
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

I,sectio
n

s
4.0-4.5

A
n

n
e

H
axth

au
sen

a

IM
M

,D
T

U

1.
M

ethods
(declaration

and
invocation)

(sections
4.2

(+
4.4))

2.
C

lasses
and

objects
(sections

4.0-4.1
(+

4.5))
how

to
define

a
class

how
to

create
an

object
how

variables
ofclass

types
behave

how
to

access
the

data
and

m
ethods

ofan
object

3.
E

ncapsulation
via

visibility
m

odifiers
(public

and
private)

(section
4.1)

4.
M

ethod
overloading

and
overload

resolution
based

on
signatures

(section
4.3)

5.
S

cope
rules

(sections
4.1,4.2)

6.
S

um
m

ary

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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F
u

n
ctio

n
s

A
(m

athem
atical)

function
takes

a
num

ber
as

argum
entand

returns
a

num
ber

as
result.

E
xam

p
le

o
f

a
fu

n
ctio

n
:the

function
square

takes
a

num
ber

and
returns

as
result:

square

E
xam

p
les

o
f

ap
p

licatio
n

s
o

f
th

e
fu

n
ctio

n
:

x
square(x)

1.2
1.44

4.4
19.36

3.0
9.00

43.0
1849.00
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M
eth

o
d

s
in

Java

M
ethods

in
Jav a

(and
procedures/subroutine

in
other

languages)
are

sim
ilar

to
functions

in

m
athem

atics:they
can

take
argum

ents
and

they
produce

results.

A
Java

m
ethod

s
q
u
a
r
e

corresponding
to

the
function

square
can

be
declared

in

this
w

ay:
s
t
a
t
i
c
d
o
u
b
l
e
s
q
u
a
r
e
(
d
o
u
b
l
e
x
)

{

r
e
t
u
r
n
x
*

x
;

}

T
he

m
ethod

takes
an

argum
ent

x
oftype

d
o

u
b

le
and

returns
a

resultoftype
d

o
u

b
le.T

he
resultis

x
tim

es
x

.

A
m

ethod
s
e
v
e
n
t
i
m
e
s

thatm
ultiplies

a
num

ber
w

ith
seven

can
be

declared
in

this
w

ay:
s
t
a
t
i
c
d
o
u
b
l
e
s
e
v
e
n
t
i
m
e
s
(
d
o
u
b
l
e
x
)
{

r
e
t
u
r
n
x
*

7
.
0
;

}

T
he

m
ethod

takes
an

argum
entx

oftype
d

o
u

b
le

and
returns

a
resultoftype

d
o

u
b

le.
T

he
resultis

seven
tim

es
x

.
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M
eth

o
d

s
(exam

p
le:

M
eth

o
d

s1.java)

A
m

ethod
m

ustbe
declared

inside
a

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

M
e
t
h
o
d
s
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
)
{

d
o
u
b
l
e
r
e
s

=
s
q
u
a
r
e
(
3
)

+
s
e
v
e
n
t
i
m
e
s
(
4
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
s
q
u
a
r
e
(
3
)

p
l
u
s

s
e
v
e
n
t
i
m
e
s
(
4
)

=
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
r
e
s
)
;

}s
t
a
t
i
c
d
o
u
b
l
e
s
q
u
a
r
e
(
d
o
u
b
l
e

x
)
{

r
e
t
u
r
n
x

*
x
;

}s
t
a
t
i
c
d
o
u
b
l
e
s
e
v
e
n
t
i
m
e
s
(
d
o
u
b
l
e
x
)

{

r
e
t
u
r
n
x

*
7
.
0
;

}

}

A
m

ethod
invocation

s
q
u
a
r
e
(
3
)

ors
e
v
e
n
t
i
m
e
s
(
4
)

is
an

expression.H
ence,a

m
ethod

invocation
can

be
a

subexpression
ofanother

expression.

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
25.septem

ber
2002

02100+
02115+

02199+
02312

Introductory
P

rogram
m

ing
S

ide
4-4



E
xecu

tio
n

o
f

a
p

ro
g

ram
co

n
tain

in
g

m
eth

o
d

invo
catio

n
s

(M
eth

o
d

s1.java)

r
e
t
u
r
n
 
x
 
*
 
x
;

s
q
u
a
r
e

m
a
i
nd
o
u
b
l
e
 
r
e
s
 
=
 
s
q
u
a
r
e
(
3
)

r
e
t
u
r
n
 
x
 
*
 
7
.
0
;

+
 
s
e
v
e
n
t
i
m
e
s
(
4
)
;

s
e
v
e
n
t
i
m
e
s

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
r
e
s
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
(
"
s
q
u
a
r
e
(
3
)
 
p
l
u
s
 
s
e
v
e
n
t
i
m
e
s
(
4
)
 
=
 
"
)
;
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G
en

eralfo
rm

at
fo

r
m

eth
o

d
d

eclaratio
n

s:

m
odifier

result-type
m

ethod-nam
e
(

param
eters

)
{

statem
ents

and
declarations

}

m
odifier

can
be

static
—

you
w

illlearn
aboutother

possibilities
later.

result-type
is

the
type

ofvalues
in

the
retu

rn
statem

ents;vo
id

ifnothing
is

returned.

m
ethod-nam

e
is

the
nam

e
ofthe

m
ethod.

param
eters

is
a

com
m

a
separated

listoftypes
and

nam
es

ofform
alparam

eters.

statem
ents

and
declarations

m
ake

up
the

m
ethod

body
and

are
executed

w
hen

the
m

ethod
is

invoked.
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G
en

eralfo
rm

at
fo

r
m

eth
o

d
invo

catio
n

s:

m
ethod-nam

e
(

argum
ents

)

argum
ents

are
a

com
m

a
separated

listofargum
entexpressions

(also
called

actual

param
eters).

E
ffect:

F
irstthe

argum
entexpressions

are
evaluated

and
their

values
assigned

to
the

form
al

param
eter

nam
es

(thatbehave
as

variables);then
the

statem
ents

and
declarations

ofthe

m
ethod

body
are

executed.

W
hen

the
m

ethod
executes

a
return

statem
ent(ofthe

form
retu

rn
expression

;),expression
is

evaluated
to

som
e

value
and

the
controlofthe

program
returns

to
the

location
w

here
the

invocation
w

as
m

ade;the
resulting

value
ofthe

m
ethod

invocation
is

.
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W
h

y
u

se
m

eth
o

d
s?

A
m

ethod
encapsulates

and
gives

nam
e

to
a

collection
ofstatem

ents
(and

declarations).

Itis
usefulw

hen:

itconstitutes
a

naturaloperation

itcan
be

used
to

decom
pose

the
body

ofa
m

ethod
thatotherw

ise
w

ould
have

becom
e

longer
than

one
page

(40–50
lines).

(R
ead

section
4.4

aboutm
ethod

decom
position.)

itcan
be

re-used,i.e.w
hen

(alm
ost)

the
sam

e
piece

ofcode
can

be
used

severalplaces
in

the
program

.

T
he

alternative
ofprogram

m
ing

w
ith

copy-and-paste
gives

un-readable
and

un-m
aintainable

program
s.
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C
lasses

an
d

o
b

jects

In
fo

rm
ally

A
class

represents
a

concept:tim
e,appointm

ent,car,cow
,person,...

A
n

object
represents

a
thing,an

instance
ofa

concept:a
particular

tim
e,a

particular
car,a

particular
cow

,a
particular

person,...

A
class

has
a

collection
ofm

ethods:those
operations

(functions)
thatcan

be
applied

to
its

objects.

In
Java

A
class

corresponds
to

a
type,like

i
n
t

,d
o
u
b
l
e

,b
o
o
l
e
a
n

,...

A
n

object
corresponds

to
a

value,like
1
7

,1
8
.
0
1

,f
a
l
s
e

,...

A
m

ethod
corresponds

to
an

operation,like
,

,...
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T
h

ree
step

s
in

u
sin

g
classes,o

b
jects

an
d

m
eth

o
d

s

1.
D

efine
a

class
(incl.its

m
ethods).

2.
C

reate
objects

ofthe
class.

3.
U

se
the

m
ethods

ofthe
objects.

S
om

e
classes

(e.g.S
t
r
i
n
g

)
are

already
defined

in
a

class
library.In

thatcase
you

can
skip

step
one.

Ifa
class

(e.g.K
e
y
b
o
a
r
d

)
has

static
m

ethods,these
can

be
used

w
ithoutstep

2-3.
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D
efi

n
itio

n
o

f
classes

A
class

contains
declarations

of its
m

em
bers:

data
(constants

and
variables)

(also
called

fields)
m

ethods

A
class

declaration
gives

nam
e

to
a

class.

E
xam

p
le

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
m
i
n
(
)

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

}

A
n

objectofclass
T
i
m
e

has
fields

h
o
u
r
s

and
m
i
n

representing
a

pointin
tim

e,a

constructor
(m

ethod)T
i
m
e

thatcan
be

used
for

initializing
these

fields
and

a
m

ethod

g
e
t
m
i
n

.
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C
reatio

n
s

o
f

o
b

jects

A
n

objectis
an

instance
ofa

particular
class.Ithas

fields
and

m
ethods,as

specified
in

the

class.T
he

state
ofthe

objectis
the

contents
ofits

fields.T
he

m
ethods

ofthe
objectcan

be

used
for

changing
and

reading
its

state.

In
Java

an
objectis

created
by

applying
the

n
ew

operator.T
his

invokes
a

constructor:a

m
ethod

w
hich

has
the

sam
e

nam
e

as
the

class
and

w
hich

initializes
the

object.A
constructor

has
no

resulttype.

E
xam

p
le

n
ew

T
i
m
e
(
1
2
,

3
5
)

creates
(a

reference
to)

an
objectofclass

T
i
m
e

w
ith
h
o
u
r
s

=
=
1
2

and
m
i
n
=
=
3
5

.
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V
ariab

les
h

avin
g

class
typ

es

A
variable

contains
either

a
prim

itive
value,or

a
reference

(henvisning)
to

an
object.

E
xam

p
le

T
i
m
e

t
1
;

/
/
A

d
e
c
l
a
r
a
t
i
o
n

t
1

=
n
e
w
T
i
m
e
(
1
2
,

3
5
)
;

/
/
B

i
n
i
t
i
a
l
i
z
a
t
i
o
n

t
1

t
1

A
B

:
 
T
i
m
e

m
i
n

h
o
u
r
s

1235

T
he variable t1 is a location in the m

em
ory

containing a reference to the T
im

e object

D
eclaration

and
initialization

can
be

m
ade

in
one

step:
T
i
m
e

t
1

=
n
e
w
T
i
m
e
(
1
2
,

3
5
)
;
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A
ccess

to
th

e
d

ata
fi

eld
s

o
f

an
o

b
ject

is
m

ade
by

the
dotnotation:

t
1
.
m
i
n
=
(
t
1
.
m
i
n

+
2
)

%
6
0

/
/
o
n
l
y
l
e
g
a
l
,
i
f

m
i
n
i
s

n
o
t
p
r
i
v
a
t
e

Invo
catio

n
o

f
th

e
m

eth
o

d
s

o
f

an
o

b
ject

is
m

ade
by

the
dotnotation:

.
.
.
t
1
.
g
e
t
m
i
n
(
)

.
.
.
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D
escrip

tio
n

o
f

m
eth

o
d

s
in

an
exten

d
ed

T
im

e
class

A
ssum

e
given

a
T

im
e

objectt1.

T
i
m
e
(
h
,
m
)

creates
a

new
T
i
m
e

objectrepresenting
the

tim
e

by
h
o
u
r
s

and
m
i
n

.

t
1
.
g
e
t
h
o
u
r
s
(
)

returns
fort

1
the

num
ber

ofhours
since

m
idnight.

t
1
.
g
e
t
m
i
n
(
)

returns
fort

1
the

num
ber

ofm
inutes

(over
hours)

since
m

idnight.

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

returns
the

tim
e

in
the

form
hours.m

in,e.g.1
2
.
2
7

.

t
1
.
p
a
s
s
t
i
m
e
(
m
)

increases
the

tim
e

oft
1

w
ith
m

m
inutes.

t
1
.
p
l
u
s
(
m
)

returns
a

new
T
i
m
e

objectthatis
m

m
inutes

ahead
oft

1
.

t
1
.
t
o
(
t
)

returns
the

num
ber

ofm
inutes

from
t
1

to
t

.

t
1
.
b
e
f
o
r
e
(
t
)

returns
true

ift
1

is
earlier

in
the

day
than

t
.
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A
n

im
p

lem
en

tatio
n

o
f

th
e

T
im

e
class

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
;
}
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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
;

}p
u
b
l
i
c
T
i
m
e

p
l
u
s
(
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
;

r
e
t
u
r
n
n
e
w

T
i
m
e
(
(
t
o
t
a
l
m
i
n

/
6
0
)

%
2
4
,
t
o
t
a
l
m
i
n
%

6
0
)
;

}p
u
b
l
i
c
i
n
t

t
o
(
T
i
m
e

t
)

{
r
e
t
u
r
n
6
0

*
t
.
h
o
u
r
s

+
t
.
m
i
n

-
6
0

*
h
o
u
r
s

-
m
i
n
;
}

p
u
b
l
i
c
b
o
o
l
e
a
n

b
e
f
o
r
e
(
T
i
m
e

t
)

{
r
e
t
u
r
n
(
h
o
u
r
s
<
t
.
h
o
u
r
s
)

|
|

(
h
o
u
r
s
=
=

t
.
h
o
u
r
s

&
&
m
i
n

<
=
t
.
m
i
n
)
;

}

}
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E
xam

p
le

o
f

a
p

ro
g

ram
th

at
u

ses
T
i
m
e

p
u
b
l
i
c
c
l
a
s
s

T
e
s
t
o
f
T
i
m
e
{

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
)
;

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
)
;

c
l
o
c
k
2

=
c
l
o
c
k
1
.
p
l
u
s
(
6
0
)
;

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
)
;

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

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

4
0

m
i
n
u
t
e
s
c
l
o
c
k
1
s
h
o
w
s

"
+
c
l
o
c
k
1
)
;

}

}
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O
u

tp
u

t
fro

m
T
e
s
t
o
f
T
i
m
e

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

1
0
.
1
0

a
f
t
e
r

4
0
m
i
n
u
t
e
s
c
l
o
c
k
1
s
h
o
w
s

9
.
5
0

c
H

axthausen
and

S
estoft,IM

M
/D

T
U

,
25.septem

ber
2002

02100+
02115+

02199+
02312

Introductory
P

rogram
m

ing
S

ide
4-19

E
n

cap
su

latio
n

B
y

encapsulation
ofan

object w
e

m
ean

thatthe
user

is
only

allow
ed

to
access

the
data

ofthe

objectthrough
its

m
ethods.

E
xam

p
le
c
l
o
c
k
1
.
m
i
n

oughtto
be

illegal,butc
l
o
c
k
1
.
g
e
t
m
i
n
(
)

is
ok

T
he

user
should

only
know

the
interface

ofthe
associated

class:

for
each

m
ethod:nam

e,argum
enttypes,resulttype,and

w
hathappens

w
hen

itis
invoked.

B
y

hiding
the

internaldata
representation

and
algorithm

s
(m

ethod
bodies)

for
the

user,w
e

can

change
the

im
plem

entation
ofthis

w
ithoutproblem

s.

E
xam

p
le

W
e

could
change

the
representation

oftim
e

to
num

ber
ofm

inutes
since

m
idnight:

c
l
a
s
s
T
i
m
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
(
i
n
t
h
,

i
n
t

m
)
{
m
i
n

=
(
h

*
6
0

+
m
)

%
1
4
4
0
;
}

.
.
.

}

w
ithoutchanging

the
invocations

ofthe
T
i
m
e

m
ethods

in
the

T
e
s
t
o
f
T
i
m
e

class.
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T
h

e
visib

ility
m

o
d

ifi
ers

p
rivate

an
d

p
u

b
lic

E
ncapsulation

in
Java

is
obtained

by
visibility

m
odifiers

in
data

and
m

ethod
declarations:

p
rivate:for

m
em

bers
thatshould

only
be

directly
used

inside
the

class.

p
u

b
lic:for

m
em

bers
thatcan

also
be

directly
referenced

outside.

R
eco

m
m

en
d

atio
n

:

D
eclare

variables
p

rivate
so

thatthe
state

ofthe
objects

becom
es

encapsulated.

D
eclare

auxiliary
m

ethods
p

rivate.

D
eclare

other
m

ethods
(incl.constructors)

p
u

b
lic.

D
eclare

constants
thatshould

be
know

n
outside

the
class

p
u

b
lic

(and
static),otherw

ise

p
rivate.
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C
lass

lib
raries,p

ackag
es

an
d

im
p

o
rt

H
as

been
explained

in
lecture

2.
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S
ig

n
atu

res
o

f
m

eth
o

d
s

T
he

signature
ofa

Java
m

ethod
consists

of(i)
the

nam
e

ofthe
m

ethod,and
(ii)

the
listof

param
eter

types.

E
xam

p
les

g
e
t
h
o
u
r
s
(
)

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

m
a
x
(
i
n
t
,

i
n
t
)

i
s
o
k
(
b
o
o
l
e
a
n
)
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B
asic

co
n

cep
t:

o
verlo

ad
in

g

W
hen

tw
o

or
m

ore
m

ethods
are

declared
w

ith

the
sam

e
nam

e,but

differentsignatures

the
nam

e
is

said
to

be
overloaded

(overlæ
st).

E
xam

p
le

in
Java:

T
he
T
i
m
e

class
could

have
had

tw
o

constructors:
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
T
i
m
e
(
i
n
t
h
)

{
h
o
u
r
s
=

h
;
m
i
n

=
0
;
}

T
hey

have
the

sam
e

nam
e,butdifferentsignatures:

T
i
m
e
(
i
n
t
,

i
n
t
)

and
T
i
m
e
(
i
n
t
)

resp.
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O
verlo

ad
reso

lu
tio

n

Ifan
overloaded

nam
e

is
used

in
a

m
ethod

call,w
hich

declared
m

ethod
does

itbelong
to?

B
y

overload
resolution

w
e

m
ean

the
decision

ofthis.

In
Java,itis

decided
by

m
atching

the
types

ofthe
argum

ents
w

ith
the

types
in

the
signature.

O
ther

program
m

ing
languages

have
other

rules.

E
xam

p
les

in
Java

T
i
m
e
(
1
2
,

1
0
)

belongs
to

the
firstdeclaration

T
i
m
e
(
1
2
)

belongs
to

the
second

declaration
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B
asic

co
n

cep
t:

sco
p

e

D
efi

n
itio

n

T
he

scope
ofa

variable
or

constantis
thatpartofthe

program
in

w
hich

itcan
be

referred
to

(i.e.read
or

assigned
a

new
value).
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V
isib

ility
ru

les
fo

r
variab

les
an

d
co

n
stan

ts
in

Java

In
Java

w
e

distinguish
betw

een:

fields/instance
data:variables

and
constants

declared
in

a
class

localdata:variables
and

constants
declared

in
a

m
ethod

R
ules:

T
he

scope
ofa

field
ofa

class
is

the
w

hole
class.

T
he

scope
oflocaldata

goes
from

the
pointafter

its
declaration

untilthe
end

ofthatblock

in
w

hich
itis

declared.

F
orm

alparam
eters

ofa
m

ethod
behave

as
ifthey

w
ere

declared
in

the
top

ofthe
m

ethod

body.

T
he

scope
ofvariables

declared
in

the
header

ofa
for

loop
is

the
rem

aining
partofthe

loop.

Itis
illegalto

declare
a

new
localvariable/constantinside

the
scope

for
another

local

variable/constantw
ith

the
sam

e
nam

e.

Itis
legalto

declare
a

localvariable/constantinside
the

scope
for

a
field

w
ith

the
sam

e

nam
e.In

thatcase
the

localvariable/constantw
illm

ake
a

shadow
over

the
field

w
hich

then

becom
es

invisible.
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S
co

p
e:

exam
p

le
1

c
l
a
s
s
T
i
m
e

{

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
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

p
l
u
s
(
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
;

r
e
t
u
r
n

n
e
w
T
i
m
e
(
(
t
o
t
a
l
m
i
n

/
6
0
)

%
2
4
,
t
o
t
a
l
m
i
n

%
6
0
)
;

}

}
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S
co

p
e

fo
r

lo
o

p
variab

le:
exam

p
le

p
u
b
l
i
c
v
o
i
d

l
o
o
p
(
)
{

.
.
.

f
o
r

(
i
n
t

n
=
1
;

/
/

n
i
n
v
i
s
i
b
l
e

n
<
=
1
0
;

/
/

n
v
i
s
i
b
l
e

n
=
n

+
1
)

/
/

n
v
i
s
i
b
l
e

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

*
n
)
;

/
/

n
v
i
s
i
b
l
e

.
.
.

/
/

n
i
n
v
i
s
i
b
l
e

}
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S
co

p
e:

exam
p

les
o

f
sh

ad
o

w
in

g

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
T
i
m
e

p
l
u
s
(
i
n
t

m
i
n
)

{
/
/
m
i
n
#
2

i
n
t

t
o
t
a
l
m
i
n
=
6
0

*
h
o
u
r
s

+
g
e
t
m
i
n
(
)

+
m
i
n
;
/
/
m
i
n

#
2

v
i
s
i
b
l
e

r
e
t
u
r
n

n
e
w
T
i
m
e
(
.
.
.
,

t
o
t
a
l
m
i
n
%
6
0
)
;

/
/
m
i
n

#
2

v
i
s
i
b
l
e

}

}
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S
u

m
m

ary:
Java

p
ro

g
ram

stru
ctu

re

P
ro

g
ram

F
ield

s

C
o

n
stru

cto
rs

M
eth

o
d

s

C
lasses

D
eclaratio

n
s

S
tatem

en
ts
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S
u

m
m

ary:
classes

Tw
o

g
o

als
o

f
classes

in
Java

(1)
as

“containers”
for

related
m

ethods
(e.g.K

e
y
b
o
a
r
d

contains
r
e
a
d
I
n
t

etc.):

In
this

case
alldata

and
m

ethods
are

static.

(2)
as

blueprints
for

objects
(e.g.T

i
m
e

as
skeleton

forc
l
o
c
k
1

and
c
l
o
c
k
2

):

In
this

case
som

e
data

and
m

ethods
are

notstatic.

F
ields

in
the

objectcontains
the

state
ofthe

object.
C

onstructors
initialize

the
object(by

initializing
the

fields).
M

ethods
in

the
objectm

akes
itpossible

to
change

the
state

or
read

the
state.

V
isibility

offields
and

m
ethods

is
indicated

by
p

u
b

lic
and

p
rivate.
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S
u

m
m

ary:
o

b
jects

A
n

objectis
a

(often
com

posite)
value

belonging
to

a
particular

class.

A
n

objectcan
be

created
by

the
n

ew
operator

(thatinvokes
a

constructor
from

the
class):

c
l
o
c
k
1
=
n
e
w

T
i
m
e
(
1
2
,

3
5
)
;

or
w

ith
a

m
ethod

thatreturns
an

object:
c
l
o
c
k
2
=
c
l
o
c
k
1
.
p
l
u
s
(
6
0
)
;

You
can

access
(read

or
change)

a
p

u
b

lic
(butnota

p
rivate)

field
in

an
objectvia

the
dot

notation:

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

c
l
o
c
k
1
.
m
i
n
=

1
3
;

/
/
o
n
l
y
l
e
g
a
l
,
i
f

m
i
n
i
s

n
o
t
p
r
i
v
a
t
e

You
can

invoke
a

m
ethod

ofan
objectusing

the
dotnotation:

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

m
m

ary:
d

eclaratio
n

o
f

m
eth

o
d

s

A
m

ethod
is

declared
w

ith
a

nam
e,param

eters,a
resulttype,and

a
body.

S
pecialm

ethods:constructors
(have

sam
e

nam
e

as
the

class,no
resulttype

is
stated)
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S
u

m
m

ary:
invo

catio
n

o
f

m
eth

o
d

s

G
en

eralfo
rm

at
fo

r
invo

catio
n

o
f

m
eth

o
d

s
d

efi
n

ed
in

th
e

sam
e

class:

m
ethod-nam

e(
argum

ents
)

E
xam

p
le

(fro
m
M
e
t
h
o
d
s
1

):s
e
v
e
n
t
i
m
e
s
(
4
)

G
en

eralfo
rm

at
fo

r
invo

catio
n

o
f

static
m

eth
o

d
s

d
efi

n
ed

in
an

o
th

er
class:

class-nam
e.m

ethod-nam
e
(

argum
ents

)

E
xam

p
le:K

e
y
b
o
a
r
d
.
r
e
a
d
I
n
t
(
)

G
en

eralfo
rm

at
fo

r
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