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Thestudyofpagereplacementalgorithmshasalong  

history．Itis sti11continuedin other environments，  

SuCh as web caching，distributedIP paglng．Many  

replacementalgorithmshavebeenproposedoverthe  
years，1nCludingLRU，Whichevictstheleastrecently  

usedpage，FIFO，Whichevictstheearliestloadedpage．  
EachperformanCehasbeenevaluatedonseveralan－  
alyticalmodels，independentrefbrencemodel（‡RM），  

LRUstackmodel（LSM），ruSingcompetitiveanal－  

ysis．Themodelsaretooslmpletore且ectanaCtual  

programbehavior，andsomeofthemaresuitablefora  
particularperformancebutothersarenot．Fbrexam－  

ple，LRUandFIFOareequivalentlyevaluatedinthe  

COmpetitiveanalysis［2］incontrasttoourexperience．  

Thoughtheirmissratioscanbeexplicitlyderivedfrom  

theIRM［1】，itisdi凪culttoprovethesuperiorityof  

LRU．Thus we develop a hybrid modelofIRM and  
LSMandshowthatanindirectperfbrmancemeasure，  
expectedstayingtime，isusefulonthemodel．   

2 Expec七ed凱ay皿mg耶me O  

Thesystemunderconsiderationhasatwo－1evelmem－  
OryCOnSistingofaJhstmmOryOfsmal1sizem，a  
largeslowmemory，andanlnputrequeSthistory．Let  

U＝（1，2，…，n）beasetofal1pa9eSSuChthatthe  

pageiis referenced with probability qi．A history  
h＝rl，r2，．‥，rt，‥．，Where rt ∈ U，is a reference  

String．Rftherequestedpageisinthe faBt memOry，  

i．e．，ahitoccurs，thenthereferenceincurslittlecost，  

Otherwise，amissoccurs，thenthereferenceismuch  

moreexpensive．   
Thememoryand thepagecanbemodeled bya  

StaCkwith n celLs S＝（sl，S2，．‥，Sn）and anitem  

i∈UmovinginS，reSpeCtively．Weconsidertheran－  

domwalkofanitemistartingfromslinthestack，  
Wherenon－increaslngreferenceprobabilitiesareasso－  

Cia．tedwiththecells，Cal1edastackprobability．Notice  

thattheitemiisrefbrencedwithprobabilityqi（like  
IRM）andotheritems，Whatevertheyarearranged，  

arereferencedinaccordancewiththestackprobability  
（1ikeLSM）．ThusourmodelisahybridmodelofIRM  

andLSM・Ane3PeCtedstayin9timeESTX（i）ofitem  
iisdefinedtobetheexpectedtimeintervalthatthe  

itemist町SinthefastmemorySfast＝（sl，S2，…，Sm）  

underapagi？gSChemeX・Letej（i）betheexpected  
timeofitemlrequiredforpasslngftomthej－thce11  
tothe（j＋1）－StCe11．Usingit，WeCanrepreSent  

m  

βgアズ（豆）＝∑ej（け  

ブ＝1   

LetMX（t）bethecontentsofthefastmemoryat  
timetwhenuslngapaglngSChemeX・Inthelongrun，  

theevolutionof（MX（t））isdescribedbyafiniteer－  
godicMarkovchain．Thusthereexiststationaryprob－  

abilitiesforstates（MX）andalsoPr（i∈MX）．Since  
theexpectedreturntimetothestaもe（igMX）isthe  
inverseofPr（i¢MX），Wehave  

タr（虚¢〟ズ）＝  
1＋飢・βgアズ（豆）●  

WedenoteEX（i）＝Pr（igMX）forsimplicity．In  
OurmOdel，thereferenceprobabilityqiOfitemiisin－  

dependentofwhetheritiscontainedinSjast OrnOt，  

leadingtothefo1lowlngdefinition．  

De伍mi七五0皿皿A旭相加ガズかp叩わ叩βC九emeズ由  
dq声れedねわe  

月欄＝∑9‘・Pr（五∈〟ズ）・  

i∈U   

Wecanderivethefo1lowingtheorem．  

町払eo町em皿〝  

∑飢（が（盲卜βy（豆））≧0  

i∈U  

（2）  

九0叫びeゐ肌e∬ズ＜月γ．   

PE・00『Sincewecan calculate  

∑岬ズ（り－βy（i））  

i∈U  

＝ ∑融（1／（1＋9i■ββrズ（i））－1／（1＋q‘・βgry（明）  

i∈U  

＝∑9i（P仲¢財ズトP仲¢財y））  
i∈U  

＝ ∑招坤∈〟y）一戸r小∈〟ズ）），  
i∈【J  
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weobtainHX≦HY丘om（1）．  餌血相舶＝押血m血虹㌔＋たヱ＋ちヱ＝1，Ue  

九飢Je  

汀紺0＝ 
（鳥封，た。，ちヱ）＝（α，叩，叩2）．  

meβねcたp和むαは壷ぬcFJ和，CぎJ和α乃dcぎげ0αre  

cF∫FO ＝ 島y・恥＋ろ才・pヱ＋ちヱ・py＝α2（1＋2p3）  

cぎげ0 ＝ 島y・py＋鳥。・恥＋ちヱ・pz＝α2（2p＋p4）  
cぎ∫ダ0 ＝ 鳥y・pヱ＋た。・py＋ちヱ・p‡＝3α2p2  

Ⅳec鍋β虚m血rJyder亘りe銑eβねcたproむαみi最古eβわrエ月払  

偽れタ伽e叩reββ壷om「礼weoぬ血統eJb〃0びゎタタmpれ  

β玩びれタ仇αfエ月打仙ゆerわmβ〃FO．  □  

EFIFO－ELRU  

□   

Now we evaluate the schemes FIFO and LRU in 

termsoftheexpectedstayingtime．Supposethatthe  
referenceprobabilityofthei－thitemisdeterminedby  

atruncatedgeometricdistributionqi＝aPi－1，Where  

α＝】≡声anql  a＝茅andO 
abilityofthej－  thce11sjforapaglngSChemeX，and  
Cまthesumofthestackprobabilityffomslthrough  
βmfbrズ．   

Lemmal凡「兢eβC九eme膵0，〃ほe呼eCfe（ゴヱ旭ββi叩  

£壷meeJ（豆）扉班e査－±九如m壷β  

ej（宜）＝  1＋cデ∫和一C£∫和一叩tイ  

□   

Lemma2凡r〃ほβ亡んeme上月q兢ee叩eC亡edp那βれタ  
fimeeメ（慮）毎払e豆一班記em由  

n7＝2（1－q誓び）  
eJ（豆）＝   

nた1（ト叩ト1－ ¢㌣）’  

w九erewedq伽enヒ2（α叩叩reβ如n）＝1．   □  

Example15■叩pOβe仇αf班ereαreタ如mβエ，y，Z，α乃d  

銑α亡g祀emβαreれ仇eわβf memory．凡r e∬α汀岬Je，  

（∬，y）meαmβエα乃dyαre慮れ兢eわβfmemo叩α乃d∬ね  

血統eわpceは釣r膵0，兢ereαreββねfeβご  

（∬，y），（z，∬），（y，Z）or（y，∬），（z，y），（∬，Z），  

エef恥＝α，py＝叩，pZ＝叩2むeαCCeββpm♭αは摘eβ，  

ぴん盲c九defem盲れeβ打仏和βi如れp和むα摘i孟ieβαβdepicfed  

玩ダ卸椚」・凡r e∬α叩Je，Jefたyむe班eβね如乃αry  

proわ云は軸扉（∬，y）．  

Figure2：ComparisonofLRUandFIFO  

3 Conclusion   

Weproposedanewconcept，aneXpeCtedstayingtime，  

andinvestig？teditsrelationtothehitratioofpaglng  
SChemes．Theexpectedstayingtimeisdefinedonahy－  
bridmodel，COnSistingofIRMandLSM．Inaddition，  
WeVerifieditsusefu1nessbyapplyingtothecompari－  
sonofFIFOamdLRU．   
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