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Adgrari — The paper presenls an anaysis of cunbisg
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mw medbol for secondary witmare Dl avesosnl s
comskbored. Wik bied  anth parisan off hary
soltware Gauls slabhiis acd the dala from cerrocied
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INTRODUCTHN

The widespresd use of isformation technologies =
varies human  activities sets pidvanced I.ﬂ'.'l.him the
sofiware developers. The relisbdlity is ksown 1o be ane of
e core faciors hal depend om comgetitivensss and
efficiency of nowadays competer rechmodegies. Thenefare,
an accaran: sofiwane relishiliny asalysis s an exiremely
g task.

Analysis of software reliabiliny paramesers is usually
performed  through  mesdels, which are based on
assumpiions and analytica] expresions. [ering the last
decade, im e works [1}-[9] atestion was drawn 1o the
et thar most medels do st comtain an essumgaion of
secondary software {wahs presence — fauls, wiich can be
eniered durig the eliminatios of demified (primany)
lamhis. Addiviesally, te mumber of sodels sssumes thas
m new Tulis are entered while elimizsting an idemifiad
fwmhs (Jelinsky-Momnda model, exposemial model,
Shick-Wahenon model.

There are four approaches 1o cvaleie the problem of

softwarne Guls. The sindies condenisd i 2],
[4HT] are aimed 0 explain the physical nsure of
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secondary softwwre faols. The basics of @ software
dyssamics Seory & an apgeoach to relishility acsessment
thet accounts the presence of sevomdary (ks were
developed. Considermtion of  software  faulis  display
process. @ the resub of determined Gl fow is the main
feassre of software dymamic junlike the prodahilicy
parameiers are kmown bom reliabdliny theoryl The second
approach is based om the time series theory snd allows
detacking sevomdary faubs from the overall Guls fow
[3]. The third one — is the use of simulaion. Software
faulis detecviom and appesremes of sew during the
eliminaios of ideniflad ones are reprosfuced by the
maodel gesemmior. The gemeraior et simulitos soistics
than similar w0 the real projects swistcs (K] The foerh
agproach proposes o use madified software relinbilivy
madels, which secounis the secomdary software faulis
paraseler in the nisk function. This paremeier preseas e
number of secomdary fanlis and cam be desermined by
compansg the fuls read vabas o e comesponding
vabees of the regressiom line. Higher probabilicy of
softwire (maks dering the carly esneg singes s
considered [4].

The secceadary defect factor & oo of e Comgsoe iy
of imperfect debugging. A sanber of works ase devossd
i e weees of meerier software debugming. The
miodels thar take venous paramesers of this process ane
developed i these works. In the werk [10] & eoposed
the software relisbibity grows model leksg, wih a
COTH  paaEneter Betwesn these two funcbioes, e
phemomezon of unperfeo debeigisg and leameg,. Mode|
of software relabilicy growth, based o2 heterogenery of
Posssodt process sk ine secoun imperfec debegging
Is propeeed nthe work [11]. A sissedation spprosch
modellemg e fhuh detectom and  lbalt  correcticn
processes b proposed in the work [ 121 Delssggers with
differess conmibwions o the sposd of detection and
cormectim of defecis me considersd  The deecnon
precess and the process of defect comecton with e



Eclusion of the funcnem of tesiing the effon and
imgeriect debugging are considercd = e amicle [13).
The inclesion of e force testing function and the
mwroduction of defacs in Seir desection is showr Pair
moadeli of the processes of desecung amd cosTecting
defects are obluzssd on the Basks of vanous desermpooes
ahonn the mendue tos and correion of Gsfises. The work
I14) peesems o moded for desonbing sofiware faileres
during debugging The mesdel allrws esieg an imperfect
debige seripn considenng the poeesibaliny of implesreniation
e new emds b de coftware ar the desion sage
Bepesan angdyveis of the model i developed and the
derivation of o ssknows member of saes of & bdden
Markoy model b5 showm, In ke amicle [13] s considened
amidaros and Beyvean caumatos of the maunlicanye
fhilure  imensity, ooEvgoments ool which  evolve
sochsstically o the tefling suges Amennon wo the
madelling of paraEnelers ik focused — fregeency of Tailure
detertion and & sumber of malfimcions. An eoplanation
af the concep of mperfan debugging wih the help of the
o umader ceriadn comdrions is given., The amicle [16]
considers the sofiware relisbdiny growth moded inclwding
e penenlized modifiad wen fenction Weibedl B omm
imgsrfeer debsrneg amvinnmes with consiaeg and dewe-
Varvisg oo deecnon coelfichents. Pareseiens weed in
e models are cwimated using the maximum likelibood
celimation method md the nomlinesr lerdd squares
method. The performance of the poposed model is
checked wsing the mean-sguare emor, the scceracy of the
evaletion, the 3 -1t

In works devesed io imgerfect debugging of softwase
e facior of seoasdary defects is somelismes mhen o
aceoumt im @ eomplex with mher faciors chamcienizing
impzrieet debagging bul is nol separaiely allocated.

I shwcarld e noied that de nsas problem in evaluating
ke number of secondery faules is the lack of secondary
fashs simistics. Foaks ame detected, fxed, e no slattics
are direcely kepd om the secomdary fls ks ondy
possible dherefore W eshovale fheir mumber B time
maervals bul nol the sccuraiely assess i member.

The paper presens & method of estisating the nmmer
of seromdary soffware fmsic hased on the companson of
adjusied expomential line approximation o the fhsls
salics dia

MAIN PART

The cloxiee of exponeainl sppronimanon i egplained
by the oy dai parssociers that characsenize relishiliny,
which me ssed in many modek of soffware reliabiliny
assesameenl, we caloslied using Sormulas comtaining an
expimeitial companent

Exmmples of sach medels are the Mesa-Hamilion
model [18]), the Schneidevind model [19], the basic 5-
abaped model |20, e Oba mosdel [21], mmd others.

In the Mem-Humilion model [18) the number of
tnlures {ideriified fauls) is caleulaed by de formuly

1y

i) Ey| 1me T [, i

where Ty — pre-nperabing liome berwees faderes beloe

simmisg, the 23 of operation, £ —he initia) memaber of
faultzs, & — the coefficiest of mopomionaliny.

The process of @ fmls  idenpificanosm & the
Scheeidewind  mesfel [19] is  considessd s &
heterogeneous Polsson process with s {wah idenndication
level thar decreases exponesatally. The boence mme has
1he follewing form

) =B, 02

where | — is the sequesce number of the imerval, =0,
K 2l — are the constams of the mosdel.

The hasic S-shapead model [20] = specifically
desigmed 1o determing the reliskaliny of software md decs
nif procedd from e bardware refiabiliny theory walile a
mumsder of other models Imessiny of failures

Afr) =™, (3}

where F, K =0 — e paramesers of de model.

The generalization of the S-shaped mode is the Ohba
mindel [17]L the isensiny of wiich failires

Afr) =™ ]

where @ — the micial resndeer of Sulis in @ softwere,
tr —the Emwensity of feeh elimnaros.

The method for estimating the sember of secondany
faulis contains the following sequence.

| Bassd on the memd of the existng statispes of
idemnitled faults, s exponesiial approxisanon line b
consiructed and s syaation is deermined.

As pmabe, Gl sensics is obaained by detecring their
mumsber in some eysivalen time inervals. Trend of fauhs
is 8 polying which consistemly combises points with

coordinates [¢;1n, | , whese 1, - the tee of the esd of
i time mierval; & — the number of fmeks Semmigied

iz the § ime imerval.
2 From the exponeniial appoximstion equaton, the

points (150, | and (ry;e, | are desermined, where ¢ is
ihe ume of e el of the flost dme mterval; 1 — time of
the emd of the last time iserval; &, , #; - the
corresponding values of the apgenximaring function



3 Definines of an exponennal equation which &
passing throsgh poists with oordinanes (18, =] and
[rgssy | . where o — sondand Sevisceos of the sumber of
dentified fpsles

Adjusiments of the approvimatisg line is hased on the
fact that en the carly siages of soffwire weisg e
peohabiliny of geiieg seoondary fmakic is higher, bocasse
e miEnber of identficd {webs 15 higher and therefore

EE BECA0E L el imimane them are condeciad
4 The values of the adjusicd euponel e ol e time

peosimts I, [F-ﬂ}.
3 The number of secondary faulis in time neEvals
determinad by the formula

P T T T 15)

whese &, — the sumber of Guls detscred by the § none
maerval, &) value of the comecsd line of

expomential spprocmalion @ ime poins 1,

& The resaln of calcelanons by formils | 5) S romsded
10 the imegers, = sddnion, s cases where @ negative
resseh is obuaized o™ conshdered to be zeva.

Let us consider an example of te application of the
propised method for esimansg the number of secondary
famits on the basis of stankics, deseribed in smsdies [17],
[221{24] rTable 1).

wore conducied dering the wear. 67
fasmhs were detected during this tise. These Tmsh nombers

are manthly grouped
TABLE 1. PALILT STATE TS

- e

e by od deseci pdl [aulin
13
11
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Accordieg 10 fweh suosics the trend of fouls i
crested, e exponestial mend line (Fig 1) wes
consmacied, it equaios wis deleminsd

A 15T 1]
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Substissting = (A) Estend of © 1 and 12, we

determize  the poims (13 14,358) and (12;03) .

Cobkculming the sandard devimion of e mmsker of
idemtifled Guls o=3TE, we obies & podss thresgh
wiheich the comecied line of exposessial approximation
nems (1 IEI,H]. t

Is sccordmsce with 5% method parsgraph, we
subeninine the cpstion

[N T T

instcad of the ¢ ol & pom coosdinases (1; 108} and
(12 1,3) gettimg & sysiem of equatiees for finding the
peramciers a amd b of the equation of e coerected line
of exponeniis] appnenismation

(Kb
ae =3

[ ae P =103

By solvisg the sysmem of cqualions (3] od
subetimnisg (7) the foumd values of the parameers a and

i we get the desined equanos
o 13,06 ()
Fisdisg &, substissing in (%) valuss from 1 i 12

Using whe fommuls (5) afer. The resuls of the
corresponding caleulations are shiwn im Tabde, 2.



TABLE 2, CALCULATION OF THE SUMSER OF SECCPOARY
FALLTS

Sumber ol
dmecid lanks

F
E
b |

&

.!.1
ILES
I
T4

12
3,10
4,19
[
158
1L,
Lt
54
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In the lasi column of the wide 2 an edimase of e
mumber of secosdary faults i cach time mterval is shown.
In sccosdance with pamgnph & of the sequemce of
cslimating the member of secondery fauls o™ o the
cleventh mosd is considerad 1o be zeno, althosgh in the
cateulations the obinmed valese is equal 1o 1.

Method of estmnating the number of secondary Tl
providal the absesce of nos-random factors tha infleence
e appeamiane of ol bs deseribed [17), [23], [24]. Thas
mezthad has the following sequesce:

1 Agcosding o sististics of @ sumber of faulis in
cach mime imerval, using the lesst squares method, the
equiice of the regression line & detemised, whick
characienizes the invers: progedtional depedence of the
average mmmber of idennfled fouhs on time.

I The ebwodete number of the diffirence betwees the
value of the finl saritics and the valee of the regression
functiom ai the moment of defining the {eely susics is
caleulased,

3 The member of secondary foeles s caloslnied e e
difference besween the resah obimined im paragraph 2 and
e standard devistion in the siagstics of @ number of

lamhs muliplied by e coefflciom |:l:1|-]-.'|:]'I where
& —the number of 15t imervels (e number of deatifled
lwshs), 1 — the sequence number of the imerval (the
iedentified fasdt). The result is rounded w the isseger.

The cocfficient is causad by o higher probability of
entering of secondary fasles a1 the inital sages of 1esting
:u.plnm‘wfuﬂ‘mu{e.

Hescarch  of warious  sistislics  of  sceounting
mformanon sysiem hes shown the cuisiesce of the sverse

betwesn the sequence number of &e time
merval and the numbser of fwees, deeciad on the
comegponding  imervel.  Accordingly e member of
secondory Bauls s evalunead using the Torsmala

[ |
o [ N i
I"I " TI Eei=x ” o

where ¢ — the sember of detecied fowlis in & ciwe
interval; y — seqeence nomber of nme ineral g, & —
coefficienis of the equation of e regression lime
y=awehfy ) b — member of tme imervals 5, —
simmdard devistion on ¥ ; & - essimated value of the
mumnber of secondary feels, rounded 0 the whale
[n™ =)

As a nale, the fact of making of fauhs @ the last
imervak of resting (explonrion ) of software is noa aken
imo secomnt if the Tesull of parsgraph 3 obmned @ the
vibm: of the regression funciom i Bgger than the
comresponding emginical vabee, since the number of
idemrifled fmehs in mest comes is small {or ahseat ot all),
respectively, and the protabilicy of fauh estensg & low.

Im mhie. 3 the resulis of calcelnisg the number of
secondary (el by reo methods are shown.

TASLE 3. COMPARISCN OF THE NLVBER OF SECDMDARY
FALLTS CALLCULATED BY TW4S METHNT
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From the mble 3 we conclude than the resalhs of e
first flve and lasi hree nene miervals comcide, the
wvernge imervals have a devianon in | faub and coly the
resulis of the sighth time maerval don'n coincide. The
incommenambiliny of the resuls & e dghth nme
imerval can be expluined by the fact that the resubs of
caloalmions of the number of secondary fasles i both
medands are rounded o e whols {in the S caee the
resull is 286 (Table 2, in the secomd cae, 1,38 [23]), ten
s, the Founded differemee bemween these walues is | fault

Consequemly, we can iseemne th the resulis obimned
try sk proposed methed, s geseml, coincide with the
resulis obimined by the method wsing the regression line.

DONCLLISIOMS
The method of estmnming the number of secondany

faulis acoording 1o the satistics of Gulis mesbers, which
is based on the comgarizes of the Gl simistics with the



values af the cormected s of exponental approximation,
s developed.
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