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AHAJIMTNYECKAA BEPUOUKAILINA
KOH®OPMHOCTHA

N.B. Bypaounos, A.C. Kocaues

1. BBenenue

Bepudukanust KoHGOPMHOCTH TOHUMAETCSI KaK MPOBEPKA COOTBETCTBUS UCCIIETYEMON CHCTEMBI
3aJ]aHHBIM TpeOoBaHMsIM. Korma roBopst o BepupuKaum Ha OCHOBE (POPMAITbHBIX MOJIENIEH, TO
MPEIIOoNIarafoT, 4YTO CHCTeMa OTOOpakaeTcs B PEATU3alMOHHYI0 MOJETh (peau3aluio),
TpeOOBaHUsI — B CHENU(UKAIMOHHYIO MoJenb (cnenudukanui), a UX COOTBETCTBHE — B
OuHapHOE OTHOIIEHHWE KOH(POpMHOCTH. B Hacrosmieit paboTre MBI OTrpaHUYMBAEMCS, TaK
Ha3bIBAEMBIMHU, (DYHKIIMOHAIBHBIMUA TpPeOOBaHMUSAMH, KOTOpBIE BBIPAXKAIOTCSA B TEPMUHAX
B3aUMOJICHCTBHS peaju3alid ¢ OKpykeHueM. Crnernudukanys ONUChIBaeT TpeOOBaHMS,
HajaraeMple Ha Takoe B3auMojeilicTBue. Peanmsanmst koH(OpMHA crenuduKalyu, eciu ee
B3aWMO/ICHCTBHE YOBIETBOPSIET ITUM TPEOOBAHHSIM.

Takast KOH(QOPMHOCTH MOKET NPOBEPATHCS IYTEM TECTOBBIX 3KCIIEPHUMEHTOB, KOIJAa TECT
MOJAMEHSIET CO00H OKpYXEHUE UCCIenyeMoi cucTemMbl. OHAKO, €CJIM pean3anys U3BECTHA, TO
poBepKa KOHPOPMHOCTH MOXKET OBITh BBHIIIOJTHEHA aHATTUTUYECKH.

OpnHoil u3 Hanbonee pacIpOCTPAHEHHBIX MOJENEH SBISIETCS CUCTEMa MOMEUYCHHBIX MEPeX0/I0B
(LTS — Labelled Transition System). M3BeCTHBI KaKk METO/BI F'€HEPAIMH TPOrpamMmebl 1o ee LTS-
MOJIelH, TaKk U MeToAsl u3BiedeHus LTS-monmenu w3 Tekcra mporpaMmsbl, padoTaromue Hpu
HEKOTOPBIX OrPaHUYEHUSIX Ha HCIIOJb3yeMble KOHCTPYKIUH s3blKa IMpOrpaMMHpoBaHus. B
JAHHOW CTaTh€ MBI HE paccMaTpUBAEeM 3TH METOJbI U MpEeJIoyiaraeM, 4yTo Kak crenuduxars,
TaK U peanu3anus 3a1aHsl iBHO B Buae LTS-monenei.

2-0if pa3fen CTaThu COACPKHUT OCHOBHEIC TMOJIOKEHUS TEOPUH KOH(DOPMHOCTH, U3JI0KEHHOU B
[1-3]. B 3-em pa3zene mpeaiaracTcs alrOpuT™M aHATUTHUYECKOW BepUPHUKAIIMKE KOHOOPMHOCTH U
MIPUBOJIUTCS OILEHKA €ro CIOKHOCTH.

2. Teopust kKoHpopMHOCTH

2.1. CemaHnTHKa B3aNMO/JIEHCTBHSA U €ro 0€30MacHOCThL

OtHomieHe KOH(MOPMHOCTH OCHOBAaHO Ha TOM WM WHOW MOJENH B3auMOACHCTBHS. Mbl
paccMaTpuBaeM CEMAHTHKMA B3aUMOJCHMCTBUS, KOTOPBIE MCHOJB3YIOT TOJBKO BHEIIHEE,
Ha0II0TaeMO€e TOBEACHUE CUCTEMBbI U HE YUUTHIBAIOT €€ BHYTPEHHEE YCTPOHCTBO, OTpaxkacMoe
Ha ypoBHe LTS-Mozenu B TOHATHU COCTOSHHMS. MBI MOXeM HaOJIIOAaTh TOJBKO TaKoe
MOBEJICHUE peaIn3alliu, KOTOPOE, BO-TIEPBBIX, «CIPOBOLIMPOBAHO» OKPYKEHHEM (YIPABIICHHE)
U, BO-BTOPBIX, HAOII0JaeMO BO BHEIIHEM B3auMoAeWcTBUU. Takasi ceMaHTHKa B3aUMOJIEHCTBUS
MOXET MOJICJMPOBAThCS C IMOMOIIBIO TAaK Ha3bIBaeMOH MaliuHbl TectupoBanus [1-6]. Ona
NpECTaBIsieT CO00N «UEPHBIM ALIMK», BHYTPH KOTOPOTO HAXOAWUTCS peann3auusi. Y IpaBleHHe
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CBOJIUTCSA K TOMY, YTO OIEPATOp MAIUHBI (MOJCIHPYS padOTy OKPYXKEHHs) MOCIeA0BATEIHHO
HAXKXUMACT KHOIIKM Ha KJIaBI/IaType MalllMHBbI, «pa3pema51» peaﬂmauﬂn BBIIIOJIHATH TC WUJIN UHBIC
nevictBus. HaOmromeHust (Ha «aucIiee» MalIuHbI) OBIBAIOT JIBYX THIIOB: HaOJIOICHHE
BBIITOJIHAEMOT' O peanmaunef/i HeﬁCTBHH n Ha6JIIO,Z[€HI/I€ OTKa3a KakK OTcyTCTBI/IH BBITTOJIHACMBIX

nerctBuii (puc.l).
A,B,C,.cL n En

Puc.1. MamuHa TecTUpoBaHUS

[ToguepkHéM, YTO TpU yOpaBICHUU OIEPATOp Pa3pelIaeT peaau3alld BBINOIHATH UMEHHO
MHOECTBO JICUCTBHUH, a HE 00s3aTeNHbHO OHO JelicTBHe. Hampumep, B peakTHBHBIX CHCTEMax
NEHCTBUS pa30MBAIOTCS Ha CTUMYJIBI U peakiuu. KakIblii CTUMYJ MOChUTACTCS B PEATU3AIIHIO C
MTOMOIUIBIO OTACIBHON KHOIKH, KOTOpas pa3peniaeT €AMHCTBEHHOE IEUCTBUE — MPUEM CTUMYJIA.
OpHako MOJy4YeHHE peaKkUMi OT pealu3alliy YIpPaBsSeTCs OJHON KHONKOH, pa3peniaroiiein
peaau3aiuy MmocjaaTh JTIO0YI0 PEeaKITuio.

Kaxnoil KHOMKE COOTBETCTBYET CBOE MHOMXECTBO pa3peliaeMbIX IEHCTBUU. JeiCTBHE MOKET
HAOIIOIAThCS, €CIIM PeaTn3aIis MOXKET €ro BBIOJHUTh U OHO Pa3pelIeHO HAXKATOW KHOIKOM.
Otka3 HaOMIOMAETCS, €CIM peanu3alds HE MOXKET BBIMOJHUTH HU OJHO W3 JICHCTBHH,
paspemaeMbix Hakatoil kHomkou. I[locne HaOmromeHus (IEHWCTBUS WM OTKa3a) KHOIKA
OT’)KMMAETCsl, U BCE BHEIIHUE JEUCTBUSA 3ampeniatorcs. Jlanee onepaTop MOXKET HaXaThb JIPYTyro
(MU Ty K€ CaMyI0) KHOTIKY.

Bo3moxHOCTH B3aMOJEHCTBUS ONMPEACISAIOTCS T€M, KaKhe «KHOIMOYHBIE» MHOXKECTBAa €CTh B
MalliHe, a TaKkKe, Uil KaKuX KHOIIOK BO3MOXKHO HaOIO/eHWE OTKa3a. B maHHOW pabore s
MMPOCTOTHI U3JIOKCHUA MbI 6y,Z[GM nmpeamnojgaratb, 4YT0 OTKAa3bL HaGHIO,Z[aeMBI IJIs1 BCEX KHOIIOK.
Tem cambIM, CeMaHTHKa B3aUMOJICHCTBUS OMpEIeseTcss anpaBUTOM BHEITHUX (HAOJI0IaeMBbIX )
nevictBuii L w Habopom R kHomounbix MHOXecTB. Ilpeamomnaraercs, uro UR=L. Takyio
CEMaHTHUKY MbI Ha3bIBaeM R-CEMaHTHKOM.

Kpome BHemHHMX JeiicTBUH peanu3aisi MOXKET COBEpIIATh BHYTpPEHHHE (HEHAOII0JIaeMBbIe)
JeHCcTBHsI, 0003HAYaEMbIe CHMBOJIOM T. DTH JIEHCTBHSI Bcera paspenieHsl. [Ipeamnonaraercs, 4To
mro0asi KOHEYHas MOCJIe0BATeIbHOCTD JIFOOBIX JACHCTBHI COBEpIIacTCs 3a KOHEYHOE BpeMs, a
OeckoHeyHass — 3a OecKkOHe4YHOe BpeMs. beckoHewHas MOCienoBaTeIbHOCTh T-ACHCTBUN
(«3aruKIMBaHUE») HA3bIBACTCS OusepeeHyuell 1 0003Ha4aeTcsi CMMBOJIOM A. JluBepreHius cama
o ce0e He OmacHa, HO TIPH MOMBITKE BBIXO/a U3 HEe€, KOT/Ia OMepaTop HAKMMAET KaKylo-HUOYIb
KHOIIKY, OH HE€ 3HaeT, HYXXHO JM JKJIaTh HAOMIOJCHHS WM OECKOHEYHO M0iro OyayT
BBITIOJTHATBCS TOJNBKO BHYTpeHHUE NeicTBUs. [loaTomMy omeparop HE MOXKET HH TPOAOIKAThH
B3aMMOJICHCTBHUE, HH 3aKOHYUTH €IO0.

Kpome 3Toro Mbl BBOAMM CIIENUATIBHOE, TAK)KE HE PETYIMPYyeMOe KHOTIKaMHU JIEUCTBUE, KOTOPOE
HA3bIBAEM paspyuieHuem U 0003Ha4aeM CUMBOJIOM Y. OHO MOJENHUpYyeT TH000e HeKelaTeIbHOe
MOBEIEHHUE CUCTEMEBI, B TOM YHCJIE U €€ PEAILHOE pa3spyLIECHHE, KOTOPOro HEIb3s JOMYCKaTh IIPU
B3aMMOJICCTBUY (HAIIpUMED, KHOTIKA HEMEIJIEHHOTO CaMOpa3pyIICHHs! 11T CHCTEM 00OPOHHOTO
HA3HAYCHUS). Paspymenue SIBIIAETCA OJHHUM us3 Croco0oB HHTEPIIpETAINU
Hecrenu(PpUIMPOBAaHHOTO TOBeACHHS. VICKimtoueHne W3 pacCMOTpPEHHUsS B3aUMOJICHCTBHM,
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pa3pylalonxX peanus3aluio, 4acTo MOTUBHPYIOT TEM, YTO peajau3alus TOJKHA MpPOBEPSThH
KOPPEKTHOCTh IapamMeTpoB oOpamieHuss k Hei [7,8]. Eciu mapamerpsl HEKOPPEKTHBI,
peanuzanus TuO0 UTHOPUPYET oOpaienue, aubo coodmaer o6 omubke. Takoe TpeboBaHME K
peaM3anyy eCTECTBEHHO, €CIU 3TO «CHCTeMa OOIIEro MOJb30BaHUS»: B HEH JNOJDKHA OBITH
NpelyCMOTpEeHa «3amuTa OoT Aypaka». OJHAaKO Tpu B3aUMOJEHCTBUM C BHYTPEHHUMU
KOMIIOHEHTaMU WJIM TOACHCTEMaMH, JOCTYI K KOTOPBIM CTpPOTO OTpPaHHWYEH, B3aUMHBIC
MPOBEPKU KOPPEKTHOCTU OOpallleHui H3NMHUIIHU. Takoe 4acTo BCTpEYaeTcs Mpu OOpalieHUH ¢
napaMeTpaMu CII0KHON BHYTPEHHEH CTPYKTYPhI M HETPUBUATHHBIMU YCIOBUSMU KOPPEKTHOCTH,
KOIJla HakJIaJHble pacxoAbl Ha MPOBEPKY HEOIMpPaBAAHHO YBEJIWYUBAIOT TPYI03aTpaThl Ha
CO3/IaHHE CUCTEMBI, €€ 00BEM M BpeMs BHITIOTHEHUS. AJBTEPHATHBON B 3TOM CIIy4ae SIBIISETCS
cTporasi crneruduKanys TpeaycioBuil Bei3oBa orepanuid [9]. Hampumep, BBI30OB omepaiuu
OCBOOOKICHHS ydacTKa MaMsITH, KOTOPBHIM HE OBLI paHee MOJY4YeH uepe3 OImepalruio 3ampoca
namsTH, SIBISETCS HapylleHHeM npenycioBusi. IIpoBepke TMOUIEKUT HE MOBEACHUE
KOMITIOHEHTOB B OTBET Ha HEKOPPEKTHBIC OOpaIeHUsI OT JPYTUX KOMIIOHEHTOB, a MPaBUILHOCTh
oOpailieHus: KOMIOHEHTOB JIPYT K Apyry. MHbIMH CJI0BaMH, OCKOJIBKY MBI XOTUM YOEIUTHCA B
MPAaBUJILHOCTH peaH3allii, a HE OKPY)KEHHUs, HAC HE WHTEPECyeT MOBEJACHUE pealu3aluu npu
HENPaBWJILHOM B3aUMOJIEHCTBUU ¢ Hell. Pazpymenue B cnenndukanyy oTMEYaeT T€ CUTYallUH,
KOT'Jla B peajn3aluu J0mycKaeTcs J00e MOBeICHNHEe, B TOM YHCIIE H PEATbHOE pa3pyIlieHuE.

CemaHTHKa pa3pyllieHUs MPEArnojaraer, 4Yr0 OHO HE JOJDKHO BO3HUKATH MPH IMPABHIBHOM
MOBE/IEHNHU OKpYyKeHus. BzaumoseiicTBue, mpu KOTOPOM HE BO3HUKAET pa3pyLICHUs U MOMBITOK
BBIXO/Ia U3 IUBEPTEHIINH, Ha3bIBACTCS OE30MACHBIM.

2.2. LTS-monennb u eé Tpacchl

LTS-mMonenp — 3TO OpUEHTHpPOBAaHHBIM Ipad C BBACICHHON Ha4yalbHOW BEPUIMHOHN, IyrH
KOTOpPOTO TOMEYE€HBbl HEKOTOphIMU cumBojaMu. dopmanbHo, LTS — 3T0 COBOKYNHOCTH
S=LTS(Vs,L,Es,So), rme Vs — HemycToe MHOKECTBO COCTOSIHMI (BepmiuH rpada), L —
andaButr BHemHux AehctBuii, EscVsx(Lu{rt,y})xVs — MHOXECTBO TNepeXxoI0B
(momeueHHBIX Ayr Tpada), SoeVs — HauvanbHOe cocrosiHue. [lepexom w3 cocTosHUS S B
COCTOSIHUE s o  JEHUCTBUIO z obo3Havaercs s—z—>s . 006o3Hauum

S—Z—> =gt IS S—Z—>S . Mapmpyrom LTS Ha3sIBaeTCs MOCIEI0BATEIHHOCTD CMEKHBIX
IIEPEXO0/I0B: HAYal0 KaKIOro IMEpexoja, KPOME IMEPBOro, COBMAIAET ¢ KOHIIOM IPEIBIAYIIETO
nepexoa.

[lar ¢dyakmauonupoBanus LTS BHYyTpH MamvHBI TECTUPOBAHUS CBOAUTCS K BBIMOJIHEHUIO TOTO
WIM WHOTO TMEpexoj/ia, OMPEAENIEHHOIO B TEKYIIEM COCTOSHUM M Pa3pelIaeMoro HakaTtou
KHONKOM (T- W 7y-TiepexoJpl Bcerda paspenieHbl). Eciaum Takux mepexolloB  HECKOJBKO,
BBIOMPACTCS O/IMH U3 HUX HEJCTEPMHUHUPOBAHHBIM 00pa3oM.

Cocrostune S Ousepeenmuo (ST), ecri B HEM HauMHAaETCS GECKOHEUHAS LETOYKA T-TIEPEXOTO0B
(B 4aCTHOCTH, T-IMKJI); B MPOTHBHOM Ciydae COCTOSHHE Koneepzenmio (SV). Cocrosmue
cmabunbHo, €CIM W3 HEero He BBIXOMAT T- U y-mepexoabl. Otkaz PeR  mopoxnaercs
CTaOMIJIBHBIM COCTOSIHUEM, U3 KOTOPOI'O HET IEPEeX0A0B MO ACHCTBUAM nu3 P.

Jlo6aBuM B KaXJIOM CTaOMIIBHOM COCTOSSHUM S BHPTYaJIbHBIC METIH S—P—S, MOMEYEHHBIC
MOpOXJAAaeMbIMH OTKazamMu P, u A-mepexoapl W3 JIUBEPreHTHBIX COCTOSIHUH S—A—. B
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nonydyeHHot LTS paccmoTpuM MapuipyTel, HE MpOAODKAIONIMECH Mociae A- U y-TIepeXO00B.
Tpaccoit Ha30BEM MOCIENOBATENLHOCTh IOMETOK Ha TMEpexoJax TaKoro Mapuipyra ¢

IPOMYCKOM CHMBOJIOB T. Ecmm mapmipyr ¢ Tpaccoi © HauyMHAaeTCS B COCTOSHUM S W
3aKaHYMBACTCS B COCTOSHHM S , TO Oymem o0o3Hadath 310 S=>6—=>S . OO603HAUUM
S=0= =g IS S=06=S . MHOXECTBO TpacC, HAYMHAIOUIMXCI B COCTOSHUH S,
o6oznauum T(sS)={c|] s=o=}.

2.3. T'unote3a o 6e30macHOCTH U Oe30macHast KOH(POPMHOCTH

OmnpenenyM OTHOLIEHHUE OE30MACHOCTH «KHONKA 6e30nacHa nocie mpacchl»: HaKaTHe KHOIKU
P mocne Tpaccel G He BBI3BIBACT MOMBITKY BBIXOJA M3 JUBEPreHUUH (TIOCIE TPacchl HET
JUBEPreHIIMN) U HE BBI3BIBACT pa3pyllieHus (Tocie IeHCTBUS, pa3pelraeMoro KHomkoi). Ilpu
0e30macHOM B3aWMOJICHCTBUM OYJIyT HaXXUMAThCS TOJIBKO Oe3oracHple KHOMKHA. DopMmaibHO,
KHomKa P Oe3omacHa:

B cocrosHuE S: P safe s =gt Si & —s=())= & VzeP —s=(z,y)=;
BO MHOXecTBe cocTosiHuil S: P safe S =g4f VseS P safe s;

II0CJIC TPpACChI O, Ha‘IHHaIOH.[efICH B COCTOIHUHU S.

P safe s after o =g P safe (s after o),

rae S after o =g {S |sS=>0o=Ss }.

Be3omacHOCTL KHOIIOK BIIEUET O€30IaCHOCTD AeiicTBUiM M oTKa3oB. Otkas P 0Oe3omacen, eciu
Oe3omnacHa kHomka P. JlelictBue Z 0e30macHO, €Cii OHO pa3peniaeTcsi HeKOTOpou O0e30MmacHon
kHonkoi P, To ecth, ZeP. Tpacca, HaunHawmascs B COCTOSHUU S, Oe3omacHa, ecnu 1)
—S=(y)=>, 2) KaXIblii CHMBOJI TPACCHI 0€30MaCEH MOCIIE HEMOCPEACTBEHHO MPEAIIECTBYIOIETO
emy mpedukca Tpaccel. MHOXecTBa O€30MaCHBIX TpPacC, HAYMHAIOMIMXCS B COCTOSHUU S,
o6o3naunm Safe(s). Ilo ymomuaHuio TpacChl W MapIIPyThl HAYMHAIOTCSA B HAYalbHOM
cocrosiuuu LTS.

TpeboBanre 0€30MaCHOCTH B3aMMOJICHCTBHS BBIICISICT KJIACC 0OE30MACHbIX pean3aiii. ITOT
KJIACC OMpenersieTcs CAeAyIoei eunomesoi o 6ezonachocmu: peanuzauus | 6ezonacna nns
cnenudukanuu S, eciau 1) B peanu3anuy HET pa3pylIeHUS ¢ CaMOro Hadaja, €CJIM 3TOr0 HEeT B
cneundukanuu, 2) mocne oOmel Oe30macHO Tpacchl peaau3aluu U cnenudukanuu aoodas
KHOIIKa, Oe3omacHas B cnenudukanym, 6e30macHa mociie 3TOM Tpacchl B pean3aliu:

I safefor S =gt ((VeT(S0) = 1eT(ip)) & VoeSafe(sp)NT(ip) VPeR
(P safe so after o = P safe 1o after o).

Onpenenum OTHOIICHHUE KOHDopmHocmu: peanuszauus | xongopmua cnenndukamum S, ecnu
OHa Oe30macHa W BBHIMOJIHEHO mecmupyemoe yciogue. TMO00e HaOIIOJCHHE, BO3MOXXHOE B
peanm3anii B OTBET Ha Haxkartue Oe3omacHoi (B crenuuKamuu) KHOMKH, pa3periacTcs
crienupuKanue:

I saco S =g | safefor S & VoeSafe(so)nT(ip) VP safe so after o
obs(io after o,P)cobs(sy after o,P),
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rne  O0bsS(M,P) =g {uePU{P}]|ImeM & m=({u)=} — MHOXeECTBO HaOIIOJCHUII,
KOTOPBIC BO3MOKHBI B COCTOSIHUSAX U3 MHOXKeCTBa M mpu HakaTuu KHONKH P.

[Ipu TecTrpoBaHuU THUIIOTE3a O OE30MACHOCTH HE MpPOBEpsSEMa U SBISAETCS €ro MpPEeayCIOBHEM,
IeTbI0 TECTUPOBAHUS SBISETCA TPOBEPKAa TECTHPYeMoro ycioBus. [lpu aHanmuTHYecKoi
BepuduKanuu 006a ycIoBUS MOKHO IPOBEPUTD.

3. Airoput™M BepupuKanu

[Tpexxne Bcero, chopMyIHpyeM OTpaHHUYCHUS HA CEMAHTHKY B3aMMOJICHCTBHS, PeaU3alMI0 U
cneun(uKanuio, Jenaroliyue BO3MOKHON Bepu(UKauio KOHPOPMHOCTH 32 KOHEUYHOE BpEMS U
paccmarpuBaeMble B JaHHOW cTarbe. MBI OylneM TNpeanojiarath BBIMOJTHCHHE CIICTYIOIIETO
yenosusi KoHeunocmu: KOHEWHBI andasut nedictBuit L (oTcioma ciieqyeT KOHEYHOCTh
MHOECTBA KHOTMOK R, Ka)J10ro KHOIMOYHOTO MHOXKECTBA M MHOXKecTBa HaOmoaeHnii LUR), a
TaKKe peaan3alus U crienu(uKaIys; TO €CTh, KOHCYHBI MHOXKECTBA MX COCTOSTHUI M ITEPEXO0JI0B.

CHayana onuIiieM OCHOBHYIO HJCI0 alropuTMa Bepu@ukanuu. PaccMoTpuMm Bce COCTOSHUS

peanu3aium, JTOCTHKUMBbIE o Tpaccam, 0e30MacHBIM B cnenuduKanuu:
{1 after o]loeSafe(so)}. C kaxapM TakuMm coctosiHueM 1 cBsbkeM cemeiictBo S(1)
MHOYECTB COCTOSIHUI crienu(pUKaIum:

S(1) = {sp after o] oeSafe(sp) & 1e(ip after c)}. D10 ceMelHCTBO COCTOUT Wu3
MHOECTB COCTOSIHMM crenu(uKanuu B KOHIIE Tpacc, OE€30MacHbIX B CHenH(pUKAINH,
UMCIOIIUXCS B peaju3allii M 3aKaHYMBAIOIIMXCS TaM B cocTosHud 1. B mporecce
Bepudukanuu Mbl OymeM CTpouTh 3TH cemeiictBa S(1), mocTeneHHO M00aBisiss B HHUX
MHOXeCTBa Sp after o. B camom Hawane mposepsiem ycioBue (y)gT(Sp) = ()eT(1o)
KaK 4acTh TMIIOTE3bI O Oe30omacHOCTH. ECIM 3TO YCIOBHE BBIMOJHEHO, TO Jajiee B KaXIIbIi
MOMEHT BPEMEHHU B KaKJIOM COCTOSHHH 1 OJDKHBI OBITh BBIOJHEHBI OCTABIICECS YCIOBHUE
THITOTE3bI 0 0€301aCHOCTH u TECTUPYEMOe yCIIOBUE KOH(OPMHOCTH:
VPeR VSeS(1) (P safe S = P safe 1 & obs({i1},P)cobs(S,P)). Ecmu o>t
YCJIOBHSI HE BBIMOJHCHBI, (DUKCHUpyeTCs omuOKa. ECIM MOJHOCTBIO TOCTPOCHBI CeMeicTBa
S(1) wu ommOku He ObUIM OOHAPYKEHBI, TO BEPUPHKALUS 3aKAHUYMBACTCS C MOJIOKUTEIHHBIM
BEPIUKTOM.

Tenepb onuIeM CTPYKTYphI JaHHBIX U PabOTy aIrOpUTMA.

[IpenBapuTeIbHO CTPOSATCS CTPYKTYPHI I CrieUHUKAMK U peanu3anuy. CrenuduKanoHHbIe
CTPYKTYPHI HE 3aBHUCST OT peau3alliil M UCIOIB3YIOTCA 0e3 MOTUPUKAINH TS BEpUPHKAIIN
000l peanu3anuu B Tol ke R-cemanTuke. COOTBETCTBEHHO, pealli3allHOHHBIC CTPYKTYPhI HE
3aBUCAT OT CHeNU(PUKAIUK W TPUTOAHBI JUII TIPOBEPKH €€ KOH(POPMHOCTH JIFOOOH
cnenudukanud B Tol ke R-cemantuke. [loaToMy co3manue 3THX CTPYKTYp MBI HE Oynem
YYUTBIBATH MPH OICHKE CII0KHOCTH AITOPUTMa BEpUDUKAITUH.

Jna crneundukanyy paccMaTpuBaeTcs CEMEHCTBO MHOXKECTB B KOHIIE O€30IMacHBIX Tpacc:

safeder(so)={so after cJoeSafe(sp)}. s xaxmoro wmuoxkecrBa Sesafeder(Sp)
OIPENEIINM:
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A(S)=(U{PU{P}|P safe S})u{rt} — ™HOXKecTBO, cocrosimee u3 OC30MACHBIX
HaOMrOZICHUH (IeWCTBUI M OTKa30B) M CUMBOJIA T,
B(S,u)=uU{s after (U)|seS} — MHOXECTBO IOCTCOCTOSHUII IEPEXO/I0B MO HAOIIOACHUIO U

u3 cocrostHuid U3 S; takke poomnpenenum B(S,1)=S. B(S,U)=0, ecnmu Takux mepexooB
HET.

®dakTHUeCKH, MPU ITOM OyJeT mocTpoeHa POwWer-LTS crnenudukanmm, COCTOSIHUIMUA KOTOPOH
SIBJISIIOTCSI. MHOKECTBAa cOCTOsiHMI S=So after o, rme oeSafe(Sp), a mepexon S—u—>S~
osHavaet, utro S =B(S, u)=J.

Jlns peanu3aii pacCMaTPUBACTCS MHOXKECTBO COCTOSIHHM, JOCTHOKUMBIX 1O O€30MacHbIM (B
peanmusanuu) Tpaccam:  wsafeder(ip). s kaxmoro cocrosuus B eusafeder(ip)
OTIPEICIIHM:

C(1)=(i—u—1 Ju=t v JP safe 1 ueP) — mMHOXecTBO 6E30MaCHBIX MEPEXOI0B U3 .
D(i)=(i—u—i |VP safe 1 ugP) — MHOXeCTBO OMaCHBIX MEPEXOI0B M3 1.

T'unoresa o 6630HaCHOCTI/I 3KBHUBAJICHTHA YC.HOBI/IIO:
Vi—u—i eD(i) vSeS(i) ugA(S).

TectupyeMoe ycinoBre SKBUBAJIEHTHO YCJIOBUIO!
Vi—u—ieC(i) VSeS(i) ueA(S)=B(S,u)=2.

PaGora anroputma CBOJAMTCS K IIOIIArOBOMY IOCTpOeHHIO MHOxecTB S(1) U mpoBepke
0e30macHOCTH U KOH(MOPMHOCTH Ha KaxaoMm Imare. J[ms pabGoTel ajroputma CO3qaeTCs
BCIIOMOTATEIBHBIA  CITUCOK W nap (S,1—u—i), rme SeS(i) u
i—u—i eC(1)uD(i). B camom Hauvane muokectBo S(10)={So}, rue So={so after ()}
— MHOXECTBO COCTOSIHUH CrenuHUKauy mocie mycToil Tpacchl, a W COICpKUT BCE Taphl
(So,i—u—>17),tae ig—u—>1 €C(ig)uD(ip).

[lar anropuT™a 3aKiarodaetcs B ciaeayromeM. Eciau ciucok W ycT, alroput™ 3aKaHYHBAETCS
C BepAUKTOM «KoH(DOopMHOY». MHaue, BoiOMpaem mnepBbiit anement (S, I—U—1 ) wu3 crnucka
W, ynmamsas ero w3 cnucka. CHavala TMpoBepseM THUIOTE3y O O€30MacHOCTH: eClu
i—u—1 eD(1) & ueA(S), odukcupyercs omuOKa M aaropuT™M 3aKaHYMBaeTcs. Ecim
omMOKH HET, TpoBepseM TecTHpyemoe ycinoBue. Ecmm  I—uU—1 eD(1)  wm
i—u—1 eC(1) & ugA(S), TO rar 3aKaHYMBACTCSI. Ecnu
I—u—>1 eC(1) & ueA(S) & B(S,u)=0, dukcupyercs ommubOKa ¥  aIrOPUTM
3akanuuBaercs. Ecnu ommbku ver, 1 B(S,u)eS(i1 "), mar 3akanunBaercs. B mpoTruBHOM
ciyuae jgobaBmseMm B(S,u) B S(i°) wu mnomemaem B crnumcok W  Bce maphl
BG,uw), i —u —>i ),rme 1 —U —>i " eC(i )uD(l); mar 3akaHIUBaCTCA.

Jlerko mMOKa3bIBA€TCS, YTO TPU 3aBEPIICHUU aJITOpPUTMA, eClHM (UKCHpPYETCs OlnoOKa, TO
peanuzanus He KOHGOPMHA crienrpUKaIK, HHaYe — KOH(POpMHA.
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OTOT anropuTM, OYEBHIHO, JIETKO PacHapauIe]IUBACTCs: IIAard aJrOPUTMA, COOTBETCTBYIOIIHE
aneMeHTaM crnucka W, MOTYT BBINOJNHATHCS MapajuleIbHO; €ClU OmKOKa He 00HApYKUBAETCH,
QJITOPUTM 3aKaHYMBAETCs, KOT'J1a 3aKaHYMBAIOTCS BCe IIary, a cnucok W mycr.

OneHUM CIIOKHOCTh alrOpUTMa Kak BpEMs BBHIIIOJHEHHS B HauUXYALIEM Clydae, B YAaCTHOCTH,
KOTJa pacrapaulejMBaHie HHYero Ha jgaer. IlockonbKy Kakmas mapa (S, 1I—U—1 )
nospgercs B ciucke W He Golee 01HOTO pasa, 4uciio maros anroputma pasao O(m-2™), rae
m=]Ey| uucino mepexomoB peanuzauuu, a N=|Vs| umcno cocrosiHuii cnenudukamun. Ha
KaXJIOM IIare BCe JIEHCTBHSI MO MPOBEPKE MPUHAIICIKHOCTH 3JIEMEHTAa MHOXECTBY, BBIOOpDKE
anemenTa (u3 B) m moGaBneHuto sneMeHTa (B S) MOTYT BBIMOJHATHCS 32 KOHCTAHTHOE BPEMsl,
eciu MmHOkecTtBa A,B,C,D,S 3amansl B BuJe MaccHBOB ¢ MpAMON wHAeKcanuen. VckiroueHue
cocraBister momenienne B cnucok W Bcex map  (B(S,u),i —u—i ), rme
i —Uu—i ~eC(i™)uD(i™). Cymmapao mo Bcem maram nomemaercs O(m-2") map.
Ecmu muoxectBa mepexoqoB C wum D mpoayOnmupoBaHbl B BHIE CIUCKOB, TH OIEpaIvu
CyMMapHO BbInojHsroTcs 3a Bpems O(m-2™). Urorosas ouenka O(m-2"). Comuoxurens 2"
— 3TO MaKCHUMaJIbHO BO3MOXKHOE YHCIIO COCTOsSHUM POwWer-LTS crenudukanmu. Ecou power-
npeoOpa3oBaHUE HE YBEIUYMBACT YHUCIIA COCTOSHUH cCrenu(UKali, B YaCTHOCTH, €CIIH
cnenuduKanus AeTEPMUHUPOBAHA (HET T-TIEPEXOJ0B M B KAKIOM COCTOSHHUH ONPEACICHO HE
0osiee OMHOTO MeEpexoja MO KaXIOMYy JACUCTBUIO), 3TOT COMHOXXUTEIb 3aMEHSETCS Ha .
WVHTYUTHBHO Ka)XeTCs, YTO OIEHKA CIIO)KHOCTH alTOPUTMAa «B CPEIHEM» TOpa3o MEHBIIIE,
0COOEHHO TIpH pacrapauienBaHuu. [lodmydeHue TakoW OLEHKH MOXKET COCTaBUTh MPEIMET
NaJIbHENIINX UCCIeJOBaHUHN.
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