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Thesis Abstract

For embedded systems where computers are embedded into machines and equipment
to realize specific functions, to improve their reliability is an important issue. Failures
of embedded systems seriously influence society because nowadays embedded systems
are widely propagated into our daily life. Moreover, while higher functions are desired
for embedded systems, the systems are getting more complex. Some accidents such as
irradiation equipment's malfunction and Ariane 5 rocket self-destruct happened because
of their system's complexity. The failures influence society widely.

Model checking, one of formal methods, receives attention as a technology which
improves reliability of complex embedded systems. Model checking is a technology
which comprehensively verifies whether the target's state transitions extracted from its
specifications satisfy the properties as a target should satisfy. On an early phase of the
system development, model checking enables us to find failures of a target which are
due to its complex conditions. Model checking is a very effective method in the
system development which requires high reliability, because such failures due to
complex conditions are difficult to find by hand.

However, there are two issues to apply model checking to complex systems. First,
"state explosion" frequently happens and model checking does not finish in a realistic
time. A complex system consists of several components. When we apply model

checking to the system with considering the components and their coordination, we



target all the components and conduct model checking concurrently. Here, the number
of state combination gets significantly large because model checking verifies all
combinations of all components' variables comprehensively.

Second, deriving specific safety properties has the following two problems: some
safety properties may be neglected, and some safety properties may be insufficiently
specified. It is necessary to derive specific safety properties which can be applied for
model checking from complex undesirable events in systems in order to perform model
checking. Because complex systems have many functions and/or conditions to
consider, it is necessary to derive specific safety properties systematically. However,
deriving specific safety properties depends on experiences and skills of model checking
conductors, and specific safety properties are not sometimes derived properly.

To solve the first issue, we propose a method to conduct model checking to each
component and coordination of components in a system individually.  The
specifications of component coordination are thoroughly extracted from specification
documents of components and interface specification documents between components
using traceability matrix developed on architectural design phase. We avoid the state
explosion not by applying model checking to all components concurrently, but by
focusing on each component and component coordination and conducting model
checking to them. We could find failures without state explosion in the evaluation of
this method, and those failures could be found only by combining the components.

To solve the second issue, we propose a method for deriving comprehensive and
specific safety properties that are applicable to model checking with the concepts of
“Must Work Function (MWF) Inactivation” and “Must Not Work Function (MNWF)
Activation”. An undesirable event in a system is embodied by these ideas of “MWF
Inactivation” and “MNWF Activation”, which are expected to improve the
comprehensiveness of the derived safety properties. The process of embodiment is
conducted repeatedly. As a result, more comprehensive and specific events are derived.
After deriving the embodied events from an undesirable event, safety properties are
developed by negating (—) the embodied events. We could confirm that the derived
safety properties offer a significantly improved degree of comprehensiveness and
specificity in the evaluation of this method.

With solving two issues taken up in this study, the hurdle to applying model checking



to complex embedded systems could be lowered. Therefore, we could contribute the
growth of research area for model checking and boost the improvement of reliability on

embedded systems in industry.
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FoTE, A"EEERHTHIZENTERY. £/, ZOEMAP TR ILETH
H2%, B LEAESOUERNZIE, BHBOFREY BEETS.

VEa—i%, AR ITETERESND, VAT LAORED~D K¥a A FLE

—i2LY, REEEBRHETAHIHETHD. VAT ALBOERIETHD v
XTA%*,VXTAaﬁ MERR R R G, WA R AL T S REW
RREETIETH D, LE2—I12kY, VAT ABBOBRIITENT, RIS
DREGOHEBAEMBET DN TES. —FHT, ANFRICLDIBAEICSE, B
HEREHCER T 2MEEROAREE MmN T2 Z L IIRETH S,

VIal—ya i BEEGRTH LU AT LB LY AT ADJEINERE %3
FRE ECREEET S, £ LT, FFEDANCRT VAT A EEHEMK ET
R+ 22 &ICEoT, REEGZHRHETL2HETHD. VAT ARFKO i L
BTHDU AT LER, VAT LGKEE, MEARESERG, MRERFEE TS
Nd. ¥YIab—ra Ak, BIEESFELRNT AT LARFEOFHIC
BT, BUAT LOBEIGEVIRBEWEZ G A L CHRER LN S, MEExs
DAREAEDHEEEZERTHLENTED., —FHT, TAT 4 7 LFRERIC
T —=2IlkoTiE, REEGEZHRETHZENTERY. £70, MIEFARTH



HYAT LR, ZFOJNREAFEE L CEET 5720, a X FREND.
BRFEIL, R LETERIND AT LAOREM A #HIE, £55, R
PR EEAWTEAMICHR L, HPENRFEICLVAREAEZHRTT 5 HIET
HbH. VATLAREO LR TRETH D VAT LER, VAT LG, kR
AN, MERCEFRFECTHHA NS, BAFECLY, VAT ARBORMICE
WT, BAERROARES (R OBIKRS, REARYE) OFELHZETLZ
ENTED. Fo, RELEBAICBWT, WMiEs% 4 HER )OIk
AETAHZEMTESL. — 5T, EAEWMEREANICGERT 2L ER S LH720, =
A NS

AN y X
AT A =
SRAT I SRT A
553 R S HER

N ,
N .
N .
N ,
N ’
N ,
N ,
N ’
N ,

LEa— 1B ERR 'I / 1BRNERR " S TATaD

—
=

1L-sa> | BB HER

.
NS
N NN
-, N AL N T
i
AFE X
H/I / N N
N o
N NS
N N
N
N N
N
N
N
N
N

BRE= -]‘*::\

s
eSS

X 2-1 /XTAwﬁﬁiﬁk H A TR
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# 2-1 VAT AOWRFETIEORHR
IREL el BRI eSS = P
B S ANT—H Lo T
- BRERARR | HEoANF—IICHLT - B RFLAOEEE FEeEBETBEN
FRFA > cSAFARER | ESRTALAZEMESEBRSET R ULINS TERRW
. S ARER RESEBRE REEDREDTIEE - RE&OBERC
BROERONRAE
IR TIZOREMICH TS ] o MRS CRET 3
LE1— ;212;£V51—C$D e s REAFRET ST EN
=D = s
o e RO LRIIET S ANF—HCEoTIE
;é%ﬁkggﬁﬂ%ﬁ% READREHEEE REAERHETECE
= -39 e oy ; - BT LD HTERN
¥2AL=23> | szzams | FEOAIZTIHSS B CEVEEE 2T ZOETESE
s SAFLADOEETEM ET ! N 2 ot
c AT IERET BT 3 & CRESRRE R ULINS ) TETEME F(CERT D
. EERERE REEOEEHOTEE ZEICOR M EIND
- BREREE RO LATIET
REEDREDTIEE
RIS TAZOR MR (T - BRERMIDIEBR . R R (C
FREE U, HENLRFHRT REETERBRHTIEE RT BT E(CIR M

TEEZRE

EREURERICHBNT

B89, BRI
REENPTHE

Bh3d
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AR, VAT ABRICB T 288 T —% 0%, Hfrick b, VAT ABFEO
FMTRICB T AMEEO EEMEN O TR STV H14]. X 2218, VAT
LABFEDO—D2THDHY 7 by THREO, BB TEERNEGORE « F MR
BLOREGOHEZ X FORBKRELRT(15]. V7 b U =T HRFEOA TRIZE N
T, REERRAET LR (FF), FEADEAINIEE (BF), BT
BROREAZ LR TR THKE LEEA L E L, SEa 2 hoEE RT)
ZRLTWS. ERTEICBWTARESD 710038 4AE L TWDHL00, Rkl
BTHRAINDOIAERIL3S5%THL (K 22128 2EORMN). £, BT
BORESZRTEE CUE Lchd, hitTRETEALZWE LZSmEaD 30
FOaANEETS (M 22108 H54DHRM).

X 22706, VAT ABEORIZBWT, VAT ADMEEIED AT Z LD
EEENRTEND. TOHEE LT, BRXTENRER SN TWD

System
. Desgn T0%, 3.5%
1%
Software
Amhinectursl
Desgn 4
E sk Eil
Sotware 5x - - ‘ 70%.8.6%
_— RN
. . _ " Where faults are introduced CRRE R T SEESC)
S "< Where faults are found (R & h BHEE)
mkuakruckes Kr ol are Tosting” ; The estimated nominal cost for fault removal \
e - """'l ' (RETETHREL-ESEHELEBRED FOER)—

S HATITHGE . BRI s R R F B TEES E, 2012E
X 2-2 V7 U TBRIIBITAREADRE - BRMERB IOKE= A
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22 BFE

X 2-3 12, BAFEOEEL T, BAFECE, BAEEGSE (Formal
Specification) 35 X OEAURFE (Formal Verification) 7238 % [3]. €7 /v iaIL,
ERWBEED —>ThH 5. £ 2218, FNTNORKFIEORKMZRT.

BRI, BRCER SN v X v 7 AB IO~ T 4 7 A%
DOF A HWT, VAT LAOBKEERY - ReRIAYRIR DBV, MERE, NEHEE R &
ERLBTOFRIETHD. VAT AOBHEOHRFOBKR S A YBR L, k% s
WZIERR T 5. ERICED, VAT ABBEO B TRIZE T 2~ BE0RAZE
<. AU X, BT VRE EE RN D, T VEE TIE, R
2B LM VTR ZRRIR T 5. =T AR OREN RN - v—1 b
LC, ZF¥E[16], VDM[17], B AV v R[18]X° Event-B[19] &£\ 572 B 7 7 I U
RERD D, HERE T, NEFE A TEERE TR T 5. EERER R
FeHI 72+ Y —L & LT, OBJ[20]X° CafeOBJ[21]1L\ ~>7= OB 77 3 U,
LOTOS[22], CSP[23]72E2d 5.

FEARGE, TSR &S AT AOARRIZRE Y BN E 50,
FHRFEA FEIC L VRGET 2 FIETH D, BRGEIZIE, EHFEHEET L
BEND D, TEAEA T, BIERN G2 ONTMHEEEM-T 2 8%, #in
BRI Z O CRREES & XREICEER 9~ 5. iRGEmmEL e L OEXMERR Z HW T
AERAT 2720, AEMICEROREZ ZHRAIREROE O Z &N TE 5.
LU, REBIRRGESE 23T 5 LR H Y, HHHEEIC K 2 BERGEIRE#ETH 5.
EFRFERA ORFRA 2 Hiffy « Y —/L & LT, coq[24], HOL[25], Isabelle[26]72 & 7%
bbH. ETVREL, FEEOIELRRE LTS, T VRAETIE, WL
S OIRREIERB N, G2 b7 a/8T ¢ il &0 % BRI B BT
T 5. BT AMREE, FEEENOR ESCRIET VU XAOEHICLY, i
AR AT LTg EDAWATY AT LT3 2 E A7 BERGEEINIC 20 526
5. Fl, BabNh7 v T 0 BRGERSENH T S R WGEE, BT VRAY
—UINB BN SN D, KENZIE, REAEFEZRET HERNEEND.
ZDID, ETNMREERNDZ LT, REEOMEHARBRHE D AIEEIZS.
T NMREONRER 7250k « > —/ L LT, SPIN[27], SMV[28]X°> NuSMV[29]
Lo SMV 7 7 2 U, UPPAAL[30]72 Ed 5.
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Rzzl{tEREC R
FERFE
<
RZTCARELE
2-3 B FEOME
# 22 BAFIEORHK
FRF o e - —JL
K54 INS34E (—86)
o Zitk
=)LiRE0 - RIER, £OER
EFIVREE | pRNCERSNESSIVOR | mR0CLRE RS VDM
BN T URZFD BIJ7=U
Ve U SEEANT, SIFLD —
%Eﬁéﬂ‘]-ﬂ%%ﬁﬂ’\]mﬁéﬁm, 1E8E, M T oBIZ7 =V
PR EDABIS R & 2 STk - RYF
RS ARA 1S3 st LOTOS
CSP
AREEBHSRASZ 5N coq
FIBEFH HEEBICEE HOL
AL HRRAZANT
- FERM [CRBRSNIZS T LD R & X 5EMI (CEERR Isabelle
S eras HAFCEONRONE DSHVE, T p—————
TR PR B & DR ey bl SPIN
8 > Ezonreuaz SMVI 7 =U
B SHEMOZIBEEEIR BT HENE J7=
ErRE HETRHY (C I BHARSE
- RRIICLBTRES UPPAAL
MEEI MRS
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X 2-4 12, ARG & RREEO R Z RS, BATIRIL, AT A%
2B 2 BRI 7R R L & W D B A X A VB RIS ZE N ED S TE -
[31]1[32][33]. A fARFL®R Z AW T, FERRWICKI SN AT ADOHARE
7pE T, R EER T 5. RN TR Lo C, B2
Z ERBERCRERME - R T 5. TR EBVIERT LT, VAT ADOHER
FAEZAT O . AR, FEAL - Bei bl O 4 &4 OAEERELER DR G MEMERT,
FEAME - BEMYEOIE L X 2 fERT 5 Z EITHNS.

-y JEREREIIR
| B
1 \\
. f> At
S, \ IR R U
=X éﬁm{t-zﬁﬁ{m FesCARST
A5/ 7NN e U
A5 o \
SEAME - e Oy
1B ER
¥E IR R U
éﬁmﬂ:-sﬁm\ o AREE
EEES "
ES 3

2-4  TEAUEARGEAR & T =T O BA1R
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ERFHEIL, EERANOEREZED TS, TO—KE LT, EEESE ISR
&% IEC-61508[34], HEYHE AT D 1SO-26262[35], Y AT L EFX 2V T 41|Z
B89 % Common Criteria[36]72 & DIEREZL RIZB T % EFRBE TlL, A7 LB
FIZBITHEAFIE, BLY, ZOHRY —VOHMHABHERI LTS, & 2-3
(2, IEC-61508 |21 TN TFHEDHELED —i| 277 47[37]. Safety Integrity Level
(AR, SIL &) i, VAT AOLEEMEEETRETHS. SILI 1D

SILA FTD 4 BERED SN TS, SILY DixE OKETH A,

# 2-3 IEC-61508 (28T 2 X FiEDOHELED 14

Software safety requirements specification

Technique/Measure SIL1 SIL2 SIL3 SIL4
Computer-aided specification tools R R HR HR
Semi-formal methods R R HR HR
Formal methods including for example, CCS,

CSP, HOL, LOTQOS, 0BJ, temporal logic, VDM - R R HR
and Z
Software design and development: detailed design

Technique/Measure SIL1 SIL2 SIL3 SIL4
Semi-formal methods R HR HR HR
Formal methods including for example, CCS,

CSP, HOL, LOTOS, OBJ, temporal logic, VDM - R R HR
and Z
Computer-aided design tools R R HR HR

16
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23 ETFILMEFE

231 EFNARBREDO vt R

2-518, EFTARAEDO T nt XA &R T. BT AMAEIL, OFITRT 4 OO0
TRETHERIND.

T L

THE 2.

T#2 3.

TH# 4.

ikﬁfﬁ%%%qur/VODfﬁﬁi FRAEXT G DEERD S, IRFERT G DR REE
Baiht+ 2. AT 257 vEY — L ORBIFEUSHE, il
H L7 BEER R OIREER £ 7 Uk T 5.
a7 4 QEH  REESR O _EAALER, BREFOHK R Y v—,
WEOFEH - REGREND, IR RIETT v 3T ¢ Zhhi
9 % . Linear Temporal Logic (LL[&, LTL & 9 ) [38]X°
Computational Tree Logic (LAF&, CTL & 9) [38]& W\ o 7= RffH
%@B&K%W,@Eﬂ%®7nﬂ?4%%ﬁ%’§ﬁﬁé.
EFIVRREE : BB FOFET B Y — UK LT, REEER T
TABLOTa T 42 AN, ETURGEE ET 5. T L
M£Ti‘% BEBET NN T 0NT 1 e S R
LTI, REEERET L ORIRZER] CREBEBRETANET 5
%*%JU%E ERE/NR) DHEREIICERR SN D, BT VRREDR
KT LA, BT ET T OEERKENSHISNS. 1
*F%#Kﬁ*@%éx7mﬂ?4ﬁﬁbﬁtﬁwﬁﬁmﬁéi
TOREBERS P LTHDENS.
REEAE R DT : &7 ARFEOBE G HRE R A T 5. WEFERN
REOGEX, KElEZSir+ 5. KElD5 \ﬁ@n’i%, ETNE
LT 037 ¢ (TR DN WAIE, BT VORI 7 o T RREER
ROMARRIRO RS DHZ L BT 5.
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BT ARER, BEEGROIEL EOFEH LWV Kb, 27 LSO L L
BRIZBITOAREAGORMHZ BN E L THHAINLGENHEA TS, MRIED Xt
SRBERICIRE L, KREZEROMEBENRRICEE LIZBEfET 2175, 2
DX D7, MIAERGORES BEMREZ i & LB FEo®A k%,
Light-weight Formal methods & V™ 9 [31].

ETFNAMEOEM T, REASZBET 2 Z Lofhic, >EITRT 2 O09%E
PR TE LS. 1 ODEOMRIT, KEIZHWDZ & T, AEGEZMETHREOT
BEHMCTEDARENR S D, TAT 4 7Ry Iab—va 2L, i
BHNBENREA Lo T2%h, NEAICH O S RREZESRE L, JRK %5y
W 20ERNDHL. 2O, RINFFEE TICRERFTHZETLZE08H 5.
BT NVRAEOYE, HEITH IS KEIZHWT, RNEEOFREmEL M5
ZENTED., THIZXKY, NEGEGISEITIHREZRIFFET L &
NAETHD. 2 DHOBREIL, T AVRELZERT 56, T /MVbLE WL
ORI ZEL T, MEESRTH LKD) 2B TE LR H 5.
WRBEBE T VOERICENTL, REBOEBRMECER L T T LV HICH
IZEFRTDHDRENDD. ZOBE, BMEEEIL, THEECBIT 2EBBRM0ER L
DT, BERRERIIKS 2B TES.

232 HERfHGREIC LD 7 a7 ¢ ORI,

VAT LARBIZBWTET VAL EH TS BN, L FTOWE R T 5 2
ST B v,

o TVATAZESTEELWVERDRWVONIEZ D

¢ VAT AL TEELLBRWERPRLTEZ bW

AT OWEZIEMET 0 "7 ¢, BEBEOWEELZ2MET 1 T ¢ L H[5]. EE
Ha®Ry hOGA, VATAIBIA2LELVWEROFILELT, TRy hA
T LAPERHEOAMEIKET 5 NETOND. FNUCKHET HIEET 73T
4%, TeRy 2T LARENEOAMZIEBT L2 L) ThD. £, ¥ X
TACBTOIEELLBRWEROFIE LT, mARy AT AREET D] B
ZIFohd. TSI T 227 a7 00F, TRy AT ANREEL
RNk ThD.
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ETREOT v 3T 1%, FHEGREL38]7 LIc X W IBRMIcRBLS D,
FHFRER & 1%, FEE OMIE 2> & B Z 3 L RB T 2 720 OBIH| & KFiE DK FR
Thbn. KFEFmERICIE, K& < LTL38]8 L TN CTL[38]23 % 5.

# 2-412, LTL Z7~9. LTL OFRFEEE 1-121%, N:next (b L <1 X : next),
G : globally, F :inthe future, U : until, R : release "% 5. ¢ B LN ¢ Z @ L
L7e%a, IN o) BLUX X ¢ 1F, TolIRDRETETHSD | 2KRT.
(G ¢ 1%, ToIFZEDOHRFEIZETHD) KT, [F ¢ 1%, TolITOBRNT
NDDORFRTE LD #R7T. [¢ U o) 1E, TolIBIEEIXREROH HHF
RTETHY, 2D, ¢IIFORRETETHD (72721, ZOREELIEE ¢ 1X
BB EIFRS V) | #EKT. To R ¢ 1, TBUEEHITFEROH 5 A
TODERDIEX, TOHEAETHITETHD (72721, ZDH% ¢ ITETITRWY) |
#RT. To R o) 1%, ToBELRDIERROVGE, ¢IFEOEFETHD ]
e

7 2-4 LTL
FrBEE T FrtBEmIE 0 =K
N (next) N o
or or ¢ [FRDIREETETHD.
X (next) X o
G (globally) Go Q FTDEEICETHD.
F (in the future) Fo ¢ [FZDENVI NN DR TEERD.
¢ [FREXC(IFRDHBHFRTETHD,
U (until) yuo D, Y FZOREETETHD.
(TR R @ (FECIRD EFRSEW)
REXZ(SFROSBFRTCYNERS(T,
TDERECOIFETHBD.
R (release) WRO (2D @ FETERW)
Y NEERBZENRNGS
¢ (FEDFEFETHD.

8

X @, YlEdnE
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2-6 12, LTL DA ZERT 5.

OO
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/
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Q
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OO
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N\

Fch

Yy "B

¢ H"E

N
700N

Q) we

2-6 LTL O#EE
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# 2-512, CTL #7~7. CTL ORHRAE 121X, RBREEHE - &OREHEE 72
HD. REEEFIZIE, Azall, E:exists N 5. ¢ BILW¢ L LI2GE,

(A ¢ 1F, [BIEORENLHIET 22 TORKIZBWT o NETHD | 2K
T. [E ¢ ) 1%, TBEORENOSET HRED S BRI EL 1 DOREET
6 WETH D | KT IREHAE 121E, Ninext (H L < 1% X:next), G:globally,
F : in the future, U : until, W : weak until 2% 5. N ¢ ] H L<IZ X ¢ I,

(O IFRDORETETH D) 28T, [G o) 1F, oI XZOHRFICETH 5 |
#HRT.IF o 11F, ol ZZDOHRNTNODORFRTELERD | 2#KT. ¢ U ¢
i, [ I 3BEE ‘iHEE@EE;éE#ﬁ“C L THY, o, QIETOREETET
b5 (72721, TORRLRE QITEIZRD LITRLRW) | KT, T¢ W ¢
1%, [BEE I ‘iHEE@&)%)E#,.\“C(M)Etc% X, TOHEAEToNETHD]
ERT. T W o1 1%, ToREERDZENRRVEE, (IFEOEFETHD]
Zaite., CTLZHWSEA, AGRREF 2 XD X H 1T, REEHE 13 L OV
A2 HEDLET, 7TuaXT ¢ 2{ERT 5.

# 25 CTL
RIREE T B AEERIER Bk
REET
RIERENSDIE T DETDRIET
A (all) Ao © NETHS.
. WEREN S DI T DREDS B
E (exists) E¢ PR EBIDDIRIET ¢ NETHS.
KREEEE T
N (next) N ¢
or or ¢ [IRDIRREETETHB.
X (next) X ¢
G (globally) Go ¢ (FTDREICETHD.
F (in the future) Fo ¢ [FZDOBVNINHDRERTEERD.
Q [FREFZ(FFRDHIFRTETHD.
U (until) wUo D, Y FZDRRETETHD.
(ZORFRLE @ (FE(CRD EFRSRRL)
WRIEF(FFROS DR TONER S,
. TDEFHIETYIETHD.
W (Weak until) vWe 0 NELCRBTENRNES,
Y [FEDFEFETHD.
X @, yldingE
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27 BELUH 2-812, CTL O A% XK1 5.

AF ¢

EF ¢

O IREE o HE
2-7 CTL o4& (2D 1)
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AX @ EX @

Ao U y] E[epUuy]

Q IREE ¢ HE yhHHE
2-8 CTL o4& (D 2)
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24 ETFILBREY —IL
EFURES, FHEE EOEFABREY — LIk LT, IREEBEBETF LB LW
TunRT 452 AT L TEBEINS. E 2-6 12, EERICBWTEMEREN
BERETIAREY —VERT. DXL, £ 2-6 [TEITF-, TNEhoET
2 T = S UG R

* 2.6 ETIHEY—IL

EFI)LUEREY )L FMFT REEEBET)L O/~ LE7E
- JEEH - WITS AT LAZEIRFECTRE
SPIN BellfAZEFR Promela LTL - Partial Order ReductionZ A\ /=
AEVDE I, =ERb
+ Symbolic Model Checking
LTL (SMV) BR7I TV LZRANE
SMV/NuSMV Carnegie MellonX¥ [ SMVI—R A RREZERE DZERAIRIRTR
« LTLSKUCTL (NUSMV) . -3'?@%0)@%1—“:@3—5
- JEEH - WITS AT LAZIRFECTRE
UPPSALAXS B LT | UPPAAL © UTILSA LR RI
UPPAAL AALBORG ;,i N Timed CTLOY Ity - GUIERIWEETIUEL, REIDDH
¥ Graphical €= )L — — ——
- EFER - MITS AT LAEAREECTHE
RYES o
BLAST California Xz CE%E_‘J—Z:I— R Assertﬁaﬁitﬁfjb_\jc‘f . I_Ja zyiistr:cz&i;}(%igﬂﬁb
Berkeley#& =E(CEBER YV —XJ— Rep(ZECa RSB R L SIL
2.4.1 SPIN

SPIN[27]i%, Bell WFZEATIZIRWTRHZE S L7z,
Promela &\9) [27]& W) BHASEEAWT,
T 5. TuxT o oFRIciE, LTL ZHW 5.

SPIN ZH\\% Z & C, FERW - WITo AT LERFETHZ ENTE D, Fiz,
Partial Order Reduction[39] & VY9, VAT ADOMHEIZHE L B 2720 A X kD
AELNERY 2 B E T D BT 2 VT, FHREBRICHRIT 5 A E Y OfiK & Ediftx 52
BLLTW5. SPIN IR HARIEN L, REVBRETAVREY —LTHS.

B4 2-91Z, SPINIZEBITHREERET VOV TNV ERT.

Process Meta Language (LAR%,
VAT LOWREBER L ET VL

25




bool turn, flag[2]; // the shared variables, booleans
byte ncrit; // nr of procs in critical section

active [2] proctype user() // two processes

{
assert(_pid == 0 || _pid == 1);
again:
flag[_pid] = 1;
turn = _pid;
(flag[1 - _pid] == 0 || turn == 1 - _pid);

ncrit++;
assert(ncrit == 1); // critical section
ncrit--;

flag[_pid] = 0;
goto again

4 2-9 SPIN (21T HREERET L

242 SMV/NuSMV

SMV[28]i%, Carnegie Mellon K22 TRESE S iz, AR case b 72
LHEHRHEHEELHNT, VAT L0REBEBLET MET D, T uxT o
DFLRIZIX, CTL ZHW5. SMV D%k —v & LT, NuSMV[29]23% 5.
NuSMV TliE, 7837 4 OFERICLTL B L O CTL Z WD Z ENTE S,

SMV 5 X U'NuSMV (%, —53ik7E 7 7 % Fv 7= Symbolic Model Checking[28]

EWVWOIERET NI Y X LEHNT, %%W%@ﬂﬁmﬁ%i%%ﬁbfwé
SMV <° NuSMV %, EFEIEORIEIZE L TWD EWbhd., £7-, FERY -
ATV AT LEGEET S22 &6 TE 5.

2-10 12, NuSMV =— RZBIT HREBEBRET LOY TN ZRT.
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MODULE main
VAR
statel: {n1, t1, c1};
ASSIGN
init(statel) :=n1;
next(statel) := case
(statel = nl1) & (state2 = t2): t1;
(statel = nl1) & (state2 = n2): t1;
(statel = n1) & (state2 = c2): t1;
(statel =t1) & (state2 = n2): c1;
(statel = t1) & (state2 = t2) & (turn = 1): c1;
(statel = cl1): n1;
TRUE : statel;

esac;
VAR

state2: {n2, t2, c2};
ASSIGN

init(state2) := n2;
next(state2) := case
(state2 = n2) & (statel = t1): t2;
(state2 = n2) & (statel = nl1): t2;
(state2 = n2) & (statel = cl): t2;
(state2 = t2) & (statel = nl): c2;
(state2 = t2) & (statel =t1) & (turn = 2): c2;
(state2 = c2): n2;
TRUE : state2;
esac;

VAR
turn: {1, 2};
ASSIGN
init(turn) := 1;
next(turn) := case
(statel = nl) & (state2 = t2): 2;
(state2 = n2) & (statel =t1): 1
TRUE : turn;
esac;

2-10 NuSMV IZBT HkiEERET L

27



243 UPPAAL

UPPAAL[30]i%, UPPSALA K3 XU AALBORG KZFDILFEMFEIC LV BHIFE
EN7-. UPPAAL 28T 2 IRMEER £ T /L OVERIE, Graphical User Interface (LA
Fe, GUI &\ 9) ZHWT, EERIIITO ZENTED. T T 1 OFLRIC
X, Timed CTL[411DOH 7 & v F&EHWD

UPPAAL OFFHIE, AT LDV T XA LM (f X2 ML, —ERFN

[CAVERINSE T3 M) ZRHMET 5 2 LN TE L ETHD. UPPAAL DIRAEE
BET WL, KA — F~ B MOICHIG L TWA. £z, REEBDOET Vb
BLOBIOGHT %2, GUI #HWTEEMIZITY LW TE D, 2-11 12,
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BLAST[42]i%, California X Berkeley &IZ3V TR 4172, BLAST Tl
CEmcTiikanizy—Aa— Kz ANE LT, VY—RAa— Ko REERTT
NEBRBERT D, TaNT o OFIE, Wi T R EL&MESIKE LT LR
assert B9 A, Y —RAa— FIZHATAHZ L CHIIND.

BLAST OH5f#i%, C S Citidahizy —2Aa— R&EEE, V—IL AT
HZENTELHTHD. BLAST TlE, Lazy Abstraction[43]& V9, IREEEFR
ETOMEGIL, WREE, FEMEE Y KT HIET, REERET VE HEIAERK
T5H., ZOXIRETNMVREE, HEREOET VIR (Classic Model Checking)
IZRFL T, XV « T A (Modern Model Checking) [311& V9. fEkALD
T VR TIE, BRAEEDRAERN R Y AT DSt T 2% 2 & T, )7
DREEBET NVEGDL. —F, XY - 7 /UMAETIE, #gbiEgEzHu
T, Y—Ra— T ¥A Uil nn, BT VREE FEITIRERIREER T T
NEHEVAERT S.

EX L BT NAREICERT HET VIRAEY —/LE LT, BLAST Oftiic, C &
FED Y —Aa— R&E AJjL 9% SLAM[44], Java S55D Y —Aa— K& A1 LT
% JPF[45]<° Bandera[46]72 E 35 5.

2.5 BHERT AT AA~DET VIR ORE

FEERICBITD2ETVREOEAZEL T, ETVREDOZNZENO TREIZE
T D RRED TS STV S [47][48][49]. K 2-13 18, AT AKX L CTET VR
BEWATHEO, ETFAREEAEOHRSNS AIZMEEZ R, TTLHRE
DT 1IZIE, LTOMEND 5.

1. HEEEEAR E D, KEEdSR Y 2T LA DIRIEER 2 ik 53 % N S
EREEICREEB XN R SN TWARWEARDL D, £12, REEBK
MBI TV & LT, IREBEBMICITFEE STV VWIREER
NFIET D5 6N 5.

2. ETVRAEY — VM E OIRBIER T VORI L EGT 50BN
WEEBBET VEIERT 5556, HIEN, BT VHMAEY — /Ko TH
5.
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LTL <° CTL 72 & &% W TR AR A KRBT 21213, BUARRFRR A LB T
5.
THE3 2L, UTOENRDS.
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VAT LOREBIZ L o TR, FHREEOAEVEERIMEEBL, 7N
MEETE 7220, b LI, BT VREEDNBLERRIFH TIIE T LR WEL
% CREBIBESS) DRETDHZENRHD.
THE412IE, UTOENRDS.
6. B BIfiEMT D FH
BT NRAEY — VB S RENE, FEHENMELS, ZoE bR
Thod. KEOFNG, REEBET VORI ST HRICAREAR D
DINENDE T T DL, J IONTDBRLETHD.
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X 2-13 OFEE 3 BLOFRE S 2oV TUE, Y AT ARNEMEC 2 5 o0, * Dfif
RN EHIT 72 D

B4 2-13 O 1 IZOWTIE, E7VREDOEELZ T2 22BN E LT,
T, BT VREICET 5 BEOSZE LD BER STV H([50][51][52]. FiL
Sodicix, FIEAZ OIS, IREEEBOMBTIENEH STV D b %<
FAET 5. M 21225V, Unified Modeling Language (LA, UML &V 9)
[53] CRiil S - ik 2 IR IEER T T L2 BB CIER L, T7 VA% i
T HEY A BT TV DH[54][55][56]. UML %, Y7 b7 =T BFICBWNT
IR IZHE L TWABREINTHD. UML DX AT 7T Lk, BT LVREY —
JAZKHGE LTRBBERET A HBVER SN D, ERICED, BT VREY —
VIR A OIREERET VORI EZEGT 27 RS s. & 4 125
Wi, EERMICEBR EIND 7 a7 ¢ 23, GBI L D Bl 7 e
T 1 " AVERT % Spec Pattern[S7]23 4248 S 4L TV 5. Spec Pattern TlE 7 1 /37
A%, RAA—=TLNRE—=D 2 OOBRTHRAD. TLT, ~F—rBXUX
a—7L, FNHICHIGT DEHMEGRELO~ v B2 J AR L TU D, Spec Pattern
RS Z LT, RFFERRFRACR IHEE L W R WEFE TH > TH, LTL ° CTL
IZ X DIEMER 7 8T ¢ OERRD I CX 5. 3B 6 (I2OW\W T, RICH T
SNAERBET A NE I TTHIET, BIZONT_NEHERIZERTHHLY
MANTHOIL TV BH[48]. £7-, UPPAAL @ X 512, GUI & H\ 7= K Flo#r & 7]
BEICT 2 Y — b HBLL T 5.

L2, K 2-13 OFEE 3 IOV T, BTN FIET 2000, Fasxr
A BHON— VR TIER <, BBEOMRIZITE > THR. 313 5 1220
TIE, RIEEMAERBT 57 — 2 s, WEEMORKRT LI XAO TR,
WBEBET LVOMGIZ LY, REBEREERES L TENRESHh, TV
B Y — VI RE SN TS [31][49]. TNHDOHEICI Y, IREBER OR#EC
EE EF TS, L, RIEFRO Y AT ANEHIZR D250, T
DHFEEZHNTHIRBIBRED B AET DARENEL 2D, o, SEFIHE
(Divide and Conquer) D# 2 IS, BMiEAROY AT LESE L TETIL
43 5 Compositional Verification[58][591(Z & ¥, IRAEIBIE & [BIEES 2 H1EA 2
ZIINTW5b. LML, Compositional Verification (2 B9 5 JeATHFZEIL, FRAEX
RDOY AT APEHEZ R D200, EOEHABKEIZR 568086 5.
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WREBRNRET DI EVIFELRDLD. K 3-1 12, VAT LAOHEREREE 4
LCETNVRET 256 0OMEEZ RT. —KIZ, ET VARG MY
AT LD, WEREROERII D7, HRERMOEEE L DR, VAT
LOARIEZ DD T Toh, RIEBIBR N RAET D Algetkid kv, L, v A7
LDEHEZ 72 D120, MERELFE ORI K UM R EE R O 3 N4 5.
ZORER, VAT AOREENPEKIZRY, T VRENBLENIRRHE TR T
L72WAREMEN B L 72 5.

KE LTI, VAT LORERREESE 35 I UME R B 57 [H] O £ 5 45 2 2 A2 2[5
ICETNARET D FELRET D, EHICHET LRI, 7T—F7 7 Fr X
A7t ATERT S =YV T o~ b U T REHWT, HARER O
EB L ORREER DA 7 7 = — ZOHEEEN SRR HET 5. 7—%
T F XA, VAT LAOMRERIZA LT, VAT AMIERI N HEEE -
PEREZ LSy LU, HERKEEFE OfLERES KOS ER M O A v ¥ 7 = — A {Hkk %
b3 o8 THL. 7T—FT7 7 F¥yRETOT rE AL, EBEEI220 0 EDV AT
LA D=7 Y U TERETIBIONCHE SN TS, TR TOMREFE L 5
LTETIVRAET 20 TR, MR KO ER OB ICE R L,
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RETFIEORNEE HRT 572012, REFRRWERER S 27 2O %
RAxtg e+ 5, MEFIEOTMIEREIT 72, EEROFER, RiE @%%%éé
HHZERL, WRERZEZMAEDERITNIERATERVWAREEEZRETS

ZEMNTE.
KEOERIZOEDO®EY ThH 5. 3218 \WT, BEEMZEEZER~S. 331280
T, METEEFHRT D, 34128V T, BETIEICKT 25HMIER O R 2R
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3.2 PBHENFZE

MRV 2T BT L CET MR E LT 2880, IRRBIET 2 k3 5 ik
& L C, Compositional Verification[58][59] 23 &4 & 41 T\ % . Compositional
Verification & 1%, ET MREDOKRNRELERDH AT LEEY 2— /UKL, %
NENDEY 2 —NVERGETHZ LT, VAT ARERERGET 5 HIETHS.
Compositional Verification @ BAK) 72 F1k & LT, Compositional Minimization[60]
5 X T Assume-Guarantee Reasoning[61][62] 3 F1ET 5.

Compositional Minimization (2O T, Clarke 1%, [60[IZ3V\ T, MRIEXISR T
BHOMWRER L, THUNOHRERICER T HEEZREL TS, K 32
|2, Clarke %12 & % Compositional Minimization % 7~x3". [60] TlX, MRFEXTZRLIS:
DOIERREF 2L L, MEERRICxTT 5 Interface process Z1ERT 5. IRAEXS
FThDHIERETR &, Interface Process #fHABGDOETET NVIRET H. Tihvk
FTRTOMRERICK L TCETH LT, VAT LALRKEETVRET 5.
3-2 DEIOGE, HEAKEER A ITx L THERESR B B8 L OWERRESE C 2%k
L, Interface Process BC’ Z#1EKT 5. & L C, faEFHE A I L O Interface Process
BC ZilABDOETET /VRAT D MIER BB L UMHIRERCITH LT,
FIEED HIETET ARET 5.

ZOHEIZLY, VAT LARBREET NVIRET H5G LR LT, RBERE
TINEINSLSTH T LN TE 5. £z, Compositional Minimization M L1
MIZERSIILTWAD. LA L, [60]TiE, F#pk3E3 & Interface Process ZflAH
OETETIVRAET H. T D7D, Interface Process 23/NS < IR BN AT A,
SOF Y, WREZBLOZOHEENL N AT AMZIIARAE THD. Interface
Process /NS 72 B2 WAL, BT VREORG L 7 HREEBE T LN
REL 2D, 2086, HEBHZ OFEKY Y —ABNELR L. £,
Interface Process DYERK LN 6 M ST R0.
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Assume-Guarantee Reasoning (22U T, Grumberg 5%, [611I2FVNT, HERLE
FOMGED BRI E SR DEREEIZEI T % Assumption Z7%7E L, HKERZNE
NEETNAVRET D HIEZERZL TS, K 3-3 (2, Grumberg HIZ X5
Assume-Guarantee Reasoning Z7~9°. [61]TlL, MAERIZRTH DGR EF D HHE
B {E72 EOBREE A, Assumption & U Caknll4 5. #51 L 72 Assumption @O T T,
MREERI R T DM EFR L ET NMRET D, £ LT, ORISR, MLt
L THDHHEREFE O Assumption {7292 & 2 ET MVRETHRT L. Tz
FTRTOMRERICK L TCET S LT, VAT LALRKEETVRET 5.
3-3 OHIOGE, HERELFE A OEEEIER & OB % Assumption P & L, P
DO PN THRER AZETVRET S, £ LT, MKERB B LU ESR CN
P il 2 & 2T VIRE CHERT 5. MREFRE B BILOHAESE C 2o
TH, FROFETETVRET 5.

ZOFEIZEY, EREROBN TOET VRENFRIZRD. TO), £
TIUVREBEORR LR HREEBTT AN 20, DRVEHEKEY V—RT
DIRFEN FIREIZ 72 5. F 72, Assume-Guarantee Reasoning O /1L NPT E 7%
SNTWA. L, [61]1TIE, MIEXMNROET VRAEIZIIT D Assumption %
TFEICHERT HMEND D, MRAERE & 72 HHERNESE O Assumption DAERKIE,
DT X TORRKEFR DS Assumption Ziii72T Z L E2ZE L TTHOMLERNDH D,
ZDIZD, BREARDO Y AT LARTT /VIREIZE T 5 MR HR S BHE L 72 5.
F72, [611TIE, WFERTRLUSORERIEZIZIB T, MEERZ O Assumption (Z
ST DETNMRELEZERT DUENDHD. TO2D, BEERNZ VT AT A
DOYE, WRERITHT 5T VREDRIESE KT 5.

(611 Assumption ZE A% B3 2% R 2 fRiR 3~ 5 72912, Cobleigh 51X, [62]iC
BT, Assumption % HE) T4 KT % Assume-Guarantee Reasoning & #£45 L TU»
5. [62]TIE, MRFERTGd KX UM OGRS % &7 /WA IRF o S A F1
T 52 LT, FMAEXZRO Assumption Z HE) TR L TWD. XY, Eia
F 7)Y Assume-Guarantee Reasoning Z 1 4 D FRDOAM KRBT 5 Z LN TE 5.
L2 L, [611&[ABRIC, v AT LAORRERNZ WG, MRERICHT 5T
IR ORISR T 5.
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—Ji, BEFIETIE, HBRERB IOWRER OB S %, 22 ERIc
ETNVRETHZ LT, TENOLOREEBET NVE/NSILTDHZLEKD. £
AUZERD, WRERB LOMEREROEEN LN AT A~DET VA D
MZWRRICT 5. Fiz, WA OBy 2303 D BRIT, MEpkEE DFkhE
FOBEME 2 bsHICR BT D FL—H U T s~ M) 7 220D, Zhick
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RN S BEHITEAIT 22 &N TES.

3 3-11Z, Compositional Verification {2 B89 5 Je 79T & $2 58 TE O LLiHiE R &

FLHD.
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INEL B ERMES B EROEM TIREET D728, B EROEMTIRIET D28, B EROEEE(IC
IEEE gl REBEBETILHVN REBEBETILHVN REET DD,
REEBBETILAK REEBIEEF LAV
O
il Interfaceﬁrocessd) X 0 EREOSL
e Assumption FE) THERR Assumptionz BB TARK ~N—HEUF4 I RNUOXT
’ TEREROEEEH
Resti o O ¢} X
FEEIRNICER FiEEERNICER FirERRANICER FERIFERNICER

X1 Clarke, E. M., Long, D. E. and McMillan, K. L.: Compositional model checking, Proceedings of the Fourth Annual Symposium on Logic in Computer Science, pp.353-362 (1989).

%2 Grumberg, O. and Long, D.: Model checking and modular verification, ACM Transactions on Programming Languages and Systems, Vol.16, No.3, pp.843-871 (1994).

%3 Cobleigh, J.M., Giannakopoulou, D. and Pasareanu, C. S.: Learning assumptions for compositional verification, Proceeding of 9th TACAS, LNCS Vol.2619, pp.331-346 (2003).
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fr_syscont_jd_scan_serial_flg=1,
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fr_syscont_to_scan_serial_fig = 1,
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ing_syscont_sendreq = bing_req_stop,

hing_syscont_req = bing_req_stop,
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BING_SYSCONT_ERR
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."BlNG_svscDNT_JUDGE_REQRES
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________________________ -
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BING_SYSCOMT JUDGE_REQ
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bing_syscont rc';q == bing_req_melt
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_stop
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nb.

MWE(®): fEF — Js. MW_Ctx(f,s) DEFE (1)

F7o, HDHHEREFEF 28 MNWF Th 5 | & 1E, MNW_Cx(f,s)7) true &£ 725 sES
N, Ll EH 1 DHFETHZETHD LT, 2OE, ZOERIL, LIKF
2> B Al {true, false } ~ DR ELEIE MNWE®IZ L - T, LLTFD X 5 Imicsk
Hans.

MNWE(f): fEF — Js. MNW_Ctx(f,s) O EHE )

S Xz, TMWF JELE) ] L TMNWF &8 #EFT 5. [MWF JEEE)
ElE, sIZBWT A active TRITIIL, BE L R2WERNEL DML D
DIZH 006, fldactive TRVRILAZWS . 2D & &, IMWF JEEE) ] X,
T X cEXIcEHENS.

MWEF FEEHE)(fs) = MW_Ctx(f,s) A\ -Active(f,s) (3)
MRS o 27 A& BV 20, TMWE JELE) 1L, T(TrPos == appr_cr) /A —(BaSts
== closed)] &72%. [TrPos ==appr_cr| (%, [The train approaches the crossing. ]
ZEWd 5. [BaSts == closed] 1%, [The barrier is closed.] # =MW 5. £7=,
*7-, TMNWF &&)) L1, s 2BV T {72 inactive TRITHUE, EF L 20
FRNELDAEEMERH DL BT, fidactive THDIRWE WS, ZD

(Y
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&, TMNWFESH)) I, UTOX S ICRANicRIASND.

MNWEF & #)(f,s) = MNW_Ctx(f,s) /\ Active(f,s) 4)
MR o A7 B B BNV 21 E, TMNWE 28 | 1%, [—(TrPos == pass_cr) /\ (BaSts
==open)] &72%. [TrPos==pass_cr] |%, [The train passes the crossing.] % &M
9°%. [BaSts==open| (%, [The barrier opens.| ZEHK7T 5.

433 MWF, MNWF O#k5 & DB ~0D % &%

X 4-6 12, BFELLRWERIZHT D MWFE 5 KO MNWF O, 5 X0,
B S 7 MWE B8 X OXMNWFE O DB ~DX 4§D 7 0¥ A %R, REFIED
HHBIERERIZBWT, T, EFIECEADNDI VAT LOLEELLI 2
FRII1OThDH. 20k, BE LI ARWERO AR OBRIZB VT, TMWF
FEkE) ) B TMNWF &£#)) OflSIcivEHINLIFERY, EELIRW
HH L LTl bns 31H2H). TNoD0RE L RWERR, ¥ 4-6
D7 RCANESNS. UTORBRICBIT52E S (1.6 4) 1%, K 46 D7
0y 7 NICRENDEEFITHIET D, K 46 O [V AT LAOMEEEEICESR
NTWABHEEED/L—T"] O n X, VAT LDMEREBICERZIN TV HHEREDKR
BaET. L. 40T, AT LAOMEEBICERSN TS, ThFho
BERE fiEF ICXI L CEESND.

1. fi7s, EE LI RWHERIIHT D MWE THLINELNHESND. HK
NI, VAT AOREREEILIZ, fi 23 active TRIITIUE, EF LW
FELNECDARENEDRH D T AT LIRHE sES BHETET DG DM S
5. ZOXI7 s WIET D856, 20REMIND. 2T 5 s 1F,
BEAETHZE DD, s DEELRWES, 213AF vy 7 EN 5.

2. MWF 78, TMWF FE&ZHE)] OFED v A7 LfREE & 3E1Z, MWE DB 28k =
no. BRI, LTSN fiBL s 2y, £, MWF, B X
O, fix MWF IZSE 5 A7 2REEE LT, MWFDB 28I 5. i
RS A7 A[65][66] & Bl 20X, K 4-6 OFE, EELL RWVHER
@ [Collision] (Zxf9 2% MWF & LT, [(BaSts==closed)| »3iAl 41T
5. ZOREREE MWFEIZESHE A VAT MRAEE LT, [(TrPos == appr_cr) |
DB STV D, 24 s D [(BaSts == closed) ] 35 &L OV (TrPos == appr_cr) |
DD, HELL oW EG LM SN2 T MWF DB IZE&RIND.
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filzxtd 5 s, BEHFETLIZENHD. TOHAIEL, MWFDB 12X L
T, fi LZENEFND s OMNBEFRIND.

3. fi 2, BELLRWERIIHTH MNWF ThLErNHESND. A
AL, VAT 2OAREE T, fi Y inactive T7Zeb UL, EF L <
IRWERNAE LD ARENEDRH D s DEET DDEDPDBHER SIS, 20X
D78 s BPFET DG, 4RERIND. fi IZxt3 2 s 1, BEGFETH
ZELHDH. s PEELRWGE, 4. ixﬂ‘ryfé;hé

4. MNWF 78, [MNWF &8 OO 27 2RHE L 32, MNWF DB (2% §%
End. BRI, 3.CHEBIEN i BEX O s 28, £, MNWEF,
BELY, fi Z# MNWF ([ZSH 5V A7 ARHEL LC, MNWF DB [Z8§k S
ns. X 4-6 LA, LFELL2WESROD [Collision] (ZBH9 2% MNWF
& LT, [(BaSts ==open)] kAl TS, ZOHEEEZ MNWF (S H
DY AT BIREEL LT, [=(TrPos == pass_cr)] 2Siill&nTnsg. Zh b
@ [(BaSts == open)] LN [=(TrPos == pass_cr)] DOFEA, LFE L2
HLE AT SN T MNWEDB IZ8ER SN A, i 165 s 1%, B
FETDHZENHDH. TDOHAIE, MNWEDBIZH LT, fi & 2o
s DN BERSI LS.

4-71Z, MWF DB O % 727 4-7T 1T BN, 4-6 ORI >
AT LAOFNZHIGE LTS, MWEDB i, TH 2% L R20WFEL ), BLW, H
MWE], H 225 2iREE], TH TMWF JERBNCET 5 HE ] THRESNS.
H TMWF JEEENCRT 554 omikl, 434 Tih<2% MWF DB %k
[getMWFdeact()| DOFEATHRFICAERR S ND. ZOFE, ZOHEKIZ, 4.3.2 OGIIHE
VN, H IMWE], BEW, H 27 LRRE] Ofekz SBIERES D, ARk S
A7z TMWE FEREEN B9 2 5] OFFkiX, MWF DB (28§ S415. MWF DB
IZX%F9° % MWFE 38 LUV A7 2OREOREKIE, MWF JEEENCRET 2 F5 ), £
721, TMNWF &EhzB3 2% F4: b)%%?ﬁ%%ﬂf:, PFE L N ERITH L
ThHiVIE LTINS, ZDi=¥, MWFDB Ti%, X 4-7 1R FT K912, EK
DEFE L BRWEZROITHRERIND. X 47 ORAENE, TMWF JEEENHIZE S
HFER DLEE L RVFERIZEIMZI ON, T iﬂ”é MWF 5 X OV 27
LARAEDY, MWFDB IZBEHINTWVWDHZ EZR L TWND.
4-8 |2, MNWF DB %#7~3". MNWF DB ®% % /5%, MWFDB & FEECTH 5.
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S AFADHEBRE(CERINTWLDIH#EED)L—T
(i=0;i<n;i++)
X nlES R T LADHEBEDHRER

1.
BEBEF, Mactive TIRITNIZ,
BFULKRVERNMEUDEHEEN B D
S AT LIREEs HNMFTET DHV2

2. !
MWF DBA®D j
MWF:f, X5 /L4REE:s D

3.
HEBESR, Minactive TRITNIZ,
LFEULSRVWBRMEU DTN DD
S AT NREESs BMETET N2

<

4, /
MNWF DBA®D /
MNWF:f, S XF/LIRKEE:s D

>
L

A4

S AFADOAHREICERINTUVDHEEEDIL—
end

v

Ex.
Collision

LFULIRNER

Ex.
(TrPos ==appr_cr)

S GLLLLTTTE

% |

[ MWF ][575&7&%1] ﬁﬁ) 'g;ﬂ
—/Ex.

(BarrierStatus == closed)

Ex.
Collision

BFUSIRNER

Ex.
V —(TrPos == pass_cr)

[MNWF][*‘/ZFL\W%E\J B

S

J

T

Ex.
(BaSts == open)

4-6  MWF, MNWF i/l & DB %D 7' vt A
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2FELLBNSESR MWF SR LR 5 MWFIFEE) (CRIT 2 ER
Collision (BaSts == closed) (TrPos == appr_cr) (TrPos == appr_cr)A
! —(BaSts == closed)
r——
i - - |
- .
_ :
(TrPos == appr_cr)A a(TrSndMsg == (TrDetPos == (TrDetPos == appr_cr)A
—(BaSts == closed) act_order) appr_cr) E —(TrSndMsg == act_order)

MWF DBDBEI#L :

getMWFdeact()
AT (CAERK
4-7 MWF DB O
2FEULLBNSER MNWF S 27 LRE 5 MNWFIEEH(CBI T 3 E%
Collision (BaSts == open) —(TrPos == pass_cr) —(TrPos == pass_cr)A
! (BaSts == open)
- p—
e — = i
R i
—(TrPos == pass_cr)A ‘:—(Seas-ndMsg == —(SeDetTrPos == || —(SeDetTrPos == pass_cr)A
(BaSts == open) pass_rpt) pass_cr) ! (SeSndMsg == pass_rpt)
MNWF DBDESEK :
getMNWFact()
EITRE(C AR

4-8 MNWF DB D # i
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434 Efaz L—nIc kA8 E LL 2nWEL O BRI

HE L BRWERO BRI, HEHBZ RZOE XL S HROEL 22XV
BRI hTWa. BEFECBIT 2HMOER 2 L—LIE, LIFIRT 2 2
Thb.

e JL—/L1: IMWFJEEH) OfLRIC L5 BEl
e JL—/L2: IMNWF @) OflSicXk 55 MEKb

Tz — VA RRE R T2 E L RWES BNEET HHA, Efx
=D 1 DI L > THFEROE#R 2 MToND. M 49 12, L— 1: IMWF
FEEE ) OBIARIZ LD EEIEZRT. K 49 X, HEHRZRZOE 2 ZHIC, M
HMOEHRZ L — L ERFELTNS. 49 OR v 7 AX, HiEEERT. L—v
W ORHESIFIT BT 2B TexistUndEVIMWEDB()) 1%, 513 LTHEX b
Tk T2E LS 2nES ) 28, MWE DB O T8 % L AVWES] (IOKHES
NTNDINENEHET LB THS. ik [MWFdeactFlag] 1%, ik (22
L 720 EEG ) (23t LT, )b | OGO ES 2 2358 S -Bgi, ik 192
FLLR2WVWER| ICH L THRESND T T 7 ThD. ik [MWFdeactFlag| 13,
Fl—OmEE TL2F L 20ESR] 12X LT, —/b | OHHROER 2 235k
WHEIND Z EE2EHIBEREHRE LTHOYWORD., AioE 2 3, Efzr
— Iz bt sk T2FE L ARWHES ] 2 MWF DB IZ8EKIS L TWT, 2°
O, HEk T2FE L 20ESR] 1T LT, —/b | OHFROEBRZ DRIEITD
NTWARWEAICHEAINS. L—b 1 oMo ER 2 B, B
[ setMWFdeactFlg() | 35 & OVBd %k [ getMWFdeact() | 728 EfT 3 5. B#
[setMWFdeactFlg()] RAFEITEND Z & T, Mk [2FE L RWESR ] ITxt LT,
% [MWFdeactFlag] 2SiXE S5, BIE TgetMWFdeact()] 7AEITEND 2 &
T, Bl LCEALNTmER T2E L 2WEES ) 1TxHeT 255k TMWF
EENCRT 2HES] ©Y A2 2 MWF DB O EG SN S. 5%k TMWF JELE)
(B D #4813, ARBIEOEITHIZ, MWFE DB [Z8ESN TV Dk 2
LS RWER ) (ST 205, TMWF] B8 X0k [V A7 LREE) 24k
REND. O, Ak TMWF JEEENIET 2 FR) 1%, 4.3.2 OG)IZHE,
AR END. AR SV EEE TMWE JERENCBI T 234 1X, MWF DB (288
ha.

=L 112N, K 4-9 OEERREEY) > 2T 50 BARG 2 IV TR+ 5. 40
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ik [Collision] 2%, MWF DB [Tk S L TUVWNT, 23D, FiEk [Collision) (Zxf L
T, JE%k TMWFdeactFlag] 23gRE SN TWRW., DF D, LFE LI RNVERIC
%95 MWE DNFEFEL, 730, — b 1 I K DEk DO EWR 2 T T,
ZD X D 7A, F1#% TCollision) 73, ZnFk [Collision] 3 X Ok [(TrPos ==
appr_cr)/\—(BaSts == closed) | HIZEZHZ LN TWD. X 4-9 ([T 3 BARF]T,
4-6 3B X O 4-7 IR THERRERE) o 2 7 2D BARBIZ IS LT 5.

4-10 12, /v—/L 2 : IMNWF &) OBLEIC L2 EKbERd. L— 2
DEZFL, L—IL1 LFEETHAS.

43.1 TR LB, L—L 1 IZKDHFEOERRZ O%IZ, TMWF JEEB)IC
B4 o558 1%, TEELRVWER] ITEZHDS. FERIZ, v—1212X5
HEROEFHLZ O%IZ, MNWF BEENZRET 554 X, 2L nEL)
BEHRDL., 2o TEELL2VWHESR] 25, MWFDB % L < (X MNWF DB
WCHIET D856, TRE LI RWER ) IZH LT, BOEEROERZ L—/L)NiE
Hahs.
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=it
e ™
JL—)LERDRIRSE

true == existUndEVIMWFDB(2E U< RNBR) &

| BEUBNER |73<

| B L <BNER |—| MWFdeactFIagI ERB

MWFdeactFlag ZBLTLRWNEES

FDELRR

PBELRNER |
é
n

| getMWFdeact(2ZF U < RUVER) I‘I

| B U< BNER |—| setMWFdeactFig() |

\ Y,
T
|
Ex.
s N
(BaSts == (TrPos ==
. none
Collision closed appr_cr
MWEF ) ppr_cr)
DB none
none
Collision
N
(o N
E Collision MWFdeactFlag |
E Collision E é E (TrPos == appr_cr)A i
' ' ' —(BaSts == closed) E
L i
(BaSts == (TrPos == (TrPos == appr_cr)A
Collision closed appr_cr —(BaSts == closed
MWE ) ppr_cr) ( )
DB LX) eee oo
. V.

49 JL—)L 1 : IMWF JEfLE) | O A
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=2

e N
JL—) LB DRSS
true == existUndEVEMNWFDB(E%E U < IRVER) &
| PELRLER | o
| PE < RNBER MNWFactFlag | <723
MNWFactFlag | 2EHLTLRVNES
VIEOE-11:ba
LEL<RLER | | 2xU<muER | setMNWFactFig() |
n
| getMNWFact(£2% U < 72 \VE%) I—I
L
. v,
T
I
Ex.
(BaSts == | =(TrPos ==
MNWEF| | collision open) pass_cr) none
DB &
coe cee none
Collision
( e
Collision MNWFactFlag | !
E Collision E ei —(TrPos == pass_cr)A E
! ! ! (BaSts == open) E
(BaSts == | —(TrPos == —(TrPos == pass_cr)A
MNWEF, | Collision open) pass_cr) (BaSts == open)
DB oo eee eee
.

4-10 JL—/L 2 : IMNWE # )]
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435 BEMTa T 0 DR

'MWEF JEiELE) ] 3 LY TMNWEF EE)] OBLR TR bEnZZE L hnF
Ra s, BIERNRZRNT T o PERISND. ‘e T a7 1%, T+
AT B ESTRHELLBRVELRPRLTEZ bRV METHD. - T,
BRMEENTEE L RWVWEZOGRE (—) PRLNLD. BEMSNIZFERIZ
LT, Bt a7 1| %ﬁéﬁw PR M 5 S5, CTL 12 kY
BT a /T 4 PREAINDLGE BEMSNTHEFRIZH LT AG 3T
Haind. LTL Ik %4 ﬁ7mﬂ74m%ﬁéM6ﬁA I, mEfksne
FRITH L TGN EShD. BRI 2T A2 FI2v 21T, CTL TZREM
TanRT 4 NRESNHGE, BNt L2E LRV ES [(TrPos ==
appr_cr) /\—(BaSts == closed)] % &2, ZeM7 v X7 o L LT TAG —((TrPos
== appr_cr) /A —(BaSts == closed))| NAEK I 5.

4.4 FFAER

ERTFIEOIERZITV, REFIEOAIM LR T 5. £7, Bk
AT A[65][661NZ KT LT, #BRA 1L, FRERCA T/ ES RO HIEIZ LY &
TIREIZB T 2 RN RLZe 7T e T 0 28T 5. DX, AR
REFIEEZERL, BREFEILY BANRZEET 0T 0 Z28HT 5. 1t
RGERB X OREFIECL D BEH SN BRI RZ BT a T 4 Z i L,
PERGETITEH SN Te L BT a T 408, BEFIEICLVEHSL
5T EEMEGRT D, E, TERFIEIC XY M SNk eth 7 v T 173,
REFIECL>TESBICAEKELESND Z L 2iERT 5.

4.4.1 5 HEH

A EBR O FF & LT, EIRST S AT L EEE L. BRI 2T A AR
ELIZHEBIE, KUAT AN R, YEHEOEBEORRBEEFICESLS, Y7 b
TIZED VAT LOREELT ) EMR D AT AEZNETH S, X 4-1112, M
FREEE) > 27 DO E AR, FIERESUNCEET 3 288, Bk L CHERRIC
LA ve—UREEEIND. UL, BEESSHTEREOn— Ra—F

85



FOBEWHE, EEIRREINTNDS. o— Ra—93, EEHEAHE LT TV
B, BRI L T0L5E1E, BUORTHET 5. B, SIHED
@B A AT A P RRESL TV,

radio communication

4-11

442 FHmSEROWREBRE

AHIEZBROWERRA & LT, 4 NOBIirA 2 & E L. R 4218,

LRG]S 2T

AT SR D4

Bt oy, PHMmFEBROWERE % A, B, C, D L4 5. WBEOHEHKY X T
LICEET D EBRBRAERL, TR, 154, 134, 114, 48Tho. Th
ENOWREL, TETNVREOEARERE AT 5. £72, HRE A BLOER
F B, FHEEBROMAEHTHHEEICET D RAL VAR EA LTV 5.
BERE C B L OB D IE, Fihlle R A A HERAE AR L TV7R0.

* 42 FHIEBRO#ERE
R aman | TRREORBER K X > 058
BREA 156 = =
BREB 136 = =
WIREC 116 = =
BRED 45 = P
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443 BARRIREZRMNET v N7 ¢ OB

BT REICBIT D BENRZ e T a7  OEHIZHT 0, HERE X, X
BRI66]DALAE 2 T, MR EI S 2T LA FRMR LT-. TR GIER L OMERTFIEIC
L0, BN ZeE7 a7 4 28 HT 2R ICE TS, SCHR[66] Dk %
M U7z, FHISERR ClE, BHREDIL AT 2B T 2B RLEE L 2
#HH L LT, lCollision)] 2352 67, #iBrR#E1E, [Collision) Z A& LT,
PERFTIER LORE FIELZEA Uiz, (ERITIER K OMRRTIEIC L 2 R
M7 a X7 4 OENFEREZSX|RT. ek, FHMEEBRTIX, CTL # AW
THEHKRWM LM Ta T o 2R Lz, £, WERFIBECLDEEMET X
T4 OEMBIC, BEFECLZEREFERLIZbOD, ZHDOEMITIT—
EOWI Z o, L7eh o> T, ERESTIS 2T MTxd 2 BRARE & 5 BLR
IZBWT, (ERFIEOEMBICIREBEFIELZE M LB TNENEEZD.

(a) TERITiE

FNENOYWERF L, FHEMES 2T NI 5 XK, MAICERHIZE
TIVIRE DB S 73 E & HIZ, [Collision| (Zxf9 2 BARW R 27 v R7 4 %
B UL K 412102, EHFEROMREREIE LT, #EBRE A BMERFIEIC L E
H U7 B R et 7 a N7 ¢ 2R d. K 4-121280WC, Ry 7 ATFEG%
R RREENT L, fERFIRIC KV ER SR BR R e T aoRT 4 &
AT [INO DL, BHENEZEET o 3T 418 LT B 5 &N 5%
FTHD.
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Collision

1 ws
MERSEICKD
BANRR2ETO/NT 1

[A-T-P-1] [A-T-P-2] [A-T-P-3] [A-T-P-4]

AG ((TrPos == appr_cr)A  AG —((TrPos == appr_cr)A AG —(—(TrPos == pass_cr)A AG (1 (TrPos == pass_cr)A
—(BaSts == closed)) —(SiSts == on)) (BaSts == open)) (SiSts == off))

(BaSts == closed): The barrier is closed.

(BaSts == open): The barrier opens.

(SiSts == on): The signal is turned on.

(SiSts == off): The signal is turned off.

(TrPos == appr_cr): The train approaches the crossing.
(TrPos == pass_cr): The train passes the crossing.

X 4-12 FERFIEIC X D BAR 2 27 a7 o oEHFER (WERE A)

(b) TRETFIE

PERF T & D BARI e 2 2V 7 a X T ¢ OE L, A1, RETIEEE
Bl F0O%, TNENOWBREIL, #RFELZHWT, [Collision) x4
L AR I 2 et 7 a7 ¢ 8 L. K 41318, EHEROMRFEFIE LT,
PR A DIRETFIEIC I VG L BIRR R a7 a 8T « 7. X 4-13
IZBWT, RNy 7 RTERZRT. MBI RIE, BEFECLIVERINTA
KRR Zaett 7 a7 ¢ 2R3, [INO ID I, B S =FHSB LOZertr
BT I LT —BINEESN2EZTH D, FLOMICGERIND [MWF
FEEEN ) IO TMNWF &8 X, BARRZEMET o T ¢ 88 Sh 5
BRIZBWTC, B Eh=58, IMWFIEEE) F7213 IMNWF Z&) o L5
HOBRIZL D EGTHDLINERT. 4-13 D RIFIZHOWT, A-P-E3 DES
I%, [Collision] 72>6, MWF JEEE) ] OBRIC IV BRI TND Z L a2EKT.
A-P-E-3-2 ODFEGL, A-P-E-3 OFEL) G, TMNWF EZE#) ORI X EHE
NTWNWDHZ ExERT. A-P-E2-1 DR v 7 AZBT D (A-P-E-1-1) 1%, A-P-E-2-1
& APE-1-1 BRILFELTHDLZEEZHET. APES1 OFR vy 7 AZBITD
(A-P-E-4-1) %, A-P-E-5-1 & A-P-E-4-1 RRILHFHELRTHDZ L a2fRT. S]T
FHEN=FG0L, TMWF IEES)) 8L IMNWF &8 o8 TR bEniz
AR FERTH D,
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) .
MWFIEECE) MNWFiC &)

. RESEICLD

Bimnnzelro/(F+
T Bk
[A-P-E-1] [A-P-E-3] [A-P-E-5] L EELRLER
(TrPos ppr_cr)A (CrSts == unsafe)A —(TrPos == pass_cr)A
—(BaSts == closed) —(TrSts == stop) (SiSts == off)
[A-P-E-2] [A-P-E-4]
(TrPos == appr_cr)A MNWFiEE) —(TrPos == pass_cr)A
. MNWFEH)
—(SiSts == on) (BaSts == open)
MWF3E#2E) ! MWFIFEES) H28)
MWF3F8) MNWF MNWFES)
S A —————— N ! I Y [ ———————————— \ A N
: [A-P-E-1-1] : : [A-P-E-3-1] ' : [A-P-E-3-3] : ; [A-P-E-5-1(A-P-E-4-1)] |1
1| (TrDetPos appr_cr)A : ; (TrDetPos == appr_cr)A h : —(CrMod == act)A : 1| —(SeDetTrPos == pass_cr)A :
: act_order) |: i| ~(TrMod == set_brk_curve) |: 1| (CrSndMsg == safe_rpt) |1 : (SeSndMsg == pass_rpt) :
[ [APE2-1(APELD] | [A-P-E-3-2] | i
1| (TrDetPos appr_cr)A | 1| —(TrRcvMsg == safe_rpt)A |! : :
i| (TrSndMsg == act_order) : i| (TrMod == unset_brk_curve) : : (SeSndMsg == pass_rpt) '
AT PN AP-Po5-1(A-P-Pd-1
AT [A-P-P-3-1] [A-P-P-3-3] AG —-(—[|(SeDetTr(Pos == a);s cr)A
[A-P-P-1-1] AG —((TrDetPos == appr_cr)A AG —(—(CrMod == act)A (SeSndMsg == pz;s_s prpt)j
AG —((TrDetPos == appr_cr)A T(TrMod == set_brk_curve)) (CrsndMsg == safe_rpt)) -
—(TrSndMsg == act_order)) 7 A
~— AT AT [A-P-P-4-1]
[A-P-P-2-1(A-P-P-1-1)] [A-P-P-3-2] AG —(—(SeDetTrPos == pass_cr)A
AG —((TrDetPo: AG —(—(TrRcvMsg == safe_rpt)A (SeSndMsg == pass_rpt))
=(TrSndMsg = (TrMod == unset_brk_curve)) v
closed): The barrier is closed. (TrSndMsg == act_order): The train sends the actication order.
open): The barrier opens. (TrMod set_brk_curve): The train sets the braking curve.
= on): The signal is turned on. (TrMod unset_brk_curve): The train unsets the braking curve.
off): The signal is turned off. (CrSndMsg safe_rpt): The crossing sends the safe report.
stop): The train stops. (SeSndMsg ass_rpt): The sensor sends the pass reports.
appr_cr): The train approaches the crossing.  (TrDetPos appr_cr): The train detects that the train approaches the crossing.
pass_cr): The train passes the crossing. (CrMod == act): The crossing is on the acticate mode.
(CrSts == unsafe): The crossing is under unsafe. (SeDetTrPos == pass_cr): The sensor detects that the train passes the crossing.

4-13 BB TIEIC LD BARM R Z 27 o 8T OB AR (WE A)
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444 FEERER

ENENOWERF I 2 ERFERORES & LT, #ERE A BUERITIEIC
IVEH LT a7 ¢ (K 4-12) &, BETIECLVEH L-Z2MN
TaRT 4 (K 4-13) OlEFERZK 4-14 177, K 4-141280WTC, Ay o
ATHERERT. Ay 7 ZARICER SN 5 IDIE, K 4-12 BLOK 4-13 127 E
N5, TNFNOERIAGSNZID TH D, MfEENT LI, /ERGIEICEY
W I BRM e 2 27 a X7 ¢ 2o BT AL, BEEICLIE
SN BAR e 2 e 7 a7 ¢ T BEFIEICIVEH S A-P-E-1
1%, BEMSNERMET a7 ¢ 2T HRHHGREEE M 53 d &, 1t
FKHFBC LV EHI N AT-P-1 12725, 6> T, A-P-E-1 % A-T-P-1 & %fIift
T TW5. A-P-E2 & A-T-P-2, A-P-E-4 & A-T-P-3, A-P-E-5 & A-T-P-4 [ZOW T
LR TH D, FHIEBROFR R, #ERFIETITEL SN -7 A-P-P-3-1,
A-P-P-3-2, A-P-P-3-3 OZ&MT a7 47, EFECIVEHINATHA.
ZORERNG, BMEFIEICL ST, ZeME7T a7 ¢ OfdfEERm B35 2 &
ERER LI, £, METEIC IV EH I 7 A-P-P-1-1, A-P-P-2-1 (A-P-P-1-1),
A-P-P-4-1, A-P-P-5-1 (A-P-P-4-1) DEARRI7R LT v/3T 11%, 1ERITIEIC
X VEH I/ AT-P-1, A-T-P-2, A-T-P-3, A-T-P-4 OLEEMTa /T %, %
NENEME LR EZRD. ZOREND, EFEICEL-T, XetE7nm
INT 4 OEARMENM BT D2 R L.
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MERFAEICLD
BHENRZEETO/FT+
RRAECKD

. BHEMREZEETO0/ T

HaFEMEDmE £
4-14 BH I BAERH 227 a7 o Ol (WA A)
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RETIRIC L D BRI et 7 a7 « ofafEER X OEMAMEICE B Lz,
ZNENDOHERE T L2 FERRERER 43177

F 43 OIA : (R FEIC LD EEMET v T ) 1%, 1ERFIEICEIVERS
NIz BRI et 7 e T 4 O E2RT. W HERFIEIC L VI8
SNTLZEET a7 1) 1, ERIFEICIVEH I Bk et 7 o
RTAZH L, EFECIVFHZICEH SN BRN LT a7 4O
B A RS, KT v T 1T 2 MEMEOFANTIX, MENRZ 2T
BT 4 DEEE, MEFECIVERINZEMET 0T o 2T 55
EREZ LD, LnL, M@ENRietr a7 s 0EGEERTHZ LIX
NEETH 5. HHIE, MNWFEB) ([T 2LZ2MET 37 11X, HESTH
HAREMEN S D120 THD. Lo T, RFHEFERTIX, ZeME7rv 7
OMEFEEZ T2 RE L LT, EFECLVHZIEH SN BIR %
BT RT 4 OEBERRN TS, ZOEBNR 7T Z20%E, #E2TFEICL-
T, BRI 2 et 7 e T OEERM EL TN D Z EEEKT 5. X 4-14
DA, A-P-P-3-1, A-P-P-3-2, A-P-P-3-3 D 3 DOFR|ITAHY T 5. £ 4-3 DIH :
ek FIEIC L BAR b SRz e 7 a 3T 12k 5, BEFIEICIL E
bsn e 2ot 7 a R ) 1%, ERFIEICLY Bk anic et 7 o
FLITRL, BEFEICLY, SSICEKEENTRENET 0T ¢ DL
#T. BT v T 42T D BARMEORNLTIEL, LatET m T ¢ DEAR
PO+ S ERTHZEIRETHD. BEHIL, BT e 7 0B EE
D+4y 1%, BT IVREICBIT 5 ET A0 BARMECKIET 5. A1 X - T,
BHINREET e T o0 n, TOETVEAEKEEKRLLT 220350,
LRVET T /T ¢ OEBEOREERNEE LR VARRER S 720 THDH. L
Mo T, AFHEFERTIX, “eE7To T OEKRMZFTMToREL LT,
REFIEICLY S IR ESNTZLZeET T O EHEAT 5. 20
EERN 7 7 ADYE, ETFIECE- T, Z“e7 a7 O EEERm EL
TWLZ xBTS, K 4-14 D6, A-P-P-1-1 BEX N A-P-P4-1 D2 DD
LUTFIY T 5. A-P-P-2-1 B LN A-P-P-5-1 ©FELE, T ZEH A-P-P-1-1 BL W
A-P-P-4-1 LRILTHDHI=®, & 43 TIEEFFELTWRW. £ 43 I - [{EkE
PEDT] EEFR )X, PERFIEIC LV EH I e BRI 2 et 7 m X7 ¢ 12k L,
RRFIEIC LV FHICEH SN BARR 222t 7 v 37 o OFxi) e m B3
ERT. HRE A ZHICW L, MO B T5%1%, HERFIEIC LD EH
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SN M7 o RT 4 O 4, BLY, IBEFERICLVHLICEHINTZA
(K 2 2t 7 T o O 3 ZRICEH SR TWA. £ 43 OIE : [EKM
O EFR) L, JERFEZL Y BIMban g7 e 7 g ioxt L, B=EF
EICLY, EBICEMb SRR 8T ¢ ORI e ERE2 RS
BRE A 2B X, B R 50%1%, #EkAEICI D BRMbanz%
BT O RT ¢ OfEH 4, BLY, BEFEICLY, SHIZEK b ZetE
TaRT 0 O 2 ZRICEHIATWS.

FmEBROFE RS, WERE A, B, CIZBWT, HBEFEICL-T, BAEW
REEMN T o RT 4 OMEERM E L TWAZ 2R L. £/, §XTo
BB B WT, IBEFIEICEL - T, a7 a7 0 O BRME M\ EL T
HT LaER LTz,

* 4-3 MRV JOEMRIEICE B L2925 R

ey [TRRE & DEMESTIE
wrmscss | oo nEY mewonscwes, | | a .
el N zgﬁiiizi RRFECL DRk O | RREORLE
L2MT0/ (71
A 4 3 2 75% 50%
B 6 3 3 50% 50%
C 5 3 3 60% 60%
D 4 0 3 0% 75%
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445 EBHINEZT XTIl KB ETVREDE

RETFEICLVEH SN BERN e T v 37 ¢ 25T, BREE s 27
A L TCETVRENEBI N, ETVRELE_THCHZ0, TV
BAEY—/NE LT, CTLIZLY 7 v X7 ¢ 2FKB9 25 UPPAAL NEH Sz,
ST 27 5D UPPAAL 7V, ZNENOHREIZEB W TREFIEIZL
DIEH SN BRI R LT T ¢ ZHNWT, BT MRENER ST,
ZORER, MEFIECIVERINTZLZEET 0T 11Tk T, M
AT LAORAENARETH D Z & MR L.

4.5 £

4.4 TR LIAHIEROM R 2RI, BEFIEOAMEZR~D. £z, #F
FIEOREEZ RS,

45.1 RFEOHIME

R EBR OFE R, #BRE A, B, CIZBWT, #ETIEIC L > THAM R4
M7 v X7 ¢ OREFEMES BT 5 2 L 2R L. ZHIZOWT, #EBRE A
L DR A RICERT S, ¥ 4-14 128V T, A-P-P-3-1, A-P-P-3-2, A-P-P-3-3
DOHEB 72 LR T v 8T ¢ 1F, ERFIETIHEH I TW e, R TFIET
I%, TMWF JEE)] 3L TMNWF &ZB)| D 2 SOBL A AW TC R 72 51k
IZ&EoT, AT LDEE LI BRWEEPEMKRILIND. 2O LD, #EF
BB WT, B2 Z a7 ax7 o OfEER EICEIRL T LB 2 5.
AR OFHBFERICB N T, WERE D oW T, BARNARZ et a7 ¢
DEHZIBNT, MO 2R T 5 2 ENTE oo, TNITONT,
PERE D IC K 2 HHAERZKITELET 5. K 4-15 12, #5E D BiEk kR
FOMBEFIEIC LV EH U BR e 2 27 aoxT  OiER 2~ 3. ¥
4-15 DRFIE, K 414 LFREETHD. K 4151737880, WERHEICEY
B I BRORERMET v T 0 (D-T-P-1) &, BEFECLIVERSN
72#H% (D-P-E-1) N&HGERICH D, D-T-P2 B L OVD-P-E-2 &, T & FEET
Hb. Fio, WERIFIECEVEH SN BIRN et a 87 ¢ (D-T-P-3)
&, MREFECLVEN I BERN R 2T n 8T ¢ (D-P-P-3) 23[FE Ukh
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FlZR>TWA. D-T-P-4 BLOD-P-P-1-1 &, TNEFERETHD. Zhid, #
BRE D D, RREROCAXWACESERDFIEE LT, EFIETRASNS
MWF FE#HE)] J XY TMNWF &) oflaz, BIERICH LW alEetE
NEZ LS.

F70, HIEROFER, T XTOERE BT, BEFEIC LT
28T DEARMENRR BT D E AR L. T ONT, #RE AL D
R IRICEZRT D, K 414 12BWT, IERFIEIC L v EH S - BARRY
REEMET v RT 4 (A-T-P-1) &, BEFEICIVEHIAZESR (A-P-E-1)
%, XHUSBMRICH D, FOESLE IS, BRFETIE, TMWFE JEES)] oA
IZ&D, A-P-P-1-1 EHINTWD. [FERIZ, A-T-P-3/A-P-E-4 ODFGL % I,
MNWF &£ OBLSIZE Y, A-P-P4-1 NEHIN TS, EETIETIE, 3.3
2R T, VAT AOMEEREN D MWE 8 X O'MNWE 2335 S5 7' e & A0
DIREND. ZDOZEN, |EFEICEWT, ZetE7 e 7 oy 5K
BICEBRL WD EEZD.

Collision |:| =

EHRITECLD
Bmnzetr0/\F«
RETECLD
BANREZEMHTO) T«

=2
X 4-15 B SH BERNRZ e T v T ol (BERE D)
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452 ETHEOMHME

451 IZBWT, REFIEOAIMZMRET L LN TE ., AHTIE, 2%
FIEICHET 5% OMEL RS,
VAT LADRFE L BRWEGE RHEANTRA T D TEE LT AN ER D 5.
RETFIEL, TETAMEORGENG LR DV AT LAOEE L RWESEZ AT
LTS, EE L RWERIE, ENNRELT DRICHRT 5 2 & DR E
BAENE. 7, BELTHIOHTEE LS 2VREEE LTSNS Z & b
2. RFEOKE L LTiE, ZELLRWVER, BLY, TOFELIIHLT
RETRICEIVIER SN @Ry U —7 (X 4-4 12733, BFELL RV
4, IMWF JEEENCBI 3 2 4 B8 X ONNMNWEF EZEh2 B3 2% F4 o BEX])
AEMTHZLET, LFELLR2WVWHEROMINCET o M@EMEZ M E X215
MEZLND., BELBRWEGEZRINT IR, EESNTELEE LIRNE
SR IRy hTV—2 2BRT 5. 2k, ELELLRVEZOMRY
Wi a L TEDLAREERD D, Fiz, BETIEICIVER SN D xR v
NI =7 DRHNG, FIeRBE L RVERPFEATELEELH 5.
TMWEF FEiE#E) | 36 LY TMNWF &) o8RG, BT 5% a7 m
INT A OREFEMEZ [ b S DB LT D ATREMED B 5. Rl ER IV T,
'MWF FEEHE) ] 3 LT TMNWF &#)] oflaomMiL, 4 2L4ettrn
T OREFEMEO R BICEBNT A Z EMENO HALZ. TMWEF JEEE) ] B IO
MNWF & &) ORI, B L2WEERROIEREIRS LOEBIZER LTV
INONEELL RVWEREGIZEZTAREENRSH DL Z LTI ETH V.
1P L, BREDBRFICHOWT Y, BELL RAVWERES X EZTAREMEND 5.
ABEOX R E LTE, a7 a7 o OEH 2B\ T, HAZOP[T6]1D H A
RU—=REZHWDLHTERBEZOND. RO IMENKRETEDL /NS TED,
HREDEMEN R T XD (BT ELREDOTA FU—REZHWS. Thicky,
T REMET 28T ¢ ORFEMED, S OIZmET 2 AHEEMERD 5.
WBETEORBAEEZ, SOICKRIEZMLERNDH D, BETIETIE, T VK
BORRERNRE 725 v AT AOHEEE) D, MWF 3 X O MNWF Z# 517 5.
ZOEEIIE, EMEOBANENEGT L RERS L. FFIZ, EERENDS
MNWF Z#53 2E1%, FEMEHE OB A T /K E KT D TR &
L. KHMBEOME L LT, BEFECIVEREINLI My N — 2 2
LT, THInmExry hU—27I12BIF2% IMWF JEEE)] B LW
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[MNWF &) (2T 2242 5E(2, MWF X MNWF 3813 % FiEn
Ez b5, £72, MWF B X O MNWF O#BIRHC, 25 0B & T4 %
AT HHENRZ Z B, (17T, FEOBAFR TR O BN Z PR3 5
7202, VAT AR TU=T Y U728 IF S Dual Vee Model[78]F L Y
ISO9000 E~ R AL FETNMIIZEHALTWDS., ZRODETNLVETAHL
AL LTHWD Z T, BARKGHRED B AEDOHEREZ X > T\ 5. (kR
B MWE 38 K O'MNWF Zi5 3 D832, A X o AW 5D. 2T &b,
MWEF ¥ KX O MNWF Z il % BR 0 J@ N ORI i T 5.

4.6 T

KRETIX, E7VRAEICK T 2 B2 L2 7 v X7 28T 5 FiEx iz

FL. BEFETIE, TMWFIEES)] L0 TMNWF &#)) 02 >OfLEIC
E25%, VAT LDLE L RWERE BRI T D, ZNITED, VAT LD
YE L WESND, BEMARZRET v T o 28T 5. #ETIEOT
MigEBr & L, Mo 27 A U CIRETEZEA Lz, TORE, i
KOFETITEN SN2 o T2 BRI Z a7 a RT3, EFIEICLY
BHIND I L Z2EER L. £, EROFETRKMbINLZekT a7
A, MEFEICLY, SOICEKEND Z 2R L. IR O R
Mo, REFIET, BT AVREICET D BN ZeE 7 a7 ¢ 0EHIZE
W, BT LT m 8T ¢ OffEES L OEAREOm Ea2 FEBS L FiE
ThHDH I EDHEND LI,
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RETH, ARITCB SRETFEORELERT 5. £72, RETIHEICHT
B4 BOREEE S

51 #ERFHEORRE

AFHCTIE, ¥ 2-131R LT, BT AVMEICE TS TR2BIOTE3 O
ORI A B E LT, BEHERMAR Y AT M L CET AVBREAEAT S
FEZREL. BEFETE, ETFAVHEOMBENR THLV AT LOLEE
L BWESENG, BRWRZeE7T e X7y o 2845, 2L C, EHLE
BRI R LR T v 3T ¢ 2 JRIT, W I L O R ] s o & %
ﬂ%ﬂ@%’%?»@ﬁ#é.ﬁm IZBWTC, IRTEE, TR 2 BXL0T
23 OMEICKILTED THD 2L a2R L. INDDORERND, BEHEHEA
AT DT DT MREFEA O N— NVE T 5 FEEZMLT 52 &0
TXlEERD.
F7o, KL TlE, 7 MVREOEAFEOHRSL AI-HEICER L, O
RERRR A i A T, EEEFUCB T DHGEEETE LT, ET7 VA Z I HITRBES
IZHTe D, T VRAEOWHE OGE TOBRBEMRIY, BELRIDHEAT
Ho. TORIZBNTH, K XOMifEixmnEEZ 5.

52 SRORBE

RITEIC BV T, IREFIED R A~z AT, EBFEORR 2B E 2,
N AR AR Y g U !

52.1 HHER T AT KNIRT B E e A @EAEOR B

ETIETIE, VAT LAOMRERS LOMRERZOEET /2ICER L TET
AR % Ehi T 5. HERRE RIS W TEE O LI, %WT%/XTA@F
A, WMREREOET VREICKEWNT, REBBREARET LRt GE TER
A% %@%é,%ﬁ%%_ﬂbf7—%77%kmﬁ%%mﬁé Lizko,

WRERZ ILIZHET S, SELE-ZLIC L CTRETFEZEMATL 2L
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T, WREBBRELZERET 2 HENRZZ NG, Fio, %< OWRRERE P EMEICE
ELA I VAT LADGEIZONTY, WEEFEOBEEH S OTT VRAIZ
T, REBIBEHRDFET DARBMEIIAE TE V. ZO%E, EEE s 2 oE L,
IEI LT 6% LT, Cobleigh & 234242 L 7= Assume-Guarantee Reasoning[62]
ZWEMT 5. THICKY, REBBEREZEEET 5 TENEZOND.

522 AR T a T ¢ EHFIEORENT

AFm LTI, BT a7 OBEHLV— L ZED. BT MVREICK T LT
BT T, BT nAT ¢ OMISTEET v oST 4 (5103 5. TS B
Tl VATAZESTEE LWVWEEPNONIEZIMHETHD. VX
TACBTAZEELWERLE, VAT AICKDLY—ER%E, VAT LD
FIRMT 2L THD. FNE, TETAVREORNGRERD VAT LD, BT
DHAFRFITER SN TV D EERHEROLE N Z V. ET MREORRB LW
EArotRRE L OXIGERIL, FPL—HEV Ty~ I 7 RICEEH LT
L., hL—HEUT 4~ )T REHANDZ LT, EET a7 0 OEH L —
NEERTZDLARENHD. TORE, BT VREICK T 2 afEr72 7 a s
T4 BHFEOHNPI I TE D,

523 B AMEEPERR L7- FTA O5EHL

FTA[70][71][72] T, Fault Tree DER A 18 L7 HfER 72T 70 —FIT L o T,
HE L BRWERORRK &R D HRZM04 5. FTA IZI1E, Fault Tree (ZF81) 5
BERDL O FERZOEHD, FhE ORRCA X URFET D5 LW O ENH
%. FTA TOHEZLOEHIZE T 5B ANEOHERIZONWT, BEFIETERM L
MWF FEiE) | 36 XY TMNWF &Z8)) OBLER A2 Td % aTaetE2 o 5. MWF
1%, TZOEKLWIEEEN, AT LA0EE L WESE5| & Z 36
PR DHEEE] THDH. MNWF (X, [ZOEX LAaWEED, VAT L0 FE L
KBRWERZ G T RN H o] THDH. BEREICEH L7z FTA &3
Mg 256, RO ER] BLO THEORE | LW BAZHWTHSELE
T2 HERBEZ NS, HEREOER] ICBET 2 HELEZEHT HERIC, TMWF

99



FEEE) ) OBLEEZMNND. RO ) ITHT 2 FR A2 EH T HFRIZ, TMNWF
EHE ) OBRERAWS. ZLT, MEOHIERKREZTX5 /S35 5, #
BEOEMENRTE 5 BT X5, 2D HAZOP[761DH A RU— R&HNT,
(RERED BLH | 1CB 234 %4 © . Fault Tree DIERRICEBWTC, THEEROHR
K& H5R BT OEOBRZERTD. THIZXKY, BAMEZERHERR
L7z, X0 & FTA OEEAHIFTE 5.

524 FHIAIRY AT DUSNOBEHET S AT ~Dii Fi

KESCTHE, EHERAR S 2T AOEfEMEM 2 B & LT, #EFIELT
L7z, BEFIEL, MHART AT LORBRLT, [HFHRRVAT LR ED, EE
RICB T DMMOBHER T AT 2 L TCHOBMATE D ARENH D, 12721,
MOAIR S AT DN EERAR TV AT AORZ2E DL, VAT L2OBMETHD. 1§
WHRY AT LT, BRERZENZ N EREESND. T2, TR, HEAR
WROEHER N LN EREE SN D, AT SRR X O R O LRy
DL 3L, RBEFELHEHAT 2O a2 FOWINZER 5. [HF#RRT AT A
XL CREFIEZEMAT 2L, REEBTT VOERE & O TRETIED
HElb2 g & 72 5. EFELTRRRY BRI L, FEEOIEEZIY AL
L. FTRUCKY, REBER AT DIRT 5, 2 2 MEM2REFiEO#EH
PR TX 5.

525 BITRY AT LDUSNS~ORE TIEOwE A

TFVREL, TERIT, HIF Y AT AOREEBETT L ARG E LTE T
L)L, REEBEFT LV AT AL, HiF AT L7200 T, T8, i
e AT BUSNASOET MRE DM AR A LR TN D, [80]TIE, m—AT L
AT T—=bDFT AL, REEBET VAER LTS, £LT, 7
—AIZBITLTRXRTOAR NI EVETLZE, ZT 4TI EVE
FRNWZENRRNZ LA, ETVRETHRAL TS, E£7, [12]THE, EHEF
AT — 9 0BT 5 RERAROERNFIEL I, REERE T LVEER
LTW5s. 2L T, BERFOENFIEEZHWT, A7 LEBEITkIGT D HE
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b5, HT AT DUSNSOET VREDEN, 0 X5 RRAERRICBIT 5
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FOE Fhim
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KLz, BHRY AT AR L TETVRELBEAT BT, SR
1 3B LORE 2 BFEET S

o FE1: ETNAMEICBWTIREEBRENRET D
o P2 BARMRL T a T 4 OFHICEWT, TaXT o O Rk
LRRAET D Z &EREMIEDBARA431272 %

B LT LT, Y AT AOMRREER S K OWERRELSE 8L |2 BT~ 5 00 &,
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EHT D FEZRE L. B 1 BIOHE 2 1T 2B TFIEOLERIC
BWT, TNENOTFIEOFIENHEI O BT, K LORETIEICLY,
BT /UVRE ORI O R R L OPEERICB T M RMIAL 2T LDfE
FEMER RICEBRT 2 2 &R TE .

KRIFFEDE O ENEL, DD LB THD. I8 1 ITKT DR_ETIECO
WT, FEZEREL, FEoeME2EE RS, iz, BRIk
BLOERbLSNT =Y T v ) 7 2AEHNWSZ ET, #EHTIC
BT HREEBET VOIEL S ZMRT D HIEEREFT 5. 38 2 o33 58
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ST e T o OEHIZEIT S, [MWFE FEES)) 35X [MNWF iZ#)) Lo
ANRBLERERGT 5. Zhblcky, EHER AT AT 5, X0 EkED
RETNREFIEOWMSLZXD. Fiz, (HEE) SO MNWF OGN, BA
PEDS AV AT FIREMEDN S D . MNWF OB\ T, BAMEOR G 2T %
KO MM AB A ETT 5. Fo, BEFIEIDL, KRERBEELRDD. FFH,
BT AT MR 5, SoRs@EAEOm E, oS, @fErR 7 e
T4 BHFEOMEIERL, TOERALHET.

102



2% 3Tk

[1]

Leveson, G. N.: SAFEWARE: SYSTEM SAFETY AND COMPUTERS,
pp-515-553, Addison-Wesley (1995).

BAKRAZ: T VT 5 DBEREKE Y 7 by =7 22T 5 EERH,
LR THERATHEE, Voldal, No.l, pp.39-42 (2002).

Clarke, M. E. and Wing, M. J.: Formal methods: State of the art and future
directions, ACM Computing Surveys, Vol.28, No.4, pp.626-643 (1996).

Clarke, M. E., Grumberg, O. and Long, E. D.: Model Checking and abstraction,
ACM Transactions on Programming Languages and Systems, Vol.16, No.5,
pp-1512-1542 (1994).

Alpern, B. and Schneider, B. F.: Defining liveness, Information Processing Letters,
Vol.21, No.4, pp.181-185(1985).

International Council on Systems Engineering (INCOSE): INCOSE SYSTEMS
ENGINEERING HANDBOOK version 3.1, 1.5 of 6, INCOSE, USA (2007).
Institute of Electrical and Electronics Engineers (IEEE): IEEE Standard for
System and software engineering - System life cycle processes, IEEE
15288-2008 (2008).

American National Standard Institute (ANSI)/Electronic Industries Alliance
(EIA): ANSI/EIA Standard for Process for Engineering a System, ANSI/EIA
632-1999 (1999).

Institute of Electrical and Electronics Engineers (IEEE): IEEE Standard for
Application and Management of the Systems Engineering Process, IEEE
1220-2005 (2005).

[10]The National Aeronautics and Space Administration: Computer-Based Control

System Safety Requirements, SSP 50038 Revision B (1995).

[11]Basili, R., Selby, R.: “Comparing the effectiveness of software testing strategies”,

IEEE Transactions on Software Engineering, Vol.SE-13, No.12, pp.1278-1296
(1987).

(121 00pkE, MREE, FPES  FHEEY 7 b =T34 5 IV&V £ D

WA, WML ALY AT LAY R YT A 2007, IPS)
Symposium Series Vol.2007, No.8, pp.120-129 (2007).

103



[13]Rompaey, K. V., Verkest, D, Bolsens, I. and Man, H. D.: CoWare — A design
environment for heterogeneous hardware/software systems, Proceedings of the
European Design Automation Conference, pp.252-257 (1996).

[14]Tassey, G.: The Economic Impacts of Inadequate Infrastructure for Software
Testing, National Institute of Standards and Technology, RTI Project Number
7007.011 (2002).

(1510 SZAT BOvE NG AL PRHEEERERE - A FIEEN A N BADFL| &

(2012).

[16]Spivey, J. M.: Z Notation -A Reference Manual, Longman Higher Education
(1988).

[17]Jones, C. B.: Systematic Software Development Using VDM, Prentice Hall
(1990).

[18]Abrial J. R., Lee, M. K. O., Neilson, D. S., Scharbach, P. N. and Sorensen, I. H.:
The B-method, Proceedings of the 4th International Symposium of VDM Europe
on Formal Software Development, Vol.2, pp. 98-405 (1991).

[19] Abrial J. R.: Modeling in Event-B: System and Software Engineering, Cambridge
University Press (2010).

[20]Goguen, J. A. and Winkler, T.: Introducing OBJ3, Tech. Rep. SRI-CSL-88-09
(1988).

[21]Diaconescu, R. and Futatsugi, K.: Logical Foundations of CafeOBJ, Theoretical
Computer Science, Vol.285, pp. 289-318 (2002).

[22]Bolognesi, T. and Brinksma, E.: Introduction to the ISO specification language
LOTOS, Computer Networks and ISDN Systems, Vol.14, pp.25-59 (1987).

[23]Hoare, C. A. R.: Communicating sequential processes, Communicaiton ACM,
Vol.21, No.8, pp.666-676 (1978).

[24]Bertot, Y. and Casteran, P.. Interactive Theorem Proving and Program
Development - Coq'Art: The Calculus of Inductive Constructions, Springer
(2004).

[25]Gordon, M. J. C.and Melham, T. F.: A Theorem Proving Environment for Higher
Order Logic, Cambridge University Press (1993).

[26]Paulson, L. C.: Isabelle: A Generic Theorem Prover, Springer (1994).

[27]Holzmann, G. J.: The model checker SPIN, IEEE transaction on Software

104



Engineering, Vol.23, No.5 pp. 279-295 (1997).

[28]McMillan, K. L.: Symbolic Model Checking, Kluwer Academic Pub (1993).

[29]Cimatti, A., Clarke, E., Giunchiglia, E., Giunchiglia, F., Pistore, M., Roveri, M.,
Sebastiani, R. and Tacchella, A.: NuSMV Version 2: An Opensource Tool for
Symbolic Model Checking, Proceeding of 14th International Conference on
Computer Aided Verification, Vol.2404, Lecture Notes in Computer. Science, pp.
359-364 (2002).

[30]Larsen, G. K., Pettersson, P. and Yi, W.: UPPAAL in a nutshell, International
Journal on Software Tools for Technology Transfer, Vol.1, No.1-2, pp.134-152
(1997).

BUHFERE: Y7 by =7 TEOERL L TORAFE iR 5 EAFE,
NII Technical Report, NII-2007-007]  (2007).

[R2]HEE AT V= MERT YA L EBAFE, 2 Pa—F YT Ny
7, Vol.18, No.5, pp.499-528 (2001).

B3HERE : ETARELEDOY 7 b =T T A VREESOIGH, 22—
X7 k=7, Vol.23, No.2, pp.72-86 (2006).

[34]International Electrotechnical Commission (IEC): Functional Safety of
Electrical/Electronic/Programmable Electronic Safety-Related Systems, IEC
61508 (2010).

[35]International Organization for Standardization (ISO), Road vehicles -Functional
safety, ISO 26262,(2011-2012).

[36]International ~ Organization  for  Standardization (ISO)/  International
Electrotechnical Commission (IEC): Information technology - Security
techniques - Evaluation criteria for IT security, ISO/IEC 15408 (2008-2009).

[B7TVMNZATBHE NG BALERHEMERERS © SEH K O 72 & DY AT BRI 7 ERRRDR
ZETTODRATFIEAM F e AF1E7%y, SEC-FM1-01-21 (2013).

[38]Clarke, E., Emerson, E. A. and Sistla, A. P.: Automatic verification of finite-state
concurrent systems using temporal-logic specifications, ACM Trans.
Programming Languages and Systems, Vol.8, No.2, pp.244-263 (1986).

[39]Peled, D.: Ten years of partial order reduction, Proceeding of Computer Aided
Verification (CAV) 98, Lecture Notes in Computer Science, Vol.1427, pp.17-28
(1998).

105



[40]Alur, R. and Dill, D. L.: A theory of timed automata, Theoretical Computer
Science, Vol.126, pp.183-235 (1994).

[41]Alur, R., Courcoubetis, C. and Dill, D. L.: Model checking in dense real time,
Information and Computation, Vol.104, No.1, pp.2-34 (1993).

[42]Henzinger, T. A., Jhala, R., Majumdar, R. and Sutre, G.: Software Verification
with BLAST, Proceedings of the Tenth International SPIN Workshop on Model
Checking of Software, Vol.2648, pp.235-239 (2003).

[43]Henzinger, T. A., Jhala, R., Majumdar, R. and Sutre, G.: Lazy Abstraction,
Proceedings of the 29th ACM Symposium on Principles of rogramming
Languages, pp.58-70 (2002).

[44]Ball, T. and Rajamani, S.: The SLAM Toolkit, Proceedings of 13th Conference on
Computer Aided Verification, Vol. 2102 of LNCS, pp.260-264 (2001).

[45]Havelund, K., and Pressburger, T.: Model checking JAVA programs using JAVA
PathFinder, International Journal on Software Tool for Technology Transfer, Vol.2,
No.4 (2001).

[46]Corbett, J. C., Dwyer, M. B., Hatcliff, J., Laubach, S., Pasareanu, C.S., Robby and
Zheng, H.. Bandera: Extracting finite-state models from Java source code,
Proceeding of 22nd International Conference on Software Engineering (2000).

(471 ZE—, KH5L, BARAT, BENE, SFEHR, HHEN =71 %
BEOEAMGRE L SR Y 7 b U =T OBR%E, H =T AT LARFEORFH
iR D L (2006).

(48] VL1, BRAEFET, MHBER 7 VREHINIC L S iR TETO
RNERA 7R EHRREE, B2 L B 2 —Vol.67, No.11, pp.45-49 (2012).

[ ERE . V7 MY =7 THENLIHIZET Ve, & 22 BEEKE S RT
LR AR Y T A (2009) .

[50] 5% « SPIN £ 7 /UIRAL -BGEET U > 7 8k, R4t (2008).

[S1PEERMTHRABIGEIT > A T ARGEFFEE v &% — 14 A THEET VRE (7]
#tm), NTS (2006)

[52] & fEFn, HAFIR, HFEHZ : SPIN (2 X 2HFHET ARGE - T VKR
BOEEY 7~ U= THGEE, EURHAE (2008)

[53]Jacobson, J., Booch, 1., Rumbaugh, G.: Unified Modeling Language Reference
Manual, Addison-Wesley Professional (2004).

106



[54]Latella, D., Majzik, I. and Massink, M.: Automatic verification of a behavioral
subset of UML statechart diagrams using the SPIN model-checker, Formal
Aspects of Computing, Vol.11, No.6, pp.637-664 (1999).

[55]Schafer, T., Knapp, A. and Merz, S.: Model Checking UML State Machines and
Collaborations, Proceeding of Workshop on Software Model Checking, Vol.55,
No.3 of Electronic Notes in Theoretical Computer Science (2001).

[56]Knapp, A., Merz, S. and Rauh, C.: Model checking timed UML state machines
and collaborations, Proceeding of Seventh International Symposium on Formal
Techniques in Real-Time and Fault Tolerant Systems, Vol.2469 of Lecture Notes
in Computer Science, pp.395-416 (2002).

[57]Dwyer, B. M., Avrunin, S. G. and Corbett, C. J.: Pattern in Property Specification
for Finite-State Verification, Proc. 21th International Conference on Software
Engineering, pp.411-420(1999).

[58]Berezin, S., Campos, S., V., A. and Clarke, E. M.: Compositional reasoning in
model checking, International Symposium on Compositionality 97 (COMPOS'97),
Vol.1536 of Lecture Notes of Computer Science, pp.81-102 (1998).

[59]Peng, H. and Tahar, S.: Survey on compositional verification. Technical report,
Department of Electrical and Computer Engineering, Concordia University
(1998).

[60]Clarke, E. M., Long, D. E. and McMillan, K. L.: Compositional model checking,
Proceedings of the Fourth Annual Symposium on Logic in Computer Science,
pp-353-362 (1989).

[61]Grumberg, O. and Long, D.: Model checking and modular verification, ACM
Transactions on Programming Languages and Systems, Vol.16, No.3, pp.843-871
(1994).

[62]Cobleigh, J. M., Giannakopoulou, D. and Pasareanu. C.S.: Learning assumptions
for compositional verification, In Proc. 9th TACAS, LNCS 2619, Springer,
pp-331-346 (2003).

[63]Henzinger, T. A., Qadeer, S. and Rajamani, S. K.: You assume, we guarantee:
methodology and case studies, In CAV 98: Computer Aided Verification, LNCS
1427, Springer-Verlag, pp.440-451 (1998).

[64]Boehm, W. B.: Software Engineering Economics, pp.38-40, PRENTICE-HALL,

107



USA (1981).

[65]Betriebliches Lastenheft fur Funkfahrbetrieb. stand 1.10 (1996).

[66]Hansel, F., Poliak, J., Slovak, R. and Schnieder, E.: Reference Case Study Traffic
Control Systems” for Comparison and Validation of Formal Specifications Using
a Railway Model Demonstrator, Integration of Software Specification Techniques
for Applications in Engineering, pp.96—118 (2004).

[67]Klop, J. W.: Term rewriting systems, Handbook of Logic in Computer Science,
Volume 2. Background: Computational Structures, Oxford University Press,
Oxford, UK, pp.1-116 (1992).

[68]Henry, S. and Faure, M. J.: Elaboration of invariants safety properties from
fault-tree analysis, In Proceeding of IMACS-IEEE Computational Engineering in
Systems Applications (2003).

[69]Barragan, S. I. and Faure, M. J.: From Fault Tree Analysis to Model Checking of
logic Controllers, In Proceeding of 16th International Federation of Automatic
Control World Congress (2005).

[70]The National Aeronautics and Space Administration: Fault Tree Handbook with
Aerospace Applications, no number version 1.1(2002).

[71]U.S. Nuclear Regulatory Commission: Fault Tree Handbook, NUREG-0492
(1981).

[72]/NBFSF - [(EIRRAR MBI D BB FTA FIE— (B4, fratt, etk
Br & SR REE, pp.115-131, HEMHE (2000).

[73]Yan, B., Nakamura, M. and Matsumoto, K.: Deriving Safety Properties for Home
Network System Based on Goal-Oriented Hazard Analysis Model, International
Journal of Smart Home, Vol. 3, No. 1, pp.67-79 (2009).

[74]Dardenne, A., Lamsweerde, V., A. and Fickas, S.: Goal-directed Requirements
Acquisition, Science of Computer Programming, Vol.20, pp.3-50 (1993).

[75]Lamsweerde, V., A.: Goal-Oriented Requirements Engineering: A Guided Tour,
Proceeding of 5th IEEE International Symposium on Requirements Engineering,
pp-249-263 (2001).

[76]Kletz, T., A.: HAZOP and HAZAN: Identifying and Assessing Process Industry
Hazards, The Institution of Chemical Engineers (2006).

(77177 & 5L B, A5 E 2 : Dual Vee Model % V7= 4B A K fi# A 5 15

108



(RCADVM) DOFEFE L], BEZRBRFERFAGE AT LTV A - <X
VA MRFERHE RS (2013).
[78]Forsberg, K., Mooz, H. and Cotterman, H.: Visualizing Project Management,
John Wiley & Sons, Inc. (2005).
[79] H AR 2 - XFR IS09001 dhE ~ R ¥ A > b DIEEHIME, HAMK T =
(2009) .
[BOJIEARE : /=L TV ADET NVIRE, HFHRABEZSNIERE (7 — L
), Vol.2004, No.28, pp.51-56 (2004).

109



e

1.

2.

TERATITEE S HEGR ¢ (i s B 5 R im0

ey

2)

3)

Atsushi Katoh, Shinichiro Haruyama, Naohiko Kohtake and Yoshiaki

Ohkami: Model Checking of Safety Properties for Complex Systems Using
MWF Inactivation and MNWF Activation, International Journal of
Computer Science and Mobile Computing, Vol.2, No.12, pp.26-39 (2013).

3¢ Best paper of the month Award &

DR, THRIERE, REERS - MERCER OMEEENEICE R LIcEER =
AN FOBAFE  IEEE 1220 ICBIT 57 —F7 7 F v X7 nt 2B XL
UNUPPAAL (2 & & 7 VA 2 @G L72BIR FEORRR, FHIIE Bhifil
MR pE G SCEE, Vol.10, No.5, pp.37-49 (2011 4F).

JNEETE, THABIERE, IRFER ML AT LAOEFEMEL M E S 5%
T T =X TV F TR ET URADORE, Synthesiology,
Vol.3, No.3, pp.197-212 (2010 4F).

ENFRREE

ey

2)

3)

IR, MARFEIR, FILE—ES : MWF/MNWF [Z£:-3< FTA & Spec
Patterns (Z X 2ET WRAEXOEN, FHRAHFZEHGET 27 7 2
> 7" (PRO), Vol.5, No.4, pp.40 (2012 4).

INEEE*, MREE, BLE/, REE 7 /VRAEZHVTHIA
HUATHNCBTDLY 7 Ny =T Eon— R =7 OiHEEICE T
LHERMEEDO RS 2R T 5 Tk, ARV AT AV VAT T A
2009, IPSJ Symposium Series Vol. 2009, pp.65-70 (2009 4£) .

JERE*, REE  FPGA £ Y 7 U = TIZBIT D Wi E0EA M
B4 2Rl FIEDIRSE, FMAEYs 5 163 BV 7 |k ?:c'fij—dﬂ?
ZEMFFEHRA, Vol.2009, No.31, pp.105-112 (2009 4E). XHFFRE=E

110



B3

AP SL, EEDBEERBRFRFPEAT LT vV A
L (SDM) WFFERME I LRAES I, 2 EXF X RABEEIARABLIVA ST T
oI THAL TR TATo MR DL DT

LB X ZEE T RNIAEEEOM, AFEIZE L TR e T THE £
L7z, KX DOEETHHIARFRILE -ERICOLLVEHN - LET. Hi
S, BICHIEORELHBIC T E— 452 L oEEM 2 CHFMEX E L
7=, T2, KFEEMIRT 5% Daxrr " elHEE L. EREDFTLAD
HOEIZ, RN EICHELT D L2 EHETHIENTEELE. bR E
I NELT.

XF77//7tr%4/7T ZIEFEDM, AWFFRIZE L TR T8
BELTHEE L, KGR XORIE TH LHIRF AT SDM MFFERZE B R0 K 0 G
Wiz LEJ. AiEgE ﬂ%ﬁ%k@kaAth X, EENEETLIANT
H P AT LA HIZBWT, RRERZERPEEICHES N TN L &I
MO FET. FIFERZEZERO ANRME, ZERAWCV AT LA V=T
T OREN NS L, KGeSUTEN -T2t BN ET. Hune > T30V E L7z
AR AT AR a A v NETAX E Lz, KiRSLORIE TH D ARF4H
ﬁﬁ%@ﬁ%k@%mkbif.@ﬁ&i,@ﬁ&#?ﬁ%% Z bR
EFESNTVWD L&, RESDAFERFTF L TWDOEFEOE T LML T ES
WE L. £72, FROTIELLEZ, HZE2UoTRLTINELATT. HY
MWEH TXNE LT

Ao AT AR a A NETAX E Lz, KiRSLORIE TH DHIE K
?ﬁ?%VXTbkﬁﬁkﬁi%ﬁ@LM@*@ﬁ&L@ﬁ“kbi#-Eﬁ
BT, EEPARFZICANFETHUANEL D BHEEI > TWE L. RE~DOA
2, WHIRNEETLHL VORI T LIBHEVIES, L RET IS
HxE L7z £, K LOFEEICEONTL, 2L o8V THHaTHEE £ Lz,
THMOBEZICGHE ST LEIZENZ 2BV E L. BT IET, L
TR SUAE ER D E LT, HORES TS NE LT

KL D 3 EONEIZOWTIE, MK, A RNTT V7 -THA T RITEEE
SNTWIEHBIEREKRNOZ OFERLa A FEHEE Lo, O 80 EEHHW
LET. KXo 4 ZBONEIZOWTE, HEAFEHY AT 2HEASE0RH

111



RRRK, MARRK, JIAEFKNOEZ OHEHERaA A MEHEE L. O
KVEEH - LET. £/, ANTT VYT - THA U TROEHERHK, 2
FHHERZIILD, 2 ORFOFEZMNS, B NFEL L TOOLE, P
DHED S EOERRT KA ZAETEEZE L. DIV E#EZLET.

K L OHESLEEIZHIZY, EZORBZRFBOTIHE, £/, EHON
SR ZED AP o T EE o, AAFH VAT 2RSS tEs LU =2/
2SR ESO BRI L X VST L. A%, AR % E5 4
M ETRIRLEETHEET. HonL > T8 nE L.

BRI, KL DOERETEZEL X2 TINE, EOHSE, BLOMH, KK
DFE, EBOHINZ, ZOLEMED THEHFWELET. e > T nE L.

Rk 26 4E 3 A
g 1=

112



