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Elocaywyn

B H Standard BiBALoBnkn mpotunwv (STL) ivat pia BLPALoOAKkN AoyLlopikoU n
omola mepthapPavetat otnv C++ Standard Library.

M MNapexel:
M Containers
M Iterators
M Algorithms

B Functors
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MAeovektnuota tn¢ Standard Template Library (STL)

(1/2)

Noapexel Suvatotnta xpAong YeVIKWY Sopwv Sedopévwy Kat aAyopiBuwv.
ArtoteAeitol amod €va LoYupOo Kol EVEALKTO GUVOAO KAACEWV KoL AELTOUPYLWV.

Mapéxel Eva ATIOTEAECUATIKO, EAAdPU, KOL EMEKTACIUO TTAQLOLO yLO TNV
avamntuén epappoywv mAnpodopLknc.

MpoodEpel Eva eKAETMTUOUEVO eTtitedo adaipeong mou mpowBel Tn xprion Twv
VEVIKWV Sopwv dedopevwy Kol adyopiBuwv xwpic tnv enBdpuvon pLag YEVIKAG
Avonc.

Elvoll apKETA EVEALKTN OTNV AVTLUETWTILON TWV AVATTTUELAKWY OVOYKWYV TNC yLa
KaBOe elbouc epapuoyEG.
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MAeovektnuota tn¢ Standard Template Library (STL)

(2/2)

OL epappoyEg Sev UTTOKELVTAL OE PElWON TNG ArOd0o0NC ToUC HECW TNG XPAONG
NG STL, dedopEvou OTL N STL MapEXEL CUYKEKPLUEVEC EYYUNOELC amodoong yLa
TOUuC aAyoplOpouc rou mpopnBeVeL Kal UImopel va eMIAEYEL aAUTOC TTOU
OVTOTIOKPLVETAL KAAUTEPQ OTLC AVAYKEC TNG KABE epapUoynC

Amattel PLkpOTEPO XpOVo avarmtuénc kat debugging

Ertituyxavel kaAn dtaxeipton pvnpng

Amtatteitol Pkpo peyebog kwoika.

ETITuyXAVEL TA ATTOTEAECUATA TNE LECW TNE XPRONGS TwV MpotuTwyV templates.

H mpoogyylon Xxprnong Twv mpoTtUTwV aPEXEL TTOAUULOPDLOUO XPOVOU
HLETOYAWTTLONG TIOU £lval cUXVA TILO ATTOSOTIKOC aTto O, TL 0 TIAPASOCLAKOG
TIOAULOPPLOUOC XPOVOU EKTEAEDONC
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Baowka ocvotatika tng Standard Template Library (STL)

H STL mapéxel Eva ouvolo kKAdoswv C++, onwc ot Sequence Containers, oL
Associative Containers ko ot Container Adaptors

‘Evac container sival pa kAaon, pla doun dedopevwy, ) Evag adbnpnUEVOC

TUToC otolxeiwv (Abstract Data Type) Tou omoiou ta oTLYULOTUTIA Elval CUANOYEC
AAAWV AVTLKELLEVWY. Me dAAa AOyLaL XPNOLUOTIOLOUVTAL VLA VAL artoBnKevoouv
TOL AVTIKELPEVA LE OPYAVWUEVO TPOTIO LKOAOUBWVTOG CUYKEKPLULEVOUC KAVOVEC

npooBaonc.
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Sequence Containers (1/8)

B ALOTETAYUEVOL TIVOKEG QVTIKELUEVWVY HETABANTOU UKOUG
M vector
M deque
M st
B Entpémnovuy eloaywyn kat dtaypadn otolxelwv o omolodrmote onpeio.

M Baowkn dtadopd: To KOOTOC €aptaTal artd Tov TUTO.
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Sequence Containers (2/8)

Vector (1/2)

M Eival évacg Suvaplkog nivakac.

Enitpenel tuxaia mpoomélaon, O(1)

B Yrapxetl Suvatotnta va emava-taélvounbel avtopata, Katd tnv mpocdnkn A tn
Staypadr eVOC AVTLKELUEVOU.

M To KOOTOC ELoayWYNG 0To TEAOC VOC Slavuopatoc eival otabepo, O(1).

To KOOTOC eLoaywYNC otnV apxn evoc dtavlopatog eival ypoppLko, O(n).

B To KOOTOC ELoOyWYNG 0TN MEON €VOC SlavUoaToC Elval ypaputko, O(n).
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Vector (2/2)

1 #include <vector>

int main{){

[¥1]

[2eY

wvector <int> example;
example.push back(Z);

1 o n

example.push back(10)

3 for{int =x=0; =z<example.size(); =z++){
=] cout << example[x] << " ";

10}

11 cout << endl;

12 1f (lexample.empty ()}

13 example.clear()
15 wector<int> another vector; n
16 another vector.push back(10}): 3 18

18 28
Presz any key to continue . . .

1 exanple.push back(10)
if (example = another wvector)
19 example.push back(20) ;

I for {(int y=0; y<example.size(); yv++){
2 cout << exanple[y] << " ";:

3 1

cout << endl;

retorn O;

B2 B3 B3 B PRI ORIORDO|
[25Y

oo
et
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Sequence Containers (4/8)

Deque (1/3)

B To kootoc eloaywyneg/dtaypadnc otnv apxn eivat otabepo, O(1).
B To kootoc¢ sloaywync/daypadrc oto tEAog elvat otabepo, O(1).
B To kootoc eloaywyneg/dtaypadnc otn peon sivat ypapptko, O(n).
B Erutpénel tuxaia poonélaon, O(1).

B Aev MOPEXEL EYYUNOELG EYKUPOTNTAC OTAV EXEL AANAEEL N OELPAL.
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Sequence Containers (5/8) Deque (2/3)

|£*
* Constructors

'
deque<int>
deque<int>
degque<int>

degque<int>

firstc: /Sempty
second (4, 100)y; // 4 ints = 100
third(second.begin(), second.end()): //iterating through second

fourth({third); //a copy of third

deque<doukble» fifth(:, 2.1): fSdoubles with 5 elements set to E.1
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Sequence Containers (6/8) Deque (3/3)

1 #include <degque>
3 int main(){
deque<float> example;

for(int i=1; i<=o; ++i){
example .push front (i*l.1});

I R L BT 9

}
0 for(int i=0; i<exanmple.size(); ++i){
11 cout << example[i] << " "; o continue . . .
12}

13 cout << endl;
4 retorn O
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Sequence Containers (7/8)

List (1/2)

M e pia Suthd-ocuvdepevn Alota, Ta otolxeia v amoBnkevovtal otnv
TIOPOKELUEVN UVAMN.

B Emtuyyxavel avtiBetn anddoon ano eva dStavuoua.
B Apyn avalntnon Kot tpoomeAaon (YPOUULKOG XpOVO()...

B ...0A\G pOALS Bpebel pla B€on, ypnyopn swocaywyn kat dStaypadn (otabepoc
XPOvog).

B To KOOTOC EloaywWYNG O0TNV aPXn, OTO TEAOC, OTN MEoN lval otabepo.

M Erutpénel Opwe HOVO CELPLOKA TIPOCTIEAQON.
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List (2/2)

1 ¥include <list>
3 int main()

5 li=st<int> L;

& L.push back(l):

7 L.push front (0} ;

3 L.insert {(++L.begin() 2}

I
=

: .push back(Z):

11 L.push back(g);

12 N ]

13 li=t<int>: :iterator i; 82 @5 6

Pres=s any key to continue . . .

15 for{i=L.begin(}; i '= L.end{}); ++i)
cout =< %1 << 0T

1 cout << endl;

system ("pause")

1 o

19 retorn O;
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Associative Containers (1/5)

B levikevuon Twv sequences
B map - multimap

B set - multiset
B Boaown dtadopd: Acv deiktodotouvtal amod akepaioug aAAd amod KAToLo KAELSL.

B To kAeldbl auto pmopel va eival omotoudrmote TUTOU
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Associative Containers (2/5)

Map — MultiMap (1/2)

ArtoBnkevel Levyn tng popdpng <key, value>.

B Kadatl oav ivakag katakeppotiopou (Hash table), aAAd emtpémnel elocaywyn,
Staypadn kot avalntnon Le KOOTOC AOYyopLOLLLKO.

B ETUTPEMEL AKOUO OELPLAKK TIPOOTIEAQCH OAWV TWV CTOLXELWV.
B Aev srutpemnovral Suthotuna KAeLSLA.

B MultiMap: Opoto pe to map pe tn dtadopad otL emtpenovrat SutAotuna KAELOLA

hash set - hash multiset - hash map - hash multimap. lNapouoia ue ta set, multiset, map,
multimap, aAAa vAorotovuvtoal ue eva hashtable. To kAsldia dev dtataoovtal, adAAd pta
hash Asttoupyia eivat anapaitntn yia to Baoko tumo. Autol ot containers dev gival
uépoc tn¢ C++ Standard Library, aAAa cuunepidauBavovral otic emektaoelc STL SGI, kat
ovuneptAauBavovtal o BiBAloUnkec ontwce n GNU C++.
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Map - MultiMap (2/2)

1 #include <map>

3 int maind(){

[25Y

typedef multimap<Lint, string» IntStringkMap:
IntStringMMap example;

1 & n

example.insert(make pair(Z, "wvour")}):
example.insert(make pair(l, "Hi, "}}:
] example.insert (make pair(l, "What'="}):
10 example.insert (make pair(3, "nam=3?"});

12 IntStringMMap::iterator pos !
13 Tfor(pos=example.begin(); posl=example.end(): ++po=) { N ]
] 4 _ rr rn
t% cout << pos->second << Hi, YWhat's your name?

1 Presz any key to continue . . .
cout << endl;

10 Maprtiouv 2015 16



Associative Containers (4/5)

Set — MultiSet (1/2)

H eloaywyn/Slaypadr) Twv otoelwv og Eva cUVOAO SV OKUPWVEL TOUG iterators
mtou Selyvouv oTto cUVOAO.

MapExel TIC AELTOUPYLEC: Evwon, Toun, dtadopd, cUUUETPKA Stadopa.

Ouolo pe to map pe ) Stadopd OtL oL LOLeC oL TLHEC ailouv Kal To pOAO ToU
KAELSL0U.

Enitpenel eloaywyn, Staypadn kat avaltnon He KOoTog AoyapLlOpLKo.
ETItpEMEL OELPLAKK TIPOOTIEAQC OAWV TWV CTOLXELWV.
Aev emutpEnovrtal SUTAOTUTIAL.

Ta debopéva mpEMEL va XpNOLLOTIOLOUV TOV TEAECTH CUYKPLONG <.

‘Exel uhomolnBei xpnopomolwvtoag duadlkd dEvtpo avalntnong e€looppomnone.

Multiset: Opolo pe to set pe tn Stadopd OtL emitpEnovtal SUTAOTUTIA.
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Associative Containers (5/5) Set - MultiSet (2/2)

1 #include <set>

3 int main() {
typedef std::multiset<int> IntSet:
IntSet myset;

1 & s

myset.insert ()
a8 myset.insert (1)
] myset.insert () ;
10 myset.insert(4):
11 myset.insert(l): to continue .
12 my=set.insert (&)
12 myset.insert (2}

IntSet: ::const_iterator pos:?

for (po=2 = myset.begin():; pos != my=set.end(): Hpo=) {
1 cout << %pos << ' '

13 1

13 cout << endl;
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Container Adaptors (1/2)

B Oplopdc: H oupad (queue), oupad mpotepatotntog (priority queue) kat n otoifa
(stack) amoteAouv Container Adaptors pe cuykekpLpévn Slemadn, Tou
Xpnotpomolouv dAAoug containers w¢ epapuoyn.

B Oupa:
B MNoapéxel pla dtemadn oupac FIFO yla tig Aettoupyiec push,pop,front,back.

B Omnolecdnmnote Aettoupyiec utootApLENG oslpwv onwce n front(), back(), push_back(),
pop_front() prmopet va xpnotpomnotnBel we otyotumo tne oupadc (m.x. list, deque).
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Container Adaptors (2/2)

B Oupa MNpotepatotnrac:

Napexel pia dtemadn oupadcg LIFO yia tig Aettoupyieg push, pop, top. (To otolyeio pe tnv
vPnAoTEPN MpoTepALOTNTA ELlvVaL 0TNV Kopudn).

OmoladAMOoTE OELPA TUXALOG TTPOCTIEAACNC TTOU UTtooTNpLleL TIg Asttoupyieg front(),
push_back(), pop_back() purmopet va xpnoipomnotn0el wg oTyLOTUTIO TNE OUPAG
TipoTEPALOTNTAC (TT.X. vector, deque).

To otolxela mpémel, emiong, va utootnpil{ouv tn cuykpLon (yla va kaBoplotel molo otolxeio
€XeL UPNAOTEPN TPOTEPALOTNTA KOLL TIPETIEL VAL BYALVEL TTPWTO ATIO TNV OUPA).

B Ztoifa:

Napéxel pia dtemadn ovpdc LIFO ywa tic Aettoupyieg push,pop,top. (to teAevutaioc-otoLyeio
elvat otnv kopudn).

Omnoleodnmote Asttoupyieg umootipLEng ospwv onwc n back(), push_back(), pop_back()
UTtopEl va xpnotlpomotnBouv w¢ oTyULoTuTto TG otoifac (m.x. vector, list, deque).
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Iterators (1/4)

B O containers mpoodEpouv SuvaTOTNTA MPOOTIEAACNC TWV OTOLXELWV TOUG HECW
iterators.

B [Npokettal yia Seikteg ota otolxela evog container.

BonBouv otn cdpwon OAwvV Twv oTolxelwv evog container.

M KaBe container opllel évav ) meplocOTEPOUC TUTIOUG iterators mou punopou e va
XPNOLLLOTIOL)COULLE.
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Iterators (2/4)

Mevte dtadopetikol TuTolL iterators

B input iterators (mou pmopouv va xpnotlpomnotnBouv povo yia va dtadcouyv pla
akoAouBia Tlpwv) value = *myltr

B output iterators (mou pmopouv va xpnotpomnotnBolv Hovo yla va ypayouv pLa
akoAouBia Tlpwv) *myltr = value

B forward iterators (mou pmopouv va dtafaoctouy, va ypdilouv, Kal va
HETOKIVNOOUV pog Ta eunpog) ++myltr is legal, but --myltr is not

B bidirectional iterators (AettoupyoUv onwcg ot forward iterators, aAAQ prtopouv
gmiong va KivnBouLv mpocg ta iow: list, set, multiset, map, and multimap)

B random access iterators (rmou pmopouv va Kavouv eAeUBepa omoLodnote
apLOUO Bnudtwy ot pla povo Asttoupyia, vector and deque)
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Iterators (3/4)

Melovektnpata Xpnonc iterators

B H xprion twv iterators enidpEpel KATOLO KOOTOC TIOAAEC dOpEC.

B [.x. n ektéAeon pag avalntnong o evav associative container onwg og €va
map r o€ éva set pnopet va eival oAU Lo apyn XPNOLULOTIOLWVTOC TOUG
iterators art’ 6,tL Ba ATav av XpPNOLUOTIOLOUCOE TIG CUVAPTAOCELG LEAN TTOU
npoodEpovtal anod tov iblo tov container.

M Auto oupBaivel emeldn ol pEBodol evog associative container pmopouv va
EKUETAAAEUTOUV TN yVWon TNG EoWTEPLKAS SoUNC, n omoia givat adtadavig
0TOUC aAyopiBuoug ou xpnotlpomoloUV Tou¢ iterators.
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Iterators (4/4)

1 #include <vector>

2 int main(){
vector<int>» myIntVector;
vector<int>::iterator myIntVectorlterator;

I ]

myIntVector.push back(l):
myIntVector.push kback(<);
] myIntVector.push back(Z) ;

11 for{myIntWVectorIterator = mylntWVector.begin()},; myIntVectorlterator!=myIntVector.end(}); myIntVectorIterator++)} {
12 cout << *myIntVectorlterator << " " ;

13}

14 ecout << endl;

1 4 8
Presz any key to continue . . .

10 Maprtiouv 2015 24



Algorithms

B MNAovowa ouloyn amno template C++ functions mou AettoupyoUv MAVW O€

containers.

Nepthapfavouv:

B Toafwounon (sort, merge, min, max,..)

B Avalnitnon (find, count, equal,..)

B Metaoxnuatiopoug (transform, replace, fill, rotate, nth element, random shuffle,..)

B [pageic ouvolwv (includes, set difference , set intersection, set union,..)
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Avakepalailwon

access

Iterators Containers

assist :
Functors Algorithms
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Noapadeypa (1)

<iostream>
<vector>
<map>
<string>
<algorithm>

#include
#include
#include
#include
#include

using namespace std;

void printAll (const vector<string> &sv){
for(int i=0; i<sv.size(); i++){
cout << sv[i].c_str() << endl;

void fillMap (map<string, int> &theMap, const vector<string> &sv) {
int i=0;
for (vector<string>::const iterator it=sv.begin(); it'=sv.end(); it++){
theMap.insert (pair<string, int>(*it, 1i));
i4++;
}
}

vold printPosition(const map<string, int> &theMap, string name) {
map<string, int>::const iterator it=theMap.find(name);
if (it==theMap.end())
cerr << name.c str() << " not found" <<endl;
else
cout << name.c_str() << " 1s at position " << it->second +1 << endl;
}

=TSy BT = U O T

-

[X=lyes)

]

[T BT S R R o B

-

[WeRaes]

]

(SIS S I S I T S o T 5 Y e e A A N T "~ /% S 'Sy 'S % % 'S O % %y 'S

[ Ty BT = R R o B

int main(int argc, char* argv[]){
vector<string> stringVector;

stringVector.push _back("Andreas");
stringVector.push back("Marios");
stringVector.push back("Aggeliki™);
stringVector.push back("Athanasia™);
stringVector.push back("Thanasis");

cout <« "FFFFFFRay data" << endl;
printAll (stringVector) ;

cout << endl;

cout <« "FFFEFFFSorted” << endl;

sort (stringVector.begin(), stringVector.end());
printall (stringVector) ;

cout << endl;

map<string, int> positionMap;
fillMap(positionMap, stringVector);
printPosition(positionMap, "Marios");
printPosition(positionMap, "Tassos");
printPosition(positionMap, "Andreas™);

cout << endl;

system("pause") ;
return 0;
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[ CAUsers\Marios\Desktop\examples\ex5.exe

Raw data
Andreas
arios
ggeliki
Athanasia
hanasis

Sorted
ggeliki
Andreas
Athanasia
arios
hanasis

arios is at position 4
assos not found
Andreas is at position 2

ress any key to continue . . .
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#include <iostream>
#include <list>
#include <algorithm>

using namespace std;

oy N o W o

-

int main(int argc, char* argv[]){

[Nell=s]

L

W w W w W W

[85:0 [RY =S % T N I e ¢

list<int>» numberList;

numberList.push back(3);
numberList.push back(4);
numberList.push front(2);
numberList.push front(l);
numberList.push front(l) ;

for (list<int>::iterator it=numberList.begin(); it!=numberList.end(); it++){
cout << *it << " ";

}
cout << endl;

numberList.unique() ;

for (list<int»::reverse iterator rit=numberList.rbegin(); rit!=numberList.rend(); rit++){
cout << *rit << " ";

}

COU.t << endl << LU e e i e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e L <<endl;

do{
for (list<int>»::iterator it = numberList.begin(); it!=numberList.end(); it++){
cout << *it << " ";

}

cout << endl;

}while (next permutation(numberList.begin(), numberList.end()));

system("pause") ;
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CA\Users\Marios\Desktop\examples\exb.exe

LRl Bl ar el s B R el Sl B ol SR BN T e R SR R ]
[ W B Bl Bl W M Bl Sl al Sl Bt B al o B al S E N Har R S R B o
R ST e T e = ST e =

ress any key to continue

30
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Noapadeypa (3)

(853 B S P T o I

[=)]

-

[V s

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30

LS T S I S B 'S T FS B S
oy ol W M

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

using namespace std;

void printAll (vector<int>::iterator begin, wvector<int>::iterator end){
for (vector<int>::iterator it=begin; it!=end; it++)
cout <<¥it <«<" ";
cout <<endl;
}

int main(int argc, char* argv[]){
vector<int> setl;

vector<int>» set2;

vector<int> set3(10);

vector<int>::iterator startit=set3.begin();
vector<int>::iterator endit;

for (int i=0; i<l0; i++)
setl.push back(i);

for (int i=0; i<10; i+=2)
set2.push back(i);

endit = set difference(setl.begin(), setl.end(), setZ.begin(), set2.end(), startit):
printAll (startit, endit);

endit = set intersection(setl.begin(), setl.end(), set2.begin(), set2.end(), startit);
printAll (startit, endit);

endit = set union(setl.begin(), setl.end(), set2.begin(), set2Z.end(), startit);
printAll (startit, endit);

system("pause™);
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¥ Ch\Users\Marios\Desktop\examples\ex/.exe

to continue . . .

- o N
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Napadeypa (4)

1 #include <iostream> 17 int main () {
2 #include <algorithm> 12 int myints[] = {32,71,12,45,26,30,53,33};

vector<int>» myvector (myints, myints+:2) !

$finclude <vectors>

[¥1]

%]
f

n=ing namespace std! 1 ocout << "Sorting in steps with different ways" << endl;

cout €« '====s===ss=sssssssssossss======o=======0 gy Endlr-

1 no Lh

bool myfunction {int i, int j}{ 2 =sort(myvector.begin(), myvector.begin()+<4):

k3 k3 k)R
f

return {(1<j) s

}

4  cout << "using default comparison (operator <) : myvector contains:" << endl;

for (vector<int>::iterator it=myvector.begin(); it!=myvector.end() , ++it)
cout << " " <« wif;
cout << endl;

1 &y Ln

1 =truct myclass {

12 bool operator() (int i, int j){

k3 k3 k)R

retorn (i<j);
14 }
G} myokbject;

[ 8]

2 sort(myvector.begin()+2, myvector.end(), myfunction);
cout << "using function as comp: myvector contains:" << endl;

[¥L]
L

for (vector<int>::iterator it=myvector.begin(); it!=myvector.end(): ++it)
32 cout << " " L w1t
232 cout << endl;

3 sort (myvector.begin(), myvectgo 2] , H

[¥L]
I

= cout << "using—ebiTct as comp myvector contains:" << endl;
= or (vector<int>::iterator it=myvector.begin(),; it!=myvector.end(), ++it)
338 cout << " " <« wif;

Functor 3% pout << endl:
(Function Object) 40

Xpﬁon Operator() 41 S}[stem {"pa'.;SE r|} :
wg ouvaptnon <2 return 0;
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[ CA\Users\Marios\Desktop\examples\ex8.exe
ing in steps with different ways

1zing default comparison Coperator <2>: myvector contains:
12 32 45 71 26 80 53 33

1izing function as comp: myvector contains:

12 32 45 1 26 33 53 80

1zing ohject as comp myvector contains:

12 26 32 33 45 53 71 &8

ress any key to continue . . .
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