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T
he  C

+
+

 P
rogram

m
ing Language

•
Inheritance.

•
V

irtual functions.
C

ircle
Triangle

S
quare

R
equirem

ents of treating a collection of shapes together.

f
(
)
{a
n
 
a
r
r
a
y
 
o
f
 
c
i
r
c
l
e
s
;

a
n
 
a
r
r
a
y
 
o
f
 
t
r
i
a
n
g
l
e
s
;

a
n
 
a
r
r
a
y
 
o
f
 
s
q
u
a
r
e
s
;

f
o
r
(
i
 
=
 
0
;
 
i
 
<
 
M
A
X
;
 
i
+
+
)
{
/
*
 
c
i
r
c
l
e
s
 
 
 
*
/
}

f
o
r
(
i
 
=
 
0
;
 
i
 
<
 
M
A
X
;
 
i
+
+
)
{
/
*
 
t
r
i
a
n
g
l
e
s
 
*
/
}

/
/
 
.
.
.

}
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S
upport D

ata A
bstraction by using C

+
+

:

c
l
a
s
s
 
p
o
i
n
t
 
 
{
 
/
*
.
.
.
*
/
 
}
;

c
l
a
s
s
 
c
o
l
o
u
r
 
{
 
/
*
.
.
.
*
/
 
}
;

e
n
u
m
 
k
i
n
d
 
{
c
i
r
c
l
e
,
 
t
r
i
a
n
g
l
e
,
 
s
q
u
a
r
e
}
;

c
l
a
s
s
 
s
h
a
p
e
 
{

p
o
i
n
t
 
c
e
n
t
e
r
;

c
o
l
o
u
r
 
c
o
l
;

k
i
n
d
 
k
;

/
/
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
o
f
 
s
h
a
p
e

p
u
b
l
i
c
:

p
o
i
n
t
 
w
h
e
r
e
(
)
{
r
e
t
u
r
n
 
c
e
n
t
e
r
;
}

v
o
i
d
 
 
d
r
a
w
(
)
;

v
o
i
d
 
 
m
o
v
e
(
p
o
i
n
t
 
t
o
)
{
c
e
n
t
e
r
 
=
 
t
o
;
 
d
r
a
w
 
(
)
;
}

v
o
i
d
 
 
r
o
t
a
t
e
(
i
n
t
)
;

/
/
 
.
.
.

}
;
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v
o
i
d

s
h
a
p
e
:
:
d
r
a
w
(
)
{

s
w
i
t
c
h
(
k
)
{

c
a
s
e
 
c
i
r
c
l
e
:

/
/
 
d
r
a
w
 
a
 
c
i
r
c
l
e

b
r
e
a
k
;

c
a
s
e
 
t
r
i
a
n
g
l
e
:

/
/
 
d
r
a
w
 
a
 
t
r
i
a
n
g
l
e

b
r
e
a
k
;

c
a
s
e
 
s
q
u
a
r
e
:

/
/
 
d
r
a
w
 
a
 
s
q
u
a
r
e

b
r
e
a
k
;

}
;

}
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O
bject–O

riented P
rogram

m
ing: Inheritance and V

irtual
F

unction:
c
l
a
s
s
 
s
h
a
p
e
 
{

p
o
i
n
t
 
c
e
n
t
e
r
;

c
o
l
o
u
r
 
c
o
l
;

p
u
b
l
i
c
:

p
o
i
n
t
 
w
h
e
r
e
(
)
{
r
e
t
u
r
n
 
c
e
n
t
e
r
;
}

v
o
i
d
 
m
o
v
e
(
p
o
i
n
t
 
t
o
)
{
c
e
n
t
e
r
 
=
 
t
o
;
 
d
r
a
w
 
(
)
;
}

v
i
r
t
u
a
l
 
v
o
i
d
 
d
r
a
w
(
)
;

v
i
r
t
u
a
l
 
v
o
i
d
 
r
o
t
a
t
e
(
i
n
t
)
;

}
;
c
l
a
s
s
 
c
i
r
c
l
e
 
:
 
p
u
b
l
i
c
 
s
h
a
p
e
 
{

i
n
t
 
r
a
d
i
u
s
;

p
u
b
l
i
c
:

v
o
i
d
 
d
r
a
w
(
)
;

v
o
i
d
 
r
o
t
a
t
e
(
i
n
t
)
;

}
;
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S
hape object

center
col

V
irtual function table
&

 X
::draw

 &
 Y

::rotate

F
or a circle object, both X

 and Y
 are circle!

v
o
i
d
 
r
o
t
a
t
e
_
a
l
l
(
s
h
a
p
e
 
v
[
]
,
 
i
n
t
 
s
i
z
e
,
 
i
n
t
 
a
n
g
l
e
)

/
/
 
r
o
t
a
t
e
 
a
l
l
 
m
e
m
b
e
r
s
 
o
f
 
a
n
 
a
r
r
a
y
 
”
v
”
 
o
f
 
s
i
z
e

/
/
 
”
s
i
z
e
”
,
”
a
n
g
l
e
”
 
d
e
g
r
e
e
s
.

{
i
n
t
 
i
 
=
 
0
;

w
h
i
l
e
 
(
i
 
<
 
s
i
z
e
)
{

v
[
i
]
.
r
o
t
a
t
e
(
a
n
g
l
e
)
;

i
 
=
 
i
 
+
 
1
;

}
}



ij
kl
mn
oj
pl
qlrl
sost uv
wx
yz{
|}

  6

T
he G

eneral Idea of Inheritance
•

Inheritance is the im
plem

entation support of so–called is–a
relationships betw

een object types.

•
F

irst, is–a relationship im
plies an explicit subset relationship

betw
een the extension of the supertype and the extension of the

subtype.

•
S

econd, Inheritance is an aspect of the is–a relationship. A
n

instance of a subtype inherits all features of its supertype and its
ancestors. S

ubtype –– som
ew

hat contradictory to the nam
e, is

an augm
entation of the supertype.

•
T

hird, S
ubstitutability of subtype instances for supertype

instances: A
ll structural representation and operations.
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S
chem

atical Illustration of Inheritance

F
eatures defined for type P

erson:
nam

e
age
spouse

F
eatures defined for type E

m
ployee

ss#
salary
boss

P
erson

E
m

ployee

•
D

eal an E
m

ployee instance as a P
erson or an E

m
ployee

instance.

•
It w

ould violate the principle of substitutability if a subtype had
excluded som

e operation from
 its public clause that included in

the public clause of one of its supertypes.
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U
sing C

+
+

 Term
inology

op3

op2

op1
state S

Im
plem

entations
of

op1, op2, op3, op4

P
ublic

m
em

ber

op4P
ravite m

em
ber functions

functions
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P
ublic/P

rivate B
ase C

lasses:

•
A

 public base class defines an is–a relationship

c
l
a
s
s
 
S
t
u
d
e
n
t
 
:
 
p
u
b
l
i
c
 
P
e
r
s
o
n
 
{
/
*
.
.
.
*
/
}
;

•
A

 private base class reflects a form
 of inheritance not based on

subtype relationships. T
he entire public interface of the base

class becom
es private in the derived class.

c
l
a
s
s
 
S
t
a
c
k
 
:
 
p
r
i
v
a
t
e
 
A
r
r
a
y
 
{
/
*
.
.
.
*
/
}
;
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A
ccess C

ontrol
c
l
a
s
s
 
A
 
{

p
r
i
v
a
t
e
:

i
n
t
 
 
i
;

v
o
i
d
 
f
(
)
;

p
r
o
t
e
c
t
e
d
:

v
o
i
d
 
g
(
)
;

p
u
b
l
i
c
:

v
o
i
d
 
h
(
)
;

}
;

•
P

rivate : can be used only by m
em

ber functions and friends of
the class in w

hich it is declared.

•
P

rotected  : can be used only by m
em

ber functions and friends of
the class in w

hich it is declared, and by m
em

ber functions and
friends of classes derived from

 this class.

•
P

ublic : can be used by any function.
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P
rivate M

em
bers

c
l
a
s
s
 
X
 
{

p
r
i
v
a
t
e
:

v
o
i
d
 
f
(
i
n
t
)
;

i
n
t
 
a
;

}
;

v
o
i
d
 
X
:
:
f
(
i
n
t
 
i
)
{

a
 
+
=
 
i
;

}v
o
i
d
 
g
(
X
&
 
x
)
{

i
n
t
 
i
 
=
 
x
:
:
a
;

/
/
 
e
r
r
o
r

x
.
f
(
2
)
;

/
/
 
e
r
r
o
r

x
.
a
+
+
;

/
/
 
e
r
r
o
r

}



çè
éê
ëì
íè
îê
ïêðê
ñíñò óô
õö
÷øù
úû

  12

P
rotected M

em
bers

c
l
a
s
s
 
X
 
{

/
/
 
p
r
i
v
a
t
e
 
b
y
 
d
e
f
a
u
l
t

i
n
t
 
p
r
i
v
;

p
r
o
t
e
c
t
e
d
:

i
n
t
 
p
r
o
t
;

p
u
b
l
i
c
:

i
n
t
 
p
u
b
l
;

v
o
i
d
 
m
(
)
;

}
;
v
o
i
d
 
X
:
:
m
(
)

{
p
r
i
v
 
=
 
1
;

/
/
 
o
k

p
r
o
t
 
=
 
2
;

/
/
 
o
k

p
u
b
l
 
=
 
3
;

/
/
 
o
k
;

}
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c
l
a
s
s
 
Y
 
:
 
p
u
b
l
i
c
 
X
 
{

v
o
i
d
 
m
d
e
r
i
v
e
d
(
)
;

}
;

Y
:
:
m
d
e
r
i
v
e
d
(
)
{

p
r
i
v
 
=
 
1
;

/
/
 
e
r
r
o
r

p
r
o
t
 
=
 
2
;

/
/
 
o
k

p
u
b
l
 
=
 
3
;

/
/
 
o
k

}v
o
i
d
 
f
(
Y
*
 
p
)
{

p
–
>
p
r
i
v
 
=
 
1
;

/
/
 
e
r
r
o
r

p
–
>
p
r
o
t
 
=
 
2
;

/
/
 
e
r
r
o
r

p
–
>
p
u
b
l
 
=
 
3
;

/
/
 
o
k

}
;

”public base class”:
public m

em
bers of the base class �

 public
protected m

em
bers of the base class �

 protected
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Initialisation and C
lean up

c
l
a
s
s
 
P
e
r
s
o
n
 
{

c
h
a
r
*
 
n
a
m
e
;

p
u
b
l
i
c
:

P
e
r
s
o
n
(
)
;

~
P
e
r
s
o
n
(
)
;

}
;

C
onstructor  :

–
a distinguished function to do the allocation and initialisation.

–
A

 constructor is defined by having the sam
e nam

e as its class.

D
estructor :

–
to clean up objects after there last use.

–
A

 destructor is identified by having the sam
e nam

e as its class
prefixed by ~
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new
 vs delete &

 constructor vs destructor

create
new

delete
destroy

size
int v*

1

2
vector object

2
n
e
winteger array

1
d
e
l
e
t
e
[
]
;
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R
eferences

–
A

 reference is an alternative nam
e for an object.

–
X

&
 m

eans reference to X
.

–
A

 reference m
ust be initialized.

–
A

 reference cannot be changed to another object after
initialisation.

i
n
t
 
 
i
 
=
 
1
;

i
n
t
&
 
r
 
=
 
i
;
 
/
/
 
r
 
a
n
d
 
i
 
r
e
f
e
r
 
t
o
 
t
h
e
 
s
a
m
e
 
i
n
t
 
i

i
n
t
 
x
 
=
 
r
;

 
/
/
 
x
 
=
 
1

i
n
t
 
i
i
 
=
 
0
;

i
n
t
&
 
r
r
 
=
 
i
i
;

r
r
+
+
;

/
/
 
i
i
 
i
s
 
i
n
c
r
e
m
e
n
t
e
d
 
t
o
 
1

i
n
t
 
v
[
2
]
;

i
n
t
&
 
g
(
i
n
t
 
i
)
{
r
e
t
u
r
n
 
v
[
i
]
;
}

g
(
3
)
 
=
 
7
;
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A
ssignm

ent and initialisation

v
e
c
t
o
r
 
a
1
(
8
)
;

v
e
c
t
o
r
 
a
2
;

v
e
c
t
o
r
 
a
3
 
=
 
a
1
;

a
2
 
=
 
a
3

constructor

operator

assign a3 to a2

m
ake a new

 vector
a3 initialised to a1

In  C
+

+
, a constructor of the form

  
T
 
(
c
o
n
s
t
 
T
&
)
 
i
s
 

a copy
constructor.

c
l
a
s
s
 
v
e
c
t
o
r
 
{

/
/
 
.
.
.

p
u
b
l
i
c
:

v
o
i
d
 
o
p
e
r
a
t
o
r
 
=
 
(
c
o
n
s
t
 
v
e
c
t
o
r
&
)
;

v
e
c
t
o
r
 
(
c
o
n
s
t
 
v
e
c
t
o
r
&
)
;

}
;
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M
ore A

bout initialisation: D
efault V

alues
It is often nice to provide several w

ays of initialising an object.

c
l
a
s
s
 
d
a
t
e
 
{

i
n
t
 
m
o
n
t
h
,
 
d
a
y
,
 
y
e
a
r
;

p
u
b
l
i
c
:

d
a
t
e
(
i
n
t
 
d
,
 
i
n
t
 
m
,
 
i
n
t
 
y
)
;

d
a
t
e
(
i
n
t
 
d
,
 
i
n
t
 
m
)
;
 
 
/
/
 
t
o
d
a
y
’
s
 
y
e
a
r

d
a
t
e
(
i
n
t
 
d
)
;

 
/
/
 
t
o
d
a
y
’
s
 
m
o
n
t
h
 
a
n
d
 
y
e
a
r

d
a
t
e
(
)

 
/
/
 
d
e
f
a
u
l
t
 
d
a
t
e
:
 
t
o
d
a
y

d
a
t
e
(
c
o
n
s
t
 
c
h
a
r
*
)
;

}
;

d
a
t
e
 
t
o
d
a
y
(
4
)
;

d
a
t
e
 
j
u
l
y
4
(
”
j
u
l
y
 
4
,
 
1
9
9
4
”
)
;

d
a
t
e
 
n
o
w
(
)
;
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M
ore A

bout initialisation (continue)
c
l
a
s
s
 
d
a
t
e
 
{

p
u
b
l
i
c
:

d
a
t
e
(
i
n
t
 
d
 
=
 
0
,
 
i
n
t
 
m
 
=
 
0
,
 
i
n
t
 
y
 
=
 
0
)
;

}
;

d
a
t
e
:
:
d
a
t
e
(
i
n
t
 
d
,
 
i
n
t
 
m
,
 
i
n
t
 
y
)
{

d
a
y
 
 
 
=
 
d
 
?
 
d
 
:
 
t
o
d
a
y
.
d
a
y
;

m
o
n
t
h
 
=
 
m
 
?
 
m
 
:
 
t
o
d
a
y
.
m
o
n
t
h
;

y
e
a
r
 
 
=
 
y
 
?
 
y
 
:
 
t
o
d
a
y
.
y
e
a
r
;

/
/
.
.

}
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S
elf R

eference
c
l
a
s
s
 
d
l
i
n
k
 
{

d
l
i
n
k
*
 
p
r
e
v
;

d
l
i
n
k
*
 
s
u
c
;

p
u
b
l
i
c
:

v
o
i
d
 
a
p
p
e
n
d
(
d
l
i
n
k
 
*
)
;

}
;

v
o
i
d

d
l
i
n
k
:
:
a
p
p
e
n
d
(
d
l
i
n
k
*
 
p
)
{

p
–
>
s
u
c
 
=
 
s
u
c
;

/
/
 
p
–
>
s
u
c
 
=
 
t
h
i
s
–
>
s
u
c

p
–
>
p
r
e
 
=
 
t
h
i
s
;

s
u
c
–
>
p
r
e
 
=
 
p
;

/
/
 
t
h
i
s
–
>
s
u
c
–
>
p
r
e
–
>
 
=
 
p

s
u
c
 
=
 
p
;

/
/
 
t
h
i
s
–
>
s
u
c
 
=
 
p

}d
l
i
n
k
*
 
l
i
s
t
_
h
e
a
d
;

l
i
s
t
_
h
e
a
d
–
>
a
p
p
e
n
d
(
a
)
;

l
i
s
t
_
h
e
a
d
–
>
a
p
p
e
n
d
(
b
)
;
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T
he S

cope R
esolution O

perator
i
n
t
 
x
;

/
/
 
g
l
o
b
a
l

v
o
i
d
 
f
(
)
{

i
n
t
 
x
;

x
 
=
 
1
;

{
i
n
t
 
x
;

x
 
=
 
2
;

}x
 
=
 
3
;

}i
n
t
 
*
p
 
=
 
&
x
;

T
he scope extends from

 the point of declaration to the end of the
block in w

hich its declaration occurs.
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S
cope (continued)

i
n
t
 
x
;

v
o
i
d
 
f
2
 
(
)
{

i
n
t
 
x
 
=
 
1
;

 
 
:
:
x
 
=
 
2
;

}c
l
a
s
s
 
X
 
{

i
n
t
 
m
;

p
u
b
l
i
c
:

i
n
t
 
r
e
a
d
m
 
(
)
{
 
r
e
t
u
r
n
 
m
;
}

v
o
i
d
 
s
e
t
m
 
(
i
n
t
 
m
)
{
 
X
:
:
m
 
=
 
m
;
}

}
;
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S
cope (continued)

c
l
a
s
s
 
m
y
_
f
i
l
e
 
{

/
/
.
.
.

p
u
b
l
i
c
:

i
n
t
 
o
p
e
n
(
c
o
n
s
t
 
c
h
a
r
*
,
 
c
o
n
s
t
 
c
h
a
r
*
)
;

}
;

i
n
t
 

m
y
f
i
l
e
:
:
o
p
e
n
(
c
o
n
s
t
 
c
h
a
r
*
 
n
a
m
e
,
 

 
c
o
n
s
t
 
c
h
a
r
*
 
s
p
e
c
)

{
/
/
 
u
s
e
 
t
h
e
 
U
N
I
X
(
2
)
 
o
p
e
n
(
)

i
f
 
(
:
:
o
p
e
n
(
n
a
m
e
,
 
f
l
a
g
)
{
/
*
.
.
.
*
/
}

/
/
 
.
.
.

}
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F
riend F

unction
It gives a non-m

em
ber function access to the hidden m

em
bers of

the class. Its use is a m
ethod of escaping the strict strong–typing and

data–hiding restrictions

v
e
c
t
o
r
 

m
u
l
t
i
p
l
y
(
c
o
n
s
t
 
m
a
t
r
i
x
&
 
m
,
 
c
o
n
s
t
 
v
e
c
t
o
r
&
 
v
)
{

v
e
c
t
o
r
 
r
;

f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
3
;
 
i
+
+
)
{

/
/
 
r
[
i
]
 
=
 
m
[
i
]
 
*
 
v

r
.
e
l
e
m
(
i
)
 
=
 
0
;

f
o
r
(
i
n
t
 
j
 
=
 
0
;
 
j
 
<
 
3
;
 
j
+
+
)

r
.
e
l
e
m
(
i
)
 
+
=
 
m
.
e
l
e
m
(
i
,
j
)
 
*
 
v
.
e
l
e
m
(
j
)
;

}r
e
t
u
r
n
 
r
;

}
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c
l
a
s
s
 
v
e
c
t
o
r
 
{

f
l
o
a
t
 
v
[
4
]
;

f
r
i
e
n
d
 
v
e
c
t
o
r

m
u
l
t
i
p
l
y
(
c
o
n
s
t
 
m
a
t
r
i
x
&
,
 
c
o
n
s
t
 
v
e
c
t
o
r
&
)
;

}
;
c
l
a
s
s
 
m
a
t
r
i
x
 
{

v
e
c
t
o
r
 
v
[
4
]
;

f
r
i
e
n
d
 
v
e
c
t
o
r
 

m
u
l
t
i
p
l
y
(
c
o
n
s
t
 
m
a
t
r
i
x
&
,
 
c
o
n
s
t
 
v
e
c
t
o
r
&
)
;

}
;
v
e
c
t
o
r
 
m
u
l
t
i
p
l
y
(
c
o
n
s
t
 
m
a
t
r
i
x
&
 
m
,
 
c
o
n
s
t
 
v
e
c
t
o
r
&
 
v
)
{

v
e
c
t
o
r
 
r
;

f
o
r
(
i
n
t
 
i
 
=
 
0
;
 
i
 
<
 
3
;
 
i
+
+
)
{

/
/
 
r
[
i
]
 
=
 
m
[
i
]
 
*
 
v

r
.
v
[
i
]
 
=
 
0
;

f
o
r
(
i
n
t
 
j
 
=
 
0
;
 
j
 
<
 
3
;
 
j
+
+
)

r
.
v
[
i
]
 
+
=
 
m
.
v
[
i
]
.
v
[
j
]
 
*
 
v
.
v
[
j
]
;

}r
e
t
u
r
n
 
r
;

}
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Inline F
unction

c
l
a
s
s
 
A
 
{

i
n
t
 
s
i
z
e
;

p
u
b
l
i
c
:

/
/
 
.
.
.

i
n
t
 
g
e
t
_
s
i
z
e
(
)
{
 
r
e
t
u
r
n
 
s
i
z
e
;
}
;

}
;

i
n
l
i
n
e
 
i
n
t
 

A
:
:
g
e
t
_
s
i
z
e
(
)
{

r
e
t
u
r
n
 
s
i
z
e
;

}i
n
t
 

A
:
:
g
e
t
_
s
i
z
e
(
)
{

r
e
t
u
r
n
 
s
i
z
e
;

}


