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BEMATRANRES, RN GEGEFBERARATHAMRICEXFHERREE. 7—7H,
BTEMNEERGERATAENLS TER, ETRZEYCERET S 2. Hik, &
TERHRIRERGNEZ L, FAGHATHE, #HRHFLZLREDI/ANER. AXELEH
Simulink /Stateflow ZA& T A & H % B 7| E A RWATHE T, FRARBEHA s BA L LR HTT
EE ZEAARLENE ARBERSEKER, TUNTRANFRERMEX L ROH S FRATH
A AXERZERN 10 FEASERATTHE, AAEXLERAT T2 HATLE FEREF
BRI E. RUTAR, 7 ERRESLAER, wRLAE R, LI EILHAR T ELHE.
HAGAENEH T ZEME, ARV R RILAEZ2R AR T RITFEELE b, REF—
TEFEEHGEFHRTTHARE, RIELERIEAEEAE L THTRESEE.

XHER FEBRHEABIERL  Simulink/Stateflow FE HEXEHR FHHEHKR HAMRIE

1 3l

IR HATIRE L R KizE . ZefFiESEY Ry, £A@istn A & bl a] Rpa A
BRI PRI A, %E Al ot . 3R modl kB i vy AR s N R I kSR,
RS TR TR, R S CLAE O Ry, 2 NI K R T D S A, 8 /NI PR R B S T
TR I 2%, T LATIUIL, DA e B R DA A 1 DR R B S B R S i, R R R e PR A 2 R
N BRI AL Rk R KB R G LR, T 228 SR EHHoR. i, P EE
RS R GRS 4Rl Rl 2 AisAT M e S LA, P DA DR Rl Bk % 41 4% AR G i) 22 4tk
AARH EEE X

FIAIBAT M R G0 AR B O DR 2 —, 2 — /MR RS 15 ISR R 58, H
I St % MR R S, BRI GE AT A IR AT RE S BURMENE J5 R, & — R (5 B Bl & R 4t

il

SIAMEN: BMHE, B4R, TRUR, %5 P E R R AN SHIE. FEFRE: FERSE, 2015, 45: 417-438, doi:
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CPS(cyber-physical systems). 41, 2011 4 7 H 23 H&RAELEERIMFH, S 40 20K KT E
. ‘Bl 3C(computation, communication, control) FiARMIA HLAEL A SR L PME, SLI Fi2 1T
5E B H RGN LNEA . S hlAE SRS, bE 5 81T 8 BB & (1847 I E0R e
500 2y HL /NI, MU BUE 2 580 R 18] B S5 7R (R RS HAR AR LB, i85 ZRigi7 4%
il RGeS R 2 AP B A RIS R AR, AU IR R EON R G0 A Mo i AR E 1) B 2 R R SR
B0, PN FIEAT 2R S BB TN R R EANRE, &I 22T AR R R —.
DAL G 20 D 1) 5 (1) 81 308 4T 22 A P bR A 22 A T SE IV, B SR ORAE N AN AR AE BAH P & I3 77
FR, EORAERRIEFRHES 2R RN 22 R IaAT 4 e B By by FRIR, — BEURAE SRS, ARAE AR AHE RE S K IDURH
1) ST AN 28 T R AR I HME I I 2R

1.1 AXXEZEmEE

AR T AR A FAE SRS RS TT R 45 R, R BAT GRS VAR R G
ST AR T S5 R, R — & [H End gk I R G ER @R B B @B 5T —
PRI 77, T B e b sl kB A R g n] S BRI

Simulink/Stateﬂow[l’Q] #& Matlab H—ANEEFIEML A, HE Matlab 558K THERE /1308, 78
AV FAE Tz, AR R R B, 2 — R R AR S TR, R d A EE BB, I HL 3
FROT L, AT AR 2 5 S5 T HAT N AHET, DUEHERR &R 2 R R it 2R, @y — st BT
AR, [FI, e A] DL ST R R A R N C i E, A BIRETT R A, mid 2%, MR H]
Simulink/Stateflow X 51142 R kAT @A LA TAE. 26Tk, FRATE Jektxd B A b [ e s ki 145
KGRIV, S —Fh— e Simulink /Stateflow P RIMELS . o Bk B 542 R G AT VF T 25
T} SR o e Hed S S T Simlink/Stateflow B, - HLAf FIZAS R — 25 31 = 2 552Ul e
FAGE & BB B DUBEAT 705 5, RIUAEES 500 S 23 H AN IE 3 45 22 DL K S5 B4 R I 2.

Fy—J7 18, BT EAAL eS8 AR 45 PR 5T A 55 4 A AEAT BRIN 8] LS R Ge4T7 v e 150 A2 245K, T
BT N H A 0T 2, I HIX L RGN AT AT Re A I (e BR 0, pr AL T, 107 BAX Re g
RIMAGEE R, DREGIEY] RGEA R R, RN T 22K R G, X B IR IRIE R G IERTE.
AT % Simulink /Stateflow BRI BEAT I SHIE, B 907 B —Mrb 78, A LER). BXIIUE
Simulink/Stateflow PIJEAREY B HTHE 2 75 Z e it — T 0B S CL B RHZIE 2008 BRI AR, 73
ik [3,4] H, BATFREWMAE Simulink /Stateflow FETEAERL#3pk HCSPP-O JEUEA . i AL
Je e BEUE A 2 8] SR BRUE L A0 J5 (T 2R 8. ARSI 5 — Dk RATUASL BN 501, 3
B AnART A 0l D7 v L 5 T AR I A B, ek 45 SRR W AEAR T\ T AN RE IE 45 22

1.2 #xIE

NT LFHRM R GRS, AR Z EBES, il Modelical®), HybridUMLIC, B[] [ 3
HL 0 VR A BhHL 12, Esterel™®!, 2525, Modelical® 5 Simulink [F/2& BB ERIE S, ©re
THIEE S, KRR E E etk & R SCRF BT @IS AR i, AR IR B, (H2 B R T
Stateflow XA I B TR, Br A2 62 88 @ B L EGE 55, BAR Modelica {8 F 5121
PRIEONFEHIE AT @A, (E 2 T IR A7 2R 5 T ORI, SRIANEE BEDW, AR -0 R AR i3k
ITEAE. HybridUMLIO & —FoHR S R G AT B AL BE 5, B i T % UML RS E.
UML 7 TV FA T Z A, B P Bl i. {502 HybridUML AReEAT 0 B, AREHEATI0AIE, {1

418
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AR, VR ECE SIHL 12 R B SIHLEIR R ST AR e, BT ANs AR TS AR g TAR
FEEEARFEHETOARN, B2, 26T A SRRSO B, 5 T 2R, H2CRA REa 7 mifE
B, HENE, AEEREAGKER. Fale, B BBA TR R, ARedtiriix, BRRIERAR
WAEH T HIERE RS, Esterel ') & —Fpdt T [1] P B A W ESIE S . 58 WKE D 528
T AN, 2 Esterel 5 SHOKIEZ G, %I 18] 5 B HARIF A SRR A AT LUK A5 5 3R A TRIK.
Esterel 1147 AR T H Scadel™) 3 FEAT 3R, 12 THAE IKARRS A& HI 15k br R 4t b T )5
BT K TAER. K2, Simulink/Stateflow /& 5 SEH FVR MR GUERL, A0 A LA,

WANE VR 2 % T g Bk R 212 R G0 E sCE BN IRAE ) AT, 4140: Platzer S5/E3CHR [15] A —
Foft 35 T 73 AN B (R Rl Bl A I R A BOR R e Bk 8142 R G AT 2. M AN IE, ARG i
MR I R G AR AR ORI T VR AR BT, 2 A A e RE Pl AT R
UE 2 PR R SRR DLt R iRy Bk B S R e v vt [ A A 1R 22 R AR 3 sl o
V] vy Tk i ) 1 R GU AT T U BMIRAIE, 9 30: 7E3CHR [16] H, AF& 45 & UML fENV S A2 BT &
SMV HEAEG S THKPLA, feth 7 —BIE R GMTE R @B S I E )7 %, TSGR [17) 4, 15 6T
Petri [0} 180 Bk 1 51 12 28 Gt 1 T AL TR AN e % i OIS TRVRFPEEAT AR AN 70 T, O CTCS-3 8145 &
GRS T IR S S RO R B 1 AT A LA

gi b, BATNGWAH — BN Sl ki p = RGN E R @ i 8. BAA@ AR T — 1k
I, ASCHAN 7T HE 2 A,

2 HRHA

AT G T R B 4% 22 48, Simulink /Stateflow A1 HCSP Bl M HHL (f)— 2695 5401, KA F
IRV S W I U AR 25 A I3 5%, BT DM ER 2.1 FNEE 2.2 /N1 B 4 sl gk B 5145 R 4t
GRMHNVEAEANFFR FRIA RS, 5 2.3 /NN Simulink/Stateflow, 5 2.4 /N5 /44 HCSP M
HHL.

2.1 SHREKBBIIERFGFRBIR

Wb [E 51 A5 240 CTCS(Chinese train control system), HRIE AN, METE . B LB H &,
XI5 5 2 181 HAIRATG 0 I R AN

(1) CTCS-2 (C2) %

T HIELRE SRS EISAT G RS, [R5 T, RAE . h— ot &H
TP X B, I AT A BOEEAE L, MLE R ERUE ST 4. Ml RE b g G, RAES
Ze i IGO0 R BRIRAS, THIRAT B2 VR AT KA B 2R i 2 ARk 25 91 4. i A5 BB T 1) 423
WAEREA G S BB KBS BREFTEE B 5.

(2) CTCS-3 (C3) %

BT It miE 5, RAIE B SET7 UR A S 4 5 P R T m R 4. |l T4, &
BT BRI 2R, R T IO AE 1 [ 5E P 22BN, H B 2E. CTCS-3 #£ CTCS-2 KAl A TR
Zoudt. F BRI ) O AE B AL BT e |

2.2 CTCS-2 & CTCS-3 K TEREIA

TANEL P EEEAR BN, HPRAAGD 2 THEeBEREN FS(full supervision
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mode). HMATH L OS(onsight mode). #Br M iE M PS(partial supervision mode) #=X, PAK
C3 N FS, 08, 5 7zl CO(calling on mode) F1'E #HiX TR (trip mode).

(1) CTCS-2 M

S (FS): A5 BT, FIE 800 N e W 51 AL EAE AL B, A RIES
Z 3 PR G A R [ R AR S | S AL I BRI AR A RO AR N, A2l H bR R i I
T JRE 7 )R T 2 PR S M 9 o 1, SRR LA, [ Bl B S Sh B A s dn &, RIS,
MEEERE DML SR S 4 SL PR B2 L SUVFIE . H AR BEAT H Frih & 5505 2.

HAAT 2R (0S): a5 TR B AT E R, /a5 2R T A bl & L H i
A R AN B AT R TR EER, SR E R & 4 NBP(normal brake proﬁle)l)yﬂ
20 km/h A 2k

F ISR (PS): | T RN AE BRI W S B AR ok ok, Bt T HA 5 R B 4 4 R
ORI AE, UL AN 245 22 AR ZEufi 3 5 R R, P45 R 3B 4% i AR AR S s SO i M 4%
5

(2) CTCS-3 FAEAANH

SEAEMIEEL (FS): 8B B &P il s (0 i S A A E (R E 8 . 1T VP g
BRI AE) I, A A A H R B R S P 2k, JFIE R DML SRV IS AT . fUTF
P HARE A H AREE B AR5, MR E L eiaT.

HAATHAE (0S): 8B Bn s 8 SEA BEAHER, 15 RS N bl & g4 )
R E AN BT AR BT T, R s % [ € PRAEDEE 40 km/h 1925 1817,
PN ZEAFIa AT — e BR B A ML AR # N — K.

IS (CO): TP B T AT R GE T, 22 B0 26 A2 1l s B 128 32 48 42 i A 2
2k, JFilid DMI ORIV EIBATEEE . SUVFEEE . HARSE AN H AREE B A5, 42 0% 22 [ 7 IR ) o
40 km/h WA EIZAT, RHLSTES BRI T AR EH0E 5 L.

BB (TR): SIEHAT BP9, EHss#t NE R XN RSB 2H8), |
ErREFIE

2.3 Simulink/Stateflow F&#HE

2.3.1 Simulink /Y48

Simulink!!l /& MATLAB i HEZ A4 —, BRE—DETAKZIE RGER. 07 LMLE S
PrEOSE RS, Rz, B KBRS, 1A 7 S ) 5 B BRARER A, ol Fad H B2 %
fIZR S, Simulink 52 T 308 RGARN RG22 GU A7 AR TR A T TR, 16 35 1]
T ATE SCBHRPE. X & RSy REE, EARE M 26 5 508 AU AT BB A3 R 4%, Simulink
ettt 152 B ETRAC ISR AN AT E LR ZEskont HobAT veit . P75 HAT AT .

Simulink R B — R A R HRATIE RX LRI A . MR AT B2 —> Simulink A5
B Pe v g B AR, 2B N HH 2 TR — B ok 2 AT Dot RO R 1 R 48 A X
B2 T P POE AR B 8] )R R

Simulink A E = 0 H A FIAE FIH (source)s REL (system) PAZFERALHR (sink).

(1) FINE S PEELELEE (source)

1) HRIIEh S N 2.
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(A statell state12 1)/ B 2

T
state31 !
@ N statel 11 state121 .
= i
In > 1) B
1 203 1 2 i
state112 state122 state32
In2 Add
L )
& 1 Simulink Bz & 2 Stateflow EZ&
Figure 1 A Simulink diagram Figure 2 A Stateflow diagram

B NG T AR P PR R R R A N5 55, A A L, (R 2 0F — Mttt . 24 Con-
stant, Step, Ramp, Sine Wave, Signal Generator, From File, From Workspace, Clock, In.

(2) RGEHLE (system)

RO T EAFHIES R BEER . BUaB BB (5 TR . RGRE, LA
HeE 2 Integrator, Derivative, State-Space, Transfer Fen, Zero-Pole, Transport Delay. 25 HUfEH 32 2
A Discrete-time Integrator, Discrete Filter, Discrete State-Space, Discrete Transfer-Fen, Discrete, Zero-
Pole, First-Order Hold, Zero-Order Hold, Unit Delay. {34 Sum, Product, Dot Product,
Gain, Math Function, MinMax, Abs, Sign. @B FEFEAH: Compare To Zero, Compare to Constant,
Inteval Test, Relational Operator, Logical Operator, Bit Set, Bitwise Operator, Bit Clear. {5 5 Ab ¥ F
F ¥ IC, Bus Creator, Bus Selector, Mux, Demux, Switch, Multiport Switch, Manual Switch, Selector.
AL F B SubSystem, Triggered Subsystem, Enabled Subsystem, Function-Call Subsystem, If
Action Subsystem.

(3) FEWCHRER % (sink)

PR F RO EUE S0, Rt O, H2 2/ F — " Ma AN 0. 2 Scope, Display,
XY Graph, To File, To Workspace, Stop Simulation, Out.

Simulink BEH AT AR L 73, AT PAZR s S5 HORT I SRR A . Simulink 457 v i) B¢
A — R, ERBUE RS —1 B AR 007 mi . R IR R A2 -1, Fon
TR AR IR ) SR PFAE R (R A AR IR (] TSR0 oK G SR AN B AR AR IS [R) 2 0, FIR XA 25
B, Hoat AT D RS i — DM EE o, Rz By B R, HAERG o I K 5
—%.

RZH Simulink IS HCE 28, A DLUEHE SUX LS HORRAF HUAE I DR ELan st s
HOBSH AT DAV B i o H(E, AR BT DL B A IR(E, Switch BEER AT DA B R R 5 S8 AU E.

Kl 1 #8538 7 — Simulink B8, A Add BEH Inl, In2 207 PIANRIN, S8 InEIE 5 4
5%, IRl Outl HiH . ZBAH Inl, In2, Outl M Add 20 5% B T4 AE S8, MihE 50ES R4

2.3.2 Stateflow I'48

Stateflow?) J& Simulink FLUHIFK)—AN T HAH, B — A= TORSHUMGL Bk A 4 & A 712
BRI AT U HIA L. Stateflow W LUK BB RN AR R R (BARIRESHESE., kA, R
SRR MIER) di A1, B0 RGOS, ZeA W R 5 A LA A 5 10 s J5 2k
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AT P AT BAAE A ] Simulink £/ FUR, A FH XA AR IR TR SELEAMRES Z 8] 4, 3= %
R R AT AL

Stateflow FR EE A FAFRELS RS 45 ARSI H A

(1) FHRERES

FAREEAZILK Stateflow B P R FAE MR R NES. | HEFIEMZEL 2 Ik
N AT R 8 =, 20 )7 AN RIS N R R S B R, R A e )RR S B R AT
AL R S A

(2) W&

RENRR T RGIAELAERTELL. £ Stateflow T, IREHPIMATIv: iHEIH) (active) MIAEHFBIH]
(inactive). RIS —AMRESHEATARIC, BAES XIS IE RS A4 LKA L IR HATAET
BT IR T B — A FAE P BT 31, — R T
name
entry: entry actions
during: during actions
exit: exit actions
bind: data and events
on event name: on event name actions.

ANHZIE (entry: entry actions) 2R KRG, Bl 72N 7 ZHATEE. a1z
£ (during: during actions) &7 Ji AL T30 FIRE 32 2 — N F Al &, AAEENIXASIRE K& BIR
SIERES, RS T HORIRE T EPATBIE. B BIE (exit: exit actions) RonfFAE HILIRES
KA BIA BORESIERR, 2R B BN AT SIE. s FE48 2 801E (bind: data and events) K54
eGP E AR BIRAS b 905 980 R REAE IR B RS A s, FARUIRZS R R e Bt 4.
458 A BRSO TR 3. R e FAE R A (on event name: on event name actions).
event _name FE —MFE FISHLE; on event name actions TR LIRS EIHIRE H event  name i
SE WA AN /5 ZEAT I Eh A

(3) 4515

S5 M THRRR ST S L T T RS 5 M B A SR A 45 A, RS ARE Z AT
AU & ] B, T HL2 — N R AR I P 2.

(4) RETH

REITFED — M TSRS B 45 5, B B AL, sbmicd i — B0y~ Y o

Event Trigger[Condition]Condition Action/Transition Action.

fil AT (evnet trigger) e FAFEG I —DIoR, ENTR KK —E 5>, 21F (condition) &
—AMRFRIEI, SR F AL FEAHBOIRASITR PLR 5% . ik F AT (evnet trigger) ATEE 5
B A — 2, FI 24 (condition) NEL, MR T B RKR. %1301 (condition action) FiT
FEENME (transition action) &4 Matlab [ action language 155 AR BL. S aEE R il k
I S RIPAT, TSR S EA IS & RUOIRES IS S BIBAT, 75 B B A7 AE — DB h, %%
i 2B B —ANRES, BAB A R #8 sh AR R R0 7 04T

Stateflow B A HA E XA IR, /F & Stateflow IREIITTHRA — Stateflow FHEIARFEF %R

2) BRNERE 2 — R RIS, EOCE —A HARIRES, RomiZRE N BABITIRE.
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BHAT . B2, rarPIREZLSF (OR) B JFAT (AND) H, HFIRZ 2 18] w] LUfs AT 7% it
ITIER, MIFATIRGE Z MASRERE I IE .

Stateflow IR HEHLE], 24— DA HE, FFATIRESIEIR LG E SRR 5 e #20ic3)
RS, RIRSOCE RS Rz I F R SRS R AR R, AT N
PE: $EIR TG SRR, RS B ITA SN TR #EAT A 2, a0 SRAZIT S 00 2% e 2D A AR
A, WHATH B ER B, IF e OZFe S AF ) #1500, 4% TUE A3 338 ) R HEAT R A,
W ARAZIER R BE DD BIEFEANRES, WIAT XS L AERE B, JF e aZFe HAF T 4k, WiR LR pimidy
A, WPAT SR SR JEAET R LA S i 7 B AT 3. IR R I, 7 E IR
WA H FPIRES 2 ] LR B, SN, PATHCIRE H DR R ICFREAR, IR R WS A, AT H
PRIRES I B BIE.

K 2 filiik 17— Stateflow MM, A PADNIATHVIRG A 5 B, RN THERE. RE A
AUIRZS B SN MR BRRIRE, EAVRREIE 2 fos. B 2 hIERa e & =Rk
TRIE DL PO 8 G IF Sk IR L N ERINERE 1L, RINZHT L RIS A BN IRES; IR S11 21
S2 HIERE MR [BIERS; IRZS S21 £ S22 HIIEM NI IS, ZIE M2t — 45 Rl

2.4 SBERX CSP &Y

2.4.1 JERK CSP

HCSP (hybrid communicating sequential process)!®% £ CSP(communicating sequential process) ffJ
el ESIN T 3 iR AR VR B R GE T HE SRS AT v, FRIRIN SINE R WL (2% 2 b i
AT S W — AL R AT A, BE TR AT E SR AT A S B AT N ACHIZAT. HCSP RElR
I 2 2 S HESEAT AR E 8, JF B CSP i A PERIRrE, & — R R I 1 A SRt iR KR ]
ARG AR S

HCSP HJIEIAU T Fis:

P :=skip|z:=e]|ch?z|chle| P;Q|B—P|PUQ|P*

| (F(3,5) = 0&B) | (F($,5) = 0&B) & [lics (i0; = Qi)

S == P|9|S.

FRF P,Q,Qi, S ¥ HCSP %, o fl s AR &, ch NIBIEA, io; NIBEEHM (AT
ch?z B S chle), B fl e NA/RFIEXMMEARKIE. DL BRI R il R R W T
skip K?ﬂﬁ1§ﬁﬁé1’|§, _\‘TEI]%JJ:; z = e BRIENX e FIMEIRZ x; ch?x MIBIE ch EP?%@'J*/ME, I
HIRZE ; chle $f e AR TEIE ch; P; Q JeTHERE P, bl P ZObEm$UTHE Q; B —» P 1
B NEMPIT P, BNLZIZ 1L PuQ HRGHENIEFERHATIR P bR Q; P XA RIKESR
PATRERE P; (F(3,5) = 0&B) REM I ShAS L, %5050 i ARAH G A B U 6 SV /R £k X B
PR EAE, TIZERISLRI& IR, (F(5,s) = 0&B) > [icr(io; — Qi) 5 (F(5,s) = 0&B) $ATIL 23
A2, B IS F A do; KA SSLZIPAT X MRS Q;, B E & — EIAT Bl FE & 1k 1k
S1l|S2 v Sy A1 Sy NFFARBERE, FEATELE N & 5 MALEAT, 24N IRXUT § 2 [ P AT %8
AR, I AR 22 [ A e A7 2 3L AR i s L S i A\ B i T

2.4.2 BB Hoare 1Z%§
Sk 7] WIS TEL I Hoare ARSI AT EAXME T HCSP FHEHRSR. 25, ik [8] ¥
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ZIZ AL Tsabelle/HOL HHSEEL, FERIAZ T HIGUE T H B 2RES 2 I KRG H I — D LhaEfl]. Jisea
AN B HE A S 1920 ik, F T8 RGTEAT I 8] X B P93 R PR . 7EVR AL Hoare 4
(HHL) H, 73t RE P g i 048 = 4l {pre} P{post; HF} KKk, HH pre, post 1 HF 437K
INHTE SRR EEFAM LA 7T E KNG B &M ARXKIE, P A H B H
ARFKIE. T IR R AL B A I T R

{prey,...,pre, } P || -+ || Pu{posty,...,post,; HF,... . HF,},

Ferb pre;, post; il HF; 735l &R 5 @ DMRERRRIRTE XA 5 ERAFMP A

3 EMiERHERTE

FATRE kR BE B 4% R G S5 R AN U e P DN b e B RO th A R 5 51
HEINAK. SHERG D NEANER, REEINFALE C2 HAM C3 F TN HAIATHN, iAW 2 4
YIERG S C3 HHiE RS, 43 & TCC(train control center), RBC(radio block center), H 3= AEH
MG T RS Wi T RGEERMHI P R PUE S e PRE A& BRBEEOIRES . R H
B 37 2545 S AR L ) Y B A B R AT 2R VR T SRR (S R, OF BLAR fands AR B s AR 21 22 108
7. B AT id R, RINLE MR AR RIEAT, 7 B2 W AR AR DA H SR

K 3 BRI EBANIIERGN Stateflow B, o C2 dmhlas . O3 Jazhilas . 71 A= LA
#7323 H1 TCC, RBC, Train A Driver PU/MREFR, KU §F ZIAT AT, FrELIZ YIRS Z
AR RNIFAT. PIEAEBAT RN HE DS RGO FEE, th T3 R ESN, Fitk
IHE Stateflow SMEH]— DT RGERER, WK 4 Fios, AT RGERS AN INE L, f o2 5 AR
B, A T AR, 2 AR I L AR R, S P AR o R

BEYFRNEE D RS LA R E R, XM, RATFEB=ABESR: T4
A MA (movement authority) 5%, ¥l & 250 5 £ K2 1T AR 34T 4%, I Hidd MA A1 71 4
AT 0; S B =t BIRAEIZAT TRl DO C2 984431 C3 2%, I 5 RFEHT P71 — I n B,
BRI 5, B EAEA A AR T 2 A R AOAT o, AN R4 4 T A (R RS 32 Th) P e
AR AT AR, R PEAEN 2RI =AM 5t DR A SRS e 00 55 20 e S TS s A 45 5 7T
SRR, DR R AT AR AU S8 G B MR 2 MR 45 B 37 55, e rh SR e i Rl AN A e 2 )
—

3.1 1THFIFH

MA S2F L BT IAT EAEIE. MA 25480 ERARAUE 1T BN B, — MTETF a2
MNESLIIX B, BN X B H— N edH R, BAART:

MA X Bt ={Zg. #:0. HIREEE . B 2Hlsh A NG & S NGEEE Y, W2 Al iR ]
CLRIIE, FZ 1047 A 38 B 81 42 2 B R 7 16 S g A S BT vk i, B e 40 R0 5 — TURN 5 00, 5
Rk C2 5 C3 WA EY, il 1 A 2 RoR, HHRFERE FS, PS, CO, 0S, TR fi/MER, 7
W 1,2, 3,4, 5 Fon.

P EAEBAT IR R A Wit B 3 MA B3, AR e P EEB /T w8 — MR B2 G, £ TCC(C3
¢ TN RBC) BB X EL, K ch ma2 (ch_ma3) {55, TCC(RBC) #3iZHiE2 5, BHEEE
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T ERE  EER

45 & 5 3

M &{vdispo;}
5 ch_ma2_confchangeMA2 ()}

[loc>=s21]{ fun_ma2_mové€);ch_ma2_app}

out(
ch_os_conf[CON_LOST==false]
disma2();acce=CON_A}
[speed<=\.
{cos=0;ck &

{out()} [loc>=s21]{ fun_ma2_mov€);ch_ma2_app}
ch_lu_conf ch_os_conf[CON_LOST==false]
1 fdisma2( ON_AL ~
"2 T AvA —
T 54 conf[CON_LOST==true]

@:ce CON_A}

vdisp();}

LT ch_ma2_confchangeMA2 ()}
S

ma3();acce=CON_A}

<7 [loc>x1Klevel=4}

(3

{coa=0)

level=7
cos=0;

{acceS

~

[loc>x2]
{level=3,ldisp=3;}
<+———

vdisp()}

4 Ich_ma3_confchangeMA3 ();}
543ch_ms2_confchangeMA2 ();}

c>=s3Y}{ fun_ma3_move); ch_ma3_app}

=s21){|fun_ma2_move);ch_ma2_app

2N

- N s ~, / \ .
{RBC  ch ma3_apy 1 [ Driver 3} |Tce 21| MATLAB Function
i sn3=loc+ 8000 ; U | | g:ggii;as%%/o . | siiojp
| add_v3(); ! :_1 ch_os_app/ch _os_conf >i ! add v2(): ’ :
! ch_ma3_conf [ Lol h ma2 conf |
-1 o pL e | MATLAB Function
I I 1, ch co_applch_co_conf [ | out
: ch_lu_app /x1=2000;x2=5000;ch_Iu_conf : :_4 {>: D y
2 AN /
| B
\\ __________________________ /I
MATLAB Function MATLAB Function MATLAB Function MATLAB Function MATLAB Function
fun_ma2_move changeMA2 vdisp disma2 add_v2
MATLAB Function MATLAB Function MATLAB Function MATLAB Function MATLAB Function
fun_ma3_move changeMA3 disma3 disma3 add v3

3 JERS:

Figure 3 The train control system
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v_out

1 )
max [~
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© | | —
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Figure 4 Speed system

1

T
RT

. . .
RIE L"l!A L!l“O
C2 area C3 area
- Jiont area - >
comal  MAL ] MA2 | MA3 | MA4 |
C3IMA]| MAI | MA2 | MA3 | MA4 |

B 5 FREHRIGFR

Figure 5 The scene of level change

FVFIIAL B AE BCHTI) MA, I H K% ch_ma2 conf (ch_ma3_conf) FHTI MA 4554, 1 TCC H1]
IEREA RBC W 1 PR, SR MA 2 58 & 5 H MA.

FIZE S ANWAR S H AT MA THRS 24 28008 B 3E 155 5 AR 1) 2 1 3 S h 2.

(1) FASH L M2 SSP(static speed profile)

RN DX B I A e e B2 BR A1 AL, 0.4 55 B i) Bl N T8 FE AN P 112 9 N T3 9 A 1 PR

(2) BhZSH L M2k DSP(dynamic speed profile)

AFEE BRI N M2 E FHsh 0 ANHHZ, B MA B H AR PR BRI g fE th Ze vk Sm k. 214
FEIZAT B R A 2 I 20 5 DRUE A R A 2 52 it B AN B Al s it 2.

(3) BAMHI BN N2k EBI(emergency brake intervention)

FEARYE bR PR B A G S B A N T8 TSR SRR 2, SR 4 G AT R TR S s
N MR, B 25 22 DA fi oK kot B2 R 47 5 Bl 3.

(4) H F#IE - N 28 SBI(service brake intervention)

SRR H bw R B A E I 2l N B BT R T R i 4, RS AE H AT PR TR I 3h
I NHHZR, T2 5 22 5L R ) 2l i B2 #E 47 1 5.

A SR A G 1) 2 R R VA R R PR Bl A N R, TS sl A 51 2 F o sk 5 B Dy i FH o1 ) okt 2
DA% e K a5 2 Ta) R AN

FERER P IRATEF out R HLA 4 412 S EBI 80 SBL @il 1 EBL, A2 & eout
PHER A 1, R 1 SBL MIAZ & sout WMEWA 1, FEZ G RIERE 0 A EH eout M sout IME K
BIEE a. FIEAEIBAT B — 2SS SEIAA R AT MA XBLE 80/ A 2RSS 3)
I NHIZ, B — ST MA X B S S 3/ N i 8ot B A7 B ) s MEAE Ry 24111 5 Sl 3/
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0 sy 5 s S

6 MA Rfjl
Figure 6 Example of MA

NIE, BUTTA MA X B H S N 2ot S0z B ) e MEAE N 210 18 - #13h i N, IR
B NI A X B ) B Bl sl N 2 AR P s A2k, BB 21847 e 4 — 20 AN AT AR R H
RO BAEAT— A MA X BOHRAS 20 B S sh A N 2R sl /e N2, X Perf O an 2R 51 24
FERXA X BOE R8T, A2 e A X Bt a1 2 LR

Bl 6 2 — A=A MA XEHIGIT, A s1, so, s3 20 JF. X7, FAMR GG — X B
PRI il 2 2% sl BN, BRI 5 A SR AN IR SR 30 R B A2 1) MA XA, IR AL s3 R T, K
H 7S SR B2 AR =A MA X B AR 2k, /5o M4 (Bea — Bt St zh e A i s
FIHIEN A NHIZREE &, B O oR B0 58 B 30 A N A8 i s A NS 2 0) 70 i AR =AY MA
DB F AR b3k 24 5045 2 55 Sl Zh A N Ze A8 A sh s A2k, 1R85 a0 A X7 1H 5 3)
AHIZ v? + 2bs < next(seg).v? + 2bseg.s, X H I next(seg) NEFNE T —NEIZTH MA XE, b £
RESHIBINEE, seg.s AKX —B MA XEMZ& S0 E.

3.2 FHitik

S RIIE RGN FEIIReZ —, FIZEH C2 LI C3 Pk, T AL @ Hh dhAT
et SEEAAT, NS TAEEFEEM 2] GSM-R(global system mobile-railway) M %%, 5 RBC #
SLEESTE, N RBC G ARG ES BT EWFAHERE. HE O3 R FMFRL)E, FREH
BN C3 L TAE. W 5 P, EZEFEAT:

(1) %5 GSM-R G468, 5 RBC @0B(E 2

M C2 BB Ry C3 RIBZ T ML FE A S GSM-R FIBEHERE. S i# 5 GSM-R
P2 AR IR, N C2 e C3 NS 3% 5 RBC HIE[E U, AR R XN 1 Ab i3t
B RBC BN EASH (RE), N & a4 [ HGE FFESOE I Tl E SR, SIEZ G
REHEAANIBAE C3 L5 3, XA IR BZ BB — A 2 51 42 K B E 218 I B 24 (RT).

(2) RAFAT 2 VF AT

C3 ARG RIA HIEZEN C3 B XIS IR BT EVF 1T O3 ARG 2 e iy T i e — 4t 14
XIS B T 1) 2 U o S (L AR A 0 B 1) 2% ) e 46 T 55 W 25 25 2H. LTA (level transition announcement).
B ARl P M AR (LTA) I, ZE88e& A RBC i 4 460 &, RBC ¥ L € 1 451
HERAERR, SRIG ARG O3 Zaz | IR B (5 B, M E B &R OB LSBT H 7] (MA)
L a4t 4. FIEAERIR B FRATIA 24 C2 R RGHIEE, FHR AR IR C3 2
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ITHEVFT] (MA) HEHIEET C2/C3 L FHHME] C3 R ARG ERH. EFRBATEV T 255
W PATIX BRI, 5152523 €2 M C3 G474 VR nl i L Rl .

(3) PAT G ¥

MY ZERTImIEE C2/C3 ik F, iR RBC Hdn IR & C3 ARG FKMRT, FaixsiH
BN C3 Py %, {E C2/C3 L [A) e #ids Fbs B L AT M 28 40 LTO(level transition operation) [H]
BN IR IR B R RS G i W0 RANERE DL C2 St SOV FEIZAT, C2 ARG HIAT ZEVF o] 200
It C2/C3 LR B> —AFERHEHGIANEEER. G C3 URGHEE LT, C2 HEFH &I
HIA TG & TARIRES, A5 224G $HE .

Kl 3 1 Train B EIR |Gt SRS USRS 2 AR S 42481817 2 RE ZHi W RE
F| LTA Z[H, LTA 3| LTO 28], 5kt LTO 25U EL. S— B s EIEH B shigiT, B
F|FIL RE @R, B oAMEH, SIECA S RBC i GSM-R M4 [ i%E4, 514 W RBC
i 7 HATALE, 3 HUKEI T RBC KI5 BT UM S G AT FUALE, B ZEARSAE C2 4
MA #i# T, BERFERIL LTA. =10, 712 228003 RBC ACKH) MA, F| ETFa6 % 3] C2
A C3 K FLEAER], BRBE LTO. i) bl 55 20 5 e s AR B35 g 2, IR EN
C3 JizAT.

3.3 1EXEEiR

C2 g5 O3 PIMBL A — LA R RIAT A7 3, E—/ R A28 C2 RN C3 2%
TR

(1) C2 g4

MBI R LB, TN PS B, ) ER B AT RV AT OS I, FI R0 i) DA%
AN OS, # NIIFA A ELENE OS KBORIF %, Tox H AT 8, UeINUZE T BT RS )S, (8]
PAFE N OS B, FRAT 8 FH A e i I MU R Y ch_os_app 1575, FIMLIERAEIR S 2 J F 51 4245
Puk[A] ch_os_conf 5 5 RIEAL OS B H AT E#E RIEHFE. FIFAE T T X30T LU 5] 5 X 1
PS S, XABHEAT S PS R — 8, (2 IR PS BUEAR. NIRRT
THATHOA, R R ERE RCENZ R R VPR, SR EE e, 514 R R FS BT 4
VPRI AT LAFE N FS 1530, I 3 op 11, 12, 13 S350 81 1 i S pi A% .

(2) O3 gk 4

LB R B AT EVr RO CO I, FIZEM R LA N CO, B NI SR A2 51 A BE IR 3 CO
B SR VFI R, JF BLRIHLEEAT A, FRAE A 21 e i) ) BB Y ch_co_app 155, AR
FEWCE) 2 5 F B ZEARHGR [H] chco_conf 5 5 RAEHN CO BN BT il Ko i, 5 4503
AT VP OS B, FIZE(E T LU N OS, B NSRRI FLEIE OS X ERIFE, S H AT
g, MEHUILE T HAT R4S, MraT g OS B, M NI RS 2 H—5. Mk
ol e By, B0 ) FS BARAT ZEVFnl (B ] DL N FS . 251 2R 1847 Iid S5 40 i 46 5 114 [
IS RBC RIEMI4EM MA 4, EahEE] €3 20 R TR B, X9 23T & S 3h, BJE 13
TEGY I R 2 SR — . 14 7@”7 X X 4

4 IRIGR
LB S T 3 SRR KT R, B S, WA R AL .
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Table 1 List of simulation parameters

v21, v22, v23, v24 The limit speeds of emergency braking
of the 4 MA segments in C2
vr2l, vr22, vr23, vr24 The limit speeds of normal braking
of the 4 MA segments in C2
s21, s22, s23, s24 The distances of the targets
of the 4 MA segments in C2
mode21, mode22, mode23, mode24 The modes of
the 4 MA segments in C2
v31, v32, v33, v34 The limit speeds of emergency braking
of the 4 MA segments in C3
vr3l, vr32, vr33, vr34 The limit speeds of normal braking
of the 4 MA segments in C3
s31, s32, s33, s34 The distances of the targets
of the 4 MA segments in C3
mode31, mode32, mode33, mode34 The modes of the 4 MA segments in C3
CON_LOST Mark whether or not the confirming message of OS mode
in C2 controller has delivered to C3 controller
CON_TR Mark whether or not the train has received
the command to shorten the MA in C3

B ISEEFE NN T BB MA WIIRERESEIESHUE B, TR AN [R] ) 2H 15 Dl
T B s e BE R (R 1 N B HENER) B RAT R e L.

C2 % 4 NIUE MA XA C3 2% 4 DMIEE MA XBALEIFA—E, Z2RE 5 HER. 02 % MA
M RE ZHiHE, (B2 C3 % MA N&id LTA ZJ5HE, X3RN RAEL LTA Z 55 FE A U3
C3 2 MA I HXFFIZE pia A7 ke B4 H/E .

PR ST IF AR JRATT S A S 0L AT TR, S5 R 7 P, B 7 B 12 1R IR,
BEE T EHR T AN H AT S5 R AR B R R R R 8], G BAR S BE A R, I’
HHSLk (ShER) KR ZEFRAELLE (BN 150 m) BENF A ARSI, GSELl (LR Ry 4issT
TR (BN m/s) B PR IE L, RS (KLR) FonFIEMH HEIZh A NI, B Lk (40
2Ry RNV A (10 RoRAET C2 2%, 15 FoRkhT C3 %) BlR [a AR AL

(1) C2—C3&&0S—TR

N T HERGZAAEN, BATE C2 F 3 2 MA BRI EE N OS, N T RIS 4allid & g i
e i (1 R 20 B4 00 MA fr 4, FATH CON_TR WEN true.

P EERWE 7(a) Fion, FIELEE WL S 2 Bk IR C2 g6 OS Bixig1T, 71 4 e S5 g 4t pi
(1 EI B2 B 400 MA R, SCEPEN TR B, PR SR G, (SIS it 2 Ja 54k,

(2) C2—C3&&0S—CO

N T EERZHE RO, AT C2 ¢ MA 1T 3 Bl E N 0S, 5 4 B BN PS; [Flf
¥ 03 9t MA 2B 1 Bk BN 08, J5 3 BilElik & N CO.

PiE g Rani 7(b) Phos, FIZEAESS G R BT C2 2 OS BRUZ AT, KB MA WE 2 5%
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Figure 7 Simulation result. (a) C2—C3&&0OS—TR; (b) C2—C3&&0S—CO; (¢) C2—C3&&0S—FS; (d) C2—C3&
&PS—0S success; () C2—C3&&PS—0S fail; (f) 02—C3&&PS—CO; (g) C2—C3&&PS—TR; (h) C2— C3&&PS—FS;
(i) C2—C3&&FS—TR; (j) C2—C3&&FS—OS success; (k) C2—C3&&FS—OS fail; (1) C2— C3&&FS—CO

A C3 2% CO B, (HJRAE C2 TV R/RFIZELE C3 Jeft N\ CO HIHINE(E B, Bt LRI LGVt
A C3 % CO BHHATHIN, BN CO BRI, FI 470 S5 g 4 i b 15 4.

(3) C2—C3&&0S—FS

N T ERZHE N, AT C2 % MA 1T 3 B E N 0S, 5 4 Bl EN FS; C3 X
MA % 1 BB EE N 0S, 5 3 B E N FS.

PiH AR 7(c) Fivn, FIELESSH G i BRI C2 2 OS a7, il S 4 miz )
N C3 Rk FS Biig 1T

(4) C2— C3&&PS— OS

N T EANZAE TN, TATR C2 % MA 7T 3 BN B N PS, 5 4 Bl BN OS; C3
MA 25 1 BRI BN FS, 5 3 BB E N OS. A T H AT R4l e BN C2 ZifEidi 3| O3
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PR IIE DL, W E CON_LOST A true, A 1AL H AT ERIHIATE EM C2 ittt F] C3 4RI
(K155, W B CON_ LOST A false.

H AT 8 ATH BN C2 i) C3 Wi A R Bl 7(d) B, FIFAE SR RS2
AR C2 2% PS BXig AT, fESE R s 42, Bon BT 428, WIMLEIN G, IhFE N C3 2% OS #it
X, IRk SET. HAUT B EEA N 02 St 3] C3 S PR WE 7(e) Fias: FIZELE
LR R ATKIR C2 2 PS BT, SN T, Bon B RAT 2488, mINLI#IAG, Bl
THEIRBIE C2 dmiilge, (H0E Tk, Ml E B RREL IS C3 Juguhlay, MAFEHA KT, 1Z1E
SRR A

(5) 02— C3&&PS— CO

N T EZAH GO, FATH C2 ¢ MA #i 3 B EE N PS, & 4 BHEA®E N CO; C3 X
MA 2 1 BiiURE N FS, 5 3 Bt E N CO.

IR R E 7(f) PR, SRS S Z AT 02 9 PS iz AT, KB MA W€
ZIGEFEN C3 g CO B, (HRTE C2 P F AR R/RIIGTE C3 Jif N CO Ml iEE 2, BrblalpL
ToENHEN C3 2 CO BTN, FbdE N CO BRI, F1 475 5 P4 mAb A 2.

(6) C2— C3&&PS— TR

N T ERZHEE I, BATH 02 % MA B RE N PS; 03 %t MA A WEN FS, BT E
TNTE B 2R st S5 0 4 U RIS USRI B MA 2, BATTE CON_TR W E A true.

SERWPE 7(g) R, FIZEAE S 40 5 2 R IR PS Az AT, e S 4 i 46 /5 2 JG S B EEN TR
B, BRI B, 1S E SR i G REAL.

(7) C2— C3&&PS— FS

N TEERNZA AL, BATE C2 9t MA BixUET 3 BLi BN PS, 5 4 Bt BN FS; C3 9 MA #i}
X EN FS.

ZERWE 7(h) R, BIEAE SRS 2 kIR C2 9 PS fisiafr, Ml S 4 S 2 N
C3 Zik B FS #iizsT.

(8) C2—C3&&FS—TR

N T RRGZH AT, BATE C2 2% MA B E N FS; C3 % MA 5 1 B E N FS, N
T RINAE SN R S g e W ) RN R B 4 . MA 4, AT CON_ TR BN true.

SERNE 7() FiR, SIS RS S 2 iR IR FS BRiEAT, it SR s 2 R RI#EN TR
B, PR 2B, (S ES R b Ja Ak,

(9) C2—C3&&FS—0S

R TRRGZH GRS, FATH 2 9t MA 1 3 Bt NiZE RN FS, 2 4 B UZE RN OS; C3 &
MA %5 1 B U BN FS, 5 3 Btz BN OS. N 1Bl H AT i H BN C2 Zifei# 3] C3
PRI HIESL, FATEE CON_LOST A true, Jy 1 40 H AT FE8EMHIATH BN C2 ZifkihiF] C3 4
RIGHIEDL, FA1%E CON_LOST A false.

HAAT B ATH BN C2 Zefkih3] C3 BT i B as R 7(5) P, SRS RN
AU C2 ¢ FS BIEAT, TSI = 4, o BT 4288, RINLEIN S, BIhfE N C3 2% OS
X, WEMSSHET. BT ERE B M C2 L 5] 3 % RIS maE 7(k) fis: 5144
SN i ATAKIR C2 91 FS BT, MR mi s 4, BoR B AT 488, RILIERIAG, Bl
HEIR B C2 =il ds, (H02 T8, sl BRI IEY C3 gyuhlay, BB A KT, 518
SRR A
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Table 2 Result of the combination

C2—C3&&0S—TR Stop normally
C2—C3&&0S—CO Stop abnormally
C2—C3&&0OS—FS Run normally
C2—C3&&PS—08S Maybe stop abnormally
C2—C3&&PS—CO Stop abnormally
C2—C3&&PS—TR Stop normally
C2—C3&&PS—FS Run normally
C2—C3&&FS—TR Stop normally
C2—C3&&FS—0S Maybe stop abnormally
C2—C3&&FS—CO Stop abnormally

(10) C2—C3&&FS—CO

N T ERZAH G, ATH C2 4t MA #7 3 B E R FS, 5 4 B A®E RN CO; C3 X
MA %5 1 BB E N FS, 5 3 B E N CO.

SERAE 7(1) FR, P AR R S 2 BTRIR €2 2% FS #asAT, KR MA WE 2 5B
C3 2 CO i, HRLE C2 N EIR BRI ELE C3 HFEN CO MIBANEES R, BT LLRIHLICIEERHEA
C3 2% CO I THIA, BRI N CO BRI, FI 4orE S g k4 i b 15 2.

g L RTA, BATELX IR 10 AME ST E, RIEE = b & WA EEEEWE, B
Wk 2 Fn.

5 MFNIGIE

R 2 AIAL B H AR N 2 HIUE R R, AR, BT AR IE R — M RE R T REiz 1T
TEHHHT IR, SRR RA M A IBITEOL. B, fEFRATRIAER | SIHLIAT N E A 1R B # 1 A
S M, RI7KZ0 3% R BT A AT e s R L TH] S5 K RO AT AT 25, ARl = S 0, AT DO Pl £ 2
KEFSER AT 772, R KERATTRAT EME . BT ESEERIA &N, AT H
PS F| CO ME IR Ar y HCSP HEA%E, JFF H HE BER] %% HHL Prover #4T 7 UEBH. J8TE
BHERATHAE X P L & 355t AT AR & R AN IEH A5 6. fEIEE RS, B FRAM 0 PS E
CO BRI RGO, EFRATIEUE PR R o 5 A A DG (30 2 S HEAT 1 TR AL AR 2.

5.1 REEHk

WIE A TR Sim2HCSPBA, ARG T iAW HCSP [MiEAR, ¥ 7 A0k, 2 xt
MF Simulink Ml Stateflow FIARE & . BREE X WiE & X AR AWIUER B br, X0 f—3F
1351 47, A 143772  controlPDef.thy, controlADef.thy, controlVarDef.thy, varDef.thy, assertionDef.thy,
processDef.thy Fl goal.thy. Fr i fg =AU FEH TR AUE, BAE T —F A9, i, JAMEE
AR DA ST 2

processDef.thy B MU, FEE LT FAEH HCSP B 1 BARNESE 1ZAELLAL 5 T State-
flow FEXTRT HCSP #FE Pcontrol.
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theory varDef
imports "HHL"
begin
(*Define channel names.*)
definition Ch_plant v 1 1l::icname where

"Ch_plant_v_1 1=="Ch_plant_v_1_1""

(*Define receiving variables.*)

definition plant v 1 1 :: exp where

"plant v 1 1 ==
RVar "plant_v_1_1""

(*Local and sending variables.*)

definition plant v _1::exp where
"plant_v_1==RVar "plant_v_1""

definition plant_s 1 :: exp where

"plant_s 1 == RVar "plant_s_1""

end

theory processDef
imports "controlPDef"
begin

(*Define continuous processes™®)

definition PC1 _init :: proc where
"PC1 init == PC1_1l;assertion2;PC1 2"

definition PC1_rep :: proc where

"PC1_ rep == PC1_3;assertion3;PC1_4"
definition PC1 :: proc where

"PC1 == PC1_ init;assertion4;(PC1_rep)*"
(*Define the whole process.*)
definition P :: proc where
"P == PC1||Pcontrol"

end

controlVarDef.thy = E &MU, FEE X T Stateflow FEIXT N HCSP B2 Fh i F ) AR .

theory controlVarDef
imports "assertionDef"

begin

definition BR_1 :: cname where
"BR 1 == "BR 1""

definition BO_1 :: cname where
"BO 1 =="BO 1""

definition VO1 :: cname where
WOl == "VO1""

definition VI1 :: cname where
"1 == "VI1""

definition vBO1 :: exp where
"vBO1l == SVar "vBO1""

(*Define event variables assistent.*)
consts el :: "exp list"

consts nL :: "exp list"

(*Define event variables.*)

definition E1 :: exp where

(*Define channel names.*)
definition BC 1 :: cname where

"BC 1 [—— HBC 1” n

"E == SVar "E""
definition num :: exp where
"num == RVar "num""
definition EL :: exp where
"EL == List eL"
definition NL :: exp where
"NL == List nL"
(*Define local and sending variables.*)
definition s :: exp where
"s == RVar "s""
definition v :: exp where
"v == RVar "v""
definition a :: exp where
"a == RVar "a""

definition CONFR :: exp where
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"E1l == SVar "E1"" "CONFR == RVar "CONFR"
definition donel :: exp where

"donel == RVar "donel"" end

controlPDef.thy FHELEMJUIT, FEE X T Stateflow EIXT N H] HCSP #EFE, iZREE N — ke
8 BT #244& HCSP # %Y processDef H1. i, ##F2 Pcontrol? & X T — &2, H Tk Stateflow
K 1)iE Y. Pcontrolll, Pcontroll4, Pcontrol86 1 Pcontrol89 4345E X 7 RBC, TCC, &% R G fl&] M1
PIATA.

theory controlPDef
imports "controlADef"
begin
(*Define the processes for MATLAB fuctions.*)
definition Fcontroll :: proc where
"Fcontroll ==
e3l := e32;assSF1;
e32 := e33;assSF2;
€33 := (e33 [+] (Real 32000));assSF3;
v311 := v321;assSF4;
v312 := v322"

definition FMA3 :: proc where
"FMA3 == Fcontroll;assSF10;Fcontrol2;assSF11;Fcontrol3"

definition Pcontrol7 :: proc where
"Pcontrol7 == ((num:=(Real 0);assSF92;E:=(String " ");assSF93;(a:=(Real 0)));
assSF94;Ch_control 1 0!1a);assSF95;(Pcontroll;assSF96;Pcontrol2;assSFI7;
Pcontrol3;assSF98;Pcontrol4;assSF99;Pcontrol5;assSF100;Pcontrol6) *"
definition Pcontrol8 :: proc where
"Pcontrol8 == IF ((done2|=|(Real 0))[&|E2|=]|(String "LUA"))
(actRBC:=(Real 0);assSF101;actRBC:=(Real 1);
assSF102;BR_ 2!!(String "LU");assSF103;done2:=(Real 1))"
definition Pcontrol9 :: proc where
"Pcontrol9 ==
IF ((done2[=](Real 0))[&|E2[=]|(String "MAA3"))
(actRBC:=(Real 0);assSF104;actRBC:=(Real 1);
assSF105;BR _ 2!!(String "MAA3c");assSF106;done2:=(Real 1))"
definition Pcontroll0 :: proc where
"Pcontroll0 == done2:=(Real 0)"
definition Pcontrolll :: proc where
"Pcontrolll == Pcontrol10;assSF107;
(BC_277E2;assSF108;(Pcontrol8;assSF109;Pcontrol9;
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assSF110;done2:=(Real 0));assSF111;BO_ 2!!(String ""))*"
definition Pcontroll2 :: proc where
"Pcontrol12 == IF ((done3|=|(Real 0))(&|E3[=](String "MAA2"))
(actTCC:=(Real 0);assSF112;actTCC:=(Real 1);
assSF113;BR_ 3!!(String "MAA2c");assSF114;done3:=(Real 1))"
definition Pcontroll3 :: proc where
"Pcontrol13 == done3:=(Real 0)"
definition Pcontroll4 :: proc where
"Pcontroll4 == Pcontrol13;assSF115;(BC_377E3;assSF116;
(Pcontroll2;assSF117;done3:=(Real 0));assSF118;BO _ 3!!(String ""))*"

definition Pcontrol86 :: proc where
"Pcontrol86 == Pcontrol85;assSF355;
(BC _177E1;assSF356;(Pcontrol84;assSF357;
donel:=(Real 0));assSF358;BO_ 1!!(String ""))*"
definition Pcontrol87 :: proc where
"Pcontrol87 == IF ((done4|=|(Real 0))[&]E4[=](String "CONFR"))
(actDriver:=(Real 0);assSF359;actDriver:=(Real 1);
assSF360;BR _ 4!!(String "CONF");assSF361;done4:=(Real 1))"
definition Pcontrol88 :: proc where
"Pcontrol88 == done4:=(Real 0)"
definition Pcontrol89 :: proc where
"Pcontrol89 == Pcontrol88;assSF362;(BC _477E4;assSF363;
(Pcontrol87;assSF364;done4:=(Real 0));assSF365;BO _4!!(String ""))*"
definition Pcontrol :: proc where
"Pcontrol == Pcontrol7||Pcontroll1||Pcontrol14||Pcontrol86||Pcontrol89"

end

5.2 FZNIEUE

£ HHL Prover 1, AL IS5 L W1 F:
lemma goal: {T,T,T,T,T,T} P

{plant_s_1 < 4000,T,T,T,T,T; (I — 0) | (high (plant_s_1<4000)),T,T, T,T,T}.
Mz, AT IS H K ZEIALE plant s 1 IGZANEEREL 4000 K, B K 4415 4.
H T3 assertionDef.thy 1 controlADef.thy (X $& b A Wi 5 LR BIIER, JAT7ELL N A48 0

REIXPIANSCA. BAT 9k B ST 3 45 1)
(*Goal for the whole process.*)
lemma goal : "WTrue,WTrue, WTrue, WTrue, WTrue,WTrue P

{(plant s _1[<=|(Real 4000)),WTrue,WTrue,WTrue, WTrue, WTrue;

(1 [=] Real 0) [|] (high (plant_s_1[<=|(Real 4000))),
WTrue,WTrue, WTrue, WTrue, WTrue}"
UEARERE S 9 A =28
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(1) HUE B H bs R 5 A aE AIE B R R0 2 52 01 B N

(2) UE A UG A i A 2 1 T 25K

A IE RN, G 2H B R0 DR AR 15 ) 0 DU 2 1

(3) E B B A 0 A 2 1 o oK

(i) T EE1ES] (repetition statement) FIXUINYH R H A (1) 5 &4

(if) A5 FH e TR U3 25 0E 3 H A b 3 T

(iii) R HIE BRI AR B AR T, %3 A R K R A 2 H A A

BT RRIA AT PR, AT S AP IR 1 BAH SCARED, 48RS WL “http://lcs.ios.ac.cn/ zoul/casestud-

ies/psco.rar”.

apply (simp add: P_ def)

apply (simp add: PC1_def Pcontrol _def)

apply (simp add: Pcontrol7 def Pcontrolll def
Pcontrol14_def Pcontrol86 _def Pcontrol89 _def)

apply (simp add: assertiond def assSF95 def
assSF107 _def assSF115 _def assSF355 def assSF362 _def)

apply (cut_tac Ha="HisP1"and Hb="WTrue"and Hc="WTrue"
and Hd="WTrue" and He="WTrue" and Hf="WTrue" in ParallelSeq6, auto)

defer defer

apply (simp add: HisP1 def)

apply (rule impR, rule LL3a, rule basic)

apply (rule Trans,auto)+

defer

6 BESRFKHIIE

X E Y, AR — Bl kR Eh /KRG B, iR, BPXA@ES5RIEN T, 4
i fEH] Simulink/Stateflow X /= id 82k 5 41142 RS0 AT BIE 24 Simulink /Stateflow BT i 4
B HCSP JE MRS FIH HHL € BOIE &R AT TR N0E. ASCUMATEVFR] SR T o B
etz o vl B _ER TV R, R il Bk U5, AT A IR R TP A7 AR ) — BRI,
DA TTARRE A B T4 3 B0 s i R B S5 R G

A JaEAA B ZE I N RBC VI#ea5y 5, MRR SN 5e 35, A Al LU 5N 52 2% 1 e
BRI IR RGBT G OLBEAT 07 3, JFREMI B 08X BT BT BEA7AE R R ) 3 S AT TR UGnIE. O Hoxidt
— eI TR, Kl R R H Simulink/Stateflow AR E il — AN 11 1) w18 51) 22428 i) 5 4 1) R AL 22

LA

S

1 The Mathworks. Simulink User’s Guide Version 7, 2009

2 The Mathworks. Stateflow User’s Guide Version 6, 2006

3 Zou L, Zhan N J, Wang S L, et al. Verifying simulink diagrams via a hybrid hoare logic prover. In: Proceedings of
EMSOFT 2013, Washington, 2013. 1-10
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Formal analysis and verification of Chinese train control system

GUO DanQing!, LU JiDong?, WANG ShuLing!, TANG Tao®, ZHAN NaiJun'*,
ZHOU DaTian? & ZOU Liang'

1 State Key Laboratory of Computer Science, Institute of Software, Chinese Academy of Sciences, Beijing 100190,
China;

2 National Engineering Research Center of Rail Transportation Operation and Control Systems, Beijing 100190,
China;

3 China State Key Laboratory of Rail Traffic Control and Safety, Beijing Jiaotong University, Beijing 100190,
China

*E-mail: znj@ios.ac.cn

Abstract It is essential that the correctness of high-speed train control systems be guaranteed by formal verifica-

tion because they are safety-critical. However, as these systems become increasingly more complicated, achieving

this goal in practice is difficult, and may even be infeasible. On the other hand, it is more convenient to graphi-

cally model a complicated system. A graphical model is fairly intuitive, which has resulted in such models being

used extensively in industry. Thus, to improve the reliability of a high-speed train control system, constructing a
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graphical model for the system and then detecting its bugs by simulation should be very effective. In this paper,
we first show how to use Simulink/Stateflow to build graphical models for various combined scenarios of Chinese
train control systems (CTCS), in which mode conversion and level upgrade take place simultaneously. This mod-
eling approach can be easily adapted to model other scenarios in CTCS by simply modifying the corresponding
parameters. Then, we analyze these graphical models via simulations and show that under some circumstances
the trains will stop abnormally. Finally, in order to avoid the inherent incompleteness of simulation, we show
how to translate these graphical models into formal models given in HCSP-a formal modeling language for hybrid
systems that extends CSP-and subsequently formally prove that abnormal stops can happen in many of the cases
in one of the combined scenarios. Formal verification of Simulink/Stateflow diagrams complements simulation
and improves the reliability of systems being developed.

Keywords Chinese train control system (CTCS), simulink/stateflow, simulation, mode transition, level change,
formal verification
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