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NOI DUNG

e Gigithiéu chung

e Thu vién ciu trdc di? liéu STL trong C++

E DAl HOC BACH KHOA HA NOI
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GIOI THIEU CHUNG

e Muc tiéu hoc phan
 Tiép cAn mdt s6 ciu truc di liéu va thuat todn nang cao

e Ung dung cac k§ thuat thuan todn va ciu tridc dit liéu hiéu qud vao viéc gidi cac bai todn tinh todn phuc
tap

e Phan tich hiéu qua cua thuat toan
e Ren luyén k§ nang thuc hanh lap trinh thuat toan
 Thuc hanh
e Lap trinh gidi cac bai todn tinh todn &ng dung
* NOp (Submit) source code |én hé thdng cham diém tu déng qua cac testcase
« MObi bai tap s& dugc mo ta chi tiét vé phat biéu bai todn, dinh dang di liéu vao va két qua dau ra

E“ DAI HOC BACH KHOA HA NOI

wai  HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY




GIOI THIEU CHUNG

« Chadeé
e Quay lui, nhanh va céan
e Ciutric dir liéu: ngan xép (stack), hang doi (queue), tip hop (set), cac tap rdi nhau (disjoint set), hang
doi vu tién (priority queue), cay phan doan (segment tree),
e K§ thuadt mang cong don, ki thuat 2 con trd, biéu dién va xt ly trén bit
e Thuat toan tham lam, chia dé tri, quy hoach déng

e Thuat todn trén do thi: DFS, BFS, Strongly Connected Components, Shortest Path, Minimum Spanning
Tree, Max-Flow, Max-Matching

* Thuat toan hinh hoc
e Thuat toan x ly xau

E“ DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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GIOI THIEU CHUNG - Vi du minh hoa (P.01.01.01)

e Cho 2 sd nguyén ava b, hdy tinh tdng cla 2 s6 do.
Dt liéu

e Dong 1chlra 2 sd nguyénavab (0<=a, b <=10%)
e Két qua

e Ghiragidtrilatdbngclaavab

Stdin Stdout
35 8

E*’ DAI HOC BACH KHOA HA NOI
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GIOI THIEU CHUNG - Vi du minh hoa (P.01.01.01)

e Cho 2 sd nguyén ava b, hdy tinh tdng cla 2 s6 do.
Dt liéu

e Dong 1chlra 2 sd nguyénavab (0<=a, b <=10%)
e Két qua

e Ghiragidtrilatdbngclaavab

#include <bits/stdc++.h>
using namespace std;
int main(){

int a,b;

cin >> a >> b;

int res = a + b;

cout << res;

return O;

E*’ DAI HOC BACH KHOA HA NOI

e HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY




GIOI THIEU CHUNG - Vi du minh hoa (P.01.01.01)

e Cho 2 sd nguyén ava b, hdy tinh tdng cla 2 s6 do.
Dt liéu

e Dong 1chlra 2 sd nguyénavab (0<=a, b <=10%)
e Két qua

e Ghiragidtrilatdbngclaavab

#include <bits/stdc++.h>
using namespace std;
int main(){

int a,b;

cin >> a >> b;

int res = a + b;

cout << res;

return ©; Tran sé khiava b 16n

E*’ DAI HOC BACH KHOA HA NOI
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GIOI THIEU CHUNG - Vi du minh hoa (P.01.01.01)

e Cho 2 sd nguyén ava b, hdy tinh tdng cla 2 s6 do.
Dt liéu

e Dong 1chlra 2 sd nguyénavab (0<=a, b <=10%)
e Két qua

e Ghiragidtrilatdbngclaavab

#include <bits/stdc++.h>
using namespace std;
int main(){
unsigned long long a,b;
cin >> a >> b;
unsigned long long res = a + b;
cout << res;

return O;

E*’ DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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GIOI THIEU CHUNG - Vi du minh hoa (P.01.01.01)

e Cho 2 sd nguyén ava b, hdy tinh tdng cla 2 s6 do.
Dt liéu

e Dong 1chlra 2 sd nguyénavab (0<=a, b <=10%)
e Két qua

e Ghiragidtrilatdbngclaavab

#include <bits/stdc++.h>
using namespace std;
int main(){
unsigned long long a,b;
cin >> a >> b;

unsigned long long res = a + b;

a = 10000000000000000000, b = 10000000000000000000
- res = 1553255926290448384 (van tran sd)

cout << res;

return O;

E DAl HOC BACH KHOA HA NOI
- - HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY 11



GIOI THIEU CHUNG - Vi du minh hoa (P.01.01.01)

e Cho 2 sd nguyén ava b, hdy tinh tdng cla 2 s6 do.

Dt liéu

« Dong 1chira 2 sd nguyénavab (0<=a, b <=10%)

e Két qua

BACH

Em HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY

e Ghiragidtrilatdbngclaavab

DAl HOC BACH KHOA HA NOI

#include <bits/stdc++.h>
using namespace std;
int main(){
unsigned long long a,b, al, bl,a2,b2;
cin >> a >> b;
al=a/l10; bl=b/10;
a2 = axle; b2 = b%10;

unsigned long long c1

al+bl+(a2+b2)/10;
unsigned long long c2 = (a2+b2)%10;
if(cl > 9) cout << cl << c2;

else cout << c2;

return 0; SOLVED!!

12



THU VIEN CAU TRUC DU LIEU STL TRONG C++

 Thu vién STL cla C++

Vector, List
String

Stack, Queue
Set

Map

Priority queue

E*" DAI HOC BACH KHOA HA NOI

e HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - vector

« Mang dong
 Luwu cdc phan td tuyén tinh
 C4cthao téc: truy cap, thém mdi, loai bd cac phan ti

#include <bits/stdc++.h> 12345678910
using namespace std; 456789 10
int main() {
vector<int> V;
V.push_back(1); V.push_back(2);
for(int 1 = 3; i <= 10; i++) V.push_back(i);
for(int 1 = 0; i < V.size(); i++) cout << V[i] << " "; ‘
cout << endl;
V.erase(V.begin(), V.begin() + 3);
for(int 1 = 0; i < V.size(); i++) cout << V[i] << " ";
cout << endl;

}

E*’ DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - List

e Danh sach lién két doi
 Luwu cdc phan td tuyén tinh
e Cdcthao tic: thém phan tlr vao dau, cudi, vao sau 1 vj tri, loai bd 1 phan t& khdi danh sach

#include <bits/stdc++.h> 1266345

using namespace std;

int main() {
list<int> L;

for(int v = 1; v <= 5; v++) L.push_back(v);
list<int>::iterator p;

p = L.begin(); ‘
advance(p,2);

L.insert(p,2,6);//insert 2 occurrences of 6 after position p

for(p = L.begin(); p!= L.end(); p++) cout << *p << ;

E*’ DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - List

e Danh sach lién két doi
 Luwu cdc phan td tuyén tinh
e Cdcthao tic: thém phan tlr vao dau, cudi, vao sau 1 vj tri, loai bd 1 phan t& khdi danh sach

#include <bits/stdc++.h> item at position p is 3

using namespace std; 1245

int main() {
list<int> L;

for(int v = 1; v <= 5; v++) L.push_back(v);
list<int>::iterator p;

p = L.begin(); advance(p,2); ‘
cout << "item at position p is " << *p << endl;

L.erase(p);//remove the item at position p

for(p = L.begin(); p!= L.end(); p++) cout << *p << 5

E*’ DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - String

* Biéu dién chudi cac ky tu

 Thao tac: gan, ghép xau, thay thé xau con, trich xuat xau con, ..

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

int main() {

string s1 = "hello";
string s2 = s1 + " world";
cout << "sl = " << s1 << ", s2 = " << s2 << endl;

cout << "s2 = " << s2 << ", length = " << s2.length() << endl;
cout << "s2.substring(2,6) = " << ss << endl;
s2.replace(6, 5, "abc");

cout << "new s2 = " << s2 << endl;

}

E*’ DAI HOC BACH KHOA HA NOI

string ss = s2.substr(2,6); '

sl = hello, s2 = hello world
s2 = hello world, length = 11
s2.substring(2,6) = 1llo wo

new s2 = hello abc

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Stack

 CAu truc tuyén tinh

* Thao tac: thém va loai bd phan t& v&i nguyén tic Last In First Out - LIFO

#include <bits/stdc++.h> PUSH 1
using namespace std; PUSH 2
int main() { PUSH 3
stack<int> S; PUSH 4
for(int 1 = 1; i <= 5; i++){ PUSH 5
S.push(i); cout << "PUSH " << i << endl; POP 5
} ‘ POP 4
while(!S.empty()){ POP 3
int e = S.top(); S.pop(); cout << "POP " << e << endl; POP 2
} POP 1
}

E DAl HOC BACH KHOA HA NOI
HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY 18



THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Queue

 CAu truc tuyén tinh

* Thao tac: thém va loai bd phan t& véi nguyén tic First In First Out - FIFO

#include <bits/stdc++.h> Queue push 1
using namespace std; Queue push 2
int main() { Queue push 3
queue<int> Q; Queue push 4
for(int e = 1; e <= 5; e++){ Queue push 5

Q.push(e); cout << "Queue push " << e << endl; Queue POP 1

} ‘ Queue POP 2

while(!Q.empty()){ Queue POP 3
int e = Q.front(); Q.pop(); cout << "Queue POP " << e << endl; Queue POP 4
} Queue POP 5

}

E DAl HOC BACH KHOA HA NOI
HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY 19



THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Set

 Luwu cdc phan tr khong l3p gid tri

e Thao tac: thém, loai ba, tim kiém thuc hién nhanh

#include <bits/stdc++.h> abc def xyz
using namespace std;
int main() {

set<string> S;

S.insert("abc"); S.insert("def"); S.insert("xyz");

S.insert("abc");

set<string>::iterator p;
for(p = S.begin(); p != S.end(); p++) cout << *p << " ";

cout << endl;

E*" DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Set

 Luwu cdc phan tr khong l3p gid tri

e Thao tac: thém, loai ba, tim kiém thuc hién nhanh

#include <bits/stdc++.h> xau def exists in S

using namespace std;

int main() {
set<string> S;

S.insert("abc"); S.insert("def"); S.insert("xyz");

string s1 = "def";
set<string>::iterator p = S.find(sl); ‘
if(p == S.end())

cout << "xau " << sl << " does not exist" << endl;

else

cout << "xau " << sl << " exists in S" << endl;

}

E DAl HOC BACH KHOA HA NOI
HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Set

 Luwu cdc phan tr khong l3p gid tri

e Thao tac: thém, loai ba, tim kiém thuc hién nhanh

#include <bits/stdc++.h> abc def
using namespace std;
int main() {
set<string> S;
S.insert("abc"); S.insert("def"); S.insert("xyz");
string sl1 = "xyz";
S.erase(sl); ‘
set<string>::iterator p;
for(p = S.begin(); p != S.end(); p++) cout << *p << " ";

cout << endl;

E DAl HOC BACH KHOA HA NOI
HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Set

 CAu truc set trong C++ cung cAp ham upper_bound(k): tra vé con tro dén phan t& nhd nhat ma 1én hon k
trong tap hop. Néu k I&n hon hoac bang phan t&r [&n nhat thi ham trad vé con tré dén vi tri sau phan t& cuoi
cung cla tap hop

#include <bits/stdc++.h> upper_bound(3) = 4
using namespace std; upper_bound(4) = 6
int main() { no upper_bound of 10

set<int> S;

for(int v = 1; v <= 5; v++) S.insert(2*v);

set<int>::iterator p = S.upper_bound(3);

cout << "upper_bound(3) = " << *p << endl; ‘

p = S.upper_bound(4);

cout << "upper_bound(4) = " << *p << endl;

p = S.upper_bound(10);

if(p == S.end()) cout << "no upper_bound of 10" << endl;
}

E“ DAI HOC BACH KHOA HA NOI

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY

BACH KHOA
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Set

e CAu truc set trong C++ cung cdp ham lower_bound(k): trd vé con tréd dén phan tl co gia trj bang k (néu k
thudc tap hop) hodc phan t&r nhd nhat ma |&n hon k trong tap hop (néu k khong thudc tap hop). Néu k 16n
hon phan t& I&n nhat thi ham trd vé con tré dén vi tri sau phan t&r cudi cung cla tap hop

#include <bits/stdc++.h>

lower_bound(3)

1
IS

using namespace std;
lower_bound(4)

I
H

int main() {
set<int> S; no lower_bound of 11
for(int v = 1; v <= 5; v++) S.insert(2*v);

set<int>::iterator p = S.lower_bound(3);

" << *p << endl; ‘

" << *p << endl;

cout << "lower_bound(3)

p = S.lower_bound(4);
cout << "lower_bound(4)

p = S.lower_bound(11);

if(p == S.end()) cout << "no lower_bound of 11" << endl;

else cout << "lower_bound of 11 = " << *p << endl;

}

E DAl HOC BACH KHOA HA NOI
e HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY 24



THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Map

e Ciutruc dit liéu lvu cdp khoa, gid tri

 Thao tac: thém cip khda, gia tri; truy van gid trj twong &ng vdi 1 khoda cho trudc.

#include <bits/stdc++.h> value of key abc =1
using namespace std; xyzt is mapped to value 10
int main() { abc is mapped to value 1
map<string, int> M; def is mapped to value 2
M["abc"] = 1; M["def"] = 2; M["xyzt"] = 10; value of 1234 = 0
string k = "abc";
cout << "value of key " << k << " =" << M[k] << endl; ‘

for(map<string,int>::iterator p = M.begin(); p != M.end(); p++)

cout << p->first <«

string k1 = "1234";

is mapped to value " << p->second << endl;

cout << "value of " << k1 << " = " << M[k1l] << endl;

E DAl HOC BACH KHOA HA NOI
e HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY 75




THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Priority Queue

 Luwu cdc phan td, truy xudt phan tl cd khoa 16n nhat/nhé nhat mot cach hiéu qua

#include <bits/stdc++.h>
#define pii pair<int,int>
using namespace std;
int main() {
priority_queue<int> pq;
pq.push(5); pq.push(1);
while(!pq.empty()){
int e = pq.top(); pq.pop();

cout << "pq pop " << e << endl;

pg.push(100);

pq.push(30);

E*" DAI HOC BACH KHOA HA NOI

pq pop 100
pq pop 30
pq pop 5
pq pop 1

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY

26




THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Priority Queue

 Luwu cdc phan td, truy xudt phan tl cd khoa 16n nhat/nhé nhat mot cach hiéu qua

#include <bits/stdc++.h>
#define pii pair<int,int>
using namespace std;
int main() {
priority_queue<pii> PQ;
PQ.push(make_pair(4,-40));
PQ.push(make_pair(1,-10));
PQ.push(make_pair(9,-900));
while(!PQ.empty()){
pii e = PQ.top(); PQ.pop();
cout << "PQ pop (" << e.first <«

non
3

<< e.second << ")" << endl;

DAl HOC BACH KHOA HA NOI

PQ pop (9,-900)
PQ pop (4,-40)
PQ pop (1,-10)

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THU VIEN CAU TRUC DU LIEU STL TRONG C++ - Priority Queue

 Luwu cdc phan td, truy xudt phan tl cd khoa 16n nhat/nhé nhat mot cach hiéu qua

#include <bits/stdc++.h>
#define pii pair<int,int>
using namespace std;
int main() {
priority_queue<pii, vector<pii>, greater<pii> > PQ;
PQ.push(make_pair(4,-40));
PQ.push(make_pair(1,-10));
PQ.push(make_pair(9,-900));
while(!PQ.empty()){
pii e = PQ.top(); PQ.pop();
cout << "PQ pop (" << e.first << "," << e.second << ")" << endl;

DAl HOC BACH KHOA HA NOI

PQ pop (1,-10)
PQ pop (4,-40)
PQ pop (9,-900)

HANOI UNIVERSITY OF SCIENCE AND TECHNOLOGY
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THANK YOU !

@ hust.eduvn @ fbo.com/dhbkhn



