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Standard Template Library

EI2AIQIH 2THN STL
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| Eloaya)ynOTnvSTL i

Adaptors ' Container ,_

stack || queue ,'_"; array vector

priority queue deque || list

e

= | find || binary search
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e e e

¢ 2upBoAooelpa (string)
¢ [Mivakac (array)

¢ Aiavuopa (vector)

¢ AioTa (list)

¢ 2T10iBa (stack)

¢ Oupa (queue)

& Zeuyoc (pair)

¢ MAs1ada (tuple)

¢ JUVOAO (set)

¢ Xaptng (map)
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— online

- C { @& cplusplus.com/reference/stl/ D *¢

reference

e e

Container class templates
Sequence containers:

array o Array class (class template )

vector Vector (class template )

deque Double ended queue (class template )
forward_list < Forward list (class template )

list List (class template )

Container adaptors:

stack LIFO stack (class template )
queue FIFO queue (class template )
priority_queue Priority queue (class template )

Associative containers:

set Set (class template )

multiset Multiple-key set (class template )
map Map (class template )

multimap Multiple-key map (class template )

Unordered associative containers:
unordered_set ! Unordered Set (class template )

unordered_multiset ' Unordered Multiset (class template )
unordered_map & Unordered Map (class template )
unordered_multimap <" Unordered Multimap (class template )
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¢ TUunoC pair<Tl, T2>

e make pair, first, second

#include <utility>

double measure (const pair<double, double> d) {
return sqrt(d.first*d.first + d.second*d.second) ;

}

int main() {
pair<double, double> cl (3, 4);
pair<double, double> c2;
c2 = make pair(l, 1);
cout << measure(cl) << " " << measure(c2) ;
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¢ TUnoC tuple<Tl, ... Tn>
e make tuple, get

#include <tuple>

void f (const tuple<string, int, bool> &t) ({
if (get<2>(t)) cout << get<0>(t) << endl;
else cout << get<1l>(t) << endl;

}
tuple<string, int, bool> t("Hi", 1, true);

f(t), f(make tuple("No", 42, false));
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| FI)\slaéeq ﬁ Ies) O'rnC++ 1 n

typedef tuple<int, string, int> myDate;

void printdate (const myDate d, const string dateFormat) ({

if (dateFormat == "us")
cout << getKl>(d) << " " << get<0>(d)
<", " << get<2>(d) << endl;
else
cout << getk0>(d) << " " << get<1l>(d)
<<" " << get<k2>(d) << endl;

myDate easter22, easter23(16, "April", 2023);

easter22 = make tuple(22,"April", 2022);

printdate (easter22, "us"); April 22, 2022
printdate (easter23, "eu"); 16 April 2023
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¢ Tunoc set<T>

puovadika otoixeia (aAIwWC multiset<T>)
uAonoinon ue 100luyiopevo Oevopo dUadIKNG
avadnTnong

gloaywyn, eupson kai apaipeon os O(logn)
insert, erase, find, size

npa&eic cuvoAwv (uAonoiouvTal Kai yia aA\ouc
containers, AlyoTepo anodoTika)

includes, set union, set intersection,
set difference
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#include <set>

set<int> s;

while (true) {
int x;
cin >> X

i1f (s.find(x) == s.end())
s.insert (x) ;
else
cout << "You lose, I’'ve seen"
<< "before!" << endl;
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set<int> somelnts= {10, 15, 3, 19, 2, 67, 69, 68};
for (int i:somelnts) cout << 1 << " "; cout << endl;

2 3 10 15 19 67 68 69

somelInts.insert(1l1l) ;
for (int i:somelnts) cout << 1 << " "; cout << endl;

2 3 10 11 15 19 67 68 69

set<int> morelInts= {70, 8, 81, 5, 10, 69, 67, 31, 3};
set<int> unionDemo;

set union(somelInts.begin(), somelInts.end(),
morelInts.begin() , moreInts.end(),
inserter (unionDemo, unionDemo.begin())) ;

for (int i:unionDemo) cout << 1 << " "; cout << endl;

2 35810 11 15 19 31 67 68 69 70 81
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set<int> somelInts= {10, 15, 3, 19, 2, 67, 69, 11, 68};

set<int> morelInts= {70, 8, 81, 5, 10, 69, 67, 31, 3};

set<int> intersectionDemo;
set intersection(someInts.begin(), somelnts.end(),
moreInts.begin() , moreInts.end(),
inserter (intersectionDemo,
intersectionDemo.begin())) ;

for (int i:intersectionDemo) cout << i << " "; cout << endl;

3 10 67 69
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¢ TUunoC map<K, T>
o AMeikovion KA€dIwv TUNOU K o€ TIYEC TUNMOU T

o LOVADIKEC TINEC KAEIOIWV
(aAwC multimap<K, T>)

uAonoinon e 1I00JUYIoPEVO dEVOPO dUADIKNG

avaldntnong

gloaywyn, eupson kai apaipeon o O(logn)

insert, erase, find, size

operator|]
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#include <map> 2uvnBwc¢ ouwc, Ta maps
O€ xpnaiorolouvral £Tor!

map<int, string> m;
m.insert (make pair(l, "one"));
m.insert (make pair(2, "two"))
m.insert (make pair (3, "three"));

int x;
cout<< "what? "; cin >> x;

map<int, string>::iterator p;
p = m.find (x) ;

if (p '= m.end())
cout << p->second << endl;
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map<int, string> m; AMa eror!
m[l] ="one";

m[2] ="two";

m[3] ="three";

int x;
cin >> x;
if ('m[x].empty())
cout << m[x] << endl;

for (x=0; x<5; x++)

what? 2
cout << x << " -> ("<<m[x] <<")"<<endl; .,
0 -> ()
[pocoxn! ; 2 (gne)
Av dev unapyel To m[x] TOTE n avapopa o€ ; i Et‘g?ge)
auTo Ba To dnpIoupynaEl KE TIPN €va KEVO string 4 -5 ()
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map<string, string> m;

string en[] = {"one", "two", "three", "four"};
string it[] = {"uno", "due", "tre", "quattro"};
; : 2 : m["one"] = "uno"
for (int i=0; 1 < 4; i++) m["two"] = "due”
m[en[i]] = it[i]; m}sthreel | = "tre’
mESfole =t gquattrot

for (string n:en)
cout <K n <K<K " -> (" << m[n] <K")" <<Kendl;

one -> (uno)

two -> (due)
three -> (tre)
four -> (quattro)
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int fib(int n) { ()(2n)

return n < 2 ? n : fib(n-1) + fib(n-2);

int memo fib(int n) ({

static map<int, int> cache; Memoizatiorn

// Av eivar eukolo, TeAEIwVE! O (n lo gn)
if (n < 2) return n;

// Av urndpxer non, unv 1o UrnoAoyioerc.

map<int, int>::iterator p = cache.find(n) ;
if (p '= cache.end()) return p->second;

// Aliwe urioAoyioe kar arnoBnkeuoe To.

int v = memo fib(n-1) + memo fib(n-2);
cache[n] = v; return v;
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¢ Avalntnon

¢ Ta&vounon

* NAe&ikoypaikn dlartaén
¢ evvnTpia peTabecewv
¢ K.AM.

#include <algorithm>
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¢ find(first, last, wvalue)
e O€ Xpovo O(n)

¢ binary search(first, last, value)
¢ binary search(first, last, value, compare)

o 0€ Xpovo O(logn)
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vector<int> v;

vector<int>::iterator 1 =
find(v.begin(), v.end(), 42);
1f (1 == v.end())
cout << "not found" << endl;

// Avor apiBuor eivar Taéivounuevor.

vector<int>::iterator 1 =
binary search(v.begin(), v.end(), 42);

if (1 '= v.end())
*po=11; // Aldaée o 42 o< 17
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THENOHRO 0 0 e )

¢ sort(first, last)
¢ sort(first, last, compare)

o 0€ Xpovo O(rogn) oTn Peon NepINTWON

¢ stable sort(first, last)
¢ stable sort(first, last, compare)

o 0 Xpovo O(rlogn) oTn XeIpOTEPN NEPINTWON
o OIATNPEI TN OEIPA IOWV OTOIXEIWV
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THENOHRO - 0 e

vector<int> v;

// 2& avéouvoa oelpa.

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

// 2& @Bivouoa oelpa.
sort(v.begin(), v.end(), greater<int>());

<+ To greater<int> () katackevalel Eva
function object. XpeciaCetot:

#include <functional>
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TUENOHRO - e (i

bool my less than(int x, int y) ({
return abs (x) < abs(y):;
}

struct my comparator {
bool operator<(int x, int y) {
return abs(x) < abs(y):;

}
7

vector<int> v;

// 2& auéouvoa oeipa kat’ arnoAuto Tiur, EVaiAAakTIKa:

sort(v.begin(), v.end(), my less than);
sort(v.begin(), v.end(), my comparator);
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¢ partial sort(first, middle, last)
¢ partial sort(first, middle, last, compare)

o 0 Xpovo O(rogm) oTn XEIpOTEPN NEPINTWON
(n=last—first, m=middle—first)
o TA&IVOLEI HOVO TA /M NPWTA OTOIXEIA

vector<int> v;

partial sort(v.begin(), v.begin() + 10,
v.end());
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¢ nth element (first, nth, last)
¢ nth element(first, nth, last, compare)
e O€ XpOvo O(n) oTn PECN NEPINTWON
o TO (nNTOUPEVO OTOIXEIO Ba €ival aTn Beon Tou
e TA NpoNyoupEva Tou Ba ival PHIKpOTEPQ,
Ta ENOPEVA ToU Ba eival JeyaAuTepa

vector<int> v;

nth element(v.begin(), v.begin() + 10,
v.end());
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¢ min element (first, last)

¢ min element (first, last, compare)
¢ max element(first, last)
¢ max element(first, last, compare)

e O€ Xpovo O(n)
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[TINAKEZ Q2 ATA

MpoypauuaTIoTIKEG TeXVIKEC 2022

24



¢ 2UvoAo «delkTwVv» (indices), 1

¢ 2UVOAO «TIHwV» (values), V

¢ Baoikn npa&n: npoonehaon oToixeiou
a1l e V onouie Il

¢ MovodiaoTarol nivakec: I={1,2,3, ... n}

¢ MNoAudiaoTaTol nivakec (d dilaoTaocewv):

1= {1,2, 3, nl} X {1,2, 3, nz} X
sl
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¢ 2uvnOwc uhonolouvTal Pe kanoio XTA NIVaKwV
(arrays)

¢ O XTA Tou povodiaoTaTou nivaka napkei yia Tnv
uAhonoinon kabe ATA nivaka

int data[SIZE]; // oTarika

int *data = new int[SIZE]; // OJOuvauikd
o KooToc npooneAaonc: O(1)
s ouvapmnen ldo: T 01 2 SIZ2E ]}

unoAoyilel Tn B€on evoc aToixeiou Tou ATA
nivaka oto ZTA nivaka Tnc uAonoinong
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MNapadeiypa

template <typename T, size t N>
class arrayNN {

/;;id transpose () {
for (int i=0;
for (int j=0; j<i; ++3j) {

i<n; ++i)

.

private: T temp = data[i][]]’
T (*data) [N]; data[i] [j] = data[]j][i];
. ¢ data[j]1[i] = temp;
int n; }
public: } //
arrayNN() : n(N), data(N
arrayNN (T Data[N] [N]
void print (ostre out) ;
void transpose()~
void deleteRow(int Row) ; SUVADE] rldEa
void deleteCol (int Col) ; "BEIG NPASEIG
O€ MIVAKEC

void swapCol (int cl, int c2);

void swapRow (int rl, int r2);
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¢ ATA nivaka duo d1aoTaoswy N x m

1=0 110|123 ]4]5
i=1/6|7]|8]|9 (1011
1=2112|13(14|15|16| 17

j=0 1 2 3 2t 5

¢ ApiBunon KaTa ypauueg
loc(i,j) = cols *i +j

i =loc/cols, j=loc% cols

MpoypauuaTIoTIKEG TeXVIKEC 2022
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Thvakee we AT

T 2

(0,0)—>0 (0,1)—>1 (0,2)—>2 (0,3)—>3 (0,4)—>4 (0,5)->5
(1,0)->6 (1,1)->7 (1,2)->8 (1,3)->9 (1,4)->10 (1,5)—>11
(2,0)—>12 (2,1)->13 (2,2)->14 (2,3)—>15 (2,4)->16 (2,5)->17
for (i=0; i<rows; i++) for (loc=0; loc<rows*cols; loc++) {
for (j=0; j < cols; j++) i = loc / cols;
Loctimicols i 1 +igs s j = loc % cols;

HHWH =
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1=0(0((3]|6]|9]12]|15
1=111(4|7 (10|13 16
i=2 125|811 ]|14]| 17

Jaml i s T

¢ EvaAlakTika, apibunon kata oTnAEC

loc(i,j) = rows *j+1i

i = loc % rows, j = loc /rows

MpoypauuaTIoTIKEG TeXVIKEC 2022
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Thvakee we AT

T e e e

(0,0)—>0 (0,1)->3 (0,2)->6 (0,3)—>9 (0,4)->12 (0,5)—>15
(1,0)->1 (1,1)->4 (1,2)->7 (1,3)->10 (1,4)->13 (1,5)->16
(2,0)->2 (2,1)->5 (2,2)->8 (2,3)->11 (2,4)->14 (2,5)->17
for (j=0; j < cols; j++) { for (loc=0; loc<rows*cols; loc++) {
for (i = 0; i < rows; i++) j = loc / rows;
loc = rows * j + 1i; i = loc % rows;

H HH =

MpoypappaTIoTIKEG TexVIKEG 2022 34



I % 0

1=211]2

1=313|[4]5

1=416(71]18]9

1=5110(11(12|13|14
7 e 3 45D

loc (i,7) = i(i—1)/2+j—1

¢ OpOoIWC Y1Ia CUPPETPIKOUC NIVAKEC
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loc (i, /)

=l 0 | 1

=2 12|34

=3 516 |7
=4 89|10
=9 11| 12

=3@G-1)-1+ j—i+1
=2i+j-3
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5O a,
1=2 & rows = 4
b a3 | cols =3
g s
Al e R
' o KooTog
e YAoroinon e duadiko nivaka npoonghaong;

o YAOMoinon K& TPEIC NiVAKEC
roiw=11:2 3341 col=11.30 35
val = [ dy, dy, d3, dy, ds ]
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sierra tango lima echo x-ray alpha mike papa lima echo

[TAPAAEII'MA STL
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CI paéslypa | STL S

¢ MeTarponn
ano/npoc TO
PWVNTIKO aApapnTo

D E

delta echo
india juliett

N O

november oscar

S T

sierra tango

XY

xray yankee

MpoypaupaTioTIKEG Texvikeg 2022
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alphabet

C

charlie

H

hotel

mike

R

romeo

W

whiskey



¢ YAonoinon YE map EvaMakTika: pair
e string char2phonetic
e String string2phonetic
e Char phonetic2char
e string phonetic2word (memoization, too)

string char2phonetic (char)

string string2phonetic(string)

string phonetic2char (string)

string phonetic2word (string)

Ial oy "alpha",
Ibl HERY llbetall

|lece|l e
"echo charlie echo"

Ilalphall i 'a',
Ilbetall Ged lbl

"echo charlie echo" —
|lecell
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Y)\onomonxwplq K)\aoslq 5

string originalText = "";
string oneWord, originalWord;

while (inFile >> inWord) {
string p = string2phonetic (inWord) ;
cout << p << " " << endl;

originalWord = phonetic2word(p) ;

originalText += originalWord + " / ";

MpoypaupaTIoTIKEG TeXVIKEG 2022
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2k

- e e

¢ 2xediaon kKAaonc readable

class readable {
private:

string normalText, string phoneticText;

map<char, string> phoneticMap;

map<string, char> invPhoneticMap:

string phoneticWords[27] ; static const

string char2phonetic(const char &c) ; // direct
string text2phonetic(const string &txt) ;

char phonetic2char (const string &searchString); // reverse
string phonetic2text (const string &t)

°
14

public:

readable() ;
readable (const string & sometext) ;

string phonetic() ; // getter

string text(); // getter

void setPhonetic(const string & pText); // setter
void setText(const string & nText); // setter
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Apaipeon kai OopeG OedopEvy

=W == T i

+ O1 AenTopepelec uhonoinonc ennpealouv
TNV NOAUNAOKOTNTA TWV aAyopiOuwv

B

¢ H apaipeon dedopevwv eAaxioTonolel TIC AAAAYEC
Mou anaiTouvTdl oTo NPOypaAuua nou
XPNOIUOMOIEl Evav TUNO dEDOPEVWY, OTAV aAAa&el
0 TPONOoG uAonoinonc
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Agaipeon
¢ Xprjon Tng KAAoNg

vector<readable> rvector;

while (inFile >> inWord) {
readable new r (inWord) ;
rvector.push back(new r);

for (readable item:rvector)

cout << item.phonetic() << " / ";

cout << endl;

for (readable item:rvector)
cout << item.text() << " / ";

cout << endl;
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* Apxec AeiToupyiag
o ZNTNON NpoiovVTWV PE auvTtnpnon via N €Tn
o Mpoogpopec ano npounbeuTeC (ayopd, TNoIa
ouvTnpNoN)
o EmAoyn npopnBeutn
e a kaBe npoiov
e MIKpOTEPN TIUN: ayopd + ouvtnpnon * N €Tn

MpoypauuaTIoTIKEG TeXVIKEC 2022
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ZnTnon

Mpoogpopa

[pageia

1000, 90
850, 95
1000, /78
900, 90

1200, 57

Xpwpa = NpoundeuTnC

MpoypauuaTIoTIKEG TeXVIKEC 2022
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apaéslypa ? AICIY(DVIG|JOI npoy neslo)v o

oo
T

Xpwpa = npoundeuTnc
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+ KAaoeic
o Eidn npoc npopunBeia (items)

o description, print, newitem, offers_list

o Mpoogopec (offers)

e supplier, item, unit price, maintenance price
¢ Xpnon STL

o Elcaywyn npoo@opwv oc Ta&ivounuevn Aiota
(ny set) pe kAEIOI TN GUVOAIKN TIUN

o Apeon eniAoyn ano To NPWTO PEAOC TNG AioTac
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Do It Yourself

ATA - NMNINAKE2

MpoypauuaTIoTIKEG TeXVIKEC 2022
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template <typename T>

class Array ({

public:
Array (unsigned n = 0, int b = 0);
Array (const Array é&a);
~Array () ;

Array & operator=(const Array é&a);

T & operator[] (int 1) ;
const T & operator|[] (int i) const;

MpoypauuaTIoTIKEG TeXVIKEC 2022
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| ATA yia |JICIOTCITOUC; I'IIVCI KEC:

protected:
T *data;
int base;
unsigned length;

unsigned loc(int i) const
throw (out of range);

2XHMA 4.1
2Xnpatiky avarapdotaon tng Soprg avtikelpévou tUnou Array <T>
Array<T> T T T gl o T
data * > 3 al 4 1 5 9
base 1 1 2 3 4 > 6
length 6
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ATA yia HovodlaoTaToug NiVaKeG

— = ==

Array (unsigned n = 0, int b = 0)
data(new T[n]), base(b), length(n) {}

Array (const Array é&a)
data (new T[a.length]), base(a.base),
length (a.length) {
for (unsigned i = 0; i < length; ++i)
data[i] = a.data[1i];

}
~Array () {

delete [] data;
}
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'ATA yia povodiaoTaToug nivakeg —— (iv)

Array & operator=(const Array é&a) {

delete [] data;

base = a.base;

length = a.length;

data = new T[length];

for (unsigned i = 0; i1 < length; ++1i)
data[i] = a.data[1i];

return *this;
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'ATA yid povodidoTaToug nivakeg (V)

unsigned loc(int i) const
throw (out of range) ({
int di = 1 - base;
if (di < 0 || di >= length)
throw out of range("invalid index");
return di;

}

T & operator[] (int 1) {
return data[loc(i)];

}

const T & operator|[] (int 1) const ({
return data[loc(i)];

}

MpoypauuaTIoTIKEG TeXVIKEC 2022
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template <typename T>

class Array2D ({

public:

Array2D (unsigned n = 0, unsigned m
int bi = 0, int by = 0);

Array2D (const Array2D &a);

~Array2D () ;

Il
)

Array2D & operator=(const Array2D é&a);

T & select(int i, int j);
const T & select(int i, int j) const;

Row operator|[] (int 1i);
ConstRow operator[] (int i) const;
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protected:
T *data;
int baseRow, baseCol;
unsigned numRows, numCols;

unsigned loc(int i, int j) const
throw (out of range) ;

MpoypauuaTIoTIKEG TeXVIKEC 2022
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Il
o

Array2D (unsigned n = 0, unsigned m
int bi = 0, int bj = 0)

data(new T[n*m]), baseRow(bi),

baseCol (bj) , numRows (n) , numCols (m) {}

Array2D (const Array2D é&a)
data(new T[a.numRows * a.numCols]),
baseRow (a.baseRow) , baseCol (a.baseCol),
numRows (a.numRows) , numCols (a.numCols) {
for (unsigned i = 0;
1 < numRows * numCols; ++1)
data[i] = a.data[1i];
}
~Array2D () { delete [] data; }
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Array2D & operator=(const Array2D &a) ({
delete [] data;
baseRow = a.baseRow;
baseCol = a.baseCol;

numOfRows a.NnumROWS ;
numOfCols a.numCols;
data = new T[numRows * numCols];
for (unsigned i = 0;
1 < numRows * numCols; ++1)
data[i] = a.data[1i];
return *this;
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unsigned loc(int i, int j) const
throw (out of range) ({
int di = 1 - baseRow, dj = j - baseCol;
if (di < 0 || di >= numRows ||
dj < 0 || d) > numCols)
throw out of range("invalid index");
return di * numCols + dj;

}
T

}

& select(int i, int j) {
return data[loc(i, j)1;

const T & select(int i, int j) const ({

}

return data[loc(i, j)1];
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Row operator [] (int 1) {

return Row(*this, 1i);

0
J 6

11

class Row { 12

14

17

public:
Row (Array2D &a, int i)
array2D(a), row(i) ({}
T & operator[] (int 1) const {
return array2D.select(row, 1i);

}

private:
Array2D &array2D;
int row;

L7
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}

'Td10 pe To Row
class ConstRow ({ aA\a yia otaBepouc nivakec!

public?. oy
ConstRow(const Array2D &a, int 1)

-------------------

-----------------

-------------------

-------------------

------------------

MpoypauuaTIoTIKEG TeXVIKEC 2022



