TECTUPOBAHUE C IPEOBPA3OBAHUEM CEMAHTHUK

N.B. Bypaonos, A.C. Kocayes

1. Beenenue

TecTupoBaHue Ha OCHOBE MOJIEIEH IPOBEPSET COOTBETCTBUE MEXKAY MOJENBIO TECTHPYEMOW INPOTPaMMBI
(peanmuzanmeit) u Moxenpio TpeOoBaHMH K Hel (crenm¢ukanuer). OOBIMHO 3TO COOTBETCTBHE OIPEAEIAETCS B
HPENOIoXKEHHU, YTO 00e MOJAENHU OIpeleieHbl Ha OfHOM ypPOBHE aOCTpaKIMu. DTO O3HAYaeT, YTO OHH UCIIONB3YIOT
OIIHU M T€ K€ MOHSATHS TECTOBBIX BO3/ICHCTBHI 1 HAOJIIOICHNH 32 OTBETHBIM [TOBE/ICHUEM peal3alliy.

Ha IMPpaKTUKE MOICIU pcaiu3alvu " cneumbm(aunn OKa3bIBAIOTCA OINPCACICHHBIMU Ha Pa3sHBIX YPOBHAX
a0CTpaKIMy, KOTOPblEe HY)KHO COIVIACOBBIBATh NPH TECTHPOBaHMU. [IJIsi 3TOr0 TECTOBOE BO3JECHCTBHE HAa pealIM3alUI0
mpeoOpa3oBEIBACTCS C YPOBHS aOCTpaKIMK crenu(UKaIi Ha YPOBEHb aOcTpakimu peanu3anuu. HaoGopoT, xaxmoe
OTBETHOE HAONIONCHWE IIPEOOpa3OBBIBACTCA C YyPOBHA aOCTpakIMW peanu3alii Ha YPOBEHb aOCTpaKINH
crnemudukayuu. OTH TPeoOpa3oBaHUSl B paMKaxX TECTOBOW CHCTEMbI BBINOJHSAIOTCS CHENHATBHOM ITPOTrpamMMoii,
Ha3bIBAEMOUN MeoUamopom.

B nanHOl pabore wucciemyercs BONPOC O TOM, KaK MEHSIETCS COOTBETCTBHE MEXIY pealn3anued u
crienuduKalyei ¢ yueToM MeAUaTopHoro npeodpazoBanus. Takoe npeoOpa3oBaHUe NOHUMAETCS KaK IIpeoOpasoBaHue
CCMAHTUK B3aHMO)IeI>iCTBPIS[.

2. Teopusi KoH(opMHOCTH 0e3 MPeodpa30oBaHUA CEMAHTHK

2.1 DopMaM3anms TeCTUPOBAHUSA

TecTupoBaHMe — 3TO TIpOBEpKa B TPOIECCE HKCIIEPUMEHTa COOTBETCTBHS (KOH(POPMHOCTH) peanu3alun
TpeOOBaHMAM, 33JaHHBIM B BHAE CclelM(UKaIMU. IJTO COOTBETCTBHE ONIpENENsieTCs CEMAaHTHKOM TECTOBOTO
B3aUMOJICHCTBHS, KOTOpas OIMCHIBAET BO3MOXKHBIC TECTOBBIE BO3JCHCTBHS M BO3MOXKHBIC HAOJIIOEHUS OTBETHOTO
noBeseHus peanu3anuu. bynem 3anaBars cemanTuky napoit (7,N), rne T — MHOXECTBO (TECTOBBIX) BO3AEHCTBUIL, IV —
MHOXCECTBO JOIMYCTUMBIX Ha6IHO}1€HI/II\/’I.

Pe3ynbraroM Ka)kJ0ro TECTOBOTO KCIIEPUMEHTA SIBIISIETCSl YePEIYIOIIascs MOCIIeI0BaTeNbHOCTh BO3ICHCTBUI
W HaONIOAEHWH, HAYMHAIOIIAsICA C BO3ACHCTBHUS M 3aKaHUIMBAIOMIAascsd HAaOMIOICHUEM, KOTOPYIO MBI OyleM Ha3bIBaTh
ucmopueti. MHOXECTBO BCE€X KOHEUHBIX HCTOpHH 0003HaumM depe3 X. OmpenenuM Mmodens peallu3alid WIH
crenuduKaMy Kak NpeHKc-3aMKHYTOE TMOAMHOXECTBO 2[X HCTOpHH: BMECTE C KaXIOH MCTOpHEH MHOXECTBO 2
comep KuT JIo0oH ee mpeduke, spistomuiics ucropueil. O603HaYNM MHOXKECTBO HAOMIONeHHH mocie uctopud O u
BO3AeliCTBUS 12 /5(0,1) =4 ¢ {nLIN|OUAX }. OrobpaxeHue fs ABIACTCS OAHUM U3 CIOCOOOB 3a(aHHsT MOLCIIH:

2 = h(fs) =yop 10|UI=2,4,....|0] 0()UAO[1..1-2],0(i—1))}.

Bynem HaseiBath BosnecTBHe ¢ Gesonacnbim nocne ucropun O , ecnu f5(0,0)#0; B npoTHBHOM Ciy4ae —
OMnacHbIM. MBI MpenonaraeM, 4To eciii IIpH TECTUPOBAHUH 1OCIIE TPACChl O BBIMOJHSAETCS 0€30I1aCHOE BO3JCHUCTBHUE 7,
TO OJIHO M3 TakuxX HaONOJeHuit 7 00s3arebHO Oy/IeT MONyYeHo Yepe3 KoHeyHoe Bpems. TecTupoBaHKe, PU KOTOPOM
UCTIONB3YIOTCA TOJIBKO Oe30mmacHble BO3ACUCTBHS, OyIeM Ha3bIBaTh Oe3ondacHuiM. Monenb 2 COHCPKHUT TOJIBKO
6e30MacHbIe HCTOPHU.

Jns Toro, 4ToOBI TecTHpOBaHWE ObUIO OE30MACHBIM, pEATM3AlMs JOJDKHA YIOBIETBOPSATH ClEAyIOUICH
eunomese 0 6e30nacHocmu: ey Mocie o0IIel UCTOPUU peaTH3aluu 2 u cnenuuKay 2 Bo3IeHCTBHE OE30IacHO B
cnenudUKay, TO OHO OE30MacHO B peanu3aiu (Takas pealn3allis Ha3bIBACTCS 0Ee30MACHO-MeCmupyemo): 3
safe for 2 =, . [6EANZ " oioT (o020 O fs.(0,0)20).

KoudopmHocTs ompezensiercst uis  0€30MacHO-TECTHPYEMBIX —peaju3allii M O3HayaeT, 4To Jro0oe
HaOJIIo/IeHNe, BOBMOKHOE B peaM3alliy IpH 0€30MacCHOM TECTHPOBAHUU, pasperiaercs crennuxanueid (B03MOXKHO B
Heil) B aHAIOTUYHOW CUTYalllH, TO €CTh B OTBET Ha TO )K€ CaMOe BO3JEHCTBUE TIOCIIE TOH K€ CaMOi HCTOPHH: ¥ saco T
=ser L safe for T & BENT " OOT f,(0.0)0f(0.0).

2.2 LTS-monean

MHuoxecTBO 2 MM OTOOPaKCHHE fs SIBISIOTCS TEOPETHICCKH OC3yNPEUHBIMHU, HO HPAKTHYCCKH HEYIOOHBIMH
croco0aMu 3afaHus MOJEIH, ITTOCKOJBKY, KaK IIPaBMJIO, YWCIO HCTOpHil OeckoHeuHo. bonee ymoOHON Mopenbio
apisercs LTS (Labelled Transition System) — opueHTHpoOBaHHBII TIpad, B KOTOPOM BEPIIMHBI HA3bIBAIOTCS
COCTOSIHUSIMH, OJIHO COCTOSIHHE BBIJICJICHO KaK HauyaJIbHOE, a JyI' IOMEYeHbl CHMBOJIaMU U3 HeKoToporo andasura L n
HA3bIBAIOTCS TIepexonamMu. B kauecTBe TaKUX CHMBOJIOB MBI BBIOHpAcM mapbl (Bo3aekcTre, HaOmoaeHue). Kpome toro,

UCIIOJIB3YEeTCSl CUMBOJI T, MOAGJIUPYIOIIMH CaMONPOHU3BOJIbHOE (HE3aBUCHMOE OT BO3ICHCTBUI) M HeHalOmomaemoe
W3MEHEHHE COCTOSIHUSA. [y pasnuyeHus OmacHBIX W O€30MAaCHBIX BO3ACHCTBHI BBOOWTCS CIIEHHAIBHOE HAOMIONEHHE
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yON, xotopoe HasbiBaeTcsi paspyuienuem. OHO MOpeNUpyeT Jr00oe 3alpeniéHHOe MPH TECTUPOBAHHU MOBEICHUE
peanu3aium.
®opmansro, LTS-monens B (TV)-cemantuke — 310 coBoKynHOCT S=LTS(V,L.E,s,), tae Vg — Hemycroe

MHOXKeCTBO coctosuui, L=TX(NU{Y}) —andasut, £V X(LU{T})XV ¢ — MHOKECTBO Epexonos, s, 1V — HavanbHOe
cocrostaue. st a,bUV g, zULU {1} obo3naunm: aliz b=, ((azb)UEcuallz—~ =, [ballz-b.

Mapwpymom LTS Ha3pIBaeTCs MOCIIEAOBATEIBHOCTh CMEKHBIX IMEPEXOI0B: HAYAI0 KAXKIOT0 Mepexona, KpoMe
MEepBOT0, COBMaAaeT C KOHIIOM mpeablaymiero nepexoaa. Korma k LTS nmpumeHnsiercss Bo3neicTBHE £, OHA BBITOIHSIET
nepexon all(t,n) —» b c HaOIrOAEHUEM 7, TIEPE U MOCIE KOTOPOTO MOTYT BBIIIOJIHATHCS HEHAOIIoaeMble T-IIEePeXOIbl.
Hcmopusi mapuipyma — 3T0 MOCIEN0BATEIbHOCTD BO3/ICHCTBHII U HAONIOCHN I, KOTOPBIMU MIOMEYEHbBI €ro Mmepexosl (C
nmporyckoM T-miepexonoB). Yepes S after 0 o6o3HavaeTcss MHOkecTBO coctosHuii LTS S mocne wcropun O, TO €CTh
MHOJKECTBO KOHEUYHBIX COCTOSIHMEM Bcex MmapipytoB LTS S, HauMHAIOIMXCS B HA4YaJIbHOM COCTOSIHUM M HUMEIOIINX
UCTOPHIO O.

BozneiicTBue 6e30macHO B pean3aniil (B COCTOSHUH WIIH TIOCIIE UCTOPUH), €CITH OHO HE MOXET MPUBECTH K
pa3pylICHHIO ¥ Yepe3 KOHEYHOEe BPeMsl TapaHTUPOBAHO MOJy4YeHHe HaOrofeHus. MOXKHO BBIICIUTh TPU YCIOBUS
OIIaCHOCTH BO3JIEHCTBUS.

1. Ecnu B coctostHUM a ompeneneH nepexon all(t,y) —, To BO3ICHCTBHE ¢ OMACHO B COCTOSHHH d, a TAaKXKe B JIFOOOM
COCTOSIHHMH, U3 KOTOPOT'O COCTOSIHUE ¢ JJOCTHIKMMO MO T-IIepexXo/iaM.

2. CocrosiHUE a OugepeenmHo, eciai B HEM HAYMHAETCsl OECKOHEUHBIH T-MapLIpyT, TO €CTh MapLIPYT, COCTOSIINI U3 T-
MepPexoioB, (B YaCTHOCTH, T-IMKI). B MPOTUBHOM Citydae cocTOsiHUE KoHeepeenmuo (o0o3Havdaercs at). Ecmu LTS
OKa3aJIaCh B TUBEPICHTHOM COCTOSHHH, TO TIPH JTFOOOM BO3ICHCTBHM OHA MOKET BBIMOJHATH TOJLKO T-TICPEXOMBI, U
HHUKakoro HaOmonenus He Oyaer. [103ToMy B JUBEPreHTHOM COCTOSIHUH JIF000€ BO3/ICHCTBUE CUUTACTCS OMACHBIM.

3. Cocrosinue cmabunbHo, €CIi B HEM HE OIpeieNeHbl T-nepexo/sl. Bo3neiicTBre ¢ cuuTaeTcsi OacHbIM B CTa0UIbHOM
COCTOSIHUH @, €CIIM B OTOM COCTOSIHHH HE ONPE/ICIICHbI TIEPEXObI M0 3TOMY BO3JCHCTBHIO, TO €CTh MEPEXO/bl BUA
all(tz) - b, roe zONO {y}.

B peanusanuu Bo3ieiicTBUE OMACHO MOCIE UCTOPHH, €CIIH OHO OIMACHO 110 JI0OOMY U3 ycioBuid 1-3 xoTs ObI B
OJIHOM COCTOSIHUH TIOCJIE 3TON MCTOPHUH, IIOCKOJBKY Peaii3allisi MOXKET OKa3aThCsl B 3TOM COCTOSIHUH.

B crienudukanuu g1 6€30MaCHOCTH BO3JCHCTBUS TOCIE HCTOPHU TAKXKE JIOJDKHBI OBITh BBITIOJIHEHBI YCIOBHUS
1 ¥ 2 ans KaXAOTO COCTOSIHUS ITOCIIe UCTOPUH, a YCIOBHE 3 JODKHO OBITH BBITOJHEHO XOTS OBl B OJHOM COCTOSHHU,
MMOCKOJIbKY B 3TOM COCTOSHMHM HCTOPHS CIEHM(DUKAIMK HMEET MPOJODKCHUE, KOTOPOe OymeT IMPOBEPSATHCS IPH
TECTHPOBAHUU.

Hcmopus  bOesonacna, ecnmm B HeHl Kakgoe BO3ACHCTBHE O€30MacHO IIOCIE  HEMOCPEACTBEHHO
MpemecTByIomero emy npedukca. MHOecTBo 6e3omacHeIx ucrtopuid LTS S, paccmarpuBaemoil Kak crierudukanus,
obo3naunMm sh(S), a LTS S, paccmarprBaeMoii Kak peann3amnusi, 0003HaINM shA(S).

Hust LTS S onpenenum otoOpaxkenue fg st crenrduranuy u orobpaxenue fg, ut peammsauuu: [0 LT

UnON
Jf(0,0) = {nON|CkU(S after 0) alJ (t,n) — & UbL(S after 0) bt & ~(bLJ (1Y) -)},
JSo(0,0) = {nlf(0,0)|Uall(S after 0) aliT1—~ UUn all(t,m)- }.

Torna sh(S) = h(f) u sh'(S) = h(f,).

2.3 I'enepanus TecTroB

TecT — 3TO UHCTPYKLKS, B KAKIOM MTYHKTE KOTOPOW yKa3bIBA€TCsl BO3JCUCTBUE, KOTOPOE HYXKHO BBIMOIHUTD, U
JUTSL KQKOTO HAOMIONEHUS — MMyHKT UWHCTPYKIIUH, KOTOPBIN HOJKEH BBITIONHITHCS CIACSAYIOIINM, WA BEPAUKT (pass Win
fail), ecmu TectupoBaHUWe HYXHO 3aKOHUYUTH. B [1] Takas MHCTPYKIMS COOTBETCTBYET (POPMAIEHOMY OIPEACICHUIO
VIIPaBIIEMOTO TECTa, KOTOPBIA OJHO3HAYHO OMpPEACIICT TeCTHPOBaHuE (0e3 JIUITHET0 HeICTSPMUHI3MA).

Peanuzauust npoxooum Ttect, ecnu €€ TECTHPOBAHUE BCErJa 3aKaHYMBACTCS C BEPIAUKTOM pass. Peanmzanus
MPOXOAUT HAOOp TECTOB, €CIM OHA IMPOXOJUT KaXIblH TecT W3 Habopa. Habop TecToB smauumblii, ecnu Kaxnas
KOH(OPMHAsI peanu3alys ero MpoXoIHT; UCUEPNbIBAIOWUL, ECITN KaXKaas HeKOH(GOPMHAs pean3alisi ero He IPOXOIUT;
NOMHbI, €CIIM OH 3HAa4YMMbI M WCYEPNbIBAIOIIMI. 3ajada 3aKiIiodaeTcss B TEHEepaluH IOJHOrO Habopa TeCTOB MO
cnenn(ruKaIm.

[MonHelii HAOOP TECTOB BCETa CYIIECTBYET, B YaCTHOCTH, UM SIBISIETCS HAOOp BCEX MPUMUMUGHBIX TECTOB.
Takoii TECT CTPOUTCS MO ONHOW BBIICICHHOW Oc30MAacHON UCTOpUH crenudukanmy. Eciu HaOmoneHne, moay4eHHOe
MoCJie BO3JCHCTBHSA, TPOAOIDKACT HMCTOPHIO, TECT MpomoibkaeTcs. llociemHee B HMCTOpUM HAOMIONCHHWE W JIFO0OE
HAOJFOZICHUE, BENYIIIEC B CTOPOHY», BCEINa 3aKaHYMBAIOT TCCTUPOBAHKE. BEpIAMKT pass BEIHOCUTCS, €CIIU MOJTYYCHHAS
UCTOpUS €CTh B CHelU(UKAIWU, a BepAWKT fail — ecnu Her. Takue BEPAUKTHI COOTBETCTBYIOT CHIPOZUM TECTaM,
KOTOpPBIE, BO-IIEPBBIX, 3HAYNMEIE (HE JIOBAT JIOKHBIX OIMHOOK) M, BO-BTOPBIX, HE MPOITYCKAIOT OOHAPYKEHHBIX OIMINOOK.
JIro60i1 cTpormii TecT CBOAMTCA K HEKOTOPOMY MHOXECTBY NMPHUMUTHBHBIX TECTOB, KOTOpHIE OOHAPYKHUBAIOT TE K€
caMble OIIMOKH.

3. Ilpeodpa3oBanue Bo3aelcTBUIl 1 HAGTIONEHMIT
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3.1 Menuarop ceMaHTHK

B u3j10xeHHOH BbIIIE TEOPHU KOHPOPMHOCTU MHPEIIIONIAraeTCsl, YTO pealii3auus U crenudukaims 3a1aHbl B
omnoit (T,V)-cemantuke. Ha mpakthke 0OBIYHO TpeOyeTcss HEKOTOpoe IpeoOpa3oBaHHUE CIENU(PHUKAIMOHHBIX
BO3JCHCTBUI B pEaJM3allMOHHBIC BO3JICHCTBHS M 0O0parHOe MNpeoOpa3oBaHME pPEaTM3AUOHHBIX HAOMIONCHUI B
cnenudukaonnsle HaOmoneHus. [IporpamMa, ocymiecTBISIOMAs 3TH MPeoOpa3oBaHMs, HAa3bIBACTCS MEIHATOPOM.
DTO O3HadaeT, YTO pealu3alus MOXeT OBITh 3aJaHa B JAPYro (TA,NA )-CeMaHTHUKe, W MEAHATOp OCYIIECTBISET
mpeoOpa3oBaHHe CEMAHTHK.

B npocreifiieM ciydae CeMaHTUKH PA3JIHYAIOTCS TOIBKO PA3HBIMH CIIOCOOAMHE MPEICTABICHUS OJJHUX U TEX JKe
BO3/ICHCTBUN M HAOMIONCHUU B peanm3annil U cnennudukaniy. /J0cTaTo9HO B3aMMHO-OJHO3HAYHOTO MpPeoOpa3oBaHUS

muoxkectB To T" u N N'. B o6weM cirydae Takoro mpeoGpa3oBaHis HEIOCTATOYHO, TIOCKOIbKY CIIELA(UKALIS, KAK

MpaBUJIO, ONpe/essieTcsl Ha 0osiee BRICOKOM YpOoBHE abCTpakiuuu. PaccMOTpUM HECKOIBKO MPUMEPOB.

1. [Nepenaua coobmienuii. B cnenudukanmm Moxer OBITH OmpeneieHa omnepaius (BosneiicTBue) send(m) nepeaaqu
coobmieHus m, a B peanusanuu — send(m,i) ¢ ykazaHueM JOIOJHUTEIBHOTO MapameTpa i — HOMepa OJHOTO U3
HECKOJIbKHX MOpTOB. Ha ypoBHE cnenuguKaiyyu TecT IPHHUMAET J1000€ COOOIIeHNEe OT peaIn3aliy, OTCYTCTBHE
cooOmeHnit TOHUMaeTcs Kak ocoboe HaOmomeHHe — OTKa3. Ha ypoBHE peanmu3alii TECT MOXKET NPHHAMATh
COO0O0IIeHNe TOIBKO U3 OHOTO TIOPTa, U I HAOIIOAEHHS CIIeIM(PUKAIIMOHHOTO OTKa3a HY)KHO BBIITOIHUTD PHUEM 10
KaXIOMY TOPTY M YOEOUTHCS, YTO HHIJE COOOHIEHWH HeT. B 3ToM mpuMmepe omHOMY crenn(UKaMOHHOMY
BO3/ICHCTBHUIO Send(m) COOTBETCTBYeT MHOXKECTBOHBIC TECTOBEIC BO3ACHCTBHS W OOparHOe mpeoOpa3oBa
peaM3aloHHbIX BO3/eHCTBUI Send(m,i), KaXI0e U3 KOTOPBIX HY)XHO BBINOJHUTH B TOM K€ CaMOM COCTOSIHUH
peanM3anMM JUIS TOTO, 4YTOOBI MHpPU MOJHOM TECTUPOBAHMM OCYIIECTBHTh Tpedyemoe creuuduKaioHHOe
BO3JIEUCTBUE [IJII BCEX BO3MOXHBIX CUTyalluid. Peanmu3aliMOHHBIH OTKa3 HE MEHSIET COCTOSHUSA pealn3alid, HO
HpUeM COOOLICHUS, BOOOIIE TOBOPS, MEHSIET COCTOSIHME, U MIPUEM M3 JPYTroro mopra MOXHO OYJeT clearh TOJIBKO
TOr[a, KOTAa peajm3alus CHOBA OKaKETCI B TOM K€ COCTOSHHH, a TECT OOBSBUT MpHeM cooOmeHwid. Takum
o0pa3oM MeamaTopHOe MpeoOpa3OBaHME, BO-TIEPBBIX, aJATUBHO — pEaNTW3allMOHHBIC BO3IEHCTBHA 3aBHCAT OT
TIOYYCHHBIX pPEAM3alMOHHBIX HaOmMoneHni (COOOIIeHne WM OTKa3), M, BO-BTOPBIX, 3aBHCHUT OT COCTOSHUS
peanu3ayn, B KOTOPOM OHO HauMHAET BBITOTHSITHCS.

2. [yn snementoB c¢ onepauusmu alloc u dealloc. B cnenudpukanum nyna omnpenencHa onepaius dealloc 6e3
rapaMeTpoB, MOHMMaeMasi Kak 0CBOOOXKJEHHUE JII0OOro paHee 3aHATOro HIEMEHTAa, a B pealu3alldy 3Ta Ollepanus
TpeOyeT B Ka4yeCTBE MapaMeTpa yKa3aTh KOHKPETHBIH 0CBOOOKIaeMblii 3eMeHT dealloc(i). Ilycts peanusarius
VAOBIIETBOPSIET CIIENYIOIICH THIIOTe3e: BCE COCTOSIHUS IyJa, COOTBETCTBYIOIIME OJHOMY M TOMY K€ MHOXKECTBY
3aHATBIX DJIEMCHTOB, SKBHUBAJICHTHBHI. AHAJIOTWYHO TIPEABIIYINIEMY NPUMEpPY ONHOMY CIEUU(PUKAITMOHHOMY
Bo3z1eHCTBHIO dealloc cOOTBETCTBYeT MHOKECTBOHBIE TECTOBBIE BO3IEHCTBUSA M O0OpaTHOE mpeodpa3oBa (M0 YHCITY
3aHSTHIX AJIEMEHTOB) PEATM3AMOHHBIX Bo3nelCcTBUi dealloc(i), KaXmoe U3 KOTOPBHIX HYXHO BBITIOIHHUTB XOTS OBI B
OITHOM COCTOSIHUH peajH3alld, COOTBETCTBYIOIIEM TAaHHOMY MHOKECTBY 3aHSTHIX aTOMOB. ECTh NIBa oTiHYHS OT
npensiaymero npumepa. 1) MeauaropHoe npeoOpa3oBaHHe HE aJalTUBHO: OT HaOmoneHuil (ynajieHue i-ro
SJIEeMEHTA ITyJIa MM OTKa3, KOTJa i-bIi 3JIEMEHT CBOOOJICH) 3aBUCHUT TOJIBKO COOTBETCTBYIOIIEE CHEHU(PHUKAIIMOHHOE
HaOIIIo/IeHne, BO3BpAIllaeMOe B TECT, HO HE IOCIENYIONINe Pealn3allMOHHbIe BO3JCHUCTBHUS, TaK KaK JUIS KaXJOTro
BozneiictBus dealloc BbmonHseTcs TONbko onHO BoaxaeiictBue dealloc(i). 2) IlpeoOpa3zoBaHue 3aBHCHT OT
MHOKECTBA 3aHSTHIX JIEMEHTOB, BRIYHACIIIEMOE 10 MPEIBICTOPUH B3amMoneiicTBus. 1o rumorese, 3aBUCHMOCTE OT
peaNn3aioNHOTO COCTOSIHASL MOXHO HE YYHTBHIBAaTh, MOCKOJIBKY COCTOSHHS C OTHHM MHO)KECTBOM 3aHSTBHIX
AIIEMEHTOB SKBUBAJICHTHEIL.

3. CranmonapHoe TectupoBanre. CrnenuuKaIys OnuchiBaeT KOHSUHBIH aBTOMAT, KaXKIBIH TIepexol KOTOPOTO MOMEYeH
napoit  (ctumyn xU/, peakuust yJO); cneundukanmonnoe BozaedctBue P(x)={(x,y)yJO} o3Ha4aer mOCBUIKY
cTHMyNa X W mpueM mob6oi peakumu yUO. Peamusanms npencrasmser coboit LTS, kaxkapni (He T-) mepexon

o o A A o A
KoTOpoil momeueH nmbo ctumynoM xUJ, nmmbo peakuumein y O ; peanuzaumoHHble Bo3aeucTBus: P (x)={x},
A A o
O3Hayarolee MOChIIKY cTUMyAa x, 1 P =0, 03Hauarolee npueM Jr000# peakiyu. Meauarop mochulaeT CTUMYI X U
100 BO3BpAlIAeT OTKa3 (CTHUMYN HE IIPUHAT, TaK KaK B COCTOSHHM PEAIN3AIMK HE OIPEAENICH MIEPexXos 10 3TOMY
CTHMYITy), MO0 MPUHUMAET PEAKIUH A0 TEX MOp, MTOKA OHH MOCTYMAIOT OT PEATM3aINH, a 3aTeM JUIS TOTyIeHHON
(V) A A [y
(ObITH MOXET, MyCTOMH) MOCNENOBATENLHOCTH Y ,...,) =~ PCAIM3ALMOHHBIX PEaKUMi BBIIACT Kak HaOIofeHue

CHeUU(PHUKAIMOHHYIO PEAKIHIO y:M(yAl,. . .,yAn). @ynknus M Kak pa3 u oNpeessieT MeANaTopHoe peodpa3oBaHHe.

TectupoBanue 4depe3 TakoW MeIUarop MHOTAA HA3bIBAIOT CTAMOHAPHBIM TECTHUPOBAHHEM, MOCKOJIbKY CTUMYIIbI
MOJAFOTCSA TONBKO B CTAllMOHAPHBIX COCTOSHUSX pealM3allill — COCTOSHHUSAX, B KOTOPBIX HET peakmuii [3].
CrierupKanmOHHOMY BO3JICHCTBHIO COOTBETCTBYET IIOCIICOBATEIBHOCTh PEATM3AIMOHHBIX BO3ICUCTBHE, B
MpoLiecCce BBHIMIOJTHEHUSI KOTOPOH COCTOSIHME pealu3allii MEHSETCs, HO, B OTIMYUE OT MEepBOTO MpUMEpa, HAC
HHTEPECYeT COCTOSIHHE TOJBKO B KOHIIE TIOCIEAOBAaTeIbHOCTH, COOTBETCTBYIOIIECE IIOJHOMY BBIIIOJTHEHHUIO
crienupUKaIMOHHOT0 Bo3nercTBus. [IpeobpazoBanue aqanTUBHO, HO HE 3aBUCUT OT peaTu3alldOHHBIX COCTOSHUH.

B obmem cimydae Memuarop MOXKET OKa3aThCs CIIOKHOW IPOTpaMMOM, OCYIIECTBILIOMICH MeIHaTHBHBIC

(yHKIMN MEXAy peau3anneii B (TA N )-ceMaHTHKE U TECTOM, TeHepUpyeMbIM 110 criennukanuu B (7,/V)-ceMaHTHKe.
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Meauatop KOMIIOHYETCS C TECTOM; pe3yibTaT Takoil KOMITO3HIMH paccMarpuBaercs kak tect B (T ,N’)-ceMaHTHKe,
B3aMMOJIEHCTBYIOIINI HAMIPSIMYIO C peaau3aluei.

3.2 YerpoiicTBO TecTa 1 MeauaTopa

Korma Tect HemocpenCTBEHHO B3aMMOJACHCTBYET C pealu3anued, Bce BO3ICHCTBHA U  HaOJIONCHUS
peanu3anuoHHble. [Ipy TecTupoBaHUM uepe3 MEJUATOpP C peanu3alueil HemoCPEeACTBEHHO B3aUMOIEHCTBYET MeIuarop,
a uHTepdeiic Menuaropa u tecra Oyaer apyroii. Pabora tecra, renepupyemoro mo crneiudukanuu B ( 7,N)-ceMaHTHKE, —
9TO YepeNyIoIIascs MOCIeA0BaTeIbHOCTh TECTOBBIX Bo3zAeicTBuid (LT U monydeHHbIX B OTBET Habmionenuit nlIN. B
Menuarope Mexay BozaeiictsueM {1 T u HabmronerneM 7LV mponcxoauT B3aUMOACHCTBHE MeIuaropa ¢ peajn3anueii B
(T",N")-cemantnke. ITO B3aMMONCHCTBHE OTIMYACTCS OT B3AWMONCHCTBHS TECTA M pEANM3allid B  OIHOI
(T",N")-cemantnke: 1) BMECTO BBHIHECCHHS BEPIMKTA BBLIACTCS CICHU(HUKALHOHHOE HAGTIONCHNE, 2) B3aHMOICHCTBHE
Ha4YMHAETCS MTOCTIe TOMYyYeHUS ClIenU(UKAMOHHOTO BO3EHCTBHSI.

CocrosiHus Meauaropa 6y)leM Ha3bIBaTh M-COCTOAHUAMU, OHHU 6bIBa}OT TPEX TUIIOB. B m-cocrosituuu 1-ro thmna
NPUHUMAIOTCS clienn(pUKaMOHHbIE BO3JEHCTBHS, TPUYEM MEANATOp OTOB NPUHATH Jitoboe BozaericTBue tL7. Tlocne
MOTYYECHUS BO3ACHCTBHS MEIHATOP B3aUMOJAEHCTBYET C peanu3alfiedl B M-COCTOSHUAX 2-TO THIA, U Yepe3 KOHEYHOE
YHCIIO IIAroB MEPEXOJHUT B M-COCTOSIHKUE 3-TO THIIA, TIe BbAaeT crennpukanuoHHoe HadoneHue nIN ¢ nepexonom B
m-COCTOsIHUE 1-ro TUna.

Ioclte TONydYEeHHs IPH TECTHPOBAHHH PEANM3ALMOHHON HCTOPHH O TECT 0oOpamlacTcsi K MeIHaropy co
crienu(pHUKAIMOHHBIM BO3JICHCTBHEM f, Janee MeIuaTop B3aMMOACHCTBYET C pealn3alieil, KOTopas MPOXOAWT ITocie
vcTopuH O MCTOpHIo A, TOCHE 4ero MeIMarop BO3BPALIAET TECTy CICHH(UKALMOHHOE HAGIIOACHHE 1, KOTOPOe,
BOOBIIE TOBOPS, 3aBHCHT OT O, { B A . DTO 03HAYAeT, YTO MeAMarop (HOPMAIBHO MOXKHO 3aJaTh B BHIE IBYX

0TOOpaXKeHUH MI:XAXT—>2XA u MZ;XAxTxXA_,N, me X u X' — MHOXecTBa ucropuii B (T,N)- u
(T" ,N)-cemantukax: uA=0A[ZADM1(GA,t) u n=M2(GA,t,uA). [Ipennonaraercs, 4To Menuarop, Kak M TeCT B

(T",N")-cemanTHKe, TOTOB HONyYaTh OT PeaTH3aLUi IHOObIe HaGmonennus 3 N . DTO 03HAYAET, 4TO 3aMBIKAHHE IO
vy A A (v
B3ATHIO MPe(rKCa MHOXKECTBA UCTOPUI [ , reHepupyeMbIx oToOpaxkenreM M (O ,f), BETBUTCA B KaXIOH TOUKE MOCIE

0" 1o Beem HaGroneHMsIM 13 N .

MenuaropHoe mpeoOpa3oBaHUE MOXKET 3aBHCETh OT cocTosHus LTS-peanmzanmu. Ecmu Takoi 3aBHCHMOCTH
HCT, JOCTATOYHO HMETH OAHO M-COCTOSHUC l-I‘O tuna. Ecim €CTbh, TAaKUX M-COCTOSIHUH HECKOJIbKO, U OAHOMY
M-COCTOSIHHIO 1-TO THIIA COOTBETCTBYET MHOXKECTBO 3KBHBAJICHTHBIX COCTOSHHUN peanu3anuu. B 3ToM ciyyae nomkHa
OBITH BO3MOXKHOCTb OIPOCHTH PEATHM3ALHOHHOE COCTOsIHUE. TeCTUpOBaHHE C TAKOH BO3MOXKHOCTBIO HAa3bIBACTCS
TECTUPOBAHUEM C OTKPBHITBIM cocTosiHueM [2,4]. IlpeamomaraeTcsi, 4TO OMPOC COCTOSHHS JTOCTOBEPEH: B KaXKIOM
COCTOSIHAM BO3BPAILACTCS. UMEHHO 3TO COCTOSHHE. DTO MOXXHO TMOHHMMATh KakK 00aBJICHUE BO3JCUCTBUS qA orpoca
cocrosrnst k T'. Muoxectso N pacIIUpPSeTCs COCTOSHUSMH pealin3alui. B KaXJOM COCTOSHUM [ peau3aluu

3 A, .
JN00aBISIeTCST TEPEXON-MIETIIsl MO OHpoCy cocTostHust iva(q ,i)®i. Torma 3aBUCHMOCTh MeEIHATOpPa OT COCTOSHHS
peam3auy CBOAUTCA K aJalTHBHOCTH, TO €CTh 3aBUCIMOCTH OT HaOIIOneHNI.

33 I'unore3a o 6e30MaCHOCTH M KOH(POPMHOCTH
o A
Menunaroproe orobpaxenue M| TeHEPHPYET OTOOPaKEHHE UCTOPHI M3:X—»2x , Jarouiee TO MHOXECTBO

pcain3allMOHHBIX I/ICTOpI/IfI, KOTOpPbIEC MOT'YT OLITh IMOJIYYCHBI IIPU NPOXOKIACHUN L[aHHOﬁ CHeHPI(I)I/IKaHI/IOHHOfI HUCTOpUU.
Ono OIIPCACIIACTCA CIACAYIOINMU TPpaBUJIAMU:
1. My(e)={e},

2. BX  OOT OnON My(odi)={y |6 "0OM;(0) W OM (0”0}

Ha ocHoBe OTOOpa)keHHS HWCTOPUI IEPEONpEeNeIuM THUIOTe3y O Oe30MacHOCTH W KOH(POPMHOCTH IS
TECTHPOBAHUS Uepe3 MeANaTop:

5" safe for 3=, 60X 6 "'OMy(0)nZ" OtOT (f (0,020 M,(0"H)nZ #0).
Y saco 3 = dof 2 safe for Z
& OB 0 "OM,(0)nz" OOT [ "OM,(0",)nZ" My(0" L") If(0.0).

34 IIpeoGpa3zoBanue COCTOAHUI

Ecmu ucmonms3yercs LTS-momens W B peann3aliil ONpeAeicHa OIEpalus OMpoca COCTOSHHS, TO, KpOMe
BO3JCHCTBUI ¥ HAOIIOACHHN, MEIUATOP MOXKET MPeoOpa3oBhIBATH TAKKE W COCTOSHHUS: W3 PEaM3allMOHHOTO B
cnenudukaponHoe. B 3ToM ciiydae mpeanonaraercs, YTO0 Ha MHOKECTBE COCTOSHUM peau3aliy 33JaH0 OTHOIICHUE
SKBHBAJICHTHOCTH, W COCTOSHUC CICIM(DHUKAIUN COOTBETCTBYET KIIACCY 3KBHBAJICHTHBIX COCTOSHHU peaH3allvy.
[TpoBepka 3TOro COOTBETCTBUSI BHIIIOJIHSETCS BO BPEMsI TECTUPOBAHUSI HAPSILY C IPOBEPKOI HAOIIONEHUIA.

Menuarop mpeoOpa3yeT COCTOSIHUE B OTBET Ha JIONOJIHUTEIBHOE CrelU(UKAIMOHHOE BO3/ICHCTBUE ¢ «ONPOC
crenu(UKAIMOHHOTO COCTOSIHUsI», no0aBiseMoe K MHOxectBy 7. MHoxecTBO N pacuIMpsieTcsl COCTOSHHSIMHU
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cnerudukaimu. B cocrosuum s crerudUKanuy J00aBIAETCA TEPEXOA-TIETIS IO ONPOCY COCTOSHUS s¥4(q,s)®s.
MenuaropHoe OTOOpaXkeHHe, TUIOTe3a O 0E30MacCHOCTH W KOH(DOPMHOCTh JiIsi M3MEHEHHBIX CEMAHTHUKH U
cnenn(UKAIIH OTIPEIEIISTIOTCS KaK OOBITHO.
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