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int sz, *arr;

void init_array(){
arr = NULL; sz = 0;
}

void push_back(int x){
int *new_arr = (int*)malloc(sizeof(int) * (sz+1));
for(int 1=0; i<sz; i++) new_arr[i] = arr[i];
new_arr[sz++] = x;
free(arr); arr = new_arr;

}

void pop_back( ){
int *new_arr = (int*)malloc(sizeof(int) * (sz-1));
for(int i=0; i<sz-1; i++) new_arr[i] = arr[i];
free(arr); arr = new_arr; sz--;
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pop_back & = MZ2 HIE S 0I5 TR gl

sz: X A9l I
capacity: & Br2 HjH ol 37|

push_back: sz = capacity™ capacity 1 &7t
pop_back: sz 1 ZA

A2t 28E
- X HHEO| Q= AL I 4~E nO|2t1 3= H

- push_back: *IQ,_Ql PEke (n)
- pop_backZ £alict A 20=

- pop_back: O(1)

0(1)

- kOl push_back® o] & A|2F: O(k?)

0@
int , , ¥ 3

void init_array(){

= NULL; = 0; = 0;
}
void push_back(int x){
i ( == H
+= 1;
int * = (int*) (sizeof(int)
for(int i=0; i<sz; i++) [i1] =
[sz++] = x;
(arr); = ;
}
else [sz++] = X;

void pop_back( ){

)

}

[i];
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template<typename T>
class dynamic_array{
private:

T *arr;
size_t sz, cap;
void set_capacity(size_t new_cap){
T *new_arr = new T[new_cap];
for(int 1=0; i<min(sz, new_cap); i++) new_arr[i] = arr[i];
if(arr) delete[] arr;
arr = new_arr; cap = new_cap;

}

public:

dynamic_array( ){
arr = nullptr; sz = 0; set_capacity(0);

}

void push_back(const T x){
if(sz == cap) set_capacity(cap == 0 ? 1 : cap * 2);
arr[sz++] = x;

}

void pop_back( ){
SZ--:

}

size_t size() const { return sz; }

size_t capacity() const { return cap; }

T& operator [] (const size_t index) { return arr[index]; }

const T& operator [] (const size_t index) const { return arr[index]; }
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- 2eiA: vector<Type>
- intd XIfE 22|st= A7 std:iivector<int>
- S uiR metojE E Qe X3S AH 2 TR gl

- o g
- push_back(value), pop_back()
- front(), back()
- empty(), size()

- resize(), reserve()
- oA M2 It
—_ 11— B o

o
=]



O
S5 Ui Z
eoce

void test(){
vector<int> vec; // intgd H+Z lH&ol= B && WS 44

J*

vector<int> vec = {1, 2, 3};

vector<int> vec(4); // Z2I10F 490 & HE

vector<int> vec(4, 5); // 317 407, 25 LT} 5 FJ/otE & MWL
*/

for(int 1=0; i<10; i++) vec.push_back(1i);

cout =< "size : " << vec.size() << "\n"; // size : 10

cout << "front : " << vec.front() << "\n"; // front : 0

cout << "back : " << vec.back() << "\n"; // back : 9

vec.pop_back();

cout << "back(after pop_back) : " << vec.back() << "\n"; // back : 8

vec.resize(20); // ZJ/ H&E, FIIE L FI2L8 BE S22 JIEdH0)LE £/8}
vec.resize(b); // ZJ/ HE, FI/E O S0 20 Y= B4LE K2

// 012 34
for(int 1=0; i<vec.size(); i++) cout << vec[i] << " ";
cout << "\n":
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typedef struct node{
tnt data; data | next —
struct node *next;

} Node;

Node *front;

Node* new_node(int v){

Node *node = (Node*)malloc(sizeof(Node));
node->data = v;

node->next = NULL;

return node;
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void init_list(int n){
// 0, 1, 2, ... , n-1=£ HA&&EH 2/IAE MLE
Node *next = NULL;
for(int i=n-1; i>=0; i--){
front = new_node(1);
front->next = next; next = front;

\ 4
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void print_list(){
// CIAES D= ALE AT Z&
for(Node *cur=front; cur!=NULL; cur=cur->next){
printf("%d ", cur->data);
}
printf(“\n");
}

Node* get_by_1index(int k){
// kB Z-A(0-based) Btz
Node *cur = front;
for(int 1=0; i<k; 1++) cur = cur->next;
return cur;
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void insert_element(Node *prev, int v){
// prev LI S0 4 £/
Node *cur = new_node(Vv);
cur->next = prev->next;
prev->next = cur;

24



o1 2| A

+ @Bt QIX|0f Qs RAZ O(1) Aol A 4 9IS

prev next —

void delete_element(Node *prev){
// prev b= LIS0] 8= AL M/
Node *cur = prev->next;
prev->next = cur->next;
free(cur);
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typedef struct node{
int data;
struct node *prev;
struct node *next;
} Node;

Node *front, *back;

Node* new_node(int v){
Node *node = (Node*)malloc(sizeof(Node));
node->data = v;
node->prev = NULL;
node->next = NULL;
return node;

.
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cur
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void insert_element(Node *prev, 1int

// prev HIE [O80] E4 41
Node *next = prev->next;

Node *cur = new_node(v);
cur->prev = prev;

prev->next = cur;

cur->next = next;

next->prev = cur;
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vold delete_element(Node *cur){
// cur A
cur->prev->next = cur->next;
cur->next->prev = cur->prev;
free(cur);
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- push_front(value), push_back(value)
- pop_front(), pop_back()

- front(), back()

- empty(), size()
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4 MzF - Chaining

constexpr int M = 5;
vector<int> H[M];
int f(int x){ return (13 * x + 2) % 5; }

void insert(int x){
H[f(x)].push_back(x);
}

bool exist(int x){

for(auto 1 : H[f(x)]) i1f(1 == x) return true;
return false;
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SHA

£= o2 F2F - Chaining(Java2l HashMap &)

+ S| E0]22] 2f PHotCt Q1 2| AE B2

. QI 2|AEQ| 3|7t EX ZHFZ 8) 00| | M1 2|AE A CHE XIRTEE AL
- Aok APKIQ AI2F EEE0FO(log n)O| BEE|= X2 X (BBST) AR

e M=5
e h(x)=13x+2mod 5

- {1,6,11, 16, 21, 26, 31, 36}

O|4FE{Q1 AfBHOfl M O(n/M) 6
. %|oto| 20 % O(log n)
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H2F - Open addressing

constexpr int M = 37;
int f(int k, int 1){ return (k * 3 + 1 * 2) % M; }
int H[M];

void insert(int x){
for(int 1=0; i<M; i++){
int h = f(x, 1);
if(H[h] == 0){ H[h] = x; return; }
}
assert(false); // full

}

bool exist(int x){
for(int 1=0; i<M; i++){
int h = f(x, 1);
if(H[h] == 0) break;
if(H[h] == x) return true;
}

return false;
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SHAl 5= H’é' X2k - Open addressing
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SHAl 5= H’é' X2k - Open addressing
« SiAl &~ hi U

Uux{0,1,..  ,M-1}->{01,.., M-1}

e Quadratic probing (2XF XA})
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SHAl 5= H’é' X2k - Open addressing
« SiAl &~ hi U

Uux{0,1,..  ,M-1}->{01,.., M-1}

« Double hash (2= sl{Al)
- BEX e 22 ALE
- hi(k, i) = (h,(K) + i * h,(k)) mod M

- hy(k)= M2} M2 401 210[0{0F &
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std::unordered_set
e #include <unordered_set>

. FBrg B2lsHs HElolY
¢ UAE B2 glo| M

« insert(x), erase(x), find(x), count(x)
- "3 0(1), =2 O(n)
« size(), empty()
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« unordered_setdM count() =
« unordered_multiset= &2 5{&, count()2| gt0| 1 X1t 2
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std::unordered_set

void test(){
unordered_set<int> st;
for(int 1=0; i<5; i++) st.insert(i*2);

cout << st.count(0) << " " << st.count(l) << "\n"; // 10
assert(st.find(1) == st.end()); // L2& st.end() E/'&

st.erase(0);
cout << st.count(0) << " " << st.size() << "\n"; // 0 4

st.erase(5); // & 8AE LD otd ZA/E
for(auto 1 : st) cout =< 1. << " ": // 0 2 6 80/ 2219 #=AHUZ =&
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std::unordered_map
« #include <unordered_map>

. HHO=|_I|- H|A'§- O|_|E_-|]:[|O|)\E 2t OIQ

- A ARY/2H-: mplkey] = value; mplkey] +=1; &
- value #5t2|: mplkey]
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oAl H|O| =

std::unordered_map

void test(){
unordered_map<int, int> mp;
for(int 1=0; i<5; i++) mp[i*2] = i*2+1;
mp.insert({10, 11});
mp.erase(4);
mp[O@] += 100;

// (0, 100) (2, 3) (6, 7) (8, 9) (10, 11)
for(auto [key,value] : mp) cout << key <<

<< value << "\n";
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