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HUccredyromea opmanvhvie memoos: mecmuposanusi KoHgpopmrocmu ucciedyemoil cucmemvl cneyugpuxayuu. Cemanmuxa
83aumooeticmeus onpeoensiem Mecmosble GO3MOJICHOCHU, CB00UMble K HAONI00enuto Oeucmeull u OmKa3o8 (omcymcmeue
Oeticmeuti). Cemanmura napamempusyemcs cemelicmeamy Habmooaemvlx U HeHabaooaemvix omxkazos. Beooumcea paspyuenue —
3anpewénnoe Oelicmaue, KOmMopozo credyem usbezamev npu e3aumooeticmeuu. Onpedenaiomca nowamue 6e30nACHO20
Mecmuposanus, peanu3ayuoHHas sunomesa o 6e30nacHocmu u 6e30NaAcHast KOHPOPMHOCHb.

KiroueBsie ciioBa: TectupoBanue, KOHPOPMHOCTD, CEMaHTHKA B3aMMOJICHCTBHS, TPACChI, 0TKa3bl, LTS.
BBenenue

CraThsl MOCBSIICHA METOJAaM TECTUPOBAHMS COOTBETCTBHS (KOH()OPMHOCTH) HCCICAYEMON CHUCTEMBI 3aJJaHHBIM
TpeOoBaHUAM (crenuuKanuu) Ha OCHOBE (OpMaNbHBIX Mojenei. OmepannoHHas CEMAaHTHKA B3aMMOJCHCTBHA
3amaércs ¢ TOMOINBI0 MAIIMHBI TECTUPOBAHMWS, OIPENEIIIONIC TeCTOBEIE BO3MOXHOCTH. Brimernsercs Habop
TEOPETHYECKH OCTATOYHO MOIIHBIX M MPAKTHICCKH 3HAYMMBIX BO3MOXXHOCTEH, CBOIMMEIA K HAOIIOACHUIO BHEIITHUX
NeficTBUN M 0TKa30B (OTCYTCTBHE BHEITHUX jaeiicTemii). HoBoBBenenusmu sisttores: 1) [lapamerpuzaiis ceMaHTHKH
ceMeicTBaMH HaOJIOaeMbIX W HEHAOIIOMaeMBIX OTKAa30B, YTO MO3BOJSIET YUWUTHIBATH OTpaHUUYEHHS Ha (IIPaBHIIBHOE)
B3amMozeiicteue. 2) Paspymenne — 3ampeméHHOe AEWCTBHE, KOTOPOE HE MOJDKHO BBIONHATHCS B IPABIIHHOM
B3amMozeiicTBur. 3) MonennpoBaHuie ITUBEpreHINN A-IefcTBHEM, KOTOPOTO TOXKE cIeqyeT W30eraTh B MPAaBHIHLHOM
B3aHMOﬂeﬁCTBHH. Hpeanara}oTcsI OCHOBAHHBIC Ha TaKOﬁ CCMAHTHUKEC TIIOHATHC 6C3OHaCHOF0 TeCTI/IpOBaHI/Iﬂ,
peanu3alioHHas THIoTe3a O Oe30IacHOCTH W OTHOIICHHE Oe30macHO KoHGOPMHOCTH. B TeopeTHdeckoM IUiaHe
paCCManI/IBaeTCH I‘CHCpaHHH TECTOB 110 CHeHI/I(bI/IKaHI/II/I B 3aI[aHHOﬁ CCMAHTHUKE B3aHMOI[eﬁCTBH)I I/ICCHCZ[yeMOFO THUIIA.

1. ®opmanu3zanus TeCTOBOro 3kcrnepuMenTa. CeMaHTHKa B3auMo/elcTBUA U Oe30MacHOe TeCTUPOBaHNe

[Mon «mpaBHIBPHOCTBIO» WCCIETYyEMOW CHCTEMBI MOHHMAETCs €€ COOTBETCTBHE 3aJaHHBEIM TpeOoBaHUsAM. B
MOJICIEHOM MHpE CHCTeMa OToOpa)kaeTcs B pealH3allMOHHYI0 MOJeNb (peanu3anuio), TpeOoBaHHA — B
crenn(UKAHOHHYI0 MOJeNb (CIe(UKaInio), a UX COOTBETCTBHE — B OWHApHOE OTHOIICHHWE KOH(OPMHOCTH.
Crnemmdukanus Bcerma 3ajaHa, a CyIICCTBOBAHHE PEalTM3AIMOHHON MOJCNTH TpeAronaraeTcs (TecToBas THIIOTE3a).
Ecimm peamm3zamus Takke 3amaHa sSBHO, Bepu(HKanus KOH(QOPMHOCTH MOKET OBITH BBHINIONHCHA aHAIUTHYCCKH. s
pearu3aIym, yCTpoiHCTBO KOTOPOH HEM3BECTHO («UCPHBIA SIIWKY) ITH CIUIIKOM CIIOXKHO IJIS aHAaJH3a, MPUMEHICTCS
TECTUPOBAaHHE KaK IPOBepka KOH()OPMHOCTH B IPOLECCE TECTOBBIX SKCIEPUMEHTOB. Pazymeercsi, B 3TOM cily4ae
TpeOOBaHUSl JIOJDKHBI ObITh (YHKIHOHAJBHBIMH, TO €CTh, BBIP&KEHBI B TEPMHHAX B3aMMOJICUCTBUSI CHUCTEMbI C
OKPYXKAIOLIMM MHUPOM, KOTOPBIi MPH TECTHPOBAHUHU HOAMEHseTCsl TecToM. [103TOMy caMo OTHOIIeHHE KOH(pOopMHOCTH
U €ro TECTUPOBAHWE OCHOBAHbI HA TOW UM MHON CEMaHTUKE B3aHMMOICUCTBHUSI.

Takas cemanTHka (OpMaNM3yeT TECTOBBIC BO3MOKHOCTH II0 YIPABICHHIO ¥ HAOIIONEHUIO 3a IIOBEICHUEM
TECTHPYEeMOH cUCTEeMEI. [IpH TecTHpOoBaHNU HAOIIONACTCS TOJIBKO TAKOE MOBEACHHUE PeaTU3alii, KOTOPOE, BO-TIEPBHIX,
«CIPOBOLIMPOBAHO» TecTOM (YIpaBJICHHE) M, BO-BTOPBIX, HAOJIOJaeMO BO BHELIHEM B3aMMoJeHCTBHHU. Takoe
B3aUMOJICHCTBHE MOJCIUPYETCS C IOMOINBIO, TaKk Ha3biBa€MOM, MamuHel TectupoBanus [1,2,9,10,14]. Omna
IPEACTaBIsIET cOO0H «UEPHBIN SMIMK», BHYTPH KOTOPOTO HAaXOJUTCS peajn3alys. Y IpaBieHHe CBOIUTCSA K TOMY, YTO
OIIepaToOp MAIIMHBI, BBINOJHIS TeCT (MOHMMAEMBbI KaK HHCTPYKLHS ONIEpaTopy), OCYIECTBISIET TECTOBOE BO3/IeiiCTBHE,
Ha)KMMasi KHOIIKK Ha KJIABHATYPE MAIMHBI, TEM CaMBIM «pa3peliash» pealu3alliy BBIMOJIHATh TC WM UHBIC NCHCTBHUS,
KOTOpPBIE MOTYT UM HaOmoaaTees. Habmonenns (Ha «IucTiiee MaIIiHbl) OBIBAIOT IBYX THIIOB: HAOIIIOJICHUE GHEUHEe20
(Habnrooaemoeo) Oelicmeus, Pa3pelIEHHOTO OIEPATOPOM W BBHITOJIHAEMOTO pealn3alnneii, n HabIIoIeHHEe omKa3a KaKk
OTCYTCTBUSI KakMX OBl TO HH OBIJIO HAOMIOZaeMBIX ACWCTBHH M3 YHCIAa pa3peUHICHHBIX HAKATBIMH KHOIIKAMH.
[omuepkuéM, 4TO OIlEepaTop paspemraeT peajr3alydy BBHITONHATh HMEHHO MHOYKECTBO IEHCTBHUI, a HE 00s3aTelIbHO
OJIHO AeWicTBHE. MBI IpeuiaraeM CUMTaTh, YTO ONEepaTop MOXKET HaKUMATh TOJNBKO OHY KHOIKY, HO KaKIOH KHOIIKE
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COOTBETCTBYET MHOXECTBO pasperraeMbix JeicTBui. Ilocne HabmoaeHus (IeHCTBUS WU 0TKa3a) KHOTIKA OT)KUMAETCH,
M BCE BHEIIIHKE CHCTBHUS 3ampentaroTcs. Jamee orepaTop MOKeT HaKaTh APYTYIo (MK TY JKe CaMyi0) KHOTIKY.

TecToBbIe BO3MOXHOCTH OTIPEZIEIAIOTCS TEM, KaKie «KHOTIOUHBIEY» MHOYKECTBA €CTh Ha KJIaBHATYPE MAIIHHEI, U JUIs
KakKuX KHOTIOK BO3MOXHO HaONOfiecHWEe OTKa3a. TeM caMbIM, CEMaHTHKa B3aMMOJICHCTBHS 3amacTcsi al(paBHTOM
BHEIIHUX JeicTBuid L W aByMs HabopaMu KHOMOK MAIIMHBI TECTHPOBAHMS: C HAOIIOJEHHEM COOTBETCTBYIOIIHX
0TKa30B — ceMeiictBo Rc2" u Ges maGmomenms otkasa — cemeiictBo Q2. Ipexmomaraercs, uto RNQ=J u
URUUQ=L. Takyio ceMaHTHKY MbI Ha3biBaeM R/Q-cemanTukoii. Ecin Q=@ u R=2", To 910 X0pomo u3sectras failure
trace semantics [8,9,10,13,15,17]. Emute oxus mpuMep — 3TO CEMaHTHKa TIOMYJSIPHOTO OTHOMIeHHs 10C0 [16,17], xorma
JeHcTBHsI pa3OuBaroTcst Ha cTuMyIsl (input) u peakin (output) L=1UO. Ects TombKO ofiHa R-KHOTKA TpreMa BCex
peakmmit R={8}, rme 6=0, a cooTBeTCTBYIOINI OTKa3 & HassIBaeTcs cmayuoHaprocmolo (quiescence). Kaxmprii
CTHUMYII X MOCBUTAETCsI B peanu3anuio ¢ momoisio Q-kHonku {x}, Q={{x}|xel}.

Kpome BHelIHUX JEUCTBUI B peaim3allid MOTYT ObITh BHYTPEHHHE JCHCTBHs, 0003HAUYAEMbIe CUMBOJIOM T. JTH
JeHCTBYSI HEHAOIIOIaeMBI U BCET/Ia pa3penieHbl (TP HAKaTHH JIF000M KHOTIKA U TIPU OTCYTCTBHU HAKATON KHOITKH).

Jns BBRIIOTHUMOCTH JIFOOOTO JeicTBUS (KaK BHEIIHETO, TaK W BHYTPEHHET0) HEOOXOAWMO, YTOOBI OHO OBLIO
OMpeJIeTICHO B peaTU3allii U Pa3penieHo oneparopoM. ECITH 3TOT0 yCIOBHsI TAK)KE M JOCTATOYHO, TO €CTh BBIIOIHATHCS
MOXeT JI000€e JeWCTBHE, YAOBICTBOPSAIOIIEE STOMY YCIOBHIO, TO TOBOPST, YTO B CHCTEME HET MPHOPUTETOB.
TecTHPOBaHKE CUCTEM C TIPHOPUTETAMHU HCCIeayeTcs B [4] U B JaHHOH CTaThe HE pacCMaTPUBAETCS.

«[Ipaktuueckue npeanonoxerus»: 1) Jrobas KOHEUHAs MOCIEA0BATENILHOCTD JTIOOBIX JEHCTBHI COBEpPIIACTCS 3a
KOHEYHOE BpeMsi, a OeckoHeuHass — 3a OeckoneuHoe Bpems. 2) «Ilepemauay» TeCTOBOro BO3AEHCTBHUS (OT KHOIMKH) B
peann3anuio ¥ HaOIOMEHHS OT peanu3anuu (Ha IWCIUIEH MAIIMHBI) BBIMONHSIOTCS 338 KOHEYHOE BpeMs. OTH
TIPEIITONIOKEHNS TAPAHTHPYIOT BO3MOKHOCTh HaOJFOJICHHS BHEIIHETO JEHCTBHS, BHIMOJHASMOTO pean3alunei, yepes
KOHEYHOE BPEMsI TIOCIIC HaXKATHs KHOIIKH, pa3pelrarolieii 3To AeiHcTBrE. ITO MPEINOI0KEHHE aCTO UCTIONB3YETCs st
peanuzanun HabIroAeHUs R-0TKa3a, HO B YCHIICHHOM BapHaHTe: BPeMs OKUIAHUS JEHCTBHS TOCTIe HaXXaTHs KHOITKH He
TOJILKO KOHEYHO, HO M OTPaHWYEHO. BBOIHUTCS TaliM-ayT, HCTEUCHHE KOTOPOTO 63 HaOMIOJCHHS NEUCTBHUSI TPAKTYETCs
Kak oTka3. CeayeT OTMETHTE, YTO 3TO HE €ANHCTBEHHBINH BO3MOKHBIN CIIOCOO peann3ainy HaOd0IeHHUs 0TKa3a.

IMocne Haxatust R-KHOMKY Yepe3 KOHEUHOE BPeMsi OIepaTop HaOIIOAAET WK Pa3peIieHHOE ITOM KHOIMKOW BHEIITHEE
neiicTBue Wik 0tka3. OHako npu Hakatuu Q-KHOIKH, €CIM B PEAU3allii BO3MOXEH OTKa3, TO, IOCKOJIBKY ATOT OTKA3
He Ha0JII01aeM, ONepaTop He 3HAET, HYXKHO JIM eMY KIaTh HAaOJOICHHS BHEIHETO JCHCTBHUS WM TAKOTO JICHCTBUS HE
OyneT, MOCKOJIbKY BO3HHK 0TKa3. [103TOMY OrepaTtop He MOKET HH MPOJ0JDKATh TECTUPOBAHUE, HU 3aKOHYHUTH €T0.

BeckoHeuHast MOCIEOBATEILHOCTD T-IEHCTBHI («3AlMKIIMBAHNE») HA3BIBACTCS Ougepeenyueil W 0003HAUACTCS
cuMBOsIoM A. JluBepreHims caMa 1o cebe He omacHa, HO MPH IMOIBITKE BEIXOda M3 He€, KOraa OTeparop HakKnMaeT
KHOIIKY, OH HE 3HAET, HYXXHO JIM JKJaTh HAOIIOAEHHUs WK OECKOHEUHO J0JIT0 OYIyT BBIMTOIHATHCS TOJBKO BHYTPEHHHE
neiicTBust. [103TOMY M B 3TOM Cliydae OMeparop He MOXKET HH MPOJI0JKATh TECTUPOBAHUE, HA 3aKOHYUTH €TO.

Kpome 3Toro Mbl BBOAUM HOBOE, TAK:KE HE PETYIUPYEMOE KHOMKAMHU, AEHCTBUE, KOTOPOE HA3BIBAEM pA3pYULCHUEM
1 0003HaYaeM cUMBOJIOM y. OHO MOJIETMPYET 000 HeXeTaTeIbHOE MOBEAEHHE CUCTEMBI, B TOM YHUCIIE U €€ PeabHOE
paspylieHne, KOTOPOTO HENb3s JOMYCKaTh TPH B3aUMOJEHCTBHU. Pa3pylieHre — OMUH U3 CITOCOO0B WHTEPIPETAIIHH
HecTeIMUIIMPOBAHHOTO TIoBeAeHks. [ToyHas crierupUKaIis BHEITHETO TTOBEACHHA CHCTEMBI TpeOyeTCs TOTIa, KOraa
OKpY)KEHHE MOKET BeCTH ce0sl MPOU3BONBLHBIM 00pazoM. Takoe TpeOOBaHWE K peaM3alliH €CTECTBEHHO, €CJIH 3TO
«cucTeMa OOIIEro TONB30BAHUS»: B HEW JOIDKHA OBITH MPEIYCMOTPEHa «3aluTa OT aypaka». OmgHako mpu
B3aMMOJIEHCTBHH MEXIy BHYTPEHHHUMH KOMIIOHEHTAMH I TOJCHCTEMaMHM, JTOCTYI K KOTOPBIM CTPOTO OTpaHHYeH,
B3aMMHbBIE TPOBEPKH KOPPEKTHOCTH oOOpareHuit u3auiman. OCOOeHHO TpH OOpalleHHHd ¢ MapaMeTpaMH CIIOKHOM
CTPYKTYpPBl U HETPUBUAJIBHBIMU YCJIOBUSAMH KOPPEKTHOCTH, KOTIa HAaKJAJHBIE PACXOJBbl HA IPOBEPKY HEOIPABIAHHO
YBEIMYUBAIOT TPYJ03aTpaThl Ha CO3/JaHUE CUCTeMBbI, €€ 00BEM W BpeMs BBHINOIHEHUS. AJBTEPHATUBOMN SBISETCS
cTporas creruduKaiys IpeaycioBuil BeizoBa omepanuid [12]. TIpoBepke MOAJICKUT HE TMOBEACHHE KOMIIOHEHTOB B
OTBET Ha HEKOPPEKTHBIE OOpAIIeHUS OT APYTUX KOMIIOHEHTOB, a MPAaBWJIBHOCTh OOpAalleHHs KOMIIOHEHTOB APYT K
Aapyry. NuapiMu CJIOBaMHU, MOCKOJIbKY MBI XOTHUM Y6CI[I/ITBCH B MNPAaBUJIBHOCTU pC€ain3alui, a HC OKPYXKCHHA, HAC HE
MHTEpECYeT IOBEJCHUE pealu3allid NpPU HENpPaBUILHOM B3aMMOJCUCTBHU C Heil. Paszpymenue B crerupukanun
OTMEYaeT Te CUTYaIlWH, KOTJla B peaju3alliy JOMyCKaeTcs JI0oe MOBEJCHNE, B TOM YHCIE U PeallbHOE paspyllcHHUE.
CeMaHTHKa paspyIIeHHs MPEITIONIaraeT, 4To OHO He JOJDKHO BO3HUKATH MPH MPABHIILHOM MOBEICHHH OKDPYKEHHUS.

TecTrpoBaHue, P KOTOPOM HE BO3HHKAET paspyIICHHUs, MOIMBITOK BBHIXOJAA W3 JAUBEPreHIMH M HEHAOIIOMaeMbIX
OTKa30B, HA3BIBACTCS HE30NACHbIM.

2. Mogaeau peaju3anuu U cnenupuranuu

Jlis B3auMoJecTBUS, OCHOBAaHHOTO Ha HAOIIOACHUAX, PE3YNbTAaT TECTOBOTO IKCIEPUMEHTA — ITO YepeIyromasics
MOCIIEIOBATEIHHOCTh KHOTIOK (TECTOBBIX BO3MCHCTBUIT) M HAOIIONCHHIA, KOTOPYIO MBI Ha3blBacM (mecmogoir)
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ucmopueli. B cuily CeMaHTHKH AMBEPTCHIMN W Pa3pyIICHHs JOCTATOYHO PacCMaTpHBaTh TOJNBKO TaKHE HCTOPHH, B
KOTOPBIX CUMBOJIBI A M Y MOTYT OBITh TOJIBKO IOCJIEIHUMH cHMBOJaMH. [10CKONBbKY NMBEPreHIMs W pa3pylieHHE
BCETAa pa3pelicHbl, UM HE MPEIIIECTBYET B MCTOPUH HHKakas KHomka. JItoboe npyroe HabmroneHue U (BHEIIHee
nericteue WM R-oTkaz) pasperaercst HEOCPEACTBEHHO MPEALIECTBYIONIEH eMy KHomKol P, To ects UeP nm U=P s
PeR. INoanocienoBarenbHOCTh UCTOPHH, COCTOSINAS TOJIBKO M3 HaOJMOAeHUH (BKIIOYast A U ), Ha3bIBaeTCsl TPACCOM.
Ecnu mpropuTeTOB HET, BO3MOXKHOCTH JAHHOTO HAOMIIOZCHUS TIOCIE TPACCHI OMPEACISIETCS TE€M, YTO HaKMMaemas
KHOITKA pa3pemiaeT 3TO HaONIOJEHWE, W HE 3aBHCHT OT TOTO, KakWe elle HaOmroleHHs oHa paspemaer. [losTomy
MHO)KECTBO HCTOPHH CHCTEMBI OJHO3HAYHO BOCCTAHABIHMBACTCA II0 MHOXECTBY €€ Tpacc, KOTOpPOE HA3bIBACTCS
mMpacco6oii Mooenwblo CUCTEMBI U SABIISIETCSI HAOOJIee eCTECTBEHHOM €€ MOJIEIBIO.

Ecnu B Tpaccax Mozenu B KadecTBE OTKa30B MOTYT BCTpEYaThCs JIIOObIE MOAMHOXECTBAa ayipaBUTa BHEITHHX
neiicTBuit L, Takie TPacchl M TAKyKO TPACCOBYIO MOJIETh MBI Ha3biBaeM noansimu. CootBeTcTRYOmasn 25/J-cemManTHKa
W3BECTHA B JUTeparype noxa Ha3panuem failure trace semantics, a momHbie Tpacchl 0e3 AMBEPreHIMH U Pa3pyLICHUS
HaspiBatoTcs failure traces. Tpacca, B koTOpoil Bce OTKas3bl HabmromaeMbl Ais 3amgaHHOW R/Q-ceMaHTHKH, TO ecTb
npuHaiexar R, HaswsiBaercs R-mpaccoii, a nogMHoxecTBo R-Tpacc nonHol TpaccoBoit Monenu — R-modenvio. Tlpu
6e30macHOM TecTHpoBaHun B R/Q-ceMaHTHKe HABIIOAaTHCS MOTYT TOJIBKO R-Tpacchl, He cofepKariie CHMBOJIOB A 1 .
Jlnst ioco-cemanTnku R-Tpaccsr (6e3 A ¥ y) Ha3sIBaroTCst SUSPENSION traces. JIpyrue Tpacchl MONHON TPACCOBOW MOJIEITH
HYXHBI JUISl YKa3aHHsl TOro, kakue R-Tpaccel GezomacHbl (MOTyT HaOmoAaThCst MpU OE30MacHOM TECTHPOBAHHM), a
Kakue HeT. J[j1 3TOro 10CcTaTOuHO YYUTHIBATE TOJIBKO TPACCHI, B KOTOPBIX OTKAa3bl IPHUHAJIE)KAT MHOXKECTBY RUQ.

CemaHTHKa B3aUMOJAEHCTBUS 3alpeniaeT HEKOTOpble Tpacchl. Hampumep, Tpacca NOIKHA OBITH CO2IACO8AHHON.
nocie oTkaza P He MoxeT ObITh neiicTBus Z€P, a Takke cumBonoB A 1 y. [TosTOMy MOIEns — 3TO MHOXKECTBO Tpacc,
KOTOpPOE yJOBJIETBOPSIET HEKOTOPOMY HEOOXOIMMOMY M JIOCTaTOYHOMY HaOopy ycioBuil. PopMaibHOE onpenesieHne
9THUX YCJIOBHI M JOKA3aTEIbCTBO MX B3aUMHOM HE3aBUCHMOCTH, HEOOXOMMOCTH | JOCTATOYHOCTH JaHbI B [2].

Jpyroii, SKBUBaJCHTHOI MoJeNbio peanusanuu u cneunbukanuun seiusiercss LTS (Labelled Transition System),
KOTOpasi OmpeaenseTcs Kak OPHEHTHPOBAaHHBIA TIpad, BEpIIMHBI KOTOPOTO HA3BIBAIOTCSI COCTOSIHMSIMH, a IYTH
MOMEUEHbI BHEITHUMH JEWCTBUSIMH UIIA CUMBOJIAMH T WJIM Y U Ha3bIBAIOTCA miepexoaamu. Ilepexon u3 (pe)cocTosHus S
B (IIOCT)COCTOSIHME S TI0 CHMBOJY Z 06o03Hauaercs S—Z—>S . Beigensercss HayagbHOE COCTOSHHE, C KOTOPOTO
peanuzaiys HaunHaeT paboTaTh MPH Kax0oM pectapre. [locne pecrapTa peann3aiis BBIIIOIHIET MOCIEA0BATEIFHOCTD
CMEKHBIX MIEPEX0J0B [0 MAPUIPYTy, HAUNHAIOIIEMYCS] B HAYaIbHOM COCTOSHHH, KXKIBII IIepexos KOTOPOTO IIOMEUYEH
JICHCTBHEM Z, pa3peliaeMbIM TEKYIIeH HAXKaTOW KHOMKOW P MalIvHbI TeCTHPOBaHHs, TO ecth Ze PU{1,7}.

Ortkas P B LTS nopoxnaercs B cmabunbiom COCTOSIHUH, U3 KOTOPOTO HE BBIXOJAT T- M Y-TIEPEXO0JIbl, IPH YCIIOBHH,
YTO W3 ITOTO COCTOSHHS HE BBIXOIT TaKkkKe Inepexoisl mo nedctBusiM ZeP. CocrosiHue dusepeenmmuo, €Ciii B HEM
Ha4MHaeTcs OECKOHEYHBIH T-MapUIpyT, TO €CTh MapIIPYT, BCE MEPEX0/Ibl KOTOPOTO TOMEUYCHBI CHUMBOJIOM T.

Hnst onpenenenunst Tpacc LTS B CTaOMIBHBIX COCTOSTHMSIX JT00aBJISIOTCS BHPTYadbHBIC METIIH IO MOPOXKIAEMBIM
OTKazaM, a B JMBEPIEHTHBIX COCTOSHMAX — mepexoxsl no A. Ilocme storo Ttpacca LTS ompenensercs kak
MOCJIEI0BATEIFHOCTh [IOMETOK Ha MEpPexojax MapiipyTa, HAYMHAIOIIETOCS B HAYalbHOM COCTOSIHUM M HE
MIPOJIOJDKAIOLIETOCsT Tocie A- WM y-Tiepexoja, ¢ HporyckoM cumBosia T. LTS — nHambosnee HaruisigHas MoOAens,
MMOCKONBKY Ut 7i06oit LTS MHOXECTBO ee Tpacc SIBIAETCS TPaccoBO Mopenpio. B To ke Bpems LTS oGmamaer
CYIIECTBEHHBIM HEYJ00CTBOM, CBSI3aHHBIM C HeaeTepMuHU3MOM. Henerepmunusm B LTS nposiBisieTcst kak Ham4aue T-
[EPEXO/IOB U/WIN «BEepa» MEPEXOJ0B S—Z—>S U3 OJHOrO IPECOCTOSHHS S MO OJHOMY BHEIIHEMY JCUCTBHIO Z,
BEOYIIMX B Pa3HbIe MOCTCOCTOSIHMS S . M3-3a 9TOr0 Tpacca 3aKkaHYMBAETCs, BOOOIIE TOBOPSI, HE B OJJHOM COCTOSIHHH, a
Bo MHOXecTBe coctostHu LTS. Ecnm B cemMaHTHKe ecTh HabromaeMble OTKAasbl, TO 3TOT HEACTEPMUHHU3M, BOOOIIE
TOBOPsI, HEYCTPAHUM, ITOCKOJIBKY Tpacca MOXKET MPOJOIKATHCS KaK OTKa30M, TaK U JEHCTBHEM M3 3TOTO OTKa3a, a 3TO
BO3MOJKHO TOJIFKO B Pa3HBIX COCTOSIHUSX, TEM CaMbIM, TPAcca HE MOXKET 3aKaHINBATHCS B OHOM COCTOSTHHH.

ABTOpBI CTaThbM NPEIOKWIN €LIe OJHY OKBUBAJICHTHYIO MOJENb, B KOTOpOW 3Toro HeynooctBa Her. OHa
naspiBaercsi RTS (Refusal Transition System) u mpencrapiser coboii nerepmunupoBannyto LTS ne B andasute
Lu{ry}, a B andasure LOURU{t,A,y}, TOo ecTh B Hell MOryT ObITh SIBHBIC Mepexojbl Mo R-oTkazam, a GeckoHeyHas
L[ETI0YKa T-NMePEX0J0B S—T—>... 3aMEHEHa OJHHMM mepexoqoM S—A—>. [IpaBaa, 3a 3TO NPUXOIAMTCS pacIuIa4uBaTHCS
HarJSIHOCTBIO: He Jto0as nerepMuHrpoBanHas LTS B Takom andasure sBisiercst RTS, a nmib Ta, 4TO yIOBIETBOPSIET
HA0OpY YCJIOBUH, ONpe/Ie/IaeMbIX CeMaHTHKON B3auMoeiicTBus. [Ipu npeodpasosanuu LTS B RTS cocrostausamu RTS
CTaHOBSITCSI MHOXKECTBA cocTosiHUN LTS B KOHIIE Tpacc, YTO aHAJIOTMYHO U3BECTHOMY aJITOPUTMY «IETCPMHHHU3ALIUI
noposkarornero apromara (uu rpaga). Muoxkecto tpacc LTS wiu RTS S 6ymem o6o3nauats T(S).

3. T'mmore3a o 6e3omacHOCTH U 6e30nMacHAsT KOHPOPMHOCTH
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Kak Bo3MOXHO Oe30macHOE TECTHpPOBAaHWE, €CIM peaiu3anus HewsBecTHa? Hampumep, ecnn B HadaldbHOM
COCTOSIHUM peayi3alliy OIPEesieHO pa3pyIIeHHe, TO TaKyl0 pealn3alfio He TOJBKO HENb3s TeCTUPOBATh, HO JaKe
3aIrycKaTh Ha BBHIMOJNHEHHE. BBIX0A B TOM, 4TOOBI OTpaHMYUTHCS pean3alusiMi, KOHPOPMHOCTH KOTOPHIX 3aJaHHON
crenn(UKaIuy MOKHO TIPOBEPHTH MPH OE30MIaCHOM TECTHPOBAHHUU. DTO OTpaHUYeHUE (popMyIMpyeTcs Kak THIIOTe3a O
0e30macHOCTH, U KOH(GOPMHOCTB ONpeAesIeTcs Ui Kilacca pealnn3alyi, YAOBJIETBOPSIOMINX 3TOH rumorese. B cumy
9KBUBaJICHTHOCTH TpaccoBod, LTS- u RTS-mozmenell nocraTtouHo omnpeaenuTh TUNOTE3y O 0O€301MacHOCTH U
KOH(OPMHOCTB ISl TpacCOBBIX Mojeield. Takue TunoTesy ¥ KOHPOPMHOCTh MOKHO Ha3BaTh MpAcCO8bIMU, TTIOCKOIBKY
OHH 3aBHCST TOJBKO OT TPAcC PEaIU3alny U Crielu(UKAINU, HO HE OT UX COCTOSIHMI M COOTBETCTBHS COCTOSHUI.

OmnpenenuM (GopManbHO OTHOIIEHHE OE30MACHOCTH «KHOMKa P Ge3omacHa B Momenn mocie Tpaccsl o». [lpu
0e3011acHOM TECTUPOBaHMM OyIyT HAXKUMAThCS TOJNBKO O€30IacHbIE KHONKH. JTO OTHOLICHHE pPAa3INYHO JUIst
peanu3anuu u crienupukanuu. B moaHoi TpaccoBoii peanusanuu | otHonenue 6e3omacuoctu (Safe in) oznauaer, uro
1) kHomka P mocie Tpaccel G Hepaspywiaiowas: ee HakaThe He MOXKET O03HA4aTh MOMBITKY BBIXOJA U3 IMBEPreHIHH
(Tpacca He IpoJOJDKAeTCsl NUBEPreHLUel) W He MOXKET BbI3bIBATh paspylieHue (Tociie JEWCTBHs, pa3periaeMoro
KHOTIKO#), ¥ 2) Ha)KaTHe KHOTIKKA He MOXET MPUBECTH K HeHabmogaeMoMy oTkasy (s Q-kuomnok): VPeRUQ Voel

P safe,, | after o Zgef 0-<A>¢| & YUueP o-<u,y>¢ I.

P safe in | after o =qet P safe,, | after 6 & (PeQ = o-<P>¢l).

B monHo#t TpaccoBoii creundukanumu S otHomeHue OezomacHoctd (Safe by) ormnmuaercs numb mis Q-KHOMOK:
mocie Tpaccebl Q-oTka3z Q MOKET OBITh, €CIIH MTOCIIE TPACChI €CTh XOTs OBl oHO aeiicTBHe Z€Q. Takxke, ecnu aeiicTBre
pasperaercsi XoTs Obl OJHOI HepaspylIaloliel KHOINKOH, TO OHO JIOJDKHO pa3pelarhcsi KakoW-HuOynb Oe3onmacHon
KHOTIKOH. B "acTHOCTH, eciii Bce Hepa3pymaroIine KHOMKY, pa3pellaronye AeHCTBHE, ABISIOTCS Q-KHOMKaMH, TO XOTS
OBl OZHY W3 HUX HY)XHO OOBSBUTH Oe3omacHOi. Takoe OTHOIIEHHE OE30IMaCHOCTH BCET/a CYIIECTBYET: JTOCTATOYHO
0OBSBUTH 0€30MacHON KaKIYI0 Hepa3pyHIAloIIyl0 KHOIKY, pa3pellaloniyio IeWCTBUE, MpoaospKaiomee Tpaccy. Ho B
[IeJIOM yKa3aHHBIE TpeOOBaHWs HEOJHO3HAYHO Ompenesstor oTHornerne Safe by, w mpw samanwm crenmdukarmu S
yKa3bIBaeTCs KOHKpeTHOE oTHOmIeHue. TpeboBanus k safe by zammceiBarorcs tak: VReR Vzel VQeQ VoeS

R safe by S after c < R safe,, S after o,

IPeRuUQ P safe,, S after 6 & zeP & 6:<z>eS = 3P eRUQ zeP” & P safe by S after o,

Q safe by S after c = Q safe,, S after o & IveQ o-<v>€S.

be3omacHOCTh KHOMOK ompeaenseT Oe3omacHOCTh HabmrogeHwid. R-oTkas R Oe3omaceH, eciy TOCie TPacchl
Oe3omacHa kHomKa R. JleiicTBre Z 6e30macHO, €CJIM OHO pa3peniaeTcss HEKOTOPOi KHOIIKOM, 6€30T1acHOM MOCIIe TPACCHhI:

z safe in | after o =qs IPecRUQ zeP & P safe in | after c.

z safe by S after o =4t IPcRUQ zeP & P safe by S after o.

Tenepb MOKHO ONpENENHTh Oesonacusvie R-mpaccei. R-Tpacca 6e3omacHa, e€cim 3Ta Tpacca e€CTh B MoJAead U 1)
MOJIeNIb HE Pa3pylIaeTcs C caMoro Hauyana (10 HaXKaTus MepBOil KHOMKM), TO €CTh, B HEH HET Tpacchl <y>, 2) KaXKIblil
CHMBOJI TPacChl 0€30MaceH MOCIIe HETIOCPEACTBEHHO MPEANISCTBYIOMIETO eMy IpeHKca TPACCHI:

<y>¢l & Vu Vu (u-<u> npedukc o = u safe in | after ),

<y>¢S & VY Vu (u-<u> npedukc ¢ = u safe by S after p).

MmuoskecTBa Ge30macHbIX Tpace peanusanuu | u cnenudukanuu S o6o3naunm Safeln(l) u SafeBy(S).

3amernmM, uto mycrast Q-KHOIKa BCer/a omnacHa Kak 1o oTHorreHuto safe in, rak u mo mobomy otaomenwuto safe by.
Takyro KHOTIKY HEJb3s Ha)XUMAaTh IpH Oe30macHOM TecTupoBaHuu. [losTomy mamee OynmeM cUMTATh, YTO B CEMAaHTHKE
nyctoit Q-kHonku HeT: ¢ Q. B To e Bpems mycrast R-kHOMKa UMeeT CMBICI: OHA Oe30MacHa, eCld TOCIIe TPACCHl HET
JIMBEPTeHINH, a HaOMoAeHue MycToro R-oTka3a o3HavaeT, 4To pean3anus okasanach B CTaOMIEHOM COCTOSHHU.

U3 ompenenenust otHomenuit safe by u safein BumHo, uT0 MHOMXKECTBO 0€30mMacHBIX Tpacc COCHUPHUKAINH
OJTHO3HAYHO OIpEeAeNIsIeTCcss MHOXKECTBOM ee R-Tpacc, a MHOXKeCTBO O€30MacHBIX TPACC peallu3alny, KpOME MHOXKECTBA
ee R-Tpacc, TONONHUTENBHO 3aBUCHUT OT NpojoinkeHus R-tpace Q-oTkazamu.

TpeboBanue  0O€30IACHOCTH  TECTHPOBAHUSI  BBIJCISIET  KIAcC  OE30MACHO-MeCmupyemvix — pealn3anui
Safelmp(R/Q,S,safe by), koropbie Moryt ObiTh 6e30MaCHO MPOTECTHPOBAHBI IS MPOBEPKA HUX KOHPOPMHOCTH
3aganHol crierudukamu S ¢ 3agaHHBIM oTHOIIeHHeM Safe by B 3apannoit R/Q-cemanTuke. DTOT Kilacc ompenensieTcs
eunomesoti o bezonachocmu: peamusays | 6ezonacrno-mecmupyema nns cnenudukanuu S, eciu 1) B peann3anu HET
pa3pyIIeHus ¢ caMOro Haydaya, €M 3TOTO HeT B CIICHU(UKAINH, 2) Tocie o0Imei 0e30macHoi Tpacchl peatn3anui ’
cnenuUKauy Tr00ast KHOTKa, Oe30IacHas B crieu(pUKaIiy, 0e30IacHa ITOCIIe 3TOW TPACCHI B pean3alliui:

| safe for S =g (<y>¢S = <y>¢1) & VoeSafeBy(S)nl VPeRUQ (P safe by S after c = P safe in | after o).

3amernM, 9TO JUIT i0CO-CEMaHTHKH MBI pas3pemraeM B 0€30MacHO-TECTHPYEMBIX pean3aluax «Oe30macHbIe
OJIOKMPOBKH CTUMYJIOB IOCJIE TPAcC, KOTOPHIE B CIEMU(PHUKANNN 3TUMH CTUMYJIaMU HE MPOAOJDKAOTCA. JTO Oonee
nbepanbHO, YeM TpeOOBaHUE BCIOAY ONPEACIEHHOCTH peali3aluy 10 CTUMYJIaM, Ipe/iaraeMoe aBTOpOM OTHOILCHHUS
ioco SAnom Tpurmancom [16,17]. DTUM MBI yCTpaHsIeM «HECOTTIACOBAaHHOCTBY» OTHOIIEHHUs i0CO, KOTAa KOH(pOpMHas
BCIOJIy OIIpEAEEeHHAs 0 CTHMYyJjaM peaiuzamus A W peanmmsanus B, ornuuaromasics oT A TONBKO HalMyueM
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«0€30MacHbIX» OJOKHPOBOK, HEPa3IMYMMBI IIPH I10CO-TECTHPOBAHMH, OJHaKo A KoHpopMmHa, a B 3aBemomo He
KOH(OPMHA, TaK KaK He BCIOY OTPeIeNieHa IT0 CTUMYJIAM M TEM CaMbIM HE BXOJWT B JJOMEH OTHOIIECHHS 10CO.

Tenepb MOXHO ONpeNeIuTh OTHOIIEHHE (Oe3omacHor) xongopmmocmu: peammsamus | (6ezonacno) xongopmmna
cnenuduKauy S, ecay OHa Oe30MacHa W BEBINIOIHEHO mecmupyemoe yciogue: T000e HaOMIOICHNE, BO3MOXHOE B
peanu3alyy B OTBET Ha Ha)kaTHe 0e30MacHOi (B crieu(uKaIiy) KHOIIKH, pa3peliaercs crenudukamnueii:

I saco S =g | safe for S & VoeSafeBy(S)n | VP safe by S after ¢ obs(c,P,1)cobs(c,P,S),
rae 0bs(c,P,M) =gt {ulo-<u>eM & (UeP v U=P & PeR)} — MHOeCTBO HaOIIOAEHHI, KOTOPHIE MOXKHO HOJIYYHTh Hal
MOJTHOHM TpaccoBOW MoJenb0 M mpu HaxkaTHK KHONKH P mociie Tpacchl G.

I'unoTte3a 0 0e30mMacHOCTH HE MpoBepsieMa MPU TECTHPOBAHUH, SIBISSICH €r0 MPEAYCIOBUEM; MPOBEPSETCS JIUIIb
Tectupyemoe yeiosre. OTHOIICHHE SACO ompezenseT kiace kondpopMHubIx peanusauuit Conflmp(R/Q,S,safe by).

4. TenHepanusi TecTOB

B TepMuHax MarvHBI TECTUPOBAHHS TECT — 3TO MHCTPYKIMS ONEPAaTOPy MALIMHBL B KakIoM IyHKTE HHCTPYKIHU
yKa3aHa KHOITKa, KOTOPYIO OIlepaTop JOJDKEH HaKUMaTh, M JUIs KaXJI0T0 HAOIOJCHUS — MMyHKT UHCTPYKINH, KOTOPBIH
JOJDKCH BBITIONHATBCS CIEAyroImM, wid Bepaukt (pass wiu fail), ecnmu tectmpoBanne HyXHO 3aKkoH4UHMTH. B Tecte
NocJIe KHOTIKK P omyckaeTcst ToIbKO Takoe HabJroieHre U, KOTopoe pasperiaercst KHOMKo# P, To ecth UeP v U=PeR.

Tect 3amaercst mpedUKC-3aMKHYTHIM MHOXECTBOM KOHEUHBIX HCTOPHH, B KOTOpOM 1) Kakmas MaKcHMalbHas
UCTOpHS 3aKaHYMBACTCSl HAOJNIOJNCHHWEM, W € NpPUIHCaH BEPIHKT; 2) MOcie KaXXA0W HEMaKCHMalIbHOW HCTOPHH,
3aKaHYMBAOLIECHCS KHOIIKOW, CIIEAYIOT TOJIBKO Te HAOIOACHHS, KOTOPBIE PAa3peIatoTCsl 3TOH KHOIKOM, U 00s3aTeNbHO
CJIEYIOT T€ U3 HUX, YTO BCTPEYAIOTCA B OE30IIaCHO-TECTUPYEMBIX PeaM3aisIX IOCe OATPACCHI 3TOH HCTOPHH.

Tect Ge3omaceH Torza ¥ TOJIBKO TOTAA, KOTAA B KayKIOW €ro NCTOPHH KaXk/asi KHOIIKa Oe30macHa B crieln(UKanu
MOCJIE TIOATPACCHl HEMOCPEACTBEHHO MPEALISCTBYIOIIEr0 3TOW KHOIKE Npedukca UcTopud. MHBIMU ClIOBaMH, TECT
Oe3omaceH, eciii MOJATPACChl €0 UCTOPHH SIBIISIOTCS TECTOBBIMH, TIIE Mecmogas mpacca — 3To 0e30mnacHas Tpacca Win
Tpacca 6-<U>, Tae Tpacca ¢ Oe3omacHa B criennuKanuy, a HabmoaeHne U 6e30macHo nocie ¢ B cliennuKanuy (Ho He
00s13aTeIbHO UMeeTCs B Hell). JJ0CTaTOuHO OrpaHUYUTHCS TOJIBKO AKMYalbHbIMU TECTOBBIMU TPACCAMH, IOl KOTOPBIMH
MOHMMAIOTCSI TPACChl, BCTPEUArOIHecs: B 0€30MacHO-TECTUPYEMbIX pealin3alusiX. B yacTHOCTH, Tpacca J0JKHA OBITh
COTJIACOBAHHOM, XOTA B CTIEU(HUKAIIMHA MOT'YT OBITh COTJIaCOBAaHHBIE, HO HEAKTYyalbHbIE TECTOBBIE TPACCHI.

Peammzanust npoxooum Tect, eciu e€ TECTHPOBAHHE STHM TECTOM BCETAa 3aKaHYMBAETCS C BEPAMKTOM pass.
Peanmzanns npoxoauT HaOOp TECTOB, €CIIM OHA IMPOXOAUT KaKAbIM TecT n3 Habopa. HaGop TectoB smauumei, ecnn
KakJasi KOH(QOpMHasi peaqu3anusi ero IPOXOaNT; UCUEPRbIBAloWUll, €CIIH KaXkJass HeKOH(pOPMHas pealn3alys ero He
MIPOXOMNT; NOJMbIU, €CIA OH 3HAUYMMbIM M McuepnbiBaroniuid. st omnpenenenus koHGopMHOCTH JTr000H Ge3omacHo-
TECTUPYEMOH pean3allii CTABUTCS 3a/laua FeHepaly IT0JTHOro Habopa TeCTOB 10 creln(pUKanH.

[MosHbIi HAGOP TECTOB BCETa CYILECTBYET, HAPUMED, UM SIBJISIETCS HA0Op BeeX npumumuenvix TectoB [2]. Takoi
TECT CTPOUTCS 10 HEMAKCUMAIBHOM (IT0 OTHOIIEHUIO «SBIIIeTCs mpedurcom») Oe3omacHoi R-Tpacce cnenudpukanuy.
Jlyist 3TOrO B Tpaccy BCTaBISIOTCS KHOIKH: Tepe] oTka3oM R — kHomka R, mepex neiictBuem Z — nrobast KHomka P,
paspelaroniast eiicTBie Z U Oe30macHas 1ocjie COOTBETCTBYIOLIETO MpedHuKca Tpacchl, a Moclie BCel Tpacchl — Jirobdas
Oe3omacHas nociie Hee KHOMKa P°. besonmacHoCTh Tpacchl rapaHTHpyeT 0€30MacHOCTh KHONKY R 1 Hanmuuue 6e30macHoi
KHOIIKM P, a HeMakCHMManbHOCTb Tpacchl (cpeau 0e30MacHbIX) TapaHTHPYET HaJMYue rocieqHell kKHonku P°. Buibop
KHOIIOK, BOOOIIE IOBOpPs, HEOJIHO3HAYEH: IO OJHOM Oe30macHOW Tpacce crenudUKanuu TeHepupyeTcs MHOXKECTBO
MIPUMUTHUBHBIX TecTOB. OHAKO MHOXKECTBA TECTOB, CTEHEPUPOBAHHBIX 110 Pa3HBIM TpaccaM, He IIepPeceKatoTCs.

Ecnn naOmiofeHWe, TONyYEHHOE TIOCIHE HAXKaTHs KHOIIKH, MPOJOJDKAET Tpaccy, TECT MPOJOIDKAECTCS
(HemMakcuManbHass B TecTe HWcTopws). HaOmromeHue, TMONydeHHOE IIOCIE HAXATHS IIOCIEAHEH KHONIKH, W JIoOoe
HaOJI0ZICHUE, «OTBETBIIAIOIIEECS» OT TPACCHI, BCETAA 3aKaHUMBAIOT TECTHPOBaHNE (MaKCHMaJIbHAS B TECTE UCTOPUS).
Bepaukr pass BeIHOCHTCS, ecin moiydeHHass R-Tpacca (moarpacca MakCMManbHON MCTOPHM) €CTh B crenuduKkanmy, a
BepaukT fail — ecin Her. Takwe BepAMKTBI COOTBETCTBYIOT CMIpO2UM TECTaM, KOTOPbIE, BO-TIEPBBIX, 3HAUYUMEIC (HE
(DMKCHPYIOT JIOKHBIX OIIMOOK) U, BO-BTOPBIX, HE MPOITYCKAIOT 0OHAPYKEHHBIX OMINOOK.

JIroOoli cTporuii TecT Kak MHOXECTBO HCTOPHH paBeH OOBEIMHEHHIO HEKOTOPOrO MHOXKECTBA NPUMHUTHBHBIX
TECTOB, TO €CTh OHM OOHAPYKUBAIOT T€ )K€ caMble OIIUOKU. [109TOMY MOKHO OrpaHUYHUTHCS TOJBKO IPUMHTHBHBIMU
tectramu. Ho M cpei IPUMUTHBHBIX TECTOB MOI'YT OBITh 3aBEJIOMO «IMIIHKE». HanpumMep, 10CTaTOYHO TeHepHpoOBaTh
TECTHI TOJBKO MO TpaccaM, B KOTOPHIX HET MOBTOPHBIX (HE pa3AeleHHBIX ACHCTBHSIMM) OTKA30B. €CIHM HaONIIogaeTcs
oTka3 P, To moBTOpHOE HakaTHe KHONKH P rapaHTHpoBaHHO naer oTkas3. Kpome Toro, B crieruduKaiug MOTYT OBITh
Oe3omacHble HeKOHpOPMHbIe TPACCHI, TO €CTh TPACCHI, KOTOPBIE HE MOTYT BCTPEYaThCsl B KOHPOPMHBIX pean3alisx.

Kak ckazano Bblme, B J1000H MOMEHT BPEMEHH pealn3alys BBIIOJIHSET JII00OEe BHEUIHEE IEHCTBHE, KOTOPOE
OTIpEJIeTICHO B HEHW M pa3pelIeHo ONepaTopoM, WM Jro0oe BHyTpeHHee JeicTBue. Ecnu Taknx NeidcTBHH HECKOJBKO,
BBIOMpAETCst OHO M3 HUX HEIECTCPMHHUPOBAHHBIM 0Opa3oM. [Ipenmnonaraercs, 4To HEACTEPMHUHU3M pea3aliuil — 3TO
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SIBIICHUE YPOBHS a0CTPAKIMN, KOTOPOE OTPEACISIETCS TECTOBRIMHI BO3MOKHOCTSIMH 10 HaOJIIOJJCHUIO U YIIPABICHHIO, TO
€CTh CEMaHTHKOW B3aMMOJEHCTBHA. VIHBIMU CIIOBaMH, MOBEACHUE peaNn3aliil HeleTePMHUHHPOBAHO, MOCKOIBKY OHO
3aBHCUT OT HEKUX HE YUUTHIBAEMBIX (PAKTOPOB — IIOTOAHBIX YCIIOBHIT», KOTOPBIE ONPENEISIOT BHIOOP BBIOIHAEMOTO
NeHCTBUS AeTEPMUHUPOBAHO. I TOTO YTOOBI TECTUPOBAHKE OBLIO ITOJIHBIM, JIFOOBIE TIOTOHBIE YCIIOBHUS JTOJDKHEI OBITH
BOCIIPOM3BO/IMMEI B TECTOBOM 3KCIIEpPUMEHTE, MPUYEM ISl KaKAoro tecra. Eciu 3T0 Tak, TO ecTh NpH OECKOHEYHOU
MOCTIEI0BATENbHOCTH TPOTOHOB TECTa MPOSIBATCA BCE BO3MOXKHBIE IOTOAHBIE YCIOBUS, TECTHPOBAHUE HA3bIBACTCS
enobanonoivm [14]. Mbl abcTparupyeMcst OT KOJHYECTBa BAapUAHTOB IOTOMHBIX YCJIOBUH, 3/eCh BaKHA JIHIIb
MOTEHIMAJIbHAS BO3MOXKHOCTD IIPOBEPUTH MTOBEICHUE CUCTEMBI ITPH JIOOBIX TIOTOJHBIX YCIOBHUSX U JIFOOOM HOBEJACHUN
orepatopa. be3 3Toro mMbl He MOXeM OBITh YBEPEHbBI, YTO NPOBEIN TECTOBBIE MCIIBITAHMS KaXKIOTO TECTa JJIs BCEX
BO3MOXKHBIX TIOT'OJIHBIX YCJIOBHH, TO €CTh IPH JIIOOOM BO3MOKHOM HEAETEPMHUHUPOBAHHOM IOBEACHUH PEaIU3alINH.

Ecmu rumoTesa o ri1006anpHOM TECTHPOBAHUH BEpHA, TO JUISI TOTO, YTOOBI TECTHI MOXKHO OBIJIO MPOTOHSTH IPU BCEX
BO3MOJKHBIX ITIOTOJHBIX YCIIOBHH, HAOOp TECTOB NOJDKEH OBITh MEepedrcinM. Torma TeCThl MPOTOHSIOTCS MO Mepe UX
MIEPEYHCICHUS TaK, YTOOBI Ka)XIbI TIEPEUNCIICHHBIN TECT MPOTOHSIICA HEOTPaHUIEHHOE YHCIIO pa3 B «IUATOHATBHOM)
mporiecce MePedrcICHNs TECTOB U MOCIEI0BATEIPHOCTH IIPOTOHOB Ka)XIoro TecTa. [I0CKOJIBKY BCE TECTHl KOHEYHBI,
KaXIbI W3 HUX 3aKaHYMBAeTCSA depe3 KOHCYHOE BPEMs, MOCIE YEeTO BBIMONHSICTCS PECTapT CUCTEMBI, W MPOTOHIETCS
CIeIYIOUINHA TeCT MIIM MMOBTOPHO OAWH M3 YK€ MEePEUHCICHHBIX TecToB. Ecim peanm3anus HEKOH(POPMHA, TO ITOJHOTA
Habopa TECTOB rapaHTUpyeT OOHapyKeHHe OMIMOKM 4epe3 KoHeuHoe Bpems. OnHako KOH()OPMHOCTh peallu3aluy He
MOXeET ObITh OOHApYIKEHA 32 KOHEYHOE BPEMsi, €CJIM HabOp TeCTOB OECKOHEUYEeH WIIK II00alIbHOE TECTUPOBaHUE TpedyeT
HE KOHEYHOT0, a 0ECKOHEYHOTO YHCIa MPOroHOB TecToB. Ho 3T0 yrke mpobiiema MpakTHIeCcKOro TECTUPOBAHHUS.

OTtMmeTuM, 9YTO TOCIEIOBATEIHHOCTh IPOTOHOB TECTOB, UEPEAYIOIIMXCS C PECTapTOM CHUCTEMBI, MOXHO
paccMaTpuBaTh KaK OJWH TECT, B KOTOPOM, KPOME TECTOBBIX BO3JEHCTBHH, BCTpPEYaeTCs pecTapT CHCTEMBI. Bmecrto
KOHEYHOCTH Ka)KIOTO TecTa B HA0Ope TECTOB MBI JOJDKHBI MIOTPEOOBATh KOHEYHOCTh KaXKAOTO OTPE3Ka €AMHOTO TecTa
MEXIy pecTapTaMu, TO €CTh OTCYTCTBUE B HEM OECKOHEYHOTO mocTdukca 0e3 pecrapra. [Ipeamonaraercs, 9To pectapt
CHCTEMBI BCETa BHITIONHACTCS MPABUIBHO (CHCTEMa JEHCTBUTEIFHO «COPAChIBACTCS» B HAYAIBHOE COCTOSIHHE), M €T0
HE HYKHO TECTHPOBATh. TeM CaMbIM, Pa3IIMUUE MEXKIY IIEPSUNUCIUMBIM HA0OPOM TECTOB U OJJTHHM TECTOM C PECTapTaMHU
YCIIOBHOE H OTIPENISIIAETCS YA00CTBOM OpraHU3aIlUH TECTHPYIOIICH CHCTEMBI.

3akaouenue

IIpennaracmele B crathe mapamerpu3oBaHHash R/Q-cemaHTHKa B3aMMOICHCTBHSA, THMIOTE3a O OE30MACHOCTH,
Oe3omacHasi KOHQOPMHOCTP M METOJ T[EHEpPALMU TECTOB COCTABILSIIOT OCHOBY Teopuu KoHpopmuOCTH [2], KOTOpas
000011aeT MHOTHE BCTpEYalOIIUecss B JIMTEpPAaType M HCIONb3yeMble Ha IPaKTHKe KOH(POPMHOCTH M METOIBI HX
tectupoBanus. B wactHoctu, failure trace semantics [8,9,10,13,15,17] u ceMaHTHKa MOIMYISAPHOIO OTHOILEHHS 10CO
[16,17] sBnsirotcst yacTHbIME ciydasmu R/Q-cemanTuku. B HacToslnee Bpemsi 3Ta TEOpHs Pa3BUTA B HECKOJIBKHX
Hanpasienusix. 1) IlomosmHenue crnemudukanuy, pemiaromee npodneMy HepedIeKCHBHOCTH CHeNU(pUKALUK 0
OTHOUIEHHIO KOH(OPMHOCTH, a Takke IMpolieMy Oe30macHbIX HEKOH()OPMHBIX M TECTOBBIX HEAKTYyallbHBIX Tpacc
cretmbukanun [2]. 2) MoHoToHHOe mpeoOpa3oBaHie CrenU(pUKAIMY, pelamiee npobieMy BepuduKannu
uMeroleicst crnennpuKanu cucteMbl (e€ COrjiacoBaHHOCTH CO Crelu(HKausMd KOMIOHEHTOB), W NpoOiieMy
TeHepaly CleU(pHUKALMNA CHCTEMbI 10 Ccrienu(uKanusIM KOMIOHeHTOB [2]. 3) BBeneHue B Mojens OPHOPHUTETOB W
COOTBETCTBYIOIAss MOIAUQPHUKAIMS KOH(POPMHOCTH W TeHepannu TecToB [4]. 4) PacmpoctpaHenue mpeiaraeMoro
HOAXO0Ja Ha CUMYJIIIUHM — KOH()OPMHOCTH, OCHOBAHHBIC HE TOJBKO Ha Tpaccax HAOIIOAEHHH, HO M Ha COOTBETCTBUH
cocrosHUU peanmzaimu u  cunemudukanun [/]. Taxke uccieqoBaHBl BOIPOCH OKBHBAJCHTHOCTH CEMAaHTHK
B3anMozeicTBusa [3] u mpeoOpa3oBaHHs CEMaHTHK IPH TECTHPOBAHHU C HCIIOJIB30BAaHUEM IPOrPaMM-MEANaTOPOB,
OCYIIECTBIIIONMX NPeoOpa30oBaHNe TECTOBBIX BO3JEHCTBHUIT N HaOoneHu [6].

Jpyroro poia ucciemoBaHHs CBS3aHbI C MPUMEHEHHEM 3TOi Teopuu Ha mpakTHke. OCHOBHas 3ajada, periacMast
3[1€Ch, — 3TO IOHMCK NMPAKTHYECKH MPHEMIIEMbIX OTPaHMYCHUI Ha CEMaHTHKY, pealli3aluio WK creluduKanmio, a
TaKKe JIOMOJIHUTEIBHBIX TECTOBBIX BO3MOXKHOCTEH, KOTOpBIE IMO3BOJISUIM OBl MPOBOAMTH IOJHOE TECTHPOBAHUE 32
koHeuHoe BpeMsi. Crola OTHOCSTCS OIpaHMYEHHsT Ha pa3Mep pealn3allid, BO3MOXKHOCTh HAOJIIOJECHHS TEKYIIEro
COCTOSIHHS peaju3allii B MPOIECCe TECTHPOBAHUS M OTPaHUYCHHS HA HeIeTepMHUHU3M peanusanuu [5,6,7].
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