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2. KIESHRT; while (1 <=r) {
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};

dfsl(dfsl, 0, 0);

// C++17

std::function<void(int, int)> dfs2 =
[&] (int x, int p) {

for (auto y : adj[x]) {
if (y == p)
continue;

dfs2(y, x);
}

+

1.7 S4r14HM (S0S DP)

MM EFTEESINTFEMN / BEM, FkEE.
- EZEO0(n 2°n) (BEAMBEFER3);
« f.size() BTRE 2 R, THURMHIL, UKEIRFEE,

+ inverse = true ¥TE (B +=1#5 -=), SETREF,
« AND #£71: FEA D FIMEBEMN, F S8k, BR—XBEM; OR

EIAEREMRA T
- WEME—HRMBLM, BB “EEETU. HRER" %It

template <class T>
void SubsetSum(std::vector<T>& f, bool inverse = false) {
int n =  builtin ctzll(f.size());
for (int i = 0; 1 < n; i++)
for (int s = 0; s < (int)f.size(); s++)
if (s> 1 & 1) {
if (inverse)
fls] -= f[s ~ 1 << i];
else
fls] += f[s ~ 1 << i]

}

template <class T>
void SupersetSum(std::vector<T>& f, bool inverse = false) {
int n = _ builtin_ctzll(f.size());
for (int i = 0; 1 < n; i++)
for (int s = 0; s < (int)f.size(); s++)
if (not(s >> i & 1)) {
if (inverse)
fls] -= f[s | 1 << 1i];
else
fls] += f[s | 1 << i];

2 B
2.1 &M

At 2, N1 ABTEFIEREATIE.

.« priFEFRBERL,
+ nplx] "R x BETERE;
- BELERENEIRSER, (FH Sieve<N> sieve; ¥IAK;
« EZEO0(N),

template <int N>

struct Sieve {
std::vector<int> pri;
bool np[N + 11{};

Sieve() {
np[@] = np[1l] = true;
for (int i = 2; 1 <= N; i++) {

if (!np[i])
pri.emplace back(i)
for (int p : pri) {
if (1 * p > N)
break;

np[i * p] = true;
if (1 % p ==0)

« EBE int SEEINBYIRRR;
- EZE0(sqrt n)o

2/ 11

inline auto Factor(int n) {
std::vector<std::pair<int, int>> res;
for (int i =2; 1 * i <= n; i++) {
int cur = 0;
while (n % i == 0) {
cur++;
n /= 1i;
}
if (cur !=0)
res.emplace_back(i, cur);

}
if (n > 1)

res.emplace back(n, 1);
return res;

¥

inline auto Divisor(int n) {
std::vector<int> res;
for (int i =2; 1 * i <=n; i++) {
if (n % 1 ==0) {
res.emplace back(i);
if (1 * i !=n)
res.emplace back(n / i);
}
}
std::sort(res.begin(), res.end());
return res;

break;
}
}
}
}
2.2 FE/ NS RE
Factor(n) ;REIREES#E, Divisor(n) REIAF 1 B/NFETF n Y

o

}

2.3 ERRILER

R[Elgcd(a, b), HKiHax + by =
- BEOTLIEEHEE,
« EZE 0(log min(a, b)),

gcd(a, b) B—HfE,

template <class T>
inline T ExGCD(T a, T b, T& x, T& y) {

if (b == 0) {
x=1,y=0;
return a;
}
auto d = GCD(b, a%b,y, x);
y -=a/b
return d;
}
2.4 REF

it& a~b mod po
* b >=0;
« EZE0(log b)o

using i64 = int64 t;

inline auto PowMod(i64 a, i64 b, int p) {

i64 res = 1;

while (b) {
if (b & 1)

res = res * a % p;

b=>b>1;
a=a*a%p;

}

return res;

}
2.5 A%

ET ModInt FM R A0 B Teo
FELHFRE. BE;
+ C(n, k)IREAEE;
- FAstEE O(n), BREIFO(L),

template <class Z>
struct Comb {
std::vector<Z> fac, ifac;

Comb(int n) : fac(n + 1), ifac(n + 1) {
fac[0] = 1;
for (int i = 1; i <= n; i++)

fac[i] fac[i - 1] * i;
ifac[n] = Z(1) / fac[n];
for (int i =n; i >=1; i--)




auto C(int n, int k) const {
if (k < @ or k > n)
return Z{};
return fac[n] * ifac[k] * ifac[n - k];

}

auto A(int n, int k) const {
if (k < 0 or k > n)
return Z{};
return fac[n] * ifac[n - k];

}
}
2.6 &HE
HIP R IR TEEﬁIEﬂo
« BHARME ue4d, B 1473 63;
+ Insert(x) J&IEI X BEERIEM;

- Contains(x) ¥IiT x BEEHLFILEESHEE;
+ MaxXor(x) iB[E] x 5& T EPENTERHEHRKE,

using u64 =

template <class T = u64, int LOG = 63>
struct LinearBasis {

uint64 t;

std::array<T, LOG + 1> p{};
int rank = 0;

bool Insert(T x) {
for (int i = LOG; i >=
if (((x >> 1) & 1)
continue;
if (1plil) {
pli] =
rank++;
return true;

0; i--) {

i
0)

~= plil;

return false;

}

bool Contains(T x) const {
for (int i = LOG; i >= 0; i--) {
if (((x >> 1) & 1) == 0)
continue;
if (!'pl[il])
return false;
= plil;

return true;

}

T MaxXor(T x = 0) const {
for (int i = LOG; i >= 0; i--)
if ((x ~ plil) > x)
x = plil;
return x;

std::vector<T> Basis() const {
std::vector<T> res;
for (int i = 0; i <= LOG; i++)

namespace MatrixOps {

if (p[i])
res.emplace back(p[i]);
return res;
}
}i
2.7 JEFERER

ERKFHSERTFESRER, KE + DRERIEEEH.

- RFEEHMOD 5 N; ERMOD < 2730, FHM 16 AFFIA ues B
DuzxmﬁHj:

BiE: MANE#Ea, 185 n, A Pow(k), BAR1ED;

- Pow(0) IREIFMIFER; b S RAANERGENL, TEERA;
- AR PowRiKITa (THaWETRER);
+ ERE0(n"3 log k); mul TBERERLERIZTIAR, BL16

FIJRENNE u6d. RKE—RIR;

© MEEMEIDLE: mEREER m x mEBEENT.

constexpr int MOD = 998244353;
constexpr int N = 200;

u32 a[NJ[NI, bINI[NT;

int n;

void mul(const u32 A[N][NI],
u32 CINJINI) {
static u32 bt[N][N];
for (int i = 0; 1 < n; i++)
for (int j = 0; j < n; j++)
bt[j1[i] = B[i]l[j];
for (int i = 0; i < n; i++) {
for (int j = 0; j < n; j++) {

u6b4 res = 0;

int k = 0;

for (; k + 15 <n; k += 16) {
u64 sum = 0;
for (int d = 0; d < 16; d++)

const u32 B[N][N],
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ifac[i - 1] = ifac[i] * i; using u32 = unsigned;
} using u64 = uint64 t;
using i64 = int64 t;

sum += ub4(A[i]l[k + d]) * bt[jl[k + dI;

res += sum % MOD;
}
u64 sum = 0;
for (; k < n; k++)

sum += u64(A[i][k]) * bt[jl1[k];

res += sum % MOD;
C[i][]j] = res % MOD;

}

void Pow(i64 y) {
static u32 t[N][N];
for (int i = 0; 1 < n; i++) {
std::fill(b[i], b[i] + n, Ou);
b[i][i] = 1;

}
while (y) {
if (y & 1) {
mul(a, b, t);
std::memcpy(b, t, sizeof(b));

}
y >>=1;
if (ly)

break;
mul(a, a, t);
std::memcpy(a, t, sizeof(a));

3 s

3.1 HEE (DSU)

HIPTENEEMEFIEBERA/N, Merge(x, y) BERTEMNSG

FELZo

struct DSU {

std::vector<int> f, sz;

DSU(int n) : f(n), sz(n, 1) {
std::iota(f.begin(), f.end(), 0);
}

auto Find(int x) {
while (x !'= f[x])
= f[x] = f[f[x1];
return Xx;

}

auto Merge(int x, int y) {

X = Find(x), y = Find(y);

if (x ==y)
return false;

if (sz[x] < szlyl)
std::swap(x, y);

sz[x] += szlyl;

flyl =

return true;

}

auto Size(int x) { return sz[Find(x)]; }
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3.2 pRERA

HEIPE SN, BIZRAN. XiEIH.
 f£F 1-indexed;
+ Sum(l, r) ZEHAXIE (1, rl;
- BEURIREERE 0(log n)o

template <typename T>
struct Fenwick {
int n;
std::vector<T> a;

Fenwick(int n) : n(n), a(n + 1) {}

void Add(int x, T v) {
for (; x <= n; X += X & -x)

alx] += v;
}
auto sum(int x) {
T res = {};
for (; x; x -= x & -x)
res += a[x];
return res;

}

auto Sum(int 1, int r) {
return sum(r) - sum(l - 1);

}

};

3.3 ZKEGi

#ripg aEy. XiazEig,
« BRIBEEZE 0(log n),
XxF S LR
- FEEEHREHIMESEN operator+ iEH;
- EFHERAT{} (RERIAGERE, BFHRMBNTts
&)
XFEKXIE:
- {ERRENLIAIEARES;
- BRREE # S, NHTRIE S FEMBADER I,

template <class S>
struct SegTree {

int n;
std::vector<S> tr;

SegTree(int n, const S& e) {
build(n, std::vector<S>(n, e));

}

template <class It>
SegTree(It 1, It r) {

build(r - 1, 1);
}

template <class Arr>
void build(int m, const Arr& arr) {
for (n=1; n<m n<<=1)

tr.resize(n << 1);
for (int i = 0; i < m; i++)
tr[i + n] = arr[i];
for (int i =n-1; 1 >=1; i--)
pull(i);
}

void pull(int k) {
trik] = trik << 1] + tr[k << 1 | 1]

}
void Set(int p, const S& x) {
p +=n;
tripl = x;
for (p >>=1; p; p >>= 1)
pull(p);

}
auto Get(int p) { return tr[p + nl; }

auto Query(int 1, int r) {
1L+=n, r +=n;
S sml{}, smr{};
while (1 < r) {

4 /11

if (L&1)

sml = sml + tr[l++];
if (r &1)

smr = tr[--r] + smr;
1>>=1;
r >>=1;

}
return sml + smr;
}
b

M sum. lenBYO, t&¥FHAREAITT:

S HYZELfl— PR AT (Kadane ). TREMMEE -1e18

using i64 = int64 t;

struct Kadane {
i64 len{};
i64 sum{}, ans = -1lel8;
i64 pre = -1el8, suf = -1el8;

Kadane() = default;

Kadane (164 v)
: len(1), sum(v), ans(v), pre(v), suf(v) {}

Kadane res;

res.len = l.len + r.len;
res.sum = l.sum + r.sum;
res.pre = std::max(l.pre, l.sum + r.pre);
res.suf = std::max(r.suf, l.suf + r.sum);

res.ans = std::max({l.ans, r.ans, l.suf + r.pre});
return res;

+;

friend Kadane operator+(const Kadane& 1, const Kadane& r) {

3.4 iTiCLRER

ERIER)IMNTIM A o
- BRIBEEZRE 0(log n)o
*F FHILR:
- FEHBEAMER operator+=isH;
o FE—MMEFMST {3 GRHAMNERED .
*F S HILIER:
© FIEHEHAMLESEN operator+ iZH,;
- FERT () EERAMERH, BEHRRNRUTEERRN
&)

+ TF1E operator*= ZEH RIS F AT SRE—1 S, HEHE

b2l e
KFHaXE:
- EARENIAELENES;
- BRREE + s, WHTURIE S FIEXN MATISER .

template <class S, class F>
struct LazySegTree {

int n, h;
std::vector<S> tr;
std::vector<F> 1z;

LazySegTree(int n, const S& e) {
build(n, std::vector<S>(n, e));

}

template <class It>

LazySegTree(It 1, It r) {
build(r - 1, 1);

}

template <class Arr>
void build(int m, const Arr& arr) {
for (n=1; n<m; n<<=1)
h = builtin ctz(n);
tr.resize(n << 1);
1z.resize(n);
for (int i =0; 1 <m; i++)
tr[i + n] = arr[i]
for (inti=n-1; i >=1; i--)

pull(i);
}
void apply(int k, const F& f) {
trik] *= f;
if (k < n)
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1z[k] += f;
}

void pull(int k) {
tr[k] = tr[k << 1] + tr[k << 1 | 1]
}

void push(int k) {
apply(k << 1, 1z[kl);
apply(k << 1 | 1, 1z[k]);
1z[k] = {};

}

void Set(int p, const S& x) {
p +=n;
for (int i = h; i >=1; i--)
push(p >> i);
tripl = x;
for (int i = 1; i <= h; i++)
pull(p >> i);
}

auto Get(int p) {
p += n;
for (int i = h; 1 >=1; i--)
push(p >> i);
return tr[pl

}

void Update(int 1, int r, const F& f) {
L+=n, r+=n;
for (int i = h; i >=1; i--) {
if ((L& ((1 <<i) - 1)) '=0)
push(l >> i);
if ((r & ((1 << i) - 1)) !'=0)
push((r - 1) >> i);

}
{
intl =1, r =r;
while (1 < r) {
if (L & 1)
apply (1++, f);
if (r & 1)
apply(--r, f);
1 >>=1;
r>>=1;
}
1=1;
r=r_;
}

for (int i = 1; i <= h; i++) {
if ((L& ((1<<1i) - 1)) I=0)
pull(l >> i);
if ((r & ((1 << i) - 1)) !'=0)
pull((r - 1) >> i);

}

auto Query(int 1, int r) {
L+=n, r+=n;
for (int i = h; i >=1; i--) {
if ((L& ((1 <<i) - 1)) '=0)
push(l >> 1i);
if ((r & ((1 << i) - 1)) '=0)
push((r - 1) >> i);
}
S sml{}, smr{};
while (1 < r) {

if (L&1)

sml = sml + tr[l++];
if (r & 1)

smr = tr[--r] + smr;
1 >=1;
r>>=1;

}

return sml + smr;

};

int tot = 1;
XorTrie(int n) : ch(n * 32), cnt(n * 32) {}

void Insert(int x) {
int u =1;
cntlu]++;
for (int 1 = 30; i >=0; i--) {
int ¢ = (x > 1) & 1;
if (not chlullc]) {
ch[u][c] = ++tot;

u = ch[ul[c];

cntlu]++;
}
}
void Erase(int x) {
int u = 1;
cntfu]--;

for (int i = 30; 1 >=0; i--) {
int c = (x > i) & 1;
u = chlullcl;
cntfu]--;

}

auto Query(int x) {
int res = 0;
int u = 1;
for (int i = 30; 1 >= 0; i--) {
int ¢ = (x > 1) & 1;
int v = ch[ul[c ~ 1];
if (v and cnt[v] > 0) {

3.5 88 Trie

P EREMATES, AN, BRNEIE5 x RENEKE.

- BAEE [30, 0] fi;

- MEREIRBRIETREFE;
- EHRIRERILEESI T;
© BIRREEREHNN0(31),

struct XorTrie {
std::vector<std::array<int, 2>> ch;
std::vector<int> cnt;

u=v;
res |= (1 << i);
} else {
u = chlullcl;
}
}
return res;
}
}
3.6 ST &

HPRSXIEEM,
- EWXEAEAEGT (L, r);
- EEEERBLEESENTEN, HlWnin. max. gcd;
- FMEEZE 0(n log n), BEAXREIFO(1),

template <class T>
struct SparseTable {
using Op = std::function<T(const T&, const T&)>;

int n = 0;

Op op;

std::vector<int> 1g;
std::vector<std::vector<T>> st;

SparseTable() = default;

SparseTable(const std::vector<T>& a, Op op)
: op(std::move(op)) {
Build(a.begin(), a.end());

}

template <class It>

SparseTable(It 1, It r, Op op)
: op(std::move(op)) {
Build(l, r);

}

template <class It>
void Build(It 1, It r) {
n = int(r - 1);
lg.assign(n + 1, 0);
for (int i = 2; 1 <= n; i++)
lg[i] = lg[i >> 1] + 1;
st.assign(lg[n] + 1, std::vector<T>(n));

for (int i = 0; i < n; i++)
st[O][i] = *(1 + 1);
for (int k = 1; k < int(st.size()); k++) {

int len = 1 << k;
for (int i = 0; 1 + len <= n; i++) {
st[k][i] =
op(stfk - 1][i],
st[k - 1]1[1i + (len >> 1)1);
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}i

}

T Query(int 1, int r) const {
assert(0 <= 1 and L < r and r <= n);
int k = 1g[r - 1];
return op(st[k][l], st[kl[r - (1 << k)1);

}

3.7 AIHif

pb_ds Eo3fiE, RFEERM.
- EEHIPSIN <ext/pb_ds/priority queue.hpp>;
- BUAKIRME, VRS std::greater<T>;
- pushiR[E point_iterator @A, AR join ZEMHAEXN, AIH

Fmodify(it, v) Serase(it);

+ a.join(b) IBbHNaFHBEZT b, HHE0(1); popIRE0(log n);
. IWEASHIER DSU: LLDSU M sz )RTE join A, HTARAL

F Find FRIHRTT.

#include <ext/pb_ds/priority queue.hpp>

template <class T, class Cmp = std::less<T>>
using MeldHeap = gnu pbds::priority queue<

T, Cmp, _ gnu pbds::pairing heap tag>;

// MeldHeap<int, std::greater<int>> h; /MR
// auto it = h.push(x); BEaE
// h.modify(it, v), h.erase(it);

// a.join(b); b #WEE

3.8 BEELRERI

WMERHREAE. ExibatHRRERSHKEER (KiaFs. XiEy

1RE):

FIMEPRIERAE, BREWSNEZEBND.
RIRSEIMX B 75 + XEKF (BA P4145) . mx <= 1HFIFARS
L, BiRE;

« SN EAS0(log log V) REWEIEIL, BEZEO0((n + q log

- B FRARIH-FERMAT, FEEFTHIARE

n) log log V) 2%4&;
XEEUEETA: SH mx < x WBKE, HFHITa i %= x (BRE
MEMEE /DR, BEEREE);

BRI RIERM
eI

using i64 = int64 t;

struct PotSegTree {

struct Node {
i64 sum = 0, mx = 0;

+

int n;
std::vector<Node> tr;

template <class It>

PotSegTree(It first, It last)
: n(last - first), tr(4 * n) {
build(first, 1, 0, n - 1);

}

template <class It>
void build(It a, int p, int 1, int r) {
if (L==r) {
trip]l = {all], a[ll};
return;

int mid = (L + r) / 2;
build(a, 2 * p, 1, mid);
build(a, 2 * p + 1, mid + 1, r);
pull(p);

}

void pull(int p) {
tripl.sum = tr[2 * p].sum + tr[2 * p + 1].sum;
tripl.mx = std::max(tr[2 * p]l.mx, tr[2 * p + 1].mx);
}
void Sqrt(int 1, int r) { sqrt(i, r, 1, 6, n - 1); }
void sqrt(int ql, int qr, int p, int 1, int r) {
if (qr < L or r < ql or tr[p]l.mx <= 1)
return;
if (L==r) {
tripl.sum = tr[p].mx = i64(sqrtl(tr[p].sum))

return;
}
int mid = (L +r) / 2;
sqrt(ql, qr, 2 * p, 1, mid);
sqrt(ql, qr, 2 * p+ 1, mid + 1, r);
pull(p);
}

i64 Query(int 1, int r) {
return query(l, r, 1, 0, n - 1)

}

i64 query(int ql, int qr, int p, int 1, int r) {
if (qr < L or r < ql)
return 0;
if (ql <= 1 and r <= qr)
return tr[p]l.sum;
int mid = (L +r) / 2;
return query(ql, qr, 2 * p, 1, mid) +
query(ql, qr, 2 * p + 1, mid + 1, r);
}

};

3.9 AIHFA AR E LR

EEW: RERRRFERELRN, MRSERSE EEXEEEE

l%\ o

< EEFEERLE (1, n]; WEERRBAINFZEN Add, RES X

MZEigR [1, il;

« Kth(l, r, k): F#Xia [1, r] (1-indexed) £ k/I\# EER{LIE;

Count(l, r, x, y): XEIRESETE [x, y] ML

« HRIZEO(log n); TREL (FEAXRE) x (log n + 1), k¥

B tr.reserve FREVS;
« hRA 0 BEM (BE0BFRATILF), TEEH.

struct HIT {
struct Node {
int 1 =0, r=20, cnt = 0;

b

int n;

std::vector<Node> tr;

std::vector<int> root;

HIT(int n) : n(n), tr(l), root(1l, 0) {}

void Add(int x) {
root.push_back(add(root.back(), 1, n, x));

}

int add(int v, int 1, int r, int x) {
int u = tr.size();
tr.push_back(tr[v]);
triul.cnt++;
if (L ==r)
return u;
int mid = (L +r) / 2;
if (x <= mid)
trfu].l = add(tr[v].l, 1, mid, x);
else
trfu].r = add(tr[v].r, mid + 1,
return u;

r, x);

int Kth(int ql, int qr, int k) {
return kth(root[ql - 1], root[qr]l, 1, n, k)

}
int kth(int u, int v, int 1, int r, int k) {
if (L ==r)
return 1;

int mid = (L + r) / 2;
int res = tr[tr[v].l].cnt -
if (k <= res)

return kth(tr[u].l, tr[v].l, 1, mid, k);
return kth(trf[ul.r, tr[v].r, mid + 1, r, k -

tritrfu].l].cnt;

int Count(int ql, int qr, int x, int y) {
return count(root[ql - 1], root[qrl, 1, n, X, y);

int count(int u, int v, int 1, int r, int x, int y) {

if (x <= 1 and r <= y)

return tr[v].cnt - tr[u].cnt;
int mid = (L +r) / 2;
int res = 0;

if (x <= mid)

res);
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res += count(trful.l, triv].l, 1, mid, x, y);
if (y > mid)

res += count(trf[ul.r, trlv]l.r, mid + 1, r, x, y);
return res;

I

4 Big
4.1 PERIEH

ERFIESIANE,
- adj[u] TF# (v, w);
- BIARHES AL, .n;
- BFE0((n + m) log n)s

using i64 = int64 t;
constexpr i64 INF = 4'000'000'000'000'000'000LL;

template <class Adj>
auto dijkstra(const Adj& adj, int n, int s) {
vector<i64> dis(n + 1, INF);
vector<bool> vis(n + 1, false);
priority queue<pair<i64, int>> pq;
dis[s] = 0;
pg.emplace(0, s);
while (!pqg.empty()
auto [, u] =
pq.pop();
if (vis[ul)
continue;
vis[ul = true;
for (auto [v, w] : adjlu]) {
if (dis[u] + w < dis[v]) {
dis[v] = dis[u] + w;
pg.emplace(-dis[v], v);

) {
pqg.top();

}
}
return dis;
b
4.2 5 EERER

BEATFIEONE ERZER K REFHIRTE
P4568 HIEIEA N :
« dist[ul[i] ®RREER u, BEZAT i REENSMR/NRN;
- BEEA: (u, 1) -> (v, 1), INAwW;
c Bi < k, WAMBREEXED: (u, i) -> (v, 1 + 1), BN
5 0;
« ZEHRmin(dist[t][0..k])o
EZE0((n k + m k) log(n k))o

template <class Adj>
auto LayeredDijkstra(const Adj& adj, int n, int s,
int k) {
using i64 = int64 t;
constexpr i64 INF = 4'000'000'000'000'000'000LL;
vector dist(n + 1, vector<i64>(k + 1, INF));
priority queue<tuple<i64, int, int>> pq;
dist[s][0] = 0;
pg.emplace(0, s, 0);
while (!pqg.empty()) {
auto [d, u, used] = pq.top();
pg.pop();
d = -d;
if (d !'= dist[u][used])
continue;
for (auto [v, w] : adjlu]) {
if (dist[u][used] + w < dist[v][used]) {
dist[v][used] = dist[u][used] + w;
pg.emplace(-dist[v][used], v, used);

if (used < k and
dist[u][used] < dist[v][used + 1]) {
dist[v][used + 1] = dist[u][used];
pq.emplace(-dist[v][used + 11, v,
used + 1);

¥
}

return dist;

4.3 ERH%R
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Bellman-Ford ¥|faIf#H Rk —A A1 THE,
« R X[v] <= x[u]l + w;

+ edges TFf# (u, v, w);

« TABR[EIZT 4,

using i64 = int64_t;

auto DifferenceConstraints(
int n, const vector<array<int, 3>>& edges) {
vector<i64> d(n + 1);
for (int 1 = 1; 1 <= n; i++) {
bool changed = false;
for (auto [u, v, w] : edges) {
if (d[v] > d[u] + w) {
d[v] = d[u] + w;
changed = true;

}
}
if (!changed)
break;
if (i == n)
return vector<i64>{};
}
return d;
}
4.4 R¥MEE
Kahn ﬁ;fo

© BASEE 1. .n;
. EREMENT n, WEGEHR;

« BEZEO0(n + m)o

auto TopoSort(const vector<vector<int>>& adj,
int n) {
vector<int> indeg(n + 1), res;
queue<int> q;
for (int u = 1; u <= n; u++)
for (int v : adj[ul)
indeg[v]++;
for (int i = 1; i <= n; i++)
if ('indeg[il])
g.emplace(i);
while (!q.empty()) {
int u = q.front();
q.pop();
res.emplace_back(u);
for (int v : adj[ul)
if (--indeg[v] == 0)
g.emplace(v);
}

return res;

4.5 BERBPE (SCC)

Tarjan RERERERBRS E.
c BHASHES 1. .n;
+ id[u] 79 u FRTE SCC /S,

« BZEO0(n + m)o

struct SCC {
int n, now = 0, cnt = 0;
vector<vector<int>> adj;
vector<int> dfn, low, stk, ins, id;

SCC(int n)
: n(n), adj(n + 1), dfn(n + 1), low(n + 1),
ins(n + 1), id(n + 1) {}

void AddEdge(int u, int v) {
adj[u].emplace back(v);

}

void tarjan(int u) {
dfn[u] = low[u] = ++now;
stk.emplace_back(u)
ins[u] = true;
for (int v : adj[ul]) {
if (!'dfn[v]) {
tarjan(v);
low[u] = min(low[u], low[v]);

} else if (ins[v]) {
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low[u] = min(low[u], dfn[v]);

}

}
if (dfn[u] == low[u]) {
cnt++;
while (true) {
int x = stk.back();
stk.pop_back();
ins[x] = false;

id[x] = cnt;
if (x == u)
break;

}

std::pair<std::vector<int>, int> Work() {
for (int 1 = 1; i <= n; i++)
if (!'dfn[i])
tarjan(i);
return {id, cnt};

I

4.6 Bl

Tarjan REAER =,
- BIARHES 1. .n;
- REIFEEIR;
- EZEO0(n + mo

auto CutVertex(const vector<vector<int>>& adj,
int n) {
vector<int> dfn(n + 1), low(n + 1), cut(n + 1),
res;
int now = 0;
auto dfs = [&] (auto&& self, int u,
int p) -> void {
dfnfu] = low[u] = ++now;
int child = 0;
for (int v : adj[ul) {
if (!dfn[v]) {
child++;
self(self, v, u);
low[u] = min(low([u], low[Vv]);
if (p !'= 0 and low[v] >= dfn[u])
cut[u] = true;
} else if (v !'=p) {
low[u] = min(low[u], dfn[v]);

}
}
if (p == 0 and child >= 2)
cut[u] = true;
};
for (int i = 1; i <= n; i++)
if (!'dfn[i])
dfs(dfs, i, 0);
for (int i = 1; i <= n; i++)
if (cut[i])
res.emplace back(i);
return res;

}

4.7 Dinic |BAE

S EE + Bl REAR, HXsRERTEL
c BARKES 1. .n;
+ AddEdge(u, v, c) FMN—FKBEN c WEBED, RELBiAES
(ERMEMX, id ~ 1EBRMAA);
+ Flow(id) iREIZINISEPRRE,
+ BFS E#HRERNTF dep[t] T REEE: BEE t FRERMA
2R, SREIEAZEMm,;

« —REEZREO0(n"2m), ZHEFRHHEER,

using i64 = int64_t;

struct Dinic {
int n;
vector<int> to, nxt, head, dep, cur, que;
vector<i64> cap;

Dinic(int n)
: n(n), head(n + 1, -1), dep(n + 1), cur(n + 1) {}

int AddEdge(int u, int v, i64 c) {

int id = to.size();

to.push_back(v), nxt.push_back(head[ul);
cap.push_back(c);

head[u] = id;

to.push back(u), nxt.push back(head[v]);
cap.push_back(0);

head[v] = id + 1;

return id;

i64 Flow(int id) const { return cap[id ~ 1]; }

i64 MaxFlow(int s, int t) {
i64 flow = 0;
constexpr i64 INF = numeric limits<i64>::max() / 4;
while (bfs(s, t)) {
copy (head.begin(), head.end(), cur.begin());
while (i64 f = dfs(s, t, INF))
flow += f;
}
return flow;

}

bool bfs(int s, int t) {
fill(dep.begin(), dep.end(), -1);
que.clear();
que.push_back(s);
dep[s] = 0;
for (size t i = 0; i < que.size(); i++) {
int u = queli];

if (dep[t] !'= -1 and dep[u] >= dep[t])
break;

for (int e = head[u]; e != -1; e = nxt[e]) {
if (capl[e] > 0 and dep[to[e]] == -1) {

dep[to[e]] = dep[u] + 1;
que.push_back(to[e]);

}
}
return dep[t] !'= -1;

i64 dfs(int u, int t, i64 f) {
if (u ==t or f == 0)
return f;
for (int& e = curf[u]; e '= -1; e = nxt[e]) {
int v = tole];
if (caple] <= 0 or dep[v] != dep[u] + 1)

continue;
i64 w = dfs(v, t, min(f, caplel]));
if (w == 0)
continue;
caple] -=w;
caple ~ 1] += w;
return w;
}
return 0;
}
}
4.8 Z5ElmKIED
B E,

« K5 1..n, GEE1..m;
+ adj[u] TFEEERS u BEILEC A SR = ;
- BFE0(nm), HEEREEEA,

auto BipartiteMatching(
const vector<vector<int>>& adj, int n, int m) {
vector<int> mt(m + 1), vis(m + 1);
int ans = 0, stamp = 0;
auto dfs = [&](auto&& self,
int u) -> bool {
for (int v : adj[ul) {
if (vis[v] == stamp)
continue;
vis[v] = stamp;
if (!mt[v] or self(self, mt[v])) {
mt[v] = u;
return true;

}
return false;
};
for (int i = 1; 1 <= n; i++) {
stamp++;
ans += dfs(dfs, i);
}

return ans;
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4.9 Hopcroft-Karp

ZHERAKLE,
- EZ=1..n, A= 1. .m;
- AddEdge(u, v) AI1—%AER u EIAEE v 893,
+ matchL[u] BEZR u CEENEZS;
- EZEO0(E \sqrt V),

struct HopcroftKarp {
int n, m;
vector<vector<int>> adj;
vector<int> matchL, matchR, dis;

HopcroftKarp(int n, int m)
: n(n), m(m), adj(n + 1), matchL(n + 1),
matchR(m + 1), dis(n + 1) {}

void AddEdge(int u, int v) {
adj[u].emplace_back(v);

}

int Work() {
int ans = 0;
while (bfs()) {
for (int u = 1; u <= n; u++)
if (!matchL[u] and dfs(u))
ans++;
}
return ans;

}

bool bfs() {
queue<int> q;
fill(dis.begin(), dis.end(), -1);
for (int u =1; u <= n; u++) {
if (!matchL[u]) {
dis[u] = 0;
q.emplace(u);
}
}
bool found = false;
while (!q.empty()) {
int u = q.front();
q.pop();
for (int v : adj[ul) {
int x = matchR[v];
if (!'x) {
found = true;
} else if (dis[x] == -1) {
dis[x] = dis[u] + 1;
g.emplace(x);

}
}
return found;

}

bool dfs(int u) {
for (int v : adj[ul) {
int x = matchR[v];
if (!x or (dis[x] == dis[u] + 1 and dfs(x))) {
matchL[u] = v;
matchR[v] = u;
return true;
}
}
dis[u] = -1;
return false;

9/ 11

struct LCA {
int n, LOG;
vector<int> dep, siz;
vector<vector<int>> up;

LCA(const vector<vector<int>>& adj, int root = 1) {
n = adj.size() - 1;
LOG = _ 1g(n) + 1;
dep.assign(n + 1, 0);
siz.assign(n + 1, 1);
up.assign(LOG, vector<int>(n + 1, root));

auto dfs = [&] (auto&& self, int u,
int p) -> void {
up[@][u] = p;
for (int i = 1; i < LOG; i++)
up[il[u] = up[i - 11[up[i - 1][ull;

for (int v : adj[ul) {
if (v == p)
continue;

dep[v] = dep[u] + 1;
self(self, v, u);
siz[u] += siz[v];
}
1
dfs(dfs, root, root);

int Get(int u, int v) const {
if (dep[u] < dep[v])
swap(u, Vv);
u = jump(u, dep[u] - dep[v]);
if (u == v)
return u;
for (int i = LOG - 1; 1 >=0; i--) {
if (up[il[u] !'= up[illv]) {
u = upl[i]lul;
v = up[i][v];

}

}
return up[0][u];

int Dis(int u, int v) const {
int g = Get(u, v);
return dep[u] + dep[v] - 2 * depl[g];

int Kth(int u, int v, int k) const {
int g = Get(u, v);
int du = dep[u] - deplgl;
int d = du + dep[v] - deplgl;
if (k <= du)
return jump(u, k);
return jump(v, d - k);

int Component(int u, int v) const {
if (up[@][v] == u)
return siz[v];
return n - siz[ul;

int jump(int u, int k) const {
for (int i = 0; 1 < LOG; i++)
if (k> 1 & 1)
u = upl[i][ul;
return u;

B

5 14 Einlz

5.1LCA

SR _ERIE AR,
- RARKBS 1. .n;
- adj 2X@E;
+ Get(u, v)iR[E uflvEILCA;
+ Dis(u, v)iREufvBIEE,
« Kth(u, v, k)3REIM uZlv B8R ERIEE k a2, kM 0 FFEE;
- Component(u, v)iREMIES ufE v FIEEBRMAND, BRuf
v 1848;
- MREEZE0(n log n), BEXEIFO(log n)o

b

5.2 EES

i EERR M ENDE, B— R DFSILE,
c BARGES 1. .n;
+ AddVertexPath(u, v, w) AR LS w;
+ AddEdgePath(u, v, w) 43BR1Z_ERGAMw;
« Work() REICREMENE, MFHER, INEREFHT= L.

using i64 = int64_t;

struct TreeDifference {
int n, LOG;
vector<vector<int>> adj, up;
vector<int> dep;
vector<i6d> diff;

TreeDifference(const vector<vector<int>>& adj,
int root = 1)
: n(adj.size() - 1), adj(adj),
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LOG(_lg(n) + 1), up(LOG, vector<int>(n + 1, root)),

dep(n + 1), diff(n + 1) {
auto dfs = [&] (auto&& self, int u,
int p) -> void {
up[0][u] = p;
for (int i = 1; i < LOG; i++)
up[ilfu] = up[i - 1][up[i - 1][ul];
for (int v : adj[ul) {
if (v == p)
continue;
dep[v] = dep[u] + 1;
self(self, v, u);

}
+;
dfs(dfs, root, root);
}
void AddVertexPath(int u, int v,
i64 w =1) {
int g = lca(u, v);
diff[u] += w;
diff[v] += w;
diff[g] -= w;

if (up[0][g] != g)
difflup[0][g]] -= w;
}

void AddEdgePath(int u, int v,
i64 w = 1) {
int g = lca(u, v);
diffl[u] += w;
diff[v] += w;
diff[g] -=2 * w;
}

vector<i6d4> Work(int root = 1) {
auto res = diff;
auto dfs [&] (auto&& self, int u,
int p) -> void {
for (int v : adj[ul) {
if (v == p)
continue;
self(self, v, u)
res[u]l += res[v];

}
+
dfs(dfs, root, root);
return res;

int jump(int u, int k) const {
for (int 1 = 0; i < LOG; i++)
if (k> 1 & 1)
u = up[i][u];
return uj;

int lca(int u, int v) const {
if (dep[u] < dep[v])
swap(u, v);
= jump(u, dep[u] - dep[v]);
if (u == v)
return u;
for (int 1 = LOG - 1; i -) {
if (up[i][u] != up[i v}) {
u = up[i][u];
v = up[il[v];

}

}
return up[0][u];
}
};

// es BEFILA {w, u, v}, KAAFLENIRFRRE

KruskalTree(int n, const std::vector<std::array<int, 3>>&

es)

: n(n), tot(n), f(2 * n), val(2 * n), son(2 * n) {

std::iota(f.begin(), f.end(), 0);
for (auto [w, u, v] : es) {

int x = Find(u), y = Find(v);

if (x ==y)

continue;

++tot;

val[tot] = w;

son[tot] = {x, y};

flx] = fly] = tot;

}

int Find(int x) {
while (x != f[x])
= f[x] = f[f[x]1];
return Xx;
}
+;

6 Fi¥s

6.1 KMP

KRETSREER, ZIFRN BT,
« Kmp(s)[i] &R s[0..1) B border KE;
- EEEEHREO(n + m)o

auto Kmp(const string& s) {
int n = s.size();
vector<int> f(n + 1);
for (int i =1, j =0; i <n; i++) {
while (j > 0 and s[i] != s[j])

= flil;
j 4= (s[i] == s[jl);
fli+ 1] = j;
}
return f;

5.3 Kruskal ZE#gi

B RIONEEERE” BN LR BEiil, SREH HERBTR

BRI, HF1..n 2EES

+ EANLFECE: RwAFER, MR LCAR val BRIZRAIIN
HER/)ME; IRFEFERNIZE E%éaa—d\x_ﬂﬂ’]a—j(ﬁ (NOIP %3 $1_5m) ;

© ABTRUARAR val B, “5uEHEwWREEN RE° B
PMESNER T, AEEEEALE LD,

FEEHESZ 2n - 1; BREENEHM, T Find HIES;

- WRRIES: GBAE LCARREEWMN EX valllca(u,

struct KruskalTree {
int n, tot;
std::vector<int> f, val;
std::vector<std::array<int, 2>> son;

7 ZHR5ER

7.1FFT

S FFT REHZMAET
- BETEERER,
- REHKEN a.size() + b.size() - 1HER;
« E#E0(n log n);
+ {K#fi double ¥5FE
BAE lEﬂIFH?FF?%&ZSZNTTO

ZIRIEn * max|a| * max|b| FEBI

é’*] lel5,

using i64 = int64 t;
using comp = complex<double>;
const double PI = acos(-1);

void Fft(vector<comp>& a, bool inv) {
int n = a.size();
for (int i =1, j =0; i <n; i++) {
int bit = n >> 1;
for (; ] & bit; bit >>= 1)
j "= bit;
j "= b1t
if (1 < j)
swap(alil, aljl);

for (int len = 2; len <= n; len <<= 1) {
double ang = 2 * PI / len * (inv ? -1 : 1);
comp wlen(cos(ang), sin(ang));
for (int i = 0; 1 < n; i += len) {

comp w(l);

for (int j = 0; j < len / 2; j++) {
comp u = af[i + jl;
comp v =ali+ j + len / 2] * w;

a[i + jl = u + v;
al[i+j+1len/ 2] =u - v;
w *= wlen;

if (inv)
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for (auto& x : a)
X /=n;

}

auto Convolution(const vector<i64>& a,
const vector<i64>& b) {
if (a.empty() or b.empty())
return vector<i64>{};
int need = a.size() + b.size() - 1;
int n =1;
while (n < need)
n <<= 1;
vector<comp> fa(a.begin(), a.end()),
fb(b.begin(), b.end());
fa.resize(n);
fb.resize(n);
Fft(fa, false);
Fft(fb, false);
for (int i = 0; 1 < n; i++)
fa[i] *= fb[i];
Fft(fa, true);
vector<i64> res(need);
for (int i 0; i < need; i++)
res[i] 1lround(fa[i].real());
return res;
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