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1. BBeaenue

Bepuduxkanus koHHOPMHOCTH TOHUMAETCS KaK MPOBEPKA COOTBETCTBUS UCCIIEAYEMON CUCTEMBI
3aJlaHHBIM TpeOoBaHMsIM. Koria ropopsr o Bepudpukanuy Ha OCHOBE (OPMaTIbHBIX MOJEINIEH, TO
OperoNaraloT, 4YTO CHCTEMa OTOOpakaeTcsi B pealM3allMOHHYIO MOJENb (peaau3alyio),
TpeOOBaHUS — B CIEHU(PHUKAIMOHHYIO MOJENb (CHeu(HKAIN0), a UX COOTBETCTBHE — B
OuHapHOE OTHOLIEeHHuEe KOH(OpMHOCTH. B HacTosmell paboTe Mbl OrpaHUYMBAaEMCs, TaK
Ha3bIBa€MBbIMHU, (DYHKIMOHAJIBHBIMU TpeOOBaHMUAMHU, KOTOPBIE BBIPAXKAIOTCA B TEPMUHAX
B3aUMOJICHCTBUS peanu3alud ¢ OKpykeHueM. Cnenudukanus ONUChIBaeT TpeOOBaHMUA,
HajlaraéMble Ha Takoe B3aumozelcTBue. Peanmzanus koHpopMmHa crneuuukanuu, eciu ee
B3aMMO/ICHCTBHE YOBIETBOPSIET STUM TPEOOBAHHSIM.

Takast KOH()OPMHOCTH MOMKET NPOBEPATHCS IYTEM TECTOBBIX S3KCIEPUMEHTOB, KOIJa TeCT
MOJAMEHSIET CO00H OKpyX)EHHUE UccienyeMoil cuctembl. OHAKO, €CIIM peann3anus U3BECTHA, TO
npoBepKa KOHPOPMHOCTH MOKET OBITh BBIIMIOJIHEHA AHATUTUYCCKHU.

Opnnoli U3 Hambosiee pacpOCTPAaHEHHBIX MOJEINEH SBISETCS CHCTEMa MOMEUEHHBIX MEPEX0I0B
(LTS — Labelled Transition System). Fi3BecTHBI Kak METO/IbI T€HEPALIMH porpaMMel 1o ee LTS-
MOJENIU, TaK M MeToAbl u3BieueHus LTS-momenu u3 Tekcra mporpaMmbl, paboTaronIve Mpu
HEKOTOPBIX OTPAaHWYEHUSX HA HCIOJIb3yEMble KOHCTPYKLHHU S3bIKa MNpOrpaMMHpoBaHus. B
JTAHHOM CTaTh€ MBI HE pPacCMAaTPUBAEM ATH METOJBI U MPEJIOoIaraeM, 4To Kak crenudukanus,
TaK M peajau3anus 3a1aHsl aBHO B Buae LTS-moneneit.

2-0l pa3zen craTbu COJACPKUT OCHOBHBIC IMOJIOKEHUS TEOPUH KOH()OPMHOCTH, M3JIOKCHHOH B
[1-3]. B 3-em pa3zgene npeasaraeTcsi alilrOPUTM aHATUTHYECKON BepUPHUKAIIMKA KOHPOPMHOCTH H
HPUBOJIUTCS OLICHKA €TO CIIOKHOCTH.

2. Teopusi koH(popMHOCTH

2.1. CeMaHTHKA B3aUMO/IEHCTBHUSA U €ro 0€30MACHOCTDL

OtHomeHne KOH(OPMHOCTH OCHOBAaHO Ha TOM WJIM WHOW MOJENH B3aUMOACHCTBHUS. MBI
paccMaTpuBaeM CEMaHTUKH B3aUMOJECHCTBHUS, KOTOpPbIE HCIHOJB3YIOT TOJBKO BHEIIHEE,
Ha0I0JTaeMOe TOBEJCHUE CUCTEMBI U HE YUUTHIBAIOT €€ BHYTPEHHEE YCTPOICTBO, OTpa)kaeMoe
Ha ypoBHe LTS-Monmenu B mOHATHM COCTOSHUS. MBI MOXEM HaOIIOJaTh TOJBKO TaKoe
MOBEJICHUE pean3alii, KOTOPOe, BO-IIEPBbIX, «CIPOBOILMPOBAHO» OKpYKEHHEM (YyIpaBieHUE)
U, BO-BTOPBIX, Ha0JII0JJaeMO BO BHEIIHEM B3aMMOJEHCTBHM. Takas ceMaHTHMKa B3aUMOJCHCTBUS
MOXET MOJEIMPOBATHCA C TMOMOIIBI0O TaK Ha3bIBAEMOM MalIWHbI TecTupoBaHus [1-6]. Ona
npeCcTaBisieT co00i «UEPHBIA AMIMK», BHYTPH KOTOPOT'O HAXOMUTCS peanu3aius. Y IpaBieHHUe
CBOJUTCS K TOMY, YTO OINEPATOp MAIWHBI (MOJEIUPYs pabOTy OKPY>KEHHs) MOCIEI0BATEIbHO
Ha)KMMAaeT KHONKHU Ha KJIaBUAaType MalIMHbI, «pa3peliasy peaanu3aluy BBIIOIHATh T€ WIM UHbIE
nevictBus. HaOmrogeHust (Ha «JaucIiee» MaliuHbI) OBIBAIOT JBYX THIIOB: HaOJIOICHHE



BBITIOJITHACMOI'O peanmanneﬁ I[GI\/JICTBI/HI n Ha6J'IIOI[eHI/IC OTKa3a KaK OTCYTCTBUS BBIIIOJIHACMBIX

neiictuii (puc.1).

y A

A,B,C,.cL
Puc.1. Mammuna TectupoBaHus

[ToguepkHEéM, YTO IpPU YHPABICHUM ONEPATOP pa3pellacT peaJu3alMM BBIITOIHITH WUMEHHO
MHOXECTBO JICHCTBHIA, a HEe 0053aTeNIbHO O/HO JeiicTBue. HampumMep, B peakTUBHBIX CHCTEMax
JeCTBUS pa30MBAIOTCS Ha CTUMYJIBI U peakinu. KaxkIplii CTUMYJ MOChUIaeTCs B peanu3aluio ¢
MOMOUIbIO OTJENBHON KHOIKH, KOTOpasi pa3peliaeT eAMHCTBEHHOE AEUCTBUE — IIPUEM CTUMYJIA.
OnHaKo TMOJTYyYEHUE PEAKUUM OT peanu3aliy YNPaBISETCS OJHOM KHOMKOW, pa3peniaroiieit
peanu3aiyy nocaarh 00y peaKIuo.

Kaxnoli KHONKE COOTBETCTBYET CBOE MHOYKECTBO pa3pellaeMbIX AEUCTBHM. JlelicTBHE MOXET
HAOIOAATHCS, €CIU peaTn3alus MOKET €rO BBIMOJIHUTh U OHO Pa3penieHO HaXaToW KHOIMKOM.
Otka3 HabmomaeTcs, €ClM peanu3als HE MOXKET BBIMOJIHUTH HU OJHO U3 JCWCTBUU,
paspemaeMbix HaxaTtoil kHomkoW. Ilocine HaOmioneHus (HeWCTBUS WIM OTKa3a) KHOIIKA
OT’)KMMAETCs], U BCE BHEUIHUE JIEUCTBUS 3ampelaroTcs. [lanee onepaTop MOXKET HaXaTb IPYTyIO
(MU Ty K€ caMyl0) KHOIIKY.

Bo3MOXHOCTH B3aMMOJEHCTBHS ONPENEISIIOTCA TEM, KaKHE «KHOIOYHBIE)» MHOJKECTBA €CTh B
MallliHe, a TaKKe, JUId KaKuX KHOIMOK BO3MOYKHO HaOmroJeHue oTkaza. B manHoil paborte miis
IPOCTOTHI M3JIOKEHUSI Mbl OyZEeM IpenroiaraTb, 4YTo0 OTKa3bl HAOIIOAAEMBI JUISl BCEX KHOIIOK.
Tem cambIM, ceMaHTHKa B3aUMOJECHCTBUS ompeenseTcs an(aBUTOM BHEIIHUX (HAOII01aeMBbIX)
neiicteuii L. u Habopom R kHomounwsix mHOXecTB. [Ipeamomaraercs, yuto WR=L. Takyio
CEMaHTHKY MBI Ha3bIBaeM R-ceMaHTHKON.

Kpome BHemHuX neHCTBHI peanu3anus MOXKET COBEpIIaTh BHYTPECHHHE (HEHAOIIOacMBbIC)
neiicTBus, 0003HaYaeMble CUMBOJIOM T. DTH ACUCTBUS Bceraa paspenieHsl. [Ipeanonaraercs, 4ro
mr00asi KOHEYHasl TIOCJIE0BATEILHOCTD JIIOOBIX JICHCTBHI COBEPIIACTCS 32 KOHEYHOE BpeMs, a
OeckoHeyHass — 3a OeckoHeYHOe BpeMs. beckoHeyHas MOCIEA0BATEIbHOCTh T-ACUCTBUN
(«3alMKIIMBaHUE» ) HA3BIBACTCS Ougepeenyueli 1 0003Ha4aeTcss cuMBojioM A. JluBepreHius cama
1o ceOe He OmacHa, HO TIPH MOMBITKE BBIX0JIAa U3 HEE, KOT/Ia ONepaTop HAKUMAET KaKylo-HUOY b
KHOTIKY, OH HE 3HaeT, HY)XHO JIM JKIaTh HAONIONEHUS WIM OCCKOHEYHO J0Nro OymyT
BBITIOJIHATBCA TOJIBKO BHYTPCHHUC I[ef/'ICTBI/Iﬂ. HOSTOMy orneparop HC MOXCET HHU HNPOJOJIKATh
B3aUMO/ICHCTBHE, HU 3aKOHYHUTH €TO.

Kpome 310ro Mbl BBOJUM cHelUaIbHOE, TAKKE HE PEryJMPyeMOe KHOIKAMH JEHCTBUE, KOTOPOE
Ha3bIBaeM paspyuieHuem U 0003Ha4aeM CUMBOJIOM Y. OHO MoJEIUpyeT J000€e HeXelaTeabHOoe
MOBEJICHUE CUCTEMBI, B TOM YHCJIE U €€ pEalbHOE pa3pyLI€HUE, KOTOPOTO HEb3sl IOIyCKaTh IpU
B3aMMO/JICHCTBUN (HAIIPUMEp, KHOMKA HEMEUIEHHOTO CaMOpa3pyIIeHUs JJIsl CHCTEM 00OPOHHOTO
Ha3HAYCHHUS). Paspymenune ABIISIETCS OJIHUM u3 croco6oB UHTEPIPETALNH
HecTenu(UIMPOBAHHOTO TOBeAeHUA. VICKIIOYeHHe U3 pacCMOTPEHHs B3aMMOJICHCTBHIA,
paspylialonMx peajn3aluio, 4acTOo MOTHUBHUPYIOT TE€M, UYTO pealu3auus J0DKHA IPOBEPATH
KOPPEKTHOCTh MapaMmeTpoB oOpamieHnuss k Hei [7,8]. Ecniu mapamerpbl HEKOPPEKTHBI,
peanuzanus TUO00 UTHOpPHUpPYET oOpaiieHue, b0 coodmaer o0 omuoOke. Takoe TpeOboBaHHE K
peanu3ani €CTeCTBEHHO, €CJIM 3TO «CHCTeMa OOIIEero MOJb30BAaHUS»: B HEW JOJDKHA OBITH
IpeayCMOTpPEHa «3amuTa OT Jaypaka». OJIHAako NIpH B3aUMOJACHCTBUUM C BHYTPEHHUMU
KOMIIOHEHTaMU WM MOACUCTEMAaMH, JOCTYIl K KOTOPbIM CTpPOrO OrpPaHMYEH, B3alMHbIE
MIPOBEPKU KOPPEKTHOCTU OOpallleHui H3NMHUIIHU. Takoe 4acTo BCTpeuyaeTcsl Mpu OOpalieHUH ¢



napaMeTpamH CJI0)KHON BHYTPEHHEH CTPYKTYpbl U HETPUBUAIBHBIMH YCIOBUSIMH KOPPEKTHOCTH,
KOIZla HaKJaJHblE pacxoAbl Ha IMPOBEPKY HEOIPABJAHHO YBEJIMYMBAIOT TPYyN03aTpaTbl Ha
CO3/1aHHUE CUCTEMBI, €€ 00BbEM M BpeMs BBIIOJHEHHS. AJBTEPHATUBOI B 3TOM Cllydae SBIISETCS
cTporas cnenMdukanus npenycioBuid BbI3oBa omepauuit [9]. Hampumep, BbI30B omepanuu
OCBOOOKJEHHS y4yacTKa MaMsITH, KOTOpPBIM HE ObLI paHee MOJIY4YeH uYepe3 OIepaluio 3ampoca
naMATH, ABJIAETCA HapylLIeHMEeM ImpexyciioBus. I[IpoBepke MOJIEKUT HE MOBEACHUE
KOMIIOHEHTOB B OTBET Ha HEKOPPEKTHBIE OOpAIlEHUSI OT APYTUX KOMIIOHEHTOB, a MPaBUIbHOCTh
oOpaleHnss KOMIIOHEHTOB JIpyT K Apyry. VIHbIMM clloBaMM, TIOCKOJIBKY MbI XOTUM yOEIUThCS B
IPAaBUWJIBHOCTH peanu3aliiy, a He OKPY>KEHHUsS, HAC HE MHTEPECYET MOBEIACHHUE peanu3aliy npu
HENpaBWJIBHOM B3auMoJieiicTBuU ¢ Hell. PaspymieHue B cnienupuKkanuy oTMe4aeT Te CUTyalHH,
KOT/Ia B peaji3alny JOIyCKaeTcs JII000e MOBEJCHUE, B TOM YHCIIE U PEaIbHOE Pa3pyIICHHE.

CeMaHTHKA paspymicHid npeamnojaract, 4To0 OHO HC AJOJDKHO BO3HUKAThH IIPpHU IMPAaBHJIBHOM
IMMOBCACHHUU OKPYIKCHUS. BSaHMOﬂCﬁCTBHe, IIpU KOTOPOM HE BO3HHUKACT Pa3pyHICHUA U ITOIBITOK
BbIXOJa U3 JUBCPIrCHIHN, HA3BIBACTCSA 0e30IacHBIM.

2.2. LTS-moaeJb U eé Tpacchl

LTS-momens — 3TO OpPHUEHTHPOBAHHBIA Tpad ¢ BBHIIEICHHOW HAYaIbHOW BEPIIMHOW, JyTH
KOTOpPOTO IIOMEYEHbl HEKOTOpbIMH cuMBojamu. ®PopmanbHo, LTS — 3T0 cOBOKymHOCTH
S=LTS (Vs, L, Es, sg), TIe Vs — HEMYCTOE MHOXKECTBO COCTOSIHUU (BepmiuH rpada), L —
andaBUT BHEUIHUX JCHCTBUH, EscVsx (LU{T,Yy})XVs — MHOXECTBO NEPEX0JIOB
(momeueHHbIX IyrT rpaga), sp€Vg — HaudanbHOe cocTosHue. Ilepexox W3 cocTosHUA s B
COCTOSIHUE s’ o  JAEHUCTBHUIO z o0o3Hauaercs s—z—s .  0O0o3HauuM
S—2z—> =def 35 S—z—>s . Mapmpyrom LTS Ha3biBaeTCs 1MOCII€0OBATEIBHOCTE CMEKHBIX
NIEPEXOI0B: HAYaJI0 KAXKIOro MEepexona, KpOMe IEPBOro, COBMANAET C KOHLIOM MNPEAbIAYIIEro
nepexoza.

Hlar ¢yuxnuonuposanus LTS BHyTpH MalIvMHBI TECTHPOBAHUS CBOJUTCS K BBITIOJIHEHHUIO TOTO
WIM HWHOTO IEPEXOJa, OMNPEINCIEHHOTO B TEKYLIEM COCTOSHMM M Pa3pelIaeMoro HaXxaTou
KHOMKON (T- W Yy-mepexoabl Bcerga paspemieHbl). Ecium Takux mNepexomoB HECKOJBKO,
BbIOHMpAETCS OAMH U3 HUX HEIETEPMUHUPOBAHHBIM 00Pa30M.

Cocrosinne s Ousepeenmuo (sT1), ecnu B HEM HauMHACTCS OECKOHEUHAs [EMOYKA T-TIEPEX0I0B
(B 9YACTHOCTH, T-UHMKI); B IPOTUBHOM CJydae COCTOSIHHE Kongepeenmmo (s¥). CocrosHue
cmabunbHo, €CIW W3 HEro He BBIXOAAT T- W y-mepexoabl. OTtkaz PeR  mopoxnaercs
CTaOWJIBHBIM COCTOSIHUEM, U3 KOTOPOTO HET MEPEXO0I0B 10 JICHCTBHIM U3 P.

Jlo6aBUM B KaX/J10M CTaOWJIBHOM COCTOSHUM S BHPTyalbHbIE NMETIM S—P—>S, NOMEUYECHHBIE
MOPOXKAAEMBIMA OTKa3aMH P, U A-mepexonbl U3 [IUBEPrEHTHBIX COCTOSAHUM s—A—. B

noinydyeHHoit LTS paccmoTpuMm MapuipyThl, He MpOOJDKAIOIIMEcs mociie A- U y-IIepexoI0B.
Tpaccoil Ha30BEM MOCIENOBATENBHOCTh IIOMETOK Ha IIEPEX0Jax TakKoro Mapuipyra ¢

MPOMYCKOM CHUMBOJIOB T. Ecnmm mapmpyT ¢ Tpaccol © HayMHAeTCs B COCTOSHUM S U
3aKaHYMBACTCS B COCTOSSHMM S, TO OymeM o0o3HadaTh 3T0 s=>0—>s . (003HauUM
S=>0= =¢¢f 1S s=>0=>s . MHOXECTBO TpacC, HAYMHAIONIMXCS B COCTOSHUH S,
obozHauuM T (s)={c| s=oc=}.

2.3. 'unore3a o 6e30nmacHOCTH U 0e30macHasi KOH(POPMHOCTH

OnpenenyM OTHOIIEHUE O€30MACHOCTH «KHONKA 6e30nacHa nocie mpaccoly: HaKaTue KHOIKU
P mocie Tpacchl G HE BbBI3bIBAeT IMOMBITKY BBIXOJA M3 JMUBEPreHUUU (TMOCIe Tpacchl HET



JUBEPreHIIMN) U HE BBI3BIBAET pa3pylleHus (Tocie IeHCTBUS, pa3peliaeMoro KHomkoi). Ilpu
0e30macHOM B3aMMOJEHCTBUM OyIyT HaXXMMAThCs TOJBKO Oe3omacHble KHONMKHU. DopmalbHO,
KHONKa P Oe3omacHa:

B COCTOSHHH S: P safe S =q S¥ & —s=())= & VzeP —s=(z,7)=;
BO MHO)KECTBE COCTOSIHUM S: P safe S =qef VSES P safe s;

IIOCJIE TPACChl G, HAYMHAIOIIENCS B COCTOSHUHU _S:

P safe s after 6 =4 P safe (s after G),

rne s dafter ¢ =qe {s |s=>0=>s }.

Be3omacHOCTE KHOIOK BIIEYET O€30IMaCHOCTL AEHCTBHUM M OTKa30B. OTka3 P 0Oe3omaceH, eciid
Oe3omacHa kHomka P. JlelicTBue z 0e30macHoO, €CIM OHO pa3peliaeTcss HEKOTOpoi Oe3omacHon
KHOIIKOM P, TO ecTh, z€P. Tpacca, HaUMHAIOMIASCS B COCTOSHUU s, Oe3omacHa, eciu 1)
—5=>(y)=>, 2) KaXIIbIil CHMBOJI TPAcCchl O€30MaceH MOCJIe HEMOCPEICTBEHHO MPE/IIICCTBYIOIIETO
eMy mpedukca Tpacchl. MHOXecTBa O€30MACHBIX TPAcC, HAYMHAIOMIMXCS B COCTOSHUU S,
o6o3HaunMm Safe (s). Ilo yMomuaHuio Tpacchl M MapuIpyThl HAYMHAIOTCA B HAYaIbHOM
coctossHuM LTS.

TpeboBanue 0€30MaCHOCTH B3aUMOJEHCTBUS BBIIENAET KIAacC 0Oe30nacHuix peanu3anuii. IToT
KJIacC OMpeNeNseTcs CIeAYIOMEeH eunomesoll o bezonachocmu: peamsauuss I 6e3onacua nis
cnenudukanuy S, ecnu 1) B peanu3anuy HET pa3pylICHUs ¢ CAMOTO Hadaja, €CJIM ATOTO HET B
crenudukanuu, 2) mocie oOmiel 0e30macHON Tpacchl pealu3aluu W crienuukanuu arodas
KHOTIKa, Oe30macHas B cenudukanuy, 6e30macHa 1nocie 3Toi TPacchl B pealn3aluu:

I safefor S =g ((V)2T(s0) = (eT(io)) & VoeSafe(so)NT (i) VPeR
(P safe s, after c = P safe i, after o).

OnpenenuM OTHOIICHHUE KoH@opmHocmu: peamm3anus I kougopmua cnenudukanmu S, eciiv
OHa Oe30macHa W BBIMOJHEHO mecmupyemoe Yciogue. Tr00e HAOIIOICHUE, BO3MOXXHOE B
peam3anii B OTBET HAa Haxkarue Oe3omacHoOW (B crenuuKanuy) KHOIKH, pa3periacTcs
cnenuduKanmen:

I saco S =4 I safefor S & VoeSafe(s,) N\T(iy9) VP safe s, after c

obs (i, after c,P)cobs (s, after ,P),

rae  obs (M, P) =gef {u€ePU{P}|dImeM & m=(u)=} — MHOXECTBO HaOJIOACHMIA,
KOTOPBI€ BO3MOKHBI B COCTOSIHUSIX M3 MHOXKECTBA M TIPH HAKATUHM KHOMKU P.

[Tpu TecTupoBaHuM TUNOTE3a O OE30MACHOCTU HE MpOBEpseMa U SABISIETCS €ro MpeaycClOBHEM,
LENbI0 TECTUPOBAaHUS SBISETCS MpOBEpKa TecTUpyemoro ycioBus. Ilpu aHamuTHueckoin
BepuduKauu 06a ycI0BUS MOXKHO IPOBEPUTD.

3. Airoputm BepupuKanmu

[Ipexne Bcero, chopMymHpyeM OTpaHWUCHHUS HA CEMAHTHKY B3aUMOJICHCTBUS, PEAIM3AIMIO U
crenugpuKanuio, Iejarlire BO3MOKHON Bepudukannuio KOHGOPMHOCTH 32 KOHEYHOE BpeMs U
paccMaTpuBaeMble B JaHHOW crTaTtbe. Mbl Oyaem mpeamnoyiaraTh BBITIOJHEHUE CIEAYIOIIETO
yenosusi KoHeunocmu: KOHEUHbI andasut neiictBuit L (oTcroma crienyer KOHEYHOCTh
MHOECTBa KHOMOK R, Ka)10ro KHOMOYHOTO MHOKECTBa U MHOXecTBa Habmoaennit LUR), a
TaK)Ke peaan3anus U CrelupuKaIms; TO €CTh, KOHEUHBI MHOYKECTBA UX COCTOSIHHM M IEPEX0JI0B.



CHayana OnUIIEM OCHOBHYIO HJEI0 alropuTMa BepuHUKanuu. PaccMOoTpuM Bce COCTOSHUS

peanu3aiuu, JTOCTH)KHUMBIE o Tpaccam, 0e30macHbBIM B creH(pUKAIIH:
U{io after o|ceSafe(s;) }. C KaXIbIM TaKUM COCTOSIHUEM 1 CBsDKeM ceMelcTBo S (1)
MHOKECTB COCTOSTHHM crienuduKanuu:
S(i) = {so after | ceSafe(sy) & i€ (io after G)}. DTO CEMENCTBO COCTOUT W3

MHOKECTB COCTOSIHUM CHEelM(pHUKAIUU B KOHIE Tpacc, Oe30macHeIX B cHelu(uKaluy,
UMEIOUINXCS B peaju3allid W 3aKaH4YMBAIOIIMXCS TaM B cocTosHuM 1. B mpouecce
BepUpUKAIIMU MBI OyJIeM CTPOHUTh 3TH cemelicTBa S (1), TOCTENEHHO JJ00aBisisi B HHX
MHOXKECTBa So dfter c. B camom Hauane mpoBepsieM ycnoBue (y)eT (so) = (y)eT (io)
KaK 4acTb TMMIOTe3bl 0 Oe3omacHocTU. Eciam 3To ycioBue BBINOJHEHO, TO JAajee B KaXKIbId
MOMEHT BPEMEHH B Ka)KJOM COCTOSHUU 1 JIOJDKHBI OBITh BBIMOJIHEHBI OCTaBIIEECsS YCIOBUE
TUIOTE3bI 0 0e30MacHOCTH u TECTHUpYEMOe yCIIOBUE KOH()OPMHOCTH:
VPeR VSeS(i) (P safe S = P safe i & obs({i},P)cobs(S,P)). Ecmm »5tun
YCIIOBUSI HE BBINOJHEHBI, (pukcupyetrcss omuOka. EciM MONHOCTHIO MOCTPOEHBI ceMelcTBa
S (i) u omuOKu He OBUIM OOHAPYKEHBI, TO BepUPUKALIUS 3aKAHYMBACTCS C MOJOKUTEIbHBIM
BEPAUKTOM.

Tenepp onuiieM CTPyKTYphl JaHHBIX U pabOTy alropurMa.

[TpenBapuTenbHO CTPOSTCS CTPYKTYPHI IS cienuuKanuy 1 peanusanui. CrnenupukainoHHbIe
CTPYKTYpPBI HE 3aBHCAT OT pealu3alliil U UCHOJb3YIOTCA 0e3 MOAU(pHUKAIMU Ul BepUPHUKAIUN
mo00i peanuzanuu B Tol ke R-cemanTuke. COOTBETCTBEHHO, pealM3allMOHHBIC CTPYKTYPhI HE
3aBUCAT OT CHeUM(UKAUK U MPUTOJHBI JUIs TIPOBEPKHM €€ KOH(POPMHOCTH JH000i
cenndukanuu B ToW ke R-cemantuke. [ToaToMy co3manue STHUX CTPYKTYp MBI HE Oyaem
YYUTHIBATh MPHU OLIEHKE CIOKHOCTU aITOPUTMA BepUuUKaIIIH.

Jns crnenudukanmuu paccMaTpUBaeTCs CEMEHCTBO MHOXKECTB B KOHIE O€30IMacHBIX Tpacc:
safeder (so) ={so after c|ceSafe(sy)}. Jna xaxgoro MHOXecTBa Sesafeder (sg)
OTIPEICITHM:

A(S)=(U{PU{P}|P safe S})uU{t} —  MHOJECTBO, COCTOsIee U3 Oe30IacHbBIX
HaOMFOCHUH (JICHCTBUI M OTKA30B) M CUMBOJIA T

B (S,u)=U{s after (u)|seS} — MHOXECTBO IMOCTCOCTOSIHUI NEPEXOA0B MO HAOIIOJACHUIO U
U3 COCTOSIHUU M3 S; Takke moompenenum B (S, 1) =S. B (S, u) =, ecnu Takux mepexoaoB
HET.

daxTuyecku, Ipu 3ToM Oyzaer moctpoeHa power-LTS cnemmdukanmum, cocTossHUSAMU KOTOpOH
SIBJISIIOTCS. MHOKECTBA COCTOSIHUUM S=s( after G, rie ceSafe (s;), a nepexoq S—u—>S"
o3Hadaer, uto S =B (S, u) #J.

Jns peasi3aiiui paccCMaTpUBaeTCS MHOXKECTBO COCTOSIHUM, TOCTMDKMMBIX IO O€30TacHBIM (B
peanuzanmu) Tpaccam: \Usafeder (i,). nsa xaxmoro coctosHus  1e€Usafeder (1)
OTIpeIeTTUM:

C(i)=(i—u—1i " |u=t v JP safe i ueP) — MHOXKECTBO 0€30IACHBIX MEPEXOJ0B M3 1.
D(i)=(1i—u—>1" | VP safe 1 ugP) — MHOXECTBO OIACHBIX EPEXOJAOB M3 1.

I'mnore3a o 6e30MaCHOCTH SKBUBAJICHTHA YCIIOBHIO:
Vi—u—>i“eD (i) VSeS(i) ugA(S).
Tectupyemoe ycCiloBHE 3KBUBAJICHTHO YCIOBUIO:



Vi—u—i eC(i) VSeS(i) ueA(S)=B (s, u)=J.

PaGora anroputma CBOAMTCS K TMOIIArOBOMY IOCTPOCHHIO MHOXECTB S (1) © MpoBepke
0e30macHOCT M KOH(MOPMHOCTH Ha KaxkiaoMm Mmare. J[ms paboTel anropuTma co3aaercs
BCIIOMOTaTeJILHBIN CITHCOK A\%Y% nap (S,i—u—i"), rae SeS (1) "
i—u—1 " eC(1)uUD (i).B camom Hagame MHOXKECTBO S (ig) ={So}, THe So={s, after ()}
— MHOJKECTBO COCTOSIHUH crieuu(UKauyu mocie MmycTorl Tpacchl, a W COAEPKHUT BCE MaphI
(So, io—u—)i : ) , TJC i—u—1i teC (lo)UD (1o).

[ITar anroput™Ma 3akirodaercs B cieayromeM. Eciu cniucok W IycCT, ajJropuTM 3aKaHYMBAETCS
C BEpAUKTOM «KOoH(opMHO». VHaue, BeIOMpaeM NepBbIid aeMeHT (S, i—u—>1") wu3 cnucka
W, ypansas ero wu3 cnucka. CHavana TmpoBepsieM THIOTE3y O O€30MacHOCTH: €ClU
i—u—>1"eD(i) & ueA(S), dukcupyercs ommOKa M alropuT™M 3akaHuuBaercs. Ecnu
omMOKM HET, TMpoBepseM TecThupyemoe ycioBue. Ecmm  1i—u—1i eD (1) U

i—u—1i eC(i) & ugA(S), TO mar 3aKaHYMBaCTCS. Ecmn
i—u—>1i"eC(i) & ueA(S) & B(S,u)=4, dukcupyercs ommOKka ©  aJrOPUTM
3akaHuuBaercsa. Ecnu ommbOku Her, 1 B (S, u) €S (i), mar 3akanuuBaetcs. B mpotuBHOM
cayyae pgobaemsem B (S,u) B S(i°) wu mnomemaem B crnucok W o Bce Tapsl

(B(S,u),i"—u"—>i "), e 1 —u —i "e€C (i )uUD(1i");mar 3aKkaH4uBacTCs.

Jlerko TOKAa3bIBACTCSA, YTO MpPH 3aBEPUICHUM AITOPUTMA, €CiH (uKcHpyercss omuoKa, TO
peanu3anys He KOH(QOpMHa crieluuKanuy, HHaye — KOH(pOpMHa.

OTOT alrOpuUTM, OYEBUIHO, JIETKO paclapajUleIMBaeTCs: IIAaru alropuTMa, COOTBETCTBYIOIIME
3NeMeHTaM crrcka W, MOTYT BBIIOJIHATHCS IMapauIeNIbHO; €CIM OmHMOKa He OOHapy KUBaeTcs,
QJITOPUTM 3aKaHYMBAETCS, KOI'Jla 3aKaHUMBAIOTCS BCE IIary, a cnmucok W IycT.

OueHuM CIOKHOCTh aIrOpUTMa Kak BPEMs BBIIIOJHEHUS B HaUXyJIIEM cllyd4ae, B YaCTHOCTH,
KOI/Ia pachapajuieiuBaHie Huvero Ha jaer. [lockonbky kaxknas mapa (S, i—u—1i")
nosiBiisieTcs B criucke W He OoJiee OJTHOTO pasa, YHCIIO MIAroB alroputMa paBHo O (m-27), rmue
m=|Er| 4YHCIO MEPEeXOJ0B peanu3aluu, a n=|Vg| YHCIO COCTOSHUU crienupukanun. Ha
KKJIOM IIare BCE€ JCHCTBHUA IO MPOBEPKE MPUHAICIKHOCTH SJIEMEHTAa MHOXECTBY, BBIOOpKE
aneMenTa (13 B) u moGaBieHuto snemenTta (B S) MOTYT BBITIONHSTHCS 32 KOHCTAHTHOE BPEMs,
ecnu MHOkectBa A,B,C,D,S 3amaHbl B BUJe MacCHBOB C NpsAMOW nHAEKcauen. Vckimouenmne
COCTaBJISIET moMmenieHue B crnucok W Bcex Tmap (B(S,u),1i —u—i" "), rHOe
i'—u—i " "eC (i )ubD(i'). CymMmmMapHO mo BceM ImaraMm mnomermaercs O (m-2") map.
Ecmun muHO)kectBa mepexomoB C u D mnpoayOGnumpoBaHbl B BHJIE CIHCKOB, 3TH OIEpaIldu
CYMMapHO BBITIOJHSIOTCS 32 BpeMs O (m-2") . MtoroBas onenka O (m-2"). CoMHOXUTENb 2"
— 3TO MaKCHMAaJIbHO BO3MOXKHOE YHCIIO cocTosiHui power-LTS crnenndukanum. Ecmu power-
npeoOpa3oBaHrWE HE YBEIWYMBACT YMCIA COCTOSIHMM crenu(uKaluu, B YacTHOCTH, €CIU
crienuduKanys ICTCPMUHUPOBAHA (HET T-TICPEXOJOB M B KAKIOM COCTOSHUU OIPEACIICHO HE
OoJsiee OJIHOTO TEepexofa MO KaKIOMY JIEHCTBUIO), 3TOT COMHOXXHTEIb 3aMEHSETCS Ha n.
NHTYUTHBHO KaXeTCsl, YTO OLIEHKA CJIOKHOCTH alTOPUTMA «B CPEIHEM» TOpa3lo MEHbIIIE,
O0COOCHHO TpH pacrnapajuienuBaHuu. [lomyueHue Takoil OLIEGHKM MOXET COCTaBUTh MpPEIMeT
JadbHEHIINX MCCIEIOBAaHUH.
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