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FE X SRR 225 4 (b ik 5 91118007, 6110006, 61304185) i H % Bh

HE BRUBIERAGNZLETERYRARNEGMFZE, NHRKBI|ERFHT T
BOHA MR ITEAERZR. ERMEGEKLE S ERRNEURE RN TR R, REH
BRERATRANRS, EENBRKEFEARATHANRIECE R FHRRAEE. 7 —7
W, mTEVEERGARATAEN, ZTER AIEXRFEERFAT S 2o, Hi,
ATEFNRIHRBRAGNZ S, FEAGATHEHBRT 2 Z2RED/BANER. AXEILE
JHl Simulink /Stateflow 2 # T FL % & 3% % ¥ 7| 15 R AT F ], FRF AR o BRI = #4147
TRE gRAAFLEN SRERSRER, TUNTRNERER UL R H S F R
T BERZERRNTI0NMEFAATTHE, REXAERLEATT RS EIALE
FEFEREERHERARAIAL. ROUTIRK, 7 BV ZIEIR, TRALHR TEAHIR
A BT T &M, A ERBYARIEELZERRRARRITFEEHLEN. Hlb, AL
FANTEFFEENGREHRATTHARIE, RIEERIERA T EEABATHL T ESEF.

XA PEEREBIERSL Simulink/Stateflow 7 E HEXEHR SHEE HAMRIE

][l

1 3|

IR A TRE, MR, Kie®, K ES RIS, R @izt i Bl RFaL vt fer s
KPR s fbial, 20a g A OOt SRR, FRE S gk g i R A R B N R Bk SR E AT
R R kB, K R LA AE B o A 2/ NI DR AR T B DR T A 87N RO I AT 8 Dy I v T Ak
PRAAZ 2%, AT AT, DA s Bk 5 Do O R BRI A2 A0l P ) A, R R 2 B p e R RPN
RIS AR. RS R KRB RG LA, B T 258, 28U 0 SRR, H A [ i Ak
IR RGRRIEY IR, SR, ZATISAT R SEIEA, BT DU IR S Bk 5% R g A A
HIEE L.

BIZEIBATHE R R G MR SR B M O AR 2 —, 22— MNMREMA THH, BEMEHN RS, FH
B R R MR RS, B RGFAEATE R A AT Be S EOR M G R, 2 — M A R E EYEE S &R
43 (Cyber-Physical Systems, CPS). 1, 2011 47 H 23 H R ATEEM F R F L0 LR E R L. ©
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JH113C (Computation, Communication, Control) ¥ ARFIANLELE SR EVME, SLH Ei2iT S5
BAZH ARG SEIN AN, ShAEHIAIE SRS, BB 5 41817 1 AN K2 = (e 47 I i 500 2
BN, M, POE M 55 4 (8], B RS8R 2 E] )RS HAR AR LR R, (5188 R AT 45 R 4t
FRASE, 5T 20 R 1 R 1S A, IR FBON R G AR i AR UE 1) B AR FE S R . %1
FIBAT RATEHIFR R B AT M R I BORIRE, 2 KB 4 2 s AT R BOR R 2 —. I 2
IR DR 5E HO B 2R3 AT 22 A R 2 4 T HER, BRI S ORAIE A BB AR AE ELAH P JE I 75 Heak, 22
PRAERR ISR HE S G2 RE 8 22 IS ATE 40 € R B by PRI, — BURAE S, AR AR 1 RE 0% SR BURH 2820 4
AN 2T R A R AN fE R

1.1 A EZETTEK

A ZRT TR TR NG BB Rl & R G5 T O 4 R, R AR BA TR VR AR IR R G
ST ANIGAIE 75 THT 45 R, St — 2 rh [ ol BRI S R G R, 07 5, TR U BN AR F —
PRI T, T3 o [ s 2k B A% R G R P SE k. B

Simulink/Stateflow|1,2]#&MatlabH — > B ZE ) g ML 204, A Matlab ) 58 K T 5068 7) SCRF, £ T
WALz, A RIER T 2R, e — R A BB TR, W A EU AT B, JF 3
FEOT R, T DS SRR 15 ST AR AT, CUEHEER AR 2> R B KR, B0 — R disl B
b FRvE. R, e AT LORE S LR R A R N CTE &, A BIFARIT A A, il &%, R
HSimulink /Stateflow %} #1145 R Ge AT @A 0 TAE. F2 0, FRATE 681X B A b E Snd gk 41
FERGRIRIE, 32 H —Fh— B PESimulink /Stateflow U RIRELE. X =y 8k B 5145 R AT EVF T, 46
G T B AR 3% S 8T T Simlink /Stateflow 88, - HLAH FZAS B 6 — 4% 31 = 9 5 4t
S E R T OLREAT T3, RIER 3 H 00T 2 MBS IR 15 22 DU S5 G 4 R MU B R

Ji—J5, B AL RE AR TS A5 1A 55 S A\ AL RIS [8) Y D88 3R G4 o 353 2 265K, T
IR A NGB A LS 20, JF HIX e RGNS AT W] RE A I R PR, i LR AL T, 17 AU g
BRI ARGHR, NREBIEW RGRA R R BN TZetoR R %, (U B TGIERIE RS IE
. B XS Simulink /Stateflow B RUBEAT I XSG AE, 1E 905 A —MAb 78, ZIEHLER.
G UESimulink /Stateflow B AR R (1 {5 7 2 it — M 2E LR AT X% 208 RS IEROR.
1E[3,4]7, FA175 A4 Simulink /Stateflow B AR B 45 i HCSP[5,6] T ALY, FF48 FHHHL|7] J2
5E BRAIE B 48 8] R AUIS IR AL Ja M OB AT o5 — kg . JATRAE A A I 57 091, il
AT A5 FH b3k 77 0 LI 45 9 T SRR P R B e, Je b4 R WIFEAR T o N N YA RE IE R 45 4.

1.2 #xIE

N ZFRR R G @R, AR HIR 2 @ EE S, #101: Modelica[9], HybridUML[10], B [& H 3
WL[11], VR E 3IHL[12], Esterel[13], %5, Modelica[9]5 Simulink [F] & B AL 2 BIEF . B —
FHEE S, KR B B, B R SRR @RS A2 i, ISR IR, H2 B BA 2
T-Stateflow X A B45 Hl I B AR T 5L, By DAXH% )32 48 AR S P LU 55, B SR Modelica i FH B2 A0
BRI O 1) A AT R A, (HE T X R AR Uy AU T SO, RIS B, AR50 R AR A
HATERL. HybridUML[10] 2 —FiXHE SR ST B EBIIE 5, B ET ARG UMLIKREY &,
UMLYE DML AT 32 A8, P SEaE AU . (H R HybridUMLAN REREAT 05 B, R REBEATIRAE, ik
AARKHIPR . Y%A B[ 12)52 B BWLIETR R S8 7 TH B4 &, 2T rl A SR TH R & P e TAEE
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RIIFCRN, M Z. T HWI SRR AR BN, 5 THME, (H2eRA KREEMITHNEE,
HAENEZ, RDEE KBRS, R, BA BB TR ICR, ARedr i x, IWRBRIEH A HA
EHTRERRB RS, Esterel[13]/& — P TH [ FEP A W ERIE S 595 WHFED R s 08
A, MEsterel {5 54 K1k 2 I, 120 ] g FH A R FEA AT LB Z A5 S BT A BRIX. Esterelfff
A A ML T Scade 140 Ho b 47 2R, 1% T HA sUOARIS ol 3& A T3 br R4t 80 T RITF RN
TAiE&E. 22, Simulink/Stateflow @ ESEFABVRRRFIER, StFMAETA.

W ANE VR 2 55T ik i 9115 R G0 @ URIIGIE 0 AR, BI40: PlatzerZE4E [15]FF —Fhd T
T AN AR B PR 2 B2 18 4R SR AT BRI vy 3Bk B 2 4% R e adb AT AR, 43 BT RRSGAIE, MR vy ok 2k e
FE RGN AR AR ORI TV 2 A TR T, S AATIE i — A e — AN ] DA IR B 2
AR T RS, DAk W Bk B A1 3% R st B A TR 2 R AR 3 500 o [ ey i
BRER S5 KRG T A AN G UL, B n: 7E[16] T, 1E# 45 G UMLIEN ST 2 B 2 SM VAR R G 56
TR, 32 T —E51E RGN @R S I0UE k. A7), 7E 56 FH Petri WX i 2k 2% 51
5 R GA5 A R DB AL I ) Ik 1 AT AN 0 AT N CT CS-342 F14% R Gy b (A e S 801
FRAL T AT AR

g5 b br, HENEE A — B w55 R AR E R EE, &, BN@ BRI T —k
(77 vk, ARSCIEAR TX 7 T 2 AL

2 BEER

IR, RATEAF R E ek #5145 248, Simulink/Stateflow ITHCSP LA KX HHL] — 475 540
P, TRUNFRAT OG0 S5 3 e R QG 4 A 285 6 (03 35, BT DARAT T T 28— /N AT RIS /N A 28 1
RS T4 R E RGN EAEAR R EH T AR, 5 =/N 15/ 44 Simulink /Stateflow, 55 P/ 5/
ZAHCSPAIHHL.

2.1 SRKBIUERGFRTIR

b E B 42 ] R BECTCS (Chinese Train Control System) , HR¥& LA JE U, M 1, S S PR H R
LR 73 5% (18], Frp AT O NN EE D

1. CTCS-2 (C2) &

ST HUE SRS B P BAT R R S, 1R Pl T M R 2, R, Rttt
G T A AR B, M A ROl E S AL, ML AT 4. il T RPN g
O, WRIEZN G 5 SO0 B BOIRAS, THEAT 9T RSP Gk L i 2ot Lk sn o1 4. A E R
g T R s AR E LS S, BB AL, LRt S, IR (5 255

2. CTCS-3 (C3) 2%

FF A S S, R PUE BT AR B4 5 S R8T 420 R 4t 1 A5 T4,
e JHUHT AR R IR LR i, BT JC A (1 [E i A JE BRE L B B P 2. CTCS-34ECTCS-2f1 5k fli A
TARZ k. T EARBAE A O, AE RAZE T AL b
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2.2 CTCS-24F1CTCS-34% THER LA

BNER I EHE AR RS, LRI ROC2 TR A (Full Supervision mode,
FS) , H AT E 0 (OnSight mode, OS), #4215 (Partial Supervision mode, PS)H =, LA K& C3 T
IFS, 08, 51 43 (Calling on mode, CO), B B (Trip mode, TR).

1. CTCS-2 P24

e M IEREC(FS) - 7RSS R MU, FUS A3 & N e 4 W7 87 22 o B AN 22 o B 7 fRAIE
B 2 o8 i L e o] R T, R R B, A R I B PR A5 SR A BT ER T, AR R H AR EE S
HESE PP IR 2k ISR i P m G B, S T LU, B Bt 5 S Sh el F #1130 ar
4, IR, 2R8I IS DML /R S A2 Sebrod B2, SV RE, H bmd BEAT H bR B9 4545 5.

HAATERRK(0S) : Ei& BT EE SEA EANHERN, 5 E2RE T AN E L %
AT R i e e N B AT B BT, S92 308 & /L INBP (normal brake profile)
*920km/h IR 2K

o i (PS) - T B AHE BRI R AR sk, B T e R A 4
BT ER R, DL R B 2 FOTE R0k IR 5| S0, B R 38 4 10 AR BT e S
o i

2. CTCS-3 A4

TR IN(FS) « A A HA ) 4 | P 75 1) 4 S B A B (06 B 2225040, AT 420w
AL HE KR ) I, G A il B AR R B 2l B s B i 2, I i DMIE /R 91 4238 473
FE, FRVRERE, HARHE A HAREE B (5, M5 42 4i8qT.

HAATERR(0S) : Eai& BT EE SEM EANHERN, E5E2RE T AN E L %
BRI ZE B a8 e N B AT 2o, BAAT 2R aUTT, 28 3 o 422 ] o B A1) 2 40k /M #5142
BT, PIEAREAT — I R A —IK.

SIS (CO) - MG FA5 AT E R 0, ZEEBE &2 A E b B 5 378 40 3 42 il A =X
4k, Il DMIR R A FIS AT ML, oVl B, Hhmd BT H bRIE 5955, 4R & 42 ] e B i)k
FE40km /W32 5 R 4T, RN STAES ZR I AT IR A BE o A A% L.

BB (TR) - FIEPAT BB, 8kt N BB XA 7 22 B al3h,
HEEAFIL

2.3 Simulink/StateflowZAH#E &

2.3.1 Simulink/\'43

Simulink[1; MATLAB#R HEZ N 1F 2 —, iRt MRS RGUERE, i 7 MERE 2
RIS, fEZM BT, ER KRB SR, A 7 ZE R B AR B0, i AiE B 2R
RS Simulink & T 207 RGN RG2S HARE AR Bt TR, = rad
FEPUE SCBREBLE . X &4 Fhsgid R4, EARIEIR, 2], 55 402, WA EA G A A S, Simulink$?
Bt 7 S B AR AN AT 5E il B okt Hadb AT ek, P75, SAT AR
5 B N 2L
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Simulink 5 84 /& i1 — 52 91 AR R ATE 20X SEREH I AL R B MR AT L — > Simulink A5 Hk
JE P B, Rk T A Nt TR AR AR, BT Do s TR R T R . A X
L PR R A 9K 2R

Simulink 5 848 7 HH = #B0 AR IS 55 (Source) , R4t (System) PA B (Sink) .

L. HINE SUEBLEE (Source)

B NS S R HUE R A RR R N5 5, IWHE AL, EREDHE Mt 1. 124!
Constant, Step, Ramp, Sine Wave, Signal Generator, From File, From Workspace, Clock, In.

2. RYGUEHLE (System)

RO T EAFRIE SR, B, Bea i, BRI, 55 AR, RGE. &
AR B Integrator, Derivative, State-Space, Transfer Fen, Zero-Pole, Transport Delay. 25
BB = 226 Discrete-time Integrator, Discrete Filter, Discrete State-Space, Discrete Transfer-
Fen, Discrete , Zero-Pole, First-Order Hold , Zero-Order Hold, Unit Delay. #{2#AEH T 34 Sum,
Product, Dot Product, Gain, Math Function, MinMax, Abs, Sign. &R £ 2H: Compare To
Zero , Compare to Constant, Inteval Test, Relational Operator, Logical Operator, Bit Set, Bitwise
Operator, Bit Clear. 155 AL FFEF: IC, Bus Creator, Bus Selector, Mux, Demux, Switch,
Multiport Switch, Manual Switch, Selector. R E A SubSystem, Triggered Subsystem,
Enabled Subsystem, Function-Call Subsystem, If Action Subsystem.

3. Pl (Sink)

PO F RSO S 5 1, WAt O, (g 2 — AN . EZA: Scope, Dis-
play, XY Graph, To File, To Workspace, Stop Simulation, Out.

Simulink A5 A FLAT A E 23 BT LAy i SR AR HORT B HOBEH B . Simulink A5 284 (1) R/
A —AFEART ], & B HUE G B - 180 R 707 A G S AN B RE AR (] 21, IR AR
Vi) EH G RYRASE R R R AR IR (] T BRI O 0 SR NS AR AR 6 [R] 20, SRR X MR B, it
AT NEAESNE; IR — AR X, RN B U, AR R x i A E E T — IR

KZ HSimulink BB AL 5 L E 280, AP T DLUE S SUX Le S HOR RS AR D) Be. Hhan s
HURE T DAV B o U, AR AT DL B AR, SwitchARER T DA B 45 VR 145 5 28 B R 1.,

FA 7 Simulink 7| Hr g Add BB M In, In28808 1 PN, S8 nidas s A 45 5,
B Out 1 . ZAE A 1 Inl, In2, Outl MIAddZ> HIR R T H S S8, s ST 5 R4

2.3.2 Stateflow/ 28

Stateflow|2] 72 Simulink H [ () — A THA, &£ — TRV BRI @24 & FI a2 48
R IEBEAT U7 EL IR, Stateflow FJ LUK IR FRR A R (B FDIRASFe e B, AR B, RS
BRI FAER) S5 EAE— I, FXF RGN FF, BT 0 a1 2% 4 DL AN A 5 10 s B 7 AT 2
B H AT DAZEAE FH Simulink £/ S, A8 X Rh B A TR SEILAAIRAS 18] (R e 4, o 5% (1) 4%
AT R

StateflowfE 8 T E H FHBEES, IRE, &5 SRS TFEA K
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/Al state11 (state12

SRV
state111 state121 state31
ED; K |
|n1 ;|—|—/
+ Out1 N

In2 state112
Add

S B

state122

NN /N

&2 Stateflow E¥*k

Figure 2 A Stateflow diagram

/AR J
i A ,l

E1 Simulink EZF*
Figure 1 A Simulink diagram

1 HRRES

PR RAS A 1 T Statefow B b A 0 BB AAIAE RIS | HE SRR B
G N RS B, 2002 IS SRS A R A SRS R, 1A0R  E E
ORI A ) S A

RE

RERK T RAIAAENIE M. 7EStateflow T, RS A PFATN: TGN (active) FIHETE BN
f(inactive) . T EAX—ANREBATIRL, BIEARX SRENEREHZ LR ARSLEDEN, 1R H
AIAE T B IR T S — A FAF B BT BB, —BERm T
name
entry: entry actions
during: during actions
exit: exit actions
bind: data and events

on event name: on event name actions

AN HZIE (entry: entry actions) RN KARISIERE, WE 1T 1ZREH 75 ZHATHIshE. H Al
z?j]ﬂE(during: during actions) FTR AL T IO PR 32 21— AN FH AR B fik o, AAEE NIXANRE K
'L‘[’J'E’J*]j(%tlf@ﬁ, RS AT T BOF RS T EHAT RIS, H DZJJVF((%XN: exit actions) RINAFAE
MRS A A RCRESIER I, 2R ZSR AT 30 . Bl FAF 9852 304F (bind: data and
events) FFEIE AP E LIRS B 4052 %0 R REAE MRS B IS e s, JURES
RAESU . 205 M F 0 i HORES BUILPIRES T #. 55E FH A 2E 2 (on event _name: on
event name actions). event_name%ﬂ%*ﬁ*ﬁ%ﬁ@%{#; on event name actionsR /N M IZIRAE 2

Bom RS Hevent _nameR5E (IFAF A LI 7 ZHAT I ZHAE.
G

25 T HR RS E R L AR IR 5 1 B AL & B A 45, RS RRAS Z 18] 1Y
IR AU LI ] I, T2 — DRI AR 4.
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4. IRFE
WREITHT— B TIER MRS S 45 1, BT BARIE, bric i — OB 2080 T Y 7o 4.
Event Trigger[Condition]Condition Action/Transition Action,

fil & S (Evnet trigger) £ FAHES T —NIUR, EATBFH—# 7. %15 (Condition)
fe— Mi/RFIE I, SR SR I A SRS T 56, K F A (Evnet trigger) 77 BL
T 5 AE R 2, R AT (Condition) NE, WHZARE T BB, FAF3)1E (Condition
Action) LB (Transition Action) #&{f i MatlabMJaction language 55 FIAXAS Fr B, 2A43)
VELEIT RS R I B S B PIAT, T A2 SR 2T 28 i RS I BALRIAT, 5 4 25 A7 —
BRI, FFAZIE RS I A B —AIRES, B B SRR P AT

Stateflow 5 8 B AT 2 AL HIEEE, 1E 3 Stateflow IR &5 AT i N — > Stateflow T K= 5 Z0R &
AT K. F—ZXH, A PR R (OR) 3 4T (AND) I, B FRA Z [ m] DME T RS ET %
B, MFHATIREZ WAL I &R

Stateflow @ K ) FEHLS], 24— AR JEET, FEATIRESIZ BTG T 5t fa Bl 2
ZHEEA, ERRESMAETERESER RN H R RSB AN S G, T T
VB FHR T SCHIGT, XPIRZS (1 BT A A6t TR RS TR 2, n FRZoE B 4% e i h BIA SRS
WHAT XS LIRS BNAE, 156 Bz be S0 37 A0, $ IR T50E M XS P96 ISR AT R 2, dn s
ZIEFE N 45 g B D) BIIA FEAIRES AT X RLIE RS NAE, 56 e FoaF) 3, a0 FoR T8 A i
Ih, MIBATH I SE. SR A A S T BT 3. DRSS e, &ERBRE
FE RS Z R SL R R AR, A BA0, BATIRAS H O BE 2 LR R R, SR 5 WA, 30T B Atk
SRINABIE.

El24iiid 1 —/Stateflow R ZE G I FATHRES AL B, FRHE TBIRIRE. RS ARR
ABH AL AN IFIRES, EAEREMmE 2R, B2r WIE 68 =R ot: DA

®

[AERE; ARAS21 BIS22MT AL NIERE M4, ZITM MBS — D Ei A

2.4 RALCSPEIN
2.4.1 ERLCSP

HCSP (Hybrid Communicating Sequential Process) [5,6]7ECSP (Communicating Sequential Process)
(R B 5IN T 138000 J7 R DA IR CE VR R Gt vh R BB AT 0, FF RN 5N 2 Aol o AT L] (Sf A o b
AR SR Wr—ANESERI AT 9, BEMATESL AT A B w47 A R ig4T. HCSPRE
I 218 2 8 (IR BAT A2 AR, JF B A CSPm mT A & PERRFE, & — AR 17 B FH SR fliah K2 2]
ARG A ERTE .

HCOSPHIEILATF iR

P = skip|x:=e|ch?z|chle| P;Q|B—P|PUQ]|P*
| (F($,s) =0&B) | (F($,8) =0&B) > [ics(io; = Q1)

S == PSS

PERNIT R R — R IR TR, A — D HARRE, Fomie RS BT IR
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ERP P Q,Qi, SYINHCSPRAE, afls N AL &, choNIHIE 4, o, NIBAE HAF( Fi N ch?2El
i Fchle) , BRle A RFIENFFARIE . DL EIEESE AR L TE FRR IR skip A HAT
FRATHAE, SLENR L & = e ¥ RIB e MMAIRE 2; ch?a AIEIE ch 3 5] —AMA, IR HIR L 2; chlekef
R IEFEIBch; P; QePUTHEFEP, it fE P& LN $AT#FEQ; B — PAEBRNEI $ATP, 57 %)
&b PUQH RGFEHLIE R PATHIE PIE 2 Q; P*RNHIRIKEZPATHIEP; (F(5,5) = 0&BYRFE
AT BN RE, Z o i FE A DG A B UE b AUE A /R RIB N BUR A B AR, 5 WX iE A1) SR 2k
(F(5,8) = 0&B) & Jics(io; — Qi) F(F(3,5) = 0&B) AT FEFEA —5, (H 2 24315 F o, K AR 2
SEZPAT I R FRQ,, BT & — HPHUT B i FE L A 1k S, || So Sy Sy N I R RS, TEAN R B
TR ARAT % BB, 2w SN I8 T 7 2 R P PAT 2l IR, I R Z (A AN e A7 AE
S A B B S\ B T

2.4.2 SRR HoareiZ%5

FE[7)H, FATELAEZ M Hoarel 45 5l A7 52 A XM & THOSPRIIE R 4. )5, [81# 1%
#fEIsabelle/HOLH 5L B, JEHHZ L HRIGE [ b R ER P RG 1) — bRz, st A —
AN B BLA 20[19,20] 2258, FH TRk 28 GEAE $RAT IS 18] X B s 2 PR L. E VR il HoareiZ 48 (HHL) H,
I 3 L P 1 R AR B = I {pre} P{post; HF } KKk, Hpre, post, FIHF 73 B3R RATE &M, J5
B, AP a. AT E S B A B A RIS, P AN B A k. X T
R RN p IR 40 oK.

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

Hrpre;, post, FIHF,; 73 7l 7R S5 A BERE I AT B 261, J5 B AR P st A=

3 EMiERHERTE

A THs B Bk R I 4% RGAE G P A UL S I AN b i K AR R v S R 4, 41
EERINVHR. 515 RGN AER, AR B IEIN EAEC2HM O34 NI4T, BT AR & C24%
YRR ECIHHNIERG, 53] £TCC (Train Control Center) , RBC (Radio Block Center) , 3%
VERRRIE R T R, Ml REFRMM I ZRE, PUIE G, InPRIE a4, BB BOIRE, &
BB ST S A A I N SN SR AT VT S G B, I BAR I 4S 2R 8 A A B 51 ZE 1)
BAT. BV EIBAT IS AR, RN AR S G847, 75 450 AN [F) (1S A L S .

K3 R BB 12 R A N Stateflow i A HdpCogi 4z i, C3gzhil#s, FIZER ALY H 7
A ITCC, RBC, TrainflDriver/UAMIRE R R, XPUANER 73 EEIEATHAT, Fr LR PYARES 2 18]
R BNIFAT. SRR IR HFE AN RGO EEE, T30 /G REEEN, B
fEStateflowSMEH — N7 RGRER, WEIAPIR, XANT RGNS I, 4 o2 s AR 5,
T AR B, 23 AT NE AR 73 s 2, T B AR 73 B

e E s ia g 2 TR AR 24k, ARXAMER G, RAOTFR =B E & TR
Al (Movement Authority, MA) 3 5%, #2825 E e T FE#E AT I8 4%, Hd i MAFZ Az il 71
AT R, BRI 5, IR AT R T LNC2 L B C3%, s RE R T Hm = — g,
AT 5, FIEAEA RN 2 A RIAT AR, ARSI AN [ 8 20 ) 1 e 4
AARRAT . T HERBATSVEGIN X =5, RO SO TR S5 g e e R s ekl 4

8
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. - - - - - - - - - """ - " """ ""”> "> "> """ """ """ """ """ """ »"="”-"""»"="-"="-"="- "> >~ =~ <
” Train e 4"
—— \
0 <%{vmspo,} I /i [vawe0d I
ch_ma2_conf{changeMA2()}
301 1 ch_ma2_conf{changeMA2()}
out() [loc>=s21]{fun_ma2_move();ch_ma2_app} {out()}32 floc>=s21]{fun_ma2_move():ch ma2_app}
ch_os_conf[CON_LOST==false] ch_lu_conf ch_os_conf[CON_LOST==false]
B {disma2();acce=CON_A} 4 {disma2();acce=CON_A} =~
= o)
% 3 th.0s_conf[CON_LOST==true]
61? 6 5K Ju .disma3();acce=CON_A}
[ spepd<:
[speedx=0.112 == 4)&&Cos== 1] {cos= 0;ch_oS\app
{cos=0;5 :
flr>=
2 fi>
{accesCON_A}
o6S< 1000)/ch Ju_app

v

N

<7 [loc>x1]{level= 4}

G

~

loc>x2]
level=3,Idisp=3;}

level=+
cos=0jch_t

S —

£437N-

{out();

{vdisp()}

2N

I
\
[
[
[
[
[
[
[
I
I
I
I
I
\
\
1eh_ma3_conf{changeMA3();} |
2_conf{changeMA2();} |
[

[

[

[

I

I

I

I

I

I

\

[

[

I

lac>=s3Y]{fun_ma3_move();ch_ma3_app}

logx=s21]{flun_ma2_move();ch_ma2_app}

ch_os_conf[CON_LOST==false]

'
o’“'\-—:CUN—A;——/—_D
3 {disma2();acce »

{acce=
\k y /
N v
R -
77777777777 N —— - = — - — = = — —— - — — - —
/ / Driver N [TCC ,
‘ RBC C252a37ag%%0‘ 1V 3 | ch_ma2_app / 2‘ MATLAB Function
de‘\f’;zr) o000 I ‘ sn2=loc+ 8000 ; [ t
| ) ; Ly ch_os_app/ch_os_conf = add_v2 () ; stop
‘ ch_ma3_conf | ‘ ) ch_ma2_conf ‘
\7 >“ ! ch_co_app/ch_co_conf L >: _
‘chflufapp /x1=2000;x2=5000;ch_lu_conf () > P MATLAB Function
-2 = J out

MATLAB Function
fun_ma2_move

MATLAB Function
changeMA2

MATLAB Function
vdisp

MATLAB Function
disma?2

MATLAB Function
add v2

MATLAB Function
fun_ma3_move

MATLAB Function
changeMA3

MATLAB Function
dicma3

MATLAB Function
disma3

MATLAB Function
add_v3

E3 JliER%

Figure 3 The Train Control System
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" Z I "
T T T
RE LTA LTO
C2 area C3area

jiont area
VIA‘ MA1 | MA2 | MA3 | MA4 |

C3MA|_ MAL | MA2 | MA3 | MA4 |

MinMax v

B4 mHhHR%

Figure 4 Speed system

E5 FREMIAT

Figure 5 The scene of level change

FIRE S A 1A, DRI BRAN TR AL A8 5 e AT S0 A 405 45 1037 57, e T S5 0 A e sl AN S i
RE[F] AL

3.1 1THEIFA

MAE S Z BT AT ERUE. MAZ SURTR I EM R AUE T RIS, — MTET T aiEZ A
EEE X B, A X B — AN oo FRoR, BRI

MA X Be={55 2, $X, B AR IR &, 5% Sl 3h A Nl B S8 A Nl FE
M TRt ] DLAITE, #1420 AT R3S B 81 2 2 i) A AE i) S5 A U vk s, BT i) 28—
THMIES — T, B A0 R C248 5 C3RM 5L, 73 1IR3 R, IF H A FEJEFS, PS, CO, OS, TRTL
A, A, 2, 3, 4, 5K,

P EAEBAT IS AR AW HIMAG R, A VERE S EAEIB 1T — AN X B2 G, 2R TCC (C3%
T ARBC) HiEHHIXE, Kitich ma2 (ch_ma3) {55, TCC (RBC) #E1ZHiE2 G, HAEEIIE
FRYFHIAL B RBIMA, I H & %ch _ma2 conf (ch_ma3_conf) FFFHIMAL S, tITCCH HITH
MRBCH T L. SRS FIMA L 5478 55 R A MA.

F o= AW AR H BT FIMA TS 254 80 8 B 3E Bl 5 3 AR 71 22 1 e 2 26

1. ERASIEE il 28 (SSP: Static Speed Profile)
IR X B BT e etk P2 PR A 2L s, 0475 5 SR 2 o N JB2 M 1) 2 4 A\ B2 3k
PR )
2. BHASH L M4 (DSP: Dynamic Speed Profile)

LI R SIS N LA TS N HIZL, FHMA R H bR e B AN i 2t 5k, 41
TEAEIBAT B RE A AR N 21 75 DRAIE A B Rk A 58 i R AN B 25 B s i 26

ZE2FZN NBZ (EBI: Emergency brake intervention): AR¥E H brifh 25 IS Sl 2/ Nk
FETHEEC MR T8 B2 M 2, W SR A 2 A i B T SRR B N 2R, A1) 2Rl 2 D R
JEHEAT B 2 5

& AHIEN /T NBiZ% (SBI: Service brake intervention): JER#E HFriEE B A1H H Hl3h/ir NilETH
SR PR A 26, Wi B 4 B AT B T B N 2R, A8 R ELDLE B
B B AT 1) 3.
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U1

V2
0 S1 So 537 S
E6 MARS

Figure 6 Example of MA

AR SR 2 ) 2 i P 5 e L T Bl NG, I8 AT 51 4 A s B2 5 B Dy s FH A 50 9
R AL i KT B 2 ] FA) 2 AME

FEAS Y e 3RAT A6 P out bR B0TH 51 22 24 i 2 7l i EBIE % SBIL 4R 7 EBI, M4 &eout 1A
WAL, WIS 7 SBIL, MAE Esout FIME W A1, 152 )5 R o 43l 5 & eout Flsout 1 4H 15 BN
Ha. LB ATH R — 2B B0 BT A MA X B 16 FH 3 O\ 2680 Sl 3 N il 28,
B — s EUT A MA X B 5 Sl sh A N it 220k A7 B 1) e/ IMELVE A 24 11 5 2k 3/ N 2, BORT
AMA X B 30 N 2 xf WAz AR e /MEAE =4 118 F H Bl NGRS, SRS Y i X
BB 2 B A N e A A B/ At 2k, LRI Z 218 AT b 1) B — ZI AR AN v] LURE R H AT A B AE AT
—AMMAX BB AT 2R S 3 N AT F 30/ N IR, XA R 4 SR A ZEAE XA X B IR
BT, MiAZIE R A X B R E FE F R

K62 — N =AMAX BIIE T, B Rs1, s2, ss20IF. XA, FRAMBGA G — > X BRI BR
T & R N, 2 J5 i R AR S0 A EFIMA X B VIR, B R T Bl s i . K9
[RI7S 2 B 7 AR = AN MA X B B Hh 42, 75 2% it 26 (3 fa — B 5 2l sh /e A i 8 A0 F il
AAANMZE G, BRI S S 3) A Nd 2T I 3h /i N BT Z0) 20 nlER =M MAX B s
HARE R 28 0 H 515 2 (10 5 2 Zh /e A SR I 2h /e A 22, fldE s A A7 Esh A
Zkv? 4+ 2b s < next(seg).v} + 2bseg.s, X H FInext (seg) LRI 4 N —MNEIBITIIMAX B, bR K EH]
IR L, seg. sfRFX —BMAX B2 AL E.

3.2 FQEtin

SR RN E RAR EEINRE L —, FIE O L BE HE N C3R LR 1%, 75 B 8] a2 Hh s 3 AT %
. EL LR, N 5E R TAE A $57F M 2]GSM-R (Global System Mobile-Railway) %%, S5RBCE L
521, MRBCHF RGN E S BT EW I EER. BECIRIBEFM ARG, FH s HahE
ANC3 TAE. s s, FESRUT:
L %5 GSM-RELHEHE, SRBCEIEE &1
MNC2Z 4% 2R3 4 Ry CIR A% 2618 S6 N S R 3 A% 5 GSM-RIF {5 E .
TR A 5 GSM-RIM 28 G ST I, AN C20 6 4 N C3Z N 3 3T ZF 3 ke £ H RBC IR 23 1,
NIELE R XN T Ab 1 B RBOIEE N A 25 4L(RE) |, 12N 288 25 41N [m] 42301 0 51 25 R 3% FH T 3708
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BRI, P A AT REREAANEAEC3Z I 70 3L, XA R B B E — > 2 1 R ALE S
RN E AL (RT).

RIFAT AP ]

C3Z% R GE N A 1) HIERE N C3ZR X I ) F L3R AT A2V ] . C3R R G AE 22 e 4dd) i mip M — ik
R IR XA B T 0] 2R BB A AR AR A 2 I 1 0 [A)  H F0T 57 B 25 2% 2H (Level Transition Announce-
ment, LTA) . 45 25 57 il i 7075 RI& 2 41L(LTA) I, R38R & MRBCH 5 5 ZE AL E, RBOHE I
B € HI BRI IR 2k %, SR 5 RS C3R A% i) X SRR B B 15 6, 1) R 3R & AR (L AR 2 i 2 L
AT ZEVF AT (MA) KR EHdn %, P AL RIA il AT 4 HO2 R R G4, LR & R 1
BRI SRR I C3AT ZEVF AT (MA) FHAE HIE I 02/ C3 A F - ¥ BIC3R R G ERHEH . 73R
AT RV V] RIS UL AT IX BU B N, 51275 2352 B C2A C390AT 22V T () SL R 425 .

PATER

5 v C2/C3RIA T, IRIEBRBCOM i & I B A& CIR ARG 560, HRi &K H

B NC3AE TR AEC2 ) C3L R e #30 F 5 B e 4 AT 48 2H (Level Transition Operation, LTO)

) S 42 RE T B IR RRAE S G il G e A C22 e iy SU VIR RIS AT, C2R R AT Z-VF W]

AT C2/C3A TR 2> — A e B BB RS, 2 JEEC3R RA LR, C2 A&
EH IO T 5 & TARIRES, AR A4/ H.

K3 Trainfi B 7 1 35 G e a7 5, B 1 DU AN IRES 73 mARR BI 4E18 1T ZEREZ AT, RE

FILTAZ[A], LTARILTOX [H], 5HELTOZ FIUAM . H—AFr B 5 1EH B ahizir, B3
AREEER. B oA B, 71404 SRBCIEIIGSM-RM 2 . T i%EH:, JIZERRBCHRE T HAl
P, FHE] T RBCKRIE PSR J L3004 sSRI S5 ZL 3hAT s 7 B, B R QR SRAEC2MA TR T, B
FIHIEFTELTA. H=A B, 5146 B LR BIRBCOK K HIMA, 5 ZETFUE 52 3 C240 A1 C3Z% (3 [F4%
i, ERBIALTO. W H 2 86 9 i e i I 645 55 U s ), B 5338 N C3ZRIEAT .

3.3 1ENXiEH

C22¢ 5 O3 IR A AT — LA R HAT N7 3, 3K — /N BATRE 2093 FEAI - 4R C220 1 I AN C34%

] AR A
1. C2Z M s e

P R D L, (AT APSIR . 25 R U B RAT G-V rT A A O OSI, 21 22 A8 n] LA
FeNOS, BRI I FAEIROS X BORIE S, Bon BT 228, MmlblZs 7 BT 485, 8
A NOSHE . JA M HIF e B I HURE IR K Hich_os_appfi =, RINUBLRIENC R Z 5 7151
TEREBR [Flch_os_ conffF S R OSH A H AT R 8F SRITRE. S 445 5] 3 X IRT BLEA 5]
FIXHIPSHEI, EAIHRAT AR S PSR 2, HA2 BRI L PSH AR, N IR RS
EATREBATHIN, R Ed PR B VR . A Bl s B, 514 R S B F S
AT VPR ] U AR S, B3HPIL, 12, I3ESEB 1k st s 4.

2. C3Z et

12
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BN B AT VR AT O COIY, B ZE (AT LU N CO, 58 NI 26 A A2 51 4 J5E P A1
BICOMA R SV L, JF HRIMLEEAT AN, BA T 51 b i) =] HLBEE A Hich coappfii 5,
A HUBRAE UL B 2 J5 m) B e HUR [Flch o conffE 5 R A CORE AN H MAT EE R FE. 4
F RN RIAT G-V TR O OSI, B 48 m] LLEE N OS, B N SR A EAEFROSIX BUAR = 4,
o BT R, R UL T BT R, (AT DL NOSHE S, BT A AL T 20 S C22
— B A AR SR, P E RN BIFSHE A AT R VF AT AT DU ARSI, 2451 R 18 4T 0 55
PR I RN BIRBCA IS 4B REMA i 2, H B 2IC340 T TR, XN 71 E AT R &
5l SR RS R R R MR — . TASEEL T X S e e

4 RRIUER

FIREER A T 3R AR AT, W B 2, BA T DA R A S L.
SIS AR TN S EEMAVIRERESEIES UG B, AT A [F 4 & 15 5
BEAT 073 IR S B B (R UM A3 R R AT D9 e Ak,

HEBHIIFR

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

C2PANWIIEMA X B AN C3ZANWITEMA X B AL B I A—5, S5 BoR. C2ZMAMREZ B
TG, (HZC3HMANLILLTAZ J5 146, XK AA LI LTAZ JG 5 F A4 #U3 C3MA I H X} 1)

TR B AT B 1R .

13
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A RS HFAORERL, BATRE AR S 1 DUEAT 105 5, 28R B 7Hs. 7208 7 BRI, &8

FEHR T —NMAA IS T S R, iR BRI R R, AR 07 1AE S BB S R, R
LR (SRER) FRONFIAEFTERLE (S 150m) B (] ARG L, dHSE2k (K Lk) RoRFIEIEAT I8 Z (1
B2 /s) BN ) AR A AL, M e 2 (SR 4k) Fon A 2R I B A NIth 2k, B3 AL (LL4R) IR A
TR SR (10 Ab T C22%, 15 RALT-C35K) Bl i [R] A2 4k 100

1. C2—C3&&0S—TR

14

N T EZA SR, AT C2MC3FMAR I B ENOS, N T RIS Jolid S 2 5
e sl A B A MA 72, FA T CON_ TRBLE Htrue.

DI RARMET- 1R, PIFAEE R e m 2 AR C24 OSHEIE AT, F1) 7R lid S8 0 e i i
TR SR B 4 FEMA RV K, SLRITEANTRAR S, 558 SO %, A5 AR SR Gt il 2 J SR At

02—03&&0S—CO

AT IERIZA G TEN, TRATE C2HMART 3B A& B NOS, AR A& B ONPS; RN C3
FMA F1EF R E NOS, Ja3BiR A E ~NCO.

1 B4 R B 7-201 7, P ZEAE 2 0 e 5 2 AT IR 22 OSSR eIz 4T, IKIBMA W E 2 Jq %
ANC3ZCO R, {HREC2 N ik BoRFI ZEAEC3 L NCOMIF NS B, BT LLRI ML T %t
ANC3ZCOMLIHEAT RN, RdE NCOME AR, #1757 25 2 % 4 p5 A A5 2.

02— 03&&0S—FS
N T BERNZA ST, BATHEC2EMART3SBAR % B NO0S, S4B A% B NFS; C3ZXMA
FHIRE R E NOS, Ja3B K E AFS.
15 EL45 RANE7-3FT 78, B ZEAE S5 0 e 5 2 BT IR IR C22k OSHE i AT, M S i 5 2 )
HNC3 K IBFSEE s 1T

C2— C3&&PS— OS

N T EINZE GO, AT C2BMART3B A XA E NP, 4B A% B HOS; C3HMA
F1BAA R EAFS, E3BA A E NOS. N T H AT 28 TH BN C24 A% i3 B C3 %,
D& DL, AT ECON_LOST Mtrue, A 1AL H MAT ZE B0 A TH BN C240 % 13 B O34 U
15, FATR ECON  LOST Mfalse.

EARAT ZE B AT BN C22 1538 B C3 R DN (11 B 25 R AN 7-4FT R, FI R AE S e i 2
RTKIRC2 PSIE RIS AT, SR i 15 2, WoR BT 8, RINLBING, IhfE NC3ZLOSH
R, FIEGSHELT. BT EARF Y B N C220 A% % 5| 340 N B I N B 7-5 T HIl 4R 4825
A S AR B C2 PSR XU AT, TESR L4 S5 2, o HAT 228, RIMLI#AG, BATH
SR [E1 25 Cog P il 2%, (2 BT i, #fiATH B R AL Id 4h Cag iz il 2%, BaUEE AN i Th, (5755
L IS

C2— C3&&PS— CO

AT HERLZAH G, TATEC2HMART 3B % B OAPS, S4B Ui B ACO; C3ZMA
1B B ONFS, 53 E ~NCO.
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10.

2SI R RN 7-60T7R, FI AR e | TR B C2 PSR AT, IKIRMABLE 2
Ja EHNC3ZCOMR, (HRAEC22 T LIk BRI FAECIZH NCORIBINEELS 2, PrBARIHLICT
XFRHEAC3HRCORERBEATIIN, (R H NCOREIUIRIN, F1) 4 1 85 e i mi b1 .

C2— C3&&PS— TR

R T EBRNZH AN, A TE C2HMABL I % B NPS; C3HMA B ENFS, N TR
TNTE S 25 e S 2 e 4 i B R B F2 U B R FEMA i 2, AT CON TR B Ntrue.

E RN T-THT R, B RS i 2 BT IR IR PSHE s AT, i 25 i 4 i 2 Ja S BIEE N TR
1, B R K23, IS E SR 3 2 e R Ak

C2— C3&&PS— FS

N THERNZAEEE O, FATE C2BMAR AT 3B B ONPS, S4B B ONFS; C3ZMAR X 15
BB NFS.

gk RN 7-8 T 7, F A ZE i p 2 B BR C2 2 PSR iz AT, Tl 25 40 6 4 s 2 S NC3
P IBFSHE R IZAT.

C2—C3&&FS—TR
N T HRRUZH AT, FTATEC2EMARL I BB NFS; C3IHMA 1B B ONFS, N T
FETNAE ) 2t 25 2 5 e A ) TR I U B 4 FEMA i 2, AT CON - TR E Atrue.
ERUNET-9FTR, PRI S e 5 2 AT IR F SIS AT, Bt 25 ¥ i 2 A SC RN TR
B, PR R SHBh, SR S 2 e AL,

C2—C3&&FS—08S

N TREIZA GG, AT C2BMARTIBEAR X B E NFS, HF4BRB A B E HNOS; C3HMA
FBBA B E NFS, JE3BARE B E NOS. N 1 H AT 48 T BN C22 4% 38 B C3Z %
D& L, A 1B E CON_LOST Mtrue, A T A4 H MAT ZE B AT BN C244 A% 18 1) O34 R W )
5, A% B CON _LOST Afalse.

H AT ZE BT B C2 A5 156 B C3 S D BT 45 MBI 7-10 7, F R AR S e i s 2
KR C2RFSELAIB 1T, TR S5 E, Bon BT E8E, AW, BRI AN C3 OSH:
X, FIELRELELT. HMAT BN B MO AL # 2 C3Z R B B 7-11FT7R: FIZE4E
G AT IR C2R PSR I AT, ARSI nAT 78, o BT 28, mINLEIRR G, i
TH S IR 145 C2g 4 il 4, B2 BT lbs, BV R Be AL R 25 Cagiax il a8, B4 A il 15175
R EIy

C2—C3&&FS—CO

N T ERIZA G TE, AT C2EMART3EHR A B B NFS, S4B A% B NCO ; C3ZHMAE 1B

R B OVFS, Ja3Bci Bt & N CO.

SE BN 712778, B ZEAE S G0 e 5 2 AT IR C2 R FSIE B AT, IBMA Y E 2 J5 B N C3
FKCO WA, HREEC2H R L SRV FEAECIYH NCOM NS B, FrLLEINL X3 A C3
FKCOMERIEATHIN, RILEE NCO W30, 1) 2578 S5 40 s e s Ab 1 .

15
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7-1 C2—C3&&0OS—TR 7-2 C2—C3&&0S—CO 7-3 C2—C3&&0OS—FS 7-4 C2—C3&&PS—OS success
7-5 C2—C3&&PS—OS fail 7-6 C2—C3&&PS—CO 7-7 C2—C3&&PS—TR 7-8 C2—C3&&PS—FS
7-9 C2—C3&&FS—TR 7-10 C2—C3&&FS—OS success 7-11 C2—C3&&FS—OS fail 7-12 C2—-C3&&FS—CO
= =+
E7 fmE&R

Figure 7 Simulation result

£k EPNE, BA DB LB 10ME BT 055, BATRIB S & MBI IEE ARG, H
inR2phos.
#2 HRBERER

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—0S 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—O0S Maybe stop abnormally
C2—C3&&FS—CO Stop abnormally

5 MINIGIE

HAR2m A, FER A T2 ISR, R, b0 XAk — M RGN R i T 1%
OLHEAT I, JEANRER I RGP IZAT I 0L, B, ESRATHIEAL o SIHLIAT 0 BAT IR I i il

16
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P, BRI 7K I3 33 B A3 n] BE NI 58 B T B R IR BE AT AT 4. MR S i, BeAlTar BRI i
R KRS AT 407 3, i KA TR SOl T S AR R IAN 58 &4k, 3R 3
HPSE|CORIE LU IR AL e A N HCSPHRERE, JFAI 2 BAIE I 4R HHL Proverif AT 7 IEH]. I IEH 3K
MIFANE XRS5 TEM IS A2 R AR AR 4. ARV, BT3RO PSEICOR
AL PRI, AEBATIAE AT o A TR 5 BEASHI R IO FR 7 A AT 1 AL AR 2.

5.1 EREE#

S T Sim2HCSP(3.4], FRAT3A T B EUHCSP HISER, SR SCHE, 4R R T
Sirmulink IS tateflow 1A Bost X, MRS X, I 255 X, MEHAMED F A, B30 pE— 64135147, i
{11437 #&: controlPDef.thy, controlADef.thy, controlVarDef.thy, varDef.thy, assertionDef.thy, process-
Def.thy Mlgoal.thy. HH /g =AM FEATIRAGE], $AE T —= A4, T, JATHZEN 0T
POAN SCAF N 25

"plant v 1 1 —

theory wvarDef
RVar "plant v 1 1""

imports "HHL"
begin

) (xLocal and sending variables.x)
(*Define channel names.x)

definition plant v 1 :: exp where
definition Ch plant v.1 1 :: cname where -
- - T = "plant v. 1 = RVar "plant v _1""
" Ch plant v.1 1 = "Ch _ plant v 1 1"" - -
- - T T - - T T definition plant s 1 :: exp where
"plant s 1 = RVar "plant s 1""
(xDefine receiving variables.x) - -
definition plant v.1 1 :: exp where
- T = end

processDef.thy FELERJ IR, FE g LT AL G R HCSPA Y K REARMESE iZHELL4L 7 T Stateflow
L% R T HCSP#EFEPeontrol.
theory processDef )
"PC1_rep = PCl1_3;assertion3;PCl_4"
definition PCl :: proc where
"PCl = PC1 _init;assertion4 ;(PCl_rep)x"

(xDefine the whole process.x)

imports "controlPDef"
begin

(xDefine continuous processes )

definition P :: proc where
"P — PC1|| Pcontrol"

end

definition PC1_init :: proc where
"PC1_ init = PCl1_1;assertion2;PC1_2"

definition PCl rep :: proc where

controlVarDef.thy £ E 5 U1, 322 5E L T Stateflow X B2 HCSPHEFRE A48 FH AL &

theory controlVarDef (xDefine channel names.x*)
imports "assertionDef" definition BC_ 1 :: cname where
begin "BC 1 = "BC 1""

17
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definition BR 1 :: cname where
"BR 1 =— "BR_1"" "E = SVar "E""
definition BO_1 :: cname where definition num :: exp where
"BO 1 = "BO_1"" "num = RVar "num""
definition VOl :: cname where definition EL :: exp where
"VO1 =— "vOo1"" "EL = List eL"
definition VI1 :: cname where definition NL :: exp where
"VI1I = "vIii"" "NL = List nL"
definition vBOl :: exp where (*Define local and sending variables.x)
"vBO1 = SVar "vBO1"" definition s :: exp where
"s = RVar "s""
(xDefine event variables assistent.x) definition v :: exp where
consts el :: "exp list" "v. — RVar "v""
consts nL :: "exp list" definition a :: exp where
(xDefine event variables.x) "a = RVar "a""
definition El1 :: exp where definition CONFR :: exp where
"El = SVar "E1"" "CONFR =— RVar "CONFR"
definition donel :: exp where ..
"donel =— RVar "donel"" end

controlPDef.thy = LERI AT, FE 52 X T Stateflow B X N HCSPHERE, iZ 3 FE/E N — AN EFEAE
T BARHCSPAE B processDef . i #EFEPcontrol7i€ X T — M & il 3EFE, F T A Stateflow & )
1% Y. Pcontrolll , Pcontroll4, Pcontrol86 F1Pcontrol897) & X TRBC, TCC, F1% RS MEIHLIIAT
theory controlPDef

imports "controlADef"

begin

(#*Define the processes for MATLAB fuctions.x)
definition Fcontroll :: proc where
"Fcontroll —

e3l := e32;assSF1;

e32 := e33;assSF2;

e33 := (e33 [+] (Real 32000));assSF3;
v311l := v321;assSF4;

v312 := v322"

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

definition Pcontrol7 :: proc where
"Pcontrol?7 = ((num:=(Real 0);assSF92;E:=(String " ");assSF93;(a:=(Real 0)));
assSF94;Ch_control 1 0!!'a);assSF95;( Pcontroll ;assSF96; Pcontrol2;assSF97;
Pcontrol3;assSF98; Pcontrol4 ;assSF99; Pcontrol5;assSF100; Pcontrol6)x"

18
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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 = Pcontroll0;assSF107;
(BC_277E2;assSF108;( Pcontrol8;assSF109; Pcontrol9;
assSF110;done2:=(Real 0));assSF111;BO_2!!( String ""))x*"
definition Pcontroll2 :: proc where
"Pcontroll2 = 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
"Pcontroll3 =— done3:=(Real 0)"
definition Pcontroll4 :: proc where

"Pcontroll4 = Pcontroll3;assSF115;(BC_377E3;assSF116;
(Pcontroll2;assSF117;done3:=(Real 0));assSF118;BO_3!!( String ""))x"

definition Pcontrol86 :: proc where
"Pcontrol86 = Pcontrol85;assSF355;
(BC_177E1;assSF356;( Pcontrol84 ;assSF357;
donel:=(Real 0));assSF358;BO 1!!( String ""))x"
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 = doned4:=(Real 0)"
definition Pcontrol89 :: proc where

"Pcontrol89 = Pcontrol88;assSF362;(BC_477E4; assSF363;

(Pcontrol87;assSF364;doned:=(Real 0));assSF365;BO_4!!( String ""))x"
definition Pcontrol :: proc where

"Pcontrol = Pcontrol7 || Pcontrolll || Pcontroll4 || Pcontrol86 || Pcontrol89"

end
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5.2 FINIGUE
fEHHL ProverH, IATEMH A 120 F:

lemma goal : \{T,T,T,T,T,T\} P \{plant\ s\ _ 1 $\leq$ 4000,T,T,T,T,T;
(1 = 0) $|$(high (plant\_s\_ 1$\leq$4000)),T,T,T,T,T\}.

MZEERH, AT LIS H K ERIA Bplant s 1IRZABERIT4000K, Bl K 215 2.
T 3 fFassertionDef.thy flcontrol ADef. thy { $2 ik 4 N W1 5 CAGHBDIE B, RATELL T Ak 2
W IR PR AN SCA. LA I B SO 1 = B 44

(*Goal for the whole process.x)

lemma goal : "{WTrue, WTrue, WTrue, WTrue, WIrue, Wlrue} 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}"

EBE RS AR =28
L BIE B HARRI 2 AT AE AR B AR A R T R A AR,
2. UEBAI AR A Pl 2 1 i 2R
A IR RRIIN, SRR 2H A5 BN, AN 1 ) B DU B R
3. UE B 7 A T R A R K
(a) 13 F 5 5 15 A (repetition statement) IR 25 1E B H br b 0 2 2 5657,
(b) 3 FH I A TR I 2S4E B H A o BRI,

EH i I P PR, FRATIAN &5 P SR LI AR DA, 404 CRS W “http: / /les.ios.ac.cn/ zoul /casestudies /p-

sco.rar” .

apply (simp add: P_def)

apply (simp add: PC1l_ def Pcontrol def)

apply (simp add: Pcontrol7 def Pcontrolll def
Pcontroll4 def Pcontrol86 def Pcontrol89 def)

apply (simp add: assertiond4d 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
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6 SESRKHNIE

PRI e SCEh, AR — Bl Bk 5 ] R B @, 07 5, U S e 77 ik, B4 18
H Simulink /Stateflow X =y # 2k 2% 51142 2R 4 (1 HEAT BT A6 Simulink / Stateflow B TEAR AL 45 lEHCSPTE
B M FHHHLE FEUE W28 2047 T N0 E. A SCMAT VR T, S50 TH S o0 B e 4 1 5 o 9 i
B R 5 vk A . R iE e R U, FRATR I ISR JF R B R AR I — e R, DL R TR
HE T 18 3 Bu sl ks v R a0,

A Ja Bl 1A BB AEIZ AR oIl ARBC Y #4547 55 SR AR BT 0 5635, AT R DA B0 42 23% 1) v Ja
B YIS RGISAT G DLREAT 07 5, Ik T REAE X BT 1R ] REA-AE In) @ 1) 37 St AT TR Q5eiE. I Bas it —
2 SE I UE TR, R3] 2 F) A Simulink / Stateflow A E il — > T 7] 758 51 2R 42 1 R G0 16 B AL 2 A5AE

=
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Formal anlysis and verification of Chinese Train Control System
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Abstract It is absolutely necessary to guarantee the correctness of high-speed train control systems by formal
verification, as they are safety-critical. However, it is hard, even infeasible, to achieve the goal in practice, as these
systems become more and more complicated. On the other hand, it is more convenient to model a complicated
system in a graphical way. In particular, a graphical model is fairly intuitive, which has been used widely in
industry. To improve the reliability of a high-speed train control system, constructing a graphical model for the
system and then detecting its bugs by simulation sounds very effective. In this paper, we first show how to use
Simulink /Stateflow to build graphical models for different combined scenarios of Chinese Train Control System
(CTCS), in which mode conversion and level upgrade take place simultaneously. This modelling approach can
be easily adapted to model other scenarios in CTCS by simply modifying the corresponding parameters. Then,
we analyze these graphical models by simulation and find that under some circumstances the train 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 by HCSP, which is a formal modelling language for hybrid systems by
extending CSP, and subsequently we formally prove that abnormal stop could happen in any cases in one of these
combined scenarios as an example. Formal verification of Simulink/Stateflow diagrams complements simulation,

which improves the reliability of a system to be developed.

Keywords CTCS (Chinese Train Control System), Simulink/Stateflow, simulation, mode transition, level
change, formal verification
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