CybnanmMuIapOMSl
PelwleHune

Kaszanocb 6bl, Npu 4éM 34ecb AMHaMM4Yeckoe nporpamMmmpoBaHune? Bpoae 6bl, 3aech He
HaZ0 UCKaTb HUYEro MMHUManbHOro/MakCMManbHOro/Hamny4ywero/m T.4. Hago NpocTo YTo-To
noacumtaTtb. M TeM He MeHee, 4TO-TO Obliee ecTb. Hy, HanpuMmep, To, YTO NepebupaTtb BCE
BApVaHTbl MOCTPOeHUs CcybnannMHAPOMOB - Aen0 3aBefoMO 6e3HaféxHoe, YX OyeHb WX
MOXeT 6bITb MHOMo ©.

Ho anHamunyeckoe nporpaMmmmpoBaHne nogpasyMeBaeT pa3bueHune 3agaum Ha warn. Kak
34ecb wWwaratb? Jlerko: 6yaemM nobaBnatb no ogHow Gykee. M ecnm Mbl, 3Hasi BCE, YTO HaM
Heobx0AnMOo 3HaTb O CTPOKe AnMnHbI N CMMBOSIOB, CYMEEM BbIYMC/IUTL BCE Heobxoaumoe Ans
cTpokn n3 (N+1) ogHoro cumBona, To BCE y HAC nonyumnTcs!

OTBNEYEMCS HEMHOIO OT Hallen 3afayu, u, ANs NpuMepa, pacCMOTPUM COBCEM APYTYIO,
COBCEM MPOCTYyt0 3aAady. BoT Takylo: B TpaBe cuaen Ky3HeumKk C MosIoMaHHOM nankon ®; ms-
3@ TPaBMbl Ky3HEUYMK MOXET MpbiraTb TOSIbKO BMPaBO M TOSIbKO MPbbKKaMW ASIMHON nnbo 1,
nmbo 3, nnbo 4 MeTpa; Ha paccTositHUM M MeTpoB CripaBa OT Ky3He4YMKa pacronoXeHO ero
rHe30. CrnipawmBaeTcsl, CKOMTbKO MMEETCS Y Ky3HeumKka pasHbiX crnocoboB nonactb B rHe340?
Hanpumep, ecnn M=6, T0 nmeetca Bcero 9 cnocobos: 6 = 1+1+4 = 1+4+1 = 4+1+1 =
=3+3 = 3+1+1+1 = 14+3+1+1 = 1+1+3+1 = 1+1+14+3 = 1+1+1+1+1+1.

Knou K pelenntio B 3TOM 3aaye MMEHHO TakoW, Kak onucaHo Bbiwe. O6o3Haumm f(N)
KOMIMYECTBO CNOCOB0B Ky3HEYMKa MOMacTb B TOUKY, OTCTOSILLYIO OT €ro HayasibHOM Mo3uLmM
Ha N. JonyctmM, Mbl BCE 3HaeM O [ABWXKEHMSIX Ky3HEYMKa Ha pPacCCTOsiHME, He
npesocxoasiiee N OT HayanbHOM TOYKM. A kak HanTh f(N+1)?

MocneaHWn NpbIXKOK Ky3HeurKka nepes nornagaHnem B Touky N+1 mor umetb anvHy 1, 3
nnn 4 metpa. MNoHaTHO, uTo MMeeTcs f(N) Taknx cnocobos nonactb B Touky N+1, KOoTOpble
3aKaHumBatoTcs npbbkkoM B 1 mMeTp, f(N-2) Taknx cnocobos nomnactb B Touky N+1, KoTOpble
3aKaHumBaloTcs npbbkkoM B 3 MeTpa M f(N-3) Takmx cnocoboB nonactb B TOYKy N+1,
KOTOpble 3aKaHYMBAIOTCS MPbDKKOM B 4 MeTpa, a ApYyrux cnocobos nonactb B TOUKy N+1 HeT.
3HaumT, f(N+1)=f(N)+f(N-2)+f(N-3) ansa scex N>3. Ocrtaércs Tonbko Bbliumcnuntb f(1), f(2) n
f(3) n 3aTeM nucnenoBaTenbHO BbIYMCASATL BCE OCTanHble 3HadeHus f Bnnotb Ao f(M). MoxHo
paxe He Bbluncnatb f(1), f(2) v f(3), a npocto nonoxutb (BNonHe ectecteeHHo!) f(0)=1,
f(-1)=f(-2)=0 v BbluncnsaTb f(1), f(2), ..., f(M) no nony4yeHHon dopmyne.

B peweHun 33gauM O Ky3HEYMKE XOpOWO BWAHbI MOTMBbI M3 AMHAMUYECKOro
nporpamMMupoBaHus: Bbluncime BennumHy f(N) Mbl 3abbiBaeM BCE  MHOMOYMCIEHHbIE
BapvaHTbl NonagaHuns B ToYky N, Mbl MOMHUM TONbKO Heobxoammyto HaMm BennuuHy f(N). U
HEBAXXHO, YTO 3TO He HambonbLUasi/HaMMeHbLLAs/Hany4Lwas B KaKOM-TO CMbIC/Ie BE/TMYMHA, a
NPOCTO KONMNYECTBO 4ero-To (B Cly4dae C Ky3HEeYMKOM — CrnocoboB), BaXXHO TO, YTO MOSy4MB
HEKOTOPYIO NPOMEXYTOYHYIO BENIMYMHY, Mbl MOXEM 3abbITb, Kak MMEHHO OHa 6biia nonyyeHa.

Ho BepHéMcs K 3apgade o cybnanmHapoMax.

[lonyctM, Mbl 3HaeM BCE, YTO TOSIbKO 3aXOTMM y3HaTb NMPO CybnannHApOMbl CTPOKK U3
nepBblx N CMMBONOB. A Ternepb Mbl XOTWUM Yy3HaTb, CKOSIbKO CybrnanvHAPOMOB COAEPXWUT
ctpoka mn3 nepsbiX (N+1) cumBonos. Ob6o3HaumM g(N) konuuecTso CcybnanvHApPOMOB CTPOKU
n3 nepBblx N cumsonos. MoHsTHO, uTo g(N+1) = g(N) + KonmnuyecTBo cybnannHApPOMOB,
3akaHuyumBaowmxcs Ha (N+1)-om cumsone ctpoku. B camom pgene, g(N) — 3TO KONMYECTBO
cybnanuHapoMoB, 3akaHumBawowmxcs nesee (N+1)-ro cumBona, W Hago p[obasuTb



cybnanuHapoMel, 3akaHumBawwmecs Ha (N+1)-oM cumBone. A Kak y3HaTb 3Ty BeNUYMHY?
O603HaumMM eé h(N+1). O6o3HaumMMm Takxe cumBon, ctosiwumi Ha (N+1) Mecte B cTpoke
yepe3 s(i). YTobbl BbluncinTe h(N+1) 6yaeM aBuratbCa BAOSb CTPOKM CieBa HamnpaBo B
nouckax cumBona, cosnagatowero ¢ s(N+1). donyctuM ans onpeaenéHHoCcTH, YTo TaKow
CUMBON BCTpeTunca Ha k-om Mecte. Jlerko BWAETb, YTO KOAMYECTBO CybnanvHApOMOB,
HauMHaKLWKMXCS Ha k-OM cMMBOe CTPOKM M 3akaHumBaowmxcs Ha (N+1)-om pasHo g(k+1,N),
roe  g(k+1,N) — konuyectBo cybnanuHapomos, copepxawmxca B cTtpoke oT (k+1)-ro
CMMBONA AaHHOM CTpoku A0 N-ro cMMBona AaHHOM CTPOKWM. M HaM Hado BbIYUCIUTL CyMMY
g(k+1,N) ansa Bcex Takux k<=N, uyto s(k) coBnagaet ¢ s(N+1). BoT oHO! Mbl npuwnmn K
HeobX0AMMOCTM MOACUUTBLIBATL CybnannMHAPOMbI HE TONbKO BCEN CTPOKM OT nepsoro Ao N-ro
cuMBOna, a nobol cTpokn OT L-ro cumBona go R-ro. [lBurasicb B 3TOM HanpaBfie€HUW, Mbl
6bicTpo nonMémM, uyto ans noacyéta g(L,R) noHapobsitcs 3HaTb BenuuuHbl g(Li,R;) ans
HekoTopbIX L< L1<R;<R 1 Tak ganee, B 0bweM, cutyaums 3anyTblBaeTCs...

Huyero cTpawHoro — ans pacnyTbiBaHUS TakUX CUTyaumid MMEETCsl CTaHAAPTHbIV NPUEM,
M COCTOMT OH B TOM, YTO Mbl Bblumcnsiem g(L,R) He B nopsiake Bo3pacTaHus R, a B nopsiake
BO3pacTaHusl AnvHbl 0bpabaTbiBaeMoro oTpeska, T.e. cHadana sbluncnsiem Bce g(L,R) ans
Bcex oTpe3koB AnuHbl 1 (R=L), 3ateM — Bce g(L,R) ana otpe3koB anuHbl 2 (R=L+1), 3atem —
AnvHbl 3 (R=L+2) 1 T.4. BNAOTb A0 OTpe3ka (eAMHCTBEHHOro) AnuHbl Len, rae Len — aTo
ANNHA Bcen aaHHoM cTpoku. Kctatu, g(1,Len) aacT oTBET Ha BONPOC MCXOHOW 3aAauw.

Mprém 70T cpabaTbiBaeT B NOAOOHLIX CUTYaUMsiX O4eHb YacTo. B yyebHbIX MaTepuanax
KPaTKO M3M0XEHbI peLleHns1 HECKONTbKUX 3afad, B KOTOPbIX TaK U MPOUCXOAMT.

Ho, BCé-Taku, CHavyana 3akoH4YMM C 3a1a4ei o cybrnanvHapomax.

WNTaKk, HaMm Heobxoaumo BbluncanTb g(L,R). [nnHa 3TOro oTpeska CTpPoku paBHa R-L+1,
a Mbl yke 3HaeM g(L;,R;) Ansi Bcex CTpok MeHbLIEN ANnHbI. PaccMOTpUM ABa ciyyast.

1 cnyyan. Cumeonbl s(L) n s(R) pasnuuatotcs. B 3Tom cnyyae B cTpoke oT L-ro cumBona
A0 R-ro HeT cybnannHapomos, coaepxawmx u s(L), n s(R). Konnuectso cybnanvHapoMos, He
coaepxatumx cumona s(L), pasHo g(L+1,R); konnuyecTBo cybnannHApoOMOB, He coaepXKalumx
cumBona s(R), pasHo g(L,R-1), Bcero nonyyaem g(L+1,R)+g(L,R-1) cybnanvHapomos.
OpHako B 3TOM CyMMe JABaxkAabl MOACYMTAHbI BCe CybnanvHAPOMbI, PacrofioXKEHHbIE Ha
oTpe3ke ot (L+1)-ro ao (R-1)-ro cumeona. Y6epém nuwHee. NUToro, B AaHHOM Cny4ae

g(L,R) = g(L,R-1) + g(L+1,R) - g(L+1,R-1).

2 cnyyain. Cumeonbl s(L) n s(R) oavHakoBble. Mmeetcs g(L+1,R-1) cybnannHapomos,
KoTopble HaumHatoTcs ¢ s(L), 3akaHumBaroTca B S(R) M cogepxaTt ewé Kakume-To CMMBOSbI
MeXay HUMK, ewé oanH cybnanuHapoMm, cocTosilumin us aByx cumonos - s(L) n s(R), a Takxke
BCe cybnanuHApoMbl, KOTOpble He cogepxaT ogHoBpeMmeHHO M s(L) un s(R) — konuyectBo
Takux cybnanuHApoOMOB Mbl y)XKe noacuyuTanu B NepBoM ciy4yae. MToro, B AaHHOM cry4ae
g(LR) = g(L+1,R-1) + 1 + g(L,R-1) + g(L+1,R) - g(L+1,R-1), T.e.

g(L,R) =1+ g(L,R-1) + g(L+1,R).

OCTaéTcs TOMbKO 3aMeTUTb, YTO CTPOKM AnuHbl 0 He cogepxaT cybnanMHApOMOB, a
Kaxkaasi CTpoka ANWHbI 1 coaepXuT oauvH cybnanuHApOM. IDTOro A0CTaToOuHO — Bedb ANs
Bbluncnenms g(L,R) AOCTaTOYHO 3HaATb TONbKO 3HadeHus g(Li,Ri) Ans BCex CTPOK, ANWHBI
KOTOPbIX MeHbLle Ha 1 uin Ha 2.

JTO Xe coobpaxeHne nMo3BONSIET HaM 3aMeTUTb, YTO ANns  NOCNeA0BaT/IbHOMO
Bblumcnenns Bcex g(L,R) He Hy>XHO 3aBOAWTbL ABYMEPHbLIN MAcCMB — BMOJSIHE AOCTAaTOYHO TPEX
OOHOMEpPHbIX MaccvMBOB ANVHbI Len. B npvBeaéHHOM [Nackanb-TeKcTe OHWM HasBaHbl r0, rl u
r2. MporpaMmMa npocTtasi, Npo3pavyHas 1 KOMMeHTapueB He Tpebyer.



