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1 Tntroduction   

This paperstudiestheeffectsofreorderingpage  

requests for multi－Size page caching．First，We  

COnSidersemi－Onlinemodel，Wheretheinputqueue  

keepsrequestswhichwillbeprocessedin thefu－  

ture・We develop an e然cient page replacement  
algorithmwhichshiftssomepagerequestsinthe  

queueunder themodel．Second，Weanalyzethe  

miss ratios oftwo methods，nOn－Shiftingmethod  

andourshiftingmethod．Third，WeCOmpareOur  

methodwithotheralgorithmsbysimulation．The  

resultsindicateourmethodoutperfbrmsothers．   

2 Algorithm  

Our system has a cacheofsize M，a■secondary  

StOra9eOflargeenoughsize，andaninputqueuefor  

requestswithinfinitestorage・LetU＝（x，y，1．．）  

be the set ofallpa9eS，Where each page sizeis  

uniformlydistributedover（0，m］・Ifar？queSted  

pageis notin thecache，Ca11ed a miss，itincurs  

meancostC・Otherwise，Calledahit，ittakesjust  

l・Ⅵ7bconsidersemi－Onlinemodel，Wherethequeue  

lengthL（t）attimetisdeterminedby  

L（t）＝JarrivedrequestsbeforetJ  

－lservedrequestsbefbretJ・   

Theresidenceinter・Valofapageaisthemaximal  
timeintervalduringwhichaisinthecache．   

Fbreachfuturemiss，OurShiftingmethodmakes  

aplanwhichpageshouldbereplaced・LetEq（r），  

Calledan e叩eCtedcache，beasetofpagesinthe  

CaChecorrespondingtothej－thfuturemissr．Let  

a（Eq（r））bethenumberofdistinctpagesinthe  
ECi（r）forIwhichrequestshavealreadyarrivedaf－  

terthemissr・Ifa（EC）≧KforsomeconstantK，  

thealgorithmrandomlyselectsasetofpagesSto  

beevictedfroma（EC）．Thenthefuturerequests  

fbr Sin the queue areshifted to theirresidence  
intervals．   

O Makingaplanofevictions：  

1・IfKpagesS⊂EC（q）arerequested，  

2・Randomly select page（s）a∈Sto be  

evicted  

3．Shifteverya∈Sbefbreq  

4．Next，ECis determined   

◎Carryingouttheplan   

3 AnalysisofMissRatios  

Non－ShiftingMethod  

Tbeorem3・1〝C由βlt伊cie乃軸ね呵e，娩emねβ  

m亡ioん毎払eれ0乃－βん姉査れタme兢od豆β叩p和∬imαfegy  

ん母1－  
C2（（1－β）エー〆）’  

ひ九er℃エ豆β兢emeα乃叩e祝eJe叫んαれdβ＝入ル由  

班erα如扉α汀血Jm亡eわβerひ豆cerα亡e．  1   

ShiftingMethod  

memma3・1rんee叩eC亡edm祝mわerqJeuic£edp叩eβ  

わreαC九βq de†10ねdわyα，由  

2〟／m－J＋1  
α ＝ ∑ノ  

ブ≧1   

・⑳（J（刃）  
12  

×（α（◎（α）－⑳（り）＋（¢（α）－¢（ゐ））），  

び加re◎（ェ）ね娩ep和みαは軸娩α亡班eβね乃dd通れOr－  

mαJiβJeββ班α乃諾，¢（∬）盲β班e de乃β軸舟mc如和  

好銑eβねm血相乃OrmαJdねfねあ祝如乃，J（ブ）＝（〟－  

（2且オ／m－ブ＋1）m／2）／  （2〟／m－ブ＋1）・m2／12，  

辺∠聖二出 
河手r（慧一 －1）αれdむ  

出 
珂汗（慧一等 ）・  

■  

We can associate severalstates with each page，  

Cal1edpa9eState・Eachpagestateofpageaand  
itstransitionsareillustratedinFigurel．LetSbe  

asetofsystemstates．Anysystemstatex∈Sis  

COmpOSedofthe（IUL＋1）－dimensionalvector．   

Let e（x，t）be the number ofECs at time t，  

P（y，X）the transition probability，and△9（y，X）  
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4 SimulatLion   

Tbevaluateourshiftingmethod，WeeXeCuteSim－  

ulationexperimentsandcomparewithothertwo  

methods・OneisRandomizedMarkingalgorithm，  

PrOpOSedby［1】，andtheotherisitsslightvaria－  

tion，CalledRevisedMarking．  

仙  
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Figurel：Pagestatetransition  

theincrementofECswhenthesystemstatembves  

homytox．Thenwehave  

e（笹イ＋△f）＝∑p（臥可・（e（折）＋△β（y，可）・  
y∈ぶ   

If△t→0，WeObtain  

0．4 0．6 0．8 1 1．2 l．4 1．6 1．0  2  2．2 2．4 2．る  

lntor・arlレさItlmo   

Figure2：Varylngmeaninter－arrivaltime  
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e（千）＝∑  

y≠エ  

ツ∈5   

（e（y）＋4g（y，ご）），（1）  
人＋ム／l   
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Whereq（y，X）isequaltop（y■，X）exceptforcon－  

taining△tasafactor．   

Lets（x）denotetheprobabilityofx．Thenwe  

have  

q（肌虻）β（y）  
β（諾）＝∑  

y≠エ  
ツ∈ぶ   

With∑β（苧）＝1・（2）  

諾∈β  
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Figure3：VarylngCaChesize  Ftom（1）And（2），the expected・number ofECs，  

denotedbyβ，Canりeobtained；  

β＝∑β（諾）e（ご）・  

訂∈S  

Ftom thelemmas above，the shifting rateis  

α・β／L．Nowwecangetamissratiofs fbrour  

method．   

Theorem3．2〝C由叫伊c‘ieれ和一Jα叩e，班emiββ  

相加扉0祝rβ九彿mタme埴od盲β岬p和エimα亡eJy  

5 Conclusion   

Weinvestigatedeffectsoflookaheadschedulingre－  

questsonthecachingproblem．Ftom’theanalyt－  

icalorexperimentalpointsofview，itturnedout  

Ourmethodourperformsnon－Shiftingmethods．  
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