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1．INTRODUCTION  

This pa．per considers a probabilistic modelfor a  
databa5e reCOVery aCtion with clleCkpoint generations  

whensystemfailuresoccuraccordingtoa．renewalprocess  
whoserenewaldensitydeperLdsonthecum111ativeopera－  

tionperiodsincethelastcheckpoint．Necessarya．ndsuL  

ficientcoIlditioIISOntheexistenceoftheoptimalcheck－  

POintinterva．lwhich ma．ximizes the ergodic availability  

are analytical1y derived．The modelcondideredin this  

papergeneralizesthatbyYoung【1】andisdifrerentfrom  

thosebyGelenbe［2］a・rLdSumita，etaL・［3］・   

2．DATABASE MANAGEMENT MODEL  

Let X（i）be the cumulative operation time for the  

da．tabasesystema．ttimetsirLCethelastcheckpoint．AIso，  

1ettherenewalprocessbegovernedbyasequenceofi．i．d．  

norL－negative random variables Di（i＝1，2，‥・）having  

ダ（ェ）＝Pr（仇≦∬）and  

榊＝瑚・  
（1）  

Let  

transactionsirLthelog，i・e・，OnthevalueofX（i）a・tthe  

timeoffail11re・WeemployagenericrarLdomvaria．bleV；  

denotingthelengthofthero11backrecoveryglVentha．ta  

hilureoccuredattimetwithX（l）＝‡・Thedistribution  

OflちisdenotedbyB（y）＝Pr（佑≦y）・  

Intervalsbetweentwoconsecutivecheckpointsa．redeT  

termined by thetotaloperationtimein thei】lterValex－  

Cl11dingrollbackperiods・Thei－thcheckpointisgerLerated  

assoon asthe totaloperation timesince the（i－1）st  

CheckpointreachesthelengthSi（i＝1，2，‥・）・Assume  

that Si（i＝1，2，‥・）constitutes asequenceofrandom  

VariableswithcommondistributionA（x）＝Pr（Si≦2：）．  

Times（overheads）req11iredforcreatingcheckpointsalso  

formasequerLCeOfi・i・d・randomvariablesCi（i＝1，2，‥・）  

WithW（z）＝Pr（Ci≦z）．   

Let了1（i＝1，2，・・・）be the actualtimeintervalbe－  

tweenthe（i－1）standthei－thcheckpoints．Then，Since  

T；（i＝1，2，…）is a sequence ofi．i．d．random vari－  

ables，Checkpoints areclearly regenerativepoints．From  

the renewalargument，itis s11fRcient to consider the  

modelinonecycleandwedropthediscretetimeindexi  

（i＝1，2，‥・）inthefollowingdiscussion．Sincetheonecy－  

Cleisde負nedasthetimeperiodcommenclngattheendof  
OneCheckpointandendingtheendofanothercheckpoint，  

themeantimeofonecycleisEA［S］＋Ew［C］＋Randthe  

meanoperatingtimeforonecycleisE＾［S］，WhereRis  

thetotalmea・ntimeofro11backrecoveryandisexpressed  

by  

上  

J（た）（ェ）＝   ′（鬼‾1）（∬－y）′毎）dy，（た≧2）（2）  

andf（1）（∬）＝f（x），Where／（k）（・）isthek－foldconvolu－  

tionoff（・）ofitself（k≧2）・Thentheprobabilitytha・t  

a system failure on the prima．ry memory occursin the  

timeinterval（∬，∬＋6）isgivenbym（x）6＋0（6），Where  

m（E）＝∑芸1f（k）（E）istherenewaldensityandthecor－  

respondingrenewalfunctionisde航nedas  

鮎√坤）上1梱【輝  

Then，theergodicavai1abilityisformulatedas  

（4）  

Jエ  
〟（〇）≡   m（y）旬・  （3）   E．4【∫J  

Ⅱ＝   
（5）  

EA［5】＋Elγ【C】＋R  
Upon afailure，arO11ba－Ck recovery takes place where  

the bu抒erinformation saved at thelast checkpoint cre－  

ation and the log of transactiolls are used for restoring 

thedataba5etO auSable state．ThelerLgth ofthe ro11－  

back recoveryis a5印med to depend ollthe number of  

FromEq・（5），theproblemistoseektheoptimalcheck－  

pointstrategywhichmaximizesⅢ．  

3．OpTIMAL CHECXPOINTSTRATEGY  
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k（＞0）istherateoftransactionstoberest？redafterany  

hilure・FromEq・（6），theswitchimgfunctionbecomes  

ん（ェ）＝m（£）（α∬＋外  
（12）   

DifrerentiatingⅢ（T）with respect to T，and setting  

equaltozeroimpliestheeq11ationq（T）＝0，Where  

9（r）≡E〝【q＋∬（r）－rん（r）・  
（13）  

UsingEq・（13），Wehavethemainresultinthispaper．   

TIleOrem3．2；  

（i）Supposethattheswitchingfunctionh（x）isstrictly   

increaslng・Then，there exists a．負nite and unique  

OptimalcheckpointintervalT’（0＜T’＜∞）sat－   

isfying the nonhrLear equation q（r）＝O a・nd the  

COrreSPOndingergodicavailabilityis  

Let11S derive the optimalcheckpointintervalfor an  

arbitraryfailuretimedistribution．De晶ethefbllowlrLg  

hnctions；  

ん（∬）≡m（〇）Eβ［鴨】，  （6）  

．（r  （7）  
九（β）dβ・  ∬（∬）≡  

ThefurLCtiorLh（E）iscal1edswitchingfunctioninthispa－  

perarLdsatis負esthefollowlngformula；  

EA帥】＝J∞叫）上∬ん（坤・  

＝、f、、－  （8）  
ガ（∬）dA（∬）・   

Further，Wede負neasetofa・11A（x）swith£xedexpectatiorL  

T∈［0，∞）asJT．Thefouoふingthepremwillbeusefulto  

characterizetheconditionontheexistenceoftheoptimal  

CheckpoiIltiIlterVal．   

Lemma3・1：LetJT be aset ofal1A（x）swith允Ⅹed  

expectationT∈［0，∞）・Iftheswitchingfunction h（£）  

isincreasing，thentheelementA（x）ofthesetJTWhich  

maximizestheergodicavailabilityIIis  

（輌）＝ 〈．吉◆諾妄≡芸  （も）  

whereU（・）isthe11nitfunction・  

FromLemma3・1，therandomizedpoliQyA（2；）istra・nST  

latedtotheconstantpolicyTandwecanreplaceIIand  

EA［S］toⅢ（T）andT，reSPeCtively，thatis，theproblem  

is formulated as  

Ⅱ（r●）＝  
（14）  

1＋ん（アリ●   

（ii）SupposethattheswitchingfunCtionh（x）isconstant．  

Then，theoptimalchetkpointintervalisr→∞，   

i・e・，nOCheckpointshouldbegenerateda．ndthecor－  

respondingergodicavai1abilityis  

Ⅲ（∞）＝  
（15）■  

1＋ん（∞）●   

4．REMARKS   

Itisnoteasyforanarbitrarydistributiontogetthean－  
alyticalexpressionforthenonlinearequation，Sinceq（T）  

invoIves the renewalfunction M（T）andits associated  

q11antitiesIThen the approxima．tion procedureswillbe  

usefultoestima．tetheoptimalcheckpointintervals．Inthe  

COnference，We Wi11introducefour approxima．tion methT  

odsint．hecase＄Wherethefail11remeChanismisunkI10Wn  

but t．hefirst three moments a．re known and where t．he  

failuretimedistributionisinferred，r？SpeCtively，andwi11  

reportresultsonthecompa．risonofthem．  
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Ⅰ野草 ‥Ⅱ（r）＝  
（10）   

0～iてふ‥‾＼｛ノ  r＋EⅣ［q＋ガ（r）  

Now，WeSpeCify．therandomvariablel左denotingthe  

lengthofthero11backrecovery．Followlngtheliterature  

【1－3］，p山  

Eβ【場＝α∬＋β，（α＞0，β≧0），  （11）   

wherethe鮎st term denotesthemean timeムeeded to re－  

p 

t上IeSeCOnd termist．11emean timecorLCerned with reload－  

1ngtheinformationstoredatthecheckpointbackintopri－  

marymeinory．Moreconcretely，WeCOnSiderthefo1lowlng  

Markovianmodel［2】‥IftransactionsarriveattheヲyStem  

accordingtoahomogeneousPoissonprocesswithinteIl－  

sity入（＞0），prOCeSSingrequirementsoftransactionsfor  

bothinitialprocesslngandreprocesslngarei・i・d・ha・ving  

acommonexpone11tialdistributionwithmeanl／FC（＞0）・  

Thenthepa．rameterαisinterpretedasα＝k入／rc，Where  
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