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ABSTRACT

Cloudcomputingenvironmentsallowbusinessestodeployapplicationsinafastandscalableway.
Infrastructure-as-a-service(IaaS)andcontainer-as-a-service(CaaS)modelscanbeadoptedforthe
deploymentofcloud-basedapplications.Thecurrentpaperpresentsaspecificnear-real-worldscenario
ofacloud-basedapplication,deployedbythetwoaforementionedcloudmodels.Thedeploymentcost
differsbetweenthecloudmodelsandreliesonthenumberofutilizedresources,whichisdrivenby
theuserdemand.Sincethecostisamajorimportancefactorthatfinallydeterminestheadoptionof
cloudtechnology,itischallengingtoestimateandexaminethecostofeachproposedapproach.This
researchcanhelpcloudcomputingprofessionalspickamodelthatmeetstheirgoalsandbudget.It’s
alsousefulforcloudcostanalysis.Thecorrespondingcostsofthetwodeploymentsareestimated
basedonthepricingpoliciesofmajorproviders,Amazon,Google,andMicrosoft.
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1. INTRoDUCTIoN

Thedigitalworldhasnotedanessentialincreaseinthedemandforcloud-basedapplications(Statista,
2021).Therefore,thedemandforcloudapplicationdevelopmenthasincreased,formingacompetitive
andfast-growingindustry.In2021,theglobalcloudapplicationsmarkethadavalueof133.6billion
U.S.dollarsandisexpectedtoreach168.6billionU.S.dollarsby2025(Statista,n.d.-b).
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Cloud-basedapplicationsprovidebusinesseswithsignificantbenefits.Acloud-basedapplication
canbeacost-efficientsolutionfororganizationssinceonlytheutilizedresourcesarecharged.In
addition,cloudapplicationsofferreliability,highscalability,security,andflexibility.Byproviding
simpledatasharing,editingoptions,andremoteandreal-timecollaboration,theyfacilitatethesmooth
andeffectivecollaborationofbusinesspersonnel(Moghaddametal.,2015).

However,thespectrumofcloudservicesiswide,andbusinessescanadequatelytakeadvantage
oftheopportunitiesthatcloudservicesofferintermsofinfrastructureandapplicationdeployment.
Oneormorehostingmodels,includingInfrastructureasaService(IaaS)andContainerasaService
(CaaS),canbeusedtodeploycloud-basedapplications.Eachmodel’sspecificationsandpricing
areunique.Cloudcomputingcostsvarygreatlybetweendifferentservicesandvendors.Whilethe
majorityofbusinessescanaccuratelyestimatethecostsofsettingupandmaintainingon-premise
ITinfrastructure,manycannotaccuratelyestimatethecostsofdeployingtheirservicestothecloud.

In this paper, cloud-based applicationsdeployedbyvarious cloud services are discussed. It
exploresinfrastructureasaservice(IaaS)andcontainerasaservice(CaaS)asdeliveryapproaches
for cloud-based applications. CaaS and IaaS are two of the most widely-used cloud computing
services available today. IaaS is themost straightforward cloud service andprovides companies
andadministratorswiththemostcontrolandpoweroversoftwareandhardware(Gargetal.,2011).
Incontrast,CaaShasintroducedanentirelynewperspectivebyestablishinganintermediatelayer
betweenPaaSandIaaS(Boukadietal.,2020).However,cloudusersfrequentlyassociateCaaSwith
IaaSenvironments.AbetterunderstandingofthedeploymentdifferencesbetweenCaaSandIaaScan
bechallengingformostbusinessownersandcloudusers.Inordertorevealanddiscussthedifferences
betweenIaaSandCaaSdeployments,acloud-basedapplicationispresentedanddeployedbythetwo
models.Inaddition,acomparisonanalysisisintroducedintermsofcostandthenumberofutilized
resources.Thecorrespondingcostsof the twodeploymentsareestimatedbasedon theAmazon
(Amazon,2022),Google(Google,2022)andMicrosoft’s(Microsoft,2022.)pricing.

Theremainingsectionsareorganizedasfollows:Section2introducesrelatedwork,whileSection
3describes thearchitectureofacloud-basedapplication.Section4discussesclouddeployment,
adoptingIaaSandCaaSservices,whereasSection5presentsthemathematicalformulationofthe
utilizedresourcesbasedonuserdemandandpresentsthecostsforbothcloudmodels.Theresults
arediscussedinSection6andthepaperisconcludedinSection7

2. ReLATeD woRK

Several articles compare the costs of various cloud models and cloud versus proprietary IT
infrastructure. Konstantinos K. et al. (2010) compared the cost of purchasing proprietary IT
infrastructuretothecostofcloudservices,concludingthatcloudadoptionismorecost-effective
thanpurchasingandmaintainingITinfrastructure.

Inaddition,Manner(2019)presentedacostsimulationframeworkamongFunction-as-a-Service
(FaaS), Platform-as-a-Service (PaaS), and Container-as-a-Service (CaaS), highlighting the cost-
effectivenessofFaaS.InAdzicetal.(2017)twoindustrialcasestudieswerediscussed,indicating
howmigratinganapplicationtoserverlesscomputerservicesgreatlyreducedhostingcosts.Finally,in
Villamizaretal.(2016),authorsaddressedacomparativecostanalysisofwebapplicationsdeployed
byamonolithicarchitecture,amicroservicearchitectureoperatedbythecloudcustomer,andfinallya
microservicearchitectureoperatedbythecloudprovider.Accordingtotheresults,themicroservices’
approachwasthemostcost-efficientdeployment.

Moreover, Jiang et al. (2022) present a comparison between IaaS and SaaS in cloud ERP
implementation. The paper described the evolution of enterprise resource planning (ERP)
implementationinvariousindustriesanddeliverymodelsfacilitatedbycloudcomputing.IaaSand
SaaSdeploymentmodelswerechosen,concludingthatIaaSandSaaScanbothbeutilizedincloud
ERPimplementation.
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Ascloudcomputingandservicesgrowinpopularity,businessesaroundtheworldadoptcloud
services.Itisdifficultforclouduserstokeeptrackofalltheavailablemodelsandselecttheonethat
bestmeetstheirorganization’srequirementsandbudgetaryconstraints.Thepresentstudycompares
IaaSandCaaSdeploymentsintermsofcostandtothebestofourknowledge,therearenopapers
thatdescribeandcompareIaaSandCaaSdeployments,despitethefactthatseveralworkspresent
acostcomparisonanalysisbetweendifferentcloudservices.Adeploymentscenarioadoptedbya
smalltomedium-sizedbusinessispresentedanddescribedinordertohighlightthecostandresource
utilizationdifferencesbetweenthetwodeployments.Theoutcomesofthisstudycanprovideguidance
notonlytocloudcomputingprofessionalswhoseprimaryconcerniscostbutalsotoresearcherswho
conductcostanalysesinthecloudmarket.

3. CLoUD-BASeD APPLICATIoN ARCHITeCTURe

ToevaluatetheimplicationsofdeployinganapplicationusingIaaSversusCaaScloudservices,itis
necessarytospecifytheapplication’sdesign.Thissectiondescribesacloud-basedwebapplication
thatemploysamicroservicearchitecture(Silveiraetal.,2016),asshowninFigure1.

The application is presented in a simplified form and consists of four distinct types of
microservices.Eachofthem,includingthefront-endservice(S1),theBackendService(S2),the
DatabaseService(S3),andtheSharedMemoryservice(S4),implementsalimitedbusinesscapability.
TheFrontendserviceistheonewithwhichusersinteractdirectlyandthattranslatesuseractions
intointernalmessagesfortransmissiontotheBackendservice.Thelatterprocessthesemessagesto
providethefunctionalityoftheapplication.DatabaseandSharedMemory,whicharethelasttwo
services,makeuptheapplication’sdatatierbystoringapplicationdataandsessiondata,respectively.
Anexampleofthehigh-levelapplication’sarchitectureisillustratedinFigure1.

Figure 1. Architectural design for a cloud-based application
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3.1 Software environment
Inordertoestimatetheapplication’sresourcerequirements,specificsoftwareplatformsneedtobe
considered.TheNodeJSplatform(Nodejs,2022)isusedasBackendserverruntime.Also,theNGINX
server(Nginx,2022)isusedfortheFrontendService.Last,thePostgreSQLdatabase(Postgresql,
2022)andtheRediscluster(Redis,2022)areusedfortheDatabaseandtheSharedmemoryservices,
respectively.Thecomputerequirementsandthesupportedusersforaninstanceofeachservicerely
onthecorrespondingvendors’bestpracticetechnicalrecommendations.

4. DePLoyMeNT IN CLoUD

Threearchitectureimplementationsaredefinedinordertocomparetheinfrastructurecostsrequired
tohosttheproposedapplicationineachcloudmodel.

First,anarchitectureissetupinwhicheachserviceoftheapplicationisturnedintoacontainer
andrunsonaCaaScloudmodel.Sincethecontainersareisolated,theycanbedeployedandscaled
independently.So,asimilararchitectureisalsosetupintheIaaScloudmodel,whereeachVMruns
justoneserviceoftheapplicationsothattheVMscanscaleupordownindependently.However,
sinceintherealworldtheapplicationmicroservicesgrowasmorefunctionalityisadded,itishard
toruneachserviceintoseparateVMs.Therefore,asecondscenarioinIaaSisalsoconsidered,in
whichoneoftheVMhostsrunsmorethanoneservice.

4.1 Deployment in CaaS
IntheCaaSmodel,theapplicationiscontainerized.Thefourmicroservicesarerefactoredintofour
differentcontainers.AsshowninFigure2a,allcontainersrunonaplatformcalleda“container
orchestrator.”Acloudproviderhostsandtakescareofclustersofvirtualmachinesthatsharethis
platform.

4.2 Deployment in IaaS
Deployment in IaaS-AInthefirstIaaSmodelscenarioeachserviceisde-serverployedintoseparate
VMs.AsitisshowninFigure2b,theFrontendservice(S1),theBackendservice(S2),theDatabase
service(S3)and theSharedmemoryservice(S4)aredeployed intoVMS1,VMS2,VMS3andVMS4
accordingly.

Deployment in IaaS-B The second scenario in IaaS model presents a similar infrastructure
withthefirstonewiththedifferencethatinthisapproachtheFrontendservice(S1)andtheShared
Memoryservice(S4)arecollocatedinthesameVMhostcalledVMFE.Therestoftwoservices,the
BackendserviceandDatabaseservice,aresplitintoVMhosts,calledVMBEandVMDBrespectively.
ThedeploymentarchitectureisgiveninFigure2c.

InallVMtypesfortheIaaSscenarios,Ubuntu20.04LTS64-bit(Ubuntu,2021)isusedasthe
hostoperatingsystem.Thehypervisorishostedandmaintainedbythecloudprovider.Furthermore,
allVMtypescanbescaledtomeetworkloaddemandsortoattainhighavailability.

Fortherestofthepaper,theVMunitsinIaaSandthecontainerunitsinCaaSarecalledinstances
dependingonwhichcloudsolutiontheyarereferringto.

5. MATHeMATICAL FoRMULATIoN IAAS & CAAS ReSoURCeS

ThecloudproviderstakeintoaccountawidevarietyofcharacteristicsforbillingIaaSandCaaS
services.Theyaremeasurable,suchastheamountofCPUandRAM,aswellasnon-measurable,
suchaslocationandredundancy.Thisstudycomparesthecostsbasedonthreeofthemostimportant
metrics,whicharethenumberofvirtualCPUs,theamountofmemory,andthestoragereservedfor
thecomputeinstances(Filiopoulouetal.,2017)(Liagkouetal.,2022).
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Theestimatedcostsarebasedonuserdemand,denotedasapplicationusers,whichisanimportant
factorsinceitdrivesthescalingofthecomputeresourcestoservethetraffic.

AsshowninEquations1,2,and3,thetotalcomputecapacityofanapplicationisthesumofthe
computecapacitythateachinstancesetsasidetohandleuserrequests.
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whereinstanceusersrepresentsthemaximumnumberofusersaninstancesupports,andkdenotesthe
numberofinstancesineachscenario.Morespecifically,kequals3intheIaaS-Bscenario,andk
equals4inIaaS-AandCaaSdeployments.

Figure 2. Deployment approaches (a) Deployment in CaaS (b) Deployment in IaaS_A (c) Deployment in IaaS_B
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Theequationsarecommoninallthreescenariospreviouslyanalyzed.Whentheuserdemand
applicationusers exceeds the instanceusers for each instance type, the instance scales out in each
deploymentscenario.Allthecalculatedrequiredresourcesareestimatedastheaveragerequirements
foroptimizedapplicationserviceperformancetoensurequalityofservice(QoS).Itisalsoassumed
thatasynchronousrequestsareusedforeachprocess.

Table1showsthecomputerequirementsforeachinstanceinthreedeploymentscenarios.
The current study takes as a given that the compute requirements for software components

themselvesarethesamewhethertheapplicationisVM-basedorcontainerized.Inmostcases,thiscan
beconsideredtheworst-casescenariosincecontainersaremorelightweightcomparedtoVMs(Desai,
2016).Thegoalistoestimateandcomparetheinfrastructurecostswhenmovingthesamesoftware
computecapacityfromIaaStoCaaS.Thus,basedonTable1,thecomputerequirementsintheCaaS
scenarioarethesoftwarerequirementsthemselves.IntheIaaS-Ascenariothecomputeresources
areincreasedbytheoperatingsystem’scomputeresourcesasforexampletheCPUrequirementsfor
V MS1presentedintheEquation4.

CPU S CPU CPU
VM S OS

1
1

= +  (4)

InIaaS-B,thecapacityperinstanceisevenhigherthanintherestofthetwoscenariossincethe
S1serviceresourcesareappendedwithS4’sresourcesinthesameinstance,asshowninEquation5.

CPU FE CPU CPU CPU
VM S S OS

= + +
1 4

 (5)

Itisworthnotingthattheamountofcomputeresourcesavailableisalsoaffectedbyapplication-
specificproperties.For example, a certain application servicemay require four cores, but those
maynotbeusedatalltimes.However,thecostmodelofIaaSisper-VM-per-hour,meaningthatthe
customerpaysforcomputecapacityprovisionedbythehourandnotforthecomputecapacityactually
used.IntheCaaScostmodel,someprovidersofferthepay-as-you-gooption(Google,2022),soas
tochargeonlyfortheusedcapacityandnotpayforidlecomputecapacity,butthisisnotconsidered
inthecurrentstudy.Bothmodelswerecomparedbasedonprovisionedcapacity.

Table 1. Requirements for cloud-based application services and resources per instance (Virtual Machine or container)

Instance Max users CPU [vCores] RAM [GB] STORAGE [GB]

IaaS-A

VM_S1 - Nginx 1024 9 9 267.5

VM_S2 - NodeJS 65535 9 33 602.5

VM_S3 - PostgreSQL 5000 9 25 102.5

VM_S4 - Redis 1024 5 9 12.5

IaaS-B

VM_FE - Nginx + Redis 1024 13 17 267.5

VM_BE - NodeJs 65535 9 33 602.5

VM_DB - PostgreSQL 5000 9 25 102.5

CaaS

S1 - Nginx 1024 8 8 255

S2 - NodeJS 65535 8 32 600

S3 - PostgreSQL 5000 8 24 100

S4 - Redis 10000 4 8 10
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5.1 IaaS & CaaS Resources and Costs
Asmentionedabove,thepresentcloud-basedapplicationisaddressedtosmallandmediumenterprises;
thus,thenumberofconcurrentusersthatacloud-basedapplicationcanhandleisapproximately350
users.Radhakrishnan,S.(2019).Asthebaselineforthecomparison,asampleof350differentvalues
forthevariableapplicationusersarerandomlychosen.Thesevalueswereappliedtotheaforementioned
mathematicalformulationssoastocalculatetheoverallutilizationofresourcesforeacharchitectural
scenario. Then, the monthly infrastructure costs were estimated for these resources in the three
deploymentscenariosaccordingtoproviders’pricing.Thepricingmodeltakenintoaccountwas
on-demandpricing,andtheregionselectedwastheUS-Centralregionacrossallproviders.

Amazon’sIaaScostsarebasedonAmazonEC2pricing,andCaaScostsarebasedonAmazon
ElasticContainerServicepricing(Amazon,2022).

Thegeneralpurposea1.4xlarge,m6g.4xlarge,a1.2xlarge,t4g.2xlarge,anda1.xlargeinstance
typeswereused.Also,the“GeneralPurposeSSD(gp2)”typewasappliedasastoragetype.

Similarly, Google’s Compute Engine (GCE) pricing and Google Kubernetes Engine (GKE)
standardpricing(Google,2022)aretakenintoaccountforIaaSandCaaScalculationsaccordingly.
In all cases, the “GeneralPurpose”machine familywasused.Also, theE2Serieshas “Custom
MachineType”selectedasthemachinetypeand“ZonalSSDPersistentDisk”asthebootdisktype.

Finally,Microsoft’scostsarecalculatedbasedontheVirtualMachinesandAzureKubernetes
Service(AKS)pricing,respectively(Microsoft,2022).ThechoseninstancetypeswereB12ms,D8as,
D16as,andD4as,andthe“StandardLRSSSD”storagesetforstoragetype.

Oneof the limitationsof thecurrentwork is that itonlyconsiders computecosts forCPU,
RAM,andstorage.Thebillingisbasedonon-demandinstances,andnocommitmentdiscountsare
takenintoaccount.Also,additionalcoststhatshapethecloudpricing,suchasnetworking,security,
operation,monitoring,licensingcosts,etc.,areexcludedfromthiswork.Furthermore,thecoststhat
aregenerallyconstantbetweenIaaSandCaaS,suchasexternalIPaddresscosts,arenotconsidered.
Lastbutnotleast,noperformancetestsareexecutedtoevaluatetheservices’computelimitsforeach
deploymentmethod.

6. ReSULTS

Comparing the resources. Given three deployment application architectures in different cloud
models,theoverallamountofutilizedresources,basedontheuserdemand,iscalculatedwiththe
goaltoestimatetheinfrastructurecostsbetweencloudmodelsinthethreeleadingproviders,Amazon,
GoogleandMicrosoft.

Comparingfirsttheaveragecomputecapacitybetweenthethreearchitectures,theresultsshow
thattheIaaS-Barchitecturerequiresmorecomputeresourcesthantheothertwo,asillustratedin
Figure3.ThisisaconsequenceofthefactthatIaaS-Bisthelessgranularscenario.Inallscenarios,
newVMhostsinIaaSornewcontainersinCaaSarelaunchedinresponsetouserdemand.InIaaS-A
andCaaSscenarios,theservicesaredeployedindependentlyandcanbescaledwithoutimpacting
theothers.Onthecontrary,intheIaaS-Bscenario,thedifferenceinresourcerequirementsbetween
S1 and S4 creates a scaling problem for VMFE since both services are scaled at once, although
theiroperationsexhibitdifferentworkloads.Thisscalingmismatchhasanegative impacton the
totalamountofresourcesinIaaS-B.Inaddition,thedeploymentinCaaScanreducethecompute
capacitycomparedwithIaaS-A,sincetheformerlackstheoperatingsystem’sresourcesfortheinitial
deploymentaswellasthroughscaling.

6.1 Cost comparison by provider.
Furthermore, the infrastructurecosts foreacharchitecturalscenariobetween the threeproviders,
Amazon,Google,andMicrosoft,aredepictedinFigure4.Thecomparisonofthearchitecturesbetween
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themforeachproviderindicatesthatthecostsinCaaSarelowerthantherestofthetwoscenariosin
theprovider’scontext.Morespecifically,forAmazon,theCaaScostisreducedby43.6%andby42.1%
incomparisontoIaaS-AandIaaS-B,respectively.Likewise,forGoogle,theCaaScostisreduced
by17.24%and41.4%,andforMicrosoft,itisreducedby23.4%and40%,comparedtoIaaS-Aand
IaaS-B,respectively.ThedecreasedamountofcostsinCaaSisinfluencedbytheleastamountof
resourcesrequiredonit.Similarly,theoverallcostsforIaaS-Barethehighestcomparedwiththerest
ofthetwoscenariosinthecontextoftheprovidersinceitrequiresthebiggestamountofresources.

Figure 3. A comparison between IaaS and CaaS resources

Figure 4. Cost comparison between IaaS and CaaS per provider
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However,itisobservedthatalthoughtheoverallcomputecapacityinIaaS-Aislessthanthat
inIaaS-B,theformerismoreexpensiveonAmazon.ThishappensbecauseAmazon’spricebundles
forVMsarelessgranularthanthebundlesatGoogleandMicrosoftintermsofCPUandRAMand
correspondtofixedserversizes.Thisisalsoamplifiedbythefactthatthehighestcostreductionforthe
CaaSmodelisdetectedinAmazonsincethecontainerscanfitinmuchlowerandcheapermachines.
Inaddition,theaforementionedcomparativecostratesrevealthatthereislesscostreductionwhen
movingfromVMstocontainerswiththesameproviderasobservedinGoogle,andespeciallywhen
movingfromIaaS-AtoCaaS.ThiscomesaboutsinceGoogleofferstheoptionofcustomizedvirtual
machinestothecustomers,resultinginhighercostsforIaaS.

Finally,theresultsshowthatthelinesineachgraphareparallelineacharchitecture’scontext.
Thisshowsthatthepricingpolicyofcloudprovidersisaboutthesameforeachcloudmodel.Also,in
eacharchitecture,AmazonandGooglearecheaperthanMicrosoftforthespecificapplicationthatthis
studylooksat.ItisalsonoticedthattheCaaSscenarioisnotalwaysthecheapestbetweenproviders
forthesamenumberofusersonthisspecificapplication,e.gtheIaaS-AinGoogleislessexpensive
thantheCaaSinMicrosoft.However,theIaaS-Ascenariocannotbeconsideredacommonusecase.

7. CoNCLUSIoN

Cloudcomputing isevolvingandbringing forwardnewcomputingmodels to satisfy large-scale
applications.Thecostofdeployment in thecloud is tightlycoupledwith thenumberofutilized
resources,whichisinturndrivenbyclouddemand.

Thecurrent studypresentscloud-basedapplicationsdeployedbydifferentcloudservices. It
exploresInfrastructureasaService(IaaS)andContainer-as-a-Service(CaaS)asdeliveryapproaches
forcloud-basedapplications.CaaSandIaaSaretwoofthemostwidely-usedcloudcomputingservices
availabletoday.Inaddition,acostcomparisonanalysisofacertaincloud-basedapplication,designed
inthreedifferentarchitecturesanddeployedintwoinfrastructuresolutionsoperatedbythecloud
providers,theIaaSandCaaScloudmodels,wasconducted.Fortheresourcecalculations,mathematical
equationsareformedbasedonthenumberofusers.Inaddition,asampleof350randomcasesof
applicationuserswasappliedtothemathematicalformulastoestimatethehardwarerequirementsfor
CPU,RAM,andstorageforeachuserbase.Then,thecorrespondingcostsofthethreeimplementations
areestimatedbasedonthepricingpoliciesoftheleadingproviders,Amazon,Google,andMicrosoft.

Accordingtothefindings,hostingapplicationsinCaaSisacompellingwaytoreducethecompute
footprint,whichtranslatesintolowerinfrastructurecostsbyupto43.7percentinaprovider’scontext
forthesamesoftwarerequirements.Onthecontrary,theIaaSsolutionturnsouttobemoreexpensive
whendeployedatscale,butthepricingcanbedifferentbetweenprovidersforthesamerequirement.The
costreductionisanoutcomeofgranularapplications’scalabilityaswellasgranularpricingpolicies.In
conclusion,containerizationtakesfulladvantageofcloud-nativefeatures.Inconjunctionwiththecost
savingsbenefitscontainertechnologyachieves,enterprisesareurgedtoinvestinCaaScloudmodels.

Theresultsofthisworkcanofferguidancetocloudcomputingprofessionalswhoaimtochoose
asuitablecloudmodelthatservestheirneedsbutalsocomplieswithbudgetconstraints.Inaddition,
itcanbeahelpfultoolforresearcherswhoconductcostanalysisinthecloudmarket.Thelimitations
ofthisstudyincludethatittakesintoaccountonlytheCPU,RAM,andstoragecomputationcosts
forcomparisonpurposes.Inaddition,thecoststhatcontributetocloudprices,suchasnetworking
andsecuritycosts,etc.,arenotexaminedinthiswork.Moreover,thecoststhataregenerallyconstant
betweenthecloudmodels,suchaspaymentforexternalIPaddressesoroperationcostsformigration
fromonecloudmodeltoanother,arealsonotconsidered.Lastly,noperformancetestswereexecuted
toevaluatethelimitsofeachdeploymentmethod.

Further extensions and future research directions include the deployment of the application
inotherclouddeploymentmodelslikePaaSorserverlessmodels.Moreover,theimplicationsfor
migrationandoperationcostsfromonecloudmodeltoanotherarealsointerestingresearchareas.
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