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1Introduction   

Wepresentathroughputanalysisofaserverin  

theNTT’sfacsimi1ecommunicationnetwork，  

so－Cal1edF－NET．Theserverdealswithmulti一  

memory．Whenever the counteris zero，eX－  

tractions take placeif there are any multi－  

addresscal1sinqueue．Thedeterminationhow  

manyindividualcal1s are extracted depends  
On the state ofthe channels．Basically，the  

numberofextracted cal1sequalsthenumber  
Ofidlechannels．However，theservercannot  

extractindividualcal1s more than a constant  
lwhichis alimit oft．heextraction numberat 

a 

the multi－addre＄S Callare not extracted at a  

time，the multi－address cal1is queued atits  

tailofthequeue（round－rObinqueueingmech－  
anism）．   

3 Throughput Analysis  

WedenotebyGnthenumberofextractedcal1s  

Whichisarandomvariableasslgnedattimetn，  
Wherelnisthepointwhenn－thextractionis  
Carried out．Wealso denote by7L thetime  

intervalbetween adjacent extraction points，  
Tn＝tn－ln＿1．Becausetheoperationmech－  

anism that the extraction server is forced to 
Waitforaperiodproportionaltothenumber  

Oftheprevious extracted cal1s holdsat each  

extractionepoch，TnandGnarerelatedtothe  

followlngequation  

Tれ＝r（1＋βGれ），  （1）  

Whereβisacoe伍cientofwaitingfactor・The  
equation（1）indicatesthatthetimeintervals  
are randomvariableswhicharerelated、tOthe  

previous extracted cal1s．Thustheextracted  
callsandtheintervalarecorrelat，edeachother．  

Obviously，thesequence（Gn）doesnotform  

renewalprocess．However，itcanbesaidthaJt  

thedepartureprocessiswelldescribedbythe  
SequenC甲（Gn）and（7L）・Inthefollowing，  

WeanalyzethisprocessuslnganaPprOXimated  
methodandderivethemeanthroughput．   

LetusdenotebypYt）probabilitythat k  
Channelsarebusyjustbeforethen－thextra，C－  

addresscal1s；See【2，4  
callwemeanafacsimi1e  

］
′
 
－
．
 
 

．Bya m祝眈αddreββ  

fax）cal1thatrequires  
⊥11ulti－addressdeliveryservice．Fromthetele－  

てr3かpoint ofview，multi－address cal1s can  

maketheF－NETheavilycongested，andthe  

SerVerleadstoabottleneck・FocuslngOnthe  
heavytra伍cweinvestigatethedeparturepro－  
CeSSOftheserve工Viatherenewaltheory［1】・  
Weobtaintheasymptoticresultforthedepar－  
tureprocess・Applyingthediffusionapproxi－  
mation［3，5】togetherwiththeasymptoticre－  
Sult・enablesustoestimatethethroughputas  
Wellastheperformance（queueing）analysisof  
theserver．  

2 Operation Mechanisms 

Thesystemconsists ofaslngleserverand a  

queuewithaninfinitecapacity・Customersar－  
riveattheserverandthenproceedtothesub－  

Sequent reSOurCe（channels）・Thecustomers  
COrreSPOndtomulti－addresscallswhichform  

a，batchinput．The server’s jobis to“ex－  

tract”theindividualcalls（individualcus－  
tomers）containedin the multi－address cal1・  

This server（we callit“extraction servef”）  
Plays animportantrolein multi－address de－  
1iveryserviceinF－NET．Contrasttothemost  

queuelng SyStem，the extraction server does  
not continuously monitor the queue．The  
SerVerPeriodical1ywakesupandsleepsdown  
andthequeueisreviewedatanequal1yspaced  
time’epoch．Moreover，the server does not  

necessarily doits job at each wake－up time．  

Theserverhas a memory to store thenum－  
berofthecallsthathavepreviouslyextracted．  
TheextractionserversetsitscounterLasmany  
as periods proportiona，1to the value of the  
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tioniscarriedout．Similarly，qEt）isprobabil－  
itythatkchannelsarebusyjustafterthen－th  

extractionhasbeencarriedout．Denotingthe  

survivorprobabilitybyp，theprobabilitiespYL）  
andq£n）mustsatisfythefollowlngequations，  

p㌘）＝童騨（トp）竹1），（2）  

where7rk（k＝0，1，2，・・・，S）are theequilib－  

rium probabilities which provide the num－  

ber ofbusy channelsjust beforetheextrac－  
tiontakesplace．Theasymptoticbehaviorof  
E［N（t）］asltendsto∞isevaluated  

E【Ⅳ（f）】～ま／くT）・   （10）  

Thus the approximated mean throughput is 

glVenby  

α＝g（（丁〉）／（丁〉・  （11）   

4 Mean WaitingTime 

Using the diffusion approximation，WeeVal－  

uate the mean waiting time．We propose  
thedi乱sionparametersinourmodelasfoト  
】ows［3，5】  

α ニ」l（円∫］2「丁ご＋1／a一閃）  

＋（T〉‾1（E［C］2cご＋Var【G】），（12）  
ゐ ＝■入E〔ズトα，  

（13）  

whereC2andC3representthesquaredcoef－  
ficient ofvariation oftheinterarrivaland de－  

Parturetimes．FbcuslngOnaPoissonbatchar－  

rival，Wefinallyobtainthemeanwaitingtime  
l垢forindividualcallsas  

g≦た≦5－1 

∑‡＝。鵡車た＝∫，  （3）   
官主れ）＝〈  

where Sis the number of the totalchannels  

andlthe maximum extraction number at a  
time・WedenotebyN（t）thenumberofex－  
tractionpointsuntiltimel，Whichcanbewrit一  

十．cn  

へr（ナ）TmaXけ‥‰≦り，  （4）  

Where Snisgiven by∑た1Tiand So≡0．  

Thecumulativeextractedcal1sl′（i），Whichis  

equalto the numもer ofindividualcal1s de－  
parted from the extraction server until time 
t，iswritten  

Ⅳ（t）  

V（f）＝∑G壱・  

i＝1  
（5）  

翳＋（岬C≡＋叫q）        E【G】  11＝二  Themeannumberofindividualcal1sdeparted  
fromtheextractionserveruntiltimetisglVen  

by  
E【V（f）］＝E［Ⅳ（f）］E［q・  （6）  

Thenwearenatural1yledtothedefinitionof  
themeanthroughputαaS  

2（1－β）  

wherep≡入E［X］／αisthetra侃cintensity．   
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E［V（f）］  
α＝1im   

（7）  
f→∝〉  f   

Intheequilibriumstate，WeaSSumethatthe  
intervalbetweenextractionsisallowedto set  

themeaninterval0Verequilibriumprobability  

Ofthenumberofbusychannelsjustbeforean  

extractiontakesplace・Thusweadoptanap－  
proximationthatthesurvivorprobabilitypIS  

SettOeXp（－P（T〉），Where（・）denotestheaてer－  

ageovertheequilibriumprobability・Passlng  
throughthemeaninterval（T）betweenextrac－  
tions，theexpected number oftheextracted  
CallsisglVenby   

I 5   

g（（丁））＝ ∑毎－‘＋J∑打S－‘，（8）  
五＝O i＝J＋1  

〈丁〉 ＝ r（1＋舶“丁〉））・   （9）  
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