
In
tro

d
u

cto
ry

P
ro

g
ram

m
in

g
O

b
ject

o
rien

ted
p

ro
g

ram
m

in
g

II;
sectio

n
s

5.0,5.1,5.4,5.5

A
n

n
e

H
axth

au
sen

,IM
M

,D
T

U

1.
R

eferences
(section

5.0)

the
n

u
llreference

the
th

is
reference

aliases
(a)

in
assignm

entstatem
ents

(b)
w

hen
invoking

m
ethods

(w
ith

objects
as

param
eters)

(c)
im

portantim
plications

ofaliases
(d)

equality
ofreferences

versus
equality

ofobjects

2.
T

he
static

m
odifier

(section
5.1)

3.
N

ested
classes

(read
on

your
ow

n:section
5.4)

4.
Interfaces

(section
5.5)

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.

Translated
into

E
nglish

by
M

orten
P.

Lindegaard.
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T
h

e
T

im
e

exam
p

le
revisited

c
l
a
s
s
T
i
m
e

{

p
r
i
v
a
t
e

i
n
t
h
o
u
r
s
,
m
i
n
;
/
/
h
o
u
r
s

a
n
d
m
i
n
u
t
e
s

s
i
n
c
e
m
i
d
n
i
g
h
t

p
u
b
l
i
c
T
i
m
e
(
i
n
t
h
,

i
n
t

m
)
{
h
o
u
r
s
=

h
;
m
i
n

=
m
;
}

p
u
b
l
i
c
i
n
t

g
e
t
h
o
u
r
s
(
)

{
r
e
t
u
r
n
h
o
u
r
s
;
}

p
u
b
l
i
c
i
n
t

g
e
t
m
i
n
(
)

{
r
e
t
u
r
n
m
i
n
;
}

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
h
o
u
r
s

+
"
.
"
+
m
i
n
;
}

p
u
b
l
i
c
v
o
i
d

p
a
s
s
t
i
m
e
(
i
n
t

m
)

{

i
n
t

t
o
t
a
l
m
i
n
=
6
0

*
h
o
u
r
s

+
m
i
n
+
m
;

h
o
u
r
s

=
(
t
o
t
a
l
m
i
n

/
6
0
)
%

2
4
;
m
i
n
=
t
o
t
a
l
m
i
n

%
6
0
;

}

}
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T
h

e
n

u
llreferen

ce

A
variable

ofa
class

type
contains

a
reference

to
(i.e.the

address
of)

an
objectofthe

given

class.

B
efore

the
variable

is
initialized,itw

illcontain
the

specialreference
value

n
u

llw
hich

denotes

thatthe
variable

does
not(yet)

refer
to

an
object.

E
xam

p
le

T
i
m
e

c
l
o
c
k
1
;

/
/
A
:

c
l
o
c
k
1
=
=

n
u
l
l

a
f
t
e
r
d
e
c
l
a
r
a
t
i
o
n

c
l
o
c
k
1
=
n
e
w

T
i
m
e
(
1
2
,

3
5
)
;

/
/
B
:

c
l
o
c
k
1
!
=

n
u
l
l

a
f
t
e
r
i
n
i
t
i
a
l
i
z
a
t
i
o
n

A
B

:
 
T
i
m
e

m
i
n

h
o
u
r
s

1235

c
l
o
c
k
1

c
l
o
c
k
1
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T
h

e
th

is
referen

ce
c
l
a
s
s

T
i
m
e

{

p
r
i
v
a
t
e

i
n
t
h
o
u
r
s
,
m
i
n
;
/
/
m
i
n

#
1

.
.
.

p
u
b
l
i
c
v
o
i
d

p
a
s
s
t
i
m
e
(
i
n
t
m
i
n
)
{
/
/
m
i
n

#
2

(
s
h
a
d
o
w
s
m
i
n

#
1
)

i
n
t

t
o
t
a
l
m
i
n
=
6
0

*
t
h
i
s
.
h
o
u
r
s

+
t
h
i
s
.
m
i
n

+
m
i
n
;

t
h
i
s
.
h
o
u
r
s

=
(
t
o
t
a
l
m
i
n

/
6
0
)

%
2
4
;
t
h
i
s
.
m
i
n

=
t
o
t
a
l
m
i
n

%
6
0
;

}

}

}
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O
b

ject
aliases

in
assig

m
en

t

Tw
o

variables
m

ay
refer

to
the

sam
e

object–
they

are
said

to
be

aliases.

E
xam

p
le

T
i
m
e

c
l
o
c
k
1
=
n
e
w

T
i
m
e
(
9
,
2
5
)
;

T
i
m
e

c
l
o
c
k
2
=
c
l
o
c
k
1
;

:
 
T
i
m
e

h
o
u
r
s

m
i
n

2
5 9

c
l
o
c
k
1

c
l
o
c
k
2
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Im
p

o
rtan

t
im

p
licatio

n
s

o
f

aliases

W
atch

o
u

t!

Ifyou
use

aliases,a
change

in
the

state
ofan

objectis
a

change
for

allthe
references

thatrefer

to
the

object.

E
xam

p
le

T
i
m
e

c
l
o
c
k
1
=
n
e
w

T
i
m
e
(
9
,
2
5
)
;

T
i
m
e

c
l
o
c
k
2
=
c
l
o
c
k
1
;

c
l
o
c
k
1
.
p
a
s
s
t
i
m
e
(
1
0
)
;

:
 
T
i
m
e

h
o
u
r
s

m
i
n

9

2
5

c
l
o
c
k
1

c
l
o
c
k
2

3
5
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E
q

u
ality

o
f

referen
ces

versu
s

eq
u

ality
o

f
o

b
jects

E
q

u
ality

o
f

referen
ces:=

=
c
l
o
c
k
1
=
=
c
l
o
c
k
2

decides
w

hetherc
l
o
c
k
1

and
c
l
o
c
k
2

refer
to

the
sam

e
object–

i.e.are
aliases

E
q

u
ality

o
f

o
b

jects:
In

the
T
i
m
e

class,w
e

can
define

our
ow

n
equality

as
a

m
ethod

nam
ed

e
q
u
a
l
s

:
b
o
o
l
e
a
n
e
q
u
a
l
s
(
T
i
m
e

c
l
o
c
k
2
)
{

r
e
t
u
r
n

t
h
i
s
.
m
i
n

=
=
c
l
o
c
k
2
.
m
i
n

&
&

t
h
i
s
.
h
o
u
r
s

=
=
c
l
o
c
k
2
.
h
o
u
r
s
;

}
Tw

o
objects

m
ay

then
be

com
pared

as
follow

s:
c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
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E
q

u
ality:

exam
p

les

p
u
b
l
i
c
c
l
a
s
s

T
i
m
e
A
l
i
a
s
i
n
g
{

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
i
m
e

c
l
o
c
k
1
,
c
l
o
c
k
2
;

c
l
o
c
k
1

=
n
e
w
T
i
m
e
(
9
,

1
0
)
;

c
l
o
c
k
2
=

n
e
w
T
i
m
e
(
9
,

1
0
)
;

p
r
i
n
t
T
i
m
e
s
(
c
l
o
c
k
1
,

c
l
o
c
k
2
)
;

c
l
o
c
k
1
.
p
a
s
s
t
i
m
e
(
4
0
)
;

p
r
i
n
t
T
i
m
e
s
(
c
l
o
c
k
1
,

c
l
o
c
k
2
)
;

c
l
o
c
k
2

=
c
l
o
c
k
1
;

p
r
i
n
t
T
i
m
e
s
(
c
l
o
c
k
1
,
c
l
o
c
k
2
)
;

c
l
o
c
k
1
.
p
a
s
s
t
i
m
e
(
4
0
)
;

p
r
i
n
t
T
i
m
e
s
(
c
l
o
c
k
1
,

c
l
o
c
k
2
)
;

}s
t
a
t
i
c
v
o
i
d

p
r
i
n
t
T
i
m
e
s
(
T
i
m
e

c
l
o
c
k
1
,
T
i
m
e

c
l
o
c
k
2
)
{

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
c
l
o
c
k
1
s
h
o
w
s

"
+
c
l
o
c
k
1
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
c
l
o
c
k
2
s
h
o
w
s

"
+
c
l
o
c
k
2
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
c
l
o
c
k
1
=
=

c
l
o
c
k
2
:
"
+
(
c
l
o
c
k
1

=
=

c
l
o
c
k
2
)
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
:

"

+
c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
+
"
\
n
"
)
;

}
}
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O
u

tp
u

t
fro

m
T

im
eA

liasin
g

c
l
o
c
k
1

s
h
o
w
s
9
.
1
0

c
l
o
c
k
2

s
h
o
w
s
9
.
1
0

c
l
o
c
k
1

=
=
c
l
o
c
k
2
:

f
a
l
s
e

c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
:

t
r
u
e

c
l
o
c
k
1

s
h
o
w
s
9
.
5
0

c
l
o
c
k
2

s
h
o
w
s
9
.
1
0

c
l
o
c
k
1

=
=
c
l
o
c
k
2
:

f
a
l
s
e

c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
:

f
a
l
s
e

c
l
o
c
k
1

s
h
o
w
s
9
.
5
0

c
l
o
c
k
2

s
h
o
w
s
9
.
5
0

c
l
o
c
k
1

=
=
c
l
o
c
k
2
:

t
r
u
e

c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
:

t
r
u
e

c
l
o
c
k
1

s
h
o
w
s
1
0
.
3
0

c
l
o
c
k
2

s
h
o
w
s
1
0
.
3
0

c
l
o
c
k
1

=
=
c
l
o
c
k
2
:

t
r
u
e

c
l
o
c
k
1
.
e
q
u
a
l
s
(
c
l
o
c
k
2
)
:

t
r
u
e
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W
h

at
h

ap
p

en
s

to
variab

les

th
at

are
u

sed
as

actu
alp

aram
eters

fo
r

a
m

eth
o

d
?

Java
uses

call-by-value
w

hen
values

are
passed

to
a

m
ethod

–
am

ounts
to

copying
the

value

ofthe
actual

param
eter

to
the

form
alparam

eter
in

the
m

ethod.A
fter

a
callofthe

m
ethod,the

actualparam
eter

(here:variable)
has

the
sam

e
value

as
before

the
call.

M
ean

in
g

:

w
hen

a
variable

ofa
class

type
is

an
argum

entofa
m

ethod,the
reference

to
the

objectis

copied
–

notthe
objectitself

ifthe
m

ethod
body

changes
the

form
alparam

eter
reference

(m
akes

itrefer
to

another

object), itdoes
not

influence
the

argum
ent(see

exam
ple1)

ifthe
m

ethod
body

changes
the

state
ofthe

objectthatthe
form

alparam
eter

refers
to,the

sam
e

happens
to

the
argum

ent(see
exam

ple2)
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P
rim

itive
valu

es
as

arg
u

m
en

ts
fo

r
m

eth
o

d
s:

exam
p

le

W
hatis

the
outputofthe

follow
ing

program
?

p
u
b
l
i
c
c
l
a
s
s

C
a
l
l
O
f
M
e
t
h
o
d
{

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
)
{

i
n
t

a
=
2
;

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

i
s

"
+
a
)
;

f
(
a
)
;

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

i
s

"
+
a
)
;

}s
t
a
t
i
c
v
o
i
d

f
(
i
n
t

x
)
{

x
=
x
+
1
0
;

}

}
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O
b

jects
as

arg
u

m
en

ts
fo

r
m

eth
o

d
s:

exam
p

le1

W
hatis

the
outputofthe

follow
ing

program
?

p
u
b
l
i
c
c
l
a
s
s

C
a
l
l
O
f
M
e
t
h
o
d
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
i
m
e

a
=

n
e
w
T
i
m
e
(
9
,

2
5
)
;

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

i
s

"
+
a
)
;

f
(
a
)
;

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

i
s

"
+
a
)
;

}s
t
a
t
i
c
v
o
i
d

f
(
T
i
m
e

x
)

{
x
=

n
e
w
T
i
m
e
(
8
,

1
7
)
;
}

}
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O
b

jects
as

arg
u

m
en

ts
fo

r
m

eth
o

d
s:

exam
p

le2

W
hatis

the
outputofthe

follow
ing

program
?

p
u
b
l
i
c
c
l
a
s
s

C
a
l
l
O
f
M
e
t
h
o
d
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
i
m
e

a
=

n
e
w
T
i
m
e
(
9
,

2
5
)
;

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

i
s

"
+
a
)
;

f
(
a
)
;

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

i
s

"
+
a
)
;

}s
t
a
t
i
c
v
o
i
d

f
(
T
i
m
e

x
)

{
x
.
p
a
s
s
t
i
m
e
(
1
0
)
;

}

}
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S
tatic

fi
eld

s

W
e

have
already

seen
thatm

ethods
m

ay
be

declared
as

static
so

thatthey
can

be
used

via

the
nam

e
ofthe

class
w

ithoutcreating
an

object.

T
he

sam
e

goes
for

the
fields

in
a

class.T
hen

allobjects
thatare

instances
ofthe

class
w

ill

have
a

com
m

on
location

in
the

m
em

ory
for

the
field;notindividualcopies.

E
xam

p
le

A
class

field
t
i
m
e
z
o
n
e

could
be

used
for

the
tim

e
zone

com
m

on
to

allpoints
in

tim
e.

c
l
a
s
s
T
i
m
e

{

s
t
a
t
i
c
i
n
t

t
i
m
e
z
o
n
e
=
6
0
;
/
/
m
i
n
u
t
e
s

e
a
s
t

o
f

G
r
e
e
n
w
i
c
h

.
.
.
e
v
e
r
y
t
h
i
n
g

e
l
s
e

a
s

b
e
f
o
r
e
.
.
.

}
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S
tatic

fi
eld

s,exam
p

le
co

n
tin

u
ed

T
i
m
e

t
1

=
n
e
w

T
i
m
e
(
1
2
,

3
5
)
;

T
i
m
e

t
2

=
n
e
w

T
i
m
e
(
1
3
,

1
5
)
;

T
i
m
e
.
t
i
m
e
z
o
n
e

=
1
2
0
;

t
2

t
1

c
l
a
s
s
 
T
i
m
e

t
i
m
e
z
o
n
e

6
0

1
2
0

h
o
u
r
s

1235
m
i
n

:
 
T
i
m
e

h
o
u
r
s

1315
m
i
n

:
 
T
i
m
e
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In
terfaces

S
o

far,w
e

have
used

the
conceptofinterface

for
the

p
u

b
lic

constants
and

m
ethods

ofan

object.T
his

is
consistentw

ith
the

m
ore

form
alconceptofinterface

in
Java.

D
efi

n
itio

n
:

A
Java

interface
consists

of:

a
collection

ofpublic
constants

and/or

a
series

ofpublic
abstract

m
ethods,i.e.m

ethods
w

ithoutbodies

N
otice:no

constructor,no
variable

fields.

D
efi

n
itio

n
:

A
class

im
plem

ents
an

interface
by

giving
m

ethod
im

plem
entations

(bodies)
for

all

the
abstractm

ethods
ofthe

interface
and

possibly
additionalfields,m

ethods,and
constructors.

N
otice:an

interface
m

ay
have

severalim
plem

entations
and

a
class

m
ay

im
plem

entseveral

interfaces.
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In
terfaces:

exam
p

le

i
n
t
e
r
f
a
c
e

T
i
m
e
I
n
t
e
r
f
a
c
e
{

p
u
b
l
i
c
i
n
t

g
e
t
h
o
u
r
s
(
)
;

p
u
b
l
i
c
i
n
t

g
e
t
m
i
n
(
)
;

p
u
b
l
i
c
S
t
r
i
n
g
t
o
S
t
r
i
n
g
(
)
;

p
u
b
l
i
c
v
o
i
d

p
a
s
s
t
i
m
e
(
i
n
t

m
)
;

}
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Im
p

lem
en

tatio
n

o
f

in
terfaces:

exam
p

le
1

c
l
a
s
s
T
i
m
e
1

i
m
p
l
e
m
e
n
t
s
T
i
m
e
I
n
t
e
r
f
a
c
e

{

p
r
i
v
a
t
e

i
n
t
h
o
u
r
s
,
m
i
n
;
/
/
h
o
u
r
s

a
n
d
m
i
n
u
t
e
s

s
i
n
c
e
m
i
d
n
i
g
h
t

p
u
b
l
i
c
T
i
m
e
1
(
i
n
t
h
,

i
n
t
m
)

{
h
o
u
r
s
=
h
;

m
i
n
=
m
;
}

p
u
b
l
i
c
i
n
t

g
e
t
h
o
u
r
s
(
)

{
r
e
t
u
r
n
h
o
u
r
s
;
}

p
u
b
l
i
c
i
n
t

g
e
t
m
i
n
(
)

{
r
e
t
u
r
n
m
i
n
;
}

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
h
o
u
r
s

+
"
.
"
+
m
i
n
;
}

p
u
b
l
i
c
v
o
i
d

p
a
s
s
t
i
m
e
(
i
n
t

m
)

{

i
n
t

t
o
t
a
l
m
i
n
=
6
0

*
h
o
u
r
s

+
m
i
n
+
m
;

h
o
u
r
s

=
(
t
o
t
a
l
m
i
n

/
6
0
)
%

2
4
;
m
i
n
=
t
o
t
a
l
m
i
n

%
6
0
;

}

}
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Im
p

lem
en

tatio
n

o
f

in
terfaces:

exam
p

le
2

c
l
a
s
s
T
i
m
e
2

i
m
p
l
e
m
e
n
t
s
T
i
m
e
I
n
t
e
r
f
a
c
e

{

p
r
i
v
a
t
e

i
n
t
m
i
n
;
/
/
m
i
n
u
t
e
s

s
i
n
c
e
m
i
d
n
i
g
h
t

p
u
b
l
i
c
T
i
m
e
2
(
i
n
t
h
,

i
n
t
m
)

{
m
i
n

=
(
h

*
6
0

+
m
)

%
1
4
4
0
;
}

p
u
b
l
i
c
i
n
t

g
e
t
h
o
u
r
s
(
)

{
r
e
t
u
r
n
.
.
.
;
}

p
u
b
l
i
c
i
n
t

g
e
t
m
i
n
(
)

{
r
e
t
u
r
n
.
.
.
;

}

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
.
.
.
;

}

p
u
b
l
i
c
v
o
i
d

p
a
s
s
t
i
m
e
(
i
n
t

m
)

{
m
i
n
=
.
.
.

;
}

}
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W
h

at
are

in
terfaces

u
sed

fo
r

(1)?

A
n

interface
specifies

public
m

ethods
and

constants
thatan

im
plem

enting
class

(or
classes)

m
ustoffer

(as
a

m
inim

um
).

In
softw

are
developm

ent,interfaces
m

ay
be

used
for

the
W

H
AT

before
H

O
W

principle:

1.
F

irstan
interface

is
m

ade:itis
a

specification
ofW

H
AT

a
class

m
ustoffer.

2.
A

fterw
ards,classes

thatim
plem

entthe
interface

are
m

ade:they
define

H
O

W
data

and

algorithm
s

are.

T
he

interface
m

ay
be

used
as

a
contractbetw

een
the

people
w

riting
the

class
and

the
people

using
the

class.

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
7.oktober

2002
02100+

02115+
02199+

02312
Introductory

P
rogram

m
ing

S
ide

5-20



W
h

at
are

in
terfaces

u
sed

fo
r

(2)?

T
he

p
rivate

m
odifier

m
ay

be
used

in
classes

for
“inform

ation
hiding”:only

public
m

ethods
and

constants
are

exported.B
y

declaring
the

variable
fields

in
a

class
as

p
rivate,itis

possible
to

replace
them

and
likew

ise
replace

m
ethod

bodies
w

ithoutneeding
to

change
m

ethod
calls.

Interfaces
are

also
used

for
“inform

ation
hiding”

w
ith

sim
ilar

effect.B
utifyou

regretan

im
plem

entation,i.e.T
i
m
e
1

,you
do

notneed
to

change
it–

justm
ake

a
new

im
plem

entation,

i.e.T
i
m
e
2

,and
replace

the
use

ofT
i
m
e
1

w
ith
T
i
m
e
2

.
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