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HoBble 3ana4n

Bo3Benenune B cremneHsb.
3a Kakoe BpeMsl MOXKHO ITOCUYHUTATH 2" B AECATHYHON cucTeMe CUUC/IeHus !

ITouck c omubkamu.
Jaubr Teker ¢ u cTpoka s Haj andasuTom pasmepa k. g kaxmoro us [t| — |s| + 1 Hamoxennit
s Ha t y3HATH KoamdecTBO ommbok. Bpems O(k|t|log|t]).

Ilouck c ommbkamMu u 11abJI0HOM.
Anrpeiin npenpiayieit 3agaun. 11 B Tekcre, 1 B CTpOKe JOMYCTHUMBI CHMBOJIBI <77,

. Hy>ab!
B kax0it kiaeTku mosocku 1 X n wim pactér gaepeso, nwian vet. 3a O(nlogn) Haiianre KOIUIECTBO

TPOEK JIEPEBLEB, MOJAXOMSNMX [T YU (JBa JydJIstHTA U CeKyHJIaHT). TPOHKa MOJAXOAUT JIJIst
AY3JIU, €CJIU PACCTOSTHUAS PABHBI.

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

. [IBa B ogHOM!

Ha nape y nac 6nu10 FFT Ha 1 MHOTOWIEHAMHE C KOMILTEKCHBIME KO3dduruentamu. [lycts Ha camom
Jiesie KO3MUIMEHThl — BelleCTBeHHbIe Yncjaa. Hanpumep, Tak Oyjer, €cju Mbl ITHUIIEM JJIMHHY IO
apudMeTUKy B IHesblx unciaax. Cnenafite npa @ypwe B ognoMm. lloackaska: ¢; = a; + 1 - b;
ocTajoch moHdATh, Kak FFT(a) u FFT(b) Beipa3uth depe3 FFT(c).

. AmHamMuka no gepesy.
CKOJIBKO €IIOCODOB BBIPE3aTh U3 IOJHOIO OMHAPHOrO jepeBa IIyOMHBI k MOAJAepeBO pa3Mepa s,
coJiepzKaliee KOpeHb HCXOIHOTO?

(*) Bagaua o prok3ake.

JlaHbl n TpeIMEeHTOB W 3ampochl ‘MOXKHO JIH HAabpaTh BeC w;, WCHOJB3YS TOIHKO HPEIMETHI ¢
Homepamu ot [; o r;”. Tlpu stom Bee w; < s. Cuenaiite npeamoacuér 3a O(nslog s) Tak, 410661
Ha 3aIpoc MOKHO 66110 651 B online orseruts 33 O(slog slogn).

(*) IlenTorananbsHas Teopema Dityiepa.
o

[e.e]
2
CobcTBerEoO Teopema 3akmodaercs B ToM, ato [[ (1 —2%) = Y (=1)%G7+9/2. Pacemorpum
k=1 g=—00
P(m) = po + xp1 + x2p2 + ..., Oe p, — 9UCJI0 pa3dbueHnil duc/ia n Ha BO3PACTAIOIINE CJaraeMble.
oo
Bamernm, uro P(z) = [[(1 — 2%). Ucnonssys stu snanua u FFT 3a O(nlogn), naiimure
k=1
KOJIMYECTBO Pa3/iozKeHuil Yuc/jia 1 Ha BO3pacTalollie cjaaraeMbie o Moy 3 - 21841 (upocroe).
[IpeozKuTe, KaK HaliTH caMo 4HC/I0, 8 He TOABbKO ocTaTok or jenenud. O(mnlogn + m?), rae
m — IJIUHA OTBETA.



Paz6op 3ama4g

. Bo3Benenue B cremeHb.

Hcnonp3yem anroput™ Bo3eeaenus B crenenb 3a O(logn),

nonydaeM FEFT(n) + FFT(5)+ FFT(%)+---= O(nlogn).

. Ilouck c omubkammu.

JI1s1 KazK10ro CUMBOJIA, ¢ PACCMOTPUM CTPOKH S, t, U3 HyJIeil U e JUHUI — COBIAIAET JIX OYepeTHOI

cumson crpoku ¢ ¢. Orser = FFTH (Y [FFT(s,) - FFT(;f—C)])

. ITouck c ommbKamMu u 11abJIOHOM.
CumBout “?” coBnajiaeT ¢ KaxKiabiM. JlocTaTovYHO M3MEHUTH OIpEJIeJIeHHE S, . U 3aMETUTD, UTO
KazKIbpIil “7” MBI y4IU 0 pa3.

. Hy3ab!

b=a*res =73 .(bya; — a;a;)

. YpaBHeHUe.

alz™ mod m]++, mag Becex = 0..n—1. D1o Ml MOxKeM caernars 3a O(mlogn) u gaxe 3a O(m),
UCTIOB3Yst TO, 9T0 (ab)” = a™b™ (T.e. CTemeHb CYNTATH HY’KHO TOJBKO JIst TPOCTHIX). [lasee
b=a*res=73(bia).

. JABa B ogmom! .

c=a+ibd =FFT(c). ; =Y, (w'(a, +iby)), 5 = >, (wit(a, +iby)) = >, (w(a; — iby)).
¢y = 2w +iby)), dj+ ¢y =237 whay = 2. ¢ — ¢y =20

. JlmramMuKa no aepeBy.

TMepecuér — ymuoxkenne muorowrenos. T'(k) = 2T(%5) + k2% = ©(k*2).

. (*) Bagaga o prok3sake.
Hacuuraem mepeBo orpe3koB u3 2n BepimuH. llepecuér — Pypre. OrBer Ha 3ampoc — 3ampoc K
JIEpEBY OTPE3KOB, 3TO logn Pypbe.

. (*) IlenrorananbHasd Teopema Diizepa.
Haiigém 06paTHBI K MHOTOUWIEHY W3 MEeHTArOHAABHON TeopeMbl Ditnepa 3a O(nlogn).



SAREE ol S

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.

JlonoiHUTEJIbHAA 9aCTh

(4) IlepeBos U3 CHCTEMBI CIHCJICHES B APYTYIO OBICTpEe KBAIPATa.

(5) Nurepnonsinus 6GpicTpee KBaIpara.

(5) C nomompro FFT 3a O*(2™) naiigure nokpacky seprins Heoprpada B k 1[BETOB.
(5) KommuectBo cuactauBbix 6umeros u3 2n mudp 3a O(nlogn).

(4) Haner ctpoka u Teket. O6a MOIYT COJIEP:KATH BOIPOCH.
Haiitn Tounoe cosnazenne 3a O(1) BorzoBos Dypoe.
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