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1 Have you...

1.1 tried...

+ Reading the problem once more?
¢ doubting “obvious” things?

e writing obivous things?

¢ radical greedy approach?

e thinking in reverse direction?

e a greedy algorithm?

o network flow when your greedy algorithms stuck?
¢ a dynamic programming?

o checking the range of answer?

e random algorithm?

o graph modeling using states?

o inverting state only on odd indexes?

e calculating error bound on a real number usage?

1.2 checked...

¢« you have read the statement correctly?
e typo copying the team note?

¢ initialization on multiple test case problem?
¢ additional information from the problem?

¢ undefined behavior?

o overflow?

o function without return value?

¢ real number error?
¢ implicit conversion?

e comparison between signed and unsigned integer?

2 Algorithmic Idea Note

I. Complete Search: Backtracking & Pruning
II. Math

A. Number Theory
1. Prime Number

i) Sieve of Eratosthenes, Prime Factorization
ii) Fast Prime Verdict; Millar-Rabin
iii) Fast Prime Factorization; Pollad Rho
iv) Primitive Root

2. Extended Euclidean Algorithm; Diophantos
Equation

3. Chinese Remainder Theorem

4. Harmonic Lemma

5. Floor Sum (Sum of Rational Arithmetic Se-
quence)

6. Several Sieves

B. Linear Programming

1. Solve (some) LP with Shortest Path
C. FFT & Polynomials

1. FFT : Convolution

i) High precision FFT with modulo 1e9+7
2. NTT : Number Theoretic Tranform
3. Quotient Ring (Formal Power Series)

i) Multiplication
ii) FPS : Inverse / Division
iii) Integration / Differentiation
iv) FPS : Logarithm / Exponentiation
v) FPS : Power of Polynomial
vi) Division - Quotient & Remainder
vii) Polynomial Taylor Shift

viii) Multipoint Evaluation

D. Combinatorics

1. Labeled Combinatorial Target
2. The Twelvefold Way (1273 %)
3. Generating Function

i) OGF(Ordinary Generating Function)
ii) EGF(Exponentional Generating Function)
iii) DGF?(Dirichlet Genetration Function)
Number Theory
4. Umbral Calculus
III. Linear Algebra
IV. Geometry

A. Basic Tools

. Outer Product (CCW)
. Sorting by Polar

. Segment Intersection
. Closest Point

. Furthest Point

Ut W N

B. Convex Polygon (Convex Hull)

. Convex Hull Construction
. Convex Layer

. Rotating Calipers

Point Containment

. Tangent to convex polygon

B N

. Inner and Outer Tangent of two Convex’s
C. General Polygon

D. Half Plane Intersection

E. Delaunay Triangulation : Voronoi diagram

V. Greedy

A. Rearrangement Inequality

VI. DP
A. DP Optimization
1. Convex Hull Trick
2. Alien’s Trick (Lagrangian Relaxation)

3. Slope Trick
VII. String
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KMP (Knuth-Morris-Pratt), Z, Manacher Algorithm
Trie
Aho-Corasick
Suffix Array & LCP Array
Eertree
F. Wavelet Tree
VIII. Graph

/o aw»

A. Searching : DFS/BFS
B. DAG(Directed Acyclic Graph) : Topological Sorting
C. MSTMinimum Spanning Tree)

1. Kruskal Algorithm
2. Prim Algorithm
3. Euclidian MST

D. Shortest Path

1. Dijkstra Algorithm
2. Bellman-Ford Algorithm
3. Floyd-Warshall Algorithm
4. Shortest Path DAG

E. Connectivity

1. Offline Dynamic Connectivity (Odc)

2. Online Dynamic Connectivity

i) Euler Tour Tree
ii) Top Tree
F. DFS tree

1. SCC(Strongly Connected Component)

i) Graph Compression
ii) 2-SAT Problem
iii) Offline Incremental SCC
2. BCC (BiConnected Component)

i) Blcok Cut Tree
ii) Cactus Graph
3. Articulation Points and Bridges
G. Network Flow

1. Ford-Fulkerson/Edmonds-Karp Algorithm
2. Dinic’s Algorithm

. Push-Relabel Algorithm
MCMF (Minimum Cost Maximum Flow)

Minimum s-t Cut = Maximum Flow

o ol A W

. Bipartite Matching

i) Minimum Vertex Cover on Bipartite
i) Maximum Independent Set on Bipartite
iii) Minimum Path Cover on DAG
iv) Maximum Antichain on DAG

7. Circulation

8. General Matching

H. Treewidth
IX. Tree

A. LCA(Lowest Common Ancestor)
B. Heavy-Light Decomposition
C. Centroid Decomposition
D. Link-Cut Tree
X. Data Structure

A. C++ Standard Library

Stack, Queue, List, Vector, Deque
Priority Queue; Heap

Set, Map : Binary Search Tree

Unordered Set, Unordered Map : Hashing
PBDS(Policy-Based Data Structure)
Rope (Cord)

B. Disjoint Set (Unoin-Find structure)

A

1. Union by Rank / Path Compression
2. UF with LCA (Making Root)
3. UF with Edge Weight
4. UF with Unjoining
i) Unjoin from latest (Stack undoing)
ii) Unjoin from earliest (Queue undoing)
iii) Unjoin by Priority (Priority undoing)
C. Sparse Table
D. Range Query Structure

1. Square Root Decomposition

2. Fenwick Tree

3. Segment Tree

i) Lazy Propagation & Generalization
ii) &% ST (Maximum Adjacent Sum of Given
Range)
iii) PST (Persistent Segment Tree)
iv) MST (Merge Sort Tree)
v) Segment Tree on Tree (HLD)
vi) Li-Chao Tree (Segment Add Get Min)
vii) ST Beats
viii) Kinetic ST
4. Splay Tree
i) Range Reverse / Range Shift
XI. Sorting & Searching

A. Sorting
B. Searching

1. Binary Search : Monotone Sequence / function

i) Lower bount / Upper bound
ii) LIS (Longest Increasing Subsequence)
iii) PBS (Parallel Binary Search)

2. Ternary Search : Unimodal Sequence / function

i) Fibonacci Search (Golden Ratio Search)
XII. Numerical Analysis

A. Numerical Differentiation
B. Gradient Descent
XIII. Technic

A. Coordinate Compression
Two Pointer/Sliding Window
Sweeping

Meet in the Middle
Bitmasking

Small to Large

Q@EmEUaw

Randomization

1. Verifying Matrix Multiplication
H. Query Technic

1. Offline Query
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i) Mo’s Algorithm

2.1 astilate

#include <bits/stdc++.h>

#define getint(n) int n; scanf ("/d/*c", &n)
#define getll(n) long long n; scanf ("}1ld%*c", &n)
#define getchar(n) char n; scanf("/%cl%*c", &n);
#define intab getint(a); getint(b)
#define forr(i, n) for(int i=1;i<=(n);i++)
#define fors(i, s, e) for(int i=(s); i<=(e); i++)
#define fore(i, e, s) for(int i=(e); i>=(s); i--)
#define fi first
#define se second

all(v) (v).begin(), (v).end()

#define rall(v) (v).rbegin(), (v).rend()

#define
#define pb push_back

using namespace std;

using 11 = long long; using 111 = __int128_t;

using pii = pair<int,int>; using pll = pair<1l,11>;
using vi = vector<int>; using vl = vector<ll>;

using vii = vector<pii>; using vll = vector<pll>;

2.2 qgwerty

#pragma GCC optimize("03")
#pragma GCC optimize("Ofast")
#pragma GCC optimize("unroll-loops")

#define endl '\n'
#define foreach(i, 1, r) for(11l i=(1); i<=(xr); i++)
#define forreach(i, 1, r) for(1ll i=1; i>=(r); i--)

2.3 Tips for Inequality with Rational Number

Let A, B, z, n be integer, and operator ‘/’ means floor division

(quotient).

Az < Bz < BJA

Az <B&ez<(B-1)/A
Ar>B& x> (B+A-1)/A
Az >B < x> B/A+1

r<n<srz+1<n

3 Math

3.1 Equations

—b £+ Vb? — dac

ar’ +bz+c=0=z =

2a
The extremum is given by z = —b/2a.
ed—bf
az+by=c¢ T7T La_be
cr+dy=f y= M
ad — be

In general, given an equation Az = b, the solution to a variable z;

is given by et !
t A’

T = e

det A

where A} is A with the 7’th column replaced by b.

3.2 Trigonometry

sin(v + w) = sinv cos w + cos v sinw

cos(v 4+ w) = cos v cosw — sin v sin w

tanv + tanw

tan(v + w) = ———
1 —tanvtanw

. . . vtw v —w
sinv + sinw = 2sin cos

2

v+ w v —w

cosv + cosw = 2cos cos 2

(V+W)tan(v —w)/2 = (V — W) tan(v + w)/2

where V), W are lengths of sides opposite angles v, w.

acosz + bsinz = rcos(z — @)

asinz + bcosx = rsin(z + ¢)

where r = Va2 + b2, ¢ = atan2(b, a).

3.3 Geometry
3.3.1 Triangles

Side lengths: a, b, ¢

. . a+b+c
Semiperimeter: p = —
Area: A= \/p(p —a)(p — b)(p — )
Circumradius: R = LbC

4A

A
Inradius: r = —

Length of the median (divides the triangle into two equal area

triangles): mq = % 2b2 4 2¢2 — a?

Length of the bisector

bc[l_(bicy

(divides angles into two): s, =

. sina  sinf8  sinvy 1
Law of sines: — = —— = = —
a b c 2R
Law of cosines: a? = b2 4 ¢2 — 2bccos a
a+
+b tan
Law of tangents: =—">=
a—2>b a—f
tan 2

3.3.2 Quadrilaterals

With side lengths a, b, ¢, d, diagonals e, f, diagonals angle 6, area
A and magic flux F = b2 +d? —a? —¢2:

4A =2ef -sinf = Ftan0 = \/4e2 f2 — F2

For cyclic quadrilaterals the sum of opposite angles is 180°, ef =

ac + bd, and A = \/(p —a)(p—0b)(p—c)(p—d).
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3.3.3 Spherical coordinates

r = /22 +y2 + 22
0 = acos(z/+/x2 + y2 + 22)

¢ = atan2(y, z)

x = rsinf cos ¢
y = rsinfsin ¢

z=rcosf

3.4 Derivatives/Integrals

. 1 d 1
— arcsine = —— — arccos T = — ———
dx V1—22 dx V1—22?
d ) d 1
—tanz =14 tan“z — arctanx =
dx dx 14 22
/ In | cos az| /' . sinax — ax cos ax
tanar = ———— rsinar = ——m————
a a?
2 eax
/eﬂ” = ﬁerf(a:) /me‘mdz = —(az—1)
2 a?

Integration by parts:

b b
[ 1@g@)de = (F@g@)k - [ Fa)g (@)

3.5 Sums
b+1 _ a
P etlp g b= E A1
c—1
1
1+2+3+---+n:@
12492432 4. 42 D 4D
6
13493 438 4o = D
4
14+24+34+_”+n4:n(n+1)(2n+1)(3n2+3n,1)
30

3.6 Series

- 2?2 28
e :1+m+§+§+...,(—oo<z<oo)

x3 xt

2
X

In(1 =—r— —+ — = — 4+ ..., (-1 <1

n(l+z)==z 2+3 4+ ,(m1l<zxz<1)

2 223 5zt

x
\/1+$=1+5*§ 372*?8+,(*1§93§1)
z3 25 27
sinz:x7§+§fﬁ+ oy (oo <z < 00)
22zt 2
cosle—i—&—z—a—k...,(—oo<ac<oo)

3.7 Probability theory

Let X be a discrete random variable with probability px (z) of
assuming the value x. It will then have an expected value (mean) u =
E(X) = >, #px (z) and variance 02 = V(X) = E(X?) — (E(X))? =
> (@ —E(X))?px(z) where o is the standard deviation. If X is in-
stead continuous it will have a probability density function fx(z)

and the sums above will instead be integrals with px (x) replaced by
Ix ().

Expectation is linear:
E(aX 4+ bY) = aE(X) + bE(Y)
For independent X and Y,
V(aX +bY) = a?V(X) + B2V (Y).

3.7.1 Binomial distribution

The number of successes in n independent yes/no experiments,
each which yields success with probability p is Bin(n,p), n =
1,2,...,0<p<1.

pk) = ()" =p)" "

p=np, % =np(l —p)

Bin(n, p) is approximately Po(np) for small p.

3.7.2 First success distribution

The number of trials needed to get the first success in independent
yes/no experiments, each which yields success with probability p is

Fs(p), 0<p< 1.

p(k) =pl—p)* 1 k=1,2,...

3.7.3 Poisson distribution

The number of events occurring in a fixed period of time ¢ if these
events occur with a known average rate x and independently of the

time since the last event is Po()\), A = tk.

Ak
p(k) = ek =0,1,2
w=2A, o2 =

3.7.4 Uniform distribution

If the probability density function is constant between a and b and

0 elsewhere it is U(a,b), a < b.

1
f(ac){ = a<z<b

0 otherwise

(b—a)?
ocf = ———
2 12
3.7.5 Exponential distribution

The time between events in a Poisson process is Exp(\), A > 0.

Ae ™ >0
f(z) =
0 x <0
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3.7.6 Normal distribution

2

Most real random values with mean p and variance o° are well

described by N (y, 02), o > 0.

f@) = e
) = e 20
V2mo?

If X1 ~N(u1,0?) and Xo ~ N (p12,03) then
aX1 4+ bXa +c~N(u1 + p2 + ¢ 0?07 + b203)

3.8 Prime Number

3.8.1 Distribution of Prime Number

1e2 25 1e6 | 78,498 | 1leld | <b5e8
le3 | 168 | le7 | 664,579 | lell | <5e9
led | 1,229 | 1e8 | <6e6 | 1lel2 | <4el0
leb5 | 9,592 1e9 <6e7 lel3 | <4ell
3.8.2 Prime Gap
2-10° ©]3}e] &4 2k < 100
232 ol ste] 44 7+ < 464
204 o] &}e] &4 7+2 < 1550

3.9 Miller-Rabin Algorithm

Usage: is_p(X) : returns true if X is prime, otherwise false.

When X <232, D = {2,7,61} is sufficient;
X < 2% D = {p|p is prime,p < 37} is sufficient.
Time Complexity: O(log® X)
11 pow(1ll a, 11 b, 11 mod) {
11 ret = 1;
for(int st=0; (1LL<<st) <= b; st++) {
if ((1LL<<st) & b) ret=(11ll)ret*almod;
a=(111)ax*a%mod;
¥

return ret;

bool miller(1l n, 11 a) {
if(n == a) return true;
11 x = n-1;
if(pow(a, x, n) != 1) return false;
while (x%2==0) {
x/=2;
11 t = pow(a, x, n);
if(t!=1 and t!=n-1) return false;
if (t==n-1) return true;
}
return true;
}
bool is_p(1l n) {
if (n<=2) return n==2;
vi D =42, 3, 5, 7, 11, 13,

for(auto i:D) if(!miller(n, i)) return false;

17, 23, 29, 31, 37};

return true;

3.10 Pollad Rho Algorithm

Usage: po_rho(N) : returns array of prime factors of X.
Time Complexity: O(N/4)
void fact(1ll n, v1& ret) {
if(n == 1) return;
else if(n%2 == 0) ret.pb(2), fact(n/2, ret);
else if(is_p(n)) ret.pb(n);
else {
11 a, b, ¢, g = n;
auto f = [&c, &n] (11 x)->11{return (c+(111)x*x)%n;};
do {
if(g == n) a=b=rand()%(n-2)+2, c=rand()%20+1;
a=f(a); b=f(£f(b));
g = gcd(a-b, n);
} while(g == 1);
fact(g, ret); fact(n/g, ret);

}
vl po_rho(11l n) {

vl ret;
fact(n, ret);
sort(all(ret));

return ret;

3.11 Primitive Root

Usage: Calculate one of the primitive roots of given prime.
11 primary_root(1l p) {
std: :random_device rd;
std: :mt19937 gen(rd());
std::uniform_int_distribution<1l> distrib(l, p-1);

//distrib(gen) ;
vl g = po_rho(p-1);

while(true) {
11 ¢ = distrib(gen);

bool ok = true; 11 u = p-1;
11 b = 13
for(auto i:g) {

if(i !'= b) u = p-1;

11 x = pow(c, u/i, p);
if(x == 1) ok = false;

u/=1i; b = i;

if (ok) return c;

3.12 Diopantos Equation(Extended Euclidian Al-

gorithm)

Usage: diophantos(a, b) :return one integer solution of ax+by =
1, satisfying 0 < z < b.

Time Complexity: O (log (max(a,b)))
pll diophantos(1l a, 11 b) {

assert(a>0 and b>=0);
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if(b == 0) return {1, 0};
auto [y, x] = diophantos(b, a%b); y = y-(a/b)*x;
if(x < 0 or x >= b) {

11 t = x/b;

if (x%b < 0) t--;

x -= b¥t; y += axt;
¥

return {x, y};

3.13 Chinese Remainder Theorem

Usage: crt(pll p, pll q) : return pll r, satisfying follows:

z=p.fi mod p.se
and z =q.fi mod q.se
< x=r.fi modr.se

If there’s no such r, return {—1,—1}.
Time Complexity: O(log A)
pll crt(pll p, pll q) {
if(p.fi > q.fi) swap(p, q);
auto [a, A] = p;
auto [b, B] = g;

11 g = gcd(A, B);
if ((b-a)%g !'= 0) return {-1, -1};

11i =4, j =B, k = b-a;
i/=g; j/=g; k/=g;

auto [x, y] = diophantos(i, j);

return {(11) ((a+(111)A*k#*x)%(A*B/g)), A*B/g};

3.14 Harmonic Lemma

Usage: £ (N) : return the value

B2 3] [3)-

i=1

Using the fact that {%J has O(v/N) different values.
Time Complexity: O(v'N)
11 harmonic(1l n) {
11 ans = O;
for(1l i = 1; i <= n; i = n/(/i)+ 1) {
//for j \in [i, n/(n/i)] : n/j == n/i
ans += n/i * (n/(n/i) - i + 1);

// \sum_{i=1}"n {f(n/i)}
// ans += f(n/i) * (n/(n/i) - i + 1)
}

return ans;

3.15 Floor Sum (Sum of Floor of Rational Arith-

metic Sequence)
Usage: floor_sum(A, B, C, N) : return the value
Nil {Az +B J
=0 c

Time Complexity: O(log N)
11 floor_sum(1ll a, 11 b, 11 ¢, 11 n)

{
if(a == 0) return b/c*n;
if (a>=c or b>=c) return n*(n-1)/2 * (a/c) + n * (b/c) +
floor_sum(al%c, b%c, c, n);
11 m = (a*x(n-1)+b)/c;
return m*n - floor_sum(c, c-b+a-1, a, m);
}

3.16 FFT - Convolution

Time Complexity: O(N log N)
using cpx = complex<double>;
using vcpx = vector<cpx>;
void fft(vcpx &a, bool inv = false) {
int n = a.size(), j = 0; assert((n&-n) == n);

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

int bit = (n >> 1);
while(j >= bit) {
j -= bit;
bit >>= 1;
}
j += bit;

if (i < j) swap(alil, aljl);

vepx roots(n/2);
prec ¢ = 2 x pi * (inv ? -1 : 1);

for(int i=0; i<n/2; i++)

roots[i] = cpx(cosl(c * i / n), sinl(c * i / n));

for(int i=2; i<=n; i<<=1) {
int step = n / i;
for(int j=0; j<n; j+=i) {
for(int k=0; k<i/2; k++) {

cpx u = alj+k], v =

alj+k+i/2]*roots[step*k];

alj+k] = utv;

alj+k+i/2] = u-v;

if (inv) for(int i=0; i<n; i++) alil

11 mod = 1e9+7;

vl conv(const v1& AA,const vl& BB) {
const 11 G = 1<<15;
int n = AA.size()+BB.size()-1;

int m = 1; while(m < n) m<<=1;

int a = AA.size(), b = BB.size();

vepx A(m), B(m), C(m), D(m);
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fors(i, 0, a-1) A[i] = cpx(AA[il/G, AA[il%G);
fors(i, 0, b-1) B[il] cpx(BB[i]/G, BB[il%®);

fft(A); ££ft(B);

fors(i, 0, m-1) {
int j = i?m-i:0;

cpx Al = (A[il+conj(A[j]))*cpx(0.5, 0);

cpx A2 = (A[il-conj(A[j]))*cpx(0, -0.5);
cpx Bl = (B[il+conj(B[j]))*cpx(0.5, 0);
cpx B2 = (B[il-conj(B[jl))*cpx(0, -0.5);

C[i] = A1*B1 + A2xB2%cpx(0, 1);
D[i] = A2%B1 + A1%B2%cpx(0, 1);

fft(C, true); fft(D, true);

vl ret(m); 11 G1 = G/mod, G2 = (111)G*G%mod;
fors(i, 0, m-1) {
11 p = 11(C[i].real(0+0.5);
11 q
11 r

11(C[i].imag()+0.5);

p %= mod; q %= mod; r %= mod;

ret[i] =

(((111) p*G2) %mod+((111) g*G1) %mod+r¥mod) %mod ;
¥
ret.resize(n);

return ret;

3.17 NTT - Number Theoretic Transform

Usage: helloworld
namespace GMS {
template<ll mod>
11 pow(1ll a, 11 b) {

11(D[i].real(D+0.5) + 11(D[i].imag()+0.5);

static_assert(mod <= (11)2e9, "mod should be less
than 2e9");
a %= mod;
11 ret = 1;
while(b != 0) {
if (b&1) ret = ret*almod;
a = axajmod; b>>=1;
}
return ret;
}
template<ll mod, 11 w>
void ntt(vector<ll> &a, bool inv = false) {
static_assert(mod <= (11)2e9, "mod should be less
than 2e9");

int n = a.size(), j = 0;

assert((n & -n) == n && (mod-1)%n == 0);

for(int i=1; i<n; i++) {
int bit = (n >> 1);
while(j >= bit) {
j -= bit;
bit >>= 1;
}
j += bit;

if (i < j) swap(alil, aljl);

static vector<ll> root[30], iroot[30];
for(int st=1; (1<<st) <= n; st++) {
if (root[st].empty()) {
11 t = pow<mod>(w, (mod-1)/(1<<st));

root[st].pb(1);
for(int i=1; i<(1<<(st-1)); i++)
root [st].pb(root[st].back()*t/mod) ;
}
if (iroot[st].empty()) {
11 t = pow<mod>(w, (mod-1)/(1<<st));

t = pow<mod>(t, mod-2);

iroot[st].pb(1);
for(int i=1; i<(1<<(st-1)); i++)

iroot[st].pb(iroot[st].back()*t%mod) ;

vector<ll>* r = (inv?root:iroot);

for(int st = 1; (1<<st) <= n; st++) {
int i = 1<<st; //int step = n / i;
for(int j=0; j<m; j+=i) {
for(int k=0; k<i/2; k++) {

11 u = al[j+k], v = al[j+k+i/2] *
r[st] [k]%mod;
alj+k] = (u+v)%mod;
alj+k+i/2] = (mod+u-v)%mod;

}
}
}
if (inv) {
11 in = pow<mod>(n, mod-2);
for(int i=0; i<m; i++) al[i] = al[il*inY%mod;
}

template<ll mod, 11 w>

vl conv(vl A, vl B) {
int n = A.size(), m = B.size();
int t = 1; while(t < n+m-1) t*=2;

A.resize(t); B.resize(t);

ntt<mod, w>(A); ntt<mod, w>(B);

fors(i, 0, t-1) A[i] = A[i]*B[i]%mod;

ntt<mod, w>(A, true);

A.resize(n+m-1);
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return A;
}
} // namespace GMS

3.17.1 Good prime numbers to run NTT

595 591 169 | 71«23|1
645 922 817 | 77«23[1
897 581 057 | 107«23[1
998 244 353 | 119«23|1
1300 234 241 | 155¢23|1 | w =3
1224 736 769 | 73«24|1
2 130 706 433 | 127«24[1
167 772 161 54251

469 762 049 | 7«26[1

3.18 Polynomial (Formal Power Series)

namespace GMS {
template<ll mod, 11 w>
struct Qring : public vl {

using poly = Qring<mod, w>;

Qring() : vl(1, 0) {
Qring(11 <) : vi(l, ckmod) {3}
Qring(1l ¢, int n) : vl(n, ckmod) {}
Qring(const v1& cp) : vl(cp) {for(auto

&i:*this) i%=mod;}

11& operator[] (11 idx) {
if ((unsigned)idx < size()) return
vl::operator[] (idx) ;
this->resize(idx+1); return vl::operator[] (idx);
}
11 operator[] (1l idx) const {
if ((unsigned)idx < size()) return

vl::operator[] (idx);

return OLL;

void adjust() {
while(size() > 1 and back() == 0) pop_back();
}

void adjust(int n){resize(n, 0);}

11 operator() (11 x) {
x %= mod; 11 ret = 0;
for(auto it=rbegin(); it!=rend(); it++)

ret = (ret*x+xit)’mod;

return ret;

friend poly operator(const poly& A, int B){ //
remainder by x"B
poly ret(A); ret.resize(B, 0);

return ret;

friend poly operator+(const poly& A, const poly& B)
{
int n = max(A.size(), B.size()); poly ret(0, n);
fors(i, 0, n-1) ret[i] = A[i]+B[i];
for(auto&i:ret) if(i >= mod) i -= mod;

return ret.adjust(), ret;

friend poly operator-(const poly& A) {
int n = A.size(); poly ret(0, n);
fors(i, 0, n-1) ret[i] = A[i]?mod-A[i]:0;

return ret;

friend poly operator-(const poly& A, const poly& B)
{

int n = max(A.size(), B.size());

poly ret(0, n);
fors(i, 0, n-1) ret[i] = (mod+A[i]l-B[i])%mod;
ret.adjust();

return ret;

friend poly operator*(ll x, const poly& B) {
poly ret(B); x %= mod;
for(auto &i : ret) i = (i*x)%mod;
ret.adjust();

return ret;

friend poly operator*(const poly& A, const poly& B)
{
poly ret = conv<mod, w>(A, B);
// ACL : poly ret = atcoder::convolution<mod>(A,
B);
ret.adjust();

return ret;

friend poly inv(const poly& A, int t) { assert(A[0]
1= 0);
poly g = pow<mod>(A[0], mod-2);

int st=1;

while(st < t){st*=2; g = (-Alst*glhst+2)*glst;}

g.adjust(t);

return g;

friend poly diff(const poly& A) {
int n = A.size(); poly ret(0, n-1);
fors(i, 0, n-2) ret[i] = (i+1)*A[i+1]%mod;
return ret;

}

friend poly inte(const poly& A) {
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static vector<ll> inv(1l, 1);
int n = A.size(); poly ret(0, n+l);

inv.resize(max((int)inv.size(), n+1));

fors(i, 1, n) if(inv[i] == 0) inv[i] =
pow<mod> (i, mod-2);
fors(i, 1, n) ret[i] = inv[i]*A[i-1]%mod;

return ret;

friend poly log(const poly& A, int t) { assert(A[O]

return inte(diff(A) * inv(A, t)%t)%ht;

friend poly exp(const poly& A, int t) { assert(A[0]

poly g = 1; int st = 1;

while(st < t) {st*=2; g = (A%st-log(g,
st)+1)*ghst;}

return g.adjust(), g;

friend poly pow(const poly& A, 11 b, 11 t) {
poly ret(A); ret.adjust();
if(ret.size() == 1) {
ret[0] = pow<mod>(ret[0], b);
ret.adjust(t);

return ret;

11 idx = 0; while(ret[idx] == 0) idx++;
if ((__int128_t) idx * b >= t) return poly(0, t);

11 ¢ = ret[idx]; 11 ic = pow<mod>(ret[idx],
mod-2); poly g;

int n = ret.size();

fors(i, idx, n-1) gli-idx] = ret[i]*ic¥mod;

g.resize(t-idx*Db) ;

exp(b * log(g, t-idx*b), t-idx*b);

pow<mod>(c, b);

ret = poly(0, t); fors(i, idx*b, t-1) ret[i] =
gli-idx*b] * c % mod;

return ret;

//0nly just Polynomial, not Qring

void rev() {
int n=size(); poly& F = xthis;
for(int i=0; i<n/2; i++) std::swap(F[i],
Fln-i-11);

}

friend poly div_quot(poly F, poly G) {
F.adjust(); G.adjustQ);
11 df = F.size(), dg = G.size();
if (df < dg) return poly(0);

F.rev(Q; G.rev();
F = F/(df-dg+1)*inv(G, df-dg+1)%(df-dg+1);
F.rev();
return F;
}
friend poly div_rem(poly F, poly G) {return
F-Gxdiv_quot (F, G);}

friend poly shift(const poly& F, 11 c¢) {
11 n = F.size(); c %= mod;
poly A(O, n); 11 fac = 1;
fors(i, 0, n-1) A[i] = F[i]l*fac)mod, fac =
fac* (i+1)%mod;

A.rev();

poly C(1, n); fors(i, 1, n-1) C[i] =
C[i-1]*c%mod;

11 facc = fac = pow<mod>(fac, mod-2)*n¥%mod;

fore(i, n-1, 0) C[i] = C[i]l*fac)mod, fac =

fac*i%mod;

poly B = C*A; B.resize(n); B.rev();
fore(i, n-1, 0) B[i] = B[il*faccYmod, facc =
facc*ilmod;
return B;
}
friend void calcG(vector<poly>& G, int i, int 1, int
r, const vl& p) {
if (1 == r){11 g = p[11?mod-p[1]:0; G[i] = vi({g,
1}); return;}
int mid = (1+r)/2;
calcG(G, i*2, 1, mid, p); calcG(G, i*2+1, mid+1,
r, p);
G[i] = G[i*2]*G[i*2+1];
}
friend void eval(const vector<poly>& G, int i, int
1, int r, poly&& F, v1& ret) {
if (1 == r){ret[1] = F[0];return;}
int mid=(1+r)/2;
eval(G, i*2, 1, mid, div_rem(F, G[i*2]), ret);

eval(G, i*2+1, mid+1, r, div_rem(F, G[i*2+1]),

ret);
}
friend vl multipoint_eval(const poly& A, const v1&
B) {
int m = B.size();
vector<poly> G(4#*m); calcG(G, 1, 0, m-1, B);
vl ret(m, 0); eval(G, 1, 0, m-1, div_rem(A,
G[11), ret);
return ret;
}

};
} // namespace GMS
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3.19 Combinatorics
3.19.1 Labeled Combinatorial Target

¢ Permutation, Combination (with, w/o repetition)

n!

— Permutation ,, P = =T

W=

— Combination nCr = ( =

— Permutation with repetition ,II,, = n”
— Combination with repetition , Hyr =p4r—1 Cr

o Catalan Number C), : the number of regular bracket string of

length 2n.

1 (2
- Cp = m(s)
— Cp:1,1,2,5,14,42,132,429,1430, - - (from index 0)

— OGF of Cy, : c(z) = 1 + zc(z)?, c(c) = 1—1—4z

2x
— Catalan’s triangle C(n, k) : the number of string with n
X’s, k' Y’s, where the number of Y’s is not greater than

the number of X’s when written down the string.

* le. C(4,3) : XXXXYYY, XXYXYYX are OK, but
XXYYYXX is not OK.

# Cln.k) = ("(F) = 1Y) = "5 (3

* We can give the condition relax : Cy,(n, k) : the num-
ber of string with n X’s, k Y’s, where the number of
Y’s is not greater than (the number of X’s) + m when

written down the string.
x Cm(n, k) = (”Zk) — (:j:;) when m<k<n+m-—1.
* C1(n, k) = C(n,k)
o Derangement (2 2<=<¥) D,, : the number of permutation of

length n which Vi p; # i.

— Dy : 1,0,1,2,9,44,265,1854, 14833, 133496, 1334961 - - -
(from index 0)

— EGF of Dy : D(2) = Y2, o 2nan = ¢

-
l—z
o Stirling Number of the 1st/2nd kind.

— Unsigned Stirling Number of the 1st kind c¢(n, k) = [Z]
: the number of permutation of length n with k disjoint

cycles.

* c(n+1,k) =n xc(n, k) +c(n,k—1)

* with boundary condition ¢(0,0) = 1,¢(n,0) =
c(0,k) =0Vn,k >0
* c(n, k)
nk|o] 1] 2| 3] 4] 56
0 1
1|0 1
2|0 1 1
3|0 2 3 1
4|0 6 11 6 1
5|0 24 50 35 | 10 1
6 | 0| 120 | 274 | 225 | 85 | 15 1

* OGF of [}] : for fixed n, 37_¢ [1]a* = z(z + 1)(z +
2)---(x+n —1): we can calculate it by polynomial

shift & divide and conquer
n k
* EGF of [7] : for fixed k, 50, [7] 27 = (Zleall=z)"

nl k!
* Signed Stirling Number of the 1st kind s(n,k) =
(=1 Fe(n, k)
* EGF of s(n,k)

: for fixed k, D07 . s(n, k)%L =
(log(1+2))*
k!

— Stirling Number of the 2nd kind S(n, k) = {}} : the num-
ber of partition of n labeled objects into k nonempty un-

labelled subsets.

x S(n,k) = & Yr o (—Dk—i(%)in

* S(n, k)

n\k | 0 | 1 2 3 4 5|6
0 1
1 0 1
2|01 1
3| 0|1 1
4 0|1 6 1
50| 1] 15|25 | 10 1
6 | 0 1131 |90 | 65 | 15 1

* OGF of {7} : for fixed n, S p_ {7 }&* = Tn(x), where
Tn(z)=e"" 302, %xk is Touchard Polynomials.

+ EGF of {Z} : for fixed k, D500 {:}w" = (erk;,l)k

Bell Number B, : the number of partition of set with size n.
— le. partitionize {a,b,c} is {{a},{b},{c}}, {{a,b},{c}},
{{b,c},{a}}, {{c,a}, {b}}, {{a, b,c}}. Therefore, B3 = 5.
— Bp:1,1,2,5,15,52,203,877,4140, - - - (from index 0)
— Bn=Y_o{:} (2nd kind of stirling number)
e?—1

Bn .n —
n=0 n!x =€

— EGF of B, : B(z) =3
— Ordered Bell Number(Fubini Number) a,, : the number of
distinct weak ordering on a set of n elements.
* an :1,1,3,13,75,541,4683,47293, 545835, 7087261, - - -
* Qp = EZ:O k'{:} (stirling number of the 2nd kind)
*x EGF of ay, @ a(z) =>.2° %:{:" =1

n=0 2—e®

Integer Partition P(n,k) : the number of partitions of n into

exactly k parts.
— ie. P(4,2) =2since4=14+3=2+2
— we also say P(n) =>7_; P(n, k)

— P(n,k)

n\k | 123|456 |7|8|09
1 1
2 1 1
3 1 1 1
4 1 2 1 1
5 1 (21211
6 11313 |2 1 1
7 1131432 1 1
8 1145 5|3 ]2 1 1
9 1 (4|76 |5 |3 |2]|1]|1

124 & (the Twelvefold Way) : the number of functions
(Domain |N| = n, Codomain |X| = z)

f-class Any f Injective | Surjective
Distinct f nlly =Pn x'{i}
S, orbits
+Hnp an n—lcnfz
foSn
Sy orbits
y Yo {i} | In<a] {2}
Szof
Sn X S, bit
" @ OTOus Pn+z,x) [n < z] P(n,x)
Sz o foSh
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3.20 General Lucas Comb

vector<1l> euler (1000003, -1), primes;
//Generate primes and also calculate the euler number
void genprime() {
for(1ll i = 2;i<=1000002;i++) {
if (euler[il==-1) {
primes.push_back(i);
euler[i] = i-1;
for(1l j = 2%i; j<=1000002; j+=i) {
if (euler[jl==-1)euler[j] = j;
euler[j] = (euler[jl/i)*(i-1);

}

//Calculates x raised to the power of p % m
11 powll(1l x, 11 p, 11 m = 111<<62)

// Mod inverse

11 inverse(ll x, 11 m)

//finds (n!)_p
11 ££(11 n, 11 p, 11 @)

{
11 x = 1, y = powll(p, q);
for(1ll i = 2; i<=n;i++) if(i%p)
x = (x*i)%y;
return x%y;
}

//Generalized Lucas Theorem calculates nCm mod p~q
11 lucas_pow_comb(1ll n, 11 m, 11 p, 11 q) {
11 r = n-m, x = powll(p, Q);
11 e0 = 0, eq = 0;
11 mul = (p==2&&q>=3)7 1: -1;
11 cr =r, cm = m, carry = 0, cnt = 0;
while(cr| |cm| |carry) {
cnt++;
int rr = cr/p, rm = cmlp;

if(rr + rm + carry >= p) {

}

e0++;
if (cnt>=q)eq++;
}
carry = (carry+rr+rm)/p;

cr/=p; cm/=p;

mul = powll(p, e0)*powll(mul, eq);

11 ret = (mul % x + x) % x;

11 temp = 1;

for(11l i = 0;;i++)//This is THE line that calculates the

formula {

}

ret = ((ret*ff((n/temp)%x, p,
q) %x) %x* (inverse (ff ((m/temp)%x, p, Q),
x) hx*inverse (£ff ((r/temp)¥%x, p, q), X)%hx)%x)%hx;

if (temp>n/p && temp>m/p && temp>r/p)
break;

temp = temp*p;

return (rethx+x)%x;

4 Linear Algebra

4.1

Matrix

<MINTED>

5 Geometry

5.1

Mindset

using pii=pair<int,int>;

pii operator+(pii A, pii B){return {A.fi+B.fi, A.se+B.sel};}

pii operator-(pii A, pii B){return {A.fi-B.fi, A.se-B.sel};}

11 operator*(pii A, pii B){return
(11)A.fi*B.fi+(11)A.se*B.se;} // inner product

11 operator/(pii A, pii B){return
(11)A.fi*B.se-(11)A.se*B.fi;} // outer product

/2=

02

2 (0 = pii(0, 0))

sort(P+1, P+1+n, []1(pii A, pii B) {

DN

if (B == 0) return false;
if (A == 0) return true;

return (A<Q0) !=(B<0)7?7A>B:A/B<0;

// ME WAt

// Segment

¢ fi0[M A|ZISHE se HIE
1

// fi + k * se, 0 <= k <=

int isJoin(const Segment& A, const Segment& B) {

using Segment = pair<pii, pii>;

if(B.se/A.se !'= 0) {
11 p = (A.fi-B.fi)/A.se;
11 q = B.se/A.se;

if(q<0) q = -q, p = -p;
if(p < 0 or p > q) return false;

(B.fi-A.fi)/B.se;
A.se/B.se;

if(q<0) q = -q, p = -p;
if(p < 0 or p > q) return false;

return true;
}
else {
if ((A.fi-B.fi)/A.se != 0) return false;

11 p (A.fi+A.se)*A.se;
11 r = B.fi*xA.se, s = (B.fi+B.se)*A.se;

A.fixA.se, q =

if(p>q) swap(p, q); if(r>s) swap(r, s);

if (max(p, r) > min(q, s)) return false;

return true;
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5.2 kactl templete

typedef pair<1l, 11> pll;
#define _x first

#define _y second

pll operator-(const pll &a, const pll &b){

return {a._x - b._x, a._y - b._y};

11 cross(const pll &a, const pll &b){

return a._x * b._y - b._x * a._y;

11 dot(const pll &a, const pll &b){

return a._x * b._x + a._y * b._y;

int ccw(const pll &pl, const pll &p2, const pll &p3){
11 res = cross(p2 - p1l, p3 - pl);

return (res != 0) * (res < 0 ? -1 : 1);

// dist of point - point

double dist(const pll &pl, const pll &p2){
return sqrt((pl._x - p2._x) * (pl._x - p2._x) + (pl._y -
p2._y) * (pl._y - p2._y¥));

// dist of line - point
double dist(const pll &11, const pll &12, const pll &p){
11 area = abs(cross(12 - 11, p - 11));

return area / dist(11, 12);

// dist of seg - point
double segDist(P& s, P& e, P& p) {

if (s==e) return (p-s).dist();
auto d = (e-s).dist2(), t = min(d,max(.0, (p-s).dot(e-s)));
return ((p-s)*d-(e-s)*t).dist()/d;

P perp() const { return P(-y, x); } // rotates +90 degrees
int sgn(T x) { return (x > 0) - (x < 0); } // sign of x

// Returns where p is as seen from s towards e. 1/0/-1 <->
left/on line/right.
int side0f(P s, P e, P p) { return sgn(s.cross(e, p)); }

// Returns a vector of either 0, 1, or 2 intersection
points.
template<class P>
vector<P> circleLine(P c, double r, P a, P b) {
Pab=b-a, p=a+ ab * (c-a).dot(ab) / ab.dist2();
double s = a.cross(b, c), h2 = r*r - s*s / ab.dist2();
if (h2 < 0) return {};
if (h2 == 0) return {p};
P h = ab.unit() * sqrt(h2);
return {p - h, p + h};

// Computes the pair of points at which two circles
intersect.
typedef Point<double> P;
bool circlelnter(P a,P b,double ril,double r2,pair<P, P>*
out) {
if (a == b) { assert(rl != r2); return false; }
P vec = b - a;
double d2 = vec.dist2(), sum = ri+r2, dif = ri-r2,
p = (d2 + rixrl - r2%r2)/(d2*2), h2 = rixrl -
p*p*d2;
if (sum*sum < d2 || dif*dif > d2) return false;
P mid = a + vec*p, per = vec.perp() * sqrt(fmax(0, h2) /
d2);
*out = {mid + per, mid - per};

return true;

// Returns true iff p lies on the line segment from s to e.
template<class P> bool onSegment(P s, P e, P p) {
return p.cross(s, e) == 0 && (s - p).dot(e - p) <= 0;

// Circumcircle
typedef Point<double> P;
double ccRadius(const P& A, const P& B, const P& C) {
return (B-A).dist()*(C-B).dist()*(A-C).dist()/
abs ((B-A) .cross(C-4))/2;
}
P ccCenter(const P& A, const P& B, const P& C) {
P b =C-A, c = B-A;
return A + (bxc.dist2()-c*b.dist2()).perp()/b.cross(c)/2;

// Minimum enclosing circle
pair<P, double> mec(vector<P> ps) {
shuffle(all(ps), mt19937(time(0)));
P o = ps[0];
double r = 0, EPS = 1 + 1e-8;
rep(i,0,sz(ps)) if ((o - ps[i]).dist() > r * EPS) {
o = ps[i]l, r = 0;
rep(j,0,i) if ((o - ps[jl).dist() > r * EPS) {
o = (pslil + psl[jl) / 2;
r = (o - psl[il).distQ);
rep(k,0,j) if ((o - psl[k]).dist() > r * EPS) {
o = ccCenter(ps[il, ps[jl, pslk]);
r = (o - ps[il).dist();

}

return {o, r};

// point inside convex hull in logN

bool inHull(const vector<P>%& 1, P p, bool strict = true) {
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int a =1, b = sz(1) - 1, r = !strict;
if (sz(1) < 3) return r && onSegment(1[0], 1l.back(), p);
if (side0f(1[0], 1[al, 1[b]) > 0) swap(a, b);
if (sideOf(1[0], 1[al, p) >=r || side0f(1[0], 1[b], p)<=
-r)

return false;

while (abs(a - b) > 1) {

int ¢ = (a + b) / 2;
(side0f (1[0], 1[c], p) >0 ? b : a) = c;
}
return sgn(l[a].cross(1[b]l, p)) < r;
}

// convex hull

vector<pll> convex_hull(vector<pii> &arr){
vector<pll> up, down;
for(auto p : arr){
while(up.size() >= 2 && ccw(uplup.size() - 2],
up[up.size() - 1], p) >= 0) up.pop_back();
while(down.size() >= 2 && ccw(down[down.size() - 2],
down[down.size() - 1], p) <= 0) down.pop_back();
up.push_back(p) ;
down.push_back(p) ;

}

up.insert(up.end(), down.rbegin() + 1, down.rend());

return up;

// rotating callipers
typedef Point<1l> P;
array<P, 2> hullDiameter(vector<P> S) {
int n =sz(8), j=n<270: 1;
pair<ll, array<P, 2>> res({0, {S[0], S[0I}});
rep(i,0,j)
for (5; j=( +1) %n){
res = max(res, {(S[il - S[jl).dist2(), {S[il, S[jl1}});
if ((S[(j + 1) % nl - S[jl).cross(S[i + 1] - S[i]) >=
0)

break;

}

return res.second;

// Closest pair
typedef Point<1ll> P;
pair<P, P> closest(vector<P> v) {
assert(sz(v) > 1);
set<P> S;
sort(all(v), [1(P a, P b) { return a.y < b.y; });
pair<1l, pair<P, P>> ret{LLONG_MAX, {P(), P()}};
int j = 0;
for (P p : v) {
P d{1 + (11)sqrt(ret.first), 0};
while (v[jl.y <= p.y - d.x) S.erase(v[j++]);
auto lo = S.lower_bound(p - d), hi = S.upper_bound(p +
d;
for (; lo != hi; ++lo)
ret = min(ret, {(*¥lo - p).dist2(), {*lo, p}});
S.insert(p);
}

return ret.second;

6 Greedy

6.1 Rearrange Inequality - Extensions

Let A;, B; be non-decreasing sequence of length n, and p be some

permutation, and let inc := (1,2,...,n — 1,n), dec := (n,n —

1,...,2,1).

S(p) = i A;Bp, maximize S = p:inc
=1

minimize S = p:dec

Praz(p) = m?,x(Aini) minimize Ppqz = p:dec
Poin(p) = miin(Aini) maximize Ppin = p:dec
Amaz(p) = miax(Al- + Bp;) minimize Amaz = p:dec
Amin(p) = miin(Ai + Byp,) maximize Amin = p:dec
Dmaz(p) = m?x |A; — By, | minimize Dmqz = p:inc
Din(p) = ml_in |A; — By, | maximize Dpin =p:?

n
Permutate A s.t. maximize ZAiAi+1 (Let Apy1 = A1)
i=1

= Pendulum Arrangement

7 DP

7.1 LIS

template<class I> vi lis(const vector<I>& S) {
if (S.empty()) return {};
vi prev(sz(8));
typedef pair<I, int> p;
vector<p> res;
rep(i,0,sz(8)) {
// change O -> i for longest non-decreasing subsequence
auto it = lower_bound(all(res), p{S[il, 0});
if (it == res.end()) res.emplace_back(), it =
res.end()-1;
it = {S[i], i};
prev[i] = it == res.begin() ? 0 : (it-1)->second;
}
int L = sz(res), cur = res.back().second;
vi ans(L);
while (L--) ans[L] = cur, cur = prev[cur];

return ans;
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7.2 DP Optimization

7.2.1 Convex Hull Optimization

Recurrence : D[] = r]n<1111 (B[j] x Ali] + D[j))

Complexity : O(N?) — O(N log N)

7.2.2 Divide and Conquer Optimization

Recurrence : D[i][j] = II?<1I11 (D[i — 1][k] + C[k][4])

Condition : C[i][j] is Monge
(if a < b < e <d, then Cla][c] + C[b][d] < Cla][d] + C[b][c])
Complexity : O(KN?) — O(K N log N)

//D[t]l[s...e]1E F3Hof 3t11, jo| EMY HRl= [1, r]
void f(int t, int s, int e, int 1, int r){
if(s > e) return;
int m=s +e > 1;
int opt = 1;
for(int i=1; i<=r; i++){
if (D[t-11[opt] + Cloptl[m] > D[t-11[i] + C[il[ml)
opt = i;
}
D[t][m] = D[t-1][opt] + Clopt] [m];
f(t, s, m-1, 1, opt);

£(t, m+l, e, opt, T);

7.2.3 Monotone Queue Optimization

Recurrence : D[i] = r]n<1£1 (D[] + Cy1E)

Condition : C[i][j] is Monge
Complexity : O(N?) — O(Nlog N)

7.2.4 Knuth’s Optimization

Recurrence : Dil[j] = min_ (D[iJ[k] + Dlk + 1][j]) + Clill]

1< 7
Condition : C[é][j] is Monge &
Cla][d] = C[b][c] fora < b< ¢

N

d
Complexity : O(N3) — O(N?)

T2l i3l 54 A HDOP)S F3S l, th3t 22 F34 o] Atk

3 7P
ali]lj] = z-<m;§2j (ald)[K] + alk][5]) + f(5,4)

AZNA (FH4slE) HH 9 k7t ighj BFe o3 Srettha shd, 73
Aol utet DPE Al4aty ali][5]o] t&l k = pld][]E pli][j — 1]7H
pli + 1][j] Abel ol A vt g 3t g ok

7.2.5 Aliens Trick (Lagrangian relaxation)

Recurrence : D[k][i] = rjn<nl1 (Dlk = 1][5] + C[5 + 1][43])

Condition : D[z][N] is convex ( is implied when C[i][5] is Monge )

(fle+1) = f(2) < flw+2) = fz+1))
Complexity : O(KN?) — O(N?log |[W])

7.2.6 Slope Trick

13323 BOJ 49 1/2. 9 A7} Fol2th %7459 Bel da,
SN A; - Bi| & A 4353, 1 BE Zole.
const int N = 1e6+7;
int arr[N];
priority_queue<int> pq;
11 ans = 0;
int main()
{
getint(n);

forr(i, n) scanf("%d", arr+i);

pq.push(arr[1]); int t=0; 11 val = O;

fors(i, 2, n)

tH+;
int r = t + pq.topQ);
if(r <= arr[i]) pq.push(arr[i]-t);
else
{
pq.push(arr[il-t); pq.push(arr[i]l-t); pq.popQ);

ans += r-arr[i];

printf("711d", ans);

int arr[N];

priority_queue<int> pq;

int ans2[N];

int main()

{

getint(n);

forr(i, n) scanf("%d", arr+i);

pq.push(arr[1]); 11 ans = 0;
ans2[1] = arr[1];

fors(i, 2, n)

{

int r = (i-1) + pq.top(Q);

if(r <= arr[i]) pq.push(arr[i]-(i-1));

else

{
pq-push(arr[il-(i-1)); pq.push(arr[i]l-(i-1));
pq-popQ);

ans += r-arr[i];

ans2[i] = pq.top() + (i-1);
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fore(i, n-1, 1) ans2[i] = min(ans2[i], ans2[i+1]-1);

forr(i, n) printf("%d\n", ans2[il);

7.3 LineContainer
Time Complexity: O(log N)
struct Line {
mutable 11 k, m, p;
bool operator<(const Line& o) const { return k < o.k; }
bool operator<(ll x) comnst { return p < x; }

};

multiset<Line, less<>> {

// (for doubles, use inf = 1/.0, div(a,b) = a/b)

static const 11 inf = LLONG_MAX;

11 div(1l a, 11 b) { // floored division
return a / b - ((@a ~b) <0 && a % b); }

struct LineContainer :

bool isect(iterator x, iterator y) {
if (y == end()) return x->p = inf, 0;
if (x->k == y->k) x->p = x->m > y->m ? inf : -inf;
else x->p = div(y->m - x->m, x->k - y->k);
return x->p >= y->p;

}

void add(1l k, 11 m) {
auto z = insert({k, m, 0}), y = z++, x = y;
while (isect(y, z)) z = erase(z);
if (x !'= begin() && isect(--x, y)) isect(x, y =
erase(y));
while ((y = x) != begin() && (--x)->p >= y->p)

isect(x, erase(y));

}

11 query(1l x) {
assert (lempty());
auto 1 = *lower_bound(x);
return 1.k * x + 1l.m;

}

};

7.4 SoS

Time Complexity: O(N x2V)

int n = 20;

vector<int> a(l << n);

// keeps track of the sum over subsets
// with a certain amount of matching bits in the prefix

vector<vector<int>> dp(l << n, vector<int>(n));

vector<int> sos(l << n);
for (int mask = 0; mask < (1 << n); mask++) {
dp[mask] [-1] = a[mask];
for (int x = 0; x < n; x++) {
dp[mask] [x] = dplmask][x - 1];
if (mask & (1 << x)) { dplmask][x] += dp[mask - (1 <<
»1lx - 115 ¥
}
sos[mask] = dp[mask][n - 1];

[1717177771777777777777/777717777777717777777/
Dlilofl djz2| iofl siYst= e Eo=Ct
fors(d, 0, 19) fors(i,0,(1<<20)-1)

if (i & (1<<d)) D[i] += D[i~(1<<d)];

-> D[i] : sum of subset of mask i

8 String

8.1 KMP

int faill[N]; // N : s2| =|CH ZO]
vi kmp(char obj[l, char s[1) {
vi ret;
for(int i = 1, j = 0; s[i]; i++) {
faill[i] = 0;
while(j > 0 and s[i] != s[j]) j = faillj-1];
if(s[i] == s[j]) faill[i] = ++j;
}
for(int i = 0, j = 0; obj[il; i++) {
while(j > 0 and objl[il !'= s[jl) j = faillj-1];
if (obj[i] == s[j1) {
if(s[j+11) j++;

else ret.push_back(i-j), j = failljl;

}

return ret;

8.2 F,Z,M, SA(Suffix Array), LCP(Longest Com-

mon Prefix)

Usage: For string s(1-indexed) of length N;

F[i] = maximum k <7 s.t.s[l... k] =si —k+1...4]

Z[i] = maximum k st.s[l...kl=s[i...i+k—1]

M[i] = maximum k st.s[i—k+1...i+ k — 1] is palindrom.

SA[i] = k s.t. s[k...N] is the i*" smallest of
{s[1...N], s[2...N], ---, sI[N...NJ}

LCP[i] = maximum k s.t. s[SA[i—1]...SA[i — 1]+ k —1]

= s[SA[i]...SA[] + k —1]
Time Complexity: O(N),O(N),O(N),O(NlogN),O(N), re-

spectively

const int N = 1e5+7;
char s[N];
int FIN]1, Z[N1, M[N];
int sa[N]; int ord[N], tmp[N], cnt[N];
int 1lcp[N];
int main() {
scanf ("/s", s+1);

int n = strlen(s+1);

// KMP - fail function {
F[1] = 0; int j = O;
for(int i=2; i<=n;i++)
{
while(j > 0 and s[i] != s[j+11) j = F[jl;
F[i]l = j+=(s[i] == s[j+11);
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//Z - Z array {
Z[1] = n; int j =1, r = 0;

for(int i=2; i<=n; i++)

{
Z[i] = i<j+r?min(Z[i-j+1], j+r-i):0;
while(s[1+Z[i]] == s[i+Z[i]1]1) Z[il++;
if (j+r < i+Z[i]) j = i, r = Z[i];

}

//Manacher - M array {
M[1] = 0; int j =1, r = O3

for(int i=2; i<=n; i++)

{
M[i] = i<j+r?min(M[2%j-i], j+r-i):0;
while(l <= i-M[i]-1 && i+M[i]+1 <=n
&& s[i-M[i]-1] == s[i+M[i]+1]) M[il++;
if (G4r < i#M[i1) § = i, T = M[i];
}

//Suffix Array - SA {
int t = 1; ord[n+1] = 0; tmp[0] = 0; sal0] = 0;

auto cmp = [&t, &n](int i,int j) {
return ord[i] == ord[j]
?ord[min(i+t, n+1)]<ord[min(j+t, n+1)]
rord[il<ord[j];
};

forr(i, n) ord[i] = s[i], sal[i] = i;
sort(sa+l, sa+l+n, []J(int i,int j){return
ord[il<ord[jl;});

forr(i, n) tmp[salil] = tmplsali-1]] +
(ord[sali-1]]1<ord[salill);

swap(tmp, ord);

while(t < n) {

fors(i, 0, n) cnt[i] = 0;

forr(i, n) cntlord[min(i+t, n+1)]]++;

forr(i, n) cntl[i] += cnt[i-1];

fore(i, n, 1) tmplentlord[min(i+t, n+1)]]--]1 =

i;

fors(i, 0, n) cnt[i] = 0;
forr(i, n) cntlord[i]]++;
forr(i, n) cnt[i] += cnt[i-1];

fore(i, n, 1) salcntlord[tmp[i]l]]l--] = tmp[il;

forr(i, n) tmplsalil] = tmp[sali-1]] +
cmp(sali-1], salil);
swap(ord, tmp);

t<<=1;
if (ord[sa[n]] == n) break;

//LCP array {

int

k = 0;

forr(i, n) if(ord[i] '= 1) {

printf ("\nF :
printf("\nZ :
printf("\nM :
printf ("\nSA :
printf ("\nLCP :

leplil);

int j = salord[il-1];
while(s[i+k] == s[j+k]) k++;
lcplord[il]l = k;

if(k > 0) k——;

"); forr(i, n) printf("%d ", F[il);
"); forr(i, n) printf("%d ", Z[il);
"); forr(i, n) printf("/d ", M[il);
"); forr(i, n) printf("/%d ", salil);
x "); fors(i, 2, n) printf("%d ",

printf("\n"); forr(i, n) printf("%s\n", s+salil);

9 Graph

9.1 SCC - Tarjan Algorithm

Usage: scn[i] : SCC number of node ¢, nscc : the number of SCCs

vi adj[N];
int in[N], ¢ = 0;
stack<int> p;
bool fin[N]; int scn[N], nscc = 0;
int dfs(int s) {
in[s] = ++c;

p.push(s);

int m = c;
for(auto i :

adjls]) {
if(in[i] == 0) m

min(m, dfs(i));

else if(!fin[i]) m = min(m, in[i]);

if(m == in[s]) {
nscc++;

while(p.top() != s)

{
int i = p.top(); p.popQ);
scnl[i] = nscc; fin[i] = true;
}
p-pop();

scn[s] = nscc; fin[s] = true;
}

return m;

forr(i, n) if(!fin[i]) dfs(i);
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9.2 Bipartite Matching - with DFS

Usage: Let’s say that graph is bipartite. And Let’s say that one
group is A, and the other graph is B. |A| = N, |B| = M. matching(c
= s) : add one matching from s € A. If successfully matched, return
true; otherwise return false. selby[i] = store s € A, s.t. ¢ € Bis
matched with s.

(e.g.) forr(i, n) ans += matching(c=i);

Time Complexity: O(VE)

vector<int> sideadj[N];

int selby[M];

int chk[M], c;

bool matching(int s) {
for(auto i : sideadj[s]) {

if (chk[i] == c) continue;

chk[i] = c;

if (selby[i] and !matching(selby[i])) continue;

selby[i] = s;

return true;

}

return false;

9.2.1 Minimum Vertex Cover on Bipartite Graph(Kdénig’s

Therorem)

On bipartite graph,
[Minimum Vertex Cover| = [Maximum Matching|
To find Minimum Vertex Cover, ( Should be added.)
9.2.2 Maximum Independent Set on Bipartite Graph
On bipartite graph,
[Maximum Independent Set|= |V| — |[Maximum Matching|

* Note : Complement of the Vertex Cover is the Independent Set.

9.2.3 Minimum Path Cover on DAG

Let’s think about the bipartite graph, with vertex set A and B,
satisfying follow property:
o If there’s edge from node i to node j on DAG, then there’s edge
connecting it node of A and jth node of B, and vice versa.
Then following holds:

[Minimum Path Cover of DAG| = |Maximum Matching on Bipartite

9.2.4 Maximum Antichain on DAG(Dilworth’s Theorem)

On DAG,

[Minimum Path Cover| = |Maximum Antichain|

9.3 Network Flow - Dinic

Usage: Construct graph with connect(from, to, capacity,
isDirected) ;. Find the flow from S to T" with flow(S, T);.
Time Complexity: O(V2E), but it works like magic.

struct Edge {
int to, cap, now;
Edge* rev;
Edge(int to,int cap):to(to), cap(cap), now(0){}
int left(){return cap - now;}
void flow(int f){now += f; rev->now -= f;}
void reset(){now = 0;}

};

vector<Edge*> adj[N];

int 1v[N]; bool chk[N];

bool bfs(int S, int T) {
queue<int> q;
q.push(S); 1v[S] = 0; chk[S]
while(!q.empty()) {

= true;

int s = gq.front(); q.popQ);

adjls]) {

if (i->left() and !chk[i->to]) {
lv[i->to] = 1lv[s]l+1; chk[i->to]

for(auto i :

= true;

q.push(i->to);

}
return chk[T];

Edge* hist[N]; int last[N];
bool dfs(int s, int T) {

Graphilf(s == T) return true;

for(int &j=last[s]; j < adjls].size(); j++) {

int 1 = adj[s][jl->to;

if (adj[s] [j1->1left() == 0 or 1lv[il

continue;
hist[i] = adj[s]1[jl;

if (dfs(i, T)) return true;
}

return false;

11 flow(int S,int T) {
11 ans = O;
while(bfs(S, T)) {
while(dfs(S, T)) {
int m = 2e9;
int now = T;
while(S != now) {
m =
now =
}
now = T;
while(S != now)
hist[now]->flow(m), now
hist[now]->rev->to;
ans += m;
}
memset(last, 0, sizeof last);

memset (chk, O, sizeof chk);

hist[now] ->rev->to;

'= 1v[s]+1)

min(m, hist[now]l->left());
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return ans;
}
// isDir : isDirected => 2FEISk ZFMO|M false
void connect(int from, int to, int cap, bool isDir = true) {
Edge *fw, *bw;
fw = new Edge(to, cap);
bw = new Edge(from, !isDir ? cap : 0);
fw->rev = bw; bw->rev = fw;
adj [from] .push_back(fw) ;
adj[to] .push_back(bw) ;

9.4 MCMF - with SPFA

Usage: Construct graph with connect(from, to, capacity,
cost);. Find the maximum flow and corresponding minimum cost
from S to T with flow(S, T);.

Time Complexity: O(VEf), but it works like magic.
struct Edge {

int to, cap, now;
11 cost;
Edge* rev;
Edge(int to,int cap, 11 cost)
:to(to), cap(cap), now(0), cost(cost){}
int left(){return cap - now;}
11 flow(int f£)
{now += f; rev->now -= f; return cost * f;}
void reset(){now = 0;}
};
vector<Edge*> adj[N];
Edge* hist[N]; 11 dist[N]; bool inQueue[N], chk[N];
bool spfa(int s, int t) {
memset (dist, 0, sizeof(dist));
memset (chk, 0, sizeof(chk)); chk[s] = true;
queue<int> q;
memset (inQueue, 0, sizeof (inQueue));
q.push(s); inQueue[s] = true;
while(!q.empty()) {
int now = q.front();

q.pop(); inQueue[now] = false;

for(auto e : adjlnowl) {
int next = e->to;
if (e->left() > 0 and
(chk[next] == false
or dist[next] > dist[now] +
e->cost)) {
chk[next] = true;
dist[next] = dist[now] + e->cost;
hist[next] = e;
if ('inQueue[next])

q.push(next), inQueue[next] = true;

}
return chk[t];
}

// cost7} 5017} &tAb Cidb

ol

tok JhS St (QREE ¢ 2w

0

connect)

void connect(int from, int to, int cap, 11 cost) {
Edge *fw, *bw;
fw
bw

new Edge(to, cap, cost);

new Edge(from, 0, -cost);
fw->rev = bw; bw->rev = fw;
adj [from] .push_back(fw) ;
adj[to] .push_back(bw);

}

//maximum matching & minimum cost

pair<1l, 11> flow(int S,int T) {
11 ans = 0; 11 cost = O;
while(spfa(S, T)) {

int m = 2e9;

int now = T;
while(S !'= now) {
m = min(m, hist[now]->left());

now = hist[now]->rev->to;

now = T;

while(S '= now) {
cost += hist[now]->flow(m);

now = hist[now]->rev->to;

}
ans += m;
}
return {ans, cost};
}
10 Tree

10.1 HLD(Heavy Light Decomposition)

BOJ Ez|2} FHz| 1

1ic: il ZMO| HIEE cZ HiFEC}
2 uv: uwOllM v2 Jh= B 220 EXSH= HIE SollM 7
2 A2 £7stict

const int N = 1eb+7;

vi adj[N]; int par([N]; int sz[N]; int d[N];
void dfsi(int s) {

sz[s] = 1;

for(int i=0;i<adjl[s].size();i++)

if(adj[s][i] == parl[s])
{adj[s].erase(adj[s].begin() + i); break;}

adjls]) {
par[i] = s; d[i] = d[s] + 1;
dfs1(i);
sz[s] += sz[i];

if(sz[i] > sz[adj[s][0]]) swap(adjls][0], i);

for(auto &i :

}
int in[N], c; int top[N];
void dfs2(int s) {
in[s] = ++c;
for(auto i : adjls]) {
if (i == adj[s][0])

topl[i] = top[s];
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else top[i] = i; getint(i); getint(c); for(auto i:adj[C]){
auto [a, bl = edgelil; if (cent[i]) continue;
dfs2(i); if (par[b] == a) a = b; int ¢ = getCentTree(i);
T cpar[c] = C;
} update(root, in[al, c, true); }
} return C;
Node *root; // Segment Tree if(q == 2) { }
int query(int a,int b) { intab;
int ans = 0; printf("%d\n", query(a, b)); int C = getCentTree(1); cpar[C] = -1;
while(topl[a] '= top[bl) { }
if(d[toplal] > dltop[bl]) swap(a, b); }
ans = max(ans, query(root, in[top[bl], in[bl)); } 11 Data Structure
b = par[top[bl]; .
) 10.2 Centroid Tree 11.1 PBDS - Policy-Based Data Structure

vi adj[N]; bool cent[N]; Time Complexity: Equivalent to std::set

if(d[a] > d[bl) swap(a, b);
int sz[N], par[N]; #include <bits/stdc++.h>

ans = max(ans, query(root, inf[a]l+1, in[bl));
#include <ext/rope>

void getSz(int s){ #include <ext/pb_ds/assoc_container.hpp>
return ans;

} sz[s] = 1; #include <ext/pb_ds/tree_policy.hpp>

L for(auto i:adj[s]){ using namespace gnu_ pbds;
map<pii, int> m; —_—
X L. if (cent[i]) continue; using namespace __ gnu_ Cxx;
int arr[N]; pii edgelN]; —_—
. . if (par[s] == i) continue;
int main() {

par[i] = s; getSz(i); par[i] = O; template<typename T>

getint(n);

using indexed_set = tree<T, null_type, less<T>, rb_tree_tag,
forr(i, n-1) {

[s] += sz[il; tree_order_statistics_node_update>;
intab; adjl[al.pb(b); adjlbl.pb(a); szis szt P
}
getint(c);
} indexed_set<int> s;
m[{a,b}] = m[{b, a}] = c;
. int getCent(int s, int n){ s.insert(3); s.insert(2); s.insert(3); s.insert(9);
edgel[i] = {a,b};
) for(auto i:adj[s]) s.insert(7); //2 37 9
if('cent[i] and sz[i] < sz[s] and sz[i] > n/2) s.insert(5); //2 357 9
afs1(1); dfs2(1); return getCent(i, n); s.erase(5); //2 3 7 9
t H
forr(i, n) arrl[in[il] = m[{par[il, i}]; retun 8
L ¥ auto x = s.find_by_order(2); // *x : 7
root = new Node(l, n); init(root, arr);
getint (Q); int cpar[N]; s.order_of_key(6) // 2
hile(@-) { int getCentTree(int s){ s.order_of_key(7) // 2
. getSz(s); s.order_of_key(8) // 3
getint(q); ( [e1)
int C = getCent(s, szl[s]);
if(q == 1) { &

cent[C] = true; [111777777777777777777777777777777777777777777777777777777777
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// greater_equal <- ordered_multiset / greater <-
ordered_multiset

#define oset_greater tree<ll, null_type, greater_equal<ll>,
rb_tree_tag, tree_order_statistics_node_update>

#define oset_less tree<ll, null_type, less_equal<ll>,

rb_tree_tag, tree_order_statistics_node_update>

void oset_m_erase(ordered_set_greater &0S, 11 val){
int index = 0S.order_of_key(val);
oset_greater::iterator it = 0S.find_by_order(index);

if(it != 0S.end() && *it == val) 0S.erase(it);

[11717177777777777777771777777777777/7777777777777177777771/7777

rope<ll> r;

r.insert(r.size() - t, i); //r.sizeO-tHM X}Z|0| iE 4
substr(a, b - a + 1) // afE{ (b-a+1)7l| CIEE ZrZfLHCH.

r. —_a=E = =
%, [a, b] AMEH

ol
=

11.2 rope

11.3 Union and Find - Queue Undoing

Time Complexity: O(log? N)
struct dsu_pb {
const int N;

vi par; stack<pair<pii, pii> > s;

dsu_pb(int N):N(N), par(N) {
fors(i, 0, N-1) par[i] = -1;

}

int root(int i) {
if (par[i] < 0) return ij;
return root(parl[i]);

¥

bool join(int i, int j) {
i = root(i); j = root(j);
s.push({{i, par[il}, {j, par(jl}});
if (i == j) return false;

if (-par[i] < -par[jl) swap(i, j);

par[i] += par([jl; par[j] = i;

return true;

protected:
void unjoin() {
assert(!s.empty());
auto [i, jl = s.top(); s.popQ);

par[i.fi] = i.se; par[j.fi] = j.se;
};
struct dsu_pf

: public dsu_pb {

vector<pair<bool, pii> > st; // £i==0 -> B
type, fi==1 -> A type

vector<pair<bool, pii> > tmp[2];

int A=0, B=0;

dsu_pf (int N) :dsu_pb(N){}

bool join(int i, int j) {
st.pb({0, {i, j}}); B++;
return dsu_pb::join(i, j);
}
void pop_front() {
assert(!st.empty());
if(A == 0) {
forr(i, B) unjoin();
A = B; B = 0; reverse(all(st));
for(auto &[b, p]l:st) b = 1, dsu_pb::join(p.fi,
p.se);
¥
else if(st.back().fi == false) {
tmp[st.back().fi] .pb(st.back()); st.pop_back();
unjoin();
while(tmp[0].size() != tmp[1].size() and
(unsigned) A != tmp[1].size()) {
tmp[st.back().fi] .pb(st.back());
st.pop_back();

unjoin();

¥
for(auto i:{0, 1}) reverse(all(tmp[il));
for(auto i:{0, 1}) for(auto v:tmp[i])
st.pb(v), dsu_pb::join(v.se.fi, v.se.se);
tmp[0] .clear(); tmp[i].clear();
}
A--; st.pop_back(); unjoin();

};

11.4 Fenwick Tree

11 treel[N];
void update(int 1,11 x) {

while(i < N) treel[i] += x, i += i&-i;

}

int query(int i) {
11 s = 0;
while(i) s += treel[i], i -= i&-i;
return s;

}

11.5 Segment Tree Generalization

Time Complexity: O(log N)
namespace GMS
{
template<typename D, D (*join)(D,D), D _e>
class Segtree {
class Node {
Node *1, *r;
int s,e; D v;
public:
Node(int s, int e) :1(0), r(0), s(s), e(e),
v(_e){};
~Node(){delete 1; delete r;}

template<typename Dini>
friend void init(Node* node, Dini arr([] = NULL)

{
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int s = node->s, e=node->e, mid=(s+e)/2;
if(s == e) {
node->v = D(arr?arr[s]:_e);

return;

node->1 = new Node(s, mid);
init(node->1, arr);
node->r = new Node(mid+1, e);

init(node->r, arr);

node->v = join(node->1->v, node->r->v);
}
friend D _query(Node* node, int a, int b) {
int s=node->s, e=node->e;
if(a <= s and e <= b) return node->v;

if(b < s or e < a) return _e;

return join(_query(node->1, a, b),
_query(node->r, a, b));
}
friend void _update
(Node* node, int i, function<D(D)>
upd) {
int s=node->s, e=node->e;
if(i < s or e < i) return;
if(s == e)
{
node->v = upd(node->v);

return;

_update(node->1, i, upd);

_update(node->r, i, upd);

node->v = join(node->1->v, node->r->v);

Node *root;
public:
template<typename Dini>
Segtree(int s,int e, Dini arr[] = NULL) {
root = new Node(s, e);
init(root, arr);
}
~Segtree(){delete root;}
D query(int s, int e)
{return _query(root, s, e);}
void update(int i, function<D(D)> upd)

{_update(root, i, upd);}

template<typename D, D (*join)(D,D), D _e, typename L, D
(*apply) (D, L, int), L (xgive)(L, L), L _1>
class LZSegtree {
class Node {
Node *1, *r;
int s,e;

D v; L 1z;

void prop() {
v = apply(v, 1z, e-s+1);
if (1) 1->1z = give(1->1z, 1z);

if(r) r->lz = give(r->lz, 1lz);

public:
Node(int s, int e)
:1(0), r(0), s(s), e(e), v(_e), 1z(_1){};
~Node(){delete 1; delete r;}

template<typename Dini>
friend void init(Node* node, Dini arr[] = NULL)

{

int s = node->s, e=node->e, mid=(s+e)/2;
if(s == e)
{

node->v = D(arr?arr[s]:_e);

return;

node->1 = new Node(s, mid);
init(node->1, arr);
node->r = new Node(mid+1, e);

init(node->r, arr);

node->v = join(node->1->v, node->r->v);
}
friend D _query(Node* node, int a, int b) {
node->prop() ;
int s=node->s, e=node->e;
if(a <= s and e <= b) return node->v;

if(b < s or e < a) return _e;

return join(_query(node->1, a, b),
_query(node->r, a, b));
¥
friend void _update
(Node* node, int a, int b, function<L(L)>
upd) {
node->prop() ;
int s=node->s, e=node->e;
if(b < s or e < a) return;

if(a <= s and e <= b)

{
node->1z = upd(node->1z);
node->prop() ;
return;

}

_update(node->1, a, b, upd);
_update(node->r, a, b, upd);



POSTECH — ConForza

Page 22 of 22

node->v = join(node->1->v, node->r->v);

};

Node *root;
public:
template<typename Dini>
LZSegtree(int s,int e, Dini arr[] = NULL)
{
root = new Node(s, e);
init(root, arr);
}
~LZSegtree(){delete root;}
D query(int s, int e){return _query(root, s, e);}
void update(int s, int e, function<L(L)>
upd) {_update(root, s, e, upd);}
};
} // namespace GMS

[1177717777771777777777777777777177777777777771717777/
#define data _data

struct data {
int m, m_cnt;
constexpr data(int m):m(m), m_cnt(1){}
constexpr data(int m, int m_cnt):m(m), m_cnt(m_cnt){}
};
data join(data A, data B) {
if(A.m == B.m) return data(A.m, A.m_cnt+B.m_cnt);
if(A.m < B.m) return A;
else return B;
}
data apply(data A, int 1z, int len)
{return {A.m+1z, A.m_cnt};}

int give(int a, int b){return a+b;}

using Seg = GMS::LZSegtree<data, join, {(int)1e9, 0}, int,
apply, give, 0>;

11.6 Li-Chao Tree

struct Line

{
11 a=0, b=(11)2e18+7;
11 operator() (11 x){return a*x+b;}
Line():a(0),b((11)2e18+7){}
Line(11l a, 11 b):a(a), b(b){}

};

11 middle(11l s, 11 e){return (s+e+(11)2e18)/2-(11)1e18;}
struct Node {
Node *1=0, *r=0;
Line v;
Node():1(0), r(0), v(Line()){}
};
void insert(Node* node, Line v, 11 1, 11 r, 11 s, 11 e) {
11 mid=middle(s, e);
if(e <1 or r < s) return;
if(s == e) {
node->v = (node->v(s) < v(s))?node->v:v;
return;
}
if ('node->1) node->1

new Node();

if (!node->r) node->r = new Node();

if(1 <= s and e <= 1) {
if (node->v(s) >= v(s) and node->v(e) >=
v(e)){node->v =

if (node->v(s) <= v(s) and node->v(e) <= v(e))

v; return;}

return;
insert(node->1, v, 1, r, s, mid);

insert(node->r, v, 1, r, mid+1l, e);

}
else {
insert(node->1, v, 1, r, s, mid);
insert(node->r, v, 1, r, mid+1l, e);
}

}
11 query(Node* node, 11 x, 11 s, 11 e)

if (!node) return (11)2el18+7;
if(x < s or e < x) return (11)2e18+47;

if(s == e) return node->v(x);

11 mid = middle(s, e);
return min({query(node->1, x, s,mid), query(node->r, x,
mid+1, e), node->v(x)});
}
/7 A F+E olg| nEsH sotof &
// (const int L = -1e9, R = 1e9);
// Insert : insert(root, Line ZHA|, 1, r, L, R);
// Query : query(root, x, L, R);
int main() {
Node *root = new Node();
getint(n); getint(Q);
forr(i, n) {
getll(1l); getll(r); getll(a); getll(b);
insert(root, Line(a,b), 1,r-1,(11)-1e9-7,
(11)1e9+7);

}
while(Q--) {
getint(q);
if(q == 0) {
getll(l); getll(r); getll(a); getll(b);
insert(root, Line(a,b), 1,r-1,(11)-1e9-7,
(11) 1e9+7) ;
}
if(q == 1) {
getll(x);
11 ans = query(root, x,(11)-1e9-7, (11)1e9+7);
if (ans == (11)2e18+7) printf ("INFINITY\n");
else printf("%11d\n", ans);
}
}

11.7 Splay Tree

struct Node
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{ Node *a = p->1, *b = node->1, *c = node->r;
Node *p, *1, *r; SplayTree O {}
int cnt; SplayTree (Node *rt){ p—>1 = a; if(a) a->p = p;
11 val; 11 m, M, sum; 11 lazy; if('rt) return; p~>r = b; if(b) b->p = p;
bool flip; bool dum;
root = rt; node->1 = p; p->p = node;
Node (1l val, bool dum = false):p(0),1(0), r(0), cnt(l), rp = rt->p; node->r = c; if(c) c->p = node;
val(val), m(val), M(val), sum(val), lazy(0), flip(0), }
dum (dum) {} node->p = g; if(g) (g->1 == p?g->1l:g->r) = node;
void mop(Node *node){
void fix(){ if (node == root) node->prop(); p->fix(); node->fix();
cnt = 1+(1?71->cnt:0)+(r?r->cnt:0); else mop(node->p);
sum = val+(1?1->sum:0)+(r?r->sum:0); if (p == root) root = node;
m = min({val, (1?1->m:inf), (r?r->m:inf)}); if (node->1) node->1->prop(); }
M = max({val, (1?71->M:-1), (r?r->M:-1)}); if (node->r) node->r->prop();
¥ } }
void prop(){
if (flip){ void rotate(Node *node){ void splay(Node* node)q{
swap(l, r); if ('root) return; if ('root) return;
if (1) 1->flip = !'1->flip; assert(node) ; mop(node) ;
if(r) r->flip = !r->flip; if (node->p == rp) return;
if (node->p->1 == node){ while(node->p != rp){
flip = false; Node *p = node->p, *g = p->p; Node *p, *g;
} Node *a = node->1, *b = node->r, *c = p->r; p = node->p; g = p—>p;
if (lazy){
val += lazy; sum += cnt * lazy; p->1 = b; if(b) b->p = p; if (g == rp) rotate(node);
if (1) 1->lazy += lazy; p->r = c; if(c) c->p = p; else if ((p->1 == node) == (g->1 == p))
if(r) r->lazy += lazy; rotate(p), rotate(node);
node->1 = a; if(a) a->p = node; else rotate(node), rotate(node);
lazy = 0; node->r = p; p->p = node; X
}
} node->p = g; if(g) (g->1 == p?g->l:g->r) = node; root = node;
}
} *root; p->fix(); node->fix();

Node* insert(ll val, bool dum = false)q{

// APZ|ECH o 2 =EE EEZ Sh= SplayTreeE X=XIsh= if (p == root) root = node; if ('root)q{
22, 5t9| sSplayTree= unvalid=IC}. } root = new Node(val, dum);
struct SplayTree{ else{ return root;

Node *root = NULL, *rp = NULL; Node *p = node->p, *g = p->p; }
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else{
Node *now = root;
while(now->r) now = now->r;
Node* ret = now->r = new Node(val, dum);

now—>r—>p = NOow;

splay(ret); return ret;

Node* find_kth(int k) { // O-indexed
assert(root);
assert(root->cnt > k);
Node *now = root; now->prop();
while(true)q{
while(now->1 and now->1->cnt > k) now =
now->prop() ;

k -= now->17now->1->cnt:0;

if(k == 0) break;
k--; now = now->r;

now->prop() ;

splay (now) ;

return now;
¥
// s-1, e+1HR| ==7} Stk =xHsHofF Sict.
Node* gather(int s, int e){

find_kth(e+1);

SplayTree(root->1) .find_kth(s-1);

assert (root->1->r);
return root->1->r;

¥

void update(int i, int j, 11 val){
Node *node = gather(i, j);

node->lazy += val; node->prop();

now->1,

node->p->fix(); node->p->p->fix();
}
void reverse(int i, int j){
Node *node = gather(i, j);
node->flip = !node->flip;

void p_vals(){p_vals(root, 0, false);}
void p_vals(Node* node, 11 1z, bool flip){
1z += node->lazy; flip ~= node->flip;
if (1£1ip){
if (node->1) p_vals(node->1, 1z, flip);
if ('node->dum) printf("%1ld ", node->val+lz);

if (node->r) p_vals(node->r, 1z, flip);

}

else{
if (node->r) p_vals(node->r, 1z, flip);
if ('node->dum) printf("}11ld ", node->val+lz);
if (node->1) p_vals(node->1, 1z, flip);

¥

};

12 Numerical Analysis
13 Technic
14 Misc

14.1 Fast Input

Usage: Fast Input with fread. Do not use with scanf, cin, or other
input function. Use forr(i, n) read(arr[il); instead of forr(i, n)
scanf ("%d", arr+i);. Use read(s+1) instead of scanf ("%s", s+1);.
#define getint(n) int n; read(n)

#define getll(n) 11 n; read(n)
#define inta getint(a)
#define intab getint(a); getint(b)
char get() {
static char buf[100000], *S=buf, *T=buf;

if(s == T) {
S = buf;T = buf + fread(buf, 1, 100000, stdin);
if(S == T) return EOF;
}
return *S++;
}
void read(int& n) {
n = 0;
char c; bool neg = false;
for(c = get(); ¢ < '0'; c=get()) if(c=='-') neg = true;
for(;ec>='0";c=get()) n = n*10+c-'0";
if(neg) n = -n;
}
void read(11l& n) {
n = 0;
char c; bool neg = false;
for(c = get(); ¢ < '0'; c=get()) if(c=='-') neg = true;
for(;c>='0";c=get()) n = n*10+c-'0";
if(neg) n = -n;
}

int read(char s[]) {
char c; int p = 0;

while((c = get()) <= ' ');

s[pt+] = c;

while((c = get()) >= ' ') s[p++] = c;
slpl = '\0';
return p;

14.2 MT19937 Random Number

const long long rand_L = 1;
const long long rand R = 10;
mt19937_64

rng(chrono: :steady_clock: :now() .time_since_epoch() .count());

uniform_int_distribution<int> dist(rand_L, rand_R);

auto gen = bind(dist, rng);
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gen(); gen(); gen(; — Document end —



