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C++ Templates

E e W e el T e T T e e e -l T At e e, ™

@ [ eviKOC TPOYPOULOTIGUOC
(generic programming)

¢ Function templates: tpd&eic mwov
eQOPUOLOVTOL GE (GYEOOV) OTOLOVONTOTE
TUTTO OEOOUEVMDV

¢ Class templates: tomot dedopévmv mov
TEPLEYOVV N ECAPTOVTAL UTTO (GYEOOV)
OTOLOVONTTOTE TUTTO OEOOUEVDV
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Functlonmplate sy e (i)

void bubble sort(int n, :int ia[]) {
forl (int 1 =021 nmi """" F+i)
for (int § = n-2; 9 >= i; --7j)
....... -{aljl > alj+1]) {

a[J]

|_I
5
i ot
o
I

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

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

int sl =482 19, 4,5 8 2405,
int na = sizeof(a) / sizeof(a[0]) ;
bubble sort(na, a);

Nikog ITaracmtdpov [poypappatiotikéc Teyvikéc



Functlonmplate sy

void bubble sort(int n :strlng a[]) {

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

for (int 1 = 0; 1 < n-1; ++1)
for (int j = n-2; j >= i; --3)
if (alil. > a[3+1]) {
: stringit = al[jl;

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

a[j] = a[j+1];

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

Estr:Lng b[] = {"ba", "abc", "aa", "bab"};

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

int nb = sizeof(b) / sizeof(b[0]) ;
bubble sort(nb, b);
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Functlontemplates e iii)

void bubble_sort(lnt ng T @)
for (int i = 0; i < n-1; ++i)
for (int = n-2F=qiasii 7 m==1)
........ (a[J] > a[j+1]) {
5T§t=a[j];

----------

¢ [0 (oye00V) omotovonToTe TVTO T,
POVTOGTELTE TOV GOV TTOPAUETPO
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Functlontemplates e iv)

int a[] = { 42, 17, 4, 3, 8, 2, 1, 9 };
int na = sizeof(a) / sizeof(a[0]) ;
bubble sort(na, a); of =l ANt

string b[] = {"ba", "abec", "aa", "bab"};
int nb = sizeof(b) / sizeof(b[0]):;
bubble sort(nb, b); // T

string

¢ 10 (oyeddv) omolovonmote TUTO T,
(POVTOOTELTE TOV GOV TOPALETPO
¢ [0ti «oyedovy;
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Functlontemplates el

template <typename T>
void bubble sort(int n, T a[]) {
for (int 1 = 0; 1 < n-1; ++i)
for (int j = n-2; j >= i; --j)

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

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

. .
------------------------------------------------

¢ Antouteitonl operator> (CUYKpion)
KOl operator= (ovdOeon)
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Functlonmplate e vi)

class complex {
public:

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

}

Yz
complex c[100];

bubble sort (100, c);
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Classtelates e (i)

¢ MvuoTtikot oucépoum aptOuot

class secret {
private

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

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

secret (const string &pwd,i int id):
password (pwd) , data(d) [}

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

] get(const string &pwd) {

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

}

};

Nikog ITaracmtdpov [poypappatiotikéc Teyvikéc



Class templates

int main() {
secret y("sagapo", 1971) ;
cout << '"Give the password:
string pwd;
cin >> pwd;
cout << y.get(pwd) << endl;
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Iatemplates (iii)

I e e e e T

¢ Mvuotikec cuopPorocelpéc

class secret {
private:

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

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

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

secret (const string &pwd, const:istringjé&d):
password (PWd) ; data (d) { } .......................

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

. stringiget(const string &pwd) {
i T (pwd == password) return data;
cout << "Wrong password!" << endl;
exit(0);
}
};
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Class templates

T e e T e e

int main() {
secret n("de sagapo", "rakitzis") ;
cout << '"Give the password: ";
string pwd;
cin >> pwd;
cout << y.get(pwd) << endl;
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Class templates

class secret {
private

---------

---------

--------

--------

---------

---------

1f (pwd == password) return data;
cout << "Wrong password!" << endl;
exit (0) ;

}
};
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Class templates L

e B e e i N R ey [ g

int main() {
secret<int> y("sagapo", 1971);
secret<string> n("de sagapo", "rakitzis");
cout << "Give the password: ";
string p;
cin >> p;
cout << y.get(p) << endl;
cout << n.get(p) << endl;

¢ secret<int>, secret<string>
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Classtemplates e e (ii)

¢ H vAomoinon ¢ ua@o&ov get umopet va
etvon kou EEm amod to class template

template <typename T>
T secret<T>::get(const string &pwd) {

if (pwd == password) return data;
cout << "Wrong password!" << endl;
exit (0) ;
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Kinpovoprcotqrae =~ (1)

author
publisher

lend()

Journallssue

@ O1 eEE10IKEVUEVEC KAAGELC KANPOVOLOLV T
YOPOKTNPIOTIKOA TMV YOVEDY TOVG
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Kinpovopukomqrae ~——— (lI).

¢ H «npovoukdtnra (inheritance)
ECUTINPETEL OVO GKOTOVG:

» Emavoypnoipuomoinon kmowo
» O1 ONADCELC TOV TEOI®V Kl TOV LEBOOWV
EOVOYPTCLLLOTOLOVVTOL, YOPIC VO YPEIACETL VOL
emovoANeBoLv

« Oplouodc kownc oemapng (interface) mov
LOLPALOVTOL TEPIGGOTEPEC KAAOGELS
» XPNOIUO MG YEVIKELON

» XPNGIUO GTOVE CPNPNUEVOVE TUTTOVC
oeoouEvav (ATA)
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| An?m KM] povo umomw e

class Person {
public:
Person (const string &name)
myName (name) {}

string getName () const {
return myName;

}

private:
string myName;

};
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| Ankn KM] povo umomw et

<€
class Parent:[public Person]{

public:

“A parent 1s a person”

Parent (const strigg &name)

: [Person (name) ,] children ()

void addChild(const Person &p) {

{}

children.append(p) ; Kakeiton o constructor
} Y10 TNV KOTOGKELT] TOV
int countChildren() const {|“Person” péca oto
return children.size(); “Parent”’.
}
private: O destructor tov “Parent”
List<Person> children; avtopata Ho KaAovoE Tov
}; destructor tov “Person”
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int main() {
Person dl ("Joe Dalton"),
d2 ("William Dalton"),
d3 ("Jack Dalton"),
d4 ("Averel Dalton") ;

Parent m("Ma Dalton") ;

m.addChild(dl) ; m.addChild (d2) ;
m.addChild (d3); m.addChild(d4) ;

cout << dl.getName ()
<< " is the son of " << m.getName ()
<< " who has " << m.countChildren ()
<< " children." << endl;

}
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An?m KM]pOVOHlKO’CT]’COL e

int main() {

Person *p = &m; // Subtyping: oyéon «eivory
// A parentis a person
cout << "Who is "
<<| p->getName () <
<< "?" << endl;

// Avto duwc eivar Aabog: Persons have names

cout << "Does she have "
<<L|p->fountChildren() <
<< " children?" << endl;

} Persons don’t have children;
only parents do!
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K?L(XGSlC_’ Kal euﬁsketoc

¢ edio ko uEBodor public: opatd omwod

o OAOVC

¢ edia ko uEBodot private: opord omd

o TNV VAOTOINON TOV HEBOO®V TNC KAAONG

o TNV VAOTOINON TOV PUMK®OV GLVOPTGEDV

¢ edio ko uEBodor protected: opartd

o OT®C TO Private, ko emmALov amnd

o TNV VAOTOINON TOV LEOOO®V TV KAAGEWDV TOV
0. KAN|POVOLLODV
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K?»occag KOLL euﬁsketoc

class Parent: public Person ({

public:

void reportChildren() ({
cout << myName << " has "

Nikog ITaracmtdpov

<< children.size ()
<< "children:

! << endl;

class Person {

private:
string myName;

};

protecteds
string myName;

};

Person {

[poypappatiotikéc Teyvikéc
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K?L(XGSlC_’ KoLt euﬁsketoc

OKknpovouuc(’)tnw ue public:
o TO TEOT KO O1 LEHOOOL TNG KANPOVOUOVUEVIC
KAQGOTG Ol TPOVV TOVE TEPTIOPIGLOVE
euPeretoc mov £yovv

« subtyping: woyvel n oyéon «eiva (1s-a)
¢ KAnpovouikotnTOo, e private:

o TO TEOT KO O1 LEDOOOL TS KANPOVOLODUEVIS
KAQon¢ yivovtal private

« Oy1subtyping: dev 1oyvel | 6yéon «etvory (1S-a)
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K?L(XGEIC_’ Ka suﬁsketa i e n

class Parent: public Person ({
};

Parent daddy;
cout << daddy.getName(); // Kinpovouei
Person *p = &daddy; // Subtyping, «eivaiy

class Incognito: private Person {
} i

[/ Kinpovouei alla onto ogv eivor opato Tpog to ECw
// Oy subtyping, «dev eivoiy
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| HoMom?m KM] povoumornw b (i

¢ Mo KAGGT KANPOVOLEL 00 TEPIEGOTEPEC

equipment
play()

Libraryltem Multimedialtem
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Hokkanknkknpovoumomw e

class Person; // viomoisi to getName ()
class Origin; // viomoisi to getOrigin ()

class Citizen: public Person,
public Origin ({
public:
Citizen (const string &name,
const string &country)
Person (name) , Origin (country) ({}
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int main() {
Citizen c("Charles Foster Kane", "USA") ;

cout << c.getName() << " comes from "
<< c.getOrigin() << endl;

Person &p = c;

cout << "Who is " << p.getName ()
<< "?" <L endl;

Origin &o = c;
cout << "Who comes from "
<< o.getOrigin() << "?" << endl;
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int g(double x);
}i

Avtikeipeva g
Base BAEmovv avtd

class Derived : public Base {

double a;
int f£(int x); <
void £ () ;

AvTikeipeva g
Derived BAémovv avtd

};
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Emcsmoccnue@oﬁoov

class Person {

void freeTime () const {
cout << myName << " sleeps\n";

}
};

class Student : public Person ({

void freeTime () const {
cout << myName << " reads a book\n";

}
yi
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Emcsmoc ue@oﬁv T iii)

Person p;
Student s;

p.freeTime(); // sleeps Person )
s.freeTime(); // reads freeTime
Person *pp; op
PP = &p;
pp->freeTime () ; Student :
// sleeps . Person
s . freeTime
pp->freeTime () ; _
// sleeps too !!! mREime
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EucovucsgusOoSm

class Person {

virtual|void freeTime () const {
cout << myName << " sleeps\n";

}
};

class Student : public Person ({
A
void freeTime () const|override| {
cout << myName << " reads a book\n";

}
yi
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Eucovucseeoéio

Person p;
Student s;

p.freeTime(); // sleeps Person )
s.freeTime(); // reads freeTime
Person *pp; op
PP = &p;
pp->freeTime () ; Student :
// sleeps . Person
s . freeTime
pp->freeTime () ; S
// reads!!!
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Hlokopoppoliog e - 0ol )

¢ H o010 pEB0o0c vAomolEITOL OL0POPETIKY
O€ OLUPOPETIKES ECELOIKEVGELC TMV
AVTIKELUEVOV

¢ Y Aomoigitan pe ypnon:
o EIKOVIKOV LEOOOWV

o KANOM OUTOV HEGH OEIKTMOV 1 AVAPOPDOV
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Ho?wuop(pwuog

void allFree(int n, Person * p[]) {
for (int i = 0; i < n; i++)
pli] >freeTime() ;

int main() {
Person * p[] = {
new Person, new Student, new Child

}!
allFree (3, p):;
}

Nikog ITaracmtdpov [poypappatiotikéc Teyvikéc 35



| A(pn pnuavegueeoﬁotmu K?»OLGSIQ D

class Person {

virtual void freeTime() const|= O}

};

¢ Apnpnuévec uEbooot:
OEV VAOTTOL0VVTOL GTNV KAQon Person aAid ot
KAQGELC TOV TNV KANPOVOLOVV avaiapPavooy
TNV VTOYPEMON Vo TIC KAvouy override

¢ ApnpnuUEVES KAAGELC:
KAAGELS TTOV TTEPLEYOVV PN PMNUEVES LeEBOOOVE
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Eucovucsg Kkoccsetg

class Person { .. }

class Student
public Person {

class Employee
public Person {

class WorkingStudent
public Student,
public Employee {

Person

/

Student

N

s

Employee

P

WorkingStudent

WorkingStudent

Student

Person

Employee

Person
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Eucovu(sg Kkoccetg

class Person { .. }

class Student

virtual

class Employee

virtual

class WorkingStudent
public Student,

. Person
public Person { .. } '
Student
public Person { .. } Person
Employee
public Employee { .. }
Person

Nikog ITaracmtdpov
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Xapwwgsémpecemv

¢ T eivon e€apéoerg (exceptions)

« Kabe gloovg avopaiicc 11 cpdAuoto mov
TPOKVTTOVV KOTA TNV EKTEAEGT] TOV
TPOYPAUULATOS Ko TPEMEL VO, CeEmEPAGOOVV
LLE E101KO TPOTO

o ILy. olwipeon HE TO UNOEV, ECAVTIANGT LVIIUNG

¢ Xepouog ecoapécemy otn C++

o Mnyovionodg: throw / try - catch
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X81p1c5u0g8<§mp868®v

class Exc {

try { }s
£ () ... »void £ () throw(Exc) {

} Exc e(...);
AN — throw e;

catch (Exc e) { « \\\ }

// so%ng \ 1f (wrong) {

// do something \
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Xapwuogséoupgcem\/ e

class stack {

void push (int x) ({
altop++] = x;
}

int pop () {
return a[--top];

}

int mysize;
int top;
int *a;

};

Av n otoifa etvar yepdn;
top == mysize

Av n otoifa gtvar dosio;
top ==
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Xetptcmogsioupecsmv

#include <exception>
using namespace std;

class stack {

class full stack : public exception {};

void push(int x) throw(full stack) {
if (top < mysize)
altop++] = x;
else
throw full stack();

}
{7
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Xelptcmogsioupecemv

#include <exception>
using namespace std;

class stack {

class empty stack : public exception {};

int pop() throw(empty stack) {
if (top > 0)
return a[--top]
else
throw empty stack();

}
{7
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Xetptcmogsioupecsmv

¢ Avayvopioe «1GOPPOTNUEVES) Guuﬁokooatpeg
LE TOPEVOEGELC KO OLYKVAES
« ooot:  [1*(x+y[2])+((£f g())=z)]
s paboc: - ANy A X287 A3))

¢ BonOntika:

class assert error : public exception {};

void assert (bool b) throw(assert error) ({
if (!'b) throw assert error();

}
char open(char c) {

revurn. ¢/ =="7Yyl=2 Y (tat-aaEes
}
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Xapwwgsémpecemv

bool balanced(const char *t) {
try {
stack s(100); // Méypr 100 «pwiioouévesy (7 |
for (const char *p = t; *p != '\0'; p++)
switch (*p) {
case '(': case '[':
s.push (*p) ; break;
case ')': case ']':
assert(s.pop() == open(*p)); break;
}
return s.empty() ;
} catch (exception &e) {
return false;

}
Y
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Xapwwgsémpecemv

int main() {

try { [ToAlamAot handlers,
ooKiudlovtol Ue Tn ceEPd

if (...) throw 42;
if (...) throw "hello";
if (...) throw out of memory()

catch (int n)

catch (const char *s)
catch (out of memory é&e)
catch (exception &e)

yi

{
{
{
{
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Xetptcmogsioupecsmv bl iX)

class red ball: public exception {};
class green ball: public exception {};

void children playing()

throw(red ball, green ball) { ... }
void little field() throw(green ball) {
try {
children playing() ;
}

catch (red ball &e) {
cout << "Caught the red one!" << endl;

}
cout << "Little finished" << endl;

}
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Xapwuogs&mpsceoov

void bigger field() {

try {
little field();

}
catch (green ball &e) ({

cout << "Caught the green one!" << endl;

}
cout << "Bigger finished" << endl;

,’ ---------------------------
g .,l“~-_/, ------------------------- ::“x\\
U4 Se- /”’ . T S e \\\ \\
el 20 o 30
,,/ ,/ . AP \\\ \\ \\
» I » NN \
main { bigger_field | little_field { children playlng
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