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|vcn<€q quTA

o 2UvNOwWC uAonolouvTal Pe Kanoio XTA nivakwyv
(arrays)
o O ZTA Tou povodiaoTaTou nivaka ENApKei yia Tnv
uAhornoinon kabs ATA nivaka
int data[SIZE]; // oTarika

int *data = new int[SIZE]; // ouvauikd
o KooTtoc npoonehaong: O(1)
NV APTHORF/OC ST S L0 S S S Z St
unoAoyilel Tn Beon evoc aTolxeiou Tou ATA
nivaka oto 2TA nivaka Tn¢ uAonoinonc
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Tivake wg

B e S il e T Ti S e we =

el 0|12 ((3]|4]5
=1 6|1 7|18] 91011
i=2 1213114 |15| 16| 17

P T, L T PO T, AT Tl

rows = 3

cols =6

o ApiBunon KaTta ypauuec
loc (i,j) = cols *i +j

i = loc/cols, j=loc % cols
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[ivakes wg ATA

P

(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++) 3 2=81-6ek 1 rco ks
ilro G =] Sptiglars Tiatige JE=tlocEtscoll sy
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Tivake wg

B e S il e T Ti S e we =

o ATA nivaka ouo dIdoTACEWY 171 X M

O

i=0 0|36 9]12]15
i=1 1 (4|7 ]10]|13]| 16
=2 2 | 5811|1417

j=0 ke Tty XML 0, WL Tl

EvaAAakTIKa, apiBunon kata oTnAEC

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

i = loc % rows, j = loc /rows
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[ivakes wg ATA

P

(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
£ orL =0 ROl S.78aT R, Y for (loc=0; loc < rows*cols; loc++) {
oL (A =0 < FOWIS, & 1y 1) j = loc / rows;

0 G SFEEOW S Xt ars T

i = loc % rows;
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o ATA KQTW TPIYWVIKOU Nivaka 77 x n

= 0

=) 1] 2

i=3 31415

sl 67|89

i=5 10(11 (12|13 |14
j=1 TRt RO B

loc(i,j) =i(i—1)/2+j-1

o OMOIWC YIa CUPPETPIKOUC NIVAKEC
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i=1 ai
=" =) rows =4
L a | a4 cols =5
i=4 as
j=1 25 e IR oS s
' ot KooTog
o YAonoinon pe duadiko nivaka npoonehaong;

o YAonoinon PE TPEIC MIVAKEC
row=1[1,2,3,3,4] coli="1;342..3.55"|
VAl A @ A
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Do it yourself!

YAoroinon A

A MIVAKwV

MpoypapuaTioTIkEG Texvikeég 2026

174



ATA YICI|JOV05ICIOTC|TOUCI'IIVCIK€C;

template <typename T>

class Array {

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

Array & operator=(const Array é&a);

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

BA. ovvoliko kwoika otnv 1otocelioa tov 1odnuotoc.
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Vel

—_—

Jovodiaoraroug nivakeg (i)

_—— e e

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

unsigned loc(int 1) const;
// may throw out of range

2XHMA 4.1
2XNHRATIKI avarrapdotao1 tne doprnc avtikeipévou tinou Array <T>
Array<T> T T T T T
data * > 3 1 4 1 5 9
base 1 1 2 3 4 5 6
length 6

MpoypapuaTioTIkEG Texvikeég 2026 14



| ATA yia |JOV05ICIOTC|TOUC; I'IIVCI IKEG

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

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

~Array () {
delete [] data;

}
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Array & operator=(const Array é&a) {

if (&a !'= this) {
delete [] data;
base = a.base;
length = a.length;
data = new T[length];
for (unsigned i = 0; i < length; ++i)

data[i] = a.data[i];
}

return *this;
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ATA YICI|JOV05ICIOTC|TOUCI'IIVCIK€C;

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

}

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

}

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

}

MpoypapuaTioTIkEG Texvikeég 2026

1174



o Class template Array2D<T>
o Constructor pe opiopara

@ Array2D<T>
#data : T*
o Copy constructor #baseRow : int
#baseCol : int
#numRows : unsigned
O DeStrU CtOr #numCols : unsig?ned
Y +Array2D(n : unsigned, m : unsigned, bi : int, bj : int)
0O M86060| Y|G Const +Array2D(a : const Aray2D<T>&)
% +~Array2D()
+operator=(a : const Array2D<T>&) : Array2D<T>&
G V I IKSI I--‘IEVCI +select(i :int, j: int) : T&
+select(i : int, j : int) : const T&
+operator{](i : int) : Row
+operator{](i : int) : ConstRow
#loc(i: int, j : int) : unsigned
7

o To overload Tou [][] dev B e

EiVG' I_I O GVé ( |GTi _) //nested ,::reates \‘\nested\\creates
¢ \ \
pogaveg (yiaTi; SR g
© Array2D<T>::Row ‘ @ Array2D<T>::ConstRow
-array2D : Array2D<T>& | -array2D : const Array2D<T>&
-row : int \ -row : int
+Row(a : Array2D<T>&, i : int) | +ConstRow(a : const Array2D<T>&, i : int)
+operator{](j : int) : T& ‘ +operator{](j : int) : const T&
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template <typename T>

class Array2D ({

public:

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

Array2D (const Array2D &a) ;

~Array2D () ;

};

Array2D & operator=(const Array2D &a) ;

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

Row operator|[] (int 1) ;
ConstRow operator|[] (int i) const;

BA. o0voliko kwoika otnv 16T00EAIOO TOV LOONUATOC.
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protected:
T *data;
int baseRow, baseCol;
unsigned numRows, numCols;

unsigned loc(int i, int j) const;
// may throw out of range
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Array2D (unsigned n = 0, unsigned m = 0,
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;
i1 < numRows * numCols; ++1i)
data[i] = a.data[i];
}
~Array2D () { delete [] data; }
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ATA YICI§I5ICIOTCITOUQI‘IIVCIK€C;

unsigned loc(int i, int j) const {
int di = i - 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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ATA ylaélélacTaTouqnlvaqu

Array2D & operator=(const Array2D &a) {
if (&a '= this) {
delete [] data;
baseRow = a.baseRow;
baseCol = a.baseCol;
numOfRows = a.numRows;
numOfCols a.numCols;
data = new T[numRows * numCols];
for (unsigned i = O;
i1 < numRows * numCols; ++1i)
data[i] = a.data[1i];

}

return *this;
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Row operator [] (int 1) {
return Row(*this, i) ;

}

class Row {

10| 11

13

14

15

16| 17

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

}

private:
Array2D &array2D;
int row;

a7
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ATA yia 5I5ICIOTCITOUC;I‘IVCIK€(; S

= e e e = = =

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

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

} 'T010 pe To Row
class ConstRow { aAAa yia oTaBepouc nivakec!
PUD Jils Qaci-tg S-St g

ConstRow(const Array2D &a, int 1)

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

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

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

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

..................
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Standard Template Library

Eicaywyn otnv STL
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Eloaywyn aTnv STL

o e e e R e e e e

o Standard Template L|brary
o Mégpoc Tnc BiIBAI0BNKkNE TG C++
o ApxIkn oxediaon: Alexander Stepanov
o MepIExEl XpNOIUEC UNOMOINTEIC:
o OOPWV OEDOUEVWV
o aAyopiBuwv
o Ma va katahapBoupe o Baboc Tnv STL:
o templates
o operator overloading
o IEpAPYXIEC KAACEWV
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' Adaptors ' Container
stack || queue ’_" array vector
priority queue deque || list

Algorithm

=~ | find

binary search

MpoypapuaTioTIkEG Texvikeég 2026
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Eloaywy

Container class templates

oTnv. STL

Sequence containers:
array
vector
deque
forward_list <
list

Container adaptors:
stack

queue

priority_queue

Associative containers:
set

multiset
map

multimap

Array class (class template )

Vector (class template )

Double ended queue (class template )
Forward list (class template )

List (class template )

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

Priority queue (class template )

Set (class template )

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

Multiple-key map (class template )

Unordered associative containers:

unordered_set !
unordered_multiset !
unordered_map "

unordered_multimap *!

Unordered Set (class template )
Unordered Multiset (class template )
Unordered Map (class template )

Unordered Multimap (class template )
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2Up Bo)\ool

- Tuno¢ string

o NEPITUANIYMa (wrapper) yia array ano char
o XpnolPes pebodol

o size, length

grcositr

o e;pty

o operator[], substr

o append, operator+=

o compare, operator==, operator<, K.A.

o insert, replace

o find, rfind

MpoypapuaTioTIkEG Texvikeég 2026
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string s = "to be, or not to be? that is the question!";
string q = s;

cout << g << endl;

to be, or not to be? that is the question!

q += " _W.Shakespeare!";
cout << gq << endl;
to be, or not to be? that is the question! W.Shakespeare!

cout << "size=" <L s.size()
<< " length=" << s.length() << endl;
size=42 length=42

cout << s[l] << endl;
(0]

cout << s.substr(3, 2) << endl;
be

s.replace (21, 4, "maybe THAT");
cout << s << endl;
to be, or not to be? maybe THAT is the question!

MpoypapuaTioTIkEG Texvikeég 2026
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_2upBoAooeipa

s.insert (34, " indeed");
cout << s << endl;

to be, or not to be? maybe that is indeed the question!
int w = s.find("indeed", 0);

cout << w << endl;

35

w = s.find("really", 0);

cout << w << endl;

-1

const char *raw pointer = s.data(); // or s.c_str()
cout << raw _pointer << endl;

to be, or not to be? maybe that is indeed the question!
w = s.find("0") ;

ENEF X =g rEfineiClol )n:

cout <K w << " " << x << endl;

1 52
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Contalners I'I|vcu<c1q

- TunoG array<T, n>
o NapoWoIa CUNNEPIPOPA PE TOUC AnAOUC MIVAKEC
o 0Tabepou peyebouc, yvwaoTou at compile time

#include <array>

AT Py <OE SO IO // napouoio ye int al[l0];
array<string, 20> s;

a[l] = 42;

s[2] = "Hello";

MpoypapuaTioTIkEG Texvikeég 2026 42



Contalners I'I|vcu<aq | »

o Xpnoiuec pebodol TNC KAGong array
o size(): enioTPEPEl TO PEYEOOC TOU Mivaka
o at(): AeiIToupyei w¢ getter kai setter
o operator[]: onwc 1o at() aAAa xwpic EAeyxo opiwv

array<int, 10> a;
for (int i=0; i < a.size(); i++)
avsad Car)-ta= gk {80
for (int i=0; i < a.size(); i++)
couts <K ga a1y -<< il
© 10 20 30 40 50 60 70 80 90

MpoypapuaTioTIkEG Texvikeég 2026
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Contalners I'I|vcu<c1q |

o for () yia container(*)
array<int, 10> a;

for (int i=0; < a.size(); i++)

Foak sl 0y

for (type var : container)
for (int d : a) ... do something

Cout €< d <"y

© 10 20 30 40 50 60 70 80 90
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Contalners I'I|vcu<c1q ,_

o for () yia container(*)

array<i?t, 10> a;
// for |[(int i=0[, i < a.size(); i++)
L s allat (2 )yen=40%

1
for (int &d : a)

d = 42;
for (type var : container)
for (int d : a) ... do something
cout) < ed << e

42 42 42 42 42 42 42 42 42 42
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Contalners I'I|vcu<c1q f_

o 2+ dla0TAOCEIC
array<intt 10> a;

array<hrray<int, 10>, 10> b;

for (int i=0; i<10; i++)
for (int j=0; 3j<10;
b[i][J] =1 + J;

j++)

// b.at(i) .at(j) =1 + j;

for (array<int,10> row : b) {
for (int d row)
cout << d << "\t";
cout << endl;

}

for (const array<int,10> &row

MpoypapuaTioTIkEG Texvikeég 2026
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Contamers AICIVUG|JC| |

o Tuno¢ vector<T>
o Napopola CUPNEPIPOPA UE array
o METABANTOU peyeBouc
(eicaywyn Kai apaipeon oTo TEAOC)
o push back, pop back
o €10IKN anodoTIKn UAOMNoINON: vector<bool>

void showVector (const vector<int> &v);

vector<int> v;

for (int i=0; i<5; i++) v.push back (i) ;
showVector (v) ; | size= 5 contents= 0 123 4

v.push back (5) ; showVector (v) ; size= 6 contents= 012345
v.pop back(); showVector (v) ; |size=5 contents=0 12 3 4

MpoypapuaTioTIkEG Texvikeég 2026
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ContalnersAlavucrua V_

#include <vector>

NAHOOX APXIKH TIMH
vector<int> x(100), y (200, 42);

cout << y[199] << endl;
cout << x.size() << endl;

x.push back(1l7);
cout << x[100] << endl;
cout << x.size() << endl;

X .pop back() ;
cout << x.size() << endl;

MpoypapuaTioTIkEG Texvikeég 2026
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terators %

o Iterators (nX) vector<T>: :iterator

o ENITPENOUV TN dIACXIoN €vOC container iterable object
o QUUNEPIPEPOVTAl 0av va NTaV OEIKTEC

void showVector (const vector<int> &v) {
cout << "size= " <K<K v.size() << " contents= ";
vector<int>::iterator it;
for (it = v.begin(); it !'= v.end(); ++it)
cout ' <<h* 1L "G< WY
cout << endl;

viibl2bl 3l ab s

-»II_ I
t 1 =

v.begin () i v.end ()
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| Iterators

o EvaM\akTIKn, anAouoTepn 6|C|0x|0n (C++11)
vector<int> v;

for (int x : v)
cout << x << endl;

for (int &x : 1)
S =410

for (const int &x : 1)
cout << x << endl;

void showVector (const vector<int> &v) {
cout << "size= " <K<K v.size() << " contents=

Boris(rntad St vl icouty <€ au < vl
cout << endl;

MpoypapuaTioTIkEG Texvikeég 2026
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ContalnersAlavucrua V_

vector<int> wv;

for (int i=0; i<5; i++) v.push back(i);

ize= 5 tents=
showVector (v) ; size contents= 01 2 3 4

cout << v.capacity() << endl; 8 YEVIKG = size, implementation dependent
v.push back (5); showVector (v); size= 6 contents= 01 2 3 45
v.pop_back () ; showVector (v); size= 5 contents= 90 12 3 4

v.insert (v.begin()+2, 40);
showVector (v) ; size= 6 contents=0 140 2 3 4

vector<int> r (5, 10);

showVector (r) ; size= 5 contents= 10 10 10 10 10
r.resize(8); r[7] = 20;
showVector (r) ; size= 8 contents= 10 10 10 10 10 © © 20

r.resize(3);

showVector (r) ; size= 3 contents= 10 10 10

r.reserve (100) ;
cout << r.size() << " " << r.capacity() << endl; 3 100
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Contalners /\IGTCI X

o TUnocC 1ist<T>
o OINAG ouvoedepevN AioTa, ypauuikn d1aoxion
o €l0aywyn Kal apaipeon o€ apxn, TEAOC
o front, back, empty
o push front, pop front

o push back, pop back
o €loaywyn kai dlaypagn evolaueod

o insert, erase
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Contalners /\|ch0

S e e

void showList(const list<int> &l) {
list<int>::iterator it;

cout << "size=

for (it = l.begin(); it'!= l.end(); ++it) cout << *it << " ";

cout << endl;

list<int> 1;

for (int i=1l; i<5;
for (int i=0; i<5;

showList (1) ;

" KL l.size() << " contents= ";

i++) l.push back(i);
i++) l.push front(-i);
size= 9 contents= -4 -3 -2 -1 01 2 3 4

forsamtei=18" 0 <Bia Toleh) o]
colts &< U ron () a6< Sk <Gl ba ckil) < <h e T
l.pop front(); l.pop back(); 44 -33 -2 -11

}
showList (1) ;

size= 1 contents= 0
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Contalners /\IGTCl

size= 11 contents=© 12 345987675

l.reverse() ;

ShOWLiSt(l) ’ size= 11 <contents= 567 895432129

l4

I seott () ;

ShOWLiSt(l) I size= 11 <contents=0© 12 3455673829
4

l.push back(5) ;

ShOWLiSt(l) : size= 12 <contents= 9 12 345567 8935
4

l.unique();

ShOWLiSt(l) A size= 12 contents=© 12 345678 95
/4

o Tunog forward list<T>
o anAa ouvdedepevn AioTa
o Tunoc deque<T>

o onwc To vector aA\a pe anodoTIKN €I0aywyn Kai
apaipean oTNV apxn Kal oTo TEAOC
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| STL Kal tem plates r

template <typename T>
void showAnything(const T &iterable) {
cout << "size= " << iterable.size() << " contents= ";
typename T::iterator it;
for (it = iterable.begin(); it !'= iterable.end(); ++it)
cout <P b &SN
cout << endl;

E: Ti anaiTeital yia va AeIToupyei N showAnything;

A: - To T va civail iterable object
- va €xel opioTel (av anaiTeiral) o TEAEoTNC <<

template <typename T>

void showAnything(const T &iterable) {
cout << "size= " << iterable.size() << " contents= ";
for (auto element : iterable) cout << element << " ";
cout << endl;

MpoypapuaTioTIkEG Texvikeég 2026

55



2T0iBa Kal oupd

e e, eR e

o Tunoc stack<T>

o container adapter, ox1 container
o default container: deque<T>

o €l0aywyn Kal apaipeon aTnv KopuPn
o push, pop, top, empty

stack<int> s;
for (int i=0;

i<5; i++) s.push(i*10);

while (!'s.empty()) {
cout <<i'sytop () << "

s.pop () ;
}

40 30 20 10 0
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2T0iBa Kal oupd

— e e e = T e a2 =

- Tuno¢ queue<T>
o container adapter, oxi container
o €10aywyn oTo TEAOC, apaipeon ano Tnv apxn
o push, pop, front, empty

o 2TOIBEC KAl OUPEC UNOPOUV va uAonoinbouv pe
xpnon O1apopPETIKWV containers, ny:
stack<int, wvector<int>> s;

s

Tunoc nou nepiexel To stack Container nou ulonolei To stack
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2T0IBa Kal oupd

e o

void showQueue (queue<int> q) {
while (!g.empty()) {
cout << q.front() << " ";
q.pop() ;
}

queue<int> q;

forf (@ntia=l: 1<=5"1+H)
qg.push(i*10);

showQueue (q) ;

while (!'g.empty()) {

q.pop () ;
showQueue (q) ;

}
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