
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
In

h
eritan

ce,sectio
n

s
7.0-7.4

A
n

n
e

H
axth

au
sen

,IM
M

,D
T

U

1.
C

lass
hierarchies:superclasses

and
subclasses

(sections
7.0,7.2)

2.
T

he
O
b
j
e
c
t

class:is
autom

atically
superclass

for
allclasses

(selfstudy:section
7.2)

3.
A

bstractclasses:serves
as

placeholders
in

class
hierarchies

(selfstudy:section
7.2)

4.
Inheritance:a

subclass
inherits

fields
and

m
ethods

from
its

superclass
(section

7.0)

5.
C

onstructors
are

notinherited
(section

7.0)

6.
V

isibility
m

odifiers
(section

7.0)

7.
Type

conversion
and

check
(section

7.4)

8.
O

verriding
ofm

ethods:redefining
an

inherited
m

ethod
(section

7.1)

9.
P

olym
orphism

:the
class

ofan
objectdecides

w
hich

m
ethod

is
invoked

(section
7.4)

10.
S

ingle
versus

m
ultiple

inheritance
(section

7.0)

a.P
arts

ofthis
m

aterialare
inspired

by/originate
from

a
course

atIT
U

developed
by

N
iels

H
allenberg

and
P

eter
S

estoft

on
the

basis
ofa

course
atK

V
L

developed
by

M
orten

Larsen
and

P
eter

S
estoft.
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C
o

n
cep

t
h

ierarch
ies

E
xam

ples
ofconcepts

are:anim
al,person,vessel,...

R
elated

concepts
can

be
arranged

in
a

hierarchy
(according

to
how

generalthey
are).

E
xam

p
le

1:
‘anim

als’can
be

divided
into

‘m
am

m
als’(’pattedyr’),‘birds’,‘fish’

E
xam

p
le

2:
‘vessels’(‘beholdere’)

can
be

divided
into

‘barrels’(‘tønder’),‘tanks’,...

T
a
n
k

B
a
r
r
e
l

V
e
s
s
e
l

T
he

concept‘vessel’is
m

ore
generalthan

‘tank’,as
one

can
say

‘a
tank

is
a

vessel’.

A
s

every
concepthas

som
e

properties,one
can

also
explain

the
hierarchy

by
saying

thata

conceptB
is

a
subconceptofanother

conceptA
,ifthe

subconceptB
has

(inherited/arvet)
all

the
properties

ofA
and

probably
has

som
e

m
ore

properties.

C
oncepthierarchies

are
often

used
to

describe
the

w
orld

around
us.
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M
o

d
ellin

g
co

n
cep

t
h

ierarch
ies

as
class

h
ierarch

ies

In
Java

and
m

any
other

object-oriented
program

m
ing

languages
concepthierarchies

are

m
odelled

by
class

hierarchies.(C
lasses

representconcepts,as
you

know
.)

 
m

odels

m
odels

superclass

subclass

superconcept

subconcept

A
superclass

m
odels

a
generalconcept(e.g.a

vessel),a
subclass

m
odels

a
m

ore
special

concept(e.g.a
tank).

In
h

eritan
ce:

A
subconcepthas

allthe
properties

ofits
superconcept.

T
herefore,a

subclass
has

allfields
and

m
ethods

ofits
superclass.O

ften
the

subclass
is

m
ade

m
ore

specific
than

the
superclass

by
defining

m
ore

fields
and

m
ethods.
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C
reatio

n
o

f
class

h
ierarch

ies
in

Java

Java
has

a
language

constructfor
m

aking
class

hierarchies:

A
class

B
can

be
defined

as
an

extension
ofan

existing
class

A
so

thatA
becom

es
a

superclass
ofB

,and
B

a
subclass

ofA
.

c
l
a
s
s

B
e
x
t
e
n
d
s

A
{

n
e
w
f
i
e
l
d
s
a
n
d
m
e
t
h
o
d
s

r
e
d
e
f
i
n
e
d
m
e
t
h
o
d
s

c
o
n
s
t
r
u
c
t
o
r
s

}

 

B A
(
s
u
p
e
r
c
l
a
s
s
)

(subclass)

E
xam

p
le:

c
l
a
s
s

T
a
n
k

e
x
t
e
n
d
s
V
e
s
s
e
l
{

.
.
.

}
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In
h

eritan
ce

A
subclass

inherits
(arver)

m
ethods

and
fields,butnotconstructors,from

its
superclass.

T
hey

can
be

used
in

the
subclass

as
ifthey

w
ere

defined
in

the
subclass.

In
addition

to
that,a

subclass
can

define
new

fields
and

m
ethods,and/or

override
(overskrive)

m
ethods

thatw
ould

otherw
ise

have
been

inherited.

A
subtlety

ofprivate
fields

and
m

ethods
w

illbe
explained

later.
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E
xam

p
le:

class
h

ierarch
y

fo
r

vessels

class B
arrel

class T
ank

class V
essel

c
o
n
t
e
n
t
s

h
e
i
g
h
t

r
a
d
i
u
s

h
e
i
g
h
t

w
i
d
t
h

l
e
n
g
t
h

C
lass hierarchy

C
lass

V
e
s
s
e
l

should
representw

hatis
com

m
on

for
allkinds

ofvessels.

C
lass

B
a
r
r
e
l

should
representbarrelform

ed
vessels

and
T
a
n
k

tank
form

ed
vessels.

B
a
r
r
e
l

and
T
a
n
k

should
inheritproperties

from
V
e
s
s
e
l

.

B
a
r
r
e
l

and
T
a
n
k

should
each

define
properties

thatare
specialfor

barrels
and

tanks,

respectively.
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Im
p

lem
en

tatio
n

o
f

vesselh
ierarch

y
in

Java
c
l
a
s
s

V
e
s
s
e
l
{

d
o
u
b
l
e
c
o
n
t
e
n
t
s
;
/
/
i
n

l
i
t
r
e

(
=

c
u
b
i
c
d
e
c
i
m
e
t
r
e
,
d
m
ˆ
3
)

}c
l
a
s
s

T
a
n
k

e
x
t
e
n
d
s
V
e
s
s
e
l
{

d
o
u
b
l
e
l
e
n
g
t
h
,
w
i
d
t
h
,
h
e
i
g
h
t
;
/
/
i
n

d
e
c
i
m
e
t
r
e
,
1
d
m

=
1
0

c
m

T
a
n
k
(
d
o
u
b
l
e
l
e
n
g
t
h
,
d
o
u
b
l
e
w
i
d
t
h
,
d
o
u
b
l
e
h
e
i
g
h
t
)

{
t
h
i
s
.
l
e
n
g
t
h

=
l
e
n
g
t
h
;
t
h
i
s
.
w
i
d
t
h

=
w
i
d
t
h
;
t
h
i
s
.
h
e
i
g
h
t

=
h
e
i
g
h
t
;
}

}c
l
a
s
s

B
a
r
r
e
l
e
x
t
e
n
d
s
V
e
s
s
e
l

{

d
o
u
b
l
e
r
a
d
i
u
s
,
h
e
i
g
h
t
;
/
/
i
n

d
e
c
i
m
e
t
r
e
,
1
d
m

=
1
0

c
m

B
a
r
r
e
l
(
d
o
u
b
l
e

r
a
d
i
u
s
,
d
o
u
b
l
e
h
e
i
g
h
t
)

{
t
h
i
s
.
r
a
d
i
u
s

=
r
a
d
i
u
s
;
t
h
i
s
.
h
e
i
g
h
t
=

h
e
i
g
h
t
;
}

}
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E
xam

p
le:

u
se

o
f

o
b

jects
fro

m
th

e
vesselh

ierarch
y

p
u
b
l
i
c
c
l
a
s
s

V
e
s
s
e
l
1
{

p
u
b
l
i
c
s
t
a
t
i
c
v
o
i
d

m
a
i
n
(
S
t
r
i
n
g
[
]
a
r
g
s
)
{

T
a
n
k

t
a
n
k

=
n
e
w

T
a
n
k
(
1
5
,

9
,

1
2
)
;

B
a
r
r
e
l
b
a
r
r
e
l
=

n
e
w
B
a
r
r
e
l
(
2
.
5
,
8
)
;

t
a
n
k
.
c
o
n
t
e
n
t
s
=

0
;
b
a
r
r
e
l
.
c
o
n
t
e
n
t
s

=
1
.
5
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
C
o
n
t
e
n
t
s

o
f

t
a
n
k

=
"
+
t
a
n
k
.
c
o
n
t
e
n
t
s
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
W
i
d
t
h

o
f
t
a
n
k

=
"
+
t
a
n
k
.
w
i
d
t
h
)
;

}

}

A
llT

a
n
k

-
and

B
a
r
r
e
l

-objects
have

a
c
o
n
t
e
n
t
s

field,inherited
from

class
V
e
s
s
e
l

.
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O
b

jects
in
V
e
s
s
e
l
1
.
j
a
v
a

: T
ank

h
e
i
g
h
t

w
i
d
t
h

l
e
n
g
t
h

c
o
n
t
e
n
t
s

: B
arrel

h
e
i
g
h
t

r
a
d
i
u
s

c
o
n
t
e
n
t
s

t
a
n
k

b
a
r
r
e
l

M
em

ory

E
xercise:Is

itlegalto
w

rite
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
b
a
r
r
e
l
.
w
i
d
t
h
)

?

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
b
a
r
r
e
l
.
h
e
i
g
h
t
)

?

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
t
a
n
k
.
h
e
i
g
h
t
)

?
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C
o

n
stru

cto
rs

are
n

o
t

in
h

erited

H
ow

ever,the
firsta

subclass
constructor

does,is
to

invoke
a

constructor
for

its
superclass.

T
his

can
be

done
explicitly

w
ith

an
invocation

ofthe
form

su
p

er(
...)

.

Ifthis
is

notdone
explicitly,then

Java
autom

atically
m

akes
an

invocation
ofsu

p
er(

)
,i.e.ofa

constructor
w

ith
no

param
eters

ofthe
superclass.(S

uch
a

constructor
exists

autom
atically

if

you
have

notdefined
one.)
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E
xam

p
le:

invo
catio

n
o

f
su

p
er

class
co

n
stru

cto
rs

c
l
a
s
s

V
e
s
s
e
l
{

d
o
u
b
l
e

c
o
n
t
e
n
t
s
;

V
e
s
s
e
l
(
)

{
c
o
n
t
e
n
t
s

=
0
.
0
;
}

V
e
s
s
e
l
(
d
o
u
b
l
e

c
o
n
t
e
n
t
s
)

{
t
h
i
s
.
c
o
n
t
e
n
t
s
=

c
o
n
t
e
n
t
s
;

}

}c
l
a
s
s

T
a
n
k
e
x
t
e
n
d
s
V
e
s
s
e
l

{

d
o
u
b
l
e

l
e
n
g
t
h
,

w
i
d
t
h
,

h
e
i
g
h
t
;

T
a
n
k
(
d
o
u
b
l
e

l
e
n
g
t
h
,

d
o
u
b
l
e

w
i
d
t
h
,

d
o
u
b
l
e

h
e
i
g
h
t
)

{
t
h
i
s
.
l
e
n
g
t
h

=
l
e
n
g
t
h
;

t
h
i
s
.
w
i
d
t
h
=

w
i
d
t
h
;

t
h
i
s
.
h
e
i
g
h
t
=

h
e
i
g
h
t
;

}

}c
l
a
s
s

B
a
r
r
e
l
e
x
t
e
n
d
s

V
e
s
s
e
l

{

d
o
u
b
l
e

r
a
d
i
u
s
,

h
e
i
g
h
t
;

B
a
r
r
e
l
(
d
o
u
b
l
e

c
o
n
t
e
n
t
s
,

d
o
u
b
l
e

r
a
d
i
u
s
,

d
o
u
b
l
e

h
e
i
g
h
t
)

{
s
u
p
e
r
(
c
o
n
t
e
n
t
s
)
;
t
h
i
s
.
r
a
d
i
u
s

=
r
a
d
i
u
s
;

t
h
i
s
.
h
e
i
g
h
t

=
h
e
i
g
h
t
;

}

}
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p
u
b
l
i
c
c
l
a
s
s

V
e
s
s
e
l
2
{

p
u
b
l
i
c
s
t
a
t
i
c

v
o
i
d
m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)
{

T
a
n
k

t
a
n
k

=
n
e
w
T
a
n
k
(
1
5
,

9
,

1
2
)
;

B
a
r
r
e
l

b
a
r
r
e
l
=
n
e
w
B
a
r
r
e
l
(
1
.
5
,
2
.
5
,

8
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
C
o
n
t
e
n
t
s

o
f
t
a
n
k

=
"

+
t
a
n
k
.
c
o
n
t
e
n
t
s
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
C
o
n
t
e
n
t
s

o
f
b
a
r
r
e
l
=

"
+
b
a
r
r
e
l
.
c
o
n
t
e
n
t
s
)
;

}

}E
xecution

ofthis
program

gives
the

follow
ing

output:

C
o
n
t
e
n
t
s
o
f

t
a
n
k

=
0
.
0

C
o
n
t
e
n
t
s
o
f

b
a
r
r
e
l
=
1
.
5
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S
u

b
tlety

o
f

p
rivate

m
eth

o
d

s
an

d
fi

eld
s

Ifa
field

(or
a

m
ethod)

is
p

rivate
in

a
superclass

A
,then

you
cannotexplicity

refer
to

itin

subclasses
ofA

.

H
ow

ever,the
field

exists
in

subclass
objects.

D
efau

lt
visib

ility

T
he

visibility
properties

for
a

field
or

a
m

ethod
thathas

no
visibility

m
odifier

are
like

p
u

b
lic

in

classes
(and

subclasses)
in

the
sam

e
package,and

like
p

rivate
for

classes
(and

subclasses)

in
other

packages.

P
ro

tected
m

eth
o

d
s

an
d

fi
eld

s

T
he

visibility
properties

for
a

field
or

a
m

ethod
declared

as
p

ro
tected

are
like

p
u

b
lic

in
classes

(and
subclasses)

in
the

sam
e

package
and

in
allsubclasses

in
other

packages,butlike
p

rivate

for
non

subclasses
in

other
packages.
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E
xam

p
le:

p
rivate

m
eth

o
d

s
an

d
fi

eld
s

c
l
a
s
s

V
e
s
s
e
l
{

p
r
i
v
a
t
e
d
o
u
b
l
e

c
o
n
t
e
n
t
s
;

/
/
i
n
l
i
t
r
e

(
=
c
u
b
i
c
d
e
c
i
m
e
t
r
e
,

d
m
ˆ
3
)

V
e
s
s
e
l
(
)

{
c
o
n
t
e
n
t
s

=
0
.
0
;
}

d
o
u
b
l
e

g
e
t
c
o
n
t
e
n
t
s
(
)

{
r
e
t
u
r
n

c
o
n
t
e
n
t
s
;
}

}c
l
a
s
s

T
a
n
k
e
x
t
e
n
d
s
V
e
s
s
e
l

{
.
.
.

}
/
/
c
o
n
t
e
n
t
s

u
n
k
n
o
w
n
n
a
m
e
i
n
T
a
n
k

p
u
b
l
i
c

c
l
a
s
s
V
e
s
s
e
l
6

{

p
u
b
l
i
c

s
t
a
t
i
c

v
o
i
d
m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)

{

T
a
n
k
t
a
n
k
=

n
e
w
T
a
n
k
(
1
5
,
9
,
1
2
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
C
o
n
t
e
n
t
s
o
f
t
a
n
k
=

"
+
t
a
n
k
.
g
e
t
c
o
n
t
e
n
t
s
(
)
)
;

/
/
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
C
o
n
t
e
n
t
s

o
f
t
a
n
k
=

"
+

t
a
n
k
.
c
o
n
t
e
n
t
s
)
;

i
s
i
l
l
e
g
a
l

}
}

t
a
n
k

l
e
n
g
t
h

w
i
d
t
h

h
e
i
g
h
t

g
e
t
_
c
o
n
t
e
n
t
s

c
o
n
t
e
n
t
s

: T
ank
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Typ
e

co
nversio

n
s

Im
p

licit
w

id
en

in
g

co
nversio

n
fro

m
su

b
class

to
su

p
erclass

A
variable

oftype
T

can
refer

to
objects

belonging
to

class
T

and
its

subclasses.

A
variable

thatcan
refer

to
objects

ofdifferentclasses
is

nam
ed

a
polym

orphic
reference.

E
xam

p
le:

(assum
e

given
the

declarations
on

page
7

11)
V
e
s
s
e
l
v
1

=
n
e
w

V
e
s
s
e
l
(
)
;

V
e
s
s
e
l
v
2

=
n
e
w

T
a
n
k
(
1
5
,

9
,

1
2
)
;

V
e
s
s
e
l
v
3

=
n
e
w

B
a
r
r
e
l
(
1
.
5
,

2
.
5
,

8
)
;

A
variable

(like
v
1
,
v
2
,
v
3

)
oftype

V
e
s
s
e
l

can
refer

to
an

objectofclass
V
e
s
s
e
l

,

T
a
n
k

orB
a
r
r
e
l

.
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M
em

o
r y

fo
r

th
e

exam
p

le

: T
ank

h
e
i
g
h
t

w
i
d
t
h

l
e
n
g
t
h

c
o
n
t
e
n
t
s

: B
arrel

h
e
i
g
h
t

r
a
d
i
u
s

c
o
n
t
e
n
t
s

c
o
n
t
e
n
t
s

: V
essel

v
2

v
3

v
1

M
em

ory
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Typ
e

co
nversio

n
s

E
xp

licit
n

arro
w

in
g

co
nversio

n
w

ith
cast

fro
m

su
p

erclass
to

su
b

class

E
xam

p
le:

V
e
s
s
e
l
v
2

=
n
e
w

T
a
n
k
(
1
5
,

9
,

1
2
)
;

V
e
s
s
e
l
v
3

=
n
e
w

B
a
r
r
e
l
(
1
.
5
,

2
.
5
,

8
)
;

T
a
n
k

t
a
n
k
1

=
v
2
;

/
/
i
l
l
e
g
a
l

(
g
i
v
e
s

c
o
m
p
i
l
a
t
i
o
n
e
r
r
o
r
)

T
a
n
k

t
a
n
k
2

=
(
T
a
n
k
)

v
2
;

/
/
a
n

e
x
p
l
i
c
i
t
c
a
s
t

i
s

n
e
e
d
e
d

T
a
n
k

t
a
n
k
3

=
(
T
a
n
k
)

v
3
;

/
/
i
l
l
e
g
a
l

(
g
i
v
e
s

r
u
n
t
i
m
e
e
r
r
o
r
)

T
he

type
conversion

(
T
a
n
k
)
v
3

w
illgive

rise
to

a
runtim

e
error

w
hen

the
program

is

executed
as
v
3

does
notrefer

to
a
T
a
n
k

object.
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A
variab

le
h

as
a

typ
e,an

o
b

ject
h

as
a

class

Im
portantdistinction:

A
variable

has
a

declared
type,e.g.the

variable
v
2

ofthe
exam

ple
above

has
type

V
e
s
s
e
l

.

A
n

objecthas
(i.e.belongs

to)
a

specific
class.W

hich
one,is

determ
ined

by
the

constructor
thatw

as
used

to
create

the
object.

E
.g.an

objectcreated
w

ith
n

ew
T
a
n
k
(
1
5
,

9
,
1
2
)

has
class

T
a
n
k

.
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C
h

eck
o

f
access

to
th

e
fi

eld
s

an
d

m
eth

o
d

s
o

f
an

o
b

ject

R
u

le:

F
ield

access
o
.
f

and
m

ethod
invocation

o
.
m
(
.
.
.
)

are
checked

w
rtthe

declared
type

T
of

the
variable

o
:

o
.
f

is
legal,ifT

has
a

field
f

w
ith

appropriate
visibility

properties
(behaves

like
p

u
b

lic
and

notlike
p

rivate
atthe

given
place).S

im
ilarly

foro
.
m
(
.
.
.
)

.

E
xam

p
le:

V
e
s
s
e
l
v
2
=

n
ew

T
a
n
k
(
1
5
,

9
,
1
2
)
;

T
he

variable
v
2

has
type

V
e
s
s
e
l

,and
V
e
s
s
e
l

has
a

field
c
o
n
t
e
n
t
s

.

S
o

the
expression

v
2
.
c
o
n
t
e
n
t
s

is
accepted

by
the

Java
com

piler.

B
utV

e
s
s
e
l

does
nothave

a
field

nam
ed
w
i
d
t
h

,so
the

expression
v
2
.
w
i
d
t
h

is
rejected

by
the

Java
com

piler,although
v
2

actually
refers

to
a
T
a
n
k

objectthathas
a
w
i
d
t
h

field.
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O
verrid

in
g

o
f

m
eth

o
d

s

O
verlo

ad
in

g

W
hen

a
class

defines
severalm

ethods
w

ith
the

sam
e

nam
e,butdistinctparam

eter
types,itis

called
overloading,cf.overhead

collection
4.

O
verrid

in
g

W
hen

a
subclass

(re-)defines
a

m
ethod

w
ith

the
sam

e
nam

e
m

,resulttype
and

param
eter

types
as

the
superclass

does,itis
called

overriding
(D

anish:overskrivning).T
hen

the
subclass

does
notinheritthe

superclass
m

ethod
m

,buthas
its

ow
n

version
ofm

.H
ow

ever,the
version

of

the
superclass

can
be

accessed
via

su
p

er.
m
(
.
.
.
)

.

T
his

flexibility
is

good,because
related

classes
can

use
the

sam
e

nam
e

conventions
for

m
ethods

thatdo
“the

sam
e”.

Ifyou
declare

a
m

ethod
to

be
fi

n
althen

you
cannotoverride

it.
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E
xam

p
le

o
f

o
verrid

in
g

o
f

a
v
o
l
u
m
e

m
eth

o
d

in
th

e
vesselh

ierarch
y

c
l
a
s
s

V
e
s
s
e
l
{

d
o
u
b
l
e

c
o
n
t
e
n
t
s
;

.
.
.

d
o
u
b
l
e

v
o
l
u
m
e
(
)

{
r
e
t
u
r
n

0
;
}

}c
l
a
s
s

T
a
n
k
e
x
t
e
n
d
s
V
e
s
s
e
l

{

d
o
u
b
l
e

l
e
n
g
t
h
,

w
i
d
t
h
,

h
e
i
g
h
t
;

.
.
.

d
o
u
b
l
e

v
o
l
u
m
e
(
)

{
r
e
t
u
r
n

l
e
n
g
t
h

*
w
i
d
t
h
*

h
e
i
g
h
t
;
}

}c
l
a
s
s

B
a
r
r
e
l
e
x
t
e
n
d
s

V
e
s
s
e
l

{

d
o
u
b
l
e

r
a
d
i
u
s
,

h
e
i
g
h
t
;

.
.
.

d
o
u
b
l
e

v
o
l
u
m
e
(
)

{
r
e
t
u
r
n

h
e
i
g
h
t

*
M
a
t
h
.
P
I
*

r
a
d
i
u
s

*
r
a
d
i
u
s
;

}

}T
he

subclasses
override

(overskriver,om
definerer)

the
v
o
l
u
m
e

m
ethod

from
the

superclass.
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p
u
b
l
i
c
c
l
a
s
s

V
e
s
s
e
l
4
{

p
u
b
l
i
c
s
t
a
t
i
c

v
o
i
d
m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)
{

V
e
s
s
e
l

v
1
=

n
e
w
T
a
n
k
(
1
5
,

9
,

1
2
)
;

V
e
s
s
e
l

v
2
=

n
e
w
T
a
n
k
(
0
.
7
,

0
.
7
,

2
.
0
5
)
;

V
e
s
s
e
l

v
3
=

n
e
w
B
a
r
r
e
l
(
1
.
5
,

2
.
5
,

8
)
;

V
e
s
s
e
l

v
4
=

n
e
w
V
e
s
s
e
l
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
V
o
l
u
m
e
o
f

v
1

=
"
+
v
1
.
v
o
l
u
m
e
(
)
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
V
o
l
u
m
e
o
f

v
2

=
"
+
v
2
.
v
o
l
u
m
e
(
)
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
V
o
l
u
m
e
o
f

v
3

=
"
+
v
3
.
v
o
l
u
m
e
(
)
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
V
o
l
u
m
e
o
f

v
4

=
"
+
v
4
.
v
o
l
u
m
e
(
)
)
;

}

}O
utputw

hen
executing

V
essel4:

V
o
l
u
m
e
o
f

v
1

=
1
6
2
0
.
0

V
o
l
u
m
e
o
f

v
2

=
1
.
0
0
4
4
9
9
9
9
9
9
9
9
9
9
9
7

V
o
l
u
m
e
o
f

v
3

=
1
5
7
.
0
7
9
6
3
2
6
7
9
4
8
9
6
6

V
o
l
u
m
e
o
f

v
4

=
0
.
0
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C
lass

h
ierarch

y
an

d
m

em
o

ry
fo

r
V
e
s
s
e
l
4
.
j
a
v
a

class T
ank

h
e
i
g
h
t

w
i
d
t
h

l
e
n
g
t
h

v
o
l
u
m
e

class B
arrel

r
a
d
i
u
s

h
e
i
g
h
t

v
o
l
u
m
e

class V
essel

c
o
n
t
e
n
t
s

: T
ank

h
e
i
g
h
t

w
i
d
t
h

l
e
n
g
t
h

c
o
n
t
e
n
t
s

: T
ank

h
e
i
g
h
t

w
i
d
t
h

l
e
n
g
t
h

c
o
n
t
e
n
t
s

: B
arrel

: V
essel

c
o
n
t
e
n
t
s

v
o
l
u
m
e

c
o
n
t
e
n
t
s

r
a
d
i
u
s

h
e
i
g
h
t

v
o
l
u
m
e

v
o
l
u
m
e

v
o
l
u
m
e

v
4

v
3

v
1

v
2

v
o
l
u
m
e

M
em

ory
C

lass hierarchy

E
xercise:W

hich
ofthe

three
v
o
l
u
m
e

m
ethods

are
invoked

by
v
1
.
v
o
l
u
m
e
(
)

,

v
2
.
v
o
l
u
m
e
(
)

,v
3
.
v
o
l
u
m
e
(
)

and
v
4
.
v
o
l
u
m
e
(
)

?
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O
verrid

in
g

an
d

p
o

lym
o

rp
h

ism

v
1

is
a

polym
orphic

reference
thatcan

refer
to
V
e
s
s
e
l

,T
a
n
k

and
B
a
r
r
e
l

objects.A
s

each
ofthese

have
a
v
o
l
u
m
e

m
ethod,there

are
potentially

3
possibilities

for,w
hich

m
ethod

is
invoked

by
v
1
.
v
o
l
u
m
e
(
)

.

W
hich

one,is
determ

ined
by

the
class

ofthatobjectv
1

is
referring

to.

H
ence,the

declared
type

forv
1

—
w

hich
is
V
e
s
s
e
l

—
does

notdeterm
ine

w
hich

m
ethod

is

invoked.H
ow

ever,in
V
e
s
s
e
l

there
m

ust
be

a
m

ethod
w

ith
the

given
nam

e,otherw
ise

the

Java
com

piler
rejects

the
program

(cf.the
rule

on
page

19).

R
u

le:

W
hich

version
ofan

overridden
m

ethod
m

,thatis
invoked

w
ith
o
.
m
(
.
.
.
)

,depends
on

the

class
ofthe

objectthato
refers

to,notthe
type

ofo
.

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
28.oktober

2002
02100+

02115+
02199+

02312
Introductory

P
rogram

m
ing

P
age

7-24



E
xam

p
le

o
f

u
se

o
f

su
p

er
to

invo
ke

an
o

verrid
d

en
m

eth
o

d

c
l
a
s
s

V
e
s
s
e
l
{

.
.
.

p
u
b
l
i
c

S
t
r
i
n
g

t
o
S
t
r
i
n
g
(
)
{

r
e
t
u
r
n

"
c
o
n
t
e
n
t
s
:
"

+
c
o
n
t
e
n
t
s

+
"

l
"
;
}

}c
l
a
s
s

T
a
n
k
e
x
t
e
n
d
s
V
e
s
s
e
l

{

.
.
.

p
u
b
l
i
c

S
t
r
i
n
g

t
o
S
t
r
i
n
g
(
)
{

r
e
t
u
r
n

"
T
a
n
k
w
i
t
h
v
o
l
u
m
e
:
"

+
v
o
l
u
m
e
(
)
+

"
l

a
n
d

"
+

s
u
p
e
r
.
t
o
S
t
r
i
n
g
(
)
;

}

}p
u
b
l
i
c

c
l
a
s
s
V
e
s
s
e
l
5

{

p
u
b
l
i
c

s
t
a
t
i
c

v
o
i
d
m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)

{

V
e
s
s
e
l

v
1
=

n
e
w
T
a
n
k
(
1
5
,
9
,
1
2
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
v
1
:

"
+

v
1
.
t
o
S
t
r
i
n
g
(
)
)
;

}O
u

tp
u

t:
v
1
:
T
a
n
k

w
i
t
h

v
o
l
u
m
e
:

1
6
2
0
.
0
l
a
n
d

c
o
n
t
e
n
t
s
:
0
.
0

l
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S
h

ad
o

w
in

g
fi

eld
s

Ifyou
in

a
subclass

(re-)declare
a

field
w

ith
the

sam
e

nam
e
f

as
a

field
in

its
superclass,then

you
gettw

o
fields.

T
he

nam
e

ofthe
field

ofthe
subclass

is
justf

.

T
he

field
from

the
superclass

can
be

accessed
in

the
subclass

as
su

p
er.

f
(butnotifitis

p
rivate).

R
edeclaring

fields
usually

results
in

errors
and

confusion.O
n

ly
overrid

e
m

eth
o

d
s,n

o
t

fi
eld

s!
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S
u

m
m

ary
ab

o
u

t
th

e
su

p
er

referen
ce

su
p

er
is

a
reference

like
th

is.

1.
C

onstructors
from

a
superclass

can
be

invoked
from

a
subclass

w
ith

su
p

er(...).

2.
M

ethods
from

a
superclass

can
be

invoked
from

a
subclass

w
ith

su
p

er.
(...).

3.
F

ields
from

a
superclass

can
be

accessed
w

ith
su

p
er.

.

2
and

3
do

nothold,w
hen

and
are

p
rivate.
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S
in

g
le

an
d

m
u

ltip
le

in
h

eritan
ce

In
som

e
object-oriented

languages,a
class

can
have

severalsuperclasses.

M
ultiple

inheritance
is

usefulw
hen

you
have

tw
o

differentconcepthierarchies
atthe

sam
e

tim
e.

E
.g.vessels

(V
essel,Tank,B

arrel)
and

colors
(P

lain,C
olored).

A
colored

barrelis
colored

(C
olored)

as
w

ellas
a

vessel(V
essel).

S
o

an
objectshould

could
be

an
instance

ofC
olored

and
V

esselatthe
sam

e
tim

e.

A
barrelis

a
V

essel,butnota
C

olored.

S
o

V
esselcan

notbe
a

subclass
ofC

olored.

A
colored

piece
ofpaper

is
C

olored,butnota
V

essel.

S
o

C
olored

can
notbe

a
subclass

ofV
essel.
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S
in

g
le

an
d

m
u

ltip
le

in
h

eritan
ce,co

n
tin

u
ed

Java
only

supports
single

inheritance:a
class

can
only

have
one

im
m

ediate
superclass.

T
his

is
because

m
ultiple

inheritance
leads

to
theoreticaland

practicalproblem
s.

E
xam

ple:In
w

hich
order

should
the

constructors
ofthe

superclasses
be

invoked?

E
xam

ple:Iftw
o

m
ethods

w
ith

sam
e

signature
are

inherited
from

tw
o

differentsuperclasses,

w
hich

one
should

then
be

used?
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In
h

eritan
ce

in
Java:

su
m

m
ary

C
lasses

can
be

ordered
in

hierarchies
thatreflectconcepthierarchies.

A
subclass

inherits
fields

and
m

ethods
from

its
superclass,i.e.they

can
be

used
as

ifthey

w
ere

defined
in

the
subclass.E

xceptions:

–
C

onstructors
are

notinherited.H
ow

ever,they
can

be
used

in
a

subclass
as

su
p

er(...).

–
P

rivate
fields

and
m

ethods
are

notinherited,butexistand
can

be
accessed

indirectly.

A
subclass

can
define

new
fields

and
m

ethods.

A
subclass

can
redefine

(overskrive,‘override’)
existing

m
ethods

m
(thatare

notfi
n

al).In

this
case

the
subclass

can
access

m
ofthe

superclass
using

the
nam

e
su

p
er.m

.

W
hich

version
ofm

thatis
invoked

w
ith
o
.
m
(

...)
,depends

on
the

class
ofthe

objectto

w
hich

o
refers,noton

the
type

T
ofthe

variable
(o

)
.

T
he

subclass
can

redeclare
a

field,butitis
notrecom

m
ended.

A
variable

o
oftype

T
can

refer
to

objects
ofclass

T
and

allits
subclasses.

F
ield

access
o
.
f

and
m

ethod
invocation

o
.
m
(

...)
are

checked
w

ith
respectto

the

declared
type

T
ofthe

variable
o

,notw
ith

respectto
the

class
ofthe

referenced
object.

You
can

explicitly
type

convert(‘cast’)
an

expression
oftype

T
to

a
subclass

ofT
.
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A
dvan

tag
es

o
f

u
sin

g
in

h
eritan

ce

class
hierarchies

can
explicitly

reflectconcepthierarchies
ofthe

problem
dom

ain

code
can

be
re-used

(code
is

faster
to

w
rite

and
easier

to
m

aintain)
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