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IFR（IncreasingFailureRate）assumptioncanbevalidated  

fromthephenomenon called thesqPwarea9in90bserved  

inactualoperatingsystemsormidwa†eSyStemS・Consider  
thesimilarbut somewhat difrerent software rqiuvenat．ion  

policies丘omGarg，etaL．［1］：  

PolicyI：Rqiuvenate the system at the time when N   

（＞1）transactions are processed・Ifone or more  

transactionsareremainedatthattimeinthebuffer，  

theywillbeal1lostfromthebuffer．  

PolicyII：RqjuvenatethesystematthebeginnlngOfthe   

idleperiodafterthesystemcompletedN（＞1）trans－  

actions．  

OnlydifrerencefromGarg，etal．fl］istostartthesoftware  

rqjuvenationprevent・ivelyattherandomtimewhentheto－  

talnumberoftransactionscompletedtoprocessrcachesto  

athresholdlevelN．Let侮bethepreventivemaintenance  

timerelatedwiththe rqjuvenation and bethei．i．d．ran－  

domvariablewithEtl旬＝7R（＞0）・Aftercompletingthe  

rqiuvenation，thesystemisrestartedwithemptybu鮎r・   

乱Dependabili七yMeasures   

1．In七roduction   

The sqftwart：rqiuvenationisone ofthemost e爪氾tive  

PreVentivemaintenancetechniqueforoperationalsoftware  
SyStemSwithhighassurancerequirement．Garg，etaL．［1】  

and Okamura，etal・（2】proposed twotypesofperiodic  

rqiuvenation policiesforatransactionbasedsoftwaresys～  

tem，WheretranSaCtionsarriveatthesystemandarepro－  

CeSSd randomly．Inthis article，Wedevelop newsoftware  

rqjuvenationpoliciesbasedonthenumberoftransactions  

COmpleted．ApplyingtheLhmi1iartechniquebasedonthe  
hidden Markov process，Wegive numericalcomputation  

proceduresonthesystemdependabilitymeasures，SuChas  
Steady－StateaVailabilityandthelossprobabilityoftrans－  

actions．  

2．ModelDescription   

Consider the similar but，SOmeWhat di爪：rent，SOftware  

SyStemWithsingleserverfromGarg，etal・［1］・Suppose  

that abufkrisempty attime電＝0and thatthe trans－  

actionsarriveatthesysteminaccordancewiththehomo－  

geneous Poissonprocesswithrate入（＞0）．Ifthebufrer  

isempty，thentheprocessforthetransactjonsarestarted  
with’serviceratep（・）（＞0），Otherwise，thetransactions  

areaccumulatedinthebu鮎runtiltheserverisavailable，  

WheretheservicerateFL（・）isafunctiondependentofthe  

Cumulativeoperationtimetand／orthenumberoftrans－  

aL：tionsjnthebu鮎r．Moreprecjsely，let（XL；t≧0）bethe  

number oftransactions accumulatedin t，he bu恥r at，time  

t．Then，theservicerateisgivenbyFL（t），FL（X亡）orJL（t，Xt）・  

Itisassumed thatthebufrbrsizeis丘xedasK（＞1）・If  

a transaction arrives at the system when the number of 

trallSaCtionsinthebutrerisK，itwi11berqiectedfromthe  

SyStem．Wealsosupposethattheserverisunreliableand  
thatthefailureratep（・）alsodependsonthecumulative  

operationtimetand／orthe■numberoftransactionsinthe  

bufrer．Ifthesystem fails，then therecovery（repair）is  

Startedimmediately，Wheretherecovery timeisthei．i・d．  

randomvariable羊withE（1～】＝7r（＞0）・Ifanadditional  

transactionarrivesatthesystemduringtherecoveryop－  
eration，itwi11belost．   

On theother hand，the software rqiuvenationis motト  

vatedifthesoftwarefailureratep（・）isincreasingint・This  

Consider three dependability measures；Steady－State  

availability，lossprobabilityoftransactionsandmeanre－  

sponse timeon transactions・We also apply thesimi1ar  

method based on thehidden Markov processtoGarg，et  

al．tll・ConsideradiscreteMarkovchainwiththreestates，  

where   

StateA：SyStemOperation  

StateB：reCOVeryh・OmSOftwarefailure  

StateC：PreVentivemaintenance（rqiuvenation）・  

DefinetheLransitionprobabilitiesj㌔Bandfhcfromstate  

A tostate B and from state A tostate C，Where Ehc＝  

1－f㌔B．Then，SincethetranSitionprobabilitymatricsis  

叫言篭β篭C］，  
weobtainthesteady－StateprObabilitiesinrespectivestates  

as汀＾＝0．5，7TB＝0．5PABand7TC＝＝0・5f㌔c・AIso，de丘ne  

thebllowlngrandomvariables＝  
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U：SOjourntimeinstateAinthesteadystate  

坊l‥SOjourntimeinstateAwhenn（n＝0，・・・，K）trans－   

actionsarestoredinthebuLrer（U＝∑ニ。th．）  

NL：number oftransaCtionslostin the transition from  

stat．e A tost．ateBorC   

（i）Steadystateavailability：  

0（i），・・・，K（i）：i（i＝0，・・・，N－1）transactionsarecom－  

pleted，WhereO～Kmeans the number oftransac－  

tionsinthebuf托r，  

0（N），…，K（N）：after N transactions are completed to  

process，thesystemisstartedtorqiuvenate（absorb－   

ingstates），  

0’，…，K′；thesoftwarefailureoccurs（absorbingstates）．  

Applyingthewell－knownstate－SpaCemethod，WeCanfor－  

mulate the Kolmogorov’sforward equation whichis the  

difference－difrbrentialequationson諺）（t）andpn′（t）．Fi－  

nally，underPolicyI，Wederive   

〝   

払β ＝ ∑裾（∞），  （8）  

れ＝0  

（9）  

畔■】＝上∞妄p浩柵  
jr  

E【叫 ＝ ∑乃（pれ′（∞）＋p㌘）（∞））・   （10）  

れ＝O   

InafhshionsimilartoPolicyI，WegettheresultsforPolicy  

IIa5fbllows．   

〝   

鳥8 ＝ ∑本′（∞），  （11）  

れ＝O  

E【叫＝上∞妄抽   
（12）  

E【叫＝上∞姜紬（乃＝1，…，∬）（13）  

E削  
4犯＝   

（1）  

E【U】＋アAβ7r＋j㌔c7月  

（ii）IJOSSprObabilityoftransactions：  

入（j㌔β7r＋f㌔c′†R＋E世相＋E【〃り  
月。。。＝   （2）  

人（E【叫＋J㌔87r＋f㌔c7月）  

（iii）Meanresponsetimeontransactions：   
LetEand勒bethemeannumberoftransactionsseト  
Vicedfromthesystemandthecorrespondingexpectedto－  

talprocesslng time，reSpeCtively．Then，WeObtain E＝  

入（E（U］－E【UK］）．Ftom anintuitiveargument，the ex－  

pectedtotalprocessingtimeforal1transactionsarrivedat  

thesystemisW＝∑慧。nE［Un］・SinceWs＜W，the  
mean response t，imeon t，ranSaCtions become＄  

Ⅵ㌔  
71eβ＝   （3）  

β－E【叫■   

Ftomtheinequalityl鶴＜W，WCObtainanupperbound  

Ofthemeanl・eSpOnSetimeasfbllows．  

lイ′  

71。β＜   
（4）   

β一E【叫－  

4．AnalysIS  

Ofourinterestisthederivationoftheoptimalthresh－  

01dlevelN’under PolicyIand PolicyII．Hence，Wede－  

finethesteady－StateaVailabilityandthelossprobabilityof  

transactionsasthefunctionsofNagain，i・e・Ass（N）and  

Pl。SS（N）・TbseekアAB，E【仇1】andE【NL］inthesedepend－  

ability measures，define thenumber oftransactions com－  

pletedtoprocessuntiltimet，theprobabilitythatntrans－  

actionsareremainedinthebu爪：rattimetandtheproba－  
bilitythatitransactionsareCOmPletedtoprocessprovided  

thatntransactionsareremainedinthebufrbrattimet，by  

（Zt；t≧0），恥（t）and㌔）（り（豆＝1，…，〃；れ＝0，…，〝），  

respectively．，Since   

打  

E血＝∑吼′（∞）・  

れ＝0  

（14）  
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恥（f）＝ Pr（ズt＝れ），   

諺）（り ＝ Pr（Zt＝岬t＝m），  

（豆＝1，…，〃；乃＝n，…，∬），  

thejointprobabilityofXtandZtisrepresentedby  

諺）（り ＝ Pr（Ⅳ亡＝乃，Z‘＝i）  

＝ 恥（け9だ）（り．  
（7）   

Under PolicyI，WCCOnSider acontinuous－timc Markov  

Chain（CTMC）withstates  
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