BiBAL0OnKkn STL

Standard Template Library

= H standard template library (STL) amoteAeitat ano:
o Containers
o Algorithms

o lterators

= Evag container gival €vog TpOTOG 0pyAVWONG Hiag CUAAOYN G AVTLKELLEVWVY OTNV

MVAN

= Algorithms otnv STL eivat dtadikaocieg mouv epapuolovtal otoug containers yla

va enegepyaotolVv ta dedopéva toug, Tty. AvalnTtnon aVTIKELLEVOU

= [terators sivol pia yevikeuon twv delktwy (pointers), Selxvouv avtikeipeva péoa

o€ €vav container
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Containers, Iterators, Algorithms

Ot aAyoplBuol xpnotpormnolovy iterators yla va aAANAemOpACOUV E QVTIKEIPLEVA
Twv containers

Container Container

Iterator
/ Algorithm
Objects —>.<_I | Iterator

\ Iterator Algorithm
- Iterator

: L gy
® (v @
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Containers

= ‘Evag container gival £vag TpOmog va ormoBnKeUooupe
dedopéva, eite Bactkoug TUTIOUG EITE AVTLKELpEVAL
KAQCEWV.

= H STL mapexet dStadpopouc Baolkoug TUToug containers
o <vector>: one-dimensional array

<list> : double linked list

<deque> : double-ended queue

<queue> : queue

<stack> : stack

<set>: set

<map> : associative array

o O O O O O
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Sequence Containers

= Evac sequence container amoBnkelel €va cUVoAo
QVTLKELMEVWYV O€ akoAouBia, pe aAAa Aoyla KaOe
OVTLKELUEVO ( EKTOC OO TO TIPWTO Kall To TEAsUTALO)
akoAouBeital amo €va CUYKEKPLUEVO OVTLKELMEVO:
<vector>, <list>and <deque>

o C++11: <array>, <forward_list>

= Ot kAaowkol C++ mivakec pe otaBepo peyebocg dev
pHetafarlovrol Katd TNV eKtéAeon. Exouv to
TIAEOVEKTN A TNE TUXALOG TIPOOTIEAOONG

= <vector> elval EMEKTACIUOC TUTTOC aAAQ OL
gLoaywyEC/SlaypadEc oto HECO ElvaL OPYEC.
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Sequence Containers

= <|ist> elval Sutha

Sloocuvdebepevn chunk 0.
Alota Ko gtvat Thegin)
vyerivopn n , mep___ |l
gloaywyn/dlaypadn omsed ) e
, AAAQ apyN N Gk | chunk
npoomnelaon e\ el
= <deque> elval oupa | O\ e
SUo akpwv, 6r])\agr'] w0 )\ | Ceen
ELOAYEL Kol \\ unk 2
6Lavpdcga oToLEla N
arto ta 6Vo akpa . nused
—>stack +queue +list Unused
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Associative Containers

= ‘Eva associative container &ival non-
sequential kot xpnotuorolel eva kKAeLdL (key)
yla TNV mPOOoTTIEAQON TWV QVTIKEIUEVWVY. Ta
KAELOLA sival aplOpot 1 cUUBOAOCELPEC
XpNOoLUoTIoloUVTaL Ao Tov container yla va
OLaXELPLOTEL TAL AVILKELMEVA UE i OELPA , TTX
AEELKO.
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Associative Containers

= Eva <set> anoBnkevel Eva aplOpo AVIIKELUEVWY TIOU TIEPLEXOUV
KAELWOLA. Ta KAELSOLA lval Ta XOPAKTNPLOTLKA TTOU XPnoLUomolouvTal
yla TnVv Stataén Twv oToLElwv.

Mx. Eva set pnopetl va anoBnkel el avtikeipeva tng KAAong Person
ntou Statacoovtal aApaBnTikd avaloya LE TO OVOUO TOUG

= Eva <map> anodnkelel (euyapLa AVTIKELMEVWY : Eva KAELSL Kat pia
ovoXeTopevn Tf. Eva <map> ival avtiotowo pe Evav Tivaka,
oAl avti yla aplBpoug deikteg umopouv va xpnotpomnotnbouv
omolodnmoTe TUTIOU AVTIKEIpLEVA

= <set> kol <map> eMITPEMOUV Eva KAELSL yLa KABOE TR, evw T
<multiset> kat <multimap> enitpEnouv SIMAOTUTIEC EYYPADEC
(duplicates)
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Vector Container

intarray[5] = {12, 7,9, 21, 13 };
vector<int> v(array,array+5);

12 7 9 21 13

mpop_backo; vpush_back(15x

1279 | 21| e 279 |a] 5 e

12 7 9 21 15

T T

v.begin(); v[3]
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Vector Container

#include <vector>
#include <iostream>

vector<int> v(3);

v[0]=23;
v[1]=12;
vl2]=9; // mifpeng

v.push back(l7); // mpocOnkn véou CTOLXE(OU OTO TEAOC
for (int i=0; i<v.size(); i++)

cout << v[i] << " "; // random access - otolxelo i
cout << endl;
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Vector Container

#include <vector>
#include <iostream>

int arr[] = { 12, 3, 17, 8 }; // amAéc nivaxac

vector<int> v(arr, arr+4); // apxLkomoinon vector omd mivara
while (I v.empty()) { // MéxpL va adeLldoe L
cout << v.back() << " "; // €x1Unmwon 10U teAeutalou ortolxelou
v.pop_back(); // apaipson tou TeAsutalou otolxelou
}

cout << endl;
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Anupoupyot Vector

= ‘Eva vector pmopel va apytkomotnBei divovtacg to péyeboc tou Kat
ToV TUTIO TOU OVTLKELUEVOU ( prototype) r; aAAo vector.

vector<Date> x(1000); // dnuioupyel vector peyéBoug 1000
// anoaittel Unmoapén default constructor otnv Date

vector<Date> dates(10,Date(17,12,1999));
// opxLlxomolinon 6Awv osg 17.12.1999

vector<Date> y(x); // apxlkomoinon Tou vector y pe Tov vector x

vector<Date> z(x.begin(), x.end()); // apxLlkomoinon Tou vector z ue
//Tov vector x
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Iterators

= [terators eival pointer-like avtikeipeva mou xpnoluonololvtal yla thy
TLPOCTIEAOLON QVTLKELLEVWY OE £vav container.

= XpNOLUOTIOLOUVTAL yLa VO KLVOUVTOL OELPLAKA OTIO OVTIKE(LEVO OE QVTLKELUEVO
=>iterating Stapéoou evog container.

= OQuiterators elvat member types tng ekdotote KAaong: typedefs, nested classes...

= Opilovtal evtog class scope (amatteitat :: )

array_ vector<int>::iterator
D -
2 .
] terator
class vector<int>
vector<int>::iterator
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Iterators

= Ot member functions begin() kat end() emotpédpouv
gvay iterator oto mpwto kat META TO teAeutaio
oTolxelo Tou container (past-the-end)

v.begin()
array_
]
v.end()
<
size_ “
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Iterators

= MmniopoUpe va €xoupe toAAarmAou¢ iterators
ToTOXpOoVA

vector<int> v

il

i2

i3

: N
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Iterators

#include <vector>
#include <iostream>

int arr[] = { 12, 2, 17, 8 };
vector<int> v(arr, arr+4);

vector<int>::iterator iter=v.begin(); // ®fAwon iterator xal oavdBeon ©OTe v
//deixvel oto mpdto otoilxelo Tou vector

cout << "first element of v=" << *iter; // Me tov teAeoth * malpvoupe TO
// otolxelo mou deiyxvel o iterator

iter++; // o iterator deliyxvel Thpa oto emduevo otolLxelo

iter=v.end()-1; // o iterator Ssiyvel Thpa oTo TeAsvutalo otolyelo
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Iterators

int max(vector<int>::iterator start, vector<int>::Iiterator stop){
int m=*start;
while(start != stop) {
if (*start > m) m=*start;

++start;

}

return m;
3

cout << "max of v = " << max(v.begin(),v-.end());
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#include <vector>
#include <iostream>
int arr[] = { 12, 3, 17, 8 };
vector<int> v(arr, arr+4);
for (vector<int>::iterator i=v.begin(); il=v.end(); i++) {
cout << *i << " U
cout << endl;
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Katnyopiec Iterator

= Aev eival duvato kaBe iterator va xpnolpomnolnBet pe kaBe container ry.
n kAaon Alota Sev Sivel random access iterator

= KaBe aAyoplOpog amattel €vay iterator e KATOLEG CUYKEKPLUEVEC
drotnteg y. Na xpnotpomnolet to [] teAeotn yia random access

= Ot lterators xprZovraL o€ 5 katnyopieg 0mou kABe katnyopla EUMEPLEXEL
™V Katwtepn tng my. Evag alyoplbuog pe forward iterator 6a SouAevel
kat pe bidirectional iterator kat random access iterator

= Vector kat dequeue umootnpilouv random access

input \
- random

v
\

forward bidirectional
access

output
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For_Each() Algorithm

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

void show(int n) {
cout <K n << " "}

}

int arr[] ={ 12, 3, 17, 8 };
vector<int> v(arr, arr+4);

for each (v.begin(), v.end(), show);

// epopuoyn tng ouvdpinonc show
// oe r&Oe otolxelo toU vector v
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Find() Algorithm

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

int key;

int arr[] = { 12, 3, 17, 8, 34, 56, 9 };

vector<int> v(arr, arr+7/);

vector<int>:Iiterator iter;

cout << "enter value :";

cin >> key;

iter=find(v.begin(),v.end(),key); // finds integer key in v

iIT (iter = v.end())
cout << "Element " << key << " found" << endl;

else
cout << "Element " << key << " not in vector v" << endl;
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Find_If() Algorithm

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

Bool mytest(int n) {
return (n>21) && (n <36);

int arr[] = { 12, 3, 17, 8, 24, 56, 9 };
vector<int> v(arr, arr+7);

vector<int>IIiterator iter;

iter=find if(v.begin(),v.end(),mytest);
// Bplokel otolyxelo otov v ylLa 1o omolov n mytest emiotpépel true

if (iter '= v.end())

cout << "found " << *iter << endl;
else

cout << "not found" << endl;
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Count_If() Algorithm

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

Bool mytest(int n) {
return (n>14) && (n <36);

};

int arr[] = { 12, 3, 17, 8, 34, 56, 9 };
vector<int> v(arr, arr+7);

int n=count if(v.begin(),v.end(),mytest);
// unetpdel yia nbox otolxela Tou v n mytest emiotpépel true

cout << "found " << n << " elements" << endl;
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List Container

= ‘Evag STL list container sivat piot SutAa
Staouvdedbepévn Alota: kABe avtikeipevo Selyvel
OTOV MTPONYOUUEVO KOl OTOV EMOUEVO

= Eivou Suvato va mpocBéocoupe/adoalpeocoupe
otolxela amo ta SUo akpa NG Alotag

= Aev emutpenel random access aAAQ UITOPOUUE VA
gloayoupe/dlaypaloupe amod tnv pEon Kabwe
KOlL VOL CUVEVWOOUE KoL VAl SLOTAEOUUE
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List Container

int array[5] ={12,7, 9, 21, 13 }; 12 7 9 21 | 13
list<int> li(array,array+5);

li.pop_back(); li.push_back(15);

w790 al =~ 12| 7 | 9 |21 15 ,/

li.pop_front(); li.push_front(8);

71 9 | 2 N 8| 12| 7|9 21|15
/ " li.insert()

7 12 17 21 23
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Insert Iterators

= Hxprion tou copy algorithm Swaypadel Ta untapyxovta otolxeia

#include <list>

int arrl[]={ 1, 3, 5, 7, 9 };

int arr2[]= { 2, 4, 6, 8, 10 };
list<int> 11(arrl, arrl+5);

list<int> 12(arr2, arr2+5);
copy(1ll.begin(), 1ll.end(), 12.begin());

// ovTLlypael Twv ototlxelwv tou 11 oto 12 (ta ctoixeloa tou 12 dLaypdeovial)
// 12 = {1, 3, 5, 7, 9}
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Insert Iterators

= Quiterators dtadopomolovv tn cupmnepidopd tou copy algorithm
o back_inserter : elodyel véo otolxeio oTo TEAOG
o front_inserter : elodyel véo otolxeio otnv apxn
o inserter : eLOAYEL VEO OTOLXELO O€ BEON

#include <list>
int arri[]= { 1, 3, 5, 7, 9 };
int arr2[1= { 2, 4, 6, 8, 10 };
list<int> 11(arrl, arrl+5);
list<int> 12(arr2, arr2+5);
copy(1l.begin(), 1l.end(), back inserter(12)); // xpfon back inserter

// adds contents of 11 to the end of 12 = { 2, 4, 6, 8, 10, 1, 3, 5, 7, 9}
copy(1l.begin(), 1ll.end(), front inserter(12)); // use front inserter

// adds contents of 11 to the front of 12 = { 1, 3, 5, 7, 9, 2, 4, 6, 8, 10 }
copy(1l.begin(), 1ll.end(), inserter(12,12.begin());

// adds contents of 11 at the ”0ld” beginning of 12 = { 1, 3, 5, 7, 9, 2, 4, 6, 8, 10 }
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Sort & Merge

= Sort kaL merge

#include <list>

int arri[]= { ¢, 4, 9, 1, 7 }
int arr2[]= { 4, 2, 1, 3, 8 }
list<int> 11(arrl, arrl+b);
list<int> 12(arr2, arr2+5);
11.sortQ): // 11 = {1, 4, 6, 7, 9}
12.sort(); // 12= {1, 2, 3, 4, 8 }
11.merge(12); // merges 12 into 11

// 11 = (1, 1, 2, 3, 4, 4, 6, 7, 8, 9}, 12= {}
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Functions Objects

= sort, merge, accumulate pmopouv va mAPouV cav oplopata Eva
function object

= To function object elval €éva avtikeipevo plog template class mou
£XeL kAvel overload tov teAeotr) KAQong cuvaptnong operator()

= Eilvat Suvato va xpnotpomnotnBouv user-written functions otn
B<on twv pre-defined function objects

#include <list> #include <functional>

int arrl[]={ 6, 4, 9, 1, 7 };
list<int> 11(arrl, arrl+b);

11.sort(greater<int>()); // Xxpnon function object greater<int>
// yia tafivoéunon aviiotpoeng ositpdc 11 = { 9, 7, 6, 4, 1 }
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Function Objects

= O algorithm accumulate ocuvaBpoilel bedbopeva
TIAVW OO Ta otolxeia iy sum of elements

#include <list>
#include <functional>
#include <numeric>

int arrli[]={ 6, 4, 9, 1, 7 };
list<int> 11(arrl, arrl+5); // apyxixomoinon 11 amo arrl

int sum = accumulate(ll.begin(), 1l.end(),0, plus<int>());
int sum = accumulate(ll.begin(), 1ll.end(),0); // Locodlvauo
int fac = accumulate(ll.begin(), 1l.end(),0, times<int>());
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User Defined Function Objects

class squared sum{
public:
int operator()(int nl, int n2) {
return nl+n2*n2;

}

int sg = accumulate(ll.begin(), 1ll.end() , 0, squared sum() );
// computes the sum of squares
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User Defined Function Objects

template <class T>
class squared sum {
public:
T operator(Q(T n1, T n2) {
return nl+n2*n2;
}

¥

vector<complex> vc;

complex sum vc;

vc.push back(complex(2,3));

vc.push back(complex(l,5));

vc.push back(complex(-2,4));

sum_vc = accumulate(vc.begin(), vc.end(),complex(0,0),squared sum<complex>() );
// computes the sum of squares of a vector of complex numbers
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Associative Containers

= Je €va associative container ta avtkelpeva dev
oxnuatilouv akohouBia aAld Sevdpikeg Sopég ) hash
table.

* Ta mpotepAUATA TOUC €lval n Taxutnta avalntnong
(buadikn kAm)

= H avalnitnon yivetat pe faon to kKAedi mou eival eite
aplOuOC eite cupPolooelpa

= H value gival éva xopaKkTnpLloTKO Twv objects oto
container

= H STL €xeL Vo Baoikd associative containers
o sets and multisets

o maps and multimaps
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Sets and Multisets

#include <set>
string names[] = {"viannis", "Takis", "Petros", "Christos", "Anestis"};

set<string, less<string> > nameSet(names,names+5);
// dnuioupyla cet pe ovoépata orAeoPnT LK& TO Lvounuéva

nameSet.insert("Eleni"); // gloayoyn VEnV OTOLYE(wV
nameSet.insert("Maria");

nameSet.erase("Petros"); // apalpeon octolyelou

set<string, less<string> >:I:iterator iter; // set iterator
string searchname;

cin >> searchname;

iter=nameSet.find(searchname); // e£0pegon ToU OVOUATOC OTO OfT

if (iter == nameSet.end()) // éAesyxoc av o iterator deliyxvel oto TéAOC
cout << searchname << " not in set!" <<endl;
else

cout << searchname << " is in set!" <<endl;
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Set and Multisets

string names[]={"Yviannis","Takis","Petros","Christos","Anestis”};

set<string, less<string> > nameSet(names,names+5);
set<string, less<string> >I:iterator iter; // set iterator

iter=nameSet.lower bound("K");
// set iterator to lower start value "K”

while (iter '= nameSet.upper bound("72"))

cout << *iter++ << endl;
// displays Petros, Takis, Yiannis
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Maps and Multimaps

= Eva map amoBnkevel pairs <key, value>
evoc key object kat evoc associated value
object.

= To key object mepLexel €val key pe To omoio
aval{ntoUpe KoL To value object tepLexel TIg
nAnpodopiec

= To key umopei va eivat string, mx ovopa n
apLOUOC

OVTOKEVTPLKOG Mpoypappatikog — Evétnta 81 - C++: BIBAL0BAKN STL, Aopég AsSouévwy 36/47




Maps and Multimaps

#include <map>
string names[]= {"Yiannis", "Takis", "Petros", "Christos", "Anestis"};

int numbers[]= {62622, 56879, 12587, 387546, 98794%;

map<string, int, less<string> > phonebook;

map<string, int, less<string> >IIiterator iter;

for (int j=0; j<5; j++)
phonebook[names[j]]=numbers[j]; // opx . xomnolinon

for (iter = phonebook.begin(); iter !=phonebook.end(); iter++)

cout << (*iter).first << " : " << (*iter).second << endl;
cout << "Phone of Yiannis is: " << phonebook["Yiannis"] << endl;
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Person Class

Class Person {
private: string lastName;
string firstName;
long phoneNumber;

public:
Person(string lana, string fina, long pho) : lastName(lana),
firstName(fina), phonenumber(pho) {}

bool operator<(const Person& p);
bool operator==(const Person& p);
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multiset

Person pl("John", "Doe", 284545632);
Person p2("Mark", "Smith",226874521);
Person p3("Peter", "Fontain', 284586541);

multiset< Person, less< Person >> personSet;

multiset< Person, less< Person >>..iterator iter;
personSet.insert(pl);

personSet.insert(p2);
personSet.insert(p3);
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