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皿 ‡皿屯『①dⅧC屯五①m   

Wedevelopasoftwaresafbty／reliabilityassessment  

modelwhich assumes that the＄yStem CauSeS ha2；－  

ardousconditions randomlyin operation．We use a  

Markovproce＄Sもodescribethetime－dependentbehav－  

iorofthe＄Oftwaresystem，takingaccountOfthesoft－  

Ware reliability growth process■ Severalquantitative  

Saftty／reliabilitymeasuresarederivedftomthismodel，  

Especial1y，thismodelcanprovideametrico  

S¢lyde餌edaBtheprobabilitytha．tthesystemdoe＄  

not払11intohazardousstatesataspecifiedtimepoint  
【1】．Numericalillustrationsarepresented七oshowthat  

thismodelisusefulfbrsoftwaresafbty／reliabilitymea－  

surement and assessment．   

2 M①de且desc『五p屯五①皿  

Iwegivethefo1lowlngaSSumptionstocons七ruCtthe  
softwaresafbty／reliabilitymodelindyn去micenviron－  

ment，takingaccountofthesoftwarefailuTe－OCCurrenCe  

phenomenon：   

Al．Whenthesoftwaresystemoperateswithoutsoft－  

Warefhilure－OCCurrenCeS，theholdingtimesofもhe  

Safeandunsafbstatearedistributedexponential1y  

withmeansl／Oandl／り，reSpeCtively．  

A2．Adebugglnga．Ctivityisperformedwhenasoftwa・re  

hilure occurs．Debugglng aCtivities are perfect   

withprobabilitya（0≦a≦1），Whileimpe血ct  

Withprobabilityb（＝1－a）・Wecal1atheperfbct  

debugglmgrate．   

A3．Software relia．bility growth occursim case ofthe  

PerfectdebugglngaCtivity．Ⅶhetime－intervalbe－  

tween software払ilure－OCCurrenCeS五s distributed  

exponential1y with mean 皿／入n，Where n ＝  

0，1，2，‥．denotesthecumulative numberofcor－  

re（：ted払ults．   

A4．Onlyone鳥山1ti＄COrreCteda．ndremoved丘omthe  

SySteminthestateofperfbctdebugglngaCtivity  

amdthedeb11gglngtimei＄nOtCOnSidered．   

Thestatespaceofstochasticprocess（X（t），t≧0），  

Which represents the sta．te ofthe software system a．t  

timepointt，isde負nedasfouows：  

Wn：thesystemisoperatingsafe1y，  

Un：thesystemfallsintotheunsaftstate・   

恥oma．＄SumptionA2，Whenthenextsoftwarefailure  

occursin（∬（り＝吼）or（∬（り＝坑l），   

瑚＝ （設．1‡ニ…諾：：：E：E…王…冨3． （1）   

mrther，WeuSeMorandamodel（2］todescribethe  

SOftware reliability growth process．Thatis，When n  

hultshavebeencorrected，theha2；ardrateforthenext  

SOftwarefailure－OCCurrenCe，入n，isglVenby   

入m＝βゐれ（几＝0，1，2，…；β＞0，d＜ゐ＜1），（2）  

where D and k aretheinitialhazard rateand the de－  

CreaSlngratiooftheha2；ardrate，reSpeCtively．   

Thesamplesta・tetranSitiondiagramofX（t）isillus－  

tratedin『ig．1．  

3 S①侃w甜eSa餌y／陀皿五ab姐祉ymeasⅧ陀S   

ThedistributionofrandomvariableSn，Whichrepre－  

8entSthetime＄pentincorrectingnfaults，isobtained  

a5  

Gn（り≡pr（ぶn≦り  

れ－1  

＝∑A㌻【1－e‾舶】  

i＝0  

（g≧0；れ＝1，2，…；Co（り≡1），（3）  

Wherecon8tantCOe伍cientsA㌻’sareglVenby  

A孟≡1  

m－1  

A㌘＝m  
右
．
 
 

崇入ブ一木  

j≠i  

（几＝2，3，…；£＝0，1，2，…，れ－1）   

飢Irther，thestateoccupancyprobabilitythatX（t）  

isinstate吼attimepointtisobtainedaぷ  

耽（り≡Pr†∬（り＝吼）  
れ  

＝即e‾（入h〃＋叩）‘＋∑抑‾和  

i＝0  

（ん＝0，1，2，…），  
（5）  
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WhereconstantCOe侃cientsBnandB㌻areglVenby   

（6）  
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（入n＋β＋り  

（盲＝0，1，2，‥りれ），  

respectively．   

Then，Sqftwaresafety［3］isdefinedas  

OO■  

坤）≡∑fレ～（f），  
れ＝0   

（7）  

（8）  

Fig．1Adiagrammaticrepresenta・tionofstatetran－  

SitionsbetweenX（t），s．  

Whichrepresent＄theprobabilitythatthesystemdoes  

notfallintoanyunsafbstatesattimepointt．  

4 NumericalExamples   
Thesoftwaresafbtymetric？，S（t）in（8）forvarious  

ValuesofOareshowninFig．2，WhereD＝0．1，k＝0．8，  

a＝0．9，and71＝0．1．Fig．2ihdicatesthatthesoftware  

Safbty becomeslargerasCdecreaBeSandconvergesto  

71／（0＋71），Whichdenotesthesteadyprobabilitytha・tthe  

SyStemis operatingsa．ftlyin thecasewheresoftware  

failure－OCCurrenCeSare nOt COnSidered．   

S（t）’s are shownin Fig・3for various values ofk，  

WhereD＝0・1，a＝0．9，0＝0．01，71＝0・1・Fig．3in－  

dicatesthatthesoftwaresafbtyconvergesea．rlierwith  

decreasingk．Smal1erkmeansthat80ftwarereliability  

growthoccursmorera．pidly．Sincethismodelassumes  

thatthesystemisnotunsafeincauslngaSOftwareね．il－  

ure，the＄Oftwaresafbtybecomeslargerwithincreaslng  

k，Whichmeansthehighfrequencyofsoftwarefailure－  

OCCurrenCeS．   
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Fig・2 DependenceofOonS（t）（D＝0・1，k＝0・8，  

α＝0・9，り＝0・1）・  
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Fig・3 Dependenc？OfkonS（t）（D＝0・1，a＝0・9・  

β＝0・01，り＝0．1）．  
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