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Jlektima 10

IlapaJjenbHble BBIYUACICHUS

(Koncmnekt: C. ®emun)

Xo4ercs, mapaJieTM30BaB MOJHHOMUAAIBHBIE 1T0 BPEMEHU BBLIYHC/ICHUS, T10-
JIyIUTH OT ITOTO «IKCIOHEHIMAJIBHYIO BBITOMY». [lycTh BhIYNC/I€HTE 3aHUMA-
J10 poly(n) Bpemenu; Torja Mbl X0THM, uMest poly (n) nporeccopos, npojenarh
510 BhIYHCcIeHne 3a poly(logn).

Bamerum, 4TO eCiM Mbl HAYYUMCsI 9TO JeJIaTh JJIsi OOJIBIIEr0 YUCIa, MPO-
IIECCOPOB, TO JIJIsi MEHBIIET0 MBI TO CJIEJATh TOXKE CMOYXKeM: OyjeM 00beu-
HSATh HECKOJIBKO ITPOIECCOPOB B OJMH W MOJIEJTUPOBATH HA HEM PAOOTY KarK-
JIOTO U3 HUX TI0 OuYepeu (uepeys IIaru, JejiaeMble 3a Pa3Hble TPOIECCOPHI).
Takum 06pa3zom, HaM HAJIO TTAPAJLIEIN30BATH BEIYNCIEHUS «KaK MOYKHO CUJIb-
Heey, OCTaBUB 001U 00beM paboThl Pa3yMHbBIM (T.€. OJMHOMHAJBHBIM).

Mogienb BhiumcaeHUit, KOTOPO# Mbl OyJ/ieM IOJIb30BAThCS, — ITO OyJIeBbI
cxeMbl. Kaxkipiit reiiT cxeMbl MOXKHO PaCCMATPUBATDH KaK IIPOIECCOD, BBIMOJI-
HSIOMHUI OMHY CBOWO omepaiuio. Torma BpeMeHeM pabOoThl 9TOTO MHOTONPO-
IIECCOPHOTO YCTPOMCTBA, OYEBUIHO, COOTBETCTBYET JJIMHA CAMOTO JIJTHHHOTO
OPMEHTUPOBAHHOIO IYTU OT BXOJHOIO TefiTa K BHIXOAHOMY (LyOUHA CXeMBbI),
a o0beMy paboThl (T.e. 00IIEMY KOJIMYECTBY IIATOB, CIAETAHHOMY BCEMHU IPO-
[eCCOpaMu) — Pa3Mep CXEMbI.

Onnako, cxeMa CocobHa 00pabaThIBATH JIUITL BXOABl 33 JaHHOR JIJTHMHBI.
[TosTomMy MBI OymeM paccMaTpUBAThL CeMEUCMBG Crem, TIO OTHOW I KarK-
JT0¥ BO3MOYKHON JJTMHBI BXOAa. UTOOBI Takoe CeMeiCTBO MOYKHO OBLIO HC-
OJIb30BaTh ABTOMATUYECKHU, HEOOXOINMO, YTOOBI MOYKHO OBLIO apdexmusHo
nocmMpoums cxremy IJjs 3aJJaHHOW JJIMHBI BXoaa. Mbl Oyaem TpeboBaTh, 4TO-
OBbI CyIIeCTBOBAJIA JIETEPMUHUPOBAHHAS MAIIWHA [ HIOPUHTA, TOPOXKIAIOIIAS
cxeMy (B pa3yMHOM BH/IE — TaK, YTOOBI €€ BHIYUCIEHUS] MOYKHO OBLIO MO/IE/TH-
poBaTh Ha MaruHe ThIOpUHTa, KOTOPOi OHa Oy/IeT 33 aHa BMECTe CO BXOJIOM )
AJid BXOJ0B AJIMHBI 71 II0 3allMCHU 4YUCJIa Tl B «IIAJIOYHOM» CUCTEeMe CUMCJIEHUS
u upu 3roM ucnosb3yomast guib O(logn) siueex namsitu (U, ciexroBaTesb-
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HO, JIWIIIb TIOJIMHOMHUAJIBHOE OT 1 BpeMsi ). Takue cemeiicTBa cxeM Ha3BIBAIOTCS
pasHomepHoimu. OUEBUIHO, YTO PABHOMEDHBIE CXeMbl — MOJTUHOMHUAJIBLHOTO
pa3mepa.

Onpenenenune 10.1.

NC - 11 L npuanMaeTcst HEKOTOPHIM PABHOMEDHBIM CEMEHCTBOM
- cxem rybunsl O(log' n), rae n — pasmep Bxofa '
NC = [ JNC'.
i

Xouercss MOHATh B3aMMOCBSI3b HOBOTO KJIACCA C Y¥Ke M3BECTHBIMHU KJIAC-
camu. OueBuzano, ¥to NC C P (gBisieTcs Ju 9TO BKJIIOYEHHE CTPOTUM —
OTKDHITHIH BOPIIOC).

Teopema 10.1. NC' C DSpace(log) C NSpace(log) C NC2,

/loxazameavcmeo. 1. Bropoe BKIIOUeHNE OYEBUITHO.

2. JlokaskeMm TlocJIeHee BKaouenue, T.e. uto NSpace(log) C NC?. Pac-
CMOTpHM s3bIK, Jexkanmit B NSpace(log), n HeJeTepMIHIPOBAHHYIO MAIITH-
Hy Tbiopunra M, koropas ero npunumaet. [lcesdokonguzypayueti B 3TOM
TeopeMe Ha30BeM KOH(UIYDAIHMIO, B KOTOPYIO He BKJIIOYAETCS BXO/HAS JI€H-
ta. PaccMorpuM rpad BceX BO3MOXKHBIX NCEBIOKOHMUTYparyit Mamuubr M
(HasMume KaxKIoro u3 pebep B 3ToM rpade, 0UeBHIHO, 3aBUCAT OT BXOJA).
Hama 3amaua — mpoBepuUTb, eCTh Jiu (s JAHHOTO BXOja) B 9TOM rpade
MyTh W3 HAYAJIHHOW MCEBIOKOHMUTYPAIMY B MIPUHAMAIONIYI0. 3aMETUM, YTO
pasmep tncesnokoHdurypanuu orpannder O(log). Takum obpasom, Ham Ha-
JIO PelIuTh 337a4y JOCTHUXKUMOCTU B rpade, copeprkaiieM HOJHHOMUATHHOE
YHCJIO BepIIuH (0G03HAYUM ITO YHCJIO Yepe3 k).

ITokazkeM, 4To 3ta 3ama4a jgexkut B NC2. Ilycts A — MaTpHIA CMEKHO-
CTH HAIlero opueHTHpoBaHHOrO rpada. Hama 3amada — BeIYHCIUTL OyJieBy
crenenn’ A¥ cxemamu rryGumst log? k.

3aMeTuM, 4TO J/isi TOr0 JOCTATOYHO log k moc/ieioBaTeIbHBIX YMHOXKe-

umii map marpu: A% (A?%)2, ... (ecam moayuuM B WTOTE UyTh GOMBITYIO CTe-
IeHb, YeM k — a UMeHHO, OJIMXKaHIIylo K k CBepXy CTeleHb JBOWKH — He
crpammo: AF = AF = ). JIna ymmoxkenus ke omuoit naper marpun B - C

nocrarouno riyounsl cxem O(logk): mapasieslbHO BBIYMCINM BCE TIPOU3Be-
Jenust Buga by A c¢jj, 3aTeM BBIYHCJIUM HUX CyMMbI \/;C:1 by N\ ¢ Takxke ma-
PaJLIeTbHO, 3aTPAYNBAs HA KAXKIYI0 CYMMY JIUIIh JOrapudMUIeCcKOe BpeMsi
(ryOuHy) — cHauaja CKJIaJblBaeM cjiaraeMble TO JBa, 3aTeM I0JIy4YeHHbIe
YaCTUYHBIE CYMMY — CHOBA TIO JIBa, M T JI.

lByneBo TpOU3BEACHUE MATPUIL — 3TO MPOU3BEACHUE, B KOTOPOM B Ka4Ye€CTBE Onepanunuu
CJIOZKEHUA NCTOJIb3YyeTCAd NU3BIOHKINA, & KA9eCTBE ONepanuu YMHOXKEHUA — KOH'BIOHKINA.
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WTak, MBI J0Ka3aJ#, YTO JOCTHXKMMOCTH B Ipade MOKHO BBIICHUTH B
NC?. Ha Bxoj 9TOif cxeMe Mbl JOJXKHBI MOJATH 9T€MEHTBl MATPHI[BI CMeK-
HOCTH, T.e. pebpa rpada (1 = pebpo ecth, 0 = pebpa Her). [lonsarHo, 4To
JIIS JTIOOBIX JBYX IICEBJIOKOH(MUTYpAIUil MBI MOXKEM B NC? BbISICHUTD, OJIy-
YeHa JIM OJ[HA U3 HUX M3 JPYroii (BXOJOM Jijisi TON CXeMbl SIBJISIOTCS GUTHI
BXO/THO# JIEHTHI! TICeBIOKOHMUTYPAIIUN BXOJTAMH He ABJISIOTC: I KaxKI0H
MHTEPECHOW HaM Maphl MCEeBIOKOHMUTIYPALU Mbl CTPOUM CBOIO MOJICXEMY ).

3. Jlokaxkem Temepn, uto NC' C DSpace(log).

Orcrynaenune. Ilycrs y Hac umeerca nse mamuubl Thopunara My u Mo,
BBIYUCJIAIONTAE HEKOTOPBIe (DYHKIUK W 3aTPAYUBAIONIIE JIUIIE JOTapugMu-
YeCKyI0 MaMsTh HA CBOM Bblunc/eHus. HaMm x0oTe0ch Obl BEIYUCIUTD KOMIIO-
BUINIO 9TUX (DYHKITHH.

IlepBast MBIC/Ib, KOTOPas IPUXOAUT B FOJIOBY — CEJIATh BBIXOIHYIO JIEHTY
OJTHOM MAINWHBI BXOHOMN JIEHTOW JIT APYTo¥ W 3aMyCTATH WX MO0 OYEPE]IN.
OHAKO TaK CHEIaTh HEIb3sI, HMOCKOJIBKY BXOIHASI M BBIXOJHAS JIEHTHI HE
YUUTBHIBAIOTCS B OrpaHudeHny 1o maMsatu M1 u Mo u MoryT (u 6yayT) uMeTs
JUTAHY OOJIBIMYI0, UeM JIOTaprudM OT BXOJa IEPBOM MAINWHBI; IIPU TAKOM Ke
00beIMHEHUN MAIIWH STU JIEHTHI CTAHOBITCS PA0OUYMMM W TAMATh HA HUX
CIelyeT YIUTHIBATE.

ITosToMy mOCTynmuMm mHAYe: BMECTO TOTO, UTOOBI XPAHUTH BBIXOH Mo u
Bx07 M1, MBI Oy/eM XpaHUTH JIAIIh CUETIUKHU IIO3UIIHAN HA COOTBETCTBYIO-
IUX JIEHTaX, U W3MEHSTh WX COOTBETCTBEHHO TOMY, KaK JIBUTAJIUCH OBI TO-
JoBKu. VIMenno, 3amyctuM Mo U, KOTZIa eif TOHAJOOUTCS OYepenHoi -1t 6UT
BXOza (I XpaHUTCS B ee CUeTYUKe), IPEPBEM ee BblUuC/eHue, 3amycrum My
(¢ camoro Hauasa) W JaguM eif mopaboTaTh J0 TeX TOp, MOKa ee CUEeTINK
TTO3UITMY HA BBIXOJIHON JIEHTE HE CTAHET PABEH i W OHA 3aX0YeT 3alncaThb
Ha BBIXOJHYIO JIEHTY OYepeTHON CHMBOJ?. DTOT CHMBO MBI U HCIIOTB3YeEM,
9TOOBI COBEPIINTH OYEPETHON mepexos (OIpesesuTh CIeAyonyo KoHdury-
paruo) MammHbl Mo, W TIPOJO/IKUM BBIYUC/ICHUSI.

IIycrs ecrs Temeps a3bik L € NC'. Tokaxem, uro L € DSpace(log).
[Iycts Ha BxOM Ham nogxaau x. Hamo BeissCHUTH, BepHO Jik, uTOo & € L. MbI
c/leJiaeM 3TO, MOCTPOUB KOMIIO3HUIUIO TpeX (DYHKIHU, BEIYUCISIEMBIX C JIOTa-
pudMUAIECKOH TaMATBHIO.

[lepBast pyHKIMS CTPOUT CXeMy JJisi BXOJOB JJUHBI TO# »Ke, 4TO Y .
CymecTBOBaHUE COOTBETCTBYIOIIEH JIOTapuMUUECKOH MO MaMATH MAITHHbBI
TriopuHTa cIeayeT u3 onpenetenns NCL.

Bropasi dynkuusi npeobpasyer sty cxemy B dopmyay (T.e. gesaer u3
OPHMEHTHPOBAHHOIO AIMKJ/JIMIECKOr0 rpada, IMPeICTABISIONIEr0 CXeMy, JIepe-
B0). CriesiaeM MBI 3TO CJIeYIOIMM 06pa30oM: KaxK/plil reiir dbopmysibl Gymer

2MOKHO CUMTATD, YTO B KAMKAYIO TMO3MUIMIO BEIXOJHON JIEHTHI CUMBOJI 3aMMCHIBAETCS
JIVTITH OJTHAYKTHI.
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0003HaYaThCS OUTOBOM CTPOYKO, 0603HAUYAIONIEH MTYTh K HEKOTOPOMY TeNTy
HCXOMHOM CXeMBI OT ee BBIXOAHOTO reiita. (B sToit ctpouke 1 Oymer o3HauaTh,
YTO MBI TIOTIIN HANPaBo, a 0 — HaeBo.) [loHaTHO, UTO IEPEINCTUTH ITH BEp-
muHbl, uxX Tansl (V, A, ) 1 pebpa MexK/[y HUMH Mbl MOYKEM, O'DAHUYHUBIIHUC
JjorapuMuIecKoil TaMATbIO, YCTPOUB B HCXOJHON CXeMe IIOUCK B IJIyOHHY
(mo pebpam, o6paTHBIM 33JaHHBIM) (TIpaBa, YTOOB BEPHYTHCS K MPEIBIILY-
et BepIHe, MPHIeTCs TPONTHCH eIle pa3 OT KOPHS JI0 Hee, TIOCKOJIBKY MBI
MOYKeM XPAaHUTh TOJBKO «KY/a MBI TOIMIJINY — HAJEBO WM HAaIPaBO — HO He
«OTKY/[a PUIILIIA ).

Tperbst dyHkIus Boruuc/sier 3Hadenne popmysibl Ha BXojie . st aToro
Oy/ieM 00XOIUTh JE€PEBO M BHIYMCJISTH 3HAYEHUE JIEBOT'O TO/IePeBa, a, KOraa
HaJ0, 1 mpaBoro. «Korma Hamo» 371ech O3HAYAET CAEIYIONIee: eCIN BEPITHHA
nmomMeveHa «Vy», TO IpaBoe MOAJAePEeBO HAJI0 BBIYUCAATH TOJBKO B TOM CJIy-
yae, ecJiM 3HAYeHWe B JieBOM mojiepeBe (), a ecqu moMedeHa «/A», TO HAJO
BBIYHCIATH TOJBKO B TOM CJIy4ae, eC/id 3Ha4eHNe B JIEBOM IOJJepene 1.

To, 4To g 3TOrO MOCTATOYHO JOrapuPMUYECKON NAMSATH, OYEBUTHO.
Bor, Bupouem, popmasibHOE T0KA3ATETHCTBO.

3amMernmM, 9TO HaM JOCTATOYHO XPAHUTH TOJIEKO OMTOBYIO CTPOYKY, 0003HAYA-
FOIYIO TEKYIUI TefT ¢ U TTepeMeHHY0 b, TPUHUMAOIILYO OHO U3 TSTH 3HATCHUN:

b= 1, eciim MBI IPUCTYIHIN K 00pabOTKE TAHHON BEPITUHBI,

b =2, ecnu yxe obpaborasu JjieBoe moaIepeBo ¢ pesyiabrarom (,
b =3, ecnu yxe 0bpaboTanu JieBOE TTOIIEPEBO C PE3YIbTATOM 1,
b =4, eciu yxe obpaboTajii npaBoe MOIAIEPERO ¢ pe3ysasrom 0,
b =15, ecnu yxe 0bpaboTaiu mpaBoe TMOIEPEBO ¢ Pe3yabToM 1.

Hauunaem Mbl ¢ mycroit crpoku ¢ (coorBercTBytommieil BoIxoqHOMY Teiity) n b = 1.
Omnuriem paboTy aJropuTMa Ha TeifTe, BBIYUCISINmEM «Ay (s «V» — aHAJIOrud-
HO).

Ecau b=1, 10 c:=¢0, b:=1;
eciin b= 2, To «obpe3aem» mocaeaHnR OUT ¢, U

ecsiu 3toT 6wt 6611 0, TO b:= 2, a

ecau 10T 6ut 6611 1, TO b := 4;
ecom b=3, 10 c:=cl,b:=1;
ecam b =4, To nocrynaem aHaJOTWYHO CiIy4aio b = 2;
eciin b =5, To «obpe3aeM» MOCaEIHUM OUT ¢ U

ecsiu 3toT 6wt 6611 0, TO b := 3, a
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ecjau 3ToT 6ut 66T 1, TO b:= 5.

[MousiTHO, uTO MaMsiTu Mbl 3arparuau caoBa Jumb ((log) Ha xpanenue ¢ u b.

O



