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Motivation

* Today you will learn:

— The differences between stack and heap memory

— How to apply inheritance in your C++ programs
* How you derive one class from another
* How you access base methods from derived classes
* How you override base methods

— How to apply polymorphism in your C++ programs
* What virtual methods are
* How virtual methods enable you to use your base class polymorphically

r TheUniyersitgof
A | Nottingham

UNITED KINGDOM - CHINA - MALAYSIA




Pointers

* A pointeris a special type of variable that holds the address of
an object in memory

 Example
— int howOId=50;
— int *pAge=&howOld;
— int yourAge=*pAge; // dereferencing
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Pointers

* A pointeris a special type of variable that holds the address of
an object in memory

 Example
— int howOIld=50;
— int* pAge=&howOld;
— int yourAge=*pAge; // dereferencing

* All pointers should be initialised when they are created
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Stack and Heap

e Stack

— Static memory for local variables + function parameters
— Cleaned automatically when a function returns

* Heap
— Dynamically allocated memory (by the programmer)
— Heap is not cleaned automatically
— The memory reserved remains available until it is explicitly cleaned

 Why pointers?
— Managing data on the heap
— Accessing class member data and functions
— Passing variables by reference to functions
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Using the Heap

* Using the "new" keyword
— int *pPointer=new int;

— *pPointer=10;

* Using the "delete" keyword

— delete pPointer; // only returns memory

« Remember that the pointer itself is a local variable, so you
need to return the memory before leaving the function in
which the pointer is declared!

— Every "new" should have a corresponding "delete"
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Using the Heap

* Creating objects on the heap
— Cat *pCat=new Cat

* Deleting the object
— delete pCat;

e Accessing data members using pointers

— To access an object on the stack: Use "." operator

— To access an object on the heap: (*pCat).getAge(); or pCat->getAge;
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Using the Heap

finclude <iostream>
using nameapace std;

claaa Cat{
private:
int age;
pubklic:
Cati(){
age=2Z2;

}

~Cat ()|
}

int getlge () consat]
return age;

}
vold setRge (int newlge) |
age=newhge;
}
i
maini) {

Cat *plCat=new Cat;

cout<<"Rge: "<<(*pCat).gethge()<<endl;
pCat->sethge (5);

cout<<"Rge: "<<plat->getlge()<<endl;
delete pCat;

return 0;

Age: 2
Age: &
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Using the Heap

finclude <icstream>
uaing namespace std;

claaa Cat{

private:
int age;
pubklic:
Cat():-age(Z){}
~Cat ()}

int getige () const{return age;}
volid setBge (int newlge) {age=newlge; }

s

maini) {
Cat *plCat=new Cat;
cout<<"Rge: "<<plat->getlge()<<endl;
pCat-r*setlge (5);
cout<<"hge: "<<plat->getlge ()<<endl;
delete pCat;
return 0;

* Saving some space

Age: 2
Age: &
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Using the Heap

finclude <iostream>
using nameapace std;

claaa Cat{
private:
int age;
public:
Cati);
~Cat(];
int getige () conat;
vold setRge (int newkge) ;

i

maini) {
Cat *plat=new Cat;
cout<<"Rge: "<<plat->getlge()<<endl;
pCat-r3ethge (5);
cout<<"hAge: "<<plat->gethge()<<endl;
delete pCat;
return 0;

}

Cat::Cat() {age=z2;}
Cat::~Cati(){}
int Cat::gethge()const{return age;}

void Cat::setige (int newlge) [ age=newhge; }

* Providing prototypes and adding implementation later

Age: 2
Age: &
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Inheritance and Derivation
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Inheritance and Derivation

 C++ attempts to represent "is a" or "is a kind of" relationships
by defining classes that derive from one another

* Derived classes are super sets of the base classes

* Syntax for single derivation:
— class Dog : public Mammal {}; .i

e Syntax for multiple derivation: Person Employes
— class Teacher : public Person, public Employee {}; ﬁﬁ ﬁﬁ

Teacher
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finclude <iocstream>

uaing namespace std;

enum BREED{YOREIE, SHETLAND, DOBERMAN} ;

clasa Mammal]
protected:
int age;
int weight;
public:
Mammzl () tage(2) ,weight (5) { cout<<"Mammal constructori\n";}
~Mammal () {cout<«<"Mammal destructor'\n";}

int getige ) const{return age;}

vold setRge (int newlge) {age=newlge; }

int getWeight () conat|{return weight;}

vold setWeight (int newWeight) {weight=newWeight; }

vold speak() const{cout<<"Mammal speaka’\n";}
vold sleep!)const{cout<<"Mammal sleeps’\n";}

i

clasa Dog:public Mammal {

private:
BREED breed;

public:
Dog () :breed (¥YOREIE) { cout<<"Dog conatructor\n™;}
~Dog () {cout<<"Dog destructor\n™;}

BREED getBreedi()conat|return breed;}
vold setBreed (BREEED newBreed) {breed=newBreed;}

vold wagTail () conat{cout<<"Dog wags tailwn";}
void begForFoodi)conat{cout<<"Dog begs for foodin™;}

int main() |

Mammal constructor

Dy fido;
;:gc : :akfﬁ- Dog constructor
s B o Mammal speaks
fido wagTaill); Dog wags tail
cout<<"Fido is "<<fido.getlge|)<<" years cld.n"; Fido's age is 2
return O; Dog destructor
1 Mammal destructor
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Passing arguments to base constructors

* Base class initialisation from a sub class constructor can be
performed by writing the base class name followed by the
parameters expected by the base class
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finclude <iostreams

using namespace std;
enum BREED|{YCREIE, SHETLAND, K DOBERMAN] ;

clasa Mammal|{
protected:
int age;
int weight;
public:

Mammal () ;
Mammzl (int age);
~Mammsl () ;

int gechge () const(raturn agu;) * When passing arguments to base

vold setige (int newhge) {age=newlge;}
int getWeight ()conat{return weight;}

roid setWeight (int newWeight) {weight=newWeight:} Constructo rs you are not a”OWEd to

volid speak()const{cout<<"Mammzl spezks'n";}

void sieep!!comet!commo<miomal sieeevati) initialise a value in the base class

}i
siase Dog-pupiic Mamal( * Use the corresponding setter function of
BREED breed; .
pusiic: the base class instead
Doglint age);
Doglint age,int weight);
~Dogll;
BEREED getBreed()conat{return breed:}
void setBreed (BREED newBreed) {breed=newBreed; }
void wagTaili()const{cout<<"Dog wags tailn";} Mammal<) constructopr
~ vold begForFood()const{cout<<"Dog begs Zor foodin®;} Executes Mammal<> and then Dog<> constructor hody
b Mammal speaks

Dog wags tail
Mammal{int» constructor

int meini) {
Dog fido;

fido. speak(); Executes Mammal{int> and then Dog<{int.int> constructor hody

fido.wagTaill); Rover weights 18 kg
Dog rover(&,10); DDQ’ destructor
cout<<"Rover weights "{«'.1r:1.'er getWeight () <<" kg\n"; Hammal destructor
return 0; Dog destructor

} Hammal destructor

Mammal: :Mammali() :age(2),weight(5) {cout<<"Mamm=1{) constructorin";}

Mammal: :Mammal (int age) rage (age) ,weight (5] {cout<<"Mammal (int) constructorin";}

Mammal: :~Mammz1 () {cout<<"Mammzl destructorn";}

Dog::Dogl) :Mammsl (), breed YDQKIZ-{c:ut{{"Executea Mammal({) and then Dogl) constructor bcd} o'}

Dogiint age, :|.nt newrle:l.ght:- { (¥OE {setﬂe:l.ght newleight); cout<<"Executes Mammal (int) and then Deglint,int) constructor body'\n"
::~Dogl) {cout<<"Dog destructorin';
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Overriding Functions

* Objects from a derived class have access to all base class
member functions and can override these
— Overriding means changing the implementation of a base class
function in a derived class

— The overriding member function needs to have same return type and
signature (function prototype) as the base class member function

* Do not confuse this with overloading!
— When overloading a member function you create more than one
member function with the same name but different signatures (in the
pervious example we overloaded constructors)
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Overriding Functions

um_,mpd * If the base class has a member
clase Memmali function that is overloaded, and
e ommal () {cout < Vammal constructoria’:) the derived class overrides this
uncj.ml.;;.{c...:ut{{--m.ml iegtrumm--i} function, all overloaded member
ross spes eometice et ) e funCtions in the base class with

vold sleep!)const{cout<<"Mammal sleep";}

i the same name will be hidden

claaa Dog:public Mammal {
public:

. . 28 fido. speak();
Dogl) {cout<<"Dog constructortn™;} 25 L fido.speak ("Helloyn");
~Dog () {cout<<"Dog destructor\n™;} 30 return 0;
31 1
vold speak()const|{cout<<"Dog speak\n";} :§ |
}’ 34
int main() |
Mammal max;
max.speak();
max. speak ("Hellosn™) ; ‘l |
Dog fido;
fido.speak!(); Logs & others
fido.speak ("Hellown"™) ; : -
return 0; /| Code::Blocks (), Search results £ Build log 9 Build messages < | 3 Debugger
} File I Line I Message
L:\TeachingiG&. .. In function 'int main()':
L:\Teaching\Ge... Z5 error: no matching function for call to 'Dog::speak{const char [7])"
L:\TeachingiGe... 20 note: candidates are: woid Dog::spezk() const
r TheUniversitgof === Build finished: 1 errors, 0 warnings ===
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Overriding Functions

cescring> * Itis still possible to access the
naing namespace sStd;

rase et hidden member functions by
public:

Mammzl () {cout<<"Mammal constructori\n";} fu”y qualifying the name Of the
~Mammal () { cout<«<"Mammal destructor'\n";}
method

vold speak()const{cout<<"Mammal speak™;}
void speak(string text)conat{cout<<"Mammal speak text"<<"\n";}
vold sleep!)const{cout<<"Mammal sleep";}

}i

claaa Dog:public Mammal {

public:
Dog () {cout<<"Dog constructor\n™;}
~Dog () {cout<<"Dog destructor\n™;}

void speak()const{cout<<"Dog speak'n”;}

}i

int main() |
Mammal max;
max.speak();
max. speak ("Hellosn™) ;

~E Mammal constructor
Dog fido;

Mammal speakMammal speak text

Sido spese Mammal constructor
r] Dog constructor
Dog =peak

fido Mammal: :speak({"Hello\n™) ;
FeLUr o,
} Mammal speak text
Dog destructor
Mammal destructor
Mammal destructor
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Using Polymorphism and Derived Classes

* Polymorphism means that some code or operations or objects
behave differently in different contexts
— Inheritance means the Dog object inherits attributes and capabilities
from the Mammal object
— Polymorphism allows derived objects to be treated as if they where
base objects

— You can use polymorphism to declare a pointer to Mammal and assign
to it the address of a Dog object you create on the heap

e Mammal *pMammal=new Dog;
— You can then use this pointer to invoke any member function on

Mammal; the functions that are overridden in Dog will call the correct
function if we use virtual member functions
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Virtual Member Functions

*  We have a Mammal pointer

1 #include <iostream> 1 1
o oo * speak() is not overridden
=

& [lelass Mammal: * Dog destructor is not called
& public:

6 Mammal () {cont<<"Mammal constructorin”;}

7 ~Mammal |} { cont<<"Mammal destructor\n”;}

8

a void speak|()const{cout<<"Mammal speak\n";}

10 void =sleep|()const{cont<<"Mamwmal sleep'n™;}

11 =k

1z

13 Eﬂclass Dog:public Mammal{

14 publico:

1L Dog () {cout<<"Dog constructor\n®;}

16 ~Dog () {cont<<"Dog destructorin”;}

17

18 void speak|()const{cont<<"Dog speakin";}

19 =k

20

21 Eﬂint main() {

22

23 [ Mammal *pDog=new Dog;]

24 nhog->21eenl) ;

25 plDog->speakl() ;

26 delete pDog;

2; | retarn 07 Mammal constructor

Dog constructor

MHammal =leep
Mammal speak
MHammal destructor

The University of

I Nottingham G6400S 20

UNITED KINGDOM - CHINA - MALAYSIA




Virtual Member Functions

 The keyword "virtual" signals that the

I fanclude ciostresw> derived class will probably want to
2 nsing namespace std;

3 . . .

- override the virtual function
& public:

6 Mammal () {cont<<"Mammal constructorin”;}

7 ~Mammal |} { cont<<"Mammal destructor\n”;}

8

a [ virtnmal wvold speak|)const{cont<<"Mammal speak\n":}]

10 vold sleep () const{cont<<"Mammal sleep'n™;:

11 =k

1z

13 Eﬂclass Dog:public Mammal{

14 publico:

15 Dog () {cout<<"Dog constructor\n®;}

16 ~Dog () {cont<<"Dog destructorin”;}

17

18 void speak|()const{cont<<"Dog speakin";}

i3 =1

20

21 Eﬂint main() {

22

23 Mammal *pDog=new Dog:

24 pDog->=leen|() ;

25 plDog->speakl() ;

28 delete pDog;

2; i returm 0 Mammal constructor

Dog constructow
Mammal =leep

Dog =peak
Mammal destructor
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Virtual Member Functions

* |f any member functions in your class

1 are virtual then the destructor should

I also be virtual!

= public: . . .

& I-T.?rrrr.=_'l_|']-'cou‘tc:("-'l-fﬁ.rrrrFl constructorin™: } - ® Thls Wl” Overr|de the Mammal

7 { virtuwal ~Mammal () {cout<<"Mammal destructor\n";} ] .

: et voia _ | . destructor with a Dog destructor
virtual void speak()const{cout<<"Mammal speak\n";}

10 void sleep () const{cont<<"Mammal slespin";} .

. ’ ’ e Otherwise you have a memory leak

1z .

13 [class Dog:puplic Mammal( as only the type of object that the

14 public: . . . .

15 Dog () {cout<<"Dog constructorin™:} p0|nter |S Supposed to p0|nt tO (In

16 ~Dog () {cont<<"Dog destructorin™;} .

17 _ _ | _ our case Mammal) will be deleted

18 void speak()const{cont<<"Dog speakin";:}

13 =

20

21 L:_lint main () {

22

23 Mammal *pDog=new Dog;

24 pDog->3leep ()

25 pDog->speak():

26 delete pDog:

27 return 0 Mammal constructor

28 by Doy constructor

Mammal sleep

Dog =peak
Dog destructor
Mammal destructor
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Runtime Binding

1 #include <iostream>
2 nsing namespace std;
= | * |tisimpossible to know at compile
class Mammal{
S publico: H . M .
[ Mammal () {cont<<"Mammal constructor\n®;} tlme WhICh ObJect WI” be created and
7 virtnal ~Mammal () {cont<<"Mammal destcructorin”;} . .
g virtual void speak|()const{count<<"Mammal speakin":} therefore Wthh Spea k() methOd Wl”
g i
10 1
11 [—lelass cat:public Mammal/ be InVOkEd
iz puklic:
(Y " . " : 1" n M
13 Cat.l_J.-_(-!OL'ltii{ Cat constructorin % [ The pOInter prt IS bou nd to |ts
14 ~Cat () {cont<<"Cat destructor\n”:}
15 void speak|()const{cont<<"Cat speakin";} H H . M H
N object at runtime; this is called late
1? [ ] [ ] [ ] L] L
18 [Cint masa( ¢ binding or runtime binding
13 int size=3;
20 [ Mammal *array[=si=ze]: ]
21 Mammal *ptr;
22 int choice;
23 |:—:| /for[int i=0;i<size;i++) { \
24 c:ljutt:t:."lfcat; Z=mammal: "; 1=[:Elt; —mammal: 2
25 S EIEIEES Mammal constructor
26 = switech (choice) { 1=cat: 2=mammal: 1
27 case 1: ptr=new Cat; break; Mammal constructor
28 defanlt: ptr=new Mammal; break: Cat constructor
29 - y 1=cat; Z2=mammal: 2
. Mammal constructor

22 . \ array[i]=pte: / Mammal =peak

= —— T : Mammal destructor
32 for(int i=0:i<size;i++){ Cat speak
33 array[i]-»speak(); Cat destructor
34 delete array[i]: Mammal destructor
35 = } Mammal speak
35 return 0: Mammal destructor
37 =
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Runtime Binding

* How does late binding work?

— When a virtual member function is created in an object the object
must keep track of that member function

— Compilers build a virtual function table (v-table) - one for each type
and each object of that type keeps a v-table pointer (v-ptr)

( &Sleep() ( &Mammal::Sleep()
VPTR > &Speak() VPTR » &Dog::Speak()
&~Mammal() &Dog::~Dog()
Mammal object Dog object

\& Y \& >

— When the Dog constructor is called the v-ptr is adjusted to point to the
virtual function overrides in the Dog object
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Dynamic Casting

nsing namespace =td;

Eﬂﬂshmﬂ{

publico:
Mammal () {cont<<"Mammal constructor\n®;}
virtnal ~Mammal () {cont<<"Mammal destcructorin”;}

[—]elass cat:public Mammalf
public:
Cat () {cont<<"Cat constructorin”;}
~Cat () {cont<<"Cat destructor\n";}
void speak|()const{cont<<"Cat speakin";}

virtuwal void speak|()const{cout<<"Mammal speak\n";}

[ void purr()const{cout<<"Cat purrs\n";}

[—int main() 1

int size=3;

Mammal *array[size]:
Mammal *ptr;

int choice;

= for(int i=0;i<size;i++){
cont<<"1l=cat; 2Z=mammal: ";
cinx>choice;
= switch (choice) {
case 1: ptr=new Cat; break;

defanlt: ptr=new Mammal; break;
array[i]=ptr;

= for(int i=0;i<size;i++){
array[i] —»speaki)

What happens if you want to add a
member function to Cat that is
inappropriate for Mammal?

Calling "purr()" using your pointer to
Mammal will produce a compiler
error

Logs & others

_"| Code:Blocks | \_4 Search results X _"| Coce % | §3Buldlog 'i_" Build me:

[ array[i]->purr{).:

delete array[i]:;

return 0
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File I Line I Message

E:vTemphslideZ . _ . In function "int main() ':

GE:\TemphslideZ . .. 35 error: 'class Mammal' has no member named "purr'
== Build failed: 1 erroris), 0 warningi(s) (0 mi

25



Dynamic Casting

1 #include <iostream>

2 nsing namespace std;

3

4 [—lelass Mammali . .

s [ pwiic: \ * Solution: Cast your base class pointer
[ Mammal |} {cont<<"Mammal constructori\n®;}

: Tirtmat void abank | somst! et spemtn" to your derived type

9 w1 . .

10 — Using the "dynamic_cast" operator

11 L:_|class Cat:public Mammal{

12 | pwlie: ensures that when you cast, you cast

13 Cat () {cout<<"Cat constructor\n®;} . . .

14 ~Cat () {oout<<"Cat destructor\n”;} safely; base pointer is examined at

15 void =speak|()const{count<<"Cat speak\n":} . . . .

1? N void purr()oconst{cont<<"Cat purrs\n";} ru ntlme; If ConverS|on |S proper your

.. new cat pointer is fine, else your new

20 int size=3; H H H H mn n
o e e ey cat pointer will be pointing to "null
22 Mammal *ptr;
23 int choice;
24 |:—:| for(int i=0;i<size;i++) {
25 cont<<"l=cat; 2=mammal: ": l=cat; 2=mammal: 2
26 cin>>choice: Mammal constructor
27 = switch (choice) { l=cat; 2=mammal: 1
] _ Mammal consztructor
28 case 1: ptr=new Cat; break;
N Cat constructor
29 . default: ptr=new Mammal: break: 1=cat; Z=mammal: 2
i ; Mammal constructor
31 array[i]=ptr; Mammal =zpeak
32 - } Mammal destructor
33 [ foriint i=0;i<size;i++){ Cat speak
34 array[i]->speakl() Eag RUP::S £
o | L]
35 Cat *pRealCat=dynamic cast<Cat *>(array[i]): a gsztructoy
ie (DRealCar) wReslCar—-mare (). Mammal destructor
if (pRealCa J_;_:_ea a purr{) ; Mammal SDEEI.]{
37 delete array[i]: Mammal destructor
38 = H
|39 return O;
40 =1
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Summary

 What did you learn?
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