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ABSTRACT

This article analyzes an infinite buffer discrete-time single server queueing system with variant
workingvacationsinwhichcustomersarriveaccordingtoageometricprocess.Assoonasthesystem
becomesempty,theservertakesworkingvacations.TheserverwilltakeamaximumnumberKof
workingvacationsuntileitherhefindsatleastoncustomerinthequeueortheserverhasexhaustively
takenallthevacations.Theservicetimesduringregularbusyperiod,workingvacationperiodand
vacationtimesareassumedtobegeometricallydistributed.Theprobabilitygeneratingfunctionof
thesteady-stateprobabilitiesandtheclosedformexpressionsofthesystemsizewhentheserverisin
differentstateshavebeenderived.Inaddition,someotherperformancemeasures,theirmonotonicity
withrespecttoKandacostmodelarepresentedtodeterminetheoptimalservicerateduringworking
vacation.
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INTRODUCTION

Unliketheclassicalvacationqueueswheretheserversuspendstheservicestemporarily,inworking
vacation(WV)queuestheserverisactiveduringthevacationperiodwhichiscalledworkingvacation
(WV),ServiandFinn(2002).WuandTakagi(2006)generalizedServiandFinn’s(2002)M/M/1/
WVqueuetoanM/G/1/WVqueue.Baniketal.(2007)studiedageneralinputGI/M/1/N/WVqueue.
ThestochasticdecompositionresultsofanM/M/1queuewithWVhavebeenderivedbyLiuetal.
(2007)andthecorrespondingM/G/1queuewasstudiedbyLietal.(2009).

Theanalysisofdiscretetimequeueingmodelshasreceivedconsiderableattentioninviewof
theirapplicationinpracticalproblemsthatarisefromcommunicationandcomputersystemsincluding
time-divisionmultipleaccess(TDMA)schemes,asynchronoustransfermode(ATM),multiplexers
inthebroadbandintegratedservicesdigitalnetwork(B-ISDN),managementinservicesystemand
electroniccommerce,etc.Pastworkondiscrete-timequeuesisfoundinMeisling(1958),Hunter
(1983),Takagi(1993).TianandZhang(2002),Alfa(2003).LiandTian(2007)consideredadiscrete-
timeGI/Geo/1queuewithWVandvacationinterruption.Lietal.(2007)consideredadiscrete-time
GI/Geo/1queuewithMWVunderEarlyArrivalSystem(EAS)andLateArrivalSystem(LAS)
schemes.LiandTian(2008)andTianetal.(2008)haveanalyzedaGeo/Geo/1queuewithsingle
workingvacation(SWV)andmultipleworkingvacation(MWV),respectively.Adiscrete-timerenewal
inputfinitebufferbatchservicequeuewithMWVshasbeenstudiedbyVijayaLaxmiandJyothsna
(2014)usingthesupplementaryvariabletechniqeueandthecorrespondingqueuewithbalkingand
SWVhasbeenpresentedbyVijayaLaxmietal.(2015).Recently,aretrialqueuewithworkingvacation
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forthebatcharrivalGeo GeoX
/ /1queuehasbeenanalyzedbyUpadhyaya(2015)underEAS

scheme.
In variant working vacation (VWV) policy, unlike the SWV or MWVs, a fixed number of

consecutivevacations,sayK,aretakenbytheserverifthesystemremainsemptyattheendofprevious
vacationterminationepoch.ThiskindofvacationscheduleisinvestigatedbyZhangandTian(2001)
fortheGeo/G/1queuewithmultipleadaptivevacations.Banik(2009)studiedtheinfinite-buffersingle
serverqueuewithvariantofmultiplevacationpolicyandbatchMarkovianarrivalprocessbyusing
matrixanalyticmethod.Formoreliteratureonthiswork,seeKeandChang(2009),Keetal.(2010)
andWangetal.(2011).ZhangandHou(2011)analyzedasteady-stateGI/M/1/Nqueuewithavariant
multipleworkingvacation(VWV)byusingmatrixanalyticmethod.Yueetal.(2014)analyzedthe
M/M/1queueingsystemwithimpatientcustomersandVVandobtainedtheclosed-formexpressions
ofthemeansystemsizeswhentheserverisindifferentstatesusingprobabilitygeneratingfunctions.
AfinitebufferM/M/1queuewithVWV,balkingandreneginghasbeenanalyzedbyVijayaLaxmi
andJyothsna(2014)obtainingthesteadystateprobabilitiesusingmatrixformsolutions.

Theaboveliteratureindicatesthatdiscrete-timeGeo/Geo/1queuewithVWVhasnotbeenstudied
sofartothebestofourknowledge.Indigitalcommunicationsystems,thistypeofservice/vacation
policyisimportantasitreducestheswitchingandoperatingcostincaseofleastloadedsystems.
Further,thestudyofVWVqueuegivesmoreroomforflexibleswitchingfromvacationtoregular
busyperiodbyadjustingthevalueofKasdesiredbysystemdesignrequirements.

Theprimaryobjectivesofthepresentpaperare:

1. toobtainthesteady-stateprobabilitiesadiscrete-timeGeo/Geo/1queuewithVWVunderlate
arrivalsystemwithdelayedaccess(LAS-DA)usingprobabilitygeneratingfunctions;and

2. TostudytheVWV(K-Vacation)policythatcoversbothMWV K→( )∞ andSWV K =( )1 .
3. tostudyperformancecharacteristicsand todevelopacostmodel todetermine theoptimum

serviceratesthatoptimizethetotalexpectedcostusingthequasi-Newtonoptimizationmethod.

Thepresentmodel findsapplications inmanyreal-lifeapplications like(i)packetswitching
communication protocols; (ii) the repair garage for automobiles wherein a mechanic repairs the
automobiles;(iii)manufacturingandtransportationprocesses,etc.

MODeL DeSCRIPTION

Letusconsideradiscrete-timeGeo Geo/ / 1 queueingsystemwithVWVsunderLAS-DApolicy.
Thetimeisdividedintoconstantlengthintervals(calledslots)andtheprobabilityofanarrivaland
adepartureoccurringsimultaneouslyisnotzero.Apotentialarrivaloccursintheinterval t t−( ), 
andpotentialdepartureoccursin t t, .+( ) Inordertoformulatethemodel,thefollowingassumptions
havebeenmade:

Thearrivalofacustomertothesystemoccursattheendofslot � ,t− wheret = …0 1 2, , , .Inter-
arrivaltimes(A)oftwosuccessivearrivalsareindependentandidenticallydistributed(i.i.d)random
variablesandfollowgeometricdistributionwithprobabilitymassfunction(p.m.f)(Figure1).

P A m mm={ } = ≥ < <−λλ λ1 1 0 1, , . 

whereforanyrealnumberx ∈ 

0 1, , wedenotex x� �= −1 .



 

 

19 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/article/performance-characteristics-of-discrete-

time-queue-with-variant-working-vacations/250245

Related Content

Education: The Right Desire
Roel Kuiper (2019). The Normative Nature of Social Practices and Ethics in

Professional Environments (pp. 185-202).

www.irma-international.org/chapter/education/225312

The Dilemma of Dairy Farm Group between Redesigning of Business

Processes and Rebuilding of Management Information Systems
E. M.W. Ngand P. Banerjee (2006). Cases on Information Technology and Business

Process Reengineering (pp. 221-240).

www.irma-international.org/chapter/dilemma-dairy-farm-group-between/6290

Competitive Advantage and Automated Sharing of Tacit Knowledge
Michael A. Chiltonand James M. Bloodgood (2018). Global Business Expansion:

Concepts, Methodologies, Tools, and Applications  (pp. 1122-1133).

www.irma-international.org/chapter/competitive-advantage-and-automated-sharing-of-tacit-

knowledge/202262

Risk and Governance Considerations in Cloud Era
Mohammad Ali Shalan (2018). Global Business Expansion: Concepts,

Methodologies, Tools, and Applications  (pp. 439-472).

www.irma-international.org/chapter/risk-and-governance-considerations-in-cloud-era/202231

Pareto Evolutionary Optimization of Joint Network Design and Pricing

Strategies Related to Emissions in Urban Networks
Loukas Dimitriou, Antonios Kaltsounisand Antony Stathopoulos (2014). International

Journal of Operations Research and Information Systems (pp. 56-85).

www.irma-international.org/article/pareto-evolutionary-optimization-of-joint-network-design-and-

pricing-strategies-related-to-emissions-in-urban-networks/114936

http://www.igi-global.com/article/performance-characteristics-of-discrete-time-queue-with-variant-working-vacations/250245
http://www.igi-global.com/article/performance-characteristics-of-discrete-time-queue-with-variant-working-vacations/250245
http://www.igi-global.com/article/performance-characteristics-of-discrete-time-queue-with-variant-working-vacations/250245
http://www.irma-international.org/chapter/education/225312
http://www.irma-international.org/chapter/dilemma-dairy-farm-group-between/6290
http://www.irma-international.org/chapter/competitive-advantage-and-automated-sharing-of-tacit-knowledge/202262
http://www.irma-international.org/chapter/competitive-advantage-and-automated-sharing-of-tacit-knowledge/202262
http://www.irma-international.org/chapter/risk-and-governance-considerations-in-cloud-era/202231
http://www.irma-international.org/article/pareto-evolutionary-optimization-of-joint-network-design-and-pricing-strategies-related-to-emissions-in-urban-networks/114936
http://www.irma-international.org/article/pareto-evolutionary-optimization-of-joint-network-design-and-pricing-strategies-related-to-emissions-in-urban-networks/114936

