
C
++

C
lasses

D
eclaration

class
classN

am
e�

pub
lic

:

//visible
to

allclients

priv
ate

:

//visible
only

to
m

em
ber

functions

�

;

P
ublic

partis
the

interface
the

class
provides

to
allclients.

P
rivate

partis
visible

only
to

functions
declared

in
this

class.

T
he

declarations
in

a
class

can
include

data
item

s,i.e.
variables

and
constants,

function
declarations

(prototypes)
and

com
plete

function
definitions �.

A
class

containing
only

data
item

s
behaves

like
a

structor
union.

D
ata

m
em

bers
norm

ally
go

into
the

private
section.

M
em

ber
functions

can
be

defined
in

or
outside

ofthe
class

declaration
thatthey

belong
to.

M
em

ber
functions

defined
inside

class
declaration

w
illbe

inline
function

regardless
ofw

hether
the

keyw
ord

inline
is

used.

�

R
ecallthe

distinction
betw

een
function

declaration
and

function
definition

412

C
++

C
lasses

�

T
he

class
in

C
+

+
is

essentially
the

m
odule �.

�

T
he

prim
ary

reason
for

classes
is

to
provide

encapsulation
and

inform
ation

hiding
so

thatlarge
program

s
can

be
builtfrom

sm
allseparable

pieces.

�

In
C

+
+

classes
are

com
posed

using
a

m
echanism

called
inheritance

w
hich

allow
s

a
hierarchy

ofclasses
thatprovide

sim
ilar

services.

�

C
+

+
distinguishes

betw
een

the
declaration

ofa
class

and
an

instance
ofthe

class
w

hich
is

often
called

a
class

object

�

R
ecallS

lides
278-289
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C
++

C
lasses

�

A
class

specification
has

tw
o

parts:

–
A

class
declaration,w

hich
describes

the
data

com
ponent,in

term
s

ofdata

m
em

bers
,and

the
public

interface,in
term

s
ofm

em
ber

functions

–
T

he
class

m
ethod

definitions,w
hich

describe
how

certain
class

m
em

ber

functions
are

im
plem

ented

�

T
he

principle
is

to
separate

the
details

ofthe
im

plem
entation

from
the

design

ofthe
interface.

�

T
he

im
plem

entation
ofthe

data
representation

or
the

m
em

ber
functions

can

be
changed

w
ithoutchanging

the
interface.
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C
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C
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N
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Im
plem

enting
C

lass
M

em
ber

F
unctions

�

W
hen

defining
a

m
em

ber
function

outside
the

class
declaration,use

the
scope

operator
(::)

to
identify

the
class

to
w

hich
the

function
belongs.

W
e

can
use

the
sam

e
nam

e
for

a
m

em
ber

function
for

a
differentclass.

�

C
lass

m
em

ber
functions

can
access

the
private

com
ponents

ofthe
class

A
class

m
ethod

can
use

another
class

m
ethod

in
the

sam
e

class
w

ithoutusing

the
scope

resolution
operator.

E
xam

ple:

void
S

tack::push(
int

item
)

void
P

ile::push(
int

item
)�

�
pileP

tr
=

ne
w

pileN
ode

;

data[count]=
item

;
assert

(
pileP

tr
);

+
+

count;
pileP

tr-
>

value
=

item
;

�

pileP
tr-
>

next=
pileTop

;

pileTop
=

pileP
tr;

�416

C
++

C
lasses

D
eclaration

E
xam

ple

class
S

tack�

pub
lic

:

void
init(

);
//Initialize

the
stack

void
push(

int
item

);
//P

ush
an

item
on

the
stack

int
pop(

);
//P

op
an

item
from

the
stack

priv
ate

:

int
count;

//N
um

ber
ofitem

s
in

the
stack

int
data[S

TA
C

K
S

IZ
E

];
//T

he
item

s
them

selves

� ;

N
ote

thata
m

em
ber

declaration
cannotcontain

an
initializer.

int
count=

0
;

//***
E

rror
***

414

S
cope

R
esolution

O
perator

::X
E

xternalscope

C
L::M

C
lass

scope

�

T
he

firstform
is

used
to

refer
to

a
globalvariable

X
w

hen
this

variable
w

ould

ordinarily
be

inaccessible
because

ofa
nam

e
conflictw

ith
a

variable
having

localor
class

scope.

float
X

;
//globalx

void
f(

int
N

)�

float
X

;
//localx

X
=

1.5
;

//refers
to

local(f’s)
X

::X
=

2.5
;

//refers
to

globalX

�
�

T
he

second
form

is
used

to
refer

to
m

em
ber

M
in

class
C

L.

415

C
lass

D
ata

and
C

lass
O

bjects

�

A
class

declaration
creates

a
tem

plate
for

defining
class

objects.
T

he

declaration
m

ay
include

data
and

m
em

ber
functions

thatoperate
on

the
data.

T
hink

of
a

class
declaration

as
an

extended
typedef

�

T
he

nam
e

ofthe
class

is
used

to
declare

class
objects

w
hich

are
variables

of

the
class

type �.

�

A
class

containing
only

data
declarations

behaves
like

a
struct

or
union

.

In
C

+
+

,struct
and

union
delcarations

behave
alm

ostexactly
like

class

declarations.

�

E
ach

class
objectgets

its
ow

n
cop

y
ofthe

data
declared

in
the

class.

T
hink

of
a

class
object

as
a

struct
variab

le
.

E
xception:

there
is

only
once

instance
ofclass

data
m

em
bers

declared
w

ith

the
static

attribute.
T

his
instance

is
shared

by
allobjects

ofthe
class.

�

F
or

space
efficiency

reasons
there

is
usually

only
one

copy
ofthe

m
em

ber
functions

for
the

class.

413



C
++

friend
declarations

class
G

rantee�

friend
class

friendC
lass

;

friend
type

friendF
unct(..

);

friend
type

friendC
lass::friendF

unct(..
);

�

T
he

firstform
grants

friend
priviledges

to
the

entire
class

friendC
lass

T
he

second
and

third
form

s
grantfriend

priviledges
to

the
function

fF
unct

friend
declarations

m
ustbe

used
in

som
e

cases
w

hich
w

illbe
described

later.

G
ood

S
tyle:

U
se

friend
access

only
w

hen
absolutel

y
necessar

y.

420

U
sing

a
C

lass

C
an

create
a

class
objectby

declaring
a

class
variable

or
by

using
ne

w
to

allocate

an
objectofa

class
type.

E
xam

ple:

S
tack

s1
;

//define
a

stack
object

S
tack

*
sp

;
//pointer

to
a

stack
object

s1.init(
);

//invoke
s1’s

initm
ethod

s1.push(
7

);
//insert7

s1.push(
12

);
//insert12

cout<
<

s1.pop(
);

//rem
ove

and
print12

cout<
<

s1.data[0];
//***

E
rror:

data
private

***

sp
=

ne
w

S
tack[20

];
//array

ofstacks

418

C
++

friends

�

S
trictinform

ation
hiding

provided
by

priv
ate

m
ay

be
too

strong
in

som
e

cases.

�

C
+

+
provides

a
controlled

w
ay

to
grantaccess

to
private

data
to

functions
that

are
notm

em
ber

functions
ofthe

class.

�

T
he

m
echanism

is
the

friend
declaration.

A
friend

can
be

a
specific

function

from
another

class
or

an
entire

class.

�

G
ood

S
tyle:

putthe
friend

declarations
athead

ofclass
declaration.

�

A
class

m
ustexplicitly

grantaccess
to

each
friend.

419

const
M

em
ber

F
unctions

�

A
program

m
er

can
declare

a
constantinstance

ofa
class.

F
or

exam
ple:

const
S

tack
conS

tack
;

�

S
ince

the
program

m
er

m
anipulates

data
in

the
class

by
calling

m
em

ber

functions,the
com

piler
needs

help
to

guarantee
the

constantness
ofthe

class
is

preserved.

�

A
m

em
ber

function
can

be
declared

to
not

chang
e

the
internaldata

ofa

class
by

putting
the

keyw
ord

const
betw

een
the

functions
argum

entlistand

the
function

body.
Itis

an
error

to
invoke

a
non-constantm

em
ber

function
ofa

constantclass.

�

E
xam

ple:

int
S

tack::size()
const

;
//D

eclaration

int
S

tack::size()
const�

return
count;

�

//D
efinition

417



M
ore

C
lass

C
onstructor

s
E

xam
ples

class
C

olor�

priv
ate

:

float
red

;
float

green
;

float
blue

;
pub

lic
:

C
olor(

)�

red
=

green
=

blue
=

0.0
;�

//inline

C
olor(

floatr,floatg,floatb
);

...
�

;
C

olor::C
olor(

floatr,floatg,floatb
)

//constructor
w

ith
initialvalues

�

red
=

r;
green

=
g

;
blue

=
b

;

�C
olor

c1
;

//C
olor::C

olor(
)

constructor
used

C
olor

*c2
=

ne
w

C
olor;

//C
olor::C

olor(
)

constructor
used

C
olor

c3(
1.0,0.5,0.0

);
//C

olor::C
olor(floatr,floatg,floatb

)
constructor

used

424

C
lass

C
onstructor

s

�

C
lass

constructors
are

specialm
ethod

functions
for

constructing
new

objects

and
assigning

values
to

their
data

m
em

bers.

�

T
he

com
piler

ensures
thatthe

constructor
is

invoked
w

henever
an

objectis

created.
A

constructor’s
nam

e
is

the
class’s

nam
e.

A
constructor

has
no

declared
type.

A
class

constructor
m

ay
be

overloaded
to

dealw
ith

differentinitialization
conditions.

�

T
he

prototype
for

the
constructor

goes
in

the
public

section
ofthe

class

declaration.

Ifthe
constructor

takes
no

argum
ents,itis

called
the

default
constructor

.

�

O
nce

you
define

a
constructor,a

program
m

ustuse
itw

hen
creating

an
object.

Ifyou
failto

define
any

constructors,the
com

piler
provides

a
default

constructor,one
does

nothing.

S
tack(

)��
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C
lass

C
onstructor

s
E

xam
ple

class
S

tack�

pub
lic

:

S
tack(

);
//stack

constructor

void
push(

int
item

);
//P

ush
an

item
on

the
stack

int
pop(

);
//P

op
an

item
from

the
stack

priv
ate

:

int
count;

//N
um

ber
ofitem

s
in

the
stack

int
data[S

TA
C

K
S

IZ
E

];
//T

he
item

s
them

selves

�

;

//constructor
definition

S
tack::S

tack()

�

count=
0

;

�

423

F
riends

E
xam

ple

class
F�

priv
ate

:

int
adm

;
pub

lic
:

int
f(

void
);

�class
C

�

priv
ate

:

int
cdm

;
friend

class
F

;
//class

F
a

friend

pub
lic

:

int
m

(
void

);
//class

m
ethod

friend
int

t(
void

);
//friend

friend
int

F
::f(

void
);

//m
ethod

friend

� ;

421



O
ther

C
++

O
perators

�

V
alue

construction
operator:

type
(

expression
)

an
alternative

to
the

castoperator.

�

P
ointers

to
class

m
em

bers
m

ustreference
a

specific
class

object.
T

here
are

tw
o

specialoperators
for

doing
this.

–
classO

bject.
*

m
em

berP
trV

ar

D
ereferences

m
em

berP
trV

ar
contained

in
classO

bject.

–
classO

bjectP
tr-

>
*

m
em

berP
trV

ar

D
ereferences

classO
bjectP

tr
to

access
som

e
class

object,

then
dereferences

m
em

berP
trV

ar
in

thatclass
object.

428

C
onstructor/D

estructor
E

xam
ple

class
m

yS
tring�

priv
ate

:

int
len

;
//length

char
*

s;
//string

pub
lic

:

//tw
o

constructors

m
yS

tring(int
size

=
255

)
//S

tring
S

1
;

�

len
=

size
;

s
=

ne
w

char
[size+

1]�

;
m

yS
tring(

char
*

si)
//S

tring
S

2
=

”initialV
alue”;

�

assert(
si);

len
=

strlen(si);
s

=
ne

w
char

[len+
1];

strncpy(s,si,len+
1);

�

;
˜m

yS
tring()�

if
(s)

delete
[]s�

;
//D

estructor

�

;
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H
O

W
TO

C
onstruct

and
D

estruct

�

U
se

the
constructor

to
initialize

(ifnecessary)
the

internaldata
belonging

to
a

class
object.

�

O
verload

the
constructor

to
m

ake
sure

you
have

dealtw
ith

allcircum
stances

in
w

hich
a

class
objectgets

created.

�

U
se

the
destructor

to

–
V

erify
thatthe

objecthas
class

objecthas
been

used
properly.

e.g.
a

S
tack

being

deleted
is

em
pty.

–
C

lean
up

(deallocate)
any

data
thatw

as
dynam

ically
allocated

for
the

class
object

using
ne

w
or

m
alloc.

T
his

is
your

toolfor
dealing

w
ith

m
em

ory
leaks.

–
P

utany
globaldata

structures
used

by
the

class
objectinto

a
correctstate.

for

exam
ple,close

files.
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C
lass

D
estructor

�

A
destructor

is
autom

atically
called

w
henever

an
objectis

destroyed,e.g.,by

going
outscope

or
by

using
the

delete
operator.

�

A
destructor’s

job
is

to
free

any
storage

thata
constructor

dynam
ically

allocates
before

the
allocated

storage
becom

es
garbage.

�

A
destructor’s

nam
e

is
the

class
nam

e
preceded

by
a

tilde
(

˜
).

A
destructor

can
have

no
return

value
and

have
no

declared
type.

A
destructor

can
have

no
argum

ents.

E
xam

ple:

S
tack::˜S

tack(
void

)�

if
(

count!=
0

)

cerr<
<

”W
arning:

D
estroying

a
nonem

pty
stack”<

<
endl;

�
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�

T
here

are
tw

o
w

ays
to

define
overloaded

(binary)
operators

�

T
he

overloaded
operator

is
defined

as
the

m
em

ber
function

ofsom
e

class.

–
T

he
operator

w
illbe

invoked
w

hen
itappear

w
ith

a
leftoperand

thatis
an

objectof

the
class.

–
T

he
this

pointer
w

illrefer
to

the
leftoperand.

A
param

eter
ofthe

righttype
w

illbe
required

for
the

rightoperand.

�
T

he
overloaded

operator
is

defined
as

a
nonm

em
ber

function

–
T

he
standard

rules
for

resolving
references

to
overloaded

functions
w

illbe
used

to

determ
ine

w
hen

the
operator

function
is

invoked.

–
T

he
function

w
illrequire

tw
o

param
eters

for
the

leftand
rightoperands.

–
You

m
ustuse

this
form

ifthe
leftoperand

cannotbe
an

objectofthe
class.

e.g.

overloading
the

<
<

operator.

E
xam

ples:
int

m
yS

tring::operator�

(
const

m
yS

tring
&

sR
ight)

const
;

int
operator

<
=

(
const

m
yS

Tring
&

sLeft,
const

m
yS

tring
&

sR
ight)

const
;
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C
++

this
P

ointer
E

xam
ple

class
S

tock�

priv
ate

:

doub
le

total
val;

...pub
lic

:

...

const
S

tock
&

topval(
const

S
tock

&
s

)
const

;

�const
S

tock
&

S
tock::topval(

const
S

tock
&

s)
const

�

if
(

s.total
val	

total
val)

return
s;

else

return
*this;

//reference
to

self

�S
tock

s1,s2
;

//tw
o

class
objects

S
tock

top
=

s1.topval(s2);
//top

=
m

ax(
s1,s2

)
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C
++

O
perator

O
verloading

type-nam
e

operator
opS

ym
bol(

param
eters

)

�

type-nam
e

is
the

type
ofvalue

returned
by

the
operator.

(M
ay

need
to

be
a

reference
in

som
e

cases.)

�

opS
ym

bolis
the

operator
being

overloaded.
e.g.

+
,

*,=
etc.

�

T
he

function
like

param
eters

are
the

operands
ofthe

operator.

M
ultiple

overloads
can

be
m

ade
for

the
sam

e
operator.

�

F
or

binary
operators

the
C

+
+

com
piler

uses
the

leftoperand
ofan

operator
to

selectam
ong

possibilities
for

an
overloaded

operator.
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C
++

this
pointer

s

classN
am

e
*

this
;




F
or

each
class

declaration,a
pointer

to
the

class
nam

ed
this

is
autom

atically
declared.




T
he

this
pointer

behaves
like

a
pointer

to
a

struct
w

here
the

structcontains
the

local

data
for

the
class

object.




T
he

this
pointer

is
autom

atically
setevery

tim
e

a
m

em
ber

function
in

the
class

is

called.




T
he

m
em

ber
functions

can
use

the
this

pointer
to

access
the

localdata
ofthe

class

objectthatcaused
their

invocation.
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F
riendly

O
perator

O
verloading

E
xam

ple




To
overload

the
<
<

operator
to

display
an

objectofclass
C

lass
N

am
e,use

a
friend

function
w

ith
a

definition:

ostream
&

operator<
<

(
ostream

&
os,const

C
lass

N
am

e
&

obj)

�

os
<
<

...;
return

os;

�



coutis

the
ostream

objectand
the

prototype
of<

<
operator

is
defined

as

ostream
&

operator<
<

(
typenam

e
);

E
xam

ple:

ostream
&

operator<
<

(
ostream

&
os,const

P
air&

V
)

�

os
<
<

”(x,y)
=

(”,<
<

V.X
<
<

”
,”<

<
V.Y

<
<

”)”;
return

os;

�P
air

V
(4.0

,
5.0);

cout<
<

V
;

//(x,y)
=

(4.0
,5.0)436

C++ Operator Overloading Example

class Pair �
priv ate :

doub le X , Y ;
...

pub lic :

Pair(void ) ; // default constructor

Pair(doub le H , doub le V) ; // constructor

Pair operator * (doub le N) const ;
...�

Pair Pair::operator * ( doub le N ) const ; // definition

�
doub le MX , MY ;
MX = N * X ;
MY = N * Y ;
Pair scaled = Pair( MX , MY ) ;
return scaled ;�

Pair V ;
...

Pair Q = V * 2.0 ; // Q = V.operator * (2.0) ;
Q = 2.0 * V ; // *** Error, not supported ***
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F
riends

and
O

perator
O

verloading

�

A
friend

function
is

a
nonm

em
ber

function
thatis

allow
ed

access
to

an

object’s
private

section.

G
ood

S
tyle:

declare
the

function
in

the
class

declaration
using

keyw
ord

friend
.

D
on’tuse

the
keyw

ord
in

the
function

definition.

�

A
friend

function
has

to
access

an
objectexplicitly

by
an

argum
ent.

U
se

friend
function

for
overloading

an
operator

thattakes
tw

o
differenttypes

ofoperands
or

w
here

the
leftoperand

is
notofthe

class
type.

friend
P

air
operator

*
(

doub
le

N
,

const
P

air&
A

);
//declaration

P
air

operator
*

(
doub

le
N

,
const

P
air&

A
)�

//definition

return
A

*
N

;

�P
air

Q
=

2.0
*

V
;

//now
supported

435

O
perator

O
verloading

R
estrictions

�

T
he

overloaded
operator

m
usthave

atleastone
operand

thatis
a

user-defined

type.

�

You
cannotuse

an
operator

in
a

m
anner

thatviolates
the

syntax
and

sem
antic

rules
for

the
originaloperator.

C
annotchange

the
precedence

ofthe
operator.

C
annotchange

the
arity

(
unary

or
binary

)
ofthe

operator
.

C
annotcreate

new
operators.

�

You
cannotoverload

the
follow

ing
operators:

siz
eof

the
sizeofoperator

.
m

em
bership

operator

.*
pointer-to-m

em
ber

operator
::

scope
resolution

operator

?:
conditionaloperator
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C
on

version
F

unction
E

xam
ple

C
lock::operator

int()
const

�

if
(am

pm
=

=
1)

return
(

hour
+

12
)

*
100

+
m

in
;

elsereturn
hour

*
100

+
m

in
;

�C
lock

c
=

2249
;

//convertint
to

C
lock

using
convertconstructor

int
tim

e1
=

c
;

//convertC
lock

to
int

using
conversion

function

int
tim

e2
=

int
(

c
);
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Conver t Constructor s Example

class Clock �
pub lic :

Clock() � hour = 12 ; min = 0 ; ampm = 0 ;
�

Clock( int ) ;
priv ate :

int hour, min, ampm ; // ampm is 0 for AM and 1 for PM�
;

Clock::Clock( int time ) // time is given as 24-hour time

�
min = time % 100 ;
hour = time / 100 ;
if ( hour 
 12 ) �

hour -= 12 ;
ampm = 1 ;�

else

ampm = 0 ;�
// converting int to Clock using Clock::Clock( int )

Clock c = 1150 ;
...

c = 2330 ;
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Type
C

on
versions:

C
on

version
F

unctions
operator

type-nam
e

();

�

C
onversion

function
are

used
to

converta
class

objectto
som

e
other

type,i.e

type-nam
e

.

�

C
onversion

function
is

a
class

m
em

ber
function,ithas

no
declared

return
type

and
no

argum
ents.

�

T
he

conversion
function

is
autom

atically
invoked

w
hen

you
assign

a
class

objectto
a

variable
ofthattype

or
use

the
type

castoperator
to

thattype.
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Type
C

on
versions:

C
on

vert
C

onstructor
s

�

A
one-param

eter
constructor

is
called

a
con

vert
constructor

.

�

Ifthe
param

eter
is

oftype
T

,the
convertconstructor

for
class

C
converts

type

T
to

type
C

.

T
hatis,converting

the
argum

entto
the

internalrepresentation
in

term
s

ofthe

data
m

em
bers

ofthe
class

C
.

�

In
the

follow
ing

situations,convertconstructors
are

used
to

convertT
type

to

C
type.

–
W

hen
a

C
objectis

initialized
to

a
T

type
value.

–
W

hen
a

type
T

value
is

assigned
to

a
C

object.

–
W

hen
a

type
T

value
is

passed
to

a
function

expecting
a

C
object

argum
ent.

–
W

hen
a

function
that’s

declared
to

return
a

C
objecttries

to
return

a
T

value.
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A
ssignm

ent
O

perator
E

xam
ple

M
yS

tring
&

M
yS

tring::operator
=

(
const

M
yS

tring
&

S
)

�

if
(

this
=

=
&

S
)

//objectassigned
to

itself

return
*

this
;

delete
[]str;

//free
old

string

len
=

S
.len

;
//copy

string
data

str
=

ne
w

char
[len

+
1

];
strcpy(

str,S
);

return
*

this
;

//return
reference

to
invoking

object

�
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Copy Constructor s Example

class MyString � MyString::MyString( const MyString & st )

pub lic : �
MyString( const char *s ) ; num strings++ ;

MyString( ) ;

len = st.len ;

˜MyString( ) ; str = new char [len+1] ;

MyString( const MyString & st ) ; strcpy( str, st.str ) ;

priv ate : �
char * str ; MyString::˜MyString( )

int len ; �
static int num strings ; --num strings ;

� if ( str )

MyString::MyString( const char *s ) delete [] str ;

� �
len = strlen( s ) ;

str = new char [ len + 1 ] ;

strcpy( str, s ) ;

num strings++ ;

�
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O
verloading

the
A

ssignm
ent

O
perator

�

T
he

assignm
entoperator

(
=

)
is

used
w

hen
one

objectis
assigned

to
another

existing
object.

�

Ifyou
don’tdefine

an
assignm

entoperator,the
com

piler
provides

one
w

hich

perform
s

a
m

em
ber-by-m

em
ber

copy
ofthe

nonstatic
m

em
bers.

�

G
ood

Technique:
You

should
define

an
overloaded

assignm
entoperator

if

the
class

data
contains

pointers
or

other
data

thatrequires
specialhandling.

�

Ifan
overloaded

assignm
entoperator

is
defined,

–
Itshould

check
for

self-assignm
ent,i.e.

X
=

X
;

–
Itshould

free
m

em
ory

form
erly

pointed
to

by
the

m
em

ber
pointers

–
Itshould

copy
the

data,notjustthe
address

ofthe
data

–
Itshould

return
a

reference
to

the
invoking

object

443

C
op

y
C

onstructor
s

C
lass

nam
e(

const
C

lass
nam

e
&

);




T
he

copy
constructor

is
invoked

w
henever

a
new

objectis
created

and
initialized

to
an

existing
objectofthe

sam
e

kind.

T
he

copy
constructor

is
also

used
w

henever
a

program
generates

copies
ofan

object,

e.g.,w
hen

function
passes

an
objectby

value
or

w
hen

itreturns
an

object.




Ifyou
don’tdefine

a
copy

constructor,the
com

piler
provides

a
defaultcopy

constructor

w
hich

perform
s

a
m

em
ber-by-m

em
ber

copy
ofthe

nonstatic
m

em
bers �




G
ood

Technique:
Ifa

class
contains

a
static

data
m

em
ber

w
hose

value
changes

w
hen

new
objects

are
created,you

should
provide

an
explicitcopy

constructor.




G
ood

Technique:
Ifa

class
contains

m
em

bers
thatare

pointers
initialized

by
ne

w
,

then
you

should
define

a
copy

constructor
thatcopies

the
pointed-to

data
instead

of

copying
the

pointers
them

selves.

�

T
he

static
data

m
em

bers
ofa

class
are

shared
am

ong
allobjects

ofthe
class.
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C
+

+
P

rogram
Im

plem
entation

class
m

yS
tr�

typedef
#m

yS
trD

ata
*

#m
yS

trP
tr

;

pub
lic

:

friend
ostream

&
ostream

::operator
friend

ostream
&

ostream
::operator

<
<

(
ostream

&
os,

const
m

yS
tr&

S
);

<
<

(
ostream

&
os,

const
m

yS
tr&

S
);

m
yS

tr(
int

size
=

255
);

m
yS

tr(
#m

yS
trP

tr
this,

int
size

=
255

);

m
yS

tr(
char

*
S

I);
m

yS
tr(

#m
yS

trP
tr

this,
char

*
S

I);

int
length(

);
int

length(
#m

yS
trP

tr
this

);

m
yS

tr
operator

+
(

const
m

yS
tr&

S
R

);
m

yS
tr

operator
+

(
#m

yS
trP

tr
this,

const
m

yS
tr&

S
R

);

priv
ate

:
struct

#m
yS

trD
ata

int
len

;
int

len
;

char
*

str;
char

*
str;

�

�

;

448

O
verloading

M
em

ory
M

ana
g

em
ent

O
perators

void
*

operator
ne

w
(

size
tsize

);
void

operator
delete

(
void

*
objectP

tr
);

�

B
oth

form
s

can
be

either
a

m
em

ber
function

or
a

topleveloperator
function.

�

T
he

overloaded
ne

w
operators

m
ustreturn

a
void

*.

T
he

firstparam
ter

in
the

overloaded
ne

w
operator

m
ustbe

oftype
s
i
z
e
t

.

T
he

value
ofthis

param
eter

is
the

size
in

bytes
ofthe

objectcreated.

�

T
he

overloaded
delete

or
delete

[]operator
m

ustreuturn
a

void
.

T
he

firstparam
eter

in
the

overloaded
delete

m
ustbe

oftype
void

*.

T
he

pointer
objectP

tr
m

ustpointto
the

storage
to

be
freed.

446

Looking
U

nder
the

H
ood

�

To
help

you
understand

how
C

+
+

classes
actually

w
ork,S

lides
448

through

452
describe

how
the

C
+

+
com

piler
im

plem
ents

various
C

+
+

constructs
in

term
s

ofC
code.

�

T
he

leftcolum
n

show
s

the
C

+
+

program
as

you
w

ould
w

rite
it.

�

T
he

rightcolum
n

show
s

the
declarations

and
statem

ents
thatthe

C
+

+

com
piler

generates
internally

to
im

plem
entthe

C
+

+
constructs.

�

Identifiers
thatstartw

ith
#

are
internalnam

es
thatare

created
by

the

com
piler.

�

T
his

exam
ple

doesn’tnecessarily
correspond

to
any

actualim
plem

entation
of

C
+

+
.
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M
ore

on
C

onstructor
s




O
bjectinitialization

w
ith

ne
w

C
lass

nam
e

*ptr
=

ne
w

C
lass

nam
e(

val);
invokes

the

C
lass

nam
e(

Type
);

constructor,w
here

Type
is

the
type

ofval.

C
lass

nam
e

*ptr
=

ne
w

C
lass

nam
e

;
invokes

the
defaultconstructor.




Initializer
lists

–
C

lass
data

m
em

bers
can

be
initialized

w
ith

constructors.

–
Initialization

takes
place

w
hen

the
objectis

created.

C
lass

nam
e::C

lass
nam

e(
...

)
:m

em
ber1(

..
),m

em
ber2(

..
),...

�

...

�

–
M

ustuse
this

form
to

initialize
a

nonstatic
const

data
m

em
ber.

M
ustuse

this
form

to
initialize

a
reference

data
m

em
ber.

445



C
+

+
P

rogram
Im

plem
entation

m
yS

tr
S

6
=

”H
ello

”;
#m

yS
trD

ata
S

6
;

m
yS

tr(&
S

6
,

”H
ello

”
);

m
yS

tr
S

7
=

”W
orld”;

#m
yS

trD
ata

S
7

;

m
yS

tr(&
S

7
,

”W
orld”

);

m
yS

tr
S

8
;

#m
yS

trD
ata

S
8

;

m
yS

tr(&
S

8
);

S
8

=
S

6
+

S
7

;
S

8
=

m
yS

tr::+
(&

S
6

,&
S

7
);

int
K

=
S

8.length();
int

K
=

m
yS

tr::length(&
S

8
);

452

C
+

+
P

rogram
Im

plem
entation

int
m

yS
tr::length()�

int
m

yS
tr::length(

#m
yS

trP
tr

this
)�

return
len

;
return

this-
>

len
;

�

�

m
yS

tr(
char

*
S

I)�

m
yS

tr(
#m

yS
trP

tr
this,

char
*

S
I)�

assert
(

S
I);

assert
(

S
I);

len
=

strlen(S
I);

this-
>

len
=

strlen(S
I);

str
=

ne
w

char
[len

+
1

];
this-

>
str

=
ne

w
char

[this-
>

len
+

1
];

assert
(

str
);

assert
(

this-
>

str
);

strncpy(
str,

S
I,

len+
1

);
strncpy(

this-
>

str,
S

I,
this-

>
len+

1
);

�

�
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C
+

+
P

rogram
Im

plem
entation

m
yS

tr
m

yS
tr::operator

+
(

const
m

yS
tr&

S
R

)�

m
yS

tr
m

yS
tr::operator

+
(

#m
yS

trP
tr

this,

const
m

yS
tr&

S
R

)�

assert
(str&

S
.str

);
assert

(
this-

>
str&

S
.str

);

int
outLeng

=
strlen(str)

+
strlen(S

R
.str)

+
1

;
int

outLeng
=

strlen(
this-

>
str)

+
strlen(S

R
.str)

+
1

;

m
yS

tr
S

out(
outLeng

);
#m

yS
trD

ata
S

out;

m
yS

tr(&
S

out,outLeng
);

strcpy(
S

out.str,str
);

strcpy(
S

out.str,this-
>

str
);

strcat(
S

out.str,
S

R
.str

);
strcat(

S
out.str,

S
R

.str
);

return
S

out;
return

S
out;

�

�
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C
+

+
P

rogram
Im

plem
entation

m
yS

tr
S

1
;

#m
yS

trD
ata

S
1

;

m
yS

tr(&
S

1
);

m
yS

tr
S

2
=

”H
ello

W
orld”;

#m
yS

trD
ata

S
2

;

m
yS

tr(&
S

2
,

”H
ello

W
orld

);

m
yS

tr
S

3(
128

);
#m

yS
trD

ata
S

3
;

m
yS

tr(&
S

3
,

128
);

m
yS

tr
S

4[100
];

#m
yS

trD
ata

S
4[100

]

for
(

int
#I=

0
;

#I�

100
;

#I+
+

)

m
yS

tr(&
S

4[#I]);

m
yS

tr
*

S
5

=
ne

w
m

yS
tr

#m
yS

trD
ata

*
S

5
;

S
5

=
ne

w
#m

yS
trD

ata
;

...
m

yS
tr(

S
5

);

delete
S

5
;

˜m
yS

tr(
S

5
);

delete
S

5
;
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C
lass

Tem
plates

tem
plate

�

tem
plateP

aram
eters�

class

�

..

�

�

T
he

class
tem

plate
constructdefines

a
generic

class
w

ith
substitutable

type

and
constantexpression

param
eters

�
T

he
tem

plateP
aram

eters
is

a
listofitem

s:

class
typeN

am
e

identifier

type-nam
e

identifier

�

T
he

class
param

eter
defines

a
type

param
eter

thatcan
be

substituted
in

the

body
ofthe

class
anyw

here
thata

type
is

required.

�

T
he

second
form

ofparam
eter

defines
an

expression
param

eter
thatcan

be

substituted
in

the
class

anyw
here

thatan
expression

oftype
type-nam

e
is

required.

456

F
unction

Tem
plates

tem
plate

�

typeList�

function
definition

�

tem
plate

and
the

angle
brackets

are
required.

typeListis
a

com
m

a-separated
listofitem

s
ofthe

form

class
identifier

�

T
he

identifiers
m

ay
be

used
in

the
function

definition
any

place
thata

type-nam
e

could
be

used.

T
hey

m
ustbe

used
in

the
functionparam

eter
list.

�

W
hen

the
function

is
called

the
com

piler
uses

the
type

ofthe
argum

ents
to

the

callto
instantiate

an
instance

ofthe
function

w
ith

an
appropriate

body.

�

T
he

firstuse
ofeach

type
argum

entin
a

calldeterm
ines

the
type

used
in

the

call.
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F
unction

Tem
plate

E
xam

ple

tem
plate

�

class
Type�

void
sw

ap(
Type

&
A

,
Type

&
B

)�

Type
tem

p
=

A
;

//S
w

ap
any

A
and

B

A
=

B
;

B
=

tem
p

;

�

...int
J

,
K

;

doub
le

X
,

Y
;

sw
ap(

J
,K

);
//sw

aps
integers

sw
ap(

X
,Y

);
//sw

ap
doubles
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Tem
plates

in
C

++

�

Tem
plates

are
an

effort-saving
m

echanism
in

C
+

+

�

Tem
plates

allow
you

to
w

rite
an

function
once

and
apply

itto
m

any
different

types
ofdata.

�

F
unction

Tem
plates

allow
you

to
param

eterize
the

definition
ofa

function
w

ith

one
or

m
ore

type
param

eters.

�

C
lass

Tem
plates

allow
you

to
param

eterize
class

(m
odule)

definitions
w

ith

type
and

value
param

eters.

�

F
unction

tem
plates

m
ake

generating
m

ultiple
function

definitions
sim

pler
and

m
ore

reliable.
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M
em

ber
A

ccessibility

�

E
ach

m
em

ber
ofa

class
is

either
priv

ate
,pub

lic
,protected

.

�

protected
m

em
ber

can
be

accessed
only

by
m

ethods
w

ithin
its

class
and

w
ithin

the
derived

class.

�

A
lldata

m
em

bers
and

m
ethods

ofthe
base

class,exceptfor
constructors,the

destructor,and
the

overloaded
assignm

entoperator
are

included
in

the

derived
class.

�
Ifa

derived
class

adds
a

m
em

ber
w

ith
the

sam
e

nam
e

as
a

m
em

ber
in

the

base
class,the

localm
em

ber
hides

the
inherited

m
em

ber.

�

In
general,inheritance

can
never

increase
the

visibility
ofa

m
em

ber.
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Inheritance




Inheritance
is

the
m

echanism
thatis

used
to

build
a

hierarchy
ofclasses

to
perform

usefulw
ork.

Inheritance
is

differentfrom
use

ofa
class

to
m

ake
objects.




T
he

class
hierarchy

is
usually

tree-like.
A

tthe
rootofthe

tree
is

the
base

class
that

defines
the

m
ostgeneraland

leastspecific
version

ofan
interface.




S
ub-c

lasses
inheritan

interface
from

a
base-class.

Inheritance
m

eans
thatthe

sub-class
supports

allofthe
data

and
function

m
em

bers
provided

by
the

base
class.




T
he

sub-class
m

ay
m

odify
the

inherited
base-class

interface
in

severalw
ays

–
A

dd
new

m
em

ber
functions.

–
A

dd
new

data
m

em
bers.

–
R

edefine
m

em
ber

functions.




U
sually

sub-classess
(derived

class)
ofthe

base
class

specialize
the

operations
to

im
plem

enta
m

ore
specific

instance
ofthe

base
class
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C
lass

H
ierarch

y
E

xam
ple

Container

A
rray

Linked List

Linear Container
N

on-linear Container

H
ash Table
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Class Template Example

template � class T , int size �
class Stack �
pub lic :

enum � FullStack = size, EmptyStack = -1 � ;
Stack() ;
void push( T newVal ) ;
T pop( void ) ;
int isEmpty( void ) ;
int isFull( void ) ;

priv ate :

T items[ size ] ;
int top ;

�
template � class T , int size �
Stack � T, size � ::Stack()

� top = EmptyStack ; �
template � class T , int size �
void Stack � T, size � ::push( T newVal )

� items[ ++top ] = newVal ; �
template � class T , int size �
T Stack � T, size � ::pop( void )

� return items[ top-- ] ; �
Stack � int , 1000 � S1 ; // Stack of 1000 integers

Stack � myString , 100 � S2 ; // Stack of 100 myStrings
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C
onstructor

U
nder

Inheritance:
E

xam
ple

const
int

M
axLen

=
100;

class
B�

//base
class

protected
:

char
*nam

e;

int
m

axlen;

pub
lic

:

B
()�

//B
’s

defaultconstructor

m
axlen

=
M

axLen;

nam
e

=
new

char[m
axlen

];

�
� ;class

D
:pub

lic
B�

//derived
class

pub
lic

:

//invoke
B

’s
defaultconstructor

D
(

char
*n

)
:

B
()�

strcpy(
nam

e,n
);�

� ;D
foo(

”foo”
);
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Inheritance
E

xam
ple

class
B

�

pub
lic

:

int
x;

protected
:

int
y;

priv
ate

:

int
z;

� ;class
D

:priv
ate

B

�

pub
lic

:

int
z;

//hides
B

::z

int
w

;

� ;
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C
onstructor

U
nder

Inheritance




B
ase

class
constructor

handles
for

the
“from

the
base

class”
partofthe

objectand

derived
class

constructor
handles

for
the

“added
by

the
derived

class”
partofthe

object.




D
erived

class
constructor

m
ay

invoke
a

base
class

constructor
(ifexists)

explicitly.




LetB
be

a
base

class
and

D
be

the
derived

class
from

B
.W

hen
a

D
objectis

created

one
ofthe

follow
ings

w
illoccur.

–
IfD

has
constructors

butB
has

no
constructors,then

the
appropriate

D
constructor

w
illbe

used.

–
IfD

has
no

constructors
butB

has
constructor,then

B
m

usthave
a

default

constructor,w
hich

w
illbe

used.

–
IfD

has
constructors

and
B

has
a

defaultconstructor,then
B

’s
defaultconstructor

w
illbe

used
unless

the
D

constructor
explicitly

invokes
som

e
other

B
constructor.

–
IfD

and
B

have
constructors

butB
has

no
defaultconstructor,then

each
D

constructor
has

to
invoke

a
B

constructor
explicitly.
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Inheritance

class
B

�

//base
class

...

� ;class
D

:access-specifier
B

�

//derived
class

...

� ;

access-specifier
is

one
ofpub

lic
,protected

,or
priv

ate

pub
lic

in
B

protected
in

B
priv

ate
in

B

pub
lic

pub
lic

in
D

protected
in

D
priv

ate
in

D

protected
protected

in
D

protected
in

D
priv

ate
in

B

priv
ate

priv
ate

in
D

priv
ate

in
D

priv
ate

in
B

461



M
ultiple

Inheritance

�

In
m

ultiple
inheritance,a

derived
class

has
m

ultiple
base

classes.

�

D
erived

class
typically

represents
a

com
bination

ofits
base

classes.

class
iostream

:
pub

lic
istream

,pub
lic

ostream

�

...� ;

�
N

am
e

conflicts
are

resolved
using

scope
resolution

operator.
�

D
erived

class
inherits

m
ultiple

tim
es

from
the

sam
e

indirectbase
class.

T
his

problem
can

be
avoided

by
using

virtual
base

class.
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V
irtual

M
ethods

E
xam

ple

class
B

�

pub
lic

:

virtual
void

g();
//virtualm

ethod

int
h();

� ;class
D

:pub
lic

B

�

void
g();

//virtualm
ethod

int
h();

� ;m
ain()�

D
d;

B
*ptr

=
&

d;

ptr-
>

h();
//B

::h
invoked

ptr-
>

g();
//D

::g
invoked

�

466

A
bstract

C
lass

and
P

ure
V

irtual
F

unctions

�

A
bstractclass

is
a

base
class

w
hich

is
required

to
have

a
derived

class.

�

A
bstractclass

is
notallow

ed
to

have
objects

thatbelong
to

it.

�

A
bstractclass

is
specified

by
declaring

a
pure

virtualfunction
in

the
class’s

declaration.

class
A

C

�

//abstractclass

...pub
lic

:

virtual
void

f(
int

)
=

0;
//pure

virtualfunction

� ;

�

T
he

purpose
ofdeclaring

a
pure

virtualfunction
is

to
have

derived
classes

inherita
function

interface
only.
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P
olym

orphism
and

V
irtual

M
ethods

�

P
olym

orphism
refers

to
the

run-tim
e

binding
ofa

pointer
to

a
m

ethod.

C
+

+
supports

polym
orphism

through
virtual

m
ethods

and
pointers.

�

A
pointer

to
base

class
can

pointto
a

base
class

or
to

any
derived

class

objectw
ithoutexplicitcasting.

A
pointer

to
a

derived
class

objectcannotpointto
a

base
class

w
ithoutexplicit

casting.

�

F
or

virtual
m

ethods
w

ith
the

sam
e

nam
e,the

system
determ

ines
atrun-tim

e

w
hich

ofthe
m

ethods
to

invoke.

F
or

non-virtualfunctions
w

ith
the

sam
e

nam
e,the

system
determ

ines
at

com
piler-tim

e
w

hich
ofthe

functions
to

invoke.

�

virtual
m

ethods
are

declared
w

ith
the

keyw
ord

virtual
.

Ifa
derived

class
redefines

a
virtual

m
ethod,the

redefined
m

ethod
m

ust

have
exactly

the
sam

e
prototype

as
the

base
class

m
ethod.
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C
++

E
xception

H
andling




T
he

exception
handling

m
echanism

in
C

+
+

provides
a

cleaner
w

ay
to

dealw
ith

error

and
exceptionalconditions

thatarise
during

norm
alprocessing.




U
se

exception
m

echanism
only

for
true

exceptions
notfor

generalprocessing.




G
eneralm

echanism
:

–
U

ser
defined

exception
classes

–
thro

w
statem

entto
signalexception

–
try

and
catc

h
to

handle
exceptions




E
xceptions

can
be

defined
as

class
objects.




T
his

is
allrelatively

new
to

C
+

+
and

notw
idely

im
plem

ented.

472

D
estructor

s
U

nder
Inheritance

�

D
erived

class
destructor

is
firstexected

and
then

the
base

class
destructor

is

exected.

�

D
estructor

m
ustbe

virtual
function

w
henver

the
follow

ing
tw

o
conditions

are

m
et.

–
P

rogram
dynam

ically
allocates

a
class

object,e.g.,

B
*p

=
ne

w
D

;

–
C

onstructor
for

the
base

and
the

derived
class

dynam
ically

allocate

separate
storage.
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D
estructor

s
U

nder
Inheritance

E
xam

ple

class
B�

//base
class

pub
lic

:

B
()�

cout<
<

”B
’s

constructor\
n”;�

˜B
()�

cout<
<

”B
’s

destructor\
n”;�

� ;class
D

:public
B�

//derived
class

pub
lic

:

D
()

:
B

()�

cout<
<

”D
’s

constructor\
n”;�

˜D
()�

cout<
<

”D
’s

destructor\
n”;�

� ;m
ain()�

D
d;

//P
rinted

output

//B
’s

constructor

//D
’s

constructor

//D
’s

destructor

//B
’s

destructor

�
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V
irtual

B
ase

C
lass

E
xam

ple

class
A

�

//base
class

protected
:

int
x;

...

� ;class
B

:pub
lic

virtual
A

�

...

� ;class
C

:pub
lic

virtual
A

�

...

� ;class
D

:pub
lic

B
,pub

lic
C

�

...

� ;
D

B
C

A

469



N
am

espaces




N
am

espace
is

used
to

distinguish
am

ong
identicalglobalnam

es,e.g.,tw
o

libraries
m

ay

contain
identicalglobalnam

es.




To
use

nam
espace

to
resolve

nam
e

conflicts,putglobaldeclarations
in

nam
espaces

nam
espace

lib1�

void
clr

screen();

...

�nam
espace

lib2�

void
clr

screen();

...
�




N
am

espace
m

em
bers

can
be

referred
to

using
scope

resolution
operator,

l
i
b
1
:
:
c
l
r
s
c
r
e
e
n
(
)

or
using-declaration:

using
lib1::clr

screen;
//putlib1’s

clr
screen()

into
localnam

espace

using
lib1;

//m
ake

allthe
nam

es
in

lib1
available
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C
++

try
S

tatem
ent

try�statem
ents

�catc
h

(..
)� ..�

..

try
statem

entassociates
a

collection
ofcatchers

w
ith

a
block

ofstatem
ents.

T
here

m
ay

be
m

ultiple
catchers,distinguished

by
their

param
eter

lists.
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Exception Handling Example

class MyString �
char * S ;

pub lic :

enum � minSize = 1 , maxSize = 1000 � ;
MyString() ;
MyString( int ) ;
...

� ;
MyString::Mystring( int size )

�
if ( size � minSize || size � maxSize )

throw ( size );
s = new char [ size ];
if ( s == NULL )

throw ( ”Out of Memory” );
�
void f( int N )

�
try �

MyString str( N );
�
catc h ( char * errMsg ) �

cerr << errMsg << endl;
abort();

�
catc h ( int k ) �

cerr << ”Out of range error: ” << k << endl;
f( string::maxSize );

�
�
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C
++

thro
w

S
tatem

ent

throw
expression

;

throw
statem

entstops
sequentialexecution

and
starts

search
for

exception

handler.

T
he

type
ofthe

expression
is

used
to

determ
ine

the
handler

thatis
invoked.

T
he

value
ofthe

expression
is

passed
as

a
param

eter
to

the
handler

thatis

invoked.
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