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Efficient Design Verification Using Model Checking Techniques in Upstream Processes

during Software Development
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The complexity of software in recent years makes it difficult to completely eliminate design failures and omissions by manual design reviews alone.
When problems occur in downstream processes during software development, the increased costs of measures to assure product quality are generally

higher than those of measures when problems occur in upstream processes.
Model checking makes it possible to automatically and exhaustively verify in upstream processes whether the performance satisfies requirements.

Therefore, efficient design verification in upstream processes is essential.
How-

ever, in order to apply model checking techniques, reduction of the time required and the need for experts with technical know-how are significant issues.
To address these issues, Toshiba has developed an integrated automatic model checking environment and confirmed its effectiveness by

applying it to digital product design.
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Software development process and occurrence of regression
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Input and output of model checking

%7 SPIN®Ci&, SPINMHO G S 7 Promelaz WV Citab
THIETEFMVLT S, CNEREMETFIVETS, Hl#
4F1Z SPIN O 4, #IZIAHZAEE® (LTL : Linear Tempo-
ral Logic) # W CTHEENZRICEEIZ 5, INERAER
LIS,

MAEHETFTVEMAEXNEZETTVRERICATTLZET,
AR E T HEED A T T IS EL v & kR
MICHEE T, MAORRE, MAREZWS bW —A% KR
WLZZ5E, EF VAL, MAERXZH-SRWIRIICE
LIEY = o AERBIE LTI T 5, CORBIEMAEH
DN T2 2 LI Lo T, B ORY 2R LIBITET 5,
WA Z I AS 2 72 B F CTEMEMLAR OIS IE L A2 4D
W LT, FAEIICIELCEIE AR5 2 L TE S,

2.2 ETIRERNOERLORE

ETFNVRAEZFEBEOMFETHEAT A1, RO L) RikE
23 %

(1) MEHEFVERLRRTDICIMEOSELEHNTS
VENH D,

(2) MeAEXOVER TIIBA I % MDA L EN 2 5o

(3) M DRBNIHEAIMLL, WREEITRDEIE
bH L0, FATIZIE ) 9N DB b,

(4) MEREXT R ARE L5 6, IRBERR PR B %
MICHKTDIETABIANEDSREDLZEDVH D, 2D
KRB DRAET L LMD BR T HYLN, A
EPBEONLWeo, REBBRELZIHTLLEN D 5,

INSHOMEE RIS L LT, EFVREOLD L

MR TE S,

3 EFIEREBBLY-I

BTV Z BT BB EIT R RAEZ O T ot
AR, 228 TR E TN A R O IRE % %

46

i BRERETI
S |#2ER
T~ EF
Rk eSS

it
—{ =Bl

P

i -~

H 3. EFIEEERARICUELRFIE — EBEo@AIIEEE RO
IR T IBIFENT ST T2 Do SIS E T VMR RIS BRI
L HEEOAEMER Y R— 2479 EFVRE ATy — V2 S L7z
Workflow of model checking

RTBH72012, MAHIT X DENMEAAR DMK RSB O T %
BIEANAT ) LV o TAEE DB D,

INOSDEETIHZE T2, EFVREO#ME 7ot 2%
HEMLL, ¥ R—1F 21T EFVRAEHBLY —VEZRSL
720 EFVRALEHCIZ 21 M TRz SPIN 2 H LT W5,
OV =)V, 2.2 OB LIKIRTHERE T E X -
TWho

(1) BATHIE 7OV R RE

R (2)  RRAE R R RE

PE(3) IRREE R R - B HE R B e
R(4) IRIEERS R BRRE

T, ENENOREREIZOWTIRR S,

3.1 BREREFIVEREEE

WAt 7 VAR R R IE, SPINZHOFE®R S 7 Promela
TRl SN EHEFVEHBERTLEETH L, 2
DY =V TIREEARE LTIRBBREREERTEDL LI
oTHY, MITHEEN R ERD VAT LTS TR DBEHR,
Trvay, N—FEURERERTIREMZA TS, B
EFRENSIL, BEEZRMOPromela sl i, RERA
NV MEFEDOPromela IREER R SH T ENS (H4),
Promela® 7Bt ZITIREEREOFIIISLTTI I ave
H—F&EUOEHRFEZSHLTH D EIN S, 2—F—13IRE
BERELEHRFEEZATIE, FDANIZTTIZPromela THL
BEINTmEHETVELER TES,

3.2 mEINEMKEE

Mt R BRI, Y — VOB SRV EICERREN D HL
A HCTHR &2 HARGECTHER$52 LT, LTLTR
WBENTMAERXZEHBERTLIEETH L, 2—F—1F
IR S 2 OARFEL TR AT A I ETLTLZ Eilk 2 3 I0H,
HREELILDTED (B5).

RZ L Ea1—Vol67 No.11 (2012)



EHDER

#define NUM 2

JO—/NVES—
B | Z%4 | BE

bool flag false

SO VEBOER"
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inline environment1() {
if
: (State==st1) -> Event = ev1

proc1 D70+ A —_—
active proctype proc1(){ '_ ;— 5
LOOP:

environment_macro1();
if

7o av—8
2] EH :Event==evl ->
F7Uar 1| flag=true atomic(

if
.. State == st1 -> flag=true

proc2 D7O&A

active proctype proc2(){
LOOP:
environment2();
. EE If Event==ev1 ->
7571 ON |flag==true " atomic

i
:: State == st1 ->

(a) R (o) BEN4ERL S % Promela (—#B) () IRR&BIEZ

4. RERETIEEBERMEE — REERERE, 2R, 777ay,
H— P& EDOEFREZITTIHMEHETVEHBI AR TS,
Automatic model generation function

WRRTE =
Ty BAGE LTL=
— B 1]
_’_| Ay <>
SRR | EFmmn WA | D &&
_dl__def _dal it [
Hic Foex1 || weE State1 =
wok | 7oeR2 H A~V || state2 || ~TIRBIRN !
LN T,
CopEC [CRBRNABIE %51 >

& B H(Cstate1 DIREEDXXICARD, F/zld state2 DIREED YY IC5D

REER Oplla

o #define p State_state1 == XX
REOER #define q State_state2 == YY

5. REXNBEBERME — Ty 7R THEELBIRT52LT,
=DV —IVIZHE o THER SN HARTESLOHIF) G 15 AR % HE)
AT %o

Automatic linear temporal logic (LTL) formula generation function
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Chart diagram of counterexample
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Counterexample display function
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Contraction of states
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Contraction of events
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Configuration of execution management module
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Workflow of software development applying model checking
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