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HY-150a Programming Recitation 2
AVTIKEIPMEVOOTPEWP TTPOYpPOppOTIoONO (object-
oriented programming), 11 OOP, ovopalovpe Eva
IIPOYPOUNATIOTIKO VIIOOELYIO TO OIIOL0
eppavioTnke ot TEAN TnC dekaetiag Tov 1960
Kol KaOiepwBnke kata tn bekaetia tov 1990,
ADTIKAO10TWDTAC O£ HEYAAO PaOo TO
IIoPadoolako vIodelypa Tov HoPUNIEYOL
rpoypappatiopov (my. C).

e [Ipokerta yla pia peBodoroyla avamatuénc
IIPOYPOAUNATWY,DIOO0TNPLCONEDT] KIIO
KXTAAANAEC YAWOOEC IIPOYPANIATIONOD.
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HY-150a Programming Recitation 2
Ta oxetilopeva dEAOPEVA Kal TWV dIODIKATIEC TOUC
TIOU ETIEVEPYOUV O€ QUTA YIVETOI OTIO KOIVOU, HECW
piog doung 6edopEvwr TO AVIIKEIUEVO .

KEVTPIKI I0€0 OTOV OVTIKEIUEVOOTPOAWPI)
Tipoypauuatiopo (OOP) gival n KAGon (class).

e Mio AULTOTEANC KAl APAIPETIKI OVATIOPAOTAON
KATIOIOC KOTNYOPIOC OVTIKEIMEVWV.

* EiTe (PUOIKWV OVTIKEIUEVWV TOL TIPAYUOTIKOU KOOUOU
€(TE VONTWDY EVVOLOAOYIKWY AVTIKEIPEVWD, OE
VO IEPLPAAAOD IIPOYPAUNAXTIOUNOD.




HY-150a Programming Recitation 2

« Evac tomoc 6ebopcvwy, 11 aAAlwC TO
1pooyedblo plac 6ounc 6edopevwy pe B1IK& TNC
IIEPLEYONEV A, TOOO NETAPANTEC 00O KOl
OraOlkaOlEC.

e Ta TIEPIEXOUEVA AUTA dONAWVOVTAI EITE WC ONUOTIA
(public) eite w¢ 1diwTtikd (private), pe Ta IO1WTIKK
DA UNPY €lval IPOOHIEAGOIIO OII0 KWO1KX
EKTOC TNC KAAGNC.

 O1 JI0OIKOTIEC TWV KAAOEWV oLVNBWC KAAOLVTAI
peBodoor (methods) Kat o1 HETABANTEC TOUC
yvwpiouata (attributes) ) rredia (fields).




HY-150a Programming Recitation 2

e [Bav1kG va elval EVVOLOAOYIKX XVTOTEANC

e Na meplieyetl OnAadn povo nedla Ta omoia
IIEPLYPAPOLY Pl KATNYOPLlK AV TIKEILEDWD

e Anpootiec peBodovc o1 ooilec ENEVEPYOVD OFE
ALTA OTAD KAAODVTAL OIIO TO EEWTEPLKO
IIPOYPOAUNA, YWPLC DA EEXAPTWDTAL OXIIO0 XAAX
6edopéva 1N KwdKa EKTOC TNC KAAOTNC.

« Emovaypnolponolnoiuyn, Era padpo KouTl

OLVAEVO P AELTOVPYNOEL YWPLC

TPOIIOIIOINOELC WC TUNIX O1LOPOPETIKWD

TIPOYPOAUUATWV




HY-150a Programming Recitation 2
AvTiKeipevo (object) eival To oTIYUIOTUTIO MiOC
KAQONC, N N d0ur OEQOUEVWV (UE ATIOKAEIOTIKA
OECPEVPEVO XWPO OTN PUVAuN) Paoltopevn oTo
«KOAOVII» IOV IMPOCPEPEL 1] KAxoT. Emmopévwc
LOVO Ta avTIKElIpEVa KaTtaAappfavoovy ywpo
0T PUPNIN TOV LIIOAOYLOT).

[Ma noapaderypa pia kAaxon BankAccount, n
OOl AVAIIAPLOTA VOV TPAIECIKO
Aoyoaplaoo, Kal va ONAWOOLIE VX
QDTIKELPEVO TNC PE ovopax MyAccount.

To MyAccount Ba £yel beopedoel YwPO 0TI
PPN pe Paon TiC HETAPBANTEC KO TLC
neBodovg mmov meptypa@ovTal oTNY KAXON.
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HY-150a Programming Recitation 2

« To MyAccount Oa pmopovoe va MEPLEYEL EVQ
yvwplopa (attributes), Balance (=vmoAoio))

Kol pla peBodboc GetBalance (=eniotpeye 1O

LIIOAOLIIO).

* AKOAOVOWC O popovoAE VA
ONULIOLPYNOOLIE XKOUX EVQ T) IIEPLOCOTEPQ
ADTIKELPEV A TNC 161 KAGONC Ta onrola B«
elval drapopeTIKEC bopec bedbopevwy
(braopeTikol Tparte(lkol Aoyaplaollol oTo
nopadeiypa).

e Ta avTiKEIPEVO PNlOC KAGOTC LIIOPOVD DX
IIPOOTIEAAOCOLY TA 1OIWTIKK IIEPLEYONEV QL

QAAWD ODTIKEWPEVWD TNG 610G KAAONG. ”

:"*FDHTH CSD University of Crete




HY-150a Programming Recitation 2

To OVO’UG class class name Ertimeoo ,
mce K?\O(OT]C = ItpooTaolac.

’ USRS CS Sl public,private,
AS&?UEVG permission_Tabel_2: protected
ONAWOEIC member2;

OLVODTNCE permission_label_3: AN
P member3; d OI’]’
WV OVTIKEIMEVOU

#include <stdio.h>
class Point { class_name object;

int x, y; // by default private

public:

}i

Point(int _x, int _y) : x(_x), y(.y) {3}
//same as Point(int _x, int _y) { x =
int GetX(void) { return x; }

int GetY(void) { return y; }

void Move(int dx, int dy);

void Point::Move(int dx, int dy) { x += dx, y += dy; }

int main(void) {

Point p(10, 20);
printf(“p =(%d, %d)\n”, p.GetX(), p.GetY());
p.x = 10; ///< compile error private member

University of Crete




HY-150a Programming Recitation 2
EvOuAdkwon dedopevwv (data encapsulation)
«'H 1d10TNTO TIOL TIPOCPEPOLY 01 KAXKOELC DX

«KpLBoLY» Ta 161WwTIKA 6ebopEva TOLC AIIO TO
LIIOAOLIIO Impoypappa Kol va e€axo@aAilCovy
IIWC POPO HEOW TWP ONPOTLIWY neBOdwWY TOLC
Oa NIIopPoLY ALTA VA IIPOCIEAXOTOLD.
¢ AUTT) 1 TAKTIKT HaPOoLo1xlel LOVO OPEAN

KoOwc e€avayralel Kabe eEwTeEPKO

IIPOYPAPIX PO PLATPAPEL TO YEIPLOUO IOV

emOvpel va Kavel ota nedla plac KAaoNnG

PEOW TWP EAEYYWD TIOL NIIOPOVY DA

IIEPLEYOVTOL OTIC dnuoolec neBodove nC

KAGGHQ

‘ FDP | H CSD University of Crete &

d#_ .-E’;.




HY-150a Programming Recitation 2
e H AITOLPYIKOTNTO OUTH AEYETal ouvNBwWC Application
Programming Interface — API.
e [0 VO £XOLE TIPOOBaon ota private members

TIAPEXOVE ETUTIAEOV ct:iic\_'ector {
member functions TIoU  EEEECEENINIISNINY
TO AEPE accessors. Vector DotProduct(Vector v);

e TO keyword thiS Ei\)al Vector CrossProduct(Vector v);
éVCXC pointer o010 bool IsEqual(Vector v);
OTIYMIOTUTIO TNG KAOGNG float GetX(void) {return x;}
TIOU POC BOr]e(’Xal VO void Set-x(float X)
mpocTieAdooupe member: GG
TIOV EIVOIl VTTOOKIOOEVEC { Vector::y = y; }
shadowed o710 TOTIIKEC /7 2z,

. EIQBA Ié private:
E O TEr TIeaR 3G Ve 2
T{:’y__‘:‘; figtitute of Computer Science };
R

= -




HY-150a Programming Recitation 2

class Vehicle A
protected:
string license,
int year;
public:

—_

Constructor

2
3
6
f,.

Vehicle(const.string &myLicense, const int myYear)
liCense(myLicense), year (myYear) {}
const string getDesc() const
{return license + " from " + stringify(year);}
const string &getlicense () const {return license;}
const int getYear () const {return year;}

<<Get-ers>> for be able to
call protected, private members

But without changing var. values
e FORTH

XL

L
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HY-150a Programming Recitation 2

A@aipeon 0EOOUEVWV KAAEITAL 1 1OI0TNTA TWV
KAQOEWV VO AVATIOPIOTOUV O@QAIPETIKA TIOAUTIAOKEC
OVTOTNTEC OTO TIPOYPOAUUOTIOTIKO TIEPIBAAAOV.

e Miot KAOON QTIOTEAEL EVO OQAIPETIKO HOVTEAO KATIOIOG
KOTNYOPIOC OVTIKEIUEVWV.

e ETTioNC 01 KAQOEIC TTPOO@PEPOLV KOl APAIPEDT WC
TIPOC TOV LTTIOAOYIOTH), EPOCOV N KOBEWIa UTTOPEl VO
BewpnbBel Evac HIKPOC KOl AUTAPKNC LTTOAOYIOTNC (ME
OIKN TOUL KATaOoTOOoN, HEBOOOLC Kal PETAPBANTEQ).




HY-150a Programming Recitation 2

Y1teppoptwon pedodov (method overloading) ival
N KATAOTOON KATA TNV OTIoia LTTAPXOLV, OTNV IDIA I
0€ OIOPOPETIKEC KAAOEIC, HEBODOI JIE TO 110 OVOUO KAl
TIOAVWC JIOPOPETIKA OPICUATA.

e AV TIPOKEITOI YIO HEBOOOULC TNC 1DI0C KAAONC
AI0POPOTIOIOLVTAI HOVO ATIO TIC DIOPOPEC TOUC OTA
OpIiouATa KOl OTOV TUTTO ETIIOTPOEPIC.

« MTTOpPOULPE VO Kavouue overload oTttoladrtote
ouvaptnon. MNpéErmelr opwc ol overloaded
OUVOPTNOEIC VO EXOUUE OIOPOPETIKI LTTOYPOPN KOl
LOAIOTO VO N OIAPEPOLV UOVO OTOV ETIIOTPEPOUEVO
TUTIO.

« >N C++ PTI0pOLV VA LTIEPPOPTWOOLV OAOI Ol

ATE =C, EKTOC ATTO TOLC TTOPAKATW TECOEPIC:
%ﬁﬁﬁf@'ﬁﬁi _C P ,?C_ P RIS

-
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HY-150a Programming Recitation 2

class printData {

public:

void print(int i) { cout << "Printing Iint: " << I << endl; }
void print(double f) {

cout << "Printing float: " << f << end];

}

void print(char* c) {

cout << "Printing character: " << ¢ << endl;
}

I

Int main(void) {

orintData pd,;

0d.print(5);

0d.print(500.263);

od.print("Hello C++");

return 0;

"*ﬂ FDP | H CSD University of Crete ¢
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HY-150a Programming Recitation 2

// Different signatures for all overloads, so everything ok
int square(int x) { return x*x; }
float square(float x) { return x*x; }
double square(double x) { return x*x; }

// Overloaded function differs only in return value
float square(float x) { return x*x; }
double square(float x) { return x*x; } //compile error here

// The following will not compile!

void foo (int x);

void foo (int x, int y=0);

foo(3, 5); // ok, calls second version

foo(3); // ambiguous call: foo(3) or foo(3,0)?

// Neither will this!

void foo (int x);

void foo (int x=0, int y=0);

foo(); // ok, calls second version

foo(3); // ambiguous call: foo(3) or foo(3,0)? ‘E
g -




HY-150a Programming Recitation 2

class Point {
int x, y;
public:
Point(int x = 0, int y = 0) : x(x), y(y) {}
const Point operator=(const Point& p) { // a=b=c emitpenetor
= pP-X, Y=p.Yy;
return *this;

}

const Point operator+(const Point& p) { return Point(x + p.Xx, y + p.y); }

}i

Point p1(10,20), p2, p3;
p3 = p2 = p1; // AUTOMOTN KANOCN TOU UMEPPOPTWHEVOU TEAECTH =
p2.operator=(pl); // Q¢ ocuvvdapTnon, 1OXVEL KOL OUTO TO OCUVTOKTLKO !

class Plus { // Classes mou umepgoptwvouv To () Agyovtai functors
public: int operator()(int a, int b) { return a + b; } // Ynepgoptwon teAsotn ()

}

Plus plus; // DAAWCN CTLYHLOTUTOU
int a = plus(10,20); // ALTOHMOTN KARON UMEPPOPTWHEVOL TeAeotn ()
= plus.operator()(10,20); // ...N HE TO EVOAAOKTLKO HNn OLVNOLOMEVO GUVTOKTLKO

It f Computer Sciance
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HY-150a Programming Recitation 2
KAnpovouikotnta ovouadetal n 1I010TNTa Twv
KAQOEWV VA ETIEKTEIVOVTAI OE VEEC KAQOEIC, pNTd
ONAWMPEVEC WC KANPOVOUOULC (UTTOKATOEIC 1)
'OuUYyaTPIKEC KAAOELC'), O1 OIIOLEC NIIOPOVD DX
EMIAVAYPNO1IOIION 00V TIC PETABIPATIEC
11e60O6ovC Kal 1610TNTEC TNC YOVIKNC TOVLC
KAQOTC XAAG KOl v IPOCOECOLD

O1KEC TOLC.

2TIYHLOTLIIN TWD BLYATPIKWDY KAXOEWD

JLIIOPOVDY DA YPT
VOD1IKWD QpOoD 1

olporoln®ovy avti Tw
OuyaTPlKT) £Vl KATA

KQIIOLOD Tpéno

FDPIE—I

..—1-'

{ﬁ .-E’;.

pia mo e€eldikevpevn exdoyn
an YOD1KTGC GAAG TO aTIOTPOWO HED 10)(1)81
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HY-150a Programming Recitation 2

[Tapaderypa KANPOVOUIKOTNTAC lvat
pla yovikn kAaon Vehicle (=0ynua) kat n
LIIOKAGOTM Tnc Car.

[TOAAXTIAT) KANPOVOULKOTNTA €11 1
SvVPATOTNTA IOV Hpoacpépouv opmuévaq
VAWOOEC Hpoypauuaﬂauou uloc K?\O(Gn DO
K)xnpovoua TO(UTOXpO])(X QIO IIEPLOOOTEPEC
aII0 Pl YOVKEC.

."- l‘ _._J\ s \f
e FORTH e
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HY-150a Programming Recitation 2

Inheritance example : (Vehicle-Car):

6 public:
7 Vehicle(const string &mylLicense, const int myYear)
8 : license(myLicense), year(myYear) {}
9 const string getDesc() const
10 {return license + " from " + stringify(year);}
11 const string &getlicense () const {return license;}
12 const int getYear () const {return year;}
13 3F;
1 class Car : public Vehicle { // Makes Car inherit from Vehicle
2 string style;
3
4 public:
5! Car (const string &myLicense, const int myYear, const string
ZmyStyle)
6 Vehicle(myLicense, myYear), style(myStyle) {}
7 const string &getStyle() {return style;}

8 };

. =7
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HY-150a Programming Recitation 2
Inheritance example : (Animal-Cat-Dog):

class Animal { class Dog :
public: public Animal {
Animal(char* name) : public:
name (name) {} Dog(char*
volid Walk(void); nhame ) : Animal ( name
private: ){}
char* name; void
},; Bark(void);
class Cat : public Animal };
{ .
public:
Cat(char*

name) : Animal(name){}
volid Climb(void);




HY-150a Programming Recitation 2

Ta JEAN piag KAOONC PTIOPOUV VA €XOLV EVA OTIO TOUG

TIOPOKATW XOPOKTNPIOUOLC TIPOCBaonC:

e private r} public.

* I protected, 0 OTTOIOC XPNOIUOTIOIEITOI OTIOKAEIOTIKO
OTNV KANPOVOUIKOTNTO.

*'Eva protected peAOC ival OLOIACTIKA private EKTOC
TNC KAAon¢ X otnv oTtoia opidetal, OAA UTIOPEL VO
XPNOIUOTIOINOElI O€ it KAOON TIOU €ival KANPOVOUOC
g X.




HY-150a Programming Recitation 2

* H KANPOVOUIKOTNTO TIPETIEL VO XOPAKTNPIETAL UE
EVOV OTIO TOUC TPEIC DIAPOPETIKOUC XOPAKTNPIOHOUC
(ONnA. public, private, protected).

e AUTOU TOU €100V O XOPOKTNPIOUOC OPILEl TOV TPOTIO
LE TOV OTIOIO Ol QUBEVTIKOI XOPOKTNPIOUOI
TIPOOBOONC TWV KANPOVOUNUEVWY PEAWV
TPOTIOTIOIOVLVTOI PECO OTO XWPO TNE KANPOVOUOU
KAQoNC.

* Av OEV XOPAKTNPIOTEL, Bewpeital private otav
KANPOVOUOUUE aTIO KAQOEIC Kal public otav
KANPOVOUOULUE OTIO Structs.

5 3L -.._.l
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HY-150a Programming Recitation 2

> TOV TTOPOKATW TTIVOKA BAETIOVUE TOV XOPOAKTINPIOUO
TIPOOBaONC TIOL £XOLV TA PEAN HIOC KANPOVOLOU
KAQONC MECO OTIO TNV KANPOVOUOUPEVN KAGON
OVOAOYWC PE TOV XOPAKTNPIOMO TIOL Ba EXEL N
KANPOVOMIKOTNTA:

public protected private

public public protected private

Wl laclel protected — protected private

private private private private

CSD University of Crete E




HY-150a Programming Recitation 2

Class definition body Run-time memory model
class P { ﬁ g =
protected nt >y
\ Int X, y;
class C : public P {
Int R; :
}. P p; int 2 x Bas
| ﬁ int >y ecla
SS
int 2 radius
int 2 p.x
int 2 p.y
é’g s FDF{TI: cor Seience CSD University of Crete &




HY-150a Programming Recitation 2

2 TNV KAnpovouikotnta ta derived classes
KANpPovopoLv aTtto to base class oAa ta member data
KOl OAa Ta member functions eKtOC aTTO:

e Constructors (0OAa ta overloaded versions)
e Destructor

» Operator = (OAa ta overloaded versions)

* Friends

[TaPOAO TTOL OEV KANPOVOUIOLVTAL Ol constructors Kal o
destructor, o default constructor kai destructor Ttavta
KOAOUVTAI OTOV ONUIOVPYEITAL I KOTOOTPEPETAL TO
derived oTlyHIOTUTIO.

& FORTH vers Bl
Tl o | g - i 9 N g
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HY-150a Programming Recitation 2

A€ UTIOPOVLPE VO class Base {

OPXIKOTIOIOOUE private int i
HETAPBANTEG pIOG base class  public:
OTTO TOV constructor tn¢ Base(int i) : i(i) {}
derived class yioti dgv b | |
£YoUpE TIPOOROCN OE AUTH. class Derived : public Base {
Int value,

: public:
Xpnmuonplouua 10 , Derived(int I, int val) :
OUVTOKTIKO OpXIKOTTOINong Base(i), value(val) {}
Vid constructors yio va Derived(int _i, int val) {
KAAECOULUE TOV constructor I=_;
Tou base class value = val

: }

G S , PR R
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HY-150a Programming Recitation 2

Constructor dnuiovpyei 1o class object

* 'EXEl TO (010 OVOUO PE TNV KAAON

e Mio KAQION PITTOPEI VO €XEl TTIOAAOULC overloaded
constructors

e XPNOIUOTIOIEITAL EIOIKO CUVTOKTIKO VIO TNV
OPXIKOTTIOINON TwV members

Destructor KataoTpEPEl T0 object (0Tav Byel EKTOC

scope &ite amo delete)

« 'EXEl TO IO10 OVOUO PE TNV KAAON LE ETUTIAEOV TO ~

e Mot KAOON UTTOPEL VO EXEL POVO £va destructor Kal
LOAIOTO XWPIC opiopata

* Av OV oploTEl KOBOAOL constructor i destructor, o
compiler dnpiovpyei Toug default oL dev TTAIPVOLVY

ﬁrﬂﬁ@@fﬁf{—i CSD University of Crete §
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HY-150a Programming Recitation 2
Int main(void) {
Vector* vecl = new Vector;

Vector vec2(2,4,1);
vecl->Add(vec2);

If (vecl->IsEqual(vec?2))
printf("vec = (%f,%f,%f)\n", vecl->GetX(),
vecl->GetY(), vecl->GetZ());

delete vecl:
return O;
}

F _#r::'- o I
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HY-150a Programming Recitation 2

class X {

public: X(void) { printf(“X()\n"); }
~X() { printf(“~X()\n"); }

};

class Y : public X {

public: Y(void) { printf(“Y()\n”’); }
~Y() { printf(*~Y(\n"); }

};

class Z : public Y {
public: Z(void) { printf(“Z()\n”); }
~Z() { printf(“~Z()\n”); }

1
int main (int, char**) { Z z; return 0; }
:FDF% IH CSD University of Crete {24




HY-150a Programming Recitation 2

class X {
public: X(void) { printf(“X(\n™); }

~X() { printf(*~X(\n"); } EKTUTTOVETAI KOTH
}; | TNV EKTEAEDT):
class Y : public X { X()
public: Y(void) { printf(*Y(\n"); } Y()
: ~Y() { printt("~Y(\n"); } Z()
class Z : public Y { ~\Z(8
public: Z(void) { printf(*Z()\n”); } ~X()

~Z() { printf(*~Z(\n"); }
g
intj_rnain (int, char**) { Z z; return O; }

;*:,;:: F D P - 2T
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HY-150a Programming Recitation 2

2 1pa kKAnpon¢ Constructor & Destructor:

» OI constructors otnv IEpAPXia KANPOVOUIKOTNTOC
KOAOUVTOI OTTO TTAVW TIPOC Ta KOTtw — downwards.

 OI destructors otnv IEpApPXio KANPOVOUIKOTNTOC
KOAOUVTOI OTTO KATW TIPOC T Ttavw — upwards.

‘-'!':i: -.._J
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HY-150a Programming Recitation 2

[TOALHOPPIOUOC ONUAiIVEL "TTOAAEC LopP@EC”.
AVAQEPETAl OTNV IKAVOTNTA EVOC OAVTIKEIMEVOU VO EXEI
TIOAAOUC TOTIOUC. Av  €xoupe dia function  Ttou
avapevel €va  object Vehicle , ptmopouvue va 10
TIEPAOOL PE ao@aAsla eva Car object, emteldr) kaBe Car
eival eTtiong eva Vehicle.

e ©OEAOVPE VO OANOEOLPE  (EEEIOIKELOOULUE) TN
OULUTIEPIPOPO TNC base class kavoviog override tn
AEITOVPYIKOTNTO TWV PEBOOWV TNC.

e OI CLVOPTNOEIC OPWC YivovTal linked otatika KOTO TO

compile kol 0gv LTTAPXEl TPOTIOC Yo TOV pointer b

va yvoopiZel at run-time tov TOTIO TOU Object oTo

~0TI0I0 OEIXVEI.

FDP H CSD University of Crete .
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HY-150a Programming Recitation 2
Polymorphism example:

struct Base { Derived derived,; |
void foo(void) Base base, *b = new Derived,

{ printf(“base”);} base.foo();
} derived.foo();

struct Derived : public ©b->foo();
Base {
void foo(void)
{printf(“derived”);}

2

G, — ;
(e FORTH versi
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HY-150a Programming Recitation 2
Polymorphism example:

struct Base { Derived derived: |
void foo(void) Base base, *b = new Derived,

{ printf(“base”);} base.foo();

5 derived.foo();

struct Derived : public b->foo();
Base { iy

void foo(void) a»

{printf(“derived”);}

riversity of Crete & o




HY-150a Programming Recitation 2

TIC OLVOPTNOEIC AVTEC TIC ONAWVOLUE PE TO keyword

virtual:

* O compiler dev kKavel otatika link Tov KwOIKA TN
ouVOPTNONC OAAQ VA TTOPAYEL KWOAIKA TToL Ba
OTIOQOCIOEL Y10 TO TIOIO CLVAPTNON TIPETIEL VO KANBEI
Kata 1o runtime n late (n dynamic) binding

e OI static member functions o€ umtopouv va dnAwBouv
wC Vvirtual.

* Mio ouvaptnon 1tov dnAwveTtal virtual oe eva class
eival Ttavta virtual o€ oAa ta derived classes.
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struct Base {
Derived derived,;

Base base, *b = new

printf(“base”); Derived, .

} base.foo(); //prints base
1 derived.foo();//prints
struct Derived : public derlve.d

Base{ b->100();

void foo(void) {
printf(“derived”);

‘FDF}Iﬁ S CSD University of Crete &
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Pure virtual cuvoptroeig AsyovTal ol virtual

OUVOPTHOEIC TIOL OEV £XOULV LAOTIOINGH.

e ANA®VOVTOI WC Virtual cuVOPTNOEIC PE EVa ‘=0’ 0TO
TEAOG. AE UTTOPOVE VO ONUIOLPYICOULIE OTIYMIOTUTIO
OTTO KAOOEIG TTIOL £XOLV E0TW KOl pIo pure virtual
ouVaPTNON.

* AUTEC OI KAOIOEIC ovouadlovtol abstract.

» XpNOIYOTIOIOLVTAL VIO VO OPICOLV YEVIKI) ,
AEITOVPYIKOTNTA TTOV Ba LAOTTOINGEI APYOTEPO ATIO TO
derived classes, av 1o derived class 0gv DAOTIOIEI TIG
pure virtual cLVOPTNOEIC EVOG base, TOTE ElvVal Kal
OUTO abstract.

MTtopoUpE va EXOUPE pointers Kal references o€
abstract classes, Oxl OUwWC¢ AVTIKEILEVO

Mia abstract KAOGN XwPIG YVwpIopoTa Kol ol HEBoJOI

THC elvpmabstract kol SnUOcieg KOAEITOI S10GUVOEC IR
(interfaceY = = CSD University of Crete \Gap
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EvdexeTal va €XOUUE OECPEVOElI OUVAUIKA UVIHN VIO
TIOAUUOPPIKO OVTIKEIPEVO.

Kota tn dioypagn Toug e delete 6EAovpue TTavia va
KANBEI 0 KataAANnAoc (1o derived) destructor.

[lo auto 10 Aoyo opidovpe To destructor TnN¢ base class
virtual. lNavta otav oxXedIO(OVUE IO KAAON Ttou TtiBavo
VO KANPOOOTHOElI OE KATIOIO OAAN OPICOLE TOV
destructor Tn¢ wg virtual.

> TO ETIOUEVO TTOPAdEIYUA, av 0 destructor tng Shape
oev Ntav virtual, kata to delete shape Ba KaAoLvTOV
Lovo o destructor tn¢ Base (Shape) kail 6a eixaue
memory leak av eixaue Kavel new eva Object Tn¢
Derived kAaong Circle.

%"*ﬁFDHTH CSD University of Crete
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HY-150a Programming Recitation 2
struct Base {

Base(void) { } struct Derived : public Base {

Derived(void) { 0 = new

Object; }
virtual void foo(void) ;!:;enved(vmd){ foo(); delete
{ printf(*base”); } void foo(void)
b { printf(“derived”); }

>10 TTOPGdelyua, ov @ Private:
destructor tnC Base dev ~ Object* o
Tav virtual, Kata 1o 1
elete b B0 KOAOLVTOV

Eovo 0 destructor NG _
ase Kal 8a gixape Base* b = new Derived,;

memory leak yla 1o T )
O /ect% NC KAAONG delete b; /lprints derived base

sr BhTH
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#include <stdio.h> /! void Shape::draw() {
class _Shape { virtuallDestructor !/ printf("Shape::draw\n”);}
public: e Circle::~Circle()
{ printf("circle
e destructor\n"); }
} | | Wvoid Circle::draw() {
class Circle : public Sha printf("Circle::draw\n"); }

public:

default Destructor 't Main {
: . Shape *shape = new
virtual void draw(); Circle:

g shape->draw();

Shape::~Shape() { printf("shape

destructor\n Y} return 0’}

AR
@i;r@ :E:D = TH . CSD University of Crete ?‘;,-, 2

te of Computer Science



HY-150a Programming Recitation 2

> TO TIOPadEyua, av o destructor TN Shape dev Nrav

virtual, kota To delete shape 6a KaAouviav LUOVO O

destructor Tn¢ Base (Shape) kol Ba gixape memory leak

av gixape kavel new eva Object ¢ Circle.

* Only Inherit from something If you have a virtual
destructor!

e [f you don’t, you’re almost certainly going to have
memory leaks.

* \Whether or not the destructor is virtual is a clear
Indication of whether or not a type Is intended to be
iInherited from.

* Don’t override functions that aren’t virtual! It's not
Hieggl it’'s jUSt bad practice.
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> TN C++ ETTPETIETON LI KAAON VO KANPOVOLIEL OTTO

TIEPIOCOTEPEC ATIO UIO KAOOEIC.

e H derived KAOON KANPOVOUEI TIC METARBANTEC KOl TIC

IEBOOOLC OTTO OAEC TIC base KAJOEIC.

e [IpETTEI OPWC VO OIELKPIVICOLPE oTn derived KAdon
TIOI0 UEBOOO XPNOIUOTIOIOVUE O€ TIEPITITWON TIOU
OUUTTITITOUV OVOUOTO OTIO OIOMOPETIKEC base KAOTEIC

* Name qualification € TOV TEAECTH)

#.:T: -'.-'l,.
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HY-150a Programming Recitation 2

class Basel { Run-time memory model
public:

int i, x; Basel ouyuioturmno Derived otiyuioturmo
void foo(int x) {} . . . . .
Basel(int i = 0) : i(i) {} int > i il Basel
}i int > x int > x
class Base2 { : i

int-> i

public: Base2 otiyuiotumno Base2
int 1, y; - : int2>y
void foo(int x) {} g =2 { ] ]
Base2(int i = 0) : i(i) {} int>y int-> j

};

class Derived : public Basel, public Base2 {
int j;
public:
Derived(int 11, int 12) : Basel(1il), Base2(12) {}
void function(void) {
foo(5); // compile error: ambiguous call to foo
1= 3; // compile error: ambiguous access to 1
Basel::foo(5); // ok, koaAsitar n foo t1n¢ Basel
Base2::i1i = 5; // ok, n avabson yivetair oto i tnG BaseZ2
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Derivedl Derived?2

Join otiyuioturmo

Derivedl

Derived2

class Animal { Animal
public: virtual void eat(); Mammal only

} ’ Animal

class Mammal : public Animal {
public: virtual void walk();

. Bat only
}; e

WingedAnimal only

Bat instance

class WingedAnimal : public Animal {
public: virtual void fly();

};

// A bat 1s a winged mammal
class Bat : public Mammal, public WingedAnimal{};

Bat *bat = new Bat;

bat->eat(); //error, ambiguous call
bat->Mammal: :eat(); //0k, calls Mammal::eat
Animal *a=(Animal *)bat; //error, ambiguous cast
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class Animal {
public: virtual void eat();

: : };
virtual virtual class Mammal : public virtual Animal {
public:
: . virtual void walk();
Derivedl Derived?2 3 0
class WingedAnimal : public virtual Animal {
public:
virtual void fly();
};
// A bat is still a winged mammal
Run-time memory model class Bat : public Mammal, public WingedAnimal{};

Join otyuiéturo
YH Bat *bat = new Bat;

bat->eat(); //0k, single animal sub instance
Base bat->Mammal: :eat(); //0k, but unnecessary
Derivedl only Animal *a=(Animal *)bat; //ok, inherited once

Derived2 only

Join only

o
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To diamond inheritance TIPOKUTITEl  ETTEIDN
KANPOVOUOULKE dVO (POPEC ATIO TNV IdIO KAAON.

Mo va eEucha)\iGouue OTl OOEC (POPEC KI Qv
K)\r]povouncoupa OTIO KATTOl0 base class 6a €xovpe
Tiavta uovo eva  Kowvo  base instance,
XPNOIYOTIOIOVYE TNV Virtual KAnpovouikotnta.
EvdExeTal va KANPOVOUOUUE OTIO KATIOIO base class
Kal JE virtual TpOTIo aAAQ KAl KOVOVIKA.

2€ OUTN TNV TIEPITITWON, €XOUUE €va KOIVO base
instance arto tn Vvirtual KANPOVOUIKOTNTO KOl €vd
KOVOVIKO yia KOOE ETTUITIAEOV KOVOVIKN
K)\r]povoulK(’)Tr]m.
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HY-150a Programming Recitation 2

Upcasting and downcasting are an important part of
C++. Upcasting and downcasting gives a possibility to
build complicated programs with a simple syntax. It can
be achieved by using Polymorphism.

C++ allows that a derived class pointer (or reference) tc
be treated as base class pointer. This Is upcasting.
Downcasting IS an opposite process, which consists In
converting base class pointer (or reference) to derived
class pointer.

Upcasting and downcasting should not be understood
as a simple casting of different data types. It can lead
to a great confusion.
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HY-150a Programming Recitation 2
Both upcasting and downcasting do not change object
by itself. When you use upcasting or downcasting you
just “label” an object in different ways. Downcasting IS
not safe as upcasting (in single inheritance). A derived
class object can be always treated as base class (in
single inheritance) object, the opposite Is not right.
Use of derived type instead of a base type:
Derived *d = new Derived();
Base *b = new Derived();
dynamic_cast:
Performs a check, at runtime, that the cast is valid. If it
ISn’t, returns nullptr.
The check doesn’t work in all situations (sidecasts)

Onl rJgs on polymorphlc types (types with virtual .
Uﬂ tﬁ(/;{ _ CSD University of Crete (i
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static_cast:
e No runtime check
e Bad cast = undefined behavior

Going backwards:

Base *b = new Derived();

Derived *d1 = dynamic_cast<Derived *>(b);
Derived *d2 = static_cast<Derived *>(b);

Side note: All of these are legal
Int a = (Int)b;

Int a = int(b);

mI aL gga_’uc cast<|nt>(b)

-----

CSD University of Crete &4
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Accessing Overridden Functions
class Base {

virtual void foo();

J

class Derived : public Base {
void foo() override;

J

Derived *d = new Derived();
d->Base::foo();

._#":_:'-_ I
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HY-150a Programming Recitation 2

Question: Create a class Person and two derived classes
Employee, and Student, inherited from class Person. Now
create a class Manager which is derived from two base classes
Employee and Student. Show the use of the virtual base class.
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HY-150a Programming Recitation 2

#include<iostream> class Employee :virtual public Person
using namespace std; 1
class Person{ private:
private: char emp_id[10];
char name|[20]; _
char emp_id[10]; public:
void get_data(){
public: cout<<"Enter Employee ID: ";
void get_data() Cin>>emp_lid; }
{cout<<"Enter Employee ID: "; void show_data(){
cin>>emp_id; cout<<"\nEmplyee ID: "<<emp_id;}
Popular Posts} I

void show_data()
{cout<<"\nEmplyee ID: "<<emp_id;}

%
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The keyword ‘virtual' makes only one copy of
ger_per _data() and show_per_data().

Which avoids ambiguity.
If we do not supply keyword ‘'virtual' the compiler

cannot decides which class' get_per data() and
show_per_data() to be called.
Because

3L -...l
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class Student : virtual public
Person{

private:

char roll_no[10];

public:

void get_data()

{cout<<"Enter Roll No: *;
cin>>roll_no;}

void show_data()
{cout<<"\nRoll No: "<<roll_no;}

%

class Manager: public Employee,
public Student

{

private:

unsigned int salary,

public:

void get_data() {
Employee::.get_data();

Student::get_data();
cout<<"Enter Salary: ";
cin>>salary;}

void show_data(){
Employee::show_data();
Student::show_data();
cout<<"\nSalary: "<<salary;}

J
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Int main() {

Manager m;

cout<<"Enter data for manager: ";
m.get_per_data();

m.get_data();

cout<<"\nThe data on manager is: ";

m.show_per_data();
m.show_data();
return O;
}
:"}ﬁFDQ IH CSD University of Crete
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Question: Create a polymorphic class Vehicle and create other derived
classes Bus, Car from Vehicle. With this program illustrate RTTI (Run-
Time Type Information) by the use of dynamic_cast and typeid

operators.
int main(){

#include<iostream> Vehicle *pveh, veh;
#include<typeinfo> Bus *pbs;

using hamespace std;

class Vehicle{ Bus bs;

public:

virtual void show(){}
b
class Bus: public Vehicle{}; Car *pcr; Car cr;
class Car: public Vehicle{}; pveh = &bs;
pbs=dynamic_cast<Bus*>(pveh);
1f(pbs)
cout<<"The Cast to derived pointer
pbs 1s Sucessful'<<endl;
else
s, cout<<"The Cast to derived pointer pbs
e FORTH 1s Falled'<<endl; 'CSD University of Crete &g
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Here the cast from base class Vehicle pointer pveh
to derived class Bus pointer pbs works well because
pveh 1s pointing to derived class Bus' Object.

;w:x,%' T A0
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HY-150a Programming Recitation 2
General examples

1A.In this example you will implement a class representing an array of Points(PointArray).
It will allow dynamically resizing the array, and it will track its own length so that if you
Were to pass it to a function, you would not need to pass its length separately.
Create the class with two private members, a pointer to the start of an array of Points and an int
that stores the size (length)of the array.
I class PointArray {
int size;
Point *points;

void resize(int size);

public:
PointArray () ;
PointArray(const Point pts[], const int size);
PointArray(const PointArray &pv);
“PointArray () ;

void clear ();

int getSize () const { return size;}

void push_back(const Point &p);

void insert(const int pos, const Point &p);
void remove (const int pos);

Point *get(const int pos);

const Point *get(const int pos) const;
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General examples

1B.Now Implement the default constructor(a constructor with no arguments)

with the following signature. It should create an array with sizeO. Implement a constructor that
takes a Pointarray called points and an int called size as its arguments. It should initialize a
PointArray with the specified size, copying the values from points. You will need to dynamically
allocate the PointArray’s internal array to the specified size.

PointArray::PointArray(const Point pointsf[], const int size)

Finally, implement a constructor that creates a copy of a given PointArray (a copy constructor).
PointArray::PointArray(const PointArray& pv)

(Hint: Make sure that the two PointArrays do not end up using the same memory for their
Internal arrays. Also make sure that the contents of the original array are copied, as well.)

Define a destructor that deletes the internal array of
the PointArray.
PointArray::~PointArray()
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General examples

#include "geometry.h"

PointArray::PointArray () A
size = 0;
points = new Point[0]; // Allows deleting later
}

PointArray::PointArray(const Point ptsToCopy[], const int toCopySize
) 1

size = toCopySize;
points = new Point[toCopySizel];
for(int i = 0; i < toCopySize; ++i) A

points[i] = ptsToCopylil];
}

$FORTH

CSD University of Crete &g




HY-150a Programming Recitation 2
General examples

PointArray::PointArray(const PointArray &other) {
// Any code in the PointArray class has access to
// private variables like size and points
size = other.size;
points = new Point[size];
for (int 1 = 0; i < size; i++) {
points[i] = other.pointsl[il];
}

PointArray:: PointArray () {
delete [] points;

}

.- ; p Q . "
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General examples

1.C Since we will allow modifications to our array, you'll find that the internal array grows and
shrinks quite often.

A simple (though very inefficient) way to deal with this without

repetitively writing similar code is to write a member

function PointArray::resize(int n) that allocates a new array

of size n, copies the first min (previous array size, n) existing elements into it, and deallocates
the old array. If doing so has increased the size, it’s fine for resize to leave the new spaces
uninitialized; whatever member function calls it will be responsible

for filling those spaces in. Then every time the array size changes

at all (including clear), you can call this function. In some cases, after you call this function, you
will have to subsequently shift some of the contents of the array right or left in order to make
room for a new value or get rid of an old one. This is

of course inefficient; for the purposes of this exercise, however,

we won't be worrying about efficiency. If you wanted to do this

the “right” way, you'd remember both how long your array is and

how much of it is filled, and only reallocate when you reach your current limit or when how
much is filled dips below some threshhold.

Add the PointArray::resize(int n) function as specified above to your PointArray class. Give it an
appropriate access modifier, keeping in mind that this is meant for use only by internal
functions; the

public interface is specified below.

ur
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General examples

Member Functions Implement public functions to perform the
following operations:

Add a Point to the end of the array
void PointArray::pushback(const Point &p)

Insert a Point at some arbitrary position (subscript) of the array, shifting the elements past
position to the right

void PointArray::insert(const int position, const Point &p)

Remove the Point at some arbitrary position (subscript) of the array, shifting the remaining
elements to the left void
PointArray:.remove(const int pos)

Get the size of the array
const int PointArray::getSize() const

Remove everything from the array and sets its size to O
void PointArray::clear()

Laapratitute of Computer Scieance
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General examples

Get a pointer to the element at some arbitrary position in the array,
where positions start at 0 as with arrays

Point *PointArray:.get(const int position)

const Point *PointArray::get(const int position) const

If get is called with an index larger than the array size, there is no Point you can return a pointer
to, so your function should return a null pointer. Be sure your member functions all behave
correctly in the case where you have a 0-length array (i.e., when your PointArray contains no
points, such as after the default constructor is called).

This part continues the previous 1A, 1B code, and parts 1B and 1C form the geometry.cpp file.

FORTH
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General examples

void PointArray::resize(int newSize) {
Point *pts = new Point[newSizel];
int minSize = (newSize > size 7 size : newSize) ;
for (int 1 = 0; 1 < minSize; 1i++)

pts[i] = points[i];
delete [] points;

size = newSize;
points = pts;

void PointArray::clear () {
resize (0) ;

}

=
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General examples

void PointArray::remove(const int pos) {
if (pos >= 0 && pos < size) { // pos < size implies size > 0
// Shift everything over to the left

for(int i = pos; i < size - 2; i++) A
points[i] = points[i + 1];

}

resize(size - 1);

}

Point *PointArray::get(const int pos) A
return pos >= 0 && pos < size 7 points + pos : NULL;

}

const Point *PointArray::get(const int pos) const {
return pos >= 0 && pos < size 7 points + pos : NULL;

CSD University of Crete f
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General examples

void PointArray::remove(const int pos) {
if (pos >= 0 && pos < size) { // pos < size implies size > 0
// Shift everything over to the left

for(int i = pos; i < size - 2; i++) A
points[i] = points[i + 1];

}

resize(size - 1);

}

Point *PointArray::get(const int pos) A
return pos >= 0 && pos < size 7 points + pos : NULL;

}

const Point *PointArray::get(const int pos) const {
return pos >= 0 && pos < size 7 points + pos : NULL;

CSD University of Crete f
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General examples

void PointArray::push_back(const Point &p) {
resize(size + 1) ;
points[size - 1] = p;
// Could also just use insert(size, p);

void PointArray::insert(const int pos, const Point &p) A
resize (size + 1) ;
for (int i = size - 1; i > pos; i--) {

points[i] = points[i-1];
+

points [pos] = p;

.- ; p Q . "
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General examples

Why do we need const and non-const versions of get ? (Think about what would happen if we
only had one or the other, in particular what would happen if we had a const PointArray object.)

We need the const versions so that we can return read-only pointers for const PointArray
objects. (If the PointArray object is read-only, we don't want to allow someone to
modify a Point it contains just by using these functions.) However, many times we

will have a non-const PointArray object, for which we may want to allow modifying
the contained Point objects. If we had only const accessor functions, then even
such a case we would be returning a const pointer. To allow returning a non-const
pointer in situations where we might want one, we need non-const versions of these
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General examples
5 Polygon

In this section you will implement a class for a convex polygon called Polygon. A convex
polygon is a simple polygon whose interior is a convex set: that is, if for every pair of points
within the object, every point on the straight line segment that joins them is also within the
object.

Polygon will be an abstract class — that is, it will be a placeholder in the class hierarchy:,
but only its subclasses may be instantiated. Polygon will be an immutable type — that is.
once you create the Polygon, yvou will not be able to change it.

Throughout this problem, remember to use the const modifier where appropriate.

5.1 Foundation

Create the class with two protected members: a PointArray and a static int to keep
track of the number of Polygon instances currently in existence.

FDP H CSD University of Cret
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General examples

5.2 Constructors/Destructors

Implement a constructor that creates a Polygon from two arguments: an array of Points and
the length of that array. Use member initializer syntax to initialize the internal PointArray
object of the Polygon, passing the Polygon constructor arguments to the PointArray con-
structor. You should need just one line of code in the actual constructor body.

Implement a constructor that creates a polygon using the points in an existing PointArray
that is passed as an argument. (For the purposes of this problem. you may assume that the
order of the points in the PointArray traces out a convex polygon.) You should make sure
vour constructor avoids the unnecessary work of copying the entire existing PointArray each
time it 1s called.

Will the default “memberwise” copy constructor work here? Explain what happens to
the PointArray field if we try to copy a Polygon and don't define our own copy constructor.

Make sure that your constructors and destructors are set up so that they correctly update
the static int that tracks the number of Polygon instances.
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General examples
5.3 Member Functions

Implement the following public functions according to the descriptions:

e area: Calculates the area of the Polygon as a double. Make this function pure virtual,
so that the subclasses must define i1t 1n order to be mstantiated. (This makes the class
abstract.)

e getNumPolygons: Returns the number of Polygons currently in existence, and can be
called even without referencing a Polygon instance. (Hint: Use the static int.)

e getNumSides: Returns the number of sides of the Polygon.

e getPoints: Returns an unmodifiable pointer to the PointArray of the Polygon.

ute Science
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General examples

5.4 Rectangle

Write a subclass of Polygon called Rectangle that models a rectangle. Your code should

e Allow constructing a Rectangle from two Points (the lower left coordinate and the
upper right coordinate)

e Allow construct a Rectangle from four ints

e Override the Polygon: :area’s behavior such that the rectangle’s area is calculated by
multiplying its length by its width, but still return the area as a double.

Both of your constructors should use member mitializer syntax to call the base-class
constructor, and should have nothing else in their bodies. C++4 unfortunately does not
allow us to define arrays on the fly to pass to base-class constructors. To allow using member
initializer syntax, we can implement a little trick where we have a global array that we update
cach time we want to make a new array of Points for constructing a Polygon. You may
include the following code snippet in your geometry.cpp file:

H - 8 CSD University of Crete .R
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1 Point constructorPoints [4];

2

3 Point *updateConstructorPoints(const Point &pl, const Point &p2,
const Point &p3, const Point &p4 = Point (0,0)) A

4 constructorPoints [0] = pl;
5 constructorPoints [1] = p2;
6 constructorPoints [2] = p3;
7 constructorPoints [3] = p4;
S return constructorPoints;
9 }

You can then pass the return value of updateConstructorPoints(...) (vou'll need to
fill in the arguments) as the Point array argument of the Polygon constructor. (Remember,
the name of an array of Ts is just a T pointer.)
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1 Point constructorPoints [4];

2

3 Point *updateConstructorPoints(const Point &pl, const Point &p2,
const Point &p3, const Point &p4 = Point (0,0)) A

4 constructorPoints [0] = pl;
5 constructorPoints [1] = p2;
6 constructorPoints [2] = p3;
7 constructorPoints [3] = p4;
S return constructorPoints;
9 }

You can then pass the return value of updateConstructorPoints(...) (vou'll need to
fill in the arguments) as the Point array argument of the Polygon constructor. (Remember,
the name of an array of Ts is just a T pointer.)
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5.5 Triangle

Write a subclass of Polygon called Triangle that models a triangle. Your code should
e Construct a Triangle from three Points

e Override the area function such that it calculates the area using Heron's formula:

K =+/s(s—a)(s—b)(s—c)

where a. b, and ¢ are the side lengths of the triangle and s =

a+b-+c
— 5 -

Use the same trick as above for calling the appropriate base-class constructor. You should
not need to include any code i the actual function body.

ute aCienca

rDP H i CSD University of Crete’i



HY-150a Programming Recitation 2

General examples

5.7 Putting it All Together

Write a small function with signature void printAttributes(Polygon *) that prints the
area of the polygon and prints the (7, y) coordinates of all of its points.
Finally, write a small program (a main function) that does the following:

e Prompts the user for the lower-left and upper-right positions of a Rectangle and
creates a Rectangle object accordingly

e Prompts the user for the point positions of a Triangle and creates a Triangle object

accordingly

e Calls printAttributes on the Rectangle and Triangle, printing an appropriate mes-
sage first.

FDP H CSD University of Crete
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Fi'

5.1.1 geometry.h

class Polygon {

protected:
static int numPolygons;
PointArray points;

public:
Polygon(const PointArray &pa);
Polygon(const Point points[], const int numPoints);
virtual double area() const = 0;
static int getNumPolygons () {return numPolygons;}
int getNumSides () const {return points.getSize();}
const PointArray *getPoints() const {return &points;}
"Polygon() {--numPolygons;}

;'TDP o CSD University of Crete &
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5.1.2 geometry.cpp

int Polygon::n = 0;

3 Polygon::Polygon(const PointArray &pa) : points(pa) {

++numPolygons;

5 }

7 Polygon::Polygon(const Point pointArr[], const int numPoints)
points (pointArr, numPoints) {
++numPolygons;

. ;if*;?; > — <
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h.2 Rectangle

5.2.1 geometry.h

1 class Rectangle : public Polygon {
2 public:
3

Rectangle (const Point &a, const Point &b);

Rectangle(const int a, const int b, const int ¢, const int d);
virtual double area() const;

=
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5.2.2 geometry.cpp

1

2 Point constructorPoints [4];

3

4 Point *updateConstructorPoints(const Point &pl, const Point &p2,
const Point &p3, const Point &p4 = Point (0,0)) {

3) constructorPoints [0] = p1;

6 constructorPoints [1] = p2;

7 constructorPoints [2] = p3;

8 constructorPoints [3] = p4;

9 return constructorPoints;

10 }

11

12 Rectangle::Rectangle(const Point &11, const Point &ur)

13 : Polygon(updateConstructorPoints(1ll, Point(ll.getX (), ur.getY ()

),
14 ur, Point(ur.getX(), 11l.getY ()

H o CSD University of Crete l(("“‘?‘




HY-150a Programming Recitation 2
General examples

> Rectangle::Rectangle(const int 1llx, const int 1lly, const int urx,
const int ury)
Polygon(updateConstructorPoints (Point (11x, 1ly), Point (1llx,
ury),
Point (urx, ury), Point (urx,

11ly)), 4) {}
19

20 double Rectangle::area() const {

21 int length = points.get(1)->getY() - points.get (0)->getY ();
22 int width = points.get(2)->getX() - points.get(1l)->getX();
23 return std::abs((double)length * width);

24 }

(You'll need to add #include <cmath> at the top of your file to use the abs function.)
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5.3 Triangle

5.3.1 geometry.h

class Triangle : public Polygon {

2 public:
; Triangle(const Point &a, const Point &b, const Point &c);
virtual double area() const;

5 };
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5.4 geometry.cpp

int dx01
dx12
dx20
int dyO1
dy12
dy20

double

double

return

a
b
o

S

std::sqrt( s * (s-a)

Triangle::Triangle(const Point &a,
Polygon(updateConstructorPoints(a, b, c),

points
points
points
points
points
points

std::sqrt (dx01*dx01 +
std::sqrt (dx12*dx12 +
std::sqrt (dx20*dx20 +

double Triangle::area() const {

.get (0) ->getX ()
.get (1) ->getX ()
.get (2) ->getX ()
.get (0) ->getY ()
.get (1) ->getY ()
.get (2)->getY ()

(a + b+ ¢c) / 2;

const Point &b,

points
points
points
points
points
points

dy01*dy01),
dy12*dy12) ,
dy20*dy20) ;

* (s-b) * (s-c) );

CSD University of Crete

const Point &c)

3) {}

.get (1) ->getX (),
.get (2) ->getX (),
.get (0) ->getX ();
.get (1) ->getY (),
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.get (0) ->getY () ;
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5.5 main.cpp

1 #include <iostream>

2 using namespace std;

3
4

5

#include

"geometry.h"

6 void printAttributes (Polygon *p) {

7
8
9
10
11
12

13

cout << "p’s area 1is

cout << "p’s points are:\n"
const PointArray *pa = p->getPoints ();

for(int i = 0; i < pa->getSize();

" << p->area() << ".\n";

++1) {

cout << "(" << pa->get(i)->getX() << ", " << pa->get(i)->

SFORT

gEtY() << rl)\nrl
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14 }

15

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

17 cout << "Enter lower left and upper right coords of rectangle as
four space separated integers: ";

18 int 11x, 1lly, urx, ury;

19 cin >> 1lx >> 1ly >> urx >> ury;

20 Point 11(11lx, 1lly), ur(urx, ury);

21 Rectangle r (11, ur);

22 printAttributes (&r) ;

23

24 cout << "Enter three coords of triangle as six space separated
integers: ";

25 int x1, yi1, x2, y2, x3, y3;

26 cin >> x1 >> y1 >> x2 >> y2 >> x3 >> y3;

27 Point a(x1l, y1), b(x2, y2), c(x3, y3);

28 Triangle t(a, b, c);

29 printAttributes (&t) ;

30

31 return 0;

32 }
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14 }

15

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

17 cout << "Enter lower left and upper right coords of rectangle as
four space separated integers: ";

18 int 11x, 1lly, urx, ury;

19 cin >> 1lx >> 1ly >> urx >> ury;

20 Point 11(11lx, 1lly), ur(urx, ury);

21 Rectangle r (11, ur);

22 printAttributes (&r) ;

23

24 cout << "Enter three coords of triangle as six space separated
integers: ";

25 int x1, yi1, x2, y2, x3, y3;

26 cin >> x1 >> y1 >> x2 >> y2 >> x3 >> y3;

27 Point a(x1l, y1), b(x2, y2), c(x3, y3);

28 Triangle t(a, b, c);

29 printAttributes (&t) ;

30

31 return 0;

32 }
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5.6 Questions

1. In the Point class, what would happen if the constructors were private?
2. Describe what happens to the fields of a Polygon object when the object is destroyed.

3. Why did we need to make the fields of Polygon protected?

For the next question, assume you are writing a function that takes as an argument a Polygon
* called polyPtr.

4. Imagine that we had overridden getNumSides in each of Rectangle and Triangle.
Which version of the function would be called if we wrote polyPtr->getNumSides ()~

Why?

ute Science
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5.6 Questions

1. If the constructors were private, then we would not be able to create any Point objects.

2. When a Polygon is destroyed, the counter for number of Polygons created 1s decre-
mented, and the PointArray’s destructor is implicitly called.

3. We had to make the fields of Polygon protected so that they could be accessed from
Rectangle and Triangle, but not by arbitrary outside code.

4. The getNumSides from Polygon would be called, because the function is not virtual.
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