Bcepoccuiickas onumnmaga WKobHUKOB No uHdopmaTuke 2019-2020
PervonanbHeili atan, 2 Typ, 18 siHeaps 2020 roga

Pa3bop 3agaun «MakcnmanbHoe npounsBeneHue»
Aemop sadavu: Hanuua Opewruros

B nepgoii nojzasate MOXKHO MPOCTO Hepebparh Bee BO3MOXKHbIE TOUKU pa3pesa, JiJisl KaxKJIoi HaiiTu
CYMMY 3JIEMEHTOB, IEPEMHOXKUTDL U BbI6paTb OIITUMaJIBHOE 3HAYECHUE. HpI/I 9TOM CYMMY MOXKHO Ka)KILbIﬁ
pa3 BBLIMUCIATH 3aHOBO, TOMydHB BpeMs paborsr O(n?). Biarogaps Tomy, 4To CyMMa 3JIEMEHTOB BCETO
MaccuBa He npesbimraer 107, Bce JeificTBHsT MOKHO GE301ACHO BBIIOJHAT B 64-OUTHOM THIIE JTAHHBIX.

Juist pertienust 4eTBEpTOil Mo3a4a41 MOYKHO 3aMETUTD, YTO BMECTO CyMMUPOBAHUS 3JIEMEHTOB 3aHOBO,
KazK/[blil pa3 npu epeMelieHnr TPAHKUIIBI BIPABO HA OJIMH 3JIEMEHT MOXKHO mepecunThiBaTh cymmy 3a O(1).
CrenoBarenpHo perrenne paboraer 3a O(n).

st perernsi oCTaIbHBIX 1033249 METOJ, IPOCYMMUPOBATEL JIEMEHTBI U IIEPEMHOXKHUTH HE IMOJIXO-
JIAT — TIPOU3BEJIEHUE T0JIydaeTCsl CJAUIIKOM OOJIbIoe U He Bjie3aeT B 64-OUTHBINA TUI JAHHBIX. 3aMETHM,
4YTO pelneHusi Ha s3bike Python mmu B ciydae mocrynHocTn 128-6GMTHOrO THIA JAHHBIX, B IPHUHITAILE,
JIMIIEHBI 3TOro HegocTtarka. Ho ecTh pemenne, KOTOpoe He BBINOJHSIET ONEePAIi yMHOKEHHS.

Pemum cradasia moj3aiaqu, rje Bee 3HaYeHus paBHbL. [lycTh MaccuB mojiesieH Ha dacTu pasMepa k u
[. Bamernm, uro npoussejenue paso (k-a)-(l-a), rue a — 3HaYeHUe 3JIEMEHTOB MaccuBa, a k+1 = n. Tak
kax (ka)(la) = (kl)a® = k(n — k)a?, nocrarouno makcuMusnposath semmauny k(n — k). Dra pemanna
MaKCHMaJIbHA, KOrja k NIpUMEpHO PaBHO Mm/2, a MMeHHO paBHO n/2 upu 4érHoM n u (n £+ 1)/2 upu
medérHoM n. Takum obpasom mosydaem perrenne 3a O(1): BeiBectn |n/2|. D10 perenne MOIXOANT JIIsT
BTOPOI U IATOM MO/I3a/1a491, TAKYKE MOKHO HE HAXOUTh MaTeMaTudecku MakcuMyMm k(n— k), a nepebpars
snadenns k. Bo Bropoit mojzanade nas Berauciaenus k(n — k) mpm 9TOM I0CTATOYHO 32-OMTHOrO THIIA
JIQHHBIX.

Hakoner, /j1s1 perennsi Ha MOJHBIH 6asuT 3aMeTHM, 9TO ujes, 9To 3HadeHue k(n — k) MaKCHMAJIbLHO
upu k B paiione n/2 obobraercs ciemyomum obpasoM. Ilycrb § — cymMMa BCex 9JIeMEHTOB MacCuBa, a ty, —
cyMMa 11epBbIx k ssementos. Tora npousseenue ty (s —ty) MAKCUMAIBHO, KOTJIA t), MAKCUMAJILHO BJIM3KO
K $/2. MoxHo nepebuparsb k u BbaucjasTh t 3a O(n) B IMEPBBIX TPEX NOA3aa49aX, JUOO BBIYUC/ISATH L
3a O(1) ¢ nmomonipio pedUKCHBIX CyMM, WK IepecanTbiBaTh 3a O(1) npu yBenudenun k Ha 1, mosydast
[OJTHOE PellleHue.

Pa306op 3apgaun «llnaHupoBka y4dacTtka»
Aemop zadavu: Andpeti Cmanxesuy

Bamernm, 9ro ecau a > n, 1o ab — cd > ab — ad = a(b — d) > a > n u HEKaKue 3HavYeHusA b, ¢ u d HE
noaxondar. CiemoBaTesbHO @ < 1. AHAJIOMMYHO JOKa3bIBaeTCs, 9T0 b < n.

Ilepebepém a u b ot 2 10 n, a TakxKe coT 1 1o a—1 u d or 1 10 b—1. IIpoBepuB /11 KarKI0TO BApUaHTa,
uro ab — cd = n, HoayunM pemenne nepsoil moazasaun 3a O(n?), koTopoe HecIOKHO MOIUHUIIPYeTCs,
9TOOBI YOEXKIATHCS, UTO @ 7# & U b # X, TeM caMbIM pelliasl MoI3a1ady 2.

[Tycrs Mbr 3acukcuposanu a, b u c. Torga 3amerum, 9T0 d ONpEENIAETCS €UHCTBEHHBIM 06PAa30M U3
ypasHeHs ab — cd = n: ecsim ab — n KpartHo ¢, To d = (ab — n)/c, uHaue HUKaKue 3HAUEHUsI d HE TIOJXOJISIT.
Crestyer TakzKe He 3a0bITh npoBepuTh, uto 1 < d < b. [Tomywaem pemrenue 3a O(n3), ono moaxomuT st
mo/3a adn 3, a J100aB/Isist IIPOBEPKH @ # T U b # X, TaKKe U JIsT 0331891 4.

st permerst moa3a a5 MOXKHO MPUMEHUTD 3abaBHBIN Tpiok. JlaBaiiTe mogcanTaeM mpe by ITIM
anropuryoM 3a O(n?) pemenus jyis Becex BO3MOKHBIX 3Hauenuit n. Pemenue 3a O(n?) paGoraer ouenn
nosro mist n nopsiaka 3000, HO y Hac MOYTH BCe BpeMs Typa. Bce MoJiydeHHble 3HAYEHHUSI IIOMECTUM B
KOHCTAHTHBIII MaccuB. Takoil MeTojl m3BecTeH Kak npednodcuém. K coxkaeHuIo, CIe/aTh MPeoIcIér
JIUTST TIIECTOH TO/3a,/1a41 HE TOJIYIAeTCs, 9TO U CAUIITKOM JIOJIT0, W 3AaHUMAET CJIUIITKOM MHOTO MECTa, TaKOif
0OJIBIION NCXOMHBIN (Dailjl He YIACTCsI OTIIPABUTDH HA IIPOBEPKY.

Haxonen, pemenne 3a O(n?logn), KoTopoe pemraeT 3a1ady TOJHOCTDHIO.

Bmecto ¢ 6yaem nepebupars a — c. 3amernm, uto ab — cd = ab — be + be — e¢d = (a — ¢)b + ¢(b — d).
[Mockosbky ¢ > 0 u b > d, BTOpoe cjiaraemMoe MOJIOKUTEIbHO, U cJegoBaresibHo (a — ¢)b < n. Takum
06pazoMm, J1ocTaToIHO nepebuparb Tosibko O(n/b) 3nadenuii. 3HaUUT JJIst KAXKI0TO @ OyIeT mepeduparhest
n+n/2+n/3+...4n/n=n(1+1/241/3+...4+1/n) nap suavennii. Cymma 14+1/2+1/3+...+1/n xoporuo
M3BECTHA — 9TO YACTUIHAS CyMMa rapMOHUYIeCKOro psija, ona pasua O(logn), cienoBaresbHO CyMMapHO
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st bukcnpoBannoro a nepebupaercs O(nlogn) snauennii, a obiee BpeMsi pabOTBI AJITOPUTMa PABHO
O(n?logn). ®unaabHOE 3aMeUaHue, YTO TaK KAaK @ U b mepeGHpaloTcs sBHO, HET IPobIeMbl yOe uThCs,

9T0 0 # x U b F# .

Pa36op 3apgaun «baHkomaT>»
Aemop szadavu: Januus Opewnuros

Paccmorpum cHavasia pelieHne mepBbIX YeThIPeX Mo/3ajad, B KOTOPhIX ¢ < 5. B sroMm ciyyae Kax-
IBI 3alPOC MOXKHO 00pabaThbiBaTh HE3ABUCUMO OT JIPYTUX, MOITOMY IPOUTHOpUPYeM (DaKT, 4TO y HAC
HECKOJIbKO 3HadeHuil b; u Oy/eM pemarh 3a1a49y Ui OJHOIO 3HadYeHus b.

B mepnoit momzagate b < 500, n < 500, modTOMYy MOXKHO NPUMEHUTH JUHAMUYECKOE ITPOTPAMMU-
posanune. O603HaYMM Kak dpli] KOJMIECTBO KYIIOp, KOTOPOEe GyJIeT BBIIAHO, €CJIH 3alPOCUTH CYMMY i.

Torpa dp[0] = 0, u ecam m(i) — MaKCUMAJbHBII HOMUHAJ KYIIOPBI, KOTOPas He HPEBOCXOJUT 4, TO
dpli] = dpli — m(i)] + 1. OrBer — MakcumasbHOe 3HaueHue cpeau dp[l]. .. dp[b]. Pemenue paoraer 3a 3a
O(nb).

Yrobbl pacnpoCTpaHUTh OIMMCAHHOE PENIEHHE Ha, TPETHIO MOoA3aady, M30aBUMCSA OT MHOXKHUTENSA 1l B
BpeMenu paboTsl. st aroro 3amerm, aTo m(i) TOJIBKO BO3PACTAET TP BO3PACTAHUH i, TOITOMY B IIPOIIEC-
ce BBIMHC/IeHNsT dp[i] MOKHO MOIep’KUBATh TeKyIlee 3HadeHne m(i) = a; U IPHU HEePEXoJe K CIIe/LyIoMeMy
3HAYEHHIO | IPOBEPATH, HEJIb3s1 JIU IIEPEHTH K CJIeyIolIeMy HOMUHAIY ;1. Bpems paborst 6yzer O(b+n)
U TPeThbsl 3aJjia4a MoJpeIeHa.

Bo BTOpOI#t Momgaate HOMUHAIBI KYIIOP SIBJISTIOTCST TTOCJIEIOBATETLHBIMY CTETIEHIMI JTBOMKY. 3ame-
TUM, YTOOBI BBIJIATH CYMMY ¢ OAHKOMAT BBIJACT KYIIOPhI ¢ HOMUHAJIAMHU, COOTBETCTBYIOMIUMHU MO3UIUSIM
©JIMHWIL, B JBOMTHOM 3alMCH 9HCIa ¢. SHAUNAT 33/1a9a CBEJIACh K TMOWCKY YHC/IA, HE TMPEBOCXOJISIIEro b,
COJIEPZKAITEr0 MAKCUMAJILHOE YUCJIO eJMHUTL B JBOUYHOM 3amucu. [lycTsh nBondHast 3anuch 9ucia b couep-
xuT k paspsnos. Torma gmeo enuHuI B oTBeTe He mpeBbimaer k, i umciao 2871 — 1 3aBenomo Menbire
b u comepKuT poBHO k — 1 IBOMYHYIO eMHUILY. 3HAYNT OTBET — Ju60 b, mbo 21 — 1, momyunsrmeecst
pemenne padoraer 3a O(logb).

Pemrenne werBepToil MOA3a AU yiKe TPUOIMKAET HAC K MOJTHOMY PEIIEeHUIO: OTpAHUYEHUsT Ha N, a;
u b, B Heil MakcuMaJIbHBI U TOJIBKO ¢ < 5. Hayummcest permars 3aja4dy jis ojuoro 3ampoca b 3a O(n).
[IpaBunbHOE pellieHre OCHOBBIBAETCS Ha YKATHOM AJTOPUTME.

CrenaeM mHBepcuio 3ajadn. Ilyckait mn, — MUHUMAJIBHOE YUCJIO ¢ TaKOoe, 94TO GaHKOMAT BBIIACT T
KYTIOp JIIST CYMMBI C.

Bynem no-tnipexknemy o603HauaTh Kak m(v) MaKCUMAJIbHBI HOMUHAJ KYyIIOPbI, HE [IPEBIIIAONIHIL V.
Hoxkazkem, 910 mn, = mng,_1 + m(mng).

C omHOit cTOPOHBI MNy_—1 < Mmng; — m(mng), MOCKOJIbKY U3 HabOpa KyIIOp, JAIOIIEr0 CyMMY My,
BCerjia MOYXKHO yOpaTh caMylo GoJIblIyio Kymopy (paBHy m(mn,)), 1 HOJIyYdM KOPPEKTHbIH HabOp u3
x—1 Kymiop, Jaomux B cymme mn,; —m(mmny,). C 1pyroii CTOPOHBI, TPEIOIOXKUM, 9YTO MbI 3abUKCHPOBAIN
T, umng_1 < mng—m(mng). MOXKHO 3aMeTUTh, YTO B 9TOM CJIydae BeJUUUHA MMy 1 +m(mn,) MeHble,
9eM Mmng, U DAHKOMAT BEPHET IPU 3aIPOCe TAKON BEJIMYMHBI POBHO T KYIIOP — OJHY KyIIopy m(mmny)
(oHa MaKcHMaJIbHAs, He IIPEBBINIAIOIIAs STOH CYMMBI), U ellle T — 1 KyIop, Ha KOTOPble PACKJIa/IbIBaeTCsI
cymMMma mng_1. IIpoTuBopeune, MCXOMHOE YTBEPKICHIE JOKA3AHO.

Ucnonb3yst 970 HAOJIOJEHIE, MOKHO II0OCUNTATH BCe 3HAYEHUs mn, 3a BpeMst O(n). 3amerum, 4To
JUIS JIBYX TOCJIEJOBATENIBHBIX YUCET G, Qit] JJIsi BCEX 3HAYEHUiT & TakuX, 910 m(mny) = a; (MHBIME
cyioBaMu, camast GoJIbIasi KyIopa, e OaHKOMAT BBIIAET X KYIIOD, PABHA d;), 3HAUEHUs MmN, oOpa-
3yI0T apudMeTHIECKYIO [IPOrPECCUIO ¢ PA3HOCTBHIO @; U 3HAYEHUSIMU B IIPOMEKYTKE [a;; ait1). [Tocunras
TaKyo apudMeTHIeCKYIO0 TPOTPECCUIO JIJisi TIPOMEXKYTKA [G;; 4;41), MOXKHO HepeiiTu K IPOMEXKYTKY JIJIsi
[@i11;ai12): ecm mocsejiHee 3HAYEHHE B HPOIPECCHU PABHO Y (Y < @jt+1), TO CIEIYIONIAsl IPOrPECCHs]
HAYHETCS C ¥, U OyJIEeT COCTOSTh U3 Yuces Y + k + @;11, MEHBIINX Q;12. UTOOBI HAWTH BCE 9T YUCJA U UX
KOJIMYECTBO MOXKHO IIPOCTO TIOJIEUTh JIIMHBI COOTBETCTBYIOIINX OTPE3KOB HAIEJIO Ha G;t1. TakuMm obpa-
30M, TIOCJIETHEE UUCJIO MM, He TMPEBBINAaolee b, 1 COOTBETCTBYIOINEE 3HAUEHNE X SBJIAIOTCS OTBETOM HA
32189y,

Jlist pertienust mocsie iHel TPYIITBI MOYKHO 3aMETUTh, UTO He 00sI3aTENbHO PENlaTh HE3aBUCUMO 3a,/1a9y
JUIsl Pa3HbIX bj, a JOCTATOYHO HANTH JIBOMYHBIM IIOMCKOM HOCTIeHee a; < bj, U IOCMOTPETh Ha COOTBET-
CTBYIOIIYIO apUPMETUIECKYIO TIPOTPECCUIO0 U3 3HAYECHUN 1N .
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Pa36op 3apgaun «lnakatbi»
Aesmop sadavu: Aaexcetli Toacmuros

B nepgoit nogzagade MOXKHO IIpOCTO nepebpaTh, KTO U3 JIpy3eil IMOJHUMET ILIaKAThl, JJIs KazKI0ro
BapHUaHTa IIPOBEPUTH, UTO HET TPEX MOMHATHIX IMOJPS IJIAKATOB, U IOCYUTATH CyMMAPHYIO KPACOIHOCTH
HOJIHATBIX TIAKATOB. Bpemsi paborel pemtenust O (2" - n).

Bo BTOpoii moazasate MOXKHO peajn30BaTh TOT YK€ aJTOPUTM, HO IIOBTOPUTD €I'0 ¢ Pas, MOC/Ie KazKI0To
n3mMenenusi. Bpemsi paborsr O(2" - ng).

Tperbst m deTBepTasi MOA3aa4a PEHIAIOTCS C IMOMOIIBLIO JUHAMUYECKOIO IIPOrpaMMUPOBaHUs. 3aMe-
THM, 9TO Ipy3bsd 1, 2, 3 1 4 He MOTYT OJHOBPEMEHHO MOAHSTE IIakaT. IlepebepéM, KTO N3 HUX HE ITOHSLI
IJIaKaT, ¥ EePeCTaBUM €ro M JApy3eil, KOTopble WJyT J0 Hero, B KoHel| HyMepanuu. Tenepb crosimuii 1mo-
CJIEJIHUM JPYT HE MOJHSII IJIAKAT, TIO3TOMY U3 331491 Ha OKPY?KHOCTU MBI MTOJIYIUJIN 33149y Ha IPSIMOI.
HUcnonb3yeM Jist €€ pelenusi IMHAMIYECKOe IPOrpaMMUpoBanue: 0003HaInM Kak dp(i|[j] MakcuMasbyto
CyMMApHYIO KPACOYHOCTD IJIAKATOB, MOJHATHIX MIEPBLIMU { APY3bsAMH, IPUIEM MOC/IEIHIE j U3 HUX IO/
msm wiakar (0 < 7 < 3). Torma dpli][0] = max(dp[i — 1][0], dp[i — 1][1], dp[i — 1][2],dp[i — 1][3]), a mus
J > 0 Bemosneno dpli|[j] = dpli — 1][j — 1] + a;.

B pemenun TpeTheii mogzaaum 3amycTuM 3TOT aaropuT™ ¢ + 1 pas, it HadaabHOl MOZUIUK U MTOCTIe
KasKJIoro U3MeHeHus1, Hosiyuus perterne 3a O(nq). B uerBepToii no3a/1a4e 0J[1MH 3aIlyCK 3TOrO aJlOPUTMA
pabotaer 3a O(n).

HaKOHeH’ JJIgl TIOJIHOT'O DeIlleHud 3a a9n HeO6XO‘ZLI/IMO HaY4IUTHCA U3MEHATH BEJINYUHY KPaCOYHOCTDH
IJIAKATOB U TIepecunThiBaTh 3uadenust dpli][j]. [lorpebyercs dyTh GoJsiee CII0KHASI KOHCTPYKIIUST: TOCTPO-
UM JIEpEBO OTPE3KOB Ha MHJIEKcax oT 1 110 n. B y3ie, cooTBeTcTByIONEeM 0Tpe3Ky oT [ 710 1 OyjieM XpaHuTh
marpuily 4 X 4: best[a][b] paBHO MakCUMaJIBLHON CyMMApHON KPACOYHOCTH ILJIAKATOB, MOJHSATHIX JIPY3bsi-
MU, ¢ HOMepaMu OT [ JIo 7, B HadaJe a CTOAIINX HOAPSJ JIpy3eil IIOIHAIN IJIaKaT, a B KOHIE — b MOIpsI
crodmnux apyseit. Torga odObeuHeHne IBYX COCEIHUX OTPE3KOB IMPOUCXOINUT IO AJTOPUTMY, AHAJIOTUIHO-
My Hepecdyéry 3HauYeHHH IMHAMHYECKOTO MPOrPAMMHUPOBAHUS B OJHON M3 IpeabLLyInuX 3aga4. Vsmenss
3HAYEHKMe KPACOYHOCTH i-I0 IIakarTa, Ham Heobxomaumo nepecuntarb O(logn) 3HavdeHnil B y3aax Ha IyTH
K JIUCTY, COOTBETCTBYIONIEMY OTPE3KY OT i JIO i.

Bpewmst paborsl nosryuusierocs peienus ectb O(n+qlogn), HAOCIE0K OTMETHM, YTO, HECMOTDSI Ha
HeBOJIbIIHE 110 MEPKaM ITI0JIy IMBIIEHCS aCAMIITOTHKY OTPAHMYEHNUs], IEPECIET 3HAYECHH B Y3JI€ JepeBa OT-
PE3KOB IMOJIYyIUJICA JJOBOJIBHO pr,HOéMKI/H\/L IIO9TOMY KOHCTaHTa, CIIpATaHHasA B O JOBOJIBHO BE€JIMKa, 1 JIJIA
TOTO, YTOOBI YJIOXKUTHCS B OTPAHUYEHNE 110 BPEMEHH, HEOOXOAMMA JTOCTATOIHO aKKypaTHAs PeaTu3aliysl.
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