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Pegpepam
Leny pabomur. Hccredosanue 803MOHCHOCHU NPUMEHEHUS MEMOOA POPMATLHO20 OOKA3AMENbCMEA
COOMEEmMcmeus, NPOSPAMMHOU Peanusayuu Mooenu 3a0aHHLIM MpPebosaHuam Ons cucmem, Mooenu
KOMOpbIX MO2ym Obinb NPeOCmAagieHbl 8 8Ude KOHEUHbIX A8IMOMAamos.
Axkmyanshocme. Pazpabomka npoepammuoz2o obecneyerus Ons CUCMEM KOHMPOAA U YNpasieHus Ha
O0HOM U3 NepaulX IMAn08 d3MmMo20 npoyecca npednoidazaem co30aHue Mooenu cucmemsl. Ima Mooensb
CMPOUMCs Ha OCHOBE MEXHUUECKO20 3a0aHUs, CheyuduKayuu u pasiuyHoll anpuopHotl ungopmayuu.
Bonvwas uacmv makux modenei Onsi MeXHUHECKUX CUCMEM, KOMOpble OIKCNAYAMUPYIOMCS HA
COBPEMEHHBIX 00ObIUHBIX NPEeONnpUAmMUAX (KOHBEUEePpHble CUCMeMbl, CUCHEMbl NPOBEMPUBAHUS U M. N.),
Modcem Oblmb ONUCAHA C NOMOWbIO MOOenU KOHeuHnoz2o asmomama. Takas mooenv mogcem Ovimb
UCNONBL3068AHA OISl peuleHus wupokozo kpyea 3aday. Cnedylowum wazom sAeisemcs npocpammuas
peanusayus MoOenu Yeaukom aubo Kakou-mo ee vacmu. B ceaszu ¢ amum 6oznuxaem 3aoaua onpeoenenus
COOMEEMCmauUs NPOSPAMMHOL Peanu3ayuu MoOeu ee UCXOOHOMY ORUCAHUIO.
Pesynomamut. OO0un u3 cnocobos peuienus OAHHOU 3a0ayu — Mo GopmanbHoe O00KA3AMENbCMEo
HAIUyusi y NPOSPAMMHOU MOOeU CEOUCME, KOomopwvle onpedeleHvl 8 cheyugurayuu (onucanuu)
ucxo0Hol modenu. B cmamve na npumepe waxmuoii KoneeuepHoll cucmemvl NOKA3AHO NpUMeHeHUe
Memodd, coCmosAUe20 8 RPOSPAMMHOU Peanu3ayuu MoOeU COOMEEeMCmeyue20 KOHeYHO20 d6MmoMamd,
Gopmuposanuu npeonoroNCceHUll 0 HATUYUU V MOOeIU CEOUCME 6 8ude meopem ¢ UX NoCieoVIowum
00KA3amMenbCmeoM ¢ UCHOb30BAHUEM CREYUATbHBIX NPOSPAMMHBIX CPEOCM.
Bu1600ubi. Hcnonvzosanue opmanvubix memooos 0ns cheyuguxkayuu, paspabomxu u eepupurayuu
NPOSCPAMMHBIX peanuzayutl mooeneli Cucmem 8 COB0KYHHOCMU C Opy2uMu Memooamu Nno360um
ROBBICUMb KAYECHB0 U HAOEIHCHOCTb PA3PAGAMbBIEAEMbIX DeUleHU.

Knwueevie cnosa: wroneunvii asmomam; opmanvroe Ookazamenbcmeo;, mecmupoaHue;
coomeemcmeue cneyugpuKkayuu,; KOppeKmHOCmy peanuzayuu mooeiu; gopmanuzayus mpebosanutl;
Coq; asmomamuszayusi 00KA3ameibCmeda meopem, KOH8euepHas Cucmema uaxmol.

BBenenune. Ha coBpeMeHHBIX TOOBIYHBIX MPEIPUATHSIK OONBIIAs YaCTh TEXHIUYEC-
KHX CHCTEM U TEXHOJIOTHUYECKUX MIPOIIECCOB MOXKET OBITh MPEJCTaBlIeHa B BUIE KOHEU-
Horo aBTomara (manee KA) [1-3]. K HuUM oTHOCATCS KOHBEHEPHBIE CHCTEMBI, TIObEM-
HbIE W BEHTHJISAIMOHHBIC YCTAHOBKH, CHCTEMBI MPOBETPHUBAHUS U JIEra3allvH,
BOZIOOTIUB. OCOOEHHOCTh ATHX CHCTEM COCTOUT B TOM, YTO B HHUX MOXXKHO BBIJCIIUTh
KOHEYHBI Ha0Op COCTOSHUU M ONpEAeNUTh MpaBWia nepexona Mexay Humu. Jlamee
B cTarbe OymeT peanm3oBaHa ujaes (OpManIbHOTO JIOKa3aTeNbCTBA COOTBETCTBUS
MIPOTPaMMHOH peann3aliii MOJIENN 3a/IaHHBIM TPEOOBaHUSAM JUTS TAKOTO THUTIA MOJEIeH
Ha MpUMEPE IIaXTHON KOHBEHEPHON CHCTEMBI.

OpHUM M3 3TanoB pa3pabdOTKH MPOrpPaMMHOIO 00ECHEeYeHUs! CUCTEM KOHTPOJIS U
yIpaBleHHS SIBISETCS CO3AaHUE MOIENU cUcTeMbl [4, 5]. Ota Monmenb MOXKeT OBITh
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IpeACTaBlIeHa SIBHO, B BUE€ Ha0Opa MaTeMaTHYECKUX YPaBHEHUH WM MPOrPaMMHOM
peanu3anuu, 1100 HESIBHO, B BUAE HEKOTOPOTO CJIOBECHOTO OTIMCAHMSL.

Maremaruueckasi MOJNIb TEXHUYECKON CHCTEMBI MOXKET OBITh UCTIONB30BaHa!

— JUTsL TECTUPOBAHHS PEKUMOB PabOThI CHCTEMBI;

— TeHepalyy MPOrpaMMHOTO 00ECIICUCHHST CHCTEMBI YIIPABIICHIS

— IIPOBEPKH KOPPEKTHOCTH PAOOTHI CUCTEMBI B IIpouiecce ee (hyHKIIMOHUPOBAHUS;

— paccienoBaHMs aBapUHHBIX CUTYALMH, BOSHUKIINX IIPH AKCIUTyaTallii CUCTEMBI.

OCHOBOH [ TOCTPOCHUS MOJEIH CUCTEMBI SABJISICTCS TEXHUUECKOE 3a/IaHHE U pa3-
HOTO poJia anpropHas HHPOpMaIHs 0 QYHKIHMOHUPOBAHUH CHCTEM, TIOOOHBIX TAHHOH
(pu3rueckue 3aKOHBI, TEOPETHYECKUE Pa3pabOTKH, SIMIHPUIECKUE POPMYIIBI U T. 11.).

Ilocne pa3paboTKu MOAEIM CHCTEMbl BO3HUKAE€T BOIPOC O €€ KOPPEKTHOCTH,
T. €. HACKOJIbKO OHa aJIeKBaTHA paccMaTpruBaeMoMy (pM3MUECKOMY Iporeccy H(Win)
COOTBETCTBYET TEXHUUECKOMY 3aJaHMIO C OIMCAHNEM JIOTUKH ee paboThl. [lanee B cra-
The OyJeT paccMaTpUBaThCS BTOPOH aCMEeKT MPOBEPKU KOPPEKTHOCTH MOJIEIIH.

Onpenenenne KOPPEKTHOCTH MPOrPaMMHON peaau3anuu Moaeau. Tak Kax Juist
peleHus 3a1a4, 0003HAYCHHBIX pPaHee, MOKHO IMOJB30BaThCs TOJIBKO MPOrpaMMHOMN
peanu3anueil MOAEIN CUCTEMB, a He ee (hOpMaIbHBIM MaTeMaTHIeCKUM NIPECTaBiIe-
HHUEM, TO JUIs ONPEEICHUS] KOPPEKTHOCTH pealin3aliiy PEAIoIaraeTcs UCTI0Ib30BaTh
CIIEIYIOIINE MOAXObI:

— TECTHpOBaHUE (FOHUT-TECTHI, HHTETpallMOHHBIE TECTHI U T. 11.) [6, 7];

— (opmanIbHOE JOKA3aTeNLCTBO TOTO, YTO MOAENb 00JIalaeT CBOIiCTBAMU, KOTOPhIE
onpeaensatoTcs crnenudukanuei [8, 9].

TectupoBaHue MpesrnonaraeT pa3padoTKy HaOOpOB TECTOB, OOLIUI TU3aifH KOTO-
PBIX BBIDJISIAT CICAYIOMIMM 00pa3zoM:

A(xi):: Yis

rae A — mporpaMMHasi MOJEJb CUCTEMbBI JIM €€ KOMIIOHEHTA; X, — BXOJHOE 3HAYECHHE,
A7 KOTOPOTO M3BECTHO, KAKOM JOJKHA OBITh PEAKIMS MOAEIH CUCTEMBI; J; — M3BECT-
Hasl PEaKIMs MOJEIH CUCTEMbI HA BXOJHOE BO3IEHCTBHE X;; == — OIEPALUsA CPABHEHUS
Ha PaBEHCTBO pe3ynbTara paboThl MOAETH U OXKUAAEMOTO PE3yNbTaTa.

Hanpumep, st Moaenu Buza f(x) = x? IporpaMMHasi peajin3anus Ha s3sike Python
MOKET BBITNIACTh TAK:

f=1lambda x: x**2
Jls Tako ()YHKIIMU MOXHO HAIKUCaTh CICHYIONIUN TECT:

def test with const():
assert f(2) == 4

[Tpobnema ¢ 10Ka3aTeNb-CTBOM Yepe3 TECTUPOBAaHHUE: B OONBIIMHCTBE CIIy4acB OHO
HE MO3BOJIAET MOJHOCTHIO MPOKOHTPOIUPOBATH COOTBETCTBHE MPOTrPaMMHOM peanu3a-
UM TOMY, YTO yKa3aHO B crenu¢ukanud. HecMoTps Ha TO 4TO HEKOTOpPbIE MOAEIH
(Hanpumep, KOHEUHbIE aBTOMAaThl) B TEOPHH TO3BOJISIIOT OCYIIECTBUTH MOTHBIHN Tepe-
00p Bcex BO3MOXKHBIX COCTOSIHUI M MIEPEX0/I0B, HAa MPAKTHUKE 3TO BHI3BIBAET 3aTpyAHE-
HUSI BBUIY CIIOKHOCTH Pa3paboTKu Habopa TECTOB, KOTOPBIH Obl 00ECIeuns MOITHOE
MOKPBITHE BCEX BO3MOXHBIX BapHaHTOB. CllelyeT 3aMEeTUTh, YTO COBPEMEHHBIE IPO-
rpaMMHBIEC CPECTBa AJIsl OpraHUu3ali TECTUPOBAHUS MO3BOJISIIOT aBTOMaTH3UPOBAThH
MHOTHE acleKThl 3TOTO Tpoliecca: nepedop BapuaHTOB, FCHEPALIUIO CIyYaliHBIX HA00-
POB JaHHBIX U T. 1. [10-12].
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Bropoii noaxon mpoBepky KOPPEKTHOCTH Pealn3allii MOIEIU — 3TO (OpMaIbHOE
JTOKa3aTeIbCTBO €€ CBOMCTB, ompereNeHHBIX B crernudukanmu [13—18]. OcHoBHOE
OrpaHHYEHHE JAHHOTO PEIICHHS] COCTOUT B TOM, YTO OHO B OOJIBLIECH CTEIICHH IIpUMe-
HUMO JUIsI MoZieJiel, pa3paboTaHHbIX Ha ()YHKLIMOHAIBHBIX S3bIKaX IMPOIpPaMMHPOBa-
Hus. s IpyTUX S3BIKOB 3TO TEOPETUYECKH BO3MOXKHO, HO TSXKEJIO OCYIIECTBUMO Ha
IpakTHKe. BrinoiHeHne nmporpaMmbl, HaMCAHHON Ha (PyHKUHMOHAJIBHOM SI3BIKE, IO
CYTH IPEACTABISAET COO0H BBIYMCICHHUE MAaTEMAaTHYECKOTO BBIPAKEHUS. DTO MO3BOJISIET
(bopManbHO JOKA3bIBaTh CBOWCTBA Takoi mporpammsl. Paspaborka anropurma ¢yHK-
LMOHUPOBAHUS MOAEIH M ONMCAHUE CBOMCTB (TpeOOBaHMI) MOTYT OBITH BBHIIIOJHEHEI
B COOTBETCTBUH C TEXHHMUYECKUM 33aJaHUEM Ha CUCTEMY (MOJEIb).

[IpuBeneHHOE nanee pelieHne OCHOBAaHO Ha 00IEM METOAE AOKa3aTelnbCTBa, KOTO-
PBII HCIIONBb3YeT HEKOTOPBI 0a30BbI HAOOp MCXOMHBIX YTBEP)KIACHUH (AKCHOM) U
(opmaiibHBIE TTpaBwiia BeiBona [19-21].

®opmanuzanusa TpeOOBAHUIl K cCTeMe B COOTBETCTBHM CO cnenupukanuei.
B kadecTBe nmpumepa pacCMOTPUM MOZENb pabOTHI IAXTHOTO KOHBEHepa, KoTopasi oJ-
poOHoO ommcaHa B padote [22]. [lanee npeacTaBiIeHo KPaTKOe OMICAHUE MOJICIIH.

KoHBeiiep MOXXET HaXOAUTHCA B COCTOSHUSIX: OCTaHOBJICH (Sf0p), TOTOB K 3aIlyCKy
(ready), 3anytueH (start) u 3abmoxupoad (block):

ConvState = {stop, ready, start, block}

Ha paboty MomennpyeMoro KoHBeliepa OKa3bIBalOT BIMSHUE CIEAYIOIINE CUTHABI:
CHUTHAJIBI C TATYMKOB KOHTPOJIS ¢X0/1a JCHTHI (ks/) 1 3KCTpEeHHOE OrpaxicHue (€o), CUr-
HaJ aBapuu (avs), TOTOB K 3aITycKy (ps), KHomKH: cTot (bsp), myck (bst) u aBapust (bav).
BX0mHOM CHTHA MOJENIH — 3TO KOPTEXK, COCTOSIIIUHA U3 BCEX MEPEUUCICHHBIX CUTHA-
n0B. KakIp1ii cUrHaun mojiaeTcsi Ha TUCKPETHBIN BXO KOHTPOJIEpa U MOXKET HAXOUTh-
Csl B YETBIPEX COCTOSIHUSAX: 3aMKHYT, PA30MKHYT, KOPOTKOE 3aMBIKaHHE, OOPBIB.

JInist yIpoOIIeHUsT MOJICITH BBIJICITUM JBA COCTOSIHUSA (zMm — 3aMKHYT, 7’Z — PA30OMKHYT):

InSignal = {zm, rz}.

Habops! BceX BO3MOXKHBIX COCTOSIHUHN MEPEYHCICHHBIX paHEEe CUTHAIOB COCTABIIS-
FOT MHOXKECTBO BXOIHBIX CUTHAJIOB.

OYHKIHIO, KOTOPAst OMPEIENIACT COCTOSHUE CUCTEMBI TI0 TIEPEUUCICHHOMY Ha0opy
CUTHAJIOB, OyaeM 00o3Hauarh calcState:

y = calcState(x,z,,...,2,,...,2,),

IZIe X — TEKyIlee COCTOSHMUE CUCTeMBl, x € ConvState; z; — BXOOHBIE CUTHAJIbI CUCTE-
MBI, z; € InSignal; y — COCTOsIHHE KOHBelepa, y € ConvState.

Ha ocHoBe TexHMdeckoro 3aganus (crieuUKaIim) 1 MpaBwl QyHKITMOHUPOBAHUS
KOHBEWEPHOH CHCTEMBI OTIpE/IeTINM €€ CBOWCTBA, Ha 0a3e KOTOphIX OyneT pa3padoraHa
mporpaMMHasi peasu3aliust Mmoaenu. [IpexcraBuM cBOMCTBa B CTIOBECHOH M MareMaru-
4yecKor (hOpMYIIMPOBKaX.

Csoticmeo 1. Ecnu monaH X0Ts ObI OJIH aBapUHHBINA CUTHAI, TO CHCTEMA TIEPEXOIHT
B coctosare BJIOKMPOBKA:

(avs = zm v bav = zm),Vksl,eo,bsp,bs,bst, state
calcState(state,avs,bav,ksl,eo,bsp, ps,bst) = block,
avs,bav,ksl,eo,bsp, ps,bst € InSignal, state € ConvState
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Csoticmeo 2. Ecny aBapuifHbIN CUTHAJ HeE MTOJIaH U cpaboTalt XOTs OBl OJFH JATYHK,
Hakata KHomKa «CTom» Win HeT curHaia «[0TOB K 3aITyCKy», TO CUCTEMa MePEXOAUT
B coctossune OCTAHOBKA:

(avs =rz Abav =rz) Aksl = zm v eo = zm v bsp = zm v ps =rz),Vstate :
calcState(state,avs,bav,ksl,eo,bsp, ps,bst) = stop,
avs,bav,ksl,eo,bsp, ps,bst € InSignal, state € ConvState

Cesoticmeo 3. Ecnu aBapuiiHBIN CUTHAI HE TTONIaH, HET CPa0OTaBIINX JATYUKOB, €CTh
curHan «['oToB k 3anmycky» u cucrema Haxoautcs B coctosaud OCTAHOBIIEHA, to
oHa nepexonut B coctosinue 'OTOB K 3AITYCKY:

(avs =rznbav=rz Aksl =rz neo =rz Absp =rz A ps = zm Abst = rz A state = stop),
calcState(state,avs,bav,ksl,eo,bsp, ps,bst) = ready,
avs,bav,ksl,eo,bsp, ps,bst € InSignal, state € ConvState

Cesoticmeo 4. Ecnu cucrema Haxoaurcs B coctogaud ' OTOB K 3AITYCKY u Ha-
skata kHonka «Ilyck», To cuctema nepexonut B coctosinue 3AITYIIEHA:

(avs =rzAbav=rz Aksl =rz neo =rz Absp =rz A ps = zm A bst = zm A state = ready),
calcState(state,avs,bav,ksl,eo,bsp, ps,bst) = start,
avs,bav,ksl,eo,bsp, ps,bst € InSignal, state € ConvState

DopMabHOE 10KA3ATeJILCTBO TOTO, YTO JJIA MPOrPAMMHOI peaTn3anuu MOIeIH
BBINOJIHSIIOTCSl YKa3aHHbIe TpedoBaHus. /11 GopmanbHOTO TOKa3aTesCTBa CBOMCTB
CHCTeMBI BOoCTIONb3yeMcst Cog — MHTePaKTHBHBIM TPOTPAMMHBIM CPEACTBOM JIOKA3aTelh-
CTBa TEOPEM, KOTOPOE UCIIONB3yeT COOCTBEHHBIH S3bIK (PYHKIIOHAIBHOTO MTPOTPaMMHUPO-
BaHMsI C 3aBUCUMbIMU TUIaMU [23—-26]. Cog O3BOJISIET 3aMMCHIBATE MATEMATUUECKUE TEO-
PEMBI 1 X JIOKA3aTelbCTBA, MOAU(UIIPOBATh M TIPOBEPSTH MX HA TIPABHIBHOCTb.

Coznanum HaOOp HEOOXOMUMBIX THITOB TaHHBIX:

— COCTOSIHHE KOHBelepa:

Inductive ConvState: Type =
| stop
| start
| ready
| block.

— IMCKPETHBIA CHTHAI:
Inductive InSignal: Type :=
|1z
| zm.

— BCKTOp COCTOSIHUH BXOAHBIX CUTHAJIOB CUCTCMBbI:

Inductive InVectorSignal: Type =
| sg (avs bav ksl eo bsp ps bst: InSignal).
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IToctpoum BcomoratesnbHble (YHKIHMH, KOTOpblE MOHAZOOATCA Ul pealn3aluu
oOmero aaropurma paboThl KOHBeHepa.

OyHKIMS TPOBEPKH TOTO, YTO YKa3aHHBIH HA0Op CUTHAJIOB IEPEBOAUT CHCTEMY B
COCTOSIHHE:

— BJIOKMPOBKA:

Definition isAlarm (inSigs: InVectorSignal): bool :=
match inSigs with
|(sgrzrz
| =>true
end.

) => false

— OCTAHOBKA:

Definition isStop (inSigs: InVectorSignal): bool :=
match inSigs with
|(sg _rzrzrzzm )=>false
| =>true
end.

—T'OTOB K 3AITYCKY:

Definition isReady (inSigs: InVectorSignal): bool :=
match inSigs with
| (sg 1z 1z rZ 1z tz zm 1Z) => true
| =>false
end.

- 3AIIYIIEHA:

Definition isStart (inSigs: InVectorSignal): bool :=
match inSigs with
| (sg 1z 1z rZ 17 1z Zm zm) => true
| =>false
end.

Ucnonb3ys yka3anHble (yHKINHU, IPEICTABUM IIPOrPaMMHYIO Peau3aluio Moie-
JIM CUCTEMBI, KOTOPAsi YYUTHIBACT TEKYLIEE€ COCTOSIHUE CHCTEMBI U BEKTOP BXOIHBIX
CUTHAJIOB:

Definition calcState (state: ConvState) (inSigs: InVectorSignal): ConvState :=
match isAlarm inSigs with
| true => block
| false => match isStop inSigs with
| true => stop
| false => match isStart inSigs with
| true => start
| false => match isReady inSigs, state with
| true, start => start
| true, =>ready
| false, => stop
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end
end
end
end.

Cdopmynupyem CBOCTBa CUCTEMEBI B BHJIE TeopeM Ha si3bike Cog U TOKaKeM UX.
Jokazamenscmeo ceoticmea 1.

Theorem alarmState: forall (avs bav ksl eo bsp ps bst: InSignal),
forall (state: ConvState),
avs =zm V bav = zm
-> calcState state (sg avs bav ksl eo bsp ps bst) = block.
Proof.
intros avs bav ksl eo bsp ps bst state.
intros H.
destruct H as [Havs | Hbav].
- rewrite -> Havs. reflexivity.
- rewrite -> Hbav. destruct avs.
+ reflexivity.
+ reflexivity.

Qed.

okazamenscmeo ceoticmea 2.

Theorem stopState: forall (avs bav ksl eo bsp ps bst: InSignal),
forall (state: ConvState),
(avs =rz A bav=rz) N\
(ksl=zm V eo =zm V bsp =zm V ps =rz)
-> calcState state (sg avs bav ksl eo bsp ps bst) = stop.
Proof.
intros avs bav ksl eo bsp ps bst state. intros [[Havs Hbav] H].
rewrite -> Havs. rewrite -> Hbav.
destruct H. rewrite -> H. reflexivity.
destruct H. rewrite -> H. destruct ksl.
reflexivity. reflexivity.
destruct H. rewrite -> H. destruct ksl. destruct eo.
reflexivity. reflexivity. reflexivity.
rewrite -> H. destruct ksl. destruct eo. destruct bsp.
reflexivity. reflexivity. reflexivity. reflexivity.

Qed.

Jlokazamenvcmeo ceoiicmea 3.

Theorem readyState: forall (avs bav ksl eo bsp ps bst: InSignal),
forall (state: ConvState),
avs=rz/\bav=rzAksl=rz/\Neo=rzAbsp=r1z /A
ps = zm /\ bst = rz /\ state = stop
-> calcState state (sg avs bav ksl eo bsp ps bst) = ready.

Proof.
intros avs bav ksl eo bsp ps bst state HO.
destruct HO as [Havs H1]. rewrite -> Havs.
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destruct H1 as [Hbav H2]. rewrite -> Hbav.

destruct H2 as [Hksl H3]. rewrite -> Hksl.

destruct H3 as [Heo H4]. rewrite -> Heo.

destruct H4 as [Hbsp H5]. rewrite -> Hbsp.

destruct H5 as [Hps H6]. rewrite -> Hps.

destruct H6 as [Hbst Hstop]. rewrite -> Hbst. rewrite -> Hstop.
reflexivity.

Qed.

oxazamenvscmeo ceoiicmea 4.

Theorem startState: forall (avs bav ksl eo bsp ps bst: InSignal),
forall (state: ConvState),
avs=rz/\bav=rz/ A ksl=rzANeo=r1rz/\bsp=1z/
ps =zm A\ bst = zm /\ state = ready
-> calcState state (sg avs bav ksl eo bsp ps bst) = start.

Proof.
intros avs bav ksl eo bsp ps bst state HO.
destruct HO as [Havs H1]. rewrite -> Havs.
destruct H1 as [Hbav H2]. rewrite -> Hbav.
destruct H2 as [Hksl H3]. rewrite -> Hksl.
destruct H3 as [Heo H4]. rewrite -> Heo.
destruct H4 as [Hbsp H5]. rewrite -> Hbsp.
destruct H5 as [Hps H6]. rewrite -> Hps.
destruct H6 as [Hbst Hready]. rewrite -> Hbst.
rewrite -> Hready. reflexivity.

Qed.

BouiBoa. Takum 00pa3om, hopManbHO TOKa3aHO, YTO MOCTPOCHHAS MPOTrpaMMHast
MOJIeNb paboThl KOHBEiepa COOTBETCTBYET 3alaHHBIM TPeOOBaHUSIM. Mojielb CHCTEMBbI —
910 QyHKUMs calcState, ee MOXXHO TIpeoOpa3oBaTh B MPOTPAMMHBIA KOJ Ha SI3bIKAX
Haskell, Ocaml (B HacTosilee BpeMsl CyIIECTBYIOT pa3pabOTKU TPAHCISIIMU KOJa Ha
s3pike Cog B xon Ha si3bike C, Hanpumep https://github.com/akr/codegen). 3To mo3so-
JSIET CO3/1aBaTh MPOrPaMMHbBIC MOIYIH ¢ (POPMAIIBHO JOKa3aHHBIMUA CBOWCTBAMH, KO-
TOpBIC B JajibHEHIIIEM MOTYT OBITh MCIIOIB30BaHbI KAK KOMIIOHEHTBI OOJiee KPYITHBIX
CHCTEM, PELIAIOIINX 3a]a4i, IePEUHCIICHHBIC B Hadase cratbi. OTMETHM, 4TO Tpe-
JaraemMasi B CTaTbe METOIMKA MOXKET MCIIOJIb30BAThCS TS OLICHKH aJIeKBATHOCTH MOJIe-
JH U MOJIEIIUPYEMOT0 OOBEKTa, IIPH ITOM PE3yJIbTaT ONPeeIseTCs JIUIIb TOJTHOTON
NPaBHIBHOCTHIO (HOPMYITHPOBAHHS CaMUX TPEOOBaHMUIA.

B Hauane craTbu OBUIM NEPEYHCIIEHBI CHCTEMBI, SKCIUTYaTHPYEeMbIe Ha JOOBIYHBIX
NPEIIPHUATHSX, U MOJIEIUPOBAHMS KOTOPBIX Xoporo rmoaxoasat KA. [Tomumo HuX
€CTb U JIpyrue: FeOMOHUTOPUHT [27, 28]; CHCTEMBI, B OCHOBE KOTOPBIX JIEXKAT aHAJI0r0-
BBIC MOJIENH (HAIIPUMEp, PErYIHPOBaHUe) U T. IT. HecMOTps Ha TO 4TO OCHOBHBIE acIeK-
TBI paOOTHI TAKUX CHCTEM HE MOTYT OBITH OIMCaHBI ¢ ToMombio KA, psn 3a1a4, Takue
KaK aBTOMaTH4ecKasi OJIOKMPOBKa, 3aINTa, ONPEAEICHHE COCTOSHUS CHCTEMBI, pella-
ercs gepe3 Moaenb KA.

Hpe}lCTaBHeHHBIﬁ B CTAaTbC METOA HE MOXKET HCIIOJIB30BATHCS KaK €ANHCTBECHHOC U
YHHUBEPCAIbHOE CPEICTBO ONPEICIICHUSI KOPPEKTHOCTH MPOrPAMMHOTO 00ECIICUSHHSI.
OH J0KEeH MPUMEHSITHECS COBMECTHO € APYTUMH MeTofaMu. Taxke HeoOX0IUMO oM~
HHUTH, YTO HAJIUMYHUC JOKa3aTCIbCTB CBOMCTB CHUCTEMBI HE J€J1acT €€ aBTOMAaTH4Y€CKU
KOPPEKTHOM, TaK KaK MX COCTaB MOXKET OBbITh HETIOJHBIM, a JIOKa3bIBAEMbIC TIOJIOKEHHS
(JIeMMBI U TEOPEMBI) MOTYT COJIEPKATh OIIMOKH B CBOMX (POPMYIHPOBKAX.
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Formally proving whether the software implementation of models applied
in instrumentation and control systems conform to the specified requirements

Eduard S. Lapin', Marat I. Abdrakhmanov!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research objective is to study the possibility to formally validate whether the model’s sofiware
implementation meets all the specified requirements of the systems, the model of which can be represented
in the form of finite-state automata.
Research relevance. At one of the first stages, the development of software for instrumentation and control
systems provides for the creation of the system model. The model is based on the terms of reference,
specification, and various a priori information. Most of the models for engineering systems in the modern
mining industry (conveyor systems, ventilation systems, etc.) can be described in terms of the finite state
automaton model. Such a model can be applied to solve diverse tasks. The next step is to implement the
model in whole or in part. In this context, the task arises to determine the model s software implementation
conformity to its initial description.
Results. One way to solve the task is to formally prove that the software model possesses the properties which
are provided in the specification (description) of the initial model. By the example of the mine conveyor
system, the paper illustrates the application of the method which consists in the software implementation
of the corresponding finite-state automaton model, forecasting whether the model possesses the properties
through theorems and their subsequent proof by applying special software.
Conclusions. Formal methods of specification, development, and verification of system models’ software
implementation together with other methods make it possible to improve the quality and reliability of
solutions under development.

Keywords: finite-state automaton, formal proof; testing; conformity to specification, model implementation
correctness; requirements formalization, Coq, automated theorem proving; mine conveyor system.
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