Muxann I'ycrokamun. /IunamMmudeckoe nporpammupoBanue (dacTsb 1).

1 Bsenenue

JuHaMu9ecKrM MPOrPAMMUDOBAHMEM HA3BIBAETCS METOZ, KOTODBIN MMO3BOJIAET PeIarh <«IepeDOpHbIE» 331349,
OIIMPASCh HA y2Ke DEIIeHHbIE [10/[337a4u MeHbIIero pasmepa. IIpu 3rom HEobxOmmmO, 4TOOBI BCE PEIleHus MOXKHO
ObLIO 3AOMHUTD B Tabauie (T.e. JaHHBIE, TTIOCIUTAHHBIE OIHAXK b, HE HEPECUUTHIBAIOTCS).

WNaen npHaMIIecKoro MporpaMMUAPOBAHNSA OYeHD TTOX0KHY Ha WU METOAA JOKA3aTeIbCTBA IO WHYKITHH, H3BECTHOTO
U3 MKOJILHON mporpaMmbl MareMaTuku. CdopmyaapyeM HeoOXOAUMbE TPeOOBAHUS:

1. Bce perenns moasagad JOIKHBL 3AIIOMUHATLCST B TabIHITE.

2. CyuiecTByeT U3BECTHBIE PElleHNs sl 33449 ¢ MAJIOH PA3MEPHOCTLIO (AHAJIOTUYHO IPOBEPKE 715l MUHUMAJIHHOTO
napaMeTpa B METOJIE MATEeMaTHIECKON MHIIYKIUHN).

3. CymecrByeT cnocof BbIPA3UTh PEIIeHue 33Ja4K 9epe3 MoA3a1auu (BO3MOXKHO, OTJIMYHBIE OT MCXOIHON 3a/a4u)
MeHbIIIeH Pa3MEePHOCTH. JTO OOJIbIIE BCEr0 HAIIOMUHAET PEKYPPEHTHOE COOTHOILICHUE B MATEMATUKE.

TpeboBanue MEHBINEH PA3MEPHOCTH O3HAYALT, UTO 3HAUEHUE TMapaMeTpa (MW OJHOTO W3 MAPAMETPOR, eCIH WX
HECKOJIBKO) B TOI337a4€e JOJPKHO OBITH MEHBITE, 9eM 3HAYCHWE MAapaMEeTpa B 337a9€¢ W B UTOTe MOCTII0BATEIHHOCTD
[0/33/1a4 J0JIZKHA CXOAUTHCA K U3BECTHLIM peleHusaM (HyJeBOMy mnapamerpy, Hanpumep). Eciau napamerps! noazamad
«yXOO4AT B 6eCKOHe“IHOCTb>> WJIN BOSHUKAET KPYIroBad 3aBUCUMOCTD — 9TO O3HAYa€T, YTO METOJ JNHAMHYICCKOI'O IIPOIPaMMUPOBAHE
HETITPUMEHNM. B HEKOTOPDBIX CJAyYadX PasyMHO NMOACYUTATH CYMMY BCEX TTapaMeTpOB U Tpe6OBaTb, qTO6bI Ha KaKJIOM
mIare 3Ta CyMMa YMEHBIIAJIACHh (OIHAKO 3TO He BCET/a BO3MOXKHO).

3amaun IUHAMWYECKOrO MPOTPAMMHUDOBAHUS JIEIATCS HA IBA TUIA: ONTAMW3AINUS [EJT€BON (DYHKIMU U MOACYIET
KOJIMYIECTBA BAPUAHTOB peleHnsd. B mepBoM caydae HaM HEOOXOINMO BbIOPATH JIyUIlee CPean BCEX PEIIeHnH Moa3aaad,
BO BTOPOM — IIPOCYMMUPOBATH BCE KOJIUYECTBA PEIIeHU M0/133,/1a4.

B CJIydae eC/ii HIIeTCsA pelleHue, NHOrAa 6bIBaeT HeO6XO,Z[I/IMO IIOACYNUTATh HE TOJILKO CaM OTBET, HO 1 BOCCTaHOBUTDb
PeIleHre MOJHOCTRIO (3amnucars, KaKue NeiCTBUA BBITOJHAINCH Ha KasKIOM 1I1are).

2 Onrumus3anmd mesieBoii pyHKITUN

K sagagam onrumusanuu nesieBoil GyHKIUEU Ui 33JaHHONO YUCIIA [MOA33/1a9 OTHOCATCH T€ 3aJa4dd, B KOTOPBIX
peIlieHre MOXKHO HAWTH UCXOs W3 3HAHWS PEIeHN HECKOJIBKUX MPENBIIYIIIX 33,1a9. By/IeM paccMaTpUBATEL TPUMEPDI
UCXO/IsT U3 TPUBEIEHHOMN BBIIIE CXEMBI.

Ilokynka 6usieToB

MockoBckas onumvnnaga 2003

3a GuiieraMu HA MPEMBEPY HOBOTO MIO3UKJIA BBICTPOMJIACH O4Yepesib u3 [N 4YesioBeK, KaxKbIil U3 KOTOPBIX XOYeT
kynuTh 1 6uner. Ha Bcio odyepens paboTania TOIBKO OJHA KAcCCa, MO3TOMY MPOIAXKa OMIETOB IILIA OYEHBb MeJJIEHHO,
MIPUBOIS «ITOCTOSIBIIEBY Ouepeau B oTuasane. Cambie co0Opas3uTebHbIe OBICTPO 3AMETHIIN, 9TO, KAK MTPABU/IO, HECKOJIBKO
OWIeTOB B OMHU PYKHW KACCHp MpPOMAET ObICTpee, YeM KOIIa ITU Ke OWJIeThl mpomaroTcs 1mo omaomy. [lostomy omu
MPEJIOKUIN HECKOJBKUM TTOAPS, CTOSIIAM JIIOISIM OTIABATH JEHBIH MEPBOMY W3 HUX, YTOOBI OH KyIHUJI OUIETHI HA
BCEX.

OHaxo 171st 60pBOBI CO CIEKYATHTAME KACCUD TTPOIABAJIA He OoJtee 3-X OUJIETOB B OHU PYKH, TOITOMY JIOTOBOPUTHCST
TaKUM 00pa30M MEXKITy cOOO0M MOTJIH JIUIh 2 WJIW 3 MOAPSII CTOSIINX YEJT0BEKA.

W3BecTHO, 9TO Ha MPOJAXKY i-MY YEJOBEKY W3 OYepeId OJHOrO OMeTa Kaccup TpaTut A; cekyHJ, Ha TPOJaXKy
aByx buneros — B; cekynn, Tpex ouneros — C; cekyna. Hamminnre nporpaMmy, KOTOpas MOACYUTAET MUHUMAJILHOE
BpEMsI, 38 KOTOPOE MOIJIH ObITH 0OCIYKEHBI BCE MOKYIATEH.

Ob6parure BHUMAHUE, YTO OUJIETHL HA TPYIILY OObEIMHUBIIMXCS JIIOAEH BCerja MOKyaer nepBbil u3 Hux. Takmxke
HUKTO B IEJIX YCKOPEHUS HE MOKYIAET JUIHUX Ouieros (T0 ecTh GHIETOB, KOTOPbIE HUKOMY HE HYKHDI).

Bo BxomHom ¢aitsie 3anucano caadana yuciao N — KojudecTso nokynareei B ouepeau (1 < N < 5000). Tanee uger
N tpoek narypambubix ncen A;, B;, C;. Kaxnoe u3 stux uncen ue npesbimaer 3600. Jlioau B ouepenn HyMepyoOTCs
HAYUHAA OT KACCHI.

B BbixoHO# daiisn BeIBeIUTE OMHO YUCIO0 — MUHUMAJIBHOE BPEMsI B CEKYH/IAX, 38 KOTOPOE MO ObITH OOCITy2KEeHbI
BCE TIOKYTIATETH.

Bynem nckarh perrenue 1o TPUBEIEHHON BBIIIE CXEME.

Coznaaum opromepnbiit Mmaccus (X)), maunoit 5000, B i-0if syeiike KOTOPOro GyAeM 3allOMUHATD BpeMst, HeOOX0IuMoe
JIIST TIOKYTIKW OHJIETOB BCEMH JIIOABME J0 4-T'O BKJIIOUHUTETHHO.

Hanee — nadanpubie manabie. Co3gaauM B MaccuBe 6apbep — Tpex GUKTUBHBIX Jiojell ¢ Homepamu 0, —1 u —2; B
COOTBETCTBYIOIINE SUEHKH 3ATIOJTHUM HYIAMHA (BpeMsl OKYTIKH OUjIeTOB (DUKTUBHBIMY JTIOABME — 0 CeKyHT). 3amomHnm
coorBercTByIomue sueiiku MaccuBoB A, B u C' «BeCKOHEIHOCTHIO», KOTOPOH B JAHHOM CJIyYae MOXKET ObITh JH060e



qucsio Gobine 3600 (hUKTUBHBIE JIIOAU NOKYIAIOT OUJIETHl OYEHb MEJIEHHO, 3TO HeOOX0AUMO, 4TOObI OHU HUKOTIA HE
YYACTBOBAJIM B DEINICHUHN ).

Temepns 3amuineM ONTHMH3UPYIONIYI0 (yHKINO. IlycTh 3amomnensr Bee sueiiku mo K-oit, He BKIOUag ee. Ham
HeoGxommMo BeIpasuTh X K| 4epes yxke pemeHHble mopzamaqn. s KaxKaoro 9esoBeka (eCiam CIATaTh, ITO 38 HAM
OYepen HeT) CYIIECTBYET BCETO 3 BAPUAHTA MPUOOPECTH Ouer: b0 BCe 10 HEero MOKYMNAIOT OUIeT, u OH 6eper TOJbBKO
qist cebst; mubOo Bee, KPOME MPEIBIIYINEro MOKynaT cebe duera, a mpeAapaymuil beper npa Oumera; 1ud0 BCe, KpoMe
JMBYX TPEIbILAYIAX MOKYTAI0T cede Ouierst, a crosimuil Ha no3urnyu K —2 nokymnaer 3 6uera. T.kx. Tpebyercs mocunurars
MHHAMAJIBLHOE BpeMsi, TO (popMyIa O6yIeT BLINIIIEeTh CASAYIONNM 00pa30oM:

X[K]=min(X[K — 1]+ Ak, X[K — 2] 4+ Bi—1, X[K — 3] + Cj_2)

Takum obOpasom, /Ui peleHns HaM HeOOXOAWMO HHUIUAJIH3UPOBATE MACCUB X (PUKTUBHBIMH JIIOIbMH, CIATATH
maccusbl A, B u C, u nporaars muki no K or 1 go N. Orser Gyzer conepxarhes B siueiike X [N].

CIOXXHOCTh TAKOrO PEIeHrs JTHHeIHA.

Paccmorpum 3aa9m, rae AJisi OIYYeHUA OTBeTa TPEOYIOTCS BCe YIKe PEIeHHbIE 33Ia91 MEHBIIEro pa3Mepa.

g mpuMepa BO3bMEM KJTACCHYECKYTO 3379y JUHAMAIECKOTO TPOrPAMMUPOBAHUS: 33039y O HanbOJIbINeH BO3PACTAIONIEH
HO/IIOCTIEIOBATEIBHOCTH.

YcnoBue ee Takoro:

Jana mocienosareabuocTb w3 N uncen. Tpebyercs HaliTu qnHy HAHOOMBIEH BO3PACTAONIEN TOAIOCIEI0BATETBHOCTD.
DJIEMEHTDI B IIOANOC/IEI0BATENLHOCTH He 0053aTe/IbHO ULy T TOAPsiT (T.€. 4aCTh 3JIEMEHTOB UCXOIHOMN [OC/IeI0BATEIbHOCTH
MOKHO <«BBIODOCHTB») M KAXKJIbIH 3JIEMEHT [OIIOCIIEJOBATEbHOCTH JI0JIKEH ObITh GOJIbIIE IPEeIbIIyIIHUX.

Bymem meiicTBOBaTh 10 y2Ke BBHIPAOOTAHHON CXeMe.

Cosmamum omaoMepnbiii Mmaccus (X) mmunst N, B K-0il s4eiike KOToporo GyneM XpaHUTh MAKCUMAILHYIO JJIUHY
BO3PACTAIOIIEH TOIITOCTIEIOBATEILHOCTH, TOCIEIHAM JIEMEHTOM KOTOPOH ABJISeTCs 37eMeHT ¢ HoMepom K.

B nannoit 3amade He Oyaem co3maBaTh Hapbep, a mogdepeM TaKyH ONTUMU3UPYIONY (DYyHKIHIO, KOTOpas CMOXKET
oboitrrck 6e3 Hero.

Cama onrrumusupytomas GyHKIHs OyIeT BBINIAAETh CASAYOIUM 00Pa30M: CPEIN BCEX MPEABLIYIITNX YUCEIT, MEHBIITHX
TEKYIEro, BbibepeM TO, Jisi KOTOPOro JJIMHA HAMOOJIbLIEH BO3PACTAIONEH MOAMOCAEI0BATEIbHOCTH MAKCUMAJbHA.
Ecnu rakux gyucesn we Hamioch, 70 B X [K| zanumiem 1 (moanociaenoBaTebHOCTh COCTOUT U3 OIHOIO YHCIA).

X[K] = maxi:()_,k,l(X[iHX[K] > X[ZD +1

Kak y»xke ObL10 OMHCAHO BBIIMIE, B CAyYae, €CTH TAKUX YUCET HE HAILIOCh, (DYHKIMI Mar JOJKHA BO3Bpamarh 0.

Y065 TOTYIUTH OTBET, HEOOXOANMO IPOCMOTPETH BCE 3JeMEHTHI MACCHBa X M BBIOPATDH CPeaN HUX MAKCUMAJIBHBIH.

HanHoe peuenue BepHO, T.K. Mbl IepebupaeM Bce BAPUAHTHI (HO HE [I€PECUUTHIBAEM KAzKAbLil a3 PELIeHUE [0334a4H ).

CrnoxuocTh Takoro pemenus 6ygaer O(N?).

3 BoccraHoBJieHUEe pelrlieHus

B mpeapiaymux 3amadax Mbl TOJBKO HAXOIWIN OTBET, HO HE BOCCTAHABJIMBAJIN CaMOro perrenns. Hampumep, B
3aJla4e O MOKYIKe OMIeToB MOTJIO ObI TpebOBATHCA yKa3aTh, CKOJHKO OMJIETOB KYMHUJ KAKOH 4UejioBeK. A B 3a7a4e O
roucke HauboJIbINeil BO3PACTAIONIEH TO/IITOCIEI0BATEIBHOCTH — YKA3aTh 3JIEMEHTHI 3TOH MO/IIOCTEI0BATEILHOCTH.

OOBIYHO BOCCTAHOBJIEHNE TTPOBOINTCS 34/I0M HAIIEPET, T.€. OT OTBETA K HAYAJBHON MO3UIINA U, TPU HEOOXOIUMOCTH,
IePEeBOPAINBACTCA. I BOCCTAHOBIEHMS UCIOIB3YIOTCS JTUOO IUAKJIIBI, KOTOPBIE «IIE€PEIIPBITHBAIOT HEKOTOPBIE 3JI€MEHTHI,
JBUTAACH OT KOHIA K HAYAJIY MWW PEKYPCHUBHBIE (DYHKIIMH.

Tak, B 3a7a9e 0 HAMOOJIBLITIEH BO3PACTAIONIEH TTOANOCIeI0BATEHLHOCTH /IJIsI TOTO, ITOOBI BOCCTAHOBUTH €€ HEOOXOMNMO
KPOME JJIUHBI XPAHUTH €I1e U HOMEp TPEAbLILYIIero 3jeMenTa (& Jjid MepBOro 3/JeMEHTa B MOANOCIeI0BATELHOCTH,
KOIJIa [JIMHA PaBHA 1, HeKWii ClenuasbHbI IPU3HAK, HAIpUMEpP, 4uciao —1). BareM, mocjie TOro, Kak Mbl HaijeMm
3JIEMEHT C OTBETOM, MOJYIAM PeIeHne, ecan OyaeM ABUTaThCA, HAUWHASI ¢ €r0 HOMEpPa W Mepexois Ha IPeIbLayInnit
JI0 Tex mop, nmoka ue gocrurym —1. Oreer GyaeT nosyden B 06paTHOM TIOPSIKE, CYIIECTBYET JBA BAPUAHTA — 3AIUCATD
BO BCIIOMOTaTeJIbHBI MACCHB M BBIBECTH €r0 C KOHIA, JIMOO KCIIOJNB30BATh PEKYPCHUBHYIO (DYHKIUIO IIEPEXOJa HA,
MPEIBIAYINNAYE U BBIBOJUTH OTBET HA BhIXOMe u3 (pyHKIWH. CTOUT OTMETHUTH, YTO peKypcus padoTaerT MejajieHHee U
3aHUMAET OOJIBINE MAMSITH.

PaccvoTrpumM, B KadgecTBe IpuMepa, eIrne OHY KIACCHIECKYI0 331a9y JNHAMUIECKOTO IIPOrPAMMHUPOBAHNS: JUCKPETHY IO
33/1a49y O PIOK3aKe.

Han wabop, cocrogiumii u3 N HeueauMbIX LpeAMeToB (T.e. Pa3fesaTb KAXKAbIA HPeIMeT HA YaCTU HeJb3d), JJisd
KayKJIOro W3 KOTOPOTO U3BECTeH ero Bec M; u croumocthb S;. MakcumasibHasi rpy30MOIbeMHOCTh PIOK3aka — L.
Tpebyercs yHecTH B PIOK3aKe TPEIMETHI, CYMMAaPHAs CTOMMOCTH KOTOPBIX MAKCHMAJIBHA.

i perenust 3roit 3anauu cozuaaum Maccus (X) maunbr L, K- a4eiika KOTOpOro npeacrasiser coboil CTpyKTypy
W XPaHUT:

1. MakcuMa/IbHYI0 CYMMAapHYIO CTOMMOCTD Belieil Ha qaHHbii MomeHT (moje sum). Obuwmii Bec semeit K

2. Kakasa pemp Ob1a nobasiena nocjaeaneii (moje num).



WNunnmanmsupyeM Maccus caeayiommm obpasom: B X [0] (mysmeroil cymmapHbii Bec) samumem (GUKTHBHYIO BEmib
¢ HomepoM —1 u cymmapuoit cromMocThio (. Bo Bce ocTanbHble dvUefikyd 3amuileM B KadecTBe HOMepa Bemu —2 —
MIPU3HAK TOTO, YTO HAOOP TAKOrO BECA COCTABUTH HEBO3MOXKHO.

CuestaeM DMHAMUKY <«IIO BELIaM», T.e. OyJeM HCKaThb pelIeHHe 3aJa4M JJid J HepBbIX Bellell McXois U3 3HAHUS
ONTUMAJLHOTO perenns mis J — 1 meproit Beru. /Ins 0 Bermeit Hatie yTBep:KIeHne BuITOMHsAeTcd. Ha Kaykmom mmare
OyIeM TBITAThCA N0OABUTH OYEPEIHYIO BEIlb KO BCEM yXKe cocTaBieHHbIM Habopam. Eciu Habop cymMMapHBIM BECOM,
PaBHBIM CyMMe BECA OYEpEIHON BEIW ¥ Beca JOMOJHSANIETO e 10 TeKYIIEero Beca Habopa, He CYIIeCTBOBAJ WJIH €ro
CTOMMOCTD OBLIa MEHBIIE, UeM HOBas, TO 3aMEHSIEM ero.

for (j=0; j<N; j++) { //mukn mo Bemam
for (i=L-M[jl; i>=0; i--) //mmkm mo BecaM

if (X[i].num != -1)
//ecnu mabop Beca i (momosHWTEeNbHHN) CylleCTByeT
if ((X[i+M[j1] .num == -2) || (X[i+M[j]].sum < S[j] + X[i].sum)) {

//ecnu Habop He CyWeCTBOBAN MIM GBI XyXe HOBOTO, TO 3aMeHIeM
X[i+M[j]].sum = S[j] + X[i].sum;
X[i+M[j]1] .num = j;

}

OcoBeRHOCTL 9TOr0 METO/A — MPOXOJ, C KOHIA MACCHBA K HAYaly. DTO HEOOXOAUMO, 9TOOBI O/JHA M TA K€ BENIb
He BOILIA B HAOOD ABa pasa. [IpowmmocTpupyeM na npumepe. I[IycTh y HAC UMEIOTCH BEIIU CO CJAEAYIOMIUME HapaMu
Bec-croumoctsb (1, 3), (3, 2), (4, 6), (2, 2) u pOK3aK rpy30I0IHLEMHOCTHIO 6.

Bec 0 1 2 3 4 ) 6
mar1|{-1 0|1 8|-2 0|-2 0|-2 0]-2 0]-2 0
mMar2 | -1 0|1 3|-2 0| 2 2| 2 &6|-2 0|-2 0
mar3|{-1 0|1 3|-2 0| 2 2|8 6|8 9|-2 0
IMar4 | -1 0|1 3| 4 2| 4 6|3 6|3 9| 4 &8

ITepBoe uncio B cTonbire — HOMEp BEIIH, BTOPOe — CyMMapHbIii Bec. KypcrBoM rmoMedena 0OHOBIEHHAA HHGOPMAITHI,
JKUPHBIM IPUDTOM — Te s4eflKHu, I/1e NPOBOIUIOCH CPDABHEHUE, HO 3aMEHA HE [IPOU30LLIA (pe3yibrar He ObLl yiLy dlleH).

s TOrO, YTOOBI MOYYUTH OTBET, HAM HEOOXOIMMO HANTH B MACCHBE JIEMEHT C MAKCUMAJBHBIM TOJEM SUM.
Boccranosiierre HauHEM € 3TOrO MOJIsT, IBUTASCh HA3a . A UMEHHO — 3alOMHUM WJIM BBIBEIEM IOJIe num TOU sueiiku,
rJle HaXOAMMCs cefiac. DTO 03HAYAET, UYTO BEIlh C HOMEPOM Num ObLIA MOJJOKEHA MOCIeTHeR U 9T0ObI BOCCTAHOBUTH
MPEABIIYILYIO 9aCTh HEOOXOINMO OTHSITH €€ BEC U MPOJ0JIKATH 9TO 10 TeX MOp, TOKA He JoiaeM 10 (DUKTUBHON Bern
¢ HoMepom —1.

Pa3znoxenne umcaa
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V4auTe pHUIA MATEMATHKY TOMPOCUIA ITKOJIHHAKOB COCTABUTH apU(MMeTHIeCKOe BEIPAKEHNE, TAK YTOOBI €10 3HAYEHIE
ObUTO paBHO maHHOMY uncay N, W 3amUcaTh ero B TeTpaiu. B BbIpaXKeHUH MOTYT OBITH HCIIOIB30BAHBI HATYPAJTBHBIE
9HCIa, He TpeBocxosmtne K, omepannun CI0XKEeHNS W YMHOKEHN, a TakKe CKOOKwM. IleTst odens He J0OUT MUCATH, U
XOUYeT MPUIYMAaTh BBIPAXKEHUE, COAEPIKAIIEe KAK MOXKHO MEHBITE CUMBOJIOB. Hamuiure mporpaMMy, KOTOpast TOMOYKET
€My B 3TOM.

B nepBoii crpoke BxoaHOro (hailsia 3anucanbl Asa HaTypaibubix uncaa: N (1 < N < 10000) — 3nauenue BolparKeHus
u K (1 < K <10000) — naunboJibiiiee 4ucio, KOTOPOe Pa3periaeTcs UCIOIb30BATH B BHIPAXKEHUH.

B enuncTBeHHOM CTPOKE BBIXOTHOTO (afiia BEIBEIUTE BHIPAXKEHNE C TAHHBIM 3HAYCHHEM, 3aIMCHIBAIOIIEEC HANMEHBIITAM
BO3MOXKHBIM KOJINYECTBOM CHUMBOJIOB.

Ecnu perennii HeCKOIBKO, BbIBeauTe JII0O0€ U3 HUX.

[Ipu moscueTe AIUHBI BHIPAYKEHUST YUUTHIBAIOTCS BCE CHMBOJIBL: MTA(PHI, 3HAKK OMEPAINil, CKOOKH.

SamMeTuM, 9TO JJId PEIIeHns MPEICTABICHUA YUCIA § CYIIECTBYeT TPHU BApUAHTA: TPEOyeMOe YHCIO MOXKET ObITh
sanucano Hernocpegcrserto (i < K, rpebyeMoe KOJMYECTBO CUMBOJIOB — KOJMYECTBO LMD B YHCIE), YUCIO MOKET
OBITH IPEICTABJICHO B BUJE CYMMBI WJIM [MPOU3BECHUS IBYX MEHBIIAX YuceI. BymeM cuuTarh MHOXKHUTENb W IIPOCTO
3aMKCh YUC/IA OJHUM U TeM Ke (B 9TOM ciydae CKOOKM He TpedyloTcs). B cilydae eciu Mbl UCHOJIb3yeM TIPOU3BEICHIE
JIBYX YHCeJT, XOTsi ObI OTHO M3 KOTOPBIX MPEJACTABISIETCS CYMMOI, TO 9TO YHUCJIO [TOJKHO OBITh OKPYXKEHO CKOOKAMHU.

Ilepen Tem, KaK BOCCTAHABJIMNBATL BhIPAXKEHWE, HAYIUMCH CIUTATH ero mjauny. s aroro mam morpebyercs mBa
BCIIOMOIaTeJbHBIX MACCUBA, OAMH (M) U3 KOTOPLIX OyJeT CONep:KaTh JJIUHY BHIPAXKEHUS ITOIO YUCIIA KAK MHOKHUTEJIs
(HEnOCPEICTBEHHO YUCJIO WK IIPOU3BEIEHHE), & BTOPOH (S) — JJIMHY BBIPA2KEHUs ITOIO YUCIIA Yepe3 CyMMY YHCeIL.

Bravasie 3aMoNHNM MacCUBBI «GECKOHEUHOCTSIMU» (B HAIEM CIydae 3TO MOXKeT OBITh YNCIO 1 + 2, KOTIa YHCIIO0
NPECTAB/SETCS B BUE CyMMBbI €MHUIL). 3aTeM 3alI0JTHUM 3JIEMEHTBI MACCUBA 1M C MHIEKCaMu OT 1 10 k JuHO# Yucia
(111 9TOTO eCTh HECKOJIBKO CIOCOGOB: MOACYET [JIMHBI CTPOKM, BBIYUC/JEHHE JECATUYHOrO JIorapudmMa Ujau IpoCcTo
3AII0MUHAHUE).

[Tocse 5TOro HACTYIAET Yepe T HEMOCPEACTBEHHO TUHAMUYECKOrO IPOTPAMMUPOBatus. ByneM mbrraThea it Kazk10ro
uucia (1) u3 auanasona or k + 1 10 n HaliTu HauilydlIee [PEACTABIEHHE €10 B BUJE IPOU3BEAEHHUs U B BUJIE CyMMBbI.



Jna mpencraBieHus B BUAE CYMMBI HAM HEOOXOMMMO TepeGpaTh BCe Maphbl CIATAEMBIX j W P, TAKWX, 9TO j < D U
Jj+p =i, n BHIOPATH CPEIM HUX HAMITYHIIYIO. 1Ipy 9TOM [Tt KasKJIOTO M3 9HCEN § U P HEOOXOAMMO BHIOMPATH MUHAMYM
U3 TPE/CTABICHNS B BHJE CYMMBI U BHJAE Tpom3penenus. CaMu 9TH 9uCIa HEOOXOAMMO 3alOMHHTH, T.€., HAIPUMED,
3aIMcaTh B CnenmasbHble MaccuBbl sl[n] = j m s2[n] = p. Dra undopmauua CHIBHO OOJErYAT BOCCTAHOBJIEHHE
peIeHns.

Kpowme Toro, mast ducna ¢ Hy»KHO HAHTH HAWIy9IIee TPEJCTABICHUE B BUAE mpowssenenus. lna sroro Gymem
mepebupaTh BCE TUCIIS, j, HAUMHAL C 2 U MOKa, j2 < 4. JIJIa KaxKaoro j OyIeM HAXOIUTh JOMOTHUTEIbHBIH MHOKHUTED P
(p =1i/j), Takoit, 910 j X p =i (T.€. UMCIO i menuTCA HA j HANENO). ECTeCTBEHHO, UTO I YUCes j U P TAKIKE HyZKHO
BoIfMparTh Hamaydmee m3 npexacrapaenuii. OAHAKO B Cilydae TPOM3BENEHHU BOSHMKAET HEOOJBIIOE OTIHYHE: eCJIH
COMHOKUTEJIb NPEACTABIISCTCA B BUIE CyMMbl, HEOOXOMMMO OKPYZKHUTb ero ckoOkamu. Takum 00pa3om, K 1PeCTaBIeHuto
COMHOKHUTENA (KaXKIOTO U3 9UCES P U J) B BUJAE CYMMBI, HEOOXOMUMO TpHGABAATE 2 (T.e. CDABHUBATH MEXKIY COOOI
slj] + 2 m m[j]). Jlyumee pazbuenne Ha MHOKHTENHM TAKXKE HY’KHO 3anomuuarh (ml[n] = j u m2[n] = p).

Tocse mocTpoeHnst TAKMX MACCUBOB MBI yKe 3HaeM nimHy orsera (min(s[n], m[n])) n mam HEOGXOMMMO BOCCTAHOBUTH
ero. Jl1a BOCCTAHOBJIEHHW BOCTIOJIB3YeMCA DEKYyPCHBHON (DyHKIMEH, MPUHUMAIONIEH Ha BXOJ JABA MapaMerpa: TucJIo,
KOTOPOE Hy?KHO BOCCTAHOBUTD U IIPU3HAK TOIO, ABJISETCH JIM BOCCTAHABINBAEMOE IUCI0 COMHOYKATENEM (9TO HEOOXOIMMO
J7TsT IPABMJIBHOM PACCTAHOBKY CKOOOK). IIpn mepBoM 3amycke 9ucyio He 6y1eT sBaaThCs COMHOKHATENEM (OTBET HE HAJIO
okpyxarh ckoOkamm). Cama byHKIHST TOKHA PACCMATPUBATH TPH OCHOBHBIX CJIy9asi: €CJTH BOCCTAHABIUBAECMOE THCIIO
HE NPEBBINIAET K, TO MPOCTO BBIBOAUM JTO YHCII0; €CIH HAIIE YHUCIJAO HAMTYIITHM O6PA30M MPEICTABUMO TPOU3BEICHAEM,
TO BBI3BIBAEM BOCCTAHOBJIEHHUE JIJIfA IEPBOTO COMHOMKUTEI S, IEIATAEM 3HAK «¥» U BbI3bIBaeM (DYHKITHIO NETATH BTOPOrO
comHOKUTENA (B 9TOM Ciydae B (DYHKIHMH JOJKHBI [E€PEAABATHCA NPU3HAKH TOrO, 9TO BOCCTAHABIMBAEMOE THCIIO
SIBJIACTCS COMHOKUTENEM ); B CIYUAE KE ECTU TUCTIO HAMIYIIMAM 00pa30M MPEJICTABMMO B BHJE CYMMBI (376Ch TAKIKe
JBA CJy9as: HyJKHBL JIU CKOOKM WM HET; €CJIM HyXKHBI, TO TPUOABISAEM K JJIMHE 2 U CTABUM ITH CKOOKHM BOKDYT
BBIPA’KEHWs ), TO BBI3BIBAEM BOCCTAHOBJICHWE JIJIS [IEPBOTO OMIEPAHJIA, CTABMM MEZKIy HUMU 3HAK <+ » W BOCCTAHABJINBAECM
BTODOIT omepan (B 9TOM CIydae MPU3HAK COMHOKMTENA NMEPEIABATH HE HAJIO — CKOOKHM HE HYZKHBI).

CymecrByer n Apyroii BAPUAHT DENICHHU:, NMPH KOTOPOM NPEJCTABJICHHAE CPA3y HAKAIJIMBACTCA B BHIE CTPOKH
(string), a B KOHLE PaBOThL LIPOCTO BBHIBOAUTCH.

IIpu pemennn 3To 330a9M HEOGXOMMMO MHUCATEH JTOCTATOYHO AKKYPATHYIO DEATM3AIMIO, T.K. €6 aCHMIITOTHIECKA
croxuocts O(N?), uro B Hamem cimydae pasro 108. [TosToMy HeKoTOpas CIOKHOCTL BOCCTAHOBJICHWS OMPABIAHA
YBEPEHHOCTBIO B TPOU3BOAUTEILHOCTH TAKOTO METO/IA, (IO CPABHEHUIO C ONEPANMAME HAJ| TUHAMUIECKH BBIIETTEMbIME
CTPOKAMH).

4 Iloacuer 4ymcJjia OTBETOB

Bamaun mocyeTa MCaAa OTBETOB MTPAKTUYIECKH HE OTIUIAIOTCA OT 3334 TTorcKa oTBeTa. OIHAKO BMeCTO (DYHKITHH,
BBIOUPAOIIEH ONTUMAJIBHOE PEIIeHHE, 3/1eCh UCTIOMb3YETC A CJIOKEHNE UM YMHOXKEHNE, B 3aBUCAMOCTH OT PeaM3aliii.
Citesiyer OTMETUTD, 9TO B OOJIBIIMHCTBE TAKOTO POJIA 33144 /sl XPAHEHUS KOJUIECTBA BADUAHTOB TPEOYIOTCS TTUHHAS
apudMeTnKa, TOITOMY TEpe]] PeAJU3aIKeil CTOUT OINEHUTh BO3MOXKHYI IJIWHY MAKCHMAJBHOTO OTBETA, JJis TOTO,
9T00BI MOTYyunTh TpedyeMyto muuay uncaa. Ouepalius CJAOXKEHUS IBYX YHCE, MAKCUMAJThHOE U3 KOTOPBIX PABHO N,
rpebyer O(log N) Bpemenu (T.€. IPONOPIMOHAIBHO KOJUYECTBY 3HAKOB), & JJUHHOE YMHOXKEHUE O(log2 N).

PaccmorpuM KIaccwdeckyio MaTeMaTHdecKyroo 3afady o gucaax PuboHadww, uzBecTHyo emnie B CpenHeBeKOBbE.
B opurmnasie 310 3asada 0 KPOJMKAX, KOTOPBIE, KAK W IOJOXKEHO KPOJUKAM, IUIOMSATC U 9epe3 HEKOTOPOe BpeMsd
yMHUpaET. 331398 COCTOUT B TOM, UTODBI OMPEIETUTH KOJIMIECTBO KPOJMKOB Yepe3 HEKOTOPBIH MPOMEKYTOK BPEMEHH.

Ecnu nepedopMymmpoBaTh ee B MATEMATHIECKAX TEPMUHAX, TO TOJYIUM PEKYPPEHTHOe cooTHOomenne Fy = Fy_1 +
F,_ou Fy =1, Fy = 1. 3amaga cocrout B TOM, 9T00BI HaliTu Fyy mo 3amanuHomy N.

His seraucaenns N-ro guciaa OuboHawdn cyimecTByer HOpMy/Ia, OTHAKO OHA HEPHUTOIHA [ KOMIBIOTEPHOTO
HCTIOTB30BAHMS.

OuennmM cKOpocTb pocra duces PuboHaddn. 3aMeTuM, YTO YUCHA BO3pacTaiorT u 2 X Fi > Fy 1. Takum obpasowm,
MOXKHO chenarh oneky Fy < 2V, Orciona momydmu, 4To OIepamus CIOYKeHHs JBYX JUIMHHBIX uncena PuGonaudn
6yner 3anumars O(log N).

Ecnu nonb3oBarbes ¢Gopmysioil, NpuBeIeHHON B onpezeneHun (T.e. IMPOCTO CKJIAIBIBATD MOCJIEA0BATEIBHO AP
HOAPA WILYIIUX YUCEJL JIJId IOy YeHU s CIIEYIOIIEro), TO O0Ias CJAOKHOCTD € YYeTOM PACXOA0B HA JIJIMHHYIO apudMeTuky
nosyuurca O(N log N).

Crout 3aMeTUTh, 9TO TIPU ITOM BOBCE HE 0DSI3aTENbHO XPAHUTH [N AJAWHHBIX YUCEN, TOCTATOYHO TOJBKO 3: JJIst
JNBYX TPEIBIAYIIUX YACET W PE3YIBTATA CJIOMKEHUSI.

T.x. 3amauu, Tpebyromue moacyuera ynces PuboHaddn, BCTPEUaTCs JOCTATOIHO 9acTO, OcTapaeMcs Haiitu 6osee
OBICTPBII CITOCOO WX MTOACIETA.

Paccvorpum marpuiry ( 1 }J) Bepxmunit meBbiit a71eMeHT B Helt cOOTBeTCTByeT nepBomy uncay @ubonaxan. Bo3semem

1\2

3Ty MATPHILy B KBaJIpaT: ( 18 ) = ( 21 ), Tenepb B BEPXHEM JIEBOM YTJIy MATPUIIHI CTOUT y2Ke BTOpoe uncyio Oubonaqdn.



Anajormuno ang 3-ro wncna: (11) x (21) = (2 2). Boobuie roBops, BEIIOIHAETCA CIEAYIONIEe COOTHOIIEHHE:
10 11 21 ,

11 y Fr. Fo\ (Fa+F_ Fq\ (11
10 Fi_o Fi_3) Fi_y F_s) \1 0

T.x. 3a HAYaJIbHYIO MATPUILY MBI TPUHUMAEM TaKXKE MaTPUILY, COCTOAINY IO U3 TIEPBHIX YUCEJT q)I/I6OHaH‘II/I7 TO MOXKHO

HOIYYHTh CIELYIOIIee YTBEP K ICHUE:
1 1\Y [ Fv Fy.
1 0 - \Fno1 Fnoo

Ecsn mpocTo BO3BOIATH MATPHIY B CTENEHB, TO MBI TTOXYIHM CI0KHOCTE O (N log2 N). Ynen log? N BO3HHUK 3/€Ch
n3-3a HEOOXOIUMOCTH JAJIMHHOTO yMHOXKEHU.

OHako MBI 3HAEM CIoco0 OBICTPOTO BO3BEIEHNS B CTENEHb JJIs YNCes, KOTOPBIH TakyKe TTPUMEHNM U JJIsT MATPHII.
T.o. M1 MOzKeMm noGuThest caoxuocti O(log® N).

Ha npakruke CKOpOCTh pabOThl BBIMISAUT Tak (yCPEIHEHHbIE 3HAYEHUS 110 5 IKCIIEPUMEHTAM ):

CpaBHeHue Npon3BoaUTESNIbHOCTU
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—— BbICTpoe BO3BEeEHVE B CTENEHb —=—

Puc. 1: CpaBrenue mpon3BoIuTEIbHOCTH



