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IlepBasi moArpyIma pacyuTala Ha IPSMYIO peajn3alliio OIMCAHHOIO B yCJIOBHU Ipolecca. Bymaem
HOJJICPKUBAThL yKa3aTe/lb Ha TEKyILylo 3aJady T U KOJUYECTBO yrKe PaCHpeIesIeHHBIX B KaxKJIoi 3aade
ssemenToB cnt[i|. Torma, BeIaBast pa3spaboTUNKy OUEPENHON JEMEHT, BOSbMEM OUepETHON JTEMEHT U3
3aj@un T, yBeJaudnM cnt(z] Ha 1, mocse gero GyjeM mepeMeraTh T 110 KPyry BIEpejl, MOKa He BCTPETUM
CJIEJLYIONLYIO 3aJiady, y KoTopoii cnt[i] < ¢;. Pemenne paboraer 3a Bpemsi O(n - max(c¢;)), MOCKOIbKY
repemMertienuii © Oymer He OOJIbINEe, YeM CTOJIBKO.

Bo BTOpOii moarpyrme MoxkHO OBLIO JIerKo HaOpaTh 6AJIIbI, TPOAHAIN3UPOBAB CKOJIBKO IJIEMEHTOB
Kakoil M3 JBYX 3aJa4 JIOCTAHETCsS KaxkKiaomy paspaboruuky. He Tepsiss obmiHOCTH, IMyCcTh ¢ < Co2, TOTIA
mepBble 2¢] 9JEMEHTOB OYIyT paclpeleaThes MO OYepean U3 JBYX 3aJad, a OCTABIINeCs OyayT B3s-
ThI U3 BTOpOil. B Takom ciydae mepBoMy pa3pabOTUHMKy JOCTAHYTCS JIEMEHTBHI CyMMAPHON CJIO2KHOCTH
[%1 ~wy + L%J - we, & BTOpOMY — Bce ocTapinuecst. Cydait ¢ > ¢y MOHOCTHIO aHATOTHIEH.

st TpeThbeil MOArpPYIIIbI TakxKe paboTaeT pelleHne mepBoil, OHaKO IpuBeaeM H0jiee CI0KHOE pe-
[eHne, KOTopoe OYJIeT maroM Ha IyTH K mojiHoMY. BBesiem ompesiesienne «das3bl», KOTOpoe OyieT JaJibIiie
ITOJIE3HO JJIsT TTOJIHOTO pertenust. Pa30ii ¢ HA30BEM OTPE30K BPEMEHHU, B KOTOPBIN pacIpeae/siioTcs t-e d1e-
MEHTBI M3 KasKJIOi 3aJiadM, B KOTOPOI ecThb XOTsI OBl ¢ 3y1eMeHToB. Pas3bl, TaKuM 00pa30oM, OyIyT UMEeThb
HomMmepa oT 1 j10 max c;.

B ycaoBusix Tperbeit moarpymnmnsl ¢a3 Oymer He 60sbine aByX. Ecam Bce ¢; < 2, TO KaxKIblil paspa-
60TYNK, KpOME, BO3MOXKHO, OJTHOT'O, TIOJIYIUT OJINH MJIK JIBA CBOUX JJIEMEHTA B paMKax omHoil ¢gazbl. s
TOrO pa3pabOTINKa, KOTOPOMY, BO3MOXKHO, JOCTAHETCS ITOCJIEIHUN 3JIeMEHT U3 HepBOil (hasbl U IepPBbIi
nus3 BTOpOfI, IIocduTaeM OTBET OTAEJIbHO, a JJid OCTaJIbHbBIX JOCTAaTOYHO ITOCTPOUTDHL Hpe(i)I/IKCHbIe CYMMbI
Ha YYaCTBYIOIIMX B KaXKJ0i (pbase 3a/1a9ax, U HAXOAUTh UTOTOBBIM BeC KaK CYMMY Ha OTPE3Ke B paMKax
oHOU hbasHbl.

Jutst cireiyomux MOArpyn obo0IIUM OINMCAHHOE PellleHre. 3aMeTHM, 4TO Cpeay Bcex a3 ecTb He
boJtee n paznudHbIX. [leficTBuTeIbHO, BCe (pa3bl ¢ IEPBOi IO Min ¢; OJWHAKOBBI M COCTOAT U3 BCEX 3aat
o ouepeu. Creaytornue dhasbl 0 BTOPOrO 110 BEJIUYUHE ¢; OJIMHAKOBBI U COCTOST M3 BCEX 3aJad, KPOMe
TeX, B KOTOPBIX ¢ = min ¢;, ¥ Tak JaJee.

3aMeTnM, 9TO 3JIEMEHTHI, JIOCTAIONINECS 0UEPEITHOMY Pa3paboOTInKy, 00pa3ytoT JubO OTPE30K KAKOH-TO
dasbl, 60 cydduke nocaenteit Ghaspl, HEKOTOPOE HEJI0e YUCIIO CIIEAYIONUX (a3 MeTUKOM (BO3MOXKHO,
HOJIb) U KAKON-TO, BO3MOKHO IIyCTOii, npedukc cieayoreii pasbl. OTcopTupyeM Bee 3a/1a4u 10 yObIBAHUIO
¢; U TIOCUUTAEM MPePUKCHBIE CYMMBbI W; Ha, MOJYIEHHOM MOPSIKE 3aad.

Tenepp Oyzmem mepebuparh pa3pabOTINKOB 110 OYEPEIN, MOIEPKUBasg HoMep ¢a3bl U HOMED 3aJa-
g B ¢ase, HA KOTOPBHIX MbI OCTAHOBUJIUCHL Ha IPEILLIyIeM paspadborduke. I[jis pernenus 4yeTBepTOi
HOArPYIIIbI JOCTATOYHO HANTH CyMMYy Ha COOTBETCTBYIONIEM OTpe3Ke win cyddukce Tekymeir a3l
3a O(n), mocsie dero o6paboraTh BCe IpeHA3HAYEHHBIE eMy IeJaukoM dasbl, u cHosa 3a O(n) go06aBuThH
9JIEMEHTBI U3 IpeduKca cieayoneil (hasbl, ecim HAIO.

Yrobbr 661cTpo 00paboTaTh hasbl, KOTOPBIE MEJIUKOM OTONIYT JAHHOMY pa3pabOTUYUKY, ITOCMOTPUM
na nomep ¢asbl p, B Hadaje KOTOPOH MbI ceiidac HAXOJIMMCS: IIYCTb OH JIEXKUT MEXKIY C; U Citl, TJIE C
OTCOPTHUPOBAHBI [0 Bo3pacTaHuio. Torjga ciaenymoormme ¢;+1 — p + 1 (a3 oquHAKOBBI, U B KaXKJIOW W3 HUX
BBIOMPAIOTCST 9JIEMEHTHI U3 11— 1+ 1 ocTapmmxcst 3a1a4. CyMMy w; BeeX 3aJ1a9 B (pa3e Mbl IIPEJIIIOACIUTAIH,
[O9TOMY, €Cjii Pa3paboTUnKy OCTAIOCh BbiIaTh rem < (¢i41 — p + 1) - (n — i) 3/1eMEeHTOB, BBLIAIUM €My
L%J crepytonux das nesnkom 3a O(1), u npedukc ciaemyrormeii 3a Humu dasbl pazmepa rem mod (n—1).
Wnadge, BbIIaauM eMy Bce ocTaBiInecs (asbl 3TOro «0JIOKay M HepeiiieM K paccMOTPEHHIO (ha3 MeXKIy
Ci+1 U Cjt2.

JeiicTBust, KOTOpPBIE BBIIOIHSIOTCS «I0JIT0» — B3sTHE O0Tpe3Ka/cyddukca u npedukca daszpr. [Tommmo
9TOT0, JIJIsi OJTHOTO pa3pabOTINKa MOTYT OBITH PACCMOTPEHBI HECKOJIBKO «OJIOKOB» (ha3 MeK/Iy COCEeTHUMU
¢ ¥ ciy1. Ommako, Beraucienue cyddurca n mpedukca MPOU3BOINTCS IS KAXKIOTO Pa3pabOTINKa He
OoJIbIlIE OJTHOTO pa3a, a MEepPEeMEIeHN K CIeIyIomeMy <«OJI0Ky» OTMHAKOBBIX (a3 Oymer He GOJIbIIe 1.
Wroro, cymmapno mpt norparuin O(n) Bpemenn Ha 06paboTKy Beex dha3, He CINTasi BLIYUCICHNS CYMMbI
Ha oTpeskax, cydduxcax u npedukcax, a na xnx — O(n?) BpeMenu, 4ero JOCTATOMHO Il IPOXOK ICHI
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4eTBEPTON IOAIPYIIIEL.

st maToit U ImecToil MOArpyIIbl TPpebOOBAIOCh CONTUMU3MPOBATH HAXOXKIEHHE CYMM HA OTPE3KaX,
cyddukcax u npedurcax sayTpu da3. Cpasy cBejieMm 3Ty 3a/ia9y K [IOUCKY CyMMBI Ha, IpedUKCe ¢ IIOMO-
b0 MpedUKCHBIX cyMM. OcTajoch HAayIUThCs OBICTPO HAXOAUTH CyMMYy Ha Ipedukrce B ¢asze ObICTpee,
gem 3a O(n).

B maroii moarpynne moaxoansi 000l crocod HAXOAUTHL CyMMY 3a (9(log2 n). Mbl He Gygem Ha
HUX (DOKYCHPOBATLCs, TaK KaK TH CIHOCOOLI JIOCTUrAIOTCH MMM, OUY€Hb ITOXOXKUMU HA HIEH IIOJHOIO
peIleHns, HO B KAKUX-TO MecTaX MeHee ONTHMAaJIbHBIMU. [[JIsT TIOJTHOTO perteHns MOXKHO ObLIO BOCIIOJIb-
30BATbCsS, HAIIPUMED, OJHON U3 JBYX CJIELYIONIUX HJIeH.

[TepBast umest ocHOBaHa Ha JIepeBe OTPE3KOB. ByIeM XpaHUTh JEPEBO OTPE3KOB, B KOTOPOM 4-if 9JIEMEHT
paBeH w;, ecJId B - 3aJa4e ele OCTaIiCh HepaclpeaeleHHble saemenTsl, 1 0 nnade. [Ipu mepexome Mex-
ny dazamu JI0CTATOYHO MPOCTO OOHYJIUTH «3aKOHUUBIIHECs» 3ajaqau. Cymmapro sto 3aiimer O(nlogn)
BpeMeHn Kak 7 3a1pocoB K JO. YTobsl moyInuTh cyMMy IEPBLIX k 3a1a4 B (pase, TO eCTh CyMMY Ha IIpe-
duKce, HAJIO CHAYAJIA IOy YU Th ITO3UIUIO k-I0 HEHYJIEBOTO JIEMEHTA t, 8 3aTeM CJe/IaTh 3alpoC CyMMBbI Ha
orpeske [0, t]. YTo6bl HaXOAUTH ¢, HAJIO OBLIO XPAHUTH KOJIMIECTBO HEHYJIEBBIX 9JIEMEHTOB B KaXKJ[OM OT-
peske 110, i u60 fearh GHHIIONCK I 3aIPOCHI KOJIIIeCTBa Hysei Ha orpeske 3a O(log? n) (wero xsaraso
JUIsl IATON HOArpyIbl ), jubo jenas ciyck 1o jgepesy 3a O(logn).

AJlbTepHATHBHOE PELIEHUE HUCIOJIL30BAI0 JEKAPTOBO JEPEBO 0 KJI0UY, PABHOMY HOMEpY 3ajadu. by-
JieM xpaHuTh B BeprmHax JJI w; n mojiepKuBaTh UX CYMMY Ha IOJJIEPEBbsIX. AHAJOMUYIHO, MEPEXOT
Mexk1y daszaMu — 9TO yIaJeHNe HECKOJbKHUX 3jieMeHnToB u3 JIJ1 1Mo Kiody, a 3alpoc cyMMbI Ha IIpeduKce
das3bl 3aKJII0YAETC B MOUCKE k- TIOPSIIKOBO# CTATUCTUKU, U B3ATUA CYMMBI B JIEBOM IOJJEPEBE TIOCJIE
split no maiimennomy kirody. O6e omeparyu MOXKHO BeITOJIHATE 3a O(logn), ecin MoIepKUBATH TAK¥Ke
pasMepbl TOJJIEPEBLER.
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