Inheritance and
Dynamic Binding
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 General Form
cl ass classNane : [public] parentd ass {

<friend cl asses>

private:

<private data nenbers>
<private constructors>
<private nmenber functions>
pr ot ect ed:

<pr ot ect ed data nenbers>
<protected constructors>
<prot ected nenber functions>
public:

<publ i c data nenbers>
<publ i c constructors>
<public nmenber functions>

<friend functions and friend operators>

i
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cl ass bankAccount {
pr ot ect ed:

char owner [ 50]

fl oat Dbal ance;

| nt account Nunber ;
| nt get NewAcct Nun() ;

publ i c:
bankAccount () ;

bankAccount (char *nane, float ant, int aNo);
bankAccount ( bankAccount & acct); //copy constructor
fl oat getBal ance(){return bal ance; }

| nt get Account Nunber () {return account Nunber; }

I, ..
}
cl ass chegAccount
'
cl ass savi ngAccount
b
cl ass ternDeposit

};

publ i ¢ bankAccount { cﬁ%ﬁi}

publ i ¢ bankAccount {

publ i ¢ bankAccount {
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mai n()

{
bankAccount acct 1;
chegAccount acct 2; Cj%g:)
acct 2. deposi t (100);
savi hgAccount acct 3;

cout << "\ nAcct No: " << acct 1. get Account Nunber ()
<<" Bal ance $" << acctl. getBal ance();

cout << "\ nAcct No: " << acct 2. get Account Nunber ()
<<" Bal ance $" << acct 2. get Bal ance();

cout << "\ nAcct No: " << acct 3. get Account Nunber ()

<<" Bal ance $" << acct 3. get Bal ance();
Cout << ll\nll;

return O;

} Acct No: 1000 Bal ance $0
Acct No: 1001 Bal ance $100
Acct No: 1002 Bal ance $0
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cl ass bankAccount {

pr ot ect ed:
char owner[50];
fl oat Dbal ance;
| nt account Nunber;
| nt get NewAcct Nun() ;

public:
bankAccount () ;
bankAccount (char *nane, float ant, int aNo);
bankAccount ( bankAccount & acct); //copy constructor
fl oat getBal ance(){return bal ance; }
| nt get Account Nunber () {return account Nunber; }
char acctCode() {return '"A;}
char *get Omer () {return owner; ?:Eiij
voi d deposit(fl oat anount);
void withdraw(fl oat anount);

¥
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mai n()

{
bankAccount acct 1;
chegAccount acct 2;
acct 2. deposi t (100);

savi hgAccount acct 3;
cout << "\ nAcct No: " << acctl. acct Code() Cj%;:A

<< acct 1. get Account Nunber ()

<<" Bal ance $" << acct 1. getBal ance();
cout << "\ nAcct No: " << acct?2. acct Code()

<< acct 2. get Account Nunber ()

<<" Bal ance $" << acct 2. get Bal ance();
cout << "\ nAcct No: " << acct 3. acct Code()

<< acct 3. get Account Nunber ()

<<" Bal ance $" << acct 3. get Bal ance() ;
cout << "\n";

ret ur n O’ ACCt I\b: AlOOO Bal ance $O
] Acct No: A1001 Bal ance $100
Acct No: A1002 Bal ance $0
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cl ass chegAccount : public bankAccount {

public:
char acctCode() {return 'C ;}

}

cl ass savi ngAccount : public bankAccount
public:
char acctCode() {return 'S ;}

}

cl ass ternDeposit : public bankAccount {
publ i c:

char acct Code() {return 'T ;}
}s

{

=
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mai n()

{

bankAccount acct 1;
chegAccount acct 2;
acct 2. deposi t (100);
savi hgAccount acct 3;
cout << "\nAcct No: " << acctl.acct Code()
<< acct 1. get Account Nunber ()
<<" Bal ance $" << acct 1. getBal ance();
cout << "\ nAcct No: " << acct?2. acct Code()
<< acct 2. get Account Nunber ()
<<" Bal ance $" << acct 2. get Bal ance();
cout << "\ nAcct No: " << acct 3. acct Code()
<< acct 3. get Account Nunber ()
<<" Bal ance $" << acct 3. get Bal ance() ;
cout << "\n";

return O;

Acct No: AI000 Balance $0
Acct No: C1001 Bal ance $100
Acct No: S1002 Bal ance $0
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e The derived classes can override member
functions of the base class

« The compiler associates acct . acct Code() with
the acct Code() implementation based on the

class of acct
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cl ass bankAccount {
pr ot ect ed:

};

publ

char owner[50];
fl oat Dbal ance;
| nt account Nunber;
| nt get NewAcct Nun() ;
double IinterestRatio() {return 0.05;}
| C:
bankAccount () ;
bankAccount (char *nane, float ant, int aNo);
bankAccount ( bankAccount & acct); //copy constructor
fl oat getBal ance(){return bal ance; }
| nt get Account Nunber () {return account Nunber; }
char acctCode() {return '"A';}
char *getOmer(){return owner; }
voi d deposit(float anount);
void W thdrawfl oat anount);
voi d payl nterest ()
{deposit(balance * interestRatio());}
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cl ass chegAccount : public bankAccount {

pr ot ect ed:
double interestRatio() {return 0.00;}
public:
char acctCode() {return 'C ;}
}
cl ass savi ngAccount : public bankAccount {
pr ot ect ed:

double IinterestRatio() {return 0.08;}
public:
char acctCode() {return 'S ;}

'
cl ass ternDeposit : public bankAccount {
pr ot ect ed:
double IinterestRatio() {return 0.10;}
public:

char acct Code() {return 'T ;}
}s
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mai n()

{
bankAccount acct 1;
chegAccount acct 2;
savi ngAccount acct 3;
acct 1. deposit(100);
acct 2. deposi t (100);
acct 3. deposi t (100);
/[l cout stuff
cout << "\nPay Interest",;
acctl. paylnterest();

acct 2. paylnterest(); .
acct 3. payl nterest (); Acct No: A1000 Bal ance $100

Acct No: C1001 Bal ance $100
[ cout stuff Acct No: S1002 Bal ance $100

1 ’ Pay | nterest
Acct No: A1000 Bal ance $105
Acct No: C1001 Bal ance $105
Acct No: S1002 Bal ance $105

o
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mai n() {
I ...
chegAccount acct 2;
acct 2. deposi t (100);
acct 2. paylnterest();
[/

}

When the program ran it executed
bankAccount : : payl nt erest ()

which in turn executed

bankAccount : : deposit() and
bankAccount::interestRatio()

What we wanted was to have executed
bankAccount : : deposit() and

cheqAccount ::interestRati o()

{deposi t (bal ance * interestRatio());}
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When the program ran it executed
bankAccount : : payl nterest ()

{deposit(balance * interestRatio());}

The compiler used thei nt erest Rati o func.
declared in bankAccount even though it was
executed for a chegAccount

In C++ we need to tell the compiler to use the
| nt erest Rat1 o func. found in the derived class

A
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cl ass bankAccount {

};

pr ot ect ed:

char owner[50];

fl oat bal ance;

| nt account Nunber ;

| nt get NewAcct Nun() ;

virtual double interestRatio() {return 0.05;}

public:

bankAccount () ;
bankAccount (char *nane, float ant, int aNo);
bankAccount ( bankAccount & acct); //copy constructor
fl oat getBal ance(){return bal ance; }
| nt get Account Nunber () {return account Nunber; }
char acctCode() {return '"A';}
char *getOmer(){return owner; }
voi d deposit(float anount);
void W thdrawfl oat anount);
voi d payl nterest ()
{deposit(balance * interestRatio());}
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mai n()

{
bankAccount acct 1;
chegAccount acct 2;
savi ngAccount acct 3;
acct 1. deposit(100);
acct 2. deposi t (100);
acct 3. deposi t (100);
/[l cout stuff
cout << "\nPay Interest",;
acctl. paylnterest();

acct 2. paylnterest(); .
acct 3. payl nterest (); Acct No: A1000 Bal ance $100

Acct No: C1001 Bal ance $100
[ cout stuff Acct No: S1002 Bal ance $100

1 ’ Pay | nterest
Acct No: A1000 Bal ance $105
Acct No: C1001 Bal ance $100
Acct No: S1002 Bal ance $108

o
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 Virtual Functions are bound at run-time

 Declared by placing vi rt ual before functions
return type

e Once a function is declared virtual in a base class,
all descendants will treat it is virtual -even if not
specified

e “Once virtual always virtual”

 Virtual functions can only be overridden in the
derived class and only with the same parameter
lists
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« cl ass BankAccount { deposit_(float?(; L}
cl ass Savi ngAccount : public BankAccount {
deposit(float); .};

Type Relaxation
BankAccount *p = new Savi nhgAccount ;

BankAccount & b = *(new Savi ngAccount);

Static Binding:
p- >deposi t (100); //nmeans BankAccount: : deposit()
b. deposi t (100); //means BankAccount: : deposit()

Dynamic Binding:
cl ass BankAccount{ virtual deposit(float); .};

p- >deposi t (100); //nmeansSavi ngAccount: : deposit ()
b. deposit (100); //nmeans Savi ngAccount: : deposit ()
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C ass BankAccount {

Vi rtual
vi rt ual
vi rtual

voi d deposit(fl oat);

void w thdraw(fl oat);

fl oat getBal ance();

cl ass Savi ngAccount
publ i ¢ BankAccount {
voi d deposit(float); };

cl ass ChegAccount
publ i ¢ BankAccount {

void W thdraw(fl oat);
¥

class Term:

publ i ¢ Savi ngAccount {
voi d deposit(float);
void w thdraw(fl oat);

'

¥

&BankAccount : : deposi t

&BankAccount : : wi t hdraw

&BankAccount : : payl nt er est

&Savi ngAccuont : : deposi t
Ban Account..mnthdraM/

BankAccount : : payl nt er est

&BankAccount :
%gheEAccount;
ankAccount :

&Term : deposi t

&Term : wW t hdr aw
&BankAccount :

. deposi t

Wt hdr aw
: payl nt er est

. payl nt er est
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Bank Account

new ChegAccount;

p:
BankAccount *qg = new Term

p- >wW t hdr aw( 100) ;
P- >deposi t (200);
cout << p->get Bal an

g- >deposi t (100) ;
g- >W t hdr aw 30) ;
cout << p->getBal an

/1 p->vt bl ptr[1] (100):
/] p- >vtb|p r[ 0] (200):

ce();

ce();

Viblptr ~
Owner

balance

Viblptr

Owner
balance

&BankAccount :

&BankAccount :
&BankAccount :

. deposi t

W t hdr aw
: payl nt er est

&Savi ngAccuont :

BankAccount :
BankAccount :

‘\\\\\\\\“*&BankAccount:
%gheEAccount;
ankAccount :

—s&Term : deposi t

&Term : wW t hdr aw
&BankAccount :

.mnthdraM/
. payl nt er est

. deposi t

Wt hdr aw
: payl nt er est

. payl nt er est

. deposi t
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cl ass cl assA {

publ i c:
virtual void foo(char c)
{cout << "virtual classA :foo() rtn: " << c¢c << "\n";}
}
class classB : public classA {
publi c:
void foo(const char* s)
{cout << "classB::foo() rtn: " << s << "\n";}
void foo(int i)
{cout << "classB::foo() rtn: " << i << "\n";}
virtual void foo(char c)
{cout << "virtual classB:.:foo() rtn: " << ¢ << "\n";}
}
class classC : public classB {
public:
void foo(const char* s)
{cout << "classC.:foo() rtn: " << s << "\n";}
voi d foo(doubl e x)
{cout << "classC. :foo() rtn: " << x << "\n";}
virtual void foo(char c)
{cout << "virtual classC:foo() rtn: " << ¢ << "\n";}
b
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mai n()
t
Int n = 100;
cl assA aA,
cl assB aB;
cl assC aC,
aA. foo('A);
aB.foo('B);
aB. foo(n);
aB. foo("cl assB");
aC. foo('C); virtual classA :foo() rtn: A
aC. foo( 3. 1415); virtual classB::foo() rtn: B
aC. foo("classC'); classB::foo() rtn: 100
classB::foo() rtn: classB
return O: virtual classC :foo() rtn: C
} classC.:foo() rtn: 3.1415
cl assC.:foo() rtn: classC
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mai n()

.
Int n = 100;
cl assA aA,
cl assB abB;
cl assC aC,
aA.foo('A);
aB.foo('B);
aB. foo(n);
aB. foo("cl assB");
aC.foo('C);
aC.foo(n); //TH S G VES COVPI LE ERROR
aC. foo( 3. 1415);
aC. foo("classC');

return O;
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* “Once virtual always virtual”

« Virtual functions can only be overridden in the derived class
and only with the same parameter lists

* You can declare non-virtual and overloaded functions with
the same name as a virtual functions (not good idea)

 The non-virtual functions must have different parameter
lists

e The non-virtual functions are not inherited

« Giver programmers more freedom, but be careful
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cl ass bankAccount {
pr ot ect ed:
char owner[ 50];
fl oat bal ance;
| nt account Nunber;
I nt get NewAcct Nunq) ;
virtual double interestRatio() {return 0.05;}
public:
bankAccount () ;
bankAccount (char *nanme, float ant, int aNo);
bankAccount (bankAccount & acct); //copy constructor

[l...
virtual void print();

voi d bankAccount::print() {
cout << "Acc:" << account Nunber << " $" << bal ance << "\n";

}
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cl ass chegAccount : public bankAccount {
pr ot ect ed:
double interestRatio() {return 0.00;}
public:

void print() 65%25:3
{cout << "Cheq"; bankAccount::print(); }

b
cl ass savi ngAccount : public bankAccount {
pr ot ect ed:
double interestRatio() {return 0.08;}
publi c:

voi d print()
{cout << "Sav"; bankAccount::print(); } C;igijl
}
cl ass ternDeposit : public savingAccount {
pr ot ect ed:
double interestRatio() {return O.10;}
publi c:

void print()
{cout << "Ternt; bankAccount::print(); }

b
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mai n()

{

}

bankAccount acct1;
chegAccount acct 2;
savi ngAccount acct 3;
acct 1. deposit(100);
acct 2. deposi t (100);
acct 3. deposi t (100);
acctl.print();
acct2.print();
acct3.print();

cout << "\nPay Interest\n";

acct 1. payl nterest();
acct 2. payl nterest();
acct 3. paylnterest();
acctl.print();
acct2.print();
acct3.print();
return O;

Acc: 1000 $100
ChegAcc: 1001 $100
SavAcc: 1002 $100

Pay | nterest

Acc: 1000 $105
ChegAcc: 1001 $100
SavAcc: 1002 $108
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voi d chegAccount: :print(){
cout << "Cheq";

bankAccount: :print(); @

 bankAccount print() implementation is
explicitly refered to since chegAccount class
overrides this function

 Necessary because C++ does not support the
notion of super in Smalltalk

* In this way we can invoke functions which have
been overridden in derived classes (one of the
three ways of using inheritance)

e Does this work for constructors?
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#i ncl ude <cl assl i b\date. h>
cl ass bankAccount {

I ..
public:
/...
virtual void
b
cl ass chegAccount
publ i c:
void print();
b

cl ass savi ngAccount
pr ot ect ed:

print();
publ i ¢ bankAccount {

publ i ¢ bankAccount {

double interestRate; //for now

publi c:
void print();
}
class ternDeposit : public savingAccount {
prot ect ed:
TDat e dat e; Cﬁfgijl
publ i c:
void print();
b,
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bankAccount : : bankAccount () {
bal ance = O0;
account Nunber = get NewAcct Nun() ;

}
voi d bankAccount::print() {

$ll

cout << "Acc:" << account Nunber << "
}
voi d chegAccount::print(){
Cout << [} Cr]eqll;
bankAccount: :print();
}
voi d savi ngAccount::print(){
cout << "Sav";
bankAccount: :print();
cout << " int rate: " << interestRate;

}

void ternmDeposit::print(){
cout << "Ternt;
savi ngAccount : :print();
cout << " " << date;

}

Only constructor
so far

<< bal ance;
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mai n()

{ In each case the
bankAccount acct; bankAccount constructor
chegAccount cheqgacc; Ll
savi hgAccount savacc; has initialized the
t er mDeposi t terndep; account number and
acct. print(); balance
cout << "\n";:
cheqgacc. print();
coutq << 'F')\ n": 0 Also the date appears to
savacc. print(); have been initialized
cout << *in"; (by its constructor)

terndep. print(); initiali
P P O though we cannot initialize

return O; _
} (@ interest Rate
Acc: 1000 $0

ChegAcc: 1001 $0
SavAcc: 1002 $0 int rate: 3.74828e-205
Ter nSavAcc: 1003 $0 int rate: 6.77279e-312 February 5, 1997
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cl ass savi ngAccount : public bankAccount {

pr ot ect ed:
double interestRate = 0.08; //for now

public:
void print();

COVPI LE ERROR:
Cannot initialize a cl ass

nenber here

We need to create constructors for the
derived classes and also cause the
base class constructors to run
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bankAccount : : bankAccount () {
bal ance = O;
account Nunber = get NewAcct Num() ;

}

bankAccount : : bankAccount (fl oat ant) {
bal ance = ant;
account Nunber = get NewAcct Nunt() ;

}

savi ngAccount : : savi ngAccount () {
| nterest Rate = 0. 08;

}

savi ngAccount : : savi ngAccount (doubl e rate) {
I nterestRate = rate;

}

ternDeposit::ternDeposit() {

}
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mai n()

{
bankAccount acct;
chegAccount chegacc;
savi ngAccount savacc;
t ernDeposit terndep;
acct.print();
cout << "\n";
cheqgacc.print();

cout << "\n"; For each derived class
savace. print(); the base classes’
t er ndep. print () default constructors
return O; has run

} A5

Acc: 1000 $0

ChegAcc: 1001 $0

SavAcc: 1002 $0 int rate: 0.08

Ter nSavAcc: 1003 $0 int rate: 0.08 February 5, 1997
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bankAccount : : bankAccount () {

}

bal ance = O;
account Nunber = get NewAcct Num() ;

bankAccount : : bankAccount (fl oat ant) {

}

bal ance = ant;
account Nunber = get NewAcct Nun() ;

savi ngAccount : : savi ngAccount () {

}

| nterest Rate = 0. 08;

savi ngAccount : : savi ngAccount (doubl e rate) {

}

| nterest Rate = rate;

ternDeposit::ternDeposit() {

}

savi ngAccount : : savi hgAccount ( 0.10);::252]

Compile Error: Cannot invoke a constructor
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bankAccount : : bankAccount () {
bal ance = O;

account Nunber = get NewAcct Num() ;

}

bankAccount : : bankAccount (fl oat ant) {

bal ance = ant:

account Nunber = get NewAcct Nun() ;

}

savi ngAccount : : savi ngAccount () {

| nterest Rate = 0. 08;
}

savi ngAccount : : savi ngAccount (doubl e rate) {

| nterest Rate = rate;

}
t ernDeposit::ternbDeposit()

}

savi ngAccount ( 0. 10) {

Initializer List
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mai n()

{

bankAccount acct:

chegAccount chegacc;
savi ngAccount savacc;
t ernDeposit terndep;

acct.print();
cout << "\n";
cheqgacc.print();
cout << "\n";
savacc. print();
cout << "\n";
terndep. print();
return O;

}

TermDeposit constructor
has invoked a specific
SavingAcct constructor
to increase interest rate

Acc: 1000 $0
ChegAcc: 1001 $0
SavAcc: 1002 $0 i nt

Ter nSavAcc: 1003 $0 int rate: 0.1 February 5, 1997

rate: 0.08 445;?
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bankAccount : : bankAccount () {
bal ance = O;
account Nunber = get NewAcct Num() ;

}

bankAccount : : bankAccount (fl oat ant) {
bal ance = ant:
account Nunber = get NewAcct Nun() ;

}

savi ngAccount : : savi ngAccount () {
| nterest Rate = 0. 08;

}

savi ngAccount : : savi ngAccount (doubl e rate) {
I nterestRate = rate;
}
t ernDeposit::ternbDeposit()
. bankAccount (150. 0), savi ngAccount( 0.10) {
}

% COMPILE ERROR -Why?
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