24 T'a. 1. Bsedenue

Heynopsoyennsle MHOXecCTBa BCerja MoOryt o6paGaTbiBaThbes,
KakK ynops/[I04YeHHbIE: yTeM HCKYCCTBEHHOIO BBEJEHHs MOPSAKA HAL
HX 2JIEMEHTaMH (HaanMep, NIPpUCBOCHHEM <«HMEH» 3JieMeHTaM U
HCHOJ/Ib30BaHHEM aJipaBHTHOrO nopsiaka). TuinoBas cTpyKTypa naH-

TYTYYU T T oAmrmUarrii maranacs

HbiX B 3TOH L,nl_yaunn lanuba.
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CTpyKTYpa HaHHLIX JlonycTHMble omepauud

CinBaeMas mupaMuia BCTABUTDH, YOAJUTH, HAVTH, OBBLEIU-
I HUTD, (MIN)

Kaxyio 3 BbILICYKa3aHHBIX ONepPalUil MOXKHO BBITOJHUTDL 3a Bpe-
ma O(logN), rne N—pasmep MHOXKecCTBa, 3aNaceHHOr0 B 3TOM
CTDYKTYDe JNAHHEIX NOYTeM UCHOJL3IOBAHUSA, Kax OOHUHQ, J[epeRa

JAHHBIX eM UCHOJIL30BAHUSA Kak OOBYHO, nepeBa,
céaﬂaﬂcnposaﬂnoro 1o BbicoTe. Ecatn 3JeMeHTH paCCManl/IBaet;/IOI‘O
MHOMKeCTBa MpeACcTaB/eHD LeabIME 4ucjaaMu ot | 1o N, To Goljee
CJ0XKHAs peasu3alysi 3TOH CTPYKTYPH AAHHBIX HO3BOJIAET BBHINOJ-
HUTH N onepauuii HajJ MHOXECTBOM pasaMepoM N 3a Bpems
O(N-A(N)), rpe A(N)—upe3pbiyajino MeNJEHHO pacTyuas
$yHK1LUSA, CBﬂ3aHHaﬂ ¢ obpaTHoll QpyHKuuell AKKepMaHa (Hanpumep,
s N <22 um ~ 10209 A(NY<5)
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CTaHILapTHbIe CTPYKTYPBI ;LaHHblx paccMOTDeHHble BHIIIE, MIH-
POKO HCHOJIb3YIOTCA B aJrOpUTMax BbIUMC/IMTENbHOH T[eOMEeTpPHH.
OnHaxko npupoja reOMETPHUECKHX 3ajay NpHBe/Ja K CO3JaHMIO CIe-
LHaJbHBIX, HEOOBIYHHX CTPYKTYP AaHHBIX, JB€ H3 KOTODHIX OKasa-
JINCb HACTOJBbKO OOLe3HaUMMBIMH, YTO 1[€/1eCO006pa3HO NpPeACTABUTh
UX B JaHHOH BBOJHO{ rJaBe. DTH CTPYKTypBl — JI€PEBO OTPE3KOB H

peGepHbIi CHHCOK C IBOHHBIMH CBA3SIMH.

1.2.3.1. JlepeBo OTPe3KOB

Hepeso orpesxos, Buepsbe BBejenHoe JIx. Bentau
[Bentley (1977)], ato cTpyKTypa [NaHHHX, co3aHHas AJs paBoTH
C TAKHMH HHTePBaJaMH Ha YHCJOBOH OCH, KOHIHl KOTOPHIX NMPHUHA]-
JAeXaT Qurcuposannomy wmuoxectBy W3 N a6euuee. TTockoabky
MHOKEeCTBO aGCUucC (HKCHPOBAHO, TO JepeBo OTPE3KOB Hpef-
CTaBJAsieT COBOM ¢TATUHeCKYyi0 CTPYKTYPY HO OTHOMIEHHIO K 3THM
abcuuccaM, T. e. CTPYKTYPy, Ha KOTOPOH He paspellleHbl BCTABKH H
yJajneHHs abclUcC; KpOMe TOrO, 5TH aOCIMCCHl MOMKHO HOPMaJu30-
BaTh, 3aMeHsil KaXAyl0 H3 HHX ee NOPSAKOBHM HOMEPOM INPH 00-
xo/le UX cJjieBa Hanpaso. He rTepsii 0GUIHOCTH, MOXKHO CUllTaTh 3TH
abCUHCCH LeNbIMH YACJaMHu B unrepsase [, NJ.
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Jlepeso oTpe3ros — 310 JABOHUHOE jJepeBo ¢ KopHeM. s 3a-
JNaHHBIX IleJbIX uYHcesa [ ¥ r TakuxX, 4to {<r, JAepeBO OTPE3KOB
T(l, r} cTpouTCst PEeKypPCHBHO CJEAYIOLUIUM 00pa3oM: OHO COCTOMT H3
KopHst v ¢ mapamerpaMu B[v] =1 u E[v] =r (B nu E MHeMOHu-
YeCKH COOTBETCTBYIOT cjoBaMm «beginning» (Hauano) u «end» (Ko-
Heu)), a ecii r—I{>1, TO OHO COCTOHT M3 JI€BOro IOAAepeBa

T 1 {RI»1 L FIA1\/9 |\ U nOnapore  nonaenena T( | (B [ﬂ] —l—
i b, L \‘.J lL/J I ALa l\JJ ’ILI } i llk}uu\ll v llUAA\ail\tlJM lv

+ Efv])/2], r). (Kop 3THX HOJI1ePeBbEB eCTeCTBCHHO 0603HaHTD
yepes JICBIH [v] u [ICBIH [v] coorBetcTBenHo.) [Tapamerpn B[v]

R v— @ 13,75 @

Puc. 1.1. Mepeso orpeakos T'(4, 15).

n E|v] o6osunauawor unrepsar [B[v], E[v]] = [I, r], ceasanubil

¢ yaaom v. [Ipumep jgepesa orpeskoB npuseieH Ha puc. 1.1. Hn-
TepBAJbI, NPUHA/ICHKALINE MHOKECTBY {[Blv], E[v]]: v—y3en
I o325 TR N N Dm0 111 3O RAN AN M Tana na T {1 #)

1 \t ’}}, Hd3blbaro1ltH LIU«I‘LUU«[JII‘LOLJVLLL M,I'LIC[JOU«/LLL/VLI/L ,LLCPCDG. i \L rj.
CranjapTHbHE HMHTEPBaJbl, NpHHALJexKaliHe JucTbAM T ({, r), Ha-
3LIBAIOTCH 9AEMEHTApHbIMU unTepsaramu'). MoHO Hemocpen-
cTBeHHO yOemutbest, 4to T (/,r) cOajaHCHPOBAHO (BCE €ro JHCTbs
NpHUHAAJEe)KaT JABYM CMEXHBIM yPOBHAM) H HMeEET T[IayOuHy
MNogs (r— 1) 7.

,[lepeBo orpeskos T (I, r} npeaHasHaueHo AJS OUHAMULECKO20
3aIOMHHAHHUS TeX UHTEPBAJOB, YbH KOHIIB! IIPUHAAJEKAT MHOXKECTBY
{[, 141, ..., r} (T. e. JONYCTHMBLl ONepalHy BCTABKH U yJaJeHHA).
B uacrtuoctH, npu r — [ > 3 npou3BOJIbHBIH HHTepBas [b, e] ¢ ue-
JAbIMH b < e Oyger pas3bur B HaGop u3 He Gosaee 4yeM [loga(r—
— 1+ Lloge(r— 1) ] —2 craHAapTHHX HHTEPBaJOB JAepeBa
T(l, r). ®parmenTanusi uHTepBaja [b, e] NOJHOCTBIO OnpejesieTcs
onepaiuei, KoTopas 3aHOCHT (scTaBnseT) [b, e] B JAepeBo OTpe3-
koB T, u, sHauut, oGpamenuem BCTABUHTD(b, e; kopenp (7))
K cJellyIolieli npoleaype:

1) Crporo romopsi, MHTEPBAJ, CB3aHHHA € ©, 3T0 NOJNVOTKPHITHH HHTEPBAJ
[B[v], E[u , 32 HMCKJIOYeHHeM y3/I0OB €CaMoOro NPaBOro nyTH B "T(l,r), ubn uH-
TepBaJbl 3aMKHYTHL.
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procedure BCTABUTD(b,e;v)
begin if (b<C B[v]) and (E[v] < e) then nasuauuts [b, ¢] yany v
else begin if (b <[ (B[v] + E[v])/2]) then
BCTABHTD (b, e; JICBIH[v]);
if (1 (Blv] + E[v])/2] < e) then
BCTABHUTDb(b,e; TIChIH[v])

end

end.

Heiicreue  BCTABUTb (b, e; xopenb (T)) coorseTcTByeT «map-
mpyty» B T, uMerolieMy C/IeAyIOILYIo O6ILyio CTPYyKTypy (puc. 1.2):
(BO3MOKHO, NyCTOH) HAYAJbHBIA NyTb, UMEHYEMBIHl Puay, OT KOpHS

nAa wvyamwa ok ATIT A AR R AT 8 e s e M

A0 ysjaa U”, HA3bIBAEMOTO PA3B8UAKOLE, U3 KOTOPOrO BBIXOAAT [ABA

Puc. 1.2. Beraska untepsana [74, 107] 8 T(1,257). Yaan OTHeceHHs OKPYMKeHH
IABAXKH.

(BO3MOXHO, MyCTHX) TMYTH — Py u Pr. Berapasiembiii HHTEpBaJ OT-
HOCHTCSI HJIM MOJIHOCTbIO K pasBHJIKe (B 3TOM caydae Py H Pn o6a
MYCTEI), HJIM KO BCEM TPABBIM CHIHOBbSAM NYTH Pj, KOTOphIE CaMH
He Ha Py, HAPALY CO BCEMH JIEBBIMH CHIHOBbAMH MYTH Ppy, KOTOpHE
CaMH He Ha Pr: mpH 3TOM ompejeisierca @parmenrtanus [b, e]
(ysael oTnecenus).

1.2. Areoputmusecrue OCHOBbL 27

OrHeceHMe MHTEpBaJsa K Y31y v H3 T MOXKeT NPHHHMATb DasHbIe

_ ¢opMBbl B 3aBHCHMOCTH OT NOTPeGHOCTENl KOHKPETHOTO MPHJIOKEHHS.

YacTo BCe, YTO HAJO 3HATH, — 3TO MOILHOCTb MHOXKECTBa HHTEepBa-
JIOB, OTHECEHHBIX K JIIO6OMY 3aJaHHOMY y3Jy U; ee MOXHO 3amnoM-
HUTb B €AMHCTBEHHOM HeOTpHUATeJbHOM uesoM napamerpe Clv],
0603HAYAIOWEM 3Ty MOILHOCTb. Torja oTHeceHue [b,e] K y3ny v —

TTUINTE
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Clv]:=C[v] + 1.
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B Apyrux npHJIOXKEHHSIX HAJ0 COXPAHHTh CBeJeHHs 00 HHTepBaJax,
OTHeCeHHBIX K y3Jy v. Torna k kaxaomy y3ay gepesa T no6apnsercs
r

I0TCA UACHTU(GUKATOPAMU 3TUX HHTEDPBAJOB.

Cosepmienno cummerpuuna onepanuu BCTABHUTD onepaunus
YIOAJHNUTD, sbipaxaemas ciaefymoliell npoueaypoii (3aech mpeano-
Jaraercs, 4yTO HAC HHTEpeCyeT TOJIBKO cocTosiue napametpa C[v]):

procedure YIAJIMTb(b,e;v)
begin if (b <{B[v]) and (Ffv]<e) then C[v]:=Cfv] —1
else begin if (b <|(B[v]+ E[v])/2]) then
VYIOANUTDH(b,e; JICDBIH[v]);
if (L(B[v] 4+ Efv])/2] <e) then
YIOAJIUTB(b,e; [ICHIH[v])
end

end.

(3amerum, YTO yjajieHHe TOJBKO paHee BCTaBJEHHBIX HHTEPBAJIOB
rapaHTHpPyeT KOPPEKTHOCTD.)

JlepeBo OTpe3KOB — Ype3BHYaHHO rHOKasi CTPYKTypa JAaHHBIX,
B yeM MBI elle CMOXKeM yOeJUThCS B CBSI3H ¢ MHOTOYHCJIEHHBIMHU TPH-
noxenusgmd (rj. 2 u 8). OTMeTHM TOJBKO, YTO €CJH HaJ0 3HATH
YMCJ/IO MHTEPBAJIOB, COAEPKALIMX JAHHYIO TOYKY X, TO TPOCTOH ABO-
HuHbf MOMCK B T (T. €. IPOXOXK/eHHe NYTH OT KOPHS K JIHCTY) MOJ-
HOCTBIO peiaer 3Ty 3ajady.

1.2.3.2. Pe6epHblift CNUCOK € ABOHHBIMH CBA3SMH

PeGepumii cnucok ¢ asofiibiMu ceszamu (PCHC) oco-
GenHo ynoGeH pisl MpeAcTaB/eHus IJIaHapHOro rpada, yroXeHHOro
Ha miaockoctu!) [Muller, Preparata (1978)]. Ilnockasa yknaaxa
maaHapHoro rpapa G =(V, E)—3T0 oToOpaxeHHe KaxKioH Bep-
INMHE M3 V B TOYKY Ha IJIOCKOCTH, a Kaxjaoro pebpa u3 E

1) Maavaprbii rpad, Y/MOKEHHHEA HAa NJOCKOCTH, OPHHATO HAasHBaTh NAO-
ckum. — Hpum. nepes.



