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Lo’i néi dau
“C++ duoc dénh gia 1a ngon ngit manh vi tinh mém déo, gan giii v4i ngdn ngit may.
Ngoai ra, voi kha ning 1ap trinh theo mau ( template ), C++ da khién ngdn ngit 1ap
trinh tro thanh khai quat, khong cu thé va chi tiét nhu nhiéu ngon ngit khac. Strc manh
ctia C++ dén tir STL, viét tit ciia Standard Template Library - mot thu vién template
cho C++ véi nhirng cdu triic dit lidu cling nhu giai thuat dugc xay dung tong quat ma
van tan dung duoc hiéu ning va tdc do cua C. Vi khai niém template, nhitng ngudi
lap trinh di dé ra khai niém 1ap trinh khai lvoc (generic programming), C++ duoc
cung cip kém v6i bo thu vién chudn STL.

B9 thu vién nay thuc hién toan bd cac cong viéc vao ra dir li€u (iostream), quan ly
mang (vector), thuc hién hau hét cac tinh ning cta cic ciu tric dit liéu co ban (stack,
queue, map, set...). Ngoai ra, STL con bao gdm céc thuit toan co ban: tim min, max,
tinh tong, sap xép (voi nhiéu thuat toan khic nhau), thay thé cac phan ti, tim kiém
(tim kiém thuong va tim kiém nhj phan), tron. Toan b cac tinh nang néu trén déu
duogc cung cap dudi dang template nén viée 1ap trinh ludn thé hién tinh khai quat hoa
cao. Nho vay, STL 1am cho ngon ngit C++ trd nén trong sang hon nhiéu.”

Trich “Téng quan vé thw vién chuin STL”
STL kha 1a rong nén tai liéu nay minh chi viét dé dinh hudng vé cach sir dung STL co
ban dé cac ban g dung trong viéc giai cac bai toan tin hoc doi hoi dén céu trac dir
liéu va giai thuat.
Minh chi yéu st dung cac vi du, cling nhu ngudn tai liéu tir trang web
www.cplusplus.com , cac ban c¢6 thé tham khéo chi tiét & d6 nira.
Dé c6 thé hiéu duoc nhirng gi minh trinh bay trong nay, cic ban can c6 nhirng kién

thirc vé cac cau trac dir liéu, cling nhu mét s6 thuat toan nhu sép xép, tim kiém...
Viéc sir dung thanh thao STL s& 1a rat quan trong néu cic ban ¢ y dinh tham gia cac
ki thi nhu Olympic Tin Hoc, hay ACM. “STL s& n6i dai kha nang lap trinh ctia cac
ban” (trich 151 thdy Lé Minh Hoang).

Moi y kién dong gbp xin giri vé dia chi: manhdjeu@gmail.com
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Thu vién mAu chudn STL trong C++ chia lam 4 thanh phan la:
e Containers Library : chira cic ciu trac dit liéu miu (template)
= Sequence containers

e Vector
e Deque
o List
= Containers adpators
e Stack
e Queue

e Priority queue
= Associative containers

o Set

e Multiset
e Map

e Multimap
e Bitset

e Algorithms Library: mot s6 thuat toan dé thao tac trén dir liéu

e Iterator Library: gidng nhu con tro, ding dé truy cap dén cac phan tir dit lidu
cua container.

e Numeric library:

DPé st dung STL, ban can khai bao tir khoa “using namespace std;” sau cac khai bao
thu vién (cac “#include”, hay “#define”,...)

Vi du:

#include <iostream>

#include <stack> //khai bdo st dung container stack

#define n 100

using namespace std; //khai bdo st dung STL

main () {

}
Viéc st dung cac ham trong STL tuong tu nhu viée s dung cdc ham nhu trong class.
Céc ban doc qua mot vai vi du la cé thé théy duoc quy luat.

ITERATOR (BIEN LAP):

Trong C++, mot bién 1ap 1a mot dbi tuong bat ki, tro t&i mot sd phﬁn tr trong 1 pham
vi cia cac phan tir (nhu mang hodc container), c6 kha ning dé lap cac phan tir trong
pham vi bang cach sir dung mot tap cac toan tir (operators) (nhu so sanh, ting (++),
) , 7 ‘

Dang rd rang nhat cua iterator 1a mdt con tro: Mot con tro cé the tro tdi cac phan tu
trong mang, va c6 thé lap thong qua st dung toan tir tang (++). Tuy nhién, ciing c6
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cac dang khac cua iterator. Vi du: modi loai container (chang han nhu vector) c6 mot
loai iterator duogc thiet ké dé 1ap cac phan tir cia né mot cach hi¢u qua.
- Iterator co cac toan tur nhu:

b ‘6'=9
Iy .

e Sosanh: “== > gifra 2 iterator.

e Gan: “=” gifra 2 iterator.
13

e (CoOng tru: “+7,”-“ voi hang so va "++7,"—*.
e Laygia tri: “*”.

II. CONTAINERS (THU VIEN LUU TRU)

Mot container 13 mot dbi tuong cu thé luu trit mot tap cac dbi tuong khac (céac phﬁn tur
ctia nd). N6 duge thyc hién nhu cac 16p mau ( class templates).
Container quan 1y khong gian Iuu trit cho cac phan tir cia né va cung cap cac ham

thanh vién (member function) dé truy cap tdi chung, hoic truc tiép hodc thong qua
cac bién ldp (iterator — gidng nhu con tro).
Container xdy dung cic cdu tric thudng sir dung trong lap trinh nhu: mang dong -

dynamic arrays (vector), hang doi — queues (queue), hang doi uu ti€én — heaps (priority
queue), danh sach kién két — linked list (list), cAy — trees (set), mang anh xa -
associative arrays (map),...

- Nhiéu container chira mot s6 ham thanh vién giéng nhau. Quyét dinh str dung loai
container nao cho nhu cau cu thé néi chung khong chi phu thudc vao cac ham dugc
cung cap ma con phai dya vao hiéu qua ctia cic ham thanh vién cta né (d6 phirc tap
(tir gio minh s& viét tat [a DPT) cta cac ham). Diéu nay dic biét dung véi container
diy (sequence containers), ma trong d6 co su khac nhau vé do phic tap dbi véi cac
thao tac chén/x6a phan tir hay truy cap vao phan tir.

1. Iterator:

Tat ca céac container ¢ 2 loai: Sequence container va Associative container déu ho trg cac
iterator nhu sau (vi du véi vector, nhirng loai khac c6 chirc nang cling vay).

/*khail bao iterator “it”*/

vector <int> :: iterator it;

/* trd dén vi tri phdn tu diu tién ctha vector */

it=vector.begin() ;

/*trd dén vi tri két thtc (khéng phai phdn t@t cubi clung nhé) cia vector) */
it=vector.end();

/* khai bdo iterator ngugc “rit” */

vector <int> :: reverse iterator rit; rit = vector.rbegin();

/* trd dén vi tri két thtc clia vector theo chiéu nguoc (khédng phai phadn tu
dau tién nhé*/

rit = vector.rend();

Tét ca cac ham iterator ndy déu c6 do phirc tap O(1).
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2. Vector (Mang dong):

Khai bao vector:
#include <vector>
/* Vector 1 chiéu */

/* tao vector rdéng kiéu dir liéu int */
vector <int> first;

//tao vector v&i 4 phdn tu 1a 100
vector <int> second (4,100);

// lay tu dadu dén cubi vector second
vector <int> third (second.begin(),second.end())

//copy tu vector third
vector <int> four (third)

/*Vector 2 chidu*/

/* Tao vector 2 chiéu réng */
vector < vector <int> > v;

/* khali bdo vector 5x10 */
vector < vector <int> > v (5, 10) ;

/* khai bdo 5 vector 1 chiéu réng */
vector < vector <int> > v (5) ;

//khai bdo vector 5*10 vé&i céc phédn tu khdi tao gid tri la 1
vector < vector <int> > v (5, vector <int> (10,1) ) ;

Céc ban chi y 2 dau “ngodc” khong dugc viét lién nhau.
Vi du nhu sau la sai:

/*Khai bdo vector 2 chiéu SAI*/
vector <vector <int>> v;

Cac ham thanh vién:

Capacity:
- size : tra vé sb luong phdn ti cia vector. PPT O(1).
- empty : tra vé true(l) néu vector rdng, nguoc lai 1a false(0). DPT
0(l).
Truy cip téi phén tir:
- operator [] : trd vé gid tri phdn tw thu []. PPT O(1).

- at : tuong ty nhu trén. DPT O(1).
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- front: trd vé gid tri phédn tu ddu tién. DPT O(1).

- back: tra vé gid tri phdn tu cubdi cung. DPPT O(1).
Chinh siwra:

- push back : thém vao & cubi vector. BPT O(1).

- pop_back : loai bdé phan tu & cubi vector. BPT O(1).

- insert (iterator,x): chén “x” vao trudc vi tri “iterator” ( x cé thé
13 phan tt hay iterator cta 1 doan phdn tw.). PPT O(n).

- erase : xba phdn tr & vi tri iterator. PPT O(n).

- swap : d8i 2 vector cho nhau (vi du: first.swap(second);). DPT O(1).

- clear: xba vector. DPT O(n).

Nhén xét:
- Sur dung vector sé t6t khi:
o Truy cap dén phan tir riéng 1é thong qua vi tri cia nd O(1)
o Chén hay xda & vi tri cudi cung O(1).
- Vector lam viéc gidng nhu mot “méang dong”.

Vidu 1: Vidu nay chi yéu dé 1am quen st dung cac ham chir khong c6 dé bai cu thé.

#include <iostream>

#include <vector>

using namespace std;

vector <int> v; //Khai bdo vector

vector <int>::iterator it; //Khai bédo iterator

vector <int>::reverse iterator rit; //Khai bdo iterator nguoc

int 1i;
main () {
for (i=1;i<=5;i++) v.push back(i); // v={1,2,3,4,5}
cout << v.front () << endl; // In ra 1
cout << v.back() << endl; // In ra 5
cout << v.size() << endl; // In ra 5
v.push back(9); // v={1,2,3,4,5,9}
cout << v.size() << endl; // In ra 6
v.clear (); /] v={}
cout << v.empty () << endl; // In ra 1 (vector rdéng)

for (i=1;i<=5;i++) v.push back(i); // v={1,2,3,4,5}

v.pop back(); // v={1,2,3,4}

cout << v.size() << endl; // In ra 4

v.erase (v.begin () +1); // Xbéa ptu thu 1 v={1,3,4}
v.erase (v.begin(),v.begin()+2); // v={4}

v.insert (v.begin(),100); // v={100,4}

v.insert (v.end(),5); // v={100,4,5}

/*Duyét theo chi sb phan tu*/
for (i=0;i<v.size();i++) cout << v[i] << "™ "™; // 100 4 5
cout << endl;
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/*Cht y: Khéng nén viét

for (i=0;i<=v.size()-1;i++)
Vi néu vector v réng thi sé& dan dén sai khi duyét !!!
*/

/*Duyét theo iterator*/
for (it=v.begin();it!=v.end();it++)
cout << *it << " " ;
//In ra gid tri ma iterator dang tro tdi "100 4 5"
cout << endl;

/*Duyét iterator nguoc*/

for (rit=v.rbegin();rit!=v.rend();rit++)
cout << *rit << "™ "; // 5 4 100

cout << endl;

system ("pause") ;

Vidu 2: Cho db thi v hudng G c6 n dinh (cac dinh dénh s6 tir 1 dén n) va m canh va khong
c6 khuyén (duong di tir 1 dinh tédi chinh dinh do).
Cai dit d6 thi bang danh sach ké va in ra cac canh k& d6i voi mdi canh caa do thi.
Dir liéu vao:
- Dong dau chira n va m cach nhau boi dau cach
- M dong sau, mdi dong chira u va v cho biét co dudng di tir u téi v. Khong ¢ cip dinh
u,v nao chi cung 1 dudng di.

Dtr liéu ra:
- M dong: Dong thir i chira cac dinh ké canh i theo thi ty ting dan va cach nhau boi
dau cach.

G161 han: 1 <=n,m <= 10000

Vidu:
67 2356
12 136
13 125
15
23 13
26 12
35
61

Chuong trinh mau:

#include <iostream>

#include <vector>

using namespace std;

vector < vector <int> > a (10001);
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//Khai bdo vector 2 chiéu v&i 10001 vector 1 chiéu rdng
int m,n,1i,3j,u,v;
main () {
/*Input data*/
cin >> n >> m;
for (i=1;i<=m;i++) {
cin >> u >> wv;
alu] .push back(v);
a[v].push back(u);
}
/*Sort canh ké&x*/
for (i=1;i<=m;i++)
sort(al[i].begin(),ali].end());
/*Print Result*/
for (i=1;i<=m;i++) {
for (j=0;7j<ali].size();j++) cout << alil[]] << " ";
cout << endl;
}

system ("pause") ;

3. Deque (Hang doi hai dau):

- Deque (thuong duoc phat 4m gidng nhu “deck™) 1a tir viét tat ciia double-ended
queue (hang doi hai dau).
- Deque ¢6 cac uu diém nhu:
o Céc phan tir ¢ thé truy cap thong cua chi sd vi tri ctia no. O(1)
o Chén hodc x6a phan tir & cudi hodc du cua diy. O(1)
Khai bao: #include <deque>

Capacity:
- size : tra vé sb luong phdn tu cia deque. PPT O(1).
- empty : tra vé true(l) néu deque rdng, ngugc lai 1a false(0). PPT
o(l).
Truy cip phan tir:
- operator [] : tra vé gid tri phédn twu thu []. PPT O(1).

- at : tuong ty nhu trén. DPT O(1l).

- front: trd vé gid tri phédn tu ddu tién. DPT O(1).

- back: tra vé gid tri phdn tu cudi cung. DPPT O(1).
Chinh siwra:

- push back : thém phdn tu vao & cubdi deque. DPT O(1).

- push front : thém phédn tu vao dau deque. DPT O(1).

- pop_back : loai bdé phan tu & cubi deque. DPT O(1).

- pop_front : loai bd phdn tu & dau deque. DPT O(1).

- insert (iterator,x): chén “x” vao trudc vi tri “iterator” ( x cé thé
13 phdn tt hay iterator cta 1 doan phdn tw.). DPPT O(n).

- erase : xba phdn tr & vi tri iterator. PPT O(n).

- swap : dbi 2 deque cho nhau (vi du: first.swap(second);). PPT O(n).

clear: xba vector. DPT O(1).
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4. List (Danh sach lién két):

List dugc thuc hién nhu danh sach ndi kép (doubly-linked list). Mi phan tir trong
danh sach ndi kép co lién két dén mot phin tir trude d6 va mot phan tir sau no.
Do d6, list ¢6 cac wu diém nhu sau:
o Cheén va loai bé phin tir & bat ctr vi tri ndo trong container. O(1).
Diém yéu cua list 1a kha ning truy cip téi phan tir thong qua vi tri. O(n).
Khai bao: #include <list>

Cac ham thanh vién:

Capacity:

size : tra vé sb luong phidn tw cua list. DPPT O(1).
empty : tra vé true(l) néu list réng, ngugc lai 1a false (0). PPT
o(l).

Truy cdp phan tir:

Chinh

front: tra vé gid tri phadn tu dadu tién. DPT O(1).
back: tra vé giad tri phan tt cubi cung. PPT O(1).
stra:

push back : thém phén tu vao & cubi list. DPT O(1).
push front : thém phan tu vao ddu list. DPT O(1).
pop back : loai bd phan tu & cubi list. DPT O(1).
pop front : loai bo phén tu & dau list. DPT O(1).

insert (iterator,x): chén “x” vao trudc vi tri “iterator” ( x cé6 thé
13 phan tt hay iterator cua 1 doan phdn tw.). PPT 13 sé phdn tu thém
vao.

erase : xba phdn tir & vi tri iterator. PPT 1a sb phdn tu bi xda di.
swap : d8i 2 list cho nhau (vi du: first.swap(second);). DPT O(1).

clear: xb6a list. DPT O(n).

Operations:

splice : di chuyén phdn tt tu list nay sang list khac. PPT O(n).
remove (const) : loai bd t&t ca phdn tw trong list bdng const. DPT
O(n) .

remove if (function) : loai bd tét cac phan tu trong list néu ham
function return true . DPT O(n).

unique : loai bd cac phdn tu bi trung lip hodc thdéa man ham nao db.
PPT O(n). Luu y: Cac phidn tlt trong list phai duoc sdp xép.

sort : si3p xép cédc phdn tu clha list. O(NlogN)

reverse : dao nguoc lai cédc phdn t@ cia list. O(n).

5. Stack (Ngan xép):

Stack 1a mot loai container adaptor, dugc thiét ké dé hoat dong theo kiéu LIFO (Last -
in first - out) (vao sau ra trudc), tc 1a mot kiéu danh sach ma viéc bd sung va loai bo
mot phﬁn ttr duoc thuc hién & cudi danh sach. Vitri cudi cung cua stack goi la dinh
(top) ctia ngin xép.

Khai bdo: #include <stack>
Cac ham thanh vién:
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- size

- empty true stack
- push : diy phin tu
- pop : loai bdé phén
- top truy cép tdéi

Chwong trinh demo:

#include <iostream>
#include <stack>
using namespace std;
stack <int> s;

int 1i;

main () {

for (i=1;i<=5;1i++)

s.push (100) ;
cout << s.top/()
s.pop ()i

cout << s.empty ()

cout << s.size()
system("pause") ;

tra vé& kich

thudéc hién tai cua stack. DPT O(1).
néu rdng, va nguoc lai. PPT O(1).
vao stack. DPT O(1).

tx & dinh cua stack. DPT O(1).

phédn tu & dinh stack. PPT O(1).

s.push(i); // S:{112I3I4I5}

// s={1,2,3,4,5,100}

<< endl; // In ra 100
// s={1,2,3,4,5}
<< endl; // In ra 0
<< endl; // In ra 5

6. Queue (Hang doi):

- Queue la mot loai container adaptor, dugc thiét ké dé hoat dong theo kiéu FIFO (First
- in first - out) (vao trudc ra trude), tic 1a mot kiéu danh sach ma viéc bd sung duoc
thuc hién & cudi danh sach va loai bo & dau danh séach.

- Trong queue, c¢6 hai vi tri quan trong 13 vi tri dau danh sach (front), noi phan tir dugc
ldy ra, va vi tri cudi danh sach (back), noi phan tir cudi ciing duge thém vao.

Khai bao: #include <queue>

Cac ham thanh vién:
- size
- empty
- push

- front

Chwong trinh demo:

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

int i;

main () |

for (i=1;i<=5;1i++)

g.push (100) ;

cout << g.front ()

g.pop();

cout << g.back()

tra vé kich thudc hién tai cta queue. PPT O(1).

true néu queue rdng, va nguoc lai. PPT O(1).

dady vao cubi queue. PPT O(1).

- pop: loai bd phdn tu (& dau). (1
tra vé phdn tu & dau. PPT O(1)

- Dback: tra vé phdn tu & cubi. DPT O(1)

DPT 0O (1)

g.push(i); // g={1,2,3,4,5}

// g={1,2,3,4,5,100}
<< endl; // In ra 1

// q={2,3,4,5,100}

<< endl; // In ra 100
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cout << g.empty () << endl; // In ra O
cout << g.size() << endl; // In ra 5
system ("pause") ;

7. Priority Queue (Hang do¢i wu tién):

- Priority queue 1a mot loai container adaptor, dugc thiét ké dac biet dé phﬁn tt & dau
ludén ludn 16n nhat (theo mot quy ude vé do wu tién ndo d6) so v6i cac phan tir khac.

- No giéng nhu mot heap, ma & day 13 heap max, tic 13 phin tir c6 d6 wu tién 16n nhét
c6 thé duogc lay ra va cac phan tir khac dugc chén vao bat ki.

- Phép toan so sdnh mac dinh khi str dung priority queue 1a phép todn less (Xem thém &
thu vién functional)

- Pé sir dung priority queue mot cach hiéu qua, cic ban nén hoc cach viét ham so sanh
dé str dung cho linh hoat cho timg bai toan.

— Khai bao: #include <queue>

/*Dang 1 (st dung phép todn mdc dinh 1la less)*/
priority queue <int> pg;

/* Dang 2 (su dung phép toan khéc) */
priority queue <int,vector<int>,greater<int> > q; //phép toan greater

Phép toan khac ciing ¢6 thé do nguoi dung ty dinh nghia. Vi dy:
Céch khai bao ¢ dang 1 twong duong voi:

/* Dang su dung class so sanh tu dinh nghia */
struct cmp{
bool operator () (int a,int b) {return a<b;}

i

main () {

priority queue <int,vector<int>,cmp > g;

Cac ham thanh vién:
- size : trd vé kich thudc hién tai cua priority queue. DPT O(1)
- empty : true néu priority queue rdng, va nguoc lai. PPT O(1).
- push : ddy vao priority queue. DPPT O(logN).
- pop: loai bd phdn tu & dinh priority queue. PPT O(logN).
- top : tra vé phdn tw & dinh priority queue. PPT O(1).

Chuong trinh Demo 1:

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

main () {
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priority queue <int> p;

p.push(l);
p.push (5);

cout << p.top()
p.pop () ;

cout << p.top()
p.push(9);
cout << p.top()

<< endl;

<< endl;

<< endl;

system ("pause") ;

Chuong trinh Demo 2:

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

main () {

priority queue < int ,

p.push(1l);
p.push (5);

cout << p.top/()
p.pop();

cout << p.top/()
p.push(9);

cout << p.top()
system("pause") ;

Chuong trinh Demo 3:

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

struct cmp{
bool operator ()

i

main () {

priority queue < int ,

p.push(1l);
p.push (5);

cout << p.top()
p.pop();

cout << p.top/()
p.push (9);

cout << p.top()
system("pause") ;

<< endl;

<< endl;

<< endl;

//
/7
//
!/
!/
//
//
//

/7
/7
/7
/7
/7
/7
//

p={}
p={1}
p={1,5}
In ra 5
p={1}
In ra 1
p={1,9}
In ra 9

vector <int> , greater <int> > p; // p={}

p={1}

p={1,5}
In ra 1
p={5}

In ra 5
p={5,9}
In ra 5

(int a,int b) {return a<b;}

<<

<<

<<

8. Set (Tap hop):

endl;

endl;

endl;

/7
//
/7
/7
//
//
/7

vector <int> , cmp > p; // p={}

p={1}

p={1,5}
In ra 1
p={5}

In ra 5
p={5, 9}
In ra 5

- Set a mot loai associative containers dé Iuwu trit cac phan tir khong bi trung lap
(unique elements), va cac phn tir ndy chinh 14 cac khoa (keys).
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- Khi duyét set theo iterator tir begin dén end, cac phén tir cia set s& ting dan theo phép
toan so sanh.
- Mic dinh cua set 1a sir dung phép toan less, ban ciing c6 thé viét lai ham so sanh theo
y minh.
- Set duoc thyc hién gibng nhu cay tim kiém nhi phan (Binary search tree).
Khai bao:

#include <set>
set <int> s;
set <int, greater<int> > s;

Hodc viét class so sanh theo y minh:

struct cmp{
bool operator () (int a,int b) {return a<b;}
}i

set <int,cmp > myset ;

Capacity:
- size : tra vé& kich thudc hién tai cta set. PPT 0O(1)
- empty : true néu set rdng, va ngugc lai. PPT O(1).

Modifiers:
- insert : Chén phén tw& vdo set. DPT O(logN).
- erase : cb6 2 kiéu xda: xda theo iterator, hodc la xda theo khoda. DPT
O (logN) .

- clear : xb6a tét cd set. DPT O(n).
- swap : dbéi 2 set cho nhau. PPT O(n).
Operations:

- find : tra vé itarator trd dé&n phdn t@ cdn tim kiém. Néu khéng tim
thdy itarator tré vé “end” cua set. DPT O(logN).

- lower bound : tra vé iterator dén vi tri phdn tu bé nhdt ma khéng bé
hon (16n hon hodc badng) khéa (di nhién 13 theo phép so sanh), néu
khéng tim thldy trd vé vi tri “end” cua set. DPT O(logN).

- upper bound: trd vé iterator dén vi tri phan tu bé nhidt ma 1l6n hon
khoéa, néu khéng tim thdy trd vé vi tri “end” cua set.. DPT O(logN).

- count : trd vé sb lidn xudt hién cua khoéa trong container. Nhung trong
set, cac phdn t@ chi xuidt hién mdét 14n, nén ham nay cé y nghia 1la sé
return 1 néu khéa cé trong container, va 0 néu khdng cé. PPT O (logN) .

Chuwong trinh Demo 1:

#include <iostream>
#include <set>

using namespace std;

main () {
set <int> s;

set <int> ::iterator it;

s.insert (9) ; // s={9}
s.insert (5) ; // s={5,9}
cout << *s.begin() << endl; //In ra 5
s.insert (1) ; // s={1,5,9}

cout << *s.begin() << endl; // In ra 1
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it=s.find (5);
if (it==s.end()) cout << "Khong co trong container" << endl;
else cout << "Co trong container" << endl;

s.erase (it); // s={1,9}
s.erase (1) ; // s={9}
s.insert (3); // s={3,9}
s.insert (4); // s={3,4,9}

it=s.lower bound (4);
if (it==s.end()) cout << "Khong co phan tu nao trong set khong be hon 4" << endl;
else cout << "Phan tu be nhat khong be hon 4 la " << *it << endl; // In ra 4

it=s.lower bound(10);
if (it==s.end()) cout << "Khong co phan tu nao trong set khong be hon 10" << endl;
else cout << "Phan tu be nhat khong be hon 10 la " << *it << endl; // Khong co ptu nao

it=s.upper bound (4);
if (it==s.end()) cout << "Khong co phan tu nao trong set lon hon 4" << endl;
else cout << "Phan tu be nhat lon hon 4 la " << *it << endl; // In ra 9

/* Duyet set */

for (it=s.begin();it!=s.end () ;it++) {
cout << *it << "o,

}
// In ra 3 4 9

cout << endl;
system ("pause") ;

}

Luru y: Néu ban mudn sir dung ham lower_bound hay upper_bound dé tim phan tir 1on nhat
“bé hon hodac béng” hodc “bé hon” ban c6 thé thay ddi cach so sanh cua set dé tim kiém. Moi
ban xem chwong trinh sau dé r& hon:

#include <iostream>
#include <set>
#include <vector>

using namespace std;

main () {
set <int, greater <int> > s;
set <int, greater <int> > :: iterator it; // Phép toadn so sanh la greater
s.insert (1) ; // s={1}
s.insert (2); // s={2,1}
s.insert (4); // s={4,2,1}
s.insert (9); // s={9,4,2,1}

/* Tim phdn ta 1én nhdt bé hon hodc bdng 5 */
it=s.lower bound(5);
cout << *it << endl; // In ra 4

/* Tim phdn ta 1én nhédt bé hon 4 */
it=s.upper bound(4);

cout << *it << endl; // In ra 2

system("pause") ;
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9. Mutiset (Tap hop):

Multiset gidng nhu Set nhung c6 thé chira cac khoa co gia tri giong nhau.
Khai béo : giéng nhu set.
Cac ham thanh vién:

Capacity:

Chinh

size : tra vé kich thudc hién tai cua multiset. DPT O(1)
empty : true néu multiset réng, va nguoc lai. PPT O(1).
stra:
insert : Chén phin ti vao set. PPT O(logN).
erase
o xba theo iterator DPT O (logN)
o xb6a theo khoéa: xéa tdt cd céc phdn tw bdng khoéa trong multiset
DPT: O(logN) + sb phédn tu bi xéa.
clear : xbéa tdt ca set. DPT O(n).
swap : d8i 2 set cho nhau. PPT O(n).

Operations:

find : tra vé itarator tré dén phidn ti cédn tim kiém. Néu khéng tim
thdy itarator trd vé “end” cua set. PPT O(logN). DU trong multiset cé
nhiéu phdn t@ bdng khéa thi né cling chi iterator dén mdt phdn ti.
lower bound : tra vé iterator dén vi tri phdn tu bé nhdt ma khéng bé
hon (16n hon hodc badng) khéa (di nhién 13 theo phép so sanh), néu
khéng tim thdy trd vé vi tri “end” cua set. DPT O(logN).

upper bound: tra vé iterator dén vi tri phdn tu bé nhdt ma 1én hon
khoéa, néu khéng tim thédy trd vé vi tri “end” cua set.. DPT O(logN).
count : tra vé sb 1ldn xudt hién cua khoéa trong multiset. DPT O(logN)
+ sb6 phidn tu tim duoc.

Chwong trinh Demo:

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

main ()

{

multiset <int> s;

multiset <int> :: iterator it;

int 1i;

for (i=1;i<=5;i++) s.insert(i*10); // s={10,20,30,40,50}
s.insert (30); // s={10,20,30,30,40,50}
cout << s.count (30) << endl; // In ra 2

cout << s.count (20) << endl; // In ra 1

s.erase (30); // s={10,20,40,50}

/* Duyet set */

for (it=s.begin();it!=s.end();it++) {
cout << *it << " "

}

// In ra 10 20 40 50

cout << endl;

system("pause") ;
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10. Map (Anh Xa):

- Map la mot loai associative container. M&i phan tir ctia map 1a su két hop ctia khoa
(key value) va anh xa ciia né (mapped value). Ciing giébng nhu set, trong map khong
chira cac khoa mang gia tri gidng nhau.

- Trong map, cac khoa duoc sir dung dé xac dinh gié tri cac phan tir. Kiéu ciia khoa va
anh xa c6 thé khac nhau.

- Va ciing gidng nhu set, cac phan tir trong map duoc sip xép theo mot trinh ty ndo do
theo cach so sanh.

- Map duoc cai dit bang red-black tree (cay do den) — mot loai cay tim kiém nhi phan
tu cAn bang. Mdi phan tir ciia map lai duoc cai dit theo kiéu pair (xem thém & thu
vién utility).

Khai bao:

#include <map>

map <kiéu dit 1iéu 1,kiéu di liéu 2>
// kiéu dit 1iéu 1 1a khoéa, kiéu dix 1iéu 2 1a gid tri cha khoéa.

Str dung class so sanh:
Dang 1:
struct cmp{
bool operator () (char a,char b) {return a<b;}

map <char,int, cmp> m;

- Truy cép dén gid tri cua cac phan tir trong map khi sir dung iterator:
Vidu ta dang c6 mot iterator 12 it khai bdo cho map thi:
(*it) .first; // LAy giéd tri cua khéa, kiéu d liéu 1
(*it) .second; // Ly gi&d tri cua gid tri cua khoéa, kiédu dit 1iéu 2

(*it) // LAy gid tri cua phdn ti md iterator dang tro dén, kiéu pair
it->first; // gibng nhu (*it).first
it->second; // gibng nhu (*it).second
Capacity:
- size : trd vé kich thudc hién tai cua map. DPT O(1)

- empty : true néu map rdng, va ngugc lai. PPT O(1).
Truy cap téi phan tir:

- operator [khéa]: Néu khdéa da& cé trong map, thi ham ndy sé& tra vé gia
tri ma khdéa anh xa dén. Nguoc lai, néu khdéa chua céd trong map, thi
khi goi [] ndé sé& thém vao map khdéa dé. PPT O (logN)

Chinh stra

- insert : Chén phdn t& vdo map. ChG y: phdn t& chén vao phai & kiéu
“pair”. DPT O(logN).
- erase

o xb6a theo iterator DPT O (logN)
o xb6a theo khoa: xda khda trong map. DPT: O(logN).
- clear : xb6a tédt cd set. DPT O(n).
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- swap
Operations:
- find

d6i 2 set cho nhau. DPPT O(n).

trd vé itarator tro dén phdn t@ cdn tim kiém. Néu khéng tim

thdy iterator tré vé “end” cua map. PPT O(logN).

- lower bound

tra vé iterator dén vi tri phdn t@t bé nhit ma khdéng bé

hon (16n hon hodc badng) khéa (di nhién 13 theo phép so sanh), néu
khéng tim thiy tra vé vi tri “end” cl@ia map. PPT O (logN).

- upper bound: trd vé iterator dén vi tri phan tu bé nhidt ma 1l6n hon
khoéa, néu khéng tim thiy tra vé vi tri “end” cta map. PPT O(logN).

- count

Chwong trinh demo:

#include <iostream>
#include <map>
#include <vector>
using namespace std;
main () {
map <char,int> m;
map <char,int> iterator it;
m['a']=1;
m.insert (make pair('b',2));
m.insert (pair<char, int>('c',3) );
cout << m['b'] << endl;
m['b']++;

it=m.find('c");

cout << it->first << endl;
cout << it->second << endl;

m['e']=100;
it=m.lower bound('d");
cout << it->first << endl;

cout << it->second << endl;

system("pause") ;

11. Multi Map (Anh xa):

trad vé sb 14n xuldt hién cua khoéa trong multiset. DPT O(logN)

// m={{'a"',1}}
/) m={{'a",1}; {'b",2}}
// m={{'a",1}; {'b",2};{'c',3}}

// In ra 2
// m={{'a',1};{'b",3};{'c',3}}

// it point to key 'c'

// In ra 'c'
// In ra 3

//m={{'a',1};{'b',3};{'c',3};{'e',100}}
// it point to 'e'

// In ra 'e'
// In ra 100

Giong nhu map nhung c6 thé chira cac phan tir c6 khoa giong nhau, do d6 n6 khac map & chd

khong c6 opearatorf].
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III. STL ALGORITHMS (THU VIEN THUAT TOAN):

- Khai bdo str dung: #include <algorithm>

- Céc ham trong STL Algorithm kha nhiéu nén minh chi gi¢i thiéu so qua vé mot sb
ham hay str dung trong céc bai toan.

- C6 mot luu y nhé cho cac ban 1a khi sir dung cdc ham ma thyc hién trong mot doan
phan tir lién tiép nao d6 thi cac ham trong c++ thudng co tic dung trén nira doan [..).
Vi du nhu: ban muén ham f ¢6 tac dung trong doan tir 1->n thi cdc ban phai goi ham
trong doan tu 1 = n+1.

1. Min, max:

1.1.  min: tra v& gia tri bé hon theo phép so sanh (mic dinh 1a phép toan less):
Vidu: min(‘a’,’b’) sé return ’a’;
min(3,1) s€ return 1;
1.2.  max thi ngugc lai véi ham min:
Vidu: max(‘a’,’b’) sé return ‘b’
max(3,1) s€ return 1.
1.3. next_permutation: hoan vi tiép theo. Ham nay s& return 1 néu c6 hoan vi
tiép theo, 0 néu khong co hoan vi tiép theo.
Vidu:
// next permutation
#include <iostream>

#include <algorithm>
using namespace std;

int main () {
int myints[] = {1,2,3};

cout << "The 3! possible permutations with 3 elements:\n";
do |
cout << myints[0] << " " << myints[l] << " " << myints[2] << endl;

} while ( next permutation (myints,myints+3) );

return O;

Output:
The 3! possible permutations with 3 elements:
3

w = w N
=
= ow N

1
1
2
2
3
4
1

4. prev_permution: nguoc lai voi next_permutation
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2. Sép xép:

- sort: sép xép doan phﬁn tir theo mét trinh ty nao d6. Mac dinh cua sort 1a sir dung
operator <.

- Ban c6 thé sir dung ham so sanh, hay class so sanh ty dinh nghia dé sap xép cho linh
hoat.

- Chuong trinh mau:

// sort algorithm example
#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

bool myfunction (int i,int Jj) { return (i<j); }

struct myclass {
bool operator () (int i,int j) { return (i>j);}
} myobject;

int main () {
int myints[] = {32,71,12,45,26,80,53,33};

// using default comparison (operator <):
sort (myints, myints+4); // (12 32 45 71)26 80 53 33

// using function as comp
sort (myints+4, myints+8, myfunction); // 12 32 45 71(26 33 53 80)

for (int 1=0;i<8;i++) cout << myints[i] << "™ ";
cout << endl;

// using object as comp
sort (myints, myints+8, myobject); // (80 71 53 45 33 32 26 12)

for (int i=0;i<8;i++) cout << myints[i] << " ";
cout << endl;

system ("pause") ;

return 0;

}
3. Tim kiém nhi phén (cac ham déi véi doan da sip xép):

3.1. Dbinary_search:

- tim kiém xem khéa c6 trong doan can tim khong. Luu y: doan tim kiém phai dwogc sip
xép theo mot trat tu nhit dinh. Néu tim duoc sé return true, nguoc lai return false.

- Dang 1: binary_search(vi tri bét dau, vi tri két thuc, khoa);

- Dang 2: binary_search(vi tri bat dau, vi tri két thic, khoa, phép so sanh);
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// binary search example
#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

bool myfunction (int i,int J) { return (i<j); }

int main () {
int myints[] = {1,2,3,4,5,4,3,2,1};
vector<int> v (myints,myints+9); // 1 2 3454321

// St dung toadn tu so sanh mdc dinh
sort (v.begin(), v.end());

cout << "looking for a 3... ";
if (binary search (v.begin(), v.end(), 3))
cout << "found!\n"; else cout << "not found.\n";

// s dung ham so sanh tu dinh nghia:
sort (v.begin(), v.end(), myfunction);

cout << "looking for a 6... ";
if (binary search (v.begin(), v.end(), 6, myfunction))
cout << "found!\n"; else cout << "not found.\n";

return 0;

3.2. lower_bound:

Ham lower bound va upper bound tuong tu nhu ¢ trong container set hay map.

Tra vé iterator dén phan tir dau tién trong nira doan [first,last] ma khong bé hon khoa
tim kiém.

Dang 1: lower bound( dau , cudi, khoa );

Dang 2: lower bound( dau , cudi, khoa , phép toan so sanh ciia doan)

3.3. upper_bound

Tré vé iterator dén phan tir ddu tién trong nira doan [first,last] ma 16n hon khéa tim
kiém.

Dang 1: upper_bound ( dau , cudi, khéa );

Dang 2: upper_bound ( ddu , cudi, khoa, phép toan so sanh ciia doan)

Chuong trinh demo:

// lower bound/upper bound example
#include <iostream>

#include <algorithm>

#include <vector>

using namespace std;

int main () {
int myints[] = {10,20,30,30,20,10,10,20};
vector<int> v (myints,myints+8) ; // 10 20 30 30 20 10 10 20

vector<int>::iterator low,up;
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sort (v.begin(), v.end()); // 10 10 10 20 20 20 30 30

low=lower bound (v.begin(), v.end(), 20); // ~
up= upper bound (v.begin(), v.end(), 20); // »
cout << "lower bound at position " << int(low- v.begin()) << endl;
cout << "upper bound at position " << int(up - v.begin()) << endl;
return O;

}

Output:

lower bound at position 3
upper bound at position 6

IV. THU VIEN STRING C++:

String 1a mét kiéu dic biét cta container, thiét ké dic dé hoat dong vdi céac chudi ki
tu.
Khai bdo: #include <string>
Iterator: Twong tu nhu trong container, string cling hd trg cc iterator nhur begin, end,
rbegin, rend v&i y nghia nhu trude.
Nhap, xuét string:

o Sir dung toan tir >> : tuong tu nhu trong C. Nhap dén khi gap déu cach.

o Sir dung getline: gidng nhu gets trong C. Nhap ca mot dong ki tu (chira ca dau

cach néu co) cho string.
o Xuit string: str dung toan tir << nhu binh thuong.

Cac ham thanh vién:

Trong string ban c6 thé sir dung cac toan tir “=" dé gan gia trj cho string, hay toan tir
»+” @& ndi hai string véi nhau, hay toan tir “==""1=" d¢ so sanh. Chirc ning nay kha
gidng v4i xau ¢ trong ngdn ngir pascal.
Capacity:

o size: tra vé do dai cua string

o length: tra vé do dai cua string

o clear : x6a string

o empty: return true néu string rong, false néu nguoc lai
Truy cap dén phan tir:

o operator [chi_sb]: lay ki ty vi tri chi_sb cia string
Chinh sura:

o push _back: chén ki tuy vao sau string

insert (n,x): chén x vao string & trude vi tri thir n. x c6 thé 14 string, char,...

o erase (pos,n): x6a khoi string “n” ki ty bat dau tir vi tri thir “pos”.
o erase (iterator): x6a khoi string phan tir & vi tri iterator.
o replace (pos, size, s1) : thay thé string tir vi tri “pos”, s6 phan tir thay thé 1a

“size” va thay bang xau sl.

STL for newbies — Biéu Xuan Manh — D10CN6 PTIT



o swap (string_cAn d6i): d6i gia tri 2 xau cho nhau.
- String operations:
o c_str: chuyén xau tir dang string trong C++ sang string trong C.
o substr (pos,length): return string dugc trich ra tur vi tri thir “pos”, va trich ra
“length” ki tu.
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