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AnHoTanms. VccnenoBanue rpadoB aBTOMAaTaMU SIBIISIETCS KOPHEBOW 3a1aueil BO MHOTHX
npuiaokeHusx. K TakuM IPUIOKCHUAM OTHOCATCS BepUUKAIMA U TECTHPOBaHUE
MPOTPaMMHBIX M aNMNapaTHBIX CHCTEM, a TaKKe MCCIEJOBAHHE ceTeil, B TOM 4YHCIe CeTH
nnrepHera 1 GRID Ha ocHOBe QopmanbHBIX Moneneld. Mopgenb CHCTEMBI MM CETH, B
KOHEYHOM Ccu€Te, CBOJUTCS K rpady MmepexonoB, CBOMCTBa KOTOPOTO HY)KHO MCCIIEIOBATh. 3a
MOCNIEAHUE TOJIbl Pa3Mep peabHO UCIOIb3YEMbIX CUCTEM U CeTel U, CIe0BaTeIbHO, Pa3Mep
UX MOJeNeH W, CJIeIOBAaTeNIbHO, pa3Mep HCCIeNyeMbIX TIpadoB HENPEpHIBHO PaCTET.
IIpoGmeMbl  BO3HHMKAIOT TOTJAa, KOTAAa HCClIeAoBaHWE rpada OJHMM  aBTOMATOM
(xoMmbrOTEpOM) JHMOO TpeOyeT HEAOMyCTUMO OONBIIOrO BpeMeHH, b0 Tpad He
MOMEIIACTCST B MaMATU OJHOTO KOMIBIOTEpa, Jubo u To u apyroe. IlosTomy BO3HHKaeT
3aJada [apajuIelbHOTO UM paclpefeNéHHOro wuccnemoBaHus rpados. Orta 3agada
(dopMan3yercs Kak 3ajada MCCIeNOoBaHUs Ipada KOJUIEKTUBOM aBTOMATOB (HECKOJIBKHMMH
napauieJbHO pabOTAIONMMH KOMIIBIOTEpAMH C JOCTaTOYHOW CYMMapHOH HaMSTEIO).
Penienuro 3ol 3aaun mocBsIIeHa JaHHAs padora.

KnioueBsle cioBa: rccienoBanue rpaga, 00xo rpada, KOHSUHBIH aBTOMAT, PACIIUPEHHBINA
aBTOMAT, B3alMOJEHCTBYIOIIME aBTOMAThbl, IapajielibHas 00paboTKa, pacHpeleneHHbIe
CHCTEMBI, TECTHPOBaHHE.

1. BeedeHue

3agaya 00X07a HEU3BECTHOTO OPHEHTHPOBAHHOTO rpada aBTOMATOM HCIIONb3yeTCs
BO MHOTMX MpUJIOXKEHUsX. B naHHON cTarbe mMoApasymeBaeTcs TECTUPOBAHHUE
JIETEePMUHUPOBAHHBIX cUCTeM: Tpad — 3To rpad aBTOMAaTa TECTHPYEMOIl CUCTEMBI,
aBTOMAT Ha rpade — TECTHPYIOIUIas CUCTEMa, a MPOXOM MO Ayre — 3TO TECTOBOE
BO3JIelicTBIE U HaOmroneHne pe3yibrara [[1]]. B kauecTBe npakTHyeckoro npuMepa
MOKHO mipuBecTd padoty [[8]], rae BBIMOMHANTOCH HYHKIIMOHATBHOE TECTHPOBAHKE
pa3NIUYHBIX MNOJCHCTEM MOJAEIM IpPOLEeccopa: KA TPEThEro YpOBHS, YIpPaBICHUE
npepeIBaHUAMH U IIp. MojenbHble rpadbl COAEpKaIM OT HECKOJBKHX THICSY 10
HECKOJBKUX MIJIIMOHOB Yy3JIOB M HECKOJIBKO MMJUIMOHOB AYr. TecT BBIMOIHSIICS
MakcHMalibHO Ha 150 koMIbroTepax.

ABTOMAaT-00XOMYKMK BBIMOJHIETCS Ha OXHON MainuHe (IPoIEeccop ¢ MaMAThIO), a
HaJIMYUC€ HECKOJIbKHMX aBTOMATOB Ha PAa3HBIX MalIWHAX IMO3BOJIICT CYIIECCTBECHHO
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pacmapauenuts pabory. Ilpu TECTHPOBaHHM KIIOHMPOBAHHE TECTHPYEMOM
CHUCTEMBI OOBIYHO BO3MOXKHO TOJBKO B HA4ajgbHOM COCTOSHUH. II03TOMY aBTOMAT
HauyMHAET paboTy C HaYaIbHOW BepiunHbl rpada. Bymem cumrarh, 94TO 3a OJUH TaKT
co3maérest He Ooliee OMHOTO KIIOHA TECTHPYEMOH CHCTEMBI, TO €CTh He Oouee
OJIHOTO aBTOMAaTa-o0X0oauHuKa.

HuxkHsist oleHKa BpeMeHH 00xoga Uil OJHOTO HJIM OrPaHHYCHHOTO 4YHCIa
aBTOMaroB paHa {Q(NM), rme N — 4YKCIO BepliuH rpada, a m — uucio ayr [[2]].
Ecnu grcito aBTOMaTOB HE OTpaHHYCHO, HIKHIS orleHKa {(m).

Jus Toro, 4TtoOBI aBTOMAaT MOT OOXOIWTH JOOOH KOHEYHBIH Tpad, Tpedyercs
JOCTYII T0 YTCHHUIO/3alUCH K HEOTPaHMYEHHOM paboueidl MamsTd, B KOTOPOWM
HaKaruBaeTcss MHpOpPMANUsS O MpoiaeHHON 4actu rpada. Ecmu sra nmamsts —
4acTh MaMsATH aBToMara (MaIllMHbI), aBTOMAT HEe KOHEYEeH Ha Kiacce Bcex rpados.
Ecnu aBTOMAaT OmHMH, TO CYHIECTBYIOT alnroputMmbl ¢ orerkoir @(nm) [[2]]. Ecmu
YHCIIO ABTOMATOB OOJIbIE OJHOrO, HO OrPAaHHYEHO, TO paclapaiiejuBaHue
yCKOpsieT 00X0J, HO HE MEHSCT HOPSIOK BpeMeHH 00XoJa B HauXy/IleM clydae
[[7]1]. Ecmu umcino aBTOMaTOB HE OrPaHMYCHO M BCE BBIYKMCICHHS aBTOMATOB W
repenayn cOOOLICHNH MEXTy HAMH BBIIOIHSIOTCS HE HoJblIe ([0 MOPSAKY), YeM
npoxon Ayrd rpada, TO CYNIECTBYIOT ANTOPHTMBI C OIleHKo# @(m). Oto
yTBEPXKICHHE JOKA3BIBACTCS B JaHHOM cTaThe B KOHIE 11.5.3.

IIpobnema Bo3HWKaeT, korma rpad HE MOMEIIACTCS B MAMSITh MAIIMHBI, YTO
SKBUBAJICHTHO KOHCYHOCTHU aBTOMarta. ECTh /1Ba moaxoa.

[epBBIii TOAXOA NMPUMEHUM, KOTAa pabodas MaMATh CYLIECTBYET OTACIBHO OT
NaMsATH aBTOMAaTOB M pealu3yeTcss Ha BepIIMHaX rpada: aBTOMar MOXKET
MHUCaTh/YUTaTh W3 TEKyIUeH BEpUIMHBI CHUMBOJIBI KOHEUHOro andasuta. Takoii
MOJIXOJL MOXKET IPUMEHATHCS, HAIIpUMED, [UIsl CETU UHTEPHETA, KOI[a BEpUIMHA —
3TO y3€ll CeTH, a IPOXOJ 10 JIyre — Nepeaadya COOOIEHUS MEXIY Y3IaMH.

JIJ1st OTHOrO KOHEYHOTO aBTOMATA M3BECTEH aTOpHTM ¢ orerkoil @(nm+n?loglogn)
[[4], a npu mnosropaom obxoze @(m+n?(n)), rme I(n) — wumcio
norapuMupoOBaHU#, pu KoTopoM fnocruraercs coorHorrerune 1<log(log...(n)...)<2
[[5]]. Otiuuume ot HikHel oneHkH (NM) 0OBICHIETCS TEM, YTO aBTOMATy ObIBAeT
HY)KHO «BEPHYTHCSI» B HAYAJIO TOJNBKO YTO MPOHIECHHOMN IyTH.

Ecnu KOHEYHBIX aBTOMATOB HECKOJIBKO, KXKBIA W3 HUX MOYKET YHTATh MOMETKH B
BCPLIMHAX, OCTABICHHBIC NPYTHMMH aBTOMaTaMH, W OOMEHHBATBHCS C HHMH
coobmieHusmMu. sl TBYX aBTOMATOB OIlEHKa paBHa yxe @(Nm). Dt aBTOMATHI
JBUTAIOTCS CUHXPOHHO, KpOME Clydasl mpoxoJa Mo HOBOW nyre. B atom ciyuae
oauH apromar (mepBbIil) WAET MO IOyre, a BTOPOil aBTOMAT OCTarcsi Ha MecCTe,
oXuaas CooOLICHHs OT MEepPBOro aBTOMAaTa. B 3TOM COOOLICHHWH YKa3bIBaeTCH,
HY)XHO JIU BTOPOMY aBTOMATy OCTaBaThCsl HAa MECTe, TMOJDKUJAs TMEPBBIA aBTOMAT
(no1st BO3BpAIlleHUs] MIEPBOTO aBTOMAra B HAYalo TOJBKO YTO MPOMICHHOH AyrH),
WM, Ha00OpOT, JBUTATHCS BIEPEN, NOTOHSS MEpPBBIA aBTOMAT (BO3BpAIICHHS MO
nyre He TpebyeTcst).
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Bropoit mogxon mpuMeHseTCs MpH TECTUPOBAHWHM, KOTZA BepliMHA rpada — 3TO
COCTOSIHHE TECTHPYEMOM CHCTEMBI, ¥ aBTOMAaT HHYEr0 HE MOMKET B HEE IHCATh.
Torma pabouast mamsaTh — 3TO CyMMapHas IaMsATh KOJUICKTHMBA KOHEYHBIX
aBTOMAaTOB, OOMEHMBAIONIMXCA cooOImeHusIMH. Jiusg K MamuH MOXHO OOXOIUTH
rpader B K pa3 Gombmwe, wem 1uist omHOM MammHBL. Ecnm pasmep rpada He
OTpaHUYECH, YUCIIO ABTOMATOB B KOJUIGKTUBE TAK:KE TOJDKHO OBITh HE OTPaHUYUCHO.

DT0T moaxoj BIepBbie ObLT mpuMeHEH B Hamed pabote [[9]], rae mpemnoxken
anropuT™M 00X0/1a C OIICHKO#M O(m+n2). B Hacrosimiedt crathe MBI TIpeiaraeMm
AJITOPUTM C YIYUIIEHHOH OLEHKOM.

2. dopmanu3sayus aemomMamoe Ha 2paghe

2.1. Homep Bbixopgsen gyru

ABToMar Ha rpade, HAUMHASA C HAYAIbHOW BEPINMHBI Tpada, IBUTACTCS IO JyraM,
NPOXOAsS HEKOTOPbIH MapmipyT. OOX0. BBINOJHEH, €CIIU M0 KaKAOW Ayre MpoIIEn
XOTsI ObI 0iMH aBTOMAT. Korya aBToMar HaxOAUTCs B BEPIIMHE U XOYET MPOUTH IO
BBIXOZSIILEH U3 HEe€ yre, OH 3Ty AYry NOJDKEH yka3aTb. JlJI1 3TOro MCHONb3yeTcs
HyMepamusl IyT, BBIXOMAIINX W3 BepIIUHBL. [l HeTepMUHHPOBAHHBIX CHUCTEM
pasHble IyTH, BHIXOIIIIAC W3 ONHOW BEpIIMHBI, UMCIOT pa3Hble HOoMepa. Jlyrw,
BBIXOJSIIIME M3 BEPUIMHEI V HYMEPYIOTCS OT 1 110 mosrycTeneHn BHIXOJA BEPIIMHBI
(uncna Beixomsimux ayr): 1..dy(V). ABTOMAT yKa3bIBaeT HOMEP BBIXOASIICH IyTH.
OpmHako st TOro, YTOOBI BBIXOMHOW an()aBUT aBTOMATa OCTABAJICS KOHCYHBIM,
MOJTYCTETIeHb BBIXOJIa BEPUINH rpada JoKHA OBITh OTpaHHYeHA CBEpXY HEKOTOPOM
KOHCTAHTOM I.

DT0 OrpaHWYCHHE JeTKO CHHUMAETCS, €CIM B KaXIOW BepmmHe V 100aBUTH
k=[dout(V)/(r-1)]+1 sueex mnamsiTH, Kakaas W3 KOTOPBIX accouumpyercs ¢ r-1
BBIXOJSIIMMH  JyraMH, KpOME€  TMOCJIeIAHEH  sfYelKH, KoTopas  MOXKET
ACCOIIMUPOBATHCS C MEHBIIUM YHCIOM Jyr. DTH SYEHKH CBSI3BIBAIOTCS B IMKI,
KOTOpBIA OyJaeM Ha3piBaTh V-IIUKIOM. J[isi aBToMara I0OaBISETCS GHYmMpeHHee
nepeMelieHne Ha CICAYIOIYI0 10 V-IHKIY SYeiKy, KOTOpPOEe aBTOMATHYECKU
HACTpauBaeT rpad Ha CIEAYIOUIYIO TOPIMIO BBIXOAAIINX Iyr. TeM CambIM,
aBTOMATy, HAXOJSAIIEMYCS B HEKOTOPOH siUeiKe HYXHO HICHTUPHUIIIPOBATH
BHEIIIHIOKO JyTY TOJBKO B mpejenax Tex r-1 ayr, KOTopbie acCOMMUPOBAHbI C ITOH
SUEHMKOM, WIM MEHBIIEr0 4uciaa AYr Uil nociaenHed siuedku. Ilpu eumewnem
nepeMenieHn 1o ayre (V',V) aBTOMaT MoTajIaeT B MePBYIO sueiky V-nukia (puc.l).
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Puc 1. Bepwuna V u V-yukn saueex (015 r=2)

DT0 3KBHBAJICHTHO COOTBETCTBYIOLIEMY IpeoOpa3oBaHmi0 rpada, Korma Kaxiaas
BEpLIMHA V, B KOTOPOHM MOJYCTENCHb BBIXOAa OOJbIIE I, 3aMEHSCTCS Ha V-IIHKI
BepuMH. B pesynbrare Takoro mnpeoOpa3oBaHUs MOJy4aeTcs rpad, B KOTOPOM
IMOJYCTCIICHb BbIXOJa Ka)K[[Oﬁ BECPUINHBL Vv OrpaHnvcHa r. HyFI/I, 3aKaH4YHMBaBIIIHECCS
B BEpIIMHE V, Temeph OyAyT 3aKaHUYMBaThCS B MEpPBOM BepIIMHE V-IMKIA, a
OCTaJIbHBIC BCPUIMHBI V-IIUKJIa OTJIUYAIOTCd TEM, UTO B KaXIyH0 U3 HUX BXOOJUT
POBHO ojHA (BHYTpEHHss) ayra. B janbHeWIIeM [jisi MPOCTOTHI M3JI0XKEHHS MBI
OymeM paccMaTpHBaTh TOJBKO Takue rpadsl, B KOTOPHIX W3 KaXIOH BEPIIHHBI
BBIXOJUT He OoJee I IyrT.

3aMeTI/IM, YTO 3aMCHA BEPIIMHBI V HA V-OUKI BEPIIMH MOXXHO IIOHMMAaThb KakK
CO3/JaHME OJHMM aBTOMATOM, OKAa3aBIIMMCS B BEpPIIMHE V, LECNOYKU aBTOMATOB —
Mo OAHOMY Ha KaXIbIC r-1 BBIXOJANIUX OYI' WA MCHBIIEro 4Yucjiia ayr I
MNOCJICAHCTO aBTOMATa B LICIIOYKE.

2.2. UpeHTUMKaTOpP BEPLUMHBI

B nponecce 06xona rpada B cyMMapHO#H IaMATH aBTOMAaTOB CO3/alOTCSI OTMCAHUS
NPOWAEHHBIX BEPUIMH M BBIXOIIINX M3 HUX Ayr. OnucaHWe BEpIINHBI XPAaHUTCS B
MaMsATH OJHOTO aBTOMara, KOTOPBI HMXKe OyIeT Ha3bIBaThCsl PEryssiTopoM
BEPIINHBI, ¥ KOTOPBIA PEryiIupyeT ABIDKCHHE aBTOMATOB, IOMABIIMX B BEPIIHUHY,
yKa3plBasg UM, 10 KaKUM BBIXOISAIIMM AyraM UM HYXHO ABHTaThbca. s Toro,
yTOOBI aBTOMAaT TIOHSUI, B KakOW BEpIIMHE OKa3aJcs, BepIIMHA CHaOXaercs
YHUKaIbHBIM HAeHTH(uKaTopoMm. [lomaB B BepmuHy, aBTOMaT Y3HaET e&
YHHUKAIBHBIH HICHTU(UKATOP W YHCIO BBIXOMSAMMX W3 BepuwHHEI Ayr. [lo sTtomy
WIeHTU(HUKATOPY aBTOMAT MINET pEryJisiTop BEpIUMHBI, ONpAIIWBas Jpyrue
aBTOMaThl. Ecnoy perynsaTop He HaiifieH, ONpallUBAIOIUN aBTOMAaT caM CO3MaET
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OTIMCaHWE BEPIIMHBI B CBOEH MAaMSTH, CTAHOBICH PETYJISATOPOM OTOW BEPIIHHBI.
TTouck perynsTopa BEepIIUHBI HE TPEOYyeTCS B IBYX CIOydasx: ULl TEPMHUHAITLHOM
BEPIUWHBI U 17151 BEPIIUHBI TOJIBKO C OJHOM BXOJSIIEH TyTOn.

Perynstop  TepMHMHaNbHOM  BEpUIIMHBI HE  HYXHO  MCKaTbh, IOCKOJBKY
OKa3bIBAIOLIMECS B HEHl aBTOMAThl BCE paBHO HE MOTYT ABHrathes aanblie. Korma
ABTOMAT MPOXOAUT AYTy U HAXOMHUT PEryiasaTop (WK caM CTaHOBUTCS PETYIITOPOM)
KOHEYHOW BEpIIMHEI IyT'H, OH MOXET €r0 aJpec COOOLIUT PEryiTopy HadaabHON
BEPIUMHBI JYyrH. DTO AENACTCS ISl TOTO, YTOOBI IIPH MOBTOPHOM IIPOXOJAE IYTU
MOXXHO OBUIO HE MPOBOJUTH IOUCK DEryJsITOpa KOHEYHOW BEPIIMHBI JIYyTH.
[loaToMy, eciaM HM3BECTHO, YTO y BEPLIMHBI €CTh TOJIBKO OJHA BXOZAAIIAS AYyTa,
PEryIsTOp STOH BEpIIMHBI MOXKHO HE MCKaTh: aBTOMAT, HEPBHIM NONABIUUNA B 3Ty
BEpIIMHY Cpa3y CTaHOBUTCS €€ peryisaTopoM. B 3Tux nByX ciyyasx BeplIUHA
MOXET HE UMETh WACHTU(HUKATOpA, TOUYHEE OHA CHA0KAETCSI CHELUATIbHBIM 1) CHIbIM
UIeHTU(HUKATOPOM. 3aMETHM, YTO JOIOJIHHUTEIbHbBIC BEPLIMHBI V-IIUKIA, O KOTOPBIX
1U1a peyb B 1.2.1, IMEIOT 110 OJJHOM BXOJSIIEH Jyre U MO3TOMY MOT'YT CHa0XaThCs
nycTbiM uaeHTH(uKaTopoM. WTak, Hemyctoil uieHTH(HKATOp 00s3aHa HMEThH
KaXJas HEeTePMUHANbHAs BEpIIMHA, B KOTOPYIO BXOIOHUT Ooyee OMHOM AyTH.
OcrajpHble AyTH MOTYT HMETh Kak IyCTOH, TaKk M HemycTol maeHtuduxarop. Bee
HEIYCThIC HACHTU(GUKATOPHI BEPIIUH Pa3JIMYHBL

[To TexHMYECKUM NPUYMHAM MBI OyJeM CUMTaTh, YTO MACHTH(UKATOP HAYAIBHOI
BEpIIMHEI rpada Bceraa He MyCTOM.

[ockonpKy HMACHTU(GUKATOP BEPIIMHBI SBISCTCS BXOAHBIM CHMBOJIOM aBTOMATa,
JUISL TOTO, YTOOBI aBTOMAaT ObLI KOHEYHBIM, aj(aBUT MACHTH(PUKATOPOB JOIDKEH
ObITh KOHEYHBIM. HoO TOorma gyl KOHEYHOCTH aBTOMAaTOB MbI  JIOJDKHBI
paccmarpuBarth rpadpl € OrpaHMYEHHBIM YHCJIOM BEPUIMH C HEMyCThIMH
HICHTU(PHUKATOPAMH.

Hdnst Toro, 4troObl OOOMTH 3TO OrpaHHYEHHE, MPEIJIAracTcs paccMaTPHBATH
pacumpennsiii apromatr (EFSM), B KOTOpOM, KpoMe €ro COCTOSIHHS, HMEETCS
KOHEYHOE 4YHCIJIO SYEEK MaMSTH, B KOTOPBIX MOTYT XPaHUTHCS HIEHTH()HUKATOPEI
BEpIUIMH M TOJbKO OHHU: B KaXIOH sueiike Mo oAHOMY uAeHTU(HUKATOpY. DTH
siaeiiku Oy/IeM Ha3bIBaTh SUCHKaMK HICHTU(DHUKATOPOB (BEPIIIHH).

Jng nneHTH(UKAaTOPOB BEPIINH OMPEAEIICHBI CIEAYIOUINE OTIePalii U TOJIBKO OHU:

1. CxommpoBaTh HAECHTH(OUKATOP W3 YyKAa3aHHOH SUYEHKH HMICHTH()UKATOPOB B
cooO1eHne, MockIIaeMoe JPyroMy aBTOMaTy, Kak ero rnapamerp.

2. CkomupoBaTh HICHTU(PHKATOP KaK MapaMeTp COOOLIEHHUs, IOJYyYEHHOTO OT
JpYroro aBToMara, B yKa3aHHYIO YKy UIEHTU(PHUKATOPOB.

3. CpaBHUTP Ha paBCHCTBO HACHTH()HUKATOPHI B JBYX VKa3aHHBIX sUYCHKax
UJACHTU(PUKATOPOB.
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2.3. Agpec aBTOMaTa 1 cpefa CBA3U aBTOMaToB

Bynem cuurats, 4TO cpena CBsI3M aBTOMATOB I03BOJIIET MIEPEaBaTh COOOIIEHHE OT
nar000ro aBTOMara J000MY yKa3aHHOMY aBTOMATy 32 BPeMsl, OTPaHUUEHHOE CBEPXY
KoHCTaHTOH. [Ipu mochuTKe cOOOIIEHHsT aBTOMAT JOJDKEH YKaszaTh IOJIydarels
cooOIIeHNsl KaK YHUKaJIBHBIM ajgpec aBroMara. [ KOHEYHOro aBTOMara 4MCIIO
TaKUX MOJydaTelIeld NOIDKHO OBITh KOHEYHBIM M OTPaHWYCHHBIM: aJpec aBToMara
JOIKEeH mpoOerats KoHewHBIH andaBut. Ilocmexnee orpaHuueHHE MPUBOAMT K
TOMY, YTO YHCIIO aBTOMAaTOB OTPAHUUYCHO.

YT100BI 000WTH 3TO OrpaHUYEeHHUE, OyAEeM CUUTaTh, YTO B PACIIMPEHHOM aBTOMAaTe
UMeeTCsl KOHEUHOE YUCNO S4eeK MaMsTH JUIsl XpaHEHUS aJpecoB aBTOMAaTOB. OTH
sueiiku OyJeM Has3biBaTh sueiikamu anpecoB (aBromatoB). Tem cambiM, Tpad
TUHAMHUYECKHX CBS3€H aBTOMAaTOB — 3TO KOHEYHBIH OPHEHTHPOBAaHHBINH Tpad c
OrPaHUYCHHOM MONYCTENICHBIO BRIX01a BEpPLINH (aBTOMATOB).

JIJ'IH aapeCcOB aBTOMATOB OIPCACIICHBI CJICAYIOMINE ONIEpallu U TOJIBKO OHU:

1. Tlocnark cooOuieHHME aBTOMaTy, ajIpec KOTOPOTO HaxXOAWUTCS B YKa3aHHOW
siYeiiKe aJpecosB.

2. CkomupoBath aJipec U3 yKa3aHHOH SUCHKH apecoB B NOCHUIAEMOE COOOIICHUE
Kak ero napametp.

3. CkomupoBarh ajpec Kak napamerp MOJYYSHHOIO COOOLIEHHS B YKa3aHHYIO
SIYEUKY allpecoB.

Bynem cuurtaTh, 4TO BBIAENEH OJIWUH Mycmol aApec, KOTOPBIA HE MOXKET ObITH

aJpecoM HHUKAKOr'0 CO3JaHHOI'0 aBTOMATa.

Msbl  Oynmem  mpearnonaraTh  BBIIOJHEHHWE — CIEAYIOIIMX  HPaBMJI  oOMeHa

COOOIIECHUSIMH:

1. [na mepemayu COOOIICHUS €CTh OJWH HPUMHTHB «IIOCIATh COOOIICHHUEY,
00s13aTe/IbHBIM TTAPAMETPOM KOTOPOTO SIBJISICTCS aJIpeC MOIyqaTelis.

2. Jlnst nonydeHHs COOOIIEHUI €CTh OJMH NPHUMHUTHB «IIPHUHATH COOOLIEHHE OT
JI000T0 OTHPABUTEIIS.

3. CooOuieHus He TEPSIOTCS U HE UCKAXXAIOTCsl B Cpejie MepeaadH.

4. llpu mepenade HECKOJBKHUX COOOIIEHHH OT OJHOTO M TOTO K€ OTHpPaBUTENSA
OJTHOMY U TOMY € MOJTydaTeNIio HeT 00roHa COOOIIEeHHH.

2.4. CoobleHune

Coo01eHue, nepegaBacMoe 0T OJHOTO aBTOMATa IPYroMy aBTOMATY, SIBJISETCS Kak
BXOJIHBIM, TaK WM BBIXOJHBIM CHMBOJIOM aBTOMata. lloaTomMy ansi TOTO, YTOOBI
aBTOMAaT OBbLI KOHEYHBIM, COOOIIEHHME IOJHKHO OBITH CHMBOJOM H3 KOHEYHOI'O
andasuta. Ho Torma coobmierne He MOXKET COAEPIKaTh HICHTH(HUKATOPH! BEPIINH U
ajZipeca aBTOMAaTOB, €I pa3Mep Tpada WM YUCIIO0 aBTOMATOB HE OTPAHUYCHBI.
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YroObl 000HTH STO OrpaHMYEHUE, OyIeM CUHUTaTh, YTO JJIs PACHIMPCHHOTO
aBTOMaTa COOOIICHNE TAKXKE «PACIIHPEHO»: OHO COCTOUT U3 mead, MPOOETaIoNIero
KOHEYHBIH an(aBUT TEroB, W OTPAHWICHHOTO KOHEYHOTO YHCIAa IapaMeTpoB,
KOTOPBIMH MOTYT SIBIITBCS TOJBKO WACHTU(QHUKATOPH BEPIIMH WIW ajapeca
aBTOMaroB. B 00reM, 3TO 3KBHUBAJEHTHO (HEOTPAaHWUIECHHOW IO [UTHHE) ICMOYKE
OTpaHUYEHHBIX 110 [UINHE COOOIEHNUH.

2.5. nOpO)KAeHVIe U YHNYTOXEeHne aBToMaToB

CaMpli HepBLIfI aBTOMAT MOPOKAACTCA HEKOTOPLIM 6HEUHUM a8momMamom u
HAa4YHWHACT CBOIO pa60Ty C OXKHJaHUA COO6H.IeHI/I}I OT 3TOT'0 BHCIIHETO aBTOMATa.

JJst TOpOsKIeHUsT OCTaJbHBIX aBTOMATOB IIPE/IaracTcs UCIOIb30BaTh COOOIICHUE
co30aii agmomam, TMOCBUIaEMOE BHELIHEMY aBTOMAry. B OTBeTHOM cooOLIeHHH
agmomam co30aH YKa3bIBaeTCs aipec MOPOKAEHHOTO aBTOMATA.

[Noposxnaemblii aBTOMAT OyAeT HauyMHATH PAabOTAaTh C HayaJbHOM BEPLIMHBI rpada
(ecnu oH BoOOIIE JOMMKEH OBITH CBsI3aH ¢ rpadom). ITo TpeboBaHHE OOBICHIETCS
TEM, YTO MBI paccMaTpUBacM TECTUPOBAHUE CHCTEMBI, KOTOpas HE MAOIyCKaeT
MPOU3BOJILHOE KJIOHHPOBAHKE, a TOJNBKO CO3JIaHWE HOBOTO JK3EMILISIpA CUCTEMBI B
e€ Ha4aJIbHOM COCTOSIHUH. VICKITIOUeHHe COCTaBIISIET CO3/IaHHE aBTOMaTa, KOTOPOMY
nepeaaéres rpad oT Apyroro aBTomMara BMECTe ¢ TeKyIei BepiunHoi. [lepemaTunk
TEpSIET CBsI3b ¢ TpadoM.

YHUUTOXKCHHE aBTOMATa BHIIIONHACTCS BHEITHAM aBTOMAToM. [ 3TOT0 BHEITHEMY
ABTOMATy IOCBITAETCS COOOIIECHUE YHUYMIOMNCH A6MOMAmM, B KOTOPOM YyKa3bIBaeT
ajJipec aBTOMAaTa, KOTOPBIA HAaA0 YHUUYTOXHUTh. OTBET Ha 3TO cOOOIIEHHE He
npeaycMaTpuBaeTcs.

2.6. BsanmopgencrBue c rpachom

[Ipennaraercs paccMarpuBaTh rpad), TOUHee €ro OHK3eMIULIp Ul KaKAOro
B3aMO/ICHCTBYIOIIEr0 C HAM aBTOMaTa, KaK OTHENbHBIH aBToMmar rpada. Takoi
aBTOMar rpada co3maércs BHEHIHUM aBTOMAaroM, KOTZJa €My IIOCBHIIaeTcs
coobmeHne cozdaii zpagh. B 0oTBeTHOM COOOIICHUY 2pagh co30an CONEPKUTCS aJipec
(aBToMata) rpada, naeHTHHUKATOP HAYATEHOM BEPIIMHBI U YUCIIO AYT, BEIXOISIINX
n3 HavanbHOW BepmnHbl. Co3qaHHBIN aBTOMar rpada HaXOOUTCS B COCTOSIHUH,
KOTOpPOE COOTBETCTBYET HauaJIbHOW BeplIuHe rpada.

Manee moTpeGyeTcsl TOJIBKO OJHA OINEpamys IO B3aUMOJIEHCTBHIO C TpadoM,
KOTOpasl peau3yercsi Kak COOOIIeHHe, MOChlIaeMble aBTOMATy rpada v OTBETHOE
cool1ieHue:

1. npoxoo no dyze rpada c mapameTpoM: HOMEpP BBIXOSIIEH JIyTH.

2. OtBeTHOE COOOILICHHE Omeéem HA NPOX00 C TapaMeTpaMH: HJICHTU(PHUKATOP
BEpUIMHBl M YHCIO BBIXOAMMX Ayr. Mwmerorcs B BUIY HICHTH(HKATOP
KOHEYHON BEpPIUMHBI YKa3aHHOM AYIM M 4YMCIO AYr, BBIXOJAIIMX M3 3TOH
BEPLIMHBI.
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s yHuutoxeHus rpada BHENIHEMY aBTOMAaTy IIOCBUIACTCS  COOOIICHHE
YHUUmMOINCH 2pagh ¢ mapameTrpoMm «aapec rpada», KOTOpPbI HaJ0 YHHYTOKHTH.
OTBeT Ha 3TO COOOIICHUE HE TIPETyCMaTPUBACTCSI.

2.7. 3ameyaHue o si4erKax aBTomMaTa U napameTpax CooGLeHnN

Jarnee, s TPOCTOTHI W3NIOKEHHs, Oy/eM CUMTAaTh, YTO Kaxnmas sdeiKa IaMsATH
aBTOMaTa WM MapaMeTp COOONICHHUS MOXET XPaHUTh Kak HIACHTUPHUKATOD
BEPIIUHBI, TaK U agpec aBTomara. Mpl OyneM IMPOCTO TOBOPUTH «SIUCHKa» WU
«rmapameTp».

Kpome Toro, mms ymoOCcTBa M3IOXKEHHS OYAYT MCIONB30BAaTHCS NOMOJHUTEIHHEIC
SIYCHKH W TIapaMeTphl (PUKCHUPOBAHHOTO pasmepa. COBOKYIMHOCTh 3HAYCHUN B 3THX
syeikax sBHsACTCA, (DAKTUYECCKH, pACIIMPCHHEM COCTOSIHHMS aBTOMara, a
COBOKYITHOCTh 3HAYCHUH B ATHX IapaMeTpax SBJIACTCS, (PaKTHUCCKH, paCIIUpECHUECM
COOOIICHHUS KaK JOOJIHEHHUE K €ro Tery.

ABTOMAT, MaMATh KOTOPOTO pACIIMpEeHa TaKWUMH sAYeHKaMM, OSKBHBAJICHTCH
KOHHGKTI/IBy KOHCYHBIX aBTOMATOB, KOTOpLIe MOFyT O6MeHI/IBaTbCﬂ Mem;:[y CO60ﬁ
COOOLIECHUSMU.

3. Udes1 anzopumma

3.1. 'pad

PaccmarpuBaetrcss 00X0Z OpHUEHTHPOBAHHOTO Tpada C BBIIEICHHOW Ha4YaJbHOW
BEPIUMHON U IPOHYMEPOBAHHBIMHU BBIXOASIIMMH M3 KaXKI0W BepLIIMHBI qyramu. Bee
BEPIINHEBI CHAOKEHBI HIeHTH(PHKaTopamMu, Kak ObUTO omucaHo B 1.2.2. Hauarom n
KOHYoM IYTH A8 KPaTKOCTH OyJneM Ha3blBaTh, COOTBETCTBEHHO, HAYaJbHYIO H
KOHEYHYIO BEPIUHMHBI IYTH. TepMuHanbhoi éepuiuroti OyIeM Ha3bIBaTh BEPLIMHY
rpada, U3 KOTOpPO# He BBIXOIAT AyTH. TepmuHnanvHou dyeoil OyneM Has3bIBaTh AYTY,
3aKaHYMBAOLIYIOCS B TEPMUHAIILHOW BEpIINHE.

Ilocne HHHUIHUAJIN3allu B Ka)K,Z[LIﬁ MOMCHT BPEMCHU UMCIOTCA:

e [lpoudennvii epagp — noarpad rpada, onpeaeasieMblii BCeMH MPOUICHHBIMU
JIyTaMHu.

e [Ipoiidennoe Oepeso — OPHUEHTHPOBAHHBIH OT KOPHS, KOTOPBIM SBJISIETCS
HavyaJibHasl BEPIIMHA, OCTOB noirpaga, ImofyyaeMoro M3 MpOHIEeHHOTO rpada
ylaleHueM TEePMHHAIBHBIX AYr. Takoe NpoHIEHHOE NEPEBO COAEPXKUT BCE
HEeTepMHUHAIbHBIE ITPOMJICHHBIE BEPIIMHBI IPOHAeHHOTO Tpada.

B mHavane pa0oTHl aJropuTMa, IIOCIE WHUIMANW3AIMK, NPONIEHHBIA Trpad

COBNAAeT C NPOWJCHHBIM JEPEBOM M COCTOUT M3 OJHOM HAa4yaIbHON BEPILUHBI

rpada.

B mpomecce paboTel anropurMa NPOHACHHBIA Tpad W TPOWICHHOE EPEeBO

yBENUYUBAIOTCS (MOOABISAIOTCSA HOBBbIE AyrH M BepluuHsl). IIpoiineHHoe nepeBo,

noJyvaronieecsi B KOHIlEe paOoThl, OyleM Ha3bIBaTh 3aKOHueHHbIM Oepesom. Ilon
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Xopooiui OyneM TIOHHMAaTh HETEPMHUHAIBHYIO JAyry, HE TPHHAICKAIIYIO
3aKOHYECHHOMY JIEPEBY; NPOWJICHHAs XOp/Aa SBISETCS XOPAOU MPOUIEHHOTO JIepeBa.
Jlnst maHHOW BEpINMHBI 6x00swel Ayrod OyneM Ha3bIBaTh AYTY 3aKOHUYEHHOTO
JlepeBa, 3aKaHUYMBAIOLIYIOCS B JTOM BepUIMHE. Y HayaJbHOW BEPLIMHBI HET
BXOZSIIEH OyTH, a B IIOOYIO IPYTYIO BEPIIMHY BXOJUT POBHO OJHA IyTa.

B koHue paboTsl aropurMa IojrydaeTcs pa3MeTka rpada: s Kaxkaod Ayru B e
Haydaye yKa3pIBaeTcs e€ THI: Iyra 3aKOHYCHHOTO JepeBa, TePMUHAIBHAS IyTra WIH
xopJa.

3.2. PaboTta aBTOMaTOB

ABToMat paboTaeT B TPEX peXMMax: TeHepaTop, perymarop, Asmxok. O0xox rpada,
TO €cTh [BWXXEHHE 10 ero Jyram, BBIIOJNHSIOT JBWXXKH, PETYJISTOPHI
npesHa3HaYeHBbl JUIsl YIPaBJICHUS NepeMeIleHHEM ABIKKOB II0 IyraM, a FeHepaTop
€0371aéT HOBBIE JABMKKH U CBSI3aHHBIE C HUMHU KOIMH TPpagoB.

Kaxnplii cozmaBaeMblii T€HEPAaTOPOM JBIDKOK IpEJHA3HA4eH JUIS TOTO, YTOOHI,
HayMHas C HauyaJIbHOM BEPIIMHBI rpada, IpOUTH MyTh B MPOIICHHOM JEpeBe, Mocie
4ero MPOMTH MOCIEA0BATEIbHOCTD HENIPOMACHHBIX AT, 3aKaHUYUBAIOLYIOCS] XOPI0H
WK TepMUHaIbHON ayroil. C kakqod IpoiieHHON HeTepMHHAIbHOM BEpIIMHON
CBSA3aH POBHO OJIMH PETYJIATOP, KOTOPBIA HANPABIAECT IBUKKH, IPUXOIAIIUE B OTY
BEPLINHY, II0 TeM WIM MHBIM BBIXOAAILINM M3 BEPIIMHBI AyraM. [[is 3Toro ABHXKOK,
OKa3aBIIUICA B JAaHHOM BEpLIMHE, CIPALIUBACT y PEryJATOpa 3TOW BEPILIUHBI
(mocputaeT eMy CoOOIICHHE) Kyoa uomu, a PEeryisaTop B OTBETHOM COOOLICHHU
uou no dyze coodIaeT HOMEp BBHIXOAAUICH xayrd. B Hekotopoil curyanuu
(ommcaHHON HM)KE) IBIDKOK OKas3bIBACTCS <UIMIIHMM» M OCTaHABIIMBAeTCs, HE
MPOUIS HU OTHON HENPOUJIEHHOM IyTH.

Astomar (kommm) rpada, CBA3AHHBIA C JBUKKOM IIOMHHUT» TEKYIIYIO BEPIIUHY
rpada, B KOTOpO HaXOAWUTCS IBIDKOK. I Mpoxoja Mo Ayre ABIKOK MOCHLIACT
aBTOMATy rpada cooOIICHUE nPox00 no dyze, coOOIasi HOMEP BBIXOIAIICH TyTH, H
MOJy9aeT B COOOLICHUU Omeéem Ha npoxoo MACHTH()HUKATOp KOHIA IYTH H YHCIIO
BBIXOJISIIIUX W3 HETO IYT.

Brauane wu3BHe co3nmaércs reHeparop. llocie uWHUIManM3auMK TeHEPATOp
OJIHOBPEMEHHO CTAaHOBUTCSI PETYNIATOPOM HAa4YaJIbHOW BEPIIMHBI, KOTOpas B 3TOT
MOMEHT BpPEMEHM SIBISIETCS  €AMHCTBEHHON TNPONAEHHOM  BEpIIMHOW U
€MHCTBCHHOW BEPIIMHOW MPONUIEHHOTO JIEpeBa, a TakKe co37aéT MePBHIi IBHKOK,
HaXOJIAIINKCS B HAYaIbHOH BepIinHe rpada.

Jnst ynpasieHuss 06xonoM Tpada HUCHONB3YIOTCS COOOIICHUS 3anpoc N KOHey.
Takoe cooOmIeHNe TOCKUTAETCS IO MPOIIeHHOH Iyre» B 00paTHOM HaIlpaBIICHHU:
OT aBTOMAaTa, HaXOJSIIErocsl B KOHIE JYyTH, Peryistopy Hadana nyru. CooOuienue
3anpoc MOCBIIAETCS PEryJIATOPOM BEPUIMHBI 10 BXOAIIEH Ayre M 03Ha4aeT, 4To 10
9TOM Jyre HY)XHO IIOCNIaTh OJHMH JIBMXKOK, Korma OyneTr Takas BO3MOKHOCTB.
Crenyromuii IBMKOK O 3TOW Ayre MOKHO IIOCHUIaTh IIOCHE TOro, Kak Oyner
NOoJy4eH HOBBIH 3anpoc. CooOlLIeHNe KoHey, TIOChIIIaeMoe 0 IPOWIEHHOH ayre,
O3Ha4aeT, 4YTO IO 3TOHW xayre OOJbIIEe HUKOT/A HE HYXHO IOCBUIATH JBHIKKH.
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CooO1ieHne KoHey ToChUTaeT 10 XOP/Ie WM TEPMHUHAILHON TyTe ABMKOK, KOTOPBII
3Ty nayry mnpoxomuT. Kpome TOro, cooOmieHHEe KoHey TIOCBUIAET PETYISTOP
BEPIUWHBI 110 BXOJAIIEH Ayre, €Clid B MPOWJEHHOM JIepEBE BBIIIE 3TOM BEPIIMHBI
HET HEMpOMICHHBIX mayr (TOYHee, HET BEPHIMH, W3 KOTOPBIX BBIXOIST
HETIPOMICHHBIC TyTH). DTO MPOUCXOIUT TOT/IA, KOTIA [0 BCEM JIyTaM, BBIXOISIINM
U3 BEPILIUHBI, TIOIYYCHO COOOIICHUE KOHey. Y HAuaIbHOW BEPIIMHBI HET BXOASIICH
JIyTH, TO3TOMY PErYyJSITOp HadallbHOW BEPIIMHBI IMOCHUIACT COOOIICHUE KOHey
BHCIIHEMY aBTOMATy, YTO O3HAYaeT KOHel paboThl anroputMa. 3anpocsl
MOCBUTAIOTCSI C HEKOTOPHIM OINEPEKEHUEM, MTOITOMY MOXKET OKa3aThCs, YTO BUXKKY,
MPUIICIIIEMY B BEPIIUHY, HEKy/1a NBUTAThCS. Takoil NBUKOK CTAHOBUTCS JHCOYUYUM
B BepiuHe (3aMOMUHAETCS PETyJSITOPOM BepiiuHbl). Jlanee MU0 mo BIXOAAIIEH
Iyre TpUAET 3ampoc, W IBIDKOK OyAeT TOCTHaH MO 3TOW ayre, OO 1O BCeM
BBIXOIIINM JyraM OyAyT TOJy4eHBI COOOIIECHUS KOHey, W TOTIAa JBHKOK
OKa3bIBAETCS «JINIITHUM» — OH JTOJDKEH OCTAHOBUTLCS.

Kamnaa Ayra UMECT B PCryJisiTOpe e€ Hayana TPpHU COCTOAHUS:

— Axmuenas = Ayra, 1m0 KOTOPOH HY)KHO IOCBUIATh JIBHXKH. DTO MOXXET OBITh
mubo HempoiineHHas nayra (Takie Jyrd BCerja akTHBHBI), 10O jayra
IIPOMJEHHOIO IEPEBA, 110 KOTOPOU MPUILET 3anpoc, HO ABUXKOK IO yre euié He
MOCJIaH.

— [Tlaccusnas = mporfieHHas Iyra, IO KOTOPOU MOKa HEe HY)KHO ITOCHUIATh TBHYKKH.
Oro myra, Mo KOTOpPOW OBUT IMOCTAaH IBIKOK, HO TOCIE 3TOTO MO Iyre He
TIPUXOIMIIN COOOIICHUS 3anpPoc WK KOHel,.

— 3axonuennas = IpONACHHAs IIyTa, IO HeH OOJBIIe HUKOT/Ia He HY>KHO ITOCHUIATh
JBIDKKH. DTO JyTa, 10 KOTOPOU MPHIIIO COOOIICHUE KOHEeY.

3anpoc

uou no oyze KoHey
aKTUBHAsI IIacCUBHAs 3aKOHYEHHAs

Puc 2. Cxema usmenenusi cocmosinusi oyau

Ha 0 uzo0pakeHa cxeMa H3MEHEHUS COCTOSHISI TyTH IIOJT BIUSHUAEM COOOIIeHuA. B
Havayie BCe IyT'H He TPOUJICHEI, T.C. aKTHBHEIC.

Perynsarop mochuIaeT IBUKKU MO aKTUBHBIM BBIXOJSIIMM JIyTaM «Io Kpyry». s
3TOr0 y pEryisTopa €CTh HOMEp TeKyllei BhIXOJsmed ayru i. Dto ayra, 1o
KOTOpPOW MOCIeNHUIA pa3 Mochutasicss ABMWKOK, wiu =0 B camom Hauane. Kak
CKa3aHo BBbIIIE, JBUKOK, HAXOJSCh B BEPLIMHE MPOIIEHHOr0 AepeBa, CIPALIUBAET y
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perynsaTopa BEPIIMHBI, TI0 KAaKOH Jyre eMy UATH, TIOChUIas COOOIIEHUE Kyoa uomu.
Perynstop KOpPpEeKTHPYET HOMEP | TEKymleW Jyru: HOBOW TeKylled Iyroi
CTAHOBHTCS CIEIYIOMIasi TIOCie AyTH | aKTHBHAS Iyra B IHKJIE BBIXOMANIMX YT, a
€CIIM aKTUBHBIX ayT Gosbine Het, To 1:=0. Ecnu mocite KOPPEKIHH i>0, peryssrop
TIOCBLIACT JBMXKKY COOOIIECHHE Uou no dyze ¢ HOMEPOM JIYTH i, & CaM TI0 BXOJSIICH
Jlyre TOChUIaeT 3anpoc. 110CKONbKY y HadalbHOW BEPIIMHBI HET BXOIALIEH IOyTH,
PEryasaTOp HAa4yalbHOW BEPINMHBI HE TMOCBLIACT COOOIICHHS 3ampoc, a TEHEpaTop
MpOJOJDKAET TeHepaluio JBKKOB. Ecnu =0, perynstop 3amoMuHaeT ajpec
JIBUXKKA, JBIDKOK CTAaHOBUTCS JKIYIIUM, 3anpoc He TocbutaeTcsa. Ecmu sxaymuit
JBIDKOK 00pa3yeTcs B HAYalbHOW BEpIIMHE, TEHEPATOp MPHUOCTAHABIMBACT
TeHePalHrIO JBUKKOB.

IMocxe TOro, Kak MOSIBIACTCS JKAYLIMH IBMKOK, BO3MOXKHBI ABa ciyd4as. 1)
Perynsrop B manpHeiieM mnoiydaeT cooOlIeHHE 3anpoc ¢ yKa3aHHUEM AYTH, II0
KOTOPOW PEeryisaTop HaMpaBiseT KIAYIHNA IBIKOK (COOOICHIE udu no dyze), u cam
IOCBIIAET COOOIICHUE 3anpoc PeryiIaTopy Hadana BXopdiied nyru. Ilockonbky y
HA4aJlbHOM BEPIIMHBI HET BXOJAIIECH IYrH, PETYJSATOP HadallbHOM BEPIIMHBI HE
MOCBUIACT COOOIIEHHS 3anpoc, HO TEHEPAaTOP BO30OHOBISIET T€HEPALIMIO JIBH)KKOB.
2) Perynsarop oOHapyXHBaeT, YTO BCE BBIXOIAIIME AYTH CTAIM 3aKOHYCHHBIMH
(BepmMHA TEepMHHANBHAS WM IIONYYCHO COOOLICHHE KOHey TO TOCIeTHel
HE3aKOHYCHHON BBIXOAAIICH 1yre). PerymsaTop NOCBUIaeT IKIyIIEMY IBIKKY
coo0LIeHHEe uou no dyze C HYJIEBHIM HOMEPOM AYTH (3TO <CIMIIHHID JBHKOK U OH
OCTAaHABJIMBACTCA) M CaM IIOCBUIACT COOOLICHHE KOHely pPeryisTopy Havaia
Bxomsauiel ayru. IlockosbKy y HayaipHOM BEpIIMHBI HET BXOASILEH IyTH,
peryJsiTOp HayalbHOW BEpIIMHBI TIOCHUIAET COOOIIEHHE KOHey BHEIIHEMY
aBTOMary, ¥ FeHepaTop NpeKpaliacT reHepaluio JBUKKOB.

Kak cozmatorcst perymsatopel? Paccmorpum moapoOHee paboTy aBTOMATOB,
CBSI3aHHYIO C MTPOXOJIOM JIBIXKKOM HETIPONICHHOH paHee nyru a—i—b, Bexymieit u3
BEpILHHBI &, UMEIONIeH B Hell HOMep | ¥ Beyllel B BepIIUHY b.

— Ecmm BepumHa b TepMunanbHas, 1 Heé He co3malrest perynsaTop. BHKOK
MOCBUIAET PErylsATOpy BEpUIMHBI & COOOIIEHHWEe KoHey C TPU3HAKOM
«TepMHUHAJIbHAS BEPIIMHA)» ¥ HOMEPOM JIYTH i, a CaM OCTaHABIMBACTCA.

— Ecmm BepmmHa b HerepMuHanbHas, TO JBIXKOK JOJDKEH Yy3HATh IO
UIeHTU(HUKATOPY BEPILUHBI, MTPOMjeHa OHA WM el HET, TO eCTb UMEETCs JIH
perymsitop 3TOi BepuinHbl. Bepmmmna b 3aBemomo He mpoiineHa, eciu eé
uneHTuukarop myct (B TaKyl0 BEpIIHHY BXOJWT TOJBKO OjaHa mayra). B
IIPOTUBHOM ClIy4ae IPOU3BOIAUTCS ONPOC PEryJATOPOB, OIMCAHHBIM HUXKE.
Wraxk:

— Ecnu Bepmmna b yxke mpoiineHa, To IBWKOK mpomén mo xopae. JIBHKOK
MOCBUIAET PEryJsiTOpy BEpIIMHBI & COOOIIeHHe KOHey C TPU3HAKOM
«XopHa», HOMEpOM IyrH | ¥ aapecoM peryisropa BepiiuHel D, a cam
OCTAaHABJIUBAETCA.
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— Ecmn Bepmmua b emé He mpoiiseHa, TO JABHXKOK CaM CTAHOBHTCS
PEryJIATOPOM BEPINUHBI b M cO31aET HOBBIM JBHKOK B TEKYILEH BepiuuHe b,
nepenasas emy rpad. Ilocie Toro, Kak 3TOT HOBBIH JBHXKOK OYyZET CO3JaH U
HOCJTaH MO BBIXOMSMICH [yre, HOBBIH PEryIsATOp BEpLIMHBI D mOchLIaeT
PEryJIsATOpY BEpIUHMHBI & COOOIICHHE 3anPoc C yKa3aHHEM HOMepa OyTH | u
CBOHMM aJ]pecOM KaK aJJpecoM peryisTopa BepIuHHsI b.

Ompoc  perynsTopoB BBIIONHACTCS TOTAA, KOTAAa JBIDKOK IPOXOTUT  TIO
HENpPONJCHHON Ayre M OKAa3blBACTCAd B HETEPMUHAIBHON BEPIIMHE C HEMYCTBHIM
ueHTUUKaTOpoM. B 3TOM citydae eMy HyKHO HAiTW PeryisTop TOil BEepIINHEI, B
KOTOPOH OH OKa3aJicsl, WIN CaMOMY CTaTh PEryJIATOPOM, €CIH MOUCK HE yBeHuascs
yCIrexoM. DTOT TOKMCK BBIMOJIHAETCS 10 WACHTU(HUKATOPY BEPLIMHBI: JIBE BEPIINHBI
HE MOTYT HMMEThb OJMH M TOT >Xe HemycToil wuaeHtudukartop. Jns ompoca
PEryasTOpOB HCHOJIB3YeTCS OJHOCTOPOHHMM CIHCOK PErylsSTOpOB BEpIUIMH C
HEIYCTBIME ~HICHTH()HKATOPAMH, DPEryJSITOp HaYaubHON BepmuHBL (OH Ke
reHepaTop) BCerla HaxOAUTCS B TOJOBE CIHCKa (HAIOMHUM, YTO HACHTH(UKATOD
HavyalbHOM BEpIIMHBI BCer/ia He MyCTOM). J[BIDKOK MOCBUIAET MO CITUCKY COOOLICHHE
onpoc, B KOTOPOM yKa3bIBaeTcs (HEMyCTOH) MACHTU(GUKATOp BEPLIMHBI M aapec
IBIKKa. Ecim perynsTop BepIIMHBI YK€ €CTh, OH, NMOJYYHB Takoe COOOIIeHHE,
MIOCBUIACT Omeem Ha onpoc, yKasbiBas IBWXKKY cBOW anpec. Ecmm perymsropa
BEpIIMHBI el HET, TO COOOIIEHHE OMPOC AOXOJUT 0 IOCIEAHETO B CIIUCKE
perynsaTopa, KOTOPHIN NepechllaeT ero ABHXKKY, a caM CTaBUT y ce0sl CCBUIKY IO
CIHCKY Ha 3TOT ABMXOK. [lomy4nB 0OpaTHO CBOE COOOLICHUE ONPOC, IBIKOK cCam
CTAHOBUTCSA PETYJIATOPOM — MOCJIEIHMM B CIHCKE, U CO3JaET HOBBIM ABUXKOK,
nepefaBas eMy cBOW azapec (Kak ajapec perymsTopa TEKyIeH BEpUIMHBI) W ajpec
rpada.

3ameuyanme: OCTaHOBKA JBIMPKKA O3HAYACT, YTO JBIKOK YHHUTOXKAET CBOIO KOITHIO
rpada u camoro ceosi.

4. [ToOpobHoOe onucaHue anzopumma

I{ukt paboThl aBTOMATa COCTOUT B CIEYIOIIEM:
—  oXxwugaHue coodmieHus (JIr00ro CooOIIeH s OT JJ00ro aBToMara),

— BBIIOJHEHHE TEX WIA HWHBIX [CHCTBHI B 3aBHCHMOCTH OT IIOJYYCHHOTO
COOOIIECHHS U COCTOSIHUSI aBTOMATa.

ABTOMAT wWMeeT 4 VYIOPABIAIONIMX COCTOSHHSA: 1) HawanbHOE COCTOSIHUE, 2)

reHeparop (mocie MHULMAIHM3AIMHU, OH )K€ PEeryjsaTop HayaibHOH BepIIMHEL), 3)

peryisitop, 4) aBuwxkokK. [10JHOE COCTOSHHE PACIIMPEHHOTO aBTOMATa ONpeessieTcs

€ro YIpaBJISIOLIUM COCTOSHUEM M COICPKAHUEM SUCEK MAMSITH.
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4.1. CTpYKTYpbl AaHHbIX

4.1.1. Coobwenun

Haspanus (Teru) u napameTpsl COOOIICHHUIL:

1. mot cenepamop:.
— aJpec BHEIITHETO aBTOMATa,
— aJpec reHepaTopa [To ecTh aipec MOay4aTelis COOOIICHu |,
co3zoaii zpagh:
— azpec OTIpaBUTeNs [coobueHus];
3. 2pagh co3zoan:
— anpec [aBTomara KomuH] rpada,
—  HIeHTH()UKATOP HaYaJHHOH BEpIINHHI,
— YHCJIO BBIXOJAIIMX [M3 HAYaIbHOM BEPIIUHBI| AYT;
4.  cozoait asmomam.
— ajpec otnpaButels [coobiieHus];
5. aemomam cozoan:
— ajpec CO3JJaHHOT'0 aBTOMara;
6. mut 0surCOK:
— ajpec JABMXKKA [TO €CTh aipec MoJIydaTess cooOmmeHus ],
— aJpec reHepaTopa,
— anpec [aBromara KomuH| rpada,
—  HIeHTH(UKATOP TEeKYIIEH BEpIINHHI,
— aJpec peryiaropa TeKyIlel BepIInHbI;
7. Kyoa uomu:
— ajpec otnpaButels [coobieHus];
8. uou no oyze:
— HOMEp BBIXOJSIIEH TyTH,
— aJpec perynaropa KOHI[a BEIXOAAIIEH AyTH [MOXKET OBITh IMyCTHIM];
9. npoxoo no oyze:.
— ajpec oTHpaBHTENs [co0bIEH ],
— HOMEp BBIXOJISIIEH TyTH;
10. omeem na npoxoo:
— WISHTH(UKATOP BEPIINHB,
— YHCJIO BBIXOJSIIMX [M3 3TOM BEpUIMHBI]| YT}
11. 3anpoc:
— HOMEp BBIXOIAIICH Jyrd [HOMEp Jyrd, N0 KOTOpPOH B 0OpaTHOM
HaIpaBJICHUH TIOCHUIAETCS] COOOIIEHNE, B HAYaJIe JYTH ],
— azapec peryisaTopa KOHIA BRIXOASIICH AyTH;
12. koneu:
— HOMEp BBIXOIAIMIEH Iyrm [HOMEp JAyru, IO KOTOpPOH B oOpaTHOM
HaIpaBJIEHUH [TOCBUTAeTCS COOOIIEHUE, B HaJaie AyTH],

o
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— ajpec peryisTopa KOHIIA BEIXOJAIICH AYTH [MOXKET OBITh IYCThIM],

— THUI AyTH [Oyea Oepesa, xopoa, mepmuHanbhas oyed);
13. onpoc:

— ajpec JABUXKKA,

—  UICHTH()UKATOP BEPIIMHBL,
14. omeem na onpoc:

— aJipec peryyisaTopa BepIIUHBI;
15. ynuumoosnce zpag:

— anpec rpada;
16. yruumoorco agmomam:

— ajpec aBTOMAaTa.
3ameuanme: B coolmeHnn 3ampoc mapaMmeTp «aIpec peryiasaTopa  KOHIA
BBIXOJISIIICH yTW» JIMIIHUHN, €CJM 3TO MOBTOPHOE COOOIIECHHE, MOChLUIAEMOE IO
3TOM Jyre «B OOpaTHOM HAMpaBICHUH». BMECTO 3TOr0 MOXHO OBLIO BBECTH
COOOIIEHHE C HOBBIM TETOM HO8Asl 6ePUIUHA C TAKUMH XK€ ABYMs NIapaMeTpaMH, a B
COOOIIEHHUH 3anPOC OCTABUTH TOJBKO OJIMH MAPAMETP: «HOMEP BBIXOSIICH JTyTH».

B coolmennn komey, KOTOpOe NOCHIIA€T T'€HEPAaTOp BHEIIHEMY aBTOMAaTy Bce
nmapamMeTpsl JIMIIHHE. BMECTO 3TOro MOKHO OBbLTO OBl BBECTH COOOIICHHE C HOBBIM
TErOM KoOHey padomwl 6e3 mapaMeTpoB. Takke B COOOIICHWH KOHey, KOTOpOe
MOCBUIAET JBWJKOK, MOMABIIMKA B TEPMHMHAJIbHYIO BEpIIMHY, NapaMmeTp «aapec
perynsaTopa KOHIA BRIXOISIICH Qyrm» BCeraa MycToil. BMecTo 3Toro Mo>kHO OBLIO
OBI BBECTH COOOIICHNE C HOBEIM TETOM MEPMUHATIbHAA ePUIUHA, B KOTOPOM OBLI
TOJIBKO OJWH TapaMeTp «HOMeEp BEIXOJAIIeH nyruy». HakoHer, B cooOIIeHnN KoHely,
KOTOpOE TOCBIIAETCS «B OOPAaTHOM HAIpaBICHUW» IO AyTre IPOUICHHOTO JIEpeBa,
rnapaMeTp «aJipec peryisiTopa KOHIAa BBIXOJSUIEH AYTu» JIMIIHUN, MOCKOJBKY OH
YK€ HM3BECTEH PEryJATOpy Hauaiga Ayrd. BMecTo 3Toro MoHO ObUIO ObI BBECTH
coo0IIIeHHe C HOBBIM TEroM Xopdd, B KOTOpOM ObUIM ObI JBa mapamerpa «HOMep
BBIXOJISIINIEH JYTH» U «aJpec PETyNATOpa KOHIA BBIXOSIIEH Tyru», a coOOIeHe
KOHey TIOCBIIATh TOJBKO «B OOpaTHOM HAIPaBICHHW» IO Iyre NPOHAEHHOTO
JAC€peBa C CAMHCTBECHHLIM IapaMETPOM «HOMED BbIXO)ISIHleﬁ AYTU». Tem CaMbIM,
BMECTO TIapaMeTpa «THUN IyTH» UCIONB3YIOTCS pasHble TErH COOOMICHHM:
MepMUHANbHAA 6EPULUNA, XOPOd, KOHEY,.

4.1.2. Aueiiku aemomama

®  cobcmeenHblll adpec agmomama;
®  adpec sHewHe20 A8MOMaAMa;

e adpec [aBTOMara Konmu] epaga,
® adpec eenepamopa;

® aodpec ancoyueco 0BUICKA;

e adpec cnedylowezo 8 CHUCKe pe2yIsmopos [BEPIIMH C  HEMYCTHIM
UAeHTH(HUKATOPOM];

®  udenmuguxamop mexyweu 6epulunbl,
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® adpec pe2ynamopa mexyuel 6epulunbl,

®  HoMep 6x00awel Oyeu [IpOMIEHHOTO iepeBal;

®  adpec pezynamopa Hauana exoosauel oyeu [TIpOHAeHHOTO AepeBal;

®  YUCIO BLIXOOAWUX OYe,

®  HoMep meKywel 8bixoosiuen 0yeu,

®  CIHCOK — cocmositue guixoosuei oyeu (i), e i=1..r;

e coucok — mun evixooawen oyeu (i), tme i=l.r [dyea Oepesa, xopoa,
mepmMunanbHas oyaal;

®  CIHMCOK — aopec pe2ynamopa koHya evixodsueti oyeu (i), toe i=1..r;

e  crnucok — pabouas suetixa (j) , tae j=1..3.

4.2. PaboTta aBTOMaTOB

Pabora HaumHaeTcs C TOro, 4TO BHEUIHMH aBTOMAT MOPOXKAAET OAMH aBTOMAT,
HaXOASLIMHCS B HAYaJbHOM COCTOSIHUM, KOTOPOMY TMOCBUIAET COOOLIEHUE
mol 2enepamop. Hroxe Mbl ormickiBaeM paboTy aBTOMaTa MPU MOJIYYEHHH TOTO HIIH
MHOTO COOOIIEHHMS B 3aBUCHMOCTH OT COCTOSIHUSI aBTOMATa.

4.2.1. Coobuenue mot 2enepamop

OT0 CcOOOImEeHHEe MOXET MOJMYYHTh TOJBKO aBTOMAT B HAYaJbHOM COCTOSHUH,
KOTOPBIH [IEPEXOUT B COCTOSIHIE «T'€HEPATOP».

ITapameTps! co0OIIEHNS TEPENUCHIBAIOTCS B sIUCIIKM aBTOMATA!

aopec @HeuiHe20 asmomama, aopec pe2yiamopa Havana éxoosauet oyeu

:= aJIpec BHEIIHEro aBToMara,

cobcmeeHublll adpec agmomama, aopec 2eHepamopa, aopec pe2yisamopa mexyujei
8epUIUHbI

= aJjpec reHeparopa.

MNHunuanusupyrorces syeiku:

aopec epagha = nycmoti,

aopec sHcoyuje2o 08UNCKA = NYyCmoll.

I'enepatop co3maér sk3eMmiuisap [aBromara] rpacda, A Yero IMOoChLIaeT Ha adpec
8HeulHe20 asmomama cOOOIICHUE co30ail zpagh ¢ TapaMeTpoMm:

aZipec OTTIPABHUTEIS ;= COOCMEEHHDIL A0pec agmomamad.

O6paboTka cooOIIeHN Ha TOM 3aKaH4YMBaeTcs. B manmpHEHIIeM reHepaTopy MOXKeT
MIPUIATH TOJIBKO COOOIIEHUE 2pagh co30an.

4.2.2. Coobwenue co3zoaii zpagh

DTO0 cOOOIIEHNE MOXKET MOJIYIUTh TOJHKO BHEIIHUN aBTOMAT U TOJIBKO OT
reHeparopa.
BremnrHuit aBTOMAT IOJDKEH TIOCTAaTh OTBETHOE COOOIEHUE epagh co3oan.
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4.2.3. Cooowenue cpagh cozoan

3T0 COOOIIEHNE MOXKET ITOJYYUTh TOJIBKO T€HEPATOP B OTBET HA COOOILEHUE co30ail
zpag.
I'eneparop npoBepsieT, co3naéTes MepBhI 3K3eMIULIp Tpada Ui HeT.

Ecmu adpec epagha = nycmoii, To co3mpaéres nepBEIi SK3eMIUIIp rpada.

[TapameTpsl cOOOIIEHNS TEPENUCHIBAIOTCS B SYEHKN aBTOMATa!
aopec epagha := anpec rpada,

uoeHmugpukamop mexyujeli 6epuiurbl ‘= UACHTH(HUKATOP HAYATHHOM
BEPILIUHEL,

YUCTO GLIXOOAWUX QY2 = YUCIIO BBIXOAAIINX AYT.
I'eneparop npoBepsieT, SBISIETCS M HaYadbHAs BEPIIMHA TEPMUHAIBHOM.
Ecnu uucno svixodswux dye = 0, To HavanbHast BEpIIMHA TEPMHHAIbHAS.

B aToM citydae reHepaTop 3aBepliaeT padoTy anropuT™a.

J171st 5TOTO OH CHAYala MOChUIACT HA a0pec BHEUHEe20 aA8moMama
COOOIICHUE YHUUM0ich 2pagh ¢ mapaMeTpoM: aapec rpada = adpec
epaga.

3areM reHeparop MOChUIAET HA adpec GHeUHe20 A8gmoMama
coo0IIeHNE KOHey. 3HaUCHUS TapaMeTPOB B IaHHOM Clly4ae
HECYICCTBEHHBI.

O06paboTka coobIeHUs HA TOM 3aKaH4uBaercs. ['eHeparop
OCTaHABJINBACTCSL.

Ecin yucno svixodswux dye > 0, To HauanpHas BepIINHA HE
TEepMHUHAJIbHAsL.

I'enepaTop CTaHOBUTCS PEryasATOPOM HA4aJIbHOM BEPIIMHBI,
MHULUAIU3UPYIOTCS SIYEUKH PETYIISITOpA:

aodpec cnedyrowe2o 8 Cnucke pezyisimopos .= nycmou,
Homep meKyueli gvixoosweli oyeu = 0,
JUISE KKIOTO 1=1.. uucno 6bixo0suux Oye yCTaHaBIMBAETCS
cocmosinue gvixoosweil oyeu (i) = akmusnas,
aopec pezyramopa Konya svixoosauei oyeu (i) := nycmoil.
Terepb TeHepaToOp TOTOB BHIONHATE TAKKe QYHKIINH PETYIIATOPA
HaYaJIbHOMN BEPIIUHEL

I'eHepartop mockIIaeT HA adpec gHeutHe20 agmomama cooOIIeHne
€030ail agmomam ¢ TapaMeTPoOM: aJpec OTIPABUTEIL =
cobcmeenHtblll adpec agmomama.

O0paboTka COOOIICHHS Ha STOM 3aKaHUYHMBACTCS.

Ecnu adpec epapa # nycmoii, To nepBbli 3Kk3eMIUTIp rpada ObUT co3/1aH paHee.

[TapameTps! cOOOIICHNS TEPETIMCHIBAIOTCS B SIUCHKN aBTOMATA!
aopec epagha = anpec rpada.
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OcranbHEIe napaMeTpbl UTHOPUPYIOTCA, HOCKOJIbKY OHU JOJI?KHBI COBITaZ1aTh
C TCMH, 4YTO ObLIN TMOJYYCHBI IPU CO3aHNHU MEPBOI'0 SK3EMILIApA rpa(ba.

I'enepaTop mocsuIaeT Ha adpec 8HeuiHe20 agmomama cOOOIEHUE co30ail
agmomam c apaMeTPoOM: aJpec OTHPABHUTENS := coOCMEenHblll aopec
aemomama.

O0paboTKa COOOIICHUS HA TOM 3aKaHUYHMBACTCS.

4.2.4. Coobwenue cozoaii agmomam

OT0 cO0OIIEHNE MOXKET IOJNyYUTh TOJIBKO BHEIIHHWH aBTOMAT OT T€HEpaTopa WiH
JIBIDKKA, CTABIIETO PETYISATOPOM.

BHenranit aBToMaT T0IDKEH MIOCIaTh OTBETHOE COOOIIEHNE d6mOMam co30aH.

4.2.5. Coobwenue agmomam co3oan

310 cooOIIeHHE SBISETCS OTBETOM Ha COOOLICHHE co30aii agmomam. Takoi oTBeT
MOKET TMOJYyYUTh JHOO TeHepaTop, MO0 perynsaTop (ABHKOK, CTaBIIHMA
perynstopom). Co3[aHHBI aBTOMAT MpeIHA3HAYEH Ui BBIMOJHEHUS pabOThl B
PEeKIME JIBIKKA.

ITapameTps! co0OIIEHNS TEPETUCHIBAIOTCSA B sIUCHKU aBTOMATA!

pabouas sueiika (1) ;= agpec CO3aHHOTO aBTOMATA.

Co3maHHOMY aBTOMATy Ha ajpec u3 pabouas swetika (1) moceuiaercst coodIeHUE
MbL OBUIICOK C TIAPAMETPAMHU:

ajipec IBUXKKA := pabouas suetixa (1),

ajipec TeHepaTopa = adpec cenepamopd,

anpec rpada = adpec epaga,

UIeHTU(HHUKATOP TEKYIIEH BEPLIMHBI = UOCHMUDUKAMOP MeKYyueli 6epuiuibl,

aJIpec peryJsitopa TeKylieil BEpLUIMHBI = aopec pe2yismopa meKyueli 6epuiutbl.
O6paboTka coOOIIeHHS Ha TOM 3aKaHUYHNBAETCSI.

4.2.6. Coobmenue mot 08uUICOK

3T0 cOo0OIICHNE MOXKET IOIY4YUTh aBTOMAT B HAYAJIEHOM COCTOSIHUH.

ABTOMAT ITEPEXOTUT B COCTOSTHUE JIBUKOK.

[TapameTpsl cOOOIICHUS IEPETTUCHIBAIOTCS B STYEHKH aBTOMATA!

cobcmeenublll adpec agmomama .= agpec IBUKKa,

aopec 2enepamopa = aipec reHepaTopa,

adpec epagha = anpec rpada,

uoeHmuguramop mexyujeli 6epuinbl = UICHTUPUKATOP TEKYIIEH BEPIIUHEI,
aopec pe2yisimopa mexkyujeu 6epuunbl := aipec PeryisTopa TeKyIleil BepIInHbI.
JIBIKOK TIOCBITIAET Ha adpec pe2yiamopa mekyujeli eepuitiHbl COOOIICHNE Kyoa
uOmu ¢ apaMeTpoM: aJIpec OTIPABUTEIIS := COOCMBEHHbLIL adpec asmomama.

O6paboTka cooOlIeHHsT Ha ATOM 3aKaH4YMBaeTcsA. B nanbHEHImeM ABHKOK MOXKET
MOJIYYHTH TOJIBKO COOOIIEHUE Uou no dyze.
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4.2.7. Cooowenue Kyoa uomu

370 coOOILICHHE MOXKET MONYYHUTh TOJIBKO PEryssITop (B TOM YHCIE TeHEpaTop Kak
PEryisITOp Ha4YaJbHOM BEPIINHBI) M TOJNBKO OT ABMYKKA, OKA3aBILETOCS B BEPIIMHE
3TOTO PETyJIsATOpA.

[TapameTpbl cooOIIEHNS TEPENUCHIBAIOTCS B SIYEHKN aBTOMATa:

pabouas sueika (1) := agpec oTIpaBUTEIISL.

Perymnstop KoppeKkTupyer Homep mexyujell evixoosauell oyeu. s 3TOTO B IUKIE
Beixomsimmx Ayr (l.uucno ewvixodswux Oye) mociae AYrd C HHACKCOM HOMeEp
mekywell bixo0awell Oyeu WIIETCS TICPBBIM TakoW WHAEKC 1, YTO cocmosHue
sbixoosuett oyeu (i) = akmusnas.

Ecnu takas myra HaiineHa, To Homep mekyuei epixoosueti oyeu (= i.

Wnaue nomep mexyweil evixoosujeti oyeu = 0.

Jlanee perynsTop npoBepseT, €cTh JIM aKTUBHAS JIyTa.

Eciu nomep mexywen svixodsuen dyeu > 0, TO akTHBHAs IyTa €CTh.

PerynsaTop moceuiaet B OTBET IO anpecy U3 pabouas aueiika (1) coobienue
uou no dyze c napaMeTpaMu:

HOMEp BBIXOJSIEH AYTH := HOMep meKyujell ebixoosujell 0yeu,

aJipec peryssTopa KOHIA BIXOSIIeH Tyru

:= adpec pezyrsimopa Konya gvixoosuei oyau (Homep mexywel ebixoosueti

oyau).

Perynsatop xoppexktupyer

cocmosinue guixoosuei oyeu (Homep mexkyweil guixoosiyell dyeu) |=

naccugnasi.

JHanpHeiliee MoBeIeHNUE 3aBUCHT OT YIPABISIFOIIETO COCTOSIHUSI aBTOMATA.
Ecau 310 He reHepatop (He PerysIsTop HauyalbHOW BEPIIHMHBI), TO OH
TIOCKHITACT Ha adpec pe2yiamopa 6xoosaujel 0yeu COOOIICHUE 3anpoc C
rapameTpoM:

HOMED BBIXOJISIIEN TYTH ;= HOMED 6Xo0aujeli Oyeu.

O0paboTKa COOOIICHUS HA STOM 3aKaHUYHNBACTCS.

Ecau 9T0 reHepaTtop, TO OH JODKEH HPOJODKUTh TEHEPAIIUIO IBUKKOB.
J11st 3TOTO reHepaTop cHauala JI0JDKeH CO3/aTh HOBBIH K3eMILIp rpada,
MOATOMY OH TIIOCBUIAET HA aodpec GHewlHe20 agmomamad COOOLICHUE
co30aii zpagh ¢ mapaMeTpoM:

aJipec OTIPABUTENS := coOCMEeHHblIl adpec asmomamd.
O0paboTka cOOOIICHUS HA STOM 3aKaHUYHMBACTCS.
Eciu nomep mexyweit sbixodsyei 0yeu = 0, TO aKTUBHBIX IyT HET.

JIBIDKOK, CIIPAIIMBABIINH Ky0a uomu, CTAHOBUTCS AyImuM. [l 3Toro
PETYIATOP 3aIlIOMHHACT €Tr0: adpec Jcoyuje2o 08UNCKa ‘= pabouas
aueiika (1).
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3aMeTHM, YTO PEryJisiToOp HauajdbHOW BEPIUUHBI, TO €CTh FEHEPATOP
MIPUOCTAHABINBACT TEHEPALINIO ABIKKOB, a PETYIIATOP APYTOi BEPIIUHBI
HE TIOCBUIAET 3anpoc.

O0paboTKa COOOIICHUS Ha TOM 3aKaHUYHMBACTCS.

4.2.8. Cooouenue uou no oyze

OT0 cooOlIIeHNe NBMKOK ITOTydaeT B OTBET HA COOOIIEHIE Kyod uomu, KOTOPOe OH
MOCKLIAJ PErYJIATOPY TOW BEPIIMHBI, B KOTOPO# ceiluac HaXOIHUTC.
JIBIKOK MepenuchBacT
aopec pe2yiamopa Hayana exooauell oyeu = aopec pe2yiamopa mexyujel
BEPUIUHDL.
[TapameTpbr cOOOIICHNS TEPETIHCHIBAIOTCS B SIUSHKH aBTOMATA!
HOMep 8x00Awell Oy2u ;= HOMEep BBIXOIAIICH JyTH,
aopec pezyiamopa mexyujeli 6epuiliHbl = apec peryisropa KOHIa BEIXOIAIIeH
IIyTH.
JIBIKOK TIPOBEPSIET, €CTh JIU €My KyJa UITH.
Eciu nomep exodsiyeit oyeu = (), TO IBUKKY UITH HEKY/Ia.
JIBIOKOK TOJKEH YHHYTOXKUTH CBOIO KOIHUIO rpada u cam ceodsl.
JJis 3TOTO OH CHayasa MOCBIIACT Ha adpec BHeuHe20 asmomama cooOIIeHUEe
YHUUmMOoMch 2pagh ¢ mapameTpoM: aapec rpada = adpec epaga.
3areM IBMKOK MOCHIIACT HA adpec 6HeuHe20 agmomama cooOIIeHUe
VHUUMOMHCH A6MOMAam C TTAPAMETPOM: aJIpeC aBTOMATa := COOCMBEHHbIl
aopec agmomama.
O0paboTka cooOUICHNS Ha ’TOM 3aKaHUMBACTCA. J[BIYKOK OCTaHABIHBACTCS.
Ecmu nomep exodsweti oyeu #0, TO TBIKOK TOJDKEH MPOWUTH 10 YKa3aHHOU
JyTe.
J1J1st TOTO IBUXKOK MOCBIIAET HA adpec epagha cooOIIeHUE nPoxoo no dyze ¢
rapameTpamu:
ajZipec OTIPABUTENS ;= COOCMBEHHbIU adpec asmomama,
HOMED BBIXOJISIIEN AYTH ;= HOMED 8Xo0aujeli Oyeu.
O0paboTKa COOOIICHUS HA STOM 3aKaHUMBACTCS. B nanbpHEHIIIeM IBUKOK
MOJKET ITOYYUTH TOJIBKO COOOIICHUE 0meem Ha RPOX00.

4.2.9. Coobwenue npoxoo no oyze

310 COO6III€HI/IC MOXKET NOJYUYUTDb TOJILKO aBTOMAT rpa(ba U TOJIBKO OT JBHJKKA.

ABTroMmar rpada JoKeH mocaaTh B OTBET COOOIICHNUE 0meéem Ha npoxoo.

4.2.10. Coodowenue omseem na npoxoo
D10 cooOlmieHne ABIKOK MOIy4aeT OT aBToMmara rpada B OTBET Ha COOOIICHHE
npoxoo no oyze.

JBM>XOK TpOBepsieT, MpOIIEN OH MO HOBOW (HEMPOWAEHHOW paHee) Iyre Wid IO
cTapoii nyre.
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Ecmu adpec pecynamopa mexyweii sepuiutvl # nycmoti, TO JBWKOK MPOMIENT 110
cTapoi nyre.
B 3TOM Cciiydyae ABMIKOK HTHOPHUPYET MapaMeTPhl COOOLICHUS: OHU €My HE
HYKHBI, IIOCKOJIBKY OH 3HACT aJ[pec PeryisiTopa KOHIA AyTH Kak aopec
pezyismopa mexkyujell 6epuIuHbl.

JIBIKOK TIOCBUIAET HA adpec pezyiamopa mekywell 6epuliibl COOOICHUE
Kyoa uomu c IapaMeTpoM: aJipec OTIPABUTEIL := cOOCTNEEeHHbII adpec
asmomama.

O06paboTka cooOUIeHNS Ha ’TOM 3aKaHUMBAeTCA. B manpHEHIIeM IBHXKOK
MOJKET MOTyYUTh TOIBKO COOOIICHNE Uou no dyze.

Ecmu adpec pecynamopa mekywei sepuiutivl = nycmoti, TO IBIKOK TIPOIIET 110
HOBOM 1yre.

[TapamMeTpsl cOOOIICHNS IEPETIHCHIBAIOTCS B SIUCHKN aBTOMATA!
udenmuguramop mexyujeli 6epuiuHvl ‘= UACHTU(HUKATOP BEPIIUHEI,
YUCTIO BLIXOOAWUX OYe := YUCIIO BBIXOSIINUX JIVT.

JIBHXKOK TPOBEPSET, SIBISICTCS M TEKYIasi BEPUIMHA TEPMHUHAIBHO.

Ecnn uucno suixodawux dye = 0, TO ABMKOK TTOTIANT B TEPMUHAIBHYIO
BEpLIVHY.

JIBIDKOK MOCBUTACT Ha adpec pe2yisimopa Havaia exoosuei oyau
cooOIIeHHE KOHey C TapaMeTpaMu:

HOMEp BBIXOJAIICH IYTH = HOMep 6xo0suell oyeu,

aJipec peryJsTopa KOHIA BRIXOSIICH YTy = nycmotl,

THUII JIYTH := MEPMUHAIbHASL 0yed.

JIBHXKOK JIOJDKEH YHHUTOXKUTH CBOKO KOMHIO rpada u cam cedsl.

J11st 5TOTO OH CHayala IOChUIAET HA adpec BHEUWHe20 asmomMama
COOOIIEHHE YHUUM 03Ik 2pagh ¢ TapameTpoM: ajpec rpada = adpec
epaga.

3areM ABMKOK IOCBUIAET Ha adpec BHeuHe20 agmomama cooOLIeHe
YHUUMO0CL AGMOMAM C TIAPAMETPOM: aJIpeC aBTOMATa =
cobcmeennblll adpec agmomama.

O0paboTKa COOOIICHUS Ha ITOM 3aKaHUYMBACTCA. J[BUKOK
OCTaHaBJINBACTCS.

Eciu uucio suixodsawux dye > 0, To ABMKOK MONANI B HETEPMUHAIBHYTO
BEpLINHY.

JIBIKOK TIPOBEPSIET, HE TYCT JIU UOCHMUPDUKAMOP meKyujell
6epULUDL.
Ecmu uoenmuguxamop mexyweii eepuiutivt = nycmoii, T0 B
JIAHHYIO BEpIIUHY BXOAUT TOJBKO OJIHA [yTra — Ta, 10 KOTOPOi
npowén ABMKOK. [103ToMy, NOCKOJIBKY ABUKOK IIPOLIEN IO
HOBOW JIyTe, Ta BEPIIMHA TOKE HOBasl.




JIBIJKOK CTaHOBHTCS PETYJIATOPOM 3TOM HOBOI BEPILUHBI, HO
HE BCTABJISIETCS B CIIUCOK PETYJSITOPOB, IIOCKOJIBKY
UIEHTU(HUKATOP BEPIIMHBI ITyCTOM.
J11s1 3TOrO0 MEHSETCS YIPaBIIAIOLIEe COCTOSIHIE aBTOMATa C
«IBIDKOK» Ha «PETYJISITOPY M HHUIHATIU3UPYIOTCS TYCHKN
perynsaTopa:
Homep mexywell gvixoosyell oyeu ‘= 0,
JUTSL KKI0TO 1=1..41cn0 661X005uux Oye YCTAHABIUBACTCS
cocmosnue gvixooawei dyeu (i) := axmusnas,
aopec pezyrsimopa konya svixoosueil oyeu (i) := nycmoil.
JIBIKOK, CTaBIIUH PEryIsTOPOM, CO3LAET HOBBIN ABUKOK.
J1J1s1 3TOrO OH MOCHUIACT Ha d0pec 6HEeUHe20 A8momMama
COOOIICHNE c030all agmomam C TTapaMeTpoM: aJpec
OTIPABUTEIIS = COOCMBEHHDBII AOpec agmomamd.
O0paboTKa COOOIICHHS HA TOM 3aKaH4uBaeTcs. B
JAbHEHIIeM ABHXKKY, CTABIIEMY PErYJISTOPOM, MOXKET
MPUITH COOOIICHHUE AgmoMam co30an, a TAKXKe COOOLICHUS
onpoc, npeiHa3HaYeHHbBIE eMY KaK PerysiTopy.

Ecau udenmuguxamop mexywell 6epuiunbl = nycmou, JBIKOK

BBITIOJIHSIET OMPOC PETYJISATOPOB YISl TOTO, YTOOBI Y3HATh, €CTh JIX
PeryasTop BEPIINHBI, B KOTOPYIO OH IOMAaJ, UM eIIé HeT.

Jist 5TOrO NBIKOK MOCBUIACT Ha adpec ceHepamopa (KaKk
MIEPBOTO PETYISATOPA B CITHCKE PETYISITOPOB) COOOICHHE
onpoc ¢ mapaMeTpamMu:

azpec IBUXKKA 1= coOCmeeHHblll adpec agmomamd,

UICHTU(PHUKATOP BEPIUINHEI := UOeHMuUpuKamop mexyujeu
6EPUIUHDL.

O0paboTKa cOOOIICHHS Ha TOM 3aKaHUHBaeTcs. B
JaJbHEHIIeM IBH)KOK MOXKET MOJTYyYHTh JU00 COOOLIeHHE
omeem Ha onpoc, OO COOOLICHHE onpocC.

4.2.11. Coobwenue 3anpoc

310 cooluieHne peryasrop (B TOM 4HCIE I€HEpaTop Kak PEeryysiTop HadalbHOIT
BEPILHHBI) IOJIYy4aeT «B 0OPATHOM HANPABICHUM» MO BBIXOASIICH MACCUBHON Ayre
OT PETyJIITOpa KOHLA 3TOH AYTH.

HapaMeTpLI COO6IIICHI/I$I NEPECIUCBIBAIOTCA B STYCHKU aBTOMATa:

pabouas suetika (1) = HOMEp BBIXOIAIIEHR AyTH,
pabouas suetika (2) = aapec peryasTopa KOHIA BBIXOIAIIEH qyTH.
Peryastop npoBepsieT, UMEETCS JIM Y HETO JKAYIIHIA JBHKOK.

Ecnu adpec sicoyueco dsusicka = nycmoti, T0O )KIYIETO ABMKKA HET.

Jlyra cTaHOBHUTCS aKTHBHOM M MEHSETCS aJIpec peryisaropa KOHIa IyTu:
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cocmosnue gvixoosujei oyeu (pabouas auetixa (1)) := akmuenas,

aopec pezyrsamopa xonya gvixooswel oyeu (padouas aueika (1)) := pabouas

aueiika (2).

O06paboTka cooOIICHNS Ha ’TOM 3aKaHINBACTCA.

Ecnu adpec aicovueco dsudicka # nycmoii, TO €CTh KAYLIIHN TBHKOK.
Knymemy OBIKKY Ha adpec scoyuje2o 08uxcka TIOCHUIAETCS COOOIICHIE
uou no dyze ¢ mapaMeTpaMu:

HOMeEp BBIXOJSILICH AyTH = pabouas sueiika (1),

ampec peryJsaTopa KOHIA BRIXOSIICH AyTH 1= pabouas suetika (2).

Jyra octatcs MacCUBHOM, a KAYILIETo IBHXKKA TEHepPh HET:

aopec Jcoyujeco O8UNCKA = NYCMOoll.

JlanpHelilee NOBEICHUE 3aBUCHT OT YIIPABIISIOIIETO COCTOSHISI aBTOMATA.
Ecnu 510 He reHeparop (He peryasTop HauyaldbHOW BEPIIUHBEL), TO OH
MIOCHITACT Ha adpec pe2ynamopa Hauaia exooaujeli dyau cooOIIeHre
3anpoc ¢ mapameTpamu:

HOMEp BBIXOJSIIECH AYTH := HOMep 6x00sujell 0yeu,

aJipec peryJsaTopa KOHIA BRIXOASLICH IYTH = coOCMEeHHbll adpec
asmomama.

O0paboTKa COOOIICHUS HA TOM 3aKaHUYMBACTCS.

Ecnu 910 reneparop, To OH BO30OHOBIISIET FEHEPAIMIO IBUKKOB. J{i1s
9TOT0 IeHepaTop CHayala JOJDKEH CO3aTh HOBBIH dK3eMILISIp rpada,
MO3TOMY OH MOCBUIAET Ha adpec 6HewHe20 asmomama cooOIeHUE
co30ail zpagh ¢ mapaMeTpoM:

aJipec OTIPABUTENSL := cOOCMEEHHbLIL adpec asmomamd.

O0paboTka cooOUICHNS Ha ’TOM 3aKaHUYNBACTCH.

4.2.12. Coobwenue koney

O10 coolleHre peryasarop (B TOM YHCIE T€HEPATOp KaK PETYJATOP HAvallbHON
BEPIIHHEI) TTOJYYaeT «B OOPATHOM HAIPABIEHUM 10 BBIXOSIIECH TACCHBHOMN JyTe
OT PETYJIATOpa KOHIIA 3TOM JyT'W WK JBMXKKa (B ClIydae XOpbl HIIM TEPMHUHAIBHON
BEPIINHBI).

[apaMeTpbl COOOIIEHHNS TTEPEMUCHIBAIOTCS B SYEHKH aBTOMATA:

pabouas siueiika (1) := HOMep BBIXOAAIIEH TyTH,

pabouas siueiika (2) := axpec peryisTopa KOHIA BBIXOASIIEH TyTH,

pabouas suetika (3) := TN AyTH.

Jlyra CTaHOBUTCS 3aKOHYEHHOM, KOPPEKTHPYETCS apec PEryIaTopa eé KOHIA 1 THUII
JyTH:

cocmosinue gvixoosueil oyau (padouas sueiika (1)) = 3axonuennas,

aopec pezyrsimopa konya evixoosueil oyau (pabouas sueika (1)) := pabouas
auetika (2),

mun evixoosaujeil oyeu (pabouas auetixa (1)) := padouas sueiika (3).

Peryinsitop npoBepsieT, €CTh JIM KAYIIHNA JBUXKOK.
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Eciu adpec srcoyueco dsusicka = nycmoti, T0O )KIYIMIETO ABWKKA HET. B aToM

ciydae 00paboTKa COOOIICHHS 3aKaHIHBACTCS.

Ecmu adpec sicoyueco dsusicka £ nycmotl, TO €CTh KIYIIANA JBHKOK.
Perynsitop npoBepsieT, Bce JId BBIXO/ISIIIE TyTH Teepb 3aKOHYEHHBIE.
3ameuanne: 1 onTHMHU3aA MOXKHO OBLTO OBI HCITOTB30BATh CUETINK
HE3aKOHUYCHHBIX BBIXOSIIUX AYT, KOTOPBIA yCTaHABIUBAJICS OBl paBHBIM
YHCITY BBIXOJSIIUX AYT MPU UHUIHAIU3AIUH TICCK B PETYIATOPE U
YMEHBIIIAJCs Obl Ha 1 Mpu MOJYYCHUU COOOICHIS KOHEH.

Ecnu st kaxioro i=1..uucno ebixodswux oye
cocmosinue sbixodauten oveu (i) = saxonyennas, TO BCe BHIXOISIIHME TyTH
3aKOHYCHHBIC.
Knymemy OBIKKY Ha adpec scoyuje2o 08uicKa TOCHUITaeTCS
COOOIICHNE UOU no dyze C TTapaMeTPOM: HOMEP BBIXOAALICH IyTH =
0. OcranbHble MapaMeTPbl HECYIIECTBEHHBI.
Mo TakoMy COOOIIEHHIO ABUKOK CAMOYHHUYUTOXKUTCS.
JlaspHeiliee MoBeICHNUE 3aBUCHUT OT YIIPABILSIFOIIETO COCTOSIHUS
aBTOMATa.
Eciu 310 He reneparop (He peryisTtop HayaabHON BEPIIMHEL), TO
OH TIOCBIJIAET Ha adpec pe2yiamopa Hauana éxoosaujeli oyeu
COOOIICHUE KOHey C TIapaMeTPaMu:
HOMeEp BBIXOJSIIEH NYTH := HOMep 6xodsaujeli Oyeu,
ajipec PeryJsITopa KOHIA BRIXOSIICH IYTH := COOCMEEHHbIU
aopec asmomama,
THN IyTH := dyea depesa.
O06paboTKa cOOOIIECHHS HA STOM 3aKaHYABACTCS.
Eciu 3T0 reHeparop, TO OH 3aKaHYHUBAETCS pabOTy auropurMma.
J1J1s1 3TOrO reHepaTop MOChUIACT Ha adpec GHEUHEe20 asmomama
co00IIIEHNE KOHeY, TapaMeTPbl KOTOPOTO HECYIIECTBEHHBI.
O6paboTka coOOIIeHHS Ha ATOM 3aKaHUYNBAETCSI.
Ecau st Hexotoporo i=1..uucno evixodsuux dye
cocmosinue svixodauten oveu (i) # sakonuennas, To €CTh HE3aKOHYEHHAS
BhIXosmas ayra. O6paboTka coOOIIeHUs Ha 3TOM 3aKaHIHBAETCSI.

4.2.13. Coobuenue onpoc

310 cooOIeHWe WCHONB3YyeTcss sl TOWCKa PeryjsiTopa BEPIIMHBI 110
uieHTuuKaTopy BepiiuHbl. OHO MHUIMPYETCS JIBMXKKOM, MPOIIEIIINM 110 HOBOM
(paHee HempoOWICHHOM) ayre ¥ TMOMABIINM B HETEPMHHAIBHYIO BEPINHHY C
HEIyCThIM HAeHTH(HUKaTOpoM. [IBIDKOK HampaBisieT 3TO COOOIIEHHE TeHEepaTopy
KaKk pEryasTopy HadadbHOM BEpIIMHBI M MEPBOMY PEryJIsATOPY B CIIHCKE
perymsatopoB. /[lanee cooOmieHne mnepenaércsi MO CIHMCKY pEryssiTopoB JIMOO
HCKOMOMY PETYJIATOPY BEpLIMHBI, €CIIM TaKOW ecTbh, JIMOO, NMPOXOJs BECh CIIMCOK
PEryasTopoB, BO3BPAILAETCS JBIXKKY.

O06paboTka COOOIIEHHNS 3aBUCUT OT YIPABJISIOIIETO COCTOSHHS aBTOMATA.

65



Ecnu 570 peryisitop (B TOM mciie TeHEpaTOp KaK PEryisTop HauyalbHON
BEPIIKHbI), TO OH NPOBEPSET UACHTU(UKATOP BEPIIHHBL
[TapameTpbl cOOOIIICHHS MTEPETIMCHIBAIOTCS B TIYCHKN aBTOMATA:
pabouas sueiika (1) := agpec IBIXKKA,
pabouas suetika (2) := MICHTHPUKATOP BEPIIHHBL
Perynsrop npoBepsieT, HE OH JIH ABJSCTCA UCKOMBIM PETYJISTOPOM, TO €CTh
PETYIATOPOM BEPIIMHBI C YKa3aHHBIM HICHTH()HUKATOPOM.
Ecnu udenmugpuxamop mexyweii gepuiunl = pabouas suetixa (2), T0
PETYIATOP SIBISACTCS UCKOMBIM PETYIISTOPOM.
PerynsaTop moceutaeT IBIDKKY Ha ajapec u3 pabouas suetika (1)
COO0OIIEHNE 0meem Ha ORPOC C TAPAMETPOM: aJIPeC PETYIATOpa
BEPIIHHbI := COOCMBEnHbILL A0pec agmomama.
Ha stom 00paboTka cooOIIeHUs 3aKaHIUBACTCS.
Ecnu udenmugpuxamop mexyweu sepuiunsvt # pabouas suetixa (1), o
PEryJaTop He SBISIETCSI HCKOMBIM PETYIISITOPOM.
Perynsitop npoBepsieT, He SIBISSTCS K OH MOCICSIHUM B CIIHCKE
PETYIIATOPOB.
Ecnu azipec caenyroniero B ciucke perynsitopoB = 0, To peryssitop
MIOCJIE/IHUI B CIIUCKE PEryJsTOpoB. B aToM ciydae perynsrop nenaer
JIBID)KOK, MHUITMUPOBABIIHIA 3aIIPOC, MOCICIHUM B CITHCKE
PEryJIsaTOpOB:
aopec credyoue2o 8 Chucke pe2yiamopos .= pabouas suetixa (1).
IMocre 3TOro peryssaTop MepechuiacT Ha adpec Cedyiowe2o @ CRUCKe
pe2ysmopog COOOILEHNE ONPOC C TEMU KE MapaMeTPaMHu:
azipec IBIKKaA := pabouas suetixa (1),
ueHTU(HUKATOP BEPIIUHBI = pabouas suetika (2).
Ha stom 00paboTka cOOOIIEHUS 3aKaHIUBACTCS.
Eciu 5T0 ABHXKOK, TO HCKOMBIH PEryJsSTOp He OOHAPYKEH U IBHXKOK JI0JKEH
caM CTaTh PETYJISITOPOM BEPIIUHEIL.
J11st 5TOTO MEHSIETCS YIPABIISIONIEE COCTOSHIE aBTOMATa C «JIBHYKOK» Ha
«PETYJATOP» ¥ HHUIHATU3UPYIOTCS STUCHKH PEryJisTopa:
adpec crnedyowe2o @ Cnucke pecyisimopos .= nycmou,
Homep mexywell svixoosyeli oyeu = 0,
JUTsL Kax1oro 1=1..uucno ebixo0sauux 0ye yCTaHABIUBACTCS
cocmosinue svixoosuei oyeu (i) = akmugnas,
aopec pezynsmopa Konya evixoosuei oyeu (i) := nycmoil.
JIBIKOK, CTaBIIUI PEryasTOPOM, CO34aET HOBBIHA ABMXKOK. [ 3TOro oH
MIOCBUTACT Ha adpec 6HeuiHe20 agmomama cooOICHNE co30all agmomam ¢
apaMeTpOM:
azZipec OTIPABUTEIS := COOCMBEHHbIU Adpec a8moMama.
O6paboTka coobIeHNS Ha TOM 3aKaHUMBaeTcs. B manpHEHIIeM ABHKKY,
CTaBUIEMY PEryJISITOPOM, MOXKET IPHITH COOOILECHNUE A6MOMAm co30aH, a
TaKke COOOLICHUS ONpoc, IPEAHA3HAYCHHBIE EMY KaK PeryjsTopy,
HaXOJISIEMYCsl B CIICKE PETyJISITOPOB.




4.2.14.Cooouienue omeem na onpoc

310 cooOlIeHHE HCHONB3YyeTCs JUIsl IOWUCKA pEryjsiTopa BEPLIMHBI IO
UIeHTU(HUKATOPY BEPIIMHBI B CJydae, KOTAa HCKOMBIM pEryisiTop HaijieH.
HafimeHHBINi perymsaTop NOCHUIACT COOOIICHUE Omeéem Ha ORPOC IIBIKKY,
WHHIIMHPOBABIIEMY OIPOC PETryIsATOpOB. B 3TOM ciydae IBMKOK MpOIIEN MO XOopae
Y JOJDKEH CaMOYHUYTOXHTBCS.

Azpec HaiiIeHHOTO peryJsiTopa Kak mapamerp COOOIIEHHs INEepenuchIBAcTCsl B
SAuelKy aBTOMaTa:
pabouas suetika (1) := agpec peryasiTopa BepLUINHEL

JIBIKOK TIOCBUIAET Ha adpec pe2yiamopa Hauyaida exooaujell Oyeu COOOIIeHUE
KOHey, ¢ IapaMeTpamMHu:

HOMeEp BBIXOJSILICH IyTH (= HOMep 6x00siuyell dyau,

aJipec peryJsaTopa KOHIA BRIXOMAMIECH IyTHu (= pabouas aueika (1),

THI IYTH := X0poa.

JIBMKOK TOJIKEH YHHYTOKUTH CBOIO KOIHUIO rpada u cam ceosl.

Jns aTOrOo OH CHayaja IOCBUIAET HA adpec GHeuwlHe2o asmomama COOOIeHUE
YHUUmMOIICy 2pagh ¢ napamMeTpoM: aapec rpada = adpec epagha.

3areM JBHKOK MOCBUIAET HAa a0pec 6HeWHe20 d8MoMama COOOIICHUE YHUUMONCD
asmomam C IApaMETPOM: aJIpec aBToOMaTa := coOCMBEeHHbIL adpec agmomama.

O0paboTKa COOOIICHHS HA STOM 3aKaH4YMUBaeTCs. [[BHIKOK OCTaHABIMBACTCSL.

4.2.15. Coodowenue ynuumoosico zpagh

210 COO6H.[CHI/IG MOXKET NOJYUUTDh TOJIBKO BHCIITHHUM aBTOMaT.

CooOmieHre NOCHUIAET TeHepaTop B Ciydae, KOTrJa HadanbHas BepLIMHa rpada
OKa3aJIaCh TEPMUHAIBHOMN, MITH IBUYKOK IIEpesl TeM, KaK CAMOYHUYITOXKUTHCS.

Buemrauit aBTOMaT 0CBOOOXKIA€T MaMSITh, 3aHATYIO aBTOMaTOM rpada.

OtBeTHOE COOOIIEHNE HE MTPETYCMOTPEHO.

4.2.16. Coobuienue ynuumoosico agmomam
DT0 co00IIEHNEe MOXKET MOJIYIUTh TOJHKO BHEIIHUN aBTOMAT.
Coo01eHre MochIaeT ABIKOK IS CAMOYHUYTOKEHHUS.
Bremnuii aBTOMaT OCOBOXKIAET NaMSATh, 3aHATYIO JBUKKOM.

OTBETHOE COOOIICHNE HE PEIYCMOTPEHO.

4.3. Onucanue rpacpa B KOHLUe paboTbl anroputma

B kxoHme paboThl ajropuTMa BCE JBIKKM W aBTOMArhl Tpad)oB YHHUUYTOXKEHBI.
COXpaHS[IOTCS[ TOJIBKO PETYJIATOPBI — IO OAHOMY Ha KaXIAYH0 HETECPMUHAJIBHYIO
BepIINHY rpada.
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[poiixennslit rpad comagaer co Bcem rpadom (BIMONHEH 00X01), a MPoiaeHHOe
JIEpEBO COJICPKUT BCE HETEPMUHAIBHBIC BEPIIMHBI Trpada — MBI HA3BAIU €ro
3aKOHYCHHBIM JICPEBOM.

BHemHuii aBTOMAaT MMEET aApec peryisiTopa HadalbHOM BEpIIMHBI — 3TO TOT
aBTOMAT, KOTOPOMY OH B Hadaje paboThl MOChUIAN COOOIICHNE mbl 2enepamop. B
peryisaTope HadaJdbHON BepIIMHBI Irpada B sUeike adpec pecyasmopa Hauand
6xo0awell Oyeu XpaHUTCS apec BHEITHETO aBTOMATa.

B Hauane xaxIoil 1yru XpaHUTCS CChbUIKA Ha €€ KOHEL, HHIAEKCUpyeMasi HOMEPOM
3TOM JIyTH, a B KOHIIE Ka)KJI0OM TyTH 3aKOHUYEHHOIO JIEpeBa XPaHUTCS €€ HOMEp B €&
Hayaje M CChUuIKa Ha €€ Havano. s 3TOro HMCHoJb3YHOTCS PEryjsiTopbl U HUX
STYCHKU.

B perynstope Kakaold HETEPMHMHAJIbHOW BEPUIMHBI, KPOME HAyalbHOM BEPIUMHBI
rpada, uMeeTcs ajpec peryjIaTopa Hadana BXOJSIIEH TyrH 3aKOHUYEHHOTO JIepeBa B
sTUEHKe adpec pezyisimopa Hauana exoosawel oyeu U HOMEp 3TOHM AyTH B e€ Havale,
XpaHAIIUICs B SUeiKe Homep 8xoosauyell Oy2u.

Takke B perymsitope KaXAOW HETCPMHHAIBHOM BEPUIMHBI HMEETCSI YHCIIO
BBIXOJSIIIIMX M3 3TOW BEPUIMHBI AYT B SUCHKE YUCLO 8bIXOOSWuUX Oye W OTHCAHHE
BCEX BBIXOJSIIUX M3 3TOH BepiuuHsl AyT. Jis kaxkmoro i=1.. uucio evixodsuux oye
B sueiike mun gvixoosweil oyeu (i) XpaHUTCS THI i-0# BeIXOMsmICH ayru (myra
JepeBa, XOopa WIM TepMUHANbHAs Ayra), a B sUCHKe aopec pecyisimopa KoHyd
sbixoosujeri dyeu (i) XpaHUTCS aapec PeryisTopa KOHI@A i-Oi BBIXOSIIEH yTH.
DTOT anpec mMycToit, eciu i-as ayra TepMHUHATbHASL.

5. OueHKa CcrIoXXHOCMu asizopumma

I[J'Iﬂ TOro, Y4TOOBI OLCHUTL CJIOKHOCTH aJIrOpUTMa, MbI BBEAEM (bopMam,Hon
MOJCIIb 06x0):[a rpa(ba KOJIJICKTUBOM aBTOMATOB, AOKAXEM TCOpEMY O MOJIECIIH,
YCTaHOBUM CBsA3b MOJCIIU C AJIT'OPUTMOM U OICHHUM CJIO)KHOCTH ajJIropurMa Ha
OCHOBE TE€OPEMBI O MOJICJIN.

5.1. Mogenb obxoaa rpada KONNeKTMBOM aBTOMaToB

5.1.1. Onpeoenenue mooenu

I[TycTth 3a1aHO JEPEBO C HAYATIBbHOM BEPIINHOM (KOPHEM) M MHOKECTBOM BepuinH V
n ompenenensl ae QyHkmun X:NxV—N, y:NxV—-N, rme N — wMHOXecTBO
HaTypanbHbIX uncen. bynem ob6osnadats: Xij=X(i,j), vi;=y(i,j). B Bepmmnax nepesa
MOT'YT HaXOMUTBCS TOYKH, KOTOPbIE MOTYT ABUTAThCS 1O Ayram jaepepa. Ilycth B
MOMEHT BpeMeHH ! TOYKa MOSBHJIACH B BEpINHHE |, MPUYEM B BEPIIHHE | OHA
ABJISIETCS i-OH MO CYETY TOUYKOM (O He€ B BepiimHe j moObBajio i-1 Toyek). Drta
TOYKa 3aJepXKUBAETCA B BepIIMHE j Ha BpeMs Yij. ITocme 3TOro TOYKa MOXKET
JIBUTATHCS 110 JIyTe j—] , €CIM B BEIIMHE | HET TOYKH. ECiM Takux Iyr HET, TOYKa
| OKHIaeT MOSBIICHUS TaKUX JyT. ECIM TakuX Ayr HECKOJIBKO, BRIOUPAETCS OHA W3
HUX HeJEeTEPMUHHMPOBAHHBIM o00Opa3oMm. Eciam BeIOpaHa ayra j—j B MOMEHT
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BpeMeHH t', TO ToUKa | MOSABIIAETCS B BEPUIMHE | B MOMEHT BpeMeHHM {, U McUe3aeT
U3 BEPUIMHBI j B MOMEHT BpeMeHH t+Xi;. Eciu j xopens, to Xij=0. B MoMeHT
MCYE3HOBEHUs TOYKM M3 KODHS B KODHE IOSBJIETCSA Cleaylomas To4ka. B
HavyaIbHBIA MOMEHT BpeMeHH t=0 B KOpHE TOSBISETCS IEPBas TOUKA, B OCTAIBHBIX
BEPLIMHAX TOYEK HET.

®opmanusyem BbIOOp OYr MpU JBMKEHHMH TOYEK C IOMOLIBIO  (YHKIMH
next:NxVxW—V, rne WgZV. Ecnu ToYka MOSBISETCS B BEPUIMHE | B MOMEHT
BpeMeHH t U ABIsIeTCs i-0# 10 CUéTy TOUKON B BEpIIMHE j, a B ONMKAWIIN mocie
t+Yij MOMCHT BPEMEHH, KOIZla MHOXKCCTBO «CBOOOIHBIX» (B KOTODBIX HET TOYEK)
KOHIIOB BBIXOSIIIMX U3 j IYT HE IMYCTO, TO MHOKECTBO paBHO W, To next(i,j,w)ew u
O3HAYaeT KOHEIl BRIOMpPAaeMOil BRIXOISIIICH U3 | AyTH.

5.1.2. O6o3nauenusn u ozpanuyenus

* M —uucio ayr aepea. Yucio BepInvH qepeBa, OUEeBHIHO, paBHO M +1,

* BepuiuHsl JepeBa ACNATCS HA npocmble U CLOdCHble, 9TO 3aaares (yHKIuen
d:V—{0,1}: d(j)=1 Torma u ToNBKO TOT/A, KOT/Ia BEpUIMHA | CIIOXKHas. Bymem
o6o3Hauats d;=d(j).

* N — YHCIO CIOKHBIX BHYTPEHHHUX (OTIMYHBIX OT JHMCTHEB W KOPHS) BEpIINH
nepesa wnoc 1. Tem cambim, N°>1.

* Byznem cuMTath, 4TO 3aePKKHA OrPAHUYEHBI CBEPXY:

— g i>1 x<T,

— JUIs CIIOXKHOU J-Oi BEpIINHbBI ylv,-Sn‘r,

— 14 i>1 nm IpocToii j-0if BepIIHHHI Y;j<T,

I T — HATYpaJbHOE YKCIIO, 03HAYAIOIIEE AIUTEILHOCTh TAKTA BPEMEHHU.

* KopeHb — mpocrasi BepIIHHA.

* D’ — MakcuMasbHOE YHCIIO CJIOKHBIX HEJIMCTOBBIX BEPIIUH HA ITyTH OT KOPHS 10
JIMCTA JiepeBa.

5.2. Teopema 0 3anonHeHUN Mmoaenun ToYKamMmm

Byaem roBopuTh, YTO MOJENb 3alOJHEHA TOYKAMH, €CIH B KaX[IOi BepIIMHE
nepeBa Haxomutcs: Touka. O6o3Haumm wepes t(m',n’,D°) — makcuMmanbHOE BpeMs
3aTI0JHEHHS JIepeBa TOUKAMHM JUIA JaHHBIX M, N  u D",

Teopema 1: t((m*,n",D") <4m't+2(n"-1)D’1.

JloxaszarenncTBo: PaccmorpuMm myTh P B zepeBe OT KOpHS 10 JIMCTa U JIBHKEHUE
TOYeK 1O 3TOMy IyTH. [lepeHymepyeM BepLIMHBI JepeBa (C COOTBETCTBYIOLIUM
u3MeHeHneM QYHKUHH X, Y 1 Next) Tak, 4To6bl BepIrHbl IyTH P 0T KOpHS 110 HcTa
nonyumwin Homepa 1,2,...K. Bymem roBopuTh, YTO0 TOYKA «yXONHUT C IyTH» B
Bepumne j<K, ecitv Ipu IBHKEHUH TOYEK IO JEPEBY TA TOUKA JOCTHTaeT BEPIIHHbI
j Ha MyTH, U3 KOTOPOM OHA YXOMWT IO JAyre, HE MPUHAJIEKAIIEH IIyTH, T.C. YXOIHUT
He B BepiuHy j+1. Touka, momasaromnias B JIMCTOBYIO BEpIIUHY K, OYE€BHIHO, B HEH
ocTaHaBiuBaeTcs. UMCIO TOYEK, YXOMAIMX C MyTH, OYEBHAHO, paBHO M +1-K.
ByzeM roBoputh, 4To myTh P 3amoiHseTcss TOYKAMH B MOMEHT BPEMEHH tp, eciin B
ATOT MOMEHT BPEMEHH BO BCEX BEPIIMHAX MyTH P HMEITCSA TOUYKH, a B OO0
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MPEIBIAYIINI MOMEHT BpeMeHH 3To He Tak. OmeHnM Bpems 3amoiHeHus myTa P
TOYKaMH.

[lepenymepyeM Bce TOYKM B mopsiake ux reHepaumu: 1,2,.... O4EeBHIHO, YHCIIO

CTeHEPUPOBAHHBIX TOYEK B MOMEHT BpeMeHH tp He mpeBocxoqut M +1. OGo3HaunM:

e a(i,j) — MakcUMabHBIH HOMEpP TOYKH, OKAa3aBIICHCS B BEPIIMHE j, MCHBIIHH .
Bynem cumTath, 4TO ecid BCE TOYKH C HOMEPOM MEHBIIE | HE TOXOIST MO
BepiuHk j, To a(i,j)=0. OueBnano, uro a(i,j)<i-1.

e Taxxe OyneM CUUTATh, YTO t+o,j:O.

e f(j) — HOMep ToukH, KOTOpasi MepBOi momagaeT B BepuinHy j. OueBHIHO, YTO
f(j)=i Torma u Tomeko Torma, xorma a(i,j)=0 u a(i+1,j)>0, 4T0 SKBMBAJEHTHO
a(i,j)=0 u a(i+1,j)=i.

e tjj — BpeMs1 HOSBJICHHSA TOUKH | B BEPIIMHE j.

e t'j— BPeMs MCUE3HOBEHNS TOUKH i M3 BEPLIMHBI .

e dj—paBHO 1, eciu BepIuuHA j cioxKHAs, U paBHO 0, €cii BepIINHA j IPOCTasL.

e Dj=d;+...+0; — 4HCIIO CIOXKHBIX BEPIIMH CPeiH BepIuuH 1. j.

e Dp=dyi.

L4 DO =0.

e ¢(i,j) = r, moHMMaeMbIil KaK «IOKaIbHBIH» HOMEpP TOYKH | B BEpIIHMHE |, T.C.
JUIMHA TI0CJIEA0BATENLHOCTH 11<i»<...<i, TakoH, u4To i=i, I KaKIoro
V=igig,. iy @(v+1,j)=v u gus kaxmgoro W<i W OTJIMYHOTO OT lg,lp,...,Jr
a(w+1,j)<w.

o Xy = Xglij)je

* Vi =Yopi

PaccMOTpUM COOTHOIIEHHUS MEXIY BpPEMEHAMH, CIEAYIONME W3 OIpEAeIeHHUs
mojienn. Kakioe Takoe COOTHOIIEHHE BRIPAXKAET BPEMs IPUX0/1a TOYKH B BEPIIHHY
WM BpeMsi yXO0Ja TOYKM W3 BEPIIUHBI Yepe3 aHAIOTHYHBIC BPEMEHa, HO, OBITh
MOXET, [UIsl APYTUX TOUYEK U BepiinH. Kax1oe Takoe COOTHOIIICHNE, B 3aBUCHMOCTH
OT JIOTIOJTHUTENBHBIX YCIOBHH, uMeeT BUA t = ' +A umu t <t'+A, tae t u t° umeror
Bup 1j; unn t+i,j, a A — orpaHHMYeHHE CBEpXy Ha MpHUpalieHne BpeMeHH. Mbl Oynem
TOBOPHTH, YTO KaXK0€ TAKOE COOTHOIICHHE ONMpPEeISIeT a2 epexoia OT BpEMEHU
t k Bpemenu t'. C kaxbiM BpemeHeM tj uim t'jj cBshkeM BemuuHy 2i+j+7, rae n=0
ans t; n =1 g t+i,j. MpbI nokakeM INpupaiieHue 3TOl BEeJIMUYMHbBI Ha KaXKJI0M 11are,
T.€. TIPH Tiepexojie oT t K T, ¥ orpaHuYeHne CBEPXY Ha MpHUpalieHue BpeMeHd A>t-t.
0. PaccmarpuBaem tj; s i=1 n j=1.

Bpewms t;; — 310 Bpems mpuxoza Todykd 1 B BepuivHy 1, TO €CTh MOMEHT

MOSIBJIEHHS TEPBOM TOYKM B Hayane nytd P, To ecth B KopHe aepeBa. Ilo

OTpeIeTICHUI0 MOJIENH 3TO BpeMst paBHo 0.

Cootroutenue 0: t; ;=0.

2i+j+n=2-1+1+0=3.
1. PaccmarpusaeM tjj ms i>1 u j=1.

Bpemst tj; — 370 Bpems mpuxoma TOYKH | B BepmiuHy 1, TO €CTh MOMEHT

MOSBJIEHHS TOYKHM | B Hauaje myTH P, To ecTh B KOpHE JiepeBa. I1o onpeneneHnio
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MO/IeTH JIt00ast TOUKa, KpOME [IEPBOM, MOSIBISIETCS] B KOPHE JIepeBa B TOT MOMEHT
BPEMEHH, KOT/Ia IPEIbIAYILAsi TOYKA U3 3TOr0 KOPHS YXO/IUT.
Cootnorenue 1: t;1=t"1 1.
[lar ti,l_>t+i-l,l-
Mpupamtenue 2i+j+m: [2(i-1)+1+1] — [2i+1+0] = -1.
IIpupamenne Bpemenu: = 0.
2. PaccmatpuBaeM tjj 1ns j>1 Ipu ycIOBHM, 4TO TOYKa | OBIBACT B BEPIIMHE j; 3TO
yCIIOBHE DKBUBAJICHTHO ycoBuio a(i+1,j)=i.
Ecnu j>1, Touka i MOSIBISIETCS B BEpIIMHE | B TOT MOMEHT BPEMCHH, KOTIa
BBIMIOJTHEHBI J1Ba yCIoBus: 1) Touka i Mposkmana B MPeIbIAyIIEi BepiiuHE |
IIOJIOXKEHHOE BPeMs 3a1epPKKH Yjj.q, 2) U3 BEPLIUHBI | YLUIA MPEbITYyIIas TOYKa
a(i,j):
t=max{tija+Yijat'ap,l- _
3ameTuM, YTO €CiM TPEeIbIAYIIeH TOYKH HET, TO €CTh TOYKA | MOSBISETCS
MepBOi B BEPIIKHE j, TO TPeOYETCs BHIMOIHEHHE TOJIBKO 0HOro ycimoBus 1. Ho
B 3ToM ciy4ae a(i,j)=0, mosTomy 1o omnpenencHuo t+a(i,j),j =0 u, cIIeI0BATENBHO,
ti=max{tij-1+Yij1,0}=tij-1+Yija.
2.1. PaccmaTpuBaeM ciiy4ail, Korja TOYka | He mepBas B Bepiuune j-1, 4to
sKkBUBaNIeHTHO ycnosuio g(i,j-1)>1.
Torna mo orpanndenuo Yj.q<T.
2.1.1. PaccmaTpuBaeM ciryuait tijatYija2 t+a(i,j),j-
Coorromenne 2.1.1: ;< tj4+7.
[Har ti,j—>ti'j.1.
[Mpuparnenue 2i+j+n: [2i+(j-1)+0] — [2i+j+0] = -1
IIpupanienue Bpemenu: < T.
2.1.2. PaccmatpuBaeM ciydai £ +Yjjq < t+a(i'j),j.
Cootrowenne 2.1.2: t;; =t
[lar ti,j_>t+a(i,j),j-
[Mpupaimmenue 2i+j+m: [2a(i,j)+j+1] — [2i+j+0] > [2(i-1)+j+1] - [2i+j+0] = -
1.
[puparienne Bpemenu: = 0.
2.2. PaccmaTpuBaeM ciydaif, Koria TOYkKa | mepBas B BepumHe j-1, uro
sKBHBaNICHTHO ycnosuro g(i,j-1)=1.
B sToM ciydae o orpanudeHuio i <t+(n -1)dj.4t.
Takxe B 9TOM cilydae 10 TOYKH | HUKaKasi TOYKa He ObUia B BEPIIHHE |
a(i,j)=0.
HO3TOMy max{ti‘j_1+Yi,j_1,t+a(i,j)‘j} = max{ti,j_1+Yi,j_1, 0} = ti,j-1+Yi,j-1-
Coorromrenne 2.2: tj; < tj.1+t+(n"-1)d;47.
[ar ti,j_>ti,j»1-
[pupamienue 2i+j+mn: [2i+(j-1)+0] — [2i+j+0] = -1
Ipupamenne BpeMenu: < +(N"-1)dj4t.
3. PacemarpuBaem t'j ws j>1 npu ycnonu, 9TO TOYKA i GbIBAa€T B BEPIUMHE j;
3TO YCIIOBHE 3KBUBAJIEHTHO ycioBmio a(i+1,j)=i.
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3.1. PaccmMaTpuBaeM clilydai, Koria TOduka | ObiBaeT B Bepinune j+1, duro

sKkBHuBajeHTHO a(i+1,j+1)=i.
Touka i NOKHIACT BEPIIMHY | Yepe3 MHTEepBal BPeMEHH Xiji1 Iocie ed
HOSIBIICHUS B CIICIYIOIICH BEpIINHE j+1.
t ij= IJ+1+XI]+1_maX{tI]+YI J:t a(l]+l)]+l}+xlj+1
3.1.1. PaccmatpuBaeM ciydaid, Korja Touka | He mepBas B BEpIIHHE j, 4TO
9KBHBaNeHTHO ycnoButo g(i,j)>1.
Torna no orpannyenuio Y;;<t. Taxxe 1m0 orpaHuyeHuIoO X;j+1<T.
3.1.1.1. PaccmarpuBaem cnyqan tij+Yij > t+a(i,j+1),j+1-
Coornomenne 3.1.1.1: t; < tjj+t+r.
IHar t+i1j—>ti'j.
[pupamtenwne 2i+j+mn: [2i+j+0] — [2i+j+1] = -1
[Ipupamenne BpeMeHH: < 2T.
3.1.1.2. PaccmarpuBaem cirydaid tjj+Y; < t+a(i,j+1),j+1.
Coornomenue 3.1.1.2: t+i,j = t+a(i,j+1),j+1+T-
Hlar t -t 3 je1) jo1-
[Mpupatenune 2i+j+n: [2a(i,j+1)+j+1] — [2i+j+1] > [2(i-1)+j+1] —
[2i+j+1] = -2.
[pupanieHre BpeMeHH: = T.
3.1.2. PaccmarpuBaeM ciiydaif, Korma TOYKa | IepBas B BEpLIMHE |, YTO
aKkBHBaNIeHTHO ycmosuro g(i,j)=1.
B sToM citydae o orpanudenuo Yi<t+(n"-1)djt. Taxxke no
OrpaHHUYEHHIO X j+1<T.
Takke B 9TOM cilydyae 10 TOYKH | HUKaKasi TO4YKa He Obuia B
sepmune j+1: a(i,j+1)=0.
Toaromy max{ti j+Yij,t s eny s+ Xijer = max{ti+Yij, 03+ X jug =
tl J+Ylj+XIj+l
Cootnomenne 3.1.2; t'; < tij+t+(n’-1)djt+r.
I_I_Iart i,j_)ti,j-
[pupamienue 2i+j+mn: [2i+j+0] — [2i+j+1] = -1
Ipupamenue BpeMenu: < 2t+(n"-1)d;t.

3.2. PaccMaTpuBaeM ciydaif, Korja TOYKa | JOXOMHT 10 BEPIIMHBI j, UTO
skBuBaneHTHO a(i+1,j)=i, B KOTOpOH YXOOHUT C MyTH, YTO SKBHUBAICHTHO
a(i+1,j+1)<i.

3.2.1. PaccmotpumM cityyaii, kornaa { j+YI j_t a(i,j+1),j+1-

D70 ciyyail, Korma TOYKA | JOXOAWUT OO BEPIIMHBI | B MOMEHT
BPEMEHH lj; U 1ocie 3aiepKKu Yij, TO €CThb B MOMEHT BPEMEHU
tij+Yij, cuemyromas BepmmHa j+1 Ha myTH cBoGomHa. B aror
MOMEHT BPEMEHH TOYKAa | MOXET IBHIaThCs W3 BEPLIMHBI |,
MO3TOMY OHa JIOJDKHA TIOKMHYTh BEpLIMHY j. B paccmarpuBaemMoM
Clly4ae TOYKa YXOIUT C MyTH.

HNmeem t+i,j:ti,j+Yi,j-




3.2.1.1. PaccMoTpuM cily4aid, KOrja TOYKa i He IepBasi B BEPIIUHE |,
yto skBuBaieHTHO ¢(i,j)>1.
Torpga o orpannyenuo Yj;<t.
CoorHowenne 3.2.1.1: t%; < tjj+t.
[lar t+i,j_>ti,j-
[Mpupatuenue 2i+j+n: [2i+j+0] — [2i+j+1] = -1
[MpupareHne BpeMeHH: < T.
3.2.1.2. PaccMoTpuM CiTydaii, KOTZla TOYKa i mepBasi B BEPIIMHE j, U4TO
skuBajienTHo ¢(i,j)=1.
Torza no orpanuyeHuio Yj;<t+(n -1)djt.
Cootnomenne 3.2.1.2: t'; < tij+t+(n’-1)d;t.
[lar t+i,j_>ti,j-
[Mpupatuenue 2i+j+n: [2i+j+0] — [2i+j+1] = -1
ITpupamenue Bpemenu: < t+(n"-1)djt.
3.2.2. PaccmoTtpuM cirydaii, korga ti'j+Yi'j<t+a(i,j+1)yj+1.
D10 cimy4ail, KOrga TOYKa | JOXOAUT A0 BEPIIMHBI | B MOMCHT
BPEMEHH tj; ¥ Imociie 3a1epKKH Yij, TO €CTh B MOMEHT BPEMCHH
tij+Yj, caenyromas BepmuHa j+1 Ha myTH 3aHATa. Torzga Touka i
00s3aHa MOKMHYTh BEPUIMHY | MOCJIE TOrO, Kak CIeAyHoLast
BepumHa j+1 0cBOGOIHTCS, HO YHTH C IIyTH OHA MOXKET M PaHBIIIE.
Coortnomenue 3.2.2: t+i,j£t+a(i,j+1),j+1.
lar t -t 3 je1) jo1-
[Mpupamenue 2i+j+n: [2a(i,j+1)+j+1+1] — [2i+j+1] < [2(i-
1)+j+1+1] — [2i+j+1] = -1.
Mpupamenne Bpemenu: < 0.

[pexxpe Bcero, 3aMeTUM, YTO U KaXIBIX 1, j TPH YCIOBHH, YTO TOYKA |
IeHePUPYETCs U JOCTUIAET BEPLIUHBI j, 1711 BpeMeHH 1jj MO>kHO cienats war tj—t,
onpesieNsieMblii KaKUM-TO COOTHOLIEHHEM, a B ciydae j<K juist Bpemenu t';; Taxxke
MOXHO czienarh war t'—t", onpenensemplil KakuM-To cooTHOuIeHHeM. Ha Kakiom
mare BemM4MHA 2i+j+7T yMeHbIIAeTCs HE MeHee, YyeM Ha 1, a MHHHMAaIbHOE
3HaueHue 3 3Ta BenuuuHa npuHuMaet i t; 1=0. [Toatomy s ty41 1 YKCHIO IIATOB
He peBocxout [2(M +1)+1+0]-3 = 2m".

[pupariieHne BpeMEHH Ha MIare OTPaHWYEHHO cBepxy: A) umciom 2t win B)
gycnoM 2t+(n°-1)djt. Jna di=0 umeem 2t+(n"-1)djt = 21, a wa d;=1 umeem 2t+(n"-
1)djt = (n"+1)t. Hockombky N°21, (nN"+1)t>21, To ecTh B Bapuante B orpanuuenune
CBepXy He MEHbIIIe, YeM B BapuaHTte A.

Tenepp mOCMOTPUM, B KAaKHX COOTHOMICHHAX HCHONBb3yeTcs O B IpHpalieHun
BpemeHu. D10 cootHomenus 2.2, 3.1.2 u 3.2.1.2. CootHorieHnue 2.2 onpeaesnset
mar tj;;—tj; Ipu ycioBuy, 4TO TOUKa i ObIBaeT B BepuInHe j+1 U sABIAETCA IIEepBOI
Toukoii B Bepiinne j. CootHourenus 3.1.2 u 3.2.1.2 onpenensior war t+i,j—>ti,j pu
YCIIOBHH, YTO TOYKA | TEpBON MPUXOAWT B BepImHHY j. I[OCKONBKY B KakIoi
BEpIIMHE TOJIBKO OJ[HA TOUYKA SBJIACTCS MEpBOM, Oj McHonk3yercs He Oonee JABYX
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pas: Ha ware 11—t ¥ Ha ware t+i,j—>ti,j IIPH YCIIOBHH B 000X CIIydYasK, 4YTO TOUYKA
i nepas B BepuiuHe j. CiemoBarelbHO, BapuaHT B s mpupamieHuss BpeMeHH
BO3MOXEH He 0oJiee, YeM Ha JBYX Iarax Juid JaHHoro j. IToatomy oOiiee 4mcIIo
mraros ¢ BapuantoM B He mpeBocxomut 2Dp. [TockombKy OrpaHHdeHHE CBEPXY I
BapuaHTa B He Mmenspme, yeM 1 BapwaHTa A, olmiee mpupalieHne BPEMEHH Ha
Bcex marax Iyt tpugq He mpeBocxomut (2m’-2Dp)2t + 2Dp(n+1)t = 4m't+
2(n"-1)Dprt.

Ilyte P 3amomusieTcss TOYKaMu B MOMEHT BpeMeHH (p, mpu4éM B 3TOT MOMEHT
BPEMEHH YHUCJIO CTEHEPUPOBAHHBIX TOYEK HE MPEBOCXOAUT M +1. DTo 3amonHenue
MPOMCXOOUT TOTNA, KOTJa MOCIETHSAS CreHEepPUpPOBaHHAs TOYKAa IMOSIBISETCA B
BepImuHe 1, 9TO MPOUCXOINUT HE MO3Ke, UeM TIOsIBICHHE TOUKH M +1 B Bepmmue 1.
WupiMu crioBamu, tp <ty g,

3amomHeHne mwyTH P He 00sf3aTENPHO O3HAYaeT 3allONIHEHWE BCETO JIEPeBa,
TMOCKOJIBKY TTOCJIC 3allOJIHCHUS ITYTU TOYKU MOTYT YXOAUTH C IIYTHU, €CJIN AEPEBO HE
3anosHeHo. OJHAKO CyIIECTBYeT TAaKOW IyTh B JI€pEBE, MOMEHT 3allOJIHEHHE
KOTOPOTO COBIaJIaeT ¢ MOMEHTOM 3aIIOJIHEHHUS BCETO JIepeBa.

B kxaxxmoil BepmIMHE AepeBa OTMETHUM BBIXOMSIIYIO IYTY, IO KOTOPOW MOCIIEIHUH
pa3 JABuramach TOYKa JO 3alojiHeHHs JepeBa. IIyTh OT KOpHS A0 JIMCTa IO
OTMEUYECHHBIM JIyraM OyJieM Ha3bIBaTh HOCAEOHUM nymém 1 0003Hauath L.

Jlemma 1: TlocnenHuil myTh 3alONHSACTCS OTHOBPEMEHHO C 3aIlOJIHCHHEM BCETO
JiepeBa.
Jloka3aTenabCcTBO:
PaccMOTpUM KOHEUHBIH OTPE30K MOCIEIHETO YTH, IOJTHOCTHIO 3aII0THEHHBIN
TOYKaMHU.
[Tokaxem, YTO ATH TOUKH HE YXOMST C MYTH.
JelicTBUTENIBHO, JOMYCTUM NPOTUBHOE: M3 KaKOM-TO BEpUIMHBI OTpE3Ka
TOYKA YXOAUT C MyTH. PaCCMOTpPHUM MOCIEIHIOI TaKyl BeplMHy j. OTta
BEpIIMHA | HE MOXKET OBbITh JUCTOBOM, TAK KaK M3 JIMCTOBBIX BEPIIUH TOUKU
HE YXOAAT. YXOJ TOYKM C NMYTH W3 BEPUIMHBI IyTH O3HA4YaeT, YTO TOYKa
NepeBUHYIach U3 ATOM BEPIIMHBI MO JIyre JIepeBa, HE JIeKalled Ha 3TOM
nytd. Ho Toraa nonydurcs, 4To mocieaHss Ayra, o KOTOpOoil Touka BbIILIA
M3 BEPIIMHBI | HE JIEKUT HA TMOCIAeJHEM MyTH. Mbl NpUILH K
[IPOTUBOPEYHIO, CIIEOBATEILHO, YTBEPKICHUE BEPHO.
CnenoBareiabHO, B TOT MOMEHT BPEMEHH, KOrja MOCIEIHUN MyTh OKa3blBAETCA
3aM0JIHEHHBIM, HU OJIHA TOYKa U3 €ro BEpUIMHbI HE YXOAUT C MyTH. A TOrna Bcé
JIEPEBO 3aIlOJTHEHO, TaK KaK B MPOTHBHOM cCiydae ObUIa OBl HE3alOJTHEHHAs
BEpIIMHA, HE JieXkallas Ha IMOCJeIHEeM IyTH, W JUisl e€ 3aloJHEeHUs camas
BEPXHSSI TOYKA, 00Iast JUIsi yTH B 3Ty BEPIIMHY W TMOCIEIHETO MyTH, JOJKHA
Obima Obl YHTH ¢ TocneAHero myTH. [103ToMy B TOT MOMEHT BpeMeHH, KOTaa
MOCJIEIHUM MYTh OKa3bIBAECTCS 3aIMOJIHEHHBIM, BCE JEPEBO TAKKE OKa3bIBACTCS
3aI0JIHEHHBIM.
Jlemma 1 nokasana.
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Takum o6paszom, umeem: t(m,n",D7) =t <t <4mt+2(n*-1)Dyt <4m't+2(n’-
1)D't.
Teopema 1 nokaszana.

5.3. Mparmatuka: cBsA3b Mogenu ¢ anroputmomMm. CRnoXHocCTb
anroputma

¢ JlepeBo MOIeNH MOIy9IaeTCs U3 UCXOAHOTO rpada cieayronM odpazom. bepém
3aKOHUYEHHOE JiepeBo (MpoiieHHOE epeBO B KOHIIE pabOTHI alrOpuT™Ma) W st
KaXTOW XOpIbl J0OaBIseM HOBYIO BEPIIMHY, KOTOPYIO JI€TaeM HOBBIM KOHIIOM
xopael. [Tocie aToro mobasmiseM TepMUHAIBHBIE IyTH Tpada.

* M —4KCIO AyT B HCXOAHOM rpade. OueBuano, m =m.

e Ilpocras BepmMHA — 3TO TCPMHUHAJIbHAS BEPIIMHA, BEPIIMHA C IIYCTHIM
UICHTU(QHUKATOPOM WM HavajdbHas BEpIIWHA, T.e. KOPEHb JepeBa MOJICIH.
KopeHb cumTaeTcs MpOCTON BEPIIMHOM, MOCKOJBKY MEpPEeXo] ABIKKA IO JAYyTE,
BeyllIeH B HAYaJbHYIO BEPIIMHY, B MOJEIH MPEBPAIIACTCSA B IIEPEX0J TOUKH B
JICTOBYIO BEPIINHY, a IBIDKOK, CTCHEPHPOBAHHBIA B HAYaJbHON BEpIINHE, HE
TIPOM3BOUT OTIPOC PETYIATOPOB.

CrnoxHas BEpIINHA — ATO JIt00as Ipyras BEpIINHA, T.C. HETepPMUHAIbHAS
BEpIINHA C HEMTyCTHIM HICHTH()HUKATOPOM, OTIIMYHAS OT KOpHs. B Takoi
BEPIINHE MPOUCXOIHUT OMPOC PETYIATOPOB.

* N — YHCIO HETEPMUHANBHBIX BEPIIMH C HEMyCTHIM HIACHTH()UKATOPOM.
OueBrIHO N =N, €CIIM HayaJlbHasl BEPIIMHA HETEPMUHAIbHAS U UMEET HEITyCTOU
uaeHTuduKatop, 1 N =n+l, ecnu HavajgpHAS BEPIIMHA TEPMUHAJbHAS WIH
HMeeT mycTo uaentudukarop. [osromy Beerma N <n+1.

e D - MakCHUMaJgbHOC UYHCII0O HETCPMUHAIBHBIX BEPIIUH C HEMYCTHIM
HICHTU(PHUKATOPOM Ha MYTH B Tpade OT HAYaIbHOW BEPIINHBI, HE CUUTAs] CAMOI
HavaneHO# BepminHbl. OueBuaHO, uto D =D.

e Touyka B MOJEIH COOTBETCTBYET ABMXKY. OTJIMYME TOJBKO B TOM, YTO JIBHIKOK,
OPOLISAIINA M0 TePMHUHAIBHON ayre (HyJleBOE YHCIO BBIXOASAIIMX AYT Kak
napaMeTp COOOIICHUSI omeem Ha npoxod) wiu xopje (cooOllueHue omeem Ha
onpoc), a TaKe KAYIUHA JBUXKOK, MOJYYMBIINI COOOIIEHHE Uou no dyze ¢
HYJICBBIM HOMEPOM AYTH, OCTAHABIUBACTCS U YHHUTOXKACTCS, a B MOZIEIH TOYKA
ocTalTcs HA MECTe.

* T[losBneHHWE TOYKH B KOPHE JIepeBa MOJCIH COOTBETCTBYET Hadaly TeHEpaIluu
JIBI)KKA, a MOSBICHHE TOYKH B JPYrod BEpIIMHE — Hadaly IepeMEIICHHS
JIBIDKKA I10 JyTe, BEAYIIEH B 9Ty BEPIIKHY (COOOIEHUE udu no oyze).

¢ HcuesHoBeHHE TOYKM U3 KOPHSA JiepeBa MOJEIM COOTBETCTBYET Hadaly
MepeMEIeHHsT JABMKKA W3 HAYaIbHOM BEPIIMHBI MO0 BBIXOIAIICH Iyre, dTO
COBIA/IaET C HAYAIIOM T€HEPAINH CIIeAYIONIETO IBIKKA.

Hcue3HoBeHNE TOUKY M3 HEKOPHEBOH BEPIMHBI JepeBa MOJIETH COOTBETCTBYET
MOJYYCHHUIO PETYIATOPOM Havaja BXOJSIIEH B 3Ty BEPUIHHY TyTH COOOIICHHS
3anpoc 1o 3TOH JAyre, YTO MPOUCXOUT MOCIE TOTO, KaK MO 3TOH Ayre MOmén
JBIKOK (coobiieHue uou no oyze).
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X11=0 (xopeHp mepeBa moienu mMmeer Homep j=1) o3HawaeT, 4TO reHEpauus
MIEPBOTO IBI)KKA HAUMHACTCS B HAYaJIHHBIN MOMEHT BpeMeHH 0.
Xi1=0 (xopens mepeBa momenn umeer HOMep j=1) mus i>1 o3mawaer, 4TO
TeHepanus ABIKKA HAYMHACTCS B TOT MOMEHT BPEMEHH, KOTAa TpEAbIAYIIHN
IBIDKOK MOMIEN IO JAyre W3 Ha4YaJbHONW BEPIIMHBI: PETYISATOp HaYabHON
BEpIIMHBI HE IIOCHUIAET TEHEepaTtopy COOOLIEHUE 3ampoc; BMECTO JTOTO
TeHepaTop, COBMAJAIOIIUI C PEryasToOpoM HayalbHOW BEpLIMHBI, Cpa3y
HaYMHAET TeHEPUPOBATh CJIETYIOLIUH JIBHUKOK.
Xij, ecid j>1, T.e. BeplIMHA j He KOPEHb JepeBa MOJENH, O3HAauaeT BpeMs
nepeaavn U3 peryisiTopa BEpPIIUHBI | B PETYIATOP NPEAIICCTBYIOLICH 10 IepeBy
BEPIIMHBI COOOLICHUS 3anpoc.
Y11 O3Ha4aeT BpeMs TEHEpaluH IEpBOTO IBMXKKA, T.€. BPeMs Iepeaadn
CIIEIYIOMIEH IIETIOYKH COOOIICHHUI:
O mbl 2eHepamop, co3oail zpagh, zpagh cozoan,

€030ail agmMomMam, Aemomam co30am, Kyoa uomu.
Vi1, TAe i>1, o3HadaeT BpeMs TeHepalMu i-TO JABWKKA, T.C. BpeMs Iepenadyu
CJICIYIONICH IIETIOUKH COOOIICHUIA:
o co3oait zpagh, epagh co3oan,

€030ail agmMomMam, A6MomManm co30aH, Kyoa uomu.
y1j 1 j>1 o3HauaeT Bpems IBIKEHUA 1-TO JABIXKKA IO JAyre ILUIIOC OHPOC
PETYJIATOPOB, €CIIN KOHEI[ 3TOM JyrH — CJI0KHAsl BEPLIMHA, T.€. BpeMs Iepeaadn
OJIHOM M3 CIIEAYIONUX LIETTOYEeK COOOIICHHI:
O TepMHUHAJbHAs BEPIIMHA |

uou no oyze, npoxoo no oyze, omeem Ha nPoxoo,
O WICHTH()UKATOP HETEPMHUHAIBLHOM BEPIIMHBI | MyCTOM:

uou no oyze, npoxoo no oyze, omeem Ha nPoxoo,

€030ail agmomam, Aemomam co30am, Kyoa uomu,
O WICHTHU(UKATOP HETEPMHUHAIILHOM BEPIIMHBI | HE MyCTOM:

uou no dyze, npoxoo no oyze, omeem Ha RPOxXoo, OnPoc...onpoc,

€030ail agmomam, A6MoMam co30aH, Kyoa uomu.
yij it j>1 n i>1 osHawaer Bpemst mpoxopa i-ro (He HEpBOro) ABHMXKKA B
BEpINMHY |, T.. BpeMs TMepeiad cieayromieil menouku coobmennit (6e3
ornpoca):

uou no oyze, npoxoo no dyze, omeem Ha nPoxoo, Kyoa uomu.
3ajiepkka T 03HaYaeT MaKCHMalIbHOE BpeMsi Niepeiauy JIt000il yKa3aHHO! BbIIIe
[ETIOYKH COOOIICHHH, KPOME TOH, T/Ie yIacTBYIOT OTIPOCEHI.
3amepkka N'T — 3TO OTPAHUUYCHHE CBEPXYy Ha Tepe/ady IEMOYKH COOOMEeH i ¢
ONPOCOM  CIHMCKa  PErylsiTOpoB. B chmmcok  momagaer — peryisTop
HETePMHUHAIBHOW BEPIIMHBI C HEMYCTHIM HICHTH()UKATOPOM, a TaKxKe
pEeryiasaTop HavaJdbHOM BepIIUWHBI. UWCIO TaKUX PEryIaTOPOB PaBHO YHCIY
CITOKHBIX HEJMCTOBBIX BEPIIMH JepeBa Mojenn ruioc 1, T.e n°. B mMonenu He
VYUTBHIBAIOTCS 3aJCPXKKU TPU OIPOCE PETYISATOPOB B JIMCTOBBIX BEPIIMHAX
JiepeBa, T.€. 33/IEPXKKH TPH ONpoce MOcIe MPOXoaa IBIKKA M0 XOpAe, KOrja OH
BMECTO COOOIIEHHSI onpoc TOIy4aeT cooOmeHne omeem na onpoc. Ecin xe



IBIDKOK TIPOXOTUT B HOBYIO HETCPMHHAJBHYIO BEpPIIMHY C HEIMYCTBHIM
HACHTU(PHUKATOPOM, TO OH IOIYIUT COOOIIEHHE Onpoc, TIOCIE Y€Tr0 CTAHOBHUTCS
PETyISTOPOM 3TOW BEPIIMHBI W BCTABIETCS B CIIMCOK PETYISATOPOB. A 3TO
O3HAa4JaeT, 4TO B ATOM CIydae MpPH OINPOCE YHUCIO PETYIATOPOB B CITHCKE
MEHbIIIe, TI0 KpaiiHe#l Mepe Ha 1, T.e. He mpesocxoauT N -1. [lemouka ¢ ompocom
PETYIATOPOB BCET/Ia COJEPXKUT IOJIOCIEI0BATEIbHOCTh COOOIICHUN uou no
oyze, npoxood no dyze, omeem Ha nPoxood, onpoc (onpoc, KOTOPBIHA MOCHLIAET
JIBIDKOK), CO30all agnomam, agmomam co30an, Kyoa uomu, BpeMs neperadu
KOTOPBIX TOXKE OTpaHW4YnM BpeMeHeM T. OcTanbHas 4acTh LEMOYKH — 3TO
MOCJIE/IOBATENILHOCTh COOOILIEHUI 0npoc, TOChUIAEMBIX PETYJIITOPaMH B CITHCKE,
IUIMHa KOTOporo He mpeBocxoaut N -1. TlosTomy 3ajzepikka Ha Iepenady
coo0IIeHn# Beel 1emouku He mpeocxoaut t+(n -1)t=n"1.

Ha ocHOBE paccMOTpPEHHO BBIIIIE CBSI3M MOJEIH C aJlTOPUTMOM MOYKHO 3aKJIFOUUTH,

YTO B MOMEHT 3aIlOJIHEHUS] MOJIETM TOYKaMHU B KaXK0W BEpLIMHE MCXOAHOTO rpada

160 1) HaXOmUTCs JBUYKOK, KOTODPBIA BBIMOJHSIECT OMPOC PETYISTOPOB, JTHOO 2)

HAXOIUTCSI JKAYIINH JBIKOK, THOO 3) JBIDKOK HAXOMMJICS PaHbIIE, a MOTOM OBLI

yHHYTOKeH. B ciydae 1 OBWKOK Mpomén mo XOopAe M HaxXOOUTcs B e€ KOHIIE,

KOTOPBII COOTBETCTBYET JIMCTOBOIM BepIIMHE JepeBa Moaenmn. B cmydae 3

PETYIATOP BEPIUIMHEI yKe IOCHAI COOOIMICHHE KOHely TI0 BXOIAIICH ayTe, eClId 3TO

HE HayalbHas BEpIIMHA, WM aITOPHUTM 3aKOHYWI CBOIO pPabOTy IOCBUIKOH

COOOIICHNST KoHey BHEIIHEMY aBToMary. [locie MOMEHTa 3aloNHEHHS MOJIENH

TOYKAMH HA HMCXOJHOM Tpad) BBIMOIHSIOTCS CIEAYIONIHE ICUCTBUSA: A) JBHKKH,

BBINIOJHSIOIINE OTPOC PETYJIATOPOB, 3aBEPLIAIOT O3TH ONPOCHl M IIOCHUIAIOT

cooluieHust KoHey; B) cooOlueHHsT KoHey pacTpOCTPAHSIOTCS MO IEMOYKe

PEryaTOpOB Ha MYTH JEpeBa K PEryJsITOpY HadalbHOW BepiiMHbIL. JleWicTBus A

TpeOyIOT BpeMs, He MPEBOCXOISIIEe BpEMs OIIpoca PETryasTOPOB MOCIE MPOXoa 1o

XOpJe, KOTJa B CIHUCKE pEryjIsTOpOB MOTYT OKa3aTbCsi pEryjsiTopbl BceX

HETEPMHUHAIBHBIX BEPIIMH C HEIYCTHIM HJIECHTU(HHUKATOPOM M PEryJIsTOp HaYaIbHOM

BEpILHHBI, T.e. HE mpeBocxojsmiee (N+1)t. Pacmpocrpanenue cooblieHnit KoHey

MPOMCXOINT TI0 ITyTH B 3aKOHYCHHOM JIEPEBE OT JIMCTHEB 10 KOpHs. J[ImHA Takoro

MyTH HE TPEBOCXOINT YHCIIa AYT Tpada M, a Bpems Mepeaaddl OJHOTO COOOIICHHUS

MOXHO CYMTATh He mpeBocxoasumMm t. [TosTomy aeiictBust B TpeOyroT Bpemsi, He

peBOCXOsIIee MT.

Takum 06pa3oM, yuauTsIBas TeopeMy 1, alrOpUTM 3aKaHYMBaeT paboTy 3a BpeMsl, He

oonmee [4m t+2(n-1)D t]+(n+1)t+mt < 4mr+2nDt+(n+1l)t+mt.  TlockoibKy,

oueBuHO, N<M+1. [lostomy 4mt+2nDt+(n+1)t+mt < 4mt+2nDt+(m+1+1)t+mt =

6mt+2nDt+2t = O(m+nD), rae

* M — YKCIIO YT B HCXOJHOM rpade,

* N — YKCIO HETEPMHUHAJIBHBIX BEPUINH C HEIyCTHIM UICHTU(PUKATOPOM,

* D - wMakcUMagbHOE YHCIO HETEPMHHAJBHBIX BEPIIMH C HEMYCTHIM
UICHTH()UKATOPOM Ha MyTH B rpade OT HaYalIbHOM BEPIIMHBI, HE CUMTAS CaMOit
Ha4yaJIbHOM BEPIIMHBI.

77



Bo BBeJCHHH YMOMHHAIOCH YTBEPXKICHHE O TOM, YTO €CJIM YHCIIO aBTOMATOB HE
OIPaHMYEHO U BCE BBIYMCIICHHS aBTOMATOB M IEpelavyd COOOLICHHI MEXTy HUMH
BBIIIOJIHSIIOTCS. HE J0JbIIe ([0 MOPSIIKY), YeM HPOXOA AyrH rpada, TO CyIIEeCTBYIOT
anropuT™Bl, paboraromme @(M) Bpemenu. B 3ToM ciiydae MBI MOXXEM CUHTATh, YTO
BCE BEpIIMHBEI MPOCTHIE, T.. HET OIPOCA PETrYISATOPOB, UIUTEIBHOCTH KOTOPOTO
3aBUCUT OT N. IlosToMy B 3TOM cilydae W3 JOKAa3aHHOW CIIO)KHOCTH aJrOPHTMA
crmenyer omenka 6mt+2t = O(m). HmwkHsAs omeHKa BpeMEHH paboThI JIEOOOTO
amroput™Ma ob0xoma paBHa (M) OpH YCIOBUH, 4YTO 3a OAWH TAaKT MOXKHO
CTeHepHpOBaTh HE Oojee ONHOTO aBTOMAaTa M KKABIH aBTOMAT 3a ONUH TaKT
OpOXOIUT He Goiee oaHO# ayru. [ToaTomMy nmomyvaercs ouenka @(m).

J1st Toro, 4TOOBI OLICHUTH BpeMs PabOThI AITOPUTMa CHU3Y, HY)KHO TIPEJIIONIOKHTS,
4TO 3aJePKKHU Xij H Yij OrpaHHuYeHb! cHu3y. [ moboro i u j>1 MOXHO cuMTaTth
Xijz1. s i>1 n moboro j MOXHO cunTath, uTo Yi;>1. Eciu BepmmHa j npocras, To
MOXHO CUMTaTh, YTO Y1;>1. A €ci BepllIHHA j CIOXKHas, TO Y1 j OTPAHUYCHO CHU3Y 1
IUTIOC YHCJIO CJIOXKHBIX BEPIINMH, KOTOPBIX JOCTHUIVIN TOYKH K TOMY MOMEHTY
BpPEMEHH, KOrZa B BEpLIMHY | NPUXOAUT IepBas Todka. IlycTh 3TH yciIOBHS
BBIMOJIHEHBI M, KpoMe Toro, m+D>2n+1. Paccmotpum rpad, uzobpaxénnsiii Ha 0.
Msl ocTaBisieM 0e3 J0Ka3aTesNbCTBA YTBEP)KJCHHE O TOM, YTO Ha 3TOM rpade
anroput™ padoraetr Q(m+nD).

m s BCE BEPILIUHBI CIIOKHBIE

n-D+2]—>[n-D+1
__

HavdaJIbHas v
D clokHBIX BEpIIWH

BEpHIMHA

Puc. 3. Ilpumep epagpa, 20e ancopumm pabomaem epems £AmM+nD)

6. Bo3mMO)XHbIe onmumu3ayuu

6.1. Xopaa

B paccMOTpeHHOM BBIIIE aqrOpUTME JABUKOK, MPOIIEANINIA 110 Xopze (M y3HaBIIHit
00 3TOM B pe3ynbTaTe OMNpOCa PEryJsATOPOB), MPEKpallaeT CBOK paboTy u
yHHYTOXaeTcd. BmecTo 3TOro MoXHO ObUIO OBl ONTHMH3HMPOBATH aJTOPHUTM,
pa3pelyB TaKoMy JIBHXKKY ITPOJIOJDKaTh paboTy mo ooxoxy rpada.
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JBIKoK y3Ha€T 0 TOM, 4TO OH MPOLIEN MO XOpAE, KOrja MOIy4aeT OT perynsropa
KOHIIA XOPJIbI COOOIICHNE Omeem Ha onpoc, B KOTOPOM COOOIIACTCS afpec ITOTO
perymsaropa. [locie 3Toro ABMAKOK MOT OBI OCIATh 3TOMY PEryJSITOPY COOOLICHHUE
Kyoa uomu, W, TIOJy9WB OTBETHOE COOOIICHHE uOu no dyze, UATU TIO yKa3aHHOI
BBIXOJAIIEH Oyre, €CIM B 3TOM OTBETHOM COOOLICHHM yKa3aH HEHYJICBOH HOMeEp
BeIXO/siIIeH ayru. HyneBoit HOMep BBIXOASAIIEH IYIW B COOOLICHUH uou no oyze
peryiasTop ykasplBaeT B TOM CiIydae, KOIJla WATH HEKyJa: BCE BBIXOJAIIME U3
BEPILINHBI TyT'H TACCUBHBIEC U YK€ €CTh XKAYIUIl B 3TON BepIIMHE ABHKOK.

IIpu Takoit MomuduKanmwyu BO3HHKAeT ciedykomas mnpobnema. Korma mBmxok
MONAJAET B BEPIIMHY U HE CTAHOBUTCS XAYIIUM IBUXXKOM, PETYJSATOpP BEPLUIMHBI
MOCBIIACT IO 3TOH Oyre B OOpaTHOM HAaIpaBICHHH COOOIIeHHE 3anpoc. Jlo
MOJTU(DHUKAIIMK JBHIKOK, TPOIICANINA XOPIy, HE MOCHUIACT PETYJISATOPY BEPIIUHBI
COOOIICHUE Kyoa uomu, TOSTOMY PETYJSATOp HE TMOCBUIACT COOOINCHUE 3anpoc.

IMocne Momudukaimu perynsarop OyIeT CTapaTbCs HAMPABHUTH IO BBIXOISAIIMM

ayraM BCC IBHKKH, HpI/IXOZ[HIlII/Ie B BeleII/IHy, BKJIKO4Yas TC, 4YTO HpI/IXO[[HT 1o xop,ue.

DTO MOXET MPHUBECTH K TOSABICHUIO <IMIIHUX» COOOLICHUU 3ampoc, KOTOpPHIC

HAIPaBILIIOTCS B OOpaTHOM HAIpaBIICHUH HE IO MACCHBHOW, a MO aKTHBHOM ayTe

MPOUIEHHOTO JepeBa. Takue «IMIIHUEY» 3anpochl MOTYT MPUBECTH K I'€HEpaLU

IMIIHUX» JBHXKKOB, TO €CTh JABH)KKOB, KOTOPbIE YHUUTOXAIOTCS, HE MPOUIS HU IO

OJIHOH HENpOMIeHHOU paHee ayre. 3aMETUM, YTO B KICXOJHOM QJITOPUTME B KaXA0U

HETEpPMUHAJIbHON BEPILIMHE YHUUYTOXKAETCS POBHO OJIUH TAKOM «JIMLIHHUI» ABHXKOK,

a MMEHHO XAYIIMH JBUXOK, €CIM BCE Iyrd, BBIXOISALINE W3 BEPILUMHBI, YKE

3aKOHYCHHEIC.

Bo3MOXHEBI IBa pemieHns 3TOi MPOOIeMBI.

1. «JlumHUE» COOOMmICHHUS 3ampoc JIOMMYCKAIOTCA. IJTO MOXKET MPUBECTH K
)IOHOJ'IHI/ITeJ'H)HOMy TOSBJICHUIO <«JIMIIHUX)» ABUKKOB. HO YHCJIO TaKUX JIBHXXKOB,
OYEBHIHO, HE MPEBOCXOAMUT YHCIA HETCPMHHAIBHBIX BepIIUH (KaK paHbIIe)
TUTFOC YHCIIO XOPJ, YTO HE BIIMSET Ha TOPSJIOK BEPXHEH OIEHKH CJIO0XHOCTH
ajropurTMa.

2. «Jluuraue» COOOIICHUST 3ampoc HE AO0NMyCKaroTcs. Perymsrop y3HaET, Kak
JIBIDKOK TPUIIET B BEPIIMHY: [0 BXOASIIEH Jyre MPOHAEHHOro naepesa (s
HAYallbHOW BEPUIMHBI — CrEHEPHPOBAH T'€HEPATOPOM) KM IO XOpie, U B
MOCJIeTHEM CITydae He MOChIIACT COOOIMICHNE 3anpoc. JIst TOro J0CTaTOYHO B
mapamMeTpax COOOMICHHUS Kyda uomu YKa3aTh TpPHU3HAK TOTO, YTO IBIDKOK
npoIén mo xopae. Mnu BBeCTH ISt 3TOTO CITydasi HOBOE COOOIICHUE Kyoda uomu
nocie xopovl ¢ TEMH K& TapaMeTpaMd, YTO W B COOOLICHHH Kyoa uomu.
ITony4uB 5T0 HOBOE COOOIIEHUE, PETYJIATOP HE TIOCKUIAET COO0IIEeHUE 3anpoc. B
3TOM cnyllae JOIIOJIHUTCIIBHBIX «JIMINTHUX» JBUXKXKOB HE ITOABJISICTCA.

6.2. NeTnsa

Korma ABWKOK TIPOXOIMT 10 HEMPOMAeHHOM ayre a—i—b, ou momken ompocutsb
PEryJsITopbl, 4To0bI y3HATH, HOBast BepiunHa b uin yxe npoiineHnas. OnHaKo, eciu
a=bh, To ectp ayra a—i—b sBasercs meTnéi, To BepurHa b 3aBeIOMO MPOMICHHAS,
a e€ PeryisiTop — 3TO PEryJsTOp BeplIMHbl . B 3TOM cilydae ompoc peryisTopos
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MOKHO HE MPOBOAUTS. J{Jist TOro, 4TOOBI Y3HAT, SBIACTCS JIH Ayra a—Ii—D nemnéit,
JOCTaTOYHO CPABHHUTH UACHTU(UKATOPHI BepiuuH & U b. MneHTndukarop BepIinHbI
b nBmxoK y3Haét, mpoiias no xyre a—i—Db, To ects monyuus ot rpada cooduieHue
omeem na npoxoo. Kax IBIDKOK y3HAET HACHTH(HUKATOP BEPLUINHBI &7

IIpu co3manny ABMKKA €My TTOCBUIACTCS Mbl 08UNHCOK, B KOTOPOM YKa3EIBACTCS Kak
napameTp UIeHTU(UKATOP TEKYIIEH BEpPIIUHBL: HAYaTbHON BEPIIUHBI, €CIH JTBHKOK
co3maéTcsi TEHepaTopoM, WM JpPYrod BEpLIMHBI, €CJIU JIBIDKOK CO3IaéTcs
perynatopoM  (IBHIKKOM, CTaBIIMM pETYISTOPOM HOBOW BEPIIHHBI). ITOT

WICHTU(QHUKATOp BEPIIMHBI ABIDKOK 3alIOMHHACT KaK udeHmuguxamop mexyujell

sepwunel. Tlocme mpoxojga MO Iyre IBHKOK IIOTydaeT COOOIINCHWE omeéem Ha

npoxo0, B KOTOPOM YKa3bIBACTCS MIACHTU(UKATOP BEPIIUHBI, B KOTOPOH IBHIKOK
okazaiicsi. Eciim 5T0 HOBast nayra, IBIKOK 3aIIOMHUHAET ATOT MACHTH(UKATOP Kak

uoenmugurxamop mexkywei eepuunvl. OIHAKO, €CIM 3TO cTapas ayra, TO B

MCXOZHOM QJITOPUTME JIBUKOK HE 3alIOMHHAET UICHTU(PHUKATOP TEKYIIEH BEPILHHBL,

MOCKOJIbKY €My U3BECTEH aJIpec PEeryssTopa 3TOH BEepIINHbI.

JJIs OITUMH3aNN «IETIID HYXKHO CIIeIyIoIee:

1. Tlocne mpoxoJa HOBOI Iyru ABHXKOK CHayaja CpaBHHBAeT WACHTU(UKATOPHI B
SiUCHKE udeHmuguramop mexyweu epuiuibl U B TapaMeTpax COOOIICHUS
omeem Ha npoxod. Eciy OHM He COBNANM, ABIKOK 3allOMHHAET HOBBIN
UIeHTU(HUKATOP TEKYyIleH BEpIUUHBI, JajbHEMIlee MOBEJCHUE, KaK paHbLIe.
Eciu ke wuneHTH(UKATOpHI COBHNANM, TO €CTh MNPOWICHA MeTIs, IBHKOK
BBITIOJIHSET T€ JIEHCTBHS, KOTOPbIE OH OOBIYHO BBINOJHAET MOCIE IPOX0Ja MO
XOpJIe ¥ 3aBEPIIEHIH OTPOCca PETYISITOPOB.

2. Tlocme mpoxofma cTapoii IyTH OBIKOK IEPENHUCHIBACT UACHTH(PHUKATOP BEPIIMHEI
U3 TMapaMEeTPOB COOOINCHUS OM@em HA NPOX00 B SUCHKY udeHmuguxamop
meKyujel 6epuluHbl.

6.3. Knactepusauua aBTomaToB o MaluMHam

HaHOMHI/IM, YTO IOJ MAIIMHONW MBI MOHUMAaeM mpoueccop € namMsATbIO. ABTOMar
pa60TaeT B O,Z[HOI7[ MalnimHEe, HO B 0,[[H017I MalllMHE MOJKET OBITh HECKOJBKO
aBTOMATOB. Hepez[aqa COO6H.IGHI/I$I MCXKIAY aBTOMaTaMu B O,Z[HOI\/’I U B PA3HBIX
MaliuHax 3aHUMAcT CYHECTBCHHO PA3HOC BpEMsA, I[MO3TOMY HMMECT CMBICIT
ONTUMHU3UPOBATH PACHPCACIICHUC aBTOMATOB 10 MAalllMHAM.

CpaBHuBas HWKHIOIO orieHky (M) u BepxHioto oreHky O(m+nD), BumuMm, uTo
ONITHMH3UPOBATH MOXHO TOJBKO OMPOC Peryisitopos, Tpedyromuit O(N) TakToB Ha
KaJI6Ii ompoc 1 cymmapso paromruii O(ND) takTos.

Iockoneky 00béM mamsatu Mammuel O(1), B Heit momentaercs O(1) aBTOMATOB.
Ecnu cricok peryssiTopoB KJIacTePHU30BaH, T.. BCE PETYIISATOPBI U3 OJHOM MAaIIHHbI
PACIIONOKEHBI TIOAPSI, TO Ta YacTh BPEMEHH OIMpPOCA, KOTOpas MPHUXOIUTCS Ha
peryisitopbl oo Mamuabl paBHa O(1). Tem cambiM, BpeMst OJJHOTO OTPOCa PABHO
O(p), rme p — YMCIO MaIIWH. DTO, KOHEYHO, HE BIHUSET HAa MOPSIOK OIIEHKH,
nockopky O(n)=0(p). DTo paBEHCTBO O3HAYAET HAJIMYKME TAKOTO KOddHIHeHTa K,
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yro N=kp+o(p), a Ha mpakTHKe 3HAYeHHWE K OYEeHb BaXkKHO, TaK Kak O3HAYaeT
yckopenue 00xoza B K pas.

Jns  kmactepuzalMM  COMCKA PEryJISTOPOB HY)KHO BBIACNATH MNaMSITh  TOJ
PEryISATOPHI OTACIBHO OT MaMSTH JUIS JBHXKKOB U CBA3aHHBIX ¢ HUMH rpados. Ho B
OTIMCAaHHOM BBILLIE AJITOPUTME PErYyJSITOp — O5TO OBbBIIMKA ABMWXKOK. [loaTomy
MPUXOANTCS KJIACTEPH30BaTh CYMMapHO peryIsATOpPHl W OBIDKKA. [lamaTe mox
PETYISTOPHI U IBMKKH BBIIENACTCS CHadala B IEPBOM MallnuHe, a KOoT/Aa B Heil HeT
MeCTa, TO BO BTOPOM MalllMHE, U TaK Janee. B Ka[Iplil MOMEHT BPEMEHU UMEETCA
TeKymas MalluHa, B KOTOPOW 3TH aBTOMATHl CO3MAIOTCSH. BakHO OTMETHUTB, UTO
OCBOOOXKICHHE TMAaMATH B MAaIllMHE W3-TI0J YHHYTOXXKAEMOTO IBIDKKAa HE IOJDKHO
MIPUBOJUTH K €€ HCIIOJIB30BAHUIO U HOBBIX IBIDKKOB U PETYISTOPOB, €CITH ATO HE
TeKyllasi MallyHa.

Ho uro nenare, Korja MAallMHBI 3aKOHYMJINCH, TO €CTh TEKyllas MalldHa —
MOCJICHSS. B CIIMCKE MAaIlMH W MaMATh B Hell 3akoHumiIack? MOXKHO 3aKOHYHTH
paboty, cumras 9To Tpad ciuumKkoM Ooipmol. Ho MOXHO mpogomkuTe 00Xox ¢
MOHIKEHUEM CKOPOCTH JI0 TEX II0p, TToKa Oy/JeT xBaTaTh maMsaTh. it aToro Oynem
UCIIONIb30BaTh JUIsl CO3JIaHUSI HOBBIX JIBUJKKOB M PETYJISITOPOB CBOOOIHYIO MaMsTh
yKe He TOJbKO B TeKymied MamuHe. OnsaTh CHayana B NMEPBOM MallWHE, TIOTOM BO
BTOpPOl MammHe M Tak jganee 1o 1ukiy. CKOpPOCTb YMEHBIIUTCS U3-3a
(parMeHTalMM TO MallHAM CIUCKa peryiasTopoB. Ho Mbl Bc€ ke cMoxeM
00X01Th rpadbl OOJBIINX Pa3MEPOB.

6.4. PaboTta ¢ orpaHM4eHHON NaMATbIO

Yro nenath, ecad B Mporecce paboThl aqroputMa MamsTH HE XBaTaeT, TO eCTh
BHEIITHUH aBTOMAT HE MOXET BBINOJHUTH 3alpPOC HA CO3JaHUE aBTOMAaTa WM
rpada?

Ecnmu He MoxeT OBITh YJIOBJIETBOPEH 3alpoc Ha CO3/JaHHE aBTOMarta (JBHXKKA),
MOCTYMHBIIMN OT JBIMIXKKA, CTABILIETO PETyISTOPOM, TO MOXHO BMECTO OTBETHOTO
COOOIEHUST agmomam co30an TOCHUIATh COOOIICHUE Hem Ramamu 01 HO8020
asemomama. TlonyduB Takoe COOOIIEHHE JBUXKOK, CTaBIIMH PETYISITOPOM,
YHHAYTOXAET CBA3AHHBIH C HUM Tpad, YTO MPUBOJUT K MOSIBICHUIO CBOOOHOM
MaMSITH.

Ecnu He MoxeT ObITh yIOBJIETBOPEH 3alIPOC HA CO3JaHHWE aBTOMAaTa (JBMXKKA) WIIN
rpada, IMOCTYNMUBIIMH OT T'eHEpaTopa, TO TAaKOW 3alpoc BO BHEIIHEM aBTOMAaTe
CTaHOBUTCSA KIyIMKM. JKaymuid 3ampoc MOXeT OBITh YZOBJICTBOPEH IMO3KE, KOTAA
TOSIBUTCS] CBOOO/HAS TTAMSTh U3-110]] YHHUTOKaeMbIX rpados.

WckroueHne cocTaBisieT Clyd4aif, KOTJAa YHHYTOXKaeTcs IMOCIeTHUH Tpad, HO B
3TOM CITy4ae HUKakas padoTa IMpooDKeHa OBITh HE MOXKET M3-3a HEXBATKH ITaMSTH.
Brennuii aBToMaT MOXET BBIAECTUTD ATOT CIy4aid, KIIOMHS YHCIO CYIIECTBYIOIUX
rpagOoB M TPH YHHYTOKEHHH IOCIeNHEro rpada coodmars 0 HEBO3MOMXHOCTH
pOJOIDKaTh padory.
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7. 3aknroyeHue

I[aﬂbHeﬁHIHe HUCCICA0BaHUsA o6xona Fpa(i)OB KOJUJICKTUBOM aBTOMAaTOB BO3MOXKHBI
IO HECKOJIbKUM HaIlpaBJICHUSAM.

IlepBoe HampaBiieHHWE: HEACTCPMHHHpOBaHHBEIE rpadsl. ['pad HemeTepMUHMPOBaH,

€CITM BBIXOJSIIAsl M3 BEPIIMHBI Iyra UICHTU(QHLIUPYETCS HEOJHO3HAYHO: OZHOMY
HOMEpY BBIXOAAIIEH AYrd COOTBETCTBYET HECKOJIBKO Iyr C oOlied HavdajabHOW
BEpPIIMHON M pa3HBIMM KOHEUHBIMHM BepuimHamu. OOXoja Takoro rpada MOXKeT
noHuMaTbest nBosko. 1) IlomHerit o6xon rpada, xorma TpebGyercs MpoXoJ II0
KaXxaoi ayre rpada. 2) Yactuunbiit 06xoa rpada, Koraa Hy>KHO MPOUTH XOTst ObI IO
OJIHOH JIyre ¢ NaHHOM HadaJbHOM BEPLIMHON U TaHHBIM HOMEPOM BBIXOASILEN TyTH.
Yactnunelii  00xon Tpada mpHMEHsSETCsA, KOIZAa €CTb YBEPEHHOCTh, 4TO
HMHTEpECYIOIINe Hac CBONUCTBA Ipada MOTYT OBITh HCCIIEIOBAHBI IIPH TaKOM 00XOIe.

Jdns  toro, YToOBI  TapaHTUPOBAaTh  BO3MOXHOCTH  IOJHOTO  00XoJa
HeleTepMUHUPOBAHHOTO rpada, HYXHBI KaKHe-To JIOTIOJTHUTEIIbHbIE
npeanonoxenuss. OAHUM W3 TaKUX TPEINOJIOKEHHH  MOXET  CIIY)KHTb
NPEeANoNIoKeHHe 00 OrpaHWYEHHOM HEICTEPMHHU3ME, KOTOPOE CBOIUTCS K
crenyronieMy: Ipoxoas { pa3 U3 AJaHHOHM BEpPIIMHBI MO BBIXOSMIEH yre C JaHHBIM
HOMEPOM MBI IPOHAEM BCE BBIXOSIINE U3 3TOH BEPUIMHBI IyTH C 3THM HOMEPOM,
rae t 3apaHee m3BecTHas KoHcTaHTa. CyIIECTBYIOT aJTOPUTMBI Takoro o0xoia
OJJHUM aBTOMAaTOM, OCTaBJIAIOIIEM «IOMETKH» B BepiuuHax rpada [[6]]. MoxHno
MOCTaBUTh 3a/lauy pa3pabOTKH HOBOTO AJITOPUTMa TaKOro 00X0Ja KOJUIEKTHBOM
B3aUMO/ICHCTBYIONINX aBTOMATOB (0€3 «IIOMETOK» B BEpIINHAX).

Jdns Toro, 4TOOBI TrapaHTUPOBAaTh BO3MOXXKHOCTH  4YacTHYHOrO  o0Oxona
HEJIeTePMUHUPOBAHHOTO Ipada, TakiKe HYKHBI TOMOJHUTENIbHbIC MPEANOTI0KECHHS.
OfHUM M3 TaKUX TPENNOJIOKEHUH SIBISETCS, TaK HasbiBaeMasi A-IOCTHKHMOCTb
BepIUKH rpada u3 HayanpHOW BepiuuHbl [[3]]. T'oBOps HeopManbHO, 3TO O3HAYACT,
YTO CYIICCTBYET AITOPUTM JBWKCHWS M3 HAyallbHOW BEpIUMHBI B 3aJaHHYHO
BEpIIMHY, KOTOPBI TrapaHTUPOBaHHO OOECHEeYMBAET JIOCTHIKEHHE 3a/JlaHHOM
BEPUIMHBI NIPH JIF0OOM HEJETEPMUHUPOBAHHOM BBIOOpE BBIXOAAIICH AYTH B paMKax
MHOXKECTBA JIyT C TEM K€ HA4aJIOM M TeM K€ HOMEPOM JIyTH.

Bropoe HampaBineHue: HCHONb30BAHWE BHEMHEH mnamatu. IIpemnoxeHHBIA B
JTAaHHOHM CTaThe alrOPUTM OOXOJUT Tpad TOJIBKO B TOM Cllydae, KOTJa PeryisTopsl
BCEX HETEPMMHAIIBHBIX BEPILUH MMOMEMIAOTCS B CyMMapHOM mamsATH MamuH. Eciu
3TO HE TaK, CTAHOBUTCA aKTYaJIbHBIM BOIPOC 00 HMCIIOJIB30BAHUH JIOTIOJHUTEIHHOMN
BHemIHeHl maMaTH. [loCKONBKY KO TPOTpaMMBI PEryisiTopa, M BooOIIe, Bcex
aBTOMATOB: PEryJIsITOPOB, ABM)KKOB U I'€HEpaTOpa, OJAMH M TOT K€ IUIsl BCEX ATHX
aBTOMATOB, pa3Hble aBTOMATbl OTJIMYAIOTCS TOJBKO COCTOSHUEM U COAECPIKUMBIM
sueek namsiaTH. Ilosromy peds MAET O pasMEIIEHMU HAa BHEIIHEW IaMsITH 3TOTO
Habopa IaHHBIX. AZpec aBToMara, TeM CaMbIM, MOXKET yKa3bIBaTh Ha TakoW Habop
JIAaHHBIX KaK B ONEPAaTUBHOM MaMATH TOW WM MHOW MAIIWHBI, TaK ¥ OBITH apecoM
no BHemHe#d mamsartu. Ilepenaua cooOuieHuMs aBTOMary, pacrojiararouieMycs Ha
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BHEITHEH MaMATH, NOTpeOyeT MoAKadKyd WH(GOpMAIMH C BHEIIHEH MMaMATH, UL
4ero, BO3MOXKHO, TOTPeOyeTcsl OTKauyKa YacTH aBTOMATOB HA BHEIITHIOKO TTAMSTh.

O06xox rpada KOJUIEKTHBOM aBTOMAaTOB C UCIIOJIb30BAHMEM BHEIIHEH MaMATH JIC)KUT
Ha CTBIKE JBYX HampaBieHuWil: 1) meronpl 3¢ ¢exTHBHOW paboThl C BHEIIHEH
NaMsThlO, B YaCTHOCTH, CTPAT€rMid CTPaHUYHOH M CETMEHTHOHM IOJKauku, 2)
aNnropuT™MBEl 00X0oma rpadoB KOJUIEKTHBOM aBTOMaroB. CaMa IOCTAaHOBKA TaKOW
3amadynd  SABIAETCS HOBOW. 37ech TOTPEeOYIOTCS HOBBIE AITOPUTMBI  (FUTH
MOTU(PHKAINKA HMEIONINXCS aNrOpUTMOB) pabOTBl € BHEOIHEW IaMATHIO,
yauTHIBaIOMuE crennpuky odxoma rpadoB, M aIropuTMbl 00xoma Trpados,
YUYHUTHIBAIOIINE CIICIIU(PHUKY PAOOTHI C BHEIIHEH MaMATEIO.

Tperbe Hanpasnenue: rpadpl crienUaILHOTO BUaa. bosplioit nHTEpec mpeacraBiser
pa3paboTKa HOBBIX aNTOPUTMOB HCCIIEAOBAHMUS IPadoB, IPUHAMIICKALIIX TOMY HIIH
MHOMY mojkiaccy rpagos. Takne MOIKIACCHI UMEET CMBICI PAacCMaTpPUBAThH NPH
COYETaHUH JIBYX YCJIOBHH: 3TH ITOJKIACCHI IMEIOT MPAKTHIECKOe 3HaueHHe (Tpadsl
MEPEXO0I0B UCCIEAYEMbIX CHCTEM U CETEH OTHOCATCSA K TakOMY IOJKNIAccy) W Ha
9THX MOJKJIacCaX alrOPUTMBI MOTYT paboTaTh ObICTpEe.
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Graph learning by a set of automata

Igor Burdonov, Alexander Kosachev
ISP RAS, Moscow,Russia
{igor, kos}@ispras.ru

Abstract. Graph learning by automata is a basic task in many applications. Among these
applications are verification and testing of software and hardware systems, network
exploration including Internet and GRID basing on formal models. The system or network
model, in the final analysis, is a transition graph with properties to be examined. In the recent
years the size of the systems and networks in everyday use and, consequently, the size of
their models and graphs to be learned grows constantly. Problems arise when graph
exploration by a single automaton (computer) either requires a lot of time, or a lot of
computer memory, or both. Therefore, there is a task of parallel and distributed graph
exploration. This task is formalized as graph learning by a set of automata (a set of computers
with sufficient total memory working in parallel). This paper covers the solution of this task.
First of all the behavior of the automaton on the graph is formalized. Then the algorithm of
the graph learning is described in detail. The estimation of the algorithm is O(m+nD). Some
ways of possible optimization is discussed.

Keywords: graph learning, traversal of an unknown graph, finite automaton (state machine),
extended finite state machine, communicating automata, parallel processing, distributed
systems, testing.
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