptive with
disasfrous ooltscrlucoocs in busincss.

23 ResourcesScalability

Rcsonrcc rcalobd@ is yitrl for QoS. Non scalablc rEcourucs lead to pcnaltics and revenrrc dcgradadon.

Most of the pcrfcmancc paramcus directly depcnd on the resourccs scalahility [58, 59].

Vnx (2.12)

The above expersion aplains the relation of SLA violation (Vo ) on scffiicos rcatatttity (S,g), Quality of
Saviccs (QoS), and services' cffic{Ency (81fi.

Thc ftdcrafied clod conoept was infiodrced for proccscing ouloa&d EysEms [30]. Howerrcr, thc fed€r-

arcd clotd also iryoscs restrictims m tte learing of resourccs ftorn rpecific proyiders regisrrcd with the

ftdcratod clord. Althougtt suc,hrcsourccs can be easily and modraely available from non-fedcrrrcd cloud
psovidcrs. lte rccult is a kitrd of mmopoly, in which a rupplier is bound to get resonrces ftom a spcific
scll€r. We inEDd b dcsign an apprroac,h whcreby a service prcvid€r, in the case of an overload c with mqc

111
-\a-Y-SS^ QoS^ Dtl
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clrstoncrl fun thc available rriouroe, can easily a moderately operatc or lEot an cxtsrnal sourpe where it
is availsble conrcnicntly and chcaply.

2A CustomerSatisfaction

Cttswner Wrctiot ic utrc,mcly impoman$, which shosvs flflAqg of crgbmerr' nceds. C\rstmem are

the indicabrs of repuchasc. It sbows thc point of diftrcnacs. It is clrcapcr o rcain ilistiqg cusbmcm

thstr b hing in ncw onos. Unnlly, companies spe,nd nillionr of dollas on cuEtomcrs' affirtion but smalt

iwpstmont m rctrining thcm.

CS q. SS x Ell x QoS (2.13)

Cubmem arp thc potrotisl of any coryary A global surve,, by Accenturc Global Custmcr Suisfrction

rcpffi (200t) [60], shorvs that pricec arE not trc moat imputant concc,rn; thc rnost imputant are thc cur
tomcri' saticfaction Successful cusbmcr satisfrction scrviccE incrcasc Cusfficr Lifetime Vduc (G.V)

which hcreascs thc coryany'c ItrEnrre. AccqUing b McKinse,, 13 f unsatiEfied cusbmcss give briefngs

about 9-15 people about ttcir upcric,ncer. Cusbmcrt arc tre tnrc poential of any hrsinecl, thcrcfuc, thcir
satiffictim is moat iryrtant fm rcwnuc and rcpeat purchascc t3fl.

2.5 Resources Utilization and Pnovision

Scnbcs tmgc iz thc most important mcthod for evaluatiag the pcrfumane of ascetr and dcrcrnining the

Euooess of thc company. Basically, it is a rncssnrc of thc rcal inoome gcoeraed by thc asc€ts in rplation to the

pomtial incmc thcy could harc crrocd. ltc cloud uses virtslization, prallcl prroces;ing and distribubd
proccssing o optimize &c use of thc undcrlyiag resonces [6U. Irr the following eqrution,

Rna q. px Itxv (2.14)

YYhereq Ret isrevenrrc eameq p is prices, p is rcsources utilization, y is nunrbcr of clrgtom€fi]s.

Usually, in clord computing, rtsources arc rescfr,Ed. If rcscryed rcsrnrroes arc not used by rEscfved cus-

tomcrs, fuy ue wdcrutillztd and wased.Thesc rtsourpes rnay be utilized witt thc permission of flsbtrrprf
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Figurc 2.3: Ataxonomy for rcrrenue maximization apprroaches
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for highcr ruuEruc. Ttis bcocfiti both prcyidcr as well ar oonsurncr. Rcsourccs utilizatim (p) nay bc

expremcd as

Runniw(D!VU7.---_-.r Aaailfrle(liYM) (2.1s)

Ovcrutiliutiu also crcaEs issu$ for cloud prcviderr. In cxtsemc utilization, prcviderr rcfuEc somc of thc

cxirting o$bmcrq hrying me$iys wo*loads. Rpftrsiqg cgsbgte6 creap dissatisfaction. Also, rgjcctiqg

massitc tuo*losds dispocsess providcrs ftom hightr ruvenrc. Cusom€r satisfrctim ir vcry inpoftsnt,
which shows thsthw mrc,h ctrtomcrs' ncods arc futflled [62].

Different IaaS schcfulbtg policics are used b allocarc resources to difrercnt crubncrs. lhheduliqg policies
grcatly afrect thc rcsourpes utilization, cusbmcts' satisfrction and 1rroyidcrs' ruycnu€. Mainly used scncdul-
ing policier arc; strtic rchcduting and dynamic scheduliag. In static rchcduli4g, a pric rcquest is cent for
ttsolltEes while in d,rnamic allocation resourcq are alloncd as 1m crutorner's rcquircmcntr t63].

2.6 Cost and kices Management

" " play a very impuant role in gpnentfury ruvmue. The cloud mrtbt uccr diffGrcnt t,?63 of
p' ' [n thc rcservatim pncing plan, customers r€sowe rEsolrrces for a specifc pcdo4 such as a

month or I !r. .' Rusourcec arc sold b cusmcrs with a reasrmable discount Customm poy thc rqistation
fee. In ondcrnand pncin& cNrsbllrEri arp billcd individrully. Itr this pncing sylbm, prices rG highcr,
howwcr, povidcrE arc c,bargod fm breachiag the SI-A. In the spot pricing, fices arc rrcgotiarcd betrvecn

custr,Ilrcrl and rupplicrr. Negotiation-bascd prices rc rued for undenrtilizod rEsortrlEs. In difrercntiated
prici4g, clotd scrvioes arc diyidEd into diff€rcnt types of ticr. Each ticr has difrercnt priae* In rmit ficing,
cust(mcrlare charycdonaunitof rprceonbondwidthurcd. firispncingmce,hanirmirmorcflGriblcthan
thc tiered priciqg meenanigm. h thc bacic pricing of the subscription, ctsbmcrr arc bilted acenrding b thcir
cubecripion. Uscrl rcceivp a discormt on early booting. fire diradvanages of this pncing modcl arc that
6c prcvidEr pmvides guaranEed scrvices b custoncrs and underutilization wasEs rcsouces. Usage-based

trrcilrg is also nsd by Amlzon in which cu$onErs arc charged bascd on usage ll6,fil.
For povidcr, 6c basic coet ic calctlaed as

Xb:)O.tL*Xn+*i+ P -lX"n+ n Q.t6)
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t,
\
A1

N
I

A

Chrgpablcprice arc calcularcd as

P: g*+ A (2.17)

TYh€rEs, X5 is fte total basic cost of the rcsources , Xh, b the hircd unit @sq P ir power connrrytion, 1o is

networt cm\*ir migration ffi,y"nis recurity csq A is Dargi& and r is constant

Intoduci4g difrcrcnt pnciqg nodclE in one busincss is cmplex but it arrcE EorE cusmcm, which in-
crtaseE thc resources utilizatim.

2.7 Advertisement and Overutilization

Advmiscntstt sprcad positirc and change ncgUive impact It attncts nsw custon€m and in-
cttaseE the utilizatim of undcr-lsying rEsouroes. Auction is also used in clord hrsiness b incrcaEc thc

rcsources utilizatim. Auction is unully used for the undsutilized rcsources. InsEad of wzsti4g, auctim
gives some ruvElluc. It ir vcry tricky becaruc in case of SI^A violation, pcoalties arc inposod on prrovidcr

pa{y which minimize the prcvidcr rcffiue [65].

2.t Sunmary and Conclusion

In this c,hapter, ftE Eain parurcEs of revcnuc maximization ue prcscned in dEtail (as shorvn in figurc

2.3).llnclotd cornpting, &E kcy indicaffir sfrecting lsvrnuc are sarrie pcrfomance, gfu{ mqrrgcmcnq

rEsourte rcalability, utilization and availability, crstornem ratirfactioq coEt atrd prlce nanagsment, as well
as auctioas and advcrtisemcnt Service performancc is EcEd by load EEIB, strss EBtr, IErforlranoe tcstt,

and lrEncy Ests b catcrilarc nmning and waiting timcs. Perfumancq pcosldcs, coab and rruEnuEc aE
complcxly linbd. Most of the perfmmance parancus deecnd dirctly on thc scalability of resourEa.

Thc thid paramcE, thc ccalability of resourpes, dcals with thc problcmr posed by erclving rEsouroes.

Cusbmem' satisfrction is vcry important bccaucc it shows horv many cervices Ecet thc nocdl of crstomcm.

Ttc use of rcsourccs is thc &ey ncthod fu mcasrring trc rucccss of I huincss. Cost ad pri@s moch.dsms

ue discttsEed to offer difrrent picing b saticfy anuy type of orsbmcrr. Tbe high€r payer is proviH hig[-
pcrformaoce seffices while lw paycr customcts is povidcd twcr pcrformance s€rviaes. Advcrtiscmcnt

sprcad pocitivc perrpectirc 8nd chmge negetivc inpact about any busincss. It attracE DorE cusbmcrs b
naxinize rcsornues udlizatim. ltc last pramercr dcals with such issues.
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Chapter 3

Literature Review

The literailrc on rsuc,nue maximization is divrrsc and docs not dcpend uly on fem prameters. Diftrc,nt

authorshavcuscddiftrentprameurandEcnniErcsfGrcvEEuGmaximization.Inthischapter,thcliHa-

fitr€ otr r€yenuo maxinizatim ic clasrified (as shown in thble 3.3) into perfurmaoce mamgp tr€ot, SI-A aod

penaltics nrnageme,ot, rtsourucs rcalability, cuEb,Ectrr' satisfrctio& rccorrce utilization and porrision, cost

and prices m""egentent, adwtis€mcnt and wcrutilizatim. For thcse pammercn, rcseuch articlcs prblishod

betwccn 2012 6 nD are hchrdcd in this stdy.

3.1 Methodolory Used for Literature

Thcreccntdcvelopmentin smart sysErrs andamrssive incrcasc in smrtdcyices, €rooumgeE mrwicw the

rcvenucmaximizationinclordconputing. ExplqiqgthcliEatueshwsthatcxEndyerescarchuticlcru€

ayailableonrsycnuenaximizatiorUhwever,theyhavenotbccnanalyseddeeply. Tt€r€forE,wchavcana-

lyzcd thc liuaturc in d€pth o thorougily discnsr thc opporuniticr and challcnges of irrcmc maximization

in clondcomputing.

thble 3.1: Rcscarr.h striqg usd to search the relaled liEraturc

Aree Kcfords Synonymr tn litcnhre

Population

Methodology

Ourcornes

Clond computing

Tcchniques

Revenuc lVfirximization

Mobilecomputing

Resotuccs OR prices OR SLA OR
Penalties

Prrofit Maximization

30



ChrpG 3. LiEatno Revicrw

Tb get a mor€ comgehcnsive vicw of cloud computi4g, we aplored thc lircraturc from2ntJ2w.?gn. fu
that pcriod, we collecEd around 200 articlcs in which 70 wcre fnally selcccd. We uscd Google Scholar [66J,
Hscvicr [54, rnnn Xplore [6t], and Scicncc DirEct b rcuch for urgpt articlcc. Googlc Schok pmyides

aooes8 to all atticles publishcd in a jorna[ and rcrcarch libraries puvidE apocss b linieq high{udity
rticler published in associalcd journals.

Ib search thc digitd wul4 the rcrch sting is ncdd and thc qutlity of thc search purcly depcnds on thic
lfrittg. Ihe seuch stitU ($ovm in trblc 3.1) cmbiner 6e Le5rwords ad includEs pogulaUron, me&odology
and rcsults. ltc methodologgl of thic rpscarch papcr is dividd into varioru plrarer and sections, mainly thc
plrning, irplemcntrtion and rcportiag. Thc remainirU prt of this sectim cxplore these pharcs.

3.1.1 Planning the Review

lte planiqg phase includcs two Dain objectiws; (l) 6c irnpoffiarce and nccessity of thc study that dis-
tittguishcs it ftom othcr rclaEd sMies; ad (ii) developmcnt of 6c reserch prctocol and inclusion atrd

cxclruion critsia Thercfonr, in the first phase, we designod thc shrdy prrotocol to search tte joumds ard
rclarcd rticlcs. lVc firtter dcveloped thc inchuion and exclusion cdEri& Thc dcrrelopmcnt of the rcscam,h

prctocol is crucial ad also ctitical. The dght prctocol lcads tffrad thc bcst r€tvic,w; hmrct Er, the def€ctirc
prctocols lcad authut in othcr directions and leaw ilrc Esin focuE. therefqe, cmcrgiag rcsear,h qucstionr,

search straEgies and selcction criEir are dircrssod and idmtifid at thic stage.

Rcccnt ee,hnologies have rerolutionizod thc rvay of liying. Every pcrrpective of lift ic gcming smarE Euch

as rmrrt cities, smrt hcallt, smart agricultrc, smrrt powg plantg, etc. l}is is how huge deviccs cqmect
to the inEmct, which ir expected b rcach 75 billim W ?fiXt.lhese dsvices will proyidc major imstmc,nt
in cloud revEnuc. In odcr b do this! clond computing ncods an optirnized framemort to gen€rab hmdsomc
ruuEnuc. Thic article oovErs the samo domain b hing all thc infquration bgcthcr on one pqgc.

3.1.2 Conducffng the Review

In this phase, the rody is cmfuctcd accoding to 6p pmbool desig[od in phase 1. Moct crucial is thc
identification of drc rnrdy sd to thic en4 cac,h snrdy is analyzed for thre inputant chec,k.

l. The firtt one iz fu populatiut of tte rcscarch. this rcsearch ooyEfiE thc revpnue naximization in
clord coryuting, thcreforc the poprlation of this Eticle is clod comprting c mobilc clords.

2. 7b sccond chcck is fu,nutlodology q Ectn@ which iE uscd b get thc dcsircd ourcomc. In &is
uticle, vzrious rtrvmu€ maximization EchniErcr $rch as SI-A atrd peoalty rmeneg€ment rEsourpe

scalsbility, custonr€r satisfrction sn{ mgrnegsnent, rcsourpe utitization and prrovision, coot aod pricc
mrnsgencnt, and advertising and auction ue oovcrcd.
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Figurc 3.1: Numbs of year wise publications

3. ThE frird w is fu moru achiet Ed at thc end of thc rcscarch. In this case, thc oubome is praidcr
,vycruenuinfizniot

Rtrsuing thesc chee,ks, ffiG nut moct important phase is b dcsign rcseuch questionr. In ihir context, the

rcsearch questionr are;

1. How many rcseach papers arc publishcd oovErirg the rcmue maximization in cloud hrsiners?

2. What arp the Erin influcilid frcffiu mwrrds rct Ennc maximization in cloud computing mr*Et ?

3. What arc thc nain cnaUcmges ad rccistsoce towads ruvenrrc mrximization in clord cmpting?

4. WhffarcthepocsibtcsolutionsbtheisEucstocndsErrEmremuimizationincloudcmputi4g?

Thc RQI deals withpopulation, thc RQ2 dcals with methodolory and RQ3 and RQ4 dcels wirh the outcomc.

Fu oomple@ sti4g wc uro "[1qpr b combinc frc,m (ac shown in rhblc 3.1 ) fa cranple;

nryuUton AI,ID Methodologpr AIID olrrcotrtcs.

Nw putiqg the relarcd litcrafirc s,'nonyms ruiqg OR logical opermn

(Cbttd cotnptfiing OR Mobih cottpwhg) AND (Rcsonrxcs OR prbcs OR SIA OR k 'rlltit;5,)
AIID (Roatw Matutizttfun OR Profi Martndznttun)
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3.13 Qurlitr Asscsmcnt

Thc quality asscssilrEot of thir surdy dcpcnds on thc numbcr of prametcrs. Ib covcr this shtdy, wc hsvt

ta&En 6c followirry parrmcrcrs b cnrurp tlrc quality of thc popcrs

hcludmcrltcdr

1. ThE papcrB, cwcr thc mcthodologicc in clord computing $rch as perfornance, SLA aud pcnaltics,

scahbility, crsbmErsatifictio& rcsourccEutilization, co$ andtricer and advtrtiscmcntand arction

eb.

2. Discnscing thc clou( fog and IoT forrwrmue naximization.

3. lte prcsentation of thc mclhodology ad r€sulu in proper way

4. Fbll fi[ing the aborc rcquircmc,rB almg with 2 citrtion per year.

5. Thc rcsesrcn articlcs pnblishod sincc 2012.

Excfudon crltcrh

1. The rcscsrch papers discusring thc clord coryuting and rcvcruc naximization s4arafiely ad th€rc

ir notlhtbctwccn thcm.

2. ltc rcsearch prtrEtrs, not prropcrly prcsenting the rcsulc and netodology used fr desired ouEomcs.

3. The rcsearch prpar, friled b get tm citrtim in lart par.

4. The rcscarcn articlo notpublfuhd bctween 2filzandzgn.

3.lA Reporting the Revlew

Inthcfin lstep,thcmcaning-fullarticles,oovrringthcket/urordsandthcrcsoarchqucEtioqisextrrcEdand

prese,nted in this rudy. Ilte sucoess of thc nvicrv dcp€Dds entircly on horv 6c final siew is prcsenrcd in

the document thble 3.2 and Fig. 3.1 shows thc ycar wise and Fig. 3.2 shorvr tte category wisc pttblications

?irrr.?n12.
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Catagorization of publications

Figurr 3.2: Numbcr of catcgory wise publicatims

32 Categorization of Literature

At this sec,tion, the licraturc m rpvenuc mrximization ir classifcd (as shwn in thblc 3.3) into perfcnance

menqgEmcnt, SI-4. ad pE tslfies menegEmcnt, rEroulEes scdability, cr8bmEf,r' satidactim, rcsource uti-

lization ud prcvisiorU cost and prices manqgc,opnt, advcrtiscmmt and ovrrutilizatim.
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ChrpG3. LiuafiucRcvicm

32.1 Ferfomance Management

Wiftout rcliable pstoroance s€ryiccs arp uselcss in clord ooryuting narbt competition No one can

dmy itr impqance. Investmcnt in lw pcrformance scryices will givc no bencfiu. Such tlTe of issucs

dctract cusbmcrs rafhcr than to anract The follwi4g rcseuch sfidier invertigacd thc pcrformance n'
wads thc ruv-Emre naxinization. thble 3.4 sumnrirer thc pcrformance rclatod shdics for achierement

andlimitatims.

Pcrfuomcc d€ecndE m difrerent paramctcrs. Sirurg Sruhtrb and Saragih t3A ircstigabd fu prhary
ptfumorccprwt*rrncloudconputing. fheymersucdpcrformancemericrrui4gempfuicalmcthods.

Avcrage rcrponse dmc and timc out of crstomers' rcque$r werc calculalod in the clord envirmment. Thcir
rcsults shox/ed that an incrcase in the number of crstomcm incrcases the average rcspmsc tine. Similarly,

an increasc in the numbcr of usctr, incrcascc 6c requcst time ort this snrdy considEr€d thc pcrformance

measur€nrcnt of clond coryuting and achievcd Cl cricria

Ran and Xi t69] aAnuces fu pcrfonnurcc sfrdy. Ifuy workcd otr rtsrnntc provisioniag etraegy with

QgS constraintr. The poposed framewuk used dynamic computing rEstnupes provisio& cost-eaving, and

QoS guaraneed scrvic.es. Atr algpdfrm Scryice Provisimi4g Fngine (SPE) ad Request au€xrc Engtnc

(RQE) wcre usod b efficiently prrovidc thc rcsources. Ttsy triod to Eaintain QoS while mininiziag the

btrl coct With pcrformance, rrs(nrces ad cost menegcrment this study achicved Cl, C5 md C6 criffiia.
DaniloAdagtaandWangf/0]colloc"tcdaDdamlyzedthedetailedliuanucabout@S. Thcaimoftheir
funestigationwasb ctudythcQoS modeliagarea, calegorizingcomtrihrtions accosdingbrplewntarcas and

methods used. this sudy achiercd perfumance mrnag€mmt Cl criEion

Owptovisiom of Vfuutrl Machinc OnO dcgndes the pcrformance. Underutilization also wasEs rEsouccs.

Kunfu et al. [7U addrcsscd thic e,hallengc by $rcicnt rpsotilccs all&ariil. Resorrces wrc allocatcd

dpamicatly. Three types of algorithms wcrc Eroposed in thir model. Thc first algodthm is MaxRsy€nue

which scarc,hes VIUI fc Esximtm ruvcmrG. The sccond dgcithm seamnes MaxGain and MaxI"osE in aU

cvailsble Vltdt. The thid algprithm ooryarc thc ltflaxGain and Maxloss. ltey scarch MaxRewnuc and

Maxloes VIII. With those prcpcftics, it ac,hievec pcrformance managcmt Cl, rcsouces scahbitity C3 ard
rGsotnEes utilization ad schduling c:t criEir.

lbe samc isnre was finthcr invcstigalcd by Fcng and Buryn t721. Rcvcrue-ori€ntcd rcEoulres allocation

was used for rcvenuc maximization. ftvo tlTes of solutiotrs wcrc proposed for revenue maximization: (i)
opfimizing rcsorlrpes allocation and (ii) optimizing pncing mechanism. Thc mdn objective of freir work
was b find the prcpcr allocation of servcrs among all instances b marimizr thc provider revcnue. Tbvo

types of fuirctions werc discusscd in this article: (i) Assuranoe Satisfaction Factor (ASF) atrd (ii) Responsc

Satidaction Factor (RSF). Both of lt€se frrnctions dcfind the achieved perfcmancc. In the pricing modct
if qgrcd pcrformance (ASF & RSF) is achicved then crutomers are charged ur regutarprice otherrvisc the

Aftal tudt uIE I ZO-FBASIPHDCSIF I 5 tusc36fil9O
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Thble 3.3: LiEranue evaluation criteria

SymbolCdtenie Criterir lle0niffon

cl Perfumance manage-
mcnt

c2

c3 Resources Scalability

SIA and penalties
management

Crstomcr Satisfaction

c5 Resourcec' utilizatioa
andmanagement

Cost and prices

agcment

Advcrtiscmo,nt
auctions

utd

In thc frst and smart gpwing wuld, cloud providcrs are
cxpected b prcvidc ofttandi4g performance. Customcrs
b,uy the rEsoruoes in expectation of gmd performance.
Cloud performance includes thc rcsponse tirne, nrnning
tfune, sccurity, reliability and availability .

Not tulfilling the agreed QoS leads ro SLA violation.
Providers are charged for errcry SLA violation. SLA vi-
olrtim is not fte cause of penalties only, it also crEates
custflner dissatisfrction. A proper SLA violation frame-
wort saves the Fovid€r ftorn penaltics .

Cloud providers arc suplnsed to handle customers arcund
thc world. Tbday smart tcchnology is getfing rrery frst and
every pcffion is going on $mail devices. Proyiders handle
this massiye data if they have scalable rcsources. CIher-
wise, it leads to penalties and customcrdissatisfaction

Custom€r satisfaction is cnrcial for any brusiness. Espe-
cially in the cloud, it is morc imputant because thcre is
no direct contact betrvec,lr ploviders and consunrers. Cts-
tomcrs' satisfaction means more wortload fm rpsorrces
utilization. Cusb,mcrs' satisfac{ion maximizes the s-
enuc.

Propcrresource.s scheduling and migntion betwecn Phys.
ical Machines (PMO alrd Vifiral Machircs (VI}iO kcces
thc paformance up and sayes the providcr ftrom Slrl,s' yi-
olations. PloperlEsoulres' utilizatiom maximize the rw-
enuc.

Cost and prices not only litrk to qrstorncrs' satisfrction; it
also critically afrecc luyenue maximization. Cost is mini-
mirrdby a numbcr of ways such as managing 1fos employ-
ees, inErnal lEsoutces, secndty and electricity.

Advcrtisement incrpases the number of crrstomcrs, which
increases 6e wortload. Overutilizatim keeps the rc-
sources busy. Orrenrtilization is tricky and risky. It rnay
afrect performance if not managcd p,ropetly.

c6
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providcris pcnalized and lowpriccs rc c,hqpd. WithpdceE, perfumance andrcsourcer managerncnt, this
study mcctr Cl, q5 ad C6 cdui&

Fcderation enhaoces fre scahbility, and results in incrcasd poformance. Nazanin Hlwari and SamEi
p3l cxplaincd fuIcderukn CSP b optimize the scrvice quality ad pmvidcrs' lEvenuc. Ttsy proposed

an algoritm uring an InEgcr Linear Program (ItP) to form thc CSP fedration. Ttsy ako pnroposcd a

heuristic-bsscdalgorithmfuclordfedcratimfumationfoUowingthctr.P. This rurdy achiercdperformancc

EanagEm€,nt Cl and s€rvice scAaUUty (I! crittria.

Numbcr of studier contibued to inpove thir domain Kozirir t7a] proposcd an apprcach b overcome

tansient clod failurer that happen dudng the apptcation deptoyment Apon t75] gaye a cysematic eval-

uation of Amazon Kincsit ad Apache I(aflrr fm the highly dcmanding applicatims. Bauer t76] proposod

a frameryott which hcps thc pertrmancc rry urbmatically. Geimdt f/4 prcposcd the aubrcaling pE-
formanoe evaluation for two-layered vir0ralization in clqrd trrang t7t] proposed thc lrirtual
Machine Plscement Algorifrm fm high pcrtormance.

*lay tfuncAng, with today masriw dcvicer, is a hot issuc. Cadsy t79] inrcstig$ed the eoergr consumpion
and delay balanciqg in IoT, Fog and clord projoct They focused on ttvo paramoErr, enqgy
and quality of scrvice and nscd erclutionary algotrithm b resolve 6is issuo. ltc same issue was furecr
sndicd by Drran t80]. Ttsy intoduced I geDcral franenrcrt fu IoT, fog and clord. They prroposcd a

dclay-rninimi-ing policy for IoT devices to minimize thc service delay for IoT, fog and fog applications.

thesc inrestigations andrcsearch optimizcd thcrevcnue andpcrfumance, howerrcr, therc is a cmplex cor-
rclatim betrvecn pcrformance aod rcvenuc which ir mirsi4g in thc cristiag limafirc. For examplc, pcrfor-
mance increases 6c ctstomcrc' arention, howevrr, on thc othcr han4 this alrc incrcaser thc pries. Incrcasc
ir ficcE, detactr the cusbmffi. Hrthermsc, with good pcrformance, hearry wontloads ue expecrcd. Itis
urc[tload affecb pcrformarce urd SI-A. All thcse qrrcrics ned thsough qaminatiom urd inrestigation.
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thble 3.4: Contrihrtions and limitations of pcrformance relaEd surdies b maximize thc pmyidors'
Fve,lrue in raa^s clord

'nrycm rDd Ar. Il{aJcGotrtrlhdotrt
thorr

Llmltafronr

Fcng aod Buyya

lnt

Kunduetal. t7U

Nazanin Pilwari

and Sanaci t73l

Autbmr in 6is papcr pnoposod Asflrance

Satidactim Facffi (ASF) and Rcsponse Sat-

idaction Factu (RSF). The cugbmcm are

chargsd for rcgular pnces if pcrformance

(ASF & RSF) ic achicved. In case of dc-

fanlE, the pdoes 6p minimi2g{.

Efficicnt rEsrlrupec allocation b dynamic rc.

quesE for rerre,nuc naxinization. MaxGain,

Maxlass and MaxRevconc algmithms werc

usod to selGct thc best economical WIs. In-

coming rcquosts wcrE nm on globally se'

lecEdVIlIc

Authms ploposd thc fedcnaled CSP o re
tain the performrnce. lte ftderarcd pnrovidcrs

shfi€s the rcsources and workloads are mi-

gratcd b othcr s€rver in case of pcrformance

dcgndatioq r€sulti4g a pcrformance retsn-

tim.

Ctsbmcr saticfrction is rrcry

complcr Thc main challangc

ir the satisfrction Ercasurtrrent.

Authoms friled o expluc it in
dctril thathw did they trEasurE

the crubmpr satisfrctim [8U.
Ovcr provirion of VIr{ violaes

SLA and decreascs services pcr-

formance. Ferforoance badly

I*ts 
incortriqg cnstomcrs [t2]

Iltc chaUcnge ovcr herc is fed-

clf,td clord. Furthcrnore the

pmvidtr dcpends on thfud party

for pcrfurmancc. If the thid
party pcrformancc docrratcE,

this will degradc thc sysEmper-

formancc [t3].

322 SLA and Fenalties Management

SLA is N aontraot negotiarcd betcreen a prrovidcr and connrmcr. Detrilcd s€rvice praneErs arp discussed

and rigned bdqe rtrrtiag thc business. SLA crcalcs a trusty relationship among busitrcss pailics. If thc

sigttcd paramcers are violaE4 thc defrultcrir pcnalized. kndties haw wone ctr€cts on thc poyidEr iidc.
With propcr managemcnt, thcy may be minimizcd b maximize thc rwemre. Thble 3.5 sumnarizes SIA ad
penalties menegsncnt relarcd surdies for achicrcment and limitrtims.

$uient nsourccs rnarugcrrunt can sarc prcvidcrr from SLA violrtion and penalties. ltilacas ct al. tt4] cx-
plorcdrcvenuemaximizationinclordcomputi4guiagEconomicallyFnhqnoedRcsourceManager(EERM).

fltisusod bidircctional data betweenthe Dr*Et and tied mincrease sd€E through dynamic pricing m*ha-
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nisms. If thc pro'vider is unable to rcspond b thc customcr't rEquest, a tirt orf SLA violations ir mrde. Thc6c
SLAs are violabd, r€sulting in a smallcr loss. SLA that have lowcr rsvurcs arc also cancelled. If a W
is ovErloadcq thc umtlosd is Ehiftcd b othEr \llt{s to reduce thc pcrformancc roeffiion. This SLA model
givet a gmd idea about increasing revcnue hrt it also rejecg high loadcd SLAs, which crcaes rm-trusty sit-
uatims in business. Wlth priec, rpstnrper atrd SLA manegerrrcnq this framgwk ac,hicved SII\ violrtion
matrsgemEnt Cl, ttloueel rchduling and managcmart q5, ard coat and pricer mrnege ncnt Qjt cd6ia.

UIU et d. [t5] firthcr sMied fu rusowec albcatiotb avoid SLA violations. Ilc focns of this strdy was thc
dynamic changing culhm€rs' dc,mands wifr SI-A. Scryioer are pruvidcd acoorUing b SLA" The custorncrs

can also chrngE their rcquircmcoti. Ploviderr try b increasc the profit by ensuring QoS b broadc,n their
bttgittcss. The softwrc is delirrerod in strndarr4 porossi,ond and entsrprise and acconntr ap crearcd in a
grcuP, Eam, and dcpdmcnt. Thc contract is signed bcfwecn a providcr and a ctumcr, if an1one violafies,

the ddaulu pays penalticc. Thc Eain objctive of ftis ryort was b maximire the pmfit for the pmvidEr

Uy nlnimlzittg thc cost of VIUs. By providiag indivi&ral VIt,Is b wery uscr, no QoS de,gaOmon ogsulr,
which minimiz€f thc penaltier. lhis papcr achicryed Cl fm maneging pcrformance, achiet Ed Ci, and C3 by
manrging lrEouruec to avoid SLA violationr.

Atttotturic Scntir;c l^qcl Agrearmt (ASIA) was propoccd by ftirpher Rcdl ad Schahram [t6]. It uses

past knwledge, us€r rcquircmcntr and job evaluation o auhmatically DEt ct/cry SLA. It{apping ir dc-
Ermincd by ttc mrkctpafiicipant Bcfqc SLAs arc nadE in thc clord Errlct, custonrers and nrpplicrs
submit their SLAs. These Emplabs inchrdc scryice levcl cmtnrct statistic+ SLA paramemr and scrvioe

level objectives. In thc mrrlrct, users associale 6cir pdvab SLA with a public SLA that ic closest to thcir
needs. SLA assignnent ir used b assip two SLAs. It automatically scarcher fc similar SLAI on thg
markt ASLA lwers thc costr of thc Erbt With SLA and lips menagsment, thir reccuch rcsulrcd in cil
SIr{ matrtger'renL Auomatic S[,A saves tino and moncy, unfortunacly, it is only m agrc€mmt and doeg

mt guamnEe thc qulity of thc sclyice and pcrfumaoce.

Investigations qrcre limitcd b get all thc clord rerou.ges ftom any singlc poinf Jennifer Ortiz and Belazinrke

IEA wortcd so' a' kaoruli?td Scmicc Lcvcl Ageawt (PSIA).II srts as a bro&er betrvcen thc scryioc

PrloYidcr and cusbmcr. PSLA rentr out difrcrcnt typcs of rcrviccs from dificrent scrrricc providcrs and th€n

offers thcm b other cusbmcf,r basod on 6cir nccds. PSLA has sohred this majm isruc. lhe user docs not
hErc to trrnslab his rcquircmcnts. ltcy only upload tbeir ncods to thc bmh and he pmyidcs scrvicer
according b the necds of the client PSLA has solved the maju problcm of scrrice prcvision, but it is a
combination of difrcrent scrvioes and each semice has a difrGrent s€rvicc quality and s€rvice level. Thir
enabld C2 siuia for scrvice lwel managemenr

For SLA, it is inputant b dcfttrE measunble paranctcru. Emcahrcha et d. t88l advarccd this idca by
ploeositrg I-M2Hitt (Iott Mctric b HigfuIzvcl Scmiccs). It was part of thc FoStr infrasttrctur. This
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Sl,A framcutortt prurides a plaform for oomrrring low-lcrcl statistics ino hilh-levcl mctsics strtistics.
Ttis infrastnrcture conains thc assigncd mctric repocitory and an aSFoed servicc lcrel agrcc, Ent. Slhcn a
ncw clicnt nquest rrives at thc ryrcm, this infrastructrc har assigncd it to an assigned mcric rcposiry.
LoIl[2HiS is an aubmltic framework fu manngiag and maintaining scrvice lcvel agree,mentr. This framc-
wor* infqms about firU[c threaB. With SLA ad rcsource mrnrgemcnt, thir snrdy nret the SLA and penalty
C2,8il'rEs{nnoer mrnsgcrtrcnt C3 criEria. Thfu francryort ir ttc first stsp b mcasurc thc perfomrancc of
clotdcomputilrg. Hwen'er,itdocsnotdcsctibchowttrcsemcUicgBhorddbemcaslredorhwtheyshould

be analyrcd and inEgrsEd ino a scrvicc leret agrccorcnt fc implcncntrtim.

Ib analyze the St A violationq Iyer ttgl proposed analysir and diagnocdc frareumk Their surdy is bosed
m 2E3 dayr of opcmatiomal logs of the platfuo" ltcy rcceived wortloads from 43 cusbEffs, cpread around
22 conntsies. Ttey dstteloPed bols to andyrc this wo*tosd. I}is s6y showcd t5at about 93 % SLA
violation is caused by sysEm frilure. This snrdy achiqrcd SI-A and penalticc Da4gcncnt Gl critsrion.

Many auttoE and scholur confibufd b cnhance thc SLA in cloud. Shivtni and Siryh t33l rwiewed thc
dEtaild liemturc about SLi{ violubn urd its nirrinizfrim. Shdtin Ve*itinie and Elbiaze [3AI proporcd
an incgraed plaform b deEct and Fdict conditions whcrc iryrovlqg docisions ae required. Ttcy uscd
neural networb b mininize SLA violations. Their rcsults shm/ed that this iryrovc web reqrrcrt rcsponse
tine by uP to 7 lb ail dereascc SLl, violrtion W79.h in thc conut of thc web application. Craryoud

[35] ured advuccd SLA managcment suatcgics to pruvidc gpod quatity scfliccs. This reasoni4g Ec,hniq,c
minimizcs SLA violrtim. Alayat Husain et al. t90l 1roeolcd a Risk mmgement-Uasea Fraocryort fo,
SI^A' violation abarcmcnt (RMF-SIA). This framcurcrt dEtccts flrG SLA thrcat and recommcnded action ir
taken to ayoid violation. Singh and Hgpndy I9U prroposcd threc ryprroaclrcs, nrmely, gadient desccnt-boscd
regrccsion (Gdr), maximize cqrclrtion pcrccotrge (MCP), and bandrvidth-aware sclcction poliey @w), that
can moctly rcerce Pox/er losres and violations. $al92lprroposed a privacy-bascd SLA violation deectim
apprcach fm cloud oomputilrg ruing Martov docirion process 6oory. Zroryhai t93l wmked on availahility
commitmcnt in clord cornputing to minimize SII\ violrtioas.

SIA ail pcaahhs ue dccply invpsdgabd in liEaturc. Difrcrent ncchanisms ue rwicryed b minimize thc
SII\ violrtioms. Fcnaltics re alco well invcstigrrcd b @ this hlden minimum. The mrin drrryback
whic,h ttcods impovenrcnt that most of thc ptrovidcr cancellcd thc SLA as thcir wqkload increascs. Most of
6cptlovidErwith limiEdrestltlroer alsohavE admissioncqrhol andhcavy loadedmrkloads rc carelled.
ltese issucs nccd furthcs exploration.
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Thble 3.5: Contibutions and limitations of SLA and penalties related studics to rnaximize tbc
providers' fleyenue in IaaS cloud

Plrpcrr end

ttorr
Au. l{{orCotrhdmr Ilmltrdmr

Macasetd. tt4l

Adil Maamrf aod

Ilaqiq I95l

Ctrisphcr Rcdl

and Schahram [t6l

Jcnnifer Ortiz and

Balazinsta ItT

Econmically Enhanoe Rcsouroe Man4gar

(EERM) ir used fmrevenuc maximization. In
ex0re utilization, 6ose SLAs arc rcjeccd
whocc paraltier arc lwcr.
SI-A's pcndties fimc{ions, rtengthr and

weakncss wcre expluod. A nrel penalty

franeru,ort was proposod fm calctlatiag the

pcndty of thc violatims and prescnEd a for-
mulation for fris pcoalty dcfinition.

Automatic Sewice Lcvcl Agreemc,nt (ASLA)

auOmatically Erbh the rcsources as pcr thc

ncd of SI^A" This minimizec the mar&et coct

and increasc ftc pmovidem rsusnuc

Authors proposd P{ILA artc as hrokcr be-

twccn providcr aod onsun€r and rent ditrer-
cnt typc of serviccs ftom single point as pcr

thc ctsbmcm nccd-

Rcjccdng exirting cusbmcrs

and not acccpdrry hcary loadd
SLAs have long tsrE bad impact

on busincsE [94].
orrly apcnalty framewuk ir dis.
qrssd. Fltrfhcr *ploration is
rcquircd o minimirc thc pcnal-

ties [961.

It savcs time and moncy, but rm-

fortunrtely, it is only an agrEc-

rncnt It docs not gfraranrcc thc
quality of thc seryice aodpcrfor-

mance [961.

The hohr hircs the services

ftrom variors pmyidErs. If
providcr scilices performance

goes dorvn the wholc sysEm be

afrecEd t9l.

32.3 Rerources Scatabilfty

Rcsoutccs scalability is diroctly proeortonat o pcrfurmanoe, which is dircctly proeortlonrf b n ycnue.

With scahblc nssounees, m{x€ cusbmcrs are enutainpd with cxcellent perfmmance. With non-scalrble rc-
8(,ulrset'perfumancedEqEa$swhichlcadsbSLAviotadqu. Tlrcrefqe,for'fuclogdbusincst,rqioursc!
must be scalable. thblc 3.6 summarizes rE$rurues rcalability relarcd sMier fa achiercmcnt and timitrtiornr.

Scolabh ncsourxcs are dircctly prcpctional fi, rEyEnuc gencratim. For resourpes scalability, Gao et al. tggl
prroposd Clotd Bank Scrvioc Lercl furecrrcnt (CBS[,A). In CtsSLA ccrvices arc used by hc servicc
pmvider and thesc scrvices arc smred in a rervice pool. Tvo t,,pcs of SLA8 r€ lrscd" Thc firlt SLA is
signcdby the *rviceproviderurd thccloud banh while the secondir signedbetwn the serviceconsurt'r
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(haptcr3. LiuanrcRcYiEw

aDd the cloud bank. Clond bantiqE wortE as a clord Ecrvice brokEr. lhious SLAs arc bcing negotiated

with vuious clqrd scryice pvidErs and customcri. Pooli4g scrvices fu also a difrcult task, so their usc

and implcmenations arE rrery complex. This inrestigation achicved thc SLA namgEment gL adpartially

rcsourum managp,mcrt C5 criuia

htsourchg d u*oarchg is thc ftit sEp to deal with rEsourpw scrhbility. Iladji and Techhche [ttl
utilized tlrcsc Echniqucs in ftderationr. ThE pmvidcr uses outridc &dcration only when its oost is lower

thaninEnalcost,addsoinsourcingisnscdwhcnineroalutilizationirlowcr. Mathcmaticalprcgramming

rypoach is usd fu optimum ouUonrcing md insowcing docisiotrE. ffq'minirrrurn cost 8rd maximum

lsvremre, for pocsiblc actions arc discusscd. An optimal rumbcr sf m.chin€s ue actirarcd for any rcqucst

(hmaximumutilization, somcrequcrtr arc outrourccd. Inlimiedutilizatim, some of theinunal rcsources

arc insornced. Nodcs which ar not in usc, arc hrncd off to srve poxrEr. The Erin limitrtion of this

frameryont is that insotrcing and ouourcing can be dme only wifr rEgiEEGd pruvidcrs. With insourcing

and ouconrciqg capabilities, thir sfidy acniened rEcouroes scdrbility Gl criuion.

Rcsoutxcs ndgrutb is onc solution b hrndlc thc wcrutilizatim cha[mgeE. Upadhyay 6{ r-aklcdwala

tlm] adyancd thc rcsources migratim in clond compting. Migruim is usd in distribued sysems,

when dafa and applications arp trrnsftntd from wcrloaded syEENnE to udcrutilizpd sysmc. Thc pmo'

poaed framcutort usod tm tlryer of algpdlhns. The frst alguithm chcckr thc ovrrloadcd and undcrutilized

sysms. Only if 6c targct sysEm has comryh spom to nrn thc hrdcn dthc ffiloadcd EyBEm, thc wo*-
loods arctransfcncd bit Thc scconddgorithmworkfmefrectiveresornocc allocationinthcclord sysHn
lVithmigntionpEopcrty, this rudyachievedrcsourrcs scal*llity andmaugemcntC3 criuion.

Migr*im rvort was firltcr advamrd by Li et d. UOIL A framcryort wts prroposod to migratc data to

other sysrcrns. Migration Eay bc as a wholc u,od$ peful migruion compmmt

m oodify. Those mcthds need diftrent archiEc'lurc ud envirmmcnt b Eigrale thc &ta. ThEy ud thc

Ercalyptur plafform b evaluae thcir framutort. This strdy discrsscd the ooct and triccs C6 ""d resoracr

scallbility C3 critcris.

Mobilc cloud is geffing a big rharc in utility ooryuting. thcir rcliability increascd with thc usage of fog

coryutiag. Smanta and Cts'g t1@] inrcstiptd mobilc cloud rsvmue. It is not possible to pcrform everyr

ryplicadon trsk on mobilc bocanse it rcquircs hugc spacc and memuy. ftey have deaignd an approach

b ma&e somc of 6e cloud srnrpei and somp Eourreg urcrk oa 6c pcriphcrals. Ttey popored an adap.

tive rcleasc sph for Mobile Edge Cmputing (IIEC) scryiccs to maximize total revrnuc. Tle exrcution

of ccrtain proccsses on thc dge and ionre on thc cloud scrvEr influcuces thc pcrfumance duc b nctxrolrt

delays. ltey considcr the delay-sasitirc and delay-blenant edge services by dcsigdng an offioading algo,

rittm. By migration tast betwen edge devices and a cloud s€ftrr, this snrdy achicvcd rcrourceo rcalability

C3 crircria. A challenge with this scheme iE 6at migration of livp datr bctwccn edge dcvices and cloud
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scrrErB des€asos 6c pcrformance. It may also crcale seuuity isrucs.

Us€r disturcc from serrtr dccrcascs the perfumance and incrrascc the delay timc. Hor DEng 11031 ad-

drcsscd his gap b Earimize the rcvcnuc of. gagrryhicalty distribtttcd dtaoenutc. Thc solution fc this is
b build geognphical data oenrcs but It ncdg bo much iwcsuncnt b hdld nery data centrcr. the autbors

proPocd a solution fa this issuc b hire gcographical rccourcer from univrrsities m other institutions O

troccss the dttt locally. This minimizcs thc coct of thc providcr. The ena[enge with ftis approac,h ic that

gening gsographical rEsurccs may need nany SLAs as p€r thc rcglon. It ir also not posriblc to hirc thcse

r€souoesaroutrdthcwodd. Scoondlyitmayhavcworseeftctsoaperfumance. Withoortminimizatim,
this rudy achievcd C6criedon.

As pcr the abore disctssioq auttsc otrcrcd difrcrrent solutionE b handle fu rusoutxcs scalability cful-
lcnges. Federabd cloud partially oycrporrrc this issrrc by shlri4g rEsourtros withitr the union. Howcrm, the

drawbackof thirproposal is hatprrovidcm uccompelledbhircresourccsftorrnparticularFoviders with fir
raEr. Anothcr strdy ruggests that wo*toads shodd be accepEd from ouly thc nurounding arca lhis curdy

has some positivc dircctioms that with a lorrcr distuce, pertormance of the sycEm may increarc, hmletrer, it
necds capital inveshcnt b build drta cenErs.. All thcse questions need b bc ad&essd and require fruecr
focus in futurpreseuch.

Thble 3.6: Contrihrtions and limitations of rpsourccs scalability relatcd studies o maximize the
providers' ruvcnue in rees clord

Plrperr and Arh IUXfU ConHhdmr
thorr

Ilnltedonr

Iladji and TEgb-

lacho t99I

Craoetd. t9tl

Insoucfng and outrourcing wcrc imestigaEd

in 6c fedcration b mrxinize the clord
pruvidcr'r revemrc. lte pruvid€r used outside

fedsation mly whcn its oost was lowcr than

inuoal cost, and dso insourcing was uscd

whm inernal utilization wus lowcr.

Cloud-bosdtranscoding ic anerw way, which

savcs timc and rcsomEcs. In clord comput-

ing, with numbcrr of Vltds ayailability, psral-

lel tranEcoding is usGG which greatly rduccd
rEsuupcs and 6me wastrgc.

Thcy did not discuss e,fficicnt al-

gorithms fcinsourcing and out-

sonrciag. krsorlrcing aud out-

sourcing minimizcs the perfm-

mance [1041.

This framcwk ic only fq live

vidco tansudssion and cannot

be utilized in other rlata.
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Prycrt rnd
thorr

fu. Il{qfu ConfilDuthnr Llnltrflml

Upadhpy and

I^akkdyala tl00l

Samanta and

Chans ll(}2l

Thc proposod franeryort chccb thc over-

loadd and udenrtilizcd syremr. Only if the

targetspEmhaseoough ryace bnrn the brur-

dcn of the overloaded sycrcm, the wrkloads
arcmigraEd bit
Mobile edgs Cmputiqg (MEC) is poritively

sfrecdug both the ruyemrc and performance.

hsEad of Eamf€ning all thc data m clou4
somc of itr portion is processed on edge.

Migntion inqeases fre rE

souroes rcalahility, horvener,

it ako haw bad impact m
performrnce 11051.

ThougL this minimizes s66J nnrl

delay, however it neds capital

ruyenue to iwest on edge de
vices [1061.

3.2^4 Customers' Satisfaction

Fm evcry busincts, custqrut salislrction ic the op pnority. How good quality and scalable resoures do
pmvidErt have hrt if ctrmmcrs arE not satisfied, rsucnuc may not bc emcd. CusbmErs' satisfrction is
imPoffiantin my burincss ht i! clcnd cmprtiag it is much impqtant bccause tbcrc is no dircctoornmu-
nication bct*cen prueidcr and conrumcr. Customcrr' satisfrction ir basod m the perfamance pasamcffiil
discusEd in thc pcrfornance managEmcnt portion. If thesc paranctcrs arp achicved wi& agrccd SLAg,
ctlstoEcrls will be satisfied. Thc folwing rescarch sfidicr disctsscd crrstopptrt' satisfrction and classifi-
catim in the cloud computiag huincss. Thbte 3.7 sunmffizes cusbmeri' satisfaction relabd sMies for
achievemc,nt urd limiadons.

CusbmErs' sstisfrction is hfld b dcrl with in Ems of meanremcnt and keepiqg thcm satisficd. Nazaain
Pilcvad and Sanaci I73] ddoped conccgtut cdmia b rruasurv ct stoners' saA$actAm. Those cderit
werc based on prrerious studics ad cxpcrt opinions. ThG criuis consist of sccurity, efficiency and pcrfor-
rnnoe, adrpubility and oort. S*mdly, thcy dsvEloped a,fulzzy logdq, bft, human and rnachinc to fulfill the
abo,E riteria. With thc cruonrer satisfactim invcstigntiolu thir strdy achie{Ed Ot crircrion. R. A" Asata
and Ganga [l[/l qmded the customcrr' satisfrction to Softwrc as a Scrvice (SaaS) cloud. This modcl
follou,Ed thc surve,, and statistical analysis of client accounS firomone of thc wmld's largest f companies.

According to thcir findfurgr, quality of thc exeutioq quality of the imptmcnation, and relationship are
factul with highcr influcnce on client satisfrction" Thcy achieved cNrstomcrt satisfrction mrnrgernre,nt C3
crierim.

xlifr limiEd letounses, it is had to satiEfy customff8. Diyidi4g cuEbmcr satisfaction patameEE into dif-
fcrent lapn rray easc thc wort of thc troyidcrs. Hamsanrndbini aod Mohrna llIf/l cotcgoflad dtclimts
inb diffcrent gmups. They used diftrcnt policies to maximirc ruyenue. Tte policies selcctively violae the
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SLA. olmlcling ltsoutpes, hybrid pticin& bmking alr€sdy uscd rcsourccc, and client priority is artificially
addcd" Clients arc clasrifcd on difrerent paramcffir such as thc clienE' relrtion b the pruyidcr and qruliry

of s€ryice rcquircd by thc cNrstomcrs. With the client classifcation tamsworl$ thir rtudy achieved cr*omcr
satidaction Gl crirrion.

Gtswrur classifuuim was firthcr studid by Huu and Tham tl0g]. They f,,oftcd on SLA enfucemcnt by

clicnt classification. The!, introductd a ret of policies to m4n4gp SLA during it operationr. lbcy clasrified

thc clienE accoding b their atrnity and QoS. AccmdfuU to thcse policier and classification, high-pnuity
clie'nts arc sclectd. According b their classification services uc prrovided. Ttey achieved pcrfunnancc

managcnont Cl and customcr satirfrction e[ criHia. Manzmr et d. U 10J worked sn crrJfrn lr;ns ccntred

appuch for IarS cloud. the popoaed frameryo* wortt itr th€e phsser. h the furt phase, cusb,mcrs

rubmit thcir rcquircmcnt spccificatim b the CSP and FovidErE effi service prrovision. In the sccond phasc,

s€ruices are monifficd according b CIII. In tho thfud phaEc, monioring rcpoftc are compared wift CTl.
With a cusoEcr-ccntrEd apprroach, this framewuk achierred O4 cricrion.

Mei ct al. tllu disctssed two ctsbmer satisfrction poramcEn, whie,h afrect the ruycrnue most, ObS 8nd

Pricc of Scwbcs (e$r. QoS shwl thc expccEd performanoe and PoS shows tbc coryariron betwecn thc
pr€defutd pricc and 6E actud price. Ilcy dcvelopd a model which optimizes thc QoS and prices for
customat' satisfrction. Xlith ctstomerr' ratitrction, thc mrmber of cusbmcrs increases which incrcasec

the revcnuE of fu pruvider. Wift QoS, cusbm catisfrctiqr, and gices men4gemcnt this work schiqrcd

Cl, C0 ad C6 cduir.

The above sfiIdics itrvGstigEEd cnstom€r satisfrction challenger urd suggesEd differcnt framercrorts b sat-

icfy cumrmcrs. Ihe main confibutions of thcc€ shdies arc o classify thc ctsOmers inb difrs€nt layrcm and

accordingtothesclaycrs,pmvid€mcrcateacusbmtrmtisfrctimlayer. Qrectionsaboutwhatbdoincasc
of lwcr rcsourccs wi& highcr wo*loods and also to opimize thc pcrfonnance and pdces still remain opem.

Thesc ned furthcr iruestigations b optimize perfumancc and pnces and dso b handle margiyp rEiourtcg

with limircdrcsourpes.
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Thble 3.7: Contibutions and limitatims of cusbm€rs' satisfactioo relatcd studies O maximize the

F,ovidcrr' tsvenuo in IaaS cloud

nryGrr ud AE ltlxlu ConHbudbns

thorr

Lldffimr

Ilfiei et al. [11U

Wb and Buyya

tl13I

Ilansuandhini

andltfrohaoa Il0tI

Hru and Tham

t10eI

Cusbm€rs' ratidactim was explued for rw-
enuc maximization A nodel was dcvel-

opcd which optinircd QoS and prices for os-
tomcri' satisfaction. Xlith cruomcrs' satis-

faction, thc rumber of ctsbmcrs incrcases

which inc{€asc thcrwenuc of thc pmovider.

Itic sudy focttscd on the dynamic ch"ng-

ing crreomat' dmandE ad QoS cotrccfltittg

SLA. The scrvicec are delivercd in standand,

profesrimal and enterprisc and accomts w€rc

crcaled in a group, bau1 and aeeartmcnt

this attractcd nxnt cusbmors.

ltcy cabggizd thc clicntr into difrerent

gtoups and poposd b selectirely violarc the

SLAs for minirmm pcnalticc.

They classifiedthe crubmcrs as perthcirpri-

ority and as perfrcirpriority scflice.s srEptu

Yidd.

Cusmers' satitrction in-

ctEascs the ctsbmcrs, hotvcvetr,

to hadle thesc cugmr'
wottload wifr linied rE

E(nmees, is still an issttc [121.

Rejectiag existiag cusrlnrers

and not acpeedng heary loaded

SLAs have long temn bad funpact

on business [1141.

Violatfury the SLAs is notagood

app[ooch. Cusbmcrc nevcr trust

on ruch pmvidcrl who rejcct

crutomsrs [94].

Priuity q€ation mcans that have

o use difrercnt piccr for diffcr-

c,nt cusbmert. This will com-

plex the procesr [llfl.

3.LS Resonrces Utilizafion and Pnovision

Cloud flrsourcos arc not sore-able and ware4 if not utilized h timc. Resources utilization exrcnd thc

cloud providcr hlcine8s. For prroper rcsourtel utilization, it ir neccsra4r b havp a gmd utilization and

schcduling framccrod& The foUowing shrdies fuvcstiglEd thesc corcs b inwasc prcYidcrrevcnuo. Thblc

3.8 sulrmrizes t€Eourpes utilization and prcvirion r€laEd stdies fc achicrrcment and limitrtions.

Clord rcsourccs ncd b bc utilizcd on tirnc. Similer to other utilitier (e.g. porucr u wa!er), cloud rcrctnres

camot be sbr€d b be used latcr on. Tb fill this gap, Shin et al. tl 16l propoccd an algorithm which enhances

dcdlinc Suaru&?n zllsoutecs utilizttfun. All jobs are rorted according b their afiiyal time' eac,h job wone

execution time is calculabd. AII \/I}Ir rcsourrces infqmation is softed in a CIS. VIUg arc allofed to diftrcnt

Alztl tudtluh: L20-FBASIPHIrcYF $ tugc17 oll9o



jobr uring worsE case erecttion time atrd dcadline sodng. Wih thcse propcrtier, thir Esc'ch achicrrcd
rEsqupes schefuling and managemcnt Cji simion.

tt clotd computing, rcs{nrrccs and wortloads are geographically distsibuEd. In this sitgtion, it is ycry
difrcult o pcrfecay E8!ch vfutual rnachincs with diffcrcnt wldoads. Balagpni and Rao tll7] rvor&ed on
theuskplurningpolicyinalrcuogemcoruclordcwironmcnt. Thisctudyinvestigarcd6clocalityfdictor
that increascs thc mntching ftcm and the pcrformanae of cloud courpudng. Ttcy dcveloeed an alguithm
that w&od as bosic tmctions on location, urd load prcdicdon.with thesc charac.tuistics, this sttdy achi,rcd
rcs(rurceo Eanlgemcnt and mncduling C5 critcria.

Thc peviou studics strEsscd adurission contol, horerm, Xran et al tllt] [noeoscd pW Manniztt'on
Algotiiln eMil with &tay blqtncc. Ttsy prcposod Empcal task scheduliqg fu profit maximizarim in
hyhid clouds' Thcy addrcsscd thc p,roblern, hatrdling au the inconring tasb with limi6d priva6 clord com-
puting rtsourEeE. Ptivab cloud wo*loads arp scheduled b thc hybrid cloud. The empaal trrk cched.liag
algpdthm allowr runtting 6c privsE taqk on the privae and public cloud. Itri6 scftedrliag prcpcrties, thic
wott acnietred thc resornces schoduli4g utfl mrnngenrent C5 criHion.

Ibmhitn et al. Ulgl wrlcd on tosk sclufuthg in cloud computing. Ttcy proeoscd an enlrancing bsk
scheduliag dgorithE which calctlaEs all ayailable rEEourpcc ard task rcquest for prcccssing. Groqpa of
uEcrs arE dlo@d to difrcrcnt VlIs according to thc ratio of ncedod pou/cr. lVith rpro,rces scheduling
algorithrn' this sErdy achieved the resources rchc&rling and rnanagemant C5 cri6rion.

Live cbud migrutiot was utilized by Mansdr et al . tlZ0/l. Thir wql is dividcd into tkec phascs. In thc ftst
phasc' pumissim ir granrcd to ffi,, VMs for migruion. In thc sccond phasc, thc requfud infmmation fq
rcEouroEsirgrthcredbdccidccithcrtomigraEthcrcsourcesornoL InthetlirdphaserErcurcegutilization
are monibred to avoid ovenrtilizatim. Ihis rtudy dircussed the rcsources scheduliag C!i, and cost and
priccs C6 critsria santihrama and Armrn t12U d€vd@ an architccture franewort fm nm-clord o
cloudmigration. TteyuscdEconomiccnsbrmRelationrhiFManagemortGmM)1oc,fficientlymigra'
the data. ltic study achiwed thc resources scnedutfug c5 crircrion.

Live migrrtion wrs finthcr invcsdgaEd by Tsatalozos d. al. tlUhl. llrcy prroposcd a ftrmeryork which
reducer SLA violation by migr*ing the resources on time. They pmposcd a scalable and dirtiburcd nct-
nort fm customErs. Tlrc nigration is donc within tinc windorvs. This study achicved rero,cer rchcdrting
C5 and SLA managEm€nt Ol ctiEri& Gao ct al. t9t] wmkcd u trunscdingin the clod fm prrofit max-
imizatim. thnscodiag is widely uscd for online video steanriag. They pmposcd timc scale rtocbrstic
optimizationfranpwortbmaximizepmviderprrofitaodalsostryiceffiormance. TlanEco6inginnqmal
condition, wasE about 30 96 resources and tittrE. Cloud-basod uurscoamg is a nqy way, which savcs timc
and rcsources. [n clold computing, with numbcm of VItd anailability, panllcl tramaoding ir used, whie,h
grcatly reduced resources and time wastrye. This rvort actrie{,Ed resources scheduli4g C5 criEris.

Afizel Msrurl. I 2GFBAS1PHDCS4F I s tusc 4E 4ln



Ttc abovcrwicrwcxplains theoptimumutilization ofcloudresourccE, itr challcngcs and ruggested diftrcnt
framEutofu b marimizc lEsouttDeE utitization. The nrin challenges tryard resource3 1;titizrtisa arc admis.
sim contol and sLA. violation. Plovidcrs do not wcdoad their resources &rc b the fcar of SLA violrtion.
ltesc complcxiticr ned fr[thcriuvcstigations b qptimizerEsources utilization and sLA violation.

Thble 3.t: Contributionrs and limitrtiotrs of rcsources utilization rchEd studicg o rnaximize thep[oyidcrs' Fyenue in raes cloud

Prycrl rnd fu- MXfcCmtilhdmr
thorr

Ildtrdm!

QiZhans tl23l Thcy dcvdoped a frameryort which uses a

nar&et analyzer and capacity plurner b mrx-
imize the providcrt' Eyemrc. Capacity plan-
ncr EC[rArEs thc mrchinec and rcsourcer ca_

pacity acoording b the rcpofts of arna*et an-

dya..
Ttcy propoced an (h-Off modcl fq scrws b
save lxrwcr for rcvrnue nuximization. Onty
linibd PMs arp tumed otr to tncet tre cts-
to[trclt' roquiremcnE. Forvcr consumption
minimircs the costs.

A solutionw8s prropoccdfordistilrce uscrs ii.
suc b hirc gcogfaphical rcsourues ftom uni-
vcrdty m oths institutions b prcccss thc lo-
cal data lhis nininizes thc cost of thc
proviOcrUy Oocreasiag ftc dclay tirnc.

An appoach was dcsigned b nur somc of the
rcsourucs on thc cloud and somc r€sourceg

on tbc mobile deyices. Itcy proporcd an
adrytivc scrrice ofloading schanc fu Mo
bilcEdge Cornputing (MEC) to maximize the
total rsvenue.

Rcjecting exicting cusbmcrs
rnd not accepting hcaqr loaded

SLAs may harc long tsrm bad

impact on busincss [g[.

SwiEhhg off somc sersr in-
crerscs the wortload on othcr
servcrs. 'llhis rnay affcct thc per-

fonnancc of the csvicec tl25l.

ftc cnallcnges with this ap
prcadr are: getting gcographical

rcsouroos and the SLAs Eansg-

ing as pcr each region tl26l.

A challc4gc with this schcmc

is migratiom livc data betwcen

edgc deviccs and cloud seruer

may decreasc tlrc perfurmance.

It may also maE scctrity issucs

unt.

Ibvi Yombame

Iawsur [124]

HouDenS [1(}31

Amitetal. t1021

Ylunetal Ultl heuious wort foctres on adurisEion control How to hsrdlc thesc cusbmcrs
but flreyproposed Plofit Marimization Alge with limircd rEgourpcs is still a
dthn (ruA) with detay olcrance. Thc woft- big issuc [l2dl.
load was schcdulcd ftourprirarc cbud o hy-
bridcloud.
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32.6 Cct and kis Management

Pticesharcdirectdectsonctsbmcms. somccusbmcrsdonotcarcaboutpricerbutwanthighpcrformance,
sornc cusbmErs do not care much about pcrforoance, they arc not able b pay high priccs. Thercforc,
thcre must be a frrncmrorl<, whie,h will nanage eE priecs according b c:usbmcrs, rcquiremcn6. rhhte 3.9
summadzes cost and priaes nlanaggurcnt relabd sMieg fm achievcmcnt and liniurions.

For bcttsr utilization and b incrcuc thc FvidErs' rErrcrrtrc, nowadayr a dytramic pncing mcelanism ir
ttscd for dlmamic customert' rcquc$. Rm ad x t6g] investigrEd a modcl b incrc se the rsrenuc of thc
clod cmpudng pruvid€r. E.g. Amazon Ef,xzilako oftriag dyrnanic pricirry iincc zlXD. O5manic prrcing
tnochanism in IaaS causcs rnany problems. Thcy fumulabd a prrogram which dcalr with such prroblcms and
handles hfuiE horizm cases. rhic snrdy worbd on rErlnnpw rcalability c3, adpricing c6 cdgi*
Mfr*'t a"absis playr a good role to Prcparc thc resourceE acording b 6c incomiqg dcmaurls. zlhang and
Boutaba [12t] investigrrted a model b naximizc thc rcrrcnuc of cloud pmyidcrr. The mareet analyzcr ir
used b amlyzn the mdlEt furcomiqg rcqucst bricfly. Then, they arc ruing eapacity planncr which prcpar.
thc macnincs and rcsources capacity accordiru b the reporrb of a marlct analyzer. Thir modcl is ucing boh
picc mechanirms, dynanric and static. Diftrent algodtmE uc uscd b trcdict frc siuration b.se suit6le
pricel nochanimr bchrique which would be Euitablc ftr ccrtain situations. This *udy discusscd thc cort
and prices rnanegG[ncnt C6 criterion.

Afrnksion contal is also discussed in ctoud litcraturc b maximize thc prcyidcm, ruvenug. Tboci et al.
[129] workod on qptimizi4g edmisgiea decisions b accept only thosc conhactr whoce ruyenuc is higher. In
tbc pnoposed modcl thEG tlcs of pdctng mcchanisns arc urcd b maximize poyidtr ruyenuc in limitod
rEil'urue8 availability. fircse priciag plans are spot market, ondcman4 poy ar you go and rcscrvatim. Two
t,?es of slgorifrms are used in this modol. Rccervation conhact ir rypliod first and then thc reuraini4g
capacity is utilized uing spot instancer. Revcnue is eamod ftom ttc uparont r€strvatioq, revcnlc ftrom
tEl€trvEd' on'demand and spot instrnacs rcspcctively. Live reccrvation and nrnning ondcrnand sLAs aG
kept wittin the providcr capacity so thlt to contsol sLAs violations. wih qrtom€r classificatim atrd
capacityplanncr, thir ctrdy achieved Ol and C5 criteria

Tb optbda thc rusoutxcs utilizfrionwith priccs,cti ct al. tl30l proporcd profit nrximizatim uring Ficin!
mcthodology in cloud infrastnrctrc. Ttey wu&Ed on cfficient rcsourtcs utilization and pncing models
o increase hc numbcr of customcrs. As crrsbmms' requcsts arc accc,pE4 thcy can easily and fairly be
fulfilld' Higher pnciqg is usod for those cuEtomcrc, whorc jobc are diffcult b fuIfiI. T1*,o s6* are ,sed
for pricing calculuion, unit Price rcdistibutim and revcnuc redistibution. Thir su|dy achie\rcd r€Eources
utilization and manqgcmcnt C:t and coct andprioes C6 crieria.

clottd cos' was discussed by Zhou ea aL lul. TtGy wor*cd otr oost optinization in raas clolds. Drmq
a scheduling sysEm was developed, to minimire thc mooctary cost A (*) basod search transitiom is u,ud
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Chroq3. UuaurcREyfury

ia thir framcutort b scarch bert pricc \/I}Ir. Finding 6c best price Vlrlr n ximizcE luyEntE. Thir rtudy
achievcd the coct and picer C6 crierion. Xu and Li t13U worbd ulrybrid costand priority-boscd rchcdul-
iag in thc cloud crvironmcnt. In this tamcmoAr, thsy proposcd a nclw hybrid economic algorifui whicfu

takesboth6ecoEtardtriorityschcdulingomrximizctheresolccutilization.lUithschcdutingandpnces

msnrsEment the!, achicvEd Ct ad C6 criuia.

As pofit is dircctly afrccEd by cootr, M d, al. tl32J trid b minirni2s thc coct of 6c rprources b
naxinize tho Pmvid€r pofit Frtherrrorc, thcy rvofud on irdividually fulfiUing thc objectives. Their
objwtivc A is b minimize thc cmL objectivc B ir to start thc querier cxccution at thc crrlicst timc and

objcctivc C is b combinc objetive A and B. With cos! SLA aod rcsourccr mansgenent cbrac.teristics, thir
study achieved C5 and C6 cdEi&

Abort t0 percent of ell &c powEr of datr cenEn arc concumcd by thc seruEf,. Fox,Er conmrptiur ir thc
maju oonsumcr of clord ruvenlc. Twi Yombsme Iawson tlz] pmposed an economic Aamswort for
rEs{nrles nanagoment 1tis propoccd francmtort mininizes the ruqge of porvcr. msy proposd an (h.ofr
modct for servcrr b sayc powcr and to naxinize profit Thc totrl powcr consumed by tte thta Ccnterr
is a * p, whcrc a is the totsl CPU corcs ard P is tho pox,er consumed dudng the extre timc. Forycr
consunrpim rcduction, ninimizes tb costr. lVith coct minimizatim, this strdy achieved C6 crierion.

Ihng and ChEn [133] workcd n pricing ud cqcity plouthtg. They dilcussed two t]"Gs of modcls,
monopoly IaaS providers mdct, and multiple IasS pruyidcr Da*et lte optimd solution is scuchcd in
dynamic and strtic ptictng for profit maximization. Sfith picer and capacity ptanning propcrtieq thir surdy
achievod thc rEsourpes scheduling ipfl mrnegeinctrt C5 and coct urd pnces manrgcr'retrt C6 crimia

Mchiar Dabbagh and Rayes t3t] tsid to answEr two Erin questions, i) wtcrc b plre thc incoming work-
losd? and ii) ttow mmy rqounees should bc dlocatd b this worklood? this docision matGt much in
profit maximization beatlsc wrcng placcncnt wastes thc rcsourcer and dclays the tisb. A challcnge wi6
this framewul is ealrundng oo manyworkloadr only on a eingle machinc may dcqearc thcpaformance
whie,h leads b pcmaltics. With rcsorrces and coat Eanlgencot, this strdy achieved Cli and C6 criEria

Shstitry oomrnon lGflllpcs ammg VMr rcducee thc cost Ib advance this idee, Ranpcrcard and StrE

[13{ wuked on Sharing Awarp Virtral Machine Rcrenue Maximization (SAVIvIRM) prroblern ftcy urcd
a greedy dgerithn to shrc thc conrmon renory and rcsources among thc Vltdr horrcd on onc physical

nacninc. Thir algorithm result rhowr a grcat dcal tounrd ruucruc maxinizatim. Shadng lrsourEcs amrng
difrercnt \/lvls rray cause security urd pcrfurrance issucs. With cost mmagEmcnt discussio,& thir strdy
achicved C6 sierion.

Authors in [35], wor&ed on the nwel rcvcmrc optimization nodel b addr€sE the opcration and mainEnance
cost of thc cloud s€rvcrs. Authon used an dgorithnric and analytic approach b solve tlre issues of opirnal
utilization of thc ltsoultes. ltcse algcifrms minimizn fu powcr and opfiationd cort b maximize thc

$zal tudEharv AAFBASIPHNSIF I 5 tuse il dln



prcfit with co$ mantgemcnt dircucsio4 6ir chrdy achisned c6 criEionr.

I^wfiPrices attract cllsbnE[s, hffiB ital$ ucarccpcrformancc irnrcs. Ttc abot,E sfidies ilrcstigsled
how to optinizc thc cosq pnces and pcrtormnce howewl this nceds frrecr invtstigation m optinally
detcrminc ftcse prarreem.

Thble 3.9: Conributions and limiations of cost atrd pices managcment rclated shdieE b maximize
the providers' taenue in IaaS cloud

PIDGrl eDd

thorr
tu lt{qfmConHhrthnr Ilnltrfrm

Ibosi ct al. U29l

Mehiar Dabbagh

and Rafies [3t]

Rampersud ad
Shle [1341

Snetunshu Sahs

and Roy [135]

Opdmal capacit,, was utilized b maximize

thc providcrs'lEvcnrc. (hly thoec SLAs arc

acoeetr4 whose nsyEnue ic highEG Fu cru-
tomcm' attractioo, thcy usd difrGmEnt tricing
schcmcs.

Thcy worecd m clord profit's maximization

by efficicnt rEsrrtrrpcs allocatim, costing and

pdcilrg. This rnrximizes the utilizatiqr of a
singte physical machirrc insrcad of nurning

many physical machiner for thc work having

a capacity of a dngle phyrical machinc.

Ttey usd a grccdy alguithm b shrc thc

ootruflm reEor]r and resotuces aurong thc

\ ds hoscd on ono physical machinc. Shar-

ing conmon rcs<xtroes uruxlg \lllds reduccs

thc cost

Ihcy wofted m a novel rpvr,nuc opdu izafion
modcl b addrcss thc opcration and mainG
narce oo$ of thc cloud scrvcrt. Thcy urcd ur
alguithmic and amlytical appoach to soh/e

the isnrcs of optimal utilization of thc rc-
sourpos. TheEe dgorihms amd analysis mini-
mize thc porycr ard opqational coet to maxi-
nize thcprofit.

Thoae cusbtrtcrt arc rejec-ted,

whocc tryEnuc is lowcr. Rcjec-

tim of cugrcmsr has a very bad

impact on huincss t%].

A challenge with thir frarncryort

is that rtmdng bo many wmk-
loads only on a siqgle machine

may dccrerse thc pcrfonoance

whichleads bpenattier tl36l .

Sharing rcsourEes amqg ditr€r-

cntVIIIs Enycause secudty aod

pcrformaoce issucs [26] .

ftc enaUcnge with his framc-

wort is that pcrfumancc in-
crtaser the servioe oost [t3].
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nrycrr rd fu. [{qlorContlbutlonr
thorr

Lhltrdmr

HorrgXu [1371 Dttnami,c pioec wae utilizod b athoct rnorc

cusbmcm. Resourocs utilization inc[Eascg

pruvidcrt'ruymue.

Mqc cusbmcm rcquire sahble

rcsonceE. No solution was dis.

crssed for pmaltier and heary

losdd SLAs tl3tl.

32;7 Adrrertisements and Aucfions

Advcniscrtutrt attracB morc cusbmErs and obviorsly, it mcans morc utilization. Orcnrtilization is anoth€r
bchniErc to inscase thc undenrtilizcd tEsourcer' utilization, lpretEr, an issgc ir that it may lcad to SLA
violation. Tbis may dereasc pcrfrmancc and atro ctsbmcr satisfrction. Ihblc 3.lo sunrnarizes advutisc-
rnent aod auction relarcd studies forac,hievcmcnt and limitations.

Ovet-conmifrnet of rcsotrcGt ir a complex docicion. This incrcarcs thc resogrccs utilization but in casc
of risk migs calculation, it alco increascs &c SU\ violation. Dabbagh et al. t1391 mrkcd m rcsounles
utilizationthrurghclordresorcesow+mnifrrEnt llreyusedoncrcommiurc,ntfcninimizingphysical
Machinc (Pllfr) wcdoad and minimizing the nrmbcrof Wr. tn sucr{ommitment, iuEad of initializing
nery vlUs and to mi8lab thc overloaded rcsoulse, simply rEstnrces arc rursfcrrcd to thc pM. Ildr saves
wlr migration and initialization oosE. Tho ploeoscd framcwrxk uscs diffGrrnt tpes of predicffi $rch as
WlutilizationprEdictoradow-loadedp,rcdictmbincreascrcilrurucsutilization. f,lithcoatrnanagcmcnt
and resourEes ovcrutilization, this shrdy achieved C6 and g, criEria

Mctunlly and Ahmd [lrl0] wqkod orn rerS ,Esotolccs altocdtott. The main poblem with cloud scrvice
providErs ig to handle a large number of requesr of reaS cusbmcrs. Auttors pmposcd InEger Linear
progmmning Echniquc and a mathpuretical progranming nodcl ff, find ttrc Atimal rolutim. They lsed
largc scalcoptinizationbols and column gcncrrtionfmmulation b alloca6rcsources in alarge daa-cente.
TlEy ruofud on lEsourtcr ryrr-utilization C/ criuion.

Arrction can atfract cusbmGE. SamiEi and Mukhter tlall poposod conbinatorial double arction modcl
for rcramrc maximization. Tlrcy cxhded atready two Dodcls for doublc ruction. Ttc propoeed modcl
ttscs differcnt phascc and algorihms to maximize psovidcr mycnue. In ffrc fint phase, thc cloud pnovider
advrrtiser iE r€sourcet to 6e Ctoud tnfornration Sysbm (CE). Every brokcr gets infumation ftom thc CIS.
Thc secondphascgEocraEs thercsources hmdleE acoording b uscrrequiremcnt; thcrcaftc, auctionecrs ue
inftrocd- Inthefolfihphascwinncnrandloscrgarcdacrmincd.Inthefifftphaserpsouruesareallocarcdo

dtc wittncrs. In thc sixth phasc, thc payable amomt is deumined by thc price model. With thcsc propcrties,
thir strdy achierrcd rcsources arctioncd c/ criHion. Hanrnoudi et al. tl42J reorhd on lmd bfunchg ia
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ChmU3. LiEratncRcvicry

clotd cmpiliag. Wifr load balanciag and parallel processiqg, lsrge trsk arc coryleed yfttitr a slrut time

linit. Thcy implcmcned this framewut in the IADE platrorm. With load balmciag chrractcristics, thi:
rhdy achiared CI criuion.

Thc abore inrestig*im shmvs 6at advutircrcnt incrpascs thc numbcrr of crsmcrs. kople dso tab
inHtst in frc auction and it arractr mur clusbmcm. Morc crubmer may ovcnrtilirc the rcsourccs which

may lead to SLA violatim. Thesc oomplerities nced furttcrrcsearcn and uploration

Thble 3.10: Contibutions and limitations of advertisemcnt and auction rclated shdies to maximize
fre providcrs' rEve,mo in raqs clond

and fu. Il{xJuConHhdmr IlmltrdmrPlrpcrr

thon

zj,troer,a,.ll32l

Hong Theng and

Liu [143]

ltir surdy itrycEtigaled tudividually fulfilling

of the objcctives. Thcir objec'tivc A was o
mininize thecoct, objcctireB was to$srtthc
qucries execution at thc earliest time and ob
jectirc C was b comhinc objcctivc A and B.

ftey plopoced profit opimization algodlh.
mcy ruukcd on rsvmlrc maximization by

otrlinc auction for hacrogc,ncoru uscrs' de
mrndr. lteir approach wofts on two mrin

functions. ThE first mc is thc pa,rmcnt func.

tion and the sccond onc is ttc rcsourcc's allo-

cation rule. Tte payrmcnt function ruork on

thc requcst allocation rcrult and nrbmissim

tirc. Thc dlocatim rulc rics b mrximizc

the bfldder'r utility.

Thcy did not discusr hw to en-

ffiain hcarry loadcd SLA$ ard

what O do inextcrnc utilizatim

t%l.

ltc challenge with this is that

customEffi do not trust onlinc

auctios['|4].

3.3 gummary and Conclusion

thir chaprcr described the rclarcd meenanirms and limanue b IaaS clord revcnrc maximization. lVe

cxplued and anal,"zed thc limanre aud classified it according b pmposcd lpamegq as discttsscd in

chaptEr 2. We rwierwed and analyzod relarcd findings to eryEry paramctcr. This hclpcd us b idcntify thc

limaure grys and futuc dircctions. lVe malyzrd, how the performance, pcnaltics, SLA managemcnt,

rEEourEeB utilization, rrsourues scfieduling, custmrcr gatisfrction and auction affect thc rerrmuc. We firthcr
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irrestig[Ed thcsc issnos in thc light of thiE liuanrc b cfficiently mar1ge the rcsources and rco*load fq
betu pcrhrmrnce and rcvcnuc. Thblc 3.11 covrrr thc year wise approachcs and rutmarizcs the relarcs

studics. This cnapcr shws thatmassivc rcscarchhas bccndone infris fid{ hwertr, rore of thc gryr still

nccd firthcr inveetigafions. DJmfldc rrsources povisim with linitd rrsrnrpes ie till an ope,n qrrcstim b
be iuycstigabd" Cnstomcrs' satifiction and rcsouses rcalbility still nocds b be explue frrthc
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(hryC3. LiEatrcRsvicry

Thbte 3.11: Year and ryproach wise sumrnary of literanuc

Plrperr andAuthorr Prfi.
Ycar

Appuach used Arce

Hoag Xu [137] ?mz

Qi Zrary t1231 znn
Wu and Buyya [13] 2Ol2
Hong --',9 andliu [143] 2Ol3

Rongdong Hu [145] 2fr14
,' .ndhini andMohana [108] 2Ol5

Adil ivr. *rouf and Haqiq [95] 2Ol5

Kuntu et al. EU 2015

Tbosi etal.UDl 2Ol5

Ha*. : Zeghlache [9J ZJls
Snehanslru Saha and Roy fl35] 2A$
lbvi Ymbame Lawson [24l ?iJ16

znaoetal.ll3zl 2ot6
Mei et al. [11U 2tfl
Gaoetal. t98l 2nfi
MehirDabbagh andRayes [3t] 2Ol8

nanpersaua and Stab [134] 2nl9
Hou lhng [lfi]l 2A19

Hong ^^"9 andliu [14,6] ?fr19

Snehanshu Saha aod Roy [1()2] ZJlg

Dtmamic cloudpricing C6

Dynani,cresouro$allocation C5

SlAmanage,ment Cz

Online auction C7

Resources prwisionhg C5

Clientclassification U
Novelpenaltymodel C2

Resource managerrent framewo,rt Cl
Admission conhol for reservation C6
contracB

Cloudfederation C5

Cost management C6

Powerconsumptionminimization C6

Optimization scheduling algorithm C5

Customcr satisfaction U
ttanscoaing in clouds Cl
Price heterogeneity C6

Grcedy approxirnation algorithn C5

Resourpes scalability C3

Resources scdability C3

Services performance C3
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Chapter 4

Methodolory

This th$is explores thcrescam,hproblcms rplarcdo the fo[owing researchgection

Wthfinnad rascrullacs aAWmy ordlutcrogcruow cwtarrlrlrt' ,etltncts, IIow to tnan rirr
tlu prwfulcn' rat crw and pcrfunurcc by ndnbnlzittg SIA violnt'til utd cttctonlrlr' dissatis-

frctbnkcbudcanpthg?

ltis is an apcrhnotul rpsurdt which necds cloud lab fu big data pmcessittg. Formation of clotd labs

requirer hrge capial and cxpertise. A suit$lc alematire fm cloud labis cbttd sitnttbrors. Scveral cloud

dmulebm are uscd fm difrerent puposes. Gtxcn cloud is spocifrcally usod o simulate Gncrgy conruurption

in cloud Fojests U47]. Ilue b the brcad functionalities of thc prroposd wqlq this is not suitable b help

in onr prqosd mcthodologl. Icacloud wrs specially &rigned to cdcrrlae the cost and performance

of netwmk prcjccts. Howarctr, trs thir researuh wo,rt ooven a wide sct of fiuc{ionalists, ICanCloud rvould

not be a bemer choice ll48|. Clod ana$st is uscd to Eimularc thc rcal environme,nt of thc databsscs.

Cloud analyrt pmyides morc frrnctionaliEb than Gr€cn (xord urd lCanClou4 furthcr it dso support G[II,

which mnlre i1 easy b usc. We usd it in pat of our cxperimentrtim.. Cbudllim is a Java command line

simulalm which is widcly used fm sinulating cloud cuvironments [149]. This facilitarcs the yiilual crcatim

of scrrrrq data oenEcr ad virual Ercnincs. Clottd implemenation and difrcre'nt sche&tlitrg algpdths

can be irylemcnrcd b plttr diftrcnt cloudlets m difrcrcnt virttal machines. lte use of ClottdSim in tbe

propocedfrare*uticduebitrversatility.Itcanbeusedbc,r€aEvirtualmachinoqcloudlets,dataocnhcs,

and migration sc€nuios. Clord irnplcmcntation and differcnt schedulittg dgorithms can be implcmenEd b
schcdule ditrcrent clodlets om differrent yirtral machines. CloudSlim was dercloped by Raj Ifumar Bu1rya.

He is affiliarcd with G,OUDS Lab, Se,hml of Compum Science and Infqmation Sysbms, Unfttersity of

I\flelbornc, Arutratia [1491.

57



Chtrcr4. ttlcOoOology

.l.ocCSmutr Olobd8.nu!
t.

Ilr0eCenbtr

. .i*.}
' Prl6r

Clcrdbb LrlBrcbr

OhDd B.ulo?' vrl!
'SLAthruhotlr

tdr[II
il

MDFII Clc59m!(t
T
=

E

g
6

Sbllge
Alocdon

Clqd OfrConbrOoodlnfrr

Figure4.l: Strncturc of the Cloudsim simuhtor

We erncndcd 6e CXoudllim rimulator o evaluab the efficiucy of thc popoccd nodel. Figrre 4.1 shows the

sfiuchtrc of ClotdSim. Expcrinenhl setup was codcd usfurg java o evaluab the x,o*ing of this modcl. In
thc fintexpcrimemtrl setup, theimpmtantpaametcrs which are considercd andmeanned uc, otal numbcr

of cbttdlcts, total rumber df VMs on which these cloudleu are run, ,Espdtsc tinu, ruwthg tinu, waitittg

ft rrr,, SIA vblatbn, pcrultics, rEv.rw gctutztcd ed pru{u carmcd. Ttece paranacrs werc calculaled on

botb nmnfurg these r€sourcos on local scryers and global s€Naers.

qordCqrSfruh[on
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Chrytcr4. Mcfrodology

4.1 System Model

this section discusses the gcncral worting of thc prroposed modpl. Algtrithns uc ttccd o gc,ncrarc coudlets,

Data Ccnters (DCs) and \rirtral Macnincs (VIvIs). In Cloudllim, clordlet ir used as rvortload o nrn it on

\|IvIs. In Prloposd rirnrlrtion, thc lmgh of cloudlet is t00 MB, file sin ir 3fin0 Il,tB, and out pllt size is

30 MB. \IIvIr perent thc rcal VIIII to run the cloudlctr. In proporcd rimrlation, Random Acccsr Mcmuy

(RAM) is ZnO MB, MIPS are 250 MB, baodwidth is 1fl10 MBPS, and numbcr of pIrocesstrs arc 2. Where

MIPS ir n€mc!, instructim per second. DCs reprecent the datascrs b hoEt thc WIs. In proposed

simulafio& the archirccture of datrcenm is 'xtd', operatiag system is'T-i$tf,", vmm is'Xen", comptting

otxt IEr s€cmd is 0.qN0, cost pcr D€mory is 0.00!10, cost pcr strage ir .0035, and cost pcr bondwidth is

.0(2. Tflo tncs of brclrcrt are usod in this nodcl. Local brokErE run the rEsourpes m local servcrs whilc

global b,rrokcrnm the rcsouces on global senters [1501.

Threc difrcrent cloud seurpc wcrc crealed b mcasurE the rvmkiag of thc proposcd Eodel. In thc fnt sctup,

performarce is Ecasu€d for local and global BervErE, as shwn in figurc . In thc Eecond ictrrp, rimulation

is scafied b chcck the wuki4g of FETSIA ts minimi2s the SI*A violations. In the thid sehrp, dclay ard

migration coetis calcularcd fu difrercnt scenado.

qrbilr
ffid

i-
I frboff,odtdI ItrT

I TuthdddI -r,
I tbk*'-rl-lt-
I 

-

i OlgrtffiI lcrlt-Tv

Fignrc 4.2: Running wortload on local and global sGwGrr

. In the fint simulation lrfllry, lfral bt*.rs y,irh local screctt werc crcaled ar shorvn in figurc 4.2.

Nunber of VI}ls arc initialized on local Physicd Mrchincs (PM$. Local sertrrs tah less numiqg

and trosfcr tirc comparatively to global servEf,E. Clodlet rvorks as workload in Cloudllim. Diffcr-

cnt numbers of cloudlee arc gsnerarcd usiag alguithms. In prcposed sinulation, the size of thc singlc

cloudlet is 3fi100 MB. Thc number of \IIVIr, on which thir wukload is run, ue gradrully changed

from 100 b 1500 [15U. Sclccting this sct of workload is o implcmcnt it reliably m Clordllim. Tht-

Afztl Mthalu I2O.FBASIPHIrcS1F I 5 togc 59 ol l9O



i4g small rimPle would not ExvE propcr rcsulE whilc largcr would bc ditrsult b irnplcrncnt. Dudng
sinulation, wc obc€rued runing timc, waiting time, SI-A violirtion, penaldes, tuuenuc gqrclatioo,
and pofit [501.

In fre rccond psrt of tho fttt rcnrp, global br*er with gloM scrycrt wcrt crEatcd. Global scruErs

take more running ad trsnder timc comparatively b local scrucrs. Spccificatim of cloudlc6 and
VlldsarcthesanersqpaEdfmlocalbrohrforcomporativesMy. Nunrbusof\lltdsaregradually
increasod ftom 100 b 1500 frr samc wo*load as in laal brokcr setrry. Wc obscrve4 running time,
waiting rinrc, $fu{ violrtioru pcnaltics, ruvEnuc gencration, andprofit duri4g simllatiqr.

qrbirr
hrb

,/-:-\

- 

I\r5othffi Iru!
==ilUffi !rr I7e

I

llbbfrrbd !

-ri I

onrEtr I

i. rlgl 
J

hcIr-ffi

DtOrbr

Figure 4.3: Runniqg workload on difrercnt datr ce,ntcrs

' In thc second qpcdmentd sctup, thc CloudSim simulator was exrcndcd b cvaluaE thc perfuurance
of Fcrformanebased Scrvice Lerypl Agrcmcnt (PerSt-A). Stsuctr1e of thc siputatiom is show in
figure 4.3. rte added ncr classes, '?enaltics and Prices" b calculab and adjust pcrfomancc and
prices. Penalties arc urtomatically calculabd based on entrics in the I,c[sLA clacs. priocs arc also
adjubd bascd m FcTSLA entry and poalty clasccs. In the prcposcd scenario, 1,200 vfuturl nacnines
we're creaEd es rcrourccs and 2,0m dordletr as clicnt wo*load t150, l5U.

' In the thfud expedmental sctup, ar shown in figurc 4.4 Clord Analft was extrndcd b evaluarc
thc pcrformrncc of cfficic,nt rEstlttroes schdnling on cxEnal rcsourucs approach. For this, scp1rrl
CSP! hct e been crealed aound fte wodd on all continens. Tb calculaE thc delay, nuuri4g timc,
and hansfcr cost, thrEe difrcrcnt scensdog wqc crearcd wifr difrcment ctraracteristics. In the firgt
sccnario,pdmarypovidersarerequircdohircrcsourcegfrornasinglercglon. tnthcsecondsoenario,
ptovidEs hirc local rEsources hrt thcrc is no carc of delay tirne and migratim ooEt IE th' third
sccnario, the proposcd ryeroach'Efficient Rcsources Scheduling on ExEmal Rcsotuces" is urcd b
nqFale the recources to qhal rEsrltupes.

T
m{s

' DCl
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(hry!r4. ttlcmAobgt

Figurc 4.4: Migatiag workload b difrerent regions

42 Parametens

In the propold Eodcl runttirtrg timc, waiting tiEs SLA violations, penaltiec, ruyenuc and profit is cdcu-

latrd. fu runing dinc calculation, ClottdSim calculab thc total timo trken b fully cxccue thc clordlct For

waitkg ltizc calculation, ClortdSlim calmlae fte ffial tine of cloudlc$ it spc,nt in waiting qucuc b accesg

VL{. Ib crlcrilate the SLA vblaiou, the abovre dircrused perfumrnce paraEctcrs arc mcamrcd qgainst tbe

agFeed theshold vahec. IIaE in ffris modcl thrse tkeshold values re intso&rcod fornrnning timc, waitiqg
rime and avaitatllity. As the pcrfuoancc go do*n ftom there valuer, SLA violation aocnrcg. mc prroporcd

modelmcanreSLAviol*imsnihncdlficryntlaycn Inhcproposodsimulstioo,eyEr,,parlrmeerhasie

mm weightags forpcnatty calculation. Penaltics ar cdctlarcd according b fre inEnsity, tine andparanc-

ffi. Tbese arc calcularcd accordiry b the propoccd fumula and deducted from 6c priccs. In romc ciEation,

prices ue rducd scccding to the SLA violations.

Ratenue ir ganerarcd frw darund f,tstorrr,,fi, ruscrycd cti'Jtofi|r/t; rugotiatcd custorrEt 8Eld, Acrnal ru-

wt lccs. All the n yenue arc addod to cdculaE thc total rsypolre.
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Chrytc4. Uctodology

43 Pnoposed Scenarios

This rcction dirc{sses the diffcrrent cxpcrtment* sccnario o hsodlc the rcscarch chsllengec discusscd in

chapmone.

7. Eov dtci.nflt ve ufiIiu drc pavidc? rwncs?
Alguithms, Wtcicrrt khcdttlhtg fur Rarutu Maimiwtbn (ESRM), reoeive crtsbmcm' hsf6. ESRM dc-

cidcs where thc incomiqg wo,rtload wiU be excutcd. If thc crccutim and laHrcy of the wo*load incrcasc

compued to 6c agrced th€shold yaftrer, &c wo*load is nigrated b undcrutilized sourccr. If incmiag
requcsts exceod thc rupplier's availahle scds, rcsourres arc migrarcd o exunal pmvidcrs. ESIRM savcs

proyiders ftom fines. 1}is algorithm also hilgt the wo*load bock to tlrc 1lnovidcr's rrsoures as sprce

becomes arrailable. ffis minimizcs cxunal paymcntr and also inc,teases tbe use of pmyidtr sruEcs.

2 flwvc nnfrdfltctwwea tffilfrtyitttc?
Ib solvp poblcms with the scslrbility of rcrourccs, exhral sourcel are hired by an exunal rupplicr. In
thc ploposed soerurio, thc clord cnvirunment is crcabd ad EmagEd by locd and global brckcrs. The local

brokcr cudes ort thc wortload on locd Bouroes, while the global bmkcr canies it on worldwidc rtstlrnpes.

Ibc samc nunbcr of virhtal maenincs arc initialized on local and global rcruErs. Tbe sanc number of
clordlets ae nur on both servEri b calculab the rcEuttl of thc simulation. The ptopoled atggithml uc uscd

o generab thc mmber of cloudlets with a filc aize of 300,000 MB and O exccurc thsn om both scrvrm. fhe
simulatim is pcrformed multiplc times, changing virual machineg ftom 100 o 15(X) and cloudlcts ftrom

100 b 15m. Duriqg similation, we obsened the running time, waidqg dnc, SLA violation, pcnalties urd

ruvelurc gpo€ration by both E€rers b calculaE thc pcrformmoe issucE on Urn*erring wotrtload ftom local

sctrErs to global s€wcrs. Thc global scrvcri incrcases thc Ecalahility of locd soryers. As 6e ruo*Ioad

insreased fotm local rcsourpes, rvorrtload is transf€E€d tffiards thc global rewGrE. ftesc cxErnal rEE(ErEes

inseases thc providem r€souuel scalability. Drc b this, SI-As arE not violated and lEsr/y wo,rtloads arc

not rejected.

3. Ew ec M a god SIAIw cwbrun rufiqfufun?
Ib haDdlc thc performrnce, priccs, penaltiee and rcvrnuc issug a clcr cut SLA is rcedd. We proporcd

@omwuc bascd Scmicc lzvcl (hrSIA) to hadle StA rclabd issucs. P*SIA en$rr the perfrrmance

and ruitable prices of thc scrviccs. CIerly starcd SLAI, wifr undemtanlablc lintn b the clutormcr'r bruincss

infiettsts, uc the key o hclp snppliers bpmvidc the best service forcrromerrequircmentr andmaxinizing

customcr satidaction.

4 Eott o qdn a phct ud IEfLft g lddG, b wt rrrlri;lail rcvcruc?

Ioint prices arc uscd in this modcl for crutomers' satfufrction and c,fficiat use of rcsourpes. Fixed rabs uc
used fm highquality rcsented cuEtomcrt. Demand based pices arc used by dynamic cucbmcm who up
lootiag for high pcrformance. Negotiated-based prices arc uscd fG urdcnttilized rrsorutes. In negotiated-
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bascq prices ue negotiaed bctween cusbnrcrr ad prrovidcrs. NegOtiarcd-basod prioes uc uld for tmder-

utilized rEsunpes. AB the pmpocd framcilort uscs exEaal rEEourpes, thelufott, thcy are paid thc agrced

priccc.

Ioint pices uc ofrcred O attract ilrrc custmcrs to thc clord bnrsincss. Ctctomcrc dccidc accoding to thcir

scc6 rio. Somcryhererscypayhighhrtdonotrupportlorcrpcrfo,rmance. Smcryhcre,frcymayncg$iarc

pcrmnmncebutcaonotpayhighpriccs. Ftnthcrmore,clordrtioutpeEarEltotsbmblc. TheyarcwasEdif

not utilizod m timc. ffrercforc, ncgodated priccs are best option to oycrcmc thc isstlc of undcrutilization.

Some revEnrrc is gcncralcd insead of conplcrc wastage.

5. Ew w @t fr. SA tittfuns std pqtwmrcc?
SLA violmion is the mein carsc of penalties. Fc,lralties arc applied b dccrcarc fre pricer duing rcff urpct

downtimc m in thc dirrct sarctions. In thir Eodel priDcs arc reduced fq downtimc. Thrce penalty l8,rcr

strtrctrreisuecdinthirframccrort ThrEthr€choldvalucsareuscdtoapplypenaltiesmvioltimofSLA.

It increases the curtoncrrctcntion and satisfrctim. Furdrcr, it sares 6c provider ftom SLA violatims.

4.4 gummary and Conclusion

Cteating clord lab rcquiles hrge c"pital urd high cxpcrtise. In academia, thc eary solution fm clod lab

is clord simrrltffii. CloudSlim is widely usd in acade,mia to simularc the big data envircnment CXottd

Analyst is also a prt of thc ClodSim ploject Tb evrluarc the efficiency of thc pnopoacd q4roeches, we

cxrcndcd Clondllim and Clold Analyst. Ilc whole similation is dividGd into three partr. In the first paft,

Irfuing exErnal rcsrnurcs and irplc,me,ntiag joint pices was simnrlated. In the socond sehry Fcrfomunce

based Sqvice Lcrcl Agrccmcnt (PETSLA) rvas irylemcned" In the thfud rimulation, Ooud Amlyst was

used b simularc thc cfficicnt migration o exHnal resourcer. Nl thc simulstion retup efficicntly pcrfornd

in varioru environmcnts.
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Chapter 5

Revenue Maximization by Hiring External

Resources

Revenue is thc prime focus of evcry business. CXotrd pruyid€rs wunt b maxinizc revenuc urd manage

thsir business up b mark tl52l. For rev€ouc maxinizadon, we consids pcrformnce coctr, penaltier and

ruurc,lruc. thesc pramcur show thst increasc in pcrfumance, maximizcs ruvmuc and re&rccs penalties.

HowevEr, 6e performane is also proeuU,onat o thc cost and prices, which ir furvcrsely proputimal to thc

profit in Ertns of cost [1(Ill.

Undcrutilization of cloud rpsources is a critical issuc as it reduces pnovidem' ruvenue IX2,lWl. Sometimes,

curbmers rEEcrvE acrtrir r€$rurrcs but latcr m do not use frcm. As a rcsult, thcsc rcrources arc wasEd.

Underutilizcd rEsourpcr can be dclivcrcd bascd on negotiation-bosed pncing. Negotiation-based pdcrng

gencrabsrtvemefcunderutilizcdrcgourcesinsEadofwastingthcm" Also,nopendtiesarcimpoccdfqthe

SLA breaches I25]. Ttc pmposcd frmcurort ains b rduae thc wrsE of rrsouruer by otrfiiqg ncgodafion-

basdpricing. Ovuntilizationannoysthepovidersindifrercntwayr. ftcyhavetorcfusecusbmGmhwfurg
mqssivE rvorttoads bcausc orf lirnitsd rccourpes. ltis dissatisfieg cusbnrcrr. Also, thc rejcctim 6f mrqiyp

rvo,rtloads depives prcvidcrs from higher ruvenue gcneratim [3t1. Custmcr satisfactioo is mcarucd by

thc degrce of satidaction of thcir needs. It is mtr€ economical to rctain exist'rtrg cusbmcrs &an to attrlrct

new ones. Customcrs satisfrcrtim scryices improve cusbmcr velue, inscasiqg the long-rcrm revrouc of thc

company U4,nl.
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CXuptcr 5. Rcvcorc Mrximizatim by Hiring kuoal Rcsorccr

Thble 5.1: Symbols used in formulation

Symbot De0ni6on Symbol lrc0nttlon

Xtw Cost of rtsounges per unit Xc* Servercosts
pice

Xw Secndtycharyes ni Extcmalmigrationcosts

Xmon

*,
x%

X^t* I\fiainEnancecocts

Xn Networtcost

f* InHnal costs

Monibringchrges

InErnalmigratim cosB

Extcrnal costs

VMt FrcevirtualmachfuEs u11 Unithircd

h Reservedpiccs pa De,mandbasedpricing

p" Negotiationbasedpricing P Powerconsumption

Rana Revcnue from inErnal re Reuii Rsvenuc ftro,m exernal rs'

tt Numberof cubmers Un Numberof violarcdSlA

c, Ctstomer at&rntion costs Ts thxes

n CtstomcrreEntioncosts tt Penalties

x, ConsAnt u Humanrpsourtcscosts

A Markupmqin o Discountonreservation

O Upftontrcscryation Prw^r, Providcrhavingmaximum
tuvque

fu hemalresources UT Uscrtask

ilii Externalrcsourues VM^* Vltdlnvingmaximumrcy-
enrc

CR Crrsomcrs request VMu lrituat rnarnine utilizcd

Prof Prcfit 1 Minimum guranEcd rw-
enue

Per Performance us Resources utilization

QoS Quality of services ,SS Scdability of services

EI Execution time El f Efficiency of services

O Monitoring charges REI Reliability of Services
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Orptcr 5. Rcvtnrrc }faximizuim by Hiring Exunal Rclotrccr
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Figure 5.1: Infrastsucture as a Service

Pricing phys a maju role in ctsbmcr satisfrc{ior and arraction. Diffcrpnt pice Dodcls uc uscd in clottd

corpudtrg t36]. In dcmaill-based pricing, cusbmcm arc charged pcr tmit cmsumcd. In rcservation-bascd

pricing, cusbmcm arc billed based m their rubscription lercl. Us€rs dso bencfit ftrom a discount on euly

bmking. In the proposcd framilrqlq a comhination of difrerent pioes is ttscd fq crubmerr suisfsc{ion

ud attaction U03, 119].

In casc of SI-A viol*ion, sanctioru are irnposod m the povider. It playr a vital role in reycouc mari-

mization. Most of thc prrryidcffi' ruvEnuc is wrsrcd in peoalticE I90]. Ib tG&rce rejcction of scrvice lc*el

agrcensrts aud crutomer discatisfrction, ftc pnopoaed modcl pnrposes 6c hiri4g of exunal resoruocs. Ex-

unal rcsources optimizc thc ccalc of the providcrs' rtsourcoc. With scaleahlc rtsourset, mersivp wqkloads

arc accc,prcd fu execution, ako it do not overload fre syrtm t3al. fnsorcing and outsourci4g Ec,hnigcs

arc applied b undcr-utilized and outrtilized rcsorcezlS2,l?27.

Thc fdcraed clord concept war inuoduced b handle ovrrloadcd sysEms [301. Howerrer, the federated

clord imposes rcstrictims o hire the rpsourucs ftom specifc prrovidcn, rcgiEEEd with the ftderation. Even

thongh such r€cources can be easily and moOeraety available ftrom supplicrs otttsi& the federatim. This

r€sults in a kind of monopoly, in whic,h a povidcr is fqced o hirc rcsourcec ftro,rn specific exrcrnal providcrs.

ilul
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Gatrcr 5. Rcmrc Marimization by Hiring kEtrEl Resorccr

this rady itrEndE b design m approach whcrp a scryicc fovidEr, if ovcrloadod, or has run€ c"nstomcrs

6an thc ayailsblc !Er(ruroe!, can sorvc or hirc exunal r€BouraeE anywhcrc it is availablc cowcniently urd

atlwcoat

TtiE chaptcr oovErs eftctirc schedrling, scal$ility, optimized pricing, as well ar pruvider opimizcd per-

formanoc b msrimize ruuEilrc. Thc most iryGtrnt frcffii for customer gatisfrction are thc pdcer and

performanoe of s€fliccs ElU. In thc timiEd rciourpes soerurio, exffioal rtsourrcE up hired to exrcnd the

govidcrrccoutccs scd"bility, which opdmizes pncing and performrnce. Local and global migmtion rcch-

niques arp urcd b arcid ovcr-utilizetiqr of inunal rrsources. Thc table 5.1 slrws thc notation usd in thig

ch"pU.

Contributions of thiE chr@ uc lisEd as follows

. Thp pmeoEcd apercach hires rcsourccg ftrom exbnral Cloud Service Prrovidcm (CSPs) to exEnd thc
plovidcm' htsinesr. As a fcdEr8ted clott4 Fuviders aro not fqcd b buy ftrom spccific atlies.

. Ib oilimize the pcrfumance and rrenue algoritbns arc prroposed for local and global migruion
Btrabgies b sryE intcmal rcsources from udcr and wcr utilization.

. Thc prcposcd appach offcm diffcreirt priccs. AlguifuE and fumnulas arc used to selcct prices

accotditrg O incmiag cusbtrrEtrE' requcct D5namic priccs amractrxnr cuEhncrt.

With limiEd recouroeE, it is vcry difrorlt for cloud rcrvice providcm o respond b the dynamic and mergirc

dcmads of the cruo,men. It[assivE uso or denid of aly scryice level agrcclrc, t may rcrult in pe,nnlties

that play a critical rolc in thc cloud infiuty. otrcr utilization of rccources, imEsd of maximiziag rsecrrrc,

can result in lower rcvtnucs due b brcachcs of SLAI as providerr arc subject o penalties. Various studiec

hilE bccn conArc@d to shdy thcse pmble,ms, hrt imprrovc,mcmtr arc gtill ncedd. In thir chaptcr, we havc

proeosed a modcl b solvc the problcm of rcsorcec scal*ltity and s€ryice lcvel agreement violations by
rccruitiag rcsrxtrEer ftom cxernal suppliar at low prices. Thc figurc 5.2 shmvs thc detailed suuctrc of tbe

propoccdmodct

5.1 System Model

In ftis scction, we discusscd clord pricee, c{gbmctr catisfrctioq hiring exulal rEsourpcg aod how b for-
mularc thcm to maximize rcrrcnue.
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Chsptcr 5. Rsmuc Itfiodmization W Hiting ExEosl Rcrouccs
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Figure 5.2: hoposed sysEm modcl for hiring external rcsources

ffi-
Orfudom

ffi
htEEr

5.1.1 Clond Pricing

Ptice models play I big rolc in rcvrnuc gmeration. ltc clord DartEt uses difrcrcnt types of pice modets.

In thc rcs€ryation prioe plan, c:usbm€rs r€scrae rtsourEes fc a specific pcdod, sue,h as a month or r year.

Resources are givcn to curbmcrr with a subctatrtial discormt Custortrcrs pay thc upfront rcgistation cocts.

With ondemrnd prices, cusbmcfis uc billcd as pcrusc. In &is pice systern, prioes are higher, ht prcvidcrs

arc charged fu thc S[,A violations. In negotialcd prici4g, prices arc negotiarcd between ctuomcrs ard

pmvidcm. Negodarcd piccr are uscd fc undcr-utilized rE$rurpes.

As the proposed francM/ork uses rEsomtcs from extenral povidcrl, the,rrdore, tbcy uc paid agrccd prices.

As dissttsscq exErnal rcsources arc hired in casc of extrrmc utilization b scalo tho limircd resourccs and b
mrnqgc thc massive St-As. Tte combination of dl prices is ured according to incoming crrsbruErr' r€quest

h this tancutort, intcmal and cxunal migration cocB arc compued, as both thc trovidtr and consumer

sufrer a lot from thir. Seurity and sety are imputrnt but 6cy alm hcrease the costl U521.

Fu prrovidcr, thc basic coat is calcularcd as:

Xt : Xl,,tiro * x* + *+ P + X,,,t * n (5.1)

llerc 292 shows frc total cost per rmit usc. Accordhg to the equation no 5.1, totrl cost (Xt) of the rEcotuoes

F?
Slrrr\ts,
F
AEI

ClldScYrccPronr&
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(brytcr 5. Rcvcntr Maximizatim by IIfuitrg kunal Rcsonccs

ac Sc rc$ntrpec pnces pcr tmit time b1,7.u), human r€sonrces nccdd (r..r), nctwortiqg coct (X"), InEmd
migratim (X*), powcrcunrmption (P), sccurity charges (Xrr"), and otbcrr relatcd cnrges ( r).

InEmal rEsortrpes cost is calsrrlabd as:

XE *: Xt* n (5.2)

Wbcrc &)are thc btrl inrrnat cost

4 qVn (s.3)

Per x Rnl (5.4)

ThE abotE compttatiu and equtions no 1.5 aud2.2 doscribes impottant composition in this framcmoft.

Numbcr of pc,nalties (f) uc diretly pogqtlonat to St A violations (y") . SLA violations are invr,nely
proportional b perfcmancc (Per) and executim timo (.8 ). Ferformmce (Per) is direc-tly proportimal m

costs and reliability (ner. In this section thesc paramcters arc adjucrcd to improve ruuenuc.

For the poposod framutut join pricer are rued. Fixcd raEs arc used for high-quality, reserved cu$onrers.

Dcmand-based prices are used by dynamic cusbmErs who are looking fe6 high permrnance. ncgotiarcd-

bascd prices arc uscd fc undcr-utilized rcsourcer. In thc rcal cloud envfuonment, this increases rEsrltrpc

utilization and crutomcr satidaction.

Pricos ae calculaled as:

f*P"- Xu6xt-otA (5.5)

In rcscrvation based pdcing (4), upftont rcs€nxrtion (a) is deducEd ftom pices becurse it ic rfiuucd b
thc cttsbrmcr at thc cnd of a succcsdrl hrsiness. Aftcr subtracting the upfiont rcseryation, a total optimized

margin (A) is addcdwhichis whattheprovidcrwants to eanr.
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Chryicr 5. Rcmrc Maximizatim by Hidng ExEml Rcrorccr

pe:)(hxu6xt*A (5.6)

In dernanrl bared pncing (pa6), orsbmcrs arc charged fu tmiu consumc4 howevEr, they uc not chargod for

upftont reccrvation

5.12 wtamUng hoviders' Resourrc Ufflizaffon

Utilization plays a leadirry rcle in the clond computiqg martct If thc nsc of rcsources incrcascs o thc

maximum, the revenue wi[ also incrcase. Negotiaied-based prices arc urcd fa underutilized rEsourcel, to

incrcsse r€sourres utilizatim.

Rnaiix pxuilx p (5.21

Tbtal rercnue gcncraEd ftom inutrd rEEortroEE (fuad is dircctly pmgqtonat b thc prcduct pnces (p),

inEaal resorrces utilization (u;;), and Otal numbcr of amtomerr fir).

Usually, in clottd coquti4g, rcsouroes uc kept rcrerued. If ctsbmcrs rEscrrc ttc rccources but lam on do

not usc th€Nn 6en thesc rcsourceE go mdcnrtilircd ard wasEd- In the popooed tancntort$ these rcsowces

arcrenEdbothcrcrrsbmerswilhthepriorpermissionof hryercrub,m€rforhighcrruyEnue. Thisbcncfie

both, p$yidcr as well ar the buyer. Recource utilization (uii) is dcnoted as:

tunnhry(l!vM),ii:@l!-wi (5.s;

WhercdmominaOrchws 6ctotal availableVirtnlMachines (VM) mdnomirutorshowl thctotalruotring

VIlIs.

lte main rEas(m b€hitrd negotiarcd pncing is that cloud rcsourccs aE not stq€-ablc. Consequc,ntly, re-

sourpes go wased if not utilized. Ttcrefqe, it ic bettrr O get Eome ruyenue instesd of complce wrsqge or

to go inb locs.

(5.e)
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Innegdiatimbasodplicing (p"), providcm negotirrc prlccs beping maryin (4"'s) in mind.

WhE[Er

A >'y

Eqution no 5.9 attracts thc low hrdget cusmmcrs, whie,h incrcasc the rcsource utilization

(5.10)

5.1.3 Iliring Extemal Resources

Ib mrximirc rrtyEmrc, the provider mnst inprove qrstmcr satisfaction aod mininize SI.A hEaches. Thc

SLA viol*ion (rccurs when a pmvidcr admis morE cusbrrerl lhan thc availablc rts<rupes in thc hope of
improving iu rruenuo. As a r€sult, it is poesible that the provider cannot proyidc thc agrccd scrvices, which

can lead to pcoalties. As a rcsult, thc pmvidEr wasEs insbad of incrcasing rwtuuc by paying penatdel.

Wifr limibd rEsourtes and maximum usc, thc maju issuc is that cloud service proyidcrs rcject cxirting

custoncfr whosc penalties are lower than ttc rsurenucs of nerw crrsbnEm. High-incomc SLAs are adopEd,

while low-incomc SLAs arc rcjected. As wp know that:

paS.9

Numbcr of customer (fr) is dircctly prcportiond to s€ffiiccs rcalc.ability (SS).

(5.11)

Reuii x. lt (s.12)

Revemre ftom inEtral r€sourpes arc (Eatil arc dircctly proportional to thc mmber of cnromcm (p).

Fenalties ncgatively afrect &c clod marlg. Urually clond computiag acc€pE massirc wukload ht larcr

on, thcy can not pmvidc rEstntrucs as pef the agrce,ment As a r€sult frcy pay mrch of thcir rcvcnuc in
pef,raltie&

Similady, equation 2.12 ehows that oal numbcr of SLA violations (Y") is inwnely proportiond b Scrvice

Scalability (S^9), Quality of Service (QoS), and Efficiency of Service (E t l).
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Chryicr 5. Rcttnuc Itfsxinizatioo by ttidng Bunallclouccl

4 xVn (5.13)

Prot u,llq (5.14)

Whcreofpenalticc (4) are dircctlyproeotonatbSlAviolations (Yr) adbtalprofitof thcprovidcr (Prof)
is iwerscly poportimal b penalties.

Rejecting cuEtomcrs, lomperfqmrnce and resoures limiadms lead o qubm€r disratirftction" Gcm€r-

alln providers gire litfle alEntion b cuEtoncrs' satisfrction urd rpention- Rcrcntim is easicr fran atracting

new cushmen. CuOmcr dissatiEfrctim rEflu losing a lot of rsveilrc.

CSq.SSxEffxQoS (5.1s)

llcrc (C,9) shonE thc ctsbn€rr' satisfrction which is dirwtly prroportimal b Sqvice Scdabitity (S,9),

Quality of Ssvice (Qog), and Efficicncy of S€rvice (E I fl.
lfo minimizc thc St A rejection and p€oslties of running SLAI, thc propoacd apercach hircs exEmal rE-

soturiEs. Ifting exmal tEstnupei maximizcs Scdc of Serricc (Sg), Q,ualify of Sc,lvice (QoS), and Effi-

ciency (E I fi of scrvices. Itrcreasintg thcsc pranetcm, minimize penaltier. IhBe tlTes of prties ake part

in this frameutork. the firtt ir thc providcr parfy, which pruvides cloud rervices. The ssond is the cm-
sumcf, pa{y, which hir€s thc rE$turuer fron thc Fovidm Tbe &id ic the cxtsnral cloud s€ryice pyider.
Mmitcitrg scryices may be hired fu smooth *rvicc dclirrcry and custoncr satisfaction.

Providgs hirc rcsources ftrom qternal Fvidcrs b maximizc thc scale of scrvices and to provide rcliablc

services b coruumcrs in exEpmc ure. Tvo t!"es of SLAs harc becn establishcd. A scrvice levcl agrccmcnt

is signcd betwecn the Fovidcr urd thc oonEunrcr ad thc sccotrd betrvsr the saaice pruvidcr ard thc

cxunal cloud servicc trovidEr. End users ue chrgod based m their usc of rcsotrces.

CSxSSxE!!xQoSxL

Customcr Satisfactior (C,9) is invcrscly O pnces (p).

(5.16)
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Itc cquation 5.16 Bhons that limied scalability rnd high Prices are thc Lay causeE of SLA violation lbc

plopo6cd aepach tries b minimize this B hiring cxffinal rEsources o scalc thc busincss. Cusbmerc uE

pcrmificd to sclect priccr acoording to their c,hoicc which incrcascs 6c cruO,mcrr' Eatisfrctim.

Exffinal rEsrnnpes cost is calcrrlabd as:

xti*:)o$xtxU6+*l+n (5.17)

5.L4 Revenue Maximization

From equations 5.5, 5.6 8nd 5.9 thc total ruvcure in Ems of pnoes is cdculabd as:

Pt: Po* Pa* Pn (5.1r)

acrodi:ng to thc equation 5.18, mtal incoming ruurcmrc (pt) from pricec is the rum of all priccr. Rcvcmrc

eamed ftom rcscnted customcrs:

REUrc,: E (*q 
"i+p,plhi* 6m1ai)t+E(A+fi) -D(,m+oe) (5.19)

id, d<, i=0

Wb€r€ Rcttre. dcnoEs ruuenuc ernod from rcscnrcd custorletrs, 6o showr the rcscnted prtces fG sffiagE,

6p shwc the rcs€nEd pnccs for prccessing powcr, 6m shws the rcccrved pnces for ncmtxy, t shocvs

thc timc, Ai shows thc Drrgi& ft shorvr the upfront rcgistntion, 4rs sholt the pendtics, afr oi shorvs thc

dircotmt

For exarryle, a cusbmer Cl utilized rtorage of 5 GB, 1 VIII as FoccssiAg pofiIcr , and nrenroryr of 2 GB for

12 honn whcrc tho priccs fu ressved clr$omcrs (fc mc ycar) uc: 61 0.05, tf O.Ol9f2 , and prne

0.m2 [153]. lte rcvenuc gencrarcd ftom thc aborre cugtmer will be calculancd as:

Reu,u: (5 x 0.05 + 12 x 0.0192 + 2 x 0.0192) x 12+ (0.05284 + 0.01052E) - (0 + 0.052E4)

&earu: $3.21408

Rsvenue earred ftrom demand bascd crutomers is cdculaled as:
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Ctrtrcr 5. Revmuc Meximization by Hifug Ertrnsl Rsouccr

Rsua= i (pasttgit* p46p14it* 6m14it)+!t+l - itrr,l (5.20)
d<l d{l i=0

Wlrerc (Rsn4) shorvs rulEnrrc eamed ftom dcmud bascd cusbmcrs. Equatim 5.20 indicaies that it iE thc

nrm of mal prices (pa), utilization 0ta), tirne of utilization (t), ard Eargitr fu proft (A). Ibtrl pcnalticc

(Za) arc dcEcEd ftom the revenuc.

For exanple a crrsbmcr Cl utilired rbmge of 5 GB, MII as poccssing powEr , and mcmory of 2 GB

ffi lzhurs whcrc thc pnccs fm de,mand based cuEmnst u.ez p&B=0.05, p61A.fill , atrd p6t7r$.W
[53]. Thc rcvrnue gerErard ftom thc aborrc cusbnrcr will be calculatcd as:

Reaa: (5 x 0.05 x 12 +12x 0.031 x 12 * 2 x 12x 0.(X)4) + (0.0718) - (0)

Rztta:$9.822T2

Rwenue earnerl frr'r: -".r.rti 'r ^ hased custome$ are calculatCd aS:

Reun : i (m"p";t * pp14it * p,mlait)+ f tarl
id!

(s.21)

Whue.fileu,n r,reatrs rt" .i,rl lirrm negotiatcd customcrs.

Fm cxaaple' a crubmer Cl utilized storrye of 5 GB, I VM as prcccssing porvcr , and mcmory of 2 GB for
12 hour where thc prices for deound based ctsbmss ate2 6LFO.M, pilA.(X5, and p,,nF 0.m2 tE3I.
Tte revcnuc generaled ftrom thc above crutomerwill bc calctlabd as:

Reun: (5 x 0.0a x12* 12 x 0.0!15 xt2*2xt2 x 0.(n2) + (0.071E)

fuon:$2.67U

Wlcrq

a> 4t

and

h.: Xt

lbal rewnuc earnd ftom inEtrd rpsources is:
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fuw= Rr,t"+ Rctta+ I?Eul. $.n)

lbtal rcvrnuc earocdftrominffind rc$rupcs (Ee?4d) is rum of the revtnuc eartrd ftomrcsented cu$olltErt

(Ratt),luvENlnc cartrd ftro,nr de,mand bascd c'ustoncrs (ful4,), and reycmrc earod ftom rcgotiaed based

cnstorn€rl (Rr,Un).

As pcr the aborc cxanples, thc total r€rcnte cercd from inEnal rcsoulrres alt:

Raui; : 3.21{08 + 3.E227I2 + 2.67lM

futti5: $9.714

Tte revenue earnd ftom qunal rrflntrrGs is cdcrrlaled as:

tua;1 :E b.gtt";t* p*14it* smp*it) + E (A[) -\{ercn*)
H' t=0 f<t

(s.23)

Wh€rG EaCh shorvs the exrcrnal charges.

For example, the provi&r utilized Gxtqnal stuage of 5 GB, MU as pooessing pov€r , and mcmoryr of 2

GB fu 12 houn whsre the pricer fa demaod bascd cusbmcm arc: 51 0.04 r pffi.UZ5., ard, gn=O.W2

[153]. Thc rewrlc gcncmEd from 6E above cuEbEEr will be calculated as:

tuu;i: (5 x 0.04 x 12 * 12 x 0.0192 x12*2x12 x 0.002) + (0.01339i,) - (2.6784)

fuaii: $0.013392

TYhErc,

a> It
From equation 5./2 cad 5.23 tb totrl revENruc carnd by clord providur is calcularcd as

Rnal- Rsu** Rnuii (5.24)

Wherc 8er4 shws tb total rsvenuo generaneA by systern. (fuud shows the reve,nue firom local resources,

(Rettii shows the rwc,uuc ftrom qunal rtstnrpes. For abore uaraple Reat:9.714 + 0.0f33
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Rnal:i9.7;27

uxup (5.25)

Ib sct 6c priccr is an issuc for thc cloud p,rovidcr. IhfiniEly, ftrom equtim 5.7, high rab of pricc naximizc

thc revg1uc and on thc othcr hand, equatim 5.16 showr 6at it increase cusbmcrl dissatisfac{iolt which is

invcrrcly proportiomal to rcyEnuc.

From equatims 5.1, and 5.24,fu oul prcfit of providcr ir

Prot -- @;nti - kr + 0 + p + Ta * x^*" * O) (5.26)

Prof rhorvo thc btat profit earncd by the provider aftcr-dodttcting all cost (Xs), ctstomcr atErtim cost (d),

crrstomcr retention cost (p), taxes (?c), maincnance b<r*),tr rnoniffiiqg chrges (e).

5.1.5 PnopocedNgorithms

fhe proporcd prrcing optimization and ctsbmcr satisfrction framerwort maximizes thc revcruc. We pno-

posd diftrcnt algprithms which maximizc 6G pmvidErs' rEvenuc by ctsomer satisfaction md c,fficient

lEsourpe provisiur. Alggith 1, Efficicnt Schcduling forRcvtnuc Maximization (BSRM), tahs ftee VLIs

(V Mi and uscr tasks (UT) u input Frec (V Mi arc sbrcd in ar as inErnal rtsourtes arrry lirt

gxpcrilncntu conducEd in ClodSlim show th$ undcr normal circumstances the waitiag timc rc,mains less

than 3 seconds. Thercfqc (if thc brcsholds arc abn as 5s) if a virtual machine gtvcs a rcsgxrsc timc of
more than 5 scconds ad thcrc alE no other sottrEes to crcab yirtual rnachincs, 6c trortload ir nigraEd b
cxunal sourpm. Thble 5.2 presents a daailcd Btrrb5r for ucating nerw virtral machines and migrlting thc

c,o*load b exEnal rcsourEes.

Alggithn 1 ESRM decidcs where.to nrn the wutloods. It optimizer user task with yirttal machincs b
iurpmveruuEilrcandpcrfumance. Ifthcexecutionandresponcetincoffrcworkloadcxcecdsthcagreed

thechold yahrcc, thc woEtload is migrated to undcrutilizcd rcsouruer. If thc incomiag rEqucsts incrcase

abore thc provider'r available rcsourpes (VM), ytortloads are nigrabd b external Fovidcrc. ESRM

save prouiders ftrom pcnalties. ltir algorithm also hingr the wrkload back to the providcr'8 rEsourpes aE

spacc be@Ecs available. IIds minimitrsfu cxcrnal pa,rmeots ad also increaser 6c prrovidErs' rEEouroc

utilization.Itc algcithm I takes O(n) as nrnning time on ruing sequcntial looping stnrctrrc b match eycr!,

AIzd Msluru |2O-FBASIPHIrc9F $ tuse76d19O



Ch{c 5. Rcmrc Maximization by Hfuing etsrnd Rcranccr

Thble 5.2: Migration policy

SLA PtrrancEr Thr (rpr) Remertr

Respmsetine(sec) 5 s

Exccntion time (sec) 7s

Sffiage Availability (96) lUJ%

Memory Availability 9t%
(%)

Crcafing nw \IIVIs and in the case of rpsourceE

non availability migrale the wor*loads to extsrnal
pruvidcr.

Geating new VIVIs and in the case of rcsorces
nm availability migfac the wo*Ioads b extenral
providcr.

Crcating new VIVIs and in thc case of storage
nm availability nigrab thc wortloads to exErnal
psovider.

Crcating new \IIVIs and in thc case of mcrnory
non arnailability migraE the wortloads b exErnal
prcYider.

u,ortload to every VII[.

Algcithn 2,Pricr Opddzadon for Revemre Maximization (FORM), cxrtrryro,'lrr. thc cusm,merr wortload
inlo mdemand (aTa), rcscrved (UTrd ad n€otiaEd (UT,a) groups. lte ryo*loads from reseryed

and ondcmrnd cusbErcrs arc acccpted because frc propoccd frarcc,o* uscr extemal reff urroes b retain

hcavy wukload cNIEbmErs. Negotiation bascd cusbmcrs ue acccped only in ffre underutilization scenfiio.
Incmi4g wukloods arc chrged accodiag to &e cusomer type and equ*ions numbcr 5.5, 5.6 and 5.9. ThE

alguiEtm 2 noeds O(c) as runing timc duc b conditimat opcrations and mathcmatical calculation.

Whotc UT6rc1r,wta thc dcmand based user trrB$UT.'., shouys the rescrycd based us€r task" and U?.
shwr thc negotiaEd [ued uscr hrlm.

Alggith 3, Optimizing Schcduliqg fu Rcvenuc Maxinization ((NRM), rcceives thc list of ftee Vllds and

ss66 inrlc (CE) whicn havc b bc nrn m thesc tErouroes. OSRM lmk fm the best combination of trskE

and \Iltds for bcst pncing and performance. It cmpares the uscr task with available \/IUII and sclectc tb
\lI{ for deployment which has a bcst fit for execution in tsrms of revcnue and pcrfumance.Thc dgorithm 3

ukec O(z) as nuuring timc on ruing sequential loopi4g stnrcfirc b march ercry wortload with evc4r \/LI
for best VIII setection.

Wh€rc VM^* is a \IIU having Eaxinum ruyenuc and pcrformance.

Algprithn 4 Migntion D'ecision for Reyeoue Maximization (MDRM), get rcqucse fon migration ftrom

ESRM dgsithtL MDRM ftrt loots &E intcrnal frec Vlds for best execution time and prices. If none of
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Outpuft OptimizpA Nr otVMl afrUT

1: 0;6(=) V MuV Mz,V Ms,V Mr,....V M"

2: UT(=)User -tnsk
3: if4r >: U?thcn >IfplacingUTdoesnotviolatedcadlinegiveninlhble5.2

4z Rssouncr-Opuurznrtox(VM1nl,UT);

5: VMrr* <- UT

6: Pntcrxc-oprIMIzATIoN(Ufr) > Calling algprithm tr

7: end lf
t: fr Dedliw, ) EaetimcllDedliru, > RnsTittu' tfui
9: LocAL-MIGRATIoN(U?1)

l0: VM^* ? UT

ll: Pnrcrxc-oPTIMIzATToN(UTr)

12: end if
t3= ilUT > Threshold - 4i frcn
t4z Glornr-MIcRATIoN(UTk)

15: Prou^o, ? UT

16: PnrcrNc-oPTIMIzATToN(Ufr)

l7: cnd if
ls: itfl1 > U2; thcr
19: Migrate the resources bar;k

zl: endlf

the local \II}II ir capable to nm thc wortload with thc rclirble performancc, global prcvidcrs 8r€ searchcd.

ExHtral l€iourpes not only exrcnd thc rcronces scalsbitity of a local pioyidcr but also incrcrsc iB pcrfm-

ntance and rsvcnuc. ltcsc rrff urpes minimizcs tb SLA viol*ion and overutilization. The dgedtm 4

talru O(n) as nrnning tirnc m ruing scquc,ntial looping structrxc searchittg opfimizd \II}Is and prcvidcr.

5.2 Perfomance Evaluation

Rccentdcvcloprneneinclondcoryutiagtcchnologyhaveattractedacademiaand&cmrlrct.ltefqmation

of cloud cor4puting labommies forr€searc,h cxpcrfunentation rcquircs cmsidc,lable cdtal and expcrtise. A
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OutpuB Optnizeaprices

itUT*: UTatfu
stahs = aoceptod

P&:A"rUnxt* A
p: pe

end lf
frUTr: UTr.ljn.

stahs = aoceptcd

Pr--X*r,XulXt-o*A
p: pr

cnd lf
ifrU\,:UT'16--

frVMr >: threshold hcn
stafus= accepted

Pn: Xa A,,,e

p: kt
ctrd il

eDd if

> Equation# 3

> Equtim#4

> Equation#7

gpod alunatirre i8 to use simrlation bols srrch as clordslinr. clondsim is a rav.-based oommand-linc
sitruhlor that is widcly urod fq sinulating clord ewironurcnts t931. It facilitabs rhc yirtual watim
orf scryqt' data centes, Yfutnl machiner and many othcr clemcnts relabd b cloud simulrtion. cloudimplcmhtim and difrcrcnt algorifrms can be implencned b schedule diffcrcnt clodlcB on difrcrcnt
virfialmachincs p4l.

52,1 Experimentat Setup

Thc cloudtlim simuleru'has bcen cxended b evaluafie the efrecdvencss of the progosca urort. Fm this,nw clacscs have bcerr added for e,ffcctive scheduling, pncing and gencsatiru Eyenue. In the prcposcd
scenario' thc cloud cnvironment is G'lE8Ed and managed by local and global brckss. A local brokcr runs the
wu&loads on local soulteE' while a global bro&er nurs it on externar sources. A n,mbcr of vfufial rnac,hines
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Chapicr 5. Rsmrrc Marinizrtion ty ttlring ExEtrd RcEottcct

(VMi and Uscrs' thks

Outpu$ Selecting best VItd V M^*
l: REsouRcE-OpTIMIzATIoN(yMtnl, Un;

VM^o" + 0

Ioj hrti : l;i 3numbrtnn;i + + do

Searching WI having optimum Execution tine ad Response time > Policy: table 5.2

2:

3:

4=

5:

6:

7=

frvMpl*urffrrlt
lf06 ) RnqSWtut

sp@ e rqtiredspoe > Space means 6erequircdproocssor, mcmory and

stomge

8: GeaTVIVI(space);

9: end lf
l0: crd it
ll: rttum VM**
12: end lbn

13: lf Scheduling not successfirl thcn

14= Restartftomsep I
15: end if

ue initialircd on local ud global serverr. The samc numbcr of clCIrdlctr is nm on both serverc b calculac

the rcsults of the simulation

It is assumcd that the capacity of thc local drtl ccnne ic limiEd and unscalahle. Thc r€sultl of the rimrlation

ac calcularcd by changiqg the clordletc from 100 b 1500. Each cloudlet has a file cize of 3q),000 MB. tluc
b limiEd rtsourpes, thc mrmbcr of yirfial mrchincr re,nairu oonstant at lm. Each vitual rnachine has 3

GB of RAM ail,a3.2 GIIz pocesrm. Fm thc global s€rye4 algorithn I gencratcs thc number of clordlctr

with a file dze of 300,000 MB and nrns it m a global sEw€r. The *irmrlatiom nrns multiple timcc, modifying

the virtual mrchincs from 100 b 1500 and the cloudles ftom lm b 1500 t341. Each virtual machinc has 3

GB of RAM andal.ZGIIz prrooescm. Dudqg thc simulation, rur tirnG, wait timc, SI-A violation, penaltier,

and revtnuc generation fu both servers arc changed. Runtime is the btd tinc takcn to nur the crutomer

*orkload. It ir an importantpramercr of 6c pcrformance. The running time is rcgrmcnrcd as

Alztl Badshah: I 2O-FMSIPHIrcW I 5 tugc$oll9O



forRevenue

Frec \rlvls (VM),Users'Thks (UZ)

Oufiur$ Optinize Pair (VI[,UD AND (hov,IID

1: il Iocal migration rEquest receives then

2: VM^o" + 0

3: V MpleS V Mt,V Mz,V Ms,V Mt,....V M"

4: Resouncr-Optrurzartox(YM1n],UT);

5: VM** ? UTi

6= ilScheduling not succesgful then

7: Restaftftom sep I
8: end if
9: endif

l0: i[ Global migration rcquest receiyes thcr

ll: proumor?0

t2z Proupll=lProay Prou2, Prou\, Prou4,....Proun

13: SearchingprovideruringalgorithnoT.l

l4z rctum Prw^o,

15: if Schcduling not successful thcn

16: Restartfrom sEp I
l7z eDd if
It: endif

Trtm -- Tt - ri G.n)

Slh€rerr,,o shws thobtrlrunningtime,4 shmstherequectinitidizationtime andrl rhows thcyro*load

finalizatim timc. Waiting tirne shorvs the total ti-e in queuc wsiting for cxecudon Waititrg timc is another

inportant prancEr of perfomance. It is represe,nrcd as

(5.2r)

$zd Bdsruh I2OFBASIPHIrcYF $
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Whcrcrrrsj shmrs6Gbtalwaitingtirne 166 rhmrr thcrequcrtnrbmirsiontimcandrt showsthEruotrtload

initidization tinc.

Figue 5.3: Simulatim struchre

522 Evduation Result$

In this scctio& vuioru qpcriEcnB arc con&rctd to deinonstrale thc confihtion of thc prcPosd u/ortg

of custottrEr satfufrction and rcvcnuc maximization. peecnAiry on the expcrtmcntat cmnsraton, thc tc-

sule arc diyidd inb 6rce paffi: thc rcnrltr of thc local s€rffi, thc rcsultr of the global scrvcr attd their

congaratve andysis.

Ilcrcintable5.3 and 5.4,CL showxthcnumberof cloudlets, TMa Ehowsthenumbcrof \tirualMachincs,

fif shours thc numbcr of running timc in sosonds, l7T shwE waiting tiDE in seconds, SY chows thc

mnbcr of SLA violations, .Reu shorvs thc total rsvconc eamd ad Prot shws the total profit carcd

It is assumed &at thc capacity of thc local data ccntc is timitd and nonscalable. Simtl*ion rcsults ar€

calculabd by changing clordlee ftom 100 b 1500. Eve4r cloudlet has 3qlm MB of file sizc. Because

of linitcd lelources, nrrmbcrs of \/I}Ir rcmain custrnt al 100. Every VIU has 3 GB of RAM amdl.zGllz

Foccssor.
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thble 5.3: Rgming dmc, waidng time, SLA violations, lsuerlltc and profit tcsuls for running thc

workload on local sefverr

CLs(n) Vllls(r) RT(nr) WT(nr) SV(n) Rc(O PFo($)

100

2W

300

4{n

5m

600

700

800

900

1000

1100

run
1300

1400

r500

100

100

100

100

100

1m

r00

100

r00

100

100

100

100

100

100

3

13

A
45

72

96

134

179

216

n2
334

3U

457

537

600

10

23

34

55

E2

106

t4
189

226

282

34
3tA

46t

54il

610

0

0

0

0

2

26

il
1(B

t6
202

2il
314

Stil

46t

530

1596

3ty2

4788

6384

79t0

9576

ttt72
tn68
r43il
15960

17556

19152

zut4t

2j234p.

23940

319

63E

95t

tn7
15t5

t?59

rug
1t99

1998

t9t2

tyn
lw
$n
tffi
160t

,lp

6([ rgrnftgllnn(tt
5(D 

-f,umrngfm!((rl

,qt
flrtin6ltnclrf

6m
w.ilrf Thr.{cl

to'F 3(D

IlD

l(n

0

5(p

r0
.EFrl

2(It

tqt

o -2
o2a68r0L2ra

itrnhrotq.fir tltl6

(a) Ferformaoce withrcspectb running tirtrc

0IllrtlOltla
illlttrotdoutt nrls

O) Performance wi0r rcspectto waiting timc

Figure 5.4: Performance with respect b running and waiting time (seconds)
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Chryta 5. Rcmrc Marinizatim by lftiqg Bxmal Rccorccr

thble 5.4: Rurming timc, waiting 6me, SI.A violations, rsvenrc and proft resultr fG ruming ttrc
wortload on global scrven

CLs(r) YMs(r) RT(rrc) WT(rrr) SV(r) Rcv(O Pro(S)

100

2N

300

400

500

600

700

800

900

1000

1100

t2m/

1300

1400

1500

100

2N

3m

400

500

600

700

800

900

r000

1100

tz/m

1300

1400

1500

3

6

8

tl
t4

16

19

T2

?A

n
30

32

35

3t

N

53

56

5E

6l

il
6
@

72

74

77

80

82

t5

8t

90

0

0

0

0

0

0

0

0

0

0

0

2

5

E

10

1,m

280

420

560

700

840

9E0

fl20

t26/0

1400

1540

t6t6

1810

1943

2080

1400

2Em

420,J

5600

7000

E4m

9800

ttxn
12ffi
14m0

154m

168m

18200

19600

21000

Hgurc 5.4s shols how lmg thc wkload ran on local and global E€ruat. On a lcal E€rycr, ttc dynanic
numbcr of workloads arc nrn m a fi:red number of virtual mrchincs. We found tbat tte cxccutim tinc peaecd

ar thc ruortlod incrcasod. Ib maintrin perfumancq 6e providcr mrut mly acccpt limircd worlloads and

rcfitse high€r asks due to non-scalablc rtsourueE. Above equarions shory hat tbc scatability of rcsourcct

is dircctly progoruonat b ctsbrmcr sadsfrc{ion and ninimizing SLA violatims. In a rcal sitratiotL such as

in fris sce'nariq 6c wo*load will currc clusbm dissatisfrctiotr if it is incrcasod. In a global scrver, new

vfuttul mrchincs uc initialized for each ncw usk. Tte rcsnlts shorv that thc crccution rime of the global

servrEr ir not e,hanged insead of the local scrver. Few variations occuned in an extcme worrtloa4 but thir
was duc to thc migration time.

Figgtc 5.4b rhws thc waiting tinc of local and global s€ruem. Duriqg ttc first crccution, thc waiting timc
of thc global scrver ir greaEr fran that of the local scrs. But, as we can see, the waitiqg tiEE of thp
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local scrtu grcatly incrcases urtcn thc rvortload is increasod by 400. Penaltics are also itrrcrcasing. It also
maximizcscrubmcrsatirfaction,whichhrsagrcouirnpactonthecloudmlrtEt Theot/claltresultsofthe
scmEr thorv that ltErc ir no ftct on thc waiti4g timc. it variq only dightly iE Ems of cxErmc ,sc duc b
the migratim timc.

t@

5(It

i|(L

r-F20

1(I,

0

-ro o

_--0 2 1 6 r 10 u-?q,

tf,rra.rcf&ftil.lm

O) pcnaltics

Figue 5.5: SLA,s violation and penalties

Figure 5'5a shwr the numbcr of sIJ\ violationr. Thc rcsults of the local scrvcr shorv that thc sLA violatim
increaser considcrahly conccndng thc workload. Thc formulation chowr lhltv,-ir inrcnely prcpqdonal
b thc puformrnce, a ffimmance that is directly proeortonar to the scahbility of the scmicc. In such
circunstancc$ mostPrcYidcrr' inconrc wasEs inpcnaltics. Excessivc use has pcrvcmc ctrcc6 on the clo.d.
the fonnrlation rhows ttat sI-A viohnim is inurcly prrogortlonar t9 scalablc rcrvices. Global rEsour.er
arcscalablcandncryvirfislrnachincsucinitializedforeac,hnerwtask 

TtEgtobalscryErrcsultsshowthat
only a ferw ALS violatims u&e place uuder extrcnrc wortiag conditions. Thecc violations ap negrigible in
thecloudma*et.

Figurc 5'5b shws thc paralder of local and global sereerr. Thc rcsult cxplains that ering the firgt si'uta-
tion, bodr scrvErs rcmrh in tlrc iafc rwion, howcrrer, whcn the worfload incrcascr by 5{[|, thc locat scrucr
penalties ittcEasc cmridcrably, whilc thc global scruer rcmainr stable. lhesc pc'altics have an utrrely
ncgativt impact m hc cloud computing huincss. Customcrr end their blsinesr whel penaltics pa* thresh-
olds valuet' Thc resulti of ttc locat ravu shorv that thc increase in rcrkload also lcads b pcnaltier bcca,rc
rEsollloes arc not scahble.

1m

rtrD

m
Itm
I..

?tn

a6tlor:,
nmEotOcarrX.lm

(a) SLAViolation
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Chrytcr 5. Rsttnrr Itfirxinizatim by Hititrg Exutrrl Rcrouccr

I
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(a) Rcvernrc from Locd DataCcnffi
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(b) Rffinuc from Global Data CemE
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0

-trllcned. orDenund
-*rt"

Figurc 5.6: Reveruc from Local and Global Data Ccnbrs

Thc figurc 5.5a showr thc povidcrs' p:ofit. In thir chapm, thrce tlTcs of ctsome,n arp discussed. Thcse are

rcscryc4 on dc,mand and ncgptisied. Otdcmaod cusbmerB ar€ thc rnain rcvcnuc geo€rators. Negotiatod

customcrs arc only aocepcd in frc underutilization sc€oario. RcsulE of on-deimand and reserved profit

show that rs tbc wortload is incrcasod, rsucNrtlc gcn€mfim drqs belorv thr€Ehold value. In such situatiom,

insEad of hueasing rulENmc, pruvidEr wastsr it in paying penaltics. Tb solvE thir pmblerL the p,ropored

framcutort hirce resouces ftom exuaal pmoviders b handlc thc hcavy wo*load with approprialc prices and

performuce. ltc goal of otrcriqg difrcrent prices is m atmct cusbmers. Custmcrs selcct pices bascd qr
their own choiccs. lte rcntlu show that ncgotiarcd basd priciry revenuc is lwer yet at least sorc rEv€nuc

is gcnerarcd insEad of wrsting thc nnderutilizcd tEiources.

Figtttc 5.6b shows rcwrrc gencraled by cxEnal pruvidcrr. The wo*load of the negotiabd ctsffirerr ir not

trmdcned b exbrnal rcrourpcr. Itcir rcquerts ue accepEd only in case of undcr-utilization lbe ov€rall

rsuEnrrc g€[tcratcd by recetred and ondcmand cusbmcrs increases Foyidcrs' prcfits as q,Ell as cusbncr
satisfrction. ExEmal rEfi)uroes exe,nd tre providcrs' bruginess. ThEy frcilitaE thc prcvidErl in btms of
Ecaling lEsouroes, increasiag cusbmcr satisfrctim and qnality of $rvices. Global scryer ruyEnno increascs

constantly rclative to thc local scrver &rc ft, rEsorce rcalahility. Ttcrc ig lcsr risk of breach of servicc lcvEl

agrmntandpcnalties.
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Figure 5.7: Rwenue and Profit

Figruc 5.7a shorvs the rewnuc gercmfim in peat workloads. The samc wmkload is fuflardcd bu/ds
both local and global EcryEm. I1e resule show thst in thc initid similatioru both scrvcrl gencrale the s@c

ruueoue. But as the wotload incrcases by 500, ruvEnrrc generaed W ffre lcal data scrver begins m go

dmnward. hsEadof incrcasiqgthcrerr€mrc,providcrwrsErreeenucinpenaltypaym€ntrduebrEsoruoe

limitation. On thc contraf,y, wG c8tr sce rhat the rcvcnuc gencratcd by the Slobal s€ftEr grwr uprvad wi&
thc furcrease in wqtload. It is &rc to thc resource scalability. Rcsule shorv that to savc limircd inemal

rEsor[Ees fto,rn ovcr-utilization aod o safisfy customcrr, hfuing extsrnd rrsourpes is thc only good optim

forpmvidcffi.

Tte revtouc is naxinized by genmatiAg it in difrcrcnt wayr. Figue 5.7b, shows the btal ruvEnuc gena-

arcd by thc sysEm. Rcvpmrcs gcncraEd by rcs€nre4 ondEmmd, negotiaed and exunal cusbmcrs ar
zltb,?gth,9% afr 30% rcspectivcly. Thc rcnrlB shouv that thcse rcsources conribue grcatly b revqruc

geremtion.

These inrcstigttions arc difrerent ftom previots ruoils in many wryt.

. Slehavctaecntcscalabilityofthercsourcesasabptriority.LimiEdresourpesarcthcmainrcason

of pcnsltics. Rcsonrce rcdability not only inc,reases the local resource utilization, but it also incrcases

the numbcrof ncw crubrmcrs and thcirreention.

. Difrcrc,nt prioes optioms and paying back b custom€rr in case of violation attracts morc custom€rs.

Mqc qrstomers Eesn morE rEEourpes utilization

the simulationrcsultE show thattheproposed model is able to e,ffcctively rDanage the dyrnamic

of crutomers. lte pmoposed model uses exErnrl rcsorupes, to minimize violations and rejections of SLAs.
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Crytcr 5. Revcouc Itfiaxinizrtim by Hidng Effiorl Romccr

Thccc Gremd rcsorrcec hclp thp prcvidff in ums of cusbm€r sadsfrc{ioq cusbmcr attractim aod rcvcnuc

maximization. Thosc rEsotrues hclp trc p,rovidcr b adapt scrviccc to thc ncds of the crubmer. Thc rcsults

show thattc propocedmodcl ir grcatly cotrtibuting to rcvunuc mrximization and crsbmcrsatisfrction.

53 Summary and Conclusion

In ttis chrptcr, thc ndn fofls was b handlc thc mersive dcmmds of ctstorncrs with limiEd rcsoruccs in
odcr b maxinize 6E p[uvidEffi' rEv€ntrc. In extrcmp usc, 6c high ryottlorad is outsourced b qhlal re-

sotloe;, exendiag thc p[uvidEr'r limircd rcsources. Horeycq as a federaEd clord, frc propoced franrercrk
docr not rcquirc prcvidcrl b rue a specific alliance. Common pricec are usd and ogtmized o marimizc

luue,nuc md curbmcr satisfrction. Tte proposed frameryort is able b effectirely handle the massive dE-

mads of cusbn€rl. The rcsulc of thc sinulation rhow that it contrihEs grcatly b ruyemrc maximization

and cusbmcr satitrction. Duc b thc disburld, rnrssive data and virfiral soenario, it is hard and challcnging

ro i-'i.r)ure it. Our futrc inEntionr are to rvort on a framerwo(t to mcasurc cusbmcr $tisfrction in the

cloud business.
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Chapter 6

Revenue Maximization by Performance

based Service Level Agreement

Cosl pcrfomancc, and pcrultics are thc kc,, frctors b rerrcnue generatiom and cugbmer satisfrction. Ttcy
have a complex corrclrtion, that gpts morc complicaled whcn missing a fqrcr franeurcrt 1[st unembigu-

ously dcfncc thesc facbEs. Service lrvel Agpemcnt (SLA) is tho initid documcnt discnssiqg selccted

poramcters as a pccmdition b hrsiness initialization. lte clear dcfinitim and application of the SLA ir
of paramomt impottancc as for modern an a Scntice onlinc businesscs no direct commrmication betryeen

Fovidcr and consumer is cxpec"ted" For the pmpcr iryle,mcnation of SLA there should be a satirfrctory

approach fm measuring and moniming Qualify of Service (QoS) meticc.

Clottdoomputiag is a successful ad widesprcadparadign, effec{ively dcliv€fug dcslcop scryiccs overthc
inHnct like othcr common utilities as elephurc, gas, and electsicity dictribution [33]. Rather than investing

capltal amount on infrasfuctnp, EoftwarE, rcgirUations and IT cxputs, clrstomers pay cloud prroviders for
tbc use of the s€rvices or fu the leasing of resorrccs tt]. Thc charac"teristics of ttc rerrricc that is paid for
arc qgped upm in thc fum of Scrvice Level AgrceEEnts (SLA), legal oontract ncgotialed and cignod by

oonsuncr ad p'oyidcr Prgjty Wl.In thc frane of an SLA comrplcE Scrvice Levcl Objeciver (SIO8) rc
discttsseq ard desir€d Quality of Scryice (QoS) vadabler arp dcfincd and qgr€ed upon as rcll [9]. Ssvice
pttovision fu Eonibrcd with 4gr€cd tsrms and conditionr: on SLA violatioo, dcfrulu il penalized [131.

Giwn &ese practicce, it is Eelf-eyident that clearly cxplaincd S[.As, with rmderstanrlablc tiec b thc cus-

tmctr'E busitrcss inuesE, are thc &ey to help providcrr offcr the best Ecryioe for cusbrmcr'c requircmcntr

and maxinize cusbncr ratisfrction [30].

Indeo4 Btrsillcss httclligctuc bols and data-drivcn urtonation are the rnorc and mqp becoming centsal b
anycotrtr€rcidactivity, andhavingarignificantpartof the ICTfurfrastrucfficoutsourcodtoclodprrovidas
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6. Rcrcnuc frlrxinizuion by Pcrfrrmrnc Uoscd Scrs!9q!44

msbs hardEr b apply insig[t-&iwr urbmation in tre managc,mart (and rc'ncgotiatiott) of ttffid cloud

scrvices ltz,lU0l.

Figure 6.1: Performance bascd Service Irvel Agree,ment in Cloud Computittg

performance, penaltier, coct and rsvenuc arc inHrclabd in a complcx way, with bolh dircct utd iwtrrc
poeutmat €ffGcts [103, 119]. Actally, by rsnufng a unporary inadtive definition for such ky paran-

etcrs ftom thc point of vicw of thc clond prwider, we consider thc performancc (of frc pmvidcd service),

costs (psyedforthcscrvicc), pcnaltics (payedbyfteproviderfmSLAviolation), andrcverues (eamdfrom

otrering thc scrvice). Ttese panmaem shw tte fo[owiqg behavim a rrisc in performance maximizes thc

rsvcnue and minimizc thc penaltiee, althoug[ psfqmance is also dircctly prcporflomsl to the cost' which

ir iwersely proeortlonat b the rcve,nuc. Rnttcr complication is implied as ttprp is no gancrally adoptcd

framewck clearly defini4g zuch pramcrcrs in relrtion b thc SI-A life cyclc. Fig. 6.1 drws the life cyclc

of the proposed FETSLA.
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6. Rsmrc }Isimizatim bv krfumrre bold Scrvicc I:YGI

thble 6.1: Symbols usd in forrmul*ion

Symbol Itefrntlion Synbot Ire0nlfron

Trst

Ti

Totoil

Tq

neq,

,SS

q

Qos

cs

Xt*

Xre

X^ii

p

Pa

foil
A

9i

9ix

BW*

Prof

Ttq

T1

Tbut

Tw

Rest

Vn

Per

Efl
Xt

Xn

X^ii

aaoil

PT

Pn

W
tG,

9iti

fha.

BWa"t"

lL

nro*load running time

thsk initializatim time

Resources availability tine

lbtal agr€dtfune

Requcst type

Service Scalability

Penalties drrcVn

Quality of Services

CnstomEr satisfrctiotr

Tbtal costs for rmit hircd

Secudty coats

Ext€rnal migration cosf

Prices

Prices for dcrnand bascd

Resources frilurc

Mrgin

First threshold

Thid threshold

Uploading badwidth

TUal pofit earned

Wmkloadresponse time

Thskfualization time

Resourceg down tinc

Resorrrcca execution tirne

Resources type

Numbcr of SLA violations

Rcsources perfomnance

Efficiency of Serrrices

Tbtrl costs

Networtcosts

Internal migration coots

Resources aailahitity

Prices for res€rved s€rvices

Ncgotiated based pncitrg

Performance

Constant

Secmd threshold

Penalty mto

Downloading bandwidth

Ag€dQoS objec'tives
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Crpc6. Rcmuc lttuimizatim by Fcrfurnre bold Scryicc Lcttf Agtmcnt

Although SLA performance and penaldcc arc widcly inrestigabd in thc ccic,ntific limanuc, wc oould

not find an analysis of SLAI aind at joint opdrdzafim of rsvemrc fur frc povidcr and satisfac-tion fu
the gllstmcr. Authqr in [1541, [t6], [t7], [9U , [89], t9] inw*tigarcd difrcrcnt typg of SLA8 hrt did trot

pursuc ou sEled objectivc. From the point of vicr of maximizing ruycouc gpncratim for 6c clod troyidEr
SLA fu optimal rcsourccs rche&ling hare been discruscd [l0tl rcporately, alco QoS mnnagerrcnt frr clod
crrstom€r satisfaction hrs becn cxplorcd [95, 102] .

Rtrcnt advances in Informatim lbchnolory ad infrastrncfircs fircld a mrssivc transition ftom in-hCIrc
ICT scryices to clotd coryuting. hrthermorc, ncw data procecsiqg puadigpE (c.g. Big Data) harc opcocd

nerw business modclt, qcatiry ncw Echoological rcquircmcnts, and increasing need fc clod scrvices. Due

b thc massiw cusbmcrl wor*loadr and inHnet buEincs$ cxEnsivp aubmttim is rcquircd. Thcreforc it
is csssrtial b hrye clear-cut St A b avoid disastrous conscquorccs in thc cusmcr htincss. Thie chap
tcr itrvesdgrtd an SLA framswcl aincd at optimizing both custoncr saddaction and Fvidcrluecmcs,
cottsldcrlng pertormance and pcnalties. Mqcoy€r, a threshold-bascd amroach is proporcd o avoid SLA
mminaUon, that is a radical resolutiom shrcg5r in cascs of SLA violations and majm hrsirrcss conacrn for
thc clottd compudng indrury t90]. Itr fre propoced approach, SLA violation docc not leads directly b ffi-
minatiott, hrton earlicrsmall viotations thc scrviceprices uc decrease4 constihrting 6c initialinmtirc b
the provider o adjut tbe perfcmance. It can be bDotheEi"rd that an initial mall dereasc in pcrfrrmance
fu unlilcly 5 result in thc customcr dropout and locc of tnrst Mucorm, thc rcduced QoS rhat has been artr-
allydclivercdisurtmaticallycmpensabdforwihttepricercductim. Theprroposedmehanismttcrrfore
allwt for roorc flGribitity in SLA nan"gerrcnt and pevcntr unnesessary SLA umination. Thc fcasibiHty
and efficacy of thc prroposed approach harc been ralidaEd in simulation, ruing thc ClordIIiE simlhtor b
evalusE the modeled cloud syrtsm in varioru bpological and rcmpual circunstarces. Thble 6.1 shmvs thc
syrnbols uscdin the fuoulation.

C.onributions of this chapuare:

' ltc dcsif of a SLA framcryort that can maximize pcrfrmmce (hcnae uscr satisfrction) and incr€asc

thc rsvEouc for ftc povider;

' In tbe proeosed frmec,odq a layered Btnrctrc of SLA penalties, to ince,ntivizc thc cloud provider to
offer 6e best pcrformanoe whilc avoidiag unncoessuy SLA Ermination;

' An exlrcrimeirtal ewluation of the propored frrmeryort wirhin a simulaEd envirommsrt with multiple
sccNraliog

' A daemrination of optimum values for monircrcd paruncters o maximize pr,ovidcr rcvenues and
cusbmcr satigfrctim in the similabd sccnarioE.

Afiil tudthalu I 20 FBASIPHD$IF I 5 tuscgZdln



Cbrpu 6. Rcrorrc }Iaxinizatim by Forfrnmrncc basd Scrvicc Lcrcl Agtmt

In Fcrformrncc bascd Scflicc l.cvel Agrcemcnt (FcrSI,A), SI-A does not leads dircctly termination. On

earlier violirtions, priccs arc dercarod, which arp thc initial indicator b tbc prcYidcr o adjut 6c pcrfor-

mance. An initial doc,tcrsc in pcrformmcc is not mrch o rcsulti &c cucm€r drcpout ad trust Thcy are

alsopaidbackfulowerpcrformanccwifrrcspccttodowntinc. Sothcinitidre&rctioninpafomancedoer

notdemotivarc thcm. llc proposed 8p[nloach opfudze pertrmmcc,lrcnalties, oost andrcUemrc. Thcrc pa-

ramcut are also moniucd. Cloudtlim simrlarris usd to checl thc sysEm wi6in tbe various topological

and Empmal circunstrnms. Rosulb prc\rcd the rupre,mrcy of thc poposcd wuk

6.1 System Model

t.."i

I

FmrE

Agn.dEf

lafrilre

f.tfirffi

P|riff

Figue 6.2: PeTSLA Stnrcnue in Cloud Computing

Thrce types of partier pudcipated in thiE Eodct. Providcr providos the scrvices, conflmcr rrnts the scrviccs,

and monimring pail.t, DonitorE thc scryices according b qgrccd Erms ad conditiqrs b ersutr the Qlulity
of Service (QoS). Itt ptoporcd model, scryicc dcfnition explains thc services which are b be providd.
krameers are dcfined by metrics. In our scenrrio, we disc{sscd rcsponsc time in seconds, execution time

in secondr, availabilityof rncmoryinMBr, availabilityof rbrqgeinGB andbandwidthinlrilbpsperceconds.

Figure 6.2 stlflrs thc stuctrc of FcrSLA.
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6. RsvuncIttaximizatim W Bcrfurmrnco bolGd Scrvicc lrrcl

Muices and Yaftbles ur urcd b measurc s€rvices. 1fre obligation ir actually a oonditioal stnrchlc which
chocl the scryices prrovision with thc agrced ErDs 8nd conditions. Hcrc in this Eodcl *u proposcd two
ftrcshold valucs b chcc,k thc sqviccs. Ib dctstminc the SLA violatiott atl rcrviccs arc mmibred with
tEsPect to the agrced E[ms and conditions. Perfqnance analyzcr uamincr be puformauce of thc $rvices.
Fcnalties arc enforped m thc {hiliru party in casc of unsatifictory scwiccs.

6.1.1 Servicr L€yel Agreement

SLA violuion is ths mein causc of paraltier. Violations oocun in crse of eos acga&6orl Thic may be
due to overload m nctvort dclay ISAI . Pcnaltics ue applied b on providcr b satisry 6c ctsbmers. Ihis
PenaltiesmaybcinErmlof dircctcachcpriccEduciry.InthisDodel,pricesarcrcfirccdfordorvntime.

TtrGc pcnalty layer struchnc ic uscd in this framcumlc lluee threshold valucs are used b apply penalties
on violuion of SLA. It increascs thc crubmcr retsntion. Ihble 6.2 shows ttrc breghotd valucs used in this
rtudy. Symbolr gi, gi., anil g6s t€,prcsmb the ffueshold.

thblc 6.2: thrcshold values fu agrecd parameErs

SLA Plrremc0er Itr (rpi) Ihr (rpiJ ltr (9;5)

Rcsponse timc (sec)

Execution time (sec)

Availabitity (%)

2s

3s

99%

5s

7s

n%

9.8

10s

15s

Badwid& (rrbps) 9.9

95%

9.5

61.1.1 Execudm fime

Exeution timc shows 6c tirc uscd b compterc thp ctsbnrcr'g dcmand. Exsctdm time ir an iryutant
panmcEof SLA. Ihis depcnds on request t1ryc and also the rcsotrces on which the roqucst is cxecuEd. If
the recources arc not apprcpriare, it h&cs longpr fftrn usnrl tll6J.

Tnm& futq* (6.1)

(6.2)
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6. Rcmuc}Iarimizatio Fcrfrrmre boscd Scrvicc Lcrcl

TtrUjn -- Ti - Tl (6.3)

Whs€ rrrr, shovs 6c runniqg 6re, Rnagtp rhows thc rcrorces V'gr.,4 task initialization timc and ry

showc 6craslr findization timc.

Gl,t'Z ncspotrrc fiDc

Responrc time ir thc waiti4g time of cr$bmcr rEquest in waiting qucuc. nesponse tim€ dcP€nds m the

undprlyiqgrEsourucsutilizationandnetrvortbandwidth" Ifthcurdcrlayingrcsoutlecsareheavilyudlized,

it trkes lo4gcr b exEcub nsw trsfc [951.

rr.. q, SS (64)

Ttat q,a

Trq: Ti- Te

WhErE rr, shwr the responrc tine of thc ecryices, and SS $hows the servicer scdability.

(6.6)

6.1.13 Rcsurccs Avalhbtllty

Availability defitrc 6c prcsenm of 6c sgr€cd rtrourpes whc,n thcy are rcquired. Availability discttss€E all

thcse rrsorrres which uc discussed in SI^A [951.

oaail xLlloil (6.t)

(6.s)

(6.8)
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Sre calcularcd thc availability ar

5. Rcvtouc }Iarimizatim Pcrfrrmanpc b.!d tlcilicc l"crcl

ooail u.2g

Aaoilability nTo*il - rh-'
tqn

(6.e)

(6.10)

Whcrc r-' showt thc btd oomPutltim tine qgrccd in SLA ro*g chorvs thc btrl availability of cmputr-
tim tirc aud,qorn shmw the down tinc dudng rttnrfiE.

&ll4 RclmrcScehbilitr

Rcsource scatability i8 Yital fc Qos. If the resoures arp non-scalable, they will bc ovrr udlized lesding b
pcnaltics and rsrrenue degradatim. Moat of he perfumance paramctcrs directly dEpend om the rcsources
scalability l3?.1221.

If the resouEet art not scalcablc cxccttion and rcspmre time rnry increasc. Tb address this issuc, cxHnal
rEsourpm Dry be hircd ftom 6ird prty b maximize the rcsourccs scatability.

RcsCIItEs scalahility depards on ffial cryacity of thc povider. SLA viotation y,, happcn due b non-scalablc
rEsouroEs. Belory oquation discuss thc negativc efrccts of non-scalable r€sourocc.

We knorv that (equation 2.2,2.13, afrz.Lz)pcnaltics (r) ue directly proeortlonar b sIA violntions (I/,n),
wherc SLA violation is inverrcly proeortonat to perfumsnoc (per), savicer scalsbility (S,g), eulity of
Service (QoS), and fficicncy (D t fi .

61.1.5 Rcsotrr€Retllbility

RcsourceE reliability i8 dcfircd s rhet rcsrnr(lEs pcrform thc predcfincd fiuctiondity fu the 4grccd timc
under agrccd ErEs and conditims. The rcsourccs arc rcliable if thcy are fault blcrant and aubmatically
rccoverablc. Rcliability also discusscE thE furlt blcranoe, n qrvcr ability and rerourcer aonstrns:r. Iflcr
rcliahility mininizes thc cusomer rctention which leads to lower rtrvenue t951. h our casc, r€liability
@Itds on pcrformancc' atrd availability. wc conEider the sysrcm rclirble if iu performance ic good and
ayailtble ondcmand.
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6. Rcvrouc filaxirization Fcrformrnoc barcd Slcrvicc Lffit

Per q, Raliability (6.1r)

(6.12)

6.12 lhe Cost & klces Modcl

kicitEncthodshavearignificantpartinrewnucggrendon. DifrGrctrtpncingme&odsarcusedinclo.d
natktc. In thc restation priciqg, cusbmcrs res€rucd thc rcsources fu a partiorlar tirne suc,h ar a rnonth
c year ctr. Duc b the rcssvation and massiyr use, cusbnrcrf, get a heariy dircount HweyEtr, tlrcy pey tlre
primrcgishrtion fec.

In mdeml[d tricitlg' ctubmcrr pay for rmitc tlrcy consuncd. h this schcmc, prices are corrparatively higilr,
howcytr, cusbmcm are paid for SLA violuioms [129].

Ilre prinry costis calculatcd as

Xt:Xtut*w*X"+7gi*X*+n (6.13)

llis rurdy uscc joint priocs for ctntmcrt' satisfaction. Pdoes arc fxed fsr high perfornance and reserved
cusbnrcG. On-dEEmd priccs are employed fc dynamic cusbmcrt, rlernrnrting high ffiormance. In the
case of undenrtilization, negotiation-bascd prices are used. In thc actual clord backgrurnd, it will incrcase
the regourpes utilization and cusbmcr satisfsction. ptices are calcularcd as

h:1f*txuf, x t-o*A (5.14)

pe:X[,.xulxt*A (6.15)

(6.16)

Pnn I
Tttm
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6. Rcw lraxinizatim bv Erfurorm ba$d Scryioc lrml

Whcrc

a> 4t

lllhcrc xs slrowc thc otalcost, x6o unitcoct, ar rhovs thehumanresouneeE, x, shorvr thc networkco4 xfl
shows thc inHral N, xr,o.shocar thc sectrity coat and r rcprcscnt the constant.

5.13 Fenalties

Pcnaltics grc8tly affcct thc clord business. Usually providcrs admit weighcd wo*loads but Iatcr on, ttrey
ftil b prcYidE rcE{rurce. as per thc agrcqncnt and in the result, they hara b pay much of theirrwengc in
pcnaltics. thble 6.3 shmm the pcnelticc stnrctuc for sLA violrtions.

Ib put a limit check ur penalties, it must not cf,ceed ftom l0r of thc s€rvic€ charges tlsu. If raE of penalu
incrcaccs ftom l0% of thc ssvices chargcc, SLA shold be rcrnrinated. This will help o Erintain bruincss
bctutccn providcr and consumcr. If penalties increascs from l0 %, it will have a rrery bad impact on providcr
Ie5l.

Fenalties decrcssGl prices u may have direct ssnctions on pruvidcr pafiy. It atso dccrcascs reputrtion of
FovidEr ed in futurc, cusb,€rs rv',ld not trust on cuch rike pnovidcr t3ol.

Tbblc 6.3: Penalties stnrcturE for SLA violations

SII\ Perameter (rli) kd (rmi)

Response time

Execution tirnc

Availability

Bandwidth

l0% SLA lbrminatiur

lO% SlAlbrmination

lO% SLA Tbrmination

lO% SlATbrmination

5%

5%

5%

5%

whcn firrt thrcshold ir viotae4 gicer uc dccreasod by 4 and if 2d tlncshold ir croorod pricer arc charged
45 lcsr, and if pcrformrnce gocr dcum ftom third threshold, hrsinecs is uminaEd. penaltics arc calculated
atumatically' cxrim mry be &gitErcd for highcr loss. Itf,8r&Et implemcnm may chrnge or cx6nd it
according b their scenrio.

6.13.1 Execufron Time

For expcution tirne (e-r) thrce tlles of tbrcchold values arc declarcd. if thc rcsourues r,,,nitbelow fu gi
no pcmalticr are impoced on thc pmvider. But, if thc rrrro incrEasec by gi adg6 pruvidcr ic penalized by
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ChlpEr 6. Rsvcnuc Mrximizatim by ncrfurmancc basd Scmicc Lerct AgtEcomt.

PeU adPens respectircly. SLA is terminafed if rrr*illc,rcascs by Penxi. Per6o shorrs ftE pendticg

of nmningtinc.

t*''-,rr: 

{

0 fiwtlgi

Peni ei1r7*r196

Petq6 pti( rnm1piii

SE G:rm) giti

(6.17)

(6.r8)

WhErc Peta"(a) shws thc btal penalties of nrnniag time, Peni, shws the pcnalties of initial threshol4

Penr shorvs thc pcnaltics of the second threshol4 Pen* showE the pcnalties of third thr€shold and Sa'
showr thc SLA ermination.

GI.32 Rsponse Ttmc

Rcsponse tinc hss tkee tkcshold values. if the rcsources rru iB belop fu g, * pcoaltics arc imposed on

6E pruvidcr. BuT if thc rr4 incr€as€s by ga aod giii,providcr is pmalized by peni aodpeqt rccpetivcly.

SLA is Erminalod if t*, insreascs by pe,nagg.. Pe+u shffis ttc pe,nalties duc o rcsponse time.

"*r-,rr: 
{

0 to1gi

Peni ei 14., l gi;

Pewd gtiltrcclg;;y,

Sb Tr1a) p6i

Whcrc Perur-(a) shorvsthetotalpcnaltieeof rund4g (w,Peni,rhmvsthcpenaltiesof initialtheshold,

Pen6 shwr thc pcnaltics of thc sccond thesbot4 Penix shmvs thc penaltics of third threshold ad S1c,

rlrcws the SLA rcrmination.

6.13.3 Avsihblltty

Ayailability rcfcr b availablc timc of resourccs with rcepect to agrcd timc of puticular rEsource. It also

discrrsscs thc stmage aod nemory availability aeconAfu b agrced SLA,.
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6. Rcmlrc frlaximizatim by hrfrmrmcbucd ltcilioc lrrcl

(6.le)

wtHc Pen"*v(a) thorvs 6c btal pcnalties of running time, Pen6, Bhowt thc pmaltics of initial ttrcshol4
Perq5 shorvr the penrlties of thc rccmd threshol4 Per}lit rhorvs the pcndtier of thid thrcshold and ,gtcr
rhowr thc SLA Erminuion.

6.13J Mcmory

ItfrGmory rcfcr hsE thc fimary mc,mory ueod &riag prccessiag. if thc resrlrruer Tnem violation is below th'
g; no pcnalties arc irnporcd on thc providcr. But, if the nrcm incrrascs B pi and gs, providcr ir pcnalizod
by Peniail, PetBrespectively. SLA is rcrminabd if memviolation ins€ases by peniu.

,*r*r(r) = 

[

0 Gulgi
Pen; et <-r7,, 191

Perx4 gi. l Ga I ga

Su, othcnyisc

,"r,-.-,rr: 

I

0 o)gi

Pe4 ei <-mem) gg

PerUt gi < flramr'a ) gni

Sb othcrrvisc

(6.n)

Ulhcrc Penca,ld,(t) shows 6c ffialpcoaltics of runniry timc, Perz;, shows thcpenalticc of initial thrcshol4
Pen55 rhowr the paraltics of dre second ltrcshol4 Peni;; shows the penaltier of thfud threshold ad .1cf
shows the SI"A tsrmination.

Femalty calculation

Pen :l{e"r+"" x (rt t - r*)) (6.21)
fd,

wbEr€ Pen na shorvs thc rarc of penalty d ("r, - r.,) slrows the non-availabiuty time. For example,
crrstornerc Cl,g2,C3,C/.and C5 utilizcd storagc of 5, lQ 59 and lm GB respectivcly, prrocecsing powcr
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6. RcrcmE Dfrxinizatim by Pcrfrrmrnoc botcd Scrvie Irrcl

of I vM cach , and mcmory cf \\z,z,and 3 GB for 12 hous rvtae thc priccc ue: 61 0. N, p;Fo.olyz
, ad gne 0.0m U53]. We asnrmc that rurd4g ti-e gper down ftrom gufg|- an hour. Below t$le 6.4
shws thc pcnaltics calculation fc onc hordown timE forprroccssing porcr and ntrffiy.

Tbblc 6.4: Fenalties calculation

Cru Uc UpUmT RG ltflrr Irtu \tup yM ktr Db RGvt

cl

50

e/-1001

t2 2.6t8 0.267 0.535 I

5.078 0.5fi 1.015 I

48.55 4.855 9.711 I

14.9 14.49 2t.9t

201.2 ?A.12 N.U

o.w2 o.?fit 3.211

o.wz 0.5ffi 6.(B0

0.qy2 4.85 58.26

o.w2 14.49 t73.8

0.009 20.12 2t1.4

c2

c3

t2

?A

36

10

Total

whsE ctt shows cttsbEsl, ur shows thc utilired sbrage tmit, up rcprc8cnE tbc proccrcing usage in
tsnns of \llt{, un shows thc mernmy unit in GB, T is btrr utilization dmc, Rc rcprcsents revenuc, Irftr
shwx thc Eargin earrc4 Irfo shorvs thc discount, \lhp shorvr the time fgr which poccsciqg threshold is
violaEd, YM rhows the time forwhichmcnrory ttneshotd is violaE4 kn shonc tcpcndtics imposc4lrb
rhows thediscount, and Rcvt shows the rewnuc.

Tbtalknalty

Penwsa:lteen^*n* Pen c"n* Pen *;pt pen^n)
t<r

(6.n)

fusuitu thE thc equation na 6-l2the btal pcnaltics are calculatiag [yr r&ting 6e pcnaltics of running time
(Pen^ron),responsc tirne (Pehun),non availability of the scrvices (Pennuan), and pcnaltics of mcmory
(Pen 

",^n).
The fmrl prrofit is calculated is

xt*at: !r* * Pen6a
&<t

(6.23)
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Rcvrowlttrximizatim Plrfurnrnoc boscd Scryicc Lcvol

froltaat :lna+ - xtdat
FO

(6.a,

If the rercurces arE not properly schcdulcd on VMs, thsy leads to penaltics. Tb ormcone thesc icsucs,
algedthns crEale mapPitU betwocn atl ftcc VIt{c and customc$' rcqucrl Such \71tds ap s'lcc6d which ar
best fit in ErEs of QoS and cost.

6.1.4 Monitoring

Monibriag ir thc rnqin cqponcnt of sll\. Monitoring is irnputmt for the Qrurity of service (Qos) and
Eornts trust' It uses the formulation as discusicd erlier, qgrccd sLA paramcur and thc $nEnt strhrs of
the scrtrices' cxoud service ko\ddcrs (csP), ac well as Enantf, need rcliablc and efficient mmibring to
cnsuE SLA on both sides. Rcliable monitoring inmeasec trust betryeen cslp and EnatrB.

6.15 ProposedAlgorithms

ft"o dgorithDs arcpnopocedfmPcrformanoc bascd sqsice lzrel Agrecmem. The fut algedthnr prcperly
funplcmcnt the sl-a and the sccond atScittm opdmize the schcduliqg. rhEc ct4ges fm threslrold are dc-fttcd' on the first thrcchold violation, picer are rodrrced by 5%,on scoond rtrcshold violarion pdcec ar'
rcdrccd W l0th,and qr third violation SLA is tsrmimrcd.

The working of the the Algorithm 5 is;

1. Linc I reeires the tffiks.

2. Lire2-} &firethe palarrcerr and thcir rmitt.

3. Line 5-6 dcfud the pcnalty ffigps and pcndty quantity.

4' LitE 7-14 waluab ee pcrformancc for diffcrcnt threshotd valucs o calculate thc penaltier $ilus.
5. Line 15-22 imprcrncnt tte pcnarties as pcr the pcnalties strhu.

6. And finally, Iinc no Zl calculates 6c total pcnaldes.

The first thrcshold is optimizod u such a point whie,h not rnrch hurt trre cusbmem but notify the providab adjust the resourcel perfumanoc. Atguithm 5 uses table number I utd tr valucs and monihing rcpoft
statistics b applies penaltics on failurc pafty. EvEry pararnctsr of sLA h8E diffcrrent theshold and penalties

ryzal Badshalr I 20. FBAS4hHDCS4F I s
tugc lUof 190



6. Rcvtouclttaximization Fcrfrrmane barcd SGryicG lrrcl

l:

2:

3:

4:

5:

5:

7z

t:

9:

l0:

ll:
l2z

l3:

t4:

l5:

l5:

t7:

l8:

l9:

N:

2t:

x2:

23-.

()trtpnfi Optimiz€d priccg

Rrcervr SLA nrqursm
DenNNc PanlurteRS(rr,rn,rr"r, Ihough)
PanlragrnRs DEscRrprloN(Unit, Ftrnction and Metrics)

Pnrarry srAGE(l,2,3)

PeNarry DEscRlpTroN(s %, lO %,SLA ermination)

llr**, ( 95 thcn

Pen*,": lrPen4o2- -- laE
cnd lf
1Ig, > Trr* l gii then

Pennur:2, Pen*,/,ru - !?E

cnd lf
frgo> Trr l giii then

Pen"*r:3, Penr62- - {aE

end il
1I Penr2a-: yes then

Pa4no: Di{(ri - ri x penruni}

Pen u: li{(ri - r,) x penresi}

Penn*it : Di {W x pnotuaili}

cnd if
Penua - Penrun* Pe+- * Penoonil a l5

> Threshold I

> Thrcshold tr

> Threshold Itr

>Penalties Smrcturc

> lbtal Penalty
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Rcmuc Mrxinizatim tr Rrftcmre brrd Scrvioc Lcrcl

valuec. Fenaltier are inpoccd accorUing to ttc naturc of violations. Thc alguithm 5 ttkes O(c) ar rundng
tim on calcuhting the pcnaltics.

Alguithn 6 i8 cdld by thc threehold call of I and tr It *uk for pcrfannance adjrutmcnt

Tte c/o*ing of thc the Alguithm 6 is;

l. Linc 1-2 chccb thc @s and wortlosd with threchold valuer and available spoce rcquircd m thc
VDIs.

Linc 3-5 searchcs thc best fit \nd in rrms of low cogt and high parornancc.

Linc 10 chocts the locsl rcsources availabitity and in casc of lowcr availahility, lire lzscerchcs thc
*utalprovidcrr.

If sycmrcceives rcportsrcgEdituperformancedegradatioo, this algoritnr ties o adjustthe pertrnancc
by migratfuu the workload from ovcr utilized b undcr utilized vlus. It msximizcs ee pcrformance and
ruvmuc' trn casc of limiEd resounses, algorithn 6 scarchcs the gtobal pru,yidcr b scalp thc rcsources.
Tbe dgprithn 6 taeEs o(a) as nrnniqg time on usiqg a nesEd and requential loopi4g s61rcup scarchhg
otrimized VMs, and pruvidcr.

2.

3.

Atul Badshalu I 2O.FBAS4hHDCS4F t s tugc lUoll9o



l:

2:

3:

4:

5:

5:

7:

8:

9:

l0:

ll:
t2:

t3:

l4z

l5:

l5:

17:

It:

Outpuft Optimized Corrhination of VMgvadUT
llOoS lthres/rr/ldthen

lfworklood> VM M
VM"ron e 0

Rss or,rRcr- Oprruzarr oN(V M n, U n
VM** ? UT
if Schoduli4g not successfirl thcn

Rcstart ft,om sep I
end lf

cDd it
tt l"ocd Rcsoroes Decreases thcn

prour,,,* ? 0

Searching Foyidcr using algorithm no 7.1

rcfim Prou^o,

fScneduling not successful then

Rcstart from sEp I
cnd it

cnd lf
end if

5. Rcvrnuc Mrxinizatim by Pcrfrrnrnec barcd Scrvicc Lcvcl

> Tb maintain tbc QoS

> To rnaintain the Scale of Scrvices

6.2 Evduation

This section explains thc experinenal scurp b assosr thc performancc and worting of this modpl. It is vsy
oostly and complicabd b crcatc cloud labs. Tb ovrrcornc thir isnre, difrerent rimulatiqrs bolr are uscd to
similaE the clord c'trvimnent. CloudSlim, Ctoud Analyst, Creen CXorrd and lCanClord ae t5e leading
clottd simulation bols. To mcasurc thc pcrformrnce of the proposcd FersI-A (Frfrmflrce-based servioe
Level AgEcencnt) model ad dguiths ctordllim rimulaloris used.

N?d hdEhah. I AO-FBA\4PIIDCSIFL s tugc IO5 ol l9O



6. RcvtnrcIttrximizatim tr Fcrfrruranoc bo&d Scryiccbrcl

62.1 Experimental Sctup

In thc prcPosd scemriq 1700 vIt{E arc crcaEd aE rEfirupeE and zDO cloudlet as custmrcrs worfload.
Alguithm 5 gpneraEs thc numbcr of cloudlets having file gizc: 3(Xxm MB and nms it on both scryers.
Simulation is rul for thc numbcr of tirc, chnging \lLIs ftrom 50 b 1700 urd clogdletc ftom 50 b lZ0O.
Dudqg simulatiot vuious frctors lihe ttcrundng dnc, waiting tinc, Sl-Ayiolation, pcnalties andrwcnue
gcneration by both scrsr has bcr obs€nrcd.

ServlDg l€w! Agr€€rnent

CloudSendoePlordder hbmot Inbmet Gtsbmere

Figtlrc 6.3: Perfonnanoe based Service Levcl Agreernent experirncntal setup

Cloudllim is wi&ly uscd simulatm for cloud achirccnrcs simula6on. It uscs java as a ao6nqnd line. It
hclps o vfuoally hrild sErvErs, dataccntrs and yirtual Elchfuiet ctc. Workloads deploFnEnt and vario.s
sche&lingdguitmcanbecarilyqecurcd. Cloudtlimuscsclordletasusgrrvorlload. Difrcrcntalgorithnc
can bc implonenrcd O schc&rlc diftrcnt cusffircrs wo*load on difrercnt resolpes. Fignrc 6.3 shows the
uperimentrl stuchrc of Fe6LA.

Thc ClortdSlimsimllatorhas beenqendcdbassecs tbepcrfonnanccof thEPcESLA" We addedncryclasrcc,
PETSLA, Fcnalticc ard Prices o calcularc and adjrut thc pcrfrmmce and prces. knaltiec uc albmatically
calsulabd according b &e FcTSLA class inpub. Priccs rc also adjusbd aocorUing k thc FETSLA aa6
penaltier classes inprt In 6c proposod gccnariq U00 VLIg arc crealed as rG$rurcel ad Zm clordlet as

customcrs wuklood tl5 Utl50l.

Algdthm 5 produccs clordlets having fiIe size: 3fiXll0 MB and cxeilE it om difrcrcnt scrvers. Siunrlation
ir executod for dlc numbq of tiEcs, changi8g vMs ftiom 50 b lz0o and cloudlcts ftom 50 b 1700 tl50l.
Duriqg simuluion, vztiotu frctors li&e thc nrndng tinc, waiting time, S[,A violation, ruyenue gcocration
and penalties of both scryErs werc obscned.
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6. Rcmrc ltflaximizatim by narfrrornoe bascd ScryiccLffil

622 Evaluadon Resultg

Itt thic portiolt, numbcffi of bsb are prrescned whie,h wcrc canicd out in ordcr o gndcrstmd how the prc,
poccd rndy conEibuE b thc core praurcffit optinization. NuEberE of r1t1ls and cloudla were cr.aled 8rd
ran during cxpcrimcnation. It ir assulncd that thc capacity of the pmvidtr rEs1xrrces is scahble. Sirmrluion
rcsulB arc calculabd by changing datr-ccners ftrom I b 5, cloudlcts ftrom 50 b l7m and \IIl[s ftom 50 b
1700. EvcU cloudlet has 30flnOMB of fic sizc ard cvcry \lltd has 3 GB of RAM afi3.zGHz prroessm.

fxpcrlncnU wcrc conductcd in tktc diftrcnt rounds. In &e frct utut the dynamic numb€r of clordletr
and VLI8 wcrt run on a ri4glc data centc as showr in trblc 6.5. We chmged the cloudlec and 17pls ftm
50 b '{00 andnrtr it on a si4glc data-cenm. In the second rotrn{ datr cente we enanged accordiqg m thc
rcquircmc'nt of Clodlaq kceping VIIIs constrnt on 500. In thc tables bclow SimNoshowE the simulatim
rc, DC shws ffrc daa oenb!, C.E showr the cloudlets, .Ef shows the exe$tion time in ms,WT showr
the writing timc in frg gi rcprtscnt the first thrcchold, rps rcpresent thc second threshold, rp;6 rppcscntt
fte third threshol4 pez showr thc pcnalticc (tl ana aa, dws the revenuc (g).

thble 6.5: Penalties ($) and luvenue ($) calculrtion by running dynamic workload(clordlet) on
single datacenE

Sim

No

DC YII& ET WT 9i 9di kn neyCX, 9ti

50

100

2W

300

M

thblc no 6.6 $orv8 thc Eccond rcud rcsulE. In the third rund' wc used krformrnce based Scrvice Lercl
AgrEcmcnt dSorithms o adjrut thc resourccs aacoding to the performanoe violation. Thble no 6.7 shows
thc thid €xpcrimcot resuls.

31000003s
818000070
16?s6007132
23330140201E8
324200y2m0

150
llm
I?N
I 300

14m

I

2

3

4

5
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6. Rcmrc fufaximizatim by Hunare boscd Scryicc Lffil

Thble 6.6: Fe,nalties ($) and ruvcnue ($) calculation by nrnniag dynamic wortloads(cloudlet) on
constart \I[\dg

Slm

No

DC YII& ET WT 9iiCT, kn Rcv

6

7

I
9

10

ll
t2

t3

0

0

0

4

0

0

0

0

5

5

5

5

5

5

5

5

500 500

600 500

7N 500

900 500

1100 500

1300 500

1500 500

1700 500

8

9

1l

t4

t7

l9

23

n

l0

t9

2t

?A

n
29

33

37

0

0

0

0

7

10

13

0

0

0

0

0

0

0

0

t7

0 3{t
0 417

0 386

3t 594

76 688

90 812

104 937

1180 0

35

:m

125I
L

L20I
Erst
frro

5

o

hmbcrof doud:t

Figtltl6.4: Execution tino (Soconds) by nrnning nrorkloads (ctordlets) on comtant datr-centerr

Figgrc 6.4 shwE thc exocution timc by running equal numbem of \Ilvls aod clqrdlet on a riagle datr-
cenEr. Thc results show that as lhe cloudlet reae,hcs 2(X), fint threshold violation happcns. sccond threshold
violrtion (rccuta on 3fl) cloudlas and on incr€aEing thc workloadup to 500 uminarc thc SLA.

Afztl kdshalv AAFBASIPHDCSIF I s tusc lOB d M



Grpu 6. Remrrc rrruinizatim by Fcrforomcc bsscd scrvico Iml Agrc@cot

thble 6.7: Penaltics ($) and revenue ($) calculation by nrnning workloads (cloudlet) on \IIvIs using
Performance basd Service Lffil Agrecnrent dgorithn

Slm

No

DC CI, YMI ET WT 9ii kr Rey

t4

15

l6

t7

l8

t9

20

2t

100

2N

300

400

500

600

7W

800

100

?fi
300

4m

500

600

7N

800

3

8

13

t4

t2

t6

l1

t2

l0

18

23

A
T2

26

2t

Z2

0

0

0

7

0

20

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

6

0

6

0

0

2

2

2

2

3

3

5

5

70

139

2N

nt
uit
417

4t6

55s

30

15

lroh
a
"315'l!
3t

,l 10

5

o

ilumbcrof doudct

Figurc 6.5: Exccution tinc (Seconds) by running wqkloads (cloudta) on constant \nVIs

Figtttc 6.5 shows the exccttion tine by running dynamic cloudlcc ftom 500 to Umkcepi4g VIIIs constrnt
on 500. Dataccntcrs wcrc increased as thc incrcasc in wrHoad. Figure 6.5 shoevs tlut violation statts as the
wrtload inscascc fronr 9(x) clordletr. Frrom l0O b 15m cloudlets, the rystern rcmrine in second thrcshold
violation. SI-A is Erminarcd as it rerchcs to l7m chrdlets.
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Rcwuclrfirximizatim by Fcrfrrrune bolcd Scvicc lrrcl

ilsmbcrof Gtodht
Figurc 6.6: Execution tirtp (Scconds) by running wortloads (cloudlets) using perSLA

In tho thid ph88c, 6e propoccd algorifrmic structrE is nscd to scatc thc \t]t,Ic and datr ccntscs ar thc frst
violrtion (rccurB. This leads b reliable services pmvicion. We can notioe in figur€ 6.4 that as 6c excc.tion
timc fuHeases from thc partiodar poing nelw Wc and datr cqrtec arc initializcd b kccp it undEr safe
regon.

The rcsult shmvg that inscasing the workload from a particutar point on constant data-ccn6rs m VlIs
incrcases thc cxccution timc. Incrcasc in execrrtion tine leads to SLA violationr. As wp ascu,cd that the
tro'vidcr hal scahblc rcsourccq Eq 8s the first viohtion aocmcs, nerw VIUs arc initializcd. Initialization of
nerw Ws PrcEcts tc pruvidEr ftrom firthcr violation. This prcserves pru,yidcr from sLA violations ard
also crrsbmcrs drop out

tumbcrof CloudlGt

Figtttc 6.7: Waiting tirne (Scconds) by nurniag workloads (cloudlets) on constant data-centers
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ch$8r6. Rcveouc ltferinizatim bv ffirnuoc bold scilioc Lcrc,l Arrmcnt

Figurc 5.7 cxplain thc waitittg tine by runniqg dynamic workloa4 dynanic VLIs on a singtc datr oentre.

By cnanging workload and VIt{s ftorn 50 to 400 clordlets shost that the wsiti4g tine changes lO,lt,26,
33 arld44- rcconds requcntially. Dnc to continuouly incrcadng in waiting dmq SLA is ErminaEd.

tlumbcrof dordlct

Figure 6.t: Waitiag time (Seconds) by running workloads (cloudlets) on constant \IIUIs

Figu€ 6.8 discttss 6e waiting tirnc by runtdng dynamic wo*load on constant \IIU$ chengirrg the daa ccn-

tses accordiag b thc nccd. By changiAg rvortload form 500 b 1700 cloudlets shows that waitiag rirnc also

inca€ascs as 10, 19, 21,?A,Tl,Ar,33 and 37 sccondg respectivcty. orr morc wlloa4 SLA is tqminaed.

f,umbcrof Ghdlct

Figue 6.9: lVaiting time (Seconds) by nrnning wor*loads (cloudlets) using PSLA

Figue 6.9 discuss thc waiting tirnc by nrnning dyrnamic workload on dynamic rcsources using thc prcposcd

algorithmic stnrcttre. By changing workload form 100 to 800 cloudlets, waiting tfunc fu 10, lt, 23,?A,XL,
25,21 arld2Jz sec.onds respectivcly. In this nrn, SLA ic not ffiminarcd and as ]rcu can cce the Figruc 6.9 of
waiting 6me not increascs much as in pruvioru experirnentation.
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6. Rcmuc Maximizatim bv Fcrforoaaoc bald SGrYicG Lcrlcl

-5
llumbcrolCltruffi

Figrre 6.10: SLA violations (Seconds) by nmning wo,rtloads (cloudle'ts) on constant data+nters

Tb fud the ngmber of violrtions in totd €xccution tinc, we execurcd the simulation fa rusfters of timcc.

Figrue 6.10 shorvs frat as the cloudlets reach up b 200, firrt threshold violatim oocun. Sccond ttreshold

violation (rccum on 3fi) cloudlcts. Incrcasing thc vortload up b lfi) clordlcE erminae thc SLA.

i4

2{m
l{umbcrof cloudlct

Figrue 6.11: SLA violations (Seconds) by rundng wortloads (clordtets) on constant \IMs

In the secod cxp€rinont, two data ocntr€s w€rc initiaEd hcping \IIUs constsnt at 500 cloudlets. Figtttc 6.11

shows that violation starts as the wortload qceeds 9fl). For a wortload of 100 to 1500, the sysErn rcntrinr

in s€cond thrcshold violation. SLA is terminarcd as the wukload rcaches 17fi).
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5. Revrnuc Maximizatimbry Perfrrmrnoc batd Scrvicc Levpl

ilumberof Cloudct

Figue 6.12: SLA violations (Secoods) by nrnning workloads (cloudlets) ruitrg PerSI-A

In thc lhfud rtage, tbc Foposd algorilhms arp used o scde the \ ds or datasEes as thc firct violuim
oocurs. It leads to rEliable services provision It can be seen ftom thc figurc 6.12 fut if SLA violatims

cxcced a ccrtainpoing ncw VIUIs anddata-oc,ntrcs arc initialized b tcep iturdEr safcEgion.

Thc rcsult shons that inueasing the rvortload fton thc paniolar point m constart data-ccnur u Vlvfs,

furcr€ases thc St A, violations. As we assuncd that we havr scalablc rEsoulee!, so as thc first yiolrtion

asclllcs, nery VIIIs are initializcd. Initialization of new \Illlr raves the pruvidcr ftom frtficr violation.

o

-5{,

Figrre 6.13: Penalties ($) by running won*loads (cloudlets) on constant data-centers

Figurc 6.13 discusses thc penalties of thc cxpcrincnt by nmning dynanic wukloads ott dynamic Vllds on

a shgh daa centc. We can see that as the VIrIs incrpases, pc,naltiec also incrcaser. Fir* pctulty orf $ 7 is

7

5

5

In+i'
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6. Rcmpfrlrximizatio by Fcrfrrmrnac bold ScryiccLrcl

iryoced during first thrcshold violuion on Zl0 clordlctr. On 300 wkload, the second threshold is yiotatod

and penalty incrcascs b $ 20 . SLA is Erminaled on 400 rvorUoads.

2{m
tumbcrol Cbudht

Figue 6.14: Penalties ($) by ruttdry wo*loadE (clodlee) on constant \II\ds

Figurc 6.14 shorvc the pcnalties of cxpcriments by runnfuU dynarnic wortloads m constant VIIIs of 500 aod

changing thc datr centes according b thc rcquirenents. REsulE show that thc ftrt thrcshold is violaEd m
900 wortloads and $ 31as penalty wrs impoccd. The rycErr rcmains in sccond fucshold violation ftrom

1100 b l5m havitlg $ 76, $ 90, $ lOa pe,Ealtics recpcctively. SLA is enninated as the workload reachcs m
Ufl)clodletc.

Ilumbcrof Cloudlct

Figure 6.15: Penalties ($) bV running wortloads (cloudletr) ruing PeTSLA

Figtttc 6.15 showr thc pcoalties of crperirncnts by nrnning dpamic wo*loads on dynamic r€sourEcs using
PGNLA alguithmic strucullE. lhe rcnrlt shows thrt ag thc first thrcshold is violate4 ncw Vltds and dafa
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5. RcmEltfttrinizatim by Hormucc bold Scrvicc lrrcl

ceffics arc initializcd.

lluntcrd dondct

Figue 6.16: Reyeruc eamed ($) by running wortloads (cloudlcm) on c(mstmt data+eners

Figurc 6.16 shwr the rewouc carnd by runnilrg dynamic wo*load on dynamic VIUfs on a sfuryle data

centrE. By cnanging wortloads and \lI}Is from 50 b 3m, shws 6at the iystsn earned $ 35, $ 70,$ 132

and $ ltt rerpcctively, howwcq SLA is tsminaEd as frc mmr wqkload is dircced bwad that centp.
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Figure 6.17: Revcnue eamcd ($) by running workloads (cloudlcts) on constant \II\ds

Figurc 6.17 discussGd thc rcwruc carncd by runniag dynamic wo*loads on corstant VIUIs, changing thc

daa ccntc accoding to the ncd. By changing xrc*toads form 5fi) b 1700 shoys ftat thc sysrcm Garned $

347,$417, $ 486 $ 5%, $ 689 ad $ 937 respectircly. But SLA is Eminaled ar rilnE rvor*load is dircctcd

tm/ad ffratcentc.
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5. RmucMarimizatim Pcrfrrome borcd llfiyioc lrrcl

-RcwnuclpSLA!I

i

E(Ir sID l(m
Xumbcrol doutrt

Figurc 6.18: Reverue carnd ($) by rundng wo*loads (clordlcts) uing pcrslA

Figurc 6.lt showi the rsvcnuc earnd by runnfury dyn mic wo*load on dynamic rcsourtes ruing the pro-
posed algoridtnic stnrcturc By enanging watload ftrom lfl) o tfi) clogdlcc sh6q,s 6at thc rysErn earnod
$ 70' $ 139, $ M,$nE, $ :147$ 417,$4t6 and $ 550 recpectircly. In this nrn SLA is not Erminafied and
as !ryu can sce thc rcvpnuc inseascc with respectb tho wo*load.

63 Summary and Conclusion

Cost' perfcmr[cc, penddcs, and revenuc are vcry esscntial paramefm in the cloud rnrket. This conelatiqr
irvcrycmplcxadhllnotbeencomprchcnsivclyinrectigrrcdyct. Thepnroposcdfraneryortdiscusscdth'
Fcrfuoancc-based Scrvice Lercl Agremcnt (FcrsLA) which optimizes thescparareur to onc optimlm
point. Fcr$I-A clearly speifiec ec parameus, their ttreshold va6cs and penalties. Algorithms Eonittr thc
scrvicec and ry to cohance tlrc perforr[nce if it goes dovn. otl the ftit two thresholds, SLA is not Ermi-
nalcd but Prices arc decreased which is achrally a call o the service ployidpr b ipp4ove the pedormancc.
SLA is Ermimted on drird threshold violations. Ttc result shows fut trc prcposed frarneryort ogtmlze,,
the cost, pcrfcmance, pcnalties and teYEnuc, also increascs thc cusbmcrg' satisfactim. Thc main c;alcngc
in cloud comprtiag ht8incs3 8nd in this article ir custortrE satisfactim' mcrsurcrncnt Our futurc aimr arc
b cxpluc Eorc cusbmcm' satisfaction Eca$[cntcnt

6soo

lru!gm
Ii.*lrm

o
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Chapter 7

Revenue Maximi zationby Efftcient
Resources Scheduling on External
Resources

Cbd a npwing, log ad In enpt of Things (IoT)tnverevolutionised the apprroach of oornmunication aad
cooputrtion Peoplc around thc world are onncced li&e a global villagc. It is crpocted that morc thatr 25
billion devioes wiu be conrccted to thc inunct ry1o2u2512,lssl. 'lhis numbcr ic l0 tirncs gEaEr than
thc ruqld poFtation. Thir gowfutg figurc of datr raffic has severc aftc6 on pcrfornance which indirectly
afrGctE thc cost and seudty. Tb opti,ize thc pcrformrnce in EEc of dcw, ruilhg tirru, security d cost,
frc prcpoccd modcl corsidE'r€d three imputant parlarreEm. In this articlg investigationc are canied o,t
o selcct frc tBrBGt csk conocrning iE dclay, nuuring timc and hrnsfcroost. such providcm are seloctd,
whosc dclay, nrnniag tinc and coct are less than the othen. tfifu minimizes thc SLA viol*iqrs and pc,oalties.

In tsmms of penaltier, thcre is a big difrercnoe betwen social commuication and wmktoad migration fu
prooeasing' on $cial sibs comunicatioE an individrally rray litfle wlume of data is tansftrred compar-
aliwly to EiSrating prrofessionat data. Rrflrcr, in social siEs, ttcrc arc r,Eqr less no of reserved cusbrrcrr
anddctaydoesnotcausc8trypcnaldes. htroftEsionslandrescnEdcrrrhmers,delayafrectthebusiness
badly t30J' Providcm havc b pay back b thc cusmmcr for every violation. sIJ\ violation rnay be minimized
by using e,fficicnt cchc&rling policier b selet good CSps UUt,lilzl.
Rcsourccs scludulhg on exernal csPs plays a rrEry imputurt role in cloud data centps t22I. A good
schc&ling policy maximires rcsotrces utilization and ctsbmcm sstisfaction. Foor sched'ling severcly

tt7



7. Rcvtmrc Dfrximizatim by Etrcicnt Rcsorca mExunrl Rcsourccl

rhllulil
n fril

lXrfrrifH
Rtrlalt

Figurc 7.1: The proposd struchrrc for delay and cost minimizatim

afrecE tte pcrforornce of fre scryiceE. This not only afrecc the performance hlt it also incrcarcs thc cosL

€nergy cotrsumpdm and cusomerc dissatisfrction. Ttcsc arc ttc main rcasons that schefuling policier ue
t!;.; ; ri::rxr] oonoenu for pruvidcrs t4U. A huge rumbcr of deeices up conneced to thc inunet and thc

clond. This hrsincss is growing rtuy rapidly. In ruch a big data, masrivc demaruls are fuwardcd b thc

clord prcyidor frn proecsing. Ib Et thc c{smc$' dcmands, thc poposed model dcpends on exbrnal

CSlPs. As di$ttstd in 6c earlicr article [146], exHnal tEsourtres wc,rc hired o scale 6c provider rEsrnrrces.

h fris chap@, we discusse4 how to c,fficiently schdulc 6c u/o*load bundr thc moct suihble CSPI to

nrn ttc wotrload with ninimun dclay and cost. Frgurc 7.1 shows the proposcd strucur€ for delay and cort

minimization

Micao$ft Azurc ir the leadiag clord s€rvicc ptroyidEr. It also po'vides online rwices, to check the dclay

and Wloading spced among their rerren. This platrorm was used o calculae the filc uploading and delay

timiqg bctwm difr€rcnt rcgionr. Ftgurc 7.2 shorvs thc stsuctrc of this @omenon. A lm I(B file was

uploadcd b diffcrffit rcgimr and uplod, dorvnload and delay were calcularcd. Ihble 7.1 shorvs tho btsl
tiEE tshn to upload thc 100I(B filc to a diftrent rcgroa and ubte 7.2 shows the btal delay among thc

difrcrcnt rcgionr uound thc wmld. lte above Micmsoft Azurc rcsulti shory tlnt migrating rcsourrec to

cxunal CSPc badly dccrcase thc pcrfumance aod increase thc cost [156, 154.

In this c,hapt€r, a framcwork ic ptopoecd (ar showr h Fignrc 7.1) to select the oednizod CSk in rcrms of

Chrd SmdccRovEcr
utrrhbdrurq
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7. Rm.mrcDlaxinizatim bv EffcicntRaorrccs mExEaalRcrouccr

Thble 7.1: Upload time around tbc world

lhure f,cglm lbrget Rcglon Filc Size Uplmdfimc

Pakistan, SouthAsia

Paldstar, SouthAsia

Pakistan, SouthAsia

Pakistan, SouthAsia

Pakistan, South Asia

Ioun, Cenhal Arnerica

Si4gapore, Southcast Asia

Tbron0 Canada

Irclan( Europe

Iohanneshug, Souft Africa

IOO KB

lOO KB

IOO KB

IOO KB

IMKB

3.U2lrr;

2.37 w
4.21w,

3.53 soc

2.55 scc

Thble 7.2:Tdtildctay around thc rvorld

Souru Rcgion Ihrpt Rcgton Ihtey (ns)

kkistan, South Asia

Pakistan, South Asia

Pakistan, South Asia

Pakistaq South Asia

kkistan, SouthAsia

Lwa, Central Arnerica

Siagaponc, Southcast Asia

TbronO, Central Canada

helan{ Euope

Iohanncshrg, South Africa

5fi) rns

2SIl ns

6fi)rns

365 ms

422ns

dclay runniag timc andporvcrcmnrmpion arcuod the wodd to ninimize thc responsc tinc, delay, nrnniag
tfunc and cost The poposcO ttlrrcultc tlscs an algorithn which selects optimum cxtsrnal CSps in Hurs of
the abolcpramcEn.

The key contibutims of this cnaptcr are

' Bfficicnt schduting of cuctomcrt'tvortload on qEnral csps to minimize the prrovidcrr, .o.t!, r.o-
spmrc timc, dclay sndrunning tinc.

' Selcting thc optfunum CSPs in rcnnr of dclay and encrry oonsunption in nced of cxtsrnal reso.rces
to maximize thc senriccs' perfmnrance.

Rcst of thc chaptr ic organised as follows. soction 2 explaincd hiring cxcrnal csPl ad fumrlation tominimizebcdclayadrunnfuutimc. sectiom3prcrcnedtheprroposedalgorithmsfordclayminimization,
rcsourpes sche&liag and migration decisions. Sectiqr 4 discrssed the uperirnartal setup and a series of

$znl nadslutr I 2O.FBASIPHDCS4F I s
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Csprcr 7. Rcuuc }Iorimization by Bfficicnt Rcconccr Scfrcduling on fxarnat nsouccr

Figue 7.2: Exernal Cloud Service Prroviders (CSP3) around the world

rne&crnatical calcrrlation ad snalysiE. A scrics of measrurmcnts are aonductd to confirm the domination
of thc prcposcd ryrcach. Finally, section 5 conctudes thc strdy.

7.1 System Modet

Ib ninimizc thc &lay, nrnnilrg tinc and oost, a franercroft ir propored b efficiently ndgrate the work-
loodE b cxtsrnal cslPE. In 0ris setioo, thc ena[enges of overloaded sysEms and migrating wo*loads b
exErnal rcsources arc investigarcd. me rcy crraucnges are performance dcgradation, oost mrximization and
cusbmcr dissatidaction Maffrcmatical formulatiqr ad atguithm rc uscd to dcal with thcrc challenger.

7.1.1 Overloaded CSk
Ovcttoaded systcttts not only re&roe thc pcrforrranoc which leads to pe,naltics, but it also incrcases the cost
in Ems of electicity cons.nption, oommrmicatioq and computation

xq'l

llercy shmec the coct and 7 rcprescnE the ovuloading of the EysEm.

c7.1)
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7. RcvrorrcMaxinizatimby EfficicntReruuecr m Bxtsrnrl RclcuEct

Q.2)

Whcrc r**is thc nrmi4g timc

1q,px^ Q.3)

WhErcp slrwr 0repwcrconsurytimand l shows thehcat

Thcrtfore' b ovtrcomc the reremre wastrge in oooling the rystcms and othcr electricity coruummation,
pmpcrthcshold valucs thould be sclercd forrcsources udlization urd migration.

7.12 Exterrat CSPg

As wc discusscd in [1451, exErnal resources were hfurd to overporne tlre resourccs scalability isrues. Hiring
cxErnal rEsourEes increases the risk atEchcd b cxtsnal migratim. It may be in Erms of delay, rundqg
tfunc, and powcr consuEmrtions. Tb oycroome tlrcse issucc, &is model is poposed o selcct mrc,h exunal
psovidEmwhichminimiresalltbcassociabdchauenges. Ttcdecisiontomigraptheworuoadbanyother
extsmal Ewidcr is ticky. An optinizcd prcvidEr is scrchc4 which will not afrect the pcrfornance ad
oort of thc prinrry pruyidcr.

The dclay cxpcricncod by crutomcrc by mirrrt'rng it b cxtsrnal pruviderr arc

PrrrioqD(C,n)+D(h,k)
Q.4)

wherE D ir thc dehy, C is thc ctstomcr, ft is thc pftmry prrovidcr arrd .pr is thc sccondary pruvidcr, ftrom
whcrc pinry Fovidcrhircs rEsourpcs.

Similarly, the pmrer consumpion in migratim is

P^iryxP(C,n)+P(h,h) (7.5)

wh€rc Pao is thc total powcr consumcd in migr*ion , C is fiG custonrctr, p1 ir the pdmary providcr and

I
Trrna -,l
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?. Rcmrc Maximizatimbv Efficicnt Rcrorcor mExltndRcrouccl

It is the rccondry pmvider, ftom whcrp primary providcr hires rcsouracs.

Thir analysir cxplains that scuching (Pt, h) pair ir a challe4ge. For exrcrnal migratiolt' ptimar,' FovidEr

sErychcs undpmtilizrd scrvices. Libwise, undcnrtilizcd prcvidErs arc in searph of such crufnrers who may

utilize thcirresotrcer to scvc thc resources ftomwastage.

llgf(e per shows the pcrfumance. krformanoe degradatim means that wkload nming timc and respottsc

tirne furcrcascs

Dxv 4.7)

Wb€rc z shows the compuatiooal asks.

rnnI

Dtdntx D*H+ D*a(h,h)

enn!

(7.6)

Q.e)

(r.8)

Whcre D1o6o1 showr the totrl dclay , D-- shorvs thc delay eause durfurg wmklood prrooersing, .97"q shws

6e total roqucsrcd resourcec,Cop shorvs thc btrl capacity of CSP d Da;s shws thc dclay cruse dudng

migratim.

The abot e equation shows mtal dclay dcpends on distance and rcsources availability of targct scrvcrs. As

we knorv that

WhErc U is tho rcsources utilization- This equation showB that such IikE CSP! should be scache( which

uc not aErmcly enpge.

eecmdly,
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7. Rsrcnnc frlaximization BfficicntRcsottccr mExuldRcsorEcr

Pw*Cctx (7.10)

Rat q.pu *rel* ae* (r.11)

Wh€rc Ron iz the ruvenue, C*,iz thc cusOmer satiefac'tion, rel,ig rcliability, ail, cet is scrvicer pivacy

and scctrity. Reliability and security attsact cusbEterr whic,h incrcasc rcsotnpes utilization" In resulb, this

ingoves the rcvcoue gen€fiadon.

C.9 c pt *rel * cec Q.t2)

Whsc C,S is tbcflsm€r satigfrction.

The aborrc matlrcmatical formulation cxplains 6at hiri4g cxunal rcsourEes is afrccting tbc cosB p€rfor-

maoce and crrstomcr satisfactim. InsEad of these c(rncef,ns, wc havp b hitc cxrcraal rEsourtes firc to

rrsornEes scalability cnaleags. If longdistance and ovtr-utilized rcsources are hire4 it will hrye wqtc

coruoqueoces on perfumance and cost . Tb ovmomc thir irsuc, a geographical radius mry bc sclected in

which rEstnrpes can bchired. Secondly, such CSIPI uc sclec.todwhosc running 8nd waiting tiDE is lowcr b
get good pcrformance.

7.2 hoposed Atgorithm

Thc aborrc discussion and formulation shows ttat dclay , rundng timc ad transfer coEt arc thc majm chal-

lenges to Eigratc the wckload b thc exEaal pruvidErs. As thc cquations lno7.6"7.7 ail 7.9 shows that

these prameut arc directly proeotonat b EgEt CSP and also tho c:ultnt wo*load of tqget CSiP. Tho

total dclay faced by thc ctsomer is,

Dst:l2D- (C,P1) x tol +lzDm(Pr,&) x u,I (7.13)

Dpoc: D-rrrp x ul* Drwxw*k Q.r4)

I
D
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Chrtrcr 7. Rcrtmrc frfaxinizuim bv Eficicot Reuuccl llchc&rliag o ExEoal Rccourccr

Dwa- D-r* Dq;g* Dew (r.ts)

Whcrc ur is thc totrl wLloa4 D- itthc comnnrnicatiur dclay, D-rrpir the oongrtrtional &lty, Dsa
is the otal delay, and t is the conshil Fc cxrnplc the ctsbmcr C is in htistan and thc primrry 

"oyidcrPr is in lbkyo' Japan then otrl delay D-,r(CrP.) is ltl rtrs. ltc Fuyidcr has limitsd rcxnrrccs ard hirc
rtEourcel ftom l^ottdon, LrK The dclay bctwcm ftosc tm pruyidcrs D-o(h1a]) is 2l1.V1ou,. lf fu
wortload is 100 xB ften the oul dclay froE by ct*oner is calcularcd as.

Dua - 2(2.37) + 2(3.53) + .5 + O Dtotnt : lls?nndc

Ttc dctay carsod W ZD(C,P) x w is not in thc contol of the pmyidcr. The proyidEr may conEol thc
sccond' third and fourth pution of thc above fomula by ruing good rchcduliqg polices and Cstps in the lirt.

As discttsscd in equation 7.5 that powtr c.onmpdon is directly grqpqtlonar to distance communicatim
and wukload. lbtal emerry connrmption is calfllaEd as.

Pun: ZPqn(C, Pr) + Ze-,"1ey 4'1 (7.16)

Pdto: Pqnp* P"w* Pa+k (7.r7)

Ptanl= P-rrr* Paln o.lr)

llfre Paal shwl thc btrl enc'tgy oonsumptim, P*shorvr ftc btal cncry/ consumpion in cummrmi-
cation' This incldc thc wilEs, switches and rouemr ac. Psno shows bc btrl encrgy consumption in
aorqPntation , Pru, shorvs thc btd encqgr consumpim in storage d, Pa Ehovs thc btat powcr oon3trmP.
tion b cool thc data cenErr.

The prcpoced algqith (dgo no 7) rcceives numbers of users' trsks ag tlsB,number of Ctoud Service
Ptovidm as CSP, number of Data c.crltgs as DCs and number of vktusl Machines on each datr centes
asVMs.In tho ftrt sEp, frc alguithm rcarcnes the CSp fu optimum coct, delay and runnfury tinc. Aftcr
making thc optirnum pair of prirnary and sccodary providcr, algcithm popup thc available data centes of
the pmvidEs. Tlre arnihble ask uc cornparcd with syritable data centrcs to sclect thc oflimgm data centc.
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ChaPm T. Rcmuc frlaxinization by Efficicot Rcronccr sc,hoduling o Bxarnl nsotnccr

Oilpue Optimizcd performance and cost

l: listof UscrThsk: USBI, USB2..........USBn

2: I,ifi,of extenral pnovidcrs CSpl,CSHr,.....CSipn

3: for intj - l;i < numbCsp;i + + ib
4: searching csP having minimum prices with respect b othcrs providcrs
5: retum CSP,,,;,

5: cndtbr

7: List of Data Cenert DCl, DC2,.......,DCn

t: for intj -- l;i < nambsDC;j + + do
9: searching DC having mininum delay aod transfer cost
l0: rctum DC*n
ll: endlon

t2: furceing SLA

13: Starting resouueg

14: if Scheduling not successfrrl ttcn
15: Restart ftrom stcp I
15: end if

After sclccti4g thc optimum data cenfr, it conpares \Illdr with uscr ash 1UsB) fm optimgm cost, dctay
ud ruming time' Thc algGithm ?? takes o(nz) as running timc on ruing a ncstcd and scqucntial toqping
stsuctnc seuchfury oedmizea VMs ard pmyidcr.

the algdthmcalctlacs theexpccbdnigrrtionotxt, delay, nrnniag tirc andenc4g5lconsrrpption0s pcrthe
conditims of equations no 7.15 and 7.1t. Aftcr searchiqg frc bcrt pair of prinry and cecondary ,,oyidcr,sLA is arcd and initisEd- It is suppoced thst ftsy havc already ncgotiarcd sLAs for rcsogrc,, shadqg.
After 

',cce.'fuI 
oomplction of resouracs cchc&iling, busi.c* is initiaEd.

7.3 Perfomance Erraluation

Tb neasurc the woftiqg of thc propoced aplnooe,h, Gxoud Analyct simulstor ic usod. It is a jarn bsEcd GIrI
siErlalor' ItfrcilitsHthcrcscarcnfitomskcchangeEiniuinEmalcodc. NcryalgqiftnsmtybcwdtEn
and cxisdng policier mly be updarcd aocoding to the cccnario. It ic a java based co,mad line and GLII

$ul Badshalv I 2GFBAS4PHDCS4F I s
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7. Rcruotrc frlarimizatim bv Efficicnt Rcrouccs m ExElalRcrourccr

fuscd sirilrlttor, which is widely usd for big data simulation. It viroally crcabr EetruEtrE, data ccn&s and
VIIIs around thc wuld. Curbm dgodthms msy bc implcurened o schofiilc dificrent crsbm€f,E Eoruoad
on difrcrcnt rEsourEes. Tb evaluarc thc qecution of thc prcposed ryproach, wc gscd this b creaE dtfferc,lrt
datr ccnEts on a difrcrent continc,llt Difrcrcnt users' ruortloads arc also c[Eated m mn it on difrqent clord
oentrc b fud ec bcst Psir of @1, Pl) in Ems of running tirnc, delay and cost Wc extcnded Cloud Analyst
simulator b asscss tbc pcrfunrancc of thc poposcd model.

73.1 Erpedmental Setup

This section fumished compratirc resultr for uploading *orkload b diftrcnt data c€NrE(& For this, se,Erl
CSPs we crcarcd arcund the world in everyr cmtincnt The btal dcley and cxccution tirne w1s calculatcd
fq the sAdc wortloads on thesc oenEm.

-qtJl

J,|BIlrth /
Ar3 lllir
k fi?ar\

*ts
ritr
L

lStf,
ll7 trf,

Tb catculale thE dclay' n[lrring timc urd hrnsfcr cost, thce difrqpnt rcenrior werp creatcd having diftrcnt
characuirtics. In 6c first rccnrio, figrre 7.3, pdnary providcre are bound b hirc thc rpsourccs orily Arom
onc region. In thc second soe,nario, figurc 7.d rhe pimary Fovidcr may hirc ttc resourccs ftrom rnywhcrc
but thct€ ir no policy for opimum rtsources selcction In ftc thid senario, figure 2.5, prirnary prroviacrs
place wortload fm optimum valucs of delay, runing timc and hansfcr oort. Itc sccnarios arp

Figurc 7.3: blay, nmning tine and transfer cost calculation for scenrrio I
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Clupar T. Rcmuc frfrxinization by Efficicnt Rcronca schcdriliag o BEtrd Raourcg

73.1.1 Sccnrrio 1

In thc fiIst sce,nuio experirmtrl scfirp, as shown in figurc 7.3, numbcrr of daa centscs were crealod as
exrcmal Cllk at Cmde and 6 uscrr' wortloa& in difrercnt regionq USBI at Noffih An€rica, USB2 at
sottth Anerica, usB3 at fui8, usB4 at Africg 8trd usBs at Auralia. The chsractsdstics of csps d8t8-
cenEn wcrp thatwcrydataccnE(Dc)had ?/0,;8{c,0MB of RAM, l(mxImMB of sbmge, I0fi)Ofl)of
UanAwiA& number of processur was 4 and procccsm s@ was lqm Mcmory Instn ctionr Fer Scconds
(MIPS)' Ertry data oeNrtsG had 5 vMr whictr rlan on the undcr-lryi4g rErrurpes. Thc n,mbcrs of req,crtr
arom a ringle tMB wcre 60 pcr horn with lqDq) instuctioru. we rar 6ese rvoruoods on thcsc data centes
8nd calQlaEd thc btrl delay and nrnning tinc. Thble 7.3 shorw thc btal delay and qccgtion drre.

73.12 Sccnerio2

In the soaord apcrimcntal $tuP, 8s shown in figurc 7.4 scr,Eral datacentsrs wcre crcarcd as cxtsnral CSpB,
DCI at Canads' DCI at sorth America, Dot at Eurcpe, Dc 5 at Asi& Do6 at Atica, and Dc./ at Aruualia.
similrlx six userg' so*lo8ds wcrc crearcd in a diftrent rcglon, usBl at Norft AEericq usB2 at south
&ncrico' usB3 at Aciq usB4 at Africa' ard usB 5 at Aruhalia. The clraraceristics of csps datacener
rvcrc that every DC hd mfim MB of RAIII, l0(l(xxxn0 MB of sffi4ge, l(mm Mbps of badyidth,
numbcrs of prccessoE were 4 and procersor s@ was lqm MIPS. Errcry data centre had only I \7ys
available insEad of 5. Numbcm of roquesE ftrom a singtc usB wcre 60 pcr hour with l11xxn instructionr.
Thcse rvoltlosds wqE ntn on 6ecc data aenErs ad btd delay and ruudng time was calculaed. rhble 7.4
rhows thc btal delay anduccution time.

Figurc 7-4: Delay, nmning time and transfer cost calculation fot scenario 2
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73.13 Scenrrio3

h the ttid crpcrincntal sefirp, as shown in figrre 7.5, scvErsl datrcenffit wcr€ cr€ed as cxGlal CSPI, .

DCl at Csnad& DC 3 at Sorth Amcrica, DC4 at Frrropc, DC 5 at Asi& DC6 at Afticr ud DgI at Aur-

trtia Similatly, iix c,o*loads werc crcarcd in a diffcrent rcgoq USBI at North Amcric+ USB2 at Sotlh

America, USB3 at Asia, USB4 at Aftica, and USB 5 at Austsalia. the chararUi*ics of CSPs dataccnm

wcrp that evrry DC had m4E00 MB of RAM, IUXXXXD0 MB of storage, lm0(m of band*,idth, numberr

of procecsur were d and proceecm s@ war lfin0 MIPS. Evcry dra cc,nte had 5 \Il\f,s which waE nrn (D

thc undcr-lrying lrsourceE. Numbem of reqrrcsu from single USB werc 60 per hotn with l(IXrc0 insfto-

tims. thesc wrkloadr wcrr nrn m frese daa ccntes and calcutated thc total dclay. Thble 75 shorw thc

total delay and cxecution tine.

'q.+r !}-.

l;l Dti.
b.6tor

Figurc 7.5: Delay , running timc and ransferco*calculation fu scenario 3

73.2 EvaluationResults

Thc calculared vrfues uc wrimen h hbular fotm for each simulation run. In thc first rcenario, ar displaycd

in figutc 7.3, fu wo*loads of 100*100 r€qucsts pe minue we,rp forwardod to thc cloud pmvidEr and

similaled for 60 mimE& Scenario 1 result shouvs thc maximum delay for mning wortloads on Canad&

and North America datr oentsrs.

ftrl
k

lra
!!0.rrf,

D ilta

!atf
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thbtc 7.3: Delay , nuning time ad transfer cost cdculation for sce'nado I

Uccr Locrdm DeteCeulcnlo- WorLloed

cadon

Deley Execution lhencfcr

(ms) Ilme(ms) cost($)

NGthAmcrica

South America

Europe

Asia

Africa

Aushalia

Notrth America

Ncth Amprica

Noffih America

Nofih Amffica

No,rth America

Notrfr America

100 * 100

100 * 100

100 * 100

100 * 100

100 * 100

100 * 100

50ms

2fl) ms

2fi) ms

499 ms

499 ms

2fi) ms

o.237

0.237

0.237

0.237

0.237

0.237

0.r,

.tyL

.192

.196

.yx
o.xE

(rdr lofh EurEg! l,lE. lr luflr.
lnE

(a) Delay fc soenario I

Ctrdr lolrth Eurugc Afrtr Arb luffr
AFCIr

O) Thnsftr oost for rurnfurg rcsourpes o for-
away dataccnus

Figure 7.6: Delay and transfer cost for scenario I

Tte delay b run r€stltrrces at Nodh Ancdca ftom Canadr, Sonth Americ4 Europe, Africa, Asia and Aur.
talia ic 50 ms, 200 ms, 2(X) ms, 499 mq 499 ms and ZD ms. The resulc in figurc 7.6a, shows 6tt thc

naximm dclay is 49 ms and the minimum ir 50 ms. A8 thc wutloads and DCs had ftp camc specifi-

catioo, therdorc, the runniag timc is constrnt slt0.237 sccoDds. The tratrsfcr cost b North Amcrica ftrom

Canr&, Sonth Amcrica, Europe, Africs, Asia and Australir is 0.07 $, 0.19 $, 0.196 $, 0.196 $ 0.192 $,

8nd 0.22t $.

In the Eccond soenado, rs explained in figurc 7.4 thc closcst dsa cefluEs werc seloctd for resources deploy-

ment wi6ottt trlring carc of the oedmrn placerent Conpmtvety, b scensdo 1, thesc data ce,lrtrrs wcre

htcy ad had oly one \IIlIr free m each data cente. the simulatim was qccutsd with the ssrne charactter-

istics as beforc. Thc rcsult showt in figurc T.lahat frc msximum delay is 133 ms ad thc minirmm delay

is 59 ms. The delay to nm rEsoures at Canada, South Anerica, Etrcpq Africa, Asia and Aruhrlia from

the local otrutulrcr was 60 ms, 55m8, 60 rtrs, 61 ms, t0 ms and 52 rns. As local daa cennrs wcrc selocted,

AIzd Msruh: I 2OFBASIPHIrcSE I 5 tugc 129of LX)
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Thblc 1.4zhlay, running dme and transf€rcost calculation for sccnado 2

mkuodRcrorccs

UscrLocrfion DetaCcntenlo- Worklmd

cadon

Ihlay Exesfron lhensflbr

(rng) fime (ms) cct 6)

South Arncrica

North Amcrica

Euroee

Asia

Aftica

Australia

South Amcrica

North Amcdca

Euope

Asia

Africa

Arutralia

100 * 100

100 * 100

100 * 100

100 * 100

100 * 100

100 + 100

60ms

55 ms

60ms

61ms

80ms

52 ms

0.500

0.500

0.500

0.500

0.5m

0.500

0.065

0.055

0.(r5

0.06s

0.065

0.065

cr& tqlrr Eu{Dr AnE lr
Amrb

(a) Delay fm soenrrio 2

@) thndcrcoat scc,nario 2

Figtre 7.1: Delry and tansfer cost for sce,nario 2

therrforc, thc migration orxt war the same,0.065 ms for every data centrp. With thc ramc spocificatioa thc

rundng timc wrs e,onst nt at 0.500 rns. ftviag to hrsy VMs, the runniqg time furcrcased as corpued b
sccffiio 1, howeycr, thc delay and transfer cost dcq€ascd.

In thc thid soenario, as shoum in figur€ 7.5, thc same wo*loads werc used in the samc rcgion This tinc
rtsourpcs werr nm on thc oetimum sclocrcd daa ce,orcrs hlyi4g ftrec \IIVIs and grve optimum nrnning timc,

delay and transfcr cost Thc similatim was run fm 60 minuEs fuwadiag 100t100 requcstr tm/ad each

data centrc. lte result slrowx in figurc 7.8a that the maximum delay was 50 ms and thc minioum dclay was

49 ms. Thc delay to nm rcsourpcs at Canada' Sorth America, Europe, Africa, Asia and Auralia ftom thc

local consum€r was 50 ms, 50 ms, 50 rns, 50 ms atrd 49 ms. AB local data centes wcre sclcc"te4 therc,forr,

thc miglation cost wEs thc samc, 0.065 ms for evcry data cente. With the samc specifcation, the mning

Cudr ltouth Europc Afrt! AS Aulralt
Amrrkr
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Ch31ltGrT. RdwrcMsxinizttiilbvBtrcicotRcsourccrSlchodulingoExtcmalRcranrccr

time was cmstrnt af 0.237 ns. Oving b optimaMuls sGloctio& tlrc running timc, dclay and tsrnsftr cost

decrearcd.

thble 7.5: Delay , nmniqg time and trander cost calculation for scc,nario 3

UscrLoceffon DateCenterlo- Worklmd

caflon

Exccufim lhrnrfcn

fimc(mc) cmt (D)

Ilelry
(ms)

SouthAmerica

Errope

Asia

Africa

Arutralia

SonthAmcrica

Euope

Asir

Africa

Autralia

100 * 100

100 * 100

100 | 100

lm * 100

100 * 100

50ms

50 ms

50ms

50 ms

49ms

o.237

0.237

0.237

0.237

o.237

0.065

0.ffis

0.065

0.065

0.065

lanh EUE!! rtr. As llEr.
lmrb

(a) Delay for soenario 3

Cfld. sollth Eu,ope AfF<. At. Aurtr*.
Amcrlr

(b) Thnsfcr coat sacnario 3

Figurc 7.8: Delay and transfer cost for sccnario 3

lte simulation resulb in figurc 7.9 afr 7.10 shows thc aoryarison of sccnario 1,2 ad,3. It ftorrs 6il
dclay, and nanrfcr timc inscaser ar thc targct dishnce ircrc8scs. Second scenado rcsult cxplairs that dclay

and Eansfcr tine increaseo when wukloads arp nrn on thc clocest busy rcrources. In 6c third sccosrio,

optirumcsPr are seleced hsving minimumdclay, runniag time and hansfcrcost

fte proposcd rnodcl is EsEd m Clqd fuu[ysj $imulation. Ug€trs' rcqucsts wprp hendled on 6c algorithms

to effcicnfly migraE the resources b nert CSP keeping in mind runnfurg time, dclay and tansfer cost

Rosultc ehws a grcat ccopc fm e{/cry paraneffi. He,ncc it can generab morc p,rofit and morc cusbmcr

satisfrc{ion. Th€rtforc, the poporcd approach can be generatizeO to dl thc abovc prarneem. Migratiur m
tander of data is thc hcart of IoT, fog and clord cmrputing. h thc surart devices, usually scrycm arp usod

as computrtional rbrage resorcer. The prcpoccd frameryork can be adaprcd b any of swh lib project and

migntim emvircrunent
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7. RsrurrcMarinizatim EfficicntRcunpcl

.9t r$t lsz

il99

r$t r$g as2

mExgnalRccouccr

rAl

Figurc 7.9: comparative graph between three scenarios for delay

rrEr AtL

Figurc 7.10: comparative graph between three scqrarios for transfercost

7.4 Summary and Conclusion

PlsvidcE wifr limiEd nssolllrsEE frce many challengcs. rte major chaucngc ic that trc pmvidcr businesr
rcmrins limiEd" ExEmal rcsrurocs and fodcrarcd doud rre thc rolutions b hrndlc ttccc cna11cng's. rhcsc
are the be* solutioms howerrcr it givcs birfr O finthcr challenges. ths rnrin enaucngEs are thc perfonnaoce
and cost of tho scrvices' There hurdlcs neod b be adecssed. Thc issnc with hiring Gr6mal r*orrrces ir 6atit increases the cost in ErmE of encrg5l comsuqptiom and pcrfamance dcgradation. Tb hsndlc thig issrrc, thcpropocednodelrclectme;hlilreexmnatCSpsforbcstrunnhgtimc,delayandtansfGrcost 

Tbcsimulatim
ttsult shows 6$ the selcction of beEt proyidcr dranaticatly ninimizcs the erernal oeq dclay and nmni4g
timc.

o.2tt

Aful hdsharr I 2GFBAS4PH I\CS4F I s
tugc 132oll9O



Chapter 8

rndependent Monitoring service for sLAs
in Clouds

Thc rccat inegration (e.g, IoT, AI, and fog cmputing) o the clord sewiccs, has compleEly chmged
the dircctions of this markct [15E, 159]. lYith this inegruion, crper6 belicve that more g,an 75 billion
appliarccs wiu be oonnccbd b thc nctwork W 2u2:t 1160]. these dcvices will prodlcc l1s Bdata annrully
[16U' the fear of cloud (in tsrmE of sE lrity and priragy), haE been drcppitrg &rc b be widc stdy and
massive cloud migrarion. For nrch a hugc rnrket, tlrcre must bc a universal murioring sysem (to ensuc thc
agrced SIA) o msintrin the rcluionship of trust mong thc parties. Ihje able t.l shmvs the symbolr and
tablc t.2 shows thc pramctsm ad uniE used in ttc chapm .

Clottd monibring assesi urd man4ge the cloud scmices, applicatims and infrrstnrct,re undcr ftc Ermg
agrced in SLA U62} ltis cncial fr QoS, cusburcr satisftctiotr and rctmtiqr, as well u rEs<nrrce rcali4g
tl63l' Qos can only be ggaranrcod whcn any chcck ic imposcd on SLA which is folloryed up on both si&r
(i'e the rvidEr and consumg cnds). Rcliablc monibri4g dsvelops ttc trust betwecn botl parties. kuyid'r
party rcquircr DonibEitlg b avoid thc Penalti$ and cqrsnrmcrpafty rcquirp it o monitorprovid* scryices
qgainst thc agrccd SLA tl6+t.

Thc exirting providEr bucd nodtotring framcrortr (e.g Amazon cloud watch tl65l, kraleap Aarr'
watch [166], Rsck Space Clord Kick [16fl, etr ) otrE strtic rnonibring and &Gir scryices arc limibd to
the spccific Pmovidctt @lly- furtability, rulidility ad t*mctabi:titywith othcr clouds arc thc main lrclis in
thcse framEu'od$. some other cxisting moniming francmrks (e.g, Nqgios tl6g], zsbbix tl6g], Ici4gt
[UOJ and Zenoss tlTllgrc)ue gencral purpocc frarrcwmfu, allowiag administratomr to monitor the s€rycrr
etc, has the same limitation
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thble 8.1: Symbols and notations used in the formulation

NotaffonDcscrlpdon NotefionDcrcrlpdm

Dr- lbtal delay facod by prcyidcr

P Proyidcr

Dn- Propagationdclay

Dmrn Ttansmissiondelay

D(C, M)Delay betrveen customer ad moni-
bring pafty

w Monitoring overtead

Srq Serviccs requesed

Dtaa Tbtal detay causcd by the systcm

C*-, Thansfer cost

C*oo Tlansfcf cost

Ctant Tbtal cost

Totn,il Up tfune

Tqr Computation timc

Tnm Running tirnc

prr Penalties of nrnni4g time

pru Penalties of response tirne

pi Initial violation ftrcshold penalty

kq Penalty of SLA tcrmination

D* Tbtal delay frced by sotrsunrer

M Moniroriqgpafiy

C Customcr

DEu Queuing delay

D(M,P)Delay betrvec,n monitoring and
providerparty

v Monitori4g ftequcncy pcr 60 sec-
o,nds

Sorrnit Services availablc

Cwa Tbtal cost

C(C, M)Tlansfet cost betwecn crstomer and
oonsumer

Cpn Prrocessing coat

Aaail Resourcesavailability

Taoua Dwntime
(V") SLA violation

Ttq Rcsponsc time

pow Fenalties of bandwidth

pu Secondviolationthresholdpcnalty

rb cope with thc limiations relaed b mmiffiing actionr pcrrormoa b,y thc pruyidcr dile, non-coopcrutivc
ctraEgiec have also bea prropoced b inEgrate the knorvledge with infomstion gathcred frora customffs,
pcrspective[l7zl' lldrfd, non'cmpcrative apgrroactec wae lcvcraged to nonitm a vriety of paramctcrr
mostly relarcd o nctwo,r*'aspectl, sur,h as cloud-o.user neturcrk throughput IlZ3] and laEnsy U74, l75l q
netwGk inEls+lotd @s (with focus on eithcr intcrdataccnqlT1lor intra-datrcener[lzZ perfcmanae).

Though the Monitming as a Service conc€pt was coined iaZ|/rz[lz8l, hrywcr, thic was not deeply inves.
tigatod to implemcnt
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-ft
Sqt:rs\\l ft

S:rrcns,.flV

Gloud Servloe
Prcvlder (CSP)

Figurc 8.1: Service Ifl€l fureernent (sLA) for cro.d seryices

Most of tho aforcmcntioncd francumb (i.e, povider bsscd ad gFmcral purposc monibniag frameworks),
lrc}E tn prnbility, rulidility ad ilrrracrabW with ofrcr cystcms. Thesc controllcd framccrodrs do not
ttsc third-party help o monibr rcrvices against SLA whictr is the main rEaEon behid rm-tnrsrcd siuution.
ftrthermse' evEty slryplicr has ic nmibring narncryclq using itr monibring matrices that do not mcet
it'frt'u,io,tal stufuids tl79l. Iterc francryorlc do not prcEent a cornprehenrive solution towads trlstod
Dottitoti4g and pcnaltics mrn'ge'nent. Additiurally, the nrpplicrand thc consum wug rintcand oarer for
monimriqg $rvicct. From thc diccussion $ovE, it is clear that clcarly dcfncd SLd closely relarcd o thc
the cusbnrcrintsresB, is vay inportantin lrctpiag thc supplicrto provide the optimgm s€ilice forclustolM
satisfrction [1801.

Clottd compntiqg nceds such monitoriqg rcwices th* arc ptublc, nlidh, ilntrwtabh afr htcnutitnul$
rucogrtizd. hrttcrmotR this should be omprchcnsive in Erms of rnonibring and pcnalties rnan4gE6cnt
This nonibring francwrxk (i.c, SLI\-MaaS ) responds b all6csc oonocrrs and crcaEs a relationship of
tsust among partrcrs.

The functionalitics of the ssviccs coitrcidc in thc fonnr of sLA a lcgal agrccmcnt scfiled and emdorrcd by
clotd prtreE [lt[. In the oonext of an SLA, the scrvice Level Goals (sHi) are cxplaincd and the agrccd
Quality of Swice (Qos) is fixed and signed tl82l. The $rvice are rnoniorcd accmding ro thc qgrccd
conditions; in case of violation, the otrcndff ir pcnalircd tls3l. Figur€ t.l &scribcs the sErvices of SLA.

Ttc clod has bcen ending thc era of dcchop scrrices and now all the computational r€s<ltlsEs are availablc
as a semicc. customcrc hesitale b tru$ on thc prroviderr' monitod4g sys6m. Thse is a gap and need of an

$ul Dadt nlu I 2GFBAS4HHI\CS4FI j
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thble t.2: kramcten their synbols ad rmits nscd in 6is article

Synbol Dcflnldon Unit

D*-u

Dt*

D(C, M)
D(P, M)
D(P,M)
Ttu

Tnm

BW

ltansmission delay (Ihansmitting one bit to the chan- second
nel)

Propag*ion dclay (Prropagatfury one bit to the dcstina- second
tion)

Dctay betrveen crubmer and monitoring scrven

Delay betweenpoyider and monibring serycn

Ihlay between providcr and monitoring seryers

Response timc ( the tfune between the start and the
conrpletion of a tqrk (in time unie))

Running timc (total time a @U spends b execue the
given task)

second

socond

second

second

second

bpsBandwidth (data trusfcrrate through a netwo*)

tuaenocnt third puty rnoniming frrmeryort whie,h monitors thc sevicer as IE thc agrccd 6gms. whcn
everyscrviccin ttccloudirprrovidod"as ascrvicc"then why notmonimriag (e.g; sI-A-Mals ) whichic thc
ncdof thcday. rtcrcrorq thernainoffective of sIA-Mus is moffcroorryrchorsivemonituingas an
onlinc rcrvice' juEt lib other clord computiag scrvices. Tlust is panmount fm every oompsqrr. Ib derelop
htst among thc partics' tlrere mrut bc inunational monitoring strndads. sl-a-tttaas builds tsrrst a1aong
thc particc atrd Eininizel hnplauntatimcoslr. This scryice is offered as a scwice and paid on ucagc basis.
Thc limitrtion of the propoccd framcryort is iB ovqtcad, thcrEfur, tbc sccond objectivc of this article is b
optimiu iltc ovcrltad o opimally utilize the slA-Itfiaas b thc cloud plafomr.

In thc PrcPosGd Eodct a third-party establish its scrver and rtarts Foyidiqg rnonihring ssviccs online.
Bcfqe frc initializatiom of the burincss, bofr parties (i.c pmvidcr rnd consumcr), submit thc agrcod st A
to thc SI-A-MaaS. It inshlls plugins b both endE to get r€al-time information of s€rvice pruvision and
cottsumption. We rucd hc hrfomanoe bascd SLA (FerSLA)t1t4l, b tcst hE uroftiru of thir frr,cryort.
In thc casc of scffiiccs dcgndation, SU\-Mass notifies the providcr for servies adjurture,nt. on frihre,
ftrcs arc forced on theprrovi&r.

In his chaper, a cloud monibring rtrucnuc is propoced (SIA-MaaS) to pruvidc online monibring ccrvices
by tttid Pafty. Thc pmporcd sErrctrc uscs third party s€rviaes to monibr 6c sLA ryced betwccn bo6,
partiec. For sLA we rubatantially qendcd ourpeviors wort krslAtlE4l. Hgure g.2 shorvs thc Eoporcd
structrtrc.
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ltc try cmtibutions of this chapmue followr:

' SIA-MruS is a framcryor* which dynanically Eonitfii thc scryies at both cnds. Monimring pffiy
itrstdls plugins (i.e' softxruG agents) on both erds. ltcse plugins collet thc drta and ruburit stanrs
totteSLA-MaIS screcr.

' A thrce laycr pcnaltier strucutrc fG cusbmcr attractio& satisfrction, and reHrtion. Instcad of diroctly
jpmFing b thc sI*A ermiruton, this start from warni4g and lower penalticr.

' Thc prareE$ strhrs art corrparcA wih thc qgecd SLA and moniffiilry rcportE arc gencmatcd. Thc
defaulu is pcnalizd as pcr tlrcsc rcpoffi.

the rcrnaining of ftis enapcric strucurud as followr:

Soc'tion t.l expluec thc prropocod sI*A-Mars tamcryoar, along with thc proposod sll\ and penalties stnrc-
tttc; scctioa t.2 cxplainr thc proposcd algodtrms b Fovidc onlinc monitoring scrvices; sectim t.3 dc-
scdbcs and anatyzec thc erycdmcntrl senrp aud finally, scction t.5 concludcs the rcrk

--'--'a;.--1,.'

tt't

Chrd8nbFillfup8P,
ocrns}rt3lfrIIprrySA.Afbrtr

orhrrJffitfrd
t:fnhtg.*tt€rtba

rrtilEmcDilrgr

Igry 8'2: Theprogosca framework of Service Level furecrncnt-Mmitoring as a Ssvice (SI-A-
IVIaaS)

rlcthgrrt.ftr
lt.€t trdr8lr

nrarkrd.{^fhErEtt
lh.a.gLrdgrrtt
Taf 

^oEilre 
bltrilrIlrrtudcr

ffr.

b--'-frdlrrblrrvldc(CSl)
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t.l System Model

Ib addrc$ thc afucrrc'ntioncdicarcr (discrurcdin overvicw), thir scctionproposcd arnonitoringfraneryrrk
nsnd as SLA-MarS. Figure t.2 crplainr thc archiEchnc of SIA-ManS. Thec partics participa6s in
SLA-IIIuS : (i) cloud pruvidcr, supplicc thc cloud scrvices; (ii) clord c(trlrurnctr, hircs thc scrviocs ftom thc
clottd p'tovidcr and (iii) SLA-IUa8S , monitors thc services on both cds to ergurE he agreed SLA.In thc
ftrt rcp (as Pcr thc SLAlife cyclc), the consumcr discovrr tbe scrvioeE. In thc scootrd r6p, thcy agt€cd
m Emlls and cmditions and dgncd 6c SIA. In he thid sep, SI-A-MaaS $rvices rc hired b monibr thc
bucineEs.

Ihblc 8.3: Upload and delay tirne among different scrye6 round the glob6

Source Donrh Ih4etDmeln Ihte Size Uptoed
fimc

Ihlay(mr)

Pakistan, SouthAsia
kkistan, SouthAsia

kkistan, SouthAsia
hkistan, SouthAsia
kkistan, SouthAsia

Iryq CentrrlAmcrica
Singapore, Southeast
Asia

Tbnonto, Camda
Ircland, Europe

Jolunnesburg, South
Africa

lOO KB
1OO KB

100re
lMIG
100re

3.Ul soc

2.37 w

4.21w,
3.53 sec

2.55 sec

5fi) ms

297 ms

6fi) mr
365 ms

{I2nrs

t 1.1 SLt-Monitoring as a Service (SLA-MaaS)

Microsofi Aun ir orrc of thc t€dng cloud ssvice providcr [lt5, lt6]. For their ctstmer sarishction ad
attraction, theyprrovidc online bols tocheck thcirregimal rerviccs, and the dclay and uploading tirrc among
thcir scrwr. Fu tbc prclitdnsry rescarch, we uscd this framcu,ork to calcularc 6c dclay and upload time
arcund thc diftrcnt regions of thc wmld. A 100 NB data wrs uploaded b scparlab domairu and upload,
download and dclay time wcrc cdculaEd. Ihblc 8.3 showt thc timo it trbs ro upload thc l00xB of data
in an individual regiom arld the total dclay betwecn regons uound the world. The Microsoft Azurc onlinc
toolg reculc show that monihing ovcrtcsd deq€aEc thc pcrfomrance and increase thc cost tlTgl tltT.
Thesc articles invcctigatod thc efrocts of this overload on businese in recpect of dclay timc, processi4g coat
and trrnsfcroost.

thc main challengec with the sri'Mus isfu errtradc|r{r andcasr of overtcad. Herc w calculatc the delay
&ebovcfiead.

calfllatfuu thc btd dclay faced by povidr by hansferring thc monitoring ovqtcad.
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Scrvioc fG SLAI in Ooudr

In nctworts &by D fred by bit to tansfcr it ftom source o dcstination is

D: D*on* Dpoe* Dpu* Dcu. (8.1)

whctG D*"tn shoivl thc tursmission &lrty, Do,-showc thc prropagation (1j111y, Dpwshmys 6e procecsing
delay and Dflc shows thc qucuing dclay at the destination.

Ib calculrtc thc tuumission dclay (D*o),

D*oo = w/BW

wherc zr ir thc wontlad (ovcrtcao ad ftE BW istrre bandwidth crpacity.
&by (Dr*4),

(E.2)

CalculatfuE tlrc prropagatiql

Dpr": D/t,

wke D ic thc distance and the t, is 6c tansmission speed.

(8.3)

DTrou = D*-r+ D(C, M) + D(M,p) (t4)

whEr€ D*raitthe tansmission dclay o upload thc ovrrlrcad w, D(c,M) is the prropagation delay (D) bF
twee'n ctsbmtr (O and nmimring (Itr) servrrr and D (M, p)ir thc propqgation delay betrvecn moni6d4g
urd prwidg party. thble t.2 Ehorvs the paramcur and units uscd in this ailictc.

ltc above eqrution t.4 explain that thc btal hmsfcr &itry (Dpr-) frced by 6c providEr is tbc trsrs'is'ion
dclay and he prropqgation delay bctwn ctrbrms (c) and monitoring wty (M)and then trursftrdag thc
rc,port b thc pruyidEr parry (A ftrom mmibdag rmrty (IW).

Delay faccdby thc eusbmcr

Dr,,, - D*"r* D(CrM) + D(MrC) (8.5)

ryzal Mshalu I 2GFBAS1hHDCS4F t s togc l39oll90



ScrviccfaSLAr inCtodt

Thc above equation t.5 cxplain &at the total hansfs &lrry (DTou) fraod by the customcr ic thc transmis8ion
delay and dctay between ctstoucr (C) and monitoring pafty (If,) and thcn transferriry thc report o thc
clrstomcrpuq,, (C) from monitoring Wrty (M).

thc total poceccing dclay is calculrrcd as:

Drrnxw x u

whEr€ zr ir thc monitming oveftead and z rcprcse,nts thc sending ftoqgency in 60 rcconds.

Thcmcfore thc btal dclay faced by thc prrovidcr or consumer is:

(r.5)

mc,E: Dou * Dpe (8.7)

IlTpoo: Dp- * Deroe (8.8)

wbEr€ Dp.,-is the prooessi4g &W, DTeu total delay faced by ctrsbmgr 1ry1it m,a,is thc btal dclay
frccd by thcprovidcr.

For instance, rtc oonnrmcr c ir in hkistrn ad hc sLA-It ars ,.,,cr M is in frkyq rapan 6cn the
acquircd delay D(C, M) is ltO ms. Wheic, ec providcr is in Lmdoq Unibd Ki4gdm. The delay between
those two locations i" D(P,M) k?l/|,.v2rns. If the wo*load is lfi) KB then thc total delay faced by th,
sysEm is cslcultEd as;

Dtn t- 180mc *220nc*bfl)ma
Dtant =0.9ae@nd,

whcrc 5(X) ms ispnocecsing time.

Thc btal costconsu,Gd on the noniffii4g owlrcad hansferis calqilaEd as:

C*,n = C(C, M) x w i C(M, p) x w * C(M,C) x w (8.e)

e{zd eadsluh. I 2O-FBAS1hHDCS4F I s
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SsviccfcSLAr in CXqrd!

ulhcrc C(q M) x w is the rursfcr cost betwcen cusbmcr and StA-MaaS d C (M , C) x ur is thc h.,sfcr
cmt betwcen SLA-Ma8S and flstoncr.

ThE aborrc equation t.9 shws 6G btrl cost ry hnsfening the monioring orertead. Tbc totrl cort (oat)
ir cqul to thc coct amrng (C,M),(M,p) afr(M,G).

lte tohl proccssilrg cost is calculaEd ar:

Cpoc: W X V

Whcrc ur is thc nonitoriqg overtead and z rcprcsentc the s€nding ftroquency in 60 rcconds.

Thcmefore thc btd overhcad cost is:

(r.10)

Ctaot: C*o,-t Cprn (E.11)

fuinstrncc the oonsumpr C is in kkisan ad thc SLA-M8IS M iEmlbBo,Iapan thcn totrl transfcr
oost is C(C,M) i8 0.5 $. The pruvidcr is in tondon, UniEd Kingdom (UK). Ttc oost betwec,lr ttose txrc
location k C(P,M) is 0.5 $. If &c load is 100 XB then the btal cost is calculated as;

Ctaot:0.5S+0.5$+1S
Cwa:N

wherc 1$ is processing cort

Tteinncraomplerityof thc SLA-MaIS is urcapoularcdinApplicationprrogramminglnErfrce (ApIs) which
frcilitrEstheothcrapplicuionsorus€rlsbcormunicalewiththesysEnL 1hecloudconsumpri/Frovidcrc
any otherhost inhzcts with SIJ\-MaaS by API fmregistcring or submitti4g thc rcspective SLA,3.

sLA-Msls uscs qgcntr that urtonomorsly colloct data ftom prcvidtr and consumcr ddcs. Agpn6 pcrfor6
thrEc tlTes of tash; collecting, processing and repcting. Agenc arc instr[ed on VI]I and they are initianed
whm wr stllts sctrices provision. AgEntr monibr and colloct the data and send thc monitoring r€pgrt b
thc rcposiffiy. It monib(l thc specifrc rnatix (i.e, @U, utilization, sh"gp, nctwo* bandwidth) and report
any failrue b agc,nt's coodimtor.

sLA rcposibry is a &tabasc in SLA-MaaS thatcontains sI-As, submittodby cloudpoviderand consu66f,.
It also storc thp SLA establiched anong sI-A-Maas , cloud pruvider and connune. lyhcn mmiuing is
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ScrviccfaSIJk in qddt

perrqmca thc runni4g sLA is thc sLA, nrbmitrcd by thc pruyidcr and cqrsumcr.

Moniffiiag rcposibry is the databasc that sbrEs thc data about metics b bc monibrcd specificd by puty
though SLA, collcctd by qgentr and rcceived iluoughplugins. It also shrs the Eonittring rcsult. pcnalty
rcposiffiy stores all the rccords of penalty imposcd on thc providcrs.

&12 Senice L'eyel Agreement (StA)
sI-A is thc Ecaty (agrcd wifrin the cloud partrErs) and mmibrcd by SLA-MaaS. Ib eval,a6 thic framc-
urcrt' we crtsnded pc[SlA tlt4] for algsi6m initializatim and monitori4g. Itncs arc imporod on thc
zupplicr to satisfy cusbmEr!. Ttcse fincs can be in cash or rcdrrction in prices. In this paraaip, ratcs u€
rEducDd fu dorvntirrc. the three-laycr fne fomatiom is uscd for this SLA. rhble g.4 prcrart the threshold
oonditions emplrycd in this inve*tigation. SFbols firlst threshold (ZD, gcoond thrcstrold (Zir, and thfud
threshold (?id, dcscibes the threshold.

Thblc 8.4: Threshotd values fu serrrice Irvel Agrccmcnt (st A).

SLA meffic 4 T;i T*i

Rcsponse time (sec)

Exocution time (sec)

Availability (%)

Bandwidth (Ivlqp6)

&eqrdm tlme is thc timc b rcspmd to crrsbmErl' requcst Exeution tirnc is also known as runi4g tine.
Ttc exccution tirae is a cnrcial critcrion of sLA. It &pends on the nrturc of thc roq.cst and frc scryiceE o
whie'h thc wo*load is dcPloyed" In case of not ruitablc resouees, it gatc longsr 6an ruual tlst].

TnmrRcaqmx fuqqrp (t.12)

Tnm: TI - tC (t.13)

The above equation explains trat running timc (rr,rn) dcpends on rEsrnrpes typ (Rncqfrc) and rcqucst type(ruqtvd' wh€rG nrnning timc is calculaEd by subtracting trsk strrting time from ta* fnish tim'.

2w, 5 sec 10 scc

3 sec 7 sec 15 scc

9% n% 9s%
9.9 9.8 9.s
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Scrvioe for SIA! in Clqrdt

Rclemlc flmc rEfer b the (waiting) titrrc fG tb consumer's dcmend in fre tine. It dcpends on thc ayail-
ability and bondwidh of the sorrces. If the rEsoures arc usod inensively, it h&es longer o complec ncw
trsb tltgl.

t-'.tt6 5,5xu (t.14)

Ttq= Ta-tt (r.15)

Thc above eqrution uplainr thnt rcspmsc time (ror) dcecnds on scrviccE rcamnrity (,SD and scryices
utilizatim (It). Wherc rcsponsc timc ir calcularcd by subtracti4g task submission tine by ask sartiag tirac.

Anlhbllfty describesthearnitabilityof agreedscrvicesrvhcnrequired. AvailabilityfocuscdonEi.,uoe.
considcrcd and qgrcod in thc SLA tltg].

The aYaitability ig calcutatcd by cquation rc2.6wherc r-- dcnorcs the conpgtation timc agr€cd in sLA
Tcuod rEltrEsents thc computation tirnc availability 8trd fdoun rcprcscotr thc execu6on downtipc.

In case of rcsoutes nonscalability, cxccution and rcsponsc time escatarc. Thc scalability facb* dcpcnds on
rEsounee8 availability of the pmvid€r. sI-A brcak (7,n) accurcs duc to scrviocc nonscalability. Tte resources
scalability afroct the hrsiness in tcrmE of sU\ violation, panlties, lwer perfonnane end crsbmcm, dis-
rati:ftstion.

Rcliability nFanl thc pcrformance of the rresorrues, coryarcd b the Eodefincd asrced conditionr. Tte
ItsounoeE, strppGti4g hult blcrutcc and urnomatic rccovEry arc considered as reliable rcsouccs. lowcr
rcliahility leads to revemre reductim tlt9J.

t 13 Penalty Structurc

on violuion of SLA fines 8! imposcd on thc rupplicr, whic,h has a ncgatirrc iryact o,l1 thc cgmpsqy.
usually' atthc stlrtof thcbusineis, rupplicrs gcthcarrywckloadr, hwerrcr,la6onthcy frik bdclivcrthc
8grced lGs('unccs' which leadt to fines. Ure ef,EndEd olr previou pcoalty stnrcturc FETSLA tl&4] for tho
SLA-MaIS pcnalty.

Tb harre a limit check on finec, fir shorild not srqpasr luh af the chugec tl90]. In casc of increage by
10% 

' sLA should be erminarcd. Thig assist in maintaining business betwen poftncr. Frntherurore, if fines
qosses the mentioncd limit, this will have a very bad impact on thc zupplier,s busincss [lg9].
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llcrvic fur SLlb in Clord!

as a Servicc
Input: pammetcrt,
()trtput Monitoring report

SLA nequnsrs
DEFTNING C nmgnlot (T*,r, u, throughput)
CnrreRrox DescR,rprtox( Functim, Units, and Metrics)
Fnrg DecnBEs(l,2,3)
FNs Srnucrunn(2 th ,S tb,slAcancellation)

lIr''* < ?: thcn
Pnn: l, Pu- : laE

md lt
if ?: < r,*,1?ii then

Pt*r:2, P*r*: {aS
cnd lf
itTx < Trrur l ?idd thcn

Pnm:2rPrt*-: !a8
end il
if p"1ojr.,ltcn

Tntn= calculrting executiom tirne perultics using equation no t.l6
Trq= calc,lating r'spmsc time penalties usiag eq,ation no g.l7
To,,oit= calculating memory and storage avaitaOitity penalties ruiqg cquation no E.lgrBw = calculating network availability penalties uing equation no E.l9cndtr

Stneaming data to both ends

PtaT: hrmt h"r+ parrat* psw * Icusingequationnog.lg
Notifying pruyidcr and cutomer
Enforcing penalties

knalties can be pold in lowcr pricec or in cash. Thc worst tring about thc sLA violation fu &s chelcngcs
o tbc coryany'r rqlutrtim and futrtrc. Ttc cusbrtrc(s ncrrcr rclics on furlty upplicrs tltol. wc uscd thc
pcnaltier shrcurq as rhown in trbre g.5 from o.r rast surdy, FcrsLA tl9ll.
As cxplained h lhblc t.5 , on violrtim of the fi$t frrcshol4 picec are reduocd R pi; if thc sccotrd ftueshold
is brc&e' ratcs arc rcfucod bY p;;,and if pcrfunrnce deccasod ty 6id chel$ sll\ ir rcrminabd. Fines for
sLA violation is aubmatically calculatc4 in case of any issue, claim rnay also be regisE[ed wifr sI-AItI-
aas.

Rlunhg nnc: For nrnning fr"te (r*r.), ttuee layem thrcshold values arc dcclarc4 usod in ogr prblication
[&4I' If thercEouroesrunning tire'rr*rislwqthanthefirstthrcstrotd ri,rrfirrcsarEapplied" Hmvcr,
if thc runiag timc cmascs the first threshold 2i q the sccond threshold ft;, s,pplicris penalizod by a and
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ScrYioc fG SIA! in Clqdl

Thble E.5: Penalties stnrcturc for SLA violation

SLA mcffic (p) @) bb)
Rcspmse timc 5%

Executiontirne 5%

Availability 5%

Badwidth sth

l0% SlAlbmination
l0* SlA1brmination

l0% SlA1brmination

l0% SLATbrmination

thble t.6: Calorlating the overtead delay for thc siuation l.

User Lodon Drte Ccn- Overhced Slm due Dcp
tcr Loct-
fion

D.n Du"t

Notrth Ancrica
North America

NofthAmcrica
NofthAmcrica
NofthAmerica
NofthAmerica
North Am€dca

Nofth Arnsica
NorttlAmffica
North Arrcrica

Australia

Arutrrlia
Autralia
Autralia
Astralia
Australia

Autralia
Arutralia
Australia

Australia

IOOKB

IOOKB

lOOKB

IOOKB

IOOKB

IOOIG

IOOI(B

IOOI(B

IOOKB

IOOI(B

0.11

0.il
0.(D

0.(B

0.(B

0.11

0.11

0.ll
0.11

0.11

I
2

3

4

5

6

7

E

9

10

195

tn
187

2U
M
?ffi
2M
205

205

203

195

tn
tn
2[A
2M
2M
2M
26
205

203

45 rcspectircly. Business ir cancelled if running tine inseascs by n*

(o

prr (o)- l"
[;:

Tru'. lTi

Ti) t.,,,r lTa

Ta) rru,. lTi;r

otheneise

(r.16)

Rcrponre fimc: ff the rcsources rcsponsc time rra is bclw thc firrt thrcshold 2j, recourccr supplia gc6
full prices without any pemalty. Itrowever, if the recponse tirnc r""" incrEascs ry the second ereslold ft, or
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llcrvioe frr SIAI in Clodt

thble t.7: simulation rcgultc for ffre owhcad cost for scenario l.

Userlocrtion DatrCen- Ovethcad SlmfiEc Ccp
ter Loct
don

cFn Cwnt

Nofth Amsica
NoilhAmcrica
North Am€dca

NofthArncrica
NorthAmffica
NofthAmcrica
North Amcrica
NofthAmerica
Nofth Amcdca
NofthAmcrica

Australia

Australia

Aufalia
Australia

Australia

Awhalia
Arutralia
Autralia
Arctralia
Awtralia

100xB
lMIG
lOOI(B

lOOI(B

100xB

lMKB
IOOKB

100x8
IOOKB

IOOKB

o.u2

0.05

0.06

0.(D

o.t2
o.t7
o.?n

o.z2

0.25

0.29

0.5

t.(B
1.54

2.05

2.55

3.05

3.56

4.0t
4.5

5.Ut

0.52

l.t4
1.6

2.14

2.6t
3.22

3.76

4.3

4.75

5.36

I
2

3

4

5

6

7

8

I
10

dlfud ftrcshold ft55, supplicr is pcnatircd by t and p55 rccpectively. SLA is tcrminapd if running time rr,ro
qosscd ee thid thrcsholdp;5;.

so@):

rru 1Ti

Ti lqq 1T;;

T* lqca lTui

othcrrvisc

(E.17)

Avrlhhlllty: Resource availahility rneatrE rEEouoer prrovirion mdEr the ts61E of thc sLA if rcquired.
includcs s@gE mEmory lnd bandwidth, eE. tn thc cqution belw, o shmys the resourrr arailability.

o)T
Ti 1o) Tii

Tli 1or7q2) Tili

othcrreisc

(8.1r)

E

A':E
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tlcrvioc fc SLAI in Clqrdt

Brndrddlfu The bandwidft thrcc thEsholds are followr: if the bandvidfrh BW bneak is belw thc first
thrcshold 2i, no fines ut imPod qr the rupplicr, however, if the ban&ridfr BW g.o*5,s by cccond
theshold 2i u0 third thcslrold ft5, rup1ilicr is pcnalizrd by n and p65 rerpectivcly. SLA is abo[Ed if
badwidh BW bmtagc pasrcr by p*t.

paw(a):

BW >Ti

Ti < BW >Til

TxlBWrrc")Tiia

othsrvire

(t.re)

Peodty is calculaEd as follows;

I
(8.20)

t.2 hoposed Algorithms

For the dgorithm t, wc cxEndod fu Pcrfumuuc fuscs Scnice bvcl furucnunt (futSIA)[l&4] stnrcu'e
as 88rced SLA among partics. krSl.l\ uscs thrce threshold valuec b crsurc the optimum perfonnanoe and
cost.

Tteprcposcd alguithm mrk as follw:

' Clurd pruvidcr urd conilEcr rcgirtsr b sll\-Mars s€ruEr intsrfrce and submit a rp$rcst for SLA
mmitoring (liDc l).

' Joining SLA-MaaS urcens that cloud partrcrr (i.e, pmvidcr and cqrnrms) sgre wih SI*A-Maas
Ems aDd conditions ard anoths SLA placec atrmg thcse thrce prties (i.e, pnovidcr, oomsu11Er
8nd SLA-MaaS ). firis St*A Eminates whm the monircdng proccsr complcer m one of the party
violatcs. Thc agEcd tcrms and conditions along with penalties arc nrbmitrcd to St A-Mass (Iino 2-5).

' Monibring party start monioring of spocificd metrics that have been agrced (i.e c"U usqg', sbrag',
nEmoU and nctwort etc) (line 616). Ttc moniffiing data is s€nd back b the monitoring rcposittr,,.

O :lbn x Prot x Goona - ra))
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ScrviccfaSLAI inClodt

Thblc 8.t: calculatiag the ovqtead delay for sccnado 2 (sl-Altdaas).

uscr ro' Ilfius Ih centen o*hesctn Dcu Dup Dw. Duotcetion Locadon Location 6me

Aushalia Europe 
l{offih Amcr- l00KB I
lca

Autralia Europe 
]{orth Amer- l00KB 2
rca

Australia Eurcpe 
l{omh Amer- l00x(B 3
rca

Australia Frrropc 
Itorrh AmEr- l00KB 4
rca

Austmlia Europe 
l{offh Amsr- lmKB 5
rca

Australia Europe 
l{ofth Amcr- I0OKB 6
rca

Aushalia Europe l{oft Amer- I0OKB 7
rca

Arutralia Europe 
ltofitr funcr- 100re g

rca
Australia Europe 

]{offh Ancr- 100K8 g
rca

Autalia Eurqpe l{offi AEcr- l00KB tO
rca

195

tn

tE7

2fi4

2U

410

26

2U

205

205

98

99

%

103

ta

299

103

103

taz

30r

0.1 293

0.1 216

0.1 281

0.1 306

0.1 306

0.1 3W

0.1 306

0.1 308

0.1 308

0.1 30s
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ScriocfGSLAI inOddt

thble 8.9: simulation resulb for the o/eftead cost for scenario 2

Uren Ia- Il[oeS lhte Ccnter Ovcrhedln Ccu Cup Cpn Cuntcadon Locafion Locetion tlme '

Autralia Europe Noft Alner- l00XB I
ica

Australia Europe Noft Amer- l00XB 2
ica

Aus&rlia Errope Norft Amcr- l00IG 3
ica

Aushalia Europe 
l{otrft Amer- lmIG 4
rca

Austalia Europe 
l{offih Arncr- l00KB 5
rca

Australia Europe Norft Amer- IOOKB 6
ica

Australia Eurqpe North Amcr- I0OKB 7
ica

Australia Europe l{offi Ancr- 100re g

rca
Aushalia Europe l{offi Amcr- l00KB g

rca
Australia F.urcpe Noffi &rer- l00KB lO

ica

0.04

0.05

0.11

o.t7

0.8

0.34

0.,10

0.4

0.50

o.57

0.04

0.05

0.11

o.t7

0.25

o.v

0.,l{)

o.4

0.50

o.57

o.ffi 0.14

1.(B l.l9

1.16 t.3E

2.05 2.39

2.55 3.05

3.05 3.73

3.56 4.36

4.0E 4.96

4.50 5.50

s.Ut 6.21

It procesrcr thir data and summrrizes it. In graphical fuiq thic data pnesanE thc rcsutts ad rcportg
of thc Eonittrhg on both sidcs (line l9).

' In casc of viol*ioq sll\-Ilfiass enforocs penaltics on defaulcr and maees surc penaltics ps]mcnt
(linc 20).

Tte dgprien 8 t,&Es o(n) asrunni'g timc fornonioring thc scrvic€r.

t3 Evaluation

Ib evahraE the operation of the prroposed schcmc, thc cloud Analyst simulator tl92l was urcd. cloud
Analyst is oftcn used for sitnulstion in thc clord and virtrutly formularcc sery'r!, data ccntses and vfut,l
machines around the world. ctsbm alguithms can be codcd b imprement crutomer load to d1ffcrent
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sotllocs. Tb asscEs thc pcrfmnanoe of thc propoacd rtraE!|, we crca6d scy€ml drla cenues on differcnt
continc'nb. Multiple clicnt worklords wcre also fqmulaEd b run otr scpa11b clglld ocntcs b find 6c best
cornbination of (P1, P2) taErns of dclay, emcsution timc, and transfcr cogts.

t3.1 Experimentalsehrp

For thc psoeosd shrctrc' thc cxpcrimcntrl scfilp was crcaEd in thre rcenario$ Itr frc ftst ccanuio, thc
naditionalnonimriag rysEmwas fqood; inthe Sccnario 2, SLA-MaaS stilcurEd was cr€t6d; ad inthc
soenario 3, scenario 2 ic excoded by r.ducing mmirring data ftrcqucncy.

Slfurdm 1: In ciuarion l, cxperirnental structrq Data CenH (DC) was crealed in North Amcdca (Rcgion
l). Thc uccr task (usB 1) was crcabd in AruEalia (Rcgion 5). The characteristics of Data ccnH. (Dc), thrt
esch DC had m4sm MB of RAM 1000UXX)0 MB of stonge, l(XXXD0 of bandwidth, 4 prrocecson, hrvi4g
spced of 1(xn0 Mcmu,'Instnrctions Fcr Scconds (MIPS). Dc hsd 5 \IILfs, runnfuE on thc under-leying
rcs(rrces. 30 rcqucsu pcr minue with l(xxm instruc{iotrs wcre received by a ringte USB. We forrardod
thc monibriag overhead as 100 KB pet 2 scoonds. wc ran thir cxpcrimcnt for an hou on thesc data oenres
and calculaEd thc otErall dclay, tsansfcr cosgv-Ilds cost and r€sponse tinc. Ihblcs g.6 and E.? show thc
dctail findfu$.

lllfurdm 2: In the Sccnario 2 expcrinrartal stsuctnt, Datr C.cnEr (DC) wus crcaled at North Amcrica
(Regon 1). rtc uscr trsk (UsB 1) was ertaEd at Australia (Regon 5). sLA-Monimring as a scrvice (sLA-
Itfires) scruEr wrs scabd at Eurcpe (Rcaon 2). Tfuchracaristics of Data Crntcr (Dc), thd csch Dc
had 204Em MB of RAM, l0(l(xxxno MB of rtonagc, 1(mxr0 of badwidth, 4 prccersors, hsvirg specd of
10000 Memory InsEuctions Fcr Scconds (MIPS). Dc hrd 5 llMr, running on the lnder-laying reso,rc*. 30
rcqucsts per minuE with l(Xln0 instnrctimc wcre rcceirred by a ri4gle USB. Wc forwarded 6c monitoriag
orterhead as 100 KB pcr 2 scconds and ran this experirnent fm I to l0 hou on thcsc data ccntr€s and
calculatod thc delay' trrnsfcr coct vMs cost and rcsponsc time. thblec t.E and t.9 shows thc dctail findings.

shrdon 3: Thc scenario 3, actrully extend thc Scenario 2 and has thc samc specificarion cxccpt thc
moniffiing overhead ad rcnding ftequcnciec. Tbc daa overhcad was rcduced b 50 KB ins6ad of 100 KB,
rimilarly' the scnding ftrcqucmcy war reduocd to 15 pu minutc inEEad of 30 pcr minurc.
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thble t.l0: Critcria for studies (litffaturc) asscssmcnt.

Synbot Crlterb Crllcfullc0nidon

Cl Reliability

c2 Scalability

Ineropcratability

Agcntbasod

c3

u

c5 Multi-clouds

The mmitoriqg framework is increases thc crutorner trtrst
by providing independent rnonitoring (i.e, third paily inde_
pendc,nt monitoring).

Mmitoringplatrorm may easily bc scalcdto addmorp busi-
ness SI-As for monibring and penalties enfucernenc

The nonitoring framework is able b operaE wittr difrerent
hardwarc and operating systcrns in differcnterryircnment.

The monioring pafty irutalled agent into the target comput-
ers and scrvers to transparcntly monitor te scrvices prr.i-
sions.

The framewort is able to wort with murti cloud prc,viders
and clo'd setup (i.e, tho underryiry structurc of reeo.rces
provision).

.ll
.5 O.25
.Jug o-2

{ o.rs
E

E o-1

t23+5678
Simulation runninttimc in hours

Figurc E.3: Thnsfer cost for Sccnario I
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sac

E
34
U

E3
It
X!z
U
o
Er

o
2945 578

Simulation runningtime in hours

Figurc E.4: Prroccssing cost for Scenario I

t3.2 Erraluafron Result

The resulB of thc abwe discrusion are organized in the tabular form for each simulation ruI.

In thc situation 1, the wo*load of l0o re rEquestr pcr 10 seconds was rouEd b thc providcr and simulatcdfc tcn tinEs (l to 10 hours). rhc avmage delay (as stlown in Thble t.6) for directly fuuautiag 6e file
b the cloud pruvider was Z)l ms; ltc avsage proocssing delay was 0.ll ms and thc avgrage delay frced
by the consulrcr or provider was z)l ms. Thc trarsfcr cost (as shwIn in Thblc t.7 and Figr[e g.7) for
each simrlation nm is 0.(D $, 0.05 $, 0.06 $ O.(D $, 0.12 $, 0.17 $, 0.20 $, 0.25 $, and 0.29$ rcspecfively;
similarly 6c prrocessing coot (as rhore, in Figr,e g.t) is 0.5 $, l.(B $, 1.54 $,2.Gi $, 2.55 $, 3.05 $, 3.56 $,
4'08 $, 4'50 $, and 5.o7$ respcctively. Thcrcforc thc total cost (processing ad transfcr) of each ho5 is 0.52
$, l.l4 $, 1.6 s, 2.14$,2.tt $,3.x1$,3.26 $, 4.3f,4.7s$, and 5.36 $ respcc{ively.

r23t56789ro
Slnrulatlon runnlrg dme in hourr

Figrne 8.5: Costcomparison forScenario I lrrd z
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ti
E 25o

-t1
-3ll

E r50

Ermt-
IEE s{t
tl

0

1ISf567t91{l
Simuhtion runnlng tirp ln hours

Figue 8.6: Delay comparison for Scenario I and 2

In thc sitration 2, the rvor*load of lfl) KB requcsu pcr l0 scconds was rourcd b th" sI*A-Mass ad lat'r
on b the pmvid€r and cmsumcr. Thc sinuhtion was tun fm Hl timcs (l to l0 hoxr for eacn nm). Thc
il/qage delay (u shom in rhblc 8.t) fm directry for*arding thc fire to the clod providcr *asw|ms ; tbc
svcrage pocessi4g dclay wrs 0.1 1 ms. Thc btal avEragc delay faced by tlE o(msuEEr tr Fo,idcr was 3fi1
mr' The urnsfcr cost (as shwn in Thble 8.9 ad Figue t.7) for each simulatiom nlr is 0.04 $, O.qi $, 0.ll
$' 0'17 $' 0'25 $, 0'34 $, 0'40 $, 0.44 $, 0.50 $ ano 0.57 $ rcspec{ively; rimilarly thc processiag coct ic (as
shoum in Figurc t.t ) 0.6 $, 1.(B $, l.16 $,2.05 $, 2.55 $, 3.05 $, 3.56 $, 4.0t $, 4.50 $, and 5.07 respcctircly.
Thcrsforc' the totd coct (i.e, prrocescing and trursfcr) of each hour is 0.14 $, l.t9 $, l.3t $, 2.3g $,3.Gi $,
3.73 $,4.35 $,4.96 $, 5.50 $, and 6.21$ respetively.

2315678
Simulation runningtimc in hours

Figurc 8.7: Thnsfer cost for Scenario 2
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123456789
Simulation runningtimr :n hours

Figurc t.8: Pnooessing cost for Sce,lrario 2

The Figure t'5 aod t.5 show thc cmrpariton of both the senarios. Thc Figlre t.6 shows 6at 6e ovErall
delay of sccnrio 2 is slightly 8r€alcr ttrn 6c senario 1. Thc Figrnc 8.5 shgn,s tht the oHall cost of
soenario 2is stightlygrealathrnthescenario l. Thcbercfitof frc scenari o2liwfucustorcrsat.gactia

'Ptcn'ion 
afr trustwortly rulabulrtp. nrtsurorc, for such bqrcfits, we slightly losc thc rerrcnrrc and

delay, hwever, this is not 80 high m afrcct thc whole ruvemrc c to docrersc thc ovfiall ffiumance.
nnthcrnorc, thc fortlrcoming 5G nctutodq will minimize thc netrvort delay (ultra laEncy dclay) tl93].
Tb oreraornc thc sbove c.tattcnges (€xist in thc abotre both scunarios), tto fullowi'g mcr,or's havc been
intestigaed b minimize thc dclay (as pcr Socnrio 3):

' Minimizing the size of ovcrtcad ty minimizing thc nonibring pramcrc,,

. Minimizirry frc ftroqucncy of nonihring rcputr

. Maximizing the SLA-MaaS DC powcm.

Thereforc in the scenario 3, we reduce the overtead size ftom lm KB b 50 re and mmibring dara
frearcncy from 30 b 15. The renrlt conparison with the previour rcsulE are; Thc tansfer cost for rcduciqg
the orcrtead size (as shom in Pigrue 8.9) for each simulation run is 0.0t $, 0.10 $, 0.12 $, 0.lg $, 0.2o $,
0'34 $' 0'40 $' 0'44 $, 0'50 $, and 0.5t $. ltis oott is half of ttc prrerioru oorts (when orrcrtead ms 100
KB)' similarly 6e tlursfcr cogt for minimizi4g thc sanding tcqucucy (as shown in Figgre E.lg) is 0.0g $,
0.10 $, 0.12 $, 0.1t $, O.2A$,0.34 $,0.40 $, 0.4f $, 0.50 $, and 0.5g $. Furthcrmore, the samc regultr wcrc
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L20

tm

. o's

E o.*
E o.*

o.20

o-oo

ta&en (i.e' reduced prrooesring coct) by inaeasing ee prcccscing porver of 6c SlA-Monibriry as a Scrvice
(sI-A-Il[uS).

-r0of,E
-5OlE

t234567A91o
Simulatlon running tlme ln hours

Figurc 8.9: Cost comparison for reducing oyeftead

I 2{'

I.m

+rr o'E
c
E o.o
6 o.*

o.20

oo0

-t0orE
-,50 

lG

1234567Agto
Simulation runnlng tlme ln hours

Figurc 8.10: Comparison forreduci4g nonitori4g frequcocy

E.4 Comparative Anatysis

Being an impoffint patt of tb€ clord busincsr, masrivc irrctigation hrs bccn caried out on clord ccrviocs
monitoring' Ttc bi8 di:Ecrence betwoen 6c hrditional monimring s€rviccs and sLA-Mass is, 6at thc
sIA-Maos utcs thitd prty noniarhg syr crrv. rb chcck the suprremacy of thc propocca sg1rchrrq thc
Eodel is compared with t1941,u9fl, [1961, [lgl, u9gl, u99], [200], and tz]u rescarch studies.
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Thc most chatlcnging with &c SIA-ItIasS it b mruruticatiq, ovcrhd. Tbc oomporrtirc resultr (as

shown in Egurc 8.5 & t.6) of rnonioring ort shorvs that SLA-MaaS adds a nonitoring owrlcad b thc
comnmication which rlightly incrcasc thc dclay and also thc hansfcr cosl Howew; ooryarfurg this modcl
with the cxisting s0rdier ( in lhble t.lO) shws that this franswmk incrcasc thc cusomcr trust by providi4g
thid Pafty Thc curbmcr ttu$ mcanc, c{stmcm' afiention and rercntion.

Customcfl' atEntim and recntion ir thc big goal of cvery ssvice pmvidcr. Thic incrcases 6E undglyi4g
rcs{nlrEes utilizatim, inscasfutg thc revtnrrc of thc provi&rs. This also ptrovid6s a rclaxatim 8trd trust
worthy etryircrlEent to thc cmsumcr. which shorvs thst thc propoccd framenrcrt bqtcfitl both partier (ip.
pmtvidcr ad conEuocr).

E.5 Conclusion

L*kof porubility, ruliability, rud'ir/nactabillary in cristi4g moniodng sys6m leads to cust.,ncr discatiE
faction. Thir article addrcsscs such issucs by proviaing thfud party mmibri4g having clear-cut SLA ao6
penaltics ttsucturE. REEults thorv 6at trctwuk orertcad slightly delays the response timc ad increasc the
trander cort Cmrparativcly b the bcncfiE of thc proporcd systm (e.g custoncr satiffictim and rch-
6on), this delay and coct orertead arc ncgligiblc. Rcaponsc dclay and cost arc not so higher b intcrferrc
with thE srtrooth nrnniag of prrocessing. SII\-MaIS ir a fnt srcp hrads thc stildadized clord monitoring
systsm. Thcrefore, orn futnp dircctims are b cxEnd thir wort with uniquc rhndards for clord monibrhg.
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Chapter 9

Comparative Analysis

An exrcnsivc litsrahnc qists on rutnw nanimizntiotin cloud computing. Tb chek the supremacy of his
sMy' wc comparea it wirh [95r, [129], Fu, [99l, u2$r,lur, ugr, uS2land tr23r. For coryararirc
snalyds, thc cricria gven in 6c trblc t.l0 were used b evahue the funcdoning of pruvioru ard ttc
proeoscd apFoach. Tbblc 9.1 thovs &e dctrilcd oonpadson study of prcviors studies.

thble 9.1: Compuative analysis of related sMies
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We 9.1 : wuirud trw ptcviottr pEe

Plrpcrend Antlorr et06c5c4qtg2c1

Hamsanandhini and Mohane

tl0rl
Gao ct al. t98l
Mehiarctd.l3tl
Safrrz andWayne [134]
AmitandZtcrg t1021

Horctd. [03]
Afzalctat.t54
Hongctd. [1431

Snehanslu et al. tl35l
Thbh 9.1: L crrdtltw, iltc ptzviw pgc.

In Eru of maximizing IaaS psovidcr re,EDuq custonur dhsati$rction afr pcruttiesplay a cnrcial mle.
rens 1p3sg16s art not stoEole 6ey are wasEd if not utilized on timc. }raxinurm reyenuc can be gpncrated
by inucasiqg scrYioe utilization &r the clqrd Earbq thc rcrrenue of most prrovidcm is was.d in pcnaltics.
cloud scrvicc govidem ako locc moct of their cusbmcrs becarse of orcir discatisftctim. The rejection of
clrsbmcrs is a ware of rcrturc. In cloud cornputi4g, ttcrp are many oppoftmitics to maximize rclyenuc.
Cxoud scrvices arp available cveryrvhcrc ad at any tirnc. If menege carcfrrlly, it can gcnerarc EoE ruyen,e
than any other budnesccs. Tb maximize has piovidcr rEugNurc, this thesis prcposc a solution to thc above-
discrrEsd is$es.

9.1 Performance Management

sereral rcsearch tdff, ptfomanccfor revenue maximization Ran et al. t6gl uscd eos oonsuainE, Fe4g and
Buyya F2l uscd cfficicllt rcsources allocation ard Kundu ct al. tzg worlrcd on thc reven,e &iven rEso.r.e'
dlocation' Thc majm limitrtion ow hcrc ir, ttc pcrfumance dcgradatim dnc b lirnitcd ,z',sotneas q
ovtrutilizatim' Itcydidnotdisctssanypropcrframeworkbmaximirctcresolrcerrcalabilityaccordiry
o fre inconringrcqucst.

These iwcstiguioos and rescarc,h have grcatly improned ruvenue and pcrfunnanoe optimization. H6o,pvcr,
thse iE a complex oorrclation bawcen performance and rryenuc, which is lacking in the existiag lieratqre.
For example, performance atfiact8 rfirrc cNlstomErs, howevrcr, it niscs priocs. Rising pices hurt the cus-
bm€rs' Ako, with goodPerf{)rmance hcsvy rvo*loads arc cxpectcd. This r,ottload afrcctr paformancc
and sLA. All of thccc icsues roquire frnthcr uploration and investigation.
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Tb overcme thesc problem$ a framcryort is nceded thet san handlc dynamic ard loadod StAs. Also,
cloud perfrrmmce is directly AacnOcnt on thc rcebhility of resourccs. Rcsourcc scalability and a clear cut
llcrvice lcvel Agrccotcnt can protrct thc pruvidcr ftom pcrtorrrance dcgradafion. l1e prcporcd framcryo*
hins aDnul rlisourect in exttmc usqgE. Ifting cxcrnal rGsourues solvcs thc pmblcm of scalability. The

Ptovidcr will be able b cnffiain morE Gustomcrlt urd cxpard thcir busincss. Fcrformarrcc dcgradation d,c
b werusc can bc na4gpd b somc cxEnt.

92 SLA and Penalties lt{anagement

Macas et al. [t+] f,'orhd on SLA violations and their cancellation, nftr et al. tt5] reorlrcd on rpsourccg
puvision aacoding b incomiag SLAs, and Encakaroha a al. tEt] wofied to lowcr SLA metics to high'r
mctrics o be rneasurcd. The Major challcngec wrcr lrcrc is the revuuc wastagc in pemalticr paymen6
also thc rcjcction of SI-A in cxtrcre utilization" Pctutticsgreatly atroct the cloud huine6. Unrally clo'd
computiqg acccpts loadd sI-As ht laeron,bcycamotprcvide rcs<nrcel as pcr the agreementard in thc
rcsult, thcy havc to pay much of thcir ruueNrrc in pcoaltics.

SlAaadprultbsarchuoughlyinvestigaEd. SlAparamebrgar€measured. Differcntrnechanisrnu€rc-
vieredo minimize thcviolationrof SIA. knalties arc also well sEdiodomaintrin this hrdcnminimum.
The nain disadvailagc thst necdt to bc improved is that moct providcrr canccl tbe sI-A as thcir x/o*load
incrcaser. Moct prrovidcrt with limibd rtsources also havp admirsion contol and 6e hcarry ruorgoads are
canccled. Thcsc issucs ncod b be cxplurd furthcr.

Thc clold busincss attracts cNlstotrErs. Thcir ccrvu wukloads incrcascc with tinc. It is xpectcd that more
thatr 331 billion dolhn will be hrccEd in cloud computiag w to 2tr23. For such a largc hrsinerc, it is
qtemcly nccersary b hrvc a clear+ut SLA'(PerSIA)to providc rcsourocs accmdi4g to agrccd paranae6.
The propoaed archiEchrG proposc three laycrr tkeshold sttrctnrc. orl fmt tlucstrold violuim, vuy lesr
pcnaltiesareimpocedonpnovidcr. Thisdocsnotaftctthcprcvidcrmconflrm3r. Thisisonlythcnotffication
O thc pouider to adjust thc rtsorrce8.

9.3 Resourrces Scatabitity

Clod bank uns prropored b mab thc resourer scalrbte acooding o incoming rEqupsts [9g], Ic,nnifcr et at.
t84 mreEd m the pcrsonatizeA scrvices lercI agrcGrtrcnt to pmyide the scrvies accordiag b a c{stomer3,
demallds' Iladji andzeatrlachc t99] uscdin-sourcing andoutrourcingEchniqucc infederaledclogd o ma&e
thc rcsources scalable' Upadhyay and Lakhdwala tl(X)J rued thc migration Echniquer, Li et aI. t10U uscd
thc concept b rulr privrrc clord rcsourcec on public clouA Mansor et al. [120] wofted on lirrc cloud mi-
gation' Santihrama and Arman tl2u uscd the Econonical CusomcrRclationrhip Management (ESRM)
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bchniErcs, Iladii and z.r{6l* t99] wo&cd on live cloud migrrtisn, Amit and UrEng tl@l w&ed on
rE$,urces rcalability fq mobilc applications, and Hor et al. t103] worbd b scalc the rcsources using geo-
graphically distancc scrucm.

cottsiscnt with 6G abotrc discltssion, ttc anthms prcporcd diftrcnt solutions for rnanaging rcatability is-
sttcs' Thc ftderarcd doud partially ovrctuolrpi flric problcm by sharing rcsorccs within thc union. Hwcvrr;
&e diradvantag' of firir propocar is th,t rupplie. ue forced o hire r.so.nees ftrom specific fixod prrovidcm.
Another rtdy ruggesc frat rvo*loads arc only acocetod from the surouding arca. Thir s6dy pesants
sonrc pocitive directions: with a smdlc,r disturcc, rysMr pcrformancc may inaeasc, horf,cyEtr, this nsnom
thc conccpt of clod cmputiag. All of 6esc isnrcs n€ed b be addrcss and require filthcr surdy.

lte propoccd frame*ort solvEd this problem by drbns cgcnut ,Esot nacs.In this case, two rervioc lercl
a8rcG'mEltts arc imple'mcnrcd. Fint cervice lerel qgrccrrcntis cigned betwecn the service pruvidcr and thc
ooEumcr and the scaond sc|vice lercl conhact is signed betrccn thc service prcyidg a[d thc extcmal
pruvidcr' ktcmal rcs(nrccs 8l8o aftct pcrfumance and socurity. Thc clord pmyider should not commit
full rcsolccc ftrom an cxGaal cloud s€rvice becausc they pay forexErnal cloud scflices based ur the ruage
of the scmiccs. Ttc exernal clord provider billed thc lars pruvidcr based on resource usagg.

94 Customers, Satisfaction

Iransaoandhini and Mohrna tl0tl inrcstigaEd ctrsbmcr satisfrction fq revmuc maximization, Manzor
et al. [ll0l urcd the cusbmers oenfred apgroact, ard Mei et al. tllU discussod the customcr satisfrction
by filiqg thc Quality of services and prices of ssvices paranc*s.

ltcabovcstudicshaveinveetigaEd cnstonurrutisftaimissucsatrdnrggcs6ddiffcrcntfraneilortsbsat-
isfy thEm' ftP IDlitr cqrtihrtions of thesc studier are o classiS flsbmcrs into diftrent lalrcn, dcpc,ndirrg
on tlrcsc laycm, proviocrs crtaE a ctstomcr ratisfrction layer. up to cstain ef,Ent, it was a good contribu-
tion' ht whrt b do in casc of limicd retrruroes wih a rargcr ruor*load ad b optinize ffiornance urd
priccs' These complexitier require 'dditional irrestigationr to optimize puformance and pricirrg, as well as
b manlge huge rvo*loed with limiEd rEsolluEs.

with 6c qulity' cuctomcr satisfuction is also proportional b ssvicc scalability. Thc prroposed franswork
incrcasB rcsoulEcs scatabitity by hiring iltErnal rts(nllEes. Cusrc,ncr satisfaction can be incrcascd by pro-
vidhg g9od qulity seivices. Gmd quality scrvices needs scalable rcsourues. ptices also sfiongly afrcct thc
c'ustmlcE' Sornc custorner prcfcr pcrformance while sonre prcfer lwcr prices. A good pncing fra,cwuk
msy affect moE ctlsbmcrc. Prices are offsed acoording o cusbmcrs choiccs. krformance is optimizod by
htfumorccfuscdscflicc lzvclAgrucncnt.Cusomasupportfu ftg mein rcssonfqcuctomcrsatisfrctio*
Ttcy feel confdent with prroper cusbmcr $pport PersLA giver propcr feedback and nrpport.
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9.5 Resourrces Prrovisioning and llfianagement

Shin et d. t1161 wqbd on dcadlinc guannced rEilruroes utilizatiom, BalqgCIni and Rao tllzl discrrsgod
thc scndu[ng policicc fc hecrcgenoous clords, Yhan Gt al. tlltl poposcd Emporal task rche&rling in
the hybrid clou4 and Gao a al. t98] woftod on trrsncoding video strearring. rhc isruc with thc aboyc
rtudics art that wifr liEiEd rc$rurces and naximum rtsolnte utilization, clord providerr reject such cxirt-
ittg ctsbmErs whoee penattier arp lwer then 1ps crrsbmEf,t' rseEilrc. Thcre arc diEercnt eos SIJ\8, thE
co'mbination of thore SLA8 arc adoptrd which arc haviag highcr rcrrcnue and those arc cancelcd which arc
luviqg lwerrevcnue.

rhc abovc studies uplain thc optimd urc of cloud nesounoei, the challenges and thc diffcrcnt tamcryork
proeoseA lD maximize thc use of rcsorrpes. Thc mdn rcsource utilization challengcc ue afinissionconaol
ad sr'A tiol^tqt- ProvidErs do not owload their rcsources bccause of the fear of violatiom of thc scrvice
level 8grceE€nt These complexitics requir€ further inrrcstigation to optimize thc use of rpro,rces ,,d the
violationof SLAg.

Reiecting any qtstomor is a grcat loss in thc cloud businesg. such pmyidcrs will never be tnrstcd in fut'e.
Rcsoltrces utilization discusscs the totrl revcnue camcd by btal armilable resources. cmp,tsr reso.rces are
notsbnableandgetwasEdifnotutilizedontimc. Efficientrcsourpesutilizationd,eendsonc,sbmcf,sat-
isfrction' attaction' retsntion and accepting dpanric SI*As. Ploposed fragcryort wod'd on the ."sours'g
scfubilitytld'dywticpriccstoarcidcsLAviolationandctsbmcrrejectim. 

Thismalrimizesthepravidm
huincsg. .

9.6 Cost and Prices lVlanagement

Ran et al. t69l reofied on the d,'namic pncilrg rnodcl in cloud computing, 7lu.ngand Bol|ilaba tl2tl usGdMbt atdy-zfr, capacity plancr and dynanric pncing schcmc, Tbosi ct d. tl29l use optirnal capacity and
ditrcrcnt pricing rchemcs, chi et at. tl30] us€d efficicnt resourcer schcduling and prices models, zhou ct al.
[2@l wuked om coct optimization , Ibrahim et al. tl l9J rvo*od on hybrid ooct and priuity basca sc,hcduliry,
lbvi Ymbame and zbignicr UZilwottadon oost minimizarion to maximize drc profiq rhng and ch'n
t133] propoecd emomic framewck fq rcsourccs Darrlgcmcnt, Mehiar ct al. t3g] f,ror&ed on pricec and
capacity plaming and safraz and wayne tl34l wofted on ficient rcsorrrces allocation and costing.

Iowcr piocr attract cuEtom€r8' hou/etEr, it also crcaEs pcrformancc prroblems. Thc abovE sEdies havr
loobd in{epth at hmv to optimizc crxE pdces and perfcmance. Hmver; additional reccarch ir nceded
to rtrtnqgc thcsc rcEingr optinally.

The propotod frameryort used a special framcm* to optimize cosg, priccs, and paultfurto mrximize
vcndor rslEnrc' Ptices atE set accodhg b the btrl coat cosE are minimized by ctrectively nanqging

lfzd ndilult I 20, FBASIPHDCS4F I s
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crlcrEy constttrtPtion atrd huEan rccorlpes. Joint pricer arc uscd fc cloud business. Fixcd raEs arc urod
for high-pcrfomunce customcrs. Spot pdes ae uscd for undcnrtilized lEflrurues. this incrcases thc usc of
rE8(,upe8.

9.7 Advertisenent and Ovenrtilization

rhbbaS[ et al. [139] nsed ttc wtr commimcnt cchniqucs o koep thc resources hrsy, Mctunrlly et aL
t1401 usd thc rcsorces qtrimization tool, Ilarrmoudi et al. [142] nscd thc multi agg t archiecu,c for load
bolmcing' samimi et d. tl4U propocod thc doublc anction model and ltEng et al. t203J urorbd om onlinc
urction

Thc abotrc investigation slrws lhatadvcrtisbtgincreascc the nurnber of cnsbm€m. pcoplc also tat' inerest
infu wdon, which attracE mole customcrs. Mqe cusbmers can ovcrutilize the rcsources, which can lead
b sLA violation. Thcse oonplcxidcs rcquire firthcr research and cxploration.

Thc maju challcngee orrer hcrc is that advtrtiscmcnt may rcquircs mrrch cosl f,rhich have a rnajc impoct
on thc clord prrofit RE€nt Earteti4g and adrrcrtiremcnt bchniqrru may b used b reach and attract new
customel!.

9.E Summary and Conclusion

our woft diftrcndsEs ftrom pruvioru *orts in many *ays. Thble 9.1 stae this differcnce clearly. Thc
difrcntnce is: (i) rc hsye tabn fu cwtonur dt$acri,onon bp pncity. Cfrsffincr satisfrction nd only
incrcascs the undcrlying rcsoll[qEs utilizatim, hwcver, it atso increases thc numbcrof ncry ctstomcrs end
rcEntion Different priccs qptionr pays back o customcm in casc of viol*ion. Trris amactr morc custorr'rs.
(ii) ktultics wasb moct of thc rcvcnue. Limitcd rc$lttroes arc thc rEason fm sLA violuim and penaltier.
Fcdaatd cloud it thc solution bf,rards limiEd rt$runser, howevu, thc prroblem widr 6at is crubmsr
arc oorryellod b hir' trom a particulsr pruvider. ThGrE is no libcrty wirt thc ployid.r b hir. ftom thc
open ma*ct rb handle this issuc, we hire third providEr r€$ruroes b rvidc 1111in6ru,56 rcsources to
cusmEri' (tii) P'lz{k thrcshold worla in laycm. Penaltics ap not imposed all in slddcn The fi,,t 6rEihold
is acuully a notification b thc Fovider to adiust thc pufunranoe. (iy) In a* d mig7;t-grEsorrrcs to
exernal cloud providm, sElrt Eigtation ccnniqucs arc used b select opdmal providpffi and wrs for the
wdrload in Erms of pcrformanoc and prices. rhc compariron rcsulB
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Chapter 10

Conclusions and f,'uture Directions

cloud oomputing b rytdty cruryirrt the rvay of marftct opcration. It got a conridcrable affrrction in thc
part fcw yean. Errery year, a largp peil of haditiond cloud martct migrres b the cloud. It is apoctcd that
more than 51 Ullion devies wiu be conncced o the inEnrct up b the rrdof }fr/B [2, 155]. This figruc
is sevcn tinec highcr fr8n 6c total human poeuldion of the planct smrt dcvices and scncors are atready
ptodttcittg rrrsrive data This ggantic transaction to 6c clou4 tntks it ovcrcrmdcd. qotd bugincss
worb on thc inenrcn ltere is no freo'frce communication betx/cen supplicrr and ctshmcrs. rherpfore,
spccid aficntion andrcscarch arc neoded o effcctively man4ge the cloud rcctot.

Conncctiag b this, thc major objective of this fresis was a twdtc this nansive custqtErr, daa and nax-
i'nia t E povdcrx ,Y\cntu with tirrrircd tzzsotolccs. With limitod rEsouroes, it was a big isnre to exErd
tho plovidEm' brusincss. Limibd r€soutpes alco curse pcrfmrane degradatim and crutonrcm dirsatisfrc-
6on' Relarcd objectives to maximize thc pruvid€r ruuEnuE is liEtrd in ctupcr l. In odEr b achim thccc
objoctiwr, rvc prropoccd ad investiga,Ed a set of paamcm and ecmomics.inspircd mecbanism fm IaaS
clod pnovidcrs, including scryiccs pcreomrance menagemcnt, SLA and penaltie mrnqgclnenq rcsources
scat*ltity' customcf satfufsction, rEsouroes utilization 1a1t manrgenrent, cost and pices managc,cnt, ad-
wtisernent, and orrcrutilization.

Thc investigatims are dividcd inb three partr. Fint part discrurcd thc reypnuc maximization ttrc.gh cur.
bms!' satisfaction and hiring cxrcnral rEsrnuoes. Second part disg|rsred thc Fcrfumance based Scrvicc
Lercl Agrcemcnt b cfficicntly optimize thc pcrfumancc, customcr ratisftctiom and prices. Third part dfu-
qtssed thc cfficicnt rEsot[Ees scheduling on extsrnal rcsrltlpEs scuching pru,yidcr for best delan nrnning
time and cost

Chapfier 2 prcsencd the dctail discussim of cloud computi4g, relrtod parancHt b rcvrenuc maximization
and migration nccds of &Ehop rcsourccs to cloud computing. cloud oonputing hrs many adraqrtrgcs
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w€r thE uaditional dcslilop rctriccs, due b that, cxrnsire mrtload ir migretiag bwads it This chrym
disctlsscd thc main pammctsm whic,h increascs thc prcvidcrs' laEmc directly or indirectly.

Chlpffi 3 rwiewcd thc rclarcd sodics. REtaEd Echniqucs ard litsmtuc fu c6srifiod ino s,,rEo difrcrcnt
cabgmics. Thc pramctcrt bwad ruvenuc maximization, as disancsed eulicr, are dcrived ftom thiE lit-
C[atuE Ttis soction has hclped us b idcndfy grpc, challcnges, and thc rrsearch direction for providcrs,
rsuEnuc naximization.

chaptpr 4 discussd trc proposod mcthodologD'. cloudslim md cloud Analytic arc uscd o rinmreh 6e prro-
posed Echniqucs. wc have exendcd thc clordslim rimrlator b walruE thc eftctivrnesc of thc pnoposed
modEl. The exprimantrl sehrp was codcd using lava b eyahule th fiuctioniqg of this modcl.

chapm 5 majm focru ws on ruucnrc maximization by hfuing cxtsrnal rEsourpcs. In extc,mc utilization,
thc tugh rvortload is oruourcod to cxEnal rEEouroes which extsnds thc priovidEr brrsincst hiling linitcd
rctouroes' Prices dso play a docisivt role in ctsbmcr satisfrction. Joint pdceE are uscd ard optimized at
such a point o mrxinize nlvenue and sucbmcr ssrisfrction. Rcsultr show that ttre proposcd modcl is ablc
to efficiently handle massivr customctrs' rcquc,rts.

CXtaptcr 6 proposcd the Fcrfqnrance basod Scrvicc Levcl Agfecnrcnt (p5x5LA). pErSI-A optimizes thccc
parlancffis b one optimum point. pcrSLA clcarly speificd the parancUs, frdr theshold valucs ard
pcnaltics' Algorithns monitor thc sovicer and ry b c,rhancc thc perfornunce if it goes down. on fi,,t
two ltrcsholds, sll\ is not tsrminarc4 howeytr, prices arc rcfuced which is actully a call b 6c scrvice
prcvidertoeoharcefrcffiumance. SLAistcrnrinatcdonthirdtkrestroldviolations.

Providm with IiEiEd ltsoulleet' frces mrny challcnges. The majm challcqge is that lrovidcr busincsr
r€main limitcd- In pruvioru chrpEr, rc proposcd a framcwuk to hir€ cxEtral rEtr urpeo. This was a bcst
frameryork bu/ad thir rnajcchallarge, howcriu, thc issuc withhiri4g cx6nalrcsources is that itincreascr
the cost in Erurs of acr[gr consumption and dclay. To handte dris isflrc, chapcr Z prroposcd O sclect thoce
exEraal CSP8 haviag best nrnning and dclay timc. simulation results show that bcst sclcction of (pl,p2)
&anadcatty minimi2s thc qtcrnal coct, dclay ard rrmnirry time.

In ordEr b check thc ruprcrnacy of this tancflort, chaptr t compared this wort with other relarcd Ech-
ni$rcr' cmparatirc analysis rcsults shmv that ftis Eodcl affiacE morc crubmcrr duc b multi pricing
offers. nrftermore it dro grovidcr trigh p€rfon,mce serviccs fc highcr pa,rE*.

10.1 Summary of Key Findings

The proporcd model uses a multi-pioe stntcurrq whie,h meanE rillrr cnsbrtrcrs will bc attracEd. F'' bert
perrormnce requesb, rcccrvedprices are usod. Fm lowcruage and highcrperfmnancg on demrnd pricer
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arE u8cd. Forundenrtilizrd resotrrce$ negotiarcd pricec arc gsod" This afrj1cb rxrc cusbmgrs b thc clord
mtrbt lhc simulation rcsulc shsv 6st ruusmtc and profit incrrase with mrltiple prccs ard qtsrnal
tuvEnuc3. Thc trble 10.1 shom the objetiw, challcngcs andpourtial colutims of thc s6ies.

In the case of a high rvortload, parts of the wo*load arc nigrarcd b exgnal semices to allow scalrbility of
rt'8ouroet. If virtuel machines bocomc ovcrloadcd and reach extswrc utilizrtion, their workload fu migralod
(Local ndsmriln) o other virtual rnachincs fm befrer rcsulb. If all local virtual machincs are huy ad thcrt
ac no other local ne8(rlrreet, the wukload is migrabd (Gldal ntigmtion)to gtobrl rcsouru's. lytren spacc
bcooDes availablc on local lssourseE, wortload is migrarcd back to local rcsources o minimirc qHmal
costr. The rcsulB of thc simulatim show that thc propocod modcl i8 able to effoctivety mrn'ge hc dynamic
dsrands of crubmcrr. Ihis modcl greatly oonEibuEs to rseEilro maximization and crrsbrmer setisfactim.

Cosq pctonnaicc, pruhhs and, rcvcrw arc r,Er!, essential pu'uncters b thc clold mlrtet Thcir co-
rclntion has not becn comprehcnrively investigsEd,rcf 1he proposcd fraurcnrcr* propoccd thc Rrfrrmurce
bascd scrvice Level Agrcerrcnt (FcrSLA) wtrich optimizer thcse pammeerr o one optimum point For pcr-
formance menegeF€nt, two algorithms are usod" Tho ftrt algEithm tries b implerncnt orc st*A rocordiag
b thc 88pcd tErms. It notifes thc plovidcr b otrimize thc pcrfornance if it goer down. SLA is notcancclcd
dircctly on frtt violation. In tlds case SLA threshold is dividcd inb thrp ditrerut laye*. Feneltiec are
accordingty dividd. lte secotd algprithm oontol ee rchoduli4g acpoding b frc fi13t algcithn dircc-
tions' Rcsultr shw that thc tevel of st-A violations and pcnalties arc controlled with sLA. This increascs
thc providers' tcvEnuc and plofit

Rcsources schduliru on extcnnal CSPc play vE!, inpoftant role in cloud datr centers. Migration rcstltuoes
to cxErnrl rtsources not only affect tbc perronnane, it also increasc thc cost, encrgy oonslrrytion and
G'ttstomcr dissaliEfrction. That ir thc rnain rEeson that cchcdrling policics arc thc *;,ary conccrns for
pnovidem' A huge number of devioes arc comrocEd wi& inbmet and clord huiness is incrcasing very
rapidly' In such a big data' rnassivc demauls arc forsardod tryad cloud pnovider for nrnning. Tb mcct
these ctsbm€lB' rcquiremcn! wc rcly on exEroal rcsources.

Ib opimize thc perfornance in Ems of dclay, nrnningtiDE, andcost, wr conEidcrtm iaportantparare-
terc' we selcctcd such likc cxEnal plovidcrx, rytorc dclay time and iE inernal utilization is lorw. ErHtrd
CSP rcsoulcc mtn'gEorctrt plays a rrcry importrnt role in the clord datr cenfiGs. Thc migration wo*loadg
tocxHaalrcsourpeE not only affoctperfonnanae but alsoincrease ooffs, cnc[!c/consurytion and cusbmcr
dissatid8ction' This ir thc main rEaflrn why rchcduling ctlaEgies arc the main cmoenr of thc providcm.
vcry largE nurnbcr of devioes arc connocrcd to lte Intsmct and cloud htEiness ir incrcasing rrery rapidly. In
suc'h a largc volume of daq rnrssivc rtqucsts arc tsursrnitEd to the cloud providcrforqecution. Ib rret
thc needs of &cse cu$omert, rc rcly on qErnal rcsourccs.

Tb€ t€sultr of the similuion shmv thst the delay tinc and the exccttion tine increase with thc taryct dis-

Nztl Badshoh I AOFBAS4PHITS4F I s tusc 165 dln



10. Cotrpluriou and fttncDircgimt

tanoc. lilhcn wc @1o,, 6e resourccs on thp ne[Gst rcsourocs hlt arp not ftec as nmdc4 6c &lay timc
increases. h 6c thid scemrio, we sclect frc be$ CSPs b nm thc worklood. Tbc r€snltt of thc rimrlstiql
show that this gavc a vEry appropriate cxesution tine and rcsponsc tinc.
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10. CotrchrEiool and Frrhuc Dirc.timr
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10. Cmclusimr aad ftrurc Dircctionr

10.2 Suggestions and X'uturc Directions

Clo.td aon wtht, ios corlrpt tkt ad thc Inurnct of flfings (IoT) arc great inEect in acafunies and tbc
madrcplacc. It ir cxpccad drat more than 51 billion devies witl bc cqlrccted'to thE InEnGt ry nW4,.
Thcse masrivc devicct will ncod a pcrfoct pruvidEr b mamgc all res6nrces and satiEfy c,sbmerr. Ilis
framsrrc* can co"ily bc adrytrd b thc linibd rEsource pruvidtr fm larg! data managmcnt aogd, fog
attd toT rvort on thc netrvort ad thc dclay ir inportant This framsu,ort can carily bc cx6ndcd b fog
proicctl ad thE Intcrnct of Ttiqge o minimize delays, costr and insreasc pcrfamance.

102.1 Outsourdng the Seruices

In qupEr 5, wc hircd thc cxEnral rEsoulpec fc resourccs scatrhility. In thc case of undcrttillutfun
rGsourpes can bc wusEd- we plan o invtstigarc thc outsourcing to proyidc rcsourocs b exgnal pmyidgrs
in casc of undcrutilizatim.

1022 Customers, Satisfaction Measurement

In Otapm 5, wc partially diEcttssod thc inputancc of cusbmcr satisfrctiom and llow it work. C.sorncr
satisfrctim ir thp moct inputant parameta in any huiness. In hE fuhnq it is planned b wgrt in dcpth b
,rEasur1z tlu custoncn, rutislrctionfc cloud activities.

1023 Fower Consumpffon

MostofthcpicesarcwasEdonGrc[gyconsunption Thirconnunptionincreasescos6andprices,hence
the dissatisfrction of ctsOmcrs. In Chaptcr Z, we prtially dircruced cncE0, consumption, but we did not
propcrlypropoccasolutionominimizcfiswEsE. weplanoinrestigarc cruwwast*gcindatlccntsrs
o minimize costr and pricec. This will havc a dircct positirc affects on ruyEnue and cusbmer satisfaction.

l02A IoT and X'og Computing

Billion of bbcs uc connecting b the cloud networt Thig mersiye raffic scrioruly afrects performance.
rb solve ttcse pmblems, fun[c research will ncedto irrvcstigaE andinegraE IoT andhg rcchnologies inb
clod computilrg so that some of thc data can be processed locally. Thcrcfoc, our fuurrc diroctions arc b
itrnc.tigale this issuc fiuthcro minimize ee bad on the nctwork.

AI?d tudthalv I 2O-FBAS0hHDCS4F I s tugc 169ol190



10. Conchuiom and Rrtrc Dircctioor

10.3 Xlnat Remarks

Ctoud oonputing is hc kc!, Echniquc owards utility computiag. It prrovider all t,"es of de*top scwiccr
on the nctutort. Messive fuYestmcnt ir being spcnt in this ma*et. To maximizc thc pru,vidEr prrofit in clord
m,tht' this disscmadon iwetig&d rclaicd rnpchanicm ad dcrivcd kcy paranctcrs b prcvidErs, rrrrenu.i.
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