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Aemop 3adavwu u paspabomyuk: Pabuyn Baadumup

B mepBoit moazasmade s perenust 60 JOCTATOYHO PEATN30BATH OTBET HA KAXKJBIH 3a1Ipoc 3a
nuHejinoe Bpemsi. CiioxknocTh perenust 6yger O(gn).

Jlns pelnenust BTOPOM IMOA3aJa4qd HEoOXOMMMO GbLIO 3aMeTHTh, 4To popcount(2) = 1, mosromy
3aIIPOC TPETHEro THUIIA HA CAMOM Jlejie HUYeM He OTJINYAeTCs OT 3allpoca BTOPOro THUIIA, IJie HEOOXOIMMO
npucBouTh 1 Ha orpe3ke. Takum obpa3om B 3TOi 1oj3ajade TPeOOBAJIOCH HAIIUCATH JIEPEBO OTPE3KOB C
NPUCBOEHUEM Ha OTpe3Ke u cyMMoil. Acummroruka pemenus oyger O(qlogn)

B Tperbeil moazaave HAIPsIMYIO TaKOH IOJXOJ MPUMEHHUTb OBLIO HEBO3MOXKHO. OJIHAKO MOYXKHO
OBLIO TOJJIEPXKUBATH B BEPIIUHAX JIEPEBA OTPE3KOB MH(MOPMAIIMIO O KOJUIECTBE HYJIEBBIX 3JIEMEHTOB Ha
otpeske. Torna, 3Has JJIUHY OTPE3Ka U KOJMIECTBO HyJel Ha HEM, MOXKHO JIEFKO [IEPECUUTHIBATL CYMMBbI
nocJie npuMeHeHust onepaiun popcount. CioxkuocTsb perenns takas xe — O(qlogn).

s peltennsi 4eTBepTOIl IOA33aJadum 3aMeTnM, UTo unciaa 1 mw 0 He MEHSIOTCS OT Oleparun
popcount. Ilpu srom Jierko Bujerh, uro popcount(z) < logyx. Takum o6pa3oM, MOXKHO HPUMEHUTH
He 6ostee O(log™ ) omepanuii, moka x He CTAHET PABHBIM €IUHUIE. DTO MO3BOJIAET PEIIATD 3aaTy TAKIM
obpazoM: OyIeM TOJIJIePKUBATh MHOXKECTBO ITO3UIINI B MACCUBE, I'Jle HaXOAdATcsd ducia, obosbine 1. Torma
JIJIsT OTBETa Ha, 3aIlIPOC JOCTATOYHO HANTH B 9TOM MHOYKECTBE IEPBBIN 3JIeMEHT, OOIBINNI WIN PaBHBIN [, 1
[PUMEHUTH OIEPAIUI0 HAJI HACTOSIIUM MaCCHBOM JI0 HYXKHBIM HHIeKcaM. JIroboe duciio Oymer paccMor-
peHo B 3T0i peanmsanyu He 6osee log™ n pas, mocse gero ono cramer pasabiM 1. g oTBeTa Ha 3aIPOCHI
CyMMBI MOYKHO TO/IJIEPXKUBATH JIEPEBO OTPe3KOB ujn jiepeBo DeHBuKa, MOCKOJIbKY 3aIllpOChl M3MEHEHUS
3/1eCh OYIyT B TOUKE.

B nsaToii moazazmaye HykHO ObLIO J00aBJIATH B 9TO MHOXKECTBO OJIMH JIEMEHT, €CJIU €ro 3HadYeHUEe
CTAHOBHUJIOCH GOJIbIIE €JUHUIBI. ACHMITOTHKA peleHus B oboux ciaydasx obiia O(qlognlogh n).

B mrecroii moazamade Ha10 OBLIO BOCIIOJIB30BATHCSI TEM, UTO 3HAUEHUSI JIeMEHThI MaCCUBa HE OUEHb
6ostbIe. MOXKHO OBLIO XPAHUTH B KA¥K 101 BEPIITIHE JIepeBa OTPE3KOB KOJIMIECTBO KayKI0ro Jncia. Toraa
nepecyeT NpU NPUMEHEHUM KarKJIOW ollepaluu OYeBUJAEH — NEePEHEeCTU KOJMYECTBO U3 KaXKJON sd4yelKu
MmaccuBa B Apyryto. Ciaoxuocts Bpemenn pernennst pasaa O(qlognlog 20)

Cenpmas moazazada moapa3yMeBajia pelleHne IIpU TOMOIM He OYeHb OBICTPOTO JIepeBa OTPE3KOB
N KOPHEBOU JeKoMmo3uiinn. Hy>KHo B Kazk10M OJIOKe TOJIIepKUBATH CYMMY, OTJI0XKEHHOE ITPUCBOCHUE,
KOJITYECTBO OTJIOXKEHHBIX popcount M KOJUYECTBO YHUCEN C KaKJbIM KojmdecTBOM 6uT. Bee ocrasibHOe
JenaeTcst KaK B OOBIYHON KOpHEBO# jaekomrosuruu. Jjia KpaifiHux OJI0KOB, KOTOPBIE IOMAJIM B 3aIpOC He
[TOJTHOCTDBIO, IIPUMEHSIOTCS BCE OTJIOXKEHHBIE OIeparuu. Ecin Hy»KHO CIe/1aTh OTJIO?KEHHOE IPHUCBOEHUE,
TO OHO 3aTHUPAET BCE APYrHe OTJIOXKEHHBbIE Oleparuu. Kciam Hy2KHO cliesiaTh OTJIO?KEHHBII popcount u B
6JI0Ke y2Ke eCTh OTJIOYKEHHOE ITPUCBOEHUE, TO JIOCTATOYHO €10 M3MEHUTH, HHAYE ITPOCTO YBEJINIUTD CIeTINK
3AIPOCOB TpeTbero tuta. llomnepkuBaTh CyMMy IIPU IPUMEHEHUH popcount K OJIOKY MOXKHO OJiaroiapst
Mo IeprKUBaeMoil mHPOPMAITNK, CKOJBKO Ha OJIOKe [umces KaxkKaoit ouTHocTu. MTorosast acMMIITOTHKA

6yner O(qy/nlog10).

B BocbMoit moazamade Hy»KHO OBLIO CHAYAJIA BBITIOJHUTD 3aIIPOCHI MOIU(MPUKAIINH, 8 TIOTOM OTBEYATD
Ha 3alIpOChbl CYMMBbI. KOF,ZLa. BCe 3allpOChbl USMEHEHM BBIIIOJIHEHBI, JOCTATOYHO IIOCUYNTATDH Hpe(bI/IKCHbIe
CYMMBI HA MAcCHBe M OTBedarh Ha 3arpockl nepsoro tuma 3a O(1). s 0bpaborku 3anpocos Mo/ rinduka-
M MOXKHO OBLIO MPUMEHUTH scanline, moaaepxuBasi ordered_set aKkTyaJIbHBIX 3aIllPOCOB 00OUX TUIIOB
[0 BpEMEHW, WU JIBa JIEPEBA OTPE3KOB.

Bo BTOpoM criocobe HEOOXOAMMO TOIEPXKUBATH OTHO JIEPEBO OTPE3KOB € KOJUIECTBOM IIPUMEHEHU
popcount K 3JeMEHTY MacCHBa, U BTOPOE — C MTOCJETHIUM 3HAYEHUEM, TTPUCBOCHHOM 31eMenTy. [Ipn 3a-
[IpOCe BTOPOTO TUIA HEOOXOJUMO CIe/IaTh MPUCBOEHUE Ha OTPE3Ke BO BTOPOM JI€PEBE, a B IIEPBOM HA TOM
ke orpeske 3amucarh 0. [Ipn 3ampoce Tperbero Tuma HYy»KHO YBEJTUIUTD BCE UNCTA HA OTPE3KE B MMEPBOM
Jepese Ha 1. B KaxKIblii MOMEHT BpEMEHU MbI 3HAEM JIJIsI TOUYKHU, KAKOe OBLIO ee TIOCTIeIHee TPUCBOCHIE 1
CKOJIBKO Pa3 1ocJie 3Toro ObLI IPUMeHEH popcount. Dra yacTb perenus paboraer 3a O(glogn)

[Tocsre 0bpaboTKM BCeX M3MEHEHWH HaJ0 ODONTH JepeBO W MPUMEHWTH BCE ONMEpaIldd. DTO MOXKHO
BoiostHuTh 3a O(nlog™ n). Urorosas acumnroruka 6ymer O(qlogn + nlog* n).
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ITonmoe pertenue 3a7a9n OBIIO TEOPETUIECKH BO3MOYKHO TPH TTOMOIN AKKYPATHO HAMCAHHOTO
JlepeBa OTPE3KOB M3 MIECTOMN MOJI3a/1a91, HO aBTOPCKOE peIlleHne UCTIOIb30BaJIO0 APyrue uien. Bygem mo-
JIEp’KUBAThH B JIEPEBE OTPE3KOB CYMMY, MUHUMYM U MaKCUMYM B HOJepeBe. 3Hast 3Ty WHPOPMAIIUIO, JIETKO
OTIPEJIETNTE, COCTOUT JI OTPE30K U3 OJMHAKOBBIX YNCEN. By/IeM BBITOIHSITEH 3aIPOC TPETHETO TUIA TAKIM
00pasoM: B JiepeBe OTPE3KOB OyIeM CIYCKAThCs J0 TeX IOp, [TOKa He OKAXKeMCsl B BEpPIIHHE, TJIe MaKCH-
MyM He OGOJIbITIE eIMHUIBI WU TOKa MIHUMYM He paBeH MaKCUMyMy. B mepBoM ciIydae 3TO O3HAYAET, UTO
OTPE30K IIPOCTO HE IMIOMEHSIETCSI, & BO BTOPOM — YTO OTPE30K COCTOUT M3 PABHBIX UHCEJI, IOITOMY MOYKHO
MIPOCTO CJIEJIATH COOTBETCTBYIONIEE TPUCBOEHIE HA 3TOM OTPE3Ke. 3alpoC BTOPOTO THUIIA PEATTU3YETCsT KaK
B CTAHJIAPTHOM JIEpEBE OTPE3KOB.

OmernM  Bpemst  pabOTBI  JAHHOTO —aJTOPUTMa TPU  IMOMOIIHM MEeTO/Aa TOTEHIHATOB. Mbic-
JIGHHO Yy KayKJO0ro HENpepbIBHOIO OTPe3Ka PaBHBIX 3j1eMeHToB uncyio  log*n.  Tlorennman
® = (KOJIMYIECTBO HENPEPBIBHBIX OTPE3KOB PaBHBIX vuced) - logn - (D ancia B yme).

[TycTs B omepanuu TPETHETO THIA MbI MOCETUJIN T OTPE3KOB, TOIVIA peajibHOe BpeMsl paboThl Oyrer
xlogn. Bymem mpu kKaxk/ioM 3ax0jie B HEIPEPBIBHBIA OTPE30K BBIYNTATH U3 UUCIA, KOTOPOE JIEPKHUM B
yme, 1. dlcHo, 94T0 310 MOXKHO ciesarh He Gojiee log* n pas, mocjie 4ero oTpe3ok OyJeT COCTOSTH TOJBLKO
U3 eJVHWI] U B HEro MbI OoJibllle He OyieM 3axomauTb. Torma msmenenue mnorernmanta AP = —xlogn u
aMOPTH3UPOBaHHOE BpeMsi paborhl Jaxuoro 3ampoca O(1).

3alpoc BTOPOro THIIa MOXKET YBEJMIUTH KOJUIECTBO HEITPEPBIBHBIX OTPE3KOB He OoJsiee, deMm Ha 1. 3a-
HHIIEM B 9TOM GOJIBIIOB OTpe3Ke B yMe qncio log™ n. Peanbnoe Bpemst paborst 6yer O(logn), a n3menenue
norennuasita AP < lognlog* n. Amoprusuposannoe Bpemst paborer 6yier coorsercreerntno O(lognlog* n).

Bampoc cymmbl He Bimsier Ha noreniman u tpatut O(logn) Bpemenu.

Urorosoe Bpemst paborsl Gyier O(qlognlog® n) u norpedienue namstu 6yaer O(n).
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