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Wedevelopastochasticsoftwaresafety／ava・ilability  

assessment model．Our attentionis directed to the  

eventthatthesystemcauseshazardouscondition＄ran－  
domlyinoperation，nOtthatthesystemmayfallinto  
anunsaftstatewhenthesystemisdownduetosoft－  

Warefailure－OCCurrenCe．This modelisfbrmulated by  

aMarkov processtodescribethetime－dependent be－  
haviorofthe software system，taking account ofthe  

SOftwarereliabilitygrowthprocess．Inparticular，this  

modelcan providethemetricsofsoftware saJtty tl】  
definedastheprobabilitythatthesystemdoesnotfall  

intohaza．rdousstates at aspeci負ed time point．Nu－  

mericalillustrations are presentedto showthat these  

modelsareusefu1forsoftwaresafbty／avai1abilitymea・－  

surement and assessment．   
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Thefo1lowlng aSSumptions are made fbr software  

Safety／avai1abilityassessmentmodeling：   

Al．Whenthesoftwaresy＄temisoperating，thehold－   

1ngtimesofthesafeandtheunsafestatefo1low  

exponentialdistributionswithmeansl／Oandlh，  

respectively．   

A2．Thesoftwaresystembreaksdownandstartstobe  

restoredassoonasasoftwarefailureoccurs，and  

the system can not operate untilthe restoration  

actioncompletes．   

A3．Therestorationactionimplies thedebugglngaC－  

tivity and software reliability growth occursifa  

debugglngaCtivityisperf占ct．   

A4．ThedebugglngaCtivityisperfbctwithprobability   
a（0≦a≦1），Whileimperfbctwithprobability   

b（＝1－a）・Aperfectdebuggingactivitycorrects  

andremovesonlyonefaultfromthe＄yStem，   

A5．When n faults have been corrected，the next  

software hilure－OCCurrenCe time－intervaland the  

restoration time follow exponential distributions 
Withmeansl／入nandl／pn，reSPeCtively．  

A6．The restoration actions are performedin safe  

StateS．  

Thestatespaceoftheprocess（X（t），t≧0）repre－  

Sentingthestateofthesoftwaresystemattimepoint  

tis defined asfo1lows：   

Wn：thesystemisoperatinglnaSaftstate，   

Un：thesystemisoperatinglnanunSafbstate，   

Rn：thesystemisinoperableandrestored，   

Wheren＝0，l，2，‥．denotesthecumulativenumberof  

correctedfaults．   

FromassumptionA4，Whenarestorationactioncom－  

pletesin（X（t）＝Rn），   

瑚＝ 〈設．1‡ニ…：：：：：E：E…；…冨三ミ・ （1）   

ThesamplestatetransitiondiagramofX（t）isillus－  

tratedinFig．1．  
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We can derive the state occupamCy prObabilities  

月〝れ（り≡Pr（ズ（り＝町l），fもれ（り≡Pr（ズ（り＝【ん），  

and粘n（t）≡Pr（X（t）＝Rn）analytical1y・   

Then，thesqflwaresqfely［2］isdefinedas  

0⊂〉  

g（り≡∑【耽（り＋粘れ（軋  
れ＝0  

（2）  

Whichrepresentstheprobabilitythatthesoftwaresys－  

temdoesnotfa11intoanyunSaftstatesattimepoint  

t・Furthermore，theinstanlaneoussoPwareavailabiLily  

【3］isde丘nedas  

00  

A（り≡∑耽（り，  
れ＝0  

（3）  

Whichrepresentstheprobabilitythatthesoftwaresys－  
temisoperatingsafblyattimepointt．  
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Fig．1AdiagrammaticrepreseITtationofstatetransitionsbetweenX（t）’s・  

4 Numerical Examples 
∫（J）  

Figure2showsthesoftwaresafbty，S（t）in（2）for o．品  

variousvaluesofawhere入n＝Dkn（D＞0，0＜  

k＜1）and FLn＝Ern（E＞0，0＜r＜1）・This  

figureindicatesthatthesoftwaresafetydecreaseswith  

increaslnga，1．e．，mOreraPidsoftwarereliabilitygrowth  

leadslower software saftty，This reasonis that this  

modelassumes that the software failure－OCCurrenCeis  

not the unsafb state．   0．94   

Figures 3 represents the instantaneous software 

availability，A（t）in（3）forvariousvaluesofa・A（t）  

dropsrapidlyimmediatelyafteroperationandimprove o．92  

gradual1ywiththelapseoftime．Thisfigurealsote11s  
0   100   200   300   400   500   600   700   800  

Time  usthatasystemhashigheravai1abilitywithincreaslng  

α．   
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