Poccuiickasn akageMus HayK
Cubupckoe otTaejenne
HucruTyT cucreM MHGOPMATUKHU
uMm. A. II. EpmioBa

B.A.Henomusimuii, E.B.Boaun, C.O. Bepernon
INPUMEHEHHUE SI3bIKA DYNAMIC-REAL JJIS1 AHAJIN3A

BEPU®UKALIMU PACITIPEJAEJIEHHBIX CUCTEM,
CIIEHNO®UIINPOBAHHBIX HA S3BIKE SDL

IpenpunT
161

HoBocu6upck 2011



Omnmncana HOBas Bepcus mporpammaoro kommiekca SRDSV2 (SDL/REAL
Distributed Systems Verifier), mpeaHa3HadeHHOTO I MOJCITUPOBAHMS, aHAIN3A
1 Bepu(UKALUK paclpee]eHHbIX CUCTeM, Clienn(HINPOBAHHBIX HA CTaHAApT-
HOM s3bIke SDL. DTOT KOMIIIEKC BKJIIOUAET TpaHCIATOp U3 si3bika SDL B A3bIK
Dynamic-REAL (dREAL), cucremy aBromatndeckoro mogenupoBanus dREAL-
cnenmukanuii u TparciaTop u3 s3eika AREAL B s3p1k Promela, KoTOpBIi sSBIIS-
€TCsl BXOIHBIM SI3bIKOM W3BECTHON CHCTEMbI BepH(UKAIMU METOJOM HMPOBEPKH
moneneit SPIN. B aroif Bepcum mnporpammHoro kommiekca SRDSV2 a3bik
dREAL 6511 pacnivpeH 3a c4eT BBEJCHHUS MPOIEYP, YTO MTO3BOIHMIIO YMEHBIINTh
pa3smep dREAL-cnermudukanmit u ux Moxener B si3pike Promela. Ommcano npu-
MEHEHHE 3TOr'0 KOMIUIEKCa JJIsl aHajIu3a ¥ BepU(PHKAIMK IUHAMUYECKON CUCTe-
MBI yIIPaBJIEHUs CEThI0 KaCC-TEpPMUHAJIOB.
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A new version of the program complex SRDSV2 (SDL/REAL Distributed
Systems Verifier) intended for modeling, analysis and verification of SDL-
specifications of distributed systems is described. This complex includes a trans-
lator from the SDL language into the Dynamic-REAL language (AREAL), a tool
for automatic modeling of dREAL- specifications and a translator from dREAL
into the input language Promela of the SPIN verifier. In the SRDSV2 version
dREAL has been extended by introducing procedures. This extension allows to
reduce the amount of dREAL- specifications and their models in Promela. An
application of the SRDSV2 tool-set to analysis and verification of a dynamic
system for control of booking terminals net is described.

© A. P. Ershov Institute of Informatics Systems, 2011



1. BBEAEHHE

Ha mpakTuke mIUpOKO UCHOIB3YETCsl CTAaHAAPTHBINA SA3bIK BBINOTHUMBIX CIIe-
mudukanuii SDL [1,17], npeanazHaueHHBIN 7151 pa3pabOTKH paclpeieNeHHbIX U
TENIEKOMMYHHKAIIMOHHBIX CHUCTEM. JTOT A3bIK YacTO HCIHOJIB3YETCs Ul pas3pa-
OOTKM COBPEMEHHBIX KOMMYHHUKAIIMOHHBIX IIPOTOKOJIOB OOJBILIOrO pa3smepa
[9,15]. Bepudukanus BRIIOTHUMBIX CHEIM(DUKAINN, TPEICTABICHHBIX Ha S3bIKE
SDL, 3akmro4gaercst B IpoOBEpKe KOPPEKTHOCTH MX KITFOUEBBIX CBOMCTB U SIBIISCT-
Csl aKTyaJIbHOM 3aJaueil COBPEMEHHOr0 NporpaMMupoBaHus. s qoka3aTenber-
Ba cBoicTB SDL-crenubukaimii npuMeHsIeTCss METOI IPOBepKH Mojenei [2,3].
OnHako HENMOCPeACTBEHHOE IPUMEHEHHUE 3TOT0 METOa YacTO CBSI3aHO CO 3HAYH-
TENBHBIMA TPYOHOCTSMH BBHIYy TPOMO3AKOCTH Mozelneil SDL-cnennpukariiii.
Juis  mpeomoneHUs ATHX TPYNHOCTEH wmcmomp3yercs TpaHcmamus SDL-
cnerudukanuii B MozxenbHbIi sA3bik [F [11]. C momomrsio si3bika [F Obua mpose-
JieHa Bepu(HKALUs HCIOJIb3YeMOro Ha MPaKTHKE KOMMYHHKAIIHOHHOTO TPOTO-
koJia Mascara [10,16].

Wnes mamero monxona k mpobieme Bepudukanmm SDL-criermmudukanmii co-
CTOHMT B pa3pabOTKe MOJEIbHBIX SI3bIKOB, OPHEHTHPOBAHHBIX Ha BepU(HUKALHIO,
KOTOpbIEe ObUIM OBl KOMOWHMPOBAHHBIMH, T.€. BKJIFOYAJIH OBl MOABSI3BIKH BBIIOJI-
HUMBIX M JIOTHYECKHX crienn¢ukanui. Takoii KOMOMHUPOBAHHBIN S3BIK CIIETIN-
¢ukammii Basic-REAL (bREAL), 6a3upyronuiicss Ha CTaTHYECKOM HOIMHOXE-
ctBe SDL, 6511 TipecTaBieH B [8,14], rae onmucaHa mojiHasi CTPYKTypHasl onepa-
LIMOHHAsl CEMaHTHKa BBIIOJIHUMBIX clienn(UKanuii B BUIE CHCTEM IEPEXOIO0B,
KOTOpasi TMO3BOJIMJIA J0Ka3aTh BaKHBIE CEMAaHTUYECKHE CBOWCTBA. YTIPOLICHHBIE
BEPCHH 3TOTO s13bIKa, Ha3BaHHBIE Real92 u Elementary-REAL, mpencraBneHs! B
[6] u [7]. B [4] onucan s3pik Dynamic-REAL (dREAL), monmy4enHslit pacumpe-
HueM si3pika bREAL mocpencTBoM AMHAMUYECKUX KOHCTPYKINH NOPOXKIACHUS U
YHUUTOXXEHUS SK3EMILIPOB IpoleccoB. B [5] onucan mporpaMMHBIN KOMILIEKC
SRDSV (SDL/REAL Distributed Systems Verifier), mpemgnasHadeHHbIN 111 MO-
JeMpOoBaHusl, aHanu3a ¥ Bepudukauun SDL-crenndukanuii pacnpeneneHHbIX
CHCTEM, KOTOPBII HCIOJIB3YET SI3bIK BHINONHUMBIX crerupukannii dREAL B
Ka4eCTBE MPOMEXXYTOUHOTO SI3bIKA.

Lenp HacToOsAMmIEH pabOTH — onHcaTh HOBYIO Bepcuto SRDSV2 mporpamMmmHO-
ro komiuiekca SRDSV u skcnepuMeHTH ¢ Hell. B 3Toit Bepcuu nmporpaMMHOro
komrutekca SRDSV2 si3eik dREAL ObLT pacimpeH 3a c4eT BBEICHHS POLICAYD,
YTO MO3BONMWIO yMEHBIIHUTE pa3zMepbl dREAL-cnermdukanuit u ux mopaeneii B
s3pike Promela. Taxoke B aToit Bepcun SRDSV2 ycTpaHeHB! KOJIH3HUH, CBA3aH-



HBIE C PA3IMYHBIMA MEXaHW3MaMHU ITIepeladll CHUTHAJIOB MEXIy MpPOLEccCaMH B
s3pikax SDL u dREAL. Tlo cpaBHeHmro ¢ [5] B JaHHO paboTe OmMHCaHBI IKCIIe-
PUMEHTBI C HOBOM BEpCUEN NTMHAMUYECKOW CHUCTEMBI YIIPABJICHUS CEThHO Kacc-
TEPMHUHAJIOB.

JanHas paboTa coCTOMT U3 LIECTH pa3zfenoB. B pazngene 2 maercs 0630p HO-
Boii Bepcun s3pika AREAL. Pa3nen 3 mocBAIeH OMMCaHuIo MPOTPaMMHOTO KOM-
mwiekca SRDSV2. B pasaene 4 nmpencraBieHa SDL-cnenudukanus quHaMude-
CKOIl cucTeMBl YIIpaBICHHMS CEThIO Kacc-TepMuHaloB. B pasgene 5 ommcano
OPUMEHEHHE NpOrpaMMHOro kommiekca SRDSV2 k MoaenupoBaHUIO M BEpH-
(huKaIuu 3TOM AMHAMIYECKON CUCTeMEI. B pasznmene 6 o0Cy»)matoTcsi JOCTOWHCT-
Ba mporpaMMHoro komrmiekca SRDSV?2 u nepcnekTuBb! pa3BUTHs HAIIETO MOA-
Xoza.

2. SI3bIK DYNAMIC-REAL

SA3pik Dynamic-REAL (dREAL) coctouT 13 s3bIKa BBIIOJIHUMBIX CIienU(pH-
KalWil JJI MPEACTABICHHS PACIPEICIEHHBIX CUCTEM U S3BIKA JIOTHYECKHX CIIe-
muUKaIUi U1 IpeICTaBIeHUS UX CBOMCTB. bBymem 0003HauaTh S3BIK BBIIOJ-
HUMBIX crienudukammii uepes dREAL.ex, a sI3bIK JIOTHYECKUX CHENUADUKAITHH —
gyepe3 dREAL.log.

2.1. SI3bIK BBHIMOJHUMBIX cHenupUuKAIUI

Junst onucanus cucrem B s3bike dREAL.ex onpeneneHbl [Be CHHTaKCHYECKHE
¢dopMBl TekcToBas M rpaduyeckas. CucreMa COCTOUT M3 OJIOKOB, CO€MHEHHBIX
MeXIy coOOH M ¢ OKpyXaromei cpenoit kananamu. CpenctBamu si3bika dREAL
obecrieynBaeTcs MHOTOYPOBHEBOE OMHMCAHUE CUCTEMBI. BiIOK MOXeT conepkarh
Jpyrue OJOKM M MpOLECChl, KOTOpble paboTaloT MapauielbHO U B3aUMOJAEHCT-
BYIOT APYT C JPDYTOM W C BHEIIHEH cpelol MOCpPEeICTBOM OOMEHa CHIHAIAMH
yepe3 KaHaibl. C KaxIbIM JEHCTBHEM TIpOliEcca aCCONUUPYETCS BPEMEHHOM MH-
TepBaJl, KOTOPBIN 3aaeT MPOJIOJKUTENIBHOCTD BBINIOJHEHUs AeiicTBUs. B oTiu-
qyue OT [4], MBI UCHONB3yeM E€AMHCTBEHHYIO €IMHHIy BPEMEHH, Ha3bIBAEMYIO
tick. Takum 00pa3oM, BpeMEHHON MHTEPBAJ COAEPKHUT, Kpome NOW (“ceituac”) u
INF («He OrpaHHYEH CIIPaBay»), TOIBKO BPEMs, BHIPAKCHHOE B STHX CAWHUIIAX.
Taxoke moOaBiieHa BO3MOXHOCTh UCIIONIB30BaHHS CHENUAIBHOM CIyKeOHOM Iie-
pemeHHoO# TICK (3HaueHHe III00ATBHBIX YaCOB) B BHIPAKECHHSIX.

Kaxaplil 5x3eMIUIsip nponecca MOKET MOPOKAATh U YHHUYTOXKATH SK3EMII-
JISIPBI TIPOLIECCOB B CBOeM Oyioke. B oTnmume ot [4], yHHUTOXEHHE IK3EMILLIpa



Tporiecca OCYIECTBIAETCS MOChUTKOM criennanbHoro curHana Kill B coorBercT-
BYIOLIMH KaHal, T.6. TelIO Imepexoga uMmeer Bua WRITE Kill INTO
umsa_xanana [pid], ruoe pid — yHUKaIBHBIA HACHTHOUKATOP K3EMILISIpa Mpo-
necca. IIpu aToM curHassl, HOCIaHHBIE YHUYTOKAEMBIM 3K3EMILIIPOM MpolLecca,
HE YHHYTOXAIOTCSA U MOTYT OBITH MPOYUTAHBI ITOTydaTeNIeM CHTHAJIOB, T.€. OCTa-
IOTCSL B €r0 BXOJHOM KaHalle (€CiIM caM IoNydaTelh He ObUT YHHYTOXeH). B To
K€ BpEMsI CUTHAJIBI, aJJpeCOBAHHBIC YHUUTOKaEMOMY IK3EMIUIIPY, IPOMagatoT.

[Ipotiecchl, UMErONINE K3EMIUISPBI, HE MOTYT BBIMOIHSTH omnepannio CLEAN
(oumCcTKY BBIXOMHOTO KaHalla), TaK KaK 3TO MOXKET MPUBOAWUTEH K YHUITOKCHUIO
CUTHAJIOB, NIOCJIAHHBIX APYTUM 3K3EMIUIIPOM 3TOT0 Mpoliecca.

Criennpukanusi UMeeT HepapXU4ecKyr0 CTPYKTYPY U COCTOUT W3 3arojoBKa,
KOHTEKCTa, IMarpaMMbl U nozcrennpuKanyii. 3aroioBoK ONpeaessieT UM U BHT
cnenuuKauu: 00K mwin mporecc. KOHTEKCT — MHOMKECTBO ONpeIeTICHAH TH-
II0B ¥ ONMCAaHUI NIEPEMEHHBIX U KaHAJIOB.

Jlnarpamma 0JI0Ka COCTOHMT U3 MaplIpyTOB, COSAMHSIOIINX MOAOIOKH MEXIY
co0oii 1 ¢ BHemHel cpenoil. JluarpaMma mporecca COCTOUT U3 EPEXO0I0B, Kak-
JBIA U3 KOTOPBIX COCTOUT U3 UMEHHU COCTOSIHUS, T€Jla, BPEMEHHOTO MHTEpBaJia U
circKa (BO3MOXKHO, ITyCTOTO) CIEAYIOMINX COCTOSHHM.

WMs1 cOCTOSIHUS CIIy’)KUT METKOM, MPUYEM OJHO COCTOSIHUE MOXKET METHUTh
HECKOJIBKO I1EPEX0/I0B.

Taxoke Ha Iepexo MOTYT HaKJIaIbIBaTHCS YCIOBUS BhIMONMHeHNs (WHEN), Ta-
KM€ KaK NpOBEpKa HAMYMs CUTHaja B KaHaJe IJIsl YTEHUSl CUTHaNa, HEMYCTOTa
KaHaja Ul 3allUCH CUTHAJIA, JJOTMYECKOE BBIPAKEHUE, UCIIOJb3YIOLIEE 3HAUCHUS
TIepPEMEHHBIX.

Bo3morkHbIe BapuaHTHI Tella Iepexoa:

1. READ — yTeHHE CHTHaJa (C ImapaMeTpaMin) U3 KaHaia.

2. WRITE — 3amuch CHTHajia (C mapaMerpamu) B KaHall.

3. CLEAN — OYHCTKAa BBIXOJHOTO KaHaJja.

4. EXE — HUCHOJHEHHE MPOrpaMMBbl, U3MEHSIOUIEH 3HAaU€HUs IEPEMEHHBIX,
XOT$ COAECPKUMOE KaHAIOB IIPH 3TOM HE MeHseTcs (TIOAPOOHO OHATHE
IpOTpaMMBbI OIHCaHO B [4]).

5. STOP — mpekpaiieHue padoThl JAHHOTO MPOIIEcca MK €0 DK3eMILIIpa.

ITo cpaBHenmio ¢ [4] B s3bIK BEITONHUMBIX crenn¢ukanmii dREAL  Opum
J00aBJIEHBI CIEAYIONINE ONEePaTOPHI IS OTIAIKA W TECTUPOBAHHS CIICI(HKA-
LW

- ASSERT (ycJsoBme) — 3TO yCIOBHE JIOJKHO OBITh BBITOJHEHO B JIaH-
HOM MeECTE CIICIU(DUKAINHN, a TIPH HEBHIIOIHEHUH YCIOBUSA BO BpeMs OTIAIKH
MIPOUCXOIUT IPEPHIBAHUE;



- PRINT (” crpoxa-coobumenne” , CnIMCOK_BHPaxXeHui) — IPH OT-
JaJIKe TIOJIB30BATENIO BBIAETCS 3Ta CTPOka-coobueHue (C yKa3aHHeM HO-
Mepa CTPOKH MCXOJHOH crenmuduKanuu), a eclii CHNMCOK _BEPaXEHMHE He
MYCT, TO CTpOKa cuuTaercs QopmaTHOW CTpoKoil (B cruie ¢pyHKIMH printf
si3pika C), Ipu4IéM BBIpOKCHHUS MOTYT COIEpXKaTh IepeMEHHBIE, BKIIOYas Iepe-
MeHHYI0 TICK.

B cnemudukarnuu onepatop ASSERT (yCIOBHE) MOKET BXOIUTHh TOJBKO B
HIEPEXOJ CIAEAYIOLIETO BUAA:

COoCTOsIHME :

ASSERT (ycnoBue)

TeJIo_nepexoxna

MHTepBa

JUMP cnomMcoOK-COCTOSHUM .

DTOT NEepexo/i 03HAYAET, YTO MPHU HEBBIIOJIHEHUU 3TOTO YCIOBHS UCIOJIHE-
HUE Ipouecca MpepbIBacTCsl.

Ora Bepcus s3pika AREAL paciimpeHa 3a c4ér mo0aBiieHHs MaKpoonpeese-
HHUH-TIpOLIETyp, HE COJeprKaIlMX O0palieHni K KaHalaM.

PROCEDURE ums ( CHUCOK_NnepemenHblx );

(LOCAL VAR cnucox_nepemeHHuix;)*

npozpamma

END PROCEDURE .

31ech KOHCTPYKIHS «() *» 03HadaeT moBTopenue 0 u 6osee pas.

IIpomexypa MoxeT OBITH BBI3BaHA M3 IIPOTPAMMBIL, KOTOPAasi HAXOIUTCS B TEJE
nepexoaa suaa EXE.

BbI30B mpouenypbl OCyIIECTBISETCS OCPENCTBOM omeparopa CALL umsA
(cnucox_evipadicenuti).

2.2. SI3bIK JIOTHYECKUX cneunpuKanuii

Homes3pik normdecknx cnerupukanmii dREAL (dREAL.log) pacmmupsier
KOHCTPYKIMH JIOTHKH BeTBsAmmerocs Bpemern CTL [2,3] 3a cueT ncnoiap30BaHUsA
BPEMEHHBIX MHTEPBAJIOB U CPCACTB ITMHAMHWYCCKUX JIOTUK. CDOpMyJ'[BI 3TOTI'O SA3bI-
Ka CTPOSTCSI M3 IPEIUKATOB C IOMOIIBIO OyJIEBCKHX OIEpaluil, MOJaIbHOCTEH
10 MOMEHTaM BPEMEHH M3 HHTEPBaJla M 110 BO3MOXKHBIM ITOBEACHHSAM BBIIOJIHHU-
MBIX CHeIU(UKAINNA, a TaKKe KBAHTOPOB (CYIIECTBOBAHUS M BCEOOITHOCTH) IO
BBIACJICHHBIM MEPEMCHHBIM U IO 3K3EMILIAPAM IIPOLECCOB. Hpe)II/IKaTBI 6LIBaIOT
YeThIpEeX BHIOB: OTHOIICHHS MEXIy 3HAYECHHMSIMH TEPEMEHHBIX M NapaMeTpOB
CHTHAJIOB, JIOKATOPHI YNPABISIOIIMX COCTOSHHH B MPOLECCAaX, KOHTPOJUICPHI



IMYCTOTBI U TCPCIIOJTHCHUA I KaHAJIOB, MHAWKATOPBI HAJINYUSA U TOTOBHOCTHU
CHUTHAJIOB B KaHaJIax.

3. MPOT'PAMMHBII KOMILJTEKC SRDSV2

3.1. O6masi cxema nporpaMMHoOro komiuiekca SRDSV?2
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Puc. 1. Tlporpammusiii kommieke SRDSV?2



IIporpammusiii kommiekc SRDSV2 npennasHaueH A1 MOAEIMPOBAHUS U
Bepuukanuu cnenudukanuii, npencrapieHHbpX Ha sa3pikax SDL m dREAL.ex.
Junst mpencrasnenus coiictB SDL-crierudukanmii 66u1 BBeneH s3pik SPL (SDL
Property Language), OMM3KHMH K TOABA3BIKY JIOTHYCCKUX CHCIUPUKAIIHN
dREAL.log [5]. EnmHCTBEHHOE pa3mMyYHe COCTOMT B TOM, 9TO B si3blke SPL
KBaHTOPBI M MOJAJIBHOCTH TNPHMEHSIOTCS K K3eMIusipam SDL-mporieccoB u nx
noseneHussM. Ha puc. 1 mpezacraBieHa cxema NporpaMMHOIO KOMILIEKCa, I7ie
HIPSIMOYTOJIBHUKH CO CIUIOIIHOM IpaHMIENl 03HAualOT KOMIIOHEHTHI CHCTEMBI, a
CO MITPUXOBOU — (haiiIIBl JTaHHBIX.

Kommrexke SRDSV2 cocrout u3 cieayromux KOMIOHEHTOB:

1.

2.

Tpaucnsatop u3 s3eika SDL B s3eik  dREAL mepeBogur SDL-
cnemudukanyio B skBuBaneHTHYI0 dREAL.ex-crienndukanuto.
Konseprepl mepeBoxut SPL-cnenndukaniio, OMUCHBAIONIYI0 CBOUCT-
Ba SDL-cnenmdukammu, B 3xBuBaneHTHYI0 dREAL.log-criermmdpukA-
LHIO.

Cucrema CUMYJSIMM IO3BOJIIET BU3YalbHO MNPOCIEIUTH IOIIAroBOE
BhimotHeHue mporeccoB dREAL .ex-cnenndukarmm.

Cucrema aBTOMAaTHYECKOTO MOJEIMPOBAHUS TIO3BOJSIET IIPOBOIMTH
anaimn3 dREAL.ex -crienn@ukanuy ¢ moMOIIbIO MMOJIb30BaTEIbCKUX 3a-
mpocos [5].

Konseprep2 mepesogut dREAL.log-cnenndukanum B S5KBUBAJICHTHBIE
thopmymsl toruku uHeHHOTO BpeMenn LTL [2,3], eciii 3T0 BO3MOXKHO.
Tpaucnsarop u3 s3pika dREAL.ex Bo BXoaHO# s3bIk Promela cucreMsr
SPIN [2,13] nepeBomur dREAL.ex-cienupuKkanuio B CICIUPHKAIIHIO
Ha s13bIke Promela.

Cucrtema SPIN [2,13] npoBoaut BepupUKaIHIO Celu(pUKAINA Ha S36I-
ke Promela OTHOCHTENIBHO CBOMCTB Ha SI3bIKE JIOTUKU JHMHEHHOTO Bpe-
menn LTL metonom nposepku mopeneit [2,3]. Cuctema iSPIN [13] uc-
mmoJb3yeTesl Uil rpadudeckoil cuMyisinnu Promela-cniermdukanmm n
MIOCTPOCHHS COOTBETCTBYIOIINX 3TOH crierudukannu MSC-auarpamm.

3.2. TpancasTop u3 a3bika SDL B s1361k dREAL-ex

Tpancnupyemoe moaMHOXKECTBO si3bika SDL BkiodaeT B cebsi OCHOBHBIE
koHcTpykimu s3pika SDL88, Takne kak BLOCK, PROCESS, SIGNALROUTE,
CHANNEL, STATE u apyrue.
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3.2.1. Obwas cxema mpanciamopa

[Iporecc TpaHCIALUHN IPOXOAUT B ABE OCHOBHBIX CTalUU:

1. Tenepanus BHYTPEHHETO NMpeICTaBIEHHs], COOTBETCTBYIOIIETO TEKCTY
BXO/HOTO (aiina. Bo Bpems 3TOro 3tamna npoucxoIuT IpoBepKa BXOIHOTO
TEKCTa, YTO OH SBIIIETCS CHHTaKCHYECKH KoppekTHOH SDL-
cnenudukaiueit. Pe3yapTaToM sSBIsieTCS BHYTPEHHEE MPEICTaBICHHE,
npubImkenHoe 1o cTpykrype k dAREAL-cnienmpukannm.

2. Tenepanms dREAL-Tekcra (BRIXOAHOTO (paiiia), COOTBETCTBYIOIIETO
BHYTPEHHEMY NpecTaBieHuIo. 110 3a1aHHbBIM Ma0I0HaM IPOUCXOAUT
noctpoenne dREAL-tekcra.

PesynbsraTtom pabotsl TpaHcistopa sBisiercsi dAREAL-Tekcrt, cooTBeTcTBY!IO-
i BXogHo# SDL-crenudukanmm, eciar OHa HE COIepKalla CHHTaKCHYECKUX
ommbok u mpencraBuma B si3bike dREAL. Takxke BbIIAIOTCS cOOOUIEHHS 00
ouIMOKax, MOoKa3bIBAIOIIIE IPUUUHY, IO KOTOPOH MOCTPOSHUE BBIXOIHOTO (aiina
MIPOBECTH HE YAAJIOCH.

OnwumreM BHyTpeHHee npencTtasienue SDL cnienudukanmm.

OO0BEKT caMOT0 BEICOKOTO YPOBHS — 3TO CITYKEOHBIH «T100ambHbI 050K, C
TOYKH 3pEHUs] BHYTPEHHETO IpEJCTaBICHHs OH sBiseTcs OObiuHBIM SDL-
OJIOKOM U COJIEP)KUT NpEAOIpeeNieHHbIe 00BEKTHI C TTI00aIbHON 00JacThIO BU-
JVIMOCTH TaKKe, Kak HalpuMep IpeIonpeeTIeHHbIC THITHI JaHHbBIX.

HenocpencTBeHHBIM MOTOMKOM 3TOTO OJIOKa SIBIAETCA 0.10K-cucmemd, To-
TOMKaMH KOTOPOH SIBJISAIOTCS OJIOKH WM Jajiee — Mporecchl. Takum oOpa3om, ue-
papxusi BHYTPEHHETO MpPEACTAaBICHUS NPAKTHUECKU IOJHOCTBIO COBIAJAET C
nepapxueil a3pika SDL. C ToukM 3peHHs BHYTPEHHETO MPEICTABICHHsS MPOLECC
[J 31O 670K, UMErOIInii rpad) COCTOSIHUIA.

ATpubyTtamu 0J0Ka SIBISIOTCS CIESIYIONINE KOMIIOHEHTHI:

® CIIMCOK THUHOB. THITBI «Ti100aNBHOTO» OJIOKA SIBISIOTCS MPENONpeIeIeH-
HBIMH, a UX OIIPEAEICHUE 331aeTCsl TPAHCIATOPOM [0 Hadasa paboThl;

® CIHCKH II€PEMEHHBIX, KOHCTaHT;

® CIIMCOK CHTHAJIOB M CIIMCOK CIIMCKOB CHTHAJIOB;

® CIHCOK KaHAJIOB U BPEMEHHBIH CIIUCOK COETMHEHUH.

ITpoueccs! conepxat HHPOPMAIHIO O rpade COCTOSHUN M CIHCKE YCIOBHH,
€CITH TAKOBBIE UMEIOTCS. [IpH TpaHCIAMM MOKET HCHOIb30BaThCS PS CITyKeO-
HBIX CBOMCTB, KaK HaIpUMep CIIHUCOK CHUTHAJIOB, KOTOPbIE MOXET MOJIy4aTh MPo-
ecc.



3.2.2. llocmpoenue dREAL-cneyuguxayuu

Brokw/mporieccrl, THIBI JaHHBIX W TepeMeHHble s3bika SDL mMmeror mpsiMbre
ananorn B dREAL, mostoMy 3Ta 4acTh mpoliecca TPaHCIIIMK HE TPEACTABISIET
CIIOXKHOCTH. TpaHCHALMA AUHAMHYECKUX KOHCTPYKLUHUH M TaliMepoB IpUBEJECHA B

[5].

Kanaubl

IMocTpoenue kanano06 MPONCXOIUT B JIBa ITAIA: CHAYaNa CO3JAIOTCS CIIHCKA
KAHaN06 W coeduHeHull, B KOTOPHIX 3allOMHHAETCS JCKJIapaTUBHAsS WH(pOpMa-
us. 3ateM, Ioclie TIOCTPOCHUS IepeBa OJIOKOB, IIPOUCXOINT 00paboTKa coedu-
HeHuil: TPOBePsIeTCS HETMPOTUBOPEYNBOCTh YKa3aHHOW B HUX HH(OpMAIMH H
CBSI3BIBAaHMA X C KOHKPETHBIMH O0BEKTaMHU BHYTPEHHETO IpeacTaBieHus (6io-
KaMH/TIpolieccaMn WM KaHajdaMu). JTo HeoOxonumo, Tak kak SDL nomyckaer
HCTOJIB30BaHUE OOBEKTOB JIO UX OMPEIICICHUS.

Cemantuka kaHainoB B SDL u dREAL umeer ps CyIecTBEHHBIX OTIIMYHIL:
SDL-kaHambl MOTYT pa3BETBITHCA WIM CXOAWTHCS Ha TPaHUIE ONOKOB, B TO
Bpemst kak dREAL-kaHaibpl IPUCOSTUHSIIOTCS CTPOrO OMUH K ogHOMY. JIBycTO-
POHHHUE KaHAJBI MPEOOPA3yIOTCS B JBa C MHOKECTBOM CHUTHAJIOB, KOTOPEIC TIepe-
JTAIOTCSI B OJHOM ¥ B TIPOTHBOIIONIOXHOM HaIpaBICHUH. BO3MOKHOCTH pa3BeTB-
neans SDL-kaHamoB mpeojoeBaeTcs: CIEAYIONNM 00pa3oM: KaHaJbl, KOTOPEIE
Pa3ACAIOTCS WM COSAUHATCS B OMH, IPEOoOPa3yIOTCs TaKMM 00pa3oM, 4TOOBI
00pa30BaBIINECS B PE3YJIbTATE STOW ONEPAIlUH KaHATIBI ObLTH OJHOCTOPOHHUMHU.

OpmauM U3 OCHOBHBIX oTimanid sizbika SDL ot sa3sika dREAL sBisercs pas-
JUYHBIA MEXaHW3M TIepeladrl CUTHAJIOB OT Ipolecca K mpoteccy. B sa3sike SDL
BC€ BXOJIHBIE CHUTHAJBI XPaHATCS B MOPSAKE MX MPUXOAA B €IUHOM MOPTY IPO-
necca. B s3pike dREAL curaamel, oTHOCSIUECS K pa3HBIM KaHajlaM OJHOTO
mporiecca, XpaHsaTcs HE3aBHCHMO OT JPYTHUX KaHAJOB, TaK YTO MOPSAIOK UX UTe-
HUS HE 3aBHCHUT OT IMOPSAKA MOJTYYCHHS CHUTHAIOB B IPYTHX KaHaiax. To ecTh
CTAHOBHTCSI BO3MOXKHOUM CHUTYaIMsI, YTO €CJIHM OJMH MPOIECC OTIPABUI IPYTOMY
JIBa CHTHAJIA TI0 Pa3HBIM KaHajaM, TO MPHIICIIINNA BTOPHIM CHUTHAI OyAET mpo-
YUTaH paHbIIe, YeM NEePBhIA (€CIM UX MOKHO IPOYUTATH B OJHOM COCTOSIHHH) H
BEITIOJTHEHNE TIpOIlecca MOWAET B OTIIMYHOM HAIpaBICHHH, YeM MONUI0 OBl B
SDL. [lnst pa3pelieHus 3Toi KOJUTU3UH ObUTH MPEAI0KEHBI CISTYIOINE METOIbL:

1. Bce xaHanbl OT OJJHOTO IpoIEcca K APYroMy OOBETUHSAIOTCS B OJHUH Ka-

HaJI. JTO CIeTaHo U3 cienyrommx coodpaxkennii. B s3pike dAREAL urenue
CHTHAJIOB U3 KaHAJIOB IPOMCXOJUT HEACTEPMUHUPOBAHO, T.€. €CIH B IBYX
KaHallaX B JaHHBIH MOMEHT BPEMEHM HaXOMSITCS CUTHAJIbI, TO OHH BOC-
MIPUHUMAIOTCS B cllydyailHOM mnopsiake. Koria aTu curHaiiel uayT Mo KaHa-
JIaM OT Pa3HBIX MPOIECCOB, TO TaK U MOJHKHO OBbITh. Ho ecnm xaHaibl OT
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OJTHOTO IIPOIIECCa, TO MOXKET BOHUKHYTH KOJUIM3HS, €CIIM 3aIMCh CHUTHA-
JIOB B KaHAJIbl MIPOUCXOANUT MTHOBEHHO. IIepBBIii CUTHAI, 3allMCaHHBIA B
OJIH CHTHAJI, MOXET BOCIIPHHATHCS Kak BTOpoil. Koria curaansr ucxosr
W3 OJTHOTO TIpOIiecca, TO UX MOPSIOK MOXET ObITh BaXkeH. BBeneHue enu-
HOTO KaHajla OT Tpolecca K IMPOIEcCy MCKIIOYNT TaKyl0 HEOIHO3Had-
HOCTb.

2. B xaxznom 010ke coznaercs npouecc-0ydep. s kaxaoro npoiecca Bce

BXOJIHBIE KaHAJBI OT OCTAJbHBIX MPOIECCOB K 3TOMY MEpPEHANPABIISIOTCS
OT 3THX TporieccoB K Oydepy. bydep unraer npuxonsmue curHais! U 3a-
MUCHIBAET UX B €AMHBII KaHAaJ, BEAYIIUH K paCCMaTpUBAEMOMY IIPOLIECCY.
Takum 00pazoM Moy4aeTcs, 4YTO B €AMHCTBEHHOM BXOJIHOM KaHaje Mpo-
1ecca BCe BXOJSIINE CUTHAJIBI PAaCIOIOKEHBI B IOPSAKE MX MPUXOJa B
Oydep. B ciaydae 0THOBPEMEHHOTO NMPHXO/Aa CHUTHAIBI 3alHCHIBAIOTCS B
cIIydaifHOM Topsiike, Kak 1 B SDL.

Ha puc. 2 u puc. 3 npezcTaBieH MeXaHU3M IIepeJadyl CUTHAJIOB 10 U IOCIe
TpaHcisinuu. Kak BHIHO M3 cXeM, B Ipolecce TPaHCIIUK J00aBiseTcs Ciy-
xeOub1ii mporiecc Oygep. Kamamsr Cl m C2 mepexomsr B CBSI3KY KaHAJIOB
P1toP3_ch ot mporecca P1 mo 6ydepa u buffertoP3 ch ot 6ydepa x npoueccy
P3. JIBycroponnuii kanan C3 mepexoauT B cBs3KH KaHanoB: P2toP3 ch +
buffertoP3 ch u P2toP3 ch inv+buffertoP2 ch. Kanansr C5 u C6 mepexonsT B
kanansl P2toP1 ch u buffertoP1 ch. 3amernm, uro ot Oydepa k Kaxgomy mpo-
Leccy UAeT POBHO IO OJHOMY KaHAly, KaXIbli N3 KOTOPBIX MOXKET IIepeaaBaTh
BCE CHIHAIbI, KOTOpbIE CIOCOOEH BOCHPHUHATH mpouecc. Hampumep kanan
buffer2P3 ch nepenaer curnainst sl, s2, s3 ot npouecca P1 u curnan s4 ot npo-
necca P2.

Clisl,s2)

Pl | =)

C5(s6)

BlockBE

Puc. 2. Tlepenaya curnanos na SDL



PltoP2 chisl s2.s55
Fl /]

PoufFertoPl chisssf) & buffertaP2 chisl s2,s3,s4)
4){\ buffer [g— | P3
£ P21toP3 ch nvisd)

*huffeﬂn:-PE chis

FitoP3 chisd
P2oPl chiss sé)

Block B |

Puc. 3. Tlepenaua curnanos Ha dREAL nocne tpancnsimn

TeJio cocTostHASA
[TocnenoBatensHOCTh onepaTopoB, oOpasyromux teno SDL-cocTosiHus, Tie-
peBoUTCS B OMuH WK Heckoidbko dREAL-mepexooB Mo CIEeAYyIONINM TIpaBU-

JIaM.
[ ]

kaxnabiii SDL-onepatop OUTPUT nepexoauT B COOTBETCTBYIOLIHI eMy
dREAL-omeparop WRITE, nomemaeMbIii B HOBBIH TIEPEXOI;

s kakaoro orneparopa INPUT B ogHoM cocrostauu co3naercst dAREAL-
Mepexo]] C TeM e MUMEHEM, YTO W MCXOaHoe cocTostHue. CpaboTaer TOT
13 HUX, CUTHaI Kotoporo npuzaet nepseiM. Eciu oneparop INPUT umeer
paspeliaroniee yciIoBHe, Iepel] COCTOSHUEM, COAEp)KallUM OIepaTop
READ, BcraBnsercs dREAL-mrepexon ¢ omeparopom WHEN condition,
C HyJICBBIM BPEMEHEM OXKHUIAHUS U IEPEX0IOM K YTCHUIO CUTHAJIA;

teno onepatopa TASK (cnucok mpucBauBaHHii), 1O BO3MOXHOCTH, IO-
memaercst B ognH dREAL-niepexon (3TO HEBO3MOXKHO CIEATh, €CIH BbI-
paKCHUS COIEpIKAT ONEpaTOphl HKCIOPTa/MMIIOPTa WM 0003peBaeMble
nepemenHble). I[lpu atom, ecnm Tekymuit dREAL-mepexon comepxut
onepatop READ umu WRITE, coznaercs HOBBIN nepexox;

ecnu SDL-Beipaxenus coxepxkat oneparopsl EXPORT, IMPORT wunu
VIEW, mnepen dREAL-mepexomoM, HCHONB3YIONINMM 3TO BBIPaXXCHUE,
BCTABISIETCS] TPYIIA CIy)KEOHBIX MEPEXO0B, PEATN3YIOUIUX 3T KOHCT-
pyxumn[S];
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® eCIIM JIeBasl 4acTh OIepaTopa MPUCBANBAHUS SBISIETCS IEPEMEHHOM, 00b-
seieHHoH B cekun VIEWED (0603peBaemoit), mociie 3Toro BIpaKeHUs!
BCTABIIIFOTCS CITy>KeOHBIE TIEPEXOIbI, OCYIIECTBISIONINE ICHCTBIS, HE00-
XOAMMBIE AJSI OTIIPABKM HOBOTO 3HAYEHMS 3TOH NMEpEeMEHHOH ajpecaTtam
[5];

e 11 SDL-onepatropa DECISION co3maercs rpynma aabTepHATUBHBIX
dREAL-nepexo10B, TOMEYEHHBIX OJJHAM COCTOSTHUEM;

e SDL-oneparopsl SET, RESET nepexonst B dREAL-oneparopsr WRITE.

Onepartop DECISION

Omnepatops! BetBieHus sA361K0B SDL 1 dAREAL nmeroT 3HaUMTENbHBIE OTIIH-
yus. Kpome Ttoro, orpaHuueHne Ha €IMHCTBEHHOCTH omeparopoB B dREAL-
TepexoJie CO3/1aeT JOTOJHUTENbHBIE MTPOOIEMBl TIPH TPAHCISIIAU STHX KOHCT-
pyKUui.

Ycnosusrit onepatop SDL mmeet cnexyromuii B

DECISION ycJsorBmue;

{ {Bapmanr:}+ nepexon }+

[ELSE: nepexox]

ENDDECISION;

I/ie YCJIOBHE — BBIpaKE€HHE TPOU3BOJILHOTO THIIA,
BApHAHT — OTPaHMWYEHHE HAa MHOXKECTBO 3HAYCHUH OTBETA: KOHCTAHTA (WM
MHOXECTBO KOHCTAHT) WJIM OJUH WM HECKOJBKO MHTEPBAJOB (OTKPHITHIX WIH
3aKPBITHIX),
nepexoj — 1ociaeJ0BaTeIbHOCTh IIPON3BOIBHBIX KOMaH/ (32 HCKJIIOYEHHEM OTIe-
patop INPUT) s3pika SDL.

Ycnosusiit oneparop dREAL nmeer Bun

WHEN BrIpaxeHne-ycaoBue nporpamma
r7ie BbIpaKeHHe-ycJI0OBHe — OOBIYHOE BBIPAXKECHHUE, PE3YJIBTAT KOTOPOTO MMEET
JIOTHYECKUH THII,

NporpaMma — IIOCJIEOBAaTEIIbHOCTh U3 OJHOTO WM HECKOJIBKHX OIepaTopoB
dREAL.

Jns xaxxmoro SDL-BapuanTa co3maeTcss COOCTBEHHBIH albTepPHATHBHEIHN Tie-
pexox — Havano BetBieHus. OHO comepxwut onepatop IF nmm WHEN c ycrnoBu-
eM, rmoiy4eHHbIM u3 SDL-ycrmoBus.

BripaxeHnue-sapuant ans  BapuaHTta-ELSE  cTpomTcss kak oTpuianue
JU3BIOHKINH BceX BapuaHTOB oneparopa DECISION.

Kpowme Toro, coznarorcs coctosHUA U 1 KoHIa yenous (end _decision).

REAL-cocTostHMe Hayasia BETBICHHS BBITJISIIUT TaK:

TRANSITION begin_ decision_N
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EXE SKIP
FROM NOW TO INF
JUMP state name T.

TRANSITION state name T
WHEN ycinoBme BapmaHT
FROM NOW TO INF

JUMP state2.

OHo cpabaTeIBaeT, TOIBKO eciu yciosue u3 omnepatopa WHEN uctuHHO U
OCYIIECTBIISIET TIEPEXO]T K MOCIEIOBATENILHOCTH COCTOSIHUHN, PEATU3YIONINX TEN0
BapHaHTa. DTU COCTOSHUS CTPOSTCSI IO OOBIYHBIM PaBUIIaM, OITUCAHHBIM BBIIIC.

Kpome Toro, ecmu DECISION =ve comepxut Bapuanta ELSE, nob6asmsercs
cnyxxeoHoe dREAL-cocrosaune ¢ ELSE-BripaxkenneM. Ecimu 3Toro He caenars,
mporiecc monaaéT B TYIIMKOBYIO CUTYAIIHIO, €CIH BBIPAKCHHE YCJI0BHe HE YIOB-
JICTBOPSICT HU OJTHOMY BapHAHTY.

Ipouenypsi

Te npouenypst SDL, koTopble ONUCHIBAIOT aTOMapHbIE IEHCTBUS, U KOTO-
pple MOXHO TpaHciupoBaTh B omnepatop EXE, mepeBomsTcss B mpouenypsl
dREAL. Bce ocTanbHbIe IPOLEypbl pACKPBIBAIOTCSI B MECTE CBOETO BbI30Ba [5].

3.3. Cucrema Moe/IMPOBAHUS U BepHpuKannu, ncnoans3yromas SPIN

Tpancnsaus B sA3bIKk Promela BeimonHsAeTes ciaenyromuM obpazom. CHavaa
dREAL.ex-cierupukanust mpeoOpazyercsi BO BHYTPEHHEE IpEJCTaBIICHHE,
OJM3KO0E K JAepeBy CHHTaKCHYIECKOTO pa3dopa, a 3aTeM MPOXO0JIOM IO JEPEBY Te-
HEpUpyeTCs BEIXOIHOW TEKCT Ha s3bike Promela. TpaHcimsaTOp HamucaH Ha S3bIKe
Perl.

OnuiieM U3MEHEHHUs1 B TpaHCHSAMHM Mo cpaBHeHuto ¢ [5]. Ilpexne Bcero,
HOBasi BEpPCHsl TPAHCIATOPA OPHEHTHPOBaHA HA HCIOJIH30BAaHWE HOBOM BEPCHH
SPIN (6.0+), xotopass mommepkuBaeTcst rpaduyeckuM wuHTepdericoMm iSpin.
Taxoke n00aBiIeHa NOAEPKKA MaKPOCOB-IIPOLELYP, KOTOPBIE TPAHCIUPYIOTCS B
inline-makpoonpenenenus si3p1ka Promela.

PaccmorpuM mpumep TpaHCiAnuM npouexyp. Ilpomemypa Ha o sI3bIKe
dREAL.ex yBenmaeHus 3HaYCHUS TIEPEMEHHOM
PROCEDURE inc (x,y)

X :=x +y;

END PROCEDURE.

TpaHCIUpyeTcsa B MaKpOOIIpeAeIeHHe Ha s3bIke Promela
inline inc(x, y){ d _step{ x =x + y; } }
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B mpornenypax MOTyT HCHOJIB30BaThCS JIOKAJIbHBIE IEPEMEHHBIE, KOTOPBIE
oOHyIsIIOTCS B KOHIE dstep-uactu inline-¢pyaxmmu B Promela, 9To051 He yBenm-
YHBATh IPOCTPAHCTBO COCTOSTHUH.

Taxoxe mporerypsl MOTYT BBI3BIBATh JPYTUE MPOLEAYPHI.

Konctpykunsa d_step{ ... } B a3bike Promela o3HauaeT «1eTepMUHU-
POBaHHBIN IIAr» W UCIOIb3YeTCs A 0OBEIUHEHHS HECKOJIBKUX IAroB CIEIH-
(¢uKanuM B OIHO «aTOMapHOe» JeHCTBHE, KOTJa 3HAueHHs IMEepeMEHHBIX Ha
HPOMEKYTOUHBIX IIarax (BHYTpu d_step) He IpPEACTABIAIOT MHTEpeca il
Bepu¢ukanuu. Kak u B s3p1ke SDL, pexypcus (SBHas WM HEsBHAs) HEIOITyC-
THMA.

Bb130B BhIIENpUBEAEHHON Mporieyphl Ha s3bike dREAL .ex:

TRANSITION start
EXE v1:=0;
CALL inc(vl, 5);
ASSERT (v1==5) ;
FROM NOW TO NOW
JUMP done.
MIEPEBOANTCS B CIeMyrOmunii pparMeHT Ha s3pike Promela:
local byte v1;
L start
atomic({
vl = 0;

/* call inline */ inc(vl, 5);

assert((vl==5));
goto L done;

4. CHEHU®UKALIVA CUCTEMBI YITIPABJIEHUSA CETBIO
KACC-TEPMHHAJIOB

OTta cucTeMa COCTOMUT M3 TEPMHUHAJIOB (TIporiecc terminal Ha puc. 4) U rias-
HOW MammHbI (Tporiecc main_machine Ha puc. 4), K KOTOpO# TepMUHAJIBI 00pa-
IIaloTcst 3a MH(OpManued 0 HaJW4YM{ U IIeHe OWIETOB O HYXHOW Maccaxkupy
crannun. CrucreMa paboTaeT cienyromuM oopazoM. B Hagame paGoTer Tepmu-
HaJIbl THULIMAIIM3UPYIOTCS M KaXKIOMY IIpPHCBauBaeTCs MOPSIAKOBBINA HOMep. Eciu
K emé He MHUIUAIU3UPOBAaHHOMY TEPMUHAILY €CTh ouepelb (IIpoLecc queue Ha
puc. 4), To Tocie ero NHALMAIN3AINHA HauuHAeTCs 00CITy)KMBaHHE MIEPBOTO Mac-
caxxupa (mporiecc passenger Ha puc. 4) u3 odepenu. Ecnm jxe odepenu HET, TO
IMOCJIC MHUIHAIN3AINU TCPMHUHAI NMEPEXOAUT B PCKHUM OXHIAHHUA IMacCaXupa.
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[Maccaxkup MOIXOOUT K HY)KHOMY TepMHHANY. Ecnm TepMmHAN CBOOOAEH, TO
HayMHAETCS OOCITy)XMBaHHE STOTO Maccakupa. Ecim ke TepMUHAN 3aHAT WIN
emé He MHUIMAIN3UPOBaH, TO 3TOT MACCaKMP BCTAaeT B odyepenb. Kak ToJbKo
TEPMHHAII OCBOOOIUTCS WM WHULUAIM3UPYETCS, TTACCAKUP HAKMMAaET Ha KHOII-
Ky Hadayma paboTel. TepMHHAN coOOIIaeT O TOTOBHOCTH W OKHAACT yKa3aHUSA
HOMepa cTaHuuH. [lodydnB HOMEp CTaHINH, TEPMHUHAJ 3alPAIINBAET Y TIaBHOU
MallIMHBl HaJTugue OWUJIETOB U CTOMMOCTh Ipoe3/ia 10 3TOM cTaHuu. Eciu Oue-
TOB HET WJIM BCE OCTaBIIHMECs OWJIETHI 3a0pOHMUPOBAHBI IPYTUMHU TTaCCaKHMpPaMHU,
TO TYIaBHAs MaIllMHA COOOIMIaeT 00 3TOM TepMHHANY, KOTOPHIA MepenaaeT 3T0 COo-
oOIIeHne maccakupy, 1 OH yXOOUT W3 odepenu. Ecim e cBOOOTHBIE OMIIETHI
€CTh, TO OIUH OMJIeT OPOHHPYETCs Ha BpeMs ceaHca, M IVIaBHas MallliHa co00-
IIaeT TepMHUHAIY CTOMMOCTh OHMIIeTa, KOTOPYIO TOT IOKa3bIBaeT Ha MHIMKATOPE.
Bozmoxno 1Ba cimydas. Ecnu y maccakupa He XBaTaeT BBIICICHHBIX HA TIOKYIIKY
OmeTa cpencTB, TO OH MPEKPAIIAeT CeaHC 0 CBOCH WHUIMATHBE, HA)KaB KHOTIKY
«Cancel», a Oponp OwileTa cHUMaeTcs. Eciiu cpeicTB XBaTaert, TO Mmaccaxup or-
JlaYMBaeT Mpoe3] M HaxkuMmaeT KHonky «Done». B atom ciydae, ecnu cymma
MPOXOAWUT TIPOBEPKY, TO TEPMUHAII TI€YaTaeT OWIIET MO0 HYKHOW MacCaxupy
CTaHIIMH, a MHAYE TEPMHHAI MTOKA3bIBAaeT HA WHANKATOpPE, CKOJIBKO OCTANOCH 3a-
IUIaTUTh. B JII000M cilyyae B KOHIIE ceaHca MacCakKUp 3aBepllacT CBOK padory,
HakaB KHOTIKY «Doney, a TepMUHaJ IEPEXOANT B PEXKUM OXKUJIAHHS HOBOTO I1ac-
caxupa. Eci B odepenu K JaHHOMY TEPMUHAITy €CTh XOTS OBl OIUH MACCAXKUD,
TO MEPBbII U3 HUX HAUMHAET CBOU CEaHC.

CyliecTByIOT OCOOCHHOCTH, CBS3aHHBIE C OJHOBPEMEHHOH paboTol He-
CKOJIBKMX TTacCaXHpoB. Eciv OHM OZIHOBPEMEHHO 3alpalliBaloT MOCIEAHUH Ou-
JET 0 OHOM W TOH XXe CTaHIIWH, TO B Pe3yabTaTe HeIeTCPMIUHUPOBAHHOTO BEI-
Oopa mpoucxoauT OpoHMpOBaHHME OWJIETa Ha BpEMsS CEaHCa CBSI3W ISl OIHOTO
naccaxkupa, a Ipyrue naccakupbl 3aBepluar CBOK padoTy U3-3a OTCYTCTBHS Ou-
JIETOB.

BrmonanMas crienudukanys 3Toi cucteMsl Ha sa3sike SDL mpencraBnena Ha
Puc. 4,5.1,5.2,5.3,6.1,6.2,7.1, 7.2, 8, xoHTeKCcT cnennukamm Ha si3pike SDL
npeacrasieH B [lpuinokenun 1, cnenudukarmst cuctembl Ha s3bike dREAL
npezcTasieHa B [Ipunoxennu 2 B rpaduueckoM (puc. 9) U TEKCTOBOM BHIE C
KOMMEHTapHUSIMH.
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it passenger L

1
¥ ((( passenger )

HYEn N & _ 4
indicator| | booking | t2p
&
| tay buttors slot | starting_data
¥ ¥ ¥
nait_rmachine
et termirial j

Passengers and Tenminal

Puc. 4. Cner¢uxaiys CUCTEMBI yIIPABICHHS CEThIO KaCC-TEPMHHAIIOB HA BEPXHEM
YpPOBHE, IpeCTaBICHHAas Ha s3b1ke SDL

START

count:=0,

last:=0,

terrninal count:=0,
M&X TERMINAL=S,
terrninal busw(l)=2,
terrninal busy(dy= 2,
terrninal busy(3)=2,
terrainal inst(1):=Hull,
terrainal inst(Zy:=Hull,
terrainal inst(3):=Mull;

¥ ¥
Work with terminal Work with passenger
(o, Prc. 520 (om. Prc.5.3)

| I

Puc. 5.1. Cneundukanus npoiecca queue
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¥ ¥
> ready J init_terrainal
¥
terrrinal wumn = pid_to i SENDER],
terrainal busyterrnival arg:=0,
i=1;
¥

termminal count:=terminal count+1,
pid_to_idwSENDER) = terrninal count,
terminal _institerminal count)=SENDER,
terreinal mara = pid_to_idxSENDER),

=terrninal roam

=last

last:=last-1, —
s_stii)=0, Sibigil, s_st,
st n(1h:=0, 2 1 s peum);
s peurni)=0;
CRELTE Passenger
¥

mitist terrmaral institerrainal mumy,
terrainal pare peura) TO
OFFSPRING

*

| count:=count+1;

Wark with ferminal |

¥

y

Puc. 5.2. Cneunduxanus gparmenra nporecca queue

20



¥ ¥

init_pas(st terminal marm, Eill pasitertainal noe)
psumn)
{}NUHX_']IM\ =Null | cont =count-1;
{terroinal o) 4.
Sarve Pasalat,
pautn,
terminal murn,
last,s st,5 t n
§_peumny;
CREATE Passenger
¥

init(st terrrinal instterrminal narn),
terminal nrn pearn) TO
DFFSPRING

L]

count =count+]

terminal busy{terrunal o) =1;
|

Work with passenger

¥

Puc. 5.3. Cnenndukanus GpparmeHra mporecca queue
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( START H —

mit(st terreanal pad, permy)
K

| wants ticket = st;

| press start TO terrranal pid >
|

¥

| statinn(st) TO terminal pid >

¥
Paszenger work

(cm Proc 6.2

Puc. 6.1. Crieundukanus mnpouecca passenger
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- look
g
¥ h J
> light{surarm) > guccess |
==[] T =0
get_change

{ done TO terainal_pid

| PSS PE - 30T,

¥
coin ot TO
terrunal pid
]
| return(st) TO terminal_pid >

> change(charnge surn)

dome TO terminal pid >

-
kill{terminal roarn) >

¥ f
aotten ticket = station, no_ticket
¥

| done TO terminal pid >

change(change sum) |
¥
peuwrn=psurntchange sum,
¥
dome TO terminal pid >
¥
kill{terrninal noarn)

¥
ill{terrinal_mura) >
good
—»( TRUE >=

Passenger work

Puc. 6.2. Cnieundukanus gpparmMeHra mporecca passenger




( START > init_terainial >_, eady )
¥
—h-( Irait >—>> press star
¥

st=(,

nput suraen:=0,
&

| ready for job TO SENDER >

|

¥
(wait_fi:nr_staiinn )—;y atationlst)

| passenger pid =5EHDEER.
¥
| station(st) )

'

Terminal works
(om Prc.7.2)

Puc. 7.1. Cneundukanus mpouecca terminal
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¥

¥

tio_ticket

| =

statinn_price) ‘

—{ no_ticket TO passenger pid > | Lightistation price) TO passenger pid >

wait for coin

Fy

==gtation_price ! =station_price

success TO passenger_pid >

4

input_suraen=
input_surarcdnot,
¥

lightistation_price-
input_suraeg TO

change
[irpmt_suroem)
TO

chargelinpnt_surarn-
station prce) TO passenger wpid

passenger pid

)

passenger pid

¥

ticket(st) TO passenger pid >

return(st)

——~

satisfaction

-

Terminal works

|

I

Puc. 7.2. Cnenndukanus ¢pparmenTa npoiecca terminal
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START

expences(1y = 10,
expences(2y = 15,
expences(3) = 20,

ticket t(1) =2,

ticket_t(2) =3,

ticket_t(3) = 4
E—— ImAin 4

h | ¥

>— gtation{st) >- returnst) |
¥

=DD | ticket _t(st)=ticket_tist)+1;

L

-| no_ticket TO SENDER, ) | ticket_t(st)=ticket_t(st)-1;
¥
I sura(expences(sth) TO SENDER, >

Puc. 8. Cneundukanus nporecca main-machine

5. 9KCIIEPUMEHTbBI

5.1 DKkcnepuMeHT ¢ CHCTeMOIl ABTOMaTHYECKOT0 MOJeTHPOBAHMSA

B mepBom skcniepumente nomyderHas dREAL-criermdukanys 1 cOOTBETCT-
BYIOIIMI 3aIIpOC MOJIb30BaTeNs OBUIM MOJAHbI Ha BXOJ CHCTEMBI aBTOMATHYECKO-
ro mozaenupoBanusa. Ota dREAL-cnernudukaius ObUia yCIENIHO IPOBEPEHA C
MIOMOUIBIO CIEAYIOIIUX 3aIPOCOB:

IlepemeHHBIE NCTIOIB3YIOIIMECS B 3aIIPOCAX:
wants_ticket[pid] - maccus unzgexcupyemsiii PId mponeccos, B koTo-
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POM XpaHATCS HOMEpa CTaHIMM, 3alpalrBaeMbIX naccaxupamu. Kaxnomy
PId cooTBeTCcTBYET HOMED 3ampamInBacMoil CTaHIIHH.

gotten ticket[pid] - maccuB unzaexkcupyemsiii Pld nmponeccos, B xoTo-
POM XpaHsTCs HOMEpa CTaHIMH, OMJIETHI 10 KOTOPBIX MMOJIYYHIN ITacCaXH-
psl. Kaxxnomy PId cooTBeTcTBYeT HOMEp cTaHIMM Ha OmIiere.

enough _money[pid] - wMaccus unaexcupyemsiii PId nponeccos, B xoto-
POM XpaHUTCS MH(pOpMAlUsl XBaTaeT ACHET MacCaXUPy Ul MOKYNKH WA
HeT.

reserve_ ticket[pid] - wmaccus unaexcupyemsiii PId mponeccos, B ko-

TOPOM XpaHATCSI HOMEpa CTaHINHA, OMIET 10 KOTOPHIX OBUT 3a0pOHHPOBaH
naccaxkupoM. Kaxnomy PId coorBercTByeT HOMEp 3ampaiiiBaeMoOi CTaH-

LU,
passenger[pid] - »k3eMIuLip npouecca Passenger
passenger[pid] .psum - nepeMeHHas B KOTOPOW XpaHUTCSA cymMMa, KOTO-

pOH pacriojiaraeT naccaxup IJisl MOKyNKH OuieTra. Y KaKIoro 3K3eMIusipa
npouecca Passenger 3ta nepeMeHHas CBOsI.

passenger[pid] .summ - mepeMeHHas B KOTOPOW CTOMMOCThH OmiieTa 1o
CTaHIMH, KOTOPYIO 3alpalIdBaCT MACCAKHUP. Y KaKIOTO IK3EMIUIsIpa Mpo-
necca Passenger 3Ta epeMeHHas CBOS.

passenger[pid] .good - cocrosHHE good DJK3eMIULsIpa Ipolecca
Passenger. Ilpormecc momanaer B HEro, €CIM BCE 3aKOHYUIIOCH XOPOIIIO,
OuJeT MOIydeH.

passenger [pid] .bad - cocrosHue bad »sK3eMmIusipa mporecca Pas-—
senger. llponecc momagaer B HEro, €CIM HE XBAaTUJIO JEHET Ha MOKYIIKY,
Ouyet He OBLT ITOyYCH.

passenger[pid] .no_ticket - cocrosame no ticket sk3eMmmuipa
mporecca Passenger. Ilporecc nomagaer B HETO, €CIM MACCAXKUPY HE
XBaTHJIO OMJIETOB [0 3aIpaninBaeMoil CTaHIMH, OMIIET He ObUT IOJTy4eH.

OKCIepUMEHT NPOBOAMIACS ¢ 5 TepMuHanamu u 10 maccaxxupamu.
Cucrema HHULIATM3UPOBAaHA CIEIYIOIINMHE JaHHBIMH.

KonmuecTBo cTanuuit: 3.

KonnuecTBo OnieToB 1 CTOMMOCTS Ipoe3sia 1o cTaniuu 1: 2 ounera, 10 MoHeT.

KonmuecTBo OMIIETOB M CTOMMOCTB TIpOe3/1a A0 CTaHIuH 2: 3 Omnera, 15 MOHeT.

KomnmaecTBO OMIIETOB M CTOMMOCTD Ipoe3/aa A0 CTaHIuu 3: 4 ouera, 20 MOHET.

[Taccasxupbl HHUIMATHN3UPOBAHBI CIEAYIOLUIMMH JaHHBIMU.

e2q.init_pas(1,1, 15) — maccaxkup 1 exet 10 1 craHIWM, NOAXOAMT K 1 TepMHUHAITY
u uMmeeT 15 MoHeT.

e2q.init_pas(1,2, 20) — maccaxxup 2 ener A0 1 CTaHINH, TOJXOONUT K 2 TEPMUHATY
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u umeeT 20 MOHET.

e2q.init_pas(1,3, 5) — maccaxup 3 exer 1o 1 cTaHINH, TOAXOIUT K 3 TEPMHUHAILY
U UMEET 5 MOHET.

e2q.init_pas(1,1, 10) — maccaxup 4 enet 1o | cTaHIMM, MOTXOINUT K 1 TepMUHAITY
u umeet 10 MoHeT.

e2q.init_pas(2,1, 15) — maccaxkup 5 exmet 1o 2 cTaHIWH, MOTXOINT K | TepMuHAITY
u uMeeT 15 MoHeT.

e2q.init_pas(3,2, 20) — maccaxup 6 eneT 10 3 CTaHIMH, NOAXOINUT K 2 TEPMUHAITY
u umeeT 20 MOHeT.

e2q.init_pas(2,3, 15) — maccaxkup 7 enet 10 2 CTaHINH, TOIXOINT K 3 TepMUHATY
u uMeeT 15 MoHeT.

e2q.init_pas(2,4, 15) — maccaxup 8 enet 10 2 CTaHIIUH, TOIXONUT K 4 TepMUHAITY
u umeeT 15 MoHeT.

e2q.init_pas(3,3, 25) — maccaxxup 9 exnet 1o 3 cTaHIWH, TOTXOINT K 3 TEpMUHATY
U UMeeT 25 MOHET.

e2q.init_pas(1,5, 15) — maccaxup 10 exer 1o 1 craHImH, TOAXOIUT K 5
TepMuHaiy 1 umeer 10 MOHeT.

B mporecce skciepiuMenTa OBITH BBIIOIHEHBI 3aIIPOCHI, IPU KOTOphIX SDL-
crieuuduKalys COAEPKUT OMMOKK. DTH 3alpOChl 03HAYAIOT, YTO B KaKOW-JIHOO
KOH(UTYpaliy JUIs IPOU3BOJILHOTO 3K3eMIULIpa mpolecca Passenger ¢ uneHTu-
(hukaTopom pid BEITOTHSIIOTCS CICIYIONINE YCIOBHS:

1.  craHOMA Ha MOMYYEHHOM OWJIETE HE COBHAAET ¢ TpeOyeMoil CTaHIuel:
WHEN ((wants_ticket[pid] != gotten_ ticket[pid]) &&

(passenger[pid] AT passenger[pid] .good)) PAUSE

2.  eciuw B MOMEHT OOpameHus K TSpMUHAIY JOCTATOYHO OUIIETOB IO
TpeOyeMol CTaHIIUH, U TACCAKHUPY XBATAET JACHET, HO MMAaCCaKUpP He
MOJY4UT OWiieT (T.e. He MOMaJIeT B cocTosiHue good):

WHEN (reserve_ticket[pid]==1 &&

enough money[pid]==1 && (passenger[pid] AT
passenger|[pid] .bad || passenger[pid] AT
passenger[pid] .no_ticket) ) PAUSE.

3. eciy B MOMEHT oOpallleHus K TepMUHAJy HET OMJIETOB 10 TpeOyeMoid
CTaHIINH, HO Tporiecc Passenger momazgeT B cocTossHIE good (T.e. maccaxup
moy4ut 6uier) win bad(T.e. maccaxup 0OHAPYKUT HEJOCTATOK CPEACTB):
WHEN (reserve_ticket[pid]==0 &&(passenger[pid] AT
passenger|[pid] .good || passenger[pid] AT
passenger[pid] .bad)) PAUSE

4.  ecrmu B MOMEHT OOpaIIeHUs K TEPMUHATY €CTh OMIETHI 10 Tpebyemoi
CTaHIMH, U Y TIaCCaKUpa He XBaTaeT JIeHer Ha Ouiiet, Ho mpoiecc Passenger
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MIOTTAJIeT B COCTOSTHUE good(T.€. maccaXXup MOIYyIUT OMIIET) WK TIOTIAIEeT B
cocrosHue no_ticket (T.e. HeT OMIIETOB 10 TPeOyeMOH CTaHIINN):

WHEN (reserve_ticket[pid]==1 &&

enough _money[pid]==0 && (passenger[pid] AT
passenger[pid] .good || passenger|[pid] AT
passenger[pid] .no_ticket) ) PAUSE.

Pe3ynbraThl 3TOTO SKCHEPUMEHTa COCTOAT B cieayroiieM. OnuH M3 macca-
*kupoB 1, 2, 10 He moTy4YHuT OHMIIETa M3-3a TOrO, YTO OWJIETOB IO 1 CTaHIUU HE
xBaTuT. [laccaxup 3 He momyunt OmireTa u3-3a HeXBaTKU JeHer. [laccaxup 4 He
MOTyYUT OMIIET M3-3a TOTO, 4YTO OMIeTH A0 | craHmmMy KOHYMIHCH. OCTanbHEIE
NaCCaKUPBI TOTyYaT OUIETHI.

5.2. Okcnepumenrt ¢ cucremoii SPIN

Bropoii skcniepument cocrosiin B TpaHcisinun dREAL-cnenmdukanuu cuc-
TEMBI YIpaBJIEHHUs CEThI0 Kacc-TepMuHaioB B s3Ik PROMELA n Bepudukannu
ee ¢ rmomonIbio cucteMbl SPIN.

U3z-3a Toro uro B cucteme SPIN HEBO3MOXXHO HCHOIB30BATH B (OopMyIax
JIOKaJIbHBIE TIepEeMEHHbIe, TaKue JIOKAJbHBIC NepeMeHHble oTMeueHbl B SDL-
cnermudukammy kak REVEALED, uro nenaet ux riio0albHBIMA MacCHBaMH TIPH
mepeBoge B dREAL. Takum 00pa3oM, TOKaNBHBIN MacCHB TpoIiecca, He MMEF0-
IIETO 3K3EMIUIIPOB, MPOCTO CTAHOBUTCS IJI0OANBHBIM MAacCHBOM, a CKaJIIpHAas
NepeMeHHas Mpollecca C SK3eMIUIIpaMH CTAHOBUTCS TJIOOAJBHBIM MAacCHBOM,
WH/IEKCUPOBAaHHBIM HJICHTU(HKATOPAMH ITPOIIECCOB.

OmnpenenmM BHadae cieayomue GyHKINHA U TPEIUKATHI.
passenger[pid] .wants_ticket - Qynkuus, onpenensromas HoMep

CTaHIIMH, 1O KOTOPOH Maccakupy HyxeH OuneT (nepeMeHHas wants_ticket

IK3eMITIIpa mpoiecca passenger ¢ Pld’om pid);
passenger[pid] .gotten_ ticket - QyHnkuus, onpenensomas HoMep

CTaHIINH, 1O KOTOPOH Maccakup MOIydusT OHIIeT;
passenger [pid] .— QyHKIHSs, ONPeACIIOMIAs, YTO ACCAKHUP MOy,
reserved_ticket (pid) : PRED
(passenger[pid] .summ > 0) ;

(Tracca>kup MOITyYHII CUTHAI/COOOIIEHNE O IIeHe OMIIeTa, TO eCTh OH 3apesep-

BUPOBAJ OHJIET );
enough_tickets(pid) : PRED

(main machine. ticket[passenger[pid] .wants_ticket] >

0);
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(1o HYXHOI TTacCCaXMPy CTAHIIUU €CTh OMIICTHI);
enough money (pid) : PRED
(passenger[pid] .psum >=
main_machine.expences[passenger[pid] .wants_ticket]) ;
(y maccaxxupa JOCTaTOYHO ACHET Ha OWIIET 0 Hy>KHOH eMy CTaHINH) ;
got good ticket(pid) : PRED
(passenger[pid] .gotten_ticket == passenger
[pid] .wants_ticket) ;
(raccaXxup moITydmI OWJIeT A0 HY)KHOHM eMy CTaHIIUH).
IIpoBepsiuck cienyrone Tpu CBOHCTBa s 1-5 TepmuHanoB u 2—10 mac-

Ca’KUPOB.
5.2.1. Ceoticmeo propl

Ecmn maccaxxup 3ape3epBupoBasl OWIIET A0 HY>KHOW €My CTaHIINH, H Y HeTro J0C-
TaTOYHO JICHET, TO OH MOJIYYUT OUJIET 10 STOW CTAHITUH.
Torga coiictBo proplHa si3pike SPLpencrapnsieTcs B Buie
( ALL PROCESS passenger WITH PID pid
( (reserved_ticket(pid) && enough money (pid)
=>
(EACH ET got _good ticket(pid)))) ).
END;

Oro cBoiicTBO mpencTapnsieTcs: Ha s3bike dREAL.log B Buje
( ALL PROCESS passenger WITH PID pid
( (reserved ticket( wants_ticket[pid] ) &&
enough_money (pid)
=>
(EACH ET ( got_good ticket(pid))))) ).
reserved ticket (pid) : PRED
( passenger[pid] .summ > 0);
enough_money (pid) : PRED
(psum[ pid ] >= expences[ wants_ticket[pid] ]);
got some ticket(pid) : PRED
(gotten_ticket[pid] > 0);
got_good_ ticket(pid) : PRED
(gotten_ ticket[pid] == wants_ticket[pid]);

Crnenyromas LTL dopmyna npencrariser cBOHCTBO propl:
enough_tickets && enough money -> <> (got_good_ticket)
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B cumny cnenndukn Spin ans BepuUKaIUE UCIOIB3YETCS OTPHUIIAHUE TIPO-
BepsieMoit GopMyIibl, a MOpPOXKIaeMblii BEpH(OUKATOP HAXOAUT KOHTP-TIPUMED.

5.2.2. Ceoticmso prop?2

Ecmu mo HyXHOI maccaXkxupy CTaHIIUH OMJIETOB HET, TO OH HE MOJyJUT HHUKA-
KOro owuera.
Torna cBoiicTBo prop2Ha si3bike SPLnpeacrasisiercs: B BUae
( ALL PROCESS passenger WITH PID pid
( (not_enough_tickets(pid)

=>

(EACH AT ( NOT got_some_ticket(pid))))) ).
rge

not_enough_ tickets(pid) : PRED

(main_machine.ticket[ passenger([pid].wants_ticket ] =
0);

/* {O HYXHON naccaxmpy CTaHUMM HeT 6uineTor */

got _some_ ticket(pid) : PRED

(passenger[pid] .gotten_ticket > 0 )

/* maccaxup nosyumn kKakou-To OGuiner */

3to0 cBoiicTBO mpencTasnsieTcs Ha s3pike dREAL.log B Buze

( ALL PROCESS passenger WITH PID pid

( (not_enough_ tickets (pid)

=>

(EACH AT ( NOT got_some_ticket(pid))))) ).

not_enough_tickets(pid) : PRED

(ticket[ wants_ticket[pid] ] = 0);

got_some_ticket (pid) : PRED

(gotten_ ticket[pid] > 0 )

.Crnenyromias LTL ¢opmyna npeacTaBisieT CBOWCTBO prop2:

not_enough_tickets -> [] ! got_some_ticket

5.2.3. Csoticmso prop3

Ecnu y maccaxwupa BBIZEJICHO HEIOCTaTOYHO JEHET 10 HYXKHOH eMy CTaHIIUH,
TO OH HE TOJIyYUT HUKAaKOro Omiera.
Torna cBoticTBo prop3Ha s3pike SPLupeacrasnsercs B Bue
( ALL PROCESS passenger WITH PID pid
( (not_enough money( pid )
=>
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(EACH AT ( NOT got_some_ ticket(pid))))) ).

roe

not enough money(pid) : PRED

(passenger[pid] .psum < main machine.expences[ pas-
senger[pid] .wants_ticket ]);

/* naccaxmp BHOenMJ HENOCTATOYHO HOeHer Ha OuieT mo
HYXHOM eMy cTaHumm */

got_some_ ticket(pid) : PRED

(passenger[pid] .gotten_ticket > 0 )

Orto cBoiicTBO mpencTasisieTcst Ha s3pike dREAL.log B Buze

( ALL PROCESS passenger WITH PID pid
( (not_enough money( wants_ticket[pid] )
=>

(EACH AT ( NOT got_ some_ticket(pid))))) ).

roe

not_enough_money (station) : PRED

(psum[pid] < expences[station]) ;

got some ticket(pid) : PRED

(gotten_ticket[pid] > 0 )

Crenyromas LTL ¢popmyna npeacraBisieT cBoiicTBO prop3:
not_enough money -> [] ! got_ some_ ticket

B cumy ocobennoctr SPIN mnst mokasarenbcTBa 3THUX CBOHCTB yTBEpKIa-
JMCh MX OTPHLAHMSA, KOTOphIe ompoBeprainuck cucreMoit SPIN. Bpemst paboTst
Bepudukaropa — B mpeaerax OJHOW-ABYX CEKyHA. B 3THX 3KcmepmMeHTax pac-
CMaTpHUBaJIaCh CIEAYIOIas HHUIIHATH3AIM SK3eMIUIIPOB npolieccoB Passenger:
/* Add read-from-channels lines here */

/* C_Env2queue ch : S init pas (aSENDER, STATION,
TERMINAL, PURSE, TARGET PID=Null); */

C_Env2queue_ch ! S _init pas(_pid, 1, 1, 101, Null);
C_Env2queue_ch ! S init pas(_pid, 2, 1, 101, Null);
/* to the same terminal to a different station */

#if MAX TERMINAL > 1

C_Env2queue_ch ! S_init pas(_pid, 3, 2, 101, Null);
C_Env2queue _ch ! S init pas(_pid, 2, 1, 101, Null);
#endif

#if MAX TERMINAL > 2
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C_Env2queue ch ! S init pas(_pid, 2, 3, 101, Null); /*
To higher terminals */

C_Env2queue_ch ! S _init pas(_pid, 1, 2, 101, Null);
#endif

#if MAX TERMINAL > 3

C_Env2queue_ch ! S_init pas(_pid, 1, 4, 101, Null);
C_Env2queue_ch ! S _init pas(_pid, 2, 1, 101, Null);
#endif

#if MAX TERMINAL > 4

C_Env2queue_ch ! S _init pas(_pid, 2, 5, 101, Null)
C_Env2queue_ch ! S init pas(_pid, 1, 1, 101, Null)
#endif

~Ne N

6. BAK/IIOYEHUE

A3pik Dynamic-REAL sBnsieTcss KOMOMHUPOBAHHBIM SI3BIKOM CIICIIH(DHKAIIAIN
KaK pacmpeleNeHHbIX CUCTeM, Tak u ux cBoicTB. [IpenmymectBa s3pika dREAL
00YCIJIOBJIEHBI TPOCTHIM CHHTaKCHCOM, JOMYCKAIOIIUM Tpaduieckoe mpeacras-
JICHUE BBITOJIHUMBIX clienn(UKannii, TOJTHOW KOMITAaKTHOW OIEpaIliMOHHOU ce-
MaHTHUKOW W BBIPA3UTEIBHBIM S3BIKOM IPEACTABICHUS CBOMCTB. IIporpaMMHbIit
komiureke SRDSV2 sBnsercs MOIIHON cHCTeMOH, KOTopas BKIIOYAST TPAHCIS-
top u3 SDL B dREAL, cucTeMbl CUMYJISIIIMU ¥ aBTOMaTHYECKOTO MOJIEITHPOBa-
nust dREAL-criennukannii, a Takke UCHONIB3YeT U3BECTHYIO CHCTEMY BepHudu-
Kaiuu MetonoM npoBepku mozeneid SPIN. BXxoaHOH sI3bIK 3TOro TpaHCIATOpa
BKJIFOYAET Bce 0a30BbIe KOHCTPYKIMH si3bIka SDL (kpome aOCTpaKTHBIX THIIOB
JaHHBIX), KOTOpbIe 00pa3yoT s3Ik SDL-88 M MIMPOKO MPUMEHSIOTCS Ha MpakK-
tuke [12]. CucreMa aBTOMaTHYECKOTO MOJECIUPOBAHMS UIPAET BAXKHYIO POJb,
TaK KaK MOXKET YCIICIIHO MPUMEHATHCS M B TEX CIIydasix, KOTJa CHCTEMa BEpH-
¢ukammu SPIN HempuMeHNMa H3-3a TPOMO3IKHX M CIOXKHBIX Mozeneirt SDL-
cnemudukanuii. [IpenMyIiecTBa Halero MOAX0Aa WUTIOCTPUPYIOTCSI aBTOMATH-
YECKUM MOJEIMPOBaHMEM M BepHU]HKaIeld IMHAMUYEeCKOW CHUCTEMBI yIpaBiie-
HUSI CETHIO KacC-TePMUHAJIOB.

[pennonaraerca pacmmputs komiuiekc SRDSV tpancnstopom dREAL-
crnerudukanuii B cetr [leTpu BBICOKOTO YPOBHSI M CHCTEMOW BepuduKkaium Me-
TOJIOM HPOBEPKH MOJENeHl OTHOCUTENBHO CBOWCTB, MPEACTABICHHBIX B JIOTHKE
Betsimerocst Bpemenn CTL. Takxke nmpearonaraeTcst pacIupUTh SI3BIK 3aIIPOCOB
CHCTEMBI aBTOMAaTHYECKOTO MOAEIHPOBAHUS C LIEJIbI0 OOHAPYKEHUS TYIHKOB H
3alUKINBAHHUS.

33



10.

11.

12.

13.

14.

CIIUCOK JIMTEPATYPBI

Kapa6eros A.B., Tep-Mukasnsan T.M. Beenenue B 51361k SDL. — M.: Paguo u
CBs13b, 1993.

Kapmos 0.I'. Model checking. Bepudukanus napaanensHbIX 1
pacnpeneneHHsIx nporpaMMHubIx cucteM. — Cankr-IlerepOypr: BXB-
[etepbypr, 2010.

Knapk 3.M., I'pambGepr O., [lenen [. Bepudukarus Mmoaeneit mporpamm:
Model Checking. — M.: MITHMO, 2002.

Henomusammii B.A., bogun E.B, Bepetnos C.O. S3pIk cienudukanmii
pacupenenennsix cucteM Dynamic-REAL // [Ipenpuat UCU CO PAH Ne 147,
2007.

http://www.iis.nsk.su/preprints/pdf/147.pdf

Henomusumii B.A., bogun E.B., Bepernos C.O. MoaenupoBanue u
BepH(HKaLUs pacpeeIeHHbIX CHCTEM, IIPE/CTaBICHHBIX Ha si3bike SDL, ¢
nomolusio si3pika Dynamic-REAL // Ipenpuat UICU CO PAH Ne 156, 2010.
http://www.iis.nsk.su/preprints/pdf/156.pdf

Henomusmmii B.A., Illunos H.B. Real92: KoMOuHNpOBaHHBII S3bIK
creuuduKanuii 111 CHCTEM U CBOWCTB B3aMMOCHCTBYIOIINX MPOLIECCOB
peansHoro Bpemenu // IlporpammupoBanue. — 1993. — Ne 6. — C. 64-80.
Henomusammii B.A., Illunos H.B., bonun E.B. Cneunduxanus u
Bepu(HKaIMs pacipeneeHHbIX cucTeM cpencrBamu si3bika Elementary-REAL
// TIporpammupoBanue. — 1999. — Ne 4. — C. 54-67.

Henomusmuii B.A., Illnnos H.B., boaun E.B. REAL: s13b1k 1151
cneuuduKanuy 1 BepuduKauy CHCTEM peanbHOro Bpemenu // Cuctemuas
nHpopmaTtrka.— HoBocubupck: Hayka, 2000. — Bemm. 7. — C. 174-224.
Becker Ph., Christmann D., Gotzhein R. Model-Driven Development of Time-
Critical Protocols with SDL-MDD. Proc. SDL 2009. Lect. Notes in Comp.
Sci. — 2009. — Vol. 5719. — P. 34-52.

Bosnacki D., Dams D., Holenderski L., Sidorova N. Model checking SDL with
Spin. Proc. TACAS/ETAPS 2000. Lect. Notes Comput. Sci. — 2000. — Vol.
1785. — P. 363-377.

Bozga M., Graf' S., Ober Il., Ober Iu., Sifakis J. The IF toolset. Proc. SFM-RT
2004. Lect. Notes in Comp. Sci. — 2004. — Vol. 3185. — P. 237-267.
Grammes R., Gotzhein R. SDL Profiles — Formal Semantics and Tool Support.
Proc. FASE 2007. Lect. Notes in Comp. Sci. — 2007. — Vol. 4422. — P.
200-214.

Holzmann, G.J.: The SPIN model checker. Primer and Reference Manual.-
Addison-Wesley, 2004.

Nepomniaschy V.A., Shilov N.V., Bodin E.V., Kozura V.E. Basic-REAL:
integrated approach for design, specification and verification of distributed
systems. Proc. IFM 2002. Lect. Notes Comput. Sci. — 2002. — Vol. 2335. —
P. 69-88.

34



15. Showk A., Szczesny D., Traboulsi Sh., Badr 1., Gonzalez E., Bilgic A.
Modeling LTE Protocol for Mobile Terminals Using a Formal Description
Technique. Proc. SDL 2009. Lect. Notes in Comp. Sci. — 2009. — Vol.
5719. — P.222-238.

16. Sidorova N., Steffen M. Verifing Large SDL-Specifications Using Model
Checking. Proc. SDL 2001. Lect. Notes in Comp. Sci. — 2001. — Vol. 2078.
— P. 403-420.

17. Specification and Description Language (SDL). — CCITT, Recommendation
Z.100, 1988.

NPUJIOKEHHE 1.
KOHTEKCT CIEHU®UKALIUHU «CETbh KACC» HA SA3BIKE SDL

SYSTEM All;
BLOCK Passengers and Terminals;
SIGNAL
station  (integer), /*cuUrHai ¢ HOMEPOM CTaHIMU™*/
coin (integer), /*cymma, OmyIieHHas B MOHETOIIPHEMHUK ™/
done, /*curHan 3aBepIICHAs AeUCTBUS*/
sum (integer), /*curman ¢ TpeOyeMoil  CTOMMOCTBIO
Ounera*/
kill (integer),/*curnan o 3aBepuIeHUH PabOTHI C TEpPMHUHA-
oM N*/

init_pas (integer, integer, integer),/*cursan o mpmuxoje macca-
KHpa OT OKpYKeHHus*/

init (integer, PId, integer, integer),/* curnan MHUIMAIN3A-
LMY ACCAXHUPA I PAOOTHI ¢ KOHKPETHBIM TEPMUHAIOM */

light (integer),/*curHan ¢ nHpOpMaNKEH O CTOMMOCTH Ou-
nera*/

ticket (integer),/*curnan o Beigaye 6mnera™/

ready_for job, /*cHTHAJ TOTOBHOCTH TepMHUHANA K padore™/

no_ticket, /*curHain o0 OTCyTCTBHU OMIeToB™/

passenger_id  (PId), /*curHan ¢ WACHTU(PHUKATOPOM Iacca-
xupa*/

return (integer),/*curHan 06 oTMeHe oreparumn’™/

ready, /*curHain o BKIIFOUEHUH TepMUHaIa*/

press_start; /¥curHan o Havaje ceaHca CBS3M Iacca-

XKHpa ¢ TepMUHATOM ™/
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/¥KaHaJl OT OKPYXEHHs K O4Yepelr, 0 KOTOPOMY MPUXOJUT WH(OpMAIHsA O HO-
BBIX Iaccakxupax*/
SIGNALROUTE e2q
FROM ENV TO queue WITH init_pas;
/*KaHall THAITHATN3AIIH U TEHHUIAAIA3AINH TTacCaKUPOB*/
SIGNALROUTE init_and killing_passenger
FROM queue TO passenger WITH init;
FROM passenger TO queue WITH kill;
/*kaHan s oToOpaxeHuss HHPpOPMAITUH O HATHYNH U CTOMMOCTH OMIIETOB*/
SIGNALROUTE indicator
FROM terminal TO passenger WITH light,
no_ticket,ready for job;
/*KaHal s MOHETONpHUeMHHKa ™/
SIGNALROUTE slot
FROM passenger TO terminal WITH coin;
/*kaHan i nepenadd MHGOPMAIMK O Havyalle ceaHca CBSI3HM MAacCaXupa C Tep-
MuHamoM™*/
SIGNALROUTE starting_data
FROM passenger TO terminal WITH press_start;
/*xaHan ayst BBozia TpedyemMoii nHpopManuu naccaxupom™/
SIGNALROUTE buttons
FROM passenger TO terminal WITH station,return,done;
/*KxaHan ayst BeIauu OuneToB*/
SIGNALROUTE booking
FROM terminal TO passenger WITH ticket;
/*KaHal Ay CBSI3M TePMHUHAJIA C TJIABHOW MAIIuHON*/
SIGNALROUTE t2m
FROM terminal TO main_machine WITH station, return;
/*KaHaI s CBSI3U TNIABHOW MAIIMHBI C TEPMUHAIOM*/
SIGNALROUTE m2t
FROM main_machine TO terminal WITH sum, no_ticket;
/*KaHaJ U1 MHUIUATN3aluy TepMuHana */
SIGNALROUTE t2q
FROM terminal TO queue WITH ready;
NEWTYPE arr_int
array (integer, integer)
ENDNEWTYPE arr_int;
PROCESS queue REFERENCED;/*ouepens*/
PROCESS main_machine REFERENCED;/*rnaBnas Mmamuna*/
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PROCESS passenger(0,10) REFERENCED;/*nmaccaxupsr*/
PROCESS terminal(5,5) REFERENCED:;/*Tepmunansr*/

PROCEDURE Save Pass REFERENCED;/*npouexypa coxpaHeHUs
maccaxupa B ouepean™/

PROCEDURE Sdvig REFERENCED;/*nporienypa caBura odepean
Ha 1%/

ENDBLOCK Passengers and Terminals;
ENDSYSTEM All;

HPUIOXEHHUE 2.
CHEIIU®UKALIUSA «CETh KACC-TEPMHUHAJIOB» HA SI3bIKE DREAL-EX

bufferdpassenger ch irw

m - }

quenelpassenger ch passengerdterranal ch
guenedpassenger choin

¥ bufferdpassenger ch

Eﬂmuh—. buffer buffer2teruinal ch

& ry terminaldpassenger ch

terminaldmain rmachine ch
mnain rnachine2terminal ch
erinaldguene ch

terrinal
bufferlimain_machine ch

Passengers and Terrninal

Puc. 9. O6mas cnenuuKanys yrnpasieHUs CEThIO KacC-TePMUHAJIOB, IPEICTaBICHHAs Ha
si3pike AREAL
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/* Sdl to Real Translater*/
All: BLOCK

Passengers_and_Terminals: BLOCK

TYPE int_arr__revealed IS
integer ARRAY OF integer.
TYPE integer__revealed IS
PId ARRAY OF integer.
TYPE arr_int IS

integer ARRAY OF integer.

PR VAR expences
int_arr__revealed.
PR VAR ticket t

int_arr__revealed.
PR VAR wants ticket OF
ger__revealed.
PR VAR gotten ticket OF
ger__revealed.
INN UNB QUEUE CHN
nal2queue_ch
FOR ready
WITH PAR pl OF PId;
FOR init_terminal
WITH PAR p1 OF PId.
INN UNB QUEUE
main_machine2terminal ch
FOR sum
WITH PAR p1 OF integer,
WITH PAR p2 OF PId;
FOR no_ticket
WITH PAR pl OF PId.
INN UNB QUEUE CHN
er2main_machine ch
FOR station
WITH PAR p1 OF integer,
WITH PAR p2 OF Pld;
FOR return
WITH PAR pl OF integer,
WITH PAR p2 OF PId.
INN UNB QUEUE CHN
nal2main_machine ch
FOR station
WITH PAR p1 OF integer,
WITH PAR p2 OF PId;
FOR return
WITH PAR pl OF integer,
WITH PAR p2 OF PId.
INN UNB QUEUE CHN
er2terminal_ch

OF

OF

inte-

inte-

termi-

CHN

buff-

termi-

buff-
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FOR sum

WITH PAR p1 OF integer,

WITH PAR p2 OF PId;

FOR no_ticket

WITH PAR pl OF PId;

FOR press_start

WITH PAR pl OF PId;

FOR coin

WITH PAR pl OF integer,

WITH PAR p2 OF PId;

FOR done

WITH PAR pl OF PId;

FOR return

WITH PAR pl OF integer,

WITH PAR p2 OF PId;

FOR station

WITH PAR pl OF integer,

WITH PAR p2 OF PId.
INN UNB QUEUE CHN passen-

ger2terminal ch

FOR station

WITH PAR pl OF integer,

WITH PAR p2 OF PId;

FOR return

WITH PAR pl OF integer,

WITH PAR p2 OF PId;

FOR done

WITH PAR pl OF PId;

FOR coin

WITH PAR pl OF integer,

WITH PAR p2 OF PId;

FOR press_start

WITH PAR p1 OF PId.
INN UNB QUEUE CHN termi-

nal2passenger_ch

FOR change

WITH PAR pl OF integer,
WITH PAR p2 OF PId;
FOR light

WITH PAR pl OF integer,
WITH PAR p2 OF PId;
FOR no_ticket

WITH PAR pl OF PId;
FOR ready_for_job

WITH PAR pl OF PId;
FOR success

WITH PAR pl OF PId;
FOR ticket



WITH PAR p1 OF integer,
WITH PAR p2 OF PId.
INN UNB QUEUE CHN passen-
ger2queue_ch
FOR kill_pas
WITH PAR pl OF integer,
WITH PAR p2 OF PId.
INN UNB QUEUE CHN buff-
er2passenger_ch
FOR change
WITH PAR pl OF integer,
WITH PAR p2 OF PId;
FOR light
WITH PAR pl OF integer,
WITH PAR p2 OF Pld;
FOR no_ticket
WITH PAR p1 OF PId;
FOR ready for job
WITH PAR pl OF Pld;
FOR success
WITH PAR pl OF PId;
FOR init
WITH PAR pl OF integer,
WITH PAR p2 OF PId,
WITH PAR p3 OF integer,
WITH PAR p4 OF integer,
WITH PAR p5 OF Pld;
FOR ticket
WITH PAR pl OF integer,
WITH PAR p2 OF PId.
INN UNB QUEUE
queue2passenger_ch
FOR init
WITH PAR pl OF integer,
WITH PAR p2 OF PId,
WITH PAR p3 OF integer,
WITH PAR p4 OF integer,
WITH PAR pS5 OF PId.
INN UNB QUEUE CHN buff-
er2queue_ch
FOR ready
WITH PAR p! OF PId;
FOR init_terminal
WITH PAR pl OF PId;
FOR init_pas
WITH PAR pl OF integer,
WITH PAR p2 OF integer,
WITH PAR p3 OF integer,
WITH PAR p4 OF PId;

CHN
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FOR kill_pas

WITH PAR pl OF integer,

WITH PAR p2 OF PId.
INP UNB QUEUE

ENV2queue ch

FOR init_pas

WITH PAR p1 OF integer,
WITH PAR p2 OF integer,
WITH PAR p3 OF integer,
WITH PAR p4 OF PId.

CHN

FROM  terminal
nal2queue_ch TO buffer.
FROM main_machine
main_machine2terminal_ch TO buffer.

FROM buffer CHN buff-
er2main_machine_ch TO main_machine.
FROM  terminal CHN  termi-
nal2main_machine ch TO buffer.
FROM buffer CHN
er2terminal_ch TO terminal.
FROM  passenger
ger2terminal_ch TO buffer.
FROM  terminal
nal2passenger ch TO buffer.
FROM  passenger
ger2queue_ch TO buffer.
FROM buffer CHN
er2passenger_ch TO passenger.
FROM queue
queue2passenger_ch TO buffer.
FROM buffer CHN buffer2queue ch
TO queue.
FROM ENV CHN ENV2queue ch
TO buffer.

CHN termi-

CHN

buff-

CHN  passen-

CHN termi-

CHN passen-

buff-

CHN

buffer: PROCESS
PR VAR TARGET PID OF PId.

TRANSITION read_signal

READ ready(TARGET_PID) FROM
terminal2queue_ch

FROM NOW TO INF

JUMP write_ready queue_ch.

TRANSITION read_signal

READ init_terminal(TARGET_PID)
FROM terminal2queue ch

FROM NOW TO INF



JUMP write_init_terminal queue ch.

TRANSITION read_signal
READ
sum(pl_integer, TARGET PID)
main_machine2terminal ch
FROM NOW TO INF
JUMP write_sum_terminal_ch.

FROM

TRANSITION read_signal

READ no_ticket(TARGET_PID)
FROM main_machine2terminal_ch

FROM NOW TO INF

JUMP write no_ticket_terminal ch.

TRANSITION
write_station_main_machine ch

WHEN (TARGET_PID <> Null)

WRITE station(p1_integer, SENDER)
INTO buff-
er2main_machine_ ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_station_main_machine ch

WHEN (TARGET_PID = Null)

WRITE station(pl_integer, SENDER)
INTO buffer2main_machine ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_return_main_machine_ch

WHEN (TARGET _PID <> Null)

WRITE return(pl_integer,SENDER)
INTO buff-
er2main_machine ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_return_main_machine_ch

WHEN (TARGET_PID = Null)

WRITE return(pl_integer, SENDER)
INTO buffer2main_machine ch

FROM NOW TO NOW

JUMP read_signal.
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TRANSITION read_signal

READ sta-
tion(pl_integer, TARGET PID) FROM
terminal2main_machine ch

FROM NOW TO INF

JUMP
write_station_main_machine_ch.

TRANSITION read_signal

READ re-
turn(p1_integer, TARGET_PID) FROM
terminal2main_machine ch

FROM NOW TO INF

JUMP
write_return_main_machine_ch.

TRANSITION
write_sum_terminal ch

WHEN (TARGET_PID <> Null)

WRITE  sum(pl_integer,SENDER)
INTO buffer2terminal ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_sum_terminal ch

WHEN (TARGET_PID = Null)

WRITE  sum(pl_integer,SENDER)
INTO buffer2terminal ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_no_ticket terminal ch
WHEN (TARGET_PID <> Null)
WRITE no_ticket(SENDER) INTO
buffer2terminal ch[TARGET PID]
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_no_ticket terminal ch
WHEN (TARGET_PID = Null)
WRITE no_ticket(SENDER) INTO
buffer2terminal ch
FROM NOW TO NOW
JUMP read_signal.



TRANSITION
write_press_start_terminal ch

WHEN (TARGET_PID <> Null)

WRITE press_start(SENDER) INTO
buffer2terminal ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_press_start_terminal ch

WHEN (TARGET_PID = Null)

WRITE press_start(SENDER) INTO
buffer2terminal ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_coin_terminal ch

WHEN (TARGET _PID <> Null)

WRITE  coin(pl_integer,SENDER)
INTO buffer2terminal ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_coin_terminal ch

WHEN (TARGET_PID = Null)

WRITE  coin(pl_integer,SENDER)
INTO buffer2terminal ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_done_terminal ch

WHEN (TARGET_PID <> Null)

WRITE done(SENDER) INTO buft-
er2terminal ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_done_terminal _ch

WHEN (TARGET_PID = Null)

WRITE done(SENDER) INTO buft-
er2terminal_ch

FROM NOW TO NOW

JUMP read_signal.
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TRANSITION
write_return_terminal ch

WHEN (TARGET _PID <> Null)

WRITE return(pl_integer,SENDER)
INTO buffer2terminal ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_return_terminal _ch

WHEN (TARGET _PID = Null)

WRITE return(pl_integer,SENDER)
INTO buffer2terminal ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_station_terminal _ch

WHEN (TARGET _PID <> Null)

WRITE station(p1_integer, SENDER)
INTO buffer2terminal ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_station_terminal_ch

WHEN (TARGET_PID = Null)

WRITE station(p1_integer,SENDER)
INTO buffer2terminal ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION read_signal

READ sta-
tion(pl_integer, TARGET PID) FROM
passenger2terminal_ch

FROM NOW TO INF

JUMP write_station_terminal ch.

TRANSITION read_signal

READ re-
turn(pl_integer, TARGET PID) FROM
passenger2terminal_ch

FROM NOW TO INF

JUMP write_return_terminal ch.

TRANSITION read_signal
READ done(TARGET_PID) FROM
passenger2terminal_ch



FROM NOW TO INF
JUMP write_done_terminal_ch.

TRANSITION read_signal
READ
coin(pl_integer, TARGET PID)
passenger2terminal_ch
FROM NOW TO INF
JUMP write_coin_terminal ch.

FROM

TRANSITION read_signal

READ  press_start(TARGET_PID)
FROM passenger2terminal_ch

FROM NOW TO INF

JUMP write press_start_terminal_ch.

TRANSITION read_signal
READ
change(p1_integer, TARGET_PID)
terminal2passenger ch
FROM NOW TO INF
JUMP write _change_passenger ch.

FROM

TRANSITION read_signal
READ
light(pl_integer, TARGET PID)
terminal2passenger_ch
FROM NOW TO INF
JUMP write_light passenger ch.

FROM

TRANSITION read_signal

READ no_ticket(TARGET_PID)
FROM terminal2passenger ch

FROM NOW TO INF

JUMP write no_ticket passenger ch.

TRANSITION read_signal

READ ready for job(TARGET PID)
FROM terminal2passenger_ch

FROM NOW TO INF

JUMP
write_ready_for job_passenger ch.

TRANSITION read_signal

READ success(TARGET_PID)
FROM terminal2passenger ch

FROM NOW TO INF

JUMP write_success_passenger ch.
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TRANSITION read_signal

READ tick-
et(pl_integer, TARGET PID) FROM termi-
nal2passenger_ch

FROM NOW TO INF

JUMP write_ticket passenger ch.

TRANSITION read_signal

READ
kill_pas(pl_integer, TARGET PID) FROM
passenger2queue_ch

FROM NOW TO INF

JUMP write_kill pas_queue_ch.

TRANSITION
write_change passenger ch
WHEN (TARGET_PID <> Null)
WRITE change(pl_integer, SENDER)
INTO buffer2passenger ch[TARGET PID]
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_change passenger ch
WHEN (TARGET_PID = Null)
WRITE change(pl_integer, SENDER)
INTO buffer2passenger ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_light passenger ch
WHEN (TARGET_PID <> Null)
WRITE  light(pl_integer, SENDER)
INTO buffer2passenger ch[TARGET PID]
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_light passenger ch
WHEN (TARGET_PID = Null)
WRITE  light(pl_integer, SENDER)
INTO buffer2passenger ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_no_ticket passenger ch
WHEN (TARGET_PID <> Null)



WRITE no_ticket(SENDER) INTO
buffer2passenger ch[TARGET_PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_no_ticket passenger ch
WHEN (TARGET_PID = Null)
WRITE no_ticket(SENDER) INTO
buffer2passenger ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_ready for job passenger ch
WHEN (TARGET_PID <> Null)
WRITE ready_for job(SENDER)
INTO buffer2passenger ch[TARGET_PID]
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_ready for job passenger ch
WHEN (TARGET _PID = Null)
WRITE ready for job(SENDER)
INTO buffer2passenger ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_success_passenger ch

WHEN (TARGET_PID <> Null)

WRITE  success(SENDER) INTO
buffer2passenger ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_success_passenger _ch

WHEN (TARGET PID = Null)

WRITE  success(SENDER)
buffer2passenger ch

FROM NOW TO NOW

JUMP read_signal.

INTO

TRANSITION
write_init_passenger_ch
WHEN (TARGET_PID <> Null)
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WRITE
init(pl_integer,p2 PId,p3_integer,p4_integer
,SENDER) INTO buff-
er2passenger ch[TARGET _PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_init_passenger ch
WHEN (TARGET_PID = Null)
WRITE
init(pl_integer,p2 PId,p3 integer,p4 integer
,SENDER) INTO buffer2passenger ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_ticket passenger ch
WHEN (TARGET_PID <> Null)
WRITE ticket(pl_integer,SENDER)
INTO buffer2passenger ch[TARGET_PID]
FROM NOW TO NOW
JUMP read_signal.

TRANSITION
write_ticket passenger ch
WHEN (TARGET_PID = Null)
WRITE ticket(pl_integer,SENDER)
INTO buffer2passenger ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION read_signal
READ
init(pl_integer,p2 Pld,p3_integer,p4_integer
,TARGET PID) FROM queue2passenger_ch
FROM NOW TO INF
JUMP write_init_passenger ch.

TRANSITION write_ready queue ch

WHEN (TARGET_PID <> Null)

WRITE ready(SENDER) INTO buff-
er2queue_ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION write_ready queue ch
WHEN (TARGET _PID = Null)



WRITE ready(SENDER) INTO buff-
er2queue _ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_init_terminal_queue_ch

WHEN (TARGET_PID <> Null)

WRITE init_terminal(SENDER) IN-
TO buffer2queue ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_init_terminal_queue_ch

WHEN (TARGET _PID = Null)

WRITE init_terminal(SENDER) IN-
TO buffer2queue ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_init_pas_queue ch
WHEN (TARGET _PID <> Null)

WRITE
init_pas(pl_integer,p2_integer,p3_integer,S
ENDER) INTO buff-
er2queue_ch[TARGET PID]

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_init_pas_queue ch

WHEN (TARGET_PID = Null)

WRITE
init_pas(pl_integer,p2_integer,p3_integer,S
ENDER) INTO buffer2queue ch

FROM NOW TO NOW

JUMP read_signal.

TRANSITION
write_kill pas_queue ch
WHEN (TARGET _PID <> Null)
WRITE
kill pas(pl_integer, SENDER) INTO buft-
er2queue_ch[TARGET PID]
FROM NOW TO NOW
JUMP read_signal.
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TRANSITION
write_kill_pas _queue ch
WHEN (TARGET_PID = Null)
WRITE
kill pas(pl_integer, SENDER) INTO buff-
er2queue _ch
FROM NOW TO NOW
JUMP read_signal.

TRANSITION read_signal
READ
init_pas(pl_integer,p2_integer,p3 integer,T
ARGET_PID) FROM ENV2queue ch
FROM NOW TO INF
JUMP write_init pas_queue_ch.
END; /* buffer */

queue: PROCESS

PROCEDURE
Sdvig(Sdvig_s st i,Sdvig s t n i,Sdvig s
psum_i,Sdvig_s st i1,Sdvig s t n_il,Sdvig
_s_psum_il);

Sdvig_s st i:=Sdvig_s_st il;

Sdvig s t n i:=Sdvig s t n il;

Sdvig_s psum_i:=Sdvig s psum il;

END PROCEDURE

PROCEDURE
Save Pass(Save Pass_st,Save Pass_psum,S
ave Pass terminal num,Save Pass last,Sav
e Pass s st last,Save Pass s t n last,Save
_Pass_s psum_last);

Save Pass_last:=Save Pass_last+1;

Save Pass s st last:=Save Pass_st;

Save Pass s t n_last:=Save Pass terminal
num;

Save Pass s psum last:=Save Pass psum;
END PROCEDURE

TYPE arr_pid IS

PId ARRAY OF integer.

TYPE arr IS

integer ARRAY OF PId.

PR VAR SENDER_PID OF PId.
PR VAR i OF integer.



PR VAR last OF integer.

PR VAR terminal_count OF integer.

PR VAR terminal_num OF integer.

PR VAR MAX_TERMINAL OF inte-
ger.

PR VAR MAX PASSENGER OF in-
teger.

PR VAR st OF integer.

PR VAR psum OF integer.

PR VAR count OF integer.

PR VAR pid_to_idx OF arr_pid.

PR VAR s_st OF arr_int.

PR VAR s t n OF arr_int.

PR VAR s_psum OF arr_int.

PR VAR terminal_busy OF arr_int.

PR VAR terminal_inst OF arr.

TRANSITION Start_rl
EXE count:=0;
last:=0;
terminal_count:=0;
MAX_TERMINAL:=3;
terminal_busy[1]:=2;
terminal_busy[2]:=2;
terminal_busy[3]:=2;
terminal_inst[1]:=Null;
terminal_inst[2]:=Null;
terminal_inst[3]:=Null;
FROM NOW TO NOW
JUMP look__rl.
TRANSITION look_ 1l
READ init_terminal(SENDER PID)
FROM buffer2queue ch
FROM NOW TO INF
JUMP look _ X1.

TRANSITION look X1
EXE
nal_count:=terminal_count+1;

termi-

pid_to_idx[SENDER PID]:=terminal count;
termi-

nal_inst[terminal count]:=SENDER_PID;
termi-

nal num:=pid_to_idx[SENDER_PID];
FROM NOW TO NOW
JUMP look__rl.
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TRANSITION look 1l

READ ready(SENDER_PID) FROM
buffer2queue_ch

FROM NOW TO INF

JUMP look  X2.

TRANSITION look X2
EXE i:=1;
termi-

nal num:=pid_to idx[SENDER_PID];
terminal_busy[terminal_num]:=0;
FROM NOW TO NOW
JUMP Loop__ 1l.

TRANSITION Loop__ rl
EXE SKIP

FROM NOW TO NOW
JUMP begin_decision__1.

TRANSITION begin_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP look 1.

TRANSITION look 1
WHEN (i<=last)EXE SKIP
FROM NOW TO NOW
JUMP begin_decision__ 2.

TRANSITION begin_decision__ 2
EXE SKIP

FROM NOW TO NOW

JUMP look_ 2.

TRANSITION look 2

WHEN (s_t_n[i]=terminal num)EXE
st:=s_st[i];

psum:=s_psum[i];

FROM NOW TO NOW

JUMP Loop2__rl.

TRANSITION Loop2 1l
EXE SKIP

FROM NOW TO NOW
JUMP begin_decision__3.

TRANSITION begin_decision__ 3
EXE SKIP
FROM NOW TO NOW



JUMP look_ 3.

TRANSITION look 3

WHEN (i<last)EXE CALL
Sdvig(s_st[i],s_t n[i],s_psum[i],s_st[i+1],s_t
_n[i+1],s_psum[i+1]);

i=itl;

FROM NOW TO NOW

JUMP Loop2_ 1l.

TRANSITION look 3
WHEN (NOT (i<last))EXE last:=last-

s st[i]:=0;

s t n[i]:=0;

s _psum[i]:=0;

FROM NOW TO NOW
JUMP end_decision_ 3.

TRANSITION end_decision__3
CREATE PROCESS passenger
FROM NOW TO NOW

JUMP look_ 3 X3.

TRANSITION look_ 3_ X3
EXE

nal_busy[terminal_num]:=1;
FROM NOW TO NOW
JUMP look 3 XA4.

termi-

TRANSITION look 3 X4

WRITE
init(st,terminal_inst[terminal num],terminal
num,psum,OFFSPRING) INTO
queue2passenger_ch

FROM NOW TO NOW

JUMP look 3 XS5.

TRANSITION look 3 X5
EXE count:=count+1;
FROM NOW TO NOW
JUMP look__r1l.
TRANSITION look_ 2
WHEN

(s_t_n[i]=terminal num))EXE i:=i+1;
FROM NOW TO NOW
JUMP Loop__rl.

(NOT
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TRANSITION end_decision_ 2
EXE SKIP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION look_ 1

WHEN (NOT (i<=last))EXE SKIP
FROM NOW TO NOW

JUMP look  r1l.

TRANSITION end_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION look_ 1l

READ
init_pas(st,terminal_num,psum,SENDER_PI
D) FROM buffer2queue ch

FROM NOW TO INF

JUMP begin_decision__ 4.

TRANSITION begin_decision__4
EXE SKIP

FROM NOW TO NOW

JUMP look__4.

TRANSITION look_ 4

WHEN (termi-
nal_inst[terminal num]=Null)EXE = CALL
Save Pass(st,psum,terminal num,last,s st[la
st],s_t n[last],s_psum[last]);

FROM NOW TO NOW

JUMP look__r1l.

TRANSITION look_ 2

WHEN (NOT (termi-
nal_inst[terminal_num]=Null))EXE SKIP
FROM NOW TO NOW

JUMP begin_decision__5.

TRANSITION begin_decision__5
EXE SKIP

FROM NOW TO NOW

JUMP look 5.

TRANSITION look__5



WHEN (termi-
nal_busy[terminal num]=0)CREATE PRO-
CESS passenger

FROM NOW TO NOW

JUMP look_ 5 X6.

TRANSITION look 5 X6

WRITE
init(st,terminal_inst[terminal num],terminal
num,psum,OFFSPRING) INTO
queue2passenger_ch

FROM NOW TO NOW

JUMP look_ 5 X7.

TRANSITION look 5 X7
EXE count:=count+1;
terminal_busy[terminal num]:=1;
FROM NOW TO NOW

JUMP look__rl.

TRANSITION look 5

WHEN (NOT (termi-
nal_busy[terminal num]=0))EXE CALL
Save Pass(st,psum,terminal num,last,s_st[la
st],s_t n[last],s_psum[last]);

FROM NOW TO NOW

JUMP look__rl.

TRANSITION end_decision_ 5
EXE SKIP

FROM NOW TO NOW

JUMP end_decision__ 4.

TRANSITION end_decision__4
EXE SKIP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION look 1l

READ
kill_pas(terminal num,SENDER_PID)
FROM buffer2queue ch

FROM NOW TO INF

JUMP look _ X8.

TRANSITION look X8
EXE count:=count-1;
FROM NOW TO NOW
JUMP look _ rl.

END; /* queue */

main_machine: PROCESS
TYPE int_arr IS

integer ARRAY OF integer.

PR VAR SENDER_PID OF PId.
PR VAR st OF integer.

PR VAR summ OF integer.

TRANSITION Start 1l
EXE expences[1]:=10;
expences[2]:=15;
expences[3]:=20;

ticket t[1]:=2;

ticket t[2]:=3;

ticket t[3]:=4;

FROM NOW TO NOW
JUMP main__rl.

TRANSITION main__rl

READ station(st, SENDER_PID)

FROM buffer2main_machine ch

FROM NOW TO INF
JUMP begin_decision__1.

TRANSITION begin_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP main__1.

TRANSITION main__1

WHEN (ticket_t[st]=0)EXE SKIP
FROM NOW TO NOW

JUMP main__1__X1.

TRANSITION main__1_ X1
WRITE  no_ticket(SENDER_PID)

INTO main_machine2terminal_ch

FROM NOW TO NOW
JUMP main__rl.

TRANSITION main__|
WHEN (NOT (ticket_t[st]=0))EXE

ticket t[st]:=ticket_t[st]-1;

FROM NOW TO NOW
JUMP main__1__X2.

TRANSITION main__1_ X2



sum(expences[st], SENDER PID)

WRITE
INTO

main_machine2terminal_ch

FROM NOW TO NOW

JUMP main__rl.
TRANSITION end_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION main__rl
READ return(st, SENDER_PID)

FROM buffer2main_machine ch

ger.

FROM NOW TO INF
JUMP main__ X3.

TRANSITION main__ X3

EXE ticket_t[st]:=ticket t[st]+1;
FROM NOW TO NOW

JUMP main__rl.

END; /* main_machine */

passenger: PROCESS(0,10)

PR VAR SENDER_PID OF PId.
PR VAR terminal pid OF PId.

PR VAR terminal_num OF integer.
PR VAR psum OF integer.

PR VAR summ OF integer.

PR VAR input_summ OF integer.
PR VAR nom OF integer.

PR VAR st OF integer.

PR VAR change summ OF integer.
PR VAR station OF integer.

PR VAR is_terminal_ready OF inte-

TRANSITION Start 1l
EXE nom:=1;

FROM NOW TO NOW
JUMP init pas_rl.

TRANSITION init_pas__rl
READ

init(st,terminal_pid,terminal_num,psum,SEN
DER_PID) FROM buffer2passenger ch

FROM NOW TO INF
JUMP init_pas__ X1.
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TRANSITION init pas X1
EXE wants_ticket[SELF]:=st;
FROM NOW TO NOW
JUMP init_pas_ X2.

TRANSITION init pas_ X2

WRITE press_start(terminal_pid) IN-
TO passenger2terminal_ch

FROM NOW TO NOW

JUMP wait_terminal__rl.

TRANSITION wait_terminal _rl

READ ready for job(SENDER_PID)
FROM buffer2passenger ch

FROM NOW TO INF

JUMP wait_terminal _ XI.

TRANSITION wait_terminal__ X1

WRITE station(st,terminal_pid) INTO
passenger2terminal_ch

FROM NOW TO NOW

JUMP look__r1l.

TRANSITION look_ 1l
READ light(summ,SENDER_PID)
FROM buffer2passenger ch

FROM NOW TO INF

JUMP begin_decision__1.

TRANSITION begin_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP look 1.

TRANSITION look 1
WHEN (summ<=0)EXE SKIP
FROM NOW TO NOW
JUMP look 1 XI.

TRANSITION look 1 X1

WRITE done(terminal pid)
passenger2terminal_ch

FROM NOW TO NOW

JUMP look_ r1l.

INTO

TRANSITION look_ 1

WHEN (NOT (summ<=0))EXE SKIP
FROM NOW TO NOW

JUMP begin_decision_ 2.



TRANSITION begin_decision__ 2
EXE SKIP

FROM NOW TO NOW

JUMP look 2.

TRANSITION look 2

WHEN (psum<summ)EXE SKIP
FROM NOW TO NOW

JUMP look 2 X2.

TRANSITION look 2 X2

WRITE return(st,terminal_pid) INTO
passenger2terminal ch

FROM NOW TO NOW

JUMP get back rl.

TRANSITION get_back 1l
READ
change(change summ,SENDER_PID)
FROM buffer2passenger ch
FROM NOW TO INF
JUMP get back XI.

TRANSITION look 2

WHEN (NOT (psum<summ))EXE
psum:=psum-summ;

FROM NOW TO NOW

JUMP look 2 X3.

TRANSITION look 2 X3

WRITE coin(summ,terminal_pid) IN-
TO passenger2terminal_ch

FROM NOW TO NOW

JUMP look__rl.

TRANSITION end_decision 2
EXE SKIP

FROM NOW TO NOW

JUMP end_decision__1.

TRANSITION end_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION look rl
READ no_ticket(SENDER_PID)
FROM buffer2passenger ch

FROM NOW TO INF
JUMP look X4

TRANSITION look X4

WRITE done(terminal pid) INTO
passenger2terminal_ch

FROM NOW TO NOW

JUMP look _ XS5.

TRANSITION look__ X5

WRITE  kill_pas(terminal_num,Null)
INTO passenger2queue _ch

FROM NOW TO NOW

JUMP no_ticket_ r1l.

TRANSITION no _ticket rl
EXE SKIP

FROM NOW TO NOW
JUMP no_ticket__stop_ 1l.

TRANSITION look 1l

READ success(SENDER_PID)
FROM buffer2passenger_ch

FROM NOW TO INF

JUMP get_change r1l.

TRANSITION get_change 1l
READ
change(change summ,SENDER_PID)
FROM buffer2passenger _ch
FROM NOW TO INF
JUMP get change XI1.

TRANSITION get_back__ X1
EXE psum:=psum+change_summ;
FROM NOW TO NOW

JUMP get back X2.

TRANSITION get back X2

WRITE  done(terminal pid) INTO
passenger2terminal_ch

FROM NOW TO NOW

JUMP get back X3.

TRANSITION get back X3

WRITE  kill pas(terminal num,Null)
INTO passenger2queue_ch

FROM NOW TO NOW

JUMP bad__rl.
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TRANSITION bad__rl
EXE SKIP

FROM NOW TO NOW
JUMP bad__stop__rl.

TRANSITION get_change_ X1
EXE psum:=psum+change_summ,;
FROM NOW TO NOW

JUMP get_ticket  r1l.

TRANSITION get ticket 1l
READ ticket(station,SENDER PID)

FROM buffer2passenger ch

FROM NOW TO INF
JUMP get ticket XI.

TRANSITION get_ticket X1
EXE gotten_ticket[ SELF]:=station;
FROM NOW TO NOW

JUMP get ticket X2.

TRANSITION get_ticket X2
WRITE done(terminal pid) INTO

passenger2terminal _ch

FROM NOW TO NOW
JUMP get_ticket X3.

TRANSITION get ticket X3
WRITE  kill pas(terminal num,Null)

INTO passenger2queue_ch

FROM NOW TO NOW
JUMP good 1l

TRANSITION good__ 1l
EXE SKIP

FROM NOW TO NOW
JUMP good__stop__rl.

TRANSITION no_ticket _stop__ 1l
WHEN TRUE

STOP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION good__stop__rl
WHEN TRUE

STOP

FROM NOW TO NOW

JUMP end of process.

TRANSITION bad__stop__rl
WHEN TRUE

STOP

FROM NOW TO NOW
JUMP end_of process.
END; /* passenger */

terminal: PROCESS(5,5)

PR VAR SENDER_PID OF PId.
PR VAR passenger pid OF PId.
PR VAR nom OF integer.

PR VAR st OF integer.

PR VAR station_price OF integer.
PR VAR input_summ OF integer.

TRANSITION Start_ rl

WRITE  init_terminal(Null) INTO
terminal2queue_ch

FROM NOW TO NOW

JUMP Start_ X1.

TRANSITION Start_ X1

WRITE ready(Null) INTO termi-
nal2queue ch

FROM NOW TO NOW

JUMP main__rl.

TRANSITION main__rl

READ press_start(SENDER_PID)
FROM buffer2terminal_ch

FROM NOW TO INF

JUMP main__XI.

TRANSITION main__ X1
EXE st:=0;
input_summ:=0;

FROM NOW TO NOW
JUMP main__ X2.

TRANSITION main__ X2

WRITE
ready_for job(SENDER_PID) INTO termi-
nal2passenger _ch

FROM NOW TO NOW

JUMP wait _for station__rl.

TRANSITION wait_for station 1l
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READ station(st, SENDER_PID)
FROM buffer2terminal ch

FROM NOW TO INF

JUMP wait_for_station__ X1.

TRANSITION wait_for station_ X1
EXE passenger pid:=SENDER_PID;
FROM NOW TO NOW

JUMP wait_for station_ X2.

TRANSITION wait_for_station__ X2

WRITE station(st,Null) INTO termi-
nal2main_machine ch

FROM NOW TO NOW

JUMP sum_or_ticket  rl.

TRANSITION sum_or ticket rl

READ
sum(station_price,SENDER_PID)
buffer2terminal ch

FROM NOW TO INF

JUMP sum or_ticket X1.

FROM

TRANSITION sum_or_ticket X1

WRITE
light(station_price,passenger_pid)
terminal2passenger_ch

FROM NOW TO NOW

JUMP wait_for coin_ rl.

INTO

TRANSITION wait_for_coin__rl

READ coin(nom,SENDER_PID)
FROM buffer2terminal ch

FROM NOW TO INF

JUMP wait_for_coin__X1.

TRANSITION sum_or ticket rl

READ no_ticket(SENDER_PID)
FROM buffer2terminal_ch

FROM NOW TO INF

JUMP sum_or ticket X2.

TRANSITION sum_or_ticket X2

WRITE no_ticket(passenger pid) IN-
TO terminal2passenger ch

FROM NOW TO NOW

JUMP satisfaction__rl.

TRANSITION satisfaction__ rl
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READ done(SENDER_PID) FROM
buffer2terminal ch

FROM NOW TO INF

JUMP satisfaction__ X1.

TRANSITION wait_for coin X1
EXE input_summ:=input_summ-+nom;
FROM NOW TO NOW

JUMP wait_for coin_ X2.

TRANSITION wait_for_coin__X2

WRITE light(station_price-
input_summ,passenger pid) INTO termi-
nal2passenger ch

FROM NOW TO NOW

JUMP wait_for coin__rl.

TRANSITION wait_for coin__rl

READ done(SENDER_PID) FROM
buffer2terminal_ch

FROM NOW TO INF

JUMP begin_decision__1.

TRANSITION begin_decision__1
EXE SKIP

FROM NOW TO NOW

JUMP wait_for coin__1.

TRANSITION wait_for coin 1

WHEN (in-
put_summs<station_price)EXE SKIP

FROM NOW TO NOW

JUMP wait_for coin__ 1 X3.

TRANSITION wait_for coin__ 1 X3

WRITE light(station_price-
input_summ,passenger_pid) INTO termi-
nal2passenger ch

FROM NOW TO NOW

JUMP wait_for coin__rl.

TRANSITION wait_for coin__1

WHEN (NOT (in-
put_summs<station_price))EXE SKIP

FROM NOW TO NOW

JUMP wait_for_coin__1__ X4.

TRANSITION wait_for coin 1 X4



WRITE success(passenger pid) INTO
terminal2passenger ch

FROM NOW TO NOW

JUMP wait_for coin 1 X5.

TRANSITION wait_for coin_1_ X5

WRITE change(input_summ-
station_price,passenger_pid) INTO termi-
nal2passenger _ch

FROM NOW TO NOW

JUMP wait_for coin__ 1 Xe6.

TRANSITION wait_for coin__ 1 X6

WRITE ticket(st,passenger_pid) INTO
terminal2passenger_ch

FROM NOW TO NOW

JUMP satisfaction__rl.

TRANSITION end_decision__1

EXE SKIP

FROM NOW TO NOW

JUMP end_of process.

TRANSITION wait_for _coin__rl
READ return(st, SENDER_PID)
FROM buffer2terminal_ch
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FROM NOW TO INF
JUMP wait_for coin__ X7.

TRANSITION wait_for_coin__ X7

WRITE
change(input_summ,passenger pid)
terminal2passenger_ch

FROM NOW TO NOW

JUMP wait_for coin__ X8.

INTO

TRANSITION wait_for coin__ X8

WRITE return(st,Null) INTO termi-
nal2main_machine ch

FROM NOW TO NOW

JUMP satisfaction__rl.

TRANSITION satisfaction X1

WRITE ready(Null) INTO
nal2queue_ch

FROM NOW TO NOW

JUMP main__rl.

END; /* terminal */

termi-

END; /* Passengers_and Terminals */
END; /* All */
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