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HensbbITOYHbIE anropuTMbl 06Xo4a OPUEHTUPOBAHHbIX
rpacdoB. leTepMUHMPOBaHHbLIN Cry4an.

N.b.bypaonos, A.C.Kocaues, B.B.Kynsamun

PaccmarpuBaroTcest mpo0OaeMbl TECTHPOBAHUS IPOTPAMMHBIX CHCTEM, MOJICITUPYEMBIX
JeTepMUHUPOBAHHBIMU KOHEUYHBIMU aBTOMaTaMu. HeoOxoaumoid, a uHorna u
JOCTaTOYHOM, YaCThIO TAKOTO TECTUPOBAHHS SIBIISICTCSI 00X0/ Ipada COCTOSTHHI aBTOMATA.
OcHOBHOE BHUMAaHHUE YJENACTCS, TaK Ha3bIBAEMbBIM, HeU30bIMOYHbLM aITOPUTMaM 00X0a,
KOTOPBIM HE TpeOyeTcs 3apaHee 3aJaHHON MOJTHOW CTPYKTYpHI rpada («o0xo.
HEHM3BECTHOTO rpada» win «0on-line anroputmsny).

1. BBepeHue

3anaua ob6xona rpada, To ecTh, HOCTPOCHHUS MapIIPyTa, MPOXOSILIETo 1Mo BceM pedpam rpada,
XopoIo u3BecTHA. Ee criennaabHbIM CITydaeM sIBIISIETCS 3a7a4a KUTalCKOTro MOoYTaIbOHA
[6,7,27], B KOTOpO# 00X0 JOKEH UMETh MUHUMAIIbHYIO ITUHY WM MUHUMAJIbHBIA BEC IS
rpada c 3aJaHHBIMU BecaMu ayT. JIJIsT OpueHTUPOBAaHHOTO rpada 3a1a4a yCI0KHISTCS,
MOCKOJIbKY MapIIPYT TOJDKEH MPOXOAUTH KaKI0€ OPUEHTHPOBAHHOE PeOpo (AyTy) TOIBKO B
HAIPaBJICHUU €r0 OPUCHTAIINH.

B GosnpmmHCTBE paboT mpeanoaraeTcs, 9To rpad 3agaH SBHO A0 MOCTPOSHUS €ro 00Xo/1a
[17,19]. Bonee cinoXHBIM SIBISETCA CIIydai, KOT/ia 10 Hayaja paboTsl 0 Tpade HU4Iero
HEW3BECTHO M MBI ITOTydaeM HHGopMaIuio 00 ycTpoicTBe rpada B mporiecce ero ooxoma
[20,24,25]. D10 u3BecTHas 3a1a4a 00xoza JadupunTa [ 10] yenoBeKOM MM YCTPOWCTBOM,
HaXOJSIIMMCS BHYTPU HETO M HE MMEIOLIUM IJ1aHa JlabupuHTa. J{yre rpada COOTBETCTBYET
KOpUI0p JaOuprHTa, a BepIInHE — epeKkpecTok. Haxoasich Ha mepekpecTKe, Mbl BUANM
BBIXO/SIIIIME U3 HETO KOPUIOPBL, HO MBI HE 3HaeM, Ky/a BeJIeT TOT WJIK HHOW KOPHUIOD, A0 TeX
1op, MoKa He MPOIUTH IO HEMY JI0 CIIEIYIOLIEro nepekpecTka. /s BeIMoIHEHHs Halllel 3a1auu
MBI, BO-TIEPBBIX, UMEEM HEKOTOPYIO BHYTPEHHIOIO MaMATh (OJIOKHOT B pyKax YeloBeKa), Kyjaa
MO>KEM 3aIlMChIBATh MOTYYEHHYIO HH(OPMALIMIO O MPOIICHHON YacTH TaOUpUHTA, U, BO-
BTOPBIX, JIeNIaTh TIOMETKU B IPOMICHHBIX IEpEeKpecTKax U Kopuaopax. OpHeHTUPOBAaHHOMY
rpady COOTBETCTBYET JIAOUPHUHT, B KOTOPOM KKl KOPHUIOP 3aKPBIT ¢ 00EUX CTOPOH JIBEPSMHU:
BXOJHAs JIBEPb OTKPBIBAETCS TOJBKO C TIEPEKPECTKA, a BEIXOIHAS — TOJIBKO U3HYTPU KOPUIOPA,
YTO pa3pelIaeT JBUraThCs M0 KaXaA0My KOPUAOPY TOJIBKO B OJJHOM HaIlpPaBIICHUU.

AnroputM, paboTaromyii Ha TAKOM HE 3aJIaHHOM 3apaHee rpade, Oyaem Ha3bIBaTh
Heu30bIMoYHbIM aNITOPUTMOM. TaKue arOPUTMBI Ha3bIBAIOTCS B JIMTEpaType Takxke online-
anroputMamu. Ero yacTHbIM ciiydaeM, KOrjja BHYTPEHHSISI MaMSITh OrpaHUY€Ha KOHEYHBIM
YHCIIOM COCTOSIHUH, ABISETCA POOOT (KOHEUHBIN aBTOMAT) Ha rpade Kak pa3sHOBUIAHOCTD
MmamuHbl Teropunra [3,5,8,9,12,18,24,28]. BmecTo neHTHI Y Hac ecTh Tpad, sueiKe JISHTHI
COOTBETCTBYET BEepIIMHA I'pada, a IBUKESHUE BIEBO UJIH BIIPABO 3aMEHIETCS Ha MEPEXO/] 110
OJIHOM M3 YT, BBIXOJIAIINX U3 TEKYIeH BepmmHbI rpada. (UToOosr aBTOMAT podoTa OBLIT
KOHEYHBIM, rpad JODKEH UMETh OrpaHUYEHHE CBEPXY Ha MOJYyCTENEeHb BbIX0/1a BEPUIMHbI —
YHCIIO BBIXOJAUINX AYT. DTO OTPaHUYEHUE MOXKHO CHSITh, €CIIM KaX/I0i 1yre TaKkkKe MOCTaBUTh B
COOTBETCTBHUE AYCHKY U SIUEHKU BCEX AYT C OOLIUM HAaYaJIOM CBS3aTh B LIUKJL.)
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B nmocnennee Bpems 3a1aya 00X0/1a OpUEHTHPOBAHHBIX rpad)oB cTanma 0COOCHHO aKTyajlbHOH B
CBSI3U C TECTHPOBAHNEM KOHEUYHBIX aBTOMATOB, TOUYHEE, 00BEKTOB, pACCMATPUBAEMBbIX KaK
KOHEUYHBIE aBTOMAThl. Hamrcano 1OBOJIEHO MHOTO Pa0OT O TECTUPOBAHMH KOHEUHBIX aBTOMATOB.
Hamnpumep, oOcTosTenbHbIi 0030p TakuX padOT mpezcTaBiieH B cTathsix Lee u Yannakakis [15]
u Bochmann u Petrenko [13].

ABTOMAT OnpeaesieTcss MHOKECTBOM CBOMX COCTOSTHUM U nepexo0B. [lepexoa aBromara — 310
yerBepka (V,X,Y,V'), I1ie V — PECcOCTOSIHUE, X — CTUMYJI, Y — PEaKIHsl, V. — IIOCTCOCTOSTHHE.
OObIuHO aBTOMAT 3a7aeTCs TpaOM COCTOSTHUM, BEPIIMHBI KOTOPOT'O — COCTOSIHUS, & TyTH —
nepexoibl. ABToMart (rpad cocTosiHuit) BCIOAY ONpeAeIieH, €CIU B KaXKIOM COCTOSIHUH V
JOIYCTUM Ka)KJbIi CTUMYJI X, TO €CTh, CYIIECTBYET XOTs ObI 0uH mepexos Buaa (V,X,y,V'). B
MPOTUBHOM CITy4yae, aBTOMAT YaCTUYHO ompeneieH. ABromar (rpad cocTosHui)
JETEPMUHUPOBAH, €CII MTPECOCTOSHUE U CTUMYJT OJTHO3HAYHO OTPEACIISIOT PEaKIUIO U
MOCTCOCTOsIHUE. B HacTosIel cTaThe Mbl OTPAHUYUMCS PACCMOTPEHUEM TOJIBKO
JETEPMUHUPOBAHHBIX YACTHYHO OTPE/ICTICHHBIX aBTOMATOB, @ HEJICTCPMUHUPOBAHHBIN CITydait
paccMOTpPHM B CIIEIYIOLIEH CTaThE.

Ecnu rpad cocrosHuMil aBTOMaTa H3BECTEH, TO OOBIYHO WHTEPECYIOTCS BOTIPOCAMHU,
YIIOBJICTBOPSIET JIM OH TEM HMJIM HHBIM TPEOOBaHUSAM. DTH 3a/1a4H PEIIAIOTCS aHATUTHICCKUMHU
METOJaMH M 0 TECTUPOBAHUU OOBIYHO peub He uaeT. TecTupoBaHue HYKHO TOT1a, Kornaa rpad
COCTOSIHUH aBTOMAaTa HeM3BECTEH. ABTOMAT PACCMATPUBACTCS KaK «UEPHBIH SIIHK»: MBI MOXEM
moaaBaThb Ha aBTOMAT CTUMYJIbI U IMOJTYy4aTh OTBCTHYIO I/IHq)OpMaL[I/IIO O BBIIIOJIHCHHOM IICPEXO0acC,
TO €CTh, B OOIIIEM CITydae, O PEaKIMH U TIOCTCOCTOSTHUH. 3a1aueii TeCTUPOBAHUS SIBIISICTCS
IIPOBEPKA TOr'0, YTO TECTUPYEMBIM aBTOMAT YAOBJIETBOPSET 3apaHee 3alaHHBIM
crennUKanOHHBIM TpeOOBaHUAM. DTO TeCcTHpoBaHUe cooTBeTCTBH (Conformance testing) B
IIKPOKOM cMEICIe. B o01iem cinydae cienudukaius He moapa3yMeBaeT MPOBEPKU KakI0TO
nepexozaa aBToMaTa. Eciu, HanpuMep, Mbl XOTHM IIPOBEPUTH, YTO YUCIIO COCTOSTHHIA aBTOMATa
HC MCHBIIIC 3aJaHHOT'0, TO TCCTUPOBAHUC NPCKPAITACTCA, KaK TOJIBKO MbI B 3TOM Y6G,Z[I/IMC$I, u
OCTaBIIIMECS HETTPOBEPEHHBIMU NIEPEXOIbI HAC HE MHTEepeCcyIoT. OHAKO, TaKHe TPEOOBAHUS
SBIISIIOTCS] CKOpEe UCKITIOUEHHEM, 4eM MpaBuwiioM. OOBIYHO HAC MHTEPECYeT MOIHAs
(GYHKIIMOHATHLHOCTH aBTOMATA, M HaM TPeOyeTCsl MPOBEpKa KaKIOro ero nepexoaa. Takoe
TCCTUPOBAHUC OIMMUPACTCA HA CICAYIOIUNEC NPCAIIOJIOKCHUA.

H3menenue cocrosguug. CocToSHUE MEHAETCS TOILKO B pe3yiibTaTe TCCTOBOT'O BOSHGﬁCTBHH, TO
€CTb, [10a4u CTUMYJa Ha aBToMat. C OJIHOI CTOPOHBI, TO 03HAYAET, UTO ABTOMAT HAXOAUTCS
oA UCKITIOYUTCIIbHBIM YIIPABJICHUCM TCCTA U HUKTO «HC MCIIACT» TCCTUPOBAHNIO, TOYHEC,
TaKoe MOCTOPOHHEE BO3/ICHCTBUE HE U3MEHSIET Ha0t01aeMy0 (YHKIIMOHATHHOCTh aBTOMATA.
(Mudopmarmio 0 TeCTUPOBAaHUH NPU HATUYUU TAKUX «ITOMEX» MOYKHO HalWTH B paboTax 1o
TECTUPOBAHUIO «CEPHIM SMIUKOMY WIIH «ITOTyyIpaBiasieMomMy» TectupoBanuto [14,23].) C
JIPYrOo¥ CTOPOHBI, 3TO 03HAYAET, YTO y TECTa HET APYTUX CPEACTB U3MEHUTH COCTOSIHUE
aBToMata. Eciin O MHOYKECTBO COCTOSTHHI OBIJIO M3BECTHO (HEM3BECTHBI TOJBLKO MEPEXOJIbI) U
HUMEJIaCb BOBMOXXHOCTD IMPOU3BOJIBHO MCHATH COCTOAHUC C ITIOMOIIBIO HpHMOﬁ 3alluCHu UJjin
CHeIMalIbHOM (HeTeCTUpyeMOi) ornepalni, 3ajada nepedopa Bcex nepexo0B aBTomMara craia
Obl TPUBHAILHON. ATIPHOPHOE 3HAHME O MHOKECTBE COCTOSTHUM pean3aliy — CUIbHOE
TpeOoBaHUE; OOBIYHO MBI Y3Ha€M O HEM TOJIBKO B MPOIECCE TECTUPOBAHUS U TOIBKO
KIMO3JICMCHTHO», TO €CTh, O CYHICCTBOBAHHUU COCTOSAHUSA MbI Y3HACM TOJILKO ITOCJIC IIEPEX01a B
HETO.




N.b.Bypnonos, A.C.Kocaues, B.B.Kynsamus. 3
Hewns0bITo4YHBIE aNTOPUTMBI 00X0/1a OPUEHTUPOBAHHBIX TPpadoB. [leTepMUHUPOBAHHBIH Cly4ail.
"IIporpammupoBanue”.-2003, Ne5.- ctp.59-69.

11 ctp.

JlonyCTUMOCTb CTUMYJIOB. B KaXp1ii MOMEHT BPEMEHU MBI MOXKEM TEM UIIM UHBIM CIIOCOOOM
y3HaTh, KaKue CTUMYJIbl MOKHO M0J]aBaTh Ha aBToMaT. [I0HATHO, 4TO B MPOTUBHOM CIIy4ae HU O
KaKOM TECTHPOBAHUU HE MOXKET UJTH peyb. 3aMETUM, YTO BO MHOTHX padoTax [15] ata
npobsieMa 00X0IUTCs MPEANOI0KEHUEM, YTO aBTOMAT BCIOJlY OIPENieeH, TO €CTh, BO BCEX
COCTOSIHUSIX JTOITYCTUMBI BCE CTUMYJIBI U3 ero andasura ctuMyinoB. Cienyer TakkKe OTMETHTb,
YTO Ha MPAKTUKE HaM Ba)KHA JIOMYCTUMOCTbH TOJIBKO «MHTEPECYIOLIUX» HAC CTUMYJIOB, 110
KOTOPBIM IIPOBOJUTCS TECTUPOBAHUE, TO €CTh, CTUMYJIOB, ONpeAeNICHHBIX B Mojienu. Eciu B
peanusaiuu J0MyCTUMbI KaKHUe-TO IPYrue CTUMYIIBI, TO 3TO HE BIUSAET HAa TECTUPOBAHUE.
dakTHYECKH, ITO O3HAYAET, YTO A peanmsauuu R u mogenun M tectupyercs mogaBromar
R(M)cR, onpenensemslii mepexoaaMu M0 MOAEIbLHBIM CTUMYJIaM U COCTOSIHUSAMM,
JOCTHKUMBIMU U3 HAYaJIbHOTO 110 TAKUM TIEPeXo/IaMm.

HabGnronaemocts peakiuid. [Tocne mogaun ctuMysna Ha aBTOMAT Mbl MOKET HAOJI01aTh
BBIJIaBaeMyI0 UM peakiiio. CoOOCTBEHHO TOBOpS, IPH TECTUPOBAHUHU MBI IPOBEPSIEM KaK pa3 3Ty
peakmuio. B mpoTUBHOM citydae, aBTOMAT COBEpIa Obl KAKHE-TO IEPEXOIbl, HO MBI HE CMOTJIN
OBl y3HaTh, IPaBUIIbHBIC OHU WK HET. C qpyroi CTOPOHBI, O IPABUIBHOCTH NEPEX0I0B MOKHO
CYJIUTh TAKXKE MO MMOCTCOCTOSIHUSIM TIPU YCIIOBHH, YTO OHU HAOIIOJaEMBI.

OTaenpbHO CTOUT BONPOC O HAOJII0/1aMOCTH COCTOSIHHUM aBToMara. Eciu B 1r000i MOMEHT
BPEMEHHU MbI MOKEM Y3HAaTh COCTOSIHUE aBTOMATa, IPOUYUTAB €ro WK MOJIYYHB B OTBET Ha
crienuanbHyIo onepanuio status message (mpeamnosaraeTcsi, 4To oneparus He U3MEHSET
cocrosiHue) [15], To Takoe TecTUpoBaHKUE OyeM Ha3bIBATh TECTUPOBAHUEM C OTKPBITHIM
cocTosiHMEeM. B mpoTuBHOM ciydae, Oy/1eM TOBOPUTh O TECTUPOBAHUH CO CKPBITHIM COCTOSTHUEM.

CreunanbHBIN CiTydail TECTUPOBAHUS COOTBETCTBHUS (B Y3KOM CMBbICTIE), KOT1a CrielupUKaus —
3TO MOJETBHBIN aBTOMAT, SKCIUTUIIMTHO 3aJJaHHBII CBOMM I'pa)OM COCTOSIHUMNA, M TPOBEPSIETCS
SKBUBAJIEHTHOCTH PEATM3AIIMOHHOTO (TECTUPYEMOr0) aBToMarta MojieibHOMY [15]. JIBa
COCTOAHUA (OI[HOFO HJIN pa3HbIX aBTOMaTOB) OKBUBAJICHTHBI, CCJIN JIIO6a$I IIOCJICa0OBATCIbHOCTD
CTUMYJIOB, IOTTYCTHMasi, HAYMHAas C OJAHOTO COCTOSTHUS, IOMMYCTUMAa, HaYMHAs! C JPYroro
COCTOSIHUA, U BBI3bIBACT OAHY U TY K€ MMOCICAOBATCIBHOCTD peaKuHﬁ. ABTOMATEI
SKBHUBAJICHTHBI, €CJIM KaKJJOMY COCTOSIHHIO OJJHOTO aBTOMaTa COOTBETCTBYET SKBUBAJICHTHOE
E€MY COCTOSAHUC APYTroro apromMara. MOHGHBHBIﬁ aBTOMaT, TEM CaMbIM, OIIMCHIBACT KJIACC
SKBUBAJICHTHBIX EMY PeaIM3allMOHHBIX aBTOMATOB.

[Tpu HanMUKUK MOJIETBHOTO aBTOMATa TECTUPOBAHUE C OTKPBITHIM COCTOSIHUEM CBOJIUTCS K
00xory MoensHOTO rpada [15], mpu KOTOPOM KaXKABIH MOJIEIBHBIN TIEPEX0]] COMPOBOKIACTCS
MoJa4yell Ha peaau3alMOHHbIA aBTOMAT TOTO € CTUMYJIa U MPOBEPKOM TOT0, YTO MOJTydaeMble
peaTM3aIOHHBIC PEAKIUs M IIOCTCOCTOSIHUE TAKHE ke, KaK B MOJISIIBHOM TIepexoJie. 3aMeThM,
YTO B TaKOI MOCTaHOBKE 33/1a4H, IOCKOJIbKY MOJIENbHBIN Irpad n3BECTEeH, HE TpedyeTCs
HEN30BITOYHOCTH anroput™a o0xoja. Eciau peanuszaionHoOe COCTOSIHUE HaM HEJTOCTYITHO
(TecTupOBaHUE CO CKPBITHIM COCTOSIHUEM ), IPUXOJUTCS] BBOJUTH CHEIMATbHBIE OTPAaHUYEHUS Ha
pea3aIyio ¥ MOJEb U MpUOerath K ropasao 0ojee CI0KHBIM METO/IaM MPOBEPSOIINX
nocienoBarenbHocTei (Checking sequence) [15]. O6xoa MoaeapHOTO Tpada B 3TOM ciydae
HEJOCTaTOYCH, HO, OYEBH/IHO, TAK)KE HEOOXOINM, U TaKXKe JIJIS 3TOTO He TpedyeTcs
HEN30BITOYHOCTH aITOpUTMa 00X0/1a.

K coxanenuro, Ha mpakTHKe crienupUKaK, BO-IIEPBbIX, HE ONUCHIBAIOT IBHO MOJEJIbHBIN
aBTOMAT U CYLIECTBYET MPOOIeMa ero 3KCITMIIMPOBAHUS, a, BO-BTOPBIX, pealn3aius JOHKHA
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OBITh SKBHBAJICHTHA HE IOJTHOMY MOJICIbHOMY aBTOMATy, & HEKOTOPOMY €r0 II0JJaBTOMary,
3apaHee HEU3BECTHOMY.

Haubonee mmmpoko pacnpocTpaHEeHHBIH ciy4yail — 7TO UMIUTMLIUTHBIE clienu(UKaluy B BUE
npea- u noctycnoBuid. [IpenycnoBue — nmpeaukaT HajJ MPECOCTOSIHUEM U CTUMYJIOM —
onpenensieT JOMYCTUMOCTb CTUMYJIOB B COCTOSIHUSX, a IOCTYCIIOBHE — IPEIUKAT Hal
MIPECOCTOSIHUEM, CTUMYJIOM, PEAKIIMEH U MOCTCOCTOSIHUEM — ONPEIEIISIET BOZMOKHBIE MEPEXO/bI.
OKCIUIMIMPOBAHNUE aBTOMATa U3 TaKUX CHelU(PUKAINI CBOIUTCS K PEICHUIO CUCTEMBI
ypaBHEHHUI 00IIETO BUA U, B O0IIEM CiTydae, He UMEeT YAOBICTBOPUTENLHOTO perieHus. Ho
JIEJI0 HE TOJIBKO B 3TOM.

OOBIYHO cUMTAETCS, UTO CrienU(UKAIIS ONMUCBIBAET 803MOMNCHBLE, HO He 0OsA3amellbHble,
nepexo/ibl apromata. Eciu crienuukamnus 1omyckaeT HeCKOJIbKO EPEX0/IOB 110 JAHHOMY
CTUMYJIy U3 JAHHOTO MPECOCTOSIHUSI, TO 3TO HE 0053aTEILHO 03HAYAeT HEAETEPMUHU3M
peanmzarnyn. JlomyckaeTcs, 4TOOBI pean3anusi UMesa XOTs Obl OJMH U3 TAKUX TIEPEX0JI0B, HO HE
00s3aTeNbHO BCE; NETePMUHUPOBAHHAS pealn3alius JOKHA UMETh POBHO OJMH TaKOW MEPEXO/.
DaKTUYECKH, 3TO 03HAYAET, YTO MOJICIIBHOMY aBTOMAaTy COOTBETCTBYET HE OJIMH KJlacc
SKBUBAJICHTHBIX pPeaIN3allMOHHBIX aBTOMATOB, @ CEMEWCTBO TaKUX KilaccoB. Peann3annoHHbIN
aBTOMAT, TOYHEE, KaKk CKa3aHo BhIie, ero nogasromatr R(M)cR, onpenensemblii MoaeabHBIMU
CTHMYJIaMH, SKBUBaJICHTEH HeKoTopoMy nogasroMaty M(R) cneungukammonnoro aBromara M,
npu4eM B KaxaoM coctostaud M(R) 10mycTHMBI BCe CTUMYJIbI, KOTOPBIE B 3TOM COCTOSIHUN
norycTumbl B M, HO cpen Bcex mepexo1oB B M U3 TaHHOTO COCTOSIHHS 110 TAHHOMY CTHMYITY
He Bce M0JpKHBI pucyTcTBoBath B M(R). (MHOrma B 3TOM ciIy4ae ToBOPST O K8a3u-
aksusarenmuocmu R u M(R) u pedyxyuu R x M [13].) TIoHsATHO, 4TO B 3TOM Cily4ae, BO-
MepBBIX, paboTa MO IKCIUTUITMPOBAHKIO crieipuKarimoHHoro aBTomata M MoXkeT oka3aTbes
Ype3MEPHOii, TaK KaKk HaM TpeOyeTcs ToJbKO ero nmogaToMar M(R), urciio cocTosiHuM U
IIEPEX0I0B KOTOPOTO MOKET OBITH BO MHOTO pa3 MeHbIHM, ueM B M. Bo-Bropsix, cam M(R)
3apaHee HEU3BECTEH, IIOCKOJIbKY ompeaensaeTcs He Tonbko M, Ho u R.

MO’HO TaKXe OTMETHTb, YTO HEACTEPMUHUPOBAHHBIH CrieIM(PHUKAIIMOHHBIN aBToMaT M MoxeT
VICTIOJIB30BAThCS IS TECTHPOBAHUSI AETCPMUHUPOBAHHBIX pean3alliOHHBIX aBToMaToB R [16].
B stom ciryuae skcrrnmpoBannsii mogasromar M(R) takke nerepMuUHUpOBaH. DTO BaXKHO,
IIOCKOJIBKY TECTUPOBaHME AETEPMUHUPOBAHHBIX aBTOMAaTOB HAMHOT'O NPOLIE TECTUPOBAHUS
HEJETEPMUHUPOBAHHBIX.

Taxum oOpa3oM, HykJ1a B HEU30BITOUHOM aJITOpUTME 00X0/1a rpada COCTOIHUN BOSHUKAET
ecTecTBeHHBIM 00pazoM. TecTupoBaHHE C OTKPBITHIM COCTOSTHUEM, (DAKTHUECKH, CBOIUTCS K
TaKOMY aJITOPUTMY, a JUI TECTUPOBAHUS CO CKPBITHIM COCTOSIHHEM OHO HE00X0AUMO (XOTS U
HEJI0OCTaTOYHO).

B ywactu 2 Hacrosmei ctatbu GOpMYyIUPYIOTCS OCHOBHBIE MOHATHS rpada, 00X0/1a U aIropuTMa.
B wactu 3 uzyuaercs npobaema cyniecTBOBaHHs U JITUHBI 00xona rpados. B uactu 4
npeUIaraloTcs Hem30bITOUHBIC AITOPUTMBI 00X0/1a. B 9acTu 5 onuchIiBaeTCs MpUMEHEHHE ATHUX
QITOPUTMOB B TECTHPOBAHUHU.

2. MNMoHaTuaA rpadpa n anropntma ABUXKEHUA No rpacy
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OpueHTUpOBaHHBIM rpadoM (majnee mpocTo epagom) G Oynem Ha3bIBaTh COBOKYIHOCTD TPEX
00bekToB: VG — MHOKecTBO BepinH, XG — MHOKecTBO cTuMynoB, EGCVGxXGxVG —
MHO>KECTBO JIYT.

Crumyn X donycmum B BEpIIMHE @, v B rpade cymecTByeT ayra (a,X,b). s xyru (a,x,b)
BEpIIMHY & Oy/IeM Ha3bIBATh HAYAIOM IYTH, BEPIIUHY D — Konyom AyTH, CTUMYI X — pACKPACKOU
ayru. Eciu cTuMysT Iyru HecyIecTBeHEeH, MbI OyieM Takxke BMecTo (a,X,b) mucars nmpocto

(a,b).

3ameuanue: [Ipu TectupoBaHum rpad paccmarpuBaeTcs Kak rpad cOCTOSHUIN aBTOMATA.
OpHako, Mpy U3yYEeHUH aIrOPUTMOB 00X0/1a MBI HE UCIIOIb3yeM pPacKpacKy AyT rpada
peaKIsIMH, TTOCKOJIBKY JUIsl aITOPUTMA JOCTATOUHO MIPH MPOX0/1e 1000 AyTU yMETh
OTIpeNIeNIsATh KOHEIl Tyry (ITOCTCOCTOsSHUE), HAUMHAOIICHCS B JaHHOM BepIIUHE (TPECOCTOSTHUH ),
U PACKpAaIICHHOW JaHHBIM CTUMYJIOM. IIpyu TeCTUpOBaHUM C OTKPBITBIM COCTOSIHUEM MBI
OTIpeieNsieM TIOCTCOCTOSIHUE HETTOCPEICTBEHHO, a TIPU TECTUPOBAHUH CO CKPBITHIM COCTOSTHUEM
MMOCTCOCTOAHUC MHOTIa MOYKHO BBIYUCIIUTD 110 PCAKIIUU, HO Mbl OTHOCHM 3TO K CHOCO6y
OTIpeIeNIeHUs TIOCTCOCTOSHUS, BHEIITHEMY ISl JITOPUTMA 00X0/1a, a HE K CaMOMY aJTOPUTMY
obxoxa. IlogpoOHee o peakiuu B poIiecce TECTUPOBAHMSI CM. pa3zen 5.

I'pad Ha3bIBacTCA KOHEUHBIM, €CJIM MHOKECTBA BEPILIUH U Ay KOHEUHBI. YUCIIO BEPIIUH U AYT
KOHEYHOro rpada 0003HaAUYNM, COOTBETCTBEHHO, N 1 K.

I'pad Ha3BIBaCTCS OemepMuHUpPOBaAHHbIM, €CIH KOHEIl IyT'H OJHO3HAYHO OIpe/eIsieTCs ee
HAYaJIoOM U JIOMYCTUMBIM B HeM cTumylioM: st oyt (a,X,b) u (a',x",b") u3z a=a” u X=X cnenyer
b=b". B nanHoii ctatee MBI OyeM paccMaTPHBATh TOJIBKO KOHEYHBIE IETCPMUHHPOBAHHBIC
rpagsl.

Hyru (a,b) u (2',b") HaseBaroTCSA CMedcHbIMU, €CITH KOHEIT TIEPBOM yT'M COBIIAJACT C HAYAIOM
BTOpoi ayru: b=a’. Mapwpymom P niaunbl N B rpade G Ha3pIBAaCTCS MOCIEI0BATEIBHOCTD N
cMexHbIX 1yr: st 1=1..n=1 nyra P[i] cmexna ¢ ayroi P[i+1]. Hauano a nepBoii ayru
MapIipyTa OyeM Ha3bIBaTh €r0 Hauaiom, KOHel b mocieaneit [yru MapiipyTa — ero KOHyoM,
cam mapupyt — [a,b]-mapmpyrom. ITycroit mocinenoBaTeIbHOCTH IyT COOTBETCTBYET MapIIpyT
HYJIEBOM JUTMHBI, HAYaJI0 U KOHEIl KOTOPOTro COBMaatoT. MapuipyT OyaeM Ha3blBaTh 06X000M,
€CIIM OH COZEPXKUT BCe IyrH rpada.

Aneopummom osudicenus no epaghy OyneM Ha3bIBaTh ITOPUTM, KOTOPBII B IPOLIECCE CBOCH
paboThl CTPOUT MapuIpyT B rpade. PopMaabHO TaKOW AITOPUTM MOXKHO ONPEICITUTh KaK
CIIeUAIbHBIA BUJI MAIIMHBI ¢ a0CTPaKTHBIM cocTostHueM (MammHa ['ypesuua, ASM — Abstract
State Machine [26]), B KOTOpOM BHEIIIHKE ONEPAIIMH YACTUIHO CIICIU(PUIIMPOBAHBI 33 JaHHEM
rpada, Ha KOTOPOM IPOUCXOTUT PadOTa ANTOPUTMA, U TEKYILEH BEpUIMHBI B HeM. [1J1s Hammx
1eJIeH JOCTaTOYHO yKa3aTh, YTO aJITOPUTMY MPEIOCTABIISIOTCS JABE CIICIIUATBHBIC BHEITHHE
oneparu status(), Bo3Bpainaromas uaeHTUGHUKaTOp TeKynen BepiuHbl, u call(x), kortopas
OCYIIECTBIISACT MEPEXO0/T U3 TEKYIICH BEPIIUHBI & 10 IyTre CO CTUMYIIOM X. Jliist
JIeTePMUHUPOBAaHHOTO Tpada Takas ayra (a,X,b) equHcTBeHHas (enMHCTBeHHA BepiimHa D).
[Mpexycnosuem oneparwu call(X) sBisieTcst TOMYCTHMOCTH CTUMYJIA X B TEKYIICH BEPIIUHE a.
MapupyTt CTpOUTCS aITOPUTMOM KaK MOCIE0BATEIBHOCTD YT, TPOXOIUMBIX
nocJieioBaTebHbIMU Bbi3oBamu omnepaiuu Call. Crieyer oTMETHTD, YTO HUKaKasi BHEIIIHSIS
orepanys (He TOBOPS yXKe 0 BHYTPEHHEW) He MeHsieT caM rpad, 1 eIMHCTBEHHOMN
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MOIUGPHUIMPYIOLIEH onepanuen, KoTopas MOXKET U3MEHHUTh TEKYIIYIO BEPUINHY, SIBISETCS
omepanus call.

Heu36bimounbiym anropuT™MOoM OyJieM Ha3bIBaTh aITOPUTM JBIDKCHHUS 110 rpady, KOTOPHIHA
3aBHCHUT TOJIKO OT MPOWJICHHOM yacTu Tpada 1 JOMYCTUMOCTH CTUMYJIOB B TEKYILEH BepIINHE.
JlOoIyCTHUMOCTD CTUMYJIOB JITOPUTM MOXKET ONPEACINUTh C TIOMOIIBIO CIIEHAIbHON BHEITHEH
omneparu Next(), koropasi BO3BpaIIaeT CTUMYJI, HecTIeU(PUIIPOBaHHBIM 00pa30M BhIOMpACMBbIi
cpenu He BHIOPaHHBIX paHee CTHMYJIOB, IOIYCTUMBIX B TEKYIIEH BEpIINHE, OCYIIECTBIISAS TEM
CaMbIM MTEPALIMIO CTUMYJIOB B BepiiuHe. Eciiu Bce CTUMYIIBI, JOMyCTUMBIE B TEKYIIEH BEpIIMHE,
yXe BBIOUpaIUCh, OyaeM cuuTath, 4to Next() Bo3Bpalaer «IrycToi» CHMBOI €.

C80000HbIM ANTOPUTMOM OYy/IeM Ha3bIBaTh HEU3OBITOUHBINA AITOPUTM, KOTOPBINA y3HAET O
JIOITyCTUMOCTH CTUMYJIa, ellle He OIPOOOBAHHOTO B TEKYIIEH BEPIIMHE 8, HE 3apaHee, a
OJTHOBPEMEHHO C IPOXOJIOM TI0 Iyre, PACKpalIeHHON 3TUM CTUMYioM. Hade roBops,
CBOOOJTHBIN JITOPUTM OCYIIECTBIISIET IIEPBUYHBIN MTPOXOJ 10 JTFO00M e111e He TPOUICHHOM JayTe C
HavyaJioM B TEKYIIEeH BEpIINHE, UCTIONB3Ysl COBMEIICHHYIO BHENIHIOIO onepanuto nextcall():
x=next(); if x#e then call(x); return x else return g end. Dta onepanus
HecnenupUIIMPOBAHHBIM 00pa30M BBIOMPAET elle He ONpOoOOBaHHBIN B TEKYIIeH BepIInHE a
CTHMYII X ¥ TIpoxouT 1o ayre (a,X,b). Ecnu Bce cTuMyiabl yke onpoOOBaHbI B TEKYILEH
BEPIIMHE, BO3BPAILACTCS IyCTOW CUMBOII €. J[yis BTOopryHOTO0 Ipoxoja 1o ayre (a,X,b), mo-
pexXHEeMYy, UCTob3yeTcs oneparus call(X) B ToT MOMEHT, KOoT/ja TeKyIleil BEPIIUHOM SIBISCTCS
BEpIIMHA a.

AJITOpUTM NIpeIHAa3HAYEH ISl PEIICHUs TOW WM MHOW 3aJ]a4M; B TAHHOW CTaThe TaKOM 3a/1aueid
apnsieTcst 00xox rpada. Hac OyayT nHTepecoBaTh TOIBKO TaKUe alrOPUTMBI, KOTOPBIE
OCTaHaBJIMBAIOTCS Yepe3 KOHEYHOE YHUCIIO IIaroB. B MOMEHT 0CTaHOBKHU alrOpUTM MOXKET
COOOUINTD, BBIITOJHEH 00X0/] UM HeT. Bo3MoskeH Takske ciydaii, Korja mocTpOeHHBIH MapIIpyT
SBJISIETCSI 00X0JI0M, HO aJITOPUTM 00 3TOM «HE 3HaeT». [[poTHBOMONOXKHBIN CiTy4yai, Koraa
00XO0/1 HE BBITIOJIHEH U allTOPUTM «3HAET», YTO B TaHHOM Tpade Boob1e HeT 00xoxaa. [Togobnyto
nHpopMaIrio, coo0IaeMyro alrOPUTMOM B MOMEHT OCTaHOBKH, OYZIeM Ha3bIBATh 8ePOUKIIOM
anropuT™Ma. Mbl OyZieM TOBOPUTH, YTO BEPIAUKT d0CmogepeH, ecii coolliaeMasi B HeM
uH(pOpMaLKs COOTBETCTBYET AEHUCTBUTEIHLHOCTH.

Pabota anroputMa, BOOOIIE TOBOPSI, 3aBUCUT OT BBIMOJHCHUS BHEIIHUX OTEPAIMid; ISl
HEM30BITOYHBIX AITOPUTMOB — OT omepaluu NeXt, kotopas onpeseicHa HeoJHO3HaYHO. Bynem
TOBOPHThH, YTO AJITOPHUTM COBEPILACT 2apaHmuposantbli 00X0 JaHHOTO rpada ¢ TaHHO#
HAYaIbHOM BEPIINHON, €CIIM 3TO MPOUCXOIUT MPH JIFOOOM JJOMYCTUMOM BBITIOJIHEHHH BCEX
BHCIITHHUX OTEPALNii; 11 HEU30BITOUHBIX AITOPUTMOB — HE3aBUCHMO OT UTEPAIIUH CTHMYJIOB B
BepinHax (Next).

3. Obxopa rpada
3.1. CunbHoO-cBA3HbIE rpadbl
Bepuuna b 0ocmuorwcuma n3 Bepimnbl @, eciu cymiectyer [a,b]-mapmpyt. I'pad cunvro-

CB513€H, €CIIM U3 KAKJI0M ero BEepIIUHbI JOCTHKUMA KaXK/1ast €r0 BepIIuHa. [/ymem Ha3bIBAIOT
MapupyT 0e3 MOBTOPHOTO BXOXK/ICHHUS BEPIIHH.



N.b.Bypnonos, A.C.Kocaues, B.B.Kynsamus. 7
Hewns0bITo4YHBIE aNTOPUTMBI 00X0/1a OPUEHTUPOBAHHBIX TPpadoB. [leTepMUHUPOBAHHBIH Cly4ail.
"IIporpammupoBanue”.-2003, Ne5.- ctp.59-69.

11 ctp.

Teopema 3.1: 1) Jlist 1r000r0 CHIBHO-CBSA3HOTO Tpada u 10001 mapsl ero BepiuuH a u b Bcerna
cymectByer [a,b]-00x01 ¢ amuHoit O(NK). 2) Jlns m06s1x N u K cymecTByeT CuibHO-CBSI3HBIN
rpad ¢ unciom BepuirH N U yrcioM ayr K 2K, B kotropom mr0060it 06xo1 umeer anuny Q(nK’).

1) [Ipon3BOIBHBEIM 00pa30M JIMHEHHO YIOPSIOYMM BCE AYTH Tpada Tak, 4ToObI IepBas ayra
HAYMHAJIaCh B BEPILMHE &, a IOCJICIHSS Iyra 3aKaH4YnBaiachk B Bepimne b. s asyx
nocsaeoBaTenbHbIX AYT (Vi,Vi ) U (Vi+1,Vi+1 ) B CHIBHO-CBSI3HOM Tpade Beeria CyIecTByeT
MapIIpyT U3 KOHIA Vi i-0# Ayru B Havaino i+1-0#f 1yru Vi, YIasss U3 Hero HMUKIIbL, TOTyqacM,
nyth Pi, Bemymuii u3 Vi B Vis1. ICKOMBII 00X0 MPeACTaBIseT COO0M KOHKATCHAIIUIO YT U
nyteit: (V1,V1 ) PN AV Vi )P AP MV Vi ), Tae Vi=a i Vi=h. TIocKobKy UTHHA Iy TH B
rpade He npeBocxoauT N—1, 06xox umeer amuny He 6oaee K+(n—1)(k-1)=n(k-1)+1, To ecTs,
O(nk).

2) Ipumep rpacda npusenex Ha puc. 1, rae p=K /N — nonycrenenps BhIX01a KAXKI0H BEPIIUHBL.

Puc.1 Puc.2

O6xo0p 3T0ro0 rpada MOXKHO MPEACTABUTh B BUJIE KOHKATCHALUU MapIIpyToB Py,...,Pt, mpuuem
Kax bl u3 Py,...,Py1 3akanuuBactces ayroi (Vi,Vi1), rae i>1, a kaxaplii u3 Py,...,Pr.; HaunHaeTcs
B V1. Kaxkapiit MapuipyT u3 Po,...,Pr1, 3akanunBaronmiics 1yroit (Vi,Vi) UMeeT JUIMHY I, a UX
qucio pasHo P-1. [TosTomy, cunTtas, uto MapmpyT P; 3akaHumBaercs xyroi (Vj,Vi) 1 uMeeT
JUTMHY HE MeHee |, ¥ He yUUThIBast MOCICIHUN MapmpyT Py, OTydaeM HUKHIOK OLCHKY JUTHHBI
ob0xonxa

(p-1)+2(p-1)+...+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 411 HEKOTOpoi KoHCTaHThl C>0 mpu mro60om N>0 BeImoaHsIOCH L > Cpn2 =

Ck’n. Jlerko mokasatb, Hampumep, 4to 310 Tak 11 C=1/3 u p=3. Tem cambIM, MBI OTIpEICTSIEM
k™ = max{k,3n}.

3aMeTuM, 4TO B IpUMEpPE Ha pUC.] MOITYCTENEHH BBIXOJA Y BCEX BEPIIMH OJAMHAKOBBIE. DTO
C/IeTIaHO JUTS TOTO, YTOOBI HE HAKIIAJABIBATh HA YMCIIO CTUMYJIOB OTPAaHUYCHUN CHU3Y, KpOME
Heobxoaumoro K'/n. Bes aToro TpeboBaHus IPUMEP MOYKHO YIPOCTHTD, 3aAMEHHB BCE TyTH,
BeyIIKE U3 Vi B V1 Ha AYTH, BEAYIIUE U3 Vp B V1, uT0 TpebyeT K'—N+1 ctumyios (puc.2). [

3.2. focTmxunmble rpacbl

HOCKOHBKy B3anMHas JOCTUKUMOCTH BCPIINH — 3TO OTHOICHUC SKBUBAJICHTHOCTHU, B O6H.I€M
cinydae rpad G pazbuBaeTcss Ha KOMIOHEHTBI CUIIbHOM CBS3HOCTH, HA MHOYKECTBE KOTOPBIX
JOCTUIKUMOCTD SABJISICTCA OTHOICHUCM YaCTUYHOTI'O ITOPAAKA. KoMmnoneHt asisiercs HO,Z[I‘pa(bOM
rpada G, MHOXKECTBO BEPUIMH KOTOPOTO — 3TO KJIACC SKBUBAJICHTHOCTH, a IYTH — BCE IYTH
rpada G, Hayasio 1 KOHEIl KOTOPBIX MPUHAJIeKAT STOMY Kiaccy. KoMIOHEHT, KoTopoMy
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NpUHAUISKUT BepIIrHa &, Oyaem ooo3Hadats K(a). dyry rpaga G, Hayano u KOHel KOTOpoi
OTHOCSITCS K pa3HBIM KOMIIOHEHTaM, OyJ1eM Ha3bIBaTh CA3VIOUel.

s rpada G ero ghaxmop-epaghom 0 OTHOIICHUIO B3aMMHOM TOCTHKUMOCTH Oy/IeM Ha3bIBaTh
rpad F(G), BepmimHaMu KOTOPOTO SBISIFOTCS KOMIIOHEHTBI CHIIbHOM CBsi3HOCTH Tpada G, a nyra
(A,x,B), rie A#B — xommonenTsI rpada G, cyliecTByeT Toraa u ToJIbKO Toraa, koraa B rpade G
cyliecTByer csasyromas ayra (a,X,b), rne aeVA u beVB. Bepiuunsl hakrop-rpada 6yaem
Ha3bIBaTh (PaKTOP-BEPILIMHAMH, a TYyT'H — (PaKTOP-AyTraMu.

Jocmuoicumvim epaghom HazbiBaeTcs rpad, Bce BEPIIMHBI KOTOPOTO JOCTHKHMBI U3
BBIICJICHHOW HaYaJIbHOW BEPIMHEI. B nanbHeiem, criennaibHO HE OTOBapUBas 3TO, Mbl Oy/1eM
paCCManI/IBaTI: TOJIBKO JOCTHUXXHUMBIC I‘pa(bbl, HOCKOHBKy TOJIBKO B HUX, OYCBHUJHO, BOBMOXKCH
o6xoxa. I'pad Ha3pIBaeTCS aMKIMYECKUM, €CITM B HEM HET IIUKJIMYECKUX MapIIPyTOB;
NCTOYHUKOM HA3bBIBACTCSA BepH_II/IHa, B KOTOpyIO HC BXOIAT ,Z[YI‘I/I, CTOKOM HA3bIBACTCA BepH_II/IHa,
13 KOTOPOU HE BBIXOJIST IyTH.

Teopema 3.2: Jlsis Toro, 4to0sl rpad G ObUT TOCTHAKUMBIM rpad)oM ¢ Ha4aIbHOW BEPITUHOM Vo,
HEOOXOMMO U JIOCTAaTOYHO, YTOOKI ero (aktop-rpad F(G) Obu1 anmkinyeckum rpad)oM ¢ OTHUM
ucrounukom K(vo).

Heob6xomumocts. @akrop-rpad F(G), oueBuaHO, ABISCTCSA AlMKINYECKUM. B 10CTHXIMOM
rpade G ans nr000i BEPUIMHBI V CYIIECTBYET [Vo,V]-MapuipyT. OCTaBisisi B HEM TOJIBKO
CBSI3YIOIIKE IYTH M 3aMEHsS UX COOTBETCTBYIOMIMMHE (hakTop-ayramu, moiaydaem [K(vo), K(V)]-
Mapipyt B paktop-rpade, To ectb, F(G) Taxke sBIsSETCS JOCTHXKUMBIM rpad)oM H
CIIeZI0BATEIILHO, UMEET TOJIBKO 0uH ucTouHHK K (Vo).

Hocrarounocts. B anukinudeckom dakrop-rpade F(G) ¢ ogaum ncrounnkom K(vo) mis kaxmoi
BepiuHbl V cymectByeT [K(Vo), K(V)]-MapipyT kak mocie0BaTebHOCTh (GaKkTop-ayT,
COOTBETCTBYIOIIUX CBA3YIOIIMM ayram (a;,bi), i=1..t. O6o3nauas bo=Vy u a1=V, moaydaem, uto
st 1=0..t, Bepuunbl bj 1 841 mpUHAATIEKAT OAHOMY KOMIIOHEHTY H, CJIeI0OBaTeIbHO, B rpade G
cymectByer [bj,ai+1]-Mapuipyt Pj. [Vo,v]-mapuipyT B rpade G cTpouTCs Kak KOHKaTCHAIHSI
Po™az,b)™... Pra™(ag, b)) NPy [

3.3.'pachbl 1-ro popa

I'papom 1-20 pooa 6Gynem Ha3pIBaTh Tpad ¢ TMHEHHBIM TOPAIKOM JTOCTH)KUMOCTH KOMIIOHEHTOB,
B KOTOPOM M3 KaXKJI0TO HEMOCIIeTHEr0 KOMIIOHEHTA BBIXOIUT TOJIBKO OJTHA CBA3YIOIIAs AyTa U
OHa BEJICT B CICAYIOINI KOMITOHEHT. [10 yMoI4aHuio, HadaibHas BepIInHA Vo TPHHAIIICKUAT
nepBOMY KOMITOHEHTY. THBIMU clioBamMu, (pakTop-Tpad Takoro rpada cOCTOUT U3 OJHOTO
AIMKJINYECKOT0 MapIlpyTa ¢ HadyajoM B KOMIIOHEHTE HadaabHO# Bepimubl K(Vo) (puc.3).

Puc.3

IIpotioennvim epaghom mapiipyta OyaeM Ha3bIBaTh MoArpad, COCTOSIIMMN U3 YT MapuipyTa u
WHIOUJICHTHBIX UM BCPUIWH.



N.b.Bypnonos, A.C.Kocaues, B.B.Kynsamus. 9
Hewns0bITo4YHBIE aNTOPUTMBI 00X0/1a OPUEHTUPOBAHHBIX TPpadoB. [leTepMUHUPOBAHHBIH Cly4ail.
"IIporpammupoBanue”.-2003, Ne5.- ctp.59-69.

11 ctp.

Teopema 3.3: 1) [Ipoitnennsiii rpad mapmipyra sBisiercst rpadom 1-ro poaa, Havano U KOHEII
MapIIpyTa IpUHaJIeKaT, COOTBETCTBEHHO, €r0 MEPBOMY U TOCIIeIHEMY KOMIIOHeHTaMm. 2) [a,b]-
00XO0/1 CyIIECTBYET ISl U TOJBKO s Tpada 1-ro poma, B KOTOPOM BepInuHbl @ 1 b
HPUHA/IJICKAT, COOTBETCTBEHHO, IIEPBOMY H MOCIIEIHEMY KOMIIOHCHTaM; MUHUMAJIbHAS IJTHHA
o6xoma paBaa O(nk). 3) Jlist mro0b1x Bo3MoKHBIX N 1 K cymectByeT rpad 1-ro poxa ¢ n
BepinuHamu 1 K >K gyramu, mo6oii 00xox kotoporo umeer muHy Q(nk’). 4) O6xox u3 nroboi
HAYaJIbHON BEPIIMHBI Vo CYIIECTBYET /IS U TOJBKO ISl CUIIBHO-CBSI3HBIX TpadoB.

VYTBepxneHue 1) HemoCPeICTBEHHO CIEAYET U3 TOT0, YTO BCE BEPIIUHBI IPOHICHHOTO rpada
JUHEWHO YIOPSA0YMUBAIOTCS MapIIPYTOM B MOPSAKE TOoCTIXKUMOCTH. 2) U3 1) cnenyer
CylIecTBOBaHHE 00X0/a TOIbKO /i rpados 1-ro poxa. O6partHo, ans rpada 1-ro pona co
cBsa3yromuMu ayrami (a;,bi), i=1..t-1, o603nauas bp=a u a;=b, crpoum [bj_1,ai]-06xox P;j i-ro
kommoHeHTa s i1=1..t u [a,b]-06xox rpada kak konkareHamnuto P17 (a,b). .. P (@, b)) Pr.
Juna storo ooxoma e npeBocxoaut t—1+X{O(nik;)|i=1..t}, rae nj, Ki — uucmo Bepuun u ayr i-
ro KOMIIOHEHTa, TO ecTh, paBHa O(NK). YTBepkaenue 3) nokazano B Teopeme 3.1 miist cuitbHO-
cBs3HBIX rpadoB (t=1). YTBepknenne 4) HEMOCPEACTBEHHO CIIEAYET U3 YTBEpKaeHus 2). [ |

3.4. MokpbITUA AOCTUXUMBIX rpadoB

MHOXeCTBO MapIIpyTOB, HAUMHAIOIINXCS B HAUAIbHOM BepInHE Vo, OyeM Ha3bIBaTh
nokpuimuem rpada, eciau Kakaas BeplIMHa U Kaxas 1yra rpada BXOAUT XOTs Obl B OJIUH U3
3TUX MapIIPyTOB. JJIMHOI MOKpHITHS OyAeM Ha3bIBaTh CYMMY JUIMH €T0 MapLIpyTOB.

Teopema 3.4: [TokpbITHE CyIIECTBYET ISl M TOJBKO JUIsl TOCTHXKUMBIX TpadoB U €ro
MUHHMaIbHas minHa paBHa O(NK); mst mo0six BO3MOKHBIX N 1 K cymmecTByeT rpad
JOCTHXKUMOCTH € N BepinuHamu U K >K gyramu, 1060€ OKPHITHE KOTOPOTO HMEET UTHHY

Q(nk>).

VTBepxKaeHUE TEOPEMBI O CYIIECTBOBAHUHU MOKPBITHS HEMOCPEICTBEHHO CIIEYET U3
ompeneneHus JoCTIKUMOoro rpada G ¢ HauaTbHOW BEPIIMHOMN Vo: U1 KaXKJ0W BEPIIUHBI &
umeercs [Vo,a]-mapuipyt P(a), nas kaxiou ayru (@,b) umeercs mapupyr P(a)™(a,b),
MPOXOJIAIINMN Yepe3 3Ty AYTy.

J11s1 OLIEHKH JJTHHBI TOKPBITHS paccmoTpuM (daktop-rpad F(G), koTopsrii, mo Teopeme 3.2,
SIBJISIETCS AlUKJINIECKUM rpadom ¢ ogauM uctounnkom K(Vp). O6o3raunm t — gucio
KOMITOHEHTOB, a Ko — gucio cBssyrommumx ayr rpada G. Beimenum 8 F(G) octoB (MakcuMaabHOE
JICPEBO), OPUCHTUPOBAHHBIN OT KOPHEBOTO KoMIoHeHTa-uctounnka K(Vp); B Hem t-1 ayr,
ocranbhbie Ko—(t—1) cs3yromue qyru — xopasl. s mokpertus F(G) mocratouno B3STh a) Bce
(akTop-mMapmpyThl, Beayiue u3 KopHs K(Vo) B THCTOBbIE KOMITOHEHTHI, U3 KOTOPBIX HE
BBIXOJIAT XOP/Ibl, U JOMOJTHUTEIBHO D) Bce (haKTOp-MapIIpyThl, BEAYIIUE U3 KOPHS B HAYAIbHBIC
KOMITOHEHTBI BCEX XOPJI U Jlajiee MPOXOIAIIUe Mo Xopzae. Yuciio pakrop-MapIipyToB a) He
npeBocxoauT t, uucio dakrop-mapipyros b) He mpeBocxoaut Ko—(t—1); cymmapHoe uncio
(axrop-mapuipyToB — He 6oiee Kot+1.

Kaxnp1it Takoit pakrop-mapmpyt F MOKHO paccMaTpuBaTh Kak 4epeyonryrocs
MI0CJIEIOBATEIFHOCTh KOMITOHEHTOB ¥ CBS3YIOIIMX JYT. 3aMEHUM KaXKJ10€ BXOXKICHUE
xommoneHTa K B pakrop-mapuipyr F mapmpyrom P(K,F) B rpade G, koTopsiii HaYMHaeTCs B
KOHIIE CBA3yIOIEeH nyru dakTop-mapipyta F, Bxomasmei B K (s neporo kommonenta K(Vo)
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— B BEpUIMHE V), ¥ 3aKaHYMBACTCS B HaYaJle CBA3YIOIIEH ayru akrop-mapmpyra F,

BbIXo e u3 K (1715 mocinenHero KOMIoHeHTa — B JTi000# ero BepimmHe). B pesynbraTe
noxyanm MapuipyT P(F) B rpade G kak uepenyromiyrocs KoHkareHaiuio Mapupytos P(K,F) u
cBssyromux ayr. Jis kaxmoro kommoneHnTa K B omnom u3 mapiipyros P(F), mpoxoasimnx
gyepe3 K, mapupyr P(K,F) Beibepem 00xomom kommoneHTa K, a BO BCeX OCTaIbHBIX — MO0
nyrem, ecniu K Henocnequuii KoMrmoHeHT B F, 6o mapmipyToM HysneBou niauHsbl, eciu K —
HoCJIeIHUI KOMIIOHEHT B F. OueBHIHO, 3TO MHOKeCTBO MapuipyToB P(F) OyneT mokpsitnem
rpada G. Eciu 661 kaxas1ii Mapiipyt P(F) comeprkan He 00X0/1bI, @ TOJBKO MyTH B
KOMITOHEHTAaX, OH caM ObLT ObI IIyTEM WJIH ITyTEM, YAJUHEHHBIM Ha OJHY IyTy (Xopay dakTop-
rpada), 1, CIe0BaTeIbHO, €ro JIJIHHA HEe MPEBOCXoaraa Obl N, a cymma uH — (Ko+1)n.
[MockonbKy KaXKblil I-bIii KOMIOHEHT O0XOJUTCSI POBHO B oHOM Mapiupyte P(F), mmHa
nokpeiths He mpeBocxoaut (Ko+1)n+X{O(niki)|i=1.. t}, rae nj, K; — urciao BepimH U ayr i-ro
KOMITOHEHTA, TO ecTh, paBHa O(nK).

Omnenka Q(nK") mocturaercst Ha rpade Ha puc.1,2 ¢ HaYaIBLHON BEPIIMHOM V1. [

4. Anroputmbl obxoaa

4.1. N'padbl 2-ro poaa u cBo60AHbLIE aNrOPUTMbI

s mapiipyta B rpade BepuinHy Oy/ieM Ha3bIBaTh HOJIHOCMbIO NPOUOEHHOU, €CIIA B 3TOM
MapIIpyTe IpOUICHBI BCE BBIXOSIINE U3 BEPIIUHBI TYTH.

['papom 2-20 pooa 6Gynem Ha3biBaTh Takoi rpad 1-ro poaa, B KOTOPOM BCE KOMITIOHEHTHI, KPOME,
OBITH MOKET, MOCJIETHETO, COCTOAT U3 OJHON BEPIIUHBI U HE COAEPKAT TYT, KPOME OJTHOM
CBS3YIOIICH YT, BEAYIIEH B CIACAYIOMNUA KOMIOHEHT (puc.4).

a0 T 10 t
O = —
Puc.4

Teopema 4.1: 1) JIto60i1 CBOOOAHBIN aITOPUTM MOXKET TapaHTUPOBAHHO OOOWTH TOJIBKO rpad 2-
r'o poJa ¢ Ha4aJIbHOW BEPIIUHOM Vo U3 IIEPBOI0 KOMIIOHEHTA U OCTAaHOBKOM B BEPIIMHE U3
nocyeHero kKomnoneHTa. 2) CyiecTByeT CBOOOIHBIN aITrOpuTM Ay, KOTOPBIA OCTaHABINBACTCS
Ha J1r000M rpade, mpoxons mapupyt pmuHoi O(NK), 1 rapaHTHPOBaHHO 00XOIMT BCe Tpadbl 2-
ro pojia C HayaJdbHOW BEPIIMHOM Vo U3 MEPBOTO KOMIIOHEHTA.

1) ITo Teopeme 3.3, 06x01 cymiecTByeT TObKO s rpada 1-ro poxa. Eciu rpad ve 2-ro pona,
TO HEKOTOPBIM HEMOCIeTHII KOMIIOHEHT rpada Tub0 cOCTOUT OoJjiee, YeM U3 OHOM BEepIINHBL,
100 U3 ero eJMHCTBEHHOW BEPIIMHBI BRIXOJHUT HE TOJBKO CBs3yIOIIas ayra. B mepBom ciydae,
B CHJIY CUJIBHOMW CBSI3HOCTH KOMITOHEHTa, UMEETCSI MapIIPYT U3 Hayalla CBA3YIOIIECH TyTru B
JPYTYIO BEPIINHY KOMIIOHEHTA, ClIeI0BATEIbLHO, M3 Havyalia CBI3yromieH ayru (a,X,h) BeIxoaur
ete ofHa ayra (a,X ,b’), a BO BTOpOM ciiyuae HaaM4YKMe TAKUX IBYX AYT SIBHO MOCTYJIHPYETCSL.
Korna anroputm BriepBbie OKa3bIBaeTCsl B BEPIINHE &, B HEH €Ille HU OJIUH CTUMYII He
OIpoOOBaH, ¥ NOATOMY CBOOOHBII aITOPUTM JIOJDKEH MPUMEHUTH oreparuo nextcall.
[TocKOJIBKY alrOpUTM J0JKEH FApaHTHPOBAHHO 00XOIHUTH rpad, TO €CTh, HE3ABUCHMO OT
BBITIOJTHEHUS 9TOH OIepaluy, IPEANOoI0KUM, YTO OHA BBIOMPAET CTUMYJ X. B 3TOM citydae Mbl
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npoiizieM 10 cBs3yrolei ayre (a,X,0) B cieayrommii KOMIOHEHT H, CIIEIOBATENLHO, OOJIBIIC HE
CMOXeM BEPHYThCS B BEpIIUHY @, 1 ayra (a,X ,b") ocranercs HemponaeHHOIA.

2) B nporiecce paboTsl anroput™a Aq Mbl OyieM XpaHUTh ONMUCAaHWE TTPOHIEHHOTO Tpada,
3aroMHHas Bce MpoiaeHHbIe 1yru. Kpome Toro, 6yieM noMevars BepIIMHBI, B KOTOPBIX
omneparus nextcall Beprysna myctoli CHMBOJ €, TO €CTh, BEPIIUHBI, KOTOPbIE TApAHTUPOBAHHO
TIOJTHOCTBIO MPOUICHBI. 3aMETHM, YTO BEPIINHA MOXKET OBITh IMOJIHOCTBIO TIPOHICHA, HO MBI 00
ATOM €eIlIe He 3HaeM U OHa HETIOMEYCHa.

[ITar anropuT™Ma COCTOUT U3 CIAEAYIOMINUX MTYHKTOB:

1. Bsinonasem onepanuto nextcall, 3amomunas npoiineHHbIe AyrH (CTUMYIT TyTH
Bo3Bpaiaercs nextcall, a ee konen onpexaensieTcs ¢ MOMOIIKIO onepanuy Status), 10 Tex
nop, noka nextcall e Bepuet mycToit cumBoI €. B nociienem citydae momevyaem
TEKYIIYIO BEPIIMHY.

2. Ecnu Bce npoiiieHHbIe BEPIIUHBI TOMEYEHBI (U, TEM CaMbIM, TOJHOCTHIO IPOHCHDI),
AITOPUTM OCTAHABIIUBAETCS.

3. B npoTtuBHOM citydae, B IpoliIecHHOM Tpade uieM myTh U3 TEKYIIeH BEPIIMHBI B KaKyIO-
HUOYIbh HETIOMEUYECHHYIO BepinnHy. Eciu Takoi myTh €CTh, TPOXOIUM €T0 C MTOMOIIBIO
omnepanuii call. Illar 3akaHunBaeTcs.

4. Ecnu Takoro myTH HET, alTOPUTM OCTAHABIMBAETCSI.

OcranoBka anroputma. Kakaplii U3 3TUX IYHKTOB BBIIIOJHAETCS 32 KOHEUHOE BPEMS, IIOCKOJIbKY
B Irpade KOHEYHOE YUCIIO TYT (KOHEYHOCTH I1.1) M KOHEYHOE YMCIIO MyTeH (KOHeYHOCTh 11.3). 3a
OJIUH IIAr U3 MYHKTOB 1-3 aJropuT™M MPOXOAMT XOTS OBl OJJHY HETIPOUJCHHYIO YTy W/UIN
MIOMEYaeT XOTs OBl OJJHY HETIOMEUCHHYIO BepIuHy. [ToaToMy anroputm A ocTaHABIUBACTCS
yepe3 KOHEYHOe BpeMs Ha Jr00oM rpade.

Jnvna mapurpyra. I[IpoiiieHHbINM MapIIpyT MOKHO IIPEACTAaBUTh KaK KOHKATEHALIMIO IIEPBUYHBIX
BXOXKJICHHH yT (T1.1) U COeNMHSIONUX UX MyTeH (11.3), MOATOMY JUTHHA MapIIpyTa MoTy4aeTcs

o(nk).

lapantupoBanHbIi 00x011. B rpade 2-ro pona kaxaplii HEMOCIEAHUNA KOMIIOHEHT COCTOUT U3
OJTHO¥ BEpIIIMHBI, ©3 KOTOPOH BBIXOHUT OJ[HA JIyTra, BEAYIIas B CIICAYIONINI KOMIIOHEHT,
HI0ATOMY JITOPHTM, HAUMHAIOLIMI paOd0OTaTh B BEPIIMHE IEPBOTO KOMIIOHEHTA, OYEBUIHO, TIOCIIE
1.1 OKakeTcs B MOCICIHEM KOMITIOHEHTE H, CJICIOBATENIbHO, OCTAHOBUTCS B HEKOTOPOI BEpIIMHE
b mocnennero kommnonenta. [TycTh B MOMEHT OCTAaHOBKH MMeETCsl HempoiiaeHHas ayra (¢,d),
TOT'JIa €€ Ha4Yajo C He MOMEYEHO M, OYCBU/IHO, TPUHAJICHKHUT MOCISIHEMY KOMITOHEHTY. Torna
CYIIECTBYET MapuipyT u3 b B C. Y gassist U3 MapuipyTta IHKJIb, TOJy4aeM IyTh U3 TeKYyIIeH
BepIMHbI D B HemomeueHHyro BepiinHy C. Eciu 3TOT myTh COIEPKUT TOJIBKO MPOMICHHBIC TYTH,
TO AJITOPUTM HE JIOJDKEH ObLT 0cTaHOBUTHCA (11.3). ECii JKe Ha 9TOM IyTH €CTh HENPOWICHHBIE
JYTH, TO PACCMOTPHUM HayaJbHBIA OTPE30K 3TOrO MYyTH JI0 MEpBOi HempoiaenHo ayru (¢,d’) —
BEpILHHA C HEIIOMEUYCHA U B MPOIICHHOM rpade MeeTcs IMyTh B Hee U3 TEKYIICH BEPIINHEI,
CIIIOBATENILHO AJITOPUTM HE JIOJDKSH ObLT OCTaHOBUTHCS (11.3). MBI MPHUIIUTH K TPOTHBOPEUHIO
Y, 3HAYUT, B MOMEHT OCTaHOBKH BCE AYTH MPOHICHBI U COBEPIICH 00XO/. ||

PaznuuHble anropuTMBl, HCIIOJIB3YIOIINE CTPATETHIO ArOpuTMa Ay, pa3nndaroTcs BBIOOpOM
HETIOMCUYCHHOM BEPIINHBI V' U3 TEKYICH ITOMEUYECHHOW BepIIHHBI V B 1.3 [25]. AJIrOpUTMBI,
OCHOBaHHBIE Ha 00X0/1e 0cTOBa Ipada, BEIOUPAIOT CaMylO JaIbHIOK OT KOPHS («ITOUCK B
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TIyOUHY») WK CaMyFO OJTFDKHIOK K KOPHIO («IIOMCK B IIMPHHY») BEPUIMHY V', TOCTHKUMYIO U3
V. «KaaHplity anroput™ BeIOHpaeT V' ONMXKaNIIyro K V 1Mo jumaHe [V,V' ]-myTH.

Temneps uccneayeM BOIIPOC: KAKHE TOCTOBEPHBIE BEPANKTHI MOXKET BHIHOCHTH CBOOOIHBII
aIropuT™ ooxoxa’?

OO0 oTCyTCTBUU HETIPOMUACHHON AYTH, BBIXOSIEH U3 TaHHON BEpIIUHBI, CBOOOHBIN aJrOpuTM
MOJKET y3HaTb, TOJBKO MMOJYYUB ITyCTOH CTUMYII B OTBET Ha omnepanuto nextcall, xorna sta
BepIIMHA ObUTa TeKyllel. Takyio BepIIMHy Ha30BeM ITOMEUYEHHON, KaK 3TO JIEJIaeTCs B
asniroput™e Aj. EcM B MOMEHT OCTaHOBKH aJIrOPUTMa OTCYTCTBYIOT HEITIOMEUEHHbIE BEPILIUHBI,
QITOPUTM MOXET BBIHECTH JIOCTOBEPHBIN BEPIUKT «cosepuier 00x00» (HAIIOMHUM, YTO MBI
paccMaTpUBaeM TOJIBKO JOCTHKHUMBIE rpadbl). DTO MOXKET IPOU30UTH TOJIBKO B CHIIBHO-
CBSI3HOM rpade, MOCKOIbKY MPOXOJ M0 CBA3YIOIIEH Ayre AejaeT HEBO3MOXKHBIM BO3BpaIlleHHUE B
€€ Ha4aJIbHYIO BEPIIHHY Vo U, CIEI0BATENbHO, 3T BEPIINHA OCTAHETCS] HEIIOMEYEHHOM.
[TosTomy, ecnu Bce MpONICHHbBIE BEPIINHBI TOMEUEHBI, IOCTOBEPHBIM OyeT Aaxe Oojee
CHJIBHBIN BEPIUKT «COBEpULIeH 2apanmupo8anHbvlil 00xo0». AITOpUT™M Ay MOXKET JeNaTh 3TO B
n.2. Ecnu ke B MOMEHT OCTaHOBKH OCTaJIMCh HEITOMEYEHHbIC BepUIHHBI (1.4 anroputma Ay),
QITOPUTM, aHATU3UPYS IPOHAEHHBIN Tpad, MOKET BEIHECTH OAMH U3 ABYX JOCTOBEPHBIX
BEPAMKTOB: €CJIU NIPOMIEHHBIH Ipad 2-ro poja — «HeuzsecmHo, cosepuiet iu 00xo0, HO eciu
cosepuien, mo 00x00 2apanmuposanHsliy; B IPOTUBHOM CIIy4ae — «Heu38eCmHO, CO8EePUIEH iU
00X00, HO ecu cosepuiet, mo 006X00 He2apanmupOBaHHbLII.

4.2. Hen36bITOYHbIE aNropUTMBbI

Hewns0bITOUHBIE aNTOPUTMBI OTIUYAIOTCS OT CBOOOTHBIX TEM, YTO MOTYT MOJIYYUTH C TTIOMOIIBIO
orepauu Next onepexaronlyro HHPOPMAIUIO O CTUMYJIaX HEMPOUIEHHBIX YT A0 TOTO, KaK OHU
OyIyT IpOHACHBI. DTO JaeT BO3MOKHOCTh HEM30BITOUHBIM alITOPUTMAM OTOXKIACCTBUTH MOHSITHS
MOMEUYEHHOM 1 MOJHOCTHIO MPOMIEHHOM BEpIINHEI U, CI€I0BAaTEIbHO, BBIHOCUTH 00JIe€ CHIIbHBIE
JIOCTOBEPHBIE BEPAUKTHI.

Teopema 4.2: CymiecTByeT HeU30BITOYHBIN ANTOPUTM A\, KOTOPBI OCTAHABIUBAETCS HA TIOOOM
rpade, mpoxozas mapuipyT LuHoH O(NK), 1 BBIHOCHT JTOCTOBEPHBIN BEPAUKT 1) «cosepuien
2apanmuposansiii 06xo00» Uit Bcex TpadoB 2-TO poaa, 2) «cosepuien He2apanmupo8aHHblil
00x00» TIPU HEKOTOPHIX BBHIMOJHEHUSX BHEITHUX oreparuii 1yt rpadoB 1-ro (HO He 2-T0) poja,
U 3) «006x00 He cogepuier» IPU HEKOTOPHIX BBIMOJHEHHUSIX BHEIITHUX orepanuil 1uist rpagos 1-ro
(1O HE 2-10) pona, u I Bcex rpadoB He 1-To pona.

Anroput™m A siBrseTcs MoauduKanuen anropurMa Ay U CTPOUT TOT K€ CaMblid MapIIPyT.
Bwmecto onepanuu nextcall npumensiercs «onepesxatorias» oneparys Next, pe3ynbraT KOTopoi
3alIOMUHAETCs B TEKYIIeH BepIInHe (IIpU MEPBOM MOMAJaHUU B BEPIIUHY NEXt BBHIOIHSAETCS /1Ba
paza moJpsi, eCiii, KOHEYHO, U3 BEPITUHBI BEIXOAUT XOTs OBl oj1HA ayra). [locie sToro mo
HEMPOHICHHOM Tyre MbI uaem oneparueii call(X), rioe X — cTuMyit, BbIIaHHBIN B TEKYIIEH
BEpILIUHE npeonociedHetl onepamuei Next. 3a cyeT 3TOro alropuT™ MOMeYaeT BEPIIUHY
HETOCPEICTBEHHO NEPE] TEM, KaK BBIXOJUT M3 HEE MO MOCIeAHEN HenporIeHHo! nyre. Tem
CaMbIM, IOHATHS IIOMEYECHHOU U ITOJIHOCTBIO NPOMACHHON BEPIINUHEI COBIAAAtoT. [Ipu
OCTAHOBKE B 1.2 (BCE BEPIIMHBI TOMEYCHBI) AITOPUTM aHAIU3UPYET poiieHHbIN Tpad. Ecinu
9T0 Tpad 2-ro poaa, BRIHOCUTCS BEPAUKT «COBEPULeH 2apanmupoB8aHublii 06X00», B IPOTUBHOM
CIIy4ae — «Co8epuleH He2apaHmuposannvlli 06xo0». B 1.4 BEIHOCUTCS BEPIUKT «00X00 He
cogepuien». [
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4.3. Npepukat cBA3yOLWMNX AYr

ANTOPHUTM MOJET TapaHTHPOBAHHO 00XOANTH rpadsl 1-ro posa, eciim eMy KakKUM-TO BHEITHHM
o0pa3oM mocTasisieTcs nHpopManus o0 CBA3YIOMHUX ayrax. [lycTs B kaxao# BepirHe rpada
3aJIaH MpeIUKaT OT cTUMyJIa 7(X), KOTOPBIH OyIeM Ha3bIBaTh NPEeOUKAmOM CE3YIOUUX Oye.
[Ipenukat docmosepen, €Cii OH NCTUHEH Ha U TOJIBKO HA CTUMYJIaX CBS3YIOIINX JYT.
AunropuTMm, ¢ BHeIIHUMH onieparusamu Next, call u t, konedHo, He sBisieTCS HEU3OBITOYHBIM, HO
B HEKOTOPOM CMBICIIE KMUHUMAJIBHO N30BITOYHBIMY aJITOPUTMOM.

Teopema 4.3: CymiecTByeT alroput™ Ag ¢ MPeAUKaTOM CBSA3YIOUIUX IYT T, KOTOPbIi
OCTaHaBIIMBACTCA Ha JII0OOM rpade, mpoxoas mapipyt aruHoi O(NK), u rapaHTHPOBaHHO
00xoaut rpadsl 2-To poaa u rpadsl 1-ro posa ¢ JOCTOBEPHBIM MPEIUKATOM.

Anroput™ Az oTIIMYaeTCs OT anroputMa Az TeM, YTO CHavyalla MPOXOIATCS TOJIBKO
HECBS3YIOILIUE 1YTH, BEIXOASIINE U3 TPONHICHHBIX BEPIINH, @ CTUMYJIbI CBSA3YIOIIUX IyT
3alIOMHUHAIOTCA B UX HAYAJIbHBIX BCPIINHAX. Kor;[a HCCBA3YIOIHNX HerOfI,Z[eHHBIX Ayr GOHBLHG
HE OCTaeTCsl, aJITOPUTM UIIET B MPONUIeHHOM Ipade myTh B HAYal0 OAHON U3 3alIOMHEHHBIX
HETIPOWJICHHBIX CBI3YIOIIUX AYT U, €CIM HAXOAUT TaKOU MYTh, IPOXOIUT €0 U CBI3YIOIIYIO
JIyTy, TIOCJIE YEro CHOBA MIIET HEMPOWICHHbIE HECBA3YIOLINE YTH. SBJIsETCA Iyra CBA3YIOIIEH
WIH HET, OTIpeNeNsieTcs 1Mo MpeauKaTy 7. Jloka3arensCTBO YTBEPKICHUH TeOpeMbl 00 OCTaHOBKE
IropuTMa, JUIMHE MaplipyTa U 00X0e 04eBHUIHO. | |

Jlerko mokasath, 4TO alroput™ Az OCiIe OCTAHOBKH MOKET MPOAHAIN3UPOBATH PO ICHHBIH
rpad ¥ BBIATH OJIMH U3 CICAYIONIMX JTOCTOBEPHBIX BEPAUKTOB!
1. «Cogepuier 06x00», €Cli U3 IPOUICHHBIX BEPIIUH HE BHIXOSAT HETIPOUICHHBIC TYTH.

a) + «06x00 capanmuposanuvlll u NPEOUKam 00CNoBepeny, €CIIU MPEIUKaT B MPOHICHHOM
rpade 1-ro poja ICTUHEH Ha ¥ TOJBKO Ha €T0 CBA3YIOIINX JIyrax.

b) + «O06x00 eapanmuposannuiil, Ho npeduxam HedOCMosepeH», €CH NPEANKAT B
npoiaeHHoM rpade 1-To poja HCTUHEH Ha HEKOTOPBIX Ayrax MOCIEIHET0 KOMIIOHEHTa
W/WITN JIO)KEH Ha HEKOTOPBIX CBSI3YIOIIMX JyTaxX, U3 Hauaia KOTOPhIX HE BBIXOMAT APYTHE
JIYTH.

C) + «06x00 HecapanMupoBanHblil U NPEOUKAM HedOCMOBEPeH» — BO BCEX OCTATbHBIX
CITyJasix.

2. «006x00 He cosepuieny, €CITA XOTs OBl U3 OJTHOM MPONACHHOW BEPITUHBI BHIXOIUT

HEIPOWICHHAs Ayra.

a) + «JIubo npeduxam oocmoseper u mo20a ucxooHwlil 2pagh ne 1-20 pooa, 1ubo npedukam
He00Cmo8epeH U mo20a Heu38eCmHo, AGIAeMCs U UCXOOHBIU epag epaghom 1-20 pooa»,
€CITM TIPEIUKAT UCTUHEH Ha M TOJIKO Ha CBA3YIOIIUX Iyrax M HEMPOHICHHBIX Tyrax.

b) + «lIpeouxam ne docmosepen u nHeuzsecmmo, s161emMcs iU UCXOOHBLI 2pagd epagom 1-2o
P0o0a» — BO BCEX OCTAIBHBIX CITydasX.

[Tpenukar  hopManabHO OMpeseNieH Ha Tpoiikax (rpad, BepuinHa, ctumyi). bynem Ha3piBaTh
NpeIUKaT HeuzoblmouHbiM, €CIIM OH HE 3aBUCHUT OT rpada. bonee TouHO, 3aBHCUMOCTD
npearKaTa oT rpada CBOAUTCS K 3aBUCHMOCTH OT MHOYKECTBA CTUMYJIOB, JIONYCTHMBIX B
BEpILIMHE, TO €CTh, (POPMATLHO MPEANKAT OMPEIEICH Ha TPOHKaX (BEpIIMHA, MHOKECTBO
JIOITYCTUMBIX B BEPIIMHE CTUMYJIOB, CTUMYJ). ECITM HEN30BITOUHBIN TPENKAT paCCMAaTPHBATh
HE KaK BHEIIHIO, a KaK BHYTPEHHYIO OIEPAIINIO AITOPUTMA, TO COOTBETCTBYIOIINM 00pazoM



N.b.Bypnonos, A.C.Kocaues, B.B.Kynsamus. 14
Hewns0bITo4YHBIE aNTOPUTMBI 00X0/1a OPUEHTUPOBAHHBIX TPpadoB. [leTepMUHUPOBAHHBIH Cly4ail.
"IIporpammupoBanue”.-2003, Ne5.- ctp.59-69.

11 ctp.

Mo U (pUITUPOBAHHBIN aTOpUTM A3 (0003HaUMUM ero A\4), BO-TIEPBBIX, OyAeT HEU3OBITOYHBIM, H
BO-BTOPBIX, TAPAaHTUPOBAHHO 00XOAUT Bce Tpadbl 2-ro poaa u Te rpadsl 1-ro poga, Ha KOTOPBIX
MpEeIuKaT JOCTOBEPEH.

BwmecTte ¢ TeM, HeM30bITOUHBIH PEIUKAT, OUYECBUIHO, HE MOXKET OBITh JJOCTOBEPEH Ha BCEX
rpagax ¢ BbIJECICHHBIMY Ha4aJIbHBIMH BEPIINHAMHU Vo, H30MOP(HBIX C TOUHOCTBIO 10 PACKPacKu
JyT CTUMYJIaMH, €CIIH 3TO He rpadbl 2-ro poaa.

Teopema 4.4: He cymmecTByeT HEM30bITOUHOTO aJIrOPUTMA, KOTOPBI 00X0A1IT ObI HEKOTOPBIHA
rpa¢ G 1-ro (Ho He 2-T10) poaa u Bce rpadbl, oTardaronecs or G TOJBKO pacKpacKou ayr
CTHUMYJIaMH.

Jloka3aTenbCcTBO OX0KE Ha JI0OKa3aTeabcTBO yrBepxkacHus 1) Teopemsr 4.1. Ecniu rpad G He 2-
r'o poja, TO B HEM MMeETCs CBs3yromias ayra (a,X,b), u3 Hauama KOTOpOii BEIXOIUT €Il OJHA
ayra (a,X",b"). PaccMOTpuM MOMEHT BpEMEHH, KOT/Ia AITOPHUTM OCYIIECTBIISICT IIEPBUYHBII
IIPOXOJI II0 BTOPOH Jyre — B BeplirHe a Bbi3biBaeTcs onepaius call(x’). Eciu anropurm o6xoaut
rpad, TO B 3TOT MOMEHT IiepBas nyra (a,X,b) emie ne npoiinena. Ecnu anroput™ Hen3ObITOUEH,
To uHpOopMarIms o rpade, KOTOpoi OH 00JIalaeT B ’TOT MOMEHT, OJIMHAKOBA Kak Juis rpada G,
tak u i rpada G, ormuyaronierocst ot G mepeMeHoi MeCTaMu CTUMYIIOB PACKPACKU 3THX
nByx ayr (a,x°,b) u (a,x,b"). [Tostomy B rpade G™ anroputm noiiger mo ayre (a,X ,b) B Tot
MOMEHT, Koraa ayra (a,x,b") emte ve npoiigena. OnHako, B 3ToM rpad)e CBA3YIONICH ABIISIETCS
nyra (a,Xx ,b), To ectb, 06x01 coBepiieH He Oyzaer. [

4.4. OnTMManbHbIN NO BPEMEHU N NaMATU CBOOOAHbLIN anropuTm

Jlo cux mop Hac MHTepecoBalia TOJIBKO ATUHA 00X0/1a, CTPOSIIETOCS aJTOPHUTMOM (KOJTUYECTBO
omnepanuii call), Ho He Bpems ero paboTsl (00IIee KOJTUIECTBO DIIEMEHTAPHBIX ONEpalnii, KaK
BHEIIIHUX, TaK U BHYTPEHHUX) U HE 00BbEM HCIIOJIb3YEMOM MTaMsTH.

Teopema 4.5: CymiecTByeT cBOOOIHBIN aNropuT™ A, KOTOPBI OCTAHABIMBACTCS HA TIOOOM
rpade, ¥ rapaHTUPOBAHHO 00XOUT Bce Tpadbl 2-ro poAa ¢ HaYaIbHOUW BEPIIUHOM Vo U3
nepBOro KoMnoHenrta. Bpemst padotsr anroputma O(NK), a ucronb3yemasi maMsTh
O(n(logzn+1+X)) our, rae | u X — pazmep, COOTBETCTBEHHO, HACHTU(GUKATOPA BEPIINHBI U
cTuMyiia B Outax. [Ipu 3TOM BBIHOCSTCS JOCTOBEPHBIC BEPAUKTHI, BO3MOYKHBIC JIJIsI CBOOOTHBIX
AJITOPUTMOB.

Wnest anroputMma 3aKiIt04aeTcsi B IOCTPOCHUH B npoiiaeHHoM rpade forward-nymu (coctout u3
forward-ayr) u neca back-oepeswves (cocrout uz back-ayr). Cornacuo Teopeme 3.3,
npoWaeHHBIN rpad sBisercs rpadomM 1-To poga, HavanbHAs BEPIINHA Vo IPUHAIIECKHUT TIEPBOMY
KOMITOHEHTY, @ KOHeUHasi BepIInHa V — rociaeqHeMy. [IpoliieHHble BEpIIHHBI, B KOTOPBIX
aJITOPHUTM BbI3bIBaN onepanuto nextcall ¢ moxyuennem B OTBET MyCTOr0 CUMBOJIA €, TOMEYUCHBI
U, TEM CaMbIM, TapaHTUPOBAHHO MOJHOCTBIO MpoiieHbl. PaboTta anropurMma npeacraBiseT coooit
IIOCJICZIOBATEIBHOCTH [IIar0B, B HAYaJle KayK/I0TO I1ara BBIIOTHEHBI CIICTYIONIIE YCIOBHS:

e forward-mytb — [Vo,V]-11yTh, BCEe BEpIIMHBI KOTOPOTO HEIOMEUCHBI.

e Bce ocTaJbHBIE ITPOWICHHBIE BEPIIMHBI [IOMEYECHBI.

e Texkymieii BepmmHOU siBisiercst konen forward-myru.



N.b.Bypnonos, A.C.Kocaues, B.B.Kynsamus. 15
Hewns0bITo4YHBIE aNTOPUTMBI 00X0/1a OPUEHTUPOBAHHBIX TPpadoB. [leTepMUHUPOBAHHBIH Cly4ail.
"IIporpammupoBanue”.-2003, Ne5.- ctp.59-69.

11 ctp.

e Kaxnoe back-nepeBo siBisieTcst 0CTOBOM KOMITOHEHTA CHIILHOW CBSI3HOCTH MPOUICHHOTO
rpada, OpUEHTHPOBAHHBIM K KOPHIO, KOTOPBIH JiexuT Ha forward-mytu; 3ToT KOpeHb
OyzeM Ha3bIBaTh TAKXKe KOpHEM KommoHeHTa. (CwM. puc.5.)

Puc.5

PaccMmoTpum paboTy anroput™a Ha ogHoM Iare. Eciu u3 tekyieit Beprunasl (konma forward-
MyTH) BBIXOJIUT HETIPOIICHHAs Ayra €, ujaeM no Heil. Ecnu nonagaem B HOBYIO (HE MPOMICHHYIO
panee) BepimHy, forward-myTs yuiMHsIeTCS Ha IyTy € U [Iar 3aKaHYuBaeTcs. B mpoTHBHOM
ciry4ae, nBuraemcs o back-myram no nepsoii BepimHsl, nexaieit Ha forward-myru (B
KpaifHeM ciiydae, MbI J0iaeM J10 kopHs back-nepesa), u nanee — mo forward-gyram 10 kKoHia
forward-myru, u 3akanunBaem miar. Ecnu qyra e Bena Hioke kopHsi back-nepeBa mocnennero
KOMITOHEHTa, COOTBETCTBYIOIIIUM 00pa3oM koppektupyem back-nepesns. Takoe xe ABrKeHUE
no back-nyram u nanee no forward-mgyram coBepiiaeM u B TOM citydae, KOTJa U3 KOHIA
forward-myTu He BBIXOIAT HEMPOMAEHHBIE IYTH, HO TOJIBKO Terepb kouern forward-mytu
CTaHOBUTCS MOMEYCHHBIM U MbI OCTaHABIMBAcMCs B Tipeabayineii Ha forward-nytu BepiinHe u
ykopauuBaem forward-myts Ha mocieaHor0 ero ayry. Eciu Takoii mpeamnocie el BepIInHbI
Het (forward-myTh HyJI€BOM JJTMHBI), AITOPUTM OCTAHABIINBACTCS.

3ameTuMm, 4TO JyTH, KOTOPHIE B polecce padboThl anroputMa Ag 6putn forward-myramu B
Hayajax [aroB, B MOMEHT OCTaHOBKHU 00pa3yroT forward-odepeso — octoB npoiiaentnoro rpada,
OPHEHTHPOBAHHBIH OT KOpHs. DakTHuecku, anroput™ ooxoaut 3to forward-agepeBo MeTogom
NOUCKA 8 2TYOUHY .

JIsist OLIeHKH BpeMeHH pabOThI aITOPUTMA OIHIIIEM HUCIIOIb3YEMbIE UM CTPYKTYPhI JaHHBIX
e Jlns npenacrasienus eca back-mepesbeB ucnonb3yercs cnucok Traversed Bcex
NPOWICHHBIX BEPIUIMH B IPOM3BOJIBHOM HOpPSAKE. T raversed-onucanue BepIINHBI
COJICPIKUT:
O wuACHTU(DHUKATOP BEPIIUHBI,
O CCBUIKY «BIIEpEI» IO CIHCKY,
0 onucanue back-mgyru — nyru back-nepesa, BEIXOSIIEH U3 3TOW BEPIIUHBL:
" CTHMYII JyTH,
* cchulka Ha Traversed-onucanue KOHIA TyrH (JUIS KOPHS CChUIKA
HyJIeBas),
O cchuIKy Ha Forward-onucanyue HENOMEUEHHOM BEPUIMHBI (11 TOMEUCHHOM
BEPILMHBI CChIIKA HYJICBAs).
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e Jlns npexacraBnenus forward-nytu ucnons3yercs JByHanpaBieHHbIN cincok Forward
HETOMEYEHHbBIX IPOWJICHHBIX BepiirH B nopsake forward-nmyru. Forward-onucanue
BEPIINUHBI COICPIKHT:

O cchUIKy Ha Traversed-onucanue,

0 omucanue forward-ayru — nyru forward-nyTu, BEIXOASIIEH U3 3TON BEPIIMHBI:
" CchUIKA «BIepen» mo cnucky Forward na Forward-onucanue koHIia

IyTH,

" CTUMYI AyTH

O CCBUIKY «Ha3ajay o crucky Forward,

O WHJICKC KOMIIOHEHTA CHJIbHOM CBS3HOCTH, KOTOPOMY IPUHAJJICKUT BEPIIHHA, B

Ka4ecTBe KOTOPOT0 MCIOJb3yeTCsl HHICKC €ro KOpHs 1o crucky Forward.
e Jlnuna crucka Forward.

CchUiKa 10 CIUCKY BEPIIMH M HHICKC KOMIIOHEHTA HE MTPEBOCXOST N U TIOAITOMY TS KX
xpanenus tpedyercs O(logzn) 6ut mamsitu. [TocKONbKY YKCIO ONMCAaHKIA HE TPEBOCXOAUT YUCIIa
BepIIHH N, 00mmuii 00bem ucmonb3yemoit mamsatu O(N(logon+1+X)) 6ut. Dta oreHKa TOYHAs 110
HOPSIKY: B MOMEHT OCTaHOBKH alropuT™a Ha rpade 2-ro poaa crucok Traversed comepxut N
oInucaHwuii, To ecThb, 3auumMaeT Q(N(logon+1+X)) Gur.

3ameuanue: BHemHss oneparus Next, BooOIe roBopsi, TAK)Ke 3aHUMAET MaMATh JIJIsT KOKI0H
BEPIINHBI — MOCIEHUH CTUMYJI (MJTM €r0 HOMEp), KOTOPBI OHA BhIaBasia (UM coOupaercs
BbIJIaBaTh). DTa JOMOJHUTEIbHAS TAMITh, OUYCBHIHO, TaKke umeer oobem O(nl) our.

Terneps mar anropuT™Ma OMUIIEM TOAPOOHEE:

1.
2.

3.

Brimonnsercs oneparus nextcall.

Ecmu nextcall Bo3Bparmaer ctumys X#¢g, ¢ IOMOIIBIO onepaiiuu Status onpeaensiem kouerr b
nyru (a,X,b) u urem ero B criucke Traversed.

Ecnu He HaxonuMm — BepirHa b HOBast, To co3gaem Traversed- u Forward-onucanus
BepIIHHBI D, momMeras ux B cooTBeTcTBYOMMKE criucku; forward-myTs yamuHsercs Ha
forward-ayry (a,x,b). ITockonbky Bepimna b — kopens nmocnenanero kommnonenta K(b),
ungekc K(b) ycranasiauBaercst paBHbIM JIHHE cricka Forward, To ecTh, HHIEKCY B HEM
Forward-onucanus Bepmmnbl b. [llar 3axanunBaeTcs.

Beprmna b crapas. Harra 3aava — BepHYThCS B BEpIIMHY @, CKOPPEKTUPOBAB, TIPH
HeoOxoauMocTH, back-nepeBbst n mHAEKCH KOMIIOHEHTOB. Eciiu BepmirHa b He nexxut Ha
forward-mytu, To mo back-ayram agsuraemcs ¢ momoineto onepanuii call 1o mepsoii
BEpIIMHEI C, iekareit Ha forward-mytu. CpaBHHBaeM HHIEKCHI KOMITOHEHTOB B BEPIIMHAX
au c. Eciu onu paBubl, 1Buraemcs ¢ momoineto onepanuii call mo forward-ayram mo konma
forward-mytu. Eciiu oM He paBHBI, TO KOPPEKIIUS HEOOX0IUMa, ¥ BO BPEMS IBHIKCHHSI
yCTaHABJIMBAEM ISl K&KIOH BEPIIMHBI noc/ie C, HAYMHAS C TIEPBOTO MOMABIICTOCS KOPHS
(BKITFOUHTEIILHO ) HHIEKC KOMITOHEHTA TaKOM ke, Kak B C, a B kKauecTBe back-myru —
forward-ayry, kpome xonra forward-nyru, rae back-ayroit cranosutcs ayra (a,x,b).
3ameTuM, 4TO B 1.4 MBI IPOXOJHT B rpad)e KOHTYp U3 IBYX MoJoBUHOK: back- u forward-
IyTH, KOTOPBIH Beeraa umeeT JuinHy He 6osee N. [1lar 3akan4yuBaeTcs.

Ecau nextcall Bo3sparmiaer mycToii ciMBOI €, TO Halla 3ajja4a — NEPEHTH B MPEIIOCIEIHIO
BepmmHy & - forward-myTH, yKopoTHB €ro Ha MoCIeHIow Ayry. IIpekie Bcero nposepsiem,
HE sIBJISIETCSI JIM BepiinHa a kopHeMm back-nepesa. Eciu na, TO anroput™ 3akaHYMBaET CBOO
pa6ory. [Tpu 3TOM, ecii a=Vo — HadabHas BepIIkHa rpada, TO BEIHOCUTCS BEPAUKT
«KCoBepuler 2apanmuposantslil 06x00». B IpOTUBHOM Cllydae aHAIU3UPYIOTCS CIIUCKU
Traversed u Forward st mpoBepku TOT0, SIBJISIETCS JIM POUACHHBIN rpad rpadoM 2-ro
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pona. Eciu 1a, TO BBIHOCUTCS BEPAMKT «HEU38ECMHO, CO8epuLeH i 00X00, HO eciu
cogepuieH, mo 06x00 2apanmupo8anHvlii», B IPOTHBHOM CIIydae — KHEU38eCHHO, COBEPULEH
2 06X00, HO ecliu cosepuien, mo 00x00 Hecapanmuposannvliny. Eciu xe a He sBisteTcs
xopreM back-zepesa, To HaxoIUM BepuIHHY & (MCIIONB3ys JBYHATIPABICHHOCTH CITHCKA
Forward) u neuraemcsi ¢ momomipo onepauuii call mo back-nyram no neproii Bepimnsl C,
nexaiei Ha forward-nytu, u ganee mo forward-mgyram 10 BepIinHsI a~!. Vauuroxaem
Forward-onucanue BepiuuHbI 8, yJaauB ero u3 cnucka Forward, Tem cambim, moMedast
BEpILMHY & ¥ yKopauuBas forward-myTs, 1 3akaHYMBaeM Iar. 3aMeTUM, YTO B 1.5 MBI TOKe
IpOXOoJUM B rpade myTh U3 IBYX MOJOBUHOK: back- u forward-myru.

Hepr,Z[HO BUICTH, UYTO, CCJIN AJITOPUTM HC 3aKAHYUBACTCA B JaHHOM IIare, TO K KOHIY Hiara
BBITIOJTHCHBI HCO6XOI[I/IMBIC YCII0BHUA Havalla CJICAYIOUICro 1uiara.

O6o03naunB yepes tj u call;, cooTBeTCTBEHHO, YKCII0 ONEpaluii 1 YMCiI0 Ipoxo 0B mo ayram (call
u nextcall) B mynkre i, a uepe3 C — HEKOTOPYIO KOHCTAHTY, 3aBUCAIIYIO OT IPOTPAMMHOM
peamuszarun, umeem: 11,<C, call;<1, t,<Cn, call,=0, t3<C, call;=0, t;,<Cn, call,<n, tz=<Cn,
calls<n. B kaxxaom 1mare, KpoMe MmocieaHero, Ju6o 1) BRIIOIHSIIOTCS MyHKTH 1,2,3 win 1,2,4
MPOXOUTCS POBHO OJIHA HEMPOHICHHAS paHee ayra, MO0 2) BBIOTHSIIOTCS MYyHKTHI 1,5 1
MIOMEYaeTCsl POBHO O/IHAa HEMOMEeUeHHas paHee BepuinHa. OueBUIHO, YHCIIO IIaroB Bua 1) He
PEeBOCXOIUT yrcia ayr K, a unciio maros Buaa 2) — yncia BepiinH N. B pe3ynbrate, uepe3
KOHEYHOE YMCJI0 AJIEMEHTapHBIX OMepaluii aiIrOPUTM OCTaHABJIUBAETCS U OOIIIEe YHCIIO
ornepanuii He mpeBocxoauT Max|[ K(t;+t,+max(ts,ts)), n(ti+ts) ] < K(ty+t+ty)+n(ty+ts) <
k(C+2Cn)+n(C+Cn), o ectb, yuutsiBas N < k=1, pasuo O(nK), a qyimHa npoiAeHHOTO
maprpyta He nmpeBocxoaut max|[ k(call;+call,+max(calls,calls)), n(call;+calls) ] <
k(cally+call,+callg)+n(cally+calls) < k(1+n)+n(1+n), To ecth, yautsiBas N < k-1, pasao O(nK).

O4eBUIHO TAKXKeE, YTO AITOPUTM COBEPIIIACT rapaHTUPOBAHHBIN 00X0/1 TF0O60Tr0 rpada 2-ro poaa
¥ BBIHOCUT JIOCTOBEPHBIN BEPIHKT Ha 1000M rpade. [

4.5. Mogucdukaumm onTuMmanbHOro anropuTma

Anroput™ Asg siBIsieTcs MoAuGUKAIIMEH anropuT™Ma, peayioxkeHHoro B 1971 r. onaum u3
ABTOPOB HACTOSIICH CTaThU [5], IUIsl penieHus 0oJee CI0KHOM 3a/1aui 00X0/1a CUITHbHO-CBSA3HBIX
OPUEHTHPOBAHHBIX rpad)oB C TOMOIILI0 poboTa Ha Tpade. Ecim Hem30bITOUHBIN alrOpuT™M
MOXHO paccMmarpuBarh kak ASM Ha rpade, To poOOT — 3T0 KOHEUHBIH aBTOMAT Ha Trpade.
Orenka bl 06x01a podorom O(nK + n?logzn). Bropoe cliaraeMoe BO3HHKAET M3-3a TOTO,
9TO aNropuT™ Ag, UCTIONB3Ys ABYHAIIPABICHHOCTH CIIKCKa Forward, mepexoaut B
npeanocieaHow Bepiumuy forward-nyru (war 5) 3a 01uH IPOXO[T IO UKINISCKOMY
MapIIpyTy, a poOOT BBIHYKICH JIeIaTh MHOTO TaKHUX ITPOX010B. Eciii He IPUMEHSATH
CIICLUABHBIX OITUMU3HUPYIOLIMX IPUEMOB, OLeHKa s poGota momyunres O(nk + n’). PoGor B
[5] nnst o6xona forward-nepeBa mpuMeHsIET METO NOUCKA 8 WUPUHY, YTO YMEHBIIIAET OI[CHKY
10 O(nk + n?log,n). B 1994 r. Y.Afek u E.Gafni B [12] npemiosxumm poGoT, HCIOIb3YOIHA
METOJT NOUCKA 6 2/1yOUHY BMECTE CO CIEIHATBLHBIM ONITUMH3HPYIOIIAM IIPHEMOM, YTO TAKKE JAeT
oleHKy uHbL 06xoxa O(nK + n?logzn). Kak MBI cuntaeM, COYETAHUE NOUCKA 6 WUPUHY C ITHM
ONITHMHU3HPYIOIUM IPUEMOM JIOJDKHO JIaTh CYyMMapHYIO OIleHKY it pobora O(nk +
n?log,logzn). Jlist cpaBHEHHS OTMETHM, YTO XOPOLLO W3BecTHbIA anroput™ Tappu [10] o6xoaa
HeopueHmuposanHvix TpadoB TOKE SIBIACTCS CBOOOTHBIM U MOXET OBITh peaTM30BaH POOOTOM C
qunHoM 06xoma 2K u BpemereM pabotsr mopsiaka O(K).
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CBobOogHOMY anropuTMy Ag COOTBETCTBYET HEM3OBITOUHBIN aITOPUTM Ag, TPOXOISIIANA TOT JKE
MapuIpyT, HO BBIHOCAILINH 00Jiee TOYHBIN 10CTOBEpHBIN BEpAUKT. bomee Toro, ero MoxHo
ONTUMM3UPOBATH TAK, YTOOKI [TOCIIE TPOXO/a M0 TOoCceIHEN XOp/ie, BRIXOAAIIEH U3 KOHIIa
forward-mytu, Bo3BpamaTbcs He B Ipeanocieantow Bepimny forward-myTu, a B HoCleIHIO0
na forward-mytu BepiivHy, U3 KOTOPO# BBIXOJAT €Ille He MPOAeHHbIe AyTH. AITOpUTM Ag,
COOTBETCTBEHHO, MOKHO MOAM(PUIIUPOBATH JJIs1 PA0OTHI C MPEAUKATOM CBS3YIOIIUX JIyT
(«MUHMMAJIBHO W30BITOYHBINY» aJITOPUTM) HIIH C HEU30BITOYHBIM MPEIUKATOM (HEM3OBITOUHBIHN
anroput™). Bo Bcex 3TuX MOAHQUKAIUAX MOPSIIOK BEPXHEH OLIEHKH BPEMEHHU padOThI U UTUHEI
o0xoJa He MeHseTcs. TeM He MeHee, Ul HEKOTOPBIX KIIacCOB Ipad)oB BEpXHss OL[CHKA
MUHHMAaJIbHOH JUTMHBI 00X01a MOKeT oTiindarhest oT O(NK) 1 Ha HEKOTOPBIX U3 HUX
HEW30BITOUYHBIN ATOPUTM paboTaeT Jayulle, yeM cBoOoaHbIN. Hampumep, nis rpada Ha puc.6
cBOGOIHBIIT anroput™ As nmeer oueHky Q(n?), a Hems6brounblil anroput™ Ag — Q(N).

& &

Puc.6

PaccmarpuBaeMble alnropuTMbl MOTYT IPUMEHSATHCS TAKXKe IS MOKPBITUS JTIOOBIX JTOCTHKHMBIX
rpagoB ¢ TOMOIIBIO MOBTOPHBIX 3AITYCKOB aJITOPUTMOB C COXpPaHEHHEM MH(POPMAIIH OT
npeabayieit paboTsl. MiHaye roBops, aropuTMbl MOTYT paboTaTh ¢ rpadamu, sl KOTOPBIX
ompeeneHa J0cToBepHas onepanus reset [15], koropyro oHr OyyT UCHIOJIB30BATh TOJBKO B
ciydae He0OOXOJMMOCTH (B YaCTHOCTH, He OYAYT MCIIOJIb30BaTh Ha CHIIbHO-CBSI3HBIX Ipadax).

[Mockonbky anroput™ As Ui Kaxa0i 1yrd, KOTOPYIO OH MOXET MIPOXOAUTH TTOBTOPHO (JIyTH
back-nepepa u forward-mytu), XpaHuT B OITMCAHUK HAYaJla IyT'H CCHUIKY Ha OMHCAaHKE e¢
KOHIIa, OH MOKET paboTaTh Ha MPOU3BOIBHBIX Tpadax, B MpoIecce CBOCH paboThl KOHTPOJIUPYS
nerepMuHU3M. [ aToro nocie kaxaoit onepaun Call Bei3piBaercst oneparust status u
BO3BpAICHHAS CI0 BEpIIMHA CPABHUBACTCS C 3aIIOMHEHHOM. [Ipn oOHapyxeHnn
HeJIeTepMUHHI3Ma aJITOPUTM OCTAHABJIMBAETCS C COOTBETCTBYIOIIUM BepAUKTOM. Pasymeercs,
€CITM HeJICTEPMHUHM3M JI0 OCTAHOBKH aJITOPUTMa He OOHAPYKEH, 3TO HE 03HAYAET, YTO €T0 HET,
IPOCTO MPH JTAHHOM BBITIOJTHEHUU HAM «ITOBE3JION.

Emte ogHoit 0651aCThIO TPUMEHEHHSI aITOPUTMA C IPEAUKATOM (M30BITOYHBIM I
HEN30BITOYHBIM) CBS3YIOIIMX YT SIBISIOTCS MHOTOYPOBHEBBIC Ipadbl. JIByXypoBHEBEIH Tpad
MOYKHO OIIPENIENIUTh KakK rpad 2-ro ypoBHs, B KOTOPOM BEPIIUHBI ABIAIOTCA Tpadamu 1-ro
YpOBHS, MPUYEM BCe 3THU Tpadbl CUIBLHO-CBA3HBL. boiee cTporo, IByXypoBHEBBII rpad) MOXKHO
OTIpeNIeNIUTh Kak rpad, B KOTOPOM HEKOTOPHIE IyTH MPOMapKupoBaHbl. Eciin MapkupoBaHHBIE
IYTH YOAIUTh, TO MOJIYYUTCS HAOOP U30JIMPOBAHHBIX CHIILHO-CBSI3HBIX TpadoB — rpadoB 1-ro
ypoBHs. Ecnit pakTopu3oBaTh 1BYXypOBHEBBIH Ipad MO OTHOIICHUIO B3aUMHOM JJOCTHKUMOCTH
BEPILUH Yepe3 HeMapKUpo8aHHvle TyTH, TO TIOTYYUTCS CUIIbHO-CBSI3HBIN rpad 2-ro ypoBHS.

Ecnu npenukar NoHMMAaTh Kak MpeJuKaT MapKUPOBAHHBIX AYT, TO aJTOPUTM OyJIeT 0OXOIUTh
JIBYXYPOBHEBBIN rpad 1Mo ypOBHSAM: MONa/1as NepBbIid pa3 B HEKOTOPLIH rpad 1-ro ypoBHS, OH
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CHavaJia MOJHOCTHIO €ro 00XOAUT M0 HEMAaPKUPOBAHHBIM JYyTraM, a MOTOM 110 MAapKUPOBAHHOM
JyTe TIepeXouT B caeayomui rpad 1-ro yposss. [Ipu moBTropHOM BXOXKIAeHUH B Tpad 1-T0
YPOBHsI, B HEM JIOCTaTOYHO IIPOUTH ITYTh O HY’KHOM MapKUPOBAHHOW yTH, BBIXOIALLIEH U3
rpada. Jlns olleHKH IIMHBI 00X0/1a TAKUM aJITOPUTMOM MOKHO PacCCMOTPETh Kiace
JIByXYPOBHEBBIX TpadoB, B KOTOPBIX Bce Tpadbl 1-T0 ypOBHS UMEIOT OJJMHAKOBOE YHCIIO BEPIINH
Ny u xyr Ky, a rpad 2-ro ypoBHs umeeT N, BepuiuH (4uciio rpados 1-ro yposHs) u Ky ayr. Yucio
BEPIIMH U AYT IBYXypoBHEBOro rpada N=nin; u k=Ko+nyk;. JInnna odxona paBua
0O(nzkz2)O(n1)+n20(N1ky) = O(n(K1+kz)), uto mpu pocre Ky maet npeaeabHbIi BRIMTPHIIT B Ny
pa3. [Ipumep rpacda npuBeaeH Ha puc.7: rpadsl 1-ro ypoBHS (BbIIEIECHBI CEphIM (POHOM)
aHaJOTUYHBI rpady Ha pUC.2 ¢ HAYATBHOW BEPIIUHON Vpy, Tpad 2-ro YpOBHS aHAIOTHYEH rpady
Ha puc.0, i-ast qyra 2-To ypOBHS BEIIET U3 BEPIINHBI Vpi—1 I-TO rpada 1-ro ypoBHs B HAYaIbHYIO
BEPIIHHY Vp; i+1-ro rpada 1-ro yposHs (i MeHsiercs mo mukity 0..N, U MoKa3aH Kak BEPXHHMA
WHJIEKC BEPIIUH).

Puc.7

[Tycth nBe ayrH, BBIXOASIINE U3 BEPUIMH Vi1 TPadoB 1-ro ypOBHS, yHOPSJOUEHBI TaK, 4TO Iyra
(V'n1-1, V1) mpenmectsyer gyre (Vini1, Vi), a myra (V"2ni_1, Vini) npeamectsyer ayre (V%1
v™n1). Torma anroputMel As 1 A, «He 3HAIOLIHE» O IBYXYPOBHEBOI CTPYKTYpe rpada, cHavasa
poayT B rpad)e raMUILTOHOB KOHTYP (MPOXOIAIINI Yepe3 BCe BEPIIMHBI rpada Mo 0JHOMY
pasy), Bce yrH KOTOPOTo, KpoMe TepBoit ayru (oxuoit u3 ayr (Ving, V1)), cranyr back-gyramu.
B manbHelimeM mocie mpoxoa mo Kaxmaoil xopae u3 maoxectsa Ki-n;+1 ayr, 0603HaYeHHBIX Ha
PHCYHKE CepbIM LIBETOM, KPOME MEPBOM U MOCIIECTHEN B KOKIOM MHOXKECTBE, TIOHAJOOUTCS
IPOMTH BECh 3TOT TAMUJIBTOHOB MyTh. Yncino Takux xopa Q(N2K1), a mmmaa mytu €Q(n), mostomy
mHa ooxoma Q(NN2K;). B To ske BpeMst alnropuT™, UCIIONIb3YIOIMNE MApKUPOBKY YT 2-TO
YPOBHSI, HAIIPOTHUB, OyAET 00XOAUTH rpadbl 1-T0 yPOBHS 110 OYEpean: CHaYaIa 00X0AUM I-bIi
rpad, a TOTOM MEPEXOUM 10 MAPKHUPOBAHHOM ayre B cieayromiuii i+1-b1it rpad. Tem cambim,
uHa ooxoma oymaet Q(n2n1ki)=Q(nk;), To ecTh, UMeeM BeIUTPHIII B Ny pa3. Takum oOpa3om,
€CITH aJITOPUTM «3HAET» O JABYXYPOBHEBOU CTPYKTYpE rpada v 3TO «3HAHUE» BHIPAKEHO B
dbopmMe TOCTOBEPHOTO MpeuKaTa MApKUPOBAHHBIX YT, TO €ro 00X0a OyaeT OImxKe K
ONTUMAJILHOMY 00X0/1y Tpad)oB TAaKOTo Kilacca.

P-ypOBHEBBI rpad) onpenensercs Mo HHIYKIUU KaK IBYXYPOBHEBBIN Ipad, KOMIOHEHTaMU
KOTOPOTO SBJISIFOTCS P—1-ypoBHEBBIE rpadbl. AJITOPUTM MOXKHO MOIU(DHUITUPOBATH 17151 paOOTHI €
JTr00BIM Hamepes 3aJaHHbBIM YUCIIOM YPOBHEH .
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5. TecTupoBaHMe Ha OCHOBE HeM3ObITOUYHbIX anNropuTMoB obxoAaa

[IpennosxeHHbIe HEU30BITOUHBIE AITOPUTMBI 00X0/1a IETEPMUHUPOBAHHBIX OPUEHTUPOBAHHBIX
rpad)0B MOTYT CIIY’)KUTh OCHOBOH TECTHPOBAHHUS C OMKPbIMbIM COCTOSTHUEM. J|OTIOTHUTEBHO
TECT COJCPKHT:

e Umepamop ctuMynoB (onepaius Next), onpeaenseMplii peaycIoBreM crenndukanuy,
KOTOPOE 3a/1a€T JOMMYCTUMOCTh KaXKIOTO CTUMYJIa X B KaXX/IOM COCTOSIHHH V aBTOMaTa:
PRE(v,x)=true.

e  Meouamop (onepartuu call u status), mpeHa3HaYeHHBIN IS TTOAaYU CTUMYJIA Ha
TECTUPYEMBIH aBTOMAT U TIOJTYYCHUS PEaKIIUU B TOCTCOCTOSHUSI.

e  Opakyn, NPOBEPSIONINN PABUILHOCTh NIEPEX0a U ONPEACIIEMbIN MOCTYCIOBUEM
cnenurKanum, KOTOPOe 3a/1aeT IOMMYCTUMOCTh TIOJTYYCHHBIX PEaKIuu Y ’

MIOCTCOCTOSIHUS V' TIPH TIEPEXO0/IC U3 MPECOCTOSHUS V [0 CTUMYITY X:
POST(v,x,y,v )=true.

MB&I nipearnoaraeM BBITOJHEHHOH CISIYIOILYIO 2Unomesy 0 OONYCMUMOCHU sl TECTHPOBAHUS
C OTKPBITHIM COCTOSTHIEM YaCTUYHO OTPEACTICHHBIX aBTOMATOB: ISl KQXKIOTO COCTOSTHUS,
AOCTUIKUMOTI'O IO MOACIIN U3 HAYAJIbHOT'O COCTOSAAHUSA, BCC CTUMYJIbI, JOITYCTUMBIC B MOJCJIN,
JIOTIYCTUMBI U B peasin3anuu (oOpaTHoe HEe TpedyeTcs).

TecTupoBaHme CO CKPBITBIM COCTOSTHUEM — ropas3io 0osiee ciaoxkHas 3amada. [Ipexe Bcero,
BO3HUKACT np06neMa AONYCTUMOCTH CTUMYJIOB JJIs1 HaCTHUYHO ONPCACIICHHBIX dBTOMATOB. Ecmu
MBI HE 3HAEM, B KAKOM COCTOSIHUHM HaXOJUTCS TECTUPYEMBI aBTOMAT, TO MBI HE 3HAaEM, KaK1e
CTUMYJIbI B HCM JOIMYCTHUMEI, 4 KAKUC HCT. Ecmu ne JcJ1aThb HUKAKUX ,Z[OHyH_IeHI/II\/'I 0 pcajin3alnuu,
TO MBI MOXEM T10/IaBaTh TOJBKO TAKHUE CTUMYJIbI, KOTOPBIE TOMYCTUMBI BO BCEX COCTOSIHHSIX. DTO
OJ/IHA U3 IPUYUH, [0 KOTOPOM YaCTO pacCMAaTPUBAIOTCS TOJIBKO MOJHOCTHIO ONPE/ICICHHBIC
aBToMarthI [15].

Crienudukanusi aBToMaTa, BOOOIIE TOBOPSI, MOXKET OMPEACIATh HECKOJIBKO CIIEIH(PUKAITHOHHBIX
MEPEX0JI0B U3 JAHHOTO MPECOCTOSHUS IO JAHHOMY CTUMYITY C IOJYYCHHEM OJHOU U TOH ke
PEaKIMK; TaKue MePexXo bl Pa3IUIalOTCs TOJIBKO CBOUM ITOCTCOCTOSTHHEM. HBIME cili0BamH,
ypaBHenue noctycinous POST(v,X,y,V')=true moxer uMeTh 60JIee OHOTO PEIICHHSI
OTHOCHUTEJIBHO MOCTCOCTOSIHUSA V . Eciu 1715t TF00BIX BO3MOXHBIX V,X,Y TaKUX PElIeHH He Ooee
OJIHOTO, TO Oy/IeM TOBOPHTH, YTO CHEIMU(PUKAIMS U OMUCHIBAEMBIN €10 MOJICIIbHBIN aBTOMAT
cnabo-oemepmunuposanst. B [21] 310 Ha3pIBaeTcsa Habi00aembim HEAECTEPMUHU3MOM.

CrnemyeT OTMETHTh, YTO CITA0BIA IETSPMHUHN3M HE YMEHBIIACT OMUCATEIEHYIO MOIITHOCTh
cneun(uKanuii ¢ TOYHOCTHIO /10 SKBUBAJICHTHOCTHU CIIEUU(UIIPYEMBIX aBTOMATOB. /[es10 B TOM,
YTO KJIACCY PKBUBAJICHTHBIX KOHCUHBIX aBTOMATOB COOTBETCTBYET PEryJIIPHOE MHOKECTBO
NOCJIEI0BATENbHOCTEN B alipaBUTE CTUMYJIOB M PEAKIIMA (B 1€KapTOBOM IPOU3BEACHUH UX
an¢aBUTOB), KOTOPOE, TIO U3BECTHOM TEOpEME O PEryJIIpHbIX MHOXeCTBax [2,4,11], MoxeT ObITh
HOpO)K,Z[eHO ,Z[eTepMI/IHI/IpOBaHHBIM KOHCYHBIM I‘pa(bOM. HeTepMI/IHI/I3M 34E€CHh TIOHUMACTCs KaK
OTCYTCTBHE JIBYX OJIMHAKOBO PACKPAIICHHBIX (CTUMYJIOM U PEAKIHEH) AYT, BBIXOAIINX U3
OJTHOW BEPIIMHBI, YTO SKBUBAJICHTHO cI1a00My IETEpPMUHHU3MY B HallleM ompeaeiaeHuu. Jpyroe
JIeNo, 9To crienudukanuu 0e3 OrpaHudeHUs Cl1a00-1eTEPMUHUPOBAHHOCTH YaCTO MHUCATh
IpOILE, a OTIPeIeIeHNE SKBUBAJICHTHBIX CIIa00-1€TePMIUHUPOBAHHBIX CIICIU(PUKAIINA MOXKET
OBITH TPYIHBIM JICTIOM.
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I[J'I}I TCCTUPOBAHUA CO CKPBITHIM COCTOAHUEM YaCTUYHO OIMMPCACIICHHBIX aBTOMATOB CO cna60-
JIETEPMUHUPOBAHHON Criel(UKAIAEH, TIPUMEM CIIEAYIONLYIO 2UNOmesy 0 OONYCIMUMOCHL: IS
JTAHHBIX TPECOCTOSHUS, TOMYCTUMOTO B HEM CTUMYJIa U PEeaKLUH JII0OOH CTUMYJI, TOMYCTUMBIN B
IIOCTCOCTOSIHUH CIIEIM(DUKAIMOHHOTO TIEPEX0/1a, JOMYCTHM U B TOCTCOCTOSTHUN
peanusanmonHoro nepexonaa. Eciu yepe3 X(V) 0003HAYUTh MHOXKECTBO CTUMYJIOB, JIOMYCTHMBIX
B COCTOSIHUH V, TO Hallla THITOTE3a 03HAYacT BIOXKEHHOCTH X(V )=X(VR), Iie VR — IOCTCOCTOSTHUE
peanuzarmonnoro nepexoaa (V,X,Y,VR), a V. — pelieHnue ypaBHEHHS TOCTYCIOBHSI

POST(v,x,y,V )=true. Eciu ypaBHEeHHE HE UMEET PEIICHHUH, TO 3TO 03HAYAET HEMTPABUILHOCTh
peakIyy Y, ¥ Ha 3TOM TECTHPOBAHHUE TIPEKPAIaeTCs.

['mnoTesa 0 JOMYCTUMOCTH, KaXYIasicss Ha IEPBBIN B3TJIsI HEMOTUBHPOBAHHOM, Ha IPAKTHKE
OKAa3bIBACTCsI BIIOJIHE €CTECTBEHHOM. OHa 03HAYaET, YTO JOMYCTUMOCTb CTUMYJIOB B KasKIbIi
MOMEHT BPEMEHH OJHO3HAYHO ONPEeNIAeTCs HCTOPHEH (IT0CIe0BAaTEIbHOCTHIO T01aBAMbIX
CTHMYJIOB U MOJTy4aeMbIX PEAKLUi), YTO BIOJIHE €CTECTBEHHO MPHU pabOTe MOJIB30BATENS C
MPOTPAMMHOM CHCTEMOM, MOJICIIMPYEMO aBTOMaTOM. EcTeCTBEHHO, NpenoaaracTcs, 4To
OLINOKH, BO3MOXHBIE B PeaJIM3allH, MOT'YT OBITh OOHAPYKEHBI (IT0 MOJTyYaeMbIM PEaKIUIM) 10
TOTO, KaK OHU TPUBEAYT K HAPYIICHUIO «TUIMOTE3BI O JTOIYCTUMOCTHY.

[Ipenmnonoxum, 4To Mbl MOKEM ONPEETUTh MPABUIBHOCTh PEAKIIMH U JJISI MPABUIIbHOU
PCaKIIMU BBIYUCIUTH TOCTCOCTOSITHHUC. HaanMep, IMMOCTYCJIOBUC UMCCT BUI
“ReactionChecking(v,x,y) & v =Poststate(v,x,y)”, rae ReactionChecking — npenukar,
OTIpeIeNAIONINI MPaBUILHOCTh peakiuy, a Poststate — skcrmnuTHas QyHKIHS, BEIYUCIISIONIAS
MOCTCOCTOSIHUE JJIsSl MPaBUJIbHOW peakuu. Toraa TECTUPOBAHUE MOKHO BECTH CIEAYIOLIUM
obOpa3om.

Bbynem cuutaTh, 4TO HaYaJIbHOE COCTOSIHUE Vo M3BeCTHO. [1oaB Ha HEro CTUMYI Xg ¥ TIOJTYYUB
peaxuuio Yo, Mbl IPOBEPsiEM PABUILHOCTh PEAKIIUHU U, €CIM OHA MPaBUIIbHAS, BHIYHCIISIEM
nocrcoctosiue Vi. Toraa, coriiacHo «TUIoTe3e 0 JOIMYCTUMOCTH Y, PeaIn3alis HaXOqUTCs B
MOCTCOCTOSIHUH, B KOTOPOM JOMYCTUMBI BCE CTUMYIIbI, TOMMYCTUMBIE B V1. Micxo/s u3 aToro, Ha
CIIETYIOIIEeM I1are BbIOMpaeM CTUMYIL, IOMYCTUMBIHN B Vi, M TaK qaiee. B mporecce Takoro
TECTUPOBaHUs OyZeM CTPOUTH TMIIOTETHYECKU rpad 1 MapuIpyT B HEM, IPOBOS IyTH,
COOTBETCTBYIOIINE TUIIOTETUYECKUM MepexoiaM aBToMara. Eciu kakas-To peakuus
OTBepraercs, To TeCT PUKCUPYET OUIMOKY, U TECTUPOBAHUE 3aKAaHUYUBAETCS.

BakHO MOAUEPKHYTH CIIEIYIOIIEe: €CITH PeaT3allHOHHBIN aBTOMAT AETEPMUHUPOBAH, TO
MOCTPOCHHBIHM THIIOTETUYECKUN Tpad Takke 1eTepMUHHPOBaH. OTYACTH 3TO JaeT BO3MOXKHOCTh
KOHTPOJIMPOBATH AOMYIICHNE O AETEPMUHU3ME pealln3allmoHHOro rpada. boee BaxxHO TO, 4TO
€CJIA TIPOUICHHBIA MapIIPYT SIBISIETCS 00X0JI0M MOCTPOESHHOTO rpada, TO MBI MOKEM CUUTATH
MOCTPOCHHBIH rpad rpadoM COCTOSHHUI IKCIUTHIIMpOoBaHHOTO moaasromara M(R) MoaensHOrO
aBTomara M. Peanu3zanuoHHblil aBTOMaT R (B KOTOPOM HE YUHUTBIBAIOTCS <JIUIIHHUE)» CTUMYIIBI,
JIOITyCTUMBIE B pealn3allii, HO HEJAOMYCTHMBIC B CIICIIU(UKAIINN) YIOBICTBOPSET
crienu(UKAKU TOTIa U TOJIBKO TOT/Ia, KOT/1a OH KBUBaieHTeH mogasroMaty M(R). TToce
ATOTO MOXKHO TIPOBEPSITH ATy IKBUBAICHTHOCTH, UCIIOJIb3YysI OOBIYHBIE METOIbI TECTUPOBAHUS
COOTBETCTBUS C MTOMOIIIBIO TPOBEPSIONINX MOCIEI0BATEIbHOCTEH, paccMaTpuBas rpad M(R) B
KauecTBE MOJIEIHHOTO Tpada.

TakxuMm o0pa3om, Mbl BUJIUM, YTO HEU3OBITOUHBIE AITOPUTMBI 00X0/1a MOTYT HUCIIOJIb30BaTHCS B
KadyecTBe 0a30BBIX B IEPBOH (ha3ze TECTUPOBAHUSA CO CKPBITHIM COCTOSTHUEM, KOTOPYIO MOXKHO
Ha3BaTbh (a30ll IKCNAUYUPOBAHUs MOOeNU. Y CIOBUEM SBIISIOTCS JETEPMUHU3M pealln3alli,
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cJ1a0bIil TeTepMUHHU3M CIIEHU(PHUKAIIMYA U BO3MOXKHOCTB OIPEICIICHUS IPAaBIIILHOCTH PEaKkIuy U
BBIUMCJICHHSI IOCTCOCTOSIHUS JJIsl IPABUIIbHOW PEAKIIUH, a TAKXKE «TUIOTE3a O JOIIYCTUMOCTI.
Bropas ¢a3a tecTupoBaHus — 3TO OOBIYHOE TECTHPOBAHUE COOTBETCTBUS ABTOMATOB C
UCIOJIb30BaHUEM SKCIUITMLIIMPOBAHHOIO Tpada B KayecTBE MOJIEIH.

HenerepmuHupoBaHHOM (B 4aCTHOCTH, CJIa00-IETEPMUHUPOBAHHON) CrIeIM(PUKAIINH, KOHEUHO,
MO>KET COOTBETCTBOBATH HEJCTEPMUHUPOBAHHAS peanu3aius. YacTo mpu TeCTHPOBAHUU
npuoOeTaT K (haKTOpU3aIMK crieu(rUKaIiy, BBOAS YdKBUBAJICHTHOCTD Mepexo10B [29,22].
Bmkaiimieit 1ienpio Takol (paKkTOPHU3aIMHU SBISIETCS YMEHbIICHHE TPeOYyeMOro 4Ynciia TECTOBBIX
BO3/ICHCTBUI KaK CJIECTBUE YMEHBIUICHHS YMCIIa COCTOSHUIN U MepeX0/10B B (PaKTOPU30BaHHOM
Moie’TbHOM aBTomare. [lpu TakoM TecTupoBaHum TpeOyeTcs MPOBEPSATH TOIBKO (HaKTOp-
MePEXO/IbI, JUISl 9Y€TO MOXKET OBITh BRIOPAH JII000H TIEPeXo] H3 COOTBETCTBYIOIIETO Kilacca
OKBHUBAJIEHTHOCTHU. [IOHATHO, YTO €CIIN 3aJaHHYIO0 SKBUBAICHTHOCTH «Pa3aApOOUTEHY, TO
TECTUPOBaHHUE MO (PaKTOP-MOJIENH C 00JIee «IPOOHOI IKBUBAJICHTHOCTHIO JACT HE XY/IIEe
TeCTOBOE MOKphITHE. CYIIECTBYIOT METO/IBI TAKOTO JALHEHIIIETO «IPOOICHUS 3aJaHHOM
SKBHUBAJIEHTHOCTH, KOTOPbIE B HEKOTOPBIX CIydasix MPUBOAST K IE€TEPMUHUPOBAHHOCTH (aKTop-
MOJIEJIH, OCTABIISAS €€ BCE eIlle JOCTATOYHO «MaJIoil» M0 CPAaBHEHUIO C HCXOIHOM
HedakTopu3oBaHHOUN MoJenbio [24]. Takum 00pa3om, HallIM HEW3OBITOUYHBIE AITOPUTMBI 00X01a
JNETePMUHUPOBAHHBIX TpaOB MOTYT MPUMEHSTHCS TaK:Ke PpH (PaKTOPU30BAHHOM TECTHPOBAHUU
HEeJIETEPMUHUPOBAHHBIX peaTn3aluil.

6. 3akno4yeHue

[IpennosxeHHbIe B HACTOSIIEH CTaThe HEM3OBITOYHbIE AITOPUTMBI 00X0/1a rpadoB U
TECTUPOBAHUE HA UX OCHOBE OBLIM pa3paboTaHbl M anmpoOMpPOBaHbl, HaYMHAas ¢ 1995 r., rpynmoit
RedVerst [1] B xo/1e BBIIOTHEHUS] HECKOJIBKIX MACIITAOHBIX IPOSKTOB MO TECTHPOBAHHIO
Pa3zHOO0OpPa3HOTO MPOrpaMMHOTo obecrieueHus [29,22], KOTopoe BeI0Ch Ha OCHOBE
(GYHKUIMOHATIBHBIX cCHENU(UKALUHI, TOTYYSHHBIX HAa CTAJUU TPOCKTUPOBAHUS HITH
pEUH)XKEHUPHUHTA.

Kak mpaBuiio, mpu TeCTUPOBAHUN KPUTUIHBIM SIBIISIETCS HE CTOJBKO CJIOXKHOCTH 110 BPEMEHH U
MaMSTH AITOPUTMa 00X0/1a, CKOJIBKO YHCIIO TECTOBBIX BO3ACHCTBHIA, TO €CTh, ITMHA 00X0/1a.
CBoOOHBIN anropuT™ As (M €ro HeM30bITOUHAs Bepcus Ag) 00eCredynBarOT JIUIIb
MUHHMAJIbHBIH MTOPsI0K NK ITHHBI 00X0/1a B HAUXY/IIEM ciiydae. B To jke BpeMs Ha MHOTUX
rpadax ¢ MUHUMAJIBHOM JUTHHON 00X0/1a 10 TOPSIKY MEHbIIeH NK, OHU MOTYT CTPOUTH 00XO/
CTOJIb )K€ JUTMHHBIN, KaK ¥ B HAUXy/IIeM ciaydae. McciaenoBanue HeM30bITOUHBIX aJITOPUTMOB,
CTPEMSIIUXCS COBEPIIUTH 00XO0I MUHUMAIBHOH JUTMHBI, B TIOCJICAHEE BPEMsI aKTHBHO
pa3BuBaercs (CM. Harpumep, [25]).

B cnenyroreii ctatbe Mbl pPACCMOTPUM JITOPUTMBI 00X0/IbI HEIETEPMUHUPOBAHHBIX IPpaoB,
KOTOPbIE MOTYT UCIOJIb30BATHCS KAK OCHOBA TECTUPOBAHUS HEJETEPMUHUPOBAHHBIX aBTOMATOB.
Tam Taxxe OyIyT pacCCMOTpPEHBI ABa Cirydasi: 1) TecTUpOBaHHE C OTKPBHITBIM COCTOSIHUEM U 2)
nepBas (aza (IKcnauyuposanue MoOeIbHO20 A6MoMama) TECTAPOBAHHS CO CKPBITHIM
COCTOSIHUEM TIPH YCIIOBHH CIa00H IETEPMUHUPOBAHHOCTHU CeU(DUKAIIUH.

NuTepaTypa
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