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AHnHoTamms. VccienoBaHne OpHUEHTHPOBAHHBIX TpadoB sBIsSETCS KOPHEBOH 3amaueil BO
MHOTHUX NIPWIOKEHHAX. Takoe McclleloBaHue UMeeT 0co0yro criennduKy Toraa, koraa rpad
MOJIEJIUPYET CETh CBS3H, B TOM uucie ceTb uHTepHeTa 1 GRID. Y3en cetn umeer JIokalbHyIO
UHGPOPMALIMIO O CETH: OH «3HAET» TOJBKO O Jyrax, BHIXOASIIMX M3 3TOM BEPIIMHbI, HO «HE
3HaeT», Kyza (B Kakue BEpUIMHBI) O3TH OYI'M BeAyT. Y3IBl CETH OOMEHHBAIOTCA
COOOIIEHNSIMH, TIEPEAaBACMbIMU IO CETEBBIM CBA3SIM, KOTOPBIE B rpade n300paxaroTcst Kak
JYTH U UTPAIOT POJIb KaHAJIOB Iepenadyn coobuieHuit. MccnenoBanue rpada Gasupyercs Ha
ero o0xoje, Korja cooOIIeHne MPOXoUT 110 Kax o xyre rpada. [Toka He mpolineHa kakas-
TO Jyra, HET yBEPEHHOCTH, YTO OHAa HE BeNET B em€ HE HCCIEAOBAHHYIO 4acTh Tpada.
OOBIYHO paccMaTpuBaeTcst 00Xox rpada ¢ MOMOIIBI0 OHOTO COOOMIEHHS, IMPKYIHPYIOMIETO
B ceru. OOXOox BHIONHSETCS OBICTpee, €CIM BBHIMOJHATH €ro IMapajulelbHO: II0 CETH
OIHOBPEMEHHO IMPKYJIUPYeT HE OJHO, a MHOXECTBO cooOmeHuil. B manHON pabote
paccMaTpHUBaeTCsl MapajiedbHOE HCCIEA0BAHNE CHIIBHO CBSI3HOTO Tpada, IeNbio KOTOPOTo
SIBJIIETCSL He TpocTo ob6xon rpada, a cObop monHON mHpopMamuu O rpade B KakIoil ero
BepmnHe. Bropas ocobeHHOCTH pabOTBI — HCCIEIOBaHHE IWHAMHYECKH MEHSIOIIETOCS
rpada: ero Iyrm MOTYT HCYe3aTh, HMOSBISTHCS MM MEHSITH CBOM KOHEYHBIC BEpIIMHEL
IIpemnaraercst anropurm pabGOTHI aBTOMATOB, KOTOPHIM oOecreunBaeT cOOp IIOJHOM
urpopmarmu o rpade B Kaxaoi BepuinHe rpada.

KnioueBble cjioBa: OpHEHTHpOBaHHbIC TIpadbl, ucciaenoBanue rpada, obxon rpada,
B3aMMOJICHCTBYIOIINE aBTOMATBI, apaJuleibHas paboTa, JHHAMUYECKH MEHSIOIHUECs rpadbl.

1. BeedeHue

HccnenoBanue OprueHTUPOBAHHBIX TpadoB SIBISIETCS KOPHEBOW 3a7adell BO MHOTHX

npwiokeHusx. Takoe vccieqoBaHne UMeeT 0co0yro crienuprKy Toraa, Korma rpad
1
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MOJENUPYET CeThb CBS3U, B TOM uucie cetb uHtepHera u GRID. B stom ciyuae
y3JIBl CeTH OOBIYHO «HE 3HAIOT» BCEro rpada M HUMEKIOT TOJBKO JIOKAIBHYIO
uHpopManuio o HEM. B yacTHOCTH, y3e1 ceTH, COOTBETCTBYIOUIHIA BepIIMHE Tpada,
MOJXET «3HATb» TOJBKO O Ayrax, BBIXOMAIIMX W3 STOW BEPIIMHBL, U JaXe «HE
3HaTh», KyJda (B Kakue BEPIIMHBI) 3TH IyTH BeayT. MccrienoBanue rpada MOKHO
CBECTH K 3ajaue cOopa MoJaHOW WHPOpManuu O Tpade B KAKUX-TO HIJIM BO BCEX
y3max cetu. Jnsg pemieHWs 3TOH 3amadm Y376l CETH MOTYT OOMEHHBATBCS
COOOIICHUAMH, TiepellaBaéMbIMA TI0 CETEBBIM CBs3IM, KOTOpeie B rpade
HM300paKAIOTCS KaK JIyTH.

HUccnenosanue rpaga 0azupyercs Ha ero 00Xoje, KOraa COOOIICHHE POXOIUT IO
Kaxoit ayre rpada. [Toka He npoiineHa Kakas-ToO Ayra, HET YBEPSHHOCTH, YTO OHA
He BenET B emé HE HCCICOBaHHYI 4acTh rpada. OO6xonm rpada — 3T0 yixke
KJIaccuyeckasi 3amadya o0xoja Ja0upuHTa. DTa 3a/aya HETPUBHANBHA, €CIU Tpad
OpPHEHTHUPOBAH, TO €CTh B JIAOMPUHTE YUl C OTHOCTOPOHHUM JIBIDKCHUEM).
O0x0/1 OPUCHTUPOBAHHOTO CHIILHO-CBSI3HOTO rpada TpeOyeT BpeMeHHU mopsiaka nm,
r7ie N — 9ucio BepmuH rpada, a M — gucio ayr. Takoe Bpems 00X0/1a TOCTUTASTCS
MHOTHUMH XOPOIIO U3BECTHBIMH aJITOPUTMaMHU: 00X0[ B TIyOHHY, 00X0J B IIHPHHY,
<«OKaTHBIN» anroput™ u ap. [1,2,3].

B 1966 . M.O. Pabun mocraBmi 3amady o0XoJa OpHUEHTHPOBAHHOTO Tpada
KOHEYHBIM aBTOMaToM [4]. ABTOMAaT Ha Tpade aHaJOTHYCH MamIMHE THIOpPHHTA:
SYeHKe JICHTHI COOTBETCTBYET BEpIINHA Tpada, a ABIKCHHE BJICBO UK BIPABO IO
JICHTE 3aMCHSIETCS TICPEXOJIOM IO OJHOM U3 YT, BEIXOIAIINX U3 TEKYIICH BEPIIMHEI
rpada. DTO SKBHUBAJICHTHO IBM)KCHUIO MO rpad)y OJHOTO COOOIICHHUSA, KOTOPOE
mepechiaeTcss Mo JyraM rpada aBTOMAaTaMHd, HEMOJIBMKHO «CUAAIIMMU» B

BepmmHax Tpada. Jyru rpada HrparoT poilk KaHAJIOB Iepenadd COOOIICHUH.
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ABTOMATHI B BepmIMHAX rpada MACHTHYHBI JAPYT APYTY, HO MOTYT HAXOAWUTHCS B
Pa3HBIX COCTOSHHSAX. ABTOMAT, HAXO/SIIMICS B BEPIINHE, MOCHUIACT COOOICHHE 110
OJIHOW W3 JAYyT, BBIXOASAIINX W3 3TOH BEPUIMHBI, U 4Yepe3 KaKOoe-TO BpeMs TaKoe
COO0IIeHHEe MPUHUMAETCS aBTOMATOM B KOHIIE JYTH, KOTOPBIH, B CBOIO OuYepe/b,
MOJKeT MOAN(PHUIUPOBATH ATO COOOIICHHUE U MTOCIATh €ro JalblIIe.

Ha cerommsmauit nens Hamboiee OBICTPBIM aIrOpUTM 00Xo01a Tpada ¢ TOMOUIHIO
OJIHOTO COOOIIeHnsT TIpemokern B [5], on mmeer orenky nm-+n2loglogn. Tlpu
MMOBTOPHOM 00XOJIe, KOrJla aBTOMAarhl B BEPUIMHAX HAXOJATCA HE B HAYAILHOM
COCTOSIHUM, & B KOHEUYHBIX COCTOSIHMSIX IIOCNe TMepBOro o00Xoja, OLEHKa
ymenbinaercs 10 Nm+n2l(n), rae 1(n) — ducio norapupmMupoBaHuii, mpu KOTOPOM
nocruraetes cootHouenue /<log(log...(n)...)<2 [6]. OTin4yre OT HIKHEH OLCHKU
NM OOBSICHACTCSI TEM, YTO COOOIICHUIO OBIBACT HYKHO «BEPHYTHCS» B HAYAIO
TOJIBKO 4TO IIPOMJACHHOM yTH.

OOxon rpaja MOKHO BBINOJIHUTH OBICTpEE, €CIM IO AyraMm rpada MOXeT
napajieNbHO TepechuiaThcs HE OAHO, a MHOro coobuieHuid. OLeHKa BpeMeHH
paboThl AJIrOPUTMA 3aBHCUT OT YHCJIa COOOILICHHUI, KOTOPbIe MOTI'YT OJHOBPEMEHHO
nepeaBaThes 1o ayre. Takoe 4HCIIO HAa3bIBACTCS EMKOCHbIO Oyeu W 0003HAYACTCS
k. B [7] mpemiosxeH alroputM Takoro o0xoja, IMErOni oreHKy mopsiaka n/k+D,
rae D — pomHa MakcuMaiIbHOTO IMyTH (MapuipyTa 0e3 caMmonepecedeHunii) B rpage.
[IpaBaa, 4KMCIIO COCTOSTHUI AaBTOMATOB B BEpIIMHAX rpada 3aBHCUT OT YHCia N
BepiirH rpada v OrpaHUUYECHUS S HA YHCIIO JIYT, BBIXOAIINUX U3 BEPIIHHBI, U UMEET
nopsimok NDI0gS. Dtor anroputM CTpOMT Ha rpade ¢ BBIAEIEHHON HadabHON
BEPILHHON (KOPHEM) CTPYKTYPY U3 MPSMOro M 0OpaTHOrO OCTOBOB rpada: mpsMoi
OCTOB OPHEHTHPOBAH OT KOPHS, a OOpaTHBI — K KOpHIO. B manpHeimem 3Ta

CTPYKTYpa MOXET WCIIONB30BaThCA ISl TApajuIeIbHOTO BBIYUCICHUS JTFO00M
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TpeOyeMoil (YHKIMH OT MYJbTHMHOXKECTBA 3HAYCHWH, 3alMCaHHBIX B BEpIIMHAX
rpada (B mamMsaTH aBTOMATOB, HaXOISIIMXCS B BEPIINHAX rpada).

B nanHoli paboTe MBI TakxkKe paccMaTpUBaeM HCcIeloBaHHe rpada ¢ MOMOIIbIO
MHOTHX TapaJuIeNbHO TEpeAaBaeMbIX COOOIIEHUIH, HO C JABYMsl CYIIECTBEHHBIMH
OTIIMYMSAMH OT MPEIBLIYIIMX paboT 0 MccienoBaHuIo rpada. Bo-nepBbix, Hebio
TaKOI'0 MUCCIICIOBAHMS SBISIETCS HE POCTO 00X0. rpada WM MOCTPOCHNUE KaKOH-TO
CTPYKTYpbl Ha Tpade, a cOop TomHOW WHPOpMamUud O Tpade B KaXKIOH ero
BepIIrHE. Bo-BTOPBIX, MBI paccMaTpHBaeM rpad, KOTOPHIH MOXET IMHAMHUYECKH
H3MEHSATBCS: KaKHe-TO ero OYTM MOTYT HCYe3aTh, HOSBIISTHCS WM MEHSTH CBOIO

KOHEUYHYIO BEpLIUHY.

2. [locmaHoeka 3aday4u

PaccmaTpuBaeTcst OpHeHTHPOBaHHBIN rpad ¢ N BepUIMHAME U M JyraMu, B KOTOPOM
BEPIIMHBI HE MEHSIOTCS, a JYyI'H MOTYT MEHSThCS CO BpeMeHeM. bynem
IpeJrnoiarath, 4YT0 B KaXKIbli MOMCHT BpeMEHHU rpad) CHIBHO CBs3HBIL. Kpome
TOro, Oy/lieM CYUTATh, YTO €CIIM M3MCHEHHUS B rpade MPEKpalarTcsi, TO C 3TOTO
MOMEHTa BPEMCHH JIJIMHA MAKCHUMAJIBHOTO IMyTH B rpade He npebiiaeT D.

B Bepurnnaax rpada HaXOIATCs aBTOMATBI, KOTOPBIE MOTYT TIOJY4YaTh CICIHAIbHEIC
CUTHAJIBI OT Tpad)a 1 OOMEHUBATHCA MEXKAY COOOH COOOIIEHUSIMH, TTepeIaBacMbIMH
no nayram rpada B HamnpaBlIeHWM HX OpHeHTauuu. Kaxmas BepuiHa WMeeT
VHUKAIBHBIN (CpeIy BEpUINH) udenmughuxamop eepuiuHvl. bynem cuauraTh, 4TO
CYIIECTBYET nycmoti WACHTU(PHUKATOP, OTIMYHBIA OT HIACHTH(HUKATOpa 000
BEPIIUHBI. ABTOMAT MOXET Yy3HAaTh HJICHTH()UKATOP CBOCH BEPIIMHBI C MOMOIIBIO
npuMuTHBA «/[at udenmughuxamopy. J{st KpaTKOCTH Be3JE, TJIe 3TO HE IPUBEAET K
HEIOPAa3yMEHUSAM, MBI OyJIeM BMECTO «aBTOMAT BEPIIMHBI» IHCATh IMPOCTO

«BCPUINHA.
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Bce ayru, BBIXOASAIINE W3 BEpPIIMHBI, EPCHYMEPOBAHbI, HAUWHAs ¢ HOMepa 1 10
HaMOOJIBIIEr0 HOMEpa, He MPEBOCXOAMIETO HEKOTOpOoro ucia S. O4ueBuaHO, S <M.
Jlyra ofHO3HAYHO UASHTUDUITUPYETCS Mapoit (naeHTHHUKaTOp HaYaIa Iyryu, HOMEp
JIyTH), KOTOPYIO MBI OyJeM Ha3bIBaTh udenmugurkamop oyeu. Yucmo ayr m — 3to
YUCJIO Pa3IMIHBIX HACHTU(PUKATOPOB YT B rpade.

ABTOMAT, TOCEUIasi COOOIIEHNE MO AyTe, yKaspiBaeT e€ HoMmep. bymem roBopwuTs,
YTO Oyra 3aHATa, €CIM 10 Hel mepemaércs cooOmenue. Murade myra cBoOomHa.
IToceutaTh cOOOIICHHE MOKHO TOJBKO 10 CBOOOAHOW ayre. B camom Havane Bce
Jyru cBoOonHbL. Korma cooliieHue nepeiaHo mo ayre, Hayajo JyTH U3BenaeTcs 00
3TOM CHUTHAJIOM 0C80002#cOeHUs: TyTH C TIApaMeTPOM HOMED JIyTH.

Jyru rpada MOTyT H3MEHATBCS CIIETYIOLIM 00pa3oM:

° Z[yra MOXKECT IIOABUTHCA, O 9éM HaJajIo AYT' U3BEHIACTCA CUTHAJIOM

nosAenenuss Nyru ¢ mapameTpomM HOMEP AyTH.

e Jlyra MoxeT ucue3HyTh. Ecim 1o ayre mepeaaBaiock COOOMIEHHE, TO OHO
MPOMA/AET, ¥ B 3TOM CIIy4ae Haqyauo JYTH HU3BEUIAETCS CUTHAIOM
ucye3HogeHus: TyTH ¢ MapaMeTpoM HOMEDP IyTH. 3aMETHM, YTO €CJIU T10
JyTre HUKAaKOT'0 COOOIIEHNUS He MepeiaBalioch, TO CUI'Hala HCYE3HOBEHUS
JyTu He OyJIeT; OJJHAKO €CJIM BEPIIMHA MOIBITAETCS OCIATh COOOIIEHHE
10 MCYE3HYBIIEH Jyre, coodIIeHne He OyeT nepeaaHo, a BepiiHa

MOJYYUT CUTHAJT UCUC3HOBCHUS AYyT'U.

o Jlyra MOXeT MOMEHSITh CBOM KOHEI; B 3TOM Clly4ae HUKAKUX CHUTHAJTIOB HE
MPeTyCMOTPEHO.
W3-3a TOTrO, YTO IYyrd MOTYT MCUYe3aTh U IMOSBIATHCS, HOMEpa YT, BHIXOAIIUX M3
OJTHO¥M BEPIIMHBI W MMEIOIIUXCS B JIAHHBIH MOMEHT BPEMEHH, MOTYT HE HJITH

noapsna, T.c. HE 06pa3OBLIBaTI> OTPE30K HATypaJbHOI'0 psda, HO B I000M cjly4ae

5
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OHH pacriojlararotcsi Ha oTpe3ke oT 1 1o S. XOTs KOHell AYT' MOXKET MEHSTHCS, B
JAHHBIT MOMEHT BPEMEHH y JIyr'M MOXKET OBITh TOJBKO OJHMH KOHEIl, €ClId Jayra
ucyessla, CYHUTAETCs, 4YTO €€ KOHELl «IIyCTOW», TO €CcTh HUMEeT IIyCTOH
unaeHTHUKaTOp. B  KaXkIelii MOMEHT BpEeMEHH Iyra OIMUCHIBAeTCS Iapoi
(unenTnuKaTOp IOYTH, WASHTH(HUKATOp KOHIA IYTH) WIIHM, YTO TO JXK€ CaMoe,
Tpoiikoii (MaeHTH(UKaTOp HaYajia TyTH, HOMEp OYTH, HACHTH(QHUKATOp KOHIA AYTH).
Bpemenem cywecmeosanus myru OyneM Ha3bIBaThb BPEMsSI MEXAY H3MEHEHUSIMHU
IOYT'H, TO €CTb BpeMs OT HOSBJIEHHS Jyr'd WIM H3MEHEHHs e€ KOHIa JIo

HNCUC3HOBCHUA AYTU UM U3MCHCHUA e€ KoHIIa.

Wrak, ecnu He CUMTATh UICHTH()UKATOPA BEPIIUHBI, KOTOPBIH aBTOMAT IOJYYaeT C
MOMOIIBI0 TpUMHUTHBA «Jlall uaeHTHdUKATOP», BXOMHBIMU CHMBOJAMH aBTOMATa,
HaXOJSIIETOCs B BEPILUHE, SBISIOTCS CUTHANBI OT YT, BEIXOASIINX U3 BEPIIUHBI,
COOOIICHNMs, TOJIydyaeMble IO JyraMm, BXOJSImUM B BeprimHy. CpabarbiBaHue
aBTOMaTa — 3TO 00paboTKa OJHOTO TAaKOTO BXOIHOTO CHMBONA. Mel OymeMm
MpeIoIaraTh, YTO BXOJHBIE CHMBOJIBI 00pa0aThIBAIOTCS aBTOMAaTOM B MOPSAKE UX
BO3HHKHOBEHH:. DTO 03HAYAET, YTO CYIIECTBYET ouepeab Ha 00padOTKy aBTOMAaTOM
BXOJHBIX CHMBOJIOB. Ecimt Bo BpeMsi 0OpabOTKH aBTOMAaTOM OYEpEIHOT0 CHIHAlIa
WK COOOIIEHUs MOCTYMAaeT HOBBIA BXOJHOW CHUMBOJI, OH CTaBUTCSI B KOHEI[ JTOI
ouepenu. OJHOBPEMEHHO MOCTYMAIONINE BXOJHBIE CHUMBOJIBI CTaBSITCS B KOHEI|
odepend B TPOU3BOJIBHOM Topsiake. [Ipu 3ToM curHanm ocBOOOXKIEHHUS AYTH
BBIpA0ATHIBACTCSI HE TOTJA, KOIJIa COOOIICHHWE CTaBUTCS B OYEPEIb BXOJHBIX
CHUMBOJIOB, a TOTJa, KOTJa OHO BEIOMpAeTCs W3 3TOW OuYepeqy aBTOMAaTOM KOHIIA
nyru. IlosTomMy B odepenn BXOAHBIX CHMBOJIOB MOXKET OBITH HE Ooiiee OTHOTO
COOOMImIeHNs IS KaXKI0H BXosmeil ayru. Eciau curHam ot HeKOTOPO# BBIXOMSIICH
JIyTY BbIpabaThIBa€TCsl B TOT MOMEHT BPEMEHH, KOT/1a MPEAbLAYIINA CUTHAM OT 3TOM

Ayru emé HaxXoJUuTCsad B O4Y€pE€an BXOAHBIX CUMBOJIOB, TO HOBBIM CHUTHAN 3aMeaiacT

6
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co0o¥i crapblii curHai. MOXXHO OTMETHUTh, YTO TAKUM HOBBIM CHUTHAJIOM MOXKET
OBITh TOJILKO CHTHAJ TMOSBJICHUS Nyru. [103TOMy B o4epes BXOJHBIX CHMBOJIOB
MOJKET OBITh HEe 00Jiee OJJHOTO CHTHAJA JUTS KaXKIOH BRIXOISIICH nyru. TeM cambIM,
JUTMHA OYepeIM BXOJHBIX CHMBOJIOB aBTOMATa HE MPEBOCXOAUT CTETICHH BEPIIUHEI,
TO ecTb He Oosbime 2m (2M mocturaercss st N=1, Korga Bce OYTH — TETIIH,
MTOCKOJIBKY TETJISI CUMTACTCS JIBa pa3a: KaK BXOIAIMIAs — U COOOIIEHWH W Kak
BBLIXOZSIIAs — JIJIs CHTHAJIOB).

Mser craBuM 3amady pa3pabOTKH alNropuTMa pabOTBI aBTOMATOB, KOTOPBIi
obecrieunBaeT cOop TONHON WHpOpManmuu O Tpade B KaxIOW BepumIMHE Tpada.
Taxas nndopmanus MoxeT ObITh 33/1aHa Kak HaOOp onucaHui Bcex ayr. Onucanue
JIYTH COAEPKHUT UISHTU(DHUKATOP IyrH U uieHTHdukaTop e€ koHua. [loHsaTHO, 4TO
cClin Fpa(b MOCTOAHHO MCHSCTCSA, TO MBI HE MOYKEM IapaHTUPOBATh, YTO OIMMUCAHUA
TEKYIIET0 COCTOSHHS BCEX €ro AyT OTPaKEHBI BO BCEX €r0 BEPIIMHAX: COOOIICHHUS O
MTOCTIETHUX W3MEHEHHSAX YT POCTO «HE IOIUIN» JI0 HEKOTOPHIX BepmuH. [TosTomy
TpeOyeTcsl TONMBKO, YTOOBI depe3 BpeMs g IMOCiie M3MEHEHHS AYTH BCE BEPIIHHEI
rpada «y3Hamm» 00 dTOM WM OoJyiee MO3MHEM HM3MEHEHHMH IyTdu. Eciam mocne
JAHHOTO W3MEHEeHHsS Oyra Ooibplie He MEHSeTcsd, 10 KpalHed mepe, B TCUEHHUE
BpPEMEHH Ty, TO BO BCeX BeplMHAX rpada OyneT oquHakoBoe (M BEPHOE) OMHCAHHE
9TOM ayTH.

Juist Toro 4ToOBl Bpemsi T OBLIO KOHCUHBIM, HYXKHO, YTOOBI COOOINCHHS MOTIIH
pacrnpocTpaHaThcs 1O rpady, MOXOAS J0 KaXIOW BEpPIIMHBL [JI1 3TOrO HYKHO,
YTOOBI BpEMsl X MIEPECHUIKH COOOIICHHUS 0 Iyre U BpeMsl Y cpabaThIBaHHs aBTOMATa
ObuUTH KOHEUHBIMU. Kpome TOro, BpeMs Z CYIIECTBOBaHHUS AYT'H JOJDKHO OBITh
JIOCTAaTOYHO BEJIHMKO, YTOOBI TI0 AyTe yCHEeBAJIO MPONTH XOTS OBl OTHO COOOIIEHHE.
TakuMU «IOJITOKUBYIIUME» AyraMH MOTYT ObITh HE BCE JYI'H: TOCTATOYHO, YTOOBI

B Ka)XJIBIA MOMEHT BPEMCHH «OOJITOXKUBYIIHC) AYTHU IOPOXKIAIN CUIIBHO CBSI3HBIN
7
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cyrpa¢ (moarpad, coaepkaimuii Bce BepuIuHbI rpada). D10 ycuiaeHue TpeOOBaHUS
CUJILHO CBSA3HOCTH rpada B KaXKIbIii MOMEHT BPEMCHHU.

JlJiss OrpaHMYCHHOCTH BPEMEHH 1o HE0OXOAUMO, YTOOBI X W Y OBUIM OrpaHHYCHBI
cBepXy: X <Xuy <Y, az— cHusy: Z >Z. Belpa3uM 3Ty HWKHIOIO TpaHUIly Z depes
X u Y. Coolmenne MOXHO MOCBUIATH IO JAyre cpaszy Ioclie TOro, Kak OHa
MOSIBUJIACH WK 0CBOOOAMNIACh. OIHAKO B 3TOT MOMEHT BPEMEHH CHTHAJ MOSIBJICHUS
WA OCBOOOXKACHHS AYTH €II€ TOJIBKO CTABUTCS BO BXOIHYIO O4Yepellb CUMBOJIOB
aBTOMAaTa Havaja JyTH, JJIHHA KOTOPOi MOXKeT nocturath 2m. [Toatomy coobmieHme
MOCBUTACTCS MO Jyre He cpas3y, a uepe3 Bpems, KOTOPOe MOXKET JocTUrath 2mYy.
CrenoBarenbHo, cooOlieHHe JIOWAET 10 KOHLIA JYI'M M OyJeT IIOCTaBJICHO BO
BXOJIHYIO O4Yepe/lb CHMBOJIOB aBTOMAaTa KOHIIA AYTH 4Yepe3 BpeMsi, KOTOPOE MOXKET
jJocturath 2MY+X, eciud B TEYCHHE 3TOrO BPEMEHH [yra He MeHsuiack. [loaTomy
Oymem mpeamoniaraTh, YTO HIDKHSAS T'PaHUIA BPEMEHH  CYIECTBOBaHHS
«IONTOXKUBYLIHX» IyT Z =>2mY+X.

MsI npeayioxKuM alrOpPUTM PEIICHHs MMOCTABICHHOW 3ajadyu, a BpeMs 1o Oyaem
OLICHUBATH U IPOCTOTHl B MPEAMOJIOKCHUHM, YTO BpeMEHEM cpabaThIBaHHS
aBTOMaTa MOXXHO IpeHeOpedb, TO ecTh Y=0, BpeMs NEepechUIKH IO Jyre He
npeBocxoauT 1 TakTa, TO ecth X=1, a BpeMs CYIIECCTBOBAHUS «IOJTOXKHUBYIICH»
JYT' MOYKET ObITh MUHUMAIIbHO, TO ecTh Z=2MY+X=1. Kpome Toro, orieH1uM Bpemst
Ty, 3a KoTOopoe OyaeT BHINOTHEH cOOp MOIHON MHpOpMauu o rpade B Kakmoi
BepmmHe rpada mocie Toro, Kak BooOIe MpeKpaTHINCh BCE U3MEHEHHUsS B rpade.
OueBugHO, uTo T1 <T(, ONHAKO MPEKpalICHUC U3MEHEHHUH B rpad)e MO3BOJSLCT

CYHIECTBECHHO YMCHBIINUTD Tl IO CPpaBHCHUIO C To.
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3. Udes1 anzopumma

Wnes anroputMa 3aKimodaeTcs B TOM, YTOOBI KaXKIBIH pa3, KOrna oOHapyKUBaeTCs
WU3MEHCHHUE AYTH, KOPPEKTHPOBAThH OMUCAHKE IYTH U PACCHUIATH COOOIICHHE C ITHM
OIKCAaHUEM «BEEPOM» IO BCeM Jyram rpada s TOro, 4ToObl KaXKaas BEpIINHA €ro
monyymwia. Msl OylneM TOBOpUTb, 4YTO pacchuliaeTcs ommcanue ayru. IlepBoe
ONHCaHUE IyTU CO3AaETCs B HAvyalle YTy MO CUTHATY MOSBICHUS YT IPU IEPBOM
MOABNICHUN 3ToW nxyru. Jlyra, KoTopas uMeeTcs B Tpade C camMoro Hadaja,
CUHTAETCS TOSBIIIONMIEHCS B Ha9aIbHBII MOMEHT BPEMEHH.

Kak BBINOMHHUTE PAcCBUIKY ONMHCAHHUS IyTH P «Beepom»? [l 3TOTO BEpIInHAa,
IIPUHUMAas 110 HEKOTOPOH BXOIMIIEM nayre (| omucaHue AYT'M P IEpBbIM pas,
pacchlIaeT ero Mo BCeM BBIXOSIINM JyTaM, a TOBTOPHBIC IPUHUMAEMbIC OITCAHMUS
Iyru P urHOpupyeT. OTHAKO AyTra MOXKET MEHSATHCS HECKOIBKO Pa3, IOATOMY €CIi
BEpIIMHA TMPUHUMAET OMUCAaHWE Oo0Jiee IMO3JHEr0 COCTOSHUS JyTH, YeM TO, O
KOTOPOM OHa Y€ «3HaeT», OHa HE JIOJIKHA UTHOPUPOBATH MPUHUMAEMOE OIKMCAHUE.
Jnst  9TOro  COCTOSIHMSI  JIyTH, COOTBETCTBYIOIIHME €€ TOCJIeI0BaTEeNIbHBIM
W3MEHEHUSIM, MEPEHYMEPOBBIBAIOTCSI. DTOT HOMEpP HA3bIBACTCsl paueom IyTU U
XpaHUTCS B ONMCAHUH OyTH. BepmmHa WTHOpHpYET MPUHUMAeMOe OMHCAaHUE TyTH
TOJIBKO B TOM CITydae, €CIIi B HEM paHT JyTH MEHBIIE WIM PaBEeH paHry OYTH B e
ONMCaHWH, XpaHAINIEMCs B BepmimHe. Eciam Xe paHr Ayrd B TPUHEMAEeMOM
omucaHuK OOJIbIIE, TO MPUHUMACMOE ONKCAHHWE IYTd 3aMeniaeT coOoil omucaHue
JIyT'H B BEpIIMHE, U 1ajee BEPIIUHA TOJDKHA PAa30CiaTh 3TO OOHOBICHHOE OIHMCAHUC
JIyTY TIO BCEM BBIXOSIIUM JAYyTraMm.

Kakum o0Opa3oM oOHapyxuBaeTcs m3MeHeHHe Ayru? Cxema paboOThI alroputMa
MoKa3aHa Ha puc.l.

O nosBIEHWH AYTM HW3BEIIAETCS Hayajo AYTd C MOMOUIbIO CUTHAJA MOSBICHHS

AYyTH. B 3T0T MOMEHT BPEMCHU KOHCI AYTU emié He H3BCCTCH, MMOITOMY B OITMCAHUHU

9
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JOYT'H MISHTU(QHUKATOp KOHLA AyrH nenaercss mycTbiM. Ilo myre mockuiaercst eé
onucaHue, NMPUYEM YyKa3bIBaeTCsl WACHTH(UKATOpP AYTH, MO KOTOPOHM IMOCHUIAETCS
ormcanue. Korna 310 omucanne JOWAET 10 KOHIA YT, B ONMCAHUE JYrH Oyner
MoMeIEH MACHTH(HUKATOp KOHIA OYI'M W Jajee IOJYyYCHHOE ONHCaHWE IyTh
pacceutaeTcs «Beepom». Korga 3To onmcanne nOWAET 10 Hayalla OyTH, TaM TOXKE
MOSBUTCS HEITYyCTOH NACHTH(UKATOP KOHIIA TYTH.

Jnst Toro 9TOOBI OTCIEKMBAaTh M3MEHEHHE KOHIA JIYrH, MO JOyre MEPpHOANYECKH
nocsutaeTcsl €€ onucanue. Ecim KoHen Ayru He MEHSETCs, HACHTU(UKATOP KOHIA
OyT'H B TIOCBUIAEMOM OIIMCAaHHM COBIAAeT C WACHTU(HUKATOPOM BEPIIHHEI,
NOJyYHUBILEH OMUCaHKe, TO eCTh ¢ UACHTH()HUKATOPOM KOHIa Ayru. B atom ciyuae
HUYEro JieJaTh He HY)KHO. Ecim ke KOHel Ayrd CMEHWJICS, TO WJISHTU(QHUKATOP
KOHI]A Iy B IIOCHUJIAEMOM OIMCAaHUM OYyZeT OTINYaThCs OT WAEHTHU(HKAaTopa
BEPIIMHBI, MMOJYYUBIIEH ONpOC, T.e. OT MISHTU(HMKAaTOpa HOBOI'O KOHIA Ayru. B
STOM CIlydae HOBBIH KOHEI[ JYT'M PACCBIIAET «BEEPOM» OMHMCAHUE OYT'H CO CBOUM
COOCTBEHHBIM HJICHTU(PHUKATOPOM KaK MACHTH(UKATOpOM KOoHIA 1yru. Korzma Takoe
OINMMCaHNE IMOTYYHUT Hadajgo AYTH, OHO IOMEHSET WACHTH(UKATOp KOHI@A IyTH B
CBOEM OIUCAHMU JTyTH.

OO0 wWCYe3HOBEHMM JyrM W3BEIIACTCS HAyaJl0o AYTH C TIOMOIIBIO CHUTHAja
HCYE3HOBEHHs Jyru. OTO MPOUCXOAWUT TOrjAa, Korga IO Jyre nepenaércs
cooOmenne. Hayano ayru nenaer mycThIM HACHTH(GUKATOP KOHIA JYTH B CBOEM
OIMCaHUM AYTU U PacChUIaeT 3TO OIUCAHUE KBEEPOM.

Jdns Toro, 4roObl OmMCaHHAs CXxeMa alropurMa padoTana, Hy)XKHa NpaBHIbHAS
npoleaypa M3MeHeHHs paHra ayru. CMBICH 3TOH mIponeaypsl B TOM, YTOOBI B
ONUcaHNM 0oJiee HOBOTO COCTOSIHUSI IyT'M PaHr ObLI OOJbLIE, YeM BO BCEX JAPYTUX

HUMCHOIIUXCA OMMUCAaHUAX NYT'H.
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[IycTs B Havane AyTd B OMHUCAHHU STOW IYI'M YKa3aH MaKCHMAIbHbINA paHr j. Ecmu
UIeHTU(HUKATOP KOHIIA AYTH B OTOM OINMCAHUM HENpPaBWIBHBINA (ITyCTOH mocie
MOSIBJICHHS JyTM WM CTapblii MMOCIE M3MEHEHWs] KOHIA Jyr'v), TO KOHEIN AYTH,
MONyYMB TIO JAyre Takoe e€ ommcanne W OOHOBUB ero (noOaBWB CBOit
AOCHTU(HUKATOP KaK WACHTHU(PHUKATOP KOHIA IYTH), TOJDKEH yBENHMYWUTh Ha 1 paHT
nyra. Jlamee oOGHOBIEHHOE ONMCAaHWE IYTW ¢ MaKCHMAJIbHBIM paHroM j+1 Gymer

pacmpoCTpaHsTECS MO Tpady «BEepoOM», B TOM YHCIIC U 10 Hadasla JyTH.

OpnHako 37ech BO3HHMKAeT NMpoOJIeMa MHOTOKPATHOTO M3MEHEHMs KOHIA Ayru. B
STOM cIy4ae YK€ He B OJHOH, a B HECKOJIbKMX BEPHIMHAX MOXET OKa3aThCs
MakcuManbHbI paHr j+1. TTOCKONBKY TOJNBKO OfHA W3 3THUX BEPLIMH B JaHHBIH
MOMEHT BPEMEHH SBIISIETCS TEKYIIUM KOHIIOM JYI'H, HY)XHO, 4TOOBI 1o Tpady
PacIpOCTPAHsIOCh ONUCAHUE JYId UMEHHO C TEKyIUM KOHLOM AYIH, a HE C
KaKuM-TO ApYyruMm, Oojee paHHuMM. [y pelieHHs 3TOH mpoOiemMbl Ha4yajo AyTH,
HOJIyYMB ONHUCaHHE C PaHroM j+1 oT xakoro-HuOynb, BO3MOXKHO, OOJiee paHHETo
KOHIIa TyTH, elI€ pa3 yBeIMYMBACT PaHT Iyr'd Ha 1 Tak, 9TO OH CTAHOBUTCS PAaBHBIM
j+2. Ho Tenepb Takoil paHr He NPOCTO MaKCHMaJbHBIH: OH MMEETCS TOJBKO B
Hauane Aayru. Ecnm naeHTH(UKATOp KOHIIA AYTH B 3TOM ONMCAHWH MPaBWIbHBIA
(T.e. HaYANO IYTH MOJIYYHUIIO OIMMCAHUE C PAHTOM j+1 OT TeKyIIero KOHIa AyTrH), TO
3TO OMHCAHHE C MAKCHMAJbHBIM PAHTOM j+2 OyaeT pacmpoCTPaHATHCS MO BCEMY
rpady, TMOKa HE MPOU3OUAET CJCAYIOIEr0o W3MEHEHUs nyru. Ecim ke
UIeHTU(HUKATOP KOHLA JYrM B OIMCAaHWM HE MNpPaBWIBHBIN (T.e. Ha4ajao Iyru
HOJIyYHJIO ONHMCaHWe C paHroMm j+1 or Oojee paHHEro KOHLIA OYTH), TO 3TO
OIMCaHUE ¢ MAKCUMAIILHBIM PAHIOM j+2 CHOBA 110 Jyre MOMaAéT B TEKYIIHHA KOHELl
IyTH, TAe paHr emeé pa3 OyneT yBenwudeH Ha 1. Temepp B onmucaHUM B KOHIE AYTH
UICHTHOUKATOD KOHIA MPABHJIBHBIA, a paHr, paBHblid [j+3, He mpocto

MaKCUMaJbHBIA: OH HMMEeTCsl TOJbKO B KOHIE Jyrd. OJTO ONHCaHHe OyaeT
11
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pacrpocTpaHsThCs 10 BceMy rpady, moka He MPOM30HAET CIeTyIOIero H3MEHeHUs
Oyrd. B yacTHOCTH, Takoe OMUCaHHE ¢ PaHroMm j+3 momaaéT B HA4ano AyTH, TIe
paHr cHOBa OymeT yBenwueH a0 j+4, a UACHTH(OUKATOP KOHI@A IYr'M OCTAHETCS
MPaBUIIbHBIM.

Pazymeercsi, BO BpeMsl BBINIOJHEHHS 3TOH MpPOLEAYPHl BO3MOXKHO HCUE3HOBEHHE
nyru. B Havase nyru uaeHTU(HUKATOP KOHI@ AYTH B €€ OMHMCAHUU CTaHET IYCThIM,
YTO MPABUIIBHO MOCJE UCYC3HOBEHUS Ayru. Ho HYXHO emié yBeIHYuTh PaHr IyrH,
9TOOBl OH cTan Oomplne, YemM B mo0oi npyroil BepmmHe. Ilockombky 1Mo
NPUBEIEHHOMY BBIIIE OMHMCAHUIO MPOLEIYPbl WU3MEHEHHs paHra BWJHO, YTO paHT
JYT' B Havajie Ayr 0o MakCHUMalIbHbIH, JIN00 Ha 1 MeHbIle MAaKCUMAJILHOTO, IPU
HNCUYC3HOBCHUM AYTU B HAYAJIC AYT'U JOCTATOYHO YBCJIMYUTH paHr Ayrd Ha 2.

Uro penaTte C paHroM [IyrH, €CiIM CUTHaJl MCYE3HOBEHHs IYI'M HpOIYLICH,
NOCKOJBbKY OBLT  3aMEmEH  NOCIEAYIOUIMM CHTHAJIOM — HOSIBICHHS  Jyru?
[IponyuieHHBIH CUrHAN MCUYE3HOBEHMS AYTW O3HAYACT M MPOITYLICHHOE COCTOSIHUE
OYI'H — «Iyra Hcuesja». DTOMY COCTOSIHHIO IYI'M COOTBETCTBYET OIIMCaHUE C
MyCTHIM UACHTH(UKATOPOM KOHIA Ayrd. [103TOMY, €ciiu NpH MOSBICHHH AYrd
uaeHTH(UKATOP KOHIA AYyrd B e€ ONMHCAHMM B Hadaye JIYrd He IMyCTOW, HY)KHO B
HayaJie Jyrd HE TOJIbKO Clenarh HWIACHTH(UKATOp KOHIA IYrH MyCThIM, HO H
YBEJIIMYUTh PAHT TaK, YTOOBI OH cTan Ooibplie paHra Xyrd B J000H npyroit
BEpIIMHE, TO €CThb YBEIWYHTh Ha 2. JTO Kak pa3 M OylIeT COOTBETCTBOBATH
NPOITYIIEHHOMY COCTOSIHUIO Iyr. Eciin ke Ipu mosiBIEHMH OyTH MICHTU(PHUKATOD
KOHIIA Iyr'M B €€ ONMCAaHWUM B Hayaje QYI'W IyCTOH, B Hayajie Jyrd JOCTATOYHO
c/enaTh MJICHTU(GHUKATOP KOHIA JYrd IYCTHIM, @ PaHI' YBEJIWYMBATh HE HYXKHO,
MOCKOJIbKY OIMCaHHe AyrHn B €€ Havyalle YK€ COOTBETCTBYET MPOIYIIEHHOMY

COCTOAHHIO TYTH.
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Ha puc.1 BblaeneH Takxke ciiydaid, Koraa ayra sBJsieTcs eTiaEn, To eCTh KOHeIl AyTH
coBmajaer ¢ eé€ HayajgoM. B aToM cityyae He Hy)KHO CHadana yBEJIMYUTH paHT Ha 1 B
KOHIIE IYTHW, 3aT€M paclpOoCTPaHUTh JTO ONHCaHWe MO rpady a0 Hayajga AYTH,
ocIie 4ero emeé pa3 yBeIW4NTh paHr Ha 1. BMecTo 3TOro HyXHO Cpa3y yBeIW4nThH

paHr Ha 2.
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Puc. 1. Cxema pabomur aneopumma
Tawke Ha puc.] NOKa3aHbl MEPEXOJbl, KOTOPbIE MPOUCXOIAT JnubO 3a HyJIEBOE
BpeMs (IIpH YCJIOBUH, YTO BPEMEHEM CpabaThIBaHUSI aBTOMaTa MbI IIpeHeOperaem),
aubo 3a Bpemsi He Oojiee 2 TakToB, JuOO 3a Bpems He Oonee 3(n-1) Takros. Ha
pUCYHKE BHMJHO, 4YTO MaKCHUMaJbHas JUIMTEIBHOCTh IIENOYKH IIEPEeX0/0B OT
M3MEHEHHS JYTU JI0 PACHPOCTPAHEHHS OMMCAHUS STON IYr'd MO COCTOSIHHUIO TOCIe
9TOTO WK MOCIEAYIOMNX W3MEHeHuid ayru pasHa 2+3(n-1)+3(n-1)=6n-4. Ecmu
JN00aBUTh emE OAWH TakT, TO MHGOPMALUSI O JIyre OKaXerTcs rapaHTHPOBAHHO
MPaBUIILHOM Takke M BO BCEX ONMCAHMSX, MepeAaBaeMbix 1o ayram. Crporoe

J0Ka3aTeJIbCTBO 3TUX OLICHOK NPUBEACHO HUIKE B pa3aciic 5.1.

Jlo cux mop MBI MOJYQJMBO MPEAINOJAraid, 4TO PAacIpOCTPaHEHMIO HO Tpady
ONMCaHMs JyTd HUYTO HE MELIAeT, KPOME ONUCAHUI 3TOW K€ AYrd C OOJIBIINMH
paHraMu, 4To COOTBETCTBYET OoJjiee MO3JHHM COCTOSIHUSIM ayrd. OJHaKo Takomy
pacmpoCTpaHEHHI0O MOTYT IpEnaTCTBOBaTh Takxke Hu3MeHeHus nayr. llo
«KOPOTKOKUBYIIUM» JyraM COOOLICHHUsI MOTYT IPOCTO HE YCIEBaTh IMPOXOJHTH,
MO3TOMY BCS HAJESKAa Ha «JONTOXHBYIIWE)» IYTH, KOTOPbIE HE MEHSIOTCS, IO
KpaliHel Mepe, B TedeHue 1 TakTa. B mocTaHOBKe 3aadu IpeanoJiaraercs, 4yro B
KaXIbli MOMEHT BpPEMEHH cyrpad, MOpOXAEHHBIH «IONTOXHUBYLIIMMI» JyTaMH,
CHJIBHO CBSI3€H.

OpHako I TOTO, YTOOBI BOCIIONB30BATHCS ITHMH IMPEIIONOKCHUSAME, HYXHO
ycCIIeBaTh MEpeAaBaTh 10 «IOJTOXHUBYIIEH» Ayre Bce TpeOyeMble omucaHus. A 3To
O3HAYaeT, YTO B OJTHOM COOOILCHUH, ITOCHIIAEMOM 10 HEKOTOPOH Ayre, HaM HYKHO
00BEANHNUTE BCE ONMHMCaHMs AYT, KOTOphle HY)XHO Hepenarth 1o 3Toil ayre. Uro ato
3a onucanusa? Ecnu nyra ( mosBIsSeTCs WM MEHSET CBOM KOHEIl, TO MO Hel HY>KHO
nepefaBaTh BCE HMEIOMIMECS B Hayale AYTH OIMCAHHSA, MOCKOJIBKY BO3MOXKEH

ciIydai, KorJa Imocjie TaKoro W3MEHEHHUs IyTH (| B e€ KOHel] ené He MepeaaBalich
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9Tu omnucanus. Ecnu ayra ( ucuesaer, TO Mo HEW, KOHEUHO, HUYETO TeperaBaTh
Henb3s. U ToJbKO B TOM cilydae, Korja He MPOUCXOIUT U3MEHEHHE AYTH (, 0 He
MOXKHO OBLJIO OBI TepefaBaTh TOJBKO TE OIMCAHUS, KOTOpPhIC MO HEW emé He
TepeaBaliuCh.

OpmHako Korja MblI IOCBUIAEM COOOINCHHE IO Iyre, COJACpKallee JUIIb YacTh
XpaHAIIUXCSA B HaJaje AYTH OMMCAaHUl, MBI HE 3HaeM, CMEHHT JIM AyTra CBOH KOHEI]
JI0 3aBeplicHHs nepenaun cooOmieHus. Ecnm depe3 Bpems X<l TakToB Iocie
MOCBUTKA TIO Jyre COOOIICHWsS Ayra MCHSET CBOM KOHeN, TO nyra emié He
OCBOOOXKIIACTCS; OCBOOOKICHHE MOXKET MPOU30MTH vepe3 1 TakT, mocie uero Ham
ClIeZlyeT IociaTh MO Jyre BTOpPOE COOOIICHHE €O BCeMH (WJIM CO BCEMH
OCTaJIbHBIMHU) OMUCAHUAMHU. DTO BTOPOE COOOILICHUE MOXET MepeaaBaTbcs Toke 1
TaKT, IOATOMY B KOHEII yTH BCE OMHCAaHUSI MOTYT IOMACTh depe3 2 Takra. OmHako
BpEeMs CYIIECTBOBAHUS «IOJTOKUBYIIEH» TyTH OTPAaHWYCHO CHU3Y OJHUM TaKTOM,
a He AByMsI.

Ho make ecnii ObI MBI YBEITUYIIIN ATy HIDKHIOIO T'PAaHUILy BPEMEHH CYIIECTBOBAHHS
«IIOJITO’KMBYIIIEH» AYTH IO 2 TAKTOB, 3TO HE MOMOTJIO OBI. JIeo B TOM, YTO O CMEHE
KOHIIa TyTH Y3HAET JIMIIb aBTOMAT B KOHIIC JYTH, @ B HAYAJIO AyTY uHpopManus 00
9TOM MOMNAAAET Yepe3 JUIUTEIbHOE BPEMs B PE3YNIbTATE paCIPOCTPAHEHUS OITUCAHUS
no rpady. B TeyeHne 3TOro IIMTEIEHOTO BPEMEHU Jyra MOXET MHOTO Pa3 MEHSTh
CBOH KOHEIl, U KaXAbIKA pa3 Mo ayre B €€ oYepeaHON KOHell MOnaa&T TONbKO 4acThb
OIMCAaHUH.

OTU 3BPUCTUYECKHE COOOPaXKCHHs NPUBOIAT K BBIBOIY, YTO IO Iyre HYKHO

IOCHIJIAaTh COO6H.[CHI/IC, coepiKamee cpasy BCE ONMCAaHUA, XpaHANIUECS B Haydae

IyTH.
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4. OnucaHue anzopumma

4.1 CoobOLueHus.
Coo0111eHNe COAEPIKUT:

e | — umenrudukatop Hayaga qyry, Mo KOTOPOU cooOIIeHHe nepeaaéres,
e i — HOMEp JAyTH, 10 KOTOPOM COOOIIEHUE MEPENAETCS,
e | — mmmHA MaccuBa oTMCaHUI YT,

e L7[0..I'-1] — maccuB onucanwmii ayr.

Ormrcanwe € ayru comeput: 1) naeHTHdUKaTop HavYa a ayru, obo3Hadaembrii N(e),
2) HOMep ayrTH, 0003HawaeMsbIii i(€), 3) uaeHTHOHUKATOP KOHIA AyrH (OBITH MOXKET,

mycToitf), o6o3nauaemsrit K(e) u 4) paur gyru, o6o3nagaemsiit r(e). Unentudukarop
ayru — (N(e).i(e)).

4.2 NMNamaTb aBTOMaTa

ITamsiTh aBTOMATa COACPIKUT:

e yIpaBIsIIOIIEe COCTOSHKE (HadyanbHOe WK pabouee),

e | — upeHTHUKATOP BEPLINHHI,

e |- qumHa MaccuBa ONMCaHMIT AYT, XPAHSIIUXCS B BEPIIUHE,

e L[0..I-1] — maccus onmcanwmii ayr.

4.3 PaboTa aBTOMaTa

4.3.1 HayanbHoOe cocTosiHue

ABTOMAT oOmpamuBacT HWIACHTU(PHUKATOP BEPUIMHBI M 3amoMuHaeT ero B .

Wnnnuanmsupyercs: |1:=0. ABroMaT nepexoaur B pabodee COCTOSIHHE.
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4.3.2 Paboyee cocTosiHMe

B 3TOM cocTOosSHHM aBTOMAT OKHIAET JIF0OOTO CUTHAJIA U JIF000r0 COOOIIEHNS.

4.3.2.1 CurHai MosBIICHHUS IyTH, TIApaMETp: HOMEp JAYTH I.

B maccue L uiercs omicanue € ¢ uaeHtudukaropom ayru (1,i).

Ecinm Takoro omucanus HeT, TO B MaccuB L BcraBisercs omucanue € = (l,i,&,0),
I:=1+1.

Ecmu K(e) =g, To r(e):=r(e)+2 u K(e):=e¢.

B smo6om ciryaae mo ayre | mocsinaercs coobmenwe (1,i,1,L).

4.3.2.2 CurHas HCYE3HOBEHHUS IYTH, TApaMeTp: HOMep IYTH .

B maccuse L nimercst onmucanue ayru € ¢ uaeatudukaropom ayru (1,i).

r(e):=r(e)+2 u K(e):=¢.

4.3.2.3 Curnain ocBOOOKIEHHUS IyTH, TapaMeTp: HOMEpP OYIH i.

o ayre i noceutaercs coodmenue (1,i,1,L).

4.3.2.4 CooOuienue.

[pocmatpuBaercst MaccuB L~ omucanuii ayr B mpuHATOM cooOiennu. s Kaxaoro

e =L"(j7), rme j =1..I"-1 BeImONHSIIOTCS CACAYIOLUINE NCHCTBUSL.

1. B maccuBe L umiercst onucaHue Qyry € ¢ TeM e MACHTH()UKATOPOM JIYTH, 4TO
B €. Ecnu Takoro omucanusi HeT, To B MaccuB L BcrapmsieTcs omucaHue €,
I:=1+1.

Hanee n.2, n.3, n.4 win 1.5 B 3aBUCUMOCTH OT YCJIOBH 3TUX ITYHKTOB.
2. [Jyra e — 5To mems, IO KOTOPOH MPHIIIO COOOIIEHHE, T.e. UICHTUPHUKATOP

nyru B e paseH (I7,i7) u I'=1.
18
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Ecmu K(e)=l, to r(e):=r(e)+2 u K(e):=I.

3. Jyra e — ne neis (T.e. I"#l) 1 3170 qyra, mo KOTOPO# MPHIILIO COOOIIECHHUE, T.C.
uneHtudukarop ayru B € pasen (17,i°).

Ecmu r(e”)2r(e) u K(e)=I, o r(e):=r(e") u K(e):=l.
Ecmu r(e”)>r(e) u K(e7)=, To r(e):=r(e")+1 u K(e):=lI.

4. Jlyra e — He nemis (T.e. |”#1), 3T0 He Ayra, Mo KOTOPOil MPUILIO cOOOIICHHE,
T.e. uaeHTuduKarop ayru B € He paseH (I7,i"), u 3to Bexomsimas ayra (N(e)=I).
Ecmu r(e")>r(e), To r(e):=r(e")+1 u K(e):=K(e").

5. Jlyra e — #e metia (t.e. I"=2l), 310 He Ayra, MO KOTOPOH MPHUILIO COOOIIECHUE,
T.e. upeHTrukarop Ayru B € He pased (I7,i7), u 370 He BBHIXOAMAIIAS Iyra
(N(e)=).

Ecmu r(e”) > r(e), ro r(e):=r(e"), K(e):=K(e").

5. OyeHka epemMeHuU u namMamu

5.1 Bpemsa paboTtbl anroputma

[Iycte BbIOpaHa Iyra P ¥ HEKOTOPBIH MOMEHT BpeMEHH 1p, KOTOpBIH Oynem
Ha3bIBaTh Hauanom omcuéma. Mpl OyneM paccMaTpUBaTh pPaclpOCTPAHCHHE I10
rpady uHpOpMaMK O ayre P mocie MOMeHTa BpeMeHH ty. Jlo mepBoro mosiBueHus
Iyrd P BO BCEX BEpIIMHAX OTCYTCTBYET ONMHCaHWE AyTH P. Takoe «OTCyTCTBHUE
OTIMCaHWA» PACHPOCTPAHATH HE TpeOyercs, MO3TOMY MOXHO CUHTaTh, 4To fp —
MOMEHT BPEMEHH II0CJie€ MEPBOTO TMOSBICHHUA MOyTH [, BKIOYas 00paboOTKy
AaBTOMAaTOM CHTHajJa MOSBICHHUS AYTH. TeKymuii MOMEHT BpPEeMEHH O0O03HAUNM

yepes t, t > to.
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Hauano nyru p oGo3Haunmm uepe3 &, a e€ TeKyI[Mi KOHel (KOHEL B MOMEHT
BpeMenu t) — yepes b. Ecim nyru Her, OymeMm cumrath, 4ro b=& UYepes B
0003HAaUYUM MHOXECTBO KOHIIOB, KOTOpBIE Jyra P HUMejJa B WHTEpBale BpPEMEHH
[to,t], BRITIOUAs & ecnu myra P ucyesaia B TOM HHTEPBaje BPEMEHH. 3aMETHUM, YTO
MHOXXECTBO B MOXXET TOJNBKO pacTu, 3a HCKIIIOYEHHEM Cilydas BBIOOpa ApPYroro
Hayaja OTCYETa.

O6o3naunm: V — MHOXKeCTBO HWICHTH(UKATOpPOB BepiinH, E — MHOXECTBO
UAEeHTH(HUKATOPOB AYT rpada.

Jlnst KpaTKOCTH paHr Iyru P B €€ ONHMCaHWM B BEpUIMHE X Oy/ieM Ha3bIBaTh pAHZOM 8
sepwune X 1 0003HauaTh Iy. Eciy Takoe onucanue oTcyTCTBYET, TO OyJeM CUNTATH,
qto Iy = -1. Paneom na Oyee ( Oynem Ha3bpIBaTh paHT AYTH P B €€ ONMUCAHUM B
coolmieHnn, KoTopoe mepenaéress win (ecind ceidyac Mo Iyre COOOIICHHE HE
nepenaércs) MOCNeHUH pa3 nepenasanock 1o ayre ¢, 1 00o3Ha4aTh ry. Eciou no
ayre ( emé He repeiaBaioch HU OJJHOTO COOOILEHUSI WIM HUA B OJJHOM COOOIICHUHU
He ObII0 OnucaHus Iyru P, To OyaeM cuurath, uto Iq = -1. IIpocto parneom Synem
Ha3blBaTh PaHr B BEpIIMHE WIM paHT Ha xayre. Makcumanvhvim panzom Oynem
Ha3bIBaTh TAKOM PaHT, YTO BO BCEX BEPIIMHAX U HA BCEX Jyrax pPaHr He OOJblIe.
Wnentnduxarop koHua ayru p B e€ onmcaHuM B BepuiMHE X OyJeM Ha3bIBaTh
KOHYOM 6 gepuiure X, 1 o0o3HauaTh K,. Ecnm Takoe ommcaHue OTCYTCTBYET, TO
Oynem cuutath, uto K, He ompexaeneHo. Kouwyom Ha Oyee ( OyneM Ha3bIBaTh
naeHTH(UKATOP KOHIIA Iyrd P B €€ OMUCaHUU B COOOIICHHH, KOTOpOe Hepenaéres
win (ecnu ceifyac Mo Jyre cooOleHWe He Tepemaérest) TOCIHCAHUM pa3s
nepeaaBanock 1o ayre ¢, n o6o3nauars Ky Ecmu mo myre ( emé He mepenaBanochk
HU OJTHOT'O COOOIICHMS FJIM HU B OJTHOM COOOIICHUH HE OBLIO OMHCAHUS IyTH P, TO

6yﬂ€M cyuTarb, 4TO Kq HE OIMpEACJICHO. HpOCTO KOHYOM 6yz[eM Ha3bIBaTb KOHCI] B
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BepIIMHE WM Ha nyre. bymem roBoputs, uto koHen K, npasunshuii, ecim K, eB,
unHaue kouen K, — nenpagunvhuiil.

Cocrosiaue rpada OTHOCUTEIHFHO BEIOPAHHOW AYTH P B TEKYIIMA MOMEHT BpeMeHH t
MOJIHOCTBIO OmuchiBaeTess Benmuunamu V, E, a, ty, b, B, K, r,, rne zeVCE. Tlpu
atom V, E, a He 3aBucaT ot t. JJist cOOBITHSI, KOTOPOE MOXKET MPOU30UTH B MOMEHT
BpeMCHU t U M3MEHHUTH COCTOSIHHE Tpada, 0003HAYUM 3HAYCHUS BEIUYHMH IOCTC
coOBITHSL Yepe3, COOTBETCTBEHHO, to, b, B, K',, r, rme zeVCE. Taxke
0003HaUMM: I =1, I =1, K=K, K =K',

W3 npaBuit M3MEHEHUsI IyT U OMMCAHUSI AITOPUTMA CJIEYET CIEAYIOLIHi epeveHb
COOBITHIA, MEHSIOMMX cocTossHUE Tpada. HekoTopble M3 ATHX COOBITHH SIBISIOTCS
MOCIIE0BATEIHHOCTHIO «MHKPOCOOBITHIT», PUBOIAMINX K 00paOdOTKEe aBTOMAaTOM
BXOJIHOTO CHMBOJIa: CHIHaja WIM I[pPUHUMaeMoro coobuienus. Hampumep,
MOBTOPHOE TMOSIBIICHHE JyTd P — 3TO MOCIEAOBATEIBHOCTD  CIEIYFOIIUX
«MHKPOCOOBITHIY: UCUC3HOBEHUE JYTH, BHIPA0OTKA CHIHAJIA UCUC3HOBCHHUS JIYTH H
MOCTAHOBKA €ro0 B OYEpeb BXOJHBIX CHMBOJIOB aBTOMATa, IOSBJICHUE IYTH,
BBIpA0OTKA CHTHAJa TMOSBJICHUS IyTM W 3aMCIICHHE UM B OYEpPEAM BXOJHBIX
CHMBOJIOB aBTOMAaTa HAaxOJSIIErocss TaM CHUTHAJla WCYE3HOBEHHs, 00paboTKa
ABTOMATOM CHTHAJA TOSIBIICHHs. Ba)KHO OTMETHTh, YTO B JHOOOM Cliydae COOBbITHE
NPOUCXOJUT B TEYCHHE BPEMEHH, CPABHUMOIO C BpEeMEeHeM cpabaTbiBaHUS
aBTOMAara, KOTOPBIM MbI TIpeHeOperaeM; HHBIMH CJIOBAaMH, Mbl MOKEM CUHMTATh, YTO
COOBITHE TIPOUCXOJUT «KMTHOBEHHO». MBI paccMaTpuBaeM COCTOsSHHE rpada MexIy
COOBITUSIMH, HO HE «BHYTPHU COOBITHS», TO €CTh HE MEKIY «MHKPOCOOBITHSIMUY
BHYTPH OJHOTO COOBITHS. B mepeyHe cOOBITHMII MBI yKa3blBaeM MJIsi KaXIOTO
COOBITUSI TOJBKO TE 3HAUCHUS BEJMYMH, OMNPEACISIONINX COCTOsHUE Trpada,

KOTOPBIE MEHSAIOTCAL.
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1.
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Cmena wauana omcuéma — BBIOOP TEKYIIETO MOMEHTA BPEMCHU KaK Hauana
OTCUéTa.

t'o=t, B’={b}.

Tosenenue nyru P ¢ KOHIIOM X#€, BKJIOYas 00pabOTKYy aBTOMAaTOM CHIHaja
nosiBiieHns. Ecnu B Havanme otcuéra fy myrm p He Obulo, To &£€B,
cnenoBarenbHo, £€B’. Ecnmu B mauane orcuéra ty ayra p Obuia, TO 3TO
MOBTOPHOE TMOSBJICHUEC JYTH, TEpel KOTOPHIM JOJDKHO OBUTO  OBITH
MCYC3HOBCHHUE JYTU MOCJE Havajga OTCYETa, JaXKe €CIM CHUTHAJ MCYC3HOBCHUS
3aMeIIalICs B OYEePEIr BXOAHBIX CHMBOJIOB aBTOMATa CHTHAJIIOM IOSIBICHHS, U
OATOMY TOXe £€B’.

b'=x, B'=B{&x}. Ecnu K=¢, to r'=r+2 u K'=¢. B mobom cnysae K',=K",
re=r.

Hcuesnoseenue nyru P, €CIM CHTHA HWCYC3HOBEHUS HE 3aMeEINacTcs
MOCIICIYIOIUM CUTHAJIOM TOSBICHHS, BKIIIOYas 0OpabOTKYy aBTOMAaTOM
CUTHaJIa HICYE3HOBEHUSI.

b'=¢ B'=BA{¢g}, r=r+2, K'=¢.

Cmena KoHya AyTH P Ha KOHEI[ XZ&.

b*=x, B'=B(4x}.

ab-cobvimue — mocTymieHne coodmIeHns mo ayre P B e€ Kowen b, xorna b = a
(myra p susercs metnéil) m K #a, BriIoudas cpabaTblBaHWE aBTOMaTa IIO
npuéMy 3TOro COOOIICHWs. 3aMEeTHM, YTO CHAadala aBTOMAT TPUHHMACT
COOOIICHNE, NPUXOASIICe 10 [Oyre-neTie, W TOJBKO IOCJAE€ 3TOro
BBIpa0aThIBAETCS CHTHAI OCBOOOXACHHS. 3aMeTHM, 4Tto eciau K =a, To

coctosiHue rpada He MEHSIETCI.
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r=r+2, K'=a.
6. b-cobvimue — mocrymienue cooliienust mo ayre P B e€ koHer b # & koraa

a=b (ayra p He sBisercs neTn€R), BKIOYas cpabaTbiBaHHE aBTOMAaTa IO

MPUEMY STOTO COOOIICHHS.
Ecmu ry > 1, 1 Kp=b, To r'y=r, u K’,=b.
Ecmn ry > 1, 1 Kpb, To r'y=rp+1 u K'y=b.

7. a-cobvimue — MOCTYIUIEHUE COOOIICHUS 1O Iyre (=P B BEpIIMHY @, KOTAa
>, BKMOYas cpabaThIBaHHE aBTOMATa IO NPHEMY 3TOTO COOOLICHHS.
3aMeTUM, 4TO €Cliu Iq < I, TO COCTOSHHE Ipada HE MEHSETCH.
r'=rg+lu K=K,

8. [Ilpuém — mocrymieHue COOOLICHHS 1O Ayre ( #P B BEpUIMHY X #a, KOraa
rq>Try BKIIOYas cpabOaThIBaHME aBTOMaTa IO MNPHEMY 3TOro COOOIIEHHS.
3aMeTUM, 4TO €cliu I < Iy, TO COCTOSHUE Tpada HE MEHSETCH.
r'=rq, K'x=K,.

9. [Ilocwiika — ocBOOOXIeHHE Iyrd ( WM TOSBICHHE Iyrd ( #P, HUMEIOIei

HayaJio B X, BKJIIO4as Cpa6aTI)IBaHI/Ie aBTOMATYy IO CUTHAITY OCBOGO)K,ZICHI/I}I 501058

HOSBJICHUS JyT'H, COOTBETCTBEHHO.

rg=re K=K
OmnpenenyM CIIeIyIONIIe COCTOSHUSA Tpada:
l.bze& F2eVr,>r &K,«B.
2.b#e& VieVLET, <r & K&B.
3(w). ZeVr,>w & VzeVLE (r, 2w = K, eB).
4. vzeVCE K, eB.
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Cocrosnue 3(W) onpenesnseTcs i HEKOTOporo panra W. [ToHATHO, 4To eciu W >W
u eV r,>wW, to cocrosiane 3(W) sBiasieTcs Taxke cocrosaueM 3(W'). CocrostHue
4 sBnsAETCS, HA CaMOM Jelie, TOJICOCTOSHUEM COCTOSHUS 3(W), KOoTrJa BO BCEX
BEpIIMHAX M Ha BCEX [[yrax PaHr He MEHbIIIE W.

Jlemma 1. PaHr ayru B BepIIMHE HE YMEHBIIAETCS: VX EV Iy >y

JlokazatenbcTBo. HenocpeacTBEHHO clieyeT U3 OMUCaHHs COOBITHI.

Jlemma nokasaHa.

Jlemma 2. Panr Ha ayre He MPEBOCXOIUT paHra B HA4Yaje MyTH.

[okazatenbctBo. Kak BHIHO ©3 oOmUCaHusi COOBITHH, paHr Ha Jyre MOXKET
M3MEHUTHCS TOJIBKO TPH MOCBUIKE COOOIICHHS 0 3TOit 1yre (COObITUS noseienue 1
NOCbLIKA), & B 9TOT MOMEHT BPEMEHH PaHI Ha Jyre paBeH pPaHry B Hadaie Iyru.
IMockonbKy 1o jieMMme | paHr B Hadaie Jyrd HE YMEHbBIIACTCS, paHr Ha Ayre He
MPEBOCXOUT PaHTa B HAYaJIe AYTH.

Jlemma nokasaHa.

Jlemma 3.

1) Panru r u rp 4ETHEL

2) JIro6oli paHT HE MPEBOCXOIUT paHTa B BepuiuHe a mmoc 1. VzeVCUE 1, <r+1.

3) Eciu paHr coBmajgaeT C paHroM BEpIIMHBI @, TO KOHIIBI TAKKE€ COBIAJIAIOT:
VeeVLE (r, = r = K, =K).

4) Ecnu cobbITHE yBEIUUYHMBAET PaHr I >r, To I =r+2 u nocie coObITHA paHr I
MaKCUMAJIbHBII H UMEETCS TOJIBKO B BEPIIMHE 8 U, OBITh MOXKET, Ha JIyTe .
JlokazarenbcTBO. ByneM BecTw M0Ka3aTeiabCcTBO MHAYKIMEH 1O coObiTusM. Kak
BHJIHO U3 ONHCAHUS aJrOPUTMAa, NOCJIE EPBOTo MOSABIECHUS IyTu P umeeM: ,=r=0,

Ky=K=¢ amnaz #auz=p: r;=1, cnenopaTenbHO, yTBEPKICHHS JT€MMbI BEPHBI.
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IIycTh 10 COOBITHS YTBEPIKICHUS JEMMBI BepHBI. YTBepxaeHus 1 u 4 mMornu Obl
ObITh HAPYIICHBI TOJLKO B pe3yibTare COOBITHH noseleHue, ucyesHosenue,
ab-cobvimus nmm a-cobvimus, KOTOPbIE MEHSIOT I WM [p. YTBepxaeHus 2 u 3
JIOTIOTHATENBFHO MOTJIM GBI OBITH HAPYIIEHBI B pe3yabTare b-cobbimus, Menstomero
rp umm K.

Iossnenue. Ecmu K # ¢, 10 I'=r+2, K’'=¢. B mobom caysae K p=K, r',=r". Ilo
MPEANOIOKEHHIO [Iara WHIYKUUH Uil YTBepXKAeHUs 1 I 4€THO, ClieIoBaTelbHO,
IF=r wm ' =r+2 u r',=r Toxe 4ETHBL, MOITOMY YyTBepxkIeHHE 1 ocTaéres
BepHbIM. [0 MPEINoNOKEHUIO IIara HHAYKIHH JUIs yTBepXKICHUS 2 I, <r+1,
CIeOOBAaTENBHO, WIS Z#A U Z#D uUMeeM I, =TI, <r+1 <r'+1, a r',=r, mosromy
yTBepxkaeHHe 2 ocTaéres BepHBIM. Ecin K = &, o 1 p=r", K’';=K", a n1s1 z#p panr u
KOHEI[ He MEHSIOTCS, MO3TOMY YTBepXkIeHHEe 3 OCTa€Tcsi BEPHBIM M, MOCKOJIBKY
I"=r, yrBepxaenue 4 toxe BepHo. Ecmu K # ¢, to ' p)=r'=r+2, K’ =K', a w1 z=a u
JUIsl Z#D paHr He MeHsieTcs. [[0CKOJIbKY 10 MPEIIONIOKEHUIO IIara HHAYKIHA s
YIBEPKAEHHS 2 I, <T+1, paHr I’ mocje CoOBITUS MAKCUMAJIBHBINA ¥ HMEETCS TOJIBKO
B BepUIMHE & W Ha Jyre P, MO3TOMY YTBepXKICHHE 3 0CTaércsi BEpHBIM U
yTBEPKICHUE 4 TONKE BEPHO.

Hcuesnosenue. meem 1 =r+2, K’'=¢ Tlo NpeamnonaoKeHUIo mara WHAYKIHA st
yTBepKAeHus | [ uéTHO, ClenoBaTeNibHO, I =r+2 Toxe 4YETHO, MO3TOMY
yTBepxaeHue 1 ocraércsa BepHbIM. [0 TpeANoONOXeHWIO Iara MHAYKIUW i
yTBEpKACHHA 2 I, <T+1, Clen0BaTeabHo, At Z#a UMeeM I, =TI, <r+1<r+2=r,
MO3TOMY YTBEpKAEHHE 2 0CTaéTCsA BEPHBIM. PaHr I mocie coOBITHS MaKCUMAITBHBIH
U MMEETCSl TOJIbKO B BEPIIHHE &, MO3TOMY YTBEPKAECHHE 3 OCTAETCS BEPHBIM W

yTBEpKIeHUE 4 TOXKE BEPHO.
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ab-cobvimue. Umeem r’'=r+2, K'=a. 1o npeamonoKeHUIO Iara WHAYKIUH I
yTBepKAeHus | [ uéTHO, CIEeOoBaTeNbHO, I =r+2 ToXe 4YETHO, MO3TOMY
yTBepkIeHHe | ocTaércs BepHBIM. [l0 MPEONONIOKCHUIO Iara WHIYKIMHA IS
yTBEpKAEHHA 2 I, <T+1, Clen0BaTeNbHO, Al Z#a UMeeM I, =T, <r+1<r+2=r,
MOATOMY YTBEPIKICHHE 2 OCTAETCSA BEPHBIM. PaHT I mocJie COOBITHS MaKCHMAaIIbHbIH
U UMEETCS TOJBKO B BEPIIMHE &, IMOITOMY YTBEPXKICHUE 3 OCTaéTCS BEPHBIM H
yTBEpKIeHHUE 4 TOKE BEPHO.

a-coovimue (fq>r). Umeem ' =rg+1 n K'=K;. Ilockombky IO NPEANOIOKCHUIO
mara MHAYKUUM JJIs8 yTBepKIeHHs 2 Iq <r+1, umeem rg=r+l u r=r+2. Ilo
NPEANOIOKEHHIO [Iara MHIYKUUH Uil YTBepXKAeHUs 1 I 4€THO, ClieIoBaTelbHO,
r'=r+2 Toxe 4ETHO, MOITOMY yTBepKaeHHe 1 ocraércs BepHbIM. Takke IO
MPE/IIIOI0KEHUIO IIIara WHAYKIUU IS YTBEpXkKACHUS 2 F, <r+1, ciemoBareibHO,
UL Z#a uMeeM I, =1, <r+1<r+2=r", mosroMy yTBEpKIEeHHE 2 OCTaércs
BepHBIM. PaHT I’ 1I0CIIe COOBITHSI MAKCUMAITBHBINA W UMEETCSI TOJBKO B BEPINHUHE &,
MO3TOMY YTBEPKACHHE 3 0CTa&TCs BEPHBIM U yTBEpXKACHHE 4 TOXKE BEPHO.
b-cobwimue. 1) Eciu ry 21, u Kp=b, to r'y=r, u K’y=b. 2) Ecnu r, >r, u K=, 10
r'y=rp+1 u K'x=b. ITockonbky b-cobvimue He MeHser I u rp, yrBepxacHue 1
ocraérest BepHbIM. ITo smemme 2 I, <r. CreoBareinbHO, IOCKOIBKY Ip <Tp+1,
uMeeM Iy <r+1, W, MOCKOJABKY I =r, I'p <r+1. Ilo NpeAnoNOoKEHHIO MIara
HUHIYKIAU I yTBepXKAeHusT 2 I, <r+1, W, MOCKOmbKY st Z=b I ,=I, uMeeM
r', <r+l=r'+1. Tlostomy yTBepxiaeHue 2 coxpaHsercs. B cimyuae 1 10
NPEANONOKEHUIO Iara MHAYKIUM A7 yTBepxkaeHus 3, ecmu Ip,=r, 1o K=K, a
torga Ip=r u Kp=b=K,=K. B cmysae 2 r,=r,+1 u, mnockombky IO
IPEIION0KCHHIO IIara HHIYKLMH JUIs yTBEPXKACHUS 1 Iy 1 I 9ETHBL, I}, HEUETHO U,
CIIEIOBATENBHO, I ,==r". ITOCKOJBKY OCTAJbHBIC PAHTH W KOHIBI HE MEHSFOTCS,
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yTBepikAcHue 3 BepHO. [lockoibky h-cobbimue He MEHsICTCSl paHT B BEpIIMHE &, TO
yTBepKIeHHUE 4 BEPHO.

Jlemma nokasaHa.

Jlemma 4. Ecnu ayru Het (b=¢), To paHr r makcumanbHbiit VZeVCE I, <t u K=&
JlokazarenbcTBo. Ilockonbky Hadano orcuéra fy — 3TO MOMEHT BpEMEHH Iociie
NIEPBOTO MOSBIICHUS TyTH P, OTCYTCTBHE AYTH P (MEXKILy COOBITHAMH, a HE «BHYTPH»
OJTHOTO COOBITHSI MEXIY «MHUKPOCOOBITHSIMH») BO3MOXKHO TOJBKO B PE3YJbTaTe
COOBITHUS UCuesHOgeHUe, IPH KOTOpoM I =r+2, K'=¢, a ocTajibHble PAaHTH U KOHIBI
He MeHstoTcs. [Tockonmbky mo memme 3 (yrBepxkaenue 2) I, <r+1, nnsg z=a umeem
', =r, <r . Ioaromy, yuutsiBast, uto K =&, yTBEp> KICHHE JIEMMbI BEPHO.

Jlemma nokasaHa.

Jlemma 5. Ilycth B HEKOTOPBIM MOMEHT BPEMEHHU B HEKOTOPOW BEPIIMHE X PAHT

I« =j. Torna He 6onee ueM uepe3 3(N-1) TakTOB B Ka)KI0M BEPIIMHE Y PaHT Iy >].

JlokazatenbcTBo. [IycTh B HEKOTOpBIH MOMEHT BpeMeHH A=) — 3TO MHOXECTBO
BEPIIMH Y, B KOTOPBHIX Jyra P MMeeT paHr Iy >j. B Kaxublii MOMEHT BpEMEHH
cyrpad, MOPONKIEHHBIH «IOJTOXKUBYIIUMHU» JyraMH, CHJIBHO CBSI3€H, BpeMs
CYIIECTBOBAHUS «JOJITOXKUBYIIEH» IyrH HE MeHbLIE | TakTa, BpeMs EePEChUIKH I10
nIyre He Oombire |1 TakTa, a BpeMeHeM cpabaThIBaHHs aBTOMaTa MBI IpeHeOperaem.
Kpome Toro, B Kax10#l BEpIIMHE MMPH MOSBICHUU WIH OCBOOOKICHUU JAYTH 110 HEi
Cpa3y HOCBUIAETCS COOOIIEHHE.

JokaxxeM ymeepoicoenue o pacwupenuy MHOXeCTBa A: ¢ MOMEHTa BpeMEHH 1,
Koraa obpasyercst MHOKECTBO A= u A7V, He Oostee ueM depes 3 TakTa MHOYKECTBO
A OyzneT pacmmpeHo.

IMockonbky mo yiemMme | paHr Ayrd P B BepIIMHE HE MOXET YMEHbIIATHCS,

MHOXECTBO A MOXET TOJNBKO pacImupsAThCS. B 11000 MOMEHT BpEMEHH, B TOM
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YHUCIIC B MOMEHT BpeMEHH t;+2, MOJDKHA CYIIECTBOBAThH «JOJTOKUBYIIAS» Ayra (,

BeAyIIas U3 BEPIINHBI X €A «HApYXy», T.e. B BepminHy Y #A. B MOMeHT BpeMeHH

t,+2 mo myre q mepemaéres coobimeHue S. DTO COOOIIECHHE OTMPABICHO M3 X HE

panee MoMmenTa Bpemenu (t;+2)-1=t;+1, mosToMy B S paHr JAyrd P HE MEHBIIE |.

Bo3moxHbI 1Ba cirydast.

1

2)

Coobmienne S mon€r mo BepmivHbI Y. Torma 3To MpOM30HAET HE MO3aHEE
MoMmeHTa Bpemenu (t;+2)+1=t;+3. CienoBareibHO, B 3TOM Clydae He 0Ooliee
yeM depe3 3 TakTa IOCIe MOMEHTa BpemeHu t; MHOXecTBO A Oyner
pacuimpeHo.

Coo0riienue S He JOWAET 10 BEPIIUHBI Y. DTO 03HAYAET, YTO JAyra ( U3MEHUTCS
JIO TOT0, KaK [0 HEW 710 BepIIUHbI Y JOUAET coobIineHue S. A TOraa, OCKOIbKY
J — <«IOJNTOXHUBYIIAs» Jyra, MO HEH JMOMKHO JOWTH 0 BEPIIMHBl Y
npensiayiee coobuenne S'. TToCKOJIBKY COOOLIEHHE S OTIPABIEHO M3 X HE
paHee MOMeHTa BpeMeHH ty+1, coobmienue S* MPUHATO B Y HE paHee STOTO Ke
MoMeHTa BpeMeHu. CleoBaTebHO, COO0MmeHre S OTIPABIEHO U3 X HE paHee
MomeHTa Bpemenu (t;+1)-1=t;, mostomy B S paHr ayrd p He MEHBIIE |.
CrenoBarenbHO, B 3TOM ciiydae He Oojiee yeM uepe3 1 TakT mMocie MOMEHTA

BpeMeHHU ) MHOXKecTBO A OyJIeT pacuIupeHo.

HpI/I KaXKJI0M pacClIMpe€HU MHOXKCCTBA A B Hero [[06aBJ1$IeTC$I XOTS OBI OJIHa

BEpHIWHA. HOCKOJ’ILKy C caMoro Hauajga MHOXECTBO A COACPIKUT XOTA OBl OAHY

BCpLINHY, a 0611166 YHCJIO BEPIIMH PpaBHO N, IOJIYy4aeTCs, YTO YMCIIO pacmnpeHI/H‘/i

MHOkectBa A He Gosee N-1. Takum oOpaszom, TpeOyercs He Gomee yem 3(n-1)

TAKTOB, YTOOBI B KaXKJ0l BEPIINHE Y OKa3aJICs PaHr Iy > J.

Jlemma sokazaHa.
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Jlemma 6 (o0 coctosiuu 1). I'pad Haxogutes B coctostaum 1 He 6omee 3(N-1) TakToB.
JlokaszarenbcTBo. IlycTh B MOMEHT BpeMeHH t Tpad HaxXOmUTCS B COCTOSIHHH 1,
TOrga B HEKOTOpOW BepiiuHe Iy>T. Ilo nemMmMe 5 B MOMEHT BpeMeHH
t <tM <t+3(n-1) Bo Becex BepIIMHAX paHr OyIeT He MeHbIe r+1, B TOM 4ucie U B
BepImuHe a. PaccMOTpuM COOBITHE, B pe3ysibTaTe KOTOPOTO B BEPIIMHE @ PaHT
MepBBId pa3 yBenuuuBaercs, T.€. I >r. ITo nemme 3 (yrBepxkaenue 4) r'=r+2 u
mociie COOBITHSI paHT I” MaKCHMAIbHBIA M WMEETCS TOJBKO B BEPIIMHE & W, OBITH
Moxer, Ha ayre P. Ecam myra p we ucuesna (b #¢) u K gB°, To MBI umeeM
cocrosiaue 2. Eciu ayra p ve ucuesna (b° # &) u K €B’, 10, mockosbKy mo jgemme 3
(yrBepxmenue 3) K'p=K", MbI umeem cocrosrue 3(r’). Eciu ayra ucuesna (b° = ¢),
TO £€B”, o nemMme 4 panr I MmakcuManbHbli 1 K = &, a o gemme 3 (yTBepKIEHUE
3) g moboro z, rae I, =1, takke K, = & Crnenosarenbo, s 1000ro Z, tae I,
MaKCHMaJbHbIH panr, uMeer Mecto K, eB’, mostomy Mbl nmeeMm cocrostaue 3(r°).
Takum o6pa3zom, yepes BpeMms He Ooiee 3(N-1) TakToB rpad MOKUHET COCTOSHHE 1.
JlemMMa noka3zaHa.
Jlemma 7 (o cocrosiauu 2). I'pad HaxomuTcss B COCTOSHHM 2 He Oojiee 2 TaKTOB,
MOCJIE YETO HEPEXOANT B COCTOsTHKE 3(W) U1 HEKOTOPOTro paHra W.
JlokazatenbcTBO. PaccMOTpUM pasiindHbie COOBITHSI.
1. Cmena nauana omcuéma: t g=t, B ={b}.
Iockoneky b eB u B cocrosiamm 2 K B, mmeem K'=K £B’. TTockomsky b =b, a
B cocrosuun 2 bzg, umeem b #e TToCKONBKY paHru He MEHAOTCS, rpad
OCTa€TCsl B COCTOSTHUH 2.
2. [Ilosenenue nyru p ¢ koHioM X=& b'=x, B'=BAgx}. Eciu K=¢, To r’=r+2,

K'=¢ B mob6om cixyaae K'p=K", r',=r".

29



. bBypnonos, A. Kocaues.

MOHUTOPHHT TUHAMUYECKH MEHSIOMIETOCS rpada.

Tpyner UacTHTyTA cucTemMHOTO Tporpammuposanns PAH, Tom 27-1, 2015 r., ISSN
2079-8156, c. 69-96.

28 ctp.

30

TokaskeM, 4TO paHr I MaKCUMAJIBHBIN MOcie COObITH. J[eHCTBUTENBHO, €CITH
K=&, To paHrn He MEHSIOTCS, KpoMe IMp=I", ¥ TI03TOMY PaHI I MaKCHMaJbHBbIH
mo ycnoBuio cocrosiuusa 2. Ecim K#g, to o nemme 1 padr r'>r u torma 1o
semme 3 (yTBeprkeHue 4) paHr ' MaKCHMaJbHbIM.

ITo nemme 3 (yrBepkaenue 3) Be3jle, Ille paHr paBeH I, KoHel paBeH K .
Takxke B mobom cioydae K =g a, mockombky &eB’, umeem K eB'.
CrenoBarenbsHo, rpad nepexoaur B cocrosuue 3(r).

Hcuesnosenue nyru p: b'=¢ B’ =B A&}, r=r+2, K'=¢

IMockoneky I >, mo gemme 3 (yrBepkaeHue 4) padr I MakCHMabHBINA. [10
nemMme 3 (yrBepikIeHue 3) Besjme, Iyie paHr paBeH I, konen pasen K.
Mockonbky K'=¢ u £eB”, umeem K eB’. Cnenosarensto, rpad Nepexoaur B
cocrosiame 3(r’).

Cmena xonya nyru p Ha konen X=¢. b =x, B'=B({x}.

Ecmu K=x, To K’'=K eB’. Panr I’ MakCUMaJIbHBIH 10 yCII0BHIO cocTostHus 2. Io
aemMe 3 (yTBepxkIeHUe 3) Be3Je, Te paHr paBeH I, kouel paseH K. IToatomy
rpad mepexoaur B cocrosiaue 3(r).

Ecin K=X, 10, mockoneky B cocrosuun 2 KgB, nmeem K'=KgB". Panr r’
MaKCHMAIIBHBIHA II0 YCIOBUIO cocTosiHus 2, b =Xz¢. IToaTomy rpad ocraéres B
COCTOSIHUH 2.

ab-cobvimue: r'=r+2, K’=a.

Iockoneky, ecimu ayra p metis, o aeB=B", numeem K €B’. Tlockonbky I >T,
mo nemme 3 (yrBepskaenue 4) paHr I MakcuMmajibHbeId. Ilo semme 3
(yrBepknenue 3) Besje, Tae paHr paseH I, koner paBeH K . CienoBaTesbHO,

rpa¢ nepexoaut B cocrosiaue 3(r).
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6. b-cobvimue: ecim ry 21y u Ky=b, To r'y=r, u K’'y=b, a ecmu r, >r, u K=, T0

r‘b=rp+1 u K'p=b.

6.1. Eciu r,>r, u K,=b, To panr r ocraércs MaKCHMaJbHBIM COINIACHO

6.2.

ycnoBuio coctosiaus 2. [lockonbky B cocrosuuu 2 K gB, u b-cobvimue ne

MeHsieTcst KoHell B BepumnHe a, umeeM K =K gB=B". TTockonbky b =b, a B

cocrostann 2 b=e, umeem b'#e. CrnenmosarensHo, rpad ocraéres B

COCTOSIHHUH 2.

Ecm rp2>r, um Kp#b, T0, moOCcKompky B cocrosHMM 2 paHr

MaKCHMaHLHLIﬁ, BO3MOJXKHBI IBa CIy4das: rp<r n rp:r.

6.2.1.

6.2.2.

B nepsoM ciyuae (I,<r) paHr I ocTaéTcsi MaKCHMaJIbHBIM COTJIACHO
ycaoBuio cocrostuust 2. ITockonbky B cocrosanu 2 KgB, u b-
cobbimue He MeHseT KoHel B Bepumue a, mmeem K =KgB=B'.
Iockomeky b'=b, a B cocrosuum 2 bzg wumeem b =
CrnenoBarenbHO, Tpad 0cTaéTCs B COCTOSTHUM 2.

Bo BrOopoM ciyuae (rp,=r) uMeeM Ip>I U, IOCKOJIbKY B COCTOSHHUH 2
paHr r 10 coObITHs OBUI MaKCUMAJbHBIM, IIOCIIE COOBITHS PaHr Iy,
MaKCHUMallbHBIA W WMeeTcss Toabko B BepmmHe b. ITockomsky
b’=beB=B", a K'y=b, umeem K',eB'. Cuenmoparensno, rpad

epexoaut B coctostue 3(r ).

a-cobvimue (rq > r): r'=re+1u K=K,

VYcnosue rq >r OPOTUBOPECUYMUT YCIIOBUIO MAKCUMAJIbHOCTU paHra I' B COCTOSIHUU

2, IMMO2TOMY 2TO COOBITHE B COCTOSIHHH 2 HEBO3MOKHO.

IIpuém coobuenus: r =rq, K'y=Kq.

310 COOBITHE, OYEBH/IHO, COXPAHSIET COCTOSIHUE 2.
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9. Iocwuika coobwenus: ' q=ry, K =K.
DT0 COOBITHE, OUEBUIHO, COXPAHAET COCTOSTHHE 2.

TakuM oOpa3oM, MBI IMOKa3alld, 4TO JII00Oe coObITHE MO0 ocTaBiser Tpad B
COCTOSIHHH 2, OO0 MEPEeBOAUT €ro B cocTosHue 3(W) i HEKOTOPOro panra W, HO
He B cocrosiHue 1. Temeps mokaxkeM, uTo He Oojiee 4yeM uepe3 2 TakTa rpad
nepeiinér B cocrosuue 3(W). PaccMoTpuM MOMEHT BpeMeHH [, koraa rpad
MepexoauT B cocrosHue 2. HaumHas ¢ MoMeHTa BpeMeHH [, paHr I MOXeT
HU3MEHHUTBCS TONBKO TOCHE COOBITHH noseienue, ucuesnogeHue WU mocie ab-
cobvimus (a-cobvimue HEBO3MOKHO B COCTOSHUHM 2). OIHAKO KaXI0€ M3 3THX
COOBITHII TapaHTHPOBAaHHO TmepeBoauT rpad B cocrostHMe 3(W). Ilostomy
JIOCTATOYHO PACCMOTPETh Clly4aid, KOT/ia 3TH COOBITHs HEe mpoucxoast. Toraa paHr
I He MeHsieTcss Bc€ Bpewms, moka rpad ocrtaércs B cocrosHuu 2. M3 onmcanuns
coObITuil crnexyer, 4ro Oe3 m3MeHeHus panra ¢ He Mmensercsi koHen K. Taxke
ycrnoBue KgzB He mensercs, moka rpad ocraércs B coctosHud 2. [lockompky B
cocrossHuu 2 nyra p ectb (b #¢), B MoMeHT Bpemenu t, mo ayre p mepenaércs
coo0IeHre, KOTopoe, BO3MOXHO, OBUIO MOCJIAHO emé 10 MOMEHTa BpeMeHH fp.
[MockonbKy myra P He MOSBISIETCS M HE UCYE3aeT, uepe3 BpeMst He Oosiee 1 TakTa 3TO
coO00IIEeHNE IapaHTUPOBAHHO OYAET NPUHATO B KOHIE OYTH P, MOCJE YETro 110 ATOH
nyre OyneT MOCIaHO BTOPOE COOOIIeHHe. JDTO BTOpOe cooOIIeHne OyaeT MOCIaHo
Torja, Korma rpad) HaxomUTCs B COCTOSIHHM 2, O3TOMY B 3TOT MOMEHT BPEMEHH
oyner K,=KgB u rp=r. IlockonbKy JIyra p He MOSBISAETCS M HE HCYE3AET, ITO
BTOpOE COOOIIEHNE TAaKXKe TapaHTUPOBAHHO OYyJET MPHHATO B KOHIE IYTH P 4epes
BpeMs He Oonee | TakTa, MpUuYEéM, OCKONBKY I' 1 K HE MEHSIOTCS U HE MEHSETCS
ycnosue KeB, 6yner K, 2B u rp=r. IlockonbKy B MOMEHT Npuéma COOOILEHHUs B

BepiinHe b mmeer mecro beB, umeem Kpzb. Ilockonpky B cocrostHuu 2 paHr r
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MaKCHMAaJIbHBIH H OCKOJBKY Ip,=F, HIMeeM I > I, A TOr/a, KaK OKa3aHO BBILIE JULS
b-cobvimus (6.2.2), rpad nepexomut B coctosaue 3(r',). Mtak, Mbl IoKas3aiu, 4To
yepes BpeMs He Oostee 2 TakToB rpad MeEPEXOaUT U3 COCTOsAHMS 2 B cocTostHuE 3(W).

JlemMa sokazaHa.

Jlemma 8 (0 cocrosuuu 3). Eciin He MeHseTCss HaYao 0Tc4Yéra, To rpad) HaXOJUTCS

B cocrosHuu 3(W) mis mo0oro 3agaHHoro W He Oojiee 3N-2 TaKTOB, IOCJE YETO
HEPEXOAUT B MOACOCTOSIHHE 4, M3 KOTOPOro yxe He Bbixomut. CMeHa Havana
orcuéra nepeBoaut cocrosiaue 3(W) B cocrositue 1, 2 wim 3(W').
JoxazarenbcTBo. PaccMOTPHM pasiudHbIE COOBITHIL
1. Cmena nauana omcuéma: t g=t, B ={b}.
Ecinu b=¢, T0 no nemme 4 panr r makcumansasii 1 K=¢=b eB’. Tlo nmemme 3
(yTBepkaeHue 3) Besze, Tae paHr paBeH I, koHer paBeH K. Toraa, MOCKONBKY
b =b, r'=r, K'=K u aus mo6oro z K',=K,, rpad nepexomur B cocrosituu 3(r).
Eciu b, To BO3MOXKHBI YeThIpe ClTydast:
1) Panr r makcumanbubiid u K=,
Torma K g B™. I'pad mepexoaut B COCTOSIHHE 2.
2) Panr r makcumansHbii u K=h.

Torma K € B'. To nemme 3 (yrBepxaeHue 3) Iuisi BCeX Z TaKuX, 4To I,=F,

umeet mecto K, =K. I'pad nepexoaut B cocrosiauu 3(r).

3) MakcUMabHBIH PAHT gy > I, JUIT HEKOTOPOTO Z, THE I; = Fmay, K, Zb.
Torma K, g B™. I'pad nepexoaur B cocrositue 1.

4) MaxkcuManbHbIH PaHT Fyay > I, U KAKAOTO Z, TAE F; = gy, K, = b,

Torma K, £ B™. I'pad nepexonur B coctostiue 3(Mpay)-
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IMockoneKy st M060T0 Apyroro cobbiths BCB®, HaM mocTaTovHO MOKas3aTth, YTO

€CJIM MCHAIOTCA paHT r‘z ZI; WIN KOHEL] K\Z #Kz, TO KOHCL CTAaHOBUTCA

npaBuibHEIM K, £ B,

2.

34

Tosienenue nyru p ¢ koHnoM x=z¢. b’ =x, B'=B{¢x}. Eciu Kz¢, To r'=r+2,
K'=¢ B mob6om ciayaae K'p=K", r',=r".

ITockombky K™ y=K'=¢n B, rpad ocraéres B cocrosaun 3(w).
Hcuesnosenue nyru p. b"=¢ B'=B A&}, r=r+2, K'=¢.

Mockonbky K =¢u £€eB’, rpad ocraéres B cocrostnuu 3(W).

Cmena xonya nyru p Ha koren X: b’ =x, B'=B({x}.

I'pad ocraéres B coctosHuu 3(W).

ab-cobvimue: r'=r+2, K’'=a.

TMockonbky K™ =a u st ietiiu a eB=B’, rpad ocraéres B cocrosiuu 3(W).
b-cobvimue: ecim ry =1y, n Ky=b, 10 r'y=r, n K'y=b, a ecmu r, >r, u Kp=b, 10
r‘b=rp+1 u K'p=b.

Iockoneky K'y=b u b eB=B", rpad ocraércs B cocTostamu 3(W).

a-cobvimue (rq > r): r=re+1ln K=K,

Ecmu rq>r, 10, nockonpky no ngemme 3 (yTBepxkaeHue 2) ry<r+1, nmeem
Iy =r+1, cnenoBarenpHo, Mo jemMMme 3 (yTBepikaeHHE 2) Iy MaKCHMalbHBII
panr. A Torma B coctosiHuU 3(W) K, eB, uto Brneuér K'=K,eB=B". ITosTomy
rpad ocraérest B coctostHAm 3(W).

IIpuém coobwenus: 1 =rq, K=K

DT0 COOBITHE, OUEBHIHO, COXPAHSIET COCTOSHHE 3(W).

Iocviika coobuenus: ' ¢=ry, K =K.
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310 cOOBITHE, OUEBHUAHO, COXPAHSIET COCTOSIHUE 3(W).
TakuMm o00pa3oM, MBI IOKa3ald, 4YTO JI00Oe COOBITHE, KpOME CMEHBI Hadaia
orcuéra, ocraBuser rpad B cocrosHum 3(W) Ge3 m3MeHenus: panra W. Terepb
MOKaXKeM, 4TO He Ooyiee ueM uepe3 3N-2 TakToB rpad) mepeaét B MoJCOCTOSHUE 4.
Io nemme 2 e Gonee yeMm depe3 3(N-1) TaKTOB BO BCeX BEpILUHHAX OyOeT paHr HE
MeHee W. A Torma emé He Oojee yem depe3 | TakT Ha KaXIoW Iyre Toxe OymeT
panr He MeHee W. s cocrosHmst 3(W) 3TO Kak pa3 W O3HA4YaeT MEpexon B
nozcocrosiaue 4 uepes 3(N-1)+1=3n-2 TakToB.
Jlemma nokasaHa.
Teopema 1. Uepes Bpemst He Oosiee 6N-3 TaKTOB B KaKIAOH BEPIIMHE M HA KaXIOW
nyre z 6yner K, B, T.e. To =0(n).
JokazatenpctBo. Cocrosiuue 4 — 310 moxacocTosHue 3(W), Korjga B KaxIou
BEpIIMHEe M Ha KaXJOH Jyre panr He MeHbine W. B aTom ciydae kak pa3 Oyner
BoinosiHeHo ycnoBue K,eB. TTosromy Ham Hajgo mokaszaTh, BO-NIEPBBIX, YTO IMPH
moOoM BBIOOpE Hadaya oTcuéra rpad OKakeTcs B OJHOM W3 COCTOSIHWH 1, 2 Wi
3(W), 4, BO-BTOpBIX, YTO IIOCIIE DTOr0 4epe3 BpeMs He Ooiee 4n-1 TakToB OH
OKa)XeTCS B COCTOSHUH 4.
Ecnu ty — MOMEHT BpeMeHH HEMOCPEICTBEHHO Ioclie 00pabOTKH aBTOMATOM
CHTHAJIa IEPBOTO NOSABIEHUS OyrH P, To uMeeM: I,=r=0, K,=K=¢, a 11 z #a u
Z #p: r,;=-1, 9Tto cooTBeTCTBYET cocTosiHuIO 2. [To memmam 6, 7, 8 (o cocTtostHUSIX 1,
2, 3) BBIOOp IpYyroro Hadajao OTCYETA MEPEBOAUT B OAHO M3 COCTOSHHU 1, 2 mmm
3(W) [utst HEKOTOPOro panra W.
ITo nemme 6 (0 cocrostHuu 1) B cocrossHuu 1 rpad Haxomurcs He Gosee 3(n-1)
TakToB. [lo eMMe 7 (0 cocTossHMM 2) B COCTOSHMM 2 Tpad HaXOIWUT He Oojee 2
TaKTOB, TIOCJIE YEro MepexXoauT B cocTosiHue 3(W) mis HekoToporo panra W. ITo
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agemme 8 (o cocrosiHuu 3) B coctosinuu 3(W) rpad HaxoauT He Gosee 3N-2 TaKTOB,
MIOCJIE YETO TEPEXOIUT B MOJCOCTOSIHUE 4, M3 KOTOPOTO YK€ HE BBIXOJMT, €CIIH HE
MeHsieTcss Hadano orcuéra. CrenoBaTenbHO, Yepe3 BpeMsi He  Oouee
3(n-1)+2+3n-2=6n-3 u3 m060ro cocTosHUA Tpad TMEepexXOAUT B COCTOsHHE 4.
Teopema nokaszasa.

Teopema 2. [Tocne npekparienns n3MeHeHuH B rpade mosHas nHbopManus o rpade
Oyzmer coOpaHa B KaXIO# ero BepiiuHe depe3 Bpems He 6onece 4D+3 takros, T.c.
T1=O(D)

JloxaszarenpctBo. Ilocnme mpekpameHns H3MEHEHHMH Tpada MOpSIOK BepXHEH
TpaHUIBI BPEMEHH PacHpOCTpPaHEHHs WH(pOpPMAIMU O Ayre cHmxaercs ¢ N go D.
JIeHCTBUTENIbHO, PACCMOTPUM MHOYKECTBO BEpIIUH A U3 J0Ka3aTeIbCTBA JIEMMBI 5,
CoJIepIKallee BEPIINHbI, B KOTOPBIX PAHT HE MEHBIIIE .

Ilockonpky nyrm OoipIle HE MEHSIOTCSA, MOTUDHIUPYETCS YmeepicoeHue o
pacuwiupenuy B TOKa3aTeNbCTBE JEMMBI 5: C MOMEHTa BpeMeHH 1j, korna oopasyercst
MHOXeCTBO A= u A#V, MHOKeCTBO A OyIeT pacmiupeHo He Oojee yem uepes 2
TakTa (a He 3 TakTa).

JleficTBUTENEHO, B TF000 MOMEHT BpEMEHH, B TOM YHCIIE B MOMEHT BpeMeHu {;+1,
JIOJDKHA CYIIECTBOBATh «IOJTOXXKUBYIIAsS» JOyra (, BEAyIlas W3 BEPIIUHBI X €A
«HapyXy», T.e. B BepmmHy Y #A. B MomeHT Bpemenu t;+1 mo ayre g mepenaéres
cooOmenne S. DTo COOOIIEHHE OTMPABIEHO M3 X HE paHee MOMEHTa BPEMEHH
(t;+1)-1=t;, mosromy B S panr ayru p He MeHblie j. [IOCKOIBKY MOCIE€ MOMEHTa
BpPEMEHH t; Ayrm He MEHSIOTCS, coodmenne S moiaér 10 BepmuHbl Y. Toraa 3To
NpoM30MAET He mo3aHee MoMeHTa Bpemenu (t;+1)+1=t;+2. CrnemoBareinbHO, He
Oonee weM dYepe3 2 TakTa IMOCIE MOMEHTa BpeMEHHU I; MHOxecTBO A Oyrer

PpacIIupeHo.
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Iycth Ag# — 310 MHOXeCTBO A ¢ camoro Hadana. Jljist KaI0i BepIIUHBL X £Ag
BBIOEpPEM BXOMAIIYIO YTy, IO KOTOPOH B 3Ty BEpIIMHY MHEPBBIH pa3 MPHUILIO
COOOIEHNE C PAHIOM HE MEHbIIE j. BeIOpaHHBIE IyIrH, OYEBHIHO, OOPa3yIOT JIEC
JIEpEBbEB, OPHEHTHPOBAHHBIX OT CBOMX KOPHEH, KOTOPBIMH SIBJISIOTCS] BEPIIUHBI 13
MHOXeCTBa Ag. DTOT Jiec IepeBbEB COICPKUT BCE BEPIUIMHBI. [IOCKONIBKY OyrH He
MEHSIIOTCS, C MOMEHTA BPEMEHH, KOr/la B HEKOTOPOW BEPILMHE X PAHI CTAHOBHUTCS
HE MEHBIIE j, 0 BCEM BBIOPAHHBIM AyraM, BBIXOSLIMM W3 TaHHOW BEPLIMHEI X,
OpOAIYT COOOILCHHUSI ¢ PAHTOM HE MEHbIIE j 3a BpeMs He Ooliee 2 TAKTOB, COrTIACHO
MOJIU(UIMPOBAHHOMY YTBEP)KICHHIO O PpACIIMPEHWH. A 3TO O3HA4Yaer, 4YTo
COOOIIEHHST C PAHIOM HE MEHbBLIE | IPOMIYT MO BCEM BHIOPAHHBIM IyraM 3a BpeMs
He Oonee uem 2L TakToB, ryie L — MakcuManbHas AJMHA MapuIpyTa U3 BhIOPAHHBIX
nyr. [TockonbKy BEIOpaHHBIE TyTH 00pa3yloT Jiec nepeBbeB, L<D.

CrietoBaTeNbHO, U3MEHSETCS OLICHKA BpeMeHH B Jemme 5: BMecto 3(n-1) O6yner 2D
TakTOB. COOTBETCTBEHHO, M3MEHSIOTCS OLEHKU B JieMMax 6 (0 cocrosHud 1) U B
aemme 8 (o coctostHum 3): BMecto 3(n-1) u 3n-2 6yner 2D u 2D+1. Ioatomy
MaKCHMalbHOEe BpeMs paboThl anroputMa ymensimaercs ¢ 3(n-1)+2+3n-2=6n-3
TakTOB 10 2D+2+2D+1=4D+3 TakrToB.

Teopema nokasana.

3aMeTHM, YTO B JIOKAa3aTEJbCTBE TEOPEMbI 2 HE HCIIOJIb30BAaHO OrpaHHWYEHHE Ha
BpEeMs CYIIECTBOBAHHUS Jyr'M: IO TOTO, KaK IPeKpalaloTcsi U3MEHeHus B rpade,
BpEMsI CYIIECTBOBAHHUS OYT MOXKET OBITh MPOU3BOJBHBIM. TakXkKe 0 MPEKpaIICHUS
M3MEHEeHHH Tpad MOKET OBITh HE CHIBHO CBS3HBIM, M CHIJIBHAS CBSI3HOCTH rpada

TpeOyeTcs TOIBKO IOCIIE MPEKPAIIECHHS €T0 U3MEHEHHH.
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5.2 Pa3smep coobueHus
CooOlieHre coaepKuT HAeHTH(GHUKATOp BepmmHbl |, HoMep ayru i or 1 1o S,

nnuny | MaccuBa omucanuit ayr u Maccus L[0..17-1] omucanuii ayr.

O6o03naunm gepes Sizeofl pasmep (B OGurax) mamsTH, TpeOyeMOW Ui XpaHEHHs
uneHTu(UKaTopa BeplIdHbL. [IOCKONBKY pa3Hble BEpIIMHBI HMEIOT Ppa3HbIe
UAEHTH(HUKATOPBI, a YUCIO BepIIdH paBHO N, mMeem Sizeofl > logon. Hukwss
OLIEHKA JOCTUTAeTCsl, €CITU BEPIIMHBI MPOCTO HyMepytoTes oT 0 1o N-1.

Howmep ayru umeer pasmep 10g,(S+1), mockosbKy ayrd Hymepyrotes ot 1 1o S.

Kak cieayer W3 OmMCaHHs anropuTMa, KaxJIoe H3MEHEHHE IYr'd NPUBOAUT K
YBEJIMUCHUIO paHra 3Toil Aayrm He Ooiee 4yeM Ha 2 (COOBITHS nosgneHue,
ucuesnogenue, ab-cobvimue nm b-cobvimue mmoc a-codovimue). O603HAUNM Yepes
v (ot variation) MakcUMaIbHOE YKCIIO M3MEHEHU# OXHON Ayru. Toraa Ui JaHHOM
JyTH MaKCHMaJbHBIM paHT He Gosee 2V, I03TOMY ISl paHTa [0cTaTouHo 10g,2v 6ut
namsitu. [nuna | MaccuBa He IPEBOCXOIHUT YKCIA oyT M.

Hroro: pasmep coobmenus Sizeofl+ log,(s+1)+ log.m + m(2sizeofl+ log,(s+1)+
log,2v) = O(m(sizeofl+lgs)) + O(mlgv) Our. Ilockombky S<M, 3TO0 paBHO
O(m(sizeofl+Igm)) + O(mlgv). Ecau uaeHTH()HUKATOP BEpPIIMHBI — 3TO MPOCTO €&
Homep ot 0 mo N, To, yuuThiBas, uro N<m, umeem O(m(Ign+Igm)) + O(migv)=
O(mlgm) + O(mlgv). Bropoe cnaraemoe — 3TO MaMsATh A XPaHEHHS PAHIOB,

pasMep KOTOpOI7[ 3aBHCHUT OT YHMCJIa U3MCHEHUN AYTH.

5.3 MNamATb BeplwKUHbI (aBTOMaTa B BEpPLUNHE)

I[Hﬂ XpaHCHUA YHOPABJIAKOIICTO COCTOAHUSA (Ha‘IaHLHOC nim pa60qee) JA0CTAaTOYHO 1

6uta. Unentudukarop BepiunHsl 3aHUMaeT Sizeofl our.

CyMMapHO HNMECM pasMep MaMsATU aBToOMaTa B BEPUINHE!:
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1+sizeofl+ logom + m(2sizeofl+ log,(s+1)+ log,2v) =

= O(m(sizeofl+lgs)) + O(mlgv) Our.

Iockomneky S<m, ato pasHo O(m(sizeofl+lgm)) + O(mlgv). Ecnu unentuduxarop
BEPIIMHBI — 3TO TPocTo €€ HoMmep oT 0 ;o N, TO, YUWTHIBas, 4To N<M, umeeM
O(m(Ign+igm)) + O(mlgv)= O(mlgm) + O(mlgv). 3ameTn™m, 4YTO mNaAMSATH,
HeoOXoaumasi ISl XpaHEeHHs IOJIHOTO omucaHus rpada, — 3TO TepBoe W3 JBYX
cjaraemMbIX CyMMBI. BTopoe ciaraemoe — 3T0 naMsITh JJi1 XpaHEHUs PaHrOB, pa3Mep

KOTOpOﬁ 3aBHCHUT OT YHMCJIa U3MEHEHUMN AyTH.

5.4. Moauchukauma anroputMa AnNs YMeHbLUEHUA pa3mepa
namaTu

Kak mokazaHo BEIIE, pa3Mep COOOIICHHS M MaMITH BEPIIMHBI 3aBUCHT OT YHUCIA
u3MeHeHud nyru. OT 3TOM 3aBUCUMOCTH MOXHO W30aBUTHCS, €CIIA HCIOJIB30BATh
n00  JOMONHWTENFHOE  TPEAINONOKeHHEe 00  W3MEHEeHHsAX  Ayr, Jubo

JOTIOJTHUTEIIbHYIO BO3BMOXXHOCTD JJIsI aBTOMATA.

JlOTIOTHATENHbHOE TPEAIOJIOKEHHE: BCE NYTH JOJTOXKHUBYIIHE. B 3TOM ciydac

KaXkaasi Qyra MeHsercs He 4ame | pasa B takt. ClieqoBaTensHO, 3a BpeMs paboTsl
IropuT™Ma MakCcuMyM 6N-3 TakToOB ayra MeHsercs He Oosee 6n-3 pas. ITockoabKy
Ka)k7I0e M3MECHEHHE IYI'd yBEIMYMBAeT PAaHr He Ooiee yeM Ha 2, MOXKHO CIeNaTh
paHr LMKJIMYECKAM C MaKCHMalbHbIM 3HaueHueM 2(6n-3). Torma pasmep
coofuieHuss U pasMmep mamsaTd BepuuHbl pasern O(m(sizeofl+Igm)) + O(mlgv) =
O(m(sizeofl+Igm)) + O(mlgn) wu, mockoneky n<m, O(m(sizeofl+Igm)).

JlommoHAUTEIbHAS BO3MOXKHOCTB: BPEMEHHBIC CHTHAJIBI JUJIS aBTOMATa. HyCTB

MMeeTCs TaliMep, MOCHUIAIOIINKA aBTOMATy KaXKIIbIH TaKT CIIEHUaIbHBIA BPEMEHHOM
curHai. Bce Te meHCTBHA, KOTOpBIE aBTOMAT BBIOJHI NMpH 0OpaboTKe CHUTHANA
OCBOOOXKICHHS U TOSIBIICHHUSI AYTH, TeHEeph OH OYyAET BBHIIOJIHATH IMpH 00paboTKe
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BPEMEHHOT0 CUTHaJa. DTO 3HAYUT, YTO COOOIICHHUsI OYAYT MOCHUIATHCS MO AyraM He
OpH UX 0CBOOOXKICHHUH MK MOSIBICHUH, &, BOOOIIIE TOBOPS, MO3XKe — IPH 00paboTke
CIIEYIONIETO 32 OCBOOOKACHIEM MU TOSBICHHEM YT BPEMEHHOTO cUrHama. Tem
CaMbIM, COOOIICHHS [0 IyraM OyayT HOCBUIATHCS HE Yalle, YeM pa3 B TaKT.

[lpaBma, B 3TOM ciydae MPUAETCS MPEANONIOKHUTH, YTO BPEMs CYIIECTBOBAHUS
«IOJITO’KMBYIIMX» Oyr OFPaHUYEHO CHU3Y He 1, a 2 Takramu. J[eHCTBUTENBHO, B
[POTHBHOM CIIydae MOXKET OKa3aTbCs, YTO KAKIBIA pa3 OPH MOSBICHAH Iyr'H
COOOIICHIE MOCBUIASTCS IO HEell He ¢pasy, a CIyCTs KaKoe-TO BpeMs (/10 TOIyYCHHS
BPEMEHHOTO CHTHANA), M3-33 YEero COOOUICHNE HE YCIEBACT IIEPEAaThCs 1O AyTre 10
€€ U3MEHECHUSL.

B ofmiem ciydae paccMOTpUM 73 — MHTEPBAT MEXKIY CHUTHAIAMH BPEMCHH, 7p —
MaKCHMaJIbHOE BPEMsi Mepeaadd COOOIICHHsS MO Iyre, 73 — MHHHMAJIBHOE BpEMs
KU3HA JONTOXKUBYIIEH Ayrd. Torma HyXHO, 9TOOBI BBIIOJHSUIOCH CICAYOIICE
COOTHOWIECHHUE 71+ 7 < 73.

B aTOM cityyae MakcuManbHOe BpeMst peObIBaHus rpada B cocTosiHUM 2 OyaeT He 2
TakTa, a 27,+7;. B IOKa3aTrenbCTBE JEMMBI 5 BpeMs pacIUMpeHHss MHOXKecTBa A
Mensietcs ¢ 3 Ha 37+27;. COOTBETCTBEHHO, OLICHKA BPEMEHH B JIEMME 5 MEHSETCSI €
3(n-1) ma (37+27)(n-1), Bpems mpeObiBaHUS rpada B COCTOSHMH 1 MEHSAETCS C
3(n-1) na (3%+27;)(n-1), Bpemst npebbiBanust rpada B COCTOSHHU 3 MEHSETCS C
3n-2 Ha (3n+271)(N-1)+(n+ 7). OTH yTBEPXKIACHHS JIETKO JOKA3BIBAIOTCS, HO ITH
JI0Ka3aTeIbCTBa MBI OMTYCKAEM.

Utak, MakcuMaibHOe BpeMs  pabOTbl ~ alroputMa,  BKIOYas  BpeMs
«OPUTOPMAXKUBAHHS» B OXHIAHHM BPEMEHHOTO CHrHaja, OCTAHETCS TeM e MO
nopsiaky, uro u B teopeme 1, To = (3n+27)(n-1) + 2n+7 + (35+27)(n-1) +

(ntn) = (Bntdn)(n-1) + 3n+2n = (3p+21)(2n-1) = O(n). Panr craner
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UUKIAYeckuM U Oyner 3aHmMmars mamsite O(lgn) 6ut. CooTBEeTCTBEHHO, pasMep
coobuieHuss W mamaTH BepiuuHbl paBeH O(m(sizeofl+Igm)) + O(mlign) wm,

nockoneKy n<m, O(m(sizeofl+Igm)).

COOTBETCTBEHHO, MOAU(DUIHPYETCS YTBEpXKIACHHE TeopeMbl 2: Ty = (27+7)D +

2T2+ n+ (2 ot Tl)D + (T2+ Tl) = (4T2+2 Tl)D + 3T2+2 = O(D)
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Abstract. Monitoring of oriented graphs is a key task in many applications. Such
monitoring is very specific when the graph models a communication network including
Internet and GRID. A node of the network has local information about the network: if
""knows" only about the arcs outgoing from this node, but does not "'know"* where (to
which nodes) these arcs go. The nodes of the network exchange messages through the
network links represented as arcs of the graph and act as message transfer channels.
The graph monitoring is based on its traversal when message passes each arc in the
graph. While there is an untraversed arc, we cannot be certain that it goes to still
unmonitored part of the graph. Usually, the graph traversal is performed with a single
message circulating in the network. Traversal can be done faster if performed in
parallel: multiple messages simultaneously circulate in the network. In this paper we
consider the parallel monitoring of a graph aimed at not just the graph traversal, but
also collection of complete information about the graph in each its node. Another
feature of this work is monitoring of a dynamically changing graph: its arcs can
disappear, appear or change their destination nodes. An algorithm is proposed, which
provides the collection of full information on the graph in each its node.

Keywords: directed graphs; graph exploration, graph traversal, communicating automata,
parallel processing, dynamically changed graphs.
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