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Annoramusi. CraThsl TIIOCBSINCHA TEOPETHYECKMM UM IpPaKTHYeCKuM pabotaM MO
TecTHpoBanuio kKoHpopmHocTu (conformance testing), koropsie Boimonstrcs B UCIT PAH ¢
1994-ro roaa u o Hacrosiiee Bpems. Pa3BuTre Teopuu KOHGOPMHOCTH LU0 IO HECKOIBKAM
HAMpaBIICHHEM H B IEJIOM HOCHJO XapakTep OO0OOIICHUS HCIONIb3yEeMbIX CEMAHTHK
B3aUMOJEHCTBHA, Mogaenel u KoHpopmHOcTell. HeobOxommMocTs Takoro o0000ImIEeHUs
JUKTOBAJIACh, MPEKAE BCEro, TPeOOBaHUAME PAKTUYECKOTO TECTUPOBaHMSA. JTO KacaeTcs
TaKMX CBOWCTB CHCTEM KaK HEJCTCPMHHH3M, YaCTHUYHAS OIPEACIEHHOCTh, ACHHXPOHHOCTD,
pa3HooOpa3ue TECTOBBIX BO3JCHCTBHI M HAOJIOJNCHUN Hall MOBEJCHUEM peali3allid U T.II.
Ilpu sToM B NeHTpe BHHMMaHUs BCerAa HaxXoAWwIach 3(QQEKTHBHOCTh TECTHPOBAHUS,
ompezensieMasl Kak ONTHMH3AIMEH TECTOBBIX HAOOPOB, TaK W AITOPHTMAaMH T'eHEpaluyu
TecToB, B ToM umcie On-fly. Mb1 paccMaTpriBaeM OCHOBHBIC BEXH 3TOTO IIyTH B KPaTKOM H
HehopManbHOM OOCYXKICHUH, yIessis BHUMAHHE HE OeTallsiM, a OCHOBHBIM mpoOiieMaM U
croco0aM MX PEeIIeHUs], BITAsICh BBISIBUTH OOLIYIO TCHACHIIUIO PA3BUTHSI.

KmioueBble cioBa: CeMaHTHKA B3aMMOJCHCTBUSA, KoHeuyHble aBTromaTel, LTS, IOLTS,
Tpacchl, KOH(QOPMHOCTb, MPHOPUTETHI, CHMYJIIHS, PEAYKIHs, TEHepalus TeCTOB,
ONTUMH3AIUS  TCCTUPOBAHUS, TOMOJHEHWE CcHenupUKaui, KOMIIO3HMIUSA  CHUCTEM,
MEIUATOPhl, MOJCIMPOBAHKME, pealu3alus, crerudukaius, O0e30macHoe TECTHPOBAHUE,
uccaenosanue rpados, 006xoxa rpada, napaniesIbHOe TECTUPOBAHUE.

1. BeedeHue

Pa6otsl o TectupoBanuo koH(popmuoctu B VICII PAH nagamucs B 1994-om roxy
B paMKax MpoeKTa Mo Bepu(HUKALWHM sapa ONEPalMOHHON CHUCTEMBI pealbHOTO
BpPEMEHH JUIS KaHAJICKOW TelekoMMmyHuKannonHo# kommanuu Nortel Networks.
XoTs uend 3TOM paboThl OBUIM YHCTO IPAKTUYECKHMMH, CTAaBWJIACh 3ajada
pa3paboTky 0o0mIeil METONOJOTHH M TEXHOJOTWH TEeCTHPOBaHHSA KOH(OpMHOCTH,
MPUTOAHOM AJIS MIMPOKOTO Kitacca mpuioxkeHuil. Ona nmoxyumina HazBanne KVEST
(Kernel VErification and Specification Technology) [[1]-[4]] u BnocnencTBuum neria
B OCHOBY CeMeiCTBA METOIOJIOTHI U TEXHOJIOTHH 1o 1 06muM HazBanueM UniTESK
(Uniform Testing Kit) [[5]-[56]], pa3BuBacMOro ¥ IIMPOKO HCHOJIB3YEMOTO B
HacTosiIee BpeMs.
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TectupoBanne KOH(GOPMHOCTH — 3TO OJHO M3 OCHOBHBIX HANPaBICHUH B 001acTH
BepU(pUKAIlUM CHCTEM Ha OCHOBE (GopMaibHBIX Mojeneil. KoHbopMHOCTE — 3TO
OTHOIIIEHUE «COOTBETCTBUS» MOEIH MPOBEPIEMOI CHCTEMBI (peau3anni) MOJCIH
cnenn(UKAIMOHHBIX TpeOoBaHMI K Hel (cmeumdumkamum). llpm TecTupoBaHHH
KOH(OPMHOCTh MPOBEPSIETCS B IMPOILECCE B3aMMOJCHCTBHS PEATM3AIN C TECTOM,
MOCTPOEHHBIM M0 crennpukanuu. Jnsg storo crnenudukarroHHbIE TPeOOBAHUS
JOJDKHBI OBITh  C()OPMYJIMPOBAaHBl B TEPMHUHAX TaKOrO B3aWMOJACHCTBUS, a
CeMaHTHKa B3aMMOJICUCTBHS TOJDKHA MTO3BOJISATH JOBOJIHUTH MIPOBEPKY A0 KOHIA. DTO
3HAYUT, YTO TECT JIOJDKEH 3aKaHUMBATHCS 32 KOHEUHOE BPEMsI U BBIHOCUTD GePOUKIL.
pass unu fail. Habop TecToB 3HAYNMBIH, €CITH OH HE JIOBHUT «JIOKHBIX OLIMOOKY: ISt
KOH(OPMHOH pealM3allil BCE TECThl BBIHOCAT BepAMKT pass. HaGop Ttecros
WCUEPIIBIBAIONIN, €CIi OH OOHApYy>XUBAeT JIOOYI0 OMMOKY: Ui HEKOH(OPMHOH
peanu3anun XoTs oauH TecT BeiHeceT BepaukT fail. HaGop Tector momustii, ecnu o
3HAUYMMBIN U NCUEPIIBIBAOIIMIM.

Passurne Teopun xorndpopmuoct B ICIT PAH 1o mo HeCKOIBKUM HaIlpaBlIeHHEM
M B IEIOM HOCWIO XapakTep OOOOIICHMS HCIIONb3YeMbIX CEMaHTHK
B3aUMOIEHCTBUS, Mozaenell M KoH(pOpMHOCTeH. B To ke Bpems HccieqoBaliCh
BO3MOXXHOCTH OINTHMHU3AIMM TECTUPOBAHUS JUIL CYXKXEHHBIX, HO IPAKTHYCCKH
MOJIC3HBIX, KIACCOB pealm3aluii W cruenudukanuii. B maHHOW cTaThe MBI
pPaccCMOTPUM OCHOBHBIE BEXH ITyTH ITOTO Pa3BUTHS B KPaTKOM M HedopMasbHOM
obcyxieHun.

2. KoHeyHble aemomambl

2.1. Bciony onpeaenéHHble OeTepPMUHUMPOBAHHbIE KOHEYHble
aBTOMaThI

Mbl HAaUMHATH C MOJENM KOHEYHOrO aBTOMATa', B KOTOPOM KaX/IbIil Mepexos
MOMEYaeTCs IBYMsI CHMBOJIaMU: cTuMyJjioM (input) u peakiueit (output). B 1996-om
roxy Beitres 0630p [[96]] NIPUHIMIIOB ¥ METOIOB TECTHPOBAHHUS TAKHX aBTOMATOB.
ITo sTOMYy 0030py XOpOIIO BHAHO, YTO K TOMY BPEMEHH XOPOIIO pa3paboTaHHAs
TEOpHsl TECTHPOBaHUS OBLIa CO3JaHa TOJBKO IUIA Kiacca JAeTCPMHUHHPOBAHHBIX H
BCIOJly ONpEACNEHHBIX KOHEYHBIX aBTOMATOB. JleTEpPMUHUPOBAHHOCTH O3HAYaeT,
YTO B Ka)XKIOM COCTOSHHH aBTOMara HMeeTcs He Ooyiee OIHOrO Iepexoja o
KOKIOMY CTI/IMyJ'Iyz. Bcroay onpenenéHHOCTh 03HAYAET, YTO B KaXKAOM COCTOSIHUM
aBTOMaTa MMEeTCs] He MEHee OJIHOTO Iepexojia Mo KaKJoMy CTUMYITy. Tem caMbIM,
B K&XIOM COCTOSIHHHM aBTOMAaTa JIOJDKEH OBITH POBHO OAWH MEPEXOA MO KKIOMY
CTUMYJy U KakoH-HUOyab peakiuu. Ecnu 4ucio coctosiHuii aBToMara 0003HAYHUTH
yepes N, 4uciao IepexooB — yepe3 M, a YMCJIO CTUMYJOB — 4epe3 P, TO IJjs TaKuX
aBTomMaTtoB M=np. TectupoBanne 3axio4aeTcs B I[0Jade Ha aBTOMAT
MOCJIEIOBATEIEHOCTH CTUMYJIOB W HAONIOJEHHS ITOMyYaeMBIX B OTBET PEaKIIH.

! Takoit aBToMaT Ha3BIBAaCTCS ABTOMATOM MILIH.

2 o
Mp51 Ha3BIBaeM TaKkoOM JACTEPMUHU3M CUTIbHbIM aemepMuHu:iMOM.
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IIpennonaraercs, 9TO TECTHPOBAHHE COCTOWT M3 «OJHOTO CEaHCa» W 3aHUMAeT
KOHEYHOE BpeMs, T.€. Ha aBTOMAaT MOZAETCS TONBKO OJHA MOCIENOBATEIHHOCTD
CTHMYJIOB, UMEIOIAsi KOHEUHYIO [UTHHY.

B [[96]] koH(GOPMHOCTD OTMpanach Ha MOHSITHE SKBUBAJICHTHOCTH COCTOsHMI. J[Ba
COCTOSIHUSI SKBHBAJICHTHBI, €CIIH B 3THX COCTOSHHSX JIF00as MOCIeI0BAaTEIbHOCTh
CTHEMYJIOB TIOPOXKITAeT OAHY M Ty XK€ IIOCICHOBATEIBHOCTh peakiuid. WHBIMHU
CIIOBaMH, B HSKBHUBAJICHTHBIX COCTOSHUSIX OMNpEIEICHB OJWHAKOBHEIC MHOXKECTBA
mpacc Kak 4YepenyloIIUXCs MOCIEA0BaTEIbHOCTEN CTUMYJIOB M peakuuil. J[Ba
aBTOMATa SKBUBAJICHTHBI, €CIIU JUISl KQKIAO0TO COCTOSHHS OJJTHOTO aBTOMATa B APYrOM
aBTOMAaTe HMMEETCsl IKBHBAJIGHTHOE eMy cocTosiHue. OOBIYHO HMMEIOTCS B BHIY
TOJIBKO JOCTHKUMBIE COCTOSIHHSI, T.€. COCTOSTHHSI, KOTOPBIX MOXKHO JIOCTHI'HYTB IO
L[ETIOYKE MePEX0/ 0B M3 HAYaIbHOTO COCTOSHHSI.

Ha npaxtuke 0OBIYHO paccMaTpUBAIOTCS aBTOMAThl C HAaYaJIbHBIMHM COCTOSHHUSIMH,
npuuéM IoJI Ha4YaJbHBIM COCTOSHMEM peajM3allid ITOHUMAETCS TO COCTOSHHE, C
KOTOpOro HauuHaercss e€ TectupoBanne. KoH(OPMHOCTH Takux aBTOMArToB
I0Jpa3yMeBacT S3KBUBAJICHTHOCTH 50,4 HadyaJIbHBIX COCTOSIHUH. Hans
JCTEPMUHHAPOBAHHBIX M BCIOAY ONpEAeTIEHHBIX aBTOMATOB Takas KOH(POPMHOCTBH
COBIIAZIACT C TPACCOBOW SKBHBAJICHTHOCTBIO U (ciaboit) oucumyssimueii. TpaccoBas
SKBHBAJICHTHOCTH OTIPENENIACTCS KaK paBEeHCTBO MHOXECTB Tpacc, ONpeAeIEHHBIX B
HAYaIbHBIX COCTOSHHAX aBTOMaToB. Crabas OWCHMYJIHSA OMpenensieTcs Kak
CyIICCTBOBAaHHE CHUMMETPHYHOTO COOTBETCTBHSI COCTOSHHH, TIPH KOTOPOM
HadalbHBIE COCTOSHHSI COOTBETCTBYIOT Jpyr JApyry, W Iobas Tpacca,
HayuHAIOIAasICsl B COCTOSHHU A, HAaUYMHACTCSI TaKXe B COOTBECTCTBYIOLICEM €EMY
COCTOSIHHH @ , M, €CJIH COCTOSIHUE D TOCTHIKUMO M3 & MO 3TOM Tpacce, TO XOTs Obl
omHo cocrostHue D', cooTBercTByMOmIEe b, mocTwkMMO M3 @ MO 3TOW Tpacce.
TpaCCOBaﬂ OKBUBAJICHTHOCTb n 6I/ICI/IMyJ'I$[HI/I$[ SABIISIFOTCA OTHOILLICHUAMU
OKBUBAJICHTHOCTH, TMOPOKAACMBIMU COOTBETCTBYIOIIIUMU OTHOILICHUAMU
MPEANOpPAIKa: TPACCOBBIM IPEINOPAIKOM (BJIOKEHHOCTh TPAacC) M CHMYIIALIUCH.
Jis Bcromy oOmpelenéHHBIX JETePMUHHAPOBAHHBIX aBTOMATOB 3TH IPEIIOPSIKH
COBIIAIAIOT C MTOPOXKTAEMBIMU UMH OTHOIICHUSMH SKBHBAJICHTHOCTH, HO 3TO HE TaK
B 00meM ciydae HEACTCPMHUHHUPOBAHHBIX M YACTHYHO ( T.e. HE BCIOIY)
OTpeNeNEHHBIX aBTOMAaTOB. Takke B 0OmleM cilydae HE pPacCMaTPHBAIOT
SKBHBAJCHTHOCTh aBTOMATOB, a TPACCOBas 3KBUBAJICHTHOCTH (TPEAMOPSAOK) H
OUCUMYJISIIHS (CUMYJISLINS) Pa3InIarOTCsl.

IIpoBepka 3KBHBaJICHTHOCTH aBTOMAaTOB METOJOM TECTHPOBaHUSA B OOIIEM ciydae
HEBO3MOXKHA: BCerJa HaMNETcs TakoW pealn3alliOHHBIH aBTOMAar, KOTOPBIH He
OKBUBAJICHTCH Cl'[eHI/I(i)I/IKaHI/II/I, HO BHCUIHE Be)léT ce0s Tax KE, KaK cneumanaum{,
T.C. BBI)IaéT T€ XK€ CaMbI€ PCAKIIMM B OTBET Ha TC XK€ CaMbI€C CTUMYIJIBI. 9ror
«TYTIHK» MOXHO OOOHTH HECKOJIBKHMH CIIocoO0aMu: 1) HaJOXWUTH OrpaHUYCHHS Ha
KJIacC TECTHPYEMBIX pealln3alliii, 2) HaJI0XUTh OTPAHNYEHHUS Ha CTIeIU(UKAINH, 3)
HCIIOJIB30BAaTh AOINOJHUTCIBHBIC TCCTOBBIC BO3MOXHOCTH, a TAaKXEC COYCTAHHEM
aTux crnocoboB. [Ipexnae Bcero, MOCKOJIbKY Ha aBTOMAT MONAETCSl TOJBKO OJHA
MOCJIC/IOBATENIHOCT CTHUMYJIOB M MBI JIOJDKHBI IIPOBEPUTH KaXKAbIA CTUMYIN B
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KaKJOM COCTOSIHUH, Tpad NepexoI0B Crenu(pUKaIMOHHOTO aBTOMATa J0KEeH OBITh
CHJIbHO-CBSI3HBIM.

Janee MOXHO BBIICAWTH JiBA [MPHHUMIHAILHO PA3UYHBIX  HAMPABJICHUSL:
TECTUPOBAHKE C 3aKPBITHIM COCTOSHUEM U TECTUPOBAHUE C OTKPHITHIM COCTOSTHHUEM.
IIpu TecTMpoBaHMHM C 3aKPBITBIM COCTOSIHMEM pealn3alys MOHUMAaeTCsl Kak
«4EPHBINA AMUK»: €€ COCTOSIHUS Mbl He BUAMM. ECIM HUKAaKHUX JOTMOJHUTENbHBIX
TECTOBBIX BO3MOXXHOCTEH HET (MBI MOXEM TOJBKO TMOCHUIATH B PEaH3aLUIO
CTUMYJIbI M HAOJIOJATh OTBETHBIC PEAKIMH), TO, MPEXKIEC BCEro, HAIAralTCs
OrpaHHYCHUs Ha «pa3Mepy» peanusaimu. CrnennpuKanusi «KMUHUMU3UPYETCS», T.e.
CIEIUATbHBIM AITOPUTMOM IPeoOpa3yeTcs B HKBUBAJICHTHYIO €l CHEeHU(HUKAIHIO,
BCE COCTOSIHUSI KOTOPOH MOMApHO HEIKBHBAICHTHBL. TECTHPYIOTCS TOJBKO Te
peanu3alyy, YUCIO COCTOSIHUIM KOTOPBIX HE NPEBOCXOJHUT (MM MPEBOCXOIUT HE
Oouiee, 4eM Ha KOHCTaHTY) YKCIa COCTOSHUI crenndukanuy. B sTom ciaydae Beeraa
CYIIECTBYET aJIlOPUTM TECTUPOBAHUS KOH(OPMHOCTH, KOTODBIA, OJHAKO, MOMKET
UMETh OSKCIOHECHIHAJIbHYI0 (OTHOCHUTEIBHO N) CIOXKHOCTh. [l TOro, YTOOBI
CHU3UTh CJIOXKHOCTh [JI0 TOJHMHOMHUAIBLHOU (mnz), NPUXOJUTCS  HajaraTh
OrpaHUYCHUsI Ha CrielM(UKAIMIO: B HEH JJOJDKHBI CYIIECTBOBATh, TAK HA3bIBAEMBIC,
paznunarowue (distinguishing) nocnenoBarensHOCTH.

[lpyn TecTHpPOBaHMM C 3aKPHITHIM COCTOSHHMEM paccMaTpuBajach TaKXKe Takas
TECTOBasi BO3MOXHOCTh KaK pecmapm, KOTOPbI TapaHTHPOBAHHO MEPEBOAUT
peanu3aiuo u3 J1000ro TEKYHIero COCTOSHUS B HavaldbHOE cocTosiHue. [Ipexnie
BCEro, NpU HAJIWYUU pecTapTa rpad mepexoqoB CHeHUPHUKALUA MOXKHO CUHTATH
CHJIbHO-CBSI3HBIM, €CITH 00aBUTh B KaXIIOM COCTOSIHUU TIEPEXOJ MO PecTapTy B
HayalmbHOE COCTOsiHME. [IpM  HANIWMYUMM  pecTapra CYIIECTBYET  AlIrOPUTM
TECTHPOBAHHS KOHPOPMHOCTH C TIOJTMHOMHAIBHOM CII0XKHOCTBIO (ToXke Mn2).
TecTHpOBaHME C OTKPBITHIM COCTOSIHHEM OIUPACTCS HA CIEIHAIBHYIO TECTOBYIO
BO3MOXKHOCTB: oreparuio Status message, koropasi MO3BOJISIET Y3HATh TEKYIIEe
COCTOSIHME peanu3alu 0e3 H3MEHEHHs ero. JTO CaMblil «XOpOLIHi» Clydai:
TECTUPOBaHHE KOHPOPMHOCTH, (PaKTHYECKU, CBOJAMUTCS K 00X0oay rpada mepexonos
PEATH3aI[IOHHOTO aBTOMAaTa, KOTOphIit mMmeeT miuHy O(mMn), rae M u N — 3TO YKCII0
MepeX0JI0B U COCTOSIHUI B peanu3anuu. TpeOdyercsi CHIIbHO-CBS3HOCTh 3TOTO rpada
WA HAJIN4YUE pecTapTa. BaMeTI/IM, YTO IMPpU TECTUPOBAHUUN C OTKPBITBIM COCTOAHUEM
He TpeOyercs  MHHMMU3HMpOBaTh  chemuduxanuio. Ilpu  TectupoBaHHU
YCTaHABJIMBACTCSl  eCMECmEeHHOe COOTBETCTBUE COCTOSHHN — peanu3alud U
crienudUKAIMK: TPOXOJi HEKOTOPYIO TPAcCy, Mbl CUMTAEM COOTBETCTBYIOIIUMHU
COCTOSIHMS peanu3allii U creuduKanuyd nocie 3Toi Tpaccesl. s Bepubukaiuu
KOH(OPMHOCTH TIPOBEPSIETCS, YTO B COOTBETCTBYIOUIMX COCTOSHHSIX 10 CTHMYITY
MOJY4YaloTCsl OJIMHAKOBBIE PEAaKIMM M  COOTBETCTBYIOIIME IOCTCOCTOSIHUS
(cocTosiHUS TTOCIIE TIEPEX0/I0B MO 3TUM CTUMYITY U PEaKiuy).

PazBuTe TeopuM TECTHpPOBAaHMS B MHpE IOHayajly IO, B OCHOBHOM, B
HANpaBJICHUHM TECTUPOBAHHUS C 3aKPBITBIM COCTOSIHHUEM, e ObUIM pa3paboTaHbl
MHOTOYHCIIEHHBIE aJITOPUTMBI, ONMHUPAIOLIMECS] Ha Pa3IndHbIC M0CIIEA0BATEIEHOCTH
CTHMYJIOB B crieliupuKanuy (YCTAaHOBOYHBIE, PA3IMYAIOIINe, CHHXPOHU3UPYIOIIHE,
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pasnessIoNye, XapakTepUCTUISCKUE U IIP.), a TAKKe Ha T€ WJIM HHbBIE THUIIOTE3BI O
peanusanyy. PaboTsl B 3TOM HanpaBlIeHUH IIPOJOKAIOTCS M CErOIHS.

Jns Hac, onHAKO, 3TH MOCTIDKCHHMS OKa3alUCh INPAKTHYECKH OECIOJIC3HBIMH,
HOCKOJIbKY MBI € CaMOro Hadaja IIONUIM B JPYroM HAlPaBJICHUH, IIOJIOXKUB B
OCHOBY aJropurMa TecTHpoBaHus o6xom rpada [[58]]. Tlpu TecTupoBamnmu ¢
OTKPBITBIM COCTOSTHHEM 3TO OBUI, KaK CKa3aHO BBILIE, Tpad IIEePeX0a0B pealu3aliy,
a TIPM TECTUPOBAHUH C 3aKPBITBIM COCTOSHHEM rpad IepexoloB crenndukanuu. B
HOCJICIHEM CIIy4ae HaM IPHILIOCH NPHHUMATh CIECAYIOMYIO (JOBOJBEHO CHIIBHYIO)
eunomesy 0 peamusAyUoOHHbIX cocmoAnuAx: INobasg omubka — 3TO BbLIava
omuOo4HON peakiuu. TodHee, rUIIOTE3a TOBOPUT, YTO ECTECTBEHHOE COOTBETCTBHUE
COCTOSIHMH peanu3alud W crenudukanuyu B3auMHO-0JHO3HayHO. Ecimm Takas
TUIIOTE3a BBINOJIHEHa, TO, MepeOupas Bce CTHUMYJbl B KaXIOM COCTOSHUHU
cnemuduKanuyu, Mbl JH00 OOHApYX MM OIIMOKY (OIIMOOYHYIO peakuuio), oo
nepebepéM Bce CTUMYIIBI B KaXKJOM COCTOSHUY peau3aliy. DTy THIOTE3y MOXKHO
OCNabUTh,  pa3pelidB  HECKOJBKAM  CHEHU(UKALMOHHBIM  COCTOSHHSAM
COOTBETCTBOBATh OJHOMY COCTOSHHIO pealu3alud. B 3ToM ciydae peanuzaius
MOXET OBITh KOH(OPMHA TOJBKO, €CIM BCE COCTOSHHS CHEeLH(UKaLuH,
COOTBETCTBYIOIME OJHOMY COCTOSHHIO peajiM3alliy, SKBHBAJICHTHBI APYT APYTY.
Taxxke THIOTE3y MOXHO OCIa0UTh, Pa3peIlMB HECKOJNBKHM  COCTOSHHSAM
peanu3alii COOTBETCTBOBATH OJHOMY COCTOSHHMIO crneuudukanuu. Ho Torma
MOXET OKa3aTbCsl, YTO pa3Hble CTUMYIBI, II0/laBa€Mbleé B OJHOM COCTOSIHUH
crienuduKaIyy, B peai3alnio NOCTYalT B pa3HbIX e€ cocTosiHusX. [loaTomy s
MOJIHOTHI TECTUPOBAHUS JIOTIOJIHUTEIBHO HYKHO MPEAIOJI0KUTh, YTO B COCTOSHHUAX
peanu3alyy, COOTBETCTBYIOUIMX OJHOMY COCTOSIHUIO CHEHU(HUKALUH, HMEETCS
OJTHO M TO YK€ MHOYKECTBO OIIHOOK.

2.2. YactnyHo onpe,qenéHHble n HeaeTepMUHUPOBaAHHLbLIE
KOHe4YHble aBTOMAaThbI

HanpaBienne, B KOTOpOM pa3BHBAIHMCh HAIIM WCCICIOBAHUSA, OIPEACIIIOCH
MPaKTHIECKUMHU TMOTPEOHOCTSIMA. MBI HAUWHAIN C JCTEPMUHUPOBAHHBIX H BCIOTY
OTIpeNIeIEHHBIX aBTOMATOB, @ IOTOM ITOCTENICHHO CHUMAJH 3TH OrpaHn4eHus. Jlemo
B TOM, YTO HaM cpa3y HY>KHO OBLIO TECTHPOBATh CUCTEMEI, U1 KOTOPBIX B KAYECTBE
aJIeKBaTHOW MOJICJIH [PUXOMIOCH BBHIOMpATh HEICTCPMHUHHUPOBAHHBIC —W/WIA
YaCTUYHO OTpe/IeIEHHBIE KOHEYHbIE aBTOMATHI.

YactiyHas oOMNpenei€HHOCTh W HENETCPMUHH3M aBTOMAaTa HMEIOT HECKOJBKO
pPasNUYHYIO0 TparMaTuky Ui peaju3anuud W cnenudukanud. Ecim  ctumyn
OTCYTCTBYET B CHENU(UKAINU, TO ITO 3HAYUT, YTO HE MPEABSBIAETCS HUKAKUX
TpeOGOBaHWH K TIOBEACHUIO peaju3aliil MpH ToJavye IJTOro CTUMylla B
COOTBETCTBYIOIIEM COCTOSIHHH, T.€. CTUMYJ MOXKHO He mojaBath. Ecim ke cTuMyn
OTCYTCTBYET B COCTOSIHUW pPEaU3allid, TO MBI TPAKTOBAIM 3TO KaK 3alperT Ha
nmomady crtumyna. Jlpyryoo TpakToOBKY («OJIOKMpPOBKAa CTUMYJa») MBI CTaJH
paccMaTpuBaTh IIO3KE YK€ HE M1 KOHEYHBIX aBTOMaroB. HenerepmuHusm
peanu3alu SBISIETCS, TaK CKa3aTh, €€ «IIPUPOJAHBIM» CBOMCTBOM: MOJIyYasi CTUMY/I,
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peanu3anys ACHCTBUTEIBHO MOXET BBIAABaTh B JAHHOM COCTOSHHH TO OJHY, TO
IPYTYIO pEakIHI0 U TEPEeXOAWTb TO B OJHO, TO B JPYroe IOCTCOCTOSIHHUE
HEJICTEPMUHUPOBAHHBIM 00pa3zoM. HenmerepMuHn3Mm xe crenuUKanuy SBISETCS
CJICZICTBHEM HEOIHO3HAYHOCTH CIEHU(DHUKAIMOHHBIX TpPeOOBaHUH, KOTOpHIE HE
CTOJIBKO TPEIINCHIBAIOT PEANN3alNH KOHKPETHOE ITOBEICHHE, CKONBKO HalararoT
Ha Takoe MOBE/JCHHE OTPaHMYCHUs, TEM CaMbIM, OCTaBIIssl Ha BHIOOD peanu3alui,
KaKylo pPeakiMio Ha CTUMYJ OHa OYZIeT BbIIaBaTh.

OTO WpHBENO K TOMY, 4TO caMy KOH(OPMHOCTh NPHIIIOCH ITOHMMATh HE Kak
9KBUBAJICHTHOCTH aBTOMAaToB.Mbl MOHHUMaeM KOH(MOPMHOCTh KaK COCTOSILYIO M3
JBYX 4YacTeil: THUIOTE3bl O peanu3aluyl M IPOBEpseMOro yciosus. ['umnoresa
NPEeABSBISIET K peai3aliil TpeOOBaHUs, KOTOPBIE MO3BOJISIOT €€ TECTUPOBATh, HO
caMyd OTH TpeOOBaHMS TPH TECTUPOBAHHHM HE TIIPOBEPSIOTCS M SIBISIOTCA
NpeycIoBUEM TeCTHpOBaHHMs. [IpoBepsieMoe ycloBre — 3TO Kak pa3 Te TpeOOoBaHUs
K pealn3anuy, KOTOPBIE MPOBEPSIOTCS MIPH TECTHPOBAHUH.

B ocHOBHOM MBI paccMaTpuBaeM TPaccoBble KOH()OPMHOCTH, KOTOPbIE OCHOBaHBI
HAa Tpaccax peanMsalMH H creruduKammim’. TpaccoBYK0 KOH(POPMHOCTb MBI
Ha3bIBaEM peodyKyuetl, €CII OHA OCHOBAaHA HAa Pa3/CICHHH BCEX BO3MOXKHBIX Tpacc
Ha TIpaBWIIbHBIE (KOH(OPMHBIE) Tpacchl W ommOOYHBIE (HEKOH()OPMHBIC) TPacCHI
(ommbkm). Cremuduranus Kak pa3 W 3agaéT Takoe pasnereHue. Peammzarus
KOH(OPMHA, €CIIM B HEH HET OLIMOOK, T.€. MHOXECTBO TPACC PEalN3alny BIOKEHO
BO MHOXKECTBO KOH()OPMHBIX Tpacc, oNpeaeseMoe 1o cnennpukanud. Tem caMmbIM,
PEeoYKIUs  SIBISETCS YaCTHYHBIM  (HECTPOTHM) TOPAOKOM  (pedieKCHBHOE,
CUMMETPUYHOE ¥ TPAH3UTHBHOE OTHOLICHWE). He sBISIOTCS peAyKIMAMH
TpaccoBble KOH(OPMHOCTH, KOTOpbIe TpeOYIOT O00s3aTeIbHOr0 HAJIM4Hs B
peanu3alMy TeX WM WHBIX HAOIIOJCHMH IOCIe Tpacc, WM KOTOpPhIE pa3pelaroT,
HarpuMmep, UMETh B pealn3aliiy JIo0yro 13 IByX Tpacc, HO He 00e cpasy.

BakHO OTMETHTH, YTO MHOXECTBO KOH(OPMHBIX Tpacc (WJIM €ro JONOJHEHHE —
MHOXKECTBO OIIMOOK) OOBIYHO 3a1aérest crienuduKayell HessBHO: MHOXKECTBO BCEX
KOH(OPMHBIX TPacC BBIYMCISETCS 110 MHOXECTBY Tpacc cneuuduranuu (Tpacc,
OIIpe/IesIIEMbIX €10 SIBHO), HO BOBCE HE 00s3aTENbHO COBHAJNaeT ¢ HUM. [lo3Tomy
PeIyKIHs OOBIYHO ONPENENseTCs] KaK OTHOILIEHHE MHOXECTBA TPACC peasii3alnuy He
C MHOKECTBOM BCEX KOH(OPMHBIX Tpacc, a ¢ MHOXKECTBOM TPAacC CHEeUU(pHUKALINH,
T.e. Tpacc, SIBHO 3aJlaBaeMbIX crenu@uKanueid, ¥ B 5TOM CIydae OHa YXKe He
o0s3aTeNbHO  00JIalaeT CBOWCTBAMH  PE(IICKCHBHOCTH, CHMMETPHYHOCTH H
TPaH3UTUBHOCTH.

Msbl ncmonp30Bany  KOHTPAKTHBIC CIEeNU(UKAlMM, OCHOBAaHHBIE HA IIpe- U
nocrycnoBusix [[5],[6]]. TlpenycnoBue abctparupyercss B aBTOMATHOW MOJAENH B
HaJlMyhe WIK OTCYTCTBHE B TOM WIJIM WHOM COCTOSIHUM II€pexoja MO TOMY WM
MHOMY CTHMYJy, HWHade TOBOps, cpazy TpeOyeT YacTHYHO OINpeAe’EHHBIX
aBTomaroB. [locTycnoBue aOcTparupyercss B MpPEIUKaT, KOTOPOMY JOJDKHBI
YIIOBJIETBOPSTH PEAKIXsI U MOCTCOCTOSIHUE JJIsl JAHHBIX CTUMYJIa M MPECOCTOSIHUSL.

3 KondopmHOCTE, OCHOBaHHAsI HA COOTBETCTBUH COCTOSIHUN pean3aiuy U
crieuduKaIy, paccMaTpuBaeTcsl HUxe B pasnuene 5.3.
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Tem caMbIM, IPECOCTOSIHUE B CTUMYJI, BOOOIIIE TOBOPSI, HEOTHO3HAYHO OIIPEIEIISIOT
PEaKIMI0O W TOCTCOCTOSHHE, YTO M O3Ha4yaeT HenaeTepMuHHU3M. Kpome Toro,
KOHTPaKTHAs CICIUPUKAINA 3a0aéT CIeI(PUKAINOHHBIA aBTOMAT UMIUIHIUTHO, U
OH DOKCIUIMIUPYETCS B TIIPOLECCe TECTHPOBAaHUSA. OTO O3HAYaeT, d4Tto Trpad
cnenn(UKaIu 3apaHee HeM3BECTEH.

Yacmuuno onpedeﬂé'unble 0emepmunupoeannble asmomamol

CHauama Mbl HCCICAOBAIM YaCTUYHO ONpeleNEHHbIE, 10, IMO-TPEKHEMY,
JICTEPMUHUPOBaHHbBIC aBTOMATHI. [I0CKOJIBKY CTHMYI MOXET OBbITh ONMpEAeéH HE B
K&XJIOM COCTOSIHUM  pealu3aldi, Mbl BBIHY)KACHBl OBUIM  HCIIOJB30BaTh
CHelUaJbHy0 THUIOTe3y o peanun3aiud. OHa Ha3bIBAACh 2UNOME30U O
oonycmumocmu (cramynos) [[58],[60]], a B manpHeiitmeM Takoro poma THUIIOTE3BI
MBI CTalM Ha3bIBaTh rumoredamu o Oe3omacHoctu [[63]-[66],[70]]. T'unotesa
OCHOBaHa Ha €CTECTBEHHOM COOTBETCTBHMH COCTOSIHUH (COCTOSHHU TOCIE OOIIUX
Tpacc) peanusanuu u crneuudukaimu. CTUMYT Ha3bIBACTCS JIOMYCTHMBIM
(BIOCTIEACTBUM OHM CTajdM HA3bIBATHCSA OE30MACHBIMH) IOCIE TPACChl, €CIAM OH
omnpesieséH B COCTOSHUU CHENU(PHUKAIIMK [TOCIIe TPACChl. [ MIoTe3a 0 JOMyCTUMOCTH
MPEANoJaraeT, 4To TAKOH CTUMYJ JOJDKEH OBITh ONMpEeNeaéH B COOTBETCTBYIOIIEM
COCTOSIHAM pealU3aliyi. 3aMETUM, YTO B PEAU3AlUU B COCTOSIHUU MOTYT OBITh
OTpe/IeTICHBI TAK)KE HEJOMYCTHMBbIE CTUMYJIBI, T.€. T€, KOTOPbIC HE OMpPE/ACICHbI HU
B KAKOM COOTBETCTBYIOIIEM COCTOSIHUM crienudukanun. HeonycTumMbie CTUMYIIBI
OpU  TECTHPOBAaHMU KOH(MOPMHOCTH He MOAalTCs. JIOMyCTHMBIE CTUMYIIBI
OMpEJICTSIOT  JOMYCTHMbIE Tpacchl (BIOCIEACTBHMA OHM CTald HAa3bIBATHCS
0e30macHpIMU), T.€. TPACChl, COAEPI)KAIIME TOJIBKO IOMYCTUMbIC CTHMYJbl. B
paccMaTpUBaEMOM CIIy4ae 9TO MPOCTO BCE TPACCHI CHIENUPUKAIIUH.

YactuuHasi omnpeaenéHHOCTh aBTOMAara BBIHYIWIIA HAC BMECTO TPAcCOBOM
JKBUBAJICHTHOCTH aBTOMATOB HCIIOJIb30BaTh KOH(GOPMHOCTh THUIA PEIYKIUHU: BO-
MEePBbIX, B peau3aliy IOCJIe HWMEIONIeICss B HEW JOMYCTUMOM Tpacchl JOJIKHBI
OBITH OMpeeNieHbl BCE JOMYCTUMBIE IMOCHE 3TOW TPacChl CTUMYJBI (THIOTE3a O
JIOITyCTUMOCTH), W, BO-BTOPBIX, Ha KaXAbIH TakoW CTUMYJ peaju3aiys IOJDKHA
BBIIaBaTh TAKYIO )K€ PEaKIIHIO, KaK B crierudukanuu (mposepsemoe yciosue). Jis
JACTCPMUHUPOBAHHBIX aBTOMATOB TakKasa KOH(bOpMHOCTI) OKBUBAJICHTHA
BJIO’KEHHOCTH MHOKECTBA Tpacc crienu(pUKaui BO MHOXKECTBO TPACC Peal3alliH.
Jliist 4aCTHYHO ONpeNeNEHHBIX JIeTePMHUHUPOBAHHBIX aBTOMATOB TECTUPOBAHHUE I10-
NpeXHEMY OCHOBaHO Ha 00xojae rpada, HO MOJAIOTCS HE JIIOObIe, a TOJBKO
JIONYCTUMbIE CTUMYJIbL. [IpH TECTUPOBAHHH C OTKPHITBIM COCTOSIHHEM CTPOMTCS HE
rpad peanusaiuu, a ero moarpad, OpoKIAAEMBbIii JTOMYCTUMBIME TPACCAMH.
YacTuuHasi ONPeNeNEHHOCTh BIOCIEACTBUU IOPOJMIA JBE HJIEH: UL O
0€301MaCHOCTH TECTUPOBAHUS U HJICI0 00 0TKa3ax. DTO ONPeIeNsioch BEBIOOPOM TOM
WIM WHOW WHTEPIpPETallud OTCYTCTBHS IIE€PEX0ja M0 CTHMYIY B COCTOSHHH
peanuzaruu.
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B oaHOl wWHTEpIperanud OTCYTCTBUE B COCTOSIHUM MEpexXoAa IO CTUMYIY
MOHMMAETCsl Kak 3alperT Ha Mojady CTUMylia B cocTosiHMM. VHade roBops, pas
Mepexojl M0 CTHMYJAy B COCTOSHHM HE ONpeAeNEH, 3HAYUT HE OIMpeAesIeHO
MOBE/ICHHE aBTOMAara IOCie MOJayd CTUMyJia B COCTOSIHUM. OOBIYHO 3TO
MOHMMAJIOCh TaK, YTO MOJIaBaTh CTUMYJI HET CMBICIIA: HEUETO [IPOBEPSITh, TOCKOIBKY
ar000oe MOBeleHHE BO3MOXKHO (xaomuueckoe muoBenenue [[101][102]]). Mser
NPEUIOKUIN PACIIUPEHHOE TTOHUMAaHHE Xa0THUECKOTO MOBE/ICHHUS, BKIIIOUHB B HETO
«OMAacHOe»  TOBEJCHHE, TMpPH KOTOPOM  aBTOMAT  MOXKET  «CIOMAaThCs,
«paspymuThesy. TeM caMbiM, CTUMYJI, HE ONPEACIEHHBII B COCTOSIHIM, HE TOIBKO
HET CMBICNIa, HO W HEJb3s MOAaBaTh B COCTOSHHH. Tak BO3HUKIO TOHATHE
paspyuienus [[63]-[66]], BmocneacTBHM OHO H300paXKanOCh I[EPEXOJOM  IIO
ClelHanbHOMY cHuMBONY Y. TecTupoBaHuMe O€30MacHO, €CIH HE BO3HHUKACT
paspyllieHus, T.e. Mbl HE OKa3bIBAGMCs B COCTOSIHUH, IIC €CTh y-miepexoi. UMeHHO
9Ta MHTEPIPETALHSI UCIIONB3YETCsl B OMHUCAHHON BBIIIE THIIOTE3€ O JTOMYCTUMOCTH:
€CII CTHMYJ HE ONpEeAei€H B COCTOSHHHM pPEANU3allMd, STO MOHUMAETCs Kak
HaJIM4YKe TePexo/ia M0 CTUMYIY B COCTOSIHHE, IIe €CTh Y-IIePEXO/I.

B npyroit uHTEepmpeTalMu OTCYTCTBHE B COCTOSHHU [EpeXofa IO CTUMYIY
MOHMMAJIOCh KaK BIIOJIHE ONpEICIEHHAs CUTYyalus «OJ0KUpOBKH cTHMYya» [[63]-
[66]]. Eciiu aTy cHTyaIuio HeNb3s Paclo3HABATh MPH TECTUPOBAHUH, TO MBI MOXXEM
OECKOHEUHO [0JIr0 JKIaTh PEaKIUU, KOTOpoi He Oyaer. [ToCKOJIbKY MBI XOTHM,
4TOOBI TECTHPOBAHHE 3aKAHYMBAIOCH 32 KOHEYHOE BpEMs, TaKOil CTHMYJ
€CTECTBEHHO CYMTaTh TOXe «omacHbiM». OJHAKO, eciii OJOKUPOBKA CTHMYJa
HaOozaeMa, TO 3TO HOBBIM BHJ HAONIOACHHS, KOTOPBIH MOPOXKIAET HOBYIO
KOH(DOPMHOCTh. BO3M0OXKHOCTH TaKOTO pacro3HaBaHus OnpeesseTcs narepdeiicom
MEXKIy TECTOBOH M TecTUpyeMmoi cuctemoil. Hampumep, kak 310 ObIBaeT B
MPOTOKOJAX, TOJABAEMBbIN CTUMYIT — 3TO COOOIICHHE, TOChUTAEMOE B TECTHPYEMYIO
CHCTEMY, U TIPEJMOIaraeTcs MOyIeHHE OTBETHOTO COOOIICHNST «CTUMYIT TIPUHSTY.
Ecnu takoe oTBeTHOE COOOIICHHE MODKHO MPHUATH B TEUYCHHE 33TaHHOTO TaliM-
ayTa, TO OTCYTCTBHE OTBETA B TCUCHHH TallM-ayTa KaK pa3 M O3HAYaeT OJIOKHPOBKY
cTuMysa. BIOKHPOBKY CTUMYyJNa ClieAyeT OTJIMYaTh OT MTHOPUPOBAHUS CTHUMYIIA,
KOTOpasi HHOT/[a TAK)KE MCIONB3YETCSl KaK MHTEPIIPETAIIUS OTCYTCTBHS MEPEX0/a Mo
crumyiy. Hampumep, B aBroMaTte, BbIIAOIIEM KO(e, CTUMYI UTHOPUPYETCS, eCIH
AaBTOMAT «TJIOTAET» MOHETY, HO KOode He BbIIAET, U CTHUMYJ OJOKHUPYETCS, eCiu
menb s npuéMa MOHeT Iepekpbita. Habnromaemasi GIOKMpOBKAa CTHMYyla He
UCIIONb3YETCS IS KOHEUHBIX aBTOMATOB, MbI UCIIOJIb30BAIN €€ BIIOCIIEACTBHU MPH
nepexo/ie OT aBTOMaTHOM Mojienu K Mozenu LTS, o uém peus moitnér Hmxe.

Yacmuuno onpeoenénnvie 0emepmMuUHUPOSAHHbBIE Peanu3auuu u
C1a00-0emepMuHUpPoOBantvle cneyugukayuu

Jamee MBI wuWcchenoBamy  OOmMME  Ccioydall YacTHYHO  ONpPENENEHHBIX H

HECACTCPMUHUPOBAHHBIX ABTOMATOB. HOHaqany MBI OrpaHUYUBAIIUCHE TOJIBKO

JETEPMUHUPOBAHHBIMH peanm3anusaMu. [lodemy e UIs JIeTEpPMHHHPOBAHHBIX
peanu3anuii cnenuduKanus MoXKeT ObITh HepeTepMuHupoBaHHOU? [IpudnHa B TOM,
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4YTO crenu(UKanysa OIUCHIBAET HE KOHKPETHYIO pEaln3alyio, a TpeOOBaHMS K
peanuzanum, T.€., PAKTHIECKH, KIacC BO3MOXKHBIX (KOH(GOPMHEIX) peanu3aiuii. B
KOHTPakTHOH (opme 3amaHus crenu(UKaiK MOCTYCIOBHE, KaK CKAa3aHO BBIIIE,
OTIpEZICTIsIET HE COMHCTBEHHYIO «IPABHIBHYIO» PEAKLIHUIO (M MOCTCOCTOSHHUE) NPH
3aJaHHBIX NIPECOCTOSHUN U CTHUMYJIE, @ MHOJKECTBO TAKHUX «IPABMIBHBIX» PEAKIIU
(1 moctcocrosHMiA). B rpade mepexomoB 3T0 m300pakaeTcs, TaK Ha3bpIBaeMoOH, A-
MEepeX0Z0OM — MHOYKECTBOM IIEPEXOAO0B, BBIXOJSIIMX M3 OJHOTO COCTOSHUS H
MOMEYCHHBIX OAHUM cTuMysioM [[60]].

[TockonbKy TeCTHpOBaHHWE MPOUCXOAMT IO TpaccaM CHElu(UKanyy, HaM HYXHO B
crienuQUKayi BBIYUCISATH TOCTCOCTOSIHUE MEPEXojia MO MPECOCTOSHUIO, CTUMYITY
W peaklyH, IMOJy4YeHHOH oT peanuzanuu. Crenuduxanusi, B KOTOPOH Takoe
BBIYHCIICHHE naért OJTHO3HAYHBIH pe3yJbTar, Ha3bIBaeTCs crnabo-
Oemepmunuposannoti’. Jlns KOHEYHBIX ABTOMATOB Mbl OTPAHHYMIHCH TOIBKO
TaKUMU clieln(UKANUSIMH, YTOOBI HE IEPEYCIIOKHATH TECTOBYIO CUCTEMY.
Henerepmunmsm  crnenudukanuu — (nake  ciaaOblil)  BbI3BIBAET  M3MEHEHUE
koHpopmHOCTH. OT peanu3anuu TpeOyeTcs, uyTOOBl OHA BhIJABajla Ha JIAHHBIN
CTHMYJI TOJIBKO «IPaBUJIbHBIE» PEaKLUH, HO He o0s3aTenbHO Bce. Temepb yxe
KOH(i)OpMHOCTI: HC 3KBHUBAJICHTHA BJIOKCHHOCTH MHOXCECTBa TpaccC CHeHH(l)I/IKaHI/II/I
BO MHOXKECTBO TPAacc Tpacc peaan3anui.

CpaBHUM TECTHPOBAaHUE AETCPMHHHPOBAHHOW peayM3aluy JjIs CHIBHO- U ci1abo-
JCTEPMUHUPOBAHHON crerudukanuu. [WmoTe3bl 0 peanu3ali OJUHAKOBHI B
00ouX ciydasx ¥ pa3iuyaroTcs U TECTHPOBAHMSA C OTKPBITBIM M C 3aKPHITHIM
COCTOSTHHEM.

TecTupoBanue ¢ OTKPBITHIM COCTOSIHHEM, TIIO-TIPEXKHEMY, OIMpaeTcs Ha
THITOTE3Bl O JIOMyCTUMOCTH U CHIIBHO-CBSI3HOCTH (C y4ETOM pecTapTa) peau3annui
W OCHOBaHO Ha o0xozxe moarpada peann3alyd, MOPOXKAAEMOTO IOIMYCTUMBIMU
Tpaccamu. OT ciry4ast J€TepMHUHHUPOBAHHOMN CHIEIU(PHUKALNHA OHO OTINYAETCS TOJIBKO
TEM, YTO U3MEHSETCSI IPOBEPSIEMOE YCIOBHUE, TIOCKOJIBbKY MEHsETCS KOH(GOPMHOCTB.
TecTupoBanue ¢ 3aKpBITHIM COCTOSTHHEM, TTO-TIPE)XXHEMY, OTIMPACTCS HA THIIOTE3Y
0 JIOIYCTUMOCTH ¥ THIIOTE3y O PEATN3ALMOHHBIX COCTOSHUAX peann3anuu. M, mmo-
NPEeXHEMY, B K)XKJOM COCTOSHUM CHEeUU(HKAIMK JTODKHBI TONPOOOBATh KasKAbIH
onpenenéHHplii B HEM ctuMys. Ho temeps 3To orTimuaercs or obxonxa rpada,
MOCKOJIBKY TaKUM 00pa3oM MBI MPOHAEM XOTs OBl MO OJHOMY, a HE MO KaXIOMY
nepexony B KaxaoM A-mepexoze. Takodl o00xox Mbl HasBall 00X000M HO
cmumynam. Tlocae mojgayn CTUMyia B COCTOSHMU MBI IOJIydaeM OT peau3aliu
Kakyloo-To peakuuu. Eciu oHa ommOouHas, TECTUPOBAaHUE 3akaH4dMBaeTcs. Eciu
peaKkius «IIpaBWIbHAS», MBI MPOXOIUM B CIENU(UKAIMA COOTBETCTBYIOIIUN €M

‘B [[99]] »To Ha3bIBaeTCst HAOIOAAEMBIM JIETEPMUHU3IMOM, HO MBI TIPEIIOYUTAEM
WCIONB30BaTh JTOT TEPMHUH JJIsl Clydas, KOTJa TIPECOCTOSHHE U CTUMYII
OJTHO3HAYHO OTPEICIIAIOT PEAKIIHIO U, OBITh MOXET, HEOJJHO3HAYHO TIOCTCOCTOSTHUE,
T.€. KOT/Ia TIoJlydaeMasi TIOCJIeI0BaTeIbHOCTh PEaKIUid OJJHO3HAYHO OMpPEeIsIeTCs
MOCIIE0BATEIHHOCTRIO MTO1aBAEMBIX CTUMYJIOB.
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nepexon w3  A-mepexonma. UToObl TrapaHTHpOBAaTh TECTUPOBAHHE JIIOOOM
(ymoBrneTBOpsIFOLICH MPUHATBIM THIOTE3aM) peaju3allid, BBOJMUTCSA MHOHATHE A-
Mapwpyma, KOTOPBIA ONpenesseTcss Kak MHOXKECTBO MapIlPyTOB, «BETBAIICECS» B
Ka)XJIOM TIPOXOJUMOM A-Tiepexojie, ONpenesieMOM COCTOSIHUEM U CTUMYJIOM: BO
MHOXXECTBE €CThb MAapIUIPyTBl, COOTBETCTBYIOLIME BCEM HMEIOIIUMCS B
cnenuuKamuy (M, TEM CaMbIM, BO3MOXXHBIM B KOH()OPMHBIX peaTH3aIlisix)
peakuusaM IS 3THUX COCTOSIHUS M CTHMyna. Ecnu TecTHpoBaHHe IIOJHOE, TO BCE
MapumpyTl A-Mapuipyra — 3TO O0O0XOJbI MO CTHMYJIaM; TaKOW A-MapuipyT
HaspiBaeTcst A-o6xo0om [[60]]. Tenepanust Tecta peann3yeT alrOPUTM TOCTPOCHHUS
A-00x0/a.

A-00xon cymecTByeT He aisi Bcakoro rpacda. ns cimabo-meTepMHHHUPOBAHHOM
crieMpUKAMN JOCTATOYHBIM YCIOBHEM CYLIECTBOBaHHA A-00Xxona sBIsETCS
CHIIBHO-A-CBSI3HOCTh Tpada crmemupuianmuu: sl JTFOOBIX JIBYX COCTOSIHHN
CyIecTBYeT A-MapuIpyT, BCE€ MAapIIpyThl KOTOPOTO HAYHHAIOTCS B IIEPBOM
COCTOSHHM ¥ 3aKaHYMBAIOTCA BO BTOpOoM cocrosuun. B [[60]] mpemtoxen
OPHMIHHAIBHBIA anroput™ A-06X01a, BpeMs paGoTel KoToporo paBHo O(Mn®) mim
O(mnlog,n) B 3aBHCHMOCTH OT TOTO, MOXHO JIH CPaBHHUBATh HMACHTH(PUKATOPHI
COCTOSIHMH TOJIBKO Ha PaBEHCTBO WIM Takke Ha Oounblue/Menbine. TpeOyemas
namsite paBHa O(mX+nl+mlog,m) 6ur, tne X u | — pa3smep B Ourax,
COOTBETCTBCHHO, CTUMYJa M uaeHTH(dukaropa coctosHus. B [[19]] mpemnoxen
Jpyroit anroput™ A-o6xona uisi mojkiacca rpadoB, B KOTOPBIX CHHIJIETOHHBIE A-
HepeXxo.bl OPOKAAIOT CHIILHO-CBSI3HBIN cyrpad.

Yacmuuno onpeoenénHuble HeOeMEePMUHUPOSAHHbBIE PeaU3auUlU U
cnado-0emepmMuHUpoBanHvle cneyupuxkayuu

B panpHedmeM MBI CTalM  paccMarpUBaTh — TAKXKE  TECTUPOBAHME
HeIeTepMUHUPOBAHHBIX peanu3anuii ¢ TOH ke KOHPOPMHOCTBIO. TecTHpoBaHHE,
HO-IIPEKHEMY, OCHOBaHO Ha 00xoze rpada, HO Ham TpeOyeTcs AOINOJHHUTEIbHAs
TUIOTE3a O pealu3aluy, KOTOpyro Ha30BEM A-eunomesou. Ilockonbky peannsanus
HeJleTepMUHMPOBaHa, OHA MOXXET BBIAABATH PAa3HbIE PEAKIMU HAa OAMH M TOT K€
CTHMYJ B OJTHOM M TOM >K€ COCTOSIHHH. J[i1 rapanTun oOHapy>KeHHs! OIIMOKH MBI
MPEATIONI0KNM, YTO, €CIIM Ha JIAaHHBIA CTHMYJ B JAHHOM COCTOSTHHH MOXET OBITH
OImMO0YHAas peaknusi, TO MBI €€ MOJYYHM Cpa3y IPU NEePBOH 101aue 3TOr0 CTUMYIIa
B 3TOM COCTOSIHUU.

IIpn TecTHpPOBaHMHU ¢ OTKPBITBIM COCTOSIHMEM, IO-TIPEXHEMY, HYXKHO TOAATh B
KaXIOM COCTOSHHM pealu3alliy KaXKAbIl JOMyCTUMBIA B HEM CTUMYIH. I 3TOro
MBI OOXOIMM II0 CTHUMYJIaM HOArpad peaau3anuy, HOPOKAEHHBIH IOy CTHMBIMU
TpaccaMy, KOTOPBIH JOJIKEH OBITh CHIIbHO-A-CBS3HBIM.

IIpu TecTHPOBaHMH C 3aKPBITHIM COCTOSHHEM, MO-TIPEXKHEMY, HY’KHO COBEPIINTh
A-06xox cierpukanuy. Crenndukanus JOKHA OBITh CHITBHO-A-CBSI3HA.
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Daxmopuzayua cneyupuxkayuu

Jpyroii monxon k nmpodieMe HeACTEPMUHU3MA ClieHU(UKALNY 3aKIII0YAETCS B TOM,
YTOOBI ATOT HEJETEPMUHU3M KYCTPAHHUTH», TEM CAMbBIM CBEJIsl 3a/1a4y TECTUPOBAHHUSI
K CIIy4aro JeTepMHUHUPOBAHHOH crieiudukanmu. Takoe «ycTpaHeHHE» BO3MOXKHO C
nomomiplo  (dakTopuzanuu  crneuudukanuyM, — OCHOBAaHHOW  Ha  Kiaccax
SKBMBAICHTHOCTH COCTOSIHHM, TIepexofoB w/wmm crumyioB [[57]]. daktop-
cnenuUKaIus MOXKET O0Ka3aThCs caado- MU Jake CHIIBHO-ICTCPMHUHUPOBAHHOM,
TOTJIa KaK UCXOJHAsl CTieIU(UKaIys Obliia HEICTCPMUHUPOBAHHOM (1aXke He cabo-
JICTEPMUHUPOBAHHOI).

Kpome Toro, ¢akropusanus SIBISETCS OCHOBHBIM METOJOM PEHICHHS MPOOJIEMBI
CJIAIIKOM «0onbIIux» rpadoB crnerudukanuy. Hampumep, mojgada cTumyiia 4acto
MOHUMAETCS KaK BBI30B TOW WJIM MHOW MpOLEAyphl ¢ mapamerpamu. Cpeand Takux
mapaMeTPOB MOTYT OBITh YKCa (I[ENIbIC U BEIISCTBECHHEIC), U TIOHATHO, YTO MOJHBIN
mepeboOp BceX 3HAYCHMM TaKUX MApaMETPOB MPAKTHUYSCKH HEBO3MOIXKCH.
Pazymeercsi, 4TOOBI TakOW MOJAXO0J] ObLI ONpPABAAHHBIM, HY)XKHa MOTHBHPOBAHHAsS
gaxkmop-eunomesza 0 TOM, 4TO KJIACCHI SKBUBAIICHTHOCTH TTO100PaHbI «IIPABHIBHOY,
T.. BCE HHTEPECYIOIIUE HAC ONIMOKH, KOTOPbIE BO3MOXHBI B pEalU3allnH,
OOHApY)XMBAIOTCS TPU TECTHPOBAHUU 1O (HAKTOPU3OBAHHOW CrelUPUKAIINH.
dakropu3als HCHONB3yeTCsl Ha OMHOM u3 3rtamoB meromonoruu UNITESK, a
MMEHHO Ha  Jrame  pa3pabdoOTKM  TECTOBBIX  CIIEHAPHEB,  SBISIFOLIUXCS
NpECTABICHUSIMH KOHEYHBIX CIICIU(PUKAIIMOHHBIX aBTOoMaToB [[6]].

3. Modesnu eso0da-ebie00a

3.1. ACMHXPOHHbIE aBTOMaTbI

Ha kakoM-TO 9JTame HAaMIMX [PAKTHYECKHX pPabOT MBI  CTOJNKHYJIUCH C
TECTUPOBAHHEM CHCTEM, KOTOpble HE MOIJIM aJeKBaTHO MOJIEINPOBATHCS
KOHEYHBIMH aBTOMaramMu. B  kadecTBe MepBOro Takoro InpuMepa Oblia
MHOTOIIPOIIECCHAsT MPOrpaMMHasi cucTeMa, MHTep(eiic ¢ KOTOpoll OCHOBaH Ha
oOMeHe coOOIIeHUsIMH. B OTBET Ha BXOJHOE COOOIICHHE CHCTeMa MOTIJIa BBIIATh
HECKOJIKO BBIXOJHBIX COOOILICHWi, IpUYeM, €CIM B IPOLECCe HX BbIAAYH
MOCTYNAaJ0 Clielylollee BXOJHOE COOOIIEHHE, OHO MOIJI0 W3MEHHUTh BBIXOIHOMW
MOTOK.

Jlyist TAKKMX CUCTEM MBI CHavalia MpHUyMajli aBTOMAThl C OTJIOKEHHBIMU PEaKIUsIMH
(AOP), xoTOopble TTOXOKH, HO HE COBIMAJAIOT, C XOPOIIO M3BECTHBIMU aBTOMAaTaMH
BBoga-BeiBoga (IOSM — Input/Output State Machines), Ha3piBaeMBIMH TaKxke
B3auMozeiicTBytonMu kKoHeuHbiMu aBromaramu (CFSM - Communicating Finite
State Machines). B oboux aBromMaTax Mepexoj U3 OJHOrO COCTOSIHUS B APYroi
MPOUCXOJUT JHOO KaK IpPHEM CTHMyJla — INPUHUMAIOIINK mHepexoi, 0o Kak
BbIJIaYa pEaKIUM — IIOCHUIAIONIMH IIepexon, MO0 Kak IyCTOH Iepexoji, He
CONPOBOXKIAIOIINICS HU NPHEMOM CTHMYJa, HHM Bblladeil peakuuu. CocTOSHUS, B
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KOTOPBIX OIIPEACIICHBI TOJIBKO IPUHUMAKOIUEC TIEPEXOabI HAa3bIBAOTCA
CTallMOHAPHBIMH.

Hanbueiimum  0606mennem AOP u IOSM cran acunxpounwiti asmomam (AA)
[[59]]. HasBaHume «acHHXPOHHBIH» CBS3aHO C TEM, 4YTO BBIa4a pEAKIUU
MPOMCXOINT, BOOOIIE TOBOPS, aCHHXPOHHO C NPHEMOM cTuMyia. OTMETHM, YTO
Halle NoHsATHE AA oTIMYaeTcs OT MOHATHS aCUMHXPOHHO BBIMOJNHSIOIIEHCS CETH
B3aMMO/ICHCTBYIOIINX aBTOMATOB.

Ha camom neme AA — 3TO ceMeHCTBO aBTOMAaTOB, CHCTEMaTH3UpPYyeMOE IO
HECKOJIbKUM KPHUTEPUAM: CMeulanHvle cOCMOAHUA, B-nepexoobl, UMNepamueHOCHyb
WIH (aKkyibmamueHocms, QUHALbHAA OONYCIMUMOCIb CIUMYI08 W HPUOPUMEMDbL.
B cMmemaHHOM COCTOSIHMM MMEIOTCS KaK MPUHHUMAIOIIHNE, TaK U IOCHUIAIONINE T
MycTble mepexonasl. E-mepexox — 3TO BBEAEHHBIM HAMHU MEPEXOJ MO ITyCTOMY
CTHMYJy, YTO TIOHMMAeTCsl KaK IIEPeXoJ] MO OTCYTCTBUIO CTUMyNa Ha BXOZE
aBToMaTa. B wmmepatumBHOM aBTOMate (B dacTHOCTH, B AOP) npuaMMarommunit
Mepexo/ MO MOCTYNUBIIEMY Ha aBTOMAaT CTUMYJy IPUOPHTETHEE MOCBHUIAIONINX U
MYCTBIX NEPEX0J0B, a B (haKyIbTaTUBHOM aBTOMare (B 4yacTHocTH, B [OSM) oHM
paBHONPUOPHUTETHB. Eciny cTuMyn He MOXKeT OBITh HMPHUHAT, TO 3TO MOHHUMAETCS
Kak, TaKk Ha3blBaeMas, olmnOKka Hecrnenu(UIMPOBaHHOTO BBOAA. MMIepaTHUBHBIMA
aBTOMAT HE MOXET IPUHATH CTUMYJI, €CIIM CTUMYJ MOCTYTAaEeT TOT1a, KOI/la aBToMar
HaXOJUTCS B COCTOSIHUH, I/Ie HET Mepexofa Mo ITOMY CTHUMYIy. DaKyIbTaTUBHBIN
aBTOMAT He 00s513aH cpa3y MPUHUMATH NOCTYIMBIINI CTUMYJI (JlaKe €CIIH OH MOXKET
3TO CleNaTh): aBTOMAaT MOXET COBEpIIATh MOCBHIIAIOIINE M ITyCTHIE NEPEXOJbl, a
CTHMYJ OCTaéTcsl XKIaTh HA BXOJE aBToMata. Jlamee BO3MOXKHBI TpH BapuaHTa: 1)
CTHMYJ IPUHUMAETCS, 2) aBTOMAT IIEPEXOAUT B CTALHOHAPHOE COCTOSIHUE, I'/I€ HET
nepexoja Mo JaHHOMY CTUMYILY, YTO IIPUBOJHUT K OIIHMOKE HecTe(pUIIMPOBAHHOTO
BUIa, 3) aBTOMar OECKOHEYHO COBEpIIACT IOCHUIAIONIME M ITYCTBIE II€PEXO/IbI
(«3anuksmBaetcsi»). Eciu BapuaHT 2 HEBO3MOXKEH, TO CTUMYJI CUUTACTCS (PHHATIBHO
qgorryctuMbIM. COOTBETCTBEHHO, (DaKyIbTaTHBHBIE aBTOMATHI MOJPA3ICNIAIOTCS Ha
Te, B KOTOPBIX 00BIYHAs U (HHAIBHAS JOITyCTUMOCTH CTUMYJIOB COBIAAAIOT, U T€, B
KOTOPBIX 3TO He Tak. Kpome Toro, mjis BceX THUIIOB aBTOMAaTOB MOTYT OBITh
pa3nUYHbIe BAPHAHTHI B3aMMHBIX MPHOPHUTETOB €-TIEPEXO0JI0B, C OJHONW CTOPOHBI, U
MOCBUIAIONINX M MYCTBIX ITEPEX0JI0B, C APYTOH CTOPOHBI.

[To yxazaHHBIM KpUTEpHsIM ompeaenstorcs 18 TumoB AA. DTH THUIBI aBTOMAaTOB
CPaBHHMBAJIUCHh MO PEATU3yEeMBbIM HMMH CIOBAPHBIM (YHKIMAM: €CIM MHOXKECTBO
CIIOBAapHBIX (YHKIUiA, peaJu3yeMblX aBTOMAaTaMH OJHOTO THIA, BIIOXKEHO BO
MHOXECTBO CJIOBapHBIX (PYHKIHIA, peann3yeMbIX aBTOMAaTaMH BTOPOTO THIA, TO
CUYHTAJIOCh, YTO BTOPOH TUI MOJENUPYET NepBbli Tul. bbulo mokaszaHo, 4Tto Bce AA
pa3OMBalOTCsl Ha TPH TPYIIBI SKBUBAICHTHBIX (MOJEIHUPYIOMINX JIPYT JApyra U, TeM
CaMbIM, peaIM3YIOIIIX OJHO U TO K€ MHOXKECTBO CIIOBApHBIX (DYHKIMH) aBTOMATOB.
B vactrocT, AOP oTHOCUTCS K rpymnne, KoTopas MOAEeIupyeT Bce AA, B TO BpeMs
kak IOSM peanusyer Gonee y3kuii kiacc cinoBapHbIX GyHKnuil. Kpome cioBapHbIX
¢yHkImidi AA M3y4ananch, TaK Ha3blBaeMble, CEpHAIM3AIIMN — MOCJIEI0BATEILHOCTH,
B KOTOPBIX  MOJIOCIEIOBATENFHOCTH  CTUMYJIOB/PEakIHUi  COBIAJAIOT  C
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BXOIHBIM/BBIXOAHBIM CIIOBOM. Takwe cepHalu3aliy BIIOCIECICTBUH HAa3BIBAJICH
TpaccaMH, Kak 3TO W TPHHATO B MHPOBOH JHTepaType. BBIIO TOKa3aHO, YTO
Kimaccupukanus AA 1o CI0BapHBIM (DYHKIMSM COBMamaeT ¢ Kiaccudurarmmen AA
[0 UX TpaccaM. Takke U3ydajJuch KOHEUHbIE Tpacchl AA U TecTUpoBaHuE AA 1o
KOHEYHBIM TpaccaM.

st AA paccMarpuBasIoCh CTallMOHAPHOE U HECTaLMOHApHOE TecTupoBaHue. IIpu
CTAlMOHAPHOM TECTUPOBAHWU CTHMYJBI TIOZAIOTCA Ha aBTOMAaT TONBKO B
CTAallMOHAPHBIX COCTOSHUAX; MHAYE TOBOPS, TOCIIE TOTO KaK Ha aBTOMAaT MOHAa&TCs
CTHMYJI, O’KHJIAIOTCSl BCE IOCTYIAIOIINE B OTBET PEAKIWH, M TOJBKO MOCIE 3TOrO
nogaéres caenyromuii ctumyst. CtalioHapHOE TeCTUpOBaHUEe AA HCIOJIB30BaJIOCh
emé B KVEST, a B UniTESK emy mocesimienst pa6otst [[7],[16],[17],[19],[23]].
IIpu HecTallMOHAPHOM TECTUPOBAHHH CTHMYJIBI TAKXKE MOJAIOTCS B CTAIIMOHAPHBIX
COCTOSIHUSIX, HO MOKHO T10/1aTh HE OJINH CTHMYJI, a II0CJIeI0BATEIbHOCTh CTUMYJIOB.
Tem cambIM, TOJBKO TEPBBIH CTUMYJ MPUHUMACTCS B CTAIIHOHAPHOM COCTOSIHHH, a
MOCJIEIYIONINE CTUMYIBI MOTYT MPUHIUMATECS M B HECTAIIIOHAPHBIX COCTOSHHAX.
OcHOBHasi OCOOEHHOCTh TECTHUpOBaHUS AA 3akiiodyajach B TOM, YTO MbI HE
VIPaBIBSUIN TOCTYIUIGHHEM pEaKIUil OT pealu3alliH: I0Jydas MOTOK PEeaKkmuid U
MoJaBasi CTUMYJI, MBI HE 3HaJH, B KaKOH TOYKE STOTO IMOTOKA PeasTM3alIlisi OIYIHT
ctumyn. [lo cytw, MBI moapa3syMeBalld, YTO peann3anis CHaOXXeHa JBYyMs
ouepesIMH: BO BXOJHYIO OYepeb MOCTYMAIOT CTUMYJEI, @ B BEIXOJHYIO OYepeib —
peakmmu. E-miepexon cpabatbiBal, eciad BXOJHAS OYepeh OKasbIBalach ITycToiH. B
KadecTBE HAONIOJNCHUS MBI IONyYalld BXOJHOE CJIOBO W BBIXOJHOE CIIOBO, IIO
KOTOPBIM CTPOWJIM BCE BO3MOXHBIE CepHanu3anuu, T.e. Tpacchl. Crexyer
OTMETHUTH, YTO IMOCJIC MOoAa4Yu CTUMYJIa (I/IJ'II/I TMOCJICA0OBATCIIbBHOCTU CTUMYJIOB IIpU
HECTal[HOHAPHOM TECTHPOBAHMHU) MBI OXHJAAIM peakiuil A0 Tex Iop, IoKa
peanu3anus He nepernér B crauponapHoe cocrosuue. [1o cyTu, 3To 03Ha4aeT, uTo B
Tpacchl BKIIOYAINCh HAONIONEHWS TaKOW CTAallMOHAPHOCTH (CpaBHH C  O-
HaOroneHueM B cienyroniem 1. 3.2). [IpoBepsioch, 4To XOTs ObI OfHA Takas
Tpacca uMeercsi B creluUKalnuy, Takas KOH(OOPMHOCTb OTHOCHUTCS K THITY
PEIYKIHH.

Taxke paccmaTpuBagnuch AA ¢ HECKOJIBKUMHU BXOJIHBIMH UM  BBIXOJHBIMH
ouepelsiMH, KOTJa MOXXHO IapajlieJIbHO MOC/IaTh HECKOJIbKO CTUMYJIOB B pa3HbIC
(He 00s13aTeIbHO BCE) BXOJHBIC OYCPEAH U MPUHUMATH PEaKIHMA U3 HECKOJIBKUX (HE
00s13aTeIPHO BCEX) BBIXOAHBIX odepenmeil. [lo cytm wuaeHTHGUKAIUS CTHMYIA
(peakiuu) yTOYHSETCS HOMEPOM BXOJHOW (BBIXOIHOI) OUepeqy Tak, YTO OYepeIu
OCYIIECTBIIIIOT ~ pazOueHne anpaBUTa YTOYHEHHBIX CTHUMYJIOB  (pEaKImii).
ITockodBKY CTUMYIIBL, TIO KpalHEe# Mepe, B pa3Hble OYeper MOKHO OBLIO MOJaBaTh
MapajuieNibHO, (PaKTHYECKH, BBIMOJNHSUIOCh HECTAlMOHAPHOE TECTUPOBAHHE.
TIpobnemsl cepuanuzanuu it AA ¢ HECKOJIBKUMH BXOJHBIMU W/WJIM BBIXOTHBIMH
ouepemsamMu  u3ydanuch B paborax [[20],[22]]. Takoro poaa mpoGiaeMs
ucerenoBanuce u B padore [[105]].
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3.2. ioco un iocog;s

C CcOBpeMEHHOW TOYKM 3peHHus TecTHupoBaHue AA — 3TO, TaKk Ha3bIBAEMOE,
AcuUHXpoHHOe TECTUPOBAHWE WM TECTHPOBAHHE 6 KOHMmeKcme, POilb KOTOPOTO
UTPaH BXOIHBIE U BBIXOJHBIE ouepean. HabmroneHne cTaninoHapHOCTH — 3TO TO XK€
camoe, 4TO, TaK Ha3bIBaeMoe, d-HAOJI0IcHHE WK (uiescence, koropoe BBEN B 1991
r. F.Vaandrager [[93]], a 8 1996 r. J.Tretmans [[97]] ucmonb30Bai B mpeiosKeHHOM
uM koHpopmuocta i0c0 (Input Output Conformance). Dta koHGOPMHOCTH (TOXKE
TUTIA PEIYKINH) Ta XKe camasi, 9To npu TectupoBannd IOSM (daxyinpraTHBHEII AA
6e3 e-mepexo0B), HO MPEATNONAracT CUHXPOHHOE TECTUPOBAHHUE, KOTJa HHKAKOTO
KOHTEKCTa HET U peajii3alsl HaXOJUTCS 0] TOJIHBIM YIIpaBJIeHUEM TecTa. IMeHHO
MOATOMY YAaETCsl MOIYYUTh IPU TECTUPOBAHUHU HE Mapy BXOAHOE/BBIXOIHOE CIIOBO,
a cpaszy Tpaccy HaOJIONEHHMH KaK IOCIEAOBATEIFHOCTh CTHMYJIOB, PEAKIMHA U O-
Habmogenuii. AHanoruudo, IOSM ¢ HECKOJLKMMH BXOJHLEIMH M BBIXOJHBIMH
OYepeasIMH COOTBETCTBYIOT KOH(GOPMHOCTH MIOCO, KOTOPYIO TMPEITOKUI YUCHUK
Tretmans'a L.Heerink [[98]].

Emé onno omimuue TecTHpoBaHHs AA OT i0CO — 3TO MPEONONOKEHHS O
JIOIIYCTUMOCTH CTUMYJIOB B peanu3anuu. Mbl IpUMEHWIN K AA TOT K€ MOJX0, YTO
U K KOHEYHBIM aBTOMaTaM. YacTH4HO ompeseNéHHbIe peai3aluy pa3peiiaiuch, HO
CTUMYJIBl, HE OINpeAeiCHHbIE B peaNnu3allid, CUUTAIUCh «OIACHBIMU», YTO
BIIOCJICAICTBUM TIOPOJWIIO TIOHATHE pa3pymieHus. [ umoresa o JIOIMYCTHMOCTH
Ipearnoaraia, 4To 1mocjae o0Iei Tpacchl CTUMYJ, TOMYCTUMBIA B CHIENU(HKALINH,
JOMYCTHM W B peanu3anuu. B To xe Bpems Tretmans TpeOoBas OT peanu3amui
BCIOZLy ONIPEAEIEHHOCTH, HO AOIYCKAJ YaCTHYHO ONPEAEIEHHBIC CETN(UKALIIH.
HurepecHo, 4TO ueThlppMs TojamMu paHee, B 1992 1., B cBoell JOKTOPCKOM
JuccepTamy Tretmans paccMaTpuBall YacTHYHO ONpPENSNIEHHBIE PEan3alliy, B
KOTOPBIX OTCYTCTBHE CTHMYJIa TPAKTOBAJIOCHh KaK €ro OJOKHPOBKA, MPaB/ia, TOJIBKO
IPU TECTUPOBAaHMM B KOHTEKCTE (BXOJHAs OdYEpeAb CTHUMYJIOB), HO IIOTOM HE
BO3Bpamajcss K 3Toi uzpee. TeM He MeHee, B MHPOBOH JHTepaType CTalH
MOSABIATECS pabOTBl, B KOTOPBIX OJIOKMPOBKA CTUMYJIOB JOIMyCKaldack U
paccmaTpuBaach Kak 0cOObIi BU HAOMIOACHNUS.

Bcé 3TO momBuTIO HAac HAa HCCIENOBAaHHME CHCTEM, B KOTOPHIX BO3MOXKHO Kak
paspyleHue, Tak U OIOKHUpOBKa CTUMYJIOB. [Ipumepom tectupoBanus B UCII PAH
CHCTEM ¢ OJIOKHPOBKOIT CTUMYIIOB MOXKET CIyXuTh pabota [[10]]. MbI npemioxuin
KOH(GOPMHOCTH THIIA PEAYKINH, KOTOPYIO Ha3BalH 10C0s,s [[63]-[66]]. Ot ioco ona
oTIMYanachk: 1) TPaKTOBKOW OTCYTCTBHSA Iepexoja I0 CTHMYTy B CTaOMIBHOM
COCTOSIHHH, T.€. COCTOSHHH, T'JIe HET T-TIEPEXO/0B (aHAJIOT MYCTHIX NEPEXOJ0B B
AA), xak OJOKHpOBKHM cTHMysla (OJOKMPOBKA MOXET BXOJUTH B TpPaccy
HaOJII0IeHNH), 2) HAJTMYUEM Y-TIEpEX0JI0B, T.€. HEPEXOA0B 10 paspyuieHuto. Kpome
Toro, Tretmans paccMaTpuBal TOJNBKO CHUCTEMBI, B KOTOPBIX HET OECKOHEYHOI
MOCJIC/IOBATENILHOCTH  (HalpUMep, IMKIA) T-IIEPeX0J0B, KOTOpas Ha3bIBaeTCs
ousepeenyueti. MBI ke TOIMYCKAIH TUBEPTEHIINIO, KOTOPYIO B TO BPpeMs TPaKTOBAIN
Kak paspyuieHue. BmecTo Bcloay ONpenenéHHOCTH peaju3all U OTCYTCTBUS
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JVBEPTeHINH MBI TPEIJIOKMUIN MOHATHA O€30IaCHOTO TECTHPOBAHMS, 0E30MacHOM
TPacchl ¥ COOTBETCTBYIOILYIO THIIOTE3y O Oe30macHOCTH. TecTupoBaHue 6€30mMacHo,
€CII HE BO3HHKAIOT DPAa3pyIICHHE W AWBEPIEHIHNS; TUIOTE3a O O€30IacHOCTH
OTPaHWYMBACT KJIACC pEealM3allfii, KOTOPhIE MOTYT 0€30IacHO TECTUPOBATHCS A
naHHOH crenudukanuy. OTHOIIEHHE {0CO OKa3bIBACTCSA YaCTHBIM CIydaeM i0COp,s —
IUT ciennuKaIiii 6e3 OJIOKHPOBOK CTUMYJIOB, pa3pyIIeHUs U JUBEPTECHIIHH.
Kpome BBenmeHust OIIOKMPOBOK CTHMYJIOB, MBI HpECIEIOBaNIN IIE€Ib PELINTH JBE
Ba)XHeHmne TpoOIeMbl Teopun KoH(GOPMHOCTH: 1) Hepe]IeKCHBHOCTh U
HETPaH3UTHBHOCTH KOHYOPMHOCTH, U 2) HEMOHOTOHHOCTH KOH(POPMHOCTH.
HepediekcuBHOCT OTHOIICHHST [0CO C TNPAKTHYECKOM TOYKH 3PCHHUS OYCHb
HeymoOHa: Ka3aloch OB, €CJIIM peaJM3alys HalMCaHa Kak «KalbKay Co
crenuduKany, To BCE TODKHO OBITh MPABUIBHO, HO JUIS YACTHIHO ONPEACIEHHON
cnemudukanuu 310 He Tak. Kpome Toro, pegekCMBHOCTh W TPaH3UTUBHOCTH
KOH(bOpMHOCTI/I HCO6XO[[I/IMIJI U1 TIOCJICAOBATCIIBHOTO  IMOBBIIICHUSA  YPOBHSA
a6CTpaKHI/II/I CHeIlI/I(i)I/IKaHI/II/I. B YaCTHOCTHU, TAKOC IMOBBIIICHUE IMMPOUCXOOUT, KOTAa
npu TectupoBanuu B Texuonorun UNiTESK BMecTo crienubuKaIimy UCIonb3yeTcs
bonee «rpybas», Tak Ha3plBaeMas, TECTOBas MOJAEHb. PedIeKCUBHOCTh
rapaHTHpYyeT, 4TO JIOMEH clieln(pUKaLUil BIOKEH B IOMEH pealli3aluii, 4To HaéT
BO3MO>KHOCTH IIOCTPOUTH TaKyl0 TECTOBYIO MOZIEIb, KOTOPOH KOH(OPMHA HCXOIHAS
cnemduKanyia. A TpPaH3UTUBHOCTh TapaHTHPYET, YTO NPH TECTHPOBAHHU IO
TECTOBOM MOJENN HE OyIeT «IOKHBIX» OMNOOK C TOYKH 3PEHHS CHEUN(HKALINM:
peanuzanysa KOHQOPMHAs cenU(pUKa KOHYOPMHA TECTOBOH MOJEIIH.

[puurHa HepedIIeKCHBHOCTH U HETPaH3UTUBHOCTH 10CO B Pa3IMYUH JIOMYCTUMOCTH
CTHMYJIOB B pealu3aluy U CennpUKanum: Cenu(uKanus MOXeT ObITh YaCTHYHO
OTIpeZIe]IeHHOH, a peanu3anus JOJDKHAa ObITH BCrogy omnpenenéHHod. [lostomy
BO3HHKJIA «ECTECTBEHHas» 3aJada O nonoamenuu cnemudukammm — e
npeoOpa3oBaHUM B HKBUBAJICHTHYIO €il BCIOJY OINPEIENCHHYI0 CHelu(pHKaIUIO.
Kpome Toro, pemieHue mnpo0ieMbl HEMOHOTOHHOCTH, O KOTOPOM CKaXkKeM HIKE,
OIUPAETCsl Ha MOTOJIHEHHE crieuduKaImy.

Hdo Hac obe ykasaHHble mpoOieMbl He ObLTH pemreHsl ajs 10C0. Ilpemmaraiuch
pasIUYHBIC TMOTONHEHHs, OJHAKO BCE OHH HE COXPAHIIOT OTHOIIeHHe i0C0. Ham
YAAJIOCh PEIIUThH MPOOIeMYy MOMOTHEHUS, BRI «3a MPEIEITbI» ioco, T.e. nepenas
Kk Oomee oOmel KkoHGOPMHOCTH i0COg;s. MBI IIPEITIOKUIM  TONONHEHHE
cnerupukaryu [[66]], xoropoe coxpanser oTHomeHue i0CO. Boiee TOro, MbI
PACIIMPHIIN PEaATH3aHOHHBIN TOMEH i0CO, TOMYCTHB PEATH3AINH C OIOKHUPOBKAMI,
paspymicHuEM H )IHBGpFeHHHCfI, €CJIM i1 HHUX BBIIIOJIHCHA THIIOTE3a O
OezomacHocTH. B nmampHeliieM MBI ONTHMH3HPOBAIM  aJTOPUTMBI  TaKoTo
HOMOJHEHHs creuansHo st i0co [[80]].

[lommonnenne crnenmpuKaM — 3TO TMEPBBIH IIar K pPemeHuio MpoOIeMbl
HEMOHOTOHHOCTH KOoH(popMHOCTH. CyTh 3TOH NMpOOJIEMBI B TOM, YTO KOMIO3UIIMS
peanuzanuii, KOHQOPMHBIX CBOMM CIIelM(UKAIMIM, OKa3bIBaeTCsl, BOOOIIE TOBOPS,
He KOH(QOpMHAa KOMIIO3MIMH 3THX crenudukanuid. Ota mpobieMa MMeeT camble
pa3Hble «OONMYbs». B  acHMHXPOHHOM TECTHPOBAaHMM OHAa M3BECTHA Kak
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HecoXpaHeHHe KOHPOPMHOCTH: MPU TECTHPOBAHUH B KOHTEKCTE OGHAPYKMBAIOTCSI
«IOKHBIC» OMIMOKH, HE OOHApyXXWBaeMble MPH CHHXPOHHOM TECTHpPOBaHHH. B
obmem ciygae 0e3 pemieHUS 3TOH MPoOJEeMBI HEBO3MOXKHO «BBIYHCIIUTHY
CIICIIN(PUKAIIMIO CHCTEMBI, €CJIH W3BECTHBI CIECNUPUKAIMA e KOMIIOHEHTOB H
«cxemMa  KOMIOHOBKH».  COOTBETCTBEHHO,  HEBO3MOKHA  BEPHU(HKAIUL
JCKOMIO3UINKA CHCTEMHBIX TpeOOBaHMil, T.e. MPOBEPKA TOTO, YTO CHEHHDUKAIHS
CHCTEMBI MPaBIIIbHO «pa3iiokeHay Ha crienudukanny eé KOMIIOHSHTOB.

MBI NPEMIOKHIN  AITOPUTM MOHOMOHHO20 TIPEOOPa30BaHHs IOTIOTHEHHBIX
cnerudukanmii [[66]], mocie KOTOPOro KOMIO3WIHS peanu3anuii, KOHPOPMHBIX
CBOMM crheruduKanisM, KOHPOPMHA KOMIO3UIHK MOHOTOHHO NPeoOpa3oBaHHBIX
MOTIOTHEHHBIX ClieHU(UKanil KOMIIOHEHTOB. DTO Mpeobpa3oBaHie padoTaeT s
o0meli KOHQOPMHOCTH i0COps, @ IS YACTHOrO Ciydas I0CO (IIOHOJHEHHBIC
crenupuKai 6e3 ONOKHPOBOK M pPa3pyLICHHs) MNPEATIOKEH YIPOLIEHHBIN
anroput™ npeobpaszosanus [[66]], ycoBepiueHcTBoBanHbI B [[80]].

4. R/IQ-mo0enb
Harmu pa6ots mo R/Q-monenu cm. B [[64],[67],[69]-[74],[76]-[78],[83].[85]-[86]]-

41. LTS

Mogenu, 1exaniye B OCHOBE Kak AA, Tak ¥ OTHOLIEHUH 10CO U iOCOByg, OTHOCSITCS K
kiaccy LTS (Labelled Transition System). B LTS mepexoa Mexay COCTOSHHUAMH
nomeyaercst delicmeuem U3 anpaBuTa ISHCTBUIA WK CUMBOJIOM T (B AA BMecTO T--
nepexona myctoi mepexom). st AA 6e3 e-miepexo0B ¥ KOHGOpPMHOCTEH 10CO u
i0C0g,; andasur neiicteuit LTS pazbusaercs Ha 1Ba mopandaBUTa: CTHUMYIOB H
peakmmii; Takas LTS naseBaercs IOLTS (Input-Output LTS). HaGmronenus
cTanroHapHOCTH (O-HaOdro/eHne) W OJOKHPOBOK CTHMYJIOB OTHOCATCS K, Tak
Ha3biBaeMbIM, oTka3zaM. Otka3 Bo3HukaeT mpu deadlock’e, xorma peanumsanus He
MOJKET BBITIONHATH Te MACUCTBHUS, KOTOphle eif paspemensl. Takoit deadlock
BO3MOJKCH TOJBKO B CTAOMJIBHOM COCTOSHHH, MOCKOJBKY T-TEPEXObl CUUTAIOTCS
BCerJa pa3pemIEHHBIMH — 3TH TMEpPeXOAbl KaK OBl «CaMOIPOU3BOIBHO» MEHSIOT
COCTOSIHHE pean3allii, He3aBHCUMO OT BHEUTHEro BMemaTenbeTBa. OTKa3 — 3TO TO
MHOXECTBO «oTBepraeMbix» aeiicteuii (refusal set), koropeie paspeiieHsl, HO He
MOTYT BBHINONHATBCS, 4TO W BbI3BBaeT deadlock. Hampmmep, ecmm tect mpu
CHHXPOHHOM TECTUPOBAaHHM ITOCHUIACT CTUMYJ, a B TEKyINeM CTa0WILHOM
COCTOSIHUU pealli3alliil HeT MpHéMa 3TOTO CTUMYJa, BO3HHKAET €ro OJIOKHUpPOBKA
Ecimu TecT He MOCBHIIAET CTHMYJIBI, HO IMPUHUMAET BCE PEAKIUM, a pean3alus He
BBITAET peakuunu, To Bo3HuKaeT deadlock B cTarimoHapHOM COCTOSIHUH.

B nanpHeiimeM Mbl COCPEIOTOYMINCH Ha uccienoBanuu LTS obmero Buma. st
LTS B3aumopeiicTBre (QopMain3yeTcss B OMNEpalyy MapauiedTbHON KOMIIO3HIIUH
nByx LTS. Ona umeer ase ocHoBHble Mogudukanun: CSP u CCS, xotopsie mo-
pa3HOMY MOHHMAIOT OTHOIICHHE CUHXpOHHOCMU Ha andasuTtax omnepanaos. B CSP
CUHXPOHHBIC JAeWcTBUS oxumHakoBeie, a B CCS — mporuBOmoOsoxHbIE (HA
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YHHUBEpCYME NEHWCTBHH 3aJaHO WHBOJIOLMOHHOE cooTBeTcTBUE). COCTOsIHUE
Kommo3uionHoi LTS — s1o mapa cocrosiauit LTS-onepannos. ITape mepexomor B
OlepaHIax II0 CHHXPOHHBIM JACHCTBUSIM B KOMIIO3HIMM COOTBETCTBYET B
cuHXpOHHBIHA T-epexon (B CSP mocne omepanmu hide, mpeBpamiaromeii 4actsb
CHUHXPOHHBIX JICWCTBUH B T), MEHSIOTCSl COCTOSIHMSI 00oMX omnepanzoB. I[lepexomsl
[0 AaCHHXPOHHBIM JEHCTBUSIM, T.€. NEHWCTBHSAM, AT KOTOPBIX HET IapHOTO
CHHXPOHHOT'O JEHCTBHUS, a TaKKe T- U Y-TIEPeXo/bl B KOMIIO3HUIMH COXPaHSIOTCS,
MEHSIETCSI COCTOSTHUE TOJIBKO OTHOTO OTIEPaH/a.

TecToBBIHf PKCHEPUMEHT MOHMMaeTcs Kak kommosmnmsi LTS peammamun ¢ LTS
TecTa, onpenenéHHoi B ToM ke (CSP) mm «nporuBomonoxxaom» (CCS) andasure.
Jns HaOmoieHus 0TKa3a, B TECTE UCIONIB3YeTCs O-Tiepexoi, KOTOphIil cpabaThiBacT
npu obOHapyxenun deadlock’a (B kommo3uiuu mnpeBpamaercss B T-nepexon). B
KOMITO3MIIMH pEalM3allid W TeCTa €CTh TOJBKO T-TIEPEXOAbl, B TEPMHHAIBHBIX
COCTOSIHHSIX TECTa BBIHOCUTCS] BEPIUKT.

4.2. R/Q-cemaHTUKa

B Hammx wHcciemoBaHHMAX HAC HHTEPECOBAIM KOH(GOPMHOCTH THIIA PEAYKLHH,
OCHOBaHHBIC Ha TpaccaX, COCTOSIIMX M3 NCHCTBUI M OTKa30B. AHAM3UPYS OIBIT
TECTUPOBaHMA AA M OTHOIIEHHMS i0CO U i0COpys, MBI IPHIIA K BBIBOAY, YTO Kak
MOZEINb, TAaK U OTHOLICHHE KOH(MOPMHOCTH, MPEKAE BCErO, ONPENCIAIOTCA TeM,
KaKHe TECTOBBIC BO3ICHUCTBHUS Mbl MOXEM NMPOU3BOAUTE HAJ peajn3allieid M Kakue
HaOIIOJCHUS] MOXKEM HOJIyYHUTh B OTBET, B YACTHOCTH, KAKHE OTKA3bl HAONIOAAeMBI,
a xakue HeT. CkaxeM, st i0CO M i0COpys MOXKHO TIOCHLIATE CTUMYJI, HO OIIOKMPOBKY
CTHMYJIa MOJKHO HaOIONATh TONBKO AN 10C0p,s.

HaGop TecToBBIX BO3ACHCTBHH ¥ HaOMOACHUN (HOpMaTU3yeTcs B IOHATHH
CEeMaHTHKU B3aMMOJCHCTBHA. DTa CEMaHTHKA OIMCHIBACTCS C IOMOIIBIO, TaK
Ha3bIBAEMOM, MAIIMHBI TECTHPOBaHWs, mpemiokeHHo R.Milner'om [[91]] u
van Glabbeek'om [[92],[94]]. Mamuna npexacraBisier co00il «UEPHBIN  SIUKY,
BHYTPH KOTOPOIO HAXOJMTCS peaiu3alys. YIpaBiIeHHE CBOJHUTCS K TOMY, YTO
OIepaTop MAIUHBI, BBIMOJHIS TECT, HAKUMAET KHOMKHU Ha KJIABHAType MAallUHBbI,
paspemiasi peanu3alyd BBINOJIHATh T€ WIM HMHbIE JEHCTBHS, KOTOPbIE MOIYT
HaOJII0AaThCS Ha JUCIUlee MauHbl. B peaxmusnoii mammmne Milner’a naxumaercst
TOJIBKO OJIHA KHOTMKa (pa3periaercsi TOJbKO OJHO JIEHCTBHE), B OTBET IOCTYIMAET
POBHO OJTHO HaOIIIO/IEHHE, TIOCIIe Yero MOKHO Ha)KMMaTh CJIEAYIOIIYI0 KHOIKY. B
2enepamusnoi MammHe van Glabbeek’a naxumaercs cpasy HECKOJIBKO KHOITOK
(pa3pemraeTcsi MHOXECTBO JACICTBHIl), MallMHA BBIMOJHSAECT IMOCIIEI0BATEIBHOCTh
pa3pelIéHHbIX NEeHCTBUM, MOKa He OymyT HaxaThl Apyrue KHONkH. OTCyTCTBHE
BBITIOJTHAEMBIX JEHCTBUIA MOXKET HaOII0IAThCs KaK OTKa3.

Van Glabbeek cuctemaTnznpoBail BO3MOXKHbIE HAOJIIOZEHUS, YTO JIETJIO B OCHOBY
ero KkiaccupuKauuu OTHOIICHUI KOH(popMHOCTH. ONHAKO HE BCE W3BECTHBIC B
JHUTEPATYype W HUCIOJb3yeMble Ha MNPaKTHKE OTHOIICHUS IIOMald B  ITY
KIaccuukauuio. B 4acTHOCTH, TaM HeT OTHOLIEHUs i0CO. [IpuurHa B TOM, YTO, 1O
van Glabbeek'y, oneparop Moker paspemiars Jiro6oe (MM, Kak BapHaHT, Jirodoe
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KOHEYHOE) MHOXeCTBO jeiictBuil. Kpome Toro, HaOmonmatorcs ambo Bce
BO3MOJKHBIC OTKa3bl, IHOO HUKAKOH OTKa3 He HabmomaeM. B To jxe Bpems mst i0CO
1 i0COg,; MHOXECTBO pa3pellaeMbIX IEHCTBUH He Jiro0oe: 3T0 JMOO CHHITIETOH
CTHMYJIa, JHMOO MHOKECTBO BCEX peakmuil. MHOXECTBY BCeX peaKIuit
COOTBETCTBYET HalOirofaeMbli oTka3 (O-HaOmojeHHWe), a sl CTUMYJa ero
OI0KHpOBKa HE HAOIIOgaeMa 11 i0CO M HablrofaeMa JUIs i0C0ps.

3TO HATOJKHYJIO HAC HAa MBICIIb BBECTH MAIIMHY TECTUPOBAHUS, ITapaMETPU3yEMYIO
TON WJIM MHOM CeMaHTHKOW B3ammonedcTBus. Hamia mammHa noxoka Ha MalluHy
Milner'a, HO KHONKOW pa3pemraercss He ONHO JIEHCTBHE, a MHOMKECTBO, KaK y
van Glabbeek'a. Habop xkHOmoOk ompenensier HaOOp TECTOBBIX BO3ICHCTBHIA.
OTKa3el, COOTBETCTBYIONINE KHONKAM, pa3AeisioTcs Ha HaOmomaemble (R-
ceMelicTBo) M HeHaOmomaemble (Q-cemeiictBo). B LTS HabGmomaemple OTKa3bI
0OBIYHO M300paXKalOTCs OMOJHUTEIBHBIMU HEPEX0AaMU-TICTISIMU, TTOMEYCHHBIMH
otkazamu. Takyro cemaHTHKy Mbl HasBaiu R/Q-cemantukoii [[64],[70]]. Tpaccer
HAOJIFOICHUI MOTYT COJICPXKATh ACHCTBHS U R-0TKa3bI.

3amerum, uto (aKyJIbTaTUBHBIH AA C e-nepexollaMH, PaBHONPHOPUTETHBIMU C
MOCBUTAIOIIMMH W INYCTBIMM  Hepexojamy, He Mozenupyemsiii [OLTS,
mogenupyercst LTS o6mero Buma. CootBerctBytomas R/Q-ceMaHTHKA COIEPHKUT
JUISL KaXJOro cTuMyna (BKIKOYas TYCTOM CTUMYIN) KHOMKY, pPa3peuaroniyro
peanu3alMM TPUHUMATh O3TOT CTUMYJ MM BBIJABaTh JIIOOYIO PEaKLUIO.
AnpTepHaTHBOX 3TOMYy MoOTr OBl cuyxuts O-mepexox B IOLTS-peanmsanum,
KOTOpPBII B CTAIIMOHAPHOM COCTOSIHUM CpadaThIBAET TOT/A, KOTAA TECT HE MOCHUIAET
ctumynoB. OJTHaKO e-Tepexo/l B HeCTallMOHAPHOM COCTOSIHUM He Mojenupyercst 0-
nepexozoM. Kpome Toro, 00b14HO O-TI€pexon JOMyCKaeTcsl TOJIBKO B TECTE, HO HE B
peanu3anyy.

UYro kacaercss AA, B KOTOPBIX HMMEIOTCS IPHOPUTETHI MEXKIY IIepPeXo/aMH, B
JaCTHOCTH HMIlepaTuBHBIX AA (Hampumep, AOP), To oHHM He Moaenupyercs
o0bryHBIME LTS, B KOTOPBIX HMKAKHX IPHUOPUTETOB HET: JI000E pas3peréHHOoe
JIEWCTBHE MOXKET BBITIOJIHATHCS HE3aBUCHMO OT TOTO, Kakue emeé JeHcTBUS
paspemieHel. JTOoT (Qakt oTMmedan yxe van Glabbeek. B manpredmem Mol
Mccie0BalId IPo0JIeMy IPHOPUTETOB, U HaM YAAJIOCh ONpeAenuTh He Toiabko LTS
C NIPUOPHUTETaMH M COOTBETCTBYIOIINE KOH(POPMHOCTH, HO M KOMIO3UIIMIO TAaKUX
LTS [[71]]. Taxue LTS yxe MOTYT MOJIETUPOBATH JTE00BIE AA.

4.3. 'mnoTte3a o 6e30nacHOCTU U KOHPOPMHOCTb Saco

l'unotesa o G6e3omacHocTy B R/Q-ceMaHTHKe 0000IIAET TMITOTE3BI O JOMYCTUMOCTH
CTHMYJIOB B KOHeuHbIX aBTomarax, AA u IOLTS (mus i0C0) u rumoresy o
Oe3omacHOCTH UL 10C0g,s5. TecToBOE Bo3aeiicTBHE (HaXKaTHe KHOIIKH Ha KJIaBUAType
MAalllMHbBl TECTUPOBAHMSA) CUUTAETCS OMACHBIM, €CIM OHO MOXET IPHUBECTH K
BO3HUKHOBEHHUIO Pa3pyIICHHs] UM OECKOHEYHOMY OXKHIIAHWIO HAOIIONEHUS, UTO
MPENSTCTBYET NPOIOKEHUIO TECTUPOBAHMSL.
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Paspymienne Mopenupyer no0oe HeKelaTeJIbHOE IOBEICHHE CHUCTEMBI, B TOM
YHCIIE U €€ PeaIbHOE pa3pyIIeHHe, KOTOPOTO Hellb3s JOIyCKATh IPH TECTUPOBAHUH.
beckoneunoe oxugaHue HaOJIONCHUH OBIBACT NMpPU OTKAa3e W IPH JHBEPIEHIIUH.
Ortxka3 Bo3aukaet npu deadlock’e, korga HuKakne AEHCTBHUS HE MOTYT BBITTOIHATHCS
U, clefoBaTeNbHO, HabmomaThes. Ecnmu oTka3 Toxke HeHaOMomaeM, TO HHKaKHX
HaOmofeHnii He OyzneT. AHaJOrMYHas CUTyalusi BO3HUKAeT IIPH TECTOBOM
BO3JICHCTBMM BO BpeMsl AMBEPICHIMH: peasiM3alusi MOXXET OECKOHEYHO JIOJIro
BBIIIOJIHATH T-IIEPEXOJbl, M HUKAKUX HaONlloJeHWil He Oyzmer. 3amMeTHM, 4YTO B
OTIMYHE OT CEMAHTHKH i0COp,; OIACHOH CUMTAeTCs HE caMa IMBEPreHIMA, a
MOMBITKA BBIX0/1a U3 JIUBEPTCHIIH.

Orto ompepencHue maér orHomrenue Safe in: «kHomka OesomacHa B peanu3anuu
nocne Ttpacce». s crmenmbukaimu BBOAUTCS OTHOLIeHue Safe by: «kHomka
Oe3zomacHa B crielUQUKaIMK MOCIE TPACCh», KOTOPOe OTaMYaercst s Q-KHOIOK.
Ecnu Takas kHomka Oe3omacHa Iocje Tpacchl, TO Tpacca JOJDKHA IPOAOJIKATHCS
KakuM-HUOyap  JeiicTBHEM, paspelraeMblM 3TOH  KHONKOH, XOTA  MOXKET
NPOJOJDKATECSI M COOTBETCTBYIOIIMM OTKa3oM. Kpome TOro, ecimu Tpacca
NPOJOIDKAeTCS JEHCTBHEM, KOTOpPOE paspelIaeTcsi KHONKOM, He BBI3BIBAIOIICH
pa3pyLICHHUs WM MONBITKHA BBIXOJA W3 OUBEPICHLUH, TO JTOH JCHCTBHE TOIDKHO
pa3periaTbCsi HEKOTOpOW 0e30macHOil KHONKOW. DTH  yCIOBHS ONPENEISIOT
otHomeHune Safe by HeomHozHauHO, MO3TOMY mpM 3amaHum R/Q-ceMaHTHKH H
crienn(pUKaIMU JOIOJHATEIEHO YKa3bIBaeTcsl OTHOIIeHUe safe by.

Be3omacHOCT, KHONOK ompezenseT Oe30macHble TPacCchl, B KOTOPBIX KaKIoe
HaOJroIeHHe MOXKeT OBITH pa3pelIeHo Oe30macHoi (Imocie TpeduKca TPacChl)
kHonko#. Tompko Oe3omacHele mo Safe in Tpacchl OMKHBI NPOXOOUTHCA IPU
Oe3omacHoOM TecTHpoBaHWH. TpeGoBaHME OGE30MACHOCTH TECTHPOBAHHMS BBIACIACT
KJ1acc 0e30MacHBIX Peau3alnii — TeX, KOTOPbIE MOXHO 0€30I1aCHO TECTHPOBATH JJIs
NPOBEPKH HMX KOH(POPMHOCTH WIJIM HEKOH()OPMHOCTH 3aJaHHOH crenupuKanum.
DTOT KJIacC ONpenessieTcs CIEAYIOER (mpaccosoil) sunomesoil 0 6e30nacHocmiL.
peanuzarus 6e3onacHa Jjisl cennprKaum, eciau 1) B pealnn3alyy HeT pa3pyLieHust
C caMoro HayaJya (70 Ha)aTus MepBOi KHOIKH), €CIIH ATOTO HET B CIeLU(UKAIHIH,
2) mocie obried Tpaccel, Oe3omacHOi kak B peanmsaiuu (o safe in), tak u B
cnemudukanuu (mo safe by) mobas kHomnka, Oe3omacHas (mo Safe by) B
crnerudukaryn, 6e3onacHa (o safe in) moce 3Toi Tpacchl B peanu3aluu.

Crenyer OTMETUTh, YTO THIOTE3a O OE30HaCHOCTH HE MpoBepseMa IpH
TECTHPOBAHMU W SBISIETCS ero mpexaycioBueM. Ilocime 3toro ompenensercs
oTHoLIeHHe Oe3omacHoil kKoHpopMHOCTH Saco [[64]]: peamusanus KoHpOpMHA
crienuduKaIyy, ecim oHa 0e30IacHa U BBINOJIHEHO mecmupyemoe yciosue: Tocie
obwieit Tpaccel, 6e3onacHo Kak B peanusauuu (mo safe in), Tak u B cnerupukanun
(o safe by) mo6oe HabrOEHHE, BOBMOXKHOE B peaM3allii B OTBET HAa HAXaTHE
GesomacHoit B crienndukanuu (o safe by) kHomku, paspemaercs, T.e. umeercs B
crienupUKaIny.

BospiimHCTBO  OTHOIIEHWH KOH(GOPMHOCTH THIA PEAYKIHH  OKa3bIBAIOTCS
YAaCTHBIMHU CJTy4asiMH OTHOIIEHHS SACO MPU BHIOOPE COOTBETCTBYIOLICH CEMaHTHKH.
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s tpaccoBoro mpeamopsiaka R mycto, a Q COCTOMT M3 OXHOW KHOIIKH,
paspemaromiei Bce aeiicTBus. s i0CO R cocTOUT U3 0JHON KHONKH MpHUEMa BCEX
peakuuii, a Q COCTONT U3 KHOIOK-CHHIJIETOHOB I KaXXI0ro ctuMyina. Jlis i0C0g,s
R cocronut u3 KHONKH MpuéMa BceX Peaknril U KHOMOK-CHHIJICTOHOB IS KajKIOTO
cTumyna, a Q mycro.

BaxxHO OTMETHTH, YTO KOH(POPMHOCTE SACO OMpeAenseTcs A TaHHOH CEeMaHTHKH
TONBKO Yepe3 Tpacchl HAONIONEHWH, KOTOPBIE MOXHO IONYYHTH C ITIOMOIIBIO
MaIliHBl TECTUPOBAHMA, MacKupymomed cocrosaus LTS-peammsannn. MabME
CIIOBaMH, SACO WCIONB3YET TOJBKO TPACCH pealm3aliyd M cuenu(uKarmun 1 He
3aBUCHT OT MX cocTosHui. IloaToMy Hapsgy ¢ ocHOBHOM Mmopensio LTS wmbl
UCIIOJIb30BANIN B HAIIMX MCCIIEOBAHUSX TAKXKE MpaAcco8y0 MOOEIb KaK MHOKECTBO
tpacc LTS. B [[66]] must ioc0op,s 1 B [[70]] st R/Q-ceMaHTHKY 1aHBI HEOOXOAUMEIC
M JIOCTaTOYHBIE YCIIOBHSI TOTO, YTO MHOXKECTBO TpPAacc SIBJISIETCS TPAcCOBOM
MoJenblo. B TpaccoBoii Teopun LTS — 3T0 cnoco® KOHEWHOrO MpeICTaBICHUS
PETYISIPHBIX TPACCOBBIX MOJEIICH.

B obmem ciyuae TecTupoBaHHe KOH(GOPMHOCTH SACO OCHOBAHO Ha THIIOTE3E O
anobanvom mecmuposanuu  [[94]]: moboe moOBeacHHE peaNU3alUUd  MOXHO
BOCIIPOM3BECTH B TECTOBOM OJKCIIEPUMEHTE uepe3 KOHEYHOE YHWCIIO IOMBITOK.
Wuoraa ucnone3yrorcsi Gosiee CHIBHBIE THIIOTE3bI, HAIIPUMEpP, YKa3aHHBIC BBILIE
TUIIOTE3a O PEANH3alMOHHBIX COCTOSHHAX (U1 NEeTCPMHUHUPOBAHHOM peau3aliim)
wi A-runore3a. Ecinu runoresa o rio0aibHOM TECTUPOBAHUH BEpHA, CYLIECTBYET
TONHEIN (He 00s3aTeNlbHO KOHEYHBIH) Habop TecToB. [IpemiokeHBI anropUTMEI
reHepanuy Takoro HabOopa. [lpm Hammuum pectapTa HAO0Op KOHEYHBIX TECTOB
SKBHUBAJCHTEH ONHOMY (OBITH MOXET, OCCKOHCYHOMY) TECTy, B KOTOPOM HET
OeckoHeuHOU YacTH 0e3 pecrapra. MHOTHA yoaéTcsl MOCTPOUTh KOHEUHBIN ITOHBIH
HaOOp TecTOB (WM OAWH KOHEYHBIH TECT, OBITh MOXET, C HWCIIOJIB30BAHUEM
pecrapra).

4.4.MonHoe TecTMpoBaHMe C  OTKPbITbIM  COCTOSIHUEM
OrpaHM4eHHO HeJeTEPMUHUPOBaAHHbLIX peanu3auumn

AJ'IFOpI/ITMI:-I TECTUPOBAHUA C OTKPBITBIM COCTOSIHUEM, MNPCIJIOKCHHBIC I
KOHEYHBIX aBTOMAaTOB W OMNHUparolrecs Ha o0xofn (mom)rpada peanusalyu IMpU
COOTBETCTBYIOIINX I'HIIOTE3aX O Pealn3alliy, JIETKO MepeHocarcs Ha ciydailt LTS B
R/Q-cemantike. OHH ONUPAIOTCS HA THUOOTE3y O JOIMYCTHMOCTH CTHMYJIOB,
KOTOpOii B R/Q-ceMaHTHKE COOTBETCTBYET TUIIOTE3a O GE30MACHOCTH, A-THIIOTE3Y U
CHITbHO-A-CBSI3HOCTh  peanmsamii (¢ yderom pecrapra)’. Ilpm stom B R/Q-
CEMaHTHKe 00XOAy M0 CTUMYJIaM COOTBETCTBYET 00XOJ MO KHOIIKaM: IIOCNIE TPACCHI,
Oe3omacHoil B crienn@UKanuy, B KOKJIOM COCTOSHHM pealn3aliii HYXXHO Ha)KaTb
KaXIyl0 KHOIKY, 0e30IIacHyI0 B CHEIM(HUKAI[H IIOCTEe 3TOW TPacChl. A-TIepexon
ONpENEeNAeTCsl COCTOSHHEM M KHONKOW M 03HauaeT MHOXECTBO MEPEX0A0B

® Ecn peanuzanus AeTepMUHUPOBaHa, TO JIJIi He€ aBTOMATHYECKH BbINIOIHEHa A-
TUIIOTE3a, & CUIbHO-A-CBSI3HOCTh SKBUBAJIEHTHA CUIIbHO-CBA3HOCTH.
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(BKITIOYAs TOOABJICHHBIE MTEPEXOABI-TICTIIN TI0 HAOI0IaEMBbIM OTKa3aM ), BBIXOISIITUX
U3 OTOTO COCTOSHHS W TIOMEUEHHBIX HAOMIOACHHUSIMH, pa3pemaeMbIMA OTOH
KHOITKOM.

A-rumoTe3a mpenmnoiaraeT, YTO, €CIH IMOCIC HaXaTHs KHONKH B COCTOSHHU
BO3MOXKHO OIIMOOYHOE HAOIIOJEHHE, TO OHO BO3HHUKACT IPH NEPBOM HaXKaTHU 3TOH
KHONKH B 3TOM COCTOSHUHM. BMecTO 3TONM [OBOJIBHO CHJIBHOM THIOTE3BI MBI
npemtoxmwid  aas LTS B R/Q-cemanTHke 2unomesy 00  02paHuueHHOM
HeOemepMuHu3Me: Ul 3aJaHHONW KOHCTAaHTHI t mepBele { HaXaTHl KHOIKH B
COCTOSHHH JIAl0T BCE BO3MOXKHBIE mepexosl A-mepexona’. Eciu ects omuGKka, oHa
BO3HHKHET He 00513aTeJIbHO MOCIIe IEPBOro, a Imociie oxHoro u3 t Haxatuil. Ecnu sta
THI0TE3a BBIMIOJNHEHA, BMECTO CHJIBHO-A-CBSI3HOCTH peanu3anuu tpebyercs Goinee
ciabasi CHIIbHO-CBA3HOCTD.

Mpemmoxennstiit B [[72],[73],[85]] anroputM TECTHPOBAHUS  BBITIOJIHSET
mapajieNbHO 1Be paboTel: mccnenoBanue (learning) peann3anuy ¥ BepU(UKAITIIO
xoHpopMHocTy. OleHKa 4YucIa TecToBbIX Bosieiictsuii: O(nbt") mma t>1, O(bnz)
st t=1, tae b — yrcno kHOMOK, a N — uncio cocrosHumit peanusaiuu. [Ipn HaMUIHKA
pecTapTa B KaXJIOM COCTOSHHM peanusauuu s t>1 ouenka pasna O(bt"). Ouenka
oGbéma Beranciennii (6e3 TectoBbix BosaeiicTamii): O(bn’t")+O(b%n?)+0(btn2"),
rae K — uncno cocrosHuil crienuduKandy, WM MepBOe ClaraeMoe 3aMeHsIeTCs Ha
O(bnt"), ecmn ects pecrapre, wmm O(bn®) mms t=1. J{us CHIBHO-A-CBS3HBIX
peausaiuii IpeTokena MoqubUKaIHs anroput™a ¢ onerkamu O(btn®) ams uncia
TecToBeix Boszeictemii u O(btn®)+O(b%n?)+0(btn2%) m1s 06bémMa BrUMCICHMIL.
3amerum, uro ecnmu LTS-cmenmpukamus neTepMHHHpOBaHa (Kaxmas Tpacca
3aKaHYHMBACTCI B OJHOM COCTOSIHUM), TO COMHOXHTENb 2° 3aMeHsercs Ha K.
HerepmunupoBanHocts LTS  cooTBercTByeT — ciabo-IeTepMHHHPOBAHHOCTH
KOHEYHBIX aBTOMAToB. J100yro LTS MOXHO NpeBpaTHTh B ACTEPMHHHPOBAHHYIO
LTS (mpaBna, mepexoisl IO HaOJIOJaeMbIM OTKa3aM OyIayT He 00s3aTelbHO
TETIISIMHE) C OMOIIBIO TPOIieAyphl aeTepmunmsaryn [[83],[85],[86]] .

4.5. CneundmKauMoHHbIe TPOMKM U OTHOLLIEHUSA Ha HUX

l'mmotresa o Oe3omacHOCTH W KOH(GOPMHOCTh 3aJar0TCs  CIEIM(pUKAIMOHHON
TpoiiKoit: cemanTHka B3aumojeicTBus R/Q, cnenudukanuonnas moaens (LTS mnun
TpaccoBasi Mojiellb), oTHomieHue GesomacHoctn Safe by. Cemanrtuika ompenenser
andaBuT [eHCTBMI Kak Bce JACHCTBHS, pa3pelmaeMbleé BCEMH KHOMKAMU:
L = (UR)U(UQ). Kaxxmas Tpoiika onpezenseT B 3ToM anpaBuTe KiIacc 0€30MacHbIX
(o rumoTe3e o GE30MACHOCTH) peaM3alii M KiacC KOH(OPMHBIX (10 Saco)
peanuzauuii. Ha opgHOM U3 HampaBieHM HaIIUX HCCIEAOBAaHUN MBI H3ydaau
BOIIPOC O COOTHOIICHUH TPOEK 4Yepe3 COOTHOIIEHHE ONpeessieMbIX UMH KIacCOB

®t=1 COOTBETCTBYET JETEPMUHUPOBAHHOMY CITyJaro.

CripaBeiJIMBOCTH  pajid, HYKHO OTMETHTh, 4TO jaerepmuHm3amms LTS ¢ K
COCTOAHUAMHU MoOxeT narth LTS ¢ 2k COCTOSIHMSIMM, XOTSI OOBIYHO 10 DTOrO HE
JIOXOJIUT.
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Oe30macHBIX U KOH(OPMHBIX peann3aiiii. BIoXeHHOCTh TPOeK ompenenseTcs Kak
PaBEHCTBO KJIACCOB KOH(GOPMHBIX peaju3aldii ¥  BIOXKEHHOCTh KJIACCOB
0e30MacHBIX peaTu3ayii. JTO OTHOUICHHE SBISETCS MPEINOPSAKOM U HHAYIHPYET
COOTBETCTBYIOIIICE OTHOIICHHWE SKBHBAJCHTHOCTH TpoeK. [IpeoOpa3zoBaHme Tpoek
Ha30BEM BJIOKEHHBIM (SKBHBAJICHTHBIM), €CIIH TpPOWKa-apryMEHT BIIOXKCHa B
(3KBHBaJIeHTHA) TpoOlKe-pe3ynbTary. BiokeHHOe mnpeoOpasoBaHHMEe AaT TPOWKY,
KOTOPYIO IIPU TECTUPOBAHUHN MOXKHO HCIIONB30BaTh BMECTO UCXOIHON TPOUKH.

DTH BOTIPOCH HcclieqoBaIuch B pabore [[69]], rae ocoGoe BHIMaHNE GBUTO yIEIeHO
9KBHBAJICHTHOCTH  TPOCK, OTIMYAIOMIMXCS TONBKO  OTHoureHuem  safe by
(HOpManM3anysi OTHOIIEHHMS) WIIM UMEIOIIHX OOLIYI0 cenn(pUKAIMOHHYIO MOJEIb.
Ilocnennee mopokAaeT OTHOIIEHHE «HE CHUJIbHEE» U1 CEMaHTHK: IepBas
CEeMaHTHKa HE CUJIbHEe BTOPOIl CEMaHTHKHM, €CIU IS KaKIOH TPOWKU C mepBoi
CEMaHTHKOM HaiAETCSA SKBUBAJICHTHAs € TPOMKA CO BTOPOU CEMaHTUKOM U TOM Ke
camMoif crenu(pUKAIOHHONH MOJenbio (HO, BO3MOXHO C IPYTUM OTHOUICHHEM
safe by). CooTBeTcTBEeHHO OmpeenseTcs IKBUBAICHTHOCTh ceMaHTUK. Ha kiacce
SKBUBAJICHTHBIX CEMAHTUK HU3YYaJIHUCh YCIIOBUS CYIIECTBOBAHUS MUHUMAJbHBIX U
HaVMCEHBIIINX CEMAHTHK MO OTHOIICHHIO BIOXKEHHOCTH ceMelcTB (R 1 Q) KHOTIOK.
Knaccel  peanuzanuii, onpenenseMble TPOHKOH, SIBISIFOTCS — HOJKIAcCaMH
peamm3anmii B ogHoM andaBute. Ecnm andaBUTH crienn(UKAIIMOHHBIX TPOEK
pas3Hble, TO KJIACCHI pealn3alliii TaK)Ke pacCMaTPUBAIOTCS B Pa3HBIX alipaBUTAX H,
YTOOBI WX CPaBHHUBATh, HY)KHO NMPUBECTH UX K «CAMHOMY 3HAMEHATENO». Takmm
«3HaMEHATeJIeM» MOXET CIYXKUTh JIO00H «IeJeBOi» KIIAaCC MHTEPECYIOINX HAac
peanu3aluii: BMECTO  KJIAcCOB KOHMOPMHBIX W  0E30HaCHO-TECTHPYEMBIX
peanu3anMii pacCMaTPUBAIOTCS HUX MEPECEUYEHUS C ITUM «IIEJIEBBIM» KJIacCOM
peamuzanmid. J{ns Hamux 1eneil HaM OBLIO JOCTaTOYHO B KAYeCTBE TAaKOIrO
«UENeBOro» Kiiacca Oparh Kilacc BCeX MoJieliell B HEKOTOPOM «IeJIeBOMY ajidaBute
L. Msl onpemenwmiau «IIpHBEIEHHE» TPOEK K IeJeBOMy aidaBHTy, UYTO Ao
BO3MOXKHOCTh PAacCMaTpUBaTh OTHOLICHHS TPOEK B pas3HbIX andasurax: L-
BJIOKEHHOCTh (M L-5KBHBaNCHTHOCTH), TPH KOTOPHIX COXPAHSAETCS MOJKIACC
KOH(QOPMHBEIX U HE CyKaeTcs (COXpaHSIeTCs) MOAKIACC OE30MacHBIX peann3anuil B
andaswure L.

Jiss TecTHpoBaHUS OCOOBIH WHTEpEC MpPEACTaBIAECT CiIydail, KOTJa IBE pa3HbIC
CEMaHTHKHU OIpPEAESIOT OJUHAKOBBIE TECTOBBIE BO3MOXHOCTHU JJIsl TECTUPOBAHUS
peamuzanmii B andasure L: ecmM B KHONMKAaX OCTaBUTH TONBKO IEHCTBHSA W3
andaBura L, TO ceMaHTHKH COBIAAyT. TakWe CEMaHTHKH MBI Ha3Bamu L-
skBuBaNieHTHbIMU. [ L-skBuBanentHoix cemantuk B [[83]] paccmarpuBanuch
anroputMuieckue L-BrnokeHHbIe U L-9KBUBAJICHTHBIE TPEOOPa30OBAHMS.

4.6. MononHeHwue: yoaneHuve ns3 cneundukaumum

HeHabnogaeMbIX OTKa3OB

Hcropudeckn KOHPOPMHOCTH SACO BO3HHKIIA Kak 06001IeHue ioco Ha oburyio R/Q-
CeMaHTHKy. BBUTH HaciIel0oBaHbl W [IBE OCHOBHBIC MpOOIEeMbl KOH(pOpMHOCTH: 1)
Hepe(IIeKCHBHOCTh M HETPAH3UTHBHOCTD, U 2) HEMOHOTOHHOCTb.
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HepediexcuBHOCTS SACO clieqyeT W3 HAIWYUS HEHaOIoqaeMbIx Q-0TKa30B, TaK ke
Kak Hepe()IEKCUBHOCTH 10CO ClIeyeT U3 HEHAOII0IaEMOCTH OJIOKHPOBOK CTUMYJIOB.
Orta mpobiema pemaeTcsl TOMOJHCHHEM: BIIOKCHHBIM INpeoOpa3oBaHHEM
cnenn(UKaMOHHOH  Tpoiiku. PeduekcuBHOCT  rapaHTHpyeTcss TeM, d9TO
TIOTIOJTHEHWE CTPOUT MOZENb crierudurannu 6e3 Q-0Tka30B, a TPAH3UTUBHOCTH —
TeM, YTO TOTOJIHEHKE ompeersieT oTHolenue safe by = safe in.

B [[70]] mokasano cymiecTBOBaHHE IMPeOOpa3OBaHMsA, KOTOPOE COXPaHSET KIace
KOH(GOPMHBIX peanu3anuii, onpenesser orHouieHue Safe by = safe in, u He menser
CeMaHTUKU B3amMmopelcTBusi. OpHaKo Kilacc OE30MAaCHBIX peanu3aluii MOXKET
CY3UTBCS, TO €CTh TaKOE PeoOpa3oBaHue HE Beera BiokeHHoe. [lokasano, uto 0e3
W3MEHEHHST  CEMaHTHKM  IIONOJIHEHHWE  CYIIECTBYeT HE A BCSKOM
cnemudukaonHod  Tpodku. IlosTromy OblIo  mpemiokeHo — L-BiokeHHOE
MOMOJIHEHHE, KOTOpOE€ M3MEHSET CEMaHTHUKy Ha L-skBuBajeHTHyro ei. Takoe
MOTMIOTHEHWE OMNPEAENEHO OISl TPAacCOBOW MOAENH, T.€. Kak IpeoOpa3oBaHHE
MHOXKecTBa Tpacc. [lokazaHo, YTO IpH KOHEYHOM an(aBUTE 3TO MpeoOpa3oBaHUE
ITOPUTMHU3YEMO, HCXOAHas crenupuKanus MoxeT ObTh 3amaHa B Buue LTS.
Crpowurcs npu 3tom Toxke LTS, Ho, BooOmIe TOBOpsI, HE KOHSUHASI.

B [[83]] npennoxkeH ycOBEpLICHCTBOBAHHBIA AJTOPUTM IOMONHEHUS (TaM OHO
Ha3BIBAaCTCS ~TIOMOJHEHNEM), KOTOPHI 1Mo koHeuyHoW LTS B koHeuHOM amndasute
ctpout kKoHeuHylo LTS momomuenHo#t cnemmduranuu. [IpaBma, 3TOT anroputm
paboraer He UIA M000TO, a U, TaK Ha3bIBAEMOT'0, OTPAaHWYEHHOTO OTHOIICHUS
safe by: mocie Oe3omacHBIX Tpacc, 3aKaHYMBAIOIIMXCS B OJIHOM MHOXECTBE
cocrostanii LT S-crierudukanuu, 6¢30macHOCTh KHOTIOK OJTHHAKOBA.

Ionomxennas cnemudukanus B R/Q-ceMaHTHKe OSKBHUBAJCHTHA IONOJHEHHOM
creduKalMi B CEMaHTHKE, TJle BCe OTKasbl HaOmomaemsl, T.e. B (RUQ)/J-
CeMaHTHKeE.

4.7. MOHOTOHHOE nNpeobpa3zoBaHue

Kak u m1s i0CO mpoGiieMa SACO BO3HHKAET B CBA3M C KOMIIO3HMLHEH CHCTEMBI H
3aKIIOYaeTcss B TOM, YTO KOMIIOZWIMS peanu3alnii, KOH(QOPMHBIX CBOUM
crieQuKaImaM, OKa3bIBaeTCsI, BOOOIE TOBOPS, He KOH()OPMHA KOMITO3HILIUH 3THX
cnemudukanuid. s LTS xomnosunms 3ama€rcsi oneparopoMm MapajuiesbHOM
kommnosuiun B nyxe CCS mmu CSP.

[lepBbIM 1maroM pemieHUs IPOOIEMBbI SBISETCS TOIOJHEHHE ClenU(pUKaIn.
Bropoit mar — 3To MOHOTOHHOE NpeoOpa3oBaHHe CHEUUPHUKAIMNA, TIPH KOTOPOM
KOMIIO3UIINS peann3aiiii, KOHOOPMHBIX CBOMM CIEHU(HUKAIIM, KOH(POPMHA
KOMIIO3UIIMM MOHOTOHHO TIPE0Opa30BaHHBIX IIOTIOJIHEHHBIX  CIEIU(pHUKAIAN
KOMIIOHEHTOB. Kpome 3TOoro, MOHOTOHHOE INpeoOpa3oBaHHE, KaK W IIOTIOJHEHHE,
JIOJDKHO: 1) HE M3MEHATH TECTOBBIE BO3MOXKHOCTH ISl TECTUPOBAHUS pean3annii B
ucxogHoM andasure L, 2) coxpaHsATh KOH(POPMHOCTB, T.€. COXPaHATH MOJKJIACC
KOH(OPMHBIX peanu3anuii B andasure L, 3) He CykaTh BO3MOXHOCTh 0€3011aCHOTO
TECTUPOBAHMS, T.€. HE CY)XaTh IOJKIAacC Oe30macHbIX peanu3anuid B andasute L.
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DTO O03HaYaeT, 9TO MOHOTOHHOE MpeoOpa3oBaHKE MODKHO OBITh L-BIIOKEHHBIM
npeoOpa3oBaHreM B L-OKBUBaJICHTHYIO CEMAHTHKY.

MoHoTOHHOEe TpeoOpa3oBaHKE IO3BOJISACT PEUIMTh JBE 3amadu: 1) reHepanus
cnenu(UKaIUK CHUCTEMBI MO CHenU(UKAIUSIM KOMIIOHCHTOB, W 2) Bepu(uUKaIus
JNEKOMITO3MIIMA CHUCTEMHBIX TpeOoBaHWi. [l pemeHmss mepBoil 3amaum
BBITIOJTHSCTCSA TIONOJTHEHHE M 3aTeM MOHOTOHHOE MpeoOpazoBaHME CIICIM(UKAIAN
KOMIIOHEHTOB, ITOCJIE YeTO OHU KOMITOHYIOTCS OOBIIHBIM 00pa3oM. Bropas 3agaua —
9TO BEpU(UKANNSA «COTIACOBAHHOCTH» YK€ MMEIOIIEHCS CIIeIN(PHUKAIINNA CHCTEMBI
co cnennpuKasIMH KOMIIOHeHTOB. EE pemeHme ommpaercss Ha TOT (akT, 9TO
cnenu(UKaus CHUCTEMBI, CTCHEPHPOBAHHAs Ul pEIIeHHS NepBO 3amadu, BO-
MEPBBIX, COMJIACOBaHA CO CHCNU(UKAIUIME KOMIIOHCHTOB, a, BO-BTOPBIX, CPEIH
BCEX TAKUX «COTJIACOBAHHBIX» CHCHU(PUKAIMA CUCTEMBI MPEABIBISICT K CUCTEME
HanOompinue TpeboBaHus. [loaToMy (IO TPaH3UTUBHOCTH KOH(MOPMHOCTH ISt
MOTIOJTHCHHBIX ~ CIICU(UKANUN) JOCTATOYHO MPOBEPHUTH, YTO CreHEPHUPOBAHHAS
cneuudukaiys KoHGOPMHA 3aaHHOW criel(UKaNUU cUCTeMbl. Takas IpoBepka
MOJKET BBIITOIHATHCS aHaJ‘II/ITI/I‘IeCKI/IS, B TOM YHCIIC, MOICIHPYS TECTHPOBAHHE
CTCHEPUPOBAHHOH CIIEIU(HUKAINN, paCCMaTPUBAEMON KaK pealn3anus CHCTEMBI, TI0
MOJTHOMY Ha0Opy TECTOB, CTeHEPHPOBAHHOMY U3 3aJaHHOU CICIH(HUKAINN
CHCTEMBL.

OcoObIM  ciIydyaeM KOMIIO3UIIMM SIBJISIETCS AaCHHXPOHHOE TECTUPOBaHHE WM
TECTHPOBaHUEC B KOHTEKCTE, KOTOPHIA MOHMMAaeTCsS KaK HeKas cpena, ¢ KOTOpoit
KOMIIOHYeTCS ~ peanm3anuss 1o oOmmM  mpaBmwiaM — kommosumuu LTS,
[Ipennonaraercs, 9ro cpema W3BecTHA M Hel HeT ommuOOK. [Ipm acHHXpOHHOM
TECTHPOBAaHUM  BO3HHKAIOT  JBE  MpoOIeMbl: 1)  «BCEOO3BOJICHHOCTH)
(permissiveness), korna acCHHXPOHHBIE TECThI HE JIOBAT OMIMOKY, OOHAPYKUBAEMYIO
CHHXPOHHBIMU TECTaMU, U 2) «HECOXpaHEeHHe COOTBETCTBHs» (NON preservation of
conformance), korma acMHXPOHHBIE TECTBI JIOBAT <JIOKHYIO» ommbOky. C mepBoit
npobaeMoil, Mo-BUAMMOMY, NPHUXOJUTCA MHPHUTHCA: ACHHXPOHHOE (M BooOOIIE
KOMITO3UITMOHHOE) TECTUPOBAHUE — OTO OoJiee «KOCBEHHOE» (Uepe3 KOHTEKCT)
TecTHpoBaHUe peanu3anuid. OHO MOXET HE MO3BOJUTH CO3JaTh BCE T€ PEKUMBI
B3aMMOJICHCTBHA U HAOMIOaTh BCE TO MOBEICHUE pea3aliy, KOTOPhIe BO3MOKHBI
B CHHXPOHHOM TECTUPOBaHHWH, KOTJa TECT W pealu3alis B3aUMOICHCTBYIOT
HETIOCPEACTBEHHO JPYr ¢ IpyroM. Bropas mpoOiema Oojiee cepp€3Has — 3TO
YaCTHBIA ciy4ail oOmiei mpoOiieMbl MOHOTOHHOCTH. PelieHne — MOHOTOHHOE
npeoOpa3oBaHe, KOTOPOEe MPUMEHSETCS TOJBKO K CHENU(UKAINH pealn3aluy, a
cpena ocTaéTcsi HEU3MEHHOM.

I'my6unHO# npu4nHOI NMpoOIeMbl MOHOTOHHOCTH SIBIISETCS Pas3iM4HMe B YPOBHSX
abctpakimn KoH(GOPMHOCTH M Kommo3unuu. KoHhopMHOCTH omupaercss Ha
TPaccoByIO MOJIEJIb, a KOMIIO3ULUS — Ha OoJiee JEeTaNbHYI0 (YYUTBIBAIOTCS €IIE U
coctostaus) Monenb LTS. Jleno B ToM, 4TO Ha Tpaccax HaOJIIOACHUH HEBO3MOXHO

® [pu amanuTnueckoii BepuduUKaLHK THIOTE3Y 0 GE30IACHOCTH MOXKHO POBEPATH
TaxK ke, KaK IIPOBEPsieMOe YCIIOBHE KOH(POPMHOCTH.
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OMPENEIINTh TAKYI0 KOMITO3MIIMIO, TI0 OTHOIICHHIO K KOTOPOH Kommoszumus LTS
obOnamana ObI CBOWCTBOM aOOUMUGHOCMU: MHOXECTBO Tpacc Kommosumuu LTS
COBMAZaeT ¢ MHOXXECTBOM BCEX IOMAPHBIX Kommo3uiwmii Tpacc LTS-omepanmos.
DTO 0OBACHACTCS TEM, UTO HE BCIKOE KOMITO3UIIMOHHOE HAOIIOCHIE BBIUYUCIISICTCS
10 Mape HaOJIoICHHI B OTIEpaH/IaX: OTKa3bl TAK HE BBIYHCIISIOTCS.

Jlnist periienust 310N MpoOIeMBl BBOIATCS, TaK Ha3biBaeMble, ¢p-Tpacchl (B [[66]] ms
iocog,s 1 B [[70]] mna R/Q-cemanTuxu). Kpome neiicTBUi, B ¢-Tpacchl BXOAAT, TaK
Ha3bIBAEMBIE, (-CHMBOJIBI, & (-CHUMBOJI COJEPKHUT MHPOPMAIIHMIO O BCEX JICHCTBUSIX,
IEpPeXoIbl 10 KOTOPHIM OINpPEAC/ICHb B CTAGHIBHOM COCTOSHMH . Mojens ¢-Tpacc
3aHUMAaeT MPOMEXKYTOYHBIH YPOBEHb aOCTPaKIMH MEXIy MOJICNbI0 TPacc
HaOmronenuit u LTS, mocraTouHblid Ui OMpeNeNiCHUS KOMITO3HMIIMK (-Tpacc Co
CBOWMCTBOM aJIUTHBHOCTH. Kpome Toro, ¢-Tpacchl 00JalalOT CBOWCTBOM
eenepamusHocmu: o ¢-tpaccam LTS BeIMHUCISIIOTCS BCe €€ TpacChl HAOIOICHUIA
(oOpatHoe HeBepHo). Ha 0a3ze ¢-Tpacc cTpowsgack TeOpHs MOHOTOHHOCTH U
pa3pabaThIBaIKCh aNrOPUTMBI MOHOTOHHOTO mpeoOpasoBanus B [[80]] ams ioco, B
[[66]] nns iocog,s 1 B [[70]] st obmeit R/Q-cemManTUKH.

4.8. YpaneHue n3s cneymcpukaumm HeKOH(OpMHbIX Tpacc

I'eHepauus TECTOB MPOMCXOMUT MO Oe3omacHbIM Tpaccam crenudukarmu. [locie
TaKOW Tpacchl Ha)XKUMaeTcsi Oe3omacHas KHONKa M BepHU(DHUUHMPYIOTCS MOTydYeHHBIE
HaOmoneHus. OJHAKO, €CIM 3Ta Tpacca HeKOHpopmHa, T.e. HE BCTpedaeTcs B
KOH(OPMHBIX pean3alusixX, TO OLIMOKY MOXKHO OOHApYXHUTH PaHbILIE, KaK TOJBKO
HoJTy4eHa cama 9Ta Tpacca. [109ToMy BO3HHKAeT 3aja4ya ONTUMH3ALUK T'eHEepalun
TECTOB C IIOMOLIBIO YIalNeHUS U3 CHeNupUKAMd HEKOH(MOPMHBIX Tpacc.
Cy1ecTBOBaHUE Oe3omacHbIX ~ HEKOH)OPMHBIX  Tpacc crenyer W3
Hepe(IeKCHBHOCTH OTHOIIEHMs SAcO. [IpuMep Takux Tpacc Jisi OTHOLICHHS 10CO
cmotpu B [[64],[77],[80],[83]], ectb maxke mpumep crenubpuKayy, B KOTOPOH BCe
tpaccel HekoH(opmubl [[77],[80],[83]]. B mpyrux cemanTHKax chemudUKanumn
MOTYT COJEPXKaTb HeaxmyaibHble TPAcChl, KOTOPbIE HE BCTPEYAIOTCS HE TOIBKO B
KOH(OPMHBIX, HO U B Ge3omacHsIx peanmsarumsx [[77],[83]].

[Mononuenue (cM. 1.4.6) ynanser w3 cnenubukanuu Q-oTkasbl, a B Takou
cnenuduKany Bce Tpacchl KOHGOPMHBL. OJJHAKO TO MOMOIHEHUE MOXKET MEHSTh
CEMaHTHKY ¥, COOTBETCTBEHHO, PAaCIINPATh UCXOAHBIN andaBut aeicteuii L. 13-3a
3TOrO MOTYT MOSIBUTHCSI HOBbIE KOH(OPMHBIE peain3aliu, XoTs 1 He B ajndasure L.
HaszoBém Ttpaccy L-koHpopMHOH, ecnu OHa BCTpedaeTcsi B KOH(POPMHBIX
peanmmzanusx B andasute L. [TonarHo, uro L-konpopmHas tpacca koHPOpMHaA, HO
obpatHoe He BepHO. CiienoBaTeNbHO, JJISI TECTHPOBAHMS «CTAphIX» peaau3alui
(t.e. B andasute L) HyX)HBI TOIBKO L-KOHGOPMHBIE TPACCHI, @ OCTAIBHBIE TPACCHI, B
TOM 4ucie KoHGOpMHbIe, MOXHO ynamuth. B [[83]] mnpeobOpasoBanue
crienuUKaIlMy, BBITIONHSIONIEE 3Ty OIepaluio, Ha3BaHO V-momnosHeHueM. OHO

% D10 MOXO0KE HA MHOKHCECEA 20MOBHOCTL (ready sets) B mpaccax zcomosnocmu
(ready traces) [[92][94]].
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BBIMOJIHACTCS  Mocjiae  ~momojHeHust (ymanenust Q-orka3oB). PaspaboTaHsr
ANTOPUTMBI  V-TIOMIONHEHUST, I KOHe4HbIX LTS-cmeuudukanuii B KOHEYHOM
andaBuTe ¢ OrpaHUYCHHBIM OTHOIIeHHeM Safe by crpoutcs V-momosHeHue B Buzae
xoneynoit LTS. Jlms ioco B [[80]] mpemsmoskeH ympoOIMEHHBIA BapHaHT TaKOTO
aNrOpUTMA.

4.9. dnHanbHbIe Moaenu cneundukaumum

PaccMoTpeHHBIN BbIlle CMOCOO 3afaHust KOHGOpMHOCTH Saco B obmeit R/Q-
CceMaHTHKe O0JlalaeT IBYMsI CYLIECTBEHHBIMH HEIOCTATKAMH, YCIOXHSIOIIUMH
TeHEepaIMIO TEeCTOB N0 cneuudukamuu: 1) Heaerepmunusm LTS-cnenudpukanmn, 2)
HEOOX0MMOCTb KPOME ONHMCAHMs CHEUU(PHUKAIMOHHOW MOJIENH J1aBaTh OTAEIBHOE
omucanue otHomeHus safe by.

M&I ye TOBOPHIIH BBINIE, YTO A KOHGOPMHOCTH SACO B obmieit R/Q-cemaHTHKE
JIOCTaTOYHOW TpaccoBod Mozaenu. LTS — ato moposknpatommii rpad TpaccoBoii
MOJICTIH, T.C. SIBJIAETCS KOMIIAKTHBIM CIIOCOOOM IpEACTaBJICHUS MoOJeENel, B
YaCTHOCTH, IIO3BOJSIET KOHEYHBIM OOpa30oM OIMCHIBATH PETYISPHBIE TPACCOBBIC
MoOJenH. DTOT cIocod, OJHaKo, o0JagaeT CyHIeCTBEHHBIM HemoctatkoM: LTS,
BOOOIIIE TOBOPS, HEJETEPMUHNPOBAHA: TPACCa MOJKET 3aKaHUIMBATHCS HE B OJTHOM, a
B HECKOJIBKHX COCTOSHMAX. PaboTats ¢ Takumu Tpaccamu Ha LTS HeymoOHO. B TO
JKE€ BpEMs 3TOT HEAETCPMHHHU3M BOBCE HE SBISAETCS HEM30EKHBIM CIIEICTBHEM
HeZleTepMUHU3Ma MoenupyeMoi cucteMsl. [Ipuunna Heperepmunusma LTS B ToMm,
uro B R/Q-cemaHTHKe HaOMIONCHUS NEJIATCS HA [BA BHUAA: JCHCTBHSA M OTKAa3bl,
KOTOpBIE CYIIECTBEHHO Pa3IM4YHbIM 00pazom otoOpaxatorcst B LTS. Ecnu Tpacca
MPOJIOJDKAETCsT KaK 0TKa3oM R, Tak u neiictBreM Z€R, To 3TH ABa MPOIOIDKEHMS HE
MOTYT OBITH OIpeJeNeHs! B 0MHOM U ToM ke coctosHuu LTS. C apyroit ctopoHsl,
0001 MOpOXKIArOIIKi Tpad MOXKHO CHENATh ACTCPMUHUPOBAHHBIM C MOMOIIBIO
npoueaypsl JerepMUHM3alMu. [lpaBra, mpu 3TOM IEepexolbl IO OTKa3aM He
obsBatensHOo OynyT mnetiasmMu. Kpome TOro, mpu OOBIYHOW JeTEPMUHU3AIUN
TepsieTcst HHPOpMAIHS O AUBEPreHINH (0ECKOHEYHOM MapIIpyTe T-TIEPEX0I0B).
OTO HATOJNKHYJO HAac Ha MBICJIb HCIOJIB30BaTh HOBYIO MOJIENb, KOTOPYIO MBI
nazBamn RTS (Refusal Transition System) u KOTOpas MpeACTaBISICTCS COOOM
JnerepMuHUpoBaHHyl0 LTS B oObenuunéHHoM andaBute nelcTBHi M R-0TKa30B.
Kpome Toro, nomyckaroTcest y-nepexobl, 03HaYaouye pa3pyleHne, 1 A-repexo/sl,
O3HAYAIOIINE TUBEPTCHINIO (BMECTO OECKOHEYHOTO MapmipyTa T-miepexonoB). LTS
npeobpazyercs B RTS MomupumupoBaHHBIM ajJrOPUTMOM JICTEPMHHHU3AIMH,
KOTOPBI 100aBIsieT A-TIepeXxoibl U3 JTUBEPreHTHBIX cocTostHui. RTS-mozmens Mbr
ucrons3oBad B [[83]] kak BcmoMoraTensHOE CPEACTBO  [UIA  yAANCHHUS
HEKOH(OPMHBIX Tpacc.

Yro xacaercs ortHomenus Safe by, To ono ogHO3HauHO ompexaensercs mo LTS-
cnemudukanuyu Ui R-KHOMOK M TeX 3aBeJOMO OMNAacHbIX Q-KHOMOK, Ha)KaTue
KOTOPBIX TPHUBOJIUT K Pa3pyIICHWIO WM TIOMBITKE BBIXOAA W3 JTUBEPreHIUH.
OcrayibHble onacHble Q-KHOIMKHU 3a/al0TCs MHOXKECTBOM Tpacc Buia o-Q, rme ©
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OesomacHas Tpacca cnemudukanuu, a Q omacHas mocie He€ kHomnka. Eciu arto

MHOKECTBO peryisipHo, safe by HaspiBaeTcs peryispHbIM.

B [[86]] mpemtoxena, Tak HassiBaeMasi, punanvras RTS, 3amaronias 0HOBPEMEHHO

crienu()MKAIMOHHYI0 Monedb u oTHomieHwe Safe by, mms wero momyckarorcs

nepexonsl 1o Q-otkazam. EcTb 1Ba BBEIIETICHHBIX COCTOSHHUS: TEPMHHAIBHOE

COCTOSIHHE ® M COCTOSIHHE Y, U3 KOTOPOTO BBIXOJIUT OMH IEPEX0Jl, HOMEYECHHBIH Y

Y BeIyIIMH B . B OCTaNbHBIX COCTOSHHSX HET Y-TIEPEXOI0B, a BCe MePEXobl o A

u no Q-orkazam BenyT B ®. PunanbhHas RTS obmamaer psaoM HONE3HBIX s

TeHepalnyd TECTOB CBOMCTB, BBHITOAHO oTimyaromux ee or LTS B amdaBure

IEUCTBUI.

1. Jderepmunusm. RTS nerepmuHHMpOBaHa, ClleOBAaTENBHO, KaKAas Tpacca, II0
KOTOPOH HY)XKHO T'€HEpHPOBATH TECTHI, COOTBETCTBYET ONHOMY MapIIpyTy B
rpade cnenudpuKanUy 1 3aKaHINBACTCS B OTHOM COCTOSHUH.

2. Be3onacuble kHonmku. Knomka P GesomacHa mocie Tpacchl, €CIM KOHEYHOE
COCTOSIHHE TPACChI OTIIMYHO OT ® U Y, B HEM HeT A-miepexona u, eciau P — 3to Q-
KHOIIKa, HeT Iepexozaa 1o P.

3. Be3omacHble Tpacchl. besomacHble Tpaccsl creluUKAaMd — 3TO Bce e
TpPAcChl, 3aKaHYNBAOIINECS B COCTOSHHSAX, OTINYHBIX OT M H Y.

Jiobyto  LTS-cnemudukanuo ¢ mao0b6biM  oTHotieHunem — Safe by  moxkuo

npeoOpa3oBaTh B AKBHBAJICHTHYIO il (10 KiaccaM 0e30IacHBIX M KOH(OPMHBIX

peammzanmii) ¢uHampHY0 RTS-cnemmdukanuio. IlpemmoskeH anroputM Takoro
npeoOpa3oBaHusi, KOTOPbIH cTpoUT KoHeuHY0 RTS o koneunoit LTS u koHeuHOMY
nopokaaroiiemMy rpady perynsproro otaomenus safe by.

5. PacwupeHus R/Q-modenu

B atom pasmene MBI pacCMOTpHM TpPH BakHe#mmx pacimpenus R/Q-teopuu:
MEIUATOPbI, IPUOPUTETHL U CUMYJISILIMIO.

5.1. MegnaTtopbl: TeCTUpoBaHue ¢ Npeobpa3oBaHNneM CeMaHTUK

Teopusi KOHGOPMHOCTH CTPOUTCS B MPENINONOKEHHWH, UYTO peanu3alnus Hu
cnenuUKaIys 3a1aHbl B OJHON ceManThke. OMHAKO HA MPAKTHKE, KaK MPaBHIIO,
TpeOyeTcst  HEeKoTopoe  TpeoOpazoBaHue  CHENU(MUKANMMOHHBIX  TECTOBBIX
BO3JICHCTBUI (KHOTIOK) B pealM3allMOHHBIE TECTOBBIE BO3JEHCTBHS (KHOTKH) W
oOpatHOe mpeoOpa3oBaHUE peaTM3aIMOHHBIX HAOMIONCHUN B CcHeNH()UKATHOHHBIC
HaOmronenus. [Iporpamma, ocymiecTBISIOmMas 3TH TpeoOpa30BaHUs, HA3BIBACTCS
MeauaTopoM. [1o cyTu, 3TO 03HAYaeT, YTO peanu3anus ¥ cruenu(UKaus 3a1aHbl B
pa3HBIX CEMAaHTHKAX, 1 MEAHATOP OCYIIECTBISIET IPE00pa3OBaHHE CEMAHTHK.

B mpocrelimieM crmydae pasluuMe CEMaHTHK TOJBKO B pasHBIX crocobax
MPEJCTABICHUS OJHUX M TEX JKC KHONOK W HAOJIONCHUN B peanu3alud u
cnenupukamuy. MeauaTop BBIIOTHIET B3aMMHO-OJHO3HAYHOE NpeoOpa3oBaHHE
andaBUTOB peanm3anuy W crnenu(UKanuu (KHOIOK — B KHOIKH, JCHCTBHHA — B
JICHCTBUS M OTKAa30B — B OTKa3bel). B o0mem ciydae Takoro mnpeoOpa3oBaHHS
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HEZOCTAaTOYHO, TIOCKOJIbKY crenudukanus OOBIYHO ompenensercs Ha OoJee
BBICOKOM YpOBHE aOCTpakmuu. MeamaTtop MOMKET OKa3aThbCs IOBOJBHO CIIOXKHOH
MPOrPaMMOM, OCYIIECTBIISIONIEH MeTuaTHBHBIC (YHKIIMH MEXAY peaiu3anuveid B
OIHOW CEMaHTHKE M TECTOM, TCHEPHPYEMBIM II0 chenu(uKanud B ApYyron
ceMaHTHKe. B 9acTHOCTH, OJHOMY HAaXKaTHIO CHENU(UKAITHOHHOW KHOIIKH MOYKET
COOTBETCTBOBAThH CEAHC B3aMMOACUCTBHSI MEAMATOPa C peanu3aluei.

TectupoBanme depe3 MEOUAaTOp MOX0KEe Ha TECTHPOBAaHHE B KOHTEKCTE. TaM Toxe
TECT B3aMMOJACWCTBYET C peajHm3alyeidl He HalpsMylo, a depe3 MPOMEKyTOUHYIO
cpeny B3ammopeiictBusa. OTiauuue B TOM, YTO MpPU TECTUPOBAHUM B KOHTEKCTE
cnemudukanys 3agaértcs B TOW JKe CEMaHTHKe, 4YTO W peanusauus. Ilpu
TectupoBaHMM 10  (akTop-cnenudukarmu  (cM. 1m.0) TakKe BBIIONHSIETCS
npeoOpa3oBaHKe CHEUU(UKAIMOHHBIX KHOMOK B pEAJM3AlMOHHBIE KHOIKH H
peann3aloHHBIX HaOmoaeHuil B cienudukaonHsle HadmoaeHus. Ho npu sTom
UCTIONB3yeTcs (PaKTOp-TUIOTe3a (FKBUBAICHTHOCTh COCTOSIHUN | TiepexoaoB). [lpu
TECTHPOBAaHUH UYepe3 MEIHaTop, BOOOIIe roBops, (aKkTop-TUIOTe3a HE HY)KHA, HO,
€CJIi MeIMATOPHOE TIpeoOpa3oBaHUE 3aBHCUT OT PEaM3AIIMOHHOTO COCTOSHUS, TO
TpeOyeTcsl BO3MOKHOCTE OTPOCa PeallM3allMOHHOTO COCTOsSHUS. [pyroe memo, 9to
TECTHPOBaHUE depe3 MeamaTop OOBIYHO coBMemaeTcs ¢ (pakropu3armei
cnenn(UKAIIH U TOTIa IPEAIOJIaraeT BEIIIOIHEHHE (PaKTOP-THIIOTE3HBL.

B [[74]] ompenmensercs MeamatopHoe NpeoOpa3oBaHHE W COOTBETCTBYIOIIUM
00pa3oM MOAU(UIIPYIOTCS THUIIOTE3a O 0€30IMaCHOCTH U KOH(QOPMHOCTH Saco. s
TECTHPOBaHUS dYepe3 MEAUATOpP MpeuiaraeTcss MOTU(PHUKAINS ANTOPHTMA TOJTHOTO
TCCTUPOBAHHA C OTKPBITBIM COCTOSHUEM OrpaHUYCHHO HEACTCPMHUHHUPOBAHHBIX
peammzanmii (cMm. 1m.4.4). Otauume B TOM, YTO 4YHCIHO | HaxaTHl KHOIKH,
JOCTaTOYHOE JUISi TOJydYeHHs BceX HAOJIOJEHUI B COCTOSHUH, 3aBHCUT OT
MEIMAaTOPHOTO NpeoOpa3oBaHus, T.e. MepecTaéT ObITh KOHCTAaHTOH. BmecTo Hero
BBOAUTCA OTBET ME€AUATOPA «BCE Ha6J’IIOI[eHI/I${ TIOJTYUCHBD».

JIJ'IH TCCTUPOBAHUA C OTKPBITBIM COCTOsSTHUEM TaKXE paccMaTpuBaACTCA
MeHaTOpHOEe MpeoOpa3oBaHUE COCTOSIHMHM, KOTJa IO COCTOSHHUIO pean3aluy
«BBIYUCIISIETCS» COOTBETCTBYIOIIEE €My CHEHU(PHKALMOHHOE COCTOSHHE. JTO
03HAa4yaeT, YTO Ha MHOXECTBE COCTOSHMH peaji3alliy CYIIECTBYET OTHOIICHUE
SKBHBAJCHTHOCTH, W  COCTOSHHEC  CHeNM(HUKANIMK  B3aUMHO-OJHO3HAYHO
COOTBETCTBYET KIIACCY ASKBHUBAICHTHBIX COCTOSHHN peanu3anuu. B ormimyme oT
(hakTOpM3aIIMA STO COOTBETCTBHE SBJSICTCS HE MPEIYCIOBHEM TECTHPOBAHUS
(peanu3anMoOHHON THIIOTE30H), a dYacTbl0 TpoBepseMoro ycioBus. Ilo cyrtw,
MEHsIeTCsl camMa KOH(OPMHOCTb, NpoBepseMas TaKUM TECTHPOBAHHEM: BMECTO
PEYKIINK — YaCTHBIH ciTydaii ciaboii cumysiuu (cM. Hike 1. 5.3).

5.2. MpuopuTteTsbl

Maremariueckue MOJIENIM B3aUMOJAEHCTBUS, Kak IPaBWIIO, aOCTpParupyroTcsi OT
NPUOPUTETOB. CYUTAETCS, YTO JII0OO0E paspeIiéHHOE JEHCTBHE MOXKET BBIITOIHSTHCS
HE3aBUCUMO OT TOIO, Kakue elé NEHCTBUS pa3pelleHbl WIK He paspelleHsl. Tem
CaMbIM, BBOJUTCS U3JIMILIHUI HEETEPMUHU3M B ONIUCAHUE NIOBEIEHUS cucTeM. B TO
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JKe BpeMs Ha MPaKTHKE MPHOPHUTETH IMHPOKO HCHONB3YyIoTCsA. IIpuBenéM TOIBKO
Tpu npumepa. 1) [Ipuopurernas o6padoTka 3aIpOCOB WIIM COOOIIEHUH, B TOM YHCIIE
anmapartHeix npepbiBannii. B IOLTS 3ToMy COOTBETCTBYIOT B3aMHBIC TIPHOPUTETHI
MEPEeXo/I0B MO pa3HBIM CTHUMyNaM. 2) BrIxox W3 OuMBepreHIWH, KOTJa 3ampoc,
MOCTYTIAIOIINK W3BHE, TPEPHIBACT BHYTPEHHIOI aKTUBHOCTH CHCTEMBI, XOTSA 0e3
3TOr0 3ampoca OHAa MoOrja Obl TpojoKatbes OeckoHeuHo. B LTS atomy
COOTBETCTBYET MPHUOPUTET IIEpeXoAa II0 MACUCTBHIO Hax T-TIEPEXOIOoM. 3)
[pepsiBaHue IIENOYKH JeUCTBHI — omepanus cansel. DTtomy cooTBercTByeT
OPHOPHUTET Mepexoa mo cansel Hax BceMu OCTaTbHBIME TIEPEXOJaAMH.

B mamreit pa6ore [[71]] mpemmoxena momens LTS ¢ mpuopuretamMu, B KOTOPOi
Hepexos MOMEYAaeTCsl HE TOJNBKO ACHCTBHEM, HO M MHOXECTBOM pa3pellaeMbIX
neiictuit (MP]I). Takoil mepexo BBINONHSAETCS TONBKO TOTAA, KOTJAa pa3perieHo
BBINOJIHAT MMEHHO 3TO MHOXECTBO JeifcTBuil. B cucremax c¢ mpuopureramu
MOHATUS CTaOMIIBHOCTH M JUBEPTeHIMH CTaHOBSTCS YCIOBHBIMH — B 3aBUCHMOCTH
oT Haxaroi kHomku. CocTosiHME cTaOWIBHO, €CIM HHMKAKOH IMepexoa He MOXKEeT
BBINOJIHATHCS IIPU HAXKATHH 3TOIM KHONKH, U TUBEPreHTHO, €CIM B HEM HauMHAETCS
OECKOHEUHBIN T-MapIIPyT, BCE IEPEXOJbl KOTOPOTO ITOMEUEHBI 3TOW KHOIKOM.
Taxoke NMOABIAETCA BO3MOXKHOCTD NepekaoyeHis KHONoxK, T.6. HaKaTue Cleqylonen
KHOIIKM, HE JOXHAAACh HaOmoxeHWs. Jledo B TOM, YTO Takoe MEPEKIIIOYEHHE
MenseT MP/I u, TeM caMbIM, BEINOJIHSAEMBIE TIEPEXOBI B peann3alui. B dacTHOCTH,
MOJKHO BBIITH M3 JUBEPTE€HIHUH 10 KHOIKE, HAKaB JPYTyl0 KHOMKY. Tak:ke MOKHO
Ha)XKUMaTh KHOIKY, KOTOpas MOXXET BBI3BaTh HEHAOJIIOMAEMBII OTKa3, €CIH IOCIe
3TOT0, HE MOXKHAASACH HAOMIONEHMs (Er0 MOXKET W He OBITh), HAXaTh APYTYIO
KHOIIKY.

Ecmu mpropuTeToB HET, BO3MOKHOCTH HAOIIOJCHUS NEHCTBHS HE 3aBUCHT OT TOTO,
Kakasi IMEHHO Ha)KMMAeTCsl KHOIKa, paspelaromas 31o aedcreue. [Ipu Hamuuun
MPUOPUTETOB 3TO CTAHOBUTCS BAXKHBIM, NOCKOJBKY ISl OJHOM TaKOW KHOIKHU
JICHCTBHE MOXET HaONIOMaThCs, a UIA IPYroil — HEeT, U 3TO MOXKET OTPaKaThCs B
cnenu(UKaIMOHHBIX TpeOoBaHUsAX. [103TOMY Temeph HyKHO 3alIOMHHATH HE TOJIBKO
HAOJIOICHUS,, HO TAKKE HAKUMACMbIe KHOIKH: pE3YJIbTaTOM TECTOBOIO
JKCIEPUMEHTAa CTAaHOBUTCS Tpacca Kak IIOCJIENOBATEIBbHOCTh HE  TOJIBKO
HAOJIOCHUI (MEHCTBMIA W OTKAa30B), HO TakXe W KHOMOK. [IpemioKeHs
OCHOBAHHBICE HAa TaKWUX Tpaccax MOAU(DUKAIMK THIOTE3bl O OE30MaCHOCTH W
KOH(GOPMHOCTH SACO IIsl CHCTEM C IPUOPUTETAMH KaK 0e3 MepeKITI0UYeHUsT KHOTIOK,
TaK ¥ C NEPEeKIOYEHUEM KHOTIOK.

B xommosunmu LTS ¢ mpuopureTamMu Mepexoi W3 COCTOSHHUS OJHOIO ONEpaHia
Y4acTBYET B KOMIIO3UIIMU TOJBKO TOTJa, KOrja oH nomeueH tTakuM MPJI, uto ero
MMOJAMHOKECTBO CHUHXPOHHBIX JEHCTBUI COBMAJaeT C MHOXECTBOM CHHXPOHHBIX
JIEUCTBUI, MO KOTOPHIM OIpPEIENIeHbl MEePEeX0Abl B MAapHOM COCTOSHUU JIPYroro
omepanga. MPJ] acHHXpOHHOTO Tepexoja KOMITO3UIIMU MPUBOAUTCS K al(aBUTY
KOMIO3UIMOHHOH LTS, Te. W3 Hero ynamsfioTcs CHHXPOHHBIC JICHCTBHSL.
CHHXpPOHHBIH NEPEX0/1 KOMIO3UIMH COOTBETCTBYET Mape NEePEX0I0B B ONEPAHIAX U
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nmomeyaeTcsi oObenmuHeHWeM MPJ] 3THX mepexomoB, W3 KOTOPHIX YAAJIEHBI
CHHXPOHHBIE JCHCTBUA.

JIJiss  COKpaIlleHHsT 3alliCH MPEIUIOKEHO Takke apyroe mnpeacrasienne LTS ¢
MPUOPUTETAMH, B KOTOPOM MHOYECTBO KPAaTHBIX IEPEXOIOB TI0 OJHOMY U TOMY K€
JIEHCTBUIO, HO pa3HbIM MPJI, 3aMeHse€TCsl OJTHUM NEPEX0JOM I10 3TOMY ACUCTBHIO,
nomeueHHoMY npemukatoM oT MPJI.  ToxzaecTBEHHO JIOXKHBIM IpenuKat
COOTBETCTBYET OTCYTCTBHIO IIEPEX0/a, a TOXXICCTBEHHOW WCTHHHBIA IMPEIUKAT —
MHOKECTBY KPAaTHBIX [IEPEXOI0B IO BCEM BO3MOXKHBIM MP/I.

st 3amansoit R/Q-cemantiku LTS Tecta, Kak U paHblIiie, OMPEIEIETCS B TOM Ke
(CSP) mmm «nporuBononoxkxaom» (CCS) andasure. MHOXECTBO IeHCTBUH, MO
KOTOPBIM OIPENeNICHB MepeXOabl M3 COCTOSHHUS TECTa, COBMANAeT C OIHOM M3
KHOTIOK. J[111 0OHapy>keHIsI 0TKa30B UCTIONB3yeTcs 0-mepexon. Bee mepexons! Tecta
MOMEYEHBI TOXKIECTBEHHO UCTUHHBIM MP/I.

5.3. Cumynsaums

Kpome KOH(POPMHOCTEH, OCHOBAHHBIX HA Tpaccax HAONIOJEHH, CYIIECTBYIOT
TaKke KOH()OPMHOCTH, OCHOBAaHHBIC HA COOTBETCTBHU COCTOSIHUI peanu3aluu H
cneiudukanuu. Takue KOHGOPMHOCTH HA3BIBAIOTCSA CHUMYISIHUAMH W TPEOYIOT,
4TOOBI MPABUIILHBIM OBUIO HE TOJBKO HAOJIOJAeMOE BHEINHEE IOBEJCHUE
peanu3anyu, HO M HM3MEHCHHE €€ COCTOSHHA. BbhIOOp CHUMYJSIUM B KadecTBe
KOH(OPMHOCTH HanboJee €CTECTBEHEH, KOTJa COCTOSHHS peau3aluil JOCTYITHBI
JUTSL UX HAOJIOJICHUSI, T.€. IPU TECTUPOBAHUH C OTKPBITHIM COCTOSHHEM.

OpHaKo Bce paccMaTpHBacMble B JUTEPAType CUMYISLHUH JUOO HE YYHTHIBAIOT
0€30MacHOCTH  TECTUPOBAHHs, MpEANojaras OTCYTCTBHE JUBEPIreHIUH U
HEHAOMIOaeMbIX ~ OTKa30B, JHOO  MPEINONaraloT  BO3MOXKHOCTH  MPSIMOTO
HAOMIOZIEHUs] JUBEPreHIIMM W BCEX OTKa30B. TakKe OHH HE YYHUTHIBAIOT
BO3MOXHOCTD paspymenus. B [[75],[79],[84]] msl uccnenoBanu pacumpenue R/Q-
TEOPUM Ha CHMYIAIUH, BbIOpaB Hamboyiee NMPaKkTHYECKUH BapHaHT cilaboil wmiu
HaOMIOaeMON  CHUMYJISIIMK,  KOTOpas ~ OCHOBaHa  Ha  NPHHIUITHAILHOM
HEHAO0JII0TAeMOCTH T-IIEPEX00B.

CaGasi CHMYJISILISL ONPEAEISETCS KaK CyLIECTBOBAHME COOTBETCTBUS . COCTOSHHIA
peanu3alyy U crenudUKayy, TP KOTOPOM HadaIbHBIE COCTOSHHS COOTBETCTBYIOT
JpYyT IpYTy, ¥ €CJId B Pealu3alidd B COCTOSHHMU | HabmoaeTcs aeictue Z (10 U
MOCJIe KOTOPOT'O BO3MOXKHBI T-TIEPEXO/IbI), & CPE/IN MOCTCOCTOSIHUI €CTh COCTOSIHUE
i, To B crneruduKanyd B JIO0OM COCTOSHHHM S, COOTBETCTBYIOLIEM |, TaKKe
Habo1aeTes eiictBre Z (10 U MOCie KOTOPOro BO3MOXKHBI T-IIEPEXO/IbL), a CpeIu
MOCTCOCTOSHUM HAMAETCS XOTsA OJHO COCTOSHME S, cooTBeTcTBYyMOmIEE i . B R/Q-
CeMaHTHKe HaOJII0aThCs MOTYT HE TOJBKO JEHCTBHS, HO M R-0TKa3bl, IO3TOMY B
ompejiesieHUr Claboi CUMYJSIIMK TOJ] Z TOHUMaeTCs Jioboe HabIoeHue:
JeiicTBue win R-oTkas.

10 Ecnu cootBeTcTBHE CUMMECTPHUYHOEC, TO OTO 6I/ICI/IMyJ'I$IHI/I${.
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CrnoxxHee O0OCTOMT JieJl0 C Oe30MacHOCThIO TecTHpoBaHms. [l TpaccoBoi
KOH(OPMHOCTH SACO 0€30MacHOCTh KHOMKH B pealu3aliy ONpeiessuiach Mocie
Tpacchl. TO 3HAYMT, YTO KHOMKA Oe30MmacHa B KaXIOM COCTOSIHHU IOCIE TPAacchl,
T.c. B COCTOSHHMU HET JMBEPreHIMM M HAXKATHE KHOMKUA B ITOM COCTOSIHUM HE
NPUBOANT K PA3PYIICHHUIO U HEHAOIIOMaeMOMY OTKa3y. [I0CKOIbKY AJIsI CUMYJISIUH
MBI TIPEAIoIaracM HaOJIFIaeMOCTh COCTOSIHUH peai3allii, Mbl MOXKEM Ha)KUMAaTh
KHOIMKY, KOTOopas Oe30macHa HE B KaKIOM COCTOSIHHM TIOCIE TPacChl, a B
HAOJIF0TaEMOM COCTOSIHUH.

COOTBETCTBEHHO, THITOTE3a O OC30MACHOCTH CTPOUTCS Ha COOTBETCTBUU COCTOSIHUHN
peamuzali W CHeUU(UKAIMH, KOTOPOE MbI HasBanu H-coomeemcmesuem.
HauanbHeie cocTostHUs H-COOTBETCTBYIOT APYT IPYTY, €CIHM B HAX HET Pa3pyIICHUS
(B ToM 4mcie TOCie IEMOYKH T-TiepexonoB). HenawampHble cocrostHMA H-
COOTBETCTBYIOT JIPYT JAPYTY, €CIIM OHH MOTYT OBITh JOCTHUTHYTHI M3 HadalbHBIX
COCTOSIHUN Ha)KaTHEM KHOIIOK, KOTOpbICc OC30MacHBl Kak peaju3allid, TaKk U B
cnenudpukaiui. OcHOBaHHYIO Ha H-COOTBETCTBMM THIOTE3y O 0€30MACHOCTH IS
CHUMYISIIMK Mbl Ha3Banu H-cunomesoii. Ona tpebyer: 1) B peanu3aiii HeT
paspylieHuss ¢ caMoro Hadania ([0 Ha)aTusl MepBOW KHOMKH), €CJIM 3TOr0 HET B
crienubuKaun’, 2) eciIM KHOMKA 6e30MacHa B COCTOSIHHE CreMUMUKALNA, TO OHA
6e3omacHa B H-cooTBeTcTBYyIOIEM eMy cocTosiHMM peanu3anun. Otmerum, uro H-
TUIIOTE3a MPEABSIBISCT K peai3anni 0osiee CUITbHbIC TPEeOOBAHUs, Y€M TpaccoBast
TUIIOTE3a 0 OE30IACHOCTH.

KondopMHOCT, KOTOPYIO MbI HA3BaIU O€30NACHOU cuMysyuell 1 0003HAYMIH SS,
UMEeT B KavecTBe MNpeaycioBus TectupoBanus H-rumortesy. IIpoBepsiemoe mpu
TECTUPOBAHHH YCJIOBHE 03HAYACT CYILECTBOBAHHE TAKOTO COOTBETCTBHsS RCH, uTo
1) HavanmpHBIE COCTOSIHUSL R-COOTBETCTBYIOT APYr IpPYyry, €CIH B Ha4YallbHOM
COCTOSIHAU Crelu(UKAlMd HEeT pa3pylieHus (B TOM 4YHCIE MOC/E HEMOYKH T-
MEPEX0/I0B), 2) ecM KHONKa Oe30macHa B COCTOSHHU S crienudukanud u B R-
COOTBETCTBYIOIIEM €My COCTOSIHUM | peanu3aluv €€ HaKaThe BBI3BIBAET
HaboieHue Z (10 U mociie KOTOPOTrO BO3MOXKHBI T-MEPEX0/IbI) C MOCTCOCTOSHUEM
i", TO B COCTOSIHMH S TOKE €CTh HAOJIIOIeHHE Z (110 M MOCie KOTOPOTO BO3MOKHBEI T-
Mepexopl) M OMHO W3 MOCTCOCTOSHHUNA S R-cooTBercTBYeT i. MOXHO TaKxke
paccMaTpuBaTh OE30MACHYIO CHUMYJISIMIO, OCHOBaHHYIO He Ha H-rumorese, a Ha
TPaCcCOBOM THIOTE3e O 0E30MaCHOCTH; Mbl 0003HAYMIIM TaKyl0 KOH(GOPMHOCTH SSt.
ITokazano, uto SS < SSt — saco.

TectupoBanme Oe€30MacHON CHMYIIIIUH, TaKXXe KaK Ul Sac0, OCHOBaHO Ha
THIIOTE3€ O TI00aNbHOM TecTHpoBaHWHU. OJHAKO MOJHOE TECTHPOBAHHME HE BCET/a
BO3MOXXHO: €ciM sl SaC0 HeKoH(GOpMHOCTh JI000H peanuzanud MOXKHO
OIPENENNUTh 3a KOHEUHOE BpeMs, TO AJs SS 3TO HE TakK. TeM He MeHee MpeJIoKeH
o0ImMii adropuT™M 3HAYMMOTO TECTHPOBAHUS, KOTOPOE HAa HEKOTOPOM MOJKIACCE
cnenu(UKail WCYEpHbIBAIONIee W, CJIENOBATEIbHO, IMOJHOE (OmpenenseT

11 o
IlepBoe TpeOOBaHKE COBIAACT C IIEPBBIM TPEOOBAHUEM TPACCOBOM TMITOTE3HI O
0€30IaCHOCTH.
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HEKOH()OPMHOCTB 32 KOHCYHOE BPEMsI). B 4acTHOCTH, 3TOT MOIKIIACC COACPIKHT BCE
KOHEYHBIE crienn(UKAIy B KOHEYHOM andaBuTe.

Ha orom moakmacce crneuubuKauuii Uil  KOHEYHBIX W OrPaHHYCHHO
HEACTCPMUHUPOBAHHBIX  PEANM3aLMi  MPEMIOKEHBl  AITOPHUTMBI  [OJHOTO
TECTHPOBAHHS 32 KOHEUHOE BPEMS'~ B MPE/IOIOKEHHH, YTO PECTAPT BOIMOXKEH B
mo00ii MoMeHT BpeMeHH. OIUH aNTOPUTM SBISIETCS MoIuduKanued o0mero
aUroput™Ma, a Apyroil, Gosee OBICTPBIN, AaITOPUTM AHAJIOTHYCH AaJITrOPHTMY
TECTHPOBAaHUS TaKWX peanmu3anuii st Saco (cM. 1m.4.4). CHavana BEITIONHSETCS
obxon (mom)rpada peanusanmu, motoMm (0e3 TecTHpoBaHMs) cTpoutcs R-
COOTBETCTBHE H, €CITH €ro yIa&Tcsi MOCTPOHUTh, BHIHOCHUTCS BEPIMKT PAss, WHAa4YE —
Bepaukr fail.

Jsst GBICTPOro aNropuTMa YHCIO0 TECTOBBIX BO3JCHCTBHI Takoe ke, Kak B m.4.4, T.e.
Oty mmm t>1, u O(P) mm t=1. OGHEM BHUHCICHHH paBeH
O(bnt")+0(b?n’t)+O(bntk?) mms t>1, ams t=1 mepBoe craraemoe 3aMeHseTCs Ha
o(bnd).

6. Modenb HabnrodeHul u modesib cobbimuli

6.1. Kputuka R/Q-momgenu

R/Q-cemantuka 00600IIMIA MHOTHE HM3BECTHbIE KOH()OPMHOCTH, YTO IO3BOJIUIO
eMHOO00pa3HO CTaBUTh M pellaTh MHOTHE O0O0Iue MpoOJeMbl, OCHOBHBIMHU U3
KOTOPBIX SIBIISIFOTCSA MPOOJEMbl ONTHUMH3AIUMN TEHEpaIMd TEeCTOB, KOMIIO3HIINH
CUCTeM U Yyd4€Ta TPUOPUTETOB. B TO ke BpemMsi B pEIICHWH OSTUX MpobiieM
BBEISIBIUTUCH CEPBE3HBIC TPYOHOCTH: AQITOPUTMBI TIONOJTHEHHUS CICIH(HUKAINN
(ynaneHms ~ HeHaONIOMAEMBIX  OTKAa30B),  yHalleHWs W3  CICHU(PUKAINA
HEKOH(OPMHBIX TpacC M MOHOTOHHOTO MpeoOpa30BaHUs OKa3alUCh JOBOJIHHO
CJIO)KHBIMU ¥ TPOMO3JIKHMH, YTO 3aTPYAHSICT NX IPUMCHEHUE Ha MIPAKTHKE. AHAIN3
STHX TPYAHOCTEH IOKAa3al, YTO UX MPUYUHBI JIS)KAT TOCTATOYHO TIIyOOKO: B caMoi
CEMaHTHKE B3aUMOJICHCTBUS M BEIOPAHHBIX MOJICIISIX PEATH3AIMN U CIICIIUPUKAIIUH.
IMpu Bceit ux obmuocT R/Q-ceMaHTHKAa W COOTBETCTBYIOLIME €H MOJEIH
HEJ0CTATOYHO OOINM: B HHUX CYIIECTBYIOT BHYTPEHHHE 3aBUCUMOCTH, KOTOPBIE H
MIPUBOJIAT K OTMEUEHHBIM YCIIOKHEHUSM U TPYIHOCTSIM.

Bo-nepBbIX, HET «mIpocTO» HAOMIONCHHWNA: OHM JENsATCs Ha JCWCTBUS M OTKa3bl C
CYIIIECTBEHHO pa3HOi ceMaHTUKOW. OTKa3 — He MPOCTO «APYroe» Mo CPaBHEHHIO C
NIEUCTBUSIMU ~ HaOJIIOJICHWE, & WMEHHO MHOXKECTBO pa3peliaeMbix, HO He
BBINOJIHUMEIX JeiicTBuil. [locne oTkaza P He MoxkeT HaOmromaThes neiictBue ZeP.
Kpowme Toro, 0TKa3bl BOSHHKAIOT TOJIBKO B CTAOMJIBHBIX COCTOSIHUSX, TIIE HET T- U Y-
MIePEeX0/I0B.

25w OTpaHWYCHUS Ha CTICIM(DUKAINIO ¥ peaTH3aIINIO TaAKHE JKe, KakK i1 Saco
(4.4).
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Bo-BTOpBIX, HET «IpPOCTO» TECTOBBIX BO3IACHCTBUMA: Kaxaas MOJAEIUpYIOIIas
TECTOBOE BO3ACHCTBHE KHOIIKA MAIIMHBI TECTUPOBAHMS COOTBETCTBYET MHOXKECTBY
JIEHCTBUH, a caMO TECTOBOE BO3JCHCTBHE (Ha)KaTHe KHOIMKH) — 3TO pa3pelicHue
peani3ayy BEIIOIHATh AEUCTBUSA IMEHHO U3 3TOTO MHOKecTBa. COOTBETCTBEHHO,
MOCJIe TeCTOBOTO BO3IEHCTBHA BO3MOXKHO HE JIF0O0e (HO, KOHEYHO, 3aBHCAIICE OT
peanuzayn) HaOJIIOICHHE: 1TOCIe HAXKaTHsl KHONKK P MokeT HaOiIr0qaThCsl TOIBKO
neiicreue zeP wim otkas P, ecim o Habmomaem. OTKa3bsl MOTYT OBITH HE TOJBKO
HaOmonaembpiMu (R-0TKas3bl), HO Takxke M HeHaOmonaembiMu (Q-oTkasbl). Tem
CaMbIM, KHOIIKH TOX€ TOfpasfeisitoTcss Ha R- u Q-KHOMKH, YTO BIHMSET KaK Ha
0€301acHOCTh TECTUPOBAHUS, TaK U Ha KOH()OPMHOCTb, M NMPUBOAMUT K Hpodiieme
MOTIOJTHCHUSI.

B-Tpersux, mpencraBicHue crenu()UKAIMOHHBIX TpeOOBaHW B BHAE TOH XKe
MOJIETIH, YTO U ISl TECTUPYEMON CHCTEMBI, 000CHOBAHO TOJIBKO UCTOPHYECKU — OHO
BO3HHKJIO U3 HJeH 00 IKBUBAJIEHTHOCTH aBTOMaToB. OHAKO Takoe Mpe/CTaBICHHUE
3aTpyIHsIEeT TeHEepaIfio TeCTOB Mo creundukanuu. [Ipexae Bcero, cnenudukanys
MOXET COZAep)KaTh HEKOH(OPMHBIE TPACChl, KOTOPhIE HE HYXKHBI JJIsI TeHEpallH
TCCTOB, UTO W BBI3bBIBACT HGO6XOZ[I/IMOCTI> X ydaJC€HUs Hu3 CHCHI/I(bI/IKaIII/II/I. 3TO,
OJIHaKO, HE pellaeT Bcel mpobaeMbl ONTUMU3AINU TECTOB.

Bo3MOXXHOCTP M HEOOXOAMMOCTb ONTHMH3AIMM TECTOB OOBACHIETCS HAIUYHEM
3aBUCHMOCTEH  MEXIy  OIIMOKaMH,  ONpeleisieMbIMH  crenuduKanuei.
Crneundukanus, OnuchiBasi «IPaBUIBHOE» MOBEICHUE pean3aliy, 3a0aéT (X0Ts U
HESIBHO) MHOXECTBO A BceX OomIMOOK: peanu3anusi KOH(GOPMHA, €Clid B Hel HET HH
ofiHOM omubKH (U3 A). 3aBHCHMOCTh MEX/Y OIMHOKAMH 03HAYAET, YTO CYHIECTBYET
CTpOroe MOJMHOXKECTBO OO0k BCA Takoe, uTo jr00ast peanuzaiiysi, coepikarias
omMOKy M3 A, COIEPKUT TaKkKe Kakyloo-To omubKy u3 B. IToaromy mis mosHOro
TECTHPOBAHHUS BMECTO TECTOB, KOTOpBIC JIOBAT Bce OMMOKH (M3 A), JOCTATOYHO
CTeHEepHPOBaTh TECTHI, KOTOPBIC JIOBST BCE OMIMOKH H3 B.

Koudopmuocts B R/Q-cemMaHTHKE OCHOBaHA HA Tpaccax HAOIIOMCHUI WIH, MPH
HaJINYUY IPUOPHUTETOB, Ha OoJiee 00IuX Tpaccax HabmroaeHuit u kHomokK. IlosToMy
ommubka — 310 Tpacca. OTCr0/Ia CIENYIOT JIB€ TPUBHAIBHBIE 3aBUCHMOCTH MEXKIY
omuOkaMu. Bo-miepBEIX, mocie HaOMIOJCHHS TpPacChl G BCET/a MOXKHO HaXaTb
KHOHKy13 P, cnemoBarensHO, ecnin oP ommOka, To G Toke ommoOKa. Bo-BTOpBIX,
eCJIi HAOIIoAaeTCs Tpacca G, TO Mepe ITUM HAOII0HaeTCs KaXIblid e€ mpeduKc L,
CJIEZIOBATENIFHO, €CH |l OIIHOKA, TO G TOXe omwuOKa. TpuBHAIBHBIC 3aBUCUMOCTH
OIPEEIISAIOT TPUBUAIBHYIO ONITUMH3ALIHIO TECTOB, KOTOPasi HEe CO31aT NpooIIeM.

K COXaJICHUIO, B R/Q'CCM&HTI/IKC TPpUBHUAJILHBIMU 3aBUCUMOCTAMU OCJIO HE
OrpaHNYINBACTCA. I[axce nociie yJAaJleHUud U3 CHGHI/I(i)I/IKaIII/II/I HCHa6J1}0,Ha€MI)IX

3 Ecnu kHOmKa omacHa, e Hesb3s HAKHMATh mpu OEe30MacHOM TECTHPOBAHUH, HO
9TO HE 3HAYMT, 4YTO €€ BOOOIIE HENb3sd Ha)KUMaThb. VHBIMHU CJIOBaMH, OLIMOKOMH
cuuraercs Jirobass Tpacca, KOTopas He HaONIoIaeTcss TNpU B3aWMOJICUCTBUU C
KOH(QOPMHBIMH PEaU3alisIMH, a He TOJIBKO Oe30macHasl.
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OTKa30B W HEKOH(MOPMHBIX Tpacc BCE pPAaBHO OCTAIOTCA HETPUBHAIBHBIC
3aBUCHMMOCTH Mexay ommOkamu [[83]]. I'myOuHHas npuyMHA HAJIMYHSA TaKHX
3aBHCHMOCTEH JIGKHUT B HAIWYNH 3aBUCHMOCTEH BHYTPH CEMAHTHUKU M MOICIH MPH
TOM, 4TO crenn(UKAITHOHHAS MOJIENb COBIIAAACT C PEAHM3aIHOHHOM.

ITockonpKy crerupuKaMoOHHas MOAETh TOTO K€ THIA, YTO MOJETh Pealn3aliuH,
KOMITO3UIHS cCenH(UKAIIIN TPAaAUINOHHO BBITOTHACTCS TaK K€, KaK KOMIO3HIIUS
mobbrx LTS. H3-3a 3TOrO0 BO3HHKAaeT HECOXpaHEHHE KOH(GOPMHOCTH IIpH
KOMIIO3UIINA W HEOOXOIUMOCTH MOHOTOHHOTO IIPEoOpa3oBaHUS CIIEIU(UKAIIHIA-
OIIepaHJIOB, KOTOpasi BBIMIOJIHAECTCS Mepea UX KoMmmnosunued. Ha camom nere, Her
HUKAKUX TPUYUH HU JUI1 TOTO, 4TOOBI CrICIU(UKAIUS 3a1aBaach MOJCIBI0 TOTO
)K€ THIIA, YTO peayu3anusi, HU IS TOr0, YTOObI KOMIIOHOBATh CIEIM(UKAINN TaK
Ke, KaK peaju3alud. BO3HUKIO IPEANoJIOKEHHe, YTO TpH JPYrodl MoJenu
cnenu(UKaIUN U P APYrod KOMIO3HIUH cHenu(UKaIuil mpodaemMa CoXpaHeHUs
KOH(GOPMHOCTH TIPH KOMIIO3HIINH OyIeT pemieHa ropas o mpoiie.

Yrto KacaeTcsi MPUOPUTETOB, TO OHU BHOcATCS B R/Q-Momens kak ducras
«100aBKay, 4TO YCIIOKHSIET MOJIETb U COOTBETCTBYIOIIME aIropuTMbl. Kpome Toro,
npobjeMa KOMIIO3WIMH 1O CHX IOp HE pelieHa IS CUCTEM C IPHOPUTETAMH.
BozHukio mpenmonoxenne, 9To Bc€ ObT0 OBl MpoIe, ecitd Obl MPHOPUTETH ObLIH
€CTECTBEHHOH YacThI0 CaMOi CEMaHTHKH B3aUMOJICHCTBHSI.

Bcé 3T0 HaTONKHYIIO HAC HA MBICIb UCCIIEOBAaTh CEMAaHTHKY OoJiee o0mero Bua, B
KOTOPOI HET BHYTPEHHHX 3aBUCHUMOCTEH, HO €CTh NMpHOpHUTETHL. [lepBas mombITKa
0606menust R/Q-cemantuku ObiIa npeanpunsita B padote [[68]]. Tam BBeneHa, Tak
Ha3pIBaecMas, P-ceMaHTHKa, B KOTOPOU pa3opBaHa >KECTKAs CBSA3b MEXKIY TECTOBBIM
BO3ACUCTBHEM (KHOIIKOM) M HAONOZaeMBIM OTKa30M: HAONIONATBCS MOXKET He
TONBKO OTKAa3, COBMANAIONIUII C MHOXKECTBOM pa3perraeMbIx neiictBuid. Termepb
KHOTIKa — 3TO MHOKE€CTBO HAOJIIOJIEHUH, KOTOPBIE pa3pelIatoTcs 3TOi KHOMKOM: Kak
JeHcTBUH, Tak W OTKa3oB. I[lpm Haxatnm kHOnkH P orkaz reP Bo3HmKaer B
CTaOMJIBHOM COCTOSIHMH, €CITM B 3TOM COCTOSIHHH HE OMNpEIENICHBI Iepexojbl IO
neiicTBusM Zer (a e ZeP kak B cnyyae R/Q-cemantuku). B P-cemanTnke ynanoch
OIpe/IeINTh 0e30MacHOe TECTHPOBaHUE KOH(DOPMHOCTH U pa3paboTaTh alrOpUTMBI
reHepalyy TEeCTOB, a TaKkKe BBECTH IPHOPUTETH, HO TOXE KaK «I100aBKYy»
ananornuno R/Q-cemantuke. OmHako B P-ceMaHTHKE OCTalIHMCh Kak pasfesieHue
HAOJIFOICHU Ha JICUCTBUS M OTKA3bl, TAK M MOHUMAaHUE TECTOBOTO BO3JCHCTBHUS KaK
MHOXECTBa pa3pelnraeMbix HabmoaeHui. [loaToMy OHa He mosTyymsia JanbHEHImero
pa3BUTHSL.

6.2. Mopenb HabnogeHnn

B [[87],[88]] BBemena cemanTHKa OOIIEr0 BHAa, B KOTOPOH HET BHYTPEHHHX
3aBHCUMOCTEH W ecTh mpuopureThl. OHa 3aaéTCs MBYMsI HEIEPECEKAFOIUMUCS
MHOkecTBaMu: B — kHomok u O — HaOmoeHui, 03 KaKuX-TU00 JOMOJHUTEIbHBIX
orpaHuyeHuid. Mpl HasBamu o€ B/O-cemantukoil. B B/O-cemantuke LTS
pea3ay COEPIKUT SIBHBIC TIEPEXO0.IbI KaK MO HAOIOACHUSAM, TaK U 110 KHOTIKAM,
a TaKke, KaKk OOBIYHO, HeHaOJromaeMbie T-miepexonasl. EE mMoxHO HasBath LTS
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nabmooenuit — OTS (ot observation — naGmonenue) B otinune ot LTS B andasute
JEHCTBHI, KOTOpasi MCIONb3yercst B R/Q-ceMaHTHKe W KOTOPYIO MOYHO Ha3BaTh
LTS oeticmeuii — ATS (ot action — neiictue). IIpeamonaraercs, 4To B Ipolecce
B3aWMOJICHCTBHS C peaim3aluell MBI IOJlydaeM TOTOK HaONIOCHHH, a TECTOBOE
BO3JeiicTBIE (Ha)KaTHe KHOIKH) JIMIIb PErylUpyeT 3TOT MOTOK. Eciu TecToBoro
BO3/IEHCTBUsI HET (HUKAaKas KHOMKAa HE Ha)Xara), peanu3alds MOXET BBITOJHUTH
M00YI0 LEMOYKy Mepexo/0B M0 HAOMIOACHUSIM U T-IEPEX0/0B, HAUMHAOUIYIOCS B
e€ TekymeM cocTosHHM. [lpy MOHUMaHHUHM TECTOBOro Bo3nciicTBus B B/O-
CEMaHTUKE MbI WCXOIWIH W3 JBYX, OOBIYHO MPOTUBOPEYAIIHMX JPYr JAPYTY,
MIPEATNOI0KEHU.

IlepBoe npeanos0keHne — 3TO MPHOPUTET TECTOBBIX BO3IACHCTBUI HaJ| MOBEACHUEM
peanu3anyuy: HE TOJBKO HAOMIOJAacMBIM, HO M HEHaOmMogaeMbIM, 4YTO MAaET
BO3MOXHOCTh yuéTa mpuopureroB. B [[87],[88]] moka3zano, kak B B/O-cemantike
MOJICIUPYIOTCS PA3IUYHBIE CHCTEMBI C MPUOPUTETAMH, B TOM YHCJIE CHUCTEMBI U3
npuMepoB 1. 5.2. B kadecTBe Kypb€3a MOKHO OTMETUTh, YTO MOJIENb HaOIIOACHUI
C TaKkuM MPEINOJIOKEHUEM OOJIbIlle BCEro MOX0XKa Ha MMIIEPAaTHUBHBIH AA, eciu
CTHUMYJI TOHMMAaTh KaK KHOIKY, a peakiuio — Kak HaOmoneHue. OngHaxo
MMIIEPAaTUBHBIA AA NpU HaJIMYUK CTEMYJA HE MOT CAENaTh HA OJHOTO T-TIEPEX0/a,
a B B/O-cemaHTHKe 3TO pa3pemieHO BTOPBIM TPEINOTI0KCHUEM.

Bropoe mnpesmoniockeHHEe — 3TO OCHOBHOE JOMYIICHHE O HEHAOII0AaeMOM
MOBEICHUHU: PEaNU3alusl BCEra MOXET BBINOJHATh T-MEPEXOAbl HE3AaBUCUMO OT
TECTOBBIX BO3JCHUCTBUI.

B coBokynmHOCTH 3TH /Ba NPEANOJIOKEHHUS OINPEAEISAIOT CIEAYIOIINM MPOTOKOI
B3aUMOJICHCTBHA: Ha)kaTHEC KHOIKK OJIOKHpYeT HAOJIOJCHUS, pealn3alus MOXKET
BBITIOJHATh T-TIEPEXOJbl, HO TOJHKO KOHEYHOE HMX YHCJIO, TMOCIE YEero JOJKHA
BEITIOJIHUTH JFOOOH Mepexoj]] 1Mo HaXaTod KHOMKe. DTOT Iepexoj]] IO KHOIKE
03HAYaeT, 4TO pealu3alus «IIpHUHsJIA K CBEICHHIO» TECTOBOE BO3ZAEHCTBHE depes
KOHEYHOE BpeMSl Iocjie HaxaThs KHONKWM. B TO ke BpeMss Mbl HHUKaK He
OTOBapHBAaEM, YTO O3HAYAET 3TO IPHUHATHE K CBEICHHUIOY, OMYCKAETCS U TPOCTOE
WTHOPUPOBAHKUE TECTOBOTO BO3neiicTBus, uro B LTS momemupyercs mepexomom-
NeTaER Mo KHOTIKE.

st Toro, 9TOOBI peanu3anys BCeraa UMelia BOSMOXKHOCTD «IIPHHATH K CBEICHHUIO
TECTOBOE BO3JCHCTBHE, OTCYTCTBHE IIepeXxofa TI0 KHONKE B COCTOSHUHU
WHTEPIPETUPYETCA KaK HaIW4YWE TMepexoa-meTNId Mo 3TOH KHomKe. Paspymenue y
MOHUMAETCS KaK OJHO W3 HaONIOJICHHA, HO MPH 0E€30MaCHOM TECTHPOBAHHH €T0 HE
JIOJKHO OBITh.

B HOBOH Monenu Mbl MO-NIPEKHEMY PacCMaTpPHBAEM TPACCOBbIE KOH(OPMHOCTH
tunma peaykinuu. Kak yxe ObUIO CKa3aHO B IL.2.2, pEIyKUUs SIBISIETCS
NPEANOPSIKOM, €CIH MHOXKECTBO TpacC CIeNU(UKAIMU — 3TO MHOXECTBO BCE
KOHGOPMHBIX Tpacc. [lns TeHepanumu TecToB HambOosiee yHOOHO, YTOOBI
cnemuduKanys SBHO 3aJaBaja MHOXECTBO BCEX ONIMOOK, T.C. JOIOJIHEHHUE
MHOXKeCTBa KOH(OPMHBIX Tpacc. B 3ToM cityyae TecThl CTPOSATCS MO KaXA0# Tpacce
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Crieln(UKAIIMA WA CTPOUTCS OIWH aJalTHBHBINA TECT, O CYTH, COBIAIAOIIHIA CO
cnerudukarnuei. Tect BeiHocuT Bepaukr fail, ecin monyyena ommoKa, T.€. ofHa U3
Tpacc crienupuKamug.

B 1O ke BpeMs HanMuMe TPUBHAIBHBIX 3aBUCHMOCTEH, HPUCYIIUX JIFOOOM
TpaccoBOi KOH(OPMHOCTH, TIO3BOJSIET 3aJaBaTh B ClHelU(UKALUUA HE BCE
OMMOOYHBIE TPACCHL, @ TOJIBKO T€ U3 HUX, KOTOPHIC, BO-TIEPBBIX, HE 3aKaHUMBAIOTCS
KHOTIKOH (3aKaHYHMBAIOTCS HAOIIOICHHWEM), W, BO-BTOPHIX, BCE CTPOTHE MPEPUKCHI
KOTOPBIX HE SBISIOTCS OIIMOKaMH. Takylo crenuUKAauio MBI Ha3BaIU
HOPMAU308AHHOLU W  ONPEHNCIWIN TNPOCTEHIINH  aNropuT™M  HOpMAaauzayuu
cnenn(uKaIum.

Jns KOMIAKTHOTO TIPEJCTaBIEHHsS CHEUM(PHUKANMA W TECTOB HCIOJIb3YIOTCA
HopoXkaaromue rpadpl, KOTOpbIE KOHEYHBI IJISI PETYISAPHBIX MHOXECTB Tpacc.
Takme Tpadel Bcerma MOXHO CHAETATh JETCPMUHHPOBAHHBIMH C MOMOIIBIO
npouenyps! gerepmunusanuu. [1o cytn, sto nerepmunuposanusie LTS B andasure
KHOTIOK 1 HaOmoneHud. [10CKOIbKY MHOXXECTBO OIIMOOK HE SBISIETCS MpeHKC-
3aMKHYTBIM (OHO IIOCT(HKC-3aMKHYTO), COCTOSIHHS, B KOTOPBIX 3aKaHUHBAIOTCS
TPacChI-OUIMOKH, TIOMEYAIOTCS KaK KOHEUHbIE.

Hogas MOJCJIb TO3BOJIMJIA TO-HOBOMY MNOCTAaBUTh BOHNPOC O 3aBUCUMOCTAX MCEKIAY
ommbOkamu. B B/O-cemanTuke HeT HETPUBUAJTIbHBIX 3aBHCHMOCTEH Ha Kjlacce BCeX
peanmaum‘/i, OAHAKO €CJIK OIrpaHUYUTHLCA TEM HMJIM MHBIM IMOJKIaCCOM peanmaunﬁ,
TO Ha HEM TaKue 3aBHCHUMOCTH YK€ MOTyT MHNOABUTBCA IIPOCTO MNOTOMY, YTO
pcaim3anu, KOTOPbIC COACPKAT OAHY NaHHYIO OH.II/I6Ky 1 HC COACPIKAT OCTAJIbHBIX
OIHI/IGOK, MOT'YT OKa3aTbCs BHE 5TOI'0 MoAKJIacca.

IMoxkmacch peanm3auii BOSHUKAIOT, IIPEXKE BCETO, U3-3a TEX WM HHBIX TUIIOTE3 O
Oe30macHOCTH, Ml KOTOPHIX TECTUPYEMBIE pealii3allid  OTPaHWYHBAIOTCS
nojikiiaccoM Oe3omnacHpIX peanusaimii. B 1o ke Bpemst s B/O-cemantuku 6e3
KaKHX-THOO JOTOJNHUTENBFHBIX OTPAaHUYEHUH TOXE CYIIECTBYIOT €CTECTBEHHBIE
TUIOTE36l O Oe30IMacHOCTH, omlpeAeseMble IByMs TpeOoBaHUAMHU: 1) Bpems
OKUJTaHUS HAOIIOJCHUS KOHEYHO — A-THITOTE3a, 2) MPH TECTHPOBAHUH HE JIOJDKHO
BO3HHKATh Pa3pyIICHUE PeaTH3aluy — Y-THIIOTE3a.

A-THIIOTE3a O3HA4YaeT, YTO €CIM B MNpe(UKC-3aMBIKAHUM CHEenn(HUKALUN Tpacca
NpOJIOJDKAETCsl HAaOJIOJEHUEM, TO TPH TECTUPOBAHMU peajM3alli TI0Cie ATOM
Tpacchl TapaHTUPOBAHHO MOJDKHO OBITh Kakoe-HHOyab HaOmroneHne. Takas
rapaHTHs HWMEeT MeCTO, €CIM B peaJn3alliid Tpacca HE 3aKaHYMBaeTCs B
JIMBEPTEHTHBIX COCTOSIHUSX M B KaXKJIOM CTa0MIBHOM COCTOSIHUM TIOCJIE TPACCHI €CTh
Mepexox MO KakOMy-HHOyOh HAONIOACHHIO. A-THIIOT€3a BBOAUT HOBYIO
3aBUCHMOCTh MEXJIY OLIMOKaMM: €CIM Ul KaKAOro HaOioaeHus U Tpacca pu
ABISETCd OIMOKOH, TO Tpacca |L HEKOH(pOpPMHA, T.e. TOXKE OIIMOKA.
CooTBeTcTBYyIOMmAas TPOIEaypa A-HOpPMaIW3alMU JOTIOJHUTEIHLHO K OOBIYHOM
HOpMaU3aIuy J00aBIseT B CeNN(UKAIINIO OMHNOKY [ U yIaJIsSeT Bce OMTMOKN UU.

Y-THUIIOTE3a O3HAYaeT, YTO MPHU TECTUPOBAHHH IO JAHHOH CHEIU(pHUKAINA B
peanu3anMi HE BO3HHMKAeT pa3pylmIeHHe. JTO CYyXaeT KIacc TEeCTUPYEMbIX
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peanuzanuii 10 NOAKIAacca pealu3allvil, yIOBJIETBOPSIONIMX Y-THIOTE3€, HO He
BBOJIUT JJONOJIHUTENBHBIX 3aBUCUMOCTEH Mex 1y omnOkamMu. COBOKYIHOCTb A- U Y-
THIOTE3 KaK pa3 M ONpeNessioT ecTeCTBeHHbIH Mt B/O-cemanTHkm moakiacce
0e30MacHBIX peajH3alrii, YTO YYUTBHIBACTCS B OTHOCHTEIBHO IPOCTOH Hpouenype
A-HOpMaJM3aINH CTICU(DUKAIAN.

Ione3nocts B/O-cemaHTHKH OMpenenseTcss TeM, YTO €0 MOJACIUPYIOTCS BCe
Jpyrve CEMaHTUKHU C TPACCOBBIMU KOH(POPMHOCTSMH TUIIA PEIYKLMH, OITUCAHHbIE B
[[94]], a Taxxe k1acc R/Q-cemaHTHK, BKIIOYas i0CO 1 10COg,5. DTO MOIEIUPOBAHHE
ompenensercs anropuTMoM npeodpazoBarnst ATS B OTS, mpu koTopoMm Kiace Bcex
ATS orobpaxaercst B cTporuii mojakiacc kmacca Bcex OTS. Tem cameim, B B/O-
CEeMaHTHKEe MCXOTHass KOH(GOPMHOCTh paccMaTpuBacTcs He Ha kimacce Bcex LTS-
peanuzaiuii, gomyckaeMbix B/O-cemaHTHKOM, a Ha TOAKIACCE MPEOOpa3s0BaHHBIX
LTS-peanuzammii. M3-3a 3TOr0 W BO3HUKAIOT JONOJIHHUTEIBHBIE 3aBHCHMOCTH
MEXIY OIIMOKaMK, TPeOYIOIINE JOMOTHUTEIFHON ONTUMHU3ALUH TECTOB.

Tak MBI TOKa3aJy, 94TO MpobJieMa ONTHMH3ALMU TECTOB IUISl PAa3INYHBIX CEMAaHTHK
OKa3bIBaeTCS YACTHBIM CllydaeM oOmiedl mpoOJieMbl ONTHMH3ALUH TECTOB IIPH
OrpaHUYCHUH TECTHPYEMBIX peajM3aldil TeM WM UHBIM IMOAKIAcCOM. BoT nmmib
HECKOJILKO OOIIMX NMPUMEPOB MOAKIACCOB peallu3aluii, KOTOpble MPUMEHSIOTCS Ha
NpaKkTHKE W HE CBs3aHbl C TUIOTe3aMu o OesomacHoctH: 1) moxakmace LTS-
peanu3aiiii ¢ OrpaHMYCHHBIM YHCIIOM COCTOSIHHUIA; 2) KOHEUHBIH (C TOYHOCTHIO 10
u3oMophH3Ma) TOMKIACC TECTHPYEMBIX peaim3anuil; 3) KOHEUHBIH MOJKIACC
HEKOH(OPMHBIX peanu3anuii Knacca Tectupyembix peanusanmii (B [[104]] Takoii
NOJIKJIACC HAa3bIBACTCS KAACCOM Heucnpagrocmeti); 4) TOIKIACC pealn3audi, B
KOTOPOM KakJas HEKOH(pOpMHas peanu3alnus COACPKUT OMIMOKY W3 HEKOTOPOTrO
3apaHee 3aJaHHOr0 KOHEYHOTr0 MHOXeCTBa omMOOK. B mocnenHeM cirydae 0ObIYHO
TOBOPSAT, YTO HA0Op TECTOB HALCJICH HA MOUCK OIIMOOK M3 YKa3aHHOTO KOHEYHOTO
MHOJECTBA, a JPYrUe OMIMOKU MOTYT He OOHAPYKUBAThCSI.

6.3. Mogenb cobbITUI

Kak Oputo ckazano B 1. 4.7, mpoOiieMa KOMIIO3UIIMA BO3HUKAeT U3-3a
HEaIUTUBHOCTH Tpacc HaOMOACHWH. «BHHOBATB» B 3TOM OTKa3bl, MMOCKOJIBKY
Tpacchl AeHCTBUil aaauTUBHBL. MOHOTOHHOE mpeobpasoBanue B R/Q-cemanthke
yIaJoCh CHeNaTh TPH IOMOIIH §-Tpacc, KOTOpBIE OONAZAal0T CBOWCTBAMH
AJTUTHBHOCTH ¥ TCHEPATUBHOCTH.

B/O-cemanTuka ToXe OCHOBaHA Ha Tpaccax HaOMIOJeHUE (TOJIBKO OOIEro BHIA),
KOTOpBIE, BOOOIIE rOBOps, Toxke He anauTuBHbL [loatomy B [[89]] mpennoxena
E/O-cemanTika M OcHOBaHHas Ha Heil modenv cobwmuii (ETS — ot event —
cobpiTre). BBoaumTcs yHHBepcym coObiTHEE E, m BMecTo mepexomoB TIO
HaOmozenusiM B ETS ucnonb3yrorest nepexosbl 1Mo coObITHsIM. [ eHepaTHBHOCTD
obecreunBaeTcs YHUBEpPCAIbHOU YaCTUYHO-OIPEeIEHHON OJIHO3HAYHOU
¢yukuueit f:E—O. PaspymieHue y cunraercs Kak cOOBITHEM, TaK U HAONIOICHUEM,
u f(y)=y. Iepexompl COBEpIIAIOTCS TONBKO IO HAOMOOAeMbIM COObIMUAM, T.C.
coObiTusiM w3 jgomeHa ¢Qyukiuuu f.  HenaGmromaemble COOBITHS, OJHAKO,
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HEOOXOAUMBI [UIsl aINTHBHOCTH KOMITO3HMIIUK, KOMIIO3UIUS COOBITHH, OIHO WM
00a M3 KOTOpPBIX HEHAOIIOJMaeMbl, MOXET ObITh HaOIIOmaecMbIM coObITHEM. JIJIs
KOMITO3HIMH COOBITHS Pa3ZessIOTCSl HA CHHXPOHHBIC M aCHHXPOHHbIE W 3a7aéTcs
KOMMYTaTHBHAsl ONEpanysl KOMIIO3UIMKA COOBITHIA, MTPEBpAIIAoIas Ba COOBITHUSI-
OTiepaH/Ibl B COOBITHE-PE3yabTaT. PaspyllieHre CUNTACTCS ACHHXPOHHBIM, 8 KHOTIKH
Bcerja cHHXpoHHBL. Ha stom crpourtcst kommosuumst ETS B myxe CCS (c
MOCTCAYIOUIMM COKPBHITHEM YacTH CHHXPOHHBIX CHMBOJIOB omepauueir hide),
KOTOpas o6ianaeT CBOMHCTBOM alIMTHBHOCTH.

Eciu 0b1  crneuubukamus 3amaBanach MHOXECTBOM  BCeX  KOH()OPMHBIX
(BcTpeuaromuxcss B KOHGOPMHBIX peanu3aluax) Tpacc COOBITHH, TO CBOMCTBO
a[IMTUBHOCTH TapaHTUPOBANO Obl COXpaHEHHE KOH(MOPMHOCTH MPU KOMIO3HIIHH.
[Ipu 3TOM MHOXECTBO Tpacc COOBITHII KOMIO3HIMU CHEH(UKALINNA ONPEALISIOCH
Obl TPOCTO KAaK MHOXECTBO BCEX IOMAPHBIX KOMIO3ULHUA TPacc COOBITHI
cnennpukanuii-onepanqoB. OnHako crermu@UKamus B HOBOW MOJENH — 3TO
HOPMAaJIM30BaHHOE (MIIH A-HOPMAJIH30BAHHOE, €CIHM HCIONB3YeTCs AY-THIIOTE3a O
6e30MmacHOCTH) MHOXeCTBO ommubok. [oaToMy mepen kommo3uiuel cHayana 1) B
OTS-onepanaax BBIMONHIETCS «Pa3HOPMANU3AIUs», AAOIIAs MHOXECTBO BCEX
omKMOOK, 2) TOTOM CTPOUTCS JOMOIHEHUE 3TOTO0 MHOKECTBA, T.€. MHOXKECTBO BCEX
KOH(OPMHBIX Tpacc HaOMIOAeHU#, 3) MOTOM BBHIMOJHSAETCS NpeoOpa3oBaHUE B
OTS—ETS (3anaBaemoii o6patHoii pynxuueii f ). Iloxyuunsimecs ETS-oneparsl
KOMITOHYIOTCSI, IIOCJI€ 4Yero HYXHO CJAenaTh oOpaTHble mpeoOpazoBanus: 1)
ETS—OTS (zamaBaemoe dynkimeii ), 2) mocTpouTs HOMOMHEHNE TOMYUIUBIIETOCS
MHOXECTBA BCEX KOH(POPMHBIX Tpacc HaOMIOACHHIA KOMITO3MIHH, T.€. MOCTPOUTH
MHOXXECTBO BCEX OIIMOOK, OMNPEACNACMbIX KOMIO3HMIUCH, 3) BBIMOJHUTH
HOpManu3anuo (Wiad  A-HODMAlW3aluio). 3aMeThM, YTO IJTa MpolEeaypa
KOMIIO3HIINK CTICIIM(PHUKAIIMI OTMPEIENASTCS Ha Tpaccax, HO pa3paboTaH alropuTM
€€ BBITIOTHEHHMS [UTS PETYISIPHBIX crierubuKaIieii, 3aqapaeMpix Koneuabimu OTS.
B [[89]] Taxxe mpeanoxeH cnocod MoaenupoBanus B E/O-cemanTHKe ceMaHTHK C
TPAcCOBBIMH KOH(OPMHOCTSMHU THIIA PEAyKIWH, onucanHbie B [[94]], Brmrouas
ceMaHTHKy Tpacc roroBHoctd (ready trace semantics), a Takxke kiacca R/Q-
CEMaHTUK, BKIIOYas I0CO M 10COps. JIsT 3TOTO IIPEATIOKEHBI AITOPUTMBI
npeoOpaszoBanust ATS-peanuzanuii ¢ COOTBETCTBYMOIICH cemanTukoii B ETS.
[Toka3aHo, YTO TaKOe MOJEIHPOBAHUE COTJIACOBAHO C KOMITO3MIHEH: KOMITO3HIIHSI
ETS, monydeHHBIX B pe3yjbTaTe MOACIMPOBAHUS HCXOMHBIX ATS ¢ HCXOTHBIMHU
CeMaHTHKaMH, JKBuBajleHTHa ETS, moiydeHHOW B pe3yibTaTe MOETUPOBAHHUS
kommo3uiu 3Tux ATS. 3/1ech SKBUBAJEHTHOCTh MOHMMAETCS KaK COBIIAJICHHUE
MHOECTB TPacc COOBITHH.

7. MapannensHoe mecmupoeaHue

B 3akmrouenun 3T0# CTaThbU MBI XOTHM OTMETHUTDH, YTO IMOYTHU BCE TCOPECTUICCKUE U
BC€ TMPAKTUYECCKHUC aJITOPUTMbBI TCCTUPOBAHMA, pa3pa60TaHHLIe HaMHu I
pPa3NIMYHBIX CEMAaHTHK ¥ MOJEJTeH, OCHOBaHBI Ha UcclenoBaHHU (00X0fe)

64



(mom)rpada: (mom)rpada cnenmPUKAUA TPU TECTUPOBAHUU C  3aKPHITHIM
cocrossHueM wWin (mom)rpada peanu3aldd TpH TECTUPOBAHWU C  OTKPBITHIM
cocrosiHueM. 3amada uccienosanus (learning) rpada, TeM cambiM, KIroueBas s
TIOJTHOTHI TecTUpoBanus. Eif OGblna mocesimiena cepust Hamux pa6ot [[57],[58],[60]-
[62]].

B T0 ke BpeMs 3a MoCIeJHHUE TOIbl pa3Mep PealbHO HCIOIb3YEMbIX CUCTEM M CETei
U, CIIEIOBATENIbHO, pa3Mep WX MOJENEH M, CIe0BATENIbHO, pa3Mep HCCIEAyEeMBbIX
rpadoB HenpepsiBHO pacTéT. [IpobieMbl BO3HHKAIOT TOT/A, KOTJa HCCICAOBAHUE
rpada oHMM aBTOMAaTOM (KOMIBIOTEPOM) JIHOO TPeOyeT HEAOMYCTUMO OOJBIIOrO
BpeMeHH, 1100 Tpad He MOMEIAeTCs B MaMATH OZHOTO KOMMBIOTEPa, JUOO0 U TO U
apyroe. IlosTomy BO3HMKAaeT 3ajaya MapaliebHOTO M pacmpencaéHHOro
uccrenoBanusi rpadoB. Ota 3amaya (QopManusyercs Kak 3ajava HCCIeTOBaHUS
rpada KOJUIGKTHBOM aBTOMATOB, T.€. HECKOJBKUMHU MapajUIebHO PabOTaroLIMMU
KOMIIBIOTEpAMHM € JIOCTaTOYHOM CYMMapHOM MNaMsTbio. ABTOMAaTbl MOTYT
OOMEHHUBATHCSI MEXKAY COOOW COOOINEHUSAMH ISl CHHXPOHU3AIMU MX JSHCTBHHA MO
UCCIe0BaHuIO0 rpada.

B pa6orax [[81],[82]] ymop cpmenaH Ha YyCKOpEHHH TECTHPOBaHHS 3a CUET
pacnapaiuienuBanusi. [Ipy 3TOM CUHTAETCS, YTO MaMSITh KaXIOrO KOMIIBIOTEpa
JIOCTATOYHA Uil XpaHEeHUsI BCero mccieayemoro rpada. I1o Gopmanusyercs: Kak
ob6xon rpada KOUIEKTHBOM aBTOMATOB, KOTOPBIM pa3pelieHO HE TOJBKO
0OMEHUBATHCS COOOIICHUSIMH, HO U MMUCATH/YUTATh TIOMETKH B BepiinHax rpada. B
yactHocTH, B [[81],[82]] BeimonHsIOCH hYyHKIIMOHATBHOE TECTUPOBAHKE PA3TUYHBIX
MOJICHCTEM  MOJENH  TIpoIleccopa: K3II  TPEThEero  YpPOBHS,  yIpaBiCHHE
npephIBaHUAME U Tp. MojesbHble rpadbl COAEpkKATd OT HECKOJIBKUAX THICSY 10
HECKOJIbKUX MHIUTHOHOB Y3JI0B M HECKOJBKO MHJUTHOHOB AYyT. TecT BBIMOIHSIICS
MakcuMaibHO Ha 150 koMmbroTepax.

Ecmu wuccnenyemsrii rpag mnomermaeTcss TOJNBKO B CYMMapHYI0 IaMATh BCeX
KOMIIBIOTEPOB, HO HE MOMEIIAETCSA B MAMSTh OJJHOTO KOMITBIOTEpa, 3ajaua Pe3Ko
yenoxkusiercs. OHa Qopmanusyercst kKak 00xoa rpada KOJJICKTHBOM aBTOMATOB,
KOTOPBIM Pa3perieHo OOMEHHBATHCS COOOUICHHUSAMH, HO HE Pa3pelieH0 OCTaBIISATH
KaK#e-TO MOMETKH Ha rpade (4To U 03HavaeT pachpeseiéHHOe pasMmenieHre rpada
Ha HECKOJbKMX KOMITbIOTepax). Hamu npemsosked 3phexTHBHBIN aqroputM Takoro
UCCIIE/IOBaHUS JIETEPMUHUPOBAHHOTO Tpada, MOAPOOHO H3JIOKEHHBIH B HAICH
pabore «O0xox HEW3BeCTHOro rpada KOJUIEKTHBOM aBTOMATOB», KOTOpas B
HacTosIIIee BpeMs OATOTOBJIEHA K nedaTu. bonee panuss (1 meHee 3¢ dekTrBHAs)
BEpCHs 3TOrO ajJropuT™Ma B COKpaIEHHOM BHAE H3JI0keHa B pabore [[90]].

B nanpHeilieM NpeAnosiaraeTcsi COCPENOTOYUTh YCHJIMS HA PELICHHH 3aJaqd
HCCIIeIOBAHUS KOJUISKTHBOM aBTOMATOB 1) HeleTepMHHHPOBAaHHBIX rpados, 2) ¢
UCIIONB30BAHMEM BHEINHEH maMsaTH, 3) Ha Tmonknaccax rpadoB, KOTOpPbIE
MPAKTHYECKH 3HAYMMbl M Ha KOTOPHIX MOXKHO pa3paboraTh Oosiee OBICTpBIC
AIITOPHUTMBI.
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Conformance theory development:
semantics, formal models, algorithms

Igor Burdonov, Alexander Kossatchev

Abstract. The paper covers theoretical and practical works on conformance testing
performed in ISP RAS since 1994 till now. The conformance theory development was done
in various directions and, in the whole, was characterized by generalization of the interaction
semantics, models and conformances in use. The necessity of such generalization was
imposed, first of all, by requirements of testing practice. It is true for such system properties
as nondeterminism, partial specified, asynchronous behavior, diversity of test stimuli and
observations of the implementation behavior etc. It was always focused on testing
effectiveness defined both by optimization of tests suites and by test generation algorithms
including on-the-fly. We consider the main milestones on this way in a brief and informal
discussion, paying attention not to details, but to the main problems and their solutions trying
to reveal the common tendency of the development.

Keywords: Interaction semantics, finite state automata, LTS, IOLTS, traces, conformance,
priorities, simulation, reduction, test generation, testing optimization, specification
completion, system composition, mediators, modeling, implementation, specification, safe
testing, graph learning, graph traversal, parallel testing
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