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1 #I

1.14%

1. C++hfgas:
1. RIEZIFRA: c++17;
2. BARRZS: gnu++17;
2. #&3:
1. BHRATERN 41T,
2. KIESRIT,
3. —TIEEFATHE, HtEE/RT—1%,;

3. @&
1. 3&1E GoLang ISR ZE;
4, Hfth:
1. R EERER;
2. f£F 0-indexed WAHAFXI(E];
3. {FRMRYIEILS MY std: :cin f std: : cout MNGIH;
4, f using namespace std;;
5. FARNEEMIFL/EE, FE lanbda MIFEF/REY;
6. {£F emplace M3k push, EAETEMFA count;
7. BRER/N, A vector MIEmap; REXRIMFEHIER T B LA

unordered %5%!, {B7E Codeforces i31S{EFAMENIEEL;

8. EMEIRBEE: BRAELERSIES include, MM ERE. B
BB, PR RAMER (MIEESIE MERMIRIIRIF 7]
2);, ARASAHAA—HFEET (EHFHERRID,;

1.2 #4afCE

#include <bits/stdc++.h>
using namespace std;

int T{0};
void solve() {}

int main() {
cin.tie(nullptr)->sync_with stdio(false);
if (I7)
cin >> T;
while (T--)
solve();

}

using i32 = signed;

using u32 = unsigned;

using i64 = int64 t;

using u64 = uint64 t;

using 1128 =  int128;

using ul28 = unsigned  int128;
1.4 FEMNEER

using u64 = uint64 t;

// std::mt19937
mt19937 rng(std::chrono::steady clock::now()
.time since epoch()
.count());
// splitmix64
struct custom_hash {
static auto splitmix64(u64 x) {
X += 0x9e3779b97f4a7cl5;
X = (x ~ (x > 30)) * 0xbf58476d1cede5h9;
X = (x ~ (x >> 27)) * 0x94d049bb133111leb;
return x ~ (x >> 31);

}

auto operator()(u64 x) const {
static const u64 SEED =
std::chrono::high_resolution clock::
now()
.time since epoch()
.count();
return splitmix64(x + SEED);
}
+i

1.5 —H%=E

1.3 #BEN

using i8
using u8

signed char;
unsigned char;

int 1, r, ans;
bool check(int);
while (1 <=r) {
int mid = 1 + (r -
if (check(mid)) {
ans = mid;
// U r BURFAER
1 =mid + 1;
} else {
r=mid - 1;

1/ 2;

}
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1.6 Lambda #/J3

GNU++17

std::vector<std::vector<int>> adj;

auto dfsl = [&] (auto&& self, int x,
int p) -> void {
for (auto y : adj[x]) {
if (y == p)
continue;
self(self, y, x);
}
};
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 S4m1%HM (S0S DP)

MMt EFIEE AN TERMN /BEM, FAiE.
- EREO0(n 2°n) (BEAKMEFEZE3M);
« f.size() BAE 2 ME; THIROIMI, UKEIRFIE;
- inverse = true ¥R (B +=12mk -=), SIETREF,;
« AND £73: WEADFIMIBEN, FotEk, BM—RYBEN;
OR &HAERIR L FEH;

- WEME—SRMBOMG, LB BEEEFU. HRER" MR,

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 << i];
else
fls] += fls | 1 << il;

2 ¥
2.1 &40

#4a1k 12, N1 ABEANIERERIC.

pri &R R,
+ np[x] RT x EEFERE;
- BIELRIENERSE, R Sieve<N> sieve; #18A1k;
- BZEO0(N)o

template <int N>

struct Sieve {
std::vector<int> pri;
bool np[N + 1]{};

Sieve() {
np[0] = np[1]
for (int i = 2;

= true;
i<=N; i++) {

if (!npl[i])
pri.emplace_back(i);
for (int p : pri) {
if (i * p > N)
break;
np[i * p] = true;
if (1 % p == 0)
break;
}

}

2/ 11

for (int i =2; 1 * i <=n; i++) {
if (n%1i==0) {
res.emplace back(i);
if (1 * i !=n)
res.emplace back(n / i);

+;

2.2 g/ 9B R

Factor(n) JREIFREZ DR, Divisor(n) BREAF 1 B/NFEFn Y
EES 8
- EE int SEEABIRRR;

« BFE0(sqrt n)o

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;

}
std::sort(res.begin(), res.end());
return res;
}
2.3 EBERLER
iR[E gcd(a, b), HXKH ax + by = gcd(a, b) BI—4HfE,

- BIOTLIEEHEE,
« EZE 0(log min(a, b)),

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 RERE

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%

BT Modint FRabERM SEFIER .
IRELZFFRE. LS
+ C(n, k) REEEH;

« FLEO0(n), BREHO(L),
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template <class Z>

struct Comb {
std::vector<Z> fac, ifac;
Comb(int n) : fac(n + 1), ifac(n + 1) {

fac[0] =

for (int 1 = 1; i <= n; i++)
fac[i] = fac[i - 1] * i;

ifac[n] = Z(1) / facln];

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

}

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

}

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

return false;
~= plil;
}
return true;

}

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

}

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

if (p[il)
res.emplace back(p[il);
return res;
}
};
2.7 SEFFRER

2.6 LitR

SIS AT,
© BHARIE ued, BRENIA 63;
+ Insert(x)iR[E] x BEE/KIEM;
- Contains(x) HIK x BEEHHFILEESHEE;
* MaxXor(x) iR[E] x ’—Eéifiilﬂqﬂi/l\miﬁﬁiﬁﬁﬁﬂijdﬁo

using u64 = uint64 t;

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

std::array<T, LOG + 1> p{};

int rank = 0;

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

= plil;

return false;

}

bool Contains(T x) const {
for (int i = LOG; i >= 0; i--) {
if (((x >> 1) & 1) == 0)
continue;

f (Iplil)

Ek%lu\%ﬁﬁiiﬁ/f%l\;&l_%y 5?% + ﬁi*LJEHy*i’_l%SI o
- @B &HMMOD 5N; ERMOD < 2730, HN 16 AR u6s

EmMsiEt;
% wiAS#ta, ®iFn, A Pow(k), £&RTEb;

- Pow(0) R[EIEMIEFE; b & RIARNENMAL, AIESEREA,
- AE Powslifa (R aWETRER);

« EZRE0(n"3 log k); mul SCiBHAIRIFEITEMIRITINN, BLL

. EREEEINE

16 BIFIRENNHE u64. RKEX—KIE;
T mEOEBER N x mEBEENRE,

using u32 = unsigned;
using u64 = uint64 t;
using i64 = int64_t;

namespace MatrixOps {

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

u32 a[NJ[N], b[NI[NI;

int n;

void mul(const u32 A[N][N], const u32 B[N][N],

u32 C[NJ[NI) {

static u32 bt[N][N];

for (int i = 0; i < n; i++)
for (int j = 0; j < n; j++)

bt[j1[i] = BIil[j1;

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

for (int j = 0; j < n; j++) {

ub4 res = 0;

int k = 0;

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

for (int d = 0; d < 16; d++)
sum += u64(A[i]l[k + d]) * bt[jl[k +

dl;
res += sum % MOD;
}
u64 sum = 0;
for (; k < n; k++)
sum += u64(A[i][k]) * bt[j][Kk];
res += sum % MOD;
C[i]l[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[il[i] =

}
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 HiREN
3.1 H&E&E (DSU)

HIPTEEBMEFIEBIRAN, Merge(x, y) REIREEMEHEL.

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])
x = flx] = f[f[x]];
return x;

}

auto Merge(int x, int y) {
X = Find(x), y = Find(y);
if (x ==vy)
return false;
if (sz[x] < sz[y])
std::swap(x, y);
sz[x] += szlyl;

flyl = x;
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return true;

}

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

};

3.2 RRERA

HEIPE AN, BIZRA. XiEfl,
 {£F 1-indexed;
- sum(l, r)ZEFAKXKE (1, rl;
- BRIREERE 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)

a[x] += 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);

}

}i

3.3 ZEahd

#irE DB, KiaEd.
© BRIREEZRE 0(log n)o
*F SHAE:
- FEHRHIAMESEN operator+ BH;
- FERMT {} (AERIAMTERE, BREMPAITE
R1E)
XFHaXiaE:
- fEFARBNIGIENERES;
- BRERE + S, VBRI S FIEX MAGISER I

BEFHZ

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

void pull(int k) {
tr[k] = tr(k << 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) {
L+=n, r+=n;
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;

};

S LMLl —HIPRAFERM (Kadane &7).
-1e18 1M sum. len BY O, 1AMFHIRLEANITT:

using i64 = int64_t;

=RSHABE

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

Kadane() = default;
Kadane(i64 v)
: len(1), sum(v), ans(v), pre(v), suf(v) {}

4/ 11
r) {
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;
}
+

3.4 BtTiCLRER

fERIERIIFZIM S o
« BFRIBEEZE 0(log n),
*F FHIL9ER:
- FEREHEIMS operator+=izH;
© FENEFME {3 BRUADSERED .
*F S HLR:
- FHEARRHAMLEESEN operator+ iTH,;
- FERMT { (BERIMSSRE, BHEMB Mt Ea T
R{&)
. TF7E operator*= ZEHEFMET F ZABTF S RE—1S, HEH
R,
X TFHAXIE:
- ERARENISEEREE;
- BETRLE #S, WATRIE S FERERE,

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 (int i =n-1; 1 >=1; i--)

friend Kadane operator+(const Kadane& 1, const Kadane&

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

}

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

void push(int k) {
apply(k << 1, 1z[k]);
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 >> 1i);
tripl = x;
for (int 1 = 1; i <= h; i++)
pull(p >> i);
}

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

}

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

{
1= 0)

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

for (int i = 1; 1 <= h; i++) {
if ((L& ((1 <<1i) - 1)) !'=0)
pull(l >> 1i);
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<<1i) - 1)) '=0)
push(l >> 1i);
if ((r & ((1 << i) - 1)) !'=0)
push((r - 1) >> 1i);
}
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 res =
int u =1;
for (int i = 30; i >=0; i--) {

0;

3.5 85} Trie

PR BHAEE, TIHEA. BBRNERS x BENRAE.
- BRINEE [30, 0] fi;

- ERET B BRI TTREE;

- BHNBEERIIEEIES;

© BRIRBEEFEN0(31),

struct XorTrie {
std::vector<std::array<int, 2>> ch;
std::vector<int> cnt;
int tot = 1;

XorTrie(int n) : ch(n * 32), cnt(n * 32) {}

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

u = chlullc];
cntlul++;
}
}
void Erase(int x) {
int u = 1;
cntlul--;

for (int i = 30; i >=0; i--) {
int ¢ = (x > 1) & 1;
u = chlul[cl;
cntlu]--;

}

auto Query(int x) {

int ¢ = (x > i) & 1;
int v = ch[ul[c ~ 1];
if (v and cnt[v] > 0) {
u=v;
res |= (1 << i);
} else {
u = chlullcl;
}
}
return res;
}
}s
3.6 ST +®

HIPESXIEEIM,
- EEXEAEAEGH (1, r);
- CEEEHREESENTEEN, HlWmnine max. gcd;
- RIS ZE0(n log n), BEXEMO(L),

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)
1 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] = 1g[i >> 1] + 1;
st.assign(lg[n] + 1, std::vector<T>(n));

for (int i = 0; 1 < n; i++)
stlO][i] = *(1 + i);
for (int k = 1; k < int(st.size()); k++) {
int len = 1 << k;
for (int 1 = 0; i + len <= n; i++) {
stlk][i] =
op(stlk - 1][il,
st[k - 1][i + (len >> 1)]);




ESEIRE - GNU++17

}

T Query(int 1, int r) const {
assert(0 <= L and L < r and r <= n);
int k = lg[r - 11;

return op(st[k][l], st[kl[r - (1 << k)]);

B

3.7 EIHif

pb ds BCxittE, RFEERN.

FEEHIMS|N <ext/pb_ds/priority queue.hpp>;
o BUIAKIRME, /MBEME(E std: :greater<Ts;
- pushiR[E]point_iterator &, AATE join ZEMARE, o]
BF modify(it, v) 5erase(it);
+ a.join(b) @b FHNaFHiE=b, 9% 0(1); popIgP0(log n);
c IRESESHIEE DSU: LIDSUM sz )RTE join AME, HETHREA
£ Find FEHIRETT.

#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; /R
// auto it = h.push(x); REAR
// h.modify(it, v), h.erase(it);
// a.join(b); b WAEE

3.8 HaELkE

VIEBRHRESE. BRLTRRRBREHIXEER (KEFA. XiE
EEE) . SUMEIPXEIRAE, BEEBWSNIEZRS,
+ BIREIMXEF S + REKRM (&4 P4145) . mx <= 1 BFHFF
FARLE, BiFeis,
- §1MTEFF 0(log log V) RiGWHEIL, BEHEO0((n + g
log n) log log V) 2%4;
- XEBUETE: BEmx < x MBLE, HFHRITa i %= x (8R
BREVER VR, BEEEE) ;
BTN FZENIIT, FREFTHATIC
R 2 EBRIR.

int64 t;

B RIEH

using i64 =

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] = {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) {
tr[pl.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(l, r, 1, 6, n - 1); }

void sqrt(int ql, int qr, int p, int 1, int r) {
if (qgr < L or r < gql or tr[pl.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 <= L and r <= qr)
return tr[p].sum;
int mid = (L + r) / 2;
return query(ql, qr, 2 * p, 1, mid) +
query(ql, qr, 2 * p + 1, mid + 1, r)
}

6/ 11

- EIEAUEEERSAE [1, n]; OEEREHAIRFZED Add, hRE
i XMMEIZR [1, il;

« Kth(l, r, k): T#rX[al [1, r] (1-indexed) £ k /B9 &L
f&; Count(l, r, x, y): XEIRESTE [x, y] BN

- BRIEEO(log n); TRELY (FBEAKREK) x (log n + 1), K
BRI tr.reserve HREV R,

« hRA 0 BEM (F=0BRATILF), TEEH.

+;

3.9 AIHFAAELERR

FER: SRS ERR A HIRE LB, FRRZASIEIRS

1I:l o

B ERXIiERYESE

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

int n;

std::vector<Node> tr;

std::vector<int> root;

HIT(int n) : n(n), tr(1), 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)
trful.l =
else
trful.r = add(tr[v].r, mid + 1, r, x);
return u;

add(tr[v].l, 1, mid, x);

int Kth(int ql, int qr, int k) {
return kth(root[ql - 11, root[qrl, 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 - tr[tr[u]l.l].cnt;

if (k <= res)
return kth(trful.l, tr[v].l, 1, mid, k);
return kth(trful.r, trlvl.r, mid + 1, r, k - res);

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 trlv].cnt -
int mid = (L + r) / 2;
int res 0;
if (x <= mid)

trlul.cnt;
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res += count(tr[ul.l,

if (y > mid)
res += count(trful.r,
y);
return res;
}
}i

trivl.l, 1, mid, x, y);

trlvl.r, mid + 1, r, x,

4 Eie
4.1 BRRITE

ERTFIEGIANE,
+ adj[u] =& (v, w);
- BINEH/ESA L. .n;
« EZE0((n + m) log n)o

using i64 = int64 t;

template <class Adj>

vector<i64> dis(n + 1, INF);

dis[s] = 0;
pg.emplace(0, s);
while (!pg.empty()
auto [_, u] =
pq.pop();
if (vis[ul)
continue;
vis[u] = true;
for (auto [v, w]

) A
pg.top();

constexpr 164 INF = 4'000'000'000'000'000'0006LL;

auto dijkstra(const Adj& adj, int n, int s) {

vector<bool> vis(n + 1, false);
priority queue<pair<i64, int>> pq;

:adjful) {

if (dis[u] + w < dis[v]) {
dis[v] = dis[u] + w;
pq.emplace(-dis[v], v);

}
}
}
return dis;
}
4.2 HEERER

template <class Adj>
auto LayeredDijkstra(const Adj& adj, int n, int s,
int k) {
using 164 = int64 t;
constexpr 164 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 (!pg.empty()) {
auto [d, u, used] = pqg.top();
pq.pop();
d = -d;
if (d !'= dist[u][used])
continue;
for (auto [v, w]l : adjlu]) {
if (dist[u]l[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 + 1], v,
used + 1);

}
}

return dist;

ERATIFALNE LRZEA kR HIZE

P4568 FIEIE AT :

-+ dist[ul[i] £REEXRu, BBE

BT i RRENSHR/NDRN;

- EEEA: (u, 1) -> (v, 1), INAwW;

c Bi< k, WAMREEXED
A o;
. BFEHmin(dist[t][0..k]).
EZEO0((n k + m k) log(n k))o

u, i) -> (v, i + 1), I

4.3 EHHHR

Bellman-Ford #|faif #K—H o] 1T,
« R x[v] <= x[u] + w;

- edges 7#fi# (u, v, w);

- TRBRETEE,

using i64 = int64 t;

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

}
}
if (!changed)
break;
if (1 == n)
return vector<i64>{};
}
return d;

4.4 R
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Kahn B3%,
- RARHBS 1. .n;
- BREEHE/NTF n, NEREI,
« EZEO0(n + m),

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[i])
q.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 3FERBPE (SCC)

Tarjan REAERREED =,
c RIAEH/S 1. .n;
+ id[u] 79 u FF7E SCC /5 ;

« EZEO0(n + m),

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) {
dfnfu]l = low[u] = ++now;
stk.emplace back(u);
ins[u] = true;
for (int v : adjlul) {
if (!'dfn[v]) {
tarjan(v);
low[u] = min(low[u], low[Vv]);
} else if (ins[v]) {
low[u] = min(low[u], dfn[v]);
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}

}
if (dfn[u]l == 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};

};

4.6 Bl

Tarjan REBEEEI =,
- BINERS 1. .n;
- REIFEEIN;

- BFREO0(n + m)o

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 {
dfn[u] = low[u] = ++now;
int child = 0;
for (int v : adj[ul) {
if ('dfnlv]) {
child++;
self(self, v, u);
low[u] = min(low[u], low[v]);
if (p != 0 and low[v] >= dfn[u])
cut[u] = true;
} else if (v !'=p) {
low[u] = min(low[u]l, 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 !X

DEE + SEEMAUREART, #AsRERTEL.

RINSHRS 1. .n;
AddEdge(u, v, c) FN—
B (ERmEEHM, id ~ 1BIRAR);
Flow(id) RENZIOMEFRRE;

BFS T8 RERNTF dep[t] T mB &l EET t FREEEMD
AR, BREIRRZEMM,;

—REERE 0(n"2m), ZHEFFHEEE R,

FBEN cEML, RE2EDHE

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[u]);
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 164 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; 1 < que.size(); i++) {
int u = que[i];

if (dep[t] '= -1 and dep[u] >= dep[t])
break;
for (int e = head[u]; e '= -1; e = nxt[e]) {

if (caple] > 0 and dep[to[e]] == -1) {

dep[to[e]l] = 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 = curfu]; 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 45 ElmAMIED
RFHEE,

- EZs1..n, ASE 1. .m;
+ adj[u] TFEEERS u REILECAY A SRS ;
< EFE0(nm), HEE@EE®A,

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,
- EZm1..n, GFS1..m;
. AddEdge(u V) RI—EE u FIASE v NI,
+ matchL[u] BEZR u CEENEZS;
« EZEO0(E \sqrt V),
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matchL[u]l = v;
matchR[v] = u;
return true;
}
}
dis[u] = -1;
return false;

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] =
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))) {

+;

5 1% _Eirl

5.1LCA

fEE RN ERIEA \ﬁ?ﬁf‘ﬁo
- R ARRES 1.
+ adj in':r‘]m
+ Get(u, v)iR[Eluf v LCA;
+ Dis(u, v)iR[E uflvHEEE;

« Kth(u, v, k)iREIM uZvERELENE kM=, kKMo FFE;

- Component(u, v)iREMIES ufE v FIEEBREIAN,
0 v #845;
- FREEZE0(n log n), HEXEMO(log n)o

EXKu

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 = _ 1lg(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[0][u] =
for (int i = 1; i < LOG; i++)
up[ilfu]l = 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] < deplv])
swap(u, v);
= jump(u, dep[u] - dep[v]);

if (u == v)
return u;
for (int 1 = LOG - 1; i >=0; i--) {
if (up[il[u] != up[illv]) {
u = up[i][ul;
v = up[il[v];

}

}
return up[0][ul;

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

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[0][v] == u)
return siz[v];
return n - siz[u];

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

};

5.2 [ EES

iﬂﬂtﬁ%@ﬁﬂﬂ:ﬁﬂﬂii B—RDFSCE

- R RGBS 1.

. AddVertexPath(u, v, w) ARERE LRSI w;
+ AddEdgePath(u, v, w) iAE%?éJ:E’JiJJI]w;
+ Work() RENSCRGEHNENE. WFHLES,

int64 t;

IREREFIR L.

using i64 =

struct TreeDifference {
int n, LOG;
vector<vector<int>> adj, up;
vector<int> dep;
vector<i64> diff;

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

root)),
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dep(n + 1), diff(n + 1) {
auto dfs = [&] (auto&& self, int u,
int p) -> void {

up[@][u] =
for (int i = 1; i < LOG; i++)
up[il[u] = up[i - 1][up[i -
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 (upl0]lg] !'= g)
difflup[0]1[g]] -= w;

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

}

vector<i6d> Work(int root = 1) {
auto res = diff;
auto dfs = [&] (auto&& self, int u,
int p) -> void {

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

self(self, v, u)
res[u] += res[v];

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

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

int lca(int u, int v) const {
if (dep[u] < dep[v])
swap(u, v);
= jump(u, depl[ul
if (u == v)
return u;
for (int i = LOG - 1; i >= 0; i--

- dep[v]);

) {

11[ull;

if (uplillul] !'= up[illv]) {
u = upl[i][u];
v = up[illv];

}

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

5.3 Kruskal Eigii

B “FOONEEEE” N ERE: REMih, 8XEH FERET

ST, HF1..n 2RES,
- EANBFECE: RwHFER, Mma LCAKN val 2BRIEEXSD
WHIRIVME; BEFEMIE BES/ININMRAE (NOIP &K
i) ;

- REFLBRAB val B, “SuEREwRNEEN 2% 2
HEANBENER TR, AR EREELE=S;

s PEEHESZ 20 - 1; BERNEEN SN, BHETH Find HHESE;

- WARFES: BAE LCARRTEEMM EX valllca(u, v) 1o

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

2>> son;

// es HBFDA {w, u, v}, REAHFLENRFRRE
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};
f[x] = fly]l = tot;

}

int Find(int x) {
while (x 1= f[x])
= f[x] = f[f[x]];
return x;

}

};

« IEEEHREO(n + m)o
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6 Fih

6.1 KMP

3, ZIFR BRI,
.i) B9 border KE;

« Kmp(s)[i] & s[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])

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

7 ZHAS5ER

7.1FFT

S8 FFT REHZMA BT,
M JED ELIE%&% /\,
REKENa.size() + b.size() - 1HER;
« EZE0(n log n);
« {K§fi double ¥&FE: 3
BAEESARRIE NTT,

E(RIEn * max|a| * max|b| FEBid4 1el5,

using 164 = 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 (; j & bit; bit >>= 1)
j ~= bit;
j "= bit;
if (i < j)
swap(al[il, aljl);
}
for (int len = 2; len <= n; len <<= 1) {
double ang = 2 * PI / len * (inv ? -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 = ali + jl;
comp v = ali+ j + len / 2] * w;
ali + jl =u + v;
al[i+j+1len/ 2] =u - v;
w *= wlen;
}
}
if (inv)
for (auto& x : a)
X /= n;
}

:1);
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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 1 =0; 1 < n; i++)
fa[i] *= fb[i];
Fft(fa, true);
vector<i64> res(need);
for (int i 0; 1 < need; i++)
res[i] 1lround(fa[i].real());
return res;
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