LleHbl Ha OeH3uH

s magama mottmMéM, aTo orT Hac Tpebyercs. JlaHo mepeBo, B KayKJIOW BEPINWHE KOTOPOTO 3AINCAH
JIAIa30H TeH JIJIst 3TON BEPIIMHBI. 3alpoc 3TO Hapa MyTedl paBHO JJIMHBI, TEHbI Ha i-bIX BEPIIHHAX
BJIOJTb 9THUX TyTel JOKHBI OBITh paBHBI s BCeX ¢. Hy»KHO HaWTH KOJUTIECTBO CIOCODOOB PACCTABUTD
[EHBI HA BEPIINHAX JIJIsT KaXKJI0TO MPepUKCa OrPaHUICHMA.

Hauném ¢ mesyrennoro pemenust 3aadn. By/jieM XpaHuTb KOMIOHEHTBI CBSI3HOCTH(B KaxKI0ii IIEHBI Ha
BEPIIMHAX JIOJKHBI ObITh paBHbl). Jljist Kaxk0ii 13 HUX XpaHUM JOIyCTUMBIA Juana3oH neH. OrBeTom
Oy/leT MPOU3BEACHHUE JJIMH JUAIA30HOB 110 BCEM KOMIIOHEHTaM. BylIeM UATH BIOJb IIyTeil U 0ObeJNHATD
2 BepmUHBI B 0/IHY KOMIOHEHTY ¢ moMotbio CHM. 9to yxke mabupaer 31 6ast. Vcmonb3yem 9BpUCTUKY
cKaTusd myTei u panropyio sspuctuky B CHM, Takzke 06X0uM IyTH 3aIIpOCOB 3a JIMHEHHOE BpEMsI OT UX
qunH - 47 6amaos. [loHaTHO, 9TO /1 YCKOPEHUST 9TOTO PENTeHus HAJI0 OBICTpee NCKATH MOMEHTBI, KOTJIa
JIBE BEPIIUHDBI OOBEINHSIOTCA B OHY KOMIIOHEHTY.

Cuagaga pazbepém posroe pemrenne. Cruemaem heavy-light decomposition, ¢ momormpo KoToporo Oymem
XelupoBaTh IIyTH B JIepeBe, PUHAB 38 CHMBOJI JIJIsi BEPIIUHBI HOMEP KOPHs €6 KOMIIOHEHTHI. Ternephb ¢
MTOMOTIBIO OUHITONCKA, OY/IeM MCKATH MEPBBIF MOMEHT, KOT/IA XeIN Ha, MPeUKCcax MyTeil pasandaioTcs, TO
€CTb J[BE BEPIIUHBI OO LEIUHAIOTCS B OJHY KOMIOHEHTY. C IMMOMOIIBIO MePETUBAHNN OGHOBUM JIJTsI BEPIITHH
KOPHH IX KOMITOHEHT 1 jiepeBo oTpeskos 1 hld. Tlomyam n obbemmenit, kaxtoe Haitném sa O (log?(n))
¢ nomorpio hld. Takxke 6ymer O(n - log(n)) obHOBIEHUI B jJiepeBe OTPE3KOB M3-3a nepesnuBanuii. Ha
kaok b1t 3ampoc 6yzer O(log?(n)) ot hld. Utorosas acummtornka O((n + q) - log?(n)).

Tenepsb mpuBeEM KpacuBoe pellieHne maHHoi 3agaun. Haaném ¢ 6ambyKa.

SaMeHMM paBEHCTBO IEH Ha Iape IyTell Ha JBe Hapbl IIyTedl ¢ JUIMHAME PABHBIME MaKCUMAJIbHOM
CTEIeHN JBOMKM, MEHBIIEH JJINHBI HCXOAHOTO MyTH (Kak B sparse table). Temepsb mnabl myTeit Becex orpa-
HIYEHN CTAJIN PABHBI CTEICHsIM JIBOHKH. By/eM Iepebuparh CTEleHH JBOAKN B Hopsike yobBanms 2F,
VIS KazKJI0To Iy Tn JuinHbl 2F 3aBenéM BepruHy B rpade, TakzKe 3aBeEM BEPIIAHY /s KAKI0T0 TAKOIO
yTU B 0OpaTHOM MOpsiIKe. Teneph orpaHnyeHus 3aJa0T pedpa B TakoM rpade. [TpoBeiéM nx, BBIIETIM
ocToBHOE JiepeBo. [ Kayk0ro pebpa M3 0CTOBA PA3e MM OTPAHWYEHUST HA 2 OTPAHWYEHUS C JJIMHAME
myTeil B JiBa pa3a MEHbIIE U TPOIOIXKIM porecc. Ha cioe ¢ jyimHamu 1 mostyduM Hy»KHOE HaM OCTOBHOE
JIeEPeBO, KOTOpOe OyJIeT OTBEYATH 3a IEePBble MOMEHTBI, KOIJIa HEKOTOPBIE MApPbl BEPIINH OObe[MHSIIICH B
KOMITOHEHTBI. 3aMETUM, 9TO ¢ KayKJI0ro cjos obaBuTCst BHU3 He Oojiee 2n pébep, a Tak:Ke OT 3allPOCOB
He Gosee 2q pébep. To ecth Kaxkplil cuoit orpadoraer 3a O((n + q) - a(n)), rue a(n) - cpeaHee Bpemsi
paborbl B cHM, obpaTtHast dyHKnus Axkkepmana. [logxyuaman permenue 3a O((n + q) - a(n) - log(n)).

Jlytst TOJTHOTO perneHnsi Ha JiepeBe Jijisi Hadasia pa3o0beM mapy IyTeil Ha TPHU Hapbl COOTBETCTBYOIIIX
BEPTHUKAJIBHBIX IMyTeil(BO3bMEM 13 4 KOHEUHBIX BEPIIMH STUX MMyTell caMyio OJIM3KYIO K lca mapbl BepIiuH
Ha €€ IIyTH, TOrJAa B Iapy K 9TOMY IyTH IIOCTABAM BEPTUKAJbHBINA MyTh(YacTh JPYroro MyTH), Telephb
MOJTYIUM OJINH BEPTUKAJIBHBIN MyTh W MPOU3BOJBHBIN MyTh B JepeBe, pa3odbéM BTOPOHl myTh 1o lca u
HEPBBIii 10 COOTBETCTBYOMMM JyinHaMm ). Jlasee mocTynum aHaIornaHo 6aMOyKy, TOJIBKO MECTO BEPIIUHbI,
OTBEYAIOIIEH 38 OTPE30K, 3aBEIEM BEPINNHY, OTBEUAIONIYIO 334 OMHAPHBIN MOIBEM B JIepeBe Ha BBICOTY
pasHyIo crenenu jsoiiku. rorosas acummroruka O((n + q) - a(n) - log(n)).
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