IIpakTuka no ajiropurmam #14:
BricTpoe mpeobpazoBanne Pypne

Bo3Beaenune B cremneHsn.
3a Kakoe BpeMsl MOXKHO ITOCUYHTATH 2" B AECATHYHON cUcTeMe CUUCIeHUs !

ITouck c omubkammu.
Jaubl TekeT t U cTpoKa s Haj ajdaBuToM pasmepa k. s kaxmgoro u3s |t| — |s| + 1 Hamoxenuii
s Ha t y3uarb KoamdecTBo ommbok. Bpemst O(k|t|log|t]).

Ilouck c ommbkaMu u 11abJIOHOM.
Anrpeiin npenpiayieii 3agaun. 11 B Tekcre, 1 B CTPOKe TOMYCTUMBI CHMBOJIBI <77,

. Hy>ab!
B kax0it kaeTkn mosocku 1 X n win pactér aepeso, uwian vet. 3a O(nlogn) Haiianre KOIUIECTBO

TPOEK JIEePEBLEB, MOAXOAANNX IS YU (Ba JydJIsTHTA U CeKYHJIAHT). TPOHKA MOJAXOAUT JJIst
AY3JIU, €CJIU PACCTOSTHUAS PABHBI.

YpaBHeHUE.
Hansr n u m. Haiigure KonngecTBo Tpoek (x,y, z), perenuit ypaBHenus " + y™ = 2z mod m

. [ABa B ogHOM!

Ha nape y nac 6nu10 FFT Ha 1 MHOTOWIEHAMHE ¢ KOMILTIEKCHBIME KO3ddurmentamu. [lycts Ha camom
Jiesie KO3 UIuenTsl — BelecTBeHuble yncaa. Hanpumep, Tak Oyjier, ecjim Mbl ITHIIEM JJTHHHY IO
apudMeTUKy B Hesblx unciax. Crenafite npa @ypse B ognom. lloackaska: ¢; = a; + i - by,
ocTaaoch MoHATh, Kak FFT(a) u FFT(b) BoIipasuth uepe3 FFT(c).

. AmHamMuka nmo gepe,y.
CKOJIBKO €IIOCODOB BBIPE3aTh U3 IOJHOIO OMHAPHOrO jepeBa IIyOMHBI k MOAJAepeBO pa3Mepa s,
cojiepzKalinee KOpeHb HCXOAHOIO?

(*) Bagaua o prok3sake.

Jlanbl . UPEJMEHTOB M 3allPOChl “MOXKHO Jin HabpaTh BEC w;, UCHOJIbL3YS TOJbKO ILPEJIMETHI C
HoMepamu ot [; 1o r;”. TIpu stom Bee w; < s. Crenaiite npeamoncaér 3a O(nslog s) Tak, 910661
Ha 3a1poc MOXKHO 66110 661 B online orseruts 3a O(slog slogn).

(*) IlenToranansHas Teopema Ditsnepa.
o

o
2
CobcTBerHO Teopema 3akmodaercs B ToM, ato [[ (1 —2%) = Y (=1)%G7 /2. Pacemorpum
k=1 q=—00
P(m) =po +xp1 + :p2p2 + ..., TOe p, — 9UCJ0 pa3bueHn#l Yucaa n Ha BO3PACTAIONIUE CIaraeMble.
oo
Bamerum, uro P(z) = [[(1 — 2%). Ucnonnsys stu snanua u FFT 3a O(nlogn), naiimure
k=1
KOJIMYECTBO Paz/iozKeHuil Yuc/ia 1 Ha BO3pacTalollie ciaraemMbie o Moy 3 - 2841 (npocroe).
[IpemmoxkuTe, KAK HARTH CAMO 9HCIIO, & HE TOJIBKO ocTaTok or aenerud. O(mnlogn + m?), rae
m — JUINHA OTBETA.



- o

JlomaliHee 3aJaHue

Oo0g3aTeibHAY 9aCTh

(4) O6paTHOE IO MOIYJIIO.
Haiitn k uncay z (0 < 2 < m) obparnoe no moxy.io m 3a O(log®m).

. (4) AVL pnepesbs.

Haiiru konnuectso AVL sepesbes riy6unbl h uz n sepuius no Mojyo 3-2%4+13a O(nh+nlogn).

(3) ukaunyeckue CaABUTM.
Haunwr A, B, |A| = |B| = n. Haittu D — takoit nukandeckuii casur B,
4TO CKaJIApHOE Tpou3Begenne A m D MakCHMaIbHO.

(3) ITouck moakapTUHKH.

Jlanbl aBe KapTUHBI, 3aJaHubie 256 orTeHKaMu ceporo. To ecTb JJaHbl MATPHUILI [EJIBIX YHCET (4
u b. a no obouMm pasmepam OoJibiie b. Haiitu Takoe HasozkeHue MaTpuIbl b Ha @, YTO CyMMapHOe
KBaIPATHIHOE OTKJIOHEHHE [IBETOB MIHIMAJIBHO.

To ecTb HaiiTu Taxue i, j, 9ro Y (alr,y] — blx + i,y + j])* — min.
;L"y

(3) Oguo FFT uepe3 HeckOaIbKO FFT.
Crennre Bbrunciaenue FFT mociemoBaTeTbHOCTH pasMepa pn K p Bbumciaenusm FFT ot
noc/ejioBarenbuocteit pazmepa n u O(p?n) JONOAHUTEILHBIX ONepaluii.

JlomoJiHUTEJIbHAS YaCTh

(4) IlepeBos U3 cUCTEMBI CUHCJIEHES B APYTYIO GBICTpEe KBaIpaTa.
(5) uTepnonsinus GbICTpee KBaIpaTa.
(5) C nomompro FFT 3a O*(2™) maiigure nokpacky seprins Heoprpada B k 1[BETOB.

(5) Koamuecrso cuacrimBeix 6uneros u3 2n mudp 3a O(nlogn).
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