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public or private
Inheritance in C++

YHL Inheritance (2)



public inheritance in C++

* Interface
class Person {
protected:
string name,
public:
string getName() { return name; }
I3
class Student: public Person ...
Person * p = new Student ... // allowed
Student * s = new Person ... // not allowed
 Implementation (attributes and methods)
Student * s = new Student ...
s -> getName(); /[ allowed

YHL Inheritance (2)
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calling the method in base class

class Person {
public:
void print(...) { ... } I/ Person::print
3
class Student: public Person {
public:
void print(...) {
Person::print(); /[ call print in base class
// print additional attributes

}
I3
Person * p = new Student ...
p-> print(); I/ call Student::print, polymorphism

Inheritance (2)



& CIC++ - inheritance/DerivedConstructor.cc - Eclipse SDK

File Edit FRefackor Mavigate Search  Project Run Window  Help

@ DerivedConstruckor oo 53 = 0O

AfDerivedConstructor. oo ~

#include <iostreatm:-
#include <s=tring:
using namespace =td;

class User { // BL3IE
String hame:

int age:
public:
Usger (string rm, int a) {
name = nmw;
age = &a;
b
void print ()
cout << "Name: " << name << M Age: "™ <« age:

b

class StudentUser : public User { // DERIVED

string schoolEnrolled; Cal I i n g b asels =

public:

StudentUser (string nam, int v, string school) :<:| Constructor

User (nam, ¥) { /7 (L)

schoolEnrolled = school;
H
rvoid printi() {
Tser::printi(): w
I

* writable Overwrite 51721
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& CIC++ - inheritance/DerivedConstructor.cc - Eclipse SDK

File Edit FRefackor Mavigate Search  Project Run Window  Help

@ DerivedConstruckor oo 53

= O
User (string nm, int a) | &5
name = nwm:
age = a:
h
volid print() {
cout << "Name: " << name << " Age: ™ <« age:
h
Y
class StudentUser public User { // DERIVED
string schoolEnrolled;
public:
StudentUser (string natm, int vy, string school)
User (nam, v) { // (L) ” b !
schoolEnrolled = school: Ca‘ Ing ase S
}
void printi] { <:| methOd
Tzer::iprint () ;
cout << 7 Fchool Enrolled: " << schoolEnrolled << endl:
}
[
int maini() {
SJtudentUser student ("Maura®™, 20, "ece™);
student.printi):
A Ware: Maura Age: 20 School Enrolled: ece
return 0O;
} v
T
T Writable Creerarite 5:21
YHL Inheritance (2)



Derived Class Is "Bigger”

* A derived class has everything (all attributes + all public
and protected methods) in the base class.

* A derived class probably has additional attributes and

methods.

— A derived class is “bigger”.

YHL

base class: general
derived class: specific,
more requirements
Inheritance = specialization

Inheritance (2)

base class

derived class




& CIC++ - inheritance/DerivedConstructor.cc - Eclipse SDK

File Edit Refactor Mavigate Search Project Run  Window  Help
+c| DerivedConstruckor.cc 52 = 0O E console 22 =0
. ! ” <kerminated > inheritance.exe [CjC+
' % % | B b & &
class StudentUser : public User { // DERIVED = B~ -~
string schoolEnrolled;
hublic: MName: HMaura Aoge: 21
StudentUser (string nawm, int v, string school) 5
Taer (nam, v § /7 [4) 12
schoolEnrolled = school:
}
vold print() 1
Tser::printi():
cout << 7 Jochool Enrolled: " << schoolEnrolled << endl:
}
b
int main() {
JtudentUser student ("Maura®™, 20, "ece™):;
student.printi():
A Wame: Maura Age: 20 School Enrolled: ece
Tzer ulit'Haura", 200
cout << =izeof(ul) << endl;
cout << gizeof (student) << endl: <:|
return 0O; 3
& ) o
< I < >
nkd Witable Srnart Insert | 37 113
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Copy Constructor in Derived Class

YHL Inheritance (2)



& (/C++ - inheritance,/DerivedCopyConstruct.cc - Eclipse Platform

File Edit FRefackor Mawigate Search Run Project ‘Window  Help

=8| x|

Lo DeriveCopyConsirucice £

= 0O {-E Console &3 = 8|

SfDerivedCopyClonstruct . oo
#include <iostreatm:-
using namespace =td;

class X
{ // BALSE
int m:
public:
fibase olass constructor:
Xiint rau)
to [ Tren) {
h
fibase class copy constructor:
X(iconst E&£ other)

miother.m) i
PoASLL
rvoid print ) {
cout << Mm oof X obj: " << m << endl:;
'
b
class ¥ public X
{ // DERIVED
int n;
public:

fiderived class constructor:
Yi{int rm, int nn)

Ximam) , ninn) 1
h

fAARyisrerd mlass contr conEt st

- <terminated = inheritance exe [C/C++ L
o % %] G cE[Ee
-+ B -

m of ¥ obij: 5 =]

mof X ob]j: 2
nof ¥ obj: 3

mof X okbj: 2
nof ¥ aokbj: 3

e

i Wiritable

Inheritance (2)
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& (/C++ - inheritance,/DerivedCopyConstruct.cc - Eclipse Platform
File Edit

piﬂilﬂ:

Refactor Mawvigate Search Rum Project  ‘Window  Help

=8| x|

{

fiderived class constructor:
¥i{int mm, int nn)

Ximm) , ninn) i
b
fiderived class copy constructor:
¥iconst ¥& other)

Xlother), nlother.n) i
yASB)
void print() {
Xiiprinti);
cout << "n of Y ok]j: " << n << endl;
}
b
int maini)

E* xptrl = new X[ 5 ):
¥prtril-print () // mw of ¥ object: &
cout << endl;

T oyl 2, 3):

vi.print{); // m of I subokiect: 2
A n of T object: 3

cout << endl;

T vz = wl1; // invokes copy constructor for T

vZ.printi{): S/ m of I subokiect: 2
A n of T object: 3
return 0O;

B

-
El consale 532

<terminated = inheritance exe [C/C++ L

%X % | 5 BB &]& |

-,

= O

~ B -~
m of ¥ obi: S =]
mof X ob]j: 2
nof ¥ obj: 3
mof X okbj: 2
nof ¥ aokbj: 3

\ritable Smatt Inserk
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Operator = and Derived Class

Inheritance (2)
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& C/C++ - inheritance,/DerivedAssignOp.cc - Eclipse Platform

=8| x|

File Edit Refactor Mawvigate Search Run  Project  Window Help
|; Eiiiiiﬁiiiﬂai c ﬁ i =0 {-E Console &4 =)
S iDerivedissignop. oo - <terminated = inheritance exe [C/C++ L
% % | G BB[&] & |
#include <iostreatm:-
using namespace std; i = R i
m of ¥ obij: 5 =]
class X { f4 BLSE
int m: mof X obj: 100
public: n of ¥ obj: 110
ffoonstructor:
X[ int mwem ) wmi ren ) f}
Jfoopy constructor:
X const & other 1 : mi{ other.m | {}
ffassignment op:
Z& operator={ const X£ other | FATA o
if [ this == &Lother | return *this;
m = other.m;
return *this;
b
void print ()
cout << Mm oof X obj: " << m << endl;
b
b
class ¥ public I { /4 DERIVED
int n;
public:
Jioonstructor:
¥ int mm, int nn ) Xi{ mm ), ni nn 1 {}
- w
ﬂ FArmntr conEt st nr ﬁ_I ll _}I_I
J i Wiritable Smart Insert | 32 : 53
YHL Inheritance (2)
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& C/C++ - inheritance,/DerivedAssignOp.cc - Eclipse Platform

=8| x|

File Edit Refactor Mawvigate Search Run  Project  Window Help
|; Eiiiiiﬁiiiﬂai c ﬁ i =) {-E Console &4 =)
ﬂ_ <terminated = inheritance exe [C/C++ L
class Y : public X { // DERIVED % % | G cB[ 2|
int n: .
public: i = R i
Jfconstructor: tn of X okij: &5 ;I
¥ int mm, int nn ) X{ mm ), ni nn 1 {1}
Afoopy constructor: m of X ohj: 100
¥ const T& other ) X{ other ), ni other.n ) {1} n of ¥ obj: 110
//assignment ap:

const T& other
£other )
i

T& operator=|
if [ this
X::operator=|
n =

other
other.n:
return *this;
b
void print ()
Xirprinti):
cout << "n oof Y obj:
b

int maini)
i
L xobj 1( 5 );
L xobj 2 = xob] _1;

L xobj 3( 10 ):
Xobj 3 = Hobj Z:
xobj 3.printi):

ot S endl -

[

returE *this:

" << n << endl; }

A4 E¥'s constructor
// E's copy constructor

A/ E'z assignment op
A/ mof X ohij: &5

£ (B

E

\ritable Smatt Inserk 32153
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Refactor Mawvigate Search Run  Project

& C/C++ - inheritance,/DerivedAssignOp.cc - Eclipse Platform
File Edit

Window  Help

=8| x|

void printi() {

Hirprinti):
cout << "n oof ¥ okj: ™
b

int maini)

{

<< n << endl; }

-,

p
El consale 532 = 0O
<terminated = inheritance exe [C/C++ L

%X % | 5 BB &]& |
4@

mof X ob]j: &

=

100
110

mof X obj:
n of ¥ obj:

¥ xobi_1i 5 ); A/ E's constructor
X ®obj 2 = xobj 1; A/ E's copy constructor
% xobi 30 10 );
xokhj 3 = xobhj Z; A E's azsigrment op
xokb]j 3.print(); A mof ¥ obj: &
cout << endl;
T yobj 1( 100, 110 j: A T's constructor
T yohj 2 = yohj 1: A T's copy conatructor
Y yobi 3( 200, 220 ):
yobi 3 = wyobi_Z: Jf T'z assignment op
yohj 3.print();: A4 mof ¥ obj: 100
A nof ¥ obj: 110
cout << endl;
b
(= -
& 2 ld *
i Wiritable Smart Insert | 32 : 53 J

Inheritance (2)
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Operator Overloading and
Derived Class

Inheritance (2)
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ostreamé& operator<<(ostream& 0s, const Person& p) {
0S << p.name,;
return os;

}

YHL Inheritance (2)
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File Edit Wiew MNavigate Source Refactor

Buld Rum Profile

Wersioning  Tools

Window  Help

| Projects

4ux|

E-f UMLExample
(5] Model
-- Diagrams

%] Imported Elemnents

E Clazss Diagram 1 x]

EREREEEEE

100%

Person

Attributes

private string name

Operations

public Person( string n')

1

Employee

Attributes

private string department
private double salary

Operations

public Employee( string n, string d, double 5)

i

Manager

private string title

Atftributes

Operations

public Manager{ string n, string d, doukle s, string t ) =

| Palette

o x|

|:| Mode
Datatype

L] Artifact
Aliased

=] utility Class
I Actor

& Generalization

(= Implementation

-+ Mested Link

[~ Robustness

H_J) Boundary Class

(4 rankeal Clace LI
| Clas= Diagram 1 - Propetties e = |
[=| Diagram

Mame Class Diagram 1
Alias lass Diagram 1

File Mame Chyungluteaching...
Layout Style hier archical ;I
Dizgram Kind Class Diagram

Documentation

1

Clas=s Diagram 1

P

YHL
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& (/C++ - inheritance,/DerivedOverloadOp.cc - Eclipse Platform
File Edit

Refactor Mawvigate Search Rum Project  ‘Window  Help

=8| x|

Lo Derivedoveroadop.ce £

SfDeriveddrrer loadOp . oo

#include <iostreatm:-
#include <s=tring:
using namespace =td:
SALEPSAA RS AA SRS RS elass Person
class Person |

s2tring hame:
public:

Person(string nom)

nare | nom) {
h

Person|(const FPersoni p)

name [ p . name ) i
b
Person& operator=(const Person& p) {
if | this != &p)
name = p.name;
return *this:;
'
rirtual ~Person() i

}
friend ostreasuné operator<<(ostreams o3,

b

fAfoverload << for base class Person:
ostreamé operator<<(ostresume o3,

| \ritable

const Fersons pl

N LSS nAame
#

LELELLELEEEEEEEEEEE

const FPerszons pl;

|

E

i s
El conscle 2 = 0O
<terminated= inheritance, exe [C/C++ L

X % | 2i& &

= 53

PR

Zahpod assembly 100 dil~|
Trillion =salez 200 wice

| Srnark Inserk | g2:18 J

Inheritance (2)
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& (/C++ - inheritance,/DerivedOverloadOp.cc - Eclipse Platform
File Edit

Refactor Mawvigate Search Run  Project

Window  Help

=8| x|

b
Employee ([const Employeess e)
Personie),

'

YHL

department (e.department) ,

-
¢ DerivedCverloadop.cc £3
ostreamé operator<<[ostreamé o2, const FPerson&g p) { F50D)
0s << p.name:
return os:;
¥
FELFEEFAFFAF AR F AR AiA) vlass Emplovyes S SSFSFESFSSESREAESS
class Emplovee public Perzon |
s2tring department:
double =alarvy:
public:
Employee (string name, string dept, douhle 3)
Personiname) , department (dept), salarvy(s) {

salaryie.salary)

-,

p
El conscle 2 = 0O
<terminated= inheritance, exe [C/C++ L

X % | G B[ &&|
e -
Zahpod assembly 100 dil~|
Trillion =ales 200 wick

Employee& operator=(const Employeeses e) {
if [ this != ge) i
Person: :operator={ e ) ;
department = e.department;
salary = e.salary;
b
return *this;
h
~Employee (]
il
friend ostreasuné operator<<| ostream& oz, const Emploveeses p ):
b
- w
d e il
J i Wiritable Srnart Insert |82:18 J

Inheritance (2)
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& (/C++ - inheritance,/DerivedOverloadOp.cc - Eclipse Platform
File Edit

Refactor Mawvigate Search Rum Project  ‘Window  Help

=8| x|

.
¢ DerivedCverloadop.cc £3

= Eq El conscle 2 = 8|

ffoverload << for derived class Employee:

ostreamé operator<< (ostreamé o=, const Emplovees e)
const Ferson® ptr = Sfupoastc
O << %ptr;
oz << " " << e.departiment <<
return o=;

Le;

T << e.zalarvy:

SAAAASAA AR AR AR AA AR elass Manager
class Manager public Employves |

string title:
public:

Manager [string name,

string dept, double salary,

Employee (name, dept, salary), title(atitle])
b
Manager (const Manager& m)
Employee(m), title{m.title]) {
b
Manager & operator=(const Manager& m) i
if | this != &m) i
Employee: :operator=1{ m ) ;
title = m.title;
b
return *this:;
b
~Manaiger [ ﬂ

'
friend ostresuntg operator<<|

ostream&s 03,

LELELELEEEEEEEEEEE

const Managers m ) ;

rY

<terminated= inheritance, exe [C/C++ L

X % | G B[ &&|
upcaStIng .Idvaz;je;mur 100 di]il

Trillion =salez 200 wice

{ /7 IE)

string atitle)

{

o

\ritable Smatt Inserk

Inheritance (2)
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& (/C++ - inheritance,/DerivedOverloadOp.cc - Eclipse Platform

Fil= Edit

Refactor Mawvigate Search Rum Project  ‘Window  Help

=8| x|

e =5

b

{

|

YHL

RIS

return *this:

h
~Manager [ {l

friend ostreamé operator<<| ostreami o=z, const Manageré m | ;

fioverload << for derived class MNanager:
ostreamé& operator<< (ostream& os, const Manager& m)

{ /AT

const Employee® ptr = &m; //upcast
o << ¥ptr;

os << " " << m.title;
return os;

FEEEEEEEEEEEESSSESSSSSSSAAAAS maldn S S S

int main{)

Manager wli("Zahpod™, "assembly™, 100, "director™):;
Manager mZ (ml): // invokes copy construct

cout << mZ << endl:; // ZFaphod assewmbly 100 director
Manager w3 ("Trillion™, "sales", 200, "wvice pres™);
mé = m3i; /¢ invokes assignment oper

cout << mié << endl; // Trillion sales Z00 vice pres
return 0O;

i s
El conscle 2 = 0O
<terminated= inheritance, exe [C/C++ L

X % | 2i& &
-+ B - -

Zahpod assembly 100 dil~|
Trillion =salez 200 wice

| \ritable | Smatt Inserk | gz 18 J
Inheritance (2)
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Operator and Polymorphism?

Inheritance (2)
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Person * pl = new Manager;

pl -> print();
cout << (* pl) << end];

YHL Inheritance (2)
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& C/C++ - inheritance/OverloadPolymorphism.cc - Eclipse SDK

File Edit FRefackor Mavigate Search Run Project  Window  Help

@ OverloadPalymorphismn,cc 22

#include <iostreatms>
#include <=stdlib.h>
#include <time.h>
#include <s=tring:
using namespace =td;

class FPerson
i
public:

virtual woid print ()

i

cout << "Person::print™ << endl:

h

friend ostreamé operator<<[ostreamé o3, const Persong pl:
Y
ostreamé& operator<<(ostreami o=, const Personi p)

{

cout << Moperator<<(ostreamé& o=z, const Personé pl "™ << endl;

return os;

class Employee : public Person
{
public:
volid print ()
i
cout << "Employee::print™ << endl;

ki Writable Smart Insert | 5121

[%

Inheritance (2)
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& C/C++ - inheritance/OverloadPolymorphism.cc - Eclipse SDK

File Edit FRefackor Mavigate Search Run Project  Window  Help

@ OverloadPalymorphismn,cc 22 = 0O
! 4
friend ostreasumé operator<<(ostreaumé& 03, const Employess pl:»

Y
ostreamé operator<< (ostreamé o=, const Emploveets g)
i
cout << "operator<<(ostreamé o0, const Employvees 2] " << endl:
const Ferson¥ ptr = &e; //upcast
o2 << Yptr:
return o=;
h
class Manager @ public Ewmploves
i
public:
void print ()
i
cout << "Manager::print®™ << endl;
h
friend ostreamé operator<<(ostreamé os, const Managers m):;
Y

ostreamé& operator<< (ostream& os, const Manager& m)
i
cout << Moperator<< (ostreamé& o3, const Managers m) " << endl;
const Employee® ptr = &m;
a3 << ¥ptr;
return os;
h
int maini)

[%

* writable Smart Insert 51721

YHL Inheritance (2)



& C/C++ - inheritance/OverloadPolymorphism.cc - Eclipse SDK

File Edit FRefackor Mavigate Search Run Project  Window  Help
@ OverloadPalymorphismn,cc 22 = 0O
~
ostreamé operator<<[ostreamé o2, const Manageré m)
i
cout << Moperator<<(ostresme o2, const Managers m) " << endl;
const Emplovese® ptr = £m;
o2 << ¥ptr:
return os;
h
int maini)
i
Person * pl:;
grand (time (NULL) ) ;
int val = rand() % 2;
if (wal == 0)
i
rl = new HMahager:;
}
else
i
rl = new Person;
}
cout << "wal = " << wval << endl:
pl —-» printi():
cout << [(*pl) << endl:
delete pl:;
return 0O;
}
v
T
nki Witable Smatt Insert | 521

YHL
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H mseel90pchb.ecn.purdue.edu - ee462b30@msee190pch™ - SSH Secure Shell - | ) |5|

File Edit Yiew Window Help

Hesk sg=er a o s @

‘ &1 Quick Cannect ] Prafiles

=
over loadPolymorphism: file format el{64-x86-64
Disassembly of section .init:
0000000000400948 <_init>:
400948 48 83 ec 08 sub $0x8,%rsp
40094c: e8 4b 01 00 00 callg 400a9c <call_gmon_start
>
400951: e8 aa 01 00 00 callg 400b00 {frame_dumm¥>
400956: @8 ¢5 06 00 00 callg 401020 <__do_global_cto
rs_aux>
40095b: 48 83 c4 08 add $0x8,%rsp
40095 c3 retq
Disassembly of section .plt:
0000000000400960 <«__cxa_atexit@plt-0x10>:
400960 ff 35 3a 0e 10 00 pushg 1052218 (%rip) #
5017a0 <_GLOBAL_OFFSET_TABLE_+0x8>
400966 ff 25 3¢ Qe 10 00 jmpg  *1052220(%rip) #
5017a8 <_GLOBAL_OFFSET_TABLE_+0x10>
40096c: 90 nop
I40096d: 90 nop
Connected [@mse: addreSS S5HZ - aes1ze- InStrUCtlon ) _|;"2|_|_|_|_

YHL Virtual Function (2)




H mseel90pchb.ecn.purdue.edu - ee462b30@msee190pch™ - SSH Secure Shell - | ) |5|

File Edit Yiew Window Help

Hesk sg=er a o s @

‘ &1 Quick Cannect ] Prafiles

0000000000400970 <__cxa_atexit@plts: =

400970: ff 25 3a 0e 10 00 jmpg  *1052218 (%erip) #

5017b0 <_GLOBAL_OFFSET_TABLE_+0x18>

400976: 68 00 00 Q0 00 pushg $0x0

40097b: e9 e0 ff ff ff jmpg 400960 <_init+0x18>
0000000000400980 <__Tibc_start_main@plt>:

400980: ff 25 32 0e 10 00 jmpg  ¥1052210%rip) #

5017b8 <_GLOBAL_OFFSET_TABLE_+0x20>

400986: 68 01 00 00 00 pushg $0x1

40098b: e9 do ff ff ff jmpg 400960 <_init+0x18>
0000000000400990 <_2ZNSt8ios_basedInitClEv@plts>:

400990: ff 25 2a 0e 10 00 jmpg  ¥1052202%rip) #

5017¢c0 <_GLOBAL_OFFSET_TABLE_+0x28>

400996: 68 02 00 00 00 pushg $0x2

40099b: e9 c0 ff ff ff jmpg 400960 <_init+0x18>
00000000004009a0 <_ZNSolsEi@plt>:

4009a0: f 25 22 0e 10 00 jmpg  *1052194 (%arip) #

5017c8 <_GLOBAL_OFFSET_TABLE_+0x30>

4009a6: 68 03 00 00 00 pushg $0x3

I4009ab: e9 b0 ff ff ff jmpg 400960 <_init+0x18>
Connected to mseel 90pch, ecn, purdue ., edu |35HZ - aes128-che - hmac-mds - none | 70x24 I_ |;“2|_ I_ l_ I_

YHL Virtual Function (2) 3



How Do Function Call Work?

address instruction Func;'gn Ca”'f(?[?]ange the
address of the program
0X40096a0 Prog
counter.
0X40096a4 )
1. push the current address at
0X40096a8
the call stack
0X40096ac
2. change program counter
0X40096b0 3 o the instruction
OX40096b4 . éxecute the instruction in
the called function
0X40096b8 | call A h | stack and
. pop the call stack an
0X40096bc POb
restore the program counter

YHL Virtual Function (2)
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virtual in C++

allow polymorphism: a derived class to change the

behavior (“override”, “new implementation”). a virtual
method is virtual for all derived classes.

If a derived class can use the same method, do not
override the method.

A virtual method must have the same prototype (i.e.
return type and argument types).

virtual = derived class may (not have to) override

not virtual = should not override, compiler will allow, but
don’t ask for trouble

why virtual in C++? improve performance ... but ... cause
too much confusion

Virtual Function (2)
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& C/C++ - inheritance /virtualfunction.cc - Eclipse Platform

File Edit Refackor Mawigate Search Run  Project  Window

Help

—

#include <iostresn:-
#include <stdlib.h>
#include <=tring>
rsing namespace std;
class Person
i
public:
rirtual void £fvl ()
i
cout << "Person::fvl"™ << endl:
h
roid £v2 ()
{
cout << "Person::£fva" << endl;

b

class Emplovee : public FPerson
i
public:

roid £l ()

i

}
rirtual void £v2()
i

cout << "Employee::fvl™ << endl;

cout << "Employee::fva"™ << endl:

J it YWirikable

Smark Inserk | |
Virtual Function (2)



& C/C++ - inheritance /virtualfunction.cc - Eclipse Platform

Filz Edit

Refactor Mavigate Search Run  Project  window

Help

=18 x|

—

clasg Manager : public Emplovyee

{

public:

rvold £frl()
i
cout << "Manager::fvl"™ << endl;
¥
rold £fvr2 ()
i
cout << "Manager::fvw2" << endl;

maini()

Fer=zon * pl:

rl = new HManager:
pl —-» £w1():

pl —-= £w2i):
delete pl:;
Employee * el;

el = new Manager:
el —-» £wl():

el -» fwz():
delete elb

return 0O;

==

"p2' was not declared in this scope Writable

Smark Inserk | C6: 14
Virtual Function (2)



& C/C++ - inheritance /virtualfunction.cc - Eclipse Platform

Filz Edit

Refactor Mavigate Search Run  Project

Window Help

=18 x|

[

cout << "Manager::fvi™ << endl:

maini()

Fer=zon * pl:

rl = new HManager:
pl -= £fwii):

pl —-» f£w21):
delete pl;
Employee * el;

el = new Manager:
el —-» £v1():

el —-» fwa():
delete =1;
return 0O;

==

=
El console 52

X% | Goll@e B -9 "0

<terminated = inheritance.exe [C/C++ Local Application] C:wungluywarkspacetinheritanceDebuginberitance. exe (6/5/08 10:53 AM)

YHL

Manager: :fvl

Person: :fwi
Hanager: vl
Manager: : fva

K7

|

\Writable
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How Does virtual Work?

class Base {
virtual void xxx() { /* xxx1 */ }

3

void yyy() { /* yyyl */'}

class Derived: public Base {

3

YHL

void xxx() { /* xxx2 */ }

Base * bob] = NVF ~ yyyl
VF — unknown

bobj = new Base(...)

VF « xxx1,;

bobj = new Derived(...);

VF « XXx2;

object’s storage

In general, all C++ methods
should be virtual, unless

attributes

you have strong reasons

non-virtual functions: locations

of functions (NVF)

to make them not virtual.

All Java methods are virtual.

virtual functions: pointers to be

assigned at run time (VF)

9
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Overloaded Functions

Virtual Function (2)
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& CIC++ - inheritance/Overload¥irtual.cc - Eclipse SDK

File Edit Refackor Mawigate Search Run  Project  Window Help

[ Overloadyirtual.cc 52 = B8

#include <iostresn: o
using namespace std;
class Person |
public:
rirtual void print()]
cout << "Person::print® << endl;

b
class Employee : public Person |
public:
rold print()
cout << "Employee::print® << endl:

Y

roid £1 (Person * p) |
cout << "f£1(Person * p]" << endl;
p—* printi{):

}

vold £f1(Employese & p) |
cout << "fl(Employee # pl™ << endl:
p—> printi():

h

int maini() { —
Ferzon * pl:
rl = new Employee;
Employee * el1;
el = new Employee;
fi(pl):

(£

ot Wirikable Smark Insert 4:8
YHL Virtual Function (2)




& CIC++ - inheritance/Overload¥irtual.cc - Eclipse SDK
File Edit Refackor Mawigate Search Run  Project  Window Help

[ Overloadyirtual.cc 52 = B8

rvoid £1 (Person * p) |
cout << "f£1(Person * pl" << endl;
p—* printi{):
}
roid £1 (Employee * p) |
cout << "f£1(Emplaoyee ¥ p] " << endl;
p—> printi{):
h
int maini() {
Ferzon * pl:
rl = new Employee;
Employee * el1;
el = new Employee;
flipl):
filiel):
delete pl:
delete =1;
return 0O; b

El console 52 N% LHEE@@ = E-r5- "0

<kerminated > inheritance.exe [C/”++ Local Application] :\wunglulecipseiworkspaceiinheritance\Debugiinheritance. exe {6/5/03 9: 10 PM)

fl(Person * p)
Employee: iprint <:|
fl(Emplovee * pl

Employee: iprint

ks Writable Smart Insert 21:17

YHL

Virtual Function (2)
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class Derived:
public Base {

class Derived:
protected Base {

class Derived:
private Base {

Interface +
Implementation

Implementation

Implementation

Base * bptr;
bptr = new Derived ...

not allowed

not allowed

public member —»
public

public member —
protected

public member —»
private

protected member —
protected

protected member —
protected

protected member —
private

private member — same same
Inaccessible
override virtual function | same same

YHL
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Private Inheritance as
Composition

YHL Private Inheritance



) [24] Inheritance -- private and protected inheritance, C++ FAQ Lite - Mozilla Firefox

File Edit Miew  Histary  Bookmarks  Yahoo!  Toals  Help

<ﬁ - - @ E L1 htkpe v, parashift ,com)c++-f ag-litefprivate-inheritance, hkml |‘| [TP] '*| |4\]

>

[24] Inheritance — private and protected

inheritance |
(Part of C++ FAQ Lite, Copyright © 1991-2006. Marshall Cline, clinei@parashift.com)

FAQs in section [24]:

+ [24 1] How do you express "privace inheritance'?

[24.1]

[24 2] How are "privace inhertance” and "composition” similar?
+ [24 31'Which should | prefer: composition or private inheritance?

[24 4]

[24.5]

[24 6]

L ]

»

24 A1 Should | pointer-cast from a privace derived class toits base class?
24 51 Howi 15 proceceed inheritance related to private inheritance’?
+ [24 5] What are the access rules with private and protected inhartanca?

L

[24.1] How do you express "private inheritance”?

Whenyou use @ private instead of @ punlic. EQ.

Done

YHL Private Inheritance



) [24] Inheritance -- private and protected inheritance, C++ FAQ Lite - Mozilla Firefox

File Edit Miew  Histary  Bookmarks  Yahoo!  Toals  Help

‘<'ﬁ - - I:é;] E ||_| hikkp: [, parashift . com)c++-f ag-lite private-inheritance, hkml |‘| [}*] '*| |4\]

[24.2] How are "private iNheritance™ and "composition” similar?

private inheritance is a syntactic variant of composition (AkA aggregation andfor has-a).
E g. the "car has-a Engine” relationship can be expressed using simple composifion:

clazz Engine

public:
Engine(int numcCylindersz):
void start(); A Stars this Engine

b

clazs Car 1

public:
Car() : e (8] { } A Initalizes this car with B cylinders
vold starti) { = .start(); : A Star this Car by starting its Engine
private: a
Engine e ; M Car has-a Engine

b

The "car has-a Engine" relationship can also be expressed Using private INharlance:

class Car @ private Engine M Uar has-3 Engine
public:
Car ()] : Engine(3) { } A Initalizes this Car with B cylindars ¥
[one
YHL
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) [24] Inheritance -- private and protected inheritance, C++ FAQ Lite - Mozilla Firefox

File Edit Miew  Histary  Bookmarks  Yahoo!  Toals  Help

ﬁ:: - - @ ﬁ L1 htkpe v, parashift ,com)c++-f ag-litefprivate-inheritance, hkml - | [ '
class Car : private Engine M Car has-a Engine
public:
Car (] : Engine(S] { } A Initalizes this car with 8 cylinders
using Engine::start; A Start this Car by starting its Engine

b

There are several similarities between these two variants:

+ [n both cases there 15 exactly one Engine member object contained in every car object
+ [N neither case can users (outsiders) convert 8 car+ t0 &N Engine*

+ |n both cases the car class has a scarc () Method that calls the scare () method on the contained Engine
object.

There are also several distinctions:

+ The simple-composition variant is needed if you want to contain several Engines Per Car

+ The privace-inheritance variant can introduce unnecessary multiple inheritance

+ The private-inheritance variant allows members of car to Convert 8 Car+ t0 @8N Engine

+ The private-inhentance varant allows access to the protected mambers of the base class
+ The private-inheritance varant allows car to override Engine's wirtual fUNctions

+ The private-inheritance variant makes it siighihy simpler (20 characters compared to 28 characters) to
Qive car & srare () Method that simply calls through to the Engine's scarc () method

Done

YHL
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Protected Inheritance as Role
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& CIC++ - privateinheritance/Implementationlnherit.cc - Eclipse SDK
File Edit FRefackor Mavigate Search Run Project  Window  Help

@ IrnplementationInberit.ce 53 = 0O
A ImplementationInheric. oo ~
#include <iostreatm:-

#include <s=tring:
#include <wvectaor:
using namespace std;
class Employvee |
string firstlName, laztlame:
int age, vearsInlervice: =
public:
Emplovee (string fham, string lhnsam)
firstName (frnam) , lastName [ lnam) |
h
rvirtual void print() const !
cout << firstName << " " << lastMName << endl:;
h
roid sayEmployeeHello ()
cout << "hello from Employee class" << endl:
b
b
class ExecutiveRole
public:
vold sayExecutiveHello(]
cout << "Hello from Executive ranks™ << endl;
}
b et
ki Writable Srnart Insert g3:2 C OO+ Indexer: (0% EE &

YHL Private Inheritance



& CI/C++ - privateinheritance/Impleme

File Edit Refactor Mavigate Search Run

@ IrnplementationInberit.ce 53

ntationInherit.cc - Eclipse SDK
Project  ‘Window Help

= 8
ffolass Manager ~
i : public Employees, private ExecutiveRole { f/ WILL NOT COMPILE
class Manager : public Employees, protected ExecutiveRole { // WOREI FINE

gshort level:
public:
Manager (string fnawm, string lnam, short 1lvl)
Employee (fnam, lnam), levellwvwl)] {
cout<< "In Manager constructor: ;
sayEmploveeHellao() :
gayExecutiveHello(): /(L)
h
vold print() const |
Emplovyee: :print ()
cout << "lewvel: " << lewvel << endl:
h
Y
class Director : public MNanager
short grade: B
public:
Director (string fnam, string lnam, short lwvl, short ogd)
Manager (fnam, lnawm, lvl), grade (gd) {
cout << "In Director constructor: ";
zayEmployeeHellao() ;
sayExecutiveHello(); // (B
}
vold print() const |
Manager::iprinti); w
|
ki Wiitable Srnart Insert B3:2 ©CJC++ Indexer

YHL
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& CIC++ - privateinheritance/Implementationlnherit.cc - Eclipse SDK
Fil=  Edit

Refactor Mawigate Search Runm Project  Window  Help

@ IrnplementationInberit.ce 53

vold printi() const
Manager: :print () :
cout << "grade: " << grade << endl << endl:
h
Y
int maini() [

ki

vector<Employvee¥> empList:

Employee® 21 = new Employee| "joe®, "schmoe®™ ):

Employee® ez [Employee®*)] new Manager | "ms", "importante®™, 2 ]:

(Employee®) new Director ("mister™, "bigshot™, 3, 4); //0(C)

Employee® e3

empList.push backiel]:

empList.push backiel):
empList.push backied]:

vector<Employee¥>iiiterator p = emplist.begini):
while (p < emplist.end() )
[*p++) —=print () :

Manager®* m = new MNanager | "Jjane™, "doe™, 2 ]:
m->zayEmploveeHellao() :

Director® d = new Director( "john'™, "doe™, 3, 4 ):;

d-rzavEmploveeHella() :
return 0O;

Wiitable Srnart Insert B3:2 ©CJC++ Indexer

|

YHL

Private Inheritance
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& CIC++ - privateinheritance/Implementationlnherit.cc - Eclipse SDK

File Edit FRefackor Mavigate Search Run Project  Window  Help

@ IrnplementationInberit.cc &3 = 0O
public: L
Director (string fnam, =string lnam, short 1lvl, short gd)
Manager (fnatm, lnam, lvl), grade (gd) { hd
El consale 7 *% EepiE & #RE-5-70
<kerminated > privateinheritance Debug [C/C++ Local Application] C:{wungluleclipse\workspace\privateinheritancel Debugprivateinheritance . exe (6/15/08 4: 13 PM
In Manager constructor: hello from Employee class -

Hello from Executive ranks

In Manager constructor: hello from Employee class
Hello from Executiwve ranks

In Director constructor: hello from Employee class
Hello from Executive ranks

Joe schmoe

ms importante

lewvel: 2
mister bigshot
lewvel: 3
grade: 4

In Manager constructor: hello from Employvee class

Hello from Executive ranks

hello from Employee class

In Manager constructor: hello from Employvee class

Hello from Executiwve ranks

In Director constructor: hello from Employee class

Hello from Executiwve ranks

hello from Employee class Z

ki - CJC+H+ Indeser

YHL Private Inheritance
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Java "final"

create a constant: (15.18)

interface A { public static final double Pl = 3.14159; }

class X {
double x = A.PI

YHL Final and Finally



©) Math (Java Platform SE 6) - Mozilla Firefox

File Edit Yiew History  Bookmarks  Yahoo!  Tools  Help
@ - - @ ﬁ |@ htkp:/fjiava.sun.comyjavase/s)docs ) apifjavallang/Math. html | b | [}‘] *|| g, ]
.8

Overview Package [MEEE]Use Tree Deprecated Index Help Java™ Platform —
PREY CLASS MEXT CLASS FRAMES HOFRAMES Al Classes Standard Ed. 6
SUMMARY: MESTED | FIELD | COMSTR | METHOD DETAIL: FIELD | CONSTR | METHOD
javalang

Class Math

Java. lang.Dbhject

(I Java.lanig.Math

public final class Math

extends Obhject

The class Math contains methods for performing basic numeric operations such as the elementary exponential, logarithim,

square root, and tngenemetiic fonctions.

Tnlike some of the numenc methods of class strictMach, all mplementations of the equivalent functions of class Math are

not defined to return the bit-for-bit same results. This relazation penmits better-performing implementations where strct
reproducibidity 13 not required.

By default many of the Math methods sunply call the equivalent method i StrictMach for ther unplementation. Code

generatnre are eneatraged t nee nlatfarmnoorecific native iheaties of mictorearesant ingtictinne whete swailakle to neomde %
Done
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©) Math (Java Platform SE 6) - Mozilla Firefox

File Edit Yiew History  Bookmarks  Yahoo!  Tools  Help
<f_:| - - @ "'uf} |@ htkp:/fjiava.sun.comyjavase/s)docs ) apifjavallang/Math. html |'| [3‘"] *|| H\]
|l_-J.l_lu.l:_,- CUalS,; LllallaT,; Yoooldoo, MAaSouuds,; UG lly, MOCILyALL, CodoL Ly, walo, walo, w3l | A
Field Detail
E
public static final double E
The doub le value that i3 closer than any other to &, the base of the natural logarithins.
See Also:
Constant Field Walues
PI
public s2tatic final double PI
The double walue that 15 clozer than any other to 21, the ratio of the circumference of a circle to tts diameter
v r
See Also:
Constant Field Values
e
Done
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constant parameter: (9.8)

void foo (final int x) {
x =100; [/l error

block inheritance (class): (3.6)

final class X {

}

class Y extends X { // error

}

YHL Final and Finally



block overriding (method): (3.6)

class X {
final public void foo () { }

}

class Y extends X {
public void foo () { } // error

}

YHL Final and Finally



Java "finally"

exception handling: (10.5)

try { ...
} catch (exception_typel idel) { ...

} catch (exception_type2 ide2) { ...

}finally { ...
/[ always execute, regardless of exceptions

}

YHL Final and Finally



Java “finalize”

Called before an object’s memory is reclaimed

by the garbage collector: (11.9)
I/GC.java
class X {
Int id;
static int nextld = 1,
public X() {id = nextld++; }
protected void finalize() throws Throwable {
if (1d%1000==0)
{ System.out.printin("Finalization of X object, id =" + id); }
super.finalize();

}

}HL Final and Finally



class Test {
public static void main( String[] args ) {
X[] xarray = new X[ 10000 ];
for (int1=0; 1< 10000; I++)
xarrayl[i] = new X();
xarray = null;
System.gc();

YHL Final and Finally
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