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3apava A. Baak & Vanr

[ToiiméMm, KaK MOXKET OBITH YCTPOEHO OCTOBHOE JiepeBO. PaccMOTpPUM OTPE3KU BEPIIMH HA OKPYKHO-
CTH, KOTOPbIE IMOC/IEI0BATEIbHO coenmHeHbl pébpamu. KaxKpiit Takoit OTPe30K JOJIKEH COeIUHATHLCS C
IEHTPAJLHON BEPITMHON POBHO OIHUM PebpOM.

Bynewm permars 3amaay merogom «Pazmensit u BiracTByii». PaccMoTpuM 0Tpe30K BEpIUH Ha OKPYKHO-
cru ¢ Homepamu [, r] (1 <1 < r < n). Pacemorpum Ha [I, 7] orpeskn BepiuH, coejuHeHHbIX pebpamu. Bee
OTPE3KH, KPOME CAMOIO JIEBOI'O U CAMOIO IIPABOI'O TOYHO COEJIMHEHBI C IEHTPAJIbHON BEPITUHON peOpPOM.
3aMeTnM, 9TO JJIsl TOr0, YTOOBI OObEINHUTH JBa OTpe3Ka B «Paszmesissii u BIacTBYii», JTOCTATOYHO JIJIsT
OTpEe3Ka 3HATb COEJIMHEH JIU €r0 CAMBbIl JIEBBII OTPE30K C IEHTPAJILHON BEPIIUHON, U COEJUHEH JIM €ro
caMbIil IIPaBbIfl OTPE30K C IEHTPAJIBHON BepiuHON. Bymnem i Kaxk/10ro u3 4 TUIIOB OTPE3KOB XPAaHUTH
BEKTOP, i-i 3JIeMEHT KOTOPOTO paBeH KOJMYECTBY CIIOCOOOB BHIOpATH pebpa Ha OTPe3Ke, ITOOBI MOy IUTh
JAHHBIA TUI, U DU 3TOM CPeJIu BLIOPAHHBLIX peédep ObLI0 PoBHO ¢ Oesbix. Iloce 3Tor0, YTOOBI MOJIYIUTD
AHAJIOTUYHBbIE BEKTOPA JJisi OObeMHEHNs IBYX OTPE3KOB, HyKHO BbraucauTb O(1) cséprok. s sroro
MOKHO BOCITOJTb30BaThCA AJITOPUTMOM OBICTpOro npeodpasoBanusd Pypbe. B KoHIle, HYKHO JOTOJIHUTE/ b
HO yuecTb pebpo, coemummsonmee Bepumubl 7 1 1. Wrorosas acuvmrormka — O(n - log?(n)). s Toro,
9TOOBI y3HATH, KAKME UMEHHO CBEPTKU HYKHO BBIUUCJIUTD JJIs IIEPECUETA, MOYXKETE TIOCMOTPETH ABTOPCKOE
permenue.

3apauya B. CnoXxxHocTu € »XeToHOM

[TocmoTpum Ha onepanuio yJajgeHnss BTOPOrO CUMBOJIA. 3aMETHM, YTO €CJIM [OCJIe Hee UJIET OlEePAIis
yIlaJeHust IepBOro CUMBOJIA, TO 3TO PABHOCUIBLHO YAAJEHUIO IEPBOI0 CUMBOJIA, JIBaXK bl 1o1psia. Craenaem
COOTBETCTBYIOINLYIO 3aMEHY, ITOKa OHA BO3MOYKHA.

Ecsin dunanbuast crpoka umeer jymny (k) 6osbiie 3, TO olepaluy HaJi IIOCIeIHIMU JIBYMsi CUMBOJIAMU
U HEPBLIMU JIBYMsI CUMBOJIAMH HE BJIMSAIOT JApYyT Ha npyra. [losTtomy ecim paccMoTpeTh pe3ysibraT 3aMeH
orepaIuii, OIMMCAHHBIX BBIIIE, TOCJE OIEPAIU YIAJICHUS BTOPOIO CUMBOJIA U3 Hadaja OyJeT yIaasiThCs
TOJIBKO BTOPO# CHUMBOJI, & HEPBBbIl MeHSThCs He Oyaer. AHAJOMMYHO C HOCAETHUM W IIPEIIOCIETHIM.
Takum obpaszomM, KOHeUHasi CTPOKa Oyner mpejcraBisiThesd KoHKaTeHanuedr s[1], s[i..j] u s[r], rue
I < i< j < r.3aMeruM Termepb, 9TO HA CAMOM Jejle TO Ke caMoe BepHo u st k = 3, a a1 k < 3
oTBeT OyJIeT IPOCTO MUHUMAJILHON MOCJIEIOBATEIbHOCTBIO U3 K CUMBOJIOB MCXOIHON CTPOKHU, YTO MOYXKHO
[IOJIYIATH JIMHEHHBIM IIPOXOJIOM TI0 CTPOKE.

Ecsin MBI XOTHM MOJTy9UTh MUHUMAJIBHYIO JIEKCUKOTIPAMDUIECKN KOHKATEHAIINIO TPEX OMUCAHHBIX ITOJI-
CTPOK, Mbl XOTHM MUHUMU3UpoBaTrhb s[1l], cpeau Bcex Takmx BbIOpaTh Takoe [, jjs Koroporo sl[i..jl
MUHHUMAJILHO, & CPEJU BCEX TAKUX PABHBIX BLIOPATH TAKOe, I KOTOPOT'O MUHUMAaJIbHOE s [r] MUHUMAIIb-
HO.

SaMeTnM, 9TO YeM MEHbIIE [, TeM MeHbIle MOKHO OymeT BuOparh s[i..j], Tak Kak OHO OrPAHUTIEHO
TOJIBKO ycjioBueM ¢ > [. Takum ob6pazom, | paBHO 1epBOil TO3UIINT MUHUMAJIBHON OyKBBI B cTpoke. Haiimem
i1 j. ITo TeM ke caMbIM COOOParKEeHUsIM, MBI XOTUM HANTH CaMyIO JIEBYIO O3UIIAIO B CTPOKE MIHUMAJIBHOM
[OJICTPOKU JJIUHBL § — 4+ 1 =k — 2.

JlonmmmeM K CTpOKe B KOHEI[ I'PAHUYIHBINH CUMBOJI U ITOCTPOUM cYPdurchovill maccus u 1¢cp, paBHOE MaK-
cuMaJjIbHOMY 0bmieMy tpedukcy JaByX coceHux cyhduKcoB B cyPHOUKCHOM MaCCHBE. DTO JIEJIACTCH Q-
2opummom Kacau 3a ykJiajabiBaiolieecs B OrpaHndIeHus BpeMs. Tenepb, HalileM MUHUMAJILHBIN cydduKce
cpenn Beex cyddukcon nocie [-ro cuMmBosa cTpoku. [IpoiigeMcs 1Mo CIeAyomuM B JJeKCHKOIpapuIecKOM
nopstake cyddurcam 10 TeX Mop, MoKa 3HadeHne 1cp 60JIbIlle Wi paBHO k — 2, TO €CTh IOKA IMOJCTPOKA
HY>KHOI JUIMHBI TaK K€ MUHUMaJjbHa. BbibepeM n3 BCeX MOAXOJSAININX CAMYIO JIEBYIO, ITOJIyYUM HAIIHU § U
j=1+k-3.

OcTamoch TOMBKO MPOWTHUCH TTO BCEM T > j W BBIOpATH MUHHMAJBHBIN. OTBeT OymeT KOHKATEHAIN-
eit s[1], s[i..j] u s[r]. Acumnroruka pemenuss — O(nlogn). AJbTepHATUBHO MOXKHO OBLIO MCKATH
MHUHUMAJIbHYIO MTOJICTPOKY 38 aHHOM JJIMHBI C TOMOIIBIO XIIIIeii.

3apada C. EguHasa cetb

(DOpMaJH)HaH IIOCTaHOBKa 3a/Ja9Mi: HY?KHO IIOKPAaCUTHL KaKTyC B TPHU I[BE€Ta, U IIPU 3TOM MHUHHUMHU3UPO-
BaTh KOJIMYECTBO BEPIIUH TPETHErO IIBETA, JIMOO COOOINUTD, UTO JAHHBIN KAKTYC HEJIb3s MOKPACUTh B TPU
nperta. HecIoKHO 3aMeTUTh, 9YTO KAKTYC BCEria MOYKHO MOKPACUTh B TpH nBeTa. s Toro, 9robb HalTH
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MHUHUMAJIbHOE HEOOXOMMOE KOJIMYECTBO BEPIIUH TPETHEIO IIBETa, BOCIOJB3YEMCS METOJIOM JUHAMUIYE-
ckoro mporpammupoBanus. [locrpoum gepeBo obxoma KakTyca dfs-om. Terepb Jjist KaxK10ro mojjepesa
OyaeM CcInTaTh MUHAMAJILHOE KOJUIECTBO BEPIINWH TPETHErO IBeTa, KOTOPOe HYKHO, 9TOOBI MOKPACUTH
[IOJIJIEPEBO B TPHU IBETA, U I BCEX pebep, JIeXKaluX IeJUKOM B HOJJEPeBe, IBeTa KOHIOB OBbLIN pa3-
JINYHBL. 3aMeTUM, ITO OJIarojapsi TOMy, 9TO Ipad sIBJISETCST KAKTYCOM, M3 KaXKJIOr0 I0/IepeBa HaBEpX
BEJIlyT MAKCUMyM JBa peOpa: OJIHO U3 KOPHS IOJJIepeBa B €ro POJUTE/Isl, 1 MAKCUMyM OJIHO pebpo He
u3 jepeBa obxona. [loaTomy, JOMOJHUTENBHO B COCTOSHIE HYKHO JOOABUTH TOJIBKO IIBETA JIBYX HUYKHUIX
BepiIuH 3Tux pédbep. B mrore, mosydyaeM JIMHEHOE YHCJIO COCTOSHUIA, IIEPECUET I BePINUHBI paboTaeT
3a KOJIUIECTBO €€ JeTell, ITO B CyMMe IO BceM BepiinuaM pasBuo juHuu. [lomy4daercsd juHeiinoe perenue
€ JOCTATOYHO OOJILINIUM KOHCTAHTHBIM MHOXKUTEJIEM.

Sapgaua D. KBagpaTtbl @unboHayun
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OcTasnoch HAYy YU THCS BBIYUCIATE N-€ Yucsio PuboHATIH 110 MOJLYJIIO. DTO JOCTATOYHO CTAHAPTHA 3a-
Jlada Ha OMTUMHU3AIAIO JUHAMIYIECKOTO TPOrPAMMUPOBAHNUST BO3BEICHNEM MATPHUIILI B cTemneHb. [logpobmee
MO2KHO TIOYUTATh, HAIIPUMED, 3/1eCh: https://e-maxx.ru/algo/fibonacci_numbers.

3apauva E. lNoxoxxkmne 3akasbi

EcTtb HECKOBbKO pas3HbIX CIOCOOOB peleHns JaHHOM 3a1a4qn. BoT npuMep aByX:

1. 3amerum, 9TO OJHY CTPOKY MOYKHO Ipeobpa3oBaTh B JAPyrylo npuMeHeHuem mmmdpa llesaps Torma
U TOJIBKO TOT/I&, KOTJIa PA3HOCTHU KOJOB COCETHIX CUMBOJIOB y 00€UX CTPOK coBIa iaioT. Popmasbho,
CTPOKa § mpeobpa3yercs B CTPOKY ¢ TOTa U TOIBKO TOIJA, KOTJIA JIJIs JIIOOOTO ¢ BLIMOJIHAETCS YCJIOBUE
S; — Sit1 = t; — tiy1. Takum 0O6pa30M MOXKHO OCTPOUTHL MACCUBBI dS; = S; — Sj1 U dt; = t; — tiy1,
a 3aTeM MPOBEPUTH UTO dS SIBJISIETCs IMUKIMYecKuM ciasuroM dt. Yro moxkuo caenars 3a O(n) ¢
HCITOJIb30BaHueM X3Imeit, Z-hyHknnn mwin npeduke yHKIUN.

2. JInbo moxkHO OBLIO 3aMeTUTH, YTO Beero OuiBaer |25 — (—25) + 1| = 51 pasauvHbBIX 3HAYCHUN I1a-
pamerpa mudpa Ilezapst d. MoxxHO nmepebparh 9T0 3HaYEHNE, TPUMEHUTH [IPeodbpa30BaHue, a 3aTeM
AHAJIOTMYHO TPEBIIYIEMY CIIOCO0Y TPOBEPUTD SIBJSETCS JIU OJHA CTPOKA IUKJIMICCKUM CIIBUTOM
JPYTro.
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3apayda F. bbicTpbii nepeBoj,

BazoBoe perenne — mupoiituchk mo BceM ¢ oT 59 1o 0 B yObIBAIOIEM IOPsIKE, MBITAsCH IEPEBECTU
2! Tlockombky 10 yeaosuio z < 10 < 269 1o sror asropurm Gymer mpocTo mo odepeny 3aMEHSTH B
JBOMYHON 3aIlMCH YUCJIa X CIUHUIBI Ha HYJIU B MOPsIIKE YOBIBAHUS CTEIIEHU IBOWKM, a 3HAYUT II0CJIE €ro
3aBEPIEHNsT & CTAHET PaBEH HYJIIO.

ITockosibKy OTrpaHWUYEHHUs 3aJa49d HE IO3BOJIAIN IJjisi Joboro x menarb 60 3ampocoB, TpebOBATIOCH
VIIYUIIATD 9TO 3HAUeHne. B 1acTHOCTH, MOYKHO OBLIO OMHITIOMCKOM HAWTU MaKCHMAJIbLHYIO CTEIIeHb TBONKMT,
HE TIPEBOCXOJIAIIYIO T.

st 3TOr0 CiesiaeM JBOMYHBL HoKMCK 10 ¢ B uaTepBase [0, 60). Eciu na 3anpoc nepesoja 2" Mbl 10J1y-
JaeM OTBeT accepted, epeMecTUM yKasaTe/b Ha JIEBYIO Ipanully (I = m), uHade — Ha OPaBYIO IPAHUILY
(r = m). TlockosbKy B IpOIECCe BBIOJIHEHNUs] TAKUX 3alIPOCOB & MOI' U3MEHSIThCsI, He (baKT, YTO Mbl Haii-
JIeM IMEHHO MaKCHUMaJbHYIO CTeleHb IBOMKN, HE IPEBBLIMIAIONIYIO0 €ro, HO MOXKHO JIOKa3aTh CJIeLyIoIee
YTBEP2KJAEHUE: eCJIU 110CJI€ TAKOT'O JIBOUYHOT'O ITOUCKA BBIIIOJHEHO T < 2t, TO TaK »Ke BBITTOJIHEHO | < t.

Yro6b! J0Ka3aTh 9TO YTBEPKIEHHUE, JOCTATOTHO ITOCMOTPETh Ha MOCJIEIHUI pa3, KOrAa MbI HOJIY I
accepted. Eciu nocste aT0r0 OBLIM TIOJIyY€EHBI TOJIBKO rejected, 9TO 3HAYUT, YTO HU JJI KAKOTO M > [,
T He mpeBbImaer 2. DTO POBHO TO, YTO MBI XOTE/H JIOKA3aTh.

OcraJjioch TOJILKO ITOBTOPHUTH 0Aa30BOE pelleHne, TOJAbKO HauyuHas He ¢ ¢ = 59, a ¢ ¢ = [. Tak Kak =
HE YBEJUYNJICs, | He MPEBBIIIaeT ABOUIHOIO JioraprdmMa MCXOTHOTO T, & BECh OMHITOMCK 3aHsI He OoJiee
6 omepanmii, Tax kKax 60 < 26. CiesoBaTesibHO, TAKOH AJTOPUTM MEPEBOIUT BCE JICHBIH, JayKe HMesl B
zamace 4 omepanyy M0 CPABHEHUIO C OTPAHUYEHUSIMU B YCJIOBUM.

3apava G. NeHnanbHasa nporynka

3ajiady MOYKHO PEIIUTb UCIOIb3Ysi MOAUGUKAINIO ajaropurMa JledkeTpel. 3aMeTum, 9To sl KaxK-
JI0i BepIIMHBLI HAC, KaK U B ajropuTMme JlefiKcTpbl, MHTepecyeT JIMIIb MAUHUMAJILHBLI MOMEHT BpeMeHH,
B KOTODBIl B Hedé MOoxKHO npuiitu. U 1pm aToM, Jjis KazkKjaoro pebpa i U3 u; B ¥; MOYKHO BBIYUCIUTH
MUHUMAJIbHBI MOMEHT BpeMeHH, B KOTOPbIIl MOYKHO 3aKOHUYUTHL Hepexojl 110 HeMy M OKa3aThCd B U;, €CJII
MUHUMAJIbHBIE MOMEHT BpeMeHH, B KOTOPbIi MOYKHO OKa3aThCs B U; 3T0 . Ecin a; < d;, o pebpy Ipoittu
HEeBO3MOXKHO. IHade, ecjim MOYKHO HadaThb II€PeX0Jl B MOMEHT BPEMEeHHU T, OTBETOM sABJjdeTcd T + d;. na-
4e, HY?KHO IOJI0K/1aTh II€PBOIO MOMEHTa, KOIVIa JIOK/[b 3aKOHYNUTCH, ¥ HadaTh I1epexol]. 1orjaa oTBeToM
Oymer [ﬁ} - (a; + b;) + d;. Tlepexon no pebpy B MOMEHT & MOXKHO HadaTh, €CJIM BBIIOJIHIETCS YCIOBHE

3apavya H. Cam u xpaHunuue

Bajiaty MOXKHO PEIUTh, UCIOJIL3Ysl METO JMHAMUIECKOrO nporpammupoBanus. 1lycrs dpli] — orser

Ha 3141y, €C/I UIPa IPOUCXOIUT Ha Maccuse afi. ..n), a dp[n+1] = 0. Torua dpli] = max alj] — dp[j +1].
j=t

Taxum obpasom, Mbl nomyanmm pemerne 3a O(n?). Teneps samerum, uto snadenns (a[j] — dplj + 1)),
U3 KOTOPBIX Mbl BBIOMpDAEM MAKCUMYyM, HE 3aBHUCAT OT 4, a 3HAYUT HE MEHSIOTCsl NPU YMEHbIICHUH i.
[To5TOMY, MOKHO COXPAHSITb 9TH 3HAYEHUsI B KAKOH-HUOY/Ib CTPYKType JIAHHBIX, U HOTOM BBIMHCJIATH
sHauenue dpli], Halsi MAKCUMyM Cpe/l COXPAHEHHBIX 3HadeHHili Ha orpeske [i,n]. 3ameTum, 9TO MbI
BCer/la HaXOJUM MAaKCHMyM Ha mpeduKce, JJINHA KOTOPOrO KaXKIbI pa3 yBesmduBaercs na 1. [Tostomy
BMECTO CTPYKTYDBI JIAHHBIX, MOYKHO IIPOCTO TIOJIEPKUBATH MAKCHUMYM U3 3HAYEHMIL.

3apaya |. lNocTpoiika goporu

Ecmu s = 1, To KOJIMIeCTBO XO/I0B, KOTOPOE CIIEJIAl0T UTPOKK (PUKCUPOBAHO U PaBHO 1 - m. Torma Cam
BBIUTPAET TOJIBKO €CJIM ITO UUCJIO HEIETHOE.

Teneps cuntaem, aro s > 1. Ecim onna 3 cropon Heuéraas win § > 4, To CIM MOXKET TTEPBBIM XOIOM
[MOCTPOUTD TPSIMOYTOJBHUK, CHMMETPUYHBIH OTHOCUTEIHLHO TIeHTpa MoJist. [locsie 9Toro oH MOXKET XOJIUTh
[EHTPAJIbHO-CUMMETPUIHO XOJaM BTOPOI0 MI'POKA. SHAUUT, €CJIM BTOPOMl UI'POK CHeNIasl XOJI, €r0 CMOXKET
caenark u Coam. 3uaunt, CoM BBIUTDAET.

Ecnu ke Hu 0HO M3 9TUX YCJIOBUN HE BBIMOJHAETCS, TO €CTh 00€ CTOPOHBI UéTHBHI U 2 < § < 3,
TO HUKAKON UIPOK CBOMM XOJIOM HE MOXKET MTOCTPOUTDH MPSIMOYTOJBHUK, COMEPIKAIUI JIBE MEHTPATHHO-
CUMMETPUIHbIC KJIETKH. HOSTOMy BTOpOﬁ UT'POK MOXKeET JejiaTh XO/Abl HEHTPAJIbHO-CUMMETPUYIHBIC XOJaM
Coma. Suagut, CaM 1pourpaer.
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3apada J. PoboT-pocraBLmnk

3ameTnm, 9TO:

1. TTocsie BBINOIHEHUS TIepBOIt onepanuu Touka (x,y) nepeiigér B Touxy (y, —x).

2. Ilocsie BbinoHEHUST BTOPOH olleparuu To4ka (&, y) nepeiiger B Touky (—y,x).

3. Ilocsie BBIIOJIHEHHST TPEThEl onepalyn TouKa (z,y) nepeiaér B Touky (1 +y, —(z — 1)).
4. Tlocsie BbINIOJIHEHUST YeTBEPTOIl oneparyu Touka (T, y) nepeiiaér B rouky (1 —y,x — 1).

[Tocste BBIIOJIHEHNS KaxkKI0il U3 Oomepanmii 96THOCTh CyMMbI KOODJIMHAT He MeHseTcsi. [1oaTomy MbI
TOYHO HE CMOKEM JIOWTH U3 CTAPTOBOM TOYKN B KOHEYHYIO, €CJIN Y HUX Pa3Hasl YETHOCTH CYyMMBI KOODJINHAT.
JloKazkeM, 9TO B OCTAIBHBIX CIydasgX Mbl CMOXKEM HMOCTPOUTH TpeOyeMblii myTh. JIjist 3TOro mperbsBumM
[0CJIEJIOBATEJILHOCTH KOMaH]I, KOTOpble 13 Touku (x,y) nepexogar B rouku (x 4+ 1,y + 1), (z + 1,y — 1),
(r—1Ly+1)u(x—1,y—1). C mOMONBIO TAKUX IIEPEXOJOB MOKHO IIOCTPOUTDH IMYyTh B JIOOYIO TOUKY C
TaKoIii Ke IETHOCTBIO CYMMBI KOOPIUHAT.

1. ITocsie BbImOSHEHUST IPOrpaMMbl «23» TouKa (z,y) cHadasa Iepeiier B ToYKy (—y, ), a HOTOM B
Touky (x + 1,y +1).

2. Ilocse BBImOTHEHNST TpOrpaMMbl «14» Touka (x,y) cHavasa mepeiinér B ToUKy (Y, —), a MOTOM B
rouky (z+ 1,y —1).

3. Ilocse BbINOMIHEHHS TPOrpaMMBL «32» Toduka (z,y) cHadasa mepeiaér B Touky (1 +y, —(z — 1)), a
noroM B ToUKy (z — 1,y + 1).

4. Tlocse BIOIHEHUS IpOrpaMMbl «41» Touka (z,y) cHadasa nepeiiier B Touky (1 —y,z—1), a morom
B Touky (z — 1,y —1).
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