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Predicting Faults After Unit Testing Using
Design Phase Metrics in Embedded Software

Development

Masateru Tsunoda™ ', Akito Monden™ ™, Kenichi Matsumoto'

This research tried to predict the number of faults after unit testing using design phase @.e., integration
testing and system testing) metrics in embedded software development. As explanatory variables of the model,
we used review effort in basic and detail design phase, metrics related to quality assurance such as number of
found faults. In addition, we used metrics related to test specification documents and metrics about amount of
specification documents. Experimental results shows that average BRE (balanced relative error) of the models
were almost 35%, and we can say that prediction accuracy of them were relatively high. Also, the results show
that when the number of faults is predicted after basic design phase, the prediction accuracy is relative high.
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WoEzZHV, FRREICEND 20 Z20E LTzh, GEK
HE 5% THBEEMN s -7z, Ko T, RQ2ICHT BEHZIE
Yes £75%.

RQ3 ICEAT A9th : B A, HEBLE, REBEDOR
WETIWVTRTOE T M AR 7 ZDOBRMFHEN TV,
TDTEMND, RQIICHTZEZIE Yes &7x5b. T2l LE
2, R3IKKBWVWTC, OVARA NI T AEZELTHNEET IV
DI S5 WIS (A HEFRRBEE A IERBD DREM ST
TENDS, TNHEDA MY T AZIEL TV ABPEDLA,
AHESRE LTHWA ZEZREILTE X nWEEZ LN S.

RQ4 IS B0 : H8 A TIX, mBMEOEVET IV
TIFRBRIAEICEIT A XA P VAN FEHEI ATV
Tz, BB DS, FIKED M4 DDOETIVTIE, &
TR EICET A2 A MY VA2V T W, 2720,
TR IS K ZREWIZ R L, Wilcoxon OFF A E AN
EICBWTE, ARKUES% THEAN M-, TDT
EMD, RQAICHTBHEZIENo &5, &, £2, £3
CHBWVT, SHAD EMOETIVCIEERAEICET %
ANV T RAZERLTEY, £z, BEANGEN>TZEIEWVA,
FHREE DT ERLEI T S, TNEDOA
VO AMBICEE SN TV A 5E, MHZBRHLTE LW
EEZLNS.

4.3.ER

HMZBICHAT XA N ORI 2GS TTRLIGEED
ETIVOREZE6IRT. Rk, FHHEZEOMEME L
TETCOERERVIGE L, EARZGHINE I BEDHE
AW EOEZHBIICRL TS, BAT A FOR
Mz ZoxWigs (4, €5 LHKELT, HBEBAT
TR ENRKEKRL, % B TE THBEDOH T
KTFAR SNz, Wilcoxon OFF S E AN ARE 2 W, H
KT A S ORWEZ ZDIRNGEE L FHREICEND %D
ZMGET B L, #58 A DYG, AE, BRE L H HRERICE(LL
Tz %8B, METREEETRLMBEDHNET VAL
L TV 5.
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L 1 Fimes

K6 BAETRANREBHZESDHITIZEDTARE

BE AT AE AE BRE BRE
i FigE  FRRE  FEE PRE
Ay 315 162 | 1594% | 74.4%
A oo 464 136 | 121.8% | 56.5%
B | 619 338 | 432% | 26.0%
B |v-v, 67.1 366 | 407% | 36.5%

RT BETRASORMBHESEET R SLUETDREGE

& DOIEEIRE
2BE TEBEFREK pfE
038 0.07
B 0.71 0.00

Hifk7 A b ORIk L, KiET A LR TORMEICD
WTC, BE T LI AE TS ONAMAHBIRE Uz RO TR
R TITRY. & B CRHMDN @D > 2D L, &
A TRMBEMNMELS, DOAEKESS THEER> TV
Molz. B#EA & B THIAT X N DOREZZ O TIhG
BOBEVEETTHREICECDE U ERIE, HiAkT X
FDXRKEE L, FEET A LR T O RO B DR E O
HEODNERTHE EEALNS.

CORMRIRE D, BREHEEX M) 7 ZAzHWwTT7myx
7+ ORENSRIpEUE TS 256, BiAT A b ORME
ZBHBETFUREMITTZT ENHELEVAS.

5. BEMR

INET, TOvRCHETEZA M) 7 ZAZHNTT A
RE DRI D TN 72 A T TEUEO  DIFIET . /NS
5 [Komuro2011] &, LB a—FEEEEZHVTT AL
FTREINZ X Z TT5ET IV EREL TS,
7L, BHEBICERG RFa AV McEd 5 max 7 b
ARV T AERNTEET, £z, 7 A b TEESEDOKK
BT HRRE LTS RDRES. S [Tsunoda2009]
Tl&, YATLTAMRWEEZ TS 5701, a—F
LYo —fehisEx E 2 HALZKICHVWT WS, 2L,
VI b7 Da— Rz EBHERE LTHYTWY
%78, RENTWBET IV ERGETRICHEAT S &
IITERRL.

R RFa XAV NI EZTaR s v AN 72T 0
T ARV 7 A0 TEED TR Z KA TR E
IR SEET % [Katayama2009][Takata1994]. 7272
U, ABEREZICETZ A MY 7 ACD0 T, FLDH
RO ZNETHVWLNTEDLT, o TTIREICES
TEOLEHLEN T A o7z, £z, TNHOWIETIE
HIWAEICHAAT A FORMBZERE L IGE LR LA
WIEEDOTRINE IS DN T B IR L TR,

Frili 5 [Katayama2009] &, #AHAY 7 bo 7 BFEIC



o = e T

BT, BHREEY 22— )V ETRIT S 0Ic, HA - M
Rt TO, FEITRF 2 A NCET R TR - Taxy
FABY I ZEFHAZHE LTETIVEREL TV, &
72U, FiusiE7 A FOEFKRZRD % T=ic, HikT X
MEYVAT LT ARETICHAINEREDZ NEY 22—
WERFINCHSES v F 7L THD, FHETIVOMH
HW AR L85 %. TDRD, REGEODT KA
EMTHRY. Flz, A NY 7 ZAOTHNICH T Z0HE 5
fliL TV,

5 [Takatal994] X HfAT A R D5 Y AT LT A M
BOTHRINZ R E TS 27201, Filb &Rk
DA R T ZAEFAZHE LTHOTWS. 272, a—
RLE 2 —TORMBEFPEBICZTDTWE 1D, T
ARG TRICHEM T 5 2 LIZTERL.

WIRTIEH B D, WERWIFETIEANEDO Y Y —F 7 T X
FaVIEZBT LR TERY. T A MO RIS
HU, SO A N 7 AZMBE DR TRGED TR E
ZEHMEL, FNEFNDA MY I XDOFAREEICHT 255
DD T EDARMHED EEEEHIKTH 5.

6. &bHHIC

ARWZE T, HUARY 7 v o7 OBIFICBIT B EEN
EEEMEZ RIS EZHNEL, REFRFa AV
ICBHd B X MU 7 AZFHERE LT, 7 A MMEFDOXK
BaeTHT 23 eritolk. TAMNREDORME L,
ET ANV AT LT AMIBOTRAREINS KGO ERT
TH5. FZETIE, HAAY T 7 EZEFELTVSEH
HEHRICBOTIEIN T —2 Vi, THETIVO
MIHZEE L TRV DR, IREoBRED T AN
JRARMUTRA, LEa—THRLE a—KiaEEDT
O XA MY IR, ABftEHEOTEARE, HABREHIC
BMe2A M) VATHD. TNHDRX MY 7 AGHAKT
R & BEIEREHIFICINEE S NG, T— X 2 DDEEH SN
BENTED, TNZTNOHBICBNTTMET V21K
L, FEZFHN L. ZTORRXD, UTOTEMNZ 5.

c EELOEBICBWTE, V=TT 77 MK Tl

U7z, BRE THENBHL1a 35% fE L %D, [t
BNEWEE LR KoT, £1DOXS5KALY
7 ARWE L TOBRETIX, RO TR S
EhHBEEAD. COWH, BARGHE TRICTZ
MATE, HAREREENEN ENMRFENS.

 BEFERN S, EDOX NV T ZAEELMTHNZ N

TV Eho Tz, 2L, RSN
BB > TV TE (F2, £3), THFEEICK
EIREWVR Ao, TOTEND, £1DKIEA
Y7 2% TEIEL TV BIE, RGO T
FRADBEINVEEZENS.

c HEBICEK T, EOX MY T AZFHMER O E 3

BEEVOINRKRELEEZS TV

cHOTEMND,

BAID S BHETCHBEOFHET N ZHET L L2
HisdDTRAEL, HECLICHICHETZ LD
M ITRETHBE NS,

« BAT X N ORKEEE HNEBICHET 2 & TR E

MEFRTZ Bt TDY, RFB#EARY
7 ADIREHNTFHET IV EMET ZEICE, BIK
T A ORI Z HNEBICEELEVWE I DR E
WZ 5.

RMGELDEIE A 5 % 2 DOEE LB 5BV T &
DFERBPBENTZT D, EROEEME &N &
FEAOND. SBROFBEX, RETFFa A FDANYY
AV TN 27 OWMEICEEDNH B0 E S AL M
9562 TH5.
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