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Pa3bop 3agaun «Panbd v apudpmetuka>»

[Iycrs [, — miwHA JTeCITUTHON 3AITUCH TUCTA 1.

ITocunraem KomdecTBO 4Umces 6e3 BTOpOCTENeHHbIX Iudp ammHbl [ = 1,2,...1, — 1. Becero y nac k
BTOPOCTENEHHbIX udp, 3HaUnUT Bcero y Hac 10 — k paspemenunbix nmudp. Takxke mepsast nudpa He MOKET
OBITH HyJIEM, 3HAUUT BApUAHTOB 1epBoit nudpset gudo f = 10—k, ecsiu 0 — BTOpocTeneHHast nudpa, Jmdo
f =9 — k unage. Torga orser s bukcuposannoii bt [ pasen f - (10 — k)L,

Tenepp mocuuTaeM KOJIUIECTBO duces 6€3 BTOPOCTENEHHBbIX IMudp mmHbl ,. Bee Takue uucia He
[IPEBOCXOJISAT 1. PaccMOTpuM 9mCIIO 1 OT/Ie/IbHO: IpubaBUM 1 K OTBETY, €CJIM B 3allUCH YUCJIA 1 HET BTO-
pocreneHubix mudp. OCTaANOCh PACCMOTPETH YUC/IA JJIUHBI [, CTPOrO MEHbBIIHE N. Y TAKUX YUCEJ eCThb
HECKOJIBKO OBIIX crapimx nudp ¢ 9uciaoM n (Bo3MoxkHO, 0), 3areM ujeT nudpa, MeHbIlas COOTBETCTBY-
oreit udpbl IUCIa 1, & 3aTeM Jodble apyrue 1mudpsl. Ilepebepem KoandecTBO 00MUX cTApmuX Iudp C
quciiom n: p = 0...10, — 1. Eciin cpequ niepBbIx p 1udp 9mcia 1 €CTh BTOPOCTENEHHAsI, TO TaKUX THCEJT
wet. nade HyKHO HAUTH S — KOJUYECTBO UMD, HE SABJILAIONINXCS BTOPOCTENEHHBIMHU, CTPOI'O MEHbIIIHE
p-it uphI umcIa N, U IpuGABUTL K oTBery S - (10 — k) P71,

Pa3bop 3agaun «buTtoBbli aBTOMaT>»

IIycTb Gupin — 3TO MUHUMAJIBHO BO3MOXKHBIM PEAJbHBIR YPOH, & Umqr —MAKCHMAJIbHO BO3MOXKHBIMN
PeaJIbHbII YPOH.
Bamerum, uro ecau ¢ = 0, TO OHO MUHHMAJBHO BO3MOXKHOE, a ecju 4ucjio ¢ = 2" — 1, To oHO

MaKCHMAaJbHO BO3MOXKHOE. COOTBETCTBEHHO, JJIsI IIEPBOIO CAYIAS Umin = G, & JJIsT BTOPOTO — Gmar = d.

Ecnu a He MuHIMaIbHOE, TO YTOOBI HAUTH TAKOE Gypin, KOTOPOE MOIYYAETCA U3 @ U3MEHEHHEM OIHOTO
6uTa, HeOOXOIMMO 3aMEHUTH CAMYIO CTAPIIYIO €IMHUYIKY B OMTOBOM IIPE/ICTABICHUN HA HOJIb, TOCKOJIbKY
9TO rapaHTUPYET MaKCUMAILHYIO PASHULY MEXKIAY & U (. AHAJOTMYHO, YTOOLI IIOJIYYATH MaKCHMAJIb-
HYIO PA3HUILY MEXKIY Upmay U G, HEOOXOIUMO 3aMEHUTDL CAMBIN CTAPIINil HOJIb OMTOBOIO IIPEICTABICHUS O
Ha eauHuIly. I[Ipu 95T0M HEOOXOAWMO YUUTHIBATH, 9TO OUTOBOE IIPEJICTABJIEHHE YUCIA G (PUKCUPOBAHHO U
uMeeT JIJINHY N.

[Tpoitgém o Bcem n 6GUTaM 9mUCIa G U MOCIATAEM TaKUM 00Pa30M Upmin B Gmaz-

Pa3bop 3agaun «MoHeTkn»

[IpuMeHnM ajJropuT™, HOX0XKuil Ha pemtero Dparocdena. Bo3bMeM 110C/Ie0BATEILHOCTD a; = 2 + 1:
2, 5,10, 17, 26, 37, 50, 65, ...

BosbMmeM nepsoe uncio — 2 = 12 4 1. TlocMoTpuM, KaKie Yuc/Ia, Ha, HEro JeJIsTCs (1y1st HUX BCe 2 — 9TO
orser) — 310 uncma (1+2-0)2+1, (1+2-1)2+1, (1+2-2)2+1, .... Iogeanu Bce 3T unca Ha 2 (Ha
MaKCHUMAJIbHYIO CTEIIeHb JBONKH, HA KOTOPYIO OHU JIEJISITCSI ), TIOJLy IUM OOHOBJIEHHY O TTOCJIEI0BATEIbHOCTb:
1, 5,5, 17, 13, 37, 25, 65, ...

Tereps BozbMeM ciieyiomee dncio — 5 = 22 4+ 1. TlocMoTpuM, KaKue 9mcia, AeIsTcs Ha HEro — 9TO
(1+5-0024+1, (1+5-1)2+1, (1+5-2)2+1, ... Tomesmm nx Bce Ha 5 (Torke Ha MAKCEMATBHYIO CTETICHb
5, Ha KoTOpyIo oHu jensites): 1, 1, 5,17, 13, 37, 1, 65, ...

Temepb BO3bMEM TPETHE YHUCJIO — D, OISTH IPOJIEJIaeM Ty Ke caMylo orepanuio, moay4anm: 1, 1, 1, 17,
13, 37,1, 13, ...

HeciioxkHO Jl0Ka3aTh, 9T0 KaxKblil ouepenHoii nesaurens (1, 5, 5, ... ), KOTOPBI Mbl 6epeM — pocToe
upesto wim 1. Takum o6pa3oM, MbI HAXOAUM BCE HPOCTHIE JEIUTEIN duces Bua n? 4 1.

Autropurm paboraer 3a O(n +n/2+n/3 + ... + n/n), aro pasuo O(nlog(n))

Pa36op 3a4a4nm <« YHUNYTOXEeHne APOHOB>»

J1Jtst KayKJ10ro APOHA OIEHUM Yepe3 CKOJILKO OH CMOXKeT mobparbes no Pasbda, eciu Oyaer 1BUraThest
IO ONITUMAJILHOMY MAapIIPYTY. 3a KaXKABIA XOJI JPOH MOXKET MEHATH 06€ CBOM KOOpAMHATHI Ha 1. Takmm
06pa3oM JIPOHY € B TOUKE C KOODJIMHATAME T; U ¥; HOHAJOOUTCS |2;| XOJ0B, 9TOOBI OKAa3aThCsl HA IIPSIMOii
x =0, u |y;| xomoB, aT00bI OKazaThes Ha npsimoii y = 0. CoorBercrBenHo B Touke (0, 0), B Xy/mem Jjist
Pasibda ciygae, on cmoxker okazarhest depe3 max(|x;|, |y;|) xomos. Ilpumem 9Ty BemunHy 3a paccTosiHIEe
nponHoB 10 Panbda.

BameTuM, 9TO BBIFOJHEE Beero I Panbda crpeisaTs o ApoHaM, PACCTOSHHE 0 KOTOPBLIX MEHLIIE.
OrcopTupyeM IPOHOB 110 YBEJIMUIEHUIO PACCTOSTHUS.
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B kakom ciiydae Pajibd He ycreeT YHUUTOXKUTE i-T0 ApoHa? B TOM cilydae, eciiu paccTOsTHUE 10 HEro
OyeT MeHbIIe, YeM JHC/IO0 JIPOHOB C PACCTOsTHUEM He 0oJibliie YeM y Hero. Takum o6pasoM mpoiaemcs 1o
JIPOHAM B TIOPsIJIKE YBEJIMYEHHsI PACCTOsIHUSL U IipoBepuM, uro max(|z;|, |y;|) >= i (Hymepanust 1poHOB ¢
1). Ecam jjist Bcex JIDOHOB 9TO BBIIOJHEHO, TO MOXKHO BBIBECTH UX B IOPsiJIKE YBEJUYEHUs] PACCTOSHUIA,
MHaJe PeIeHnuii He CyIIecTBYeT.

Pa36bop 3agaun «KoHdeTa B nabupuHtes

3aMeruM, 9TO €CJIU MOXKHO IIPOHECTH JIeJeHell JIMHBL k, TO MOYKHO W BCEX MEHbIuX IjiuH. [losromy
cliesiaeM GUHAPHBIN TOUCK 110 OTBeTY. IT0 GBI IPOBEPUTDH, MOXKHO JIH IIPOHECTH JIJICHET] JJIUHDL K, CIIeJ1aeM
006xo7 B riyOuHy, T/e BepirHaMu OYIyT Iaphbl U3 caMOil BepXHeil JIeBOM KJIETKH JIE/ICHIIA U HAIIPABJICHUSI,
KOTOPOMY HapaJijiesiet Jiejiererl. 13 KazxK0ro Takoro CoCTosiHUsL €CTh 6 Iepexo/ioB — JBa, B HAIIPABJICHAH
CJIBUTA HA OJIHY KJIETKY BJIOJIb JIEJEHIla, U ele MoBopoThbl Ha 90° BOKPYr OJHOTO M3 KOHIIOB. UTO OBbI
[IPOBEPUTH, YTO MbI HE 3aXO0/[MM Ha CTEHY, MOYKHO [PEJIIIOJICIUTATH IPeUKCHBIE CYMMBbI 110 KazKJI0# CTPOKe
u crosbiy. Uroro pemenne 3a O(n - m - log(min(n,m))).

Pa36op 3apgaun «XXeHurtbba»

st perienust 337129 MOYKHO [PUMEHUTH 2KAJHBIH AJITOPUTM. 3aMETHM, 9TO €CJIA B MCXOIHOW pac-
CTAHOBKE JIeTell B3sITh OJIMKANIINIX JAPYT K APYry MaJbIdKa U JIEBOYKY U OOBEIUHUTH UX B MApPy, TO HU
y OJHOI'O U3 HUX HE MOYXKET BO3HUKATDH COOJIA3HA, TAK KAK OHU HABJISIOTCH HanboIee CUMIATUIHBIMU JPYT
qtst gpyra. [locste Toro, kKak Mbl OOBEIUHUIN STUX JeTell B APy, MOXKHO 3aMETHUTh, UTO HA OCTABIIEMCS
pas3bueHnn Ha Hapbl OHM HUKAK HE MOI'YT CKa3aThCsd, BEJlb, KAK MBI YK€ BBISCHUJIN, HU Y OJHOI'O U3 HUX
HE MOXKET BO3HMKATH COOJIA3H. SHAYUT, [IPO ITUX MAJBINKA U JEBOUKY MOXKHO 3a0bITh U PEIIaTh 3aJ1a9y
HE3aBUCUMO I BCEX OCTAJIbHBIX JeTeil. Temephb Cpean 9TOr0 MHOXKECTBA JeTell BbIOepeM OJIMKalImmx
MaJIbIUKa U JEBOYKY, U TIOBTOPUM BeCh Iporiecc 3auoBo. [locse n Takux onepanuit oobeuHeHns O6JimKaii-
X MaJIb9UKa W JI€BOYKU B ITapbl, Mbl IIOJIYY1IUM pa36I/IeHI/Ie Ha IIapbl, B KOTOPOM H€ MOXKET BO3HHKATb
cODJIa3HOB.

Takum 0O6pazoM, MbI TOJIydaeM CACAYIONUN aJrOpUTM: HYXKHO N Pa3 B3dATh IMapy U3 MaJbiukKa U
JIEBOYKHU, PACCTOSIHAE MEXKJIY KOTOPBIMU MUHUMAJILHO CPEIU BCEX BO3MOXKHBIX AP, 00bEIUHUTD UX JAPYT
¢ IpyroM u yopaTh U3 paccMOTpeHusi. JIerko MoHsITh, 9TO TaKOi YKAIHBII AJITOPUTM JTaeT HAM KOPPEKTHOEe
pasbuenue Ha mapbl, a 3HAYUT, OTBeTa —1 B 3a/1a4e OBbITH HE MOXKET.

Ocrajock Jjinib 3hMOEKTUBHO PEAN30BATD JAHHBIN aaropuTM. jist 9TOT0 MOXKHO CIEIATh CAEIYOIee
3aMevaHue: eCJIl PACIIOJIOXKUTH BCEX JIETell B MOPsi/IKE BO3PACTAHUS KOOPNHATHI HA IIPSIMOI, TO 1apoi u3
MaJIbIUKa ¥ JIEBOYKHU, PACCTOSHUE MEXKTy KOTOPBIMUA MUHUMAJIBLHO, 00s3aTe/IbHO OyJieT mapa, B KOTOPOi
9THU MAJIBIUK U JIEBOYKA CTOST MOAPsA. Takum 06pa3oM, JOCTATOYHO MOIEPKUBATE CTPYKTYPY, B KOTOPOU
MO2KHO XPAHWUTDb YIOPSIOYEHHBIX 10 BO3PACTAHUIO KOODJUHATBHI JETEH, a TaKXKe YAAJATh UX U3 ITOU
CTPYKTYPBI, KOIJIa COOTBETCTBYIOIINI peOEHOK O0bLEINHIETCS B APy U UCKJIIOYACTCS U3 PACCMOTPEHUS.
B kadecTBe Takoit CTpyKTYpHI MOMIeT, HarpuMep, std: :set B a3bike C++ mim TreeSet B Java. B Takoit
2Ke CTPYKType MOXKHO IIOJJCP2KMUBATH OTPE3KHN MeEXKJYy COCeJHUMU JETbMU PA3HOI'O IIoJIa, XpaHd HX B
[OPsiJIKE BO3PACTAHUS JJINHBL. Torma 9To0bl BEIOPATH OYePEIHYIO Tapy, HAJIO0 JIUIIb B3ATh MUHUMAJIbHBIN
10 JIJIMHE OTPE30K U3 9TOH CTPYKTYPBI, & IPHU YIAJECHUH JIeTell U3 PACCMOTPEHUsT HYKHO YIAJIsITh CTaphle
OTPE3KH, KOTOPbIe OHU 00PA30BbIBAJIH, U JI00ABUTH HOBBIE. JIErKO 3aMETUTH, YTO TAKUX OTPE3KOB BCErA
OyZeT KOHCTAHTHOE YHCIIO.

Takum 06pa3oM, ecim 3aIpockl KO BceM CTpyKTypam pabotaror 3a Bpems O(logn), To acumnroTuka
BpeMeHu paborhl perenust cocrasut O(nlogn).

Pa36op 3apgaun «Wrpa c gepesom>»

PaceMoTpuM ¢TPOKH B OPSIJIKE OT BEPIIUHBI K KOPHIO. TOr/1a KOJIMIECTBO PA3INIHBIX MOJCIOB PABHO
KOJIMUECTBY PA3JIMIHBLIX TPE(UKCOB TAKUX CJIOB.

Hayuaumcst cauTaTh KOJIMYECTBO pas3IMIHBIX NpedUKCcOB B Habope cyioB. OTCOPTUPYEM BCE CTPOKH.
[Tycro lep; — KOMMIECTBO MEPBLIX OYKB, KOTOPbIE COBHAMAIOT y i-if u i 4+ 1-it crpoku. Torga KosmaecTBo
Pa3IMYHbLIX OJICTPOK PaBHO » .-, len; — Z?:_ll lep;.

YT0ObI MEPECUYNTHIBATL KOJUIECTBO PA3IMIHBIX CTPOK, OyJeM J06aB/IaTh CTPOKY B HYy?KHOE MECTO B
OTCOPTUPOBAHHBIN MaCCUB U MIEPECUUTHIBATEL OTBET. [IlycTh HOBast cTpoka m1obaBuiach B O3UNUIO . Tormga
KOJIMYECTBO HOBBIX Pa3/IMYHbIX MOJACTPOK pasHo len; — lep(iyi+ 1) — lep(i — 1,4) + lep(i — 1,7 4 1).
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Y0651 OBICTPO TOOABIIATH CTPOKY, OyAeM MOIEPKUBATH YIIOPSTOYEHHOE MHOXKECTBO (set) 1Mo JIeKCH-
korpaduaeckomy 1opsiziky cyio. Torma onepanust Berasku 6yjer paborars 3a O(comp-logn), rue comp —
BpeMsi CpaBHEHUsI JIByX CTPOK, a nepecder 3a O(lcp) — BpeMst HaxoxjieHust Lep.

Hacunraem oT KazK 10l BEpIIMHBL Upy,; — HPEJKA U HA paccTosnun 2, 1 hy,; — HOJIMHOMHUAJILHBII eI
CTPOKM JIHHBI 2°, HAUUHAIOIIEHCS B BEPIIUHE V:

UPv,i = UPup, ;_1,i—1

— 2i—1

hoi = hyi-1-p°  + hup,, 4,i-1-

C moMOIIbI0 9TOr0 MOYKHO CpaBHHBaTH CTpOKH U uckarb lep 3a O(logn), aHAJIOTUYIHO JTBOUIHBIM
IO/ ITbEMAM.

Bpems paborsi: O(n - log?(n)).

Pa3bop 3agaun «llaponun>»

BameTnM, 9TO yCJIOBUE 38789l MOKHO TIepebOpMYIHPOBATE CaeayonmM obpasom. [locunraiiTe KoJn-
YeCTBO CIIOCOOOB pa3sdUTh § HA TPHU CTPOKHU a, b 1 ¢, Tak 910 @ # b, b#*cua+b# b+ c.

KonuuecTBo criocoboB pazdbuTh § HA TPU OTPE3KA — C|25 -1

Brorurem kKoJsimiecTBO €riocoboB, B KOTOPBIX a = b uu b = ¢. Y100kl mocunTaTh KOJTUIECTBO pa3dbUEHUA,
B KOTOPBIX a = b, mepebepem deTHYIO JyuHY [ - 2 cTpoku a + b, u mposepum, aro s[1...l] =s[l+1...1-2]
(JIJ1s1 9TOrO MOYKHO, HAIIPUMED, UCIIOJIb30BaTh z-byHKIuo). Kosmdyecrso pasbuenuii, B KOTOpeix b = ¢,
cumraeTcs aHagorndHo. OOparTnTe BHUMAHWE, ITO BO3MOXKEH Ciydaif, korma a¢ = b = c. Ero myxmno
y4ecTh, U B TAKOM Cjiydae, npubarh 1 K oTBeTy.

Ocraoch BBIYECTb KOJMYECTBO pa3bUeHnii, B KOTOPLIX a # b, b # cu a+ b = b+ ¢. s sToro, nepe-
6epem Jymny | crpokn a+ b. IIposepun, uro s[1...1] = s[|s|—1+1...|s|], s[1...|s| =1] # s[|s|—1+1...]]
uslls|—1+1...0#s[l+1...|s|]]. Just 9T0ro T02K€ MOKHO UCIOJIB30BATE Z-(DYHKIIUIO.

Pa306op 3apgaun «Cny4vaiiHoe gepeBo»

[ToxBecum mepeBo 3a JI00YIO BEPIIUHY.

Tora KOJIMYECTBO MOJMHOYKECTB, B KOTOPBIX 9Ta BEPIIMHA HE MPHUCYTCTBYET, 310 »  (2%%° — 1) (mo
BCEM JIeTsIM to BepIIuHbL v) + 2" %% pre sz, — pasMep nojyepesa v.

Takum 06pazom, orBeT Ha 33129y 910 2™ - n — » (255 — 1) 4 ) 2" 5% — 2" 4 1.

Tak>ke MOXKHO ITOKa3aTh, YTO MaTeMaTUIECKOe OKHUJIAHWE TJIYOWMHBI BEPIIUHBI B CJIyYailHOM JiepeBe
sro logn.

Torna moxkuO nojHsThes 3a O(depth) n nepecunTaTh pasMeps! MOJIEPEBbEB, U BMECTE C HUMU OOHO-
BHUTH OTBET.

Urorosoe Bpemst paborsr: O(nlogn).

Pa360p 3a4a4N K npa3ﬂ,HV|L|Hble BblHNCJ/IEHNA MO CaXapHOMY
MOo4yJ1HO >»

st Hadasia y3HaeM, Kakue OUTBI SBJISIIOTCS eJMHUIHBIME B & & . Torma Mbl CMOXKEM IIPeJICTABUTH
pesysbTaT B BUAE CyMMbI 2°, 110 BeceM GuraM i, paBHBIM 1 B = @ v.

He yMosist OBITHOCTH IIPEJIIONOMKIM, 9TO T > 3. 3aren noxyuanm 20 = 1, nesis 9uciio y neJI0unc/IeHHo
Ha 2, moka me mosiyunm 1. Ha 1o y mHac yiiger me 6osee O(log(y)) oneparumii. Temeps pocraTrodso ¢
IIOMOIIIBIO OMEPAINH YMHOKHUTE Ha 2, moaydnTh u3 2° Hy»KHbIe CTENeHN JIBOHKH U CIOXKHUTH nX. Hy»KHBIX
creneneii jgBoek Oymer nopsiika O(log(x)).

st ynobcTBa oOpalieHns K HaMsTH MOYXKHO ObLIO CHAYaja IMOJYyIUTh BCE CTEIEHU JIBOUWKH, a yIKe
[IOTOM BBITIOJIHSTD CJIOZKEHUE.

Bcero nyxHo 6yner xpanursb nopsijka O(log x) nepemeHHbIX.
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