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Pa306op 3apgaun «PacnpepenéHHbie cucrtemMmsbl»

Kparkoe ycioBue 3agavm:

Nwmeercst n cepBepoB, Ha i-M cepBepe 3aIlyIieHo a; cayK06. st KaxKoro cepBepa ¢ 3aJiaH pe3epPBHBIN
CepBeEp P;; MAaCCHB p — IIEPECTAHOBKA, U P; = ¢ TOJBKO JUIST <HAJEXKHBIX» CEPBEPOB, KOTOPbIE HUKOLIA
He OTKJ/IIYaIoTcs. Ecau cepBep ¢ OTKIIOYAETCs, €ro CJIy>KObl MIHOBEHHO IIePeMellaloTcs Ha p;, a caM
cepBep 3aMeHsIeTCsI IyCThIM (ero HOMED U pe3epBHBIH cepBep COXpaHsATcst). OTKIIIOUEHNsT TPOUCXOJIAT
[IOCJIEIOBATEILHO, UX KOJUIECTBO He mpesbimaeT k. HyKHo onpenennrs MaKCUMAJILHOE BO3MOXKHOE YUCTIO
CJIy2K0, KOTOpPBbIe MOI'YT OKa3aThCsI OJIHOBPEMEHHO Ha OJIHOM CepBepe I0CJie OTKII0UeHus: He GoJtee k

Kparkasa ugest pentenus:

[Tockoibky p — mepecrtanoBka, rpad, odpazoBaHHBI pebpaMu ¢ — p;, COCTOUT U3 HE3ABUCHUMbIX
OPHUEHTHPOBAHHBLIX-IIMKJIOB. OTKIIIOYas cepBEphbl, Mbl «CKJICUBAEM» HX CO CJICAYIONUM IO HAIIPABJICHHUIO
pebpa, Tak 9TO MOCc/e OTKIUYeHns He bojiee k cepBepoB Bce CIy>KOBI MOTYT OKa3aThCsl HA OJTHOM CepBepe
TOJILKO U3 TIOCJIEIOBATEIBHBIX (110 HAIPABJICHUIO IUKJIA) MAKCUMYM k + 1 cepBepoB.

Cuie10BaTeIbHO, OTBET PABEH MAKCUMAJIBHON CyMMe @; 1O JIF000MY (IUKIMIECKOMY ) TIOJO0TPE3KY JIJTH-
sl L = min|C|, k + 1, rae |C| — jymHa paccMaTpuBacMoro IuKJa.

Jist KaxK1oro MuKJIa cauTaeM MaKCUMyM CyMMbI L T10C/Ie/I0BaTeIbHBIX 971eMeHTOB (Bee a; = 0, mosTo-
My Gosiee KOPOTKHUIT OTPE30K He JIAaET GOJIbINEro pe3ysbraTa). DTo jeaercs cKob3siumM okHoM 3a O(|C).
CymMMupyst BpeMsi BBIIIOJHEHUsI 110 BCeM IMKJIaM nojydaeM pernenue 3a O(n) spemenn u O(n) namsru.

IToapobHeblii pa3bop:

ITonzamaga 1 (k =1)

ITpu OTKJIFOUEHUH OJHOTO CepBepa i ero CayKOblI lepexoJdaT Ha p;. Eciam p; = i (HagéXHblil cepsep),
TO €ro HaTpy3Ka OCTAHETCSI PABHOM a; HE3ABUCUMO OT OTKJIIOUeHUsi. Kein p; # i, TO Toc/e OTKIIOYUEHNS 4
Ha cepsepe p; OyJeT ap, + a; Ciyx0.

MBI MO2KeM TaKKe PEITUTh He OTKJIIOYATh HI OJTHOTO CepBepa, TOTa Harpy3Ka OCTaéTCd ¢ Ha KarKIOM
cepsepe j.

Autropurm:

o llnunnanm3upoBaTs OTBET ans = maz;a; (ciydail 6e3 oTKIodeHuit).
o JIns1 KazKJI0r0 4 ¢ p; # § OOHOBUTH ans = max(ans, a; + ap,).

Croxuocts — O(n) Bpemenn, O(1) namsrn.

ITonzaga4da 2 (n < 1000)

Tenepb k MOKeT OBITH IPON3BOJILHBIM, HO 1 MAJIEHbKOE, II09TOMY CJIOKHOCTH MOKET ObITH He OITH-
MaJIbHOM.

ITockonbky rpad — HaOOp HE3ABHCHMBIX OPHEHTHPOBAHHBIX-IUK/IOB. OTKIIIOUEHUs B PA3HDIX IIUKJIAX
HE BJIUSIOT JIPYT Ha JIPYTa, IOTOMY YTO CJIyKObI HUKOTJIA TIEPEXOST U3 OJHOTO IUKIa B Apyroii. [Tosromy
3818y MOYKHO DEIIUTH II0 OTAETLHOCTH IS KazKJOTO IUKJ/IA U B3ATh MAKCHMYM.

OpranusyeM 1epebop BHYyTpH IHKJA. [IycTh UK COAEPAKUT M CEPBEPOB. SAIUIIEM HX KOJHIECTBA
ciyk6 B Maccus b[0 ... m — 1] B mopsiiike cireoBanust o pebpam i — p;. [locie orkiouenns ¢ (0 < ¢ < k)
CEPBEPOB, PACIIOOXKEHHBIX OJPSII, UX CJIYKOBI cOOEpPYTCs HA CIIEYIONEM CepBEpe, T.e. TaM OKAXKeTCsI
cyMMa, Ha OTpe3Ke JJIUHBI ¢ + 1.

CresioBaTeIbHO, OTBET Il JAHHOIO IMKJIA — MaKCHMAJbHAs CyMMa 3JIEMEHTOB Ha IMKJIMIECKOM
IIOJIOTPe3Ke IINHOM He bomee k + 1.

Bynem nepebupars Hadasa Beex IMOJ0TPe3KOB. st kaxoro nadasa | (or 0 qo m — 1) nepebupaem
len =1...min(m,k+1) u cauraem cymmy b[l] +b[l + 1] + ...+ b[l +len — 1] (ungexcsl GepéM 110 MOLYJIIO
mm). CoxpatseM rI100aJIbHbI MaKCHMYM.

Cymmapnas ciozkuoets O(Y(|C|?)) < O(n?) uro yknapiBaercs B orpaHUdIeHue.

IMoxzama4da 3 (p; = imodn + 1) , oAUH IUKII)

BaJan oauH UK/ AHbL 7. HyKHO HAHTH MaKCHUMyM CyMMbI Ha IUKJINYECKOM IIOJO0TPE3Ke JJIMHOI
He 6osee L, rne L = min(n,k+ 1).

Tak kak a; > 0, yyImHeHHe HOJOTPE3Ka HHUKOIJIA HE yMEHBIIAeT CyMMy. 1losToMy omrmmasibHbII
TOI0TPE30K OyIeT camoil OOJIBITON BO3MOXKHON AIuHbl L
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Peanuzyem asropurm ckosb3siiero okxa. Cdopmupyem MaccuB b jIuHONA 21, KONUPYS HCXOHBII
MAaCCUB @ JIBAXK/IBI TOAPs (9TO MO3BOJIsieT HpoiiTu 1o 1uKiIy 6e3 Momysiefi). Beraucaum cymmy mnepBbx
L snementoB: cur = Zf:_ol bli]. Muunmanuzupyem ans = cur. s i or 1 mo n — 1 peanmsyem cisur
okHa cur = cur — bli — 1] + b[i + L — 1] (casur okua Ha oxun Brupaso). Ha kaxkoaMm miare Bbibupaem
ans = mazx(ans, cur).

Croxnocts — O(n) Bpemenn, O(n) mamsarn (moxuo 1 O(1), ecm ncnoab30BaTh KOJIbIEBOit Oydep).

IlonHoe perieHne

Paszmoxkum rpad va mukisl. Coznaaum mMaccuB used|l..n|, B KOTopoM OyeT XpaHUTHCs, MOCEIIEH JIn
y3eJ1 uian HeT. ByjieM u/iru o pebpam 1oka He BEPHEMCsI K y2Ke HOCEIEHHOMY y3J1y, COOMpast BCe BEPIIMHBI
B TEKYIIUNA IUKJI.

JI71s1 HaliIeHHOTO TIMKJIA ONIPE/Ie/IMM MaKCHMAIbHYIO CYMMY Kak B Hpeabliyireil noasaade. Cymmap-
Hasl JUIMHA [[KJIOB PABHA N, TAKAM 00PA30M CJIOXKHOCTH IIPABHIBHOIO perenus: pasaa O(n).

Pa36op 3apgaun «PaccneposaHne B Temepun>»

KpaTKoe yciioBue

Jlamo mepeBo ¢ n BepIIuHAMU, KOPEHb — BepimuHa 1, pedbpo ¢ mMeeT UIHHY w;. 1Ppucc T0/KHA HAYATD U
3aKOHYNUTDH IIyTh B KOPHE, IIOCETUB BCEe BEPIIMHLI. Y Heé ecTh He 6ojiee k KpUCTaJIOB Tejernopranuud. B
HIO6OI>JI MOMEHT OHa MO2KET OCTaBUTH KPpHUCTaJIJI B TeKyH_[eﬁ BepHInHe 1 I1032K€ MI'HOBEHHO II€PEeMEeCTUTHhCA K
J11000i1 BepInHe, rie y2Ke ObLI OCTaBJIeH KPUCTAJLI, IIPOXO/Is 10 eJMHCTBEHHOMY IIyTH MexK Iy HuMmu. [locite
HCIIOJIb30BaHUA KpPHCTaJlJIa BCE€ BEPIINHBI 3TOI'O IyTn «3alldTHAHBbI» U 60.HBH_Ie HE MOI‘yT y‘{a,CTBOBa,TI) B
TeJIEIOPTaX.

s kaxxyoro j = 1... k Haiijiure MUHUMAJIBHOE TPOIIEHHOE PACCTOSTHIE, €CJIM MOYKHO UCIIOJIb30BaTh
e 6oJtee j KPUCTAJIIOB.

3aMmeuyanue

BamernM, 9T0 3DGHEKTUBHO TEJIECIOPTHPOBATHCS TOIBKO MO BEPTUKATBHBIM MYTIM (TO €CTh M3 BEPIIHHBI
¥ TEJIEIIOPTUPOBATLCS B KAKOIO-TO CBOEro Tipejika). Torjga 3aj1ada cBOAUTCs K TOMY, 4TOObI HallTH HAGOD
73 MaKCHUMAJIBHBIX 10 BeCy k BepIITUHHO-HEIePEeCeKalonXCs My Tell.

Iloazamaua 1: n < 1500005 £ =1

B sroit moszagate qoctarovHo ObLIO HANTH caMBbIil DOJIBITON BePTUKAIBHBIN IyTh — €r0 BeJIMYNHA PaBHA
BBICOTE JIepeBa.

IToazagaunm 2—4: n < 5000 mau n < 1500005 £ < 300

Bocmosp3yemest METOJIOM JTUHAMHYIECKOIO IPOIPAMMEIPOBAHUSL: BBIMHCINM 3HadeHust dp[v][s] — maxcn-
MaJibHasd CyMMapHad CTOUMOCTL S HEIIEPECEKAIOMINXCA 110 BEPHUINHAM HyTeﬁ B IIO/I/IepeBe v. TaK KaK BCe
BeCa IMOJIOZKUTEIbHBI, TO 9TO O3HAYAET, YTO B TAKOM pas30meHuu Bcerjga Oy/eT IyTh, HauMHAIOIIUICH B
BEpIIUHE v, IIOTOMY YTO MOYXKHO B3STbh IIyTh, HAYMHAIOMIUICA B OJIMKaliIIeil K v BepIIUHE, U MIPOIJIUTH
ero.

Eciu Boraucists gannyio dplv][s| mist Bcex v € [1,n] u ms Beex s € [0, k], To HANBHO MOXKHO OICHUTH
serancyenne sroit JIIT spemenem pa6orsr O(nk?). Ho sta JIIT — wacTHBI ciiydail PIOK3aKoB Ha JepeBe, a
LI09TOMY, €CJIU JIOIOJHUTEILHO OIPAHUYNATL U3MEPEHHE S Pa3sMEPOM IIOJIEPEBA U CBEPXY, 9TO HO3BOJISIET
HOJIy9UTh JIyIILyIO OIIEHKY Ha BpeMsi pabOTHI.

OJ1HO# U3 CAMBbIX M3BECTHBIX OIEHOK Ha Bpems paborni Taxoit 11 swaserca O(n?). IeiicTsuTensHo,
BpeMsl pabOTBI MOKHO OleHUTb KaK cyMMy Y, [ [, 2., 52(u1)sz(uz), rae cymmmuposanne sezercs 1o seem
BEpIINHAM U, & U] ¥ Uz — HEIOCPEJICTBEHHBbIE IIOTOMKH BEPIINHLI U, U sz(w) 0003HAYAET KOJIUIECTBO
BEPIIUH B MOJJIEPEBE W.

C ool CTOPOHBI, 9Ta CyMMa MOJICUYATHIBAET CyMMapHOE KOJIMYIECTBO IIAD BEPIINH, HAXOMISAIINXCS B
Pa3JIMYHBIX MOJJIEPEBBbIX OTHOCUTEBHO KAKON-TO BEPIIUHBI U, & C JIPYTOil CTOPOHBI, KaXKJas apa BEPITNH
BXOJIUT B 9Ty CyMMy He 6oJjiee OHOro pasa, OTKYy/a U CJIELyeT NCKOMasi OIeHKA.
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Memnee usBecTHOlT siBiIsieTcst oreHka Bpemenn paborer O(nk). Ee MOKHO HOTyYIHTH, €Cau OTIEIHLHO
OIIEHUTH CBepXy obbemuuenus map apyx Il us mommepeBbeB pasmepom OoJiblie k, 00beINHEHNE BCEX Iap
MoJIIepeBbeB He OoIbIlie k 1, HaKOHEIl, 00beINHEHNEe TIap MO/IIePEBhEB, TIe OJTHO MOAIePEeBO He boubIie k,
a japyroe — bosibIie k.

Iloazamaun 5—6: n < 150000, w; =1

Ecan w; = 1, To paboTaeT KagHBIN AJTOPUTM — JOCTATOYHO KasKIbI pa3 BHIOMPATH CAMBIil IIMHHBIMA
IIyTh, KOTOPBIil OCTAJICS B JepeBe, U J00aBJIATHL €ro B oTBeT. Takoil aJaropuTM MOKHO 3p(DEKTUBHO pea-
JIT30BaTh CJEIYIONIUM 0Opa30M:

e JInst KayKJ0T0 TMOJIepeBa v SIBHO BBIYHCIINM €ro BBICOTY h(v);

e IIpogesem TszKesoe peOpPo U3 BEPIIMHBL U B CAMOE BBICOKOE II0JIJIEPEBO 3TOW BepIIUHbI. Ecim Takmx
JIEPEBBEB HECKOJIBKO, TO IPOBEJIEM TsiXKejioe pebpo B OJHO U3 ITUX IO/IJIEPEBHEB;

e B KoHIIe MBI OJTy YUJIU SBHOE Pa3bUeHue JepeBa Ha TsiyKeJsIble Iy TH, U $ICHO, YTO CYIIECTBYET BADUAHT
VICIIOJTHEHUS YKATHOTO aJITOPUTMA, KOTia Oy/IyT BLIOPAHBI UMEHHO TaKue ITyTH.

e Ocraercs TOJBKO BBIIEIUTH 9TH IIyTH, OTCOPTHPOBATL UX II0 YOBIBAHUIO WX JJIMHBI U HACYUTATD
npedUKCHbIE CYMMBbI HA MaCCUBE UX JJINH — 3TO U OYJIeT MCKOMBIIl OTBET Ha 3aJ1ady.

IMoazamaua 7: n < 150000, cnemuaapHbIii rpad

Ilycrn y Beprmubl 1 ecTh m meTeil, KOTOPbIE COCTOAT U3 Pebep ¢ BecaMu I U Yy; B IOPSIKE CBEPXY-BHUS.
To ectsb pebpo x; U3 ¢-TO IMyTU WHIUIEHTHO KOPHIO JepeBa, a pebpo ¢ BECOM Y; UHITUIEHTHO JIUCTY U3 i-TO
nyru. Torna siCHO, YTO OTBET BBLIMVISIIAUT KAK:

ans(k) = max max x; + 2 Yi
BcC1,2,...,m,|B|=k | i€B pyar

9T0 Tak, MOTOMY |TO, €CJIH HAM HaJIO BBLIEINTH K IyTeil, TO HaJ0 CHAYaIa BBIOPATh, B KAKUX HOJI/Ie-
PEBbsIX Oy/LyT HAXOAUTHCS TH IIYTH, U POBHO OJMH U3 9TUX IyTel CMOXKeT ObITH IIPOJIIEH JI0 KOPHEBOI
BEPIINHBIL.

HT100B!I HANTH MCKOMYIO CTOMMOCTH pasbueHusi Ha k, OTCOPTUPYEM BCe Iaphbl (T, Y;) 10 BO3PACTAHUIO
ZT;. B XO/J1€ aJI'OpuTMa MbI 9TU ITapbl pa3Je/IMM Ha JABa THUIIA: T€ IIapbl, I1€ I; BbICTylIa€T MaKCUMYyMOM B
KaKOM-TO OHTHMAJILHOM BLIOODE, U TJle Z; HUKOI/[a He CTAHOBHUTCS MAKCHMAaJIbHBIM.

3aMeruM, UTO 3aja4y MOXKHO PEIUTh KaJIHO, J00aBJIsis MyTH 10 ofHOMY. IlyTn MOXKHO H00aBISATH
10 OJTHOMY, JIJIsI 9TOTO JOCTATOYHO PACCMATPUBATH JINOO APy, I/le MAKCUMAJIEH T;, JINOO IIyTh, B KOTOPOM
MaKCHUMaJIbHO 3HAYEHUE T; + ¥; (C IPEeNoIoKeHneM, 9T0 MAKCUMYM YBEJIMIUTCS). DTO MOXKHO CIE/IATh,
3apaHee OTCOPTHPOBAB MACCHUB JIByMsl CIIOCOOAMM, ¥ BBIOMpATh OdepenHoil MakcuMyM. Ecim kakoit-To
9JIEMEHT He HOJXOJUT I0J] JKaHOe U3MEHEHHE, TO ero MOXKHO IPOCTO UTHOPUPOBATH.

OO011ue 3aMedyaHus NPO >KaAHbIE AJITOPUTMBI.

B s70it 3ama1e B 0bmem cirydae paboTaeT KaIHBIM aJrOPUTM, KOTOPBIN sIBASeTCs KOMOWHaIme nueir n3
noarpyman 6 u 7. MoxKHO 106aBJISATDH IIyTH 110 OYEPESH JIBYMs CIIOCODAMMU:

e OuepeHON yTh JOOABJISIETCS IO €Ille He 3a/eiCTBOBAHHBIM BEPINUHAM B JAPYTUX IIYTSX;

e OuepeHO IyTh IPOXOIUT 110 OJHOM 3a/1efICTBOBAHHON BEPIIMHE U UICT BHU3 110 He3aIeiicTBOBAH-
HBIM BepimuHaM. [Ipu 9TOM ofHO paHee gobaBIeHHOE PEOPO YIAAITETCH.

Hokazars sror KaiHblil aaroputm MoxKHO ¢ nomorbio MCMF (mincost maxflow): pasasonm kaxiyio
BepIUHY JepeBa i Ha JIBe BEPIIUHLI U; U v; U 100aBUM JABe (PUKTUBHBIE BEPIIUHBI S U t, pedpa yCTPOeHbI
CJIEJYFOIIM 00pa30M:
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Ectb pebpa u3 s B u; 17151 BCeX & € HYJIEBOW CTOUMOCTBIO;

Ectb pebpa us v; B ¢ ij1s1 BceX ¢ ¢ HYJI€BOM CTOMMOCTDIO;

Ecte pebpa u3 u; B v; IJIst BCeX ¢ ¢ HYJE€BOH CTOMMOCTBIO;

e s KaxKJ0ro BepTHKAJIbLHOIO pebpa j = p; ecTb pebpo B CeTH U3 ¥Uj B U; CO CTOMMOCTBIO Beca
HMCXOIHOTO pebpa Jiepesa.

Bee IIPOITyCKHBIE CIIOCOOHOCTH PaBHBI € IUHUIIC. Eciu nausno pacCMOTPETH BCEBO3MOXKHbBIE yBEJINYIN-
Baloliue IICIIOYKMH B 3TOI ceTu (C Tpe6OBaHI/I61\1 Ha IIPDOCTOTY IIYyTU B OCTATOYHOM’ CeTI/I), TO KaK pa3 nu
MOJIYIUTCA JIBa 2KaIHBIX crocoba, yBe/IMICHUA KOJIMIECTBA nyTeﬁ.

Ilopzamaunm 8—11. n < 500000

C noMomIbI0 CTPYKTYD JAHHBIX (HAIPUMED, JIEPEBO OTPE3KOB B KOMOUHAIUN C SHIEPOBBIM 0OXOJ0M JIepe-
B&)MOKHO KaJIHO MOJJIEPKUBATH CTOMMOCTD JI0OABJICHUsI IIyTH TIEPBLIM U BTOPBIM CLHOCOOOM (OIMCAHHBIX
B noArpyuie paxee). [Ipu 310M cymMmapHas JyinHa yTeii He OyeT IPeBOCXOIUTH N + k 1O OYeBHHBIM
IPUYIHHAM, [TI03TOMY KazKJoe J100aBIeHHOe PEOPO MOXKHO yUIUTHIBATH OTIEJILHO.

Jlpyroit 1o/1xo/1 3aK/II049aeTcsd B TOM, YTOObI 00beIMHUTH PellleHne 10/3a/1a4 6—7 1 COBMECTUTH KaJl-
HBIl aJrOPUTM C JUHAMHYECKUM IPOrpaMMupoBaHueM. s KarKJ0fl BepIIMHBI OyIeM I0/JIePXKUBATD
MAaCCHB U3MEHEHUI CYMMAapHO# CTOMMOCTH ITyTell, €CJIi KOJIMYECTBO IIyTell yBEJINYUBATH HA OJINH. ITOOBI
oobeuuuTh Il tocTarodno nmpocto o0beMHUTDL BCe U3MEHEHUsI, WYIIIe OCe IepBOro J00aBIeHHOIO
nyTu. A 9To0bI TOHSATDH, KAKHE MePBble M00ABIEHHDIE ITyTH B KaXK/IOM IIOJJIEPEBE BEPINUHBI ¥, TPEOyeTCs
UTHOPHUPOBATDH JaIbHEHINe N3MEHEHN U BOCIOJIB30BaThCA Io3a1a4eit 7.

Pa36bop 3agaun «Ckobku n aepeBbs>»

Kparkoe ycigoBue 3a1a4um

B nepBom 3amycke MHTEPAKTHBHO IPOrpaMMbl IIOJAETCS N IPABUIBHBIX CKOOOYHBIX MOC/IE0BATEIILHO-
creif sy, ..., Sy, — KOJbl HEYIIOPSJIOUEHHBIX KOPHEBBIX jiepeBbeB. Hyxkuo BeiBectn oany IICIT w, komupy-
IOIIYIO HEKOTOPOE JIEPEBO, U3 KOTOPOro BO BTOPOM 3arrycke (mosryuauns jobyio [ICII, komupyomyio To xe
JIEPEBO) MOXKHO BOCCTAHOBUTH MCXOJIHBIE S1, . . ., Sp B TOM 2Ke mopsijike. OrpaHuveHust — JUIMHA W JI0JKHA
6erte O(D |si]), KOHKpETHBIE OpAHUYEHNS Ha JUINHY YKa3aHbl B HOJrPYIIIaX.

IMoarpynner 1-2: f(z) = x + 2000, S < 200000, ITpu Bropom 3amycke matorcsi IICII,
TOYHO COBIAJIAIOIINE C BBIBEAEHHBIMU IIPU MEPBOM 3allyCKe Wi ] < lp < ... <,

B sTux moarpymmax MO:KHO 3aKOOUPOBAThH JAHHBIE CTPOKHU 81, ..., Sy KaK «(81...8,)». OTOT cnocob He
paboraer B 00OIIEM ciiydae, MOCKOJIBKY, XOTsI MOPSJIOK JeTell B JepeBbsiXx HEBAa)KEH, HAM HYXKHO OyJIeT
BOCCTAHOBUTDH IOPSIIOK CAMUX JI€PEBLEB.

Bo Bropoit moarpyiimme pasMmepbl JE€PEBBEB CTPOTO BO3PACTAIOT, MMOITOMY MBI MOXKEM BOCCTAHOBHUTH
HCXO/HBIN [OPSJIOK, OTCOPTUPOBAB 110 BO3PACTAHUIO JUIMHBI CTPOKH Sp,...,s, u3 nosydennoit IICIT
«(sh . sl

Peanuzamus stux rpynmn MokeT paboOTaTh TOJIBKO CO CTPOKAMH, TO €CTh He CTPOUuTh JepeBbs u3 [ICII.

IMoarpymma 3: f(x) =z + 2000, S < 200000, n = 2

B sroit moarpytie HaM Hy»KHO [€peJaTh €MHCTBEHHBIN OUT HHMOPMAINH, OTBEYAIOIIII 38 TOPSIOK JIBYX
JIEPEBbEB. DTO MOXKHO CIeJIaTh, HAIPUMED, 38 m = § + 8, TaKuM 00pa3oM:

e ccin |s1| < |s2|, BiBegem «((s1) (s2))»;
o cciu |s1| > |sal, BBegeM «((s1) (s2) ))».

S§1] U Sy MOXKHO TOJIYYUTL KaK JBa IOJJEpeBa Ha IiybuHe 2, a WX IOPAJIOK BOCCTAHABIMBACTCI B
3aBUCHUMOCTH OT KOJIMYECTBa JETell y KOPHS.
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IMoarpynmna 4: f(z) =4 -z 4+ 2000, S < 200000, n = 2

B sTo0it moarpyiine B CUIly HETOYHBIX OTpaHUYEHHUII BOZMOXKHBI MHOTHe perteHusi. Hanbojiee mpocTtoie u3
HUX UCTIOJB3YIOT aBTOPCKYIO UJIEI0: MOCTPOUM 6AMOYK BBICOTBHI 1 U OyJIeM TOJIBEITHBATH i-€ JEPEBO K €ro
BepIINHE Ha BBICOTE i (BO3MOXKHO, Yepe3 KaKNne-TO JOIOJHUTE/IbHBIE BEPIIIHBI).

Hampuwmep, pemenne ¢ [ICII mmnabst m = s + 4n 4 6 MOXKET BBIIVISJIETh TaK:

((s1) ((s2) (... ((5,) COOI)...0))

31ech MBI OJBEMMUBaeM K KOHILy 6aMmOyka momgaepeBo «(() ())»; HaM HY»KHO OTJIMYUTHL HaIl 6aMOyK
OT JPYrux IyTeil, 3aKaHIUBAIOIIUXCS STUM MOjAepeBoM. [ljist 5TOro BCTaHeM B KOPEHb M KaXKJbli pas
6y/IeM CIIyCKaThCsl B BEPIIMHY C JIByMs JE€THbME (3a BEPIIHUHY C OJHUM PEOEHKOM MOIBEIICHO ;).

ITockombky s = 2n, m = s+ 4n 4+ 6 < 3s + 6, IpuIéM OIEHKA JOCTUTAETCI TOJIBKO Ha TECTe U3 7
nepeBbeB pasmepa 1. IlosTomy, 9T00B! yiIydmuTh KOHCTAHTY IIPU S, HY?KHO 00Jiee aKKypaTHO paboTaTh C
JIEpEBbIMU MAaJIEHBKOTO pasmepa. Hampumep, eciiu i-e jiepeBo — 6aMOYK, MbI MOXKEM IOJIBEIIINBATEH €r0
HaIPsAMYIO K 0aMOyKy, a He 4epe3 IPOMEXKYTOUYHYIO BEPIIIIHY.

Hpyroe perenne crpout 6amMOyK OOJIBIIEH JJIUHBI, YTOOBI €0 KOHEI[ ObLJI caMOil TVIyOOKO! BEPITUHON
B JiepeBe; JJist 9TOIO JOCTATOYHO N1 + %s BEpIIUH.

IMoarpynmna 5: f(z) =z +2000, t; =ty =...=1t,>1

B sToit noarpymnie 6yieM pa3BuBaTh KOHCTPYKIIMIO U3 MIPEAbIIYINEH OATPYIIIbI, HO B30aBUMCS OT JOTIOJI-
HATEJIbHOrO HaMOyKa. BMmecTo mobaBeHnsT OTAEIbHBIX BEPITUH PACIIONIOXKUM KOPHU NCXOIHBIX J€PEBHEB B
OJIUH TIyTh. TO €CcTh MOJIBECUM KOPEHBb BTOPOIO JepeBa Kak pebeHKa KOpHsI IepBoro jepesa. KopeHb Tpe-
TBErO JIepeBa MOBeCuM KaK pebeHKa KOPHsI BTOPOro JAepeBa U Tak jaJjee. Tak Kak pasMepbl BCEX IePEBLEB
OJIMTHAKOBBI, TO ITOJBEIIEHHBI KOPEHb BCEra OyIeT caMbIM OOJIBIINM MOAAEPEBOM Y KOPHS IPEIbLIYIIErO
Jepesa.

SaMeTuM, 9TO TOIJa B CJIydae, €CJIM HCXOMHO OBLIO OOJIbIIE OJHOIO JAepeBa, TO MOXKHO JIEI'KO BOC-
CTaHOBUTH BCE JIEPEBbsl — Yy KOPHs BO3bMEM BCE IMOJIEPEBbsI, KPOME CaMOI'o OOJIBIIIOTO M0 Pa3Mepy, ITO
JlaeT HaM IepBoe JiepeBo. JlasibIie ciryckaeMcs B caMOoro TVIyOOKOro pebeHKa, IOKa ero pasMep He CTaHeT
PaBHBIM pa3Mepy IIePBOI'o JIepeBa.

Yrobnr 06paboTarh ciydail OJHOrO JepeBa, MOABECHM IOJIYyJIUBIINICS IyTh KOPHE# IepeBbeB K OT-
JenbHOHN BepmmHe. K 3Toit BepInHE MOABECUM OTAEIbHBIN JIUCT B CAyYae, eCJIu HCXOIHOe JIepeBO ObLIO
onuo. Tax 1Mo KoJM9IecTBy JeTeil KOPHsT CMOXKEM OIPEIE/NTDb, OBLIO JIM OJHO J€PEBO WJIN HECKOJIBKO.

Ioarpynma 6: f(x) = x + 2000, t; > 1

st 9T0# oArpyItbl Oy/IeM UCIIOIB30BATH ITOX0XKYI0 KOHCTPYKIIMIO, KaK B IIPEJIbLLYIell I'PYIIIe, C IIyTeM
u3 KopHeit jepeBbeB. OJIHAKO, €CJIM OCTPOUTH TAKOM Ke MyTh U3 KOPHEH JePeBbEB, TO Teleph HE BCe-
rIa y OYepPeIHOro KOPHS CAMBIM OOJbIMM pebeHKOM Oy/IeT KOPEeHb CJIeIyIONniero jgepena. Takoe MoxKeT
[IPOUCXOIUTD, KOTJa pa3Mep TEKYIIEro jaepeBa 0oJIbIlie CyMMAPHOTIO Pa3Mepa BCEX OCTABIIUXCS JI€PEBBEB.
HaszoBem Takue jiepeBbsi Ts2KeJIbIME (B TOM 9YHCJIE HOC/IEHEE JIEPEBO TOXKE SIBJISIETCS TSIXKEJIbIM ).

SaMeHUM TsIXKeJIble JIepeBbs cJieytonieit kouncrpyknueit: Co3iaaum oTesbHyo Bepimuny. K Heit moj-
BecuM PeOEHKOM eIé OJIHY BEPIIUHY, & y2Ke K Hell MoJBecuM KOPEHb TsI?KeJIOTO JepeBa. Ternephb co3aa uM
IIyTh U3 KOPHell JiepeBbeB, KaK MBI U JleJIaJIi B IpeAbLIylell IoArpyIlie, U 1I0JBECUM K HeMY B KOHIIE OJTHY
BEPIINUHY.

Teneps HA/I0 HAYIUTHCS JIEKOJIMPOBATD THAKEJIbIE JIEPEBbS. 3aAMETUM, UTO, KOIJ/Ia MbI OYJIEM CIIyCKATHCSH
[0 IIyTH KOPHEl B CAMOI'0 TsIYKeJIOro pebeHKa, TO, KOTJIA Mbl OKAXKEMCSI B TSI2KEJIOM JIEPEBe, Mbl CITyCTHMCSI B
BEPIINHY C POBHO OHUM pebeHkoM. Tak Kak y Hac HET JIePeBbeB €IMHUYHOIO Pa3Mepa, TO TaKHe BEPIITUHbI
HE MOIYT JIeXKATh Ha, IyTU W3 KOPHEH JilepeBbeB. Takumm 00paszsoM, Mbl CMOXKEM OIPEJIENISTh TsizKesIble
JIepeBbsl U CIIyCKATLCH HUXKE B APYTyio BeTKy. [locennss BepimmHa, KOTOPYIO Mbl OTAEIBHO OIBECHIN K
KOHILY IIyTU KODPHeil, OyJIeT WHINKATOPOM OKOHYAHUS IEPEBHEB.

3aMeTuM, 9TO TSXKEJIbIX JIepeBbeB He OyjeT MHOro. Tak Kak TsiyKeJioe JIEepeBo 10 pasMepy OoJibIlle
CyMMapHOIO pa3Mepa BCEX CJIeIYIONINX JEePEBbEB, TO KaXKJ0€ TsXKeJIoe JEePEeBO XOTdA-Obl B 2 pas3a yBeJin-
qUBaECT CyMMapHBIN pa3Mep BceX aepeBbeB. [loaToMmy Kom4uecTBO M00ABIEHHBIX BEPIIUH OyIeT He OoJiee
YJIBOEHHOTO Jiorapudma KOJTUIECTBA JIEPEBBEB.

CrpaHnua 5 us 16



Tpnauats BoCbMasi BCEpOCCUIACKasi OIMMMNMAZAA MO UHPOPMATUKE, 3aK/IOHUTENbHBIV 3Tarn, Nepebili Typ
Mpodbuns «nporpammuposarmey, Mockea, 24 mapta 2026 roga

IlostHOE pelnieHUE

AJTbTepHATHBHBIN CIIOCOD ITIOMETUTH DAMOYK, 38 KOTOPBIN MBI IIOJIBENIINBAEM JAHHBIE JEPEBbsT — 3TO MOJIBe-
CHTB 3a €ro KOHEIl CJIyJailHO CreHepupOBaHHbIN «MapKeps. Torma Ha BTOPOM 3allycKe MOXKHO Oy1eT HaiTh
€ro ¢ IOMOIINBIO XEeNTUPOBAHUS MO/IICPEBLEB.

Permtennst ¢ KOHCTAHTHBIM MapKepoOM He pabOTAIOT, ITOTOMY 9TO MHTEPAKTOP MOXKET I0IaBaTh HA BXOJI
pelIeHno 9aCTu AepeBbeB, BbIBEJICHHBIX YIaCTHUKOM DaHee.

OmuH U3 crocoboB 0OOATH 3TO — MHULNMAIU3UPOBATH CAyYallHbI reHepaTop HEKOTOPO XapaKTepu-
cTHKO# BXoa. Hampumep, MOXKHO reHepupoBaTh MapKep (pUKCHPOBAHHOTO pasMepa U HWHUITUATU3UPOBATH
reHepaTop pasMepoM BBOJA, ITOCKOJLKY OH OyIeT m3BeCcTeH Ha 00OMX 3allyCKaxX.

Permenne na 100 6a/10B JOJIKHO MCIIOJIB30BATH MapKep pasMepa He 6oJbiie 15, HO KOJTUIecTBO KOP-
HEBBIX JlepeBbeB pasmepa 15 (87811) yske cpaummMo ¢ orpammvenmsavu sajgaqam (|10°/30] = 33333).
ITosToMy BO3MOXKEH TeCT, KOTOPBI COJEP?KUT MHOI'O PAa3JUYHBIX MO/IepEeBbeB pa3mepa 15 u ¢ 6obInoi
BEPOSITHOCTBIO COMEPKUT CIeHEePUPOBAHHBIN MapKep.

MbI MOXKeM TpescTaBUTh cebe OMTOBYIO MacKy JiauHbl 87811, B KOTODPO#l i-ii OUT BKJIIOYEH, ecin
BXOJI, COJIEPKUT i-€ JepeBo pasMepa 15 (Hampumep, B HOPsijKe BO3pacTaHusl xeina). Korja Mbl BeIOHpaeM
MapKep, MbI JIOIOJTHUTEIHLHO BKJIIOYAEM €IIé OAUH OUT, KOTOPBIA MBI JOJI2KHBI BOCCTAHOBUTDL HA BTOPOM
3aIycKe.

ITocunraem npeduKcHBIE OAAHCHI, CUUTAsI, UTO BKIIOUEHHBIE OUTHI JAIOT +1, a BBIKIIOUEHHBIE —1.
B xonre 6amanc 6yneT oTpunaTebHbIM; IIyCTh MUHUMAJIbLHBIN OaJIaHC BIEPBLIE JIOCTUTAETCS Ha ¢-M OuTe.
Torma BrioUnM ero (BbIOEpeM B KadecTBe MapKepa i-e jiepeBo); Ha cyddurce basanc yseananrces Ha 2.
[Tocste aTOrO M3MEHEHUsT HOBBI MUHUMAJIbHBIN Oajianc B mocjeauuii pas gocruraercs Ha (i — 1)-m Gure.
9T0 HAM M HY»KHO HAWTU Ha BTOPOM 3aITyCKe.

Pa36bop 3agaun «CnopTtmnBHas TpeHUpoBKa>»
Pemenne 1

Camasi BazkKHasi MBICJIb COCTOUT B TOM, YTO IIOCJIE IEPEX0a K IMOPSIAKY II0 BO3PACTAHWIO 3HAYEHMIA
caMu 3HaveHust Oosblne He BaxKHbl. OcTaéres TosibKko crpoka Ha aadasurom {L, R, M}.

[IycTh TexyIue yIacTHUKHU CTOIT B P, & POS, — O3NS YIACTHUKA C HOMEPOM X B TOM DsIy.
PaccmoTpumM y9acTHUKOB B MOPSIKE BO3PACTAHUST HOMEPOB.

[IpenmosoxkumM, 9TO Bee MeHbIME HOMepa yxKe obpaboranbl. Cpeln HUX I HAC BasKHBI TOJIBKO JIBE
BEJINYUHBI:

e caMag JieBas IIO3UIU;

e caMag IIpaBasl IMO3UITHS.

7151 odepeTHOTO YyIACTHUKA £ BO3MOXKHBI POBHO TPH CJIyUasl:
® DOS, JeBee BCeX MEHBINX — TOLJa IUIIeM CUMBOJ L;

® DOS, IIpaBee BCEX MEHBIINX — TOLJla IIUIIeM CUMBOJI R;

® DOs, HAXOJUTCA MEXKJy HAUMHU — TOrJa IHIIeM CUMBOJI M.

[mobasibHBI MUHUMYM HE KOJMPYETCs, TAK KAK y HEr0 HET MEHBINNX 3JIEMEHTOB.
Takum obpazom, 11060t TekyIuit HAOOP YIACTHUKOB KOIUPYETCS CTPOKOIL

se€{L,R, M},

3allMCaHHON B MOPSIKE BO3pACTaHUsSI HOMEPOB.
ITocite sToro 3agada yxke pOpMyIUpyeTCcs He PO CAMHUX IIKOJbHUKOB, a IIPO TO, KaK 10 9TOH CTPOKE
OBICTPO CINTATEH OTBET.
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Kaxk moctpoutrs crpoky L/R/M c uyns

DT0 HY»KHO U JJIsI MAJIEHbKIX O34, U JIJI HHAIAATH3AIUN TIOJTHOTO PEIEHUS.
IlycTh Tekymine yIacTHUKH UMEIOT HOMEpa

1 <2 < - < T
B TOPsIJIKE BO3PACTaHUs, & UX MO3UIMU B PsiJTy PaBHBI
pP1,p2, .-, Pk-
Torna:
® x| — TEKyIuil TVIODATBHBIE MUHUMYM, €ro MPOITyCKaeM;

e JlaJIbIlle IIOJJICPXKUBAEM
mn = pi, mr = pi1;

® JIJIsT KaXXJ0To 7 > 2:

— ecyu p; < mn, nuineM L 1 oOHOBIsIEM MmN = pj;
— ecyu p; > mex, nuiieM R u 0bHOBJIsiEM MT = p;;

— pHa4de nuineMm M.

OTO OOBLIYHLIN JIMHEHHEIN IIPOXOo/ II0CJie TOro, KakK M3BECTHBI ITO3UINN TEKYIIMNUX YIaCTHHUKOB.

Ilonzanaun
Iloazamaum 1 u 10: n+ ¢ < 16

3/1ecb MOXKHO BOOOIIIE HE NCIOIH30BATH CIIEIHATIBHYIO CTPYKTYPY.
ITocie KaxK/10ro M3MEHEeHUA:

1. crpoum Tekymumit rpad JOIYCTUMBIX OPOCKOB HAIIPSIMYIO 110 OIIPEIEICHUIO;

2. umeM B HEM MAKCUMAJIBHBIA TPOCTOH myTh 6uTMacodHbiM DP:

dp[mask][v] = cymecTByer s 1y Th, NCIOIB3YIOMMI Mmask 1 3aKAHIMBAIOIIUIACS B .

CUI03KHOCTb OJIHOT'O IIepecuéra paBHa
O(m?2™m),

rze m — TeKylllee YUCJIO YIaCTHUKOB.
st m < 16 sToro 6ojiee 1eM HOCTATOTHO.

IToazamaum 2, 4, 11, 13: n,q < 1000

B/ech yKe MOXKHO HCIIOJIb30BaTh KoJupoBanue crpokoii L/ R/M, Ho noka 6e3 CJI0XKHBIX CTPYKTYP.
[Tocsie kaxkmoro 3ampoca JiejiaeM BCE 3aHOBO:

1. BoccTaHABIMBAEM TEKyIIHil MOPSTOK yHACTHUKOB;
2. crpouMm CTpoKy s 3a O(m);
3. cumTaeM OTBET II0 9TOH CTPOKE:

o s t =1 — juneitupiv DP;

e Jjist t = 2 — IPOTOHOM IO MaJIEHBKOMY aBTOMATY.
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Wroro momygaercst

O(m)

Ha OJUWH 3allIpOC 1

O((n+a)*)

CyMMAapHO.
DTOro JOCTATOYHO JIjIsi OrpaHndeHuii mopsiaka n, g < 1000.

Iloazagaum 3, 5, 12, 14: ¢ =0

31ech CTPOKY HYKHO ITOCTPOUTH TOJIBKO OIUH Pa3 M TOJbKO OJWH pa3 M0 Hell MOCUYUTATH OTBET.
CJ10KHOCTD:

O(n).

Iloazanaum 6 u 15: n =1, a; = 1, mobaBJieHUsI TI0 BO3PACTAHUIO HOMEPOB

B sTom wacTtHOM cJIryvdae Ka)I(,ZLI)II)JI HOBBI Y49aCTHUK ¢BJIA€TCA HOBBIM MaKCUMYyMOM IIO HOMEDY. BHa‘H/IT7
OTHOCHUTEJIbHO BCE€X MCHBIINX OH MOXKET OKa3aTbCA TOJILKO:

e 10O CjIeBa OT BCEX — CHUMBOJ L;

e 1100 CIIpaBa OT BCEX — CHUMBOJI R.

CumBOJIOB M He OBIBAET, & CTAPbIE CUMBOJIBI HE MEHSFOTCSI.

To ecTb cTpoKa IPOCTO pacTET CIpaBa, U Ha KaxKJOM 3aIpoce K Hell JomuchbiBaeTcst oaHa OykBa L min
R.

Hambme:

o syt t = 1 obHOBIsIeM HeCKOJIBbKO uncest 3a O(1);

e s t = 2 fenaeM ofuH mepexon apromara 3a O(1).

IToazamaum 7, 8, 9, 16, 17, 18

3mech yke TpebyeTcs MOTHOe PeleHue.

ITomHoe permenue gaga t = 1
YT0 HYy>KHO XpPaHUTH

IIycrp y:xe obpaboran HEKOTOpPBI npedurc crpoku s. st Oyaymmx mobaBaeHnll BaXKHBI TOJIBLKO JIBE
KpaifHie BEepIIUHBI CPEJIN yKe MEHBIINX:

e JjieBasd KpaillHdAdd;

e IIpaBasd KpaiiHsdad.
[TosTomy j10CTATOYHO XPAHUTH TPU BEJIUIUHDL:

e f(s) — nMHA MaKCUMAJBHOTO IIyTH;
e dpr(s) — maMHA MAKCHMAJILHOIO IIyTH, y KOTOPOTO OJIMH KOHEI[ — JieBasl KPAlHssi BEPIITIHA;

e dpgr(s) — amHA MAKCHMAJIBHOTO IyTH, Y KOTOPOTO OJWH KOHEI| — IpaBas KpaifHss BepIIuHA.

9TO U ecTb BCE COCTOSIHUE.
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Hoquy 9TOro xBaraetr

IIpu nobasjienun OFHONM HOBOI BEPIIMHBI IPOUCXOIUT POBHO OJIHO U3 TPEX:
e L: HOBad BEPININHA COCJIUHAECTCA TOJILKO C MPABO KpaiHeil;
e R: HOBag BepIINHA COEJIMHSIETCS TOJBKO C JIEBOU KpallHEld;
e M: HOBas BePIIMHA COCIUHSIETCS C 00eMMU KpPAHUMU.
3HAYUT, HOBBII JIVIIIUH IyTh MOYKHO ITOJIYIUTh TOJBKO TaK:
® OCTaBUTH CTAPLINA JIyYIIUN Iy Th;
® IIPDOJJIUTH IIyTh, KOTOPBIA 3aKaHYNBAJICA B JICBOI I'DAHUIIE;
® IIPOJJINTDL IIYTh, KOTOPLI 3aKaHYIUBAJICA B IPABOU I'DAHUIIE.

Hukakasi npyras nadopmaius o ctapoM rpade i OYIyIero He HyKHa.

Ilepexoabl mo ogHOI OyKBe

CumBoJs L. Hopasi BepIimHa CTAHOBUTCsI HOBOI JIEBOU I'DAHUIIEN U COEIMHSETCSI C MPEXKHEH MpaBoii:

f/ = max(f, dpR + 1)7
L: qdp) =dpr+1,
dp’p = dpr.

CumBos R. CummerpudHo:
f'=max(f, dpr +1),
R: dplL = dva
dp’, = dpr, + 1.

CumBos M. Hosag Bepmmna 1erisiercss K 00euM IpaHUIIAM, HO CAMU IPAHUIIBI HE MEHSIOTCS:

/" =max(f, dpp + 1, dpr + 1),
M: {dpp =dpg,
dp’p = dpg.
st mycToit cTpoku:
f=0, dpr, =0, dpr = 0.

Ecim CTPOKY HYZ?KHO ITOCYHUTaThb TOJIBKO OJWH pPa3, TO 9TOI'0O y2Ke JOCTaTOYHO JIJIsd JIMHEITHOT'O penieHud.

Kaxk nmepecamuTbiBaTb 3TO B JlepeBe OTPE3KOB

Kazprii cumsost geiicrByer Ha tpoiiky (f,dpr,dpr) Kak HekoTopoe mnpeobpasosanue. [losromy siro6oit
OTPE30K CTPOKM MOXKHO TIOHUMATH KaK MPeodpa3oBaHme, KOTOPOe TIEPEBOIUT COCTOSTHUE MEPET STUM OT-
PE3KOM B COCTOsIHUE TIOCJIE HETO.

KomMmmosumnust IByX COCEIHUX OTPE3KOB — 9TO MPOCTO KOMIIO3HUITUSI COOTBETCTBYOIINX IIPE0dPa30BaHUi.
Nmenno moaToMy B BepINUHE JepeBa OTPE3KOB yJI00HO XpaHWTh HE caM OTBET Ha OTpe3Ke, a Mpeobpaso-
BaHUE JIJIsT 9TOT0 OTPE3KA.

AHajorn4yHo caydaro ¢ OmHOI OyKBOIi, yIOOHO 3alKcaTh COCTOSIHIE B BHIE CTOJIOLA

f
v=|dpL

dpr

Torya kaxk1yio OyKBy MOYXKHO 3allicaTh Kak max-plus marpuily pasmepa 3 X 3.
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Max-plus maTpuiibl

st cumBosioB L, R, M mosrygaem:

0 —o0 1 0 1 —x
A= -0 - 1], Ag=[ -0 0 —o0],
—o00 —oo 0 —00 1 —o0
0 1 1
Ay=[—-00 0 -0

—00 —00 0
[Iycrasg mosunus maéT TOXKIECTBEHHOE TPEOOPA30BaHUe

0 —00 —00
I =] - 0 —00
—00 —00 0

Ecim jy1st AByX COCETHUX OTPE3KOB XpaHsTCs Marpuibl A u B, To st uX o0beJ MHEeHNsT B JlepeBe
OTPE3KOB XPAaHUTCsI max-plus mponsBegeHne

B A,

TO €CTh CHa4aJjla IPUMEHAETCs JIeBblil OTPE30K, II0TOM IIPaBbIil.
B kopue nepesa Jie:kuT npeobpazoBaHue Jjisi BCEl CTPOKU, a OTBET MOJIyYaeTCd MPUMEHEHUEM STOTO
IpeodpazoBanmsd K HAYAJILHOMY BEKTODY

0
0
0

Kak nognep>xkuBatb ctpoky L/R/M onnaiin

DTO0 BTOpas YacTb [OJHOTO PEIIeHUs.
JlepeBo OTPE3KOB CTPOUTCS IO MOPSAAKY HOMEPOB, a HE 10 TeKYIeMy HOPAlKy B paiay. B jucre c
HOMEPOM X XPaHUTCH OJIHa U3 CJIEAYIOMNX CYIIHOCTEH:

e [, ecju yuacTHUK el He JO0DABJIEH;

e [, ecim 9TO TEKyIIUii TJI0OATBHBIH MUHUMYM;
e MaTpuna L;

e MaTpuna R;

e marpuia M.

Nupivu ciioBaMu, r100aJIbHBIN MUHUMYM [IPOCTO HE KOJUPYETCH.

Kakune cumMBOJIbI MOTYT M3MEHUTHCHA IIOCJI€ BCTaBKHA

Ecin nosbrit Y49aCTHUK ,ZLO6&B.HH€TCH CJIeBa, TO USMEHUTHLCA MOTYT TOJIbKO TEKYIIUE HperI/IKCHbIe MWHUN-
MYMBI:

® YaCTb CUMBOJIOB L mepectaér ObITh L u ctanoBuTcs M;

® €CJIM HOBBII yY49aCTHUK CTaJl HOBBIM FHO6a.)'IbHI)IM MHUHUMYMOM, CTaprfI I‘.J'IO6&.HBHI:H7I MUHUMYM IIpe-
BpalllaeTcd U3 1ycToil no3unuu B R.

Eciyin HOBBIH y4acTHUK J106aBJISIETCS CIIPaBa, BCE CHMMETPUYHO:
® JacTb CUMBOJIOB R nipeBparaercsa B M;
® €CJIN TOSIBUJICS HOBBIN TVIOOAIBHBI MUHUMYM, CTapbIil TVI00AJIbHBIII MUHIMYM CTaHOBHUTCS L.

Nmenno 310 1103B0JIsIET OOHOBIATH CTPOKY OBICTPO.

Crpatuuya 10 n3 16



Tpnauats BoCbMasi BCEpOCCUIACKasi OIMMMNMAZAA MO UHPOPMATUKE, 3aK/IOHUTENbHBIV 3Tarn, Nepebili Typ
Mpodbuns «nporpammuposarmey, Mockea, 24 mapta 2026 roga

Yrto XpaHUTH JTONOJHUTEIIHHO

XpaHuM J1B€ MOHOTOHHBIE JIEKH I10 HOMEPAaM:
e pref — Bce TekyIue pedUKCHbIE MUHUMYMBI B IIOPSIJIKE BO3pACTaHUsI HOMEpPA,;
e suff — Bce TexyIue cyGPUKCHBIE MUHUMYMbI B TIOPSIIKE BO3PACTAHUS HOMEpA.

[Tepsorit a;1eMeHT B 00€ux AeKax — TEKYIIUH TJI00ATbHBI MUHUMY M.

BcraBka cieBa
IIycrs mobaBiisieTcst y9acTHHK .
1. Tloka B komie pref crout HOMED OOJIBIIE X, OH MEPECTAET OBITH TPEMUKCHBIM MIHIMYMOM:

® eCJIM 9TO HE CTapbIil TVIOOAJBHBIT MUHIMYM, €0 THI MeHsieTcss L — M;

® eCJIU 9TO CTAPLIN IVI00AJILHBIN MUHUMYM, €ro Tull MeHsiercss I — R.
2. Tlociie 9TOTO BO3MOXKHBI J[Ba, CJIyUast:

® eCJIM T — HOBBIH IJT00AIbHBIN MUHUMYM, €r0 JIUCT OCTAETCS PABHBIM I, a cam T 100aBJIIeTCs B
HaYaJI0 00enX JIeK;

e mHave x nojyvaeT Tui L u gobasisgercd B kouer pref.

BcraBka copasa
[losHOCTBIO CUMMETPHUTHO:
e pabotaeMm c jekom suff;
® OOBLIYHDBIE 3JIEMEHTHI MEHSIOTCA R — M;

° CTaprfI MHHUMYM IIpHA HeO6XO,III/IMOCTI/I cTaHoBUTCH L.

Iloyemy 3TO aMOpPTU3UPOBAHHO OBHICTPO
Kaxkiplit yaacTHUK:

e He OoJiee OJTHOTO Pa3a CTAHOBUTCSI MPePUKCHBIM MIHAMYMOM U He 0oJiee OIHOIO pa3a MepecTaéT UM
OBLITE;

e e OoJree OTHOTO pa3a CTAHOBUTCS Cy(MOUKCHBIM MUHIMYMOM 1 He 60J1ee OTHOTO Pa3a IepecTaéT UM
OBITD.

3HauuT, cyMMapHO 110 BeeM 3ampocaM Oyzer Tobko O(n + q) yaajaeHuit us Jex.

Kazk0oe nsmenenue Tuia — 3TO OJHa TOYeYHas MOJAUUKAIUS JUCTA B JEPEBE OTPE3KOB, TO €CTh
O(log(n + q)).

Vroro cymmapHast CJI0XKHOCTb:

O((n + q) log(n + q)).

Yro mensiercst nipu t = 2
W nes ocraérca Toit »xke caMoii:

1. rexymmii HAGOP TO-TIpesKHEMY Koupyercsi cTrpokoii ua { L, R, M };

2. 3Ta CTPOKA MO-IPEKHEMY MOJICPKUBACTCS JBYMS MOHOTOHHBIMU JICKAMIM;

3. JepeBO OTPE3KOB MO-IPEXKHEMY CTPOUTCS I10 MOPSJIKY HOMEPOB.

MensteTcst TOIBKO TO, KAKYI0 MH(POPMAIUIO HY>KHO XPAHUTH B BEPIIUHE JIEPEBA.
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Iloyemy TpéX umcesa y>kKe HEJOCTATOYHO

s t = 1 xBaTaJIo 3HATH:
® JIYUIIUP y>Ke TOTOBBIN IIyTh;
® JIYYIINUA IIYTh, KOTOPBIA MOXKHO IIPOAOJIKUTH Yepe3 JIEBYIO I'PDAHULLY;
® JIYYINU IIyTh, KOTOPbLIA MOXKHO IIPOJOJIXKATH Yepe3 IIPaByI0 IPaHUILy.

Hust t = 2 storo yxe masio. Temepnb Oymyiiee 3aBUCUT €IE U OT TOrO, KAK TEKYIIas YaCTHIHAS
KOH(UTYpAIs B3aUMOIEHCTBYeT ¢ IBYMsT TDAHUYHBIMU BEPITHHAMA.
I/IHTyI/ITI/IBHO HY2KHO Pa3J/invdaThb TaKWE€ BEIIU:

® MOI'yT JIA JIeBad U IIpaBasd I'PaHUIIbI OBbITD KOHIDaMM 6y;LyHLer0 OIITUMAJIBHOT'O ITyTH;
® HaXOIATCA JIX OHU ceifyac B O,ZLHOI7I KOMITIOHEHTEe NJIM B PA3HBIX;
® CCJ/IM B O,ZLHOI‘/,I7 COE/IMHEHDBI JIN OHU Y2KE€ JaCTbIO JOIIYCTUMOI'O ITyTH]

® KaKyI0 KOH(UI'YPAIHUIO €IEé MOXKHO KOPPEKTHO MIPOJIOJIKUTH B OJIUH IIPOCTOM IIYTh IPU JT00ABICHUH
HOBBIX BEPIIHH.

To ecTb cocTosIHUE TO-IIPEXKHEMY OIIPEIEJISIETCsI TOJBKO ITOBEJIEHHEM OTHOCHUTEJILHO ABYX IPAHUIL, HO
Telepb BapUAHTOB 3TOIO MOBEJEHUS yKe He TPHU, a KOHEUHOe, HO Oojiee 3aMEeTHOE UHCIIO.
ABTOMAT

Y1no6HO CMOTPETh Ha 3Ty CUTYAIMIO KAK HA KOHEYHBIH aBTOMAT.
Hazosém jiBe cTpoKu s U t SKBUBAJEHTHBIMU, €CJIU JJIs JIIOOOTO TPOJIOJIZKEHUST P BBITIOJIHEHO

f(s+p)— f(s)=f(t+p)— f(?)

WNnatte roBopsi, ¢ TOYKK 3peHUsT BCEX OYIyIMUX ITPOIOKEHUN CTPOKU § U t BeayT cebsi OJUHAKOBO,
ecJIn TOCJIe HUX BCerjia IPOMCXOAT OJIMHAKOBBIE IIEPEXO/Ibl U OJIMHAKOBO MEHSETCS OTBET.

Ka)K,ZLbIﬁ KJIacC TaKOi 3KBUBaJIEHTHOCTH MOXKHO CUNTATL COCTOSIHHEM aBTOMATA. HpI/I YTEeHUU ovepel-
Horo cumMBosia u3 {L, R, M} aBromar:

® IIePeXOJUT B HOBOE COCTOSHUE;
® yBeJIMYUBAET TEKYyIUil OTBET HA HEKOTOPOE YUCIIO.

st t = 1 nocsie munnMu3anuu nojaydaercs 6 cocrosnmit. s t = 2 momydaerca 20 JOCTHKUMBIX
COCTOAHUI.
Huke MbI OyJieM 10JIb30BATHCS y2K€ TOTOBBIM aBTOMATOM Jiid ¢ = 2.

Kak moay4auts 3tu 20 cocrossHuil

BoinmmcesiBaTh X BPYYHYIO JI0JITO U He HY2KHO. ['0pa3/io y/io0Hee creHepupoBaTh aBTOMAT OT/AEJILHON TPO-
rpaMMOii.
O/inH U3 CTaHJAPTHBIX CIIOCOOOB TAKOIA:

1. nepebpars Koporkue crpoku HaJ {L, R, M},
2. JUIsT KaxKJI0il CTPOKM TOYHO HOCYuTaTh 3HadeHue f(s) maseHbkuM brute force;
3. cuuTaTh JIBE CTPOKM SKBUBAJIECHTHBIMU, €CJIM OHU HEPA3JIMYUMBI [10 BCEM KOPOTKHUM IIPOJIOIKEHISAM;

4. mocje cTabuau3aluyu 3TOro pasdueHus MOJyINTh KOHEUHBI HADOP JOCTUKUMBIX COCTOSTHUN 1 Tab-
JIUITYy TIEPEXOJIOB.

B s1oit 3agatie crabumuzaius MpPOUCXOIUT OBICTPO, U Jid ciaydad t = 2 nosaydaercsa 20 cOCTOSHUIA.
ITocae sToro TabauIly MePexomsoB MOXKHO [IPOCTO 3aXapAKOAUTh B PEIIEHIHE.
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Yro XpaHUTH B BEPIIIUHE JepeBa OTPE3KOB

ﬂﬂﬂ KazKJI0I'o COCTOAHUSA g XPpaHUM PE3YyJ/IbTaT IIPUMEHEHNA BCETO OTPE3Ka:

golq] = (newState, A),
e
e newState — cocTosiHEEe, B KOTOPOE HONAIEM TI0CJIe YTeHHsI BCEX CHMBOJIOB 9TOIO OTPE3KA;

o /A — HACKOJILKO YBEJIIMIUTCA OTBET.

Hns mucra ¢ cumBosiom L, R miau M 310 mpocto dbukcupoBaHHasi Tabjuia mepexoios. st mycroii
[IO3UIMK UM TEKYIIEro IJ100ajJbHOI0 MUHUMYMa XPAHUTCHA TOXKJIECTBEHHOE IIpeobpa3oBaHue:

golg] = (¢,0).

Kak 06bequHATh Be BEepPHINHBI

[IycTp Jy1s1 J1eBOTO ChIHA U3BECTHO

gorlql = (mid|q|, addL[q]),

a JJIA HpaBOFO CBbIHa N3BECTHO
gorlq] = (torlq], addr[q]).

Torna mjas poguTess:
mid = gor[q].state,
golq].state = gor[mid].state,

golq].add = gor[q].add + gor|mid].add.

To ecTb 9TO TPOCTO KOMIIO3UIUST IIPEOOPA30OBAHMIL: CHAYAIA IUTAEM JIEBBII OTPE30K, IIOTOM IIPABBII.
Ecnu gy — craproBoe cocTosiHme aBTOMAaTa, TO OTBET B KOPHE paBeH

GOroot [QO] .add.

Maunuanan3aiys MOJIHOTO PelleHns

Ecnu HagabHbBIN psijl y2Ke 3a/aH, TO mepesl 00pabOTKO# 3aIlIpoCOB Jie/IaeM CJIeIyIoNee:
1. crpoum st Hero ctpoky L/R/M ¢ nyns;
2. BBICTaBJIsIeM THUI KaXXKIOH y2Ke IPUCYTCTBYIOMIEH BEPIIUHBL:

e MuHUMYM —> [;

e ocrambuble — L/R/M;
3. omHOBpEMeHHO cobupaeMm jgeku pref u suff:

e Bce L 1 Tekymuii MUHUMYM II0118/1a10T B pref;

e Bce R 1 Texkymuii MUHUMYM I1011a/1a10T B suff.

[Tocste TOrO BCE 3AIIPOCH! yKe 00PAdATHIBAIOTCS OHJIANH.
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Ci102kHOCTD

IIycTn
N =n+q.

Torma:

® Ka’KkJiasl BEPINWHA MEHSIEeT THUIl JIUITh KOHCTAHTHOE YUCJIO Pa3;

e cymmapto npoucxogut O(N) u3aMeHeHuii CHUMBOJIOB;

® KaXKJ0e U3MEHEHNEe — 3TO TOUeYHOe OOHOBJICHUE JIEpPEeBa OTPE3KOB.

CretoBaTeILHO:

e Jiisd t = 1 BpeMst pabOThI PABHO

IaMATbh —

e sl t = 2 aCUMITOTHKA Ta YK€ caMasi, IOTOMY 9YTO YHCJIO COCTOSHUI aBTOMATA IIOCTOSIHHO:
O(NlogN)

110 BpEMEHU U

O(N)

II0 ITaMATH.

Nror
Best 3asiaua paciajiaercs Ha JIBe MOYTU HE3ABUCUMbIE YACTH:
1. mepesectu Tekymuii HaAGOp y4acTHUKOB B ¢TpOKy Haj {L, R, M };

2. OBICTPO MOCYUTATH OTBET IO TOH CTPOKE.
JLst MaJIeHbKUX MO3a/1ad CTPOKY MOYKHO IIePECUUTHIBATL C HyJd. [ TOJIHOTO pelrenus:

® CTPOKa IMOAAEPZKUBAECTCA ABYMA MOHOTOHHBIMU JI€KAMM]
® 3HaYCHMHE 11O CTPOKe IMOJJACP2KUBaCTCA JePEBOM OTPE3KOB!

— u3 max-plus marpur pasmepa 3 X 3 st t = 1;

— u3 npeobpasopanuit aBromara u3 20 cocrostHUM Jsd t = 2.
DTO U JA8T UTOTOBYIO CJIOKHOCTD
O((n + q) log(n + q)).
Pemtenue 2

CkaxkeMm, 9TO 3JIeMEHT MACCHUBa UMeeT TUll L, ecjiu HeT 3jieMeHTa JieBee HEro ¢ MEHBITUM 3HATEHUEM.
AHaJIOrUYIHO OIpeiesIuM 3JIeMeHTh! Triia R. 3aMerum, 910 1100abHBI MUHUMYM YIOBJIETBOPSIET 00OUM
THIIAM, TIO9TOMY €ro B perreHuu OyJIeM pacCMaTpUuBaTh OT/IE/IbHO. Bee ocTayibHbIe 3JIeMeHThI, KOTOPbIE He
VJIOBJIETBOPSIOT JAHHBIM TUIAM, OyyT uMmeTh Tui M.

Paccmorpum, Kak ycTpoeHbl pébpa, UCXOJSINIE U3 KaXKI0r0 U3 3JIEMEHTOB B 9TOM Tpade:
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e Ecim symement umeer tum L, To u3 Hero BeaéT poBHO OMHO pebPO, Beyllee B MAKCUMAJbHBIN 110
3HAUEHUIO 3JIEMEHT THula R, He mpeBoCXomsAIuil TaHHBI.

e Ecim ssnement umeer tun R, T0 n3 Hero BeJE€T POBHO OJHO PebpPO, BeIyllee B MAKCHUMAJILHBINA 110
3HAYEHUIO 9JIEMEHT THUIa L, He MPeBOCXOISAIINI JaHHbBIH.

e Ecim ssremenT umeer Tun M, To U3 Hero BeIET JaBa pebpa B MaKCHMAaJIbHBIE 110 3HAYEHUIO 3JIEMEHTHI
TunoB L u R.

Pemmum cuagasia Bepcuio ¢ opuenTupoBaHHbIM I'padoM. Byaem paccMaTpuBaTh 3JIEMEHTBI B IOPSJI-
Ke BO3paCTaHWs 3HAUYEHWI. DJeMeHThI, nMerne Tun M, mpourHopupyem, a JIpyrue 3JIEMEHTHI PABHBIX
THUIIOB O0BLEJUHUM B OJIOKM TOAPsi L Waynux. MUHUMAILHBIN 9IeMeHT JiJisi y100CTBa MOXKHO JI00ABUTH B
oTaenbHbIN 010K, HeTpyamno BUAEeTH, 9TO caMblil JJIMHHBIN IyTh U3 djemeHToB THOB L u R onpenens-
eTCsl OJTHO3HAYHO, M PABEH KOJIMYICCTBY OJIOKOB, WIYIUX PaHbINe (IO 3HAYEHUSIM) deM OJIOK, B KOTOPBIi
IO/ COOTBETCTBYIONINN 3jIeMeHT. TakuM oO6pa3oM, JJINHA CAMOrO JJIMHHOTO IIYyTH, HAYUHAIOIIEIOCd B
sreMmenTax tunia L win R umeer mymHy, paBHYIO KOJIndecTBY OJIOKOB —1.

[Iytu, HAYMHAOMIMECS W3 JIEMEHTOB TUa M, cpasy ke MONajalT B OJUH U3 OJIOKOB, TIO9TOMY UTO-
OBbI y9eCTb CAMBIil JJIMHHDBIA TaKOW IyTh, JOCTATOYHO PACCMOTPETH 3jieMeHT Tuina M ¢ MakcuMabHBIM
3HAYEHUEM.

Y0661 9¢pHeKTUBHO TOIEPKUBATL OJIOKH, MOXKHO IMOJIEPKUBAThL dj1eMeHThl TuioB L u R B aByx
CTEKax PEKOPJIOB U, NPU JOOABJIEHUN JIEMEHTA C OJIHOM U3 CTOPOH, HAJO YAAJIUTh CyDOUKC 3JIEMEHTOB
COOTBETCTBYIOIIETO CTEKA U J00ABUTHL B HEI'O HOBGLIM dj1eMeHT. Takum o0pa3oM, i PerleHus 3a1atdu
JIOCTATOYHO YMeTh 00pabaThIBATD CJIEIYIOIIEE:

e lIzmenuts Tum sementa ¢ L uim R #a M.
o JlobaBuTh 3siement ¢ Tunom L uau R.
e Haiitu KommecTBO 6JIOKOB, OIMMCAHHBIX BBIIIIE.

e Haiitu xomuaecTBo OJI0KOB, WYKL 10 MAKCHMAJJIBLHOIO djieMenTa Tuia M.

Bioku MoxkHO mogmepkuBaTh ¢ moMoInpio std::set. UToObr m30eKaTh APYTUX CTPYKTYP JAHHBIX JIJIsT
[IOCJIETHETO 3aIIPOCa, JIOCTATOYHO HE sIBHO HAXOJUTH KOJUYIECTBO OJIOKOB, a MPOBEPSITH, MPaBJa JiU, 9TO
MaKCHMAaJIbHBIN 3s1eMeHT Tuna M (ecsin Takoil 3JIeMeHT CYIIecTBYeT) M0 3HAYECHUIO GOJIbIIe MIHUMAJIBHOTO
sJIeMeHTa B 1ocsieHeM Osioke. lannoe perenne MoxkHO peanuzoBaTh 3a O((n + ¢)log(n + ¢q)).

JlanHoe perrenne 0OOOIMAETCS [0 CJIydasi ¢ HEOPHEHTHPOBAHHBIM rpadom. Bymem Tak ke mosmep-
KUBaTh OJIOKH, HO Telephb ITOHaI00UTC s JOIMOMHATEIbHAas nHpopMamysa. Ha30BEM CTOMMOCTBIO 3JIEMEHTA
turna L mimm R konmmwaecTBo 371eMeHTOB THta M OOJBIINX IO 3HAYUEHWIO, UM JaHHBIA, HO MEHBIINX, TeM
Omzkaimmit 60oabmmit saement Tuna L win R. s kaxkaoro sjaeMenTa OyaeM MOAIepPKUBATH €r0 CTOH-
MOCTB. DTO MOXKHO CJeJIaTh ¢ MMOMOIIBIO jJepeBa (PpeHBUKa MJIM C IMOMOIIbIO std::set, ecim 3aMeTuTh, 9TO
BCe CTOMMOCTH > 3 B JAHHOHI 3ajade 3KBUBAJIEHTHBI, IIOITOMY JOCTATOYHO paccMaTpuBaTh He Oojee 3X
OmKafmmx OOIBIINX 3JIeMeHTOB Trua M I KasKIoro.

Hasee 6yem oTHOCUTD 3jieMenThl Tunia M K OJI0KY, B KOTOPBIi momajaer ssiement tuma L win R, B
CTOMMOCTU KOTOPOT'O OH Y1IUTBIBACTCHA. MO)KHO IIOKa3aTb, 9TO caMBblii ,Z[.HI/IHHI)IIZ IIyThb HaYNHaETCA B OJHOM
73 IBYX TOCJEIHNX OJIOKOB M 3aKAHIUBACTCS B OJHOM U3 JIBYX IIEPBBIX OJIOKOB, HE CINTas MUHUMYMa, UJIN
B CAaMOM MWHUMAJIBHOM 3jieMeHTe. UTOOBI yUIecTb BCe CIydan, JOCTATOUHO JJIsi KaXKJI0ro OJI0Ka XPAHUTH
CTOMMOCTD [I€PBOTO/ TOCIIEHETO ¥ JIOMOJHUTEIHHO JABYX MAKCUMAIBHBIX 110 CTONMOCTH JIEMEHTOB B HEM.
Jlajiee ecThb aBa IyTH:

e PaccMoTpeTb MHOTO CiIy4daeB U OOHOBUTH Yepe3 HuX oTBeT. OIucaHme BCeX CJIyIaeB 3aHsI0 Obl OUeHb
MHOT'O MeCTa, IIO9TOMY OHHU B pa30ope OIyIIEeHbI.

e 3ameTuTh, 9T0 MBI MOKeM ocTaBuUTh (O(1) 9/IeMEHTOB U3 MEPBBIX U MOCJIEIHUX JABYX OJOKOB, & Tak
7K€ MUHUMAJILHBIN 3/1eMeHT. OT BCeX OCTaJIbHBIX OJIOKOB BarKHa TOJIBKO CyMMapHasl CTOUMOCTh MaK-
CHMAJILHBIX 9JIEMEHTOB B HUX. TakuM 00pa3oM, 3a/1ady MOXKHO CBECTH K TPOUYHON CTPOKE HE OUEHD
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6ob110# JyuHbL. s Bcex TaKuX CTPOK MOYKHO 3apaHee IIOCYUTATH OTBET 11epebOpOM Miid JIMHAMU-
koii. Takoil criocob mo3Bosisier m36eKaTh PyIHON 00pabOTKU BCEX CAYYAEB, YTO CHJIBHO YIIPOIIAET
pea3aImio.

Takoe pemenne MoxkHO peanusoBaThb 3a O((n + ¢)log(n + ¢)) ¢ Gosbioit KOHCTAHTOIL.
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