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Development Method) [1] & Wzl BB D E TV EE2IT\V, TOREZHERT 5.

6 NS M TIXFERICEHEIHZHEALZ 3 DOHFZODVWTHRS, ZD 3 DDOHEHIE
BRI EDILWHIPHZ A N—F 5 LSBTV 5.

6 ETIE, HNRT—XOBAEE LT, ATC Y AT LIZET 2K T — X R— 2D FERHIZ
L BMEEEFERM L 72, Z 2 TIEWFEERE D VDM (LEkDGEHBEREZ A L 2. & 2 Tl fpkadik 72
1} 72 < FEBHRERED GUI (Graphical User Interface) EIZBEWTH VDM DR EFH WS, Ny
2 T FIZ the HOL system([2] ZfH L TW5. FEEITIEZ OFEIEREORREIIMREERECTIL % -
TULEW, EREP LI NG 57208, GEHIZET 2RI OVWTRBEETHEAENTH D LEXT
W5,

BT7TETHE, BNRSATLDOI BLELMNIZY L —TinBAMALToONTEEEDKILE L
T, BXEOME S ORE (B2 < HE) 2ETF LU, @HETo72. FEELTIEB AY Y
R3] ZHL, BEMIZI—FOERETEEMLZ. ZOFEHITIE, FAESEOMHEHICEXDEEHA
HBEMNKEIZERINE720, ThEBRET57-0DNKIZDOWTHE 217572,

HE8FTI, VUL —IZiamMATIIMNIGTERVWEMEREOFHE LT, ATC ¥ AT LADFHFER
B (TV—Fhft) OFBEIZB AV Yy REHEH LK. ZOHFITIIEREOEEEERIZ B\ CHFHE
BWRBEIZHRELTWS., ZOFEEOHAZES Z & THBIHAEAD B XV v RO#EMH M % 3%
EERESY

ZUTHITIBNWT, ZThoDRIREZRIEL, SHBOEBLEIIDVTHERS.






B2E
EEREREICE T2

ETIEUDIESRLEEIC ST 2 LRMEREMZOWTHEHT 5.

21 EERREREDHE

BEH TR L 51T, FEERZEE L BRPEOLRLE T2 XADEEMTH D, TOKREZHE
I3HDTH 5.

1. FE[FE L2 EHEE S EaWn

2. DI Z AT BFHITERE T FR W

3. BHERNIZBEWTAHRA v b (B8 2 2 HIAITHR D 21 55E) 12 WTHIE 2 fMIHEZ%E X Emwn

4. g (my 7)) SR A h2EHEL BIEL TWRWSA» S HEAEAT D) 2H U
A

IS DEEIZINA T, DIEECHlifie & CTHEN LAY §ETHIRT 202l <7zdiz, #EE%
%UBETéff%ﬁ‘Eﬁc‘fﬁW)é. BRIZ Z NS OEEZ S O FIERALE, PHZ <KE, F958 K
DRE (KA M2EPLZ0, HEELZ0 §54E), MEjRE, ATS (Automatic Train Stop :
ﬁﬁﬁﬂﬁﬁﬂ: EiE), ATC (Automatic Train Control : HEIFHHIHEEE) L \Wo 2 EETH S, %
DIFMTERE & ARBEDIA 2T D PT80S N 2 Y ORI D 72 D DEEUIR LI E R H B A, TIT
A 2 AT 5.

9, JHZBEREIERVWZOIC, YIHOBRE TR S N0 REEREE (BRE) Thd. Z
MRSATHI I U TGS H 2 —ERES W RICHESE DL L WS AT, BMETHHAERT
fHINh TS, LALIZDAATIHE, EfTHIEIERBEIEILL Z5EITERT 2 g2 & < &
5. TIZTHEREIN-OPEMEREELEIENDEDOTH D, FfTHlH & B EIZT LT —EDZE
Mz & 13 CElikd 25 (X 2.1). EEMREEOEBRDZDIZ, BREEZMZ < (block) &IFENS
KEZAEL, AR I FHEOAZEEIED WD ikzefo7-. b, X212 ATS
7Dtk H 50, ZNIFEIEFEZGET 2720050 TH D, FHMIZODVWTIIERART L.

ZOMEIZBWTHIHEDEMRZ AT 5 5 DA WERE (Track Circuit) & FEIEI 2 Fi]HRUAI%E
ETHD (K2.2). INEL—VIZEREZRL, FIHEOREOAHEDOENTEROTNGVLDDL T
CTHHEERMT 2D THS. ZOT AT 711872 FITKEr & LTHILL T3 DY, HNER %



6 H2E [FERLKEIZE TS LEME

FECADDRAZLICIX 1 EDH AR TED)
: / , l R
loO loO loO loO
' o o Q—oi

ATSHh EF

2.1 Mz s E5RLEE (HT<)

- / )
l YL— l l BHOELEILY

(EHwA) @ BANBOGED
&R Q%;

(a) FEAEMRI (b) {ERRI
B 2.2 WaEEE (FERK)

//L/—)l/

— 1

—t

MLULTaAA VeI TsE (K22 (a), FIHMPERT S I L TaAIIZERPTMNZRL LD
&, FEN 7R 2B =AM RS NS (X 2.2 (b)) BB L IFENS AR HEDNT NS,
G 72 WG AT DB S B D ERRIET B 72012, EAHRIEREAMAICED ANTWS.

HOE A TIE— W opIs (B2 B8 2 HIHO b DMATL E) 2RE, EHEROMEMANEAIT
H5. THFEFRPEEL 720 L =24z 0 UBETE, BRI 0 FIEHEIERL TV AR
B %Mz 5 Z 2T, HUEREEDHE L THEBDPEBRICIIMETER WL S BIGETH > THHH
EEAIERMEAPEN D RS TH L. PLBEREEDOAMA L UT, @I EEHHBCRE & 72
D, I OFIEIZ & 0 FESHER S 0D LERMRN SHERE L IPIENS HRBEFEET D, TDH
RNCIFMBERHZ T HEEZRATERL R D720, FIHZBRHMTE LW Z B Z2M & 725 —HOFIH
(B z T 2R E) ITHRPRONT WS,

FEEOBRNICIEE S BBARE S Hbnz, ZORESHEIX, E5MERETLITILE
AN TAVICEODESERZITON, TA4YHRUNZD, VY IEHIEND T 5 2 EIEER
2B & IfES .

INH0H0% ATHESHRLEEIIZE LS 7 2 — )bt —7 (Fail Safe) OEE&EAHELL TV
e nb. Tz—)bk—7 L I3EEOIITHEL D - TH AN HIE S v & S e
ATHD. ZD%, EERLEEICITRA LHEEPH LU VEENPEAINDD, £IITIFFHIZT o —
V=T DEZFBEPNT VWS, INEEET L7720 EERMEEBIERFRGL 0 Bitk, D% b i
U7- & EDOREIRDIREED 2 DDREBD S LORED— LR bWETHS. AKX, VLU —IXBEEN

BT R Y TRTIS, DF D EETLADIREIR IR,



2.1 (EEHRLEEEDMH 7
EiTEHE
ORT L
ESAICERE
""""""""""" BRESH e s
kté?<——J 85T
-!:_' &] ATSHth FF
—0
ATSHEF / T
ERIE N IBRIE S

B 2.3 BRI DA 53 fi D Bk

ARSI ND L RB R EDHEDG AL, ERE L 725 & 0 IR E L e 2 W REMED &V, £ 2
THEIBARER L2705 & 5 ITHHRE2 G 5 Z L TReEPRIN5.

BN DG SRLEBEOMEZ, X 2.312RT. JIHOETRETHIEKRE NI HDEED, £
NENIEEEEZNIGT T2, BiaT 5 (REVEETZ) EEPFRIFICEEINRNE ST, #EK
Kﬁﬁbk%%%%ﬁ%yb%%#?f;(%W@kwwun~)c%%%%(ﬁmtnvﬁéMé
k) &S, EERPREIND EHET HIMOEREZRETERVELIIT L. TdEERE L
@ﬁhé%@?%é#,m@igm%%W%@U/ﬁﬁ%ﬁbfht.@# THBEIZHNS Y L —
(RREERT) VEAMIZARD, HEREEIT) L —THRINDE LD 1lho7z. ZhDPMERIHEETDH
O, BETHLLFHINT WS, TD%, REICHRIIT 2 ELEM (ME (Microelectronics) {b
Beir) 2k b, ErEHBEENES L, BEREDOAR—-ZADOHHP EE&REIICEEL TV

HEELE T2 FEPUCRBE S N, EIBREPREEZIT> TWad, BIET iCTCUEMme
Traffic Control : FFFIHLHIfH) 2LiEIZ & 0 HEERIEVTTREE 20, FRAAH o EBhiIZHIfEl 217 5
ZEMHAREL o7z, X 51T CTC HEED A2 PRC (Programmed Route Control : H B % il
) 72, EROERABHIEESEEN %) oh, TOME, ETEEERISERTIHEO 7O DEMEDS
X v, EIREHEIIEHITESL5I1TRo72. CTC % PRC I3 CEITEH Y A7 L EFRX
NTWBD, FEARIIZMHEPORR I WHEITOZDIFETE2HDTH Y, BIETEIEARKITIZA
BRUZEBSEE DS E S 1, EAOETEE Y 2T 228 U THIHOEZEPIEZE 2B < 72O D s D4
Lo TW5E*2,

SIE Db D HIRN X 2.1 1R U7z & 5 ICHus R IS B S 7 E 52 W TWwa. JIERA
RN, FIEDERR T SHZ K DAY OTIMEIES2BRT 5%, £ 1 DFATOMZ < Tk
HUEFBEREZ YA S IR, ZEHRICBVTHERBERP Y METH L I L 2R OERIZL VR
HdsZeT, BRES (ThbbuEs) 28nRT 5.

S5 LM EBDDI-OICEMEINIZON ATS TH5S. Ho2H i ATS ITH 7R ATS &
WIEDAH L. TOHANTE, FILBUROYEE, #IEBURIZEE LU T LD+ (trip arm : NV
X=DEIRBED) Bb END, ZHICEVIHEO NIRRT oNZT L —Fay 72560

2 B & WO RS B 0, HEPEE ORI BEFIC TER L, HRALICEREIN TV IGEAEH .



BRZLEE B DRt

il

8 H2#®

5. THLHBMD T L —FFITAD SN EMEELKPHREI N, TZED TV —F2EHT 5. Z
PITHEMIZ R I N2 D TH DD, FROZ L 2BLXWIZITZA 2O RIZHFEINZ. HERT
I, B i 100kHz i ORBIRAEEZ KL, TORRESDO 7 « VR H N ZEE - BRELTY L—
EiES 5. ZORIREEED, (FIEFURIGESE) U 72 B2EE (M E 2R X 2.1 X 2.3 D&
SIZfidEING) LERNHEET S L, FRABED M L ORIRE Rl (ZET 5 LT
ATWD) , TOFRRELDOT A VEEIMERNL, ZHIZED YV —%2% FIE5. ThHLFEN
EWSIEENSAMATH Y, BESFHINTVS., FIREKE 71 L Z 2 WS HAGbEEMS
Tk, FEEEIMELTE TV =R en s HlAar s, i & 0 EiEEMEIRESIC
KU THERBNEZTDRWE BRI T L =X R0 05 Y AT LABEBEI N, ZhDXEBRTRAZ
N7z ATS-S LIEENBEAATH D, 1962 F£0 =JEHR 2 LI 2EIZEAINT VS,

ZDYAT LADERRDRFULEIE LD — BRI N Z1T S & Y AT LADOYER B2 85K TH
B0, ZIUZH U THROA D OETEIEBUROBIZKR T IED 2 BB H 2854 HHES L IER) 12
&, HIREIEDES 2B I THRB LTIV —F 20T S8R EDBMENTWS (ATS-SN
CIEEND).

ZOBERARNIRDY, To VRIVE AR FICREI N EREE b ET) L#HE EOE%EE
(HET) LOMTYOED TS NIV ARYKX (transponder) %2FHT 2 Z & T, (FILHHHEZ EEE
H IR 5 ATS-P &IEENS Y AT LAWY 1987 EICFEM I, REEOM LT T, FlHE
MR DHENZ B> TH D, RICHHBE LR ETIACEAIN, BIECE>TWAS.

ATS FERE LR T L —F 20BN EONY 27y THENSHKEL TE 20, BIC
AT L THEOHEEZHHT2DH0 ATC TH5. ATC T, V—IVIZHHEIZHFESI N L HEIZS
IS BEEERL, Thid EOERENMGGL T, FREE XV BEOHEENEHBHL ThIIXT L —
FENS, FRBEDTICR2 ETHET S, E5EE—MofiNzRVTHESINT, ZONRDD
HIR B ICFABRENRRRINIHAFEABFHI N TWS. /2, ZOVAT ATIEHER %
ffio TEFEMEELTWED, % 2Tk 1kHz i O MGRI % BEE 51206 U 72 230 E 2
U755 Hb iz, AR E PR R R 252 PSR O N S DY, RIRICEZERERET 512
BEBESUENEETHEIHH D, ATSIZEWTIEZFRMIZ O L THRE S N #uEE 0% Z(E
MIZOWVTH, ATCIZEVWTIHMESHAREIZEFTNIIHBEIND LS I ho72. TOVATLITEH
WTESDBR WG SIRETHNIEHARE A Okm/h RS N, JERELT 2HEI’THOhTWY
5. T LD ATC Hi EEEIZB WTHREELRAE LD, JERMNMREBIZEELRET S L, KB
MoDEBDREFEEZIED D Z & THHEEZIFILT 2HWAELZF-E2 Z LR R>T WS, Fdfkic
BWTIEATC ZHEIZEMOBIR L HEE L TE D, FEROMENRNGE TG EDMEIET B A
Lo TS, ZOMMA, HEFRERICEETZ2E LT 52 L THHEZEIESE 5 R HHER
VAT LIZEERINT WSS,

BB, TOXD A BET 2 0IIBIETI ZTWEETIXR WD, ATC 2R S 17z 1960 AR
BWTIE, FEPEEEKRTI ZEMAMIPOBMTIALEAIHEZZEDTIERL, FlEMECO>VWTE
WLUTEWEE AR o7, FKIEAKE LCR &\Wo2Z@Er2duizcLTH Y, ZElhs .,
FOZrHdHY, ATCEEIRANSZERAE LT W, AR EHROBELATICOWTESH

3 EEBRAEILET S L, ATC Mk LAl# 2RI 5. 7272 UEBICIE ATC 2 IZBFER  Hli M EEE2 T 5 &
T =W HlA L Lo TS,



2.2 BB BT 2 LM 9

MEBEWZERIELBRERTARNERHALZZ 2 IETTITBRRZH, YHFENEZETFDO N T VI ARTHE
KINTWZHOPEREEHKERD, WP LE L TEZEETH, ATCEEIZS VW TIEYY DR
Bag s, ZHEROME, BERETHX BShEH50) 2TV 5.

BUE DG B IR LS E N, BIERIFKIC K 2 5 HRERE R 2 EARICTHEZT S OBEARL > TW5.
Lo L, Ihzif Bz X2 0ERAIEEE & S5 X 28E2MASDETHET 2 Y AT A0 E S
N, BAVBRE->TWD., ZOXS RV AT LATIESEMEOHE, HEGHIHREIEY 7 Ny =Tk
CULTEHEHTERVEDE R S>T WS,

22 BFEEATICH T B REMRM

TRIFV U —THREINTELEERLEBTHIN, ~1r7u/nwyPRELELT5%L, Z
NHEAVWTESRLEEZBRETESRVIERIHE 72, ZITHEERZDON, ¥4 7n7n
Yoy VBT AP ETAIERNGE O B 2 R N2 e s, RELUTEEEZ 7 -k — 712
TELDNEWVIHTHS.

FHEXAFREE DA O 7 = — L — TR THBRPTH, ZhzmETL UTHWT, il m
HEBETL2FELMEINLN (4], TOHITE, 2TOMMHEHE2 72—Vt —T7£TLT 5
BEDRDH Y, INDNFFHFRFERL L 25 205, WHEEBOES BN A 3= AR 2 Bl = 3% &
RSt ERMIZEFLEEEZ 7 — Lt —T72T5D121F, NFEEFEZIHRELE
T =)t — TR TFIENBEICR S, ZOMREICOWTIE, HERIICIE 1980 FEMABIE IR L T
W5,

AN, WP —EORFELRLEEEIIDOVWTHEZ S, BRI FA L 72K ER S EE0 H
ERHILIFIHoTHLHS A EHEEZFEORVWEIKZ 7+ —I bF a7 (FS: Fault Secure) &
P E 7R FEAE U 72, BEDOANZ L DIEFESEI BN INIEBE LV I T AT VT
(Self Testing) &\W5. BB 7 ANV M eXaT7hOeVTITAT 1+ VI ThHhHMEEKE b—X) —%
V7 F v F s (TSC : Totally Self Checking) [FI# & FES [5]. Z 0D [A]#& 13 B — M 126 4 5 M
HTh2H, HEOWBEIN U CHBEOEDOELEEEZRIETHZ2DONA a7 =T 1)V b2Fa
7 (SFS: Strongly Fault Secure) & W3 MWHETH S [6]. —F, MHEHBAIIH U THTHEEEE
DU, FRFSEEICE U CRBTHEFGELHNTIEEEZI—-NT 1+ AV aA v (CD: Code
Disjoint) & IFE3.

I o ORI DA DEEBIIN U TERINZEDTH ED, INzIEFREEZ GG
OFmEEEIFE IR L, [FR0 24 [RA0 Rk [7) OME&Z2EAT 5 Z & THEMAMIZ SFS 1 % i
THEHENENMEEI N, VAT LEWLKDORDOY TEY a—)WIZHEIL, ZTNEND SES M % il
2T ESITHEERL, YTEY 2 - CD TRWEAIZIFZDAIA VR —T7 2 —AIZHEWT TSC
[FE% 2 B W TR SiE 2T L, 2Kk ULTSFSHE2EoN05 8] L WwWHiEmbsE,rhz. T LT
CDEZIZEDVTHIHT Oy 2 HWEERIEPREIN TS, ZOED KHEERVPREI N
TWaD, TNTERBPHO a2y Y & bR 2 LA G DONHEE 72 5.

Tz LT, EBRTIERERNRYATLE LT, MUEMKREAVZAZAFRPEY AT LENS ED
ZBAFEL, 1985 40 o B E A U THARB L TWS [9]. K24 IZEBITHEH I Wz EED
MR % 279 [10].
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RERESHD

SR ROM/
CPU G Y RAM

Sk ROM/
CPU \ifﬁi/ 1 RAM

[ Fz—ne—oummn |
[ ¥ T |soEs| [ An@s

[ £=—rasro—nmes |
:l T —ILE—TEE

X 2.4 NAFEMAT -t — 7 EHEBONK

32o07uyHidEI/ vy ZIZXDEA—DOMEEITS. NAT—=XIZDWTIH 2292071
YV DONZTA vy YA ZOVEALTHIERZ 1TV, AR 2 I3RS 8~ O HiI ) % T
5. HREEIZIE T 2 — b — 7 TR U 2R D TR E XN S EEERHA L. Zhid2 o0
7y Touy TEHAG, A—HBRETHEHNN0EELREAKTHE. ZOXSRLESR
A DO AGDEIZ LD SFS HEHEHRLZ. ZOV AT LAREERZR AT OWTIZIH CPU
(Central Processing Unit : HRFEHBUIEEE) 2HWDE I ENTE D I 05 MIRNAS IZFEED
ARECH S, HAOFIZOWTH 72—k — TR FE2HWZLHREREZEE L T, BG&&HRIITL
TRBMIEREH D LRSI LTwWa, 72, AHEBIZOWTIE, 3 ERICHEKLT, ThE
NERDEBIRNZZANEIND XS ITHER L. E5ICEREIOWEZ R T 5 720 E RT3
Wrz47->T\Wab.

ZDEIIZ, BERTEBIZEVTIERZERZMEL TNA V)V TS 5 HEVNERATh, B
fEIZES>TWVWD. ANIZDOWTIE, ZERATANTLSFEDIEL, ANT—X&2HIL, BANLT
WhEE BT 2 FEBMHINS, HIZDOWTH, 74— KNy 7 AN UTIELWHARRINT
WENEF Yy 7T EFEREPEHINTNS.

‘%%%«@%%k%%@ﬁxtﬁﬁbf BAAEHMPBEAINZON ATCHEKETH S.
ATC H EREEIZDOWT S, 1964 4 0 B EH A B3 Y )3 J E 7 D8k e ) L —DflAe b
ﬁf%&ém,74wﬁ&t®mﬂﬁxﬁ§¥%¢mtbfmk.%@&,@%ﬁ%%&t@?%n
7 1C (Integrated Circuit) PFHTE 2 L5120, ABEINZHDD, B AL & £ITKE
fbD—i&% 72X > T\, At 1985 O HHEEH #HR 100 RIAT D ATC EEIZBWTIEUHT
AEINZE LI NS Z & T/MNUYLIZERBL [11], BECORA>TWS. Zh o OB L%t % gk
EE Tl ME (Microelectronics) {bigs L IFA TW 5

ATC Hh F2E VOVT%l%OE%%#b@%kém#“ PEAINIILD, FHEIZE>TH

5. HEROEBITEEESHIETHORREND Y, Thi V) L — TER L CHLE [ B EE
EiioTWiz, 72, HEGSOWRESEMRN2S ) V@B TREL T\, B&ETRHA7Z
"o ZERATELHANTH- 70, BUETIE, E5I13ME% DEEHRITHWT DSP (Digital Signal



2.3 V7 MYz TIZET AL 11

Processor) THEZEK L TWVWE. HEGSDOHESH Y L—IZXB5EHTIERL, Y7 b7
WZEoTHMTARME L >THY, HEIWLIZOVWTH/NNUULINEFERE > TWVWS. FETIX
ATC S8 ¥ T % — k(LU 73508 [12] A S hoD b 3.

23 V7 bz T7ICEY LR

EREIZI, B TR U X ICEBMRLZEEIZIZIECY 7 72 T7HRE L A>oTWa. TiX, Ih
LDV 7Yz TDRFEAZEEDESITHRL LS L LTWED%E R THAS.

B E DR E TSN LI T Y T IDBHHINT VA [13]. BEOLEEEERT S
72012, V7 b= TICEL TEZeMEICBE U CEER vital 289 &, £ 5 THRW non-vital 72584
ERFB I LT, vital REDITBIIEINTORAZWST I ENEE LI NG, 2, EVa—
WEEIT-72 BT, EEVa—VOREIZWMIVNS K THHBEO N, £72, KB HE
R A LI T AR T o ST Ay, %@@ﬂ%ﬂ%VW%?éW?—a%ﬁﬁié%mabf
W5, Tk, EHET TS5 A THELIEOZ MR E Y MAHGE S i, BE O E)RE
%5KOVT@%@®T~&®&EugﬁTMiibgtt&%

Gat, EAREHED R E S5 0h ML 2 b, BRONCHFE S W28 FEE2EE O RE 0

—RIZDVWTI, YaF—VAREENEARAPMRAS TS [13]. 20, #EBIK (K 2.5
2. TG U7 E B R 2 O CHEIKR L FRT 2) ITHED WIS O PR 2 KB
Uy a 7= VREIENSET N (K2.6 28) 2/EKL, 20/ — NS IZHE) O SM4 % Gld
T52L0THS. WEHRKIZE VT, HEHRTRYS NS HER K CHGL, T A
BT, &R EDHMADFSNT VS, ﬁﬁﬁﬁbfméﬁ%ﬁﬁfo%(ﬂ%@ﬁﬁﬁm%ﬁbﬁ
FREE) THO, TOZIXIZRINZBL A, 510, 2R EDXFIEIZTDHXMTH L. /25
SHED Y VRV BERRITHIG LT WA, IRy 2 = VEIZB W TIRNATHAZ TSN 2=
CIFEND BN TH Y, T IBEI=y b OELRBBRYZTOI=y MZET 2542 05 X
NTW5B. INEFEPNEFRT SE (AT 2) »oRET LE/ ERedsd) £TE
EoTFNT 2L THBEVPHERINAEMAL > T WD, YlFE ATV AEEP CPU OMLIEFES
RO DRD o722 h5, BN KELRoTH AV NI MRV TELZD LI RFELNRAZ
N7z, T E TOMEEIREDKE & OFRFEL RSV E, BHET TS T L THIG LU E NV EERE
LD o7z

ﬁf?ix%0$%®%%ﬁmé<tot:a#6ﬁﬁﬂﬁ% EfE~ ) 7 ARE, D DK

HPH X HERE L MR T OO DM Z 2 Rt D T — 7 (RBIZIZEBOT— 7V EHWS) TX
BU, TN - TUIT 22 8T, HZFEEHT LY M) v 7 ZAHREMPEND FIEP, M)XK
2V L —OFERX & xS Al fe i R c 2 L, ZTomM A E2 0T 28R A AR [14] & Eh S
FENLSBHINT WS, 72, JREHATITEESRAKREZ REL, KoL SEME TOHEH
BENEFRIZ PRS2 Z & CHBERMZ2 EH T 2HERK TN AR [15]) SEHIhTVWE. wWihd
W T T 75 W EAER T — XIS NT WD Z EIZE DD IXAR\.

ESRLEBOMNMEZITS a— FORRIZOVWTIE, BAETIE C SENEMHINATWS. £
DIERDAEFIZODVWTRTHAS. FEEREEEMITOY 7 bY o THEHMIZE L CHXbs &
BLe UTIESCHEk [16] 2 5. Zhida v ¥ a— R OEREZ 4212 % EERE IEC61508 (IEC :

%‘M
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1RA,B (AT) -®O— S2H A
R e 32L QD
—+—(51AT) 52(52T)+(BT) S1 P2—{P3|Hs3} B
31,131 QH 61D G2 @D

-(NT) (514T) ——+(CT)-©— —— NP1 sS4 C
514 41 34 ®H QD G €D

X 2.5 EFXDH 26 Yal—LEDA A=Y

International Electrotechnical Commission EFERESEHERE) ITHGDOETERINEZXETH D,
PEHY 7 bz 7B A EBSM IEC62279 1[ZHLD EIF S 3T\ 2l B HA & 1ZIE Rk 22 5
TW5.

I TOHEANBEZTZRDEBED TH 5.

1. BEMEDPERINLBEREL T DIENOMREZ D EIL, ZeMENERI N LN % il T 5.
(a) BV a—)UL#EE, v 7 L0E%2175.
(b) go to X&ZEd 5.
(c) YU ZIWVALy Ry U, @R ~TlREiT 5.
(d) Zefiefagiicra s L2 EHR2zHRECS TS, ZHIXERRIZIEGREE 0 %2
LNz, fwEE 1 2ERANCEID B THE I 2 EERL TWVW5.
2. BB, et BAHRME OBMELRBROZODE=X T VillREiTS.

DFED, TuSSLIII—FT 4 VRN EZR I BT, WM E S U TIIVITTD BENEATH D,
B HEEEDPFERE I N BN SDEZ FE2HELTW5.
—7, BEBREGRNTEEL RFEIHSNT WS,

UFvFRITRATERHG, BERBICR>ZGAICREEZRET S

CPU DOFHAEE] 0 AAELE) (D CPU B THEIZ A EI D AHZ 2T 5)

A AV a—VORHERF v 2

T2 TR VATFAN (ANZEALT, Fzv 227272 ET%IIAND)

RINY v (77 A NVHHEORRZNESG, 5O 5 CESMEZBGEETE 5 & 5 I12hEk
T5)

W A~D 7V ) (HEOEHFVIEEEZ L TREEZMRATESLLSI1T5)

7. AV TOTFI N (ROOSNEFHHAZBATAETV T 722 LE52T502MmIET5)
8. T —RITBEHFRFDHME DTS

A e

&

INGERDENNZEY, TRTITLPNTOEE, HBZLHEOVWTHORK?%MbT %
ELUTUE 722 LI 2 AIEIZ DWW TIERRZ KA ThTWna. F72340 BMEALIZL
WEIIZEESINT WS, —AT, FEALDFER T ILEZDEDNELETHD I LERT
FIEIZEF R > TOWREWZI RN S, ATz —FT Vv TEHINZBEAOBEFEIHEEIZEVTIEN
N=Tavinrss3Ivy (VIMNITzTRAN=UT 1) BEAINZE, 20X BEENEL
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BHINTWD EIEE AR,

7075 ADELMEE WITHER T B EEFICEERMETH L. BIRTETA ML Ea—
IZEoTWAEEoTHES TRV, HEHREICEL T ipﬁﬂ‘ﬁﬂ{ib* JIS E 3004 (JIS : Japan
Industrial Standards HA T¥HIE) TES SN TH D, EEREICERT 2 HHXRT — 2D
F Ly ZIZDWTHEPHELL TW5. FEEITHEE)LR Enﬁnfﬁ?ﬁﬁa ELUTIZDFzyv IV ANMIE
DWEREDOHE L RINT WS, 727Z2L, ZOREFETBEDORERIZEOVWEZTAIR—Z20D
FHETHS. WoTFzv 7 UARIZEL TEMAER NI DRI NED, Fzv ) AMDH
BTN THDZ L OIELYHIIMEIZIIFHINTE ST, IvEEEOEVFEIEENS. £
Tz, HEPEEC ZRRLIH L VEEIZDWTIEIREFEEZH ZIELILENEL L. HHIZL-oTIE
BERANZ INBRWAEEE S @V, TOEAICF =y 2V A MIIEYMEZ 5 X 5 O3 dE)2EE M EIZ K
HTHHLEZOND.

IR LTTu S5 AORBFIETRY 2RO THENEASNSD, TITHEHLEZVWONR
TH—=<NVAVY RTHbB. 74—V AVy Rk, YATLBROZAO»DOAMZ@ELE T
AT LDOEFEEOR EE2FEHDTH L. HlZIEZORITIZEHEGEH® HEREIZ X 2 REEFENH
20, ZOBMAIZED I SIZEV LNV ESEDRENXHERN BN EDEFEZ5N5.

EHEEHPETVMEL Vo727 4 =AYy ROEMEEATLZZ212LD, EEHRLEED
TuT LAOFER LEEXSZ ENTERND, TOAEENE I SR LT VL.
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B3IE

74—<IAXYy RICLEBY T hD T
FHSE DI

RIEDRBIZT A=AV Y R WD SENRHTE .

TH—=NAY Y REENDFEIZHLLAH D, VDM ® B &\ o2 E TGl E i % & <
7 I)VEEIR, CSP (Communicating Sequential Processes) 72 & ® 70t AR, H B W0\IET A
TLDETIVOWEZMEENITRET 2ETIVIREEZREDH 5. HRENZFEXZR VA, Kz
W$7a 77 LDENEEGEZXBATIRIZEHLTWS., TRhLLVATLAZRBR L, THUMBNELWL
MESPMF oy ZA[fET, I—NERDLTELZL VWAL SET VB TENEGNTHE LE X
TW5.

RETE T A= NVAY Y FIZLEY 7 MY 2 TRBFEIOWT, BEBIICEWTHAT S
VDM ® B AV v Rl X DETFNBERFEZ PO 5. £72, KRisQoxtd 2 BEmsec >
WTH FHEROBHIZAOE TEM TN 5.

3.1 VDM ICL SR

VDM (Vienna Development Method) (&, IBM 7 1 — VHI%EHIZ BT 5 70 s 5 I v 7 55k
PL/TaYNA IDIEL X2 EAMEET 2R IHi%2 KT 2, RETWI A =AY Y RD 1D
Thd. PLILEREERD A X SZFEL LT Meta-IV 2fFE I N, THDBIED VDM 12207455 T
W35,

#WEIZIZ VDM TRl U 72 Rk DFEH OBEED TN THE D [17], FEHISEER D mural 72 £ 17
TEL 7273, BIfETIX CASE (Computer Aided Software Engineering) ¥ —)L & L T DM A3 <
RoTW5,

VDM &\ 5 F5EIi, VDM-SL 2 & Offkidd Sahe, TNhoDF5izMHLTY AT A%
XS 2 FHEOMADREEKNH 5. VDM DiEHGL R 55521, ISO 4 (ISO : International
Organization for Standardization EFEEEH¥ELKENE) TdH 5 VDM-SL (Specification Language) ,
TNE KBIBARICHEATRELE TR ATV 27 MEMAE ULz VDM++, 512V TR A LA
M, #HAAARADMHAZHE L7 VDM-RT (VICE) @ 3 f#¥id3$H 5. VDM-SL & VDM++ T
&, SO AN KE CEL DD, BEANZRKIIOVTIERELSEDS I LidRw. T TR
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types
T1 : nat
inv t == t < 50;
T2 = <A> | <B> | <C>;
T3 = token;

state vars of

vi : T1
v2 : T2
v3 : T3

inv mk_vars(vl, v2, v3) == f(vl, v2, v3)
init v == v = mk_vars(0, <A>, mk_token("C"))
end

functions
f: T1 * T2 * T3 -> bool
f(pl, p2, ..., pn) == ...

pre ...

operations
Op(al: T1, a2: T2, ..., an: Tn) ret:R
ext wr vi: T1
rd v2: T2
pre p(al, ..., an, vi, v2, v3)
post q(al, ..., an, ret, vi~, v2~, v3~, vi, v2, v3)

values
x : T2 = <B>

3.1 VDM-SL ®E Y a2 —)LORE

VDM-SL Dtk 2 M fif#3 4 5.

3.1.1 VDM DOxEDEEER

VDM-SL ®E Y 2 — VO %M 3.1 1IR3, ZITRE—EYa— L&Ak LR TH Y,
HEIZ DWW TR BRI 5. types TRIDE S 21T\, state TIHIREBLHL (state variable) % %
EHTEHFTS. HEF2HEDH S, RELBIHIBEHWTEE LA S D% operation (4
) LI —75, BIBOAN S, o DEEERT S D% function (B%) & L TKAHLTWS.
SIEUIEDO SR TH D, HEDHTHEZZEIZTEZ R, FNLN operations, functions (Tl
Citik 9 5. types, operations, functions I& 1 fETIZ &2 HEIXR . T DIEL DMK
R UTERDH Y, values DIEITEE T 5. EHUL function IZTEWTHSRATRETH 5.
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it

VDM IZ851F 22 TOLEFIIM S 2DH (type) 2H L TW5S. VDM OHEART BER (int),
HAREE (nat), 77— (bool), XF# (char) DIEh, YRV ENERER (< >) TKLK->T
AT ES XS UEHEL (quote) X, FEMZRDTHOKXIMDOANHELRSDL LTEHRI N
5 =28 (token) AH 5. BIARIZBWTIX | (A0, union) ZMAEDLE ST & THEED
SIHBOEZ D ERA L 5. b —2 VEIOHEIX ISO FHETIE A — B DO LB D AN T E 503,
VDMTools OILR Tl %2 525 Z LN TE 5.

IS DEARIZIL, 4 (set) P4 (seqence), EED 7 1+ — )V Rz MAGOETHET 3
La—1F (record) %, 2 DDHEAD—F (domain) DfEIZE 5 —F (range) DIEZEXIEDS 25
A (mapping) R EE[HS Z & TEMMEZ KRB TE 5.

FAHFLY T[] oficEFEEZa < THER, {1, 2, 3y D5 ERT S, £72, NEWE
1% (comprehension) ZMHHATE 5. Iz

{a | a: nat & a < 10 and a mod 2 = 0} = {0, 2, 4, 6, 8}

Bl A DESIL set of A, Flld seq of A L WHRAEEKD,
VI—REOEST, (OHLIERT (74— R) 28575, HIZIX2WcOMNEERT
JERER location 2T 2 L ATD XS IZFIARTE 5.

location :: x : nat

y : nat

ZDXS735B %175 &, location MDD loc DEFHEIF loc.x DL D IZBMATREL 72 5.
mk_location(1,2) ¥ L2 WS JE T location DMK T DI L HAREL > T\ 5.
BADPSHE BADEHM I map A to BEWHEZEED, A xoxtmBERIEZ~Yy 7Ly b
(maplet) {a |-> b} 2V, {1 |-> true, 2 |-> false} DX S IZFldkT 5.
BUZX LT, ZDRUZIET BMEE 72 T BN H 5 5%tk 2 A2 %M (invariant) & UCTEHT
222N TES. HIZIE-30 L E 100 K OME 2 /R T RER Temp IZIRD XD IZEHETE 5.

Temp = int

inv t ==t >= -30 and t < 100

inv WAZZMZRTZODXF—T—RTHY, ZTORD t IFAEFMFORRBIZHS KA TH 5.
REZM 2T L ICHAEZER TS L WS DA VDM ORIz ERX NS HIEHTH S, L a—
FEITIRE T « =)V PO &M %2 AELRMIZEHR T 5 Z EAARET, ThiC &k b ML EZERT
5.

BERGERIET A=<V AY Y NIZIZILSASNBMETHED, 74—<ILA Yy NiZfithTn
BOWANIZE ST, Tl 82ELOENZANZE, BELIZKWEDODVEDTHS. KAt
FRECR SREDEAITIINERE L WO BEELR R WA, Ta s T LD TRV — TERE ([ - 7Bl 5] D
REILBRTHHENRL V00, EEOHAOMMBEIHELNLS THS.
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BET

VDM Tid bool # (true, false ZfHE UL THA) 12T A F & LT, swlfE (ASCII XFT
i and), FWELAI (or), HAE (not), &E (=>) FARMINT WD, BHIZH L TIEIAES (<, >, >=,
<=) BLUES (=) PHEBHEAE L LTRSS, Zn50HEFIE2O2OAN (BEIR 1 AN)
XL, bool B %K function & U THkb b7z, iR higiEBE 1 TR S 115 18551 bool
BlzRDZ L2k 5b. BEIZEU TEZ DIENITIEERROEE T2 23 5. VDM I& LPF (logic
of partial functions) DO ZH->TH O, FaELbk LIFEHEEARE LRV (undefined) %
x5, Hlzi¥a = true, b = undefined & U724, a and b = undefined, a or b = true
s, 720, VIV TIREMLOMENS C LR U & 512, ki S HiiZ1T\Vy, FHEED
EE - T-NR T2 T b0 5 0HZ 7> TV 5.

F£H51EL T, iE (€, ASCII XF Tl in set), WHAHES (C, $ L <X subset) 7% bool
BMzEZERTHAEFE UTREEINTE D, 20IE»ZEAEOM (U, U< IEunion), B (N, HLL
It inter) Lo A TFBREINTVS. 61T, —BiREEREOSMRE 7V (ASCII T
forall), fAERET I (MUK exists) 2BV, bool AR TIRGEEZMEKTE 5.

KRB
VDM-SL TlEY AT LAz BT 2 REZBIZOVWTIE—EITEE 2175, ERIFUTDLS I
R0, REEEB v, ..., vo DEB L OBEEDOARZESEM (inv BUF), #2308 (init

PAR) 2175

state vars of

vi @ t1l ...

vn : tn
inv s == ...
init i == ...

end

VDM++ TIREY 2 —NVDHLL 272507 T ADHIZ Y 5 AZR (instance variables) #FdiR 3 5.
PIAT LN T ABBBOARE LM 2R T 5 itk b,

EEDE
operation $ & U function IZ2WTIFZENF N, EHEOEMKRWNZRFH %R T 5 explicit (7)) 72
ik Yy, BN EEZOREBERD 5 WIZ5BOBERO A %GR T 5 implicit (k) AGiENH 5.
explicit function IZLAFD & 5 1Z5didd 5.

f: T1 *x T2 x ... *x Tn -> T
f(pl, p2, ..., pn) == expression
pre P(pl, p2, ..., pn)



3.1 VDM IZ X 5% 19

ZZTpl, p2, ..., pniXslETHY, T1, T2, ..., TnlXZ DR TH 5. expression (F5[8%
o CERMIZEVEZRHTE2E5DTHS. HIZIX2 DODMED S HDKRE WS %KD 5B max
kO LS izEdhTcE 5.

max: nat * nat -> nat

max(a, b) == if a > b then a else b

PIXHHFRMLIFENSZEDTHY, pl, p2, ..., pn ODlGE (EE2»%2ETEE) TH5.
I OMEIL P AAEIZ AR B HPIZH S NS, 7B, explicit function IZBWT, £3 aiZfRALT,
FNTDbIZRAT DL Vo BREE X EHGLR T2 Z LI TERWVD, let X (k) 25 &,
NITH T 2 EHRKRIINTE, if then else XEH LD T, FIRFEBEITEVWRIULATEETH 5.

—}5, implicit function I EAKMREA DT H 2RI TIZH R E BV EL OB I 2R T 5
LEDTHY, BYEZE ret BOAFIZHVWTE L) 23258, UTOLSciditans.

f(pl:T1, p2:T2, ..., pn:Tn) ret:T
pre P(p1l, ..., pn)
post Q(pl, ..., pn, ret)

P I explicit function & [FAEDHFIZRMAETH VD, EDLEIZHDH T function SEHATREL 72 5. Q 1
HEBERMLIEENEE DT, GHEETO pl, p2, ..., pn D, BLVEDfl ret & DE TS 2

Fthaild 5.
operation Tl¥, WREBEKEL GO THld %4175 . implicit operation IFIXD & 5 125tk 9 5.

Op(al:T1, a2:T2, ..., an:Tn) ret:R
ext wr sl: ST1

rd sm: STm
pre P(al, ..., an, sl, s2)

post Q(al, ..., an, ret, s17, ..., sm”, s1, ..., sm)

ext ILHWVWTESINTWS s1, ..., snIPREBELTHD, IS5z UTEE (rd) B X OMHE
DEHE (wr) 2752 2EST 5. BRFMORRTIE, 51, KD MHES X operation HITHETD
BEB L OFEITBROELEBOEORBKREZ/RT. T I T operation EITRIDOZELIZ DO WTIZ~ %A
FTZIRT 5. operation 2B L TIXHRISAE, FHEML BFEZ T TR, REEHE &DF
WP o T WA,

explicit operation Tlk, AFD X S 125k 5.

Op : T1 * T2 * ... *x Tn => R
Op(pl, p2, ..., pn) == statement

Z Z T statement IZMRAFEZRTEDTH D, HAKIZEBFRERDOGIEZITS. KA (1=) DIF
73, operation MEOVH U, if X% case X, for V—7 (B EIN—TEHE T 5130, EEPHOE
RITH LA AZITS 2 HTED), while —TDRMEI NS, F72, WHIFEITPIEREMNFET (B
BONEFPIFRER & 7805) MEIZOWTH, HlfIEHLEPEHATETH L. EARRICITFREA Z
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TG AIE, BIRFEATHIEXE T 0 Y 7 X E2RKRT 2 EINTHET.

VDM OAKDE Z /i Tld, ERRIZEWTIZA (What) 2B T2 D00 230dTRET, BAERLR
T3 XL (How) 25k d 5D TIEARWE X4, implicit ZRHD SR VDM 5 LnwE Inb.
UH U explicit (ZFER U2 ADHRIZTEZ 2558 H 0, HBBd 5 Y — )L TOERITIZI explicit 7250
WBBETH D720, BEIZGUTHWIMNTEZ &2k 5.

let XX
VDM TIIEBZ2{HRIZT 570D, A— NIV RERIZLZEHRREDARETH S, TND let X
ThHb.

let a = f(x1, x2, ..., xn) in g(a)

ETBHO—HNIZ aBNEHRTE, f(xl, x2, ..., xn) DLV IZaZFHLTENUREDO %
HARTES., 0P, let XOFIDREZHZHVAESITIEXFABOEKREFE D def XZ2HAWS.
I SIZIFIERERIZMEZ IEINT 5 let be st XD B. HXFLLTDEBDTHS.

let a in set X be st f(a) in g(a)

IO9BHLEAEXDIDH f(a) 2l I MH2IEREMNITERL, TOMEEZHNTTNIABDHEREZ
ik TE 5.

BiEL

ISO fF#£D VDM-SL Tld, HEAMIZ I DDEYV a— VTR TOMM R ETS> 2 & L, KB
fLiFFZRI N TRV, 2 UBFEBETH 5 VDMTools TIEMEDILRIZ X 0, #Ek~o
& L TWa. module & MEXN B HE&%ZE AL, module NIZ, X function, operation, IRHE
TR aEEHKRTSH. T 52D module ~ export 5% H* function, operation ' HES595Z & T, Z
N5 2D module 12 import AJREE L TW5. 72720, REEBIZOWTIXZENZ D module N
WU S50, AERD module 2 5B T 25 Z LI TERW. 2B, module £ 2EHE LR WGEIZIX
DefaultMod AMERIZEZS I NDE LS IZH>TWVW5.

VDM++ TIREARWREY 2 —VOMEEMIZZ T ALY, 77 ZADONIIZA v AR v AEH,
function (BIBDAZHWT, BV EEZHFLHE) B XU operation (BIEDIENITA VAR VAL
BEZM, AETELHEE) 2EHKT D, VDM++ TRBMOARERMEDIEH, VARV AZHH
Dy U TRl TN AL LM 2R TE 5.

VDM-SL Otk ik > 7OV ALy Ko TWEH, VDM++ TRA TV 227 NMEIZAL Y K%
ERAREE o TV 5.

3.1.2 VDM ORERIEICDWT

BiFE VDM OBHFEEEIE 2 D 5. 1 2k VDMTools[18] THDTT ¥ ¥ —72 IFAD LA B -
fEft L Tz VDM-Toolbox & IFIEN %Y —L & HAD CSK # (BfE SCSK #k) AYEINELD £24
LTWdHDTH5. 5 121F Overture Tool[19] TH YO, A—T vV —ATaV 7 FDY =)
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THhb. TH5Ik Java DBEIFRFIZHEHIND eclipse DT T 71 e ULTEEINTWS, b, &
Bz i o S R IC B B b I Tk RS, Hifim ot fihbhTns.,

VDMTools Tl&, VDM {EEELRDXGEF = v 27, R4 TF v 7 DIFR, 4 VR T RIZX B4
FROFEATRT Ny IHRHABEL > TS, ETOBIIAZRMXFATFESM2EMIIF vy 235
ZEDHBET, FETRHIAERMED M-I NRVGEICEEERZ KT LOITTESLN, ZThsD5MtF
DF x v 7 DFHEREIE N LR ET, & (FiZ forall 7 & THEEIOZE B2 FAF2EH L LTl
HAUGERE) IT&ko TIHIHARRIZH S, FEIHIC X 2 MEEEEE TR L T TV DY, (LERDIE
MM 2 RFE T B 72 DIZEEAD M B R IHE (GEIAEF: proof obligation) % AT 2 BaEIZIEH I N T
W5,

ARRDFEIFITBWTIE, FEARMIT explicit ZRRILD ANPEITTE 55, implicit FHITDOWTIE,
WRD 7075 M DFEERD EFER, TOMRIIN U THREMEZF v 7T 2[WAT
Al TRE L IR o TWD. 7z, A X TV ZOFMMIEY =)V ETHFEMIAT S 7213 TR, A2V 7
MIEDEFTTLILHWHRT, TAMAZ V) T 2ERTHI 81240, RiFEHRT A METZ2T
R LTWa., a— NNV —Y Gl 2 FEERIZFM U 720 8G0) OFHIRERH D, 12TV &
THETUTHHE L 72580 121335 2 L BAlgETH 5.

TARMEWSBIATRL, AkEFEITLT, TOHEEDLPDPTVWETLI—HIIRTT=A—
VavhREBELINTED, FOODOFE L LT CORBA (Common Object Request Broker
Architecture) API (Application Interface) [20] Z o 72N T 0T I LoD A V2T X LD
EEHEIRBEEINTVS., ZOBEIZOWTIIE S BETHALTWEDT, TDOHTERDOMNT
ZRY.

VDM++ DELifiZ 5\ Tk UML (Unified Modeling Language) & OE#ENAIHEIZ AR > TH D,
UML ik 55, VDMA++ Dt &572 0, w2 VDMA++ ik DEIE%E UML ftib i sl & 172 b
$THRTHATRETH 5.

7B, TAMIBAUTREREEROZEREIREINTVEIEWSRATHD, DX T
ZRT BN a—VizpZhRsonTwad., 72720, Test Suite 2L LS 2 VWS EIEH D,
VDMTools DH#KR—rR=ITHMAINT NS,

3.1.3 VDM I & B HFEEH

WHNE VDM E S AT L ZGEHIC K OREET 22 L 2> THE Y, VDM % # 5 72 1 RMGE D
FMTHONT W2, VDM O S FEIARDE £ 5 & HITFEIIC BT 5 Hl5R7a EOMES LI iz, STk
[21] 32 DHGRE ZAEH L7z DTH S, 73R [17) ([TIZFEH TOMGERHIAELD BT S5 Tw
5. OB OB > AT L CHEREDOEH I AT LDET VEEINT NS, T0
S DHNEFEREIZ K BEEHZTT > TWE D, B D TIFFAEI R mural[22], PVS|[23], Isabelle[24]
ZFHWEZHDIZDOVWTHFERINT WS, mural &% 1990 FERTZICHFESI N T W ZIEHLERT
» Y, Smalltalk 12 &k D FEEINT Wz, PVS, Isabelle (BfEIZZ D LIz &EHwME (Higher Order
Logic) %% L 7= Isabelle/HOL 2MHEHAI N D Z &A% \WV) FWINbHEL L FHHINTNS
AL SRR TH 5.

—7, 1990 FEAH 5 2000 FE#DHUE, TFAD #1235\ T VDM-Toolbox 22t X T W7 EHIZIZ,
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”E'ﬁ%ﬁ ~
o (abstio akhine)
s abstract machine
REDH —»]
D __p) A1 .
gg'ﬁﬁl—tﬁﬂ (Refinement) include
L
G A H: | =5 R
(Implementation) :
B5ND —¥ i _ .
%’E" EIEEE h 4 mport
7RI 4 R
v

K32 BAYvwRizZkB 7025 LB

IFAD #£23 VDM #iEM L7z Y AT LABFED AV VT 1 V7R {THo Tz v d b, £ DFEE
DEWANOFHAFEFINEENT VS, FIZIE, 22EEH Y 2 —DORREK [25], FERERVIMIL S AT L
26], &GO A -2 ar Y AT L 27], MEDWMIEE 28] 2 EDVRMI TS, LKL,
VDM-Toolbox IZFEBHDOHEREZ Ri> TE ST, Z 5\ o 72l R TIEEERH 2 FWVW TR,

HAREHNTIZRER DN Y 747 1 ATy r—Y Y 7 NOR% [29] ¥ IC F v T OG0
Bl [30] BZETFSNT WD, HIEATEETOY TVATFLTHS [VIVEEHY 25 L] OFEMEGHC
VDM++ Z2HAL TS, ARERMEkE Uil R EFFIRIZOWTHRE 217, Thizkd
B EICENL o7z LTWD. BETE, ICFY TOT7 7 =LY T IB 5T — X EEE2TH
T5T7 74V AT LM, REDdD TV -7 —2, o b alfdiFEeeFa ) 5o Akkico
WTRIR LT WA, £FAFRHIT A MEEP T A MR 2 ) T 2HOEYSEICE>TRd L, 7A
EEML TS, I— NERBIZFEHALTE ST, ROKEZHIMI VDM 2FHLTWS. Zh
S5 DHHFUZDWTHEMEEH 21T > TV A DT TIEZRW.

VDM D EsE O HFFNIEHEEAZT5 2 VW5 &0 VDM DI ¥y R 7o b X1 Y 7
TEHUZZBRR T E E 2 5. BERIEHEZ A WZMREEIC D WTIXZ OBRENRt S N o722 &
LH Y, BEIFFINEShRIRIICH 5.

32 BXVYY NICLDHFE

B AV KEldJ. R Abrial I© &> TRIBSNAFETH Y 3], 7Y ARHDICHDLATVS
EFVBEHMFETH S, RIFAT— ROERICES2BEVTE D, (LD S ERS N5 EHO
Y, (R BBIIC I — RIZE CRAIMET 2 L VWO a2 5 -2 bDTH .

32.1 B XYy RDIEDER

BAYVYRTOVATLABHFAA -V ERK 32ITRT. T2 TIIERIICHSEW (abstract
machine) ZIEENEAEREZFTRT 2. FZRICHHTE 5% B S58, H5WVITHIZB XD, Z

I
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MACHINE
MA
INCLUDES
SS.Minc
SETS
AA; XX = {x1, x2}
VARIABLES
aa, XX
INVARIANT
aa : AA & xx : XX
INITIALISATION
aa :: AA || xx :: XX
OPERATIONS
Op_A = BEGIN aa :: AA || xx :: XX END;
Op_B = 8S.0p_C
END

3.3 B AV Yy NOMEHEMWE Y 2 -V OE

FUE [31] LR BIEL TH Y, EHITHATIHEIMP K EZESIN TV IRELH L. ke VWS
BENRTHED, I TOMMRERIE, EHEMEP TV T XL ZIERERIZFHR T 5 Z L ATRET
H5. FEERE IOEBBIOBRIZOWTHEICKILT % 5%M4% A2%M (invariant) & U Talid
T 5. ZORESEMIZ operation FEFEFTUZETH > THERIPRD SNBEH, SAESZMEVPREFS
N57-dDEMEHIHER (proof obligation) &R, Z OIEHAER LAY & HEIEK I NS D8,
GBS IZ X DT AR EDDH L. TNEREV - IVHSOEEVEEZ RIS 5720 DEETH Y,
B 3.2 IZBWTHIRBEIZ N LT TESOBEVEIEH] L IFENE 3 IcH725

D%, ZOMHEEEFML (refinement) UL TWL . ZOFEMIL &%, AN L OIRER, DFED
FHEASROMEEA L O HL 8D L \0WD Z e 2HKT 5. FHLBICB VT, B ESGOEEMED
FEAA7Z 1 T <, BBCCHFER R FHMLITORG 272 L TWA Z L 2itHT 2 0 ERH . 2D
MWK 3.2 1B S L EME AR DG Th 5. RIKBFSIXES (implementation) B
CIFEN, TR AMIEEARAREREE LTORRE RS, I I TOEBIIREN LT VITY X
LETHZMHENRDHY, BOY TRy b (BOEGE) 2HHALTHRTS. ZORKEM»S a— N4
BRIz E DA —R2R/(EILNTES.

B OHISHEME Y 2 — )L O %2 X 3.3 12”9, SEEHD MACHINE IR OES TH b, £l
NMATHBIELEESLTWA. SETS ZEADESTHS. X3.3 D XX D& RIIFMELDIF
7, deferred set LIEIENBEABERARETH L. ZNIEEGHZITEES L, T0FEEEZFEM
DRIz ZR2H DT, M3.3 DA DPZNIHYET S, TNIEFEERETEROARKHE E UTHERE
INs.

VARIABLES IZHIRZ % (abstract variable) DEETH 5. TDOARIID\WTIE, INVARIANT O
TEHTD. HIBEHOBEIICEEOERE RTERZIT TR, EAOBPHBE L ELERT
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5. 22T MR LE-oTWVWHDIE, AKOERDEOIZHHTLIEVWS ZETHD, EEIN
LR L TR > TWVWT LW, HHEIN L HLZH (concrete variable) HEFHRTE 503, T
WTIRFIERL, R, T — LB B WX T DESI DA HE NS,

FEBELMHTE S, E5I3 CONSTANTS (ZH#t < fEFTIZ TIT 5. EBDRIZDOWTIIEK L
MR ZRHEODIENTEED, EBMTHH-ORTTHELTE TSI LIFTERV. EHOMIZ
PROPERTIES O Calid 9 5. FHEELRWHIREH L AIEETH D, £ D54 13 ABSTRACT_CONSTANTS
IZHWTEST 5.

INVARIANT A ZEZMZ2RT. ZHOBOES DOIFH, ZHOMICHEIZK Y L DBMR % ik
T35, ZZT:RELAPALOELEDERTHD I %2 RT. TITHSINEARAELRMEIX
INITIALISATION IZ/REND A VY AR v ALK DOWHILETT#, %72 OPERATIONS O HZElid
I N5 operation ETRITITHEITH I NTVWEIRENDH 5.

pinl}

B OIARI X UTlk, BHHP T =) (BOOL: TRUE & & O FALSE), X#5# (String) A%
H5. BHRANIEEOEBOES (Natural, Integer) IR THRIITE Z2HPHDOAROERDE
& (NAT, INT) &izFplEn s, FERERS Tl Natural X Integer 13 T Z 72\, VDM D5 H
RUZAASY S 5 DIk B Tl enumerated set L IEIXN 5. SETS D Tset e 2 HIZZDEE%
HET 5. ZERORIZOWTIE, Z2HOESHD TRTDTIEA L, INVARIANT (Z# < AZLEEMAD
¢TE§T6.@@%%@@VWﬁ IO LENTWARNWDT, INVARIANT HTHTEHEST 5. 1
IZ& D, operation TR DMENERDMZZ L TWE0E S AGEHER & U TAERS NS4
ALl oTW5D.

VDM O L 3 — RENZAHY T 2GR ESIZTE 2D, MERD 7 1 —)L REKE ORIz
WTH INVARIANT O CRIIRT 5 Z &1 5. MEEERIZATTR DT SN0z <<, 25
DPHLE UTHD A D E WD BISMT A Y v M7 nW7z8, B TIHEEERIZZ HI R,

HHEADENPSRIZESE, ADHNEETHE-D, BMeLTIE A DREES (Power
Set) Bl 723, REESITHYTEF—T7—NIPOW THO, B A DEDOESL B IFARLEKMENT
B : POW(A) DL D IZFARTE .

VDM OEH{INZHHY T 55D, B TIE—MILIhTWD. HE A D o &S B OfE b DM
(a,b) DEH%Z A & B D relation LIFATWS. ZD5 5, a DEIZHL, HIZR2E b DE—FK
L2 5EH D% function EFER. a DELED A L BT NIELBEE, A OEWHESTHEE DB
CIFEN D, SHICHEHEDIRH S EHEARETHS. ZOHODEZXIXZ Dk z5 EHATWVS

FUZDWTIFANZE L 250 VDM L AU LI [1 #HAWSZ e RN TES. 7272 ULHNIEH
UCTHAERBFIIHHTER Y. ADEEDSR 55 seq(A) & W RIZFDAY, FEREIZIXFIEIE
%%%?%Wﬂ%ﬁm@%%tbfi%éﬂf%b,mqm : POW(Z * A) 272 5.

MEEEES 2B TEDH, BRFEOMOEHITRL, T—NBEIZHECKIINT WS, diEzE
“—wmtbf&o#@kﬁBaﬂﬁﬁ%%%hfﬁ@Té.mziBmMA=B)=ﬂwE\@M
L7420, TRUE, FALSE % @BHA FOBIZIZHWS Z LI TE .

FEBEEIZB VW CTIRELLEHROANMEATRETH S, ZOERKEBUIIBL T T B0 T AT
BER P AR ORMNHIR I NTH D, BEARMICIZEBUITEEAL (deferred set 2 &), 77—V,
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enumerated set U2MEHTE . EHIE BO SREICE E N2 WD, 1IRTH KO 2 RocDEHNIZBE
TE5I7A4 TV REINTEY, ZHCXVFHAAETHS. EERIHEZ2ELETILEIE, YR
BUIE T 2 REND 5.

HET

EHEFIZBEILTIE, VDM &HiET 5 &, ASCII REUIE TOEWYEH o720, HEFZTOLON
ZHEINTWEZD T2 RIZEAIZELTIEZ W) B8, 4 DA T2 /25 & KERENIER .
WEECB L TIX, WWEEF (v, ASCII XX#TIX 0R) fHR (A H2 VI &), BE (- HDHWVIX
not), B (= H»5W0WE =>), F5 (=H25WVE =), FEES (£ HDWVIE /= <HDHVIE <=RY),
g (€ HBWVIE ), MO/EE (CHHVIE<:, CHDIWVIF<<:REY) 2FBRET (VHBW0IE 1),
FERET @H50E#) PREINATHS. =2EL, Zhoi3zd ETHREL TR T 2BIZH
WBEHLDTHY, BB L XS — VRO U CHREEH, mEM, 68, aERMHTER.
FLHIEUTIEMN (UHBWNEN), B (NHdWiE /\), # () REDEEFRH L, SlicH
UCiddss Cz2H) PRI0EE (first), BEOEFE (last) REDHEBETH 5.

— IR A

WL > operation OHTHFE & U TRk T & 2 DIE—MEM A (generalized substitution) &
IEEHY, RADHERZBRLZEDTHS. RI1ICERBDERT. TNIIMIFMEREIRGE, B
BO—BALRAZMAGDLDETRKERBIERAIZTE2ED0H 5. X 3.3 Daa :: AA Tldaa Il
AA D 1 EREZIFRENIZRAT 2ERICHR S, | IZEBORAZFARIZITS 28 2HKT 5728, [
RHZR CEBADRARZTERWDT, ZOHEIERRMERGZEZ0HT 08N H 5. £ /-5
BIZBWTIFBIRRAPMEATE T, FEEB TP ARRAPEHTE R,

728, VDM IZE1F 5 function D & 57, 5l#EEHWTHZRIEHEIIHEI N TWRWL. FRk
DZ L BEHFITWEWGEIE, x27uhI AZRNeHNDB LR, 2L 70 TREIBDOMD
FvINTERWVWZD, 5E2I1IZ VDM O function & [\ UstidiETE 2200,

F#lZ VDM Tl bool 1% K3 function & HETHERMEN SFOHT Z EDFFE N, TOMRKREHR
HHA 7T function XA L EESTE LD T, HATHBIZMEDO 8% BID function £ 35 Z
EMBBIZTE DN, B Tldoperation FOH LIkH L FTH —BRILRAD—DTHD, HiisMN
ARIEREREIRO LN THHAT 5 Z L IETET, I5ICiEE 7 VR HEZ TS TWS
=T, &R TRHRT 2DITIXRENIEL 5.

VDM @ function \ZFX4 9 2 £ D& FEET 5121, operation &3 IZm A MEEERT 5 Z & TH
ST BHENRDH BN, ZOHIKIZODWTRE S ETHHALTWLDT, TOHMTHIIT S, 727
U, ZOJETH VDM OFpiHgREMf e 2<ALLR 2T > DIINHEETH 5.

BiEL

& DM AL LTIk include V > 7% import ) > 7 LIEIEN S H DD3H 5. SN X
MALB RS TIEX 3.3 TR U & D ICHEE Y 2 — L OfE K% INCLUDE X THEST5 I &Itk
D, IMBEY 2 —)L D operation XL Z ML UTHHAT S Z L WAREIZ72 5. include T 5 E
¥ a2 —)b Minc DOHIC prefix Z DI TIZEE T 25 &, operation X ZHDAHIHH D HE DEHP
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# 3.1 BIZBI 3 —BALRADH]

% eyl Wi

IEEZAWN skip faf & U7\

SEAFRA a:=b LS URAN IO AN

FHERA a :: A EBEHD 1 EREIIFPFEMITRA

FRMRA a : (X)) X(a) %7z 948 % FEPRERITRA

AR CHOICE S1 OR ... Sn END S1,...,S0 O 1 D% JEREmICRIN

FEPRE R IR ‘

SR '?EIE%C'égP?.THEngé ‘/TJHggDPQ Jﬁz;jﬁé 131\ IZXHnd % 8i &
FEPLE R IR

A | I KESE R o - THEN &8

JEPLEREIR | ANY X WHERE P(X) THEN S END | P(X) %79 X 2\ T S 2547

BIRARA A; B A®FFT UM%, B E2ELT

EIEZAWN AllB AL U 72RO % [FIRFIZ AT S

L);gz;;l[(jn xx <- Op(aa, bb, ...) D operation % 547

HETSMA | PRE P THEN Q END PS5 & EDMAQ % FELT

7av A | BEGIN ... END BIRRARFRRRAZ 710w 7 N THH

operation LR L 7-HEIZT T —L 250, HIAIXK 3.3 TR L7Z& D12 8S & prefix 2175 &,
Z @ operation X Z$ %X 3.3 D SS.0pC DL SIZSS 2RI THBIBT L eAAHEL 2D, HEID
WREEITDILNTES. HRICEEERIZBEWTE IMPORT X TOESIC LV AHTMRETH 5.
nE, ERIFEY 2 - NVETHERDT, prefix 221 TICHRT 5.

A VAR Y ADMEDEFIIANE Y 2 — )V TEFE I N7z operation i U THEMT 2B ENDH 5.
¥ 7z operation TORDFHENEH < £TH include THMREEMDERIC K 5720, F DML
TMASNZT VT XLITIENEH AD Z E W TER,

ZDIEMNIT sees VI X uses VI WD B, sees ) VI IFMDEY 2 — )L T import Tz
EVa2—IVEZRTHZLEVIHDTHS. ZO5HHE, EVa2a—LVOERE2ZHTEL5DAKRDT,
operation %l U72fHEDEF IFFHFINT WAV, uses V ¥ ZIE[H—E Y 2 —)LIZ include X5 A
EVaAa—NVHTT—22HET520DMATHS.

FIZZEF7Z) v 700 TIIRHLTE, EVa—IVBEDOKREHIZT 7R ATELNE S DD EES
NTW5b. ZOHMIEIIEHZITS 2O ICHERESHEREINTE D, BEIZFLIBEND 5.

SEEAE T
AEM% T, WL operation D —ALMAAZ S & § 5L, MEHEWIZE T 2IEHER I

I=[9)1 (3.1)

citikENnNg 3], ZZT[SI BT % SIZLoTEMTLZLEVWSISEEKTHY, HIZEXI W=y D
GEZ S r=a THNX[S|I 2% a CEEHMAZa=y WS I LITHRD.
—F, FMMLICBET 2REIEBIE 2 05 5 [3]. 1 DIIMIMHMLIZET 20T, FMbRTEROZED
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BRE J, FEM{LRIROMELE B,C L35 Y
[C)=[B]=~J (3.2)

ThHzZo6N5E. 5 1 DI operation 12T 2 DT, AEFM%E I, FEMALETD operation A%
PRE P THEN K END, :ffl{t#%7%% PRE Q THEN L END D& 12

(IAJAP)= (QAI[L-[K]-J) (3.3)

THZo6N%, 7z include V v 7 2175 35E121%, B2 include 3 2 RN D R & M4:H500
Hb.

322 B XYY RORERREICDOWT

MOTIEB AV Y FORFKY—ILELTAFY AD B-Core ££4% B-Toolkit # &4 L TW\72 23,
BETEY K-t 2fioTwhAWw. —F, 77 v AD Clearsy tL4% Atelier B[32] Z 2t L T\ 5.
WO TR T D Bdfree &\ 5 Y — )L &MifT U THRE L Ty, BIIETIE Atelier B Bk % 7
V= UT—ARIELTWS., 4B, 7V —TREINEZ NNV 3 VOIENPTRFENZ{ERZ LI
Lo TAFAREARRFENN—Y a v (FERICEEHRE 05) BH5.

Atelier B 1Z8WT#H GUI (Graphical User Interface) BREN LI N TH Y, EFzv o b
K OGEHEBE O AR, HEREHS X OWEREEH? T A2 & 512> TWnWb. etk gy —
& LT BART (B Automatic Refinement Tool) M fgftE T W\Wa A, —/HTVDM IZHd LD
1227 ZFRT TV,

ULIPLADBS BDT ZA—varyyY—)Le LT, TavlRL7RETRELTWS ProB[33]
NdHd., ZOY—)ILT B Tt IN/-HEFRKIZDOWT, (EREDEFTAREZL operation % 3ER L THE
TEBZENARET, SAT Y T ICEBOREEMRT D2 ENTES. FEALEEHEPT Y R
Oy 7 PHETLHPE D PEMEENIIRBER 2R EIETHEET 2 Z b EL o TV 5.

ProB I&iE#: Atelier B &V > 271U TWa WAy, BEval & WS IHEREEA IR S NTE D, Th
ZEUTY Y IHEEL > T WA, (7277L, Linux IO AHEf)

Atelier B 1% 32bit /N1 F Y THEAAINT WS, Lo T, FEER CHHTE 2 BHBE I 32bit B
BOFH L > TWVWD. O EHBUHEE LOHICR D Z 2iZ20TIdERE T 5.

323 B XYy RNICLZHEREN

BAYV Y FOBAFHIET 7 v A%< AN 5. FHI N HITFEE 14 S (Météor) [34]
PEHY ¥ ML (VAL) A0 [35] WA/ TH YD, BICHESTADHEHE WS Z L2 E 5T B
AV ROKBUEY AT LADERAFIE UTRAINT WS, STk [34] 1I2D20WTIE, VAT LR
EOBEEHNML, TRV 7 bOEDHRTENRITHEZIT->TWE Z LARHE R->TWDE—A,
BRI E T TR O EAMNZ 3 % 0 il T vy, —7, ST [35] iKW TIREY 2 —
WO DHZEZFRETINVDRECDOVWTERINTWVWT, B2iS ETORBEEATVS.

ZDIEMTIEA— L KT DRl [36] X A~ — s 71— FADEASEH] [37] REDBHESI TN D.

7B, BEELLNE WS EVATLADETY VZRMABICHEATS L0 IE, XKL LOKRE
DTBT T LMEFIZENTE D, #FEe UTIRIRENIZHNT S Event-B D AR I LA LR >T WS,
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MACHINE <machine identifier>
REFINES <machine identifier> CONTEXT <context identifier>
SEES <context identifier> EXTENDS <context identifier>, ...
VARIABLES <variable identifier>, ... SETS <set identifier>, ...
INVARIANTS <label>: <predicate> ... CONSTANTS <constant identifier>, ...
THEOREMS <label>: <predicate> ... AXIOMS <label>: <predicate> ...
EVENTS <event> THEOREMS <label>: <predicate> ...
VARIANT <variant> END
END

3.4 Event-B ® MACHINE &% 3.5 Event-B ® CONTEXT &%

3.2.4 Event-B OEDRER

B XV v FNOJRAE &7 % Event-B[38] IZDWT#EFH$ 5. Event-B X, B XV v NIZH T SMGE
FEAI—NOERIHL, VAT LADETIMLIZE L EB W -FIETHS.

Event-B €Y a—)Lii<v ¥ Y (MACHINE) & 2> 7% X+ (CONTEXT) @ 2 224316
N5, K34BEIOK3S5ICEVa—VOREEZRT. IV TFXMITES (carrier sets), E#
(constants) B EUVOZN 572 T A (axioms), EH (theorems) AFR XN b, WbIXEHNZ
MADEHRTHD. EHDOERIZELH % CONSTANTS THE L, HEIZDWTIX AXIOMS TEH
%. 7z carrier sets (% set D2 SETS THST 5. TOMEIZDOWTIX AXIOMS TEHE T %%,
B 281} % enumerated set DESIZEDE FIEHIB L TWRW. F 2 TEET 5 DA partition &

WD T = )UERT partition(S, s1, ..., sn) itk d 5, ZThiES L\ set BES s1,
., sn CHERE N D L WO ERIZRD. ZOHEIT s1, ..., snlZEHENRWI EAERIN
5., ZnEHW, s1, ..., sn CHETLHEEZEESITNIE, enumerated set DERTE 3.

AXIOMS T A% /R 9 M3E, THEOREMS CIXEM 2RI BFEZRT 5. KIBFEIZT RV ET
LN B &85, REE LTI BORELHEKETHS.

LTy rTikary 7+ A &S (see) U, 28 (variables) X % D A2 54 (invariants),
BREBEMRZ D4RV D (event) it I N5, F72, IV TFFANOEH - NHX & RELMD
SENPNDEH (theorem) %2R TE L. ZTH S FEINARINDEHRL 5. Z4 1% VARIABLES

55 L, ®iX INVARIANTS TEST 5.

BB ITHY T H51 RV ME, K3.6D%EES. ANY ... WHERE W5 F—T7—RZ&ffioT
WT B XY v NOIEPREFBEIRIZM T WA DY, predicate & action (2 label 23\ T\ 5. WHERE IZ
e XBVWDIEH = RE WS BIZIR > TWT, IS Ry "BRET LML B, KT A—=ZN
ZWBEITIE ANY ... WHERE TUd72 <, WHEN %Z{f5. THEN (Z#i< D action T, T DHTITZE
BORANENMTONS. UL, Event-B TIHHEHATE 2MRANEHINTH D, B OHEMA, =
FRA, RRERALDPED SN TRV, £D7-8H, B ® CHOICE ¥ SELECT 7% & % {fi - 725tk
FTERVD, RRMRATIEARY NOHFTHFEDMHE M > 725 B A[ETH 5. STATUS ld A1 RV
FOPCRMEIZET 2 EE 217572004 T a v Thb.



32 BXAY Y RIZXDFA 29

<event identifier>

STATUS {ordinary, convergent, anticipated}
REFINES <event identifier>, ...

ANY <parameter identifier>

WHERE <label>: <predicate> ...

WITH <label>: <witness> ...

THEN <label>: <action> ...

END

3.6 AXRVFDESE

< ¥ VLR L (refine) $AZ B TES. —F, IV TFAMINE (extend) b, XD
RYVERFMEL D, YDy TF AN IR L 20X F N E N REFINES X° EXTENDS (Z/R9. 1
DOV EEBOY Y IZHMETE BH, WITERO Y Y Y EFERIZ 1 DO~ Y U IZEMLT 5
Z2RETER .

B AV vy FEEZRD, implementation (Y 2 VRO T, mki7Ra— NEKZ HIET
Ll 5nhy, FHE2TTHONTVEDRDF =y ZIZDOWTIEIEHAHTH 5728, YATLD
ETIUERHGEEEZ HIZ T 20 THNIEFERITRDEEVWR 5.

3.2.5 Event-B ODHFRIES K URAREH

Event-B TORIFIZ DWW TIE Atelier B TOH R—bE R INTWABED, EIT eclipse ETHL
RODIN 7Z v b 74— A4 [39] TORHEL L >TWS. RODIN 77 v k7% — ATl Event-B it
DRI O Z BB XN T WS, plug-in 12 & o THEEILED T X 2 HHlA L 2> T
W5,

AEAA S % 1% Atelier B Provers plug-in IZ & > TWA W, THEIFERRIAEHIZERIZOVTS
plug-in & U T2 FTFHONT WS, Event-B TIIAFRZ LR T 5728 D Theory Plug-in &\ 5
AR D D, TNZEHWTEBIIETIAMRZMET LI LT, EHEVFR-NT5I L
FINTEHDH [40], EHICHETIEHAROREDHE>TWS. £/ Event-B DNy 7 T2 FiZ
SMT (Satisfiability Modulo Theories) VI N% T 2iAABTHNT WS [41]. SMT VILNT
RS N HIF TIEH B PWEBOE G Z HHTNE, EEEROED Zenapge s,

RODIN ZD & Dk 3 — NERKZ > TWRWAS, Event-B 23— REMKBEEZEMNL LS5 2T 5
5% [42] Bi7bH TV 5.

Event-B iz &5 602 WS a—RAERI DIV AT ALATZRBRIZEZZBEVTWS 2O, EMAF &
Wo THE VAT ALVNVDORGFVFLNE 25, 7—AAXT 1 B3k [38] IR ENTWBIED, #
EZEE L 728 DIZD\WT H 3k [43, 44, 45] M EMRHE I NT WS,

ZOHTICHR [43] TIE, N TV Y RYATFLAADEMA L WD Z 8T, ghivZ Ao HHF oM
AR, TORTERZERL 2R TbNT WS DY, EERIZIE Event-B TIXEBULY R— k
ENTVWARWV., ZIZT, ARIFEBDOEDZEBTH-> TWEH, = MEEBE K S it 2 i )8 >
AT LD T, ZABEBOWEDIEA, EBTIEED b, B TIIE LR WRELREDOR
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MAEBBMLTWS.

3.3 EEPAIRRIC K BIREE

VDM Lk DMREETH T & 72 PVS % Isabelle/HOL 72 E DFEHXERZ D H DIZDWTIX, fhkk
ZETNENOFR S FECRlid §HUEEEHIZ K B MEEN A BEIZ A2 5. LA LAaA 5% OFEHEERT
FEREEREE AV, BBE T 025 I T KBk A RO S, NRERS ZHI NS R
BizdHd. VDM X B DKL D RETINVHE & A, KO BENLRERVRD 5ND 720, BRI N
BLRUDEL 5. KO EEREEPHRTES T, MY 7 MY o TR Ta 2 ZIZEA
TLDORKNET, ZDLSLFTEEZEANT D ITIIPAMGEIRL L 2 HMREAPLEL I NS H D
tEZOND.

E72, 2L OGEMMETRT 22 TERTDTH S, ZHILidR S NI 2 3EHE B
EERT 20BN HL7-HTH5. £72, VDM-SL 2D SFE TR I N SFEL ML ER % H
WTHGEET 2561%, ERRZEDBD7ZIFTHL, RGBS FEICHET 2 EMP M AL, 512
A H 2 B L CHIBRICRAT 2 Z e R ETH D, THITEERBEMTITSLATLEKTH
5. HilZ ¥ Isabelle/HOL D56, MO FIEICH T B MkEd %, GEHD72OI1T Isabelle/HOL
AT B HHIE Z GliEE xR & U7z HOL-Z[46] X Event-B (281} % Isabelle Plugin 7% & £ %73
BREBRFFHEINLTIEASNEH DD, Isabelle/HOL TOREBIT 2B ZFEL LTH D, A
NS IEBIE D ADFLR T E B Z &7 5, Isabelle/HOL 12 & % Uik (269 2 FEHH B 5 2R iliak & W\ S
aamlE R o N,

7z, PVS % Isabelle/HOL T3 — FAERDPHEDEZEZO5NT WP S 12D, BEIZR->T,
Isabelle/HOL #* 5 Haskell % Scala &\ > 72 SEEANDQEMEGEDNEL LTS, 772U, BERLE
BEOT7UZ T AT CEBVEASNG ZENZ 00, BFEUERRICHAOSNEGAEIE, 612

SRNOERPBETH B,

3.3.1 Isabelle/HOL

Isabelle/HOL (&7 > 7'V v Y K® Paulson & X 2 >~ Y TR KD Nipkow IZ & > TR I Nz
AFA R TH B, PHDIEHIER Tsabelle (2 m R HOL (Higher Order Logic) %A fkL
THFEI 7=, 728, the HOL system[2] & FFIXN 2 B D &R amEIC H D < FEHRER (ZHIdEE
6 D VDM GEHHBERED Ny 7 TV R e oTW3B) D8 %2 %17 T\ 5. Isabelle iZim# 2z 2 A4k
T2720DAXGMMETHY, BEBEREHRHEICE OV E I LAXFHETHS. Standard ML
(Meta-Language) [47] Z HHWTHEI N TWS.

Z D LIZHEEEST 5 HOL 137 v —F 12 X 28 BER (simple theory of types) ([ZHDW/2HDTH
v, Isabelle & [ARIZHIA & 5 A XFHBEIZEDOWT WS, B LTI bool ® nat &\ o 7zHE AR
T =7 B INBEBEINH D (72720 nat IFEBRITITIRMNICERZ I NZEDTH D). Th
POMESNBIEITIE, SIEZEALZEEDIED,, TL8K \et, T5ITIEEMARXLf b then t1
else t2 72 EMH 5. £ LT bool Bl OMEMNEFRTE 5. True X False &L\ o - EHDIF
P, EFEORMEE T (o A VOEMER -, F5 =, RETV,I) REVERINTVS.

IR 2B T — 2 MDEHEH TE D, THUIEID Y A MPHARBOMPEHZINDH, F1EE
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BTHHEIMENDD. E-BBIIEHEBTHEINENDS.

Isabelle Tld, X#EERE L LT Emacs L T7 5 HHHY72 Proof General &, #i&li¥ERE (IDE :
Integrated Development Environment) T® % Isabelle/jEdit 23t X T W5, FiE O F B
REIZEEIAR 27 ) T N2 BHT 5 L 1Zh b, #%HFIF GUI TR LTV 3.

Isabelle DFEIHIXERESFETH S ML O L )L THEGRFAIOEMH (tactic) %2175 Hike, Isar &
XN, ADELR T 2EEHICEVEEHER S5E%2 2 filEA H 5. BiE 2 5 HE 13 tactic B
ML OB#E L TEEINTVWSDE MWD, tactic Z AT 2 HICIEHOEFREZFEHL TV
<. EHPAMZEMUZD, MBI > THLUWmEZES, mRaBEil £ TRo TS
Forward Proof &, H#M7ZandE %z EHOFEIMmE (subgoal) IZ2EILTWE, £ TO subgoal 2V E
L 75 % T, tactic Zi#HA L TW< Backward Proof ®® 0 A523dH 5. —F, Isar 2 AVWS551%
Backward Proof £ 7256 7%, & 0 AR T 25EHICEWE L4 5. lemma, theorem &\ 57z
IV RIZEVEEHE— RIZA%. proofrule, apply rule ¥ WS B TEH Zi#HL 72D, show T
FEDIHZIT-720 9 5. HEWIZEEHT 5 by auto D& 5B av v FEbhd. ZOL54Ka<
v R E BRI CREERIZIT S A, B IIZGECE S L 2D A7) 7 b e HIZRIEEI NS, T O
WCHHZEBIEAF - ZHETPEN D ZBUTEHI NG, ZHIFRAFRRERTHD, ZHhITED
HAHMREE 5.

Isabelle/HOL D@ HAFFIBLE L . BEDOMEDOKGEEL H 2D, T80T L (fkk) DOREEHEH
& LTI Java Virtual Machine D€ 7V DMRGE [48] & O KE LM LFH e LT Toy D~
£ 2T — RV AD [49] 72 XD B B

3.3.2 Coq

Coq 1&7 7 v AENLIEH Y A EHIEZERT (INRIA) THRBINTWVWAIIHEERTH S, 1984
ENSFEINT WS, [HU INRIA THB I TWS OCaml (ML O R|lD5ERE) TEREEINT
W5,

Coq D EHE L 9 5 5mHi% Calculus of Inductive Constructions & FFIXN 5 EH F HinHl TdH » HE
AR EAVEROZ RS, R & SR IZ & < Tsabelle/HOL & X IhE s, ZoidibicfiH I a5
WS FEIE Gallina LIEEN ARG E T LA XX TH S, Gallina T, BEX 7 —IUELES (Set)
Bl % RO datatype & L TEREINTWVWS. HIZIX

Inductive bool : Set :=
| true : bool

| false : bool

Inductive nat : Set :=
| 0 : nat

| S : nat -> nat.

MEIZ DWW TIE Prop B e WS B Z K> TW5b. 7z, Prop X Set BAE T 28L& LT Type B
EHZEINTWS. Prop#, Set #d, Type # %V — 1 (Sort) LIFFATWS.
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I X —7—F fun ZHVTILX R UTERTE DD, ZhIZLHZMNITEZ 2N TES.
F I AN L T ORI PE T B KA RERD R TE, THICKORBNVPHELTWE L X
ns.

Coq b Isabelle/HOL & [Afk, XFEHIZHEITZ1T 5. Gallina TE Vernacular &\ 5 3 < > R
ZHLTW5. datatype XBEEDOER, EHOES L LS Vernacular D—HTH 5. FEHTI Proof
WS aAv Y RIZk->THAI NG, ZDOHTIE tactic LIFIXN 2 HEGRBAIO@EHAZME VKL, G
B9 R & (Goal) ZEIGE (Subgoal) (Z2EIL T, BMIICaMEZIENT 5. GEHNTE S L
tactic DEITHITHHAZ Y T he &bz, ZEIHKDOT6NTRIFEINS.

Coq Tl&, Curry-Howard E#IZFIHLTW5E. ZdaEA R, FEHR T T2 T L exf sl TWw»
HLVWSZEEREKLTWG, GEHEFEETITI 2o, HNOMEZROANZMET 2 Z LA HE
B, KoT, MEELTTRT T LDMAR, TROBMENTBRINZEEIT, TNMNEHI N
5L, ZTOFFHIZHIGU2a— RPERTE S, EHERRIITED S Z &2 o P Ao LD E
A2, MEHBREEE o720, BHRIZL S TIEARAGEL R o720 T 256D 20, TDNRb DIZEE
H»O 3= RZ2ERT 5 EARGETE S,

ﬁﬁﬁ?& & OCaml DHEHETH 505,  DIEHZ Haskell ¥ Scheme IZHHAAHETH . WIH

EHEHNTE20EBBAESETH LD, ZThoDEFEMIRITIE C FEAD I VT I DFLE
T250DT, CFiEDY —ATEMATREL 0 5.

Coq 1T EBED Y RMAE %17 o 72 2 & THBE % > 72 [50]. BRI B 2 DA~ D
LR THD. —FH, 7077 LMEETIE, C 331 T CompCert D AMEE [51] DHIHE %
THhb. 707 LDRAMIEOEE, TholZCOY—RA2RETHE WS ZeTidR<, Coq
(Gallina) THERGRZT\V, HPELREMZIFHL TRIEL 2%, Tns 702 hT2FEL 5.
oT, HLDMERRZ VHIZERTE B0 725, Compceert TORAMEEIZTIESHLNT WS
N, TOZCIERMERETRENPLE WS ZeAMEL RS HEEKLTWS

333 PVS

PVS (Prototype Verification System) & SRI Inernational #2355 U 7-GEHXERTH B, Z
H O EMEMHICEICEDTH L7720, BBEZBEBOTIE U TIN5 7% LD Isabelle/HOL
X Coq L[AMTH 5.

7272L, AHIZ Prototype W I NTWEH L ZA 0566 RTHNS D, (LEkGEdd & WS MIZiHEH
UCESiAMEZEDTVWEET, TNETD2ODVATLERELERS. 1 DIFERO RN
(Uninterpreted Type) Z3E AL TWA5E WS HTHH, VDM D h—2 VD X 512, FRZPREL
mWETHEEZEHZL, BIZETAHNAZTZ2ERTEI 2 LTWVWS. 5 1 2l Sub Type
EEALTVWEEWVWSRTHY, D0 H2MEL LIZ, TOHNEAEZML U TERTESN,
Z T Sub Type DEZRICHRFEZH NS ZLAAREL L ->TED, VDM IZH T 5D invariant (234
WELR A A HEE 2o TS, & S IZBE e U TR BRI 586 T % /A Isabelle/HOL X Coq &
RigoTWn5., MHBBMERDZ ZLORIEHE LT, BMEEANPETTE S I L IZMT 25EHER
DRET DN, THNIETY AT LD T TCC (Type Check Condition) & UTHRKT 5.

HRED R % B 3.7 (R T, TSSO MBI (52 » 53 AL EDTH%. THEORY
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sum: THEQORY
BEGIN
n: VAR nat
f, g: VAR [nat -> nat]
sum(f, n): RECURSIVE nat =
(IFn =20
THEN O
ELSE f(n-1) + sum(f, n - 1)
ENDIF)
MEASURE n

sum_plus: LEMMA
sum((lambda n: f(n) + g()), n)
= sum(f, n) + sum(g, n)

square(n): nat = n*n

sum_of_squares: LEMMA
6 * sum(square, n+l) =n * (n + 1) * (2*n + 1)
cube(n): nat = n * n * n
sum_of_cubes: LEMMA
4 x sum(cube, n+l) = nxn*(n+1)*(n+1)
END sum
3.7 PVS Dl

MEVA—ILVOESIZHYE TS, TohTll, 2%, B A (AXIOM), Ww#E (LEMMA,
THEROEM) #8559 5. BARIZBWTIZI VDM 265 & 5 7 IF~THEN~ELSE ¥ LET XX
iz 2720, BIRFEFT2EHELRT I LIETERVETE, IkERE LT & D 7 OVEEEIC
Witk TEL DL EbNS.

EkkidiR, BMF v 72 FTLUTHARATHE TCC Rm@EZGEHT 5 Z L1225, GEHIERIE
Y Backward Proof & 7 5%. fif¢ (antecedents) ¥ & U#&df (consequents) % MK % K anid %
sequent & FER. fil % D sequent IZIZHFESVIROSND 720, GEHDOIYY NIZZDHFESTENNT A —X
ELUTHZS. tactic P72 ax Y FAESHEINTWSDT, TNaeNFEMIZAT LTV, Fi
HADEMX 25ED 5 flatten (A A B DRiRIZHNIE, R DIZ A, B 22D sequent &3 5,
AV B Gz X, R0 IZ A, B 25RO sequent 35, A= B MEmIZHVE A ZHiHe
@ sequent & U, B Z&E#D sequent &9 57L) X split (AA B Wf&imicbiix, oI A B

ZHEFD sequent £ 357 ), skolem (Aa—L Afk, DE D REFOLIEEL AHEBUICESH X
%) REDATY RAHDI1FEN, MoMEREZMHTLIZ K5,

PVS O#EHFF DY — A & LTI UG 22030k [53] BdH D, N— T THEE, 74T
D X LMEEDHIDEHE T TWD. 2000 FMRIZAD L, PVSZBHLTWD WO WEIXRL TS
{iFBWwEDn, BIETH NASA (National Aeronautics and Space Administration: 7 A 1 774
FHE) PRI RALTE D, FEEIHREZE0 T4 77 2 REIE, NIRRT S AT A
DR [54] mEITHEAL T WS
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3.4 ETILREE

REBHIC X BMRGEZ 13D 7 7a—F & UTE FIVHAE (model checking) HEHZBRUTWVWS.
NV AT LZIREBRET VOB TRHAL, Tl U TEREEP O SM7 & DR 72\ E
B A ABOME RN ZLSIETHARDIFETH S, VAT LEBRAIHTT L0 2B
T, ETFTMVREEE 74— AV Y NIZEXBRFEFIED 1 D2 LTHFOI TV 3.

SPIN[55] % SMV([56], LTSA, UPPAAL 7% &kk% R PERH 20, VAT L&k 288 HH
2% LAIRBEBBOIEFR L TR ENRL RS, HLETHREBERETNVICHT2METFIETHD, €
TFTIURHETT O I MIEBINEDITIERWZD, 777 MY DRWI L 2FIHTE S
EDTIERWD, HHAPAD THREVPEMBICHE NI N L VWS REEH D, WANIEZ < SESET
Lk [57] 7 X DWEH D B

ZZTIEARRNRETVREIETH S SMV & SPIN (2D T Z O & 5l % =7

341 SMV

ETIVIREEDRIEE X E.Clarke & SN 5. 5 IXHFHGREED 1 DTH S CTL (Computation
Tree Logic : FHEARGwH) 2V, Y AT ALD Kripke €7V M = (S,R, L) IZ2\WT, YAT LN
T REWEE CTL R f & LEEEIC

seS|M,sEf

GaHlX f 272 T REBOES) VWHHIREEZEONE S P2UET LI L2 ET VREDOMEL L
TEANLLU 7.

ZDHH—FF— ATV KFIZTT SMV (Symbolic Model Cheker) [56] & I3 Y — L H3FEFE
INd. IOV LVTREBSETIVRENEHTES. 20X, REZ 1D 1 25F T 50 TIEA
<, MR ZHZTHOESITLIVREBERITL I Uz, lxOREZIRET, £H52 LT
FETRETAEDICEIEENS. £d LT BDD (Binary Decision Diagram: —2REAK) &
IFENETF— 2 EEZ AL, 22X 0 mEEEONRAIK S iz,

BEIX SMV D&k e LT NuSMV([58, 59] I TWwab. Zhidk SMV ZHFERL, KR
L7zEDTH5. NuSMV Tk BDD 12 & % ETFTIVIREDIELICERE T IVIRE (BMC : Bounded
Model Checking) MMEEINTWVWS. AEETFTLVRETHFRALVWHRIIH LT, £ TE2HERELA
CTHREGDVHATELZENE VI LRI > TERLI N s, FIHREBOESIZHL
T, BELEAT Y 7HE COHIFTREBOHEE %2175 D2 BMC TH 5. £HiliiiZid BDD Tl
{, BRAONEZATy THETOREBESS LOMGEET 2 @mE 2 mBATREL, Thz etk
HER (SAT VIUN) Z2ffioTHET 2L VWS5£DTH 5.

SAT V)L 3D SAT & X Satsifiability Problem 2L TH D, 2 AN 5 2 5 imMHLIHAN S
ZONTHGE T DMEEEIZT 2EBUEDOMAGOLEDNFELET 202 HET HHETHS. SAT H
113 NP (Non-deterministic Polynominal time : JER@EMLIHAKM) TEf@EE I TWT, £
ROmE RO T R el O YE 2 L HAREH TIT S 7L 3V XL 730DS, ERMZRFBICN LTI
La—URAT 4 v I7DOTRIZE DGR TS Z DN TE S, EE SAT VILNOMWEEN E2i-TH
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D, TORHEZNHTLLVWIDITTHS.

NuSMV TIEEY 2 = )WTREBEMOGER 217 5. €Y 2 — WITZLEPHPRES L OCREE
%, i ERRT 5. 2EIZIE 77— (boolean) , #EH (int) |, #1Z#! (enumeration type, 7272
Ll BB LU, ZoMA2EG0RMNEIRTES), €y M (word) B & OZDEFIRES HH
AT 5.

REBER X, RORBIZB T 2ME%2FHRT 5. ASSIGN XD HIT next AL — X &> CTiik 9
%1% TRANS X &5 HiERH 5. AEGEMEH RN X - TIE ASSIGN X TRIATE 572%, Al
1B UMEZ R, INVAR X2 ffioTidid 9222 £TE 3.

module

VAR a : ..;

ASSIGN x := TRUE

init(a) :

next(a) :

Z® 1T CTLSPEC (% U< & SPEC) 3izflkk& LTodD CTL X, INVARSPEC (2 A2 &K
Rk L, MET 5.

SMV (NuSMV &) OMMBNIEZ & . B2 X0 GO 6l [60, 61] X7t
[ 2 T AADOEHFH [62) D 5. HARENTEESHRLEEANDOEHMRGH & L CHb)
WEANDOMNFEGIND 2 [63]. dTETVREZMHTSZ LT, REBEIZEL TIE, 2TEHRKN
ZHIZETLEDELDRBBIIHIETELZ L HEZONED, ZOHEHITIERERRETH-TH, *
DEEFTIHNAL ENLRVEFRHZ Z AHEINTVWE. TZTETIVEMEKT 2HMICEH
U, ZHIZBIRT 28 MmE2KRT 2 CTREZHIET 5 Z L 2 REL, AWML LTV,

3.4.2 SPIN/Promela

SPIN £ E T VHMEEL UTIRESTWREFEALETH 5. 1980 F12 ATLT ORIV Tififs 7' 1
EADETMEE SOCREFIHRL ULTHEWRE D, BESAA-Yar7y 7hkFonTns.
Promela (Process Meta Language) &IFEN2 SFETET NV ZART 5.

SMV & %729, SPIN/Promela TIEEREDFEICHIES N2 GRIREA— v by (WA —F¥
h>) ®1D2TH5B Biichi A— b~ by 2 ZOEFEENTWS., Y A7 LD Biichi A—h~v b
My &Y AT LW T REMAFRDOEE D Biichi A — b ¥ My 2L, ZoRMBETHIUL, T
RS- I ND 2 LIZRBDTENEZHET S, &5 DOPERIZ SPIN/Promela 747 5 AT H
5. ZIZTYAT LN T REMBRIZ OV TIEFERAEGREL (LTL : Linear Temporal Logic) T
DElR VA REE o TW5b. LTL Tadid T nzmETh NI, ZOEEHRD Bichi A — b~ b i
ZEHARETH D Z s, FHREZH LTI LIL RICEHLTZOREERETE S L0 5 DY,
HERKERICH 5.

Promela TlE, YATF L2 KEBZEH, 7ot A5y 77U —bBLXOEETF ¥y 2V TERT
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5. Z7O X ARBRHEBLEEARTH 5.

O L U TiE bit B, byte &, short B, int BLDIF7A, EHA L7725 mtype WHEHATE 5. 7=
B, A HHATE 2005 DM % FRRHIZARAT 2 HiEEEI N T0R.

Tav AT TV — MRICIE, KBEBXREBOEOEEDIED, A—Ravy RAgEdEh
5. H—=Ra<y N1 EZFTS if X

if
pr A= RERMAEL > REER
i H—R&EM42 > REBER
fi

VIR LITONS do X

do
s H—FNEM 1 > REEER
i H—RNE&M2 -> REER
od

MHY, WIFNEH— FEEDHRNLT D &, DBEOREERICHIE’E 5. EHO N — NEMEH1EL
TEHGEE, FTOOIH50D 1 DWIEREMITEIRI N, EfTEINb, 1 2EH I LEVWGESEREhn» 1
ONFEITAIREIC A2 B £ T, EITHEILTS. 2B, 2TOH— REMEPEZLARVWEEITHY TS
else 23T 5 Z LD ARETH 5.

TDESHH—REMEREER» S B Tu A2 EHERL, TAFnE (IREEZERM -T)
FNWIEITFEIRBIENTESL., TNEFTNDO T ATREERELET 22D TELDT, H5 70
Y AZBWTH = RBELETICEGFBEIELTE, fioTaov Az k-> TCRENBE TS T
H—=REMEDENLTE2EORLEEHD 5D, ZOLS BB TERDO 70 ANRBHEWIHEEL H
BINOFEITINS.

Fr, FrrVEERBEONY 7 rilfge 7 v T TRORBEELND S, ERBOEGEIZIZRE
flENY 7 712 A v 2=V 2RO SUHIEAHE 5. ZEMIE Y 7 7122 v =Y RHIER
DK 208, A v 2=V RITNIEFERB L 72 5. FEEOHGICITXZE L H@ET
EHREBIZ > THIOTHEITI N, RORREIZES.

MEFIEIZHLZEDOVRHEINTSD,

o REEDEFNIZ T VAT 2 LT, TOREFZERT S - LAWIZED VAT ANELR - L
TWaEWE WS Z e 2iET 5.

e assert XIZ LD, FHAFEHIZEWTEHEAONZFMENTHZINTWENE I D EKRETS. &
B, REHO 70 A2 EHL, £ IITARLERM% assert XEHWTRRT S Z L IZXDAZE
FHOMELAREL 5.

o ITL RZ2FRL, TOHEEIZH LT never A— b~ b 2E&H LT, £d LTL X%z 3R
BIZERTI2NE S haelEd 5.

SPIN HRZZIN 62 Y Ialb—Ya i VRET LD, THeMENICME T 57-0ITRERD
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aA—RZ24KLT, ZhE2a VNI IVUTETIREZITO L WS Pl E 2> TW5.

SPIN O#EMABIZ DO VWTERHZ TN\, SPIN DB —LR=VIZEIFONTVWEHDEIITH,
NASA 2B 2 FHMBED Y 7 b7 = 7 O [64)  ~ 3 X HBHEO SNEMEIZET 2 e s
5 LRHT [65] 2 END B,

B S REEEE A~ O T B U TR B2 E A~ O T H O MG F [66] A3 5. Z O Fifil T I3 A kS
FRX [67] % E#E Promela TRlR T 5 Z L THAEZ LML TWE. LA LR S LEED A €Y HEITE
EDBHENIVEIEFNSEDD, SHEETH> THLREBHENZLTETCAEY ZHVWYIloTLES Z &N
WhEN TV, HEPEE CIEBEIB T~ E 225 28 3B LB, RERIELZWID LS
BEFIT, DRSO THATERNWI &IZRD. £ I TXH[66] Tl HHERICEHLEZERIZZD
HERS C BAERICH DR 2 HH U CHRZ LW FEERREL TS, INTERADND DT
REMEZERC TH D, BELPKE KR 256 CIERMIIREBHIEZEHAT 22 PR ETHE I L
DRBINTNS.

343 HRIICEDILK IOV LDETILRE

ETUREEEZHNT, V—A2-FZOLDERGET 5ikAL LS V. ZO5A, V—Ad—
FZHBT (H2WIE, MOKZFEFNALT) figMLL, ThEeRET DLV FEIRSNS.
WAESE B A REEETH 5. fiile U TIE Microsoft @ SLAM[68] X°, Java Pathfinder[69] 7 & 73
Hb. TV Y—)LTIE assertion 2 AL T, Z DA TEOHINTEZIND0E D Hn
EHELTE 2L HD5. ZOLIBY—NVTHY I MV TOREREIIETSEEEXD. K
U, BWREER U722 B AMGET 22 TY 7 b =27 OREM E21T5 L WO HMP ST 5L E
ENERL D, 72, BLIFEFREEEMITOY — A3 — F2EHEELEICHR L, #HBEH OB
ZRHIS 2 Z &AL N T & o KGOS TR R R 2 (T DR

344 ZDMHDESR

ZDIENDY —ILVTHRIE, #EE %> TW5HDIZ SCADE[70] X IFENh 25 DAH 5. SCADE

HARIGEFERETH D, 7771 AVEREATYATLR2RATESY, EFRIZZOETHHAIN
Z761% ESTEREL[71) % LUSTRE[72] ¥ \\ o MR Z7ETH 5. RIS FEIC B W IR 2
Oy 2% )AL UTEDRIZHS NS W ATV, RO By 7 TIZUEEKZS. ADZAL
1 CPU OB 253 U T8 1 WX FEIMARG I Z Y Th b L I nb.

MATLAB/Simulink[73] &5 & 5 22 € T VEREHFIC L BAEA L W E WS BEEAZRIN T
570, f55Y AT L TIE MATLAB/Simulink % # 5 FHHIZH S g,

Z ® SCADE Tl Prover Technology #:® Prover Plugin[74] % F\“T SAT Y L\ & W= A5+
ETFIVREEFT>TWVWA. SPIN ¥ SMV & Wo 2 E T NMETFEICHRSE EH|EIZT > DR
5, TN THMZEANDHEHAEHS [75] DIED, BGEIZE LU THEYAD@EAEH] [76] 7 &0 HE
NTW5b. EWNTOMEHEFNIZDOWTIEHR [77, 78] ¥ 5. ATC & A7 LT Atelier B 2 U
72 RATP (Régie Autonome des Transports Parisiens : 73V Z# /) Tlk, SCADE IZ & 5B
LT TWBHEEINTWVWSA, RATP » Sl EHIOHE X R 50, KRG o B & e &
ns.
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SCADE & (FEHEBBRRVD, SHIOFBEAD T + —< IV AV v NOFERHlE INTVWEAY = —
TYDOBTEBEANDOBRIEDEA [79] TlX, SAT X—ZADY —)L NP-Tools ##HL T\W5. ZD
NP-Tools H{&%Y Prover Plugin & Bi#Z2 K> TH D, Ny IJ TV NEeRBZY—IVIFRILEWVWS Z &
275, SAT XR—ZDMEIFZVWOYIAERETIVRELAKOE DL LS. 272U, ARET IR
HTRELTUHBRLTOMERENRETE 20 E I NIEA1 5720,
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BA4E

MREEXTRE £ UFIEDER

B2 BICTEHRZEEICET 2 1eMEM, B3R TT7+ =AYy NEBBILZD, Kif
XTI TOETESMHRLEBIZONVWT I A=Ay REEMIZET 2RE 217> <.
TA—TNAY Y RIZIZ7Ta b RAEY I DEODOFEE WS HIEE H B0, ARXONKIIES
RLEEL VD LRV AT LATH D720, HHROESMEOREEZ DRI 2 BERH 5 L FHEHIFHE R
5. ZICEHEHEETVREBEOE LS ZHEHLZS KORIIODWTIRERLISPNEEIAT
HBN, ETNVREEDLES, BGEATREZN LR HIEEH IR o TU X S /gL Ew. £
izt U, EHEEHARAWS Z T, YATLANED ONEREE AL TWVWD Z L 2 AN FEH T
58T, VATLDZEMZEDOONLDIFIHICEETHLEER L. $HEMIHAEZMES Z &
Z&D, BAYY N ETHEEFEAD I — ROBERATREL WD MABAONTH D Z en s, R T
EEHEEIH O &R D

4.1 NRODFEIR

I THAREER IO SLD5L, 7T—AAXT 1 UTHRIEEZ EET 2 HRICOWTHRE %2
fTo7z.

A X TH D B2 EEOHFIZOWTIL, 2HEDOFHETHEN UEARN R ESELEEN S,
W72 K BHHREVZOBEBFITITR U FRVIEETOHES, KM - TERRT DEEENE
THOBREREVZORIEVE LTI R U ERVEEHERS, BT EE, WE%E, ATS,
ATC 2\ o 7D E L T 5. [EH5HELEEITIZT DIFHICHEUME L E P E T A EN D 5.
PR ZREIZDWTIE, REDEVWZEENERINLEDD, BUMRZREICEHA I TWEE
ik, BEUNCBEEIMFMLT B Z L 2 AT S EVIEEYRMEE 2R &, EHREPHZ CKE
CABRDIDNZ . TDOARMXTID EIF2Z X UARWAS, KX e U T A Al g
Thb. FIETEREBEICOVTIE, LMo U TEZCIERE LRV L2 5 R X TIEHR
ELRWA, EHEZSETHHDTIHZA.

AL DR L § BHREDIILD KHI K, B ~EE msec M:IZHERE L 72 AJ)%& IV TR
EII5B D5, HAMIZIZZNITINA THMEFIREZ1T 52, ATSE%5 (Bt kHz~% MHz) ®
ATC %5 (B kHz) O7 0 7% EELERT 280 2R< &, AEO AR OZEIERE
SNBZFELIDENIVEARELHFATOFE L 5. EBRIZIZANVZMIEIT 256055
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D, TOEAEHMIZOVTIE, @EBSE L Tkbh, RAEZTOLDIERELE IR,

IS DEBEEZZI5E, —BINBHARAAARD 707 T L EFEE, + 754 2 THREFATRER
B L, VTR A MORERET 2N H 5. TNETNITDOWT, #HAREE 2
BEBENRDHD. TIT, TNTNDEHRIIOVWTT —AART A 27O LT 5.

B 72 B N T B MEEDBIE L LTk, HIHORET — X 2 5K T — 2 OEHRNELSMEZE
FoTWanE I h2REIT22 e Uz, ZNRZERICA T T4V THRETIHDOTIEDH DN, &
HEBRPEMSI 2> TH 0, IUWERABGEETENIE, a2 Y AT L OHIET — X OMGEE R H
HRETH D LU INEINSTHS.

BB LT, EEREEER SO X S IR L —CiESMAITONTEZED
Y, BRED ATC % ATS O F#EL D L 512, HETHIEFE 21T 28522 b 2 hliz 17
SHDEIZRToND. LrLARSEESREEEIZEAL T, on-off D7 F v 7 DH A B 7%
HAREONTWE 0, BIEEEZITO5GATH-TH, BUHHET S 2 0L, = Z CHIEO
HWr 2175 720 DHER 2L TUEXIE, TOROHIMEIZRFEER BRI/ > CHIET 2546,
KRELEDLBZ MWW, FIT, BURLDIZOVWTIE, MBERETHETES LS50, O%
D EARINZ T — VLS B\ LT — VENZ E AT RE R G B RO B TR T E 5 70 T L e F T4
L9 5.

ZOES i CHE I N HEORRITEHEETH DA, HHETHD, WERVEAZAAD
IZIEAN— RUDSEW. 22T, EHEIEEE &7 HIENE 2 78D 208 S BBV I W\, BRI [ o g
Bz 22 < EEENRE Uz, THDMRGEET S UEENIEE R I E IGHATRETH 5.

ZIITULE &R WEBF A & LTI, ATC % XTI E £ TOHBENE X 5 NizigaI,
HEINIEELRFHETE OS5 L2 MNGEE Uz, 22 CHEEEMEE OBIRIZ T L — ikt & 0T
ENTW5. ZOFHEIFEEICE R 5 LIFE/NIUREHE Y, BEBEDRE L 253D THY, IO
O BEFEICH U CRMEANEHA A RETH B Z e BRI N, EWEPHOEE ICEH R TH B
b,

Fedl, KXOWNEIIUTDOLEED &5,

o HHINZRIRGE  FRX T — X R— A DBEVEDMGE (55 6 75)

o BIARMRGE (7 — VLB K OF BRI BT aliR fI6E) « BRI 1 B B 2 < 218 D MGEE
(%7 5)

o HIWRED DS B, FREHE TN X S 2 WEBUEFHR « 7L —Fdhfy (58 8 7)

INODT—AART ALY, ZLOEBREEED 7T T MINTESRET LV EHEET S
ZEMNTES.

UL UBRDS, T 74—V AY Y RIZERT IBEDNRHL. TITETE 74— AY Y
REHWT, YATFLDET IR HKEZNE S ARG U7z, T 2 THRANGER L 201X, #E)
KEDETIVETHSD (5 ). EHAHIZ X GMEETIEEEL WE RN, ETEP T = A —
TaVIZDOWTIEEE I ETOREZ IRV, ELESRELEET GUL 2o 212D o L HIRINIC
DD T VWD, HlEE U GERTAZ L.
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4.2 FEDER

1990 fERBY, FEHOAET 28GRI 7 4+ —< LAY v RIZEH UBD 25, BT
F7E1E VDM TH o 72, > TRHRRINTE 5 IR TEEEE O T T ILEIZDWTIE VDM %3EIR
THI Lol ERURET A=AV Y FOBENEATEST, 3 HTHIL 72k~ 72
FHERHDZLHLZTNUZED P> TULW AP 5 72H, FWIZ LT VDM IFEAERGLR SFEE LT
EHBTHY, ZORFY —) VDM-Toolbox 1& 3 — NERBREEZE L TWE720I12, BRHTH - 7.

E7z, FEHIREREIC & o THBGEORICIE S M A2 5 X 2720 DMENREATE D, ZUZ X D EREDIE
WHEARFE ST K, I — FERBEIOELYE L WS MEIEL 0D, OB — N4k
DHEND Z L TR TE LA WO IR TEZ, TZTHE 6 ZIIBWTH VDM &R L 7.

72770, BOBTHHEALZEDIIMEERBD IO b XA T TH-o7z. FERINZI, FEBHY —IVIdE
X G, MRS 2 Z e AR moTz, BT HEPLIOHESETIE, FHEABENLET
MBI EHS Nz, 22 TIERIED 7Tu s I L EBE WO RBIZER LT, JOETIVHERSFET
HBHBAYY FIERUELZ., B/ETIE Event-B B3R LTHENTHELEZSNED, K
AU TIEY VAR TEIRTE 20 5 72,

PAEDRED S, HHEBIVE6ETII VDM 2, B 7EBLIOHESETIIB 2MHT 5.
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BHE

VMWL$%7EVP7DF94E‘7
& B3

|
?I_Iml

AETI, CHIAHOMEHZRAADHIZ, 74— AVY RFDOES 1 OOlHTHEI7EY KT
OhXAEVTOFEZONT, MidHEHlIZRL, TOAEMEEERT 5. NRITHESHEETH 5.
HENEEE L, BNICBWTESEER R v bR FIEOEER R EZ L Z X2V LD ICHIET 5%
THY, BRENICEIT2HEIERZOETH 5. gwﬁﬁ%VDMSL:;D%Tme,%%7D7
FLIZTGUI ZERLTT = A=Y a vaaffge Uiz, 72720, ZZTIRETIVEEEIKILL TS
v, HEEEZOLDDOLEMMGEEZHRIZLTVWANWI LIZEREEZET 5.

ZOETNDOF Y VFIVIEHR [80] DB Y I 2L —XThD. HEREEL T TIAONRITE
RUZ-DI, FIETHHALZED, ETMUICBRBNSEESECHEANELEEZONZZ L, £/
’f“ﬁ’ﬂ’ﬂ%i REZBIZOPORT VeV DB LTEITONE., 204 UFILORK
MIZBWTIX, CORBA API MRt X T winhorz/zd, (kNS a— RAEREIZTERLZ C

RIZANBI— REMATHERLTWD

AREIZBWCTREZTDETFTIMEELHEIIZP OV E L. B8, KEOHITIXHAEZMH > THEZ
R L CTWB A, SEEZ VDM Gdik 0 i U X GUI fERk & i L 72 1999 44 RIZ B W Tk, VDM
TEBAR® 7 4 — IV RZIZHARGENMEHTE R o7z (72720, XFHEe LTI TERZ) 22
SHFE (ASCIL XXF) I2&o TRl LTW5., 728, ik A ICHAZELL 2 VDM {Lkk% R

51 & BEOHE

HENEE I D WTIRES 2 MO BICENA LA, 22 TRHBIDUFHFLSMHNT S, BRENTIX
FEHPEORERB L R ERE2EDOTEL. TOERE EOETOH (R Y h2EH»3%E) “In
FIEDMESIZ#EE (my2) Sh, $ET2 (REVFEET D) ERIREINTE ST, #EK R
FIEDFAEL R W L 2 ERTE 5L, TORBIINIEL 5B T 2BRTES*2. ZLT—
H, ERNIZHEPEAT D L, FEIPERZENTLET, IETOHRMIEBLRVE S ITHEL D

*LPE A E IR & DI S E 5 OGS (REIMI TS 28) & METO%8] (K1Y b)), TOETOREZE)
PUEOBEELZ D T 58K (ESHMTEMY 87) & NEToH) (RTo%KE, RBEiiKE) LIFATHS
2, EHHEOTLRTREENS 20T NRTOH] LIFATWS., AETIEMGEL LT NRTOH] 2HW5.

*2EERHUT R ETRITEEZBURLIERDT, BURT 5 L0\ OITIC & @R LIRS 2 2 L 2 kT 5.
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HHE VDM IZXkb7¥y RTa bXA V7 — HdhdEE

D5, ZITHREEETOHROEIZIZ—EDOREFK GEHF) b, TNEMHEDI L 2EE) L IERA
Z O %FT S O HEPEEETH 5.

ETIIZBRL, DAFOIFERRMIRRZER L 72, REOEHZEE T, EROMRELFRELTX
SIZE L DEMENEAIND D, ZITR, VAT AEHZ ML 7.

1.
2.

11.

FIEH D EITIRIE 2 R LTS 5.

R EIZIXETORLD 5. HHERITH U CTHER EOITORMPFTEDM E % [\ T W TH
HEINTHY, BAETHERIER I N T RTNE, ZOEKIIMKTE 5. BaT 5K
IZDOWTIE, EECOHRDMEITED EODVDHNITIE T ORDOFLM CTHHMLGIH T EZ 50, mEn
IEM R OHERE 7 & TR T O|MDOEMN —HT 5D T, ZDGEIFHRFMITERAE AN T
HilfEs 5.

BEBEIN TV AE T ORITEER T E L,

1 DOHERIZH LT 1 DDEEEITIET 5.

FEETIIWEE D S @B OEK OB R 2 1 DDESKRIZENTEZ R LIZLIETbH
5. 206, ERNINZERDS D 1 DRI NS LETHBRI NG, ERKRELE
WO BN R AR T 2 Z L v iThbhb.

. fEERIIGNE SN HRE SOV TA» L § 5.

GiNE S - BUCEAT BTN U TES 2RI 555
HFAE T B oS 2 HITN U TES 2R 9555
EBRITIE, ZTDIEPIZAMGE S, ABEGRELN D D0, SHIEE X\,

AEERITEST () BXOEIL (Of) D2 EOBIREZHES.

FEERIZZZNDHNDBE RS H D, £ETEER (BH) CHEEORVPRLLIGEVD 5.

BT GERZEREZITS 720DV A=) DR GERZENERINTWE)S oL Eics

W, EEPERINTWNT, BET 2HERIEIZFIEIWRITNE, E5ITETEREZH
TN TES., EBORTOMITIEBIZIEMA 2250, ZZTRERShLTHRITIET
I T B e N TES.

CEHTIEAME TS, BETIERTOREZMEDMS I L THIELES &L, BAaT

DM EPEEL LS LT 5. 72720, BMRT DEET ORI ABSE T & AT NISHERK % Rk
L2R\WT, ZSRIZED Fifohns.

FETITAE I FHER T I 2 AL L T2 L #RPRR I NS F TER UK, ROVENIT S L
PR I NS,

- BHE S N7 ERIIREL T E 0.
10.

T o BHIE - B TORITEE S 2 HUERIEE LIZFHEBPER L TV S GAITIE, TOERTOHE
TR NGRS/

FIBE AR, BT 20 GEAICR U THEERZESRZID FiF5) LTh, FIHEANHES 2
WUEEE 2 k1T 2 £ TIIBE S 2T OB AR O HIE & Fi ) 5.

*3

PBEEETIREROMBEIZH BIREEREM, FOWE KA LIER, EHRBEITEL TR, @FIFERL TOARWVIRED
TERLEEDSNT WD 2D, HEEERT IGEVPKIMLE RS,
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1 types

2 FEBOIREE = <(Fik> | <tfT>;

3 ETOMOME = <EL> | <XKAI>;

4 KT OMMOBEE = <BH8E> | <REE>;

5 HER P DREE = <FEHR> | <IETERR>;

6 HEREOIRE = <BE> | <KFB|E> | <BHFEd>;

8 K4 = token;

9 B R4 = token;
10 LT D284 = token;
11

12 RS . BTOER © map BTOMA to ITOHDME

13 SESEHER . set of MEIKH
14 [E5HIH: set of L iEMIKE
15 HEPEPETE . set of HiE[MIEK4;

16

17 HENXE ¢ K : map HEHE to MESM

18 FRC D8 : map #ATO4 to set of BE[MEEKA

19 HUEEE: set of HE[MIEEA

20 inv mk_EEINER GER, iZTOH, HuBEREK) ==

21 (forall r in set dom % &

22 dom R (r) . fECTDO#F subset dom AT DO and

23 dom MR (r). BHHEEERE subset dom MR and

24 dom #F& (r). [FEHIMH subset HE[FE and

25 dom MEFE (r). HEMKHHASE subset WLEMIFK) and

26 (forall p in set dom HETDO& & #TOH (p) subset WEMEK) ;

5.1 HE)REE T ORER

5.2 EEERED VDM EF /L

ZOIEARMLEEE S 12, UTOHIICE W CHBIEEEZ VDM-SL 2 HWTETVLL, WiE%z5E
MTEBXDIZUT-.

52.1 HREROETIE

FPREMSIICRTESICHEEHRE L. X [1] L& 2 eMEERTIHEHTIILFACERT S
crvweanszocrhicits. FEAGTR»SHFAEMIET 2L THEK] RToM8 F5H »°
it cE 5. TDEFEMT, FHNOTEHRREEZIEET 272007 N1 AL UT #ER K] 2H 5.
ZHIEH 22 TRLUEZEBY, —EORMNICB T 2HMEOEREEZ L —ILIZHTERICE 0 RET 5
HETHDH, EHMETEIEBZOEDIZOWTEHEEKEEFRLTWS., 25 \W\Wo -EEMOHE
Rz DHEME ] CIRENAHBIZHREINDE, ZNSDEENID 5 2RELE X, E5HDIRE
mEDEMA Uz, [ESHORE] REDMA{ADOELIZH 5< >THENZZNZTNAF|HELT
H5. [E5HEORE] FEIHAMOEARIE WS RiIZH D,
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1 state HEJHREE of

2 HE . EEIXR

3 BRI : map BB to BLE[EIEKDIREE

4 BETO# @ map HETOME to WETOHMDME

5 IR COMOIE : map FETOH4 to #HEE

6 558 : map S to FEHDIRE

7 EHKEE : map S to HEPKODIRKE

8 inv mk_HEEEE GHES), #OEREK, SToH8%, ETOHOMEKE, E58, #EXRE) ==
9 dom WLE[FIFE = EH). BB and

10 dom T D = dom HE). #TDOH and

11 dom FETOMDIHIE = dom HF. #LTOH and

12 dom fE5# = dom &), #H and

13 dom MEMKELE = dom HE). #EE and

14 To A (PuEREIE, HEH). IKTO8, BTOROHEE) and

15 forall r in set dom KT &

16 (551 (r) = <tEf7> => EHBE (r) = <&E>) and

17 CGEBSEE (x) = <@&E> =>

18 HERKERE GERKEE, HE). EE (), BETO4, B TO4HRDO#E)) and

19 U551 (r) = <iEfr> =>

20 forall tc in set #EJ. #EFK (r). FEHIE & BB (tc) = <IETEH>) and
21 (BEK () = <F1k> =

22 exists tc in set #H). €EIE (r) . ERKHEIE & HUBMEE (tc) = <IEH>)))

5.2 REBEHDEHE

fE R T O, PR L OBEROBRETHE L2 OWEEX K L £ 50, HEKRAT
Bl a— FRZGEHUZ. TER] TRTo8] [HodEpg) 2 DEEHKE] BIZB 587« =L R
L%, £72, map - to WEBEITH LN S, FIAIE TER] (2B WTIE, TH#ES] Bofrs,
ZIUTHGT B THERSSA:) BOEZFONE I 2ERLTWS., 22T, WUEREEL PRI
DWTIEh—F Ve LT,

NEHXK] BOEEDAERMAEIEIX 5.1 D 207HIZH S inv MFIZZRSH, ZITRIETOH
PHEEEEAELSEZINTVWE I AERLTWVWS, BB, AEFMFIZBEWTEBXEIEY
MEIPIZDVTIEHFMFL L TVWRWI EICERVPBETH S, HIZIE, BETOBRDOMEAFEL T
FIE DHED G S IE R DR 72 CIIARIETHE W ICHIE S N A8 S U Tl SN BEDRH 50,
ZZTREAEZRMFEIELTVARY., 22T, K510 22~2547HIZH 5 dom X EARIT BT 5 EH IR
(domain) TH 5. £7- 21 {THD forall IZEMBEFTH S, forall iZHi< #1E dom HEEKIZ
BT 5EMr Z#HVWTELTEZIL2ESLTWS. & AT r Ttz Ths. ZL
T 22~25 {THDEITIZH % subset WXELAPHLDHRELETHE I EZRLTWVWAS.

HEIXERMEZEEHET S, HEHELZTHETES. X 5.2 150G U EHEED T T ER
T 1ATHIRRELSROEAZEIPEE L WO L TESLTHY, 24THMBEEBRORELEK O
S5, inv UTFHWREBEBEDOAELMETH L. ETORESRM 2 —EIZiHd T3 L 0ELS N
7=, ¥4 Z &2 bool BLDE %K F function & U THIDEMIZEER T 5. HIZIE THERHEEL T
WBGAI, ETOBRBHEDORESIZEHIEINTVED? ] LWHIMWIEMTO LS 1IcddkTcE 5.
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forall r in set dom MEHKE &
HERGRE () = <@E> =>
((forall p in set dom HH). #i (r). IETOH &
R COaDEIE (p) = <> and
HRCOd (p) = HE). ¥ (r). 85 CD28) and
(forall rl in set EH). (£ (r). IR & MR E (r1) = <BHEE>))

347HLLT % bool Bl Z3K 3 function L U TCEEZETELUTD LI 1T 3.

HEFRGHE : (map KA to HEFEDIRAE) » KRN *
(map B2 TO#4% to IETOHWDME) * (map R TOHHA to #HE) -> bool
HERSGEE ERCRIE, MERENIEME, BTO&HME, ETOHRDMEIE) ==
(forall p in set dom MERSHIZEM. BRTOH &
R CTOHMDESE (p) = <@HfE> and
BRSNS . 5T O (p) = ERTOHMAE (p)) and
(forall rl in set MEREERNZERAT. SHEEHERS & HEFIRTE (r1)
pre dom MK . #2 T D4F subset dom AT D#RM E and
dom MEFERRNISAE. B2 T O subset dom FETO#DIHEIE and
HEPE AT S . SHEEHERS subset dom HEFSIRTE;

<$HFEH>)

Ihve [ERFE GEMERAE, HE). #E5 (o), ITod6%, ITOHDOEIE) | &\ OE TS,
F7-, FIEPEMRL TV AHERE LIZB W TEE T 2T OR2HIET 52 2 2 2 THo BT 2 1T
RN I RARRIZRUEZD, ThEF v 235 function ZLTO LS iIZEldTcE 5.

ToBHIE : (map HUBEFEEEA to HUERIEEDIRE) *
(map ¥ATO#4 to set of WUEMIEEA) * (map AT O#4 to #E) -> bool
Toa#E (WUERE, Siest:, mTo&RoHiE) ==
forall tc in set dom HEMEIRTE, p in set dom el &
(tc in set BHBERM (p) and WLE[EIEE (tc) = <fEAR>)
=> RTOHDEHE (p) = <dHfe>
pre dom T OHRDIHIE = dom HIESM and
forall tcs in set rng $HIESRM & tcs subset dom HiE[N[E;

Iz [ToEHiE (@uER, EF). iETo8, BETOHRDOEFE) | WO TREAR.
F7- TETEBRLU TWAIGEIZHIEIER EIZWind ] 2SRV,

ZE58 (r) = <tEfr> =>
forall tc in set &), K (r) . E5HIH & BoERIE (tc) = <FELERR>

CERTES., ZH5LTEELDEDONH 52 DRLEEMTH 5.
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1 KR TR (r @ EEA)
2 ext rd HE : EBXFK

3 rd PEME : map PUERIKA to WE[RIFEDIREE

4 wr 2 TOH : map BT DA to BRTOHDME

5 wr BECOMOHSE : map A COHEL to #HT

6 wr 558 : map #KHA to FHHEOIRE

7 wr EBEEE : map HEHKH to HEIKODIREE

8 pre r in set dom HEM&FRE and

9 HEEEEE (r) = <RKR&KE> and

10 (forall ri in set #iEfj. & (r). BEEHER & EEHE (r1) <> <@AE>) and
1 (forall p in set dom HE). #E (r). B TOH &

12 HLTOH (p) = EH). #E (r). BTO8 (p) or

13 LT OWRDMIE (p) = <MEIX>) and

14 (forall tc in set #H. I (). FE5HIM & BRI (tc) = <FELERE>)

15 post KT = ERZRE " ++ {r |-> <F®E>} ++

16 {r1 |-> <§HfE> | rl in set HHE). M (r) . FeEHEY and

17 LT DOHROEIE = BLTOARDOHEHEE" ++

18 {p |-> <#i#E> | p in set dom HH). HEFK (r). B TDOH} and
19 BLCDO# = BTo#~ ++ {p |-> ¥ &£ (r). ITO%H (p) |

20 p in set dom EH). & (r). EETDOH} and

21 fEat = F5H~ ++ {r |-> <>}

5.3 HERKEKERST D operation

522 ERREPINEBEBOET VL

BIFClE, HEREOFHINREZ LR L. AHITIE, #EEE2RELEZD, JIHEIBH LD T
LENRE S 2GR 5. EREBRER S OB Z K 5.3 1289, ZZTIE VDM OAKD A X A )UIZ
HI D, implicit ZJER TR U7z, HRIRMAETIE, 91TH (2K TOITE) TEBPRZRETHDZ
CERMERL, 10 THCTHOBAE T 2EBELZEINT VRN L 2R L TWA. 11 THD 513z
TOMPMEDME ZANTWED, HEWEMRS N TV THRATRETH I 02 MR L TS, &
BICHIEDBER LU T VRV L2 HERL TE IO EKMEDNES DT, ThIZ & 0 #EKZREEZIT A
5.

post (2R K ESR D FEBEFMETH D, BEIT"DBDVTWED, Zhi operation j# FH AT D2 HUE %
£, HEEESWMZ LREEBUIETELI L Uk, FIZIZESHEIZ OV TIZEE r OA % ETIZE
2570, Er L ZTNIIHNIET DHEDOMIEE ++ HETTEHEES LTV, 58T R SHER
WDOWTIHBHSRRBIZL TS, B TORIZ DWW T H ERICEE T 28T O8I D\WT, g & 5
ZiToTW5,

WIZFIEDOBET N B MRS, AR THNIFHEAE L, SFIHEPE OMBIZERL TWD 0%
RS BBENDHS. U LIHEORZIZX DERRRNOZAE W RS 720, [EMIZHIHEORK
B2 RET 272DICIEHCHEOR I DEHREEDTET VLT 2HELNDH D, Eifirs. 22
TR D-D, BESINERICBET 2HERED S B0 1 DOERREEZZEZ 5, L0 idid
U7z, EEPREEM S RS &, FIHESBE LG5S OREZLIZPE R OIREL(LE LTER S
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1 FIEHBE) 1 (tc: $IEEIEEL)
2 ext rd HE) : EFXFK

3 rd §ECOM : map ETOHA to MTOHRDOME

4 rd HEREEE : map MRS to MEIKRODIRAE

5 wr (558 : map KA to FTHOIREE

6 wr PUEFIE : map BUEMEES to HLEMEEDIRGE

7 wr BRCTOMOMEIE : map R TOHRAH to HHIE

8 pre tc in set dom #E[IFK and

9 HUBEEE (tc) = <FELERR> and

10 exists r in set dom MEMRTE &

11 HEREFEE (r) = <i%E> and tc in set HH). HEEE (r). F5HIE

12 post {558 = F5H~ ++ {r |-> <{Fi> | r in set dom EHKE &

13 HEREFEE (r) = <i%E> and tc in set HH). #EE (r). E5H/H} and
14 PUEEEE = PUEREE~ ++ {tc |-> <{E#>} and

15 ETOMOBEE = BTOMOBEE ++ {p |-> <88E> |

16 p in set dom HET DD & tc in set HEF). IXTOH (p)l;

5.4 FIEBBEED DGR (FEARPUERIEKL I X 554

N37-0Th5. HIZIX, FIEIEAT 1 DOHEREEAH 72 (2 FIHMARE L &2 55513 5.4 ©
EOHABRTES., FHIRMD exists LR TETD LD RMERIGFHET S I L 2R LTS,

FHREFIIBVTIE, EE5EICET 2NENEEEZAWT, BEREE D 725 8% EF A % M5
U, TOEREZELEBRIZEELTWS. I 5ITHEMRRES ST o EHEIC L 2T OROHEE%
T-oTW5.

—74, 1 DOHEREEDOMANREL IR L R 256 1ED 5D UEMIC RS, BUTHERA O 1 #5E
[EEE ORI LD AT H NI, FUEREEORECT > EHFEOREBELZETIL I WA, & 5125H
DERED O RIEIZ R 256121, EEREREZID NPTV G IT§E 2T 20 ERH 50 5T
H5. ZITRFBZKMFTBVTAELRE 2L TV NIE I W WS BEXICEDE, 55 I10RT
EOWZER U7z, 107 HP S OFHBERMIZONWT, SHETE L TO@EY &b, 12,1317H
IZBWT, KFEEOMEKE, ETE2BRLTVWAERIZIZTOEE LTS, U~16fTHIZB VT, #%
EFADERKIZDONWT, 2 TOPERFK TIHERIZRNIEMEET 5. 17T~21 fTHIZBWTIX, #HbE
FOHIEIZDOWT, FHRIIBVWTHEREINTVWAERIZ L Vs h T WIuSBge 2 6l 5. ik
D617 (22~2717H) IFETOHRPEREPHUERFEOREIZ K D BHEEDOREEZRET 5 Z & %2 &k
LTW3., ZZTRETDHEKIZOWT, HITHEAREOBBREFARTNS.

5.3 GUI DERK

VDMTools TiEZ7 Y RTR XAV T %4TD LT, AIEED2a—1eXhD e DT E-H0DA
VRITT—ANEDSNT VS,

1 2% Dynamic Link 86 TH 5. Z ik VDM {LEkZABD C++ TB 7 T LI L D FEHET 2
HEDT, ZNIZXD VDM Otk TIEAS U ENRWEFREBZ LKL 72D, implicit function D5
K% C++ S TRB LU T function ZFET X720 T2 I LA AREL R 5.

£95 122 CORBA IZE DK EDTHS. CORBA L ixn#A 7Y o bEitlio—>2>TH D,
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1 FIEBE 2 (tc : BuEEEgA)
2 ext rd HE) : EBXFK

3 wr PUERE : map PUERIKA to WE[RIFEDIREE

4 rd 58 : map #KH to FTHEOIRGE

5 rd feCO8# : map TRTCTOHWH to BTORDOME

6 wr EREE : map HEEKA to MIKDIRGE

7 wr SR COMOHEIE : map WWTOME to HHE

8 pre tc in set dom #E[FIFK and

9 HIEREE (tc) = <TEf>

10 post WLEMEEE = PEREK~ ++ {tc |-> <IEFEHH>) and

1 (forall r in set dom MEMKFE" &

12 GERBE" (r) = <REE> => EERE () = ERIFE (r)) and

13 (fE5H (r) = <> => EEBRE (r) = #EHRE" (r)) and

14 (E5HE () = <iF1k> and HERKFE " (r) = <E> and

15 forall tc in set MEj. #IK (r) . EIEBEE & PBEFEE (tc) = <IEEHR>)
16 => H#EHZRE (r) = <KEE>) and

17 ((E5H (r) = <F1k> and EHFE"(r) = <#HiEH>) =>

18 HEREE (r) =

19 if exists rl in set dom HEMHT &

20 HEHZE (r1) = <&ZE> and r1 in set By, #K (r). KL

21 then <HHfEH> else <RFE>)) and

22 (forall p in set dom ¥ T O#DHIE &

23 if (forall tc in set MH). T O# (p) & WEFIEK (tc) = <IE{EHR>) and
24 (forall r in set dom T &

25 R (r) <> <> or p not in set dom EE). HEEE (r). T D8
26 then HETOMOBEE (p) = <>

27 else BATOMOBEE (p) = <BFE>);

5.5 FIHEBEID OFRLE (TERRUE R AN S 5 A

Turg IV IFEEEKE, Ty b7 —LIHEKE, 2y b= T o b aVIEERETY 7 B
7 AVKR—2V NOMHAERNAZAELTIEMTHL. ZNITLOATOA TV 7 Mo
VDMTools (2 LTT7 72 AMTahEL 725, ZDEHEIZ VDMTools 347V 27 b LTRA 5.

CORBA OA 7Y 2 MEA v &7 x— A5k E38 (IDL:Interface Definition Language) % ffi-
T, ZDA VA7 z—A%dd5. ZNSIFIDL IV JIZE-oTEFHEATYEY TSI N
5. TRHROLEZEDY —AIA—RNE2ERTLIeNTEL. ERICxy b =2, 7ok 2T
T—XEPHED T 5D ORB (Object Request Broker) T#H 5. ORB T34 7Yz hDF—
AEEE AU - ETEET 5. Java OHE 121X JDK (Java Development Kit) (Z&FhTED,
C++ DHEIZIET7 Y =Y 7 D omniORB %2 E 2T 5. WIhbZnZhDE5EN51%, IDL
W E N/ VX 72— A>T ORB 2 A7V 7 b LTT 2R ATAHLIICRH>TWVWAS.
ZITEBINAVET 2R T IA4T v TR I T LGB TIT I,

VDMTools (ZBH LU Tl corba_api.idl & metaiv_idl &\ 5 IDL 7 7 A A S BRI vz %y
T=UNEFINTEY, ERIHERDPBERDIZIIA T N Ta T I LDOATHS. VDMTools
DIZaTIVTIECH+, JavaD2Z 5147 > b 7025 ADFRBEIMVRBEINTE Y, TAEHEET
52T, TR EGLRTES.
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Fonig HEIRERTEBD HI| BB R
(Disp) (Route) (Train)

Aytr—UH—/\
(MsgSrv)

EENLIEER CORBAAPI VDMTools
(Inter)

M 56 HEIEESI 2L —XOREWR

@@ R & & H F

Ty

r CH . P . HO oo

218 22 tuUFH  3RT

|
21DT4§/|\: 51T 51 3LT [I2RT]]
@ o1 O

2R 3R [I2R]

Eﬁ Foute State Eﬁf_,‘ﬂ",Tr‘a in State

A ‘ Sat || Release | Move | Occ... | Disa...
Train 1D 1 Route ID |A
ROUTE STATE

BUSY Train 15t TC 2nd TC
FREE 1 3 -
STANDBY
FREE
FREE
FREE

Eﬁm}

oa
]

5.7 HHEIEEY I 2L —XDNNRIVDOERY

Z® CORBA API #ffi\vy, Java ZH\T GUI (Graphical User Interface) %79 % HB)%EED
VIalb—REFEELE VIal—XOWMEEK 5.6 IR, AvE—IP =N (MsgSrv), Fr
i (Disp), #EHKETH (Route), MBI (Inter), FHEMBEEET (Train) M ULZA LY K24
U, EALY FRVY Ty FEHWTA Yy =V %2R HRME LTS, FRTZM 5.7 IZRT.

DA VRT7 2 —A%i@ LT, VDMTools L CHEEED VDM €T V%2 ETL, WERREEZZ
e THRRMZRRTEILIZED, 1V RT) ZRTEXFRHEHRE L TOAES WL NEBIEHRE 2
MORTLT T T A HVIZRKRTED, T XD AREDZ Y2 G T 5 D OMGT % 1k D 9 1 B i

TR A TRET 2 A v -V DHNEE, UTFOEY Lo TN5S.
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public char event; XY bijll1
public byte orig; XE/LAL YR
public byte dest; EXEHAL YN
public short len; AV tE—YDEZ
public short time_id; [ff# ID

public short request_id; Y Z T A ID
public short n_data;

public short n_size;

VDM E 7V CIREREKSY, ETOoM4A, ERAE N -2 VBl U72dY, Java 707 F AT
N—=2 2 aZDEEHS Z2IFTE RO, String HESIZZOLH 2N TEZ e U £/
BRZ DL ZRETEAY Y K2 T2, I ab—XITHWAHERKSY, ETo84, #iKg
775 ATHOIAET, TTNERT 7 AMTHER U, £285F0LI200WTH, P
FEIZ RS 2 EEOAMEZ N 7 7 AV THEL, BB ED > THENRAINHFDT — X &R
5ZLTHRIRTESL LS.

FIHIZDWTIE VDM ETIMZIZ RV THREHR T 2 B3 5. X 5.7 DA ND/ S )VIEFH
DR TH B0, AL Lo TVWBHERD ID & ZIIHIET 25HD ID %€ LT Occur %
s, #EORYOPERBIZEMRT 25 HEREIEL LN TES. TOHIE Move RX V%
ez, FEHED 1 HERKEOATH L, ROPER K ZIERRRIEIZ L, 2 BRI ICE 72035
TVWIE, %5 OHERIEA2FEHRICT S, WHIERED RO LS BB & 2BH L TWE. RKOH
TE[A & D AIZLERR L TW 5B & Z1Z Disappear 2 i3 L FHEAQFNSHEB LU THA S LS L.

HERRIXE 5.7 £ RO NKIVTEIET 5. ERRAEIRE L CREPHREZ XXV,

GUI 7 VDMTools & EH#X D & D3 2o FEEUHIICEN L 2. 2 OB TIX, £
TNDALV Y R oXZITH oAy 2=V 2 IRL, EIZ5 0T VDM OfEIZZH#: L T VDMTools
DIIATY ATV h2ELT VDMTools IZ7 7 A9 5.

FFTWRIRT Y aVEHELT MO TR T S, K5.81TRT. £9 1k 247HT VDMTools ~D
NYRTEERTS., 0% 6,7f7HTTEY =7 bOWi{EZ4T\, interlocke.vdm 2 70y = 2
MEIULT, XEFzv o, BMFov %2175, TN OE LA VR T ) RADNY R T ZES
U, #{t%175. DynPreCheck [3Hi5MDF = v 7, DynInvCheck IFALEMGDF v 7 DA
T avDEHETHY, interp.Initialize() 21 VX 7V ZOYWLTH 5.

AVRTNVEANDT 7X2AZIF2D0H5. 1 20DEFA VX RIIXFHNZ2EL2EDTH 5.

VDMgeneric g = interp.EvalExpression(client, "route_state");

L3 5L, routestate 21 VX TV RILEST, TOMRE g IZHNT 5. g 3K D Helper %
fi5 LIk ViEEREIEeNTES. HIZIFLOHITIE g ZEHRTHLE05

VDMMap m = VDMMapHelpler.narrow(g)

LB LIEDE/RELTRHELONS. BHATIX domain & range D 2 DDOEAZ K> TWBH D,
HBANDT 24 AL VDMgenericHolder % fiBIFIZfE S . HlZIX
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1 VDMInterpreter interp;

2 VDMapplication app;

3 short client;

4

5 try {

6 app = (new ToolboxClient ()).getVDMApplication(args,
7 ToolType .SL_TOOLBOX) ;

8 client = app.Register();

9 try {

10 VDMProject prj = app.GetProject();

1 prj.New();

12

13 prj.AddFile("c:/usr/share/inter_sim/interlocke.vdm") ;
14 VDMParser parser = app.GetParser();

15 parser.Parse("c:/usr/share/inter_sim/interlocke.vdm");
16 VDMTypeChecker tchk = app.GetTypeChecker() ;

17 ModulelListHolder moduleholder = new ModuleListHolder();
18 prj.GetModules (moduleholder) ;

19 String modules[] = moduleholder.value;

20 tchk.TypeCheckList (modules) ;

21 System.out.println("type check O0K");

22

23 interp = app.GetInterpreter();

24 interp.DynPreCheck(true) ;

25 interp.Verbose(false);

26 interp.DynInvCheck(true) ;

27 interp.DynTypeCheck(false);

28

29 VDMGeneric gg;

30 VDMRecord r;

31 String str;

32 interp.Initialize();

33 System.out.println("initialized");

34 app.PushTag(client);

35 }

36 }

M58 7547y ok (VDM &Da%s Y a VESLED)

VDMSet dom = m.Dom();

for(int i = dom.First(eholder); i !'= 0; i = dom.Next(eholder)){

&35 & eholder (Z domain @ 1 DDEAKEA X 15 . eholder.value % Helper @ narrow A

Vo RIZERTIE, VDM 25 ADA 7V 7 bHMELSNS L,
e.holder.value.ToAscii()

ETNEXFHIREOND.
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£ 5 1 Dl interpreter 7 7 AD Apply AV Y RE2HWSHETHS. THo6Favy RH L5
ZPET. BIEUL Sequence BLDMEIZIEANT 5. FDRETIZ VDMFactory 7 9 ADA 7V =7 b2 ES
T2HILT, SIBEHETES. UTPRZ2OHITHS. arg l BElBzRFT 5L TH 5.

VDMFactory fact = app.GetVDMFactory();

Sequence arg_l = fact.mkSequence(client);
arg_1.ImpAppend(g) ;

arg_l.ImpAppend(Sequence arg_l = argStationAndRouteID(i);
gg = interp.Apply(client,command, arg 1);

WENDHETHE 2 54T v 787 L5 VDMTools IZa< Y FEfi%i%ksd Z & T, VDM-
Tools DA > &7V XMW Z LTS 5. ZOHITIFEELEEIX VDMTools DA >~ & 7Y & THELT
ENTHY, M7 LTIREGTLTVWARWEIANKRAS Y b TH S, BRWIZKRIET 5013
VDM OBNTETIND Z 2245, EFHERIZOWTIE, BUEELEEA VDMTools A 51k
REMOREEZMRT, RREZHEHTS.

7238, VDM ik o ATz feidf U7z & 5 72 implicit operation D E&HE TIXFEITATE R VD
T, A& explicit operation ZE&EL T, TNZ2EITTHLSIZ U7, 8k A @ operation D5 5,
FIEREE) 1 1 BXOFIEHEBEI 2 1, ERREER] 1 BN T 5. FiiEgLtEz0EE4E
PEIE, ZOREBRELTWBEZ L IZHTEF oy ZWA[REE 7 5.

SER U7 GULIZLAROFIEZBO Z LICL D EHTH I LN TE .

1. VDMTools ®a >y —)ViR%zEEd 5.
2. GUI ##&#7 5.

java —-jar Inter.jar MsgSrv

REZMENFONEZDE I EF v 7T 5 E510TNE, RELRMEDSTSNRNESIZT S —H
FET B, HIZIE, BETAEBEIIFE LRV E WS RELENHNIE, HETHERNPRETET
LESL, TI-2FKETE. ZHIXERROROTHY, ZOXIRIENFEELRVE DT, ik
ZEIET 5.

IT5—Avt—V%27547 Y MITUIET 222 ETMETH 5%, VDMTools D I —IViK
EHZIE, BT e TES.

GUI 25652 5 hii%->T W= b, VDMTools (2 & % MELE; B2 LT GUI TOMFEAE -
TV DT E5HEEEEHEH, ZOHMITHEIZ T IISERICAHER S B Z L 2R L TWED DS,
AR ZE L TWIFIE LW,

5.4 ERH LUFHM

ARFETIX, 74— AYV Y FIZL S Light Weight 727 70 —F Ol & LT VDM IZ & % )
BEOETIMMEEEM L. ZZTGCUI2E->TT A=Y avaEFT5I2T, EFVOEHE
R EBHEICR D Z N TEDLLSI1T%R o7z, VDM TR I N TWARWFIHEREBOMR D EE H -
7=, BIZXFIEDIEAERRIZ 2R > THHIEDREVE D SRV 2 /O 5 Z e N TE .
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ZD&5% GUIDHAE LT, 2—HIZ VDM D2 EHERETICT A -2 a v 2FETTES
ZeNBFOoND. £z, ARERETHMPORGATH-oTH, 1 VX TVEXPAZY T T
EIT UGS ICIRREBEMOFRRIBEINTOWARWETH S 0D, GUI TIREH I N TR
MREINDTZOENTHEIEEZDL. £, ZOETNOEHE, A VXTIV X5 L9252 AHE
EHERR T B DI 5. ZDRODIZ, GULTANZ2 5252 N TE5720, TANET
% ET, R TVWHIEEZEWZ 5.

%8B, CORBA APLIZ X270 7 5 L DEENITONSHEIEL, ZOL5BRT=A—-ay
ZFEATTH7201T1F 3 — FARBRE I DOIER L WD FEROATH 57258 [80], VDM H5r DADEHE
THoTHIA—NERBICIAEEHEHI VIV EREL T 5720, FEXIPPo/-. FH-a—
R & BEHEClE, Y — DTNy TEEEERFHEIE AR A D F = v ZBEREDME 70 &0 D B
REDHD. ZORMPS5DH, CORBA APLIZ X2 EY 2 — & DT L > TT A MAFEFT LR
FTLIgo-ER 5.

272U, 20O &57% GUI 2879546, GUI 2 E2A3 I FRV» 05, #-oT, FRHIZEED
ERNMEONDINE I DEZBETILENRDD. HIZIXTANAZ Y TN E2E->TEITTIHAIC
%, NRIZEL > TIE CORBA APLIZZ 7202 HIEHRL, Z0&5% 7077 500 EHESHMKL
A

SR OEFEEOHITIE, TR E2LETNIXHOROEELZATIELARETH D, GUI DFE
BIZENTHDIEEZOND. 7TV T75—railk->TlE, TOEIIIT7oA—YaviaEFTS
GUI OBAEIZRfZ T TH I 7 S flifElEH 5 L F 2 5.

—H, T=A=vaviZkaEtiE, HETHTAMR=ZADOAHETU RV, Z 4O
MO RV TR 270X AMTH DN, BEICARRIEREZRZ LTV LS & RIET
BRI TH S, Lo THERMEEZFEMT 2IZIXGEHE WS FERPAENICRE EE X 5. IRFED
FETiX, REIIZME > THERD EUMOMGEEE EM L, 32— NEREZTS 22 2FXTWL.
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Bo6E

N T — Y B EA D E IR T D&
FA— T4 %) ATCIRRXT—IR—2

HIETIET = A =Y 3 VE AW ARREE DGR 21T - 7208, AED» S IZHBEHZ W TR
BEVEZWRAET 2 Z L OFDMEOHEREZITD. £TAETIIATE & [H LU VDM % 72 H4 TR
2175, TZITHWEZDIX, VDMTools DFi&E TH % VDM-Toolbox DHLIEFERE L U TR TH
NTW-AEHIRETH 5.

2000 Y4k, VDM-Toolbox DFAFEH L OH K— b 247> T\W7z IFAD TiZ, EU ESPRIT 7
oYz h®d12TH5 PROSPER 7BY =7 b [81] IZEWT VDM Y —)VIZEEIHERE 2 K7 &
51-0DFEEIT > Tz, T OBEREILHETR U 72 Isabelle TOREHBEEEDZ# DN %EZ < ATV D
N, ZOBRETNNY 7TV R e Ui R 1E Tsabelle TiZ72 <, Gordon 5 23 L 7z the HOL
system[2] (ARETIHLANREIOZR WD HOL I& the HOL system #$69) TH 5.

HIKHIZIX, VDM-SL Oflkks L 02 Ok AN 2R354 GEEE) % HOL (HOL98)
WAL, HIEIER L 72 GUI 23 U T HOL (I K 2% 475 . MR, PR — MOMES H
b, ZOBEBEIXERILINT, ThUEDE VDM IZBWTHH 2175 idA 07 frbhTnd b
DO, WEBEHEZLEE->TWS, LPrLI0HZELT, GHEFEZL L2 —-d5ILDHEE, H
FREHOBERICOWTHEZHMIIBHETEAN TH D L ER L. AEHEBOESBEEIZDOWTIE, i
ZUYDOEHOB G TR I N T WA 572, GEHEFEDO L Y a— %175 721 TH MO &EEIE
WIXEMERD o, FO/RERERI N,

CZTETHIEORNG L L-DIE, 4 ETRRZBY N LRT —XETH Y, BAERMIZIZT ¢
VAN ATC LIEHEND VAT LOME T — ZR—ATHD. T—AR—ZAZDEDIEY TV RA L
KHEHEINDBDOTIEEY. UL, TOEAEZMGET S Z 2 ITIE—EDORENDH L. ZitLb
HlHT — 2 OBGEDVAIRETH S Z L &2 RT. FTIIRET — X RX=ZDMN %47\, VDM €T )1tk
IZDOWTEHIAT 5. 0%, FEHEBOERK, BHEEFEH, NEEHEE & W o 72 FIEIZ DWW T Z O
2T\, MGEAERICET 258 %2175.

7P, EBRTHMGEEZ EME L 72 ARGER T oW T, BB EDEMNER B IZRLZ. 2055, X
ARRIEATEE B.2 72208, KT — & X — 2 f1hk% R U 72 4R & VDM O HARGELD G £ - 72 1%
MOEWVWSIZEHHD, TIAVMERE, £ T ASCII XF T I TWb. 7272 HOL ~DZ
FEEZEZDLBERALUZILZ2L LS L TH ASCII XF Tl 2 BI X2 2B eEZ5N5.
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6.1 TATVYINATCHEERT—IR—IADIPE
6.1.1 T4%) ATC

FTRUDIZT 4 VXL ATCIZOWTHENT 5.

FtR R ECHH SN T E LMD ATC (7 a2 ATC XN 5) TiX, FIHEIZEEZ < XM
B D ERAROHFEE 2 EEES (BARMICIZEERBUES) O THERINDG. ZOVATARE
FEHHS N, REEICBET 2EMEIEH T TE A, FIHET EOROB AL S ILFELFET 5.
HREE DR ED 5 UORD SNZHE K DELEIZH > T, 7LV —FMEREDOENFHIZEDE T
FHEIN, INBRTRTOFEISEBAI NG, TDH, WEERDO B WIIHIZOWTIIZHZT K
MLz 7L —FHIH C B R 28R 0 R TR T L —FHIH (X 6.1 DRk ATC OEFHERD R &
SIZHIARAMAE S Pravih A3 D, BEBRR e B KD i) 720, BELARIZHE TSI 2257
O HEIRIFRIDME O 72 D FIEHMEA R E L Ro72 0 THEHN L & 5.

ZHITHTDWEDNT 1 VX)L ATC82] LIFIENEHDTHS. ZDT 1 VXNV ATC IZHEWNT
W B S E EADEREE T 4 VXL CTIEHREZ KE ULz BT, BfTHHED 5 W IZEE TOR
WX %2, FIEIMERT AHEEEKO ID & & HITEET 5. HljIEZE L EHR» 5, SIikAL
BETOHML X0 ZFTOAR, HEHIRE Vo 2ERIZONWT, H EITEKRINZT—2R—
2%WB#ET S, £ LT, FTOHMOPREEBIEIZED S, MENEEOBBTEDINS 7L —Fiif
EEIHET 222 T, EINE F CTHEMEICRELS N BT L — S (RS i s Z ks
{, AL—=XRHHLE>TVWE) ILLVIEILT S, ZZTOREBNZEVIFEILELETOT L —F
MMOFEDERE EDPSHEALZHLTWAZLIZHS. TNETOHFREEDFHEITKE L H
BT O H->TH o UdiTbh, M ECHEEZIEL THRRT 2720 EEAE ATC &b
IEENS. T4V RIVATC TlE, HEZBWTZDOHEZOETHEEEZFHET 2720H E3:KRE
ATC & HMEENS. 23T & b BRI Oz R 51 # i fE O WiiE S iR T & 5.

T4PRILATC
________ TOETHIR
BERATCOH T
EEES :
1
iBSJ - -
HERATCTD ~O)
EFTH R N\
E | | | | \\\
s o3 oo o Ty
B 8 X P 3

K61 T+4YXRVATC VAT LA

1 EERPWE R 2 DI HDEA TR VIRBIZ R > T WA Z e BB L TV 5 LIER. Bl X [E5 & 135 i 5 OB =
KMENETHBELTWEDERL, FIEPENZITEATEIVWPEZRLZED LS.
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Z ORESIZEE D < EFEAR ATC 1 2002 48 12 H B2 O AL Friukm ~ /A cEA X h, B
ECTITEFIRFHOBBTREY AT LW > TV IBEH®REEZ R IZIELMOFHRIRHH LK
BATC 27722, FEREIZIEIND ST 2T — XA R=ARFHIND I TIER WD, B

WU THIERTED I L E2RTILI-EDOREELDHLLEZD.

6.1.2 BEXT—IXR—ADEE

ATC HE EEEBIE 5 2 212k, HEOHIERKEICEHKINEY 7 by =70, ek
L LB LIZHRE., T—EAR=AFHNBREDTHED, TOT—XR—=AFFHEDIHEZ A
THO, BWEEERRDSEND. TOTFT—ZR=AfEEIZONWT, 74—~V AV v K& TE
% B ATz

H IR S NDSRX T — 2 XN — A TITHIEORLE, 553, HIREEREDVEVAEFNS. B
RINZRRRE 7 — R IEE D A A =V &K 6.2 1R T, FEARW RIS [83] I/ > T\ B DS, D
FEBIZDOWTIEA Y I F N EIZERD D 5.

DT —RR—=ZADFAREA & 725 O IFHERE (Track Circuit) TH 5. BoE[EE & 1K 2 =

THALZEY, FEHOERERMT 2EEEZ NS ORAKTH SN, HHHELFALLIITEZO
HE RS CHIE DA % MUATT & 2 SIS B AR 2 Bl E & 8. 2 OERIEE O IF#RIZ ITE 5 D%
W (ATCE5 b X O EE R #2312 5H A (TD: Train Detection) #%*3) OIEH, 7,
HEREERORER ENRGENT VWD, ThZThBGEREKIZIE—Ee &2 ID 2595, ZLT
BEEEHLIE RS & DE5 5 K OBER ORI, I 2 XBEEEH0E R TG 5 O ABEEDNEDS v o
I TOREENERING.

G % B F AR OGE RS 721 TR DS T & B A S BEREIE (A1 #E  ALEE | LRI Bl T b B 28,

R

—ID

—Path® 31 R FE i PR
g

& /f ;E@%

BIEREERFER —ID(Z)7AT—F)
—ID(ZY7AT—E) —E5DEE

— & —R<E

— iR/ EEG

6.2 $MXF—RZR—ZAOEAHEE () 7L R))

*2 2Rz ik JR EHHAD DS-ATC TiE, HAIEME L EELMEENSEZXONEZLEEDTL —FHBZOLDE2H 51D
HETRDODTT —RZR=A{LLTWV5. EETHEHRD AFHEAME L FEIEMETSATED, TV —FiiREZz0HT
FEHE L TWAW., —7, JR D ATC-NS TR R E2T>TW5.

3 OEHEOWHEMBIZB N TIEL — L2 BRI KXY 2 Hig A EA S NS, 20z AHEIuER I & IR0, B0 Tk
R DHBEATAINTVRVLDMH D, ThzEETLERE L IER. Zo8e, ATC 5 & AHBHMHADES
ITHRL5EDEHNS.
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CHNEBERNTIZRL, EBIEDEZ2 G CHERBV L BELET 5. 2 054 X SR KT
MHNIZ 1 DD Vo 2 BMIAREEIZIZ AR SR\, D20, BEREEAER (DA Path & IEXR) %
EHZL, POBERNPSECOERETCENTTELION2EHTS. M63 TSSO LER1231THL,
Path i3 1 < 2B X011 & 3DBHYT L. FIESHENESI VWIREZ L TWENIIDOVWTIHI Z TR
ERET, SEICHES HERIREZ 2O Path ICERT S L1295, EHERKEL IIRRD, FENLY
DEICHRS>TVWEIPDVEETHE15TH5. Path IO VHLERBKIZEEHRL, HEHIR
P LIlLE DRRX S 1L Path HICERET 2 2123 5.

Patl’y 3

1 2
~-— >
Path 12

6.3 Dz & LPIER I & Path

g B K O Path O B IZHERE (Route) ZMEEES 5. #ERKIE Path DIEFHI TR S 1, i~
DHEFIZ ID DG N5. FIHITHEICM S PO L2 ETT 2SI 8125, ZOHEKD ID
FIRIZHEIND Z LT, FIHEPINPSEAT IHERIEVRESIND Z L1245,

ZOERIEE, Path, #iE2 ) 7 EMFENIHRIZE L DD, FT Y TIEFMEN D 5 W IXERH
fIZn X5, RO TIIEGED 2 WITERXETIIERIZET 1 2T 2108575506, T0
IV7 ETOHEKID DEXEZEBKTES. I5ICT) 7E2BRICEEDH D, 22 X TTHHEEK-
Path- - TV 7 4K & WO BEEMENTE L2835, 2o OBEERIZIZWA WA RG2S 5.
BlIZ X, »2ERIZFR T N7z Path IZ3ZNZTNEBRDIEIZEL K DA >TWnaHARY. ke LT
WIEMERTRIZR D, TNE INPSREEL TV <.

6.2 BXFT—IXR—2THD VDM EFILE

BN T — & N — A ftkk% VDM-SL 2 F\WCElid U 7=,

6.2.1 fEHREEHR L DHIHY

T 2Otk EDRIRNIZ DOWTIHRAR S, FEHIRE THREICHE A 5 D1 VDM-SL 0% 7% v b T
H Y, JREEZEP operation IZIEMIE L TWied o7z, Z DA, polymorphism (£ 3 =TIkl %
AW L 727, VDM TIFBIZE % function FD AN THHATE 2) TR LTWah o7z, Mt
9% VDM OH¥ 71y MZOWTIE, B [84] IZ#fAH 5. VDM itk & U TIE function P RE
FEPDE Uitz s, E7-3EHEEEIRIC B —EY 2 —)WZOAIGE L TV, KREDFRAH
FTHZLHEVa—LERHRL LT\ 27, ZOMTREEIZR, 7.

REZBIZHY T 2502 LT, ThZNICHIBELZT7 =V RE2EDLa— FRlZERL .
operation (ZREELBUINT 5L a3 — FEDEZ 514 & § 5 function & U TElIR U 7=, JREEZ LK

OREIZ BT BRI, AR 5 EOMIEE KEL LD B LD TIRAVA, REIZHEBBED SN T WS A I
LY
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1 TrackC:: joints : map Joint_id to Joint

2 atc : map Direction to ATC

3 td : TD

4 atbt : ATBT

5 inv tc == card dom tc.joints > 1 and

6 dom tc.atc = {<ADIR>, <BDIR>} and

7 TD_Used_for_NonInsulated_TrackC(tc.td, tc.atbt, rng tc.joints) and
8 (tc.atc(<ADIR>) .used and tc.atc(<BDIR>.used) =>

9 tc.atc(<KADIR>).carrier <> tc.atc(<BDIR>).carrier)

6.4 BRI EEEL O E %

1 TrackC_map = map TrackC_id to TrackC

2 inv tcs == forall tid in set dom tcs &

3 forall jid in set dom tcs(tid).joints &

4 Only_One_Next_TrackC(tcs, tid, jid) and

5 forall tid2 in set dom tcs & tid <> tid2 =>

6 Joint_and_Next_TrackC(tcs(tid), tecs(tid2), jid);

B 6.5 Bl RGO RE &

DOEEXHZ X mutation ZFHHWB Z & THUTES. HlxiE
x2 = mu(xl, a |[-> ’b’)

ETNIE, x1 DIBT 4=V Fa%’b ILESHAEDE x2 LT HL VI EKBRDT, x2 %
function MR Y fH & 1L, REEE a D% b’ & L7z D function EITFEDIREEEDEIZ
YT 5 IRTE 5.

function (XFEARMIZ explicit 1250k U7z, Z OB, FEIHEBA KT implicit function (2B
THAAEBEER LTI NDEDD, satisfiability 2 RTBENH L LWV DORZTDOHNELENST
H5. THITHEAREINHT-EINHET, BT HREEEEZRZTHIMFET S L 2itHT 2 0%
NHdEVWIERTHZD, GUI LTOMGHEETH >7-. F7=, satisfiability DFEIHI, FHiisk
27T ANERNT, FRFMZ2HZTMEEZERT 270V T XL E2HERTVEL VD, Zhid
1EIZ explicit function TH 2. ZD72dIX U DHH 5 explicit (25 T nIiX L v, VDM-Toolbox T
I explicit function [ZHESFMZMMTE 2ILEA LI NTH D, explicit function TdH > TH FHE
BT AMEENTE B 728, FEIZAR.

622 ITYT7LANILDOEFRDEIR

L) 7OHRT, P, #EEREL Vo T —AR-ADHKELEEZ T NET N ULTERLT
WL, ZNRAFAZKEHL T E WO HIEL AU 7 TH—F Th 5. Hil 2L HE R EE O RS X8
EEEEAL (TrackC) 2 LT 64 DX S IZEHRL -,

Joint FWLERIFEEESRTH b, Al & A kO 72 &2 Mie U TRD. ATC 1Z ATC {5
SO, TD X5 HMRAL O, ATBT IXMEHDEEARZEZRLT WS,

VDM TIFRIZ ARZELZMEDLMIMTE 2D T, TrackC BIZOWTEALLEMEEZMMLTWS. inv
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1 Path :: tc : TrackC_id

2 start : Joint_id

3 endp : Joint_id

4 length : nat

5 used : map Direction to bool

6 condition : set of Condition

7 1inv p == p.start <> p.endp and

8 dom p.used = {<ADIR>, <BDIR>} and

9 (exists dr in set dom p.used & p.used(dr)) and

10 (forall cl1, c¢2 in set p.condition & Condition_not_Conflict(cl, c2));

X 6.6 Path B oEH

1 Path_map = map Path_id to Path

2 inv ps == forall pidl, pid2 in set dom ps & pidl <> pid2 =>
3 (Not_Same_Path(ps(pidl), ps(pid2)) and

4 Not_Start_and_End(ps(pidl), ps(pid2)));

X 6.7 Path B48LDE S

URPAZEZMGETHD, THIXROERZRFD. ALEZMED 147 HITHE R K O BEEE#LE R I & D5
RIZ2 2L EMBETHE, L\WH L THS. 2/7HIFATCEZIZOVWTIX A fiFmE B AHICD
WTHl% DIEHREFRF> TWAH WS ERE 5. 317H TIX bool % &9 function % iBzE& L THI
BHWT WA D, Z OB H MR A PE R CHEAI N TV ENE S 02 F v 795
LEDLo>TWS., ZUTA5THIEM AR TESOBERPERDEZ e 2EERLTWS.

BRI EOES XN 6.5 TRT LI ICEERE LTWA, TrackC_id & h—2 v #l 2 L /2.
TrackCHITHZ 5 TH DY, bool % KT function ZiRFEE U THZ 5 X S ICHEMBMIZEREL, X
SIZEDHRNIEERZRT L5129 5Z2 LT, ke LTouFHlkE L5 L5 128D7. BED
712 tid <> tid2 L H D ZORITHA I NS function IZEWTANMPECIEE 22 D% X1}
5720DELEDTH5.

Path iZDWTIZX 6.6 IZ/RTHED %> T\Wa. FilET 2 HuE K ID B L D BER ID %1%
HELTR->TWS., SHICHERELTES 2K >TH D, INMHEMEIHEOER L 75, Path IZ
AN, R, HIBRGEEE 2 & D Condition Z1EHiE L TR > TWa A, T —EOEHRIZALS X
IWIAREFMETF vy 7 LTS,

Path DHEABK 6.7 ITRT KD ICEHE L U7z,

LT 6.8 1TRTA, T2 TIEAAE Path DIDABRERINTE D, RELKMLEN W, Z
Nk, ZoOEHZ T Path [ALODRL ) BB TERNZHDTH 5.

38 [ #% & Path, #MOMOBERIZIZZNENHIM TR TERVEDONRELLH D, HIZIX
Path (Z#EREIER 2 D% H#H e U TR > T\WE 2, ZTOBRHMFE USRI IZ SRS N T WS 0%
EWhHD, ZOXS5RIL2HBTIIEINETOERE KRLGFELBETHY, ThNBT) T
b, T TIZOWTIE, 6.9 1R

LY T7DEHRTH, INFEFTEHRINZEELIZ A, trackes, paths, routes ZJ(REEZEH
L UTHEATWS. Area Kind IFTV 7O Z /R L TW5S. <PLAIN>IEUFEZEL THD,
FHia e HaEEEE S LT, SN —RBICEE ATV T, <COMPLEX>IXEUENZEELTE D, —&IC
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10

11

12

13

14

Route ::

dr : Direction
paths : seql of Path_id;

Route_map = map Route_id to Route

Area ::

6.8 Route BLDEHE

trackcs : TrackC_map
paths : Path_map
routes : Route_map
kind : Area_Kind

max : MaxSpeed

inv mk_Area(trackcs, paths, routes, -, -) ==

(forall p in set rng paths &

Path_within_TrackC(trackcs, p) and
Direction_Correct (trackcs, p)) and

(forall r in set rng routes &

Path_Exists(paths, r.paths, r.dr) and
Exists_ATC_for_Route(trackcs, paths, r) and
Route_not_Circular(paths, r) and
Path_Connected(paths, r.paths, r.dr))

Area_Kind = <PLAIN> | <COMPLEX>;

6.9 TVUTDEH

EEORWIV T THD. HdfiTld 10km U EOREI 2HERT 20ENH 208, b & FEN %

DB iz kY, BRI, SREANOERZERLP T LTVAS.
TYT7IZEALTHBARERGETERFEZZHLTWS., T 7 OARESEMITER X ik

OB s,

Zh
A

(ML BA

e Path O3 [E —HuE DO HIIFET 20 EVDH L. (6.9 2k (BATFREER) © 817H)
e Path IZH 125 F i (EmMA O DFMEILER) 375M &AL T WL BELRH L. (9

7H)

o MM TR X N7z Path 23FET 5. (1147H)

o ERITL, ATCEEMMFEET S, (1217H)

o HHMIL—TLimoT VRV, (1317H)

o (& D Path PIELWHEFER CHERiIhTW\Wad. (1417H)

6.23 IDTLRIDEEDER

IOLTT—AR—2AEE R ET L L2812, BARRDO T — 2 R—2ABE2EHE L 7-.
WZEA LU THEFIHEERE D HIF A & function TEFEL TH D, HBAEDREY, BIEOBIZHELIEERZ
BIEE L, ILWREZEDMEE U TR, HlxIXH0E R 2 B INEFT 5 #E8/E Add_TrackC &

6.10 DL ITEFEL 2.

Z OME

18 ar ZBEDIREE, tcid IZF72ITEMT B HERKIZ 515 1D,

te [FHUERIEE O BRI EHRTH 5. TN BEEONIRTIIHUEREEERE U T tcid 2*5 tc DR
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1 Add_TrackC : Area * TrackC_id * TrackC -> Area

2 Add_TrackC(ar, tcid, tc) ==

3 mu(ar, trackcs |-> ar.trackcs ++ {tcid |-> tc})

4 pre tcid not in set dom ar.trackcs and

5 forall jid in set dom tc.joints &

6 Only_One_Next_TrackC(...) and

7 forall tcidl in set dom ar.trackcs & Joint_and_Next_TrackC_Consistent(...)

6.10 WuEEEE 2 B INERT D RIEDEER

RTEDLLSITHERL TS, BOMEE UTIIHERBRP BRI NTEFINZT —X LR 5.
INFTTREDLD BIERIE THERTEEZ 22485 D, TNTREFEIPRIZIGELH D
728, AJNZHIBRZINZ B HERH S, Ik function DHEFISME L TEZEL -,
HEEMEORA DT (X6.10 KD 417H) TlE, tcid BNELEHRINTVWARNWI L2 ERL T
W3, tcid ICATAZEEIZODVWTIHAREE Y, —HHIBRL7Z ECHESRT 22 2 2 CIEEE
LTWwW3., Thizki 217 (5,6 7H) T, 2 TOEFIZH U CHEERKIX 1 27213 Th 5,
WD ZEEREKLTEY, HEOT (T7H) TIEBHEHLERE & 135ER LER 12DV TEAHE
NTVELEVWIRMGEEZS>TVE. TNSITRGED BEAHEZ2 KT % O function & U Tl d
5ZETHIBLTVWS

T—AN—ZEMEE U CTHuERE, BuBEFEEEEER, Path, #EE8, HEHIROEINHIER % Gdid U7z,

6.2.4 #RXL ~N)LDEEHk

TV TDEMNIZH B DHHEX (line) &725. MRIFTV 7HAERINTHEKINEN, £ZT

TV 7#E#HE (Connect) WO M&EZEALZ., TV TRERICETIHOEEHEZ X 6.11 2R
¥, Area_Joint &, TUTHMEDOT Y T &K I N L WERFEE 27" L T4, Connect I
Area_Joint 2 DIZL D EHRINSZ L TREHINT VS, ISIZZDOEKIZHLT, AreFofs
DR SNZ B E S h %R U TZDH Remark_Connect TH 5.

Z® Connect DEAB LY, TV TOELEZFLO-ONRETHS. MXOEHEEN 6.12 12
AT, ZOERBRIZBVWTEZYTTOERLFAUL LS, TV TOHESA areas B LTV 7 M
DL connect ZRBELBMY L LTHRi>TWn5. HifliDOEH TIE Area D FIZEIHHHVIREEE
LLTRBEINTWAED, ZITRHRREBELE LT THAERINTE D, TOHICHIER P
Path X DEENERINT WV S.

REZMIILLTO@ED 72> TWa. 547H (X 6.12 2EOHF O, BITEER) TiE, fiox
V7 e DERRPTY THICHFAET DI L 2ERLTWS. T8ITHTIEZ Y TRHEHIZ D2
Path ® fjlm & =Y 7RERICE T 2 HRDOFMEOESEIN T VWS Z L 2 EEK L TWS, RED
217 T, TV THEEHRHR S N HUER RS RO E S e R o TWbs 2 &, T2 DEkAE
HATZBES DHEREDESPREM 2> TWVWA I L 2E KL TWS

ﬁﬁkﬁbf%%ﬁﬁﬁéﬁabk.IU?%@%@%LML&D,M%bt@?%ﬁ@,é%t

AR ENITEZ DT B, MBIEENLEIZRBED, FOREPNGRERIZKITHEVWESIZ, KBS TFafz
HEIED, Bl EZ0T 5.
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1 Area_Joint :: aid : Area_id

2 tcid : TrackC_id

3 no : Joint_id;

1 Connect = set of Area_Joint

2 inv con == card con = 2 and

3 forall al, a2 in set con & al <> a2 => al.aid <> a2.aid;

1 Connect_map = map Connect to Remark_Connect

2 inv con == forall al, a2 in set dom con & al <> a2 => al inter a2 = {};
1 Remark_Connect :: chng_direction : bool

2 chng_distance : bool;

B6.11 TV 7k (Connect) DREHE

HEkE N TV 7 OfUIHE A R HE R ST, Path, #EEZEHNIERT 244E, LT U TR
B e BIHIRS 2 8ETH 5.

BBIZT = AR=APZER U2 e EDOEMEER L. T—XR—2ADBHEZFHEAITIZKLL 7%
WD, MEK TIRHIZENL 2RO BEM4:TH D, X 6.13 12T — X R— AR O SMIE T
%5 VDM itk 2R3, ZHHSIEIPRVBFEL LTCHRARLTWS. 22 CTRIEFRICUATOEMZ K
HTND.

o HUBEREEBEADNERICEHRINTWVWS, (X6.13 (BUREEK) ©417H)

o HEMEKEIFUZK L, Path BEHZI N TS, (517H)

o HUEMEEKIZK L, Path 2EHEI N TS, (617H)

e Path XL, ERIPERINTWS. (T1TH)

e Path DIGFITXH L, BICHEAES 115 Path DMFEET 5702, H 5 W Iiddm (FEi1ED, H 5 Wik ATC
fl o) L LTERINTWS. (847H)

o Path O FUTX L, A ICHEK I NS Path BFHET 50, dHWVWIEImE LTEREINTL
5. (917H)

o HHAEMEA T Y THIEEHD L 13MImICEETE 5. (1017H)

o BRI CIXEERES ID & A s EEA —Zicex 5. (11 17H)

o T VMR IR T &2 iR & 3 5 Path MF4ES 5. (1217H)

o TV 7 M E R CIXEHRET 2 KA LT 5 Path BWEAET 5. (1317H)

o TV V& TIX Path 2’ —&E 45, (1417H)

FEEUZIZBIZBRRBHAIAEETEORFEL RO, ZOBELMDEDT, T Ik e ik
ROV, BRI IZ AR IZ VDM-SL DR T 935 476123 L 7=.

6 MK E 085 [T & LT WA, ZHUTIREFTA2E8. X508k CItlifT2hz0, HETE 1LfFcEed
AR, 935 {7 o TWA.
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1 Line :: areas : Area_map
2 connect : Connect_map

3 inv mk_Line(areas, connect) ==

4 forall c in set dom connect &

5 (forall n in set ¢ & Area_Joint_Exists(areas, n)) and

6 (forall nl1, n2 in set ¢ & nl <> n2 =>

7 Direction_for_Area_Joint (areas(nl.aid).paths, nl.no,

8 areas(n2.aid) .paths, n2.no, connect(c).chng_direction) and

9 let tcl = areas(nl.aid).trackcs(nl.tcid),

10 tc2 = areas(n2.aid).trackcs(n2.tcid) in

11 Joint_Compatible(tcl. joints(nl.no), tc2.joints(n2.no), connect(c)) and

12 Is_wf_adjacent_signal(tcl, nl.no, tc2, n2.no, connect(c).chng direction));

X 6.12 #X (Line) D& #H

1 Is_wf_Line_DB : Line -> bool
2 Is_wf_Line_DB(1ln) ==

3 (forall aid in set dom ln.areas & let ar = ln.areas(aid) in
4 Joint_Completed(ar.trackcs, aid, ln.connect) and

5 Path_Exists_for_Joint(ar.trackcs, ar.paths) and

6 Path_Exists_for_TrackC(ar.trackcs, ar.paths) and

7 Route_Exists_for_Path(ar) and

8 Path_Exists_before_Start(ar, aid, ln.connect) and

9 Path_Exists_after_End(ar, aid, ln.connect) and

10 Route_Exists_to_Terminal(ar, aid, 1ln.connect) and

11 (ar.kind = <PLAIN> => Is_Plain_Area(ar, aid, ln.connect))) and
12

13 Following_Path_Exists_at_Connect(ln) and

14 Preceding_Path_Exists_at_Connect(ln) and

15 One_Side_Unique_Path_at_Connection(1ln) ;

B 6.13 T — X R—AFEHDFAM:

6.3 FERAERS &GRS
6.3.1 EEFAEFS (Proof Obligations)

ZOEIZU TR U RERRICSGEF =y 7 B K OBF £ v 7 20 CRIED T X, FE
FHE# (Proof Obligations) # HEITHEK T H I N TE L. T, DB FED R W & % Rl
TEEDIIBERFMNTHS. BLINB—D2THHMZINRITINIE, TNIXAROBRDRHEZ &

HELUTED, HHROBEVPLEIZRS. AERMEE U TLEWIZET 2B AEDE D AT N5E
i, ToetrErsnsdriflbns s,

AEFI B2 DWW TIESCHR [21] (2 function DEEEVEIZEE S S AEHEBE VN ST WS, explicit
function IZEWTIE, FHEISMD bool I THB Z L (72720, ThFMF vy I/ TFzv 7 INDB),
FHAAERA T O A2 T2 N EREI NS, LB OVWTIHIEEINMTH S Z L AP ERX
N5, ZITAREFMEMEZORBELNTVIE, HIMHENZDORIZET 5720121%, TDORESM
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WETHZZEVRILLINZDOT, HROL IAFBPHEBRIZOVT, BEINALBOAESE
HEiT e 2ERIND.

implicit function (Z DWW TIXHERATSRM:, FEHEELEDN bool BITHEZ L (ZNEMF v I/ TF Y
7E3N5) DIEH, safisfiability, 97205 FHEiGM 2 72 STEROMEIZN U T, FREM2HH729
ERFAET B I BNERINDG. 7272, INEFTE TRV, [IRkEdRICH AT (REXE
BOHEHALESEL) Z720TOHEBIBEBTH DD T, HilE FORDEHE 7O ERT 5 RITw#H
GL, BRBEPOZTOEMASLM 22T HERD L. TDIED, subtype IZBT HFEHER B EKI N
5. e Z2IE 1 L EDEAREERT NATL B2 function D AHFTIZH 25E12, ASIZEHBIZ NAT 7Y
DIEZEHT 258K ETH 5.

ThaiFzx, MORELZMES X function I22WT, Fih Sl 247\, HEFX function ®
B CREIE B 2 A L TV L. B2 O L Z N E CTITHEM U 72580 (2B 9 2 5EHE B A AT
LTWaERETS. £oT, fH%DFFHEKIL, FFHTRNEMEZ CICFGLZHaE2a >y T7FA
M UT, TSN U TREEAELTRNE WS B2 D, EEOFEIHE A SR 12 DWW TSR
[85] IZf#H D 5.

function D FHERE RITH 9 5 A E LMK OFEAEH 12 D W TIIMEBRDFEA & U TANR T DR 1T
NENT R WEEHOLDTH Y, BT, #le UTHhD Add_TrackC IZB L TEK S NAH D
EHIT5.

forall ar: Area, tcid: TrackC_id, tc: TrackC &
pre_Add_TrackC(ar, tcid, tc) => inv_Area(Add_TrackC(ar, tcid, tc))

ZHNIIEE D Area BLDfH ar, TrackC_id M D tcid, TrackC M DfE tc OMIZX LT, B
Add_TrackC ORGP 72 TN TV, Add_TrackC DK D fEDY Area BID ANEGM % 727
BERDHD, LWOIEKRTHD. ZnNBETHNE, BIEICITZNTNIEE I NZBOEM2HZ L
TWVWAIEEDEEZMFHTE 5720, MHARINDI I LDEKRIIKREL RS, Zhz2EET 51T
forall #5ET 5720, 1 DOKHIZHIFEZENTENETATHS.

UL, EBRICAEKRSINDIEHEHKE DS < I function DFFIFEXPELROBEHSZMAETHSD. ZD
L& FERRESAREZ R T NEREZ IV T FA PO IBIC KRNI E L 2 EAHEET, ERIT—K
T BIGEIFERMREL EHW LTI RS, 25 TRVWEAD HIRKGEEHIZAES TH 5. B2 X
O function 3% 5.

Line_Add_TrackC : Line * Area_id * TrackC_id * TrackC -> Line
Line_Add_TrackC(ln, aid, tcid, tc) ==

mu(ln, areas |-> ln.areas ++ {aid |-> Add_TrackC(ln.areas(aid), tcid, tc)})
Z D% T Add_TrackC ZIFOH L TWA A, ZZ T TFOIFHEELHET 5.

forall 1In : Line, aid : Area_id, tcid : TrackC_id, tc : TrackC &
pre_Line_Add_TrackC(ln, aid, tcid, tc) ==>
pre_Add_TrackC(ln.areas(aid), tcid, tc)

I H, Add_TrackC OFHRISGUZM-THEND L. ZDHEIF Line_Add_TrackC O HHjLM:
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— ¥OM-SL Integrity Examiner B
File Run Prove View Developers corner Help

Sweep Check 5 Interactive proof

Specification |

fhome/nteradafline-mngrfdb-linecond4.vdmsl

Connect_map = map Connect to Remark _Connect -
inv con == forall al, a2 in set dom con & al <> a2 => alinter a2 = {};

Remark _Connect :: chng_direction : bool
chng_distance : bool,

funcrions
lArea_Joint_Exists : Area_map * Area_]oint -> bool
larea_Joint_Exists(areas, n) ==
n.aid in set dom areas and
n.teid in set dom areasin.aid).trackecs and [
n.noin set dom areasin.aid).trackcs{n.tcid).joints and 9
not areasin.aid).trackcsin.tcid) joints(n.no) remark.line_terminal and
forall tcid in set dom areas(n.aid).trackcs & n.tcid <> tcid =>
= n.no not in set dom areasin.aid).trackcs(tcid).joints;

Direction_for_Area_Joint : Path_map * Joint_id * Path_map * Joint_id * bool
-> bool

Direction_for_area_Joint(pm1, nl, pmz2, n2, chng_dir) ==
forall plinset g pml, p2 in set rng pm2 &

{{pl.start = nl and p2.start = n2) => chng_dir) and -

Listing Filter

No [Generated in[At loc... ] Due to [Status Met... Time| lass tatus
56 Add_Route | 392 ..postcondition Unde... Sw... - v Domain v Proved
57  Add_TrackC | 291 .. 1invariants from Area Unde... Sw.. - ) _
58 Add_TrackC I. 291 ...invariants from TrackC_map Unde... Sw... - [vl Invariants | |[¥] Undetermined
59 Add_TrackC 1. 289 ... post condition Unde... Sw... — ¥ Pre ¥ lgnared
60 Area_Joint_...l. 529 ... map application Proved Sw... -
61 Change_Area |. 558 ... invariants from Line Proved Sw... - [v] Post [v] Disproved
62 Change_Area |. 561 ... map application Proved Sw... -

v| Other v] New
1 63 Change_Area |. 556 ... post condition Proved Sw... - li li

6.14 FEHAFERIE

1285\ T Add_TrackC DHFIFRMAZMATEIFIEL L, FEHIXHBIZTES.

935 7D LEED 5 188 DFEHEM A AERK X 1, VDM-SL Tidik 9 5 & 2104 1712754, ZZ Tl
AR THHTH 2l HEBIZRPN T WS 720, AYDOIFHERIZE 512 hb. Bl h:
NEZRTHAND X5, FEHERIZD EOMAREHERD LD REL RS, ZOEKIZEET
HoT, EHEHZZAMELLTUEZIFED ZIF LR, SR U -iEERE CIXX 6.14 125
IN5 GUILIZ K> THEBRSI NZGEHER 2 BRI L Tk 720, FEEBEIMERD & D
MORELTZONEFARNZDTEIENTES.

FFHAE R DML E S 2 RSP PFEETITHIZ L TE S, HHEZRAATZGEIZGIFATE R VWO
&, AERRIZER D R FED D O GAEHD R AT RE 2RI D, FEHAH L K CTHETE RWEEOWT v
THD. RkGELR % EfE U T2 Y9NSR ETDARE TR T 2 EHRE D R I h T Wi o 72729,
FEETHHER DR D SLONE D 2 HEPD . TOFER, VIHHEBOMARIZOWT, KHlZ2ET
FHETWLODPDMD ZRDIFH I LN TE 2. EHEBEDZ < X function DFIEUICEEL TW5
2o 2WRE T forall THELZbFEL L7720, TOREIZBZOIFNIE LW, KEIOMEZRIX
VDM-Toolbox D4 > R T REffioTiTolz, e AFEETHROIEKEITH>TH, MHER
DPETHDZ ORI ETTE 2720V E VI ERW.

DI e SAEHEB O BB SRR, FEETIHEHZ T8 ThHho THIEHITEO LI L
bhrolz. B3 A, TNHFHEHTENE, o eRIIRIARBEL, IHICKES RTINS
HRAIREEZEZONS.
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6.3.2 BEEEA

VDM-Toolbox ~®DEHIFEEEDEM X PROSPER 71 ¥ =7 D EEKEY TH S PROSPER
Toolkit 1232\ TW5. Gordon 54 BAF L CE7- HOL 21Ny 27Ty R L T4 5. PROS-
PER Toolkit HRIZMD T B 7T LD D L D D=HD APTREE L »F > T\ wh, HOL T
P X - AHE - EERREB L QR A T v 7 (tactic) DMEATRET, XS5 ICABIZSL Ta—F =2
EHRH AT Yy 72EIT 5 Z 2N TES. VDM-Toolbox FIDFEHT > ¥ 1 Z ® PROSPER
Toolkit (Z VDM-SL (EK#IZ1& VDM-SL %2 & £ X 7z HOL O L) 2B 3 % @ VDM-SL
ARRDFIAEBEAO BBFEH 702 A2 BMUTED EF-5DTH5. b, RIEKBREOMHICE
NS, BHFE R DR A SCER [86] IZH B, AEDEFHEH TN K 512 ISO &% VDM-SL © 7
Vty bAPMEZ B0 TIEARWD, FHTEZRIUIEEDZLHZ VDT, ZZTIEHT LEME
X mSeWn,

ZORHT Y Y Y DEAEIZDOWTIEHOL 2 2 UE EFFE L KSR THEEAATE 5 L 512 GUI
MESNTHD, GUI 2@ U Tt Z1T 5. GUI O Java T, CORBA API #iHH L
TW7zh, VDM-Toolbox HRIZEHEZDDHEEZITToTW5E. BEHDX 6.14 IZHENREHD R X > D3
HAEIN TS, kB LU ZOFHEBHITZONHR N TH S HOL ORFUILH S /- L CIEH
IV VIIHAREND. ZORRT 2 DO HBFEHERIMEHATRETH L. 1 DDIX Sweep & IT
N, FAEHEERRE M) TREKTIT2E0TH SN, INTIHAMAREMREDZM KR Z &
MTED., I5I1Z2 Check EWIHEENHZRINT WS, ZDXRALT I MNEESIDALEVWED, £
DIELSHRD L5112 >T W05, B LN TERWEAE THIIHT R EEI@E (subgoal) H4E
I THESI NG, ZOFK-ZRImEZ 2 TIEHTENE, ZTOPEBITEHI NI LI2k5
N, T TR EHARRDRODRBRIZOBRNEZENH D, EEIZWL DhDD R OB TH
RENiz, Ao o 0 I MEELT, HEMEHEZTD ZL1225b. RAMNIZIE 188 DREAEBD S
b 167 W HE Tt X 7z,

6.3.3 XIEEAYEEEA

W TatBHERICE L TlE, GFHT VY v 2> THEEMIZEEI 2175 2 1242 5. SEEREER I
Backward Proof DA X A )V TH 5. MNEEREEAERETT Z X 6.15 (2779 . {kE (Assumptions) &
# (Conclusions) ZRTENHSE. TOEDLVIZRRZUPUWATWED, TNENDHAIEIED S
LOfl %4 DAT v 7 (tactic) LBIFRLTWS. BIZEX, REXHHEZHMILT S, BEoh Sz E
e 27uE. ZOREVOBELZHAGEE TS THEHEZ LT,

REINTVEREZVITEMUFICRTLONH 5. Kiawmiow L T,

Strip 2MREFDORE (DX VIREF%2 HHEBIZZIH S 5) XERDOLELDIRENDEE), Goal
@ subgoal ~D 7 EIEEITS .

Simplify #ii & RKEXPHF AP U2 VEfild 5. FEHABAZ X L 72 Simplify
(expand in) W5 HDHDH 5.

Contra #H%



strip | | Simplify | Simplify texpand i) | [contra |
Let | [1f]

Disj \

trackcs ++ {tcid|->tc}, [inv_area

[ Assumptions
simplify | [ Simplify (expand in) | [ Fwd chain | [Standard thearems | [App. witness |
Let | [1F]

ar.trackes(tcidl),
31d)323))

i[stepin |

6.15  0FEE A RIE B 1

Let let XX DJ&EH

Step In function DE &K% EHT 5. BT 5 function I& Definitions /X 2 I)L7» 5 #IRT 5.
Compare 2 DOEHHBEL WL ENTHER T 2T 5.

Enumerate bool B2 5| HELDE TS &2 2T 5.

REIZR U T,

Simplify DX E S AN R T 5.

Fwd. chain forall T E A REICHE T HEBDMAGHLEERALT, L WKEZ LMK
T 5.

Standard theorems &M ZFEIZEA L, L WREZEKT 5.

App. witness ERIZHE VT range DEIZ N IET % domain D% Fr7- 2L L U TEAT S, ¥
DEFRIZXNT 5 index 1ZH Xt
% Dfft Let, Step In, Compare, Enumerate £ % %.

mE, MEABMU TR 2 L50I IETER .

AEHH D FIEIEARE TR I, (£E D subgoal 2 &N U CitHZED B Z LN TE 5.

SERTLEHEREIICEEAR D & W ERAE I I —PIC e > THEUWWEETH S, KHZAEHZED 57280
IR OREE 2 B<HE L TE S BERDH D, AFEHITIXREEZ function 12 K B FLR THEIT 5
FEEZH U720, TOEHEZEMTILEVDD. HEWYNTEMZ1TS 720I121%, 4 function O
HARKRERIZOVWTHEL T BELRH . ZHIMEROBBIZIENR SRV, ZOHF DS
A, MEEEEIEE ATy T 5 100 FTEUZ. HNOREIZS L5551 DOFEHEE O
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1 Add_Path : Area * Path_id * Path -> Area
2> Add_Path(ar, pid, path) ==

3 mu(ar, paths |-> ar.paths ++ {pid |-> path})
4 pre pid not in set dom ar.paths and

5 Path_within_TrackC(ar.trackcs, path) and

6 Direction_Correct(ar.trackcs, path) and

7 forall p in set rng ar.paths &

8 Not_Same_Path(p, path) and Not_Start_and_End(p, path)
9 post pid in set dom RESULT.paths and

10 RESULT.paths = ar.paths ++ {pid |-> path} and
11 RESULT.paths(pid) = path and

12 RESULT.trackcs = ar.trackcs and

13 RESULT.routes = ar.routes;

6.16 Add_Path DE#H

GEIRERAIZIE, AERMEICEL T, 202505610 & - TIdEt 2 59 5.
ZD &S BEEERT, BN T RN TOGEHEB P EMIIZEEH I N2, DF 0, LRI ES
Ma2zEHE-72HDTHEZEDVBEBHRIDLVWETRINZZ &IZR5.

6.3.4 SRFRDXIEEAIZEEADREITHI

FEEROGEHOFETH %2 Z ZTHNT S, 72720, b2z 5720, TZITRINEGRILE
BROHIZEN S REOMIZIZETOBRWAH D Z L2 W > THEL. GIHDOEKIXZED 5 72\0)

Z ZTOHNEX 6.16 1279 Add_Path &\ 5 function (2T 5HDTH 5.

Z @ function (ZEA U CTUA N DFEHEB P EK I NS,

(forall ar : Area, pid : Path_id, path : Path &
pid not in set dom (ar.paths) and
Path_within_TrackC(ar.trackcs, path) and
Direction_Correct(ar.trackcs, path) and
(forall p in set rng (ar.paths) &

Not_Same_Path(p, path) and

Not_Start_and_End(p, path)) =>

inv_Area(mu(ar,paths|->ar.paths ++ {pid |-> path})))

ZOMHEKIIEHBTIRAEHNTE R o7, TOONFENAEHEEE TOMIE 2 BT 5. K
EL AT T220DY 0 v RUuBENS. & (Assumptions) &#Eiw (Conclusions) TH 5. &)
IZEE) U 7z & ITIEEEHER 2RV HERE L Tilkbhb.

ZOBNZBR ST, BANZITS Z 81372\ T\W» Strip TH 5. ZOFEIIUTO LS 1245,

Conclusions:
inv_Area(mu(ar, paths |-> ar.paths ++ {pid |-> path}))

Assumptions:
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inv mk_Area(trackcs, paths, routes, -, -) ==

(forall p in set rng paths &
Path_within_TrackC(trackcs, p) and
Direction_Correct (trackcs, p)) and

(forall r in set rng routes &
Path_Exists(paths, r.paths, r.dr) and
Exists_ATC_for_Route(trackcs, paths, r) and
Route_not_Circular(paths, r) and

Path_Connected(paths, r.paths, r.dr));

X 6.17 Area B DAZSLM (FHig)

inv_Area(ar)

inv_Path(path)

pid not in set dom (ar.paths) and

Path_within_TrackC(ar.trackcs, path) and

Direction_Correct(ar.trackcs, path) and

(forall p in set rng (ar.paths) &
Not_Same_Path(p, path) and
Not_Start_and_End(p, path))

inv_Path_map(ar.paths ++ {pid |-> path})

Strip #HMHAT 52 212k, FTHMOD forall BELY RN, T ORMER - 72 ar, pid,
path WEHHZBIZAHI NS, X 51T forall DHD ar i Area DI EZFF>TWBHDT, TDOHD
RG2S HERDH D, inv_Areal(ar) & W I ERMEPMREITEMET NS, THid path IZDOW
THFEMET inv_Path(path) 2B N 5. 2B, pid IZDWVWTIH, AELXENZEINLTVARN
DTHRMBIFEME NN, RITEPEHEO IV T F A b OWMAPEDT S ITBEH NG, KEIC
inv_Path_map(...) #%inv_Area OHIEIORMLE L TEMEI NS, Zhik, MOFEHEBE LTE
BENTWS720, ZITRAHZEKT LI LN TES.

IXIZ Step In Z#A L, inv_Area DEFK % /BT 5. inv_Area DEFHRZH 6.17 IZFHET 5.

o> T, FElEATDO L1245,

Conclusions:

(forall p in set rng ar.paths &
Path_within_TrackC(ar.trackcs, p) and
Direction_Correct(ar.trackcs, p)) and

(forall r in set rng ar.routes &
Path_Exists(ar.paths ++ {pid |-> path}, r.paths, r.dr) and
Exists_ATC_for_Route(ar.trackcs, ar.paths ++ {pid |-> path}, r) and
Route_not_Circular(ar.paths ++ {pid |-> path}, r) and
Path_Connected(ar.paths ++ {pid |-> path}, r.paths, r.dr))
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ZOMGRERDEREL 2DIIHITBEIENTE S, ZTHhiE Strip 2HEHAT A Z 212X >THHE
THILWTES., ZOR Strip 13X 512 forall ZfRET 5.
INZEML %, RPOImE (1) IZATFTD X525,

Subgoal(1):

Conclusions:
Path_within_TrackC(ar.trackcs, p) and
Direction_Correct(ar.trackcs, p))

Assumptions:
inv_Area(ar)
inv_Path(path)

p in set rng ar.paths

pid not in set dom (ar.paths)
Path_within_TrackC(ar.trackcs, path)
Direction_Correct(ar.trackcs, path)
(forall p in set rng (ar.paths) & ...)
inv_Path_map(ar.paths ++ {pid |-> path})

—7, 2 0DOFIGE (2) EATFTDO LS 127 5.

Subgoal(2):

Conclusions:
Path_Exists(ar.paths ++ {pid |-> path}, r.paths, r.dr)
Exists_ATC_for_Route(ar.trackcs, ar.paths ++ {pid |-> path}, r)
Route_not_Circular(ar.paths ++ {pid |-> path}, r) and
Path_Connected(ar.paths ++ {pid |-> path}, r.paths, r.dr))

Assumptions:
inv_Area(ar)
inv_Path(path)
r in set rng ar.routes
pid not in set dom (ar.paths)
Path_within_TrackC(ar.trackcs, path)
Direction_Correct(ar.trackcs, path)
(forall p in set rng (ar.paths) & ...)
inv_Path_map(ar.paths ++ {pid |-> path})

I SEIGE (1) Z2AH LTV, ZOREDOHIZIZLLTO 2 DORFERH 5.

Path_within_TrackC(ar.trackcs, path)

Direction_Correct(ar.trackcs, path)

INELZE S DODREEIZH 2D, FHFfbam & 3R Lo TWaE, FEiZ, fifaw et d 2 1ZI3E
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D inv_Area(ar) ZET2HELNH L. IKED Step In 2FEITT5Z 21280, UTFDREHE
Y AR

Assumptions:

(forall p in set rng ar.paths &
Path_within_TrackC(ar.trackcs, p) and
Direction_Correct(ar.trackcs, p))

(forall r in set rng routes & ...)

inv_Area(ar)

inv_Path(path)

p in set rng ar.paths

Path_within_TrackC(ar.trackcs, path)

Direction_Correct(ar.trackcs, path)

(forall p in set rng (ar.paths) & ...)

inv_Path_map(ar.paths ++ {pid |-> path})

ZDFIZITD 2 DDBRFENPFLHEL TWB I LRG0 5.

p in set rng ar.paths
(forall p in set rng ar.paths &
Path_within_TrackC(ar.trackcs, p) and

Direction_Correct (ar.trackcs, p))

Path_within_TrackC(ar.trackcs, p) & Direction_Correct(ar.trackcs, p) &\
WHZD200bFELMAGOELZLICLsTHEONG. TNETS DH Fwd. chain TH5.
NEFEFTTHI LI LD ElmE (1) HFEHT E 7=,

Al (2) & (1) Ko EMTHE. 22 TH O —ERT.

(y

Subgoal(2):

Conclusions:
Path_Exists(ar.paths ++ {pid |-> path}, r.paths, r.dr) and
Exists_ATC_for_Route(ar.trackcs, ar.paths ++ {pid |-> path},r) and
Route_not_Circular(ar.paths ++ {pid |-> path}, r) and
Path_Connected(ar.paths ++ {pid |-> path}, r.paths, r.dr))

Assumptions:
inv_Area(ar)
inv_Path(path)
r in set rng ar.routes
pid not in set dom (ar.paths)
Path_within_TrackC(ar.trackcs, path)

Direction_Correct(ar.trackcs, path)
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Path_Exists : Path_map * seq of Path_id * Direction -> bool
Path_Exists(paths, route, dr) ==
forall pid in set elems route &
pid in set dom paths and
paths(pid) .used(dr);

6.18 Path_Exists DE#

(forall p in set rng (ar.paths) & ...)
inv_Path_map(ar.paths ++ {pid |-> path})

Al (2) IZBWTHEIMmE (1) ZFKIZ Strip IZX DV AETHZ N TES. 2D
n%. TDS5bH, Path_Exists (CBIFRT DRI (2-1) ZEATD X 51274 5.

Subgoal (2-1):

Conclusions:
Path_Exists(ar.paths ++ {pid |-> path}, r.paths, r.dr)

Assumptions:
inv_Area(ar)
inv_Path(path)
r in set rng ar.routes
pid not in set dom (ar.paths)
Path_within_TrackC(ar.trackcs, path)
Direction_Correct(ar.trackcs, path)
(forall p in set rng (ar.paths) & ...)
inv_Path_map(ar.paths ++ {pid |-> path})

& 422

mldE (1) L ARk, IKED inv_Area % Step In T/EH L, Fwd. chain {5 Z &2k b,
Path_Exists(ar.paths, r.paths, r.dr) 2"FoNndh, ZHIXHMNORE RS IZE L ->TWVW5.
ZDD, IOITFIEEPLETH Y, T I TIRRES X UKD Path_Exists DE#H % &7

BRENH S, Path_Exists I 6.18 DL S IZERBINT WS,
RoT, IEB LICKEGRIZLATD L D127 5.

Conclusions:
(forall pidl in set elems r.paths &
pidl in set dom ar.paths ++ {pid |-> path} and
(ar.paths ++ {pid |-> path}) (pidl) .used(dr))
Assumptions:
(forall pidl in set elems r.paths &
pidl in set dom ar.paths and

ar.paths(pidl) .used(dr))
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inv_Area(ar)
inv_Path(path)
r in set rng ar.routes

pid not in set dom (ar.paths)

Z Dk, 9 Strip %17\, forall #4L T pidl in set elems r.paths D7 ZIKEIZHKi >
TL 5. ZHIZXVRED forall DI LA EDHET (Fwd. chain)

pidl in set dom ar.paths and ar.paths(pidl).used(dr)
2L ZEMNTES. 0 Strip OFEITH, 2 DOEIGENEK I NS, 10 (2-1-1) 1

Subgoal (2-1-1):
Conclusions:

pidl in set dom ar.paths ++ {pid |-> path}
TH5H, Tk Simplify (Expand In) T
pidl in set dom ar.paths or pidl = pid

YEEWMR SND. 22T or DELIRMKEIHBMS, (2-1-1) BEEHE i LItk .
2 D DEIAE (2-1-2) 1%

Subgoal (2-1-2):
Conclusions:

(ar.paths ++ {pid |-> path}) (pid1) .used(dr)
B, ZhiEpidl A pid EFEL WL E I MTHAR T T LWV, Thbd
(pidl = pid => path.used(dr)) and (pidl <> pid => ar.paths(pidl).used(dr))

ZFEHT 5. ZD5H and DA DWW TIE ar.paths (pidl) .used(dr) AT TIREIZH B Z &
MOoHEERD. ZTORR,

Conclusions:
(pidl = pid) => path.used(dr)
Assumptions:
pidl in set elems r.paths
(forall pidl in set elems r.paths &
pidl in set dom ar.paths and

ar.paths(pid1l) .used(dr))

inv_Area(ar)
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inv_Path(path)
r in set rng ar.routes

pid not in set dom (ar.paths)

%51ESum%ﬁ%?étwd=pm1ﬁmﬁuﬁéﬁ,:muﬁ%wﬁmtﬁﬁwﬁtm&t
EEIFIGIRD. AEMEDLEIIIFEGRIEE L 25, TN THIME (2-1-2) OFEHD TR T
TU, #->T(2-1) DFEHBE T LI LI 5.

Al (2) 2 5ErN MO 3 DOFEIGE (2-2~2-4) HFERIZ U CIEHMETHS. 25 LTRT
DiFtAZITS L FHIT 4412 E5. ZOFIHZKX 6.19 IZRT.

ZOHIOEET, EBROAEEIIZITRULZEDELDRLD LR, EEROGEHDIER X
CZWERUZEDIZURS THARETH 5.

HEIREAD T E T, WNEENREHPNBRE L R B FEHE B X720V TWIdE b, AT v TH£<
5. ARRDERIT IR B IS U CHES EHEIC RS, T2 TR U MRS B h D & D IR EEITEE
B D ME R IRAAR BT 2 AR L A DED TN T 2 HFABETH 5. Znhhne, ¥IT
function %}Eﬁﬁa‘é%%ﬁ%é@# EOFEAFIED B TH 2 2 & FIWF T E 20, FEHRRERD
2 —FIEFE T FERGEHEREIC OWTHRT 20BN H S, TNTHRXVEZHLTWELRDS
ﬁ%%?éztﬁﬂ%tmofméwf,HOL?#%7&&N—1@LHﬂﬁ?é;k%%xéa
»E ) AHIFREI LTS,

6.4 ZRH LUV
6.4.1 ZEREICE DM o7/kKRY

HAERDZ D DN DD EFHAERERIZ R A I N, CNIFEEFABETRAINZE DTG,
EFAM T E R WIEHEB 2N, BREEHATER VWA ZTARL I LIZIVRERALEZEDTHS. Z
ZTRZFOHEZEITS.

$’f£7ﬂ<{¢o)u/\
HBEMEIIBWT, FROEEZHOIREL A, BoTEHOMEZFHLTLE 72403 H - 7-.
FNDLAT D Del_TrackC DR TH 5.

Del_TrackC : Area * TrackC_id -> Area
Del_TrackC(ar, tcid)

mu(ar, trackcs |-> {tcid} <-: ar.trackcs)
pre tcid in set dom ar.trackcs and
forall p in set rng ar.paths & p.tc <> tcid

post tcid not in set dom ar.trackcs;

TREIGENTEBDIRTTICHEHEENSEEEELHD, HRONO—EIZESNT WS, ST, FFHE L
TR D L7700,
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o &'

I Froo
@ 3 strip
@ [ step in: inv_Area
@ [Jstep in asm: inv_Area
@ JLetasm
@ [JLet
@ [ strip
@ [Jsimp expand
9 3 strip
@ I Fwd chain asm
D campleted

@ 3 strip
@ I Fwd chain asm
@ [ strip
@ [Jstep in: Route_not_Circular
@ [Jstep in asm: Route_not_Circular
@ [ strip
@ [ Fwd chain standard theorems
@ [ step in asm: Path _Exists
@ I Fwd chain asm
D campleted
@ [T step in: Exists_ATC_for_Route
@ [Jstep in asm: Exists_ATC_for_Route
@ [Jstep in asm: Path_Exists
@ [ strip
@ I simp expand
@ Jcompare: pid pidl
@ [JFwd chain asm
D completed
@ [Jstep in: Path_Connected
o] 3 step in asm: Path_Connected
@ 3 strip
@ [ Fwd chain asm
@ 3 Fwd chain standard theorems
@ [ step in asm: Path_Exists
@ [ Fwd chain asm
@ [Jsimp asm
D completed
@ [ Fwd chain asm
@ [J Fwd chain standard theorems
o] [ step in asm: Path_Exists
@ ] Fwd chain asm
@ Jsimp asm
D completed
Q@ S step in: Path_Exists
@ [Jstep in asm: Path_Exists
@ [ strip
@ [ simp expand
@ [ strip
@ JFwd chain asm
D completed

B 6.19 KE7REEHAD—H]

HAi M e EREMIIH D ar WHUEZRLTWS., FHRiEMTIE teid ¥ dom ar.trckes 128
I, FBEMGETEHEENRVDEFELTWA I RN N 5. FIxFHEELMED ar 13X function D H
J1TdH 5 RESULT # HHWARE L ZATHD. ZOHMAIAD D7-DIZFEANTE R o7z,
AEHABSEE TIZ Z DR b 2 F R L Tk < iz, UL, Del TrackC (FFHE5EMICB T 2l HER
DHCTHE—FEINZ R L 725 D TH o 72720, FRFMIIMEDVH B Z eI N, £ I THE
FMICEBH U CRR ZFNTZAER, HOBEODR 25D TH 5.
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ZHEDODFRRE
Add_Route &\ function IEHHLATFD L S IZFR I N T W=,

Add_Route : Area * Route_id * Route -> Area
Add_Route (ar, rid, r) ==
mu(ar, routes |-> ar.routes ++ {rid |-> r})
pre rid not in set dom ar.routes and
Path_Exists(ar.paths, r.paths, r.dr) and
Route_not_Circular(ar.paths, r) and

Path_Connected(ar.paths, r.paths, r.dr);
ZZTArea lFAFDEBHTH B.

Area :: trackcs : TrackC_map
paths : Path_map

routes : Route_map

inv mk_Area(trackcs, paths, routes, -, -) ==

(forall r in set rng routes &
Path_Exists(paths, r.paths, r.dr) and
Exists_ATC_for_Route(trackcs, paths, r) and
Route_not_Circular(paths, r) and

Path_Connected(paths, r.paths, r.dr));

ZD2O0%HERT 5L, Add_Route IZ1F Exists_ATC_for_Route(...) PIKITTWVWB Z &b
5. ZTOfEH, Add Route BT B ALEMITET 2FEAEBK IFAATE W LR 5.

Z O TS FENEEHE L C\WB & FIZH DM 5 72, Exists_ATC_for_Route X &fGEEHH DR
Iz, fhame UTHEND DD, RKEIZZDRBRFENRDP 5D TIHHNRTE R R>27bDTH 5.

LT EDIARESE G
8 M B O R LD —F % 723 TD_not_Used_for_Insulated_TrackC i, 4#IELAFD &
SIZER I N T W,

TD_not_Used_for_Insulated_TrackC : TD * ATBT * set of Joint -> bool
TD_not_Used_for_Insulated_TrackC(td, atbt, joints) ==

(atbt = <NULL> <=> not td.used) and

(not td.used <=> forall j in set joints & j.insulated); -- (6.1)

ZZT(6.1) ICMEMRRDOP o7z, ThiE, TRTCOBERMMHFKI N TWD L&, TD EBHHAIH
W (AHERHER A TN E) L WIRETH 5.
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PANIZ/R9 Del_Joint (ZHUEMEEER S 1 DDEEREZMO R EDTH 5.

Del_Joint : Area * TrackC_id * Joint_id -> Area
Del_Joint(ar, tcid, jid) ==

let tc = ar.trackcs(tcid) in

mu(ar, trackcs |-> ar.trackcs ++

{tcid |-> mu(tc, joints [|-> {jid} <-: tc.joints)})

ZIZT, 1 O0EREZTVEMET, TOMOBERIEHETHIHERKEEZEZS. Z0HE,
7277 1 DOHEMEBEIR 2R < & (6.1) OALDMEIZE DL ZH, —HTAEADMHEIZEDL 572\, 2k
HERDFE L7445,

ZDFJE X Del_Joint IZHITRMAZEMT I LICEVEMTEZ I TEEN, ZOEAIE
(6.1) DERADH LT ELOWIEBETH 572, ZD7D, (6.1) EUTFD LS IZEELE.

(exists j in set joints & not j.insulated) => td.used

ZDFJE L Del_Joint DX EHIIEEIHHIZ D% 572, TD_not_Used_for_Insulated_TrackC iZ
B3 U 72 subgoal 23GEHH X Dy 5 72728, Z @ function Z 7GR, Z OO BRI N,

BRAID 2 DDFEIAERIZ L > T ERISNALRY TH LD, ZoflixftkkzildlLze iy
BLTWAR-73DTHL. ZOFKIEETHY, BMIZLIREIZE ST, PRLTWE2S
TR EINR OB AR DB T L 2R L TWVWD.

Fz, RERIZI VAP TOEGEICEEHP R I NG o728 0D b BEREREZFFD.
HErkE R T E2MR5TELEMARZ L TEHSH, IV —XOMRIIREER S, koLt
HIZE N & DERRDBEMWEN LD D720, FEHIFFERAE DB 72N P D ETHENDH 5.

72720, EBRIIKEEHOFIEZRFEL TB I, AUFETIHEHUET I LA TE S Z LHAEES
N5, ZTOLGEITIET VY 2 — XIZFEN 2 BET S E 2 M MEITIZ R 205, B2V SBET
EHLEZOLND.

6.42 FIBRZBZICTBLHDEV b

FEHZ IS/ 27200V MZDWTEEL /2.

kRHI=RDITS

SEIOFHT Y Y Y TIAEHEZEET A Z LI TERWL. 2O IFHRA LR WREIHEBIZDOWT
HIZ, REPWHETERNI L LS. ZDHE, MMHEBPEEINEDN, H 5 WIXHIZGEH
DL W% B 20BN H 5. AEHEREZBET 5DICRS B RAEEIMEROIT5Z L
Thb. Thix, 2L DEATEMEET forall TRILINZIETHEHEBN LRI NE/7-HOTH
b, REIPSGNEREIND Z L e0d. KBIOFKFITFEETITOBELH LD, ZOF v ik
AV RT) REMZIETSITRITTES.
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B LCHBIZALCKRETERT 2
FlEAWS E X, D index 2 AWVABESICIZEZELXRETH S, 2O00FKHEEZ 5. 12D

forall i in set inds a & f(a(i)) -- (6.2)
ZZTinds alda®index DEETHD, a(i) FaDiFBHDOEETHS. b5 1 DOD0FHEHIZ
forall x in set elems a & f(x) -- (6.3)

ZZTelems alfaDEZEELETHS. ZO22DFFLILEESTWVWAEN, WHATIIESE
THIRLTWA. 1 DDIFEHARN 1 ICBETARETHY, 20Dk a DEZEDIMERFD x 1T 51k
BTHDH. TIT(6.2) BMRET, (6.3) MfEamEE RS, (6.3) 1% Strip (2L D

Assumptions:
X in set elems a
Conclusions:

f(x)
CERTEE00, 2RkEELHDL

Assumptions:

x in set elems a

forall i in set inds a & f(a(i))
Conclusions:

f(x)
EWVWD Goal WREINDLZ LIZHB. ZTIT
exists i in set inds a & a(i) =

B i MEOPNIE £(ali)) D a(i) 2 x TESHINIT L VD, ERICEZNWEEETITS> D
IEEEL W,

SR DRMMEIZEETH BN, — AT, AUAEZMOZRE UzGEITIE, — A2 MAIcEESH
ZB5BENHY, HEFEAIHL s, ERANLRBIE» ST 5 LR UNRIFMIE URBIIZ LA
NEW. TAMIZIREEZ function & UTHEES 2 DIEAEE L WO BIAZ T TR, FEHOLXT
SPOLHEETHD.

xY é?“é?FtEH?ktatiiwé

HEREHZ1T 556, BHCH 2 IRERP SH L WKEZ B HBEIZIE, 2TOREDMAGHE %
U, ZTORRERERIC LMDTV% ZD7, MENZOTOX A EETT B EEDRKE L
DT EDL. GAIZI > TRV —-TIZHa 2 e2H 5. HEREEHO 70w R1E XA L7 7 MRFHE
IZET D HIET ARk R o TV AED, ZHITHBRIHAPR#ETH S Z L HFRL T WS, NEEE
BHCIXEY R INE D AGOEZHEIRTAHZ L2 D, FEHOMKRIZLLS b D, ThZE2HEITITD
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DIFNEETH 5.

B fi T function Z ARNTTEH TN E X723, —F Tl function DHH %2 RIS 5 0EPH D,
ZHNUES> TITTIZHAIRE L MAGDLED I L2050, R L K 5 EahH 5. ko
RY3IL, AEHOLPTILAIITREKL TV, GEHEHETF > T < IR
S EEZOLNDD, function Z{EH L7256 O Z fHHIZ T 5720121, function O £ % B3
U, function [+ ORfRZ BHMALL T XD IEDZLW.

X${& D EIEER
FITU TV BRI Z T X S W PR I Nz, flAE

ai, 4z, ..., Qn F f(ala ag, ..., an)
ZALHT 256, DTN EEETE IV,
7(0/17 0/27 -~-an)7 a’l; a27 cey an

SABDFEH 21T D BEREIZ DWW TIENINIE GUL IZ7adr o 728, BRizEimEniz. T kK DitH»%
DI DEEZ OGNS, L, HEITHEDIM 2T DIIHELWEEZ 5N,
28, Coq D& D ITHHAENK D L2700 GG, MMEDFEHEZ HWS Z L IXTER.

6.4.3 FE/M

AEPRESEEERDE A

Zo7uyz s hORBYYIEIEHERIZEZRMATET, BEERSI NGEHESEE FEET
Frv I TEBRERD SN, TNTHEREIZRDT, 1 V2T X THENPD D HETHRRDIED
FRIZDBRIT B Z e TE.

ZZT, %%fﬁﬁﬁﬁ?i&éhétb5:tﬁ%£?%é WS DEH, ERRBANT T 2D
DR NIEBRE 2 EHERZ2ERTEL-0TH S, AR ZHEAREEZBEIETERY
D, Wolz ABAIZMELLUCUEXIEFAD 132 b, ZOMHEKICET 2EIER 2K 21200 T
WEIZMETrEEZONS.

FEETIHEHER 2O 277210 TH, AEHOMVIZK DI 28R d o7z, HERZ FIEETEH
THDTIFRL, BEITEKLEZNSGZZRDI ZLHZ0neFEILN5.

EEEnior=yz:lkd
HEREHIZ DO WTIX, FRFAEERBELIZEZEZSNS. HIZIXEEDOHMALGHLE 2 HETHRL
AR, BREDIRRB5HIEE o7z, £72, GULIZBWTEHEPHEEZE A TSR\, x5
ITH > THIANPTZ T ULRWEEBFIET 5. implicit function @ satisfiability Ofl® Z 5 Tdh
SERIOARETIZFZY LR WBIBADBENZ GG EEEAVPREETH 5. FEHIE R T subtype
KET%%@ﬁ%ét,ﬁ%dﬁahgf%tm%%ﬁﬁo,wmﬁm®%%ﬁ&tmi5t&%%
HEEITBERD -2, FEBRIZIIHEOBEAVPKRELEZ 5ND. HEO AJJETFE AT —IIZ
BT, HLETET T 74 W2 GUL 2HK L &5 & ULGAITIERIE# LU <, RBA»D -7
EFEZLND.
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BB, RALTY ML HEREHME LT 2HMETH - 727D IZFEHPHEI TR T LR WIS
HoT=h, T OMGEEFEM L 72 4K & BIE L CTEEREOREIICEVWAHSDT, BIEZ DY =LA
T EIUTMEREIZZ D DENH T L 2 HEME I3 H 5.

EHCHHEOE AL T, Ny 7Ty FTEHWTWS HOL IZEET 7 £ XA 3 IEHEAM I
AHETIEBD 7208, TN 2 —VIZHERT H2DIEN— NLDRENENVWR S,

ZNTHAB, LREROFEEZ EIF2 L WO HWNTHANIXMEATESLLRVIZIFZELTWREEZS
N5, ETCOMEHEBPHEICIHATE 200 TIED 208, 72L& 22 TOEHEEY HE) Tl
INHLTH, PP TERVIEAEBICH N2 LR TEE206THS. SRIOFEFTRLUZELD
12, REFARTERWVEEHEB D S (RO D RO B ATEMEIZ R Z .

H LU, AEHPTERVIEHEEOM CHEDOREN RO, ZhAFHTERWEREOFKRIZ
DRMNY DB, REEDOGFHEREZ DG TE R W e L, TOHS O A ORIEE S iTRek:
MEWV. ZOXDICHBEIIFERZE L TIRE RET Z 212k, FHOFEE RO S L WO 1E
XX OHHIITRD S 5.

TRROBROVEM

SERLEEEEHAMEH T E L, RRICB T 2HERE AEIICB T 2 MRS AR <, FERICE R
IZHRA DD, FHIARZE RIS BAEHE R M 2 e 0% <, EBITIZ 58274 B BRI R EE72
LEMNE . T 5725 NERGEEHNBRE L 2508, I OXEENGE 2 Ih &8 5720121, REERN
AEFABSBE DN G ORIERZ T Tlde <, ARRZ D O DEMENBEIZIR S, TNIFFEHDOIERE 5 X
LBz E ZTED function 2B L2 5WWDH, COROEREZIBLEZS L WOR, EWnwotz
e ERVEIZESDBDEVRDHLENOTHSD. TD7-0, itHHBREIFH TS/ LTH, Iz L <H
9 2 BN H 5.

Z DO RRO W HNEE S I e NEETHS. VDM ICELTE 2IE, Akiddz 7as

EWE TR T 2 Z DB TH 208, FITICERTIET 2IF LR LIZ <72 5. (Lkk

ilA?ﬁ%T%hiih@?i@<,@AK AT VWL DL, TEEHEZTHEMIZ,AD, Lo
D UEE2RE- TR T20ENRD 5.

BIZIE, REZMFOBFEZ N DPDORGEIZHEL, ThEnz2EMlTE e Vo72 &S BT AN
BETHL., ZNKEHZ RIS E572DICHBERIETHD. TNIEHE T2 51T EFE
HEHICRD S 572D ThH 5.

6.5 F&&H

BERZKED S S, HNLRMANOEHGHBEHDO T —AAXT 4+ & LT, T4 VXL ATC ##
X7 — X RX—Z2DfLFk%E VDM-SL Tidik U, Z O i U T HBEEA S & O GEREITIZ & 2 WGE
EHEMUZ. 90% FEE (188 v 167) DFFHAEKEAERICHEI TS N, F& 0 IXREERIZEER S 1
7. —H, RO ZHHIZ L > TROT 5 Z 2 IZERICIZNENR L WD, TN TH WL DD
D IF EHEIREH QS RN FEGEIHBERE CREHZ /T S H TRAAWTE D, FEHBERESERICHETTE
B TH—EDOEMMEARDOZ L 2R L 7-.

ZZTCHHAI NI Y VI REEOE D TH Y, HIZIZINEDMAGHLEEZRT I L THE
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TR 2D 2R EOMBEAP R ONT. £72HL £TH GUI ETXF%2 ANT 5 Z &7 < KEEN
FEHZEITS Bk CThH o722 e h o, EHPHBELZEATLIIEVHL L, BT UBIHT Y Y v O
REZCRIEHT AL IETERDP o2, TDd, BHROBAZMAELE T, MO EFEHT
B5LVo L IEHRETHLLEZSN, FHETIHRIZE > TEILT UBHEEHAS < UBETE
W2 B EINS.

ZOWOHINIED 5 72D, REOHEHFNZE LU CIEIEHME T LS TIEEOWS D LEZ 5.
EEUZDOHEHNIZBENTIELONS 90% WHEITIEH I N T Wb Tlk%l, AFodEs XU
ATV Y VOWRRERTIDOLI RENFSNTWS. FHT VY U DIRE I NEIZE  ORIFIC
b, Lo LHEVBEFOLNE DOV TEZAHEMERE .

AEOFHEZBU THONZALEZEZ LD LEUTOEENTHS.

o FFHAE B & 03D, KHIZBLTA YR T RCHEN»D B Z & THERDFRD 2 RO 5 Z &8
TE7z. AEAEBO BB ERIIMEEROF Y 2 R/ T2 ETHEHETHH, HEEIHITE R L
H, KBl ZHED»D B FIETHRO SEA BB E X o5,

o HEREMATENIR, dDMyY 2 AR FICTOAEEMEL LV EE 5. 2O SE %
SHRMESES.

o FHZKINIEL7-DITILFHDT 7 = 7 2 T 5 2 L HMEEH, Tl EIZLkko
ML EETHD. TOEOIIIKZLR DX T TEIZNERLETHD, HEiiArDL -h
DEUEEMET D2 BEND 5.

VDM T DHBRELR IR FED —# % Bl D function & U CRIATE 5 Z & o, GEHERELEAL
SN, PR DEDRARREEY — Ve o AR B 5. L LS, ZZCliHLE
AEAIRERE X RS RIS TR Do T LV, —RIZHEHTE 2308130680572, £ I TRED
SDHEFUZBWTIRBIDY =)V &2 ffio TESREZEENDEHEZRLAAZITS.
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AETAT—NEREVWSBEAN ST L, AAENRRRS>TWS. TD7D, ETIVHEROFE
ORI DOFEEME Uz, ME L0k VDM % /& X 72 RAISE[87] Liiidd B TH - 7223,
RAISE ZDOWTHAAVIEE->TED, YR—IDPAELTVWELEEFARBP 72720, #F,
I— NERBREL > Tz B 2 #IR L 72, VDM TRBERDATH - 7 BREWNEEL (VDM T
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BETIE Event-B & WO BB EF X 5N 55, YKL E7Z RODIN Y0y =27 MDIEE - 72 1Eh
D DET, EHIZREY —I)Videhr o7z,

ReRANANZ A D & BRI 8 ED 7' L — FHIFR DG &2 SBITE ML TW a2, FEREEEAD
HHEWSBIRNS T2 EEICHITHZIT S RENOHEHATREMEEZHL I VEETH 5.

22T, BEXHEEITOE & &\ D BRI & 17 S 2 E A~ O R FLEERAEAT O 8 FH OMRETHIZ
DWTHRITERS. FZ K REIFHE)REE 2R D L Id NS < A%, HuER iz & 5 il
W, AmERoEiEm e, EHEE L R GEEZR->TED, VLV —THEINTVEI 5,
SHEEEENEMEEZZ S LTHEHYREMEEAONS. 0B, MEEZ EM U 72 Rl iRz o
WT, Z OB DGR % ik C IR U 7.

7.1 BRXEMEITOMAZ EEDBE

W2ETHAL @D, PRETIIFHEOMEERBEZM 72012, K 7.1 O X5 ITHEKE —EXH
BIZKYI D, TOXENIZ 1 AKOFHEUPEAIELZNESIZLTWS., ZOXEOZEE2HZL &
FEYY, &BZ IZHIHEZ 1 ARAUDANRN K DI, FIEOIERRILIZILE U THIET 2%6E % 58P =
CHEELIFATWS. X 5IZHMXHETREE 2GS OIZHHEOEIEjEZ —E LT 20, Zoifl
DB CREICEEND.
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B 1 WERDSEIRF IZHEH 2 LT B 51270 S 7\,
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FEBROMZEBETIFEERY L —ICIEZOMREEZ RTAMADIToNTWSE. RT71ITRT
[89]. Zfth, FrEIKROHIEZ4T S 72D HFT I AU 1 DT OS5,

BEEOREREICOVWTIHLATO@EDY TH 5. LYR, RYR, LFR, RFR & /51T ZI2B3 2 R%E
ZLRFEL, AmElRRE GIES 5. FR, FLR 3582 A OREZ R 5. FCR I1E /4 M EIRRDREEIZ
K0 AREEN L E O, LFR, RFR ZH#3 5. FKR (& /5 F[AKROIRAE & i [E O IREIC X 0 RED
Px b, FR, FLR 23 5.

VL — OFERITER Z L 12 E 72 50, FEHEREARIX [88] ZIBHT 5 Z & THEED Y L — OSSR 3%
FFENTWS. S OFEMEREIRK 2 SZ ICHTEICHH LU - ERICEE L TET UMELT 22 L &
L.

EREEDE TN DENTIIEWT, EEEAHEY L —IZHY 228 DEEE G, Eig 5 s
DL —IZHY S B8 DldE A rdEsE), HMTIICHYE TS THBTI )] R 2MRELEL LT
U7z, WO EREEM TIXEEHPILATH LY L =L HAohb. 22T VDM++ OB TlE
BUEE 2 5 A%ERL, TOMKE U TEATS X ORISR 5 22508 U7z, AR E
B ARERMEEZK 7.4 125RF. VDM++ 1IZ8\WT bool BLD true, false &\ o 72fHZ{# > Z &
HLTELD, HAGEDLIHRZMES Ze TEKZIAMICTE S, M740 21781, AZESD [E
WG] OBENTY, 2D TG RERR] (ONBRTOAMERREE) A ED, W IREBIZIE
o\, DEVEME L ARLTWS. RO 34 fTHTIE DEEAM] A ED, D 0FEFHEME -
TWAEE I TEREHESE ] (AR SERRENCA» S AR EINT WS LHEE L 7 b) Hflie X
h, DEERSGASEEE] Pt hd 2 2RUTWE*, BED S~T1T7HIE, FTODOHEAOEME3 O
Hitst 2 Rm U0, NEEEGAEE] PHEIESNILMETH Y, FEIERL TWE D, TR
B DEBEINTHHELPERTERETH S, [HRTI) PREINTVDE GEROREZE
RKUTWD) HBEE, DEBAMSEE] DI TVE I L Z2RLTWVWS. 2D XS ITHARGED
fizsZeT, AGHEERHELTEY, ZWIEZXZ2EMT S ETEHERNTHS.

a0z wA, U L — ORIk E SRR R 725, B FDE D T & USRI I8 T 1 O R E
TE Wz, MBI,
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1 inv

2 not CEEESGA = <FO> and FMHGAMER = <EY>) and

3 (GEERAM = <kbh> =>

4 GEREBSE = <f8E> and #¥z A FEHEEE = <8E>)) and

5 (HEEEAM = <FH> =>

6 (CHIAIEARERR = <fHERR> or HERKHHSE = <8i8E> or #EKTZ = <GE>) =
7 IR EEE = <BHEE>))

7.4 BAFREED VDM++ €70V (REZM)

1 operations

2 public FOKE : () ==> JSaE#HR Tmi

3 TD%%(==

4 (HAHTZ = <FDh>;

5 if E#EEESM = <ED> and HAFEFREAR = <FETERL>

6 and FOSIGFAERE = <F D> then

7 GHEZ /M 1= <FD>;

8 LA FBEEE o= (Gf MK TZ = <> then <BifE> else <fiffE>));
o return EfE A1) ;

7.5 EAGEEED VDM++ €7V (80 HRANDRE)

Zhiz, TZOHEXHIHOBE IZ XS 5 operation ¥ function % I X 5. VDM++ O
operation (Z2WT®H VDM-SL & A U & 512 explicit 22 # & implicit 72 E D 2 DL
HBM, TITIEexplicit REHZRZITo72. MTHITFRVICARTI ZRET DTAHITHYT S
operation Zfl& UC/mRY. 22Tk MNAMTI) 2 iUz BT, BEEAR] A LD, 2D [
e [EHRAERR ] (ST IR C D F O LERRIRFEDHIERE R 2 7 97) DIELERR, 222 TR M E#R] A3
Toogaic, THEEEGM] 2 N0z l, DEEGMEE] OREIZOWTIE, EBRTI] PRES
NTWBEEIRHEEEE U, £ TRWVWEAIEMIEE LTWnd., 1, 7.5 TIREBRMZANBL -
DS, FHARMNZIXER LM IXFREM L U TR AEET, post &\ F—7 — NiZHkil} CTidikd 5.

—7, JHMAEHRIZ 3 ADOEFRTHR I NS 2 HDOFEFTH Y 1 Azlb@oAlE LTWwD) ,
1 RIEARTZA2GET 272000, ©5 1 IEHERBKOSMEE2BEL CGEIEAERY L —
(FKR) 2@{FEE2572ODMETH S, THUIHNIE L THED T Z DIRE & PR O RET
[l & ok U 7z,

722 BEFRZE< (BK) OB ETILADOEH

{RIZ VDM++ Otk % B2 5. £ 3LMELMT 5. AEDO VDM ET)VTRIFEA
CLa— N> TWaRWwD, VDM++ OL a—RFEE BICB VW TIREROEHRE LTESL,
MEREZEME2ESTS. £/, VDM++ DL I— FEUZHIGLT1I DDEYa—LEESLTL
EF50H 1 DODHIETHA.

ZUTCAESRME AT 5. EAKIZ VDM 05 AL B @ enumerated set (Zi& 2 5
ZEeWTES. 7.6 12K 74 1T T B AR EZRT. direction A 7.4 O TEEL (A,
oppositedirect 2% TSI HMEIKR], routelock A% HERESHEE ], directlock A% s f[a#H
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1 INVARIANT

2 not(direction = down & oppositedirect = up) &

3 (direction = up =>

4 (routelock = unlock & directlock = unlock)) &

5 (direction = down =>

6 (((existence = detect or routelock = lock or routelever = set) =>

7 directlock = lock) &

8 ((existence = nondetect & routelock = unlock & routelever = unset) =>
9 directlock = unlock)))

X 7.6 BIiZHIFBEARELMEDERH

1 xxX <-- DownSet =
2 ANY dir WHERE

3 dir : DIRECTION &

4 ((direction = up & directlock = unlock) => dir = down) &

5 ((direction = down or directlock = lock) => dir = direction) &

6 transition(direction, directlock, oppositedirect, dir, directlock, oppositedirect)
7 THEN

8 directlever := down ||

9 direction := dir ||

10 xx := dir

11 END;

7.7 B OMYIOHMEEEME TV OF (FEEEE D operation)

$E], existence B* [HMIFFRAIERR], routelever 7% MK TI | TH5.
VDM @ operation ® 5 %, explicit ZREFRIZDWTIE, B OIMIREM TRIRNRABEZ 2 \NW728,
FTIRFAMRATESZERE Lz LT B o@dicEHmT 5, flzid

if a = b then a := ¢ else a := 0;

b :=a *x 2;
D &S IR EFITH B & 5 RIGE I

if a = b then (a :=c; b := ¢ *x 2)
else (a :=0; b :=0);

EUT, BREORTEFINGEADIHF ICEBRLSEA—DOFERRONE LSITE. £z
implicit ZREFZDHLE, BIZBWTEHBEREESZMZRITERVDT, X 3.1 DI PEFLERZ AV,
ZORMIZH D PX) ITHBRMZFIRT DLV FIEEES.

VDM++ @ function iZ2WTIE, 7B  UTCEET LD, HIREY2—ILEEHEL, function
ZHEALTWAREAIZDOWTIZBEBILE UTES SN MRERBE o TRl 32 Hik%EH5. 20
MREHIZOHEY 2 — V2L T 2 L TEEINS.

75 XRS5 B OHEEEMIC BT 25 HI 2K 7.7 1R, I 2 CTHPRENERZMEHU dir
VI EHEEHES LTS, dir : DIRECTION IXHIESTH D, ZTODIRD 2 171EK 7.5 D if /4
B0 SEDEE, dir OfE%E TV ICHYS T 5 down £ T B L EBRRTWNWD, TDIRD 2 fTDO5MIX
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1 DEFINITIONS

2 transition(dir, d_lo, op, dir2, d_lo2, op2) ==
3 ((dir = down & op = down) =>

4 (((d_1lo = lock & d_lo2 = lock) => dir2 = dir) &
5 op2 = op)) &

6 ((dir = up & op = up) => dir2 = dir)

7.8 REEM M OB

75D FMNDOEEEZEKRLTED, if FMEPKILLUARWVE ik dir X direction DfEEFL W&
WS Z&ITiR5b.

7.7 ® 6 {THIT transition ¥ WH RN DH 5 A, TNIFHITOREEZILRT LKL H
BOREZIRTEILEHOBOEE 2R L2270 THY, ZITHNZENZIRTS. <
a5 Z & T operation M THAEMHETHS. transition D EKKLEREZK 7.8 IZ/RT.
7.8 @ transition DFI D S5 5, HAD 3 ZEILHEH B #HETD direction, directlock,
oppositedierct ZAE L, %D 3 ZMKIF WA D direction, directlock, oppositedierct
ERELTWA. . T8 B D 3~5 4T HIE T#EFHRTOERL G AR E DY T D %D SO oD i s 7 7] 3%
EMN T ThNIE, EEAAPEESI N DD TOWIIXHEIEE A MREITLED SR L, SOl
AABED SRV ] EWD 2T, TNIFEM 3 OFIARIMIITINT 5. &ED 1471 EHET
DEEL 1A LD 2D RO OEEL A LD THhIE, HEHAREFLEDSRN. ] w5
T, B2 TMRT 5.

7.7 D 8~10 17 HIZIXFMR AP WLA T WS A, T 2 THRMZZT dir 2FEI7#D direction
D LTW5b. HEORATRIIZ directlock, oppositedirect 737 <, T o DAEUIEN
b5\, transition IZEWTHBEROM LGDEE LTHEHALTWS. &, ZEOET
WV (fHk C.1 izfgdk) (2B W TIEEZRDORALRS Z il OME Mk % include U, % ® operation % f#
HUTWaH, X7.7TlE, @iHEZhEREBALTNS

7.2.3 FEEASRFF DA & A

AEHIEE I, Atelier B[32] 2D B AV v RORFEY — 2 HWIIE, Ly S HETERS 0
5. B OMEEEMIZH T, operation (X3 2FEHERIL, 3.2.1 D (3.1) ACTRUZ@ED, %

REBLRAE, S % —MULRAL Ub %, [ = (S]] TREND. AW s aE I Ew O K5 2
BB S DR X VEEIC L D BEIICEE I N, 5% 0 IS GERERA SR & P > TRGEIZEERA S % 6 2
NH5. Atelier B ONEHIEHZRIZOWTIE, BIETIEX 7.9 1289 L 574 GUI Bt T3
AEA I EEARHYIZ 13 Backward Proof D A X 1 V&85, LB RV EZ TR H3%V T, TDTF
MAX Y FANNRAINTH D, EDVGEHARDERT, ZONDVFEHEBOREEZFRT 5000, K
TN EDMRBRER L 5. HEIZDVWTIEETERRET, RX—UIvvF Utk OVREIN
T2EDNFRIND, FIEDOY —IVEIXMEWBEFITRELRD, L ERTFAIMR-ATERINT
W HERREER D A Y FANZ LR T 53D EZ i kv, —foaxy RRRX Y TRAT
E5HL00D, HAMIZIEII Y FAINRNRVPOTFAMNTAY Y F2ANTEAMATHS. 2D
Kb, TFAMR—ATANTES ZLIFMERLSETTE L7720, fMEDENPEHDEM, 7
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fE RE(E) =RV LT
A0000 VRO WLy BEOAHFOO OGO @ EG - FH K

B 8 x — 1 l-nmmse 8 x

| | 4 Force(n) down = DCdirections(dest) H

4 de(OEdir = down)
pr
4 dd

Next OEo_dir = up => OEpos: {between,approach,ot,otct,ct} &
not(up = down & OEr_lev = set & OEs relay = unset) &
btrue

down = DCdirections(dest)

down = DCdirections (dest)

VFAT -3y g x |:|
FEPBROFONBRT hd
> € OriginDownSET
1> € OriginUpSET
> € OriginDirectionUnlocked L
4 € DestDirectionUnlocked F B
© PoiL
© Po20
@ Po21
© Po22
I € DestDownSET
> €) DestUpSET
I €@ OriginHomeTrackDatect

7R AR 8 x

arrival} & down = OFdep & (between = arrival => OFo_arr = detect & OFo mis =

nondetect) & ((OEr_lock = lock or OFo mis = detect => OEd_lock = lock) & (OEd lock = lock => OEr lo

between: {ct,otct,ot,between, a;

(0Es_relay = set => not(bet: <))

CEtcr = detect & OEtcc = nondstect & OEs relay = unset & OEmis = nondstect) & (OEmis = detect => between: [ct,ot,between,arrivall) &
OEdir = OEarr => OEr_lock = unlock & OEd_lock = unlock & (down = OEarr => between: [between,approach,ot,otct,ct}) &

not (OEdir = up) or (OEr_lock = unlock & OEd lock = unleck & (OEc_dir = down => OEpos = between) & (OEo_dir = up => OEpos:

{between, approach, ot, otct,ct})) & I
not (OEdir = down & OEr_lev = set & OEs_relay = unset) or OEr_lock = lock & [
OEdir = up & -

Destrecsonuricckes2: [ (2557

7.9 Atelier B OXEEMEFH GUI

FEREFIZHT LS TE L2 LSRR ->T W5,

7z, GEHPREBOEIEEEN D 5720, LREOIEHER ZEINL, EHZHEBT I N TE S5,
[FRHZ 2 DLA EOFEHEBOFEHZ W7 U TEML 720, #ED subgoal Dl %17 -720 K720 T 5
E5%ZLIFTET, TOHATIE—HENETESTUAEZIAITY RAZBRET H L5 >TW0W5.
Eiz, BEHARIZOVWTIE, EEZORTIIBETLILIETERVEDOD, 7T 7 1 ANVGREETIHE
HOa< Y RFIZHAHNZ 2 )y TR—RIZAV =93 N TELLIITHoTVWS. FEHBROE
ATV R ERT2ITRY.

FEHMNE T T 5L, ZTOHHO AT Y FAIZRET L L 518 >TW0WS. Tk Atelier B Tl
User Pass EFRLTW5. Z D User Pass ZMOFHHEBHIZH N L THEAZRAAS Z & T, [AEkD
AAEBEEZ DR WTIETEITTE S, 64.1HI2BWT, AHOTIEAZEFETNIZABRIRKTE %
CIRARTZ, FNDNFEFINT W S.

BIE LA U CRIBICAR R FENH 256 IFFEHA T E R (FEOLE B HE I NR) HED
Hb. TOEI LG, MEHEBPEOLT 5 L ICHREBIET 2 BENH BN, ZDEIZIEHES
WAERUIET. 72720, ARROBIEZ{To7256TH —Eit U 7Z3EHEB L M UNETH 5 &Kl
INBGEITIE, ZTOMHEPHEI RS THHELLIIIR->TED (ZZLUEHEK L LTO ID
NED>TUE - GEIXZDORY TIEZ\W), User Pass OF#EAE A[EEL > T 5.

TTIEERMIIZIER 710 DX 5B LD, REFERERSRMEICNIGL TREMEINT N
7213 TlEAe <, directlock IKDOWTHEEEFETABLENEL TS,



7.2 HEEZ <A (FE) OE TIVL 2 MREE 93

#£72 BOEAIFAaATUR

av v R | Ek

pr H #EERH & 5217

ba AR Ty TERRS.

dd goal NP => Q D& E, P ZIREITIAZ, Q ZH 7272 Goal £ T 5.

ss goal ZEZEZMZRBIANE-> TEHESHZ 5.

mh modus ponens. (REIZ P B LUV P=>Q W H 5L & QZ2INEITIMZS.
ph Ix.(x : A & P(x) => Qx)) BXUPL) DFEIZQ) ZIEIZMZS.
de 520N %AW ETEHERTET 5.

ct goal DEEZEINEIZIA, false % goal & F 5.

fh WENFELTWS (EXKTD200@ENEHD) ZLERT.

ah HRE D E .

ar RE B 5 .

se FAEBRE 2 LT, 272 IEE2RET 5.

1 xx <-- DownSet =
2 ANY dir, dir_1 WHERE

3 dir : DIRECTION & dir_1 :LOCK &

4 ((direction = up & existence = nondetect & oppositedirect = down) =>
5 (dir = down &

6 (routelever = set => dir_1 = lock) &

7 (routelever = unset => dir_1 = unlock))) &

8 ((direction = down or existence = detect or oppositedirect = up) =>
9 (dir = direction & dir_1 = directlock)) &

10 transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
11 THEN

12 directlever := down ||

13 direction := dir ||

14 directlock := dir_1 ||

15 xx := dir

16 END;

7.10 H&H7e B ORI OH] (4 7.7 D operation (ZX))

724 BEFI DML EWRIFER

R B 1 2RO AR TR LT, 2hadMbL 2B 2ERT 5. MECTRAE
D, FEHILELRE I 35\ Tld operation FEATHERDMEEA L W <, B DETH R FEMAAT OB
BEDEMEZ 2T & D IR ARD SNE. BHENIZIZ T 0T IV TSR AR R £ TR
ML, £l Ta—RAEND. X 7.7 K 7.10 TRIEREERZHHLTWEH, E
LR CIEDRENBIR S NDEBEDRH 5720, ZTOXSBiddiirrxw. £ZTIF &M4%
AWTK 711 O &S5 Uz, K 7.10 DEEFET, H25M0EALT 256 0BBRA, BAZL 73w



94 BT E BRGSO EIIE A O — Fg K A U BB E < RE

1 xx <-- DownSet

2 IF direction = up & existence = nondetect & oppositedirect = down THEN
3 xx := down;

4 IF routelever = set THEN
5 directlever := down;
6 direction := down;

7 directlock := lock

8 ELSE

9 directlever := down;
10 direction := down;

11 directlock := unlock
12 END

13 ELSE

14 xx := direction;

15 direction := down

16 END;

7.11 B OFRMNRERET LV OH (X 7.10 D operation (Z5)i)

* 7.3 FEAEHOK (H#MZ <X (KK))

module 780 (B) GERHER  HEhEEH WEEHYEEHH  User Pass
Station 209 99 85 14 13
Direction Control 60 21 17 4 4
Whole System 207 243 195 48 24
summary 761 462 382 80 56

GEOMEBREVIHBOATELTWS., ZDd, Ik IF £MFICEET 5121, TO&MEE
IF AFO&MA L UT, THEN BABRIZERAL T 5554, ELSE BARRIZEGTZ LW A DDA % Flid
FTHhIE L.

BAEHNZIE S R O AERRELR 120 U CIREIHE B 2 2 CREAT 5 2 L BT & 7. FEBITEEH L 72 8%
KT3I Y. ZOBIIRA ORI REIETORED 5 RERBEOFHE TEZ2EALEDTHD,
TORNIMEFROEHE S 2R THELZ LS. 28, Gl O2VTREHRICELTVWARVWEY 2 —LE
LOTEATOME IZ—H LR, RT3 ICBVWTIIRYIDOERTO B OB THIZ DWW TH R .
ZlaNEB & 8 HIOFEHEBE P HEMIZIEH I W Z L2/ b.

#* 7.3121% User Pass 2 & 7-. EBROFEHDESTD FM L User Pass DEUZ IS U T Z 505, Z
DEITIREERY 2T L 2R LIRIENFERGEEHOBIZ B L TW5b., ETFTILOHEMNHAZE X 54,
User Pass # & O TR Z T I I W0,

7B, BIZBW TR (rule) Z2E8MT 222k, HEFIHTE 280X 505, rule
WEMREE LR WETEIAETH D, BEITL > TXIFHROEE NN 5. TDd, K&
TOMB TIEEIZAT > TV,

REIABEIZ B WTIE, £ 7.3 DFEHEBOBUE HUEITMD > X T L2 F0R U 72 R D FEHE B O B
EDESIET 0%, BMIEL TWL.
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1 1ii.(ii : TC => (

2 (ex(ii) = detect => as(ii) = red) &

3 (tr(ii) = tstop => ex(ii) = detect) &

4 ((tr(ii) = t90 & ex(ii) = nondetect) => as(ii) = green) &
5 ((tr(ii) = t45 & ex(ii) = nondetect) => as(ii) = yellow)))
6 1ii.(ii : TC => ((ii + 1 : TC & tr(ii) /= tstop) =>

7 ((tr(ii + 1) = t45 => as(ii) = red) &

8 (as(ii) = red => tr(ii + 1) = t45))))

7.12 HREOHZL DETIV (RESMD—I)

7.3 BREEEZLKRDETIVIE EREE
731 BEAFETRER

HEIRAZ <A Riik) 12k TR 7.1 1R T AR E B2 < KD E Tk E & OWGE % S hi L 7=.
BREBEAZ AT, BB Rk 2Ry, BREEICEHZER D 5 Z L 2 8EL
TEY, H—ARATHNIXRRIHZICEVWTH DI EZETIEDE I EAAREL R >TWS. i
HEEPK I CHIZRM I NS, EEFIEOMIEZ RIS 5720, FIEMEHRL TVWEEHZ <20
T, L ANDESKEZELIREL, 5121 2AMIOBZL ANDEEKENEER, OF
DHEEFLT EICHALTWS. ZOBURIEREHIET 2720, FIHEZRAIT 28R K OXE
fiMEEZD FIHEIZMP-> CEEKEEZKRT), WEE2L£2720 FTADOHZSICERLTVWE L E
AR KT %) $528T, L VWIEMEROEEH R HDODE TWA. EHERHRK [67]) TIEXR
710V L —iZMAT, UFR (ko @EfzAHY L—) BLU DFR (Fo@EizfEY L—), £/2F0
F DS E % ZE 8 & E D F OISR % SZ(E 8 AR RO E 58 B SR M Sy, HrERas
BREI N HROREZERMEAI NG, HRRERRIEEEE S Nz GO EIERI KON T 35 #H 2
A2 e8eIns. ZOBRHEEZEDTETIMEEERT LI L & LT,

732 BREHEAT<ADETIVE

ETFIALIZBE W TRFGERIBEE D IZOWTHDEY 2 —)L e Uiz, REE0MmMEZ KT tr, BHZF<
DER%ZRT as, BZIZB T BFNHEOEMERT ex ZHWZGE, WOBERIFKIC IS 1T 5 %A 66
PHERIZEDEZARESAM %2 B TRHM 712D X5 ICHRTES,. ZZTHILHIRET VYV DEKTH
5. TCIXHAZ K DR S Z2RTES, t90 BX U t45 LM BHE D, KEZL TWE0%2RT. tr,
as, ex RBEAITHFHIMADOVWTWED, Z0D 3 DDLEIL TC » 5 T NEnMith, BR, (EiREA
DEBE L TERINTED, FHENOHFIXZD5HER5. [oTH7.12 D 247HIF i1 & H OIE#R
REDMAREBCTHNIE, ii BHOBURVKETH S VI EWK, 34THIX i1 HHOHUEREEIEE
(FIRREETHNIE, FIEIFMAREBIZARSE L WI ERE 5. 4,5 fTH TIEBURDRIZR 5540, 6,7
THTIRBURPEICR D50 2RLTWE. RED 31TIME SR & BT 2 90RO %(E & D
BERLTHD, ii ZHEHPKROERTHNIE, iit1 BHTRKELTEETI VWS 2 IRk 5.
595k, 1ii+l ZFHIZFIHEDSWARVRFIZEAPBRINDE Z LIk 5,
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® 74 FEAEZOK (EERAZFZ <)

module T80 (B)  GEHIER  HEEEH] AEERUEER User Pass
Station 217 o1 29 22 14
(refinement) 188 7 7 0 -
(implementation) 297 29 29 0 -
Direct Control 69 15 13 2 2
(refinement) 75 31 27 4 4
(implemenataion) 50 2 2 0 -
Track Circuit 118 21 18 3 1
(refinement) 128 134 71 63 51
(implementation) 134 282 162 120 71
Whole System 333 1716 1586 130 53
(implementation) 211 6914 6208 706 54

FHREMERIZET 3 ETFTVIZOWTIE, WTENLDOHZF L THEI MM I N5 &, HrEREHASEEX
NHEWSRREDEWTH Y, HEFAZ RN Rk L REREVIERWN. 28, ET MO0 TIE
BT AREEZMA 2D D% AAEK C2IZRUT.

7.3.3 FEAEHFOH

ZOETNMIHT ZAEHBEBR OB ZR 74 1RT. INSELRTHHTZZ BN TE 20, HiEmE
BDETINDEHEL o 7-4ER, HudREgE T VT HEAZ < X (Fijk) 2K ED User Pass
DL Teo>TWD., K74 TRHBREEIZHHEBOEEZ R U, ZOMANINT 2ERIZOWTIE,
T5HIZBWTIMATWL.

7.4 HHBEEEZRDETIVIE EMREE

BRICRREBIAZ < X (HUERBRER) OETIMMLEREEEZFERL 7. 2 Z TIEEEDONEIR
BPEMIZ D E5 b mdfleioTna.

741 HH%BEFEZLAOBEE ETILE

Fegk B2 < X (HsEREEAIR) ITEEZ <X K Oz & SITHIRL 72K ETH
D, BM73ICRINDVATLATH S, I ORETIEEREICHE R A S w2, BREO
FIHDFEZ BEEMATERWV. b0z, BREADHEOMAD 2T 5 CT & OT*3 LIFIEN
% 2 DOFU/NGERFE 2 WHUZE T, AHBEEEARTY L— s ) L—iz kD, HFEMO CT i

2 EFEFHAESRICIED S 10, EFFERERLMIZNZEOLDH D, HljICHALEREOBNGE2Z(ETSZ
CCHZL 2R T 5. ZOKEOHLHNPE 1 ZTES M UZEFHATEETHS.
*3 CT 1ZFAEK, OT IFEROHEEKTHS.
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®7.5 RHRAEHAZEED) L —

&R E4pii ik
LYR ERATIRKGY L — L 318 Bt
RYR LAHATIRGY V— R 75 R FEBRIZ Bt
LFR FEHEGEEE T IREY L— | RYR &Xf
RFR AAFEEEGHETI MY L— | LYR &4
FLR* ML EEE ) L — FR %z /59 %
FR* LAY L — =A
FSR* T EERRE V) L — AN ERENZ N B [HE R 5 7] % SR
DNR*, UNR* | #iAMERD L —
DRR MHFERANDEERR Y L — R AR B, ZE R B
URR HFERANDEERR Y L — L T3 FeBR Behie, B 2 B
PCR* fRseRmY L — T3 A% Dk & ik U CREE 2R A B
FXR* N L — FSR & T AREDE AL FLR 2 8t § 5
OSR* FERIY L — FIEIER (BIEM OT B X O CT IZ1ERR) 128
LBOR* RESBATIRRR Y L — Bl HFE U 7SI H2%R1T U 23561 FSR 2 iRE S %
LBR* RENIRATRERR Y L — [l L7278, FIEDHNIZE > TV 2 5E8I1T 6 H
PCSR* TERE 1A C 2R L —
LER* A FERATY L — AT 2 FIWT g D & R (] R [ S 2

e FENEEEUT 183D Rl E

AR SEEMO CT @il £ ToOM, ArEiiz#iEdT 5. IhbbFzvrAy - FzvIT Y
Mz D #ESENfTON D, Z O HEESEARRE ) L — OZEEIHEN O s [ EE O 5 ER A O NEF 12 K &
SHAFS B, AFEFRRE 2 KRTHEEI W TWS., FIFEORERHIIXREMD S F R BRI E T &2k H
I 5 EIFOMME %2 — R KRS TR RS B EMAZERHAL TWS. S SICHHEPRITY
52 %ERU, FIEMEEIBGNITHK - 72 RED S IBITRITHR S IBITHRSE R & VX Z IR U
TBIGRITT 2720k BANRATI 2 Vo 26 DOV N, BIRVWOFIELRD STV 5.
HAEEVRETORODIZEELSTHIENERL LS 2T 202 MIET 2R L — 5 %
IND. BREIZHIEBEMML TOWRWI 2 RGET 572012, FHERNDO Y L —0BIB L AHATWY
LD THB. RTH5IZBEELZEDY L —%—EITRT.

ETIALTIEMEERD OT, CT X FHEN O &R DO H H 2 A 2 HEREE (F—A KT v 7 &
IND) &, #EREOWPEREEZFE L 2. PUERBPERD 5 O THREMTIEZER tc 253
L, home**, ot, ct, route Z@WMHT 2 &, TNETNOMEERNANETEE L5127, £,
FERIZIIRR A2 L —DREBIZK o TRI I N D HAEZLLTDO LS REGOMETRETH I L &
L7z,

POSITION = {inexistent, home, route, ct, otct, ot, between, approach, arrival}

ZZTotct & OT & CT IZHHMNE 72D > TV EIRHE, between (TN HIHAIFLET 5 ARTE,
approach IFEIEFUZFIHEIEGE L TWAIRAE, arrival 3FIEHEMVEE LI L Z2RLTWS. &5
HALEIZ B W TE BRSO F HRANRENZAL U 725812, BEPFZLRHEAEE &5 BT 5

MAR—LN Ty ZITHIETED, F—L N Sv D [R—A4) 1375y bh—24 (platform) OKTH 5.
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1 CTNondetect =
2 PRE tc(ct) = detect

3 THEN

4 tc := tc <+ {ct |-> nondetect} ||

5 IF dir = dep THEN

6 IF r_lev = unset & r_lock = lock & tc(route) = nondetect THEN

7 r_lock := unlock ||

8 IF s_lev = set THEN s_relay := set END

9 ELSIF r_lev = set & r_lock = lock & s_relay = unset &

10 (pos = home or pos = inexistent) & tc(route) = nondetect &

11 tc(ot) = nondetect & mis = nondetect & o_mis = nondetect

12 THEN r_aspect := green END ||

13 IF tc(route) = nondetect & o_mis = nondetect THEN

14 IF r_lev = unset & r_lock = lock & pos /: {ct, otct, ot, between, arrival}
15 THEN d_lock := unlock

16 ELSIF s_relay = set & pos = otct & tc(ot) = nondetect & mis = nondetect

17 THEN d_lock := unlock END

18 END ||

19 IF mis = nondetect THEN

20 IF s_relay = unset & pos = otct THEN pos := ot

21 ELSIF s_relay = unset & pos = ct & tc(ot) = nondetect & tc(route) = nondetect
22 THEN pos := between

23 ELSIF s_relay = set & pos = otct & tc(ot) = nondetect & tc(route) = nondetect
24 THEN IF tc(home) = detect THEN pos := home ELSE pos := inexistent END

25 END

26 END

27 ELSIF pos = ct & mis = nondetect THEN pos := between

28 END

20 END;

7.13 RekBEBEZ < RiB 1T 2 EHER 2 IR OH

W, FERKE S L ITRBINZHAN, RBEBRICE D, ZoRIZiEEEE LTHEEL THARL
EbEENS. 205G, HTRMEZHWTHRT 22, Mo»rDOFHAELZE DS TT, @iz
BIETHMENDH BN, SHIIBREDLEE2ERD, TOH Y %2 b L ITEhkER 2175 7=,

T DRER, FIHEMREREBOZALIZ ST 5 operation (ZBH U Tk, FHAER EDIRFEIZL > THE
MR EE2dT 52 L eiio7-. K 71312 B Oitidfilzmd. Zhik CT 2 o FENKIT TIHEE
FRBIZR o 72 ZDRBEB I LZEDTH S, FIHEAEIL pos THRIEFLTWS. 72 dir &
BERRELUTWAERE A ZRLUTED, dep THNIXHFM, arr THNWERIZME D, £z,
r lev IFHERTZ, r lock TR L —, s lev XGARATI, srelay lZZoMinY L —,
mis (FFRLFEMAIDIRTE, omis (FNFERDFRHFEMIMDIRETH 5. s_relay DIREIZE>TH,
REEBN LD L7720, FMUEREPI SITHELTWS.

FIALERMIZONTSH, IS OBEGESRMEDPIE A 57213 T, AEIZI U 22RO HFI0
LB, HWHRENPHATWS., 08, RARDETNVIZOVWTIERERRT 2WREMA72H D% Mk
C.3 TR U=,
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® 7.6 FEHAEBOH (RAAZFZ <)

module T80 (B) GEHIER  BHEEEH] AEERUEER User Pass
Station 604 4979 4485 494 128
(implementation) 577 6341 5386 955 136
Direct control 103 44 26 18 15
(implementation) 95 68 59 9 6
Whole system 342 17502 17100 402 61
(implemenataion) 255 8677 8644 33 12

K17 BHHNETIVIINT 2FEEBEOR RAABIR T <X - 5

operation Machine Implementation

AERAER Ik | GERIEB I
HomeTrackDetect 39 2 20 2
HomeTrackNondetect 39 2 20 2
RouteTrakcDetect 85 4 61 5
RouteTrackNondetect 1884 137 3835 245
CTDetect 283 28 606 46
CTNondetect 1317 82 1051 92
OTDetect 106 9 78 11
OTNondetect 210 13 160 13

742 FERAEFFDERINNR

AEEBOBIIR T6 DB THS. PEREEP IR AT LA THIEBOBAIERIZZ V. Th
WENERIRFBIZ K B RBDIENEZ 7-72b e FEZ 6D, £ T, RT1.TICHMANKET TV OFIHK
HIZBA9 % operation & £ DH TORBEDIEDOEZE R LTz, FJESBEOEIZH L TEBL R 10~15
MEOFEHEBE M ERI N TWS., Z OMANIZHIRE B Z < XO#LERE € 7V & RO T
Hb.

7z, BRVATLIIBWTIE, RT.8ITRTIED, —HD operation 1ZH W\ THGIZZ < DFEH
BEVNERINTWS., 2RV AT LAOMARRGERIZIER 7.8 D 471K ] 1TRINDE X S ITHRMDIK
IFE ARV, ULALZ ZTIEECH U 72488 operation DT < DM IEATTHNT WY
5. Ik THEED) 1R U7z. 20 & 5 I1Z4ME opeartion % FEFOH $35E121E, FEOH L 724858
operation NTOZRMIIEL BT 2 BENH D I LV305.
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K78 BEET VI DIEMIEB OB (FiFkABIHT <X - k)

operation Machine Implementation
FERAE S ik AEET | BEHER ok AEET
OriginRouteTrackNonDetect 102 1 137 3 1 1
OriginCTDetect 2446 3 364 1056 2 46
OriginCTNondetect 4442 2 738 1534 2 92
OriginMisDepartureRelease 1248 3 131 1108 2 13

7.5 GIRARHOICET 5ERS L U

T2~TAFIZTRLUZED, SHEVWITNOET VIZBEWTH AR INZIHER 22 CIHHTS 2
EWTERZ, ULDUEBYRS, [REPERCR 21200, MEHEFROENB AL m> T\, HEhkE
REIDIZEHR Y AT L2Z A5G, AL %LJ&T}IAE’EﬁoT%HEH}%b%Z’L?&b\ﬁ“b'rﬁmm
{73, 22T, itHOEHZFBS T2OI28 5 TELWh%E, FIfiECIZiRLUZET V25
R 2 T o7z, FTIREBEBAZ CATORE %2 212, L0 X D RERkEIRIZ & D FEIH O A
MDD ZRET L, TOMREZS LT, IOITEHOMHEEI ERI TRk EEIZ < XD
kR D W% X - 72

7.5.1 {L#RaEcih & EEBREFH DO & DR

B OHIZHENIZ BT, operation (2§ BEEHEHIE, [ = [S]I TH2D I LIFTTITBENLD,
SEERAUREHEBESRSME I =L ALA--- N, £ T2

LALA- AL =[S (k=1,---,n) (7.1)

EWVWDS n EOIAEEZ 2E L THEKT 5.
7&35 Ik HP= Q DEIREEL TV %m,

Il/\IQ/\'-'/\In/\[S]P#[S]Q (72)

EWS KD P EEDIIBETES., ZZTQRQ=QANQA--NQ, Ltk TE2GE, Zhs
badlang (72720, HHLHE S WZ5E13R<) 0T, EHEHOKE AL 2546 (7.1) &
BB n Ok, HxOHICEENEEROALIZOVTE I SICHRLZ ETHRET 5.
EEROGHER 2 ST 2L, SRIOMHEBESRBTIIUTORMFICED I SIZhEEhTWD
TNy holz.

o 5 DNEBTERIEDIEA TDONZIE, HZIEIF P THEN S ELSE S, END &\ i 537
XNzl

Il/\IQ/\"'/\In/\P:>[Sl][k;
Il/\Ig/\'-'/\In/\_'P:> [Sg]]k (73)
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RT9 FMIELFEHEBEOR (HBREBZ <X - k)

operation HEH  GEHHEXR & 2k M, DK  Npo
OriginDownSet 102 197 299 4 1 392
OriginUpSet 52 53 105 4 0 212
DTrackCDown 345 204 549 8 2 896
DTrackCUp 142 147 289 3 1 280
OriginRouteSet 41 0 41 1 0 56
OriginRouteRelease 52 53 105 2 2 162

AEFZMIZH T 5HEEHI O (N1)=14
% include b?‘:ff%ﬁ& 28T B AESLMOFRIEM DL (Ny)=2

D X3z, HWEER 2 DI NEENG. L, [, DETTHHINE A S, IF % 1\
BHEICE K7 2 OIS ER I NG,

e INCLUDE CIZ T gtk % i U 72354, include 3 2 HHE B D R E S fh:H3 300 b
5H, IhEJ=PVQr¥5Y,

LALA- AL AP =[S
Il/\IQ/\"'/\In/\Qé[S]Ik (74)

D 2 DOFFHEBRER S ND. - T include U 7z SRR D A2 S5 CHERMAHY 1 [
DNBHIFEHRBN 2 580 5.

o JEMRENEIR (ANY X WHERE P THEN S END) 2HW/- & EIZ P=P, VP, D&>
Flid TN 5E, include T N2 IR B GRBEFIZ (I U 721 &[RRI, FERAEB A 5#
nab.

I o DIRGE D 54 operation (FIbz &) IZH T DAMHEHOBIIATO IS ITABE S Z
LINTED,
Npo = Ny -2M2 . ) "oM (7.5)

Ny AERMITBITAEEH O

Ny include U 7= B&bH D A2 A% N T D FmELFT D £

M;  operation NDFMAREDR 1 DT OimHAI D

BREBHAZSRNIZOVWT, 203 22FE U CGIEHEROK 2 RS -7, fERE2X 7.9 TR
T ZITRBEZED M, 2R dROVICHZE UT M, OERKEEZR Uz, £723EHEBERSRD
HIHEHW L7265 DE2 GO ERBERRIZR Uz, —HTEVAED D D2 VA, BBLZTDE
e REEH NG Z L3 oTz. FRMERIEDZ N operation 125 W TREHBEBE DO EKENL N &
ARG SINES

::T,Kﬁ%#V‘ LHPEAIDEN 2 Lo TWE Z LA, FEHEFOBEHP LTS D
&, TOITIDOREGFME —MALRADRMIZHEA L 72 Z & TIEHEB OB A 7= Z & DGiAHN
5. 22T, wBAOMHHZHKS T 2ERS. BRNIZIE (AVB) & (WA= B) THEhH,
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K 7.10 FREMOREIC L DFENEHOHDE N (HixHBIHT <)

(a) BRZHT

module HE]  GERIE®  BEEEH IEEIEE User Pass
TrackCircuit 107 21 18 3 1
(refinement) 95 134 71 63 51
Whole System 1901 1716 1586 130 53
(implementation) | N/A 6914 6208 706 54

(b) BrEf

module HBH  GERER  EEEEH WESEERH User Pass
TrackCircuit 79 13 10 3 1
(refinement) 89 128 64 64 48
Whole System 374 399 327 72 53
(implementation) | 2893 1036 811 225 42

CNZE-oTHEESHMA D, TOMEER 710 1ITRT. BIKY AT LDFEHEBD 1/4~1/6 12745
7z. TOXSIZHHEBOBDGFUD LD O & AELMENOHRBEAIZKESHEIND Z L5
o7z,

BB, BERVATLOFETDERELL P> TWVWED, THNIFEEBTH> THINFEY 2 -l
DVWTITMEBEWMORAZMEHT 2720 TH2. foT, MBLSHHAINDEEY 2 —NITBWVWT
1E, BRI ABLMICHE T B ER AR S T LW e gns.

7.5.2 User Pass i 5 9 7= DERiREDRET

AEHE B ORI SRM I & AESZBEN ORI OBV ELTEY, ZhEzPUMGLETZIFT
EAFAEB PRI G ERH D Z L B R U, 72770, BROHTHRTI10 2R &, AHEHDK
DA & AT User Pass DEUTIFL A EZE DD 2. —HTREOFHEZE P ER I NTVWBHDIT
LD 5T, KEOVHHEHEEINIHEDH 5.

Atelier B DMEIZE Y 2 — )V OGEHEBPIEZ 5 &, FEHEBOBEICRMEZZEL, LR
MWMETFT 5. BIZIXABGEHOMIE A —EICFETTE 2D 3000 FBETH D, FFHHEHA 10000 %
M2 2L EFMIIZE XEE &2 LT 5. £7z, GEHEZVEA S L, FEHL LS LT H5HAEDH
BUNELS 45720, MEHEBEZIKS TMETELETHS. Lh UEERNZRFRHIX User Pass DEIT
Hls 50T, GEHOFRZIES TICIZNORAVPBETH 5.

FEHDFRZIES TOITIZE S ITRENEEET L. FERISGEHIRNERL, Mificrlizes
D, I =[5 TH>T, PEFMNDEIHEZ —RILRATEMLZBDTHS. TNPAESTMD—
BT NEEI L 25, £72, S= (P = Q) Dk>REAR P2 [ LGN TVRIE L.
Z5#FZ% & User Pass 26§ 720121F, [S|I, 2 AREERM T O—FIZHA—HIEEXI N2 &
WRMNE. ZDEHITIFW DPDHENEZSND.
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FEL S|y 2 1 O—IZ I 572017, BMMRIZESREOZBD -3 HH & UTRESRME
ROLHH D NE—HEH5 A 5. TNITIFFERENERZHONIX IV, ZO0—ERAZ
VX.(P = [S|I) 2 KT B4, 22T PIz (ST &MANE[S]TA- = [S]] L TE5. 7
ZU P EWEZIEPGFHETD2HERD D, TOHPETREZMA R \VE, FEHIILERS CIEMA
REEL B Z LIERDPBETH L. HAMIZIE—BALRATER T 228D BERT 5 AL %
EREMZ I L.
mE, MBEY 2 - VOEHEHWTAZLRM 2R L EE1E, MNEEY 2 -V OEHD
Z W % operation 2@ U TiT D BDENH 5728, FFEPREREIRZHW72504 08X KT
Hb.

HE2 AERMEN P = Q LidddTE2561F IF~THEN~ELSE 054 P 2NA 5. 5
FEADE, ARSI Z S 58 3SR E BN ALRMEOEEDLELIZEDES S
N,

% 3 K (assertion) 2 5-2 5.

FMEERFEUTHERADHENRD D, RIFLIIAEEMED» SBH g2 N2 AEHOHHEE LT
HS595HDT, BkfIZ ASSERTIONS L HEE L Citdd 5. —BILRANTHERZ 52
LSRN ERAL VI B DB H 5. IF FMECLIFRERER L I THANTE, IF FMFDE
HRA»SHiIEEZES Z L LAHETH 5.

ZIT, #iEELEZ5Z LK DA 2 AR D E D E & BRI & R
(tc <+ {route |-> detect})(ct) = tc(ct)

ZHiFFkE B < R THA U 7250k T, FIHEMANREZ /R 544 te IZ route 7*5 detect
ANOXGE EEETEZHEDTHS. ct : dom(tc) D ct /: dom({route |-> detect}) (/:
WEAPELIZEI RVWOR) THNIXHD VomETH LA, HETIEIOoES#MA TRI A
W, AERMIT te(et) L WVWIORRAH 2HEIT tc := tc <+ {route |-> detect} &\ H A
Ziro Lk, TOAREEMED tc & tc <+ {route |-> detect} IZE XX /L DA FHHEKD—I
LB, ZOHDLHEIBRI SN,

ZIT, ThERHLLTHEADZLITLD, HEWMANARRIZRS. T K DI W SEEH
BENLEAET 5. KRR I N2 @EOGEHIZRRBETH 205, FilHER CERIFEHT %
DT, RFAZLAR U AFErCatATIUE I V. FOMIZH xx @ {ot, ct, ...} WD XD
REEEMALZBERAY, AREEM - BRI REOHHAIENEEZ SN,

S OFEMHENZDWT, (EEkEEE & FERRD User Pass O H %2 FHiRai 456 &, LEkZ LI NO#ED 2
Al LTz,

o fHAIEY 2 —)WZBWTIE, HFREHERNTHEZTARAL, AERGEZDOHD, HHVWIEED
—WEFMEITIMA TV 2, ZNIEALEEZM7ZTHOZIHRNIZGZ2EMTIToTW5
DS, FERINCHE L 2FEELTWEZ Litkhd, R4k niE, @€Y 2 -V TOIEHE
DlenT=d, FHE1 EHEAT L, DK L HMRBEMOGEHOFMIZE T2 Z e nh 5.

o NMIFEY 2 — VRN AATHER L 2T Y 2 — VT, iEB» L\, T Z Tld operation
MO L2 HWCHREZR T 2 &, FRERERZMEHTESRVZD, T DIMNE operation
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R 711 NFEHREHOBZ K S TR OEAER (HiEBIET <)

(a) R H]
module HBH  GEHEXR  HEEEH  EERUEE  User Pass
Station 108 51 29 22 14
TrackCircuit 79 13 10 3 1
Whole System 374 399 327 72 53
(implementation) | 2893 1036 811 225 42
(b) kB
module HBH  GEHEXR  HEGEEH  EERUEE User Pass
Station 193 31 31 0 -
TrackClircuit NKWEANZELC (BIERL)
Whole System 764 340 312 28 20
(implementation) | 2893 1212 1085 127 18

WOBEEIZB W TENIEE b L0 3 2CEH U TR ZFlid LTz,

o MNBEY a— IV EMWVIAALZGEIZ, NEREHZTo 723EHEB DL < 1%, £ESBIZET S
G e REZHHNDOERED DO —HBHVHETER\\WZDIZ, HEEFHTE W02 % 1o
. o TIhoD—HAHETENIXAEGREHTE 2HEWERTI LN TE 5.

ZOESREERE,S, AR ROBGEIITFNRD L 1~3 2 SO LI VKT 5,
AR operation DSBS 2 A EUZDWTIL, TDINBEY 2 — VN TORMFEDFIIZEE L, MK
BT D, RS L RPN -HIESNBRWESITIE, SIKET#I1C ASSERT X2 AT
TRIZ —-HIEE L1295, 2LUT, —@OERRGEIARL %K, —HY - VIZKDIEHEED
AR, HENEIH TR - il SR 2R T 522212k, RO BVWEEREZF oy 2L, B
LTw<.

FitEEEZE < RI2OWT, HOEEKEY 2 —I)LTIE, NERIZEEADSBE RGO AN > T
T, WEDORMMNDL WD, REBODEY 2 — V2B 0NIIEBEEZITo7~. ER2E 7.11 127,
BREEEY 2 — )VOFEAEKIL 51 205 31 ICETRA L, WEEREEHIKX 22 226 0, 2 b2 THS)
THHI N IZE 572, BREV2—IVIZOVWTEMETEEZTo 72, FEHEBORIL 399 55
340 12U, MEEREEIX 72 225 28 IZE TSI E B Z LW TE .

—ATVWIND AP L SNBHWEFORIM R TWD., KUEDIEZMS Z 21X, BAD T &Rk
FLRIZBWVWTHIRT 2 Z LIC K DEHZARZIZ L TVWAHAH D Z L ZEKRLTE D, KMAHIEOM
AEIC L PAHEBOMAZRUICLTERHLER LN L2 RLTWS.
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753 FHE (RR) BRETOIASHEOR & Bibg

S E W IZEEHO FH2E & DD, FEMbL, FERIZEMMT E22IIOVWTIE, £ < DEH
DD, FZHBTHMEERTOEEEMEINTE Y, SR [35] O FHITIX HBIFEM L Z OFH L
TWVWAZEPNAINTVBIED, BIETIE Atelier B (26 HEJFEM{L %175 BART(B Automatic
Refinement Tool) &IEEN DY —VHBfET 2. 2OV —)LiE, fEfifbOL—L e X —v<y F
VTR, TR TEHMLBDOEY 2 — L2 HEIER T2 DTH 5.

MR ORI % FHILT 2 BIRICDWTIE, BFOMMmIZES D, T 2Tk, s cikue
FLER A FWTRBR U725 D% WHIZIRERRHD L LT e WD fUITK-> Tigin 17> .

FEAALB RS DL D BHH 2 I S T 720 121F, MR & 13 OMWIR B ETH 5. HAHIZ TR
2 PUERRFLR I T B M EED S, FEPE IR 2 WO T AR IEITEMT % &\ S kg IR
V. BRI MR EFEHA L TWLS BER D S.

Z 2 CHAMMEIZ BT BEEIHE B IL 3.2.1 fid (3.2) TRUZD, T CHETFMGZKESITERAD L,

I = [5,]7[Sn1]1, (7.6)

LEHRTBHIENTED. ZITIBLV I, FFMARDEY 2 -V TEHSE INDIARLSEMERL
THY, FEBRITITFMLETOZE L SRR DL EFON T 2BHRATH 5.

ZZTS, CIFRMG2HHTIEHMAERN2ML405. 72, S0 CBWVWTHIF 2HL T
W2 5E, TOICEEHERR 252725, UL, &P —H LTI, MR OR & F URE
THWLRGEHEBP A 5706, Wi CRMAD Iz MR TR 5 L51295 2L T,
AEHE B O EIMZ 2 Z L B AlREL 1 5.

il LT, 2RV AT LIZEBINT WS DTrackCUp &\ 5 operation W T H I VT WAIR
DXEZEZD.

IF ran(DN.existence <+ {xx |-> nondetect}) = {nondetect} THEN
FEERECTIZIZOEETIE IO I LB TERND,

DN.existence := DN.existence <+ {xx |-> nondetect};
IF detect : ran(DN.existence) THEN ex := detect ELSE ex := nondetect END;
IF ex = nondetect THEN ...

CEEHMZONTVWS (EBUZIX operation FIFOH L& 2T > TWA D, ZZTIEENZEMLTCY
%), TOFER, FEBEREREDOTO IF XOEMEIFLAN e Elie 2 5.

not(detect : ran(DN.existence <+ {xx |-> nondetect}))

L L, ZNTIRHSEEHO IF X0 S IFEBIZHE TE R WO T, MR, EELom
FOEMTIHENTEINTUE D, T CEEEMD IF detect : ran(DN.existence) (I < &8
nE

IF ran(DN.existence) = {nondetect} THEN ex := nondetect ELSE ex := detect END;
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& 712 NFEHREHOBZE K S TR OEAREER (RkABIET <)

(a) R H]
module FEHHEE RS XESMUEERH  User Pass size
Station 4979 494 128 58.6kb
(implementation) 6341 955 136 270.5kb
Whole System 17502 402 61 7.4kb
(implementation) 8677 33 12 3.3kb
(b) R
module FERHEERS  XFESMUEERH User Pass size

Station 1353(27%) 41 40(31%) 9.2kb
(implementation) | 3217(51%) 28 23(17%) 5.1kb
Whole System 3759(21%) 30 14(23%) 1.8kb
(implementation) | 5270(61%) 21 12(100%) 2.6kb

CEEXMZ D, 535220 DTrackCUp DFFHHE X 229 (Z Dz B2 S D 428) TH -7
HEDNY, 142 (HHARED 168) o7z, MUze ZHIZ X DAEHEB - 72 DD 5728, TD
1 XODLTPRETZTTH 7.4 OFEHEHD 1036 (HIHZS D 2893) 55 822 (HIHZH D 2491)
o7z, (IS DBFIFRITITE L DTVAR)

D LD ITHMLBIC B VT, NI E BRI T2 LT, AEEEZHS T Z L AAEET
Hb. RETHTERVWEEITIFHEHCHHALZ LS ITRFAZTFAT S Z L TEM U 547K
BB HENEHTHS.

754 FRBERZ K ANDOLRERAEEBERER

ek B2 < ROMERRIC U, BAREBIAZ < X% H LI U7z 7.5.2 BiodGEE %2 @ H U 72,
BGEDEY a—WZBWTIE, £7, ALEMF28EL, HEBZYOEBPHEINLINET SN
IZU72 BT, EROEBEDEBIEEZTT o 7. FFHULERIZ DOWTIE, RIEDIEEZBIMREWNE 6ot
LB, FMEPBBICEKBEPELRDZEDIZOVWTERPZMA 2., 2EEY 2 —)LIZOWTIE,
T A NI O U O N R Ic Ao, EERHEFAL TV ofz, EREEIZ O WTIE KR
BRI THT, FMODEEFICE ) 2RO AFEE IZH D=

FERE2R 712108 T. HMEEKICOWTRTAS L REEOHEKITWRETO 27%, 2K 2
T LT 21% Ll o7z, EEIGEEH & AT o 72 SEIHE B ISR 5 W THESE T 41, 2KV AT
LT14ATHEN, 1FLALIERAL UTHALMEDRATH Y, HEEIHT 20ENEELEZ 5
D, FREFZ DWW TITHISREEI T DO R D I OB E > TEBRED - TWE A, T 5ITKHA
EMAZZEICEDIEHBEROERBZRS T Z eV TE . 772 LVEIE L U TIIMEEMIE 2 13K
AE LTV,

User Pass DEUZ DWW TIE, HHRBEW CIXEREE CHERATD 31%, 2K AT LT 23% L74->T
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W5, User Pass DI#FE7 71V (FXFA DA<y R OY 1 Xk 58.6kbyte 5> 5 9.2kbyte &
1/6 A NERD, 1iEHBZDDANTFARTIEER LR >TWVWS. THIFRIZIFHEBEOHN
W 727213 Tl <, HIEOE AL D DIRNAT Y THTHIANTEZZ 2R LTWAS, £72%E
KERIZOWTIE, BFEETRLI LD 1T% TH O, REFT7 74 VDY 1 ZIZE 5 TiE 270.5kbyte 7
5 5.1kbyte & BIFIZIRA L TWE. 2KV AT A TIEEIZED > TR WA, H A ADNI Lo
TEY, ATy THERDTELIERHLN LR ST,

EBITIERPZBINT 5 L0 D 2 L IFFEHOFEED — B AT 2 TEBLTHD E WS
Zeitksd., Lhrl, —HEALTLEZE, HEWHT2BICEDRWFERTIHHTES L, %2
HEREHI WX X D BRAE S E S & VWA 5.

76 &

EERLZIEED S H, BRGSO EHFARMOBHD r —AA X T 1+ L LT, HRXH
MITEAZKEBEIZB AV Yy N2EHALUKZ. 3 20MZ < EEMEZ B Tl U, FEHIC & b iR A
SRIRHIFIEHE Z % T B oW ae X e Wo IHH OREE 2 EMf L 72, Z OHEFIOFEE, B
IR OWTE ERGEHANEHATRETH 5 Z L Ao 72,

51T, 3 DDMRRIZH T BEEHE B O LRI Z B L, SEHEBO LKA LB R > THEE
EMABZ &Y, O &SI ERRER %247 Z ILGEHO B BRIR T 2 022 Mt L, ERRICdGE2
[BEIENTE. KETRHRONEZFAZELDDLUTDED THS.

o REZMENTOMBMOMEM, FEPEKMRANICE T 2B OMIC & 0 FEHE S OBA 2
5. o TEBRBPLVGEIZIE, ZTOUoDREE2DRLTEI L THHHEBRDERKZIES T
ZENTEE. FEFMDEOMHHISGEHEE OB %% < §2MHEAIZH 5.

o REZMIZAVDERDOLL L ZMREOSFRMDORIE I 2 & T, FHEBED HEIGE
HI N AREED G < 725, F 72 IRRERLEIR 2 W T —BALRGE AR O I B &M%
WAL Z L CHEREASINIIAEBEZ R T I LN TE S,

o HEADHEIIZL > Tk, ABTOEZMANTET, —MERATEMRL ZARELEMEN, R
BEMEREZRWIZTHEI PEHETERWD, ZHIZEEHLFHTES., 22k,
DIEEZENENT 2 Z L ATHET, AHBRIZ DR S,

CORERIFY —VITIRET 2802 <, —BMEafFo L/ d 2 DITIEXLFATRVWY, 22
THRONEHAEZSEZLTHILIETEDLEATWD. /2, ARTOMGIHRIE, o) L—
RETHETESLDTHY, FFMRT BLIALEL BT 0B, UK U AR 75
KROEAHEE S LEBARETIE, BALEANE SIS TR S 5. WETIR) L —#HET
UL E 57V FHIZ O W TRA &S .
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B8E

BUESTEER 0~ D E IR AR F T D& B
— ATC 7 L — itz

AT CIE AR A I O BB 2 < EE L WS BN flEz 752 BAY Yy F2@EMAL, €
FMALE L OEHFEA T O 7S5 LDERET o7, UL, [EERA28EIC IR I HRBEE 2175 7
TR, BHEHAEZITOH00H 5. ATC ® ATS OF FEENZDONREHTH 5. CEHIEHD
P Z S LTI O &S R BUHEIRIC B EHEEHAMNEHA T E 2 00 R AHETH L. £ T
BUEFI RO CHEHABMEH DO r — A A X T4 £ LT, ATC VAT LB 5B #EE L2 KD 5
TaZIHIIDOVWT B AY Y ROEMZRMTZ. BE, WIE2 FEM U 72 Bk LRIz D W TRk
DIiZRUT=.

8.1 ATC 7L —FHiiROBE

SEDORFDNRTH BT 4 VZN ATC VAT LD T L —FHEIZOWTHNT 5. H6=ETH
U7z & 512, ATC &I EHEDOEFRIRIE TS U THF 2 P BHE LA 25 H o E % HlH 3 515
FREWKETH D, T4 Y20V ATC L IFERIEEICT « VRNVEFHEZHNS Z & TIHHREZ P
L, fillzEET2EDTHE. ZOVATALTIE, MEVATLTEEL TWEZHAREETIIR
<, EITARERAIE £ CTORME (b2 WVIXXKHEOE) 2H LIEEL, H EERENZOEREZ S &
W REEEZFHEL, RIS TT L —FHHZ17S.

JEE /-

(ChEBBT HE
FEETL—%)
wRNE—
1 (CNERBBT HE
] wHIL—%)
A B i
BRAEME FIEGEE

8.1 3D 7L —Fihks
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ZITH6.1ITRIND &S LHEMONE & FREREDOHBGEE 7L —FlifR (T —F % —V)
EIEATWS., ZNEBRNT 2707 T LAaiffibic &> TERL TAS. @HEIZ7 L —FOREHIC
2D, 1 DIEFEMEHTIHEMAT L —F, £5 1 DFEENR LY KEL, AEILT 2 BERN
HEGHEMHATRIET L —FTHS. IOICHAT LV —FH1ERT 20N #ETE LI 7L — FHfE
BRI 7ZDIZFHEETIERARARXR—VIZOVWTHEERS. THROLH8LICRT LO% 3 HEDT
V—FHifrzE 2 5. 2o OBRIIERANX—VEIODEHAAZ—Y, HHNZ—=2 X0 BIEFEN
R =V DREEPEZEND, ZTORBRPHRINTVE Z L BRGEET 5.

BB, FEEEIIHOSEN DD, 1 DIFLATHEIZEZE LR\ DI FIEALE £ TIFIETE
DHEERRIIEIENAR =2, &5 1 DIINIEFE CHIBREE LR H 55612 OHIRDH 2 A8 £ TIZHRH
HTEDEEZRTHIRAZ =2 THEH, TITREMIEL TEIERZ =2 DA ZHS.

ZIZTHFHTREE %2, IFDO LS IZHE L 7Z.

B 1 BUEAE, FILEIARSMENG X SNGEIIZEITFEILTE 2IREEE (BEMEICS T
BIFHNZ — ), WHEE (AKOEHNZ— i), SRl (RkoER 2 —
HE) 2RSS, BFILITREMEZBEATVWLEAREEZ0 LT 5.

ZE4 2 EIMEOITIC AR Z XI5 Z L.

E# 3 FHRICIEEERME (T —F 22RO TLS TV —FNRER2ICM ETORM) 2587
52k,

E2H 4 FFHEEPEHEELLETH Y, BHEENEREEULETHD Z L.

—7, AT ol &7,

HH 1 @ EE % MaxSpeed &9 5.

w9 2 ZEERENE, FERAERE < W ERR < BREERME $5.

B 3 RAEEEEE, JEH R < WA < BWRmEEHE 3 5.

H# 4 BIEALE & HEALE DM IE MaxDist A F &9 5.

5 PO X —E. FHIBGEEITIEFEREELLN & 95, BN — 2 TIEE HRGEE % 5
T5.

¥ 6 T AN TIRARIZIG . THEEZ/NELT5.

B 1~6 272 UDo D8 M 1~4 25729 7077 L2 I 6EKT 5.

82 HmHUODETIME (AFRIXDEY)

7L — RO T F LI 2 BT THEMEL 2. B UL X D 7L — S i R
SHBREEILL . HOTZTORICEDE, HEICFEEH > HEC OB, ABTE, RO
BIRR DB S % 5T

8.2.1 HhRHM

BHHRE L AL DOk MR IR LIZRHR U 2AY, 8.2 I T L — il E
normalspeed (ZB9 T2 M ZD—#%Z /R L7z, distance X, HHT L —F203TH5
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1 MACHINE

2 BrakeSpeed

3 VARIABLES

4 ta, lo, normalspeed, emergencyspeed, warningspeed, distance,
5  INVARIANT

6 ta : NAT & lo : NAT &

7 distance : NAT & normalspeed : SPEED &

8 (ta <= lo => normalspeed = 0) &

9 (ta > 1o => distance <= ta - lo) &
10 emergencyspeed >= normalspeed &

11 normalspeed >= warningspeed ...

12

13 OPERATIONS

14 SetSpeed(tt, 11) =

15 PRE tt : NAT & 11 : NAT

16 THEN

17 ta := tt || lo := 11 ||

18 IF tt <= 11 THEN

19 normalspeed := O || distance := 0 |]...
20 ELSE normalspeed, distance, ... :(

21 distance : NAT & normalspeed : SPEED &
22 (tt <= 11 => normalspeed = 0) &

23 (tt > 11 => distance <= tt - 11) ...)
24 END

25 END;

26

27 sp <-- Normalspeed =

28 sp := normalspeed;

8.2 7L —FilifrD iR

B1ET 25 £ TOMHE, ta 1ZEIETAREAME, Lo ZHAEMEZMS P DOBIERATHRTE2EDTHD,
BEOBRBTHL NATHI L Uiz, FDE ta - Lo lXBEIMEZ CTOEME 50, TNHNEIZE
LZGEIZRFEFEELIENADONLZ WD

ta <= lo => normalspeed = 0
b, ThPEE X
ta > lo => distance <= ta - lo

INHIEFEH1Z2RLTWVWS. FEALLEEFMEO R 217 (10,11 17H) XM 4 1286 d 5. 261
normalspeed : SPEED ® SPEED I 0 #* 5 MaxSpeed £ TOHIEDELTH D, ZhIZ XV FiFEn
JE 7S MaxSpeed £ 720, Hilf) LITXINT 5. £72Z DB TIX distance & normalspeed DBIfRIE
RENTVWIRND, BROBECREFEZROTWS Z L5,

Z Z TZ# normalspeed (X LT, ZDfH%fF5 Normalspeed &\ operation ZEFHK L T\
5. i, ATV MERT BRI S I VI THEERSAY v REERT DD LFHERT, KBRS
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1 MACHINE
2 BrakeSpeed_1
3 REFINES

4 BrakeSpeed
5  VARIABLES

6 ta, lo, normalspeed, distance, ...

7 ABSTRACT_CONSTANTS

8 margin

o  INVARIANT

10 (ta <= lo + margin => normalspeed = 0) &

11 (ta > lo + margin => distance + margin <= ta - lo)...

12
13 OPERATIONS
SetSpeed(tt, 11) =

[
IS

15 PRE tt : NAT & 11 : NAT THEN

16 ta := tt || lo := 11 ||

17 IF tt <= 11 + margin THEN

18 normalspeed := O || distance := 0 |]...
19 ELSE normalspeed, distance, ... :(

20 distance : NAT & normalspeed : SPEED &
21 (tt <= 11 + margin => normalspeed = 0) &
22 (tt > 11 + margin => distance + margin <= tt - 11))
23 END

24 END;

25

26 sp <-- Normalspeed =

27 sp := normalspeed;

8.3 7L —FifEETINDOE 1 OFHb

T operation Zif U CHEMEETE, RELP I b, IhiE, REEETIIMEREEIL 8.3.2 fi
Tt T 2 —TUHDRELZMEL LT UNT 7R ATERVEZDIITI>EDTH S, 7277 LERIC
BEPNIPNO THHER [ = (S]] IFHICEL 4R 5.

7z, A% 557138 SetSpeed & U7z, SIEOIITHATSMEN EMRAPRE .. 2 W THA]
LT d 5. ZZTEHARRAZAY, ZEBALEEMEZ2THZT LOITRALTVWEZ R
5, aEHEBIIKIT 5.

8.2.2 mAIDFHML & FMZEM

AT B HIH) % SRR L DB TRE D IAA TV BN B 2 2 F 83 5. @3 L EEIT
UCTRBzfit, Bt m Fchxs &5 @S E 5. £ 2 CRIfiOHFNICRAQERM (margin)
ZMMA%. ZZTmargin X NAT B & 95, Z DR, MM TI342 LM distance TH o %
DS, RIMEFREEZ INZ 72 distance + margin 2% ta - lo K D/INIWI L2 FERT LI LiZi 5.
83 IZFEMIfLZ /RS, T TEME 2B NI LTS,

TN HIR BRI U CRERIML S 2 i 72 3 Z 2R T BN H 5. 3.2.1 HiTihkA_7z@E D, FIH
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LD FEMALIZBE S 2 AEHE K X [C)-[B]—~J, operation OFEHMIMLIZBIT 2AEHEZIZ (IAJAP) =
(Q N [LI-[K]-J) THASNSH, T I TId opeartion DFEMIALEN: % SetSpeed THEHIT 5. 72
ZUP, QURA—ThH37-0EKTS. KlO-OFMLBEOEBIZ D15 JIXLATD 3 KX
TRIN5.

ta = ta’ A lo = 1o’ A normalspeed = normalspeed’ A distance = distance’ (8.1)
ta' < lo’ 4+ margin = normalspeed’ =0 (8.2)

ta’ > lo’ + margin = distance’ + margin < ta'-lo’

KIZUTD3R2H2TLIIMEERATLIILE2EKRT 5.

ta < lo = normalspeed =0 (8.4)
ta < lo = distance =0 (8.5)
ta > lo = distance < ta-lo (8.6
L iF (8.2),(8.3) &
ta’ < lo' + margin’ = distance’ =0 (8.7)

Zii7T DIl ERATEIZILZ2EET S, 11X (84), (86) XNe4d. £595& [K]-J &
(8.4), (8.5), (8.6) WY LD (0x b, FMALENIZH T2 RARDOEBRRZH729) 2 TOMEIZX
LT (8.1), (8.2), (8.3) (GEMHALATRDERN) PHEIFIZIXEZL W L2 HKT 5. ZORER
(8.4), (8.5), (8.6) Ziifi7= 3 fHDHIZ (8.1), (8.2), (8.3) Z[FIRHIZii7z TMEL(FET 5, DF b ML
BNz BT 2 RARDBEBRAZ W2 T MEOHIZ, FEHLRTROBIRRNZ W7 SEBFET 5, L)
k&7s, AU LICk2ZMzEMEd 505, KR OMPHERIX, £ToO (8.2), (8.3), (8.7) %
7z 34, DF DFMARIZE T SRARDOBEBR 2 TMEIZN LT, (8.1)~(8.6), T74bbEE
ML AT DBIFRA & FEMILATIC 81 D RARDBIGRAZ W72 THEVPFET S5 L 2EKT 5. SW0h
Z5 L, FFHMbEOEEOBERRIC, S ITOM S 2 OEEREITIGT 2 BEVEH L, £\
D7 operation DFEMALEMTH B, 4, FHLITOMEEOEHERFIC, 43 LM bEOHEA
TR G 9 % BT TR .

AL EED S B (8.4), (8.5), (8.6) XLATDEHETHALY S, margin > 012X D (8.2) AKAL
T (8.4) B%, (8.7) DKL T HIE (8.5) BEKILT . (8.6) IZBIL TIE, ta’ > lo’ + margin DOHi
FTIE, (8.3) & margin > 012X VL. £72 ta’ > 10/, ta < lo DHEIFATIX (8.7) IT& D (8.6) D
distance D30 L7506 ZDEGEH KL T 5. £ > TI D operation [ FFEMALEM 2L TW5
Zenand

mB, FHISFEPRLLGEE, FEMARTORFISME P ALY 258 13 LR D Q YKL
TEBEND DLV ERDIND S, BHIGM P AP T 2HFEIZE T, FEM L& O BRI
I LT, ﬁﬁlﬂftﬁﬁ@?ﬁ'ﬁ%%ﬁ%ﬁﬁﬁﬁél LERREIEEV. 72, MIHMLIZBEI U TR SRR 1
ZHRNZIETHY, FERAKIZERAD 2N TES.

#H BB %L\Tuﬂé‘(ﬁﬂﬁhﬁﬁiﬁ’{%témé it PEAIALB R DB EAE RIS U T, & ORTBRE D
BARERPEMET D, BT 075 LOFATRERIBRENZ TNV T) ZLZLBH0TH YD, FHl
LEM 2 S PDIFZ I 8T, ZOFRTRERPEBRIECEASINRMEH T I P RIEEIND.
NHFEMAL B 2 AT A RETH 5.
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# 8.1 FHifbONE

module | FEAMEANE
By ST
FEMME 1 | RIREERE margin ZELAL

FEMIAL 2 | 22 EREZE A (delay/36000). & 5IZ distance ZIEH, HH, LT L — i

5

e_distance, n_distance, w_distance (24

distance = e_distance & e_distance <= n_distance & n_distance <= w_distance
FEMIME 3 | delay % 70 2T LAMUHEEM interval & 7 L — FiliiRE 0I5 i bdelay_e, bdelay_n,
bdelay w IZFEZ#Z. (delay = interval + bdelay_e &

bdelay_e <= bdelay_n & bdelay_n <= bdelay_w) (#l#2)

margin #FEH, #WH, LWARMW nargin_e, margin_n, margin_w (25 Hf.

(margin = margin_e & margin_e <= margin_n & margin_n <= margin_w) (¥ 3)
b4 | ta - lo = loc & EEHZ.

AL 5 | B KEAEfEZ MaxDist ¥ U, loc LHERT/INIWEE loc2 L&, (HlfI4)

FHM{t 6 | e_distance, n_distance, w_distance % Distance.mch ORI A distance_e,
distance_n Tadik. (il 5)

###H{t. 7 | emergencyspeed,normalspeed,warningspeed % max BI#U% {# - TFlik.

not(loc2 <= margin_n) => normalspeed = max({sp | sp : SPEED &

sp * (interval + bdelay_n)/36000 + distance_n(sp,grad) <= loc2 - margin_n}))
#£Mift. 8 | EmergencySpeed, NormalSpeed, WarningSpeed D —¥{bfVA%Z S .

Fedk k%, FEPRITIL CalBrakeSpeed IZ5| <.

8.2.3 LR

RIZEME 3 2BET S, TV—F 2T HEOTE TV —FPER2IH < £ TORM (24EKRM)
Wh DD, TOMIZESEM (ZEHM) 2585, 2ERMHEZ t1 LT HHTL—F
D7 LR IE normalspeed * ti TH Y, E1F TOHHEILX distance + normalspeed * ti +
margin &745. THUZKDEMH IRV IAENS. EERITIE ti 1K 8.1 DMk 21T R L= LD
IZ delay/36000 THRELL TW5. 36000 DEKIZDOWTIEFEIRT 5.

TP SIZFMbE T30 5. RIICEBITT o 2ff b 2 m Uiz, £ 37581 & OBIERH
delay & 712 7 L O A interval & EFRDILERH bdelay n [T L7z, T Z TInEN
FHZDWTIRIEE 7L —F 203 2 B % bdelay_e & LT, HH 7L —F12XT 50
bdelay n l3ZN LD HRKEVWELDE L7z, DX D delay <= interval + bdelay_n & L T\5.
L DFHRI2 PEAINT WD, 2TV —F XV BORMEMZ Z2DIITCEATLIL
THIF 3 Z#EALTZ. £72ta - lo % loc LEZHZ /=,

SHIHEEEORINZMA %, HEHEE O EOHFIFARIZIL 0 225 oo TH DA, 16bit LK
DEZEELS & 91X, 0~65535 (&5 EBBDEEIE 32767 £T) 725, ZNTH m Bl T
65km (721 32km) % CTEBITE 27O FEMMITIZMEIZ AL WA, HEREE O R AIE% MaxDist
LT BN E TS, loc ¥ MaxDist AN DB EIXED E £ Dff, loc #' MaxDist A 255121
MaxDist % loc2 & L7z. ZHUTK D4 ZBAL DA FHMILS TH 5.

X 8.2 DEMETITHALIZ DOVWTIRO T WD o720, FEMLT 2 CTHALZIREL TS, £F
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LT REIEREC R DWW TIIAMNBR L 56N DTH B M, TOHAITm & Lz, Thid
EBBIZEZONDIEEN m BN THhE7-HOTh5S. Atz LTk 3fidiEi <, 1km 22
2HEITIE 10m AL LTH KW0A, 22 m TR — U7z, #EFFHEAERE L TRELZEDTH
v, H#IZHIZI13 km/h AT TERI NS DY, 360km/h=100m/s £ COHIPFTHHIZEL 2L EDEL)
Bvw 3Med 5720, ¥Ai%0.1km/h & U7z, 228 R0 MLEEE 72 & 0 R 0 BAT I EBR DAL
HTEHRLPTWVED ms & U7z, BAPRENVEZNITR U CTHBERE LD > TL 5. HIZIEHE
vx0.1km/h, ZZERH ¢;ms & U7z & & 0% EHHE (m) 13 v/10x1000/3600 % t; /1000 = v-t; /36000
ERBEING. ZNDHFHED 36000 DEKTH 5. FEHRE U TUTORMENSINAZZ 5.

40 7 BEBED WA IE m AT B
% 8 FEAEEIZ 0.1km /b AL L T 3.
140 9 ZE R DT ms B TE X 5.

BRI A I NI OMEBIZ—EDMERE 5. ZhRRE->TWBONHMIL6 THY, *
DFFDHIFII

((Loc2 <= margin_n) => normalspeed = 0) &
(not(loc2 <= margin_n) =>
normalspeed * (interval + bdelay_n) / 36000 + distance_n(normalspeed,grad)

<= loc2 - margin_n)

TH5. Z I T distance_n |& Distance & W JI O REMICE R I NS HEBEB DL T
normalspeed X A il & KT grad IZKF L THAZEDL D Z L 2 FHIKL TW5. distance_n DRE
FIZOWTIX 84 HiTHAAT 5.

LR E WD BIRTIEZ OFMIME 6 OFIFI A 72 X 3 5 FHIBUZ HFR AN E X+ 72A%, FEREITIER
ZRLEREVHEDFE L. £2°C, 6flifb 6 Oflf 27~ MOR DR AMEZ, 7k 7128
% normalspeed Df & U7z, FHffifb 7 2X 8.4 1Z/Rd. ZZTIEHHN S RAEAINTWS. 7z,
Normalspeed Tl¥, loc2 <= margin_n O#i#Tl¥ normalspeed = 0 TH 572, 0 ZBEHEHEH
LTW5,

SetSpeed MH1 M ANY xx WHERE..THEN..END |3FEIREMEINTH D, WHERE LA F &7 7 xx %
FA\WT THEN IBEDORAZITOHDTHS. F72, SetSpeed DFIFN 3 D> TWVWEH, B A
Y v N TI% operation D AT D2 FHMILTEZX SNBRNWTed, TDXSITHEER L THAEI,
MEBWIZ E TIHhDIF > TEET 248DV HSD. T ZTHAIN TS GRAD A2 RTHEAT
»Hb. £T-, AllZHEFHT 2L grad S I1DIF->TEHL 7.

#F#iAt 8 TlZ normalspeed DEARAZ > TRAX DAL ZEESHA, K852/ TS, ZD
I 52 C normalspeed &\ D B ZHHETIZ, FHRVMEFSNT VWS, £ I T SetSpeed IZHWVWTH
normalspeed ZffifH L mWE & L7z,
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1 REFINEMENT

2 BrakeSpeed_7
3 REFINES

4 BrakeSpeed_6
5  VARIABLES

6 loc2, grad, normalspeed,

7 INVARIANT

8 ((loc2 <= margin_n) => normalspeed = 0) &

9 (not(loc2 <= margin_n) =>

10 normalspeed = max({sp | sp : SPEED &

11 sp * (interval + bdelay_n)/36000 + distance_n(sp, grad) <= loc2 - margin_n})) & ...

12

13 OPERATIONS

14 SetSpeed(tt, 11, gg) =

15 PRE tt : NAT & 11 : NAT & gg : GRAD THEN

16 grad := gg ||
17 IF tt < 11 THEN
18 loc2 := 0 || normalspeed := 0 ||
19 ELSE
20 ANY xx WHERE xx : NAT &
21 (tt - 11 <= MaxDist => xx = tt - 11) &
22 (not(tt - 11 <= MaxDist) => xx = MaxDist)
23 THEN
24 loc2 := xx ||
25 IF xx <= margin_n THEN normalspeed := 0O
26 ELSE normalspeed := max({sp | sp : SPEED &
27 sp * (interval + bdelay_n)/36000 + distance_n(sp, gg) <= xx - margin_n})
28 END
29 END
30 END
31 END;
32
33 sp <-- Normalspeed =
34 IF loc2 <= margin_n THEN sp := 0
35 ELSE sp := normalspeed
36 END;
8.4 FFML 7T IZB I BARELM L operation
8.24 =R%

BAREEOMARRTH 2FEETIE, TNETOBRBOERZR /3T TV TV XLDEBBERI N
5. ZOT7 NIV XL TEEFEESE SN, §id U728 0 ik EAL OIS & CatfifbZa %2 X
MDIEDZ L2 D, FBEITEASI NI 2§72 T EBIEOM DTN TE 5.

7, ZOFFEEOIREZIT oGS, MOEY 2 — AR5 ZDEYVa—VEMHTZEES
ik, MR TR L 2R GZTIPRZ, BPTHEAINZHMAFENRA LW, 22T
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1 REFINEMENT

2 BrakeSpeed_8
3 REFINES

4 BrakeSpeed_7
5  VARIABLES

6 loc2, grad

s  OPERATIONS
9 SetSpeed(tt, 11, gg) ==
10 PRE tt : NAT & gg : GRAD & 11 : NAT

11 THEN

12 grad := gg ||

13 IF tt < 11 THEN loc2 := 0

14 ELSIF tt - 11 <= MaxDist

15 THEN loc2 := tt - 11

16 ELSE loc2 := MaxDist END
17 END;

18

19 sp <-— Normalspeed =

20 IF loc2 <= margin_n THEN sp := 0

21 ELSE

22 sp := max({spl | spl : SPEED &

23 spl * (interval + bdelay_n) / 36000 + distance_n(spl, grad) <= loc2 - margin_n})
24 END;

X 8.5 #fi{k 8 IZH 1) 5 operation

CDETILIFEEICEBARZ XS ICEHBRANRE 2L TAT-HKTL, o4 2FMIE
YTy CalBrakeSpeed EEZLTITO>Z e U7, K86 I1Z/mT. SetSpeed (ZBIL Tk, &
DEETIFIFEEITEVWETH Y, FAERii 2MALEZREZREIFELEAEED> TR,
—7, Normalspeed Tl% CalBrakeSpeed (I % & 417z, Normal_Speed &\ operation % i\
2LVWIRIELIRSTWVD. BN 220550, ZHIXEFIMEE COREMEAMRE RS, £/
cmargin_n [XEHA 7LV —FIZBT 2 RMBEMTDH D, CalBrakeSpeed IZEHZEINTWVIEMTH
%. CalBrakeSpeed DEZRIZDWVWTIKIRHITHZASD, ZTOERIZDOVTIEINEFTODEY a—)b
ERINIAMEHT-THEND 5.

ZITREEL VWL TH, MIOEYVa—IVEANWDEWSRETH Y, BMENRFHETLVIY XL

FEEIN TV, EEITDOWTIKIREITO CalBrakeSpeed DEHRDHTHEML TWL.

8.2.5 EIEARMFDLER & A

BRI BN S NAEEB OB E £ 82 ITF &7z, FERIZHWT 100~300 DFEIHER
PERINTWED, ZDOSHREDFAY, 20 X F X OLSLEAEHEE T, EEEOIEHIIEE
WRBELINDRMA1IEUATTHS. IS KGRI I D HEI TR L2, XEEMIZEE L
20T HRENRH L. FAEHFEEPBELLDD S b HBTIEH S Nz (ROBEBEEHOR) D26 F
METH o7z, FREFETIEASRIC X 2FEHZT > BB ATW2DONHZEI <A, TN THHER
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1 IMPLEMENTATION
2 BrakeSpeed_9

3 REFINES

4 BrakeSpeed_8
5 IMPORTS

6 CalBrakeSpeed

7 CONCRETE_VARIABLES
8 loc2, grad
o PROPERTIES

10 interval = c_interval & margin_n = cmargin_n &

11 bdelay_n = delay_n & ...

12

13 OPERATIONS

14 SetSpeed(tt, 11, gg) =
15 VAR ii IN

16 grad := gg; ii := tt - 11;

17 IF ii < O THEN loc2 := 0

18 ELSIF ii <= MaxDist THEN loc2 := ii
19 ELSE loc2 := MaxDist END

20 END;

21

22 sp <-- Normalspeed =

23 IF loc2 <= cmargin_n THEN sp := 0

24 ELSE sp <-- Normal_Speed(loc2, grad)

25 END;

8.6 1 EMD T L —FilifRGIE DI

ETHoT-.
¥, Z DR TlE CalBrakeSpeed X Distance MWFHEHEINT WA, B 1~4 2z $T5H
l% CalBrakeSpeed *> Distance WEEINTHIO TEBIAREL 12 5.

83 BETIE GTE7ZILTY) XLDRE)

FEIIZCBEVWTHEBRRARRKRE 57207, RIZEBROFEEL2TS. 22T, BR{2 70774
I—RDA A —=JITIEWRIZEBL T L.

8.3.1 HIRHEM DR

Sk CalBrakeSpeed DfLkk% X 8.7 IZ/RF. BrakeSpeed DFfffilfk TITERE 2 EXA 727, &
P oFMRERPTELDOTHNE, TINPS6AX—FLTHEW. 2TITH Distance £\
S M DR EEM % include U, ZDOH® distance_n &\ BEBMOMKZEHEZFIHL TS, %
DEHZK 88 IT/RTH, FMIZDOWTIE 84 fiTHIAT 5. Z Z Tl Distance % prefix 7 L
THELTWSo), Loz idew. ZoBBILEE, Aoy LT, &M 253
%R UTW5. BrakeSpeed Tld distance & HAMIZHAB L L TW2AhY, D distance_n &
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#8.2 H1ERIIHBIIBIHABEL DK

module 2k B HEREEH FEEEH
SR | 145 137 6 2
FEAEAL 1 116 105 7 4
k2 | 101 95 3 3
3 | 133 113 13 7
FEIAb 4 | 199 172 10 17
ks | 180 141 17 22
e | 121 107 10 4
AT | 269 238 23

FEME S | 107 86 8 13
F4E 177 111 52 14
&t 1548 1305 149 94

1 MACHINE
2 CalBrakeSpeed
3 VARIABLES

4 normal_speed, ‘**
5  INCLUDES
6 Distance

7 INVARIANT
8 normal_speed : LOCATION --> (GRAD --> SPEED) &

9 ! (1ocO, gr).(locO : LOCATION & gr : GRAD =>

10 (locO <= cmargin_n => normal_speed(loc0)(gr) = 0) &

11 (not (locO <= cmargin_n) =>

12 normal_speed(loc0) (gr) = max({sp | sp : SPEED &

13 sp * (c_interval + delay_n)/36000 + distance_n(sp, gr) <= locO - cmargin_n}))) &...

14

15 OPERATIONS

16 sp <-- Normal_Speed(locO, gr) =
17 PRE locO : LOCATION & gr : GRAD
18 THEN

19 sp := normal_speed(locO) (gr)
20 END;

8.7 52 BT L — F i SbE 7

LOCATION * GRAD —--> NAT DERZHFD 2 DDOF[HEHNAEE (2 YL TEHELTWVWS., &
DEBIZODWTEHERRNIZIIEET AZ2HEND D, EBRIZIIEED 2 |IZHHITEZ 12050, %
DEZHIZ 841 HiTE X 5. 728, LOCATION IXFEILfiEE TONMEZ RTELSTH 5.
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1 MACHINE

2 Distance

3 VARIABLES

4 distance_n, ...

5  INVARIANT
6 distance_n : SPEED * (0..(MaxSpeed * MaxSpeed)) &

7 lgr.(gr : GRAD => distance_n(0, gr) = 0) &

8 ! (spl, sp2, gr).(spl : SPEED & sp2 : SPEED & gr : GRAD =>

9 (spl >= sp2 => (distance_n(spl, gr) >= distance_n(sp2, gr)))) &
10 ! (sp, grl, gr2).(sp : SPEED & grl: GRAD & gr2 : GRAD =>

11 (grl >= gr2 => (distance_n(sp, grl) >= distance_(sp, gr2))))

12

13 OPERATIONS

14 dn <-- NormalDistance(sp, gr) =
15 PRE sp : SPEED & gr : GRAD

16 THEN

17 dn := distance_n(sp, gr)

18 END;

8.8 (ZiLERHEERI A & E &I B MGk

8.3.2 EEEMEDFEM Q2 9BRRICLZT7ILTI L)

ZOARKIZOVWTH, FMfb 2R THEEERBICES. FHlfb T, 28T 2HF0EME THh
3", operation @ Normal_Speed ® normal_speed % [ 8.7 ® max(..) (Z#E SHZ HREEDO LK%
otz EEEBIIS VTR OAMAN I NE T 3D 2 Bins, REBRECHHATE LA
BIERERDATHD. T0T7 T MBI AR HIR S W TE Y, B0 S5 & FE
nsBOY 7ty MMEHING. BAREICIEZLEIEETY, bool 1Y, FIZERDEL MEHTE &
V. BB 8.6 I2D2WVWTH, BOSREICH o TWA. BLFIE B0 SFEIZEENRWVWA, 1REE LU 2
WOLDEINZBET 254 77 VBRI N TED, ZhICKVliIAMETHD. BEERIEFHET S
Bied, BlARBUCE#T 20T H 5.

ZIT, RADHZERDLGERYE, WADEERIINZT 71 AT 5 720I1T13# 0 R UEE A S
LLigsd, BAVY FIZBWTIE, #OEUEEZITS 2012, while V=72 nTns. 7
B, for V—FIZHY T 2 RBUIRBFE I N7z, #0E LI Z D while V— 7ORBIZ &L 2
L7, MEXUIBTOEED Lo TV,

WHILE P DO S INVARIANT I VARIANT V END
I T, V=718 548N (BMEROMPHEOHHOES2&0) 2ddkd 5. vV TIE
N— TEITHIEDT B EEHA (variant) 2 E€#T 5. T3V — TEFHBERL— T IZHS I
BT TBZERITATEEDIIHRETHS. V—TEHOULRIIN—TONTEZSE. ZOREX
IRUT, mSEARMSE, T2bbHENETREREMFIIATTERA N5 [3)].
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AN

Vo - (IANP=[S]])A

Vo (I= VeN)A

Vz - (IANP=[n:= V]|[S|(V < n))

1 47 H & invariant 283295 2 &, 247HIE P BT 254101, V—TNT—BRIERA S 25
17U T%H invariant BMEKRE UTHRLT A Z & 2 EKT 5. 3 17HIX variant AEHRBTHH Z L %
R, BREOATHIEZV <nd V 2 SICLX-oTEMHRL, TOHnE2HLD V TEESHIZZ L
o, SEFBEDOV RNWATEZILEZERLTWS., Ko>T P AR UK A[IE V 2554 LT
WA, N%Z0XDNEKIETERVDT, ZOHNI P BRI ERDBENH D, FHIZL DU
BT T2I L2 RITEDS. RPEFIRMEVPR O TEEEREREIBONE Z LIZRED, 0
FERIZDOWTIIARERMEZT T HEDVDH 5.

B AV Y FOHMTH 5 B-Book[3] IZIdkk4 727 )L T X LDFBHINRET TS, mbH
M7V TVZXLE0 P58 TE 129D EIFCVE, FAH#IFAZBEAZOV—-T2BHTEE 0D
LEDTHD. LU, ZOHBEIIEROENPKRELRE LEDRUBKMEZ, EHMNTIERY. Z
Zxt U B-Book Tl 2 A BBEEMNHMINT V5.

M 89 IZA5RMEMLAZT VIV ALERT. ZhiE 2 SBEREISHLTWS. #il 2 1X1H
DHiBH % 0~255 29 5. I/ME% 11 = 0, i KfE% hh =255 2 L, ZTOHRIETH 3
(11 + 1 + hh) / 2 = 128 DIEDOKFIZ T L —FHIFEDPFRI NI NE S 12 fRD. B UHAZ
N57%56 11 = 128 £ LT 128~255 D], #FARINRVARSHIThh + 1 = 1282 L TO~127T D
AN ERHEPFHEZ/NS L, TOICHEEL TP, BI&KMIZIZ 11 = hh 2745, 11 54 %52 L
hh + 1 = 11 + 1 M2 IR0 5 11 BERKEE 2 5.

Z ZTvariant % hh - 11 & UTEIHE, 11 := sp 2FE T TUE 11 2K EL 4D, hh := sp
EEGTNIER AN KR 05, ZOMEIKBADTE. ERIZIEEY b A=Y TEAEY 25
EEMHEEIEDILITRE0N6, V—T7OETFEBUIEOHIFZ 2 #ERFL L 2ROy M.
7B, 4THIZBWVWT VAR THE->TWEH, ZIZTHEAMEROERE2T>TWb. ZORAMERK
DRI DRARHIRET 5.

ZOTNVITY) ALTHRKNEVFOND Z L DEHOMIEEZ 52 5. 22T, K89 DAZELRMAED
5511 LU, hh + 1 ESHWWVWES {sp1 | ..} 2X &5 . 11D XIZEENTWVWENHS,
max(X) <= 11. ZZT1l1 P max(X) THWVWEL T3 &, max(X) <= 11 + 1 &5, EIADXD
EHEDD L, REXDLELD spl ([ZB LU TR L 2> TWEH 5, max(X) AFOEIRXHIZX D
FWHETHA. £72hh + 1 =11 + 1 THSHHh 5, hh + 1 F X DOERL RS RITNIER SRV,
IDZlidhh + 1 OFRLEEZNZIBROPROFETS. T4l 11 7Y max(X) THWE U7 KE
Do TVWBZHDTHY, £o>T1l = maxX) &5, ZOHHIXEBICIIHBRTETIETH 5.

V—TOFBIFIZ 11 X IZEENZDIE, 0 XX IZEENEHNST, hh + 1 X IZEENR
WD, ZODH[IZ hh := MaxSpeed & \WI A% To7272®IZ hh + 1 DfHA MaxSpeed + 1 & 74
E05TH5. iz, ZOHITIIHMAZLE distance_n RSN B DY, ZD X 512 while L —TD
INVARIANT W CIZHIRZEBAMHHTE 5. FEBITIZZ DfEIX ii <-- NormalDistance & EHh T
W5 & ZAT, operation FUFH LIZ X DEFL TV 5.
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1 sp <-- Normal_Speed(locO, gr) =
2 IF locO <= cmargin_n THEN sp := 0

3 ELSE

4 VAR 11, hh, ii IN

5 11 := 0; hh := MaxSpeed; ii := 0; sp := 0;

6 WHILE 11 /= hh DO

7 sp := (11 + 1 + hh) / 2; ii := O;

8 ii <-- NormalDistance(sp, gr);

9 ii := sp * (c_interval + delay_n) / 36000 + ii - locO + cmargin_n;
10 IF ii <= 0 THEN 11 := sp

11 ELSE sp := sp - 1; hh := sp END

12 INVARIANT

13 ii : INT & 11 : 1..MaxSpeed &

14 hh : 1..MaxSpeed & sp : 11..hh &

15 11 : {spl | spl : 1..MaxSpeed &

16 spl * (c_interval + delay_n)/36000 + distance_n(spl, gr) <= locO - cmargin_n} &
17 (hh + 1) /: {spl | spl : 1..MaxSpeed &

18 spl * (c_interval + delay_n)/36000 + distance_n(spl, gr) <= locO - cmargin_n}
19 VARIANT

20 hh - 11

21 END

22 END

23 END;

8.9 7L —FlifEtE DI

72, HE TV —FHE emergency_speed, HH 7 L — F HE normal_speed, %L iRk JE
warning_speed DH]iZ

emergency_speed >= normal_speed

normal_speed >= warning_speed

DR D LD Z EDE: 4 THERINT W22, ZOBERIEZZENTND max B CTERE S NWNILFEH
T&%. emergency_speed = max(A), normal_speed = max(B), warning_speed = max(C) O
BEIC, BOERPHIZAZEEN, COERPHIZBIIEEND I &2 mEidLV. B OEENH
AZEEFNNIE max(B) WA IZEENSDT, max(A) >= max(B) THDH I L ZmRE5.

8.3.3 GIHH

CalBrakeSpeed (ZDW T HItHEK 2 R TS 5 Z LA TE . HED St %2 5 2 5 BHD
EZN > TVEH, BBOEHET A max BHE while V=725 2% 2 0 EREHS Z 21T &
DEREPERTES. Z0ZkiE, BROEHRIIBWTEILZ TOETHBENEED 2 FIZHHIT 5
BniE, FHEAERD 2 M OAFER 2 TMEE 20, FAREZGOHEEAZEMI RO SNDE Z L
ZRUTWS. SEIFYTEE S RWD, B3R A0BBOERIZLD, X0 EELBUEEENT
EHZEHRLTWVA.
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# 83 H2BMBIIBIIIHPEKDOK

module | /& BB HEEEH  FEFEH
EE ST 70 56 3 11
FEfIfE 1 | 103 96 6 1
FEAAE 2 59 54 1 4
et 346 109 141 96
&t 578 315 151 112

Z Z T CalBrakeSpeed Difffifbid 3 Bt & o728, &KFFM L IZER I NZFEHEB OB % £
83 IZF . miLDFMML (%) DIHEHEOBN L, NEENFEHOBEL W L2bns.
FERHE B O BAK 2 B 2 F] X5 &, while V— 71 5 & T A TREHEB VL ZERELTWEZ
LR bohot. TOBEREZFHNS.

INVARIANT Criid X5 ii : INT® sp : 11..hh & WOl %E, N — TEITHIZHERT 25
ERHDEIENTOHBED 1 D2THE. ZITL—TORELMEIT6 XHD. BhrD, L—TDh
TERMEDEEF>TED, ZOREETENETNMEREZITI O THMIZ 1 DDV —THIZ6x2 =12
DFFHEBE N B EIZ R 5.

SO BEBRN M2 2 EBEZLDH L. HlziEsp := (11 + 1 + hh) / 22 WSRADDH B,
ZHIZXLT, sp: 11..hh TH BT &, TS5 (11 + 1 + hh) / 2 >= 11 7D (11 + 1 +
hh) / 2 <= hh 2R THBELRH L. ZONRAZIT, 3 O0HHBEEVERIND. 205 BH%
£ (11 + 1 + hh) / 2 >= 11 23T AIZE hh + 1 >= 11 2728, 11 + 1 + hh >= 2 *
11 AWREADT, Wil% 2 TEHNIE I WD, ZofoXsHEcIRERIAWL, RED 2T
HEEREMBETHD. AERZHD L THIMEERI S RN E R >TWVW5.

D% D, while V=T DAL IV —TREZMIZ X DEHEBOERBNL b Z e ninrot:.

834 F&o

B2 oNzHENSEILE TOETH#MZ 52 2882 EHZTNE, TOMORBIHSEE2EEL
T ETHRINGEEZBEHTESLZ L ZHHLZ. X512 max B8 E while V=7 2HWSZ &
RO FENEFEIETEAREMHT S LS RFHETH-TH, BAY Y FIZHEHAETHEZ L
U7z,

— T while V— 7 & THMEHEZITS &, V—TAELMERER T Z 212 & 0 AFHEB Y
ZBZeb ol 20HRENTD I LIZX D EMANRELENARETH DD, —HTRERMEN
2570, MHOFMARZ 5. FEHZMBHICT 572002, while b— 7 OHIfH% B, SRS
RE(T2IE, IR DY, SJEMRIES L. U652 &IRT 2 0E2—F 0Nz 5
D, BRIZEXVEZFRETIEMVATLATHNL, 2 90BRE2BRES 2BV EEZ LN,
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1 REFINEMENT

2 Distance_1
3 REFINES
4 Distance

5  CONSTANTS

6 N_decl, E_decl

7 VARIABLES

8 distance_n, distance_e

o  INVARIANT

10 distance_n = SPEED * GRAD --> 0..MaxDist &

11 ! (sp, gr).(sp : SPEED & gr : GRAD =>

12 distance_n(sp, gr) = sp * sp / (N_decl * 72 - gr * 72 * Grl / Gr2))
13

14 INITIALISATION

15 distance_n(sp, gr) := %(sp, gr).

16 (sp : SPEED & gr :GRAD | sp * sp / (N_decl * 72 - gr * 72 *x Grl / Gr2))
17

18 OPERATIONS

19 dn <-- NormalDistance(sp, gr) =
20 PRE sp : SPEED & gr : GRAD

21 THEN

22 dn := distance_n(sp, gr)

23 END;

8.10 {5 ik EREERI B DML

8.4 MBI ODREE

8.2, 8.3 filzB VT distance_n &\ 5 BB DAL L NormalDistance &\ 5 operation
WHTE7Z, N0V THREMLIC R VREZ SR L BENDH 5.

8.2 i BrakeSpeed TlL, /NT A — X % E T % operation & FHHAER %142 operation % il
UM, EHMIZIEEHE UTERINTWAEZARMHHALRT WD, 2606 IFHEERTERL
72, WS OBRIEX 8.8 ITRINT WS, NWIEMRE TV Z2EKT 5. spl >= sp2 DHEHIC
distance_n(spl, gr) >= distance_n(sp2, gr) £\5 Z &IFHENEH VT E, (FIEEHIE <
BB LERLUTWVWD, £72IRD grl >= gr2 X A FAEAATH 21FE (T —F28H»
BNDT) FILFHARS B2 2R LTEY, ZITHIK 6 B EAIN, 2TOHKIEAZX
nNdZrizisd. ZUT, %135 operation & LT, NormalDistance ZE#EL TWVW5D, ZD
operation DFEEM, ZNFEFTOHIET/-T I 2 ERINS.

8.4.1 FFMLICHITBER

BB O E 1 DM LIE, 810D XS IIzZR U=, #WHMLOEFRTHWT WS % 1XT A
XADBETHDH, ZTHIZLD distance_n Z BARNRERICE VML L2 &2k 5,. B 5
A, BiEEA5 23, INVARIANT 2772365 DE UTCEHRT A I L LU HETH 2, HRM I
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1 dn <-- NormalDistance(sp, gr) =

2 VAR yy IN

3 IF gr < O THEN yy := 0

4 ELSE yy := gr * 72 * Grl / Gr2 END;
5 IF yy < N_decl * 72 THEN

6 dn := sp * sp / (N_decl * 72 - yy)
7 ELSE

8 dn := MaxSpeed * MaxSpeed

9 END

10 END;

8.11 ({5 ikEREfEH R D%

FTIT, MREEKEEZEZD2HENPHTL . £/ N_decl, E_decl IFHHT LV —F, R T L —
FOWHEETH 5.

AEATREME SR PP KA T 5. OEE IXERO TV — X 0h ) BE 2 BERHIES 5 DT
7, MEEICH L TES2ER L CRBEZ R ETEET 5. EEROBEEIZHENEL R B0
NTRNEL 72BN, I TREEOZD—EH o &5, UL v OBEOETHRIX v2/2a & 7%
50, B RENH T2 FRET 208D H 5. include /oD BrakeSpeed TIIEFTHEMEIL m HAL, &H
1% 0.1km/h B TH Y, ZZTHFAMKE TS, FHETIERE (km/h) 20&E (m/s) 1CHET 5
T2/ dH, 1km/h = 10/36 m/s & D &t 2 =10/36 2R/ L D2HDE T 5.

W IEH B km/h/s TH Y, 0.1km/h/s BATHEEI NS, FHG Iz BET 5. #HE
vx0.1km/h %5 Bx0.1km/h/s THE U 7225E O EITEEEE (vr/10)%/2(82/10) = v22/(2-108) =
v2/728 THZAONE. BHEIEHD 72 A 8.10 (ICHNT WS, BHEEOEMB TN 2HTH S/
O, EROGHEFH 2HBELRED, AT ODVWTIHEEREDRBTHAN—T 5.

Frz, ARIEFE S— IV (%, 1/1000) BATHZ S, L0 AR TIIEEENKE 250
02325, TOAMTIFWEIZRHZ AT EANZHO S, Al ZFHEEIZT)IEIE2DITHE
MR ETHD. TOOOBALIE, 2 D0EHEH, Grl/Gr2 O TEH A 5. EIMNHE
FED 9.80Tm/s? TH B0 5, Zh%E km/h/s & T 5841E 9.807sin0(m/s?)~ 9.8070(m/s?) =
9.807 x /1000 x 3600/1000(km/h/s) = 35.31 6/1000(km/h/s). Tt % 10 5L 7zfiL T 5728
Grl = 353, Gr2 = 1000 & U7z. 7z72L, HEiiOJHEED S ERAMOHE 25 < LHEENED 5.
BIZIE 5 %o & U7354 5x353/1000=1715/1000 TH 555 0.1m/s? UK E e\, £ 2 TR
HEIZREUDMET2 2RO THS 1000 TEHDZ 2 Uiz, 1 %R LT 353 x 72/1000 = 25.416
DD BEEED S, 0.1km/h iZ6 LT 72 2563 2EE L D B RBEEFOZ IR 5.

FEREUTUTRD 2 23l & LTl s Z &It 5.

H# 10 JEE L 0.1km/h/s AT TH X 5.
H% 11 WIS —IVEME L, EDARIX0 &9 5.

BB, ZITHALEZT LA XNIZEEERBTIXHE W, UL distance_n IZHIREHTH Y,
MO TEEINNIEI ., DFED, sp *x sp / (Ndecl * 72 - gr * 72 * Grl / Gr2) »*dn
DEL LU TGRENNIZEI VD TH Y, distance_n TDELEDIFEREINDZHENR W, TI T, FE&
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#* 8.4 (I EEHIIBE R B 2 REIE B DR

module | & HW BEEH  FEEEH
EHEY ST 35 34 1 0
FEAEAL 1 34 14 6 14
FI 176 41 99 36

B 8.11 d &K S iZFdik U 7z,

8.4.2 FEFAEFIDH

ZOEYa—)IVTOHFHEEOIIR 8.4 DD T, while V=T ZHWTWRWIZIHMEDL S THE
LB TORIAEB OB L\, 7T HOEBXFE O < OHITIE, BESITIZL D FEHEBEIK
BIZERINT WD, 2 TREUERIREOHD THEMWICE K DIEHEB P ER I N TWEZ. Zh
BB FH R ORE R AL R DR (RIS TIX 32bit) OHEPAIZH 5 Z & &2 ZDHEHR L TWE T
DTHD. FIZILFFERER x 5 32bit BB TH S22, x : INTEGER (JEEDEHES), x >=
-2147483647, x <= 2147483647 O 3 D& R T2 HEMNH 5. X 61T, FHEFBEPIZEALTEZD
HEZD 3 DOXMENZEI N Z L 2R LTV,

AEHEBE P RRICHEAET 24l LTRI8I11LIZBIT 5

dn := sp * sp / (N_decl * 72 - yy)

EWVWSXERTAS. ZOHLD yy %

yy = gr * 72 *x Grl / Gr2 = gr * 72 x 353/1000
TESHX -

sp * sp / (N_decl * 72 - gr * 72 * 353/1000)

IZOWTBFDENENT 3 DDEMEDHERNRBETH 5.

(1) sp * sp / (N.decl * 72 - gr * 72 * 353/1000)
(2) sp * sp

(3) sp

(4) N.decl * 72 - gr * 72 * 353/1000

(5) N_decl * 72

(6) N_decl

(7) gr * 72 * 353/1000

(8) gr * 72 * 353

(9) gr

IO HRED 0 TRVBEDLD S5 not(Ndecl * 72 - gr * 72 * 353/1000 = 0) % HEqR
LTHED, ZO1FOHERLITITIXxI+1 =28 LOEHBEEVERINS. 7272 LEIERIET
HBHI e, FEREAH INTEGER * INTEGER +-> INTEGER D% FfD 2 B 7 (oK) T
HBHZEns, AHIXESTHY, EEMIEZINNS 90720 19 OFFHBIBEL RS, T O



8.5 HE 127

ZDOWTIED BREGENIZGEAT 2 88D 5. a,b BWEHEMD L E, a <= b BRI NAV
Ex <= aPbx <= bZHBTIFEHTERVWEAENZ WO THSE. ZOLS LRmEZUHT 5
arithmetic prover & 2%, HEMLOHIZHAAENT VR WD, WFENIZHE T 2 BE D 5.

E72, sp * sp & 32bit B LT 5720, sp Dffix 16bit B & T L2HENDH 5 (EMEIZIX
2155 = 327682 X CRHFAING). ZD LT, AEOBETHIIZARZH VI HAR S
BORPFANZDONEL 125 ZLICEEVBETH L. 20O LD R HFIS SRR O BB T3 & iz
WA, EEBBIIBVWTHING 20D, MEHREEICETI»DIFE> THEOHMEERZL LB T4
WD 5. D D EOHPHIZRY DB TOMY)RBRENBETH 5.

IZHREDD D LIEHPHL < s, HIAIX LG (7) O gr * 72 x 353/1000 %' 32bit %K
THhdIL%ERTITIE, gr * 72 * 353/1000 Aigr * 72 * 353 K H/NE L, gr = 72 * 353 »°
32bit B TH B Z L 2R/ IXL 0D, ZHIXHBITIEREHI N, HEE2 D270 8L
EEES G, REEZMEHAT S THEHEBR L LTS DEHABE L R D551 H 5 2 L hi5
5. TNEBT S0, BREZAVRWEBIZAZZET L2001 DO HETHDH, WHEE
ORI E DI, RZDEDVEMUEZEDEEINE D DOMRICHL D 5. F7-IRE %R
T 57D E T UG A I, BREICERRWERDIZ X THREDEL 55 72D fED#
PSR % 52 1 2 ATREMED D 5.

843 F&o

BB DWW T TR £ TOMBRELRICN UCREIIC &K D ZOBAMZMEETE 72, Zhi
KO 1~4, §IF 1~11 Z2Hi72 9 7V —FHfRGHR T 0 7T ARERTES I eAREINS. L
U, GEHEB BT 5 &, BUHEIR 2175546, TOERIZX > TRETNWES IS G ER
WELSERINEZ eDDhr oz, THEFEEOFHEIZ O WTEERDOH DK TH S Z LHHE
RKEINBZLITRRNT S, EA2NUCEEL CHEMEPFIREAERPAEFERN 2N erERkIns
n, FESPRERREICEDIIEHEBICOVWTIXEEITIEHT 2 Z LA L <, ThiZ &b FHH
2B EDNSDoT.

AMEREH A TIE R IC R & - TEFHEB A TL £ o728, BUEFHETH > TE M0
ERAVNE, ZHICLo THEHEBIIMZ 22206, HEEZBRS I72012E7 0TV XL ED
TRIIBETHS.

U U h S BUEGHE OREE % KD, BB U 72l 2 FHEICHAT 25480 810, ol
RFEEERBICERBEESZHT LI L IChD, TR VIEHEEN S BRI ND Z 212k d. Bl
FHREOKE L AHOFRIORIZIZ N L — KA 703 %ET 5.

85 HEE
8.5.1 EtEH

BB DGEHIZ X b, T TY XLOFHIFK T Lz, BRIEFEEPEMUZHDTH 2 &R
T5.
VR % HH 3.0km/h/s, FEH 4.0km/h/s & U, RAHEHEZE®R 200m, FH 100m, FEHF 50m,
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3500 T T T T T T T
: : : : : . Emergency -------
Normal ------=-~
: : : : : Warnlng ————————
D ) N S A S —_———
g H H H o - ,/* H |
B 2000 [ttt
— : : T T ; ; ;
(=]
8 : et /’_/”‘/»r‘/ : : ; ;
o 0
1000 i .
500 |- f-i -
o L ; ; ; ; ; ; ;
0 500 1000 1500 2000 2500 3000 3500 4000

Distance to stop(m)

X 8.12 7L —3ihifR o 3 EkEEH

EENMEZEE 18, WH2P, BRIV LAZGAOT LV —FiifRo i HHl2X 8.12 ITRT. 3
DOT L —FfRDBBERERIZNT VWS Z L, FRBWRRRICHEP N T NS Z 2305

_@l&mi,B@%yz—w%ﬁﬁbty—li—b~%iﬁ%%0#b4%0i?§ké
BT, HOHEEHREZ1TS operation ZIFOHTI— R2IMAT, E¥EEAHIZHISIELZEDES S
7L DTHS.

NTA—=RODfEI, £THIHN%Z Parameter.mch & W o 7R EEM Ik LU, FEEHME%
Parameter_i.imp & W 72EEIZHIRT 5 Z L CREMHMMAEL 75, H EERBEBIZE VW TEE NS
A—=REAEV =K ROM THRETDHZLVNLLTFONED, BTIEZ 74 LVDAHIIEHS
Y R—bINTWRWZD, 2 AEY - NETHET 2HE1F, FEHRS%2 B ciide 7,
Parameter.mch (ZHDHELY —A3 -2l $5Z L ehd. ZOHHBIEY—AI—-FZDHD
BHGETE AW L ITHENBETH 5.

8.5.2 HBEtEDiEF&EH

SEDOETFIVALZBEL T, DR EHREH->TEB AV Y RIZBWTEHEARTH L Z L 2R
Uz, £ 208RO7ILVI) ZXLAWMEHATHETH L Z 2R LT

AR EFBICOVWTHAHOFMEZE L X RTNIEHES 2R TES. 72750, REFBIFT
DY 32bit DR ST S B (31bit DIEEEE) Th L7280, FHMOMHEIX 15.5bit L7425 L, 3 FiR
251X 10.3bit &5, —F, ZHAEBEKZED, RBHFEL 2o THEHEREERD 32bit 12U E 2 4
LHRH Y, EHRIEOHVERZZ1I S, FAXLE5 TN T5E, 2l LT 2RAD
15.5bit, 3 RADEA L 10.3bit 2EAHFHTH O, WINDOEHES 3 TR, 4 TR, HDWVIE 3K
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X, 4 RAREVPFEHNRHFHE NZ 5.

FREEE S EHEBOFHE THIVTHE LIZHS e W TES. BOSHE MR EEIREENEHRIN
TW5., 22Tz =a 2EBX54, 1°=a® THBH 5, 2z =max({y | y e NAT A y¢ < a’})
LEZETIEIWV. 72U, ZITH o % 32bit RBORENIZT 2BELRH D, b Ofixk kE<
T LIFTER.

B EL S FEERRIZ X720 AY, B-Book (2 log,, n = min({z | z € NAT An < m®}) LW E
BRRINTVE., HEVIEINETORIIZRS 5T log, n = max({z | z € NAT A m* < n})
CEEITL. NI O RBEBREHA L. ZDHAIE m® OMEA 32bit ([T X B AMED I D
filf L7220, £HFE n OMED 32bit TH 2 SMEIXZR V. log,, z/y (T2 W T log,, z/y =
log,, z-log,, y DEZRTMHIT B L, m BAHROHEIXEEZZHT XX V.

I5FZ25L, BAYY NIZBWTHLZIHA, RNESER, HHEEL NHEHZOHFTHNIX G
WS 2N TES. 72720, ZHEARHEHBEBUILES Lo o ER/KOHFHAIKL s, £
N E RPN BEIRR L13FEE T 2 PR EATD LAHOFRP» 22 2 e h s, Zhs ORFEIK
IZOWTIE, HIREWOTE, TOFMEL0HEEE 177 V1L, b E COREHEZ L7z b
TRALTNIE, KORALP T REEEZIONS.

86 F&ob

AL TN S R WBUERF B B R HEEHEAEA O — AA X F 1 2 LT, ATC YA
FLDT L —FHiREFHETE TS LIZB AY Y RZBEAL, B AV v RHEEHA U H i
TERVWEWIHIRZF>TWEH D0, EHNZKEZFESL, BRMEMEZNZTZ 25K LT
I N TV - E TR S AR TEL. ZOZ L 3BUEHEE XL TAEATH-T
H, BAYY REAVWTERZRZTZ EWRIEI N T0 T T L2 ERTRETHY, T I7L0
EEHEAEND Z DN TEDLILEZEKRL TV,

E7z, AHEOFEMEBRG LSRR, B AV Y RESMEGEICEMAT2BOMREE72. RETHS
NEHMRZEEDEELUTOEEYTHS.

e B XV vy FTIZNEZEBDRND, max BIEE while V— T OFFIZ & D, HHEEO T HHRE
DEIEPEHIRETH S, 72720, FHHETIE 2 PBERVPEANL TNV T XL LR EH, L—
TAREGM %125 Z e SREHEBHOERBITKE <72 5.

e BAYVY FEHWTHEMHEI R 23R T 25418, FEEBIIBWT, Tl FEZEDT
FAEATHE AR #IPH (BIfEI1L 32bit BE) TH D Z L 2R T H77-012, KEDOHEZEIHEL
5 5. FRHZRIRECAESHHOVOND LHEHEBPHE CIEHTE 2w &A%<, FIEHE
EE BT &S & UGE GO RS AEIC I 2 2 EICH 5.

o B ZERT LA ITITMAL LE% 155 operation &Y MZTHDNR 1 D2DTF7=v 7
Thsb.

FIEB AV Y RIZDOWTIEFDOIRETH 3 Event-B BNETFIALIZHEH I, 7075 LEKDT-
DIZB AV REMHTAHEITERTIZRWVD, Tk 0 BUEEIEICEH T 3 EMNZ 5 2
R 5.
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BIOE

FEHESERDEE

AT, [E5RLEE T 5 & BLEERH Bl o S &2 Mt U C & 7. #ii s — &, Y
L —wPC & 2B 2 GIERER Sy, VL —fmEICINE 5 R WEBHEE RS D 3 D D FHHNT DWW TEBEEE
HEAMGEA DO —AAR T 4 #FEREL 2. TNTNERKRTL2EHIOVT, YATLE2FTRTHE
MOMIIAEGM 2 AT 2HMETR Uz, TUT, FEKBMMEIIND Z & 2T 5 7DD
WEHZAER L, AR K ONFEREIIZ LY, Tho OEHEB M-I ND Z & 2R U7,

e T — 2T AMGERERTE 22 12k b, VAT LAOFIHT — X 72 ¥ OMGE & TR
Bt RECH B LYW TE L. £z, BINARHIEE S OMGENERmTEZZ 2k, E5H
LIBEDL L D% DD, AR L U TG TEEAREREIZ D\ CEBGEH A AN # A v RE T H
LEHWTES. I OITHMHERRETIICOVWTHEEVNERTE 22 212X D, B TIEANN—T
ERWIEIZ O W T B EHEEHAEAN D EHATRECTH S L ¥l T E 5.

INo%2FLHDE, TNEFTEML CELBGIEMZIGHT 2 Z L IC X W ESHREEEDL %
AN—TEDLIENPo7z. DF0, WAMHEMEICEL TS A XS < OfF SRLEE T 1T EHEEH
Bl Re/Z e 52 5. ZOMMAARENEEZ R U722 L I3RIMUTH T 2 EERERTH 5.

AR B DMGEEZE U T, EHAHAEMN S KO AFEEAICET 2% OMA %257,
AETIE, INETORFFZBLUTHEOSNZHMAZMBIL, ThziE 2 CEMGFHEMOSERE S
DEADISHIZOWTDORMEEZRARS & 512, SBOERIZOWTHRT 5.

9.1 VDM ek I & % =2 EBA R ity D& A O 5

ATC VAT LD T — X R—=AKEEDWEETIE, /Ny 2 L RiZ the HOL system ~DZH#i % {75
TW55HDD, VDM Gk D A THEE % i T & 7=.
BOHEDT — XN— AREDMGEZ W U TRAMBIZATO@ED Th - 7.

o AT K & 2DD, KHIEBLTA YR T) RTHlENID S Z & THEEDRD 2RO 5 Z &8
T&E7z. AEHEBOBEERIIMIRROFAD 2 FR T2 LCHEETHH, HEEIHITE R L
H, KHIZEMHED»DZFIETHERONERN EXTgEEEZ 5N 5.

o HEEEHNTENE, DAY 2 A I FICTOHEEEL LV EE 5. ZiX kO HE 2
5 ETES.

o FHZINSEB7ZOIIFFEHDOT 7=y 72 FIZDF 5 2 L HMEZD, Tl EITERD
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HgLHEETH S, TOLOIZEMEKELP ORI TEENBIHETHY, BilirDOLo»
DEeURMERZMETLIBLENDS.

ORI B AV Y REHSBETEEMTHLLEEZS.

VDM 2 £ 55k Tl, BZHAWEZGE LIRS L, RESZMEX function CREZEHKZHAW-5EG
IZ 1% operation & 72 %) WEHOHRTHESM %, BiE%Z KT function ZFHT B LT, #ELT
R TAZENHRETH D L WO H D, Tk AEEEM EIEEZ N TEZ. BTZ
NEFUZea2TH5HCEYo7uz2fHATE, MOEY2— V2R T2BENEL ZH, WEE
%59 function & bR 2 XA LIZ< W, VDM O Z OR#IE, KRS THEMU 2K T — & R —
ADKGEED & 5 1 EREM D E BBIRVEHEIT 222 K S LR TIZER EEZ SN,

72 VDM CTORRTIE, BT IZZD7 14—V REOARZEEM 2R T 52 8T, AEEMED—
WEMOERICBFEATEIIENTES. 20T, FLELMET0ED0EIVNSLHRTEZ L
EAE LTWA.

BT EORMABAT CEEOKEIIZOWTE, FIHIZ B OMMTHERML 724, [igatics
WTIX VDM 2FEH U=, Zhid, BFE% function & UTEHRTEAXAADRFHLPTWI &
HHD1>2THD. Z05HS, EREOHEEBBHIAERMEL LTEINSL I 05, RKIZ VDM
TOFEAZEBREDEHATRETH > GBI ARITEHTE D eFEA oM 5.

ZOEIICHE6HEBIOETHOFMEEZ D L, SEDHIEIZEVWTY L —TCHETE 2N
DWTIE, HEAIZIE VDM 2 HWTET IR H 2FEEOKEEIZETH D LERZOND. 2L R
HEPEED & S R EMERGATH-TH, HHHEOIABZIRL TV 2RItk Y, HEKEZOL
DDETIMLIZHEETH DL HFE R 6N5.

—J, WREDLSIZ, BRELHL, EDKND B RAROMIIZZET 2 & 5 LU O
BRIZBWTIE, SFHEBOEHICE W TERDOERPAEA» SO RN 2B REPHEINS. B
TOFPATIEZ D &5 BBADMIIZ OWTITERICHE L T L BWREETH 722 &h 5, HE)
FEHAIZ RS 2 MBI 72 B RE & U CHER & 1v7z VDM DFEA S EERBE D GUI TlX, FEHEBOERR
FEHIEREECH o 7= Z LRI NS,

E7z, MOERUIZRDD, BUEIE VDM bk % EHGEIHT 2 FEA 2V, 2077, GEHEZTS 72
DIZIEBREROFETEmMLUZD, 6 BTHHLZ XS LEHHLXERNOLHMBKRETH 5.

LLRMRS, OVl E2 A LEWVWTE, VDM TRERVLIKNEZTH LI Lh b,
ARRDOEEHD ETHHTH D, ARFROIIHADVEETER LY, EAIETEZ LFA 6N, FED
RREEIE A D FHEIZ T X Ko,

=720, YATLADBBENKE L oG EI10, EOREOMINTE 20 E S M2V TIEARM
BTHD. operation IZBI L THIRAZ TN TV ZLDWRINDEDTHNIE, TOMENEHICET
BARBEMEEM-T I OMEEIZTREE B oD, £/, BOOSNHIHHT — X IZHE > TEEE D H
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1 types

2 MY = token;

3 BEREK4E = token;
4 BETOH4E = token;

o 1EEREOIRE = <> | <Fik>;

7 EETOBOME = <EMD> | <>

s WLEEEROIRIE = <ERR> | <FEERRS;

o BHEE = <BHBE> | <fREE>;

10 HERORRE = CREE> | <®E> | <BEiET>;

12 EEESEM o EKTO# : map BETO#HA to HETOHOME

13 PHEEHERE : set of H#MA
14 E5HIH : set of WHE[EIEK
15 HEFSBESE @ set of HUE[MIIES;

16

17 GEEIER o R map HEEEH to EEKSM

18 R CTOd : map #RT D4 to set of Bl [MIEEA

19 BB : set of BEMIKA

20 inv mk_EBIME GER, BTOH, PUEREK) ==

21 (forall r in set dom #}& &

22 dom HEFE (r). BT D#+ subset dom FET D and

23 dom M (r). BHEEEEME subset dom MR and

24 dom M (r). fE5HIMH subset FIEREE and

25 dom R (r) . EEEHHEE subset HE[ME) and

26 forall p in set dom HET DM & HATOH (p) subset BE[HIF;

27

28 state HENEEE of

29 ) o B

30 HUEFEE : map BWUEFIES to WUEMEKRDIRGE
31 HLTO# @ map BETO#MA to BATDOHDME
32 HRCOROBEIE : map BRTOMHL to HHEE

33 551 : map #XH to EEHORE

34 HERERE : map HEHEH to ERDINE

35
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se  inv mk_EEEEE GHEE), WUERE, BTOH&, WTOHOWEE, F5H, EERE) ==

37 dom #EMRIFE = JHE). HLERIE and

38 dom #ETDE% = dom EH). 2 TO8F and

39 dom HETDOZEDHEE = dom EF). ¥ TDO#: and

40 dom 51 = dom #&. ¥R and

41 dom MEREFERTE = dom JHE). ¥ and

42 ToAHE (PuBEREE, EH). To4H, BTOHOHEHIE) and

43 forall r in set dom MEMIKE &

44 58 (r) = <fT> => ERRE (r) = <KE>) and

45 GERERE (r) = <FE> => MRS GERRE, HE). #E3K (r), BTO%H, BTOHROHI)) and
16 (B8 (r) = <tEfT> =>

a7 forall tc in set #F). K (r). FE5HIM & HEFEK (tc) = <IFEFEME>) and
48 ZEH () = <E1k> =

49 exists tc in set ME). MK (r). KT & PLUERIE (tc) = <EHE>)))

50

51 init B == H#) = mk_EFHE (IL,

52 {TC1 |-> <JEfEfR>, TC2 |-> <IEFERR>, TC3 |-> <IETELR>, TC4 |-> <JEfEf>T,
53 {P1 |-> <Ef>, P2 |-> <EAi>Y, {P1 |-> <ffik>, P2 |-> <f&i>},

54 {R1 |-> <{&ik>, R2 |-> <{2ik>, R3 |-> <{Eik>, R4 |-> <{EiE>, R5 |-> <Ei>F,
55 {R1 |-> <R&E>, R2 |-> <RIFKE>, R3 |-> <RK&KE>,

56 R4 |-> <REAE>, R |-> <KFE>})

57 end

58
50 functions

60 ToHHIE : (map BEEIEKES to WLEEPKDIRIE) * (map FLTDO#MA to set of PEMEKHA) *

61 (map HETO#A to #HEE) -> bool

62 CToAHEE (WuBRIE, $fest:, EToOHDBE) ==

63 forall tc in set dom WLEFEIEKIRAE, p in set dom BHEESRM &

64 (tc in set HFESMF (p) and WUEMIEE (tc) = <fER>) => EKTOMOBGE (p) = <Bife>
65 pre dom FRTDOHDIHIE = dom $HIESRM and

66 forall tcs in set rng #HEESM: & tcs subset dom HLiE[FIEHRAE;

67

os JERSGHIE : (map MEFEH to MEFEDIRIE) * MK x (map EETOHH to HTOHDAE) *

69 (map #ETO#4F to #HHE) -> bool

7o (EPKBHIE (EEFGIRAE, ERBOISEME, MTOMME, WMTOHROHEE) ==

71 (forall p in set dom MERKEGSZZEM:. HAT DA &

72 LT OMRDMEIE (p) = <HHIE> and

73 HEFRRGNT St BT D8R (p) = WETOHMAE (p)) and

74 (forall rl in set MEFKHZZRMf. TR & EIREE (r1) = <BET>)
75 pre dom MEFKEKIISA. BET DS subset dom HETC DA E and

76 dom MEFEAKNISA:. R T DEF subset dom R T D#FDHHIE and

77 HERR AT S . BHBEERS subset dom (EESIRAE;

78

70 operations

so  (ERREOEENR (r ¢ )

st ext rd #H) : EHFE

82 rd PUEME : map PUEMKHA to HIE[RIFEDIREE
83 wr BT D4 : map BT OEA to IRTOHDME
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84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

104

105

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

130

131

wr BECOMOHESE : map fECTOHEL to HHEE
wr 558 : map ERHA to FEEOIRE
wr HEEE : map EHH to HEKRODIKEE
pre r in set dom MM E and
HERFRAE (r) = <RFKE> and
(forall rl in set MH). ¥ (r) . BEEER & ERFETE (r1) <> <G%E>) and
(forall p in set dom HH). & (r). BETOH &
Lo (p) = HH). #IK (). 5 TO8 (p) or ETOHRDHEE (p) = <MEK>) and
(forall tc in set ). €M (r). FEHIME & BEEPE (tc) = <IETEH>)
post MEFEERE = EHHE" ++ {r |-> <KE>} ++
{r1 |-> <@#§&> | r1 in set #H. H#IE (r) . FHIHEKY and
(let Mg 285 COH =
{p | p in set dom HH). M (r). BLTOH & WTOHRDOHEIE" (p) = <>} in
BLCOMRDMEIE = WTORDOPIE™ ++ {p |-> <#HFE> | p in set WHT B TDOH} and
IKTD8% = BTOM|™ ++
{p |-> &) &% (r). ETOH (p) | p in set M 2L TOH}) and
etk = B ++ {r |-> <€)

HERERETR L RS ==> O
EHEREER] (r) ==
let #i#td 28T O =
{p | p in set dom #HH). K (r). TLTOH & WTOHDEIE (p) = <MEH>Y in
(GERE = HERBE ++ {r |> <FE>} ++
{r1 |-> <§fgd> | r1 in set HE). MR (r). HIEHELKT;
BLCORDMIE 1= WTOMOBFE ++ {p |-> <#HIE> | p in set IHT BT DOHR);
BRCD8% = IRTDO8 ++ {p |-> HE). #K (r). BTOH (p) | p in set WEMT HET DAY,
55tk = 555 ++ {r |-> <P
pre r in set dom #H]. #¥ and
HERERE (r) = <KBAE> and
(forall ri1 in set JHE). #EEE (r) . BIEER & HEEHE (r1) <> <KE>) and
(forall p in set dom J#Ej. % (r). BKTO#H &
HRTDO8 (p) = #F). #E& (r). B8 TOH (p) or
BT OHDOMIE (p) = <MH>) and
(forall tc in set JHE). #E (r). F5HIH & PUBEREE (tc) = <FEERR>)
post MM = EBE " ++ {r |-> <FRE>T ++
{r1 |-> <#48&> | rl in set MH). #K (r) . BHEHERY and
(let MR¥r g 2ERCTOH =
{p | p in set dom HH). P (r). BLTOH & WTOHDOWIE" (p) = <>} in
KT DORROEE = ETOMOBE" ++
{p |-> <#H8E> | p in set HEMT BIETOH} and
BT = BTOH" ++
{p |-> HF). & (r). BETOH (p) | p in set T ZHKTDOER}) and
558 = EE~ ++ {r |-> <&>);

FIHREE) 1 (tc: BLEREIEZ)

ext rd #E) : HE)XE
rd 5 TOH : map ETOHMY to ETOBROME
rd #EEKEE : map RS to MIKRODIRAE
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132 wr [558% : map #EH to ETHEDIRGE

133 wr PUBEMREE : map PUEMRKA to BRI DINEE

134 wr R C OO : map IRTOHA to SHEE

135 pre tc in set dom HiE[MIH and

136 BB (tc) = <FETEMR> and

137 exists r in set dom MEEIE &

138 HERERE () = <i&E> and

139 tc in set MHE). K (r) . F5HlH

140  post F5HE = F5H™ ++ {r |-> <{FIE> | r in set dom HEHKHE &
141 R E (r) = <F&E> and tc in set HH). M (r). [FHHIEHT and
142 PLBEFE = PUBREE ++ {tc |-> <{Ef#>} and

143 BT OMDEEE = BTOROHEEE ++ {p |-> <#HE> |

144 p in set dom BT O#DHIE & tc in set HF). K TOH (p)};

145
e FIERBEI1 1 . §UERKL => O
a7 FUERBEIL 1 (tc) ==

148 (LB = SUEEE ++ {tc |-> <Ef>T;

149 G5 = G5 ++ {r |-> <fF1> | r in set dom HEKKKE &

150 HEMEKE (r) = <> and tc in set HE). I (). [E5HIMHT;
151 LT OMOBEE = ITOHOBEIE ++ {p |-> <#HED> |

152 p in set dom BETOZDHEE & tc in set HE). FZTOH (p)1)
153 pre tc in set dom BLE[MIE and

154 LB (tc) = <FEfERR> and

155 exists r in set dom MEHKFKE &

156 HEREEE (r) = <%E> and

157 tc in set HE). K (r). {55 HIW,;

158

150 FUEERBEI2 (tc : FuERIEEH)
160 ext rd EE) . HEXE

161 wr HUERF : map BUEFEES to HLEMIEEDIRGE
162 rd 558 : map EH to FEEEOIRE

163 rd 2 TOH : map BT DY to HETDOMODME
164 wr HEMERE : map ERH to HEROIRRE

165 wr BETOMOMEIE : map L TOHA to HHIE

166 pre tc in set dom [ and

167 WG (tc) = <fEf>

168

160 post WUERIE = PUEREE~ ++ {tc |-> <IE{EFR>} and

170 (forall r in set dom #HLE~ &

171 GERFRE~ (r) = <RiE> => EERE" (r) = ERFE (r)) and

172 (E58 (r) = <iftf7T> => MHEFRE (r) = EHERE" () and

173 ((fZ5# () = <fF1E> and #EFEFE~(r) = <EE> and

174 forall tc in set HE). #EF& (r) . EEHIE & PUBFEE (tc) = <IETE/H>)
175 => HEKRE (r) = <RFKE>) and

176 ((F58 (r) = <iE1k> and BT~ (r) = <§dEdh>) =>

177 TERE R E (r) =

178 if exists r1 in set dom MEEEFTE &

179 HERKRTE (r1) = <&KE> and rl in set EBH. R (r) . HEEHHEE
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180

181

182

183

184

185

186

187

188

190

191

192

193

194

195

196

197

198

200

201

202

203

204

205

206

207

208

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

then <BHFEH> else <RFE>)) and
(forall p in set dom #ETD#FDEHEE &
if (forall tc in set HF). B TDOH (p) & WEFEIFE (tc)=<IHFEHH>) and
(forall r in set dom H#EHET &
HERREE (r) <> <@E> or p not in set dom HE). HEEK (r). I TOH)
then T OMOEIE (p) = <>
else HETOMDIEIE (p) = <#HIE>);

FIEMEI 2 1 . #uERES ==> O
FEBH 2 1 (tc) ==
(WEEEE = PUBEEE ++ {tc |-> <EIER>Y;
for all r in set dom XEEEHE do
if 58 () = <F1k> and ERFE (r) = <FE> and
forall tc in set JEE). M (vr). MEELMEET & WUHEMIEE (tc) = <FEMESS>
then HERKFHFE := ERFE ++ {r |-> <RFE>};
for all r in set dom T do
if E5H (r) = <Eik> and EEDE (r) = <BHeh>
then if not exists rl in set dom #PKHRE & MHEMHRE (r1) = <FE> and
rl in set ME). I (r). EBKH
then HEEHRE := EHHT ++ {r |-> R&EE>};
for all p in set dom BAT D&FD#HFE do
if (forall tc in set HF). X TOH (p) & BWEFFE (tc)=<I7EH>) and
(forall r in set dom HEHHT &
HERKRAE () <> <@E> or
p not in set dom EF). X (r). TLTOH)
then ETOHMOEEE = BETOHBROEHE ++ {p |-> <HHT
)
pre tc in set dom HE[ME and
BRI (tc) = <fEf>
post WuEFE = PuEREE" ++ {tc |-> <IEEF>} and
(forall r in set dom KT~ &
CGERE~ (r) = <KREE> => EHEZRE" (r) = EHBRE (r)) and
E5H& (r) = <ff7T> => EEFE (r) = EHFHE™(r)) and
(58 () = <{F1k> and ERFE(r) = <FE> and
forall tc in set #E. (I (r) . EMKHEIE & BRI (tc) = <FETER>)
=> EHRE (r) = <RKE>) and
((Z58 () = <IF1k> and ERFE~(r) = <BHIEF>) =>
HEFRE (x) =
if exists rl in set dom T &
HEFRERTE (r1) = <@%E> and rl in set E#E). HEEK (r) . EEKHEEE
then <H#HFEH> else <AKFE>)) and
(forall p in set dom HET DHRDHHEE &
if (forall tc in set HF). #LTOH (p) & BWEFIFE (tc)=<IE7EH>) and
(forall r in set dom HEMIHT &
HERERE (r) <> <&E> or p not in set dom B, HEEE (r). #2TD8%)
then T OMDEIE (p) = <>
else EXTOHMDMIE (p) = <#HEE>);
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228

229

230

231

232

233

234

235

236

238

239

240

241

242

243

244

245

246

247

248

249

values

R1 = mk_token("1R");
R2 = mk_token("3R");
R3 = mk_token("2L");
R4 = mk_token("4L");
R5 = mk_token("1L");

TC1 = mk_token("1RT");
TC2 = mk_token("4LT");
TC3 = mk_token("11T");
TC4 = mk_token("21T");
P1 = mk_token("11");
P2 mk_token("22");

RR1 = mk_i#Ef&Z%ef: ({P1 |-> <Efi>}, {3}, {TC3, TC1}, {TC3});
RR2 = mk_#EEMH ({P2 [-> <XA0>}, {}, {TC4}, {TC4});

RR3 = mk_#EMHE ({P2 [-> <EM>Y, {3}, {TC4, TC2}, {TC4});
RR4 = mk_i#EpKSefl: ({P1 |-> <Xfi>}, {R5}, {TC3}, {TC3});

RR5 = mk_i#EP&Sef: ({P1 |-> <Xf{i>}, {R4}, {TC3, TC2}, {TC3});

IL = mk_#HEXF ({R1 |-> RR1, R2 |-> RR2, R3 |-> RR3, R4 |-> RR4, R5 |-> RR5},
{P1 |-> {TC3}, P2 |-> {TC4}}, {TC1, TC2, TC3, TC4})
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14% B
HMXTF—IX—1% (VDM)

B.1 3FRxAULHR

ARFETIET 4 VXV ATC 7 — X R—ZDEARN L IER A TRk 2 #E 5.

B.1.1l EFXEE LANL 1 (ZTYTICETIER

EES
1. TV 7 L 3PUERES L CHEROEATH 2.

BRER
2. TUVTICEMNOEENDH 5.
(1) HEFEEOHEE (3., 9. 21)
(2) BHUEEENEROES (10., 11. ZR)
(3) EDES (13, 14. ZH)
(4) HiffiZe (Plain) TV 72 8H7%4 (Complex) TV 71D X
(5) TV 7HOHEHEE (km/h)

3. HEMOEK
WME
(1) BoBEEE e IPEZ BT 2EARNTH S, Pullz—EORMIZAE I NS, ZNTNDOXEIC
1, FOLIZHEIMFAETENE S D E2RANTE ZHERK L EENIHBENZREI NS, LT
ZOHAZOEOZHEME LR, PUEEKIZIZFIEEZ 2 HAIZIRO DT 3 0IEREENE 2L
LH5.
ER
(2) WOBEEIBIZIZATOEEDNDH 5.
a. WAOHES (4. 218)
b. ATC {55 DHRILE & kR (6. 2818) (A/Bozxhznofm (5. 2) LT
I B)
c. TD (ZE5 DRI S &L % (7. 21)
d. AT/BT 03l (8. 28)
EREIF
(3) 1 HERBIZEZTNAERIZ2 DU LETHEZ L.
(4) HOEREPEAEEHERIEOEE, TD EAFHIN TS Z &,
(5) HUATC Wi ARTHAINTWEEE, ATC #uXiklx A Ay B ARTRARSLZ L.
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Ak B X T — X X—Z{Lkk (VDM)

(BEEER) JBER

BE

(1) EBOHSERBEREZER L TWEA, ZOHESL T\ G2 iR EER & N (Dg, B
REIEI).

(2) BFRIZIZXEAED ID 221753, ZOERIIHERKBAT—ETH 3.

(3) BERIETOEKNRET 2 BB o5, WHRER L FitEATh 5. FHiBEADES,
D 2 DOWERIEEIFELMIIHI LTV, WHESEIAOSHA, TNENOEFR MO #E [
BIZHND 720D, RIpDMEP2EHTI2HENDS.

E%

(4) BEFUTIIATOEELNH 5.

a. fE (EEAH S D% m BAITRT)

b. #xOREEE — A/

c. ATC KD 2\ NI TH 20 (Bh /MO KANEAH). A A, B AHOZENE
NIZDOWTEERT 5.

d. MEOMKIETHDH. T35, MOPERIEKLERLLZVNE S . RIZKIETH 555,
ZDIESR (EBRIIXBL I A) 1E 1 DOBERIEIZDAET B,

. A

S WOERIBIZRET S, il (F0f) AWEART L HAE A SAE, BT 5 GEE B SGEEE
5.

. ATC &5

ATC EEIE3BERRIZHHA I NEESO 1 D THERIK Z AW T2 O#E R K IZE T 2 Gl % S #H 12

EHOIFHING., HEROBEFHOFANIMEEINS. L, ZOHEREEI ATCIZ X 2 H#EX MO
zHBEEITIE ATCESREHINRN. ZOHE, MR ATC THEEEHHB L, FOMDT X
FLAPMEAINTVWEZEHS.

. TD signal

BB [ 2 B 1 B ERANTEEHOEREE (TR TOERMZRINTWS) TIX ATC E5%2MH5
M (27U, ATC 2L TWaEWE ZATIEZFOR YD TldAy), iR Gk hTtni
WERRH 25E) T, TN TIEA+49T, TD (Train Detection: FIHEMKRA) WAFHINE., Z0D
ey, BEEEBERIE TR, RS HEEIMEH S NS,

. AT/BT — TD B0 E 5%

TD 552 B OETA (KRH) »"oiksD% AT, #4 (BRH) »oiksD% BT LIES.

. BLERIBOKS

BE

(1) WEEEEz ID 24535, ZOIDERTVT7OhT—EET5. ID LHERKOEBERO 2 T
) 7ICERT 5.

EREIH

(2) AUERZHMET 202 2ETOMBERKTHS. L 1 D2OEEIK, TR ORI 2 Zk
5.

(3) HBULEAD 2 DOHEIZE L TWAHE, £ OBMEHER K TUTIIRTESEN KD SN S.
ZTOEELSMEEIX
a. TNFNOHEEEIZZHFHINTWEEROBRIIEA—~TH 5.

P IRE L ZESEVE NI S K5, RMEHEFTE 2 BulEES 2 FHE5EHVTRE, ZEMTRER

% 2 MBS DIESERZET 5.
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b. ZDEAIREOKIFEL Lo TV &,
c. ATC i I ZREEHE R TRZ > T\WA Z & *2,
d.  LERPMEMZTH 254, TD BIZELBEZ 2*3,

10. #FERKAER (Path)

11.

12.

BE
(1)

£
(2)

HUE RS NHERS (PR, Path LIPS BAIHEAHEREKEZ XD L5 IEL P2 RTHEDOTH L. B
oML TERINS.

Path &L F D% £ D.

a. BRI ID. 20 ID TRIENSHGEFEEAYFED Path 250 2 EAERINS.
G & 72 BB ID

M & 72 BB ID

EX (m) — fhh & M0 M o Pk

A BHEIZDWTHHZ L5 0

B A DWTHHA S NS H

g AHEHIE (12. Z2K)

-0 o T

EREIR

(3)
(4)
(5)
(6)
(7

Ihv & AR IX B 2R TH 5.

KU DOALIE IS IRIRDALE £ D K E W,

B X3 BRI D ALE D IZHE L.

A FaH 50 B Haodzl tbnwinhidMiHIhTtns I L.
BREHIRIZET 25404 (12. 3H8).

HERIRAER (Path) O&&

BE
(1)

FNEND Path 2 ID 21595, ZOIDRT) 7H @ERENTIEZZW) T—ETH5.

EREIR

(2)
(3)

5872% ID Z2£5D 2 D Ol R AR AYE — DIt & 38 2 R Z L IZERD 2.
[l — D BEFLAE] U BB [R]85 S 97 % e 5 P I oD i & A& 12 [RIIRF I 70 8 2 & I3ERD .

HREHIR

BE
(1)

(2)
(3)

(4)

R IR 2 BB SN IC R E T E 5. JIEHO—TH ZORMIZh D > TWiE, FIHEIZZD
HEDLTCETTI2HENDB.

AEL DK E X 2 HuEE EAER ISR T E 5.

EEXSHEGOEREE, HE2WIEE Ty a vy OMNEZHUERENERICERTES., ZhZEE
(BUEADXE) ICHHE L - BETH D™,

HEHIR, A, 7Y avE&ERRE LTHS. $ L2 OMMEHREHuEEEE P> THEL
ZWEEIE, TNENOHERIEAMERICHRET 5.

*2 20, MY L CHMEBRMZ ZRITT S 207, JR HHA® DS-ATC, JR HiFD ATC-NS & & #iHE[E

#% ID IZBEWP R WIGEICIZREEZRMTE S Z L2 S A—AEBESZ VTV 5.

*3 HAETH 5 THRAHN AT, #5005 BT THNEHE R WOASEY T, @EILEAS AT, #55 BT 054

WEFE— RS E WS, 72, BEIEAT & BT 2R HICHWS.

M RREACKIE T 2 DOEEA DS DRIFEENDOMMAN R LD DBV 55, ThoHEHKLTLE S L KEKA

BNTULES D, 2 arvEBRBEL, KATEB3X512LTW5E. FRMTRESDLEER»SKHINETHE s
YavaEEly, Zohes Y e VEEIZEER S HIEBGEEREZREL, ZOXMIZFEND DI, ZOXBANESD
RN T EEETREYOER L. ARG BAOEESESZ > THED) TRENZHEHRLAVKBE2EITS. /Ko
TZOEHBHIXI ZTHHEIKELETER .
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13.

14.

B ES

(5) HHEHIBIIUATOEEZEN SRS,
a. FEH| — HEFIR, A, vr7vav

FAtHAT &

T AIE

HEHIRIXZ DO RFE#HE (km/h)

BARIZOWTIEZFORE X, BAEFAN—=INVTO01I N=—INTEREAREL TS, A AMIZH

Do TEFTUTWARHIZ EY AFIZAR S & EIZIE, FOARICRIFHIAL TS,
f. ¥r7vavizonTld, BIz2omoERIZEVwWEDE T 5.

EREIR

(6) BHAALE & & 7 A7 @& I3 BB A NER O I & Kig ol (Mz2 &) tdbd k.

(7) EEHIRIIERL ZL2RD5. (EBRIZIEEDEEINNIVWEDEERAT S)

(8) AfLIXERD Z & 2D,

(9) ¥/ avidERDEZLERDRL.

o &0 T

R

BE

(1) %I Path OF& LTEHI NS, T4 VXN ATC FIHKMETIX, FIEIZEROAZETTS
ZeWEDoND.

2%

(2) #ERIZIEUATOHEEZELD 5.
a. #EFEOSM (A/B)
b. Path D%

EROES

BE

(1) ZNZTNOEKIZID M5 aNns. ZOIDIFTYTHT—ETHS. ID LEBOHHROIMRT
TR EI NS,

T)T7ICNT 2RRER
BRI OES, Path DEAS L CHEBOELADBRICET 2 ZRHEHIUTOL BV THS.

15
16
17
18
19

. WGERI RN OBLE R ID IR I NZHEREEAERINTE D, ik, KHOBERLFEET 5.

L EBICERIN TS Path BBHRINTE D, EERIZERI N AMICELUCHATIETH 5.
LR ICERR I N TV S HE R AR 12 F DIEFICE T TV S,
CERIFERLURY. TR0 5, FIOFIZE—O#EREEE S R,

L EBIZERRS N TV AHIERIEPAEREIZEE L, ATCES»MEATEETH L. (ATC MHATEE TR WY
BIRHERS & FE L)

T T =BFT 27-HDREK

20

. Add-TrackC
Hae
(1) FzicBEr gz ) 72873 5.
AHB
(2) ZOBKTIIUTNOEE AT S
a. mETHTYT
b. 7z IC KT 2HEFEKIZAT 52 ID
c. LUVHLERKOWER (BR, ATC{FS, TD{E%, AT/BT Djl)
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21.

22.

23.

EREIH

(3) $EE U WUERIEE ID 234 TIZT ) TIZEHRI N T WAL HUERES ID & —HLanwZ &,

(4) HrUWHUEFREIZ & E N BRP T TS 53581213, BIFHUERIEE T 052 kL TW»
5HbDEEX 1DTHBI L.

(5) HrUWHLERE S S (HHtd 5) BFPUERR X, ERBICEZTICOVWTYI (3) TRIN
LEEGMEFFDOZ L.

Del-TrackC
HEBE
(1) HuEmEEE2 TV 7 oHIRT 5.
AK
(2) ZOMKTIEUTOMEZE ANT 5.
a. METHTVT
b. Hlkk$ 3 HEREO ID
EREIH
(3) HBEEINBERE ID KT TIZEHRIhTWEZ L.
(4) HIBRL &5 2T 3HEREICR LT, ZHUZET 5 Path BELELRVWI &.

Add-Joint

B

(1) F-ICHEEBIC B R 2 8nesd 5.

A7

(2) ZOBEKTIILATOEE AT 5.

RET 2TV 7T

e T D HIERIEE D 1D

iz BT AERIIN 5T 5 ID
d. FrLWEROFHR (fE, HiE)

EREIH

(3) BB LU A-BEEEE ID ) 7I&HInTWB I L,

(4) fES N7 ID ITIeT 2 HE R AEfEHE R O5E, HLWERLEMGTH 5.

(5) FUWEHRO ID B OEEMBIZEHRINTWEEE, TOLS REFEHERKIEE~ 12T
H5.

(6) fRET 2HEREK L, EBINT 28R 2T TIZHE L TWABFHER K LI, BRBIMMESIZD
WT9 (3) TRENIEEMEEFEDOZ L.

o TP

Del-Joint

HaE

(1) WERIED? SR ZHIERT 5. BRN 2 DOPERIFICFTE L T2 5E2W 5 OBE R EE A S 5
Rz 1BIHIRT 2 Z21E0LARVWDT, WAL SHIRT 28561212 E N0 #GE R EEIZ DWW T
CHITRBRELRD . 2 DUTOHEIRHIRAT S0,

A

(2) ZOBTIILATOEE AT 5.
a. mMEITHTVT
b. B ZHIFR U 72 WHEEE 1D
c. HIRL 7=WEEHR O ID

EREIH

(3) fEEINZHERE ID ) 7B HFIhTWE Z &,

(4) BN -BERID MMEE I N-HEREICFET 52 L.
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(5) BEINHERIFIEEANN 3 O EHD L.
(6) fRESNPERIZEL, HIBRL &5 L 955M%2H7T % Path WEIELZRWI &,

24. Add-Path
Hae
(1) #7=iz Path 2 &89 5.
A7
(2) ZOBEBIILLTOMEE AT 5.
a. METHTVT
b. #Hi7-12&8kd % Path 124535 ID
c. FrL\ Path OIFHR (Ghth, KIHOBER, X, &AROMHEHATE)
EREIF
(3) 8 L7z Path ID A9 TIZTV TIZEHRINTWVWS Path ID & —#HLaWwZ &,
(4) fh%E, HUEOBEANT TICHERRIZERINTVWEHDTHE I L.
(5) s DALEAFEIHDOME L D /NS W &,

25. Del-Path
Bae
(1) Path 2TV 705 HIRT 5.
AN
(2) ZOBBTIIUTOMEE AT S.
a. kI 2TVT
b. HIfRL &5 &9 5% Path ID
FEREIH
(3) f8E L7z Path ID ) 7 IZ&EHINTWB I L,
(4) HIBRU &5 &£ 95 Path 269 2 HEEVBFEL RN L.

26. Add-Route
Hae
(1) F7-TEREE2 T TICEHRT 5.
A7
(2) ZOBEIILATO AN ZBEL T 5.
a. mEITHTVT
b. B89 2H#HKIZA 595 1D
c. BRI HMBOER, TRbHEED HlL Path ¥
EREIH
(3) FBELUMERID 28T TIZZ ) TIZBHINTWAERKID & —HLanwZ k.
(4) BT 2H#EBIZE ENDS Path L TERFATH D, EBOAANCEL CTHHATETHEZ L.
(5) BHT DRI EETND Path BINIRINDIEF CHERTEL Z L.
(6) BT AHBIZEETND Path 123U, #EOAMIZEL T ATCEESLHMEINTVWEZ L.

27. Del-Route

HERE

(1) #EET) 7TH2OHIRT 5.

AR

(2) ZOBBTIIBTOfEE AT 5.
a. kI 2TVT
b. HIERL &5 &9 5#EED ID

EREIE
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(3) HRELEEID ) TIZEHRINTWBE I L.

28. Add-Condition
e
(1) #IpR% Path IZFET 5. TV TIINLTREINS. 72720, BEOHIEREHBEOHEE D72
THLUVHIRE LTEHLET I LAVE DL T3,
AHB
(2) WETHTY T
(3) IR %% &Ed 5 Path @ ID
(4) HIROEHR BRI, AiE, #E, QIS
FEREIH
(5) 8 U7z Path ID V) 7IZ&HFI N TWBZ &,
(6) HIBRAS Path O#fh & MG DORIZIFET B L.
(7)) HLU, HIEIPAETHZ20E, TTIEETIAREER LW &.
(8) B, #HIRIEEIZYarvThdrolE, TTRFEAETIEIZVaveERLBNWI L,

29. Del-Condition
HEgE
(1) #IR%Z Path 225483, TV 7ICRUCTREEI NS, 720, REINEGHIEO 21240 T,
FUWEIR e U TEHkd 2HEEI3I24E L 220 C,
AR
(2) WETH VT
(3) P24+ Path ® ID
(4) fHIBR DR
(5) hLiE
FEREIH
(6) 5 L7z PathIlD 23FET 5 Z &.
(7) TR, BAth, MTMEP T IHIBEEFEET LI L.

B.12 EARHBE LANL2 BRICETIESR

BE
1. MEIEFIARKIFZZ) 7OFTEHZEINS. LrL, DIEEEEZXS 8720, TV TDELELLTEETS.

ER
2. MEIZIZU FOEENEGEN 5.
(1) TV 70%EE BBXT LRIV 1. 2H)
(2) =V THEROES 42

3. TYT7D&EE
BME
(1) =V 7®IZID 2535, ZOID FERKAT—ETHS. =V 7 ID &) 7 DIFRON %KX
IZERT 5.

*5 M7 B2, BEREY LTI EIZ R B HhE LA,
*6 M 72 B 72D
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4. T 7REER

BE

(1) TV TREWIERENTES., ZOEFIRRERZTVTIZETIEADORTERINS.

(2) ZOERICERI N EFIIWEANZIZA -0 DO THEH, ThEnoT) 7 TEHER->TW
5. IDIZDOWTHFE LU TH 2 HBEILLR.

£%

(3) TVTIETBERON

(4) ZnEnoEfiE= ) 7 ID, #HusFEE ID, HA ID THREI 5.

(5) HAWZIDEHTEDLLINE S »OER. ZNHVETHNIE, HAOEE (ZOEFETREL-T
TVTIZET 2220 7 OHEEEE A ER OKIGER L, &2 WIZEIHR L3 ERT 2 Z 2 h”T
E3) MHfFrans.

(6) HHRZ DGR TELE . ThPETHNE, HFHOZEHE 2 >0 7 TERZZHHZ2RD) A
HEhs.

EREIF

(7) XfeioTWAERIZTY THEREBEDNRD S,

(8) =V VHEMIZEHRINTWAERZ, TOENOT) 7T 1 DOHERIKIZOABL TS,
HELVTNHADOTY 7T 2 DOWEREKIZE L TWAGAIZIXERIETE L.

(9) AUERZRFZ2 D2 EOTY 7RERICERT 52 213 TER.

EREIH
5. TV TERICERINZBEREIZTNETNOZY) TIZEET 5.
6. TV THRIZBRINEEROZINFLOL) 7 TOBRIZOWVWT, LAV 1.9 (3) TREINSEEHRD
BAMENENT WS, 72720, IR2HIS T 5.
(1) AEPEEIND LEEINEEEITE, HAVPEHEIND,
(2) HHEEREH I ND L EEINEEAITE, HELEHIND.

T T7&EET 20 DEK
7. Add-Area
HERE
(1) H=Z2DT Y 7 2BRICEFT S, TV THROEZEIIGREML TWL.
AA
(2) ZOBEMTIHLATOMEE ALT 5.
a. Mt HHRX
b. #H/-i2ERT 5T 7535 1D
EREIH
(3) MELAETY 7T TIHMRIZEBHINTVWST YT ID & —HlLAnI L.

8. Change-Area
Beae
(1) TVT7OFFEHLVEDIZETT S, ZOFREIIMOBENSIEOHI NG Z & 2hiltE T 5.
AR
(2) ZOBBTIIUTOMEE AT S.
a. Mg DHRX
b. ZE3T5xTY 7D ID
c. LT 7 OIER
EREE
(3) #BELTY 7 ID PRICERFRINTWE Z L.
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10.

11.

12.

(4) FRXIZEE B ZORFIHMMRFFEIND Z L.

. Del-Area

Hae
(1) TV 7 2ME2oHIRYT 5.
AT
(2) ZOBEBTIEUTOMEE AT S.
a. T DR
b. HIlkL &S &945x) 7D ID
EREIF
3) fEELAZT Y 7 ID PMRRIZEFRINT NS Z L.
(4) HIRL &S &322 ) 7ICBEL 722 TRIERPFEEL RV L.

Add-Connect

Bee

(1) #Frrzizz V) 7SR 2RI BR7RT 5.

AA

(2) ZOBEBTIXLATOEE ASIT 5.

. WRET BARK

CERLES T RERON (Y 7 ID, #EEE ID, R ID 2#EET5)

. SR DEEREFTTE DL S0 E D .
d. JEEED Z OBHRE T TED BN E S D

EREIR

(3) ELAERP DY TR LTBHFIN TN &,

4) BELUEEADPELELTWS Z ., 270, 1 DOHERIKIZOABLTWE I &.

(5) HMEULZERONPEEMZR>TEY, BHETIHERKOFMLEBANEZF>TWwEZ L., A
RINIZIE 6. ISR T2 M- THELND S.

o T

Del-Connect

3
(1) =) 7HEw 2K SHIR S 5.
AR

(2) ZOMMTIEUATOMEE AST 5.

a. T DR

b. HllkLU &5 32RO bD—H (£5—AbHlkRaENns)
EREIE
(3) FBELUBERP D) TRIERIZEHFINhTWE Z &,

Line-Add-TrackC
Bee
(1) = ICHE F & R BT 5.
AA
(2) ZOBEBTIXLATOEE ASIT 5.
a. LT BRI
b. #ERIEE &S HTY) 7D ID
c. FizITBFT DPEMBICA LB ID
d. FLVHERBEOEEH (5%, ATC{E%S, TD 155, AT/BT O4l)
EREIR
(3) =V 7 ID MK ICBFINTWE I, &
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13.

14.

15.

(4) TV 7 IDTHREEINAEZZY TIZELT, LRIV 1.20 (Add-TrackC) DOESRHIE G-I TW
5.
(5) FHLVWHERBOLTOERIZO>VWT, =) TRER I ERILTVwWRNWI &

Line-Del-TrackC
Bae
(1) &R %2 AR D S HIFRT 5.
A7
(2) ZOBETIXLATOEE ASIT 5.
a. T DR
b. HIFRT 2HUERIEENEFEINTNE Y 7D ID
c. HIbRY 2WuEEED ID
EREIF
(3) =V 7 ID BRIZEFKSI N TS Z L.
(4) TV 7IDTHREINEZTYTIZELT, LAV 1.21 (Del-TrackC) OERFENHZI N TWS
Ze.
(5) HIFRL &5 &3 2HBERIFKICEETNIHEAD, TV THERICERI TRV L.

Line-Add-Joint

Heae

(1) FH= IR N OBERI I IR 2888k d 5.

A7

(2) ZOBEKTIILATOEE AT 5.

TR B

PR EENT5T) 7O ID

PR BINY 2 HER O 1D

Pz 12 BHs 2B RN G595 ID
e. HUWEIROE®R (M, MESE)

EREIH

(3) fBE LAY 7 ID MRRIZBFRINT NS Z &,

(4) FBELU-HUERE ID eI Nz 7IZEHINhTWE I &,

(5) TVT7ID THRESNAETY 7IZELT, LAV 1. 22 (Add-Joint) DERFIEA M~ I TW
52 k.

e o TP

Line-Del-Joint

HBE

(1) MEPSHERZHIFRT 2. R 2 DOHGEFREKIZATIEL TWA5E I G OHER D 557 %2
1EICHIBRT 2 Z 2 IELRVWDT, Wi SHIRS 2561213 N2 O#GER K I DWW TIEOH
TRHENRD 5.

A7

(2) ZOBEKTIILATOEER AT 5.

. RS AR

. HIBRS 2RV ERINTVWEZY 7D ID

. BRAEHIRL 2 WEHSEEE 1D

. BIBR L 7=\ o ID

FEREIH

(3) fEELATY 7 ID MRRIZBFRINT NS Z L.

(4) FBEU-HUERE ID eIz ) 7 IZEHIhT\wWB T &,

o T o

(oW
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16.

17.

18.

(5) fREEIN/EEHR ID MMEE S N HERIBICFEET 52 &.

(6) TVF7ID TCEINEZTYTIZELT, LUV 1.23 (Del-Joint) OERFEMNH I NTWVWS
zr.

(7) BIBRL &5 2 338RMNT ) THERIZEHFRINTVRNWI L.

Line-Add-Path

Bae

(1) FH=ITH X1z Path 283 5.

AA

(2) ZOBEBIILLTDOMEE AT 5.

. WREET BARK

. #7212 Path 2895V 7D ID

. W72 1288k B Path 12459 5 ID
d. # L\ Path OfF# (Wi, KOs, B, &AROMATE)

BEREIR

(3) BELZT VT ID MERIZERHRKINTNE Z L.

(4) =V 7 ID THREINZTZY 7IZBEHLT, LRI 1.24 (Add-Path) OERFEMMZEIhTWS
Z k.

(5) BT 3 Path OEHRBT ) TREFICEHKINTVWEEEE, BRI TWAioT Y 70 Path
IBEROBEMEFFoT WD L.

o T o

Line-Del-Path

HeRe

(1) Path Z#X 2 S HIERT 5.

AA

(2) ZOMMTIEUATOMEE AST 5.
a. Mt d DHRX
b. HlIfRU & 5 &9 % Path 23&HF I N TW5T ) 7D ID
c. HIBRL X5 &9 3% Path ID

EREIF

(3) B L Path ID ) 7iZ&HIhTWb I &,

(4) =V 7 ID CHESNEZZYTIZELT, LRV 1.25 (Del-Path) OERFIEMNHZE N TW5S
Z k.

Line-Add-Route

Bae

(1) 7z TR Z AR E 8% T 5.

AA

(2) ZOBBIZATDO AN EZBLELT S,

it 3 B FRIX

- EREENTAT) 7D ID

Bk HHERICAH 595 1D
d. BT 2 EEBOER, T2bb KO L Path D5

EREIR

(3) BELEZZVY T ID MERKIZEHRKINTVWAEZ L.

(4) =V 7ID CHREINZT) 7IZELT, L)L 1.26 (Add-Route) DERFIEA M-I NTWVWS
.

o T
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19. Line-Del-Route

BaE

(1) HEEEERRE A SHIRT 5.

AA

(2) ZOBEHTIILATOEE AT 5.
a. T HHRX
b. HIBRL & 5 & T 2B EHINTNWE Y 7D ID
c. HIBRL & 5 2 32D ID

EREIR

(3) BELAZT VT ID MEEIZBFHRKINT NS Z L.

(4) =V 7 ID THESINAZTY TIZELT, LAV 1.27 (Del-Route) OERFIEMA M-I TWS
ze.

20. Line-Add-Condition
HaE
(1) #IPR% Path IZ#&ET 5. MKz U TRt NS,
AN
(2) fHEET DARX
(3) HilR%EFETEHTVYTDID
(4) HiIpR % E$ % Path @ ID
(5) HIBROME®R (R, fiE, HE, %)
EREIF
(6) WMETHTVTDID BFHETSH &,
(7) =V 7IDCHREINEZT) 7IZELT, LRIV 1.28 (Add-Condition) DERFIEA M2 ST
WwaZe.

21. Line-Del-Condition
BEAE
(1) HIpR% Path 225409, fRKcxi U CigftEn s,
AB
(2) MRS BHX
(3) WMETHTVTDID
(4) IR % 443 #uE R BN ERK O 1D
(5) IR DR
(6) i
EREIF
(7 WMETHTV7OID BELETEI L.
(8) =V 7 ID THESINAETY TIZBELT, LAV 1.29 (Del-Condition) DERFIEAM -3 NT
WwaZk.

B.13 L% GERICHERTE?S) T—9XN—ABEDEH

INFETIZFHRBRUZEMBITEITE D> TWEBERD BH, BEICHET T2 T — X R—AUTIEE SI2580
BETH 5.
1. [EEOHERIBEFITHEDOKIFTH 55, MO ) 7TADEHE > T3,
2. EEOHERIEKIHEAIN LT, F—HuEr Iz E T 2 MoBuE R EER & O Path 2 FET 5.
3. EROHBEEEDO T IO HAIZBENTH, ATCEEVRHHTE 254121, TOAMIZET % Path
MRHEHATEETH 5.
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. AEE D Path 126 LT, ATCESMWEET 25821, TD Path 250 EREKLETH 5.

R TREAR SENCBIL T, £ D Path 12 1 DL LMD Path 2SI s () 7HREL > TW
TH kW), ATC HIIKEETH 20, HuEERIETH 5.
FIHTREZR AHIZBI L T, {£E D Path 13 1 DA LEDMD Path I L TWE D () THARZ > TW
TH &), ATC HlfR &I TH 55, BLUEKIETH 5.

CAEEOERIIN U T, TORITH EMPFEL, ThELEDZLIZLD, o) 7 ADHER, ATC

A DRI i 8 B WIF B RIZ 72 2 D D 2N TE B,

B.2 Witk
B21 EAEE LN 1-TYTICETIER

BRERS L URERMG

© 0N U W N =

I I T T S e o S S
AW NRO®©®ENT®W A WNRO

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

-- Model of Digital ATC Database
-- ver 4.61 2001.2.5 by n.terada
-- track circuits -- basic unit

types
TrackC:: joints : map Joint_id to Joint
atc : map Direction to ATC

td : TD
atbt : ATBT
inv tc == card dom tc.joints > 1 and

dom tc.atc = {<ADIR>, <BDIR>} and
TD_Used_for_NonInsulated_TrackC(tc.td, tc.atbt, rng tc.joints) and
(tc.atc(<ADIR>) .used and tc.atc(<BDIR>).used =>

tc.atc(<ADIR>) .carrier <> tc.atc(<BDIR>).carrier);

-- joint -- connection between two track circuits

Joint_id = token;
Joint:: position : nat

insulated : Insulation
remark : Remark;

Insulation = bool; -- true if joint is insulated

Remark :: atc_terminal : map Direction to bool -- true if atc is terminated
line_terminal : bool -- true if line terminated

inv rm == dom rm.atc_terminal = {<ADIR>, <BDIR>};

Direction = <ADIR> | <BDIR>;

-- carrier of track circuits
-- atc signal , td(train detection signal)

ATC :: used : bool -- true if Digital ATC is used
carrier : token;

TD :: used : bool -- true if TD is used
carrier : token;

ATBT = <AT> | <BT> | <NULL>;

functions
TD_Used_for_NonInsulated_TrackC : TD * ATBT * set of Joint -> bool
TD_Used_for_NonInsulated_TrackC(td, atbt, joints) ==

(atbt = <NULL> <=> not td.used) and

((exists j in set joints & not j.insulated) => td.used);

-- Collection of Track Circuits
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57 -=

58 types

59 TrackC_id = token;

60 TrackC_map = map TrackC_id to TrackC

61 inv tcs == forall tid in set dom tcs &

62 forall jid in set dom tcs(tid).joints &

63 Only_One_Next_TrackC(tcs, tid, jid) and

64 forall tid2 in set dom tcs & tid <> tid2 =>

65 Joint_and_Next_TrackC(tcs(tid), tcs(tid2), jid);
66

67 functions
68 Only_One_Next_TrackC: map TrackC_id to TrackC * TrackC_id * Joint_id -> bool
69 Only_One_Next_TrackC(tcs, tcid, jid) ==

70 card {tid | tid in set dom tcs &
71 tid <> tcid and jid in set dom tcs(tid).joints} < 2;
72

73 Joint_and_Next_TrackC: TrackC * TrackC * Joint_id -> bool
74 Joint_and_Next_TrackC(tcl, tc2, jid) ==

75 (jid in set dom tcl.joints and jid in set dom tc2.joints) =>
76 (tcl.joints(jid) = tc2.joints(jid) and

77 not tcl.joints(jid) .remark.line_terminal and

78 Is_wf_adjacent_signal(tcl, jid, tc2, jid, false));

79

80  —-—

81 -- condition related with signal

82 -

83 Is_wf_adjacent_signal: TrackC * Joint_id * TrackC * Joint_id * bool -> bool
84 Is_wf_adjacent_signal(tcl, jidl, tc2, jid2, dir_chng) ==

85 jidl in set dom tcl.joints and

86 jid2 in set dom tc2.joints and

87 Remark_Compatible(tcl.joints(jid1l) .remark, tc2.joints(jid2).remark, dir_chng) and
88 ATC_Terminal_and_ATC_Used(tcl.atc(<ADIR>), tc2.atc(<BDIR>),

89 tcl.joints(jidl) .remark, tc2.atc(<ADIR>), tc2.atc(<BDIR>),

90 tc2.joints(jid2) .remark, dir_chng) and

91 Adjacent_TD_Carrier_Differ(tcl.td, tcl.atbt, tc2.td, tc2.atbt,

92 tcl.joints(jidl) .insulated and tc2.joints(jid2).insulated);

93

94 Remark_Compatible : Remark * Remark * bool-> bool
95  Remark_Compatible(rml, rm2, dir_chng) ==

96 (not dir_chng => rml.atc_terminal = rm2.atc_terminal) and

97 (dir_chng =>

98 (rml.atc_terminal (KADIR>) = rm2.atc_terminal (<BDIR>) and
99 rml.atc_terminal (<BDIR>) = rm2.atc_terminal (<ADIR>)));
100

101 ATC_Terminal_and_ATC_Used : ATC * ATC * Remark * ATC * ATC * Remark * bool -> bool
102  ATC_Terminal_and_ATC_Used(atcAl, atcBl, rml, atcA2, atcB2, rm2, dir_chng) ==

103 (not dir_chng =>

104 (((atcAl.used <> atcA2.used) = rml.atc_terminal(<ADIR>)) and
105 ((atcBl.used <> atcB2.used) = rml.atc_terminal(<BDIR>)))) and
106 (dir_chng =>

107 (((atcAl.used <> atcB2.used) = rml.atc_terminal (<ADIR>)) and
108 ((atcBl.used <> atcA2.used) = rml.atc_terminal(<BDIR>))))

109

110 pre Remark_Compatible(rml, rm2, dir_chng);

111

112 Adjacent_TD_Carrier_Differ : TD * ATBT * TD * ATBT * Insulation -> bool
113 Adjacent_TD_Carrier_Differ(tdl, atbtl, td2, atbt2, insulated) ==

114 (insulated or

115 tdl.carrier <> td2.carrier and

116 (atbtl <> atbt2 or atbtl = <AT> and atbt2 = <AT>));
117 -

118 -- end of track circuit

119 -

120

121 -

122 -- paths in track circuits

123 -

124 types
125 Path:: tc : TrackC_id

126 start : Joint_id

127 endp : Joint_id

128 length : nat

129 used : map Direction to bool

130 condition : set of Condition

131 inv p == p.start <> p.endp and

132 dom p.used = {<ADIR>, <BDIR>} and

133 (exists dr in set dom p.used & p.used(dr)) and
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(forall cl, c2 in set p.condition & Condition_not_Conflict(cl, c2));

-- start.position < endp.position is added at inv_Area

Condition :: kind : Cond_Kind
start : nat
endp : nat

speed : nat -- only used for <LIMIT>
permill : nat -- should be integer or real
inv con == con.start < con.endp;

Cond_Kind = <LIMIT> | <GRADIENT> | <SECTION>;

functions
Condition_not_Conflict : Condition * Condition -> bool
Condition_not_Conflict(cl, c2) ==
(c1 <> c2 and cl.kind = c2.kind and cl.kind <> <LIMIT>) =>
not Overlap(cl, c2);

Overlap : Condition * Condition -> bool

Overlap(cl, c2) ==
(cl.start < c2.start and c2.start < cl.endp) or
(c2.start < cl.start and cl.start < c2.endp) or
(cl.start = c2.start);

types
Path_id = token;

Path_map = map Path_id to Path

inv ps == forall pidl, pid2 in set dom ps & pidl <> pid2 =>
(Not_Same_Path(ps(pidl), ps(pid2)) and
Not_Start_and_End(ps(pidl), ps(pid2)));

functions

Not_Same_Path : Path * Path -> bool

Not_Same_Path(pl, p2) ==
not (pl.start = p2.start and pl.endp = p2.endp) and
not (pl.start = p2.endp and pl.endp = p2.start);

-- It is possible to allow the case pl.tc <> p2.tc
-- but that is not practical, so it is not allowed here.

Not_Start_and_End : Path * Path -> bool
Not_Start_and_End(pl, p2) ==
(pl.tc = p2.tc) =>
(not pl.start = p2.endp and not p2.start = pl.endp);

—-- route

types
Route:: dr : Direction
paths : seql of Path_id;

Route_map = map Route_id to Route;

Route_id = token;

-- Area -- corresponds to stations or intermediate part.

Area :: trackcs : TrackC_map
paths : Path_map
routes : Route_map
kind : Area_Kind
max : MaxSpeed

inv mk_Area(trackcs, paths, routes, -, -) ==

(forall p in set rng paths &
Path_within_TrackC(trackcs, p) and
Direction_Correct(trackcs, p)) and

(forall r in set rng routes &
Path_Exists(paths, r.paths, r.dr) and
Exists_ATC_for_Route(trackcs, paths, r) and
Route_not_Circular(paths, r) and
Path_Connected(paths, r.paths, r.dr));
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211 Area_Kind = <PLAIN> | <COMPLEX>;

212 MaxSpeed = token;

213

214 functions

215 Path_within_TrackC : TrackC_map * Path -> bool
216  Path_within_TrackC(trackcs, p) ==

217 p.tc in set dom trackcs and

218 p.start in set dom trackcs(p.tc).joints and
219 p.-endp in set dom trackcs(p.tc).joints;

220

221 Direction_Correct : TrackC_map * Path -> bool
222 Direction_Correct(trackcs, p) ==

223 let pstart = trackcs(p.tc).joints(p.start).position,
224 pend = trackcs(p.tc).joints(p.endp).position in
225 pstart < pend and

226 p.length = pend - pstart and

227 forall ¢ in set p.condition &

228 pstart <= c.start and c.endp <= pend
229 pre Path_within_TrackC(trackcs, p);

230

231 Path_Exists : Path_map * seq of Path_id * Direction -> bool
232 Path_Exists(paths, route, dr) ==

233 forall pid in set elems route &

234 pid in set dom paths and

235 paths(pid) .used(dr);

236

237 -- next function is related with signal

238 Exists_ATC_for_Route : TrackC_map * Path_map * Route -> bool
239 Exists_ATC_for_Route(trackcs, paths, r) ==

240 forall pid in set elems r.paths &

241 paths(pid) .tc in set dom trackcs and
242 trackcs(paths(pid) .tc).atc(r.dr) .used
243 pre Path_Exists(paths, r.paths, r.dr);
244

245 Route_not_Circular : Path_map * Route-> bool
246 Route_not_Circular(paths, r) ==

247 forall i, j in set inds r.paths &

248 i <> j => paths(r.paths(i)).tc <> paths(r.paths(j)).tc
249  pre Path_Exists(paths, r.paths, r.dr);

250

251 Path_Connected : Path_map * seq of Path_id * Direction-> bool
252 Path_Connected(paths, route, dr) ==

253 forall i in set inds route &

254 (i + 1) in set inds route =>

255 ((dr = <ADIR> =>

256 paths(route(i)).endp = paths(route(i+1)).start) and
257 (dr = <BDIR> =>

258 paths(route(i)).start = paths(route(i+1)).endp))
259 pre Path_Exists(paths, route, dr);

260

261 -

262 -- end of invariant

263  --—

264

TYTICEAT DERE

265 -

266 -— Operation of Data Base (Area Level)

267 -

268 Add_TrackC : Area * TrackC_id * TrackC -> Area
269 Add_TrackC(ar, tcid, tc) ==

270 mu(ar, trackcs |-> ar.trackcs ++ {tcid |-> tc})

271 pre tcid not in set dom ar.trackcs and

272 forall jid in set dom tc.joints &

273 Only_One_Next_TrackC(ar.trackcs, tcid, jid) and
274 forall tcidl in set dom ar.trackcs &

275 Joint_and_Next_TrackC(tc, ar.trackcs(tcidl), jid)
276 post tcid in set dom RESULT.trackcs and

277 RESULT.trackcs = ar.trackcs ++ {tcid |-> tc} and
278 RESULT.trackcs(tcid) = tc and

279 RESULT.paths = ar.paths and

280 RESULT.routes = ar.routes;

281

282 Del_TrackC : Area * TrackC_id -> Area
283 Del_TrackC(ar, tcid) ==
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mu(ar, trackcs |-> {tcid} <-: ar.trackcs)
pre tcid in set dom ar.trackcs and

forall p in set rng ar.paths & p.tc <> tcid
post tcid not in set dom RESULT.trackcs and

RESULT.trackcs = {tcid} <-: ar.trackcs and

RESULT.paths = ar.paths and

RESULT.routes = ar.routes;

Add_Joint : Area * TrackC_id * Joint_id * Joint -> Area
Add_Joint(ar, tid, jid, joint) ==
let tc = ar.trackcs(tid) in
mu(ar, trackcs |-> ar.trackcs ++ {tid |->
mu(tc, joints |-> tc.joints ++ {jid |-> jointH})
pre tid in set dom ar.trackcs and
let tc = ar.trackcs(tid) in
jid not in set dom tc.joints and
TD_Used_for_NonInsulated_TrackC(tc.td, tc.atbt,
rng tc.joints union {joint}) and
Only_One_Next_TrackC(ar.trackcs, tid, jid) and
forall tidl in set dom ar.trackcs & tidl <> tid =>
Joint_and_Next_TrackC(ar.trackcs(tidl),
mu(tc,joints |-> tc.joints ++ {jid |-> joint}), jid)
post tid in set dom RESULT.trackcs and
jid in set dom RESULT.trackcs(tid).joints and
dom RESULT.trackcs = dom ar.trackcs and
{tid} <-: RESULT.trackcs = {tid} <-: ar.trackcs and
RESULT.trackcs(tid) = mu(ar.trackcs(tid),
joints |-> ar.trackcs(tid).joints ++ {jid |-> joint}) and
RESULT.trackcs(tid) . joints(jid) = joint and
RESULT.trackcs(tid) .atc = ar.trackcs(tid).atc and
RESULT.trackcs(tid).td = ar.trackcs(tid).td and
RESULT.trackcs(tid) .atbt = ar.trackcs(tid).atbt and
RESULT.paths = ar.paths and
RESULT.routes = ar.routes;

Del_Joint : Area * TrackC_id * Joint_id -> Area
Del_Joint(ar, tcid, jid) ==
let tc = ar.trackcs(tcid) in
mu(ar, trackcs |-> ar.trackcs ++
{tcid |-> mu(tc, joints |-> {jid} <-: tc.joints)})
pre tcid in set dom ar.trackcs and
jid in set dom ar.trackcs(tcid).joints and
card dom ar.trackcs(tcid).joints > 2 and
(forall path in set rng ar.paths &
path.tc <> tcid or
jid <> path.start and jid <> path.endp)
post tcid in set dom RESULT.trackcs and
dom RESULT.trackcs = dom ar.trackcs and
{tcid} <-: RESULT.trackcs = {tcid} <-: ar.trackcs and
jid not in set dom RESULT.trackcs(tcid).joints and
RESULT.trackcs(tcid) = mu(ar.trackcs(tcid),
joints |-> {jid} <-: ar.trackcs(tcid).joints) and
RESULT.trackcs(tcid) .atc = ar.trackcs(tcid).atc and
RESULT.trackcs(tcid) .td = ar.trackcs(tcid).td and
RESULT.trackcs(tcid) .atbt = ar.trackcs(tcid).atbt and
RESULT.trackcs(tcid).joints = {jid} <-: ar.trackcs(tcid).joints and
RESULT.paths = ar.paths and
RESULT.routes = ar.routes;

Add_Path : Area * Path_id * Path -> Area
Add_Path(ar, pid, path) ==

mu(ar, paths |-> ar.paths ++ {pid |-> path})
pre pid not in set dom ar.paths and

Path_within_TrackC(ar.trackcs, path) and

Direction_Correct(ar.trackcs, path) and

forall p in set rng ar.paths &

Not_Same_Path(p, path) and Not_Start_and_End(p, path)

post pid in set dom RESULT.paths and

RESULT.paths = ar.paths ++ {pid |-> path} and

RESULT.paths (pid) = path and

RESULT.trackcs = ar.trackcs and

RESULT.routes = ar.routes;

Del_Path : Area * Path_id -> Area
Del_Path(ar, pid) ==

mu(ar, paths |-> {pid} <-: ar.paths)
pre pid in set dom ar.paths and
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361 forall r in set rng ar.routes & pid not in set elems r.paths
362 post pid not in set dom RESULT.paths and

363 RESULT.paths = {pid} <-: ar.paths and

364 RESULT.trackcs = ar.trackcs and

365 RESULT.routes = ar.routes;

366

367 Add_Route : Area * Route_id * Route -> Area
368 Add_Route (ar, rid, r) ==

369 mu(ar, routes |-> ar.routes ++ {rid |-> r})
370 pre rid not in set dom ar.routes and

371 Path_Exists(ar.paths, r.paths, r.dr) and

372 Exists_ATC_for_Route(ar.trackcs, ar.paths, r) and
373 Route_not_Circular(ar.paths, r) and

374 Path_Connected(ar.paths, r.paths, r.dr)

375 post rid in set dom RESULT.routes and

376 RESULT.routes = ar.routes ++ {rid |-> r} and
377 RESULT.routes(rid) = r and

378 RESULT.trackcs = ar.trackcs and

379 RESULT.paths = ar.paths;

380

381 Del_Route : Area * Route_id -> Area

382 Del_Route(ar, rid) ==

383 mu(ar, routes |-> {rid} <-: ar.routes)
384 pre rid in set dom ar.routes

385 post rid not in set dom RESULT.routes and

386 RESULT.routes = {rid} <-: ar.routes and
387 RESULT.trackcs = ar.trackcs and

388 RESULT.paths = ar.paths;

389

390 Add_Condition : Area * Path_id * Condition -> Area
391 Add_Condition(ar, pid, con) ==

392 let p = mu(ar.paths(pid),

393 condition |-> ar.paths(pid).condition union {con}) in
394 mu(ar, paths |-> ar.paths ++ {pid [-> p})

395 pre pid in set dom ar.paths and

396 let p = ar.paths(pid) in

397 ar.trackcs(p.tc).joints(p.start) .position <= con.start and
398 con.endp <= ar.trackcs(p.tc).joints(p.endp).position and

399 (forall c in set p.condition & Condition_not_Conflict(c, con))
400

401 post pid in set dom RESULT.paths and

402 dom RESULT.paths = dom ar.paths and

403 {pid} <-: RESULT.paths = {pid} <-: ar.paths and

404 RESULT.paths(pid) = mu(ar.paths(pid),

405 condition |-> ar.paths(pid).condition union {con}) and

406 RESULT.paths(pid) .start = ar.paths(pid).start and

407 RESULT.paths(pid) .endp = ar.paths(pid).endp and

408 RESULT.paths(pid) .tc = ar.paths(pid).tc and

409 RESULT.paths(pid) .length = ar.paths(pid).length and

410 RESULT.paths(pid) .condition = ar.paths(pid).condition union {con} and
411 RESULT.trackcs = ar.trackcs and

412 RESULT.routes = ar.routes;

413

414 Del_Condition : Area * Path_id * Cond_Kind * nat * nat -> Area
415 Del_Condition(ar, pid, kind, start, endp) ==

416 let p = mu(ar.paths(pid), condition |->

417 {1 | 1 in set ar.paths(pid).condition &

418 not (l.kind = kind and l.start = start and l.endp = endp)}) in
419 mu(ar, paths |-> ar.paths ++ {pid |-> p})

420 pre pid in set dom ar.paths and

421 (exists c in set ar.paths(pid).condition &

422 c.kind = kind and c.start = start and c.endp = endp)
423 post pid in set dom RESULT.paths and

424 dom RESULT.paths = dom ar.paths and

425 {pid} <-: RESULT.paths = {pid} <-: ar.paths and

426 RESULT.paths(pid) = mu(ar.paths(pid), condition |->

427 {1 | 1 in set ar.paths(pid).condition &

428 not (1l.kind = kind and l.start = start and l.endp = endp)}) and
429 RESULT.paths(pid) .start = ar.paths(pid).start and

430 RESULT.paths(pid) .endp = ar.paths(pid).endp and

431 RESULT.paths(pid) .tc = ar.paths(pid).tc and

432 RESULT.paths(pid) .length = ar.paths(pid).length and

433 RESULT.trackcs = ar.trackcs and

434 RESULT.routes = ar.routes;

435

436 —--

437  —- end of Operation (Area level)
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440  types

441 -

442 -- Line -- collection of Areas

443 --

444 -

445

446 Line :: areas : Area_map

447 connect : Connect_map

448 - ver : Version -

449 -= edit_date : Date -- These 4 fields are

450 - valid_date : Date - to be used version control system.
451 - locked : bool -

452 inv mk_Line(areas, connect) ==

453 forall c in set dom connect &

454 (forall n in set c & Area_Joint_Exists(areas, n)) and

455

456 (forall n1, n2 in set ¢ & nl <> n2 =>

457 Direction_for_Area_Joint(areas(nl.aid).paths, ni.no,

458 areas(n2.aid) .paths, n2.no, connect(c).chng_direction) and
459 let tcl = areas(nl.aid).trackcs(nl.tcid),

460 tc2 = areas(n2.aid) .trackcs(n2.tcid) in

461 Joint_Compatible(tcl.joints(nl.no), tc2.joints(n2.no),
462 connect(c)) and

463 Is_wf_adjacent_signal(tcl, nl.no, tc2, n2.no,

464 connect(c) .chng_direction));

465

466 Area_map = map Area_id to Area;
467 Area_id = token;

468

469  -- (Plan)

470 -- Area_id :: 1lid : nat

471 -- aid : nat

472

473 --

474 -- connection between two areas

475 -

476 Area_Joint :: aid : Area_id

477 tcid : TrackC_id

478 no : Joint_id;

479

480 Connect = set of Area_Joint

481 inv con == card con = 2 and

482 forall al, a2 in set con & al <> a2 => al.aid <> a2.aid;
483

484 Connect_map = map Connect to Remark_Connect
485 inv con == forall al, a2 in set dom con & al <> a2 => al inter a2 = {};
486

487 Remark_Connect :: chng_direction : bool

488 chng_distance : bool;

489

490 functions
491 Area_Joint_Exists : Area_map * Area_Joint -> bool
492 Area_Joint_Exists(areas, n) ==

493 n.aid in set dom areas and

494 n.tcid in set dom areas(n.aid).trackcs and

495 n.no in set dom areas(n.aid).trackcs(n.tcid).joints and

496 not areas(n.aid).trackcs(n.tcid).joints(n.no).remark.line_terminal and
497 forall tcid in set dom areas(mn.aid).trackcs & n.tcid <> tcid =>

498 n.no not in set dom areas(n.aid).trackcs(tcid).joints;

499

500 Direction_for_Area_Joint : Path_map * Joint_id * Path_map * Joint_id * bool
501 -> bool
502 Direction_for_Area_Joint(pml, nl, pm2, n2, chng_dir) ==

503 forall pl in set rng pml, p2 in set rng pm2 &

504 ((pl.start = nl and p2.start = n2) => chng_dir) and

505 ((pl.endp = nl and p2.endp = n2) => chng_dir) and

506 ((pl.start = nl and p2.endp = n2) => not chng_dir) and

507 ((pl.endp nl and p2.start = n2) => not chng_dir);
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508
509 Joint_Compatible: Joint * Joint * Remark_Connect -> bool
510  Joint_Compatible(jl, j2, rm) ==

511 jl.insulated = j2.insulated and

512 ((j1.position <> j2.position) = rm.chng_distance) and

513 Remark_Compatible(jl.remark, j2.remark, rm.chng_direction);
514

515 Add_Area : Line * Area_id * Area_Kind * MaxSpeed -> Line

516 Add_Area(ln, aid, kind, max) ==

517 mu(ln, areas |-> ln.areas ++ {aid |-> mk_Area({|->}, {|->}, {I->}, kind, max)})
518 pre aid not in set dom ln.areas

519 post aid in set dom RESULT.areas and

520 RESULT.connect = ln.connect;

521

522 Change_Area : Line * Area_id * Area -> Line

523 Change_Area(ln, aid, area) ==

524 mu(ln, areas |-> ln.areas ++ {aid |-> areal})

525 pre aid in set dom ln.areas and

526 inv_Line(mk_Line(1ln.areas ++ {aid |-> area}, ln.connect))
527  post RESULT.areas(aid) = area and

528 RESULT.connect = ln.connect;

529

530 Del_Area : Line * Area_id -> Line
531 Del_Area(ln, aid) ==

532 mu(ln, areas |-> {aid} <-: 1ln.areas)
533 pre aid in set dom ln.areas and

534 (forall ¢ in set dom ln.connect &

535 forall aj in set c & aj.aid <> aid)
536 post aid not in set dom RESULT.areas and
537 RESULT.connect = ln.connect;

538

539 Add_Connect : Line * Connect * Remark_Connect -> Line
540 Add_Connect(ln, con, r) ==

541 mu(ln, connect |-> 1ln.connect ++ {con |-> r})

542  pre (forall c in set dom ln.connect & c inter con = {}) and

543 (forall n in set con & Area_Joint_Exists(ln.areas, n)) and

544

545 (forall nl, n2 in set con & nl <> n2 =>

546 Direction_for_Area_Joint(ln.areas(nl.aid).paths, nl.no,

547 ln.areas(n2.aid) .paths, n2.no, r.chng_direction) and

548 let tcl = ln.areas(nl.aid).trackcs(nl.tcid),

549 tc2 = ln.areas(n2.aid).trackcs(n2.tcid) in

550 Joint_Compatible(tcl.joints(nl.no), tc2.joints(n2.no), r) and
551 Is_wf_adjacent_signal(tcl,nl.no, tc2, n2.no, r.chng_direction))
552

553 post con in set dom RESULT.connect and

554 RESULT.connect = 1ln.connect ++ {con |-> r} and

555 RESULT.connect(con) = r and

556 RESULT.areas = ln.areas;

558 Del_Connect : Line * Area_Joint -> Line

559 Del_Connect(ln, n) ==

560 mu(ln, connect |->

561 {c |-> 1n.connect(c) | ¢ in set dom ln.connect & n not in set c})
562 pre exists ¢ in set dom ln.connect & n in set c

563 post forall c¢ in set dom RESULT.connect & n not in set c and

564 RESULT.areas = ln.areas;

R ZRFY 2EH

566 functions

567

568 Line_Add_TrackC : Line * Area_id * TrackC_id * TrackC -> Line
569 Line_Add_TrackC(ln, aid, tcid, tc) ==

570 mu(ln, areas |-> ln.areas ++

571 {aid |-> Add_TrackC(ln.areas(aid), tcid, tc)})
572 pre aid in set dom ln.areas and

573 pre_Add_TrackC(ln.areas(aid), tcid, tc) and

574 (forall jid in set dom tc.joints &

575 forall ¢ in set dom ln.connect &

576 forall n in set c &

577 n.aid = aid => n.no <> jid)

578 post aid in set dom RESULT.areas and

579 dom 1ln.areas = dom RESULT.areas and

580 {aid} <-: RESULT.areas = {aid} <-: 1ln.areas and
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tcid in set dom RESULT.areas(aid).trackcs and
RESULT.areas(aid) .trackcs =

1n.areas(aid) .trackcs ++ {tcid |-> tc} and
RESULT.areas(aid) .trackcs(tcid) = tc and
RESULT.connect = ln.connect;

Line_Del_TrackC : Line * Area_id * TrackC_id -> Line
Line_Del_TrackC(ln, aid, tcid) ==
mu(ln, areas |-> ln.areas ++
{aid |-> Del_TrackC(ln.areas(aid), tcid)})
pre aid in set dom ln.areas and
pre_Del_TrackC(ln.areas(aid), tcid) and
forall ¢ in set dom ln.connect &
forall aj in set c &
aj.aid = aid => aj.tcid <> tcid
post aid in set dom RESULT.areas and
dom 1ln.areas = dom RESULT.areas and
{aid} <-: RESULT.areas = {aid} <-: ln.areas and
RESULT.areas(aid) .trackcs = {tcid} <-: ln.areas(aid).trackcs and
tcid not in set dom RESULT.areas(aid).trackcs and
RESULT.connect = ln.connect;

Line_Add_Joint : Line * Area_id * TrackC_id * Joint_id * Joint -> Line
Line_Add_Joint(1ln, aid, tcid, jid, j) ==
mu(ln, areas |-> ln.areas ++
{aid |-> Add_Joint(ln.areas(aid), tcid, jid, j)3})
pre aid in set dom ln.areas and
pre_Add_Joint(1n.areas(aid), tcid, jid, j) and
(forall ¢ in set dom ln.connect &
forall n in set c &
n.aid = aid => n.no <> jid)
post aid in set dom RESULT.areas and
tcid in set dom RESULT.areas(aid).trackcs and
jid in set dom RESULT.areas(aid).trackcs(tcid).joints and
dom RESULT.areas = dom ln.areas and
{aid} <-: RESULT.areas = {aid} <-: ln.areas and
dom RESULT.areas(aid).trackcs = dom ln.areas(aid).trackcs and
{tcid} <-: RESULT.areas(aid).trackcs =
{tcid} <-: 1ln.areas(aid).trackcs and
RESULT.areas (aid) .trackcs(tcid) . joints =
1n.areas(aid) .trackcs(tcid).joints ++ {jid |-> j} and
RESULT.areas (aid) .trackcs(tcid) . joints(jid) = j and
RESULT.connect = ln.connect;

Line_Del_Joint : Line * Area_id * TrackC_id * Joint_id -> Line
Line_Del_Joint(ln, aid, tcid, jid) ==
mu(ln, areas |-> ln.areas ++
{aid |-> Del_Joint(ln.areas(aid), tcid, jid)})
pre aid in set dom ln.areas and
pre_Del_Joint(ln.areas(aid), tcid, jid) and
forall ¢ in set dom ln.connect &
forall aj in set c &
(aj.aid = aid and aj.tcid = tcid) => aj.no <> jid
post aid in set dom RESULT.areas and
tcid in set dom RESULT.areas(aid).trackcs and
jid not in set dom RESULT.areas(aid).trackcs(tcid).joints and
dom RESULT.areas = dom ln.areas and
{aid} <-: RESULT.areas = {aid} <-: ln.areas and
dom RESULT.areas(aid).trackcs = dom ln.areas(aid).trackcs and
{tcid} <-: RESULT.areas(aid).trackcs =
{tcid} <-: 1ln.areas(aid).trackcs and
RESULT.areas (aid) .trackcs(tcid) . joints =
{jid} <-: 1ln.areas(aid).trackcs(tcid).joints and
RESULT.connect = 1ln.connect;

Line_Add_Path : Line * Area_id * Path_id * Path -> Line
Line_Add_Path(ln, aid, pid, p) ==
mu(ln, areas |-> ln.areas ++
{aid |-> Add_Path(ln.areas(aid), pid, p)})
pre aid in set dom ln.areas and
pre_Add_Path(ln.areas(aid), pid, p) and
forall ¢ in set dom ln.connect &
forall nl, n2 in set c &
(n1 <> n2 and nl.aid = aid) =>
Direction_for_Area_Joint({pid |-> p}, nil.no,
ln.areas(n2.aid) .paths , n2.no, ln.connect(c).chng_direction)
post aid in set dom RESULT.areas and
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658 pid in set dom RESULT.areas(aid).paths and

659 dom RESULT.areas = dom ln.areas and

660 {aid} <-: RESULT.areas = {aid} <-: ln.areas and

661 RESULT.areas(aid) .paths = 1ln.areas(aid).paths ++ {pid |-> p} and
662 RESULT.areas(aid) .paths(pid) = p and

663 RESULT.connect = 1ln.connect;

664

665 Line_Del_Path : Line * Area_id * Path_id -> Line
666 Line_Del_Path(ln, aid, pid) ==

667 mu(ln, areas |-> 1ln.areas ++ {aid |-> Del_Path(ln.areas(aid), pid)})
668 pre aid in set dom ln.areas and

669 pre_Del_Path(ln.areas(aid), pid)

670 post aid in set dom RESULT.areas and

671 pid not in set dom RESULT.areas(aid).paths and

672 dom RESULT.areas = dom ln.areas and

673 {aid} <-: RESULT.areas = {aid} <-: ln.areas and

674 RESULT.areas(aid) .paths = {pid} <-: ln.areas(aid).paths and

675 RESULT.connect = ln.connect;

676

677 Line_Add_Route : Line * Area_id * Route_id * Route -> Line
678 Line_Add_Route(ln, aid, rid, r) ==

679 mu(ln, areas |-> ln.areas ++ {aid |-> Add_Route(ln.areas(aid), rid,r)})
680 pre aid in set dom ln.areas and

681 pre_Add_Route(ln.areas(aid), rid, r)

682 post aid in set dom RESULT.areas and

683 rid in set dom RESULT.areas(aid).routes and

684 dom RESULT.areas = dom ln.areas and

685 {aid} <-: RESULT.areas = {aid} <-: 1ln.areas and

686 RESULT.areas(aid) .routes = 1ln.areas(aid).routes ++ {rid |-> r} and
687 RESULT.areas(aid) .routes(rid) = r and

688 RESULT.connect = ln.connect;

689

690 Line_Del_Route : Line * Area_id * Route_id -> Line
691 Line_Del_Route(ln, aid, rid) ==

692 mu(ln, areas |-> ln.areas ++ {aid |-> Del_Route(ln.areas(aid), rid)})
693 pre aid in set dom ln.areas and

694 pre_Del_Route(ln.areas(aid), rid)

695 post aid in set dom RESULT.areas and

696 dom RESULT.areas = dom ln.areas and

697 {aid} <-: RESULT.areas = {aid} <-: ln.areas and

698 rid not in set dom RESULT.areas(aid).routes and

699 RESULT.areas(aid) .routes = {rid} <-: ln.areas(aid).routes and

700 RESULT.connect = ln.connect;

701

702 Line_Add_Condition : Line * Area_id * Path_id * Condition-> Line
703 Line_Add_Condition(ln, aid, pid, con) ==

704 mu(ln, areas |-> ln.areas ++

705 {aid |-> Add_Condition(ln.areas(aid), pid, con)})
706 pre aid in set dom ln.areas and

707 pre_Add_Condition(ln.areas(aid), pid, con);

708

709 Line_Del_Condition : Line * Area_id * Path_id * Cond_Kind * nat * nat-> Line
710 Line_Del_Condition(ln, aid, pid, kind, start, endp) ==

711 mu(ln, areas |-> ln.areas ++

712 {aid |-> Del_Condition(ln.areas(aid), pid, kind, start, endp)l})
713 pre aid in set dom ln.areas and

714 pre_Del_Condition(ln.areas(aid), pid, kind, start, endp);

715

B.23 A L7 GERICERTES) T—9XN—RBEDERH

716 -

717 -- Digital ATC Database

718 -- Condition for "Completed" Database
719 -

720

721 functions
722 Is_wf_Line DB : Line -> bool
723 Is_wf_Line_DB(ln) ==

724

725 (forall aid in set dom ln.areas & let ar = ln.areas(aid) in
726 Joint_Completed(ar.trackcs, aid, ln.connect) and

727 Path_Exists_for_Joint(ar.trackcs, ar.paths) and

728 Path_Exists_for_TrackC(ar.trackcs, ar.paths) and

729 Route_Exists_for_Path(ar) and
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730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748

750

761

764
765
766
767
768
769
770
771
772
773
774
775
776
T
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806

Path_Exists_before_Start(ar, aid, ln.connect) and
Path_Exists_after_End(ar, aid, ln.connect) and
Route_Exists_to_Terminal(ar, aid, ln.connect) and

(ar.kind = <PLAIN> => Is_Plain_Area(ar, aid, ln.connect))) and

Following_Path_Exists_at_Connect(ln) and
Preceding_Path_Exists_at_Connect(1ln) and
One_Side_Unique_Path_at_Connection(ln);

Joint_Completed : TrackC_map * Area_id * Connect_map -> bool
Joint_Completed(trackcs, aid, connect) ==
forall tid in set dom trackcs &
let tc = trackcs(tid) in
forall jid in set dom tc.joints &
(not exists tcid in set dom trackcs &
tcid <> tid and
jid in set dom trackcs(tcid).joints) =>
(mk_Area_Joint(aid, tid, jid) in set dunion dom connect or
tc.joints(jid) .remark.line_terminal);

Path_Exists_for_Joint : TrackC_map * Path_map -> bool
Path_Exists_for_Joint (trackcs, paths) ==
forall tid in set dom trackcs &
forall jid in set dom trackcs(tid).joints &
(exists p in set rng paths &
p.tc = tid and
(p.start = jid or p.endp = jid));

Path_Exists_for_TrackC : TrackC_map * Path_map -> bool
Path_Exists_for_TrackC(trackcs, paths) ==
forall tid in set dom trackcs &
forall dr in set dom trackcs(tid).atc &
trackcs(tid) .atc(dr) .used =>
exists p in set rng paths &
p.tc = tid and p.used(dr);

Route_Exists_for_Path : Area -> bool
Route_Exists_for_Path(ar) ==

forall pid in set dom ar.paths &

forall dr in set dom ar.paths(pid).used &
ar.paths(pid) .used(dr) =>
ar.trackcs(ar.paths(pid) .tc) .atc(dr) .used =>
exists r in set rng ar.routes &
r.dr = dr and pid in set elems r.paths;

Path_Exists_before_Start : Area * Area_id * Connect_map -> bool
Path_Exists_before_Start(ar, aid, connect) ==
forall pid in set dom ar.paths &
let p = ar.paths(pid) in
forall dr in set dom p.used &
p.used(dr) =>
(mk_Area_Joint(aid, p.tc, p.start) in set dunion dom connect or
ar.trackcs(p.tc).joints(p.start).remark.line_terminal or
ar.trackcs(p.tc).joints(p.start) .remark.atc_terminal(dr) or
exists pidl in set dom ar.paths &
let pl = ar.paths(pidl) in
pl.tc <> p.tc and
pl.used(dr) and
pl.endp = p.start);

Path_Exists_after_End : Area * Area_id * Connect_map -> bool
Path_Exists_after_End(ar, aid, connect) ==
forall pid in set dom ar.paths &
let p = ar.paths(pid) in
forall dr in set dom p.used &
p.used(dr) =>
(mk_Area_Joint(aid, p.tc, p.endp) in set dunion dom connect or
ar.trackcs(p.tc).joints(p.endp) .remark.line_terminal or
ar.trackcs(p.tc).joints(p.endp) .remark.atc_terminal(dr) or
exists pidl in set dom ar.paths &
let pl = ar.paths(pidl) in
pl.tc <> p.tc and
pl.used(dr) and
pl.start = p.endp);

StartJoint : Path * Direction -> Joint_id
StartJoint(path, dr) ==
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807 if dr = <ADIR> then path.start else path.endp
808  post (dr = <ADIR> => RESULT = path.start) and

809 (dr = <BDIR> => RESULT = path.endp);

810

811 EndJoint : Path * Direction -> Joint_id

812  EndJoint(path, dr) ==

813 if dr = <ADIR> then path.endp else path.start

814  post (dr = <ADIR> => RESULT = path.endp) and

815 (dr = <BDIR> => RESULT = path.start);

816

817 -

818 -- Route_Exists_to_Terminal means that Train can reach an Area_Joint or
819 -- an end of track.

820 Route_Exists_to_Terminal : Area * Area_id * Connect_map -> bool
821 Route_Exists_to_Terminal(ar, aid, connect) ==

822 forall rid in set dom ar.routes &

823 let r = ar.routes(rid) in

824 let pid = r.paths(len r.paths) in

825 let jid = EndJoint(ar.paths(pid), r.dr),

826 tcid = ar.paths(pid).tc in

827

828 mk_Area_Joint(aid, tcid, jid) in set dunion dom connect or
829 ar.trackcs(tcid).joints(jid) .remark.line_terminal or

830 ar.trackcs(tcid).joints(jid) .remark.atc_terminal(r.dr) or
831 Following_Route_Exists(ar.routes, rid) or

832 Following_Path_Unique(ar.paths, pid, r.dr);

833

834  —-—

835 -- Following_Route_Existsl

836 -- On the last path, if a next route which includes following paths can
837 -- be indicated, train can proceed with next route ID.

838  —-—

839

840 Following Route_Exists : Route_map * Route_id -> bool
841 Following_Route_Exists(routes, rid) ==

842 exists ridl in set dom routes &

843 let r = routes(rid), rl = routes(ridl) in

844 rl.dr = r.dr and

845 exists i in set inds rl.paths &

846 rl.paths(i) = r.paths(len r.paths) and
847 i < len ril.paths

848 pre rid in set dom routes;

849

850 -

851 -- Unique_Next_Path :

852 -- On the last path, if there is only one next path possible,
853 -- trains can proceed to the next path.

854 -

855 Following_Path_Unique : Path_map * Path_id * Direction-> bool
856  Following_Path_Unique(paths, pid, dr) ==

857 existsl pidl in set dom paths &

858 paths(pidl) .tc <> paths(pid).tc and

859 paths(pidl) .used(dr) and

860 EndJoint (paths(pid), dr) = StartJoint(paths(pidl), dr)

861 pre pid in set dom paths;

862

863 -

864 -- Plain Area, where from TrackC_id and direction, Route can be determined.
865 -

866

867 Is_Plain_Area : Area * Area_id * Connect_map-> bool
868 Is_Plain_Area(ar, aid, connect) ==

869 (forall tcid in set dom ar.trackcs &

870 forall dr in set dom ar.trackcs(tcid).atc &

871 ar.trackcs(tcid) .atc(dr) .used =>

872 existsl rid in set dom ar.routes &

873 ar.routes(rid) .dr = dr and

874 exists pid in set elems ar.routes(rid).paths &

875 ar.paths(pid) .tc = tcid) and

876 (forall r in set rng ar.routes &

877 let p = ar.paths(r.paths(len r.paths)) in

878 let jid = EndJoint(p, r.dr) in

879 mk_Area_Joint(aid, p.tc, jid) in set dunion dom connect or
880 ar.trackcs(p.tc).joints(jid) .remark.line_terminal or

881 ar.trackcs(p.tc).joints(jid) .remark.atc_terminal(r.dr));
882
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884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
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908
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910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935

-- One_Side_Unique_Path_at_Connection

-- At the connection it is not favorable that

-- in both area paths are not unique.

-- Because it makes imposibble to indicate next path

- in the former track circuit.

One_Side_Unique_Path_at_Connection : Line -> bool
One_Side_Unique_Path_at_Connection(ln) ==
forall con in set dom ln.connect &
forall nl, n2 in set con & nl <> n2 =>
forall dr in set {<ADIR>, <BDIR>} &
card {p | p in set rng 1ln.areas(nl.aid).paths &
p.used(dr) and
EndJoint(p, dr) = nl.no} > 1 =>

(1n.areas(nl.aid) .trackcs(nl.tcid).joints(nl.no) .remark.atc_terminal(dr) or

let dr2 = if not 1n.connect(con).chng_direction then dr
else if dr = <ADIR> then <BDIR> else <ADIR> in
card {p | p in set rng ln.areas(n2.aid).paths &
p.used(dr2) and
StartJoint(p, dr2) = n2.no} = 1);

Following_Path_Exists_at_Connect : Line -> bool
Following_Path_Exists_at_Connect(ln) ==
forall con in set dom ln.connect &
forall nl, n2 in set con & nl <> n2 =>
forall dr in set {<ADIR>, <BDIR>} &
(exists p in set rng ln.areas(nl.aid).paths &
p.used(dr) and
EndJoint(p, dr) = nl.no) =>
(In.areas(nl.aid) .trackcs(nl.tcid).joints(nl.no) .remark.atc_terminal(dr) or
(exists p2 in set rng ln.areas(n2.aid).paths &
let dr2 = if not 1n.connect(con).chng_direction then dr
else if dr = <ADIR> then <BDIR> else <ADIR> in
p2.used(dr2) and
StartJoint(p2, dr2) = n2.mno));

Preceding_Path_Exists_at_Connect : Line -> bool
Preceding_Path_Exists_at_Connect(ln) ==
forall con in set dom ln.connect &
forall n1, n2 in set con & nl <> n2 =>
forall dr in set {<ADIR>, <BDIR>} &
(exists p in set rng ln.areas(nl.aid).paths &
p.used(dr) and
StartJoint(p, dr) = nl.no) =>
(In.areas(nl.aid).trackecs(nl.tcid).joints(nl.no).remark.atc_terminal(dr) or
(exists p2 in set rng ln.areas(n2.aid).paths &
let dr2 = if not 1ln.connect(con).chng_direction then dr
else if dr = <ADIR> then <BDIR> else <ADIR> in
p2.used(dr2) and
EndJoint (p2, dr2) = n2.no));
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C.1.1 AUTOBLOCKNN voy (2kEH)

1 MACHINE

2 AUTO_BLOCKNN

3

4 INCLUDES

5 OE.OriginEquip,

6 DE.DestEquip,

7 DC.DirectCircuit,

8 Const

9

10 INVARIANT

11 OE.direction = DC.directions(origin) &

12 DE.direction = DC.directions(dest) &

13 OE.oppositedirect = DC.directions(dest) &

14 DE.oppositedirect = DC.directions(origin) &

15 OE.existence = DC.exist &

16 DE.existence = DC.exist

17

18 INITIALISATION

19 ANY o_r_le, o_r_lo, o_d_le, o_dir, o_d_lo,

20 d_r_le, d_r_lo, d_d_le, d_dir, d_d_lo, ex WHERE

21

22 o_r_le : LEVER & o_r_lo : LOCK & o_d_le :DIRECTION &

23 o_dir : DIRECTION & o_d_lo : LOCK &

24 d_r_le : LEVER & d_r_lo : LOCK & d_d_le :DIRECTION &

25 d_dir : DIRECTION & d_d_lo : LOCK & ex : EXIST &

26

27 not(o_dir = down & d_dir = up) &

28 (o_dir = up => (o_r_lo = unlock & o_d_lo = unlock)) &

29 (o_dir = down =>

30 (((ex = detect or o_r_lo = lock or o_r_le = set) => o_d_lo = lock) &
31 ((ex = nondetect & o_r_lo = unlock & o_r_le = unset) => o_d_lo = unlock))) &
32

33 (d_dir = down => (d_r_lo = unlock & d_d_lo = unlock)) &

34 (d_dir = up =>

35 (((ex = detect or d_r_lo = lock or d_r_le = set) => d_d_lo = lock) &
36 ((ex = nondetect & d_r_lo = unlock & d_r_le = unset) => d_d_lo = unlock)))
37 THEN

38 OE.PSet(o_r_le, o_r_lo, o_d_le, o_dir, o_d_lo, d_dir, ex) ||
39 DE.PSet(d_r_le, d_r_lo, d_d_le, d_dir, d_d_lo, o_dir, ex) ||
40 DC.Set(o_dir, d_dir, ex)

41 END

42

43 OPERATIONS

44 xx <-- OriginDownSet =

45 BEGIN

46 xx <-- OE.DownSet ||
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47 IF OE.direction = up & OE.existence = nondetect & OE.oppositedirect = down THEN
48 DE.OppositeDirectChange (down) | |

49 DC.DirectionSet (origin, down)

50 END

51 END;

52

53 xx <-- OriginUpSet =

54 BEGIN

55 xx <-- OE.UpSet ||

56 IF OE.direction = down & OE.directlock = unlock THEN

57 DE.OppositeDirectChange (up) ||

58 DC.DirectionSet (origin, up)

59 END

60 END;

61

62 xx <-- DestUpSet =

63 BEGIN

64 xx <-- DE.UpSet ||

65 IF DE.direction = down & DE.existence = nondetect & DE.oppositedirect = up THEN
66 OE.OppositeDirectChange (up) | |

67 DC.DirectionSet(dest, up)

68 END

69 END;

70

71 xx <-- DestDownSet =

72 BEGIN

73 xx <-- DE.DownSet ||

74 IF DE.direction = up & DE.directlock = unlock THEN

75 OE.OppositeDirectChange (down) ||

76 DC.DirectionSet(dest, down)

77 END

78 END;

79

80

81 TrackCDown =

82 PRE DC.exist = nondetect

83 THEN

84 DC.TrackCDown ||

85 OE.TrackCDown ||

86 DE.TrackCDown

87 END;

88

89 xx, yy <-- TrackCUp =

90 PRE DC.exist = detect

91 THEN

92 SELECT OE.direction = down & OE.routelever = unset & OE.routelock = unlock & OE.directlever = up
93 THEN

94 DC.Set(up, down, nondetect) ||

95 xx <-- OE.TrackCUp ||

96 DE.PSet (DE.routelever, DE.routelock, DE.directlever,
97 DE.direction, DE.directlock, up, nondetect) |
98 yy := down

99 WHEN DE.direction = up & DE.routelever = unset & DE.routelock = unlock & DE.directlever = down
100 THEN

101 xx :=up ||

102 DC.Set(up, down, nondetect) ||

103 yy <-- DE.TrackCUp ||

104 OE.PSet (OE.routelever, OE.routelock, OE.directlever,
105 OE.direction, OE.directlock, down, nondetect)
106 ELSE

107 DC.TrackCUp ||

108 xx <-- OE.TrackCUp ||

109 yy <-- DE.TrackCUp

110 END

111 END;

112

113 OriginRouteSet =

114 PRE OE.routelever = unset

115 THEN

116 OE.RouteSet

117 END;

118

119 xx <-- OriginRouteRelease =

120 PRE OE.routelever = set

121 THEN

122 xx <-- OE.RouteRelease ||

123 IF OE.direction = down & OE.existence = nondetect & OE.routelock = unlock & OE.directlever = up
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124 THEN
125 DC.DirectionSet(origin, up) ||
126 DE.OppositeDirectChange (up)
127 END
128 END;
129
130 DestRouteSet =
131 PRE DE.routelever = unset
132 THEN
133 DE.RouteSet
134 END;
135
136 xx <-- DestRouteRelease =
137 PRE DE.routelever = set
138 THEN
139 xx <-- DE.RouteRelease ||
140 IF DE.direction = up & DE.existence = nondetect & DE.routelock = unlock & DE.directlever = down
141 THEN
142 DC.DirectionSet(dest, down) ||
143 OE.OppositeDirectChange (down)
144 END
145 END;
146
147 OriginRouteLock =
148 PRE OE.routelock = unlock & OE.routelever = set & OE.direction = down
149 THEN
150 OE.RouteLock
151 END;
152
153 DestRouteLock =
154 PRE DE.routelock = unlock & DE.routelever = set & DE.direction = up
155 THEN
156 DE.RouteLock
157 END;
158
159 xx <-- OriginRouteUnLock =
160 PRE OE.routelock = lock & OE.direction = down & xx : DIRECTION
161 THEN
162 xx <-- OE.RouteUnLock ||
163 IF OE.routelever = unset & OE.existence = nondetect & OE.directlever = up THEN
164 DC.DirectionSet (origin, up) ||
165 DE.OppositeDirectChange (up)
166 END
167 END;
168
169 xx <-- DestRouteUnLock =
170 PRE DE.routelock = lock & DE.direction = up & xx : DIRECTION
171 THEN
172 xx <-- DE.RouteUnLock ||
173 IF DE.routelever = unset & DE.existence nondetect & DE.directlever = down THEN
174 DC.DirectionSet (dest, down) ||
175 OE.OppositeDirectChange (down)
176 END
177 END
178
179 END

C.12 Const ¥> v (E#)

1 MACHINE

2 Const

3

4 SETS

5 ASPECT = {green, yellow, red};
6 EXIST = {detect, nondetect};
7 LOCK = {lock, unlock};

8 LEVER = {set, unset};

9 DIRECTION = {up, down};

10 LOCATION = {origin, dest}

11

END

-
N
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C.1.3 DirectCircuit ¥~ > (HRELOHR)

1 MACHINE

2 DirectCircuit

3

4 SEES

5 Const

6

7 VARIABLES

8 directions, exist

9

10 INVARIANT

11 directions : LOCATION --> DIRECTION &

12 not(directions(origin) = down & directions(dest) = up) &
13 exist : EXIST

14

15 INITIALISATION

16 directions :(directions : LOCATION --> DIRECTION &
17 not(directions(origin) = down & directions(dest) = up)) ||
18 exist :: EXIST

19

20 OPERATIONS

21 TrackCDown =

22 PRE exist = nondetect

23 THEN

24 exist := detect

25 END;

26

27 TrackCUp =

28 PRE exist = detect

29 THEN
30 exist := nondetect
31 END;
32
33 DirectionSet(loc, dir) =
34 PRE loc : LOCATION & dir : DIRECTION
35 THEN
36 IF
37 exist = nondetect &
38 not(loc = origin & dir = down & directions(dest) = up) &
39 not(loc = dest & dir = up & directions(origin) = down)
40 THEN
41 directions := directions <+ {loc |-> dir}
42 ELSE
43 skip
44 END
45 END;
46
47 Set(locl, loc2, ex) =
48 PRE locl : DIRECTION & loc2 : DIRECTION & ex : EXIST &
49 not(locl = down & loc2 = up)

50 THEN

51 directions := {origin|-> locl, dest |-> loc2} ||
52 exist := ex

53 END

54

55 END

C.1.4 StationEquip ¥ >~ (BREE)

MACHINE
StationEquip

SEES
Const

CONCRETE_VARIABLES
routelever, routelock, directlever, direction, directlock, oppositedirect, existence

© 00 N0 U W N -

INVARIANT
routelever : LEVER &
routelock : LOCK &

R e
N = O
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13 directlever : DIRECTION &
14 direction : DIRECTION &
15 directlock : LOCK &
16 oppositedirect : DIRECTION &
17 existence : EXIST
18
19 INITIALISATION
20 routelever :: LEVER ||
21 routelock :: LOCK ||
22 directlever :: DIRECTION ||
23 direction :: DIRECTION ||
24 directlock :: LOCK ||
25 oppositedirect :: DIRECTION ||
26 existence :: EXIST
27
28 OPERATIONS
29 Init =
30 BEGIN
31 routelever :: LEVER ||
32 routelock :: LOCK ||
33 directlever :: DIRECTION ||
34 direction :: DIRECTION ||
35 directlock :: LOCK ||
36 oppositedirect :: DIRECTION ||
37 existence :: EXIST
38 END;
39
40 Set(r_le, r_lo, d_le, dir, d_lo, o_dir ,ex) =
41 PRE r_le : LEVER & r_lo : LOCK & d_le : DIRECTION & dir : DIRECTION & d_lo : LOCK &
42 o_dir : DIRECTION & ex : EXIST
43 THEN
44 routelever := r_le ||
45 routelock := r_lo ||
46 directlever := d_le ||
47 direction := dir ||
48 directlock := d_lo ||
49 oppositedirect := o_dir ||
50 existence := ex
51 END
52
53 END
C.1.5 OriginEquip ¥ ¥V (BBmABREE)
1 MACHINE
2 OriginEquip
3
4 INCLUDES
5 StationEquip
6
7 SEES
8 Const
9
10 DEFINITIONS
11 transition(dir, d_lo, op, dir2, d_lo2, op2) ==
12 ((dir = down & op = down) =>
13 (((d_1lo = lock & d_lo2 = lock) => dir2 = dir) &
14 op2 = op)) &
15 ((dir = up & op = up) => dir2 = dir)
16
17 INVARIANT
18 not(direction = down & oppositedirect = up) &
19 (direction = up => (routelock = unlock & directlock = unlock)) &
20 (direction = down =>
21 (((existence = detect or routelock = lock or routelever = set) => directlock = lock) &
22 ((existence = nondetect & routelock = unlock & routelever = unset)=> directlock = unlock)))
23
24 INITIALISATION
25 ANY r_le, r_lo, d_le, dir, d_lo, op, ex WHERE
26 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &
27 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &
28 not(dir = down & op = up) &
29 (dir = up => (r_lo = unlock & d_lo = unlock)) &
30 (dir = down =>

31 (((ex = detect or r_lo = lock or r_le = set) => d_lo = lock)) &
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32 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock))

33 THEN

34 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)

35 END

36

37 OPERATIONS

38 xx <-- DownSet =

39 ANY dir, dir_1 WHERE

40 dir : DIRECTION & dir_1 :LOCK &

41 ((direction = up & existence = nondetect & oppositedirect = down) =>

42 (dir = down &

43 (routelever = set => dir_1 = lock) &

44 (routelever = unset => dir_1 = unlock))) &

45 ((direction = down or existence = detect or oppositedirect = up) =>

46 (dir = direction & dir_1 = directlock)) &

47 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
48 THEN

49 Set (routelever, routelock, down, dir, dir_1l, oppositedirect ,existence) ||

50 xx := dir

51 END;

52

53

54 xx <-- UpSet =

55 ANY dir WHERE

56 dir : DIRECTION &

57 ((direction = down & directlock = unlock) => dir = up) &

58 ((direction = up or directlock = lock) => dir = direction) &

59 transition(direction, directlock, oppositedirect, dir, directlock, oppositedirect)
60 THEN

61 Set(routelever, routelock, up, dir, directlock, oppositedirect ,existence) ||
62 xx := dir

63 END;

64

65 OppositeDirectChange(dir) =

66 PRE dir : DIRECTION

67 THEN

68 IF direction = up THEN

69 Set (routelever, routelock, directlever, direction, directlock, dir, existence)
70 ELSE

71 skip

72 END

73 END;

74

75 TrackCDown =

76 PRE existence = nondetect

77 THEN

78 ANY dir_1 WHERE

79 dir_1 : LOCK &

80 (direction = down => dir_1 = lock) &

81 (direction = up => dir_1 = directlock) &

82 transition(direction, directlock, oppositedirect, direction, dir_1, oppositedirect)
83 THEN

84 Set(routelever, routelock, directlever, direction, dir_1l, oppositedirect, detect)
85 END

86 END;

87

88 xx <-- TrackCUp =

89 PRE existence = detect

90 THEN

91 ANY dir_1, dir WHERE

92 dir_1 : LOCK & dir : DIRECTION &

93 ((direction = down & routelever = unset & routelock = unlock)

94 => (dir_1l = unlock & dir = directlever)) &

95 ((direction = up or routelever = set or routelock = lock)

96 => (dir_1 = directlock & dir = direction)) &

97 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
98 THEN

99 xx := dir ||

100 Set(routelever, routelock, directlever, dir, dir_1l, oppositedirect, nondetect)
101 END

102 END;

103

104 RouteSet =

105 PRE routelever = unset

106 THEN

107 ANY dir_1 WHERE

108 dir_1 : LOCK &
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109 (direction = down => dir_1 = lock) &

110 (direction = up => dir_1 = directlock) &

111 transition(direction, directlock, oppositedirect, direction, dir_1, oppositedirect)
112

113 THEN

114 Set(set, routelock, directlever, direction, dir_1l, oppositedirect, existence)
115 END

116 END;

117

118 xx <-- RouteRelease =

119 PRE routelever = set

120 THEN

121 ANY dir, dir_1 WHERE

122 dir : DIRECTION & dir_1 : LOCK &

123 ((direction = down & existence = nondetect & routelock = unlock) =>

124 (dir = directlever & dir_1 = unlock)) &

125 ((direction = up or existence = detect or routelock = lock) =>

126 (dir = direction & dir_1 = directlock)) &

127 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
128 THEN

129 xx := dir ||

130 Set (unset, routelock, directlever, dir, dir_1, oppositedirect, existence)

131 END

132 END;

133

134 RoutelLock =

135 PRE routelock = unlock & routelever = set & direction = down

136 THEN

137 Set (routelever, lock, directlever, direction, directlock, oppositedirect, existence)
138 END;

139

140 xx <-- RouteUnLock =

141 PRE routelock = lock & direction = down

142 THEN

143 ANY dir, dir_1 WHERE

144 dir : DIRECTION & dir_1 : LOCK &

145 ((routelever = unset & existence = nondetect) => (dir = directlever & dir_1 = unlock)) &
146 ((routelever = set or existence = detect) => (dir = direction & dir_1 = directlock)) &
147 transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
148 THEN

149 xx := dir ||

150 Set (routelever, unlock, directlever, dir, dir_1l, oppositedirect, existence)
151 END

152 END;

153

154 PSet(r_le, r_lo, d_le, dir, d_lo, op, ex) =

155 PRE

156 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &

157 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &

158 not(dir = down & op = up) &

159 (dir = up => (r_lo = unlock & d_lo = unlock)) &

160 (dir = down =>

161 (((ex = detect or r_lo = lock or r_le = set) => d_lo = lock) &

162 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock)))

163 THEN

164 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)

165 END

166

167 END

C.1.6 DestEquip ¥ ¥ v (BREHFEREE)

1 MACHINE

2 DestEquip

3

4 INCLUDES

5 StationEquip

6

7 SEES

8 Const

9

10 DEFINITIONS

11 transition(dir, d_lo, op, dir2, d_lo2, op2) ==
12 ((dir = up & op = up) =>

13 (((d_lo = lock & d_lo2 = lock) => dir2 = dir) &
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14 op2 = op)) &
15 ((dir = down & op = down) => dir2 = dir)
16
17 INVARIANT
18 not(direction = up & oppositedirect = down) &
19 (direction = down => (routelock = unlock & directlock = unlock)) &
20 (direction = up =>
21 (((existence = detect or routelock = lock or routelever = set) => directlock = lock) &
22 ((existence = nondetect & routelock = unlock & routelever = unset) => directlock = unlock)))
23
24 INITIALISATION
25 ANY r_le, r_lo, d_le, dir, d_lo, op, ex WHERE
26 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &
27 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &
28 not(dir = up & op = down) &
29 (dir = down => (r_lo = unlock & d_lo = unlock)) &
30 (dir = up =>
31 (((ex = detect or r_lo = lock or r_le = set) => d_lo = lock)) &
32 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock))
33 THEN
34 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)
35 END
36
37 OPERATIONS
38 xx <-- UpSet =
39 ANY dir, d_1 WHERE
40 dir : DIRECTION & d_1 :LOCK &
41 ((direction = down & existence = nondetect & oppositedirect = up) =>
42 (dir = up &
43 (routelever = set => d_1 = lock) &
14 (routelever = unset => d_1 = unlock))) &
45 ((direction = up or existence = detect or oppositedirect = down) =>
46 (dir = direction & d_1 = directlock)) &
a7 transition(direction, directlock, oppositedirect, dir, d_1, oppositedirect)
48 THEN
49 Set (routelever, routelock, up, dir, d_1, oppositedirect ,existence) ||
50 xx := dir
51 END;
52
53
54 xx <-- DownSet =
55 ANY dir WHERE
56 dir : DIRECTION &
57 ((direction = up & directlock = unlock) => dir = down) &
58 ((direction = down or directlock = lock) => dir = direction) &
59 transition(direction, directlock, oppositedirect, dir, directlock, oppositedirect)
60 THEN
61 Set (routelever, routelock, down, dir, directlock, oppositedirect ,existence) ||
62 xx := dir
63 END;
64
65 OppositeDirectChange(dir) =
66 PRE dir : DIRECTION
67 THEN
68 IF direction = down THEN
69 Set (routelever, routelock, directlever, direction, directlock, dir ,existence)
70 ELSE
71 skip
72 END
73 END;
74
75 TrackCDown =
76 PRE existence = nondetect
77 THEN
78 ANY dir_1 WHERE
79 dir_1 : LOCK &
80 (direction = up => dir_1 = lock) &
81 (direction = down => dir_1 = directlock) &
82 transition(direction, directlock, oppositedirect, direction, dir_1, oppositedirect)
83 THEN
84 Set(routelever, routelock, directlever, direction, dir_1l, oppositedirect, detect)
85 END
86 END;
87
88 xx <-- TrackCUp =
89 PRE existence = detect

THEN
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91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

134

155

159

164

END

END
END;
RouteSet =
PRE routelever = unset
THEN
ANY dir_1 WHERE
dir_1 : LOCK &
(direction = up => dir_1 = lock) &
(direction = down => dir_1 = directlock) &
transition(direction, directlock, oppositedirect, direction, dir_1l, oppositedirect)
THEN
Set(set, routelock, directlever, direction, dir_1l, oppositedirect, existence)
END
END;
xx <-- RouteRelease =
PRE routelever = set
THEN
ANY dir, dir_1 WHERE
dir : DIRECTION & dir_1 : LOCK &
((direction = up & existence = nondetect & routelock = unlock) =>
(dir = directlever & dir_1 = unlock)) &
((direction = down or existence = detect or routelock = lock) =>
(dir = direction & dir_1 = directlock)) &
transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
THEN
xx := dir ||
Set (unset, routelock, directlever, dir, dir_1, oppositedirect, existence)
END
END;
RoutelLock =
PRE routelock = unlock & routelever = set & direction = up
THEN
Set(routelever, lock, directlever, direction, directlock, oppositedirect, existence)
END;
xx <-- RouteUnLock =
PRE routelock = lock & direction = up
THEN
ANY dir, dir_1 WHERE
dir : DIRECTION & dir_1 : LOCK &
((routelever = unset & existence = nondetect) => (dir = directlever & dir_1l = unlock)) &
((routelever = set or existence = detect) => (dir = direction & dir_1 = directlock)) &
transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
THEN
xx := dir ||
Set(routelever, unlock, directlever, dir, dir_1l, oppositedirect, existence)
END
END;
PSet(r_le, r_lo, d_le, dir, d_lo, op, ex) =
PRE
r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &
dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &
not(dir = up & op = down) &
(dir = down => (r_lo = unlock & d_lo = unlock)) &
(dir = up =>
(((ex = detect or r_lo = lock or r_le = set) => d_lo = lock) &
((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock)))
THEN
Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)
END

ANY dir_1, dir WHERE
dir_1 : LOCK & dir : DIRECTION &
((direction = up & routelever = unset & routelock = unlock)
=> (dir_l = unlock & dir = directlever)) &
((direction = down or routelever = set or routelock = lock)
=> (dir_1l = directlock & dir = direction)) &
transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
THEN
xx := dir ||
Set (routelever, routelock, directlever, dir, dir_1l, oppositedirect, nondetect)
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C2 EREIMAZR

7 : User Pass 28537200 dEZ2MH Lz DERT

C.2.1 AUTOBLOCK ¥ v (£ EH)

1 MACHINE

2 AUTO_BLOCK (nn)

3

4 CONSTRAINTS

5 nn : NAT1 & nn /= MAXINT

6

7 INCLUDES

8 OE.OriginEquip,

9 DE.DestEquip,

10 DC.DirectCircuit,

11 UP.TrackC(nn),

12 DN.TrackC(nn),

13 Const

14

15 INVARIANT

16 OE.direction = DC.directions(origin) &

17 DE.direction = DC.directions(dest) &

18 OE.oppositedirect = DC.directions(dest) &

19 DE.oppositedirect = DC.directions(origin) &

20 OE.existence = DC.exist &

21 DE.existence = DC.exist &

22

23 (DC.directions(origin) = up => ran(DN.transmit) = {tstop}) &

24 (DC.directions(dest) = down => ran(UP.transmit) = {tstop}) &

25 ((DC.directions(origin) = down & DC.directions(dest) = down) =>
26 (tstop /: ran(DN.transmit) &

27 (DC.exist = detect => detect : ran(DN.existence)) &

28 (DC.exist = nondetect => detect /: ran(DN.existence)))) &
29

30 ((DC.directions(origin) = up & DC.directions(dest) = up) =>

31 (tstop /: ran(UP.transmit) &

32 (DC.exist = detect => detect : ran(UP.existence)) &

33 (DC.exist = nondetect => detect /: ran(UP.existence))))

34

35 ASSERTIONS

36 (DC.directions <+ {origin |-> up})(dest) = DC.directions(dest) &
37 (DC.directions <+ {dest |-> down}) (origin) = DC.directions(origin)
38

39 INITIALISATION

40 BEGIN

41 DN.PowerQff ||

42 UP.PowerOff ||

43 DC.Set(up, down, detect) ||

44 ANY o_r_le, o_d_le WHERE o_r_le : LEVER & o_d_le : DIRECTION
45 THEN

46 OE.PSet(o_r_le, unlock, o_d_le, up, unlock, down, detect)
a7 END ||

48 ANY d_r_le, d_d_le WHERE d_r_le : LEVER & d_d_le : DIRECTION
49 THEN

50 DE.PSet(d_r_le, unlock, d_d_le, down, unlock, up, detect)
51 END

52 END

53

54 OPERATIONS

55 xx <-- OriginDownSet =

56 BEGIN

57 xx <-- OE.DownSet ||

58 IF OE.direction = up & OE.oppositedirect = down THEN

59 ASSERT DC.directions(origin) = up &

60 DC.directions(dest) = down

61 THEN

62 DE.OppositeDirectChange (down) | |

63 DC.DirectionSet (origin, down) ||

64 DN.Transmit

65 END

66 END
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67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

END;

xx <-- OriginUpSet =
BEGIN
xx <-- OE.UpSet ||
IF OE.direction = down & OE.directlock = unlock THEN
ASSERT DC.directions(origin) = down &
DC.directions(dest) = down &
DE.direction = down &
not ((DC.directions <+ {origin |-> upl}) (dest) = up)
THEN
DE.OppositeDirectChange (up) |
DC.DirectionSet (origin, up) |
DN.PowerOff
END

END
END;

xx <-- DestDownSet =
BEGIN
xx <-- DE.DownSet ||
IF DE.direction = up & DE.directlock = unlock THEN
ASSERT DC.directions(dest) = up &
DC.directions(origin) = up &
OE.direction = up &
not ((DC.directions <+ {dest |-> down}) (origin) = down)
THEN
OE.OppositeDirectChange(down) ||
DC.DirectionSet (dest, down) ||
UP.PowerOff
END
END
END;

xx <-- DestUpSet =
BEGIN
xx <-- DE.UpSet ||
IF DE.direction = down & DE.oppositedirect = up THEN
ASSERT DC.directions(origin) = up &
DC.directions(dest) = down
THEN
OE.OppositeDirectChange (up) | |
DC.DirectionSet(dest, up) ||
UP.Transmit
END
END
END;

DTrackCDown (xx) =
PRE xx : 1..nn &
DN.transmit(xx) /= tstop & DN.existence(xx) = nondetect
THEN
ASSERT not({tstop} = ran(DN.transmit)) &
not(DC.directions(origin) = up) &
DC.directions(dest) = down
THEN
DN.TrackCDown (xx) ||
IF DC.exist = nondetect THEN
DC.TrackCDown | |
OE.TrackCDown ||
DE.TrackCDown
END
END
END;

UTrackCDown (xx) =
PRE xx : 1..nn &
UP.transmit(xx) /= tstop & UP.existence(xx) = nondetect
THEN
ASSERT not ({tstop} = ran(UP.transmit)) &
not (DC.directions(dest) = down) &
DC.directions(origin) = up
THEN
UP.TrackCDown(xx) ||
IF DC.exist = nondetect THEN
DC.TrackCDown ||
OE.TrackCDown ||
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144 DE.TrackCDown

145 END

146 END

147 END;

148

149 DTrackCUp(xx) =

150 PRE xx : 1..nn &

151 DN.transmit(xx) /= tstop & DN.existence(xx) = detect
152 THEN

153 ASSERT not({tstop} = ran(DN.transmit)) &

154 not (DC.directions(origin) = up) &

155 DC.directions(dest) = down &

156 DC.exist = detect

157 THEN

158 IF detect : ran(DN.existence <+ {xx |-> nondetect}) THEN
159 DN. TrackCUp (xx)

160 ELSE

161 ASSERT DC.directions(origin) = down &

162 DC.directions(dest) = down

163 THEN

164 OE.TrackCUp ||

165 IF OE.routelock = unlock & OE.routelever = unset & OE.directlever = up THEN
166 DC.DirectionSet (origin, up) ||

167 DN.PowerOff ||

168 DE.OppositeDirectChange (up)

169 ELSE

170 DN.TrackCUp(xx) ||

171 DC.TrackCUp ||

172 DE.TrackCUp

173 END

174 END

175 END

176 END

177 END;

178

179 UTrackCUp(xx) =

180 PRE

181 xx : 1..nn &

182 UP.transmit(xx) /= tstop & UP.existence(xx) = detect
183 THEN

184 ASSERT not({tstop} = ran(UP.transmit)) &

185 not(DC.directions(dest) = down) &

186 DC.directions(origin) = up &

187 DC.exist = detect

188 THEN

189 IF detect : ran(UP.existence <+ {xx |-> nondetect}) THEN
190 UP.TrackCUp (xx)

191 ELSE

192 ASSERT DC.directions(origin) = up &

193 DC.directions(dest) = up

194 THEN

195 DE.TrackCUp ||

196 IF DE.routelock = unlock & DE.routelever = unset & DE.directlever = down THEN
197 DC.DirectionSet(dest, down) ||

198 UP.PowerOff ||

199 OE.OppositeDirectChange (down)

200 ELSE

201 UP.TrackCUp(xx) ||

202 DC.TrackCUp ||

203 OE.TrackCUp

204 END

205 END

206 END

207 END

208 END;

209

210 OriginRouteSet =

211 PRE OE.routelever = unset

212 THEN

213 OE.RouteSet

214 END;

215

216 xx <-- OriginRouteRelease =

217 PRE OE.routelever = set

218 THEN

219 xx <-- OE.RouteRelease ||

220 IF OE.direction = down & OE.existence = nondetect & OE.routelock = unlock & OE.directlever = up
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221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249

251

264

274
275
276
277
278
279
280
281
282
283
284
285
286
287
288

290
291
292
293
294
295
296

THEN
ASSERT DE.direction = down &
not ((DC.directions <+ {origin |-> up}) (dest) = up)

THEN
DC.DirectionSet (origin, up) |
DE.OppositeDirectChange (up) |
DN.PowerOff

END

END
END;

DestRouteSet =
PRE DE.routelever = unset
THEN
DE.RouteSet
END;

xx <-- DestRouteRelease =
PRE DE.routelever = set
THEN

xx <-- DE.RouteRelease ||

IF DE.direction = up & DE.existence = nondetect & DE.routelock = unlock & DE.directlever = down

THEN
ASSERT OE.direction = up &
not ((DC.directions <+ {dest |-> down}) (origin) = down)
THEN
DC.DirectionSet(dest, down) ||
OE.OppositeDirectChange(down) ||
UP.PowerOff
END
END
END;

OriginRouteLock =
PRE OE.routelock = unlock & OE.routelever = set & OE.direction = down
THEN
OE.RouteLock
END;

DestRouteLock =
PRE DE.routelock = unlock & DE.routelever = set & DE.direction
THEN
DE.RouteLock
END;

up

xx <-- OriginRouteUnLock =
PRE OE.routelock = lock & OE.direction = down & xx : DIRECTION
THEN
xx <-- OE.RouteUnLock ||
IF OE.routelever = unset & OE.existence = nondetect & OE.directlever = up THEN
ASSERT DE.direction = down &
not ((DC.directions <+ {origin |-> up}) (dest) = up)
THEN
DC.DirectionSet (origin, up) |
DE.OppositeDirectChange (up) |
DN.PowerOff
END

END
END;

xx <-- DestRouteUnLock =
PRE DE.routelock = lock & DE.direction = up & xx : DIRECTION
THEN
xx <-- DE.RouteUnLock ||
IF DE.routelever = unset & DE.existence = nondetect & DE.directlever = down THEN
ASSERT OE.direction = up &
not ((DC.directions <+ {dest |-> down}) (origin) = down)
THEN
DC.DirectionSet (dest, down) |
OE.OppositeDirectChange (down) ||
UP.PowerOff
END
END
END

END
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C22 Const ¥y (B#H)

1 MACHINE

2 Const

3

4 SETS

5 ASPECT = {green, yellow, red};
6 EXIST = {detect, nondetect};
7 LOCK = {lock, unlock};

8 LEVER = {set, unset};

9 DIRECTION = {up, down};

10 LOCATION = {origin, dest};
11 TRANSMIT = {t90, t45, tstop}
12

13 END

C.2.3 DirectCircuit ¥~ > (HRELOHR)

1 MACHINE

2 DirectCircuit

3

4 SEES

5 Const

6

7 VARIABLES

8 directions

9

10 CONCRETE_VARIABLES

11 exist

12

13 DEFINITIONS

14 inv_dc(dir, ex) ==

15 dir : LOCATION --> DIRECTION &

16 ex : EXIST &

17 not(dir(origin) = down & dir(dest) = up) &

18 ((dir(origin) = up & dir(dest) = down) => ex = detect)
19

20 INVARIANT

21 inv_dc(directions, exist)

22

23 INITIALISATION

24 directions, exist :(inv_dc(directions, exist))

25

26 OPERATIONS

27 TrackCDown =

28 PRE exist = nondetect

29 THEN

30 exist := detect

31 END;

32

33 TrackCUp =

34 PRE exist = detect &

35 not(directions(origin) = up & directions(dest) = down)
36 THEN

37 exist := nondetect

38 END;

39

40 DirectionSet(loc, dir) =

41 PRE loc : LOCATION & dir : DIRECTION &

42 not(loc = origin & dir = down & directions(dest) = up) &
43 not(loc = dest & dir = up & directions(origin) = down)
44 THEN

45 directions := directions <+ {loc |-> dir} ||

46 IF loc = origin & dir = up & directions(dest) = down
47 THEN

48 exist := detect

49 ELSE IF loc = dest & dir = down & directions(origin) = up
50 THEN

51 exist := detect

52 END

53 END

w
S

END;
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55

56 Set(locl, loc2, ex) =

57 PRE locl : DIRECTION & loc2 : DIRECTION & ex : EXIST &
58 not(locl = down & loc2 = up) &

59 (locl = up & loc2 = down => ex = detect)

60 THEN

61 directions := {origin|-> locl, dest |-> loc2} ||
62 exist := ex

63 END

64

65 END

C.2.4 StationEquip ¥~ (BREIE)

1 MACHINE

2 StationEquip

3

4 SEES

5 Const

6

7 CONCRETE_VARIABLES

8 routelever, routelock,

9 directlever, direction, directlock,
10 oppositedirect, existence

11

12 INVARIANT

13 routelever : LEVER &

14 routelock : LOCK &

15 directlever : DIRECTION &

16 direction : DIRECTION &

17 directlock : LOCK &

18 oppositedirect : DIRECTION &
19 existence : EXIST

20

21 INITIALISATION

22 routelever :: LEVER ||

23 routelock :: LOCK ||

24 directlever :: DIRECTION ||

25 direction :: DIRECTION ||

26 directlock :: LOCK ||

27 oppositedirect :: DIRECTION ||
28 existence :: EXIST

29

30 OPERATIONS

31 Init =

32 BEGIN

33 routelever :: LEVER ||

34 routelock :: LOCK ||

35 directlever :: DIRECTION ||

36 direction :: DIRECTION ||

37 directlock :: LOCK ||

38 oppositedirect :: DIRECTION ||
39 existence :: EXIST

40 END;

41

42 Set(r_le, r_lo, d_le, dir, d_lo, o_dir ,ex) =
43 PRE r_le : LEVER & r_lo : LOCK & d_le : DIRECTION & dir :
44 o_dir : DIRECTION & ex : EXIST
45 THEN

46 routelever := r_le ||

a7 routelock := r_lo ||

48 directlever := d_le ||

49 direction := dir ||

50 directlock := d_lo ||

51 oppositedirect := o_dir ||
52 existence := ex

53 END

54

END

w
IS

DIRECTION & d_lo : LOCK &
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C.2.5 OriginEquip ¥ ¥V (BRABREE)

1 MACHINE

2 OriginEquip_n

3

4 INCLUDES

5 StationEquip

6

7 SEES

8 Const

9

10 DEFINITIONS

11 transition(dir, d_lo, op, dir2, d_lo2, op2) ==

12 ((dir = down & op = down) =>

13 (((d_1lo = lock & d_lo2 = lock) => dir2 = dir) &

14 op2 = op)) &

15 ((dir = up & op = up) => dir2 = dir)

16

17 INVARIANT

18 not(direction = down & oppositedirect = up) &

19 (direction = up => (routelock = unlock & directlock = unlock)) &

20 (direction = down =>

21 ((not(existence = nondetect & routelock = unlock & routelever = unset) => directlock = lock) &
22 ((existence = nondetect & routelock = unlock & routelever = unset) => directlock = unlock))) &
23 ((oppositedirect = down & direction = up) => existence = detect)

24

25 INITIALISATION

26 ANY r_le, r_lo, d_le, dir, d_lo, op, ex WHERE

27 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &

28 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &

29 not(dir = down & op = up) &

30 (dir = up => (r_lo = unlock & d_lo = unlock)) &

31 (dir = down =>

32 ((not(ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = lock) &
33 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock))) &
34 ((op = down & dir = up) => ex = detect)

35 THEN

36 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)
37 END
38
39 OPERATIONS
40 xx <-- DownSet =
41 IF direction = up & oppositedirect = down THEN
42 ASSERT existence = detect &
43 not (existence = nondetect & routelock = unlock & routelever = set)
44 THEN
45 ANY dir, dir_1 WHERE
46 dir : DIRECTION & dir_1 :LOCK &
47 dir = down & dir_1 = lock &
48 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
49 THEN

50 Set (routelever, routelock, down, dir, dir_1l, oppositedirect ,existence) ||
51 xx := dir

52 END

53 END

54 ELSE

55 Set (routelever, routelock, down, direction, directlock, oppositedirect ,existence) ||
56 xx := direction

57 END;

58

59 xx <-- UpSet =
60 IF direction = down & directlock = unlock THEN
61 ASSERT oppositedirect = down &
62 routelock = unlock
63 THEN
64 ANY dir, ex WHERE
65 dir : DIRECTION & ex : EXIST &
66 dir = up & ex = detect &
67 transition(direction, directlock, oppositedirect, dir, directlock, oppositedirect)
68 THEN
69 Set (routelever, routelock, up, dir, directlock, oppositedirect ,ex) ||
70 xx := dir

71 END

72 END
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

101
102
103
104
105

123
124
125
126
127
128
129
130
131
132

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

ELSE
Set(routelever, routelock, up, direction, directlock, oppositedirect ,existence) ||
xx := direction

END;

OppositeDirectChange(o_dir) =

PRE o_dir : DIRECTION & direction = up

THEN

ANY ex WHERE

ex : EXIST &
(o_dir = down => ex = detect) &
(o_dir = up => ex = existence) &
transition(direction, directlock, oppositedirect, direction, directlock, o_dir)

THEN
Set (routelever, routelock, directlever, direction, directlock, o_dir, ex)
END
END;
TrackCDown =
PRE existence = nondetect
THEN
IF direction = down THEN
ANY ex, dir_1 WHERE
ex : EXIST & dir_1 : LOCK &
ex = detect & dir_1 = lock &
(not (ex = nondetect & routelock = unlock & routelever = unset) => dir_1l = lock) &
transition(direction, directlock, oppositedirect, direction, dir_1l, oppositedirect)
THEN
Set (routelever, routelock, directlever, direction, dir_l, oppositedirect, ex)
END
ELSE
Set (routelever, routelock, directlever, direction, directlock, oppositedirect, detect)
END
END;
TrackCUp =
PRE existence = detect & not(direction = up & oppositedirect = down)
THEN
IF direction = down & routelever = unset & routelock = unlock THEN
ASSERT oppositedirect = down
THEN
ANY dir_1, dir, ex WHERE
dir_1 : LOCK & dir : DIRECTION & ex : EXIST &
dir_1 = unlock & dir = directlever &
(dir = up => ex = detect) &
(dir = down => (ex = nondetect & routelock = unlock & routelever = unset)) &
transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
THEN
Set(routelever, routelock, directlever, dir, dir_1l, oppositedirect, ex)
END
END
ELSE
ASSERT (direction = down & routelever = unset) => not(routelock = unlock)
THEN
Set(routelever, routelock, directlever, direction, directlock, oppositedirect, nondetect)
END
END
END;
RouteSet =
PRE routelever = unset
THEN
ANY r_le, dir_1 WHERE
r_le : LEVER & dir_1 : LOCK &
r_le = set &
not (existence = detect & routelock = unlock & r_le = unset) &
(direction = down => dir_1 = lock) &
(direction = up => dir_1 = directlock) &
transition(direction, directlock, oppositedirect, direction, dir_1, oppositedirect)
THEN
Set(r_le, routelock, directlever, direction, dir_1l, oppositedirect, existence)
END
END;

xx <-- RouteRelease =
PRE routelever = set
THEN
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150 IF direction = down & existence = nondetect & routelock = unlock THEN

151 ASSERT oppositedirect = down

152 THEN

153 ANY r_le, dir, dir_1, ex WHERE

154 r_le : LEVER & dir : DIRECTION & dir_1 : LOCK & ex : EXIST &

155 r_le = unset & dir = directlever & dir_1 = unlock &

156 (dir = up => ex = detect) &

157 (dir = down => ex = nondetect) &

158 transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
159 THEN

160 xx := dir ||

161 Set(r_le, routelock, directlever, dir, dir_l, oppositedirect, ex)
162 END

163 END

164 ELSE

165 xx := direction ||

166 Set(unset, routelock, directlever, direction, directlock, oppositedirect, existence)
167 END

168 END;

169

170 RoutelLock =

171 PRE routelock = unlock & routelever = set & direction = down

172 THEN

173 Set(routelever, lock, directlever, direction, directlock, oppositedirect, existence)
174 END;

175

176 xx <-- RouteUnLock =

177 PRE routelock = lock & direction = down

178 THEN

179 IF routelever = unset & existence = nondetect THEN

180 ANY dir, dir_1, ex WHERE

181 dir : DIRECTION & dir_1 : LOCK & ex : EXIST &

182 dir = directlever & dir_1 = unlock &

183 (dir = up => ex = detect) &

184 (dir = down => ex = nondetect) &

185 transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
186 THEN

187 xx := dir ||

188 Set(routelever, unlock, directlever, dir, dir_1l, oppositedirect, ex)
189 END

190 ELSE

191 xx := direction ||

192 Set(routelever, unlock, directlever, direction, directlock, oppositedirect, existence)
193 END

194 END;

195

196 PSet(r_le, r_lo, d_le, dir, d_lo, op, ex) =

197 PRE

198 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &

199 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &

200 not(dir = down & op = up) &

201 (dir = up => (r_lo = unlock & d_lo = unlock)) &

202 (dir = down =>

203 ((not(ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = lock) &
204 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock))) &
205 ((op = down & dir = up) => ex = detect)

206 THEN

207 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)

208 END

209

210 END

C.2.6 DestEquip ¥ Y (BREABREE)

MACHINE

© 0 N O U R W N =

e
= o

DestEquip

INCLUDES

StationEquip

SEES

Const

DEFINITIONS

transition(dir, d_lo, op, dir2, d_lo2, op2) ==



C2 HigHHFHZ <X 203

12 ((dir = up & op = up) =>

13 (((d_lo = lock & d_lo2 = lock) => dir2 = dir) &

14 op2 = op)) &

15 ((dir = down & op = down) => dir2 = dir)

16

17 INVARIANT

18 not(direction = up & oppositedirect = down) &

19 (direction = down => (routelock = unlock & directlock = unlock)) &

20 (direction = up =>

21 ((not(existence = nondetect & routelock = unlock & routelever = unset) => directlock = lock) &
22 ((existence = nondetect & routelock = unlock & routelever = unset) => directlock = unlock))) &
23 ((oppositedirect = up & direction = down) => existence = detect)

24

25

26 INITIALISATION

27 ANY r_le, r_lo, d_le, dir, d_lo, op, ex WHERE

28 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &

29 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &

30 not(dir = up & op = down) &

31 (dir = down => (r_lo = unlock & d_lo = unlock)) &

32 (dir = up =>

33 ((not(ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = lock) &

34 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock))) &

35 ((op = up & dir = down) => ex = detect)

36 THEN

37 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)

38 END

39

40 OPERATIONS

41 xx <-- UpSet =

42 IF direction = down & oppositedirect = up THEN

43 ASSERT existence = detect &

44 not (existence = nondetect & routelock = unlock & routelever = set)

45 THEN

46 ANY dir, dir_1 WHERE

a7 dir : DIRECTION & dir_1 : LOCK &

48 dir = up & dir_1 = lock &

49 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
50 THEN

51 Set (routelever, routelock, up, dir, dir_l, oppositedirect ,existence) ||
52 xx := dir

53 END

54 END

55 ELSE

56 Set (routelever, routelock, up, direction, directlock, oppositedirect ,existence) ||
57 xx := direction

58 END;

59

60 xx <-- DownSet =

61 IF direction = up & directlock = unlock THEN

62 ASSERT oppositedirect = up &

63 routelock = unlock

64 THEN

65 ANY dir, ex WHERE

66 dir : DIRECTION & ex : EXIST &

67 dir = down & ex = detect &

68 transition(direction, directlock, oppositedirect, dir, directlock, oppositedirect)
69 THEN

70 Set (routelever, routelock, down, dir, directlock, oppositedirect ,ex) ||
71 xx := dir

72 END

73 END

74 ELSE

75 Set (routelever, routelock, down, direction, directlock, oppositedirect ,existence) ||
76 xx := direction

77 END

78 H

79

80 OppositeDirectChange (o_dir) =

81 PRE o_dir : DIRECTION & direction = down

82 THEN

83 ANY ex WHERE

84 ex : EXIST &

85 (o_dir = up => ex = detect) &

86 (o_dir = down => ex = existence) &

87 transition(direction, directlock, oppositedirect, direction, directlock, o_dir)

88 THEN
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89 Set (routelever, routelock, directlever, direction, directlock, o_dir ,ex)

90 END

91 END;

92

93 TrackCDown =

94 PRE existence = nondetect

95 THEN

96 IF direction = up THEN

97 ANY ex, dir_1 WHERE ex : EXIST & dir_1 : LOCK &

98 ex = detect & dir_1l = lock &

99 (not(ex = nondetect & routelock = unlock & routelever = unset) => dir_1 = lock) &
100 transition(direction, directlock, oppositedirect, direction, dir_1l, oppositedirect)
101 THEN
102 Set (routelever, routelock, directlever, direction, dir_1, oppositedirect, ex)
103 END
104 ELSE
105 Set(routelever, routelock, directlever, direction, directlock, oppositedirect, detect)
106 END
107 END;

108
109 TrackCUp =
110 PRE existence = detect &

111 not(direction = down & oppositedirect = up)

112 THEN

113 IF direction = up & routelever = unset & routelock = unlock THEN
114 ASSERT oppositedirect = up

115 THEN

116 ANY dir_1, dir, ex WHERE

117 dir_1 : LOCK & dir : DIRECTION & ex : EXIST &

118 dir_1 = unlock & dir = directlever &

119 (dir = down => ex = detect) &

120 (dir = up => (ex = nondetect & routelock = unlock & routelever = unset)) &
121 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)

122 THEN
123 Set(routelever, routelock, directlever, dir, dir_1l, oppositedirect, ex)
124 END
125 END
126 ELSE
127 ASSERT (direction = up & routelever = unset) => not(routelock = unlock)

128 THEN
129 Set(routelever, routelock, directlever, direction, directlock, oppositedirect, nondetect)

130 END
131 END
132 END;

133
134 RouteSet =
135 PRE routelever = unset
136 THEN
137 ANY r_le, dir_1 WHERE
138 r_le : LEVER & dir_1 : LOCK &

139 r_le = set &

140 not (existence = detect & routelock = unlock & r_le = unset) &

141 (direction = up => dir_1 = lock) &

142 (direction = down => dir_1 = directlock) &

143 transition(direction, directlock, oppositedirect, direction, dir_1l, oppositedirect)

144 THEN
145 Set(r_le, routelock, directlever, direction, dir_1l, oppositedirect, existence)

146 END

147 END;

148

149 xx <-- RouteRelease =
150 PRE routelever = set
151 THEN

152 IF direction = up & existence = nondetect & routelock = unlock THEN
153 ASSERT oppositedirect = up
154 THEN
155 ANY r_le, dir, dir_1, ex WHERE
156 r_le : LEVER & dir : DIRECTION & dir_1 : LOCK & ex : EXIST &

157 r_le = unset & dir = directlever & dir_1 = unlock &
158 (dir = down => ex = detect) &
159 (dir = up => ex = nondetect) &

160 transition(direction, directlock, oppositedirect, dir, dir_1, oppositedirect)
161 THEN
162 xx := dir ||
163 Set(r_le, routelock, directlever, dir, dir_l, oppositedirect, ex)

164 END

165

END
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166 ELSE

167 xx := direction ||

168 Set (unset, routelock, directlever, direction, directlock, oppositedirect, existence)
169 END

170 END;

171

172 RoutelLock =

173 PRE routelock = unlock & routelever = set & direction = up

174 THEN

175 Set(routelever, lock, directlever, direction, directlock, oppositedirect, existence)
176 END;

177

178 xx <-- RouteUnLock =

179 PRE routelock = lock & direction = up

180 THEN

181 IF routelever = unset & existence = nondetect THEN

182 ANY dir, dir_1, ex WHERE

183 dir : DIRECTION & dir_1 : LOCK & ex : EXIST &

184 dir = directlever & dir_1 = unlock &

185 (dir = down => ex = detect) &

186 (dir = up => ex = nondetect) &

187 transition(direction, directlock, oppositedirect, dir, dir_1l, oppositedirect)
188 THEN

189 xx := dir ||

190 Set (routelever, unlock, directlever, dir, dir_1, oppositedirect, ex)
191 END

192 ELSE

193 xx := direction ||

194 Set(routelever, unlock, directlever, direction, directlock, oppositedirect, existence)
195 END

196 END;

197

198 PSet(r_le, r_lo, d_le, dir, d_lo, op, ex) =

199 PRE

200 r_le : LEVER & r_lo : LOCK & d_le :DIRECTION &

201 dir : DIRECTION & d_lo : LOCK & op : DIRECTION & ex : EXIST &

202 not(dir = up & op = down) &

203 (dir = down => (r_lo = unlock & d_lo = unlock)) &

204 (dir = up =>

205 ((not(ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = lock) &
206 ((ex = nondetect & r_lo = unlock & r_le = unset) => d_lo = unlock))) &
207 ((op = up & dir = down) => ex = detect)

208 THEN

209 Set(r_le, r_lo, d_le, dir, d_lo, op ,ex)

210 END

211

212 END

C2.7 TrackC~¥> Y (#EROE)

1 MACHINE

2 TrackC(nn)

3

4 SEES

5 Const

6

7 CONSTRAINTS

8 nn : NAT1 & nn /= MAXINT

9

10 DEFINITIONS

11 TC == (1..nn);

12

13 inv_tc(as, tr, ex) ==

14

15 as : TC --> ASPECT &

16 tr : TC --> TRANSMIT &

17 ex : TC --> EXIST &

18

19 (tstop : ran(tr) => {tstop} = ran(tr)) &

20 1ii.(ii ¢ TC => (

21 (ex(ii) = detect => as(ii) = red) &

22 (tr(ii) = tstop => ex(ii) = detect) &

23 ((tr(ii) = t90 & ex(ii) = nondetect) => as(ii) = green) &
24 ((tr(ii) = t45 & ex(ii) = nondetect) => as(ii) = yellow))) &
25 'ii.(ii ¢ TC => ((ii + 1 : TC & tr(ii) /= tstop) =>
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26 ((tr(ii + 1) = t45 => as(ii) = red) &

27 (as(ii) = red => tr(ii + 1) = t45)))))

28

29 VARIABLES

30 aspect, transmit, existence

31

32 INVARIANT

33 inv_tc(aspect, transmit, existence)

34

35 INITIALISATION

36 aspect, transmit, existence :(inv_tc(aspect, transmit, existence))
37

38 OPERATIONS

39 Transmit =

40 PRE {tstop} = ran(transmit)

41 THEN

42 ANY as, tr, ex WHERE

43 inv_tc(as, tr, ex) &

44 tstop /: ran(tr) &

45 ex = TC * {detect} &

46 as = TC * {red}

47 THEN

48 aspect := as ||

49 transmit := tr ||

50 existence := ex

51 END

52 END;

53

54 PowerQff =

55 BEGIN

56 aspect := TC * {red} ||

57 transmit := TC * {tstop} ||

58 existence := TC * {detect}

59 END;

60

61 TrackCDown (xx) =

62 PRE xx : TC &

63 transmit(xx) /= tstop &

64 existence(xx) = nondetect

65 THEN

66 ANY as, tr, ex WHERE

67 inv_tc(as, tr, ex) &

68 ex = existence <+ {xx |-> detect} &

69 (not(tr = transmit) => tr = transmit <+ {xx +1 |-> t45}) &
70 (xx + 1 : TC & transmit(xx + 1) /= tstop => tr = transmit <+ {xx + 1 |-> t45}) &
71 (not(xx + 1 : TC & transmit(xx + 1) /= tstop) => tr = transmit)
72 THEN

73 aspect := as ||

74 transmit := tr ||

75 existence := ex

76 END

77 END;

78

79 TrackCUp(xx) =

80 PRE xx : TC &

81 transmit(xx) /= tstop &

82 existence(xx) = detect

83 THEN

84 ANY as, tr, ex WHERE

85 inv_tc(as, tr, ex) &

86 ex = existence <+ {xx |-> nondetect} &

87 (not (tr = transmit) => tr = transmit <+ {xx +1 [-> t90}) &
88 (xx + 1 : TC & transmit(xx + 1) /= tstop => tr = transmit <+ {xx + 1 |-> t90}) &
89 (not(xx + 1 /: TC & transmit(xx + 1) /= tstop) => tr = transmit)
90 THEN

91 aspect := as ||

92 transmit := tr ||

93 existence := ex

94 END

95 END;

96

97 xx <-- Existence =

98 BEGIN

99 IF detect : ran(existence) THEN xx := detect ELSE xx := nondetect END
100 END;

101

102 ex <-- Exist(xx) =
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103 PRE xx : TC

104 THEN ex := existence(xx)
105 END;

106

107 tr <-- Trans(xx) =

108 PRE xx : TC

109 THEN tr := transmit(xx)
110 END

111

112 END

C3 RREEHZR

7 : User Pass 285 3720 Dbk z2 M Lzb D% RT.

C.3.1 SEMIAUTOBLOCK ¥ ¥ v (£2ER)

1 MACHINE

2 SEMIAUTOBLOCK

3

4 INCLUDES

5 Const,

6 OE.Station(0),

7 DE.Station(1),

8 DC.DirectCircuit

9

10 INVARIANT

11 OE.dir = DC.directions(origin) &

12 OE.mis = DC.misdep(origin) &

13 (OE.dir = down => DC.arrive(origin) = nondetect) &

14 ((OE.dir = up & OE.pos = ct & OE.mis = nondetect) => not(DC.arrive(origin) = nondetect)) &
15 (not (DC.arrive(origin) = nondetect) => (OE.dir = up & OE.pos = ct & OE.mis = nondetect)) &
16 OE.o_dir = DC.directions(dest) &

17 OE.o_arr = DC.arrive(dest) &

18 OE.o_mis = DC.misdep(dest) &

19

20 DE.dir = DC.directions(dest) &

21 DE.mis = DC.misdep(dest) &

22 (DE.dir = up => DC.arrive(dest) = nondetect) &

23 ((DE.dir = down & DE.pos = ct & DE.mis = nondetect) => not(DC.arrive(dest) = nondetect)) &
24 (not (DC.arrive(dest) = nondetect) => (DE.dir = down & DE.pos = ct & DE.mis = nondetect)) &
25 DE.o_dir = DC.directions(origin) &

26 DE.o_arr = DC.arrive(origin) &

27 DE.o_mis = DC.misdep(origin)

28

29 INITIALISATION

30 OE.SetParam(unset, unlock, red, unset, unset, up, up, unlock, down, nondetect, nondetect, between,
31 nondetect, nondetect, nondetect, nondetect, nondetect, nondetect) ||

32 DE.SetParam(unset, unlock, red, unset, unset, down, down, unlock, up, nondetect, nondetect, between,
33 nondetect, nondetect, nondetect, nondetect, nondetect, nondetect) ||

34 DC.Set(up, down, nondetect, nondetect, nondetect, nondetect)

35

36 ASSERTIONS

37 ((DC.directions(origin) = up & DC.directions(dest) = down) =>

38 (OE.pos = between & DE.pos = between)) &

39 ((DC.directions(origin) = up & DC.directions(dest) = down) =>

40 (DC.arrive(origin) = nondetect & DC.arrive(dest) = nondetect))

41

42 OPERATIONS

43 OriginDownSET =

44 PRE OE.d_lev = up

45 THEN

46 OE.SetDepart ||

47 IF OE.dir = up & OE.o_dir = down & OE.o_mis = nondetect & OE.mis = nondetect THEN

48 ASSERT (DC.directions <+ {origin |-> down}) (dest) = DC.directions(dest) &

49 DC.directions(origin) = up &

50 DC.directions(dest) = down

51 THEN

52 DE.OppositeChange (down) ||

53 DC.DirectionSet (origin, down)

54 END

55 END

56 END;
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57
58 OriginUpSET =
59 PRE OE.d_lev = down
60 THEN
61 OE.SetArrive ||
62 IF OE.dir = down & OE.d_lock = unlock & OE.o_mis = nondetect & OE.o_arr = nondetect THEN
63 ASSERT DC.directions(origin) = down &
64 DC.directions(dest) = down &
65 DC.arrive(dest) = nondetect &
66 not (DC.arrive(origin) = detect)
67 THEN
68 DE.OppositeChange (up) ||
69 DC.DirectionSet (origin, up)
70 END
71 END
72 END;
73
74 OriginDirectionUnlocked =
75 PRE OE.dir = down & OE.d_lev = up & OE.d_lock = unlock & OE.o_mis = nondetect & OE.o_arr = nondetect
76 THEN
77 ASSERT DC.directions(origin) = down &
78 DC.directions(dest) = down &
79 DC.arrive(dest) = nondetect &
80 not(DC.arrive(origin) = detect)
81 THEN
82 OE.SetArrive ||
83 DC.DirectionSet (origin, up) ||
84 DE.OppositeChange (up)
85 END
86 END;
87
88 DestDirectionUnlocked =
89 PRE DE.dir = up & DE.d_lev = down & DE.d_lock = unlock & DE.o_mis = nondetect & DE.o_arr = nondetect
90 THEN
91 ASSERT DC.directions(dest) = up &
92 DC.directions(origin) = up &
93 DC.arrive(origin) = nondetect &
94 not (DC.arrive(dest) = detect)
95 THEN
96 DE.SetArrive ||
97 DC.DirectionSet(dest, down) ||
98 OE.OppositeChange (down)
99 END
100 END;
101
102 DestDownSET =
103 PRE DE.d_lev = up
104 THEN
105 DE.SetArrive ||
106 IF DE.dir = up & DE.d_lock = unlock & DE.o_mis = nondetect & DE.o_arr = nondetect THEN
107 ASSERT DC.directions(dest) = up &
108 DC.directions(origin) = up &
109 DC.arrive(origin) = nondetect &
110 not (DC.arrive(dest) = detect)
111 THEN
112 OE.OppositeChange (down) ||
113 DC.DirectionSet (dest, down)
114 END
115 END
116 END;
117
118 DestUpSET =
119 PRE DE.d_lev = down THEN
120 DE.SetDepart ||
121 IF DE.dir = down & DE.o_dir = up & DE.o_mis = nondetect & DE.mis = nondetect THEN
122 ASSERT (DC.directions <+ {dest |-> up}) (origin) = DC.directions(origin) &
123 DC.directions(origin) = up &
124 DC.directions(dest) = down
125 THEN
126 OE.OppositeChange (up) ||
127 DC.DirectionSet(dest, up)
128 END
129 END
130 END;
131
132 OriginRouteSet =

PRE OE.r_lev = unset
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140
141
142
143
144
145
146
147
148
149
150
151
152

154
155

158

173
174
175
176
177

179
180
181
182
183
184
185

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

THEN
OE.DepartureRouteSet

END;

DestRouteSet =

PRE DE.r_lev = unset

THEN
DE.DepartureRouteSet

END;

OriginRouteRelease =
PRE OE.r_lev = set

THEN

END;

OE.D

epartureRouteRelease

DestRouteRelease =
PRE DE.r_lev = set

THEN

END;

DE.D

epartureRouteRelease

OriginHomeTrackDetect =
PRE OE.tc(home) = nondetect

THEN

END;

OE.H

omeTrackDetect

OriginHomeTrackNondetect =
PRE OE.tc(home) = detect

THEN

END;

OE.H

omeTrackNondetect

DestHomeTrackDetect =
PRE DE.tc(home) = nondetect

THEN

END;

DE.H

omeTrackDetect

DestHomeTrackNondetect =
PRE DE.tc(home) = detect

THEN

END;

DE.H

omeTrackNondetect

OriginRouteTrackDetect =
PRE OE.tc(route) = nondetect THEN

END;

OE.R

outeTrackDetect

DestRouteTrackDetect =
PRE DE.tc(route) = nondetect THEN

END;

DE.R

outeTrackDetect

OriginRouteTrackNondetect =
PRE OE.tc(route) = detect THEN

END;

OE.R

outeTrackNondetect

DestRouteTrackNondetect =
PRE DE.tc(route) = detect THEN

DE.RouteTrackNondetect
END;
OriginCTDetect =
PRE OE.tc(ct) = nondetect
THEN
ASSERT (DC.misdep <+ {origin |-> detect})(dest) = DC.misdep(dest) &
(DC.arrive <+ {origin |-> nondetect})(dest) = DC.arrive(dest)
(not ((DC.arrive <+ {origin |-> nondetect})(dest) = nondetect)
(DE.dir = down & DE.pos = ct & DE.mis = nondetect))
THEN

OE.CTDetect ||
IF OE.dir = down & OE.mis = nondetect THEN
IF OE.tc(route) = detect & (OE.s_relay = unset => (OE.pos /=

route & OE.pos /= ct)) THEN



210 fIC HiRA#MAZ <EEETIL (B IO H)

211 ASSERT DE.dir = down

212 THEN

213 DC.MisDeparture (origin) ||

214 DE.OppositeMisDeparture

215 END

216 END

217 ELSIF OE.dir = up & OE.tc(route) = detect THEN

218 IF OE.mis = nondetect THEN

219 DC.MisDeparture(origin) ||

220 DE.OppositeMisDeparture

221 END

222 END

223 END

224 END;

225

226 DestCTDetect =

227 PRE DE.tc(ct) = nondetect

228 THEN

229 ASSERT (DC.misdep <+ {dest |-> detect}) (origin) = DC.misdep(origin) &
230 (DC.arrive <+ {dest |-> nondetect}) (origin) = DC.arrive(origin) &
231 (not ((DC.arrive <+ {dest |-> nondetectl}) (orgin) = nondetect) =>
232 (0E.dir = up & OE.pos = ct & OE.mis = nondetect))

233 THEN

234 DE.CTDetect ||

235 IF DE.dir = up & DE.mis = nondetect THEN

236 IF DE.tc(route) = detect & (DE.s_relay = unset => DE.pos /: route & DE.pos /= ct) THEN
237 ASSERT OE.dir = up

238 THEN

239 DC.MisDeparture(dest) ||

240 OE.OppositeMisDeparture

241 END

242 END

243 ELSIF DE.dir = down & DE.tc(route) = detect THEN

244 IF DE.mis = nondetect THEN

245 DC.MisDeparture(dest) ||

246 OE.OppositeMisDeparture

247 END

248 END

249 END

250 END;

251

252 OriginCTNondetect =

253 PRE OE.tc(ct) = detect

254 THEN

255 ASSERT (DC.misdep <+ {origin |-> nondetect})(dest) = DC.misdep(dest) &
256 (DC.arrive <+ {origin |-> nondetect})(dest) = DC.arrive(dest) &
257 (not ((DC.arrive <+ {origin |-> nondetect})(dest) = nondetect) =>
258 (DE.dir = down & DE.pos = ct & DE.mis = nondetect))

259 THEN

260 OE.CTNondetect ||

261 IF OE.dir = up & OE.pos = ct & OE.mis = nondetect THEN

262 DC.Arrive(origin) ||

263 DE.OppositeArrive

264 END

265 END

266 END;

267

268 DestCTNondetect =

269 PRE DE.tc(ct) = detect

270 THEN

271 ASSERT (DC.misdep <+ {dest |-> nondetect}) (origin) = DC.misdep(origin) &
272 (DC.arrive <+ {dest |-> nondetect}) (origin) = DC.arrive(origin) &
273 (not ((DC.arrive <+ {dest |-> nondetect}) (origin) = nondetect) =>
274 (0E.dir = up & OE.pos = ct & OE.mis = nondetect))

275 THEN

276 DE.CTNondetect ||

277 IF DE.dir = down & DE.pos = ct & DE.mis = nondetect THEN

278 DC.Arrive(dest) ||

279 OE.OppositeArrive

280 END

281 END

282 END;

283

284 OriginOTDetect =

285 PRE OE.tc(ot) = nondetect

286 THEN

287 OE.OTDetect
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288 END;
289
290 Dest0TDetect =
291 PRE DE.tc(ot) = nondetect
292 THEN
293 DE.OTDetect
294 END;
295
296 OriginOTNondetect =
297 PRE OE.tc(ot) = detect
298 THEN
299 ASSERT (DC.arrive <+ {origin |-> detect})(dest) = DC.arrive(dest) &
300 (not ((DC.arrive <+ {origin |-> detectl})(dest) = nondetect) =>
301 (DE.dir = down & DE.pos = ct & DE.mis = nondetect))
302 THEN
303 OE.OTNondetect ||
304 IF OE.dir = up & OE.pos = otct & OE.mis = nondetect THEN
305 DC.PrepareArrival (origin) ||
306 DE.OppositeArrivePrepare
307 END
308 END
309 END;
310
311 Dest0TNondetect =
312 PRE DE.tc(ot) = detect
313 THEN
314 DE.OTNondetect ||
315 IF DE.dir = down & DE.pos = otct & DE.mis = nondetect THEN
316 DC.PrepareArrival(dest) ||
317 OE.OppositeArrivePrepare
318 END
319 END;
320
321 OriginSubLeverSet =
322 PRE OE.s_lev = unset
323 THEN
324 OE.SubLeverSet
325 END;
326
327 OriginSubLeverRelease =
328 PRE OE.s_lev = set
329 THEN
330 OE.SubLeverRelease
331 END;
332
333 DestSubLeverSet =
334 PRE DE.s_lev = unset
335 THEN
336 DE.SubLeverSet
337 END;
338
339
340 DestSubLeverRelease =
341 PRE DE.s_lev = set
342 THEN
343 DE.SubLeverRelease
344 END;
345
346 OriginBackwardRelease =
347 BEGIN
348 OE.BackwardRelease
349 END;
350
351 DestBackwardRelease =
352 BEGIN
353 DE.BackwardRelease
354 END;
355
356 OriginMisDepartureRelease =
357 BEGIN
358 OE.MisDepartureRelease ||
359 IF OE.mis = detect THEN
360 IF OE.dir = down THEN
361 IF OE.pos = ct & OE.tc(ct) = nondetect & OE.tc(ot) = nondetect & OE.tc(route) = nondetect
362 THEN
363 DC.MisDepReset (origin) ||
364 DE.OppositeReleaseMisdeparture
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365 ELSIF OE.pos : {ot, between, arrival} & OE.tc(ct) = nondetect & OE.tc(route) =
366 THEN

367 DC.MisDepReset (origin) ||

368 DE.OppositeReleaseMisdeparture

369 END

370 ELSIF OE.tc(ct) = nondetect & OE.tc(route) = nondetect THEN
371 DC.MisDepReset (origin) ||

372 DE.OppositeReleaseMisdeparture

373 END

374 END

375 END

376

377 DestisDepartureRelease =

378 BEGIN

379 DE.MisDepartureRelease ||

380 IF DE.mis = detect THEN

381 IF DE.dir = up THEN

382 IF DE.pos = ct & DE.tc(ct) = nondetect & DE.tc(ot) = nondetect & DE.tc(route) =
383 THEN

384 DC.MisDepReset (dest) ||

385 OE.OppositeReleaseMisdeparture

386 ELSIF DE.pos : {ot, between, arrival} & DE.tc(ct) = nondetect & DE.tc(route) =
387 THEN

388 DC.MisDepReset (dest) ||

389 OE.OppositeReleaseMisdeparture

390 END

391 ELSIF DE.tc(ct) = nondetect & DE.tc(route) = nondetect THEN
392 DC.MisDepReset (dest) ||

393 OE.OppositeReleaseMisdeparture

394 END

395 END

396 END

397

398 END

C.3.2 CONST =¥ v (E#)

1 MACHINE

2 Const

3

4 SETS

5 ASPECT = {green, red};

6 LOCK = {lock, unlock};

7 LEVER = {set, unset};

8 DIRECTION = {up, down};

9 LOCATION = {origin, dest};

10 DETECT = {detect, nondetect};
11 POSITION = {inexistent, home, route, ct, otct, ot, between, approach, arrival}
12

13 END

C.3.3 DirectCircuit ¥> > (AMEEIHR)

1 MACHINE

2 DirectCircuit

3

4 SEES

5 Const

6

7 VARIABLES

8 directions, arrive, misdep

9

10 INVARIANT

11 directions : LOCATION --> DIRECTION &

12 arrive : LOCATION --> DETECT &

13 misdep : LOCATION --> DETECT &

14

15 not (directions(origin) = down & directions(dest) = up) &

16 (arrive(dest) = detect => (directions(origin) = down & directions(dest) = down)) &
17 (arrive(origin) = detect => (directions(origin) = up & directions(dest) = up)) &
18 not(arrive(dest) = detect & arrive(origin) = detect)

19

INITIALISATION

[N}
f=}

nondetect

nondetect
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21
22
23
24
25
26
27
28
29
30
31

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

56

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

misdep :: LOCATION --> DETECT ||
directions, arrive :(
directions : LOCATION --> DIRECTION &
arrive : LOCATION --> DETECT &

not (directions(origin) = down & directions(dest) = up) &

(arrive(dest) = detect => (directions(origin) = down & directions(dest) = down)) &
(arrive(origin) = detect => (directions(origin) = up & directions(dest) = up ))&
not (arrive(dest) = detect & arrive(origin) = detect)

)
OPERATIONS
DirectionSet(loc, dir) =
PRE
loc : LOCATION & dir : DIRECTION
THEN
IF
not(loc = origin & dir = down & directions(dest) = up) &
not(loc = dest & dir = up & directions(origin) = down) &
arrive(dest) = nondetect & arrive(origin) = nondetect
THEN
directions := directions <+ {loc |-> dir}
ELSE
skip
END
END;

END

PrepareArrival(loc) =

PRE
loc : LOCATION &
arrive(loc) = nondetect &
(loc = dest => (directions(origin) = down & directions(dest) = down)) &
(loc = origin => (directions(origin) = up & directions(dest) = up))
THEN
arrive := arrive <+ {loc |-> detect}
END;

Arrive(loc)
PRE

loc : LOCATION &

arrive(loc) = detect
THEN

arrive := arrive <+ {loc |-> nondetect}
END;

MisDeparture(loc) =
PRE
loc : LOCATION &
misdep(loc) = nondetect
THEN
misdep := misdep <+ {loc |-> detect} ||
arrive := arrive <+ {loc |-> nondetect}
END;

MisDepReset (loc) =
PRE
loc : LOCATION &
misdep(loc) = detect
THEN
misdep := misdep <+ {loc |-> nondetect}
END;

Set(locl, loc2, arrl, arr2, misl, mis2) =

PRE
locl : DIRECTION & loc2 : DIRECTION & arrl : DETECT & arr2 : DETECT &
misl : DETECT & mis2 : DETECT &
not (locl = down & loc2 = up) &
(arr2 = detect => (locl = down & loc2 = down)) &
(arrl = detect => (locl = up & loc2 = up)) &
not(arrl = detect & arr2 = detect)

THEN
directions := {origin |-> locl, dest |-> loc2} ||
arrive := {origin |-> arrl, dest |-> arr2} ||
misdep := {origin |-> misl, dest |-> mis2}

END
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C.3.4 Station ¥V (BREE)

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

57

59
60
61
62

64
65
66
67
68
69
70
71
72

MACHINE

Station(Loc)

CONSTRAINTS

Loc : NAT & (Loc = 0 or Loc = 1)

SEES
Const
VARIABLES
dep, arr,
d_lev, di
INVARIANT

dep : DIRECTION & arr : DIRECTION & r_lev : LEVER & r_lock : LOCK & r_aspect

r_lev, r_lock, r_aspect, s_lev, s_relay,
r, d_lock, o_dir, o_arr, o_mis, pos, tc, mis, app

: ASPECT &

s_lev : LEVER & s_relay : LEVER & d_lev : DIRECTION & dir : DIRECTION & d_lock : LOCK &

o_dir : DIRECTION & o_arr : DETECT & o_mis : DETECT & pos : POSITION & tc :

mis : DETECT & app : DETECT &

(Loc = 0
(Loc =1
dom(tc) =

(dir = de

(pos :

(pos

(pos :

(pos
(pos
(pos
(pos
(pos
(pos

(r_1
(r_1
(r_1
((r_
((di

(d_1

POSITION +-> DETECT &

=> (dep = down & arr = up)) &
=> (dep = up & arr = down)) &
{home, route, ct, ot} &
p =>
: {inexistent, home, route, ct, otct, ot, between, arrivall} &
= arrival => (not(o_arr = nondetect) & o_mis = nondetect)) &
{ct, otct, ot, between, arrival} => d_lock = lock) &
= home => tc(home) = detect) &
= inexistent => tc(home) = nondetect) &
= otct => (s_relay = unset => (tc(ot) = detect & tc(ct) = detect))) &
= otct => mis = nondetect) &
= route => (r_lock = lock & tc(route) = detect & tc(ct) = nondetect)) &
/: {ct, otct, ot, between, arrival} => mis = nondetect))) &
ock = lock => dir = dep) &

ock = lock => d_lock = lock) &
ock = lock => s_relay = unset) &

lev = unset & tc(route) = nondetect & tc(ct) = nondetect) => r_lock = unlock) &

r = dep & r_lev = set & s_relay = unset) => r_lock = lock) &

ock = lock => dir = dep) &

(dir = dep & o_mis = detect => d_lock = lock) &

((r_

(dir
(dir

(r_aspect
(r_le
(not (
tc(ro

m

(s_lev =

(s_lev =

(s_lev =

ASSERTIONS
dep /= ar
(pos : {c
pos : {in

INITIALISATIO
dep, arr,
d_lev, di

dep : DIRECTION & arr : DIRECTION & r_lev : LEVER & r_lock : LOCK & r_aspect

s_lev : L
o_dir : D
mis : DET
(Loc = 0
(Loc = 1
dom(tc) =

lock = unlock & pos /: {ct, otct, ot, between, arrival} & o_mis =
d_lock = unlock) &

= dep => o_dir = dep) &

= arr =>

(pos : {between, approach, ot, otct, ct} &

(o_dir = dep => pos = between))) &

= green =>
v = set & r_lock = lock & s_relay = unset &
pos = home) => pos = inexistent) &
ute) = nondetect & tc(ct) = nondetect & tc(ot) = nondetect &
is = nondetect & o_mis = nondetect)) &
unset => s_relay = unset) &
set & r_lock = unlock & dir = arr => s_relay = set) &
set & r_lock = unlock & r_lev = unset => s_relay = set)

r &

t, otct, ot, between, arrivall} =>

existent, home, route, ct, otct, ot, between, arrivall})
N

r_lev, r_lock, r_aspect, s_lev, s_relay,

r, d_lock, o_dir, o_arr, o_mis, pos, tc, mis, app :(

nondetect) =>

: ASPECT &

EVER & s_relay : LEVER & d_lev : DIRECTION & dir : DIRECTION & d_lock : LOCK &

IRECTION & o_arr : DETECT & o_mis : DETECT & pos : POSITION & tc :

ECT & app : DETECT &

=> (dep = down & arr = up)) &
=> (dep = up & arr = down)) &
{home, route, ct, ot} &

POSITION +-> DETECT &
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215

73

75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

101
102
103
104
105

123
124
125
126
127
128
129
130
131
132

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

(dir = dep =>
(pos : {inexistent, home, route, ct, otct, ot, between, arrivall} &
(pos = arrival => (not(o_arr = nondetect) & o_mis = nondetect)) &
(pos : {ct, otct, ot, between, arrival} => d_lock = lock) &
(pos = home => tc(home) = detect) &
(pos = inexistent => tc(home) = nondetect) &
(pos = otct => (s_relay = unset => (tc(ot) = detect & tc(ct) = detect))) &
(pos = otct => mis = nondetect) &
(pos = route =>
(r_lock = lock & tc(route) = detect & tc(ct) = nondetect)) &
(pos /: {ct, otct, ot, between, arrival} => mis = nondetect))) &

(r_lock = lock => dir = dep) &

(r_lock = lock => d_lock = lock) &

(r_lock = lock => s_relay = unset) &

((r_lev = unset & tc(route) = nondetect & tc(ct) = nondetect) => r_lock = unlock) &
((dir = dep & r_lev = set & s_relay = unset) => r_lock = lock) &

(d_lock = lock => dir = dep) &

(dir = dep & o_mis = detect => d_lock = lock) &

((r_lock = unlock & pos /: {ct, otct, ot, between, arrival} & o_mis = nondetect) =>
d_lock = unlock) &

(dir = dep => o_dir = dep) &

(dir = arr =>
(pos : {between, approach, ot, otct, ct} &
(o_dir = dep => pos = between))) &

(r_aspect = green =>
(r_lev = set & r_lock = lock & s_relay = unset &
(not(pos = home) => pos = inexistent) &
tc(route) = nondetect & tc(ct) = nondetect & tc(ot) = nondetect &
mis = nondetect & o_mis = nondetect)) &

(s_lev = unset => s_relay = unset) &
(s_lev = set & r_lock = unlock & dir = arr => s_relay = set) &
(s_lev = set & r_lock = unlock & r_lev = unset => s_relay = set)

OPERATIONS

)
SetDepart =
BEGIN
d_lev :=dep ||
IF dir = arr & o_dir = dep & o_mis = nondetect & mis = nondetect THEN
ASSERT r_lock = unlock & d_lock = unlock
THEN
dir := dep ||
IF r_lev = set & s_relay = unset THEN
r_lock := lock ||
d_lock := lock ||
IF tc(route) = nondetect & tc(ct) = nondetect & tc(ot) = nondetect THEN
r_aspect := green
END
END ||
pos :(pos : POSITION &
pos /:{ct, otct, ot, between, arrivall} &
(not(pos = home) => pos = inexistent) &
(pos = home => tc(home) = detect) &
(pos = inexistent => tc(home) = nondetect))
END
END
END;
SetArrive =
BEGIN
d_lev := arr ||
IF dir = dep & d_lock = unlock & o_mis = nondetect & o_arr = nondetect THEN
ASSERT not(r_lock = lock)
THEN
dir := arr ||
pos := between ||
IF s_lev = set THEN s_relay := set END
END
END
END;

OppositeChange(dd) =
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150 PRE

151 dd : DIRECTION &

152 dir = arr & o_arr = nondetect &

153 (dd = arr => (mis = nondetect & o_mis = nondetect))
154 THEN

155 o_dir := dd ||

156 pos := between

157 END;

158

159 OppositeArrivePrepare =

160 PRE dir = dep & o_arr = nondetect & o_mis = nondetect

161 THEN

162 o_arr := detect ||

163 IF pos = between THEN

164 ASSERT pos :{ct, otct, ot, between, arrival} &

165 not (r_aspect = green)

166 THEN

167 pos := arrival

168 END

169 END

170 END;

171

172 OppositeArrive =

173 PRE dir = dep & not(o_arr = nondetect) & o_mis = nondetect
174 THEN

175 o_arr := nondetect ||

176 IF pos = arrival THEN

177 ASSERT pos : {ct, otct, ot, between, arrivall} &
178 not (r_aspect = green)

179 THEN

180 IF mis = detect THEN pos := ct

181 ELSIF r_lock = lock THEN

182 pos :(pos : POSITION &

183 pos /:{ct, otct, ot, between, arrivall} &
184 (not(pos = home) => pos = inexistent) &
185 (pos = home => tc(home) = detect) &

186 (pos = inexistent => tc(home) = nondetect)) ||
187 IF r_lev = set & tc(route) = nondetect & tc(ct) = nondetect & tc(ot) = nondetect THEN
188 r_aspect := green

189 END

190 ELSE

191 d_lock := unlock ||

192 pos :(pos : POSITION &

193 pos /:{ct, otct, ot, between, arrivall} &
194 (not(pos = home) => pos = inexistent) &
195 (pos = home => tc(home) = detect) &

196 (pos = inexistent => tc(home) = nondetect))
197 END

198 END

199 END

200 END;

201

202 Oppositemisdeparture =

203 PRE o_mis = nondetect

204 THEN

205 o_mis := detect ||

206 IF dir = dep THEN

207 o_arr := nondetect ||

208 r_aspect := red ||

209 d_lock := lock ||

210 IF pos = arrival THEN

211 ASSERT pos : {ct, otct, ot, between, arrivall}
212 THEN

213 pos :(pos : POSITION &

214 (mis = detect => (pos : {ct, otct, ot, between, arrivall} & pos = ct)) &
215 (not(mis = detect) => ((not(pos = home) => pos = inexistent) &
216 (tc(home) = detect => pos = home) &

217 (not (tc(home) = detect) => pos = inexistent))))
218 END

219 END

220 END

221 END;

222

223 OppositeReleaseMisdeparture =

224 PRE o_mis = detect

225 THEN

226 o_mis := nondetect ||
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IF r_lock = unlock & pos /: {ct, otct, ot, between, arrival} THEN
d_lock := unlock
END ||
IF r_lev = set & r_lock = lock & s_relay = unset &
(not(pos = home) => pos = inexistent) &
tc(route) = nondetect & tc(ct) = nondetect & tc(ot) = nondetect & mis = nondetect
THEN
r_aspect := green
END
END;

DepartureRouteSet =
PRE r_lev = unset
THEN
r_lev := set ||
IF dir = dep & s_relay = unset THEN
d_lock := lock ||
r_lock := lock ||
IF tc(route) = nondetect & tc(ct) = nondetect & tc(ot) = nondetect &
mis = nondetect & o_mis = nondetect &
(not(pos = inexistent) => pos = home)
THEN r_aspect := green END
END
END;

DepartureRouteRelease =
PRE r_lev = set

THEN
r_lev := unset ||
r_aspect := red ||
IF r_lock = unlock & s_lev = set THEN

s_relay := set
ELSIF r_lock = lock & tc(route) = nondetect & tc(ct) = nondetect THEN
ASSERT not(tc(route) = detect) &
not(pos = route) &
d_lock = lock
THEN
r_lock, s_relay, d_lock :(
r_lock = unlock &
(not(s_relay = unset) => s_relay = set) &
(s_lev = unset => s_relay = unset) &
(s_lev = set => s_relay = set) &
d_lock : LOCK &

((r_lock = unlock & pos /: {ct, otct, ot, between, arrival} & o_mis = nondetect) =>

d_lock = unlock) &

(not (r_lock = unlock & pos /: {ct, otct, ot, between, arrival} & o_mis = nondetect) =>

d_lock = lock))
END
END
END;

DepatureRouteUnlock =
PRE d_lock = lock & s_relay = unset & dir = dep & r_lev = unset &
tc(route) = nondetect & tc(ct) = nondetect
THEN
ASSERT not(pos = route) THEN
r_lock, s_relay, d_lock :(
r_lock = unlock &
(not(s_relay = unset) => s_relay = set) &
(s_lev = unset => s_relay = unset) &
(s_lev = set => s_relay = set) &
d_lock : LOCK &
((r_lock = unlock & pos /: {ct, otct, ot, between, arrival} & o_mis = nondetect)
=> d_lock = unlock) &

(not(r_lock = unlock & pos /: {ct, otct, ot, between, arrival} & o_mis = nondetect)

=> d_lock = lock)) ||
r_aspect := red
END
END;

HomeTrackDetect =
PRE tc(home) = nondetect
THEN
ASSERT (tc <+ {home |-> detect}) (route) = tc(route) &
(tc <+ {home |-> detect}) (home) = detect &
(tc <+ {home |-> detect})(ct) = tc(ct) &
(tc <+ {home |-> detect}) (ot) = tc(ot) &
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304 ((r_lev = unset & (tc <+ {home |-> detect})(route) = nondetect
305 & (tc <+ {home |-> detect})(ct) = nondetect) => r_lock = unlock)
306 THEN

307 tc := tc <+ {home |-> detect} ||

308 IF dir = dep & pos = inexistent THEN pos := home END

309 END

310 END;

311

312 HomeTrackNondetect =

313 PRE tc(home) = detect

314 THEN

315 ASSERT (tc <+ {home |-> nondetect}) (route) = tc(route) &

316 (tc <+ {home |-> nondetect}) (home) = nondetect &

317 (tc <+ {home |-> nondetect})(ct) = tc(ct) &

318 (tc <+ {home |-> nondetect})(ot) = tc(ot) &

319 ((r_lev = unset & (tc <+ {home |-> nondetect})(route) = nondetect &
320 (tc <+ {home |-> nondetect})(ct) = nondetect) => r_lock = unlock)
321 THEN

322 tc := tc <+ {home |-> nondetect} ||

323 IF dir = dep & pos = home THEN pos := inexistent END

324 END

325 END;

326

327 RouteTrackDetect =

328 PRE tc(route) = nondetect

329 THEN

330 ASSERT (tc <+ {route |-> detect})(route) = detect &

331 (tc <+ {route |-> detect}) (home) = tc(home) &

332 (tc <+ {route |-> detect})(ct) = tc(ct) &

333 (tc <+ {route |-> detect})(ot) = tc(ot)

334 THEN

335 tc := tc <+ {route |-> detect} ||

336 r_aspect := red ||

337 IF r_aspect = green THEN

338 ASSERT not(r_lock = unlock) THEN pos := route END

339 END

340 END

341 END;

342

343 RouteTrackNondetect =

344 PRE tc(route)= detect

345 THEN

346 ASSERT (tc <+ {route |-> nondetect}) (route) = nondetect &

347 (tc <+ {route |-> nondetect}) (home) = tc(home) &

348 (tc <+ {route |-> nondetect})(ct) = tc(ct) &

349 (tc <+ {route |-> nondetect}) (ot) = tc(ot) &

350 not (r_aspect = green)

351 THEN

352 tc := tc <+ {route |-> nondetect} ||

353 IF dir = dep & tc(ct) = nondetect THEN

354 IF r_lev = set & r_lock = lock & s_relay = unset &

355 (not(pos = home) => pos = inexistent) &

356 tc(ot) = nondetect & mis = nondetect & o_mis = nondetect
357 THEN

358 ASSERT

359 not(r_lev = unset) &

360 not(pos = route) &

361 not(mis = nondetect & s_relay = set & pos = otct & tc(ot) = nondetect) &
362 not(mis = nondetect & s_relay= set & pos = ct & tc(ot) = nondetect)
363 THEN

364 r_aspect := green

365 END

366 END]| |

367 IF pos = route THEN

368 ASSERT pos /: {ct, otct, ot, between, arrival}

369 THEN

370 pos: (pos : POSITION &

371 pos /:{ct, otct, ot, between, arrivall} &

372 (not(pos = home) => pos = inexistent) &

373 (pos = home => tc(home) = detect) &

374 (pos = inexistent => tc(home) = nondetect))

375 END

376 ELSIF mis = nondetect & s_relay = set & pos = otct & tc(ot) = nondetect THEN
377 ASSERT pos : {ct, otct, ot, between, arrival}

378 THEN

379 pos: (pos : POSITION &

380 pos /:{ct, otct, ot, between, arrivall} &
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END;

CTDe

END

tect

END

(not(pos = home) => pos = inexistent) &
(pos = home => tc(home) = detect) &
(pos = inexistent => tc(home) = nondetect))

ELSIF mis = nondetect & s_relay= set & pos = ct & tc(ot) = nondetect THEN
ASSERT pos : {ct, otct, ot, between, arrival}

EN
IF

EN
IF

THEN

END
D ||

pos :(pos : {ct, otct, ot, between, arrivall} & pos = between)

r_lev = unset THEN

r_lo

D ||

ck, s_relay :(

r_lock = unlock &

(not(s_relay = unset) => s_relay = set) &
(s_lev = unset => s_relay = unset) &
(s_lev = set => s_relay = set))

r_lev = unset & o_mis = nondetect & pos /:{ct, otct, ot, between, arrival} THEN

d_lo

ck := unlock

ELSIF mis = nondetect & s_relay = set & pos = otct & tc(ot) = nondetect THEN
ASSERT r_lock = unlock &

EN
ELSE

THEN

END
D

pos : {ct, otct, ot, between, arrival}

d_lock:(d_lock : LOCK &
(o_mis = nondetect => d_lock = unlock) &
(o_mis = detect => d_lock = lock))

ASSERT (tc(ct) = nondetect => dir = arr) &

(

THEN

EN
END

skip
D

tc(ct) = nondetect => not(r_lock = lock))

PRE tc(ct) = nondetect

THEN

ASSE

THEN

RT (tc
(tc
(tc
(tc

tc :=
r_aspe
IF dir

<+ {ct |-> detect}) (route) = tc(route) &
<+ {ct |-> detect}) (home) = tc(home) &
<+ {ct |-> detect})(ct) = detect &

<+ {ct |-> detect}) (ot) = tc(ot)

tc <+ {ct |-> detect} ||

ct := red ||

= dep & mis = nondetect THEN

IF s_relay = unset THEN

CASE pos OF
EITHER home, inexistent THEN

OR r

ELSE

END
END

ASSERT s_relay = unset => (pos /= route & pos /= ct) THEN
IF tc(route) = detect THEN

mis := detect ||
pos := ct ||
d_lock := lock
END
END

oute, ct THEN
ASSERT not(s_relay = unset => (pos /= route & pos /= ct)) THEN
d_lock := lock ||
pos :(pos : POSITION &
(not(pos = otct) => pos = ct) &
(tc(ot) = detect => pos = otct) &
(not (tc(ot) = detect) => pos = ct))
END

ASSERT (s_relay = unset => (pos /= route & pos /= ct)) THEN
IF tc(route) = detect THEN mis := detect END
END

ELSIF tc(route) = detect THEN

ASSE

RT (s_relay = unset => (pos /= route & pos /= ct)) THEN
mis := detect ||
IF pos : {otct, inexistent, home} THEN
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458 pos := ct ||

459 d_lock := lock

460 END

461 END

462 ELSIF pos = ot & tc(ot) = detect THEN pos := otct

463 END

464 ELSIF dir = arr & tc(route) = detect THEN mis := detect

465 END

466 END

467 END;

468

469 CTNondetect =

470 PRE tc(ct) = detect

471 THEN

472 ASSERT (tc <+ {ct |-> nondetect}) (route) = tc(route) &

473 (tc <+ {ct |-> nondetect}) (home) = tc(home) &

474 (tc <+ {ct |-> nondetect})(ct) = nondetect &

475 (tc <+ {ct |-> nondetect}) (ot) = tc(ot) &

476 not (r_aspect = green)

477 THEN

478 tc := tc <+ {ct |-> nondetect} ||

479 IF dir = dep THEN

480 IF r_lev = unset & tc(route) = nondetect THEN

481 ASSERT not(pos = route) THEN

482 r_lock, s_relay :(

483 r_lock = unlock &

484 (not(s_relay = unset) => s_relay = set) &

485 (s_lev = unset => s_relay = unset) &

486 (s_lev = set => s_relay = set))

487 END

488 ELSIF r_lev = set & r_lock = lock & s_relay = unset &

489 (not(pos = home) => pos = inexistent) &

490 tc(route) = nondetect & tc(ot) = nondetect & mis = nondetect & o_mis = nondetect
491 THEN

492 ASSERT not(mis = nondetect & s_relay = unset & pos = otct) &
493 not(mis = nondetect & s_relay = unset & pos = ct &
494 tc(ot) = nondetect & tc(route) = nondetect) &
495 not(mis = nondetect & s_relay = set & pos = otct &
496 tc(ot) = nondetect & tc(route) = nondetect)
497 THEN

498 r_aspect := green

499 END

500 ELSE

501 ASSERT r_lev = unset => not(tc(route) = nondetect)

502 THEN

503 skip

504 END

505 END ||

506 IF r_lev = unset & tc(route) = nondetect & r_lock = lock & o_mis = nondetect &
507 pos /: {ct, otct, ot, between, arrival}

508 THEN

509 d_lock := unlock

510 ELSIF mis = nondetect & s_relay = set & pos = otct &

511 tc(ot) = nondetect & tc(route) = nondetect

512 THEN

513 ASSERT r_lock = unlock &

514 pos : {ct, otct, ot, between, arrival}

515 THEN

516 d_lock:(d_lock : LOCK &

517 (o_mis = nondetect => d_lock = unlock) &

518 (o_mis = detect => d_lock = lock))

519 END

520 ELSE

521 skip

522 END ||

523 IF mis = nondetect & s_relay = unset & pos = otct THEN

524 ASSERT pos : {ct, otct, ot, between, arrivall}

525 THEN

526 pos :(pos : {ct, otct, ot, between, arrival} & pos = ot)
527 END

528 ELSIF mis = nondetect & s_relay = unset & pos = ct &

529 tc(ot) = nondetect & tc(route) = nondetect

530 THEN

531 ASSERT pos : {ct, otct, ot, between, arrival}

532 THEN

533 pos :(pos : {ct, otct, ot, between, arrival} & pos = between)
534 END
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535 ELSIF mis = nondetect & s_relay = set & pos = otct &
536 tc(ot) = nondetect & tc(route) = nondetect

537 THEN

538 ASSERT pos : {ct, otct, ot, between, arrivall}

539 THEN

540 pos :(pos : POSITION &

541 pos /: {ct, otct, ot, between, arrival} &
542 (not(pos = home) => pos = inexistent) &
543 (pos = home => tc(home) = detect) &

544 (pos = inexistent => tc(home) = nondetect))
545 END

546 END

547 ELSIF pos = ct & mis = nondetect THEN

548 ASSERT pos : {between, approach, ot, otct, ct}

549 THEN pos := between

550 END

551 END

552 END

553 END;

554

555 OTDetect =

556 PRE

557 tc(ot) = nondetect

558 THEN

559 ASSERT (tc <+ {ot |-> detect}) (route) = tc(route) &

560 (tc <+ {ot |-> detect}) (home) = tc(home) &

561 (tc <+ {ot |-> detect})(ct) = tc(ct) &

562 (tc <+ {ot |-> detect}) (ot) = detect &

563 ((r_lev = unset & (tc <+ {ot |-> detect}) (route) = nondetect &
564 (tc <+ {ot |-> detect})(ct) = nondetect) => r_lock = unlock)
565 THEN

566 tc := tc <+ {ot |-> detect} ||

567 r_aspect := red ||

568 IF dir = dep THEN

569 IF mis = nondetect & tc(ct) = detect THEN

570 IF not(s_relay = unset & pos = ot) => pos : {between, arrival, ct} THEN
571 ASSERT pos :{ct, otct, ot, between, arrival}
572 THEN

573 pos := otct

574 END

575 END

576 END

577 ELSIF mis = nondetect & pos = approach THEN

578 ASSERT not(o_dir = dep) THEN

579 pos :(pos : {ct, otct, ot, between, arrival} & pos = ot)
580 END

581 END

582 END

583 END;

584

585 OTNondetect =

586 PRE tc(ot) = detect

587 THEN

588 ASSERT (tc <+ {ot |-> nondetect}) (route) = tc(route) &

589 (tc <+ {ot |-> nondetect}) (home) = tc(home) &

590 (tc <+ {ot |-> nondetectl})(ct) = tc(ct) &

591 (tc <+ {ot |-> nondetect}) (ot) = nondetect &

592 ((r_lev = unset & (tc <+ {ot |-> nondetect}) (route) = nondetect
593 & (tc <+ {ot |-> nondetect})(ct) = nondetect) =>

594 r_lock = unlock) &

595 not (r_aspect = green)

596 THEN

597 tc := tc <+ {ot |-> nondetect} ||

598 IF dir = dep THEN

599 IF mis = nondetect & s_relay = unset THEN

600 IF pos = ot & tc(ct) = nondetect THEN

601 ASSERT pos : {ct, otct, ot, between, arrivall}
602 THEN

603 pos := between

604 END

605 ELSIF pos = otct THEN

606 ASSERT pos : {ct, otct, ot, between, arrivall}
607 THEN

608 pos := ct

609 END

610 ELSIF (not(pos = home) => pos = inexistent) & r_lev = set & r_lock = lock &

611 tc(route) = nondetect & tc(ct) = nondetect & o_mis = nondetect
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612 THEN r_aspect := green END

613 ELSIF pos = ot THEN

614 ASSERT pos : {ct, otct, ot, between, arrival}

615 THEN

616 pos := between

617 END

618 END

619 ELSIF pos = otct & mis = nondetect THEN

620 ASSERT pos : {ct, otct, ot, between, arrivall} & not(o_dir = dep)
621 THEN

622 pos := ct

623 END

624 END

625 END

626 END;

627

628 SubLeverSet =

629 PRE s_lev = unset

630 THEN

631 s_lev := set ||

632 IF dir = arr THEN s_relay := set

633 ELSIF r_lev = unset & r_lock = unlock

634 THEN

635 s_relay := set ||

636 ASSERT not(r_aspect = green)

637 THEN

638 IF dir = dep & mis = nondetect THEN

639 CASE pos OF

640 EITHER ct THEN

641 ASSERT pos : {ct, otct, ot, between, arrival}

642 THEN

643 pos :(pos : {ct, otct, ot, between, arrival} &
644 (tc(ot) = detect => pos = ot) &

645 ((not(tc(ot) = detect) & tc(ct) = nondetect & tc(route) = nondetect)
646 => pos = between) &

647 ((not(tc(ot) = detect) & not(tc(ct) = nondetect & tc(route) = nondetect))
648 => pos = ct))

649 END

650 OR ot, between, arrival THEN

651 ASSERT pos : {ct, otct, ot, between, arrival}

652 THEN

653 IF tc(ot) = detect THEN

654 pos :(pos : {ct, otct, ot, between, arrival} &
655 (tc(ct) = detect => pos = otct) &

656 (not(tc(ct) = detect) => pos = ot))
657 END

658 END

659 END

660 END

661 END

662 END

663 END

664 END;

665

666 SubLeverRelease =

667 PRE s_lev = set

668 THEN

669 s_lev := unset ||

670 IF s_relay = set THEN

671 s_relay := unset ||

672 IF dir = dep THEN

673 IF pos = otct & not(tc(ot) = detect & tc(ct) = detect) THEN
674 ASSERT pos : {ct, otct, ot, between, arrival} THEN

675 pos :( pos : {ct, otct, ot, between, arrival} & pos = ot)
676 END

677 END ||

678 IF r_lev = set THEN

679 r_lock := lock ||

680 d_lock := lock ||

681 IF tc(route) = nondetect & tc(ct) = nondetect &

682 tc(ot) = nondetect & o_mis = nondetect & mis = nondetect &
683 (not(pos = home) => pos = inexistent)

684 THEN r_aspect := green END

685 END

686 END

687 END

688 END;
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BackwardRelease =
IF dir = dep & pos = ct & tc(home) = detect & tc(route) = nondetect & tc(ct) = nondetect &
tc(ot) = nondetect & r_lock = lock &
mis = nondetect

THEN
IF r_lev = set THEN
pos := home ||
IF o_mis = nondetect & mis = nondetect THEN r_aspect := green END
ELSE
r_lock, s_relay:(
r_lock = unlock &
s_relay : LEVER &
(s_lev = unset => s_relay = unset) &
(s_lev = set & r_lock = unlock & dir = arr => s_relay = set) &
(s_lev = set & r_lock = unlock & r_lev = unset => s_relay = set))||
IF o_mis = nondetect THEN d_lock := unlock END ||
pos := home
END
END;

MisDepartureRelease =
IF mis = detect THEN
IF dir = dep THEN
IF pos = ct & tc(ct) = nondetect & tc(ot) = nondetect & tc(route) = nondetect THEN
mis := nondetect ||
IF r_lock = unlock & o_mis = nondetect THEN d_lock := unlock END ||
pos :(pos : POSITION &
pos /:{ct, otct, ot, between, arrival} &
(not(pos = home) => pos = inexistent) &
(pos = home => tc(home) = detect) &
(pos = inexistent => tc(home) = nondetect)) ||
IF r_lev = set & r_lock = lock & s_relay = unset & o_mis = nondetect
THEN r_aspect := green END
ELSIF pos : {ot, between, arrival} & tc(ct) = nondetect & tc(route) = nondetect THEN

mis := nondetect END
ELSIF tc(ct) = nondetect & tc(route) = nondetect THEN
mis := nondetect ||

IF pos : {ot, otct, ct} THEN
ASSERT pos : {between, approach, ot, otct, ct} &
pos /= between &
not(o_dir = dep)
THEN
pos :(pos : POSITION &
pos : {between, approach, ot, otct, ct} &
(tc(ot) = detect => pos = ot) &
(not(tc(ot) = detect) => pos = approach))
END
END
END
END;

Approach =
IF dir = arr & o_dir = arr & pos = between THEN
ASSERT pos : {between, approach, ot, otct, ct} &
not (d_lock = lock)
THEN pos :(pos : {between, approach, ot, otct, ct} & pos = approach)
END
END;

dd <-- GetDir =
BEGIN dd := dir END;

pp <-- GetPos =
BEGIN pp := pos END;

mm <-- GetMis =
BEGIN mm := mis END;

SetParam(r_le, r_lo, r_as, s_le, s_re, d_le, di, d_lo, o_di, o_ar,
o_mi, po, th, tr, tct, to, mi, ap) =
PRE
r_le : LEVER & r_lo : LOCK & r_as : ASPECT & s_le : LEVER & s_re : LEVER &
d_le : DIRECTION & di : DIRECTION & d_lo : LOCK & o_di : DIRECTION & o_ar : DETECT &
o_mi : DETECT & po : POSITION & th : DETECT & tr : DETECT & tct : DETECT & to : DETECT &
mi : DETECT & ap : DETECT &
(di = dep =>
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766 (po : {inexistent, home, route, ct, otct, ot, between, arrival} &
767 (po = arrival => (o_ar = detect & o_mi = nondetect)) &

768 (po : {ct, otct, ot, between, arrival} => d_lo = lock) &

769 (po = home => th = detect) &

770 (po = inexistent => th = nondetect) &

771 (po = otct => (s_re = unset => (to = detect & tct = detect))) &
772 (po = otct => mi = nondetect) &

773 (po = route => (r_lo = lock & tr = detect & tct = nondetect)) &
774 (po /: {ct, otct, ot, between, arrival} => mi = nondetect))) &
775

776 (r_lo = lock => di = dep) &

777 (r_lo = lock => d_lo = lock) &

778 (r_lo = lock => s_re = unset) &

779 ((r_le = unset & tr = nondetect & tct = nondetect) => r_lo = unlock) &
780 ((di = dep & r_le = set & s_re = unset) => r_lo = lock) &

781

782 (d_lo = lock => di = dep) &

783 (di = dep & o_mi = detect => d_lo = lock) &

784 ((r_lo = unlock & po /: {ct, otct, ot, between, arrival} & o_mi = nondetect) =>
785 d_lo = unlock) &

786 (di = dep => o_di = dep) &

787 (di = arr =>

788 (po : {between, approach, ot, otct, ct} &

789 (o_di = dep => po = between))) &

790

791 (r_as = green =>

792 (r_le = set & r_lo = lock & s_re = unset &

793 (not(po = home) => po = inexistent) &

794 tr = nondetect & tct = nondetect & to = nondetect & mi = nondetect & o_mi = nondetect)) &
795

796 (s_le = unset => s_re = unset) &

797 (s_le = set & r_lo = unlock & di = arr => s_re = set) &

798 (s_le = set & r_lo = unlock & r_le = unset => s_re = set)

799 THEN

800 r_lev := r_le ||

801 r_lock := r_lo ||

802 r_aspect := r_as ||

803 s_lev := s_le ||

804 s_relay := s_re ||

805 d_lev :=d_le ||

806 dir :=di ||

807 d_lock := d_lo ||

808 o_dir := o_di ||

809 o_arr := o_ar ||

810 o_mis := o_mi ||

811 pos := po ||

812 tc := {home |-> th, route |-> tr, ct |-> tct, ot |-> to} ||

813 mis :=mi ||

814 app := ap

815 END

816

817 END
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D.1 #HBESH

D.1.1 types.def

1 DEFINITIONS

2 SPEED == (0..MaxSpeed);

3 GRAD == (0..MaxGrad);

4 LIMIT == SPEED * NAT * GRAD;
5 DECL == (1..255);

6

7 Grl == 353;

8 Gr2 == 1000

D.1.2 Parameterl.mch

MACHINE
Parameteril

DEFINITIONS
"types.def"

CONSTANTS
MaxSpeed, MaxGrad, MaxDist, n_decl, e_decl

PROPERTIES
MaxSpeed : NAT1 &
MaxSpeed * MaxSpeed < MAXINT / 16 &
MaxGrad : 1..255 &
MaxDist : NAT1 &
MaxDist < MAXINT / 4 &
e_decl: 1..255 &
n_decl: 1..255 &
n_decl <= e_decl &
n_decl * 72 > MaxGrad * Grl *72 / Gr2

e
H O © 00 N0 U W N -

I I e e e
S © 0’ N U A RN

END

V)
=

D.1.3 Parameter2.mch

1 MACHINE

2 Parameter2

3

4 SEES

5 Parameterl

6

7 CONSTANTS

8 warning_release
9

PROPERTIES
warning_release : 0..MaxSpeed

e
= o



226 5D TV —FEHEETIL (B)

12
13 END

D.1.4 Parameter3.mch

1 MACHINE

2 Parameter3

3

4 CONSTANTS

5 cinterval, cdelay_e, cdelay_n, cdelay_w, c_margin_e, c_margin_n, c_margin_w

6

7 PROPERTIES

8 cinterval : 0..16383 &

9 cdelay_e : 0..16383 &

10 cdelay_n : 0..16383 &

11 cdelay_w : 0..16383 &

12 cinterval + cdelay_e : 0..16383 &

13 cinterval + cdelay_n : 0..16383 &

14 cinterval + cdelay_w : 0..16383 &

15 cdelay_e <= cdelay_n &

16 cdelay_n <= cdelay_w &

17

18 c_margin_e : 0..8191 &

19 c_margin_n : 0..8191 &

20 c_margin_w : 0..8191 &

21

22 c_margin_n >= c_margin_e &

23 c_margin_w >= c_margin_n

24

25 ASSERTIONS

26 'Im. (Im : 0..32767 => 1lm * (cinterval + cdelay_e) / 36000 <= 32767);

27 'Im.(Im : 0..32767 => 1m * (cinterval + cdelay_n) / 36000 <= 32767);

28 'Im. (Im : 0..32767 => 1Im * (cinterval + cdelay_w) / 36000 <= 32767);

29

30 !'(Im1, Im2).((Iml : 0..32767 & 1lm2 : 0..32767) =>

31 (Im1 <= Im2 => 1ml * (cinterval + cdelay_e) / 36000 <= 1lm2 * (cinterval + cdelay_e) / 36000));
32 '(1m1, 1m2).((1ml : 0..32767 & 1lm2 : 0..32767) =>

33 (Im1 <= 1m2 => Iml * (cinterval + cdelay_n) / 36000 <= 1m2 * (cinterval + cdelay_n) / 36000));
34 !'(Im1, 1m2).((Im1 : 0..32767 & 1m2 : 0..32767) =>

35 (Im1 <= 1m2 => 1ml * (cinterval + cdelay_w) / 36000 <= 1lm2 * (cinterval + cdelay_w) / 36000));
36

37 'Im. (Im : 0..32767 => Im * (cinterval + cdelay_e) / 36000 <= lm * (cinterval + cdelay_n) / 36000);
38 'Im.(Im : 0..32767 => 1m * (cinterval + cdelay_n) / 36000 <= 1lm * (cinterval + cdelay_w) / 36000)
39

40 END

D.2 BrakeSpeed ¥V
D.2.1 BrakeSpeed.mch (HigRi&is)

1 MACHINE

2 BrakeSpeed

3

4 SEES

5 Parameterl

6

7 DEFINITIONS

8 "types.def"

9

10 ABSTRACT_CONSTANTS

11 release

12

13 PROPERTIES

14 release : SPEED

15

16 VARIABLES

17 emergencyspeed, normalspeed, warningspeed, releasespeed,
18 target, location, grad, e_distance, n_distance, w_distance
19

20 INVARIANT
21 target : NAT &



D.2 BrakeSpeed vV

227

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

53
54
55
56
57
58
59
60
61
62
63
64
65
66

68
69
70
71
72

74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

location : NAT &
grad : GRAD &

emergencyspeed : SPEED &

normalspeed : SPEED &

warningspeed : SPEED &

releasespeed : SPEED &

e_distance : 0..(MaxSpeed * MaxSpeed) &
n_distance : 0..(MaxSpeed * MaxSpeed) &
w_distance : 0..(MaxSpeed * MaxSpeed) &

(target <= location =>
(emergencyspeed = 0 &
normalspeed = 0 &
warningspeed = 0 &
releasespeed = 0)) &

(not (target <= location) =>
(e_distance <= target - location) &
(n_distance <= target - location) &

(w_distance <= target - location)) &

(emergencyspeed = 0 => e_distance = 0) &
(normalspeed = 0 => n_distance = 0) &
0

(warningspeed = 0 => w_distance = 0) &

normalspeed <= emergencyspeed &
warningspeed <= normalspeed &

releasespeed = max({warningspeed - release, 0})

INITIALISATION
grad := 0 ||
ANY tt WHERE tt : NAT
THEN

target := tt ||

location := tt
END ||
normalspeed := 0 |
emergencyspeed
warningspeed :
releasespeed :
e_distance :=
n_distance :=
w_distance :=

oo ol

OPERATIONS
SetSpeed(ta, lo, gr) =
PRE
ta : NAT &
gr : GRAD &
lo : NAT
THEN
target := ta ||
grad := gr ||
location := lo ||
IF ta <= lo THEN
emergencyspeed := 0 ||
normalspeed := 0 ||
warningspeed : |
releasespeed
n_distance :=
e_distance :
w_distance :
ELSE

oIl
01l
I
I

[}
(e oo

emergencyspeed, normalspeed, releasespeed, warningspeed,

e_distance, n_distance, w_distance

:(

e_distance :
n_distance :
w_distance :

0..(MaxSpeed * MaxSpeed) &
0..(MaxSpeed * MaxSpeed) &
0..(MaxSpeed * MaxSpeed) &

emergencyspeed : SPEED &
normalspeed : SPEED &
releasespeed : SPEED &
warningspeed : SPEED &

e_distance <= ta - lo &
n_distance <= ta - lo &
w_distance <= ta - lo &
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99 (emergencyspeed = 0 => e_distance = 0) &
100 (normalspeed = 0 => n_distance = 0) &
101 (warningspeed = 0 => w_distance = 0) &
102 normalspeed <= emergencyspeed &

103 warningspeed <= normalspeed &

104 releasespeed = max({warningspeed - releaSe, 0})

105 )

106 End

107 End;

108

109 Sp <-- Normalspeed =

110 Sp := Normalspeed;
111
112 Sp <-- Emergencyspeed =
113 Sp := Emergencyspeed;
114
115 Sp <-- Warningspeed =
116 Sp := Warningspeed;
117

118 Sp <-- Releasespeed =
119 sp := releasespeed
120
121 END

D.2.2 BrakeSpeed_1.ref (F¥ffi{t 1)

1 REFINEMENT
2 BrakeSpeed_1
3
4 REFINES
5 BrakeSpeed
6
7 SEES
8 Parameterl
9
10 DEFINITIONS
11 "types.def"
12
13 ABSTRACT_CONSTANTS
14 margin, release
15
16 ~ PROPERTIES
17 margin : NAT &
18 margin : 0..16383
19
20  VARIABLES
21 emergencyspeed, normalspeed, warningspeed,
22 target, location, grad, e_distance, n_distance, w_distance
23
24 INVARIANT
25 (target <= location + margin =>
26 (emergencyspeed = 0 &
27 normalspeed = 0 &
28 warningspeed = 0)) &
29
30 (not(target <= location + margin) =>
31 (e_distance <= target - location - margin &
32 n_distance <= target - location - margin &
33 w_distance <= target - location - margin))
34
35 ASSERTIONS
36 max ({warningspeed - release, 0}) : 0..MaxSpeed
37
38 INITIALISATION
39 grad := 0 ||
40 ANY tt WHERE tt : NAT
41 THEN
42 target := tt ||
43 location := tt
44 END ||
45 normalspeed := 0 ||
46 emergencyspeed := 0 |
47 warningspeed := 0 ||
48 e_distance :=
|

o o

49 n_distance :=
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85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

emergencyspeed, normalspeed, warningspeed, e_distance, n_distance, w_distance

w_distance := 0
OPERATIONS
SetSpeed(ta, lo, gr) =
PRE
ta : NAT &
gr : GRAD &
lo : NAT
THEN
target := ta ||
grad := gr ||
location := lo ||
IF ta <= lo + margin THEN
emergencyspeed := 0 ||
normalspeed := 0 ||
warningspeed := 0 ||
n_distance := 0 ||
e_distance := 0 ||
w_distance := 0
ELSE
ASSERT not(ta <= lo)
THEN
emergencyspeed : SPEED &
normalspeed : SPEED &
warningspeed : SPEED &
e_distance : 0..(MaxSpeed * MaxSpeed) &
n_distance : 0..(MaxSpeed * MaxSpeed) &
w_distance : 0..(MaxSpeed * MaxSpeed) &
e_distance <= ta - lo - margin &
n_distance <= ta - lo - margin &
w_distance <= ta - lo - margin &
(emergencyspeed = 0 => e_distance = 0) &
(normalspeed = 0 => n_distance = 0) &
(warningspeed = 0 => w_distance = 0) &
normalspeed <= emergencyspeed &
warningspeed <= normalspeed
)
END
END
END;
sp <-- Normalspeed =
sp := normalspeed;
sp <-- Emergencyspeed =
sp := emergencyspeed;
sp <-- Warningspeed =
sp := warningspeed;
sp <-- Releasespeed =
sp := max({warningspeed - release, 0})

END

D.2.3 BrakeSpeed_2.ref (F£ffit 2)

© 0N O U R W N =

e e e e
N OO W N = O

REFINEMENT

BrakeSpeed_2

REFINES

BrakeSpeed_1

SEES
Paramet

DEFINITIONS
"types.

erl

def"

ABSTRACT_CONSTANTS
margin, delay, release

PROPERTIES
delay :

NAT &

s (
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18 delay : 0..16383

19

20 VARIABLES

21 emergencyspeed, normalspeed, warningspeed,

22 target, location, grad, e_distance, n_distance, w_distance
23

24 INVARIANT

25 (not (target <= location + margin) =>

26 (emergencyspeed * delay / 36000 + e_distance <= target - location - margin &
27 normalspeed * delay / 36000 + n_distance <= target - location - margin &
28 warningspeed * delay / 36000 + w_distance <= target - location - margin))
29

30 INITIALISATION

31 grad := 0 ||

32 ANY tt WHERE tt : NAT

33 THEN

34 target := tt ||

35 location := tt

36 END ||

37 normalspeed := 0 ||

38 emergencyspeed := 0 |

39 warningspeed := 0 ||

40 e_distance := 0 ||

41 n_distance := 0 ||

42 w_distance := 0

43

44 OPERATIONS

45 SetSpeed(ta, lo, gr) =

46 PRE

47 ta : NAT &

48 gr : GRAD &

49 lo : NAT

50 THEN

51 target := ta ||

52 grad := gr ||

53 location := lo ||

54 IF ta <= lo + margin THEN

55 emergencyspeed := 0 ||

56 normalspeed := 0 ||

57 warningspeed := 0 ||

58 e_distance := 0 ||

59 n_distance := 0 ||

60 w_distance := 0

61 ELSE

62 emergencyspeed, normalspeed, warningspeed,
63 e_distance, n_distance, w_distance :(

64 emergencyspeed : SPEED &

65 normalspeed : SPEED &

66 warningspeed : SPEED &

67 e_distance : 0..(MaxSpeed * MaxSpeed) &
68 n_distance : 0..(MaxSpeed * MaxSpeed) &
69 w_distance : 0..(MaxSpeed * MaxSpeed) &
70 emergencyspeed * delay / 36000 + e_distance <= ta - lo - margin &
71 normalspeed * delay / 36000 + n_distance <= ta - lo - margin &
72 warningspeed * delay / 36000 + w_distance <= ta - lo - margin &
73 (emergencyspeed = 0 => e_distance = 0) &
74 (normalspeed = 0 => n_distance = 0) &

75 (warningspeed = 0 => w_distance = 0) &
76 normalspeed <= emergencyspeed &

7 warningspeed <= normalspeed

78 )

79 END

80 END;

81

82 sp <-- Normalspeed =

83 sp := normalspeed;

84

85 sp <-- Emergencyspeed =

86 sp := emergencyspeed;

87

88 sp <-- Warningspeed =

89 sp := warningspeed;

90

91 sp <-- Releasespeed =

92 sp := max({warningspeed - release, 0})

93

94 END
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D.2.4 BrakeSpeed_3.ref (

1
2
3
4
5
6
e
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

71
72

REFINEMENT
BrakeSpeed_3

REFINES
BrakeSpeed_2

SEES
Parameterl

DEFINITIONS
"types.def"

ABSTRACT_CONSTANTS
interval, bdelay_e,

FHfl1E 3)

bdelay_n, bdelay_w, margin_n, margin_e, margin_w, release

delay &/* delay in msec */

PROPERTIES
interval : NAT &
interval : 0..16383 &
bdelay_e : 0..16383 &
bdelay_n : 0..16383 &
bdelay_w : 0..16383 &
interval + bdelay_e =
bdelay_e <= bdelay_n &
bdelay_n <= bdelay_w &
margin_e : NAT & margin_e : 0..16383
margin_n : NAT & margin_n : 0..16383
margin_w : NAT & margin_w : 0..16383
margin_e = margin &
margin_n >= margin_e &
margin_w >= margin_n
ASSERTIONS
!sp.(sp : SPEED =>
sp * (interval + bdelay_e)/36000
!sp.(sp : SPEED =>
sp * (interval + bdelay_n)/36000
VARIABLES

IR

<= sp * (interval + bdelay_n)/36000) ;

<= sp * (interval + bdelay_w)/36000)

emergencyspeed, normalspeed, warningspeed,
target, location, grad, e_distance, n_distance, w_distance

INVARIANT

(target <= location + margin_e => emergencyspeed
(target <= location + margin_n => normalspeed =
(target <= location + margin_w => warningspeed =

=0) &
0 &
0) &

(not(target <= location + margin_e) =>

emergencyspeed * (interval + bdelay_e) / 36000 + e_distance <= target - location - margin_e) &
(not (target <= location + margin_n) =>

normalspeed * (interval + bdelay_n) / 36000 + n_distance <= target - location - margin_n) &
(not (target <= location + margin_w) =>

warningspeed * (interval + bdelay_w) / 36000 +

INITIALISATION
grad := 0 ||
ANY tt WHERE tt :
THEN

target := tt

location :=
END ||
normalspeed := 0 |
emergencyspeed
warningspeed :=
e_distance := 0
n_distance := 0
w_distance := 0

Il
tt

OPERATIONS
SetSpeed(ta, lo, gr)
PRE

NAT

w_distance <= target - location - margin_w)
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73 ta : NAT &

74 gr : GRAD &

75 lo : NAT

76 THEN

77 target := ta ||

78 grad := gr ||

79 location := lo ||

80 IF ta <= lo + margin_e THEN

81 emergencyspeed := 0 ||

82 normalspeed := 0 ||

83 warningspeed := 0 ||

84 e_distance := 0 ||

85 n_distance := 0 ||

86 w_distance := 0

87 ELSE

88 emergencyspeed, normalspeed, warningspeed, e_distance, n_distance, w_distance :(
89 emergencyspeed : SPEED &

90 normalspeed : SPEED &

91 warningspeed : SPEED &

92 e_distance : 0..(MaxSpeed * MaxSpeed) &

93 n_distance : 0..(MaxSpeed * MaxSpeed) &

94 w_distance : 0..(MaxSpeed * MaxSpeed) &

95 emergencyspeed : SPEED &

96 normalspeed : SPEED &

97 warningspeed : SPEED &

98

99 (ta <= lo + margin_e => emergencyspeed = 0) &
100 (not(ta <= lo + margin_e) =>

101 emergencyspeed * (interval + bdelay_e) / 36000 + e_distance <= ta - lo - margin_e) &
102 (ta <= lo + margin_n => normalspeed = 0) &
103 (not(ta <= lo + margin_n) =>

104 normalspeed * (interval + bdelay_n) / 36000 + n_distance <= ta - lo - margin_n) &
105 (ta <= lo + margin_w => warningspeed = 0) &
106 (not(ta <= lo + margin_w) =>

107 warningspeed * (interval + bdelay_w) / 36000 + w_distance <= ta - lo - margin_w) &
108

109 (emergencyspeed = 0 => e_distance = 0) &
110 (normalspeed = 0 => n_distance = 0) &

111 (warningspeed = 0 => w_distance = 0) &

112

113 normalspeed <= emergencyspeed &

114 warningspeed <= normalspeed

115 )

116 END

117 END;

118

119 sp <-- Normalspeed =

120 sp := normalspeed;

121

122 sp <-- Emergencyspeed =

123 sp := emergencyspeed;

124

125 sp <-- Warningspeed =

126 sp := warningspeed;

127

128 sp <-- Releasespeed =

129 sp := max({warningspeed - release, 0})

130

131 END

D.2.5 BrakeSpeed_4.ref (F£ffit 4)

1 REFINEMENT

2 BrakeSpeed_4
3

4 REFINES

5 BrakeSpeed_3
6

7 SEES

8 Parameterl

9

10 DEFINITIONS

11 "types.def"
12

13 ABSTRACT_CONSTANTS
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14 interval, bdelay_e, bdelay_n, bdelay_w, margin_n, margin_e, margin_w, release

15

16 VARIABLES

17 emergencyspeed, normalspeed, warningspeed, loc, grad, e_distance, n_distance, w_distance
18

19 INVARIANT

20 loc : NAT &

21 (target < location => loc = 0) &

22 (not(target < location) => loc = target - location) &

23

24 (loc <= margin_e => emergencyspeed =
25 (loc <= margin_n => normalspeed = 0)
26 (loc <= margin_w => warningspeed = 0
27

28 (not(loc <= margin_e) =>

29 emergencyspeed * (interval + bdelay_e) / 36000 + e_distance <= loc - margin_e) &
30

31 (not(loc <= margin_n) =>

32 normalspeed * (interval + bdelay_n) / 36000 + n_distance <= loc - margin_n) &
33

34 (not(loc <= margin_w) =>

35 warningspeed * (interval + bdelay_w) / 36000 + w_distance <= loc - margin_w)

0 &
&
) &

37 INITIALISATION

38 grad := 0 ||
39 loc := 0 ||
40 normalspeed := 0 |
41 emergencyspeed :
42 warningspeed
43 e_distance :
44 n_distance :
45 w_distance :=

1]
o ool

47 OPERATIONS

48 SetSpeed(ta, lo, gr) =

49 PRE

50 ta : NAT &

51 gr : GRAD &

52 lo : NAT

53 THEN

54 grad := gr ||

55 IF ta < lo THEN

56 loc := 0 ||

57 emergencyspeed := 0 ||
58 normalspeed := 0 ||

59 warningspeed := 0 ||
60 e_distance := Il

61 n_distance : Il

62 w_distance :
63 ELSE

64 ANY 11 WHERE 11 : NAT & 11 = ta - lo
65 THEN

66 loc := 11 ||

67 IF 11 <= margin_e THEN

68 emergencyspeed := 0 |

69 normalspeed := 0 |

70 warningspeed := 0 |

71 e_distance := |

72 n_distance : |

73 w_distance :
74 ELSE

75 emergencyspeed, normalspeed, warningspeed, e_distance, n_distance, w_distance :(
76 emergencyspeed : SPEED &

77 normalspeed : SPEED &

78 warningspeed : SPEED &

79 e_distance : 0..(MaxSpeed * MaxSpeed) &

80 n_distance : 0..(MaxSpeed * MaxSpeed) &

81 w_distance : 0..(MaxSpeed * MaxSpeed) &

0
0
0

0
0
0

83 (11 <= margin_e => emergencyspeed = 0) &

84 (not (1l <= margin_e) =>

85 emergencyspeed * (interval + bdelay_e) / 36000 + e_distance <= 11 - margin_e) &
86 (11 <= margin_n => normalspeed = 0) &

87 (not (11 <= margin_n) =>

88 normalspeed * (interval + bdelay_n) / 36000 + n_distance <= 11 - margin_n) &

89 (11 <= margin_w => warningspeed = 0) &

90 (not (11 <= margin_w) =>



234 5D TV —FEHEETIL (B)

91 warningspeed * (interval + bdelay_w) / 36000 + w_distance <= 11 - margin_w) &
92

93 (emergencyspeed = 0 => e_distance = 0
94 (normalspeed = 0 => n_distance = 0) &
95 (warningspeed = 0 => w_distance = 0) &
96

97 normalspeed <= emergencyspeed &

98 warningspeed <= normalspeed

99 )

100 END

101 END

102 END

103 END;

104

105 sp <-- Normalspeed =

106 sp := normalspeed;

107

108 sp <-- Emergencyspeed =

109 sp := emergencyspeed;

110

111 sp <-- Warningspeed =

112 sp := warningspeed;

113

114 sp <-- Releasespeed =

115 sp := max({warningspeed - release, 0})

116

117 END

) &

D.2.6 BrakeSpeed_5.ref (F£#fi1t 5)

1 REFINEMENT

2 BrakeSpeed_5

3

4 REFINES

5 BrakeSpeed_4

6

7 SEES

8 Parameterl

9

10 DEFINITIONS

11 "types.def"

12

13 ABSTRACT_CONSTANTS

14 interval, bdelay_e, bdelay_n, bdelay_w, margin_n, margin_e, margin_w, release
15

16 VARIABLES

17 emergencyspeed, normalspeed, warningspeed, loc2, grad, e_distance, n_distance, w_distance
18

19 INVARIANT

20 loc2 : 0..MaxDist &

21 (loc <= MaxDist => loc2 = loc) &

22 (not(loc <= MaxDist) => loc2 = MaxDist) &

23

24 (loc2 <= margin_e => emergencyspeed = 0) &

25 (loc2 <= margin_n => normalspeed = 0) &

26 (loc2 <= margin_w => warningspeed = 0) &

27

28 (not(loc2 <= margin_e) =>

29 emergencyspeed * (interval + bdelay_e) / 36000 + e_distance <= loc2 - margin_e) &
30
31 (not(loc2 <= margin_n) =>
32 normalspeed * (interval + bdelay_n) / 36000 + n_distance <= loc2 - margin_n) &
33
34 (not(loc2 <= margin_w) =>
35 warningspeed * (interval + bdelay_w) / 36000 + w_distance <= loc2 - margin_w)
36
37 INITIALISATION
38 grad := 0 ||
39 loc2 := 0 ||
40 normalspeed := 0 ||
41 emergencyspeed := 0 |
42 warningspeed := 0 ||
43 e_distance := 0 ||
44 n_distance := 0 ||
45 w_distance := 0
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46
47 OPERATIONS
48 SetSpeed(ta, lo, gr) =
49 PRE
50 ta : NAT &
51 gr : GRAD &
52 lo : NAT
53 THEN
54 grad := gr ||
55 IF ta < lo THEN
56 loc2 := 0 ||
57 emergencyspeed := 0 ||
58 normalspeed := 0 ||
59 warningspeed := 0 ||
60 e_distance : Il
61 n_distance : |
62 w_distance :
63 ELSE
64 ANY 11 WHERE
65 11 : NAT &
66 (ta - lo <= MaxDist => 11 = ta - lo) &
67 (not(ta - lo <= MaxDist) => 11 = MaxDist)
68 THEN
69 loc2 := 11 ||
70 IF 11 <= margin_e THEN
71 emergencyspeed := 0 |
72 normalspeed := 0 |
73 warningspeed 0 |
|
|

0
0
0

74 e_distance :=
75 n_distance :=
76 w_distance :
7 ELSE

78 emergencyspeed, normalspeed, warningspeed, e_distance, n_distance, w_distance :(

79 emergencyspeed : SPEED &

80 normalspeed : SPEED &

81 warningspeed : SPEED &

82 e_distance : 0..(MaxSpeed * MaxSpeed) &

83 n_distance : 0..(MaxSpeed * MaxSpeed) &

84 w_distance : 0..(MaxSpeed * MaxSpeed) &

85

86 (11 <= margin_e => emergencyspeed = 0) &

87 (not (1l <= margin_e) =>

88 emergencyspeed * (interval + bdelay_e) / 36000 + e_distance <= 11 - margin_e) &
89

90 (11 <= margin_n => normalspeed = 0) &

91 (not (11l <= margin_n) =>

92 normalspeed * (interval + bdelay_n) / 36000 + n_distance <= 11 - margin_n) &

93

94 (11 <= margin_w => warningspeed = 0) &

95 (not (11 <= margin_w) =>

96 warningspeed * (interval + bdelay_w) / 36000 + w_distance <= 11 - margin_w) &
97

98 (emergencyspeed = 0 => e_distance =
99 (normalspeed = 0 => n_distance = 0)
100 (warningspeed = 0 => w_distance = 0) &
101

102 normalspeed <= emergencyspeed &

103 warningspeed <= normalspeed

104 )

105 END

106 END

107 END

108 END;

109

110 sp <-- Normalspeed =

111 sp := normalspeed;

112

113 sp <-- Emergencyspeed =

114 sp := emergencyspeed;

115

116 sp <-- Warningspeed =

117 sp := warningspeed;

118

119 sp <-- Releasespeed =

120 sp := max({warningspeed - release, 0})

121

122 END

|
o ool

) &
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D.2.7 BrakeSpeed_6.ref (3£t 6)

1 REFINEMENT

2 BrakeSpeed_6

3

4  REFINES

5 BrakeSpeed_5

6

7  SEES

8 Parameterl

9

10 DEFINITIONS

11 "types.def"

12

13 INCLUDES

14 Distance

15

16~ ABSTRACT_CONSTANTS

17 interval, bdelay_e, bdelay_n, bdelay_w, margin_n, margin_e, margin_w, release
18

19 VARIABLES

20 emergencyspeed, normalspeed, warningspeed, loc2, grad
21

22 INVARIANT

23 e_distance = distance_e(emergencyspeed, grad) &

24 n_distance = distance_n(normalspeed, grad) &

25 w_distance = distance_n(warningspeed, grad)

26

27 INITIALISATION

28 grad := 0 ||

29 loc2 := 0 ||

30 normalspeed := 0 ||

31 emergencyspeed := 0 ||

32 warningspeed := 0

33

34  OPERATIONS

35 SetSpeed(ta, lo, gr) =

36 PRE
37 ta : NAT &
38 gr : GRAD &
39 lo : NAT
40 THEN
41 grad := gr ||
42 IF ta < lo THEN
43 loc2 := 0 ||
44 emergencyspeed := 0 ||
45 normalspeed := 0 ||
46 warningspeed := 0
a7 ELSE
48 ANY 11 WHERE
49 11 : NAT &

50 (ta - lo <= MaxDist => 11 = ta - lo) &

51 (not(ta - lo <= MaxDist) => 11 = MaxDist)
52 THEN

53 loc2 :=11 ||

54 IF 11 <= margin_e THEN

55 emergencyspeed := 0 ||

56 normalspeed := 0 |

57 warningspeed := 0

58 ELSE

59 emergencyspeed, normalspeed, warningspeed :(
60 emergencyspeed : SPEED &
61 normalspeed : SPEED &
62 warningspeed : SPEED &
63
64 (11 <= margin_e => emergencyspeed = 0) &
65 (not (11 <= margin_e) =>
66 emergencyspeed * (interval + bdelay_e) / 36000 + distance_e(emergencyspeed, gr)
67 <= 11 - margin_e) &
68
69 (11 <= margin_n => normalspeed = 0) &
70 (not (11l <= margin_n) =>

71 normalspeed * (interval + bdelay_n) / 36000 + distance_n(normalspeed, gr)
72 <= 11 - margin_n) &
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

101
102
103

(11 <= margin_w => warningspeed = 0) &
(not (11 <= margin_w) =>

warningspeed * (interval + bdelay_w) / 36000 + distance_n(warningspeed, gr)

<= 11 - margin_w) &

normalspeed <= emergencyspeed &
warningspeed <= normalspeed
)
END
END
END
END;

sp <-- Normalspeed =
sp := normalspeed;

sp <-- Emergencyspeed =
sp := emergencyspeed;

sp <-- Warningspeed =
sp := warningspeed;

sp <-- Releasespeed =
IF warningspeed - release >= 0 THEN
sp := warningspeed - release
ELSE
sp := 0
END

END

D.2.8 BrakeSpeed_7.ref (E#f1t 7)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

REFINEMENT
BrakeSpeed_7

REFINES
BrakeSpeed_6

SEES
Parameteri

DEFINITIONS
"types.def"

INCLUDES
Distance

ABSTRACT_CONSTANTS

interval, bdelay_e, bdelay_n, bdelay_w, margin_n, margin_e, margin_w, release

VARIABLES
emergencyspeed, normalspeed, warningspeed, loc2, grad

INVARIANT
(not (loc2 <= margin_e) =>
emergencyspeed = max({sp | sp : SPEED &
sp * (interval + bdelay_e) / 36000 + distance_e(sp,grad) <=
(not(loc2 <= margin_n) =>
normalspeed = max({sp | sp : SPEED &
sp * (interval + bdelay_n) / 36000 + distance_n(sp,grad) <=
(not (loc2 <= margin_w) =>
warningspeed = max({sp | sp : SPEED &
sp * (interval + bdelay_w) / 36000 + distance_n(sp,grad) <=

INITIALISATION
grad := 0 ||
loc2 := 0 ||
normalspeed := 0 ||
emergencyspeed := 0 ||
warningspeed := 0

OPERATIONS
SetSpeed(ta, lo, gr) =

loc2 - margin_e})) &

loc2 - margin_n})) &

loc2 - margin_w}))
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42 PRE
43 ta : NAT &
44 gr : GRAD &
45 lo : NAT
46 THEN
a7 grad := gr ||
48 IF ta < lo THEN
49 loc2 := 0 ||
50 emergencyspeed := 0 ||
51 normalspeed := 0 ||
52 warningspeed := 0
53 ELSE
54 ANY 11 WHERE
55 11 : NAT &
56 (ta - lo <= MaxDist => 11 = ta - lo) &
57 (not(ta - lo <= MaxDist) => 11 = MaxDist)
58 THEN
59 loc2 :=11 ||
60 IF 11 <= margin_e THEN
61 emergencyspeed := 0
62 ELSE
63 emergencyspeed := max({sp | sp : SPEED &
64 sp * (interval + bdelay_e) / 36000 + distance_e(sp, gr) <= 1l - margin_e})
65 END ||
66 IF 11 <= margin_n THEN
67 normalspeed := 0
68 ELSE
69 normalspeed := max({sp | sp : SPEED &
70 sp * (interval + bdelay_n) / 36000 + distance_n(sp, gr) <= 1l - margin_n})
71 END ||
72 IF 11 <= margin_w THEN
73 warningspeed := 0
74 ELSE
75 warningspeed := max({sp | sp : SPEED &
76 sp * (interval + bdelay_w) / 36000 + distance_n(sp, gr) <= 11 - margin_w})
77 END
78 END
79 END
80 END;
81
82 sp <-- Normalspeed =
83 sp := normalspeed;
84
85 sp <-- Emergencyspeed =
86 sp := emergencyspeed;
87
88 sp <-- Warningspeed =
89 sp := warningspeed;
90
91 sp <-- Releasespeed =
92 IF warningspeed - release >= 0
93 THEN
94 sp := warningspeed - release
95 ELSE
96 sp := 0
97 END
98
99 END

D.2.9 BrakeSpeed_ 8.ref (£#f1t 8)

1
2
3
4
5
6
7
8
9

10
11
12
13
14

REFINEMENT
BrakeSp

REFINES
BrakeSp

INCLUDES
Distanc

SEES
Paramet

DEFINITIONS
"types.

eed_8

eed_7

e

erl

def"
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

50

75
76
77
78
79
80
81
82
83
84
85
86

ABSTRACT_CONSTANTS
interval, bdelay_e, bdelay_n, bdelay_w, margin_n, margin_e, margin_w, release

VARIABLES

loc2, grad

INITIALISATION

grad := 0 ||
loc2 := 0

OPERATIONS

END

SetSpeed(ta, lo, gr) =
PRE
ta : NAT &
gr : GRAD &
lo : NAT
THEN
grad := gr ||
IF ta < lo
THEN
loc2 := 0
ELSIF ta - lo <= MaxDist
THEN
loc2 := ta - lo
ELSE
loc2 := MaxDist

END
END;

sp <-- Emergencyspeed =

IF loc2 <= margin_e THEN
sp := 0

ELSE

sp := max({spl | spl : SPEED &

spl * (interval + bdelay_e) / 36000 + distance_e(spl, grad) <= loc2 - margin_el})

END;

sp <-- Normalspeed =

IF loc2 <= margin_n THEN
sp := 0

ELSE

sp := max({spl | spl : SPEED &

spl * (interval + bdelay_n) / 36000 + distance_n(spl, grad) <= loc2 - margin_n})

END;

sp <-- Warningspeed =

IF loc2 <= margin_w THEN
sp := 0

ELSE

sp := max({spl | spl : SPEED &

spl * (interval + bdelay_w) / 36000 + distance_n(spl, grad) <= loc2 - margin_w})

END;

sp <-- Releasespeed =
IF loc2 <= margin_w THEN
sp := 0
ELSE
ANY xx WHERE
xx : NAT &

xx = max({spl | spl : SPEED &
spl * (interval + bdelay_w) / 36000 + distance_n(spl, grad) <= loc2 - margin_w})

THEN
IF xx - release >= 0 THEN
sp := xx - release
ELSE
sp := 0
END
END

END
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D.2.10 BrakeSpeed 9.imp (32%£)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

IMPLEMENTATION
BrakeSpeed_9

REFINES
BrakeSpeed_8

IMPORTS
CalBrakeSpeed

SEES
Parameterl, Parameter2, Parameter3

DEFINITIONS
"types.def"

CONCRETE_VARIABLES
grad, loc2

INITIALISATION
grad := 0;
loc2 := 0

PROPERTIES
interval = c_interval &
bdelay_e = delay_e &
bdelay_n = delay_n &
bdelay_w = delay_w &
margin_e = cmargin_e &
margin_n = cmargin_n &
margin_w = cmargin_w &
release = warning_release

OPERATIONS
SetSpeed(ta, lo, gr) =
VAR ii IN
grad := gr;
ii := ta - lo;
IF ii < 0 THEN
loc2 := 0
ELSIF ii <= MaxDist THEN
loc2 := ii
ELSE
loc2 := MaxDist
END
END;

sp <-- Normalspeed =
IF loc2 <= cmargin_n THEN
sp := 0
ELSE
sp <-- Normal_Speed(loc2, grad)
END;

sp <-- Emergencyspeed =

IF loc2 <= cmargin_e THEN
sp :=0

ELSE

sp <-- Emergency_Speed(loc2, grad)

END;

sp <-- Warningspeed =
IF loc2 <= cmargin_w THEN
sp := 0
ELSE
sp <-- Warning_Speed(loc2, grad)
END;

sp <-- Releasespeed =

IF loc2 <= cmargin_w THEN
sp :=0

ELSE
VAR xx IN
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73
74
75
76
77
78
79
80
81
82

END
END

END

xx <-- Warning_Speed(loc2, grad);
IF xx >= warning_release THEN

sp := XX - warning_release
ELSE

sp := 0
END

D.3 CalBrakeSpeed ¥~
D.3.1 CalBrakeSpeed.mch (3igR#t)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

MACHINE

CalBrakeSpeed

INCLUDES

Distance

DEFINITIONS

"types.def";
LOCATION == (0..MaxDist)

SEES

Parameteril

PROMOTES

NormalDistance, EmergencyDistance

CONSTANTS

c_interval, delay_e, delay_n, delay_w , cmargin_n, cmargin_e, cmargin_w

PROPERTIES

c_interval : 0..16383 &

delay_e :
delay_n :
delay_w :

0..16383 &
0..16383 &
0..16383 &

c_interval + delay_e : 0..16383 &
c_interval + delay_n : 0..16383 &
c_interval + delay_w : 0..16383 &

delay_e
delay_n

cmargin_
cmargin_
cmargin_

cmargin_
cmargin_

ASSERTIONS

!sp.(sp :
!sp.(sp :

'Im. (Im :
'Im. (Im :
Im. (1m :

'(Im1, 1m2).((1m1
(Im1 <= 1m2 => 1ml * (c_interval
1 (1m1, 1m2).((1m1l
(Iml <= 1m2 => 1ml * (c_interval
'(Im1, 1m2).((1m1
(Im1 <= 1m2 => 1ml * (c_interval

VARIABLES

normal_speed, emergency_speed, warning_speed

INVARIANT

emergency_speed :

' (locO,

<= delay_n &
<= delay_w &

e : 0..8191 &
n: 0..8191 &
w : 0..8191 &

n >= cmargin_e &
w >= cmargin_n

: 0..32767 & 1m2 :

: 0..32767 & 1m2 :

gr).(locO : LOCATION & gr : GRAD =>

0..32767) =>

+ delay_e) / 36000 <= 1m2 * (c_interval + delay_e) / 36000));
: 0..32767 & 1m2 : 0..32767) =>

+

0

+

LOCATION -->(GRAD --> SPEED) &

SPEED => sp * (c_interval + delay_e)/36000 <= sp * (c_interval + delay_n)/36000);
SPEED => sp * (c_interval + delay_n)/36000 <= sp * (c_interval + delay_w)/36000) ;

0..32767 => 1m * (c_interval + delay_e) / 36000 <= 32767);
0..32767 => 1m * (c_interval + delay_n) / 36000 <= 32767);
0..32767 => 1Im * (c_interval + delay_w) / 36000 <= 32767);

delay_n) / 36000 <= 1m2 * (c_interval + delay_n) / 36000));
..32767) =>
delay_w) / 36000 <= 1m2 * (c_interval + delay_w) / 36000))
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60 (locO <= cmargin_e => emergency_speed(loc0)(gr) = 0) &

61 (not(locO <= cmargin_e) => emergency_speed(loc0) (gr) =

62 max({sp | sp : SPEED &

63 sp * (c_interval + delay_e) / 36000 + distance_e(sp, gr) <= locO - cmargin_e}))) &
64

65 normal_speed : LOCATION -->(GRAD --> SPEED) &

66 !(locO, gr).(locO : LOCATION & gr : GRAD =>

67 (locO <= cmargin_n => normal_speed(loc0)(gr) = 0) &

68 (not(locO <= cmargin_n) => normal_speed(locO) (gr) =

69 max({sp | sp : SPEED &

70 sp * (c_interval + delay_n) / 36000 + distance_n(sp, gr) <= locO - cmargin_n}))) &
71

72 warning_speed : LOCATION -->(GRAD --> SPEED) &

73 ! (locO, gr).(locO : LOCATION & gr : GRAD =>

74 (locO <= cmargin_w => (warning_speed(loc0))(gr) = 0) &

75 (not(locO <= cmargin_w) => (warning_speed(loc0))(gr) =

76 max({sp | sp : SPEED &

77 sp *(c_interval + delay_w) / 36000 + distance_n(sp, gr) <= locO - cmargin_w})))
78

79 INITIALISATION

80 emergency_speed :(

81 emergency_speed : LOCATION -->(GRAD --> SPEED) &

82 1(locO, gr).(locO : LOCATION & gr : GRAD =>

83 (locO <= cmargin_e => emergency_speed(loc0) (gr) = 0) &
84 (not(locO <= cmargin_e) => emergency_speed(loc0) (gr) =
85 max({sp | sp : SPEED &

86 sp * (c_interval + delay_e) / 36000 + distance_e(sp, gr) <= locO - cmargin_e})))) ||
87

88 normal_speed :(

89 normal_speed : LOCATION -->(GRAD --> SPEED) &

90 1(locO, gr).(locO : LOCATION & gr : GRAD =>

91 (locO <= cmargin_n => normal_speed(loc0)(gr) = 0) &

92 (not(locO <= cmargin_n) => normal_speed(locO) (gr) =

93 max({sp | sp : SPEED &

94 sp *(c_interval + delay_n) / 36000 + distance_n(sp, gr) <= locO - cmargin_n})))) ||
95

96 warning_speed : (

97 warning_speed : LOCATION -->(GRAD --> SPEED) &

98 1 (locO, gr).(locO : LOCATION & gr : GRAD =>

99 (locO <= cmargin_w => (warning_speed(loc0))(gr) = 0) &
100 (not (locO <= cmargin_w) => (warning_speed(loc0))(gr) =
101 max({sp | sp : SPEED &

102 sp *(c_interval + delay_w) / 36000 + distance_n(sp, gr) <= locO - cmargin_w}))))
103

104 OPERATIONS

105 sp <-- Normal_Speed(locO, gr) =

106 PRE

107 locO : LOCATION &

108 gr : GRAD

109 THEN

110 sp := normal_speed(loc0) (gr)

111 END;

112

113 sp <-- Emergency_Speed(locO, gr) =

114 PRE

115 locO : LOCATION &

116 gr : GRAD

117 THEN

118 sp := emergency_speed(locO) (gr)

119 END;

120

121 sp <-- Warning_Speed(locO, gr) =

122 PRE

123 locO : LOCATION &

124 gr : GRAD

125 THEN

126 sp := warning_speed(loc0) (gr)

127 END

128

129 END

D.3.2 CalBrakeSpeed_1.ref (FEffi1t 1)

1 REFINEMENT
2 CalBrakeSpeed_1
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35

REFINES
CalBrakeSpeed

INCLUDES
Distance

DEFINITIONS
"types.def";
LOCATION == (0..MaxDist)

SEES
Parameteril

PROMOTES
NormalDistance, EmergencyDistance

VARIABLES
emergency_speed2, normal_speed2, warning_speed2

INVARIANT
emergency_speed2 : LOCATION +->(GRAD --> SPEED) &

emergency_speed2 = ((cmargin_e+1)..MaxDist) <| emergency_speed &

normal_speed2 : LOCATION +-> (GRAD --> SPEED) &

normal_speed2 = ((cmargin_n+1)..MaxDist) <| normal_speed &

warning_speed2 : LOCATION +-> (GRAD --> SPEED) &

warning_speed2 = ((cmargin_w+1)..MaxDist) <| warning_speed

INITIALISATION
emergency_speed2 :(
emergency_speed2 : LOCATION +->(GRAD --> SPEED) &
dom(emergency_speed2) = (cmargin_e+1)..MaxDist &
1 (locO, gr).(locO : (cmargin_e+1)..MaxDist & gr :
emergency_speed2(loc0) (gr) =
max({sp | sp : SPEED &

sp *(c_interval + delay_e) / 36000 + distance_e(sp, gr) <= locO - cmargin_e})))

normal_speed2 : (
normal_speed2 : LOCATION +->(GRAD --> SPEED) &
dom(normal_speed2) = (cmargin_n+1)..MaxDist &
! (locO, gr).(locO : (cmargin_n+1)..MaxDist & gr :
normal_speed2(locO) (gr) =
max({sp | sp : SPEED &

GRAD =>

GRAD =>

sp *(c_interval + delay_n) / 36000 + distance_n(sp, gr) <= locO - cmargin_n}))) ||
P y P, & g

warning_speed2 :(
warning_speed2 : LOCATION +->(GRAD --> SPEED) &
dom(warning_speed2) = (cmargin_w+1)..MaxDist &
! (locO, gr).(locO : (cmargin_w+1)..MaxDist & gr :
warning_speed2(loc0) (gr) =
max({sp | sp : SPEED &

GRAD =>

sp *(c_interval + delay_w) / 36000 + distance_n(sp, gr) <= locO - cmargin_w})))
P y P, & g

OPERATIONS
sp <-- Emergency_Speed(locO, gr) =
PRE
locO : LOCATION &
gr : GRAD
THEN
IF locO <= cmargin_e THEN
sp := 0
ELSE
sp := emergency_speed2(loc0) (gr)
END
END;

sp <-- Normal_Speed(locO, gr) =
PRE
locO : LOCATION &
gr : GRAD
THEN
IF locO <= cmargin_n THEN
sp :=0
ELSE
sp := normal_speed2(locO) (gr)
END
END;
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D.3.3 CalBrakeSpeed_2.ref (3¥#H1t 2)
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36
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48
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51
52

54

END

sp <-- Warning_Speed(loc0, gr) =
PRE
locO : LOCATION &
gr : GRAD
THEN
IF locO <= cmargin_w THEN
sp :=0
ELSE
sp := warning_speed2(locO) (gr)
END
END

REFINEMENT

CalBrakeSpeed_2

REFINES

CalBrakeSpeed_1

DEFINITIONS

"types.def";
LOCATION == (0..MaxDist)

INCLUDES

Distance

SEES

Parameteri

PROMOTES

NormalDistance, EmergencyDistance

OPERATIONS

sp <-- Emergency_Speed(locO, gr) =
PRE
locO : LOCATION &
gr : GRAD
THEN
IF locO <= cmargin_e THEN
sp := 0
ELSE
sp := max({spl | spl : SPEED &

spl *(c_interval + delay_e) / 36000 + distance_e(spl, gr) <=

END
END;

sp <-- Normal_Speed(locO, gr) =
PRE
locO : LOCATION &
gr : GRAD
THEN
IF locO <= cmargin_n THEN
sp :=0
ELSE
sp := max({spl | spl : SPEED &

spl *(c_interval + delay_n) / 36000 + distance_n(spl, gr) <=

END
END;

sp <-- Warning_Speed(locO, gr) =
PRE
locO : LOCATION &
gr : GRAD
THEN
IF locO <= cmargin_w THEN
sp :=0
ELSE
sp := max({spl | spl : SPEED &

spl *(c_interval + delay_w) / 36000 + distance_n(spl, gr) <=

END

locO - cmargin_e})

locO - cmargin_n})

locO - cmargin_w})
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59 END
60
61 END

D.3.4 CalBrakeSpeed_3.imp (32)

1 IMPLEMENTATION

2 CalBrakeSpeed_3
3

4 REFINES

5 CalBrakeSpeed_2
6

7 DEFINITIONS

8 "types.def"

9

10 IMPORTS

11 Distance

12

13 SEES

14 Parameterl, Parameter3

15

16 PROMOTES

17 NormalDistance, EmergencyDistance

18

19  VALUES

20 c_interval = cinterval;

21 delay_e = cdelay_e;

22 delay_n = cdelay_n;

23 delay_w = cdelay_w;

24 cmargin_e = c_margin_e;

25 cmargin_n = c_margin_n;

26 cmargin_w = c_margin_w

27

28 OPERATIONS

29 sp <-- Emergency_Speed(locO, gr) =

30 IF locO <= cmargin_e

31 THEN

32 sp := 0

33 ELSE

34 VAR 11, hh, ii IN

35 11 := 0;

36 hh := MaxSpeed;

37 ii := 0;

38 sp := 0;

39 WHILE 11 /= hh DO

40 sp := (11 + 1 + hh) / 2;
41 ii := 0;

42 ii <-- EmergencyDistance(sp, gr);
43 ii := sp * (c_interval + delay_e) / 36000 + ii - locO + cmargin_e;
44 IF ii <= 0 THEN

45 11 := sp

46 ELSE

47 sp :=sp - 1;

48 hh := sp

49 END

50 INVARIAN

51 ii : INT &

52 11 : SPEED &

53 hh : SPEED &

54 sp : 11..hh &

55 11 : {spl | spl : SPEED &
56 spl * (c_interval + delay_e) / 36000 + distance_e(spl, gr) <= locO - cmargin_e} &
57 (hh + 1) /: {sp1l | spl : SPEED &
58 spl * (c_interval + delay_e) / 36000 + distance_e(spl, gr) <= locO - cmargin_e}
59 VARIANT

60 hh - 11

61 END

62 END

63 END;

64

65 sp <-- Normal_Speed(loc0O, gr) =

66 IF locO <= cmargin_n

67 THEN

68 sp := 0

69 ELSE
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70 VAR 11, hh, ii IN
71 11 := 0;
72 hh := MaxSpeed;
73 ii := 0;
74 sp := 0;
75 WHILE 11 /= hh DO
76 sp := (11 + 1 + hh) / 2;
77 ii := 0;
78 ii <-- NormalDistance(sp, gr);
79 ii := sp * (c_interval + delay_n) / 36000 + ii - locO + cmargin_n;
80 IF ii <= 0 THEN
81 11 := sp
82 ELSE
83 sp :=sp - 1;
84 hh := sp
85 END
86 INVARIAN
87 ii : INT &
88 11 : SPEED &
89 hh : SPEED &
90 sp : 11..hh &
91 11 : {spl | spl : SPEED &
92 spl * (c_interval + delay_n) / 36000 + distance_n(spl, gr) <= locO - cmargin_n} &
93 (hh + 1) /: {sp1 | sp1l : SPEED &
94 spl * (c_interval + delay_n) / 36000 + distance_n(spl, gr) <= locO - cmargin_n}
95 VARIANT
96 hh - 11
97 END
98 END
99 END;
100
101 sp <-- Warning_Speed(locO, gr) =
102 IF locO <= cmargin_w
103 THEN
104 sp :=0
105 ELSE
106 VAR 11, hh, ii IN
107 11 := 0;
108 hh := MaxSpeed;
109 ii := 0;
110 sp := 0;
111 WHILE 11 /= hh DO
112 sp := (11 + 1 + hh) / 2;
113 ii := 0;
114 ii <-- NormalDistance(sp, gr);
115 ii := sp * (c_interval + delay_w) / 36000 + ii - locO + cmargin_w;
116 IF ii <= O THEN
117 11 := sp
118 ELSE
119 sp := sp - 1;
120 hh := sp
121 END
122 INVARIANT
123 ii ¢ INT &
124 11 : SPEED &
125 hh : SPEED &
126 sp : 11..hh &
127 11 : {spl | spl : SPEED &
128 spl * (c_interval + delay_w) / 36000 + distance_n(spl, gr) <= locO - cmargin_w} &
129 (hh + 1) /: {spl | spl : SPEED &
130 spl * (c_interval + delay_w) / 36000 + distance_n(spl, gr) <= locO - cmargin_w}
131 VARIANT
132 hh - 11
133 END
134 END
135 END
136

137

END
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D.4 Distance ¥V

D.4.1 Distance.mch (SR

1 MACHINE

2 Distance

3

4 SEES

5 Parameteril

6

7 DEFINITIONS

8 "types.def";

9

10 inv_distance_e ==

11

12 distance_e : SPEED * GRAD --> 0..(MaxSpeed * MaxSpeed) &

13 lgr.(gr : GRAD => distance_e(0, gr) = 0) &

14 !(spl, sp2, gr).(spl : SPEED & sp2 : SPEED & gr : GRAD =>

15 (spl >= sp2 => distance_e(spl, gr) >= distance_e(sp2, gr))) &
16 !(sp, grl, gr2).(sp : SPEED & grl: GRAD & gr2 : GRAD =>

17 (grl >= gr2 => distance_e(sp, grl) >= distance_e(sp, gr2)));
18

19 inv_distance_n ==

20

21 distance_n : SPEED * GRAD --> 0..(MaxSpeed * MaxSpeed) &

22 lgr.(gr : GRAD => distance_n(0, gr) = 0) &

23 '(spl, sp2, gr).(spl : SPEED & sp2 : SPEED & gr : GRAD =>

24 (spl >= sp2 => (distance_n(spl, gr) >= distance_n(sp2, gr)))) &
25 !(sp, grl, gr2).(sp : SPEED & gri: GRAD & gr2 : GRAD =>

26 (gr1 >= gr2 => distance_n(sp, grl) >= distance_n(sp, gr2)));
27

28 inv_distancene ==

29 !(sp, gr).(sp : SPEED & gr : GRAD => distance_n(sp, gr) >= distance_e(sp, gr))
30

31 VARIABLES

32 distance_e, distance_n

33

34 INVARIANT

35 inv_distance_e &

36 inv_distance_n &

37 inv_distancene

38

39 INITIALISATION

40 distance_e, distance_n :(inv_distance_e & inv_distance_n & inv_distancene)
41

42 OPERATIONS

43 dn <-- NormalDistance(sp, gr) =

44 PRE

45 sp : SPEED &

46 gr : GRAD

a7 THEN

48 dn := distance_n(sp, gr)

49 END;

50

51 de <-- EmergencyDistance(sp, gr) =

52 PRE

53 sp : SPEED &

54 gr : GRAD

55 THEN

56 de := distance_e(sp, gr)

57 END

58

59 END

D.4.2 Distance_1.ref (E¥#f1t 1)

REFINEMENT
Distance_1

REFINES
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Distance

SEES
Parameteri

© 0 N o o

10 DEFINITIONS
11 "types.def"

12

13 CONSTANTS

14 N_decl, E_decl
15

16 PROPERTIES
17 N_decl:
18 E_decl:
19 N_decl <
20 N_decl x*

..265 &
..265 &

decl &

> MaxGrad * Grl * 72 / Gr2

o= =

E_
72

22 VARIABLES
23 distance_n, distance_e

25 INVARIANT
26 !(sp, gr).(sp : SPEED & gr : GRAD =>
27 distance_n(sp, gr) = sp * sp / (N_decl * 72 - gr * Grl * 72 / Gr2)) &

29 !(sp, gr).(sp : SPEED & gr : GRAD =>
30 distance_e(sp, gr) = sp * sp / (E_decl * 72 - gr x Grl * 72 / Gr2))

32 INITIALISATION

33 ASSERT

34 '(xx, yy).(xx : NAT & yy : NAT1 => xx/yy = max({tt | tt : NAT & yy * tt <= xx})) &
35 '(xx, yy, zz).(xx : NAT & yy : NAT1 & zz : NAT1 => (yy <= zz => xx/zz <= xx/yy))
36 THEN

37 ASSERT

38 '(xx, yy, zz).(xx : NAT & yy : NAT & zz : NAT1 => (xx <= yy => xx/zz <= yy/zz))
39 THEN

40 ASSERT

11 lgr.(gr : GRAD => (N_decl * 72 - gr * Grl * 72 / Gr2 > 0)) &

42 'gr.(gr : GRAD => (E_decl * 72 - gr * Grl * 72 / Gr2 > 0))

43 THEN

44 distance_n := %(sp, gr).(sp: SPEED & gr: GRAD

45 | (sp * sp) / (N_decl * 72 - gr * Grl * 72 / Gr2)) |

46 distance_e := %(sp, gr).(sp: SPEED & gr: GRAD

a7 | (sp * sp) / (E_decl * 72 - gr * Grl * 72 / Gr2))

48 END

49 END

50 END

52 OPERATIONS

53 dn <-- NormalDistance(sp, gr) =
54 PRE

55 sp : SPEED &

56 gr : GRAD

57 THEN

58 dn := distance_n(sp, gr)
59 END;

61 de <-- EmergencyDistance(sp, gr) =
62 PRE

63 sp : SPEED &

64 gr : GRAD

65 THEN

66 de := distance_e(sp, gr)
67 END

68

69 END

D.4.3 Distance2.imp (%)

1 IMPLEMENTATION
2 Distance_2
3

4 REFINES

5 Distance_1
6

7

SEES
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Parameterl

DEFINITIONS

"types.def"

VALUES

N_decl = n_decl;
E_decl = e_decl

OPERATIONS

END

dn <-- NormalDistance(sp, gr) =
VAR yy IN
IF gr < 0 THEN yy := 0
ELSE yy := gr * Grl * 72 / Gr2 END;
IF yy < N_decl #72 THEN
dn := (sp * sp) / (N_decl * 72 - yy)
ELSE
dn := MaxSpeed * MaxSpeed
END
END;

de <-- EmergencyDistance(sp, gr) =
VAR yy IN
IF gr < 0 THEN yy := 0
ELSE yy := gr * Grl * 72 / Gr2 END;
IF yy < E_decl * 72 THEN
de := (sp * sp) / (E_decl * 72 - yy)
ELSE
de := MaxSpeed * MaxSpeed
END
END
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