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且 Im屯釘OdⅧC在五om   

WtconstruCtaSOftwareavai1abilitymodelconsider－  

ingthenumberofrestorationactions【1，2J・Wbcor－  

rela七ethefailureand restorationcharacteristicsofthe  

SO氏waresystem wi七h the cumulative number ofcor－  

rected払ults．机1rthermore，WeCOnSider animper鈷ct  

debuggingenvironmentwherethedetectedfaultsare  

not always corrected and removed ffom七he system．  

The七ime－dependen七behaviorofthe8yStemalternating  

be七weenupanddownstatesisdescribedbyaMarkov  
process．酔omthismodel，WeCanderivequantitative  

measuresforsoftwareav乱ilabilityass窃SmentCOnSider－  

ingthenumberofrestorationactions・Fimally，WeShow  

numericalexamplesofsoftware8Vailabilityanalysis．  

望 Mo鮎乱心sc町五が五om   

The fb1lowing assumptions are made fbr software  

availabilitymodeling：   

Al．Thesoftwaresystemisunavailableandstartstobe  

restoredassoona5aSOftwarefaiJureoccurs，and  

もhe sysもem cannot operate untilthe re5tOration  

actioniscomplete．   

A2．Therestorationactionimpliesthedebuggingac－  

tivity；thisisperformedperfbctlywithprobability  

a（0＜a≦1）andimperfectlywithprobability  
b（＝1－a），Wbcal1atheperfbctdebuggingrate．  

Onefaultiscorrec七ed and removedfromthesoft－  

WareSyStemWhenthedebuggingactivityisper一  
鮎ct．   

A3．The next timeintervals of software failures and  

restorationswhennfaultshavealreadybeencor－  

rectedfromthesystem，fo1lowexponentialdistri－  

butionswithmeansl／入nandl／ILn，reSpeCtively．  

A4．Theprobabilitythat七woormoresoftware払iltJreS  

OCCurSimultaneouslyisnegligible．   

Considerastochasticproムess（X（t），t≧0）whose  

StateSPaL：eis（W，Jn），WhereupstatevectoTW＝  

（町l；n＝0，1，2，…）anddownstatevector腰＝  

（札；氾＝0，1，2，…）・Then，班eevents（∬（f）＝祐㌦）  

and（X（t）＝Rn）meanthatthesystemisoperating  

andinoperabledueto therestoration action at time  
point t，When n faults havealready been corrected，  

respectively．   

Ftom assumption A2，When七he restoration action  

hasbeencompletein（X（f）＝私），   

瑚＝ 〈設．1‡：………：：：E：E；王；冨3． （1）   

Thesamplesもatetran5itionqiagramofX（t）isillus－  

tratedinFig．1．   

トんdT  トんAr  トんムー  l＿ん．1dT  

F五g・且 Adiagrammaticrepresentationofstatetran－  

SitionsbetweenX（t）’s．   

3 So氏wa釘由ava弧ab弧弛ym¢aSⅧ訂℡S   

Hereweconsidertherelationshipbetweenthenum－  

berofther尊tOrationactionsandsoftwareavailability  
measurement．Letl＝0，1，2，．．．denotethenumber  

Oftherestorationactions．Fhrthermore，Weintroduce  

thebinaryindicatorvariableIA（t）takingthevaluel  
（0）ifthesystemisoperating（inoperable）attimepoint  

t，giventhatitwasinstateA∈（W，侃）attimepoint  

t＝0，reSpeCtively・ThenAi（t）≡Pr（IwL（t）＝1）  

（i＝．0，1，2，・・・）denotestheinstantaneoussoftware  

availabilitygiventhatthesystemwasinstate W；at  
timepointt＝0，i．e．，   

00  

A‘（t）＝∑耽，帆（り  
れ＝＝1   

（）0  

＝ト∑恥，軋（f），  
n＝i  

（2）   

（seeFig・2），WherePh．B（t）（A，B∈（W，R））denotes  

thestateoccupancyprobabilitythatthesystemisin  
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StateBattimepointtontheconditionthatthesystem  

WaSinstateAattimepointt＝0．  

respectively，Where9i，n（t）andGi．n（t）aretheproba－  

bilitydensityandthedistributionfunctionsofrandom  

VariableSi，，．repreSentingthetranSitiontimefromstate  

l弟tostateWL（i≦n），re＄peCtively．Thesecanbeob－  

tainedasclosedforms．   

4 NumericalExamples   

Figure＄3showsthetime－dependentbehaviorsofthe  
instantaneous，SOftware avai1ability，A（t；l）in（6）for  

Variousnumbersoftherestorationactions，l・Thisfig－  

ureindicatesthatsoftwareavailabiIitydropsrapidly  

immediatelya氏er the beginnlngOfre－Operation and  

thengradual1yincreases．Wb canalsoseethatsoft－  

WareaVailabilityimproveswiththeincreasingnumber  

Ofthere5tOrationactions．  

A（r；の  

（ 

×：Sof（Warefailure－OCCurrenC  

O：Perftctdebugging  

A：Tmperftctdebugging  

Fig．2 Sample behavior of the system and event  

（J昭（f）＝1）．  

Itisnotedthat．thecumulativenumberofcorrected  

faultsatthecompletionofthel－threstorationaction，  
q，is not explicitly observed sinceimperfect debug－  

gingis aぉumedthroughout this paper．However，q  

fo1lowsthebinomialdistributionhavingthefo1lowing  

probabilitymassfunction：  

1  

0．98  

0．96  

0．94  

0．92  

0．，  
（：）  

α吋‾i （i＝0，1，2，．‥，g），（3）  Pr（q＝i）＝  

0  100  200  300  400  500  

Time   

Fig.3 Dependence of number of restoration actions 

OnA（り）（α＝0．9，β＝0．1，た＝0．8，β＝  

1．0，r＝0．9）．  
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where（…）≡l！／［（トi）！i！】denotesabinomialcoefEcient・  

Accordingly，theinstantaneoussoftwareavailabilityaト  

terthecompletionofthel－thr錯tOrationactioncanbe  
de丘ned as  

I  

A（り）…∑pr（q＝塩）A㈹，  （4）  

i＝O  

Whichrepresentstheprobabilitythatthesystemi50p－  

eratingattimepointt，glVenthatthel－threstoration  

actionwascompleteattimepointt＝0．Fbrt・hermore，  

theaveragesoftwareavailabilityafterthecompletion  

ofthel－threstoration actioncan bedefined a5  

A刷）≡言上tA（柵  （5）  

Which represents the ratio ofthe system’s operating  

timetothetimeinterval（0，t］，giventhチtthel－th  

restoration actionwascompleteat timepointt＝0．  
Wecanexpress（4）and（5）as  

‘  

A（刷＝ト∑  
i＝0  

芦恥＋1（り  

（：）  

α吋‾‘∑  
れ＝i  

，（6）  
α〃れ   

帥  
告Ci，叫1（り  l

一
▲
t
 
 

α‘♭ト‘∑  
rl＝l  

，（7）  A肌（り）＝1－  
α〃れ  
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