FHENREISHEIE
IR

[A= Vector

#define DEFAULT_CAPACITY X
using Data = int;

class Vvector {
private:
int _size;
int _capacity;
Data* _elem;
public:
Data& operator[](int r) { return _elem[r]; }

void expand(); // amortized: 0(1)
void insert(int r, Data const& e);
void remove(int 1o, int hi);

void sort(); // o(nlogn)
int find(pata& e, int lo, int hi) { // o(n)

while ((To < hi--) && (e != _elem[hi]));
return hi;
3
int search(bata& e); // 0(logn)
}; // s(n)

FI3E List

struct Node {
int data;
Node* pred;
Node* succ;

class List {
private:
int _size;
Node* head, tail;
public:
ListO {};
void insert(int r, Node* e); // o(l)
void remove(int r); // o(n)
Y /7 s(n)
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% Stack

class st

private:
int
Node

public:

ack {
size = 0;
* nodes[MAXN];

void push(Node* e) { nodes[size++] = e; } // o(L)

Node*
Node*

bool
}; /7 sC

BA%I Que

class Qu

private:
int
Node
Node

public:
Queu

}

void

}
Node

}

pop() { return nodes[--size]
top() { return nodes[size -
empty() { return size == 0; }
n)

ue

eue {

size = 0;
* head;
* tail;

eO {

head = new Node(); tail = new
head->succ = tail; tail->pred

enqueue(Node* e) { // 0(1)
size++;

e->succ = tail;
e->pred = tail->pred;
tail->pred->succ = e;
tail->pred = e;

* dequeue() { //0(1)
size--;

Node* ret = head->succ;
head->succ = ret->succ;
ret->succ->pred = head;
return ret;

s ¥ // oD
115 } // oD

Node() ;
= head;

Node* top() { return head->succ; } // o(1)

bool
}; // s(

empty() { return size == 0; }
n)

Steap (Stack + Heap)
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class Steap {
private:
Stack S, P;
public:
Node* getMax() { return P.top(; } // 0(1)
void push(Node* e) { // o(1)
P.push( max(e, P.top()) );
S.push(e);
}
Node* pop() { // o(1l)
P.pop(Q);
return S.popQ);
3
}; // s@n)

Queap (Queue + Heap)

class Queap {
private:
Queue Q, P;
public:
Node* getMax() { return P.top(; } // o(l)
void enqueue(Node* e) { // 0(n)
P.enqueue(e);
Q.enqueue(e);
for (Node* x = P.tail; x && (x->data <= e); x = x->pred)
x->data = e;
L
Node* dequeue() { // o(1)
P.dequeue();
return Q.dequeue();

}
}; // s@n)
BBST

1. AVL

struct Node {
int data; int height;
Node* parent;
Node* 1c; Node* rc;
Node(int e = -1) : data(e), height(0) {};
Node* succ();

s

class AVL {
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private:
int _size = 0;
Node* _root;
Node* _hot;
protected:
bool isLChild(Node* x);
Node* tallerchild(Node* x);
bool avlBalanced(Node* x);
void updateHeight(Node* x);
Node* search(const int& e); // 0(logn)
void removeAt(Node* x, Node* hot);
Node* connect34(Node* a, Node* b, Node* c, Node* t0, Node* tl, Node* t2, Node* t3);
Node* rotateAt(Node* v);
void processImbalance(Node* g);

public:
AVL(Q) : _root(nullptr), _hot(nullptr) {};
void insert(const int& e) { // 0(logn)
Node* x = search(e);
if (x) return;
_Size++;
if (Lhot == nullptr) _root = new Node(e);
else {
Node* node = new Node(e);
(e < _hot->data) ? _hot->Tc = node : _hot->rc = node;
node->parent = _hot;
h
for (Node* g = _hot; g != nullptr; g = g->parent) {
if (lavlBalanced(g)) {
processImbalance(qg);
break;
}
else updateHeight(g);

L
void remove(const int& e) { // 0(logn)
Node* x = search(e);
removeAt(x, _hot);
_Size--;
for (Node* g = _hot; g != nullptr; g = g->parent) {
if (lavlBalanced(g)) {
processImbalance(qg);
}
updateHeight(g);

2. BfY

const int M

Il
~N

const int T

]
N
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class Node {

private:
int* keys;
Node** childrens;
int num;
bool Tleaf;
public:

Node(bool isleaf) {
keys = new DATA[M - 1];
childrens = new Node* [M];
3
void insertNonFull(int v) {
int i = num - 1;
if (leaf) {
while (i >= 0 && keys[i] > v) {
keys[i + 1] = keys[i];
1--3

}
keys[i + 1] = v;
num++;
h
else {
while (i >= 0 && keys[i] > v) i--;
if (childrens[i + 1]->num == M - 1) {
splitchild(i + 1, childrens[i + 1]);
if (keys[i + 1] < V) i++;
}
childrens[i + 1]->insertNonFull(v);
I

3
void splitchild(int i, Node* y);
void traverse() {
for (int i = 0; i < n; ++i) {
if (leaf == false)
childrens[i]->traverse();
cout << " " << keys[i];

3
Node* search(int v) { // 0(logn)
int i = 0;
while (i < n & v > keys[i]) i++;
if (i < n & keys[i] == v) return this;
if (lTeaf) return NULL;
return childrens[i]->search(v);
3
friend class BTree;

i
class BTree {

private:
Node* root;
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public:

void traverse() { if (root) root->traverse(); }
Node* search(int v) { return root ? root->search(v)
void insert(int v) { // o(logn)
if (lroot) {
root = new Node(true);
root->keys[0] = v;
root->num = 1;

}

else {

if (root->num == M - 1) {

}

Node* S = new Node(false);
S->childrens[0] = root;
S->splitChild(0, root);

int i = 0;

if (S->keys[0] < V) i++;
S->childrens[i]->insertNonFull(v);
root = S;

else root->insertNonFull(v);

}

void delete(int v); // 0(logn)

s

3. Red-Black Tree

class RedBlack { // Notation: [rotate, recolor, done]

protected:

void solveDoubleRed(Node* x) {
if (isRoot(*x)) {
_root->color = BLACK;

_root->height++;

return;

h
Node* p

= X->parent;

if (isBlack(p)) return;

Node* g
Node* u

if (isBlack(u)) // RR-1: u->color == B [1~2, 2, V]

else //
}

= p->parent;
uncle(x);

RR-2: u->color == R [0, 3, x]

void solveDoubleBlack(Node* r) {

Node* p
if (Ip)
Node* s

= r ? r->parent : _hot;
return;
= (r == p->1c) ? p->rc : p->lc;

if (isBlack(s)) {
Node* t = nullptr;

if (isrRed(s->rc)) t
if (isred(s->1c)) t

s->rc;

s->1c;

if (t) // BB-1l: s->c == R [1~2, 3, V]
else {
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s->color = RED;
s->height--;
if (isrRed(p)) // BB-2R: s->Cc == Bs, p == R [0, 2, V]
else {// BB-2B: s->c == Bs, p == B [0, 1, x]
p->height--;
solveDoubleBlack(p);

}
else // BB-3: s == R [1, 2, x]
3
int updateHeight(Node* x) {
isBlack(x) + max(stature(x->1c), stature(x->rc));

return x->height
3
public:
void insert(const int& e) { // 0(logn)
Node* x = search(e);
if (xX) return;
x = new Node(e, _hot, NULL, NULL, 0);
_Size++;
solveDoubTleRed(x) ;
3
void remove(const int& e) { // 0(logn)
Node* x = search(e);
if (!x) return;
Node* r = removeAt(x, _hot);
if (1 (--_size)) return;
if (!_hot) {
_root->color = BLACK;
updateHeight(_root);
return;
h
if (blackHeightupdated(*_hot))
if (isred(r)) {
r->color = BLACK;
r->height++;

return;
3
solveboubleBTlack(r);
L
}s
4. Splay Tree

class Splay {
protected:
Node* splay(Node* v) {
if (!v) return nullptr;
Node* p, g;
while ((p = v->parent) && (g = p->parent)) {
Node* gg = g->parent;
if ( IsLchildC * v ) )
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if ( IsLchild( =

else // zig-zag
else

if ( IsRChild( *

else // zag-zig
if ( !gg ) v->parent
else ( g == gg->1c )

p

p

?

) ) // zig-zig

) ) // zag-zag

nullptr;
attachAsLC(v, gg)

: attachAsrcC(gg,

updateHeight(g); updateHeight(p); updateHeight(v);

3
public:
Node* search(const int& e) {
Node* p = BST::search(e);

_root = splay(p ? p : _hot);

return _root;
3
void insert(const int& e) {
if (!_root) {
_size = 1;
_root
return;

new Node*(e);

h
Node* t = search(e);
if (e == t->data) return;

if (t->data < e) // _root->1c = t

else // _root->rc = t

_size++; updateHeightAbove(t);

}

void remove(const int& e) {

if (!I_root || (e != search(e)->data))

Node* L = _root->1c, R = _root->rc;

release(_root);

if (IR) {

if (L) L->parent = NULL;

_root = L;
}
else {
_root = R;
R->parent = NULL;
search(e); // from R

if (L) L->parent = _root;

_root->1c = L;

HkiEFR Skip List

struct QNode {
int data;
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QNode* pred, succ, above, below;
QNode* insert(int const& e, QNode* b = NULL);

i
struct QuadList {

int _size;

QNode* header, trailer;

void remove(QNode* p);

void insert(int const& e, QNode* p, QNode* b = NULL);
b

struct SkipList : public Dictionary<int, int>, public List<QuadList<Entry<int, int>>*> {
QNode* search(int key); // expected-0(logn)
int size(Q);
int height() { return List::size(Q); }
void put(int key, int value); // expected-0(Togn)
int* get(int key);
bool remove(int key); // expected-0(Togn)

Graph

using VStatus = enum { UNDISCOVERED, DISCOVERED, VISITED };
struct Vertex {
int data; int inDegree, outDegree;
VStatus status;
int dTime, fTime;
int parent;
int priority;
Vertex(int const& d) : data(d), status(UNDISCOVERED), dTime(-1), fTime(-1), parent(-1),
priority (INT_MAX) {}
it

using EType = enum {UNDETERMINED, TREE, CROSS, FORWARD, BACKWARD};
struct Edge {

int data;

int weight;

EType type;

Edge(int const& d, int w) : data(d), weight(w), type(UNDETERMINED) {}
bE

class Graphmatrix { // adjacency matrix
private:
int n, e;
vector<vertex> V;
Vector<Vector<Edge>*> E;
public:
void insertEdge(int const& edge, int w, int v, int u) {
if (exists(v, u)) return;
E[v][u] = new Edge(edge, w); e++;
V[v].outDegree++;
V[u].inDegree++;
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}

void insertVertex(int const& vertex);
void removekEdge(int v, int u);
void removevertex(int v);

FEE5 DSU

Disjoint Set Union

struct dsu {
vector<int> parent;
dsu(int size) : parent(size) { for (int i 0; i < size; ++i) parent.put(i); }
int find(int x) { return parent[x] == x ? x : find(parent[x]); }
int find(int x) { return parent[x] == x ? : parent[x] = find(parent[x]); }
void unite(int x, int y) { parent[find(x)] = find(y); }
void erase(int x) {
--size[find(x)]; // vector<int> parent, size;

X

parent[x] = x;
I

pESZE: O(a(n)), HaZkAckermannREHIREREL, RIREIEFSITREESE F— MR/ RS

K52 BA% (interface) Priority Queue

struct PQ {
virtual void insert(int x) = 0;
virtual int getMax() = 0;
virtual int deTmax() = 0;

5

T2 "X Complete Heap
#define parent(i) ( ((i) - 1) > 1) // _root = 0
#define LChild(i) (1 + ((4) << 1) )

#define RChild(i) C (1 + (i) << 1)

class complHeap : public PQ, public vector<int> {

protected:
int percolatebown(int* A, int n, int i) { // 0(logn)
int j;
while (i != (j = ProperParent(A, n, i))) {
swap(A[il, A[GD;
1 =175
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}
return 1i;
3
int percolateup(int* A, int i) { // 0(logn)
while (0 < i) {
int j = Parent(i);
if (A[i] < A[j]1) break;
swap(A[il, A[ID;

i=173;

3

return i;
3
void heapify(int* A, int n) { // Floyd: 0(n)

for (int i =n/ 2 -1; 0 <=1; --1) percolatebown(A, n, i);
3

public:

ComplHeap(int* A, int n) { copyFrom(A, 0, n); heapify(_elem, n); }

void insert(int x) { Vector::insert(x); percolateup(_elem, _size - 1); }

int getMax() { return _elem[0]; }

void delMax() { _elem[0] = _elem[--_size]; percolateDown(_elem, _size, 0); }

$TRER Tournament Tree

// Winner Tree
#define Parent(i) ( (i) - 1) > 1) // _root =0
class TournamentTree {
private:
vector<int> tree;
int n;
public:
TournamentTree(const vector<int>& elements) { // o(n)
n = elements.size();
int tree_size =2 * n - 1;
tree.resize(tree_size, INT_MAX);
for (int i = 0; i < n; i++) tree[n - 1 + i] = elements[i];
for (int i n-2;1>=0; i--) tree[i] = min(tree[2 * i + 1], tree[2 * i + 2]);

L
int findMin() { return tree[0]; } // o(1)
void update(int i, int new_val) { // o(logn)
int index = n - 1 + 1;
tree[index] = new_val;
while (index > 0) {
index = Parent(index);
tree[index] = min(tree[2 * index + 1], tree[2 * index + 2]);

18

// Loser Tree
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#define Parent(x) = ((i) >> 1) // _root(winner) = 0
class TournamentTree {
private:
vector<int> tree;
int n ;
public:
TournamentTree(const vector<int>& elements); // 0(n)
int findMin() { return tree[0]; } // 0(1)
void update(int i, int new_val) { // o(logn)
int index = n + 1;
tree[index] = new_val;
int cur_val = new_val;
while (index > 0) {
if (tree[Parent(index)] < cur_val) {

swap(tree[Parent(index)], cur_val); // swap(&, &)

index = Parent(index);

}

else index = Parent(index);

}

tree[0] = cur_val;

ZsiME Left Heap

class LeftHeap : public PQ, public BinTree {
public:
int getMax() { return _root->data; }
void insert(int e) { // 0(logn)
_root = merge(_root, new Node(e, nullptr));

_Size++;
3
void delMax() { // o(logn)
Node* THeap = _root->1c;
if (1Heap) 1THeap->parent = nullptr;
Node* rHeap = _root->rc;
if (rHeap) rHeap->parent = nullptr;
delete _root;
_size--;
_root = merge(lHeap, rHeap);
3

LeftHeap(LeftHeap& A, LeftHeap& B) {
_root = merge(A._root, B._root);
_Size = A._size + B._size;
A._root = B._root = nullptr;
A._size = B._size = 0;

18

Node* merge(Node* a, Node* b) { // 0(logn)
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if (la) return b;

if (!b) return a;

if (a->data < b->data) swap(a, b);

(a->rc = merge(a->rc, b))->parent = a;

if (la->1c || a->1c->npl < a->rc->npl)
swap(a->1lc, a->rc);

a->npl = a->rc ? 1 + a->rc->npl : 1;

return a;

Node* merge(Node* a, Node* b) { // iterative version
if (la) return b;
if (!'b) return a;
if (a->data < b->data) swap(a, b);
for ( ; a->rc; a = a->rc) {
if (a->rc->data < b->data) {
b->parent = a;
swap(a->rc, b);

}
(a->rc = b)->parent = a;
for ( ; a; b = a, a = a->parent) {
if (ta->1c || a->1c->npl < a->rc->npl)

swap(a->Tc, a->rc);

a->npl = a->rc ? a->rc->npl + 1 : 1;

& String

class String {
private:
int n;
char Ss[];
public:
String substr(int i, int k) { return String(s, i, k); } // s[i, i + k)
String prefix(int k) { return string(s, 0, k); } // s[0, k)
String suffix(int k) { return Sstring(s, n - k, k); } // s[n - k, n)
int Tength(Q);
char charAt(int 1);
String concat(String s) { return String(s, s); }
bool equal(string s);
int indexof(string s) { return search(s); }
i
// <string.h>: strlen(), strcpy(), strcat(), strcmp(), strstr(Q)...
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el =P
TRiER
KafInixT 5

int power(int a, int n) {
int pow = 1, p = a; // 0(l)
while (0 < n) { // o(Clogn)
if (n & 1) pow *= p;
n >>= 1;
p *= p;
3

return pow;
EHEISZEE: O(logn)

countOnes

ST AR E

int countOnes(unsigned int n) {
int ones = 0;
while (0 < n) {
ones++;
n& n - 1;
3

return ones;
EHBISZEE: O(ones), ELCFEI1REE

BHRXRE
WEBHFFHIAln]R, REFMBANKERNA (BSN6, 1B851h5k)

int gs_LSs(Cint A[], int n) {
int gs = A[0], s = 0, i = n;
while (0 < i--) {
s += A[i];
if (gs < s) gs = s;
if (s <= 0) s = 0;
3

return gs;
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RHEISZEE: O(n)

SEikApsRES
AR 1,1, 2, 3,5, 8... KEANEE (MFHARRS)
int fib(int n) {

int g=0, f=1;
while (0 < n--) {

9=9+f;
f=9g-f;
3
return g;

—

EHEISZEE: O(n)

RIKQHEFFSI LCS

Longest Common Subsequence problem

KAFY (KEDHIAniIm) RKAOEFFIIFHIKE

unsigned int lcs(char const * A, int n, char const * B, int m) {

if (n <m) { //make sure n >=m

swap(A, B);

swap(n, m);
3
unsigned int* lcsl = new unsigned int[m + 1];
unsigned int* 1cs2 = new unsigned int[m + 1];
memset(lcsl, 0x00, sizeof(unsigned int) * (m + 1));
memset(lcs2, 0x00, sizeof(unsigned int) * (m + 1));
for (int i = 0; i < n; swap(lcsl, 1cs2), i++)

for (int j = 0; j < m; j++)

Tcs2[j + 11 = (A[i] == B[j1) ? 1 + 1cs1[j] : max(lcs2[j]1, Tcsl[j + 11);

unsigned int solu = lcsl[m];
delete[] Tcsl;
delete[] 1cs2;
return solu;

EEISZE: O(mn)

Rt TER IS L
{REBO(1)SENZSIE, BEA A0, n) ST IR Ak AL
. &R EIESRE: O(2n)
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int shift( int* A, int n, int s, int k ) { // o(n/Gcb(n, k))
int b = A[s];
inti=s,3=206+k %n;
int mov = 0;
while (s 1= 3 ) {

A[i] = A[j];
i=7;
j=@G + Kk %n;
mov++;

}

A[i] = b;

return mov + 1;

void shiftl(int* A, int n, int k) { //0(g) = o(GeD(n, k))
for (int s = 0, mov = 0; mov < n; S++)
mov += shift(A, n, s, k);

. [BIE BESRE: O(3n)

void shift2(int* A, int n, int k) {
reverse(A, k); // 0(3k/2)
reverse(A + k, n - k); // o(3(n-k)/2)
reverse(A, n); // 0(3n/2)

IRECHEE Eratosthenes
HH1~nHETERIEREEL

void Eratosthenes(int n, char* file) {

Bitmap B(n);
B.set(0); B.set(l);
for (int i = 2; 1 < n; ++i) {

if (!B.test(i))

for (int j =1 *1i; J <n; j += 1)
B.set(j);

3
B.dump(file);

EBISZRE: O(nlogn)
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—5E$k BS

Binary Search

B (FJRERE) HYISHERIEEEe, REAKTelHE—TTE.

static Rank bs(T* S, T const& e, Rank To, Rank hi) {
while (To < hi) {
Rank mi = (lo + hi) >> 1;
e <S[mMi] ?hi=mi: To=mi +1;
L

return lo - 1;

BIEIEZE: O(logn)

findKth
T SHER B LRINTTR

Node nodes[MAXN];
bool cmp(Node a, Node b) { return a.data < b.data; } // NOT < !

void findkth(int low, int high, bool(*cmp)(Node, Node), int k) { // [low, high], k

if (Tow == high) return;
Node pivot = nodes[(Tow + high) >> 1];
int i = Tow, j = high;
i--5 J++;
while (i < j) {
while (cmp(nodes[++i], pivot));
while (cmp(pivot, nodes[--3j1));
if (i < j) swap(nodes[i], nodes[j]);
3
if (j == high) j--;
i=73 - low + 1;
if (k <= 1) return findkth(low, j, cmp, k);
else return findkth(j + 1, high, cmp, k - i);

void quickselect(vector<int>& A, int k) { // expected-0(4n)
for (int To = 0, hi = A.size() - 1; 1o < hi;) {
int i = To, j = hi;
int pivot = A[lo];
while (i < j) {
while (i < j & pivot <= A[j]) j--; A[i]
while (i < j && A[i] <= pivot) i++; A[]]
} // assert: quit with i == j
A[i] = pivot;
if (k <= i) hi
if (3 <= k) To

Al3];
Ali];

i-1;

i+ 1;
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void TlinearSelect(vector<int>& A, int n, int k); // Q =5

RHEISZEE: O(n)

HERF Sort
BT (FTReEE) B5US(lo, hi) WINBIKHER

1. 5;i8HEE BubbleSort

void bubblesort(int lo, int hi) { // BkERAR
for (int Tast; 1o < hi; hi = Tlast)
for (int i = (Tast = 10) + 1; i < hi; ++1)
if (s[i - 1] > s[iD)
swap(s[i - 1], s[last = i]);

EIEISZAE: BIFO0(n), BHFO(n?)

2. I3 HERE MergeSort

void mergesort(int To, int hi) {
if (hi - To < 2) return;
int mi = (lo + hi) >> 1;
mergesort(lo, mi);
mergesort(mi, hi);
merge(lo, mi, hi);

void merge(int To, int mi, int hi) {
int i = 0; int* A =S + lo;
int j =0, 1Tb = mi - lo; int* B
for (int t = 0; t < 1b; ++t)
B[t] = A[t];
int k =0, 1c = hi - mi; int* C

new int[1b];

S + mi;

while ((j < 1b) && (k < 1c))

Ali++] = (B[j] <= Cc[k]) ? B[j++] : C[k++];
while (3 < 1b)

Ali++] = B[j++]1;
delete [] B;

EHESZRE: O(nlogn)

3. EIZHERS SelectionSort

void selectionSort(Node* p, int n) { // [p, p + n)
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Node* head = p->pred, tail = p;

for (int i = 0; i < n; ++i)
tail = tail->succ;

while (1 < n) {
insert( remove( selectMax(head->succ, n) ), tail );
tail = tail->pred; n--;

Node* selectMax(Node* p, int n) {
Node* max = p;
for (Node* cur = p; 1 < n; n--)
if ( (cur = cur->succ)->data >= max->data )
max = cur;

return max;

EESZE: O(n?), BREBmIMEBESTE R

4. ENHEFE InsertionSort

void insertionSort(Node* p, int n) {
for (int r =0; r < n; ++r) {
insert( search(p->data, r, p), p->data );
p = p->succ;
remove (p->pred);

EIEISZAE: BIFO(n), BHFO(n?)

5. ¥8HERS BucketSort
const int MAXN = 1000;

int n, w, a[MAXN]; // w = max(a[n])
vector<int> bucket[MAXN];

void bucketSort() {

int size =w / n + 1;
for (int i = 0; i < n; ++i) bucket[i].clear(Q);
for (int i = 1; i <= n; ++i) bucket[a[i] / size].push_back(a[il);
int p = 0;
for (int i 0; i <n; ++i) {

insertionSort(bucket[i], bucket[i].size());

for (int j = 0; j < bucket[i].size(); ++j)

al++p] = bucket[i]l[j];

RIEISZE: FHO(n + 2 + k) ~ (n), BIRO(n?) (HhnASETREE, KBLE)
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6. E#4HER RadixSort

int maxBit(int datal[], int n) {
int d = 1;
int p = 10;
for (int i = 0; i < n; ++i) {
while (data[i] >= p) {
p *= 10;

++d;

return d;

void radixSort(int data[], int n) {
int d = maxBit(data, n);
int tmp[n];
int count[10];
int radix = 1;
for (int i = 1; i <=d; ++i) {
for (int j = 0; j < 10; ++j) count[j]
for (int j =0; j <n; ++j) {
int k = (data[j] / radix) % 10;
count[k]++;

I
o

for (int j = 1; j < 10; ++j) count[j] count[j - 1] + count[j];
for (int j =n-1; j >=0; --j) {

int k = (data[j] / radix) % 10;

tmp[count[k] - 1] = datal[j];

count[k]--;

3
for (int j = 0; j < n; ++j) data[j] = tmp[j];
radix *= 10;

EHESZE: O(n) (EBAEAIEREE)

7. MEHERE HeapSort

void heapSort(int lo, int hi) { // [lo, hi)
int* A = _elem + lo;
int n = hi - lo;
heapify(A, n);
while (0 < --n) {
swap(A[0], A[nD);
percolatebown(A, n, 0);

EHESZRE: O(nlogn)
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8. {RiEHEE QuickSort

o BIFRRA:

void quickSort(int To, int hi) {

int

int

int

if (hi - To < 2) return;
int mi = partition(lo, hi);
quicksort(lo, mi);
quicksort(mi + 1, hi);

partition(int lo, int hi) { // LUG

swap(_elem[1o], _elem[To + rand() % Chi - T0)]1);

int pivot = _elem[lo];

while (To < hi) {
do { hi--; } while (lo < hi && pivot <= _elem[hi]);
if (lo < hi) _elem[1o] = _elem[hi];
do { To++; } while (lo < hi && _elem[1o] <= pivot);
if (1o < hi) _elem[hi] = _elem[10];

} // assert: 1o == hi || hi + 1

_elem[hi] = pivot;

return hi;

partition(int lo, int hi) { // DuP

swap(_elem[1o], _elem[Tlo + rand() % Chi - T10)]1);

int pivot = _elem[10];

while (To < hi) {
do { hi--; } while (To < hi && pivot < _elem[hi]);
if (lo < hi) _elem[10] _elem[hi]l;
do { To++; } while (lo < hi && _elem[1o] < pivot);
if (lo < hi) _elem[hi] = _elem[10];

} // assert: 1o == hi || hi + 1

_elem[hi] = pivot;

return hi;

partition(int lo, int hi) { // LGU
swap(_elem[1o], _elem[To + rand() % Chi - 10)1);
int pivot = _elem[10];
int mi = lo;
for (int k = 1o + 1; k < hi; ++k) {
if (_elem[k] < pivot) swap(_elem[++mi], _elem[k]);
}
swap(_elem[1o], _elem[mi]);
return mi;

Bita] / ZIEEZEE BIRE: SO0 (nlogn), SHRO0(n)

PEAE + Bl
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#define Put(k, s, t) { if (1 < (¥) - (s)) { K.push(s); K.push(t); } }

#define Get(K, s, t) { t = K.pop(); s = K.pop(); }
void quickSort(int To, int hi) {
Stack<int> Task;
Put(Task, 1o, hi);
while (!Task.empty()) {
Get(Task, 1o, hi);
int mi = partition(lo, hi);

if (mi - To < hi - mi) { put(Task, mi + 1, hi);

put(Task, 1o, mi); }

else { put(Task, lo, mi); Put(Task, mi + 1, hi); }

TESRE: HIHRTERNELO(logn) (BIFIREAEET)

FiTEEIIERFEYS
et APPSR K

int

int

mergesort(int To, int hi) {
int count = 0;

if (hi - To < 2) return O;
int mi = (lo + hi) >> 1;
count += mergeSort(lo, mi);
count += mergeSort(mi, hi);
count += merge(lo, mi, hi);
return count;

merge(int lo, int mi, int hi) {

int cnt = 0;

int i = 0; int* A =S + lo;

int j =0, 1b = mi - lo; int* B

for (int i = 0; i < 1b; ++1)
B[] = A[i];

int k =0, 1c = hi - mi; int* C

new int[1b];

S + mi;

while (( < 1b) && (k < 1c)) {
if (B[] > c[kD) {
cnt += (mi - lo - j); // count inversions
Ali++] = C[k++];
3
else A[i++] = B[j++];
3
while (j < Tb)
Ali++] = B[j++]1;
delete [] B;
return cnt;
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EHEISZEE: O(nlogn)

RAEPEERE MaxGap

LENNEE T, T, - -, Ty, KIXEEGIESLHN EARB2 ML BRI AE(E.

int max(int n, double x[]) {
int m = MIN_INT;
for (int i =0; i < n; i++)
if (x[i] > x[m]) m = 1;
return m;

int min(int n, double x[]) {
int m = MAX_INT;
for (int i = 0; i < n; i++)
if (x[i] < x[m]) m = 1;
return m;

double maxGap(int n, double x[]1) {
double maxx = x[max(n, x)]1;
double minx = x[min(n, x)];
int* cnt = new int[n];
double* high = new double[n];
doubTe* Tow = new double[n];
for (int i =0; 1 <n; ++1) { // init

cnt[i] = 0;
high[i] = minx;
Tow[i] = maxx;
3
for (int i = 0; i < n; ++i) {
double avergap = (maxx - minx) / (n - 1);
int index = (x[i] - minx) / avergap);
if (index == n - 1) index = n - 2;
cnt[index]++;
if (x[i] > high[index]) high[index] = x[i];
if (x[i] < low[index]) low[index] = x[i];
}

double ans = 0;
double left = high[0];
for (int i = 0; i < n; ++i) {
if (ent[i]) {
double thisgap = Tow[i] - Teft;
if (thisgap > ans) ans = thisgap;
Teft = high[i];

}

return ans;
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RHEISZEE: O(n)

eI
LU0t 161100, ENRSTOIER AR

void convert(Stack<char>& S, __int64 n, int base) {
char digit[] = "0123456789ABCDEF";
while (n > 0) {
S.push( digit[n % base] );
n /= base;
L
while (!s.empty())
printf("%c", S.pop());

HESZE: O(n), nHREHAE

&SI
GEERe, FMERTIES EENE. RFE—FHES,

bool paren(const char x[], int To, int hi) { //x[1lo, hi)
Stack<char> S;
for (int i = lo; 1 < hi; ++1) {
if ("C" == x[i]) s.push(x[i]);
else if (!s.empty()) S.pop(Q);
else return false;

}
return S.emptyQ;

EHEISZREE: O(n), nvERTRHKE

ERIS (ERiRik)

Stack Permutation

LEI~nH— P Folz, AMNZFIIRENER

bool sp(const int x[], int lo, int hi) { // A[Tlo, hi)
Stack<int> A, B, S;
for (int i = hi; i > To; --i)
A.push(i);
for (int i = To; i < hi; ) {
if (!s.empty() && x[i] == S.top()) {
B.push(s.pop(Q));
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++1;
}
else if (lA.empty()) S.push(A.pop(Q));
else return false;

}

return true;

HESZE: O(n)

FIETRIE
SESIEHMASFIRAS, REBRE

1. REFIATUK(E Infix Notation

bool isbigit(char s);

void readNumber(char* S, Stack<double> opnd);
double calc(char op, double opnd);

double calc(double opndl, char op, double opnd2);
const char pri[N_OPTR][N_OPTR] = {

[E== =/ P T L D
/3| - %/ ST T, Tt ) TS S
/€ T &/ SIS ST T et S S
/* o A x/ B D
/* p B/ <, T, T, T, e, =
/¥ */ L,y e
/*-- \0 */ <, T, T, T, ) s
// S S G A\
// |oeemeeaas Current Optr-------- |
i
char priority(char top, char cur);
double evaluate(char* s) {
Stack<double> opnd; // operand stack
Stack<char> optr; // operator stack
optr.push('\0');
while (loptr.empty()) {
if (isDigit(*s))
readNumber(s, opnd);
else
switch(priority(optr.top(, *S)) {

[ ]

case '<':
optr.push(*s);
S++;
break;

case '=":
optr.popQ);
S++;
break;
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] A}

case '>':
char op = optr.pop(Q);
if ("' == op)
opnd.push(calc(op, opnd.pop()));
else {
double opnd2 = opnd.popQ);
double opndl = opnd.popQ);
opnd.push(calc(opndl, op, opnd2));

}

break;

}
return opnd.pop();

EHESZRE: O(n)
2. REEFRIATVKR(E RPN

Reverse Polish Notation

doubTle evaluate(char* s) {
Stack<double> opnd; // operand stack
Stack<char> optr; // operator stack
optr.push('\0');
while (loptr.empty()) {
if (isbigit(*s))
readNumber (s, opnd);

else {
if ("1 == *S)
opnd.push(calc(*s, opnd.pop()));
else {
double opnd2 = opnd.pop(Q);
double opndl = opnd.pop(Q);
opnd.push(calc(opndl, op, opnd2));
}
}

}
return opnd.pop(Q);

HIESRE: O(n)
3. AR EERARRE

B ERERXER
H[0,n) pE B mESE, RESERSANEVER (SESMHERER, NRSER)

int maxRect(int H[], int n) {
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Stack<int> SR;
int maxRect = 0;
for (int t = 0; t <= n; t++) {
while (ISR.empty() && (t == n || H[SR.top()] > H[t])) {
int r = SR.popQ);
int s = SR.empty() ? 0 : SR.top() + 1;
maxRect = max(maxRect, H[r] * (t - s));
3
if (t < n) SR.push(t);
3

return maxrRect;

MIESRE: O(n)

—XiMR9iEH
EHESZE: O(n)
1. BIFFEH
BEEE:

void travPre(Node* x, VST& visit) {
if (Ix) return;
visit(x->data);
travPre(x->1c, visit);
travPre(x->rc, visit);

\% N
N

void travPre(Node* x, VST& visit) {
Stack<Node*> S;
whiTe(true) {
while(x) {
visit(x->data);
S.push(x->rc);

X = Xx->1c;
}
if (S.empty()) break;
X = S.popQ);
}
}
2. REEMR
BIAEE:

void travIn(Node* x, VST& visit) {

27 /45



if (Ix) return;
travIn(x->1c, visit);
visit(x->data);
travin(x->rc, visit);

Ry =
N

void travIn(Node* x, VST& visit) {
Stack<Node*> S;
while(true) {

while(x) {
S.push(x);
X = X->1c;
3
if (S.empty()) break;
X = S.pop();
visit(x->data);
X = X->rc;
3
}
3. BFiER
HIAE;

void travPost(Node* x, VST& visit) {
if (Ix) return;
travPost(x->1c, visit);
travPost(x->rc, visit);
visit(x->data);

\% s
N

void travPost(Node* x, VST& visit) {
Stack<Node*> S;
if (x) S.push(x);
while (!s.empty()) {
if (s.top() != x->parent) {
while (x = S.top()) {
if (HasLChild(*x)) {
if (HasRChild(*x))
S.push(x->rc);
S.push(x->1c);
3
else S.push(x->rc);
}
S.pop(); // null
3
X = S.popQ);
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visit(x->data);

4. BIRiEH

void travLevel(Node* x, VST& visit) {
Queue<Node*> Q;
Q.enqueue(x);
while (!Q.empty()) {
X = Q.dequeue();
visit(x->data);
if (HasLChild(*x)) Q.enqueue(x->1c);
if (HasRchild(*x)) Q.enqueue(x->rc);

Huffmangi%: RIKHIRBER

BFFFRIRS.

1. (R5CZRPASY

#include <iostream>
#include <queue>
using namespace std;

#define MAXN 100

class Node { // must use class instead of struct
public:

char data;

int freq;

Node* Teft;

Node* right;

Node(char ch, int fr) : data(ch), freq(fr) {};
}s

class Compare {
public:
bool operator() (Node* a, Node* b) {
return a->freq > b->freq;

i;
Node* generateTree(priority_queue<Node*, vector<Node*>, Compare> pq) {
while (pq.size() '= 1) {

Node* left = pq.top(Q);
pq.pop();
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Node* right = pq.topQ);
Pq.pop();
Node* node = new Node('A', left->freq + right->freq);
node->Teft = left;
node->right = right;
pg.push(node) ;
3
return pq.topQ;

void printCodes(Node* root, int arr[], int top) {

if (root->left) {

arr[top] = 0;

printCodes(root->left, arr, top + 1);
3
if (root->right) {

arr[top] = 1;

printCodes(root->right, arr, top + 1);
3
if (!root->left &% !root->right) {

cout << root->data << " ";

for (int i = 0; i < top; i++)

cout << arr[i];
cout << endl;

void HuffmancCodes(char data[], int freq[], int size) {

priority_queue<Node*, vector<Node*>, Compare> pq;

for (int i = 0; i < size; ++i) {
Node* newNode = new Node(data[i], freq[i]);
pg.push(newNode) ;

}

Node* root = generateTree(pq);

int arr[MAXN], top = O;

printCodes(root, arr, top);

int main(Q {
char data[] = {'a', 'b", 'c', 'd', 'e', '"f'};
int freq[] = {5, 9, 12, 13, 16, 45};
int size = sizeof(data) / sizeof(data[0]);
HuffmanCodes(data, freq, size);
return 0;

MBS : ¥R RTIO(n) + EO(nlogn) = O(nlogn)
2. 2+BFIFY

#include <iostream>
#include <cstdlib>
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using namespace std;

#define MAXN 100

struct Node {

i

char data;
int freq;
Node* Tleft;
Node* right;
Node* pred;
Node* succ;

Node(char ch, int fr)

class Stack {

public:

i

int size = 0;

Node* nodes[MAXN];
void push(Node* e) { nodes[size++] = e; }

: data(ch), freq(fr) {};

Node* pop() { return nodes[--size]; }
Node* top() { return nodes[size - 1]; }
bool empty() { return size == 0; }

class Queue {
public:

int size = 0;

Node* head;

Node* tail;

Queue() {
head = new Node('A', 0);
tail = new Node('A', 0);
head->succ = tail;
tail->pred = head;

L

void push(Node* e) {
Size++;
e->succ = tail;
e->pred = tail->pred;

tail->pred->succ = e;

tail->pred = e;

head->succ;

3

Node* pop() {
size--;
Node* ret =
head->succ = ret->succ;
ret->succ->pred = head;
return ret;

3

Node* top() { return head->succ; }
bool empty() { return size == 0; }
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Node* buildTree(Stack& stack, Queue& queue) {
D {

if (stack.size ==
Node* root

root->left

return root;

}
Node* nodel =
Node* node2 = stac

while (true) {
Node* newNode
newNode->1eft
newNode->right

k

stack.pop(Q);

pop() ;

new Node('A', stack.top()->freq);
stack.pop(Q);

new Node('A', nodel->freq + node2->freq);

nodel;
node2;

queue.push(newNode) ;

if (stack.empty() && queue.size == 1) return newNode;

if (stack.empty()) {
nodel = queue.pop();
node2 = queue.pop();

}

else {

nodel = (stack.top()->freq <= queue.top()->freq) ? stack.pop()
if (!stack.empty() && !queue.empty())

: queue.pop();

node2 = (stack.top()->freq <= queue.top()->freq) ? stack.pop()

queue.pop();
else

node2 = (stack.empty()) ? queue.pop()

int cmp(const void* a, const void* b) {
return (*(Node**)b)->freq - (*(Node**)a)->freq;

void printCodes(Node* root, int arr[], int top) {

if (root->Tleft) {
arr[top] = 0;

printCodes(root->left, arr, top + 1);

}
if (root->right) {
arr[top] = 1;

printCodes(root->right, arr, top + 1);

}

if (lroot->left & !root->right) {

cout << root->data <<
for (int i = 0; i < top; i++)

cout << arr[il;

cout << endl;

void HuffmancCodes(char data[], int freq[], int size) {
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Node* vec[MAXN];

for (int i = 0; i < size; ++i) {
Node* newNode = new Node(data[i], freq[il);
vec[i] = newNode;

3

gsort(vec, size, sizeof(Node*), cmp);

Stack S;

Queue Q;

for (int 1 = 0; i < size; ++1i)
S.push(vec[i]);

Node* root = buildTree(s, Q);

int arr[MAXN], top = 0;
printCodes(root, arr, top);

int main() {
char data[] = {'a', 'b', 'c', 'd', 'e', 'f'};
int freq[l = {5, 9, 12, 13, 16, 45};
int size = sizeof(data) / sizeof(data[0]);
HuffmanCodes(data, freq, size);
return 0;

EHEISZE: HEIFFEIEO (nlogn) + AFIERIO(n) = O(nlogn)

KD-tree

1. 1D Range Query

LA EREP = p1,pay - - -, P WFERBENRBE] = (21, 2], R © REPEERBE/FHIRM
8, F @ EBHREI N PR

2. Planar Range Query

EEEFELRREP = p1,p2, - - -, Pne WFERBEN_HEXBER = (21, 2] X (Y1,92], KO REPEE
XERFHRMEL, 7 @ BHERER N PRHR

THIHEDSA PA3-5 temperature

Node nodes[MAXN];
Node tree[MAXN * 47];

void buildTree(int Tow, int high, int depth, int p) {
if (low == high) {
tree[p] = nodes[Tow];
return;
3
if (depth % 2) findkth(low, high, cmp_x, ((low + high) / 2));
else findkth(low, high, cmp_y, ((low + high) / 2));
buildTree(low, (low + high) / 2, depth + 1, 2 * p);
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buildTree((low + high) / 2 + 1, high, depth + 1, 2 * p + 1);
tree[p].1x = min(tree[2 * p].1x, tree[2 * p + 1].1x);
tree[p].ly = min(tree[2 * p].ly, tree[2 * p + 1].1y);
tree[p]l.rx = max(tree[2 * p].rx, tree[2 * p + 1].rx);
tree[p].ry = max(tree[2 * p].ry, tree[2 * p + 1].ry);
tree[p].low = min(tree[2 * p].low, tree[2 * p + 1].low);

tree[p].high = max(tree[2 * p].high, tree[2 * p + 1].high);
}
// buildTree(0, n - 1, 0, 1) /*p =1 %/

struct Answer { int low; int high; bool valid; }
answer { INT_MAX, -1, false};

void inquiry(int x1, int x2, int yl, int y2, int p) {
if (tree[p].low >= answer.low && tree[p].high <= answer.high)
return; // Btk
if (x1 <= tree[p].1x & & x2 >= segment[p].rx
&& yl <= tree[p].ly && y2 >= tree[p].ry) {
answer = {min(tree[p].Tow, answer.low), max(tree[p].high, answer.high), true}

return;

}

if (x1 > tree[p]l.rx || x2 < tree[p].Ix || yl > tree[pl.ry || y2 < tree[p].ly)
return;

KA

inquiry(x1, x2, yl, y2, 2 * p);
inquiry(xl, x2, yl, y2, 2 * p + 1);
3

// inquiry(x1l, x2, yl, y2, 1)

RHEISZLE : #O(nlogn) + BUREREO(r + /1)

Interval Tree

Given a set of intervals in general position on the x-axis: S = {s; = [z;, z}|1 < ¢ < n]} and a query point g,
Find all intervals that contain g,: {s; = [z;, z}]|z; < g, < z}}

class Interval {
public:
int Tabel;
int left;
int right;
Interval* parent;
Interval (int data);
Interval(int data, int 1, int r);
Interval(int data, int 1, int r, Interval parent);
friend ostream& operator<<(ostream& output, Interval interval);

I8

ostream& operator<<(ostream& output, Interval interval) {

output << "(" << interval.label << "): [" << interval.left << ", << interval.right <<

"T\n";
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return output;

bool LSortFunc(const Interval& il, const Interval& i2) {
return il.left < i2.left;

bool RSortFunc(const Interval& il, const Interval& i2) {
return il.right > i2.right;

class IntervalTree {

public:
int xMed; // middle point
vector<Interval> sMed; // sMed
vector<Interval> mL; // left points sorted vector

mL + mR

vector<Interval> mR; // right points sorted vector
vector<Interval> TMed; // left
vector<Interval> rMed; // right
IntervalTree* 1Tree;
IntervalTree* rTree;
void findkth(int Tow, int high, int k, vector<int>& S);
int findMedium(vector<Interval>& source) {
vector<int> S;
for (auto i = source.begin(); i < source.end(); ++i) {
S.push_back(i->Teft);
S.push_back(i->right);
3
findkth(0, source.size() * 2 - 1, source.size(), S);
return S[source.size()];
3
void buildTree(vector<Interval>& source) {
xMed = findMedium(source);
int cnt = 0;
for (auto i = source.begin(); i < source.end(); ++i) {
if (xMed < i->left) rMed.push_back(*1);
else if (xMed > i->right) TMed.push_back(*i);
else {
sMed. push_back(*1);
if (i->left !'= xmed) {
Interval* TInterval = new Interval(sMed[cnt].label, i->Teft, xMed,

sMed[cnt]);
mL.push_back(*TInterval);
}
if (i->right != xMed) {
Interval® riInterval = new Interval(sMed[cnt].label, xMed, i->right,
sMed[cnt]);
mR.push_back(*rInterval);
}
cnt++;
}
}
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sort(mL.begin(), mL.end(), LSortFunc);
sort(mR.begin(), mR.end(), RSortFunc);
if (IMed.size() > 0) {
1Tree = new IntervalTree();
1Tree->buildTree(1Med);
}
else 1Tree = nullptr;
if (rMed.size() > 0) {
rTree = new IntervalTree();
rTree->buildTree(rmMed);
}
else rTree = nullptr;
3
void piercingQuery(int x) {
if (x < xMed) {
for (auto i = mL.begin(); i < mL.end(Q); ++i) {
if (x < i->left) break;
cout << *(i->parent);
}
if (1Tree != nullptr) TTree->piercingQuery(x);
}
else if ( x > xMed) {
for (auto i = mR.begin(); i < mR.end(Q); ++i) {
if (x > i->right) break;
cout << *(i->parent);

}
if (rTree != nullptr) rTree->piercingQuery(x);
3
else {
for (auto i = sMed.begin(); i < sMed.end(); ++ i) {
cout << *1i;
}
3

18

EHEISZEE: ERO(nlogn) + ERIEIRO(r + logn)

Segment Tree
—RIE

void build(int s, int t, int p) {

if (s == t) {
dlp]l = als];
return;

3

intm=s + ((t - s) > 1);
build(s, m, p * 2), build(m + 1, t, p * 2 + 1);
dlpl = dlp * 2] + d[(p * 2) + 1];
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}
int inquiry(int 1, int r, int s, int t, int p) {
if (1 <= s && t <= r) return d[p];
if (lazy[pD) {
dip * 2] += lazy[p] * (m - s + 1);
dip * 2 + 1] += Tazy[p] * (t - m);
lazy[p * 2] += lazy[p];
Tazy[p * 2 + 1] += lazyl[p];
lazy[p] = 0;
3
intm=s + ((t - s) > 1), sum = 0;
if (1 <= m) sum += inquiry(l, r, s, m, p * 2);
if (r > m) sum += inquiry(l, r, m + 1, t, p * 2 + 1);
return sum;
}
// lazy mark
void rangeupdate(int 1, int r, int c, int s, int t, int p) {
if (1 <= s & t <=1r) {
dip] += (t - s + 1) * c, Tlazy[p] += c;
return;
3
intm=s+ ((t - s) > 1);
if (lazy[p] & s !'= t) {
dip * 2] += Tlazy[p] * (m - s + 1);
dip * 2 + 1] += Tazy[p] * (t - m);
lazy[p * 2] += lazy[p];
Tazy[p * 2 + 1] += lazyl[pl;
lazy[p] = 0;
3
if (1 <= m) rangeupdate(l, r, c, s, m, p * 2);
if (r > m) rangeuUpdate(l, r, ¢, m+ 1, t, p * 2 + 1);
dlpl = dlp * 2] + d[p * 2 + 1];

THIHEDSA PA 3-4-2 Kidd

KAXERPRHER A T —EARIT, BFFE 7T H =S,

S —EF A ER L RESIURER LHER—1T, ZBERB—XIE—IEXM, #BsRE—ERNH
7, HEE(INERSE. ATHRIESHOERSD, R4IZEIREES: BRIMNEIKINEEISEEKINThE
(BEFEFBFKITHE) [, —HEREIILR?

#include <iostream>
using namespace std;

const int MAXM;

int n, m;
int query_Tlen 0;

int map_len = 0;

struct Operations {
char label[2]; // H: rangeIncread, Q: inquiry
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int left;
int right;
} operations[MAXM];

struct Query {
int point;
int map_label;
} query[MAXM * 27;

struct Map {
int left;
int right;

} map[MAXM * 47];

struct SegmentTree {
int sum;
int Tlazy;
} segmentTree[MAXM * 16];

int comp(const void* el, const void* e2)
return ((Query*)el)->point - ((Query*)e2)->point;

void initialize() {
cin >> n >> m;
readrRanges();
gsort(query, 2 * m, sizeof(Query), comp);
query_deduplicate();
init_mapQ; // 1,5,6,9 => [1,1], [2,4], [5,5], [6,6]1, [7,8], [9,9], [10,10]
init_segmentTree(); // sum = lazy = 0

int rev_map (int point); // point => map_Tlabel

void pushbown(int s, int t, int p) {
int mid = (s + t) >> 1;
if (segmentTree[p].lazy != 0 && s != t) {
segmentTree[p * 2].sum += segmentTree[p].lazy * (map[mid].right - map[s].left + 1);
segmentTree[p * 2 + 1].sum += segmentTree[p].lazy * (map[t].right - map[mid +
1].7eft + 1);
segmentTree[p * 2].lazy += segmentTree[p].lazy;
segmentTree[p * 2 + 1].lazy += segmentTree[p].lazy;
segmentTree[p].lazy = 0;

int inquiry(int 1, int r, int s, int t, int p) {
// [1, r]l: target range; [s, t]: current range; p: curret Tlabel
if (1 <= s && t <= r) return segmentTree[p].sum;
pushbown(s, t, p);
int mid = (s + t) > 1;
int ans = 0;
if (1 <= mid) ans += inquiry(l, r, s, mid, p * 2);
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if (r >= mid + 1) ans += inquiry(l, r, mid + 1, t, p * 2 + 1);
return ans;

void rangeIncrease(int 1, int r, int s, int t, int p) {
// [1, r]l: target range; [s, t]: current range; p: curret label
if (1 <= s & t <= 1) {
segmentTree[p].sum += map[t].right - map[s].left + 1;
segmentTree[p].lazy += 1;
return;
3
pushbown(s, t, p);
int mid = (s + t) > 1;
if (1 <= mid) rangeIncrease(l, r, s, mid, p * 2);
if (r >= mid + 1) rangeIncrease(l, r, mid + 1, t, p * 2 + 1);
segmentTree[p].sum = segmentTree[p * 2].sum + segmentTree[p * 2 + 1].sum;

EBISZRE: O(mlog(m)) (mABBILHTREE)

ERE
1. "= 5525 BFS

void bfs(int v, int& clock) {
Queue<int> Q;
status(v) = DISCOVERED;
Q.enqueue(Vv);
while (!Q.empty()) {
int v = Q.dequeue();
dTime(v) = ++clock;
for (int u = firstNbr(v); -1 < u; u
if (UNDICOVERED == status(u)) {
status(u) = DISCOVERED;
Q.enqueue(u);
type(v, u) = TREE;
parent(u) = v;

= nextNbr(v, u))

}
else type(v, u) = CROSS;
status(v) = VISITIED;

EHESZEE: O(n +e)

- NA1: RIBSERRITEEESENAIASE

void bfs_all(int s) {
reset();
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int clock = 0;
int v = s;
do {
if (UNDISCOVERED == status(v)) bfs(v, clock);
} while (s !'= (v = ((v +1) %$n)));

« NH2: TEESRIRERRS = bfstiYEZRIBE
2. FEMFHER DFS

void dfs(int v, int& clock) {
dTime(v) == ++clock;
status(v) = DISCOVERED;
for (int u = firstNbr(v); -1 < u; u = nextNbr(v, u)) {
switch (status(u)) {
case UNDISCOVERED:
typr(v, u) = TREE;
parent(u) = v;
dfs(u, clock);
break;
case DISCOVERED:
type(v, u) = BACKWARD;
break;
default: // VISITED

type(v, u) = dTime(v) < dTime(u) ? FORWARD : CROSS;
3
status(v) = VISITED;
fTime(v) = ++clock;

EHESZE: O(n + e)

- NA1: RIESERRITEEESEMAIASE

void dfs_all(int s) {
reset();
int clock = 0;
int v = s;
do {
if (UNDISCOVERED == status(v)) dfs(v, clock);
} while (s !'= (v = ((v +1) $n)));

o NFH2: BEEREEN = FEBACKWARDAYIA
3. (RERIEER PFS

void pfs(Cint v, void(*prioupdater(Graph*, int, int))) {
priority(v) = 0;
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status(v) VISITED;
parent(v) -1;
while (true) {
for (int u = firstNbr(v); -1 < u; u = nextNbr(v, u))
priouUpdater(this, v, u);
for (int shortest = INT_MAX, u = 0; u < n; ++u) {
if (UNDISCOVERED == status(u) && shortest > priority(u)) {
shortest = priority(u);

vV = u;
}
}
if (VISITED == status(v)) break;
status(v) = VISITED;
type(parent(v), v) = TREE;

BHEISZRE : EFMERO(n + e) + BHERESEO(n®) ($BER)

. REERING] | mR TR BHFHSHEO (elogn) + it EREEEO (nlogn)
. RESXHE: BEFRFERO(n - d - loggn) + EHKEREEEO (logm), Bd ~ £ + 2, BYKMEAEXT)
O(e - log (e n)&Rift

1M HER TSort

TSort: Topological Sort; BRFIRE]: Directed Acyclic Graph
EFEBMEEG (F—ERDAG) , ZEATEIRHI— &R, EFERXFSREHEE (B—RErsE
SINEFRIIRITS) . BREFERR (BIFHIEDAG) , REHRE. BN, L[H—MESHLERFS.

REEE NS TRAS :

Queue<int> TSort() {
Stack<int> S;
Queue<int> Q;
S.push_back(find_zero_indegree());
while (!s.empty()) {
int v;
Q.enqueue(v = S.pop());
for (int u = firstNbr(v); -1 < u; u = nextNbr(v, uw) {
if (u.inDegree < 2) S.push(u);
remove (V) ;

}

return Graph::size() ? -1 : Q;

EEISZE: O(n +e)

W B T
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bool TSort(int v, int& clock, Stack<int>* S) {
dTime(v) = ++clock;
status(v) = DISCOVERED;
for (int u = firstNbr(v); -1 < u; u = nextNbr(v, u)) {
switch (status(u)) {
case UNDICOVERED:
parent(u) = v;
type(v, u) = TREE;
if (!Tsort(u, clock, S)) return false;
break;
case DISCOVERED:
type(v, u) = BACKWARD;
return false;
default: // VISITED
type(v, u) = dTime(v) < dTime(u) ? FORWARD
break;
h
status(v) = VISITED;
S->push(vertex(v));

EIESZE: O(n + ¢)

o e
1. Dijkstra&i%

RS, HESHERFZINIRNRERENKE
B SIONEYAIE

// include pfs
struct DijkpPu {
virtual void operator() (Graph* g, int v, int u) {
if (UNDISCOVERED != g->status(u)) return;

. CROSS;

if (g->priority(u) > g->priority(v) + g->weight(v, u)) {
g->priority(u) = g->priority(v) + g->weight(v, u);

g->parent(u) = v;

}
}; // g->pfs(0, DijkPu());

HESZRE: O(n®) (BIEMESIBEHETLULIEIO (elogn), O(eloge))

2. Floyd-Warshall&j%

ISEHNNEG, HESRTIERYZIARIREIES

void fw(int n, int A[][]) {
for (int k = 0; k < n; ++k)
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for (int u =0; u < n; ++u)
for (int v = 0; v < n; ++Vv)

Afu][v] = min(A[u][v], A[ul[k] + A[KI[vI);

EHESZE: O(n?)

R/VSZIER MST

Minimum Spanning Tree

KEABMEN = (V; E)YWFET = (V3 F), FETHENEW(T) = ) cpw(e)RN
1. Prim&ii%

// include pfs
struct PrimPu {
virtual void operator() (Graph* g, int v, int u) {
if (UNDISCOVERED != g->status(u)) return;
if (g->priority(u) > g->weight(v, u)) {
g->priority(u) = g->weight(v, u);
g->parent(u) = v;
}
3
}; // g->pfs(0, PrimPu(d);

EHESZRE: O((n + e)logn (HRSEHMFIEE) , O(n?) (ZiEPFS)
2. Kruskal&ix

int parent[MAXN];

// before: qgsort(edges, m, sizeof(edge), cmp);

void kruskal() {
int sumweight = 0;

int u, v;

ufset(Q;

for CGint i =0; i <m; ++i) {
int u = edge[i].u;

int v = edge[i].v;

if (Find(u) !'= find(v)) {
sumweight += edges[i].w;
parent[u] = v;

void ufset() { for (int i = 0; i < n; ++i) parent[i] = i; }
int find(int x) { return parent[x] == x ? x : parent[x] = find(parent[x]); }

EHEISZRE: O(eloge + elogn)
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= UMy
1. KMPESi%

Knuth-Morris-Pratt

int match(char* P, char* T) { // 0(2n)
int* next = buildNext(P);
int n = (int) strlen(T), i =
int m = (int) strlen(P), j
while (j <m&& i < n) {
if (G <0 || T[]l == P31 { i++; j++; }
else j = next[j];

||
@ &

}
delete [] next;
return i - j;

int* buildNext(char* P) {
int m = strlen(P), j = 0;
int* N = new int[m];
int t = N[0] = -1;
while (j <m - 1) {
if (t <0 || P[J] == P[tD {
++3; ++t;
N[j1 = (P[3] !'= P[t]) ? t : N[t];

}

else t = N[t];
}
return N;

EHEEZE: O(n)
2. BM&Ei%
Boyer-Moore

BME;% =BC + GS

int* buildBC(char* P) { // Bad_cCharacter: 0(s + m)
int* bc = new int[256];
for (int j = 0; j < 256; ++j) bc[j] = -1;
for (int m = strlen(P), j = 0; j < m; ++3j) bc[P[j]1]
return bc;

int* buildGS(char* P); // Good Suffix

int match(char* P, char* T);
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EEISZREE : Best Case: O(-=), Worst Case: O(n + m)

3. Karp-Rabin&i%
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