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SINGLE-CORE PROCESSOR TO MOBILE CLOUD 
COMPUTING: EVOLUTION AND FUTURE

Theevolutionsofcomputingdevices,communicationnetworksandprocessor-levelarchitectureshave
witnessedarapidgrowthduringlastcoupleofdecades.Thesemiconductordevicesareincreasingly
reducedinsize,whichhavegiventhebirthofmobilecomputingdevicessuchas,smart-phones,PDAs
andlaptopcomputers.However,themobilecomputingdeviceshaveaninherentlimitationrelatedto
availablecapacityofbatterypower.Thelimitationofelectricalenergysourcehasresultedinthelimita-
tionoffunctionalitiesofmobilecomputingdevicesandtheircomputinglifetime.However,theplatforms
intraditionalcomputingdomaininvolvingcomputershavegonethroughevolutiontoo.Thesingle-core
CPU(CentralProcessingUnit)architecturehasgrownintomulti-coreCPUarchitecture.Inaddition,
themainmemorycapacityhasincreasedenormouslyduringlastcoupleofdecades.Inthedomainof
datacommunicationnetworks,thenetworkarchitectureshaveevolvedfromLAN(LocalAreaNetwork)
toWAN(WideAreaNetwork)andlastlytheInternet,whichisageographicallydistributednetwork.
Therecentadditiontocomputernetworkingisthemobilecommunicationnetworkintegratedwiththe
Internet.The integrationofsuchheterogeneousnetworkarchitectures isessential for realizationsof
Internet-equippedsmart-phonesandlocation-transparentmobilecomputingparadigm.Theevolutionary
trajectoryofdistributedcomputingsystemsinvolvingmultiplecomputingdevicescanbepartitioned
intoseveralstagessuchas,distributedsystems,clustercomputing,gridcomputing,cloudcomputing
and,lastlythemobilecloudcomputing.

Distributed Systems

Thetraditionaldistributedsystemsarecomprisedofmultiplecomputingnodesorprocessorsintercon-
nectedtohavedatacommunicationpathways.Theearlymodelofmulti-computingiscategorizedasa
tightly-coupledsystem,wheretheaddress-spaceissingle.Thus,asinglesystem-wideprimarymemory
issharedbymultipleprocessors(nodes).Themainlimitationsofthismodelarebus-contentionand,
process-waitcyclesdue to shared-memoryat the levelof systemarchitecture.Theotherendof the
spectrumisloosely-coupledsystems,wherearchitecture-levelsharedmemoryisreplacedbydistributed
sharedmemory.Inloosely-coupledmulti-processorsystems,thenodeshaveownlocaladdress-spaces
and,apartofprimarymemorycanbesharedbetweennodes.Thedistributedsystemsaretheresultof
integrationofcomputerarchitecturesandthecommunicationnetworks.Thearchitecturalmodelsofdis-
tributedsystemsarebasicallycomprisedofindividualcomputingnodesconnectedbycomputernetworks.
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Theoretically,thiscanbeviewedasagraphofcomputingnodes.Themaingoalwastoenhancespeed
ofcomputationbyexecutingrelativelyindependentprocessesinvirtual-parallelmodel.Thedistributed
processescommunicatetosharedataandtosynchronizeusingcommunicationnetworks.Themodelsof
traditionaldistributedcomputingsystemscanbeclassifiedintofivebroadclassesnamely,minicomputer
model,workstationmodel,workstation-servermodel,processor-poolmodeland,hybridmodel.These
modelsarebasedonmultiplecomputers,whichcanbecategorizedasminicomputers,workstationsand
servers.Thecommunicationmediumisreliableandhigh-bandwidthwirednetwork.

Cluster Computing

Inthetraditionalmodelsofdistributedsystems,theconceptofclusteringofnodestoperformsome
dedicatedcomputationsisabsent.Thehigh-performancecomputationsoftenrequireadedicatedsetof
nodesconnectedbyveryhigh-speedwirednetworktoaccept,distributeandschedulecomputational
jobs(processes)withuser-transparency.Thetraditionaldistributedcomputingsystemshaveevolved
intoclustercomputingtoachievethisgoal.However,theresourcemanagementandtask-assignments
tonodesarethetwomaintechnicalchallengesofclustercomputingsystems.Thegoalistomaximize
resourceutilizationsateachnodetoachieveoptimaloverallresourceutilizationgloballyinaclusterat
anypointoftime.Thus,therearetwoissuestolookat:

1. Globaltask-assignmenttothenodesfromthebatchofjobs,and
2. Optimallocalschedulingoftasksorprocessesatanode.

Ingeneral, thedesigninganoptimalglobal taskassignmentalgorithmisacomputationallyhard
problem.Aclustercomprisedofheterogeneousnodesmakesitdifficulttodesignagloballyoptimaltask
assignmentalgorithmindependentoftime.Theclustercomputingsystemsoftenrecognizethebatchjobs
intotwosuchas,sequentialtasksand,paralleltasks.Thesequentialtasksarehighlydata-interdependent
computational processes requiring sequential computing. However, parallel tasks are comprised of
data-parallelsub-tasks,wheresub-taskscanexecuteinparallelintimeatdifferentnodesrequiringdata
communicationsinintervals.Thisindicates,theresourcemanagementandload-balancingalgorithms
ofclustercomputingsystemsshouldconsiderthetaskcategoriesinordertodecidenearoptimaltask
assignmentstonodes.However,priordeterminationofdegreeofdata-dependencyanddata-parallelism
withinalargetaskishighlycomplex.

Grid Computing

Theclustercomputingplatformsareconstrainedtolocalizationofresourcesforspeedyaccess.However,
theadventofInternetprotocolinducedanotherchangeinthedistributedcomputingparadigm.TheIn-
ternetprotocolallowsstandardizedandtransparentdatacommunicationbetweenanytwogeographically
distributednodes.Additionally,theprotocoliscapabletointegrateheterogeneouscomputingresources
overthenetwork.Thus,thegridcomputingparadigmisborn,wherethecomputingresourcesaregeo-
distributedandheterogeneousnodesareconnectedbyInternet.However,thegridcomputingsoftware
isdesignedtoprovideuser-transparencyandlocation-transparency.Thegridsoftwarearchitectureis
designedbyemployinglayeredandcomponent-basedsoftwarearchitecturemodel.Eachlayerofthegrid
softwarearchitectureimplementsasetofcapabilitiesandfunctionsbasedonthesoftwarelayerbelowit.
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Inotherwords,ifonemovesfromlowestlayertohighestlayerofstratifiedlayeredgridsoftwaremodel,
thenonecanseethatcapabilitiesandfunctionsaregettingexpandedthroughaugmentation.Thelowest
layerofgridsoftwarearchitecturerepresentstheresourcefabricofthegrid.Theresourcediscovery
andsharingisimplementedbyspecificgridcommunicationprotocolbetweensoftwarecomponents.
TheInternetprotocolprovidesabasicdata-carryinginfrastructuretobeusedbygridprotocolforinter-
componentcommunications.Theresourceallocation,meteringand,authenticationfunctionsarerealized
atdifferentverticallayersofgridsoftware.Theinter-layercommunicationisimplementedbystandard-
izedinterfacedefinitionsandprotocols.Thus,thegridcomputingsystemsprovidesageo-distributed,
user-transparent,location-transparentand,reliabledistributedcomputinginfrastructurecomprisedof
largearrayofheterogeneouscomputingresources.

Cloud Computing

Thegridcomputingparadigmisfurtherevolvedintoservice-orientedcomputingarchitecture.Inabso-
lutetechnicalview,arguablycloudcomputingisatraditionalformofdistributedsystemswithanew
commercialapproach.Incloudcomputingparadigm,theuserapplicationsareexecutedondistributed
systemsasaserviceandtherequiredsystemsoftwaremodulesprovidethecloudplatform.Inother
words,acloudplatformisaclusterofdistributedsystemscomprisedofheterogeneoushardwareand
softwareofferedtousersforacommercialpriceasaservicetoexecuteuserapplications.Iftheusers
aregeneralpublicinsocietyneedingcomputationalfacilities,thenthecloudplatformsprovidingsuch
servicesforapricearecalledpublic-cloud.Theotherspectrumisprivate-cloud,wheretheunderlying
distributedsystemsanddatacentersarenotaccessibletocommonusersbuttospecificorganizations.
Themaintechnicalchallengeofpublic-cloudplatformsisscalabilityofthesystems.Theemploymentof
efficientresourcevirtualizationmechanismisanothertechnicalareaneedingattentionincloudcomput-
ingparadigm.However,virtualmachinemodelsaregenerallycomplextodesignand,computationally
expensivewastingavailableresources.

Hybridization I: Virtualized Cluster

Theclustercomputingparadigmwasinitiallycenteredonhomogeneityofcomputingsoftwareplatforms
inordertoreducecomplexity.However,theproliferationsofcomputingapplicationsatdifferentdomains
haveresultedinheterogeneousapplicationsneedingheterogeneouscomputingresources.Themechanism
toisolatedataandapplicationsofdifferentusersresidinginaclusterwasnotwelladdressedintheini-
tialdesignsofclusterplatforms.Theusersfromdifferentorganizationsoftenshareaclustercomputing
platform,whichresemblesthegridcomputingparadigm.Thus,theneedtoisolateandprotectdataand
executingapplicationsfromdifferentusersinasharedclusterbecomesevident.Lastly,theperformance
requirementsorQuality-of-Service(QoS)ofdifferentuserapplicationsaredifferent.Therequirement
tomaintaindifferentialmanagementofQoSofapplicationshavingspecificQoSrequirementsappears
tobenecessaryinaclusteriftherespectiveclusterisintendedtoexecuteawidearrayofheterogeneous
applicationsconcurrently.

Evidently,clustercomputingplatformsstartedtoevolveanotherdirectionbyhybridizingwithvir-
tualizationtechniquesofcomputingresourcesinordertoaddresstheadditionalsetofrequirements.
Theemploymentofvirtualizationofcomputingresourcesinaclustercomputingplatformisaimedto
decouplingcomputationalservicesfromthephysicalhardwaredevicesorplatforms.Inthishybridmodel,
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theusershavethetraditionalinterfacetoclustercomputingplatforms;howevertheback-endissplitinto
twosections.Onesectiononback-endiscomprisedofvirtualwork-nodesconnectedbyvirtualnetwork
and,theothersectiononback-endiscomprisedofphysicalinfrastructure.Theinterfacebetweenthetwo
sectionsisasoftwarelayercalledDistributedVirtualizer(DV).Thehybridmodelofclustercomputing
paradigmincorporatingvirtualmachinemodelcansupportthenewsetofrequirementsarisingfrom
sharedclusterplatformsexecutingheterogeneoususerapplicationsofferingQoSanddataisolation.

Hybridization II: Mobile Cloud Computing

Thecloudcomputingparadigmcanbecategorizedintotwonamely,generalcloudplatformsand,mo-
bilecloudplatforms.Inthecaseofgeneralcloudplatforms,thenodes(followingclient/servermodel)
arestaticandunderlyingnetworkiswirednetwork.However,theadventofmobilecomputingdevices
hascreatedadifferentenvironment,wheretheclientsareresource-thinandmobileinnature.These
characteristicsofclientshaveraisedtwomajorresearchquestionssuchas,

1. Howtopartitionapplicationandsystemsoftwarestackstodistributedcomputationbetweenmobile
clientsandcloudservers,and

2. Howtomanagemobilityofclientswithintheacloudplatform.

Theissuesrelatedtoresearchquestion(2)canbefurthersubdividedintofollowings:howtomanage
hoppingandnetworkconnectivitytomultipleserversbymobileclientsinacloud,howtoauthenticate
amobileclientinacloudand,howtohandledatamigrationduetomobilityofclientsinacloud.One
approachtoaddresstheseresearchquestionsistoviewthemobilecloudcomputingparadigmasahy-
bridizationofgeneralcloudcomputingparadigmandmobilecomputingparadigm.

Followingthishybridview,thechallengesassociatedtomobilecloudcomputingparadigmarefine
grainedintaxonomysuchas,issuesrelatedtoendusers,issuesrelatedtomobilecloudserviceprovid-
ers,issuesrelatedtoservice-levelagreements,issuesrelatedtosecurity,authenticationandprotection,
issues related tocontextofmobilityofclientsand, issues related toefficientdatamanagement.As
mentionedearlier,themobileclientsareresource-thinhavingverylimitedcomputationalcapabilities
andmoreimportantly,mobileclientsareeffectivelytheusersofservicesprovidedbycloudplatforms.
Often,thecontinuityofaccesstomaincloudplatformbyamobileuserisimpossibletoguaranteedue
toinvolvementofheterogeneousnetworkscomprisedofback-endstaticwirednetworksandwireless/
mobilecommunicationnetworksonmobileuserside.Thus,theconceptofcloudletisformed,wherethe
intermediateserversareusedbetweenamobileuser(client)andacloudplatform.Theseintermediate
computeandcommunicationserversarecalledcloudlet.Hence,amobileuser(mobileclient),cloudlet
andacloudplatformformsachaincomprisedofheterogeneousnetworksbetweendifferentstages.

Itisimportanttonotethat,offloadingofcomputationsandmigrationofvirtualmachines(compu-
tationanddata)aretwoimportantresearchissuesingeneralcloudaswellasmobilecloudcomputing
environments.
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CONCLUSION

Thetraditionaldistributedcomputingsystemshaveevolvedalongway.Thefundamentaltheoretical
modelsandalgorithmicdesignsofdistributedcomputingremainunchanged.However,theevolution
ofuserapplicationsexecutingondistributedsystemshasresultedinasetofnewrequirementsinde-
signingthedistributedsystems.Thetraditionalmodelofstatic-client/static-servermodelofdistributed
systemshasgivenwaytomobile-client/static-servermodelofdistributedsystems.Thevirtualizationof
computingresourcesbecomesnecessarytoexecuteheterogeneoususerapplicationsfulfillingindividual
QoSrequirementsofdifferentapplications.However,theoverallperformancedegradationandresource
wastageduetoemploymentofvirtualmachinemodelsaremajorconcerns.
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