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ABSTRACT

In the paper, the problem of using cloudlet-based mobile cloud computing to solve the issues
(resourcedeficiencyand limitedenergy) that require largecomputingandmemoryresourceson
mobiledeviceshasbeenstudied.Energy-savingofmobiledevices,resourcelimitationsinmobile
devices,andeliminationofnetworkdelaysareanalyzed.Itisshownthatthesolutionofmobileusers’
tasksinthecloudleadstotheincreasedbatterylifeofmobiledevicesandreducesnetworkdelays,
whichisshownbymathematicalcalculations.Thearticleconsidersthebalanceddistributionofthe
tasksinthecloudletnetwork.Thepaperalsodealswiththeselectionofcloudletsaccordingtouser
requirements.Thecasesforwhichacloudapplicationcanbeloadedbytheuserwereevaluatedand
amodelwasproposedusingthepossiblevaluesthatdeterminetheimportanceofcloudlets(user
proximity,highreliability,etc.).
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INTRoDUCTIoN

Reducing of computing and memory resources of mobile devices, and the short period of
autonomous operation of a battery life creates problems which require large computing and
memoryresources.Mobilecloudcomputinghasbeenusedtoovercometheseproblems(Pang
etal.,2015;Dinhetal.,2013;Fernandoetal.,2013).Cloud technologyeliminates resource
restrictionsofferingvirtualresourcessuchasSaaS(SoftwareasaService),PaaS(Platformas
aService),andIaaS(InfrastructureasaServer)formobiledevices.User’stasksareperformed
oncloudserversandtheresultsaresenttothemobiledevice.Whenusingthistechnology,the
mobiledeviceactsasaterminal,whichallowssavingenergy.Thus,mobilecloudcomputing
isanewparadigmcreatedbytheintegrationofmobilenetworkandcloudcomputing,which
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providesovercomingthecomputingandmemoryresourceslimitationsonmobiledevicesand
reducingenergyconsumption(Abolfazli,2014;Sarddar,&Bose,2014).

Moreover, solution of mobile users’ tasks on remote cloud servers creates great problems.
MobileusersareloadedonremotecloudserversviatheInternet,anditmaycausetheoccurrence
ofdelaysduetotheoverloadofnetworkandincreasetheenergyconsumptionofthemobiledevice.
Thequalityoftheservice(QoS)islowifthenetworkisloaded.Mobiledeviceshavebecomethe
maincomputingplatformformanyusers.Recentsoftwareapplicationsrequiregreatcomputingand
memorysources.Limitedcomputingandmemoryresourcesofmobiledevices,lowbatterylifecannot
providerapidsolutionsfortheseproblems.Thus,theenergyconsumptionofmobiledevices,reducing
resourcelimitationsonmobiledevicesandnetworkchangesareofthemainproblems.Whenusing
acloudlet-basednetwork,numerouscloudletsappeararoundtheuser.Moreloadingofonecloudlet
andlessloadingofotherswillcausedelaysinthesystem.Balancedplacementoftheuser’staskson
thesecloudletsisthemainproblem.Ifauserloadsandsolvesataskinanearbycloud,therewillbe
lessdelaysandlessenergyconsumption.Thedelaysandenergyconsumptionwillincreasewiththe
growingnumberofcommunicationchannelsifcloudletsarefarawayfrommobiledevices.Therefore,
solutionforselectingacloudletthatsatisfiestheuser’srequirementsinthecloudletnetworkisstudied.

Thearticleanalyzestheissuesofenergysavingandresourcelimitationsinmobiledevicesand
theeliminationofnetworkdelays.Theintroductionemphasizesthatsavingenergyconsumptionof
mobiledevices,eliminatingresourceconstraintsandnetworkdelaysinmobiledevicesareofgreat
importance. Section 2 provides an overview of the studies in this field. Section 3 examines the
factorsthataffectthetimeoftaskprocessinginmobilecloudcomputinganditsdeliverytotheuser,
andsuggeststheuseofhierarchicallystructuredcloudlet-basedmobilecloudcomputingtosolve
abovementionedproblems.Section4comparesenergysavingwhensolvingthetasksincloudlets
throughthemathematicalwayandthedelaysthatoccurincloudletsorcloudservers,andshowsthe
advantagesofcloudlets.Section5discussestheselectionofcloudletsaccordingtotheuser’srequest.

RELATED WoRK

Insomestudies,energyconsumptioncanalsobereducedbyplacingthemainandextrapartsof
thesoftwareapplicationsthatusersuseontheirmobiledevicesandcloudservers(Huerta-Canepa
&Lee,(2017).Thearticle(Jiaetal.,2016)showsthatthedelaysindatasharingarelong-termas
thecloudserversarephysicallyfarawayfromusers.Theproximityofcloudserverstotheusers
significantlyreducesthedelaysindatasharing(Shietal.,2012).Inthearticle(AlakbarovR,&
AlakbarovO,2019)amethodisdevelopedtoensuretheefficientuseofcloudsourcesbymobile
users.Inthepaper, theissueofhowtoproperlyusecloudletslocatedonthemobileuser’sroute
inwirelessmetropolitanareanetworks(WMAN)isdescribed.Someinvestigations(Li&Wang,
2013)proposetheuseofcloudletstoreducecomputingloadonmobiledevices.In(Gelenbe,Lent&
Douratsos,2012)theproblemofreducingenergyconsumptionbytheoptimaldistributionofauser-
solvedproblembetweenacloudserverandaremotecloudserverisdescribed.In(Mukherjeeetal.,
2014;Ahmedetal.,2015;Beloglazovetal.,2012)theissuesofsoftwareapplicationdelaysandthe
developmentofmobilecomputingsystemsthatreduceenergyconsumptionarediscussed.Thepaper
(Garrison,Wakefield,&Kim,2015)considerssavingenergyconsumptiononmobiledevicesusing
cloudlets.TheusageofcloudletstoavoiddelaysontheInternetwhilesolvingmobileusers’problems
inremotecloudsisstudied(Satyanarayananetal.,2009).Thepaper(Tawalbeh,Jararweh&Dosari
2015)studiestheselectionofcloudletsthatservemoreefficientlyformobiledevices.Itisshownthat
securityissueswhenusingthecloudletnetworkarehigherthanusingthecloudservers(Quwaider&
Jararweh,2015).Thearticle(Verbelenetal.,2014)showstheuseofcloudletsasawayofsolutionin
thereductionofdelaysandenergyconsumption.In(Bohezetal.,2015),amethodfortheefficient
useofcloudletsourcesbymobileusersisproposed.Thebalanceddistributionandmanagementof
issuesinacloudlet-basedmobilecomputingnetworkisinvestigated(Singh&Chana,2015;Li,2012;
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Shiraz&Gani,2014).Thepaper(Mathur&Sharma,2019)variousissuesinmobiledevices(related
toenergyshortages,computingresources,etc.)areanalyzedandsolutionsareproposed.Thearticle
(Nayyer,Raza,&Hussain,2018)proposestheuseofcloudlet-basedcloudcomputingtoeliminate
thedelayscausedbyoverloadinmobilecloudcomputingandamethodofefficientuseofcloudlets.
In(Somula,&Ra,2018)suggestedtousecloudletstotroubleshootproblemswithmobiledevice
batteriesandcomputingresources,andtoeliminatedelaysinresolvingusersoftwareapplicationsin
cloudlets.Thearticle(Zhao&Zhou,2019)reviewedsavingenergyconsumptioninsolutionofthe
issue.Itproposescanreduceenergyconsumptionandcommunicationchanneldelaysbycorrectly
placingmainandauxiliarypartsofsoftwareapplicationusedbytheusersinthemobiledeviceand
cloudserver.In(Ceselli,Premoli,&Secci,2017)discussesthestructuralproblemofacloudlet-
basednetwork.ThearticlesuggestshowtocreateacloudletnetworkinWirelessMetropolitanArea
Networksinordertosolvetheproblemofwhereandhowmanycloudletsaredeployed.

PRoBLEMS oF MoBILE DEVICES

Thefactorsthataffecttheprocessingoftasksandthetimeofdeliveryoftheresultstotheuserin
themobilecloudcomputingareasfollows:(Fernandoetal.,2013;Sarddar&Bose,2014;Shiraz
&Gani,2012).

• Timingofsolvingthetaskonremotecloudservers
• Networkdelays
• Datatransferringspeedincommunicationchannel

The last two factors depend on the network environment. In mobile cloud computing, the
occurrenceofdelaysincreasesastheconnectionbetweentheuserandtheremotecloudserveris
performedovertheInternet.Today,thecentralizedcloudsusedbyuserscannotsendprocesseddata
tousersathighspeedalthoughtheyhavehighcomputingandmemoryresources.Therapidincrease
inthenumberofmobileusersincloudcomputingcausesnetworkoverload,whichcanleadtodelays
inthetransferofprocesseddatatotheuser.AccordingtotheGlobalNo.1BusinessDataPlatform,
thenumberofsmartphoneusersisexpectedtoreach3.8billionin2021andtheirmonthlyinternet
trafficisexpectedtoreach12GB/monthin2022.Usingthesecentralizedmobilecloudcomputing
withinthesefigures,itisimpossibletoprovideuserswithefficientcloudservices.Toovercomethe
mentionedshortcomings,itisnecessarytolocatethecloudcomputingresourcesclosetotheuser.
Thetasksthatrequirelargeresourcesfrommobilecloudcomputingareloadedonnearbyservers,
helpingthemtoresolvethetasksmorequickly.

Mobiledevicesfacethefollowingdifficultiesinthesolvingofthetasksthatrequirelargeamounts
ofcomputingandmemoryresources:

• Restrictionsintheenergyresource
• Restrictionsoncomputingandmemoryresources

Batterylifeofmobiledevicesislimited.Theimplementationofapplicationsoncloudservers
reducesenergyconsumptiononmobiledevices.However,tocompletelyoffloadalltheapplicationto
thecloudisimpossible.Forexample,featuressuchaslaunchingapplications,datainputanddisplaying
processingresultsonscreen,etc.shouldbeimplementedonamobiledevice.Theimplementation
ofmostapplicationscanberunoncloudservers.Somepartoftheenergyofmobiledevicesisspent
ondisplayingvarious informationon the screen, to solve aparticular task andconnect it to the
Internet(Kumar&Lu,2010).Theuseofsocialnetworks,Internetapplications,phonecalls,web
pages,etc.oftencausesthefrequentdischargeofthebatteriesofthemobiledeviceandrequiresto
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chargeitallday.Existingtechnologiesdonotensurealongerbatterylifeofmobiledevices.Cloud
technologyisusedtoextendbatterylife(energysaving).Intheuseofapplicationsthatrequirelarge
computingandmemorysourcesonmobiledevices,theirprocessorandmemorysourcesarefully
involvedinoutlinedissues.This,inturn,causesaquickdischargingofthebattery.Cloudtechnology
isusedtosolvethisproblem.Thatis,ataskissolvedoncloudserversandthemobiledeviceacts
asaterminal.Asaresult,thisprovideslongerbatterylife.Atthesametime,whenmobiledevices
connecttothenetworkthroughWi-Fi,energyconsumptionisreducedby23%comparedtoother
connectiontechnologies.Also, themoretheapplicationsareresolvedonserversclosetomobile
devices,thefasterthetaskcanbesolvedbyreducingdelaysinthecommunicationchannel,andthe
energyconsumptionofthemobiledevice.

Thus,cloudletsarecreatednearthebasestationsofmobileoperatorsforlargerandmoreefficient
useofmobiledevicesincloudtechnologies.Cloudlet(smallcloudcomputing)aredeviceslocated
nearbytheusers(server,desktop,notebook,etc.),whichenablethemtoprocessandreportthetasks
fastercomparedtoremotecloudservers.Cloudservicesrequiredbytheusersareimplementedthrough
cloudlets.Lettheuserhastoworkwithanysoftware.Hecallsthesoftwaretothenearestcloudlet
andworkswithitfortherightperiodoftime.Thisreducesthecostofcloudservices,decreasesthe
timerequiredtosolvethetask,andthenetworkislessloaded.Ontheotherhand,utilizingtraditional
centralizedcloudservicescanprovidetherequirementformobiledevicesforhighcomputingand
memorysources.Butthereoccurdelaysinobtainingresultsordatainthistypeofcloudservice.For
solvingthepresentedproblems,theusageofhierarchicalstructured,cloudlet-basedmobilecomputing
systems is proposed. The system sends those operations to cloudlets to perform the processing
operationsrequiredbymobiledevicesandtoachievethefinalresult.Italsominimizesthetransfer
delays,reducesthelimitationsofcomputingandmemorysourcesofmobiledevices,andalsoreduces
theenergyconsumptionofmobiledevices.

Whileusingthecloudcomputingservice,theuserappliestwomodes:offline,online.Forexample,
theuserobtainsavirtualcomputingmachinefromthecloudforissuesthatrequirehighcomputing
power.Then,hesendshetaskstothecloudandgetstheresultsinawhile.Inthismode,thereisno
directconnectionbetweentheuser’scomputerandthecloudwithinthetimerequiredtosolvethe
task.However,thereisaproblembetweentheuserandthecloudtotheendoftheprocess.Itcauses
networkloadingwhensolvingthesetasks.Anewarchitectureofmobilecloudcomputingisused
toreducenetworkoverload.Sometimesitiscalledcentralizedcloudtechnology.Thestudiesshow
thatthevolumeofmobiledevicesandthenumberofmobileinternetusersareconstantlyincreasing.
Mobilecomputingsystemswithasinglelevelofarchitecturecannotprovidehigh-qualityservice
tomanyusers.Thatis,inmobilenetworksystems,thecasessuchasnetworkoverload,latetransfer
to theuser,costofservice,delays,andtrafficoverloaddonotprovidequalityservice.Resource
managementcentre(RMC)widelyuseshierarchicalstructuredcloudlet-basedmobilecloudcomputing
tosolvetheseshortcomings(Figure1)(Sarddar&Bose,2014;AlakbarovR&AlakbarovO,2019).

MobileuserrequestsanddataaretransferredtoRMC,whichprovidesservicesforthecloudlet
network.Then,users’requestsaresenttotheserverprovidingInternetaccessattheRMCandthrough
theInternet,theconnectiontotheappropriatecloudissupported.TheRMCcontainsinformation
onthetechnicalcapabilitiesofcomputerhardware(processorrunningspeed,numberofprocessor
cores,numberofvirtualmachinesandtheirspecifications,memory,etc.)usedtocreatecloudlets,
whichenableuserstoloadandsolvetheirissuesonanearbycloudlet.Thus,accordingtosubmitted
request,theapplicationcalledfromthecloudserversisdeployedonthecloudletprovidingtheuser’s
requirements.Thisarchitecturepartially improves theperformanceofsomespecifiedparameters
(problemresolutiontime,delaysinthecommunicationchannel,fractures,etc.).Inthehierarchically
structuredarchitecture,cloudcomputingsystemsarelocatedonthe1stlevel,andonthe2ndlevel,a
networkofcloudletsiscreatedclosetothebasestations.Onthe3rdlevel,mobiledevicesarelocated.
Theadvantagesofusingcloudletsincludefastserviceaccess,supportingofmobilityandreducing
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roamingcosts.Resolvingusersoftwareapplicationsinnearbycloudletscansaveenergyconsumption
onmobiledevicesandpartiallyreducenetworkdelays(Whaiduzzamanetal.,2016;Royetal.,2017).

Inaddition,thetechnicalcapabilitiesofcloudletsarehigherthanthoseofmobiledevicesasin
cloudcomputing,whichenablestheimplementationoftime-consumingsoftwareapplicationson
cloudlets.Let’sconsidertheenergy-savingtimeofthetimeinthecloudletandthedelaysthatarise
whenusingthecloudorcloudservers.

PRoBLEM SoLUTIoN

(
)

P
mob

)-istheenergyconsumptionusedinthesolutionoftheprobleminamobiledevice:

P P T P
Mmob m m m

= × = ×
0  (1)

where,P
m

‒istheenergyconsumptionofthemobiledeviceinsolvingthetask(inasingletime
period), 0 ‒thenumberofinstructionsintheissue,M -computingperformanceofmobile
device(thenumberofinstructionsperformedinasingleperiod),T

m
‒timeforsolvingthetask

onmobiledevice.
Let’sseetheenergyconsumptionofthemobiledevicewhensolvingthetaskinthecloudlet:

P P P P
c
= + +

1 2 3


where,P
1

denotesenergyconsumptionofthemobiledeviceinstandbymodewhilesolvingthetask
inthecloudlet,P

2
andP

3
-theenergyconsumptionofthemobiledevicewhenoffloadingthetasks

fromthemobiledevicetothecloudlet.Energyconsumptionisestimatedbythefollowingformula:

Figure 1. The architecture of the hierarchically structured cloud computing
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where,P
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‒energyconsumptionofthemobiledeviceinastandbymodewhilesolvingthetaskin
thecloudletinasingletime,C ‒computingperformanceofcloudlet, 0 ‒thenumberofinstructions
inthetask,P
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For simplicity, if the energy consumption of mobile device in a single time is accepted as
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ts tr sr
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Taskoffloadingfromthemobiledevicetothecloudletandreceivingresultsdoesn’ttakemuch
time,anditprovidestoreducetheenergyconsumptionofthemobiledeviceforthesetasks.Since
thecomputingperformanceofthetools( )C usedinthecloudletsismuchmorethanthecomputing
performanceofthemobiledevice ( )( ,M C KM K= − accelerationcoefficient ) ,thetaskwillbe
resolvedfasterinthecloudletandtheenergyconsumptionofthemobiledevicewillbeless.Thus,
savingenergyconsumption( )P
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willbeasfollows:
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Thus,theenergyconsumptionofthemobiledeviceisnothighwhenoffloadingthedatatothe
cloudletandobtainingresults.Asseenintheformula(3),theenergyconsumptionofthemobile
deviceinstandbymodedependsonhowfast(K-accelerationcoefficient)thetaskissolvedinthe
cloudlet.Thesoonerthematterisresolvedonthecloudlet,themorethemobiledevicewillsave
energy.Thus,ifthevalueoftheformula[3]isapositivefigure ( )P

q
,thenthemobiledevicewill

saveenergyconsumptionuptothesamefigure.For ( )P
q

beingapositivefigure,thetransmission
andreceptionspeedd

sr
shouldbehigherandthecloudcomputingperformance( )C shouldbehigher

toallowthemobiledevicetospendlessenergyinstandbymode.If( )P
mob

-theenergyconsumption
onamobiledeviceforsolvingthetaskissueislessthan( )P

c
-theenergyconsumptionwhensolving

thetaskonthecloudlet,thenthemobiledeviceisused( )P P
mob c
< .
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Let’sstudycomparativeanalysisofthedelaysthatarisewhensolvingthetasksoncloudletor
cloudservers.Iftheissueissolvedinthecloudlet,delaysareevaluatedasfollows:

T T T T T
cloudlet

= + + +
1 2 3 4



where,T
s1

=
0 ‒isthetasksolutiontimeinthecloudlet,T
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d
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d
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d
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4
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Thus,thedelayswhenthetaskissolvedinthecloudletarecalculatedasfollows:
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Let’sanalyzethedelaysthatariseinresolvingthetasksoncloudservers:
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where, 0
C
cloud

-isthetasksolutiontimeonthecloudserver,C
cloud

-performanceofthecloudserver

wherethetaskissolved,
D

d
mcloud

mcloud

-networkdelays,D
mcloud

-thedistancebetweenthemobiledevice

andthecloudlet,d
mcloud

-networkbroadcastspeed.
Let’scompareformulas(4)and(5).Forsimplicity,iftheperformancesofvirtualmachinesused

bycloudletsandcloudserversaretakenintoaccountasthesame,thenthemajordelaysinresolving
andtransferringthetasktothemobileuserwilldependonthedatatransmission,receptionofresults,
andthetransferringcapacityofthenetwork.Theabove-mentionedparameterswillincreasewhen
solvingthetaskoncloudserversastheresultofnetworkoverloadanditwillcausedelays.Therefore,
delayswillbelessifthetasksareresolvedonthecloudlet.Thus,whenthetasksareresolvedinthe
cloudlet,therewillbelessenergyconsumptionanddelays.

Belowtheexperimentalresultsofusingmobilecloudandcloudletarecomparedtosolvethe
mobileuser’stasks.Themobileuseruses4Gtoconnecttothecloudserver,andthewirelessconnection
(Wi-Fi)toconnectthecloudlet.

Thefollowingequipmentareusedfortheexperimentaltests:

• Cloudlet:LenovoV110laptop(Corei5-6200,CPU-2.4Ghs,RAM-8GB,HDD-256GB)
• Mobilephone:SamsungGalaxyNote8ExynosOcta8895(CPU-2.3Ghz,RAM6GB,HDD-64GB)
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Totesttheapplicationoftheproposedmodel,boththecloudletandaremotecloudserverofan
enterpriseareused.Thesizeofthedownloadedfileis120Mb.Duringtheexperiment,theenergy
consumptionofdownloadingthefile to themobilephoneiscomparedwiththetimerequiredto
completetheoperationandtofinishthewholeprocess.Whendownloadingfromaremotecloudserver,
energyconsumptionis98.2mW,anddelaysareaccountedfor6.54seconds.Experimentsshowhow
thecloudletsaremoreefficientforusersratherthantheremotecloudserver.Thus,usingacloudlet,
mobiledevicesconsume1,2timeslessenergythanaremotecloudserverandabout1.3timesless
latencyoccurs.Whenusingremotecloudservers,thetransferoflargefilesisoftentimeconsuming,
whereasthedelaysoccurringwhenusingcloudletsareshorter.Thus,itisproventhatcloudlet-based
mobilecloudsaremuchmoreefficientforthefastprocessingofsoftwareapplicationsrunninginthe
cloudorinthecloudletandforthereductionofdevice’senergyconsumptionandlatency.

SELECTIoN oF CLoUDLETS ACCoRDING To USER REQUIREMENTS

Numerouscloudletsof thecloudlet-basedWirelessMetropolitanAreaNetworks (WMAN)are
used.Cloudlet-basednetworkRMCcontainsinformationaboutthetechnicalcapacityofcomputer
(server,desktop,notebook,etc.).Moreover,RMCcollectsinformationaboutthetechnicalcapacity
ofcloudlets (processor frequency,numberofprocessorcores,numberofvirtualmachinesand
their technical characteristics, storage capacity, etc.) and which base station the cloudlets are
close towithin themobilenetwork.Therefore,accordingto thereceivedquery, it is important
toknowinwhichcloudletorvirtualmachinetheusercanplacetheapplicationcalledfromthe
cloudserversthatmeetstheuser’srequirements.Inmanycases,usersdonotchoosethetypeof
virtualmachineaccordingtotheresourcesrequiredtosolvethetask.Byprovidingtheuserswith
thesolutionofqueriesinnearbycloudlets,itispossibletoeliminatethedelaysbyreducingthe
numberofcommunicationchannelsbetweenusersandcloudletsandensurereliableoperationof
thenetwork.Properdeploymentofsoftwareapplicationsusedbyusersinthecloudmayreduce
theenergyconsumption,latencyandinterruptions.

Given the size of WMANs, improper deployment of user tasks in cloudlets and improper
distributionof loadamongthem(somecloudletsareoverloaded,othersarepartiallyusedornot
usedatall)canleadtolongerconnectionandincreasedprocessingtimeanddelaysindelivering
theresultstotheuser.Ontheotherhand,takingintoaccountthefactthatcloudletshavedifferent
computingandmemoryresources,anditshouldbedeterminedwhichofthemislessloaded,and
theuser’sapplicationshouldbeinstalledandrunonit.Thus,theoptimaldeploymentofsoftware
applicationsofmultipleusersinthecloudisatopicalissue.Toovercomethisshortcoming,it is
necessarytolocatecloudcomputingresourcesclosetotheuser.Userscaneliminatethesedelays
byusingacloudletlocatedclosertothem.Cloudletsalsoprocesstherequestsfasterandenablethe
mobiledevicestoconsumelessenergy.

Whencomputingandmemoryresourcesofacloudletfailtohandletherequestsofitsmultiple
mobileusers,themobileuserhastoselectanothercloudletthatisclosetohim/heranduseitsresources.
Thetimeoftasksolutionanddeliverytotheuserdependsonthecomputingpowerofthevirtual
machinecreatedinthecloudletsandonthenumberofnodesbetweenthecloudletandtheuser.The
smallerthenumberofnodesbetweenthecloudletandtheuser,thefewerthedelaysocccur.This,in
turn,helpsdelivertheresultsanddatatotheuserfaster.Beforechoosingacloud,thenetworkneeds
tobeinspectedandthestatusdetermined.Thus,aftertheinspection,theinformationabouttheloading
andtechnicalcapabilitiesofcloudletsisobtained,andwhentherequestisreceived,itisdeterminedin
whichcloudletthetaskwillberesolvedfaster.Thenumberofcommunicationchannelsbetweenusers
andthecloudletshouldbeminimal,whichensuresreliableoperationofcommunicationchannels.
Atthesametime,asmallnumberofcommunicationchannelsreducesthedelaysandincreasesthe
reliabilityofsecurityissues.
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Potentialcloudletsshouldbeevaluatedbytheuserinthedeploymentofthesoftwareonany
cloudlet.Intheimplementationoftheevaluation,thecharacteristicsofthecloudletshouldbetakeninto
account.Let’sanalyzetheselectionofcloudletrelevanttotheusers’requirements(vacantresources
inthecloudlet,reliabilityofcommunicationchannels,minimumnumberofcommunicationchannels,
distancefromtheusertothemobilebasestation).

Thecloudlet-basedmobilecomputingsystemconsistsofcloudletsinW number(Figure2).
Mobileusersignificantlyreducesthedelaysbyoffloadingtheirtaskstothenearestcloudthatprovides
its solution. These cloudlets contain geographical coordinates, computing power, and reliability
indicators for each particular cloudlet and information about the free virtual machine resources
managementcentre(RMC)inthecloud.Cloudletcoordinatesbeing:

C x y C x y C x y
w w w1 1 1 2 2 2

( , ), ( , ),..., ( , ) 

createsclusters:

C C x y w W
w w w

= ∈{ ( , )}, [ , ]1  (6)

Whenusingthecloudletsbyusers,theavailabilityofvacantresourcesforthetasksolutionshould
beprovided.Cloudletsservetotheuseraccordingtothenumberofvirtualmachinescreatedinthere.

Overloadingoccursonthenetworkwhenthenumberofusersexceedsthenumberofvirtual
machines.Therefore,users’taskshavetobedistributedbalancedbetweencloudlets.Thecomputing
powerofcloudletsisdeterminedbythecomputingpowerofthecomputerhardwareusedthere.Since
eachuserisassociatedwithavirtualmachine,thepresenceofavacantvirtualmachinejustmeans

Figure 2. Cloudlet-based mobile computing network
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thepresenceoffreecomputingpowerinthecloudlet.Cloudletsclusters( )W withvacantresources
aredeterminedfromcloudletsclusterswhentheuseraddressesthem-C c n N NN

n
= ={ ; ,..., },1 –

isthetotalnumberofcloudletswithvacantresourcesN W< .Itisconsideredthatthecharacteristics
ofthecloudletsaresufficienttosolvetheusers’tasks.Thereliabilityindicatorsofcomputerhardware
usedinthecreationofcloudlets(desktop,netbook,notebook,server,etc.)vary.Acloudletwitha
high-reliabilityindexmayberequired,dependingonthecharacteroftheuser’stask.Setofcloudlets
aredefinedfromthecloudletswithvacantresourcesaccordingtoreliabilityindicesrequiredbyusers.
C C C p pM

m
N

m
= ∈ >{ | }

min
– is a set of cloudlets in which reliability indices satisfying the

condition p p
m
>

min
 are defined; p

min
– is a predetermined low bounded value of reliability;

m M M= 1,..., ; –isthenumberofcloudletsinclustersCM ,M N≤ .
Notethat,dependingonthesolutionofparticularproblems,othercharacteristicsofcloudlets

mayalsobeinvolvedintheanalysisprocess.Furthermore,newcharacteristicscanbeidentifiedand
consideredifnecessary.

Letatanycurrentmoment,mobilestationaryusers J  inaU
j
numberbeconnected to the

network of cloudlets determined in formula (6) if ∀ ∈j J[ , ].1  These users, together with their
coordinates,createasetof { ( , )}U x y

j j j
.Asinasetofcloudlets,eachuserofthesetofusershas

their requirements for computing resources and reliability indices of cloudlets. If the users’
requirements j aredeterminedasc p

j j
, thenthesetofusersshouldbedefinedasfollows:

U U x y c p j J
j j j j ji

= ∈{ ( , ),{ },{ }, [ , ]}1 

Moreover,eachusercanconnecttocloudletsiftheconditiondis d
jk
≤

max
(dis j

jk
− –thmobile

user’sconnectiondistancetothek –thcloudlet,d
max

–maximalconnectiondistancefromthemobile
devicetobasestationissatisfied(signalreceptiondiapason),andifthenumberofcommunication
channelsbetweenthe j –thmobileuserandthe k -thcloudletisnomorethan L L

jk
≤

max,
,(for

example,L
jk

=2).Accordingtoparameters,thesetofuserscanbedefinedasfollows:

U U x y
i i i

= { ( , ), { },{ },{ }, [ , ]}c p d j J
j j j

∈ 1 

A cloudlet with a minimum number of communication channels should be selected in the
connectionbetweentheuserandthecloudlettoensurethehighreliabilityofcommunicationchannels.
Thus,theselectionofthecloudletisimplementedaccordingtotheusers’requirements(existenceof
vacantresourcesinthecloudlet,highreliabilityindicesofcloudlets( )

min
p p
k
≥ ,minimumnumber

of communication channels (
max)

L L
jk
≤ , connection distance from the user to the cloudlet

dis d
jk
≤

max
andetc.):

C C C L L dist dist

k K K M

K
k

M
jk jk

= ∈ < ≤
= ≤
{ | ( & )},

,..., ,
max max

1


where:

• L
jk

:isthenumberofcommunicationchannelsfromthej-thmobileusertothek-thcloudlet;
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• L
max

:isthemaximumnumberofcommunicationchannelsaccessiblefromthemobileuserto
thecloudlet;

• dist
max

: is themaximumconnectiondistancefromthemobileusers tothemobilebase
station(cloudlet);

• K –isthenumberofcloudletsinthesetofCK (selectedwithingivenconditions)K M≤ .

ThedistancebetweentheJ -thuseru x y
j j j
( , ) andthek -thcloudletC x y

k k k
( , ) isanEuclidean

distanceanddist
jk

isevaluatedasfollow:

dist x x y y dist
jk j k j k
= − + − ≤( ) ( )

max
2 2 

Here,( , )x y
j j

and( , )x y
k k

–isthegeographicalcoordinatesofthe j -thmobileuserandthek-th
cloudlet.Fortheconnectionofthej-thusertothek-thcloudlet,thecloudletssatisfyingthefollowing
conditionsareselected:

dis d

l l

p p

jk

jk

k

≤
≤
≥










max'

max'

min

 (7)

Thefirstlineof(7)referstothedistanceparameterbetweentheuserandthecloudlet,thesecond
linereferstothenumberofcommunicationchannelsoftheuserwiththecloudlet,andthethirdline
referstotheparameterofreliability.

Thus,usingthepossiblevalues ( , , , )c d l p thatdeterminetheimportanceofcloudlets,itcanbe
definedtowhichcloudlettooffloadtheusers’softwareonthecloud.

CoNCLUSIoN

Thearticlestudied thefactors (solution timeoncloudservers,networkdelays,data transfer rate
throughcommunicationchannel)affectingtheprocessingtimeofthetasksinmobilecloudcomputing
anddeliveryoftheresulttotheuser.Thenetworkdelaysoccurredduringthesolutionoftheuser
tasksonremotecloudserverorcloudletswerecomparativelyanalyzed.Solvingtasksincloudlets
reducedthenetworkdelaysandexplainedthroughmathematicalcalculations.Solvingtheusertasks
incloudletsalsosavedenergyconsumptionofmobiledevicesandeliminatedresourcelimitations
ofmobiledevices.Atthesametime,thearticlediscussedtheissueofselectingcloudletsthatmeet
someoftheuserrequirements.Usingthepossiblevalues(closenessoftheuser,highreliability,etc.)
thatdeterminedtheimportanceofcloudlets,theconditionsaccordingtowhichtheuseruploadhis
applicationtocloudletwereidentified.Astrategyforselectingcloudletsaccordingtouserrequirements
wasdevelopedandasolutiontotheproblemofbalancedtaskdistributionamongcloudletswasoffered.
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