
DOI: 10.4018/IJRDIS.2019010104

International Journal of R&D Innovation Strategy
Volume 1 • Issue 1 • January-June 2019


Copyright©2019,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



46

Exploring Expansion and 
Innovations in Cloud Computing
Jitendra Singh, Dyal Singh Evening College, University of Delhi, Delhi, India

ABSTRACT

Cloudcomputingisoneofthehighlysought-afterparadigmsininformationtechnology.Inseveral
cases,ithassurpassedearlierpredictionsofgrowth,andexpandingitsservicestocoverallthekey
areas.With thegrowingusageof thecloud,newrequirementshavealsosurfaced.Tomeetuser
expectations, the cloud servicespoolhas expandeddrastically. Inorder tomeet the subscriber’s
futuristicdemands,cloudcomputingneedstoadvancefurther.Thisworkundertakesthestudyof
expansionandinnovationsthathavealreadyhappenedintherecentpast.Inaddition,perceivedcloud
evolutioninthefuturisticcloudhasbeenpresented.Duringthecourseofexploration,theimpactof
hardwareandsoftwareonevolutionhasbeentakenintoaccount.Consideringthebenefitsinvolved,
andthecurrentadvancement,thisworkconcludesbypresentingtheinnovationsthatwillleadto
clouddevelopment.
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INTRoDUCTIoN

Cloudcomputingispredictedtobetheleadingparadigmfortheupcomingdecade(Singh,2017).This
paradigmiswellsuitedforsmallandmediumenterprises,particularlytheone’sopentotheoutside
worldandneedmodern,secure,costeffective,andupdatedresourcesintermsofharwareandsoftware
(Singh,Bhisikar,&Singh,2013).Availabilityofinfinitehardwareresources,pre-buildsoftware,
anytimeanywhereaccessissomeofthekeyadvantagesofcloudcomputing(Singh&Kumar,2014a).

Incloudcomputing,usersdonotneedtopayupfrontforresourceprocurement,insteadneedto
subscribetherequiredresourcesbysubscribingthecloudservices(Mell&Grance,2010).User’sbill
isgovernedbythesizeandcapabilitiesofresourcessubscribed(Buyya,Yeo,Venugopal,Broberg,
&Brandic,2009).Inaddition,durationofresourceusageistheotherfactorthatdeterminesthebill
(Singh&Kumar,2014b;Armbrust,etal.,2009).

Thetermcloudcomputingbegantogainpopularitysince2006,whenthecompaniessuchas
Amazon,GoogleandMicrosoftusedthisterm.Amazonwasthefirstcompanythatcommercially
launchedthecloudintheyear2002(Mohamed,2018).Thefirstcommercialreleaseofcloudwas
introducedbyAmazonwithitsElasticcloudcompute(EC2)intheyear2006(AWS,2018).

Cloudcomputinghasevolvedfromseveralprominentcontemporarytechnologiesthatincludes
service-orientedarchitecture(SOA),web2.0,virtualization,gridcomputing,etc.(Singh,2014).Next
generationadvancementisgovernedbytheadvancementinthecloudenablingtechnologies,inaddition
tocloudspecifictechnologies.Virtualizationistheotherkeytechnologydrivingthecloudgrowth.
Itallowstosharethesameresourcesamongmanyusers,therebyimprovestheresourceutilization.
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Microsoftisthelateentrantincloudlandscape.In2010,Microsoftenteredthecloudlandscape
withthelaunchofWindowsAzure(Microsoft,2009).SincethenMicrosoftcloudcomputinghas
expandedtheirservicestackbyintroducingmanynewservicesincludingInternetofThings(IoT),
BigData,warehousing,etc.Realizingthegrowthopportunities,newentrantsalsoenteredin the
cloudbusiness.Now,ineveryorganizationirrespectiveofthetypeofbusiness,majorityoftheIT
spendingisbeingallocatedtocloud.AccordingtoIDC,ITspeedingofthecompaniesisdrivenby
cloudcomputingservices(Smith&Shirer,2018).SaaSwillbethedrivenamongthecloudservices
model(Smith&Shirer,2018).

Cloudcapabilitiescanbeaccessedbysubscribingtothevirtualmachine(VM)offeredthrough
thecloud(Singh,2014).Virtualmachinesaretermeddifferentlyaccordingtothecloud.Forinstance,
inamazonwebservices,VMistermedasinstanceswhereas;inMicrosoftazureitistermedasvirtual
machines.Inordertomakeitcosteffectivetomeettheneedofwidevarietyofusers,anumberof
instances(cloudresources)thatarevaryinginsizeandcapabilitiesareavailableandusercansubscribe
themaccordingtotheirspecificneed.Cloudresourcescanbeaccessedwiththehelpofvarietyof
devicesincludingPersonalcomputer,Laptop,tablet,Smartphoneetc.

Restofthepaperisorganizedas:Section2outlinesthecloudservicesthataredominatingin
cloudparadigm.Section3presentsthepresenttrendbasedontheprevailingtechnologyandthetypes
ofservicesused.Section3describesthepresenttrendandSection4highlightsrecentandpredicted
innovationforcloudparadigm.

CLoUD SERVICES

Incloudcomputing,servicesareofferedbycloudserviceprovider.Userscanexploreandsubscribe
servicesaccordingtotheirrequirement.Usersmayrequireinfrastructure,developmentenvironment
or the application to serve their routine work. Accordingly, cloud services are categorized into
InfrastructureasaService(IaaS),Platformasaservices(PaaS),Softwareasaservices(SaaS)(Mell
&Grance,2010).Infrastructurerequirementsuchasprocessor,randomaccessmemory(RAM),hard
disk,etc.,canbeaccessedfromInfrastructureasaService(IaaS).Varietyofservicemodelsalong
withthepresenttrendhasbeenenumeratedintheupcomingsub-section.

IaaS
Users can install the operating system of their own choice at the top of powerful infrastructure
subscribed.UsersaspiringforanydevelopmentenvironmentcansubscribetoPlatformasaservice
(Singh&Kumar,2013).Whereas,usersonlyneedapplication,theycansubscribetothesoftware
asaservice(SaaS),therebyapplicationssuchasawordprocessorandExcelcanbesubscribedto
fromthecloud.MajorcloudprovidersincludingGoogleandMicrosoftisalreadyofferingSoftware
asaService.Forinstance,Googleisoffering‘Googledocs’thatcanbeaccessedfromthecloud.
Microsoftisoffering‘office365’tomeetthecloudusersneedrelatedtoofficeapplication.User
seekingspecificapplicationssuchasERP,invoice,accountingetc.cansubscribetoSaaSandpay
basedontheirusage.SalesforceistheleadingSaaSproviderprimarilydedicatedtoSaaS.

SaaS
ApplicationofferedthroughSaaSenjoysseveraladvantagesoverlegacybased.Forinstance,legacy
basedapplicationisdevelopedtomeetthespecificneedofauserwhereascloudapplicationsare
genericinnature.SaaSbasedapplicationshortensthedevelopmenttimeandavoidanydelaythat
mayhappenduringthedevelopmentphase.Atthesametime,offersfunctionalitiesthataresimilar
tothoseoftheuserbasesoftware.Thisimpliesthatanorganizationwithonepersonnelisusingthe
fullsoftwarefunctionalitiesthatissimilartothatoflargeorganizationswith1000personnelorabove.
Intraditionalbasedsystemitwasnotpossibleduetothecostinvolvedinsoftwaredevelopment.
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Cloudbasedapplicationreducestherisksinceapplicationdevelopedbyestablishedcompanies
isassumedtoberobustinfunctionalitiesandsecurityrelativetotheonedevelopedusingadhoc
approach.Thereby,allsubscribersareexposedtosimilarresources.Therefore,cloudcomputingisalso
termedasdemocratizingforceandofferingsimilarresourcestoeveryonewithoutanydiscrimination
(Singh,2016).

CLoUD SERVICES PRESENT TREND

Cloudcomputinghasexpandedatarapidrate.Withthegrowthincloudcomputing,newservices
andapplicationsrangingfromwordprocessortoInternetofThings(IoT)havebeenaddedinitspool
ofservices(SinghJ.,2017).Cloudcomputingiswellsuitedinscenariosthatareexposedtosudden
spikeintraffic.Suchissuescanbewell-handledbythecloudcomputing,since,infiniteresources
canbedemandedfromthecloudprovider.Trafficspikeatwebportalmayneedunlimitedcomputing
capabilitiesontheflythatislackinginlegacysystem.Forinstance,trafficatserverduringlastdate
offillingreturnsinvitemassivetraffic.Tostoreandanalyzesuchdata,weneedpowerfulresources.

Cloud Provider Share
Cloudparadigmisexpandingitsservicespoolbyincludingnewservicesthatarecompatibletothe
cloudenvironment.Forinstance,AmazonandMicrosoftbothhaveaddedbigdataservicesintheir
poolofservices.Inothercase,growingnumberofdevicesin’Internetofthings’isalsomajorsource
ofdatageneration(Botta,DeDonato,Persico,&Pescape,2016).Asaresult,cloudcomputinghas
expandeditsreachtoservetheobjectiveofaforementionedtrends.Majorcloudprovidersincluding
Amazon,Microsoft,andGooglehavealreadyexpandedtoincludetheseemergingtrends.

Inclouddomain,Microsoft,Amazon,IBM,Googlearetheleadingcloudserviceprovider(Singh,
2017).Majorityofthecloudshareisheldbytheaforementionedcompanies.Inaddition,newcloud
providersarealsoemergingandofferingspecializedservicesinIaaS,PaaS,SaaSdomain.Revenue
shareofcloudprovidersinIaaSisillustratedinFigure1.

According to theFigure1,Amazonholdsmajorityof theshare in IaaS, this is followedby
Microsoftazure;thirdpositionisheldbyGoogleCloud,andthisisfollowedwithIBM.Beyondthe
majorcloudproviders,shareofnewcloudprovidersisalsosubstantial,andamountstoaround36
percent.IncreasinglyimportanttonotethattheshareofGoogleisnotatparwiththeothercloud
provider,despiteitholdshighspecializationinclouddomain.

Surprisingly,inthefourthquarterof2017,IBMhastoppedinrevenuegenerationandpushed
MicrosoftandAWStothirdandfourthpositionrespectively(Evans,2018).Revenuegenerationof
majorcloudproviderhasbeenillustratedinFigure2.Numbersarealarminganditappearthatmarket
shareofmajorcloudprovidermayshiftfromonetoanother.

Encouragedwithgrowinguser’s subscription,Cloud services are expandingbyaddingnew
services at regular interval.As a result, cloudproviders servicesofferinghavegrownmanifold.
Servicesindatabase,storage,datawarehousingetc.areincludedintheservicepoolofcloudprovider
andnowitisofferedbymajorityofthecloudproviders.Althoughissuesinbigdatawereraised,
however,thereisnoevidenceinreallifehasbeenwitnessed(Hashem,etal.,2015).Leadingcloud
providersandtheirofferingnomenclaturehasbeenpresentedinTable1.

EMERGING TREND IN CLoUD CoMPUTING

Cloudcomputingisbelievedtobetheleadingparadigmthatwilldrivethefuture.Afterenvisioned,
ithastransformeditselftoagreatextentinordertomeettherequirementoflargeuserbase.To
proliferatefurther,itneedstoexpanditselfbyintroducinginnovation.Upcomingsectiondiscusses
thetrendandadvancesthatwillleadthecloudparadigm.
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Figure 1. IaaS platform adoption-percentage of application deployed (Mcafee, 2017)

Figure 2. Cloud provider Revenue Q4 2017 (Evans, 2018)
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Emergence of Hybrid Cloud
Onceuserismaintainedonpremisesprivatecloudatthesametimesubscribedtothepubliccloudthen
thisarrangementistermedashybridcloud.Inhybridcloudmodel,datatransferoccursseamlessly
(Rittinghouse&Ransome,2016).Itisbelievedthatthismodelfacilitatesharnessingthecloudbased
capabilitiesalongwithonpremisesmodel.Subscribermaintainingthesensitivedatawouldcontinue
tousetheonpremisesmodel(Singh&Kumar,2011).Inordertoharnessthecloudservices,theymay
usepubliccloudforlesssensitivedataandpubliccloudwheretheresourcedemandsurgesimmediately.

Accordingtolargenumberofpredictions,hybridcloudmodelhasgreatpotentialtogrowin
upcomingyears.AccordingtoSandlerResearch’s,hybridcloudwillwitnesstremendousgrowth.
HybridmodelmaywitnesstheCAGRofaround28percent(SandlechResearch,2015).Alargenumber
ofleadingorganizationsacrosstheworldhavealreadyembracedthehybridmodelincludingAmazon,
Microsoftinordertoharnessthebenefitsofcloud.Withthepassageoftime,hybridmodelinaddition
tocloud-basedsecuritymaygainmomentumtocatertheneedofSMEs(Singh&Kumar,2011).

VMwareinitspublicationanticipatedconstinuousgrowthinhybridcloudandintroducedmeasure
toassesspricinginprivateandpubliccloud,inordertoensurethatappropriatetypeofcloudisselected
(VmWare,2017).Tojustifytheirclaimofgrowth,e-commerce,archiving,outsourceITenterprises,
packageapplicationetc.arecitedasthekeyreasonsthatwilldrivethegrowthinhybridcloud.All
theaforementioneddomainwillsubstantiallyreducetheITexpenditure,causeresourceupgradation,
andmultiplesitesmaintenancetomeettheregulatorycomplianceintheeventofcalamityornatural
disaster(Singh&Kumar,2014b;Singh&Kumar,2013).Realizinghighgrowthpotential,existing
vendorsareproliferatingtheirservices.Inaddition,newareemerging(Chou,2015).

HybridcloudiswellsupportedbyMicrosoft.Usercanmaintaintheprivatecloudwiththehelp
ofWindows2012R2operatingsystemoritshigherversion.Atthesametime,theycanharnessthe
benefitofpubliccloudbysubscribingtotheMicrosoftpubliccloudi.e.windowsAzure.Amazonis

Table 1. Major Cloud services and nomenclature
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alsosupportingthehybridcloud.InAmazon’shybridmodel,usercanusetheeucalyptuscloudon
theirpremisesandAmazonwebservices(AWS)aspubliccloud.

Advances in Regulatory Standard
Duecareisbeingexercisedbythecloudprovidersinordertosafeguardsthesubscriberdata,maintain
privacyandsecurity(Chang,Kuo,&Ramachandran,2016).However,countriesremainedequally
concernontheprivacyandsecurityoftheircitizen’sdata.Accordingly,regulationsarepassedfrom
timetotimeinordertomeetthecontemporaryneed.However,incaseofcloudparadigm,many
regulationsarenotframed.Instead,mostoftheregulationsapplicableinlegacy-basedsystemare
onlyapplied(Singh&Kumar,2014a).Majorityofusstill treatcloudparadigmasclientserver-
basedmodelonly.Indeed,thereissubstantialvariationfromlegacy-basedsystemtothatofcloud
computing.Correspondingly,additionalregulationsneedtobeframedsincesubscribersdonotonly
belongtoonespecificcountryinsteadfromalargenumberofcountries(Ali,Khan,&Vasilakos,
2015;Singh&Raghuvanshi,2017).

Similarly, inacountrywhere the subscriber residesalsoneed tomodified the regulation to
categorizethedataintosensitiveandnon-classified,etc.,inordertoallowstorageawayfromthe
countrybasedonthecategoryinwhichdatafalls(Bolgert,Kalyanaraman,Forlenza,&Cohen,2015;
Ferris,2015).

Devops
DevOpsiscombinationofculturalphilosophies,practices,anditstoolsthatincreasesanorganization’s
abilitytodeliverapplicationsandservicesatahighvelocity.Evolvingandimprovingproductsata
fasterpacethanorganizationusinglegacysoftwaredevelopmentandinfrastructureprocesses.This
helpsthebusinesstoservethecustomerbetterinsteadofconcentratingonInformationTechnology.

UnderDevOpsmodel,teamsarenolongerworkinginsilosinsteadmemberofoneteamcan
contributeinotherteams.Thisleadstostrongunderstandingofaproject,atthesametimeeliminates
thedelaythatmaybecausedduetoteam’scoordination.Alltheteammembersareadoptingprocess
inorder to automate it.Asa result, overall speedofdeployment enhances.Automation tools in
assistance, engineers can accomplish the task independently. Speed, rapid delivery, reliability,
scalability, improvedcollaborationsetc.aresomeof thesignificantfeaturesofDevOps.It is the
philosophythatbeginswithmakingtheplatformvisibletoeveryone.Inshort,itdealswithadvance
developmenttooltomeetthedemandofmodern-daybusinessscenario.

Adoption of Container Technologies
Containersisanemergingtrendincloudcomputingandprimarilyavirtualizationenablerthatis
similartothatofvirtualmachineinlegacy-basedsystem.However,thereislargedifferencebetween
the virtualization offered by virtual machine and the one in containers. Virtual machine-based
virtualization is working at operating system level and shares the hardware resources, whereas,
containervirtualizationisactingatapplicationlayeranddonotsharetheresources.Virtualizationused
bycontainersisalightversionrelativetotheoneusedbyvirtualmachine.Containersseparateusers
intheirvirtualizedcompartment.Thereby,offershighdegreeofsecurityandisolationamongusers.

Containerbasedvirtualizationiswellsuitedincloudparadigmthatisdrivenbysameresource
availabilityamongallthesubscribers.Inaddition,itsdockingfeatureenablesittoshiftthecontainer
fromoneservertoanotheronthefly.Dockingfeatureishighlysoughtinparadigmsuchascloud
computing,where theuserworkloadcanbeshifted tonearbydatacenter in theeventoffailure.
Dockingwillensurehigheruptimeincloudparadigm,asaresulthighersatisfactionamongsubscribers.
LeadingcloudprovidersincludingMicrosoft,Amazon,andIBMetc.havealreadyembracedcontainer
technologytoexploittheirresourcesandtominimizetheoperationalexpenses.Containertechnologies
reducestheoperatingcostwithoutcompromisingthesecurityanduser’sexperience.
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Multi Cloud Subscription
Multicloudsubscriptionprovedtobeworthyinseveralcases.Forinstance,incaseofcommonwealth
ofAustralia(Schlagwein,Thorogood,&Willcocks,2014).However,inpresentdayscenario,majority
ofthecloudprovidersareusingtheirownspecificprotocolandApplicationprogramminginterface
(API)fordatastorageanddatarendering.Consequently,datastoredinonecloudisnotportableto
anothercloud(Bracci,Corradi,&Foschini,2014).Thisisoneofthemajorconcernsamongcloud
subscribersthatwhathappenstotheirdataoncetheymigratetoanothercloudproviderintheevent
ofnon-satisfactionthatmayariseduetopoorservicesorthemethodofbilling.

Severalorganizationsareworkinginordertodevelopingthestandardthatshouldbeinter-operable
(CDMI;Crosby,etal.,2010).Once,suchstandardisevolvedandadoptedbytheleadingaswellas
emergingcloudprovidersthenitwillbeappreciatedbyallthestakeholders.Userscansubscribeto
anycloudproviderwithoutanyapprehension.Inaddition,usermaybeusingtheinfrastructureof
onecloudprovider,developmentenvironmentofanothercloudproviderandtheapplicationsofthird
cloudprovider(Metsch,Edmonds,&others,2011).Thiscanonlyputintopractice,ifallthecloud
adoptsthesamestandardandAPI’s(Crosby,etal.,2010).Consequently,userwillabletosubscribe
tomulticloud(OMG).Presently,subscriptiontomulticloudiscumbersomeandcanbeachieved
bysubscribingtotheproviderssuchasRightScalethatfacilitatesinconnectingmultiplevendors.
Currently,itcanbeaccomplishedwiththehelpofcloudbroker.However,usingcloudbrokerneed
traininginordertocarryoutoperationonmulticloud.

Continuous Delivery
Cloudoutageisothermajorissuethatexistincloudcomputing.Everyyearcloudsubscribersare
meetingwithhugelossesduetothecloudoutage(Singh,2014).Since,itisprofoundlynewparadigm,
newchallengesareemergingfrequently.Asaresult,subscribersareexperiencingpoorexperience.
Evenworst,usersworkingasthirdpartytohosttheservicesofconsumersinviteseverecriticismor
evenlossofreputationandrevenue.AccordingtoInternationalWorkingGrouponCloudComputing
Resiliency(IWGCR),hugelossesareincurredannuallyduetonon-availabilityofservices.Allthe
cloudprovidersirrespectiveofrevenuesharetheyareholding,encounteringcloudoutage(http://
iwgcr.org).AccordingtotheIWGCR,onlymajorcloudoutagesarebeingreportedandthoseofshort
durationpassesunnoticed.

open Cloud
CloudcomputingadherestotwotypesofAPIforitsfunctioningthefirsttypeistermedasProprietary
andthesecondoneasopen.ProprietaryAPI’sarevendorspecificwhereasopenAPI’saredesigned
onglobalstandardstoensurethehomogeneityamongcloudvendors.Incloudparadigm,lackof
interoperabilityisconsideredasthemajorhindranceincloudgrowth.Toaddressthisissuethree
bodieshaveemergedandmanagingthestandardsinordertoensurethattheapplicationdevelopedfor
onecloudcaneasilymigratedtoanothercloudproviders.Standardbodiescontributingwithrespect
tointeroperabilityarepresentedherein(CDMI;OMG;SNIA):

• OpenCloudComputingInterface(OCCI)
• CloudDataManagementInterface(CDMI)
• OpenVirtualizationFormat(OVF)

Toaddresstheinteroperabilityissue,Opencloudcomputinginterface(OCCI)hasoutlinedthe
guidelinesthatarebasedonREST(Metsch,Edmonds,&others,2011).Cloudcomplyingwiththe
OCCIguidelineswillbeinter-operablesincetheywon’tbeusingtheirownAPIinsteadadopting
thesignatureandidentificationasoutlinedbytheOCCIandtermedasopencloud(Rochwergeret
al.,2009).
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Incloudcomputing,virtualizationplaysakeyrole,however,lackscommonstandardatcloud
serviceproviderend.’Openvirtualizationformat(OVF)’isproposedasstandardforvirtualization
acrossallthecloudprovider(Shah,Elzur,&Thaler,2013).However,itisnotcompliedbymany
cloudproviders.Evenmajorityofthemhavenotrevealedinformationpertainingtotheadoptionof
OVF.Similarly,otherstandardscoveringcloudstorageandotherserviceshaveemergedinorderto
facilitatethecloudinteroperability.

CloudDataManagementInterface(CDMI)dealswith thestandardrelated to thestorage. It
specifies thewayinformationis tobecreate,stored,retrieved,ordelete thedataelementduring
storage(Wu,Ping,Ge,Wang,&Fu,2010).DevelopersadoptingCDMIcaneasilymigratetheirapp
fromonecloudtoanotherbyfollowingtheCDMI.

Recently,ITpioneerIBMhasintroducedtheopencloudnamingIBMopencloud,thatismotivated
withthe’OpenStack’s’opencloud.InITindustry,proprietaryparadigmhadneverdominated;instead
itproliferatedoncetheusersareofferedchoicetoadoptanything.Accordingly,opencloudwillgrow
further.Cloudprovider’susingtheproprietaryAPIswillgraduallyshifttoopenstandardsinorderto
competeothervendorsatthesametimemeetingtheglobalstandardsandcompliance.Opencloud
willalsofacilitatetheportabilityofappsfromonecloudtoanother.Inotherwords,webpowered
appsdreamwillcometrue.IBMopencloudhasadoptedtheOVFarchitecture.Openstandardsare
thekeyinthedirectionofcloudinteroperability.

Software Based Infrastructure
Cloudcomputingisabouttheeconomyofresourcesbywayofoptimizingtheresourceutilization.
Optimumresourceutilizationwillresultinloweringusagecostforcloudprovider;consequently,profit
ofcloudserviceproviderwillgrow.Insoftware-basedinfrastructures,resourceswillbeallocated
withthehelpofvirtualization.Userswillnotbeabletodistinguishbetweenthesoftwarebasedand
hardwarebasedresourced(Li&Chen,2015).Indeed,softwarebasedinfrastructureoffersthephysical
infrastructurebysharingitamongtheusers.Softwareresourcesareappreciatedduetothegreater
flexibilitytothesubscriberstomeettheirwiderneed(Cui,Yu,&Yan,2016).Trendofsoftware-
basedresourceswillgrowfurthertoincludewidercustomerbase.Inadditiontothesoftware-based
infrastructure,softwarebasednetworkingisalsogainingmomentum(Li&Chen,2015;Yan&Yu,
2015).Currently,VMwareisofferingitsvirtualization-basedsoftwarefornetworkutilization.In
upcomingyearstrendofvirtualizationwillgrowfurther.Toimproveresourceutilization,(Moshref,
Yu,Govindan,&Vahdat,2015)havesuggestedthedynamicresourceallocation,wheretheloadwill
beshiftedtopoorlydensedatacenterfromtheonedenselyallocated.

Performance Improvement
Performanceisakeyissueincloudcomputing.Inpresentdaycomputingenvironment,usersare
aimingforrichperformanceexperiencesimilartothatoftheirownnetwork.Since,cloudisInternet
basedaccessofresources,latencyandconnectivityarethekeyissuesgoverningusersexperience.
Internetbandwidthhassurgedmanifoldinlastfewyears.Forinstance,in2001,onlylimitedspeedwas
availabletous.Now,ithasgrownmanifold.Enhancementinnetworkbandwidthcouldbepossible
duetospreadoffiberopticalcableindevelopedanddevelopingcountries.

In addition, to meet performance demand, cloud specific devices are being developed. For
instance,recentlyGooglehasdevelopedcloudcomputingdedicateddeviceswiththenameChrome
Notebook.Itisgainingpositiveresponsefromtheuser’scommunity.Toofferallroundconnectivity,
severallayersofInternethasbeenprovisioned.Intheeventifoneconnectionfailsitwillswitch
overtoanotheroneavailableinthepool.Beyond,thisdevicesidentificationnumberwillassistin
countering the cyberattacks. Existing mechanical based storage device is replaced with fast and
reliableSSDbasedstorage.Toboostthespeedatitsdatacenter,Googlehasalreadydeployedthe
SSDbasedstorage.Itusesfourreplicationlayerstoensurethedatasecurityintheeventoffailure.
Thereby,suchdeviceswillbringsignificantimprovementinperformance.
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Country Specific Data Center
Clouddatacenterlocationisprofoundlysensitiveforboththecloudprovideraswellassubscriber.
Datacenterlocationisselectedbasedonseveralfactorsincludingsecurity,availabilityofelectricity
andskillset,governmentregulationsetc.Countriesalreadyestablishedthemselvesaspeacefuland
richinresourcesintermsofelectricityandhumanskillareoptedfirst.Since,availabilityisthemajor
concern incloudparadigm therefore,datacenterneedsuninterruptedpower supply. Inaddition,
securityatthelocationselectedisanothermajorconcern.Ifcountrywithpresenceofterroristactivity
ischoseninthatcasesubscriberfromothercountrywon’toptforsuchclouddatacenter.

Inmajorityofcases,clouddataisstoredatdatacenterthatarelocatedatdevelopedcountries.
Datacenterinemergingcountriesarelacking.Forinstance,theleadingcloudproviderAmazonis
servingthesubscribersaroundtheworldwithitsdatacenterlocatedinUSAorinEuropeancountries
(Singh&Kumar,2014a).SameistruewithanotherleadingcloudproviderMicrosoft.Thisleadsto
generationofconcernrelatedtodatasecurityandprivacyamongthecountriesnotenjoyingclose
tieswithUSAandEurope.

Storingthedataoutsideofsubscriber’scountryisanothermajorchallengerelatedtosecurityand
compliancethatishinderingthecloudgrowth(AbRahman&Choo,2015;Duncan&Whittington,
2017;Duncan&Whittington,2016).Emergingtrendwillbelocatingthedataatdevelopedcountries.
Insomecasesregionwillbefiguredoutwheretheseveralfriendlycountriesarelocated.Regionis
tobeselectedthatismeetingthemajorityoftheaforementionedfactorsofdatacenterlocation.For
instance,IndiaandNepalarethefriendlycountryandlocatingthedatacenteratIndiawillnotbe
objectedbyNepalsincelaterenjoysclosetie-upwiththeformer.Atthesametime,datacenterat
Indialocationwillservethemajormarketforcloudprovider.

Full Virtualization of the Resources
Virtualizationisthekeyenablerforthecloudcomputing,sinceitfacilitatestheresourcesharing
amongmanyusers.Althoughitiswidelyusedincloudparadigm,weperceivethetrendwillgrow
furtherforhigherperformanceandsoundsecuritysystem.Virtualizationwillalsobeneededtomeet
thedynamicandvariantdemandofthesubscribers.Presentlyvirtualizationisalreadyusedatvarious
leveloneathardwarelevelwhenthevirtualizationsoftwareinterfacedirectlytothehardwareand
atthetopofitresidesseveraloperatingsystem.ThislayeristermedasVirtualmachinemanager
(VMM).Hyper-V,Xen,KVM,Esxietc.areleadingVMMthatarefacilitatingthehardwarelevel
virtualization(Singh,2014).

Virtualizationlayercanalsoresideatthetopofsoftwaretermedassoftware-basedvirtualization.
But software-basedvirtualizationmeetswithperformancebottleneck.With thepassageof time,
virtualizationwillabletogrowfurther,atthesametimeitwillbelightertherebyitcanbemigrated
fromonedatacentertoanotherwithminimumloss.Inaddition,virtualizationisusedindatacenter,
networkingtonameafew.

VMwareisthepioneerinvirtualizationtechnologyandholdthesubstantialmarketshare.Expert
perceived that soon virtualization-based solution will exist to overcome hardware bottleneck. In
virtualization,VMwareisfollowedbyCitrix.Invirtualization,logicalpartitionofsameresourcesis
carriedoutthatneedstrongprotectionamongtheuser’senvironment.VMware’svShieldisasolution
thatsafeguardsthevirtualizedenvironment.

Noops and Serverless Architecture
Onceuserdecidesmigrationfromlegacytothecloudservices,oneneedtounderstandalotrelatedto
cloudtechnicaljargoninvolvedinordertoexploitthefunctionalityofcloudparadigm.Inaddition,alot
ofparametersneedtobesuppliedinordertogenerateandswitch-ontheinstanceandassigningloadto
it.Allsuchactionsneedskilledprofessionalinordertoleveragethecloudparadigm.Although,wizards
facilitatetheuserduringprovisionofvirtualmachineandassigningtheload,yetitdoesnotminimize
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theparameterrequiredthatareneededtopropelthecloudgrowthduetoeaseofusage.Preciselyto
maintainITresources,teamofreasonablesizeisneededthatresultinexcessiveexpenditure.

Noopsistheconceptthatsignifiesextensiveuseofautomationbyabstractingtheunderlying
layers.Thekeyreasonistooffereasetoanextentthatitcanbeoperatedandmanagedwithoutthe
needofdedicatedteam.AccordingtotheForrester“thegoalofcompletelyautomatingthedeployment,
monitoringandmanagementofapplicationsandtheinfrastructureonwhichtheyrun.”According
toForresterSeniorAnalystGlennO’Donnell,whoco-authoredthereport“AugmentDevOpswith
NoOps.”Organizationswillbetermedasnoopsorganizationthatwillnothaveanypersontomanage
theoperations.SeveralcloudprovidersforinstanceHerukuandAppfogamongothersclaimingto
beNoopsbased.DebateontheneedofDevOpsisalsoemerging.However,weperceivethatNoops
willservethegenericrequirementwhereasDevopswillbeginwheretheNoopsunabletomeetthe
requirement.

Popularityofcloudwillgrowfurtherduetotheapplicationofabstractionatbottomlayerthatis
responsibleforimplementationofunderlyingtechnology.Therefore,thetermNoops.

Other perceived implementation is lying with server-less architecture. In this architecture,
resourceswillbeallocatedbasedontheservicessoughtandwillofferbestfitconsideringapplication
intoaccount.Tothisend,machinelearningbasedtechniquesarebeingdeveloped.Thiswillalsolead
tooptimumutilizationofresourcesatthesametimeresultindroppingsubscriber’sbillsubstantially.

Inforthcomingyears,moreautomationtooltothetuneofNoopswillemergethatwouldrequire
nooperationfromtheuserend.Activitiessuchasmachinegenerationtoloadassignmentcanbe
carriedoutinminimumhumanintervention.

Popularization of Nonvolatile RAM (NVRAM)
Memoryistheessentialpartofacomputersystem.Priortoexecutionofdata,itneedstobebrought
intomemory.Postexecution,processeddataisplacedbackintomemory.Duringfetchandstore
operation,processorneedtowaitforlongtimesincespeedofRAMisincreasinglylowrelativeto
theoneofferedbyprocessor(McKnight,Zuo,&Maheshwari,2015).Thus,anumberofprocessing
cyclesresultinnocomputation.Although,cachehasbeenintroducedtolightenthelossthatmay
occurduetohighspeedmismatch,yetlossoccurs.Asaresult,processorisnotabletoperformto
itsfullestcapacity.Inaddition,intheeventofpowerfailure,datastoredinRAMwillbelost.Since,
RAMinheritsthepropertyofvolatilitythatimpliesthatdataisretainedonlyforthedurationthe
powerison.Intheeventoffailure,datawillbelost.However,whensuchthingshappen,itleadsto
lossofdatathatisundesired.Toovercomethislimitation,anewtechniquetermedasNVRAMhas
evolved(Huang,Schwan,&Qureshi,2014).AsthenameNonvolatileitselfsuggeststhattheRAM
isnonvolatileinnature.Therefore,nodatalosswilloccurintheeventoffailureofadisk.

CoNCLUSIoN

CloudparadigmhasestablisheditselfashighlysoughtparadigminITlandscape.Inordertomeet
thesubscribersneed,itisexpandingitsservicesrapidly.Tothisend,itneedstoadoptnewconcept
andprinciplesinordertoaccommodatepresentandfuturisticdemand.Atthesametime,itneedto
addressthewiderconcernofsubscriberrelatedtosecurity,reliability,interoperability,performance
etc.Thiswillonlybepossibleifcloudprovidersadoptsnewtechnologythatisefficient,reliableat
thesametimecosteffective.Oncealltheaforementionedobjectivesarefulfilledthenonlyatrueand
widelyacceptedcloudparadigmdreamwillbetrue.
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