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AlapavelEC NAPOUCIATEWV

v H yAwooa npoypaupuatiopou C++
v ApPXEC QVTIKEINEVOOTPEPOUC NPOYPAUUATIOOU
v N\opEC OEDONEVWV
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C++ Templates
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+ Temlats

e S B e e e e e R R

o [evikoC NpoypauuaTIoHOC
(generic programming)

> Function templates: npa&eic nou epappolovTal
o€ (oxedov) onolovonnoTe TUNO OcOOUEVWV

- Class templates: Tunol 6€doOPEVWV NOU MEPIEXOUV
N e€aptwvTal ano (oxedov) onolovonnoTe TUMO
OeOOUEVWV

o Mapadeiypa:
aAyopiBpoc Ta&ivounong nou epappoleTal
o€ 0edopEva dIAPOPETIKWY TUNWV
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Functlon templates _» A

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

void bubble sort(int n, i int a[]) {

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

Fory (5'n B = (s G n—l; ++1i)
for (@B C sy TG h 5 El ki B it SO )
....... vl Eeial il el

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

l—l
5
-
(1 |
Il
"
Q.

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

: int (Sl e N e S o T RO o

int na = sizeof(a) / sizeof(a[0]);
bubble sort(na, a);
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| Fu nctlon templates e

void bubble sort(int n,i string] AR
ford(dnt i =00 90 < n:i} """ F¥1)
for Y int = tn=2s g o= i3
if (alil.> alJj+1l]) {

Estrlng t = al[jl;

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

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

:.s.t.r.lr.lg..l'b [ ] — { "ba" y "abc 1A "aa" "bab (A } ;

int nb = sizeof(b) / 51zeof(b[0])
bubble sort(nb, b);

MpoypapuamoTikeg Texvikeg 2025

29



Functlon templates R aar e e ‘,

for (1nt e 0 B < n—1; ++1)
for" (ANt Jh="nN—2y G >=E1n"—5])
i (a[J]@a[Jﬂ]) {
(T D= aljl;
al[j1(>dalj+1];
a[j+1l] = t;

0 Tia (oxedov) onoiovdnnote Tuno T,
(PAVTAOTEITE TOV 0AV NAPAPETPO

MpoypapuamoTikeg Texvikeg 2025 143



Functlon templates ‘?

template <typename T>
void bubble sort(int n, T a[]) {
Eorditan & aa=ie0n 18 San= Lk Hdy)
for (int j = n—2; j D gt Ll )

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

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

*
------------------------------------------------

0 Anaiteital  operator> (OUYKPION)
kal operator= (avabeon)
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Functlon templates R aar e e

o T iy ke s L BT M Y T R e O
int na = sizeof(a) / sizeof(a[0]);
bubble sort(na, a); S oD =4"1TLE

SErErngbidE =" {hatef=lah e b aall e L a5 e
int nb = sizeof(b) / sizeof(b[0]):;
bubble sort(nb, b); // T = string

0 MNa (oxedov) onolovdnnoTte Tuno T,

(PAVTAOTEITE TOV 0AV NAPAPETPO
0 [iaTi «oxedov»;
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(@)

class complex { dnuioupyia

private:
double re, im; ///

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

i complex (double r, double i); i // constructors
: complex (const complex &c);

~complex () ; // destructor

// behaviour, exposed
complex operator+ (const compl
double norm() const;
double Re() const;
double Im() const;
void setIm(double r);

.~ ___onst;
avabeon

// getters

oUyKpIon

// setters eKTUNWON

------------------------------------------------------------------------------------------
[]

! complex& operator=(const complex &c);

'lflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflllflld

bool operator>(const complex &c) const;
: friend ostream& operator<<(ostream &out,

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

(]
--------------------------------------------------------------------------------------------------------------------------
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Class complex, oupnAnpwpevn

e

// Constructor with 2 parameters.
complex: :complex (double r, double i): re(r), im(i) {}

// Copy constructor.
complex: :complex (const complex &c): re(c.re), im(c.im) {}

// Default constructor, creating a random complex. (!)
complex: :complex () {

// srand(time (NULL)) -> run once, not here!

// Dirty: returns a random between 0 and 99

re = (double) (rand() % 100);

im = (double) (rand() % 100);

// Destructor, just for studying...
complex: :~complex () ({

cout << '"Dying: " << *this << endl;
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Class complex | oupn)\npa)usvn SR

complex complex::add(const complex &c) const {
return complex(re + c.re, im + c.im);

}

double complex: :norm() const {
return sqrt(re*re + im*im) ;

}

double complex::Re() const { return re; }
double complex::Im() const { return im; }

!
N
[ —

void complex: :setRe(double r) { re
void complex: :setIm(double i) { im

I
-
—
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Class coplx oun)\npa)usvn e i

complex& complex: :operator=(const complex &y) ({
re = y.re;
im = y.im;
return *this;

bool complex: :operator>(complex c) const {
return norm() > c.norm() ;

ostream& operator<<(ostream &out, const complex &c) {
UL <SHca e N o im << i ae < S NOEI C 1
return out;
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Fu nctlon templates

Unsorted random complex numbers

// Seed the random number generator! 2wz 34.655
srand (time (NULL) ) ; 59+59i 83.4386

48+521i 70.7672
78+81i 112.45

complex c[10]; 224191  29.0689
13+1i 13.0384

74+251 78.1089
cout << "Unsorted random ” 12+52i 53.3667

<< "complex numbers:" << endl; "% %.07%
, p ; ! 91+631 110.68
for (int 1 = 0; 1 < 10; ++i)
cout << c[1i] << endl; Sorted

13+1i 13.0384
22+191 29.0689

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

bubble . sort (10, c):; rirpss 54 goce
...................................................... e e
cout << "Sorted" << endl; 49+331 59.0762
3 g ) ; 48+52i  70.7672

O LI NE =0 B S IO e~ ) 74+25i 78.1089
cout << c[i] << endl; 59+59i 83.4386

91+631i 110.68
78+81i 112.45
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| Classtemplates

0 MuoTiKoi akepalol apiBuoi

class secretInt {
private:
string password;
i int isecretData;
pdelc ...............
secretInt (const string &pwd,. int d)
password (pwd) , secretData(d){}

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

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

1f (pwd == password) return secretData;
cout << "Wrong password!" << endl;
exit (0) ;
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| Class templates

0 MuOTIKEC OUUBOAOCEIPEC

class secretStr {
private:
string password;

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

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

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

secretStr (const string &pwd,:stringid);

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

string get(const string &pwd) const;
};

secretStr: :secretStr (const string &pwd, “§§££99"d):
password (pwd) , secretData(d) {}

string secretStr::get(const string &pwd) const ({
if (pwd == password) return secretData;

cout << "Wrong password!" << endl;

exit(0);
} MpoypapuamoTikeg Texvikeg 2025
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Ias temlas

B ag e e W O e e

int main() {
string secretPassw = ''ntuaecedever";
string enteredPassw, secretString;
int secretInteger;

cout << "a secret int: "; cin >> secretlnteger;
cout << "a secret string: "; cin >> secretString;

secretInt sl (secretPassw, secretInteger) ;
secretStr s2 (secretPassw, secretString);

cout << "passw: "; cin >> enteredPassw;

cout << sl.get (enteredPassw) ;
cout << s2.get (enteredPassw) ;
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| Class templates

class secret {
private'

T iget (const string &pwd) const {

"""" if (pwd == password) return secretData;
cout << "Wrong password!" << endl;
exit (0) ;
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template <typename T>
class secret {

private:
string password;
T secretData;

public:
secret (const string&, const TE&) ; pressnensneas s RN
T get(const string&) const; OP]UIJOC €KTOG TNG
P s tias d el e N s et e bt et iR : KAAONG
template <typename T

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

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

password (pwd) , secretData(d) {};

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

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

if (pwd == password) return secretData;
cout << "Wrong password!" << endl;
exit (0) ;

} MpoypappamaTikeg Texvikeg 2025
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| CIass templates

int main() {

string secretPassw = '"ntuaecedever";
string enteredPassw, secretString;
int secretInteger;

cout << "a secret int: "; cin >> secretInteger;

cout << "a secret string: "; cin >> secretString;

cout << "passw: "; cin >> enteredPassw;

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

: secret<int> sl (secretPassw, secretInteger);
: cout << sl.get(enteredPassw) ;

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

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

secret<string> s2 (secretPassw, secretString);
cout << s2.get (enteredPassw) ;

----------------------------------------------------------------------------------------------------------------------------------------
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Iass temlts

int main() {
string secretPassw = ''ntuaecedever";
string enteredPassw, secretString;
int secretInteger;

cout << "a secret int: "; cin >> secretlInteger;
cout << "a secret string: "; cin >> secretString;
sl (secretPassw, secretlInteger) ; ‘
s2 (secretPassw, secretString) ;

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

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

cout sl.get (enteredPassw) ;
cout s2.get (enteredPassw) ;
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KANpovouIKOTNTA
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K)\npovoleOTnTa (mhentance) Ry

o H duvatoTnTa opiopou KAQCEWV NMOU ArnoKTouV
(kAnpovopouv) oAa Ta KAnpodoToUHEVa
XapAKTNPIOTIKA HIAC 1 NEPICCOTEPWV KAATEWV

o [\ev kKAnpodoTouvTal OAa Ta

LueAN piac kAaonc

(N kaAuTepa: Svoxs psouTe
] ] v -Ap_lautotntag
OEV €lval opaTa npoc xpnon) Endwpo
v v -Hp_lévvnong
o AMAnN KAnpovouIKOTNTA: v
1 kKh\aon-yoveac
o MoAAanAn KANpovouIKOTNTA:
>1 KAAOEIG-YOVEIG eberdts ] [ Kalnnele__
-Etog_Eioaywyrig -BaBpida B
+MpooBdrikn() +MpooBrikn()
+Aiaypagri() +Aiaypagri()
+MetafoAr_Zroixeiwv() +Metafolr_Zroixeiwv()
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| npovoplc')a

e e e = s e ® =

Y Y Duoikd péno
O IOXU pO EpYGAEIO -ép’_Taurétr]toc
-Endvupo
o 'la enekTaon, npoodnkn, -
e€e1dikeuan TNG OOUNG Toépove
Kal oUHnEPIPOPAcC KAAGEWV
o lNa enavaypnoiponoinon
Yroudaotric KaBnyntrig
-2XOA -M'vwoukdé_Avukeipevo
‘Erog_Eicaywyrig -BaBpida
. +[Mpoobrikn() +[Mpoobrikn()
YnevOuuion! +Aiaypagr() +Aiaypagr()
] Sl +MetafoAr_Zroixeiwv() +Metafolr_Zroixeiwv()
Open/closed design principle

1 A class should be open for extension
and closed for modification.

1 Classes should be written in a way that it is ready for adopting/adding
new features but "not interested"” in any modification.
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Zwvravég opyaviopods

T

a Kai yevikeuon

e

) ©nAaoukd T
€EEIOIKEUEVEG
KAQOEIG /1 T
KANpovouguyv Aehgivi Pérava AvBpwrog Aprouba Méotpoga Tomoipa 1 KABE KAGON
Ta nou
XapakTnp! IKG /, ,\ Mg e
ovg eival
TOUG e YEVIKATEPN anod
auTi Nou TNV
/q T POVOLEI
KA“ POVOUI KanTCI Exnaidevukés | | Mpoypappauotig ' -
E€eidikeuon revikEdeR o)

|

Adokakog
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H K)\npovoleOTnTa ...

R T = B T T S R T e e

> ...JECO POVTEAOMOINONC TOU nséiou EVOC
npofANuaToc:
o KaAuTepn napaoTaon 1910TNTWV Kal IEpAPXIwV
Ta&vounonc
o AuvaTtoTnTa anopuync n £ykaipou EVToniouou
oPaAJATWV oxediaong

o Ano@uyn "dnuIoupyikwv" AUCEWV 01 oroiec Ba
£XOUV ENINTWOEIC APYOTEPA
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H K)\npOVOlJlKOTrITG N il e Bl e i e

5 ...NMPOYPAUUATIOTIKO EPYAAEIO:

o Enavaxpnoipgonoinon £Toiuou Kwdika dIKou
Hac N Kal TpITwv

o 2Uyypagn veou Kwodika yia
enavaypnoiponoinon

o KaAuTepn katavonon kwdika
o MapaywyikoTnTa - KAAUTEPN NMOIOTNTA KWOIKA

MpoypapuamoTikeg Texvikeg 2025
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- ®IAocogpia enavaypnoiponoinong
nnyaiou KwoIika

o EvowuaTtwon ouoTaTikwy
nnyaiou KwdIka, ano pia
"BiBAI0BNKN"

o EpnAouTiopoc Tng "BiBAI0ONKNC'

o 2UCOWPEUCH TWV

dI0pBWOEWV / BEATIWOEWV
yia HEANOVTIKN XpNon
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- Enavaxpnoiponoinon nnyaiou kwdika

o O1 dNAWOEIC TWV NEdIWV Kal TWV PHEBOdWV
EavaypnoiponolouvTal, Xwpic va xpeialeral va
enavaAneoouyv

o O KWOIKAC UMNOPEI va £XEI KATAOKEUAOTEI O€
KAmnolo aAAo pyo

YnevOupion!
Apxn TN¢ povadikng eubuvnc (Single Responsibility Principle)
- Mia kKAGon Npenel va Kavel cwoTa KATI, YIa TO OMnoio va (pePEl TNV
anoKAEIOTIKN EuBUVN NECA O€ Eva NPOYPANHa

- AnAadn va pnv enavaiappaveral Kwdikac, OTav auTo PNopEi va
anoPeUYOEi
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K)\npovoleOTnTa

e B e e e e e R e e e e R e

o Mo "oeixtTn" oxediaon

o Opiopoc koivne dienapnc (interface) nou
poipalovTal NEPICOOTEPEC KAAOEIC

o MnXxaviouoc YeVIKEUONC

o XpNOINO OTOUC apnpnHEVOUC TUMOUC
dedouevwv (ATA)

o Alenapn (interface)
o "2upBoAalo” enikoivwviac e Tov €Ew KOOUO

o M€B0dOI HECW TWV OMOIWV N KAAon
XpnolJonoIEiTal
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class [6vopa] {

public:
MeAN opaTa €VTOC KAl EKTOC TNC KAAONC
private: // default!

MeAn opata peoa oTnv KAAon Kai o€ PIAeC OUVAPTNOEIC
Kal KAQOEIC

protected:
MeAn opaTa peoa oTnv KAAon, € (PIAEC OUVAPTNOEIC

Kal KAAOEIC Kal o€ KAQOEIC MOU TA KANPOVOUOUV
(kAaoeic-naidia)

[
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O

Tunol KAr povoleOTnTaq

o R e s R e e R e e T

public: H kAaon-naidi K)\npov0|Jsi Ta public kai
protected peAn TNC KAAonc-yovea wc public kat
protected peAn, avrioToixa, 1oxuel To "is-a"
protected: H k\aon-naidi kAnpovopei Ta public
kal protected peAn Tng kAaonc-yovea wg
protected peAn, dev 1oxvel TO "is-a"

private: H kAaon-naidi kAnpovopei Ta public kai
protected peAn TNG KAAonc-yovea wg private
ueAn, Oev 1oxuel TO "is-a"

Ta private peAn AEN kAnpovopouvTal
(kaAuTepa: dev €ival opata oTnv kKAaon-naidi)
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“Yhornoinon KAnpovopIkoTnTag

class parent class

{

public: Mpoooxn: Apopa Tnv
.. KANPOVOMIKOTNTA,
protected: ox1 TNV OPUT("'THTU HEA®V TNG
kAaong!
private:

public, protected,
}; o private

class child class :fgaagéglﬁaa{fig£?parent_class
(T i

public:

protected:

private:

¥
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K)\npovoleOTnTa na paéslypa i ki

class myRectangle {
private:

double a, b; &

public:

myRectangle() ;

myRectangle (double, double) ;
double A () const;

double B() const;

void setA (double) ;

void setB(double) ;

double perimeter () const;
double area () const;

void print (ostreamé&) const;
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e ——

K)\npovoplomm napaéslypa R

class myRectangle ({ // The parent-class
protected:
double a, b;
public:

myRectangle() : a(0), b(0) {}

myRectangle (double A, double B) : a(A), b(B) {}
double A() const { return a; }

double B() const { return b; }

void setA(double A) { a = A; }

void setB(double B) { b = B; }

double perimeter () const { return 2*(a+b); }

double area() const { return a*b; }
void print(ostream &out ) const ({
out << a << " by " << b << ": a=" << area();

out << " p=" << perimeter () << endl;
i
};
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K)\npovoleOTnTa na paéslypa Ry

int main() {
myRectangle r;
r.print (cout) ;
myRectangle s(2,3);
s.print (cout) ;
r.setA(3);
r.setB(4) ;
r.print (cout) ;

}

MpoypauMaTIOTIKEG TEXVIKEG 2025 173



class myCuboid ({ re-use --

private:
double a, b, [c}
public:

b
double A() const; double B() const;

void setA (double); void setB(double) ; Ls_a

AN
.

MpoypauMaTIOTIKEG TEXVIKEG 2025 174




_KAnpovopikotnTa, napadeiyua

class myRectangle { kANpovopNuEVa
protected: :
double a, b; enmokialovta
public:

ENIOKIAOUEVA
myRectangle () ;

myRectangle (double,double) ;

double A () const; class myCuboid : public myRectangle {
double B() const; protected:
void setA(double A) ; double c;
void setB(double B) ; public:
double perimeter () const; myCuboid() ;
double area() const; myCuboid (double,double, double) ;
void print (ostream &out ) double perimeter () const;
const; double area() const;
i double volume () const;

double C() const;
void setC (double) ;
‘ void print (ostreamé&) const;
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- KaTtaokeuaoTeg (constructors)

myRectangle: :myRectangle() : a(0), b(0) {}
T default constructor kAaonc-yovea

myCuboid: :myCuboid () : c(0) {}

default constructor kAaonc-naidi

myCuboid c;
c.print(cout); // a=0, b=0, c=0, area=0, perimeter=0, volume=0
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- KaTtaokeuaoTeg (constructors)

myRectangle: :myRectangle() : a(0), b(0) {}

T constructor kKAdonc-yovea
myCuboid: :myCuboid (double A, double B, double C) constructor
: myRectangle (A, B), c(C) {} kAaonc-naidi

myCuboid c¢(1,2, 3);
c.print(cout) ;
// a=1, b=2, c=3, area=22, perimeter=24, volume=6
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K)\npovoleOTnTa Kal Oxscrnlsa ok kA

2XEO0N uno-Tunwv / Subtyping

myCuboid c(2, 3, 4);
c.print(cout);

myCuboid *mc = &c;
mc->print (cout) ;

myRectangle *mr = &c;
mr->print (cout) ; VA S
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