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BiBAL0ONKN STL



Standard Template Library

= H standard template library (STL) amoteAeitot
o Containers
o Algorithms
o Iterators

= ‘BEvac container €vag Tpomoc opyavwoncg Lo cUAAOYNAC AVTLKELLEVWY OTNV
HVA N

= Algorithms otnv STL gival dtadikaoioc tov epapuolovtal otouc containers yla
va eneepyaotouv ta dedopéva touc, Tty. Avaltnon aVILKELLEVOU

= Jterators sival pia yevikevon twv Selktwv (pointers), deixvouv avtikeipeva péoa
o€ €vav container
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Containers, Iterators, Algorithms

OL aAyoplBpol xpnotpormnotlouyv iterators yla va aAAnAemnidpdaoouv
Me Avtikeipeva Twv containers

Container Container

Iterator
/

Objects —>. ‘ ‘ Iterator ‘

\ Ilterator Algorithm
Iterator

s
o
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Containers

= ‘Evag container eivol evag Tpomnog va anoBnkevoou e
bedopeva, eite BaocLkoUg TUTIOUG ELTE AVTIKELHEVA
KAQLOEWV.

= H STL mapéeyxet dStadopouc Baokouc tumouc containers

O

O O O O O O

<vector> : one-dimensional array
<list> : double linked list
<deque> : double-ended queue
<gqueue> : queue

<stack> : stack

<set>: set

<map> : associative array
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Sequence Containers

* ‘Evac sequence container amoBnkevel Eva cUVOAO
QVTIKELMEVWY OTNV akoAouBia , pe aAda AoyLa kaBe
QVTIKELMEVO ( EKTOC ATTO TO TIPWTO KoL TO TEAEUTALO)
akoAouBeital oo Evol CUYKEKPLUEVO OVTIKELMEVO:
<vector>, <list> and <deque>

= OukAaowkol C++ mivokec pe otaBepo peyebocg dev
netoBaAlovtal Katd TNV EKTEAECNH €XOUV TO
TTAEOVEKTN MO TNC TUXALOC TIPOCTIEAQONC

= <vector> givol EMEKTACLUOC TUTTOC AAAQ OL
sloaywyec/dlaypadEc oto HEoW Eival apya.
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Sequence Containers

= <Jist> elvatl dutha dtacuvdedepevn Alotar  Katt
elval ypnyopn n sltoaywyn/dtaypadn aAd
apyn N mpooTeEAaon

= <deque> eival oupad duo akpwv, SnAadn
gloayel Kat dtaypadel otowxeia amo ta dvo
akpa —2>stack +queue +list
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Associative Containers

= Eva associative container slval nhon-

sequential katl xpnolpormnotet eva kKAeLoL (key)
VL TNV TTPOOTTEAQCN TWV AVTIKEIUEVWVY. Ta

KAeLOLa sival aplOpol 1 cUUPBOAOCELPEC
XpNolpomnoLlouvtal arno tov container yLa va

SLOXELPLOTEL TOL AVTILKELMEVA IE (L OELPQL , TTX
Ae€LKo.
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Associative Containers

= Eva <set> amobnkelel eva aplOpO AVILKELMEVWY TIOU TIEPLEXOUV
KAELWOLA. Ta KAELOLA Elval Ta YO pOKTNPLOTLKA TTOU XPNOLHoTtolouvTaL
ylo tnv dtataén Twv oTtoLelwv.

Mx. Eva set pnopel vat amoBnkeveL avTlkeipeva Tng KAAONC
Person mou Stataococovtal aApapfnTikd avaloyo LE TO OVOLO TOUC

* ‘Eva <map> anoBnkevel {euyapLol VTIKELLEVWY : Eva KAELWBL Kal pio
ovoxetlopevn TuR. Eva <map> elvol avtlotolyo Ue Evov mivaka
aAAQ avTl yia aplBpouc deikteg pmopouv va xpnotpomnotn8ouv
omtoLodNToTE TUTIOU AVTLKELLEVA

" <set> Kol <map> EMITPEMOUV £val KAELSL yla KABE TIun evw T
<multiset> kot <multimap> enttpenouv MoAAEC EPPAVIOELC
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Vector Container

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

12 7 9 21 13

v.pop_back(); @ v.push_back(15);

12 7 9|21 | e 2179|215

01 2 3 4

12 7 9 21 15

1 1

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

#include <vector>
#include <iostream>

vector<int> v (3);

v[0]=23;
v[1]=12;
v[2]1=9; // mAfhpeng

v.push back(17); // mpoobnkn véou otolxelou Ot10 TEAOG
for (int i=0; i<v.size(); i++)

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

#include <vector>
#include <iostream>

int arr[] = { 12, 3, 17, 8 }; // amnAdbcg mivaxroc

vector<int> v(arr, arr+4); // apxLlxomoinon vector omd mivoaxko
while ( ! v.empty()) { // MéxplL va adeldoe L
cout << v.back() << " "; // €XTUNWON TOU TeAeUuTaliou oTtolyelou
v.pop back() ; // aealpeon tou TeAsUuTtalou oTtolyelou
}

cout << endl;
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Anpwoupyot Vector

= ‘Evag vector pmopei va apylkomotnBet divovtag 1o pueyeboc tou Kol
TOV TUTIO TOU avTlkeLpEvou ( prototype) 1 aAAov vector.

vector<Date> x(1000); // &nuLoupyel vector peyébouc 1000
// anattel Unopén default constructor otnv Date

vector<Date> dates(10,Date(l7/,12,1999));
// apxlxkomoinon 6Awv ce 17.12.1999

vector<Date> vy (x); // apXlkomolinon tou vector y ue 10OV vector X
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Iterators

= [terators sival pointer-like avtikeipeva mou xpnotlponolovvtal yo thv
TMPOCTEAOLON OVTLKELLEVWYV O€ €vayv container.

= XpnoLUOTIoLoUVTAL YL VO KLVOUVTOL CELPLAKA OO QVTIKELUEVO OE QVTLKEIEVO
=> iterating Slap€oou evog container.

=ilieh_ vector<int>::iterator
class vector<int>
vector<int>::iterator
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Iterators

= Oumember functions begin() kat end() emwotpEdouv
gva iterator oTo PWTO KAl TEAEUTALO OTOLXELO TOU
container
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Iterators

" Mmopoupe va €xoupe toAAamAou¢ iterators
TaUTOXpOVA

vector<int>v
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Iterators

#include <vector>
#include <iostream>

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

vector<int>::iterator iter=v.begin(); // dhAwon iterator kol av&Beon OGoTe VA
//delxvel o010 mPdIO Otolxelo ToOU vector

cout << "first element of v=" << *iter; // Me 1OV TeAeoTh * molpvoupe 1O
// otolxelo mou deixvel o iterator

iter++; // o iterator deiyxvel Ttdpa oto emdusvo ortolxelo

iter=v.end()-1; // o iterator dsgiyxvel 1Hpx OTOo TeAsutaio otolxelio
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Iterators

int max(vector<int>::iterator start, vector<int>::iterator end) {
int m=*start;

while(start !'= stop) {
if (*start > m) m=*start; ++start;
}
return m;
}
cout << "max of v = " << max(v.begin(),v.end())
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Iterators

#include <vector>
#include <iostream>

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

for (vector<int>::iterator i=v.begin(); i'=v.end(); i++) {
cout <K< *i << " ";
}

cout << endl;
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Katnyoplec Iterator

= Aev eival duvato kaBe iterator va xpnotpomnolnBei pe kaBe container
1. N kKAdon Alota 6ev Sivelrandom access iterator

= KaBe alyoplOpoc analtel evay iterator pe KATTOLEC CUYKEKPLUEVEC
LoLotnteg . Na xpnotpomnolei to [] teAeotn ywa random access

= QO lterators xwpifovtal oe 5 katnyopieg 6mou KABe katnyopia
EUTTEPLEXEL TNV KATWTEPN TNC.

forward »  bidirectional

access

input \
random
v »

output
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For_Each() Algorithm

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

volid show(int n) {

cout <K n <KL ;

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

for each (v.begin(), v.end(), show);
// eopapuoyn 1tnc ouvdptnonc show
// o r&Oe otolxelo TOU vector v
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Find() Algorithm

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

int key;

int arxr[] = { 12, 2, 17, 8, 34, 56, 9 };
vector<int> v (arr, arr+7/);
vector<int>::iterator iter;

cout << "enter value :";
cin >> key;
iter=find(v.begin() ,v.end(),h key); // finds integer key in v

if (iter '= v.end())
cout << "Element " <K< 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, 34, 56, 9 };

vector<int> v (arr, arr+7);
vector<int>::iterator iter;

iter=find if(v.begin() ,v.end() ,mytest);
// Bplokel otolxelo oTtov Vv yLa TOo omoiov n mytest smiotpépel true

if (iter '= v.end())
cout << "found " K<L *iter << endl;
else

cout << "not found" <KL 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);
// netpdel yvia ndéboa orolyxeloa Tou v n mytest emioTtpépel true

cout <K "found " <LK n <KL " elements" <KL endl;
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List Container

= ‘Eva STL list container eiva pior SutAa
dlaouvdedepevn Alota: kKaBe avtikeipevo Oeiyvel
OTOV T(PONYOULLEVO KOl OTOV ETTOLLEVO

= Eivow duvato va npoocBecovpe/adatpEcovpe
otolxela amo ta SUo akpa TNC AloToc

= Aev emutpenel random access aAAQ UITOPOUE Vol
gloayoupe/Slaypalpoupe amo TNV HEon Kabwg
KOLL VOL CGUVEVWOOUUE Kal va dlataéoupe
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List Container

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

12 7 9 21 13

IIpOp_baCk(), ||pUSh_baCk(15),

12 | 7 921—/ 12 7 | 9 | 21 154/“”

~
N

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

7 9 21 TN l 3 12 7 9 21 15

¥ liinsert()

7 12 17 21 23
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Insert Iterators

= H xpnron tou copy algorithm Staypadel ta undpyovta ocToLxeia

#include <list>

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

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

list<int> 12 (arr2, arr2+5);
copy(ll.begin(), 1ll.end(), 1l2.begin());

// avTLypaen Twv oTtolXelwv tou 11 oto 12 (ta otolxela tou 12 dLaypdeovioal)
// 12 = {1, 3, 5, 7, 9}
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Insert Iterators

=  QOuoperators dtagpopomnololv tn cupnepidopd Tou copy algorithm
o back_inserter : elocdyel véo otolxelo oTo TENOG
o front_inserter : eLodyelL véo otolyeio otnv apxn
o inserter : eLoAyeL véo otolyelo o BEon

#include <list>
int arxl[]l= { 1, 2, 5, 7, 9 };
int arx2[]l={ 2, 4, 6, 8, 10 };
list<int> 11 (arrl, arrl+d);
list<int> 12 (arr2, arr2+5);
copy(ll.begin(), 1ll.end(), back inserter(1l2)):; // xpnon back inserter
// adds contents of 11 to the end of 12 = { 2, 4, 6, 8, 10, 1, 3, 5, 7, 9}
copy(ll.begin(), 1ll.end(), front inserter(l2)); // use front inserter
// adds contents of 11 to the front of 12 ={ 9, 7, 5, 3, 1, 2, 4, 6, 8, 10 }
copy(ll.begin(), ll.end, inserter(l2,12.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 koL merge

#include <list>

int arrl[]l= { ©, 4, 9, 1, 7 };

int arr2[]l1={ 4, 2, 1, 3, 8}
list<int> 11 (arrl, arrl+b);
list<int> 12 (arr2, arr2+5);

11.sort () ; // 11 = {1, 4, 6, 7, 9}
12.sort () ; // 12= {1, 2, 3, 4, 8 }
11.merge(1l2); // merges 12 into 11

// 11 = {1, 1, 2, 3, 4, 4, o6, 7, 8,

14
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Functions Objects

= sort, merge, accumulate pmopouUv vo TAPoOUV cav oplopata vo
function object

= To function object elvatl Eéva avtikeipevo pLag template class ou
£xeL €va single member function : the overloaded operator ()

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

#include <list> #include <functional>
int arrl[]l= { ©, 4, 9, 1, 7 };
list<int> 11l (arrl, arrl+b);

11.sort (greater<int>()); // xphon function object greater<int>
// yvia tafivoéunon avtiotpoeng osipde 11 = { 9, 7, 6, 4, 1 }
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Function Objects

= O algorithm accumulate cuvaBpoilel bedbopeva
NAVW aTo Ta otolxeia y sum of elements

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

int arrl[]l= { &, 4, 9, 1, 7 };
list<int> 11l (arrl, arrl+d); // apxitxomoinon 11 amo arrl

int sum = accumulate(ll.begin(), 1ll.end(),0, plus<int>())
int sum = accumulate(ll.begin(), 1ll.end(),0); // LcodUGvauo
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;
}
}i

int sq = accumulate(ll.begin(), 1ll.end() , 0O, squared sum() );
// computes the sum of squares

OVTOKEVTPLKOG Mpoypappatikog — Evotnta 81 - C++: BiBALoBrkn STL, Aopég Asdopévwv 32/47



User Defined Function Objects

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

};

vector<complex> vc;

complex sum vc;

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

vc.push back(complex(1,5));

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

Y€ €va associative container ta avtikeipeva dev
oxnuatilouv akoAouBia aAAa devopikec dopec N hash
table.

Ta mpoTtepNUATA TOUC lval n taxvtnta avalntnong
(buadikn KAm)

H avalntnon yivetoal pe Baon to KAEWOL ov eival gite
aplOpoc eite cupBolooelpa

H value gival €éva xopaktnpLloTIKo Twv objects oto
container

H STL £xeL Svo Paoika associative containers
o sets and multisets

o maps and multimaps
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Sets and Multisets

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

set<string, less<string> > nameSet (names,names+>) ;
// dnuioupyla ogT pe ovOuNTA OAQPARNT LKY TAf Lvounuévo

nameSet.insert ("Eleni"); // ecioaywyl VEéwv oToLlyXelwv
nameSet.insert ("Maria");

nameSet.erase("Petros"); // aoalpeon octolxelou

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

cin >> searchname;

iter=nameSet.find(searchname); // eUpeon tou OVOUANTOC OTO OET

if (iter == nameSet.end()) // éAeyxog oav o iterator delyvel o010 TEAOC
cout << searchname << " not in set!" <<Lendl;

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

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

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

lter=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 kol evoc associated value
object.

" To key object neplexet eva key pe to omolio
aval{ntou e ko To value object meplexeL TLg

niAnpodoplec
" To key pmopet va eivat string, Tty ovoua,
AZT, N oplBuoc
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Maps and Multimaps

#include <map>
string names|[]= {"Yiannis", "Takis", "Petros'", "Christos", "Anestis"};
int numbers[]= {62622, 56879, 12587, 387546, 98794},

map<string, 1int, less<string> > phonebook; map<string, int,
less<string> >::iterator iter;

for (int j=0; 3<5; Jj++)
phonebook[names[]]]=numbers[j]; // opxlLkomolnon

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

cout << (*iter).first < " : " K<L (*iter) .second << endl;
cout << "Phone of Yiannis 1is: " << phonebook["Yiannis"] << endl;
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Professor Class

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

public:
person(string lana, string fina, long pho) : lastName(lana),

firstName (fina), phonenumber (pho) {}

bool operator<(const personé& p);
bool operator==(const person& p);

OVTOKEVTPLKOG Mpoypappatikog — Evotnta 81 - C++: BiBALoBrkn STL, Aopég Asdopévwv 39/47



Maps & Multimaps

Professor pl("IToannis", "Hatzis", 284545637);
Professor p2("Christos", "Makris",226874521);
Professor p3("Nikos", "Ioannou", 284586541);

multiset< Professor, less< Professor >> profSet;
multiset< Professor, less< Professor >>::iterator iter;

profSet.insert (pl);

profSet.insert (p2);
profSet.insert (p3);
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MNpooOeto YAKO

" Meletnote kot ta mapadeiypota amno ta Kedaloia 15, 16 tou
BBAiou:

«C++ How to Program, 9/e Paul & Harvey Deitel»
http://media.pearsoncmg.com/ph/esm/deitel/cpp htp 9/code examples/Code Examples.zip

OVTOKEVTPLKOG Mpoypappatikog — Evotnta 81 - C++: BIBAL0OrKn STL, Aopég Asdopévwy 41/47


http://media.pearsoncmg.com/ph/esm/deitel/cpp_htp_9/code_examples/Code_Examples.zip

Xpnuatodotnon

To apov ekmaldeuTLKO UALKO €XEL avarmtuxBel oto mAaiolo Tou
ekmaldeuTtikol £pyou tou dLbaokovta.

To £pyo «Avoikta Akadnpaika Madnpata oto Mavemiotipio ABnvwv»

EXEL Xpnuatodotioel povo tnv avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

To €pyo vAomoleital oto mAaiolo tou Emxelpnolakol Mpoypdppatog
«Eknaidsvon kat Ala Biou Mabnon» kat cuyxpnpatodoteital ano tnv
Evpwnaikn Evwon (Evpwmaiko Kowvwvikod Tapeio) kot oo eBvikoug

TTOPOUC.
| A MPOIrPAMI
- KﬂAlAEYZHKAIAlABIOY MAGHEH -_j‘ EZHA
YﬂDYPI’LlD ﬂPluEIAE KAl BPHEKEYMATON .- AIKO KOINONIXO TAME

Evpwnaikn ‘Evwon Eld IHPEZIA AIAXEIPIEIHE
Evpamaind Korvevucd Ti
- Mg ) ouyyxpnuarodérnon e EAMGSag xat tn¢ Evpwnaixig Evwong
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>NUElwpa lotoplkovu Ekbooewv Epyou

To mtapov €pyo amoteAei tnv €kdoon 1.0.1
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>NUElwpa Avadopag

Copyright: NavemnotApov Natpwv, lwavvng Xat{nAvyepoudnc, 2015.

« OVTOKEVTPLKOC MNpoypappatiopnoc». Ekdoon: 1.0.1 Natpa 2015. AwaBeoipo
aro tn diktuakn dltevBuvon:

https://eclass.upatras.gr/courses/CEID1105/
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>NUelwpa Adelodotnonc

To tapov LALKO StatiBetal pe toug opouc tne adelac xprnong Creative Commons
Avadopad, Mn Eumopikn Xprion MNapopola Atavopn 4.0 [1] 4 petayevéotepn, AleBvig
‘Exkboon. E&atpoulvtal Ta autoTteAn £pya Tpitwy 1.X. pwtoypadiec, Staypappata
K.A.T., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall Le Toug
OPOUC XPNONC Touc oto «Znueiwpa Xpnong Epywv Tpltwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epnopwkn opiletal n xpron:

e 10U Sev mep\aBAVEL AUECO 1) EUECO OLKOVOULKO OPEAOG ATtO TNV XPrION TOU £pYOU, yLd
1o Slavopéa tou €pyou Kal adelodoyo

* 10U Sev mephapBavel olkovoulkn cuvaAayrn wg tpolnoBeon yla tn xpron A mpooBacn
oTO £pYO

* 1tou dev npooTopilel oto SLavopEa Tou €pyou Kol adeL0SOX0 EUECO OLKOVOULKO OPEAOC
(r.x. Stadbnuioelg) amo tnv npoPoAn tou Epyou o€ SLadIKTUAKO TOTO

O dkatoUxo¢ pmopel va mapexel otov adelodoxo Eexwploth adeLla va XpnNOLUOTIOLEL TO €pYO yLa
EUTTOPLKN Xpron, epocov auto tou {ntnbeL.


[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Ornoladnmnote avamapoywyn N dSlaokeun Tou UALKOU Ba TtpeETmeL
va cupmephapBavet:

" 10 2nueiwpa Avadopadc

" 10 2nuelwpa Adelodotnong

= 1 6nAwon AlatApnong ZNUELWUATWY

" 10 2nueiwpa Xpriong Epywv Tpitwv (edooov umdpyel)

noll e Ttouc cuvodEUOUEVOUC UTIEPOUVOECUOUC.
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>NUelwpa Xpnong Epywv Tpltwv

= Oubadavelec Baoilovtat oto BLBAlo «C++ How to Program, 8th Edition, Harvey
M. Deitel, Paul J. Deitel, Prentice Hall.»
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