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N（＞0），theprobabilitymassfunctionofthenumberof  

faultsdetectedbeforetimetisglVenby  

1．Introduction   

Softwarereliabilitymodels（SRMs）basedon thenon－  

homogeneousPoissonprocess（NHPP）havebeenproposed  

inrecent，threedecades．TheNHPP－basedSRMsareusu－  

al1ytractableinpracticaluseandareintuitivelyreason－  

able．Themost traditionalSRMsare Goeland Okumoto  

model【1】andYamadaandOsakimodel【2】・   

ThispaperdescribesaparametereStimationalgorithm  

ontheNHPP－based SRMs．Especial1y，Webcuson the  

expectation－maXimization（EM）principle，anddevelopthe  

iterationalgoritlmto calculate the maximum1ikelihood  

estimatesontheNHPP－basedSRMs．   

First，WeintroducetheNHPP－basedSRMsandtheun－  

derlyingmathematitalmodelingffamework・Basedonthe  

modelingframeWOrk，theEMalgorithmforcalculatingthe  

maximumhkelihoodestimatescanbedevelopedas anit－  

erativescheme．Next，We eXtenSively apply the EMal－  

goritlmtoestimatingthemodelparameterSforadditive  

NHPP－b血SRMs．  

2．NHPP－Ba5ed SRMs   

TheNHPP－basedSRMsareusual1ytractableinpracti－  

caluseandareintuitivelyreasonable・Inthissection，We  

introducethemathematicalh・ameWOrkoftheNHPP－based  

SRMs，anddeveloptheEMalgoritlmforestimatingthe  

modelparameterS・   

As the modelingframeworks of NHPP－based SRMs，  

someapproaches areknowntoconstruct them丘om the  

stodlaStic．behavior of software hults．Langberg and  

Singpurwal1a【31propo詑amOdeling丘ameworkbasedon  
thegeneralizedorderstatistics（GOSs）・TheGOS－based  

modeling丘ameworkismadeunderthefo1lowingassump－  

tions：  

AssumptionA：Software failures caused by software  

faults occur atindependent andidentical1y dis－  

tributed（i．i．d・）randomtimes・  

AssumptionB：Theinitialnumberofsoftwarefaultsis  

丘nite．   

Let F（t）and f（t）＝dF（t）／dtdenote the probability  

dist．ributionfunctionfort．hesoftwarefaultdetectiontimes  

andits probabilitydensityfunction，reSp∝tively・Ifthe  

initialnumber of softwarc faultsisknown as a constant．  

（ご）  

印）れ宇（りⅣ‾れ，  （1）  PriⅣ（t）＝m）＝  

where戸（・）＝1－F（・）．Assumingthattheinitialnumber  

OffAultsfo1lowsthe Poissondistributionwithparameter  

W（＞0），Wehavethenumberoffaultsdetectedbeforetime  

t，  

（u叩））た  
Pr（Ⅳ（f）＝た）＝   exp（一山ダ（t））． （2）  

Equation（2）isequivalenttotheprobabilitymassfunCtion  

OftheNHPPhavingthemeanvaluefunctionLL，F（l）．In  

thismodelingframework，Substitutingtypicalprobability  

distributiorLSintoF（t）inEq．（2）yieldsexistingSRMs．   

LetusconsidertheparameterestimationfortheNHPP－  

basedSRMs・Inparticular，thispaperfocusesonthemax－  

imum1ikelihoodestimat，ion．   

LetXl，X2，・・・，XN andX川＜X（2】＜…＜X［N］be  

fault detection times and、their order statistics，reSpeC－  

tively，Where Nis theinitialnumber of faults andis  

the Poisson distributed random variable with parameter  
LL，（＞0）．Ifonecanobserveal1thehultdetectiontimes  

D∞＝ （3：1，．．．，3：n），Whichisthecompletedata，theloga－  

ritlmiclikelihoodfunctionisglVenby  

T1  

log項町叩㌔）＝mlog〕－〕＋∑logJ（恥；町（3）  

た＝1  

Under the complete data，the maximumlikelihood esti－  

matesareprovidedasfo1lows．  

（4）  
hノ＝れ   

and   

∂＝a一昔aX〈妄log拍ヰ 
（5）   

TheEMalgorithmisaniterativemethodforanestima－  

tion problemwithincompletedata．Given theobserved  

experiment，eaChstepintheEMalgorithmconsistsofcal－  

Culatingtheexpectedlogarithmiclikelihoodfunctionun－  

dertheincompletedataandof丘ndingthee＄timateswhich  

maximizingit．   

Given the fault detection time data at time t，Dt＝  

（xl，・・”Xn），n＜N，WeCanSeethatDtistheincomplete  
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datainsteadofthecompletedata7）∞・TheEMalgoritlm ThenthelogarithmiclikelihoodfunCtionisglVenby   

ニ 

ニー 

ニ 

二  
ニー≡－享十 

●  

∂…＝鋸管用姜log榊）ト（れ），∂≠慧t㍑忠霊苦£認翌■｝孟芸  
（7）Wehavethefouowingmaximumhkelihoodestimates：Fbr  

wheree（n）istheestimatedparametersetatthen－thstepi＝1，・・・，m，   

expectationoperator：Fbranymeasurablefunctionh，  

；≡〈妄log刷±ヰ  
In fact，WemaynOt Observe thecomponent dataJut．   

OCalculatingthe  

E［gT）lDt；a（n），b（n）］  
＝㈱両‘れ’ J∞棚勅（8）  

せ（榊＝Z｝1p調（n）］   

＝ 
（15）  

M＿Ste。： 

t  嘔＝1梱榊呵 
，  …＝ ，（16，  

dependent，thetotalnumberofdetectedfaultsisgivenby   

P が＝ 
刷＝ 

7）  

basedSRMsarecomprisedbytheNHPP－basedSRMs・In combiningEqs．（15ト（17）withEqs．（6）q（8），Wedevelop  
particular，ifthefaultdetectiononeachcomponentcan theEMalgoritlmforadditiveNHPP－basedSRMs・  

bedescribedbytheGOS－basedmodehngframework，the  

probabilitymassfunCtionforthetotalnumberofhultsis References  
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