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OBbXO/1l HEU3BECTHOI'O I'PA®A KOJVIEKTUBOM ABTOMATOB
N.B. Bypnonos, A.C. Kocaues
Brenenne.
3anmaua 00X0/1a HEM3BECTHOTO OPUECHTHPOBAHHOTO rpada aBTOMATOM HCIOJIB3YETCs BO MHOTHX TPUIOKCHHSX.
B nmaHHO# craThe mMmoapa3yMeBacTCs TECTHPOBAHUE JCTCPMUHHMPOBAHHBIX CHUCTeM: rpad — 310 rpad) aBTOMAaTa

TECTUPYEMOM CUCTEMBI, aBTOMAT Ha Tpade — TECTHPYIOIIAs CUCTEMA, a MPOXOJ IO Tyre — 3TO TECTOBOE BO3/CiCTBUE
u HabmoneHue pesyibrara [1]. B kauecTBe MpakTHUECKOTO MPHUMEPA MOXKHO MPUBECTH paboTy [6], Tie BHIMOIHSIOCH
(YHKIIMOHAIEHOEC TECTUPOBAHME PA3JIMYHBIX MOJCHCTEM MOJCIH MPOIEcCcopa: K3II TPEThEro YPOBHS, YIPaBICHHE
npepbiBaHUsAMU U Tp. MogpenbHble rpadbl COAepKand OT HECKOIbKHX ThICAY 10 HECKOJbKHX MHJUTHOHOB Y3JIOB M
HECKOJIbKO MUJUIMOHOB IyT. TeCT BBIMOJIHAJICS MAKCUMaJIbHO Ha 150 KoMIbIOTEpaX.

Ba)XHO OTMETHTh, YTO aBTOMAT CHCTEMbI — 3TO, BOOOIIE TOBOPSI, PACIIMPEHHBIA aBTOMAT, KOTOPBIH 0OBIYHO
CYIIECTBEHHO MEHbIIIE SKBUBAJICHTHOTO €My OOBIYHOTO aBTOMaTa. PacliMpeHHbIH aBTOMar Mbl OyneMm Ha3biBath E-
rpadom, a mpocto rpadom — rpad IKBUBAIEHTHOTO €My OOBIYHOIO aBTOMATa, KOTOPBI CTPOUTCS B Mpoliecce 00Xoa.

ABTOMAT-00XOMYHMK BBIMONHICTCS HAa OJHOM MaiiuHe (Mpoleccop € MaMAThIO), & HAJIUYUE HECKOJIbKUX
aBTOMATOB Ha Pa3HBIX MAIIMHAX MO3BOJISIET CYIIECTBEHHO pacnapauieauTs padory. [Ipu TecTupoBaHNN KIOHHPOBaHUE
TECTHPYEMOM CHCTEMBI OOBIYHO BO3MOYKHO TOJIBKO B HAYaJbHOM COCTOSHHUH. I103TOMY aBTOMAaT HauWHAeT paboTy C
HavyajabHOW BepuiMHbl rpada. bynem cumrarbh, 4TO 32 OAMH THK co31aércsi He Ooyiee OJHOTO KIIOHA TECTUPYEeMO
CHUCTECMEI.

HwkHsist orieHKa BpeMeHr 00Xo/a Uil OJHOTO MJIM OrPaHHYEHHOTO YKCia aBroMaroB pasHa O(nm), roe N —
yucyo BepiinH rpada, a m — uucio ayr [2]. Ecnu yucio aBToMaroB He OrpaHHUYEHO W aBTOMATHI «3HAIOT», Kyla UM
HJITH, MOXHO CUHTATh, YTO KAXK/IbIi aBTOMAT JBUTACTCS K «CBOCH» Jyre, MO KOTOPOUM MPOXOAUT MepBhiM. Toraa 4uciio
aBromaroB paBHo O(M), mociaeqHui U3 HUX 10 «CBOCH» AYTrd MPOXOMUT MyTh AauHON He O6onee O(n), u cymmapHas
orierka pagaa O(m)+0(n)=0(m).

Jus Toro, 9ToOBI aBTOMAT MOT OOXOMUTH JIFO00H KOHEUHBIH Trpad), TpeOyeTcs MOCTYI 10 YTCHHIO/3AIHCH K
HEOrpaHUUYCHHOW pabodeil maMsATH, B KOTOPOW HakaruBaeTcsi WH(opMaius o npoiiaeHHoi vactu rpada. Ecnu ata
IIaMsATh — 4YacCThb IIaMsATH aBTOMAara (MaI_HI/IHBI), aBTOMAT HE KOHCYCH Ha KJIAaCCE BCEX l“pa(i)OB. Ecau BCce BhIUMCIECHUS
aBTOMATOB U Iepeadd COOOIICHU BRIIOIHAIOTCS HE OJIbIIE (TI0 TOPSIIKY), YeM MIPOXOA AyTH rpada, TO CyIIECTBYIOT
aNTOPUTMBI C BEPXHEH OIIEHKOW, CoBManaromei ¢ HikHel. Ecau uncio aBToMaroB O0JIbIe OHOTO, HO OTPAaHUYEHO, TO
pacrapaieluBaHue YCKOpseT 00X0/1, He MEHsIsI TIOpSI/IKa OICHKH B Hauxyjmiem ciydae [3].

[Ipobnema Bo3HMKaeT, korma rpad He momeriaercs (xors E-rpad momermaercs) B maMmsaTh MaIlWHBI, YTO
9KBHBAJICHTHO KOHEYHOCTH aBToMara. EcTh J1Ba moxoza.

ITepBerii momxom mpuMeHHM, Korma E-rpad He pacmmpeHHBIH, T.e. coBmamaeT ¢ rpadoM. PabGodas mamsTh
peanu3yeTcss Ha BeplIMHAX rpada: aBToMar MOXET NHCATh/YUTaTh W3 TEKYIUEHl BEpIIUHBI CHMBOJIBI KOHEYHOTO
andasura. {1 OJHOTO aBTOMATa M3BECTEH aIrOpPHTM ¢ BepxHeil omenkoii O(nm+n2loglogn) [4], a mpu moBropHOM
obxome  O(hm+n?l(n)), tme I(N) — wumcno norapudMUpOBaHHil, NPH KOTOPOM JOCTHIAeTCS COOTHOLICHHE
1<log(log...(n)...)<2 [5]. Eciu aBTOMaTOB HECKOJIBKO, KaXKIbIi M3 HHX MOXKET YUTAaTh [OMETKH B BEPINUHAX,
OCTaBIICHHBIC IPYTUMH aBTOMaramu, 0e3 oOMeHa cooOuieHusMu. J[J1s AByX aBTOMATOB BEPXHssl OLIEHKA COBIAJAeT C
HiwkHel — O(nNm). Takoii moaX0/] MOXKET MPUMEHATHCS, HAIPUMED, JUIS CETH UHTEPHETA, KOTJIa BEPIIMHA — JTO y3el
CEeTH, a MPOXO]] IO JIyre — Mepeaada cooOIIeHs MexXay y3naMu. B atom ciydae E-rpad He KIIOHHpYeTCs, a KaXKablit
aBTOMAT MOXKET CO3/[aBaTh HOBBIC aBTOMATHI B TOW BEPINUHE, IJIc OH HAXOMUTCS. DTO MEHSET OLICHKH BpeMEHH 00X0/1a,
HO B JIAHHOW CTaThe MBI 3TOT MMOJXO0J] HE PACCMATPUBACM.

[Ipu TecTrpoBaHuM BepinHa rpada — 3TO COCTOSIHAE TECTUPYEMOI CHCTEMBI, U aBTOMAT HUYETO HE MOXKET B
Heé mucarh. [IpuMeHsieTcsl BTOPO#l MOAXOJ: pabouasi mamsiTb — 3TO CyMMapHas MaMmsTh KOJUIEKTHBA KOHEYHBIX
aBTOMAroB, OOMEHUBAIOMIKXCA CooOmenusaMu. Jis K MammH MoxHO 06xXomuth rpadel B K pa3 Oojbliue, YyeM s
onHoit MammHbl. Eciiu pasmep rpada He orpaHdueH, YUCIO aBTOMATOB B KOJIJIGKTHBE TAKKe HE OTPAHHYCHO.

dopMmasM3aums aBTOMATOB Ha rpade.

ABromar Ha rpade, HauMHAs C HAdaJbHOM BEpIIMHBI Trpada, ABUraeTCsl MO IyraM, MPOXOAs HEKOTOPBIH
MapupyT. OOGX0J] BBINOJIHEH, €CIM 10 KaXJOH ayre Npomén XoTs Obl onuH aBromar. Korga aBromMar HaxXomurTcs B
BEpUIMHE M XOYET IPOUTH IO BBIXOAALIEH U3 HEE Ayre, OH 3Ty AYLY JOJDKEH YKas3arb. J[s 3TOro HCHoJb3yercs
HyMepauusl 1yT, BBIXOAALIUX U3 BepIUUHBL. (I NeTEPMUHHUPOBAHHBIX CUCTEM DPAa3HbIE JAYI'H, BBIXOJAIIME U3 OJHOU
BEPIIUHBI, UIMEIOT pPa3Hble HOMEpa TaK, YTO BCE BBIXOASIIHME Ty HyMepYOTcs oT 1 10 umcia BeIxosmux ayr. Homep
Jyrd SBISIETCS. OJHMM M3 BBIXOJHBIX CHMBOJIOB aBTOMAara, IIO9TOMY JJIi KOHEYHOCTH aBTOMAaTa BBIXOASLIAS
MOJIyCTENeHb BEPUIMHBI JIOJDKHA OBITh OTpaHMYEHa 4YHUCIOM t. DTO OrpaHMYEeHHE MOXKHO OOOWTH HpeoOpasoBaHUEM
rpada: BepirHa ¢ K BBIXOIAMMMH JyraMu 3ameHsercs Ha |K/t[ HOBBIX BepLIMH, MEXIY KOTOPBIMH pacHpeeisioTcs
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BBIXOJIAIINE IYTH, MAKCUMAIBHO MO {-1 nyr B KaXkJ0H, HOBBIC BEPIIMHBI CBA3BIBAIOTCS B CIIMCOK JOTIOJHUTEIHHBIMHU
JyraMHu; IyTH, BXOJMBIIUE B UCXOJAHYIO BEPIIUHY, TCIEPh 3aKaHUYMBAIOTCSI B IEPBOIl U3 HOBBIX BEPIIIHH.

Jns Toro, 4TOOBI aBTOMAT TMOHSI, B KAakKOM BEpIIMHE OKa3ajcs, OH MOXCET Y3HATh YHUKAJBHBINA
UACHTU(DHUKATOP TEKYIICH BEPIIUHBI U YHCIIO BBIXOIAIINX U3 HeE JIyT.

Ecnu aBTOMaToB HECKOJBKO, IUIs KaXKAOTO M3 HUX co3nalres cBos komus E-rpada (tectupyemoii cuctemsi),
KOTOpasi IOMHHT TEKYIIYIO BEPIIHHY.

Mbl OyjieM paccMaTpUBaTh PACIIMPEHHBIA KOHEYHBIH aBTOMAT, B KOTOPOM, KPOME YIIPABIISIIOIIETO COCTOSHHS
M3 KOHEYHOTO aj(aBhUTa, UMEETCs] KOHEUYHOE YHCIIO SUECK, B KOTOPBIX XPAHHUTCS JIMOO UICHTU(PHUKATOP (BEPILHUHBI),
mbo azapec (aBromara). CooOIlIeHHE CONCPXKHUT Tera W3 KOHEYHOro andaBHTa U KOHEYHOE YHCIIO MapaMeTpoB:
UACHTU(PHUKATOPOB M aJIPECOB. 3aMETUM, YTO pa3Mep AUCHKU U mapaMeTpa COOOIICHUS HE OIPaHUYCH Ha KJ1acce BCeX
rpadoB. YIOOHO CUMTaTh, YTO YIPABISIONIEE COCTOSIHUE U TEr COOOIIEHHs — ATO TOXKe HAOOp 3HAUCHHH KOHEYHOTO
gucia S4YeeK, HO OrPaHMYCHHOTO pasMepa. Ham uiacHTH(HKaTOpamMH U ajpecaMH OMPENeNICHbI TOJIBKO OICpPaIlUu
MIPUCBAaMBAHUSA U CPAaBHEHHMS Ha PABEHCTBO, JIEBOM M IpaBOM 4YacTSIMU KOTOPBIX MOTYT OBITh TOJNBKO SYEHKH U
napaMeTpbl IPUHUMACMOTO HUJIU MMOCHIIAEMOTO COO6HI€HI/I)I. IIJ'DI 06MeHa COO6HIeHI/ISIMI/I €CThb Ba IMIPUMUTHBA: IOCJIATh
coo0lIeHne TO YKa3aHHOMY ajpecy, MpHUHATH Jo0oe coolieHne oT mroboro aBtomara. [Ipenmonaraercs, 4To
COOOIIIEHHsT HE TEPSIIOTCS M HE UCKAXKAIOTCS CPeloil Mepeavn, W COXPaHsSETCs MOPSIOK Mepefadyd COOOIEHUH C
OJHUMH M TEMH >K€ OTIPaBUTENeM M mojydareneMm. s co3maHusi W YHUYTOXKEHUS ABTOMATOB HCIONB3YIOTCS
COO0OIIIEHH s, TOChUIAEMbIe BOBHE KOJUIEKTHBA aBTOMAToB. B3anmopeiicteue ¢ E-rpadom Takke moHuMaercs kak oOMeH
coobmenusmu ¢ E-rpadom. Tem cambIM, BXOAHOHN U BBIXOJAHOW CUMBOJI aBTOMATa — 3TO COOOIICHHE.

MbI 1aiuM OmNHcaHKUe aIrOpHUTMa 00X0/a M OIEHKY €ro CIOKHOCTH B TEPMHUHAX PACIIMPEHHBIX ABTOMATOB.
OnHako 3aMEeTHM, YTO TaKOW PACIHIUPEHHBIM aBTOMAT dKBUBAJEHTCH HAOOPY KOHEUHBIX B3aUMOJECHCTBYIONIUX dYepes3
COO0OIIIeHHsI aBTOMATOB, YMCII0 KOTOPBIX 3aBHCHUT OT pa3Mepa rpada. Sueiika pacumpeHHOro aBToMara pa3ouBaeTcs Ha
STYCHKH OrPaHMYCHHOTO pa3Mmepa, 10 OTHON Ha KOHeuHbIH aBToMaT. CoolmieHre pa3duBaeTCs Ha MOCIICA0BATEIbHOCTD
COOOIIEHUH-TTAKETOB OTPAaHUYEHHOTO pa3Mepa.

AJIropuT™M padoThl KOJJIEKTHBA ABTOMATOB.
PaccmarpuBaercsi 00Xon OpHMEHTHpOBaHHOTO rpada ¢ BbIICICHHOW HadaibHOH BepmmHOM. I[locne
MHHIUATIN3ALUH B KaXKIbIi MOMEHT BPEMEHU UMEIOTCSI:

. Ipotidennwiii epagh — noarpad rpada, onpeneasieMblil BCeMH IPONHAEHHBIMHA TyTaMu.
. Ocmoé — 0CTOB NIPOHICHHOTO Trpada, OPUEHTHPOBAHHBIIM OT KOPHSI — Ha4yaJbHOM BepIINHEI rpada;
. Hepeso, sBisiomeecs: MOAJEPEBOM OCTOBa C TE€M JX€ KOPHEM M COZAEpJKalliM BCE NPOWHICHHBIE

HavyaJIbHbIE BEPIIMHBI HETIPOUJEHHBIX JIYT.

Ecnm mpolineHHas BeplIMHA TPHUHAUIC)KAT OCTOBY, HO HE IPHHAMIECKHUT JEpeBy, paboTa co BCeMH
BBIXOJSIIIIIMU U3 HE€ TyraMy 3aKOHYEHA — 110 HUM OO0JIbIIe He OyAeT MPOXOJIOB.

ABromar paboTaeT B TpEX pexXuMax: TeHEPaTop, PETYISATOP, IBIKOK. BHaYane nMeeTcs TOJIbKO TeHepaTop.

I'eneparop co3maércss M3BHE M IONy4aeT COOOIIEHHE mbl 2eHepamop. Ilpn MHUNMANMM3alMU TEHEPATOP
co3naér E-rpad (mocwuraer coodmienne BoBHE co3daii E-zpagh n nonydaer coobmenue E-epagh cozoan) n cranoBurces
PETYISTOPOM HadaJdbHON BEpIIMHBI, KOTOpas B 3TOT MOMEHT BpPEMEHM SBJISETCS EAMHCTBEHHOM MpoiieHHOM
BEpIINHON U eIMHCTBEHHON BEPIIMHON OCTOBA M JIEpeBa, a Takke CO3MaéT IMEpBBIH IBIDKOK B HAaYaJIbHOW BEpILUHE
rpaga (mochUIaeT COOOIICHHE BOBHE CO30ail A6MOMAM W TIOIy4acT COOOIICHUE a6mOoManm CO30aH) M MOCHUIACT eMy
cooOwieHne mar dgudicok. llociie MHUIMAIM3ALUKM TeHEPATOp T'eHEpUpYeT HOBble E-rpadbl M CBA3aHHBIE C HUMH
JIBIDKKH TaK ke, KaK 3TO AeTaeTCs Il IEPBOTO JBIKKA.

Perynsitop cBsi3aH ¢ poiieHHO# BepuInHON Tpada Tak, 4To ¢ KaKA0H MPOiIeHHON BEpPIINHOI CBS3aH POBHO
onuH perynsatop. MckimrodeHne cocTaBisioT TepMHUHAIBHBIE BEPIINHBI, KOTOPBIC HE HY)KHO OTINYATh JIPYyT OT IpYyra H
JUISL KOTOPBIX PETYISITOPBI HE co3JaroTcsl. Perynstop He auraercs mo rpady M IpenHasHadeH A PeryaupOoBaHUSA
JIBYDKCHUSI IBFKKOB.

Tonpko B pexmMme IBM)KKA aBTOMAT JIBUTAeTCs MO rpady, HaYMHASA C €r0 KOpHS, CHadala IO TPOHICHHBIM
BBIXOJSIIMM Ayram. i mpoxona mo xyre IBIXOK nockinaeT E-rpady cooOmenue npoxoo no dyze w momydaer
COOOIIICHAE omeem HA NPOX00, TEKYIICH BEPIIMHOW CTAHOBUTCS KOHEI[ MpOiAeHHOW UM nayru. Jlamee ABIDKOK
MOCBUIAET PETryIATOPY TEKyIIeH BEpPIIMHBI COOOLICHUE Kyoa uomu U TOIy4aeT OTBETHOE COOOIIEHHE uou no odyze.
Ecmu B oTBeT cooOImaercss HylIeBOM HOMeEp BBIXOJIIEH IyrW, TO 3TO O3HA4YaeT, YTO WATH HEKyda M JABHXKOK
OCTAaHABJIMBAeTCs. B MpOTHBHOM ciydae ABIDKOK IIPOBEPSET COOONICHHBIN eMy aJpec peryisaTopa KOHIA BBIXOASIICH
nyru. Eciu oH He mycT, 3Ta Ayra IpoijeHa, U HUKJ MOBTOpseTcsA. Eciu mycCT, IBUKOK IPOXOAUT [0 HENPOUIEHHOM
nyre a—i—b, Bemymielt w3 BepImMHBI &, UMEIOMCH B Hel Homep | u Bemymieit B BepmmHy D. Ecim Bepmmna b
TepMHUHAbHAS (YHCIIO YT PABHO HYITIO), IBMKOK MOCBUIACT PETYJIATOPY BEPIIHHBI & COOOIIECHNE KOHey C yKa3aHuEeM
HOMepa AYTH | ¥ IyCTOro ajJpeca B KauyecTBe ajJpeca peryisiTopa BeplIMHbI D, a caM ocraHaBimuBaeTcs. B npoTuBHOM
cllydae IBIDKOK JOJDKEH Y3HATh 10 MIACHTU(HMKATOPY BEpIUMHBI D, TMpoiineHa oHa WM el HeT, T.e. UMEeTCs JIU
PETYNSTOp 3TOW BEpIIMHBL J[J151 3TOr0 BBIMOIHAETCS OIPOC PETYASITOPOB, KOTOPBII MBI OIMIIEM HUKE.
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* Ecmu BepummHa b mpoiizeHa (momydeHo COOOLICHHE omeem Ha OnpPoc), IBHKOK IOCHUIAET
pEryJIaTopy BEpLIMHBI & COOOIICHHE KOHey C yKa3aHHEM HoMepa Ayrd | U aapeca perynsiropa
BepIIUHBI D.

* Ecmm BepummHa b He TPHHAIICKHUT JEPEeBY HWIM BCE BHIXOAAIMIAE W3 HeE Ayrw KOO
3aKoHyYeHHble, TH00 npoxodamcs (B omeeme HA ONPoc yKa3aH HYICBOW HOMEP BBIXOISIICH
IyTH), IBIKOK OCTAHABIIUBACTCS.

e Ecnu BepuimHa b npunaanexxur aepesy, JBHKOK MPOIODKACT JABUTATHCS 110 JICPEBY.

e Ecmu Bepmmna b emé He mnpoiinena (MONy4eHO COOOLICHHUE OMPOC), IBUKOK CTAHOBUTCS
perynsitopoM BepuiuHbl b, a agyra a—i—b nmobasnsiercs k gepeBy. J[iis 3TOro IBIIKOK MOCHUIAET
pEryJIaToOpy BEpIIMHBI @ COOOIICHHE HO6AA 6epuiUHA C YKa3aHHEM HOMepa Ayrd | u  CBOif
COOCTBEHHBIN ajpec B KauecTBE ajpeca perymsitopa BepinmuHbl D. CTaB perymsTopoM, IBHXOK
co3maT HOBBIA JABIWXKOK (TIOCHUIACT COOOIICHHUE C030all aemomam W TIONydYaeT COOOIICHHE
aemomam co30an) B TEKyIel BepIINHE, TIOCHUIAET €My COOOIIICHHE mbl 08UIICOK, TIepeaaBas emy E-
rpad, a cam rmepectaéT JBUraThes mo rpady.

JIBrmxeHHe JIBUKKOB YIIPABISIETCS peryinstopamu Bepinnt. Kaxaas ayra a—i—b, BeIXofsinas u3 BEpIIMHbI @,
HUMEET B PEryIsTOpe 3TOH BEPIIUHEI OHO U3 TISTH COCTOSHUH:

*  He npoildeHa,

*  npoxodumcs, T.e. IO Ayre MPOWIEN ABIKOK, HO €IIE€ HE M3BECTHI PETYIATOP BEPIIMHBI 8 O TOM,
SIBJISIETCSI JTM BepIluHa D He mpoiIeHHO U He TEePMUHAIBHON HIIH HET,

*  Ha Oepese, T.c. Iyra IPOUJICHA U MPHUHAIIC)KHUT JICPEBY,

*  3aKOHYeHHas 0yea 0Cmoed, T.e. Iyra OCTOBA MPOMIeHa, HO He IPHHAJUICKHUT JIEPEBY,

*  3aKOHYEHHAs XOpOa 0CMOoBd, T.€. IPOHICHHAs! XOp/ia OCTOBA.

Perymsitop XpaHUT HOMep | TeKyIeH BBIXOMAMICH IYTH, COCTOSIHHE KOTOPOW He npoildeHa WIH Ha Oepege.
Ecnmu takux ayr wet, To i=0. Korma ABMXKOK CHpAaIMBaeT y PETYIATOpa BEPIIMHBI @, 10 KakKO# Ayre emy HTH,
PETYIIATOP B OTBET COOGIIAET HOMED I.

Jlaee perynsiTop KOppeKTHPYET COCTOSHHE TEKYyIeH BBIXOAAIICH AYTU: He NpoudeHa —> NPOXOOumcs, Hd
Oepese — Ha depese. HOBBIM 3HAYCHHUEM HOMEPA TEKYINEH BBIXOJSIIEH YTy | CTAHOBUTCS HOMED JYTH, CIEAYIOIIEH
MOCIe AYTH | B HUKIMISCKOM CIHCKE BBIXOISALIMX IYT, KOTOpas OO He npouidera, MO0 SBIACTCS Ayroi Ha depese.
Ecnu Takux ayr 6oinbine Het, To i:=0.

Ecnu perynstop mojiydaeT COOOIICHHE HO6AA 6epUIUHA C yKa3aHWEM HOMEpa | BBIXOMLICH AyrH, TO
COCTOSIHHE J-O JIyTH MEHSIETCS: npoxooumcss — Ha Oepege, 3alOMHUHACTCS aIpec PeryisiTopa KoHIa 3Toi ayru. Eciu
i=0, To i:=j.

Ecnu perynsitop mosygaeT cOOOIICHIE KOHey ¢ yKa3aHHEeM HOMepa | BBIXOMSIIEH TyTH, TO 3TO JHUOO0 Iyra,
KOTOpast npoxooumcs, MO0 AyTa Ha Oepege. B TIepBOM ciIydae HOBOE COCTOSHUE IyTH — 3AKOHYEHHAs XOpOd 0CHosad,
3aIIOMHHAETCS a/IpeC PErysaTopa KOHIA 3TOW AyTd. Bo BTOpoM cirydae HOBOE COCTOSHHE OYTH — 3aKOHYeHHAs Oyad
ocmosa, eciu =i, To | KOPPEKTUPYETCs, KaK OMUCAHO BBIIIIE.

Ecmu Bce BBIXOAAIIHME AYTH 3aKOHUeHHble, PETYISATOP BEPUIMHBI MOCBHUIAET COOOIIECHUE KOHey PETYISITOpY
NpeIIIEeCTBYIONIEH BEPIIMHBI A€PEBa, a PEryJsiTOp Ha4aJbHOW BEPILUHBI JAepeBa MOCHIIAET COOOIIEHHE KOHeY BOBHE,
YTO O3HAYAET 3aBepIIEeHUE 00X0/1a.

B koHue o0xona mpoijeHHBIH Tpad coBmajaeT co BceM rpadom, JepeBO OTCYTCTBYET. Perymstopsl B
COBOKYITHOCTH OIIMCBIBAIOT BeCh I'pad ¢ BBIIEICHHBIM B HEM OCTOBOM.

Onpoc peryisaTopoB BEIOIHAESTCS TOCIE MPOXoJa ABMKKA TI0 HEMPOUACHHON ayre. JIBIKKY HYXXHO HaWTH
PETYIISTOP 10 MACHTH()HUKATOPY BEPIIHHEL, B KOTOPOI OH OKa3ajics. [|Ji 3TOro MCIONB3yeTCsl OMHOCTOPOHHHUH CIIHCOK
PETYISITOPOB, PEryAsITOp HAYaIbHON BEPIIMHBI (OH JKe TEHEpaTop) HAXOIMTCS B TOJIOBE CIHUCKA. J[BHKOK MOCHLIAET
reHeparopy cooOlIeHNe onpoc, coaepKaliee UIeHTU(PHUKATOP BEPIIMHBI U aJipec ABMXKKA. DTO coollIeHne nepenaéres
IO CIHCKY PeryasaTopoB. Kaxaplil peryasTop, moydyuB COOOLICHHE Onpoc, CPAaBHUBACT HICHTU(GUKATOP BEPIIUHBI U3
mapamMeTpa cO CBOMM UACHTU(MHUKATOPOM BepIIHHBL. ECIIM MACHTHU(PHUKATOPHI COBMAAAOT, PETYIATOP MOCHUIACT ABHKKY
cooOmienne omeem Ha onpoc. Ecnu naeHTH(UKATOPHl HE COBMNAJAIOT M PETYISATOP HE ITOCIETHHH B CIHCKE, OH
MOCHITAET COOOIIEHHE onpoc Iaibliie O CIUCKY, He MeHss napameTpoB. [locineqHuii perynsiTop mepechuIaeT
COOOIICHNE Oonpoc IBWXKY, W 3alIOMUHAET ajpec IBIKKA KaK aapec CIECAYIOUIETO B CITUCKE PETYISITOPOB, YTOOBI
IIBIDKOK CTaJl PETYIIATOPOM B XBOCTE CITHCKA.

SIueiiku aBTOMATA:

. COOCTBEHHBIH a/ipec aBTOMara;

. BHEIIIHUH aJipec;

. anpec E-rpada;

. ajipec reHeparopa;

. aJIpec CJIIYIONIEro B CIIMCKE PETYISTOPOB;
. UAeHTU(UKATOP TEKYIEH BEPIINHEI;
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. PETYIATOP TEKYIIEeH BEPIIUHBI,

. BXOJISIIIAst yra OCTOBA;

. aJIpec peryIsaTopa Havana BXOJAIICH Ayl OCTOBA;

. YHCIIO JYT;

. HOMEp TEKYLIEH BBIXOASALIEH AyTH;

. CITHCOK — COCTOSTHUE BBIXOMsmIeH ayru (i), i=1..t;

. CHHCOK — aJ[pec PeryisiTopa KoHI@a Beixosiiiei ayru (i), i=1..t;

. KOHEYHOE YHCJIO0 PA00OUHMX SIUEEK, UCIOIB3YEMbIX TOJIBKO 10 PUEMA CIIEAYIONIETr0 COOOICHUSL.

Coo01menus 1 UX NapamMeTpsbl:

. mbl 2eHepamop:. BHEUIHUIT aipec OTIPaBUTEs, aIpec TeHeparopa;

. co30ail agmomam: apec OTIPaBUTEIIS;

. agmomam co30an: afpec CO3IaHHOTO aBTOMATa;

. co3oaii E-zpagh: anpec ornpaBuTens;

. E-zpag cosoan: anpec E-rpada, npeHtndukaTop HauanbHON BEPIIMHBI, YUCIO BBIXOASIINX JIYT;

. npPOX00 no dyze. aipec OTIPABUTEIIS-ABUKKA, HOMEP BBIXOASIIEH YT H;

. omeem Ha nPox00: UACHTU(HUKATOP BEPIINHBI, YUCIIO BBIXOSIIHUX YT

. mol 08UNCOK. aZpec JBIXKKA, ajpec reHeparopa, aapec E-rpada, Homep Beixofsiiell ayru, aapec
perynsaTopa KOHIA BRIXOJSIIEH YT , aIpec PeryisaTopa TeKyIiell BEepPIIHHbL,

. KOHey: HOMED BBIXOASIIEH YTy, apec PEryisaTopa KOHIA BBIXOIAIICH AyTH;

. Kyoa uomu: afpec OTIPaBUTEIIS-IBUKKA,

. uou no dyze: HOMEp BBIXOJSILIEH AyTH, aipec PEryjIsiTopa KOHIA BBIXOASIIEH TyTH;

. HO06AA 6epuILKA. HOMED BBIXOJSIIEH JyTH, alpec PeryisTopa KOHIA BEIXOSILIEH AyTH;

. onpoc: afpec OTIPaBUTEIS-IBIDKKA, HICHTU(UKATOP BEPIIHHEL,

. omeem Ha ORPOC. ANPEC PEryIsaTopa BEPUIMHBI — OTIPABHUTENS,, HOMEp BBIXOASALICH AyrH, ajapec

peryisITopa KOHIIa BEIXOIAIICH AyTH.

OneHka CI105KHOCTH AJITOPHTMA.

JBWXKH MOTYT OBITh IBYX THIOB B 3aBUCHMOCTH OT TOTO, 1) HPOXOOWT JH JABM)XOK 1O OCTaHOBKH
HEMPONJICHHYIO paHee JIyry WK 2) OCTaHaBJIMBAETCs, HE MPOisd HU OJHOW HOBOU Ayru. Yucio NBUKKOB 1-To Tuma
paBHo O(m). JIBMXOK 2-TO THIIa OCTAHABIMBAETCS, MOJYYHB HYJICBOW HOMEp AYrH B COOOIICHUH UOU RO Oyze WIH
omeem Ha onpoc. HyneBoil HOMep OyTH peryisTop cooOliaeT B TOM ciiydae, Koraa jubo A) HMEITCs IyrH B
COCTOSIHHH NPOXOOUMCsl, @ BCE OCTAJbHBIC IYTH 3aKoHueHHble, 00 B) Bce myru saxonuennvie. Cutyaums A
HACTyIaeT TOTna, KOrJa KaKOW-TO IBIDKOK IOMIEN IO TOCIEOHEH HeMpoHIeHHOH Iyre, a OCTaJbHBIE IyTH JHOO
3aKoH4eHHble, TH00 npoxoOdsamcs, a 3aKaHUYUBACTCA MOCIE 3aBEpLICHHUS ompoca perymaTopoB. [lockombky umcio
peryistopoB He mpesbimaer O(N), ompoc peryasTopoB 3akandmBaeTcs 3a Bpems O(n). Tem cambiM, curyamust A
sakoHunTes yepe3 O(n) tukoB. Curyarms B HacTymaer Torma, Korma peryisiTop BEpIIMHBI D momydui cooOuieHne
KOHey JI7Isl HEKOTOPO#! BBIXOMAIIEH JyTH, a BCE OCTAJBHBIC AyTH yXKe 3aKonueHHble. Ecnu BepinHa D HauanpHast, yepes
O(1) turoB 06xon 3akOHYHTCS. B MpOTHBHOM ciydyae B BepIuuHy D BxoauT omua myra mepea a—i—b. Uepes O(1)
THKOB PETYISITOP BEPIIHHBI D MOMIIET COOOIICHIE KOHey PETYIsATOPY BEPUIMHBI 8, TOT MOJTYYHT 3TO COOOIICHHE U IyTa
a—i—Db nepecraner GbITh myroii mepepa. CremoBarenbHo, cutyarms B 3akonuntes uyepes O(1) tuxoB. Ilockombky
PEryJsaTop BEpIIMHBI TOJBKO OJUH Pa3 OKa3bIBaeTCsS B Kaxaod W3 cutyanuit A u B, ymcno ABWXKoB 2-ro THMA,
OCTaHABIHMBAIONINXCS B JaHHOW BepminHe, He mpesbimaet O(n). CyMMapHO YHCIIO JBHXKKOB 2-TO THIA PABHO O(nz).
Wrak, uucio Bcex ABMKKOB paHO O(M+n?). TlockonbKy Kaxblii IBIKOK remepupyercs gepes O(1) TukoB mocie
reHepaLii IPeIbLIyIIero ABIKKa, BpeMs o0xoxa pasao O(m+n?).

Knacrepuzanust mo MmammuHam.

ABroMar paboTaeT B OJHOM MalllMHE, HO B OJHOW MalIMHE MOXET OBITH HECKOJLKO aBToMaToB. Ilepenaua
COOOIIEHHsT MEXIy aBTOMAaTaMH B OJIHOW M B PasHbIX MallMHAX 3aHMMAET CYIIECTBEHHO PAa3sHOE BPEMs, MOITOMY
HMMEET CMBICI ONTHMH3MPOBATh pPACIPEICICHHEe aBTOMAaroB 1Mo MammHaMm. CpaBHHBas HIKHIOKO oreHky O(m) u
BEPXHIOI OreHKy O(M-+n?), BUIMM, 9TO ONTHMH3HPOBATE MOKHO TOIBKO OMPOC PEryisTopoB, Tpebyrommii O(n)
THKOB M cymmapHO mo O(n) ompocam marommii O(n°) THkoB. ECIM CIHCOK PEryisTopoB KIACTEPH30BaH, T.e. BCE
PETyIIATOPH W3 OJHON MAIIMHBI PACIIOIOKEHBI TOAPSI, TO BpeMsi ompoca paBHo O(P), rme P — YHCIO MaIluH.
IMockonbky 06béM mamste Mamuabl O(1), 910 He Bimsier Ha mopsiaok orenku: O(N)=0(p), uTo O3HAYaeT HaTHUIKE
takoro koadummenta Kk, aro n=kp+o(p). Ho Ha mpaktuke 3HadcHHe K OYeHh BaKHO, TaK KaK O3HAYAET YCKOPCHHE
obxoma B K pas.

Jlnst KmacTepu3alii CIIUCKa PETYIATOPOB HYKHO BBIICIATH MAMATh MO PEryJIATOPHI OTAEIBHO OT MaMATH
JUISL IBMOKKOB ¥ CBSI3aHHBIX ¢ HUMU E-rpados. Ho B onmcanHOM BBILIE aITOPUTME PETYIASTOP — 9TO OBIBLIMHA JBHUKOK.
IMosToMy mpeiaraeTcs Cieayromas Moau(uKaus arropuT™a. J[BUKOK MeEPE OMPOCOM CO3/IAET HOBBIA PETYISATOD,
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KOTOPBII U MPOBOAUT ompoc. Eciu MCKOMBIM peryiasTop He HailieH, HOBBIH PEryIsATOp CTaBUTCS B KOHEI] CIMCKa, a
€CJIM HalJieH, JBIKOK YHUUYTOXKAET HOBBII perymsrop.

ITamsTh MOA PEryasTOpHI BBIAEIACTCS CHauyala B MEpBOIl MallMHe, a KOIa B Hell HeT MecTa, TO BO BTOPOH
Malnee, 1 Tak fganee. Ho 9To memars, Korma MamIvHbl 3aKOHYMINCH? MOXKHO 3aKOHYMTH pabOTy, CIMTast 9To rpad
ciuimkoM OombIoi. Ho MOXXHO MpogomkuTh 00X0 ¢ TIOHMKEHHEM CKOpOCTH. [list 3TOro OyneM yHHUYTOXKAaTh ABHKKH
BMECTE C MPUBSI3aHHBIMU K HUM E-rpadam cHauana B mepBoii MalIMHe, 3aTeM BO BTOPOH M Tak Jajiee, OCTaBIISSA TOIBKO
OIVH JIBI)KOK B mocienHeil Mammue. CKOpOCTh YMEHBIINTCS M3-3a YMEHBIICHHUS Mapajuiean3Ma (dHucia JABUKKOB) U
n3-3a (hparMeHTaINH 110 MAIIMHAM CITHUCKA PeryasiTopoB. Ho MBI BCE sxe cMOXkeM 00X0IUTh Tpadbl OOIBIINX pa3MepoB,
€CJIM y4ecTb, uTo E-rpad 3aHuMaeT 3HaUnTENFHO OONbIIE TaMATH, YEM PETYISATOP.
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