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PaccmaTpuBaroTcst mpo0aemMbl TECTUPOBAHUS POTPAMMHBIX CUCTEM, MOJEIUPYEMBIX
JIeTePMUHUPOBAHHBIMH KOHEYHBIMU aBTOMaTaMu. HeoOxoaumoit, a uHor1a u
JOCTaTOYHOM, YaCThIO TAKOT'O TECTUPOBAHUS SBJIsIETCS 00X01 rpada coCTOSHUI aBTOMATA.
OcHOBHOE BHUMAaHUE YENACTCS, TaK Ha3bIBAEMBIM, HeU30blMoyHbiM AITOPUTMaM 00X0/1a,
KOTOPBIM He TpeOyeTcs 3apaHee 3aJaHHON MOJTHOU CTPYKTYpHhI rpada («o0xo
HEM3BECTHOTO rpada» uin «on-line anropuTme»).
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1. BBegeHue

3amaua 06xoxaa rpada, To ecTh, MOCTPOSHUS MapIIPyTa, IPOXOIAIIETO IO BceM pedpam rpada,
XOpoIo u3BecTHA. Ee crenuanbHbpIM CITydaeM SBIISETCS 3a7ja4a KUTalCKOrO MOYTaIbOHA
[6,7,27], B KOTOpO# 00X01 TOJDKEH UMETh MUHUMATBHYIO JJIMHY I MUHUMAJIBHBIA BEC JIJIs
rpada ¢ 3agaHHBIMU BecaMu AyT. i1 OopueHTUpOBaHHOTO rpada 3a/1a4ya yCIoKHIETCs,
MOCKOJIBKY MapIIpyT JIOJDKEH MPOXOAUTH KaXI0€ OPUECHTUPOBAHHOE PEOPO (IyTy) TOJIBKO B
HaTPaBJICHUHU €T0 OPUEHTAIUH.

B GonpmmHCTBE paboT Mpearnoiaraercs, YTo rpad 3a1aH siBHO 10 MOCTPOEHUS ero 00Xxoaa
[17,19]. Bosnee ciioxHBIM SIBISETCS CiTy4ai, KOT/1a 10 Hadaja paboTsl 0 rpad)e HUYETro
HEU3BECTHO U MBI MoTy4aeM nHpopmaimo 00 yCcTpoiicTBe rpada B mporecce ero ooxoaa
[20,24,25]. D10 n3BecTHas 3amada 06xoaa madupunTa [ 10] 4eI0BEeKOM HIIM yCTPOUCTBOM,
HAXOSIIUMCS BHYTPU HETO ¥ HE UMEIOIIUM TIaHa JlabupunTa. Jlyre rpada COOTBETCTBYET
KOpUJIOp JTaOMpPHHTA, a BepLIMHe — epekpecTok. Haxonsick Ha nmepekpecTke, Mbl BUAUM
BBIXO/ISILIIUE U3 HETO KOPUJIOPHI, HO MBI HE 3HAaeM, KyJla BEJIET TOT WM UHOU KOPUIIOp, 0 TEX
1op, MOKa HE MPOILIX 10 HEMY JI0 CIEAYIOUIETo MepeKkpecTKa. [ BhIMOIHEHUs HallleH 3a1auu
MBI, BO-TIEPBBIX, IMEEM HEKOTOPYIO BHYTPEHHIOIO MaMATh (OJIOKHOT B pyKax 4eloBeKa), KyJaa



MOYKEM 3aIHCHIBATH TOIYYCHHYIO HH(OPMAIIHIO O MPOHACHHON YacTH JJAOUPHHTA, U, BO-
BTOPBIX, I€JaTh [IOMETKH B IPOMICHHBIX NIEPEKPECTKAX U Kopuaopax. OpMeHTHPOBAHHOMY
rpady COOTBETCTBYET JaOUPUHT, B KOTOPOM KaKIBIH KOPUIOP 3aKPBIT C 00EUX CTOPOH JIBEPSIMH:
BXOJIHAs IBEPb OTKPBIBAETCS TOJIBKO C MEPEKPECTKA, @ BBIXOIHAS — TOJIKO U3HYTPH KOPHIOPA,
YTO pa3pelaeT ABUIaThCs MO KaXKI0MYy KOPHIOPY TOJIBKO B OJJHOM HAIIPABJICHUH.

AnroputMm, paboTaromuii Ha TAKOM HE 3a/IaHHOM 3apaHee rpade, OyaeM Ha3bIBaTh
Heu3ObLIMOoUHbIM ANTOPUTMOM. Takue anropuTMbl Ha3bIBAIOTCA B JIUTEpaType Takxke online-
anroputMamu. ETo 4acTHBIM ciTy4aeM, KOT/1a BHYTPEHHSISI IaMATh OTpaHUYeHA KOHEYHBIM
YHCIJIOM COCTOSIHUH, IBIsieTcs poOOT (KOHEUHBIH aBTOMAT) Ha rpade Kak pa3HOBHIHOCTh
mammmHbl Teropunra [3,5,8,9,12,18,24,28]. BmecTo JeHTHI y Hac ecTh rpad), SYCHKe JICHTHI
COOTBETCTBYET BEpLIMHA I'pada, a IBUKEHHUE BIEBO MM BIIPABO 3aMEHSETCS Ha MEepPexXo/] 10
OJTHOMW M3 JIyT, BBIXOSIINX U3 TeKyIei BepmuHbl rpada. (UTodsr aBTomMat podoTa ObLT
KOHEYHBIM, Irpad JOJKEH UMETh OTpaHMYEHHE CBEPXY Ha MOJIyCTENEeHb BbIX0/1a BEPIIMHBI —
YHCIIO BBIXOSIINX TYT. DTO OTPAaHUYCHHE MOYKHO CHSTB, €CIIM KaKIOH JIyTe TaKKe TIOCTaBHUTh B
COOTBETCTBUE SUCHKY U sIUEHKHU BCEX AYT ¢ OOLIUM HAa4yaJOM CBS3aTh B LIUKJI.)

B nmocnennee Bpems 3a1aua 00X01a OpUCHTUPOBAHHBIX I'pa)oB cTajia 0COOCHHO aKTyalbHOM B
CBSI3M C TECTHPOBAHUEM KOHEYHBIX aBTOMATOB, TOYHEE, 00BEKTOB, PACCMATPUBAEMBIX KaK
KOHEYHbIE aBTOMAaThl. Hamrcano 10BOJILHO MHOTO Pa0OT O TECTUPOBAHMH KOHEUHBIX aBTOMATOB.
Hampumep, oGcTosTepHBINA 0030p TaKKX padoOT mpeacTaBicH B ctaThax Lee u Yannakakis [15]
u Bochmann u Petrenko [13].

ABTOMAT omnpeensieTcsi MHOXKECTBOM CBOMX COCTOSTHUI U mepexonoB. [lepexon aBTomMara — 310
yeTBepKa (V,X,y,V ), [J€ V — IPECOCTOSTHUE, X — CTUMYJI, Y — PEaKIus, V. — IOCTCOCTOSTHHUE.
OObIYHO aBTOMAT 3a/1aeTcs TpadOM COCTOSIHUMN, BEPIIUHBI KOTOPOTO — COCTOSIHHSI, & AYTH —
nepexoibl. ABTOMaT (rpad COCTOSHUI) BCIOAY ONpPEAEIeH, €CIU B KaXKIOM COCTOSIHUU V
JIOTTYCTUM KaXKJIbIii CTUMYJI X, TO €CTh, CYIIECTBYET XOTs ObI OJIMH Tiepexo Buaa (V,X,y,v' ). B
MPOTUBHOM CITy4yae, aBTOMAT YaCTUYHO orpeneieH. ABTomat (rpad cocTosHuU)
JNETEPMUHUPOBAH, €CJIM MIPECOCTOSHUE U CTUMYJ OAHO3HAYHO OMPEEIISIOT PEaKuIo U
MOCTCOCTOsIHKE. B HacTosIel cTaThe Mbl OTPAHUYHUMCS] PACCMOTPEHUEM TOJIBKO
JNETEPMUHUPOBAHHBIX YACTUYHO ONPEENIEHHBIX aBTOMATOB, a HEJIETEPMUHUPOBAHHBIN CIyyail
paccCMOTPHUM B CJIEIYIOILIEH CTaThe.

Ecnu rpad cocrosiHuit aBTOMaTa U3BECTEH, TO OOBIYHO MHTEPECYIOTCS BOIIPOCAMH,
YIIOBJICTBOPSIET JI OH TE€M HJIM HHBIM TPEOOBaHUSAM. DTH 3a1a4H PEIIAIOTCS aHATUTUICCKUMHU
METOAAMHU ¥ O TECTUPOBAHUU OOBIYHO peub HE UIET. TecTupoBaHue HY>KHO TOT1a, Korjaa rpad
COCTOSIHUH aBTOMAaTa HEM3BECTEH. ABTOMAT PACCMATPUBACTCS KaK «UEPHBIN SIIHK»: MBI MOXEM
moJgaBaThb Ha aBTOMAT CTUMYJIbI U IMOJTYy4YaThb OTBCTHYIO I/IHq)OpMaL[I/IIO O BBIIIOJITHCHHOM IICPEXO/¢L,
TO €CTh, B OOIIIEM CITydae, O PEaKIMH U IIOCTCOCTOSHHUH. 3a7aueii TECTUPOBAHUS SIBIISICTCS
IIPOBEPKA TOr'0, YTO TECTUPYEMBIM aBTOMAT YOBJIETBOPAET 3apaHEe 3aJaHHBIM
crien(pUKaIMOHHBIM TpeOOBaHUAM. DTO TECTUPOBAHUE COOTBETCTBUS (conformance testing) B
IIMPOKOM cMEICe. B o0riem cinyuae cienudukarysi He moapa3yMeBaeT MPOBEPKH KaKIOTO
nepexoja aBToMaTa. Eciiu, Hanpumep, Mbl XOTUM TIPOBEPUTbH, YTO YUCIIO COCTOSIHUN aBTOMATa
HC MCHBIIIEC 3aJaHHOT'0, TO TCCTUPOBAHUC NNPCKPAIACTCA, KaK TOJILKO MbI B 3TOM y6e,Z[I/IMC$I, u
OCTaBIIIMECS] HETIPOBEPEHHBIMHU TIEPEXO0/IbI HAC HEe MHTEpecyIoT. OIHAKO, TaKue TPEOOBAHMS
SBIISIIOTCS] CKOpEE UCKITIOUEHHEM, YeM MpaBuiioM. OOBIYHO HAC MHTEPECYET MOIHAs
(GYHKIIMOHATIHLHOCTHh aBTOMATa, U HaM TPeOyeTCs MPOBepKa KaKI0ro ero nepexoaa. Takoe
TCCTUPOBAHUC OIMUPACTCA HA CICAYIOIHNEC MPCAIIOJIOKCHUS.

Usmenenue coctosHus. COCTOSHUE MEHSICTCS TOJIBKO B PE3YIbTATC TCCTOBOTO BO3I[CI>1CTBHH, TO
€CTh, IOJJaY1 CTUMYJIa HA aBTOMAT. C OI[HOI\/'I CTOPOHBI, 5TO O3HAYACT, UYTO aBTOMAT HAXOJAUTCA




[10J1 UCKJIIOUUTEIbHBIM YIPAaBIECHUEM TECTA U HUKTO «HE MELIAET» TECTUPOBAHUIO, TOUHEE,
TaKo€ MOCTOPOHHEE BO3/ICIICTBHE HE N3MEHSAET HAabMI0AaeMyto (PyHKIIMOHAIBHOCTh aBTOMATA.
(MuadopManmro o TECTUPOBAHUY TIPU HAJTMYUH TAaKUX «TIOMEX» MO>KHO HalTH B paboTax Imo
TECTUPOBAHUIO «CEPBIM ALIMKOM I «IOJIyyIpaBisieMoMy» TecTupoBanuto [14,23].) C
JPYroi CTOPOHBI, 3TO 03HAYAET, YTO Y TECTAa HET APYTUX CPEACTB U3MEHUTH COCTOSHUE
aBTOoMaTa. Eciiu Obl MHOXECTBO COCTOSTHHIM OBLIO U3BECTHO (HEM3BECTHBI TOJIBKO MEPEXO/IbI) U
MMENach BO3MOXXHOCTh IIPOU3BOJIBHO MEHATH COCTOSIHUE C TIOMOIIBIO MPSMOI 3aIIMCH WU
CHeLMaNbHON (HeTecTUpyeMoil) onepanuy, 3a1a4a nepedopa Bcex Nepexog0B aBToMaTa crana
OBl TPUBHUATILHOW. ATTPUOPHOE 3HAHUE O MHOKECTBE COCTOSIHUM peanu3aly — CUJIbHOE
TpeGoBaHuE; OOBIYHO MBI Y3HAEM O HEM TOJIBKO B IPOLIECCE TECTUPOBAHUS U TOIBKO
«TI03JIEMEHTHO», TO €CTh, O CYIIECTBOBAHUH COCTOSIHHS MBI y3HAEM TOJIBKO IOCIIE IEPEXOA B
HETO.

JlonycTUMOCTb CTUMYJIOB. B KaX1plii MOMEHT BPEMEHH Mbl MOXKEM TEM HUJIM HHBIM CIIOCOOOM
Y3HAaTh, KAKAE CTUMYJIBI MOKHO ITOJaBaTh Ha aBTOMAT. [IOHATHO, YTO B MPOTUBHOM CIIy4ae HU O
KaKOM TECTHPOBAHUU HE MOXKET UATH pPeyb. 3aMETUM, YTO BO MHOTHX paboTax [15] ata
npodaemMa 00XOAUTCS MPEATIONIOKEHUEM, YTO aBTOMAT BCIOAY OIIPEIEIIEH, TO €CTh, BO BCEX
COCTOSIHUSIX JIOITyCTUMBI BCE CTUMYJIBI U3 €ro andasura ctumyio. CielyeT Takke OTMETUTb,
YTO Ha MPAKTHKE HAM Ba)KHA JOITYCTUMOCTB TOJIBKO «MHTEPECYIOIINX)» HAC CTUMYJIOB, 10
KOTOPBIM ITPOBOAMTCS TECTUPOBAHUE, TO €CTh, CTUMYJIOB, OIPEJEIICHHBIX B Mojenu. Eciu B
peanu3anyy J0NnyCTUMBbI KAKAE-TO IPYTHE CTUMYJIBI, TO 3TO HE BIMAET HA TECTUPOBAHHUE.
@DaKTU4ECKH, 3TO 03HAYAeT, 4TO A peanusauuu R u Monenun M Tectupyercs monpaBTomar
R(M)cR, omnpeaernsgeMslid IEpeX01aMHy 110 MOJEIBHBIM CTUMYJIAM M COCTOSTHUSIMH,
JOCTHKUMBIMHU U3 HAYAJIBHOTO 110 TAKUM IEPEeX0oJaM.

HabGnronaemocts peakiuii. [locne mogaun ctuMysia Ha aBTOMAT Mbl MOKET HAOJI01aTh
BBIJIaBaeMYIO UM peakiuio. CoOCTBEHHO TOBOPS, IPH TECTUPOBAHUH MBI IIPOBEPSIEM KaK pa3 3Ty
peakmuio. B mpoTuBHOM Citydae, aBTOMAT cOBepIai Obl KAKHE-TO TIEPEXObl, HO MBI HE CMOTJIN
OBl y3HaTh, IPaBUWIbHBIE OHU WK HET. C Ipyroil CTOPOHBI, O MPABHILHOCTH MEPEXOI0B MOKHO
Cy,HI/ITI) TAKXC 11O ITIOCTCOCTOAHUSIM HpI/I yCJ'IOBI/II/I, YTO OHU Ha6J'IIOI[aCMBI.

OTaenbHO CTOUT BOMPOC O HAOJI01aeMOCTH COCTOAHMM aBToMarta. Eciu B 110601 MOMEHT
BPEMEHH MBI MOXKEM Y3HATh COCTOSIHUE aBTOMATa, MPOYUTAB €ro WX MOIyYrB B OTBET Ha
CHEIHAJIbHYIO0 ONIEpaluIo status message (IPEANONaraeTcs, YTo onepanus He U3MEHSIET
cocrosiaue) [15], To Takoe TecTupoBaHue Oy/IeM Ha3bIBaTh TECTUPOBAHUEM C OTKPBHITHIM
cocTostHHEM. B IMPOTHBHOM CJIy4ac, 6YI[€M TFOBOPUTH O TECTUPOBAHUHN CO CKPBITBIM COCTOSTHHUECM.

CrennanbHbIi Clly4aidl TECTUPOBAHUS COOTBETCTBHUS (B Y3KOM CMBICIIE), KOT/1a CEIUPUKALUSI —
9TO MOJIENIbHBIN aBTOMAT, SKCIUTUIIMTHO 3aJJaHHbII CBOMM I'pa)OM COCTOSIHUMN, U ITPOBEPSETCS
HKBUBAJICHTHOCTh PEATU3aIMOHHOTO (TECTUPYEMOI0) aBTOMaTa MojenbHoMy [15]. [IBa
COCTOSIHUSA (OHOTO MJIM pa3HbIX aBTOMATOB) SKBUBAJIEHTHBI, €CJIH J1H00asi OCIEe0BATENbHOCTh
CTUMYJIOB, IOIyCTUMasi, HAUMHAas C OJAHOTO COCTOSIHUS, IOIyCTUMAa, HAYUHAs! C IPyroro
COCTOSIHUS, U BBI3BIBAET OJHY U TY XK€ MOCIIeI0BATEIbHOCTh PEAKIMA. ABTOMATHI
HKBHUBAJICHTHBI, €CJIN KaXX0My COCTOSIHUIO OJJHOI'O aBTOMATa COOTBETCTBYET SKBUBAJIEHTHOE
€My COCTOSIHUE JIpyroro aBromara. MoieibHbIi aBTOMAT, TEM CaMbIM, OTTUCBHIBAET KJIAcC
HKBUBAJIEHTHBIX EMY PEaJIM3allMOHHBIX aBTOMATOB.

[Ipn HanmuuMKU MOAETBLHOTO aBTOMAaTa TECTUPOBAHUE C OTKPBITHIM COCTOSIHUEM CBOAMTCS K
o0xony MozaenbHoro rpada [15], mpu KOTOpOM KaXKAblil MOJIEIBbHBIN MEPeX0] COMPOBOKIACTCS
noJla4yeil Ha peaqu3alMOHHbBIN aBTOMAT TOrO K€ CTUMYJIa U IPOBEPKOM TOT0, YTO MOJTy4aeMble
pean3alliOHHbIE PEAKIIMS U IOCTCOCTOSIHUE TAKUE K€, KAK B MOJEIIBHOM IEpexoe. 3aMETHM,
YTO B TAKOM MOCTaHOBKE 3aJa4H, IOCKOJIbKY MOJENbHBIN rpad U3BecTeH, He TpedyeTcs



HEen30BITOYHOCTH anroputMa o0xoxa. Eciu peann3annoHHOE COCTOSHIE HAM HEIOCTYITHO
(TecTUpOBaHUE CO CKPBITHIM COCTOSHHEM ), IPUXOJUTCS] BBOAUTH CHICIIMAIBHBIC OTPAHUYCHHS Ha
peanu3anuio U MOAEIb U MPHOETaTh K Topa3fo 0ojee CI0KHBIM METOIaM MTPOBEPSIOIINX
nocienoBarenbHocTel (checking sequence) [15]. O0xon MozenbHOTO rpada B 3TOM ciaydae
HEJIOCTAaTOYeH, HO, OYEBHTHO, TAKIKE HEOOXOIUM, U TAK)KE JIJIsl 3TOTO He TpeOyeTcst
HEU30BITOYHOCTH aNropuTMa 00xoa.

K COJKaJICHUIO, Ha ITPAKTHUKE CHCI_[I/I(I)I/IKaI_II/II/I, BO-IICPBbIX, HC OIMUCBIBAIOT ABHO MOJICILHBIN
AaBTOMAT U CYHICCTBYCT np06neMa €T0 SKCINIMIOHUPOBAaHMA, a4, BO-BTOPLIX, p€ajin3alusd JOJ’KHA
OBITH DKBHBAJIEHTHA HE MOJIHOMY MOJECJIBHOMY aBTOMATy, 4 HCKOTOPOMY €ro NnoaaBTomMary,
3apaHcC HCU3BCCTHOMY.

Hawnbonee mmpoko pacrpoCTpaHSHHBIHN CITydail — 3TO UMIUIMIMTHEIC CIIeNU()UKAIINH B BH]IC
Ipea- U nocTycnoBui. [lpenycnosue — npeaukar Hax NPEeCOCTOSHUEM U CTUMYJIOM —
OnpeAesieT JOMYCTUMOCTb CTUMYJIOB B COCTOSIHUAX, a MMOCTYCIOBUE — IPEAUKAT HaL
IIPECOCTOSTHUEM, CTUMYJIOM, PEAKIIMEN U ITOCTCOCTOSSHUEM — OIIPENEIIAET BO3ZMOKHBIE ITEPEXOBI.
OKCIUTMIIUPOBAHNE aBTOMATA U3 TAKUX CICIH(DHUKAINI CBOTUTCS K PEIICHUIO CHCTEMBI
ypaBHEHHUI 00IIIeTo BUA U, B O0IIEM cilydae, He UMEET YAOBIETBOPUTENbHOTO penieHus. Ho
JIEJI0 HE TOJIBKO B 3TOM.

OOBIYHO CYHTACTCS, UTO CIICIU(PHUKAINS OTIUCHIBACT BO3MOJCHbIE, HO He 00s3amenbHble,
nepexo/ibl aBTomMaTa. Ecnu crienudukanys qomyckaeT HECKOJIbKO ePeX0/10B M0 JAaHHOMY
CTHMYITy U3 JAHHOTO MPECOCTOSHHUS, TO 3TO HE 0053aTEIEHO 03HAYACT HEACTEPMUHU3M
peanuzanuu. Jlomyckaetcs, YTOObI peanu3alis uMena XoTs Obl OJTUH U3 TaKUX MEePEeX0/I0B, HO HE
00s13aTeNbHO BCE; NETEPMUHUPOBAHHAs peanu3alus J0HKHA HMETh POBHO OJMH TaKOM Mepexo/.
@DaKTUUECKH, 3TO O3HAYAET, YTO MOJEIBHOMY aBTOMATy COOTBETCTBYET HE OJIMH KJIacc
AKBUBAJICHTHBIX pPEAIN3aLlMOHHBIX aBTOMATOB, & CEMEMCTBO TaKUX KJIaccoB. Peann3animoHHbIN
aBTOMaT, TOYHEE, KaK CKa3aHo Bblle, ero nojgasromat R(M)cR, onpenensieMblid MOIETbHBIMU
CTUMYJIaMH, SKBHUBAJICHTEH HeKoTopoMy nofaBTomMaty M(R) crenudukannonsoro aBromara M,
npudeM B KaxxaoM coctossHun M(R) nomycTumMsl Bce CTUMYIIbI, KOTOPBIE B 9TOM COCTOSIHUN
nonyctuMbsl B M, HO cpen Bcex nepexo1oB B M U3 JaHHOrO COCTOSIHUSA 110 JAHHOMY CTUMYITY
He Bce MoJDKHBI mpucyTcTBoBaTh B M(R). (MHOTIa B 3TOM Cilyyae TOBOPST O K8A3uU-
axeugarenmuocmu R u M(R) u pedyxyuu R x M [13].) [loHsTHO, 4TO B 3TOM Cly4ae, BO-
MEepBBIX, Pab0OTa MO IKCIUTMIIMPOBAHUIO CIIEIIU(UKAITMOHHOTO aBToMaTa M MOXKET OKa3aThCs
Ype3MepHOil, Tak Kak HaMm TpedyeTcs Tonbko ero nmogasromatr M(R), uncno coctosiHuit u
MIEPEX0JI0B KOTOPOT'O MOKET OBITH BO MHOTO pa3 MeHbIINM, 4eM B M. Bo-BTopsix, cam M(R)
3apaHee HEM3BECTEH, MTOCKOJIBbKY onpeaenseTcs He Toabko M, Ho u R.

MO’HO TaK)Xe OTMETHTh, YTO HEIETEPMUHUPOBAHHBIN crieliM(UKALMOHHBIA aBTOMAaT M MOXET
UCIIOJIb30BAThCS AJIsl TECTUPOBAHMSI IETEPMUHUPOBAHHBIX pean3allMOHHbIX aBToMaToB R [16].
B arom ciyuae skcrumnupoBasHbii nogasroMar M(R) Taxke JeTepMUHUPOBAH. OTO BaXHO,
MOCKOJIbKY TECTUPOBAHHUE JETEPMUHUPOBAHHBIX aBTOMATOB HAMHOTO MPOIIE TECTUPOBAHUS
HEETEPMUHUPOBAaHHBIX.

Takum 00pa3oM, HykJ1a B HEU30BITOUHOM QJITOPUTME 00X0/1a rpada COCTOSIHUN BOSHUKAET
€CTCCTBCHHBIM 06pa30M. TGCTI/IpOBaHI/Ie C OTKPBITBEIM COCTOAHUCM, (i)aKTI/ILIGCKI/I, CBOOUTCA K
TaKOMY QJITOPUTMY, @ JUISI TECTUPOBAHUS CO CKPBITHIM COCTOSTHUEM OHO HEOOXOAUMO (XOTSI U
HEJI0OCTaTOYHO).

B gactu 2 Hacrosimeit crateu GOpMyITUPYIOTCSI OCHOBHBIE TIOHATHS Tpada, 00Xo1a U arOpuTMa.
B yactu 3 usyuaercsa npobiaema cyliecTBOBaHMS U AIHHBI 00xoaa rpados. B yactu 4



IpeUIaraloTcs Hem30bITOUHBIE AITOPUTMBI 00X0/a. B 4acTu 5 onuceIBaeTcs MpUMEHEHHE ATHX
aJIrOPUTMOB B TECTUPOBAHUH.

2. NMoHaTua rpacpa n anroputma ABMXKEHUA No rpacy

OpueHnTrupoBaHHbIM rpadoM (fanee npocto epagom) G 6yaem Ha3bIBaTh COBOKYITHOCTb TPEX
00bekTOB: VG — MHOXecTBO BepinH, XG — MHOkecTBO cTuMysioB, EGECVGXxXGxVG —
MHO’KECTBO IIYT.

Crumyn X donycmum B BepIIMHE a, €CIH B rpade cymecTByeT ayra (a,x,b). s nyru (a,x,b)
BEPILIMHY a OyJeM Ha3blBaTh HAualoM AYTH, BEPUIMHY b — Konyom DyrH, CTUMYII X — pacKpacKoui
nyru. Ecnu ctumyn Tyru HecyecTBeHeH, Mbl OyJieM Takxke BMecTo (a,X,b) mucats mpocto

(a,b).

3ameuanue: [Ipu TectupoBanuu rpad paccMarpruBaeTcs Kak rpad) COCTOSHHM aBTOMATa.
Opnako, py U3YUYSHUH aJTOPUTMOB 00X0/1a MBI HE HCIIOJIb3YEeM PacKpacKy Iyr rpada
peakuusIMHU, TOCKOJIBbKY JUISl alTOPUTMa JOCTaTOYHO MPHU MPOXOAE JH000H AyrH yMETh
ONpeNIeNsATh KOHEl 1yTd (IOCTCOCTOSIHUE), HAUMHAIOIIEHCS B JaHHOM BepIIUHE (IPECOCTOSIHUH ),
U pacKpalIeHHOH TaHHBIM cTUMYJIOM. [Ipu TecTHpPOBaHUU C OTKPBITHIM COCTOSIHUEM MBI
onpeJiessieM MOCTCOCTOSIHUE HETIOCPEACTBEHHO, a IMIPU TECTUPOBAHUH CO CKPBITHIM COCTOSTHUEM
MOCTCOCTOSIHUE MHOT/Ia MOXKHO BBIYUCIIUTD MO PEAKIMU, HO Mbl OTHOCHM 3TO K CIIOCO0Y
oTpeieNIeHus] TOCTCOCTOSHUS, BHEIIIHEMY JIJISl allTOPUTMA 00X0/1a, @ HE K CAaMOMY aJITOPUTMY
obxona. [TogpobHee o peakiiuu B IpoIecce TECTUPOBAHUS CM. pasen S.

I'pac Ha3bIBaeTCS KOHEYHBIM, €CITM MHOXKECTBA BEPIIMH M IyT KOHEYHBI. YHCII0 BEpIInH U IyT
KOHEYHOTro Tpada 0603Ha4NM, COOTBETCTBEHHO, N 1 K.

I'pad HazbIBaeTCS demepmunupo8anuvim, €CIM KOHEI AYyTH OAHO3HAYHO OTPEIEIIIeTCs e
HaYyaJIOM U JIOIyCTUMBIM B HEM CTUMYJIOM: JiJist AyT (a,X,b) u (a',x',b") u3 a=a’ u x=x_ ciexyer
b=b". B nannoii cratbe MbI OyJieM paccMaTpUBaTh TOJBKO KOHEUHbIE IETEPMUHUPOBAHHBIE
rpadml.

Hyru (a,b) u (a’,b") Ha3BIBAIOTCS cMeHCHBIMU, €CITH KOHEII IEPBOM AYTH COBIMAIAET C HAYAJIOM
BTOpOIt yru: b=a'. Mapwpymom P nnunsl n B rpade G Ha3pIBaeTCS MOCIEAOBATEIHHOCT N
cMexHbIX ayT: mid i=1..n—1 ayra P[i] cmexna ¢ nyroit P[i+1]. Hauano a nepBoii nyru
Mapuipyrta OyZeM Ha3bIBaTh €r0 HauaioM, KOHEI b moclie el 1yru MapiupyTa — ero KOHYoM,
caMm mMapupytT — [a,b]-mMapuipyTom. ITycToit mocieaoBaTeIbHOCTH IyT COOTBETCTBYET MApPIIPyT
HYJICBOH JIJTMHBI, HAYAJIO ¥ KOHEIl KOTOPOTO COBMAIa0T. MapmipyT Oy/ieM Ha3bIBaTh 00X000M,
€CJIM OH COJCPIKUT BCe MyTHu rpada.

Anzopummom osudicenus no epagy 6yneM Ha3blBaTh AITOPUTM, KOTOPBIN B MPOLIECCE CBOEH
paboThl cTpouT MapupyT B rpade. DopManbHO TaKOW AITOPUTM MOXKHO OIPEICIIUTh KaK
CIIeNMaIbHBIN BUJ MAIIMHBI ¢ a0OCTPaKTHBIM cocTosiHueM (MarmuHa ['ypeBudya, ASM — Abstract
State Machine [26]), B KOTOpOM BHELIHHE ONEPALMU YACTHYHO CHEUU(DUIIUPOBAHBI 3alaHUEM
rpaga, Ha KOTOPOM ITPOUCXOIUT paboTa alNropuT™Ma, ¥ TeKyIei BepIinHbl B HeM. [l Hammx
LeJIel JOCTaTOYHO yKa3aTh, YTO AJIFOPUTMY IIPEIOCTABIISAIOTCS [IBE CIEIIMAIbHBIE BHEILIHUE
oreparuu status(), Bo3Bpamniaromiasi HAeHTH(PUKATOP TeKyIel BepmuHbl, U call(x), koTopas
OCYILECTBIISET MEPEXO0]] U3 TEKYyIIEH BEPLIMHBI A 110 {yre cO CTUMYJIoM X. Jlis
JeTePMUHUPOBAHHOTO Tpada Takas ayra (a,X,b) eanHCTBEeHHAs (€IMHCTBEHHA BepiinHa b).
[TpenycnoBuem onepanuu call(x) sBiseTcst JOMYCTUMOCTb CTUMYJIA X B TEKYIIEH BEpILIMHE a.
MapuipyT CTpOUTCS aITOPUTMOM Kak MOCJIEA0BATEIBHOCTh AYT, IPOXOIUMBIX
1OCJIe10BaTeNbHBIMU BbI30BaMu oneparuu call. Cienyer oTMeTHTb, YTO HUKAKasi BHEILIHSSA



onepanus (He TOBOPA yKe O BHYTPEHHEHN ) HE MEHsIET caM rpad), U eAMHCTBEHHOM
Mo (ULIMPYIOIIEH onepaliei, KOTopas MOKET U3MEHUTh TEKYIIYIO BEPUINHY, SBISETCS
onepanus call.

Heusz0bimounvim anropuTMOM OyZIeM Ha3bIBATh AJITOPUTM JIBHXKEHHS 1O Tpady, KOTOPHIHA
3aBUCUT TOJIKO OT MPONUJICHHOM yacTu rpada 1 JOMyCTUMOCTH CTUMYJIOB B TEKYILEH BEpIIMHE.
JlonmycTUMOCTB CTUMYJIOB AJITOPUTM MOXKET ONPEACIIUTH C TOMOILIBIO CIIENAIbHOM BHEITHEN
ornepauuu next(), KOTopas BO3BpallaeT CTUMYJI, HecrieupUIMPOBAHHBIM 00pa30M BbIOMpaeMBbIit
Cpell HE BBIOpPAHHBIX PaHEe CTUMYJIOB, TOMYCTUMBIX B TEKYIIEH BEpLINHE, OCYILECTBIISASL TEM
CaMbIM UTEPALMIO CTUMYJIOB B BEpIIUHE. ECaM Bce CTUMYIIBI, JOIyCTUMBIE B TEKYILEH BEPILUHE,
YK€ BBIOMPAINCH, Oy/IeM CUYUTATh, 4TO Next() BO3BPAIIAET «ITyCTOI» CHMBOII €.

C80000HbIM ANTOPUTMOM OyZieM Ha3bIBaTh HEU3OBITOUHBINA AIITOPUTM, KOTOPBINA Y3HAET O
JOTTYCTUMOCTH CTUMYJIa, €llle He opoOOBaHHOTO B TEKYIIEH BEpIIMHE a, HE 3apaHee, a
OJHOBPEMEHHO C IPOXOJOM MO Iyre, pACKpAalIEHHOW 3TUM CTUMYJI0oM. MHaue rosops,
CBOOOJTHBIN QJITOPUTM OCYIIECTBIISIET MEPBUYHBIN TPOXOJI 10 JTFOOOM e1le He TPOUIEHHOM JIyTe C
HA4aJIOM B TEKYyLIEH BEpIIMHE, UCIIOJIb3YysI COBMELIEHHYIO BHEIIHIOW onepannto nextcall():
x=next(); if x#¢ then call(x); return x else return € end. OTa onepanus
HecTeUPUIIPOBAaHHBIM 00pa30M BBIOMPAET €llle He ONPOOOBAHHBIN B TEKYIIEH BEPIINHE a
CTUMYJI X ¥ IPOXOJIUT 10 ayre (a,X,b). Eciu Bce cTuMyIibl y:ke onpoOOBaHbI B TEKYIIEH
BEpIIMHE, BO3BpALIAETCS IyCTOW CUMBOI €. J{1s1 BTopruHOro mpoxoja mno ayre (a,x,b), mo-
pexXHeMY, UCTIoNb3yeTcs onepanus call(X) B TOT MOMEHT, KOria TeKyIlel BepIIMHON SBIISIETCS
BEpUINHA A.

AJITOpUTM TIpeHA3HAYEH ISl PEIICHUsI TOM WM MHOW 3a7]a4uM; B JAHHOM CTaThe TaKOM 3a/1aueid
apisieTcst 00xox rpada. Hac OyayT nHTEpecoBaTh TOIBKO TaKUe alrOPUTMbI, KOTOPBIE
OCTaHABJIMBAIOTCS Yepe3 KOHEYHOE YHCIIO MAaroB. B MOMEHT OCTaHOBKM aJIFOPUTM MOXKET
COOOUINTH, BHIITOTHEH 00X0 WK HET. Bo3MoXKeH Takxke ciaydaii, KOraa MOCTPOSHHBIH MapupyT
ABIsieTca 00X0A0M, HO aJIrOPUTM 00 3TOM «He 3HaeT». [IpoTuBONOI0KHBIH ciaydaid, Koraa
00X0/1 HE BBITIOJHEH U alITOPUTM «3HAET», YTO B JaHHOM Tpade BooO1e HeT 00xoxaa. [TogobHyo
nH(dOpMaIUio, COO0IaeMyI0 aITOPUTMOM B MOMEHT OCTaHOBKH, OyJIeM Ha3bIBATh 8ePOUKNIOM
anropuT™Ma. Mel OyJ1eM rOBOPUTH, YTO BEPIAUKT 00CMoGepeH, eClii coodlaeMasi B HeM
UH(POPMAIUS COOTBETCTBYET ICHCTBUTEIHHOCTH.

Pabora anroputma, BOOOIIE TOBOPS, 3aBHCHUT OT BBITIOJTHEHHS BHEIITHUX OTIEPALIAI; JIS
HEH30BITOYHBIX AJITOPUTMOB — OT OTIEpaIlK Next, KOTopas onpeeicHa HeOJHO3HAYHO. byaem
TOBOPUTB, YTO AJITOPUTM COBEPIIACT 2apaHmMuposantuili 00X01 JaHHOTO Tpada ¢ JaHHOU
HAYaIbHOM BEPIINHOMN, €CITH ATO POUCXOIUT MIPH JTFOOOM JIOMTyCTUMOM BBITTOJIHEHHH BCEX
BHEITHHUX OTIEPAIHii; I HEM30BITOYHBIX AITOPUTMOB — HE3aBUCUMO OT UTEPAIMH CTUMYJIOB B
BepIrHax (next).

3. O6xopn rpacha

3.1. CunbHO-CBA3HbIE rpadbl

Bepmuna b docmuoicuma v3 BepivHbI a, eciu cymecTByeT [a,b]-mapimpyT. ['pad cunvro-
CB53€eH, €CIIN U3 KaXKJ0M ero BepIIMHbBI JOCTHKUMA KaXk/1asi ero BepiIuHa. [/ymem Ha3bIBAIOT
MapuIpyT 6€3 MOBTOPHOTO BXOX/ICHHUS BEPIIHH.

Teopema 3.1: 1) [yt mo6oro cumbHO-CBsI3HOTO rpada 1 IF00i Mmapsl ero BepirH a 1 b Bcermaa
cymiecTByert [a,b]-00xox ¢ nunoit O(nk). 2) J{ns mo0six n 1 K cyiiecTByeT CHIIbHO-CBSI3HBIN
rpa¢ ¢ yrcioM BepmrH n 1 yuciom oyt K 2k, B koropom 1r060i1 06x01 nmeeT ymmHy Q(nk’).



1) IIpou3BoabHBIM 00pa30M JIMHEHHO YIIOPSAA0YMM Bce yTu rpada Tak, yToObl mepBasi 1yra
HauyMHAaJach B BEPILIMHE A, a MOCJIEIHSS Ayra 3aKkaHuMBajiachk B BepiinHe b. [l nByx
HOCJIE0BATENbHBIX AYT (Vi,Vi ) U (Vi+1,Vi+1 ) B CHIBHO-CBSI3HOM T'pade Bcera CyIecTByeT
MapLIpyT U3 KOHIIA V; i-0H 1yru B Ha4yaso i+1-0i Iyru Viyy. Y Aanss U3 Hero LUKIIb, MOTyYaeM,
nyTh P;, Bemymuii u3 v;' B Vir1. ICKOMBIN 00X01 mipeicTaBiIsieT co00i KOHKATEHAINIO IyT U
nyTeit: (vi,v1 ) P12 A (Vi Vi ) APt e AP M (Vi Vi ), TIE Vi=a | Vi=b. TlockoibKy niinHa Ty TH B
rpade He mpeBocxoaut n—1, 06xon umeet uHy He 6onee k+(n—1)(k—1)=n(k—1)+1, To ecTb,
O(nk).

2) IIpumep rpacda npuseneH Ha puc.l, rae p=k’/n — nonycreneHb BbIX0Ja KaX /101 BEPIINHBI.

Puc.1 Puc.?

O6x0a sToro rpada MOKHO TIPECTABUTH B BIIe KOHKaTeHAIIMN MapiIpyToB Py,..., Py, mpruem
Kax bl u3 Py,...,Peq 3akanuuBaercs myrou (vi,vi), rae i>1, a kaxapii u3 Py,...,Pr; HaunHaercs
B vi. Kaxknpiit Mmapuipyt u3 Pa,...,P1, 3akanunBaromuiicst 1yrou (vi,vi) UMEET AJUHY i, a UX
yncio paBHO p-1. [TosTtomy, cunras, yro mapmpyT Py 3axanunBaeTcs 1yrou (vj,vi) ¥ UMEET
JUIMHY HEe MeHee 1, M He yuuThIBas oclieqHUi MapiipyT Py, mojlydaeM HM>KHIOIO OLEHKY JTMHBI
obxoma

(p-D+2(p-D+...+n(p—1)—j+1 = (p—1)n(n-1)/2 —j+1 > (p—1)n(n—-1)/2—n+1 = L. Ham
JIOCTATOYHO, YTOOBI I HEKOTOpoi koHCTaHThl C>0 mpu r060m n>0 BeimonHsoch L > Cpn2 =
Ck’'n. Jlerko nmoka3zatb, Haripumep, 4yTo 310 Tak 11t C=1/3 u p=3. Tem cambIM, MBI OTIpeeIIsIEM
k’ = max{k,3n}.

3aMeTHM, 4TO B IpUMEpe Ha puC. | MOIyCTEeNeH! BRIX0/Ia Y BCEX BEPIIUH OJMHAKOBBIE. DTO
CHENAHO ISl TOTO, YTOOBI HE HAKJIAAbIBATh HA YUCJIO CTUMYJIOB OTPAaHHYEHUHN CHHU3Y, KpOME
HeoOxoaumoro K'/n. bes atoro TpeboBaHus IpUMEP MOXKHO YIIPOCTUTh, 3aAMEHUB BCE JIyTH,
BEJYIIIUE U3 Vi B V1 HA JIYTH, BEAYIIUE U3 Vy, B Vq, 4TO TpeOyeT k'—n+1 ctumynos (puc.2). [

3.2. ocTmxumble rpacbli

[TockonbKy B3auMHas IOCTHKUMOCTb BEPIIHH — 3TO OTHOIIEHHE YKBUBAJICHTHOCTH, B O0IIEM
ciyuae rpad G pazbuBaeTcs Ha KOMIIOHEHTHI CUJIBHOM CBSI3HOCTH, HA MHOYKECTBE KOTOPBIX
JOCTHDKUMOCTB SIBJISIETCS] OTHOIIICHUEM YaCTHYHOTO TOpsiika. KOMITOHEHT siBisieTcsl moarpadom
rpada G, MHOXKECTBO BEPIITUH KOTOPOTO — 3TO KJIACC IKBUBAJICHTHOCTH, & IYTH — BCE IyTH
rpada G, Hayao 1 KOHEeIl KOTOPBIX MPUHAAJIeKAT SToMY Kiaccy. KoMmoHEHT, KoTopomy
MIPUHAJUICKUT BepITuHa a, Oyaem o6o3nayvats K(a). Jlyry rpada G, Hadano 1 KOHer KOTOpOoit
OTHOCSTCS K pa3HbIM KOMIIOHEHTaM, Oy/IeM Ha3bIBaTh CEs3VI0Uell.

s rpada G ero gpakmop-epaghom o OTHOUIEHUIO B3aUMHON JTOCTHXUMOCTH OyJleM Ha3bIBaTh
rpad F(G), BepmmHaAMH KOTOPOTO SBJISIOTCS KOMIIOHEHTBI CHITBHOMU CBS3HOCTH rpada G, a myra
(A,x,B), rie A#B — komnoneHTsI rpada G, cylecTByeT TOrAa U TOJIBKO TOraa, korna B rpade G



CYIIECTBYET CBs3YIOImas ayra (a,x,b), rine ae VA u be VB. Bepmmnsl dpakrop-rpada Oyaem
Ha3bIBaTh (PAKTOP-BEPIINHAMH, & TyTH — (PAaKTOP-TyramHu.

Locmuoicumvim epaghom HazpiBaeTcs rpad, Bce BEpPIIMHBI KOTOPOTO TOCTHKUMBI U3
BBIJICTICHHOW HA4aJTbHOW BEPIIMHEL. B nanpHeiieM, cienuansHo He OrOBapUBasi 3T0, MbI Oy1eM
paccMaTpuBaTh TOJIBKO JOCTHKHUMBIE Tpadbl, TOCKOIBKY TOJIBKO B HUX, OUEBHUIHO, BOZMOKEH
0o0xon. I'pad Ha3pIBaeTCS AMKIMYECKUAM, €CIIA B HEM HET UKIUYECKIX MapIIPyTOB;
VMCTOYHHKOM Ha3bIBAETCS BEPIIMHA, B KOTOPYIO HE BXOAAT AyI'M; CTOKOM HAa3bIBA€TCs BEPIUINHA,
13 KOTOPOW HE BBIXOIAT JYTH.

Teopema 3.2: JIns Toro, utoOsl rpad G ObUT JOCTHKUMBIM rpadoM ¢ HadyaIbHOM BEPIINHOMN Vo,
HEO0OXOAMMO U JOCTaTOYHO, yTO0OHI ero (hakTop-rpad F(G) Obut anuknmdeckum rpadoM ¢ oqHIM
ncrounukom K(vy).

Heob6xomumocts. @akrop-rpad F(G), oueBHIHO, SIBISETCS allMKINYECKUM. B 1OoCTHRIMOM
rpade G s 1r000i BEPIIUHBI V CYIIECTBYET [Vo,V]-MapuipyT. OCTaBisis B HEM TOJIBKO
CBSI3YIOIIKE IyTH U 3aMEHsS1 UX COOTBETCTBYIOIUMH (hakTop-ayramu, nomydaem [K(vo),K(v)]-
MapmipyT B ¢akTop-rpade, To ectb, F(G) Takxke sBAsSETCS JOCTHKUMBIM IpadoM H
CJIeI0BATENIbHO, UMEET TOJIbKO 0JMH UCTOYHUK K(Vvy).

Jocrarounocts. B anuknnueckom dakrop-rpade F(G) ¢ omaum ncrounnkom K(vyg) s kaxmoi
BepiuHbI v cymectByeT [K(vy),K(V)]-MapmpyT kak mociaeaoBareabHOCTh (hakTop-AyT,
COOTBETCTBYIOIIIUX CBS3YIOMINM IyTraM (a;,b;), i=1..t. O603Hauas by=v, 1 ai1=V, moxy4aem, 4To
1u1st i=0..t, BepiuHsb! b; 1 2,41 TpUHAIIICKAT OTHOMY KOMITOHEHTY H, CJI€I0BaTeNbHO, B Tpadhe G
cymectByert [bj,ai+1]-MapupyT P;. [vo,v]-MapupyT B rpade G cTpouTcs Kak KOHKaTeHaIHs
Po*(a,b)*... P (apb) NPy [

3.3. N'padbl 1-ro pona

I'padom /-20 pooa Gynem HazbIBaTh Tpad ¢ IMHEWHBIM MOPSIKOM JTOCTHKUMOCTH KOMIIOHEHTOB,
B KOTOPOM U3 KaXKJIOTO HETIOCJIETHEr0 KOMIIOHEHTA BBIXOIUT TOJIBKO OJHA CBSI3YIOIIAst 1yra U
OHa BEJIET B CIEAYIOMUN KOMITOHEHT. 1o ymon4anuto, HayaabHast BEpPIIMHA Vo TPUHAIICKUAT
nepBoMy KOMIOHEHTY. IHbIMU ciioBamH, pakTop-rpad Takoro rpada cCOCTOUT U3 OJTHOTO
AIMKIMYECKOr0 MaplIpyTa C Ha4YaJIoM B KOMIIOHEHTE HauainbHOU BepinHbl K(vy) (puc.3).

— —

Puc.3

IIpotioennvim epaghom mapiuipyta Oyaem Ha3bIBaTh oArpad), COCTOANMN U3 IyT MapuIpyTa u
WHIUJACHTHBIX UM BCPUINH.

Teopema 3.3: 1) IIpoiinennsiii rpad mapiipyTa sBnsiercs rpadom 1-ro posna, Hadyajao U KOHeIl
MapuipyTa IpUHAIJIEkKaT, COOTBETCTBEHHO, €r0 TIEPBOMY U MOCJIEIHEMY KOMIIOHEHTaM. 2) [a,b]-
00X0[1 CylIecTBYeT AJIsl ¥ TOJNbKO [t rpada 1-ro pona, B KOTOPOM BepIIUHEI a U b
NPUHA/IJIEKAT, COOTBETCTBEHHO, IIEPBOMY M MOCJIETHEMY KOMIIOHEHTAM; MUHUMAaJIbHAS UTHHA
o0xoxa pasHa O(nk). 3) [l mo6bIx Bo3MOXkKHBIX N U K cymecTByeT rpad 1-ro pogacn
BepmmHaMu U K 2K myramu, 060t 00xoa kotoporo umeet umHy Q(nk’). 4) O6xox U3 moooi
HAYaJIbHOM BEPIIMHBI Vo CYLIECTBYET JJISl U TOJIBKO JUIsl CUIIbHO-CBA3HBIX TpadoB.



YTBepkaeHue 1) HemoCpeICTBEHHO CIEAYET U3 TOT0, UTO BCE BEPIIMHBI IPOIIEHHOTO rpada
JUHEWHO YTOPSI0YUBAIOTCSI MAPIIPYTOM B TIOpsAKE AOCTKUMOCTH. 2) U3 1) cnexyer
CYIIIECTBOBaHKE 00X0/1a TOJBKO s TpadoB 1-ro poma. O6parHo, s rpada 1-ro pona co
CBS3YIOIIUMU ayramu (a;,b;), i=1..t—1, o6o3Hauas by=a u a=b, ctpoum [b;_1,a;]-06xo0x P; i-ro
koMrioHeHTa st i=1..t u [a,b]-006xo0x rpada kak konkarenauuio Pi*(ag,b1)”... P (agb) Py
Jnuna storo o6xona He npeBocxoaut t—1+X{O(n;k;)[i=1..t}, rae n;, k; — yucno BepmuH u ayr i-
ro KOMIIOHEHTa, TO ecTh, paBHa O(nk). Y1Bepxaenue 3) nokasano B Teopeme 3.1 11 cuiibHO-
cBs3HBIX TpadoB (t=1). YTBepkaenue 4) HEMOCPEACTBEHHO CIIEAYET U3 yTBEPKIeHUS 2). [ |

3.4. MNMoKpbITUA AOCTUXNMBIX rpadoB

MHO0’k€ecTBO MapIIpyTOB, HAUMHAIOIIUXCS B HAYAJIbHOM BEPILIUHE V¢, Oy/1€M Ha3bIBaTh
nokpvuimuem rpada, ecau Kaxkaas BeplIMHa U KaxJas ayra rpada BXOJUT XOTs Obl B OJIUH U3
ATUX MapuIpyToB. [[n1HON NOKphITHUS Oy/1eM Ha3bIBaThb CyMMY JUIMH €0 MapIIpyTOB.

Teopema 3.4: [TokpeITHE CYIIECTBYET IJIs1 M TOJIBKO JUIS JOCTHKUMBIX TPadOB U €ro
MUHMMasbHas AnuHa paBHa O(nk); 1 mo06bIx Bo3MOXKHBIX N U K cymecTByeT rpad
JOCTIKAMOCTH ¢ n BepmrHaMu U K >k gyramu, mo60e MoKphITHE KOTOPOTO HMEET JUTHHY
Q(nk’).

VYTBepKAEHUE TEOPEMBI O CYIIECTBOBAHUM MOKPBITUS HEMOCPEICTBEHHO CIEAYET U3
ompezeneHus: A0CTIKUMOro rpada G ¢ HauanbHOM BEPIIMHOM Vy: IS KaXXI0H BEPIIUHBI a
umeercs [vo,a]-mapuipyt P(a), st kaxnon ayru (a,b) umeercst mapuipyt P(a)”(a,b),
MPOXOSIINMA Yepes3 3Ty IyTy.

JU1s OLleHKH UTMHBI TOKPbITUA paccMoTpuM (aktop-rpad F(G), kotopslii, mo Teopeme 3.2,
SBIISICTCS AIUKJINIECKUM TpadoM ¢ ogHUM UCTOUHUKOM K(vy). O603HaunM t — uncio
KOMITIOHEHTOB, a K¢ — uucino cBssyromux nyr rpada G. Beinenum B F(G) octoB (MakcuMaabHOE
JIEPEBO), OPUEHTHUPOBAHHBIN OT KOPHEBOT0 KoMroHeHTa-uctouHnka K(vy); B Hem t—1 ayr,
octanbHbie kg—(t—1) cBs3ytomme ayru — xopabl. s nokpeitus F(G) nocTatouHo B3STH a) Bce
(dakTop-MapuIpyThl, Beayuue u3 KopHs K(vyp) B 1MCTOBbIE KOMIIOHEHTHI, U3 KOTOPBIX HE
BBIXOJAT XOP/Ibl, U OTMOJHUTENBHO b) Bce (pakTOp-MapLIpyThl, BEAyIIHE U3 KOPHS B HaYaJIbHbIE
KOMITOHEHTHI BCEX XOPJI ¥ Jlajiee TPOXOISIINE TI0 Xopae. Ynucino GpakTop-MappyToB a) He
PEBOCXOUT t, yucio (hakTop-mMapupyToB b) He npeBocxoaut ko—(t—1); cymmapHoe uncio
daxTop-mapuipyToB — He Oonee ko+1.

Kaxnp1it Takoit pakrop-mapiipyt F MoKHO paccMaTpuBaTh Kak 4yepeyouryrocs
MOCIIE0BATEIHHOCTh KOMIIOHEHTOB U CBSI3YIOIIUX AYT. 3aMEHUM Ka)KJJ0€ BXOXKICHHE
komnoHeHnTa K B ¢akrop-mapuipyT F mapmpyrom P(K,F) B rpade G, koTopblif HaunHaeTcs B
KOHIIE cBsi3ytomen ayru ¢akrop-mapmpyTa F, Bxomsmieit B K (st mepBoro kommnonenta K(vy)
— B BEpILKHE Vy), ¥ 3aKaHUYUBAETCS B Havase CBsA3yrolei nyru gakrop-mapuipyta F,

BeIxo el u3 K (71 mocienHero KOMNoHEeHTa — B J1i000# ero BepimmHe). B pesynbTaTe
noixyuruM MapuipyT P(F) B rpade G kak uepenyromtyrocst konkateHanuio mapipytos P(K,F) u
cBs3yronmx ayr. st kaxxaoro komnonenta K B onnom u3 mapuipytos P(F), mpoxoasimmx
yepes K, mapmipyt P(K,F) BeiOepem 06xomom kommoHeHTa K, a Bo BceX OCTalbHBIX — TH00
nyTem, eciiu K Henocnenuuii kommnoneHT B F, mnbo mapmpyTom HysneBou nimunsbl, eciu K —
nocienauit komnoneHt B F. OueBuaHO, 3170 MHOXeCTBO MapiipyToB P(F) Oyzaer mokpsiTHem
rpada G. Eciou 661 kaxasiii mapuipyt P(F) conepsxan He 00X0/1bl, @ TONBKO MyTH B
KOMIIOHEHTaX, OH caM ObLI ObI ITyTEM I IyTEM, Y/UTMHEHHBIM Ha OJIHY AyTY (Xopay daktop-
rpada), U, CJIeA0BaTEIbHO, €T0 JJIMHA HE MTPEeBOCXoauIa Obl n, a cymma il — (Ko+1)n.
[TockonbKy Kax /bl i-blif KOMIIOHEHT 00X0auTCst poBHO B oxHOM Mapupyte P(F), mmna
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nokpeITust He peBocxoauT (Kg+1)n+Z{O0(n;k;)|i=1.. t}, rae n;, ki — gucio BepmuH u 1yr i-ro
KOMIIOHEHTA, TO €CTh, paBHa O(nk).

Onenka Q(nk’) nocturaercs Ha rpade Ha puc.1,2 ¢ HaYaTbHOU BEPITUHOM Vy. ||

4. Anroputmbl obxoaa

4.1. 'padbl 2-ro poaa u cBo6oAHbIE anNropUTMbI

Jlns mapiipyTa B rpade BeplnHy OyaeM Ha3blBaTh NOJIHOCHbIO NPOUOEHHOU, €CIH B ’TOM
MapLIpyTe NPOIIEHbI BCE BHIXOAIINE U3 BEPIIUHBI AYTH.

I'padom 2-20 poda Gynem Ha3piBaTh Tako rpad 1-ro poga, B KOTOPOM Bce KOMIIOHEHTBI, KpPOME,

OBITH MOKET, MOCJIETHET0, COCTOST U3 OJHOMN BEPIIUHBI U HE COAEpkKAT IyT, KpOME OJTHOM
CBSI3YIOIIEH AYTH, BEAYIIEH B CACAYIOMINI KOMIOHEHT (puc.4).

Ty AP t
O—D— . —fi)—
Puc.4

Teopema 4.1: 1) JIr060i1 cBOOOAHBIN aITOPUTM MOXKET TapaHTUPOBAHHO 0OOWTH TOJIBKO rpad 2-
r'o poJia ¢ Ha4aJIbHOW BEPIINHOM Vo U3 IIEPBOI0 KOMIIOHEHTA U OCTAHOBKOM B BEPLIUHE U3
MOCJIETHETO KOMIOHEHTA. 2) CylecTByeT CBOOOHBIN alTOPUTM A, KOTOPBIA OCTaHABINBACTCS
Ha J10060M rpade, mpoxoas MapmpyT puHoM O(nk), 1 rapaHTUPOBaHHO 00XOAUT BCe rpadbl 2-
ro poJa ¢ Ha4aJbHOM BEPIIMHOMN Vo U3 IEPBOIO KOMIIOHEHTA.

1) ITo Teopeme 3.3, 06xo0x cymiecTByeT TONAbKO A rpada 1-ro poxa. Ecau rpad e 2-ro pona,
TO HEKOTOPBII HEMOCIEeTHII KOMIIOHEHT rpada Tubo cocTouT Gosee, YeM U3 OJHOU BEPIIHUHEI,
1100 U3 €ro €IMHCTBEHHOW BEPIIMHBI BBIXOIUT HE TOJIBKO CBA3YIOIas Ayra. B mepBom ciyuae,
B CUJIy CHJIBHOM CBA3HOCTH KOMIIOHEHTA, UMEETCS] MaplIpyT U3 Havalia CBSI3yIOLIEH AyTH B
JIPYTYIO BEpUIMHY KOMIIOHEHTA, CIEA0BATEIbHO, U3 HaYaia CBA3YIOLIeH 1yru (a,X,b) BBIXoAUT
emie oaHa ayra (a,x’,b’), a BO BTOpoM cllyuae HAJIMYME TaKUX ABYX AYT SBHO MOCTYJIHUPYETCS.
Korna anroputm BriepBbie OKa3bIBAa€TCs B BEPILIMHE A, B HEH €1e HU OJIUH CTUMYJI HE
onpoOOBaH, 1 MO3TOMY CBOOOIHBIN aNTOPUTM JOJKEH MPUMEHUTH onepaluio nextcall.
[TockonbKy anropuT™ AOJDKEH rapaHTHPOBAHHO O0XOIHTH Tpad, TO €CTh, HE3ABUCHMO OT
BBITIOJTHEHUSI 3TOM OTepallyy, MPEANoI0kKUM, YTO OHa BBIOMpaeT CTUMYI X. B 3TOM cirydae Ml
IpOMIEM M0 CBA3yIOLIEH nyre (a,X,b) B cienyromuii KOMIOHEHT U, ClI€A0BaTENbHO, O0IbIIE HE
CMO’KEM BEpHYThCS B BEpILUHY a, U ayra (a,X ,b’) ocTaHeTcs HenpoiAeHHOM.

2) B mporiecce paGoThl anroput™a A Mbl OyJIeM XpaHUTh OMHCaHKUE MPOUEHHOTO Tpada,
3aroMHHas BCe MpoiaeHHbIe ayru. Kpome Toro, OyaeM noMedars BEpIIHHBL, B KOTOPBIX
onepauus nextcall BepHya mycToi CUMBOJI €, TO €CTh, BEPLIMHBI, KOTOPbIE TAPAHTUPOBAHHO
MOJTHOCTBIO MPOUCHBI. 3aMETUM, YTO BEpIIMHA MOXKET ObITh MOJHOCTHIO MPOHIEHA, HO MBI 00
9TOM eIlIe He 3HAaeM M OHA HEIIOMEUCHa.

[IIar anropuT™Ma COCTOUT U3 CIEAYIOIINX ITyHKTOB:

1. Brmonnsem onepauuto nextcall, 3armomuHas npoieHHbIE AYTH (CTUMYJI IyTH
BO3Bpaliaercs nextcall, a ee koHel onpezenseTcs ¢ IOMOIIbIO ONepalyy status), 10 Tex
nop, nnoka nextcall e BepHer mycroi cumBoin €. B nocineanem ciryyae nomedaem
TEKYILYI0 BEpUINHY.
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2. Ecnu Bce npoiiieHHbIe BEPIIMHBI TOMEYEHBI (M, TEM CAMbIM, IOJTHOCTHIO IPONIECHBI),
AITOPUTM OCTAHABIMBACTCS.

3. B mpoTtuBHOM ciy4ae, B IpOHIEHHOM rpade uiieM MyTh W3 TEKYIIeH BepIINHBI B KaKyFO-
HUOYIb HETIOMEUYEHHYIO BepIinHy. Eciu Takoit myTh €CTh, MPOXOIUM €T0 C ITOMOIIBIO
onepauuii call. [Ilar 3akaHnunBaeTcs.

4. Ecnu Takoro myTd HET, aITOPUTM OCTAHABIMBACTCS.

OcraHoBka anroputma. Kaxaplif 3 3TUX IyHKTOB BBIMOJIHAETCS 32 KOHEUHOE BPEMsl, TOCKOJIbKY
B Tpade KOHEUHOE YHCIIO AYT (KOHEYHOCTS 11.1) M KOHEUHOE YHCIIO My Tel (KOHEYHOCTH 11.3). 3a
OJIVIH AT U3 IIyHKTOB 1—3 anropuT™ MpOXOIUT XOTS ObI O/IHY HETIPOHICHHYIO YTy W/WIH
IIOMEYaeT XOTs OBl OJJHY HETIOMEUCHHYIO BeplInHy. [103TOMYy anropuTm A\ OCTaHABIMBACTCS
gyepe3 KOHEYHOe BpeMs Ha J1r000oM rpade.

Jnuna MapuipyTa. [poiiieHHbIi MapipyT MOXKHO MPEICTaBUTh KaK KOHKaTEHAIUIO MEPBUYHBIX
BXOXKACHUM YT (11.1) U coequHAIONMX uX myTei (11.3), o3TOMY JJMHA MapIIpyTa MOJIy4aeTcs
O(nk).

[apanTrpoBaHHbIl 00x01. B rpade 2-ro poaa kaxaplii HEMOCIEAHUI KOMIIOHEHT COCTOUT M3
OJHOU BEPLIMHBI, U3 KOTOPOW BBIXOAUT OJIHA JAYra, BeAyIlas B CICAYIOIMNA KOMIOHEHT,
MO3TOMY aJITOPUTM, HAYMHAIONINHI paboTaTh B BEPILINHE MEPBOTO KOMIIOHEHTA, OYEBHIHO, ITOCIIE
1.1 oka)keTcs B MOCIEAHEM KOMITOHEHTE M, CJIEI0BATENIBHO, OCTAHOBUTCA B HEKOTOPOM BEPILINHE
b nocnennero komnonenrta. [lycTb B MOMEHT OCTaHOBKU MMEETCS HENpoiaeHHas ayra (c,d),
TOT/Ia €€ HAYaJo € HE IOMEYEHO U, OUEBUIHO, IPUHAJIEKUT OCIEAHEMY KOMIOHEHTY. Toraa
CyLIECTBYET MapuIpyT u3 b B ¢. Y nansas u3 MapupyTa QUKIIbIL, IIOJIy4aeM IyTh U3 TEKyLIEH
BEPIIHUHBI b B HEMOMEUEHHYIO BEPIIUHY €. ECIIM 3TOT MyTh COAEPKUT TOJIBKO MPONAEHHBIE TYTH,
TO alNTOPUTM HeE JOJDKEH ObUT OCTaHOBUTHCS (11.3). Eciu ke Ha 3TOM IyTH €CTh HeMpOiiIeHHbIE
YT, TO paCCMOTPUM HaudajabHBIA OTPE30K ATOrO IMyTH J0 NEPBON HENPOiAeHHOH nyrH (¢',d’) —
BEpIIIMHA ¢ HETIOMEUYEeHa U B IIPOUICHHOM Tpade UMEEeTCsl MyTh B HEE M3 TEKYIIEH BEPIINHBI,
CJIeIOBATENILHO alITOPUTM HE JOJKEH ObLIT OCTAaHOBUTHCSA (11.3). MBI MPUIILTH K TPOTUBOPEUHIO
Y, 3HaYUT, B MOMEHT OCTAaHOBKH BCE AYTH MPOUIEHBI i COBEPIIEH 00X01. ||

PaznuuHbIe alTrOpUTMBL, UCTIONB3YIOIINE CTPATETHIO AlITOPUTMA A g, pa3THYaroTcs BEIOOPOM
HEMOMEUEHHOW BEPIIUHBI V' U3 TeKYIIE MOMEYEHHOM BEpIIUHBI V B 1.3 [25]. ANTOPUTMBI,
OCHOBaHHBIE Ha 00X0J1e OCTOBa Tpada, BEIOUPAIOT CaMyl0 TAITBHIOI OT KOPHS («ITOUCK B
IIyOUHY») WIH CaMylo OMKHIOI K KOPHIO («TIOUCK B IIUPHUHY») BEPIIUHY V', TOCTHKUMYIO U3
v. «KamHblily anropuT™M BEIOMpAET V' OJIMXKANIIYIO K V 110 AJIUHE [V,V' |-y TH.

Teneps ucciieyeM BOIpoc: KaKue JOCTOBEPHBIC BEPIUKTHI MOXKET BHIHOCHTH CBOOOTHBIN
anroputM oodxona?

OO0 oTCyTCTBUU HEMPOHAEHHON AyTH, BBIXOASIIECH U3 JaHHOM BEPILIUHBI, CBOOOIHBIN aIropuT™M
MOKET y3HaTh, TOJIBKO IOJIy4MB IIyCTOM CTUMYJI B OTBET Ha onepanuio nextcall, korna sta
BepIIMHA ObUTa TeKyllel. Takylo BeplIMHy Ha30BEM IIOMEUEHHOH, KakK 3TO JIeNlaeTcs B
anroputMme 4. Eclii B MOMEHT OCTaHOBKHU aJIrOpUTMa OTCYTCTBYIOT HEIOMEUEHHBIE BEPILNHBI,
QJITOPUTM MOXET BBIHECTH JIOCTOBEPHBIN BEPAUKT «cosepuier 00x00» (HAlIOMHUM, YTO MBI
paccMaTpuBaeM TOJIBKO JIOCTHKHMEBIE Tpadbl). DTO MOXKET IPOU30UTH TOJIBKO B CHIIBHO-
CBSI3HOM Ipade, MOCKOIbKY MPOXOJ MO CBA3YIOIIEH Ayre AejaaeT HEBO3MOXKHBIM BO3BpalllEHHUE B
€€ HAa4YaJIbHYIO BEPILINHY Vo U, CIIE0BAaTEIbHO, T4 BEPIINHA OCTAHETCS] HEIIOMEYECHHOM.
[TosToMy, eciiu Bce MpOiA€HHBIE BEPLIMHbI IOMEUYEHBI, IOCTOBEPHBIM OyAeT naxe Oojee
CUJIbHBIN BEPIUKT «COBEPULEH 2apaAHMUPOBAHHbI 00X00». ANTOPUTM A MOXKET JeNaTh 3TO B
n.2. Ecnu ke B MOMEHT OCTaHOBKH OCTAJIMCh HEIOMEUEHHbIE BEPIIMHBI (1.4 aroputMa Ay),
QJITOPUTM, AaHATTU3UPYS MPOHJECHHBIN Tpad), MOKET BIHECTH OJUH U3 JIBYX JTOCTOBEPHBIX
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BEPIUKTOB: €CIIM MPOUIEHHBIN Tpad 2-T0 poJa — «Heu38ecmHo, cogepuiet iu 00X00, Ho eciu
coseputer, mo 00X00 2apanmMuposanHsliy;, B IPOTHBHOM CIIy4ae — KHeU38eCMHO, COBEPUIEH U
00X00, HO eciu cogepuieH, mo 06X00 He2apaHmMuUpPOBAHHBI.

4.2. Hen36bITOYHbIE aNrOPUTMbI

Heun30pITOYHBIE aITOPUTMBI OTIIMYAIOTCS OT CBOOOTHBIX TEM, YTO MOTYT IOJIyYUTh C TOMOIIBIO
orepanuyu next onepexarolryto HHPOPMALKIO O CTUMYJIaX HEMPOMIEHHBIX OYT 10 TOTO, KaK OHU
OyIyT mpoiaeHbl. ITO JaeT BO3MOXKHOCTh HEM30BITOUHBIM aJITOPUTMaM OTOX/IECTBUTH NOHSTUS
IIOMEUYEHHOM! U MOJIHOCTBIO MIPOIIEHHON BEpPIIMHBI U, CJIe10BATEIbHO, BHIHOCUTH 00JIee CHUIIbHBIE
JIOCTOBEPHBIE BEPIUKTHI.

Teopema 4.2: CymiecTByeT HEM30BITOUHBIN aJITOPUTM Az, KOTOPBIM OCTaHABIMBACTCS HA JIFOOOM
rpade, mpoxoas mapuipyT 1iuHONH O(nkK), ¥ BBIHOCUT TOCTOBEPHBIN BEPIUKT 1) «cosepuier
2apaHmuposantvlil 00xo0» s Bcex rpadoB 2-To poja, 2) «cosepuien He2apaHmupo8aHHbll
00x00» TIPU HEKOTOPHIX BBHITTOJIHEHUSX BHEITHUX omepaiuii ans rpados 1-ro (Ho He 2-T70) pofa,
U 3) «00x00 He cosepuieny TP HEKOTOPHIX BBHITIOJHEHUSX BHEITHUX onepanuii aiist rpadoB 1-ro
(1o He 2-T0) poja, u it Bcex rpados He 1-ro poja.

Anroput™m Ay sBisieTcs MoAU(UKAIEH anropuTMa A U CTPOUT TOT K€ CaMbIii MApIIPYT.
Bwmecto onepanuu nextcall npumMensieTcs «omnepexaronias» onepanus next, pe3yjbTraT KOTOpon
3alOMUHAETCS B TEKYIIEH BepIIrHe (IIpH MepBOM IMOMaJaHuU B BEPIIMHY nexXt BHIIOIHACTCS ABa
paza noJpsij, €ciy, KOHEUHO, U3 BEPLIMHBI BBIXOAUT XOTs Obl 0Ha nyra). [locie aToro no
HEIpPOWIeHHOM Ayre Mbl ujeM onepanueit call(x), rae X — cTuMyil, BBIJAHHBIN B TEKYIIEH
BEpILUHE npeonociedHeti onepamyei next. 3a cueT 3TOro alrOPUTM IIOMEYAET BEPIIUHY
HEIMOCPEICTBEHHO Mepe]] TEM, KaK BBIXOJIUT U3 HEE M0 MOCJIEIHEN HEeNpoiieHHon ayre. Tem
CaMbIM, TIOHATHS IIOMEYEHHOM U IIOJIHOCTBIO NIPOMACHHON BEPIIUHEI cOBIanaroT. [Ipu
OCTAHOBKE B 1.2 (BCE€ BEPIIMHBI TOMEYCHBI) AITOPUTM aHAIU3UPYET poiieHHbIi rpad. Eciamn
3TO rpad 2-ro pojaa, BBIHOCUTCS BEPAUKT «COBEPULEH 2aPAHMUPOBAHHBIU 00X00%», B IPOTUBHOM
ClIydae — «cogepuier HeeapaHmuposanHulil 00x00». B 1.4 BBIHOCUTCS BEPIUKT «00X00 He
cogepuer. [

4.3. NpepunkaTt cBA3yOLWKUX AYr

ANTOPUTM MOXET TapaHTHPOBAHHO 00X0AUTH rpadsl 1-ro pona, eciiv eMy KakKuM-TO BHEITHHM
00pa3oM mocTaBisieTcst HHPOPMAIHS O CBA3YIOMHX ayrax. I[lycTs B Kakao# BepmHe rpada
3aJaH MpeIuKaT OT CTUMYJa 7(X), KOTOpbIi Oy/1eM Ha3bIBaTh NPeOUKaAmoMm CeA3YIOuUx oye.
[Ipenukar docmoseper, eCav OH UICTUHEH Ha M TOJIBKO HA CTUMYJIAaX CBS3YIOLIUX JYT.
AnroputM, ¢ BHEULIHUMU oniepauusmMu next, call u m, KOHEUHO, HE ABJISIETCS HEU30BITOUHBIM, HO
B HEKOTOPOM CMBICIIE KMUHUMAJIBHO N30BITOYHBIMY JITOPUTMOM.

Teopema 4.3: CymiecTByeT alnroput™ Ag ¢ IPeAUKATOM CBA3YIOLIMX YT T, KOTOPBII
OCTaHaBIIMBAETCA Ha JIIOOOM Tpade, mpoxoas MapuipyT anuHoi O(nk), u rapaHTHPOBaHHO
o6xoaut rpadsl 2-ro poaa u rpadsl 1-ro poga ¢ TOCTOBEPHBIM MPEAUKATOM.

Anroput™ Az 0TIMYAETCs OT aAropuT™Ma Ay T€M, YTO CHaYalla IMPOXOATCS TOJIBKO
HECBS3YIOLUE yTH, BEIXOAAIIME U3 IPONACHHBIX BEPIINH, @ CTUMYJIbI CBA3YIOLIUX AYyT
3allOMHUHAIOTCS B X Ha4aJbHbIX BepiinHax. Korna HecBA3yOMMX HEPOHACHHBIX yT OOJIbLIe
HE OCTAETCsl, AITOPUTM HUIIET B MPOUJICHHOM rpade MyTh B HAYaJI0 OJHON M3 3aTIOMHEHHBIX
HENPONACHHBIX CBA3YIOIIUX IyT U, €CIM HAXOAUT TAKOU ITyTh, IPOXOIUT €TO U CBA3YIOILYIO
YTy, IIOCJIE YETO CHOBA MILET HETPOMIEHHbIE HECBA3YIOINE AYTH. SBiseTcs Ayra CBsI3yIOLIeH
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WIH HET, ONpeieNsieTcs 10 npeauKaTy 7. Jloka3aTeabcTBO yTBEPKIACHUN TE€OpeMbl 00 OCTaHOBKE
aIropuTMa, UIMHE MaplIpyTa u 00X0Jie OYEBUIHO. | |

Jlerko moka3aTh, YTO allTOPUTM Az TIOCIIE OCTAHOBKH MOKET IPOAHATIN3UPOBATH MTPONACHHBIN
rpa¢ ¥ BbLAATH OJMH U3 CIEAYIOUINX JOCTOBEPHBIX BEPAUKTOB:
1. «Cosepuien 06x00», ecly U3 MPOUICHHBIX BEPIIUH HE BBIXOAT HEMPOUICHHBIE TyTH.

a) + «06x00 eapanmupo8anubill u npeouKam 00Cmogepeny, €Ciiv MpeIuKaT B IPOHEHHOM
rpade 1-ro poa HCTUHEH Ha U TOJIBKO Ha €T0 CBA3YIOMINUX TyTrax.

b) + «06x00 capanmuposannsiii, Ho npeduKam HedOCmMosepeHr», €CIu MPEeIUKaT B
npoiiieHHoM rpade 1-ro posa UCTHHEH Ha HEKOTOPBIX IyTraX MOCIETHET0 KOMIIOHEHTa
W/WIIN JIO’KEH Ha HEKOTOPBIX CBS3YIOLIUX Jyrax, U3 Hauana KOTOPbhIX HE BBIXOJAT ApYyTrHe
JyTH.

c) + «06x00 Hecapanmuposannslli U NPEOUKam HedoCmosepeH» — BO BCEX OCTAIbHBIX
CITydasx.

2. «06x00 He cosepuieny», €CIU XOTs Obl U3 OJJHON MPOHICHHON BEpPIINHBI BEIXOIUT

HEIPOWICHHAs JIyTa.

a) + «JIubo npeduxam docmogeper u mo2oa ucxooHulil epag e 1-20 pooa, 1bo npeduxam
HeOdoCmoseper U mo20a Heu38eCmHo, s8J51emcst iu UCX0OHbLU epag epagom 1-2o0 poday,
€CJIM TMPeAUKAT UCTUHEH Ha M TOJBKO Ha CBA3YIOIUX AyraxX M HeNpPOUICHHbBIX Ayrax.

b) + «llpeduxam ne docmogepen u HeusBeCmHo, 61emcs iU UCXOOHbLU 2pad epagom 1-2o
P0oO0a» — BO BCEX OCTAJIbHBIX CITydasX.

[Tpenukar  hopManbHO OMpeeNieH Ha Tpoiikax (Tpad, BepiinHa, cTuMyi). byem Ha3biBaTh
NpeIUKaT Heu3OblMo4YHbIM, €CITH OH HE 3aBUCHUT OT rpada. bonee ToUHO, 3aBUCUMOCTh
npearKara ot rpada CBOAUTCS K 3aBUCHMOCTH OT MHOKECTBA CTUMYJIOB, JOMYCTUMBIX B
BEpIINHE, TO €CTh, POPMATIBHO MPEAUKAT ONPEJIENIeH Ha TPoiiKax (BepIIrHa, MHOKECTBO
JIOITyCTUMBIX B BEPIIMHE CTUMYJIOB, CTUMYJ). EClTi HEen30BITOUHBIH MPEINKAT pacCMaTPHBAThH
HE KaK BHEIIHIOI, a KaK BHYTPEHHYIO OIEPAIUIO allTOPUTMa, TO COOTBETCTBYIOIINM 00pazomM
MOAU(UITUPOBAHHBIN alITOPUTM Az (0003HaUUM ero Ay), BO-TIEPBHIX, OyAeT HEM30BITOYHBIM, U
BO-BTOPBIX, FAPAaHTUPOBAHHO 00XOAMT Bce rpadbl 2-ro poaa u te rpadsl 1-ro pona, Ha KOTOPHIX
NpeNKaT JOCTOBEPECH.

BwmecTte ¢ TEM, HEN30BITOYHBIN npeavKar, O4eBUAHO, HC MOXKCT OBITH AOCTOBCPCH HA BCEX
rpadax ¢ BIJCICHHBIMHI HAYaJIbHBIMH BEPIIUHAMH Vo, H30MOP(GHBIX C TOYHOCTHIO IO PACKPACKU
IyT CTUMYJIaMU, €CJIA 3TO He rpadbl 2-T0 poja.

Teopema 4.4: He cymecTByeT HEM30BITOYHOTO aJTOPUTMa, KOTOPBIH 00X0 1T ObI HEKOTOPBIHA
rpa¢ G 1-ro (Ho He 2-r0) poja u Bce rpadpl, oTanyaromuecs ot G TOIbKO pacKpackon ayr
CTUMYJIaMHU.

Jloka3aTenbCTBO MOXO0KE Ha J0Ka3aTenbeTBO yTBepkaeHus 1) Teopemsr 4.1. Eciu rpad G He 2-
r'o pojia, TO B HEM UMEeTCsl cBs3yrolas ayra (a,X,b), 13 Hayaga KOTOpOH BBIXOJUT €I11e OJIHa
nyra (a,x ,b’). PaccMoTpuM MOMEHT BpeMEHH, KOTJ1a aJITOPUTM OCYILIECTBIISIET IEPBUYHBIIN
IPOXOJ1 IO BTOPOH JIyTe — B BEpLIMHE a BbI3bIBaeTcs onepanus call(x’). Eciu anroputm o6xoaut
rpad, To B 3TOT MOMEHT TiepBas ayra (a,x,b) emie He npoiineHa. Eciu alropuT™ HEU30BITOUCH,
TO nHpopManus o rpage, KOTOPoil OH 00JIaZaeT B 3TOT MOMEHT, OJIMHAKOBa Kak Juisd rpada G,
Tak ¥ Juig rpada G, ornuuaromerocs ot G nepeMeHoi MecTaM# CTUMYJIOB PaCKPacKH dTHX
IBYX IyT (a,x’,b) u (a,x,b"). [ToaTomy B rpadpe G* anroputm noiiner no nyre (a,x',b) B ToT
MOMEHT, Korja ayra (a,x,b") emie He npoiigena. OgHako, B 3TOM rpade CBA3YIOMIECH SBISICTCS
nyra (a,x’,b), To ecth, 00X07 coBepiieH He OyaerT. [
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4.4. OnTMManbHbIA MO BPEMEHU N NaMATU CBOOOAHLIN anropuTm

Jlo cux mop Hac MHTEpecoBajia TOJIBKO JUTMHA 00X0/1a, CTPOSIILIErocs aIrOpUTMOM (KOJIMYECTBO
onepauuii call), Ho He BpeMs ero paboThl (00IIee KOJTUUECTBO JIEMEHTAPHBIX ONepaLui, Kak
BHEIIHMX, TAK U BHYTPEHHUX) U HE 00BEM HMCIIOJIb3YyEMOM MaMSsITH.

Teopema 4.5: CymiecTByeT CBOOOIHBIN alTOPUTM A\s, KOTOPBIM OCTaHABIUBACTCS Ha JIIOOOM
rpade, u rapaHTUPOBAHHO OOXOJIUT Bce rpadbl 2-ro pofa ¢ Ha4YaJIbHOW BEPIIUHOM Vo U3
nepBoro KoMmrmnoHeHTa. Bpems pabotsr anroputma O(nk), a ucnons3yemas namsith
O(n(log;n+I+X)) 6ur, rae I u X — pazmep, COOTBETCTBEHHO, UACHTU(DHUKATOPA BEPILIUHBI U
cTumyJja B Outax. [Ipu 3ToOM BBIHOCSATCS JOCTOBEPHBIE BEPIAUKTHI, BOZMOXKHbIE /1JIs1 CBOOOIHBIX
AITOPUTMOB.

Wnest anroputMa 3aKiI0vaeTcsi B IOCTPOCHUH B mpoiiaeHHoM rpade forward-nymu (coctout u3
forward-nyr) u neca back-oepeswves (cocrout u3 back-ayr). Cornacuo Teopeme 3.3,
npoiieHHsli rpad sBasiercs rpagom 1-ro pona, HayaabHAas BEPIIMHA Vo IPUHAMICKUT IIEPBOMY
KOMITIOHEHTY, & KOHEYHasl BEPILINHA V — ITocieHeMy. [IpoliieHHbIe BEpIINHBI, B KOTOPBIX
aJITOPUTM BBI3bIBAI onepanuio nextcall ¢ mosy4yeHneM B OTBET ITyCTOrO CUMBOJIA €, IOMEYEHBI
U, TEM CaMbIM, TAPAaHTUPOBAHHO MOJIHOCTHIO NpoiieHsl. PaboTta anropurMma npeacraBiser coooi
IIOCJIE0BATENBHOCTS I11ar0B, B HayaJle Ka)KI0ro 11ara BBIIIOJIHEHBI CIEAYIONNE YCIOBHS:
forward-nyts — [v¢,V]-yTh, BCE BEpIIMHBI KOTOPOTO HEITOMEYEHBI.

Bce ocranpHble MPOHCHHBIE BEPIINHBI IOMEYEHBI.

Tekyuieil BepmnHou siBisgercs koHel forward-myTu.

Kaxnoe back-aepeBo sBisieTcsi 0CTOBOM KOMIIOHEHTA CUJILHOM CBSI3HOCTHU MPOUIEHHOTO
rpada, OpueHTUPOBAHHBIM K KOPHIO, KOTOPBIH JIeXUT Ha forward-myTu; 3TOT KOpeHb
OyzaeM Ha3bIBaTh TaKke KOpHEM KomnoHeHTa. (CM. puc.5.)

Puc.5

PaccmoTpuM paboty anropurMa Ha oxHoM miare. Eciu u3 Tekyeit Bepimasl (koHua forward-
IyTH) BBIXOJUT HEMPOIiIeHHas ayra e, uaem 1o Heil. Eciu nonanaemM B HOBYIO (HE MPOMIEHHYIO
panee) BepiiuHy, forward-nmyTh yanuHseTCsS Ha ATy € U IIar 3aKkaHyuBaeTcs. B mpoTuBHOM
cinydae, asuraemcs o back-gyram o nepsoii Bepiinssl, nexanieit Ha forward-nytu (B
KpaiiHeM ciyuae, Mbl goiaem 1o kopHs back-nepea), u nanee — no forward-myram 10 KoHIa
forward-nyTtu, u 3akanuuBaem mar. Eciu gyra e Bena Huke KopHs back-nepeBa nociennero
KOMITOHEHTa, COOTBETCTBYIOLIMM 00pa3oM KoppekTupyeM back-nepesbs. Takoe jxe ABHKEHHE
no back-ngyram u nanee no forward-myram coepiaem 1 B TOM cliydae, Korja U3 KOHIIa
forward-nmyTu He BBIXOIAT HENPOWIEHHBIE AYTH, HO TOJIBKO Tenepb KoHel forward-mytu
CTAaHOBUTCS IOMEUEHHBIM U Mbl OCTaHaBJIMBaeMcs B peplnyiel Ha forward-myTu BepiivHe u
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ykopaunBaeM forward-myTh Ha ocneAHIo0 ero ayry. Eciau Takoi npennocieaHei BepIHbI
HeT (forward-myTh HyJIeBOW JAJIMHBI), AITOPUTM OCTAHABINBACTCS.

3aMeTuM, 4TO IyTH, KOTOpBIE B IIpoliecce padoTel anroputMa As Obutn forward-nyramu B
HavaJjiaxX [aroB, B MOMEHT OCTaHOBKHU 00pa3yroT forward-odepeso — 0cTOB mpoiiieHHoro rpada,
OPUCHTUPOBAHHBIN OT KOpHsL. DakTHUYECKH, aNropuT™ 00XoauT 310 forward-aepeBo MeTo oM
noucka 6 2nyoumy.

J1st OTICHKY BpeMeHH pabOThl aJITOPUTMA OITUIIIEM HCITOJIb3YEMbIC HM CTPYKTYPBI JTaHHBIX:

e Jlna npencrasienus jgeca back-nepeBreB ucnonb3yercs cnucok Traversed Bcex
MIPOWJICHHBIX BEPILIVH B MPOU3BOJILHOM Nopsake. Traversed-onucanye BEpIINHbI
COIEPIKUT:

O uJIeHTU(PUKATOP BEPILUHBI,

O CCBUIKY «BIEpEI» IO CIHUCKY,

O omnucanue back-nyru — nyru back-nepesa, BBIXOIALIEH U3 3TON BEPILLINHBI:
" CTUMYJ AYTH,
» cchuka Ha Traversed-omrcanue KoHIA TyTH (715 KOPHS CChITIKA

HyJIeBas),
O ccouiky Ha Forward-onucanre HermOMeUeHHOM BEPIIMHBI (7151 TOMEYEHHON
BEPIINHBI CCHUTKA HYJIEBas).

e Jlns npencrasienus forward-myTu ucnosib3yercs IByHanpaBieHHbIA ciiucok Forward
HEIMOMEYEHHBIX POWIEHHBIX BepiinH B nopsiake forward-nytu. Forward-onucanue
BEPILIHUHBI COAEPIKUT:

O ccbuiky Ha Traversed-onucanue,

O onucanue forward-ngyru — nyru forward-myTu, BRIXOJAIIEH U3 3TOM BEpUIMHBIL:
= ccpuIKa «BIepen» 1o cnucky Forward Ha Forward-onucanue koHua

IyTH,

" CTUMYJ AyTH

O CChUIKY «Ha3an» no cnucky Forward,

O WMHAECKC KOMIIOHEHTA CUJIbHOM CBSA3HOCTU, KOTOPOMY IPHHAJIEKUT BEPIINHA, B

Ka4eCTBE KOTOPOI'0 UCHOJIb3yEeTCA HHAECKC €ro KopHs 1o cnucky Forward.
o Jlnmmnua cnucka Forward.

CchlKa 10 CIUCKY BEPIIMH M MHIEKC KOMITIOHEHTA HE MPEBOCXOIST N M IIOTOMY IS UX
xpanenus Tpedyerca O(logan) 6ut namsartu. [lockonbKy YKCIO OMKMCaHU HE MPEBOCXOAUT YHCIA
BEPIINH N, 001Mit 00beM ucnonbzyemoit mamsatu O(n(log;n+1+X)) 6ut. DTa orieHka ToyHas MO
MOPSIKY: B MOMEHT OCTAaHOBKH alropuTMa Ha rpade 2-ro pona cnucok Traversed conepxuT n
omMcaHu#, To ecThb, 3annmaeT Q(n(logn+I1+X)) Our.

3ameuanue: BHenrHss onepanus next, BOoOIe roBOpsi, TAK)KE 3aHUMAET MaMSTh IS KaxI0H
BEPIITUHBI — TIOCJICTHUNA CTUMYJT (MJTH €T0 HOMEDP), KOTOPBIN OHA BhIJIaBasia (WM coOupaeTcs
BBIJIaBaTh). JTa JAOMOJIHUTEIIbHAS TIaMsATh, OYCBHIHO, Takxke uMeeT 0obeM O(nl) Our.

Tenepsp miar aropuT™Ma OMUIIeM moapoOHee:

1. Brmmonnsercs onepauus nextcall.

2. Ecnu nextcall Bo3BpaiaeT cTuMy1 X£¢, ¢ IOMOIIBIO Ollepaluy status onpenensemM KoHel b
nyru (a,x,b) u umewm ero B cnincke Traversed.

3. Ecinu He HaxonuMm — BepiinHa b HOBas, To coznaeM Traversed- u Forward-onucanus
BepIINHEI b, momMenias ux B COOTBETCTBYIOIME ciucky; forward-myTh yaMHseTCs Ha
forward-nyry (a,x,b). Ilockonbky BepiinHa b — kopens nocneanero komnonenta K(b),
nnnekc K(b) ycranasnuBaercs paBHbIM JiuHe cricka Forward, To ecTh, MHIEKCY B HEM
Forward-onucanus Bepimunsl b. [lar 3akanunBaercs.
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4. BepmuHa b crapas. Hama 3agaua — BepHYThCS B BEpLIMHY a, CKOPPEKTUPOBAB, NPU
HeoOxoaumocTH, back-nepeBbst 1 MHAEKCH KOMITIOHEHTOB. Ecnu BepiinHa b He neXuT Ha
forward-nytu, To no back-nyram asuraemcs ¢ nomoiupto onepauuii call 1o nepsoii
BEpUINHBI ¢, Jexaiiel Ha forward-nytu. CpaBHUBaeM UHAEKCHI KOMIIOHEHTOB B BEPIIMHAX
a u c. Eciiu oHu paBHbI, 1BUraemcs ¢ nomouisto onepaiuii call no forward-ngyram 1o konua
forward-nytu. Ecinu oHu He paBHBI, TO KOppeKIHsS HEOOX0IUMa, U BO BpeMsl IBHIKEHUS
YCTaHABIIMBAEM JUIS KayKJOW BEPIINHBI 10C€ €, HAUUHASL C IIEPBOIO MONABIIErocst KOPHs
(BKJTIOUMTENHFHO) MHAEKC KOMIIOHEHTA TaKOH ke, KaK B ¢, a B kKauecTBe back-myru —
forward-nyry, kpome xonna forward-myTtu, rae back-mgyroit cranoBurcs nyra (a,x,b).
3aMeTuM, 4TO B 1.4 MBI IPOXOJUT B rpade KOHTYp U3 ABYX mojoBUHOK: back- u forward-
MyTH, KOTOPBIA BCET/la MeeT JUIMHY He Oosee n. [llar 3akaHunBaeTcs.

5. Ecnu nextcall Bo3Bpalaer mycToil CAMBOJI €, TO Hallla 3a/1a4ya — IEPEUTH B IIPEATIOCIIETHIOIO
BEPIIHUHY a’ forward-nyTu, ykopoTus ero Ha nociegHiorw ayry. [Ipexae Bcero nposepsem,
HE ABJISIETCA JIU BepinrHa a kopHeM back-nepesa. Eciu ga, To anroputm 3aKkaH4YUBaEeT CBOKO
paboty. [Ipu 3TOM, ecinu a=vy — HauanbHAas BepIIHHA Ipada, TO BEIHOCUTCS BEPAUKT
«cosepuieH 2apaHmuposanHulil 00x00». B IpOTUBHOM cilyyae aHAM3UPYIOTCSI CIIUCKU
Traversed u Forward a1 npoBepku TOro, SIBISI€TCS JI IPORUACHHBIN rpad rpadom 2-ro
pona. Ecnu na, TO BBIHOCUTCS BEPIIUKT «HEU3BECHHO, CO8epulet iU 00X00, HO ecu
cosepuier, mo 00x00 2apanmMupo8anHbli), B TIPOTUBHOM CIIy4ae — «HEU38eCmHO, CO8epUleH
JU 00X00, HO ecliu cosepuieH, mo 00x00 HecapaHmuposanHuiiy. ECIu ke a He SBIseTcs
kopHeM back-7iepeBa, To HAXOIMM BEpPIIHHY 4+ (UCIOIB3YS ABYHAIPABICHHOCTD CIIHCKA
Forward) u nBuraemcs ¢ nomorpio onepanuii call mo back-mgyram 1o nepBoii BepImH#I ¢,
nexameil Ha forward-nytu, u nanee no forward-agyram 10 BepIIMHbI a”'. YHnuToxKaeMm
Forward-onucanue BepiinHsI a, yaaiuB ero u3 cnrcka Forward, Tem cambiM, momeyas
BEpUIMHY a U ykopauuBas forward-nyTh, 1 3aKkaHYMBaEM IIar. 3aMETUM, YTO B I1.5 MbI TOXKE
MPOXOaKM B Tpade myTh U3 I1ByX nojoBUHOK: back- u forward-myTu.

Hepr,HHO BUICTH, YTO, €CJIM AJITOPHUTM HC 3aKaHYMBACTCA B JAHHOM IIIarc, ToO K KOHIY 1iara
BBINIOJTHCHBI H606XOI[I/IMLIC yCJIOBUA HavdaJIa CICAYIOMICTO [ara.

O0603HauuB yepes t; u call;, COOTBETCTBEHHO, YHUCIIO OMEpaIUil K YUCIIO MPOXOA0B 1o ayram (call
u nextcall) B myHkTe i, a yepe3 C — HEKOTOPYIO KOHCTAHTY, 3aBUCSIILYIO OT IPOrPAMMHOMN
peanuzauuu, umeeM: t;<C, call;<1, t,<Cn, call,=0, t;<C, call3=0, t,<Cn, call4<n, ts<Chn,
calls<n. B xaxxmom mare, Kpome mocieaHero, 1u6o 1) BeImomHsfoTCes myHKTH 1,2,3 unu 1,2,4 u
IIPOXOJUTCSI POBHO OJIHA HENPOIICHHAs paHee 1yra, MO0 2) BBINOIHSAIOTCS MYHKTHI 1,5 u
MOMEUaeTCsl POBHO O/IHA HEMIOMEUeHHas paHee BepunHa. OueBUIHO, YUCTIO IaroB Buaa 1) He
MPEBOCXOIUT unciia ayr K, a uncio maroB Buaa 2) — ynciia BepiinH n. B pesynbrare, uepes
KOHEYHOE YKCJIO AJIEMEHTapHBIX OMepaluii aifOPUTM OCTaHABJIMBAETCA U OOIIee YUCIIO
onepauuii He npeBocxoaut max| k(ti+t;tmax(ts,ty)), n(t;+ts) | < k(ti+ty+tg)+n(t+ts) <
k(C+2Cn)+n(C+Cn), T0o ectb, yunutbiBas n < k—1, paBHo O(nk), a 1yinHa npoiIeHHOTO
MapuipyTa He npeBocxoaut max| k(call;+call;+max(calls,cally)), n(call;+calls) | <
k(call;+call,+cally)+n(call;+calls) < k(1+n)+n(1+n), To ecTb, yunutsiBas n < k—1, pasno O(nk).

O4eBHAHO TaKXe, YTO AITOPUTM COBEpIIIAET TapaHTHPOBAHHBINA 00X0/1 1t000T0 rpada 2-ro poaa
Y BBIHOCHT JIOCTOBEPHBIN BEPAUKT Ha Jt000M rpade. [

4.5. Mogucdukaumm onTuManbHOro anropuTmMa

AnroputMm As sBisieTcs MoIu(pUKaIMeH anropuT™a, npeagoxeHnoro B 1971 r. ogaum u3
aBTOPOB HACTOSAIIEH CTaThU [S], A penieHust 6oJiee CI0KHOM 3aa4i 00X0/1a CUITbHO-CBSI3HBIX
OpPUEHTUPOBAHHBIX I'paoB ¢ MOMOIIBIO poboTa Ha rpade. Ecian Hen30bITOYHBIH aaropuT™
MOKHO paccMaTpuBaTh kak ASM Ha rpade, To poOOT — 3TO KOHEUHBIH aBTOMAT Ha Tpade.
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Onenka auHBI 00x01a podorom O(nk + nzlogzn). BTopoe cnaraeMoe BO3HUKaET M3-3a TOTO,
YTO aNrOPUTM As, UCTIONB3YS ABYHAIIPAaBICHHOCTH criucka Forward, mepexoaut B
npeanocieaHiow epmuny forward-mytu (mar 5) 3a 0uH IPOXOI MO [MUKIUIECKOMY
MapuIpyTy, a pOOOT BBIHYX/IEH JeNlaTh MHOTO TaKUX MPOX0A0B. Eciiu He MpUMEHSITh
CIEIMATBHBIX ONTUMHU3HPYIOIMIUX TPUEMOB, OlIeHKa aJisi poOoTa nomyuutcs O(nk + n’). Po6or B
[5] ansa o6xona forward-nepeBa npuMEHSIET METO/ NOUCKA 68 UIUPUHY, YTO YMEHBIIAET OIICHKY
10 O(nk + n’log;n). B 1994 r. Y. Afek u E.Gafni B [12] npetosxumm poGoT, HCITOIb3yOIIH#
METO/JI NOUCKA 8 2/1YOUHY BMECTE CO CIEIHMATbHBIM ONTUMH3UPYIOIIUM PUEMOM, YTO TaKKe 1aeT
oneHKy JuHBI 00x01a O(nk + nzlogzn). Kaxk MbI cuntaem, coueTaHue noucka 6 wupumy ¢ 3TUM
ONTUMU3HUPYIOIINM IPUEMOM JOJKHO AaTh CyMMAapHYIO OlleHKY A podora O(nk +
nzlogzlogzn). st cpaBHEHUSI OTMETHM, YTO XOPOIIO U3BECTHHIN anroputM Tappu [10] o6xona
HeopueHmuposanHvix TpadoB TOXKE SIBISIETCS CBOOOIHBIM U MOXKET OBITh PEaIn30BaH POOOTOM C
nuHoM 06xona 2k u Bpemenem padoTsl opsiaka O(K).

CBoOogHOMY anTOpUTMY As COOTBETCTBYET HEM3OBITOUHBIN aJITOPUTM A\, TPOXOIAIIUN TOT Ke
MapuIpyT, HO BBIHOCALIMH Oojiee TOUHbIN 10CTOBEpHBIN BepAUKT. bosiee Toro, ero MoxHo
ONITUMH3UPOBATH TaK, YTOOBI TIOCIIE TIPOXO/IA TI0 TIOCIEAHEN XOp/ie, BEIXOIAIICH U3 KOHIIA
forward-myTH, Bo3BpalaTbcs He B penocieHio BepunHy forward-nyTy, a B mociaeiHIo0
Ha forward-myTH BepiiMHy, U3 KOTOPOH BBIXOJAT €I1€ HE IPONHACHHbBIE 1yTU. AIITOPUTM Ag,
COOTBETCTBEHHO, MO>KHO MOANU(UIIMPOBATH JJIs1 paOOTHI C MPEIUKATOM CBA3YIOIIUX TyT
(«MUHUMaTBHO M30BITOUHBINY aJTOPUTM) WIIA C HEU30BITOYHBIM MPEAUKATOM (HEM30BITOUHBIN
anroput™). Bo Bcex 3Tux MoaupuKanusax NopsioK BepXHel OLEHKH BpeMeHH padoThl U ATUHbI
o0xona He MeHseTcs. TeM He MeHee, JUIsl HEKOTOPBIX KJIaccoB IpaoB BEpXHsS OLICHKA
MHUHHMMAaJIbHOH JUIHHBEI 00X04a MOKeT oTindathes 0T O(nK) 1 Ha HEKOTOPBIX U3 HUX
HEU30BITOYHBIN aNTopuT™M padoTaeT Jayurie, 4eM cBoOoHbIA. Hanpumep, st rpada Ha puc.6
CBOGOIHBII anropuT™ As HMeeT oueHKy C(n?), a Her3ObITOUHEIH anroput™ Ag — Q(n).

& 5

Puc.6

PaccmarprBaeMble aqropuTMbl MOTYT MIPUMEHSTHCS TAKXKE JUTS MOKPBITHS JTFOOBIX TOCTHKHMBIX
rpad)0B ¢ TOMOIIBIO TIOBTOPHBIX 3aITyCKOB aJTOPUTMOB C COXPaHEHUEM HH(OPMAIHH OT
npeapayIiei padoTel. MIHaYe roBopsi, alrOpUTMBI MOTYT paboTaTh ¢ rpadamu, st KOTOPBIX
ompeeneHa J0CToBepHas onepanus reset [15], koropyro oHu OyayT UCTIOJIB30BATh TOJIBKO B
citydae HeoOXOJMMOCTH (B YaCTHOCTH, HE OY/IyT MCIIOJIb30BaTh Ha CHIILHO-CBSI3HBIX rpadax).

[TockonbKy anroputm As ais KaXJ0U Ayrd, KOTOPYIO OH MOXKET MPOXOJUTh MOBTOPHO (AyTH
back-nepeBa u forward-nyTi), XpaHUT B ONMCAHUU Hayajla AyTH CChUIKY Ha ONMCAHUE €€
KOHIIa, OH MOXeT padoTaTh Ha MPOU3BOJIBHBIX I'padax, B Mpolecce cBoei padboThl KOHTPOIUPYS
nerepMuHU3M. [ 3TOr0 mocie kaxaoi onepanuu call Bei3piBaeTcs onepanus status u
BO3BpALIEHHAs €10 BEpIINHA CPAaBHUBAETCS C 3allOMHEHHOM. [Ipu oOHapyxeHun
HEJETEPMUHU3MA AJITOPUTM OCTAHABIMBAETCS C COOTBETCTBYIOLIUM BEpAUKTOM. Pazymeercs,
€CJIM HEICTEPMHUHU3M JI0 OCTAHOBKM aJIrOPUTMa He OOHApYy>KeH, 3TO HE 03HAYAET, YTO €ro HET,
IIPOCTO IIPU JTaHHOM BBIITOJIHEHUH HAM «IIOBE3JIO».
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E1e onHO# 0051aCThI0 IPUMEHEHHUS aITOPUTMA C MIPEAUKATOM (M30BITOUHBIM WU
HEU30bITOUYHBIM) CBSI3YIOILUX JYT SBJISIOTCS MHOTOYPOBHEBBIE Tpadbl. J[ByXypoBHEBBIH rpad
MO’KHO OIIPENEINTh Kak rpad 2-ro ypoBHs, B KOTOPOM BEPILIUHBI ABISAOTCA rpadamu 1-ro
YPOBHSI, IPUYEM BCe 3TU Ipadbl CUIBHO-CBSI3HBL. bojee cTporo, AByXypOBHEBBIN Ipad MOXKHO
OTIPEeNIeNIUTh Kak Tpad, B KOTOPOM HEKOTOPBIE IyTH MPOMapKUpoBaHbl. Ecim MapkupoBaHHBIE
IYTH yAAJIUTh, TO MOJyYUTCS] HAOOP N30JIMPOBAHHBIX CHIIBHO-CBSA3HBIX IpadoB — rpados 1-ro
ypoBHs. Ecnu ¢pakTopr3oBaTh ABYXYpPOBHEBBIN I'pad 10 OTHOLIEHUIO B3AUMHOM TOCTHKUMOCTH
BEPLINH Yepe3 HeMapKuposanHvle IyTh, TO MOTYyYUTCS CUIIbHO-CBSA3HBIN rpad 2-ro ypoBHS.

Ecnu npenukat noHMMAaTh Kak NpeauKaT MapKUPOBAHHBIX YT, TO aJrOPUTM OyJeT 00XOAUTh
JIBYXYPOBHEBBIN Tpad 1Mo ypOBHSM: TOMa1asi IEPBBIA pa3 B HEKOTOPEIH rpad 1-ro ypoBHS, OH
CHayaJa MOJHOCTBIO €ro 00XOAUT 0 HEMAapKUPOBAHHBIM JyTraM, a IOTOM 110 MapKUPOBAHHOMH
JyTe MepexoauT B creaytonmii rpag 1-ro yposHs. [Ipu moBTropHOM BXOXAeHUH B rpad 1-ro
YPOBHSI, B HEM JJOCTATOYHO MPOUTH My Th 70 HYKHOH MapKUPOBaHHOM JIyTH, BEIXOAALIECH U3
rpacda. /1y oeHKH ATMHBI 00X0/1a TAKUM QJITOPUTMOM MOKHO PacCMOTPETH Kilacce
JIBYXYPOBHEBBIX I'paoB, B KOTOPBIX Bce Ipadbl 1-ro ypoBHS UMEIOT OJJUHAKOBOE YHCIIO BEPLINH
n; u ayr ki, a rpag 2-ro ypoBHs uMeeT n BepunH (ducio rpados 1-ro yposHs) u K, ayr. Yucno
BEpILKH U AyT IByXypoBHEBOTO rpada n=nin; U k=k,+nyk;. /[nnna o6xona paBHa
0O(n2k;)O(n1)+n,0(n; k) = O(n(k;+kz)), uto npu pocre K; 1aet npenebHbId BEIMTPHIII B Ny
pa3. [Ipumep rpada npuseneH Ha puc.7: rpadsl 1-ro ypoBHS (BBIIEICHBI CEphIM (POHOM)
aHAJIOTMYHBI Tpady Ha puc.2 ¢ HAYATBHON BEPIIUHOU Vy1, Tpad 2-T0 YPOBHS aHAIOTHYCH Tpady
Ha pUC.6, i-as myra 2-ro ypoBHS BEJET U3 BEPUINHBI Vyi-1 i-T0 Tpada 1-ro ypoBHS B HAYATBHYIO
BEPIINHY Vy; i+1-ro rpada 1-ro yposHs (i MmeHsieTcs mo mukity (0..n; ¥ MOKa3aH KaK BEPXHUI
WHJICKC BEPIIUH).

S ey g E

Puc.7

[TycTh n1Be AyTH, BRIXOSIINE U3 BEPIIMH Vyi_1 TPadoB 1-TO YpOBHS, yHOPSAOUYCHBI TaK, YTO TyTa
(Vinl_l, anl) MPEAIIECTBYET ayTe (Vinl_l, Vinl), a nyra (V"znl_l, V n1) IPEAIIECTBYET qyTE (V“znl_l,
v"%41). Torma AITOPUTMBI As U A, «HE 3HAIONTUE» O IBYXYPOBHEBOH CTPYKType Tpada, CHavaia
npoiayT B rpad)e TaMUIBTOHOB KOHTYP (MIPOXOISAIINI yepe3 Bce BEpUINHBI Ipada Mo 0OJHOMY
pasy), Bce Iy KOTOPOro, KpOMe IepBoii ayri (0HOi 3 AyT (V'ai, v'1)), cTamyT back-ayramu.
B nanpreiimem nocie mpoxoaa mo Kaxkaou xopae u3 MHoxkecTBa ky-n;+1 nyr, 0003HaueHHBIX Ha
PHUCYHKE CEpPBIM IIBETOM, KPOME MEPBOM U TIOCIIETHEN B KOXKIOM MHOKECTBE, TTOHAI00UTCS
MPONTH BECh 3TOT FaMIIIBTOHOB Iy Th. Uncno Takux xopa (nzk;), a anuna mytu Q(n), modTOMY
mmHa 00xo1a Q(nnzk;). B To ke Bpemst anropuTM, UCIIONB3YIOIINI MAPKUPOBKY YT 2-TO
YPOBHS, HAPOTHB, OyIeT 00OXOAUTH rpadbl 1-ro ypOBHS MO OYepeIn: CHaYaIa 0OXO UM i-bIii
rpad, a TOTOM mepexoArM M0 MapKUPOBAaHHOU Ayre B cieayromui i+1-b1it rpad. Tem cambiM,
mmHa 00xoa oyaer Q(nan k;)=CQ(nk;), TO eCTh, *MEEM BBIMTPHIII B Ny pa3. Takum oOpazom,
€CJIM aJITOPUTM «3HAET» O JBYXYPOBHEBOI CTPYKTYpe rpada 1 3TO «3HAHUE» BBHIPAKEHO B
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¢dopMe TOCTOBEPHOTO MpeANKaTa MApKUPOBAHHBIX YT, TO €ro 00xo. OyneT Ommxe K
ONTUMAaJILHOMY 00X0/1y rpad)oB TaKOro Kijacca.

P-YPOBHEBBII I'pad omnpenensercs o UHAYKIUU KaK AByXypOBHEBBIH rpad, KOMIOHEHTaMU
KOTOPOTO SIBIISIIOTCST p—1-ypoBHEBBIE rpadbl. ANTOPUTM MOXKHO MOJU(PHUINPOBATH ISl pabOTHI ¢
JTr00BIM Hamepes 3aJJaHHbIM YUCIIOM YPOBHEH P.

5. TeCTMPOBaHMe Ha OCHOBE HEeU30bITOUYHbIX anropmTmMmoB obxopa

[IpennoxxeHHbIC HEN30BITOYHBIC ATOPUTMBI 00X0/1a IETEPMHUHUPOBAHHBIX OPUEHTUPOBAHHBIX
rpadoB MOTYT CITY>KUTh OCHOBOM TECTUPOBAHUS C OMKPbIMbLM COCTOSIHHEM. JIOTIOIHUTENBHO
TECT COICPKUT:

e  Umepamop ctuMynoB (ornepaiusi next), onpeenseMblil mpeaycioBueM crenupuKanuy,
KOTOPOE 3a/1a€T I0MYCTUMOCTh KaKJIOTO CTUMYJIa X B KKJIOM COCTOSIHUU V aBTOMATa:
PRE(v,x)=true.

e Meouamop (oneparuu call u status), npeHa3HAYCHHBIN JJI MTOJa49H CTUMYJIa Ha
TECTUPYEMBIN aBTOMAT U TIOTYyUCHUS PEAKIINH U TOCTCOCTOSHUS.

e  Opaky:n, IPOBEPSIONINHN MPABUIBLHOCTh MIEPEX0/Ia U ONPEACIAEMBINA TOCTYCIOBUEM
cnenuguKanuy, KOTOpoe 3aaeT JOIMyCTUMOCTb MOMyUYEHHBIX PEaKIUU Y U
MOCTCOCTOSIHUS V' TIPH MEPEXO0/IC U3 MIPECOCTOSIHUS V TI0 CTUMYITY X:
POST(v,x,y,v")=true.

MEI nipefmonaraeM BHITOJHEHHON CIIEYIOLIYIO eunomesy 0 00NyCmMumMoCmuy JUIS TECTUPOBAHUS
C OTKPBITBIM COCTOSTHUEM YaCTUYHO ONPEACICHHBIX aBTOMATOB: JJISl KQXKI0TO COCTOSIHUS,
JTOCTHXMMOTO TI0 MOJIENN M3 HAYaIbHOTO COCTOSIHUS, BCE CTUMYJIBI, IOITyCTUMBIE B MOJICIIH,
JIOITyCTUMBI U B peanu3anuu (o0paTHoe He TpeOyeTcs).

TecTupoBaHHe CO CKPBITBIM COCTOSTHUEM — TOpa3o Oojee crnoxkHas 3anada. [Ipexe Bcero,
BO3HHKAET MpoOJIeMa JOMyCTUMOCTH CTUMYJIOB JJIsl YaCTHYHO OIPEIeICHHBIX aBToMaToB. Ecin
MBI HE 3HaeM, B KAKOM COCTOSIHHH HAaXOJUTCS TECTUPYEMBI aBTOMAT, TO Mbl HE 3HAEM, KAKUE
CTHMYJIBI B HEM JIOIYCTUMBI, a Kakue HeT. Eciin He nenaTh HUKaKuX JIOMYIICHUH O pean3aium,
TO MBI MOXEM TI0J]aBaTh TOIBKO TAKHE CTUMYJIIbI, KOTOPBIE JJOMMYCTHUMBI BO BCEX COCTOSTHUSIX. JTO
OJTHAa U3 MIPHYHUH, IO KOTOPOH Y4acTO pacCMaTPHUBAIOTCS TOJIBKO MOTHOCTHIO OTPECTICHHBIC
aBTOMaThI [15].

Crenundukanusi aBToMaTa, BOOOIIE TOBOPS, MOXKET OMPENEsITh HECKOIBKO CIIeH(PUKAITMOHHBIX
NePEXO0/I0B M3 TaHHOTO MPECOCTOSHUS TI0 IAHHOMY CTUMYJTY C ITOJTyYeHHEM OJTHOW M TOH XKe
peaKIny; TaKue MePeX0/Ibl Pa3IHYAIOTCs TOIBKO CBOMM MOCTCOCTOSTHUEM. VIHBIMU ClIOBaMU,
ypaBHeHue noctycioBus POST(v,X,y,v’ )=true MoxeT uMeTh 00Jiee OJHOTO PEIICHUS
OTHOCHUTEIILHO IMOCTCOCTOSIHUS V' . Eciu 1st MI0OBIX BO3MOXKHBIX V,X,y TaKUX PEIICHUN He Ooee
OJTHOTO, TO OyJIeM TOBOPHTH, YTO CHEHU(DUKAIUS 1 OTIMCHIBAEMBIN €10 MOJCIBHBINA aBTOMAT
cnabo-oemepmunuposansi. B [21] 310 Ha3bIBaeTCS HAbM00AeMbIM HEACTECPMUHIU3MOM.

Crenyer OTMETHTD, UTO CIIa0bIi IETEPMUHI3M HE YMEHBIIAET ONMCATENIbHYIO MOIIIHOCTh
creurpuKanuil ¢ TOUHOCTBIO JI0 SKBUBAJIEHTHOCTH CIEHU(PHUIMPYEMBIX aBTOMATOB. [les10 B TOM,
YTO KJIACCY PKBUBAJIEHTHBIX KOHEUHBIX aBTOMAaTOB COOTBETCTBYET PETYJIIPHOE MHOKECTBO
NI0CJIEI0BATENbHOCTEN B alipaBUTE CTUMYJIOB M pEaKIUi (B 1€KapTOBOM IIPOU3BEACHUU UX
andaBUTOB), KOTOPOE, MO0 U3BECTHOI TeopeMe O PEryJIsIpHbIX MHOKeCTBax [2,4,11], MoxeT ObITh
MOPOX/ICHO JIETEPMUHUPOBAHHBIM KOHEYHBIM rpadom. JleTepMUHU3M 37eCh TOHUMAETCs KakK
OTCYTCTBHE JIByX OJJMHAKOBO PAaCKpPAIICHHBIX (CTUMYJIOM M peaKkuueit) 1yT, BHIXOAALINX U3
OJTHOW BEPIUIMHEI, YTO SKBHBAJIECHTHO c1a00My JI€TEpMUHHU3MY B HAIlleM ompeaeieHuu. Jpyroe
JIe10, 4To crierudukanun 6e3 orpaHuYeHus cabo-1eTepMUHUPOBAHHOCTH YaCTO MHCATh
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IPOIIE, a OTIPE/IEIICHNE SKBUBAJICHTHBIX CJIA00-1eTePMUHUPOBAHHBIX CTICITU(PUKAIIIA MOKET
OBITb TPYAHBIM JEJIOM.

J171s TeCTUPOBAHUS CO CKPBITHIM COCTOSTHUEM YaCTHUYHO OMPEEICHHBIX aBTOMATOB CO c1abo-
JIETEPMUHUPOBAHHON CTIeU(pHUKAIIEH, TIPUMEM CIIEIYIOUIYI0 eUnomesy 0 00nyCmumMocmu: Jis
JaHHBIX MPECOCTOSHUS, TOMYCTUMOTO B HEM CTUMYJIA M PEaKIUu JII000H CTUMYII, JOMYyCTUMBIN B
MOCTCOCTOSIHUU CTIENU(PUKAIIMOHHOTO TIePeX0ia, T0MyCTHUM U B TIOCTCOCTOSTHUHU
peanu3annoHHoro nepexonaa. Ecnu uepe3 x(v) 0003HaYUTh MHOKECTBO CTUMYJIOB, TOITYCTUMBIX
B COCTOSIHMH V, TO Hallla TUTIOTE3a 03HAYAET BIOKEHHOCTH X(V' )CX(VR), TJI€ VR — MOCTCOCTOSIHHE
peanu3anoHHOro nepexonaa (v,X,y,Vr), a V. — pelieHue ypaBHEHHS MOCTYCIOBHUS

POST(v,x,y,v )=true. Eciu ypaBHEeHHE HE UMEET PEUICHUH, TO 3TO 03HAYAET HEMPABUILHOCTh
peakuuu y, ¥ Ha 5TOM TECTUPOBaHUE MPEKPaIIaeTCs.

['unoTe3a 0 JOMYyCTUMOCTH, KaXKyIIasicsl Ha MEPBBIN B3IJIs11 HEMOTUBUPOBAHHOM, HA MPAKTHKE
OKa3bIBaeTCs BIIOJIHE ecTecTBEHHOM. OHa 03HA4acT, 4YTO AO0NYCTUMOCTb CTUMYJIOB B Ka)KI[BIﬁ
MOMEHT BpEMEHH OJHO3HAYHO ONpeesieTcs NCTOpuel (1OCIe0BaTeIbHOCTHIO MOAaBaeMbIX
CTUMYJIOB U MOJIYUYaCMbIX peaKuHﬁ), YTO BIIOJIHEC CCTCCTBCHHO ITPpU pa60Te IIOJIB30BAaTCJIA C
MPOTPAMMHOM CHCTEMOM, MOJICIMPYyEMOil aBToMaToM. EcTecTBEHHO, ITpeanonaraeTcs, 4To
OLIMOKH, BO3MOXKHBIE B PeaJIM3alMU, MOTYT OBITh OOHAPY>KEHBI (I10 MMOJTyYaeMbIM PEaKIHsIM) 10
TOT0, KaK OHU MPUBEAYT K HAPYIICHUIO «TUMIOTE3BI O IOy CTUMOCTHY.

[Tpenmnonoxum, 4T0 Mbl MOKEM ONPEAEIIUTh IPABUIBHOCTD PEAKIIUU U JIIs PAaBUIHLHON
PCaKMU BBIYUCIUTH TOCTCOCTOSITHHUC. HaanMep, IMMOCTYCJIOBUC UMCCT BUI
“ReactionChecking(v,x,y) & v'=Poststate(v,x,y)”, rnie ReactionChecking — npenukar,
OTIpeIeNIAIONINI PaBUIBHOCTh peakiyy, a Poststate — sxcrmnuTHas QyHKIMS, BEIYUCISIONIAS
MOCTCOCTOSIHUE JJIs1 IPaBUJIbHOM peakiuu. Toraa TecTupoBaHUe MOXKHO BECTH CIIEAYIOLIIM
obpa3zom.

byneMm cuuraTh, 4TO HaYaJILHOE COCTOSTHUE Vo U3BECTHO. I1oaB Ha HErO CTUMYIT Xg U IOJyYUB
PEaKIUIO Yo, MBI IPOBEPSAEM IIPABWIIBHOCTh PEAKLIUN U, ECIIM OHA IIPaBUJIbHAS, BEIYUCIISIEM
IIOCTCOCTOSIHUE V1. TOrna, COriacHO «ruIoTes3e O JOIyCTUMOCTHY, PeaI3alisi HaXOAUTCA B
IIOCTCOCTOSIHUH, B KOTOPOM JIOIIyCTHMBI BCE CTUMYJIBI, JOIIyCTUMBIE B V1. Micxons U3 3T0rO0, Ha
CJIEYIOLIEeM 11are BbIOMpaeM CTUMYJI, IOIyCTUMBIH B Vi, M Tak jAajee. B mpouecce Takoro
TECTUPOBAHUS OyJIEM CTPOUTH TMIIOTETUUECKUN Ipad 1 MapuIpyT B HEM, IPOBOJS IyTH,
COOTBETCTBYIOIINE THIIOTETUYECKUM IIEpexo1aM aBToMara. Ecin kakas-To peakuus
OTBEPraeTcs, TO TECT PUKCHPYET OIMIHOKY, U TECTUPOBAHHE 3aKAHIHBACTCSI.

BaxxHO mOAYEPKHYTH CIAEAYIOIIEE: €CIN PEATU3ALMOHHBI aBTOMAT IE€TEPMHUHUPOBAH, TO
MOCTPOCHHBIN THIOTETUYECKUi rpad Takke JeTepMUHUPOBaH. OTUACTH 3TO 1a€T BO3MOXKHOCTh
KOHTPOJIMPOBATH JOMYIICHNE O IETEPMUHU3ME pean3aoHHoro rpada. boee BaxxHO TO, 4TO
€CJIM TIPOUJICHHBIN MapUIPYT SBJISIETCS 00X0/I0M MOCTPOEHHOTO rpada, TO Mbl MOXKEM CUUTATh
MIOCTPOCHHBIN rpad rpadoM cocTosTHUI IKCIUTUITUPOBaHHOTO mogaBToMata M(R) MoaensHOTO
aBromara M. Peanu3zanmonnslii aBToMaT R (B KOTOpOM HE yUUTHIBAIOTCS «JTUIIHHUE)» CTUMYJIBI,
JIOTTYCTUMBIE B PEATM3allii, HO HEIOMyCTUMBIE B CTICIIU(UKAIINHN) YIOBICTBOPSET
cnerguKauy TOraa U TOJIbKO TOr1a, Koraa oH 3kBuBaneHTeH noaasromaty M(R). Tlocre
3TOT0 MOKHO TIPOBEPATH 3Ty IKBUBAICHTHOCTb, UCIIOJIb3YsT OOBIYHBIC METObI TECTUPOBAHUS
COOTBETCTBHUSI C IIOMOIIBIO TPOBEPSIONIUX MOCIe0BaTeNbHOCTEN, paccMaTpuBas rpad M(R) B
Ka4eCTBE MOJICIIEHOTO Tpada.

Taxkum 06pasoM, MbI BUJIUM, YTO HEU30BITOUYHBIC AJITOPUTMBI 06xoz[a MOTYT HUCIIOJIb30BATLCS B
KayecTBe 0a30BBIX B nepBoﬁ (1)2136 TECTUPOBAHUA CO CKPBITBIM COCTOSSHUCM, KOTOPYIO MOKHO
Ha3BaTb 4)61301/7 IKCNIUYUpoOBaHusl Mmooenu. Y CIOBHEM SIBIISIOTCS ACTCPMUHU3M pCajin3aliuu,
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CITa0BIi IETCPMUHU3M CIIEIIU(UKAIIMNA U BO3MOKHOCTH ONIPE/ICIICHHS TPABUIIBHOCTH PEaKIIUU U
BBIUMCJICHHSI TIOCTCOCTOSIHUS JIJIsl PABUJILHON PEAKIINH, a TAKKE «THIOTE3a O JOIMYCTUMOCTIY.
Bropas da3za rectupoBaHUs — 3TO OOBIYHOE TECTHPOBAHKE COOTBETCTBUS aBTOMATOB C
UCIIONb30BaHUEM IKCIUTUIIMPOBAHHOTO Tpada B Ka4yecTBE MOJIEIIH.

HenerepmunupoBaHHO# (B 4aCTHOCTH, ¢c1a00-1€TEPMUHUPOBAHHON) crienn(UKaIK, KOHEYHO,
MOET COOTBETCTBOBATH HEJIETEPMUHUPOBAHHAsS pean3aiius. YacTo mpu TeCTUPOBAHUHU
npulerarT K paKkTopu3aluu cuerupuKaiuy, BBOIS SKBUBAIIEHTHOCTh NEepexo10B [29,22].
bnwxaiiineit nenpro Takod (pakTopu3alny SBISETCS yYMEHbIIEHHE TpeOyeMOro YKciia TECTOBBIX
BO3/ICHCTBHI KaK CJIEJCTBUE YMEHBIICHHSI YUCIIa COCTOSHUHN U MEPEX010B B (DaKTOPHU30BAHHOM
MoJie’TbHOM aBToMmare. [Ipu TakoM TecTupoBaHUH TPEOYETCs MPOBEPSATH TOIBKO (GaKTOp-
MEPEXOJIbI, U YETO MOXKET OBITh BHIOpAH JII000H Mepexo/] U3 COOTBETCTBYIOIIETO Kiacca
SKBUBAJICHTHOCTH. [IOHATHO, 4TO €CiH 3aJJaHHYI0 YKBUBAJICHTHOCTD «Pa3apoOUThy, TO
TECTHUPOBaHUE MO (HAKTOP-MOAETH ¢ OoJiee «IPOOHOI» SKBUBAICHTHOCTHIO IaCT HE XY/ IIIee
TeCTOBOE MOKpHITHE. CyIIECTBYIOT METOABI TAKOTO JATBHEHIIIETO «IPOOTIECHUsD» 3aJaHHOM
SKBHUBAJIIEHTHOCTH, KOTOPBIE B HEKOTOPBIX CIydasx MPUBOASAT K JETEPMUHUPOBAHHOCTH (PaKTOp-
MOJICJIA, OCTABJISISL €€ BCE €IIIe TIOCTATOUYHO «MaJIO» 1O CPAaBHEHHUIO C UCXOAHOU
He(dakTopru30BaHHOM MOJIenbIo [24]. TakuM 00pa3oM, HalT HEU3OBITOYHBIC AITOPUTMBI 00X0/1a
JIETCPMUHUPOBAHHBIX TPadOB MOTYT MIPUMEHSITHCS TaK:Ke TIPH (DAKTOPHU3OBAHHOM TECTHPOBAHHUH
HEJIETEPMUHUPOBAHHBIX PeaTU3aIui.

6. 3akn4yeHue

[IpemnosxeHHBIE B HACTOSIIECH CTaThe HEM3OBITOYHBIE aAITOPUTMBI 00X0/1a rpadoB u
TECTUPOBAaHUE HAa UX OCHOBE OBUIM pa3paboTaHbl U anpoOupoBaHbl, HaUMHas ¢ 1995 r., rpynmnoi
RedVerst [1] B x0/1e BRIOTHEHUST HECKOIBKIX MACIITA0OHBIX MTPOEKTOB IO TECTHPOBAHUIO
pa3Ho0Opa3HOro MporpaMMHOro obecreueHus [29,22], KOTopoe BeI0Ch Ha OCHOBE
(YHKIMOHAIBHBIX CrIeUU(UKAIHIM, TOJYyYEHHBIX HA CTaUU IPOEKTUPOBAHUS WIH
pPEUHXEHUPHHTA.

Kaxk npaBuiio, npu TeCTUPOBAaHHH KPUTHYHBIM SBIISIETCS HE CTOJIBKO CIIOKHOCTB 10 BPEMEHH U
MaMsTH AJITOPUTMA 00X0/1a, CKOJILKO YHCIIO TECTOBBIX BO3JICHCTBHUM, TO €CTh, JUTMHA 00X0/1a.
CBoOoaHBIH anroput™ As (1 ero Hem30bITOUHas Bepcust Ag) 00eCeurnBaroT JINIIb
MUHHMAJIBHBIA MTOPpsAA0K nK ATHHBI 00X0/1a B HAUXYAIIEM ciydae. B To jke BpeMst Ha MHOTHX
rpadax ¢ MUHUMAaJIbHOM JIIMHOM 00X0/1a 10 MOPSIIKY MeHbIIel nK, OHU MOTYT CTPOUTH 00X0T
CTOJIb K€ JUIMHHBIN, KaK ¥ B HANXYy/IIIeM cirydae. VccieqoBanie Hen30bITOYHBIX AITOPHUTMOB,
CTPEMSIINXCS COBEPIINTH 00X0 MUHUMAIBHOH JUTMHBI, B TIOCII/THEE BPEMsI aKTUBHO
pa3BuBaercs (CM. Harpumep, [25]).

B crnenyromieit ctaTbe MBI PACCMOTPHM AJITOPUTMBI 00X0/I6I HEIETEPMUHUPOBAHHBIX TPadoB,
KOTOpbIE MOTYT UCIOJIb30BATHCS KAK OCHOBA TECTUPOBAHUS HEJIETEPMUHUPOBAHHBIX aBTOMATOB.
Tam Taxxe OyIyT pacCCMOTpPEHBI JBa Ciy4ast: 1) TeCTUpOBAaHHE C OTKPBITHIM COCTOSIHUEM U 2)
nepBas Qaza (9axcnauyuposarue MoOeibH020 asmomama) TeCTAPOBAHUS CO CKPBITHIM
COCTOSIHUEM TIPH YCIIOBHH CIIa00H IeTEPMUHUPOBAHHOCTHU CTIEIN(DUKAITUH.
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