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$$c_k=\sum {i=0}"{n-1}\sum _{j=0}"{n-1}[i+j\bmod p=k]a_ib _j$$
0o

O00 $ABST00O0 $n$ 0 S\text{FFT}$ 00 00O0OO $ABSTI0ODO $n$000O0O0O0O
gobooobooo

$$ \begin{equation}\begin{split} c_ k&=\sum {i=0}"~{n-1}\sum_{j=0}"{n-1}[i+j\bmod p=k]a_ib j\\
&=\frac In\sum _{i=0}"{n-1}\sum _{j=0}"{n-1}\sum _{d=0}"{n-1}w n~{d(i+j-k)}a_ib j\\ &=\frac
In\sum {d=0}"{n-1}w _n"{-dk}\sum {i=0}"{n-1}\sum _{j=0}"{n-1}w _n~{di}a_iw n"~{dj}b j\\
&=\frac In\sum_{d=0}"{n-1}w n"{-
dkH\left(\sum_{i=0}"~{n-1}a_iw_n~{dit\right)\left(\sum_{j=0}"~{n-1}b jw_n~{dj}\right)
\end{split}\end{equation} $$ O O O O
$\left(\sum_{i=0}"~{n-1}a_iw_n~{dit\right)\left(\sum {j=0}"{n-1}b_jw n~{dj}\right)$ 00 OO O
$\text{DFT}$ O O O$\frac In\sum_{d=0}"{n-1}w n~{-dk}$ 000 00O $\text{IDFT}$J0 O O

O000000000000000 $2°n$000000000000D000O00O0O $CsO000D0O0
gobogobbooobobooonoo

Bluestein's Algotithm

00 $\text{DFT}$ 00 0O

$$ \begin{equation}\begin{split} y k&=\sum {i=0}"~{n-1}a_iw_n"{-ki}\\
&=\sum_{i=0}"{n-1}a_iw_n"{{k+i\choose 2}-{k\choose 2}-{i\choose 2} }\\ &=w _n"{-{k\choose
2} N\sum _{i=0}"{n-1}\left(a_iw_n~{-{i\choose 2} }\right)w_n~{{k+i\choose 2}}
\end{split}\end{equation} $$ O O ${n\choose 2}$ 00000000 OOOODOOOOODOOODO

OO0 $\text{IDFT}$ 0000DODO

$$ \begin{equation}\begin{split} a_k&=\frac In\sum_{i=0}"{n-1}y iw_n"{ki}\\ &=\frac

In\sum {i=0}"~{n-1}y iw n”~{-{k+i\choose 2} +{k\choose 2} +{i\choose 2} }\\ &=\frac
1nw_n”{{k\choose 2} }\sum_{i=0}"~{n-1}\left(y iw_n"{{i\choose 2} }\right)w_n~{-{k+i\choose 2} }

\end{split}\end{equation} $$ 000000000000 0DO0OO0O0DOOD0OOO0O $\text{DFT}$ O
O0oooOoooooo
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O00O000 $[L+10\timesn$s 000000 $(u l,v I\to(u 2,v 2)$0 $w {viv2}$0000
00000 $0,x)$0000 $(\ast,y)$($\ast$ 0O O O0)DODOODO $m$ 000 OO0ODODOD0O

OO0 $O\let\tk$pO OO OO $mlequivtpmodk$ DO DO DOO0DOOOO $p$ 000000
0000 $p$ 00 00%$1078\le p\le 27 {30},k\mid p-1,1\le k\lt 65536,1\le n\le 3,L\le 10™9%[]

ao

00 $f {a,b}$ 00 $m=a$ 0 $y=b$ 00O 0O0$g {a,b}$ 000000 $X$ 0000 $m=a$ O
$y=b$ 00000

goooooogo

$$9_{a,b}=\sum_{i=1}"n g_{a-1,i}w_{i,b}\text{ }\text{ }f {a,b}={L\choose a}g_{a,b}$$
goo

$$W=\begin{bmatrix}w {1,1} & \cdots & w_{1,n} \\ \vdots &\ddots & \vdots \\ w_{n,1} &\cdots &
w_{n,n}H\end{bmatrix}$$

0 $G_i=(g_{i,1}\cdots g_{i,n}$00 0 O $G_i=G_OW~i$[]
000000000 $w_k\equivg\pmod p,g$ 0 $p$ 00000

$$ \begin{equation}\begin{split} \text{ans} t&=\sum_{i=0}"Lf {i,y}[i\bmod k=t]\\ &=\frac
1k\sum {i=0}~Lf {i,yH\sum {j=0}"{k-1}w k™~ {(i-t)j}\\ &=\frac 1k\sum_{j=0}"~{k-1}w k"~ {-
tjih\sum _{i=0}~Lf {i,y}w _k~{ij} \end{split}\end{equation} $$ 000000000
$$\sum_{i=0}"~Lw _k~{ij}(f _{i,1}\cdots f {i,n})=\sum_{i=0}"~L w_k~{ij}{L\choose i}(g_{i,1}\cdots
g_{i,n})=G_0\sum_{i=0}"L {L\choose i}\left(w_k”jW\right)”~i=G_0\left(w_k~jW+I\right)~L$$ O O O
00000000 $0(kn”3\og L)$ 00000 $h j=\sum _{i=0}"~Lf {i,y}w _k~{ij}(O\le j\it k)$[

oo
$$\text{ans} t=\frac 1k\sum {i=0}"{k-1}w k~{-ti}h_i$$
OO0O0000 $\text{Bluestein's Algotithm}$ O $\text{IDFT}$ D0 OO0 OO0 OO0 OODO $0(k\log k)$[J

O0O0O000 $0kn™3\logL)$0 00 O0DOOOOOODODO

const int MAXN=1<<16|5;
const long double pi=acos(-1.0);
int p,sz,gw/[MAXN];
int quick pow(int a,int b
int ans=1;
b
b&1)ans=1LL*ans*a%p;
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a=1LL*a*a%p;
b>>=1;

ans;

vector<int> pdiv;
bool check(int x
_for(i,0,pdiv.size

quick pow(x, (p-1)/pdivii])==
false;

true;

void get G(int k
int temp=p-1,9;
int i=2;i*i<=temp;i++
tempS%i==
pdiv.push back(i);
temp%si==0)temp/=1;

temp!=1)pdiv.push back(temp);
_for(i,2,p

check (i
g=1;

int w=quick pow(g, (p-1)/k);
gwibi=1;

’

_rep(i,1,k)gw[i/=1LL*gw|i-1]*wS%p;

struct Matrix
int ele
Matrix(int x=
mem(ele,0);
_for(i,0,sz)eleli

’

i]l=x;

Matrix operator +
Matrix c;
_for(i,0,sz
_for(j,0,sz
c.ele[i][jl=(elel1l

o

const Matrix b

jl+b.ele[i][]j])%p;

Matrix operator *
Matrix c;
_for(i,0,sz
_for(j,0,sz
c.elelil[jl=1LL*ele[i][]|*b%p;

OF

const int b
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void operator *= (const Matrix b
Matrix c=*this;
_for(i,0,sz

_for(j,0,sz
eleli] []]=0;
_for(k,0,sz

elel[i][jl=(eleli][jl+1LL*c.ele[i][k]*b.ele[k][]j])%p;

Matrix quick pow(const Matrix &a,int k
Matrix Ans ,Base;

Base=a;
k
k&1)Ans*=Base;
k>>=1;
Base*=Base;
Ans;

struct complex
long double x,y;
complex(long double x=0.0,long double y=0.0):x(x),y(y
complex operator + (const complex &b
complex(x+b.x,y+b.y);

complex operator - (const complex &b
complex(x-b.x,y-b.y);

complex operator * (const complex &b

complex(x*b.x-y*b.y,x*b.y+y*b.x);

int rev|[MAXN<<2];
int build(int k

int n,pos=0;
<<pos)<=K)pos++;
n=1<<pos;
_for(i,0,n)rev[i]=(rev[i>>1]>>1)|((i&1)<<(pos- :
n;

void FFT(complex *f,int n,int type
_for(i,0,n i<rev/i
swap(flil,flrev|i ;
complex t1,t2;
int i=1;i<n;i<<=
complex w(cos(pi/i),type*sin(pi/i));
int j=0;j<n;j+=(i<<
complex cur(1.0,0.0);
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_for(k,j,j+1i
tl1=F k], t2=cur*fk+i];
flkl=tl+t2,f[k+il=t1-t2;
cur=cur*w;

typ ==i= _for il , N
flil.x/=n,fli].y/=n;

void FFT2(complex *fl,complex *f2,int n
FFT(f1l,n,1);
f2 x=f1 X, 2 y=-fl .Y
_for(i,1,n
f2[i] . x=f1[n-i].x,f2[i].y=-f1l[n-1i].y;
complex tl1,t2;
_for(i,0,n

t1=f1/i],t2=f2/1i];

fllil=complex((tl.x+t2.x)*0.5, (tl.y+t2.y)*0.5);
f2/il=complex((tl.y-t2.y)*0.5,(t2.x-t1l.x)*0.5);

void MTT(int *f,int nl,int *g,int n2,int *ans,int mod

static complex

f1[MAXN<<2 |, f2|MAXN<<2|,gl/MAXN<<2|,g2 MAXN<<

int n=build(nl+n2),m=sqrt(mod)+1;
rep(i,0,nl)fliil.x=fi]/m,flli].y="F
_rep(i,0,n2)gllil.x=glil/m,gl[i].y=g
FFT2(f1,f2,n);FFT2(gl,92,n);

complex 1(0.0,1.0);

_for(i,0,n

temp i]=f1lil*gl/i/+I*f2[il*gl[i];
temp i]=F1l[i]*g2[i]+I*f2[i]*g2[i];

FFT (temp ,n,-1);FFT(temp ,n,-1);
LL a,b,c;
_rep(i,0,nl+n2

a=temp i].x+0.5,b=temp il.y+temp

Matrix W;
int a/MAXN<<2],b[MAXN<<2,c|[MAXN<<2];
int main

int k,L,X,y;

sz=read int(),k=read int(),L=read int(),x=read int

d int();
get G(k);
_for(i,0,sz
_for(j,0,sz

i].x+0.5,c=temp
ans|[1i]=((a%mod*m%smod*m%smod+b%mod*m%smod+c%mod )%mod+mod )%mod;

MAXN<<2? | ;

-1,y=read int

il.y+0.5;

,p=rea
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W.elel[il[jl=read int();

_for(i,0,k
Matrix temp=quick pow(W*gw/|i|+Matrix ,L);
alil=1LL*temp.ele! x|y /*gw|[1LL*i*(i-1)/2%K|%p;

_for(i,0,2*%k-1)blil=gw|k-1LL*i*(i-1)/2%k|%p;
reverse(a,a+k) ;

MTT(a,k-1,b,2*k-2,c,p);

int div=quick pow(k,p-2);

_for(i,0,k

enter(1LL*div*gw  1LL*i*(i-1)/2%k|%p*c|k-1+1i|%p);

’

ooon

From:
https://wiki.cvbbacm.com/ - CVBB ACM Team

Permanent link:
https://wiki.cvbbacm.com/doku.php?id=2020-2021:teams:legal_string:jxm2001:%E5%A4%9A%E9%A1%B9%E5%BC%8F_4&rev=1598235505

Last update: 2020/08/24 10:18

https://wiki.cvbbacm.com/ Printed on 2025/08/27 02:57


https://wiki.cvbbacm.com/
https://wiki.cvbbacm.com/doku.php?id=2020-2021:teams:legal_string:jxm2001:%E5%A4%9A%E9%A1%B9%E5%BC%8F_4&rev=1598235505

	多项式 4
	循环卷积
	定义
	性质
	Bluestein's Algotithm
	算法例题
	题意
	题解


	线性递推


