Kozak Byc Ta rpad

ABtop Ta po3pobuuk: Auton Illunko

Baoxk 1. dkmo k; = 1, To norpibuo BuBecTu 1o Bepiuny. [nakme — —1.

Buaok 2. B onepanisx apyroro tumy moxkemo BukopuctoByBat CHM (cucremy nemepernHHUX MHO-
’KUH). B omeparisix mepiioro TUIly MOXKEMO IPOXOJMTUCS [0 BCIM BepINMHAX 1 MepeBipsATH, YU I BEp-
MIAHa HAJIEXKUTh MHOXKuUHI. J[71s1 TOro, 1106 mepeBipuTH, Iu BEPIINHA 3HAXOAUTLCA Y MHOXKUHI, TOTPIOHO
nepeBiputu un Kopinb 1€l Bepruaun y CHM 30iraeTbes 3 KopeHeM 3aluTaHOl BEPIIUHH.

Buok 3. Mozxkemo 1151 KozkHOTO crany 36epiratn macus CHM. Iliciist ko:kHOT omepariii HaM oTpiOHO
zarram’sitatu Mmacus CHM. Toui, kosu € omnepariisi Apyroro TUIily, ToO HaM MMOTPIOHO CKOMIIIOBATH MOBHICTIO
MaCHB, a MOTIM BUKOHATH Ha HBOMY OIEPAIlifo. A KOJIM € Ollepalliss TPeTboro THUILy, TO MOTPIOHO JIuIile
CKOIIIOBATH MPABUJILHUN MAaCHB.

Buiok 4. O6MexkeHHst 03HAYaAE, M0 KOMIIOHEHTa Oy/ie BijpizkoM Ha macusi. Ko Mu orpumMyeMo 3amuT
JIPYTOro THUILy, TO HaM HOTPIOHO 3HANTH KPAWHIO BEPIIUHY 3J/1iBa, IIe MOXKHA 3pO0UTH OIHAPHUM IOIIIYKOM,
a MOTIM IepeBipuTH 4! k-Ta BEPIINHA CIIPABA TAKOXK 3HAXOIUTHCI B IIiil 2Ke KOMIOHEHTi. TakoxK MoxKHA
36epiraTu Bi/ipi3ku y set< pair<int, int> >, a nmorim BukopucroByBaTu lower bound jiis 3maxo/pKen-
HsI BiJIIIOBiI.

Buok 5. MoxkeMo /1718 KOXKHOT KOMITIOHEHTH 30epiraTu MHOXKUHY BepinwuH B Hilt. Ko y Hac € omepartis
JIpPYTOro THILy, HAM HOTPIOHO JIOJIATH 3 MEHIOI 3a PO3MipOM MHOXKWHE y OiibIny. Lleit MeTo1 Ha3uBaETHCS
«Bim MeHITIOro 70 6iybioroy. Bin JacTh MOXKIMBICTHL BUKOHATHU BCi Il OIepaliii cyMapHO 3a O(nlog2 n).
Ha omeparil nepmroro tuny morpibHo 3HAXOAUTH k-Uil eJIeMeHT Y MHOXKHUHI.

MuoxKuHy MOXKHA, MATPUMYBaTH 32 JIOIIOMOTOI0 JEKAPTOBOTO JiepeBa, abo 3a IOMOMOTOIO CIEIiaIbHOl
crpykrypu ganux B C++, dKa Jay2Ke cxoxka Ha set, ajie KpiM olepalriiii BCTaABKH, TAKOXK BMi€ mykaTu k-nii
€JIEMEHT.

#include <ext/pb_ds/assoc_container.hpp>

using namespace __gnu_pbds;

typedef tree<int, null_type, less<int>, rb_tree_tag,
tree_order_statistics_node_update> ordered_set;

// s.find_by_order(num) - returns iterator to the num-th element (0 <= num < s.size())
// s.order_of_key(key) - returns number of elements smaller than key

Buaok 6. Moxkemo miaTpuMyBaTé IEPCUCTEHTHE JIepeBO Binpiskis. [Ijist onepariiii apyroro Tumy Ham
OTPIOHO BMITH IPUCBOIOBATU Ha BiAPi3Ky. A jis omeparliiil mepmioro THIy HOTPIOHO BMITH 3HAXOIUTH
HepIuii eJIeMeHT, sSIKIii Ma€ Take K 3HAUeHHs! ([I0YATOK KOMIIOHEHTH ). Jy2Ke CX0KUii MEeTOJI JI0 4eTBEPTOrO
6JI0KY.

Buioku 7-9. Mu moxkemo Bimnosigatu Ha 3anutu oddiiaita, ToMmy mu mMoxkemo mnooyaysaru dfs vHa
zanuTax. 100To, y Hac Oy/LyTh BEPIIUHY - 3aIUTH. Y HAC B KOXKHY BEPIIUHY TUILY 1 YU 2 MOXKHA IIOTPAITATH
gepes3 IMOIEePE/HI0 38 HOMEPOM BEPIIUHY, & Y -Ty BEPIIUHY TPETHOI'O THUITYy, MOYKHA MOTPAIUTH JIAIIE 3
Bepriuau ;. Tobro, sikio t; = 3, To y Hac Oyzue pebpo (z;,1), Ko XK t; # 3, 1o Oyae pebpo (i — 1,1).
Taxwuit dfs mo3BosuTh TiATPUMyBaTH EBHUI CTaH, MPOTE TAKWU CTAH MOTPIOHO BMITH OHOBJIIOBATH Ta
BinkouyBaTtu. OcHoBHA Mpobiema came y BiIKOTyBAHHI.

Hasaiire mist mouarky posbepemocs, sik 1ie pobutu 3a O(nglogn). Bynemo migrpumysaru CHM, mpo-
Te MU He OyJIeMO BUKOPHCTOBYBATH ONTHUMI3aIliio, y #AKifl yci BepuHu OyIyTh BeCTH y KOpinb. KoxkHa
BepiuHa Oy/ie BECTU y CBOI'O IPAMOro 0aThbka, a He B KOpiHb. Koy y HAC € omnepaliis Jpyroro THILY, TO,
1106 00’eTHATU KOMITIOHEHTH, HaM HOTPIOHO Wi’ €IHATH MEHIIy KOMIIOHEHTY 110 Oiabmioi. TobTo, Hexait Mmu
00’€/IHye€MO KOMIIOHEHTH BEpPIINH v; Ta u;. Xail v, — kopinb kommonentn v; B8 CHM. u] — amasoriumno
Juist u;. TakoxK Hexall KOMIIOHEHTa v) MEHIIa 3a KOMIOHEHTY ;. Tozui HaM moTpibHO cKasaTH, 10 GATEKOM
BepiuHu v, € BepumHa u;. Ilorim, mo6 ckacyBaru 1e 06’eaHAHHs, HAM HOTPIOHO cKa3aTu, 0 GaTbKOM
BEPIINHY U, € caMa BepiuuHa v, (To6To, BoHa caMa € KopeHeM). [jist onepariif mepioro THILy, MU MOXKEMO
IIPOMTHCS 110 BCIM BepIIMHAM i TIepeBipUTH, V sIKiifi KOMIIOHEHT] BOHA 3HaxXoauThed. [loTpibuo Oyie BuBecTn
k-ty raky BepiimHy. {7151 KOYKHOT BePIIIMHI MU MOKeMO 3HaiiTi Kopinb KomnouenTn 3a O(logn) (3ragyemo
METOJI, «BiJI MEHITIOTO JI0 OiIbIoro» 3 m’sroro 6,10ky). OTke, MU BMIEMO 0OPOOJISITH 3aIUT TIEPITIOTO TUILY
3a O(nlogn), a npyroro 3a O(logn).

Posi6’emo yci Bepmman Ha /N 6JI0KiB goBxKUHN +/n. s i-ro 6joky Oyzemo 36epiraTé KijIbKicTh
BEpIINH y IHOMY OJI0IIi, fKi 3HaX0nAThcdA B KommonenTi sepmmnn j. Hexait ne Oyzne smina c;;. fAxmo y
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HAC € olepallist APyroro TUILy, TO MH MOKeMO KoxkeH 6ok oHoBuTH 3a O(1), momaBumm ojHe 3HAYEHHS
Jo inmoro. Orike, 3a OfHY oOlepariiio aApyroro tuity Ham 1orpibao O(y/n) dacy, mob OHOBUTU MACHUB C.
CrijibKE 2K Jacy moTpibHO, o6 po3’eIHATH KOMIIOHEHTH. JIJ1s1 BUKOHAHHS Oleparllii IepInoro TUIy, 6yaeMo
CIIOYATKY MTPOXOIUTHUCS 110 BCIM OJIOKAM 1 JIMBUTHUCS, Y SIKOMY OJIOI 3HAXOIUTHCS HAIIA MTyKAHA BiIIOBIIb.
Tyt mu Burparumo O(y/n) dacy. [lorim mu 6y1eMmo 1iepebupaTu yci BepIInHT, TaK CaMO $IK Yy TIOIEePeIHBOMY
abzarii, mpore OyjieMo niepebupaTu He abCOTIOTHO BCl BEPIIMHE, & JIUIIE Ti, M0 B 1boMy 6Jori. OTxke, JJjist
takoro Ham 1orpi6ro O(y/nlogn) vacy. Cymapna acumuroruka suxoaurb O(g/nlogn).

3BepHiTH yBary, mo HeoOOB sI3KOBO BUKOPHCTOBYBATH caMme /N gk po3Mmip Gioka. Hexait s — posmip
6soxa. Toni acummnroruka suitne O(gmax (%, slogn)).
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