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OcHoBHOIT ueeil Jy1s1 perennst JaHHON 3aa4u OyneT HabJII0IeHne, 9TO KPEoCTh Kode HelpephiBHA.
To ecth ecsin y HaC u3HavYAILHO OBLT KOde Kpernoctu Fp, a mocjie KaKoro-To u3MEHEHUsI KPeIoCTh CTaja
paBHa P, TO MBI MOIVIN HOJIYYUTD JIFOOYIO KPEIOCTh OT Py /10 P, BBIUB U3 TEX Ke CJI0EB, HO MEHBIIIE.

HaJstee Oy/1yT UCIOJIB30BATHCS Clierylonue obo3HadeHust: Py — n3nadajabHas KPEIoCTh Kode B CTaKaHe,
t; — HeobxoIMMasl KpernocTh kKode B 3ampoce. Kpome Toro, 6y/ieM OTIeIbHO PACCMATPUBATE CJIydan, KOrIa
t; < Py m ciiygan, xkorma t; > Py. 3ameTnM, 94TO 3aMEHOI BCeX p; <— —p; U BCeX t; <— —t; MOXKHO IPUBECTH
OJIVH CJIy4ail K IPyTroMy, IIO3TOMY JaJiee OIUIIEM TOJILKO perenue s t; < Py, a obpaTHbIil ciy4ail 6ymaer
[IOJTHOCTHIO aHAJIOITYEH.

JlJ1st perienus epBoil MoA3a4a49M MOXKHO ObLIO IlepebupaTh KOHKPETHOE MHOYKECTBO CJIOEB, KOTOPBIE
Oy/IyT IETMKOM WJIM YACTUYHO BBIMUTHI. J[JIsT KasKI0r0 MHOXKECTBA 3aTeM MOXKHO IMPOBEPATDH, MOTJIA JIH B
KaKOM-TO MOMEHT KPenocTh Kode ObITh paBHoii t;. [TockoibKy MbI paccmarpuBaeM t; < Py, g0cTaToqHo
IIPOBEPUTH, YTO €CJIU BBIIATH 3TU CJIOU LEJIUKOM, HTOTOBas KpPernocTh Oyiaer < t;.

Urorosyio kpernocth MOkHO mocuntarh 3a O(n) nmm 3a O(1), ecau o X0y peKypcuBHOrO nepebopa
MHOYKECTBA CJIOEB MOJJIEPKUBATH CyMMAapHbIE KOJIMIeCTBO KodenHa u BbicoTy. Cpenn BCeX MHOMKECTB,
KOTOPBIE MOJOINLIN, HAJ0 BBIOPATh TO, Y KOTOPOTO CaMBIil TIyOOKUIi CJI0H HAXOAMTCA KaK MOYKHO BBIIIE.
Urorosoe Bpemst padorsr — O(q - 2™).

JL1s1 periernst BTOpOii IMoa3aa4vm MOXKHO CONMTUMU3UPOBATD ITepebop 1 nepedbupaTrh, CKOJIBKO IEPBBIX
cjioeB OyIyT 3ajieficTBOBaHbl (TO €CTh 110 CyTH nepebuparh OTBeT Ha 3anpoc). OusaTh Ke, MOJIb3YSACh
HEMIPEPBIBHOCTHIO, 3aMETHUM, ITO JOCTATOYHO IMPOBEPUTH, YTO MOXKHO MOJIYIUTh KPEIOCTb < t;.

A 111 TAKOH IIPOBEPKU MOYKHO 3aMETUTH, YTO €CJIM 3a(PUKCUPOBATH JOCTYIIHLIE BEPXHHUE L CJIOEB, JI0-
CTATOYHO BBIMIATD IIEJIMKOM T€ U3 HUX, Y KOTOPBIX KPEeIocTh DoibIte t;. Ecm aToro He XBaTuT, TO, BHIITNBAS
ele U CJIOU C KPEIOoCThIo K t;, NTOTOBOM KpemocTu t; Mbl He nobbeMcsi. CoOTBETCTBEHHO, Itepedbupas &,
BBIITBEM BCe CJIOW KPEIOCTH > t;, MOCJe Uero MpOBEPUM, UTO MTOroBasi KpernocTh crajia < t;. MTorosoe
BpeMs paboTel — O(q - n?).

B Tpetrbeil moazamade MOXKHO ObLIO CONTUMU3UPOBATD IPEIBIIYIIEE PEIIEHNE U BMECTO OOBITHOTO
mepebopa BBICOT MCKATh OTBET OMHAPHBIM ITOMCKOM. DTO ITO3BOJISIET JI€/IaTh MOHOTOHHOCTHL 110 OTBETY:
4geM 60Jj1ee BBICOKYIO TPYOOUKY MBI BO3bLMEM, TE€M IITUPE OYIeT NHTEPBaJ JTOCTUKUMBIX YPOBHEH KPEIIOCTH.
Takoe pemtenne paboraer 3a O(q - n -logn).

D710 ke pemienne ontumusupyercss a0 acumnroruku O(q - n) JJis YeTBEPTOM MOA3a4a4qu, €C/Iu
COBMECTUTH M€ BTOPOH M TpeTbeill momzajad. A MMEHHO, YTO YTOOBI HOJYIUTh Kpernocrs t; < Py, Her
CMBICJIa TPOTaTh CJIOM C KPENoCThio < t;.

Bymem mepebupars s KayKI0ro 3aIrpoca 3aTparuBaeMbie ¢ion Kode ceepxy BHU3. Torma /11 KarKI0T0
OYePEeJIHOrO CJI0f j, eclu p;j < i, MBI €T0 IIPOILyCKaeM, a ecjind > t;, BRIIIBaeM HeauKoM. Kak Toibko obmas
KPEIOCTh HAINTKA JOCTUTHET 3HAYEHUsT MEHbINEe t;, Mbl HAILJIN HAIl OTBET. [y OBICTPOro BBIYUCIIEHUST
o0111ei KperocTy HAIIUTKA JIOCTATOYHO MOIAEPKUBATH CYMMBI IO €Ille He BLIITUTHIM CJI0sIM, (PUT'Y DPUPYIOIINE
B 4mc/nTeNe U 3HaMeHaTese dpopmysisl mia P.

Ilaryro moazamady MOXKHO OBLIO pelaTh ¢ IOMOIIbI0 OMHAPHOTO ITOMCKA 110 0TBeTy. Vconb3ys pac-
Cy}K,I[eHI/IH, OIIMCaHHbIC BBIIIIE, HOfIMeM, YTO JOCTATOYHO BBIIIMBATBHL BCE CJION, KPEIIOCTH KOTOPBIX 60.HI)H_IG
t;, & ecjau CJIOM OTCOPTHUPOBAHBI IO KPEIOCTH, TO MHTEPECYIONINe HAC CJIOU Bcerda OyayT obpa3oBLIBATD
HEKOTOPBIN OTPE30K.

Takum 06paszoM, MOXKHO OBLIO MIPEIIOACINTATE TPePUKCHBIE CYMMBI P; - h; U P; TIO CJIOAM, IIOCJIE IE€r0
JUIsT OTBETA Ha, 3aIPOC

® JicJIaThb OUHIIONCK TI0 OTBETY;
® BHYTpU OUHIIONCKOM HaXOJUTb I/IHTepecyIOHlI/Iﬁ HaC OTPE30K CJIOEB;
® BLIIIMBATH X U IIPOBEPATH, ITO UTOT'OBBII YPOBEHL KPEIIOCTHU HaM ITOAXOIUT.

BwMmecto BHYyTpeHHEr0o OHMHIIOMCKA MOXKHO OBLIO OTCOPTHUPOBATH 3AIIPOCHI 110 t; W UCIOJIHE30BATH METO]T
JBYX yKasarejeil: 1jsi MEHbIIMX f; HaM Bceriaa OyIeT Hy»KHa He MeHbIIasl BbICOTa TPyOOUYKM, U Ha CO-
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oTBeTCTBYyIONEM cydduKce cjioeB Hac OylIeT HHTepPecoBaTh He MeHee JTMHHDLINA O0Tpe30K. Bpems paboThr:
O(q- log? n) wi O(q - logn), npudem peleHue ¢ IByMsl yKa3aTeJsIMU y2Ke JOBOJIBHO OJIM3KO K MOJHOMY.

ITecTas u cenpbMas moA3aaadu ObLIM PACIUTAHBI HA HEKOTOPBHIE YaCTHBIE DPEIeHHs. YCJIOBHE Ha
PaBEHCTBO BBICOT BCEX CJIOEB IO3BOJISIET COKPATHTH BBICOTHI M3 (POPMYJIbI Jijisi P U IIPOCTO CYUTATH €ro
Kak cpexnee apudmerndeckoe Bcex p;. HeoOXommMOCTh C/IeIUTh TOJBKO 33 ABYMS 3HAYEHUSIMU KPEIIOCTH

HO3BOJIAET Jlerde HPOaHaJU3UPOBATH, YTO BBII'OJHO IIMTh TOJBKO M3 CJIOEB KPEIOCTU C OIpeAeseHHON
CTOPOHBI OT t; 10 3HAYEHUIO.

Jl1st BocbMOI TToA3aAa4uu HeoOXOuMa, Uiest C ABYMs yKa3aTeIsaMi U3 pertenns naroil. [Iycrs y mHac
ecTb JiBe Kpenocru t;, tj, upu aToM t; < t;, Torja oTBeT Jjd KPelKocTu t; OyJeT He MeHbIIe OTBeTa JJid
KPEIKOCTH 1.

IIpenoacunTaem orBers! s Beex 1 < ¢ < Py 1o yosiBanmio u st Beex Py < t < 10° 110 Bo3pacTaHmio

cummerpuaHo. Jlasbine, Kak 00braHO, paccmaTpuBaeM t < Fy. Ilycrs paccmarpuBaemast cefiqac KpemocTb
paBHa t, TOr1a

e OyJsieM mepebupaTh BBINMMBAEMBIN CJION CBEPXY BHU3;

e TakzKe OyJIeM MOIEPKUBATH MHOXKECTBO BCEX HEBBIIUTHIX CJIOEB, KOTOPbIE OCTAIUCEH BBIIIE, YIIOPS-
JIOYEHHOE 110 p; (HAampuMep, ¢ IOMOIIbI0 std: :set);

® KaK yzKe OBbLIO OTMEYEHO BBIIIE, JOCTATOYHO BBIIUTDL BCE CJIOU C KPEIOCTHIO > ¢, [I09TOMY, BCTpeYast
HOBBII CJIOH, T06ABUM €ro B MHOXKECTBO, & 3aTeM y/IaJuM I3 MHOXKECTBA U BBIIILEM BCE CJIOU C P; > t;

® eCJIM UTOroBasl KPelocTh OKa3bIBaeTcs < ¢, TO MbI HAIIIM OTBET JJIsT KPETIOCTH t.

[Ipe/oicuuTaB OTBET Jisl BeexX 3HaueHuit kperoctu or 1 jo 10°, MBI 3aTeM MOXeM OTBedaTh Ha
sanpocsl 3a O(1), nosmyqast Bpems paborer O(max(p) - logn + q).

JL71s1 TIOJTHOTO PEelIeHms BOCIOJIb3yeMCs UJieeil IPeablIyINeil MoA3a/1avuu, IPOCTO Peain30BaB METO/I
JIBYX yKa3areJiell He 110 BCEM BO3MOXKHBIM 3HAYEHUAM KPEIIOCTH, 8 TOJIHKO 110 (PUTYPUPYIOIIIM B 3aIlIPOCaX.
To ecTb oTCOpTUpPYEM BCe 3aIPOCHI 10 t; W HaliIeM OTBET OIMUCAHHBIM aJITOPUTMOM, mepebupast t; < Py 1o
yobIBaHUIO U t; > Py 110 BOZpacTAHUIO CAMMETPUYIHO.
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