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ableDj・Thearrivalprocesses，SerVicetimesand  

switchovertimesaremutuallyindependent．   

Throughou＝his paper，We uSeもhe LbllowJng  

convention．Fbranyrealandposiもive－Valuedran－  

domvariableX，WeuSeX，3＝（2），q支todenotethc  
mean，SeCOndmomentand varianceofX，reSpeC－  

tively．   

Theo鮎red七ra代cpj at Qjisde貧neda5Pj＝  
入jSj，］＝1，2・AIsode爺nep＝Pl＋p2and scl  

β＝∂1＋∂2．   

Thesysもemisassumedtobestable．Themea・n  

CyCletimec，．．e．，themeantimebetweentwosuc－  

CeSSivearrivalsoftheserverataqueue，isglVen  

by c＝d／（l－P）・Thestabilitycondit；onisas  

bllows，β＜いj＜志紀・   
Weareinterestedinanalyzlngmixed‡く－）imited  

andトIimitedservicedisciplinequeuelngSyStem・  
So，WeSetPltO between O andl，and p2も00・  

WecansaythatQlhashigherprioriもythanQ2．  

（See，Fig・1）・  

皿 Imも『OdⅦCも五om  

Weencounteratwo－queuealterna．ting（orcyclic）  

serviceoperationinatrafhccontroIserverofthe  

NTT’sfacsimilecommunicationnetwork（F－net）・  

At the server，CuStOmerS from one class cannot  

bedelayedtoomuchbutcustomersfromanother  

Class can be delayed to a certain extent．This  

Situationleadstothestudyofatwo－queuealter－  
natingservicesystem，Whereonequeueisserved  

underIく－1imiteddiscip）inewhileanoもherqueueis  

SerVedunderl－1imiteddiscipline．Tbthebcstof  

Ourknowledge，however，therearenoliterattlreOn  

thetwo－queueSySもem becauseitisvery hard to  
a・pplytheexactresults；See【1】．Wewillherepro－  

poseamean－delayapproximationusJngBe叩Ou11i  
SChedulefbrmodelingtheK－1imiteddisc；plineto－  
getherwiもhuslngadecompositionmethod・  

2 Mode且desc『五郎五①m  

W占consider a M／G／1cyclic－SerVice system of  

もwoin坑nite capacity queues which are denoted  

byQl，Q2．A Bernou［liservice descipline，lVhich  

isparametrizedby（pl，P2）whercO≦pj＜1，j＝  

1，2，isdescribedasfb1lows．Whentheser、′erVis－  

itstoaqueue，theserveralwaysservesacustomer  

ifthequeueisnotempty．At theend ofcvel・y  

erVicegiventoacustomerinQj，iTthe（ltleu  

lSnOtempty，theserverservesthenextavailal）le  

customerin QjWithprobabil；Lypj・Witl一】）Ⅰ・Ob－  

abilityl－Pj）theservergoestoLhenextqueue，  

i・e・，Q川（r。d2）・AIsoi［Qjisemptyaもthecnd  

Oftheserv・Ce，theservergoestoQj＋l（”．。d2）With  

probabilityl．Within aqueue，theserver disci－  

plineis FCFS．Theserver takes arandom time，  

theso－Calledtheswitchovertime，tOgOfromQj  

も0吼両（m。d2）・   
CusもomersarriveaもQjaCCOrdingもoindepcn－  

den七『oisson processesw汀harrivalraもeÅブ，J＝  

1，2・甘he service period of a customerin Qj  

isindependentandidenticallydisもributed（i．i．d．）  

random var；ableち・Andもhe switchoverもime  
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Figurel：Two－queueCyClic－SerVicesystem  

3 D即五va亀五omo『mea丑nWa畳も五mg屯五me  

Le＝明denote thc waiもing timeo［a customcr  
in吼．『rom【2】，板戸5蝕do－CO円郎rUα如円Jαぴルr  
βerr葛0視JJ古5Cんe（九IJe holds．  
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3．1Decomposition■method  

Weshallderivetheindividualmeanwaitingtimes  

Wl，W2・We use thefo1lowlng decomposition  

method．VVe assume that the behaviorin Ql  

ismutual1yindependentofthatin Q2．M／G／1  

CyClic－SerVice queue systemis approximated as  

M／G／1vacationmodelwithBernoullischedule．  

Thev卑Cationtim■eVisdefinedasaperiod丘om  
SerVer’sdeparturetimefromQltOSerVer’snext  
Visitingtimeto Ql．Whentheserverfinishes a  

SerViceofacustomerinQl，ifQlisnot empty，  

theserver serves the next customerin QIWith  

probabilitypl，theserverstartsthevacationwith  

probabilityl－Pl．AIsoifQlisempty，theserver  

starts thevacation．   

The vacation time Visi．i．d．random variable  

and conditionedby whether Q2is empty．The  

PrObabilitythatserver丘ndsatleastonecustomer  
WhenvisitingtoQ2is入2C．So，Wehave  

v＝〈 
＋β2 

。 
（2）   

From【1，3】，WeCan derivethemean waiting  

timeofacustomerinQl，i．e．，  
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Figure2：Analysis oflO－1imited＆1－1imited  
queueing system 

Tablel‥NumericalvaluesinFig．2  

AnalysIS  Sim・（95％conf．int・）  
入1  t〃1   W2   ひ1   l〟2   

0．02  0．15  0．16  0．15士0．03  0．16士0．02   

0．04  0．20  0．24  0．20土0．03  0．24土0．03   

0．06  0．25  0．34  0．25土0．02  0．34土0．04   

0．08  0．30  0．47  0．30士0．02  0．48土0．05   

0．10  0．36  0．66  0．36土0．03  0．66土0．07   

0．12  0．42  0．92  0．42士0．03  0．92士0．11   

0．14  0．48  1．33  0．47土0．03  1．34土0．20   

0．16  0．55  2．04  0．54士0．04  2．03土0．33   

0．18  0．63  3．52  0．61土0．03  3．54土0．83   

0．20  0．71  8．44  0．68土0，04  8．42士3．86   

り（2）．頼i2）＋（1－p）（2β1ぴ＋u（2）】））  
l〃1＝   

2（1－β－（1－p）入γ）  21J   

where  

U＝d＋入1Cβ1，   

u（2）＝好）＋d王2）＋2d。dl＋2dんc51＋人1C3皇2）．   

Now，We Can get W2by uslng the pseudo－  

COnSerVationlaw（1）fortheBernou11ischedule．  

4 NumericalExampless 
Herearesomenumericalresultsofourapproxi－  

mation．Weshow theefRciencyofourapproxi－  

mationbycomparlngWithsimulationresultsfbr  

mixedK－1imitedandl－1imitedservicediscipline  
queuelngSyStem．   

The system parameters are taken asfo1lows．  

Therelationbetween入Iand入2is入2＝3入1．The  

SerVicetimein Q10r Q2issupposed tobecon－  

Stant，Sl＝S2＝1．0．Moreover，theswitchover  

timeis assumed to be constant，dl＝d2＝0．1．  

Thefo1lowingrelationholds，K＝1／（1－Pl）．   

WhenIくislO，たomthestabilitycondition，the  

upperbound of入1is O．22．Fig．2and Tablel  

Show theindividualmean waiting times wl，W2  

uslngdecompositionmethodinBernoullisched一  

5 Conclusion  
Ftom Fig．2and Tablel，We Can See that our  

approach resulted in a good approximation for 

mixedK－1imitedandl－1imited・discipline．Weare  

nowconsideringtogeneralizeourapproachtothe  

batcharrivalprocess．  
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