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1 My
Constructors

.Demos\Chapter 01 N'"901 NXN]1 NT Y'Y 7w NN TP A% ow

NINp 0My'7 7wWNI Constructors-7 O'WAIN ORAIWN O'DAY 190N 1IP0I AT Y'WA
.O'DPMIN N™M1 7w '70N0 N1an 'N7 0N

(Parameterless Constructor) Default Constructor 1.1

,NP'7NN Constructor QN 1TAIN N7 ON .0NDLNIO 72PN 11'KW Constructor INT
3TN ON ,NIRT NINIVY7 .N'7NN'7 Default Constructor 'ONIDIN |9INA 1IX" Compiler-in
Default 'ODNIDIN [OIN2 AXI" K7 ,0MDNIO 72NN NWT7D Constructor NP7NN2
117y - 0DMLNIO 72N 11'NW Constructor-1 1221712 ON - NTD N1pPNA .Constructor
WAI9N |9IN2 NITANYT

analT

:(Ex01) NNT W'NnNN TIP YoI 707

class ClassA
{

/* A default constructor is generated automatically by the
comipler. */

b

class ClassB
{
public:
ClassB (int dummy) { }
/* This class has NO default constructor */

i

class ClassC

{

public:
ClassC(){ 1}
ClassC(int dummy) { }

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
12NNN NINP And2 niwa K77 7'nyn'7 I'N
kita.co.il



https://kita.co.il/

C++ 1 O'NWN

/* This class has a default constructor because it was
declared explicitly. */
b

int main (int argc, char *argvl[])

{
ClassA a;
// ClassB b; this line executes a compilation error
ClassC c;

}

DPI'MIN 1IN X7 WON 'NW TN NP7NNn AT TIP YDA NINYT TWONW 19D

,ADN9 720N Constructor 1TAIN NAW ClassB Nj7nni NN 0MLNIO NV K77
.Default Constructor 11712y xI' K7 Compiler-n [271

Copy Constructor 1.2

ON .XNW WTN DPMAINT TNR DPYAIND NITW NPNYN 7Y 'NINNN Constructor 10T
Copy Constructor 'DNIVIN |9INQ 11712V X" Compiler-n ,Copy Constructor 7' T2l N7
TN DPUAIND NITWN 7w (Memberwise Copy) NP7NAN AN Npnyn yxann
Memberwise Copy-I NINY NPNVN ,NTITY NPNYN 7V TIY) INNW WTN DPMAINT
.(Qwnna

['2 NN 702 X1 Copy Constructor-i ,Default Constructor-7 T1212 ,WATN7 21WN
N7 DN |'21 "NN Constructor N1 TaN ON

NITWA NN AT YoINN P'Mynt ,nP'7nnn 7w yoin 1bn19> 72pn Copy Constructor
NdIN yoIn7

analT

:(Ex02) NNT w'nnnin TI7 Yo |77

#include <iostream>
using namespace std;

class ClassA

{
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private:
int m value;

public:
ClassA(int value = 0){ m value = value; }
/* A copy constructor is automatically created! */

void Show() { cout << "ClassA: Value = " << this->m value <<
endl; }
b

class ClassB
{
private:
int m value;

public:
ClassB(int value = 0 ){ m value = value; }
ClassB(const ClassB &obj) { m_value = obj.m value; }

void Show() { cout << "ClassB: Value = " << m value << endl; }
b

int main(int argc, char *argvl[])

cout << "a...\n";
ClassA al(7);
a.Show () ;

cout << "\ncopy of a...\n";
ClassA aCopy(a); /* The compiler copy constructor is executed */
aCopy.Show () ;

cout << "\nb...\n";
ClassB b (9):;
b.Show () ;

cout << "\ncopy of b...\n";
ClassB bCopy(b);
bCopy.Show () ;

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
12NNN NINP And2 niwa K77 7'nyn'7 I'N
kita.co.il



https://kita.co.il/

C++ 1 O'NWN

NI NDINN 79

a...
ClassA: Value

Il
~

copy of a...
ClassA: Value

Il
~

b...
ClassB: Value = 9

copy of b...
ClassB: Value = 9

WII9N [9IN2 Copy Constructor 1TAIN N7 NMIAY WK ,ClassA 11Qy 0w O'NN
.a 7w pPnynd aCopy NN IX'7 12712'W 7D Copy Constructor X' Compiler-n

!7wnNY7 ,Copy Constructor ' TaN7 02T NND IW! ;YN

1. MyClass (const MyClass &c) { }
2. MyClass (MyClass &c) { }
3. MyClass (const MyClass &c, int value = 0) { }
...T1D0

N12YNAW N7 707 N2'on .1 niwa ind KA Copy Constructor 1 TaN7 NXI9IN 11TN
02 ‘727 701" Copy Constructor-nw O'N'DAN 1IN const 1IDN TDNIOD DPMIAIND
[N Copy Constructor NN'TaN 2 NIW ,NINT NNIV'7 .constant-2 NTAINW O'D{IMIN

.constant 11'NW DPMIAIN 'T' 7V 21 7INNNYT

NT ADI9IN K77 .(NION"NNN DISIN) & DIOIND WPNWNT7 Ww'w 17 0'w7 21wn
17w NP7NNAN DPMAIN 7277 71D 1)K Copy Constructor [DW,N'X'7'ONI77 NINIAW 72(7)
DN .(Copy Constructor-n 7yoIn 'Mn #1.2.3 01 NN1) By Value 1ayInn 1bN19D
NIN 7W NATIN N7V970 N2A'NR AN 7Y 197 DP9 N2V ,NWON AN 12Tn

JI'9ID1'R N'O1PY NIXI ANt 721 ,Copy Constructor

NTITY Npnya - Shallow Copying 1.2.1
012NN 0NWNY7 0DNw INd APNN DPMAIND 02NN ONWNa DY 7w i1pPNyvn "It
,Value Types 0N ONINNAW O'OIOD |2 N1'NAN NI'N IT ['VN NPNYN .WTNN DP'AIN]

7N'UNDN |7'K7 nmw niridtn 70 - 2010 ©
12NNN NINP 2ANd2 niwa K77 g'nyn'7 'R
kita.co.il



https://kita.co.il/

Constructors :1 1YW

DINWN INI7D,]ND'T2 NN TRT7 0'ON"NNN 0INWN 127 ,'7101 float int :7WN7 IN>
1D N2 .AN7A DI char * Lint * :7WN7 IND ,(Pointers INI70) Reference Type 110N
ININ7 O'Y2XNA ODFMAIN W NXITW (11D NA2I0N N7 712 y1axn 11y 7w npnyn
TNN DPMAINW 2XN DN ATD 2¥N2 .('I'T [9INA N¥PIN 01 0NPNIAW) [ND'T 2172

JNNIW 120W [T UTN IMINT ONMMINYT 'wn! W DPPAIN 171N NN NNWw?

npnyn yxan Compiler-n T 7y 'ONIDIN [9IN2 XN Copy Constructor-il ,1INNKD
.(Awnna 120In ,Memberwise Copy) Njp7NNin Nan 7w

analT

(Ex04) NNT Ww'nnnNn TIp Yo 707

#include <iostream>
#include <cstdlib>

using namespace std;

class ClassA

{

private:
char *m strValue;
int m nId;

public:
ClassA(const char *strValue) { m strValue = strdup(strValue); }
void SetId(int id) { m nId = id; }
~ClassA()
{
cout << "Object ID: " << m nId << ", trying to release the
address: " << (int)m strValue << "\n";

std::free(m_strValue);
cout << "success\n";

}i

int main (int argc, char **argv)

{

ClassA a("Hello world."):;
a.SetId(l);
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ClassA aCopy(a);
aCopy.SetId(2);

:NIN NDINN 79

Object ID: 2, trying to release the address: 202032
success
Object ID: 1, trying to release the address: 202032

qIDT7 W) NN7xN2 171V K7 1 1900 DPUAIN 7W 'MITH N2 1NNW ,0'NRNW 19D
.(ON1nxn 1T07 7190 1TO2 DMNIWY P1722 O'DPMAINW

YCopy Constructor N1 TAAN VIN ,ATIT NpNYNA 'T NP7nn7 ON :nyva

nPINY npnyn - Deep Copying 1.2.2

NPNYN 12 D'WNNNI WIION [9INA Copy Constructor OMNITAN AT AXNN YINI7 11D
NI K7W D 7921W! 1ND'T PI72W 127 ANTI NPINY NpPNYN1 .(Deep Copying) NPINY
2T TN ININ7 O'ON'NN O'DOPMIAIN W 12 XN

WAI9N |9IN] Copy Constructor NP7NNN 121 ,NNTIPN N1IDINN NN |[PN7 nan 7y
:N2N [9IN2 ,(Demos\Lesson 01 N'"M90D1 Ex02)

ClassA(const ClassA &c) { m strValue = strdup(c.m strValue); }
,|ND'TN 21727 NIMON'NNN 190N NN NINYT NPNYN 7W 11PN AIRTT7 1WON,|'017'N7
NN 1T AD'W) DON7 T NIMONTNNN 190N WNRD 77 N2 P172 NN 1NWY7I
.(COM nnu1'711OL2 7WN7 NN NI Reference Counting

,0axNN 721 Ay NpNnYnT [1NN9 Npoon N1 Copy Constructor NNTAN :NYN
D0"D'D] D'INWN .Memberwise Assignment Y¥an (=) AnNwWNN 1IDIOIN DWW
AIDISIN 7VOIN O'DPMAIN ONW 0N2AN 1Ay 17'N1,007Y 197 OPNVIND O'WRANNI
WNNYT7 W ,0wnaxn NIYXNNRI MIT [IND'T NI7nann Nip'7nna ,pY7 .0n7w anwnn

.OINDID [9IND ANWAN NIDIOIN NN 02
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Ap7nn "an npnyn - Memberwise Copy 1.2.3

MaN ‘7w NpNYNn Yyxan Kin,Copy Constructor 'DNIDIN |9INA 1XI' Compiler-i TWND
D'YIA¥NI D"D'D] DOAIDN DINWN .Memberwise Copy NI '70n ,nNp'7nnn
NINNN NIP7Nn 7w 0PN 0NW DINWN 1Y  DNT DNIYY7 .01y '97 0NN
.Onn TNN 70 '7w Copy Constructor-n '7V9InN

nip7nnn 7w Copy Constructors-n WIN'MA NM7N NpNyNN 7w pnivil NN D7
APINY IN ATITY NPNYN 71707 nnwy K91ELDPMAING TIN NIADINN

Copy Constructor-n '7y9In 'Nn 1.2.4
:Copy Constructor-n '7Y9In ON2 DAXN NND DIW!

. By Value N'¥PII97 DPMAIN DNAYN TWND <

.By Value n'X¥7119n0 2TNIN DPMAIN TWND <«

.Exception-D 11 DPI"AIN TWND <«

J7WN'7 ,ANXY NNNXNN NIWA - NN DPMAIN NIYYNNA DPMINK O'7NNNKN TWND - <
Object obj2 = obj1

NIN N'7'Von N7N Copy Constructor-n NN N'7'YonN N7 obj1=0bj2 nTIpoN :a%7 o'W
.(= 7IL19INN) Assignment Operator-n

Explicit Constructor 1.3
ININN (Implicit Conversion) NTNRINN NN 01 1 TaN TNK 1LNI9 '727INN Constructor
P7NNN 7w YyoInN'7 1bN19 7w 210

analT

:(Ex05) NNT Ww'nNnnn TIj Yo |'707

#include <iostream>
using namespace std;

class Complex
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{

private:
double m real, m imaginary;
public:
Complex (double real) { m real = real; m imaginary = 0.0; }
Complex (double real, double imaginary) { m real = real;
m_imaginary = imaginary; }
void Show() { cout << " (" << m real << ", " << m imaginary <<
")\n"; )

b

int main(int argc, char **argv)

{
Complex z1(3);
z1l.Show () ;

Complex z2 = 4;

z2 .Show () ;
}
:NIN N1DINN 79
(3, 0)
(4, 0)

NN MTaNW 720 double 110N mny 7V 7NNIN z2 DPM"AINN ,NINT7 TWONW 19D
NNNN 1NN7 1IDI9IND [IWNAN constructor-1 WNNWN Compiler-n ,AWYN7 11
.Complex 2101 DPI"AINT double-n

NINN YXINNW 1¥11 N7 002 0NP» 01w D 0N LAY NINaNn DIt 00 0Npna
WAI9N |9IND NINT WJ21 ON N7N NTNINN

DYI2N 07W 190N NIYXNNIA 7INNNY7 NIN1N String DWA NP70N 21Tanw N0, 7wn?
;N2 [9IN2 ,NTINNNA 01N 190N 7W NNTPIN NINXPNYT
class String
{
public:
String(size t bufferSize) { m buffer = new char[m bufferSize =
bufferSize]; }
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bi
:NTNNNY7 07W 190NN NINNYT7 0NAaN AN2N MIwWn
String s = 'A';
ON,(65 71VN) ’A’ INn 7w ASCII-N 71YN 197 0NN NIND 7W NRXPN YXANN IT Niwa
INN NN N'7'O00 NTNNN X7 [11DNN 7720 N1IWN NN 2ANDW NI2NNA D TIND DN 1D
T2720°A

[9IN2 .explicit N'7'"MN NN constructor-N NITANT7 O'TP1 1T NTNIAN NN VIANT7 D
W19 91N NNIR DIW11 ON N7N 7NN yxa'7 7011 X7 01

amalT

:(Ex06) NNT w'nnnin TIj Yo |'7n7

#include <iostream>
#include <cstring>

using namespace std;

class String

{

private:
char *m buffer;
int m bufferSize;

public:
explicit String(size t bufferSize)
{ m buffer = new char[m bufferSize = bufferSize]; }

String (const char *str)
{
m bufferSize = std::strlen(str) + 1;
m buffer = new char[m bufferSize];
std: :memcpy (m_buffer, str, m bufferSize);

}

void Set (const char *str)
{ strncpy (m buffer, str, m bufferSize); m buffer[m bufferSize -
1] = '"\0'; }

void Show() { cout << m buffer << endl; }
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~String() { delete[] m buffer; }

main (int argc, char **argv)

// String s = 5; ERROR!!
String sl1(5); // OK!
sl.Set ("Hello world");
sl.Show();

String s2 = (String)5;

s2.Set ("Oh yehh");
s2.Show () ;

:NIN N"1DINN 79

Hell
Oh vy

DN String '7W YoIN7 5 19001 NN TNINN [9IN I'MNN7 [I'D1,17 O'W7 TWONW 19D

N1'7xN 171990 ,(s2 7NNINNW '92) NWAION NN "1 ON ,IINT NNIYYT7 .NIW'Y7

Constructor-1 O'VI2j7 7INNN 1.4

7NNN7 TWON ,NTD N1PN2A .0"DLO DI'NW NP7NN2A 0'WIAPI 0INWN 7V 1nxn7 [N

.Constructor-1W Initialization List-1 1 N O'WIQP DNIN NN

analT

:(Ex07) 20N NNT W'NNN AN ANAITA T

#include <iostream>

using namespace std;

class ConstClass

{

private:

const int m relative;
int m value;

public:
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ConstClass (int relative, int value) : m relative(relative),
m value(value) { }
void WhoIsGreater ()
{
if (m _relative > m value)
{
cout << "relative > wvalue" << endl;
}
else if (m relative < m value)
{
cout << "relative < wvalue" << endl;
}
else
{

cout << "relative == value" << endl;

}
b

int main (int argc, char **argv)

{
ConstClass (7, 9) .WhoIsGreater();
ConstClass (9, 7) .WhoIsGreater();
ConstClass (8, 8) .WhoIsGreater|();

NI NDINN b'79

relative < value
relative > wvalue
relative == value

Constructor Initialization -2 77 Y¥2NN7 712! m_relative NINWNA 7INNN ,O'NNW 19D
List
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2 MW
Inheritance

.Demos\Chapter 02 N'"901 NXNI1 AT 1Y'W 7w NN TIP A% o'w

nwa niNwIn 2.1
:NP'70N NANY7 NIMWON Wi NINWAN Wi7w awe

N71 21X'N TIPN N7 ,0wna 178 'INENP7ANYT W19 10 NP7nnn 12N - private
IN NNXY NP7NNN MaNY7 P N private 210N 12N7 Awnan NN DR7Nnn
friends-2> NP'7NNN N2 N2INW DIYPA9 IR NP'7NNY7

JINT NIP7nn'7 (AN TIP'7 [0 W public 2100 Np'7Nn 12N - public
NIP7NN'7 W21 AN 21¥N TIPN W1 12N protected AI0ON NP'7NN 11N - protected
np7nn 7w TP 1972 17'NI private-2 211NN NIN 12IX'N TP 1970 InI7> NN
IN NIP7NN) 12Ix'N TIj ,private-1 1ND ,IND O3 .public-D 2NINN NIN NNTA
friends-2 NP'7NNN N2 121N [0 ON 1207 NWa7 17010 (Nirypao

<

Wi 1o 2.2
N1 QWA NN AW, N9 AW AW 7W 0910 AwI7w rTan CH

n'vI9 NWIN' 2.2.1

0"DI9 NIN'Y7 091N Protected Member-il Public Members-n 72 N'p19 nwinma
N7 N ,NT220 NP7nnaw T NN 0'Wn21 1N 0N2N 0NN 7> .N0man np'7nna
JIX'NN 07197 0w e

1NN NP7NN2a 0'02N NP7NN 0N NINWN 7w 17007 aniT N'p1o nwie
DO'DPIMAIN 7V Y1AXNT7 710! N7 0'01N NP7AN7 yraxn n'o1o nwn' 7w npna
AWON'WY 722 N'DI9N AW NN AW NI TR D 2V1TN NN np7nnn 7w
.0'02N NP'7NN 7w Public Members-7 Nwa'7 mix'n TI77

<

<
<
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751 .using NINXN T 7V NWIN NINWAN DR D'WIIR AP70n Nan7 nnw'7 nu <
NI NN AN17 'D19 0'02 NP7NN 12N 7W AW NN NRWY7 [Na N7 ,mMpn
nNIW INI7D) 178 NWA7 INIW 0'02 NP'7nn 1an,»D ON ,(public IN protected)
ININ 1917) 21x'N TP7 quwn7 N1 ,(Public IN Protected N1 17W NNWAAN
.(Public-7

struct 112Y) N'DI9 NWAIN KA class NAY 7TNNA NN - IX N7 NWIAINN A0 ON - <
Ny nwan kN 7TNNN N2

analT

:(Ex01) N'DI9 NWIN' NWNNN NN ANAITA

#include <iostream>
using namespace std;

class base
{
private:
int a, b;

protected:
int ¢, d;

public:
int e, f;
base() { a=1; b =2; ¢c = 3; d=4; e =5; £ =26; }

i

class derived : private base
{
public:

int g, h;

derived() : base() {g = 7; h = 8; }

void func ()

{

// 'base::a' : cannot access private member declared in class

'base’

// a = 1;
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// OK
c = 12;

b

class anotherDerivation : private base
{
public:
int g, h;
anotherDerivation() : base() {g = 70; h = 80; }
using base::e;
lusing base::c; /* OK */

// 'base::a' is not accessible from 'base'
//using base::a;

bi

int main (int argc, char **argv)
{

derived d;

// OK

d.g = 10;

// 'type cast' : conversion from 'derived *' to 'base *' exists,
but

// 1s inaccessible
// base *pB = &d;

// 'base::e' not accessible because 'derived' uses 'private' to
inherit

// from 'base'

// d.e = 6;

anotherDerivation ad;

// OK
ad.e = 10;
ad.c = 9;

/* Oh, we can cheat the compiler */
reinterpret cast<base*>(&d)->e = 11;
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nNnyn

nIX'N TIPN O™MI2YN AP70N0 20 NN D'NON NP9 AWM NINTZ TWONW 19D <
.(main)

1210 NP7NNan DPIMAINT 002N NP7NN NIYXNNKA VIANNT7 N1 N7 <

NNIa'Y Awa NNWIN TNNY7 1WoON ,anotherDerivation Np'7nNnNn ONNW IND <
.using NINXN NIYXNNI NNT O'WIY .N'DI9 AN'A WD ON 17'9K8 12nY7

1aN7 NOman ap7nna nwna oy w'w yaan - NIWRIN DNomnn Miwn <
NN AT ,using N7 NIYXNNA 21X'N TIP7 NIN QIwn'7 07121 118 ,0'020 NP7nnn
.0'02N NP7NN 7w ¢ 1an7 n'wyw

INIW D1 Compiler-n NN NINA7 0O'713' 1IN - AMWN NMADINNA MWD <
N1 |9IN2 .b NP'7NN Yy'axN'7 ,d NP'7NN7 Y'axnin NN reinterpret_cast NIYXNNI1
derived-1 'D19'7 19N 0"N1'AW ,base '7W MIQ'¥N e 12NN NN NNWY7 O'71D' 1IN

D1 DN'2 ,001Wn casting-n MIDI9IN ONADIN 1900 JWNN2  :NYA
.reinterpret_cast

0'01N NP7NN 7w 0"DI9 ONNWI ,0'0AN NP7NN 7w 0"'DI9N 02NN A7 o'W
.ON'78 W 'N 7YPR 751 NNn ap7nnti

nim nwin' 2.2.2
:0''I0ON 07720 OY N, N9 AW 7W OMIT NIRNPY 'O 7V N7VI9 DM Awine

N7 0o9In Protected Member-il Public Members-n 72 naam nwnn <
NP7NNAW TP NN D'w2l 1N 0N2N DNIN 7D .NNTN NP'7NN2 Protected
JI¥'NN 071V7 0'WR 17 N7 N, DTN

O'DPMAIN 7Y Y1AXNT 710! N7 0'020 NP7NANT yaxn .nam nwn' 7w apna <
AWON'W D22 NN AWNR NN MW RIA TR D 2VITN .11 ap7nnn 7w
.0'02n Njp7NN 7w Public Members-7 NWa7 11x'N 11737
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7251 .using NINXN T 7V NWIN NINWAN NN D'WIIR AP7nn Nan7 nnw'y nyg
NIt NN a7 '19 0'02 NP7NN 12N 7w Awa nna NRw'y na N7 ,00pgn
nNIW INI7D) 178 NWA7 INIW 0'02 NP'7nn 1an,»D ON L(public IN protected)
ININ 1917) 21x'N TP7 quwn7 na ,(Public IN Protected N1 17W NNWAAN

.(Public-7
protected-n '7WN'7 ,12N 7W NWIAN NN NN N'N9N7 T using-1 WNNWN7 N1

.private-7

q"7N11 NNV 1'01 ON ,NINGAW [NIN NN TN IXD ANIND TI2YD INTIPN AN
12210 AW N'D9N NWiIN' NN

nnny nwine' 2.2.3
nnIy7 0Qiwn 0'77an 190n 0'N'P N ,AWNHN NRNPY 0NNw1 DNy nwina
:N1INI N'BLYS NWN!

,NNTIN P7nna Public-> DMNWl  Public Members-n NNiAY nwni <«
.11 |'N '7'7D ,Private Memebers-1 ,Protected-> 0" nNW1 Protected Members-i

7W OWDPMAIN 7V YV1IAXNYT7 710! 02N NP7ANT Yaxn NNy nwn 7w npna <«
npivihbyiaish!

protected-n 7WN'7 ;72N 7w NWIN NN NN N'N9N7 1D using-2 WNNWN7 N1 <
.private IN protected-7 public-n IN ,private-7

nWN' N 7TNNN N0N2 class-1) NNIAKN AWN KT C7TNND N0N2 struct-1 <€
(1o

T

:(Ex02) nMuary nwin' AwnnNn AN AN

#include <iostream>
using namespace std;

class base
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{
private:
int a, b;

protected:
int ¢, d;

public:
int e, £;
base () {
}i

class derived : public base
{
private:
/* makes c private */
using base::c;

protected:
/* making e protected */
using base::e;

public:

int g, h;

derived() : base() {g = 7; h = 8; }
b

int main(int argc, char **argv)
{

derived d;

// 'derived::e' : cannot access protected member declared in
class 'derived'

//d.e = 10;

/* OK */

base *pB = &d;
pB->e = 10; /* bypasses the privacy! */
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nNnyn

NIN9 I'N'W D base-N 02N 7W NWIAN NN NN N'N9N7 TWON ,O'NNW '9D <
.derived-1 0'WM

N7 Compiler-n1 .pB y1axninn NWON N1 N ,d NIYXNNI e MINWNYT7 NWIA7 NI K7 <
7W NWIN NPT NN NN9NW NINNY ,derived-7 base 210N y'axn Ny yan
Compiler-n .derived N'7NN2 ININ 1WA TWNRD base Np'7NN2 e MIA'X¥N 12NN
1IN IN N'D9 N AW WND 7 YRIaXnN NN Vaim

2N nwirn' 2.3

,NM9W2A NIAIWNN NNN K7 T NN .NANT 12 NIP7NN 190NN QWi NMWoND C++
NINAIN NISW .['PN [9IN] N2 WNNWANY7 0'7'5Wn N7 ON NIIDIONN NNN 01 NINT DY
790NN M7 NNWORN NN N'on ,C++ INN7 INNI9 TWNR C#-1 Java IND O'MXY
.0'27 0IN27 PN RID T NIDNA WIN'WW 112NNW INN7 Nip7nn

N2 N9 2.3.1
TNIN 0NN NN PI720 N7'NN2,DPMAIND 7W [1ND'TA 2172 NI N1 Compiler-n TWNRD
NN NP7Nnn 7w 0N2ann 0'o0I1 DN INN7 P11,0'0a0 NIP7Nnn [N2TN PI172
J7WN'7 .DPMAIND TN NINNW ,ANXY

class A : public B, public C, protected D { ... };
nP'700N0n D |9INA1L,C-1 B NIPT7nnan Miarx [9IN] DA A Np'7nnn AT TIP Yo
.D

[PN .Visual C++ N2'2021 PT1IW WINM'7 NON"NN NININNA [IN2'TN NDM9 (v
AT JND2'T D09 2NN 1I'R C++
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:INPI'7TD N A 210D DPMAIN 1IAY [IND'TN NDM9

A Man

)
D nan

cnan

B Man

object address k

Ll

)

ON"MNN B DPMIND M2N O'NRYNI 17W [1ND'TA 2172 N'7'NNAW 7D 122 A 210N DPMIAIN
7> .A 7w D'WTNN 0DN2NN 0'901 [N INN7 P11 D N2N DN ANN7 ,C NN 0O'IRXN)
AW DPMAIR AXTD AT NN YD)

‘N2 [9IN] LE OWI NWwTN np'7nr) O Tan ININW N
class E : public C, public A, public B { ... };
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:INI'7T1D N LE 210N DPMAIN 7W (1NN N0

( E "nan \

B Man

( A man \

D nan
cman
500
B Man
00
cman

object address _\ | e )/

analT

:(Ex03) nann nwin' 7w 71N (ND'TN N0M9 NIN WNNN NIN TN Y}I

#include <iostream>

using namespace std;

void DumpMemory (const char *name, int *pBase, size t size)

{

cout << name << " (" << hex << (int)pBase << ") " << ":[ ";
if (size > 0)
{

cout << hex << *pBase;

}

for(int i = 1; i < size / sizeof (int); i++)
{
cout << " | " << hex << *(pBase + 1i);
}
cout << " " << endl;
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class A
{
public:
int a;
A() { a = OxAAAAAAAA;}
}i

class B

{

public:
int b;
B() { b

0xBBBBBBBB; }
b

class C : public A, public B
{
public:

int c;

C() { c = 0Oxccceeeee; )
}i

class D : public A, public C
{
public:

int d;

D() { d = 0xDDDDDDDD; }
}i

class E : public A, public D, public C
{
public:
int e;
E() { e = OXEEEEEEEE; }
i

int main (int argc, char **argv)
{

ay

b;

Cc;

d;

ey

0o QW
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( ) &a, sizeof(a));
( ) &b, sizeof (b)) ;
(int*) &c, sizeof(c)):;
( ) &d, sizeof (d));
( ) &e, sizeof (e));

:NIN NIDINN 79

38f8ac
38£8a0

( ) aaaaaaaa
( )
(38£88c)
( )
( )

|

]
bbbbbbbb ]
aaaaaaaa |
aaaaaaaa |
aaaaaaaa |

bbbbbbbb | ccccccce ]
aaaaaaaa | bbbbbbbb | ccccccce | dddddddd ]
aaaaaaaa | aaaaaaaa | bbbbbbbb | ccccccce |

38£870
38£840
ddddddd

Q0 Q0 0w

aaaaaaaa | bbbbbbbb | ccccccce | eeceeeeece ]

nnNnyn

JT7 NI 7RINTRYPN 11V NINWNN 7Y DN 70NN 07700 702 DN 7 - <€

int 210N DINWN P71 11770 NINRA X7 - <

197 78 NI2VINA N2INDAN 7NN int 1900 NO0'9OTN DumpMemory N'¥lIon <«
JAVINW size-n

P71,]1N2'TN NDM97 N'7W ONANN NN N9'0IN 0!'02 NP7NN 70 'N NINT7 1WON <
TN NP'7nnn Nan 0o qi0a7

INWM1 [ 12 1T0N '9 7V PIFTA |IND'T2 NINTION 0'02N NIP7Nnn O'NMLD IND - <«
TN NP7nnn 7w 0'0an Nip7nn nniwa

Name Ambiguity 2.3.2
:N2N NIP7nnn N1D17NA aIan

class A

{
public:
int a;

}i

class B : public A { };
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class C : public A { };
class D : public B, public C { };

class E : public B, public C
{
public:
int a; /* Hides the inherited a */

}

void main ()
{
D d;
// d.a = 5; /* Error - ambiguity */

.B::a = 5; /* Changes the a that was inherited from B */
-Cgsa

d
d = 6; /* Changes the a that was inherited from C */

[a]
o

’

.a = 11; /* OK! */

()

7201

NWNIB 7w nwinmn 72pnn TNN ,a 7w 0WwoIn 1w 1DINA 7710 D 7w N>R pIi71. <
.C 7w nwnNan ‘72NN

VYTI' N'7 Compiler-n .NNIW N'72N0 ,d DPMAIND ,a NINWN'7 NWA7 0'0IN 1WNRD <
JWwa7 a NNy proa

.2 12N7 nwn2 Full Qualified Name-1 WIN'W NIN ,O'RMNW 9D ,[NNON <

N7N NN 1MON E-1 1TAINW a 12ann D 7'l Nn'J N7 e 11y ,NINT NnIV7 - <
.ownw

NN '8 ,C-nI B-N WA a 12anNn NN 1'Mon E 71 a 12nnw 0NnINWD @n1vn
NN'W MW ,a NINWN TIV7 01N AxpInw K78 ,|N270 P17an 1In7y1 n'78 0Nanw
.E "anwn?
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1IN .Scope-1 I'7N 2N 'DNW 12N7 'MY7 OwW Wpn Compiler-n ,DIWS NI '7'700
NINIW 72NN Scope-i1 N1 NN ININA OW ININ "7V NP IN 0NN W Wi
.Ambiguity

analT

:(Ex04) NT "1y ANI' 9N [9INA AWANY N2 AN

#include <iostream>
using namespace std;

void DumpMemory (const char *name, int *pBase, size t size)

{

cout << name << " (" << hex << (int)pBase << ") " << ":[ ";
if (size > 0)
{
cout << hex << *pBase;
}

for(int i = 1; i < size / sizeof (int); i++)
{
cout << " | " << hex << *(pBase + 1i);
}
cout << " " << endl;
}
class A
{
public:
int a;
A() { a = OxAAAAAAAA;}

i

class B

{

public:
int b;
B() { b

0xBBBBBBBB; }
}i

class C : public A, public B
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{
public:

int c;

C() { c = 0OxCccccececee; }
}i

class D : public A, public C

{
public:

int d;

D() { d = 0xDDDDDDDD; }
}i

class E : public A, public C

{

public:
int a; /* hides the one inherited from a and c */
int e;
E() { a = OXEEEEEEEE; e = OxXEEEEEEEE; }

b

class F : public E
{
}i

int main(int argc, char **argv)
{
cout << "Inspect D..." << endl;

D d;
DumpMemory ("d", (int*)&d, sizeof (d));

// ambiguous access of 'a'
// d.a = 0x;

d.A::a = 0x11111111;
DumpMemory ("d", (int*)&d, sizeof (d));

d.C::a = 0x22222222;
DumpMemory ("d", (int*)&d, sizeof(d)):;

d.C::A::a = 0x33333333;
DumpMemory ("d", (int*)&d, sizeof(d)):;
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cout << "\nInspect E..." << endl;
E e;
DumpMemory ("e", (int*)&e, sizeof(e));

e.a = 0x11111111; /* works! */
DumpMemory ("e", (int*)&e, sizeof(e));

e.A::a = 0x22222222;
DumpMemory ("e", (int*)&e, sizeof(e));

e.C::a = 0x33333333;
DumpMemory ("e", (int*)&e, sizeof(e));

e.C::A::a = 0x44444444;
DumpMemory ("e", (int*)&e, sizeof(e));

cout << "\nInspect F..." << endl;
F £;
DumpMemory ("f", (int*)&f, sizeof (f));

f.a = 0x11111111;
DumpMemory ("f", (int*)&f, sizeof (f));

f.E::a = 0x22222222;
DumpMemory ("f", (int*)&f, sizeof (f));

f.A::a = 0x33333333;
DumpMemory ("f", (int*)&f, sizeof (f)):;

f.E::A::a = 0x44444444;
DumpMemory ("f", (int*)&f, sizeof (f));

f.C::a = 0x55555555;
DumpMemory ("f", (int*)&f, sizeof(f));

f.E::C::a = 0x66666666;
DumpMemory ("f", (int*)&f, sizeof(f));
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:NIN NDINN b'79

Inspect D...

d (35£878) :[ aaaaaaaa | aaaaaaaa | bbbbbbbb | ccccccce | dddddddd ]
d (35£878) :[ 11111111 | aaaaaaaa | bbbbbbbb | ccccccce | dddddddd ]
d (35£878) :[ 11111111 | 22222222 | bbbbbbbb | ccccccece | dddddddd ]
d (35£878) :[ 11111111 | 33333333 | bbbbbbbb | ccccccece | dddddddd ]
Inspect E...

e (35f858) :[ aaaaaaaa | aaaaaaaa | bbbbbbbb | cccccccec | eceeeceee |

eeeceeecee |
e (35f858) :[ aaaaaaaa | aaaaaaaa | bbbbbbbb | cccccccce | 11111111 |
eeeeeecee |
e (35f858) :[ 22222222 | aaaaaaaa | bbbbbbbb | ccccccce | 11111111 |
eeeceeecee |
e (35£858) :[ 22222222 | 33333333 | bbbbbbbb | ccccccce | 11111111 |
eeeceeecee |
e (35f858) :[ 22222222 | 44444444 | bbbbbbbb | ccccccce | 11111111 |
eeeeeecee |

Inspect F...

f (35f838) :[ aaaaaaaa | aaaaaaaa | bbbbbbbb | cccccccc | eeeceeecee |
eeeeeecee |

f (35f838) :[ aaaaaaaa | aaaaaaaa | bbbbbbbb | ccccccce | 11111111 |
eeeceeecee |

f (35f838) :[ aaaaaaaa | aaaaaaaa | bbbbbbbb | cccccccec | 22222222 |
eeeceeecee |

f (35£838) :[ 33333333 | aaaaaaaa | bbbbbbbb | ccccccece | 22222222 |
eeeeeecee |

f (35£838) :[ 44444444 | aaaaaaaa | bbbbbbbb | ccccccece | 22222222 |
eceeceeecee |

f (35f£838) :[ 44444444 | 55555555 | bbbbbbbb | ccccccecec | 22222222 |
eeeeeecee |

f (35£838) :[ 44444444 | 66666666 | bbbbbbbb | ccccccce | 22222222 |
eceeceeecee |
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nNnyn

WTNN [ND'TN P172 NN 1091 "W 70 INN7 - <

(NIWNIN MW 27R) MW 702 WATID |NDTA 21722 YNIAW 11'Wn <

TXDI NP7 7W 12N MNWNYT7 DMON'NA7 NIRIW DIMMWON 72'¥N NNDINN <
.0mM2ann niand NN (Resolves) N9 Compiler-n

n'7NIDY NI 2.4
nNAITA IND ) D'0A NIP7NN MW 1T WIIIN 12N 7w NI7'9on Nyl NN 1IN9'7 1D
N'DA' N'7NIDT W WIN'W N'Y7NRIDNIN AWINT (1220 IR §O0n C++ ,(MnTIjpn
ANN'7 AWON 1972 [OINA LI'7NIDA [9INA D'WAI' NINHW 002N NP7NN 7W TNN VoIn

:N2N [9IN2 N'7RIDAMNN AWINRIENT71200 W NN

Regular Inheritance Virtual Inheritance
(The Diamond Structure)

e N e N
A A
A A

e N e N
B C

qIN2 NNN QY9 V'orr A DPMAIND NY7RIDAY WA ,O'WANN 'O 7V NINT7 TWONW 19D
.D bpMaINN

analT

:(Ex05) N'7NIDIN WD MY NN PRIVY7 WIANN N2 aniT TP
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#include <iostream>

using namespace std;

C++ 1 O'NWN

void DumpMemory (const char *name, int *pBase, size t size)

{
cout << name << " (" << hex << (int)pBase << ")
if (size > 0)
{
cout << hex << *pBase;
}
for(int i = 1; i < size / sizeof (int); i++)
{
cout << " | " << hex << *(pBase + 1i);
}
cout << " " << endl;

}

class A
{
public:
int a;
A() { a
b

OxAAAAAARAA; }

class B : virtual public A
{
public:

int b;

B() { b = O0xBBBBBBBB; }
}i

class C : virtual public A
{
public:

int c;

C() { c = 0xCCcccccee; 1}
}i

class D : public B, public C
{
}i

LIPS ll.[ ",
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int main(int argc, char **argv)
{
cout << "Inspect B..." << endl;
B b;
DumpMemory ("b", (int*) &b, sizeof(b));

cout << "\nInspect C..." << endl;
C c;
DumpMemory ("c", (int*)&c, sizeof(c));

cout << "\nInspect D..." << endl;
D d;
DumpMemory ("d", (int*)&d, sizeof(d)):;

d.a = 0x11111111;
DumpMemory ("d", (int*)&d, sizeof(d));

d.B::a = 0x22222222;
DumpMemory ("d", (int*)&d, sizeof(d));

d.C::a = 0x33333333;
DumpMemory ("d", (int*)&d, sizeof (d));

B *pB &d;
pB->a = 0x44444444;
DumpMemory ("d", (int*)&d, sizeof (d));

:NIN N'DINN 79

Inspect B...
b (20fed48) :[ [11a7818] | bbbbbbbb | aaaaaaaa ]

Inspect C...
c (20fe34) :[ |11a7840| | ccccccee | aaaaaaaa |

Inspect D...

d (20fel8) :[ 11a7970 | bbbbbbbb | 11a78b8 | cccccccec | aaaaaaaa |
d (20fel8) :[ 11a7970 | bbbbbbbb | 11a78b8 | ccccccce | 11111111 ]
d (20fel8) :[ 11a7970 | bbbbbbbb | 11a78b8 | ccccccce | 22222222 ]
d (20fel8) :[ 11a7970 | bbbbbbbb | 11a78b8 | ccccccce | 33333333 ]
d (20fel8) :[ 11a7970 | bbbbbbbb | 11a78b8 | cccccccc | 44444444
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nNnyn

IT N2IMD 21720 N'7'NN7 N2> no0i C 7wi B 7w N2'TN NDM91 ,0'NNW 19 <
0'02N NP7NN NaN 7w NIAIMD 11WN2 NY"oNn NY7RIDIYM 17207 N2IMD NN
NIN72D] WIN'W nwywl Visual C++ 7W winm2 D |"¥1 .AX¥M NPT NY7NIDN
AWNDI L virtual N7MN NIYXNN AP7NNN O'WAIF TWNRD (0PN Wl D7D
01IW 02122202 121N ,NNT OV .NNNK N'7RIDAM %7219 NINS'7 NNTAIN Np'7nna
POIVN IY'Wa 1900 Jwnna .0Npran TNR 70 7w 0bn7 OmNnimn
JI7NIDY NIXPAI9 N7V9n7 NIWNWNN NIN7ADN KW 2'N71,07'91IN'7191
NINTIPN NIDINAN 0'7720 W1 'NAN7 TWON - <
DIPN INIK 7Y 7V19 - 110N WY1 D77 Y'IAXNA AI07 WP K77 ,a-7 1w 70 e
o
21720 102 0pINn N'777 NwN'7 TN a
NIMY7 N 0NN 12 OIpn2 O'YoIn ('MNN 72 0INIoN) 01N 090N W
.C::a-1 B::a '7w [IND'TN 'NND
2wn'7 yronin T1 01017 Compiler-7 O'W"ON INNN 1771 DINIONN DN90NN W <
IN B 210N YraxXn NIYXNNIA I'78 w7 0'0IN WND a 12NN 7w Offset-n NN
C/ 2100 y'axn
12N NIWATING ANWNN NI7IVO'YT7 X' Visual Studio-w "'72n0NN TI |707 <
B *pB = &d;

01124609 1lea eax, [d]
011A460C mov dword ptr [pB],eax
pB->a = 0x44444444;
011A460F mov eax,dword ptr [pB]
01124612 mov ecx,dword ptr [eax]
01124614 mov edx,dword ptr [ecx+4]
01124617 mov eax,dword ptr [pB]
011A461A mov dword ptr [eax+tedx],44444444h

P1720 N7'NNn LOMNN DR N7NIDANN 17207 NWI NIYXNNI INNRN 7720 TN <
A Nnwnn 0pmn» 12w D 7w
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O'DPMAIN 7W 71791 "1 1TO 2.5

7 TO2 WY1 PIN'9N N NWAIRA NP'70NN7 1N N'o'oan NP'7nnnmn 111l bpPraIN
N7 190

analT

P17'9N 1701 ,0'DPMAIN 7W Constructors-n N'7V9N 1TO NN NA'YN AINAN ANAITA
:(Ex06) Dn'7w

#include <iostream>

using namespace std;

class A
{
private:
int a;
public:
A(int _a)
{
cout << "A( a = " << a << ")" << endl;
a = _a;
}
~A ()
{
cout << "~A ()" << endl;

}
b

class B : public A
{

private:
int b;
public:
B(int _a, int b) : A( a)
{
cout << "B( a =" << a << ", b="<< b<<")" << endl;
b = Db;
}
~B ()

{
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cout << "~B()" << endl;

b

class C : public A
{

private:
int c;
public:
C(int _a, int c) : A(_a)
{
cout << "C( a =" << a<< ", c="<< c<<")" << endl;
c = _c;
}
~C ()
{
cout << "~C ()" << endl;

}
b

class D : public B, public C
{

private:
int d;
public:
D(int _a, int b, int ¢, int d) : B( a, b), C( a, _c)
{
cout << "D( a =" << a<< ", b="<< b<<?", c="
<< c << ", d="<< d<<")" << endl;
d = _d;
}
~D ()
{
cout << "~D()" << endl;

}
}i

int main (int argc, char **argv)
{
{

cout << "Inspect a..." << endl;
A a(l);

7N'UNDN |7'K7 nmw niridtn 70 - 2010 ©
12NNN NINP And2 niwa K77 7'nyn'7 'R
kita.co.il



https://kita.co.il/

Inheritance :2 1YW

cout << "\nInspect b..." << endl;
B b(2, 3);

}

{
cout << "\nInspect c..." << endl;
C c(4, 5);

}

{
cout << "\nInspect d..." << endl;

D d(6, 7, 8, 9);

NI NDINN b'79

Inspect a...

A(a=1)

~A ()

Inspect b...

A( a = 2)
B(a=2, b=23)
~B ()

~A ()

Inspect c...

A( a = 4)

C(a=4, c=105)

~C ()

~A ()

Inspect d...

A( a = 6)

B ( =6, b=17)

A( = 6)

C( = 6, c = 8)

D ( =6, b=7, ¢c=28, d=29)

~D(
~C(
~A(

a
a
a
a
)
)
)
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~B ()
~A ()

3701 ,ANI DA™Y 1Nk N'D'0aN AP7NNAN KN 1'1an 1T0 ,NINYY WWONW 19D
J1on pion

:(Ex07) n'7NILAN QWA N'771D0 A7 7W 210191 N2 NYO 1IN

#include <iostream>

using namespace std;

class A
{
private:
int a;
public:
A(int _a)
{
cout << "A( a = " << a << ")" << endl;
a = _ay
}
~A ()
{
cout << "~A ()" << endl;

}
b

class B : virtual public A

{

private:
int b;
public:
B(int _a, int b) : A( a)
{
cout << "B( a =" << a << ", b ="<< b << ")" << endl;
b = Db;
}
~B ()
{
cout << "~B()" << endl;

}
}i
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class C : virtual public A

{

private:
int c;
public:
C(int _a, int c¢) : A(_a)
{
cout << "C( a =" << a<< ", ¢c="<< ¢ << "" <K endl;
c = _c;
}
~C()
{
cout << "~C ()" << endl;

}
bi

class D : public B, public C
{

private:
int d;
public:
D(int _a, int b, int ¢, int d) : B( a, b), C(a, c), A(_
{
cout << "D( a =" << a << ", b="<K b<<", ¢c="<<
<< ", d =" << d<<"" << endl;
d = d;
}
~D ()
{
cout << "~D()" << endl;

}
i

int main (int argc, char **argv)

{

{

cout << "Inspect a..." << endl;
A al(l);
}
{
cout << "\nInspect b..." << endl;

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
12NNN NINP And2 niwa K77 7'nyn'7 I'N
kita.co.il



https://kita.co.il/

C++ 1 O'NWN

B b(2, 3);
}
{
cout << "\nInspect c..." << endl;
C c(4, 5);
}
{
cout << "\nInspect d..." << endl;

D d(6, 7, 8, 9);

:NIN N1DINN 79

Inspect a...

A( a =1)

~A()

Inspect b...

A( a = 2)
B(a=2, b=23)
~B ()

~A ()

Inspect c...

A( a = 4)
C(a=14, c=05)
=C ()

~A ()

Inspect d...

A( a = 0)
B(a=26, b=1717)
C(a=6, c=28)
D(a=6, b=7, ¢c=28, d=29)
~D ()

~C ()

~B ()

~A ()
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nNnyn

.T272 NN Oyo A 7w D"AINND 7voIn ,d DP"IIND NA'XAW O'RN <
Compiler-nw "> ,A 7w Constructor-n NN '7'von7 2N d 7w Constructor-n <
NNMP Initialization List-1 129010 27 .C-1 B NIYXxnNa A 7INNKN D7ynn

.A 7w Constructor-7
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$8My'w
Polymorphism

.Demos\Chapter 03 N'"1O01 NXN]1 AT 1Y'W 7w NN TIP A% o'w

nIow T 7y NIDNNIN NI NIIWNN NRIDNN NANK KT (DrmAx 21) 07rom'71o
.O'MmXY Ninin

NIan 3.1
2¥N1 NI NP7Nn 7Y Viaxn7 71> 0'0a NP7nn7 yviaxn D 1IN 07PN 1wl
YIAXINW DPMAIND 'O '7V N71Y1AXNA 'O 7Y N'¥P197 qWi Compiler-n 1'NIW 19,01

22 AT I'N 21N 'O 7Y N LAY NRNANN 1T 0my'7 J7v101

:07'9IN'719 1NN 1110)

NNNNK 072 IN ,NIRIW NNIX WiA77 bpmaIN 7w N712'N RN Polymorphism <
.01IW DI9IN2 member ININ NN '7V9NY
LWIIN2 WIN'WAN Y11l Polymorphism <

:NNAIT NIYXNNA Polymorphism 1NN 'AN7 NIt 7

,(17) Line :NNIX WI7W 7W AI'Y NIWORNN NDIWO N'971 N'IDIN 1IX'7 1221¥12W N
112N NIYXNNI NNIXA NN [DNN7 N¥1IW 1N2 .(N09'"7N) Ellipse-1 (|127n) Rectangle
7'7120 011N N12AN2 WNNWN'7 7511 N7W N MIYNNW NIWNIN 7'Yan .01M0» 021N
IT N'y2 N9Y7 12 .NI-Ellipse IN DO'-Rectangle |IDNN7 ,'7WNY7 ,0'-Line 210N O'Y'aXN
NN .Shape DWA NLWOIN NPT7NN 7W NNTAD 1770 NIP7NNN 75 DK ')

2.0 WA IMIYNWN vNn TWNRD) N2 AI'¥A N2 ,|D ON AN Nip7nnn

Shape

/\

Line Rectangle Ellipse
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N1pIN1) 0'02 NP7NN'7 Yraxn 0MXY NINAN NISWAW [11'D,117N9 NIWNIN A'WAN NN
210 INI'7D .(Ellipse-1 Rectangle ,Line NT N1{IN21) 011 OAI07 Y'AX17 712! (Shape Nt
VX211 TXD N NMNMIYNNW 0™Mwin 7'van .Shape 210N 11 021NN 112N yRaxni
7V Y 7Wn7) MW7 A71V9 viIX X7 02NN 112N 0'pUaING 70 7Y Npno
,Line) VIT' N'7 0'21IM1 2107 Y'1axn N1ana NN 72 7192w Jon nyan n'wan ,(qonn
ynxn1 wnnwn 7onw i api 775 atva N it vl L(Ellipse IN Rectangle
NN 7'W91 AT Y'A¥N NIYXNNIAI 02NN 11and 1N0 yxa7 D 0'0a Np7nn
7W 1T ONAL7VU9IN 21T AYPAI9 TN N WD N7NWIN A7RWN NN X190
7W XPAUON 7IN N ,O0ININ 112N 0'YWRAXNA DTN 1IN Shape NpP'7NnNn
.012IN1N 112N NN7 NN 2 MW DAY 7120 27 WK L7191 YaXInn DpPUAIND

N1 N2IWwnn

,(AWNNa AINIW [9IND) Shape NP7NNA NY7RIDAYT AXPA9D ATAN AXPUON O <

K71 (‘7V192 [ONINNW DFMAIND INITZD) 'DIPAPN DPIAIND 7W ¥P2190 7V91IN TN
VIA¥NN 210 7w AT

N'¥71197 INI7D Shape 7W '9 7V N'¥PAI9N '7V9IN ,N'7NRIDAM NN N'X¥PJON ON <
V1A¥NN 210 'O 7Y

NINPAO T N 'WwnIN mva NN 907 1Oa1 ,Ninnn NN 0'7wn7 1
.Move ,Paint I'N' NNAIT7 NI'¥119 .Shape 7W JwnNAN 702 NNIXN 727 nioniwnn
Rectangle ,Line INI72) NINT1N NIP7nnnan NNN 757 NwiNm2 NN2w 178 Nrxpao
IWN'o Line 11Ay Paint ,7Wn7 75 .Naw niynwn np7nn 751 ni7apni (Ellipse-l
Rectangle 11y Paint .q0NN 22 7y D'Wp "X7 NIYTIM NDYN NIYPA9 WIN'W
NIP7NNN NN .017270 Y ANNDIND NOYN %7197 NINMT NIVXYNND Wnin!

72 AN D DN
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Shape
IPaint()
Move()

\

Line Rectangle Ellipse
IPaint() Paint() Paint()
{
P XD OINNNN YIDND 12911 VXY DIRNNND YIDN TODIN TNY DINNNN VI
} } }
Move() Move() Move()
P9 NIND DIRNNDN YVIH 12595 NNY DINRNHD VIDN NOPIN MY DINNNN VIDD
}

JNW72 2100 NIIX 7Y Y1AXN 12 NN 70W 0'-Shape 7W 7IyN NNIWIAW N1 NYD

Py
— ([ Recuge ]
e

e
e
.l

Ellipse
51,

Shape

[0]e

NN YIXNN NN VNN 7V M0 Y271 Shape 210N NINWN 7V 1'xn7 7011 nyd
O'DPMINA 7W NIXPAON [0 17K AWYN7 7uo1w an .Print 1'¥p1190 NN 7191
Paint N'¥71190 7v9In ,[0] OPTI'NA OY 12NN 1IAY '9'X90D INI' [9INAI ,O'YIANIND
.1IN'70 |21 ,Rectangle '7W Print N'¥22190 '7V91N [1] O TI'NN DY 12NN 1Y LLine 7w
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nrynip n'xpgaio 3.2
:N2N [9INA virtual N'7'"M2 WHNNWAT7 W' N7RIDAMID NP9 1 TANT7 1D

virtual return-type function-name (parameter-list...);

virtual N'7'Mn NN q'OINY7 W' INI7D
J'oN'719 Nijp'7nn 0my'7 0naon NI7RIDY NP NIWNNNN NP7NN A% o'w

analT

90N NMTANA 7AI'Y NIDIN7 AIXY AT YW 7W RIAN2 ININNA NN WNN1 1T ANalTa
nNIWAN 70 NIN PIN01 DN INNY7 .O'NDN VN7 NNIX 7W NINIYPR N90IN  NINIY
J1NMXNN N'YPAION NIN '7'W9O11 Shape 2100 Y'AXN NIVYNNA

:(Ex01) NnaITn 7w Tipn 'wop 707

:ANIDN YA 707 011X 7W 7T 2IN2 N2IN2 NIONNN Size NP7nnn <

File: size.h

#ifndef SIZE H
#define SIZE H

#include <iostream>

namespace Drawing
{
class Size
{
private:
int m_cx, m _cy;

public:
Size() : m cx(0), m cy(0) {}
Size(int s) : m cx(s), m _cy(s) {}
Size(int cx, int cy) : m cx(cx), m _cy(cy) {}

friend std::ostream &operator<<(std::ostream &o, const Size
&sz) ;

}i
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#endif // SIZE_H
:WINMN YaIp 707

File: size.cpp
#include "size.h"

namespace Drawing

{

std::ostream &operator<<(std::ostream &o, const Size &sz)

{
0 << "{" << sz.m cx << ", " << sz.m cy << "}";
return o;

}

SINNDW) NIDNITIINGT MW NIYYNNL NW70 AT NaxMm AT p7nnn <«
NIDN YA (707 L(A7unT

File: point.h

#ifndef POINT H
#define POINT H

#include <iostream>
#include "size.h"

namespace Drawing
{
class Point
{
private:
int m left;
int m top;

public:
Point () : m left(0), m top(0) {}
Point (int x) : m left(x), m top(x) {}
Point (int left, int top) : m left(left), m top(top) {}

friend std::ostream &operator<<(std::ostream &o, const Point
&point) ;
}i
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}

#endif // POINT_H
:WINMN YaIp 707
File: point.cpp

#include "point.h"

namespace Drawing

{

std::ostream &operator<<(std::ostream &o, const Point &point)

{ o0 << "(" << point.m left << ", " << point.m top << ")";
return o;

}

MW NNTAN IT AP7NN2 .Aw7> NIX 7w Abwon nax'm Shape nNp7nNnn <

JOND1 1IN) NIXA NN X7 NI ATPON Paint NNNA DIMYZNIDY NIYPI9

NTPONW MoveTo N'7NIDAM Y9 qOIAI L (NN JON7 N1IXN DW N2'Md1
NIDN Y2 (707 001X TTA7 NN

File: shape.h

#ifndef SHAPE H
#define SHAPE H

#include "point.h"

namespace Drawing
{
class Shape
{
public:
virtual void Paint ()const;
virtual void MoveTo (const Point &newLocation);
1
}

#endif // SHAPE H
:WINMN valp 707

7N'UNDN |7'K7 nmw niridtn 70 - 2010 ©
12NNN NINP And2 niwa K77 7'nyn'7 'R
kita.co.il



https://kita.co.il/

Polymorphism :3 1IV'w

File: shape.cpp
#include "shape.h"

namespace Drawing

{
void Shape::Paint()const { /* do nothing */ }
void Shape::MoveTo (const Point &point) { /* do nothing here */ }

}

NP70NN NN 17T ,070X 7W 210 NI PW I 1P 1IN DR NAXM Line Np'7nnn <

,MoveTo 11'¥{22191 1I2VI Paint N'¥{1190 112V O'WIN' 1NTaNI Shape Np7nnnn
NN VAP 707 .10 0'9XN 1"NW An'7 ONNNa

File: line.h

#ifndef LINE H
#define LINE H

#include "shape.h"
#include "point.h"

namespace Drawing
{
class Line : public Shape
{
private:
Point m topLeft, m bottomRight;

public:
Line() : m _topLeft(), m bottomRight () {}
Line (const Point &topLeft, const Point &bottomRight)
m topLeft (topLeft), m bottomRight (bottomRight) {}
Line (int left, int top, int right, int bottom)
m_ topLeft (left, top), m bottomRight (right, bottom) ({}
virtual void MoveTo (const Point &newLocation) ;
virtual void Paint ()const;
1
}

#endif // LINE_H
:WIN™MN Va1 |'707
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File: line.cpp

#include <iostream>
#include "line.h"

namespace Drawing
{
void Line: :MoveTo (const Point &newlLocation)
{
m topLeft = newLocation;

}

void Line::Paint () const
{
std::cout << "Line[" << m topLeft << "; " << m bottomRight <<
u} \1'1",'
}
}

IT NP'7NN NN 02,001 7W 210 NIN 2A70W 111D 270 NaxX'N Rectangle NpP7NnNn <
IN'NN'W D NIM7NIDANN NIXPAON 7W D'WINMN NN O'NNA ,Shape-n 11T
NIDN valg 707 . ]2A'7Tn7

File: rectangle.h

#ifndef RECTANGLE H
#define RECTANGLE H

#include <iostream>
#include "shape.h"
#include "point.h"
#include "size.h"

namespace Drawing
{
class Rectangle : public Shape
{
private:
Point m location;
Size m size;

public:
Rectangle() : m location(), m size() {}
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Rectangle (const Point &location, const Size &size)

m location (location), m size(size) {}
Rectangle (int left, int top, int cx, int cy)

m location(left, top), m size(cx, cy) {}
virtual void MoveTo (const Point &newLocation) ;
virtual void Paint ()const;

bi
}

#endif // RECTANGLE H
:WINMN vaIp 707

File: rectangle.cpp
#include "rectangle.h"

namespace Drawing

{

void Rectangle: :MoveTo (const Point& newLocation)

{

m location = newlLocation;

}

void Rectangle::Paint () const

{

std::cout << "Rectangle[" << m location << "; " << m _size <<
"1 \nn;
}
}

NIXPI90 7w D'WIN'N NN O'NNA Shape-n 1 Circle np'7nnn NN D) <
N0 YAIP (707 /7230 NI DN 19PWIW 7D L, NIM7RIDAIN

File: circle.h

#ifndef CIRCLE H
#define CIRCLE H

#include "shape.h"
#include "point.h"

namespace Drawing

{
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class Circle : public Shape
{
private:

Point m location;

int m radius;

public:
Circle() : m location(0), m radius(0) {}
Circle(int radius) : m location(), m radius(radius) {}

Circle(const Point &location, int radius)

m location (location), m radius(radius) {}
Circle(int left, int top, int radius)

m location(left, top), m radius(radius) {}
virtual void MoveTo (const Point &newLocation);
virtual void Paint ()const;

}i
}

#endif // CIRCLE_H
:WIN'™MN YaIp |707

File: circle.cpp

#include <iostream>
#include "circle.h"

namespace Drawing

{

void Circle::MoveTo (const Point &newLocation)

{

m location = newLocation;

}

void Circle::Paint () const

{

std::cout << "Circle[" << m location << "; " << m radius <<
"J \n";
}
}
:namespace-1W NIP'7NNN 72 NN TAN OIN2A 1017 Ty drawing.h (NIDA valpg <

;121N |707 Drawing
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File: drawing.h
#ifndef DRAWING H
#define DRAWING H

namespace Drawing

{
class Size;
class Point;
class Shape;
class Line;
class Rectangle;
class Circle;

}

#include "size.h"
#include "point.h"
#include "shape.h"
#include "line.h"
#include "rectangle.h"
#include "circle.h"

#endif // DRAWING H
:Main N'WNIN N'¥P90 707

File: main.cpp

#include <iostream>
#include "drawing.h"

using namespace std;
using namespace Drawing;

int main (int argc, char **argv)

{

Line 1 = Line(2,3,4,5);
Rectangle r = Rectangle(5,6,7,8);
Circle ¢ = Circle (20, 30, 5);

cout << "using pointers...\n";
Shape *pShapes[3] = {&l, &r, &c};
for(int 1 = 0; 1 < 3; i++)
{

pShapes[i]->Paint () ;
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pShapes[i]->MoveTo (Point (100, 200)) ;

pShapes[i]->Paint () ;
}

cout << "\n\nusing references...\n";

Shape &shapel = 1;
Shape &shape2 = r;
Shape &shape3 @g
shapel.Paint () ;
shape2.Paint () ;
shape3.Paint () ;

cout << "\n\nusing objects..

Shape shapes[] = {1, r, c};
for(int 1 = 0; 1 < 3; i++)
{

shapes[i].Paint () ;

}

using pointers...

Line[ (2, 3); (4, 5)]

Line[ (100, 200); (4, 5)]
Rectangle[ (5, 6); {7, 8}]
Rectangle[ (100, 200); {7, 8}]
Circle[ (20, 30); 5]

Circle[ (100, 200); 5]

using references...

Line[ (100, 200); (4, 5)]1
Rectangle[ (100, 200); {7, 8}]
Circle[ (100, 200); 5]

using objects...

. \nn;

NI NDINN 79

nNnun

7V192 DPMAIND 'O 7V NINIPI MoveTo-I Paint NI'Y71190 ,NIN1Y7 TWONW 190 <«
.Shape 110N O NINMPN NYXINN 0P DWRAXNAW NIANRY
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.Rectanngle-1 Circle ,Line NI'7NNN N1TaN2 DA virtual N7'M21 NWHNWN 1IN <
,Shape INI7> - ANN NP7NN NY7NIDAMD AN¥PAOT NTANA T ,Awun7
JIWINW N2DN K NIM7ZRIDAMIN

(NN D7IN ,DPMIN NIYXNNL DN'W' 02 DIMZRIDY NIYPAID 7'WonT7 1WON <
DIN" IN VYIAXN NIYXNNA INTPA RDAND OTON'7I9N 1IN 7w Mpgun
ONNN2 DTN NP7NNN 7w winmn NN 7'won7 NWORNN ,0'01n Np'7nn7
.7V192 DPIMAIND 207

nI'vj7IVO2N NIP7NN 3.3
NN 7IAb AXPI90 NIN9S'7 N2 NnxInNn np'7nr) N1 N'DPIDLOIAN np'7nn

1IN N'XPA9 - Pure Function 3.3.1
WA 7V 70N WIN™MN NAIN WM N77 78D %P9 KT D P9
:N2N [9IN2 0-7 NNIN NHWI NN N7RIDAY A'YPAO [NDYT7 1D .AP7nnNan

class MyAbstractClass
{

virtual void SetName (const char *name) = 0;

bi
17 W'w 1D N'DPILDAN NP7NN KN TP NININNA MyAbstractClass n'7nnn
1IND A'XPIAIo

nP7NNN 7W OWoIN 1IX'7 TWONR N <«
.(N'DPILDIAN 02 NNXYI NN ON K7K) SetName NN WNHN'7 N2'N NI NP7NN - <«

NIYXNNIA ,0'02N NP7NN2a NN N7NRIDAT AXPAIDT7 01 WIN 7907 N1 :nvn
NP'70001 NN NINWI A'YPI90 ,NINT OV .0P'700n0 NTTaNT7 ¥inn win'mn NNTan
0w OoIN NInN» 1IX'7 N1 K7W 70 ,N'DPIIDDIAN NNWI

2NI'DPILOAN NIPYAN NN DwY 3.3.2
:N2N TIPN YOI NN 11'DXYY7 INM)
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Shape shape;
shape.Paint () ;

YDPY7 NIYNWN 'RW 1N 210¥1 PITA A DnTIPn anaTan Shape np'7nnn It
SN7I9D17 Y AT TIP YDP L NNTIPN NR2INA .INY YInh'7 0Nnw vl TN

NiwNWNN NIP7Nn 0'7an N1DINN Dp7nn X Nima 7nnaw onpn 0wt
,N77N1 12D N2 - NINNK ONAIT LINNXY DI'P A7 |'N IR ,NINNR NIP7nn7 AN Dp'7nnd
NTaN N'L.OIX AXMNIW NP7nn 707 AR NP7Nn NNLIT AP'7NN Shape NpP'7NNn RN
210N O'DPMAINT .NDIWN2A 772INW NIn 7y wnn7 NIx 7> 7w nexpaen [an
210N OWRAXN JTIND .OVIT N7 DIIX 0AX"D DNW (1D DIYNWN ' Shape np'7nnn
NN 7'Won7 0NwoNn Onw (1D (MNTIPN ANAITA 1I'INIW '93) 0"DATZY |D Shape

JDIPAEN DPMIND 7W N¥PAI9N

Shape Nj7'7NN2 Paint-1 MoveTo NI'¥1190 7W D'WIN'™MA 7V 1NI7 N 1WON ,7D DN
JIVnwn Oiw 0n7 I'NW I

N7 '70211 ,N'DPALOAN NP7AN NN ITW D Shape NP7NNN NNTaN NN NIW LD ON
NIIX] [MOIND NDIYNN DA N7N TN 1I'NW Shape 110N O'DPMAIN MIX! YINIW 1
AN M)

' NP7NPN 7w wTNN TN LD ON

#ifndef SHAPE H
#define SHAPE H

#include "point.h"

namespace Drawing

{

class Shape

{

public:
virtual void Paint ()const = 0;
virtual void MoveTo (const Point &newLocation) = 0;

}i
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}
#endif // SHAPE H

nnya

AUINM YAIP 7710 1N 2D APTNANN T <
IX7'9N17 NRIW 72771 ,main-1 Shape 7W YOIN 1IX'7 ND1) ON <

Virtual Destructor 3.4
NI'¥119D N1TAN7 NN NI'DLO [I'RWI Constructors-n TA7N AP7NNN NIYPAO 7D
?NIN )X NN OW'Y71 virtual destructor PIrTa AT NN ,[D ON .N'7NID

Virtual Destructor 7w n1Tann |9IN 3.4.1
197 virtual 07NN NN 0O'9'0IN D'WNNWN  virtual destructor ' Tan7 1D
‘7WNY7 .destructor-n

virtual ~Shape () {}

?Virtual Destructor NN DWY 3.4.2
N'DAPAPN NP7NNN 7W destructor-n NP NIPNR '752W N'DAN virtual destructor
772 '72 21wN AT N7 .('7V192 bPTAIND 7W destructor-n INIT7D)

VIaxn 117 VIT 120W IND A NP7Nnnn NwIn WK B-1 A Nip'7nn 'Mw 117 wiw N1l
IIDISIN'T 1INPI XN AT ONK NP AR .B 210n DPMIAIN 7y Yaxn7 7o' A np'7nnn
INI7D LA 210N YAXNN NIVENNI B 7W voInn NN PINNT7 Nan 7V delete

A *pA = new B(1024);
delete pA;

N'IDINN NIANINN L'7NIDAYT 'K 0'02N NPT7NN 7W Destructor-n IWND ,NTD N1jN2
N7Y9n N'N NINXIND 021 0M7"oNIPA ,7V191 (Undefined Behavior) NTam NI'N
DOTIP - NOI¥XNA 701110 1 TON '97 N71) T2'72 A 0'02N NP7NN 7w Destructor-n ‘7w

(A 7w >"nNI B 7w

7WNY7 ,IN2'T 7W N'MITT ARYPN NYXANN B 7w Constructor-1 ON NI AN 1'WOY
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B::B(int size) { m buffer = new int[size]; }
NNWN YXann destructor-21l
B::~B() { delete[] m buffer; }
(17T 2172 "I [OINA NXPIIN 12 2XNT7 INIT7D - [1ND'T NA'7T7 DOINA1,NTD 01y 2xN2
ATION |9IN NNWN N7 2172 1ININ N

AT 'wa N9 A NpP'7Nn2 Y7RILAID destructor-n NNTAN

N O

:(Ex03) NDIWO NNAITA IIMNKW NN WNN)

#include <iostream>
using namespace std;

class A

{
public:

~A(){ cout << "~A()\n"; }
b

class B : public A
{
public:
~B(){ cout << "~B()\n"; }
}i

class C
{
public:
virtual ~C(){ cout << "~C()\n"; 1}
}i

class D : public C
{
public:
~D(){ cout << "~D()\n"; }
}i
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int main(int argc, char **argv)
{

cout << "new B()\n";

A *pA = new B();

delete pA;

{
cout << "\nblock B()\n";

B();
}

cout << "\n new D()\n";
C *pC = new D();
delete pC;

{
cout << "\nblock D()\n";

D();

NI NDINN b'79
new B ()

~A ()

block B()
~B()
~A ()

new D ()
~D ()
~C ()

block D)
~D ()
~C ()

nnyn

:IWD YXIANN 1NNWN L2172 720 [9IN2 NINWN 7V 0NN WWNRD OINNW 19D <
.0'02N NP7NN (11'D'7 N'7yn NOMAN NP7NNaN 0'N1P1 0'-destructor-n
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V1¥YNN 19 7y K" delete NIVYNNA WNNW ,D'DPMAIN 7W N'NIT ANXINA <

/7V1921 DPAIND 7W destructor-'7 NN N'DAN virtual destructor

A anaIT

:Framework 1'n |'VUN 11X NK2N NN2AITA

npP'7nn 7> 7v1 ,Object NP'7NNN NN Framework-n NI N'0'02N NP'7NnNn
110N ATANY7

TN NIN 0AW) String NY'TANN ToString() N'¥PI9N NK WNN7 np'7nn 70 7y
.DPIIND NN N7NIDOPL XN (Framework-21

NIYXNNL DPMAIN 70 O'OTA7 NYTIMA ATT ANPAO MW Object NpP7NNY7
AN NN 7297 1D ToString()-2 NWwnnwn 1T AP L(L79) << AIDOINN
707 ATA UDLISINA NN O'NUAY 1ININ AT [9IN .DPUAINA 7W "7NIDDOPLN
n¥PA9N NN WNN7 NN NIwy7 1'79w 7> .Object-n NIN™MAN Nip'7nnn
.Object-n ITa'MwWw NP'7NN 701 ToString()

DIMAIND '7W Destructor-n K1P" TN 12'97 ,Virtual Destructor 7' Tan Object
7191

71N27 N7 T2 .0'01N21 DMIXNW Strings-n 190N NN 27VN 119010 N12INN TIP2
._.DEBUG NnnNN 77 ININ DTTIP LIN'N ATh NN TIPn NN

<

:(Ex04) n1dinn T |'707

:Object np7nnn 3.4.2.1

File: object.h

#ifndef OBJECT H
#define OBJECT H

#include <iostream>
class String;

class Object
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{

public:
virtual String ToString()const = 0;
virtual ~Object () {};

friend std::ostream &operator<<(std::ostream &o, const Object

&obj) ;
b8

#endif // OBJECT_H

File: object.cpp

#include "object.h"
#include "string.h"

std::ostream &operator<<(std::ostream &o,

{
o << (char *) (&obj)->ToString() ;
return o;

File: string.h

#ifndef STRING H
#define STRING H

#include "object.h"

class String : public Object

{

private:
char *m str;
String (const char *str, bool copy):;
void CreateEmptyString() ;

const Object &obj)

:String Njp7NNN 3.4.2.2

void CopyFrom(const char *str, bool copy):;

void ClearMemory () ;

public:
String () ;
String (const char *str);

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
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String(const String &str);

String ToString()const;

const String& operator=(const String &str);
operator char*();

String operator+ (const String &str)const;
~String () ;

#ifdef DEBUG
private:
static int m stringCouter;
static int IncrementStringCounter () ;
static int DecrementStringCounter () ;
public:
static int GetStringCounter();
#endif

bi

#endif STRING H

File: string.cpp

#include "string.h"
#include <cstring>
#include <cstdlib>

#if DEBUG
int String::m stringCouter = 0;

int String::IncrementStringCounter ()
{

++m_stringCouter;

std::cout << "\nstring counter = " << m_stringCouter <<
std::endl;

return m stringCouter;

}

int String::DecrementStringCounter ()
{

--m_stringCouter;
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std::cout << "\nstring counter = " << m_stringCouter <<

std: :endl;
return m_stringCouter;

}

int String::GetStringCounter ()
{
return m_stringCouter;

}
#endif // DEBUG

void String::CreateEmptyString/()
{

m str = new char[1l];

m str[0] = '"\0';
}

void String::CopyFrom(const char *str, bool copy)
{
if (copy)
{
m str = new char[std::strlen(str) + 1];
sEd::strcpy(m_str, str);
}
else
{
m str = const cast<char *>(str);
}
}

void String::ClearMemory ()
{

delete[] m str;
}

String::String(const char *str, bool copy)
{
#ifdef DEBUG
IncrementStringCounter () ;
#tendif // _DEBUG
if (str == NULL)
{
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CreateEmptyString () ;
}
else
{
CopyFrom(str, false);
}
}

String::String()

{

#ifdef DEBUG
IncrementStringCounter () ;

#endif // _DEBUG
CreateEmptyString () ;

}

String::String(const char *str)
{
#ifdef DEBUG
IncrementStringCounter () ;
#endif // _DEBUG
CopyFrom(str, true);
}

String::String(const String &str)

{

#ifdef DEBUG
IncrementStringCounter () ;

#endif // _DEBUG
CopyFrom(str.m str, true);

}

String String::ToString()const
{
return *this;

}

String String::operator+ (const String &str)const
{
char *tmp = new char[strlen(m str) + strlen(str.m str) + 1];
tmp[0] = '\O';
strcat (tmp, m_str);
strcat (tmp, str.m str);
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return String(tmp, false);

}

const String &String::operator=(const String &str)

{
if(this == &str) // self assinment
return *this;

ClearMemory () ;
CopyFrom(str.m str, true);
return *this;

}

String::operator char* ()

{

return m str;

}

String::~String ()
{
#ifdef DEBUG
DecrementStringCounter () ;
#endif
ClearMemory () ;

}
nNnyn

NINP190 Nwun'7 |0 CopyFrom()-ni CreateEmptyString() NI'¥711901 D 17 01wl <
.Constructors-n 72 T '7V NIN71 |01 ,String-n NN NI7NNKNW

String()-N WND N¥PINW MITA [ND'TA NN NNNNWN ClearMemory() N'x¥paon <«
.00m

7V191 NO"W N7 NIWAIWNA NTANNRAW (11D DITNNN MW IWIwn + IDI9IND <
NIN NNunI CopyFrom n1¥P219'7 NINAIY 1IDISIND NN¥PAIO ,String DIMIN QN7
NN An'wn CopyFrom n'¥JaIon ,NTD |9IN .copy 1LNION DY false VN
NWYnN7 NINW 127 ,String ININ NN N™MW OY9 790WY7 DIpn2 String-7 NTINNNN
anim
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Worker nj7nni 3.4.2.3
File: worker.h

#ifndef WORKER H
#define WORKER H

#include "object.h"
#include "string.h"

class Worker : public Object
{

private:
String m name, m phone;

public:

Worker (const char *name, const char *phone) : m name (name),
m_phone (phone) {}

Worker (const String &name, const String &phone) : m name (name),
m_phone (phone) {}

String ToString()const;
}i

#endif // WORKER_H

File: worker.cpp
#include "worker.h"

String Worker::ToString()const

{

return m name + ": " + m phone;

}
nNnun

NIN QNN N AT [9INAI ToString() N'¥711901 NN NWNNN worker NP7NNN <
.Object N37NN2 WNINNN << UDISINN

TWAW7 man 7y 12D Mmanw String NpP7nnn NN N7¥In Object Np7nnn <«
JA'DINIDIN NI TP NITNNN
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TN'IYNIN N'2DINN 3.4.2.4

File: main.cpp

#include <iostream>
#include "object.h"
#include "string.h"
#include "worker.h"

int main(int argc, char **argv)

{
Object *pObj = new String("Hello world!");
std::cout << *pObj << std::endl;

Object *pWorker = new Worker ("Ilan Amoyal", "12345678");
std::cout << *pWorker << std::endl;

delete pObj;
delete pWorker;

nadImnn 79 3.4.2.5

:N2n L7910 72NN ,Visual Studio-2 Debug N"¥112'91172 N2INN NIK O'X"N 1WND

string counter = 1
string counter = 2
Hello world!

string counter = 1
string counter = 2
string counter = 3
string counter = 4
string counter = 5
string counter = 6
string counter = 5
string counter = 4
Ilan Amoyal: 12345678
string counter = 3
string counter = 2
string counter = 1
string counter = 0

:N2N D791 727NN Release N''X¥112'911;72 NIDINNA NN O'¥"IN ON
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Hello world!
Ilan Amoyal: 12345678

Static Binding vs. Dynamic Binding 3.6
2NN ANE7YI9 RIN TYD NYT7 17X INLPTN (12230 KID NIYRIDYIN DP9 (12310

Static Binding 3.6.1

NAIMD N A'X7'OnIpN N1 12D YaIP Compiler-n ,NIMZNIDAN [IINW NITYPAIO 1Y
N2'0N IT.(DIN'N IN) Y'AXNA 1D '7V NOOIAN NL'7NNN .7'Y9! RIN NNIN 17 N'¥P219N
NXM [NT2 VN7 W' TP ATN D'7NNYT7 X 'NW 1D ,TIRNY 0N Static Binding-w
JDInn

Dynamic Binding (Late Binding) 3.6.2

719917 W NNINW N'7RIDANN N'¥PAI9N 7W NAIMNDN 7V Nb'7NNN Dynamic Binding-1
727 YPP0 NN DA77 0T ,uXan Compiler-nw NN 70 .N1IDINN NXM [NT2 NYXANN
N7V9nN 112y .7V91NW x9N N b'7NN7 NN IWON DN, NNDINN NXN 70naw
O'y'axn N'72p 7y 00IANN 0ONINN (11210 N1 Compiler-n ,NI'ZNIDY NIYYPAIO 7W
27X NINP0YT

NI L NYZNRIDAN NP9 NITAIN N2 7D MIWNIN 0'02n NP7nn N 27w
70 NN WNWNW ITD) NI'¥PA97 OwaAaxn 7w N'bbo N71b 1IX"7 Compiler-7
NI'¥P2190 190ND NIN (DM2'NA) NID'IDN 190N 1T 1722 .(IT NP7NPN O'WIMAIND
AN .NAN N'7NIDAM A¥PA9 7V NYRAXN N0 70 .0P'7Nna NNTANA NF7RIDYNN

.Virtual Function Table 1111 ,[vftable] OW2 IT N'72D N1

INOINW) QoI 1an MNWn qoIn Comipler-n NP7NNAN LPMAIN 707 227w
VYaN' 1T 12N, Virtual Function Table Pointer 12711 ,[vftable-pointer] I'7 X171 ,(1IN'ND
[vftable] N'7207 JWnN2

NN N7NNRNA ATIP9 qoIn Compiler-n ,Np'7nnn 7w Constructor-1 :1 27W
[vftable] N'71> NpP'7NnNN 7w n'pLON N'72D7 Yrax'wWw 7> [vftable-pointer]
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N 027w 7y 11N Compiler-n ,N'0'02N NP'7NNAN NN NP7NN 75 Ay 1727w
NI'¥P1190 NIAIMD N2l ,NWTNA ApP7nnn 1Ay [vitable] N'72D X NIA,NIT7D 221
-1 ,0'02n NP7Nnn aw ap7nnn ININW [vftable-pointer]-n NN .NI"ZRIDYIN

110 np'7nnn 7w Constructor-n 1A VIXT N'7'NN 197 '7NNN' Compiler

N9y N'7yona Compiler-n 'T' '7V NO7NIN ,N'7RIDAM '¥PAO7 NN 7D 0 2AT7W
NIN .NI'7RIDYIN NIYPAI9N N'72D AN'NNINA 101101 NINXNI NNAIMNDW 'Y 9N 7w
X' INXY NIN MIN [vftable-pointer] nINwnnn N7 Compiler-n N'7207 NaIMdN

NI'¥PAI9N YIAXN NN O'NDD [OIN2 7NNNN 'N12 70 ,N1DINN NxM P12 127w
T 7V NWIPW D7D NIYPAID7 NINNMPA 7D A1 [9INA LI7W NIMZNRIDAMN
AN'NNND N'¥PAI9N NN 17'W9 ,Compiler-n

analT

:INP'771D> NINTAINN Derived-I Base NI7NN 'MW 1INIWN] W'W N1

class Base

{

public:
void Function 01 () {};
void Function 02 () {};
virtual void Function 03() {};
virtual void Function 04 ()
virtual void Function 05() { };

}i

class Derived : public Base

{

public:
void Function 06() {};
void Function 07 () {}

virtual void Function 03() { } // overrides base implementation
virtual void Function 04() { } // overrides base implementation
virtual void Function 08() { } // new virtual function

}i

void main ()

{
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Base b;
Derived d;

}
Function_03) NI7NIDAN NIXPAO MW 7w WIN'M 0T Derived ,0NNW 19D
.(Function_08) NNN N'7RID N'¥PA9 q'OINI,(Function_04-I

12 17V AR [NO'TA NN

Memory Map

0C007868: Base::Function 01()

> [vitable] of Base 0C010021: Base::Function_02()
The b variable / [0]= 0C030000 ?
[1]=0C106589 F0C030000: Base::Function_03()
[vftable-ptr] o/ [2] =0D026597 ®—|

M0C106589: Base::Function_04()

i

0D026597: Base::Function_05()

The d variable 0D658977: Derived::Function_06()

[vftable-ptr] / \/v[vftable] of Derived

0]= 0DC86547 &
1]= OF007868
2] =0D026597 ]

0D897582: Derived::Function 07()

0DC86547: Derived::Function 03()

e —

3] =0F0B9875 ®—_|

. 0F007868: Derived::Function 04()

0F0B9875: Derived::Function 08()

o'vixa 3.6.3
ONW 1IDT7 X 01N N2'NAN NI 210001 N AN Static Binding ' vl LD ON
72 7121 - NP7NN NNIN 11aY ,'NW75 0'02 NP7NNA NANK N'7NIDAN A'YPA9 0N TN
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ITN DN DPMAIN 707,002 NIMZRIDAT NIYYPAIDYT7 NINTAD NXNT ,ANINTA)
n7210n 7y y1ax' 1wN ,(N2'207 ONNNA - 0'NA 8 IN 4,2) Word 77122 yraxn qoine
[2N' NN MY NI [ND'T2 (120N 012 01)7N02 .DPMAIN NI ND"Wwn NY7RIDNN
Real Time ONW N7N LYN7) O'7'2717 OMIW' 2N2L|9IN 701 .10 717'W NI NTw
DN NI'ZRIDYT NIYPAIO WINA (N7 0N¥PN 0T 09pPNN 7Y 0w A78D IN

2NN N2'N2An [A10p» N1Nan [7,0'Wa 0iw 00nn K71 0'71vn

Interfaces N1T1n.3.7

N'7 QN WNNN N7 INXY Interface-n .NWNNN NP7NNW NIXPAO PJWNRN NIN Interface
Interface D' TaN 7'70 70T .NI'721%P9 ' TAN P91 N7NLINDXY 7W NIYYPA90N NNN
.OMNoN 0MN'Ww 17 907 IN NP7NNN DMIN'W 7297 21X'N TIP7 AWONT7 DIXNWD
D'MIN'WN NN 0NTaR 1770 0MN'Ww1 02N NPoon PN NP7nnnw N'an7 nan 7y
710N Interface-1 NTAINW NIXPAUON NN NWHNNNW 1700 70 NI Inetface JIN2
LTIPN OV NXPRIDAING 71V97

analT

:N2N |9IN] interface 1'TAN7 TWON C# Nowa

public interface PlayerMixer

{
int Version { get; }
void Mix (Stream s);

}

Mix MW P907 0N'NNA Plugins WNN7 ONINN MNIN interface 11170 ,'7WN'7 |ND

D'WNNN O DRW 172, Plugins N7 0DON'NNW ONIN NN (VD! Player-n .Player-7
J1I¥D DT 0N7W NIM72IPAI9N NN '7'9Y1 - A¥NN AT ONI Interface-n NN

W' 9IND NONIN NIR CH NOW .NIMIAY [0 NIYPAON 7D Interfaces-1W 1)
NIYXNNIA NIN Interface-7 NnIT DN 12TN NN Awn'7 17W 0T D71 Interfaces-1
JVirtual Destructor 1TAINI NNIND NI'XPAON 70 12W Abstract Classes
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N OnaIT

class IComparable

{

public:
virtual int CompareTo (const Object &obj) const = 0;
~virtual IComparable () {}

}i

.CompareTo NNN N'¥pP1I9 7W WINM NWIITN n'pPALOAN HD'7FID 1ATAN 1T ANAITA

NnwAIr NP7NNW N1jPN1 121 P19 N'ANY7 NIn 7Y Virtual Destructor 11717 |2 1IN
JTION MNNW 0NN 0ANKWN 177N

2 anaIT

ANINW [Comparable-1 N2'NN TWONNNW 70 ,NNTIPN ANAITA NN MW YN 2'NN)
:(Ex05) ONIN 712011 ,1901W TIPN 'WDP NN P AN 707 .77

File: baseObject

#ifndef BASE OBJECT H
#define BASE OBJECT H

class _ baseObject

{
protected:
virtual void _ dummyMethod() {};
}i
#endif // BASE OBJECT H

nNnun

AWON7 IT NP7NN N1v» 120N 707 NWTNN 0'0aN NP7NN ANnN T apinn <
Object-n 1121 N7 IComparable ,7WnY7 .Object-» NINTA [I'NW NIP7NN |2 W)
IComparable-7 Object Nj3'7NNN YIax¥nN 1'wn'7 T 1297 11NN 1121 N7 Object-I
.(2p '7V9' N7 void * 1T 1ayn) .NonIwn NP'7NN 0T 1IAY7 01N an

NN 2DNNW N'DANYT 790 N7N L IX DIW N2 'NW DYRIDYYT XPAIO 10X <
JoN719
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File: IComparable.h

#ifndef ICOMPARABLE H
#define ICOMPARABLE H

#include "object.h"
#include "base object.h"

class IComparable : virtual public _ baseObject

{

public:
virtual int CompareTo (const Object &obj)const = 0;
virtual ~IComparable() {}

}i

#endif // ICOMPARABLE H
nnyn

.D'N97 NODINW Interface-N INT <
NN WNN7 NN NIwy7 A'7uw 70 ,ARIWND DO'MN NN N1Mynn ap7nn <
IComparable
File: object.h

#ifndef OBJECT H
#define OBJECT H

#include <iostream>
#include "base object.h"

class String;
class IComparable;

class Object : virtual public _ baseObject
{
private:

template<typename T>

T *GetInterface (T *dummy)const;

public:
virtual String ToString()const = 0;
virtual ~Object () {};
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bool operator<(const Object &obj)const;
bool operator<=(const Object &obj)const;
bool operator==(const Object &obj)const;
bool operator>=(const Object &obj)const;
bool operator>(const Object &obj)const;
bool operator!=(const Object &obj)const;

friend std::ostream &operator<<(std::ostream &o, const Object
&obj) ;
bi

#endif // OBJECT_H

nnNnyn

IWP” X' T Ap7nn 0T . baseObject-n NI Object Np'7nnin 1'wdy <«

[NIN ,Object-n 1TA7 D1I"MIYN DI'RW NINNN NIP'7NN 127 Object |2 "NMNOWN
JInterfaces '7WN'7 70 .__baseObject-n 1T

ONR) IComparable-1 WIN'W D'WIYI Object NP'7NN2 D'WNINN ANIWAN NIDIOIN - <«

:WINMN TR 707 .(NXN1 RIN
File: object.cpp

#include "object.h"
#include "string.h"

template<typename T>
T *Object::GetInterface (T *dummy)const
{

try

{

return dynamic_ cast<T*>(

dynamic cast< baseObject*>(const cast<Object*>(this)));
}
catch (std::bad cast &bd)
{
return NULL;

}
catch(...)
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return NULL;
}

bool Object::operator<(const Object &obj)const

{ IComparable *pComparable = GetInterface<IComparable> (NULL) ;
if (pComparable)
{ return pComparable->CompareTo (obj) < 0;
éhrow "Not implemented";

}

bool Object::operator<=(const Object &obj)const

{ IComparable *pComparable = GetInterface<IComparable> (NULL) ;
if (pComparable)
{ return pComparable->CompareTo (obj)<= 0;
éhrow "Not implemented";

}

bool Object::operator==(const Object &obj)const

{ IComparable *pComparable = GetInterface<IComparable> (NULL) ;
if (pComparable)
{ return pComparable->CompareTo (obj)== 0;
éhrow "Not implemented";

}

bool Object::operator>=(const Object &obj)const
{

IComparable *pComparable = GetInterface<IComparable> (NULL) ;
if (pComparable)
{
return pComparable->CompareTo (obj)>= 0;
}

throw "Not implemented";
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}

bool Object::operator>(const Object &obj)const
{
IComparable *pComparable = GetInterface<IComparable> (NULL) ;
if (pComparable)
{
return pComparable->CompareTo (obj)> 0;
}

throw "Not implemented";

}

bool Object::operator!=(const Object &obj)const

{
IComparable *pComparable = GetInterface<IComparable> (NULL) ;
if (pComparable)
{
return pComparable->CompareTo (obj) != 0;
}

throw "Not implemented";

}

std::ostream &operator<<(std::ostream &o, const Object &obj)

{
o << (char *) (&obj)->ToString() ;
return o;

nnNnyn

AWIY IT %P9 .WPIANN Interface-7 NYaxn NA'WnN Getinterface n'xpion <«
:NIPIOD MW WIn'w
210N NINN VIXTAL QXM NPT 20 AT NIWONNA N'0D Casting-1 RTTI &
107
JINUON NP7NNT TNXI 1N'W M1 TIP 2IN27 NMWONRNA 170D :Templates ¢

190N 1WNNA NITN'Y7a n7N NipdL 'Nw
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DpPm"aINg DR O'MWN ,IComparable—'7 VIIXD N'WAW ONNT7 ,0NIDIOIND 'WINT <
JINNWNN NINRXIN IR O'YAlLp ATNIiNn YN 'o 7V1 ,2vInw DP"1INN OY
File: string.h

#include "icomparable.h"

class String : public Object, virtual public IComparable
{

/* IComparable members */
public:
int CompareTo (const Object &obj)const;

nnNnyn

string.h-'7 1901IW NNIWA P NRXIN NS> <«
WnNn7 ww 1'¥72190 Nnxnl ,IComparable-n W' NNXN NT QONW 70 <
File: string.cpp

int String::CompareTo (const Object &obj) const
{

return strcmp(this->m str, obj.ToString().m str);

}

nNnun

String NP'7NNT7 QDNW N'YPAON T INT <
N'NDIN NTNNNN 2 ARNWAN DR Y¥27 NIn 7V stremp-1 NWNNWN 0X71I9N0 <
L7N QVINW DPMAIND 7W '7RIDOPDLN AN 127
File: main.cpp
#include <iostream>

#include "object.h"
#include "string.h"
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#include "worker.h"

int main(int argc, char **argv)

{
Object *pObj = new String("Hello world!");

std::cout << *pObj << std::endl;

Object *pWorker = new Worker ("Ilan Amoyal", "12345678");
std::cout << *pWorker << std::endl;

if (*pObj > String("Hello"))
{
std::cout << "yes" << std::endl;

}

delete pObj;
delete pWorker;

:NIN N'DINN 79

Hello world!
Ilan Amoyal: 12345678
yes

nNnyn

JUTNNN MW 12 ANNWA YXAT7 7pW 08D N NN NNiwa. <
IComparable 710 CompareTo N'X¥{71190 NN '7'Wonin Object 7w DI yxIAN 70 <
.string NP'7NN2 NWNINNN
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0'9011 O'NWI

.Demos\Chapter 04 N'"1901 NXNI1 AT 1Y'W 7w NN TIP A7 o'w

mutable 2100 D INWN 4.1

NN7 .02n NINWn NRwy 721N Ap7nna Nntion const NUXPAIOW X711 OMyY7
TN NNWOND IX W' OMy'7 ,const NP9 '7W NYTANNN NN 1T N71VoW

amalT

IWIN'9 Collection-n "1'W .INW'73 (QOINR) Collection NAX"NN NPT7NN NNIWI2 W'Y N1)
NP0 D N2 ,NNT OV .Collection-2 0'LIN'7NN TNN 7W DI '11'W IN,N10N,N9O0IN
NI'XPI9 190N 'TAN7 1121¥12 ON ,NYD .Collection-n [2IN NN NMWN NN IYNN
DTPN next() N'XPAUONW ,7WN'7 ,NX11 INTI,Collection-n MR 7V NIXIDIN NWON'W
2'TNNN Collection-1 '!MM9N NTWNA NN NIWN |2 NI (current) 'MDIIN DPMAIND NN
NINW [1I'D const NMXPAIO NIMYT7 MIINN 1T AXPA9 D N2 D IND .'NDJIIN 12NN NN
NTWN NN ,const N'¥119 )INN ,Nw'7 7531w 1D .Collection-n [2IN NN NMWN

.mutable N'7'"NN NIYXNNI AT 12N 1'TA1,0'XID'N 'NDIIN 12N P2'TNNN

7V ¥ID'N WONT D IT MAIDNA WNNWNA Stack 7W Winm 02T [707W TIPN
:(Ex01) Stack-n

#include <iostream>
#include <cstring>

using namespace std;

class Stack
{
private:
int *m _data;
size t m _size;
size t m actualSize;
mutable int m currentIteratorIndex;
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public:
Stack ()

{
m _data = NULL;

m size = 0;
m currentIteratorIndex = -1;
m _actualSize = 0;

}

void Push (int wvalue)
{
if(m size == m actualSize)
{
// reallocated the block
int *newData = new
int[m actualSize = (m actualSize == 0 ? 2
m_actualSize * 2)];
if (m_data != NULL)
{
memcpy (newData, m data, m size * sizeof (int));
delete[] m data;
}

m data = newData;

}
m data[m sizet++] = value;

}

int Pop ()
{
if (m_size > 0)
{
return m data[--m size];
}
else
{
throw "Invalid operation";
}
}

/* Iteration functions */
void Start()const { m currentlteratorIndex = -1; }
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bool Next ()const
{

if (m _currentIteratorIndex < (int)m size)

{

m_currentIteratorIndex++;

}

return m currentIteratorIndex < (int)m size;

}

bool Previous ()const

{

if (m _currentIteratorIndex >= 0)

{

m_currentIteratorIndex--;

}

return m currentlIteratorIndex >= 0;

}

int Current () const

{

return *(m _data + m currentIteratorIndex);

}

~Stack ()
{
if (m _data != NULL)
{
delete[] m data;
}

}i

void DisplayStack(const Stack &stack)
{

stack.Start () ;

while (stack.Next ())

{
cout << stack.Current () << " ";

}

cout << endl;

}

int main(int argc, char **argv)
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Stack stack;
stack.Push(2);
stack.Push (6) ;
stack.Push (-9
stack.Push (13
stack.Push (-1
stack.Push (10
DlsplayStack(stack)
}

N'7'wonI const Stack LP"AIN N72PN DisplayStack N'¥PI9N ,NINIT7 TWONW 19D
NIN NNW'Y7 NI712' const NIXPAIO NI NNN'Z AXIDIND NIYYPAO LI7W const NIYYIAIO

.mutable N'7'NN NIYXNNI TN NINW [II"D m_currentlteratorindex 7w 12y

N2 NTAIN N7 ONAITN NIDWO X7 IN,MIT N2 N'70In Stack Np'7nnn :navn
N{PNYNY7 0Nan Stack 210N DPAIN NPNYNALDT7 .ANWN ID9INI Copy Constructor
0'717V1 |ND'T 2172 IMINT 10NN ODPUAIN TWW 7D ,[ND'T7 yraxnn 7w aTm

.00 7w NN NPNYAT7 AINT7 W N7D WiN'm1 .0"y9 NNNW'Y7 Nioa7

new 1ID19INN 4.2

exception NPT 4.2.2
210N exception PINT7 W' ,N7WI1W N'MIA'T [IND'T NINRYXIN 7W 77N D yalp CH |pn
:N2N TN NN 2IND2,0T ARYW 2xn1 7907 Nan 7y ,> ON .bad_alloc

#include <new>

try
{

char *str = new char[10];

}
catch(bad alloc é&ba)

{

cerr << "Out of memory..." << endl;

}
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nothrow Viapn 4.2.1

Exception NIIT new IDI9IND NIYXNNL CH++-1 NMI'T [NDT NINYPA ,INNKD
INNWAW 12T ,NULL y1axn 2tnn N7win ANypn C nowa i7wD 7w apna
NXTN 0MyY7 .Exception PINT7 wW'w yald 1OTYN [PNA N ,NIWNIN N0 C+H+-2
VIapn NN 1yvn7 wr At apna NULL yiaxn 727 n'a ,jwi (2202 TIav'7
:N2 |9IN2Q new ID1OIN'7 nothrow

new (nothrow) typel[size]

analT

char *str = new(nothrow) char[128];
if (str == NULL)
{

cerr << "Error: Out of memory" << endl;

}
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S5 My'w
Templates

.Demos\Chapter 05 N'"1901 NXNI1 AT 1Y'W 7w NN TIP A7 o'w

naan ni'xpao 5.1
0MaYINA OM7WN DNNWNN W DY 12 N9'7NNn L11197W swap N'¥PAI92 212N
7N

void swap (int *n, int *m)

{

int tmp = *n;
*1’1 = *m,
*m = tmp;

}

nX¥71 ON NN . 7272 Integer 210N DINWN'7 72210 NINW 722 RIN AT WINMAW [NO'NN

112V swap N"XPAU9 IN ,7WNY7 double 110N DINWN 1AV swap NP9 IX'T7
TN D1,0'DPMIAIN

790N NPNN NITIPOT7 N ,NNT NWYNW NPRN (#define) NTII9 1IX'7 TWONW [2IND
:N1Non

IMPINN NITIPO 7y Debugger-n DY 1IAV7 [N N7 <

JNPINND NITIOY7 DNN2YA NPT 0RININ 2T NN 2ITA7 N1 N7 - <

N7Tan - 7WN7 72) 790W'7 O'XIN N7W TIP 'WOP 0'790WN OMNY7 NPRN NITIPO1 <
(12

:N'f1 N'1aN NP9 0NM'TAN N2 N1IXN

template <class T> function definition...
NV ININ YIAPIW N2 09IN2 2100 T NN 1'Tan template<class T> 0'7'Nn N1 N1pna
[9INQ D2 NINXNN NNIN IN 2IND7 1WON 17 O'W1 .79 IN'W NWY1 IWNRD 1IN
:N2n

template<typename T> function definition
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MW 17'M'7 ' 0N ,IWON 12T AT .class DIpNA typename N'7'N1 NWNNWNA N9
JWNNA ARMIW 19D Q0N MTIN' WIN'W W' typename

N OanaIT

:(Ex01) N2N |9IN2 NN N'¥PAI97 7710 TIPN YD NN 1N

#include <iostream>
using namespace std;

template<class T>
void Swap (T &objl, T &obj2)
{

T tmp = objl;

objl = obj2;

obj2 = tmp;

int main(int argc, char **argv)

int a =7, b 9g

o |

Swap<int>(a, b);

cout << "a = " << a << ", b =" << b << endl;
double dl = 2.0, d2 = 6.7;

Swap<double>(dl, d2);

cout << "dl = " << dl << ", d2 =" << d2 << endl;

:NID N'DINN b'79

a=9, b=7
dl = 6.7, d2 = 2

ANN'7 DP9 '7W 17'75 210 N'7200N swap OW21 1'¥P119 0N TAN ,NINTY7 TWONW 19D
7N NINNMP ANTR Compiler-n .0MIW O1I0N ONDLNIO ON IT A'XPAST7 0N DN
int 1Y wiNm 1N7w Npna) 0'waTIN D'WINman TNN 72 1Ay TP o N

.(double 2y wWIMMI
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A anaIT

[IWNIN ON 12I'N 1901n NTNNI O'DPMAIN W |2 AIWRn D1AN NP9 1Ind)
0w 0OnNIw ON O-1 7ITan NI 1wn ONK 77w 1900 ,7ITan NN DNRaAan
:(Demos\Chapter 07\Ex02)

#include <iostream>
using namespace std;

template<typename T>
int Compare (const T objl, const T obj2)
{

return objl > obj2 ? 1 : (objl == obj2 2 0 : -1);
}

int main(int argc, char **argv)

int a = 2, b = 6;

cout << "Compare(a, b) = " << Compare(a, b) << endl;

cout << "Compare (b, a) = " << Compare(b, a) << endl;

const char *strl = "aaa";

const char *str2 = "bbb";

cout << "Compare (strl, str2) = " << Compare(strl, str2) << endl;

:NIN N'DINN 79

Compare (a, b) = -1
Compare (b, a) =1
Compare (strl, str2) =1

NINIIWA N Lint 210D 090N W "2 NID1 ANINWA AYXIAW AN NDINN Y79
NITNNNA DR K71 0YRIxNn DY 7V NuXIa ARIWANW KD 0200 .070W DITnnnn
7V .17'70 nitnnNnn 'Mw NN 0'n Compiler-n 12 OI7'A 17N ARNWAN INIT7D . [NXY
110 7W 2N1 2107 NAIL N'7'750 NNTANN 12 2X¥P INI7D ,N7N 'V Ni'Yva Imo'7 nan
Specializations 1" TaN7 117 NWONN C++ ,0"9'X90 O'AID7 AN'NNN NI'N N 01N

112N Nixpao 7w (nimnnnn)
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Template Specializations 5.2
7W PR PrrTa N790Nn ANPAO NRIDINYT7 q'0n LNAXINW 1'van NN IN97 D
:(Ex03) NN [9IN2 ,char * 210N 1DNO

template<>
int Compare (const char *strl, const char *str2)

{

return strcmp(strl, str2);

}
NIN 0RININ AI0W N1PR'7 NNANN NUXPA9 7 WIN'n NN INXYA 10T A1 717 Vb

.char *

Overloaded Functions vs. Specialized Functions 5.2.1

NIN"J TWND .Function Specialization |'27 Function Overloading |2 |'N2N7 w!
1'¥71190 NN NI Compiler-n ,0W ININ NI7y21 N"aN NIXPASI N7 NIYPAO
NIoTY NINI LNIW ANRNA 7W 17PN .0MDbNI9N U0 19 7V NI ANINNDNN
01D NIYXNNIA 01NN A0 NN WAI9N2A 01MXN WND ,NINT OV .N727 N1¥71197
WINNN NN TIPN YOP . [A7W NMNNNDN7I NNAN DNYP97 Nn72am n1'nan ,.nrnit
:(Ex04) NNt

#include <iostream>
using namespace std;

template<class T>
void DoSomthing (T t)
{
cout << "DoSomthing<" << typeid(T) .name () << ">() is called...t
= " << t << endl;
}

void DoSomthing (double t)
{
cout << "oveloaded DoSomthing<double> is called...t = " << t <<
endl;
}
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template<>
void DoSomthing (int t)
{

cout << "specialized DoSomthing<int> is called...t = " << t <<
endl;
}

void DoSomthing (int t)
{

cout << "overloaded DoSomthing<int> is called...t = " << t <<
endl;
}

int main(int argc, char **argv)
{
DoSomthing (1.1);
DoSomthing<double> (1.2);
DoSomthing (2) ;
DoSomthing<int>(3) ;
DoSomthing ((float) 4) ;

NI NDIN D79

oveloaded DoSomthing<double> is called...t = 1.1
DoSomthing<double> () is called...t = 1.2
overloaded DoSomthing<int> is called...t = 2
specialized DoSomthing<int> is called...t = 3
DoSomthing<float>() is called...t = 4

:'N2N7 TWONW 19D

T 7V 7V90IN ,0"N'NIT 02102 011NN 210 7W WIION j'x N'77 NNPIW N'X7119 <«
"2 AW ANKRDA NINYP ON .0"DNI91 210 NI'NAN NI AN'RNNA A'XP2119N0
ON .10'7'270 N'¥PAI97 NI9TTY NN template function |'27 overloaded function
specialized function-21 WNNWN7 NNWONN PJT72'N ,N1AN NUXpPAo9 NNl
7W yoIn INnxXya Ixe Compiler-n ,AN'NNN NINPNN |'N ON .17 An'NNnNn
INTFAW 011NN 210 112y (12D ¥ K7 NIN ON) 112NN NU¥p19
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-1 ,07IN1N 210 DX DI"XNA O"NNIT 0™M210 NIYXNNI NINPI AXPAO O <

ININ N'7V2 N'7'0 1'¥J119 NP ON 02 ,AN'NNN NN NY¥P2191 1N Compiler

7w AN'NNN (Specialization) ninnPNN NN ON .(Overloaded Function) OWw
WIN'W N nwyT ,N1N1i1w Nann

Template Classes 5.3
NN NIP7NN 03 1'TaN7 [N ,N1020N NP9 NTNY7 aniT [9INA

amalT

#include <iostream>
using namespace std;

template<class T>
class Stack
{
private:
T *m_arr;
size t m maxSize;
int m current;

public:
Stack(size t maxSize)

{
m arr = new T[m maxSize = maxSize];
m_current = 0;

}

Stack& Push (T value)
{

if (m_current < (int)m maxSize)
{

*(m_arr + m_current++) = value;

}

return *this;

}

T Pop ()
{
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int

if (m _current > 0)
{
return *(m_arr + --m _current);

}

else
{
throw "Stack is empty";
}
}

void Show () const
{ cout << '"[' << m current << " of " << m maxSize << "]
if (m_current > 0)
{ cout << *(m_arr + 0);
éor(int i =1; i < m current; i++)
{ cout << ", " << *(m _arr + 1i);
iout << '"}'" << endl;

}

int GetSize() const { return m current; }
int GetMaxSize() const { return m maxSize; }
~Stack ()

{

delete[] m arr;

}

main (int argc, char **argv)

Stack<int> sl = Stack<int>(10);
sl.Push(3) .Push(4) .Push(-9) .Push (10) ;
sl.Show () ;

sl.Pop();

sl.Show();

Stack<double> s2 = Stack<double>(12);
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s2.Push(0.2) .Push(0.3) .Push(-9.5) ;

s2.Show () ;
}
:NIN NDINN b'79
[4 of 10] { 3, 4, -9, 10}
[3 of lo] = { 3, 4, _9}
[3 of 12] { 0.2, 0.3, -9.5}

int 210N TNN - 0"DPAIP Stacks W NN 12 NWHNWNITL,MAA Stack 117X IT NRDIN2
72 121N NN 1109TNI Stack 707 O'DIN'ZN 190N ”119NT” |ON TNN'7 .double 210N WA
Stack

int 2107 71QY NNN Stack NIP'7NN MW 112y TIP 12712y ¥ Compiler-n ,NT TIP YDPA
nIo1I7 0Na7 712" AN ,'70711 NIN TP 7190w 7w 2xn .double 2100 1AV MWl
112N NIP'7NnN2a 12'01LIIN WIN'W NWyl 0N 0PN TN N'DINN

nP7Nn 7w 0pPnyn X 71NN JWNRD NINNN TIPN NIMD NN D¥NX7 NIn 7y
17N 12'NW TN '75 NN N2IN2A 12771,N12N NYI'NW 0'01 NP7Nn 1IX'7 1WoN ,N1ann
NTD [9IN2I ,N1aN NP7Nn NWA7 D”’NN JWON IT 0'01 NP7Nnn .01INin 1o

.0'0aN NP7NN 7w TIPN 7190W NN OMXNYN

analT

DW21 ,NONN NP'7NnY7 Stack Np7nnn 7w Nir7arypaon (' P70 vl Im anama
I1 1T AP7NND .071IMaN 102 7N 1INW TP 70 NN '7'ON 1T 03'7nn StackBase
:(Ex06) TI;j3n v 707 .Stack DWA n1an Np7nn

#include <iostream>
using namespace std;

class StackBase

{

protected:
size t m maxSize;
int m current;
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StackBase(size t maxSize) { m current = 0; m maxSize = maxSize;
}

virtual void PrintElementAt (int index)const = 0;
public:

void Show () const
{
cout << '[' << m_current << " of " << m_maxSize << "] ={";
if (m_current > 0)
{
PrintElementAt (0) ;
}
for(int i = 1; i < m current; i++)
{
COU.t << n, ";
PrintElementAt (i) ;
}
cout << '}' << endl;
}
int GetSize() const { return m current; }
int GetMaxSize() const { return m maxSize; }
virtual ~StackBase(){ };

b

template<class T>
class Stack : public StackBase
{
private:
T *m arr;

public:
Stack(size t maxSize) : StackBase (maxSize)

{

m arr = new T[maxSizel;

}

Stack& Push (T value)

{
if (m current < (int)m maxSize)
{

*(m_arr + m_current++) = value;

}

return *this;
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}

T Pop ()
{

if (m_current > 0)

{

return *(m _arr + --m current);

}

else

{
throw "Stack is empty";

}
}

void PrintElementAt (int index)const

{

cout << *(m_arr + index);

}

~Stack ()
{

delete[] m arr;
}
b

int main(int argc, char **argv)

Stack<int> sl = Stack<int>(10);
sl.Push (3) .Push(4) .Push(-9) .Push (10) ;

sl.Show () ;
sl.Pop();
sl.Show();

Stack<double> s2 = Stack<double>(12);
s2.Push(0.2) .Push(0.3) .Push(-9.5) ;

s2.Show () ;
}
NI NDINN 79
[4 of 10] { 3, 4, -9, 10}
[3 of 10] = { 3, 4, _9}
[3 of 12] = { 0.2, 0.3, -9.5}

JINTIPN NR2INN 797 ANt NT D79
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:0'N2N 02717 27 0'wa

OW'7 "OINT7” TWONW NI'¥PAONI ,0NWNA 70 NN 0'02n NP7Nn7 11ayn <«
.Stack-n 7w DINT7NN 2102 O™'7N DINWI

TNR DINT7N NO'OTNA PrintElementAt() DWa NNDL NI7NIDYT AXPAO 11X <
.Stack-1 NWYIW AN DN AT1 - 1T NP9 WHN'7 NWAa np'7nnan 7y .in oipma
.0'02N NP'7NN'7 Show X197 '7W WIN™MA '7D NN 11AYn7 1171D' 0T [9IN]

N'DAN7 21IWN 271 ,NITAN NP7NNA DMWYl Stack-7 [ND'TN NNYJINW 17 OW <
(JN2TN NNW yxann oww [ird) KIpPT NI 0P7nnn 7w Destructor-nw
J7NIDAID D'0AN NP7NN 7w Destructor-n NITAN 'T' 7V NINT DA'WN

naany omon19 n1ayn 5.4
.O"pnNI1o 1'3Uﬂ'7 N2 ,]'I'JJJ'I'7 ao"Mavinn 042inin 210 oy 7Nt

analT

J7N'0pINN Stack-n 77712 NIK Constructor-1 7217 NINTIPN NIMDINA NTANW Stack-n
:(Ex07) N2N [9IN2 .N1ANN 7W 0MDNION TNND Stack-1 7712 NN 1 Tan7 710

(same as the previous program)

template<class T, int MaxSize>
class Stack : public StackBase

{

private:
T *m arr;
public:
Stack () : StackBase (MaxSize)
{
m _arr = new T[MaxSize];

}

Stack& Push (T value)
{

if (m_current < (int)m maxSize)

{
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[4 of 10]
[3 of 10]

C++ 1 O'NWN

*(m_arr + m current++) = value;

}

return *this;

}

T Pop ()
{

if (m_current > 0)

{

return *(m_arr + --m _current);

}

else

{
throw "Stack is empty";

}
}

void PrintElementAt (int index)const

{

cout << *(m_arr + index);

}

~Stack ()
{

delete[] m arr;
}
main (int argc, char **argv)

Stack<int, 10> sl = Stack<int, 10>();
sl.Push (3) .Push(4) .Push(-9) .Push (10) ;

sl.Show () ;
sl.Pop();
sl.Show () ;

Stack<double, 12> s2 = Stack<double, 12>();
s2.Push(0.2) .Push(0.3) .Push (-9.5);
s2.Show () ;

NI NDINN 79

3,4, =9, 10
{3
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[3 of 12] = { 0.2, 0.3, -9.5)}
DMaYN 1IN Stack-n 7712 NINW NN NINWAW 00 .NINWA N7 D790 ONNW 9D
LIW 77711 '72 112V NANA 7W T PNV X 719NI1P0 AT 00PN .Nan7 1on1od

n1an 7w ofpNI9 7w 7TNN N1a 5.4.1
[9IN2 ,DNXY 0RININ 1107 02 IND NAN 7W DMLNI9T7 '7TNN NN W VIAPYT7 N2
NP9 7W 0NMLPI9T7 7TNN N2 DAY NYRPT7 ANIT

amalT

template <class T = int, int size = 1024>
class Buffer

{
}i
112N NI'7NN2 P71 NNIWON 011N 2101 0NLPI9 7W 77NN N7M2A DY @nvn
1'X7219 Di"AIN - WIN'W 5.5
.() qI9IND NoNYN T 7V NXPAIO 1ND ANINNW C++-1 NN NP7Nn Ix'7 |na

analT

[707 .0 TN 'O 7V NIIAWN NTTOA 12N NAWNNA Arithmetic DW2A A'¥P19 1IX1
:(Ex08) TIpn

template<class T> class Arithmetic

{

private:
Tmal, m d;
public:
Arithmetic(T al, T d) : m al(al), m d(d) { }
T operator () (size t n) { return m al + ((n - 1) * m d); }

i
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int main(int argc, char **argv)

{
Arithmetic<double> £ (2.0, 3.0);
cout << f(9) << endl;

Arithmetic<complex> g(complex(l,3), complex(2,4));
cout << g(3) << endl;

NI NDINN b'79

26
5 + 111

A0 T 7V MATAINN Arithmetic DW2 NYAN AP7nn 11T NINTY7 QWONW 19D
TINI NNTOA [IWNIA 12NN NIR 720 NP'7nnn 7w Constructor-n .N1T02 02NN
01PN 12NN NN AW OPTAIN 729'W 7 () ULISINA NN 17T LD IND .NWI9N

AVINW OPTINN

NNW 17 0O'W .00 NWNNWN Ap7nnn 7w 0pmaIN W 0Ix' Main 1'¥72192
NN'7NN NNTaNN) complex 01NN 210 DY g NRI double 01IN1 21D DY 127X f DPMIND
() Mp9IND DR 7V9N DN INNT .(NNAITA N1DINN NINXN] complex NP7NNN 7w

L1219 NIN DPMAINGD 17'ND O'DPMAINAY TNNR 7D 7W

0’210 190NN Template 5.5
112NN "LNI9A 01N 1D 190N 1AYNT7 NI

analT

TIN [DNN71 D77 NINWN 7V NINNION A'YPA9 1'7'WoNn NP7Nn TIX'7 1121121 D N
Y197 NINTIN NINMP ATD (91N .07 DTVIMN OIYN ARXINN NINE D7jIn
72777 NX72 N'¥PAI9N NINKELD'790 210 ,D77N 210 NIN .D'791 D777 NINXIN N2AX' NP'7NN]

:(NNI7N2 NnTIPN NDINN - Ex08) NdINn T 707 .Nnann 7w 0noniod
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#include <iostream>
#include <cstdlib>
#include "complex.h"

using namespace std;

template<class T> class Arithmetic

{

private:
Tmal, md;
public:
Arithmetic(T al, T d) : m al(al), m d(d) { }

T operator() (size t n) { return m al + ((n - 1) * m d); }
bi

template<class T> class ComplexAbsolute
{
public:
T operator () (const complex &c) {return c.absolute(); }
}i

template<class I, class O, class F>
class Sequence
{
private:
I *m input;
O *m output;
F *m function;
char *m functionName;
int m current;
size t m maxSize;

public:
Sequence (const char *functionName, size t maxSize)
{
m _current = 0;
m_input = new I[maxSize];
m output = new O[maxSize];
m maxSize = maxSize;
m_ functionName = strdup (functionName) ;

}

void CalcFor (I input)

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
105 72NPn NRP 2N>2 NiwAa K77 prnyvnY '
kita.co.il



https://kita.co.il/

C++ 1 O'NWN

if (m current < (int) m maxSize)

{
O output = F () (input) ;
m_input[m current] = input;
m output[m current] = output;
m current++;

}

template<class I2, class 02, class F2>
friend ostream &operator<<(ostream &o, const Sequence<I2, 02,

F2> &seq);

virtual ~Sequence ()

{
delete[] m input;
delete[] m output;
free (m functionName) ;

b

template<class I, class O, class F>
ostream &operator<<(ostream &o, const Sequence<I, 0O, F> &seq)
{

if (seq.m _current > 0)

{

_—

o0 << seg.m_functionName << " (" << seqg.m input[0] << ") =
<< seqg.m output[0];
}

for(int i = 1; i < seq.m current; i++)

o << " ; " << seqg.m functionName << " (" << seqg.m input[i] <<
<< seq.m output[i];

}

return o;

}

int main (int argc, char **argv)

{
Arithmetic<double> £ (2.0, 3.0);
cout << £(9) << endl;
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Arithmetic<complex> g(complex(l,3), complex(2,4));
cout << g(3) << endl;

Sequence<complex, double, ComplexAbsolute<double>> seq("abs",
10) ;

seqg.CalcFor (complex (3,4));

seq.CalcFor (complex (7,24));

seg.CalcFor (complex (8,15))

cout << seq << endl;

’

:NIN N1DINN 79

26
11 + 51
abs (3 + 4i) =5 ; abs(7 + 241i) = 25 ; abs(8 + 15i) = 17

0'D'791 0'D7{7 '7W NN TO NIODNNNN Sequence OW NP7NN 110 TAN ,NINTT7 TWONW 19D
A0 NINI D790 ,D7{N A0 NN .CalcFor N'¥71197 NP 701 NNAIX NN ONINW
NN7 1WoN Np'7nnn 7w Constructor-1 .N1ANN 7W DNMLNI9D N72PN R AXPAUON

JIDNIN'W NINXIN 7W "'7N'0PNN 190N NN 1TANY7I N'¥P1197 0w

N7M21 NWNNWN .<< ADI9IND 1AV (friend) NMNITT A¥PAI9 71TAN 12 [9IN7 27 D'W
JIITTT” NONXNA A1 ¥P2190 NNTANA [0,07100 NNTaNal template

NINNAITA NIDWO X7 IN,MI'T [IND'T NI7NIN Sequence-I Stack NIP7NN :myn
NN AWN'O NN NPNYN .ONWNA IDI9INI Copy Constructor [N NTAIN N7
[IND'T 2172 ININ7 Y'AXN1A 1[7'TN' N7 O'DPUAIR QWW 7D ,01N0 7W 0'RNYY 0Ny
DIM27 0717V 17N NIP7nnn 0WwEmAIN NPNYn L ONDN win'm K77 .07 7y 7000

JN2'T 7w 7190 "NNWwYy

typename NUNWN N7'Nin 5.6
N12aN7 09Imn1 210 Nwi7w 1'1ayn7 12'7y w752 NN DNTIPn Noimn 7w jnon
1210 17'N DY "NIYTI” ComplexAbsolute-I Arithmetic NI'¥{7119NW 11N .Sequence
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310 1NN NNT1 OWI Sequence-7 '¥j7I9N 210 NN 1'AV1 ON *T [2'7 ,NI7V19 |0 01N
.17W Output-n 10 INNI A'¥PAON 7W Input-n

‘typename N7'N21 NWYIW WIN'WN 7y 12000 INNR71L,(Ex09) Ndimnn Tig 707

#include <iostream>
#include <cstdlib>
#include "complex.h"

using namespace std;

template<class T> class Arithmetic
{
private:
Tmal, md;
public:
typedef T OutputType;
typedef size t InputType;
Arithmetic(T al, T d) : m al(al), m d(d) { }
T operator() (size t n) { return m al + ((n - 1) * m d); }

b

template<class T> class ComplexAbsolute
{
public:
typedef T OutputType;
typedef complex InputType;
T operator () (const complex &c) {return c.absolute(); }

b

template<class F>

class Sequence

{

private:
typename F::InputType *m input;
typename F::0utputType *m output;
F *m function;
char *m_ functionName;
int m current;
size t m maxSize;

public:
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Sequence (const char *functionName, size t maxSize)
{
m _current = 0;
m_input = new typename F::InputType[maxSize];
m _output = new typename F::OutputType[maxSize];
m maxSize = maxSize;
m_functionName = strdup (functionName) ;

}

void CalcFor (typename F::InputType input)
{
if (m _current < (int) m maxSize)
{
typename F::OutputType output = F () (input) ;
m input[m current] = input;
m_output[m current] = output;
m current++;

}

template<class F2>
friend ostream &operator<<(ostream &o, const Sequence<F2> &seq);

virtual ~Sequence ()

{
delete[] m input;
delete[] m output;
free (m functionName) ;

b

template<class F>
ostream &operator<<(ostream &o, const Sequence<FE> &seq)
{

if (seq.m current > 0)

{

0 << seqg.m_functionName << " (" << seg.m input[0] << ") = " <<
seqg.m output[0];
}
for(int i = 1; i < seqg.m current; i++)

{

o << " ; " << seqg.m_functionName << " (" << seqg.m _input[i] <<
") = " << seqg.m output[i];
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}

return o;

int main (int argc, char **argv)

Arithmetic<double> f£(2.0, 3.0);
cout << f(9) << endl;

Arithmetic<complex> g(complex(1l,3), complex(2,4));
cout << g (3) << endl;

Sequence<ComplexAbsolute<double>> seqg("abs", 10);
seg.CalcFor (complex (3,4));

seqg.CalcFor (complex (7,24));

seq.CalcFor (complex (8,15));

cout << seqg << endl;

7320n

OitputType-n NNI InputType-n NN typedef NIYXNI NDIN2 N'TAN A¥PAI9 70 <

YN 7V Input-N YN 7V N¥N7 Nan 7y 1770 02102 NWNNWN Sequence <
.Output-n

INWNI N71 0121N1 2102 127N D Compiler-7 T1N7 T2 NWNWN typename N7'NN <«
TNI,0"DDLO DINWN 7V NNMXNN NIP7NN QW' DMy'7W 722 AXIYI 0200 NN
NO0IN .0M90N W |'AW 7930 WI9NN7 71! FiilnputType *m_input; |12D DIWN
.0121N12 2102 121N > Compiler-n NN NNIN typename N'7'NN
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RTTI & Casting

.Demos\Chapter 06 N'"1901 NXN]1 AT 1Y'W 7w NN TIP A7 o'w

D'WIT' DI'NW D2IN1 "I0 AX1 NPT NINT7 TWONRN C++ 12 [9INN NIN 1121 AT 1y'wa
110 7w (Casting) NN 1Y 90N C+H-W ONIDISIN D1 D IND 719NN INTA
.0nma

Runtime Type Information - RTTI 6.1

NI7Y91IN NI'YPAIOW 7D NI'OIIN'ZI9 NIP'7NN ONTAN 1IN N2 N'OIN'719N Nw'7 T1an2
71910 NN71 1T NN 7AW'7”7 0710 1IR RTTI NIYXNNA L'DAPAIPN DPMAIND 1O 7Y
.01IW 02I0N O'WPMINT ¥ NPT MW

type_info Np7nnn 6.1.1

DIN2 7700 type_info np7nnan voin 72p7 woN C++-1 D0IMa a0 707
WNINNW 770 NW'W |2IMD) type_info '7W N TaNN 707 .0"IN2 210 NITIN N'¥NIIOIN
:(N220 701 Naw [9IN2

class type info

{

public:
virtual ~type info();
bool operator== (const type info& rhs) const;
bool operator!= (const type info& rhs) const;
bool before (const type info& rhs) const;
const char* name () const;

private:

type info (const type info& rhs);
type info& operator= (const type infoé& rhs);
}i

N7 .'DI91 P'7N2 O'N¥NI ANWNAN ILI9INI Copy Constructor-n ,NIN7 |NIW 19D
,N' 1T DPMAIN 7227 2T'N NTAL type_info 210N DPMAIN PTMYAY7 IN QX7 N1
typeid 1IDIOIND T 7V ,1INND
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WwNNWN7 [N InI7D type_info 210N 0NIAN IW NHWNT7 TWON ,0'NNW '9) Q011
7177 |IN'1 Q012 .AXM NT] DINWN W 7W 01NN 210 DK NHWN'7 NIn 7V typeid-1
.name() N'¥{72190 NIYXNNI NINWNI A0 7W 0w NN

type_info 210N OMXY IW AW 1TON ON' NN 7237 NMWONRDN before() N'xJaon
JOMI'0P7 1TO IAT 2AN71,1 779NN 7W Win™mi [9INA 7N 1TNIMY 1 TONW ON' 3”12
JIp7nnn N7 wp nirm'7 2N 'K 170N 0N 17 o'W

typeid 1IDI9INA 6.1.2
typeid NI [IN2 DI"AIN '7W 02NN 210 NITIN A'YNIIOIN 72777 WWONNW UDIOIND
.type_info 110N D{7"1IN7 Reference V'TNN NT DIOIN

N O

:(Ex01) 0"0'02 01IMA A0 7V typeid NN 7'W91 NNAITA

#include <iostream>
#include <typeinfo>

using namespace std;

int main ()

{

double d;

double *pd;

cout << "double is: " << typeid(double) .name () << endl;

cout << "d is: " << typeid(d) .name () << endl;

cout << "pd is: " << typeid(pd) .name () << endl;

cout << "*pd is: " << typeid(*pd) .name () << endl << endl;

cout << "typeid(d) " << (typeid(d) == typeid (*pd) ? "=" : "I")
<< "= typeid(*pd)" << endl;
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:NIN NDINN b'79

double is: double
d is: double

pd is: double *
*pd is: double

typeid(d) == typeid (*pd)
DPI"AIN NN |1 INXY 01NN 210 NN |0 typeid IIDIOINT 11AVNT7 TWON ,O'NINW 19D
.012IN1N 210N
A ANAIT

q1aY O7Win [9INQ NTAIY NN AXM NPT VTN D727 D N1 N3N Onama
12 MTANW DPMAIN NIN 'OUN'7IO DPMIN DTN .0"OUN'7I9 DI'NW O'DPMAIN
1T 0'OIN7I9 DI'NW O'DPMAIN 7W 17PN LD ON .NNR N7RIDAN AXPAI9 NINS'YT
210D NIN 17'ND 012NN A0 NN ANT' K7NK 'DIPAIPN DPUAIND NN AT K7 2100

:(Ex02) nuoinn TIp 707 .vaxnn

#include <iostream>
#include <typeinfo>

using namespace std;

class Base {};
class Derived : public Base {};

int main ()

{

Derived derived;

Base* pBase = &derived;

cout << "Base is: " << typeid(Base) .name () << endl;

cout << "Derived is: " << typeid(Derived) .name () << endl <<
endl;

cout << "derived is: " << typeid(derived) .name () << endl;

cout << "*pbase is: " << typeid(*pBase) .name () << endl;

cout << "derived " << (typeid(derived) == typeid(*pBase) ? "="
"!")

<< "= *pBase" << endl;

}
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:NIN NDINN b'79

Base is: class Base
Derived is: class Derived

derived is: class Derived
*pbase is: class Base
derived != *pBase

,Derived 1100 NIN pBase 'T' 7y YaXINN 'DIFPN DPUAINAW NNNYT ,O'NNW 9D
J7V1921 XN NIN qpJWn N7 D790

A Ot

21D NIN ATNIND D1INAN A0 ,0"97IN'719 O'DPMAIN 7W 1PN D AN IT NNAITA

NI2INN TP 1707 Jpapapn vPTAIND '7W 01NN 30 N7 ,7V192 YAXINW 01NN
:(Ex03)

#include <iostream>

#include <typeinfo>

using namespace std;

class Base {virtual void Member () {}};
class Derived: public Base {};

int main ()

{

Derived derived;

Base *pBase = &derived;
cout << "derived is: " << typeid(derived) .name () << endl;
cout << "*pBase is: " << typeid (*pBase) .name () << endl;
cout << "derived " << (typeid(derived) == typeid(*pBase) ? "="
"!")
<< "= *pBase" << endl;

}
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:NIN NDINN b'79

derived is: class Derived
*pBase 1s: class Derived
derived == *pBase

,SDIPAIPN DPMINA 7W 0NN AID NN 1NN typeid(*pBase) NN1INN O'NNW 192
.class Derive 7l INI'7D

C++-1 0210 NN - Casting 6.2

:NI1n [9IN] O'Y'AXNI 021N 1NN 0'On IR C Nown

Class B {...};
Class D {...};
B b;

D *pD = (D*)é&b;

,(ARINNDA 7PN NAIMAN NI'RW 02 AN ,NI2NNA NiD NIN 1112010 N1 AT 2100 1NN
.D Np7Nn7 ©0'021 IN D-n WAl 1II'N b DPMAIND PDW

0"MINA1L,YIAXN7 NIDN'NNN [9IN NN MIWN 77 WD AI00N 1NN OMNIon 0Npna
0'27IYN 0RININ 1107 ONNNA,(WNNA NDIMW '92) 1DV NN MWD 02 N 0NN
417NN

N17'W NI1ONN ,q01 |NoN w' C NOWn 117 121NN [WH NNNAN 12202 010N NNnY7
NIYXNNIA,7WNT7 .2annn D NNt an fan7 'y TN N7 ,NK NIDNN 2NdW NN
7WN'7 .LPMIN 7W NIYIP 7027 NWON NINN

const B b;

B *pB = (B*)é&b;
IN b DP'"MAIND 7W NIYAPN DK 7027 NNNKA [11IDNN,N7K NNIW 2NDW NIDNNA DN
JINT WY DN NAD K77 Nnw

780 0D 7Y PIFTA NRYYT7 1ITYIRW 2N NIDISIN NN C++
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static_cast 6.2.1
TNIN DX NT2 NPTIA N7 1T 0INA .NN2INN 7w 719070 NPT NYXINnN N'Dvo 1NN
7W NNTIAN MN RID AN71 DRI O 7YY NIDNNAW NNt 021N 10
VW "D N'DDLO NN DYWXANW 1197 NIT NIM7 NIA"N NRIWnN Nip7nnn
NI 0INNN 112NN .0INAN NN Yxa'7 18D NyT17 Compiler-n

static cast<requested type>(value)

M7 Wiy DPMAIND NI value-1,WATIN 210N RIN requested_type TWND

D ON ,7IIXAD DT NIAIMD MWN N'DDO 1PN L,ARNIW 19D NPT 1INAT7 INITA
0'97IN'7I9 DI'NW O'DIMAIN 1AV 03 NMWON N'DLO 1NN - N'NI'T NINAN NIWA
.(Qwnna N1 NN 7y TIY)

analT

nP7NN 1Ta1 qO0I1A .BaseZ-I BaseY ,BaseX :NIP7NN WI7W ATl ,ANAN ANAITA
Derived Np'7NNN 112y |1N2'TN NOM9 L1770 NIP'7NnNn wi7wn 1TaNwW Derived OW2
:N2N D'WIN2 NOININN

Ve ™~ ? A
4 Bytes
m_n7
}V
BaseZ
- mnd 12 Byt
es
- m_nb5
BaseZ Address | ~M_n6 v
28 Byt
BaseY : 8 <
- m_n2 8 Bytes
BaseY Address | - M-N3 Y
A
BaseX
4 Bytes
BaseX Address, Derived _\ ~ m_n1 A v
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#include <iostream>
#include <cstdio>

class BaseX
{
private:
int m nl;
public:
void PrintAddresses ()

{

printf ("BaseX (%d bytes) :

sizeof (BaseX),
this, &m nl);
}
}i

class BaseY
{
private:
int m n2;
int m n3;
public:
void PrintAddresses ()

{

printf ("BaseY (%d bytes):

this = %.8X,

this = %.8X,

&m n3 = %.8X\n",sizeof (BaseY),

i

class BaseZ
{
private:
int m n4;
int m n5;
int m né6;
public:
volid PrintAddresses ()

{

printf ("BaseZ (%d bytes) :

o\

. 8%,

this = %.8X,

:(Ex04) ndimmn TP 707

&¢m nl = %.8X\n",

&m n2 = %.8X,
this, &m n2, &m n3);

&¢m n4 = %$.8X, &m nd5 =

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
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&¢m n6 = %.8X\n", sizeof (BaseZ), this, &m n4, &m n5,
&m _no) ;
}
b

class Derived : public BaseX, public BaseY, public BaseZ
{
private:
int m n7;
public:
void PrintAddresses|()

{

’

BaseX::PrintAddresses ()

BaseY::PrintAddresses () ;
BaseZ: :PrintAddresses () ;
printf ("Derived (%d bytes): this = %.8X, &m n7 = %.8X\n",
sizeof (Derived), this, &m n7);

b

int main (int argc, char **argv)
{
Derived *pDerived = new Derived();
pDerived->PrintAddresses () ;
printf ("\n") ;
printf ("pDerived = %.8X\n", pDerived)

’

printf ("static cast<BaseX *>(pDerived) = %.8X\n",
static cast<BaseX *>(pDerived));
printf ("static_cast<BaseY *>(pDerived) = %.8X\n",
static cast<BaseY *>(pDerived));
printf ("static cast<BaseZ *>(pDerived) = %.8X\n",
)

static cast<BaseZ *>(pDerived)
printf ("\n") ;
static cast<BaseX&> (*pDerived) .PrintAddresses() ;
delete pDerived;
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:NIN NDINN b'79

BaseX (4 bytes): this = 00164BA8, &m nl = 00164BAS

BaseY (8 bytes): this 00164BAC, &m n2 00164BAC, &m n3 = 00164BBO
BaseZ (12 bytes): this = 00164BB4, &m n4 = 00164BB4, &m nb5 =
00164BB8, &m n6 = 00164BBC

Derived (28 bytes): this = 00164BA8, &m n7 = 00164BCO

pDerived = 00164BAS8

static_cast<BaseX *>(pDerived) = 00164BA8
static cast<BaseY *>(pDerived) 00164BAC
static cast<BaseZ *>(pDerived) 00164BB4

BaseX (4 bytes): this = 00144BA8, &m nl = 00144BAS
offset-n '0 '7V MIW Y'axn NAIMD OMY7 NN N'DLO NINN ,|'n:1n'7 AWONW '9D
.0'0IN"'7 02 NINNN Y¥27 1WONW O'NN |2 IPD .O'RNNN

072770 13" BaseY 110N Y1a¥NY BaseX 110N YA¥YN 1! 0'0IN 11" ON ,90NA
qIpVY IWON .MWOK 11'N 12TAW 722 |'Nan Compiler-nw I ,N'¥7'ONI7 NRIW
ANNY7 {71 Derived 210N YRAXN IN void * 310N Ya¥N7 Yraxnn nann 1 7y n'72an

JINT NIWYY [0 'RW X7 AN .BaseY* 2100 Y1AXNY NN [P0

dynamic_cast 6.2.2

NYXINN 1WND ,IW 1107 TNN 110N (Dln" IN) VIAX» I'Mn'7 NMWONN N'NI'T NN
WwATIN (DIFI"T'I IN) VIaxnPn 110N 1111 DN 'DAPPN DPMINAW XM NPT NP TA
a'vpPnaIN INI'7d ,0"oIN719 O'DP"AIN 71AY P37 NNMWON DMNIT ANn .0nNna
JINKR NY7RIDAY X119 niN97 DIy NMmMinw

:NIN 0NN 1'ann

dynamic cast<requested type>(value)
W'w DPAINN NIN value-I ,(Dln" IN M'JXD) WPIanNn 210N NIN requested_type TWNKD
ann7
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2107 IMN'7 N1 N7 ON (NULL) O IN ,Wwiann a0nn yraxn 1NN dynamic_cast
nT) bad_cast 210N exception AT IN'7¥N N7 DIN'7 NNN ON ,NINT NINIV'Y7 .WIann
(NN'7¥0 N7 Mnnnw ["X7 NONK NNWONR ['RW 1D 71

INN 2107 TNN 210N YIAXN 1'NN'71 NID17 TWON dynamic_cast-1 static_cast-'7 TIana
PAT'w IN (NULL) O 2Tnr ,mND AT 1pna DM 7w 1wl 0N 'NW NNy
[PTA 12D NINNMON NIPrTa yxan dynamic_cast ,NINNN 0O'7'"N1 IN .exception
NN ININ 'DIPAPN DPMIAIND ON DX [PTA PITA7 AWOND QDI N, AN 7'ONIIN

J7W NI'WIN'W'7 NI2'on NNN IT . NWPIann

analT

nP7NN7 NI7NIDYT A'XPAIO N9DINW 102 NNTIPN NADINN NN W 1T ANalTa
Derived '7W 77127 D2 72N NINXINDI BaseX 7W |1N2'77 O'MA 4 q'0IN 17T '11'W .BaseX
NN 7901 ,(Virtual Function Table-7 y'axn D'wnwnin 0O'N2N NYaIN 00 17K)

JI'01IN'719 NIP7NNYT Derived-1 BaseX NIP'7NNn

:NWTNN NIP7Nnn NI 7w 1270 NoN9 707

[ ) ?4 Bytes ‘
m_n7 v
BaseZ | |
- m_n4
- 12 Bytes
BaseZ Address | - m_n6 v
EEeat Y 32 Bytes
-m_n2 8 Bytes
BaseY Address | -~ M-n3 v
BaseX A
-m_n1 8 Bytes
BaseX Address, Derived |\ - [vftable]/ v !
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:(Ex05) nnartn TIp 707

#include <iostream>
#include <cstdio>
#include <typeinfo>

using namespace std;

class BaseX
{
private:

int m nl;
public:

void PrintAddresses|()

{

printf ("BaseX (%d bytes): this = %.8X, &m nl = %.8X\n",
sizeof (BaseX),
this, &m nl);

}

virtual void dummy () {}
b

class BaseY
{
private:

int m n2;

int m n3;
public:

void PrintAddresses ()

{

printf ("BaseY (%d bytes): this = %.8X, &m n2 = %.8X, &m n3 =
%.8X\n",
sizeof (BaseY), this, &m n2, &m n3);

}

i

class BaseZ

{

private:
int m n4;
int m n5;
int m n6;

public:
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void PrintAddresses ()

{
printf ("BaseZ (%d bytes): this = %$.8X, &m n4 = %.8X, &m nb5 =

o\

. 8X%,
&m n6 = %.8X\n", sizeof (Basez), this, &m n4, &m n5,
&m no) ;
}
}i

class Derived : public BaseX, public BaseY, public BaseZ
{
private:
int m n7;
public:
void PrintAddresses ()

{

’

BaseX: :PrintAddresses ()

BaseY::PrintAddresses () ;
BaseZ: :PrintAddresses () ;
printf ("Derived(%d bytes): this = $.8X, &m n7 = %.8X \n",
sizeof (Derived), this, &m n7);

b

int main (int argc, char **argv)

{

Derived *pDerived = new Derived() ;
pDerived->PrintAddresses () ;
printf ("\n");

printf ("pDerived = %.8X\n", pDerived) ;

printf ("dynamic cast<BaseX *>(pDerived) = %.8X\n",
dynamic cast<BaseX *>(pDerived)) ;
printf ("dynamic cast<BaseY *>(pDerived) = $.8X\n",
dynamic cast<BaseY *>(pDerived)) ;
printf ("dynamic cast<BaseZ *>(pDerived) = $.8X\n",
)

’

dynamic cast<BaseZ *>(pDerived)
delete pDerived;

printf ("\n") ;

BaseX x;

printf ("dynamic cast<BaseY*>(&x) = %.8X\n",
dynamic cast<BaseY*> (&x));

try
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dynamic cast<BaseYé&> (x);

printf ("Reference conversion succeeded!\n");
}
catch (bad cast é&bc)
{

Q

printf ("Reference conversion failed ('%s')!\n", bc.what());

}

NI NDINN b'79

BaseX (8 bytes): this = 000F4BA8, &m nl = 000F4BAC

BaseY (8 bytes): this 000F4BBO, &m n2 000F4BBO, &m n3 = 000F4BB4
BaseZ (12 bytes): this = 000F4BB8, &m n4 = 000F4BB8, &m nb5 =
000F4BBC, &m n6 = 00

0F4BCO

Derived (32 bytes): this = 000F4BA8, &m n7 = 000F4BC4

pDerived = 000F4BAS

dynamic cast<BaseX *>(pDerived) = 000F4BAS8
dynamic cast<BaseY *>(pDerived) = 000F4BBO
dynamic cast<BaseZ *>(pDerived) = 000F4BBS
dynamic_ cast<BaseY*>(&x) = 00000000

Reference conversion failed ('Bad dynamic cast!')!

PIT2 YraX»NN NAIMD NN XA DTN MWD DT 2ONnw NINYTZ 1WON 1T NNaITa

I7'N1,(NULL) 0 n'TNn NNf7¥n N7W yaxn NInnw 0N D IND .N'DL0 NINn2a INd

N7 N'DLO NINNA - bad_cast exception NPMT7 NN AN'7¥N K7W OIN' NNN

N'MIT NINNA,LDITN WP 0N 'RW O'YRAXN 110 W |2 1NN Yxa'7 nioa7 7o
.(bad_cast exception IN NULL) ONNNQ NINXINA D ON - TWONNN AT
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const_cast 6.2.3
:NIN MIDIOIND 12NN .DPMAIN 7W “NIYIAP” 7027 NMWORN IT NINN

const cast<requested type>(value)

analT

:(Ex06) const_cast IDI9INA WIN'WA [OIN NN AWINNNA ANIT 707

#include <iostream>
using namespace std;

class Object
{
private:
int m value;

public:
Object (int value) { m value = value; }
void Display () const { cout << m value << endl << endl; }
void Change () { m value++; }
void ForceChange () const { const cast<Object*>(this)->m value++;

’

void OuterChangeFunction (const Object &object)
{
// the following line causes a compilation error
// object.Change () ;
object.ForceChange () ;
object.Display();
}

void OuterForceChangeFunction (const Object &object)
{

Object &tmp = const cast<Object &> (object):;

// Now both lines are OK!

tmp.Change () ;

tmp.ForceChange () ;

tmp.Display () ;
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voilid OuterForceChangeFunctionV2 (const Object &object)
{

Object *pTmp = const cast<Object *>(&object);

// Now both lines are OK!

pTmp->Change () ;

pTmp->ForceChange () ;

pTmp->Display () ;
}

int main(int argc, char **argv)

{
Object object (10);
OuterChangeFunction (object) ;
OuterForceChangeFunction (object) ;
OuterForceChangeFunctionV2 (object) ;

NI NDINN b'79

11
13
15

NI712' I'R const NI'YPJAIOD NNTAIND NP'7NNA NINAN NIYPAI9 NINYT [NIW 19D
NN 7y this Y12X¥N'7 const_cast NINN NYXaNn 271 ,nP'70N2 12N 7W 7Y NRw'y?
.m_value NINWNN 7V NN NIW7 NN TIWONW

,const 210N 1LNI9D DPMAIND NN NI7APNRN NPTNNRYT NIMIXM NP L|9IN MINA
121¥12 ON .NP7NN2 const NI'¥PAIOD NINTAIN [I'NW NIYPAS 7'vony NivId' [I'N
AWON TN 711 const_cast NIVYNNA 12AVINW DP"AINA NN 1'HNNY 11'7Y ,NINT NIWyY7

.const N"¥{71190 NITAIN NI'KW %P9 7'von7 nne

II'N N ,DIN'M IN Y'AX¥NN const-i N'72a0 NN 1'0N7 TWONN const_cast :nNyn
,const-2 N7'NN2'7N 1TAIN DPMAIND ON .INXY DPMIND 7W NIVRAPn NN 702N
Undefined ) N1TaIn 'M72 NIanNann7 0N nnnn NIYXNNA 1Dy NN NIRWY7 (|1'01
1I'N VI3 DPMAIN 7W 1DVW N1IN7 'RWA Compiler-nw N 727 n2'on .(Behavior
7W MIPNN Y2 WpNWwn7 Mwy NINL7Wn7 .ORNN2 NIXTM'DOIN VX171 ,0INWN
1NON [AIND |ND'T TN ININ OPN7 IN ,NAWY7 ['01 Nwyiw TNNK7 03 NINWnn
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M72 NINXINT7 0N37 IN 7WD07 730 17'ND NIKNMYT7 Mwy 12'wa L[P7 .02md
IT T2 MIN NIWY7 N1 ,const 1I'N MIPNN DPMAIND WND ,NNT NNV NIMOY
N 9IN2

['N 21D 112N 2UX'YA DW ,AID N7 NI2IN 2IX'Y 7V T'WN const_cast-1 win'w 1NY7
TIYN' 12 XN PN ,NRT OY 0¥ NTA DPMAIN 7W const "ONNA NN 7027 1Y
AT NN

analT

7W NDOTN N"¥PAIOT INIPW OMYON NIND NN 1907 O'XIN O"N1I9 D'WIN'WT7W N
NX7 D71 DPMIND 7W DY NN NIWN NN N09TAN NMXPA9 D 11N .LPMIN
NINMPN 190N 7W NANN DK 7'Tan7 X7 |2 NINT OY ,const N"¥P19D N'TanY
this Y'axnn NN 1M1 NDOTAN NU¥PAI91 ,NNT NIWYY7 1D .N09TAN N'¥pio7

:(Ex07) nnuoInn TP 707 .const_cast 1ILI9IND NIYXNNA

#include <iostream>
using namespace std;

class Object
{
private:
int m value;
int m displayCount;

public:
Object (int value) { m value = value; m displayCount = 0; }
void Display() const
{
cout << m value << endl;
const cast<Object*>(this)->m displayCount++;
}
int GetDisplayCount () { return m displayCount; }
}i

int main(int argc, char **argv)

{
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Object object (10);
object.Display();
object.Display();
object.Display();
cout << "display count = " << object.GetDisplayCount () << endl;

NI N2INN b'79

10
10
10
display count = 3

aNI7D) const N'¥pPA9D NOTAIN Display N'¥pA9ONW NINNYT ,NIN17 TWONW 19D
T 7V NINT NWIY NINT 702 N7 L,(0M2N 0INwn DY NNRW7 7' N7W 7ypaed
this y1raxnn 7w an'vnn NN

NNTAN T 7V const_cast NN K771, WI9N ININ NIN 2'WN7 TWON 1D X7 W' :myn
.6 11Y'W1 120INW '93 ,mutable 110N NINWND m_displayCount NnINwWwnNnN

reinterpret_cast 6.2.4

NNW'7 NIWoONN IT 1NN .C NoWnN 127 NI2INA NMIWN NINn7 N7'2Pnn N IT NN
N7 .oIn" 7w 210 757 oIN" '7W 210 7> DA N> ,y1axn 7w 10 707 y1ax¥n 7w a0 70
nyaxNn N2mdIL(719015 NPT K71 NXM INTA K7) NInnn 1217 w75 NpTa nyxann
17 'NW NNA7 INNND D79NN 1T N ,NIDI0ON N78D NIPAW [2IN .NINWN N7
JNIN Y¥27 0T OIW

‘NIN ATIPON 1'ann
reinterpret cast<requested type>(value)

.1NNY7 DPMAIND NIN value-1, W10 021NN 210 NI requested_type TWND

analT

:(Ex08) reinterpret_cast 210N NINNA WIN'W NA'XN N2 ANAITA

#include <iostream>
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using namespace std;

class A { };
class B { };

int main(int argc, char **argv)
{
int n = 123456;
float* pF = reinterpret cast<float*>(&n); /* No error */

A a;
B *pB = reinterpret cast<B*>(&a); /* No error */
B &anotherB = reinterpret cast<B&>(a); /* No error */

}

[PTA K71 71900 INTA N7 ,N78N NINNNA NPT K7 ANDW QR NINTYTZ 1WORW 19D

NINW DPMAINA 7Y B-7 NITINTA NI7IVO ,N¥"M N1 ,UX¥A7 N0 ORW |2IND .AxMN
JIOX N7 [9IN2 201NN NDINAW TINN 71120 LA 210N DPMAIN NWun'7
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STL - The Standard Library

.Demos\Chapter 07 N'"1901 NXN1 AT 1Y'W 7w NN TIP A7 o'w

N2 1T 190 .C++ NOWN P'7ND 'MW [9INA 7701w NN NIP7Nn qQDIN KIn STL
Nyl NN NN97 '7'NNin NN .21N9D0 1TI0D7N - TAN OTN 7W My M9 N7
.C++-1 Ada NOW 7y I'MNI'v1 NN 7'7WnN 0IW INN71 1979 Niw2 TIy 17W M2 NIONN

.C++ Now NN P'7ND w1 [9IN] 7701 STL qJwnna

:0™Mp'y 02N NYAINT7 STL NN 2'70'7 TWoN

;7WNY7 , 001w 011N 12N NIWNRPRNN N'AN NP7NN 178 - (NI'71DN) Containers <
7101 map ,nn'wA - list 71N - queue ,'NI'T YN - vector

JI71Dn 7V NIM0 VING DNWONNA O'MYXY O 17N - (0'7110) Iterators <

2700 I'D ,WI9'N ,Nj7MI0 O'VXANN OMNNMIAT7N 7W NTAD1 NIND - Algorithms <

.() MLIVIND NN NTANA NF'7AN 017N - (7'¥7219 'DPMAIN) Functors <

NN NTIAVN NNIXW INN7 L1770 D1M2an Nepaoni Np7nnann 770 1301 01 iyl
JNM NN TIN'7 na0 ni7pa 7o1in 17 naam

o"MIDID'N7 NIAN 7.1
q1DTN LINININNA ,DPMIND YN 7W NPN0 TWONT ITPONW DPMAIN NI AIDIDIN
N715n N1aN 7521 775 1T1A1 Wen 7W DPMAIN RID D ONLIAY7 121NN YRAXYNn NN
TIN .0171DNN M2A'N 7Y NIN0 DNWONNN 01IW 010N ONIDID'N NP'7NN 0NTAIN

:0'N2N 0107 P7N7 A"WON DNIDID'NN

0MA'NA 707 N'NIPN AW ONWOND 178D ONIDID'IN - random access <
.171Dn2 01IONINNA

10D 1T NP0 0ONWONNN ONIDID'N - bi-directional <

1272 ANt AP0 0NWONNN ONIDID'N - forward <
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71D00N OMXY 7w TA71 NN ONWOND AN O'WIN DNIDID'N - input <
17107 OMXY 7w TA71 N2MD DNWONN AN'TP 0'WAN ONIDID'N - output <

OMIDIOINA .A9IXNAN NI N2 "A'D'NIDI'N NI OMIDIDIND WIN'WA nN1IW '9D
.0MILDIL'NA |9IN MNIND PITA O'TAIY 0720 OYAXNPY 0727 NN ON7 -- | ++

NI'T YN - vector QDINN 7.2
L7121 NIIW NIPMNO M7V VX7 ,0INWn 7712 792 7790 1IX'Y7 AWORN vector NpP'7NNN

NXN1 7ILPI 7W  DMWOND D'WIN'WA NN 02NN N7nn NOINN TIP A7 0w
.Ex01 n1dIna

ILPIIN N1Tan 7.2.1
CN'RIDPIN 1NTaN

template<class T, class A = allocator<T>>
class vector

{
bi
.0"IN1 210 W I7:l|7T) ADPIN

MNITNNYNIDAMNINAD-T o
NN NXPNW AP70NN N ITaN7 [N :uN1 0'NO 70 [MTA AXIN - A e
.77TNNN N1MAa N¥pPNA PON0 770 11T .WNa 0NANY7 (N0

ALPI 7INNN 7.2.2
.0nIW 01I9INA 7INNNK 0DMWONRNN Constructors 190N ILIINYT

NINDAIT

vector<int> vl;

2" 0M7W 0M90N 7W DPI X' IT NNAITA
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vector<int> v2 (10, 5);
NIN 0NN TN 72 7MYW 02N 10 OY 7NNINW 0'N'7W 090N 1IDPI NN IT ANAITA
.5
vector<int> v3(v2.begin (), v2.end());
LJINT NIWY'YT 17D .(v2) AINN YN 1T 78 7NNIRW (v3) ™I YN DX IT AnalTa
v2-N P'Nyn7 WY [IWRIN 12NN 7Y Y1IxXn IWNIN,0NIDID'N W v3-7 1172yn
7V V1AXNN AILADIN DTN begin() N'¥2192 NWHNWA (771> N7) INNRD 7V nwl
[INAND NN TAN 12N 7Y Y12XND DN N1TNN end() N'¥P21901,77VNN N7'NN
Jynaw
vector<int> v4(v2.begin() + 2, v2.end() - 3);
7NN v2-n OPMyN 1K N9W K7NK ,v3 7IYN7 OnIT [9IN2 7IYN N7ANN 1T ANalTa
(7712 N7) Q100N 'wi7wn 12INT7 TV 'W7W0 12NN

[NOTA 71X MLPHIN '7TI2 7.2.3
JIDPHN 7TIA IR 0NN size() N'¥P2190

0NN A7N ON 1) unn 7w N2 D71 NN 2TNN capacity() N'¥p2190
(IN7 DN 21 wID'waw

analT

cout << "vid.size ()= " << véd.size () << endl;
cout << "vd.capacity ()= " << véd.capacity() << endl;

77¥NN "MAR 75 Np'nn 7.2.4
.]IYNN MAIND 70 NIN PINN'T7 NIWONRDN clear() N'xpa1on

analT

v2.clear();
v3.clear();

v3-Iv2 O'>7VNN W 12910 |ND
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D"M2'N N9oDIN 7.2.5
VYN qIDY 12'N q'0INYT7 TWONRN push_back n'¥jI9N <
77VNA 0MON OIF'NA 0NN IK 12N '0IN7 NWONRD insert N'¥PION <

NINNAIT

srand (time (NULL) )
for(int 1 = 0; 1

{

< 10; 1i++)

vl.push back(rand() % 100);
v2.insert (v2.begin(), rand() % 100 + 100);
}

N'XIDIN 702 119010 v1-7 .v2 71YN71 ,v1 7NYN7 O'NIPNR 0DV NNWY 119010 [ND
VNN N'7'NN'Y7 ,0V9 752 TAN 12N 129010 v2-7 .77unin 9107 TNN 12N
v3.insert (v3.begin(), vl.rbegin(), vl.rend());

.v3 N'7'NNN ‘700 v3 7IYNY7 7190 1702 v1 JIYNN 0NN NN 119017 1T MW

77¥N2 02N NPNN 7.2.6
.17YNA JINNRA 72'ND NN NN pop_back() N'X¥paion

analT

vl.pop back();

7V Y1AXNN IDIDIN N2V T 7Y TAN Q2N PINNYT7 NIWONN erase() n'¥paon

QID7 MDIIL'NI NXIAPNA N7'NNYT AULID'N NIAYN T 7V 0NN 7W AXIAP IN 2NN

[IMNND NRW [IWNRI0 2R 7V Y12XNN IDIDIN TN AYpaon (7710 N7) axikapn
.onw

analT

v2.erase(v2.begin() + 3, v2.begin() + 5);

VNN 7w 'wnnil YyAan 0N2ANRD DN 0PN 1T ANaTa

VN YW nopn 7111 7.2.7
YN NWONRA 17NI0PNN OMNAND 190N NN NTNN max_size() N'¥11o0
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7VUNA qI01 7IYNA N'7'NN7 DMIDIIL'N 7.2.8
:0NIDIIL'N NNTNR ,NINTIPN NIRRAITA N7N1 12D 02 ,NINAN NP0

YN N7'NN7 DID'N 1NN - begin() <

YN QI07 AIDID'N TN - end() <«

NWYN'7W AIDIID'N AT INI7D) 7IYN N'7'NN7 190 ADID'N 1'TNN - rbegin() <«
- 7YN N7'NN D7 NINTPNN OXY2 NN 1-2 INITP1E,]uNa QI0 7V yhaxn
(MINK NN NI7D

N7'NN 7y Yraxn A1 IDID'N AWYN'7) 1IVND qI0'7 190 ADID'N 1NN - rend() <
.(7NYnn qIo 17 NN 0PN ININ INTPN DY 7W 1-1 ANN9NL, YN

JINQPN NWI7 0DNIDID'N 0N vector N'7NNN 7w 0MIDID'NA D 17 0'w)

analT

static void print (vector<T,A> &v)

{
/* example of forward iteration */
vector<T,A>::iterator iter = v.begin();
while (iter !'= v.end())

{

cout << *iter++ << " ',

}

cout << endl;

}

static void reverse print (vector<T,A> &v)

{
/* example of backward iteration */
vector<T,A>::reverse iterator riter = v.rbegin();
while(riter != v.rend())

{

cout << *riter++ << " ";

}
cout << endl;

}
nN'TP N9 NDOTA NNN YN NANN NDOTN7 NINPIO MW NTaN IT ANaITa
190 AT02 N0OTN NMWNI
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11'"NW '9D PI'TA ¥ 1IDISIND D'WHNWN 'MNDIIN 12N [DIN NN 727 1D :a7 o'w
['AN7 12'7y 07PN 0WRAxN» 117 N2INN NNINNN .0'WR3AXN1 121N 7' ON D'y
STL '7W 0MIDID'NA WIN'WA [9IN NN

72'N TNN 7.2.9
77V NN NRWY7 N2 .[] MDI9INA IN at() N'¥P192 WNNWAT7 QWoN 12N '72p7 11D

.IN72p oy 12'NN

vli.at(0) = 9;
vi[e] = 11;

[INAN 72'NI [IWNRY 72'N7 Dion'na 7.2.10

,0VN [NNRAL (IWNIN J2IN7 NION'NA NN NINMTNN back()-1 front() Nitxpaon
INXY 12'N7 NION"NN 0'72P0 |ND ,0TI7 0N2TIND ONIDIIL'NAN MW .ANNNN
WNNWN'7 TWON N ,90112 .122IN NN 727 NIn 7y * 2IDI9INA WNNWAY7 01X |'NI
.02'0N7 IN ONTPY7 INI7D - DNILID'ND NINON'NN]

anmT

cout << "v2.front() = " << v2.front() << endl;
cout << "v2.back() = " << v2.back() << endl;

177NN 'NXY [IONN 7.3

.OM7W 0M90N 7W MIT |IDNN 1IAY vector-1 WIN'WNA NN 1INATA OTIjPN 9'wo2
7x17 nin 7yw |"¥7 21WN NNT OY .NWT7D NP'7NNN 0DN2AN [ONNY7 02 TWONW [2IND
TANT7 OMy7 X WL (QWwnna aNMWw 192) 90N STL-W NIANN NIMMWONN NN
nn 7y 7WN7.'71>1 OMNON constructors ,NINYION NI'YJAIO ,OMNION ONIDIOIN
NITAN NIYXNN 17W 0P'7002 7712 ON' 'TaN7 12'7V AW NN MNNIAT7NR NN 7¥17
DNMNAT7R7 DNN78N NRIW N7 D712 nRwn DNt (0 1bP) < ADISINN
JNNN7 NNN A'71000I

NI'¥PII9N NNN7 12VINW DPMAIND 7W PNy ONIRND STL NI7DNAW waTA7 21wn
DPMAIND T 7V DTANWN 07X 002 DNPNR2A TNIMA L2197 .07100 70 7w JI0NKN
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Copy Constructor-n NN 2D ' TAN7 1'7Y N7, (AN NNAITAW String NPT7NN 12D)
NWNN ILISINI NPT7NNN 7w

sort ON"N'7NN 7.3.1
7W 17700 OWAIT 0OMMNNIT7NA 70 .0MNMRYTR 190N A¥] NINAN NIRNAITA 17002
.<algorithm> ¥21l;7n

nan 7y (N L) < ALISINA WHRNWN AT DNNIATN .sort NIN 11DIW [IWNIN ONNIT7NRN
1I'N T |I'D .N'¥P19'7 12yINnn Compare DPMAIN NMIWN INDA INL|I'N DK Y¥17
(2" N7 N'wan stable_sort [I'MN) 2'¥' NINYT7 2"NNN
MPW! [I'MN [IMDMP 197 NNT 71V 72 0NAN TWW N'DANA [I'M RIN 2N I :NYn
.0N"22 NIPNn 1ToN 7V

analT

:(Ex02) nnarT7 noin Tip 707

#include <iostream>
#include <cstring>
#include <vector>
#include <algorithm>
#include <cstdlib>

using namespace std;

template<typename T, typename A = allocator<T>>
class vector utils
{
public:
static void print (vector<T,A> &v)
{
/* example of forward iteration */
vector<T,A>::iterator iter = v.begin();
while(iter !'= v.end())
{

cout << *iter++ << " ";

}

cout << endl;
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b8

class String
{
private:
char *m_str;
public:
String(const char *str) { m str = strdup(str); }
String(const String &str) { m str = strdup(str.m str); }
const String &operator=(const String &str)
{
if (this == &str)
return *this;

free(m _str);
m str = strdup(str.m str);
return *this;
}
bool operator<(const String &str) const
{
return strlen(m str) < strlen(str.m str);
}
~String() { free(m str); }
friend ostreamé& operator<<(ostream &o, const String str);
}i
ostreamé& operator<<(ostream &o, const String str)
{
o << str.m str;
return o;

}

int main(int argc, char **argv)
{

vector<String> v;
.push _back("ilan");
.push _back ("amoyal") ;
.push_back("is") ;
.push _back ("the");
.push _back ("writer");
.push_back ("of") ;
.push _back ("this");
.push back ("book") ;

< <9< << << <<
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sort (v.begin(), v.end());
vector utils<String>::print (v);

:NIN N'1DINN 79

is of the ilan this book amoyal writer
TIN 'O 7Y Y1 Strings W |'2 N2 7TIAN ON'W String DWA NP'70n TN 1T ANt
OO STL-W |I'n DNMIA7NA NWNNWA PN INN7 .('97217'017'7 1702 K71) NTNNNN
12'7V 00 .(0'901 D'MNNIATZN 1D qWNNA) 1IX'W YN NN NN N7 nan 7y
N"¥PA97 071000 7V 71997 701 Imnw nan 7y ,(n [bP) < ALISIND NN VTN
qQID7 1ULAL'NN DRI "N7 O'XIN INW DINNA N'7'NNY7 JILIL'INA NIN 1172V 1IN
[1N2'TN ANNWI ANWAN IDI9IN ,Copy Constructor-n 7W NNTAN7 02 27 0'W .0INNN
N7 A 'O17'N'7W IN 19X N7 ' N1DINN TIP9N 17K NI'YPA19 K77 .Destructor-1
.(Memory Leaks) |IND'T

PhoneEntryPredicate-1 PhoneEntry nip7nnn 7.4

1197 NP7NNN TP NN 2'¥1 D71 .PhoneEntry N'7NN2 WiN'W 1wyl NINAN NIdIN2
PhoneEntryPredicate DW21 Np7nn 117X ,q0I12 .0O'N2N 0'9'VOIW ANAITA NINDIN
ONN P12l PhoneEntry 7W YoIN 720 AT DISINW 7D () ILISOINA DR DTN
NI'W™ NM7N AN ARIWAN DN 171'N20 .Constructor-1 12VINW value-7 AW NIN
DMLNI9] N'WYI - [1I97DN 7V IN OWN Y7 NHWNYT7 W' ONDI (case sensitive)
.Constructor-1 D"N2VINN

NIP7NNN Dnxn 707
File: PhoneEntry.h

#ifndef PHONE ENTRY H
#define PHONE ENTRY H

#include <iostream>
#include <cstdlib>

class PhoneEntry

{

YN'INDN |7'N7 nimw nirdTi 70 - 2010 ©
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private:
char *m name, *m_phone;

public:
PhoneEntry () ;
PhoneEntry(const char *name, const char *phone);
PhoneEntry (const PhoneEntry &phoneEntry);
~PhoneEntry () ;

const PhoneEntry &operator=(const PhoneEntry &phoneEntry);
bool operator==(const PhoneEntry &phoneEntry)const;

bool operator<(const PhoneEntry &phoneEntry)const;

bool operator>(const PhoneEntry &phoneEntry)const;

bool operator<=(const PhoneEntry &phoneEntry)const;

bool operator>=(const PhoneEntry &phoneEntry)const;

friend std::ostream &operator << (std::ostream &o, const
PhoneEntry &p);

const char *get name ()const;
const char *get phone ()const;
b

class PhoneEntryPredicate
{
private:
char *m value;
bool m ignoreCase;
bool m byPhone;

public:

PhoneEntryPredicate () ;

PhoneEntryPredicate (const char*value, bool ignoreCase = false,
bool byPhone = false);

PhoneEntryPredicate (const PhoneEntryPredicate &pred);

bool operator () (const PhoneEntry &p);

~PhoneEntryPredicate () ;
}i

#endif // PHONE ENTRY H
NIP7Nnn 'winm |'707

File: PhoneEntry.cpp
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#include "PhoneEntry.h"
#include <cstdlib>

PhoneEntry: :PhoneEntry () { m name = m phone = NULL; }

PhoneEntry: :PhoneEntry (const char *name, const char *phone)
{

m name = strdup (name) ;

m _phone = strdup (phone) ;
}

PhoneEntry: :PhoneEntry (const PhoneEntry &phoneEntry)
{

m name = strdup (phoneEntry.m name) ;

m_phone = strdup (phoneEntry.m phone);
}

PhoneEntry: :~PhoneEntry ()
{

free (m_name) ;

free (m_phone) ;

}

const PhoneEntry &PhoneEntry::operator=(const PhoneEntry
&phoneEntry)
{
if (this == &phoneEntry)
return *this;

free (m_name) ;

free (m_phone);

m_name = strdup (phoneEntry.m name) ;
m_phone = strdup (phoneEntry.m phone);
return *this;

}

bool PhoneEntry::operator==(const PhoneEntry &phoneEntry)const
{

return stricmp(m name, phoneEntry.m name) == 0;

}

bool PhoneEntry::operator<(const PhoneEntry &phoneEntry)const
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{

return stricmp(m name, phoneEntry.m name) < 0;

}

bool PhoneEntry::operator>(const PhoneEntry &phoneEntry)const
{

return stricmp(m name, phoneEntry.m name) > 0;

}

bool PhoneEntry::operator<=(const PhoneEntry &phoneEntry)const

{

return stricmp(m name, phoneEntry.m name) <= 0;

}

bool PhoneEntry::operator>=(const PhoneEntry &phoneEntry)const

{

return stricmp(m name, phoneEntry.m name) >= 0;

}

const char *PhoneEntry::get name () const

{

return m name;

}

const char *PhoneEntry::get phone() const

{

return m phone;

}

std::ostream &operator << (std::ostream &o, const PhoneEntry &p)

{
0 << p.m _name << ": " << p.m phone;
return o;

}

PhoneEntryPredicate: :PhoneEntryPredicate ()

{
m value = NULL;
m ignoreCase = m byPhone = false;

}

PhoneEntryPredicate: : PhoneEntryPredicate (const char*value, bool
ignoreCase, bool byPhone)
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m value = strdup(value) ;
m_ignoreCase = ignoreCase;
m_byPhone = byPhone;

}

PhoneEntryPredicate: :PhoneEntryPredicate (const PhoneEntryPredicate
&pred)
{
m value = strdup(pred.m value);
m_ignoreCase = pred.m ignoreCase;
m_byPhone = pred.m byPhone;
}

bool PhoneEntryPredicate::operator () (const PhoneEntry &p)
{

const char *value = m byPhone ? p.get phone() : p.get name();
if (m_ignoreCase) { return stricmp(m value, value) == 0;}
else { return strcmp(m value, value) == 0;}

}

PhoneEntryPredicate: : ~PhoneEntryPredicate ()

{

free (m_value) ;

}
Copy Constructor 01 IND ,07IWN ARIWAN NIDASIN IN NWND NIN17 TWONW 19D

IT NP7NNA NITNNN 7W NMNI'T ANYXPN DYUXINNW (111D ,9012 .Default Constructor-1
.N'7NN2 Destructor-n NN 11110 -

e 1T N'7ayn an'iy - list QOINN 7.5

,vector-in NNIY'7 .N1ID 1T N'7auN NWIPN AN'WI NWHNNNN N1AN NpP7nn N0 list
,0'9011 0"MA'N7 DIPN NIXPAT7 7IX Wi Oy 7521 |271,)1N2'72 0'9'¥1 01N list NN
NIN list-n 7W IDID'NN T'NN .vector-1 IND OTIPIN P1720 70 NIN P'Myn7 1IN I'N
NMWON UDIDNA NIYXNNI AYINA 27 710210 7W AT 0D INIPNR INRE D 1T
0217'T N'77 7272 MINN IN On'TP
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list 7w NI'YpPAo 7.5.1
list 7w nir¥paon 7w 7N an'wn 1707

NN [IWNIN 12'R7 NIoN"Nn a0'TNn - front()

AINWAD [INNND 12'N7 NION™NN A'TNN - back()

NN IWNIN 1A'RD 7Y Y1XNa IDID'N 1NN - begin()

NI [INNND 12NN INRW D130 7V Y12AXNN 1IDID'N 1NN - end()
VYIXN a7 UDID'N INITZD) NN N7'NNY7 190 IDID'N NTNN - rbegin()
(NINN TNK 12'R NNTNYT7 D 1-2 INITP1EAN'IWAN qI0 7V nwyn'7

NWYN'7 Yyraxn A1 IDID'N INIT7D) NN'WIN 107 190 AUDID'N 1NN - rend()
(NMn'w121 Nan 12N7 MITPY7 Awyn'7 07 1-2 INNN9a an'wn N'7'nn 7y
nN'WINN 0NN 70 NN DN - clear()

AIDAD'N NVTANI AN'WIAN ONA'N 7W AXIAP IN TAR 12N NN - erase()
J0INW [NARD MNN KX [IWNRIN 12NYT

ANIWAN QI07 TAN 12'N NO'0IN - push_back()

N'WAN N'7'NNY7 TNN 12'N N9'0IN - push_front()

.ANIWAN QION TNN 12'N 11'0N - pop_back()

ANWAN N7'NNN TNN 12N 7171'0N - pop_front()

NN NN NN NN - sort()

AN CTAN YOIN ONIPNA NNWNI ,ONT O'9IX¥7 0NAN 210N - unique()
7w 07192 O'WOIN 1'ON7 NIN 7V sort()-7 NNMPN ANNT 1T ¥P192 WHNNWNYT
DN

NINNN AN'WIN OV 178 N12YINGD NIINNN AN'WAN MANN DN 2THN - merge()
NINN NN NN2IAN AN'WAN .NN2YINGD AN'wInn 0Noim 0N2ND NNdIan
AITNN INNYT

0M2A'NA .N'NDIN NN IN 7R NN2VIND AN'WIN NN NN 010N - splice()
JIMIPNn Aan'wann 0nom

7N'UDN |7'N7 nmw N 7> - 2010 ©
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.AN'WI1 02NN 1TO NN ND9IN - reverse() <
JIN'WA MW M2AN 2 9700 - swap() <«

find_if DN"A'7NN 7.5.2
(Predicate) 'NINN N"¥PAIO NN DUPNA [IWRIN DINTN7 AULADIN TN ONNNT7RN
J'7N NNavInn

Predicate-n NN '7'von7 Nnan 7y I'7N 0M2VINN DNIDID'NA WNNWN AT ONNNYT7N
Predicate-n NI2Y [IWNIN 12'NA 7PN ONN7RN IWRD .NHLA 0N2ANRA 7D 7V
72'N NXN N7 DNMI7NRA ON 2N ININT Y12XND IDID'N VTNN ONNI7RD 0NN

.end() 7y Y1axnNn ILADLIN TINN ,Predicate-7 NIvn

.0(n) N'n ONMN7RN NI7'ye

analT

[N 2 71913 ,|NIK D'OT1,NIN ['"NI,017197D 7W NIN'WA MW 11X N2 N'0INA
JDINK AN'WAY MNIN AT

:(Ex03) n1dimn TP 707

#include <iostream>
#include <list>
#include <algorithm>
#include "PhoneEntry.h"

using namespace std;

template<typename T, typename A = allocator<T>>
class list utils
{
public:
static void print (const char *listName, 1list<T,A> &1,
const char *separator = "\n")
{
/* example of forward iteration */
cout << listName << ": ";
1list<T,A>::iterator iter = l.begin();
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if(iter !'= l.end())
{ cout << *iter++;;
;hile(iter '= 1.end())
{ cout << separator << *itert+;
iout << endl;
}

static void reverse print( const char *listName, 1list<T,A> &1,
const char *separator = "\n")

{

/* example of backward iteration */

cout << listName << " (r): ";
1ist<T,A>::reverse iterator riter = l.rbegin();
if (riter != l.rend())

{

cout << *riter++;

}

while(riter != l.rend())

{
cout << separator << *riter++;

}

cout << endl;

int main(int argc, char **argv)

{

list<PhoneEntry> 11;

11.push back (PhoneEntry ("Paul", "111111"))

11.push back (PhoneEntry ("Paula", "222222")
)

r

( 9
( ( )
11.push back (PhoneEntry("Ilan", "4568721"));
11.push back (PhoneEntry ("Linda", "3216457"));
11.push back (PhoneEntry ("Dana", "666666"));
11.push back (PhoneEntry("Ilan", "4545454"));

list utils<PhoneEntry>::print ("listl", 11, " ; ");

/* sort */
1ll.sort();
list utils<PhoneEntry>::print ("listl", 11, " ; ");
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/* removes duplicats */
11.unique () ;
list utils<PhoneEntry>::print ("listl", 11, " ; ");

/* creates another list */

list<PhoneEntry> 12;

12.push front (PhoneEntry ("Goerge", "3521654"));
12.push front (PhoneEntry("Roni", "6547895"));
12.push front (PhoneEntry ("Aya", "5689755"));

/* swaps elements */

11.swap(1l2);

list utils<PhoneEntry>::print ("listl", 11, " ; ");
list utils<PhoneEntry>::print ("list2", 12, " ; ");

/* merge lists */

11.sort () ;

12.sort () ;

11 .merge (12);

list utils<PhoneEntry>::print ("listl", 11, " ; ");
list utils<PhoneEntry>::print ("list2", 12, " ; ");

/* search by a name */
list<PhoneEntry>::iterator searchIter = find if(l1l.begin(),
1l.end(),
PhoneEntryPredicate ("ilan",

true));
if (searchIter != 1ll.end())
{
cout << "Found: " << *searchIter << endl;
}
else

{
cout << "Not found!" << endl;

}

/* search by a phone */

searchIter = find if(l1l.begin(), ll.end(),
PhoneEntryPredicate ("3216457", true, true));

if (searchIter != 1ll.end())

{

cout << "Found: " << *searchIter << endl;
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}

else

{

cout << "Not found!" << endl;

}

/* another search */
searchIter = find if(ll.begin(), ll.end(),
PhoneEntryPredicate ("Orna", true));

if (searchIter != 1ll.end())
{
cout << "Found: " << *searchIter << endl;
}
else

{

cout << "Not found!" << endl;

}

:NIN N'DINN 79

listl: Paul: 111111 ; Paula: 222222 ; Ilan: 4568721 ; Linda: 3216457
; Dana: 666666 ; Ilan: 4545454

listl: Dana: 666666 ; Ilan: 4568721 ; Ilan: 4545454 ; Linda: 3216457
; Paul: 111111 ; Paula: 222222

listl: Dana: 666666 ; Ilan: 4568721 ; Linda: 3216457 ; Paul: 111111
; Paula: 222222

listl: Aya: 5689755 ; Roni: 6547895 ; Goerge: 3521654

list2: Dana: 666666 ; Ilan: 4568721 ; Linda: 3216457 ; Paul: 111111
; Paula: 222222

listl: Aya: 5689755 ; Dana: 666666 ; Goerge: 3521654 ; Ilan: 4568721
; Linda: 3216457 ;Paul: 111111 ; Paula: 222222 ; Roni: 6547895
list2:

Found: Ilan: 4568721

Found: Linda: 3216457

Not found!

nnNnyn

JNIN "N'7 012N 11"0 NIN'WAN DN 1ATNW 197 ,NINT7 TWONW 19D «
JI'MNTO NPT y¥ana find_if DNMA7N1 NWHNNWA ,WI9MNN 1Ay <
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,WON'7 O'¥N ININK 7V AN Constructor-1 1 TaN7 7211w 72 1IDID'NA NN 1112
IWNNWN .NINAD 772N 07YNn7 02N ARNWAN ONALLJI97D IN OW AT 0NN
JINMPAN NNNR 7021 Predicates-n N'¥'™ N7N 0D1"ONN2

|

(Double ended queue) 719> 1N - deque QOIN 7.6
qQ'0INT7 01 TWON deque-1W N7N .vector-7 PJWnni NI1'NAN TINN anIT 7190 1IN
qQIonn P11 N71 (pop_front-1 push_front) QDINN N7'NN2 DNIN 1'ON7I O'DINTN
[9IN2 NNIW deque-1 vector '7W WINMN NINX M9 |9INA .(pop_back-I push_back)

JMInn

N2a1IN 12N NODIN TWND |27 9'¥1 0NAN YN NIYXNNI WNINND vector
N12YN ,AWTN ANXPN NYXaAnn (capacity) 7IuN7 NN¥pin 120w N7125nn
IO 117 NNLAINW NI |INNT .WTNN J12'NN N90INI WTNA 11YN7 0NN
12 ]ND'TA TN 7Y OWRAXN [1AWN Yxa7 0N KW 00pna (N2 0NN
NINITA NI7IVO TWONDN vector 7W 1IDID'NNW 17 DO'W) vector-i MA'N 0I0NINND
(Wnn yaxn QN NN OWImmnn P'7021,Y1axn 7y Ni7ivo'7

N2 12T 2172 70 .071'72 7V D'YIAXNN O'YIAXN VN NIYXNNI WNINN deque
72T 17'ND NN 1171 N0 WIN'MA - 12N2'N2AN .0'DIN'N 190N 75NN 11YN NIN
0'9'DIN TWND 1IYN7 DN 121 OWIN' NI9'W IWONN TN WINMN .TAN 11yN1
790N N1 N1PN2A .0MYS 7W 11 190N IN7'NN IN 7IYNN 910N 02N 0N'OoNI
[1I'> ,vector-'7 DN'A NN NILP 1IN APNYNAN NI7IVOILL,NIODIIN [IND'TN NINXPN
NIN |INO'NN .0O'WRAXNA N'72D NN DTY71 WTN 2172 1IX'7 NN NIWY7 wiw 70w
[IAWN Y¥27 D'¥N KW 77PR2 (ND'T2 O'NNDA NI9XI7 nany 1T |'INW
deque 7W TILIL'NN AW 17 O'W) deque-n [DNINND 12 [IND'TA 7V O'WAXD
DI'N DM2A'NN ,vector-nN NIWA N ,VRIAXN 7Y NI7IVOT7 NINITA NI7IVO TWONDN
NIYXNNIA q'¥1 7IYN 78D OA'7N ON'NNY7 N1 N7 [271,)N02'72 0'9'¥1 N1dNa
(.0'wnaxn 1nwn

<
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N7 w7 O"wy vector [l deque |1 ,9DINN YXNNKI O0'A'N NODIN 7w PN
0" 12D IWND 1IN OIp'na A7'W' N90IN NIWONRN list ,0nniy7 .0'a1 012N
19010 OIP'M7 TILID'N

deque '7W NI'X19 7.6.1
:deque-1 NI'¥PAION 7W N'P7N AN'WA 707

.deque-n N7'NN7 JILAL'N 1NN - begin() <«

.deque-n qID7 1LID'N N'TNN - end() <«

QID 7V YraxnNn 1ILAD'N INI7D .QDINN N7'NNYT 19N LN NN - rbegin() <«
.DTIPN 12'N7 11N NWYNT7 NIN INIT'PI1QDIND

N7'NN 7Y Y1AXNA ADIDIN INITD .QDIND QI07 9N ALIDIN N'TNN - rend() <

.NJN 12'N7 NINTPNN NWYnN7 RN INNN9N1 DIND

.deque-n 7W DTYN I'7TIA NN N'TNN - size()

.deque-n '7W MWONN '7N'OPNN '7TIAN NN 1NN - max_size()

.DIXN DTN 0MAN N9'0INI deque-n '7TIA NN MIWN- resize()

false N'TNN NINN .j7"1 dequue-n ON true N'TNN - empty()

.OJTAN 197 deque-1 DINTN'7 DIN" N'TNN - operator|]

.OPJTIN 197 deque-1 DINTN7 DIN' NN - at()

.deque-1 |IWNIN DINTNT7 DIN" V'TNN - front()

.deque-1 |INNNN DIN'7N7 DIN" N'TNN - back()

.deque-7 O/DINTN AN'WN - assign()

.deque-n 9107 DIN7N NO'OIN - push_back()

.deque-n N'7'NN7 DIN'7N NO'OIN - push_front()

.deque-n QION LIN'7NN NN N1'ON - pop_back()

.deque-n N7'NNnN DIN7NN NN N1'ON - pop_front()

.2VINW OIP'2 deque-7 O'Y/DIN'IN NO'OIN - insert()

.deque-nnN O'LINTN NPNIN - erase()

A A A A A A A A A A A A A A2
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.deque W 7w D1OIN |'2 197NN - swap() <«
.deque-n M2'N 7> NN NPNIN - clear() <«

stable_sort ON"IA7NN 7.6.2
NINDAND [I'MN NIAN' LI'7N 12VIND container-N NN 2'¥' [9IN2 "N AT DNMIT7N

AT ' ' 197 1PD 'oNtM ONIP 7Y 0MIRIW ANT 1Y 7Y 0NN W D]
DP9 17N NNAVINGA predicate-n N"XPAI9A IN (N [LP) < AUDIOINA WNHNWN

amalT

#include <iostream>
#include <deque>
#include <algorithm>

using namespace std;

template<typename T, typename A = allocator<T>>
class deque utils
{
public:
static void print (const char *name, deque<T,A> &c,
const char *separator = "\n")
{
/* example of forward iteration */
cout << name << ": ";
deque<T,A>::iterator iter = c.begin();
if (iter != c.end())
{
cout << *iter++;;
}
while(iter != c.end())
{
cout << separator << *iter++;
}

cout << endl;

}

static void reverse print (const char *name, deque<T,A> &c,
const char *separator = "\n")

{
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/* example of backward iteration */

cout << name << "(r): ";

deque<T,A>::reverse iterator riter

if (riter

{

= c.rend())

cout << *riter++;

}
while (riter

{

= c.rend())

c.rbegin () ;

cout << separator << *riter++;

}

cout << endl;
b
bool less_ints(int a,

int b);

int main (int argc,

{

char **argv)

deque<char> dl, d2;
for(int 1 = 0; 1 < 5; ++1)
{

dl.push back('A' + 1i);
}
for(int i = 0; i < 5; ++1i)

{
d2.push front ('A' + i);
}
deque utils<char>::print("dl", di,
deque utils<char>::print("d2", dz,

/* copy d2 to the end of dl */
dl.insert(dl.end(), d2.begin(), d2.
deque utils<char>::print ("d1", di,
deque utils<char>::print ("d2", d2,

/* revese sort */

stable sort(dl.rbegin(), dl.rend(),

deque utils<char>::print ("d1", di,
}

bool less ints(int a,

{

int b)

less ints);

)

"
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return a < b;

:NIN NIDINN 79

dl:
d2:
dl:
d2:
dl:

~
~
~

OWOo WO
OD’E‘j:J’III
o
v
o
w
S

~
~

N~ SN S~
~

~
~

[ e s = ca i
0o wow
SHONONONQ]

~ 0~
~
~
~

nnNnyn

7W NI7'wW .IMN N7'NNY7 02N 015107 NN 7V push_front N1¥P1192 NWNNWN
J2IXN NALIN20NW 19D ,IT N71IV9

.d1-'7 d2 M2'N NN 1PNYN qWNna

7V ANIW AT |I'M ,7INKD .d1 NN DN "7 Nan 7V stable_sort-1 NWNNWN 9I02
AINW'Y7 ANIM integers 7W NIPNAW 20D .ANT 1Y '7V2 0NN 7W 'ONHN 1TON
NN M NIANX'W DN AN 00N 0PN 7w 1pn2 7aK N 7y
'PN '70n7 oy

N'77 [I'm NN '7'von7 11712'W 75 ,0'7W 090N 1Ay 1T (N L) < ADISINN
D2 D O'NIN 1IN T272 NWNNNN IX7 ,9IN 702 .less_ints N'¥j71191 NN2yN2 1IN
IWON ON INI7D .A'NPAI9 DPMAIN 71 N71 Predicate-2 WnW'7 n'712' 'xpao
'PN NIN "IN Predicate-n 7V () 1IbI9INA NN '7'VoNY7

D7 [IWNRIN ON true 1'TNNYT7 7MIX1 DMK AW 720 I ONMIA7N 7W Predicate
wnn

<
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