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Software testing method based on dynamic weighted
combined neural network model

HUI Zi-ging, LIU Xiao-yan, YAN Xin

(Kunming University of Science and Technology,Faculty of Information Engineering

and Automation, Kunming 650500, China)

Abstract: Software reliability assessment performance directly affects the workload of software testing. This paper
proposes a neural network software testing method based on dynamic weighted combination for fault detection and
fault introduction in software testing process. This method considers the diversity of software engineering. The
neural network method is used to construct the dynamic weighted combination model, and the fault detection process
is combined with the fault introduction process. Through the test of two sets of real failure data sets (DS1 and
DS2), the proposed method is compared with the existing Software Reliability Growth Models (SRGMs), and the
results show that the dynamic weighted combined neural network considering the fault introduction is considered.
The network model has the best fitting effect, showing better software reliability evaluation performance and model
versatility.

Key words: Software reliability; dynamic weighted combination; fault introduction; SRGMs

T SEVER) R Z R i R I AR 2] A T
REASMERA DAL A0 B TSRk I I & th B A Aoy

AT REVE R A TR — N E S, TS BRI E By 8C0F T 58 P 3 K B A (Software
TERA TR AR A EEAELL ] %4 Reliability Growth Models, SRGMs). X 26 Jf &
AUEE R A B e R PR T AR AR T S A A AR (R A R, BT AR A ) 3

Wi EEY: 2019—07—12; €A EHHY: 2019—08—26
HEWMB : FRARPFIL4T0H (61462055)



55 4 4]

BT 25— P Bh A5 AL 25 00 445 A0 1 2 3ty 1 61

PERTRIIRS A . T A2 28 A IR R i AR 2k
Ps B RS, NI LT ANN [0 3R 2F n] 5 186 KA
AURT DLARAS T vy 0 T 00 A5 J32 R 0 5 e FH k.

AT i 2 W 4% (Artificial Neural Networks,
ANNSs) 32 HE Wl 28 R GEAT N A Kl = A i —F
R S B B AR S Hom i v K
Ho BB R 20 e A TH R AR HI AL 3
DRI F 4 JRAT R R R S ). 26 4 SR AT A i
ZICHEM A TCZ RN S B RIE.

SRGM (software reliability and growth model)
S AR AT S e N e P v i e TR
X AT SR A TEIN L PRI DA R 0 U A s R R AL &
Wtos A m AR

V238 5 R I AR LM AT R R Ak
PERTSEPERE AR B R R AR T 2 5 s BRI 30
B8 AR 28 R N BLAE. I I Ge T R Tk
Xof S U0 28 RIS UEAR RFR B T e T X At 2
s,

H T 1 25 0 28 RS RS 004 T s s R i A
i N ELANTT BT TR 250 o TR I o 28 ) £ A5 L
A BB AT SRR R BAT B A R AR
e ANN B T SEPERE AL SR T AR Z PN B Y

VB
2 SRGM #y ANN zi&

5y SRGM A i I i i — A E A R EUk
FHEST PSP TN AR Y, o 228 0 285 ) 2 Rt S ol 3 A
H—AZSENE A RBOR K fif 0] 8 PR AR SR
TR 2 M4 1 SRGM., ALYk & T 1558
SRGM () i g J@ 2k . i ELid B s 1 AR e vk ia 5
RE ) R AT A4 B2 > fig

T BT BRI 25 I 4% R ) SRGML(S _
SRGMD e it B P 28 ) 28 7 1 545 58 19 SRGM. (1) %)
N K FR. S_SRGM Hi#i A 2 | U2 i )2 Fn—A4
PRI R, WA 1 PR,

X(0) h(1) 0]

DG

)
B BEmZTHiENEE
TEHET NHPP A8 A A, Bk
BN () 3830 B R R A (o) 0 B F e s 5 S 2B
m(t)= E(N@)) K & X AE F% WA i o &
(NHPP) .m ()l A R L5 .

m(t):J;/I(:(‘)d:(‘ (D

T NHPP RIS SR B TE (2ot + M) K
) S PR AL e s 505 A v A i o o i B I L

L BT R
%:b(z)[a(t)—m(l‘)] (2

Ao (o) Sy BB A T 22 0K B a (o) S il B 54K

BB 25 TR P 28 A T R 8 NHPP f 7 2
B Y —LE R UNT -

 B(OAYE T SRGM HYS{E BEEL m (1),

« wy SEIRBOR.

© wy BRI A,

o FRICZE T o (o) % R AH 25 0 A BR R

B A SR FATHE B2 vh Al i — A BA S
PREC « ()= 1 —e ' PPN L5, e 2 i vt —
AL SREL p G = 1, IF HLAE BROsR A i i
FIRE. ILAER w HRFEIZH AR

()= wit+b (3
.00 2

WE B2 8 i 1 PT LASR S A

ht)y=a(x(t))=1—e"" 4

WRAR & 0 7] L2 AR A F, A
B 2 R R h (D=1 —e 5

A 2 O A2

y(t)=h(w, + b, (6)

WERARE by 0] DLW, BT DIB R R 5, DUl
2 0% A

g()=py))=w, (1 —e™") (N

WRBAMEE w1 = bowy, = o, WD) 5&5
1) Goel-Okumoto 5 RUA T 7. 33 BL 3R AT 75 24
Ut BH 042 B2 [ A 0 B SR T pR R A AT A A 2
SE H OB » o1 10 pR RS JE ) 45 R G .
I ELA A A 3 25 A PTG o
2.1 EhEMAEER

BAINALH A HAY (Dynamic Weighted Combi-
national Model , DWCM) 54 T 4 Fh 8l A7 A 7Y, 2
— T3 FH] P o 22 D) 24 A2 T RE R TR A B AR O 7).
AR P F A 28 ) 4% 25 44 i A2 R o )2
A HAMZIT, RIRZ A = A28, BROEZ i
AP 2870 A AP 28 TR OB A B
JZ AT R S R A AL, B2 1Y
2 A A A HH A Ry i A B 2% 3 i 2 2 AR



62 B 722 SR

2020 4F

i 2 PO PR E AN BB A4 gt T
B2 M2 AR anlal 2 FR.

h(

o (x)

w
1L Wy,

X(1) &)

W, m

Wy,

a,(x)

B2 hEMNASRENMEE RSN
(GY W W Bl S i DR G LR O
a; (o). P 4 PR BT RS BRECE SOA -«

a(x)=1—e*" (8

aw(x)=1—((1+x)e " €))
1

as (x) = 1+er (10

2 A 20T B TS PRBCE UM

Blx)=x (1D

wij oy (o= 1,2 F13) 43 5] 2 X 45 25 46 1 g A
J2 4 e 265 BSORT 2 R BSOR 2 B 5 1 2 A . FR AT
55 122 190 5% 2 A6 I J2 R0 i 11 2 1) e 28 0 15
B BSORTZ A 5 — L 5 R = A 20 i B A

Tl
x (1) = wy ¢ 12>
X (1) = wiat (13
a3 (1) = wist 14>
XL R A BRJE T RS B2 T )
A
h (D)= a) (wpt)=1—e ™0’ (15
hy (1) = ay (wipt) = 1— (14 wizt)e 2" (16)
h“”:““W”:TI%ﬁF (17)
i R B BATT IR ACK «
y()=
wy (1 — e ™1 )+ we (1 — (1 +wipt)e ™2 )+
o ()
(18)
DR s 1 2 BT A A
g(t)=wyn (1 —e“n )+t wp(l—(1+
wipl)e “12') Jru'zg(ﬁ) 19

HERLWRRABE w, G = 1,2 F13) EMHT
1555 SRGM [ BEAS I vy (G = 1.2 Fl 3) Sy

Tﬁﬁﬁqﬂ/éﬁﬂﬁlﬂﬁﬂﬁ [i[ﬁ{ﬁﬂ’ ED» wi = b ywy =

aswiz = by swyp = az s wis = bywyy = as. EEIJ:ﬂ%ﬂ

A A9 ATLE R
m)=a,(1—e")+a,(1—

as

1 + 67/)3 t

RPN 2 IR R R AR L s A R TR R TR
2 R ) S IMAL L A 22 I 28 5380, Bl A A
RS AT LA H15 K008 4R 1 47 A 1 3l i 25 A AR 1Y A
T, IR = P 2R R (R A A B — A R —
IRBEAY , PRIGAS & T 22 SEBR i .

FH T304 AT 5 DAk 14 4 225 0 288 3ok e e )
AR 3 PR,

(A+bt)e™) + 20)

AR TFIH— 4k
Trgticdade, it
ECOCINAINE 7 e

|

EEVIREMRINTE PN
4%, AT 2 1) 4

T3 v R £
—— A ERAIETIE
BT (K 2 o 2%

A kA
A IGEHISRGM

Mnf £ BEAT 7873 IR,
KRR MBI [ 2 ey

W4, %L T T RERAR FRETIEX 2838647
PR AR 25

3 SRGM ¥JZE#HZ M KRB

2.2 HpEs|#HERE

SCHRL7 I — A3 NHPP A9 AR 58 5 03t
(YR P S P G AR Y, Sy 1 AR {8 e 2 il e
5| 1 2R AR A SEBR A A R R b R |
R R 1] 2 AR AR b 5 PR e 18 S v Y AR AR
log-logistic 37 BRE AT AR AR B 5 | 14 53 Bt 0] 3 el
[i) S48 S5 08 ) A8 Ak, PR IR AT log-logistic 4347 bR
BRI T | 2E A 2.

atn = 4405 ¢ 1)
A, a R g1 HE A B S B F (O 2K
B 53 2 4 A1 PR s C 2 30 TN SR W) A7 T i .
(21) =P 1 3K Tk B B 5 | 1 o B R A (o) R
N

()= aF”(t)::‘f%¥%£%§£§%%§ (22)

R T 2 B T | b s R) AR R R
Tl THT LA B3 638 B R ()

= J— &
()= [a+C a””1—Fu>
=[a+C—alt)h () (23)

P TR |k i R B log-logistic J3Af. A It
FRATABRABE 7 | ) — 1 PR SR A0 33 5 | 7 36 i



55 4 4]

EFR A B2 VAL £ 25 100 245 A g 2 0 3 63

h(t)  Horf o ARSEL d AIIRSHL KA s

7| R R BRI P I | B A PR EOR -
F@)  _ od(a)"!

1—=F@ 1+ (at)!

t

7nl.(t):J77(t)+A(t)dx (25)

ok HUTS I 2 AT T S B A S B
AR AN 3 BT A (B 2 AR AT - 1D R B
Hie A log-logistic 737 » Bk 5 | 2 =R Bl 1 o 1] 22 BA
SEH IR IR RS 2) A AR A I e Sy R
5. B )k R ] RE 2 5 |

3 BHEITMLLE

3.1 FIREMIFMIRAE

AT SR L A M BE e S B A AU
A AT R R A A AP 2 S e st 1) FRATT 43 )
SR T =R [ B 0 D7 o D100 o A8 A 40 4
RAEAT I 3 ) g 5 97 F J5 1% 22 (Mean Square
Error,MSE) , Akaike {5 & Ft 3 b5 i (Akaike infor-
mation criterion, AIC) A %} %= 22 (Relative Error,
RED.

R T BRI B H AR | b 2 Y 2 AR,
JeT BN B/ D Ak AT R B SR I TEA
SCEEER TR T ShA AL A )P 28 28 A AL L Xof
BTN A A 1) I PR AL m (o) B9 2800 B
AN FESATAG T [RRE R | R ) S R
Frhsa . 2% 1 T LU 3l A A 4H A A5 A R 75 |
RIS R PR T f il A A SRR S A i S EU T
{H.

h(t)= Q4

&1 BRASHHITE

/N R
a1=1268.52 az=1145. 36

-
ke
N
s

DWCM a;=118.35 b1 =0.125
by =0.168 b3=0.182
a=123. 824
b=0.1253
log-logistic a=1.382
d=1.565
C=498. 36

3.2 EWERIW
ARTCR AT T PILH S8R 4R LA AR i TRl e
el (DSD YR IBM AT I 5 8R4 5 s 25 4
FE (DS W 1 7 AT T et 3 B A
TN BE AT » WA I R0t B 1 i 31 38 23 531
31 JEAN 12 JA . 5 B B R R AT T R UK.
2 AT AR A RSB R A BRI

ghAL.
F2 FAEEMNRBBSERITLE
DS1 DS2
FETRY
MSE AIC MSE AIC
DWCM 150. 35 85.2 23.43 84.2
log-logistic ~ 120. 48 77.6 18.24 76. 8
AR 90. 03 75 15. 62 74.5

i DS e fioin 4 iU 2OR AT LU L A L
TG B BIF SRGM, A SCHEH I 7535 (40L&
R AT MSE=90. 03 Fil AIC=75 #§ hyft/IMH.

M DS2 i B SR B S OR AT LUA L A L
T E BB R SRGM, A SCHE 9 D7 35 40L&
OB B U, MSE = 15. 62 fil AIC = 74. 5 #§ 4y fi
/M.

4 HRIF

AR SR HE 18 P 2 T 286 () 1 mT Rty
VE AR R A AR R B RS OR
R T IHERRA  RE PR PEAL . IR TR
HH 7 AR B R A TN T T EAT S e 4 T RS R
AVESF A0 38 P B 4 ) AR B AR 4 T e i i B
A LU LS 1 Xl FRelodla S a9 U5 RCR A 2) 4
& 1 log-logistic, fifte 1 78 i Bk i 1 e 7 m] fE 5 |
BT ) (R AL B G B NI T S B. A X TP 7 iR
7&  Akaike {5 B HCRRR 1 R X R 22 =S PEH 4 B
AR S R A PERE L R AT SR S .

S 30k

[1] ZHANG C, MENG F C, KAO Y G,et al. Survey of
Software Reliability Growth Model [ ]J]. Journal of
Software ,2017,28(9) :2402-2430.

(2] LITTLEWOOD B, VERRALL J L.. A Bayesian Relia-
bility Growth Model for Computer Software[ ] ]. Ap-
plied Statistics, 22(3) :332-346.

[3] CUIX,GAO ] H . Combined Prediction Model Based
on GMDH Neuro Network [ J]. Journal of Chinese
Computer Systems, 2016, 37(6):1164-1167.

[4] NAGESWARA RAO A,VIJAYAPRIYA P. A robust
neural network model for monitoring online voltage
stability[ J ]. International Journal of Computers and
Applications, 2019:1-10.

[5] WANGJY,WUZB,SHU Y J.et. al. Software Relia-
bility Model with Irregular Changes of Fault Detection
Rate[ J]. Journal of Software, 2015, 26 (10).
2465-2484.



64

e T2 L

2020 4F

[6]

7]

(8]

[9]

[10]

ZHENG ]J,FENG E Q, LIU C. An Non-parametric In-
put-domain Based Model of Software Reliability[ ] ].
Journal of Chinese Computer Systems, 2012, 33 (4):
751_753.

GOEL A L. Software reliability models :
tions, limitations and applicability[ J]. TEEE Trans.
Software Eng. 1985, 11(12):1411-1423.

WANG ] Y, Research on Software Reliability Growth
Models Considering Fault Introduction [ D ]. HEI-
LONGJIANG, Harbin Institute of Technology ,2015.
HUANGCY, KUOSY. LYUMR. An Assessment
of Testing-Effort Reliability
Growth Models[ J]. IEEE Transactions on Reliability,
2007, 56(2):198-211.

AHMAD N , KHANM G M, RAFIL S. A study
of testing - effort dependent inflection S - shaped

assump-

Dependent  Software

software reliability growth models with imperfect de-

bugging[J]. International Journal of Quality & Relia-

[11]

[12]

bility Management, 2010, 27(1):89-110.

MUSA J D. TANNINO A, OKUMOTO K. Software
Reliability Measurement Prediction Application[ M ].
New York: McGram-Hill, 1987. 1-469.

SHIGERU YAMADA, MITSURU OHBA, SHUNJI
OSAKI. s-Shaped Software Reliability Growth Models
and Their Applications[]J]. IEEE Transactions on Re-
liability, 1984, R-33(4):289-292.

EEREA
BFE  J.Q994) WL OrFE. BE55 [ N EAE T RS
AT HEPE AL
XBEMGRINES) 4, (19640 M+, Bl a4 5

Ui, AR5 7 ) A A R BR 2l Jy vk R AR AT SRR,
E-mail : 2730410382@qq. com.

OB A, (1967 A IR B A I 85 1
h AR T AP R TR



