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ABSTRACT

Thisarticledealswiththesteady-statebehaviorofanMX/G/1retrialqueuewiththeBernoullivacation
scheduleandunreliableserver,underlinearretrialpolicy.Breakdownscanoccurrandomlyatany
instantwhile the server is providing service to the customers.Further, the conceptofBernoulli
admissionmechanismisintroduced.ThismodelgeneralizesboththeclassicalMX/G/1retrialqueue
withunreliableserveraswellastheMX/G/1retrialqueuewiththeBernoullivacationmodel.The
authorscarryoutanextensiveanalysisof thismodel.Namely, theembeddedMarkovchain, the
stationarydistributionofthenumberofunitsintheorbit,andthestateoftheserverarestudied.Some
importantperformancemeasuresandreliabilityindicesofthismodelareobtained.Finally,numerical
illustrationsareprovidedandsensitivityanalysesonsomeofthesystemparametersareconducted.
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1. INTROdUCTION

Retrialqueues(orqueueswithrepeatedattempts)arecharacterizedbythefeaturethatacustomerthat
finds,uponarrival,theserverbusy,isobligedtoleavetheserviceareaandrepeathisdemandforservice
aftersometimecalled“retrialtime.”Betweentrials,theblockedcustomerjoinsapoolofunsatisfied
customers called “orbit.” Queues in which customers are allowed to conduct retrials have been
widelyusedtomodelmanypracticalproblemsintelephoneswitchingsystems,telecommunication
networksandcomputerscompetingtogainservicefromacentralprocessingunit.Moreover,retrial
queuesarealsousedasmathematicalmodelsforseveralcomputersystemssuchaspacketswitching
networks,sharedbuslocalareanetworksoperatingunderthecarrier-sensemultipleaccessprotocol
andcollisionavoidancestarlocalareanetworksetc.Forareviewofthemainresultsandmethods,
thereaderisreferredtothesurveypapersofYangandTempleton(1987),Falin(1990),Kulkarni
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andLiang(1997)andthebookbyFalinandTempleton(1997).Formorerecentreferences,seethe
bibliographicaloverviewsin(Artalejo2010;Artalejo,1999;Artalejo,1999).Further,acomprehensive
comparisonbetweenretrialqueuesandtheirstandardcounterpartswithclassicalwaitinglinescan
befoundinArtalejoandFalin(2002).

Manyofthequeueingsystemswithrepeatedattemptsoperateundertheclassicalretrialpolicy,
whereeachblockofcustomersgeneratesastreamofrepeatedattemptsindependentlyoftherestof
thecustomersintheorbit,i.e.,theintervalsbetweensuccessiverepeatedattemptsareexponentially
distributedwithratenθ (say),whenthenumberofcustomersintheorbitisn.However,thereisa
secondkindofpolicy,calledconstantretrialpolicy,whicharisesnaturallyinproblemswherethe
serverisrequiredtosearchforcustomers(Sengupta1990)andincommunicationprotocolsoftype
carriersensemultipleaccess(CSMA).ThelatterdisciplinewasintroducedbyFayolle(1986),who
investigatedanM/M/1retrialqueueinwhichtherepeatcustomersformaqueueandonlythehead
customersoftheorbitqueuecanrequestaserviceafteranexponentiallydistributedretrialtimewith
someparameterγ(say),i.e.,theretrialrateis( )

,
1

0
− δ γ

n
,where δ

i j,
denotestheKronecker’sdelta,

whenthenumberofunitsintheorbitisn.Farahmand1990)calledthisdisciplinearetrialqueuewith
FCFSorbitretrialpolicy.Choietal.(1992)generalizedthisretrialpolicybyconsideringanM/M/1
retrialqueuewithgeneralretrialtimes.ArtalejoandGomez-Corral(1997)introducedamoregeneral
kindofretrialincorporatingbothpossibilitiesbyassumingthatwhentherearencustomersinthe
system,thetimeintervalsbetweensuccessiverepeatedattemptsareexponentiallydistributedrandom
variableswithparameterθ δ γ

n n
= −( )

,
1

0
,whereθcanbeconsideredastheretrialpercustomerand

γtherateatwhichtheserverseeksserviceforcustomerswheneveritisidle.Suchatypeofretrial
policyisknownasalinearretrialpolicy.Recently,Choudhury(2008)investigatedsuchaqueueing
modelfortwophasesofserviceunderBernoullivacationschedule.

TheclassicalvacationschemewithBernoulliservicedisciplinewasoriginatedandsignificantly
developedbyKeilsonandServi(1986)andco-workers.Kella(1990)suggestedageneralizedBernoulli
schemeaccordingtowhichasingleservergoesoniconsecutivevacationswithprobability p

i
ifthe

queueisemptyuponhisreturn.Attheendofavacationperiod,servicebeginsifacustomerispresent
inthequeue.Otherwise,theserverwaitsforthefirstcustomertoarrive.Awideclassofretrialpolicies
forgoverningthevacationmechanismhasalsobeendiscussedintheliterature.Mostoftheanalyses
forretrialqueuesconcernstheexhaustiveserviceschedule(Artalejo,1997),gatedservicepolicy
(Langaries,1999)andrecentlymodifiedvacationpolicy(Ke&Chang2009).Anumberofpapers
(Ke&Chang,2009;Krishnakumar&Arivudainambi,2002;Krishnakumaretal.,2002;Wenhui,
2005)haverecentlyappearedinthequeueingliteratureinwhichtheconceptofBernoullivacation
schedulehasbeenintroducedundertheFCFSorbitretrialpolicy.Suchtypeofqueueingmodels
occursinmanyreal-lifesituationswheretheservermaybeusedforothersecondaryjobs,forinstance
toservecustomersinothersystems.Allowingtheservertotakevacationsmakesthequeueingmodel
morerealisticandflexibleinstudyingreal-worldqueueingsituations.Applicationsarisenaturally
incallcenterswithmulti-taskemployees,customizedmanufacturing,telecommunicationandcomputer
networks,maintenanceactivities,productionandqualitycontrolproblems,etc.

Thestudyofqueueingmodelswithserviceinterruptionsgoesbacktothe1950s.Amongsome
earlypapersonserviceinterruptions,wereferthereaderstoseethepapersbyGaver(1962),Avi-ltzhak
andNaor(1963),Thirurengadan(1963)andMitranyandAvi-ltzhak(1968)forsomefundamental
works.Lietal.(1997),Sengupta(1990),TakinandSengupta(1998),Tang(1997),amongothers,have
studiedsomequeueingsystemswithinterruptionswhere,inoneoftheunderlyingassumptions,the
servicechannelundergoesrepairinstantaneously,assoonasitfails.Recently,Lee(2018)considered
amodelwherethebreakdowns/repairprocessisnon-stationaryinthenumberofbreakdowns/repairs.
Ontheotherhand,retrialqueuesthattakeintoaccountserversfailuresandrepairswereintroducedby
Aissani(1988)andKulkarniandChoi(1990).Asrelatedliterature,weshouldmentionsomepapers
byAissani(1994;1993),AissaniandArtalejo(1998)andAnisimovandAtadzhanov(1994).Wang
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