2025/11/29 17:59 1/16 ooo?2

oo 2

FFT

gooo

$O(nlogn)$ 000 0000DOOO0O00DOODOO0O0ODOOOODOODODOODODOOOOOO

goon

OO0 $f(x)$0 $n-1$ 000000 $ns 02800 00@CCO0COO0O0O0O0O0O0OOOOO $0%)

goooogo

000000 $0(nlogn)$ 0000000000 0OOOOOODOOOOOOO
0 $f(x)=a_0+a_lx+a 2x"2+\cdots a_{n-1}x"~{n-1}$[

000000 $9(x)=a_0+4a_2x+\cdots a_{n-2}x"{\frac n2-1} h(x)=a_1+a 3x+\cdots
a_{n-1}x~{\frac n2-1}$[

000 $f(x)=g\left(x~2\right)+xh\left(x ™~ 2\right)$[]

O $\omega _n=\cos \frac {2\pi}n+\sin \frac {2\pi}ni$J0 $x=\omega n"k,x=\omega n”{k+\frac
n2}(k=0,1\cdots \fracn2-1)$ O OO O

$$f(\omega_n"k)=g(\omega_n"{2k})+\omega n"kh(\omega n”{2k})=g(\omega_{\frac
n2}~k)+\omega n"kh(\omega {\frac n2}~k)$$

$$f(\omega_n”{k+\frac n2})=g(\omega _n"{2k+n})+\omega n”{k+\frac
n2}h(\omega n"{2k+n})=g(\omega_{\frac n2} ~k)-\omega_n"kh(\omega_{\frac n2} ~k)$$

0000 $gx)$ 000000 $\{\left(\omega_{\frac n2} ~k,g(\omega_{\frac n2} ~k)\right)\\}$ O O
shix)$ 0O O0O0O0O $\{\left(\omega_{\frac n2} ~k,h(\omega_{\frac n2} ~k)\right)\} $

OO0 $O0msDoooon sfix)scooooo s\{\left\omega_n~k,f(\omega n~k)\right)|k=0,1\cdots
n-1\}$[]

00000000000 $0(nlegn)$ 00000 OO

gobogobooboooobooobbooobboobobooobbooobbooobbooooboD

gooogooo

000000 $0(nlogn)$ 000000000 DOOO00OOOOOOODODOOO
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0 $y i=f(\omega n™i)$00 0 $f(x)$ 0000 00O ${a 0,a 1\cdotsa {n-1}}$00 00000
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00000 $A(X)=\sum_{i=0}"{n-1}y ix~i$00 $x=\omega n"{-k}(k=0,1\cdots n-1)$ OO OO

$$A\left(\omega_n” {-k}\right)=\sum _{i=0}"~{n-1}\omega n”{-ki}\sum _{j=0}"{n-1}
a_j\omega n"{ij}=\sum_{i=0}"{n-1}\sum_{j=0}"{n-1} a_j\omega_n"{i(j-
k)}=\sum_{j=0}"{n-1}a j\sum_{i=0}"{n-1}\omega_n"{i(j-k)}$$

00 $j=k$00 $\sum_{i=0}"{n-1}\omega_n"{i(j-k)}=\sum_{i=0}"{n-1}1=n$]]

00 $j\neq k$O $\sum {i=0}"{n-1}\omega _n"{i(j-k) }=\frac{\omega_n" {n(j-
k)}-1}{\omega_n"{(j-k) }-1}=\frac{1-1}{\omega_n"{(j-k)}-1}=03

000 $Aleft(\omega n~{-k}\right)=na k$O0 DO 00000000 SAX)$ 00O 0O0OOOOOO
ggoooog

O00 FFTOO

complex temp|MAXN<<2|;
void FFT(complex *f,int n,int type){//type=100000type=-10000000000
Ogoooodn
n== -
int m=n>>1;
memcpy (temp, f,sizeof (complex)*n);
int i=0;i<n;i+=
fli>>1=temp[i],f[(i>>1)+m|=temp[i+1];
complex *fl=f,6*f2=Ff+m;
FFT(fl,m,type);FFT(f2,m,type);
complex cur(1.0,0.0),w(cos(2.0*pi/n),type*sin(2.0*pi/n));
int i=0;i<m;i++
temp/i/=fl/il+cur*f2[i];
temp[i+m|=f1l[i]-cur*f2[i];
cur=cur*w;

memcpy (f, temp,sizeof (complex)*n);

goog

goon

dododoooobotootbouotbuotbuotbuobuobouoouoboog
$$\{x 0,x 1,x 2,x 3,x 4,x 5x 6,x 7\}%$%

$$\{x_0,x_2,x 4,x 6\} \{x_1,x 3,x 5x_7\}$$
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$$\{x_0,x_A\}\{x_2,x_6\}\{x_1,x 5\} \{x_3,x_7\}$$

SS\{IX_OVE A AN A {X 2\ A {X_O\F N {X_T\FA{X_S\F\{X_3\} \{x_7\}$$

000 $x.is00000000000000000000OD0 $x.is00000000 $3=011,6=110801 O

0 $x3$0$x 6$00000

OO000 FFTOO

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

int n,pos=0;
<<pos)<=K)pos++;
n=1<<pos;
_for(i,0,n)revii]=(rev[i>>1]>>
n,

void FFT(complex *f,int n,int type
_for(i,0,n i<rev|i
swap(fli],flrev[i ;
complex t1,t2;
int i=1;i<n;i<<=

i&

complex w(cos(pi/i),type*sin(pi/i

int j=0;j<n;j+=(i<<
complex cur(1.0,0.0);
_for(k,j,j+1i

t1=F k], t2=cur*f|[k+i];

flkl=tl+t2,f[k+i|=t1-t2;

cur=cur*w;
type==-1) for(i,0,n
flil.x/=n;
gogn
0 0 p3803

ug

<<(pos-

’

gobooobboobobooobbooobbuoooboon

HEN
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00000000 $g9(x)=b_0+4+b_1x+\cdots b_nx"n,h(x)=c_0+c_1x+\cdots c mx" m$J0 0 0000
$f(x)=a_0+a_lx+\cdots a_{n+m}x~{n+m}$[]
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O $s$ 0 $2$0 0 00O $\frac s2\le n+m\lt s$[]

0 $g(x)=b _0+b_1x+\cdots b nx~n+0x~{n+1}\cdots +Ox~{s-1}$ 00000000 0O00O0OODOOO
O $\{(w_s"0,9_0)\cdots (w_s~{s-1},9_{s-1})\}$0

000 $h(x)$00000000000 $f(x)$000000 $\{(w_s~0,g_0h_0)\cdots
(w_s”{s-1},g_{s-1}h_{s-1}\}$0

0000000000000 000 $fx)$000000000000 $0(s\log s)$00

const int MAXN=1e6+5;
const double pi=acos(-1.0);
struct complex
double x,y;
complex(double x=0.0,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);

a[MAXN<<2],b[MAXN<<2];
int rev[MAXN<<2];
int build(int k

int n,pos=0;
<<pos)<=K)pos++;

n=1<<pos;

_for(i,0,n)rev[il=(rev[i>>1]>>1)| ((i&1)<<(posS- ;
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);
_for(k,j,j+1i
t1=f k], t2=cur*f|k+i];
flkl=tl+t2,f[k+i]l=t1-t2;
cur=cur*w;
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typ == _for i' In
flil.x/=n;

int main

int nl=read int(),n2=read int(),n=build(nl+n2);

_rep(i,0,nl
alil.x=read int();
rep(i,o,n2

bli .X=read_int();
FFT(a,n,1);FFT(b,n,1);

_for(i,0,n
alil=alil*b[il;
FFT(a,n,-1);

_rep(i,0,nl+n2
space((int)(ali].x+0.5));

’

HEN

0000 $\left(g(x)+h(x)i\right)~2=g"2(x)-h"2(x)+2g(x)h(x)i=g”~2(x)-h "~ 2(x)+2f(x)i$[

000 $g(x)$00000sh(x)$ 0000000 $\text{FFT}$ OO O $\left(g(x)+h(x)i\right)~2$ O O O
O000O0oOog $fx)s 000

const int MAXN=1e6+5;
const double pi=acos(-1.0);
struct complex
double x,y;
complex(double x=0.0,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);

alMAXN<<2|;
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,
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void FFT(complex *f,int n,int type
_for(i,0,n i<rev/|i
swap(flil,flrev/i ;
complex tl1,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);
_for(k,j,j+1
tl=f k|,t2=cur*f k+i/;
flkl=tl+t2,f[k+il=t1-t2;
cur=cur*w;

type==-1) for(i,0,n
flil.y/=n;

int main
int nl=read int(),n2=read int(),n=build(nl+n2);

_rep(i,0,nl
alil.x=read int();

_rep(i,0,n2
alil.y=read int();
FFT(a,n,1);
_for(i,0,n
alil=alil*alil;
FFT(a,n,-1);

_rep(i,0,nl+n2
space((int)(alil.y/2+0.5));

?

o

00 pl919

O00o0O0O0000OD0 %10 0000 $x=10$00000000000000000000OO

const int MAXN=1e6+5;
const double pi=acos(-1.0);
struct complex
double x,y;
complex(double x=0.0,double y=0.0):x(x),y(y
complex operator + (const complex &b
complex(x+b.x,y+b.y);
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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);

a[MAXN<<2],b[MAXN<<2];
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|1i
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);
_for(k,j,j+1i
tl=f k|, t2=cur*f k+i];
flkl=tl1+t2,f[k+i|=t1-t2;
cur=cur*w;

type==-1) for(i,0,n
flil.x/=n;

char s1|MAXN<<21,s2 | MAXN<<2?;
int ans|[MAXN<<2];

int main

scanf("%s%s",sl,s2);

int nl=strlen(sl)-1,n2=strlen(s2)-1,n=build(nl+n2

_rep(i,0,nl
alil.x=sl[nl-i]-'0";
_rep(i,0,n2
blil.x=s2[n2-1i]-'0";
FFT(a,n,1);FFT(b,n,1);

_for(i,0,n
alil=alil*bli];
FFT(a,n,-1);
_for(i,0,n

ans[il+=(int)(ali].x+0.5);
ans|[i+1]|+=ans[i]/10;
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ans|[1i]%=10;

n>=0&&'ans|[nl)n--;
n==-1)putchar('0"');

n>=0)putchar(ans/n--1+'0"');

’

NTT

gooo

$O(nlogn)$ 000 00000OOO000ODOOO0ODOOO0ODOODOOOODOOOODOOOO

goon

RN

O $n\gt 1,gcd(a,n)=1$00 $a”x\equivl\pmodn$ 0O OO DO OO0 $a$ 0 $n$ 00000
$\delta_n(a)$Q

od

0 $a”x\equiv 1\pmod n$[J0 $\delta_n(a)\mid x$[000 O O J$\delta_n(a)\mid \varphi(n)$Q

ggd

od

00 $(n,a)$ 00 $a\gt 1\delta n(a)=\varphi(n)$0C 0 $a$ 0 $n$ 000 0O

od

00000 $n$ 0000000000 $n=2,4,pMalpha,2p™alphasfd 0 $p$ 000

OO0 $n$s 000000 $n$ 00O $\varphilleft(\varphi(n)\right)$ O 0O O

00 $9$0$n$ 00000 $1,071,9"2\cdots g~ {\varphi(n)}$ 00 $n$ 000000

O $\varphi(n)=p_1~{\alpha 1}p 2~ {\alpha_2}\cdots p_k”{\alpha_k}$00 $n\nmid a” {\frac
{\varphi(n)}{p_i}}-1(i=1,2\cdots k)$[100 $a$ O $n$ O O O

Hwnh e
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goog

000000 $p$ 000 $\omega_n\equiv g™ {\frac {p-1}n}\pmod p$J0 O $\omega n$ 0O O 0O O
]

1. $\omega n”{2k}=\omega {\frac n2}"k$
2. $\omega_n"{k+\frac n2}\equiv -\omega_n"k\pmod p$
3. $p-1\nmid k,\sum_{i=0}"{n-1}\omega_n”{ki} \equiv 0\pmod p$

00000 $97{\frac {p-1}n}$ OO $\text{FFT}$ OO $\omega n$(0 00O 0 O $\text{FFT}$ O O O
OO00D0DO00oo00000 $\frac{p-1}Ins 0000000000 500000000 $ps$Q

O0000ODO $998244353,1004535809,469762049$0 D D D O OO O O DO O $3%0

const int MAXN=1le6+5,Mod= ,G=3,Inv G= ;
int rev|[MAXN<<2];
int build(int k

int n,pos=0;
<<po0s)<=K)pos++;

n=1<<pos;

_for(i,0,n)revii]=(rev[i>>1]>>1)| ((1&1)<<(posS- ;
n,

void NTT(int *f,int n,int type

_for(i,0,n i<rev/[i
swap(fl[il,flreviil]);
int t1,t2;

int i=1;i<n;i<<=
int w=quick pow(type==1?G:Inv G, (Mod-1)/(i<< ;
int j=0;j<n;j+=(i<<
int cur=1;
_for(k,j,j+1i
t1=f k|, t2=1LL*cur*f|k+i!%Mod;
flkl=(t1+t2)%Mod, f k+i!=(t1l-t2)%Mod;
cur=1LL*cur*w%sMod;

type==-
int div=quick pow(n,Mod-2);
_for(i,0,n

flil=(1LL*f[1i]|*div%Mod+Mod )%Mod;

MTT

0 0 p4245
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goon

$O(nllogn)$ 0000000 DOOOO0OODODOOO

gooo

OOONTT

000000000000 $\{a 0,a l\cdotsa {n-1\}$000000CO000O0000O
$469762049,998244353,1004535809$]

000 $text{NTT}$J0 00000000000 DO0OOO0O0OO0O0O0ODOO0OO0ODO0O0O $a_i\equiv
b_i\pmod {471064322751194440790966273}$

00 $0\le a_i\le 10™{26}\It 471064322751194440790966273%$[00 O O $a_i=b_i$[

000000000000 $n$00 00000 $v$j0 00000000000 O0ODODOO0O0OOOO
$(n+1)v"2%[

oo oooooooon

0000000000000 000DOOoO00boooOoOooooogO $ailequiv Apmod M$OO
$a i=A+MK$D DD DOOOODOOO

000 $A+MK\equiv t\pmod m$J0 O O O $K\equiv (t-A)M™{-1}\pmod m$[]

0000 $A$04%K$000000000ODO0O0O0O0ODO %ai$0000D00O0O0O0ODOODO

int quick pow(int a,int b,int mod
int ans=1;
b
b&
ans=1LL*ans*a%mod;
a=1LL*a*a%mod;
b>>=1;

ans;

LL mul(LL a,int b,LL mod
LL ans=0;
b
b&
ans=(ans+a)%mod;
b>>=1;

a=(a<<l)%mod;
ans;

const int m = , , ,G=3;
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int rev|/MAXN<<2];
int build(int k

int n,pos=0;
<<pos)<=K)pos++;
n=1<<pos;
~for(i,0,n)reviil=(rev/i>>1]>>1)|((1i&1)<<(pos- ;
n;

void NTT(int *f,int n,int type,int mod
~_for(i,0,n i<rev/i
swap(fiil,flrev|i ;
int t1,t2,Inv _G=quick pow(G,mod-2,mod);
int i=1;i<n;i<<=
int w=quick pow(type==17G:Inv_G, (mod-1)/(i<<1),mod);
int j=0;j<n;j+=(i<<
int cur=1l;
_for(k,j,j+i
t1=f k], t2=1LL*cur*f [ k+il%mod;
flki=(tl+t2)%mod, flk+i|=(t1l-t2)%mod;
cur=1lLL*cur*w%smod;

type==-
int div=quick pow(n,mod-2,mod) ;
_for(i,0,n

flil=(1LL*f[1i]*div%smod+mod )%mod;

int f2/MAXN<<2]|,g2MAXN<<2|, temp MAXN<<2 | ;
void MTT(int *f,int nl,int *g,int n2,int *ans,int mod
int n=build(nl+n2);
_for(i,o0,
memcpy (f2,f,sizeof (f2));memcpy(g2,9,sizeof(g2));
NTT(f2,n,1,m(i]);NTT(g2,n,1,mii]);
_for(j,0,n)temp[i][jI=1LL*f2[j *g2[j !%m[i];
NTT(temp!il,n,-1,m[i]);

LL A,K,M=1LL*m[0O|*m ;

int
invl=quick pow(m ,m -2,m ,inv2=quick pow(m , M -2,m ,1nv3=quick
_pow (MSm , M -2,m ;

_rep(i,0,nl+n2
A=(mul(1LL*temp i/*m[11%M,inv1,M)+mul(1LL*temp 11*m[0]%M,inv2,M) )%M;
K=((temp il-A)%sm|[2]+m Sm| 2| *inv3%m ;
ans|[i/=(((K%mod)* (M%mod)+A%smod ) mod+mod)%mod;

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



Last

update: 2020-2021:teams:legal_string:jxm2001:
2020/08/05 oog_2

22:49

O0000O0OFFT

https://wiki.cvbbacm.com/doku.php?id=2020-2021:teams:legal_string:jxm2001:%E5%A4%9A%E9%A1%BI%E5%BC%8F_2&rev=1596638995

0000 $\text{FFT}$ 0000 $m=\sqrtv$($v=$ 0000 0000000)00000O0
$$f(x)=f_1(x)m+f_2(x),g(x)=g_1(x)m+9g_2(x)$$

00O

$$f(x)9(x)=f_1(x)g_1(x)m~2+(f_2(x)g_1(x)+f_1(x)g_2(x))m+f_2(x)g_2(x)$$

000000 $f 1(x)g_1(x),f 2(x)g_1(x),f 1(x)g_2(x),f 2(x)g 2(x)$ 0000000000000
$f(x)g(x)$ 000 O

00 $f 1(x).f 2(x),9_1(x),g 2(x)$ 00000 $[0\sqrtvl$]0 0000000000000
00000000000 $f 1(x)g_1(x).f 2(x)g_1(x),f 1(x)g_2(x),f 2(x)g 2(x)$ 0000000000
00000000 $P(x)=AX)+B(x)i,Q(x)=A(x)-B(x)i$00 0 O 0 O $P(x)=\overline{Q(\overline x)}$[]

0000 $PX)$ 0000000 $0N$STO0 $Qx)$0 0000000000 $0(nN)$ 00 $A(X)=\frac
{P(x)+Q(x)}2,B(x)=\frac {P(x)-Q(x)}{2i}$0

0 $A=f 1(x),B=f 2(x)$ DO 0D OO $\text{FFT}$ 00 $f 1(x),f 2(x)$ OO OO OO
O00000 $\text{FFT}$ 00O $9 1(x),g 2(x)$ 0000000

0000000 $P(x)=f_1(x)g_1(x)+f_2(x)g_1(x)i,Q(x)=f_1(x)g_2(x)+f_2(x)g_2(x)i$[

00 $f 1(x),f 2(x),0_1(x),g 2(x)$ 00000000 $0(n)$ 00 $P(x),Qx)$ 0000 OO0

000 $P(x),Q(x)$ 00 $\text{FFT}$ 0000 $P(x),Q(x)$ 000000000000 O0
$f_1(x)g9_1(x),f_2(x)g_1(x),f_1(x)g_2(x).f_2(x)g_2(x)$[]

00000000000 $\text{FFT}$Q0 00000 OO0 $\text{NTT}$0

0000000000 $\text{longdouble}$ 00O OO

const long double pi=acos(-1.0);
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];
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int build(int k

int n,pos=0;
<<po0s)<=K)pos++;
n=1<<pos;
_for(i,0,n)rev[il=(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 tl1,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);
_for(k,j,j+i
tl=f k], t2=cur*fk+il;
flkl=tl+t2,f[k+i]=t1-t2;
cur=cur*w;

type==-1) for(i,0,n
flil.x/=n,f[i].y/=n;

void FFT2(complex *fl,complex *f2,int n

FFT(fl,n,1);
f2 x=f1 X, f2 y=-fl .Y
for(i,1,n

f2[i].x=flln-i].x,f2[i].y=-flln-i].y;

complex t1,t2;

_for(i,0,n
t1=f1[i],t2=f2[i];
fliil=complex((tl.x+t2.x)*0.5, (tl.y+t2.y)*0.5);
f2/i/=complex((tl.y-t2.y)*0.5, (t2.x-t1.x)*0.5);

complex f1/MAXN<<2|,f2/MAXN<<2],gl/MAXN<<2],g2/MAXN<<2], temp
void MTT(int *f,int nl,int *g,int n2,int *ans,int mod
int n=build(nl+n2),m=4e4;
_rep(i,0,nl)fl[i].x=f[1]/m,f1[i].y=F[1i
_rep(i,0,n2)glii].x=glil/m,gllil.y=qgl1i
FFT2(f1,f2,n);FFT2(gl,92,n);
complex 1(0.0,1.0);
_for(i,0,n
temp i]=Ff1[i]*gl[i/+I*f2[il*gl[i];
temp i]=Ff1[i]*g2[i/+I*f2[i|*g2[1i];

o°

m;
m;

oP

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

MAXN<<

’
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a=temp i].x+0.5,b=temp il.y+temp i].x+0.5,c=temp il.y+0.5;
ans|il=((a%mod*m%mod*m%smod+b%smod*msmod+c%mod )%mod+mod ) %mod;

FWT

goog

$0(n\logn)$ 000 0O0OCOOO00O0O $C i=\sum_{i=j\oplus k}A jB k$(O O $\oplus$ DD DO OO OO

goon

gbobooobobooooboo

0000 $FWTIALISOD O $FWTIC] i=FWTIA] i\times FWT[B]_i$

00 $AQB_i$ 0 $0(mlog n)$ 00 00O $FWTIAL L, FWT[B] i(i=0,1,\cdots n-1)$
00 $FWTIALI,FWTIBLi$ O $0(n)$ OO 00O $FWTIC]i(i=0,1,\cdots n-1)$
00 $FWTICLi$ O $0(mlog n)$ 0O 00O $C_i(i=0,1,\cdots n-1)$

wnh e

aoo

0000 $FWTIALi=\sum_{jli=i}A_j$00 0 O

$$SFWTIA] i\times FWT[B] i=\sum_{j|i=i}A_j\sum_{k|i=i}B_k=\sum_{(j|k)|i=i}A_jB_k=FWT[C]_i$$
0000000000 $FWTIALLFWTIB] i(i=0,1,\cdots n-1)$00 000000 O
$$FWTIA]=\text{Merge}(FWT[A_O],FWT[A O]+FWT[A 11)$$

00 $A0$000000 $A$0000000$0$000(C000)$A 14000000 $A$0000
D00 $1$000(@O000)0

$FWT[A OJ4+FWTIA 1]$ OO DO OOOOODOOOO$\text{Merge}$ 0O O OOODO
0000000000000 0000 $A0A1$J00D0D0ODO0O0O0DOOOO0ODODO

OO0 $A0$000000000000O0%A1s00000000000000O0O00O0ODO0O $A0$00
00000 %A 1s000000000

ddddddododdddooooouuoouuuooo

$$A=\text{Merge}(A 0,A 1-A 0)%%

void OR(int *f,int n,int type
int i=1;i<n;i<<=
int j=0;j<n;j+=(i<<
_for(k,j,j+1i
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flk+i|=(f[k+i +type*f[k])%Mod;

ggd

0000 $FWT[ALi=\sum_{j\And i=i}A j$00 0 O

$$SFWT[A] i\times FWT[B]_i=\sum_{j\And i=i}A_j\sum_{k\And i=i}B_k=\sum_{(j\And k)\And
i=i}A jB_k=FWT[C]_i$$

goodd
$$FWT[A]=\text{Merge} (FWT[A_O]+FWT[A_1],FWT[A_1])$$

$$A=\text{Merge}(A 0-A 1,A 1)$%

void AND(int *f,int n,int type
int i=1;i<n;i<<=
int j=0;j<n;j+=(i<<
_for(k,j,j+1i
flkl=(f[k|l+type*f [ k+1i!)%Mod;

good

00 $alotimesb$ 00 $a\ANdb$ 000 DO SI$00 0O 200 O000OO

000 $(i\otimes j)\oplus (i\otimes k)=i\otimes (j\oplus k)$00 O O 0O $FWT[A] i=\sum_{j\otimes
i=0}A j-\sum_{j\otimes i=1}A j$[]

$$FWTIA] i\times FWT[B]_i=(\sum_{j\otimes i=0}A j-\sum_{j\otimes i=1}A j)(\sum_{k\otimes
i=0}B _k-\sum_{k\otimes i=1}B _k)=\sum_{(j\oplus k)\otimes i=0}A jB_k-\sum_{(j\oplus k)\otimes
i=1}A jB k=FWT[C] i$$

oooooooooO $FWTLALLFWTIBLi(i=0,1\cdots n-1)$00 000 00O0O0O0O0O0OOOOOODOO
good

$$FWT[A]=\text{Merge} (FWT[A_O]+FWT[A 1],FWT[A O]-FWT[A 1])$$
O00$A 0000000000 $ANd$ D 0O OOO0OOOSs0 0000000000 ooooooo

0$A 14000000000 $\ANd$S OO DODODO00ODSS000$+1$0 000000000000
goodgd

O000000D0 $A0$%A 1$0$\And$ 00 0D0000ODOO $1$0000000ODODO0O0O0OOOO
goboooboogod

$$FWT[A]=\text{Merge }\left(\frac{FWT[A_O]+FWTI[A 1]}2\frac{FWT[A_O]-FWT[A_1]}2\right)$$

void XOR(int *f,int n,int type
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int t1,t2,t3=type==171:quick pow(2,Mod-2);
int i=1;i<n;i<<=
int j=0;j<n;j+=(i<<

_for(k,j,j+1
tl=f k], t2=f k+i];
flk! =1LL*(t1+t2)*t3%Mod;
flk+i|=1LL*(t1l-t2)*t3%Mod;

gooo

Oo00ooo@Ooo)EO

an

00 $n$ 00 $a_1,a 2\cdots a n(O\le a_i\lt 2"~ {18})$[]

0000 $n$ 0000 %$000C0O0O $sO0O(@OOOO)Yoooooooo

g
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