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3apava T purbkwu

g nopzanad 2 u 4, vae ||S|| = 3, C' = 1, nousrtHo, 4o 1 crpoku S orBer Gyzer 1, ecan
cpeau TpubOOK ecTh cTpoka S, u 0, eciu cpeiu TpHOOK HET CTPOKH S.

Jlns nogzagadn 2 s Kaxkoro ciaosa S B crimcke bobbl MoxKHO nepedparb Bce N TpubOOK
U TPOBEPHTH, COBIAJALT Ji Kakag-To ¢ S. D10 Oymer paborars 3a O(N - @), 4ro mpoiiger sty
0/133,/1a9Y.

OHako Takoe perrenye He mpoiiaer mo BpeMenn ais noasagaqan 4. [losromy aist permenust 3Toii
II0/33/Ia4YN COXPAHUM BCe TPUOKU B MHOXKECTBE (,ZLJIH sa3bika C+-+ 3T0 Oyaer std::set, nns Python
— set), U I KaxK7I0i CTPOKHU S MOXKeM OBICTPO TPOBEPSTH e HAJIHYHNE CPEIN BCeX TPHOOK. DTO
Oyzner paborars 3a O((N + Q) - log(N)).

s nopzamaa 3 u 5, rae ||S|| = 3, MeHsiercst TOJIBKO TO, 9TO €CJIU CTPOKA S €CTh Cpeu
TpuOOK, TO BMECTO €IWHWIILI OTBETOM OyIeT coorBercTByMOIIee 3Hadenne C. Jlas mogzamaqanm 3
MOZKHO JIeJIaTh aHAJIOTMYIHO Toj3a1ade 2, u 31o Oyaer padborars 3a O(N - Q).

Jlng moa3amadn 5 Mo CpaBHEHUIO ¢ Toa3adadeiil 4 MeHsaeTcs TOJBKO TO, UTO BCe TPHOKH OyIemM
XPaHUTh HE B MHOXKECTBE, a B CJI0Bape, e K4 — TPUOKa, a 3HAYeHHe — 9TO KOJUIECTBO TPUOOK
naunoro Buga (st sisika C+-+ 9ro Oyaer std::map, ans Python — dict). 9ro 6yaer paborars 3a
O((N + Q) - log(N).

Jlmg ocTanbHBIX MOA3ajad JJIMHA CTPOKH S MOxKeT ObITh Oosbiie 3. [loaTomy, aas KaxKkmoit
crpoku S HaiizeM Bce HeOOXOAUMBIE Il HEro TpUOKU (MOJCTPOKH JJIMHBL 3) ¢ YUETOM KOJIUIE-
cTBa MX BXOXKeHus. Tak, g crpoku abaaba Heobxomumbl 2 Tpubku aba, omaa Tpubka baa un
onna Tpubka aab. Paccmorpum kakyo-auby/b TpuOKy, HEOOXOIUMYIO JJIsT MOCTPOEHUs CTPOKU S.
[Tycts mutst mocTpoenust cioBa HeoOXoauMo K Takux TpubOK, a Bcero ecth C' Takux Tpubok. Torma
HEBO3MOXKHO coOpaTh DoJIee 1emM L%J CJIOB, TaK KaK B HHOM CJIy4ae TPUOOK JIJI COCTABICHU CJIOB
IPOCTO He XBATHUT. 3HAYHUT, OTBETOM Oy/JeT MUHHMAJIbHOE W3 3HAYEHUit L%j IO BCeM TpHOKaM,
KOTOPbIe HEOOXOIAMMBI JIJIsi COCTABJICHUsI CTPOKHU S.

Jlns momsagad 6 u 7 MOXKHO JIJIst KaxK0i TpuOKHU, HEOOXOAUMOIt /111 S, HCKATh €€ KOJIMIeCTBO,
Kak B mojzagadax 2 u 4, u aro 6yger padorars 3a O(N - > (||S]])).

Jna mopzamadn 8 OymeM s Kaxk10it TpuOKU, He0OX0aAuMOil 11 S, HCKATh €€ KOJHYIeCTBO,
KaK B IIO/[33j1a4Ue H, 3apaHee COXpaHUB Bce TpUOKU B MHOXKecTBe. Takoe pernerue Oyaer paboTaThb

sa O((N + 22(I[S1)) - log(N))-

3apaya Nepapxus

SamMerum, 4TO Mepapxusi 00pa3yeT JIepeBO, B KOTOpOe J00aBHJIM JIOIOJHUATEIbHBIE pedpa, u
3a/1a9a CBOJUTCS K BapUAIUH MMOUCKA HAMMEHBIIEro OOIIEero Mpe/iKa ABYX BEePINUH.

st mepBBIX ABYX TMOA3a7a4 y Kayk10il BEPITHHBI He 00Jiee OJHOTO MOTOMKA, MOITOMY MOJIY-
quBIIniica rpad HA caMoM Jele — JIMHHSA, TPHIEM pa3Mep rpada He TpeBocXomauT 61 BepIIuHbBI
1018 < 259 y3-3a wero mafiTh HyZKHBIH DYTH MOXKHO JIIOOBLIM YIOOHBIM CIOCOGOM.

B caepyromux nos3ajadax HyKHO HAYYUTHCS HAXOAUTH HAMMEHBIIErO OOIIEro MPeJKa JIBYX
(HOII) Bepumn B rpade. [TockoabKy rpad MozkeT 6bITh JOCTATOYHO OOIBIIAM, SIBHO CIUTATD JIJIsT
Bcero rpacda HOII we monyunrcs. 3amernm, 910 HOMEP KayKJI0TO COTPYIHUKA MOYKHO TIPEICTA-
BUTH B k-uuHoii cucteMe cunciaennsd u HOII 1Byx coTpyTHHKOB — COTPY/JIHUK ¢ HOMEPOM, PABHBIM
HanOoJbIeMy obmemy mpedukcey. [Ipu 3ToM 3aMecTuTeN b PYKOBOJUTENIS MOYXKET COKPATUTH -
CTAHNUIO HA 1 B TOM cJIydae, eCU OJMH U3 COTPYIHUKOB JIMOO ABJISETCS 3aMECTUTETeM OOIIero
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pYKOBOAmTE ST U0 SBJSIETCsT OMHUM U3 (HeoOA3aTebHO HeMOCPEeJICTBEHHbBIX) MOMIHHEHHBIX 3a-
MECTHTEe.

3a,ﬂ|a‘-|a VIHHOKQHTI/II7|, JIOK N TPEeYyroJibHNKwu

JIis TOro, 9T00bI TPEYTOJbLHAK HOJHOCTBIO MOMECTHJICA B OKPYZKHOCTD, JOCTATOYHO, YTOOLI
6O0JIbIIAs CTOPOHA HE MPEBOCXOIWIA JUAMETD OKPYKHOCTH. DTO BEPHO, IMOCKOJIBLKY F€OMeTpUYe-
CKOe MEeCTO TOYeK BepUIMH TPeyrOJIbHUKOB, HAXOAAIIUXCS HAIPOTHB 0OJblIeil CTOPOHbl — KpyT
JIMAMETPOM ¢ OOJIBIITYIO CTOPOHY, IPH 3TOM CaMa OKPY?KHOCTh — I€OMEeTPUYECKOe MECTO TOYEK
BEPIINH IPAMOYTOIBLHBIX TPEYTOJbHUKOB.

Jlyist pelenns mepBBIX ABYX HOJ3a/a9 sIBHO IepebepeM Bce 3 CTOPOHBI TPEYTOJIbHUKA.

JI1s1 pemenns TpeTheil Hoa3a1a91 3aMeTHM, 9TO OOJIbIIAasg CTOPOHA, ¢ 3ABHCUT OT IBYX MEHBIINX
cropon a u b kak [Va?+ b?] < ¢ < a+ b, a, 3HAYUT, KOJUYECTBO MOKHO IIOCUUTATH, KAK CYMMY

2.R 2R
nmoawnb: ZZmin@-R—i—l,a—i—b)— [Va? 4+ b?].
a=1 b=a

st perenust noc/ieiHe# moArpyIiibl 3AMEeTUM, YTO CTOPOHA @ HE ITPEBOCXO/UT \/ZQ)R, a b e

npesocxomuT |V4 - R? — a?]. Takxe 3navenus [v/a? + b%] MOXKHO mepecunTHIBATD, EPEXO/s OT b
K b+ 1, uTo OBICTpee M3BJIeYeHUST KOPHSI.

33.5.3‘48 Pa3—KJ'|a|D|yLL|Ka, ABa-KJlayLllKa,
TPpN-KJaaayLwlKa...

Byzaem paccMaTpuBarh Kazkayl0 YKJIAIKy, KaK HepecTaHoBKYy duces or 1 g0 N B nopsike
cJieIoBaHust SKpaHOB (p[i] — mo3uist i-ro sKpaHa, HyMepoBaTh MO3UINK OyIeM CBepXy, HAUMHASI
C eJIMHUIIBI ).

Hampumep, BOT TaKyIo YKJIAJIKy MOKHO PACCMATPUBATh, Kak mepectanosku |2, 3, 1, 4| uiu [4,
1, 3, 2|, B 3aBHCUMOCTH OT TOTO, ¢ KAKOIO Kpasl YKJIaJKH HATHHAT:

Ecyin Mbl oBepueM a1y ykjaajiKy Ha 180 rpa/iycoB, TO HOJIYyYUM TAKYIO MPOEKIUIO:

Omna 3ajaercst nepectranokamvu [1, 4, 2, 3| u [3, 2, 4, 1].

To ecTh KaxKIylo YKIAJKy, KOTOpas He HMeeT BepTUKAILHOII CHMMETPHHU, MBI MOXKEM 3a1aTh
4eThIPbMs ePeCTaHOBKAMH.

Ecan ykiaaaka umeer BepTukasibHyto cumverpuio (plil = N —p[N —i—1]+1,i=0... N —1),
MBI MOYKEM 3aJaTh €€ TOJIbKO JABYMS IePeCTAHOBKAMMU.

Hampumep, BOT Takyio yKJIaJKy Mbl MOXKEM 3aJIaTh TOJbKO, Kak |1, 2, 3, 4| u [4, 3, 2, 1]:
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Ternepb HAM HYKHO OTCeYb HEPECTAHOBKH, KOTOpPbIE UMEIOT IiepeceveHus Jaunuii cruda. [lis
9TOr0 HY’KHO PACCMOTPeTD Iaphl MepexojioB ¢ pli| Ha p[i + 1] oTmesbHO /I YeTHBIX U HEYETHBIX
i, TAK KaK JIMHUU Cruba I00YePeHO HAXOAATCH TO ClpaBa, TO CJeBa.

Urak, paccmorpum nepexosst ¢ pli| va pli+ 1] u ¢ p[j] na p[j+1] (v ¢ u j coBnagaer 4eTHOCTS ).
Tax kak JuHuE cruda MOXKHO paccMaTpuBaTh 6€3 ydeTa WX HAIpaBJIeHUs, TO 0€3 OrpaHUYEHUs
oburrocTn Oyaem cuamrtarh, 9o pli] < pli + 1], p[j] < p[j + 1], pli] < plj]- Ecau B Takom ciaywae
okazkercs, ato plj| < p[i + 1], To a10 GyzeT o3HAYATE, UTO JUHUU Cruba MEePECeKAITCS U TAKYIO
[epecTAaHOBKY HEOOXOIMMO OTCEUb.

[Tycts P — KOJIMYECTBO IEpecTaHOBOK 0e3 mepecedenuii Juauil cruda, u3 HuX S — KOJIUIECTBO
IIePeCTAHOBOK € BepTHKaIbHOIT cummverpueit. Torma orserom Gyner (P — S)/4 4+ S/2.

Ecin nepeGuparh Bce NMepecTaHOBKM M KayKIyI0 NMPOBEPATH Ha Nepecedenns JUHU crubda 3a
O(N?), To uroroag acumnToruka pemenus oygzer O(N!- N?).

YTo6bl ycrmerh mocuuTaTh oTBeT JAid N = 14 B Teuenme Typa, HEOOXOAUMO OBLIO ONTHMHU-
3upoBarh nepebop. Byaem cTpouTh nepectaHoBKY PeKypPCHBHO, Cpa3y OTCeKas Te€ BETKH, IJIe Mbl
BCTPETHJIN TlepeceKarmuecsd JuHun cruba. OUeHnTh aCMMITOTHKY PElleHns O0C/Ie TAaKOH ONTHMU-
3aIUK JTOBOJIHHO CJIOKHO, CKaykKeM TOJIhKO, 9TO aBTOPCKOe pentenne cauraer orer aas N = 14 3a
7 cexyn. Ilpeamnocunras orBersl 1 Bcex N or 2 10 14, MOXKHO OBLIO UX COXPAHUTH U BBIBOIUTH
32 KOHCTAHTHOE BPEMS.

3apava DdbemepHbii cag

s pemenns noazagaun 2 nepebepem Bce N! mepecTaHoBOK IIBETKOB, B KAKOM HOPSIIKE XOTHM
ux copBarh. J1st KazK/10ii mepecTaHOBKU CIUTAEM HJIEM 110 IIBETKAM B IIOPSIJKE B IEPECTAHOBKE, /I
KayKJIOr0 BBIYKC/ISIEM MUHUMAJIbHOE BPEMs, B KOTOPOE MOYKEM ero copBaTh. ECan OKa3hIBAeTCH,
9TO KaKO-TO I[BETOK COPBAaTh HE yCIIeeM, TO JAJIbIe MOKeM He uaTh. MakcnMaabHOe KOJTUIECTBO
COPBAHHBIX IBETKOB 110 BCEM IE€PECTAHOBKAM U OYIET OTBETOM.

JIs1 perenust moa3aaadu 3 OygeM pemarh 3a1ady JUHAMUKON mo mojMackam: dpmask|[last]
— MHUHUMAJIbHBIIT MOMEHT BPEMEeHH, K KOTOPOMY MOXKHO COPBATh BCE IBETKH W3 MACKH Mask
TaK, 9TOOBI MOC/IeHII COPBaHHBI 1IBeTOK ObLT [ast. OTBeToM OyeT MakCHMabHOE Takoe k, 9TO
cymiecTByerT Macka mask, cocrosias w3 k exuHUI u nocaeauii ierok last, aro dp[mask|[last]
CYIIIECTBYET.

Jlng pemenns moa3agadn 4 3aMeTHM, YTO MAaKCHMAJIbHBI MOMEHT BpeMeHH, KOIJIA MOXKeM
B34Thb IBETOK, paBeH 3 + 5 — 1 = 7. D10 03HAYAET 9TO MOCTE MOMEHTA 7 XOJbl IIyTeIeCTBeHHUKA
HUKAK He IMOBJIUSIOT Ha OTBET. 3aMEeTUM, 9TO B KayK/Iblii MOMEHT BPEMEHH Y HEro eCTh H BAPUAHTOB
X0J0B. MozKeM CumTaTh, 9TO MyTENIECTBEHHNK HAYMHAET B MOMEHT BPeMeHU 1, U OH HAUYMHAET B
TOYKE, B KOTOPOIi eCcTh Win OyIeT IBeTOK (Tak Kak jazke ecan d; > 1, ToO OH MOXKeT BHAYATIE CTOATh
Ha mecte). [TosToMy TpOCTO mepeGepeM BCeBO3MOXKHBIE HAYAJA Iy TENIECTBEHHUKA, U BCEBO3MOK-
Hble BApUAHTBHI CJeaaTh 6 XOJ0B ¢ MOMEHTA BpeMeHH 1 JI0 MOMEHTa BpeMeHU 0 BKJIFOYUTEIbHO.
KosnndecTBo myTeii, KOTopble HaJjI0 mepebparh, He npesbimaer 50 * 5 < 10°

Jlast perrennst moa3agadn b 3aMeTHM, YTO IIBETKH MOYKEM CPBIBATH TOJBKO B MOPSIKE BO3pac-
Tauusa d;. 1loaToMy yHmopsiiounM HBETKH B HOPSIKe Bo3pacTaHusd d; U OyaeM CUNTATh JUHAMUKY
dpli] — MakcuMaIbHOE KOJHYECTBO IBETKOB, KOTOPBIE MOXKHO COPBATh, €CJIM TOCIEHUNA COPBAH-
HBIii TIBETOK uMeeT HoMep i. OTBeT — MaKCuMaabHOe u3 Beex dplil.

Jlnst peritenusi 6-0if 1m0/13a/a491M KazK/ bl IBETOK € 1; = 2 pas3jeuM Ha 2 [BeTKa ¢ BpeMeHaMu
nosiiternst d; u d; + 1. Yopsijounm 1moJty duBIIHecs: BETKH U Takke cauraeM dp[i]. Orinane co-
CTOWT B TOM, YTO TPH BhIUuCIeHUn dp[i] He yanThiBaeM dp[j], ecim 1BeTKaM 4, j mocJjie pas3ieieHnst
COOTBETCTBOBAJI OJIUH M TOT 7K€ IMBETOK JI0 Pa3/ieJIeHHA. DTO HYKHO, YTOOBI OJIMH U TOT Ke I[BETOK
HE YIeCTb JBAYKJIbI.

Jlnst perernst noa3agadn 7 yzKe He MOZKEM IIPOCTO UCIOIb30BATh MPEIbIAYILYI0 UL, TaK KaK
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JINHAMMKA MOXKET IOCYHTATh CPLIB OJHOIO IBETKA JIBAZKIBI, JIazKe eCJU MEeKJY HUMHU OBLI CPBIB
JIPYTOro TBETKa (HAIPUMED, COPBaIU 1BETOK 1 ¢ t; = 3 B MOMEHT BpeMeHH di, Ha CJIeIyIONuii
MOMEHT BPEMEHHU HEPelLId B COCEJHIOI TOYKY M COPBAIM LBETOK 2, B MOMEHT Bpemenu di + 1,
a Jlajiee BEPHYJINCh K IBETKY 1 B MOMeHT BpemeHu dy + 2, 4ro He npeBocxomut di + t; — 1).
[Tosromy pemnarh 3amady Gyaem apyroii nuaamukoii: dplent][last2][lastl] — murnMaIBLHOE BpeMst, K
KOTOPOMY MOYKeM COpBaTh cnt IBETKOB, MPEITNOCIeIHNI COPBAHHBIN IBETOK ObLI [ast2, mocseHnii
copBauublii — last] (npu cnt = 1 3nauenne last2 moxker GbITD J06bIM) [lepecuurbiBaeM B HOPSIIKE
BospacTtanus cnt, depe3 dp[ent — 1|[last3][last2], mo Bcem last3 Takum, uto last3 He paBHO lastl
u He paBHO last2. OTBeToMm Oymer MakCHMaJIbHOE Takoe cnt, 910 cymecTByioT last2 u lastl, s
KoropeixX dplent][last2][lastl] cymecTByer.

Jlist permenus nojzagadan 8 MOYKEM BMECTO JIBYX MOCJEIHUX COPBAHHBIX IIBETKOB XPAHUTh 3, TO
eCTh XpaHUTDb TaKyto quHamuKy: dplent][last3][last2][lastl]. OmHAKO MOXKHO 3aMETUTH, YTO JHHA-
MHUKa JIJTs TOI3a0a91 7 TaK:Ke JTOMKHA MIPOXOINTh U moa3ana4dy 8. JleiicTBUTe/bHO, € INHCTBeHHAS
Ka3a/10Ch Obl BO3MOXKHas Po0JIeMa — TO, 4TO OJMH M TOT K€ [[BETOK Mbl MOXKEM YYECTb JIBAZKIBI.
To ecrb, npu nepecuere dplent|[last2][lastl] gepes dp|ent — 1][last3][last2] nonyannn, 9ro nBeTOK
lastl 6pL1 TOCemen aBakabl. Tak kak t; < 4, TO BO3MOXKEH JIUIb Takoit nmyTh: lastl — lastd —
last2 — last], upudeM KazK/blii IIepexo/] OT IBETKA K IBETKY 3aHUMa ] 1 eauHuIly Bpemenu. Toraa
pacKpacuM TOYKH IIOJI B IMAXMATHOM IOPAIKE, M KaxKIblil IIepexo] B COCEJIHIOI TOUYKY MEHSLI
uper. To ecrb uBerku lastl u last3 crodr Ha TOYKAX Pa3HBLIX IBETOB, TaKxKe TOYKU lastd u last2
u touku last2 u last. Ho Tak Kak 1BETOB BCEro 2 — JlaHHas CUTYalldsl HEBO3MOYKHA. SHAYUT, TIPU
TAKOW JMHAMUKE Mbl HE YITEM OJUH U TOT YK€ I[BETOK JBAZK/IbI.

Jng pemenns mojzamadn 9 XpaHHTb SBHO IOCTegHHEe 4 COPBAHHBIX IBETKA B JIMHAMUKE
dp[ent][lastd][last3][last2][last]l] HEBOBMOXKHO M3-3a OTPAHUYEHUIT IO BpeMEHH U maMsTH. [losromy
BO3MOZKHBI JIBA [OJIXO/IA:

1. HesaBHO XpaHUTDH TaKyiO JUHAMHUKY M PEKYPCUBHO MEPECUNTHIBATD.
2. Ncnoaw3oBarh APYTyIO WALIO JJIST TUHAMUAKH.

JI1s1 BTOPOro MoAXo/a 3aMeTHM, 9TO JJld TOro, 9T00bl n30eKaTh C/JIydas IIOBTOPHOIO CPbIBA, IBET-
Ka, BMECTO XpaHeHHsl MH(POPMAIUU O HECKOJIBKUX MOCJEJIHUX COPBAHHBIX IBETKAX MOYKEM JIHIIb
XpaHuTh WHGPOPMAIHIO O TIOCIeTHEM COPBAHHOM IIBETKe U O TOCAeIHIX X0AaX. XOIbl XPAHUTh BhI-
rojHee, TaKk KaK BAPHAHTOB XOJIOB BCEro 5, KOIJa KOJMYECTBO IBETKOB MoxKeT jgocTurarh 50. Tak
Kak t; < 5, TO J0CTATOYHO JIMIIL XPAHUTH HHMOPMAIUIO 0 TMocae HuX 4 xomax. IToaToMmy MozKeM
HCIO/IB30BaTh JuHAMUKY: dp[ent][last][mask,opes] — MUHHMAIBHOE BpeMsi K KOTOPOMY MOZXKeM
copBaTh cnt NBETKOB, IMOC/AEJHUI COPBAHHBINA IBETOK nMeeT HOMeD [ast, & Mask,,opes XPAHUT T10-
caeanue 4 Xoaa M MOYKeT MPUHAMATH OqHO0 n3 5* 3madennii. OTBeToM OyIeT TaKoe MaKCHMATLHOE
Takoe cnt, 9To cyrmectByeT last U maskopes, 9TO cymectByer dplent|[last][maskmopes]-

3apaya CoBeT HeTtbipéx balueH

JIng pellleHMd MOJ3aJa4ud 2 MOXKHO JIJIg KazKJIOTO Mara ¢ OIpeJeJUTb, ABJdeTcd JIU OH bec-
IEePCIEeKTUBHBIM MM HeT. [T 3TOro J0CTaTouHO mepebpaTh BCEX OCTAJLHBIX MATOB j # 4, H
HPOBEPUTH, 3AHSJI JIL Mar j Jiydlllee MeCTO B KarK/JIOM UCIIbITAHUU, YeM Mar f.

Pemenue Gyaer paGorars 3a O(N?), uro Gy1eT IpOXOJAUTH Ty MOA3a/1a4y.

JLns pertenus nojiza aun 3 3aMeTHM, YTO MTPU 33JaHHBIX OTPAHUYEHUSAX MOXKHO CUYUTATH, 4TO
ecTh BCero 2 cruxuu (coorsercTBytomue ¢; u d;) JIas 9TOro mepeynopsaaounM BCeX MaroB Tak,
4TOOBI 3HAUCHHUS ¢; LA 0 BO3PACTAHUIO. i-BIil Mar Oy/IeT GeclepCIeKTUBHBIM, €CJIH €CTh TAKOi Mar
J, aro j < i u d; < d;. Taxoit mar Gyzer cymecrBoBars, ecau d; > min(dy, ds, . .., d;—1). Ocraercs
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HPOMTUCH IO BO3PACTAHUIO ¢, HAa KayKJIOM IIare IIPOBEPATHb MPEJIbIIyIee yCJIOBHE W OOHOBJISTH
MUHIMY M.

Pemenue 6yer paborars 3a O(N - log(N)) uwiun O(N) B 3aBUCUMOCTH OT DeaIU3AIHN.

s pertenus nojzajadn 4 3aMeTUM, YTO IIPU 33/JaHHBIX OI'PAHUYEHHUAX MOXKHO CUUTATDH, YTO
ecTh Bcero 3 cruxuu (coorBercrBytonme b;, ¢; u d;). ljist 37010 nepeymnopsijiodanM Beex MaroB Tak,
9TOOBI yrKe 3HaYeHus b; MM 10 BO3pACTAHUIO. I-bIif Mar OyaeT OecrliepcrneKTHBHBIM, eCJId eCcTh
Takoit Mar j, 4ro j < 1, ¢; < ¢; u dj < d;. I[lomyuaaercd, 4To monagobuTcd CTPYKTypa JaHHBIX,
KOTOpasi yMeeT ObICTPO BLIMOJTHSATH 3TU JBa TUIA OIEePAIHii:

1. Hob6asagars napy (c;,d;) B ctpykrypy, (1 < ¢;,d; < N)

2. Jlna napet (2, y) onpejeuTs, CyIeCTBYeT Jui XOTh 0JHA y2kKe jJobasiennas uapa (c;, d;), 4o
r<guy<d;, (1<z,y<N)

Hasosewm jjist BTOporo tuma onepaiuu napy (z,y) naoxod, ecau 6yaer cyecTBOBATh MOIXO/sIIAs
napa u xopowel B MPOTUBHOM CJIydae. 3aMeTuM, 9TO I JIF0O0TO X W Y BEPHO, 9TO €CIU mapa
(x,y) — mnoxag, To u napa (z,y+ 1) — mwioxaga. Takxke, ecaun g napst (z,y + 1) — Xopormasi, T0
u mapa (x,y) Gyger xopoieil. ITo 03HAYAET, YTO JJIsl JHOOOr0 T CYMECTBYET TAKOE YUCJIO Sy, U4TO
Juist Jiroboro y < S, napa (x,y) asisiercsd xopouieii, a jyis Jwboro y > S, uapa (x,y) asisercs
1j10x0il. BHauasie, Korjia B CrpyKType HeT HU OJHOM napbl, jir0bas napa (x,y) saBjsiercs Xopolei,
sHavnT, S, = N s awo6oro x. PacemorpuM, arto npounsoitger ¢ S npu mobasienun napsi (¢, d;).

BamernM, 910 i & < ¢; J00aBIeHHAs Tapa HUKAK He IMOBJINIeT Ha TO, Oy/IeT Ji Iapa XOpoIeii
win Het, u S; ocramercs npexuuMm. s x > ¢; mapa (¢;,d;) 6yger noaxongmeii, ecin d; < y.
[Mostomy S, mensercsa uwa min(S,,d;). ns Toro, 41066l MpOBEpUTH, ABJAsIeTCA U Hapa (T,Yy)
XOpOIIIeif, JOCTATOYHO HPOBEPUTH, BBIMOJHSETCS Jd, 910 Y < S,. st OBICTPOro BBIIOJIHEHHS
TUX ollepaluii mo/10ii1eT 1epeBo 0Tpe3KoB Jinbo aepeBo PeHBuKa.

Pemenne Gyger paborars 3a O(N - log(N)).

g perenns moa3aaadn H i KazK0r0 Mara ¢ BHIYUCIUM TPU 3HAYEHUS:

1. num; — womep ucnbitanusi (o1 1 10 4), B KOTOPOM Mar ¢ 3aHsI APYroe MecTo OT JAPYTUX
Tpex ucnblTanuii. Ecam Mar 3aHsT 0JMHAKOBOE MECTO BO BCEX YeThIPeX HCIBITAHUAX, TO Oe3
OTPAHWYEHUs OOIMHOCTU MOYKEM CYUTATH, YTO ITO MEPBOE UCILITAHUE.

2. V; — mecTo, KOTOpPOE OH 3aHST B 3TOM HCIITBITAHUH.
3. T; — MecTO, KOTOpOe OH 3aHsJI B KazKJIOM U3 TPEeX JPYI'MX UCIbITAHUIX.

PaccMorpuM MaroB ¢ u j, W BBIICHUM, KOTJIa Mar j MOKa3aJs JydIIee MecTO, YeM Mar ¢ B KaxKJIOM
13 deTeipex ucnbltanuit. Ecam num; = num;, To He0OX0AUMO 1 JIOCTATOYHO, YTOOBI BBHIIOIHAIOCH
T; < T; m'V; < V; Ecam ke num,; # num;, To HeOOXOIUMO U JIOCTATOYHO, YTOOBI BBIMOTHAIOCH
V;, < T, T; < ViuT; <T,. Ilepemmmenm B 310oM ciaydae ycaosust va 1, Vi T; < min(V;, T;),
V; < T;. Bocmosbsyemcsa CTpyKTypoil JaHHBIX M3 moj3afadn 4. bymem XpaHUTb 4YeThIpe Takue
CTPYKTYPHI, k-as Oyaer xpauuth mapsl (1;,V;) mag Tex maros i, aro num; = k. UTo0Ob mpoBe-
PUTH, ABISIETCS JI PACCMATPUBAEMBIH Mar ¢ OeCIIePCIeKTUBHBIM, JTOCTATOYHO JIJI CTPYKTYPbI IO/
HOMEPOM Num; BBISCHUTD, siBisiercst jin napa (73, V;) xoporreii, a 1jsi OCTaJIbHBIX TPEX CTPYK-
TYD BBISICHUT, siBisiercst jiu napa (min(V;, T;),T;) xopomeit. Ecin xoTh pa3 n3 deTsipex mnapa
OKayKeTCs IIJIOXOi, TO Mar ABJseTCs OeCIepCIeKTHBHBIM.

Pemenue 6yer paborars 3a O(N - log(N)).

JLJ1s1 TOJTHOTO pellleHrns BHAYAJIE IEPEYIIOPSI0IUM BCEX MAIOB TaK, YTOObI Y2Ke 3HAYCHUsI (; IILTH
10 BO3PACTAHUIO. i-blif Mar Oyjer OeclepcleKTUBHBIM, €C/IM ecTh Takoit Mar j, uto j < i, b; < b;,




Bcecnbupckas oTkpbiTas onMMnnaaa WKOALHUKOB MO MHOPMaTUKe
3akntounTenbHelii 3Tan, 22 despansa 2026 r., pasbop 3aaay

c; < ¢ udj <d;. 3agady OyJeM pellaTb MeTOIOM «pasjlesdil u BaacTByit». [1a Kazkjgoro mMara i
OymeM IO//IepYKIBATD, HAILIN JIU TAKOTO Mara j, n3-3a KOTOPOTO Mar ¢ cTaj OecrmepCrneKTHBHBIM.
[Iycrb MBI XOTHM pelIuTh 3a/ia4y Jijid OTpe3Ka ¢ Mara ¢ 1o mMar j. Ecjiu ¢ = j, 10 Ha oTpe3Ke Bcero
OJIMH Mar, ¥ HU9Iero He HaJ10 Jesarh. K ¢ < j, To pa300beM Ha JIBa OTPe3Ka: 0T Mara ¢ J0 Mara k u
ot mara k-+1 10 mara j TakuMm 00pa30M, 9YTO KOJIUIECTBA MAroB B 9THX JIBYX OTPE3KOB OTIMYAIOTCS
He Oojiee wem Ha 1. JIjs KarKa0ro m3 JABYX OTPE3KOB 3aJa4y PENUM PeKYypPCHBHO. 3aMETUM, UTO
Ha MEePCHeKTUBHOCTb MaroB W3 JIeBOTO OTpe3Ka He MOIYT MOBJIUSATH Marw W3 MPaBOrO OTPe3Ka,
TaK KaK B MEPBOM HCIBITAHUM Y MAroB W3 JIEBOTO OTpe3Ka Jiydrrne MecTa. Jlamee 11 KazxKIoro
Mara M3 IIPaBoro OTpPe3Ka HaiijieM, eCTh JIM Mal U3 JIEBOIO OTPEe3Ka, KOTOPBI JieJlaeT TOI'0 Mara
GecrepCcneKTHBHBIM. 3aBejieM CTPYKTYDY U3 noa3anadn 4, B Koropoii 6yem Xpanuth napsi (¢;, d;).
YT00bI NpaBUJILHO YYNTHIBATH 3HAUEHUs b;, OyJIeM HITH JIByMs YKa3aTe/JIIMU 10 MaraM u3 JIeBOTO
U IPaBOro OTPe3KOB. /L1 MeTosa NBYX yKa3zareseil HeoOX0IUMO, YTOOBI JIEBBIl U TIPABbIil OTPE3KH
OBLTN YHOPSITOYEHDbI MO BO3PACTAHUIO b;, YTO JOCTUTAETCS 3a CUYeT TOTO, UTO MOCJe BBIYUCTeHU
Mbl MEDPJIZKMM JIEBBIH 1 1IpaBblil 0Tpe3ku (Kak 1pu COpTUPOBKe ciausgHueM). Hecmorpst Ha 10, 4T0
MBI MEHSIeM MeCTaMH MaroB, yCJIOBHE Ha a; Oy/JeT TaKzKe KOPPEKTHBbIM, TaK KaK Maru BHYTPH U
JIEBOT'O, U TIPABOT'O OTPE3Ka MEHSIJIUCH MEeCTaMU UCKJIIOUYUTEIHHO BHYTPH TOTO OTPE3Ka, B KOTOPOM
OHM OBLTH.
Pemenne 6yaer paGorats 3a O(N - log*(N)).




