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CopepxaHue

o YMHOKEHNE MHOTOYACHOB
@ MoTusBupyromas 3apada
@ Kaxr 3apaTh MHOTOYAEH
o Kak nepeMHOXUTb MHOI'OUAEHBI
@ Kak yMHOXaTh ObICTpee

9 [MTpeodpazoBanne Oypbe
@ Kak BbIOpaTh TOYKHU
@ [Ipumep Arst n = 8
e Kop
@ OOpaTHOe IpeoOpa3oBaHue
@ Kop obpaTHoro npeo0pazoBaHus

e 3apaun
@ YMHO>KeHHe 4HCeA
@ LIukAMUecKue CTPOKU

HKO et al. (MKH CII6IY) AuckperHoe npeobpasoBanue Oypee 25.02.2026 2/20



CopepxaHue

o YMHOKEHNE MHOTOYACHOB
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MoTuBupyromasa 3apavua
3apaya;

e PaccmorpuM MHOrouAeHBI P(x) cTrenenn m u Q(x) cTemeHu n.

e Kak mamitu npousBepenue P(x) - Q(x)?
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MoTuBupyromasa 3apavua

3apaya;
e PaccmorpuM MHOrouAeHBI P(x) cTrenenn m u Q(x) cTemeHu n.
e Kak HaliTu npousBepeHre P(x) - Q(x)?
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MoTuBupyromasa 3apavua

3apaya;

PaccmorpuMm MHOTOUAEHBL P(x) cTenenn m u Q(x) cTenmeHu n.

Kaxk HamTy npousBepeHue P(x) - Q(x)?

°
@ IlepeMHOXHUTH B CTOAOUK...
@ ...3a Bpemst O(m - n).

o

A MOXXHO ObICTpee?
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YMHOKEHIHE MHOTOYACHOB Kak 3apaTe MHOrOuAeH

Kaxk 3apaTh MHOIOYAEH

Kax MOXHO 3aAaThL MHOTOYACH?
o KoadpPpuimeHTHI IpU CTENEHIX X:
P(x) = an_1x" '+ ...+ ax! + agx”.
@ 3HavyeHUs B N PA3AMYHBIX TouKax: P(xq),P(xi),...,P(xp—1).
ITpu 3TOM MO’KHO BBIOpATh AIOOBIE YAOOHBIE TOYKU — I'AABHOE
4TOOBLI UX OBIAO XOTSI OBI N.

HKO et al. (MKH CII6rY) AuckperHoe npeobpasoBanue Oypee 25.02.2026

5720



YMHOKEHHEe MHOTOYACHOB Kak mepeMHOKUTE MHOTOYAEHBI

Kak 1mepeMHOXUTh MHOTOYAEHBI

Kaxk HepeMHO>KI/ITb ABa MHoroquHa? R(x) = P(x) - Q(x):
m-+n—2

Zax Q(x bef R(x Z cxxt, Tae

k=0

Cp = Z a; -
i+j=k
Bpewmsi: O(m - n).
° P(XO)a P(Xl)v s 7P(XIH+H—2); Q(X0)7 Q(X1)7 tee Q(XHH-H—Z):
R(Xk) = P(Xk) . Q(Xk)
Bpemsi: O(m + n).
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TS e ws G pee

Kak ymMHOXAaTh ObICTpee

Kak yMHO>XUTEL OBICTpPEe, €CAU eCTh KO3(PUITUEHTHI?
@ BriOpaThb yAOOHBIE TOUKH.
@ [leperiTn oT Ko3(ppuIeHTOB P 1 () K 3HAYEHUSAM B TOUKAX:
o).
o [TepeMHOXUTH 3HaYeHUs B Toukax: O(m + n).

o [leperiTn OT 3HaueHMI R B ToYKax K Koadduimentam: O(?).
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TS e ws G pee

Kak ymMHOXAaTh ObICTpee

Kak yMHO>XUTEL OBICTpPEe, €CAU eCTh KO3(PUITUEHTHI?

BrIOpaThk yAOGHBIE TOUKM.

[NeperiTn oT Ko3(ppuIeHTOB P 1 () K 3HAYEHUSAM B TOUKAX:
o).

[TepeMHOXUTEL 3HaUeHUs B Toukax: O(m + n).

[TepetiTi OT 3HaYeHUWH R B TOYKax K Koadduimentam: O(?).

[TepexoabI MOKHO CAeAaTh 3a BpeMsi O((m + n) log(m + n)).
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TS e ws G pee

Kak ymMHOXAaTh ObICTpee

Kak yMHO>XUTEL OBICTpPEe, €CAU eCTh KO3(PUITUEHTHI?

@ BriOpaThb yAOOHBIE TOUKH.

@ [TepexoAbl MOJKHO CAeAaTh 3a BpeMst O((m + n)log(m + n)).

Bribop ToOuek — {cu’}””rn 2, TAE w — MepBOOOPa3HLIN KOPEHbD
CTeIleHU He MeHbllne m + n — 1.
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TS e ws G pee

Kak ymMHOXAaTh ObICTpee

Kak yMHO>XUTEL OBICTpPEe, €CAU eCTh KO3(PUITUEHTHI?

@ [leperiTn oT Ko3(ppuIeHTOB P 1 () K 3HAYEHUSAM B TOUKAX:

o(?).

@ [TepexoAbl MOJKHO CAeAaTh 3a BpeMsi O((m + n)log(m + n)).

Ilepexop oT KO3(DPUILINEHTOB K 3HAYEHUAM B TOUKAX —
npeobpasopanue Oyprbe.
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TS e ws G pee

Kak ymMHOXAaTh ObICTpee

Kak yMHO>XUTEL OBICTpPEe, €CAU eCTh KO3(PUITUEHTHI?

o [TepeMHOXUTH 3HaYeHUs B Toukax: O(m + n).

@ [TepexoAbl MOJKHO CAeAaTh 3a BpeMsi O((m + n)log(m + n)).

YMHOKeHHe 3HaueHNH B TOUKaX — IIOKOMIIOHEHTHO.
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TS e ws G pee

Kak ymMHOXAaTh ObICTpee

Kak yMHO>XUTEL OBICTpPEe, €CAU eCTh KO3(PUITUEHTHI?

o [leperiTn OT 3HaueHMI R B ToYKax K Koadduimentam: O(?).

@ [Tepexoabl MOJKHO CAeAaTh 3a BpeMst O((m + n)log(m + n)).

[Nepexop oT 3HaueHUM B TOUKaX K KOAPUITUeHTaM — oOpaTHOe
npeobpasopanue Oyprbe.
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[MpeoGpasoranne Oyphe

CopepxaHue

9 [MTpeodpazoBanne Oypbe
@ Kak BbIOpaTh TOYKHU
ITpumep Arst n = 8
Kop,
O0paTHOe IpeoOpa3oBaHUe
Koa ob6paTHOTO TTpeobpa3oBaHust
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sarre Oypee Kak BRIOpaTh TOYKH

Kak BbIOpaTh TOYKHU

Kax BBIOpaTh TOUKM?

@ MHOTOYAEHBI — CKa’>kKeM, HaA TTOAEM A.

e Hanpumep, 310 MoX)eT ObITh C MAM Zp AAST IIPOCTOTO P.
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[MpeoGpasoranne Oyphe Kak BRIOpaTh TOYKH

Kak BbIOpaTh TOYKHU

Kax BBIOpaTh TOUKM?
© MHOTOYAEHBI — CKa’keM, Haj ToAeM A.
e Hanpumep, 310 MoX)eT ObITh C MAM Zp AAST IIPOCTOTO P.
@ BribepeMm w € A — nepBOOOGPa3HBIN KOPEHDb M3 EAVHUIIH
cremenu n: w' # 1, w?#1, ..., W' #£ 1, Ho W = 1.
© UMCAO n AOAKHO OBITE OOALINIE CTEeHW AI0O0T0 MHOTOYAEHA,
KOTOPBIA Hac uHTepecyeT: P, Qu R=P- Q.
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[Mpeo6pasosarne Oyphe Kak BRIOpaTh TOUKM

Kak BbIOpaTh TOYKHU

Kax BBIOpaTh TOUKM?

MHOTOYAEHBI — CKa’keM, Hap, moAeM A.
Hanpumep, aTo MoxeT ObITh C MAM Z; AAST IPOCTOIO p.

BribepeMm w € A — nepBOOOPa3HBIN KOPEHDb M3 EAVHUIIH
cremenn n: w' # 1, w?#1, ..., w1 #1, Ho W = 1.

YHMcAO 1 AOAKHO OBITEH OOABIIE CTEMEHU AIOOOTO MHOTOYAEHE,
KOTOPBIA Hac uHTepecyeT: P, Qu R=P- Q.

PaccMoTpum n Todek w¥ w!, ... w? L.

BYAQM CUHUTATh 3HAYEHWsI MHOI'OYA€HOB B 3THUX TOYKaAX.
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

[Mpumep Arg n = 8:

P(x) = apx’ + a1x' + apx? + azx® + asx* + asx® + apx® + azx’

BeImuieM 3HaYeHWsT MHOTOYAeHa B Toukax w?, w!, ..., o

P(WO) wO-O wO-l wO»Z w0-3 w0<4 wO»S wO 6 w0<7 o
P(wl) wl»O w1<1 wl»Z w1-3 wl<4 wl»S wl-ﬁ w1<7 a
P(wZ) w2~0 w2~1 w2»2 w2~3 w2<4 w2»5 w2‘6 w2<7 o
P(wS) . w3-0 w3-1 w3-2 UJ3'3 w3-4 (4}3'5 w3-6 w3-7 a3
P(w4) - w4-0 w4-1 w4»2 w4-3 w4<4 w4»5 w4 6 w4<7 as
P(UJS) WS»O w5<1 wS»Z w5-3 0.)5‘4 w5»5 w5-6 w5<7 as
P(w6) w6~0 w6~1 w6»2 w6~3 w6<4 w6»5 UJGAG w6<7 a
P(w7) w?-O wl w7-2 UJ7'3 whd Wt w7-6 wh? ay
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

Kak ncrnoab3oBaTh 3aKOHOMEPHOCTH AASL YCKOPEHU?

pPo=w an—i-wcn—i-waz—i-w a3+wa4+w a5—|—wae+w az
p1 = wlag + wla; + w?ay + wiaz + w? a4+w as + Wb ae+w a;
pP2=w 0a0+wa1+waz+w a3+wa4+w a5—|—wae+w az
p3 = Wlag + wiay + wlag + w'as + w? a4+w as + w? a6+w ay
Ps=w an—l—wa1+waz+w a3+wa4+w a5—|—wae+w az
ps = wlag + w® a1+w a2+w a3+w a4+w a5+w a6+w ay
P =w an—l—w a1+w az—l—w a3+w a4—|—w a5—|—w ae—l—w az
p7 = wlag + w’a; + wlag + w’az + wray + wias + w?ag + wlaz

pi = P(w')
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

[lepecTaBuM CTOAOLBL: b = Qrev(;)

pPo=w 0a0+wa4+waz+w a6+wa1+w a5—|—wag+w az
p1 = wlap + wiay + w?as + whag + w! a1+w as + w3 a3+w a;
pP2=w 0a0+wa4+waz+w a6+wa1+w a5—|—wag+w az
p3 = Wag + way + wlag + w?ag + W? a1+w as + w! a3+w ay
Ps=w an—l—wa4+waz+w a6+wa1+w a5—|—wag+w az
ps = wag + w? a4+w a2+w a6+w a1+w a5+w a3+w ay
P =w an—l—w a4+w az—l—w a6+w a1—|—w a5—|—w ag—l—w az
p7 = wlag + whay + wbag + w?ag + w’a; + wias + wlaz + wlaz

booo = aooo  boor = @100 boto = doto  bo11 = di1o
bioo = apo1  bio1 = a101 b11o = ap11  b111 = ais

HKo et al. (MKH CII6IY) AuckperHoe npeobpasoBanue Oypee 25.02.2026 10/20



[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

[lepecTaBuM CTOAOLBL: b = Qrev(;)

po = w’bg + w’by + wOby + wObs + wObs + wObs + wObe + wOby
p1 = wObo + wiby + w?by + wPbs + w'lby + wW’bs + wW3be + Wby
p2 = w’bg + w'by + whby + wibs + w?by + w?bs + wWObg + Wby
p3 = wObg + wby + w®by + w?b3 4+ wiby + wWbs + w'be + Wby
ps = w’bg + w'by + wby 4+ wObs + wlby + w'bs + wibs + wby
ps = w’bg + wby + w?by + wOb3 4+ Wby + w'bs + w’bg + Wby
pe = w’bo + wOby + wtby + wibs + wbby + wWPhs + w?be + w?bs
p7 = w’bo + wby + w°by + w?bs + Wby + w3bs + w’bs + w'bs

b():ao b1:a4 bzzaz b3:a6
b4:a1 b5:a5 b6:(13 b7:a7
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

I'pynnupyeMm napsl cocepeir! Y moMmHMM, 9TO wWwB=uwl=1.

Do = wo(bo + w0b1) + wo(bz + w0b3) + wo(b4 + w0b5) + wo(bG + w0b7)
p1 = w®(bo + w*by) + w?(by + w*b3) + w' (b + w*bs) + w(bs + w'b7)
D2 = wo(bo + w0b1) + w4(b2 + w0b3) + wZ(b4 + w0b5) + w6(b6 + w0b7)
p3 = w(bg + wtby) + WO (b2 + wib3) + w3 (by + wbs) + w!(be + wib7)
D4 = wo(bo + w0b1) + wo(bz + w0b3) + w4(b4 + w0b5) + w4(b6 + w0b7)
ps = w(bg + w*by) + wi(bz + wib3) + w’(by + wibs) + W’ (be + wib7)
De = wo(bo + wobl) + w4(b2 + wobg) + w6(b4 + wobs) + w2(b6 + w0b7)
p7 = wo(bo + w4b1) + w6(b2 + w4b3) + w7(b4 + w4b5) + ws(bG + w4b7)

co = bg + wobl c1 = bg+ w4b1 co=by+ wobg c3 = by + w4b3
cys = by + w0b5 Cc5 = by + w4b5 ce = bg + w0b7 c7 = bg + w4b7
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

po=w

P1
p2

p3=w

P4
1%
Po

pr=w

HKo et al. (MKH CIIGTY)

C()—l-w C2+w C4+w Cp
c1—|—w C3+w C5+w C7
C()—l-w C2+w C4+OJ Cp
c1—|—w C3+w C5+w C7
CQ—I-w Cz—l-w C4+w Cp
c1—|—w C3+w C5+w C7
co—i—w cz+w C4+w Co
c1 +wlcsz +wics +wiey

OOOOOOOO

AuckperHoe npeobpasoBanue Oypee

25.02.2026

10720



[MpeoGpasoranne Oyphe

IIpumep ars n =8

ITpopoaskaeMm
po = w®(co + w®
D1 = wO(c1 + w?
D2 = wO(CO =+ w4
p3 = w%(c1 +wb
D4 = wO(Co =+ wo
D5 = wO(c1 + wZ
ps = w(co + w*
pr = w(ct + P
do :Co+wOC2 di = c1 + w*cs
ds = C4+w0C6 ds = ¢5 + w cy

HKO et al. (MKH CII6IY)

Tlpumep arst n = 8

co + wrcy
Cq + w406

AuckperHoe npeobpasoBanue Oypee

ds
dy

I'pylLIIpoOBaTh coCepHUe SAEMEeHTHL...

c1+ w6C3
Ccs + w607

25.02.2026

10720



[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

Do = wod() + w0d4
p1 = wid; +w'ds
p2 = w’dy + w?ds
p3 = wds + wi3dy
P4 = wodo + w4d4
ps = w’d; + w’ds
pe = wdy + wOds
D7 = wodg + w7d7
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

U emé pas
Do = wo(d() + w0d4)
p1 = wO(d1 + w1d5)
D2 = wo(dz + wzdﬁ)
p3 = w(d3 + w3dy)
P4 = wo(do + w4d4)
D5 = wo(dl + w5d5)
D6 = wo(dz + wﬁdﬁ)
D7 = wo(dg + w7d7)

ey = dy +w0d4 e =di +w1d5 ey =do +w2d6 e3 =dj +w3d7
ey = dy +w4d4 es = dj +w5d5 eg = do +w6d6 ez = dj +w7d7
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[MpeoGpasoranne Oyphe Tlpumep arsg n = 8

IIpumep ars n =8

Po = wleq
pP1 = wey
D2 = wley
pP3 = wOes
P4 = wley
D5 = wles
DPs = 066
D7 = wOey
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[MpeoGpasosarme Oypre EEEGEAEWIEEIIER]

IIpumep ars n =8

[Moayunnocs logy n maros.

Po = €o
P1 =€
P2 = €2
pP3 = €3
P4 = €4
ps = €5
D6 = €5
Pz = €7
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[MpeoGpasoranne Oyphe

: .. rev[0] = 0
1 int const logLimit = 3; revil] = 4
2 int const limit = 1 << logLimit; revi2] = 2
3 . revi3] = 6
4 vector <int> rev; revi4] = 1
5 . revi5] = 5
6 void calcRev () { revi6] = 3
7 rev = vector <int> (limit, 0); revi7] = 7
8 for (int i = 0; i < limit; i++)
9 for (int k = 0; k < logLimit; k++)
10 if (i & (1 << k)) 2[0] = (1,0)
11 rev[i] *= 1 << (logLimit - k - 1); z[1] = (0.707107,0.707107)
12} z[2] = (6.12303e-017,1)
13 ) z[3] = (-0.707107,0.707107)
14 wusing Num = complex <double>; z[4] = (-1,1.22461e-016)
15 z[5] = (-0.707107,-0.707107)
16 double const Pi = acos (-1.0); z[6] = (-1.83691e-016,-1)
17 z[7] = (0.707107,-0.707107)
18 vector <Num> z;
19
20 wvoid calcz () {
21 z = vector <Num> (limit);
22 for (int i = 0; i < limit; i++)
23 z[i] = Num (cos (i * 2 * Pi / limit),
24 sin (1 * 2 * Pi / limit)):;
25 }

HKO et al. (MKH CII6I'Y) AmckperHoe npeoGpasoBanue Dypee 25.02.2026 11/20



[TpeoGpa HIe Dypre

2
o
>

1 #include <cmath> Broa;

2 #include <complex> 4

3  #include <iostream> 1032

4 #include <vector>

5 using namespace std; BeiBoa:

e (6,0)

7 s (-0.414214,4.41421)
s (-2,-2)

9 int main () { (2.41421,-1.58579)

10 calcRev (); (2,2.44921e-016)
11 calcz (); . (2.41421,1.58579)
12 \'lector <Num> a (limit, Num (0)); (-2,2)

13 int m; (-0.414214,-4.41421)
14 cin >> m;

15 for (int i = 0; i < m; i++) {

16 int x;

17 cin >> x;

18 ali] = Num (x);

19 }

20 auto res = fft (a);

21 for (int i = 0; i < limit; i++)

22 cout << res[i] << endl;

23 return 0;

24 }
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[MpeoGpasoranne Oyphe

vector <Num> fft (const vector <Num> & a0) {
vector <Num> a = a0;
for (int i = 0; i < limit; i++)
if (i < rev[i])
swap (a[il, alrev[ill]):

for (int k = 0, span = 1, step = limit / 2;
k < logLimit; k++, span *= 2, step /= 2) {
for (int i = 0; i < limit; i += 2 * span)

for (int j = 0; j < span; j++) {
int u =1 + j;
int v =i + j + span;
Num x = alu] + al[v] *
z[j * stepl;
Num y = al[u] + al[v] *
z[j * step + limit / 2];
alul = x;
alv] = y;
}
}
return a;

HKO et al. (MKH CIIGI'Y)

AuckperHoe npeobpasoBanue Oypee

Broa:

4
1032

Brisoa,

(6,0)
(-0.414214,4.41421)
(=2,-2)
(2.41421,-1.58579)
(2,2.44921e-016)
(2.41421,1.58579)
(=2,2)
(-0.414214,-4.41421)

k = 0, span = 1, step
a[0] = a[0] + a[l] *
all] = a[0] + a[l] *
al2] = a[2] + a[3] *
al[3] = al[2] + a[3] *
al4] = a[4] + a[5] *
a[5] = a[4] + a[5] *
al6] = a[6] + a[7] *
al[7] = al[6] + al[7] *
25.02.2026
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[MpeoGpasoranne Oyphe

vector <Num> fft (const vector <Num> & a0) {
vector <Num> a = a0;
for (int i = 0; i < limit; i++)
if (i < rev[i])
swap (a[il, alrev[ill]):

for (int k = 0, span = 1, step = limit / 2;
k < logLimit; k++, span *= 2, step /= 2) {
for (int i = 0; i < limit; i += 2 * span)

for (int j = 0; j < span; j++) {
int u =1 + j;
int v =i + j + span;
Num x = alu] + al[v] *
z[j * stepl;
Num y = al[u] + al[v] *
z[j * step + limit / 2];
alul = x;
alv] = y;
}
}
return a;

HKO et al. (MKH CIIGI'Y)

AuckperHoe npeobpasoBanue Oypee

Broa:

4
1032

Brisoa,

(6,0)
(-0.414214,4.41421)
(=2,-2)
(2.41421,-1.58579)
(2,2.44921e-016)
(2.41421,1.58579)
(=2,2)
(-0.414214,-4.41421)

k = 1, span = 2, step
a[0] = a[0] + a[2] *
al[2] = a[0] + a[2] *
all] = a[l] + a[3] *
al3] = al[l] + a[3] *
al4] = a[4] + a[6] *
a[6] = a[4] + a[6] *
al[5] = a[5] + al[7] *
al[7] = al[5] + al[7] *
25.02.2026
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[MpeoGpasoranne Oyphe

vector <Num> fft (const vector <Num> & a0) {
vector <Num> a = a0;
for (int i = 0; i < limit; i++)
if (i < rev[i])
swap (a[il, alrev[ill]):

for (int k = 0, span = 1, step = limit / 2;
k < logLimit; k++, span *= 2, step /= 2) {
for (int i = 0; i < limit; i += 2 * span)

for (int j = 0; j < span; j++) {
int u =1 + j;
int v =i + j + span;
Num x = alu] + al[v] *
z[j * stepl;
Num y = al[u] + al[v] *
z[j * step + limit / 2];
alul = x;
alv] = y;
}
}
return a;

HKO et al. (MKH CIIGI'Y)

AuckperHoe npeobpasoBanue Oypee

Broa:

4
1032

Brisoa,

(6,0)
(-0.414214,4.41421)
(=2,-2)
(2.41421,-1.58579)
(2,2.44921e-016)
(2.41421,1.58579)
(=2,2)
(-0.414214,-4.41421)

k = 2, span = 4, step
a[0] = a[0] + a[4] *
a[4] = al[0] + a[4] *
al[l] = a[l] + a[5] *
al[5] = al[l] + a[5] *
al2] = a[2] + a[6] *
a[6] = a[2] + a[6] *
al3] = a[3] + al[7] *
al[7] = al3] + al[7] *
25.02.2026
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[MpeoGpasoranne Oyphe

1 vector <Num> fftSlow (const vector <Num> & a0) { Broa;

2 vector <Num> res (limit, Num (0));

3 for (int i = 0; i < limit; i++) 1032

4 for (int j = 0; j < int (aO.size ()); J++)

5 res[i] += a0[j] * z[(j * 1) % limit]; BuIBOA:

6 return res; (6,0)

7 (-0.414214,4.41421)
(-2,-2)

(2.41421,-1.58579)
(2,2.44921e-016)
(2.41421,1.58579)
(=2,2)
(-0.414214,-4.41421)
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sarre Oypee O6paTHOE mpeodpas’oBaHue

OOpaTHOe nmpeoOpa3oBaHUe

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
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[NpeoGpasosarne Oypbe O6paTHOE mpeodpas’oBaHue

OOpaTHOe nmpeoOpa3oBaHUe

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.
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[MpeoGpasoranne Oyphe

OOpaTHOe nmpeoOpa3oBaHUe

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.

P(w?) w00
P(wl) _ wl-O
P(MZ) - wZ-O
P(w3) w3-0

HKo et al. (MKH CIIGTY)

€ & & &

01
1-1
2:1
31

0-2
1.2
2.2
32

€ € & &

€ € &€ €
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O6parHoe mpeobpasoBaHue
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1.3
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33
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a
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[MpeoGpasoranne Oyphe

OOpaTHOe nmpeoOpa3oBaHUe

O6parHoe mpeobpasoBaHue

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.

a0 W00
a | | W
a | T | w20
as W30

01
1-1
2:1
31

€ € &€ &

0-2
1.2
2:2
32

£ & & &

W03\ ! P(u”)
wt3 P(w?)
w2-3 ’ P(MZ)
w3-3 P(w3)
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[NpeoGpasosarne Oypbe O6paTHOE mpeodpas’oBaHue

OOpaTHOe nmpeoOpa3oBaHUe

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.
3aMeTHM, YTO:

wO-O wO‘l wO-Z w0-3 w—0~0 w—O-l w—O-Z w—0~3
wl-O w1~1 wl-Z w1-3 w—1~0 w—l-l w—1~2 w—1~3
w2~0 w2~1 w2-2 w2-3 w—2~0 w—2-1 w—2~2 w—2~3 -
w3-0 w3-1 w3-2 w3-3 w73-0 w73-1 w73-2 w73-3
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[NpeoGpasosarne Oypbe O6paTHOE mpeodpas’oBaHue

OOpaTHOe nmpeoOpa3oBaHUe

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.
3aMeTHM, YTO:

wO-O wO‘l wO-Z w0-3 w—0~0 w—O-l w—O-Z w—0~3
wl-O w1~1 wl-Z w1-3 w—l-O w—l-l w—1~2 w—1-3
w2~0 w2~1 w2-2 w2-3 w—2~0 w—2-1 w—2~2 w—2~3 -
w3-0 w3-1 w3-2 w3-3 w73-0 w73-1 w73-2 w73-3
n o000
o noo
“loono
000 n
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[MpeoGpasoranne Oyphe

OO0paTHoe npeo

Opa3oBaHue

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.

ITosTomy:
W00 01 02
w0 ot 12
W20 21,22
W30 3 32

HKo et al. (MKH CIIGTY)

03\ 1 —0-0

w w

w1-3 1 w—1~0
w23 - H ) w20
w33 w30

AuckperHoe npeobpasoBanue Oypee

€ & & &

O6parHoe mpeobpasoBaHue

—-0-1
—1-1
—-2:1
-31

—0-2
—-1.2
—22
—-32
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[MpeoGpasoranne Oyphe

OOpaTHOe nmpeoOpa3oBaHUe

Kaxk caenaTnh ob6paTHOe TipeoOpa3oBaHme?
YMHOKATE Ha OOPaTHYIO MaTPULLY.

ITosTomy:
. . . . —1 _0.
W00 01 02 03 00
W10 I 12 13 1 10
W20 21 22 23 o w20
W30 3 32 33 30
3aMeTUM ereé, uto w kK = =k,

>HKO et al.

(MKH CII6I'Y)

AuckperHoe npeobpasoBanue Oypee

O6parHoe mpeobpasoBaHue

w70-1 w70-2 w70-3
w2 13
w72-1 w72-2 w72-3
w3 32,33
25.02.2026 12/20



[NpeoGpasosarne Oypbe Kop, o6paTHOro mpeoGpasoBaHus

Kopa, oOpaTHOro nmpeodpa3oBaHUA

o Joy s WN

vector <Num> fft (const vector <Num> & a0, bool inv = false) {

vector <Num> a = a0;
for (int i = 0; i < limit; i++)
if (i < rev[i])
swap (a[il, alrev[i]]);
if (inv)
reverse (z.begin () + 1, z.end ());
for (int k = 0, span = 1, step = limit / 2; k < logLimit;
k++, span *= 2, step /= 2) {
for (int i = 0; i < limit; i += 2 * span)
for (int j = 0; j < span; j++) {
int u =1 + j;
int v =1 + j + span;

Num x = alu] + a[v] * z[j * step]: Bsoa:
Num y = af[u] + a[v] * z[j * step + limit / 2]; 4
afu] = x; 1032
alv] = y;

} BriBoa:

}
if (inv) {
reverse (z.begin () + 1, z.end ());
for (int i = 0; i < limit; i++)
af[i] /= limit;

(1,2.5266e-016)
(-2.35514e-016,2.58379e-016)
(3,-6.66974e-016)
(2,-6.96749%9e-016)
(1.66533e-016,9.18455e-017)
(2.35514e-016,2.58379%9e-016)
(0,2.00008e-016)
(0,1.91429e-016)

}
return a;

SHE
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CopepxaHue

e 3apaun
@ YMHO>KeHHe 4HCeA
@ LIukAMUecKue CTPOKU
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\agu YMHOKEeHHE YnCen

YMHOXeHUe Yucea

3apaHbl ABa yMcAa. HaliauTe UX mpousBeAeHue.

HKO et al. (MKH CII6rY) AuckperHoe npeobpasoBanue Oypee 25.02.2026 15/20



YMHOXEHUEe 4YhuCen
3apaHBI ABa 4ymMcAa. HaliauTe MX Ipom3BeAeHUe.
@ byaeM cunTaTh, UTO YUCAO — 3TO MHOTOYAEH, €TI0
KO3 durneHThl — 1TUQPHI.
e Hampumep, 123 =1-x2+2-x! + 3. %,
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YMHOXEHUEe 4YhuCen
3apaHBI ABa 4ymMcAa. HaliauTe MX Ipom3BeAeHUe.
@ byaeM cunTaTh, UTO YUCAO — 3TO MHOTOYAEH, €TI0
KO3 durneHThl — 1TUQPHI.
e Hampumep, 123 =1-x2+2-x! + 3. %,

o Hawvaém mponsBepeHUEe MHOTOYAEHOB:
987 - 123 = (9x2 + 8x + 7) - (1x% + 2x + 3).

HKO et al. (MKH CII6rY) AuckperHoe npeobpasoBanue Oypee 25.02.2026
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3apaun YMHOKEHHe 9HCen

YMHOXeHUe Yucea

3apaHBI ABa 4ymMcAa. HaliauTe MX Ipom3BeAeHUe.

@ byaeM cunTaTh, UTO YUCAO — 3TO MHOTOYAEH, €TI0
KO3 durneHThl — 1TUQPHI.

e Hampumep, 123 =1-x2+2-x! + 3. %,

o Hawvaém mponsBepeHUEe MHOTOYAEHOB:
987 - 123 = (9x2 + 8x + 7) - (1x% + 2x + 3).

o [ToayuwnTcsa
(9-1)x*+(9:24+8-1)x>+(9-3+8-2+7-1)x2+(8-3+7-2)x+(7-3).

@ OTo paBHo 9x* + 26x° + 50x2 + 38x + 21.
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3apaun YMHOKEHHe 9HCen

YMHOXeHUe Yucea

3apaHBI ABa 4ymMcAa. HaliauTe MX Ipom3BeAeHUe.

@ byaeM cunTaTh, UTO YUCAO — 3TO MHOTOYAEH, €TI0
KO3 durneHThl — 1TUQPHI.

e Hampumep, 123 =1-x2+2-x! + 3. %,

o Hawvaém mponsBepeHUEe MHOTOYAEHOB:
987 - 123 = (9x2 + 8x + 7) - (1x% + 2x + 3).

o [ToayuwnTcsa
(9-1)x*+(9:24+8-1)x>+(9-3+8-2+7-1)x2+(8-3+7-2)x+(7-3).

@ OTo paBHo 9x* + 26x° + 50x2 + 38x + 21.

@ Temepb IIPOUAEM OT MAAAIIUX ITU(MPP K CTApIINM K CAEAaEM
TTEPEHOCHT:

0214+40=21—-1;,384+2=40—-0; 50+ 4 =54 — 4;
2604+5=31—-+1,94+3=12—-204+1=1—=1.

@ OTtseT: 121401.

VBaun Kasmenko et al. (MKH CII6I'Y) AuckperHoe npeobpasoBanue Oypee 25.02.2026 15/20



YMHOKEeHHE YnCen

Broa:
1 vector <Num> readNumber ()
2 { 987
3 string s; 123
4 cin >> s;
5 vector <Num> res (limit, Num (0)); BriBoa:
6 int n'= lll'l.t (s.s:l.ze ()),: 121401
7 for (int i = 0; i < n; i++)
8 res[i] = Num (s[n - 1 - i] - '0");
9 return res;
10 1}

MBau Ka CTI60Y AuckperHoe npeobpasoBanue Oypee 25.02.2026 16/ 20



YMHOKEeHHE YnCen

Kop,

1 auto a = readNumber ();

2 auto b = readNumber ();

3

4 auto fa = fft (a);

5 auto fb = fft (b);

6 auto fc = vector <Num> (limit);

7 for (int i = 0; i < limit; i++)

8 fc[i] = fal[i] * fb[i];

9 auto c = fft (fc, true);

10

11 vector <int> res (limit);

12 long long carry = 0;

13 for (int i = 0; i < limit; i++) {

14 carry += (long long) (c[i].real () + 0.5);
15 res[i] = carry % 10;

16 carry /= 10;

17 }

18

19 bool started = false;

20 for (int i = limit - 1; i >= 0; i--) {
21 started |= (i == 0) | (res[i] != 0);
22 if (started)

23 cout << res[i];

24 }

25 cout << endl;

Vean Ka3meHko et al IKH CII6rY) AuckperHoe npeobpasoBanue Oypee

Broa:

987
123

BriBoa:
121401

25.02.2026
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LImkanueckue CTPOKH

EcThb ABe TIMKAMYECKHe CTPOKU AAMHBI n = 2K u3 Hyaeit u epuHMII.
OHuM 3alIMCBHIBAIOTCSI OAHA IIOA APYI'OHM, M €AMHHIBI CBEPXY U CHU3Y

COBMellarTcd. Kak UX NOBEPHYTH, YTOOBI COBMECTUTH KaK MOJKHO
OOABIIIe epANHUIT?

HKO et al. (MKH CIIGI'Y)

AuckperHoe npeobpasoBanue Oypee 25.02.2026 17/ 20



3apaun LlurAnuecKkue CTpOKH

LImkanueckue CTPOKH

Ectn ABE IMTUKANYECKUEe CTPOKU AAUHELI N = 2k nus3 HYAeﬁ 1 eAVHUII.
OHM 3anMCHIBAIOTCS OAHA IIOA APYT'OU, 1 €AWHUIBLI CBEPXY U CHU3Y
COBMeIIaroTCA. Kak nx IIOBEPHYTD, YyTOOBI COBMECTUTEL KaK MOKHO
OOABIIIe epANHUIT?
ITpumep: s = 10110010, £ =01010111. 3adukrcupyem s u 6ypem
IIUKANTYEeCKN ABUT'ATH t BIIPaBO:

s = 10110010

{9 =01010111

t! = 10101011

t> = 11010101

3 =11101010

t* =01110101

£ =10111010

t* =01011101

7 = 10101110
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3apaun LlurAnuecKkue CTpOKH

LImkanueckue CTPOKH

Ectn ABE IMTUKANYECKUEe CTPOKU AAUHELI N = 2k nus3 HYAeﬁ 1 eAVHUII.
OHM 3anMCHIBAIOTCS OAHA IIOA APYT'OU, 1 €AWHUIBLI CBEPXY U CHU3Y
COBMeIIaroTCA. Kak nx IIOBEPHYTD, YyTOOBI COBMECTUTEL KaK MOKHO
OOABIIIe epANHUIT?
ITpumep: s = 10110010, £ =01010111. 3adukrcupyem s u 6ypem
IIUKANTYEeCKN ABUT'ATH t BIIPaBO:
s =10110010 OTser:
{9 =01010111 2
t! = 10101011
t> = 11010101
3 =11101010
t* =01110101
£ =10111010
t* =01011101
7 = 10101110

W= BN WD W
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LImkanueckue CTPOKH

EcThb ABe TIMKAMYECKHe CTPOKU AAMHBI n = 2K u3 Hyaeit u epuHMII.
OHuM 3alIMCBHIBAIOTCSI OAHA IIOA APYI'OHM, M €AMHHIBI CBEPXY U CHU3Y
COBMellarTcd. Kak UX NOBEPHYTH, YTOOBI COBMECTUTH KaK MOJKHO
OOABIIIe epANHUIT?

OTBeT: €CAN CABUHYTH [ Ha 5 MO3UIIUU BIIPABO, IIOAYUYUTCSI
COBMECTHUTH 4 eAMHWITH.

Ora nposepka 3aHuMaer O(n?) BpeMeHH — MOXKHO AU GbICTpee?
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Pemmenue
Pemenne:
o [lpeacTaBUM s U [ KaK MHOTOUYAEHBI ¢ Koaddpurimentamu 0 u 1.

@ XoueTcsa CAEAATh TaK, YTOOBI KOAM(PUIIMEHT ¥ IIPOU3BEACHUS
MHOTOYAEHOB OBIA PaBeH KOAWUYECTBY COBIIAAAIOIINX €AWHMUII.

@ [TycThb MBI CABMHYAM { Ha k TIO3UIIMK BIPABO. Torpa OTBET
paBeH Solx + 51 tk-i—l + ...+ Sp—1tk—1.
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Pemmenue
Pemenne:
o [lpeacTaBUM s U [ KaK MHOTOUYAEHBI ¢ Koaddpurimentamu 0 u 1.

@ XoueTcsa CAEAATh TaK, YTOOBI KOAM(PUIIMEHT ¥ IIPOU3BEACHUS
MHOTOYAEHOB OBIA paBeH KOAWYECTBY COBITAAAIONINX eAUHUII.

@ [TycThb MBI CABMHYAM { Ha k TIO3UIIMK BIPABO. Torpa OTBET
paBeH Solx + 51 tk-i—l + ...+ Sp—1tk—1.

o [TepeBepHEM MHOTOUAEH AASL CTPOKH { — BCE, KPDOME HYAEBOI'O
SAEMEHTA.

[Tpumep: s = 10110010, ¢ =01010111.
S(x) = 1x% + 0x' + 1x% + 1x% + 0x* + 0x° + 1x5 + 0x”.
T(x) = 0x% + 1x7 + 0x% + 1x° + Ox* + 1x3 + 1x%2 + 1x'.

Teneps orBeT ard caBura k =7 —a31o SoT7 4+ 51T + ... + S7Tp,

TO eCcTh KO3(p(UITMEHT B TPOU3BEACHUN TIPH X .
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3apaun LlurAnuecKkue CTpOKH

Penienue

Pemnrenue:

[TycTb MBI CABUHYAM { Ha K IO3UIIMK BOPABo. Torapa orBeT
paBeH Sglk + S1lgy1 + ...+ Sp—1fk—1.

[TepeBepHEM MHOTOYAEH AASI CTPOKM { — BCE, KpOMe HYAEBOT'O
SAEMEeHTaA.

IMpumep: s = 10110010, { = 01010111.
S(x) = 1x% + 0x! + 1x? 4+ 1x3 + 0x* + 0x° + 1x° 4 0x”.
T(x) = 0x% + 1x7 + 0x% + 1x° + 0x* + 1x® + 1x? + 1x1.

Temepnb oTBeT AAst caBura k =7 — 2310 SoT7 + S1Ts + ... + S710,

TO eCTh KO3(PUIINEHT B IPOU3BEACHUN IIPU X .

A uTo c ocTaanbHbIMU? Hanpumep, npu kK = 5 oTBET — 3TO
SoTs + S1Ta+ SoT3 + S3To + SaTy + S5Tg + SeT7 + S776.
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3apaun LlurAnuecKkue CTpOKH

Penienue

Pemnrenue:

[TycTb MBI CABUHYAM { Ha K IO3UIIMK BOPABo. Torapa orBeT
paBeH Solx + Stlgy1 + ...+ Sp—1lk—1.

[TepeBepHEM MHOTOYAEH AASI CTPOKM { — BCE, KpOMe HYAEBOT'O
SAEMEeHTaA.

IMpumep: s = 10110010, { = 01010111.
S(x) = 1x% + 0x! + 1x? 4+ 1x3 + 0x* + 0x° + 1x° 4 0x”.
T(x) = 0x% + 1x7 + 0x% + 1x° + 0x* + 1x® + 1x? + 1x1.

Temepnb oTBeT AAst caBura k =7 — 2310 SoT7 + S1Ts + ... + S710,

TO eCTh KO3(PUIINEHT B IPOU3BEACHUN IIPU X .

A uTo c ocTaanbHbIMU? Hanpumep, npu kK = 5 oTBET — 3TO
SoTs + S1Ta+ SoT3 + S3To + SaTy + S5Tg + SeT7 + S776.

Ecau penaTnh CBépTKY POBHO AAS Il DAEMECHTOB, MHACKCEI
[IOAYUUTCS B35IThH 110 MOAYALO aBTOMaTHU4IecKu!
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LlurAnuecKkue CTpOKH

. Broa:
1 string s, t;
2 cin >> s >> t; 10110010
3 limit = int (s.size ()); 01010111
4 logLimit = int (log2 (limit) + 0.5);
5 calcRev (); BeiBoa:
6 calcZ (); 0: 2
1: 3
2: 2
3: 3
4: 2
5: 4
6: 1
7: 3
best = 4
pos = 5
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Kop,

W o0 WN

MBan Ka:

{

LlurAnuecKkue CTpOKH

Broa:

10110010
01010111

Brisoa,

N o0 W E o
WE BNWNW

reverse (t.begin () + 1, t.end ());

vector <Num> a (limit), b (limit);

for (int i = 0; i < limit; i++)
al[i] = Num (s[i] - '0");
b[i] = Num (t[i] - '0');

}

auto fa = fft (a);

auto fb = fft (b);

auto fc = vector <Num> (limit);

for (int i = 0; i < limit; i++)
fc[i] = fa[i] * fb[i];

auto ¢ = fft (fc, true);

vector <int> res (limit);

for (int i = 0; i < limit; i++)

res[i

for (int i = 0;
cout << i << ":

auto pos

cout << "best =
cout << "pos =

eHKO et al

1

IKH CII6I'Y)

= int (c[i].real () + 0.5);

i < limit;

i++)

" << res[i] << endl;

max_element (res.begin (), res.end ());
" << *pos << endl;
" << pos - res.begin () << endl;

AuckperHoe npeobpasoBanue Oypee
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3aBepiienne

Bomipocsr?

Bormipocsr?
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