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J
Ce ofera bibliotecile standard C++?

m Suport pentru proprietatile limbajului (gestionarea memoriei, RTTI).

m [nformatii despre implementarea compilatorului (de exemplu cea
mai mare valoare pentru numere de tip float).

m Functii ce nu pot fi implementate optimal in limbaj pentru orice
sistem (sgrt (), memmove () etc.).

m Suport pentru lucrul cu siruri de caractere si stream-uri (include
suport pentru internationalizare si localizare).

m Un framework pentru containere (vector, map, ...) si algoritmi
generici pentru ele (parcurgere, sortare, reuniune, ...).

m Suport pentru prelucrari numerice.
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S
STL - Standard Template Library

m Biblioteca C++ ce contine clase pentru containere, algoritmi gi
iteratorl.

m Furnizeaza majoritatea algoritmilor de baza si a structurilor de
date necesare in dezvoltarea de programe.

m Biblioteca generica — componentele sunt parametrizate —
aproape fiecare componenta din STL este un template.

m Prima biblioteca generica a limbajului C++ folosita pe scara
larga.
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o
STL — Continut

m Containere - obiecte ce contin alte obiecte.
m lteratori - “pointeri” pentru parcurgerea containerelor.

m Algoritmi generici - functii ce se aplica diverselor tipuri de
containere.

m Clase adaptor - clase ce adapteaza alte clase (variatii ale
altor containere).

m Alocatori - obiecte responsabile cu alocarea spatiului.
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STL —

String

m Un tip special de container.

m Capaci
size,
empt

tate:
length, max size,
Y

resize,

m Acces la elemente: (7, at

m Modificatori:
+=, append, push back,

swap

assign,

capacity,

insert, erase,
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reserve,

clear,

replace, copy,



o
STL — String

c str —returneaza reprezentarea C corespunzatoare sirului de caractere
(secventa de caractere terminata cu valoarea \0’).

data — returneaza un vector de caractere fara valoarea \0’ la sfarsit.
find — cauta prima aparitie a unui caracter/sir de caractere.

rfind — cauta ultima aparitie a unui caracter/gir de caractere.

find first(last) of —cauta in sirul de caractere oricare din
caracterele date ca parametru.

find first(last) not of —cauta in sirul de caractere primul
caracter ce nu apare in parametru.

substr - returneaza un sir de caractere cu proprietatea ca el este un
subsir al obiectului curent.
compare — compara 2 giruri de caractere (similar cu functia st rcmp).
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o
STL — String

m header

#include <string>

m spatiul de nume folosit

using namespace std;

m declaratii siruri:

string s ("Un text simplu.");

string tag("S$tag$") ;

15

A 4

Un text simplu.

A 4

A

$tag$
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STL - String. Exemple

#include <iostream> #include <iostream>
#include <string> #include <string>

#include <sstream>
using namespace std;
using namespace std;
int main() {

string strl = "Hello"; int main() {
string str2 = "World"; // Conversie de la string la double
string str3; stringstream ssio;
int 1len; string txt("3.14159");
ssio << txt;
str3 = strl; double x;
cout << "str3 : " << str3 << endl; ssio >> x;

cout << x << endl;
str3 = strl + str2;

cout << "strl + str2 : " << str3 << endl; // Conversie de la double la string
stringstream ssio2;

len = str3.size(); double y = 2.71828;

cout << "str3.size() : " << len << endl; ssio2 <K y;
string ctxt(ssio2.str());

return O; cout << ctxt << endl;

return 0;
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STL - String. Exemple

#include <iostream>
#include <string>

using namespace std;
int main() {
string quotel ("There are two sides to every issue: one side is right\n");

string quote2 ("and the other is wrong, but the middle is always evil.");

quotel. append (quote2) ;
cout << quotel << endl;

string substring = quotel.substr (36, 17);
cout << substring << endl;

quotel.erase (34, 42);
cout << quotel << endl;

return 0;
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STL - String. Exemple

#include <iostream>
#include <string>

using namespace std;

int main() {
string quotel ("A little learning is a dangerous thing.");
cout << (unsigned int)quotel.find('i') << endl;
string quote2("To err is human; to forgive, divine.");
string letters("dfimh") ;
cout << (unsigned int)quote2.find first of (letters) << endl;

string linel ("If white and black blend, soften and unite");
string line2 ("a thousand ways, is there no black or white?");

string quote3(linel + line2);
string black("black") ;

cout << (unsigned int)quote3.find(black) << endl;
cout << (unsigned int)quote3.rfind(black) << endl;

return 0O;
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STL — Avantaje

micsoreaza timpul de implementare

structuri de date deja implementate si testate
cod mai usor de citit

creste robustetea codului

structurile STL sunt actualizate automat

cod portabill

creste mentenabilitatea codului

usurinta in programare.

Standard Template Library
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STL - Containere

m Ljst

Vector

~—

Deque |

Queue
Stack

m Priority queue

Set

Map
Multiset
Multimap
Bitset

——

Containere secventa

» | Adaptori de containere

Containere asociative (cheie-valoare)
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STL - Vector

m Elimina problema realocarii dinamice a spatiului de memorie.

adaugarea de noi elemente.

intregului vector.

#include <vector>
std: :vector<int> tab;

std: :vector<int>: :iterator tablt;

Se redimensioneaza in partea finala astfel incat sa poata fi realizata

Compus dintr-un bloc de memorie alocata secvential.

Timp constant pentru insertie si eliminarea componentelor de la sfarsit.

Timp liniar pentru inserarea si eliminarea elementelor de la inceput si interior.
Devine ineficient cand depasirile de memorie alocata pot determina copierea

A

Declaratie vector de numere intregi

m Cerinte pentru tipul T:

T(),; T(const T&);

Declaratie iterator pt vector de numere intregi

~T(); T& operator=(const T&);

Standard Template Library
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o
STL — Vector. Operatii

Operatie Descriere Complexitate
operator= | atribuire O(n)
begin returneaza un jterator ce refera primul element O(1)
end returneaza un iterator ce refera elementul O(1)

(teoretic) ce urmeaza ultimului element; nu referéa
un element fizic, deci nu trebuie dereferentiat
rbegin returneaza un reverse _iterator; indica ultimul O(1)
element din cadrul vectorului
rend returneaza un reverse _iterator; indica elementul O(1)
teoretic ce precede primul element al vectorului
size returneaza dimensiunea vectorului O(1)
max size returneaza dimensiunea maxima a vectorului
resize redimensioneaza vectorul la valoarea specificata O(1)/0O(n)

Standard Template Library
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o
STL — Vector. Operatii

capacity returneaza capacitatea vectorului O(1)
empty returneaza true daca vectorul este vid O(1)
reserve schimbé capacitatea vectorului O(1)/O(n)
operator[] |returneaza o referinta la obiectul de pe pozitia O(1)
specificata
at acceseaza elementul de la pozitia parametrului O(1)
front acceseaza primul element al vectorului O(1)
back acceseaza ultimul element al vectorului O(1)
assign atribuie vectorului un nou continut O(n)
push back |adauga un element la sfarsit O(1)/0(n)

Standard Template Library
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o
STL — Vector. Operatii

pop_back |sterge ultimul element din vector O(1)

insert insereaza elemente inaintea unei pozitii O(n)

erase sterge din vector un element de la o pozitie sau O(n)
elementele dintr-un domeniu [first, last)

swap interschimba 2 vectori O(1)

clear distruge elementele din vector si dimensiunea devine 0 O(n)

Standard Template Library
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®
STL-1List

sau in interior.
m Cerinte pentru tipul T:

Compusa din obiecte ce au structura anterior-info-urmator.

Nu detine proprietatea (ownership) asupra elementelor.

Este folosita atunci cand se fac inserari/stergeri oriunde in cadrul listei.
Timp constant (amortizat) pentru insertie si eliminare la inceput, la sfarsit

T(); T(const T&); ~T(); T& operator=(const T&); T* operator&():;
int operator<(const T&, const T&); int operator==(const T&, const

T&)

#include <list>

A

std: :1ist<int> lista;

Declaratie lista de numere intregi

std: :1ist<int>::iterator listalt;

Standard Template Library

Declaratie iterator pt lista de intregi
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® .
STL-List

Operatie Descriere Complexitate
operator= | atribuire O(n)
swap interschimba elementele a doua liste O(1)
(pointerii head si tail)

begin returneaza un iterator catre primul element O(1)
al listei

end returneaza un iterator catre un element ce O(1)
urmeaza ultimului element al listei

front returneaza primul element al listei O(1)

back returneaza ultimul element al listei O(1)

Standard Template Library
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" A
STL-List

empty returneaza true daca lista e vida O(1)
size returneaza numarul de elemente al listei O(n) sau O(1)
push_front |insereaza un element in capul listei O(1)
push_back |adauga un element |a sfarsitul listei O(1)
insert iInsereaza un element inaintea elementului O(1)
indicat de iterator
pop_front |sterge primul element din lista O(1)
pop_back |sterge ultimul element din lista O(1)
remove sterge toate aparitile unui element din lista O(n)

(foloseste operatorul “==*

erase 2 forme — sterge elementul indicat de iterator O(1) sau O(n)
sau secventa dintre 2 iteratori
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STL—-TList

sort ordoneaza elementele listei in ordine ascendenta. O(nlog,n)
Operatorul ‘<’ trebuie sa fie supraincarcat.

reverse |inverseaza ordinea elementelor unei liste O(n)

merge interclaseaza elementele a doua liste. In urma O(m+n)
operatiei, elementele din lista argument sunt m,n lungimile
iInserate in lista apelanta. Ambele liste trebuie sa listelor

fie ordonate.

Standard Template Library
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o
STL — Deque

m Deque = double ended queue (coada avand doua capete; practic
operatiile de inserare/stergere se realizeaza la ambele capete).

m Nu este o structura de date cu acces de tip FIFO.
m Permite adaugarea/stergerea elementelor la ambele capete.
m Permite inserarea sau stergerea de elemente la pozitii arbitrare.

#include <deque>

std: :deque<int> deque; < Declaratie coada de numere intregi

std: :deque<int>::iterator dequelt; <« Declaratie iterator coada de intregi

m Accesul la elemente se poate realiza similar vectorilor, prin intermediul
operatorului ‘[ ]’ sau metodei at ().
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o
STL — Deque. Operatii

Operatie Descriere Complexitate
operator= | atribuire O(n)
swap interschimba elementele a doua cozi O(1)

(pointerii head si tail)
begin returneaza un iterator catre primul element al O(1)
cozii
end returneaza un iterator catre un element ce O(1)
urmeaza ultimului element al cozii
back returneaza ultimul element al cozii O(1)
empty returneaza true daca coada este vida O(1)
front returneaza primul element al cozii O(1)

Standard Template Library
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o
STL — Deque. Operatii

size

returneaza numarul de elemente al cozii

O(n) sau O(1)

push_front |insereaza un element la inceputul cozii O(1)

push _back |adauga un element la sfarsitul cozii O(1)

insert iInsereaza un element inaintea elementului O(1)
indicat de iterator

pop_ front |sterge primul element din coada O(1)

pop back |sterge ultimul element din coada O(1)

remove sterge toate aparitiile unui element din coada O(n)

(foloseste operatorul ‘==

Standard Template Library
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STL —

Deque. Operatil

erase 2 forme — sterge elementul indicat de iterator sau | O(7) sau O(n)
secventa dintre 2 iteratori

sort sorteaza elementele cozii in ordine ascendenta. O(nlog,n)
Operatorul ‘<’ trebuie sa fie supraincarcat

reverse |inverseaza ordinea elementelor unei cozi O(n)

merge interclaseaza elementele a doua cozi. in urma O(m+n)
operatiei, elementele din coada argument sunt m,n lungimile
inserate in coada apelanta. Ambele cozi trebuie sa cozilor

fie ordonate.

Standard Template Library
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o
STL - Vector vs Deque

m Deque permite inserarea/stergerea elementelor de la inceputul/sfarsitul
cozii in timp constant.

m Vectorul permite inserarea/stergerea elementelor doar la sfarsit in timp
constant.

m Deque permite inserarea/stergerea de elemente la pozitii arbitrare mai
eficient decat vectorul, dar nu in timp constant.

m Accesul aleator la elemente este mai rapid la vector decat la deque.

m Pentru secvente mari de elemente, vectorul va aloca o zona mare de
memorie contigua, pe cand deque va aloca mai multe blocuri de memorie
de dimensiuni mai mici — mai eficient din punctul de vedere al sistemelor
de operare.

m Deque se comporta atat ca o stiva, cat si ca o coada.
m Deque se expandeaza mai eficient decat vectorii.
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JE
STL — Clase adaptor

m Simple variatii ale containerelor secventa.

m Clase ce nu suporta iteratori.

m stack<T> : <stack>— LIFO (last in, first out)

B queue<T> : <queue> — FIFO (ﬁI’St in, first OUt)

B priority queue<T> : <queue> — obiectul cu valoare

maxima/minima este intotdeauna primul in coada.

Standard Template Library
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®
STL — Stack

m O structura de date avand un comportament de acces de tip LIFO.

m Stiva = adaptor d.p.v. al implementarii in STL — preia ca parametru al
template-ului un container secventa si pune la dispozitie operatiile ce
Implementeaza comportamentul unei stive.

#include <stack>

#include <Cc> - C containerul dorit sa fie adaptat la stiva

#include <stack>
#include <list>
std: :stack<int, std::1list<int>> stiva;

Implicit deque (lista consuma mai multa memorie, vectorii se expandeaza mai greu)

std: :stack<int> stiva;
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® .
STL — Stack

Operatie Descriere
empty Returneaza frue daca stiva este vida
size Returneaza numarul de elemente din stiva
top Returneaza o referinta la elementul din varful stivei
push Adauga un nou element in stiva
pop Extrage elementul din varful stivei

Standard Template Library
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JE
STL — Containere asociative

map<T> : <map> — componentele sunt perechi <cheie,
valoare> cu cheie unica (nu exista doua inregistrari cu
aceeasi cheie).

multimap<T> : <map> — componentele sunt perechi <cheie,
valoare> cu cheie multipla (pot exista mai multe inregistrari
Cu aceeasi cheie).

set<T> : <set>—componentele sunt doar de tip cheie si NU
pot exista mai multe chei avand aceeasi valoare.

multiset<T> : <set>— componentele sunt doar de tip cheie
si POT exista mai multe chei avand aceeasi valoare.

Standard Template Library
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" A
STL — Set

m Set = multime. Container in care toate elementele sunt distincte. Este
implementata de obicei sub forma unui arbore binar de cautare.

m Pastreaza elementele ordonate.

m Functia £ind () are complexitate logaritmica.

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

int main () {
set<int> intSet;

for(int 1 = 0; 1 < 25; i++)

for(int 3 = 0; 7 < 10; Jj++) 0123456789
intSet.insert (7);

set<int>::iterator it = intSet.begin() ;

while (it '= intSet.end()) {
cout << *i1t <<« " ",
it++;

}

return 0O;
} Standard Template Library




® .
STL —Multiset

m Permite aparitia unui element de mai multe ori.

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

int main () {

multiset<int> intSet;
for(int 1 = 0; 1 < 25; 1i++)
for(int 3 = 0; J < 10; J++)
intSet.insert (j);

000000000OOOOOOOOOOOOOOGOOO
1111111111111 111111111111
2222222222222222222222222
3333333333333333333333333
4444444444444444444444444
5555555555555555555555555
6666666666666666666666666
TT7T77T7T7777777777777777777
8888888888888888888888888
PEEEEELYEgEEgyEeLiEe sy

multiset<int>::iterator it = intSet.begin();

while (it '= intSet.end()) {
cout << *i1t <<« " ",
it++;

}

return 0O;

Standard Template Library
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o
STL — Set. Operati

Operatie Descriere Complexitate
swap interschimba elementele a doua multimi O(1)
lower bound |returneaza un iterator catre primul element O(log,n)

>= 0 cheie. Iteratorul este setat pe end()
daca un astfel de element nu exista.
upper bound |returneaza un iterator catre elementul O(log,n)
Imediat urmator parametrului. Returneaza
end() daca un astfel de element nu exista.
insert adauga un element la o multime O(log,n)
begin returneaza un iterator catre primul element O(1)

al multimii

Standard Template Library
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o
STL — Set. Operati

size returneaza dimensiunea multimii. Pentru O(n)
testarea daca este vida, se prefera folosirea
functiei empty() — este mai rapida.
empty returneaza frue daca multimea este vida O(1)
find cauta o cheie si returneaza un iterator catre O(log,n)

elementul gasit, altfel end()

Standard Template Library
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o
STL - Set.Multiset. unordered {set,
multiset}

set multiset unordered set unordered multis
et
Pastreaza valorile | Pastreaza Elementele pot fi Pastreaza numai

in ordine.

Pastreaza numai
valori unice.

Elementele pot fi
doar inserate sau
sterse, si nu pot fi
modificate.

Se pot sterge mai
multe elemente.
Se pot parcurge
Cu iteratori.

valorile in ordine.

Pot exista mai
multe valori
identice.

Elementele pot fi
doar inserate sau
sterse, si nu pot
fi modificate.

Se pot sterge
mai multe
elemente.

pastrate in orice
ordine (nu sunt
ordonate).

Pastreaza numai
valori unice.

Sunt utilizate tabele
de dispersie pentru
a pastra elemente.

valori unice.

Standard Template Library
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"
STL — Map

m Asociaza chei de un anumit tip cu valori de alt tip.
m Elementele sunt accesate direct, pe baza cheii: aMap ["John Doe"] = 3.2;
m Cheile trebuie sa fie unice.

#include <map> ) Declaratie dictionar

std: :map<string, double> aMap; )

std: :map<string,double>::iterator it; Declaratie iterator pt dictionar
m Operatorul ‘[ ]’ — mod de lucru:

cauta cheia in dictionar;
daca este gasita se returneaza o referinta spre valoarea asociata;

daca nu este gasita, se creeaza un nou obiect de tipul valorii si se returneaza o
referinta spre el.
m Pentru a verifica apartenenta unui element la dictionar se foloseste metoda
find () — aceasta nu creeaza un obiect daca cheia nu exista.
®m Find returneaza un iterator catre o pereche de obiecte (cheie, valoare)
daca cheia exista, altfel returneaza end ().
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" A
STL — Pair

m pair este o clasa template ce are doua date membre publice, accesibile
folosind pair: : first (cheia), respectiv pair: : second (valoarea).

m <utility>

m Pentru a crea un obiect de tip pair — se foloseste functia template
make pair ce are 2 parametri:

pair<string,double> p;
p = make pair(string("Microsoft Share Price"), double(85.27));

m Cerinte asupra tipului cheilor/valorilor:
Sa aiba operatorul ‘=" supraincarcat.
Tipul cheilor trebuie sa respecte urmatoarele constrangeri (ordine
stricta):
m a<a este fals;
m Egalitatea se poate determina din expresia (! (a<b) && ! (b<a));
m Daca a<b si b<c, atunci a<c.

Tipul valorilor trebuie sa aiba definit un constructor implicit.
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STL —

Map. Operatil

swap interschimba elementele a doua dictionare O(1)
begin returneaza un iterator catre primul element al dictionarului O(1)
end returneaza un iterator catre ultimul element al dictionarului O(1)
size returneaza numarul de elemente din dictionar O(n)
empty returneaza frue daca dictionarul este vid O(1)
operator |returneaza o referinta catre obiectul asociat cheii. Daca cheia O(log,n)
[ ] nu exista, va crea un obiect nou.
find cauta o cheie in dictionar. Daca o gaseste, returneaza un O(log,n)
iterator catre perechea (cheie, valoare), altfel returneaza un
iterator setat pe end ().
erase - sterge elementul indicat de iterator

- sterge secventa dintre 2 iteratori

- primeste ca parametru un obiect de tipul cheii si sterge
elementele cu cheia egala cu parametrul (cel mult 1 element)

Standard Template Library
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" A
STL —Multimap

m Permite existenta aceleiasi chei de mai multe ori:
#include <map>

multimap<string, int> mMap;
multimap<string, int>::iterator itr;
m Pentru a gasi toate perechile cheie-valoare corespunzatoare unei chei, vom
folosi 2 iteratori - unul setat pe prima pereche din dictionar si altul setat pe
ultima pereche din dictionar ce corespunde cheii.

multimap<string, int>::iterator itr;
multimap<string, int>::iterator lastElement;
1tr = mMap.find(key);

if (itr == mMap.end())
return;
cout << “Urmatoarele elemente sunt asociate cheii de valoare "
<< key << W7 << endl;
lastElement = mMap.upper bound(key);
for ( ; itr !'= lastElement; ++itr)

cout << i1tr->second << endl;
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"
STL —Multimap. Operatil

cheil

Operatie Descriere Complexitate
swap interschimba 2 dictionare cu chei multiple O(1)
count returneaza numarul valorilor asociate unei O(log,n+m)

m - numarul de
valori asociate cheii

element al dictionarului

upper bound |returneaza un iterator situat cu o pozitie O(log,n)
dupa ultima aparitie a cheii sau end()

lower bound |returneaza un iterator situat pe o pereche a O(log,n)
carei cheie este mai mare sau egala cu
cheia data ca parametru sau end()

begin returneaza un iterator pe prima pereche din O(1)
dictionar

end returneaza un iterator situat dupa ultimul O(1)

Standard Template Library
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"
STL —Multimap. Operatil

size returneaza numarul de perechi din dictionar O(n)
empty |returneaza true daca dictionarul este vid O(1)
find primeste o cheie ca parametru si returneaza un iterator O(log,n)
pe prima pereche ce are cheia egala cu parametrul, sau
end() daca nu exista
insert | adauga o pereche in dictionar O(log,n)
erase |3 variante supraincarcate: O(log,n+m)
- sterge elementul indicat de iterator m - numéljul
- sterge elementele dintre 2 iteratori de valor
_ _ 3 asociate
- sterge perechile ce au cheia egala cu parametrul cheii

Standard Template Library
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STL — lteratori

Sunt similari pointerilor - elementele indicate sunt accesate indirect.

Reprezinta o abstractizare intre container si utilizatorul sau: sunt folositi
pentru a naviga prin containere, fara sa stim ce tip de data este utilizat pentru
memorarea obiectelor.

Determina reducerea cuplarii (GRASP - low coupling) intre functii i
containerele accesate de acestea.

Pentru a accesa elementul corespunzator, iteratorul trebuie dereferentiat.
Fiecare container include functiile membru begin (), end () pentru
specificarea valorilor iterator corespunzatoare primului element, respectiv
primului element dupa ultimul obiect din container.

Concepte cheie:

elementul curent la care face referire (p->, *p)
elementul urmator/precedent (++p, --p)

1 J 1

comparatii (‘<' ‘<=" ‘==).
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N
STL — lteratori

Categoria | Output | Input | Forward | Bidirectional Random
Citire =*p =*p =*p =*p
Acces -> -> -> -> []
Scriere *p= *p= *p= *p=
lteratie ++ ++ ++ ++ -- ++ -- + - += -+

Comparare == I=| == I= == I= == I= < > <= >=

Standard Template Library
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N
STL — lteratori

m Majoritatea containerelor accepta iteratori, cu exceptia stivei, cozii si cozii cu
prioritati.

<container>: :iterator < Declaratie iteratori
<container>::const_iterator

m Parcurgerea elementelor containerului folosind iteratori:

for (itr = container.begin(); itr '= container.end(); ++itr)
@proceseaza (*itr) ;

m Accesul la elementul curent se poate face:
folosind ™’ sau ‘->’ (daca obiectul referit este un agregat)

m *itr = 3;
m struct pair { int first, second; };

m itr->first = 5; itr->second = 6;
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STL — Iteratori pe containere reversibile

la sfarsit spre inceput.

permit existenta iteratorilor
reversibili.

Container reversibil — produce
iteratori ce parcurg o secventa de

#include <vector>
#include <iostream>

using namespace std;

Toate containerele standard

int main () {

vector<int> v;
v.push_back(3) ;
v.push back(4);

<container>::reverse _iterator

v.push back(5);

vector<int>::reverse_iterator

<container>::const_reverse _iterator = v.rbegin() ;

while (rit < v.rend()) {

m [nitializare: rbegin(), rend()

cout << *rit << ' ‘;
++rit;

rit

} 543

return O;

}

Standard Template Library
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N
STL — lteratori pe stream-uri

int main () {

STL furnizeaza metode de
aplicare a unor algoritmi
generici care sa inlocuiasca
nevoia de a itera prin
containere.

Un iterator pe stream foloseste
un stream fie pentru intrare, fie
pentru iesire.

ostream iterator
istream iterator

}

vector<int> a;

int value;

cout << “Introduceti valorile: (oprire CTRL+Z) ";
istream iterator<int> eos; //end-of-stream iterator
istream iterator<int> iit(cin); // stdin iterator

while (iit != eos) {
a.push back(*iit);
iit++;

}

ifstream fin("date.in");
istream iterator<int> fiit(fin); //file iterator
while (fiit != eos) {
a.push back(*fiit);
fiit++;
}

ostream iterator<int> out_it(cout, ", "),
copy(a.begin(), a.end(), out it);

ofstream fout ("date.out");
ostream iterator<int> fout it (fout,"[");

copy(a.begin(), a.end(), fout it);

return 0;
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"
STL — lteratori de inserare

m X iterator
*x = 3 < Suprascrie valoarea existenta

m Daca x este un insert iterator, *x = 3 genereaza adaugarea elementului 3 la
secventa pe care itereaza.

m  Sunt necesari unor algoritmi ce au scopul de a umple containerele, nu de
suprascriere.
B insert iterator — permite inserarea de elemente in mijlocul unei
secvente.
m 2 clase adaptor:
front inserter — containerul trebuie sa aiba metoda push front
back inserter - containerul trebuie sa aiba metoda push back.

m Constructorii iau un container secvential (vector, 1ist, deque) i produc
un iterator ce apeleaza push back sau push front.
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W
STL —back insert

#include <iostream>
#include <iterator>
#include <vector>

using namespace std;

int main () {
vector<int> vl, v2;
for (int 1 = 1; 1 <= 5; 1++) {
v1.push back(1i);
v2.push back(i * 10);
}

back insert iterator<vector<int> > back it(vl);

copy (vZ2.begin(), v2.end(), back it);

ostream iterator<int> out it (cout, "
copy (vl.begin(), vl.end(), out it);

return 0O;

Standard Template Library
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" A
STL — front insert iterator

#include <iostream>
#include <iterator>
#include <deque>

using namespace std; front it

int main () {
deque<int> dequel, deque2; 12345 <+—— deque1
for (int 1 = 1; 1 <= 5; 1i++) {

dequel.push back(1i);
deque2.push back(1*10);
}

1020 30 40 50 [« deque2

front insert iterator<deque<int> > front it (dequel);
copy (deque2.begin(), dequeZ.end(), front it);

50, 40, 30, 20, 10,1, 2, 3,4, 5

deque<int>::iterator it;
ostream ilterator<int> oit (cout, ",");
copy (dequel.begin (), dequel.end(), oit); deque1

return 0O;
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" A
STL - insert iterator

#include <iostream>
#include <iterator>
#include <list>

using namespace std;

it
int main () {
list<int> listl, list2;
for (int 1 = 1; 1 <= 5; 1i++) { 12345 +«— |ist1
listl.push back(1);
list2.push back (1*10);
} 1020304050 [« list2

list<int>::iterator it;
it = listl.begin();
advance (it, 3);

insert iterator<list<int> > insert it(listl, it);

12310203040504 5
copy (list2.begin(), listZ2.end(), insert it);

for (it = listl.begin(); it != listl.end(); ++it) T
cout << *it << " ", list1

cout << endl;

return 0;
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S
STL — Algoritmi

m Un set de template-uri (sabloane) de functii ce
actioneaza asupra secventelor de elemente.
m Clasificare
Nonmodifying algorithms
Modifying algorithms
Removing algorithms
Mutating algorithms
Sorting algorithms
Sorted range algorithms
Numeric algorithms

Standard Template Library
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S
STL — Obiecte de tip functie

m Obiect functie (sau functor) = un obiect ce are operatorul () definit astfel
incat in exemplul urmator
FunctionObjectType fo;

fo(...);
expresia fo () reprezinta un apel al operatorului () pentru obiectul functie fo,
in loc de un apel al functiei fo (), cum ar putea sa para la prima vedere.

= In loc s& scriem toate instructiunile in interiorul corpului functiei fo ()

void fo() {

instructiuni

acestea vor fi amplasate in cadrul corpului metodei operator() definita in clasa
obiectului functie:

class FunctionObjectType {
public:

vold operator () () { instructiuni }
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S
STL — Obiecte de tip functie

m Un obiect de tip functie poate fi mai inteligent decat o simpla
functie, deoarece acesta poseda o stare.

m Pot exista doua instante ale aceleiasi functii, reprezentata de un
obiect de tip functie, ce poate avea stari diferite in acelasi timp.
Acest lucru nu este posibil pentru functiile obignuite.

m Fiecare functie are propriul tip. Astfel, exista posibilitatea sa fie
transmis tipul unui obiect de tip functie catre un sablon (template)
pentru a specifica un anumit comportament, cu avantajul de a avea
tipuri de containere distincte cu diferite obiecte de tip functie.

m Un obiect de tip functie este, de obicei, mai rapid decat un pointer
catre o functie.
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S
STL — Obiecte de tip functie

class Person {
public:
string firstname () const;
string lastname () const;
//...
};

class PersonSortCriterion {

public:

bool operator() (const Person& pl, const Person& p2) const ({
return pl.lastname() < p2.lastname() ||
((p2.lastname () == pl.lastname()) &&
pl.firstname() < p2.firstname());

}

};

int main() {
// declara un tip multime cu un criteriu particular de ordonare
typedef set<Person,PersonSortCriterion> PersonSet;
// creaza a astfel de colectie
PersonSet coll;

// realizeaza o prelucrare a elementelor
PersonSet: :iterator pos;

for (pos = coll.begin(); pos != coll.end(); ++pos) {

}

} Standard Template Library
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S
STL — Obiecte de tip functie

m De exemplu, un obiect de tip functie folosit pentru a genera o
secventa de numere intregi.

class IntSequence ({
private:
int value;
public:
IntSequence (int initialValue) : value(initialValue) { }
//operatorul supraincarcat
int operator() () {
return value++;

}
}i
m Utilizarea unui obiect de tip functie cu generate n():
list<int> 11;
//insereaza valorile de la 1 la 9

generate n(back inserter(ll), 9, IntSequence(l));

m Continutul secventei este:

1, 2; 3; 4; 5; 6; 7; 8; 9;
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S
STL — Obiecte de tip functie

m Utilizarea unui obiect de tip functie cu generate n():
generate (++11l.begin(), —--1ll.end(), IntSequence (42));

m Continutul secventei este:
1; 42; 43; 44; 45; 46; 47; 48; 9;

m Obiectele de tip functie de obicei sunt transmise prin valoare decat
prin referinta:

IntSequence seqg(l);

//insereaza secventa de numere ce incepe cu valoarea 1

generate n(back inserter(ll), 9, seq);

// insereaza din nou secventa de numere ce incepe cu 1

generate n(back inserter(ll), 9, seq);

Standard Template Library 55



S
STL — Obiecte de tip functie

m Uneori s-ar putea sa fie necesar accesul la starea finala a
obiectului, astfel incat se pune problema cum sa obtinem rezultatul
dintr-un algoritm.

m Exista doua modalitati de a obtine un "rezultat" sau "feedback"
dintr-un algoritm, folosind obiecte de tip functie:

Puteti transmite obiectele de tip functie ca referinta.
Puteti utiliza valoarea de return a algoritmului for each ().

m Pentru a transmite obiectul seq prin referinta catre functia
generate n (), argumentele sablonului sunt calificate in mod
explicit:

generate n<back insert iterator<list<int> >, int, IntSequenceg&>

(back inserter(ll), 4, seq);
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" S
STL — Obiecte de tip functie predefinite

Expresie Efect
negate<type> () - param
plus<type> () param1 + param2
minus<type> () param 1 - param2
multiplies<type> () param1 * param?2
divides<type> () param1 / param2
modulus<type> () param1 % param2
equal to<type> () param1 == param?2
not equal to<type> () param1 ! = param2
less<type> () param1 < param?2
greater<type> () param1 > param2
less equal<type> () param1 <= param?2
greater equal<type> () param1 >= param?2
logical not<type> () I param
logical and<type> () param1 && param2
logical or<type> ()standard Templdte Library param1 | | param2 57




"
STL - for each

m Aplica o functie data ca
parametru pentru fiecare
element al secventei
specificate.

m ftemplate <class Inputlterator,
class Function> Function
for _each (Inputlterator first,

Inputlterator last, Function f);

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

void f(int 1) {
cout << " " K 1y
}

int main () {
vector<int> v;
v.push back(10);
v.push back (20) ;
v.push back(30);

cout << "Vectorul contine:";

for each(v.begin(), v.end(), £f);

return 0O;

}

Standard Template Library
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" A
STL - find

m femplate <class Inputlterator,
class T> Inputlterator find (
Inputlterator first, Inputlterator
last, const T& value );

m Returneaza un iterator catre
primul element egal cu value,
sau un iterator catre end (), in
cazul in care nu gaseste
valoarea cautata.

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

int main () {

int al[] = {10, 20, 30, 40};

vector<int> v(a, a + 4);
vector<int>::iterator it;

it = find(v.begin(), v.end(), 30);

++1t;

cout << “Elementul urmator lui 30 este"
<< *it << endl;

return 0O;

Elementul urmator lui 30 este 40
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® .
STL—find if

m ftemplate <class Inputlterator,
class Predicate> Inputlterator
find _if ( Inputlterator first,
Inputlterator last, Predicate pred
)’.

m Predicate —functie ce are ca
parametru un obiect de tipul
template-ului si returneaza o
valoare booleana.

m Gaseste un element in domeniul
[first, last) care sa

respecte conditia specificata de
pred Si returneaza un iterator

catre element, altfel returneaza
un iterator catre end () .

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

predicat

R
(bool) positive (int i) { return (i>0); }

int main () {
vector<int> v;

vector<int>: iterator it;

v.push back 0);

(-
v.push back (- 9 5);
v.push back (40);
v.push back(-55);

it = find if(v.begin(), v.end(),

positive) ;

cout << “Prima valoare pozitiva "

<< *it << endl;

return 0O;

)
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N
STL — Variante £find

m find end - gaseste ultima aparitie a unei secvente in alta
secventa si returneaza un iterator.

m find first of —gaseste prima aparitie a oricarui element
dintr-o secventa in alta secventa.

m adjacent find - cauta prima aparitie a doua valori
consecutive egale intr-o secventa si returneaza un iterator la

eda.

Standard Template Library
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" A
STL — equal

m Verifica daca elementele din

#include <iostream>
#include <algorithm>

doua domenii sunt egale #include <vectors>
efectudnd compararea pe using namespace std;
pereChI develemente bool pred(int i, 1int j) { return (1 == 73); 1}
corespunzatoare.
int main () {
m template <class Inputlterator1, ot all = {20, 20,60, 80, 100}
class Inputlterator2> bool equal ( vector<int> tab(a, a + oJ;
Inputlterator1 first1, Inputlterator1 if (equal(tab.begin(), tab.end(), a))
last1 InputlteratorZ ﬁf'StZ)' cout << “Continutul secventelor este
’ ’ acelasi." << endl;
else cout << " Continutul secventelor este
m template <class Inputlterator1, diferit." << endl;
class Inputlterator2, class
BinaryPredicate> bool equal ( tab[3] = 81;
Inputlterator1 first1, Inputlterator1 if (equal(tab.begin(), tab.end(), a, pred))
la_st1, Inputl_teratorZ first2, cout << "Continutul secventelor este
BinaryPredicate pred), acelasi." << endl;
else
Continutul secventelor este acelasi. cout << " Continutul secventelor este
Continutul secventelor este diferit. diferit." << endl;

return 0;
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® .
STL—count if

m Returneaza numarul de aparitii

ale unui element intr-o
secventa / numarul
elementelor pentru care o
conditie este adevarata.

template <class Inputiterator, class T>
typename
iterator_traits<Inputlterator>::differenc
e _type count ( Forwardlterator first,
Forwardlterator last, const T& value );

template <class Inputlterator, class
Predicate> typename

iterator _traits<Inputlterator>::differenc
e _type count if ( Forwardlterator first,
Forwardlterator last, Predicate pred );

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

bool f(int 1)

int main () {

}

vector<int> v;

v.push back
v.push back
v.push back
v.push back

int nrPos =

(=
(=
(4
(=

{ return (i > 0); }

10) ;
95);
0) 7
55

) -10 -95 40 -55

(int) count if(v.begin(),
v.end(), f);

cout << “Nr valorilor pozitive este "
<< nrPos << endl;

return 0O;

Standard Template Library
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®
STL —mismatch

m Compara doua secvente si returneaza pozitia primei diferente.

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

bool pred(int i, int J) { return (i == 73); }

int main () {
vector<int> v;
for (int 1 = 1; 1 < 6; 1i++)
v.push back (1 * 10);
int afl] = {10, 20, 80, 320, 1024};
pair<vector<int>::iterator, int*> mypair;
mypair = mismatch(v.begin(), v.end(), a);
cout << "First mismatching elements: " << *mypair.first;
cout << " and " << *mypair.second << endl;
mypair.first++; mypair.second++;

cout << "Second mismatching elements: " << *mypailr.first;
cout << " and " << *mypair.second << endl;

return 0; First mismatching elements: 30 and 80
) Second mismatching elements: 40 and 320

mypair = mismatch (mypair.first, v.end(), mypair.second, pred);

Comparatie implicita (==

Comparatie cu predicat
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" A
STL — search

m  Cauta prima aparitie a unei bool pred(int i, int j) { return (i == 3); }
secvente in altd secventa si | |
returneaza un iterator pe primul int main() {
element al secventei (comparatia vector<int> wv; 10 20 30 40 50 60 70 80 90
se face fOIOSI”d == sau un vector<int>::iterator it;
prechcat) for (int i=1; i<10; i++) v.push back(i*10);
int matchl[] = {40, 50, 60, 70}; 40 50 60 70
0 tccmgl?:tg n;glﬁﬁelrzgtgﬂrfggdlteratort it = search(v.begin(), v.end(),
matchl, matchl + 4);
Forwardlterator1 search ( if (it 1= v.end()) :
Eg%g;gﬁg;g;g;:” ;Zgﬁ’ cout %< "r.natchl found at position "
Forwardlterator?2 first2 << dnt(it - v.begin()) << endl;

Forwardlterator2 last2 ), else
cout << "matchl not found" << endl;

m template <class Forwardlterator1,
class Forwardlterator2, class
BinaryPredicate> Forwardlterator1
search ( Forwardlterator1 first1,

int match2[] = {20, 30, 50}; 20 30 30
it = search(v.begin(), v.end(),
match2, match2 + 3, pred);

Forwardlterator1 last1, if (it != v.end())

Forwardlterator? first2, cout << "match2 found at position "
Forwardlterator?2 last2. << int (it - v.begin()) << endl;
BinaryPredicate pred ); else

cout << "match?2 not found" << endl;

return 0;
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o
STL —search n

m Cauta prima aparitie a unei
succesiuni de n elemente egale in
secventa si returneaza un iterator
pe primul element.

m template <class Forwardlterator, class
Size, class T> Forwardlterator
search_n ( Forwardlterator first,
Forwardlterator last, Size count, const
T& value );

m template <class Forwardlterator, class
Size, class T, class BinaryPredicate>
Forwardlterator search_n (
Forwardlterator first, Forwardlterator
last, Size count, const T& value,

BinaryPredicate pred );

secv 10 10 gasita la pozitia 5
match not found

Standard Template Library

vector<int>::iterator it;

it = search n(v.begin(), v.end(), 2, 10);
if (it !'= v.end())
cout << “secv 10 10 gasita la pozitia "
<< int (it - v.begin()) << endl;

else cout << "match not found" << endl;

it = search n(v.begin(), v.end(), 2, 20,
pred) ;
if (it !'= v.end())
cout << “secv 20 20 gasita la pozitia "
<< int (it - v.begin()) << endl;
else
cout << "match not found" << endl;

return 0O;
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bool pred(int i, int 3j) { return (1 == 73); 1}
int main () {
int al[] = {10, 20, 30, 30, 20, 10, 10,20},
vector<int> v(a, a + 8);



S
STL — Operatii ce modifica secventa

copy/copy backward

swap/swap ranges/iter swap

transform
replace/replace if/replace copy/replace copy 1if
fill/fill n

generate/generate n
remove/remove if/remove copy/remove copy if
unique/unique copy

reverse/reverse copy

rotate/rotate copy

random shuffle

partition

stable partition

Standard Template Library
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" A
STL — copy

m femplate <class Inputlterator, class #include <iostream>
Outputlterator> Outputlterator copy ( #include <algorithm>
Inputlterator first, Inputlterator last, #include <vector>

Outputlterator result ), using namespace std;

m Copiaza elementele din domeniul int main () {
[f}rst last) intr-un domeniu int a[] = {10, 20, 30, 40, 50, 60, 70};
ce incepe cu result. vector<int> v (7):

m Returneaza un iterator catre vector<int>::iterator it;
ultimul element al secventei
destinatie. copy(a, a + 7, v.begin()) ;

m template <class Bidirectionallterator1, for (it = v.begin(); it != v.end(); ++it)
class Bidirectionallterator2> cout << " " << *it;
Bidirectionallterator2 copy backward ( cout << endl;
Bidirectionallterator1 ﬁrSt, 10 20 30 40 50 60 70
Bidirectionallterator1 last,

Bidirectionallterator2 result ); return 0;

m Copiaza elementele in ordine
inversa (de la 1ast-11la first)
— se copiaza last-11n result-
1, s.a.m.d.
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o
STL — swap

m femplate <class T> void swap  #include <iostream>
(T& a, T& b ){

T c(a); a=b; b=c;

Interschimba 2 valori.

v1

V2

v

V2

#include <algorithm>
#include <vector>
using namespace std;

int main () {
int x = 10, y = 20;
swap(x, y)

45120202020 vector<int> vl (4, x),
swap (vl, v2);
—» 10101010 10 10 vector<int>::iterator
for (it = vl.begin();
cout << " " <K< *it;
— /1010101010 10 cout << endl;
— 3120202020 for (it = v2.begin();
cout << " " K< *it;

cout << endl;

return 0O;

Standard Template Library

V2(6/ Y);

it;

it !'= vl.end(); ++1it)
it !'= v2.end(); ++1it)
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STL — swap ranges

m template < class
Forwardlterator1, class
Forwardlterator2 >
Forwardlterator2 swap ranges (
Forwardlterator1 first1,
Forwardlterator1 last1,
Forwardlterator?2 first2 );

m [Interschimba valorile din
domeniul [firstl, lastl)

cu elementele incepand de la
first?2.

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

int main () {
vector<int> v1(5,10);
vector<int> v2(5,33);

vector<int>::iterator it;

swap ranges(vl.begin() + 1, vl

v2.begin()) ;

for (it = vl.begin();
cout << " " <K< *it;

for (it = v2.begin();
cout << " " <K< *it;

cout << endl;

return 0O;

}
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STL—-transform

Aplica o transformare unara
fiecarui element din secventa de
intrare sau o transformare binara
elementelor corespunzatoare din
doua secvente de intrare.

template < class Inputlterator, class
Outputliterator, class UnaryOperator >
Outputlterator transform ( Inputlterator
first1, Inputlterator last1,
Outputlterator result, UnaryOperator

op );
Rezultatul — o noua secventa.

template < class Inputlterator1, class
Inputlterator2, class Outputlterator,
class BinaryOperator > Outputiterator
transform ( Inputlterator1 first1,
Inputlterator1 last1, Inputlterator2
first2, Outputlterator result,
BinaryOperator binary op );

int fchange(int i) { return (-1) * 1i; }
int fdiff (int i, int J) { return (1 - 7J); }

int main () {

vector<int> vl;
vector<int> v2;
vector<int>::iterator it;

10 20 30 40 50

for (int 1 = 1; 1 < 6; i++)
vl.push back (1*10)

14

v2.resize(vl.size());
transform(vl.begin(), vl.end(), v2.begin(),
fchange) ; -10 -20 -30 -40 -50
for (it = v2.begin(); it != v2.end(); ++it)
cout << " " K *ity;

cout << endl;
transform(vl.begin(), vl.end(), v2.begin(),

vl.begin(), fdiff); 20 40 60 80 100

for (it = vl.begin(); it != vl.end(); ++it)
cout << " " K< *ity;

cout << endl;

return 0;
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=
STL — replace

template < class Forwardlterator, #include <iostream>

class T > void replace ( #include <algorithm>
Forwardlterator first, #include <vector>
Forwardlterator last, const T& using namespace std;
old value, const T& new value );
int main () {
Inlocuieste toate aparitiile int at] = {10,20,30,30,20,10,10,20};
valorii 01d value din vector<int> v(a, a + 8);

L= 10 20 30 30 20 10 10 20
domeniul [first, last) cu | . .
valoarea new value. replace (v.begin(), v.end(), 2}), 99)J’

vector<int>::iterator it; 1099303099 1010 99
for (it = v.begin(); it != v.end(); ++it)
cout << " " <K< *it;

cout << endl;

return 0O;
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" JE
STL-fill/fill n

m template < class Forwardlterator,

class T > void fill ( Forwardlterator int main() {

first, Forwardlterator last, const T& 00000000

vector<int> vl (8);

value );

fill(vl.begin(), vl.begin()+4, 5) 55550000

fill (vl .begi +3, vl.end()-2, 8
m template < class Outputlterator, 11l (vl.begin() vl.end() )[55588800
class Size, class T > void fill_n ( | . |
Outputlterator first, Size n, const T& vector<int>::iterator 1t;
value ); for (it = vl.begin(); it != vl.end(); ++it)
cout << " " <K< *it;
m Completeaza (primele n) cout << endl; 10101010 10 1010 10

vector<int> v2(8,10);

elementele din domeniul

. fill n(v2.begin(), 4, 20); |202020201010 1010
[first, last) CU value.

fill n(v2.begin()+3, 3, 33) ;| 2020203333331010

for (it = v2.begin(),; it !'= v2.end(); ++it)
cout << " " <K< *it;
return 0O;

}
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STL —generate/generate n

template <class Forwardlterator,
class Generator> void generate (
Forwardlterator first,
Forwardlterator last,

Generator gen );

template <class Outputliterator,
class Size, class Generator> void
generate n ( Outputlterator first,

Size n, Generator gen );

Completeaza elementele
din domeniul
[first, last) cu valorile

generate de functia gen ().

int RandomNumber () { return (rand() % 100);
int current (0);
int UniqueNumber () { return ++current; }
int main () {

srand (unsigned (time (NULL) ) ) ;

}

vector<int> v (8);
vector<int>::iterator it;

generate (v.begin(), v.end(), RandomNumber) ;

for (it = v.begin(); it !'= v.end(),; ++it)
cout << " " KL Fit;

cout << endl;

int a[9];

generate n(a, 9, UniqueNumber);

for (int 1 = 0; 1 < 9; ++1)
cout << " " << afil]l;

return 0O;
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®
STL — remove

template < class Forwardlterator,
class T > Forwardlterator remove
( Forwardlterator first,
Forwardlterator last, const T&
value );

Elimina toate elementele
avand valoarea value din

domeniul [first, last).

Returneaza un iterator spre
noul sfarsit al secventei.

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

int main () {

int al[] = {10,20,30,40,50,20,70};

int* pbegin = a;

10 20 30 40 50 20 70

int* pend = a + sizeof(a)/sizeof (int);

pend = remove (pbegin, pend, 20);

cout << “Intervalul contine: ";

for (int* p = pbegin;
cout << " " << *p;
cout << endl;

return 0O;
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P

!= pend; ++p)

10 30 40 50 70

75



" A
STL — remove copy

m femplate <class Inputlterator, #include <iostream>
class Outputlterator, class T>
Outputlterator remove copy (
Inputlterator first, Inputlterator . .
last, Outputlterator result, const ~ 1Stng namespace std;

#include <algorithm>
#include <vector>

T& value );
int main () {
_ . _ int al[] = {10,20,30,30,20,10,10,20};
m Realizeaza o copie a
secventei initiale, eliminand vector<int> v (8); 10 20 30 30 20 10 10 20
toate elementele ce au vector<int>::iterator it;

valoarea egala cu value. _
remove copy(a, a + 8, v.begin(), 20);

for (it = v.begin(); it !'= v.end(),; ++it)

cout << " " KL Fit;

cout << endl; 1030301010000

return 0O;
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STL — remove

m ftemplate <class Inputiterator,
class Outputiterator, class
Predicate> Outputlterator
remove _copy _If ( Inputlterator
first, Inputlterator last,
Outputlterator result, Predicate

pred );

m Copiaza elementele din
domeniul [first, last) in

domeniul ce incepe cu
result, cu exceptia celor
pentru care valoarea pred

este frue.

copy 1f

#include <iostream>
#include <algorithm>
#include <vector>

using namespace std;

bool impar (int 1) { return ((1 % 2) == 1); }
int main () {
int all] = {11 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9};

vector<int> v (9);
vector<int>::iterator it;

remove copy if(a, a+9, v.begin(), impar);

for (it = v.begin(),; 1t != v.end(); ++1t)
cout << " " K *it;,;

cout << endl;
246800000

return 0O;
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" A
STL —uniqgue

m template <class Forwardlterator>
Forwardlterator unique (
Forwardlterator first,
Forwardlterator last );

m femplate <class Forwardlterator,
class BinaryPredicate>
Forwardlterator unique (
Forwardlterator first,
Forwardlterator last,
BinaryPredicate pred );

m Elimina elementele egale
(“==") situate pe pozitii
consecutive sau le compara
folosind o functie de
comparare.

10 20 30 20 10 30 20 20 10

dublura

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

bool f(int i, int j) { return (i == 7J); 1}
int main () {
int al[] = {10,20,20,20,30,30,20,20,10};

vector<int> v (a, a+9);
vector<int>::iterator 1it;
it = unique(v.begin(), v.end())

v.resize (1t - v.begin());
unique (v.begin(), v.end(), £f);

for (it = v.begin(); it != v.end(); ++1it)
cout << " " KL *it;
cout << endl;

return 0O;

10203020 10
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S
STL —unique copy

template <class Inputlterator, class bool f(int i, int j) { return (i == j); }
Outputlterator> Outputlterator , ,
unique_copy ( Inputlterator first, int main() {
Inputlterator last, Outputlterator result int afl] = {10,20,20,20,30,30,40,40,30,10};
), vector<int> v (10);

vector<int>::iterator it;
template <class Inputlterator, class _ _ _
Outputlterator, class BinaryPredicate> it = unique copy (a, a + 10, v.begin());
Outputlterator unique COpy( for (it = v.begin(); it != v.end(); ++it)
Inputlterator first, Inputlterator last, cout << " " << Fit;
Outputlterator result BinaryPredicate cout << endl; 1020304030100000
pred ); sort (v.begin(), it);

for (it = v.begin(),; it !'= v.end(); ++it)

0000101020303040 [«+—— Cout << " " << *it;
cout << endl;

Copiaza elementele din intervalul it

. = unique co .begin (),
[first, last) cu exceptia unique_copy (v.begin()

it, v.begin(), £f);

: v.resize (it - v.begin());
elementelor consecutive egale
sau care respecta o relatie data cout << “Wectorul contine:";
ca functle for (it = v.begin(); it != v.end(); ++it)
010 20 3040 «— cout << " " << *¥it;:

cout << endl;

return 0;
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" A
STL — reverse

m femplate <class _ #include <iostream>
Bidirectionallterator> void #include <algorithm>
reverse ( Bidirectionallterator #include <vector>

first, Bidirectionallterator last); using namespace std;

m Inverseaza ordinea int main() {

lementelor din int lul vector<int> v;
e e. entelor din intervalu vector<int>::iterator it;
[first, last) .

for (int 1 = 1; 1 < 10; ++1)
v.push back(1);

987654321 |« reverse(v.begin(), v.end()):;

for (it = v.begin(),; 1t != v.end(); ++1t)
cout << " " KL Fit;
cout << endl;

return 0O;
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o
STL —partition

m template <class bo

Bidirectionallterator, class
Predicate> Bidirectionallterator
partition ( Bidirectionallterator first,
Bidirectionallterator last, Predicate
pred ),

in

Rearanjeaza elementele unei
secvente astfel incat toate
elementele pentru care un
predicat returneaza true sunt
asezate inaintea celor pentru
care returneaza false.

Returneaza un pointer spre cel
de-al doilea grup.

}

Standard Template Library

ol impar(int i) { return (1 %
t main () {
vector<int> v;

vector<int>::iterator it, bound;

i < 10; ++1i)
y; // 1 2 3 45 6 789

for (int 1

1;
v.push back (1

bound = partition(v.begin(), v.end(),

impar) ;
for (it = v.begin(),; 1t != bound; ++it)
cout << " " K< *it; — % 19375
for (it = bound; it !'= v.end(); ++1it)
cout << " " KL Fit; 489
cout << endl; — 648

return 0O;
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STL — Sortari

sort
stable sort
partial sort

partial sort copy

n th element

Standard Template Library
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I
STL — sort

m template <class
RandomAccesslterator> void sort bool f(int i, int j) { return (i < j); }
( RandomAccesslterator first,

RandomAccessiterator last ); struct CFunctor |
bool operator () (int i, int 7J)
{ return (1 < 73); }

m femplate <class } objFunctor; P Tipul functie
RandomAccesslterator, class de comparatie
Compare> void sort ( int main () {

RandomAccesslterator first, int a[] = {32,71,12,45,26,80,53,33};
RandomAccesslterator last, vector<int> v (a, a+8); 3271 12 45 26 80 53 33
Compare comp ); vector<int>::iterator it;

m Sorteaza elementele dintre first

$| last Tn Ordlne Crescétoare sau sort(v.begin(), v.begin()+4) ; (123245 71)26 80 53 33 ‘

folosind un criteriu comp.

m Compare — obiect de tipul functie
de comparare primeste ca
argumente 2 obiecte de tipul

sort(v.begin()+4, v.end(), £)| 12324571(26 33 53 80)

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

template-ului si returneaza true for (it = v.begin(); it != v.end(): ++it)
ggicl:gapgghjlmaerg?ment<decat al cout << " M << *ity (12 26 32 33 45 53 71 80)
m Stable sort asigura faptul ca cout << endl;
elementele cu valori egale raman return 0;
pe pozitil. }
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STL—partial sort

m femplate <class

RandomAccesslterator> void
partial _sort (
RandomAccesslterator first,
RandomAccesslterator middle,
RandomAccesslterator last ),

Template <class
RandomAccesslterator, class
Compare> void partial _sort (
RandomAccesslterator first,
RandomAccesslterator middle,
RandomAccesslterator last,
Compare comp );

Ordoneaza elementele din
domeniul [first, last)

astfel incat secventa [first,

middle) contine elementele

ordonate crescator, iar restul
nu sunt ordonate.

bool comp(int i, int J) { return (1 < 73); }

int main () {

int al] = {9,8,7,6,5,4,3,2,1};
vector<int> v (a, a + 9);
vector<int>::iterator it;

partial sort(v.begin(), v.begin() + 5,

v.end ;
) 123459876

for (it = v.begin(),; 1t != v.end(); ++1t)
cout << " " K< *it;,
cout << endl;

partial sort(v.begin(), v.begin() + 5,

v.end(), comp) ;| 4153459876

for (it = v.begin(),; 1t != v.end(); ++1t)
cout << " " KL *it;
cout << endl;

return 0O;

}
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STL—-nth element

template <class
RandomAccesslterator> void
nth_element ( RandomAccesslterator
first, RandomAccesslterator nth,
RandomAccesslterator last );

template <class
RandomAccesslterator, class
Compare> void nth_element (
RandomAccesslterator first,
RandomAccesslterator nth,
RandomAccesslterator last, Compare
comp)

Rearanjeaza elementele dintre
first gi last astel incat nth
va reprezenta elementul de pe
pozitia n intr-o ordonare
crescatoare a elementelor,
fara a garanta ca elementele
anterioare sau posterioare ar fi
ordonate.

bool comp(int i, int 7J)

int main () {

vector<int> v;
vector<int>::iterator it;

for (int 1 = 1; 1 < 10; i++)
v.push back(1i);

//random shuffle(v.begin(), v.end());
nth element(v.begin(), v.begin() + 5,
v.end()) ;

nth element(v.begin(), v.begin() + 5,
v.end(), comp) ;

for (it = v.begin(); it !'= v.end () ;++1it)

cout << " " KL Fit;
cout << endl;

return 0O;

}
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N
STL — Cautare binara

m lower bound
B upper bound
B equal range

B binary search

Standard Template Library
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" A
STL — lower bound/upper bound

] template <class #include <iostream>
Forwardlterator, class T> finclude <algorithm>
Forwardlterator lower_bound ( tinclude <vector>
Forwardlterator first, using namespace std;
Forwardlterator last, const T& . .
Value)' int main () {
’ int af[] = {10,20,30,30,20,10,10,20};
vector<int> v(a, a+8);
o temp/ate <class vector<int>::iterator low, up;
Forwardlterator, class T, class |
Compare> Forwardlterator sort (v.begin(), v.end());
lower bound (Forwardlterator low = lower bound(v.begin(), v.end(), 20);
first, Forwardlterator last, const up = upper_bound(v.begin(), v.end(), 20);
T& Value’ Compare comp )’. cout << "lower bound pe pozitia "
<< int(low - v.begin()) << endl;
m Returneaza un iterator spre cout << "upper_bound pe pozitia "
] o << int(up - v.begin()) << endl;
primul element din intervalul
[first, last) care este >= return 0;
value sau >value. } lower_bound pe pozitia 3

upper_bound pe pozitia 6
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" A
STL -—binary search

m lemplate <class Forwardlterator, bool comp(int i, int j) { return (i<j); }
class T> bool binary search (

Forwardlterator first, class CFunctor {
Forwardlterator last, const T& public:
vahna); int operator () (const int i, const int 7j)

{return 1<j;}

m template <class Forwardlterator, jmyComp;
class T, class Compare> bool

binary search ( Forwardlterator ~ int main ()
first, Forwardlterator last, const int al] = {1,2,3,4,5,4,3,2,1};
T& Va/ue Compare Comp) vector<int> v(a, at9);

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

if (binary search(v.begin(), v.end(), 3))
cout << "found!\n";

m Verifica daca value apartine else cout << "not found.\n";
domeniului [first, last) sort (v.begin (), v.end(), comp);

ce trebuie sa fie sortat. if (binary search(v.begin(), v.end(), 6,
myComp) )
cout << "found!\n";
else cout << "not found.\n";

return 0;
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JE——
STL — algoritmi de interclasare

merge

inplace merge
includes

set union

set i1ntersection
set difference

set symmetric difference

Standard Template Library
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" A
STL —merge

m Interclaseaza 2 secvente finclude <iostream>
ordonate. #include <algorithm>

#include <vector>

using namespace std;
m template <class Inputlterator1,

class Inputlterator2, class int main() {

Outputlterator> Outputlterator int a[] = {5,10,15,20,25};
merge ( Inputlterator1 first1, int b[] = {50,40,30,20,10};
Inputlterator1 last1, Inputlterator2 vector<int> v(10):

first2, Inputlterator2 last2,

vector<int>::iterator 1it;
Outputlterator result );

sort (a, atb);

m template <class Inputlterator1, sort (b, b+5);
class Inputlterator2, class merge (a, a+5, b, b+5, v.begin());
Outputlterator, class Compare>
Outputlterator merge ( for (it = v.begin(); it != v.end(); ++it)
Inputlterator1 first1, Inputlterator1 cout << " " << kit
last1, Inputlterator? first2, cout << endl:
Inputlterator?2 last2, Outputiterator
result, Compare comp ); return O;
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STL—-inplace merge

m Interclaseaza 2 secvente
consecutive.

m ftemplate <class
Bidirectionallterator> void
inplace _merge (
Bidirectionallterator first,
Bidirectionallterator middle,
Bidirectionallterator last ),

m femplate <class
Bidirectionallterator, class
Compare> void inplace _merge (
Bidirectionallterator first,
Bidirectionallterator middle,
Bidirectionallterator last, Compare
comp );

int main () {
int a[] = {5, 10, 15, 20, 25};
int b[] = {50, 40, 30, 20, 10};

for

}

vector<int> v (10);
vector<int>::iterator it;

sort(a, a + 5); sort(b, b + 5);
copy(a, a + 5, v.begin());
copy (b, b + 5, v.begin() +5);

inplace merge

(v.begin(),v.begin()+5,v.end()) ;
, first , middle last
(1t pegin (1= = X ) ;
cout << " " KL Fit;

cout << endl;

return 0O;
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" A
STL — includes

m lemplate <class Inputlterator1, bool comp(int i, int J) { return i<j; }
class Inputlterator2> bool includes
( Inputlterator1 first1, int main() {
Inputlterator last1, Inputlterator2 int a[] = {5,10,15,20,25,30,35,40,45,50};
first2, Inputlterator?2 last2 ), int b[] = {40,30,20,10};
int c[] = {40,30,20,10,9};

m template <class Inputlterator1,
class Inputlterator2, class sort (a, a+10); sort (b, b+4);
Compare> bool includes (
Inputlterator1 first1, Inputlterator1
last1, Inputlterator? first2,
Inputlterator?2 last2, Compare

sort(c, c+d);

if (includes(a, a+l1l0, b, b+4))

CO”UI” cout << “a include b!" << endl;
if (includes(a, a+10, b, b+4, comp))
m Verifica daca toate elementele cout << “a include b!" << endl:
din domeniul [firstl,
lastl) se regésesc n if (includes(a, a+l1l0, c, c+5))
domeniul [first2 last?) cout << “a include c!" << endl;
! . else
cout << “a nu include c!" << endl;

return 0O;

]
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JE—
STL — algoritmi pentru heap-uri

B push heap
B pop heap
B make heap

B sort heap
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" S
STL — Operatii pe heap-uri

int main () {
int al[] = {10,20,30,5,15};
vector<int> v (a, a+b);
vector<int>::iterator it;

make heap(v.begin(), v.end())
cout << "initial max heap : " < v.front() << endl;

302015105

pop_heap (v.begin() ,v.end()) ;
v.pop back();
cout << "max heap after pop : " << v.front () << endl;

2015105 30 2015105

v.push back(99);
push heap (v.begin() ,v.end())
cout << "max heap after push: " << v.front () << endl;

20

992015105

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

cout << "final sorted range :"; 510152099
for (unsigned i = 0; 1 < v.size(); i++)

cout << " " << v[i];
cout << endl;

return 0;
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"
STL — algoritmi de minim / maxim

B min

B max

B min element

B max element

B lexicographilcal compare
B next permutation

B prev permutation
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" A
STL—min element /max element

m Returneaza un iterator la bool comp (int 1, int 3) { return i<j; }
elementul minim/maxim din struct Ckunctor {
domeniu bool ol?erator() (1nt 1, 1nt j) { return
) i<3;
} myComp;
m template <class Forwardlterator>
Forwardlterator min_element ( int main() {
g%?vggrdlteratorﬁrst, Forwardlterator int a[] = {3,7,2,5,6,4,9};

cout << "The smallest element is "

m femplate <class Forwardlterator, class << *min element(a, a+7) << endl;
Compare> Forwardlterator - 4 '
min_element ( Forwardlterator first,
Forwardlterator last, Compare comp );

cout << "The largest element 1s "
<< *max element(a, a+7) << endl;

cout << "The smallest element is "

<< *min element(a,a+7, comp) << endl;
cout << "The largest element 1s "

<< *max element(a,a+7, comp) << endl;

cout << "The smallest element i1s "

<< *min element (a,a+7,myComp) << endl;
cout << "The largest element 1s "

<< *max element (a,a+7,myComp) << endl;
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o
STL — lexicographical compare

Comparare lexicala a
elementelor a doua
secvente.

template <class Inputiterator1, class
Inputlterator2> bool
lexicographical _compare (
Inputlterator1 first1, Inputlterator1
last1, InputlteratorZ first2,
InputlteratorZ last2 );

template <class Inputiterator1, class
Inputlterator2, class Compare> bool
lexicographical _compare (
Inputlterator1 first1, Inputlterator1
last1, InputlteratorZ first2,
InputlteratorZ last2, Compare comp

)’.

bool comp (char cl, char c2)

{ return tolower(cl)<tolower(c2); }
int main() {

char sl1[] = "Apple";

char s2[] = "apartment";

sl+5, s2, s2+9))
" << 82 << endl;

if (lexicographical compare (sl,
cout << sl1 << " is less than
else
if (lexicographical compare (s2,s2+9,sl,s1+5))
cout << sl << " 1is greater than " << s2
<< endl;
else
cout << sl << " and " << s2 << " are equals\n";

if (lexicographical compare(sl,sl+5,s2,s2+9,comp))
cout << sl << " is less than " << s2 << endl;
else
if (lexicographical compare (s2,s2+9,sl,s1+5,comp))
cout << sl << " 1s greater than " << s2 <<
endl;
else
cout << sl << " and " << s2 << " are equals\n";
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