2025/11/29 18:22 1/6 0ooo3
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OO FFT

gooo

$O\left(n\log”2 n\right)$ DO 0000000000 $\text{FFT}$ 000000

goon

00 p4721

ugd

00 $g 0,9 1\cdots g _{n-2}$]

00 $f 0=1,f {i+1}=\sum_{j=0}~{i} f jg_{i-}$00 $f 0,f 1\cdots f {n-1}3$[]

HEN

000000000 $\text{CDQ}$ 000D OODO $[lef,midl$ OO0 $[mid,rigl$ 00 OO
$$f_{i+1}\gets \sum_{j=lef}~{mid} f jg_{i-j}$$

00 $\text{NTT}$ OO $O(n\logn)$ OO $\sum_{j=lef}~{mid} f jg_{i-j},(mid\le Nt rig)$00 O O O
00000 $0\eft(n\log”™2 n\right)$[]

const int MAXN=1e5+5,Mod= ,G=3,Inv G= ;
int quick pow(int a,int b
int ans=1;
b
b&
ans=1LL*ans*a%Mod;
a=1LL*a*a%Mod;
b>>=1;

ans;

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- ;
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n;

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

_for(i,0,n i<rev|i
swap(flil,flrev/i ;
int t1,t2;

int i=1;i<n;i<<=
int w=quick pow(type==17G:Inv_G, (Mod-1)/(i<<l));
int j=0;j<n;j+=(i<<
int cur=1;
_for(k,j,j+i
t1=f k], t2=1LL*cur*f | k+i|%Mod;
flkl=(t1+t2)%Mod, f[k+i|=(t1l-t2)%Mod;
cur=1lLL*cur*w%sMod;

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

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

int fIMAXN!,g/MAXN|,t1|MAXN<<2],6t2|MAXN<<
void solve(int lef,int rig
lef==rig ;
int mid=lef+rig>>1;
solve(lef,mid);
int nl=mid-lef,n2=rig-lef-1,n=build(nl+n2);
_rep(i,0,nl)tl[i|=fli+lef|; for(i,nl+1l,n)tl[i|=0;
_rep(i,0,n2)t2/il=glil; for(i,n2+1,n)t2[i]=0;
NTT(tl,n,1);NTT(t2,n,1);
~for(i,0,n)t1l[i/=1LL*t1[1i|*t2[1i/%Mod;
NTT(tl,n,-1);
_for(i,mid,rig)fli+1l|=(f[i+1]/+t1][i-1ef])%Mod;
solve(mid+1,rig);

’

int main

int n=read_int();
_for(i,0,n-
glil=read int();
flo]=1;
solve(0,n-1);
_for(i,0,n
space(f[i]);

’
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Joodn

oogo
00 $f(x)$00 $f(x)f~{-1}(x)\equiv 1\pmod {x~n}$0 000 O $0O(n\log n)$[]
odgg

0000 $fx)f 0™~ {-1}(x)\equiv 1\pmod {x~ {\Iceil \frac n2\rceil} }$[]

OO0 $f(x)f~{-1}(x)\equiv I\pmod {x~n}$00C O O $f(x)f~{-1}(x)\equiv I\pmod {x”™{\lceil \frac
n2\rceil} }$[]

00 $f~{-1}(x)-f 0™{-1}(x)\equiv O\pmod {x” {\Iceil \frac n2\rceil} }$[]

Dooooooo $f~{-23(x)-2f~{-1}(x)f 0~ {-1}(x)+f 0™ {-2}(x)\equiv O\pmod {x~n}$[
Oo0o0o00 $f(x)$00 $f~{-1}(x)\equiv f_0~{-1}(x)(2-f(x)f_0~{-1}(x))\pmod {x~n}$[
0000000000000 00 $[x™0lfx)$0000D0000000D $fx)s0000
00 ${-1}(x)$ 00000 $\left([x~0If(x)\right)~{-1}$ 0 O O

000000 $T(n)=Teft(\frac n2\right)+0(n\log n)$00 O $T(n)=0(n\log n)$[]
gobogoboooooooo

/000
int temp|MAXN<<2]|;
void ployinv(int *f,int *g,int n
n==
g/ 0l=quick pow(f ,Mod-2),void();
ployinv(f,g, (n+l)>>1);
int m=build(n<<l);
_for(i,0,n)templi|=f(i]; for(i,n,m) temp[i!=0;
NTT (temp,m,1);NTT(g,m,1);
_for(i,0,m)gli/=(2-1LL*temp|[i|*g[1i/%Mod)*g/ i %Mod;
NTT(g,m,-1);
_for(i,n,m)gli!/=0;

/000
int temp[MAXN<<2]|;
void ployinv(int *f,int *g,int n
g =quick pow(f ,Mod-2);
int nl=2,n2=4,pos=2;
nl>>1)<n
_for(i,0,n2)rev[i]=(rev[i>>1]>>1)| ((i&1)<<(pos- ;
_for(i,0,nl)temp(i|=f[i]; for(i,nl,n2)temp[i|=0;
NTT(temp,n2,1);NTT(g,n2,1);
_for(i,0,n2)gli/=(2-1LL*temp|[i]/*g/1i/%Mod)*g|i]|%Mod;
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NTT(g,n2,-1);
_for(i,nl,n2)gli|=0;
nl<<=1,n2<<=1,pos++;

nl>>=1;

’

_for(i,n,nl)glil=0;

Ooodn

gooo

OO0 $9(x)$00 $f~2(x)\equiv g(x)\pmod {x~n}$0 0000 $O0(n\log n)$[]

goon

0000 $f 072(x)\equiv g(x)\pmod {x” {\Iceil \frac n2\rceil} } $[]

OO0D00oO0o $\eft(f 0™2(x)-g(x)\right)\equiv O\pmod {x~n}$[

0000 $4F 0°2(x)g(x)$00 $\left(f 0~2(x)+g(x)\right)~2 \equiv 4f 07~2(x)g(x)\pmod {x"~n}$[]
O0O00 $4f 072(x)$00 $\left(\cfrac {f_0"2(x)+g(x)}{2f_0"2(x) }\right)~2 \equiv g(x)\pmod {x"~n}$[

000 $f(x) \equiv \cfrac {f_072(x)+g(x)}{2f_072(x)} \equiv \cfrac {f_0(x)+f 0~ {-1}(x)g(x)}2\pmod
{x7n}s0

0000 $f(x)$ 000000000 $(Ix~0If(x))~2 \equiv [x~0lg(x)\pmod p$ 0 O 0 OO

00 $\text{BSGS}$ 00 $[x™0lg(x)$ 0000000 OOOOO $[x~0If(x)$0

HASH Table<int,int> H;
int bsgs(int a,int b
H.clear();
int m=sqrt(Mod)+1,t=b,base;
int i=1;i<=m;i++
t=1LL*t*a%Mod;
H.insert(t,i);

t=1,base=quick pow(a,m);
int i=1;i<=m;i++
t=1LL*t*base%Mod;
H.find(t)!=- m*i-H.find(t);

.
’

int temp MAXN<<2],inv f[MAXN<<2];

https://wiki.cvbbacm.com/ Printed on 2025/11/29 18:22



2025/11/29 18:22 5/6 0ooo3

void ploysqrt(int *f,int *g,int n
flOl=quick pow(3,bsgs(3,g /2);
int nl=2,n2=4,pos=2,inv2=quick pow(2,Mod-2);
nl>>1)<n

_for(i,0,n2)rev[il=(rev[i>>1]>>1)|((i&1)<<(pos- ;
_for(i,0,n2)inv fli|=0;
ployinv(f,inv_f,nl);
_for(i,0,nl)templil=gli!; for(i,nl,n2)temp|i|=0;
NTT(inv_f,n2,1);NTT(temp,n2,1);
_for(i,0,n2)temp|[i/=1LL*temp|[i|*inv f[1i%Mod;
NTT(temp,n2,-1);
_for(i,0,nl)f[i]=1LL*(f[i|+temp/i])*inv2%Mod;
nl<<=1,n2<<=1,pos++;

nl>>=1;
_for(i,n,nl)fli|=0;

oooobd

0Dooo

00 $f(x)$00 $x*n$ 0O OO0 $\n f(x)$00 0 00 O $0(n\log n)$[]
0Dooo

$$\mathrm{d}(\In f(x))\equiv \frac {f~ {\prime}(x)} {f(x) \mathrm{d}x\pmod {x~n}$$
$$\In f(x)-\In f(0O)\equiv \int_0"x f~{\prime}(t)f~{-1}(t)\mathrm{d}t\pmod {x"n}$$
0000000 $f(o)=1s 00000000 $\int f~{\prime}(x)f"{-1}(x)$ 0000 $0$0 00O 0O

$$\In f(x)\equiv \int f~ {\prime}(x)f~{-1}(x)\mathrm{d}x\pmod {x"n}$$

int inv_f[MAXN<<2];

void ployln(int *f,int *g,int n
ployinv(f,inv f,n);
int m=build(n<<l);
_rep(i,1l,n)gli-1|=1LL*f[i]*i%Mod; for(i,n,m)g[i]|=0;
NTT(inv_f,m,1);NTT(g,m,1);
_for(i,0,m)gli|=1LL*g[1i]*inv_f[i%Mod;
NTT(g,m,-1);

int i=n-1;i>=0;i--)g[i/=1LL*g/1-1]*quick pow(1i,Mod-2)%Mod;

gLuj=0;
_for(i,n,m)gli!=0;
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Joodoogg

ooon

00000 $9(x)$00 $f(x)$ O O $g(f(x))\equiv O\pmod {x~n}$00 0 000 $0(n\log n)$[]
ooon

000000 $[x”~0]g(f(x))\equiv O\pmod x$000 O O O $g(f_0(x))\equiv 0\pmod {x” {\Iceil \frac
n2\rceil}}$

O $9(x)$0$f0x)$ 0000000

$$\sum_{i=0}"{\infty} \cfrac {g” {(i) }(f_0(x)) }{i!}(f(x)-f_0(x))~\equiv O\pmod {x"n}$$

000 $x™{\Iceil \frac n2\rceil }\mid (f(x)-f_0(x))$00 O O $(f(x)-f_0(x))~i\equiv O\pmod {x"n}(i\ge
2)$0

$$\sum_{i=0}~{\infty} \cfrac {g”~{(i) }(f_0(x))} {i! }(f(x)-f_O(x))~i\equiv
g(f_0(x))+g~ {\prime}(f_0(x))(f(x)-f_0(x))\equiv O\pmod {x"~n}$$

$$f(x)\equiv f_0(x)-\frac {g(f_0(x))}{g" {\prime}(f_0(x)) \pmod {x"n}$$
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