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« 20065F9 H HH IRoissy LIz N 2 Bl )4 H 31 BN BT R 28 6 R4 K
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T/CT

P S E R RN R ERAE ST EM T RPN R cafmd 780
W H AT SO, LA AR i 5 A R A ety i P SN 7

MI9984E E 4 1ANIH Caefii ot T ERIM AT, HEAMTTIEN TR R, FER
oI, TR YE P A RIS BBk Eg R Gtk AT kIl Sy ERTMS/ETCS/CBTC. 734 2

%EE% % 7:7'% H H%@'Ji 2 | | ETMS/ETCS/CBTC

http://www.crystal-artemis.eu/

http://www.deploy-project.eu/

http://cs.swansea.ac.uk/dittorailway/
https://es.fok.eu/projects/eurailcheck-era-formalization-and-validation-etcs
http://www.mbat-artemls.eu/home/69-abstract.html
http://opencoss-project.eu

http://openetcs.org/

PERFECT EUROPA - Performing Enhanced Rail Formal Engineering Constraints Traceability | TRIMIS -
European Commission

P pistributed railway signalling
http://gow.epsrc.ac.uk/NGBOVIewGrant.aspx?GranRef=EP/1010807/1
IR oco

http://www.advance-ict.eu/

http://eulynx.eu/

Eurolnterlocking http://test.swissrequirementsengineering.ch/en/projects/euro-interlocking-project

INESS http://www.iness.eu

RobustRail http://www.robustrails.man.dtu.dk
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http://opencoss-project.eu/
http://openetcs.org/
https://trimis.ec.europa.eu/project/performing-enhanced-rail-formal-engineering-constraints-traceability
http://gow.epsrc.ac.uk/NGBOVlewGrant.aspx?GranRef=EP/l010807/1
http://test.swissrequirementsengineering.ch/en/projects/euro-interlocking-project
http://www.iness.eu/
http://www.robustrails.man.dtu.dk/
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TR TR ETE, 75%0%2 Ui E AN TR RAE (e AT IESE) &
AR R A, HUGEESEE T R N RBP4 (45.5%) « = (43.2%) A4
HIEE R fFCENELECIH 27 (36.4%) .

Maturity (stable and industry-ready) " 75%
Easy to learn for a railway software developer N 45.50%
Quality of documentation HE————_ 43.20%
Easy to integrate in a CENELEC process - 36.40%
Graphical User Interface - 34.10%
Availability of customer support N 27.30%
Import/Export from/to external tools NN 27.30%
CENELEC certified NN 25%
Standard modeling language FE——— 25%
Support for teamwork (collaborative functionalities) N 20.50%
Modularity of the tool-suite (many packages) NN 15.90%
Low cost N 13.60%
Easy and flexible license management NN 11.40%
Easy to install NN 9.10%
Backward compatible NS 9.10%
Many platforms supported (Windows, Mac) B 9.10%
Other N 4.60%
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T/CT

@Simulink(2017b) : Simulinkje—MEETHRABRH K TH, M DA% H R e
KA 2 ) RG], IR 2 3 )R 3R I FHAT 1. X e n] DU I A & AESimul ink
1 (1) T. H Stateflow LA 43 E RS VLA it — 2B k540 . Simulink >R B R E IR &,
Simul ink ¥ T4 UE 4 (Simulink HP AL B — ) o vFx B R B B8 147 8 U4 5k .
Simulinkfftar 7 LA, R TR R ARAS A

@ SCADE (19. 0) : SCADEZ—/NEEFHBI R & T H, FSimulink, ik N ey
AR RGEE . 5SimulinkANE, HPPATEFZDZH, EIESNATEESY, Irg rkE
I HAT EATRITH A . BAESinul inkH—FF, XEeHn] DLH 3 2RSS — 2K, = TR
VT P SCADE Wt 1136 31F 28 HEAT 4 B AT 204036 31E . SCADEIR B 7 LA, Bl iISCADE Architect,
ARV BRI RS8R, ST F Sy sML/UMLiE 5 B RE 5L .
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@ UPPAAL (4. 1) : UPPAALZ PRI T HMAEL, HTEE. BB ]88, XERGHEE
BN B B AL 2%, il BB ATY . e TR DA A N B A IR 45 A A S8
I A E ARSI RS, B EE I E A E TS . S A S S 45 S A i s A
W AS P, U H IR N U7 I & QB B WA . 1% L H i Department of Information
Technology at Uppsala University, Sweden and the Department of Computer Science at

Aalborg University in Denmark&1EH & -

@ ProB(1.10.2018) : ProB/&BJ7 ik W sl H 2% . £ R 3R fift 2% A1 B4 4G ) T B (2 W.Clearsy B
Method M %khttp://www. methodeb. com/en/) » ‘B TCEFBIYEHI B aizhE, e HT RGHEE—
ASFAE B RV FE 45 R« ProBRUZI R SR A e /)t ] LA T B B S g Ae 2 AR 451 A2 il . BIE 5 AEAR
TEAEE., ERAMESGR, HFAEIRSH (WEP) KR RN PIRMESCR . B 7BIES 2k,
ProBif & #¥Event-B. CSPM. TLA+AIZ. ProBn] A% 3 fERodin™, ‘B Mi#H T BMotionStudio, AJLL%ER
v A2 BR8N BEDE AT AL . (2 WProBALFIIMEIAR, 162 W) o ML SCFF #4335 2 7] Formal
Mind (http://formalmind. com) f&fit,
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@® Atelier B(4.2.1):HClearSy &, Atelier BE— LM T EH, TUHFEHESE AL HBT R IT
IR IR B B A AE) o e T g Be] R Bd R 7 | 3 1 57 453 22 368 ) o5 Mt k0T k2
P HIME RS, WHTEHRENE L ZATMELAISTHR R 7 H K Rt . ok, BE#iH TF 2
H AT, WyRZE T, Atelier BAHFH T2 AR AT .

@ NuSMV (2 . 6 . 0): NuSMV&SMVAF 5 BRI o 1) SEBUAN G Jig , J25h — A2 T etk I
(BDDs) HBLARLAGH I T B, o 12 T B it oy AR U B T TR o e & AEXT MV RRBE B i i3k AT
Al EE W Sk, A AME A 3R UE TR 8 5 Im A2 AL 5 R BORK B BF 5 LA . NuSMV 2 i
ITCIRST (Istituto Trentino di Cultura in Trento, Italy) . Carnegie Mellon University,
the University of Genoa and the University of Trento Bk&TFAKHI—NIH. MA2TUE,
'E 4 1 T BODA B AL RS AN FSATR B ARG I . & s e — Nk, il fmuXmy, R IR
M 2R GE RS UE
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@ SPIN(6.4.8) :SPIN(Simple Promelaftfezs) & — Mt HAEH malm) T H, L1 2 LR
PRI SEIE . 1% L H & M 1980 H UG 7E 1 FE R A 78 H O ) Unid x 1 19 DU/RSEEG = K 1. 20024E4 H
Z L HBR TAMAAPAER . R0 SCFE S I Promela (PROcess MEta LAnguage) .

® UNC(4.6): UMCRE—NEIFHELR, B 27F ISTICNRIIFMRET L = R 11, FT RGBT E X
RE S TR, KRR RN —HEE (UML) RSP & B ETHRIREDA 2 — N3 2EH
T#EEAW B PSZIGHESR . RS A O B IE ) T BT R i 2%, &t n] DL7E 2 T UML)
BRIV T EBR B S SRS G 7 T K R -
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. ARELETRIUECEE. SR EEAMZEITTHN, UPPAALZEGIEN.

C. HARAHMAGPIAREA RIAIRSZE, HHFTFEEUERN 52858 MR, NuSMVAISPINZ &
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T/CT

ProBRI T AT E . AL

KT ProBfE4SECURai 1 T H i) iH R, IXHESRSE 21— LE[R ], [Kov'e e BSE—
ANERE IITERT S (Bvent-B) P2 AEFI R ). il 2 :
> EATCVER 2 A EAE PR S HLEAT B U
> Event-BARZHLAE FUML/SysMUARZEHL. £ HATIHARKT K, S 72
it NUML 2| ProBARZS ML A e B 180, {H2 H ATIE e Tolk B AT H IO dh SORF X gk
5o
> ARGHTFZ M EAEH R AP IGSYLE R, S EA KR .
UML T AIProBZ 5 ] LA E. 43 I R St I SCARUMCR 7- 3R 1S, IF SRR 5 19— 2L
VAT DA IR AL 50 IE . ProBofE tH IAR IR IN S (it S 45, B3 s FHPRAT BR 3 R ARE Ja 14
N T SRBEX M B B RN, $R4E 7 AR E P 41 B i3 X B AT BZE ) fia] L




T|c|Tl 4.3 RBC/RBCEOEGIHRERE

4SECURai 14 t T X AK 7 V25 7 A 1) S 0 52 /2 4SECURad L i, 1 W FHUNISIG
& 7€ FISUBSET039 FISH FH T-RBC/RBCH]#: #ISUBSET-098 RBC/RBCZ 4 il 54, FHE —A
DI HFE e >R & B AN FH SBRBCZ [R] 1 41 ZE 45 il i B I AC #e . B 91 ZE B2 1 B ACRBC IR & X 38 1)
Ry, 5 CHrHY) %2 RBCHAT(E BAZ e VB 0, WER.

Handing RBC handover protocol Accepting
overRBC ¢ > RBC

(NRBC messages)

—
L/

Bor(':Ier balise group

. >
Area of handing over RBC ' Area of accepting RBC
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fECSL CEfFMED 2 b, RBCH ) EMHE T
R, VTG, SRR A
| ! {5 RBC-RBCHS 24 92 7 155) B A B

RBC User 1 RBC User 2

st o ool EEE, TR T T8 2 A 5 81 ke 5
Wl R(E B . REIRT A I B SR h A 35 % RBC_UserZ)

I 1 RERUEAA . A, (KT SAI(SUBSET-098 ] KR P T £k

LSAl C.SAl I 15 T B B B R 4 ) B T R T 9 F R
I I PR, 3 T 2% 8% S B T CSL AT SAL L 5, T

RBC_User. ERFIiE A CFMEE AL A ERIA . A2 1K &
T RGEREARSS . EER, EEENnmm, —ml
WHC B N L R AL TT, 10 Iy — M i B 9 #
Y 757

Euradio/CFM levels
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-- when connecting handle connection confirmation

R8_ICSL_IRBC_rbcuserconnectindication: |RBC_User _E .ﬂ ﬂ _G'GEL
NOCOMMS -> COMMS J . . | .
{ SAI_CONNECT confirm / ) | i | :
RBC_User.RBC_User_Connect_indication; ; D | i |

connect_timer := max_connect_timer;

RS SALCONNECT request, |

receive_timer := 0; , :
send_timer := 0; } : : R7 Sa_CONN_requesl; |

. . 654 CON kb '
UMCHL U151+ : : | R SAI_CONNECT indcalon; :-

| 1
' R15SAL CONNECT confirm; |

RATAT A EER AR TR o o oo e

TR i R M CE . M fE B [ = w T T
SAI CONNECT confirm S ¥ K &
RBC User connect indicationW), &% UMCAE B Y 51

] LR A BRI EE, an B pr s (B TR
AT J&3 /& B UMCASE FH P1antUML 7E 28 ik 55 H 3]
A RHT)
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T/CT

UMCR S HL BT A B 5 B 5E SCARRT 2l Event-B 55 2% 1 b

UMC transition Event-B Operation
RE_ICSL_IRBC_rbcuserconnectindication: RE_ICSL_IRBC_rbcuserconnectindication =
NOCOMMS -» COMMS PRE

{ SAI_CONNECT_confirm / ICSL_STATUS = NOCOMMS &

REC_User.RBC_User_Connect_indication; icsl_buff /=[] &
first(ics1_buff) = SAI_CONNECT_confirm
receive_timer := 0; THEN
send_timer := 0; } ICSL STATUS := COMMS:
irbe_buff := irbe_buff <- RBC_User_Connect_indication;

ics] receive timer ;= 0§
iesl_send_timer := 0:
E gcsljui‘f 1= tail(ies1_buff)
ND;
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T/C T

> E=KE S5
!zu%?&ﬁaijgkﬂﬁ 4 % I 2 B (FENOCOMMSIR A T HYELS), CSLf [

BEEXEWLSUEL SHPBRBCHREERE, FAEREEEFINAZKN(E
NOCOMMSIRZS NHYBAS) i S EHEL .

REQ 012 MNRECEHNBFN=E, RN, HEMNALEEREEKRE, CSLM[ESFMEIX
e &I S (SAl_CONNECT.request).

ﬁi‘iﬁﬁi@%ﬂ’]mv}ﬁ. REANEHITHE, MEENSEEEES >3
B, BERTEEER.

?téi%?%ﬂ’ﬂ%é’i& i/ 2 SFMASCSLIE SR S48,

ﬁu%ikﬁ%%ﬁﬂ?éﬁ#%%ﬂ&ﬂ’w&%. CSLRZ £ E7ZENOCOMMSH Tl s .
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T/CT

12 AT UE 7S ]

AR N UMLE I Event-BRE AL (RE, & — - ——
nalysing Coverage
I7£l< 4%‘ :f}th '/fi; ?Fg jﬁ%) EI U\ Eﬁ%’iﬂ*ﬁj)ﬂﬂ ﬂ% EU% Eﬁ *ﬁ\ﬁ o Coverage for operations in 9649 visited states:

deadlocked: 9
invariant_violated:9
live:9649

open:108

[ MO Model Check: invariant_not_checked:108
total:9757|
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