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CucremMbl ¢ IpUOPUTETAMM:
KOH()OPMHOCTb, TECTUPOBAHUE, KOMIIO3UIUS

Bypaonos U.b., Kocaues A.C.
HNHuctutyT cucremHoro nporpaMmmupoBanus PAH,
{i1gor,kos}@ispras.ru

AHHOTamusi. B crarbe mnpencraBieH MOAXOJ K MOJIECIUPOBAHUIO KOMIIOHEHTOB
pacnpesiefieHHbIX CHUCTEM, B3aUMOJIEUCTBHE KOTOPBIX IIOCTPOEHO Ha 00paboTKe
COOBITUH C y4eTOM UX MNpUOpUTETOB. HecMOTps Ha MIMpPOKOE HCHOJIB30BAHHE HA
MPaKTUKE MPUOPUTETHOM 0OPaOOTKH 3alpOCOB WJIM COOOIICHHH, MaTeMaTUYECKUE
MOJIEIM B3aWMOJICUCTBUS TaKMX IIporpaMM dalle BCEero abCTparupyrTcs OT
IPUOPUTETOB, BBOJS W3JIMITHUK HEICTCPMUHU3M B OIHUCAaHUE WX TIOBCICHMS.
[IpennoxkeHHbI TMOAXOA TMbBITa€TCA W30€KaTh HSTOTO HEJAOCTaTKa 3a CYeT
ONPEAECIICHHS MapauIeIbHON KOMIIO3UIIMU, MOAEIUPYIOIIEH B3aUMOIAEHCTBUE TAKOTO
poma. OCHOBHOE COJIep)KaHHE CTaTbl — TIOCTpOeHHE (HOPMAIBLHON TEOpUU
TECTUPOBAHUSI KOMIIOHEHTOB, MCIOJIB3YIOIINX MPUOPHUTETH. B paMkax 3Toi Teopuu
BBOJISITCS TTOHSATHE 0€301aCHOTO BBITIOJHEHUS MOJICNIM ¥ OTHOIICHHE KOH(DOPMHOCTH
MEXIYy MOJCISAMH, a TakKKe pacCMaTpPUBAIOTCS BOIMPOCHI TMOCTPOCHUS HaOOpPOB
TECTOB, MPOBEPSIOMNUX KOH(OOPMHOCTD.

BBenenune

B cymecTByromux Teopusx TecTHpoBaHUs KoHpopmHocTH (conformance testing)
IIOIPAa3yMEBACTCSI  OTCYTCTBHE IPHOPUTETOB MEKIY JIEHCTBHSAMH, KOTOpPBIE
TECTUpyeMasi CUCTEMa MOXKET BBINOJIHATh B JaHHOW cuTyauuu [9]. OTo Ha3bIBaeTCs
IPaBUJIOM HEJETEPMUHUPOBAHHOTO BBHIOOpAa Ha BBINOJHEHHE OJHOIO M3 TaKUX
NEeUCTBUM. B TO e BpeMs I pealbHbIX IPOTrPaMMHBIX M aIllIAPATHBIX CUCTEM 3TO
OpaBWJIO HE BCerja aJeKBaTHO OTpakaeT TpeOyeMoe TMOBEACHUE CHCTEMBI.
PaccmoTpuM HECKOJIBKO PUMEPOB.

Boeixon u3 guBeprennumu. [lon nuBepreniel moHUMaeTcsi O€CKOHEYHAs BHYTPEHHSS
aKTUBHOCTbH («3aIlUKJIMBAHUE») CHUCTEMBI. 3ampoc, IMOCTYNAIOIMMNK H3BHE, MOXKET
OECKOHEUYHO JI0JIT0 UTHOPUPOBATHCS CUCTEMOM, €CJIM OH UMEET TOT K€ MPUOPUTET,
YTO BHYTPEHHSSI aKTUBHOCTh. 3aMETHM, YTO BHYTPEHHSSI aKTUBHOCTh MOXKET OBITh
MHULIMUPOBAHA MNPEIBIAYIIUM 3anpocoM. Ecim peub UIET O COCTAaBHOM CHUCTEME,
COOpaHHOM M3 HECKOJIbKMX KOMIIOHEHTOB, TO Takas BHYTPEHHSSI aKTUBHOCTb MOYET
OBITh €CTECTBEHHBIM PE3yJIbTATOM B3aUMOICHCTBUSI KOMIIOHEHTOB MEXKy coboi. U B
ATOM cllydae JiJii oOpaOOTKH 3ampoca, MOCTYMHAIoIIero B CUCTEMY (B OAWH U3 €€
KOMIIOHEHTOB) HW3BHE, OH JOJUKEH MMETh OOJbIIMKA MPUOPUTET, YEM BHYTPEHHEE
B3aUMOJICUCTBHE.
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Beixon w3 ocmwuigimu  (ompuopurer npuéma Haa BeLaayeit). [lox ocmwmngnmeit
MOHUMAETCsl OECKOHEYHAas LIETI0YKa BbIJJauK COOOIIeHHU cucTtemMoil. Jliist Toro, 4To0sI
TaKyl IIEMOYKy MOXHO OBbUIO mpepBaTh, 3acTaBUB CHUCTEMy 00OpabaThIBaTh
MOCTYMHAIOIIUK U3BHE 3aMpOC, MOCICIHUMN JTOJKEH UMETh OOJBIINNA MPUOPUTET, YEM
BbIJIa4a COOOIIECHUI.

[IpuopuTeT BbIAaYM HAJ MPUEMOM B HEOTPAHMYCHHBIX OYEPENsX. DTOT OOpaTHBIM
NpUMEp XapakTepeH [Jii HEOTPAaHWYEHHOW OYepeau, HUCIOJIb3yeMOW B KauecTBE
Oydepa Mex Ty B3aUMOICUCTBYIOIIUMH CUCTEMAaMHU, B YACTHOCTH, NMPU aCHHXPOHHOM
TECTUPOBAHUMU (TECTUPOBAHUU B KOHTEKCTE). 37€Ch HYXKHO, YTOOBI BBHIOOpKA W3
odepeau Oblja MPUOPUTETHEN TOCTAHOBKY B OUepe/ib. B MpOTUBHOM cilydae ouepeapb
UMEeT TMPaBO TOJBKO TMPUHUMATh COOOIICHHS W HUKOTJAa WX HE BbIIaBaTh. [lpu
ACHMHXPOHHOM TECTHUPOBAHUU JIJI1 BXOJHOU OYepe/Id ATO O3HAYAET, YTO BCE BXOHBIC
COOOUIEHMS, TOCHIJIAEMbIE€ TECTOM, HE JOXOASAT JO0 peanu3auuu, OeCKOHEYHO
HakarmBasch B ouepenu. COOTBETCTBEHHO, ISl BBIXOAHOW Oodepenu 3TO O3HAYaerT,
YTO TECT MOXKET HE MOJIy4yaTh HUKAKUX OTBETHBIX COOOIICHUN OT peaju3allvu, XOTs
OHa MX BBIAAET, MOCKOJIbKY OHH «OCEIAI0T» B OUEPEIH.

[IpepbiBanue 1enouku Jneiictuit. Komanma «ormenuth» (cancel) nomkHa
OCTAHABJIMBATh BBINIOJIHEHNUE IIOCIEAOBATEIBHOCTH JEUCTBUM, WHULMUPOBAHHOMN
IPEABIAYIIMM 3alpoCOM, M BbI3bIBATH LEMOYKY 3aBEpLIAOIMX JAeUcTBUU. [Ipm
OTCYTCTBUH NPUOPUTETOB Takas KOMaHJA, Na)X€ €CJIIM OHa BbIJAaHA Cpa3y IOCie
BbIIaYM 3ampoca, UMEET MpaBO OBITh BBINOJHEHA TOJBKO IOCIE TOro, Kak BCA
00paboTKa 3aKOHYUTCS, TO €CTh, (DAKTUIECKU, HUYETO «HE OTMEHSIETY.

[IpuopurerHas o0OpaboTka BXOJHBIX BO3JeHCTBUUA. Eciu B cucreMy MOCTymaer
OJIHOBPEMEHHO HECKOJIbKO 3allpocoB, TO YacTo Tpedyerca ux oOpaboTka B
COOTBETCTBUM C HEKOTOPBIMHU IPUOPUTETAMU MEKY HUMU. DTO YACTO PEATU3YETCS B
BHUJIE OYEPENM 3alpOCOB C IPUOPUTETAMU WM B BHUJE HECKOJBKUX OYepeaci
3aMpocOB C NPUOPUTETAMU MEXay odepensmMu. K 3ToMy Tumy HOpHOPUTETOB
OTHOCUTCA U 00paboTKa anmapaTHbIX NpephIBAHUHN B ONIEPALIMOHHON CHCTEME.

OTcyTCTBHE NMPUOPUTETOB B MOJIEISX MPOrPaMMHBIX M alllapaTHBIX CUCTEM HE JaéT
BO3MOXKHOCTH TPOBEPSTh MPU TECTUPOBAHUU BBINOJHEHHE TeX TpeOOBaHUM K
CUCTEME, KOTOpPbIE MOTYT OBbITh BBIPAXKEHBI TOJBKO B (popME NpUOpUTETOB. B maHHOM
CTaThe MpeiJiaraercs Crnoco0 BBEIEHHUS MPHUOPUTETOB B TEOPHUIO KOH(POPMHOCTH:
CEMaHTHKY B3aUMOJCHCTBHSI U MOJEIb CHCTEMbI, OTHOILIEHHWE KOH()OPMHOCTH,
METO/Ibl T€HEPALIMU TECTOB U ONEPaTOp KOMIO3UIMH (COOPKU COCTABHON CHCTEMBI U3
B3aUMOJICHCTBYIOIIUX MEXAY cO00M KOMIOHEHTOB). Teopusi KoHpopMHOCTH O€3
NPUOPUTETOB KPATKO OMHUCAaHAa B Hamied crathe [4], moapoOHOE H3IOKEHHE C
JI0Ka3aTeNbCTBAMU YTBEPKICHUH COJEPIKUTCS B TUCCEPTALMU OJHOTO U3 aBTOPOB
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JTaHHOM cTaTthbu [7], Teopuss KOH(POPMHOCTH ISl Kiacca, TaK Ha3bIBaeMbIX [Byo-
CEMaHTHK wu3jaraetcs B KHure [6]. 31mech Mbl CHavajga MOBTOPUM OCHOBHBIC
MOJIO’KEHUS ATON TEOPHUH, a 3aTeM MOIUDULIUPYEM UX JUISl CIydasi IPUOPUTETOB.

1. Teopust KOH(POPMHOCTH 0€3 IPUOPUTETOB

1.1. CemaHTHKA B3aMMOJAeHCTBHS U 0€30IIaCHOE TECTUPOBAHUE

Bepudukanus kKoHPOPMHOCTH MOHMMAeTCs Kak  MPOBEpKa  COOTBETCTBHUS
UCCIIEyeMOM CHUCTEMBI 3aJaHHbIM TpeOOBaHUSIM. B MoAenbHOM MHUpE cHUCTeMa
OTOOpakaeTcsi B pEaU3alMOHHYI0O MOJENb (peanu3alnuio), TpeOoBaHHS — B
CHeU(pUKAIUOHHYI0O MOJENb (crneundukaiui), a uX COOTBETCTBUE — B OMHApHOE
oTHomeHue KoHpopmHOocTH. Ecnm TpeOoBaHUS  BBIPAKEHBI B TEPMHHAX
B3aMMOJICUCTBUSI CUCTEMBI C OKPYKAIOIIUM MHUPOM, BO3MOKHO TECTUPOBAHUE KaK
npoBepka KOH(GOPMHOCTH B TIPOIECCE€ TECTOBBIX OSKCIEPUMEHTOB, KOTJa TEeCT
NOJMEHSIET cOO0M OKpyx’eHue cucrembl. CaMo OTHOILIEHHE KOH(OPMHOCTU M €ro
TECTUPOBAHUE OCHOBAHBI HA TOW WJIM MHOM MOJEJN B3aUMOJICHCTBHUS.

Mpg1 Gynem paccMaTpuBaTh TaKue CEMaHTHUKHU B3aUMOJEHCTBUS, KOTOPhIE OCHOBAHBI
TOJIBKO Ha BHEIIHEM, HaOJI0JaeMOM IOBEJICHUM CHUCTEMbl M HE YUYUTHIBAIOT €&
BHYTPEHHEE YCTPOICTBO, OTOOpakaeMoe Ha YpPOBHE MOJICNIA B MOHITHUU COCMOSHUSL.
B »3TOoM ciyuae TroBOpSAT O TECTUPOBAHUU METOJIOM «YEPHOTO SIIUKA» WU
GyHKIIMOHATIFHOM TECTUPOBAHWU. MBI MOXKEM HAOJIOIATh TOJBKO TAKOE TMOBEJICHUE
peanu3anuu, KOTopoe, BO-TIEPBBIX, «CIPOBOIIMPOBAHO» TECTOM (YIpPABICHHUE) U, BO-
BTOPBIX, HA0JF0/1aeéMO BO BHEIIIHEM B3aWMOJICHCTBUU. Takoe B3auMOJICHCTBUE MOXKET
MOJEIUPOBATBCA C TMOMOILIBIO, TaK Ha3blBAEMOW, MAIUHbBI TECTUPOBAHUS
[4,6,7,8,9,14]. Ona mnpexacraBimser coOOW «UYEPHBIN SIIUK», BHYTPH KOTOPOTO
HaxoauTcs peanuzanus (Puc.l). YnpasneHue cBOAUTCS K TOMY, 4UTO OIEpPaTop
MaIllMHbI, BBITOJIHSS TECT (MMOHUMAaEMbI KaK MHCTPYKIUS OMNEpaTopy), HaAKUMAaeT
KaKWe-TO KHOMKM Ha KJIaBUAType MaIlMHbI, «IPUKA3bIBas» WIH «pa3perias
peanu3alnuy BBINOJHATh T€ WJIM UHBIE JEHCTBUS, KOTOPhIE MOTYT UM HaOJIIOAAaThCA.
Habmronenust (Ha «auciuiee» MalllMHbI) OBIBAIOT JBYX THUIIOB: HaOJIOJCHUE
HEKOTOPOTO deticmausi, Pa3peliéHHOr0 ONepaTOpOM U BBIMOJHIEMOTO peaau3aiueH,
1 HaOJIIOICHUE OMKa3a KaK OTCYTCTBHSI KakuX Obl TO HU OBUIO JEWCTBUN M3 yuCla
T€X, YTO pa3peuieHbl HaXaTbIMU KHOMKaMU. Mbl Oynem o0003HauyaTh JEWCTBUS
CTpPOYHBIMU OyKBaMH, a OTKa3bl (KaK MHOXKECTBA JIEHCTBUIA) — MPOIMUCHBIMH.

MawmwnHa TecTnpoBaHuns
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CrenyeT NOAYEpPKHYTh, YTO NIPH YIPABICHUM ONEPATOP pPa3peliacT peann3aluu
BBIIIOJIHATE MMEHHO MHOJKECTBO JCHCTBHI, a HE 0053aTeIbHO OJHO JICHCTBHE.
Hanpumep, npu TeCTUpPOBAaHMM PEAKTUBHBIX CHUCTEM, OCHOBAaHHBIX Ha OOMeEHe
CTUMYJIAMHU M PEAKLMSAMH, TTOCHIJIKA OJJTHOTO CTUMYJIa U3 TECTA B PEATU3ALNIO0 MOXKET
MHTEPIPETUPOBATLCA KaK PpA3pELICHUE pealu3alldd BBINOJHATh TOJBKO OJIHO
JNEUCTBUE — MPUEM 3TOro ctumyna. OIHAKO NPUEM TECTOM OTBETHOW peaKUuu
JOJDKEH O3HA4aTh pa3pelieHre pealn3aluy BblIaBaTh JIOOYI0 PEAKIUIO KaK pa3 Jis
TOTO, 4TOOBI IPOBEPUTH, IPABMIIHHA 3TA PEAKIUS WM HET. MBI Oy/leM CuuTaTh, 4TO
OTIepaTop HaXKMMAeT OJHY KHONKY, HO Ha KHOIIKE «HAIMCaHO», BOOOIIE TOBOPsI, HE
OIHO JIEMCTBHE, a MHOXECTBO pas3pemaeMbix AcucTBuid. Korma mnpoucxoaut
HaOMoieHNe (ICMCTBUE WIIM OTKa3) KHOIKAa aBTOMATHYECKH OT)KHUMAeTCs, U BCE
BHEIIHUE JICMCTBUSL CUMTAIOTCA 3alpelIEHHBIMU. Jlanee oneparop MOKET HaKUMAaTh
JIPYTyIo (WU Ty K€ CaMyl0) KHOIIKY.

B TO ke BpeMs «KHOIOYHOE» MHOXECTBO — 93TO, BOOOIIE TOBOps, HE Jr000e
MMOJMHOKECTBO MHOKECTBA BCEX ACUCTBUI. B Bompoce 0 TOM, KakMe MHOKECTBA
JNEUCTBUU MOTYT pa3peniatbCs TECTOM, a Kakue HET, Cpelud uccleaoBarene
CYyILIECTBYET OOJBIIOE pa3HOOOpa3ue TOoYeK 3peHus. Hampumep, 11 peakTUBHBIX
CHUCTEM OOBIYHO CUUTAETCS, YTO HENb3sl (WM OECCMBICIIEHHO) CMEUIMBATh MOCHUIKY
ctumysiioB ¢ npuémom peakuuit (A Tpurmanc). Ho cymectByer u mpsimo
MIPOTHUBOMOJIOKHBIM MOJXOMA: HEIb3s1 «TOPMO3UTH» BbIJIauy pEaKIMi peanu3alyei,
MOATOMY, Ja)X€ IOChUIasi CTHUMYJ, TECT JOJDKEH OBITh TOTOB K NIPHEMY JIFOOOM
peakiuu (A.®D. ITerpenko B [16]).

Takke ciaemyeT MOAYEPKHYTh, UTO HAOJIOJCHHE OTKa3a BO3MOXHO HE IMpHU JIHO0OM
kHorike. M 37ech pasHble HCCleOBATENN ONUPAIOTCS HAa pa3Hble MPEANOI0KEHHUS.
JUis Tex e pPEeakTHUBHBIX CHUCTEM JOJroe BpEeMs CUYHTAIOCh, YTO TECT MOXKET
HaOJIO/IaTh OTCYTCTBHE peakiuii (QUieSCence, cTarMoOHApHOCTH), HANpUMeEp, IO
TalM-ayTy, HO HE BHJWT, IPUHUMAET peau3auus MOCIAHHBIA €M CTUMYJ WU HET
(input refusal, GioxkmpoBka ctumysna). C apyrod CTOPOHBI, B IOCICIHUE TOJBI
nosiBisgeTcsa Bc€ OoJbile U Ooublie padoT, B KOTOPBIX TaKhe OJOKUPOBKU CTHMYJIOB
JIOITYCKAIOTCS WM JIOIycKaroTes yactuaao [1-6,10,11,12]. Takke u peakiuu, eciu
OHM MPUHUMAIOTCSI TECTOM T10 Pa3HBIM «BBIXOJIHBIM KaHaJlaM», MOYKHO MPUHUMATh HE

BCE, a JIMIIb T€, KOTOPHIC OTHOCATCS K OJHOMY HJIM HECKOJBKHUM BbIOPAHHBIM
kanajiam [10,11].

Wtak, cemMaHTHMKa B3aUMOJECHCTBUSA OIpeEAeNsieTcss TeM, Kakue (B MPHUHIIUIIE)
CYIIECTBYIOT HaOIto/aeMble JCHCTBUS — an(aBUT BHEIIHUX AcHCTBUN L, kakwe
MHOXXECTBa JIEUCTBMM MOXET pa3pemarb TecT — Habop KHOMOK MAaIlMHBI
TECTUPOBAHUS, W JUIsl KaKUX M3 3TUX KHOIMOK HAOII0JIa€Mbl COOTBETCTBYIOIIHE

otka3el — cemeiictBo RCP(L), a mia kakux Her — cemeiictBo LCP(L).
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[lpennonaraercsa, 4yro RNYY=J u VRUUND=L. Takyl0 CEMaHTUKYy MBI

Ha3bIBaeM DR/ -CEMaHTUKOM.

KpoMe BHemHuX, HaOIIOaeMbIX JEUCTBUM peanu3alis MOXET COBEpIaTh
BHYTPCHHHE, HeHaOmogaembie (M, CIEAOBATEIIbHO, HEPA3IUMYUMBIE OINEPATOPOM)
JEHUCTBUS, KOTOPBhIEe 0003HAYAIOTCS CHMBOJIOM T. BBINIOTHEHNE TakuX NEHCTBUN HE
peryiaupyercs onepaTopoM — OHHU Bcerja paspeniessl. [Ipeanonaraercs, uro arobas
KOHEYHAas MOCIe0BaTeIbHOCTD JIFOOBIX IEUCTBHUI COBEPIIAETCS 32 KOHEUHOE BpeEMs,
a OeckoHeuHasl IMOCIEOBAaTEILHOCT — 3a OeckoHeuHoe Bpems. beckoHeunas
MOCJIE0BATEIBLHOCTh T-IEUCTBUN («3aIMKIMBAaHUE») HA3BIBACTCA OusepeeHyuell W
o0o3Havaercs cumBoioM A. Kpome »53Toro Mbel BBOAMM CHEHHMAIBHOE, HE
peryjiupyeMoe KHOIIKaMH, JI€WCTBUE, KOTOPOE HAa3bIBAEM paspyuieHuem W
o0o3HauaeM cuMBoioM Y. OHO Mozenupyer Jr000€ 3amnpeniéHHOEe WM
HEJICKJIADUPOBAHHOE TOBEJICHHE peanu3aiuu. Hampumep, B TepMuHax nOpea- u
MOCTYCJIOBUI, TTOBEJIEHUE MPOrpaMMbl OMPEAENICHO (IMOCTYCIOBUEM) TOJIBKO B TOM
ciIydae, KOT/Ia BBITIOJHEHO TPEayciioBHe oOpalieHus K Heil. Eciu ke mpemyciioBue
HapylIeHO, IOBEACHUE MPOTPAMMBI CUMTAETCA IOJHOCTBIO HEONMPEAECIEHHBIM.
CemaHTHKa pa3pylieHUs MpeJrosaraeT, B 4aCTHOCTH, YTO B pe3yJbTaTre TaKoro
MOBEJICHUS] CUCTEMA MOKET OBbITh pa3pyllieHa.

[Ipu TecTupoBaHUU MBI TOJKHBI U30€raTh BOSHUKHOBEHUSI HEHAOIIOJaeMbIX OTKAa30B
(£Q-0TKa30B), TOMBITOK BBIXOJAA W3 JAMBEPICHIMH W paspyiieHus. Takoe

TECTUPOBaHUE HazbiBaeTca Oe30macHbIM. OMACHOCTh pa3pyIlIeHUs MOJIpa3yMeBAETCs
ero ceMaHTukou. [losicHUM ocTanbHblE Ciiy4au. B 1e10M KX OMacHOCTh O3HAYaeT,
YTO MOCJIC HAKATHUS KHOIMKH ONEPaTOp MOXKET HE MOJYyUYUTh HUKAKOTO HAOJIOICHMUS,
U, HE 3Hasg 00 ATOM, HE MOXKET HU MPOJOJKaTh TECTUPOBAHWE, HU 3aKOHYMUTH €TO.

Ecnu mocite Hakatus kHOKM P Bo3HHKaeT $£)-0TKa3 P, omeparop He 3HaeT, Hy»KHO
T €My TIPOJIOJDKATh KJaTh HAONIOMCHUS BHEIIHETO JEHCTBHS, pa3peni€éHHOrO
HaXKaTOW KHOITKOW, MJIM ATO OECCMBICIICHHO, TOCKOJIBKY MamnHa cTOuT. OJHAaKo
y3HaTh 00 OCTAHOBKE MaAIMHBI OIEpaTOp HE MOXKET, TMOCKOJbKY 3TO Kak pa3
o3Hauajo Obl HaOmoJeHue oTkaza P. Camo 1o cebe¢ BOZHHMKHOBEHHUE JTUBEPTCHIIMH
HE OMAacHO, OJTHAKO, HAXKMMasl IOCJIe ATOTO JI00YI0 KHOMKY, OTiepaTop, He Haboas
BHEIIIHETO JEUCTBUA WM $R-OTKaza (eciaum HaxumaeTcs $PR-KHOIMKA), HE 3HaeT,

CIyYUTCSl JId Takoe HaOJoJeHHe B OyaylieMm, Wiu peanu3anus Tak U Oyner
OECKOHEYHO J0JITO BBIMOJIHATH CBOM BHYTPEHHUE ACHCTBUS.

MOXHO TakKe OTMETUTb, YTO H3-3a BHYTPEHHHMX JCUCTBUN HakaThe mycTtou *R-

KHOMKHU (KHOIKH C IMyCTHIM MHOKE€CTBOM pa3peliaeMbIX JeHCTBUI) HE SKBUBAJICHTHO
OTCYTCTBUIO Ha)XaToW KHOMKU. B 000uxX ciy4asix BCE BHEIIHHE JCHCTBUS
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3alpelieHbl, OJHAKO HAOJIOJEHUE OTKa3a O3HAa4yaeT, 4ToO Omeparop y3Ha€T 00
OCTAaHOBKE MAlIMHBL, KOIZA OHAa HE MOXKET BBINOJNHATh TAKXKE W BHYTPECHHHE
nercteud. Ilycras DR-KHONKAa HE MOXKET BbI3BAaTh PA3pPyLIEHUE MOCIE JIEUCTBUS

(HUKaKOTO JISHCTBHUS OBITH HE MOXET), HO OHA OITACHA, €CJIM €CTh JUBEPICHIINS, KaK U
aro0ast gpyras kHomka. [lycTyro $Q-KHONKY BOOOIIE HUKOTJA HEb3s HaXUMaThb,

MIOCKOJIbKY HUKAKOTO HaOo/eHus ObITh HE MOXXET: BCE BHEIIHUE JEHCTBUS
3aIpeleHbl, a 0TKa3 He HaOroaaeM. [103ToMy MOXKHO CUUTaTh, UTO0 J&L).

1.2. LTS-moaenan u TpaccoBasi MOeJIb

B kadectBe Mojenu peanu3aludd U cHeU(UKAIMUA Mbl HUCIOJNb3YEM CUCeM)
nomeuennvix nepexooos (LTS — Labelled Transition System). LTS - »10
OpPUEHTUPOBAHHBIA Trpad C BBIACICHHOM HayajabHON BEPIIMHOW, JYTH KOTOPOTO
MOMEUYEHbl HEKOTOphIMU cuMBoJiamu. DopmanbHo, LTS — 3TO COBOKYHMHOCTh
S=LTS(Vs,L,Es,So), tme Vs — Hemycroe MHOKECTBO COCTOSHHUI (BEpIIHH
rpada), L — andaBut BHEMIHUX AEHCTBHUI, T — CUMBOJI BHYTPEHHEro JACHCTBUS, 7Y
— cumBoa pasperienns, EscVex(Lu{rt,y})xVs — MHOXeCTBO mepexooB
(momedeHHBIX yT rpada), SpeVs — HayanbHOE COCTOSIHME (HayajbHas BEpPIIMHA
rpada). Ilepexoq u3 COCTOSHMS S B COCTOSHHME S MO JACHCTBHIO Z
0003HavaeTCs S—z—S . O6o03HaYNM S—Z» =g §S° S—2Z—S".
Bremonnenne LTS, momemEéHHOW B «4EpPHBIN SMUK» MAIIAHBI TECTUPOBAHUS,
CBOJMTCS K BBIMOJHEHUIO TOTO WJIM MHOTO TEPEX0J]ia, OMPEACIEHHOTO B TEKYIIEM
COCTOSIHUM W Pa3peniaeMoro HaKaTod KHOMKOHW (T- W Y-TIEpEeXOJbl pa3pernieHbl IpH
HaXaTUM JIIOOOW KHONKUM M TpU OTCYTCTBUM HakaTol KHomMKH). CocTosiHHe
HA3BIBACTCS CMAOUIbHLIM, €CTH B HEM HE ONpPENeNeHBI T- W Y-TIEPEXOIbl, H
OousepeeHmubIM, €CIu B HEM HauMHAeTcs OECKOHEeuHas LeMoyYKa T-epexoioB (B
YaCTHOCTH, T-IMKJ, B TOM uwHclie, t-netis). Otkaz3 P mnopoxknaercs cTaOuIbHBIM
COCTOSIHMEM, B KOTOPOM HET MEPEX0JI0B MO JeHCTBUSIM U3 P.

Jlist mommydenunst Tpace LTS moctaTouno 100aBUTH B KaXKJOM CTAOMIIEHOM COCTOSTHUH
BUPTYaJIbHBIE TIETJIH, TIOMEYCHHBIC MTOPOKIAEMBIMI COCTOSTHUEM OTKa3aMH, a TaKKe
n00aBUTh A-TIEpEXOJbI BO BCEX JUBEPICHTHBIX COCTOSHUAX. llocme aToro
paccMaTpuBarOTCS Bce KOHEYHbIE MapmipyTel LTS, HaunHarommuecs B HaYaIbHOM
COCTOSTHUM W HE TMPOJOJDKAIOIINECS MOcie A- WU y-Tiepexoaa. Tpaccoit Mapmipyra
CUMTAETCS MOCIEAOBATEIHHOCTh TOMETOK €r0 MEPEX00B C MPOIYCKOM T-TIEPEX0IO0B.
Takue Tpaccel Mbl Ha3bIBaeM noHuimu Ui F-mpaccamu, a muoxxectso F-tpacc LTS
S - nonnoit mpaccosoii modenvio win F-moodenvio, n odo3navare F(S). F-tpacca,

BCE OTKa3bl KOTOPOM NMPHUHAIEKAT CEMENCTBY R, Ha3bpIBaeTcs R-Tpaccoi. ITo Te

TPAcChl, KOTOpbIE MOTYT HaONIOJAThCA Ha MAIMHE TECTUpOBaHHS B R/Q)-

6
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cemaHTuke. MHOXkecTBO Bcex PR-Tpacc LTS, To ectp mpoeknus e€ F-monenu Ha
an¢aBUT, COCTOSIIMN M3 BCEX BHEIIHUX JEHCTBHUH, PR-0TKA30B, CHMBOJIOB A U Y,
Ha3bIBaeTCsl HR-MOJIEIbIO, COOTBETCTBYIOIIEH «B3MIAAY» Ha peaausaiuio B SR/LD)-

CCMAaHTHKEC.

1.3. T'unote3a o 6e30macHOCTH U Oe30macHasi KOHGPOPMHOCTD

be3onacHoe TecTupoBaHue, NPEXE BCEro, MpearnoiaraeT (GopManbHOE ONpeaeIICHUE
Ha YPOBHE MOJIEJIM OTHOIICHUS 0€30IMaCHOCTH «KHOIKa 0e30macHa B MOJIEIH TOCIE
SR-Tpacch». [Ipn Oe3omacHOM TECTHUPOBAHUM OYIyT HAXKUMATBCA TOJIBKO

Oe30macHple KHOMKH. OTO OTHOIICHHWE PAa3IMYHO MJs pealu3alluOHHOW U
cnenudukanuonHon mozaeneid. B LTS-peamuzamuu | oTtHOmenue Oe3omnacHocTu

(safe in) o3Hawaer, yTOo HaxkaTHe KHOMKM P mociae $R-Tpacchl G HE MOXKET
O3HaYaTh MOMBITKY BBIXOJA U3 AMBEPreHINH (TTOCIE TPAcChl HET JUBEPICHIINH), HE
MOJKET BBI3bIBATh paspylicHue (IMOcie ACHCTBHS, Pa3peIracMoro KHOMKOW), W He
MOJKET IPUBECTH K HEHAOJI0JaeMOMY O0TKa3y (€CJIH 3TO $£Q-KHOIKA):

P safe,in I after ¢ =g YueP o-(u,y)eF(1) & o-(A)eF(l).

P safein I after o =g P safe,in 1 after o & (PeQ = o (P)eF(1)).

B LTS-cnemudukanmu S otHomeHue 6e3omacHoctH (Safe by) ormmyaercs tombko
JUIS $-KHOIIOK: MbI He TpeOyem, yToObl Tpacca G He IPOAOJIKalach OE30MacCHBIM

$Q-otkazoMm Q, HO TpeOyeM, 4TOOBI OHA MPOAOJDKATIACH XOTS ObI OJHUM JCHCTBHEM
zeQ. Kpome Toro, ecinm neicTBHE pa3pemiaeTcsi XOTs Obl OJHOW Hepa3pylIaroei
$Q-KHOMKOM, TO OHO JOJDKHO pa3pemarbcs KaKoW-HHOYyIb O€30MacHON KHOIIKOH.
Ecmu aT10 Hepazpymaromas $R-KHOMKa, TO OHa ke M Oe3omacHa. Ho ecnu Bce
HepaspylIaIue KHOMKH, pa3pelaroliue JICHCTBUE, SBJSIFOTCS $)-KHOIKAMH, TO

XOTs Obl OJIHA W3 HUX JIOJDKHA OBITh OOBsBIIEHAa Oe3omacHoi. Takoe OTHOIIEHHE
0e30MacHOCTH BCEr/a CYIIECTBYET: JIOCTATOYHO OOBSIBUTH OE€30MAaCHOM KaXIyIo
HEpa3pyLIaollyl0 KHOIKY, pa3pellalonlyl0 JEHCTBUE, NPOJOJHKAIOLIEE Tpaccy.
OpnHako B IIeJIOM yKa3aHHbIe TPeOOBaHUS HEOJHO3HAYHO OIMPEAEISIOT OTHOIICHHE
safe by, u mpu 3amanum cnenmpukanuu yka3pIBa€TCS KOHKPETHOE OTHOIICHUE.

TpeboBanwms k otHomeHuio safe by 3ammceiBatores Tak: VReR Vzel VQe
1)R safeby S after o < R safe,in S after o,
2)3Te T safe,in S after 6 & zeT & o-(z)eF(S)

= dPeRU zeP & P safeby S after o,
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3)Q safeby S after c = Q safe,in S after ¢ & 3IveQ o-(v)eF(S).

be3omnacHocTh KHOMOK OmpesenseT 6e30MacHOCTh ASHCTBHUM U DR-0TKa30B mocie R-

Tpacchl. PR-oTka3 R Oe3omaceH, eciau mocie Tpacchl Oe3omacHa KHomka R.

JetictBue 0€30macHO, €CJIM OHO pa3pelraeTcss HEKOTOPOM KHOMKOM, Oe30rmacHom
nocye Tpacchl. Temepp Mbl MOXKEM OINpPEACIUTbh Oe3onacHvle mpaccwul. PR-Tpacca

Oe3omnacHa, eciau 1) Mozenb He pa3pyllaeTcs C caMoro Hauana (cpa3y mnocie
BKJIFOUEHHMSI MAIIMHBI ené 0 HaKaTus MEPBOM KHOIIKH), TO €CTh B HEMl HET TPaccChl

(y), 2) Kaxaplii CHMBOJ Tpacchl 0e€30IaceH TOCIe HEMOCPEACTBCHHO

IpeAecTByOmero emy mnpedukca Tpacchl. MHOXKeCTBa 0O€30MacHBIX  TPacce
peammzanmn | w conemudukanum S obosnaumm  Safeln(1) wu SafeBy(S),
COOTBETCTBEHHO.

TpebGoBaHnue 0€30MACHOCTH TECTUPOBAHUS BBIJEISICT KIIACC O€30NACHbIX PeaTTU3aIlHii,
TO €CTh TaKHX, KOTOPbIE MOTYT OBbITh O€30MacHO MPOTECTUPOBAHBI JIJIsl IPOBEPKU UX
KOH(GOPMHOCTH WJIM HEKOH(OPMHOCTH 3aJlaHHOW crHeruduKanuu. ITOT Kiacc
oTpeseNsieTcsl CleAyIolel eunomesou o bezonacnocmu: peanuzamus | Hezonacua
st cienukanuu S, eciau 1) B peanu3aniy HET pa3pyIlieHHs] ¢ caMOoro Hadaa,
€CJIM 3TOTO HET B crneuuduxanuu, 2) nociae oouiei 0e30macHoN Tpacchl pean3aluu
u cnenudukanuu rodas KHOMKa, Oe3omacHas B crnenudukanuu, 0e30macHa Mmocie
ATOU TPACChl B pEATU3ALUH:

I safefor S =4 (((y)2F(S) = (y)gF(1))
& VoeSafeBy(S)nSafeln(1) VPeRuUD

(P safeby S after c = P safein 1 after o).

[locme »TOro MOXKHO OMNPENENIUTh OTHOUIeHHE (0e30MmacHoi) KoHgopmMHOCMU:
peanuzamuss | 6ezonacro xongopmua (WM NPOCTO KOHGOpmHa) crienrubUKaIin
S, ecnu oHa Oe30IMacHa W BBINOJHEHO mecmupyemoe yciosue: o0oe HaboaeHue,
BO3MOXKHOE B peaju3allii B OTBET Ha Haxkartue Oe3o0macHOW (B creruduKaiiim)
KHOIIKH, pa3peniaercs crenupruKanmuei:

I saco S =y I safefor S

& VoeSafeBy(S)nSafeln(1) VP safeby S after o
obs(c,P, 1)cobs(c,P,S),
rae o0bs(o,P,T) =g {ulo-(u)eF(T) & (ueP v u=P & PeR)} -
MHOKECTBO HAOJIOJEHNI, KOTOPbIE MOXKHO IIOJYYMTh HaJ MOJENbI0 |  IIpH
HakaTMH KHOMKM P mocime tpaccel ©. Clieyer OTMETHTH, YTO THIIOTE3a O
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0e30MacHOCTH HE MpoBepsieMa MPU TECTUPOBAHUM M SIBISETCS €ro MPEayCIOBUEM;
TECTUPOBAHUE MPOBEPSAET OCTAIBHYIO YaCTh YCIOBUSA KOHPOPMHOCTH.

1.4. TlapajsenbHasi KOMIIO3UIUS U TeHEPALUA TECTOB

BzaumoneiictBue aByx cucteM Mopaenupyercss B LTS-teopum omepatopom
[IapajuIeIbHOW KOMITO3ULMU. MBI HCIIOJIB3yEM OIIEPAaTOP KOMIIO3ULMHU, AaHAIIOTMYHBIN
TOMYy, KOTOpHIi omnpeznensercs B amrebpe mpomeccoB CCS (Calculus of
Communicating Systems) [13,15]. Byxem cuuTaTth, 4TO IS Ka)KIOrO BHEIIHErO
JNEUCTBUS Z  ONPENENIEHO IPOTHUBOIOJIOXKHOE JCHCTBME Z TaK, 4TO0 Z=Z.
Hampumep, mnockuike CcTUMyJia W3 TeCTa COOTBETCTBYET NPUEM CTUMYyJia B
peanu3aluu, a BblJlaye peakluy peajnu3alueil COOTBETCTBYET MPUEM ATOM peakiuu B
tecte. [lapamnensHoe BhimonHenue AByX LTS B andaButax A u B mnonumaercs
TaK, 4TO MEPEXOAbI IO IPOTHBOIONI0KHBIM IEHCTBUSAM Z U Z,rae Z€A u ZeB,
BBITIOJTHSIIOTCSL CHHXPOHHO, TO €CTh, B 00eux LTS onHoBpemMeHHO, NMpuuéM B
KOMITO3UIIMM 3Ta Tapa NepexoJ0B CTAHOBSTCS OJHUM T-TiepexofoM. Takue nencTBus
Ha3bIBAIOTCSI CHHXpOHHBIMU. OcTanbHble BHemHue aeictBust Z€A\B u zeB\A, a
TaKKe JCHCTBUS T W Y Ha3bIBalOTCS acUHXpoHHbIMU. [lepexon mo Takomy
JEHCTBHUIO BBIOJHSAIOTCSA B 01HOM U3 LTS npu coxpanenun cocrostHus Apyroit LTS,

PesynpraTom xommosuiuu aByx LTS 1| wuw T cramoBurcas LTS 1]|T B

andasute Al|B =g (A\B)U(B\A). E€ cocrosHus — 310 mapsl coctosHuii 1T

LTS-OHGpaHI[OB, Ha4aJIbHOC COCTOAHHMEC — OTO IIapa Ha4daJlbHBbIX COCTOHHHﬁ, a
NEPEXOAbIl HOPOKAAOTCA CICAYIOINMU IIPpaBUJIaAMH BbIBOJA:

(1) ze{r,y})oA\B & I—z—1" Fit—z—i t,
(2) ze{r,y}UB\A &t—=z—-t Fit—z—it",
(3) zeAmB & I—z—1 & t—z—-t° Fi1t——1 t.

TectupoBanue mNOHMMaeTCs Kak 3aMKHyTas kommo3unus LTS-peanmuzanmu 1 B
anpaBure A u LTS-tectra T B mnporuBomonoxHoMm andasure B=A. Jlns

OoOHapy>KeHHsI OTKa30B B TECTE (HO HE B peanu3anuu!) JOMyCKalTCs CrieuanbHbie 0-
nepexo/bl, KOTOpble CpadaThIBAlOT TOTJA M TOJIBKO TOTJA, KOTJa HUKaKUE JIpyrue
HIepeXo/1bl HE MOTYT BBIITOJHATHCS:

(4) t—06—t & Deadlock(i,t) Fit——it,
rae Deadlock(1,t) = 1—1» & 19—+ & t—» & t—y—»
& (VzeAnB 1—z—» v t—z-=»).
Mgb1 OyneM mpeamnosiaraTb, 4TO B TeCTe€ HET pa3pyiieHus (TpeboBanne T—y—
Bceraa BI)IHOJIHGHO).
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[TockonbKy andaBUTHI peaM3allid M TeCTa MPOTHUBOIOIOKHBI, KOMIO3UIIHOHHBIN
andaBUT MyCcT U B KOMIO3UIIMOHHONW LTS ecth Tonbko T- U y-nepexonanl. [lpu
0e30macHOM TECTUPOBAHUU Y-TIEPEXOJbl HEIOCTIKMMBI. BBITIONIHEHHUIO TecTa
COOTBETCTBYET TPOXOXKACHHWE T-MaplIpyTa, HAYMHAIOMIETOCS B  HAdaJIbHOM

coctosauu  kommosuiuu 11| T. Tecr 3akaHuuMBaeTcs, KoOrjga JIOCTHTaeTCs

TEPMHHAIIFHOE COCTOSHHE TecTa. KaxxaoMy TakoMy TEpMUHAIBHOMY COCTOSHUIO
Ha3zHavaeTcs BepaukT pass wim fail. Peamusanus npoxooum tect, eciivi cOCTOSIHUS
tecta ¢ BepaukTtoMm fail HemocTmxuMmbl. Peamuzarust mpoxoauT HaOOP TECTOB, €CITH
OHAa TIPOXOJHT KAXKIBIM TecT u3 Habopa. Habop TecToB 3nauumwli, ecnu Kaxmaas
KOH(GOpMHAsT pealn3anusi €ro MPOXOIUT, UCYepnblearowull, eCIH  Kaxmas
HEKOH(POpMHAsI pealu3alus ero He MPOXOJUT; HOJAHbI, ©CIM OH 3HAYUMBIA H
WCYCPIBIBAIOIINNA. 3a/7aua 3aKII0YaeTCsd B T'CHEpPAIlMU IOJIHOTO Habopa TECTOB IIO
crienu(puKaIum.

OOBIYHO OrpaHUYMBAIOTCS, TAK HA3BIBAEMBIMH, YHpAGAseMbiMiU TECTaMU, TO €CTh
TecTamMu 0€3 JIMIIIHETO HeAeTepMuHu3Ma. sl yrpaBisieMOCTH MHOYKECTBO BHEIIHUX
JICVUCTBHM, JJIs1 KOTOPBIX OMPEAEIEHBI IEPEXO/Ibl B TAHHOM COCTOSIHUU TECTA, JOJHKHO

OBITH OJHUM M3 «KHOIIOYHBIX» MHOXKECTB HR/L)-CEMAHTHKH (TOYHEE, MHOXKCCTBOM

POTUBOMOJIOXKHBIX ACUCTBUN, TOCKOIBKY Tpu koMmo3uiuu CCS Tect onpenensercs
B TMPOTUBOMONOKHOM andasure). OnepaTop, UCIOJNHSASL TECT, OJHO3HAYHO
OIIpeIeIsIeT, KaKyr KHOIIKY €My HY)KHO HO)KUMAaTh B JAaHHOM COCTOSIHUM TecTa. Ecim

3TO YR-KHOIIKA, TO B COCTOSIHUM TE€CTa JOJKEH OBITh TaK)Ke ONpeieneH O-mepexo/.

[MomueiM  HabopoMm Bcerma sBsieTcss HAOOp BCEX  MPUMUMUBHBIX — TECTOB.
[IpuMUTUBHBIN TECT CTPOUTCS IO OJHOW BBIJCIEHHON Oe3omacHoi $DR-Tpacce

cneuupukanuu. Jns sToro cHavanma B Tpaccy nepea KaxapiM PR-oTkazom R

BCTaBIIICTCS KHOMKa R, a mepem KaxapM JOEWCTBHEM Z — KakKas-HHOYIb
Oe3omacHas (mmocie mpedukca Tpacchl) KHomka P, paspematomasi neWcTBue Z.
be3omacHOCTh Tpacchl rapaHTHpyeT O€30MacHOCTh KHOMKM R M Hamuyue Takoit
oe3onacHoil kHOoKK P. Bei6op kHOnku P MokeT ObITh HEOJTHO3HAYHBIM, TO €CTh
no ojHOM Oe3omacHOM Tpacce crnenudUKau MOXKHO CT€HEpHpOBaTh, BOOOIIE
TOBOpsI, MHOKE€CTBO PAa3HBIX MPUMHUTHUBHBIX TeCTOB. JIJisi paznuyeHus: KHOMOK H
OTKa30B (M TO U JPyroe — MOJMHOKECTBA BHEIIHHUX JICUCTBHUI) Mbl Oy/ieM KHOIKH
3aKJI0YaTh B KaBBIYKM U mucath “P”, a He mpocto P. Ilocne paccTaHOBKHM KHOMOK
MOJIy4aeTCs MOCJeI0BaTeIbHOCTh, KOTOPasi BO BTOPOM pasjiefie CTaTbh HAa3bIBACTCS
R/Q-ucropueii. Ilo wHerr m crpomtcs LTS-tect (Puc.2). Ero cocrosHusMu

CTAHOBATCA PaCCTAaBJICHHBIC KHOIIKKM, HA4YaJlbHOC COCTOAHHME — OJOTO IICpBasd B
IMOCJICA0BATCIIbHOCTH KHOIIKA, CHUMBOIJIBI IICPEXOJO0B M3 COCTOAHUA-KHOIIKM — 3TO
HGﬁCTBHH, IIPOTUBOIIOJIOKHBIC TCM, KOTOPBLIC MOI'YT Ha6J'IIOIIaTI>C5I IIOCJIC HaXXaTud

10
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9TOM KHOIIKH, MJIK CUMBOJ 0O, eciii 510 YR-KHONKA. Eciu 3T0 He mocieaHss KHOIKa,

TO OJIMH TEpPEeXOJl BEAET B COCTOSHHUE, COOTBETCTBYIOIIEE CICAYIONMEH KHOIKE.
OcranpHBIC TEPEeXOAbl BEAYT B TEPMHUHAIBHBIC COCTOSHUSA. Bepaukt  pass
Ha3HA4YaeTcs TOrja, KOTJla COOTBETCTBYIOMIAs PR-Tpacca ecTh B crneruduKanuu, a

Bepaukt fail — korma Her. TakoW BepIUKT COOTBETCTBYET CMpO2uM TECTaM,
KOTOpBIE, BO-TIEPBBIX, 3HAUUMBIC (HE JIOBAT JIOXKHBIX OMIMOOK) M, BO-BTOPBIX, HE
MIPOITYCKAIOT OOHAPYKEHHBIX OMMUOOK. JIF0OOW CTpOTHii TECT MOXHO 3aMEHUTH Ha
00beIMHEHNE TPUMUTHUBHBIX TECTOB, KOTOPOE OOHAPYKMUBAET T€ K€ CaMbl€ OLIUOKHU.

MpuMUTMBHBLINM TecT anst 6e3onacHomn SR-Tpaccbl ©

Bnosoi €A N Axopounit €A o=(A,b,Cc)=-BcTaBmsieM ,0e30macHbIC KHOIKU=>
“A” > PSS
=("A”,A,“B”,b,“C”,c) Takue, uro:
A,BeR, Cef, beB, ceC.

fail

A

MEE bx{nnluuiieE
fail < "P4SS | BaemHee NEHCTBHE MMEET MHIEKC xopouo® ECIH
- -~ OHO €cTh B cHeuupuKauy I1ocie npepurca
fail +---- T == -=pass .
MA0X0H exnpnluuii TpaCCBI’ HHa4eC — HHHCKC «HJ'IOXO»'
. [TyHKTHpPOM TIOKa3aHBI B3aMMOUCKIIOUAIONINe 0-
ar (ass
fi Cruaoxoi€C Cxopomii€C P Mepexo/bl, BEAYIIHNE W3 OIHOTO COCTOSHUSI.

WHIEKCB “yopomo® U Kppoxo® O3HAUYAIOT HAIMUUE
WIH OTCYTCTBHE IPOJOJDKCHHS TMpeduKca TPacChl
COOTBETCTBYIOIINM $R-OTKA30M.

Puc.2.

pass

2. Teopusi KOH(P)OPMHOCTH C MIPHOPUTETAMHU

2.1. Ilpeauxatbl Ha nmepexoaax LTS-moaenn

He3zaBrucumo oT Hanm4us uiam OTCYTCTBUS IPUOPUTETOB CEMAHTUKA B3aUMOACHCTBUSA
MIPEJIOJIAraeT, YTO BBINOJHITHCS MOXET TOJBKO TO JEHUCTBUE, KOTOPOE OINPEIEIIEHO
B peanu3alyMd M Pa3peuieHo OIleparopoM MalllMHbl TecThupoBaHus. Eciu
IPUOPUTETOB HET, TO BBIMOJIHATHCA MOXET JH000€ OINpEeAesIEHHOE U pa3peuIéHHOe
JNEeWCTBUE, W BBHIOOP BBINMOJHAEMOTO JCUCTBUSA HE JAeTepMUHUpOBaH. Hamuuue
IIPUOPUTETOB O3HAYAET, YTO HE BCE ONMPEICIIEHHBIE U PA3PELUIEHHBIEC JEUCTBUSA MOTYT
BBITIOJIHATHCS, TO €CTh BBIMIOJIHUMOCTD JICCTBUSI 3aBUCHUT TAKKE OT TOTO, KAKHUE CIIIE
NEUCTBUSL OMPENENICHbl W/WUK pa3pelieHbl. DTy 3aBUCUMOCTh MOXKHO HM300pa3uTh B
BUJE MpeauKara OT MHOXKECTBA PAa3pPELUEHHBIX IACUCTBUM, KOTOPBIM HA3HAYACTCS

nepexony LTS-monmenu. Ilockonbky mnsi mepexojga S—Z—S — U3BECTHO €ro

NPECOCTOSIHUE S, a AJI OTOr0 COCTOSIHUA S HM3BECTHO, KAKHEC emé Nnepexoul B HEM
HAa4YMHAIOTCA, IIPCANKAT Ha IICPCXOAC MOKHO CHUTATh HC 3aBHUCAIINM OT MHOZKCCTBA

11
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ONpeIesIEHHBIX (B COCTOSIHUM S) neicTBUi. HBIMU cl10BaMU, EPEXOAbl IO OJTHOMY
U TOMY JK€ JACHUCTBUIO, BEAYILIHE M3 PA3HBIX COCTOSHUW, MOTYT HMETh PAa3HbIC
MPEIUKATHI.

LTS-monens ¢ mpuoputreramu — 310 LTS, andaBut xoTopoit — 3TO AeKapTOBOE
npou3BeicHUE andaBrUTa BHEITHUX JCHCTBUH U MHOXKECTBA MPEIUKATOB HA aji(haBUTE

BHemHux aeiictBuit [1={n:P(L)—>Bool}: S=LTS(Vs,LxI1,Es,Sp). Ilepexon
S—Z,nT—S  MOXET BBIIOJHATHCS TOJBKO TOT/IA, KOT/Ia OTIepaTop pas3periaeTt Takoe

MHOKeCTBO BHemHuX aerictBuii RcL, uto zeRuU{t,y} u n(R)=true. Eciu ectb
HECKOJIBKO BBIMOJIHUMBIX JICHCTBUI, BBIIOJIHIETCS OAHO M3 HHUX, BBIOMpacMoe, I0-
peXXHEMY, HeJIeTepPMUHUPOBAHHBIM 00pa3oM.

[Ipenukar MOXHO MOHMMATh KakK OYyJEBCKYIO0 (QYHKIHUIO OT OyJIEBCKHX MEPEMEHHbIX
Z,,Z3,.., B3aUMHO-OJHO3HAYHO COOTBETCTBYIOIIMX BHEIIHUM JACUCTBUSAM U3

angasuta L. Hanpumep, mis mpemukatra n=a&—bvC mnepexox S—Z,m—S

MOYKET BBIITOJHATHCA TOJIBKO TOTJA, KOT/AA ONEPaTOp Paspelini TaKOe MHOKECTBO
BHemHUX AewctBuid R, uto zeRu{t,y} & (@aeR&bg¢RvceR). Drto o3Hauaer,
YTO JICMCTBUE Z — 3TO BHYTPEHHEE JCHCTBUE, Pa3pylICHUE WM BHEIIHEE JICHCTBUE,
pa3peniéHHoe OmepaTopoM, a TAaKKe BBITIOTHEHO XOTs ObI OJTHO M3 JBYX YCJIOBHIL: 1)
OIepaTop paspemrwn JACeWCTBUE a W He paspemmn neiictBue b, 2) omepatop
pa3pern JeUcTBue C.

HUtak, B oOmeM ciiydae mNOpeAuKkaT — 3TO OyjieBckas (DYHKIUS OT MHOXKECTBa
pa3pelIEHHBIX JCUCTBUMA. MOKHO OTMETUTh Ba)XXHbIM YACTHBIM CIIyda, KOrJa
MpeuKaT 3aBUCUT TOJIBKO OT Pa3peUIEHHBIX U ONnpedeséHHblX BHEIIHUX JIEUCTBUH.

NubpiMM CJIOBaMH, IpEAMKAT Ha IIEPEXOIC S—Z,TC—>S\ HC 3aBHCHT OT TE€X

OyJIeBCKMX TIEPEMEHHBIX, KOTOPbI€ COOTBETCTBYIOT BHEIIHUM JACUCTBUSM, IO
KOTOPHIM HET MEepPEeXOJ0B M3 COCTOSIHUS S. DTO O3HAYAET, YTO BBIMOJIHUMOCTh
nepexoja 3aBUCUT TOJIBKO OT TOTO, Pa3pelieHO JId JEUCTBUE Z, U Kakue enié
JEHCTBUS ONPENENIEHbl B COCTOSIHUM S W pa3peuieHsl oneparopoM. B atom ciyuae
peanu3alyio He MHTEPECYIOT (OHAa «HE BUIUTY») T€ JEHCTBUS, KOTOpBIE ONEpaTop
paspeniaeT, Ho OHM BCE paBHO HE MOTYT BBINOIHSITHCS, MOCKOJIbKY HE ONPE/EIICHbI B
TEKYLIEM COCTOSIHMM peaiu3anuu. Haxkumass KHONKy, omnepaTtop Kak Obl
«TIOJICBEYUBAET» HEKOTOphIE JCHCTBUS peaiu3alluu, ONpEAeTEHHbIE B €€ TEeKyIleM
COCTOSIHUM, W BBIIIOJHUMOCTh II€PEX0/ia MO KaXJAOMY U3 HHUX OIpeaensercs
COOTBETCTBYIOIINM IPEAUKATOM OT MHOXECTBA «I1OJICBEUCHHBIX» JICHCTBUIA.

[Ipenukar m kak OyneBckas QyHKIMS OT OYJIEBCKUX NEPEMEHHBIX-ACUCTBUIA MOXKET
ObITh TPEICTABICH B BHJE COBEPLICHHON IU3IBIOHKTMBHON HOPMANbHOU (HOPMBI
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T=N1VN2V.., Toe N;i=Xj1&Xi2&.., Xij=Zj wmm X;j=—Zj, U Zj npoberaer
MHOXKECTBO BCEX BHEWIHHX aedicTBuii. Torma mepexom S—Z,m—S — MOXKHO
3aMEHUTh Ha MHOXECTBO KpATHBIX TNEPEXOAOB C MPeaArKaTaMU-IU3bIOHKTAMU
S—z,ni—S . B cBo ouepenb OU3BIOHKTY Mj  B3aWMHO-OJHO3HAYHO

COOTBETCTBYET MHOXKECTBO P Tex HIedcTBHd, [uid KOTOpbIX X;i;j=Zj. Ilpnm
KoMno3uiiuu LTS 3T0 MHOXKECTBO SIBJISIETCSI MHOXKECTBOM JCHCTBH, pa3peniaeMbIx
JPYTUM ONEepaH0M KOMIO3ulMK. B ciaydae, Korja TakuM ONEpaH]IoM SIBJISETCS TECT
Ui 3aJaHHON  YR/L-CEMAHTHKH, O3TH MHOXECTBA pa3peliacMbIX JICHCTBHIA

COOTBETCTBYIOT KHONKaM u3 RUL). TeM cambIM, MpH TECTUPOBAHUU MBI MOXKEM
CYMTaTh, YTO HA NEPEXO0Jax HAIKUCAHBI HE MPOU3BOJIBHBIE IPEAUKATHI, & KHOIKHU, TO

€CTh IICPEXOoabl UMCKOT B S—Z, Pi—>S\. Korz[a HaA)XUMACTCA HCKOTOpAs KHOIIKa

P3, BBITOJHATHCS MOTYT TOJBKO Mepexosl Buga S—Z,Pj—s ™, rne zePju{t,v}.

Taxoit mepexon ot LTS ¢ npeaukatamu k LTS ¢ KHOIKamM# aHAJIOTHYEH MEPEXOAY OT
pacmmpennbix aBTomaroB (EFSM — Extended Finite State Machine) k oObraHBIM
aBTomaram (FSM).

2.2. OcTaHOBKA U IUBEPreHIus

Mainuna 0e3 MPHOPUTETOB OCTAHABIMBAETCSA B CTAOMIBHOM COCTOSIHHUH, B KOTOPOM
HET NEPEXO0I0B M0 pa3pemEHHBIM BHEITHUM JeHCTBUSAM. ECIIH ecTh MPHOPHUTETHI, TO
MEHSIETCS, TIPEXK/IC BCETO, CAMO MOHATHE CTaOMIBbHOCTH. OHO CTAHOBUTCS YCIOBHBIM:
COCTOSIHHE CTaOMIIBHO, €CJIH JUIS BCEX TMEPEXO0I0B U3 ATOr0 COCTOSIHUS UX MPEIUKATHI
OT MYCTOTO MHOXKECTBA pa3pelICHHBIX BHEIMIHHMX JeicTBuid yoxkHbl 7T({(J)=false.
COOTBETCTBEHHO MEHSETCS YCIIOBHE OCTAHOBKM MAIIIMHBI: MAIIMHA CTOUT, €CITU MPH
pa3peliéHHOM MHOXKECTBE BHEINHUX ICHCTBHHA P I BCeX MEpexoj0oB M3 3TOTO

coctosiHus ux npeaukathl 1okHbl T P)=false.

31ech Mbl JOJDKHBI YTOUHUTH, YTO MPOUCXOJIUT, KOTJIAa KHOMKa OTXkumaercs. [l
MalIuHbl 0€3 TPUOPUTETOB KHOMKA AaBTOMATHYECKH OTKHUMAETCS MpU JIFOOOM
HAOMIOAEHUH OelicTBUg Win oTkasza. Ilociae meiicTBHS MalllMHA MOKET BBIMIOJIHATH
T00BIE T-TIEPEXONbl (a TakXke Y-TIepexo]), HO TOCJIe OTKa3a MalluHa CTOWT,
MOCKOJIBKY OTKa3 MPOUCXOJUT B CTAOMJIIBHOM COCTOSIHUM, B KOTOPOM HET T- W Y-
nepexosoB. OpHAKO Ui MallWHLI C TPUOPUTETAMU OTKATHE KHOMKU MEHSET
MHOECTBO pa3pelIéHHbIX ACHCTBUM (€CiM TOJBKO HE OblIa HaxaToul mycrtas *R-

KHOIIKA, Jalollee eIUHCTBEHHOE Ha0JI0IeHHe mycToro otkasa). [locne HabOmoneHus
peanm3anys HAuyMHACT BBIMOJHATH T-Tiepexoabl ¢ mnpuoputetom m(J)=true.
3aMeTHM, 4TO TaKUM HaOIIOJICHHMEM MOXKET OBITh HE TOJBKO JIEHCTBHE, HO U OTKA3.
[IpyunHa STOTO B TOM, YTO OTKa3 P O3Ha4Yaqm HEBO3MOXXHOCTH BBITIOJIHCHHUS
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pa3pelI€HHBIX BHEIIHUX JCUCTBHI Z€P, a Takke T- M Y-TIepexo/IoB, TOCKOIBKY UX
npeaukatel ctanmu JoxkHbl m(P)=false. ITocne omkarns xHOnkn P MHOXECTBO
pa3peméHHBIX BHEUIHUX ACWCTBHI MYCTO M TENEpb MOTYT BBIOIHATHCS T- U Y-
nepexonasl ¢ npenukatamu m(J)=true. [lanee omepaTop MOXET CHOBa HAXaTh Ty
e KHONKY (HO 0€3 rapaHTUH MOBTOPHOTO HAOMIOJEHHUS TOTO € OTKa3a, €CiH
peanm3anusi CMEHHJIa COCTOSIHUE TI0 T-TIEPEX0/1aM) WK IPYTYIO KHOTIKY.

Ecnu pomyckaercs NMEpeKItOueHrue KHOMOK, TO €CTh Ha)XXaThe BTOPOW KHOIKH, HE
JOKUJIasACh HAOJIOICHUS IO TIEPBOM KHOTIKE, TO 3TO UHTEPIPETUPYETCS KaK OTKATHE
MEePBOM KHOIKH, a MOTOM Ha)XaTUE BTOPOM KHOMKH. MbI OyZeM cuuTaTh, YTO «B
MIPOMEKYTKE» MEXKIY IBYMSI KHOIIKAMU CO31aETCS CUTyalHsl, KOTAa HA OJHA KHOIKA
HE Ha)kara, U peanu3alvs MOXET BBINOJHATH T- W Y-NIEPEXOAbl C MNpeAUuKaTAMU

n(J)=true. OOmas mnapagurMa 37eChb 3aKJIIOYaeTCI B TOM, YTO CHTYyaIlHs
OTCYTCTBHUS TECTOBOTO BO3JEHCTBUS BOSHUKAET BCErJa NMPY BKIIOUEHUU MAIIUHBI (710
Ha)XaTHUsl TIEPBOM KHOIIKH), TTOCJE JII000TO HAOIIONCHHS U MEXKIY TBYMS TECTOBBIMH
Bo3aciicTBUsIMU. bonee mnoapoOHO mepekioyeHre KHOMOK paccMaTpUBaeTcsl B
CJIEIYIOILLEM ITOApa3IEIe.

Mpbl  yXe TOBOpWIM, YTO JaXe JUisi MalluHbl 0e3 MPHOPUTETOB MpodiieMa
JTUBEPreHIMM HEe B HEH camoil 1o cebe, a B BeIxojge u3 Heé. Ilpm Hamuuuun
MPUOPUTETOB, €CJIM BHEIIIHEE BO3JCUCTBUE HMEET OOJBIINNA NPUOPUTET, YEM
BHYTPEHHSSI aKTUBHOCTb, JUBEPTECHIMS MNpeKpaiiaeTca. Tenepp BBINOJIHUMOCTh T-
JEUCTBUM 3aBUCUT OT HAXXATOM KHOIIKM, U Mbl MOKEM KOCBEHHO YIIPaBIISITh UMU H,
CJIEOBaTEeIbHO, JUBEpreHime. Torga MOXHO TOBOPUTH O  BbINOJHUMOU
JTBEPTeHIIMH: TP OJTHOM Ha)KaTOM KHOMKE (MJIM KOT/Ia HeT Ha)KaTOW KHOIKH) BCE T-
NEUCTBUS OECKOHEYHOW IIeMOYKH BBINOJHMMBL, a TpH JpPyrol — HET u,
CJIEIOBATENBHO, HET «3alMKIUBAHUS». BBINTH U3 NUBEPreHIMU, KOTOpas HAYMHAET
BBITIOJIHATHCS TOCJIE KHONKM A, MOXHO C TOMOIIBbIO KHOMKM B, mpu koTopoii
JMBEPreHIIMs HE BBIMOJHUMA. 3aMETHUM, YTO JJIsl 9TOr0 TpeOyeTcs MEPEeKIIOUCHHE
KHOIIOK, TO €CThb HaXaTHe KHONKHM 0e3 HaOoleHUs (KOTOPOTrO MOXKET HE OBITh).
EnvHCTBEHHBIN Cilydail, KOrJa U3 JMBEPreHIMU HEJb3s FapaHTHPOBAHHO BBIMNTH, —
ATO KOTJIa IUBEPTCHIIMS BBITTOJTHUMA MIPH HAXKaTUH JIF0O0M KHOTIKH.

2.3. IlepexJ/iloueHne KHOMOK

B mamuHe 0e3 MpUOPHUTETOB KHOIKY MOXKHO Ha)KMMaTh JUOO IOCIIEC BKIIFOUCHHSI
MaIIUHBI, JU00 TOCIIe TOT0, KaK MPOU30ILI0 HAOIIOACHUE 10 MPEABIAYIIeH KHOIIKE.
WHbIMU clioBaMU, 3allperiacTcs NMEpeKIodaTh KHOMKH 0e3 HAONIOACHUS, OT)KUMAs
OJIHYy KHONKY WM HaXHUMas APYTylo. DTOT 3ampeT OOBSACHACTCS TEeM, 4YTO, €CIIU
MPUOPUTETOB HET, BO3MOXKHOCTh TMEPEKITIOYCHHS KHOTIOK HE YBEITMYUBAET MOITHOCTh
TecTupoBaHus. JleHcTBUTENBHO, €clii ObUla HaxkaTa KHomka P, a morom 06e3
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HaOMroeHUsT Hakata apyras kHomka Q (a kHomka P oTxkara), TO B 3TOM
WHTEpBAJC BPEMEHHU pealn3aiiisi MOTJIa BBITIOJHATH TOJIBKO T-AciicTBusi. Ho t-
JCHCTBHUS BCETJa pa3pelieHbl, MOATOMY pean3alysi MOTJia Obl BBIMONHATh WX U B
TOM clly4yae, Korja BMecTO KHOMKU P cpasy Haxumanack kHomka Q. Tem cambim,
Ar000€ ToBeIeHNe, KOTOPOe MOXKHO Ha0JI0/1aTh B IEPBOM CIIy4ae, MOKHO ObLIO ObI
HAOJIFOaTh ¥ BO BTOPOM CITydae.

[Ipn HamUUMM NPUOPUTETOB IMEpeKIroUeHne 0e3 HaONoIeHUusT HEO0OXOTUMO IS
IIOJIHOTHI TECTUPOBAHMS, ITIOCKOJIBKY Pa3JIMYHbIE MHOKECTBA PA3PEIIEHHBIX JEHCTBUM
[0-Pa3HOMY BIJIMSIIOT Ha BBIIIOJHEHUE T-AEHCTBUU (T-IIEPEXOJbI TOXKE MOTYT UMETh
IPEIUKAThI), YTO MPUBOJIUT K BHEUIHE Pa3IM4YMMbIM MoBeneHusiM. Hanpumep, eciu B
pPEAKTUBHOM CUCTEME MIPUEM CTUMYJIA IPUOPUTETHEE BbIAYM PEAKIIMN U T-IICUCTBUM,
IIOCJIEAHUE BBIMOJHAKTCA TOJBKO TOrAA, KOTJA peann3anus HE MOKET IIPUHATH
CTUMYJI, TIochblIaeMeblii el TectoM. Ha Puc.3 mokasan npumep, rae ais NOJy4eHHs
TecTOM peakuuu !y mocne ctumyna ?a Henmb3d cpa3y MOCHUIATh 3TOT CTHUMYI
(Torma mociie Hero Oynet peakuust 1X), a Hy)KHO CHadaiia mociath cTuMmyn ?b, a
norom nepekintounth kHonky {?D} Ha kHomky {7a}, mociaB TeM caMbIM CTUMYII
?a. Ecnu peanuszanusi npuHUMaeT ctumyi 2D, TO MepekiroueHUe HYKHO YCIETh
caenarthb o npuéma ctumyna ?b. Eciu ke peanuzanus 0nokupyer ctumyn ?b (wer
MYHKTUPHOTO MEpexojia), TO MOXXKHO «HE TOPONHUThCs»; ecimu OnokupoBka {?b}
Ha0JI01aemMa, MOXKHO CHauasa e€ 10K/1aTbCs, a MOTOM IOcCiaTh CTUMYJ  7a.

MNepekntoyeHne KHOMoK

Vs, frue Pa,true T,—7a&?b 7a,true Yy, true

B
- - A Ll

/

HavdaJIbHOE COCTOsHHE

Lt L

b, true

oc-----9

Puc.3.
Tem He MeHee, B MOJB3y 3alpeTa Ha NEPEKIIOYEHHUE KHOMOK MMEIOTCS pa3yMHbIE
apryMEHTBl U B Cllydyae HAJIWYMs MPUOPUTETOB. J[e0 B TOM, YTO MEPEKIIOYCHHE
KHOTIOK  TIO3BOJISIET  «OOXOOUTH» HEHAOMIOJaeMblii OTKa3: ecild  OomepaTop
HepeKoyaeT $)-KHomKy P Ha (Ji00yr0) apyryro KHOMKY Q, TO BO3HHKHOBEHHE

HEHAO0JI0IaeMOr0 OTKa3a P He MpemsTCTBYeT TakoMy MEpEeKIIOYCHUIO (KaKk Ha
Puc.3, korjga HeT MyHKTUPHOTO nepexoa no ctumyny ?b, a 6nokuposka {?b} He
HaOmonaema). [Ipyroe meno, 4ro, eciim BO3MOXKEH OTKa3 P, To mpu Ge3omacHOM
TECTUPOBAHMU MBI HE MOXEM HaXuMaTh KHOMKYy P 0e3 mocieayroiero
TIEPEKIIIOYCHUST HA JIPYTYI0 KHOMKY, TO €CTh C OXHIaHueM HaOmonenus (Ha Puc.3
kHonky {?b} Bcerma HyxHO mepexirodaT Ha KHOMKY {78} WM KaKyko-TO
apyryio). Tem campIM, ecid MOXKHO TEPEKII0YaTh KHOIKH, YCIOBHE 0€30MacHOCTH
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$)-KHOTIOK OoJiee CIIO)KHOE (HMXKE MBI €ro MoAapoOHO paccMoTpuM). Ecim

MEPEKIIOYEHUN KHOTIOK HET, TECTUPOBAHHME C MPHOPUTETAMU OOJbBIIE MOXOXKE Ha
TECTUPOBaHUE 0€3 MPHOPUTETOB U BBITISAUT 00Jiee MPUBBIYHO KAK YEPEAYIOIIASCS
MIOCJICI0OBATEILHOCTh TECTOBBIX BO3ACHCTBHM (Ha)KMUMAETCsl KHOIIKA) M HAOJIOICHUH.
Kpome Toro, B »TOoM ciydae K paboTe omeparopa NpPEIbSBISIETCS MEHBIIE
BPEMEHHbIX TPEOOBAHMI.

2.4. BpeMeHHbIe OrpaHH4YeHNsI HA paboTy onepaTopa (TecTa)

Brenenue npuopuTeToB yCiOXHAET paboTy omepaTopa, Hamaras 0oJiee CIOKHBIC
TpeOOBaHMs O BpeMEHH. Ecim TpHOPUTETOB HET, TO ONEpaTop MODKEH YMETh
JIOCTaTOYHO OBICTPO HAXXKUMaTh KHOMKY TOCTE BKIIOUCHUS MAITUHBI WM TOCIE
IpEIbIIYIIero HabmoAeHus. 3aMEeTHM, YTO €CJIM OTIepaTop HE yCIeBaeT JOCTATOYHO
OBICTPO Ha)KaTh KHOIIKY, HMYEro CTPAIIHOTO HE CIYYUTCS, IMOCKOJbKY MalllHa
yCII€eT BBIMOJHUTH TOJBKO OJHO WJIM HECKOJBKO T-ICUCTBHUN, KOTOpPHIC (B MaIIMHE
0e3 MPUOPHUTETOB) OHA MOXKET BBITIOJIHUTh U B TOM CiIy4ae, KOrja KHOMKa ObLia
HakaTa HeMeIeHHO. IHBIMU clioBamMU, MBI TpeOyeMm, 4TOOBI onepaTop MOT padoTaTh
OBICTPO, HO HE 3aCTaBJISIEM €T0 BCeraa paboTath OBICTPO.

Ecnu nmpuoputersl €cTh, TO BO3MOXHOCTh HAOJIOJEHUS T€X WM HHBIX MOBEACHUN
peanuzaiuu TpedyeT He TOJIBKO JOCTaTOYHO OBICTPOI CKOPOCTH PabOThI omepaTopa,
HO Tak)Ke JOCTATOYHO MEJICHHOH, cpeanet u 1.1. B mpumepe na Puc.4 ctrumyn ?a
MOXET IPUHUMATBCA B TPEX COCTOSHUAX 1, 2 WM 3, HO peakuu IOCJIE ITOrO
paznuunbl: X, 'y wnm 1Z. OTu cocTosiHMs CBA3aHBI T-TIEPEX0JaMHU, KOTOpPbIE
BBIMIOJIHUMBI TOJIBKO, €CJIM TeCT He mochiiaer ctumyn ~?a. [lostomy peakmus IX
Oyzmer HaOmIOAAThCS TOJNBKO, €CIM omepatop ObIcTpo HaxMET kHomky {7?a},
peakiuss 1Z — ToJIbKO eciau omepatop He OyJeT TOpONmuThCs, a peakuus ly -—
TOJIBKO MPU CPEAHEN CKOPOCTH pabOTHI.

WHTepBanbl BpeMeHu

l 1,-7a 2 1,-7a 3

Ta,frue Ta,frue Ta, true

Y, true Yy, true \z, true

Puc.4.
Eciau ecTh NepexIroueHre KHOIOK, TO TaKOE IHEPEKIIIOYEHUE TAKKE HYKHO YMETh
JenaTh ¢ Pa3IMYHBIMM HMHTEpPBAlAMM BPEMEHH, YTOOLI «3aCTaBUTBL» PEAHM3AIUIO
IPOXOJUTH HY)KHOE YHCIIO T-IIEPEXOJOB MEKIY IBYMsl KHOIKAMHU.

Takum oOpa3om, AN MalIMHBI C MPUOPUTETAMH CIEAYET YUYUTHIBATh BPEMEHHBIC
3aJIep>KKH, KOTOpBIE JIeJaeT oIlepaTop MexAy HaOJIIOACHHUEM U IOCIEIyIOIIUM
16
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Ha)KaTHeM KHOMKHU WU MEXIY ABYMs HaKaTUAMH KHOTIOK IMPH UX MEPEKIIOYCHUN
0e3 HabmomeHusl. MBI MOXEM CUHTATh, YTO MOTOJHBIC YCIOBHS, OMPEICISIONINE
HEJICTCPMHUHUPOBAHHBIN BEIOOP, BKIIFOYAIOT TAaK)Ke T (PaKTOPHI, KOTOPHIC BIUSIOT HA
«CBOOOY BOJIM» OIEpaTtopa, OMpenessisi Te WJIM MHBIE BPEMEHHBIE 3aJeP>KKH TPH
Ha)KaTUM KHOTOK. DTO COTJIACyeTCsl ¢ TeM, YTO OIepaTtop JODKEH MOACIUPOBATH
JT00YI0 CKOPOCTh pabOThl OKpyKeHus. PaboTa oneparopa MoAeIUpPyET BHITIOTHEHUE
TECTOBOM MpOTrpaMMbl Ha KOMIIBIOTEpE; Takas IIporpamMma HeJIeTepMHUHHUPOBaHA
TOJIBKO Ha HEKOTOPOM YPOBHE aOCTPAKIMU, KOTJAa Mbl OTBJIEKAEMCS OT JPYTUX
IpOrpamMM WM allapaTyphl, BIUSIONINX Ha €€ TOBEJCHUE.

2.5. Hcropum

Eciu mpuopuTeToB HET, BO3MOYKHOCTb HAOIIOACHUS JEHCTBUS IOCIE HEKOTOPOU
IIPEABICTOPUNA B3aUMOJCUCTBUS HE 3aBUCUT OT TOrO, Kakas MMEHHO HaKMMaeTCs
KHOIIKA, paspelaromas 310 aeuctsue. 1Ipy Hammumym npuoOpUTETOB 3TO CTAHOBUTCS
Ba)KHBIM, MOCKOJIbKY Pa3JU4YHbIM KHOIKAM COOTBETCTBYIOT pa3JIMYHbIE MHOKECTBA
pa3pelIEHHBIX NECUCTBUM, U IIPU HAXKAaTUU OJHOM KHOIIKH IPEIMKAT MOKET OKa3aThCs
UCTUHHBIM, U JCHCTBHE MOXKET HAOII0JaThCs, a IPU HAXKaTUU APYTOil — JIOXKHBIM, U
JeiicTBie He MOXKeT HaOmoaaTecs. [1oaToMy Tenepp HyKHO 3allOMUHATh HE TOJIBKO
HAOJIOJIEHUSI, HO TaK)KE€ T€ KHOIKH, KOTOpbIE HaXXUMall omeparop. TeM caMbIM,
pe3yJbTaTOM TECTOBOTO SKCIEPUMEHTA CTAHOBUTCA MOCIEI0BATEIBHOCTh JIEHCTBUM,
OTKa30B M KHOMOK. Takyr MOCJelI0BaTeIbHOCTh Mbl OyZ€M Ha3bIBaTh UCHOpUEl.
Ecnu He orpaHmymBarbCs TOJBKO O€30MACHBIM TECTUPOBAHUEM, TO MBI JOJIKHBI
BKJIFOUUTh B UCTOPUHU TAKXKE pa3pylIeHUE U IUBEPreHIINIO, HO MTOCJIE HUX UCTOPUSI HE
MOXET MPOJOKATHCSA, AHAIOTMYHO TpaccaMm. OUeBUIHO, YTO B UCTOPUHU KAKIOMY
BHEIIHEMY JICCTBUIO Z  HENOCPEACTBEHHO MPEAIIECTBYET KHOMKa P77,

paspernaromas 3To aeicteue ZeP, a kaxaomy otkazy R — PR-kHomka “R”. Moryt

WM HE MOTYT HWJTH JABE KHOINKHU MOJPSI, 3aBUCUT OT TOTO, Pa3pelieHO WU
3aMpeleHo NepeKIIOYeHHE KHOMOK.

Jlna 3amaHHON $R/L-CeMaHTUKM HMCTOPUM OyaeM Has3biBaTh HR/L-UCTOPUSIMHU.

Onpenenum ux 6oiee popMabHO.

Paccmotpum LTS ¢ npenukaramu  S. [l MHOXeCTBa pa3peméHHBIX AeicTBuil P
nepexox S—Z,m—S  OyneM Ha3blBaTh P-gulnoiHumbiM, €CIU €ro MpeauKar

uctuaeH 7(P)=true. bymemM TOBOpUTH, YTO JUII MHOXECTBA Pa3pEIIEHHBIX
nevctBuil P 1-Mapupyt P-ebinoanum, ecnu Bce ero nepexoasl P-gvinonnumesi.

[Tycras HR/Q-ucTopus 3aKaHUINBACTCS B COCTOSIHUSX, TOCTUKHMBIX W3 HAYAILHOTO

COCTOSIHHS 110 (J-BBIOJHUMBIM T-MapmpyrTramM, TO €CTb, KOrJa IIOCJIC BKJIIOUCHHUA
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MAaIllMHbl HE Ha)kaTa HUKakas KHomka. [lycte YR/-ucTtopus G 3aKaHUYMBAETCS BO

MHOXKECTBe coctosiHuii S after o. PaccMoTpuM pasiudHble HPOAODKEHUS STOU
R/Q-ucropun. Mel OyaeMm npeanonararb, 4to HR/L-UCTOpPHUS HE 3aKAHUYUBACTCS

pa3pylIeHUEM WJIA JIUBEPrE€HIMEN, MOCKOJIBKY IOCIE IUBEPrE€HLIMU U PA3PYLIECHUS
HET NPOJIOJIKECHUM.

[Mponomkenne kHomkod P, rme PePRUL. Ecam nonyckaercs MepeKIrOUYCHHE

KHOIIOK, TaKO€ MPOJODKEHUE BCEra BO3MOXKHO. ECiM mepekitoueHusi KHOMOK HET,
SR/Q-ucrtopuss  He  JOJDKHA — 3aKaHYMBaThcs — KHOmMkoW.  [lepexiodeHwme

WUHTEPIIPETUPYETCS KAaK OTXKATUE MEPBOM KHOMKH, a IOTOM Ha)XKaTUE BTOPOW KHOIIKH.
[TooToMy cHagana peanu3alldsi MOMKET BBIMOJIHHUTH JF000W J-BHIIOTHUMBIA T-
MapuipyT, HauWHAIONMics B coctosHun u3 S after o, a 3areM mnpomOMKUTH
BBINIOJIHEHUE JIIOOBIM P-BBINOJHUMBIM T-MapHIpyTOM. MHOXECTBO KOHIIOB TaKUX

MapuIpyToB U OyJeT MHOXecTBOM coctosiHuii S after o-(“P”). 3amerum, uro, eciu

UCTOpHUSl HE 3aKaHYMBalaCch Ha KHOMKY, TO KOHIIBI BCEX J-BHIMOJHUMBIX T-
MapuIpyToB yxke BxoaaT B S after o.

[IponoiskeHre BHEIHUM AEUCTBUEM Z. Takoe MpOAOKEHUE BO3MOXKHO TOJBKO B
TOM ciy4ae, koraa cama SR/Q-ucropus umeet Bua o-(“P”), To ecTh 3aKaHUMBACTCS

kHomKkoW P, paspemaromeit 3to neiictBue zeP. HabGmionenue neiictBus Z
MPOMCXOJUT, KOTJla COBEpIIaeTcs P-BBIMOJIHUMBIA MEPEXOJ MO Z U3 COCTOSHUS

nocjae mpeamecTByromeid YR/L-ucTopun, TO €CTh Iepexox S—Z,n—S , TIe

se(S after o-("P”)) wu mn(P)=true. B pesynprare Takoro mnepexoaa KHOIKa

ABTOMAaTUYECKH OT)KMMAETCS, W Jaje€ MOTYT BBITIOJHATHCA J-BBITOJHUAMBIC T-
MapLIpyThl O T€X TOp, MOKa HE BO3HUKHET pa3pylIeHHe, Moka He OyaeT Haxara
KHOIIKa (Ta K€ camas WiW Jpyras), Wid IOKa ONEPAaTOp HE BBIKIOYUT MAIlUHY,
3aKaH4YMBasi CEAHC TECTUPOBaHUS. MHOXECTBO KOHIOB JTHX T-MaplIpyTOB H

sBisieTcst MHOKecTBoM S after o-(“P”,z).

[Iponomxenue $PHR-oTkazom P. Takoe MNpoAOIKEHHE BO3MOXKHO TOJBKO B TOM
ciayuae, koraa cama R/Q-ucropus mmeer Bun o-(“P”). Otka3 P Bo3HHKaeT B

takom cocrosiuuu  Se(S after o-(“P”)), B KOTOPOM BBINOJHEHO YCIOBHUE
OCTaHOBKH MAIIMHBL: IS KaKI0To Hepexo/a (1Mo JIio0oMy JIeHCTBHIO, BKIIIOYast T H
Y) S—z,n—S npomkHo ObiTh mw(P)=false. [Tocie oTka3a KHOIKA OT)KUMACTCS U

peain3anua MOIKCT BBIIIOJHUTD (J-BBITTOJIHUMBIN T-MapImpyT, HaqHHaIOIHHfICH B
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OIHOM W3 COCTOSHWH, THe HaOmromancs oTka3. MHOXKECTBO KOHIIOB J3THUX T-
MapupyToB siBisiercss MHOkecTBoM S after o-(“P”,P).3amerum, uTo cocrosiHus,

r7ie HaOIroJancs 0TKa3, TOXKE BXOJAT B 3TO MHOKECTBO (JJ1s1 IyCTOTO T-MapuipyTa).

[Ipomokenue paspyiieHneM Y. Takoe NPOJODKCHUE BO3MOYKHO TOJBKO B TOM
ciydae, Korjga B HekoropoMm cocrosann Se(S after ¢) mepexonm s—y,n—S"

P-sbinoanumoim, ecmm HR/L-uctopust 3akaHUMBaeTCsS KHOMKoW P (HaOmromeHus
emé He OBUIO, M TMPOJOJDKACT JCHCTBOBaTh KHONKAa P), miau J-BBINOJIHUM B
IPOTHBHOM cliydae (rmociie HaOJroIeHUs He IeHCTBYET HUKaKas KHOMKa). [10CKOIbKyY

nocJie pa3pylieHus HET MPOJOJDKEHHUs, HAC HE MHTEPECYeT MHOXKECTBO COCTOSHUMN
MOCJI€ TAKOr'0 MPOJIOKECHHUS.

IIponomkenne nuseprenumend A. IlockonbKy omacHa He camMa JIMBEPreHIMS, a
IOTBITKA BBIXOAA M3 HEE, Hac OyJIeT MHTEpPEecoBaTh TOJBKO TakKas IWBEPIEHLINS,
KOTOpasi BBINIOJHUMA IIPU HaxaTol kHonke P. Takas nuBepreHuus BO3HUKAET MOCIE

R/-ucropuu Buga o-(“P”), eciu ecTh OeCKOHEUHBII P-BBITOIHUMBIH T-MapIIpyT,

HaYMHAIOIMCs B cocrostHnn u3 S after o-(“P”)  (o4eBMIHO, JOCTATOYHO

CUMTaTh, YTO MAPIIPYT HAYMHAETCS B coctosHMM M3 S after o). B atom ciygae
cuMBOIl A Oyzer mpoaoinkate YR/ -ucropuro nocne kHonku P. [Tockonbky mocie

AUBCPIrcHINN HCT IPOLOJIKCHHA, HAC HC MHTCPCCYCT MHOXKCCTBO COCTOSIHUM MOCIIE
TAKOT'O IIPOAOJIKCHU .

Tenepp aHAIOTMYHO TpaccaM OIPEACIIUM HOJHble ucmopuu Wam F-ucmopuu xak
R/Q-ucropun st R=P(L) wu, coorBercTBeHHO, =, Korma Jioboe
MOJAMHOKECTBO BHEIIHUX JICUCTBUN SBIACTCS HR-KHOMKOM. MHOkecTBO F-ucropuit

LTS S - o0o3nauum Tak e, kak MHOxecTBo F-tpacc, — F(S), mockonbky B
JanpHeimeM Mbl OyleM paccMaTpuBaTh TOJIBKO HCTOpUH, a HE Tpacchl. Temepb
R/Q-uctopus LTS — sto Takas e€ F-uctopus, B KOTOPOW BCTPEUYAIOTCS] KHOIKH

TOJIBKO U3 CEMEHUCTB YR M £), a OTKA3bI — 3TO TOJILKO HR-OTKA3EI.

2.6. be3onmacHOCTH U KOH(POPMHOCTH (€3 NMepeKITIYEHUsSI KHOMOK

[ToCKONBKY BBIMOIHUMOCTD MepexoaoB LTS-Moaenn ¢ mpHopuTEeTaMH 3aBHCHT OT
NpEIUKATOB Ha 3THUX IMEPEX0/axX, MEHSIOTCS OTHOIICHHS O€30IacHOCTH KHOIOK B
peanmzanuu (safe in) u cienudukamnum (safe by).

Ecnu HeT nepexiroueHus KHOIOK, To oTHoleHus: safe in u safe by ompenenstorcst
MOYTH TaK e, KaK JUid MalliHbl 0e3 TMPUOPUTETOB, 3a TEM HCKIIIOYCHHEM, YTO
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BMeCTO PR-Tpacc paccmaTpuBaroTcs HR/LQ-uctopuu, 0€30MacHOCTh WM OMAaCHOCTH
KHOIIKA OMpEIENSeTCs TOJNBKO Tmocie $R/L-uctopum, HE 3aKaHUYUBAIOIICHCS

KHOHKOﬁ, MMPOJODKCHUEC BHCIIHHUM ,Z[CﬁCTBPI@M 3aBUCUT OT KHOIIKH, JHUBCPICHLUSA
BO3MOJKHa JIMIIb ITIOCJIC KHOIIKH, PaspyHICHHA HC OOJIZKHO OBITh HE TOJBKO ITOCIE

JEUCTBUS, HO TaKXe Mociie oTKaza (A1 DR-KHOIKHU) U cpasy MOoCIie HaXKaTUsl KHOIKH.

Omnpenenenne OTHOMICHHUS 0€30TTAaCHOCTH B peain3aliiy 0e3 MepeKTF0YeHNs KHOMOK:
P safejin I after o =g o-(“P”,y)¢F(1) & YueP o-(“P”,u,y)eF(l)

& (PeR = o-(“P",P,y)eF(1)).
P safe,in 1 after o =4 P safejin 1 after ¢ & o-(“P”,A)gF(l).
P safejin 1 after o =g

P safe,in I after c_& (Pe = o (“P”,P)y¢gF(l1)).

TpeboBaHus K OTHOIICHHIO 0€30MacHOCTH B crnenudukanuu 0e3 MepeKToUYCHUS
kHOIOK: VReR Vzel VQeQ

1)R safe;by S after o < R safe,in S after o,
2)3Te T safe,in S after 6 & o (“T7,z)eF(S)

= JdPeRu P safeby S after o & o ("P”,z)eF(S),
3)Q safe;by S after ¢ = Q safe,in S after o & FveQ o-(*Q”,Vv)eF(S).

Ha ocHoBe oTHOlIEeHHMI 0€30MacHOCTH KHOIOK B pealu3alud W crenupuxaniu
ornpenensroTes 0e3omnacHsie nercTBus, Oe3onacHbie SR/ -ucropun Safe In(l) u

Safe;By(S), runoreza o 6e30macHOCTH U Oe30macHas KOH(POPMHOCTh aHAIOTHYHO
TOMY, KaK 3TO JIEJaJIoCh JJIA TPacc B cllydyae MalluHbI 0e3 MpuopuTeToB. OTINYHs
CBOJIATCA K CIIEAYIOUIEMY:

1) B ompenencaun Ge3omacHocTd PR/L-UCTOPHM M B THIIOTE3€ O OE30MACHOCTH
clielyeT TOBOPUTh He O Tpacce (), a 00 uctopuu (y), TO €CTh O pa3pylICHUH,
BBITTOJIHUMOM 0€3 Ha)aThsi KHOTIOK (J-BBITIOJTHIMOM).

I safefor S =4 ((*"D”,v)2F(S) = (“"@",y)eF(1))
& VoeSafe,By(S)nSafeIn(1) VPeRuUD

(P safe,by S after c = P safe;in 1 after o).
2) B ompeneneHun MHOXKeCTBAa HAOJIOACHHA, KOTOPBIE MOXHO IIOJYYHTH HaJ
MOACJIBIO T IIpU HAKATHUU KHOIIKH P mnocne TpacCbl G, BMCCTO IMPOJOJIKCHUSA
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Tpacchl HAOIOIEHUEM HYKHO TOBOPHUTH O MPOAODKEHUH HR/L-UCTOPUU KHOIKOM
Y HaOJIIOJCHUEM
obs(o,P,T) =g {ulo-(“P”,u)eF(T) & (ueP v u=P & PeR)}.
I saco S =g I safefor S
& VoeSafe,By(S)nSafe;In(l1) VP safe;by S after o
obs(c,P, 1)cobs(c,P,S).

2.7. be3onmacHOCTh U KOH(P)OPMHOCTD € NMePEKJIIOYEeHUEM KHOIIOK

Ecnn AOIMYCKACTCA IMCPCKIIOYCHUE KHOIIOK, MblI MOKEM O6XO,Z[I/ITI> 3arpCT Ha
BO3HHMKHOBCHUC HeHa6n}0naeMoro OTKa3a IIOCJIC HaXXaTuid Q-KHOHKI/I Q, a TaK¥XKC

3alpeT Ha JMBEPreHINI0, POCTO Mepekiitoyas KHonKy Q Ha apyryroo KHomky P.
COOTBETCTBEHHO, MOJU(PUITUPYIOTCSI  OTHOIICHUS  OE30MaCHOCTH:  yNaJSIOTCS
yciioBus B onpeneneHusx safe;in m safe;by, momu€pkrayThie BOSTHUCTON TUHUCH, U
OCTaIOTCS YCIIOBUS, CBI3aHHBIC TOJIBKO C pa3pyIICHUEM.

OHpe,HCJICHI/Ie OTHOILICHU 6€3OHaCHOCTI/I B pCajin3alu C INCPCKIIOYCHNEM KHOIIOK!
P safe;in 1 after o =4 P safejin 1 after o.

TpeOoBaHUsS K OTHOIICHHIO O€30MACHOCTH B CIHEUM(PHUKAIUU C TMEPEKII0UYCHUEM
kHOIOK: VReR Vzel VQeQ

1)R safe,by S after ¢ < R safejin S after o,
2)3Te T safein S after ¢ & o (“T7,z)eF(S)

= JFPeRuU P safe,by S after o & o-("P”,z)eF(S),
3)Q safe,by S after o = Q safejin S after o.

OnHaKO BO3HMKAET BOIPOC: CKOJBKO pa3 ONEpaTop MOXKET NEePEKIHYaTh KHOIKH?
3/ech HYXXHO YYUTBIBATh, YTO IIEJIbE0 HAKATHS KHOIOK SIBJSICTCS IOJIydYeHHUE, B
KOHEYHOM CUETE, HEKOTOPOTo HaOoicHHs. [10CKOIBKY MBI paccCMaTprBacM TOJBKO
KOHCYHBIC (IO BPEMCHM BBIMOJHECHUS) TECTHI, IEMOYKA IMEPEKIIOYCHUIH KHOITOK
JOJIKHA OBITh KOHEYHOM, TO €CTh 3aKaHYMBATHCS HAXKaTHEM KHOIIKH, IOCIIE KOTOPO
orepaTop OXKHIaeT TrapaHTUPOBAHHOTO HAOJIOICHUS, YTO JAET eMy BO3MOXKHOCTbH, B
YaCTHOCTH, 3aKOHYUTH CEAHC TECTHPOBAHHS. IJTO O3HAYAeT, YTO BCE KHOIKH B
IETI0YKE, KpOME  TOCIIeIHEH, 0e30macHEI 1OCI€  HEMOCPEICTBEHHO
NPEIIIECTBYIONICTO UM MpedruKca UCTOPUH 0 OTHOIIeHHto Safe,in/by, a mocneanss
KHOIIKa — 110 oTHomeHuto safe;in/by:

P safein 1 after ¢ =4 IPo=P,P4,..,P,e RUD
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& Vi=0..n-1 P; safejin 1 after o-(“Po”,“P1”, .., “Pi-1”)

& P, safe;in 1 after o-(“Po”,“P1”, .., “Pn1”),

P safeby S after o =g IPo=P,P1,..,Phe RU
& Vi=0..n-1 P; safe,by S after o-(“Po”,“P1”,..,“Pi-1”)
& P, safe;by S after o-(“Po”,"“P1”, .., “Pn-1”).

Takum oOpa3om, OTHOLIEHHE O€30MacHOCTH C MHAEGKCOM 2”7  ompenenser
IPOAODKEHUE HCTOPUU KHOIMKOM, HE BBI3BIBAIOIICH pa3pylleHHe, a OTHOIICHHE
0€30IMacHOCTH ¢ UHAEKCOM “1” MOMOIHUTENBHO 3anpeliaeT HeHa0M0JaeMblid 0TKa3 U
nuBeprenuuio. IlonsaTHO, 4TO 2-0e3omacHas KHOINKa Takxke M 1-Oe3omacHa, HO
obpatHOe, BOOOIIE TOBOps, HE BepHO. [l TMOJIHOW OE€301acHOCTH KHOMKU IOCIIe
uctopun Tpedyercs, 4ToObl OHa Obula 1-Oe3omacHa, W Mociae HeE€ MOXKHO ObLIO
pa3MEeCTUTh KOHEYHYIO IIeNOoYKy 1-0e30macHbIX KHOIOK, a 3aTeM 2-0e30MacHyo
KHOIIKY, TapaHTUPYIOIIYI0 HAOJII0IeHNE.

Ha ocHoBe oTHOmIeHWN 0€30MacHOCTH KHOMOK B pealn3alid W CHenupuKaIuu

ONpEeNeNIIIoTCs  Oe30macHble  JEHWCTBHUS, O€30macHble HMCTOPHHM, THIIOTE3a O

Oe3omacHocTH M Oe3omacHas KOH(MOPMHOCTh aHAJIOTMYHO TOMY, KaK 3TO JEIaloCh

JUIs caydas 0e3 mepeKItoueHUsT KHOMOK. OTINYHS CBOJATCS K CICAYIOIIEMY:

1) B runorese o 0e30macHOCTH K3 I1-0€30MMaCHOCTH KHOIKH B Crienu(DHUKALIMK JTOJDKHA
CJIeIOBaTh TOKE I-0€30MMacCHOCTh KHOIIKH B peanu3aruH, rue i=1,2:

I safefor S =4 (("@",7)¢F(S) = (“@",v)eF(1))
& VoeSafeBy(S)nSafeln(1) VPeRuUD

(P safejby S after c = P safein 1 after o).

2) B onpeneneHnn KOH()OPMHOCTH BIOXEHHOCTh MHOXKECTB HAOIIOICHHUN JOJDKHA
TpeOOBaThCS TOJBKO Iociie 1-0e30macHBIX HCTOPHM, TO €CTh HCTOPHIA,
3aKaHYMBAIOIIMXCS Ha 1-0e30macHylo KHOMKY:

I saco S =y I safefor S

& VoeSafeBy(S)nSafeln(1) VP safe;by S after o
obs(c,P, 1)cobs(c,P,S).

2.8. TlapanjiejbHasi KOMIIO3UIIUS U TeHepPaLysi TeCTOB

Paccmorpum kommosuniuio aByx LTS ¢ mpuopureramu | u T B andaBurax,
coorBercTBeHHO, A m B. Bo3pméMm moboe xommosurmonHoe cocrosaue 1t [pu
KOMIO3UIIMM MHOKECTBO pa3pelIéHHBIX BHEMHUX fAeiictBuit qia LTS 1 B
COCTOSHMM 1 — 3TO MHOXXECTBO MPOTHUBOIIOJIOKHBIX BHEIIHUX JIEHCTBUI, IO

KOTOPBIM €CTh mepexoisl u3 cocrostHuss € npyroit LTS T, u nao6opot. [loatomy,
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IPEXKJIe BCEro, HaM HY)KHO MEPECUUTATh MPEAUKATHI IEPEXO0B U3 ITUX COCTOSHUH.
B cuiay KoMMyTaTUBHOCTH OTIepaTopa KOMITO3HMIIMH (C TOYHOCTBIO /10 U30MOopdu3Ma,
TO €CTh MMEHOBaHWs cocTosHud It wmimm ti), HAM JIOCTaTOYHO PacCMOTPETh
TOJBKO TepecdyeéT mnpenukaTtoB omHou LTS, mna ompeaenénHoctu, LTS 1. [usa

nepexoma §—Z,mj— 1 MBIl JODKHBI B MPEAWKAT T, [TOHMMAaeMbId Kak

OyneBckas  ¢GyHKUHUS OT  OYyJNEBCKMX  MEPEMEHHBIX-IECUCTBUI, TMOJCTAaBUThH
KOHCTAHTHOE 3HAYEHUE KaXJOW MEePEMEHHOH, COOTBETCTBYIOLIEH CUHXPOHHOMY

neiictButo  ZeAnB. Ecmu ects mepexox t—Z,me—1t", TO mojacrasisercs

3HayeHue true, mnadye — false. [Tomyyaercs HOBBIM MpeAMKAT Tj¢. 3AMETUM, YTO
BBIUMCJICHHE HOBOTO TNIpEIUKaTra Ha IIEPeXOoJie M3 COCTOSHUS 1  3aBHCHUT OT
coctosiHug T, ¢ KOTOpPbIM OHO KOMIIOHYETCSl, TO €CTh JiJii pa3HbIX cOoCcTOsAHMM T
OyIyT pa3Hble IPEAUKATHl Tj¢.

HoBelif nmpenukar mj¢ MOXET OBbITh HE KOHCTAaHTHBIM, MOCKOJIBKY B HEM MOTYT
OCTaTbCsl NEPEMEHHBIE, COOTBETCTBYIOIIME ACHHXPOHHBIM BHELIHUM JEHCTBUAM
3 A\B. Kpome Toro, remepp 3TOT HpeaukaT ciielyeT MOHMMAaTh KakK IPeAuKaT B

xomnosunonHoM angasure Al|B=(A\B)U(B\A), xoTs peanpHO OH 3aBUCHT

TOJIBKO OT MEPEMEHHBIX, COOTBETCTBYIOIUX JericTBusM u3  (A\B).

ACHHXPOHHBI TIEPEX0]] COOTBETCTBYET OJHOMY Iiepexoay B omaHoM wu3 LTS-
ormepanoB. OH MOXET BBITIONHITHCS, €CJIIM MOXET BBITIONHATHCS HACIETyEeMbIN
nepexon. CrenoBaTenbHO, MPEANKAT ACHHXPOHHOTO KOMIIO3UITMOHHOTO TEpexojaa
COBIAJACT C MPEIUKATOM HACJIEIyeMOTO Iepexojia TMocie nepecyéra, To eCTh He C
UCXOJHBIM TPEIUKATOM Tj, a C MPEAUKATOM Tjr. CHHXPOHHBIA TEPEXOJ — 3TO
OJIHOBPEMEHHOE BBINOJHEHUE TMEepexoJoB B KaxjaoM LTS-omepanme. OH Moxer
BBITIOJTHATHCSI, €CJIM MOTYT BBINTOJTHATHCSA 00a mepexoja-onepanaa. CriemnoBaTeibHo,
NpPEIUKAT CHUHXPOHHOTO KOMITO3WIIMOHHOTO TIEpeX0oJa pPaBeH KOHBIOHKIIMH
NIEPECUNTAHHBIX IEPEX0I0B-OMEPAHIOB Tjt&TM¢j. B IEIOM KOMITO3UIIMOHHBIC
MePEXO bl TOPOKAAIOTCS CICAYIOMUMHI MMPABUIIAMU BBIBOIA!

(1*) ze{r,y}UA\B & 1I—2z,mti—1" Fit—z,mie— 1 T,
(2%) ze{t,y}UB\A & t—z,n—t HFit—2z,mi— 0T,
(3%) zeAmB & I—z,mi—1 & t—Z,1—t FiIt—7, Ti&ni—1 t.

Kak um B ciaydae wmamuHbl 0€3 NPUOPUTETOB TECTUPOBAHHME TOHUMAETCS Kak
komno3uiss LTS-peanuzaumum | B andgaBute A wu LTS-tecta T B
IPOTUBOIONOKHOM andasure B=A. MpI Taxxke Oynem mpeanosiararb, 4To B TECTE
HeT paspyumeHus. llepexoapl MO BHEUIHUM JCHCTBHSIM B TECTE€ HE HMEIOT
OpEeIMKAaTOB, TOYHEE UX MPEAUKAaThl TOXAECTBEHHO WCTUHHBEL. [losTtomy B
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KOMMO3uIIMOHHOM LTS Bce mepexoianl (a 3TO YK€ TOJIBKO T- U Y-TIEPEXOJIbl) — 3TO
NepPEeCYNTaHHBIE TIPEIUKATHI TIEPEX0J0B peann3anuu. [I0CKOIbKY KOMIO3UIIMOHHBIN
anaBuT IMyCT, ITH NPEIUKaThl KOHCTAaHTHEI (true wim false).

Jlnst oOHapyKeHUsT OTKa30B B TeCTE (HO HE B peanm3aluu!) TakKe UCIOIb3yloTes 0-
nepexoibl ¢ TOXKIECTBEHHO HWCTUHHBIMU MpeAuKataMu. Eciu HeT mepekiroueHHs
KHOIIOK, TaKO# mepexo]i cpadaThIBaET TOT/IA U TOJIBKO TOTJA, KOTJa HUKAKUE APYTrue
nepexobl HE MOTYT BBITIOJIHSATHCS:

(4*) +—06—t" & Deadlock(i,t) F It——it",
rne Deadlock(i,t) = 1—1,%Tit> & 1—,Tjiv—>_ & t—1»

& (VzeAnB 1—Z,7iv» v t—Z-»).

Ecnn AOIIYCKACTCA ICPCKIIOUYCHNUC KHOIIOK, TO B TECTC OHO OTO6pa)KaCTC}I B BHUJAC T-

nepexona “‘P—ia—" U3 COCTOSIHUSI, COOTBETCTBYIOIIETO OJHOM KHOmke P, B

COCTOSIHME, COOTBETCTBYIOIIEE Ipyro kHomke Q. O-mepexox ompeaensercs B
cocrossHun “P”, ecian kHomka P — 310 YR-kHOmKa. HyxHo, 4T0OBI O-IEpexoa Mor

cpabaThiBaTh HE3aBUCUMO OT T-TIEpexoja MEepeKIoYeHus] KHOmok “‘P"—i—"

yaaisiercs ycnosue t—1—, on4€pKHYTOE BOJHUCTON JIMHUECH.

Mg Oyiem paccMaTpuBaTh TOJBKO O€30MacCHBIC peanu3alid U 0e30MacHbIE TECTHI.
[Tox 6Ge30macHBIM TECTOM 3/1€Ch TOHUMAETCS TECT, MPU B3aUMOJEHCTBUU KOTOPOTO C
00011 Oe3omacHO peanm3aneld HE BO3HHUKAIOT pa3pylIeHUE, TUBEPTEHITHS,
BBITIOJTHUMAsI TTOCJIC HaXKaTHsl KHOMKH, a TAaK)Ke TYNMHKW. Takue TeCThl CTPOSITCS Ha
OCHOBE Oe3omnacHbIX ucTopuil creuudukanuu. TectoBas ucTOpUs — 3TO JUOO
Oe3omacHas ucropusi crnerudpuxkanuu, OO0 Oe3omacHas HCTOpUS CcHelnuQuKaiuy,

3aKaH4YMBAIOIIAsCI  KHOMKO# o-(“P”), koropas mpomokeHa HaOMOACHHEM

(neficteuem zeP wumu PR-otkazom P), orcyrcrByromuM mocie ucropun o-(“P”)

B crnemudukanun. Mpl OyneM paccMaTpuBaTh TOJIBKO TaKWE TECThI, KOTOPHIC
3aKaHYMBAIOTCS Yepe3 KOHEUHOE BPEMsi, U Ha3bIBaTh MX KOHEYHBIMU TecTamu. Jlyis
6e3omacHoro LTS-tecta 3T0 03HaUaeT OTCYyTCTBHE B HEM O€CKOHEUHBIX MApIIPYTOB.

B KOMIIO3UMIIMN TCCTa C peaﬂﬂgauneﬁ BCC MPCAUKATbI KOHCTAHTHBI, U MBI MOXCM
YOAJIUTh BCC IICPCXOAblI C JIOKHBIMHU IIPCAUKATAMM. Ecau peain3anua 6630HaCHa, a
TCCT KOHCUYCH U 6630HaCCH, TO OCTaBIIHCCA Y-IICPCXOAbl HCAOCTHIKUMEIL. Kak u 1A
MaIllMHBl 0e3 IMPHUOPUTETOB BBINMOJIHCHHUIO TECTAa COOTBCTCTBYCT IIPOXOKACHHUC T-
MapmpyTa, Ha4YMHAIOMCToCsA B Ha4YaJIbHOM COCTOSAHHNH KOMIIO3HIINN "
3aKaHYUBAOMICTOCA B KOMIIO3MIIMOHHOM COCTOSHHH it, Tac t TCPMHUHAJIIBHOC
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COCTOSIHHE TeCTa, KOTOpOMY Ha3HaueH BepaukT pass wiam fail. 3amerum, 4to B
KOMITO3HMIIUU MOTYT ObITh OCCKOHEYHBIC MAPIIPYThI, HO OHH HE MOTYT MPOXOAUTHCS
IpU TECTUPOBaHHUH. JIeHCTBUTEIHLHO, TIOCKOIBKY TECT KOHEUCH, B TAKOM MapIIpyTe,
HAYMHAs C HEKOTOPOT'O MECTa, COCTOSHUE TECTa HE MCHSCTCS: JaJIbIle UIAYT TOJIBKO
ACHHXPOHHBIC T-TIEPEXO/bl peanu3alu. B Tpolecce TECTUPOBAHHUS OIMEPATOP
MaIllMHBl BCErJa 3a KOHCYHOE BpEeMs JOKHAACTCS HAOIOACHHS, HaXMMAaeT WM
NEPEKII0YaeT KHOMKY, YTO O3HA4YaeT CMEHY COCTOSIHHS TecTa W, TeM CaMbIM,
IpeKpalleHUe BHIMOTHEHNSI OCCKOHEYHOM IEMOYKH T-MEPEXO0I0B peaar3aliu. 371eCh
MBI OITUPACMCS Ha TO, YTO 3@ KOHEYHOE BPEMSI MOKET BBIMOJIHATHCS TOJIBKO KOHEUHASI
Hernoyka mepexomoB. OmepaTop MOXKET TaKKe BBIKIIOYHATH MAIIMHY (OKOHUYAHHE
TECTHPOBAHUS) , UTO MPOUCXOJUT YePe3 KOHEUHOE BPEMS ITOCIIC HAOIIOICHHSL.

Tect m0DKEH B3aUMOJICHCTBOBATh C pean3allel COrIacHO Tol HR/L)-ceMaHTHKH, B

KOTOpOM paccMmarpuBajiach creuud@ukanus, MO0 KOTOPOW TECT CreHEepUpOBaH.
[ToaTOMYy B KaXJOM COCTOSSHUM TECTa MHOXECTBO JIEHMCTBUM, 110 KOTOPBIM
OTIPEIEIICHBI MEPEXO0JIbI U3 COCTOSHUS, TOJHKHO COOTBETCTBOBATh R- WU £)-KHOTIKE,

npudéM g HR-KHOMKH JOTIOJHUTENIBHO JAOJDKEH OBITh ompeacnéH O-mepexon. Mbl

IPUHSAJIN JOIYLIEHHE O TOM, YTO Cpa3y IOCIE BKIIOYEHHUS MALIUHBI O HAKATUS
NEePBOM KHOMKH, MOCTE J000ro HaOMIOACHHS, a TAK)KE MPU MEPEKIIIOUEHUH KHOTIOK B
pea3ay MOTYT BBITIOJTHITHCS (J-BBIMOJHUMBIE T- U Y-TIEPEXOABl. ITO TOMYIICHUE
SBIIIETCS YaCThIO CEMAHTHUKHU B3aMMOJAEHCTBUSI, KOTOPYIO JOJDKEH COONIIONaTh TECT.
IlosToMy HYXHO BBECTH B TECT JONOJHUTEIBHBIE Hycmbie COCTOSHUSA,
COOTBETCTBYIOIIME CUTYallUH, KOTJA HET HAXKaThIX KHONOK. DTH COCTOSIHUS TECTa
JOJDKHBI TIO3BOJIATh PEaM3allid COBEPIIATh J-BBHIMOJHUMBIC T-Tiepexonbl. [Ipu
OTKaThIX KHOIIKaX MHOKECTBO Pa3PEIIEHHBIX AEHCTBUI MYCTO, MO3TOMY B ITyCTOM
COCTOSIHUM MOTYT OBITh OINpPEIEICHbl TOJBKO T-IEPEXOAbl. DTH T-NEPEXOAbl, B
KOHEYHOM CYETE, NOJKHBI IPUBOJNUTH K HEIYCTBIM COCTOSHUSAM, COOTBETCTBYIOIIMM
TOM WM MHOW KHOMKe (mycTasi $R-KHOMKA COOTBETCTBYET COCTOSIHUIO, B KOTOPOM

omnpenenén O-mepexoa, a MyCTy0 $)-KHONKY MbI 3ampeTwin). Takod mycToi

KHOITIKOM JIOJKHO OBITh HaYaJIbHOE COCTOSIHUE M MOCTCOCTOSTHUE KaXXJ10TO II€pexoaa
I10 Ha6J'IIOlICHI/IIO, CCJIM OTO HC TCPMHUHAJIbHOC COCTOAHHC.

[IpUMUTHUBHBIN TECT CTPOUTCSA AHAIIOTHYHO TOMY, KaK 3TO JEJAeTCs JJIsl MalTuHbI 03
npuoputetoB. Ho ectb Tpu orimuuda. 1) be3 mpuoputeToB Mbl CTpOWJIM TECT IO

Oe3omacHoi PR-Tpacce, mpeBpamias e€ B OJHYy U3 YR/L-UCTOpHii, a Temephb cpaszy
HAYMHAEM C HEKOTopoi Oe3omacHoi $PR/LQ-ucropum. 2) Eciam B ucropum ecrtb

NCPECKIOYCHHUEC C KHOIIKH P mHa KHOIIKY Q, TO B TCECTC IIPOBOAUTCA T-IICPCXOA

“P"——"Q”. 3) [oGapnsitorcs mycThle cocTosHuA. [lo-mpekHeMy, Habop Bcex
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NPUMHUTHUBHBIX TECTOB TIOJIOH, a JIOO0OW CTPOTHMH TEeCT MOXKHO 3aMEHUTh Ha
00beIMHEHNE TPUMUTHUBHBIX TECTOB, KOTOPOE OOHAPYKUBAET TE KE CaMble OIIHOKH.

MpMnTUBHBLIN TeCcT gns 6e3onacHom R/-UcTopun o
T o=("A"A,“B”,b,“C”",c), rne A,BeR, Ce.
. Bnaoxeii € A - Sxopoumii € A
fail= “R > pass
BHemnee neNcTBUE UMEET UHACKC xopomo®, €CIU OHO
ecTh B crenudukanuu mocie mpedukca HCTOPHUH,
— « »
. buswi€B Bropouii € B MHAYe — UHJICKC 0507
Sail= > pass | [IlyHKTHpOM TMOKa3aHbl B3auMOMCKIIIovaromue 0-
PO P Mepexo/ibl, BEAYyIUE U3 OJHOTO cocTosiHUS. MHIeKch
wil<=---"" - T === pass
Je T - Oscpoun P Cxopomo® B €nyoxo® 03HAYAIOT HAIMYUE WK OTCYTCTBHE
MPOJOJKEHHS TTPePUKCa UCTOPUU COOTBETCTBYIOIIUM
fail=— e\ e P® | DR-oTKasom.
c ManeHpkuMHU CepbIMH KpPY’KKaMHU IIOKa3aHbl ITyCThIE
COCTOSIHHSI.
pass
Puc.s5.

2.9. Ilpumepbl 3aJaHUsI IPUOPUTETOB

[Toxaxkem, Kak 3a/1al0TCA MIPUOPHUTETHI C TOMOIIBIO MPEAUKATOB Ha mepexogax LTS-
MOJEJIN JUIsl IPUMEPOB, IPUBENEHHBIX BO BBEACHUHU.

Beixon u3 nuseprenumu. llepexon mo BHEMIHEMY JEWCTBHIO UMEET TOXKJIECTBEHHO
VMCTUHHBIA MPEeINKaT, a T-NEePEeX0] UMEET NPEeIUKAT 7, ICTUHHBINA TOJHKO Ha MTyCTOM
noamMHoxectse ayipaButa BHemHux nevcteuii: w(U)=(U=Y).

Brixon W3 ocumuisiimu (mpuopuTeT npuéMa Haja Bbiiadei). Ilepexon mo ctumyiy
MMEET TOXKIACCTBEHHO MCTUHHBIN MPEIUKAT, a IEPEXO0] 110 PEAKINU UMEET MPEIUKAT
T, UCTUHHBIA Ha J0O00M MOJMHOKECTBE ACWCTBUN, HE COZAEpXKAIIeM CTUMYJIOB:
T(U)=(V?x ?xgU). OOBUHO TaKXKe TNOJPAa3yMEBACTCsA, YTO BHYTPCHHSS
AKTHUBHOCTh MEHEE IPUOPUTETHA, YEM IPUEM CTUMYJIA, TO €CTh T-IIEPEXOJ MUMEET
TaKOM K€ MPEINUKAT, KAK IIEPEXOJ 10 PEAKIIUH.

[IpuopuTeT BbUIAYM HaJl NPUEMOM B HEOIPAaHMYCHHBIX OdYepersix. llepexoj Mo
PEaKIMU MMEET TOXICCTBEHHO MCTUHHBIM MPEIUKAT, a MEPEX0/1 M0 CTUMYJIY UMEET
NpeAuKaT 7, WCTHHHBIA Ha JIOOOM IOJAMHOXECTBE ACHCTBHU, HE COAEpIKaIleM
peakiuit: w(U)=(V!ly lygU). AHalorndHO TIpEIbIAyIIeMy CIydaro, T-IIePeXoj
MMEET TaKOMU K€ MPEIUKAT, KaK MEPEX0/] 0 CTUMYITY.
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[IpepbiBanHye 1en0YKH AeicTBHMA. [lepexo mo KkomaHae «OTMEHHTBY (cancel) umeer
TOXJAECTBEHHO MCTUHHBIA NMPEAUKAT, @ BCE OCTAJbHBIE MEPEXOAbl UMEIOT MPEIUKAT
7, UCTHHHBIA Ha JIOOOM ITOJAMHOXECTBE JACHCTBHU, He coxaepkamem ‘‘cancel”:

n(U)=(cancelgU).

[IpuoputeTtHas 00pabOTKa BXOAHBIX  BO3ACUCTBUHA. MHOXECTBO CTHMYJOB
pa3buBaeTCs Ha HemepeceKaroluecs: NoAMHOKeCTBa X, X2,.. TaK, 4YTO CTUMYJIbI

U3 MOJIMHOXECTBA ¢ OOJIBIIMM HHJCKCOM UMEIOT 00JIbiuii mpuoputeT. [Ipeaukar m;
Ha MepexoJie Mo CTUMYINy U3 X HCTUHEH Ha JIF00OM MOJMHOXECTBE JEHCTBUH, HE
colepXaieM  CTHMYJbl M3  TMOJAMHOXECTBA € OOJIBIIMM  HOMEPOM:
Ti(U)=(VJ>1 UnX;=J). BosmoxHa Taxxke aunddepeHuranus MEpexonoB U3
HEKOTOPOTO COCTOSIHUS TI0 OJHOMY M TOMY K€ CTHMYJIy B 3aBUCUMOCTH OT HAJIUYHS
WIA OTCYTCTBUSI MEHEE NMPUOPHUTETHBIX CTUMYJIOB. Hampumep, oiaMH Tiepexoja o
ctuMyny u3 Xj BBIMOJHACTCS, €CIIM OKPYXCHHUE MpeJiaraeT MeHee MPUOPUTETHBIC
crumynsl T (U)=mi (U)&(EJ<i UnX;#J), B MNpeAnonoXkeHUH, 4YTO ITO
PEJIOKEHIE COXPAHUTCS, U 3THU CTHUMYJbl MOXHO Oyaer oOpaboTaTh MOTOM, a
JAPYrod TepexoJi BBIMONHACTCS, €CIM MEHEe IPUOPUTETHBIX CTUMYJIOB HET
Ti2(U)=mi (U)&(V]<1 UnX;=). Ecamm B COCTOSIHUM HET IEPEXOAOB IIO
cTUMyJaM, TO Takas naudQepeHnuanis BO3MOXHA W MEXKIY MEpeXoJaMH [0
PCaKIMSIM W/UITH T-TIEPEXO0JIaM.

Bo3moxna peammzamuss u Oosee  SK30THYECKMX MPHOpPUTETOB. Hampuwmep,
LHUKINYECKAA IPUOPUTET IBHXKEHUSA IIO CTOPOHAM CBETAa: MAEM HaA CEBEp, €CIHU
HEJb34 UITU HA BOCTOK; UAEM Ha BOCTOK, €CIIM HEJb3s UATH Ha IOT; UIEM HA 0T, €CIH
HEJb34 UJITU Ha 3aIajl; MAEM Ha 3aIajl, €CJIM HeJlb3sl UATH Ha ceBep. Eciu pa3pereHsl
BCE UeThIpE HampaBlieHUs, BblOMpaercs Joboe. Kpome srtoro ciydas,
PaBHONPHOPUTETHBIMH OKAa3bIBAKOTCS TOJIBKO MPOTHUBOMNOJIOKHBIE HAMPABICHUSA IPU
OTCYTCTBUM  OCTaJIbHbIX. [IpenukaT mepexoJa Ha ceBep  BBIMJISAWT  Tak

Teesep(U)=(BocTok2U Vv U={ceBep,BocTOK, f0T,3ana1}). AHAJIOTMYHO YCTPOEHBI
IpEeNKAThI TIEPEX0/I0B Ha BOCTOK, IOT U 3ara.

3aKkJII0YeHue

MoxHO paccMaTpuBaTh CEMAHTHUKH, B KOTOPBIX NPU BKJIIOYEHHHM MAIIUHBI, MOCIE
HAOIOICHUS Y TIPU TIEPEKITIOYCHUN KHOIMOK MOJXKET HE JOIMYyCKAThCS BBITTOJTHCHHE
peanu3aiuen T- U y-TIepexooB, JaKE €ClId OHU J-BHINOJHUMBI. MOXKHO CUUTATh,
YTO Ccpa3y IOcJie BKJIIOYEHHUS MaIMHBI M Cpa3y Mocje HaOMI0IeHUs peaau3alius
CTOUT, U MOXET BBIOJHATh KaKWe-TO JEHCTBUSA TOJBKO MOCIE HAXKATHUSI KHOIKH.
Takke MmepekstoueHne KHOMOK HE MHTEPIPETUPYETCS KaK OTKATUE MEPBON KHOIKH
(¢ paspemieHHeM J-BBIMOJTHUMBIX T- W Y-JACUCTBHI), a TMOTOM HaXaThe BTOPOMU
KHOTIKH. VIHBIMH CITOBaMU, TIOCIIC BKJIFOUCHHST MAITMHBI, TTOCJIC HAOTIOAEHUS U MEKITY
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IBYMsl KHOIIKAMHM @IpU NEPEKIIOYEHUM KHOIOK HET HHUKAKOIO «IIyCTOIO»
npoMexyTka. Takas ceMaHTHKa, OYE€BUJIHO, MPEIoaaraeT 00jiee CUIbHbIE TECTOBBIE
BO3MOXKHOCTH, 4eM ciabas ceMaHTHKa, paccMaTpuBaemasi B JaHHOW cTarbe. DTH
CEMaHTUKH UMEIOT pa3Hble TpeOOBaHUs 10 0€30MaCHOCTH U KOH()OPMHOCTH.

JIroboe moBegeHHE, KOTOPOE MOXKHO HAOJIOAaTh MPU CUJILHONM CEMaHTHUKE MOXKHO
HaOII0aTh W MNpU  CJIa00M CEeMaHTUKE: JIOCTaTOYHO TMOA00paTh MOAXOASIINE
«IOTOAHBIE YCIOBUS», KOT/IA ONEPaTOp YCIEBAET HAXKATh WIH MEPEKIIOYUTh KHOIKY
ocTaToyHO ObICTpo. BepHo u oOpaTHOe: mMoBeneHUE TMpU Ciabol CeMaHTHKE
HAOJIOMAeTCsl MPU CUIIBHOM CEMaHTHKE, €ClU JO0OaBUTh MYCTYI0 KHOIKY U SIBHO
HaxuMaTh e€. OMHAKO ycloBUs 0O€30MacHOCTH ISl dTUX CEMaHTUK pasHble. [lpu
caboi ceMaHTHKE MBI BCET/Ia TOJDKHBI PACCUNUTHIBATH Ha BO3MOKHOCTD BBITIOJTHEHHUSI
T- ¥ y-ACUCTBHIA (TIpU HAIMYUHM MPUOPUTETOB, OHU JIOJDKHBI OBITH J-BBITOJTHUMBI)
nocJyie HaOJIIOICHHs 10 KHOTKe P, a Takue NeWcTBHUs MOTYT JaBaTh JUBEPTEHITUIO
WM pa3pylieHue; TeM cambiM, KHOTIKa P Oynmert omacHoi. [Ipu cuinbHOM cemMaHTHKE
MBI MOKEM IPOCTO HE HAXKUMaTh B ITOM CUTyallUH MYCTYI KHOIKY MOCJE TaKOoro
HaOJIOICHN S, TIOCKOJIBKY OHA OmacHa, a kHomnka P Oymer 6e3omacHoii. OTcrona xe
BBITEKAIOT M COOTBETCTBYIOIIME Pa3iMuusi B KOH(MDOPMHOCTU: peaM3alusi MOXKET
OBITh ONACHOM TpH CJa00i CeMaHTUKE H, CJICJAOBATEIbHO, HE KOH(POPMHOM, HO
Oe3omacHOi W KOH(MOPMHOM TpuU CHIBHOW cemaHTHKe. [Ipu Tex ke yCIOBHSIX
Oe3omacHOCTH (HarpuMep, KOrna B crenu@uKauy HeT TUBEPreHITNH, pa3pyIIeHUs U
HEHAOIOAAaeMbIX OTKa30B) M TPU HAJIMYUU TPUOPUTETOB CHJIbHAS CEMaHTHKA
IpeabIBIsieT 0oJiee KECTKUE YCIOBUS KOHPOPMHOCTH. DTO OOBICHIETCS TEM, UYTO
MBI TOJTy9aeM BO3MOXKHOCTH OTJIMYATh Peau3allid, B KOTOPBIX HEeKoe jacicTBre b,
paspeniaeMoil KHONKoOM B, BbIMONIHSIETCS cpa3y mocie AeHCTBUA &, OT pealn3alui,
B KOTOPBIX JICHCTBUE b BBIMOIHSIETCS MOCIE MPOMEKYTOUHOU J-BBITOJHUMOM, HO

He B-BBINOJTHUMOM T-aKTUBHOCTH.
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