


Classesand Data Abstractlon
2 .Encapsulation
3.Inheritance

B Single and multiple inheritance
® Public and private base classes

4.0bjects, with dynamic lookup of virtual
functions

5 .Subtyping

B Tied to inheritance mechanism
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The ablllty to reuse the deflmtlon of one kind of
object to define another kind of object.

Food
ChewingGum
class ChewingGum_ public>Food {
/] ...
}i

s ChewingGum inherits
=« all public class members (full access)
=« all protected class members (full access)

=« all private class members (no direct
access)
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“% 4 each derived class can act as a base
class for further derivation

Animal

/r\

Pet WildAnimal

/\ /\

Dog Cat Tiger Ape




» require calling the base class constructor

« if arguments are mandatory, they have to be
provided

class Manager : public Employee {
public:
Manager (const std::string& name,
const short level)
Employee (name); level (level) {

}

private:
short level ;

}:



‘m destructors
» always make destructors virtual in base classes

» there might be cleanup work to be done in derived
classes

class Employee {

// ...
public:

// ...
virtual ~Employee() {}

}:
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int y;
voif f();
void f(int);
Y,
class CDerivata: Cbase{ // private inheritance
public:
CBase::y; // y is turned in pubblic
CBase::x; // ERROR. Not allowed!! x is private
CBase::f; // Both overloaded members exposed
s
® Thus, private inheritance is useful if you want to
hide part of the functionality of the base class.

B |n the presence of private inheritance, a subclass in
not a subtype
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~» simply extend the in erltance'ae” n'hlﬁb'ri

class MobileAgentCommand :
public Command,
public Serializable,
public PersistentObject {

However, multiple inheritance
introduces a number of possibilities for
ambiguity!



int i;

public:

X() {1=0; }

void set(int ii) { i = ii; }

int permute() { return 1 = 1 * 47; }

};

class Y : public X {
int i; // Different from X's i
public:
Y() {1=0;}
int change() {
1 = permute(); // Different name call

return 1i;
}
void set(int ii) { // redefining

i = ii;

X::set(1ii); // Same-name function call
}

};
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overriding when‘the'ba s'member
IS a virtual function

B Redefining produces an overloaded function,
with code selection done at compile time
through the operator class name::

® Virtual functions are the normal case and will be
covered in detail later

B Polymorphism is implemented in C++ with the
dynamic lookup of virtual functions



public:
A(): 1(2){};

int f(){ return 1i;}

s
class B: public A{
int 1;
public:
B():1(2){};
void f(int s){i =
int g(){
// return f()
return A::f()

N NunE

s;} //REDEFINING

ERROR
//0K
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" base ¢ asses erlvmg a ass rom more

than one direct base class is called multiple

inheritance.

class A { /* ... */ };

class B { /* ... */ };

class C { /* ... */ };

class X : public A, private B, public C { /* ... */ };
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class
class
class
class

// 1indirect base class

L {/* ...
public L { /* ...
public L { /*

public B2, public B3 { /* */ Y: // valid




ambiguities because two subobjects of class L exist,

and both are accessible through class D.

B You can avoid this ambiguity by referring to

class L using a qualified class name. For

example:

B2::L
or

B3::L.

You can also avoid this ambiguity by using the

base specifier virtual to declare a base class

’



B2 share the same subobject of A.

class
class
class
class
valid

and you a

L {/* ... */ }; // indirect base class

Bl : virtual public L { /* ... */ };

B2 : virtual public L { /* ... */ };

D : public B1, public B2 { /* ... */ }; //

t
iInherits from Bl and B2. You can declare the
base class L as virtual to ensure that B1 and

L

T1

B1
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setColor

class CR : public R, publicC { ... };

set®olor



void virtual f() { ...

};
class B {
public:
void virtual f() { ...
}
class C : public A, publicB { ... }

C*p;
p->f(); // error

’



P055|ble solutlons to name

. ImpI|C|t resolutlon
* Language resolves name conflicts with arbitrary rule

= Explicit resolution
* Programmer must explicitly resolve name conflicts

* Disallow name clashes
* Programs are not allowed to contain name clashes

B No solution is always best

B C++ uses explicit resolution by using fully
qualified names



class C: publlc A publlc B {
public:
void virtual f( ) {
A::f(): /] Call A::f(), not B::f():

}

B Reasonable solution
* This eliminates ambiguity

* Preserves dependence on A
= Changes to A::f will change C::f



vtable for Multlple

virtual void f();
b
class B {
public:
int y;
virtual void g();
virtual void f();



~A object
By C-as-B vtbl

~B object

B Offset 0 in vtbl is used in call to pb->f, since C::f
may refer to A data that is above the pointer pb

B Call to pc->g can proceed through C-as-B vtbl



Multlple Inherltance _
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A solutlon V|rtual base

multlp'le coples of dupllcated’“ base' lass
members,

B called virtual base classes and consists
in declaring D as virtual base class of A
and B .
class A : public virtual ‘\ class B : public virtual D

LR, Obj C

A D B




B \Virtual base classes

class A : public virtual D { ... }
= Avoid duplication of base class

* Require additional pointers so t
B parts of object can be shared

C++ multiple inheritance is complicated in part
because of desire to maintain efficient lookup

Virtual base classes give rise to other type conversion
problems
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