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This paper discusses a stochastic modeling for  

softwaresafbty／reliabilitymeasurementbasedonth占  

numberofdebuggings，andprovidesametricsofs埴－  

Ware S（昨ty［1］de負ned as the probability that the  

SOftware－intensive system does not fallinto any un－  

saftstatesasthefunctionofthetimeandthenumber  

OfdebugglngS．Theunsafestateofthesoftwaresys－  

temisdefinedasthestateofthecomputer－intensive  

SyStemthatinducesthehazardssuchastheinjuries  

tohumanlives，illn鴎S，andserious丘nanciallossesdue  

tothesoftware，sundesirableprocesses［2］．Theatten－  

tionofthispaperisdirectedtotheeventthatthesys－  

temcausesunSafestat（芳randomlyinoperation．Fbr－  

thermore，WeCOnSiderthatsomeofdebugglngSWhich  

primari1yperformforsoftwarereliabilitygrowthcon－  

tributetosoftwaresafetyimprovement8SWe11insoft－  

WareSafetymodeling．  

2 Mode且鮎sc町五郎五om   

Wegivethefollowingassumptionstoconstructthe  

SOftwaresafbty／reliabilitymodel：   

Al．Whenthesoftwaresystemoper8teSSafbly，itfall－  

SintotheunSafestaterandomly，i．e．，thehold－   

1ngtimeofasafestateinoperationfo1lowsthe  

exponentialdistributionwithmeanl／On，Where  

n＝0，1，2，．．．denot6thecumulativenumber  

ofcorrected faults．Wecal10n thesoftwareun－  

Safetyrate．Theholdingtimeofanunsafestate   

isalsorandomandfo1lowstheexponentialdistri－  

butionwithmean1／り．  

A2．Adebugglng8Ctivityisperformed whenasoft－  

Warefailureoccurs．AdebugglngaCtivityisper－   

fectwiththeperfbctdebuggingratea（0≦a≦1），  

On the other hand，imperfectwith probability  

b（＝l－a）．Oneperfectdebuggingcorrectsand  

removes one Eaultfrom thesystem．Debugglng  

activitiesareperformedinsafbstatesandthede－  

bugglngtimeisnotconsidered．  

A3．Softwarereliabilitygrowthoccursin thecaseof  

theperfbctdebugglng．Thetime－intervalbetween  

SOftwarefai1ure－OCCurrenCeS fbllowstheexponen－  

tialdistributionwithmeanl／入n．入nisadecreas－   

ingfunctionofn．  

A4．A perfbct debugglng aCtivityimproves software  

Safetyaswellwithprobabilityp（0≦p≦1），On  

theotherhand，doesnotimprovewithprobability  

q（＝1－P），Imperfectdebuggingactivitieshave  

noimpactonsoftwaresafety．  

Wbconsiderastochasticprocess（X（t），t≧0）rep－  

resentingthestateofthesoftwaresystematthetime  

poinも£；thisstatespaceis（W，U），Wheresafestate  

VeCtOrW＝（l軋；n＝0，1，2，…）and unsafes－  

tatevectorU＝（Un；n＝0，1，2，‥．）．Theevents  

（X（l）＝WL）and（X（t）＝Un）meanth8tthesys－  

temisoperatingsafely8nd払1lsintotheunsafbstate  
atthetimepointt，Whennfaultshavealreadybeen  

COrreCもed，【彷peCtively．   

Wもrefbrtothedescriptionofthesoftwareunsafe－  
tyr8teen．LetIn bethebinomialrandom variable  

representing the numberofperfect debugglng aCtiv－  

itiescontributing tosoftware safetyimprovement as  

We1loutofnperfectdebugglngaCtivities．Fbrdescrib－  

ingasoftwaresafttyimprovementprocess，WeaSSume  

thatthesoftwareunsafbtyratewhen（In＝i）canbe  
describe as  

叩）＝αβi  

（豆＝0，1，2，…，m；α＞0，0＜β≦1），（1）   

Whereaandβdenotetheinitialsoftwareunsafetyrate  
andthedecreaslngratiooftheso氏wareunsafetyrate，  

r饉peCtively．Accordingly，COnSideringtheexpectation  

Ofβ（れwegiveβれ舶  

βれ≡E【β（り1＝αbβ＋9）れ，   （2）  

FigurelillustratesthesamplestatetranSitiondia－  

gramofズ（け  
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Fig．2 Sample behavior of the system and event  

（ズ（t）∈Ⅵ′lズ（0）＝l仇）・  

fromassumptionA2．Accordingly，themetricsofsoft－  

WareSafbtyafterthecompletionofthel－thdebugglng  

isgivenby  

J  

g（り）＝∑  

iニ0  

αiゎトigi（t），   （4）  

Fig．1Asamplestatetra．nsitiondiagramofX（t）．  

3 Derivation of metrics of software   

Safbty   

We consider the relationship between the number  

OfdebugglngSandsoftwaresafetymeasurementtLet  

l＝0，1，2，…denote the number ofdebuggings．  

Fbrthermore，  

Whichrepregentstheprobabilitythatthesystemdoes  

not fallinto any unsafestates at the time point t，  

glVen that theL－thdebugglngWaS COmpleteat time  

pointf＝0．  
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5i（t）≡Pr（ズ（り∈Ⅵ′lズ（0）＝l弟）  

∞   

＝∑恥爪（t），  
n＝i  

（3）  

denotetheprobabilitythatthesystemisinasafes－  

tate at the time point t，glVen thatit wasin state  

勒attimepointt＝0（seeFig・2），WhereJ㌔，B（t）≡  

Pr（ズ（t）＝βlズ（0）＝A）（A，β∈（Ⅵ′，R））isthes－  

tateoccupancyprobabilitythatthesystemisinstate  

Batthetimepointtontheconditionthatthesystem  

WaSinstate＾attimepointt＝0・Pw．，Wれ（t）’scan  

beobtainedanalytically．  

Itisnotedthatthecumulativenumberofcorrected  

faultsorperfectdebugglngSatthecompletionofthe  

L－thdebugging，q，isnotobservedexplicitlyandjm－  

mediatelysinceweassumeimperfectdebugglngenvi－  

ronmentandthatqfo1lowsthebinomialdistribution  
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