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Practical formalization and verification of railway system based on
Event-B

TOJIMITSU OOTAT!

TOSHIAKI AOKI ™

Abstract: This paper presents a formalization-based method that supports the judgment of whether or not a general single-track
operation plan on a local railway line is dangerous. The presentation method is a reference model consisting of a route model, a
schedule to be described based on it, and a safety constraint to ensure safety, and is described in Event-B. Describe the specific
route you want to verify on the reference model and verify whether it contains danger. By proving the proof duty of the entire
reference model including concrete routes, it means that the routes to be verified do not contain danger. It is shown that the
proposed method can be realized with less cost than formalizing individual routes, and it contributes to the introduction of formal
methods to local routes where the introduction of formalization is delayed due to cost problems. [**]
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ADD_ SCHEDULE
REFINES ADD_SCHEDULE
ANY route, starttime, finishtime, seqOfTimes
WHERE route & Routes
{starttime, finishtime} & TIME
route, startime, finishtime, seqOfTimes e
dom(generateSchedule)
generateSchedule(route =  starttime +»  finishtime *»
seqOfTimes) € Schedules
THEN
Schedules := Schedules U  {generateSchedule(route *
starttime » finishtime » seqOfTimes)}

END
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SET CONSTANT | AXIOM/
THEOREM
CONTEXTO | 4 10 22
CONTEXT1 |2 11 31
CONTEXT2 | 0 1 3
CONTEXT3 | 1 20 22
CONTEXT4 | 0 24 14
ol 7 66 92
% 2 MACHINE D&
VARIABLE | INVARIANT | EVENT
MACHINEO | 0 0 1
MACHINEI | 0 0 1
MACHINE2 | 2 2 2
MACHINE3 | 5 3 2
MACHINE4 | 5 3 2
&t 12 8 8

62 BRETIEERETILD Event-B HkETH

7 312 CONTEXT OfLEkFLR & MACHINE OfTEEFE R D
BUR A 3. CONTEXT OftARFRIL 419 17T, 2RET
NDFERDS 80%, RGEAR D FLIR A 20%72 > 7. MACHINE
DERRFLIR I 1385 17T, BRET L ORLBD 84%, B4
AR DOFER S 16%72 - 7.

7 3 ALARRCIR O

JHFLLOC) EE (%)

CONTEXTO0~3 337 80
CONTEXT4 82 20

s 419

MACHINEO0~3 1163 84
MACHINE4 222 16

s 1385

&l 1804

63 BEETILEZBROMARHFOMAFER
SHRET N EZOFMETH B BREHROTT MK
LC, AEMAEB ARSI 108 (HOFEHER 2 A/ L7 (£
4). ZREF K LT 103 SEHEBE, BLBHRICH LT
SHEAEB ZAEK Lz, T X COFHEBENEH S 7203,
F0 55 78 AEHEB A HENGER . 30 FER B A <t Rh L
WCEVFEH SN BIRETAVOFEREST D 5 B 73 FEHE
BAABREH S, BSBIcx+ 2EES T TH
WL S 7.
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* 4 FEUIEE OFET

H BaEA % Al B
BT L 73 30
B4 5 0
/NEE 78 30
&t 108

7. BEEHR

BB F Y AT AOBEEEMED BAZ % FIHE O i 24 0] 58
JBLHRIEEEC SR oD D WFIEIE L d - 2. Abrial DAFFETIL,
B IE F A2 B g LR T 0K 24 X THEITT 5
HENS, A CHENICERSIIEREAT S Z EFIET 5
Z L CHIEDE R, BEELT D ERBRENTZ. Zh
IFFNHEDOIEMREI IS 7T e —FThb. ZOHET
L2 A I 7 OBLZIZHES PRRERHHIC OV THER SN
TW5.

Butler & DOWFZETIL, 3 OOERHINAZ A 227 ) T 4
HNVY AT DZEANT DL TRy OXA v 7 RtE %
BRLTEDZ ENRBENL. TS EEFI#EE CH
BRI A5, IBZE, BAROEREZ BRI LTV, &6 5
DO RIZBNTHERAT Va2 — U TIZOW T LS E K
ST, Fx OFFRIESHIEE 2 MLz b0
AHMEE UCHA L, EITREICEZE, BEEFAET LA
72 A Y 2 — VRN & ERT. EATRIEIC fal /s A
7Y a— VBTEE L AuE, BET S ERERZ S
T ENHEKD T-DEEF > AT A2k o R m R
HETDHLEEBEZDLND.

R, B — ANV REHER SRS AT L ERET 2%
DERMENEE LTk & TV 5. Haxthausen &
Peleska [LHEM & 2 A7 L% 43 L. TCC & Switch Box =
VIR—FR Yy MEEATAHZ LT — A BRREOEROE
BEZIFIT WS AT D ATREE LTz, B x ORFSETIL,
B & LR, e LTHHZRIE L ThWad e
— WV OB S . BICERAIER L TWD X9 ICH)
I ENHEKS.

8. #Emm &R
8.1 ¥

ZRET VL BRI EBEEMIEDET VTRl Lz
WMEBET NV TCAT 2= v 7 OWMELEFH L. Event-B
OFMLZFIA LT 2B IcBEzRITH LT
FER AR ST 72 0 G L DA AR L 7.

F 4 TR LEHEREEOFEAEE 108 M0 5> HLERET
JNAZXET B H OIE 103l T, EERICHGEE Lo Rz
DL 5 B2 o7, GEHEBEED 5% 5 KR
IZRT 2D THY 95%IEBRET MIRHT DI FEG 2
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Sfz. RAEX RO BGHEMMBRE OB IZ S IRE T CHY
RENTEY, AREOBELEHE TIISZRET VI ST A
VAR DB THICRBREEANT D 2 Lot
OB KES TR b D EEZ NS, BRKBTH
LB EERTHI L BN BELEHBEOTLBRD
HIIIBIRE T VIR TN (F 3) BRI O
HOAMIIBRET VIR THDIT/NSL D b0 EF
BIND. ZOZENLBRET VAR LI L TE<
ZET, BRET LICHET 2 BRI OGEREER K
RIS TE D LNTEE. ThAHDZ ENLIRT S
FiEZa A bOBBICES ThL EEZLNE. —H T,
2IROKI80% % HD HBBEFLOTEAKIZ T v LAY
Ty FTHYFELRTD2FMNRRENoT.

A7V a =)V B ORISR & Bk L 72RO A
B TERER L, FNOLDAF Y a—ARHKEm-T L
BRI & CHZE, BRI AfEREERETEILOL
ExbND. Fr O TIE, BB ERE, BN
WEEHME L T Z & Tl BRI RGeS & 72 b A7
Va— WIS TN ZERHKE., 2ol s, &
FIFERFEHIN B 2 BIEOHIIEMICONT, LV HED
TR T LN ATRETH D Z LW T 5.

8.2 BRRE

AR CTILEEMITITHFEHIEEL 72 27 b L T
W5, BRENCI T 252, B2 T, BN, BR~o
EAR, EHATOEZR, BREOBEHATEDL LT, &
e TN Z PR U CRIERBRZ O T ML ETT 5. B
BRI BT HE AR CIIFFEN ATRERIG A B H D T2,
T A G AN U CRRE 2 5 D@ TN BV T 28, B2 %
BRETED LT 5.

AFERBHOMNI AV a—1 7 EOfERITEZEER
FONBZRIZIRE LT\ a3, FIE R CII MR & IR% 7 5
REIZO 5. B el @i EsGIE ch b3, R
Y a— ) TRBTHRRICKRT A PRAEAE LD &
DA, BRI O E AR % BT T /VIZELY IAL
MEWZ D L ITHERT 5.

Fex OHIFEIL, BREFTSTHLINPDOTELH-7-. ZTh
AT RO A V2 — Y U 7L EEP LT
L2MHThD. FROB. H2DWITBER R Z KiEIZhz
ET2548, MEEST 52 LIl cixn, Z2atkic
RESHET LD, KFROFMHN & LTz,
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