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Software Quality Improvement at Early Design Stages Using Model Checking Techniques
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As the role of software in industrial systems and embedded systems has continued to grow in recent years, the cost of achieving safety of soft-

ware has also been increasing.

tion at the early stages of development and reduction of revision costs.
ing interest for achieving both quality improvement and cost reduction.

Model checking enables automatic exhaustive exploration of design specifications, thereby realizing fault detec-
Model checking techniques have consequently become an area of increas-
At the same time, reduction of the cost of model checking itself and accom-

modation of various needs for verification are significant issues in the successful use of these techniques in real-world applications.
Toshiba has developed two techniques to address these issues: (1) automated analysis of counter-examples, and (2) real-time extension of the

model checking method.

1 EAPE

V7 b 2 TIIRRA RGO A S, ANADATRIZR
L hboTETEY, BEERLRENEZHOL LN EE
HWEINTWD, LA2L, VINT2TPEMILLTE/22ET
INFTULICRIDBBALL TR oTWEI 2, HAEEH
HEL7-MGEDSATCIIWNEEIC 2 > TE TV A,

DX RBEAORHFELTH L, AR E TR ARE
Y= XD RIS T 2T VIRAICER L, ML
DD OFMHFICMY ATV S, I TEIO—BEL
TRIZ L, BENCE TN L ME M E BB M3 2 AT 2 8)
by —, RO Mo #H#PH A ERHE T VIR T 5 F
BEIZOWTIRR 5,

2 ETIMEEOHE

2.1 ETIREBEEROESR

VAT EDBGTEETHMROBR) B RAT L L, BB THAT
EERE TAETHRATE Y, AR T T DIFS>TH
IS B UEN B BTz, ZREBIEIZ M5 (B 1(a),

COXH MEE I H TR ELT, BN T B
NTW5, FEZ, MAARY AT AL EEERIEAZF2HWE 3

40

9-8-8

HERYORE : OAMK

[ENREES
(@) EFIREZER LSS

- od hd -
'ERH%E : :ZI\/J\I

EIEfER

(b) EFIIREZERLIZHE

H1. REIBEETNVHRELZERLALIROEBEIANMEE — /LT
BT, B CRT TR AENERY) D IZX M KEDST225 ET WV
Uﬁﬁ%:@ﬁ%?%k LIRS R BIETE D720 BIET A DN E W,

Comparison of modification costs of two development processes

57877 TR, LR TETHAESZR MR kE
LT ERWFEO—DTHLETNVRAEINTEHSN TV,
AR Y AT LAORFE T, WARENDOET VRO H
FHIAR A WG SO TV,

TV TR LT 2 ERTEX D720, VA

RZ L Ea1—Vol.64 No.4 (2009)



FADANBEAZRMNH AT LI TE S, FEMRET S
ERTIRICARGOBIENTE, BRE)SR/ARIZHZS
ZLTELD, TIAMIBORESBFHFTES (K1),
UEAE, BAFSIIRNZEIE S 2 I H Y, ok RBEEs
BIVEHELDIENSTHENS,

2.2 EFIVREDAMEDS

VB, AR LR T e MR B Hiff o —o
Thsb (R2), BRWTHEE, PRl v AT
LB LR ) L2 XA o Th 5o AT
i, BRWARRR L OTERWRGEE W) ZoDKER
i 7)) =B HEHET 5 BT RIZ, P A7260
Wi 72T REABE BRI LD B THHEMTHY, B
KIMEEE Y AT 2 O E % BEFGEH S 55 TH %,
ERBBGEICIE, B TRILALRRE 7V 2 Sl % fi A
EAQTIHERATL2EHGERFEE, REBETLVREDLLT W
EFNVEHCTHEERETLETVRELD %

SEFGEWI TR AT S B AT, B T BE Zesnt R
PHASHE L, SERNCHERI DS 0250 —0, BT VAR IIARAS 4
BROZBEMRIELESIN VL ODOE L+ HRRAENTE,
T RE 2 fPH AT L)AL, AT 25 S v v
FED 50

R FE

R IIREE
EEEAFIE

2. EFIBEDOME D — EF VAR, BT BEAWN
WEEIZE TN DM TH S,
Positioning of model checking

iz Dla s =i

2.3 EFIREOEETO—

EFVMAEZE/RTHEE 7T —2RIBITRT, EFVHR
HFEOAIE, YATFLADSEDLEFNR VAT AN EMETH RS
PR LM ATV E, YATLADM T REME 28 %
L7ZRESEMEOZDOTH D, 5B, My —nicky, REE
TNRHTRTIABRDOMAEET VAR LT, fAhDITA
NETEEHELD S, EFIVMAEZFET LML, IREET
WVAIZHED D ) A S 2 - S WA, EF VY —
Vs BT L LTRAESRNZM 7232w ATAOEME
= A B OFEATNER) O—FIAH IS b, KBlE
REASCELTTOMIRT v T ZMRIERT2TFFAT R E
THEIHIND,

BN Cld, B SN7z8BEY — 7 v A% IGRL, %R
LOMEEEZNET S, HESNMELIREETVETHE
EL, SBIASHZRLRAE THRAEZMED BT L TREMICIE
LWIREEETF VDB 5,

EFIREICKBDV TR 7 LRk Et O R E m_ M

REEETIL (1% BWEETI
| FTET EFRE
- V=
"~ Z
LR
= T
(BT AR
<>({p && q)
#define p p_state == RUN
#define q s_state == WAIT

TRAWIF

K 3. EFMREOERT7O— — ML ERAEETVEMERL 2,
ETNWVHAZ IS %o
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Typical counter-example of parallel processing model
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Example of real-time specification with detection of useless counter-examples
by conventional model checking
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Modeling method for real-time model checking of periodic tasks
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