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1 Bsenenme

JluHaMuYeCKAM TPOrPAaMMHPOBAHIEM HA3BIBAETCSI METOJI, KOTOPBIH IO3BOJISET pPElIaTh
«mepebOpHBIey 331a49M, ONMMPASCh HA YzKe PeIIéHHbIe MMOA3aJadd MeHbBIIero pasmepa. llpn
3TOM HEOOXOUMO, UTOOBI BCE PEIIEHUs MOYKHO OBLIO 3allOMHUTH B TaOiauie (T.e. JaHHbIe,
IMIOCYHUTaHHbIC OAHAXKIbI, HE HepquI/ITbIBaIOTCH).

WNnen amHaMUIecKOrO MPOrpaMMHUPOBAHNsS OYEHDb MOXOXKH HA, MM METO/A T0KA3aTe/ b
CTBa IO HHJYKIIMH, W3BECTHOI'O U3 IMKOJBHOU IporpaMmbl MareMaTuku. Cdopmyaupyem
HeOoOXO0IMMbIe TPeOOBAHUSI:

1. Bce perrenns moazajgad J0AKHBI 3allOMAHATHCS B TaOJIUIIE.

2. CymiecTByer W3BEeCTHbIE DeIeHus JJI 3a0a9d ¢ MAJOH PasMepHOCTHIO (AHAJIOMHYHO
POBEPKe JIJIs MUHUMAIBHOTO HapaMeTpa B MeTOJe MATeMaTHIECKONH HHIIYKITHH ).

3. CymecTByer ¢rocod BHIPA3UTH PEIeHNe 3aJIa91 Yepes3 Mo3aaaun (BO3MOKHO, OTJIHY-
HblE OT MCXOJHOW 3a/1a4’) MeHbIIell pa3sMepHOCTH. DTO GOJIbINE BCEro HANOMHUHAET
PEKyPPEHTHOE COOTHOTIEHWE B MaTeMaTHUKe.

TpeboBanue MeHbIEH Pa3sMEPHOCTH O3HAYALT, YTO 3HAYEHHE Tapamerpa (HJIH OJHOIO
M3 TapaMeTpoB, €CJM WX HEeCKOJIbKO) B TOJ3aJadue JOJKHO OBbITh MEHbINe, 4eM 3HadeHHe
napaMeTpa B 33Jiade U B UTOTe IOCJ€e/I0BaTeIbHOCTD MOA33/1a4 JOIKHA CXOJUTHCH K U3BECT-
HBIM DellleHusIM (HyJeBOMY HapaMeTpy, Hampumep). Eciau napaMeTpbl noa3aiad «yXoIsaT B
OECKOHEYHOCThY WM BO3HUKAET KPYTroBad 3aBHCHMOCTbH — 3TO O3HAYAET, YTO METOJ JTUHA-
MUYECKOT'O IPOrPAaMMHUPOBaHMUS HEIPUMEHUM. B HEKOTOPBIX CJIydadx Pa3yMHO LOJCYUTATD
CYMMY BCeX TapaMeTpoB U TpedOBaTh, 4TOOBI HA KayKJOM Iare 3Ta CyMMa yMeHbIIa/1ach
(07IHAKO 3TO He BCerjga BO3MOXKHO).

Bajauy JUHAMAYECKOrO ITPOrPAMMHUPOBAHUS JIeJIATCd Ha JIBa THIIA: ONTHMU3AIMS Iesie-
BOIl (DYHKIIMKM U MOACYET KOJUUECTBA BApUAHTOB pelleHus. B mepBoMm ciydae HaM HEoOX0-
JIMMO BBIOpaTh Jiydlllee cpejiu BCEX PelieHuil 110/13a/ia4, BO BTOPOM — IPOCYMMHPOBATH BCE
KOJIMYEeCTBa peIleHnil moja3a/1ad.



B ciiyuae ecsiu uieTcst perienye, HHOrAa GpiBaeT HEOOXOUMO HOJCIUTATH HE TOJIBKO CaM
OTBET, HO ¥ BOCCTAHOBUTH DEIICHHE IOJHOCTHIO (3alucarb, Kakue IefiCTBUS BbIIOJHSINCH
Ha KayKJIOM II1are).

2 OnrmMmum3anug 1mesieBoit PyHKIUT

K 3amagam onTtuMuzanuu nejieBoi (bYHKIUA JIjId 3aJaHHOI0 YHUCIA MO/33a0a9 OTHOCAT-
cs Te 33Ja4d, B KOTOPBIX peIleHrne MOKHO HAMTH MCXOJs U3 3HAHUA PelleHuil HeCKOJIbKUX
HpeJbIAYINX 3a1a4. ByeMm paccMaTrpuBaTh IpUMeEpbl HCXO/sI U3 IPUBEAEHHON BBIIIE CXEMBI.

OKYIIKa OMJIeTOB

Mockosckast onmnmnuaa 2003

3a OujieraMu Ha IPEeMbepPy HOBOI'O MIO3HMKJIA BBICTPOUIACH OvYepeib U3 N 4Ye/loBeK, KarK-
JIBIH M3 KOTOPBIX X04eT KymuTh 1 Omiaer. Ha Bcio ouepeab paboTasia TOJIBKO OJHA Kacca,
HOITOMY HPOJIarKa OUJIETOB ILJIA OYE€Hb MEJIJICHHO, IIPUBO/S «IIOCTOSAIBIEBY OYePe I B 0TI~
sane. Camble cOOOpa3uTe/IbHbIe OBICTPO 3aMETHJIN, YTO, KAaK MPABUJIO, HECKOJIbKO OMIeTOB
B OJIHU PYKH KACCHP HPOJAET OBICTpEe, 9eM KOT/a ITU 7K€ OUIeThI TMPOJAIOTCA IO OJHOMY.
[TosToMy OHU TIPEIJTOKUIN HECKOJIBLKUM IOJPST CTOSIINM JIIOAAM OT/IaBATh J€HBI'H IIEPBOMY
U3 HUX, 9TOObI OH KYIHJ OUJIETHl HA BCEX.

OpHako 11t 60pbhOBI CO CIEKYASHTAMU KacCHp MpoJaBaJia He 6ojee 3-X OWIeTOB B OIHU
PYKH, MOITOMY JIOTOBOPUTHCS TAKHM OOPa30M MEXKIy COOON MOIIH JIUIh 2 W 3 MOAPSIT
CTOSITIIAX I€TOBEKA.

W3BecTHO, 9TO HA MPOMAXKY i-My U€JOBEKY U3 OYeped OJHOIro OmeTa Kaccup Tparut A;
CeKYHJ, Ha IIPOJAXKy JABYX OmiaeTroB — B; cekymuu, Tpex buiaero — C; cexkynn. Hamummure
IpOTPaMMy, KOTOpas MOJACUUTACT MUHUMAILHOE BPEMsI, 38 KOTOPOE MOTJINA ObITH 0OCIYKEHbBI
BCE TIOKYTIATEe M.

Obparute BHUMaHWE, 9TO OUJIETH HA TPYNNY O0bEIUHUBIIAXCS JIO/IEH BCETIa TIOKYIAeT
nepBblii u3 HEX. Tak:ke HUKTO B IEJIAX YCKOPDEHHs He MOKYIaeT JUIIHUX OMIeToB (TO eCTh
OHJIETOB, KOTOPBIe HUKOMY He HYYKHBI).

Bo BxomaoMm paiiie 3anmucano cHadasaa 9ucao N — KOJHYEeCTBO IOKYIaTeIeil B odepein
(1 < N < 5000). Janee uaer N 1poek narypajabubix ducea A;, By, C;. Kaxmoe u3 srux
quces He mpesbimaer 3600. Jliogu B ouepem HyMepyIOTCS HAYHMHAs OT KACCHI.

B Boix01HOi#T (baiisi BRIBEUTE OHO 9UCI0 — MHUHAMAJIBHOE BPeMsl B CEKYHIaX, 32 KOTOPOe
MOIJIM OBITH OOCJIY2KEHBI BCE MOKYIATEIH.

ByneMm uckathb pemienue mo NpuBeJEHHON BBIIE CXeMe.

Cosnaum ogaoMepubiit Maccus (X)), aumuoit 5000, B i-0ii siaeiike KOTOPOro OyeM 3aro-
MUHATH BpeMs, HEOOXOIUMOe [IJTsi TIOKYTIKU OWJIeTOB BCEMU JIFOIBMU /0 $-T'0 BKJIIOYHTETHHO.

Jlamee — madasbuble ganabe. Co3maanM B MaccuBe Dapbep — TPEX (PUKTUBHBIX JTIO/IEH
¢ Homepamu 0, —1 U —2; B COOTBETCTBYIOIIE TUEHKN 3AMOJTHUM HYJIAMH (BpEMsl MOKYIIKU
oreToB hUKTUBHBIME JIOAbME — () CeKYH/T). 3AM0JIHUM COOTBETCTBYOIINE TIEHKHT MACCHBOB
A, B u C «6ecKOHETHOCTBHIO», KOTOPOH B JAHHOM CJIyYae MOKET OBITH JII000€e IuCI0 OOIbIIe
3600 (dbuKTHBHBIE JTIOAN TMOKYIAT OHIETHI OYeHb MeJJIEHHO, 3TO HEOOXOMMO, 9TOOBI OHU
HUKOT/Ia He YYACTBOBAJU B PEIeHNH ).

Tenepp 3anuinem onTuMu3upyionyio gpyuxmnuio. [lycts 3amonnensl Bee d4deiiku 1o K-oif,
He BKJOYas ee. Ham HeoOGxoaumo Bbipasuth X [K| depes yike pemiéHubie mogzagadu. s
KasKJIOr0 YeJoBeKa (€M CIUTATh, YTO 34 HUM OYEPeM HeT) CYIIECTBYET BCero 3 BapHaHTa
npuobpectu buser: Jimbo BCe JI0 Hero MoKy nawT ouier, u oH 6epeT TOJIBKO J1Jist cedst; Tndo Bee,



KpOMe TpeJIbIAYINero NoKymnawoT cedbe Ouaera, a npeiablaymninit 6eper aBa Ousera; JaubO Bee,
KpOMe JIBYX MPEJIbLAYINIX MOKYIAoT cebe OUIeThl, a CTOANUNA HA no3uuu K — 2 mokynaer
3 owmiera. T.K. TpebyeTcst MOCYUTATH MUHUMAJIbHOE BpeMs, TO (hOpMyaa OYIeT BBITJIAIETD
CTAEIYIONTUM 0Opa3OM:

X[K] =min(X[K — 1] + Ay, X[K — 2] + By_1, X[K — 3] + Ck_2)

Takum obpazom, JijIst pereHns HaM HeoOXOAMMO WHUIIHAJIU3UPOBATH MacCuB X (DUKTHUB-
HBIMU JIIOIbMHE, canTaTh MaccuBbl A, B u C, u nporaars nuka 1mo K or 1 mo N. Oreer Oymer
cofiep:kaThes B staeiike X [NV

CJ0KHOCTH TAKOTO PelleHus JTHHeHHA.

Paccvorpum 3a1a4u, rje /sl MOJyYeHHsT OTBETA TPEOYIOTCSA BCE YZKe PENTEHHBbIe 33/ 1adH
MEHBIIETO Pa3Mepa.

Jlng npuMepa BO3bMEM KJIACCHYECKYIO 33/1a9y JTUHAMUYIECKOTO IPOTPAMMHUPOBAHUS: 3a-
Jlady o HaubOJIbIIel Bo3pacTalonieil moamocae10BaTe/ IbHOCTH.

YcaoBue ee TaKOTO:

Jana nocseoBaresbHoctb u3 N uucest. Tpebyercs naiitu jiuny zHaunboJibieil BO3pacTa-
IOIIeHl TTOIIOCIeI0BATEIFHOCTh. DJIEMEHTHI B TIO/IMOC/IEI0BATETLHOCTH He 00513aTeTbHO Uy T
moApsiL (T.e. 9aCTh JIEMEHTOB UCXOIHOMN MOCIeI0BATEHHOCTH MOKHO «BBIODOCHTBY ) W KaiK-
JIBIH 9JIEMEHT HOJIIOCIeI0BATEILHOCTH JOJZKEH OBITH OOJIBIIIE IIPEIbIIYIIHX.

Bynem neiicTBoBaTH 10 y2Ke BBIPAOOTAHHON cxeme.

Cosnaum opHomepubiit Mmaccus (X)) punel N, B K-0if sideiike KOTOporo 6yiemM XpaHuTh
MaKCHMAaJbHYIO JJINHY BO3PACTAIOIIEH TOAIMOC/Ie10BATEIbHOCTH, TTOCTeTHAM JIEMEHTOM KO-
TOPOIl SABJIIETCH IJEMEHT ¢ HOMepoMm K.

B nannoit 3ayade He OymeM co3jaBaTb Oapbep, a MOA0EPEM TAKYI0 ONTHMU3HUPYIOILYIO
bYHKINIO, KOTOpas cMOxKeT 0b0oiTHChH 6e3 Hero.

Cama onrumusupyiomast GyHKIUs OyAeT BbINISIETh CJACAYIOMUM 00pa30M: CPeau Beex
HMPEIBIAYIIHX TICE/, MEHBITNX TEKYIIero, BeIOepeM TO, JiIsi KOTOPOrO JIHHA HAWOOJIbINeH
BO3PACTAIOIIEH MOAMOCTIEI0BATETBHOCTH MaKCUMa/ibHa. e Takux 9uces He HAILIOCH, TO
B X[K] 3amumiem 1 (momocie10BaATEIbHOCTD COCTOUT U3 OJHOTO YHCJIA).

X[K] = max;—g 1 (X[i]|X[K] > X[i]) + 1

Kak yxke ObLIO OIUCAHO BBHIIIE, B CJIyYae, €CJIH TAKUX YHCe] He HAILIOCh, (DYHKINUSI Mmax
JTOJIZKHA BO3BpamaTh (.

Yr0o0bI MOIYyYUTH OTBET, HEOOXOIUMO ITPOCMOTPETh BCE 3JIEMEHTHI MaccuBa X ¥ BHIOpPATDH
CcpeJid HUX MaKCHMAaJIbHBI.

JlaHHOe pelleHne BEpHO, T.K. MbI epedupaeM Bce BapUAHTHI (HO He MepecUnThIBACM KazK-
JIBI pas3 pelieHne moj3aiadun).

Ciozknoctb Takoro pentenust 6yjer O(N?).

3 BoccranoBJjeHue pelieHus

B mpeapraymux 3ama9ax Mbl TOJIBKO HAXOMWIN OTBET, HO He BOCCTAHABIMBAIN CAMOTO pe-
mrennsi. Hanmpumep, B 3ajade o MOKynke 6maeToB Morjio 66l TpeboBaThCsl yKa3aTh, CKOJIbKO
OMIeTOB KYIIII KaKoil uemoBek. A B 3a7a4e 0 MOUCKe HANOOJIBITIEH BO3PACTAOIIEH TOIITOCTIe-
JOBaTEIbHOCTH — YKA3aTh 3JIEMEHTHI 3TOU MOAIOCIEeT0BATEIbHOCTH.

OOGBIYHO BOCCTAHOBJIEHHE TIPOBOINUTCS 3aJI0M Halepé, T.e. 0T OTBeTa K HAaJaJIbHOI M031-
KA U, IPH HeOOXOTUMOCTH, IepeBopaunBaercsd. /I BOCCTAHOBIEHUS HUCIOIb3YIOTCS JIH00



IUKJIBI, KOTOPBIE <MEPENPBITIBAIOTY HEKOTOPBIE 3JEMEHTBI, JBUTASCH OT KOHIA K HAYaJIy
UJIU PeKypPCUBHBIE (DYHKITUH.

Tak, B 3amade o HanOOJIbIIEN BO3pACTAIOIIEN MOIMOCTIETOBATETBHOCTH JJIs TOTO, YTOOBI
BOCCTAaHOBHUTD €€ HeOOXOAMMO KpPOMe JIUHBI XPAHUTD €II¢ U HOMEp MPEeILIIYIIErO JJIeMEeHTa,
(a 71t IEPBOTO 3JeMeHTa B TOJIIOCTIeA0BATEILHOCTH, KOTIA /INHA paBHa 1, HeKuii cremu-
aJIbHBIN MPHU3HAK, HAIpUMep, 4ncao —1). 3arem, mocse TOro, Kak Mbl HAfiEM 3JeMeHT ¢
OTBETOM, TIOJIYIUM pellleHne, ecau OyaeM JIBUTAThCs, HAUWHAsd C €r0 HOMepa U IepeXxo/isd Ha
OpeIbl YUl 10 TeX Top, MoKa He gocTurau —1. OTBeT OyeT moxydeH B 0OpaTHOM MOPSIJIKe,
CYIIIECTBYET /IBA BAPDUAHTA — 3AMUCATH BO BCIIOMOTATETHLHBI!l MACCUB U BHIBECTH €T0 C KOHIIA,
Jin0O MCIIO/IB30BATh PEKYPCUBHYIO (DYHKIMIO TEPEX0/ia Ha HPEJbIAYIINNA 1 BHIBOJUTH OTBET
Ha BBIXOJE U3 QyHKIun. CTOUT OTMETHTH, YTO PeKypcus paboTaeT MeTeHHee W 3aHUMAeT
OOJIbIIIEe TAMSITH.

PaccMoTpuM, B KavdecTBe TpuMepa, elé OTHY KJIACCHIecKyTo 33a9y JTHHAMAIECKOTO TTPO-
IPAMMHUPOBAHUS: TUCKPETHYIO 33/1a9y O PIOK3aKe.

Jan mabop, cocrosimuii u3 N HeAEIUMBIX IPEJAMETOB (T.€. Pa3IessTh KayKIbli Ipeji-
MeT Ha YaCTH HeJb3sl), JJisl KayKJIO0r0 W3 KOTOPOro m3BecTeH ero Bec M; m crommocth S;.
MakcumasibHas Tpy30noILEMHOCTH plok3aka — L. Tpebyercss yHecTH B pIOK3aKe MPeIMeTHI,
CyMMapHas CTOUMOCTH KOTOPBIX MaKCAMAaJbHA.

st permenns 31oii 3agadu co3gaanm Maccus (X)) pmuabl L, K-g staeiika KOTOPOTo TIpe/i-
craBjiger coboil CTPYKTYPY U XPaHUT:

1. MakcumasibHYI0 CyMMapHYIO CTOMMOCTH Bellell Ha JaHHbii MomeHT (mose sum). O6-
muit Bec Bemeit K

2. Kakas Berip Oblia qobasiena nociaeaaeii (mose num).

Uunupamusupyem Maccus caenytonium obpazom: B X [0] (HymeBoii cymMMapHBIR Bec) 3a-
nuteM (PUKTUBHYIO Belllb ¢ HOMepoM —1 m cymmaphoit croumocthio 0. Bo Bce octasibHbIe
sS9efiKi 3aldilleM B KadecTBe HOMepa Bellr —2 — IIPU3HAK TOTO, 9TO HAOOp TAaKOro Beca
COCTABATH HEBO3MOZKHO.

CraenaeM JUHAMHUKY <«IIO BeIaMm», T.e. OyJeM HCKATh pelleHHue 3a1a49u Jjisd J HIepBbIX
Belleil MCxo/d U3 3HAHUYA ONTHMAJIbHOTO periennd i J — 1 nepoit Bemu. /laa 0 Bemeit
Hallle yTBepyKAeHre BhiNoaHsieTcsa. Ha Kaxk oM 1are 0yaeM nbITaThCd J00aBUTh OUePeIHY 0
Belllb KO BCEM VK€ COCTaBJIeHHbIM HabopaM. Eciin Habop cyMMapHBIM BECOM, PABHBIM CYyMMe
Beca odepeIHOi Belll U Beca JIOIOJIHSIONIEro ee JI0 TeKYIIero Beca Habopa, He CyIIecTBOBAJI
UM €r0 CTOMMOCTD OBL/Ia MEHBIIe, YeM HOBasl, TO 3aMEeHsIeM ero.

for (j=0; j<N; j++) { //uukn mo Bemam
for (i=L-M[jl; i>=0; i--) //uumra mo Becam

if (X[i] .num !'= -1)
//ecnu Habop Beca i (ZmOMONHWTENbHHI) CymeCTBYeT
if ((X[i+M[j]1].num == -2) || (X[i+M[j]].sum < S[j] + X[i].sum)) {

//ecnu HabOp He CymeCTBOBAJ MM OBHJI XyXe HOBOTO, TO 3aMEHAEM
X[i+M[j1] .sum = S[j] + X[i].sum;
X[i+M[j1] .num = j;

+



OcoBEeHHOCTD 3TOr0 MeTOJa — TIPOXOJ, ¢ KOHIIA MacCHBa K Hadady. DTO HEOOXOIMMO,
4TOOBI OJHA W Ta YKe Belllb He BOILIA B HaOOp Apa pasa. [Ipommmocrpupyem Ha mpHMepe.
[IycTh y HAC MMEIOTCSI BEIIU CO CJIAYIOMUME napamu Bec-ctoumocts (1, 3), (3, 2), (4, 6), (2,
2) 1 PIOK3aK I'PY30I0IbEMHOCTBIO 6.

Bec 0 1 2 3 4 ) 6
MmMar1}|-1 0|1 3|-2 0]-2 0|-2 0|-2 0|—-2 0
Mar2| -1 0|1 3|-2 0] 2 2|2 5|-2 0|-2 0
mMar3|-1 0|1 3|-2 02 2|38 6|38 9|-2 0
MMar4 | -1 0|1 3| 4 2| 4 5|3 6|3 9|4 §

[lepBoe ucsio B cTOIOIE — HOMEP BEIH, BTOPOe — CyMMapHbIil Bec. KypcuBoM momeuena
obHOBIEHHAST NHGMOPMATIHS, YKUPHBIM MPUPTOM — Te STIeHKH, T/ie TMTPOBOINIOCH CPABHEHNE,
HO 3aMeHa He [MPOU30ILIa (pe3ysbrar He ObLI yIydIneH).

[yt Toro, 9T00OBI MOJYYUTh OTBET, HAM HEOOXOJUMO HAUTH B MACCHBE JIEMEHT C MaKCHU-
MaJILHBIM TI0JIeM sum. BoccTanoBeHne HA9HEM ¢ 9TOTO TOJIsI, JBUTASCh HA3ad. A UMEHHO —
3AMOMHUAM WJIH BBIBEJIEM TIOJIE Num TON d4UeiiKu, rjie HaXOAUMCs cefidac. DTO 03HAYAET, ITO
BEI[b C HOMEPOM NuUM ObLIa MOJOXKEeHA HOC/JeAHeHl W 9TOObI BOCCTAHOBUTH HPEIbIIYILY IO
9aCTh HEOOXOIMMO OTHSITH €€ BeC W MPOJ0JIZKATH 9TO 70 TeX TMOp, MOKa He J0iaéM 110 (puk-
TUBHOH BeIlW ¢ HOMepoM — 1.

Paznoxkenne yuciaa

Mockosckas onumnuaia 2006

YVUauTebHUIa MATEeMATUKH MOMPOCH/IA ITKOJIbHUKOB COCTABUTH apu(pPMETHIECKOE BbIPa-
JKeHme, TaK 9T00bI ero 3HadeHne ObLI0 PABHO JAHHOMY 4ducay N, U 3aIucaTh ero B TeTPa/Iu.
B BeIpakenun MoryT ObIThH UCIIOIH30BAHBI HATYPaAJbHBIE YUCTA, HE TTpeBocxoasamue K, ore-
paluu CJI0KEeHUsS U YMHOKEHHUs, a TakKe CKOOKHU. [lerst odenp He JIIOOUT MUCATH, U XOUYET
IPHIYMATh BRIPAKEHHE, CojeprKaliee KaK MOKHO MeHbIIe CHMBOJIOB. Hamurure mporpaMmy,
KOTOpPasi IIOMOZKET €My B ITOM.

B nepsoit cTpoke BxomHOro aiina 3amucanbl aBa HarypaabHbix uncaa: N (1 < N <
10000) — snauenne Boiparkenns u K (1 < K < 10000) — mamboJibliee 4HCIO, KOTOPOE
paspemniaercs UCIOIb30BAThH B BHIPAYKEHUH.

B enuncTBennoi cTpoke BHIXOAHOTO (aiiyia BHIBEIUTE BhIPAYKEHUE ¢ JAHHBIM 3HAYCHUEM,
3AMUCHIBAIOIIECECT HANMEHBITTMM BO3MOXKHBIM KOJTUIECTBOM CHMBOJIOB.

Ecyiu pentenunii HeCKOIBKO, BBIBEAUTE JTI000€ U3 HHUX.

[Tpu mocuére AIUHBI BEIPAYKEHUS YINTHIBAIOTCS BCE CUMBOJIBI: TTU(PHI, 3HAKH OTTE€PAITHii,
CKOOKH.

3aMeTuM, 9TO JIjId PelieHus: MpeICTaBIeHHs YUCJIa ¢ CYHIECTBYeT TPU Bapuanrta: Tpedy-
eMoe YHCI0 MOYKET OBITh 3amucano HenocpeacTBeHHo (i < K, TpefyemMoe KOJUYECTBO CUM-
BOJIOB — KOJIMYECTBO IUdP B YUCIE), YHCIO MOXKET ObITh HPEJICTABICHO B BUJE CYMMbI UJIH
POU3BE/IEHUS JIBYX MEHBIINX YHCeI. BygeM cuuTarh MHOXKHUTEIb W MPOCTO 3aMUCh IUCIA
OJIHHM ¥ TeM 2Ke (B 9TOM CJiydae CKOOKH He TpeOyoTcs ). B cirydae eciu Mbl HCIIOJIB3YeM MPO-
U3BeJICHUE JBYX YHCE], XOTd OBl OJIHO M3 KOTOPBIX MPEJACTAB/ISIETCS CYMMOM, TO 9TO YUCJIO
JIOJIZKHO OBITH OKPY2KEHO CKOOKaMHU.

[Tepen Tem, Kak BOCCTAHABINBATH BbIPAXKEHUE, HAY YUMCS CUUTATH ero jyiuny. Jas 9Toro
HaM TOTpe0yeTcst 1Ba BCIIOMOTATEJbHBIX MacCHBa, OAMH (M) W3 KOTOPHIX OyIeT colepKaTh
JJIHHY BBIPAzKeHWsT 9TOTO YHCIa KaK MHOXKUTEJsT (HEMOCPeICTBEHHO YHCJI0 WJIN MTPOU3Be/Ie-
HEE), a BTOPOii ($) — JJIMHY BBIPAsKEeHHsI STOTO YUCJIA Yepe3 CYMMY UYHCE.

BHauasie 3a0JIHUM MACCUBBI «GeCKOHEUHOCTSIMU» (B HAIIIEM CJIy9ae 9TO MOKET ObITh THC-
JI0 M+ 2, KOIJIA 9UCJI0 HPEJICTABISIETCS B BUJIE CYMMBbI €J[HHUIL). 3aTeM 3al0JHUM 7I€MEeHTbI



MaccuBa m ¢ WHAeKcamu oT 1 10 k mawHON 4ucia (A1 3TOrO €CTh HECKOJBKO CIIOCOBOB:
MOJCYET JJIAHBI CTPOKH, BBIYUC/IEHUE JIECATUIHOrO JorapudMa Uil MPOCTO 3AllOMUHAHIUE).

[Tocsie 3TOr0 HACTYHAeT Yepél HemoCPEICTBEHHO JIUHAMHYECKOTO MPOIPAMMHUPOBAHMUS.
BymeMm mbITarhest A1 Kazkaoro unciaa (i) u3 amanasona or k + 1 10 n HallTH Hauaydinee
IPEJCTABICHNE €0 B BHJE IPOM3BEJCHUST M B BUAE CyMMBbl. g npejacraBjieHus B BHJIE
CYMMBI HAM HEOOXOJMMO IepedpaTh BCe Maphl CAAraeMbiX j U P, TAKUX, 9TO J < pH J+p = 1,
U BbIOpATh Cpel HUX HAWAYdHIyio. [Ipu 3TOM i KazKJI0ro U3 4HCeJ j ¥ P HEOOXOJIUMO
BHIOMpATh MUHEMYM H3 HPEICTABICHHS B BUJEe CYMMBI W BHJe Tpou3BefeHnst. CaMu 3TH
qHCIAa HeOOXOAUMO 3aOMHAT, T.€., HAIPUMED, 3alUCATh B CIIeNUATbHBIE MACCUBLL S1[n] = j
u s2[n] = p. Dra nadbOpMaIHsT CUIHHO OOJIErYUT BOCCTAHOBJIEHHE DEIeHHsI.

Kpome Toro, mjis amucia ¢ Hy?KHO HAHTH HaWIydIIee IPeJCTaBIeHUe B BHJE POU3BEIe-
nusg. JIng sToro 6ymeM mepebupaTh Bee Umcaa j, HaumHAg ¢ 2 U HoKa j° < 4. Jlnd Kaskmoro
J GyleM HaxoIuTh JOMOJHUTENbHBIH MHOKUTENb p (p = i/j), Takoii, uro j X p = i (Te.
GUCJIO § JIEIUTCS Ha j Hareso). EcTecTBeHHO, YTO JIIg YUCeT j U p TaKyKe HYIKHO BBHIOU-
paTh Hamayunee u3 npejacrapaennii. OHAKO B CJyvae NPOU3BeJIeHUs BOSHUKAET HEBOJIbIIOe
OTJIMYIHE: €CJIM COMHOXKHTEID TPEJACTABIACTCA B BUAE CYMMbBI, HEOOXOIMMO OKPYZKHTH €ro0
ckobkamu. Takum 06pa3oM, K MpeJCTABICHUI0 COMHOKHUTENs (KazKI0TO W3 YUCesS p U j) B
BHJIE CYMMBI, HEOOXOIMMO MpUOaBIaATh 2 (T.e. cpaBHUBATH MexXIy coboit s[j| + 2 u m[j]).
Jlyumree pasObuenue HA MHOKHUTEIN TaKyKe HYKHO 3anoMuHath (ml[n] = j u m2[n] = p).

ITocote moCTpOEHMST TAKMX MACCUBOB MBI yzKe 3HaeM JiuHy orsera (min(sn], m(n])) n nam
HEOOXOIMMO BOCCTAHOBHUTH €ro. /ljist BOCCTaAHOBIEHUST BOCIIONB3YyEeMCS PEKYPCHBHON (hyHKII-
eif, MpUHUMAIONIEH Ha BXOJ JBa MapaMeTpa: YnCJI0, KOTOPOe HYyKHO BOCCTAHOBUTL W TIPHU-
3HAK TOIO, SIBJISIETCS JIH BOCCTAHABJIUBAEMOE UHCJIO COMHOXKHUTETeM (9TO HEOOXOIUMO JIJIst
MPABUJILHON PACCTAHOBKHU CKOOOK). IIpu mepBoM 3amycke 4ucao He GyIeT sBJIAThCS COMHO-
xKurejgem (orBer He HaJO OKpyzkarb ckoOkamu). Cama (DyHKIMS JOJZKHA PACCMATPUBATD
TPU OCHOBHBIX CJIy4as: €CIU BOCCTAHABIMBAEMOE YHCJIO HE NMPEeBbImaeT k, TO MPOCTO BHIBO-
JIUM 3TO YHCJI0; €CJIM HaIlle YUCJI0 HAMIYYITIM 00Pa30M IPEACTABUMO MPOU3BEICHUEM, TO
BBI3bIBAEM BOCCTAHOBJIEHHE JIJI IIEPBOIO COMHOXKHUTE/Is, [edaTaeM 3HaK <«*» U BbI3bIBAEM
(DYHKIHIO TeYaTH BTOPOTO COMHOYKHUTEJIsI (B 9TOM ciiydae B (OYHKIUHI JOJZKHBI TTepeaBaTh-
sl IPU3HAKH TOTO, YTO BOCCTAHABIMBAEMOE UUCJIO SIBJSETCS COMHOKUTEIEM); B CIyUae JKe
eCJIM IUCJI0 HAWIYYITHM 00pa30M MPEJCTABHMO B BHJE CYMMBI (371€Ch TaKKe JiBa CJIydas:
HYZKHBI JI1 CKOOKM WJIM HET; €CJIM HYZKHbI, TO NPUOABJIsieM K JUIMHE 2 U CTABUM 3TH CKOOKH
BOKDYT BBIDAKEHNUs), TO BBI3bIBAEM BOCCTAHOBJIEHUE [T HEPBOTO ONEPAH/A, CTABAM MEZKIY
HUMU 3HAK «-+» U BOCCTAHABJIMBAEM BTOPOIi OllepaH i (B 9TOM CJIydae MPU3HAK COMHOKHTEJIS
nepeiaBaTh He HAJ0 — CKOOKU HE HYKHBI).

CyimecrByer u Apyroii BADMAHT PENICHHUsT, IIPU KOTOPOM NPEJICTABJCHUE CPa3y HaKaIlIU-
BAETCS B BHUJE CTPOKH (String), a B KOHIE PAbOTHI IPOCTO BHIBOAUTCS.

[Tpu perrennu 3Toi 330291 HEOOXOAMMO TTHCATH JIOCTATOYHO aKKYPATHYIO PeaTU3alnio,
T.K. €¢ ACUMIITOTHYeCKad CoxKHOCTE O(N?), aro B Hamem caydae pasuo 108, [TosToMy HeKo-
TOpas CJI0XKHOCTH BOCCTAHOBJICHH OIIPABIAHA YBEPEHHOCTHIO B IPOU3BOAUTEILHOCTH TAKOTO
MeTojia (110 CDABHEHHIO € OLEPAIMSIMU HaJl AMHAMUYICCKH BbIIEJISIEMBIME CTPDOKAMH).

4 Tlomcuér umcja OTBETOB

3aja4n mojcuéTa YUCaa OTBETOB MPAKTUYECKH HE OTIUYAIOTCA OT 3a/1a9 MOMCKA OTBETA.
Onako BMecTo GyHKINT, BRIOUPAIOINIEH OTHMAIBHOE PEIIeHne, 3/1eCh HCHOJIb3YeTCs CJI0ZKe-



HYE WU YMHOYKEeHUE, B 3aBUCUMOCTH OT peajn3aiun. Ceayer OTMeTHTh, 9TO B GOJIbIMTHHCTBE
TAKOTO POJIAa 33J1a4 JIJIsI XPAHEeHUs KOJTMIECTBA BAPUAHTOB TPeOYIOTCS JijIMHHAdA apudMeTH-
Ka, TIOTOMY Hepe/l peaan3alueif CTOUT ONeHUTh BOZMOXKHYIO JIJIMHY MAKCUMAJIHHOTO OTBETA,
JIIsT TOTO, YTOOBI MOJYIUTH Tpebyemyto manuy dwuciaa. Omnepanust CJI0XKEHUs IBYX UHCE,
MakcuMmasibHoe U3 Kotopbix pasao N, tpebyer O(log N) Bpemenu (T.€. IPOMOPIMOHAIBHO
KOJIMYEeCTBY 3HakoB), a juanoe ymuoxkenue O(log® N).

PaccmoTpuM KIaccu4uecKyio MaTeMaTH4ecKyto 3a1a4dy o ducjiax OuboHaqvdu, n3BECTHYIO
emé B CpeaneBekoBbe. B opurunase 9To 3ajada 0 KPOJUKAX, KOTOPBIE, KAK U IOJOXKEHO
KPOJUKAM, IJIOMSTCS W 9epe3 HEKOTOPOe BpeMsi YMUPAIOT. 3aa4da COCTOUT B TOM, UTOOBI
OIPEJIEJINTh KOJUIECTBO KPOJUKOB Yepe3 HEKOTOPBIH IIPOMEZKYTOK BPEMEHH.

Ecan nepedopmyanpoBaTh ee B MaTeMAaTHIECKUX TEPMUHAX, TO MOJYYUM PEKYPPEHTHOE
coorHotenue F; = F,_1 + F;_o u Fy =1, I}, = 1. 3agada cocTout B TOM, 4T00bI HafiTu [y
o 3a;jaHaOMY NV

s seraucaenus N-ro anciaa PuboHaqvn cymecTsyer (hopMysia, 0JHAKO OHA HEMTPUTOTHA
JIJIsI KOMITBIOTEPHOIO MCHOJIb30BAHUSI.

Onennm ckopocThb pocta aucen Gubonadan. 3amMeTnm, 9T0 IUCIa BO3PACTAOT 1 2 X F'i >
F;,1. Takum 06pa3om, MOKHO cieqaaTsh onenky Fy < 2V, OTcioga moiydumM, 9To omepanmus
CJIOXKeHUs! IBYX JUIHHHBIX ducesa Qubonauun Oymer sanumars O(log N).

Ecau nosb3oBarbess (hopMyIIoii, IpUBeIEHHO B onmpe/eeHnu (T.e. MPOCTO CKJIAIBIBATH
IOCJIEJI0OBATENBHO MAPhl MOJAPSL HIYIUX YUCEJ JJisl MOJIYIeHUs CJIEYIONero), 1o oomas
CJIOZKHOCTD € YYI6TOM PacxoioB Ha aiuHHYI0 apudmeruky moayuanrces O(N log N).

CrouT 3aMeTHUTh, 9TO TIPU STOM BOBCE HE 00sI3aTeIbHO XpaHUTb N JJIMHHBIX YUCeJI, JI0-
CTATOYHO TOJBKO 3: JIJIA JABYX IPEABLIYIIUX YUCEJ U PE3YIbTaTa CJIOZKEHU.

T.x. 3agaqan, Tpebyromue noacuyéra auces OubOHATIN, BCTPEUAIOTCH JOCTATOTHO YacTo,
nocrapaeMcst Haiitu 60j1ee ObICTPBIN CIIOCO0 UX HOJACUYETA.

Paccvorpum marpuiy (% (1)) Bepxuuii jieBbIii 3jieMeHT B Heil COOTBETCTBYET HEPBOMY

= 11)2 21
qucyry @ubonadun. Bosesaém 3Ty MaTpuily B KBaJparT: (1 0) = (1 1), Terepb B BEPXHEM
JIEBOM YIJIy MaTPHIBI CTOUT y2Ke BTopoe uucjao Pubonaddu. AHAJOTUYIHO I 3-TO THCJIA:
18y x (%21) = (3?2). Boobie roBopsi, BBIIIOJHSIETCS CIELYIONIEE COOTHOIEHUE:
10 11 21 :

11 y Fy Fis\ (Fa+F_ Fa) (11
o Fiy Fis) Fi 4 Fis) \1 0

T.x. 32 HAYAJIBHYIO MATPHILy MBIl TPUHAMAaEM TaKzKe MATPHILY, COCTOSIIYI0 U3 MEePBBIX
quce)t PuboHaYIU, TO MOZKHO HOJIYUUTh CJIEJYIONIEe YTBePAK IeHue:

1 1\V Fy  Fy_y

1 0/  \Fna Fno

Ec/in 1pocTo BO3BOAUTH MATPHILY B CTEIEHb, TO Mbl HOsIy4nM caoxuocTh O(N log? N).
Unen log? N BOZHUK 37eCh U3-32 HEOOXOAMMOCTH JTHHAOTO YMHOMKECHHS.

OHAKO MBI 3HAaeM CIOCOO OBICTPOTrO BO3BEJEHNUS B CTENeHb JJIS YHCes, KOTOPBI TaKKe
IPUMEHUM U It MaTpuil. T.0. MBI MOKeM JTOOUTHCS CI0KHOCTH O(log3 N).

Ha upakruke cKOpocTb pabOTHI BBILVISIAUT TaK (YCPEJHEHHBIC 3HAYCHHSI 110 D IKCIEPH-
MEHTaM):
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Puc. 1: CpaBuenne mpou3BoUTEIbHOCTH
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