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ABSTRACT

Thisarticledescribeshowinvolunteercloudcomputingsystems,someresourcesarevolunteeredby
thehosts.Thesesystemsbecamemorepowerfulandattractivebecausetheyprovideahighestpower
computing.However,tosatisfytheuserrequirementsandthesystemperformanceinthiskindofthe
systemisacrucialchallenge.Inthisarticle,theauthorsproposeanewarchitectureforthevolunteer
cloudcomputingsystemstoallowbalancingtheloadbetweenvolunteercloudsinadecentralized
manner, and between resources inside a volunteer cloud in centralized manner. Moreover, their
proposalshowsmoreadvantages:First,selectingaresourceaccordingtotheuserrequirementsand
tothesystemperformance.Second,estimatingthevolunteerresourcefailureprobabilitybyusing
thestochasticprocessMarkovchainmodel.ExperimentalresultsusingthePeerSimSimulatoris
establishedtoverifytheefficacyoftheproposedsystemandpromisingresultsareobtained.
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1. INTROdUCTION

Volunteercomputingsystemisakindofscientificcomputingplatforms,wheretheresourcesand
processingpowerarevolunteeredbycomputerowners.Theseplatformsbecomemorepowerfulthan
anyexistingsupercomputer(Anderson,2010).Theyprovidemorethan10PetaFLOPScomputing
powertomorethan60scientificprojectsindifferentareasuchasphysics,astronomy,mathematics
andchemistry(Javadi,Matawie,andAnderson,2013).

Whereas, the volunteer resources continue to get faster exponentially, the computational
demandsofscientificprojectsaregrowingevenfaster.(Anderson2010)hasmentionedthatextreme
requirementsariseinatleastthreeareas:1)Physicalsimulation;2)Compute-intensiveanalysisof
largedata;3)Biology-inspiredalgorithms.

Thereexistmanysystemsregardingthevolunteercomputing,themostpopularis:SETI@HOME
(Paul2002),whichcurrentlyhasmorethanamillionandhalfparticipants(about4millionhosts)1.
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Consideredas thefirstoriginalproject, itssuccess ledto thedevelopmentof theBerkeleyOpen
InfrastructureforNetworkComputing(BOINC).BOINCprovidesanopen-sourceandfreemiddleware
forbuildingvolunteercomputinginfrastructures.Itisbasedonacentralizedarchitectureandfollows
aclient/servermodelforjobanddatadistribution.Inthecaseofdata,acentralizeddataserver,ora
setofmirrorsserversisusedtodistributedatatoclientmachines(Elwaer,Taylor,andRana,2011).

Thevolunteercloudcomputingisaparticularcaseofthevolunteercomputingwheresomeof
itsresourcesarecharacterizedbytheirinstabilitysincetheycanconnectordisconnecttothesystem
atanymoment.So,theseresourcesarecharacterizedbytheirverylowcost,andthedegreeoftheir
availability;buttogethertheycanprovidehighestpowercomputinginpetaflopsunit.

Manyresearcherssuchas:biologistsandphysicistsusethiskindofsysteminordertoperform
longoperationsandtoreceiveresponseinashorttime.Unfortunately,iftheuserschoosethemost
efficiencyresourceshavingthelowestfailureprobabilitythenthepressureontheseresourceswill
increase.Thisfactcausestheincreaseofresponsetimeandtheoverloadoftheseresources.So,itis
difficulttochoosetheresourcethatsatisfiestheneedsoftheuser,i.e.tochoosethemostefficient
(Availability)resource thatreduces theresponsetimeinonesideandbalances the loadbetween
resourcescomposingthevolunteercloudcomputingsystemintheotherside(AndersonandFedak,
2006).

Inthispaper,weproposeanewarchitecturebasedonvolunteercloudcomputingsystem,where
theresourcesareprovidedbythepublicparticipants.Inthisenvironment,wetackletwoimportant
problems: the loadbalancingbetween resourcesand theoptimizationofboth time responseand
availabilitycriteria.Thesetwocriteria(timeresponseandavailability)arecontradictoryrelated,and
haveannegativeimpactonloadbetweenresources,i.e.,iftheusersneedtomaximizetheavailability
criterion,thentherequestsareroutedtohighestavailablevolunteerresourcesprovokingtheincrease
oftheresponsetime(HemamandHioual,2017).Ontheotherhand,iftheusersneedtominimize
thetimeresponse,thentherequestsareroutedtothevolunteerresourcescharacterizedbytheirlow
availability.Inthesecases,somevolunteerresourcesareoverloadedandothersareunderloaded.To
regulatethisproblem,weproposeanarchitecturecomposedofthreeglobalcomponents:

1. Thevolunteercloudscontainingunreliablevolunteerresources.
2. Users sending their requests to the super volunteer cloud by indicating their preferences

requirements.
3. The super volunteer cloud,which is composed of a set of switcher balancers (super-nodes)

connectedbetweenthemviaareliableconnection.

Theswitcherbalancershaveanimportantroleinthissystembecausetheybalancetheloadbetween
theminadistributedway,andeachofthembalancestheloadbetweenvolunteerresourcesofits
volunteercloudinacentralizedmanner,estimatesthefailureprobabilityofeachvolunteerresourceat
everyhourinordertouseitinthefuture,andalsoselectstheappropriatevolunteerresourceaccording
to theuserrequirements(optimizationofboth the timeresponseandavailability).Todoso,our
approachiscomposedoftwosteps.Inthefirststep,weselectanunderloadedactivevolunteercloud,
andthentheunder-loadedvolunteerresourcesareselectedinordertosatisfythesystemperformance.
Inthesecondstep,weproposeanalgorithmthatselectstheapproximatevolunteerresourcewhichis
consideredasthebestvolunteerresourcealternativeaccordingtotheuserrequirements(optimizing
bothtimeresponseandavailability).Furthermore,weusethestochasticprocessMarkovchainmodel
toestimatethefailureprobabilityforeachvolunteerresource.

Insummary,thispaperincludesthefollowingcontributions:

• Thepropositionofanarchitecturebasedonswitchers/workersmodelincludingquorumsystem.
• Thepropositionofthetwoalgorithmstobalancetheloadinextraandintravolunteercloudsin

centralizedanddistributedway.
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