JIeHUBEIM KOT
Pemenune.

3agaya, B YACTHOCTWM, MpusATHA TeM, 4YTO AN Heé MMeeTcs MHOro pasfiMyHbIX (M
3(pheKTUBHBbIX) METOAOB peLleHusl. Bce OHM ynupatoTcs B BbIOOP MOAXOAALEN CTPYKTYpbl ANs
XpaHeHMs U NOUCKa AaHHbIX, HO 3TU CTPYKTYPbl MOryT 6bITb BECbMa pa3HO0bpasHbI.

5l N3N0Xy pelleHne, OCHOBAHHOE Ha XpaHeHuss AaHHbIX B 6MHapHOM aepeBe. O4yeHb COBETYIO
noYnMTaTb ydebHble MaTepuanbl, NOCBSILEHHbIE OYEHb KpacuBOM (M OYeHb BN3KON, haKTUYECKM
TaKoW Xe) CTPyKType AaHHbIX — AepeBYy OTPE3KOB. YUebHble MaTepuasnbl coaepXxaT ABa HeGONbLUMX
(bparMeHTa 13 KHUrM

lpenapara @., LLiavimoc M, BblumcnuTenbHas reomeTpus: BeeaeHue, 478 ctp. M.: Mup, 1989,
N CTaTbto

"Segment trees and interval trees" by Antoine Vigneron,
pa3MeLLEHHYIO No agpecy

http://w3.jouy.inra.fr/unites/miaj/public/vigneron/cs4235/15¢cs4235.pdf
Oba maTepvana BpallalOTCS BOKPYr KIaCcCMYECKOro MpUMEHeHUs AepeBa OTPe3KOoB — 3adayn o6
06beAVHEHNN OPTOrOHaNbHLIX MPSAMOYrONbHMKOB, 3aA4aYn caMol no cebe BecbMa MOy4YMTENIbHOW,
HO W MMeOLLEN HENOCPEACTBEHHbIE BbIXOAbI K HaLLEN 3aAauqe.

BoT n BepHéMcs k 3agaye Npo KoTa. 3aBeaéM 6uHapHOe AepeBO, B KOTOPOM KaXkAblN y3en
OTBEYAET 3a HEKOTOpbI OTPEe30K psida NlAaMMOYeK, CKaXeM Y3en V XpaHuT WHdopMaumio o
namnoykax ot L(v) ao R(v). KopeHb aepeBa xpaHuT uHdopMmaumio 060 Bcex namnax: L(root)=1,
R(root)=N, rae N — konnyecTso namn (Hy, U AnvHa oTpeska, rosopst 6onee dhopMasnbHO).

Ecnm L(v)<R(v) — BepLluMHa OTBeYaeT 3a OTpe30K U3 2-x unu bonee namn, - TO0 K BEPLUMHE V
npucTpavBaeM [Ba MoadepesBa: /feBoe, OTBevawlee 3a OTpe3ok paga ot L(v) po
(L(v)+R(v)) div 2, n npaBoe, oTBevatoLlee 3a oTpe3ok psaa oT (L(v)+R(v)) div 2 go R(v).

Ecnm xe L(v)=R(v) — BeplwmnHa oTBeYaeT 3a eAMHCTBEHHYIO NaMry, - TO BEPLUMHA V SBASETCS
JIMCTOM Jepesa.

Ha pucyHke npuBeféH npumep Takoro aepesa ang N=11.
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OTMETMM, YTO 3TO [AEpPEBO 3aBUCUT TONbKO OT N M HUM OT yero 6onblue. B npouecce pelleHust
3alauM CaMo [AEpeEBO HE W3MEHSIETCSl, B 3TOM CMbIC/Ie MOCTPOEHHOE AEPEBO - 3TO CTaTM4ecKas
CTPYKyTpa. ByaemM M3MeHsiTb TOMbKO HEKYK AOMOSIHATESbHYI0 MHGOPMaUMIo, XpaHsLylocs B
BEpLUMHaX AepeBa.



Mepeuncno HeCKONbKO LIEHHbIX CBOWCTB TaKoro AepeBa:
1. Kaxxaas HenucToBasi BepLUMHA MMEET POBHO ABYX MOTOMKOB.
2. [epeBo nmeeT poBHO N nuctbeB. M3 3TUX ABYX OYEBMAHLIX YTBEPXAEHWW Cpasy CreayerT,
yTOo
3. nepeso umeeT poBHO 2N-1 BepLUnH.
4. Ecnn pgBe BeplwMHbI pacrnosioXeHbl Ha OAHOM YpOBHe (Ha OAMHAKOBOM PacCTOSIHAM OT
KOPHS1), TO ANMHbI OTPE3KOB, 3a KOTOpble OTBEYalT 3TW BEpLUMHblI OTANYaloTCs He 6onee,
yeM Ha 1
5. OTciopa cpasy cnegyeTt, 4TO BCe INCTbA PacnonaralTcsd MakCMMyM Ha ABYX YPOBHSIX, W
BbICOTa AepeBa (MakCMManbHOe pacCTOsiHME OT KOPHS A0 INCTA) He NpeBOCXoanT [ 1og,NT.
6. JTlobon oTpe3ok MOXET 6biTb NPeAcTaBNeH B BUae obbeanHeHns He 6onee, YeM 2 [ log,N]
MOMapHO HeMnepeceKaloWmMXCs OTPE3KOB, KaXAbld M3 KOTOPbIX COOTBETCTBYET HEKOTOPOM
BEPLUNHE [epeBa.
Bce 3Tn yTBEepXAeHUs AoKaszaTb HEC/IOXHO, U 9 He byay 34ecb NpUMBOAMTL MX AOKa3aTesnbCTBa.
UYyTb MeHee 04eBMAHO pa3Be 4YTO CBOWCTBO 6. OueHb COBETYHO BHMMATENlbHO pa3bepute
npoueaypbl BCTABUTb n YOAJIUTb (M pucyHok 1.2, KOHEYHO) M3 TeKcTa B daine prepl.pdf
(370 NepBbIN parMeHT U3 KHUrv /lpenapara, LLiaimoc).

[ns peleHns AaHHOM 3adaun 6yaeM B KaXXAoW BEPLUMHE V MOCTPOEHHOrO AEepeBa XpPaHWUTb
ABE OOMNONHUTENbHblE BennuuHbl: first — HoMep nepBoi (camoi NeBOM) BKIHOYEHHOW NaMMbl Ha
oTpe3ke oT L(v) mo R(v), n last — HoMep nocneaHen (caMoW NpaBoON) BKOYEHHOW Nammbl Ha
oTpe3ke oT L(v) ao R(v). Ecnu Ha oTpe3ke HET BK/IOYEHHbIX NaMmn, To nonaraem first = +0o, a last
= -00, B nporpamMMHoi peanusaummn MoXXHO nNpeacTaBuTb +00 uncnom N+1, a -co - yncnom 0.

MepBbIM Aenom co3aaém aepeso. M3 cBOMCTBa 3 cpasy criefyeT, YTOo ANsl XpaHeHUs AepeBa
AOCTaTO4YHO 3aBecTn MaccuB M3 2N-1 BeplumnH, U 4To co3aaHue aepesa TpebyeT O(N) onepauuii. B
NpUBEAEHHOM MporpaMMe [OEepeBO XPaHUTCS B MacCMBE tree, WM CO34aET €ro npoueaypa
CreateTree.

MNepekntoyeHne namnoykn Homep P TpebyeT mameHuTb xapaktepuctuku first n last Bo Bcex
BEPLUMHAX, OTBEYaloWMX 3a OTpe3KMu, cofepxawme no3uvumio P. KonnuectBo TakuMx BEPLUMH He
npeBocxoanT [ log,N 1 (cBorcTBO 5). lMpoueaypa nepekntoveHUs BLINMOMHAETCS CeayLnM
obpazom:

€CNM BepLUMHA V — JIUCT, TO yCTaHaBnmBaeM last u first paBHbiMM P nnn +co B 3aBUCMMOCTH
OT TOro, BK/IOYAEM Mbl JIAMMOYKY MM BbIK/IOYAEM; OTMETUM, YTO WMHGOPMALUMIO O COCTOSIHUU
NAMMNOYKM nepes NepekIlo4eHMEM MOXHO OTAENbHO He XPaHWUTb — €€ JIerko y3HaTb U3 3HA4YeHus
first (nnu last) BepwnHbl v;

€CNN XXe BeplMrHa V — He nucT, To first paBeH MeHblueMy u3 3HadeHun first cbiHOBEN
BeplWMHbl Vv, a last - 6onblieMy w3 3HadeHWW last cbiHOBeW BepwMHbl VvV (BOT raAe Y Hac
cpabaTbiBalOT +00, U BOT NOYEMY MOXHO NPEeACTaBsaTb +0o0 yncinom N+1, a -co - yucnom 0).

O6paboTka KaxaoW BeplMHbI TpebyeT KOHCTAHTHOrO BPEMEHM, BCEr0 W3MEHSIOTCS
XapaKTEPUCTUKN [ 1og,N] BepLlinH, T.e. 06paboTka Kaxkaoro 3anpoca Ha nepektoyeHne namnoYkm
Tpebyet O(logN) onepaumi.

B npuBeaéHHOM nporpaMMe nepekstoyaeT naMnodky npoueaypa Switch.

OcTtanocb y3HaTb, Kyaa nepemectutcs KoT, Korga mnepeksoyaloT namny, oT KOTOpOM OH
rpeercsi.

Ecnn Kot aBuraetca BrnpaBo (B CTOPOHY YBE/MYEHUS HOMEPOB NlaMM), TO Mbl, BO-NEPBbIX,
Bbik/lo4aeM namny Homep Cat (Cat — 3To nosuumsi KoTa), a, BO-BTOpbLIX, WLIEM TEPBYHO



BKJIIOUYEHHYIO NlaMmny Ha oTpe3ke oT namnbl Homep Cat Ao namnbl HoMep N. Ecnv Takoi namnbl HET
(T.e. OHa pacrnonoxeHa B +00), TO nosBopaudvMBaeM KoTa BNeBO, U WULWEM MNOCNEAHIo (CaMyto
NpaByto) BKAOYEHHYO Nnamny Ha oTtpeske oT 1 go Cat.

Ecnu Kot HanpaBeneH BneBo, TO NOCTyrnaeM COBEPLUEHHO aHaNOrMyHo.

OcTanocb Hay4uMTbCa HAXOAMTb MEpBYIO BKIOYEHHYHO namny Ha otpe3ke oT Cat ao N, u
NMOCNEAHIO BK/IOYEHHYIO NaMmny Ha otpe3ke oT 1 go Cat. A 3TO COBCEM HECNIOXHO B CBETE
BbILLECKA3aHHOM0: eC/iM Mbl pa30bbEM OTPe30K S Ha HeCKOJIbKO HenepeceKkatowmxcs (BNpoYyeM 3To
ycnoBue He o06s13aTenbHO) OTpPe3KOB, TO HOMEP NEepBOM BK/OYEHHOM NaMnbl Ha S paBeH
HauMeHbLleMY M3 HOMEPOB BKJ/IIOYEHHBIX flaMM Ha KaXXAOM M3 OTpe3KoB pa3bueHus. HanoMHio
CBOWCTBO 6: nt060ON OTPe30K MOXET ObiTb MpeAcTaBneH B BuAe 0bbeaMHeHusi He 6onee, yem
2 [log,N] NOMAPHO HEMepeCceKatoLMXCa OTPE3KOB, KaXKAbI U3 KOTOPbIX COOTBETCTBYET HEKOTOPOM
BEpLNHe aepesa. BoT Ha 3TK BOT oTpe3ku u byaemM pa3busBatb 0Tpe3ok S. dakTMyecku onepaums
pabueHns 310 1 ectb onepauus BCTABUTb 13 TekcTa B haiine prepl . pdf.

KonnuectBo oTpe3KkoB pa3bueHnst He NpeBoCXoauT 2 [ 1og,N 1, CnefoBaTeNlbHO C/TIOXHOCTb
BbIYNCIIEHMS NEPBOW BKIIOYEHHOW NamMnbl Ha nobom oTpeske S paBHa O(logN). Bcé cka3aHHoe no
MOBOZly MOMCKa MEPBOMN BKJILOYEHHOW NaMmnbl MOYTU AOCIOBHO MEPEHOCUMTCA Ha MOWUCK nocneaHewn
BK/IIOYEHHOM Namnbl Ha OTpe3ke S.

B npuBeaéHHOM NporpaMMe 3Tu NMOUCKN peann3oBaHbl GYHKUMSIMU Last M First.

NTak, ¥n 3anpoc Ha nepekniyeHrMe namnbl, W 3anpoc Ha onepeaernieHMe HOBOro
MecTononoxeHust Kota nmeetot cnoxHoctb O(logN), cnegoBaTenbHO 06Las CNOXHOCTb peLleHus
3agaun ectb O(M-logN), rae M — konmyecTBo 3anpocos, Npu 3aTpaTtax namsatn O(N).

B 3aknouyeHve s BCE-TakM He Mory oTkKasaTb cebe B yaoBOAbCTBMM MpOUMTUPOBaTbL
Muxanna Poibaka. OH O4YeHb KOpPOTKO OMUCbIBAET CBOE pelleHue Tak: ‘... npuayMman ussiwHoe
pelleHne ¢ ABYMSI KydaMu (CET XYTKO MeAJSIEHHbIN). B 0AHON Ky4ye - NaMmnoykn, KOTopble npaBee, B
APYron - KoTopble neBee (TO/IbKO STaMMoYkn, uUrypupoBaBlune B COObITHSX). MNpUyYeM MOXHO He
yAansTb TOraa, KorAa namroyka racHeT, @ BMEeCTO 3TOro, Koraa KOT rnepecaXXuBaeTcs, NpoBepsThb,
ropsiliasl i naMmnoyka HaBepxy Ky4uu, U eCin HeT, ee yaansTb U onaTb CMOTpPeTb” (Ky4a — 370,
KOHEYHO Xxe, buHapHas Ky4a. C.M). Kak kpacueo! MHe o4yeHb noHpaBunock. Cnacnbo, Muxaun.



