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1.1 fastio

static char buf [1000000],*pi=buf,*p2=buf;

#define getchar() pl==p2&&(p2=(pl=buf)+fread(buf,1,1000000,stdin) ,pl==p2) ?EQF:*pl++

inline int read(){int x=0,f=1;char c=getchar();while(c<’0’|[c>’9’){if(c=="-’)f=-1;c=getchar();}
while(c>="0"&&c<=9") {x=(x<<3) +(x<<1) +c-48;c=getchar () ; }return xxf;}

inline void write(int x){static char buf[20];static int len=-1;if(x<0)putchar(’-’),x=-x;do buf [++
len]=x%10,x/=10;while(x) ;while(len>=0)putchar (buf [len--]1+48) ;}

1.2 HUEME
1.3 i24




2.1 RREBIFM
2.1.1 SMAWK
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int n,m,a[10][10];
map<pii,int> mp;
int prel[maxn],suf [maxn];
vector<int> reduce(vector<int> x,vector<int> y){
int n=x.size() ,m=y.size();
for(int i=0;i<m-1;i++)prelyli+1]]=y[i],suf([y[i]l]=y[i+1];
prely[0]1=0,suf [0]=y[0],suf [y[m-1]]=y[m-1];
auto del=[&] (int uw){suf [pre[u]]=suf [u],prel[suf [u]l]l=prelu];};
for(int i=0, j=y[0],t=n+1;t<=m;){
if (ask(x[i],j)>ask(x[i],suf[j1)){
del(j);t++;
if(i)i--,j=preljl;
else j=sufl[j];

}
elseq{
if (i==n-1)del(suf [j]),t++;
else i++,j=suf[j]l;
}
}
y.clear();
for(int i=0, j=suf [0];i<n;i++,j=suf[j1)y.pb(j);
return y;

}
int plmaxn];
void smawk(vector<int> x,vector<int> y){
y=reduce(x,y) ;
if(x.size()==1){
plx[0]]=y[0];
return ;
3
vector<int> z;
for(int i=0;i<x.size();i++)if (! (i&1))z.pb(x[i]);
smawk (z,y) ;
for(int i=1;i<x.size();i+=2){
int l=lower_bound(y.begin(),y.end(),p[x[i-11]1)-y.begin();
int r=(i==x.size()-17y.size()-1:lower_bound(y.begin(),y.end(),p[x[i+1]1])-y.begin());
plx[il]=y[1];
for(int j=1+1;j<=r;j++)if (ask(x[i],y[j])<ask(x[i],p[x[i11))p[x[il]=y[j];
}
}
void work(){
n=read () ;m=read();
vector<int> x(n),y(m);
for(int i=1;i<=n;i++)x[i-1]=i;
for(int i=1;i<=m;i++)y[i-1]=i;
smawk (x,y) ;
int ans=inf;for(int i=1;i<=n;i++)ans=min(ans,ask(i,pl[i]));




2 DP

printf("! %d\n",ans) ;fflush(stdout);

2.1.2 LARSCH
T BESHG, ATUEL, O(nlogn), SCHPREBAHETUER, HHUN, &N,

struct ds{
int 1,r,ans;
ds(O){1=1,r=0;}
11 que(int ql,int qr){
while(r<qr)r++;

while(1>ql)1--;
while(r>qr)r--;
while(1<ql)1++;
return ans;
}
Yal2];

void upd(int j,int i,int op){
int nw=dp[j-1]+alop]l.que(j,1i)+w;
if (nw<dpl[i])dp[il=nw,pl[il=j;

}

void sovle(int 1,int r){
if (1==r)return ;
int mid=1+r>>1;
for(int i=p[1];i<=p[r];i++)upd(i,mid,0);
sovle(l,mid);
for(int i=l;i<=mid;i++)upd(i,r,1);
sovle(mid+1,r);




3.1 ZEEW
3.1.1 zkw
3.1.2 #EEE

int mn[maxn<<2],ans[maxn<<2];
int query(int nd,int 1l,int r,int w){
if (w<mn[nd])return (r-1+1)x*w;
if (1==r)return mn[nd];
if (mn[ls]<=w)return query(ls,l,mid,w)+ans[rs];
else return (mid-1+1)*w+query(rs,mid+1l,r,w);
}
void up(int nd,int 1,int r){
mn [nd]=min(mn[1ls] ,mn[rs]);
ans [rs]=query(rs,mid+1,r,mn[1s]);

}
void build(int nd,int 1,int r){
if (1==r){
mn[nd]=all];
return ;
}
build(ls,1,mid) ,build(rs,mid+1,r);
up(nd,1,r);
3

int query(int nd,int 1,int r,int ql,int qr,int &w){
if (1>=ql&&r<=qr){
int res=query(nd,l,r,w);
w=min(w,mn[nd]);
return res;
}
int res=0;
if (ql<=mid)res+=query(ls,l,mid,ql,qr,w);
if (qr>mid)res+=query(rs,mid+1,r,ql,qr,w);
return res;

3.1.3 Dbeats
3.1.4 AHHZ

int merge(int u,int v,int 1,int r){
if(lul | !'v)return ulv;
if (1==r){tree[u]+=treelv] ;clr(v) ;return u;}
lc[ul=merge(lc[ul,lc[v],1,mid);
rc[ul=merge(rc[u] ,rc[v],mid+1,r);
tree[ul=tree[lc[u]]+treelrclull;clr(v);
return u;

int split(int nd,int 1,int r,11 k){
if ('nd)return O;
int u=newnode();
if (k>tree[1s])rc[ul=split(rs,mid+1,r ,k-tree[ls]);
else rclul=rs,rs=0;




3 DS

if (k<tree[1ls])lc[ul=split(1ls,1l,mid,k);
tree[nd]=treel[ls]+treelrs],tree[u]l=tree[lc[ul]l+treelrclull;

return u;

3.1.5 KTT

3.2 FE STL
3.2.1 Dbitset

#define ull unsigned long long
ull pw[65];
struct bs{
vector<ull> a;
int len,n;
void init(int _n){
n=_n,len=(n+63)/64;a.resize(len+1,0);
}
void setO(int x){al[x>>6]&="pw[x&63];}
void setl(int x){al[x>>6] |=pw[x&63];}
bool operator[] (int x){return (alx>>6]1>>(x&63))&1;}
bs operator<<(int x)const{
bs res;res.init(n);
int y=x>>6,z=x&63;
ull 1st=0;
for(int i=0;i+y<res.len;i++){
res.ali+y]=1st| (al[i]l<<z);
if(z)1st=al[i]l>>(6411-z);
}

return res;

};

3.2.2 KBHERXR

struct hsh_table{
int head[maxn],tot;
struct nd{
int nxt;ull key;int val;
}e[maxn] ;
inline int hsh(ull u){return umaxn;}
inline int &operator[] (ull key){
int u=hsh(key);
for(int i=head[u];i;i=e[i].nxt){
if (e[i] .key==key)return e[i].val;
}
e[++tot]={head[u] ,key,0};head[u]=tot;
return e[tot].val;

}mp;

3.2.3 deque




DS

vector<int> st,ed;

void push_front(int x){st.pb(x);}
void push_back(int x){ed.pb(x);}
void rebuild(){

}

void rebuildfront(){

3

int pos=(ed.size()+1)/2;

for(int i=0;i<pos;i++)st.pb(ed[i]);
reverse(st.begin(),st.end());
reverse(ed.begin() ,ed.end());

for(int i=1;i<=pos;i++)ed.pop_back();
reverse(ed.begin(),ed.end());
rebuild();

void rebuildback(){

int

int

3

int pos=(st.size()+1)/2;

for(int i=0;i<pos;i++)ed.pb(st([i]);
reverse(ed.begin(),ed.end());
reverse(st.begin(),st.end());

for(int i=1;i<=pos;i++)st.pop_back();
reverse(st.begin(),st.end());
rebuild();

front () {
if(!'st.size())rebuildfront();
return st.back();

back () {
if (led.size())rebuildback();
return ed.back();

void pop_front (){

3

if (!st.size())rebuildfront();
st.pop_back();

void pop_back(){

if (led.size())rebuildback();
ed.pop_back();
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4 graph

4.1 #
4.1.1 EEHIH

10

int n,q,k=3;
vector<int> e[maxn];
int siz[maxn],son[maxn],fa[maxn];
int dfn[maxn],st[18] [maxn],tim;
void dfs(int u){
siz[ul=1;
st [0] [dfn[u]l=++tim]=fa[u];
vector<int> tmp;
for(int v:e[ul)if(v!=falul){
falvl=u;dfs(v);siz[ul+=siz[v];
tmp.pb(v);
}
e[ul=tmp;
sort(e[u] .begin(),elul .end(), [&] (int u,int v){return siz[ul>siz[v];});
if (e[u] .size())son[ul=e[u] [0];
}
int id[maxn],idx;
void downid(int u,int d){

if (M) {
if (tid[ul)id [u]l=++idx;
return ;

}

for(int v:el[u])downid(v,d-1);
}
void dfsid(int u){
vector<int> path;
for(int x=u;x;x=son[x])path.pb(x);
for(int i=0;i<=k;i++){
for(int u:path)downid(u,i);
}
reverse(path.begin() ,path.end());
for(int u:path){
for(int v:el[u])if(v'=son[u])dfsid(v);
}
}
void merge(vector<pii> &u,vector<pii> v){
for(auto p:v)u.pb(p);
}
void reinit(vector<pii> &u){
sort(u.begin(),u.end());
vector<pii> nw;
for(auto[1l,r] :u){
if (nw.size () &&nw.back() .se+1==1)nw.back() .se=r;
else nw.pb({1,r});
}
u=nw;
}
vector<pii> sub[maxn],kson[maxn] [maxk] ,bro[maxn] [maxk] ;
void dfsup(int u){
sub[u]l={{id[ul,id[ul}},kson[u] [0]1={{id[u],id[ul}};
for(int v:el[ul){
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3

dfsup(v) ;

merge (sub[u] ,sub[v]);

for(int i=0;i<=k;i++)brol[v] [i]l=kson[u] [i];

for(int i=1;i<=k;i++)merge(kson[u] [i],kson[v][i-1]),reinit(kson[u] [i]);

if(e[u] .size()){

}

vector<pii> tmp [maxk] ;

for(int ii=el[u] .size()-1;7ii;ii——-){
int v=e[u] [ii];
for(int i=1;i<=k;i++)merge(bro[v][i],tmp[i]),reinit(brolv][i]);
for(int i=1;i<=k;i++)merge(tmp[i],kson[v][i-1]),reinit(tmp[i]);

reinit(subl[ul);

3

vector<pii> kans[maxn] [maxk] ,kdis[maxn] [maxk];
void dfsdw(int u){
for(int i=0;i<=k;i++){

}

kans [u] [i]=kans[fa[u]] [i];
merge (kans [u] [i] ,kson[u] [i]);
reinit(kans[u] [i]);

for(int i=0;i<=k;i++){

3

for(int j=0;j<=i;j++)merge(kdis[u] [i],kson[u] [j]1);
for(int j=1,x=u;j<=k&&x;x=falx],j++){

for(int k=0;k<=i-j;k++)merge(kdis[u] [i],bro[x] [k]);
}
reinit(kdis[u] [i]);

for(int v:el[u])dfsdw(v);

}

vector<pii> gettp(int u,int tp,int k){
vector<pii> a=kans[u] [k],b=kans[tp] [k] ,nw;
for(int i=0,1=0;i<a.size();i++){

}

while(1<b.size()&&b[1] .se<al[i].fi)1++;
int r=1;while(r<b.size()&&b[r].se<=al[i].se)r++;
if (l==r)nw.pb(alil);
else{
int lst=al[i].fi;
for(int j=1;j<r;j++){
if (1st<b[jl.fi)nw.pb({lst,b[j].fi-1});
1st=b[j] .se+1;
}
if (1st<=al[i] .se)nw.pb({lst,ali].se});

1=r;

reinit (aw) ;

return nw;

}

vector<pii> getpath(int u,int v,int k){
int tp=lca(u,v);
vector<pii> a=kdis[tp] [k];
merge(a,gettp(u,tp,k));

merge (a,gettp(v,tp,k));

reinit(a);

return a;

11
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}

void work(){
dfs(1);
lca_init();
dfsid(1);
dfsup(1);
dfsdw(1);

}

12

4.1.2 Priifer &

void fa2prufer() {
for (int i = 1; 1 < n; ++i) {
scanf ("%11d", &f[i]);
++dul£f[i]];
}
for (int 1 =1, j =1; 1 <=n - 2; ++i, ++j) {
while (duljl) ++j;
plil = £[j1;
while (i <= n - 2 && !'--dulp[il] && p[il < j) {
pli + 11 = £[plil]l;
++1i;

}
}
void prufer2fa() {
for (int i = 1; 1 <= n - 2; ++i) {
scanf ("%11d", &plil);
++dulpl[il]l;
¥
pln - 1] = n;
for (int i =1, j = 1; i < n; ++i, ++j) {
while (duljl) ++j;
f[j1 = plil;
while (i < n && '--dulpl[i]] && pl[i] < j) {
flplil] = pli + 1];

4.1.3 HEEBAASH

set<int> e[maxn],id[maxn<<1];

int fal[maxn],idx;

11 del[maxn*3];

struct node{
int u,fa;
set<int>::iterator it;

};

void add(int u,int v){
e[u] .insert (v),el[v] .insert(u);
int uwu=falu] ,vv=falv];
sum+=111*id [uu] .size () *id[vv] .size();

if(id[uu] .size(O<id[vv] .size())swap(u,v),swap(uu,vv);
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for(int i:id[vv])fali]l=uu,id[uu] .insert(i);id[vv].clear();
}
void del(int u,int v){
e[u] .erase(v),e[v] .erase(u);
vector<int> pos[2];
queue<node> que[2];
pos [0] .pb(u) ,pos[1] .pb(v);
if(e[ul .size())quel[0] .push({u,0,e[ul .begin(O});
if(el[v].size())que[1] .push({v,0,e[v].begin(0});
while(que[0] .size()&&que[1].size()){
int o=pos[1].size()<pos[0].size();
auto[u,fa,it]=quelo].front () ;quelo].pop(;
int v=(*it);
if (v!=fa){
pos[o] .pb(v);
if(e[v].size())quelo] .push({v,u,e[v].begin(O});
}
it++;
if (it==e[u] .end())continue;
if ((*it)==fa)it++;
if (it==e[u] .end())continue;
que[o] .push({u,fa,it});
}
if (tque[0] .size O&&(que[1] .size() | |pos[0].size()<pos[1].size())){
swap (u,v) ,swap(pos[0] ,pos[1]);
}
del[qql+=111*pos[1].size()*(id[falul].size()-pos[1].size());
++idx;

for(int i:pos[1])id[falul].erase(i),id[idx].insert(i),falil=idx;

13

4.1.4 Maintaining mst with online edge insertions — no LCT needed

mt19937 rnd(time(0));
struct weightdsu{
int fa[maxn],rd[maxn];pii val[maxn];
int siz[maxn];
weightdsu(int n){
for(int i=1;i<=n;i++)falil=i,rd[i]l=rnd(),vall[i]l={inf,inf};
}
int fd(int u,pii w={inf-1,inf}){
while(val [ul]<=w){
while(val[fal[u]l<=vallu]l){
// siz[falul]l-=siz[u];
falul=fal[falul]l;

}
u=falu];
}
return u;

}
void del(int u){
// if (falu]l==u)return ;
// del(falul);siz[falull-=siz[u];
}
int ins(int u,pii w={inf-1,inf}){
while(val [u] <=w){
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// sizl[falull+=siz[u];
u=falu]l;
}
return u;
}
void merge(int u,int v,pii w){
del(u),del(v);
while(u!=v){
u=ins (u,w) ,v=ins(v,w) ;
if (rd [ul<rd[v])swap(u,v);
swap(falul,v),swap(vallu],w);
}

ins(u);

pii max_path(int u,int v){
int uwu=fd(u),vv=£fd(v);
if (uwu'!=vv)return {inf,-1};
if (val[u]l>vall[v])swap(u,v);
while(fa[u]!'=v){
u=falu];
if (val[u]l>vall[v])swap(u,v);
}

return val([ul;

pii del_path(int u,int v){
int uu=fd(u) ,vv=fd(v);
if (uu!=vv)return {inf,-17};
if (vall[ul>vall[v])swap(u,v);
while(falu] '=v){
u=falu]l;
if (val[ul>vall[v])swap(u,v);
}
v=u;
while(falv]!=v){
// sizl[falvl]]-=siz[v];
v=falv];
}
falul=u;
pii res={inf,inf};swap(res,vallul);
return res;

pii add_edge(int u,int v,pii w){
pii res=del_path(u,v);
if (res<=w) swap(res,w);
merge (u,v,w) ;
return res;

14

4.2 EBEMN
4.2.1 BN

int dfn[maxn],lw[maxn],idx;
int st[maxn],tp;
vector<int> gl[maxn];
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int scct;
bool vis[maxn];
void tar(int u,int f1){
dfn[ul=1w[u]l =++idx;st [++tp]l=u;
for(int i=head[u];i;i=e[i].nxt){
int v=el[i] .to;
if (i==(f1"1))continue;
if (1dfnlv]){
tar(v,i);
lwlul=min(lw[ul ,1w[v]);
}
else lw[ul=min(lw[u],dfn[v]);
}
if (lw[ul==dfn[u] ){
gl[++scct] .push_back(st[tp]l);
while(st[tp—-]!=u){
glscct] .push_back(st[tp]);
}

15

4.2.2 BEM}

vector<int> e[maxn],g[maxn];
int dfn[maxn],idx,lw[maxn];
int st[maxn],tp;
void tar(int u){
dfn[u]l=1w[u]=++idx;st [++tp]l=u;
for(int v:el[ul){
if (tdfnlv]){
tar(v);
lw[ul=min(Qw[u] ,1w[v]);
if Qwlv]>=dfnlul ) {
g[++num] . push_back(st [tpl);
while(st[tp--]!=v){
g[num] .push_back (st [tp]l);
}
g[num] . push_back(u) ;
}
}
else lw[ul=min(lw[u],dfn[v]);

4.2.3 WIREIE

int n,m,s,t;

pii glmaxn];

int lw[maxn],dfn[maxn],idx,fal[maxn];

vector<int> id;

bool vis[maxn];

bool dfs(int u){
dfn[ul=1lw[u]=++idx;vis[ul=1;
bool fl=u==t;
for(int i=head[u];i;i=e[i] .nxt){
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int v=e[i].to;
if (Mvis[v]){
falvl=u;fl|=dfs(v);
lw[ul=min(Qw[u] ,1w[v]);
}
else lwlul=min(lw[ul,dfnlv]);
}
if (£1)id.pb(u);
return fl;
}
queue<int> q;
int d[maxn];
vector<int> almaxn];
int st[maxn],tp,rnk[maxn];
void dfsi(int u){
if (vis[u]l)return ;vis[ul=1;
st [++tp]=u;
for(int v:aldfn[ull)dfsi(v);
3
void work(){
n=read () ;m=read () ;s=read() ;t=read();
for(int i=1;i<=n;i++)head[i]=0;tot=0;
for(int i=1;i<=m;i++){
int u=read(),v=read();
add(u,v) ,add(v,u);
glil={u,v};
}
idx=0;id.clear();
for(int i=1;i<=n;i++)vis[i]=0;
fa[s]=0;dfs(s);
for(int i=1;i<=n;i++)d[i]=0;
for(int i:id)d[i]++;
for(int i=1;i<=n;i++)d[fali]]l++;
for(int i=1;i<=n;i++)if(!d[i])q.push(i);
for(int i=1;i<=n;i++)ali].clear();
while(!q.empty()){
int u=q.front();q.popQ);
allw[ul]l.pb(w),aldfnl[falull]l.pb(u);
dlfalull--;
if(1d[falull)q.push(falul);
}
tp=0;
for(int i=1;i<=n;i++)vis[i]=0;
while(id.size())dfs1(id.back()),id.pop_back();
if(st[1]!=s||st[tp]!'=t){puts("No") ;return ;}
check();

16

4.2.4 "X HBRHEKE

map<int,int> mp[maxn];

int d[maxn];

queue<int> q;

void add(int u,int v,int w){
if (mp[u] .find(v) '=mp[u] .end () ) ans=max (ans,mp [u] [v]+w) ;
else mp[u] [v]=-inf,d[u]++;
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mp [u] [v]=max (mp [u] [v],w);
}
void work(){
n=read () ;m=read();
for(int i=1;i<=m;i++){
int u=read(),v=read(),w=read();
add (u,v,w) ,add(v,u,w);
}
for(int i=1;i<=n;i++)if(d[i]l<=2)q.push(i);
while(!q.empty()){
int u=q.front();q.popQ);
if (!d[u])continue;
else if (d[ul==1){
int v=Cxmp[u] .begin()) .fi;
mp [u] .erase(v) ,mp[v] .erase(u) ,d[u]--,d[v]--;
if(d[v]<=2)q.push(v);
}
else if(d[ul==2){
int v1=(C#mp[u] .begin()) .fi,v2=(*--mp[ul] .end()) .fi;
int wl=(*mp[u] .begin()).se,w2=(*--mp[u].end()).se;
add(v1,v2,wl+w2) ,add(v2,vl,wl+w2);
mp [u] .erase(vl) ,mp[u] .erase(v2) ,mp[vl].erase(u) ,mp[v2].erase(u),d[u]l-=2,d[v1i]--,d[v2
1--;
if(d[v1]l<=2)q.push(vl);
if(d[v2]<=2)q.push(v2);
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}
}
printf("%11d\n",ans);
3
4.3 R

4.3.1 THEEHEH
4.3.2 [RIEFHE

int h[maxn] ;bool vis[maxn];
void spfa(){
queue<int> q;
for(int i=1;i<=n;i++)h[i]l=inf,vis[i]=0;
h[s]=0,vis[s]=1,q.push(s);
while(!q.empty()){
int u=q.front();q.pop();vis[ul=0;
for(int i=head[u];i;i=e[i].nxt){
int v=e[i] .to;
if(el[i] .w&&h[v]>h[ul+e[i] .c){
hlv]l=h[ul+e[i].c;
if (tvis[v])vis[v]l=1,q.push(v);

}
}
int dis[maxn],pre[maxn],id[maxn];
bool dij(){
priority_queue<pii> qg;
for(int i=1;i<=n;i++)dis[i]=inf,vis[i]=0;
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dis[s]=0;q.push({0,s});
while(!q.empty()){
int u=q.top().se;q.popQ);
if (vis[ul)continue;vis[u]l=1;
for(int i=head[u];i;i=el[i].nxt){
int v=e[i] .to,val=e[i].c+h[ul-h[v];
if (e[i].w&&dis [v]>dis[u]l+val){
dis[v]=dis[u]l+val,prel[v]=u,id[v]=1;
q.push({-dis[v],v});

}
}
}
return dis[t]!=inf;
}
void work(){
spfa(Q;
while(dijO){
for(int i=1;i<=n;i++)h[il+=dis[i];
int mn=inf;
for(int u=t;u!=s;u=pre[u])mn=min(mn,e[id[ul].w);
flow+=mn;
for(int u=t;u!=s;u=prelul){
el[id[u]] .w—=mn,e[id[u] "1] .w+=mn;
ans+=e[id[ul]].c*mn;
}
}
printf ("%11d,%11d\n" ,flow,ans);
}
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4.3.3 k IEN=4E5EELA
BUIHE O(nlogn).

mt19937 rnd(1);
int id[maxn];
int st[maxn*maxn],tp;
int to[maxn<<1];
bool vis[maxn<<1];
int que[maxn*maxn],tl;
vector<vector<int>> color(vector<vector<int>> e){
vector<vector<int>> ans;
int n=e.size()-1,d=e[1] .size();
for(int i=1;i<=n;i++)id[i]=i;
for(int i=1;i<=n;i++){
for(int j=0;j<d;j++)eli] [j]l+=n;
}
while(d){
vector<int> res;
shuffle(id+1,id+n+1,rnd);
for(int i=1;i<=2%n;i++)to[i]=0;
for(int i=1;i<=n;i++){
int x=id[i],y=0;st [++tpl=x;
while(!y||tolyl){
while('y| |y==to[x])y=e[x] [rnd () %d];
st [++tpl=y,x=to[y],st [++tpl=x;
}
tp—;
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while (tp){
if(vis[st[tpl1){
while (t1&&que[t1] !=st [tp])vis[que[t1]]=0,t1-~;
vis[que[t1]]=0,tl--;

}
vis[st[tpll=1,que[++t1]=st[tp];
tp——;

}

for(int j=1;j<=tl;j++)vis[quel[jl1]=0;

while(t1){
to[que[tl-1]1]=que[tl],to[que[tl]]=que[tl-1];
t1-=2;

}

}
for(int i=1;i<=n;i++){
res.pb(to[il-n);
for(int j=0;j<d;j++)if(e[i] [jl1==to[i]){swap(eli] [j],e[i] [d-1]) ;break;}
}
ans.pb(res);
d--;
}

return ans;

4.3.4 —fREIRAKLTHE
4.4 FIN

4.4.1 BRAI[EIEE

4.4.2 PTFHE

vector<int> e[maxn],g[maxn];
int d[maxn],cnt[maxn],ans;
void work(){
n=read () ;m=read();
for(int i=1;i<=m;i++){
int u=read(),v=read();
e[u] .push_back(v),e[v].push_back(u);
dlul++,d[v]++;
}
for(int u=1;u<=n;u++){
for(int v:el[ul){
if(d[ul>d[v] || (d[ul==d[v]&&u>v))glul .push_back(v);
}
}
for(int i=1;i<=n;i++){
for(int j:glil){
for(int k:e[jl1)if (d[il>d[k] || (d[i]==d [k]&&i>k))ans+=cnt [k]++;
}
for(int j:glil){
for(int k:e[j])cnt[k]=0;
}
}
printf ("%11d\n",ans);
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5 geometry

struct node {
11 x, y;
node(1l _x =0, 11 _y = 0) : x(x), y(_y) {}
inline 11 len() {return x * x +y * y;}
inline 1db dis() {return sqrtl(x * x + y * y);}
inline int reg() {// WAHFA (NAx #F ¥ CFE) FiHH#ATHREHET)
if (x <0 && y<0){

return 1;

} else if (x == 0 & y < 0) {
return 2;

} else if (x > 0 &k y < 0) {
return 3;

} else if (x >= 0 & y == 0) {
return 4;

} else if (x> 0 & y > 0) {
return 5;

} else if (x==0&& y > 0) {
return 6;

} else if (x <0 && y > 0) {
return 7;

} else {return 8;}
s
typedef vector<node> conv;

inline node operator + (const node &a, const node &b) {return node(a.x + b.x, a.y + b.y);}
inline node operator - (const node &a, const node &b) {return node(a.x - b.x, a.y - b.y);}

inline bool operator < (const node &a, const node &b) {return a.x < b.x || (a.x == b.x & a.y < Db
.y)3
inline bool operator == (const node &a, const node &b) {return a.x == b.x && a.y == b.y;}

inline 11 operator * (const node &a, const node &b) {return a.x * b.y - a.y * b.x;}
inline 11 dot(const node &a, const node &b) {return a.x * b.x + a.y * b.y;}

inline bool checkcon(conv a) {// BEREE N LA
int n = (int)a.size(), p = 0;
if ((af1] - al0]) = (al2] - al0]) < 0) reverse(a.begin(), a.end());
for (int i = 1; 1 < n; ++i) if (ali] < alpl) p = i;
rotate(a.begin(), a.begin() + p, a.end());
for (int 1 =1; i <= n - 2; ++i) {
if ((ali] - a[0]) * (al[i + 1] - al[i]) <= 0) return O0;
}
for (int i = 0; 1 < n; ++i) {
int j= (A ==n-170:1+1);
intk=(==n-170:j+1);
if ((alj] - alil) * (alk] - alj]) <= 0) return 0;
}
return 1;
}
inline conv makecon(conv a) {// ZENA
int n = (int)a.size();
sort(a.begin(), a.end());
vector<int> stk(n + 1);
int top = 0;
for (int 1 = 0; i < n; ++i) {
while (top >= 2 && (alstk[topl] - alstk[top - 111) * (ali] - alstk[top - 11]) <= 0) --top;
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stk[++top] = i;

}

conv b;

for (int i = 1; i < top; ++i) b.pb(alstk[i]]);

top = 0;

for (int i =n - 1; ~i; —-i) {
while (top >= 2 && (alstk[topl] - alstk[top - 111) * (ali] - alstk[top - 11]) <= 0) --top;
stk[++top] = i;

}

for (int i = 1; i < top; ++i) b.pb(alstk[ill);

return b;

}
inline 11 diam(conv a) {// HEHE
int n = (int)a.size(), j = 2;
if (n == 2) {return (al0] - a[1]).len();}
11 ans = 0;
for (int 1 = 0; i < n; ++i) {
ans = max(ans, (al[i]l - al(i + 1) % nl).len());
while ((al(i + 1) % nl - alil) * (aljl - al(i + 1) % nl) < (al(@ + 1) % n]l - alil) =* (al(j
+ 1) % n] - al@ + 1) %nl)) {
j=@G+ 1) %n;
}
ans = max({ans, (ali]l - a[jl).len(), (al(i + 1) % n]l - aljl).lenO});
}
return ans;

}

inline 1db pointdis(node a, node b, node p) {// P %|AB FTEH4LHER
if (dot(p - a, b - a) <= 0) {
return (p - a).dis(Q);
} else if (dot(p - b, a - b) <= 0) {
return (p - b).disQ);
} else {
return abs((p - a) * (p - b)) / (a - b).dis(O;
}
}
inline bool onseg(node a, node b, node p) {// P 2L HELEAB £
if ((p-2a) *x (p-b) =0 {
return O;
} else {
return dot(p - a, p - b) <= 0;
}
}
inline bool seginter(node a, node b, node c, node d) {// % FAB &L ECD BREAER (&3 5)
auto sgn = [&] (11 x) -> int {
return x > 071 : (x<07-1:0);
};
int o1l = sgn((b - a) * (c - a)), 02 = sgn((b - a) * (d - a)), 03 = sgn((d - c) * (a - c)), o4
= sgn((d - ¢) * (b - ¢));
return ((ol * 02 < 0 && 03 * 04 < 0) || onseg(a, b, c) || onseg(a, b, d) || onseg(c, d, a) ||
onseg(c, d, b));
}
inline 1db segdis(node a, node b, node c, node d) {// % EAB Z|&ECD HEH
return seginter(a, b, ¢, d) ? 0 : min({pointdis(a, b, c), pointdis(a, b, d), pointdis(c, d, a
), pointdis(c, d, b)});
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6 math

6.1 0%
6.1.1 PN ﬁ%

TEM
Powerful Number (LUFEFR PN) RELITFHEDE, SErSHEm—1rE JhEEsi—
SRR BT,

=k

» FEEEHRE:
- g ETEEAL
» g BREIEA].
« WFEEp. glp) — flp)

R EEFAHEREL f RIRISAN F(n) — 270, f(2).

Powerful Number
BV WFIEa, T EEESE 0 1700 n 2PN SB[V <i<me>1.
TR 1: B PN BRILISTAL o B

WH: F e 288, Wi pf &7 o* B T e, T8, WSl SFHEPE, Bigpf S
Fidta? E.

R 2: n LIFES PN EEE O(V/n) T
MR =5 o EEEREENH b 8T B PN e T ERIET

,f;‘ of T
fl \-/;dr—mm

ER4snEIRH n LAPIRTERY PN IB? RN o MROFFEREL B 0Fs ERSREETERE
Fl. BF n LABED PN EEH 0(vn) 1 FLIEZER 0(vin) IR,

PN 75
B, MiSH— T BRaRAeER g, BREENTE Ry, 9lp) —
= 29l

S, MEEEE - /g, ZES / SRGFREEERE. REIERSERNOMEAILIEA b
EARMERE, B h(1) — 1. f—g+h, ZR s« ERDFIFSEL

fp). 1T 6Gm)

TTFEEp. f(p) — o(Dhip) + g(p)h(1) — h(p) + glp) = hip) — 0. THE h(p) — 0 F b EF0HE

FERTLEHTTTHE PN B98I n & hin) — 0, BD & {22 PN SHEIGERE.
Bfc, IREfg+hE

)~ iﬁz)
=3 na(3)

=1 di

= gl

=3 hld)gli)

d=1 i=1

—;Md}igh}
“gwoo((3)
- 3 wos(|3])

O(v/n) HHREFE PN, HHEHATE h BEHE. WTF h ERENTE, RESHEHFRES hp7) &b
BYE. FEILURIE h HTSEEEES h NFEERE. IEITE1ERE HE
rd)G (l% ) FEMEIEIEE Fin).

TESEITE rp), —IEEEHAE: —FEEEED ) (5 pcBXATEAT, BRE
DRHBE h(p): B—FRRE [ — 9+hF f(p7) — Ciog(p)h(p= ), BEFE k(p) — f(r°)
S0 ol h(p= ). DUESERILANCESE p EHEEEE o REBHATS h(pro).

JUIF
1HHE g
2 HERIETE G BIAE
3. 118 hp©)
4 F PN, TEFRINER
5. SEER

WTFE 34, TLESRHEATUTE. ALEHEENETS, BRLIEEETEIRETE.

11 n, prlmaxn / 5], tot, pw[999],
bool vis[maxn];
int phi[maxn], almaxn];
vector<11l> h[100100];
inline void init() {

phil1] = 1;

for (int i = 2; i <= N; ++i) {

if ('vis[i]) {

ans;

pr [++tot]
phili] =1 - 1;
}
for (int j = 1; j <= tot && i * pr[jl <= N; ++j) {

vis[i * pr[jl] = 1;

if (1 % prlj] == 0) {
phili * pr[jl] = phil[i] * pr[j];
break;

}

phili * pr[jl]

= phil[i] * (pr[j]l - 1);
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}
for (dnt i = 1; i <= N / 2; ++i) {
ali]l = (ali - 1] + phil[i * 2]) % mod;
}
for (int i = 1; i <= N; ++i) {
phil[i] = (phil[i] + phili - 1]) % mod;

}
unordered_map<1l, 11> mp, M;
11 dfs(11 n) {
if (n <= N) return phi[n];
if (mp.find(n) != mp.end()) return mp[n];
11 ans = (n % mod) * ((n + 1) % mod) % mod * inv2 % mod;
for (11 i =2, j; i <=mn; i=3+ 1) {
j=n/ (m/ i);
ans = (ans - (j - i + 1) % mod * dfs(n / i) % mod) % mod;
}
return mp[n] = ans;
3
11 calc(1l n) {
if (n <= N / 2) return aln];
if (M.find(n) != M.end()) return M[n];
return M[n] = (dfs(n) + calc(n / 2)) % mod;
3
inline 11 G(11 n) {
return (dfs(n) + calc(n / 2) * 2 % mod) % mod;
}
void dfs(int d, 11 x, 11 y) {
if (prld] * prld]l >n / x) {
ans = (ans + y * G(n / x) % mod) % mod;
return;
}
int k = 0;
while (x <= n) {
if (k = 1) {
dfs(d + 1, x, y * h[d] [k] % mod);
}
x *= pr[d];
++k;
}
void solve() {
scanf ("%114", &n);
for (int i = 1; i <= tot && prl[i] * pr[i] <= n; ++i) {
int cnt = 0;
11 x = n;
while (x) {
++cnt;
x /= prlil;
}
pwl0] = 1;
for (int j = 1; j <= cnt + 3; ++j) {
pwljl = pwlj - 1] * pr[i] % mod;
}
11 p=1;
for (int j = 0; p <= n; ++j, p *= pr[il) {
if (j == 0) {

23
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h[i]l.pb(1);
} else if (j == 1) {
h[i].pb(0);
} else {
11 t = prli]l = j;
for (int k = 0; k < j; ++k) {
11 g = pwlj - k - 11 * (pr[i]l - 1) % mod;
if (prlil == 2) {
g =g * 3 % mod;
}
t = (t - g * h[il[k] % mod + mod) % mod;
}
h[i].pb(t);

}
}
dfs(1, 1, 1);
printf ("%11d\n", ans);
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6.2 fBM%E
6.2.1 SHET (R 2)

const int maxn = 5050;

int n, m, b[maxn], ans[maxn];
bitset<maxn> a[maxn];

void solve() {

mems (b, -1);
for (int i =1, r =1; i <= n; ++i) {
int p = -1;

for (int j = r; j <= m; ++j) {
if (aljl.test(i)) {
P =3
break;
}
}
if (p == -1) {
continue;
¥
if (p '=1) {
swap(alp], alrl);
}
for (int j = 1; j <= m; ++j) {
if (j '=r & aljl.test(i)) {
aljl ~= alrl;
}
}

++r;
¥
for (int i = 1; 1 <= m; ++i) {
if (alil.any()) {
ans[al[i] ._Find_first()] = al[i].test(n + 1);

}
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6.2.2 175X

inline int det() {
int ans = 1;
for (int 1 = 1; i <= n; ++i) {
for (int j = i; j <= n; ++j) {
if (aljl[i]) {

if (j = 1) {
swap(aljl, alil);
fix(ans = -ans);

}

break;

}

}

if (la[i]l[i]) return O;

ans = 1LL * ans * a[i] [i] % mod;

int t = gpow(al[i] [i], mod - 2);

for (int j = i; j <= n; ++j) {
alil[j] = 1LL * alil[j] * t % mod;

}
for (int j = 1; j <= n; ++j) {
if (i == j) continue;
for (int k =i + 1; k <= n; ++k) {
fix(aljl[k] -= 1LL * al[jl[i] * alil[k] % mod);
}
}

}

return ans;

6.2.3 4FEZIMRN
ARn WM, EXTE o, AENE o Aoa=zxa, Wz N A B EE, o AR ER =,
Bl (zI — A)a =0, Bl det(z] — A) =0,
det(xl — A) NHKRTF 2 MEL n RET, FONFHIEZ T,

int f[maxn] [maxn];
void work(){
for(int i=1;i<=n;i++){
for(int j=1;j<=n;j++)ali]l [jl=read();
}
for(int i=1;i<n;i++){
int p=-1;for(int j=i+1;j<=n;j++H)if(aljl[i])p=j;
if (p==-1) continue;
for(int j=1;j<=n;j++)swap(alpl [j],ali+1]1[j1);
for(int j=1;j<=n;j++)swap(aljlpl,alj]l[i+1]);
for(int j=i+2;j<=n;j++){
int val=a[j][i]*ksm(a[i+1] [i])%mod;
for(int k=1;k<=n;k++) (alj] [k]+=mod-val*a[i+1] [k]%mod)’%=mod;
for(int k=1;k<=n;k++) (al[k] [i+1]+=val*alk] [j])%=mod;
}
}
f[0] [0]=1;
for(int i=1;i<=n;i++){
for(int k=0;k<i;k++) (£[i] [k+1]+=f[i-1] [k])%=mod, (£ [i] [k]+=mod-a[i] [i]*£[i-1] [k]%mod) %=mod;
for(int j=1;j<i;j++){
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int val=a[j][i];for(int k=j+1;k<=i;k++)val=val*al[k] [k-1]%mod;
for(int k=0;k<=j-1;k++) (f[i] [k]+=mod-valx*f [j-1] [k]%mod)%=mod;
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}
}
for(int i=0;i<=n;i++)printf ("%11d,",f[n][i]1);
}
6.3 poly
6.3.1 fft
struct cp{
db a,b;
cp(db u=0,db v=0){a=u,b=v;}
cp operator+(const cp&tmp)const{return {a+tmp.a,b+tmp.b};}
cp operator-(const cp&tmp)const{return {a-tmp.a,b-tmp.b};}
cp operator*(const cp&tmp)const{return {axtmp.a-b*tmp.b,a*tmp.b+b*tmp.al};}
s

const db pi=acos(-1);
int to[maxn<<3];
void fft(vector<cp> &a,int flag){
int n=a.size();
for(int i=0;i<n;i++)if (i<to[i])swap(alil,altol[il]l);
for(int 1=2;1<=n;1<<=1){
cp bas=cp(cos(2*pi/1l) ,flagxsin(2*pi/1));
int k=1>>1;
for(int i=0;i<n;i+=1){
cp mul=cp(1,0);
for(int j=i;j<i+k;j++){
cp val=mul*al[j+k];
alj+k]l=aljl-val,aljl=aljl+val;
mul=mul*bas;

}
if (flag==-1){
for(int i=0;i<n;i++)alil.a/=n,ali].b/=n;

6.3.2 ntt

int gg=3,invg=ksm(gg);
int to[maxn<<3];
vector<int> ntt(vector<int> a,int flag){
int n=a.size();
for(int i=0;i<n;i++)if (i<to[i])swap(alil,altol[i]l]);
for(int len=2;len<=n;len<<=1){
int bas=ksm(flag==17gg:invg, (mod-1)/len),l=len>>1;
for(int i=0;i<n;i+=len){
int mul=1;
for(int j=i;j<i+l;j++){
int val=mul*a[j+1]%mod;
inc(al[j+1]=a[j] ,mod-val);
inc(aljl,val);
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mul=mulx*bas’mod;

}
if (flag==-1){
int inv=ksm(n);
for(int i=0;i<n;i++)ali]l=ali]l*inv¥mod;
}
return a;
}
vector<int> mul (vector<int> a,vector<int> b){
int n=a.size()-1,m=b.size()-1;int k=1;
while (k<n+m+1)k<<=1;
vector<int> f(k),g(k);
for(int i=0;i<=n;i++)f[i]l=alil;
for(int i=0;i<=m;i++)g[il=b[i];
for(int i=0;i<k;i++)tol[i]l=(to[i>>1]>>1) | ((i&1)7(k>>1):0);
f=ntt(f,1),g=ntt(g,1);
for(int i=0;i<k;i++)f[i]=f[i]*g[i]%mod;
f=ntt(f,-1);f.resize(n+m+1);
return f;
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6.3.3 mtt

const int B=(1<<15)-1;

int calc(db x){return (long long) (x+0.5)%_mod;}

vector<int> mul (vector<int> a,vector<int> b){
int n=a.size()-1,m=b.size()-1,k=1;
while (k<n+m+1)k<<=1;
for(int i=0;i<k;i++)to[il=(to[i>>1]1>>1) | ((i&1)7(k>>1):0);
vector<cp> f(k),g(k),h(k);
for(int i=0;i<=n;i++)f[i]=cp(al[il&B,0),glil=cp(ali]l>>15,0);
for(int i=0;i<=m;i++)h[il=cp(b[i]&B,b[i]>>15);
ffe(f,1),fft(g,1) ,fft(h,1);
for(int i=0;i<k;i++)f[i]=f[i]l*h[i],glil=gli]l*n[i];
fft(f,-1),fft(g,-1);
vector<int> ans(n+m+1);
for(int i=0;i<=n+m;i++)ans[i]=(111l*calc(f[i].a)+(111*(calc(£f[i].b)+calc(gl[i].a))<<1511)%_mod

+(111*calc(gli] .b)<<3011)%_mod)%_mod;

return ans;

6.3.4 ni ln exp
O(nlog®n) WA .

vector<int> f,g;
void cdgni(int 1,int r){
if (r-1+1<=64){
for(int i=l;i<=r;i++){
for(int j=1;j<i;j++)inc(glil,111*g[jl*£f[i-j]%mod) ;
glil=111*(mod-g[i])*g[0]%mod;
}

return ;
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if (1==r){g[1]1=111*(mod-g[1])*g[0] %mod;return ;}
int mid=1+r>>1;
cdgni (1,mid);
vector<int> ff(mid-1+1),gg(r-1+1);
for(int i=1;i<=mid;i++)ff[i-1]=g[i];
for(int i=0;i<=r-1;i++)gglil=f[i];
ff=poly: :mul(ff,gg);
for(int i=mid+1l;i<=r;i++)inc(gli],ff[i-1]);
cdgni (mid+1,r);
}
vector<int> ni(vector<int> a){
int n=a.size()-1;
f.resize(n+l),g.resize(n+l);
for(int i=0;i<=n;i++)f[il=alil,gl[i]=0;
g[0]1=ksm(£[0]);for(int i=1;i<=n;i++)inc(gli],111%g[0]*f [i]%mod) ;
cdgni(1l,n);
return g;
}
void cdgln(int 1,int r){
if (r-1+1<=64){
for(int i=l;i<=r;i++){
for(int j=1;j<i;j++)inc(glil,111*g[j]*j%mod*f [i-j]%mod) ;
glil=111%::ni[i]*(111%f [i]*i/mod-g[i]+mod) %mod;
}
return ;
}
if (1==r){g[1]=111%: :ni [1]*(111*f [1]*1%mod-g[1]+mod)%mod;return ;}
int mid=1+r>>1;
cdgln(l,mid);
vector<int> ff(mid-1+1),gg(r-1+1);
for(int i=1l;i<=mid;i++)ff[i-1]=111*g[i]*i%mod;
for(int i=0;i<=r-l;i++)gglil=f[i];
ff=poly: :mul(ff,gg);
for(int i=mid+1;i<=r;i++)inc(gli],ff[i-1]);
cdgln(mid+1,r);
}
vector<int> ln(vector<int> a){
int n=a.size()-1;
f.resize(n+l);g.resize(n+1);
for(int i=0;i<=n;i++)f[il=ali],gl[i]=0;
f£[0]=1,g[0]=0;cdqln(1,n);
return g;
}
void cdqgexp(int 1l,int r){
if (r-1+1<=64){
for(int i=l;i<=r;i++){
for(int j=1;j<i;j++)inc(glil,111*g[jl*£f[i-j]%mod) ;
glil=111%::ni[i]*g[i]%mod;
}
return ;
}
if(1==r){g[1]1=111%*::ni[1]*g[1]%mod;return ;}
int mid=1+r>>1;
cdgexp(1,mid);
vector<int> ff(mid-1+1),gg(r-1+1);
for(int i=1l;i<=mid;i++)ffl[i-1]1=g[i];
for(int i=0;i<=r-1l;i++)gglil=f[i];
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ff=poly: :mul (ff,gg) ;
for(int i=mid+1;i<=r;i++)inc(gli],ff[i-1]);
cdgexp(mid+1l,r);
}
vector<int> exp(vector<int> a){
int n=a.size()-1;
f.resize(n+l);g.resize(n+l);
for(int i=0;i<=n;i++)f[i]=11*a[i]*i%mod,g[i]=0;
£[0]1=0,g[0]=1;cdqexp(0,n);
return g;

29

6.4 FH—1 poly

const int maxn = (1 << 22) + 50;
const int mod = 998244353, G = 3;
inline void fix(int &x) {x += ((x >> 31) & mod);}
typedef vector<int> poly;
int r[maxn];
inline void NTT(poly &a, int o) {

int n = (int)a.size();

for (int i = 0; 1 < n; ++i) {

if (1 < r[i]) {
swap(alil, alr[ill);

¥
static int pwlmaxn];
for (int k = 1; k < n; k <<= 1) {
int wn = gpow(o ? G : gpow(G, mod - 2), (mod - 1) / (k << 1));
pwl0] = 1;
for (dnt i = 1; 1 < k; ++i) {
pwlil = 1ULL * pw[i - 1] * wn % mod;
}
for (int 1 = 0; i < n; i += (k << 1)) {
for (int j = 0; j < k; ++j) {
int x = al[i + jl, y = 1ULL * al[i + j + k] * pw[j] % mod;
fix(ali + j] = x + y - mod);
fix(ali + j + k] =x - y);

}
}
}
if (lo) {
int inv = gpow(n, mod - 2);
for (int 1 = 0; i < n; ++1i) {
ali] = 1ULL * a[i] * inv % mod;
}
}
}
inline poly operator * (poly a, poly b) {
NTT(a, 1);
NTT(b, 1);

int n = (int)a.size();
for (int i = 0; i < n; ++i) {
ali]l = 1ULL * a[i] * b[i] % mod;
}
NTT(a, 0);
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return a;
}
inline poly mul(poly a, poly b) {
int n = (int)a.size() - 1, m = (int)b.size() - 1, k = 0;
if (min(n, m) <= 100) {
poly res(n + m + 1);
for (int 1 = 0; i <= n + m; ++i) {
ull x = 0;
for (int j = max(i - m, 0); j <=1 && j <= n; ++j) {
x += 1ULL * al[j]l * bli - jl;
if (1(j & 15)) {

X %= mod;
}
}
res[i] = x % mod;
}
return res;
}
while ((1 << k) <= n + m) {
++k;
}

for (dnt i = 1; 1 < (1 << k); ++i) {
rfi]l = (i >> 1] >> 1) | (1 & 1) << (k - 1));
}
poly A(1l << k), B(1 << k);
for (int i = 0; i <= n; ++i) {

Ali] = alil;

}

for (int i = 0; i <= m; ++i) {
B[i] = b[il;

}

poly res = A x B;
res.resize(n + m + 1);
return res;
}
poly inv(poly &a, int m) {
if (m == 1) {
return poly(1l, gpow(al[0], mod - 2));
}
poly b = inv(a, m >> 1), c(m), res(m);
for (int 1 = 0; i < m; ++i) {
clil = alil;
if (4 < (m > 1)) {
res[i] = b[i] * 2 % mod;

}
¢ = mul(c, mul(b, b));
for (int 1 = 0; i < m; ++i) {
fix(res[i] -= c[il);
}
return res;
}
inline poly inv(poly a) {
int n = (int)a.size() - 1;
int t = __1g(n + 1);
if ((1 << t) <n+ 1) {
++t;

30




6 MATH 31

}

poly b(1l << t);

for (int i = 0; 1 <= n; ++i) {
b[i] = al[il;

}

b = inv(b, 1 << t);

b.resize(n + 1);

return b;
}
inline poly der(poly a) {
int n = (int)a.size() - 1;
poly res(n);
for (int i = 1; 1 <= n; ++i) {
res[i - 1] = 1ULL * a[i] * i % mod;
}
return res;
}

inline poly itg(poly a) {
int n = (int)a.size() - 1;
poly res(n + 2), I(n + 2);
I[1] = 1;
for (int i = 2; 1 <=n + 1; ++i) {
I[i] = 1ULL * (mod - mod / i) * I[mod % il % mod;
}
for (int 1 = 1; i <= n + 1; ++i) {
1ULL * a[i - 1] * I[i] % mod;

res[i]
}
return res;
3
inline poly 1ln(poly a) {
int n = (int)a.size() - 1;
poly res = itg(mul(der(a), inv(a)));
res.resize(n + 1);
return res;
}
poly exp(poly &a, int m) {
if (m == 1) {
poly res(1, 1);
return res;
}
poly b = exp(a, m >> 1);
b.resize(m);
poly ¢ = 1In(b), d(m);
for (int i = 0; i < m; ++i) {
fix(d[i] = alil - c[il);
}
fix(d[0] += 1 - mod);
b.resize(m >> 1);
poly res = mul(b, d);
res.resize(m);
return res;

}

inline poly exp(poly a) {
int n = (int)a.size() - 1;
int t = __lg(n + 1);

if (1 << t) <n+1){
++t;
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}
poly b(1l << t);
for (int i = 0; 1 <= n; ++i) {
b[i] = al[il;
}
b = exp(b, 1 << t);
b.resize(n + 1);
return b;
}
inline poly pmod(poly a, poly b) {
int n = (int)a.size() - 1, m = (int)b.size() - 1;
if (n <m) {
return a;
}
poly ¢ = a, d = b;
reverse(c.begin(), c.end());
c.resize(n - m + 1);
reverse(d.begin(), d.end());
d.resize(n - m + 1);
poly q = mul(c, inv(d));
q.resize(n - m + 1);
reverse(q.begin(), q.end());
q = mul(q, b);
poly res(m);
for (int i = 0; i < m; ++i) {
fix(res[i] = alil - qlil);
}
return res;
3
inline poly multipoint(poly a, poly b) {
int n = (int)a.size() - 1, m = (int)b.size() - 1;
vector<poly> F(1 << (__lg(m + 1) + 2));
auto dfs = [&] (auto &self, int rt, int 1, int r) -> void {
if (1 ==1) {
Flrt] = poly(2);
fix(F[rt] [0] = -b[1]);
Flrtl[1] = 1;
return;
}
int mid = (1 + ) > 1;
self (self, rt << 1, 1, mid);
self(self, rt << 1 | 1, mid + 1, r);
Flrt] = mul(F[rt << 1], Flrt << 1 | 1]1);
};
dfs(dfs, 1, 0, m);
for (int 1 = 1; i < (int)F.size(); ++i) {
reverse(F[i] .begin(), F[il.end());
}
reverse(a.begin(), a.end());
F[1] .resize(n);
poly q = mul(a, inv(F[1])), ans(m + 1);
q.resize(n);
auto dfs2 = [&] (auto &self, int rt, int 1, int r, poly A) -> void {
if ((dnt)A.size() > r -1 + 1) {
A.erase(A.begin(), A.end() - (r - 1 + 1));
}
if (1 ==1) {
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ans[1] = (a[n] + 1ULL * A[0] * b[1]) % mod;
return;
}
int mid = (1 + r) > 1;
poly a = mul(A, Flrt << 1 | 11);
a.resize(A.size());
self(self, rt << 1, 1, mid, a);
a =mul(A, Flrt << 1]);
a.resize(A.size());
self(self, rt << 1 | 1, mid + 1, r, a);
};
dfs2(dfs2, 1, 0, m, q);
return ans;
}
inline int recur(int m, poly a, poly b) {
int n = (int)a.size();
if (m < n) {
return alm];
3
poly f(n + 1), g(2);
gl1] = £[n] = 1;
for (int i = 0; 1 < n; ++i) {
fix(£[i] = -bln - il);

}
auto dfs = [&] (auto &self, int k) -> poly {
if (k < n) {
poly res(k + 1);
res[k] = 1;
return res;
}
auto res = self(self, k >> 1);
res = mul(res, res);
if (k & 1) {
res.insert(res.begin(), 0);
}
res = pmod(res, f);
return res;
}s

auto res = dfs(dfs, m);
int ans = 0;
for (int 1 = 0; i < n; ++i) {
fix(ans += 1ULL * al[i] * res[i] % mod - mod);
}

return ans;
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6.5 EEBRHY
6.5.1 FWT

void fwt(int *a,int n,int fl=1){
for(int 1=2;1<=n;1<<=1){
int k=1>>1;
for(int i=0;i<n;i+=1){
for(int j=i;j<i+k;j++){
// or
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// (alj+kl+=aljl*£f1)%=mod;
// and
// (aljl+=alj+k]*£f1)%=mod;
// xor
// int u=aljl,v=alj+k];
// aljl=(u+v)*flYmod,a[j+k]=(ut+tmod-v)*f1l%mod;

34

6.5.2 FEHEE In exp

void fmt(int *a,int n,int w=1){
for(int i=0;i<n;i++){
for(int s=0;s<(1<<n) ;s++)if (s&(1<<i)) (als]+=als~ (1<<i)]*w)%=mod;
}
}
int ff[maxn+1] [1<<maxn],gg[maxn+1] [1<<maxn],hh[1<<maxn],ni[maxn+1];
void xormul(int *a,int *b,int *c,int n){
for(int i=0;i<=n;i++){
for(int s=0;s<(1<<n);s++)ff[i] [s]=gg[i] [s]1=0;
}
for(int s=0;s<(1<<n);s++)ff[__builtin_popcount(s)] [s]=als];
for(int s=0;s<(1<<n);s++)ggl[__builtin_popcount(s)] [s]=b[s];
for(int i=0;i<=n;i++)fmt(ff[i],n,1);
for(int i=0;i<=n;i++)fmt(gglil,n,1);
for(int s=0;s<(1<<n);s++){
for(int i=0;i<=n;i++){
hh[i]=0;
for(int j=0;j<=i;j++) (hh[il+=£ff[j] [sl*ggli-j] [s])%=mod;

}
for(int i=0;i<=n;i++)ff[i] [s]=hh[i];
3
/*1n
for(int i=0;i<n;i++){
hh[i]=ff [i+1] [s]*(i+1)%mod;
for(int j=1;j<=i;j++) (hh[i]l+=mod-£f [j] [s]*hh[i-j]%mod)%=mod;
}
for(int i=1;i<=n;i++)ff[i] [s]=hh[i-1]*ni[i]%mod;
*/
/*exp
for(int i=0;i<n;i++){
hh[i]=ff[i+1] [s]*(i+1)%mod;
for(int j=1;j<=i;j++) (hh([i]+=£f[j] [s]*jYmod*hh[i-j]%mod*ni[i-j+1])%=mod;
}
for(int i=1;i<=n;i++)ff[i] [s]=hh[i-1]*nil[i]%mod;
*/

for(int i=0;i<=n;i++)fmt(£ff[i],n,mod-1);
for(int s=0;s<(1<<n);s++)c[s]=ff[__builtin_popcount(s)] [s];
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6.6 ZIn
6.6.1 #AE
fk) =320y Hi;&j fi—ff]

6.6.2 ETEIEFAIEAYIRIE B RIXT

3
BIRE O(—m2_ 1 glogmod).

1
loo2 mod.

int B,bas,hO,n;
struct hsh_table{
}mp;
int bsgs(int v){
int mul=v;
for(int i=0;i<=mod/B;i++){
if (mp.find(mul))return i*B+mp[mul];
mul=111*mul*basymod;

}
}
/*
mod=ba+c

log(a)=log(-c)-log(b)=log(mod-1)+log(c)-log(b)
log(a)=log(a-c)-log(b+1)
min(c,a-c)<=a/2
*/
int h[maxn];
int sovle(int a){
int b=mod/a,c=mod%a;
if (a<=n)return hlal;
if (c<a-c)return inc(inc(hO,sovle(c)), (mod-1-h[b]));
else return inc(sovle(a-c),mod-1-h[b+1]);
}
bool vis[maxn];
int prelmaxn],cnt;
int a[maxn],b[maxn];
void init(){
n=sqrt (mod)+1;B=sqrt (111*mod*n/log2(n));
int mul=1;for(int i=0;i<B;i++){
mp [mul]=i;
mul=111*mul*gjmod;
}
bas=ksm(ksm(g,B));
hO=bsgs (mod-1) ;
h[1]1=0;
for(int i=2;i<=n;i++){
if (Mvis[i]){
h[il=bsgs(i);
pre[++cnt]=i;
}
for(int j=1;j<=cnt&&1ll*i*pre[jl<=n;j++){
vis[i*pre[j]11=0;
hli*pre[jll=(h[il+h[pre[j1])% (mod-1);
if (i%pre[jl==0)break;
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7 string

7.1 Manacher
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for (int i = 1; i <= n; ++i) {
sli * 2 - 1] = #°;
sli * 2] = t[il;
3
sln x 2 + 1] = *#;
int ans = 0;
for (int i =1, mid =0, r = 0; i <=n * 2 + 1; ++i) {
if (1 <= 1) {
f[i] = min(f[mid * 2 - i], r - i + 1);

}

while (i + f[i] <=n * 2 + 1 & i - f[i] >= 1 && s[i + £[i]] == s[i - £[i]1]) {
++f[i];

}

if A+ £f[i] - 1> 1) {
mid = i;
r =1+ f[i] - 1;

}

ans = max(ans, f[i] - 1);

7.2 7 R

z[1] = n;
for (int i =2, 1 =0, r =0; i <=mn; ++i) {
if (1 <=1) {
z[i] = min(z[i - 1 + 1], r - i + 1);

}
while (i + z[i] <= n && s[z[i] + 1] == s[i + z[il]) {
++z[i];
}
if (1 + z[i] - 1> 1) {
1 =1i;
r=1i+ z[i] - 1;
}
}
7.3 Runs

const int maxn = 1000100;
const int logn = 22;
int n, m, sal[maxn], id[maxn], old[maxn << 1], h[maxn], cnt[maxn];
char s[maxn];
pii p[maxn];
struct SA {

int f[logn] [maxn], rk[maxn];

char t[maxn];

inline int gmin(int 1, int r) {

int k = __1g(r - 1 + 1);

return min(f[k][1], flkl[r - (1 << k) + 11);




7 STRING

inline int lcp(int x, int y) {
if (x ==y) {
return n - x + 1;

}

if (e0x] '= tlyl) {
return 0O;

}

if (tlx + 1] '= tly + 11) {
return 1;

}

if (tlx + 2] '=tly + 2]) {
return 2;

}

x = rk[x];

y = rklyl;

if (x > y) {
swap(x, y);

}

return gmin(x + 1, y);
}
inline void build() {
int m = 127;
for (dnt i = 1; i <= m; ++i) {

cnt[i] = 0;
}
for (int 1 = 1; i <= n; ++i) {
rk[i] = s[i];
t[i] = s[il;
++cnt [rk[i]];
}

for (int 1 = 1; i <= m; ++i) {
cnt[i] += cnt[i - 1];

}

for (int i = n; i; --i) {
salent [rk[i]l]--]1 = i;

}

for (int w = 1;; w <<= 1) {

int tot = O;

for (int i =n - w + 1; i <= n; ++i)
id[++tot] = i;

}

for (int i = 1; 1 <= n; ++i) {
old[i] = rkl[il;
if (sali]l > w) {

id[++tot] = sali] - w;

}

}

for (int i = 1; 1 <= m; ++i) {
cnt[i] = 0;

}

for (int 1 = 1; i <= n; ++i) {
++cnt [rk[id[i]]1];

}

for (int 1 = 1; i <= m; ++i) {
cnt[i] += cnt[i - 1];
}

for (int i = n; i; --i) {
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salcnt [rk[id[i]]]--]1 = id[i];
}
int p = 0;

for (int i = 1; 1 <= n; ++i) {
if (old[salil] == old[sali - 1]] && old[sali] + w] == old[sali - 1] + w]) {
rk[salil]l = p;
} else {
rk[sal[il] = ++p;

}
}
if (p == n) {
break;
}
m = p;
}
h[1] = 0;

for (int 1 =1, k = 0; 1 <= n; ++i) {
if (rk[i] == 1) {

continue;

}

if (k) {
__k;

}

while (i + k <= n && salrk[i] - 1] + k <= n && s[i + k] == s[salrk[i] - 1] + k]) {
++k;

}

hlrk[i]] = k;

}
for (int 1 = 1; i <= n; ++i) {
fL01[i] = hlil;
}
for (int j = 1; (1 << j) <= n; ++j) {
for (int i = 1; 1 + (1 << j) - 1 <=n; ++i) {
f(j101] = min(£[j - 1I104], £0j - 1101 + (1 << (G - D)
}

}
} A, B;
inline int lcp(int x, int y) {
return A.lcp(x, y);
}
inline int lecs(int x, int y) {
return B.lcp(n - x + 1, n -y + 1);
}
struct node {
int 1, r, k;
node(int a = 0, int b = 0, int ¢ = 0) : 1(a), r(b), k(c) {}
} al[maxn << 1], b[maxn << 1];
void runs() {
n = reads(s + 1);
A.build(Q);
reverse(s + 1, s + n + 1);
B.build();
int m = 0;
for (int k = 1; k * 2 <= n; ++k) {
int tot = 0;
for (dnt i =k +1; i +k -1<=n; i +=k) {
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int 1 = max(i - k, i - 1les(i -1, i +k - 1)), r =min(d - 1, 1 + lcp(i, i + k) - k);
if (1 <=1) {

if (Mtot) {
pl++tot] = mkp(1l, r);
T} else {

if (pltot].scd ==1 - 1) {
pltot] .scd = r;

} else {
pl++tot] = mkp(1l, r);

}

for (int i = 1; i <= tot; ++i) {
int 1 = p[i].fst, r = p[i].scd;
al[++m] = node(l, r + k¥ * 2 - 1, k);

}
sort(a + 1, a + m + 1, [&] (const node &a, const node &b) {

return a.1 < b.1 || (a.1 ==b.1 & (a.r < b.r || (a.r == b.r && a.k < b.k)));
b;
int tot = 0
for (int i 1; i <= m; ++i) {

if (ttot || !(ali]l.1l == bltot].1l && alil.r == b[tot].r)) {

b[++tot] = alil;

7.4 REBTM

struct SAM {
int 1st, tot, fa[maxn], ch[maxn][26], len[maxn];
inline void init() {
1lst = tot = 1;
}
inline void insert(int k, int c) {
int u = ++tot, p = 1lst;
sz[u] = 1;
1st = u;
len[u] = k;
for (; p & !chlpllcl; p = falpl) {
chlpl[c] = u;
}
if (!'p) {
falu] = 1;
return;
}
int q = chlpl[c];
if (lenl[q] == len[p] + 1) {
falul = q;
return;
}
int nq = ++tot;
len[nq]l = len[p] + 1;
falnql = falql;
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} sam;

memcpy (ch[nqgl, chlql, sizeof(ch[ql));

falul] = fa[q] = nq;

for (; p && chlpllc] == q; p = falpl) {
chlpl [c] = nq;

}
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