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Abstract

Accurate predictions of software release times, and estimation of the reliability and availability
of a software product require quantification of a critical element of the software testing process :
test coverage. This model called Enhanced non-homogeneous poission process(ENHPP). In this
paper, exponential coverage and S-shaped model was reviewed, proposes the Kappa coverage model,
which maked out efficiency application for software reliability. Algorithm to estimate the
parameters used to maximum likelihood estimator and bisection method, model selection based on
SSE statistics and Kolmogorov distance, for the sake of efficient model, was employed. From the
analysis of mission time, the result of this comparative study shows the excellent performance of
Burr coverage model rather than exponential coverage and S-shaped model using NTDS data. This
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analysis of failure data compared with the

Kappa coverage model and the existing model(using

arithmetic and Laplace trend tests, bias tests) is presented.

» Keyword : EIAE  HHE|X[(Test Coverage), E&E HISEHol
homogeneous poission process
2= 7{2|(Kolmogorov Distance)
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k=1 1+

b gAY Beie 4 B4
24 %7 oo Ae BEU
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@e T 8+ Uk

E =Foxe Burr ¥ g4 24 b0 32 1, 2,
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% st
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a

7 Inz,
o —Elnx _22 ................... (3.24)
T =1 1+z

o] AeollM HAl nPARE o]gd RS wE
Burr B¥S E¥stzat gt o] zAAEE NTDS
(Naval Tactical Data System)el] 2j8] FAE AZEY
o] nAAARZM  GoelHOkumoto[11), Mazzuchi %
Soyer(17), Kuo%} Yang(16) %°] ©] 2AREE ©|&
o] AxEo] RS A9t & vt 9} B AF3E o] 2}
BE ol&stnal @tk o] AFEE (F Dol U Ho ¢l

AN ke AREES B3] 95t 4 A8 of
g FA Ao "*53 wojof g2, 16).

A EMol= A& 7% (Arithmetic mean test)
1} gpZels A 7376‘ (Laplace trend test)Eo] glt}. o]

ARE AN Fo (ad DolM desd 3349 1%
Albo] 2713l Wi} Abe Hio] AY Fvl FAHE Hol
3 glevg MM (Reliability growth) $4& 7Kz
A (2 29l Jepd BEEs R4 A3 ARx =)
Zetx 82 (Factor)o] F7kstthzt mgAzte] Z71%le]
w2l SFEAM ZAEY] s A34%H(Reliability
growth) 43¢ Jehz 9ot 48497 288 o] A=
o AgA71e Aol 7Fedich (3. 18, 19). ¥ =RoMe

255 Bol3kl 317] Ete] AARRNA £
A& (failure times <1072 )& o]&3tH T}

1 07 XR
Table 1. Failure Imterval Time Data
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Faiture pumber | Failure Interval Time | Failure Time  |Failure Time ¢ ] 2
1 9 9 0.09
2 12 21 0.21
3 11 32 0.32
4 4 36 0.36
5 7 43 0.43
6 2 45 0.45
7 5 50 0.5
8 8 58 0.58
9 5 63 0.63
10 7 70 0.7
11 1 7 0.71
12 6 77 0.77
13 1 78 0.78
4 9 87 0.87
15 4 9 0.91
16 1 92 0.92
17 3 95 0.95
18 3 [ 0.98
19 6 104 1.04
20 1 105 1.05
21 11 116 1.16
22 33 149 1.49
23 7 156 1.56
24 91 247 2.47
25 2 249 2.49
26 1 250 25
27 87 337 337
28 47 384 384
29 12 3% 3.96
30 9 405 4.05
31 135 540 54

AZE0] M4 Y B FHL H9FAHE o]
gn HAg BAe AT £XEAE AR el
o] (Bisection method)< AHE3Ic) o]2id Alake =
A& 1072 9+ 10 &, 314 IA(Tolerance for width of
interval)= 107" & 3 8L B 1WA R ut
E Al 1008 C-9AAE o83l 25 F3E 533}
Ak 28 b=3 o] 7= HIEEH WA o] F¥
2] o} B =EolME meEtiaelA A9 A7t

7122] 2¥3} Burr AW 2 i3 2ol 33
#EQ B3 (E 29 2=k

Arithmetic mean test vs Failure Time
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Figure 1. Arithmetic mean test

Laplace trend test vs Failure Time
1
i
o 9!
El X;

1 e
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[

Laplace trend test
&

IS

08 2. 2iE2kA =M 2
Figure 2. Laplace trend test

E 2. Z =80l =% Fxgt
Table 2. Estimator of each model

Model MLE
mh:l G2y 039812 | G, ,=35.073
Scoverage | g5 =068351 | a,,,,=34.862
B::S;:) T o =171259 | G, =9279
BZ:::) 7 e =1.90508 | G, ,=32947

B"';:;f) Taup =191675 | a,, =31.016

2y Ade] shte] wHoR AR (SSE (1,9)%
o[ &8 4 et o] WARGHe] Fod YHen g
2 2Yo] vt FAR ARE o83 ANE BYPE
o digt HARksHe g (F 3)oll 8=t} o] Fol
A Burr #HERRH 0] 7]Ee] deiR BFA S-Awz]
Argol}l A A RY Hlg)] PriHon FEFH
2FoF viehtn gtk

5.2 F(Prediction error)e] ¥13/34d (Nonstationarity)
o H¥ &%= Kolmogorov A& (distance)(2, 4)2 &
A=EEd o] Azt 45 duiEoz uPRNS W¥s)
2 ek (3® 3) & S-Plus AZE0{(20)E o83l
Kolmogorov 2 ti& 28E& Ry glu o] 2fd
A= AAAHeE BurrRel ddizez w3 40l
4 iFsin A4S & 4 ok (F 4)E Kolmogorov A
28 2o ¥2A BY g XA (Bias)S Ve
e}, o} BellX= Burr AR EEe Jej7} Aoz
ARG £4do] B U¥sln LS ¢ 4 Utk




40  wE HFEIEREE HGE(2007. 9)

E 3. 2¥S0| chst SSEQ| 3t
Table 3. SSE of each model

Model SSE
exponential coverage 13172
S-coverage 5049463
Burr(b=1) coverage 1022.814
Burr(b=2) coverage 3890.297
Burr(b=2.5) coverage 68761376

X 4. 2¥E0 dist Kolmogorov 72|
Table 4. Kolmogorov distance of each model

Model Kolmogorov distance
exponential coverage 0.464987
S-coverage 0.258784
Burr(b=1) coverage 0.196432
Burr(b=2) coverage (0.258784

(I 4 & Z 23 disld 98rE 33 370l
t}. o] addXe A4 Al 2Ee dAstn S-AW
gx 23837 Bur 23S Z/IEHE Jehin glen
(2d 5elMe AMzlx] ¥48 123 adett. ENHPP
oA Egt dlE J4AQd 2 HZRAE FFFEE v
e gtk

£ YT Mission time))oll @ &, AZES Y
ool dojur] @& FEQ Al Z(Reliability)
Rt 1z,)E (2.8)4% ol&ad (1¥ 6)x 2t} o] o
YolX = Burr X Avjgln] ¥ (b=1, 2)5°] di3e
2 Z&49 Azxg Jehiz gitt

Kelmogorowdest - plot

10

o8

S—coverage

[
oy |

o4

e Burr(b=1)
coverage

1

Burr(b=2) coverage

a0

123 ¢ &4 &8 [13 0

28| 3. 2%ol| Cist Kolmogorov Z&
Figure 3. Kolmogorov test of each model

Hazard function vs Failure Tim
5
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L
N A - —a
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‘g 3 e -
i o
] 2 g
b [ V— Y
1 f@ﬁww,&—
fg&&'—— R e | _EEEEETE
o
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Figure 4. Hazard function of each model

Coverage Function vs Failure Tim

B

I g et

L

Variable
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1 S<coverag
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e Burr(be2) coverage
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4 5 ]

3] 5. ZF 2Eol| ot F{HRiK|Es
Figure 5. Coverage function of each model

R (Mission Time | §.4)

Reliability vs Mission time
10 3 Variable
i —&— Goel-Okuroto
—B— Yamada-Ohba-Osaki
¢ - & - Burr (b=1)
08 j k- Bur (b=2)
—- - Burr (b=28)
06
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80
8 5 1 15 20
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Figure 6. Reliability of each model
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AWAE £ 23 ENHPP 239 tisl] A7
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