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Software Reliability Growth Model with the
Testing Effort for Large System
Jae-ki Lee*, Jae-jeong Lee**, Sang-sik Nam*** Regular Members
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7120 AD 2ZEO] AT AZTASRGM)ELS Zo] WAHY FAl0) sadde AL AAE I &
Y W7 (PD: perfect debugging)S %15&‘:} Ty AA Z2AE =34 AEE Al ES LA Al7to)
% A

At F AHAAADHAY NEE AFe] £ZES H AT ZJ(ID: imperfect debugging) “JEl
o FolAl "k ol BARES B8] AT ke g B =FlA= EE°4]°19] s s dsteT
FY9E Al (testeffor) = A3t olE AHsE REZ DHAIA A 8l TR AZE o] AlFT
£ Bkt

Key Words : SRGM, Al&E S (test-effort), Zet, D&, CiH, DEH|0[E, NHPP
ABSTRACT

Most of the proposed SRGMs are required to perfect debugging based on removal of defect as soon as the
detection of defects in system tests. But the detected defects are corrected after few days as a fixed time or
induced new fault in software under the imperfect debugging environments. Solving these problems, we discussed
that the formal software reliability model considered testing-effort for the fault detection and correction of

software defects, and then using this model we have estimated of the software reliability closed to practical

conditions.
I. ME AlZ=E] 7155 MBEAZHIET A AlzE A
Ao Akl F-EA w8 (mapping) F il
B E Eﬂ?ﬂr E}-rH T HEAEE pde Hojof gith dubrog olzg iy Aj=Els A
PAFRE /T 2250, Tskn 22 A Pake AxEgolE ofe] Ae) MuAzgoz 3
Z71%|ojo} k. %ﬁl olejgt Alzghe ALgAlelA| 230} Aol oJa] WA modify or change),
J==7 7R 7 7|3te] 2.5 A Ze|a A “Hadd)=o] viEH}
Q1HE 200-3007 olo] BEHE hE ZAER LS7ARERe] W7(change requirement)S @ A
443 gl Al g olok gtk 28 A 7I3F Foll &3] oy, olHg dES
* I AREAAT J BcNA 8 71€ - (jkilee @etri.re.kr) w5 FTAXNEANATY BeNAIE 74 H (jjlee @etri.re.kr)
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o QE AV ¥e MRS 2t A4 Qu

AR 77 Y AlaEE Qdx s A
Zoltt o]zdF Y& ATEYS] AIE ATz

A
=

N

N, ofN

o] 7F5d Rolth ABHOZ AGATIA
JgelAe HgREot Az AFEst
A5 AR A E LA we) w
AY4 G 1 BAY e B 1Y

O

W, ol b m
X r{n

.E

ANSI®] Helflo)] m=w LEE%M k=

Foi7l T FstelA IAAIRE Bt oY glo]
/\J_LEOJ o7} =2t g i Aojstal Yot A=
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E ARSI = Ao® o)L A" 1 Ak
2L AA~HA A4 (exponential) 0L} S-AH
(S-Shaped)= ok he

[o3

0]

A AREL e AR AFE ddRds
< a3 2—*4%91 s %EH% qut], 14l E}—E—

she FElE ‘1]31 9}1‘:1'. W-tv'-x‘f‘-o’] AT AR
A2 1] Aoy 173 ZAg)/A|A(isolation/
remove)E TrobAl il vk 2y AHA 1%
AA AHe 1] Hu T o] ZE(fault
isolation)E 3Tt = 1o AAE 2@A=E
FsEd A WA DA g BA" 9k 1
o] A8 A4 F A dAle NEHEE
MEZ FAE & 02 " ot 3178 U1 AA
HgoZ F ol g Ao w2 WA #F
E|ojo} gt

Yamada et al.'?¢] ©]g} S-Shaped SRGM(Soft-
ware Reliability Growth Model)> 7383 A
ARES B3t 28AZ Yo AR 3HE] o}
2 /Es stk oWl A% AAWIFRR :
Fault Removal Rate)= €3slttar 714314k

2 =woXe B zRlelA ol 22 713
= Est] APeHS 133 SRGMS /Esitt

(249] 714 : Assumptions)

O ANgsEe 23y A7 we 9ok
= A9 FlEE AZEY oA wEAE=

Age Az = (severity) 7} TFECh

@ 25t MdEE AzEOY A3 AAYE
Adsgd wet sZ2xzte] FHe-Hct ol
gt dlolHe AIFAIEE A3k 7z AR

2 &gtk

AFEAeMe] 27t si2 HIS(FER : Fault Ex-
posure Ratio)S T2 FHLU AIZEO] AlF
Lo, AE7IE SOl Wg F5E7] Wil AF
FEolut ARl digk 2 AF A AHI(fault
remove ratio)s UhECE o]#d 7PEL grksl Al
AT AAFEE 48 F JoH, £ o fus &2
dg A = Aok & A8 5 (test-effort) 7
17 AR ZFAMTBF) 9] 35 w3k AZEY|
o] AT AFRES AR 4 9l

A@7IZE Bt A@AY FRAREE 22 AE
A(resource)©] FUEHL AAXHA AP
ARl 9%t ZAgle] WA(detection)T} A A (remove)
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7} o]FofXIt). A3 5E &Y (TeDM: Testing-effort (b) 317 3 ZAKfault remover)
dependant model) EHo] 93 A|FPAZRS A
BE dArEo] gomisBl A=y smdy)l A 2) A" =3 A1ZHcomputing time)
3 AIZbke] BAl= A|4-¥(Exponential) e #Y (a) T AIZHunit time or calendar time)
2]3](Rayleigh) & W& 202 BHsixth (b) A8JA]7Hexecution time)
A5 AL AFAIRT giE] AlgsEe 9
& HleE ARE o yehe, O3A] g2 7ol axEedo] AR 4 71 AIFA - (man-
£ Rayleigh 348 Wt} £3 A|F5d] Oigh & power)2 H|ZAEA0]29] 2-8{test-case operation)
o] ZA|2H(Logistic) L= Ho]E(Weibull) T4 I @ Fel gk AlY 48 Axle] Hlwolt) o]
s we A9E AdokBot W e gt $kEe AlRRS R W,
B =R AtE AZEY] 2 AFnde AdAfel] ofsfix] HHAE 1gS Rle] EAEo]
Agsdo]l 1 NHPP Rdle] 7[g& 7oz A1 AA Dok w=E wAe] uE ERel 44
& A% éi 2789 &xEYO] A Heoly o 3 2gARte] AFs g ARKTRE) "tk
#pol oJsl AF=E Hrigch AFsY T RS TIEsh] fEx A
2A2E, dLgs], dols I Tol *F“’“Q‘ﬂ 2
—3E7](Notations) I glem, oljgt RHELS “A|PAAS EEg Al
« total expected error in software A5y FY ves vy 7Vé£—rﬁ Ay
(before start of the system test) Ao B 4 g =,
b failure rate(normal failure rate)
¢ initial failure rate jldgﬁ =c(H[a—X(D] 1)
a: shape parameter(weibull-function) o(f): time dependent rate
B: scale parameter(weibull-function) (testing resource consumed)
¥: d (fault detection rate) _
b Z7] B8 x(H=0< A&t I+ (D9 s
W working function(for test-effort) TP ofEle) Zo] A ()2 A=
x(t): test-effort
y ; detection failures(at ¢) X l‘):(l[l—exp fotc(k)dk] )
m(£), H(#): mean function
MLE Maximum Likelihood Estimation (=B VF3Ha
LSE Least Square Estimation X(H=a(l—e ™ 3)

kel () =B.rolH A1) Rayleigh A4S wH,
4 ()%} ol FAHG

AZE O] AP AARYSRGM)E 1% A .

i

Aol 288 A7t «1311 611"4%13}. ofm| At B X(h=a(1—e  ?) “)

O. AN&Ess 2(Testing Effort Model)

L& FdEo] N2 tE 7 AdskAE] 93k Al _
= Jﬂﬁ ] 1 ‘ir _,} ** ] ]j O}_ﬂ]_ Huang et alwc’ ZA2E AY % SAg 13
ol o -7 O
o ;f]?‘;“‘“ sreel e fm% s s Zelo]E] F(group data)% a%s—}o% Fe Ave
L e LATES 3T
o ATE B esting resourees) & E SEEAN 0 pasiaig Awskl 004 208 F39 A
ZAE HEEe AlFe FS A3 ol 8= see ol 2 (5)°] 32 Hele Wt
010[[;][9101 o]AL ThA] AlEEE oleel 2tk e 2Ne) v o= M
__a
(1) AIE<Q0=H (test manpower) X(H= [+Be @ 5)
(a) 17 AR K(fault analyser) a, B, ¢ constant
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x(g=af1-¢ ] ®)
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M. £~=EL0] Al2|z 4 ZE(SRGM)

ZAGEHH ) 9E9] Yamada et al!' 5& NHPP
(Non-Homogeneous Poisson Process) E@ol| A
g SRGM=Z AlFEIAT: o] Bl 4} A El)
ole] F2E zte wlle A EETH mole] 4l
T EEo] ALy A2ES J1Asle =H" 1%
tolEl7l A48 F4g we oy o] AZES)
o] AXVER FA3¢ Al=Hls st

g At e hxEde] HAXUESY tig
2" uAdolEE S-Shaped AF IS we
A0 AR, ofdh B4t MBS Ze
NHPP =dllol]l <713k A7gudle] 7pgstolr] Al
= 3= 33

H)=d 3p1—e "+ o

2p,,+, 1= (1406, e """
« F 711‘41 Aag

by i WA AZE O] BE UIgt AZE0

F4ulo] tigt weight factor
(sz = 17 i > 0)

. = O
Aesee] e ofe] A ARRAE EF
o, Wk B 00 AUselslEy Lnsd
el AAHE EE(reuse
module)¥} 215704 EE(new development module)
2 7" azEe] Axdor 3 b ARRE
(MTBF: mean time to between failures)@} 1179]
Bayad 39S mesta kS o] me
A FVdEe oo} 2

—7}4(Assumptions)
(a) <] H/8 2 @42 NHPPol| 9Js) &
9% "ok

(b) SEESofs AxELole] &S =
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@ AAE MEAzEe] AzEge] A=
*é%}»"— 0‘24‘3P‘4(U* ATt 7 ABAZE

A gerhekd "/M%" a33h
(g) AAHE BB dis] 2% AA ve ¢
Atk 714
(h) A7 2Ee digh 23 AlA vlee =
A 28] FrollA] Gojzl HlolEf o] mEt)
() AZE o =S Y= ol 23
s = Ade gAgsita 1=
() A8 (testing intensity)oll we} Ag A
YAA vES ASH A5l vl g
3.2 RElo| ZAIS Model Formulation)
7h RARRE! MEAIAE “prof| ZIHEl DRSO CHEE
[=l=T

T HARY FA AARE I3 IF/E
of o mlsoR AAGE MnAZEe) e i
WA S dsiA 1 BA Z2AM|2=Z 2] (8)3
Zo] zdls} 3 4= itk

d
JW = b (a,—my(D) ®)

2@l ZdyH 197 Z2AAe g B
Z Ay 2 AAY F9e dehhn, Az
2]9]

:0):0% Agste] 4 (®)° T

my(D=a,(1—e X ©)

LE ATHEE MEA|AE ‘q "o NAE0|| CHsH REIS}

ANER MEAZET Hl2A] AR g

o]
o] AQE+ Al ABEA|AH ¢ "4 j HA|
A WE Mo FRAYEE AP
s A g AL selsa = wge AA
shedl Be o] 28¥E HPo= F 1S
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U8 A" S g ARTES 1Y AZEY Y] JIE A4F =Y

AAsE FHES 71k ool 2ol 2 dA=Z
zdy & 4 Qlck

m 1)

% =b,(a;—m (1) (10)

d

m;, (1)
% =b0,(D(m (D—m () (1)
71A
b.

b= e 7@ (12

2718 @AlE A WA DAle g wAAH
(F=ZFA) S BARRE Aoz 2 (10002 FdHh
oA Bge A (DE Q" wFAA FAE
At old #HE AXe R 1 AAR
(fault removal rate)= A7t F&4E= AR 7}
At} ozt 71E AXe ol MR 7 Il
Q9] oA s RS FAVE 7] wEelth
N8 17 AAl thgk ZF)(fault removal insight)
FZA2Y IR BYe A (12)9 2o| 33
Jon, #EH uFOFTHE HYHE AL F U
BAZA t=0,%(D =0, m;{t=0)=0,m,, (t=

283t o] wlgAe] siE Feid
13 ¥=th

E
0=

> O -l> rr

~

[1—(1+b,X())e "™
1+ne )

m(D=a, (13)

33 & NEA7 ™ol chst 2R

Atd 22 prfe] AAE BEFH g7ie] At
M BEo the AZE o] A|2AH O ZA] NHPP
o] oAl FtHom wdsl sl xR 4
2 UehE 2 (149 o] E8 F T

()= Sm D+ Fm (0,

b -
m(h=al—e "M+

g [1—U+5,X(D)e ¥
j=§+lai 14+ne X0

(14)

H yolh 247k qlele] ke wEt Al
2ES 4 (14)°0 283k Tegh X E o] Al

dog wdst & & vk oW 4=4,+aytayt

Copyright (C) 2005 NuriMedia Co., Ltd.

34 Yamada's &=l @l

zdlo] A= Wde vwsly] A8 4 9=
HE ozl Ad dlo]elE EUE Yamada et al
o] A= AAmdoel s Hx| T oA
23 ol 4 (159 2ol 59 & 4 Utk

HO)=al 30 (1—e ")+

ﬁlb wi 1=+ b, X(D)e XN (15

IvV. Zl2l0je] Z=X(Parameter estimation)

AR g A Y %}—’F sugE A
w3 goJEE o)83le] 4T 4 9om, HA 9
29 fittingS IS4 o] 51—— SRGM H&}H]E
TS 9siA Zasith

A1&58  Ho|E(testing-effort data)=
x (<o xg. ..., (x ) FHIE FolA1 4
ARKE (0, 1,):1/=1,2,3,4, ....., n] &2 FAJEL

Al@syrd seiE o BE ﬂﬁ}&“ﬁ(LSE :

Least Square Estimation)2 ©|-83ly F4g 4+ 3

=
L E)

Ald=g

n —_

Minimize ]ZI[X i~ Xl

X, = XGAE NETEXE A4 H43 A
Hxgyl Fd3h
{ B #s gW Tdol 93k SRGME] wE}r]

3k
He F& JJ-Xq(stochastic process)=> ©]8-5}a1 NHPP

2do o3 71" HWEFFHMLE : Maxi-
mum Likelihood Estimation)= %3 FH¥.
AHolM FHE o, p Fe 1HHCH

Bhop mwEdA] A ES o] ado] A|AEE AR
[0, 61914 558 3% AAS 2 FolaT), »
ol vk $EIEE A (167 Qo] FolA),

— P V=Y

La, b,n\y, W) = Jli Lon . X’)(y:f;(fl)!’l) ] )

I () - s Xo)] (16)
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SZES] A=A Zled Altrdd]
gk Zﬁ%‘(verlflcatmn)g -,46]] A&oA] AojA 11
AdolglE Zg3th ZR_E dolg Z(EHL 270
2 HPAAR ARGl dojd A dlolEl(real
data) °Jtk

—Data set 1

B A)2w"o 71dxlAccess Network) 2] 7§41&
918+ FTTH(Fiber to the Home) &S $JaiA] 7l
gkl &4 AH])Q) s-OLT(standard optical line ter-
minal) A|&Bl(Eg A2 T2 FRE 98T 2
o=z Heutio] W]~ 9 TDM EES &
&3 24 A ATl 7Fegt Al&Elolth A
Edo] BEL 407 A=olw, AALE HIEL 15%
ojgtE AlZ=El LAl Aojzl wlo|HE <k 50F
= A= dolEe}

A A3E vagh ik

—Data set 1I

4 ATM cell& 29AFF= 8 A|lxElo=w
TR Z2ESH VA B A2 58 9
FellF= 54 B HolHAMNIAE udslre HE

—’IEH R %‘ 80G O]E}. AZESY] EE(mo-
dule or function block) TE 1457), AR Bee
20% HxEolch

agdolElE A&3 2d g Ed dig F
HE A¥= % 13 22W, SRGM9| 452 7
o] ZAgdolEle] ofgt AR, AALH S AFP=
(goodness-of-fit)oll 2Jsl] AEM, dA == HA
o] dlolHERE 1 WAL FyAdd oigh
T o] =08 e

29 270 dlo]E] = data set I S ZFE,

Y

failures
1200

1000
800
600
400

200
time

20 40 60 80
@

failures
200

150

100

50

10 20 30 40 50

32 1. s-OLT Alz=8le] 27] 385 9 724 345 24

Az

9% 19 @ NI T 45T A
“(cumulative failure)oll gt 2|53 R A
3 A= 2 =S vwdl Aol I¥ 19 b)E
A2 ABe) 2] g dolEel et 548w
DS A5 AFA B A0l tigk w4 Ak

Test-Effort

10 20 30 40 50
time(week)

=
=
3 Aske W Ay = Ao that Plot 1 a9 20] HIFo] B ) APy FAFE A
g 1, 20 BYTh(P 1, 2014 HHL A=z A 23] F4S e Aog R Yok E=F o}
He =AAZ ojudh 0% 32 1579 99=E Al2H AIFOAM HE, i
1. ZEAEY v sghnE 343
project a B ¥ a b
data set I 2154.81 2.15*10” 4.0%10” 249.238 0.067741
data set I 58.2553 5.708*10° 6.527*%107 940.827 0.347478
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failures

60
50
40
30
20
104

a8l 3wy A% 2 4R 8%

o} 7ke 14 HlolHe] Fol2 Ll itk 1
Yol e A BRe Uem, Ade g
AzFolt. 1Y 29) A¥%Y FYY 45 vl
@ maw AgsEel wol FUE 105 AFo]
A ge wge] AFHR 98 & 5 Atk

— 3= B (Goodness of fit)

wele] g B PHole ozl 71 ol
glom, TiEAo=z 3k A WHE Ho|E
"?‘:—t—g— aHjgoez ghEsl A3 oREE wEse
Iy ol 9)\‘:}

0,

l‘

489 ABER) dolge ol wel zzel
Al ﬁ%ﬂfuﬂ, s gEA e

F}olAlF 7HAW(Chi-Square test : x 2 -test), K-S
A7 H(Kolmogorov-Smirnov test), P-P(probability-
probability) Plot 7, Q-Q(quantitative-quanti-
tative) Plot 7174, A-D 7"d%¥H(Anderson-Darling
test) 5°] ATk

olgf VisE WS FE 2AE Fol7] T W
Hog FAXS} #ASA| o] AE Fole Wt
© 2 AM2-E= MSE(Mean Square Error), AIC(Akaiki
Information Criterion) 7]5F5 A% S°] 3lth

7}. MSE(Mean Square Error)
dZAs B 7he] o)z we) AWW wF
to|ElE o]gstH, ol 4 (17) o] xdHh
ko~ 2
2 )=y
k

MSE=
r BEF

an

MSE?] Zto] AL+ fitting o7} & Ao
Em, o] H3nrt srhe AS ovlgith
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LL  AIC(Akaiki Information

-
AIC 71F BA%EE AFe 2d Xe EZ4 of

Yo} o] Hejg,

Criterion) ~ 7|&

AIC=—2log(Max. of likelihood function)+
2xN (18)
N . zd gepy 74

AIC 71EEAIES A2 @l o AFsiy o=
fado] Hoju Tdlo] 2}f-X(confidence inter-
val)7} =k ohA] A MSE9} AICE BY 4%
248 metrics 22 FY3 HOJHE H83
o metrics #ke] F& Tdo] ©] FHFZE HoZ
gk ok HolEY W82 AYEE HHI
sl AFEH A 2 FDE data set I9] 3+
T (a=0.05)F Fo] FepEES 243 2%
ZX AR (Analysis of variance table : ANOVA
table)ol 2]} Parameter 3 X]°]t}

o MIO

szr‘m

= 2. wlalulE %% ATHANOVA Table}

DoF SoS | MeanSS FRatio | PValue

Model | 01 |11.5287|11.5287 | 0.0727181 | 0.78874

Error 42 | 6658.65 | 158.539

Total 43 | 6670.18

V.Z2E

B =82 BibiE 37l digk NHPP =dof
AT A2 A= ZPRDS AAEE o
2ae b LxEQo] IS slellA Il
A ZEY AL RES @%%}—t— s
a3l Mz tE e dHEs A5 2Y
2H 2A2E Fo o5 Vied AW%—%‘# i
AR B 3HE) 3 AA s mels)
ESvi=g
T AxEe] il ZRAEXA dojx] A )
O|HE o]8&sld FE]Ho=F 34 (numerical analy-
sis), ~L 7%4~ Holom, Aldsd FHXS} AP
HH fa ﬁﬂ%i‘—— Hlwgko 24 AbE

2Ee FARAIN e T M
#8545 OaEe 37} A%l Basit
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