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1 Data Structure
1.1 CDQ

#define fastio ios_base::sync_with_stdio(false);

cin.tie(9);

#define endl '\n'
#define _ << " ' <«
const int INF = 2e9;
struct info {
int t, p;
long long x;
/] B x B O -1e9 ~1e9 - £ K B B B X
// & x> INF > { kX E & # M
// M B # OB K& R A (x - INF)
/0B B2 R B B x B R A INF+2
// B x<=-INF > — KRR XBH > RAFBEAH
o R
}s
int n, q;
vector<info> v;
vector<long long> ans;
void cdq(int 1, int r) {
if (1 == r) return;
int mid = (l+r) / 2;
cdq(l, mid);
cdgq(mid+1, r);
vector<info> temp;
long long add_sum = ©;
int pl =1, pr = mid+1;
while (pl <= mid && pr <= r) {
if (v[pll.p <= v[prl.p) {
temp.emplace_back(v[pl]);
if (abs(v[pl].x) <= 1e9) {
add_sum += v[pl].x;
}
pl++;
else {
temp.emplace_back(v[pr]);
if (v[pr].x >= INF) {
ans[v[pr].x - INF] += add_sum;
} else if (v[prl.x <= -INF) {
ans[-(v[pr].x + INF)] -= add_sum;
pr++;
}
}
while (pl <= mid) {
temp.emplace_back(v[pl]);
pl++;
}
while (pr <= r) {
temp.emplace_back(v[pr]);
if (v[pr].x >= INF) ans[v[pr].x - INF] += add_sum;
else if (v[pr].x <= -INF) ans[-(v[pr].x + INF)] -=
add_sum;
pr++;
for (int 1 =1, j = 0; i <= r; i++, j++) v[i] = temp[j];

int

main() {
fastio;
cin >> n >> q;

60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

for (int p = 1; p <= n; p++) {
long long x; cin >> x;
v.emplace_back(info{++time, p, x});
arr[p] = x;
}
int ask_id = 0;
for (int i = 0; i < q; i++) {
int op; cin >> op;
if (op == 1) {
int p; long long x;
cin >> p >> Xx;
v.emplace_back(info{++time, p, x - arr[pl});
arr[p] = x;
}
else {
int 1, r; cin >> 1 >> r;
v.emplace_back(info{++time, r, INF + ask_id});
if (1 > 1) v.emplace_back(info{time, 1-1, -INF
ask_id});
ask_id++;
ans.emplace_back(0);
}
}
cdq(e, (int)v.size()-1);
for (int i = ©; i < (int)ans.size(); i++)
cout << ans[i] << endl;
}
struct info {
int x, y, z, id; // id @ 8 8 & R & [& 5 8 £ &
s
int N;

v.clear(); ans.clear();

int

time = 9;

vector<long long> arr(n+l);

vector<info> v;
vector<int> ans;
struct BIT {
vector<int> bit;

+s

int

BIT(int n)
void upd(int idx,

int

n;
n(n) bit.resize(n + 1, 0);
int val) {
while (idx <= n) {

bit[idx] += val;

idx += idx & -idx;

¥

gry(int idx) {
int sum = @;
while (idx > @) {
sum += bit[idx];
idx -= idx & -idx;
}

return sum;

void cdq(int L, int R, BIT& BITree) {
if (L == R) return;

int

cdq(L, mid,

mid = (L + R) / 2;

BITree);

cdq(mid + 1, R, BITree);
vector<info> temp;

vector<pair<int,

int>> BIT_op;
E,BEBRME - ERNE

// BIT_op:
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int

pl = L, pr = mid + 1;

while (pl <= mid &% pr <= R) {

if (vipll.y < vlprl.y) {
temp.emplace_back(v[pl]);
BITree.upd(v([pl].z, 1);
BIT_op.emplace_back(make_pair(v[pl].z, 1));
pl++;

} else {
temp.emplace_back(v[pr]);
ans[v[pr].id] += BITree.qry(v[pr].z - 1);
pr++;

}

}
while (pl <= mid) temp.emplace_back(v[pl]), pl++;
while (pr <= R) {

temp.emplace_back(v[pr]);
ans[v[pr].id] += BITree.qry(v[prl.z - 1);
pr++;

}
for (int pt = @, pv = L; pv <= R; pt++, pv++) v[pv] =
temp[pt];
for (auto& op BIT_op) {
BITree.upd(op.first, -op.second);
}
int main() {
fastio;
cin >> N;
v.resize(N);
ans.resize(N, 0);
for (int i = ©; i < N; i++) {
cin >> v[i].x >> v[i].y >> v[i].z, v[i].id = i;
sort(v.begin(), v.end(), [](const info& a, const info& b)
{return a.x < b.x;});
BIT BITree(N);
cdq(@, N - 1, BITree);
for (int i = @; i < N; i++) cout << ans[i] << endl;
}

1.2 DSU

class UnionFind {

private:

vector<int> parent;
vector<int> rank;

public:

UnionFind(int size)

int
int

int

parent(size),

for (int 1 = 0; i < size; ++i) {
parent[i] = i;

}

rank(size, 1) {

getSize() const
find(int p) {

return parent.size();

if (p < @ || p >= parent.size()) throw out_of_range("

Out of bound.");
while (p != parent[p]) {

parent[p] = parent[parent[p]];
p = parent[p];
return p;

findR(int p) {
if (p < @ || p >= parent.size())

throw out_of_range("Out of bound.");
if (p != parent[p])
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int

}

parent[p] = findR(parent[p]);
return parent[p];
}
bool isConnected(int p, int q){ return find(p) == find(q)

R

}

void unionElements(int p,
int pRoot = find(p);
int gRoot = find(q);
if (pRoot == qRoot) return;
if (rank[pRoot] < rank[qRoot]) parent[pRoot] =

int q) {

qRoot;

else if (rank[qRoot] < rank[pRoot]) parent[qRoot] =
pRoot;
else {
parent[pRoot] = qRoot;
rank[qRoot ]++;
}
}
int countConnectedNodes(int p) {
int root = find(p);
int count = @;
for (int i = @0; i < parent.size(); i++) {
if (find(i) == root) count++;
}
return count;
}
main() {

UnionFind uf(10@);

uf.unionElements(1,
uf.unionElements (2,
uf.unionElements (4,
uf.unionElements(3,

1.3 Dag

void DFS(map<int, queue<int>>& graph, map<int,

¥

bool>& visited
, int place, stack<int>& ans) {
if (visited[place]) return;
visited[place] = true;
while (!graph[place].empty()) {
DFS(graph, visited, graph[place].front(), ans);
graph[place].pop();

ans.push(place);

1.4 Kruskal

struct Edge {

5
int

int src, dest, weight;
Edge(int s, int d, int w) src(s), dest(d), weight(w) {}
findParent(const vector<int>& parent, int i) {

return parent[i] == 1 ? i findParent(parent, parent[i])

>

vector<kEdge> kruskalMST(const vector<vector<int>>&

adjacencyMatrix) {
int size = adjacencyMatrix.size();
vector<Edge> mst, edges;
for(int i = 0; i < size; ++1i){
for(int j =1 + 1; j < size; ++j){
if(adjacencyMatrix[i][j] > 0){
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edges.push_back(Edge(i, j, adjacencyMatrix[i
103105
}
sort(edges.begin(), edges.end(), [](const Edge& el, const
Edge& e2) {
return el.weight < e2.weight;
3
vector<int> parent(size);
for(int i = @; i < size; ++1i) parent[i] = i;
int count = 9;
for(const Edge& edge edges) {
if(count == size - 1) break;
int srcParent = findParent(parent, edge.src),
destParent = findParent(parent, edge.dest);
if(srcParent != destParent) {
mst.push_back(edge);
++count;
parent[srcParent] = destParent;
}
}

return mst;

1.5 Prim

struct Edge {
int src, dest, weight;
Edge(int s, int d, int w)

H
vector<Edge> primMST(const vector<vector<int>>&
adjacencyMatrix) {
int size = adjacencyMatrix.size();
vector<bool> visited(size, false);
vector<Edge> mst;
priority_queue<Edge, vector<Edge>,
Edge)>> pq(
[](const Edge& el, const Edge&
> e2.weight; }

function<bool(Edge,

)5
visited[@] = true;
for (int i = 1; i < size; ++i) {
if (adjacencyMatrix[@][i] > @) {
pq.push(Edge(0, i, adjacencyMatrix[@][i]));

while (!pq.empty()) {
Edge minEdge = pq.top();
pq.pop();
int u = minEdge.dest;
if (visited[u]) continue;
visited[u] = true;
mst.push_back(minEdge);
for (int v = 0; v < size; ++v)
if (adjacencyMatrix[u][v] > © && !visited[v]) {
pq.push(Edge(u, v, adjacencyMatrix[u][v]));

}
}
return mst;
}
int main() {

// Example adjacency matrix

src(s), dest(d), weight(w) {}

e2) { return el.weight
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vector<vector<int>> adjacencyMatrix = {

{6, 2, 0, 6, 0},
{2, o, 3, 8, 5},
{e) 3) 9) 0) 7})
{6) 8) 0) 0) 9})
) {6, 5, 7, 9, @}
5
vector<Edge> mst = primMST(adjacencyMatrix);
cout << "Minimum Spanning Tree Edges:\n";
for (const auto& edge mst) {
cout << "Src: " << edge.src << ", Dest: " << edge.
dest << ", Weight: << edge.weight << "\n";
}
return 0;

}

1.6 SegmentTreeLazy

#define Ls(x) x << 1
#define Rs(x) x << 1 | 1
int N = 1e5+5;
vector<int> segTree(4*N), lazy(4*N) , arr(N);
void build(int 1, int r, int idx = 1){
if(1 == r){
segTree[idx] = arr[l];
return;
int mid = (1l+r) >> 1;
build(l, mid, Ls(idx));
build(mid+1, r, Rs(idx));
segTree[idx] = segTree[Ls(idx)]+ segTree[Rs(idx)];
}
void pushDown(int 1, int r, int idx){
if(lazy[idx] == @) return;
segTree[idx] += (r-1+1)*lazy[idx];
if(1 !'= r) lazy[Ls(idx)] += lazy[idx],lazy[Rs(idx)] +=
lazy[idx];
lazy[idx] = @;
void update(int 1, int r, int ql, int idx
A
pushDown(l, r, idx);
if(1 > gr || r < gql) return;
if(l >= ql && r <= gr){
segTree[idx] += (r-1+1)*val;

int qr, int val,

if(1 !'= r) lazy[Ls(idx)] += val, lazy[Rs(idx)] += val

return;
}
int mid = (1+r) >> 1;
update(l, mid, ql, gr, val, Ls(idx));
update(mid+1, r, ql, gqr, val, Rs(idx));
segTree[idx] = segTree[Ls(idx)]+ segTree[Rs(idx)];

}

int query(int 1, int r, int ql, int gr, int idx =
pushDown(1l, r, idx);
if(1 > qr || r < gl) return 0;
if(l >= ql & & r <= gr) return segTree[idx];
int mid = (1+r) >> 1, sum = 0;
if(gql <= mid) sum += query(l, mid, ql, qr, Ls(idx));
if(qr > mid) sum += query(mid+1, r, ql, qr, Rs(idx));
return sum;

1
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int32_t main(){
int n, t;
cin >> n >> t;
for(int 1 = 1; i <= n; i++) cin >> arr[i];
build(1, n, 1);
for(int 1 = 0; 1 < t; i++){
int j, 1, r, v;
cin >> j;
if(3 == 1){
cin >> 1 >> r >> v;
update(1, n, 1, r, v);
} else {
cin >> r;
cout << query(r, 1, n) << endl;

}
¥
// prefix sum
int N = 2e5 + 5;
vector<ll> segTree(4 * N, -2e18), lazy(4 * N), arr(N), tmp(N)

void build(int 1, int r, int idx =
if(1l == r){
segTree[idx] =
return;

1

arr[1];

int mid = (1 + r) >> 1;
build(1l, mid, Ls(idx));
build(mid + 1, r, Rs(idx));
segTree[idx] = max(segTree[Ls(idx)] + segTree[Rs(idx)]);
}
void pushDown(int 1, int r, int idx,
if(lazy[idx] == @) return;
segTree[idx] += lazy[idx];
int mid = (1 + r) / 2;
if(1l !'= r) lazy[Ls(idx)] += lazy[idx],
lazy[idx];
lazy[idx] = ©;

int x =

0){
lazy[Rs(idx)] +=

}
void update(int 1, int idx =
1){
pushDown(1l, r, idx);
if(1 > gr || r < gl) return;
if(l >= gl && r <= gr){
segTree[idx] += val;
pushDown(1l, r, idx);
return;

int r, int ql, int gr, int val,

int mid = (1 + r) >> 1;

update(l, mid, ql, gqr, val,
update(mid + 1,
segTree[idx] =

Ls(idx));
r, ql, gr, val, Rs(idx));
max(segTree[Ls(idx)], segTree[Rs(idx)]);

11 query(int 1, int r, int gl, int qr, int idx = 1){
pushDown(1l, r, idx);
if(1 > qr || r < ql) return -2e18;
if(l >= gl && r <= qr) return segTree[idx];
int mid = (1 + r) >> 1, ans = -2e18;
ans = max(ans, query(l, mid, ql, qr, Ls(idx)));
ans = max(ans, query(mid + 1, r, ql, gr, Rs(idx)));

segTree[idx] =
return ans;

max(segTree[Ls(idx)], segTree[Rs(idx)]);

}

int main(){
10;
int n, q;
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cin >> n >> q;
for(int i = 1; i
arr = tmp;
for(int i = 2; i <= n;
build(1, n, 1);
while(q--){
int j, k, u;
cin >> j >> k >> u;
if(J == 1){
update(1, n, k, n, u - tmp[k]), tmp[k] = u;
} else {
cout << max(@ll, query(1l,
(1, n, k - 1,

<= n; i++) cin >> tmp[i];

i++) arr[i] += arr[i - 1];

n, k, u) - (kl=1?query
k - 1):0)) << endl;

}
1.7 SegmentTree

11 v[1le5] , seg[4e5+7] ;
void StructSEG(int 1 , int r , 11 node){
if(l==r) seg[node] = v[r] ;
else{
int mid = (1+r) >> 1 , tmp =
StructSEG(1l,mid,tmp) ;
StructSEG(mid+1,r,tmp+1l) ;
seg[node] = seg[tmp] + seg[tmp+1l] ;

node << 1;

int query(int tL , int tR , int nL , int nR , int node){
int mid = (nL+nR)>>1 , ans = @ ;
if(tL <= nL & & nR <= tR) return seg[node] ;
if(tL <= mid) ans += query(tL,tR,nL ,mid, (node<<1) );
if(tR > mid) ans += query(tL,tR,mid+1,nR ,(node<<1l)+1);
return ans ;
¥
void updateNode(int idx , int val , int 1 , int r , int node)
if(1l == r) seg[node] =
else{
int

val , v[idx] = val ;
m=(1l+r)>1;
int leftNode = (node
int rightNode = (node
if(idx <= m && idx >=
, leftNode ) ;
else updateNode(idx , val , m+l,r , rightNode ) ;
seg[node] = seg[leftNode] + seg[rightNode] ;

<< 1) ;
<< 1) + 1 ;

}
}
2.1 BellmanFord
typedef pair<int, int> pii;
const int maxn = 1le5 + 5;
const int INF = O@x3f3f3f3f;

vector<pii> G[maxn];

int dis[maxn];

bool BellmanFord(int n,
for (int i = 1; i <= n;
dis[s] = o;
bool relax;
for (int r =

int s) {
i++) dis[i] = INF;

1; r <= n; r++) {

1) updateNode(idx , val , 1 , m
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relax =
for (int i = 1; 1 <= n; i++) {
for (pii e G[i]) {
if (dis[i] + e.second < dis[e.first]) {
dis[e.first] = dis[i] + e.second;
relax = true;

false;

}

if (!relax) break; // Optimization: If no relaxation
happened, break early

return relax; // If relax is true after n iterations,
there is a negative cycle

}
int main() {
int n, m, s;
cin >> n >> m >> s;
while (m--) {
int u, v, w;
cin >> u >> v >> w;
G[u].emplace_back(v, w);
}
if (BellmanFord(n, s)) {
cout << "negative cycle\n";
} else {
for (int i = 1; i <= n; i++) {
if (dis[i] == INF) {
cout << "INF\n"; // Print INF if there's no
path
} else {
cout << dis[i] << " \n"[i == n];
}
}
}
}

2.2 EdmondsKarp

int main() {

int n, m, b, e, s, t, w, g = 1;
while (cin >> n, n) {
int ans = @, go = 1, Min;

vector<vector<int>> a(n+l, vector<int>(n+1, 0));
vector<int> last(n+l, ©), can(n+l, 9);
cin >> b >> e >> m;
while (m--) {
cin >> s >> t >> w;
a[s][t] = a[t]l[s] += w;

}

while (go) {
go = ©;
queue<int> Q;
Q.push(b);
Min = 99999999;
fill(can.begin(), can.end(), ©);
while (Q.size()) {

int top = Q.front();
Q.pop();
can[top] = 1;
for (int k = 1; k <= n; k++) {
if (a[top][k] && !can[k]) {
last[k] = top;
if (k == e) {
go = 1;
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27 break;
28 }
29 Q.push(k);
30
31 }
32 if (go) {
33 int S = s = e;
34 while (last[s]) {
35 Min = min(Min, a[last[s]][s]);
36 s = last[s];
37 }
38 while (last[S]) {
39 a[last[S]][S] -= Min;
40 a[S][last[S]] += Min;
41 S = last[S];
42 }
43 ans += Min;
44 fill(last.begin(), last.end(), ©);
45 fill(can.begin(), can.end(), ©);
46 break;
47 }
48 }
49 }
50 printf("Network %d\nThe bandwidth is %d.\n\n", q++,
ans);
51 }
52| }
2.3 LCS
B — &k £+
2| else max(Z , Lt )
2.4 LCS2LIS
1| int LCS2LIS(string &a, string &b) {
2 vector<int> List;
3 for (int 1 = @; i < b.size(); i++) {
4 for (int j = @; j < a.size(); j++) if (b[i] == a[j])
List.push_back(j);
5 }
6 if (List.size() == @) return 0;
7 vector<int> dp;
8 for (int i = @; 1 < List.size(); i++) {
9 if (dp.empty() || List[i] > dp.back()) dp.push_back(
List[i]);
10 else *lower_bound(dp.begin(), dp.end(), List[i]) =
List[i];
11
12 return dp.size();
13| }
2.5 LCS3D
1| // space O(m*n*o) version
2| int 1lcsOf3(string X, string Y, string z, int m, int n, int o)
{
3 int L[m+1][n+1][o0+1];
4 for (int 1 = 0; i <=m; i++) {
5 for (int j = 0; j <= n; j++) {
6 for (int k = @; k <= o; k++) {
7 if (i ==0 || j==0|] k==120) {
8 LIiI[310k] = e;
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} else if (X[i-1] == Y[j-1] && X[i-1] == Z[k
-11) |
LIi][JI0k] = L[i-1][]-1]1[k-1] + 1;
} else {
L{i1[3][k] = max({L[i-1][F][k], L[i][]
, -110k], L[i1[310k-11});
}
}
return L[m][n][o];
}
// space 0(2*n*o) version

int lcsOf3(string X,
{
vector<vector<vector<int>>> L(2, vector<vector<int>>(n+1,
vector<int>(o+1, 9)));
for (int 1 = 0; i <= m; i++) {

string Y, string z, int m, int n, int o)

for (int j = @; j <= n; j++) {
for (int k = 0; k <= o; k++) {
if (1 ==0 || J==0|] k ==20) {

L[i % 2][31[k] = e;
} else if (X[i-1] == Y[j-1] && X[i-1] == Z[k
-17) |
L[i % f][j][k] =
} else { ’
L[i % 2][31[k] = max({L[(i-1) % 2][JI[K],
;5;)% 2][3-110k], L[i % 2][j1[k

}

}
return L[m % 2][n][o];
}

2.6 LIS

void LIS(vector<int> &arr) {
vector<int> lis;
for (int i = @0; i < arr.size(); i++) {
auto it = lower_bound(lis.begin(), lis.end(), arr[i])

R
if (it == lis.end()) lis.push_back(arr[i]);
else *it = arr[i];

cout << lis.size() << endl;

b
2.7 MaxFlow

struct edge {
int from, to, cap, flow;
edge(int u, int v, int c, int f)
, flow(f) {}

: from(u), to(v), cap(c)

s

struct Dinic {
vector<edge> edges;
vector<vector<int>> adj;
vector<int> level, ptr;
int n, m =10, s, t;
Dinic(int n, int s,

adj.resize(n);

int t) s(s), t(t) {

n(n),

L[(i-1) % 2][j-1]1[k-1] +
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level.resize(n);
ptr.resize(n);

void addEdge(int u, int v, int c) {
edges.emplace_back(u, v, c, 0);
edges.emplace_back(v, u, 0, 0);
adj[u].push_back(m);
adj[v].push_back(m + 1);
m += 2;

}
bool bfs() {
fill(level.begin(),
queue<int> q;
q.push(s);
level[s] = 0;
while (!q.empty()) {
int u = q.front();
q.pop();
for (int id adjful) {
if (edges[id].cap - edges[id].flow < 1)
continue;
int v = edges[id].to;
if (level[v] != -1) continue;
level[v] = level[u] + 1;
q.push(v);

level.end(), -1);

return level[t] != -1;

int dfs(int u, int pushed) {
if (pushed == @) return 0;
if (u == t) return pushed;
for (int& cid = ptr[u]; cid < (int)adj[u].size(); cid
++) {
int id = adj[u][cid];
int v = edges[id].to;
if (level[u] + 1 != level[v] || edges[id].cap -
edges[id].flow < 1) continue;
int tr = dfs(v, min(pushed, edges[id].cap - edges
[id].flow));
if (tr == @) continue;
edges[id].flow += tr;
edges[id ~ 1].flow -=
return tr;

tr;

}

return 0;
int flow() {
int f = 0;
while (true) {

if (!bfs()) break;

fill(ptr.begin(), ptr.end(), 0);

while (int pushed = dfs(s, INT_MAX)) f += pushed;

return f;

}
main() {

int n, m, s, t;

cin >> n >> m > s > t;

Dinic dinic(n, s, t);

for (int i = 0; 1 < m; i++) {
int u, v, c;
cin >> u > v >> c;
dinic.addEdge(u, v, c);
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cout << dinic.flow() << endl; 15 v = path[v]; 78 }
} 16 } 79 cin >> s >> t;
17 cout << u << endl; 80 SP2th(s, t, n); //Rs->tHIRE R
2.8 SPFA 15/ ) sl
19 82| }
s s . ‘s 20| int Dijkstra(int s, int t, int NV
typedef pair<int, int> pii; ”n foa (int(i Z1s 1 <= NV: i++)){{
const int maxn = 1e5 + 5; X ST ’
const int INF = @x3f3f3f3f; zz Sizi%ﬂ - ZU.AX’ 3 Geometry
vector<pii> G[maxn]; R .
int dis[maxn]; 2 path[i] = i; 3.1 ClosestPair
; ; ; dist[s] = e; 1| typedef pair<ll, 11> pii;
void SPFA(int n, int s) { 26 X e L yped pair B pii;
for (int i = 1; i <= n; i++) dis[i] = INF; . for ﬁ:tmin'\,:iu: AN ;+f)_§, 2 #je?“e x ‘C”‘Std
dis[s] = @; 29 for (inE j=1;3 <; NV; j+;—) : )itled;ne y Eecc.n)& t pii& b
queue<int> q; 30 if (1vist[§] 8& dist[j] < min_value) . 1§C§ns o Sl e ) t{, ;
a.push(s); 31 r'nin value = dist[j], u = 5 ; t . —da.i (_j 'Xa z ; :?.y TRy
bool inque[maxn] = {}; . iF (u == _13 break: 4 ? 6 return dx X + dy ys
inque[s] = true; 33 vist[u] = 1; ’ : ionst 11 inf = 1e18;
while (tq.empty()) { 34 for (int j .Y J <= NV; j++) 2 11 dac(vector‘z ii>& p, int 1, int r) {
oy om0 5 if (Ivist[j] 88 dist[u] + Metrix[u][3] < dist[3]) 10|  if (1 >o ry return inf; ~
ir'1que[uj - false; 36 dist[?'] = dist[u] + Metrix[u][j], path[j] = u 3 int m = gl +r) / 2;
for (pii e : G[u]) { H 12 11 d = min(dac(p, 1, m), dac(p, m + 1, r));
N . 37 ii .
int v = e.first, w = e.second; . . 13 vector<pii> t;
if (dis[u] + w < dis[v]) { a8 return dist[t] == MAX ? -1 : dist[t]; 14 for (int i =m; i >= 1 8 p[m].x - p[il.x < d; i--)
dis[v] = dis[u] + w; 39| } 15 t.push_back(p[i]); ) .
if (!inque[v]) { 40 . . . . 16 for (int i =m + 1; i <= r & p[i].x - p[m].x < d; i++)
41| void SP2th(int s, int t, int NV i1);
g-push(v); 42 int flgg = D,ijkstraZS t N\)/)? - tt{:pESthaCk(E[l]?j,
inque[v] = true; e ! > 6 5 18 sort(t. eg}n(), -en 0>
} 43 if (flag == -1) { 19 [1(pii& a, pii& b) { return a.y < b.y; });
} 14 cout << "ARHEIL" << endl; 20 int n = t.size();
} 45 return; 21 for (int 1 = 0; 1 < n - 1; i++)
} 46 } 22 for (int j = 1; j < 4 & i + j < n; j++)
} a7 int u ='s, v = t, arcNum = 0; 23 /] BRETTNAMEZRMWEER RN Y
int main() { 48 while (v !=u) { 24 d = min(d, dd(t[i], t[i + 31));
int n, m, s; 49 cout << v << "-->T . 25 return d;
cin >> n >>m >> s 50 E[fPCNuE++]_= {v, path[v], Metrix[v][path[v]]}; 26| } -
while (m--) { 51 v = path[v]; ar| /) W HE > REAHYENER WFEH -
int u, v, w; 52 } . . 28| 11 closest_pair(vector<pii>& pp) {
Cin >> U 3> V >> w; 53 ?OUt << << end} << ":" << dist[t] << endl; 29 sort(pp.begin(), pp.end());
G[u].emplace_back(v, w); 54 int min_SP = MAX; . 30 return dac(pp, @, pp.size() - 1);
} 55 for (int i = @; 1 < arcNum; i++) { 31 }
SPFA(N, s); 56 u = E[i].s; v = E[i].t;
i 2 1 i <= ne i Metrix[u][v] = Metrix[v][u] = MAX;
for (int i = 1; i <= n; i++) { 57 It 5
if (dis[i] == INF) cout << "INF "; 58 fia%f; Dl]'kStS(?’ t, NV); 3.2 ConvexHull
icli won, 59 i ag !'= -
) else cout << dis[i] <« 5 60 outPath(s, t, NV); 1| void (Ij)hué[ll(vdectglr%pagi‘;<1dloupl:,d;);ble»points,vector‘<pair‘<
61 cout << ":" << dist[t] << endl; ouble,double>>&hull,1nt e
¥ 62 if (min_SP > dist[t]) min_SP = dist[t]; 2 if(e)hull.push_back(points[@]);hull.push_back(points[1]);
63 } 3 for(int i=2;i<points.size();i++){
2.9 DP 64 Metrix[u][v] = Metrix[v][u] = E[i].cost; 4 while(hull.size()>=2){
65 } 5 pair<double,double>pl=hull[hull.size()-2],p2=hull
#include <iostream> 66 cout << "FWEEE " << min_SP << endl; [hull.size()-1],p3=points[i];
#define N 205 67| } 6 double x1=p2.first-pl.first,yl=p2.second-pl.
#define MAX OxO3fffffff 68 second;
using namespace std; i i 7 double x2=p3.first-p2.first,y2=p3.second-p2.
69| int main() {
: . . . 70 int m, n, s, t, c; . second;
int Metrix[N][N], dist[N], vist[N], path[N]; - while (cin >> n >> m) { 8 if(x1*y2-x2*yl<=0)break;
struct edge { int s, t, cost; } E[N]; 72 for (int i = 1; i <= n; i++) 9 hull.pop_back();
. . . . 73 for (int j = 1; j <= n; j++) 10 ¥ . .
void OutPath(int s, int t, int NV) { 4 Metrix[i][j] = (i == j) ? © : MAX; 11 hull.push_back(points[i]);
for (int i = 1; i <= NV; i++) cout << path[i] << " "; - : - e 3 .os 12
5 5 P 5 75 for (int i = @; i < m; i++) {
cout << endl; 76 cin >> s >> t >> c; 131 .
int u =5, v=1t; e Metrix[s][t] = Metrix[t][s] = min(Metrix[t][s], c 14| int main(){
while (v != s) { ; 15 string s,ss;
cout << v << "-->"; 16 while(getline(cin,s)){
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double n,x,y,t=0;char c; 31 int u = Q.front(); Q.pop(); 28
vector<pair<double,double>>points,hull; 32 for (int v edge[u]) { 29| int main() {
istringstream sin(s); 33 int pv = pr2[v]; 30 int p, q, edges;
while(sin>>c>>x>>c>>y>>c){ 34 if (pv != -1 && level[pv] < 0) { 31 cin >> p >> q >> edges; // p: number of women, ¢: number
points.push_back({x,y}); 35 level[pv] = level[u] + 1; of men, edges: number of edges
} 36 Q.push(pv); 32 for (int i = @; i < edges; i++) {
sort(points.begin(),points.end(),[](auto a,auto b){if 37 } 33 int u, v;
(a.second==b.second)return a.first<b.first; 38 } 34 cin >> u >> v;
return a.second<b.second;}); 39 35 glul.push_back(v + p); // Shift men's indices by p
Dhull(points,hull,1); 40 memset(vis, @, sizeof(vis)); 36 g[v + p].push_back(u);
reverse(points.begin(),points.end()); 41 int d = 0; 37 }
Dhull (points,hull,e); 42 for (int i = 1; i <= n; ++i) if (pr[i] == -1 && dfs(i 38 cout << "Maximum number of matches: " << hungarian(p) <<
reverse(hull.begin(),hull.end()); )) ++d; endl;
for (auto&k:hull){ 43 if (d == @) return match; 39| }
if(t++)cout<<' '; 44 match += d;
) cout<< ' ("<<k.first<<", '<<k.second<<"')"; i; ) } 36 MlnCerle
} 47 . .
} 48| int main() { 1| using PT = point<T>;
49 cin >> n >> m; // n: number of nodes in the left 2 ;iing CPT = EO”?E;T{; CPT &b, CPT &c) {
5 : partition, m: number of nodes in the right partition 3 clrcumcenter a, B c
3.3 EulerCircuit w0 int odaess il PTu=b-a, veoca;
. o _ 51 cin >> edges; 5 T cl = u.abs2()/2, c2 = v.abs2()/2;
LERE:-NREEMENERASTHE, IFERUBE, L2825, for (int i = @; i < edges; i++) { 6| T d=u.cross(v);
ALY NMREBNYEEEHEBH, AFERNEE - 53 int u, v; 7| return PT(a.x+(v.y*cl-u.y*c2)/d, a.y+(u.x*c2-v.x*c1)/d);
2. AEBE:NRBE—YNEESERAE+HL - BE—BMNAE 54 cin >> u >> v; 8
EREE+,EREAESNEE,NGFERRE, -2 55 edge[u].push_back(v + n); // Shift right partition 9| void solve(PT p[], int n, PT &c, T &r2){
SRAERE; MR RNBAESRUE, IFERE indices by n wo] - randon_shuffle(p,p+n); .
% 56 edge[v + n].push_back(u); // Add reverse edge for 11| ¢ =p[0]; r2 =0; // c,r2 = EO,FEFH
symmetry 12 for(int i=1; i<n; i++)
57 } 13 if( (p[i]-c).abs2() > r2) {
3.4 HOPCI'Oft-KaI‘p 58 cout << "Maximum number of matches: " << hopcroftKarp() 14 c=p[i]; r2=@;
<< endl; 15 for(int j=0; j<i; j++)
const int maxn = 1000; // Example maximum number of nodes, 59| } 16 if( (p[jl-c).abs2() > r2) {
adjust as needed 17 c.x = (p[i].x+p[j].x)/2;
int n, m, vis[maxn], level[maxn], pr[maxn], pr2[maxn]; . 18 c.y = (p[il.y+p[31.y)/2;
vector<int> edge[maxn]; // Adjacency list for the left 3.5 Hungarlan 19 r2 = (p[jl-c).abs2();
partition 20 for(int k=0; k<j; k++)
1| const int INF = 2e9; 21 if( (p[k]l-c).abs2() > r2) {
bool dfs(int u) { 2| const int N = 1000; // Example maximum number of nodes, 22 ¢ = circumcenter(p[i], p[jl, p[k]);
vis[u] = true; adjust as needed 23 r2 = (p[i]-c).abs2();
for (int v edgefu]) { 3| int vis[N], m[N]; 24
int pv = pr2[v]; 4| vector<int> g[N]; // Adjacency list for the bipartite graph 25 }
if (pv == -1 || (!vis[pv] && level[u] < level[pv] && 5 26 }
dfs(pv))) { 6| int dfs(int s) { 27| }
prfu] = v; 7 for (int x gls1) {
pr2[v] = u; 8 if (vis[x]) continue;
return true; 9 vis[x] = 1; 3.7 Angle
10 if (m[x] == -1 dfs(m[x
’ 0 (nlxd == ;b D afsban o |/ HESEARNARR
return false; 12 mis] = x; 2|// BFENEES #EBENEAE
} 13 return 1; 3| // i@ HE—EHFSE
14 } 4| // @ <= angle <= 2*PI
int hopcroftKarp() { 15 } 5| vector<double> angle(const vector<pair<int, int>>& v) {
memset(pr, -1, sizeof(pr)); 16 return 0; 6 vector<double> ret;
memset(pr2, -1, sizeof(pr2)); 17| } 7 for (int i = @0; 1 < v.size(); i++) {
int match = 0; 18| int hungarian(int p) { // p: number of women 8 int x1 = v[(i - 1 + v.size()) % v.size()].first - v[i
while (true) { 19 memset(m, -1, sizeof(m)); ].first;
queue<int> Q; 20 int ¢ = 0; 9 int yl1 = v[(i - 1 + v.size()) % v.size()].second - v[
for (int i = 1; i <= n; ++1i) { 21 for (int i = 0; i < p; i++) { i].second;
if (pr[i] == -1) 22 if (m[i] == -1) { 10 int x2 = v[(i + 1) % v.size()].first - v[i].first;
level[i] = o; 23 memset(vis, 0, sizeof(vis)); 11 int y2 = v[(i + 1) % v.size()].second - v[i].second;
Q.push(i); 24 c += dfs(i); 12 double a = atan2(yl, x1) - atan2(y2, x2);
} else level[i] = -1; 25 } 13 if (a < @) a += 2 * M_PI;
} 26 } 14 ret.push_back(a);
while (!Q.empty()) { 27 return c; // Number of successful matches 15 // ret = ret*180/M_PI // convert to degree
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- atan2(y2, x2);

const pair<double,
double>& q2) {

(al * c2 - a2

const pii& b) {

ret.back(), pp[i]) <= @

16 }

17 return ret;

18| }

19

20|// FEZRBHHOABEE

21| // @ <= angle <= 2*PI

22| double angle(const pair<int, int>& a, const pair<int, int>& b
, const pair<int, int>& c) {

23 int x1 = a.first - b.first;

24 int yl1 = a.second - b.second;

25 int x2 = c.first - b.first;

26 int y2 = c.second - b.second;

27 double ret = atan2(yl, x1)

28 if (ret < @) ret += 2 * M_PI;

29 return ret;

30 // ret = ret*180/M_PI // convert to degree

31| }

32

s3] // RAHRY (MELER)

34| // @ <= angle <= 2*PI

35| pair<double, double> intersection(const pair<double, double>&
pl, const pair<double, double>& p2,
double>& ql1, const pair<double,

36 double al = p2.second - pl.second;

37 double bl = pl.first - p2.first;

38 double c1 = al * pl.first + bl * pl.second;

39 double a2 = g2.second - ql.second;

40 double b2 = ql.first - g2.first;

41 double c2 = a2 * gl.first + b2 * gl.second;

42 double det = al * b2 - a2 * bil;

43 return make_pair((b2 * cl1 - bl * c2) / det,

* cl) / det);
44| }
3.8 mEFR

1| typedef pair<1ll, 11> pii;

2| #define x first

3| #define y second

4| #define ii (i + 1) % n // FTFINEE !

5[ inline pii operator-(const pii& a,

6 return {a.x - b.x, a.y - b.y};

7|} // const AU HHE

8| inline 11 operator*(const pii& a, const pii& b) {

9 return a.x * b.y - a.y * b.x;

10| }

11| inline 11 crzf(const pii& o, const pii& a, const pii& b) {

12 return (a - o) * (b - o)

13| }

14| inline 11 dd(const pii& a, const pii& b) {

15 11 dx = a.x - b.x, dy = a.y - b.y;

16 return dx * dx + dy * dy;

17| }

18] // HTFELERMEAYR RKELEB - REIRFASEEEH - BHEEBR
BiEE-

19| #define jud \

20 crzf(ret[ret.size() - 2],

21| vector<pii> makepoly(vector<pii>& pp) {

22 int n = pp.size();

23 sort(pp.begin(), pp.end());

24 pp.erase(unique(pp.begin(), pp.end()), pp.end());

25 vector<pii> ret;

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

27 while (ret.size() >= 2 &&% jud) ret.pop_back();

© W N oW N
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14

15
16
17
18
19
20
21

22

ret.push_back(pp[i]);

for (int i = n - 2, t = ret.size() + 1; i >= 0; i--) {
while (ret.size() >= t && jud) ret.pop_back();
ret.push_back(pp[i]);

}
if (n >= 2) ret.pop_back();
return ret;

}
// (shoelace formula)
/] B BMEREE MW G
11 area(vector<pii>& poly) {
int n = poly.size();
11 ret = 0;
for (int i = ©; i < n; i++)
ret += (poly[i].x * poly[ii].y);
for (int i = @; 1 < n; i++)
ret -= (poly[i].y * poly[ii].x);
return ret;

EOELR=ZEK OEZ-

}
// B0 MEmMREER TMEH)
W &R
// BB BEEROE EFOLELORMERN BEEZ-
#define kk (k + 1) % n
11 maxdist(vector<pii>& poly) {
int k = 1, n = poly.size();
if (n < 2) return @;
if (n == 2) return dd(poly[@], poly[1]);
11 ret = 0;
for (int i = @; 1 < n; i++)
while (abs(crzf(poly[kk], poly[i], poly[ii]))
abs(crzf(poly[k], poly[i], poly[ii])))
k = kk;
= max(ret, max(dd(poly[i], poly[k]),
dd(poly[ii], poly[k])));

>=

ret

}

return ret;

}
3.9 LCA

// b:fFER L:RE d:BERERRXEHR
int n,m,p,q,de[200001]={},fa[30][200001]={};
vector<int>g[200001];
void d(int w,int 1){
fa[o][w]=1;
for(auto&k:g[w])if(!de[k]){
de[k]=de[w]+1;
d(k,w);
}

}
void b(int r){
de[r]=1;
d(r,r);
for(int k=1;k<30;k++)for(int i=0;i<n;i++)fa[k][i]=Ffa[k
-1][fa[k-1][1]];
int 1(int p,int q){
if(de[p]>de[q])swap(p,q);
int s=de[q]-de[p];
for(int k=0;k<30;k++)if(s>>k&1)q=fa[k][q];
if(p==q)return p;
for(int k=29;k>=0;k--)if(fa[k][p]!=Ffal[k]l[q]l){p=Ffalk]l[p]l;q
=fa[k][ql;}
return fa[@][p];
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1‘1/sqrt(5)*(pow((1+sqrt(5))/2,n)-pow((1-sqrt(5))/2,n))

int main(){cin>>n>>m;
for(int k=1;k<n;k++){cin>
while(m--){cin>>p>>q;cout

}
3.10 SPFA

typedef pair<int, int> pii;
const int maxn = 1e5 + 5, INF
vector<pii> G[maxn];

int dis[maxn];

void SPFA(int n, int s) {

for (int 1 = 1; i <= n; i++) dis[i]
g.push(s);

dis[s] = ©; queue<int> q;
bool inque[maxn] = {};
while (!q.empty()) {

int u = q.front(); q.pop();
inque[u] = false;
for (pii e : G[ul]) {
int v = e.first, w =
if (dis[u] + w < dis[v]) {
if (!inque[v]
dis[v] = dis[u] + w;
int main() {
int n, m, s; cin >> n >>m >> s;

while (m--) {

int u, v, w; cin >> u

>p;glp-1].push_back(k);}b(0);
<<1(p-1,g-1)+1<<'\n";}

= Ox3f3f3f3f;

) g.push(v), inque[v]

5>V >> W;

G[u].emplace_back(v, w);

}
SPFA(n, s);
}

4 Math
4.1 FPow

// B a~p
11 fastpow(1ll a, int p) {
11 ret = 1;
while (p) {
if (p & 1) ret *= a;
a *= a, p >>=1;
} return ret;

}
// B (a » p) mod m
11 fastpow(1ll a, 11 p, 11 m)
11 ret = 1;
while (p) {
if (p & 1) ret = ret
a=a*a%m, p >=
} return ret;

}
4.2 Fib

*a % m;

4.3 JosephusProblem

1] // asking last one 0(klog(n))

2| // # SR

3| int josephus(int n,

pvs

e

1R\ &%
int k) {

-1

e.second;
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4 if (k == 1) return n - 1; 2. THE , #WEFEAR1EEBnsem x»n 4.7 BENDHE
5 int ans = 0; 9 o
6 for (int i = 2; i <=n; ) { s|Anti-S6 (R F E A B LETHNEE T R) 1| LL func(const LL n, const LL mod, const int c) {
7 if (ans + IE >= i) g 6| E S SscE Bo B - B E LR 2 return (n * n % mod + ¢ + mod) % mod;
8 ans = (ans + k) % i; 7| Bl % F 4 B if and only if 3
2 e S|1. B E B B — B B M Se R B Ok R 1B B g m || C POLIOrTNoepnst Ln, const it o)
11 } 59 B HAHe o 6 a = func(a, n, c) % n;
12 int step = (1 -1 -ans - 1) / (k - 1); // @ F ol2. # B P E @ B — B B M s R B AR1LIE B BN b = func(b, n, c) % n;
= SG O B RN B oe- 8 b = func(b, n, c) % n;
13 if (i + step > n) { 10| ==---mmmmmmmm oo 9 while (__gcd(abs(a - b), n) == 1) {
14 ans += (n - (i - 1)) * k; 11| Sprague -Grundy 10 a = func(a, n, c) % n;
15 break; 2|1, & A~ B & #l 11 b = func(b, n, c) % n;
16 } 1B2. BH = & A B 12 b = func(b, n, ¢c) % n;
17 i += step; 14)3. B B % E 13 }t d(ab b .
12 ) ans += step * k; 15| 4. a EARS ANER 1: return __gcd(abs(a - b), n);
20 return ans; 16]5. & A A E} _ 16| void prefactor(LL &n, vector<LL> &v, const vector<int> &prime
21|} 7|6, B F A K BN 1T & MR ) {
22 18 17 for (int 1 = @; 1 < 12; ++i) {
23 19|SG(S) M 1 B o : % F (P) » B 18 while (n % prime[i] == @) {
24| // Josephus Problem 20| R B o : & F (N X B 19 v.push_back(prime[i]);
25| LL J(LL n, const vector<LL>& cs) { 21 20 n /= prime[i];
26 LL ans = @, m = cs.size(), sum = 0; 22| int mex(set S) { 21 }
27 for (LL v : cs) sum += v; 23| // find the min number >= @ that not in the S 22 }
28 if (n == || sum == m) return n - 1; 24| // e.g. S = {0, 1, 3, 4} mex(S) = 2 23
29 for (LL i = 2; i <= nj;) { 25| } 24| void smallfactor(LL n, vector<LL> &v, const vector<int> &isp,
30 LL d = min((n - i + 1) / m, (i - 2 - ans) / (sum - m) 26| state = [] const int MAXPRIME, const vector<int> &prime) {
); 27| int SG(A) { 25 if (n < MAXPRIME) {
31 if (d <= 0) { 28 if (A not in state) { 26 while (isp[(int)n]) {
32 ans = (ans + cs[(n - i) % m]) % i; 29 S = sub_states(A) 27 v.push_back(isp[(int)n]);
33 i+ 30 if( len(S) > 1 ) state[A] = reduce(operator.xor, [SG( 28 n /= isp[(int)n];
34 continue; B)for B in S]) 29
35 3 31 else state[A] = mex(set(SG(B) for B in next_states(A) 30 v.push_back(n);
36 i +=d * m, ans += d * sum; )) 31 } else {
37 } 32 } return state[A] 32 for (int i = @; i < prime.size() && prime[i] * prime[
38 return ans; 33| } i] <= n; ++1i) {
30| } 33 while (n % pr‘im?[i] =F ?; {
40| LL slow(LL n, const vector<LL>& cs, LL sum = @ 34 v.push_back(prime[i]);
41 LL gns = 0; )1 45 "'{‘Eﬁﬁ 35 n /= prime[i];
42 for (LL i = 1; i <= n; i++) ans = (ans + cs[(n - i) % cs. 36 }
size()]) % i; 1| void sieve(int n) { 37
43 return ans; 2 vector<bool> p(n, true); 38 if (n != 1) v.push_back(n);
44| } 3 vector<int> prime; 39 }
45 4 for (int i = 2; i < n; i++) { 40
46| int main() { 5 if (p[i]) prime.push_back(i); 41| void comfactor(const LL &n, vector<LL> &v, const vector<int>
a7 LL n, m; 6 for (auto& k : prime) { &prime, const vector<int> &isp, const int MAXPRIME) {
48 while (cin >> n >> m) { 7 if (i * k >= n) break; 42 if (n < 1e9) {
49 LL sum = ©; 8 p[i * k] = false; 43 smallfactor(n, v, isp, MAXPRIME, prime);
50 vector<LL> cs(m); 9 if (i % k == @) break; 44 return;
51 for (auto& v : cs) { 10 } 45 }
52 cin >> v; 11 } 46 if (Isprime(n)) {
53 sum += v; 12| } a7 v.push_back(n);
54 } - 48 ) return;
55 cout << J(n, cs) + 1 << endl; 49
56 //cout << slow(n, cs, sum) + 1 << endl; 4.6 ii'l-ﬁ' 50 LL d;
57 } L . 51 for (int c = 3;; ++c) {
ss| } 1| vector<pair<int, int>> v(r.1)_; 52 d = pollorrho(n, c);
2| for(auto&n:v) cin >> n.first >> n.second; 53 if (d != n) break;
3| int area = 0; 54
4.4 SG 4| for(int 1 = 0;[} ;_V-iiie(ﬁé_i*l';;{ 0] ‘ 55 comfactor(d, v, prime, isp, MAXPRIME);
5 area += v[i].firs v[(i+1)%v.size .second; 56 c i i .
iAnti Nim ( R & & & — @ & F &F B ) 6 area -= v[i].second * v[(i+1)%v.size()].first; 57] } onfactor(n / d, v, prime, isp, MAXPRIME);
2| %5 F & B if and only if 7 58| void Factor(const LL &x, vector<LL> &v, const vector<int> &
sl1. T AR B 1 MW A FH ML A 1A ¥ B M s @ & o s cout <« abs(area)/2 << endl; prime, const vector<int> &isp, const int MAXPRIME) {
° 59 LL n = x;
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if (n == 1) {
puts("Factor 1");

return;
}
prefactor(n, v, prime);
if (n == 1) return;

comfactor(n, v, prime, isp, MAXPRIME);
sort(v.begin(), v.end());
}

void AllFactor(const LL &n, vector<LL> &v, const vector<int>
&prime, const vector<int> &isp, const int MAXPRIME) {

vector<LL> tmp;

Factor(n, tmp, prime, isp, MAXPRIME);

v.clear();

v.push_back(1);

int len;

LL now = 1;

for (int 1 = @; i < tmp.size(); ++i) {

if (i == 0 || tmp[i] !'= tmp[i - 1]) {

len = v.size();
now = 1;

now *= tmp[i];
for (int j = ©; j < len; ++j)
v.push_back(v[j] * now);

}
}
4.8 EEBEERE
// % a,b > f# ax+by=gcd(a,b)

typedef pair<1ll, 11> pii;
pii extgcd(1ll a, 11 b) {
if (b == @) return {1, 0};
11 k = a / b;
pii p = extgcd(b, a - k * b);
return {p.second, p.first - k * p.second};

¥

5 Other
51 TBE

from decimal import*
getcontext().prec = 1000000
n = Decimal(input())
i
5.2 ERX
/] BREIRY
#define ql first.first
#define qr first.second
#define id second
int N, Q, K;
vector<int> A;
vector<pair<pii, int>> qrys;
11 ans[200007];
void init() {
cin >> N >> Q;
K = max(1, (int)sqrt(Q)); // Size of the block
A.clear();
A.resize(N);
qrys.clear();

16
17
18
19
20
21
22
23
24
25
26
27
28

29

30
31

32
33
34
35
36

37

38

39

40
41
42
43
44
45
46
47
48

0N oG A W N

B oW N =

N o«

gqrys.resize(Q);

for (auto &i
int cnt = 0;
for (auto &i qrys) {

cin >> i.ql >> i.qr;

--i.ql;

--i.qr; // Convert to ©-base

i.id = cnt++;

: A) cin >> i

}

void solve() {
sort(qrys.begin(), qrys.end(),

[&](const pair<pii, int> &a, const pair<pii, int> &b)

{
if (a.ql / K == b.ql / K) // Same left block,

sort by right block
return a.qr < b.qgr;

return a.ql / K < b.ql / K; // Otherwise, sort by

left block
s
int 1 =@, r = -1; // Initial answer window
11 sum = 0;
for (auto &i qrys) {

while (1 > i.ql) { 1--; sum += A[1l]; } //
boundary

while (r < i.qr) { r++; sum += A[r]; } //
right boundary

while (1 < i.ql) { sum -= A[1l]; 1++; } //
boundary

while (r > i.qr) { sum -= A[r]; r--; } //
right boundary

ans[i.id] = sum;

}

for (int i = @; i < Q; i++) cout << ans[i] <«
¥
int main() {

init();

solve();

return 0;
¥

5.3 BREYME

vector<int> v(1000),b(1000);
for(auto&n:v)cin>>n;

sort(v.begin(),v.end());

auto len = unique(v.begin(),v.end())-v.begin();
v.resize(len);

for(int i = 0; i < v.size(); i++){

Extend left
Extend
Shrink left

Shrink

endl;

b[i] = lower_bound(v.begin(),v.end(),v[i])-v.begin();

}

6 String
6.1 ACAutomaton

// Definition of the Aho-Corasick Trie structure
struct _AC {
_AC* child[26];
_AC* Fail;
vector<pair<int, int>> out;
_AC() |
Fail = NULL;
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memset(child, @, sizeof(child));

} *root;

// Function to insert a pattern into the Aho-Corasick Trie

void Insert_AC(string s) {
int n;
_AC* p = root;
for (auto& k s) {
n=%k- "a';
if (!p->child[n]) p->child[n] = new _AC();
p = p->child[n];

p->out.push_back({ s.size(), © });

// Function to construct the Aho-Corasick Trie with failure

links
void Construct_AC() {
queue<_AC*> Q;
for (int k = 0; k < 26; k++) {
if (root->child[k]) {
root->child[k]->Fail = root;
Q.push(root->child[k]);
} else {
root->child[k] = root;
}

}
_AC* p;
while (!Q.empty()) {
p = Q.front();
Q.pop();
for (int k = @; k < 26; k++) {
if (!p->child[k]) {
p->child[k] = p->Fail->child[k];
} else {

p->child[k]->Fail = p->Fail->child[k];
p->Fail->child[k]->out)

for (auto& i

p->child[k]->out.push_back({ i.first, 1

s
Q.push(p->child[k]);

}

// Function to match patterns in the given text using the Aho

-Corasick Trie
void Match_AC(string t) {
int n;
_AC* p = root;
for (int k = 0; k < t.size(); k++) {
n = t[k] - 'a’';
p = p->child[n];
_AC* fail = p;
while (fail != root && fail->out.size()) {
for (auto& i fail->out)

if (li.second || fail->Fail->out.size())

cout << t.substr(k - i.first + 1,

) <<
fail->out.clear();
fail->Fail-»>out.clear();
fail = fail->Fail;

"\n';

}
}
// Main function to test the Aho-Corasick Trie

int main() {
int n, m;

i.first
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10

string p, t;
while (cin >> n >> m) {
root = new _AC();
while (n--) {
cin >> p;
Insert_AC(p);
}
Construct_AC();
cin >> t;
Match_AC(t);

}
6.2 EditDistance

11 edd(string& src, string& dst, 11 ins, 11 del, 11 sst) {
vector<vector<long long>> dp(src.size() + 1, vector<long
long>(dst.size() + 1));
11 dp[src.size() + 1][dst.size() + 1];
for (int i = @; i <= src.size(); i++) {
for (int j = @; j <= dst.size(); j++) {
if (1 == @) dp[i][]j] = ins * j;
else if (j == 0) dp[i][]j] = del * i;
else if (src[i - 1] == dst[j - 1]) dp[i][]] =
i- 1103 - 11
else dp[i][j] = min(dp[i][]j - 1] + ins,min(dp[i -
11[3] + del,dp[i - 1][J - 1] + sst));

dp[

}

return dp[src.size()][dst.size()];

¥
6.3 KMP

// KMP fail function.
int* kmp_fail(string& s) {

int* £ = new int[s.size()];

int p = f[0] = -1;

for (int i = 1; i < s.size(); i++) {
while (p != -1 && s[p + 1] != s[i]) p = f[p];
if (s[p + 1] == s[i]) p++;
f[i] = p;

}

return f;

¥

// Function to count how many times sub appears in str.
int kmp_count(string& str, string& sub) {
int* fail = kmp_fail(sub);
int p = -1, ret = 0;
for (int 1 = @; i < str.size(); i++) {
while (p != -1 && sub[p + 1] != str[i]) p =
if (sub[p + 1] == str[i]) p++;
if (p == sub.size() - 1) p = fail[p],

fail[p];
ret++;

¥
delete[] fail;
return ret;

¥

//BsubTEstrBE—REFABIEindex o -1RRILAE -
int kmp(string& str, string& sub) {
int* fail = kmp_fail(sub);
int i =0, j =0;
while (i < str.size() && j < sub.size()) {
if (sub[j] == str[i]) i++, j++;
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else
else

if (j == 0) i++;
j = fail[j - 1] + 1;

}
delete[]
return j

fail;

== sub.size() ? (i - j) : -1;

}
6.4 LPS

int 1lps_length(string s) {
int N = 2 * s.size() + 1;
vector<int> dp(N);

string s2 = "*";
for (auto& c¢ s) s2.push_back(c), s2.push_back("'*");
int C = 9, R = 0;
for (int i = 1; i < N; i++) {
if (1 > R) C =R = 1i;
else {
int mirrorl = 2 * C - i;
dp[i] = min(dp[mirrorI], R - i);
int j = dp[i] + 1;

while ((i - j >= 0) & & (i + j < N) && (s2[i - j] ==
s2[i + J1)) J++;

dp[i] = 3 - 1;

if (i + dp[i] > R) C =i, R =1 + dp[i];

}

return *max_element(dp.begin(), dp.end());

}

string lps(string s) {
int N = 2 * s.size() + 1;
vector<int> dp(N);

string s2 = "*";
for (auto& ¢ s) s2.push_back(c), s2.push_back('*");
int C = @9, R = 0;
for (int i = 1; i < N; i++) {
if (i >R) C=R=1i;
else {
int mirrorI = 2 * C - i;
dp[i] = min(dp[mirrorI], R - 1i);
}
int j = dp[i] + 1;

while ((i - j >= 0) & (i + j < N) && (s2[i - j] ==
s2[i + 31)) J++;

dp[i] =3 - 1;

if (i + dp[i] > R) C =i, R =1 + dp[i];

}

auto it =

int maxLen = *it;

int index = it - dp.begin();

return s.substr((index - maxLen) / 2,

max_element(dp.begin(), dp.end());

maxLen);

}
6.5 Trie

class Trie {
private:
struct Node {
int cnt = @, sum = ©;
Node* tr[128] = {};
nodes

// Array of pointers to child

~Node () {

for (int 1 = @; 1 < 128; i++) {
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if (tr[i]) delete tr[i];
}
}s
Node* root;
public:
// Constructor
Trie() {
root = new Node();
}
// Destructor
~Trie() {
delete root;
}
// Function to insert a string into the Trie
void insert(char* s) {
Node* ptr = root;
for (; *s; s++) {
if (!ptr->tr[*s]) {
ptr->tr[*s] = new Node();
}
ptr = ptr->tr[*s];
ptr->sum++;
}
ptr->cnt++;
// Function to count the occurrences of a string in the
Trie
inline int count(char* s) {
Node* ptr = find(s);
return ptr ? ptr->cnt : 0;
¥
// Function to find a node corresponding to a string
Node* find(char* s) {
Node* ptr = root;
for (; *s; s++) {
if (!ptr->tr[*s]) return nullptr;
ptr = ptr->tr[*s];
}
return ptr;
// Function to erase a string from the Trie
bool erase(char* s) {
if (!count(s)) return false; // If the word doesn't
exist, return false
Node* ptr = root;
for (char* t = s; *t; t++) {
Node* tmp = ptr->tr[*t];
tmp->sum--;
if (tmp->sum == @) {
delete tmp;
ptr->tr[*t] = nullptr;
return true;
}
ptr = tmp;
}
ptr->cnt--; // Decrease the count of the word itself
return true;
}
s
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