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CydodouKcHbIN aBTOMAT

Matepunan n3 Algocode wiki
MepenTu K: HaBUraums, NONCK

ABTOomar

3peck cydpdurKCHbIN aBTOMAT ONMcaH COBCEM He Tak, Kak 3TO NPUHSATO, 3aTO 3TO ropasfo NoHsTHee.

MpepcTaBum cebe OPMEHTUPOBAHHbIN rpad), B KOTOPOM Ha KaXXAoM pebpe 3anmncaHo no 6ykse. Tak e BblAeNM OfHY 13 BEPLUVH 1
Ha3oBéM eé cTapToBol. 3ameyaem, 4TO B TaKOM rpade Kax bl MyTb OT CTPaTOBOW BEPLUMHbI 0 Kakoi-To ByaeT 3aaaH onpeaenéHHon
CTpoKon. PaccMoTpum cnepgytowmin npumMep:

B aBTomaTe 3 BepLmHbl: start, 1, 2, ecTb pebpo oT start k 1, Ha KOTOPOM HanMcaHbl 6yKBbI «a» 1 «b» 1 ecTb pebpo oT 1 K 2, Ha KOTOPOM
HanmcaHo «c». 3aMeTnM, YTO B TaKOM aBTomMarte oT start ecTb 5 nyTeii: MycTon NyTb, NyTb Yepes «a» B 1, NyTb Yepes «b» B 1, NyTb Yepe3
«@» a NOTOM Yepes «C» B 2, NyCTb Yepes «a» a NoToM Yepes «C» B 3. T.e BO3MOXHbIE NyTW 3afaHbl CTPOKAMMU «», «@», «b», «ac», «bc».

Takum 06pa3oM B aBTOMAT MOXHO nepeaaTth CTPOKU U UTEPUPYSCH MO CUMBOSIAM CTPOKM MOXHO NepexoanTb U3 OQHON BepLUMHbI B
opyryto. B npegpigyLieMm npymepe B aBToMaT MOXHO NepefaTtb CTPOKY «ac» 1 Nocsie 3TOro Mbl OKaXXeMcsi B BepLuvHe 2. Ho cTpoky «bd» 2
B NpeablifyLWwyin aBTomMaT nepeaartb Henb3s, Tak Kak 13 1 HeT pebep no cumeony «d».

OCHOBHbIE NOHATUA
(/index.php?
B aBTOMaTe BepLIMHbI NPUHSATO Ha3biBaTb COCTOSIHMAMM, a pébpa — nepexoaamu. title=%D0%A4%D0%B0%D0%E

ABTOMAT Ha3blBaeTCs AETEPMUHUPOBAHHbIM, EC/IN U3 IIOGOr0 COCTOSIHUA He CYLLECTBYET ABYX NEPEeX04oB MO OAVHAKOBbIM CUMBONAM. Mpumep1
OT0 03HaYaeT, YTo AN Kaxaol CTPOKU eCTb He 6onee 0AHOro nyTu, COOTBETCTBYIOLLErO eil 1 nepeaas CTPOKY aBTomMaty Mbl
OfHO3HAYHO 3HaeM, KyAa no Hel Mbl NePenaEm, eCnv NyTb MO HEN CyLLEeCTBYET.

ABTOMAT Ha3blBAaETCH KOHEYHbIM, EC/I1 HEM KOHEYHOE YNCNO BEpLUNH.

HekoTopble BepLMHbI aBTOMaTa 6yayT NOMeyYeHbl Kak TepMUHanbHble. CuUMTaeTcs, YTO aBTOMAaT NPUHSAN CTPOKY EC/IN CYLLECTBYET MNyTb, COOTBETCTBYHOLLMIA 3TOM CTPOKEe
1 B KOHUE, Npoias no NyTu, Mbl OKaXXEMCSi B TEPMUHABHOW BEPLUMHE.

CyddbukcHbI aBTOMAT

Onpenenexve:
CyddhurKCHbIN aBTOMaT —3TO KOHEYHbIV 4ETEPMUHMPOBAHHBIM aBTOMAT, MPUHMMAOLLMIA BCe Cy(PdUKCbI JaHHOW CTPOKW 1 TONBKO MX.

Ecnun ato onpepenieHne y Bac BbIi3Baso y>xac 1 abcontoTHOE HEMoHUMaHve npouncxogswero, NOCMOTpuUTe BCe TepMUHbI B NpeabiayuiemM pasaene. ,Elanee BCe 3TN CTpallHble
CcnoBa Mbl NOYTN He 6y,qu Mncnonb3oBathb.

Bop, nocTpoeHHbIn Ha Bcex cyddurkcax CTPOKM HaMm BrnosiHe Nogonaét. [Ana nprmepa BO3bMEM CTPOKY «abce»

(/index.php?

title=%D0%A4%D0%B0%D0%B9%D0%BB: % D0%9F %D1%80%D0%B8%D0%BC%D0%B5%D1%80_%D1%81%D1%83%D1%84%D1%84%D0%B0%D0%B2%D1%8:
A Tenepb Nepeiaém K anroputmy, cTpotoLLemy cyddrKcHbI asTomar paamepa O(n), raoe n — pnvHa cTpoku. Teopus 6yAeT CUMbHO OTIMYATLCS OT OBLLENPUHSATON B
CTOPOHY 60sbluei MOHATHOCTW. Ho Ans Havana BBEAEM HEKOTOPbIE AOMONHUTESbHbIE MPaBuna N 3aMeTUM HEKOTOpbIE BeLLW.

JonosnHuTtesnbHble npasunia

[nsi KaX Ao BepLUMHbI B aBTOMaTe eCcTb Kakon-To Habop CTPOK, NyTW MO KOTOPbIM 3aKaH4Y/BAIOTCS B 3TON BeplumHe. Toraa 6yAeM nopnepXxvsaTb cnefytoLliee npasuno.
Ans KaXxaoi BepLUMHbI BCe CTPOKU, Beaylume B He€ AoMKHbI ABNATbCs cyddukcamm apyr apyra. Mpryém atn cyd kel 4OMKHBI ABNSTHCS NOAPSA, NOYLLUUMU MO
anvHe. T.e ecnn s — MakcvmMasnbHasi no AfivHe CTPOKa, KoTopasi BeAET B BEPLUMHY N eCivi K — AnUHA S, TO B BEPLUMHY BEAYT CTPOKM

s[0: k), s[1: k], s[2: k],s[3: k], ...,s[l: k]. Ntoro B BepmHy 6yaet Bectn [ + 1 cTpoka, Npu4ém Bce CTPOKM ByAyT SiBNSETCS cyddrkcamn s AnimHbl XoTs-6b1 k — /.
CooTBeTCTBEHHO Habopbl («z») unu («abc», «bc», «c») nnn («abacaba», «<bacaba», «acaba») MOryT ABNATLCS NONHLIM HAGOPOM CTPOK, BEAYLLUX B BEPLUUHY, a HAbopb!
(«abacaba», «abacab») nnu («<abcd», «cd», «d») unn («abacab», «bacab») He MOryT ABNSATLCSt NONHLIM HAGOPOM CTPOK, BEAYLLMX B BEPLUMHY.

Bynem rosopuTtb, 4TO BEPLUMHE COOTBETCTBYET MaKCUMarnbHasA CTPOKa, KoTopas B Heé BeAET. T.e. ecnin B BepLMHY BEAET eAMHCTBEHHAs CTPOKa («z»), TO 3TOWN
BepLUNHE COOTBETCTBYET «Z», EC/IN B BEPLUNHY BeAyT CTPOKM («abc», «bc», «C»), TO BEPLUMHE COOTBETCTBYET «abC», €CNN B BEPLUNHY BeayT CTPOKU («abacaba», «bacaba»,
«acaba»), To BEpLUHe COOTBETCTBYET CTpOKa «abacaba».

Mo aHanorum ¢ Axo-Kapacrkom, Mbl MOXeM BBECTY NoHsiTue cydduKcHas cebinka. Kak Mbl yxxe 3HaeM, BeplumHa A NPUHUMAET CTPOKKN

s[0: k], s[1 : k], s[2: k], s[3:k],...,s[l: k] (Cyddukebl s pvHon k, k — 1, ..., k — [). A rae-To gonxHa 6biTb BepmHa B, B koTopyto BenéT ctpoka s[[ + 1 : k]
(Cyddukc s, umetowmin gnmHy k — [ — 1). Ewé ogHum npasunom cydd. aBTomara 6yfeT To, YTO MakcuMasnbHas Mo AfivHe CTpoKa, koTopast Beaét B B fomxHa 6bims
s[l+ 1 : k]. N Torga Bce cTpoku, koTopble BeayT B B 6yayt umetb ug s[[+ 1 : k], s[[+ 2 : k], ..., s[l + t : k], (cyddpukebl s, umetowme gnvHy ot k — [ — t go

k — I — 1). Opyrumn cnosamu BeplumHa B 6yfet npyvHiMats criegytowme cyddukest s nocne BeplumnHbl A. Torga 6ynem cuurarb, 4to ns A cyddurKcHas cehiiika BeéT B
BepwunHy B. Toraa 13 Kaxaoii BepLUrHbI Kpome cTapToBol 6yaeT no ogHoN cydpUKCHON CCbinKe.

Ba)xkHble 3amevyaHus

https://wiki.algocode.ru/index.php?title=CydpukcHblii_aBTomMaT 1/5


https://wiki.algocode.ru/index.php?title=%D0%A4%D0%B0%D0%B9%D0%BB:%D0%9F%D1%80%D0%B8%D0%BC%D0%B5%D1%80_%D1%81%D1%83%D1%84%D1%84%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B0_1.png
https://wiki.algocode.ru/index.php?title=%D0%A4%D0%B0%D0%B9%D0%BB:%D0%9F%D1%80%D0%B8%D0%BC%D0%B5%D1%80_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B0.png

8/5/22,4:19 PM CyddukcHblit aBromat — Algocode wiki

Toraa 3amMeTMM HECKOSIbKO BaXKHbIX Bellein. BosbMéM Mobyio BeplumHy A. 3aMeTiM, YTo Tak Kak BCe CTPOKU, KOTOPbIE B HEE BedyT, ABAAOTCA cyddmrkcamm apyr apyra, To
OHW BCe 3aKaHUYMBaOTCS Ha OAVH U TOT )€ CUMBOJS. 3HaUNT BCe nepexombl B A BEAYTCS MO OQHOMY 1 TOMY Xe CUMBOJTY, U TOMbKO MO HEMY.

Boo6lLue B A MOryT BECTM NEPEXopl U3 PasHbIX BepLnH. Kaxx ol N3 HUX COOTBETCTBYET Kakas-To CTpoKa. Ty 13 HUX, KOTOPOi COOTBETCTBYET camas ANMHHAs CTPOKa,
6ynem HasblBaTb NPeAKOM BepLUMHbI A.

Kak Mbl y>xe 3Haem, B BeplunHy A senyT ctpoku s[0 : k], s[1 : k], s[2 : k], s[3 : k], ..., s[l : k]. Tenepb NOCMOTPUM Ha BCe BEPLUMHBI, U3 KOTOPLIX ECTb Nepexof B A.
Torpa atn BeplwuHbl BeayT ctpokn s[0 : k — 1], s[1 : k= 1],s[2 : k= 1],s[3 : k=11, ...,s[l : k — 1], n TonbKo oHW. N 3ameuaem, 4TO Toraa MeXay dTUMU BepMHaMu
KaK-TO paccTaB/eHbl CydUKCHbIE CCbINKY, MPUYEM eCin OT Npeaxa A cryckaTbesl o CydhhUKCHBIM CCbIIKaM, TO Mbl 6yAeM WATYU MO BEPLUMHAM, U3 KOTOPbIX eCTb
nepexof B A noka He nonaaém B Kakylo-To BEPLUMHY, 3 KOTOpoW B A nepexopaa HeT. Mpr 3TOM Mbl NPOMAEM MO BCEM BepLUMHAM, U3 KOTOPbIX €CTb Nepexod B A 1 B KOHUE
Mbl OK@XKEMCS1 B BEPLUMHE, KOTOpol cooTBeTcTByeT cTpoka s[/ + 1 : k — 1]. 3ameTem, uTo Toraa s aToi BepLNHLI ByAeT NATH Nepexod CyPMUKCHYIO CCbISIKY BEPLUMHBI
A, v 3Ta BepLuMHa KakK pa3 6yaeT npeakoM cyhUKcHom cebinkim A.

W HakoHel, 3amMmeTVM nocnefHioto Bellb. ECnv n3 BepLunHbl eCTb Nepexof, No KakoMy-To CUMBONY ¢, TO €CTb BEPLUMHA, B KOTOPYIO BeAET CTPOKA s + ¢, @ 3HAYNT B UCXOAHOMN
CTpOKe Bbln KaKon-To CydUKC, HauMHaoWWACs ¢ s + ¢. Toraa y aToil Xe CTPOKM ecTb cydduke, HaunHarowmines ¢ s[1 + 1 : k] + ¢. Toroa ns cyddrKCHON cebinkm
BePLMHbI A TOXe [OoKeH GbiTb Nepexof no cumeony ¢. Torga NnocMoTpuM, Kyaa BefyT a1 2 nepexofa. OHy MOTyT BECTU B OFHY 1 Ty e BepLUnHY, & MOryT BeCTU B
paaHble. Ecnv oHu BepyT B pasHble, TO B NEpBYIo TOUHO Ben&t ctpoka s/ : k] + ¢ (camas MuHuManbHas cTpoka, BegyLast B A C MPUNMcaHHbIM K Hell CMBOJIOM C), @ BO
BTOpPYlo BeAéT cTpoka S[/ + 1 : k] + ¢ (cTpoka, cooTBeTcTBYIOLLAsA CYdhHUKCHO CChiNke 13 A, C MPUMMCAHHBLIM K HEVi CUMBOIOM €). 3ameyaeM, YTo 3TO nocsiefoBaTesbHbIe
cydukebl gpyr gpyra, 3Ha4MT U3 NepBO BEPLUMHbI JOMKHA BECTU CydPUKCHAs CCblika BO BTOPY!HO.

Anropuntm
Mbi paszobpanvck co Bcemu onpeeneHnsiMu, 1 Tenepb nopa nepenT K anroputmy. ANroputM ropasgo fierdye Bcev Teopum, 3a HAM CTOSILLEN.
Bynem cTpoutk cyddasTomaT ntepatusHo, T.e byaem foctpamsaTe cyddasTomaT Npu NPUNMCLIBAHNM K MCXOAHO CTPOKE HOBOMO CMMBONA.

MocmoTpUM Ha BepLunHy A, KOTOPOI COOTBETCTBYET BCA CTPOKA. Kak Mbl 3HaeM, B He& BeAET HECKOJIbKO MoceaoBaTesibHbIX Cy(hdUKCOB CTPOKU, a crieayoLme
cyddukcbl BegyT B €€ cydhdUKCHYIO CCbiKy. ECnm cnyckatbcst oT 3TOM BepLUMHbI MO Cy(UKCHBIM CCbIIKaM, TO Mbl MOCETUM BCE TEPMUHA/IbHbIE BEPLUMHbI CYydd.
aBTOMaTa 1 TOJbKO WX.

MycTb Mbl gonucanu K asTomary cumeos ch. Toraa Ham Hago, YTo6bl aBToMAT NPUHMMAN 060 CYydMUKC MCXOQHON CTPOKM C NMPUMCaHHBLIM K HEMY ciMBosioM ch. Torga
KaK-TO MEHSITb HaMm Haflo TONbKO TEPMUHAIbHbIE BEPLUMHBI, U TO He BCe, Befb 13 HEKOTOPbIX yXe Mor 6bITb nepexog no ch.

[enatb Mbl 3T0 Byaem Tak: co3paaum seplumHy B 1 nposeaém B Heé nepexog no cumeony ch us A. Janee nepeigém B cycduKcHYo ccbinky 13 A. Hazosém Tenepb 3Ty
BepLUMHY UMeHeM A. Ecrinm 13 HoBoro A HeT nepexofa no cumeosy ¢/, To NpoBeagém ero Toxe B BepluvHy B. [lanee cHosa nepeiaém B cydd. ccbinky us A, u cHosa
Ha30B&M Tenepb 3Ty BepLwunHy nMeHeM A. Byaem npogonxarb Tak genatb noka u3 A He NosiBUTCA nepexogq, no cumeony ch. MycTb aToT nepexop Beaét B BeplumHy C. Y
Hac Bo3MoxHo 2 BapuaHTa: A — npegok C unn A — He npefok BepwuHbl C.

B nepBom cnyuyae Bcé npocTo. Mposeném cydd ceoinky 13 B B C. 3ameyaem, 4To nocne 3TOro A4S BCEX CTapbixX BEPLLUMH CBOWCTBA CydaBToMara BbiNosHeHsl, B B 6yayT
BECTV NnocrefoBaTesibHble Cy(dMUKChbl UICXOLHON CTPOKU C MPUNUCaHHBIM CUMBOSIOM chi, 1 u3 B 6yAeT cyLecTBoBaTh KOppeKTHas cydurKcHas cebinka. Toraa ecnm B
HOBOM cyaBToMaTe NOMETUTL TEPMUHANBHBIMU BCE BEPLLVHbI, KOTOPbIE Mbl MOCETUM CMYyCKOM 13 B no cydd. ccbinkam, To asTomar 6yAeT KOPPEKTHbIM 1 ByaeT
NPUHMMATB TOMLKO CY(hUKChI HAaYaNbHOM CTPOKYM C NPUNUCAHBIM CUMBOJIOM Ch.

Bo BTOpOM criyyae BC& ToXe NPOCTo, HO He coBceM. M3 BepLunHbl B Mbl He MoXeM nycTuTb cydd. ccbinky B BepmHy C, notomy 4to B C BeayT HEKOTOPbIE CTPOKM, HE
asnsiomecs cydukcamn B. Ho 3ameuaeM, 4To CTPOKa, KOTopasi COOTBETCTBYET A C MPUNMCaHHbIM K Hell cuMBonioM ch Benét B C v ABASETCS caMbIM GOMbLINM
cyddukcom B, He Begywmm B B. Torga caenaem crnegytollyto Belb. Bosbmém BeplimHy C v pa3gsovim e€. BepHee oTaenum ot Heé Kycok. BosbMém cTpoky,
COOTBETCTBYIOLYIO A, NpunuweM K Hell ch 1 Bo3bMéM Bee eé cyddukenl, nexawwe B C. U cospanum sepunty D, B KoTopyo 6yayT BECTV TOMBKO 3TV CTPOKU. YTO6bI 3TN
cTpoku Benu B D, Hafo npoBecTy TyAa nepexofbl. 3aMedaeMm, YTo CTpoKa, COOTBETCTBYIoLas A ¢ npunucaHHsiM ch 6yaeT cooTBeTcTBoBaTh D, a 3HaumT A Gyaert
aBnaTbes npeakom D. Nanblue 6yaem criyckatbes no cydhUKCHbIM cobikam ud A, v noka nepexop rno cumsony ch 6ynet sectv B C, 6ynem mMeHsiTs ero Ha D, a ecnn
nepexof, 6yfeT BeCTu KyAa-To B APYroe MecTo, To 310 6yAeT 03HauaTb, YTO Mbl MPONAEM BCE BEPLUMHBI, KOTOPbIM COOTBETCTBYIOT CY(hdUKChI A U 13 KOTOPbIX Nepexof no
ch panblue Bén B C. MNocre atoro nepexogpl 8 D 6yayT KOPPEKTHO NOCTPOEHBI. [oce 3Toro NocTponM KOPPEKTHO cydduKcHble cebikiu. Mpoeeaém ns C cyddurkcHyto
ccbinky B D v nposeném us D cyddurKcHyto CCbiky Tyaa, Kyaa oHa paHblue Bena u3 C. Tak kak BepwuHa D sBnsetcs oTaenéHHbIM KyckoM BeplunHa C, To Bce nepexopbl
13 D 6ypyT Takumm-xe, Kak Bce nepexofpl n3 C. Torga 3ameyvaem, 4To Nocse Takoro pasgeneHns BepwunHbl C Ha 2 4acTu aBTomMaT BCE eLlé KOPPeKTHbIN 1 ero npasuna
BbINOJHSAIOTCS. A TaK Xe 3ameuyaeM, 4To Terepb 13 A nepexop no ch Begér 8 D, n A — npegok D. Torga Mbl cBeNv 3TOT Cryyalt K npeblayLuemy v Ternepb Ham
[0CTaTO4HO NOCTPOUTL Nepexof 13 B B D, u cyddasTomaT NnocTpoeH. PasymeeTcsl, BepLUMHbI HAA0 NoMeyaTb TEPMUHAIBbHBIMW HE MOC/e KaXAoro 4o6aBneHns CUMBONA,
a TOJIbKO B CaMOM KOHLIE.

YrBepxneHve: (Bpemsi paboTsi)
Bpemst nocTpoeHus cyddukcHoro astomara coctaenset O(N).

[okasarenbcTBo:

Bo nepBbIx Mbl KaXAblil pa3 co3aasany He Gonee 2 BEPLUVH, T.€. Bcero BeplnH O(n). Mbl MHOro pa3s crnyckanvchb no cydhdUKCHbIM CCbinikaM 13 A, Ha30BEM GanaHcom
BEPLUMHbI A/IMHY MYTU OT Heé [0 KOpHS Mo cydd. cebinkam. Toraa 6anaHc B B nepeoM cryyae ato 6anarc C nntoc 1. A 6anaHc C He npeBbilaeT 6anaHc KoHeYHoro A
nntoc 1, T.K. Npefku BepwuH Ha nyTv oT C [0 KOPHS pasnnyHbl U NEXaT Ha NyTy OT KoHewHoro A Ao KopHsi. Torga ecnu 6anaHc B paseH 6anaHcy A nitoc 1 MUHYC Yncno
cnyckos no A. Torga kak 6b110 ¢ AX0-KapacuKoM, YMC/IO CMyCKOB He NpeBbiluaeT 7. [po To, 4To pa3aBoeHmne GbICTPO paboTaeT MOXKHO TOXe A0Ka3aTb, HO MHE JieHb 3TO
nmcarb, Tak YTo nogymariite camu. B obuiem Tam Bcé paboTaeT 6bICTPO 1 obLuee nocTpoeHne paboTaeT 3a O(N).

Mpumep peanusauun

SBy‘-II/IT 3TO BCé CTpalwHo, HO NULIeTCAa B 40 CTpPOK, BOT peann3auus Ha NnuToHe C Ky‘«lel;l oWnboK, 4TOBbI Bbl HE KONUNACTUIN.
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1 # 3pecb MHOro ownboKk, KOO HYXeH TOJIbKO A1 O03HaKOM/IEHUS

2

3 class node:

4 def init(self):

5 self.nx = [-1] * 26 # [lepexopsl

6 self.p = -1 # CygpukcHas ccbinka

7 self.pre = -1 # lpenok

8

9 s = [node()]

10

11 # Mol Mo yMonyaHwlo CYATaeM, 4YTO CYPPUKCHas CCbisIKa M3 KOPHA Bepét B —1

12

13 def add(a, ch): # a - nocnegHss BepwuHa B aBToMate, ch — pgobasisembiii CMMBOS
14 # Co3paém BepuwnHy b u ykasviBaem eé npaBusibHble napameTpbl

15 b = len(s)

16 s.append(node())

17 s[bl.p = @ # Obparute BHUMaHME Ha 3TO, BO3MOXHO Mbl Tak M He AoWAEM go BepumnHbl C
18 # u Torpa cy@gukcHas cceinka M3 b [ONKHA yKa3biBaTb Ha 0

19 s[bl.pre = -1

20 while a '= -1:

21 if (s[al.nx[ch] == -1):

22 # Cnyyan, Korga u3 a HeT nepexoga no ch

23 s[bl.nx[ch] = a

24 a = slal.p

25 continue

26 # c - 10, Kyna Benétr nepexog u3 a no ch

27 ¢ = s[al.nx[chl]

28 # [lpoBepseM, 4TO NpefokK C 3TO a U B ITOM Ciyyae MeHAeM Ccydd. ccuinky b
29 if (slcl.pre == a):

30 s[bl.p = a

31 break

32 # WHave co3paém sepumHy d

33 d = len(s)

34 s.append(node())

35 # MeHsaeM cy¢d. ccbinku

36 slcl.p =d

37 s[bl.p = d

38 sld]l.p = slcl.p

39 # Ha3zHauyaeMm npepgka d

40 s[dl.pre = b

41 # Konupyem nepexopsi

42 s[dl.nx = slcl.nx

43 # [JobaBnsieM npenkos BepuwuHsl d, MPoOAAsCb BHU3 M0 CyPd. CCbiakaM M3 a
44 while (a != -1 and s[al.nx[ch] == b):

45 s[al.nx[ch] = d

46 a = slal.pre

47 break

48 # Ec/im CTPOK HECKO/IbKO, TO BO3MOXHO Mkl He pobasunu b. [lo3ToMy Hago Bo3BpawaTb BOT 3TO
49 return s[s[b].prel.nx[ch]

3apaun

KonnyecTtBo passimyHbIX NOOCTPOK

3ameuaem, 4To Ntobas NOACTPOKA CTPOKM — 3TO Havaso Kakoro-To cyddukca. Torga B Hawem aBTomare tobon NyTe — 3TO NOACTPOKA HaYanbHOW CTPOKU, 1 Ans ntoboi
NOACTPOKU CYLLEeCTBYET MyTb B aBToMaTe no Heil. Toraa nepsblili cCnoco6 HaNTW YACNO NMOACTPOK AaHHON CTPOKM — MOcYMTaTb YMCIIO MyTel B aBToMarte. 9TO MOXKHO
cpenatb 06bl4HbIM IPCoMm, NyTEM nNoacyéTa AN Kaxaon BepLUMHbI Yicna nyTein n3 Heé (ToNbKo Haao 3anoMMHaTb YXKe NMOCELLEHHbIE BEPLUMHbI, YTOGbI 2 pa3a He XOauTb).
EcTb BTOpOIt cnoco6. Kaxablii NyTb 3aKaH4YMBaeTCs B KaKOW-TO BepLunHe. Toraa Ans KaxAon BepLUMHbI MOXHO NOCYMTaTb YMCIO NyTel, B HEé BedyLUmX. OTO MOXHO
Oenatb Kak B npoLecce NoCTPOeHs (HO He 3abbiBaTb NPO NEPECUET Yncna NyTei B pasgsavBaeMble BEPLUMHBI), Tak U nocne. Torga cymMmma no Kon-By nyTen,
3aKaH4MBaloOLLMXCS B KaX/A0WN BepLUMHE aBToMara 3TO YMCNO PasnmnyHbIX MyTel B aBToMaTte, T.e. YNC0 NOACTPOK AAHHOW CTPOKMN. DTOT Cnocob Tak Xe No3BOoNsSeT HanTh
YKCNO MOACTPOK Y KaXKA0ro npedukca CTPOoKU, Tak Kak B MPOLECCe NOCTPOeHUst aBToMaTa Mbl MOOYepEaHO CTpouM cyddasToMaT Anst Kaxaoro npedurkca Halel CTPOKU.

PedopeH

PedpeH aT0 Takasi noAcTPOKa AaHHOWM HaMm CTPOKM, YTO Npoun3BeAeHne eé A/INHbI Ha YUCIO BXOXKAEHWI B Hally CTPOKY MakcuManbHo. Havtn pedpeH o4eHb NpocTo.
3ameyaeM, UTO YMCNO BXOXAEHUI MOACTPOKM B CTPOKY 3TO YACIO CYy(PPUKCOB CTPOKM, YTO 3Ta NOACTPOKA — Havano atoro cyddukca. Toraa Yncno BXOXAEHWIA
MOACTPOKM B CTPOKY 3TO YMCINO MyTen U3 BEPLUMHBI, COOTBETCTBYIOLLIEN 3TON NOACTPOKE, B TEPMUHASBbHBIE BEPLUMHDL. TOrAa AN KaXAoW BepLUMHbI MOCYUTAEM YUCTIO nyTein
13 Heé B TepMUHa/IbHbIE BEPLUMHbI (3TO AenaeTcs Tak e, Kak 1 MoACHET YMcna NpocTo MyTel M3 BEPLUMHBI), a TaK >XXe A1 KaXA0N BepLUMHbI NocYnTaem AJInHy CTPOKMK,
KOoTOpas el cooTBeTCTBYET. [epebepém BCe BEPLUNHBI N HAVAEM Ty, Y KOTOPOW NPOU3BEAEHWE A/IMHbI HA YACO NyTel A0 TEPMUHANBbHBIX BEPLUNH ByAeT MakCcumanbHoO.
CTpoka, COOTBETCTBYIOLLAst ATOW BEPLUNHE 3TO N eCTb PePEH.

CydbduKcHbIN aBTOMAT OJ151 HECKOJIbKUX CTPOK

Bcé uto 6y,u,eT onuncaHo ganblue Bbl HArOe 6onblue He npo4ynTaeTte, NOTOMY YTO HUKTO 3TOrO He 3HaeT.

Moka mbl cTponnu cyddasTomar Ans oaHon CTpokn. Ho 3ameyaem, 4To npu fo6aBneHn CUMBOSIA Mbl HUKAK He UCMOMb30Bau To, YTo cyddaBToMaT AoMmKeH ObiTb
KOHKPETHO A5t OOHOWN CTPOKM. Mbl MICNONb30Bany TONMbKO TO, YTO BEPLUMHA NPUHUMAET NocneaoBaTesibHble Cy(dUKChI U TO, YTO CyLLecTByeT cydduKcHas ceoinka. B
4aCTHOCTM 3TO O3Havaso, 4YTo ecnu B cydaBTomMaTe eCcTb MyTb, COOTBETCTBYIOLLUIA KAKOW-TO CTPOKE, TO €CTb NyTb, COOTBETCTBYIOLLMIA Nto6oMy cydrKCy AaHHON CTPOKM,
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a 3HauuT 1 Boo6LLEe NGO NOACTPOKE AAHHOW CTPOKWU. Toraa 3aMeTrIM, YTO Mbl MOXKEM MPOCTO B3SiTh NMt0GYI0 BEPLUMHY, U AONUCATb K HEell Nepexof, Mo KakoMy-TO CYMBOJTY,
1ncnonb3ys Haw anroput™. UV Hnkakux npobnem ot atoro He 6yaet. Toraa nepenaém K cnepytoLlen 3agadye.

MopasTomar

PaccmoTpum criegytoluyto 3apady. [laH HaGop 13 11 CTPOK, C CyMMapHoii gavHon m. Ong kaxporo 1 < k < 7 HaiTn makcuManbHyo AIMHY CTPOKU, SBASIOLLENCS
MOACTPOKOM X0TsA-6bl k CTPOK 13 HaGopa.

[ns Hauyana nocTpoum cycddasTomar, KOTopbIi NPUHUMAET BCe CYy(dhUKChI BCEX CTPOK 13 HaGopa. JTo AenaeTcs Tak: cHavana nocTpoMM aBToMaT AJ1si NePBO CTPOKK.
[anblue Nonb3ysiCb BaXHbIM 3aMeyaHneM Bo3bMEM KOpPeHb aBTomara, U NpunimweM K Hemy nepBblii CUMBOJT BTOPOW CTPokU. K aTol BepLuvHe NpunmwemM BTOPO CUMBOS
BTOPO CTPOKM U T. A. (O6patute BHUMaHWe, YTo YHKUMIO add Haao BbI3biBaTb AaXe ecri Nepexoq o CUMBONY yxKe Obisl, Tak Kak BO3MOXHO Ham NpuagTcs pasasavsarb
CnegytoLLyto BepLHY. VIMeHHO noaTtomy B dyHKumn add n3 npuMepa Takol CTpaHHbIii return, Befb BO3MOXHO Mbl He f06GaBNsNM Nepexoaa B BepwuHy b). Tak Mbl nonyunm
aBTOMaT, NPVHUMAaKOLLMIA BCe CyddUKChI NepBbIX ABYX CTPOK. [anblue Tak e Tyaa NpunuweM TPeTbio, YeTBEPTYIO U T.4. CTPOKM. 10 CyTu y Hac aBToMar npespaTusics B
60p C yxe roToBbIMM Cyd. CCbINIKamm 1 NPUHUMAIOLLMIA HE TONBKO CTPOKU, HO 1 BCE X NMOACTPOKY.

Bbl HaBepHOe AymaeTe, YTO BCAKME-TaM TEPMUHbI yXKe 3aKOHUUUC. A BOT HET.

Onpenenexue:
I'Io.an'roma'r BepLnNHbI A —93T0 Takasi 4acTb BEPLKMH Hawero asTomara, 4to B Hel ecTb nyTn NO BCEM NOACTPOKaM CTPOKMU,
COOTBeTCTBy}OLLl,ePI BeplwunHe A, W TONTIbKO MO HUM.

Ecnu paccmoTpeTb yxe BCTpeyaBLumiica paHee npumep cydd. aBTomara Ansi CTpoku «aabab», To B nogasTomaT BepLUnHbl 3 BOMayT
BeplwmHbl start, 1,2, 3, 6t, B nogasTomMar BepLumHbl 6 BONayT BepwuHbl start, 1, 6t, a B nogasTomat BeplmHbl 2 BOMAYT TONBKO
BeplWuHsbl start, 1,2.

3amMeTuM, YTO YTOGbI MOCTPOWTbL NOABATOMAT BEPLUMHBI A, HAM JOCTATOYHO MOCTPOMTL NOAABTOMAT €€ npeaka, a Tak e [o6asuTb Tyaa
BCE BEPLUMHBI, OCTUXMMbIE U3 A criyckoM Mo cydd. cebinikam. (3To BepHO, Tak Kak nogasToMaT npeaka npuH1UMaeT NoacTpoku A 6es
rocreqgHero CMMBOSIa, a OCTaBLUMECS MOACTPOKM A aTo cydpdmKebl A, T.e. To, 4TO Mbl MPONaéM, Korga 6yaem cryckatbes no cydd.
cCblfiKam. 3aMeTVIM, YTO TOrAa Mbl MOXEM CKasaTb, YTO MoAaBToMaT BepLuMHbl A 3To cama BeplumHa A 1 o6befurHeHre NogasToMaToB

e& cyd. ccbikM 1 eé npeaka. A Toraa ¢ NOMOLLbIO 04YeHb MPOCTON PEKYPCUBHON yHKLMM subautomaton Msl MOXem NpoiTh Mo BCem (/index.php?
BeplU1Ham nogastomara. title=%D0%A4%D0%B0%D0%E
CydhdasTomaTt gns CTpoKum

1 class node: «aabab»

2 def init(self):

3 self.nx = [-1] * 26 # [lepexopsl

4 self.p = -1 # CygpukcHas ccobinka

5 self.pre = -1 # lpenok

6 self.last_used = -1 # Bpems nocnegHero noceweHns

7

8 s = [node()] # Cnucok BepunH

9

10 t = 0 # BpemeHHas MeTKa MNOCTPOeHUA nofasTomMarta

11 # (HyxHO 4TObbI He rnocewatb OAHY M Ty Xe BEeplUUHY HECKObKO pa3)

12

13 # [Jenaet kakoe-To gencTBMe [/ NOJaBTOMata BEPWMHbI
14 # [lpn KaxpgoMm crnefywuweM 3anycke BpemMeHHyw MeTKy t Hago MeHATb
15 def subautomaton(a):

16 # [lpoBepka, 4TO Npu 3TOM [OCTPOEHUM fofaBToMaTta Mbl ewé He rnocewann BepunHy
17 if (s[al.last_used == t):

18 return

19 s[al.last_used = t

20 # [lenaeM kakoe-To pencTBue

21 subautomaton(s[al.p) # Maém B cydd. ccoiiky

22 subautomaton(s[al.pre) # Uném B npepka

Tenepb BepHEMcS K 3apade. [Monpobyem ona Kaxaow CTPOKU HaWTK YMCNO CTPOK M3 Habopa, a KOTopbIX 3Ta CTPoKa SBSeTCA NOACTPOKON. [1na 3Toro Ham Hago ons
Ka>KaoW BEPLUMHbI Y3HaTb, Y CKOMbKNX CTPOK U3 U3 Habopa 3Ta BepLuMHa SIBISIETCS NMOACTPOKONW. A NSt 3TOr0 Ham JOCTaTOYHO MOCMOTPETb Ha KaXKayto BEPLUMHY,
COOTBETCTBYIOLLYIO Kakon-TO CTPOKe 13 Habopa. Mbl 3Haem, YTO BCe BEPLUMHBI B €€ nofaBToMate Kak pas sBnstoTcst eé nogcTpokamu. Toraa ons Kaxagowv BepLuvHbl
3aBefEéM CUETUMK YMCna CTPOK, B KOTOPOI OHa SBNSieTCA nogasTomaToM. U ons kaxpo CTpokmn 13 Habopa npubasmm 1 K cHETUMKAM BCEX CTPOK B nogasTomMare. s
KaXk[o BEPLUMHBI TaK >Ke 3anoMHIM OJIMHY CTPOKW, COOTBETCTBYIOLLIEN 3TOW BepLlumHe. U ganblue npocto nepebepém Bce BepLUMHbI 1 OGHOBUM Yepes3 HUX OTBET.

OcTaéTCcs OfNH HEMOHSATHBIN BOMPOC — BPems paboThbl HaLLero anroputMa. 3To ToMbKO B 06bIMHOM cyddasTomare uncio sepwuH O(n). Ho TyT 6epétcs nogasTomar, 1
BOOGLLE MOXET OKA3ATLCSI, UTO KAXK[OM MOLCTPOKE NOAABTOMATA COOTBETCTBYET M0 OTAE/LHOI BEPLIVMHE, 1 TOraa y Hac 6yaeT [2 BepumH B nogasTomare, roe [ — anvua
CTPOKM, ANst KOTOPOU Mbl CTPOWUM MOLABTOMAT. YTo-e, MofyyaeTcs Haw anroputM paéotaeT 3a O(n - m?). A BOT HUdMra NOAOBHOro. Y HAC BCEro BepLIMH B aBToMaTe
6ynet O(m), 3Ha4MT YMCno BepLMH B nogatomare He 6onble O(m). Ho acumntoTrika O(n - m) Hac TOXe He O4eHb-TO ycTpavBaeT. Toraa pasfenum Bce CTPOKM U3 Habpa
Ha KOPOTKME U ANNHHbIE. B KOPOTKMX YNCNIO CUMBOJIOB AOIIKHO BbiTh He GoiblUe 4/717, @ B [/IMHHBIX MOXET 6biTb G0sblie. 3aMETUM, YTO YMCHIO ANMHHBIX CTPOK He GonbLue
/71T, 3HAUUT BeNMUMHA BCEX MX MOAaBTOMaToB O(n1 - 4/f1). A 4TO AenaTb C KOPOTKUMY CTPOKamu. Kak Mbl 3HaeMm, ANs CTPOKY [, pasmep eé nopasTomara He 6onbiue /2. A
3TO MeHble, YeM [ - 4/m. Toraa cyMmapHblii pasmep NoaasToMaToB KOPOTKMX CTPOK 3TO z [ m=+m- 2 [. A cymma givH Bcex CTpok He 6onblue m. Torpa
CyMMapHbiI pasmep Bcex nogastomatos O(m4/m). Ho Tak Kak npo 3Ty MAEO HAKTO He 3HAET, HKTO HE CTPOUT aHTUTECTbI, Ha KOTOPbIX 3To paGoTaeT 3a O(m+/m).
MoaToMy STOT anropuTM NPOCTO NeTaeT u crokonHo saxoaut aaxke npu m = 5 000 000. N BoT 3TO BOT NO3BONSAET BaM CTAHOBUTLCSA GOMOM CTPOK M peluaTth NoyTy tobyto
3apady Ha OfiHY UM HECKONBKO CTPOK. CKaxkeM BOT:

AX0-KapacuK B OHJ1anHe C JINHEMHON NaMATbIO

EcTb 3 oHnaiiH 3anpoca: fo6aBuTb B Habop CTPOKY, yoannTtb U3 Habopa CTPOKY 1 gna OaHHOIN CTPOKM Y3HaTb CyMMapHoe 41ucno BXOX[EHWIA CTPOK 13 Habopa B kavecTse
noACTPOKW.

3anpocbl nepBoro 1 BToporo suaa 6yaem obpabartbiBaTb 04eHb NpocTo. Ecnv npuuna Hoeas cTpoka, To obasvm e€ B aBTOMaT U NOMETUM €€ NOCeAHIO BEPLUMHY
TepMuHanbHon. Ecnn npuwén sanpoc yaaneHus, To y6epém TepMUHanbHyto NOMETKY.

Ha 3anpoc TpeTbero Tuna 6yaem otTeeyatb Tak: fo6aBM CTPOKY B aBTOMaT, NPoriaéMCs Mo BeEPLUMHAM, OTBEYaOLLMM 3a NpeduKchl 3Toi CTpoku. M 6yaem cnyckatbes 13
HYX MO cydd. ccblfikam 1 eCiv NPOLLIN Yepe3 TEPMMHANbHYIO BEPLUMHY, TO NpnbaBnsTe 1 K oTBeTy. JlornyHo, 4to aTo 6yAeT Aonro pabotaTtb. Ho caenaem Tak: ecnv Mol
oKasanuch B Kako-TO BEPLUMHE, Yepes3 KOTOPYHO y>Ke Tak BOT CrycKanuch no cydd. ccbifikam, To He ByaeM NATY Tak Xe eLlé pas, a NpocTo npubasnM 3apaHee
nocuuTaHHbIN OTBET A5 Heé. Toraa no Kaxxao BeplumHe nogasTomara AaHHON CTPOKY Mbl MPoiaémes no paay. A 3HaunT Bpems paboTel 6yaet O(m - \/Wz).
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3aBepLueHue

Cydd. aBTOMaTOM MOXHO peluaTb MHOro apyrux 3agad. Ko cydd. aBTomara o4eHb NpoCTON, 1 4acTo AN NOCTPOEHNS AaXke 06bIYHOMO axo Kapacuka MOXHO ero
3at03aTh. Tak Xe ecnv BOpPYr Bam NpunpéT HanucaTb 3ahady He cydd. aBTomatoMm, a cydd. AepeBoM nnm cydd. Maccom, To coobLLaeM, YTo YKKOHEH — 3TO SIBHO He TO,
yeM CTouT CTpouTb cydd. AepeBo (a u3 Hero yxe cydd. macc). MNpocTo nocTpoiTe cydd. aBToMaT A1t NepeBEPHYTOM CTPOKU, BO3bMUTE AEPEBO CY(PPUKCHBIX CChIIOK,
370 1 6yaeT cydd. AepeBo AN HavanbHOWM CTPOKW. [lokasaTenbCTBO 3TOro akTa OCTaBUM YUTATESIO B KA4eCTBE YNpaXkHEHUSI.

W ewwg pas HanomHio, 4To Ans aebara cydd. asTomara Hago UCMoNb30BaTh CTPOKY «aabab». Eciu cydd. aBToMaT Ha Heil NpasnibHO NOCTPOEH, TO ¢ BeposTHOCTLI0 99%
Balll KO/, NPaBUbHbIN.

YnpaxHeHus

Monpo6yiiTe pewmnTb cchopMyMPOBaHHYIO Bhille 3a4ady Npo AfMHY MakcUMasbHOM NOACTPOKM Y k CTPOK ANs KaXAoro k, CyMMapHO 3a SIMHENHOE Bpemst.

ABTOp KoHcrnekTa: ®ununn pnbos

Mo Bcem Bonpocam nuwuTe B telegram @grphil (https://t.me/grphil)

Uctounnk — https://wiki.algocode.ru/index.php?title=CygpukcHbii_asTomar&oldid=1240 (https://wiki.algocode.ru/index.php ?title=Cy g pukcHbivi_asTomar&oldid=1240)

https://wiki.algocode.ru/index.php?title=CydpukcHblii_aBTomMaT

5/5


https://t.me/grphil
https://wiki.algocode.ru/index.php?title=%D0%A1%D1%83%D1%84%D1%84%D0%B8%D0%BA%D1%81%D0%BD%D1%8B%D0%B9_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82&oldid=1240

