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1
R

unning
Java:

com
pilation,loading,and

execution

B
efore

a
Java

program
can

be
executed,it

m
ustbe

com
piled

and
loaded.T

he
com

pilerchecksthat
the

Java
program

is
leg

a
l:

thatthe
program

conform
sto

the
syntax(gram

m
ar)for

Java
program

s,
thatoperators(suchas+)

are
appliedto

the
correcttype

ofoperands(suchas5
and

x),etc.If
so,the

com
pilergeneratesso-calledcla

ssfile
s.E

xecutionthen
startsby

loading
the

neededclassfiles.
T

hus
running

a
Java

program
involves

three
stages:co

m
p

ila
tio

n
(checksthatthe

program
is

w
ell-form

ed),lo
a

d
in

g
(loadsand

initializes
classes),and

exe
cu

tio
n(runsthe

program
code).

2
N

am
esand

reserved
nam

es

A
legaln

a
m

e(ofa
variable,m

ethod,field,param
eter,class,orinterface)m

uststartw
ith

a
letteror

dollarsign
($)orunderscore(_),andcontinuew

ith
zeroorm

orelettersordollarsignsorunderscores
ordigits

(0–9).D
o

notusedollarsignsin
classnam

es.Java
is

casesensitive:uppercaselettersare
distinguishedfrom

low
ercaseletters.A

legalnam
ecannotbe

one
ofthe

follo
w

ing
re

se
rve

dn
a

m
e

s:

abstract
boolean

break
byte

case
catch

char
class

const
continue

default
do

double
else

extends
false

final
finally

float
for

goto
if

implements
import

instanceof
int

interface
long

native
new

null
package

private
protected

public
return

short
static

strictfp
super

switch
synchronized

this
throw

throws
transient

true
try

void
volatile

while

3
Java

nam
ing

conventions

T
he

follo
w

ing
nam

ing
conventionsare

often
follo

w
ed

in
Java

program
s,althoughnotenforcedby

the
com

piler:

�

If
a

nam
eis

com
posedofseveralw

ords,then
eachw

ord
(exceptpossiblythe

firstone)begins
w

ith
an

uppercaseletter.E
xam

ples: setLayout,addLayoutComponent.

�

N
am

esof
variables,fields,and

m
ethodsbegin

w
ith

a
low

ercaseletter.
E

xam
ples:vehicle,

currentVehicle.

�

N
am

esofclassesandinterfacesbegin
w

ith
an

uppercaseletter.E
xam

ples:Layout,FlowLayout.

�

N
am

edconstants(thatis,final
variablesandfields)arew

ritten
entirelyin

uppercase(andthe
partsofcom

positenam
esare

separatedby
underscores_).E

xam
ples:CENTER,MAX_VALUE.

�

A
packagenam

eis
a

sequenceofdot-separatedlow
ercasenam

es.E
xam

ple:java.awt.event.

4
C

om
m

entsand
program

lay-out

C
o

m
m

e
n

tshave
no

effecton
the

execution
of

the
program

,butm
ay

be
insertedanyw

here
to

help
hum

ansunderstandthe
program

.T
herearetw

o
form

s:one-linecom
m

entsanddelim
ited

com
m

ents.
P

rog
ra

m
la

y-o
u

thasno
effecton

the
com

puter’s
execution

of
the

program
,butis

usedto
help

hum
ansunderstandthe

structureofthe
program

.
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assignm
ent,32

conditional,32
logical,30
m

ethodcall,36–39
objectcreation,32
type

cast,29
,40

expressionstatem
ent,41

extendedsignature,7
exte

n
d

s-cla
u

se,16
,50

field,8
,18

access,34
declaration,18
final,18
static,18

fie
ld
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e

cla
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tio
n,18

fie
ld

-d
e

sc-m
o

d
ifie

r,50
fie

ld
-d

e
scrip

tio
n,50

fie
ld

-m
o

d
ifie

r,18
finalclass,16

field,18
m

ethod,20
param

eter,20
variable,8

final,se
efinal

finally,48
float

(basetype),6
,40

Float
class,6

floating-point
division,30
literal,6
overflow

,30
rem

ainder,30
for

statem
ent,44

form
alparam

eter,20
fo

rm
a

l-list,20

hexadecim
alintegerliteral,6

if
statem

ent,42
if-else

statem
ent,42

IllegalMonitorStateException
,52

,56
im

m
ediatesuperclass,16

im
p

le
m

e
n

ts-cla
u

se,50
import,60
index

into
array,12

IndexOutOfBoundsException,52
initialization

ofnon-staticfields,18
ofstaticfields,18

initializer,22
block,22
ofarraytype,12
offield,18
ofvariable,8

in
itia

lize
r-b

lo
ck,22

innerclass,14
,24

,32
innerobject,26
instance,18
instancem

em
ber,14

instanceof,29
,32

int
(basetype),6

,40
integer

division,30
literal,6
overflow

,30
rem

ainder,30
Integer

class,6
interface,50–51

declaration,50
nested,60
public,50

,60
in

te
rfa

ce
-d

e
cla

ratio
n,50

in
te

rfa
ce

-m
o

d
ifie

r,50
interrupt

m
ethod(Thread),58

interrupted
m

ethod(Thread),58
interruptedstatus,54

,58
InterruptedException,52
invocationofm

ethod,se
em

ethodcall
IOException,52
isInterrupted

m
ethod(Thread),58

Java
program

,60
join

m
ethod(Thread),58

Joining
(threadstate),54,55

la
b

e
l,46

labelledstatem
ent,46

lay-outofprogram
,4

leftassociative,28
length

field
(array),12

m
ethod( String),10

literalbasetype,6
floating-point,6
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i<

10
;

i+
+)

//
Fo

r
lo

op
su

m
+=

(b
-
i)

*
(b

-
i)

;
re

tu
rn

su
m;

}
} st

at
ic

bo
ol

ea
n

ch
ec

kd
at

e(
in

t
mt

h,
in

t
da

y)
{

in
t
le

ng
th

;
sw

it
ch

(m
th

)
{

//
Sw

it
ch

st
at

em
en

t
ca

se
2:

//
Si

ng
le

ca
se

le
ng

th
=

28
;
br

ea
k;

ca
se

4:
ca

se
6:

ca
se

9:
ca

se
11

:
//

Mu
lt

ip
le

ca
se

le
ng

th
=

30
;
br

ea
k;

ca
se

1:
ca

se
3:

ca
se

5:
ca

se
7:

ca
se

8:
ca

se
10

:
ca

se
12

:
le

ng
th

=
31

;
br

ea
k;

de
fa

ul
t:

re
tu

rn
fa

ls
e;

} re
tu

rn
(d

ay
>=

1)
&&

(d
ay

<=
le

ng
th

);
}

}
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T

ypes

A
typ

e
is

a
setofvaluesand

operationson
them

.A
type

is
eithera

basetype
ora

referencetype.

5.1
B

asetypes

A
b

a
setyp

e
is

eitherboolean,orone
of

the
n

u
m

e
rictypeschar,

byte,
short,

int,
long,

float,
and

double.T
he

basetypes,exam
pleliterals,size

in
bits,and

value
rangeare

show
n

below
:

Type
K

ind
E

xam
pleliterals

S
ize

R
ange

boolean
logical

false,true
1

char
integer

’
’,

’0’,
’A’,

...
16

\u0000
...

\uFFFF
(unsigned)

byte
integer

0,1,-1,117,...
8

m
a

x �

127
short

integer
0,1,-1,117,...

16
m

a
x �

32767
int

integer
0,1,-1,117,...

32
m

a
x �

2147483647
long

integer
0L,1L,-1L,117L,...

64
m

a
x �

9223372036854775807
float

floating-point
-1.0f,0.499f,3E8f,...

32

�
10 �

38����

10
38,sigdig

6–7
double

floating-point
-1.0,0.499,3E8,...

64
�

10 �
308����

10
308,sigdig

15–16

T
he

integertypesare
exactw

ithin
theirrange.T

hey
use

signedtw
o’s

com
plem

entrepresentation
(exceptfor

char),so
w

henthe
m

ostpositive
num

berin
a

type
is

m
a

x,thenthe
m

ostnegative
num

ber
is �

m
a

x �

1.T
he

floating-pointtypesareinexactandfollo
w

IE
E

E754,w
ith

the
num

berofsignificant
digits

indicatedby
sigdig

above.Forspecialcharacterescapesequences,seepage10.
Integerliterals(oftype

byte,char,short,int,orlong)m
aybe

w
ritten

in
threedifferentbases:

B
ase

D
istinction

E
xam

pleintegerliterals
D

ecim
al

10
N

o
leading

0
1234567890,127,-127

O
ctal

8
Leading0

01234567,0177,-0177
H

exadecim
al

16
Leading0x

0xABCDEF0123,0x7F,-0x7F

Forallbasetypestherearecorrespondingclasses(referencetypes),nam
elyBoolean

andCharacter
asw

ellasByte,Short,Integer,Long,Float,Double,w
herethe

lastsix
have

the
com

m
onsuper-

class Number.

5.2
R

eferencetypes

A
re

fe
re

n
cetyp

e
is

a
classtype,an

interfacetype,oran
arraytype.A

classtype
is

definedby
a

class
declaration(S

ection
9.1);

an
interface

type
is

defined
by

an
interface

declaration(S
ection

13.1);
arraytypesare

discussedin
S

ection5.3
below

.
A

value
of

referencetype
is

either null
or

a
referenceto

an
objector

array.
T

he
specialvalue

null
denotes‘no

object’.T
he

literalnull,denotingthe
null

value,can
have

any
referencetype.

5.3
A

rray
types

A
n

a
rra

y
typ

e
hasthe

form
t[],w

heret
is

any
type.A

n
arraytype

t[]
is

a
referencetype.H

encea
value

ofarraytype
t[]

is
eithernull,oris

a
referenceto

an
arrayw

hoseelem
enttype

is
precisely

t
(w

hen
t

is
a

basetype),oris
a

subtypeoft
(w

hen
t

is
a

referencetype).
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19
Index

!
(logicalnegation),29

%
(rem

ainder),29
&

(bitw
ise

and),29,30
&

(logicalstrictand),29,30
&&

(logicaland),29,30
*

(m
ultiplication),29

+
(addition),29

+
(string

concatenation),10
,29

++
(increm

ent),29
+=

(com
poundassignm

ent),29
-

(m
inussign),29

-
(subtraction),29

--
(decrem

ent),29
/

(division),29
<

(lessthan),29
<<

(leftshift),29,30
<=

(lessthan
orequalto),29

=
(assignm

ent),29
==

(equalto),29,30
>

(greaterthan),29
>=

(greaterthan
orequalto),29

>>
(signedrightshift),29,30

>>>
(unsignedrightshift),29,30

?:
(conditionalexpression),29

,32
^

(bitw
ise

exclusive-or),29,30
^

(logicalstrictexclusive-or),29,30
|

(bitw
ise

or),29,30
|

(logicalstrictor),29,30
||

(logicalor),29,30
~

(bitw
ise

com
plem

ent),29,30

abstract
class,16
m

ethod,20
abstract,se

eabstract
accessm

odifiers,18
accessible

class,16
m

em
ber,18

actualparam
eter,36

a
ctu

a
l-list,36

am
biguousm

ethodcall,21
,38,39

anonym
ouslocalclass,24

applicablem
ethod,38

argum
ent,36

arithm
eticoperators,30

ArithmeticException,30
,52

array,12–13
access,12
assignm

entto
elem

ent,12
creation,12
elem

ent,12
elem

enttype,12
index,12
initializer,12
type,6

,12
ArrayIndexOutOfBoundsException

,12
,52

ArrayStoreException,12
,52

A
S

C
IIcharacterencoding,10

assignm
ent

com
pound,29

,32
expression,32
operators,32
statem

ent,41
to

arrayelem
ent,12

associative,28,29

basetype,6
b

lo
ck-sta

te
m

e
n

t,41
boolean

(basetype),6
,40

Boolean
class,6

break
statem

ent,46
byte

(basetype),6
,40

Byte
class,6

call-by-value,36
case,42
casesensitive,4
cast,se

etype
cast

catch,48
catchingan

exception,48
char

(basetype),6
,40

Character
class,6

charAt
m

ethod(String),10
checked

exception,52
class,14–25

abstract,16
anonym

ouslocal,24
declaration,14
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S
ub

ty
pe

sa
nd

co
m

pa
tib
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ty

A
ty

pe
t1

m
ay

be
a

su
b

ty
p

eo
f

a
ty

pe
t2

,
in

w
hi

ch
ca

se
t2
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a

su
p

e
rt

yp
eo

f
t1

.
In

tu
iti

ve
ly

th
is

m
ea

ns
th

at
an

y
va

lu
e
v1

of
ty

pe
t1

ca
n

be
us

ed
w

he
re

a
va
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e

of
ty

pe
t2

is
ex

pe
ct

ed
.W

he
n
t1

an
d
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e
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yp
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,t
1

m
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ro

vi
de

at
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tt
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y
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d
fie
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Va

ria
b

le
s,p

a
ra

m
e
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rs,fie

ld
s,a

n
d

sco
p

e

6
V

ariables,param
eters,fields,and

scope

A
va

ria
b

le
is

declaredinside
a

m
ethod,constructoror

initializer
block,or

m
ore

generally,inside
a

block
statem

ent(seeS
ection12.2).T

he
variablecan

be
usedonly

in
thatblock

statem
ent(orm

ethod
orconstructororinitializerblock),and

only
afterits

declaration.
A

p
a

ra
m

e
te

ris
a

specialkind
of

variable:it
is

declaredin
the

param
eterlist

of
a

m
ethod

or
constructor,and

is
given

a
value

w
hen

the
m

ethodor
constructoris

called.T
he

param
etercan

be
usedonly

in
thatm

ethodorconstructor,and
only

afterits
declaration.

A
fie

ld
is

declaredinside
a

class,butnotinside
a

m
ethodorconstructororinitializerblock

ofthe
class.It

can
be

usedanyw
herethe

class,also
textually

beforeits
declaration.

6.1
V

aluesbound
to

variables,param
eters,or

fields

A
variable,param

eteror
field

of
b

a
setyp

e
alw

ays
holds

a
va

lu
e

of
thattype,such

as
the

boolean
false,the

integer117,orthe
floating-pointnum

ber1.7.A
variable,param

eterorfield
ofre

fe
re

n
ce

typ
e
t

eitherhasthe
specialvalue

null,orholdsa
referenceto

an
objectorarray.

If
it

is
an

object,
then

the
classofthatobjectm

ustbe
t

ora
subclassof

t.

6.2
V

ariable
declarations

T
he

purposeofa
variableis

to
hold

a
value

during
the

executionofa
block

statem
ent(orm

ethodor
constructororinitializerblock).A

va
ria

b
le

-d
e

cla
ra
tio

n
hasone

ofthe
form

s

va
ria

b
le

-m
o

d
ifie

rtyp
e

va
rn

a
m

e
1 ,

va
rn

a
m

e
2,

...
;

va
ria

b
le

-m
o

d
ifie

rtyp
e

va
rn

a
m

e
1
=

in
itia

lize
r1,

...
;

T
he

va
ria

b
le

-m
o

d
ifie

rm
ay

be
final,

or
absent.If

a
variable

is
declaredfinal,

then
it

m
ustbe

initialized
orassignedatm

ostonceatruntim
e(exactly

onceif
itis

everused):itis
a

n
a

m
e

dco
n

sta
n

t.
H

ow
ever,if

the
variablehasreferencetype,then

the
objector

arraypointedto
by

the
variablem

ay
stillbe

m
odified.A

variablein
itia

lize
r

m
ay

be
any

expression,oran
arrayinitializer(S

ection8.3).
E

xecution
of

the
variable

declarationw
ill

reserve
spacefor

the
variable,then

evaluatethe
ini-

tializer,if
any,and

storethe
resulting

value
in

the
variable.U

nlike
a

field,a
variableis

notgiven
a

defaultvalue
w

hen
declared,butthe

com
pilerchecksthatit

hasbeengiven
a

value
beforeit

is
used.

6.3
S

copeofvariables,param
eters

and
fields

T
he

sco
p

eofa
nam

eis
thatpartofthe

program
in

w
hich

the
nam

eis
visible.T

he
scopeofa

variable
extendsfrom

justafterits
declarationto

the
end

of
the

inner-m
ostenclosingblock

statem
ent.T

he
scopeof

a
m

ethodorconstructorparam
eteris

the
entire

m
ethodorconstructorbody.

For
a

control
variable x

declaredin
a
for

statem
ent

for
(int

x
=
...;

...;
...)

b
o

d
y

the
scopeis

the
entire

for
statem

ent,including
the

headerand
the

body.
W

ithin
the

scopeofa
variableorparam

eterx,one
cannotredeclarex.H

ow
ever,onem

ay
declare

a
variable

x
w

ithin
the

scopeof
a

field
x,thus

sh
a

d
o

w
in

gthe
field.

H
encethe

scopeof
a

field
x

is
the

entire
class,exceptw

hereshadow
ed

by
a

variableorparam
eterofthe

sam
enam

e(andexceptfor
initializers

precedingthe
field’s

declaration;seeS
ection9.1).
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s
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E
xam

ple
73

T
he

vesselhierarchyasa
package

T
he

packagevessel
below

containspartof
the

vesselhierarchy
(E

xam
ple

16).
T

he
fields

in
classesTank

and
Barrel

are
final,

so
they

cannotbe
m

odified
afterobjectcreation.T

hey
are

protected,so
they

are
accessiblein

subclassesdeclaredoutsidethe
vessel

package,as
show

n
in

file
Usevessels.java

below
(w

hich
is

in
the

anonym
ousdefaultpackage,notthe

vessel
package).

T
he

file
v
e
s
s
e
l
/
V
e
s
s
e
l
.
j
a
v
a

package
vessel;

public
abstract

class
Vessel

{
private

double
contents;

public
abstract

double
capacity();

public
final

void
fill(double

amount)
{

contents
=

Math.min(contents
+

amount,
capacity());

}
public

final
double

getContents()
{

return
contents;

}
}T

he
file

v
e
s
s
e
l
/
T
a
n
k
.
j
a
v
a

package
vessel;

public
class

Tank
extends

Vessel
{

protected
final

double
length,

width,
height;

public
Tank(double

l,
double

w,
double

h)
{

length
=

l;
width

=
w;

height
=
h;

}
public

double
capacity()

{
return

length
*
width

*
height;

}
public

String
toString()

{
return

"tank
(l,w,h)

=
("

+
length

+
",

"
+

width
+
",

"
+

height
+
")";

}
}T

he
file

v
e
s
s
e
l
/
B
a
r
r
e
l
.
j
a
v
a

package
vessel;

public
class

Barrel
extends

Vessel
{

protected
final

double
radius,

height;
public

Barrel(double
r,

double
h)

{
radius

=
r;

height
=

h;
}

public
double

capacity()
{

return
height

*
Math.PI

*
radius

*
radius;

}
public

String
toString()

{
return

"barrel
(r,

h)
=
("

+
radius

+
",

"
+

height
+
")";

}
}T

he
file

U
s
e
v
e
s
s
e
l
s
.
j
a
v
a

S
ubclass Cube

ofclassTank
m

ay
accessthe

field
length

becausethatfield
is

declaredprotected
in

Tank
above.T

he
main

m
ethodis

unm
odifiedfrom

E
xam

ple17.

import
vessel.*;

class
Cube

extends
Tank

{
public

Cube(double
side)

{
super(side,

side,
side);

}
public

String
toString()

{
return

"cube
(s)

=
("

+
length

+
")";

}
}class

Usevessels
{

public
static

void
main(String[]

args)
{

...
}

}
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S

trin
g

s

7
S

trings

A
strin

g
is

an
objectofthe

predefinedclassString.A
string

literalis
a

sequenceofcharactersw
ithin

double
quotes:"New

York",
"B52",and

so
on.

Internally,a
characteris

storedas
a

num
berusing

the
U

nicode
characterencoding,w

hosecharactercodes0–127
coincide

w
ith

the
A

S
C

II
character

encoding.S
tring

literals
and

characterliterals
m

ay
usecharactere

sca
p

ese
q

u
e

n
ce

s:

E
scapecode

M
eaning

\b
backspace

\t
horizontaltab

\n
new

line
\f

form
feed

(pagebreak)
\r

carriagereturn
\"

the
doublequotecharacter

\’
the

single
quotecharacter

\\
the

backslashcharacter
\d

d
d

the
characterw

hosecharactercodeis
the

three-digitoctalnum
berd

d
d

\ud
d
d
d

the
characterw

hosecharactercodeis
the

four-digithexadecim
alnum

berd
d
d
d

E
achcharacterescapesequencerepresentsa

single
character.Forexam

ple,the
letterA

hascode65
(decim

al),w
hich

is
w

ritten
101

in
octaland0041in

hexadecim
al,so

the
string

literal"A\101\u0041"
is

the
sam

eas
"AAA".

If
s1

and
s2

are
expressionsoftype

String
then:

�

s1.length()
oftype

int
is

the
length

of
s1,thatis,the

num
berofcharactersin

s1.

�

s1.equals(s2)
of

type
boolean

is
true

if
s1

and
s2

containthe
sam

esequenceofcharac-
ters, false

otherw
ise.

�

s1.charAt(i)
oftype

char
is

the
characteratposition

i
in

s1,countingfrom
0.If

the
index

i
is

lessthan
0

orgreaterthan
s1.length(),then

the
exception

StringIndexOutOfBoundsException
is

throw
n.

�

s1.concat(s2)
oftype

String
is

a
new

string
consistingofthe

charactersofs1
follo

w
ed

by
the

charactersof
s2.

�

s1.toString()
oftype

String
is

justs1
itself.

�

s1
+

v
is

the
sam

eas
s1.concat(Integer.toString(v))

w
hen

v
hastype

int,and
sim

i-
larly

for
the

otherbasetypes(S
ection5.1).

�

s1
+

v
is

the
sam

eas
s1.concat(v.toString())

w
hen

v
hasreferencetype

and
v

is
not

null;
and

the
sam

eas
s1.concat("null")

w
hen

v
is
null.

In
particular,

s1
+
s2

is
the

sam
eas

s1.concat(s2)
w

hen
s2

is
notnull.

A
ny

classC
w

ill
inherita

defaulttoString
m

ethodfrom
classObject

(w
hich

producesstringsof
the

form
C@265734),butclassC

m
ay

override
(redefine)it

by
declaringa

m
ethod

public
String

toString()
to

producem
ore

usefulstrings.

�

s1.compareTo(s2)
returnsa

negative
integer,zero,ora

positive
integer,accordingass1

pre-
cedes,equals,orfollo

w
s
s2

in
the

usuallexicographicalorderingbasedon
the

U
nicodechar-

acterencoding.If
s1

or
s2

is
null,then

the
exceptionNullPointerException

is
throw

n.

�

m
ore

String
m

ethodsare
describedin

the
Java

classlibrary
S

tring
section;seeS

ection18.

T
h

re
a

d
s,co

n
cu

rre
n

texe
cu

tio
n

,a
n

d
syn

ch
ro

n
iza

tio
n
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E
xam

ple
71

P
roducersand

consum
erscom

m
unicatingvia

a
m

onitor
A

B
uffer

hasroom
for

one
integer,and

hasa
m

ethodput
for

storing
into

the
buffer(if

em
pty)and

a
m

ethodget
for

readingfrom
the

buffer(if
non-em

pty);it
is

a
m

onitor(page56).A
threadcalling

get
m

ustobtain
the

lock
on

the
buffer.

If
it

finds
thatthe

buffer
is

em
pty,it

calls
wait

to
(release

the
lock

and)w
aituntilsom

ethinghasbeenputinto
the

buffer.
If

anotherthreadcalls
put

and
thus

notify,then
the

getting
threadw

ill
startcom

petingfor
the

buffer
lock

again,and
if

it
getsit,

w
ill

continueexecuting.H
ere

w
e

have
useda

synchronized
statem

entin
the

m
ethodbody

(insteadof
m

aking
the

m
ethodsynchronized,asis

norm
alfor

a
m

onitor)to
em

phasizethatsynchronization,
wait

and
notify

allw
ork

on
the

bufferobjectthis:

class
Buffer

{
private

int
contents;

private
boolean

empty
=

true;
public

int
get()

{
synchronized

(this)
{

while
(empty)

try
{

this.wait();
}

catch
(InterruptedException

x)
{};

empty
=

true;
this.notify();
return

contents;
}

}
public

void
put(int

v)
{

synchronized
(this)

{
while

(!empty)
try

{
this.wait();

}
catch

(InterruptedException
x)

{};
empty

=
false;

contents
=
v;

this.notify();
}

}
}E

xam
ple

72
G

raphicanim
ationusing

the
R

unnableinterface
C

lassA
nim

atedC
anvasbelow

is
a

subclassof
C

anvas,and
so

cannotbe
a

subclassof
T

hreadalso.
Insteadit

declaresa
run

m
ethodand

im
plem

entsthe
R

unnableinterface.T
he

constructorcreatesa
T

hreadobject u
from

the
A

nim
atedC

anvasobjectthis,and
then

startsthe
thread.T

he
new

thread
executesthe

run
m

ethod,w
hich

repeatedlysleepsand
repaints,thuscreatingan

anim
ation.

class
AnimatedCanvas

extends
Canvas

implements
Runnable

{
AnimatedCanvas()

{
Thread

u
=

new
Thread(this);

u.start();
}

public
void

run()
{

//
from

Runnable
for

(;;)
{

//
forever

sleep
and

repaint
try

{
Thread.sleep(100);

}
catch

(InterruptedException
e)

{
}

...
repaint();

}
}public

void
paint(Graphics

g)
{
...

}
//

from
Canvas

...
}
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T

h
re

a
d

s,
co

n
cu

rre
n

te
xe

cu
tio

n
,a

n
d

sy
n

ch
ro

n
iz

a
tio

n

15
.3

O
pe

ra
tio

ns
on

th
re

ad
s

T
he

cu
rr

en
tth

re
ad

,w
ho

se
st

at
ei

s
R

un
ni

ng
,m

ay
ca

ll
th

es
em

et
ho

ds
am

on
go

th
er

s.
F

ur
th

er
Th

re
ad

m
et

ho
ds

ar
e

de
sc

rib
ed

in
th

e
T

hr
ea

ds
ec

tio
no

ft
he

Ja
va

cl
as

sl
ib

ra
ry

;s
ee

S
ec

tio
n1

8.

� T
hr

ea
d.

yi
el

d(
)

ch
an

ge
sth

e
st

at
eo

ft
he

cu
rr

en
tth

re
ad

fr
om

R
un

ni
ng

to
E

na
bl

ed
,a

nd
th

er
eb

y
al

lo
w

s
th

e
sy

st
em

to
sc

he
du

lea
no

th
er

E
na

bl
ed

th
re

ad
,if

an
y.

� T
hr

ea
d.

sl
ee

p(
n)

sl
ee

ps
fo

r
n

m
ill

is
ec

on
ds

:t
he

cu
rr

en
tt

hr
ea

d
be

co
m

es
S

le
ep

in
g,

an
d

af
-

te
r
n

m
ill

is
ec

on
ds

be
co

m
es

E
na

bl
ed

.M
ay

th
ro

w
In

te
rr

up
te

dE
xc

ep
ti

on
if

th
e

th
re

ad
is

in
te

rr
up

te
dw

hi
le

sl
ee

pi
ng

.

� T
hr

ea
d.

cu
rr

en
tT

hr
ea

d(
)

re
tu

rn
st

he
cu

rr
en

tth
re

ad
ob

je
ct

.

� T
hr

ea
d.

in
te

rr
up

te
d(

)
re

tu
rn

sa
nd

cl
ea

rs
th

e
in

te
rr

u
p

te
ds

ta
tu

so
ft

he
cu

rr
en

tth
re

ad
:t
ru

e
if

it
ha

sb
ee

ni
nt

er
ru

pt
ed

si
nc

et
he

la
st

ca
ll

to
Th

re
ad

.i
nt

er
ru

pt
ed

()
;o

th
er

w
is

ef
al

se
.

Le
t u

be
a

th
re

ad
(a

n
ob

je
ct

of
a

su
bc

la
ss

of
T

hr
ea

d)
.T

he
n

� u
.s

ta
rt

()
ch

an
ge

sth
e

st
at

eo
f
u

to
E

na
bl

ed
,s

o
th

at
its

ru
n

m
et

ho
dw

ill
be

ca
lle

d
w

he
n

a
pr

oc
es

so
rb

ec
om

es
av

ai
la

bl
e.

� u
.i

nt
er

ru
pt

()
in

te
rr

up
ts

th
e

th
re

ad
u:

if
u

is
R

un
ni

ng
or

E
na

bl
ed

or
Lo

ck
in

g,
th

en
its

in
-

te
rr

up
te

ds
ta

tu
si

s
se

tt
o
tr

ue
.

If
u

is
S

le
ep

in
go

rJ
oi

ni
ng

it
w

ill
be

co
m

eE
na

bl
ed

,a
nd

if
it

is
W

ai
tin

g
it

w
ill

be
co

m
eL

oc
ki

ng
;i

n
th

es
ec

as
es
u

w
ill

th
ro

w
In

te
rr

up
te

dE
xc

ep
ti

on
w

he
n

an
d

if
it

be
co

m
es

R
un

ni
ng

.

� u
.i

sI
nt

er
ru

pt
ed

()
re

tu
rn

st
he

in
te

rr
up

te
ds

ta
tu

so
fu

(a
nd

do
es

no
tc

le
ar

it)
.

� u
.j

oi
n(

)
w

ai
ts

fo
r

th
re

ad
u

to
di

e;
m

ay
th

ro
w
In

te
rr

up
te

dE
xc

ep
ti

on
if

th
e

cu
rr

en
tth

re
ad

is
in

te
rr

up
te

dw
hi

le
w

ai
tin

g.

� u
.j

oi
n(

n)
w

or
ks

as
u.

jo
in

()
bu

tt
im

es
ou

ta
nd

re
tu

rn
sa

fte
ra

tm
os

tn
m

ill
is

ec
on

ds
.T

he
re

is
no

in
di

ca
tio

n
w

he
th

er
th

e
ca

ll
re

tu
rn

ed
be

ca
us

eo
fa

tim
eo

ut
or

be
ca

us
e u

di
ed

.

O
pe

ra
tio

ns
on

lo
ck

ed
ob

je
ct

s

A
th

re
ad

w
hi

ch
ow

ns
th

e
lo

ck
on

an
ob

je
ct
o

m
ay

ca
ll

th
e

fo
llo

w
in

g
m

et
ho

ds
,in

he
rit

ed
by

o
fr

om
cl

as
sO
bj

ec
t

in
th

e
Ja

va
cl

as
sl

ib
ra

ry
;s

ee
S

ec
tio

n1
8.

� o
.w

ai
t(

)
re

le
as

es
th

e
lo

ck
on

o,
ch

an
ge

sit
s

ow
n

st
at

e
to

W
ai

tin
g,

an
d

ad
ds

its
el

f
to

th
e

se
to

f
th

re
ad

sw
ai

tin
g

fo
r

no
tifi

ca
tio

n
ab

ou
t o

.
W

he
n

no
tifi

ed
(if

ev
er

),
th

e
th

re
ad

m
us

to
b-

ta
in

th
e

lo
ck

on
o,

so
w

he
n

th
e

ca
ll

to
wa

it
re

tu
rn

s,
it

ag
ai

n
ha

st
he

lo
ck

on
o.

M
ay

th
ro

w
In

te
rr

up
te

dE
xc

ep
ti

on
if

th
e

th
re

ad
is

in
te

rr
up

te
dw

hi
le

w
ai

tin
g.

� o
.w

ai
t(

n)
w

or
ks

as
o.

wa
it

()
ex

ce
pt

th
at

th
e

th
re

ad
w

ill
ch

an
ge

st
at

et
o

Lo
ck

in
g

af
te

rn
m

il-
lis

ec
on

ds
,re

ga
rd

le
ss

w
he

th
er

th
er

eh
as

be
en

a
no

tifi
ca

tio
n

on
o

or
no

t.
T

he
re

is
no

in
di

ca
tio

n
w

he
th

er
th

e
st

at
ec

ha
ng

ew
as

ca
us

ed
by

a
tim

eo
ut

or
be

ca
us

eo
fa

no
tifi

ca
tio

n.

� o
.n

ot
if

y(
)

ch
oo

se
sa

n
ar

bi
tr

ar
yt

hr
ea

da
m

on
gt

he
th

re
ad

sw
ai

tin
g

fo
r

no
tifi

ca
tio

n
ab

ou
to

(if
an

y)
,

an
d

ch
an

ge
sit

s
st

at
et

o
Lo

ck
in

g.
T

he
ch

os
en

th
re

ad
ca

nn
ot

ac
tu

al
ly

ge
tt

he
lo

ck
on

o
un

til
th

e
cu

rr
en

tth
re

ad
ha

sr
el

ea
se

dit
.

� o
.n

ot
if

yA
ll

()
w

or
ks

as
o.

no
ti

fy
()

,
ex

ce
pt

th
at

it
ch

an
ge

st
he

st
at

e
to

Lo
ck

in
g

fo
r

a
ll

th
re

ad
sw

ai
tin

g
fo

r
no

tifi
ca

tio
n

ab
ou

to
.

S
tr

in
g

s
11

E
xa

m
pl

e
5

E
qu

al
ity

of
st

rin
gs

St
ri

ng
s1

=
"a

bc
";

St
ri

ng
s2

=
s1

+
""

;
//

Ne
w

ob
je

ct
,

bu
t
co

nt
ai

ns
sa

me
te

xt
as

s1
St

ri
ng

s3
=
s1

;
//

Sa
me

ob
je

ct
as

s1
St

ri
ng

s4
=
s1

.t
oS

tr
in

g(
);

//
Sa

me
ob

je
ct

as
s1

//
Th

e
fo

ll
ow

in
g
st

at
em

en
ts

pr
in

t
fa

ls
e,

tr
ue

,
tr

ue
,
tr

ue
,

tr
ue

:
Sy

st
em

.o
ut

.p
ri

nt
ln
("

s1
an

d
s2

id
en

ti
ca

l
ob

je
ct

s:
"

+
(s

1
==

s2
))

;
Sy

st
em

.o
ut

.p
ri

nt
ln
("

s1
an

d
s3

id
en

ti
ca

l
ob

je
ct

s:
"

+
(s

1
==

s3
))

;
Sy

st
em

.o
ut

.p
ri

nt
ln
("

s1
an

d
s4

id
en

ti
ca

l
ob

je
ct

s:
"

+
(s

1
==

s4
))

;
Sy

st
em

.o
ut

.p
ri

nt
ln
("

s1
an

d
s2

co
nt

ai
n

sa
me

te
xt

:
"

+
(s

1.
eq

ua
ls

(s
2)

))
;

Sy
st

em
.o

ut
.p

ri
nt

ln
("

s1
an

d
s3

co
nt

ai
n

sa
me

te
xt

:
"

+
(s

1.
eq

ua
ls

(s
3)

))
;

E
xa

m
pl

e
6

C
on

ca
te

na
tea

ll
co

m
m

an
dl

in
e

ar
gu

m
en

ts

pu
bl

ic
st

at
ic

vo
id

ma
in

(S
tr

in
g[

]
ar

gs
)
{

St
ri

ng
re

s
=

""
;

fo
r
(i

nt
i=

0;
i<

ar
gs

.l
en

gt
h;

i+
+)

re
s
+=

ar
gs

[i
];

Sy
st

em
.o

ut
.p

ri
nt

ln
(r
es
);

} E
xa

m
pl

e
7

C
ou

nt
th

e
nu

m
be

ro
fe

’s
in

a
st

rin
g

st
at

ic
in

t
ec

ou
nt

(S
tr

in
g
s)

{
in

t
ec

ou
nt

=
0;

fo
r
(i

nt
i=

0;
i<

s.
le

ng
th

()
;
i+

+)
if

(s
.c

ha
rA

t(
i)

==
’e

’)
ec

ou
nt

++
;

re
tu

rn
ec

ou
nt

;
} E

xa
m

pl
e

8
D

et
er

m
in

ew
he

th
er

st
rin

gs
oc

cu
ri

n
le

xi
co

gr
ap

hi
ca

lly
in

cr
ea

si
ng

or
de

r

st
at

ic
bo

ol
ea

n
so

rt
ed

(S
tr

in
g[

]
a)

{
fo

r
(i

nt
i=

1;
i<

a.
le

ng
th

;
i+

+)
if

(a
[i

-1
].

co
mp

ar
eT

o(
a[
i]
)

>
0)

re
tu

rn
fa

ls
e;

re
tu

rn
tr

ue
;

} E
xa

m
pl

e
9

U
si

ng
a

cl
as

st
ha

td
ec

la
re

sa
to

St
ri

ng
m

et
ho

d
T

he
cl

as
sP

oi
nt

(E
xa

m
pl

e
13

)
de

cl
ar

es
a
to

St
ri

ng
m

et
ho

d
w

hi
ch

re
tu

rn
sa

st
rin

g
of

th
e

po
in

t
co

or
di

na
te

s.
B

el
ow

th
e

op
er

at
or

( +
)

ca
lls

th
e
to

St
ri

ng
m

et
ho

d
im

pl
ic

itl
y

to
fo

rm
at

th
e
Po

in
t

ob
je

ct
s:

Po
in

t
p1

=
ne

w
Po

in
t(

10
,
20

);
Po

in
t
p2

=
ne

w
Po

in
t(

30
,
40

);
Sy

st
em

.o
ut

.p
ri

nt
ln
("

p1
is

"
+

p1
);

//
Pr

in
ts

:
p1

is
(1

0,
20

)
Sy

st
em

.o
ut

.p
ri

nt
ln
("

p2
is

"
+

p2
);

//
Pr

in
ts

:
p2

is
(3

0,
40

)
p2

.m
ov

e(
7,

7)
;

Sy
st

em
.o

ut
.p

ri
nt

ln
("

p2
is

"
+

p2
);

//
Pr

in
ts

:
p2

is
(3

7,
47

)
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A

rra
ys

8
A

rrays

A
n

a
rra

y
is

a
collection

of
variables,called

e
le

m
e

n
ts.

A
n

array
hasa

given
le

n
g

th	

and
a

given
e

le
m

e
n

ttyp
e
t.

T
he

elem
entsare

indexed
by

the
integers0
 1
 ���
 	 �

1.
T

he
value

ofan
expression

ofarraytype
u[]

is
eithernull,ora

referenceto
an

arrayw
hoseelem

enttype
t

is
a

subtypeofu.If
u

is
a

basetype,then
t

m
ustequalu.

8.1
A

rray
creation

and
access

A
new

arrayoflength	

w
ith

elem
enttype

t
is

created(allocated)usingan
a

rra
y

cre
a

tio
nexp

re
ssio

n:

new
t[	 ]

w
here	

is
an

expressionoftype
int.

If
type

t
is

a
basetype,then

allelem
entsofthe

new
arrayare

initialized
to

0
(w

hen
t

is
byte,char,short,int,or

long)
or0.0

(w
hen

t
is
float

or
double)

or
false

(w
hen

t
is
boolean).If

t
is

a
referencetype,then

allelem
entsare

initialized
to

null.
If
a

hastype
u[]

and
is

a
referenceto

an
arrayw

ith
length	

and
elem

enttype
t

then:

�

a.length
is

the
length	

ofa,thatis,the
num

berofelem
entsin

a.

�

the
a

rra
y

a
cce

ssa[i]
denoteselem

entnum
beri

of
a,

counting
from

0;
it

hastype
u.

T
he

integerexpressioni
is

called
the

a
rra

y
in

d
ex.If

the
valueofi

is
lessthan0

orgreaterorequal
to

a.length,then
the

exceptionArrayIndexOutOfBoundsException
is

throw
n.

�

w
hen

t
is

a
referencetype,then

every
array

elem
entassignm

enta[i]
=
e

checksthatthe
value

of
e

is
null

or
a

referenceto
an

objectw
hoseclassC

is
a

subtypeof
the

elem
enttype

t.
If

this
is

notthe
case,then

the
exception

ArrayStoreException
is

throw
n.

T
his

checkis
m

adebeforeevery
arrayelem

entassignm
entatruntim

e,butonly
for

referencetypes.

8.2
M

ulti-dim
ensional

arrays

T
he

typesofm
ulti-dim

ensionalarraysarew
ritten

t[][],t[][][],etc.A
rectangularn-dim

ensional
arrayofsize	1 �

	2 �
����

	

n
is

created(allocated)using
the

arraycreationexpression

new
t[	1 ][	2 ]...[	

n ]

A
m

ulti-dim
ensionalarraya

oftype
t[][]

is
in

facta
one-dim

ensionalarrayofarrays;its
com

ponent
arrayshave

type
t[].

H
encea

m
ulti-dim

ensionalarray
neednotbe

rectangular,and
one

neednot
createallthe

dim
ensionsatonce.To

createthe
first

k
dim

ensionsof
size	1 �

	2 �
����

	k
of

an
n-dim

ensionalarray,leave
the n �

k�

lastbracketsem
pty:

new
t[	1 ][	2 ]...[	

k ][]...[]

To
accessan

elem
entofan

n-dim
ensionalarray

a,usen
index

expressions:a[i1 ][i2 ]...[in ].

8.3
A

rray
initializers

A
variableorfield

ofarraytype
m

ay
be

initialized
atdeclaration,using

an
existing

arrayoran
a

rra
y

in
itia

lize
r.A

n
arrayinitializeris

a
com

m
a-separatedlistofexpressionsenclosedin

braces{
...

}.
A

rray
initializerscanbe

usedonly
in

connectionw
ith

initialized
variableorfield

declarations.M
ulti-

dim
ensionalarrayscan

have
nestedinitializers.

T
h

re
a

d
s,co

n
cu

rre
n

texe
cu

tio
n

,a
n

d
syn

ch
ro

n
iza

tio
n
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E
xam

ple
69

M
utualexclusion

A
P

rinterthreadforeverprints
a

(-)
follo

w
ed

by
a

(/).
If

w
e

createand
run

tw
o

concurrentprinter
threadsusingnew

Printer().start()
andnew

Printer().start(),thenonly
oneofthe

threads
can

hold
the

lock
on

object mutex
ata

tim
e,so

no
othersym

bolscan
be

printed
betw

een(-)
and

(/)
in

one
iteration

of
the

for
loop.

T
hus

the
program

m
ustprint

-/-/-/-/-/-/-/
and

so
on.

H
ow

ever,if
the

synchronizationis
rem

oved,it
m

ay
print--//--/-/-//--//

and
so

on.
(T

he
call

pause(n)
pausesthe

thread
for

200
m

s,w
hereaspause(100,300)

pausesbetw
een100

and
300

m
s.T

his
is

done
only

to
m

ake
the

inherentnon-determ
inacy

of
unsynchronizedconcurrency

m
ore

easilyobservable).

class
Printer

extends
Thread

{
static

Object
mutex

=
new

Object();
public

void
run()

{
for

(;;)
{

synchronized
(mutex)

{
System.out.print("-");
Util.pause(100,300);
System.out.print("/");

}Util.pause(200);
}

}
}

E
xam

ple
70

S
ynchronizedm

ethodsin
an

object
T

he
bank

objectbelow
hastw

o
accounts.M

oney
is

repeatedlybeing
transferredfrom

one
account

to
the

otherby
clerks.C

learly
the

totalam
ountofm

oney
shouldrem

ainconstant(at30
euro).T

his
holdstrue

w
hen

the
transferm

ethodis
declaredsynchronized,becauseonly

one
clerk

can
accessthe

accountsatany
one

tim
e.

If
the

synchronizeddeclarationis
rem

oved,the
sum

w
ill

differ
from

30
m

ostofthe
tim

e,becauseone
clerk

is
lik

ely
to

overw
rite

the
other’s

depositsand
w

ithdraw
als

.

class
Bank

{
private

int
account1

=
10,

account2
=

20;
synchronized

public
void

transfer(int
amount)

{
int

new1
=

account1
-

amount;
Util.pause(10);
account1

=
new1;

account2
=

account2
+

amount;
System.out.println("Sum

is
"

+
(account1+account2));

}
}

class
Clerk

extends
Thread

{
private

Bank
bank;

public
Clerk(Bank

bank)
{
this.bank

=
bank;

}
public

void
run()

{
for

(;;)
{

//
Forever

bank.transfer(Util.random(-10,
10));

//
transfer

money
Util.pause(200,

300);
//

then
take

a
break

}
}

}

...
Bank

bank
=

new
Bank();

...
new

Clerk(bank).start();
new

Clerk(bank).start();
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T

h
re

a
d

s,
co

n
cu

rre
n

te
xe

cu
tio

n
,a

n
d

sy
n

ch
ro

n
iz

a
tio

n

15
.2

Lo
ck

s
an

d
th

e
s
y
n
c
h
r
o
n
i
z
e
d

st
at

em
en

t

W
he

nm
ul

tip
le

co
nc

ur
re

nt
th

re
ad

sa
cc

es
sth

e
sa

m
efi

el
ds

or
ar

ra
ye

le
m

en
ts

,th
er

ei
s

co
ns

id
er

ab
ler

is
k

of
cr

ea
tin

ga
n

in
co

ns
is

te
nt

st
at

e;
se

eE
xa

m
pl

e7
0.

To
av

oi
d

th
is

,t
hr

ea
ds

m
ay

sy
nc

hr
on

iz
et

he
ac

ce
ss

to
sh

ar
ed

st
at

e,
su

ch
as

ob
je

ct
sa

nd
ar

ra
ys

.A
si

ng
le

lo
ck

is
as

so
ci

at
ed

w
ith

ev
er

y
ob

je
ct

,a
rr

ay
,a

nd
cl

as
s.

A
lo

ck
ca

n
be

he
ld

by
at

m
os

to
ne

th
re

ad
at

a
tim

e.
A

th
re

ad
m

ay
ex

pl
ic

itl
y

as
k

fo
r

th
e

lo
ck

on
an

ob
je

ct
or

ar
ra

y
by

ex
ec

ut
in

g
a

sy
nc

hr
on

iz
ed

st
at

em
en

t,w
hi

ch
ha

st
hi

s
fo

rm
:

sy
nc

hr
on

iz
ed

(e
xp

re
ss

io
n)

b
lo

ck
-s

ta
te

m
e

n
t

T
he

ex
p

re
ss

io
nm

us
th

av
e

re
fe

re
nc

et
yp

e.
T

he
ex

p
re

ss
io

nm
us

te
va

lu
at

e
to

a
no

n-
nu

ll
re

fe
re

nc
e

o;
ot

he
rw

is
ea

Nu
ll

Po
in

te
rE

xc
ep

ti
on

is
th

ro
w

n.
A

fte
r

th
e

ev
al

ua
tio

n
of

th
e
ex

pr
es

si
on

,
th

e
th

re
ad

be
co

m
es

Lo
ck

in
g

on
ob

je
ct
o;

se
et

he
fig

ur
e

on
pa

ge
55

.W
he

n
th

e
th

re
ad

ob
ta

in
st

he
lo

ck
on

ob
je

ct
o

(if
ev

er
),

th
e

th
re

ad
be

co
m

es
E

na
bl

ed
,a

nd
m

ay
be

co
m

eR
un

ni
ng

so
th

e
b

lo
ck

-s
ta

te
m

e
n

tis
ex

ec
ut

ed
.W

he
n

th
e

b
lo

ck
-s

ta
te

m
e

n
tte

rm
in

at
es

or
is

ex
ite

d
by

re
tu

rn
or

br
ea

k
or

co
nt

in
ue

or
by

th
ro

w
in

g
an

ex
ce

pt
io

n,
th

en
th

e
lo

ck
on

o
is

re
le

as
ed

.
A
sy

nc
hr

on
iz

ed
no

n-
st

at
ic

m
et

ho
dd

ec
la

ra
tio

n(
S

ec
tio

n9
.8

)i
s

a
sh

or
th

an
df

or
a

m
et

ho
dw

ho
se

bo
dy

ha
st

he
fo

rm
:

sy
nc

hr
on

iz
ed

(t
hi

s)
m

e
th

o
d

-b
o

d
y

T
ha

ti
s,

th
e

th
re

ad
w

ill
ex

ec
ut

et
he

m
et

ho
db

od
y

on
ly

w
he

n
it

ha
so

bt
ai

ne
dt

he
lo

ck
on

th
e

cu
rr

en
t

ob
je

ct
.I

t
w

ill
ho

ld
th

e
lo

ck
un

til
it

le
av

es
th

e
m

et
ho

db
od

y,
an

d
re

le
as

eit
at

th
at

tim
e.

A
sy

nc
hr

on
iz

ed
st

at
ic

m
et

ho
dd

ec
la

ra
tio

n(
S

ec
tio

n9
.8

)i
n

cl
as

sC
is

a
sh

or
th

an
df

or
a

m
et

ho
d

w
ho

se
bo

dy
ha

st
he

fo
rm

:

sy
nc

hr
on

iz
ed

(C
.c

la
ss

)
m

e
th

o
d

-b
o

d
y

T
ha

ti
s,

th
e

th
re

ad
w

ill
ex

ec
ut

et
he

m
et

ho
db

od
y

on
ly

w
he

n
it

ha
so

bt
ai

ne
dt

he
lo

ck
on

th
e

ob
je

ct
C.

cl
as

s,
w

hi
ch

is
th

e
un

iq
ue

ob
je

ct
of

cl
as

sC
la

ss
as

so
ci

at
ed

w
ith

th
e

cl
as

sC
.I

t
w

ill
ho

ld
th

e
lo

ck
un

til
it

le
av

es
th

e
m

et
ho

db
od

y,
an

d
re

le
as

eit
at

th
at

tim
e.

C
on

st
ru

ct
or

sa
nd

in
iti

al
iz

er
s

ca
nn

ot
be

sy
nc

hr
on

iz
ed

.
M

ut
ua

le
xc

lu
si

on
is

en
su

re
do

nl
y

if
a

ll
th

re
ad

sa
cc

es
si

ng
a

sh
ar

ed
ob

je
ct

lo
ck

it
be

fo
re

us
e.

Fo
r

in
st

an
ce

,if
w

e
ad

d
an

un
sy

nc
hr

on
iz

ed
m

et
ho

dr
og

ue
tr

an
sf

er
to

a
ba

nk
ob

je
ct

(E
xa

m
pl

e7
0)

,w
e

ca
n

no
lo

ng
er

be
su

re
th

at
a

th
re

ad
ca

lli
ng

th
e

sy
nc

hr
on

iz
ed

m
et

ho
d t
ra

ns
fe

r
ha

se
xc

lu
si

ve
ac

ce
ss

to
th

e
ba

nk
ob

je
ct

:a
ny

nu
m

be
ro

ft
hr

ea
ds

co
ul

d
be

ex
ec

ut
in

g r
og

ue
tr

an
sf

er
at

th
e

sa
m

et
im

e.
A

m
o

n
ito

ri
s

an
ob

je
ct

w
ho

se
fie

ld
s

ar
e

pr
iv

at
e

an
d

ar
e

m
an

ip
ul

at
ed

on
ly

by
sy

nc
hr

on
iz

ed
m

et
h-

od
so

ft
he

ob
je

ct
,s

o
th

at
al

lfi
el

d
ac

ce
ss

is
su

bj
ec

tto
sy

nc
hr

on
iz

at
io

n;s
ee

E
xa

m
pl

e7
1.

If
a

th
re

ad
u

ne
ed

st
o

w
ai

tf
or

so
m

ec
on

di
tio

n
to

be
co

m
et

ru
e,

or
fo

r
a

re
so

ur
ce

to
be

co
m

ea
va

il-
ab

le
,it

m
ay

re
le

as
eit

s
lo

ck
on

ob
je

ct
o

by
ca

lli
ng

o.
wa

it
()

.T
he

th
re

ad
m

us
to

w
n

th
e

lo
ck

on
ob

je
ct

o,
ot

he
rw

is
ee

xc
ep

tio
nI

ll
eg

al
Mo

ni
to

rS
ta

te
Ex

ce
pt

io
n

is
th

ro
w

n.
T

he
th

re
ad

u
w

ill
be

ad
de

dt
o

a
se

to
ft

hr
ea

ds
w

ai
tin

g
fo

r
no

tifi
ca

tio
n

on
ob

je
ct
o.

T
hi

s
no

tifi
ca

tio
n

m
us

tc
om

ef
ro

m
an

ot
he

rth
re

ad
w

hi
ch

ha
so

bt
ai

ne
dt

he
lo

ck
on

o
an

d
w

hi
ch

ex
ec

ut
es
o.

no
ti

fy
()

or
o.

no
ti

fy
Al

l(
)
.

T
he

no
tif

y-
in

g
th

re
ad

do
es

no
tl

os
e

th
e

lo
ck

on
o.

A
fte

r
be

in
g

no
tifi

ed
,u

m
us

to
bt

ai
n

th
e

lo
ck

on
o

ag
ai

nb
ef

or
e

it
ca

n
pr

oc
ee

d.
T

hu
sw

he
n

th
e

ca
ll

to
wa

it
re

tu
rn

s,
th

re
ad
u

w
ill

ow
n

th
e

lo
ck

on
o

ju
st

as
be

fo
re

th
e

ca
ll;

se
eE

xa
m

pl
e7

1.
Fo

r
de

ta
ile

dr
ul

es
go

ve
rn

in
g

th
e

be
ha

vi
ou

r
of

un
sy

nc
hr

on
iz

ed
Ja

va
th

re
ad

s,
se

e
th

e
Ja

va
La

n-
gu

ag
eS

pe
ci

fic
at

io
n,

C
ha

pt
er

17
.

A
rr

a
ys

13

E
xa

m
pl

e
10

C
re

at
in

ga
nd

us
in

g
on

e-
di

m
en

si
on

ala
rr

ay
s

//
Ro

ll
a

di
e,

co
un

t
fr

eq
ue

nc
ie

s
in

t[
]
fr

eq
=

ne
w
in

t[
6]

;
//

al
l

in
it

ia
li

ze
d
to

0
fo

r
(i

nt
i=

0;
i<

10
00

;
i+

+)
{

in
t
di

e
=
(i

nt
)(

1
+

6
*

Ma
th

.r
an

do
m(

))
;

fr
eq

[d
ie

-1
]
+=

1;
} fo

r
(i

nt
c=

1;
c<

=6
;
c+

+)
Sy

st
em

.o
ut

.p
ri

nt
ln

(c
+

"
ca

me
up

"
+
fr

eq
[c

-1
]

+
"
ti

me
s"

);

//
Cr

ea
te

an
ar

ra
y
of

th
e

st
ri

ng
s
"A

0"
,

"A
1"

,
..

.,
"A

19
"

St
ri

ng
[]

nu
mb

er
=

ne
w
St

ri
ng

[2
0]

;
//

al
l

in
it

ia
li

ze
d
to

nu
ll

fo
r

(i
nt

i=
0;

i<
nu

mb
er

.l
en

gt
h;

i+
+)

nu
mb

er
[i

]
=

"A
"

+
i;

fo
r

(i
nt

i=
0;

i<
nu

mb
er

.l
en

gt
h;

i+
+)

Sy
st

em
.o

ut
.p

ri
nt

ln
(n
um
be

r[
i]
);

//
Th

ro
ws

Ar
ra

yS
to

re
Ex

ce
pt

io
n:

Do
ub

le
is

no
t
a

su
bt

yp
e

of
In

te
ge

r
Nu

mb
er

[]
a

=
ne

w
In

te
ge

r[
10

];
//

Le
ng

th
10

,
el

em
en

t
ty

pe
In

te
ge

r
Do

ub
le

d
=

ne
w

Do
ub

le
(3

.1
4)

;
//

Ty
pe

Do
ub

le
,

cl
as

s
Do

ub
le

In
te

ge
r

i
=
ne

w
In

te
ge

r(
11

7)
;

//
Ty

pe
In

te
ge

r,
cl

as
s

In
te

ge
r

Nu
mb

er
n
=

i;
//

Ty
pe

Nu
mb

er
,

cl
as

s
In

te
ge

r
a[

0]
=

i;
//

OK
,

In
te

ge
r

is
su

bt
yp

e
of

In
te

ge
r

a[
1]

=
n;

//
OK

,
In

te
ge

r
is

su
bt

yp
e

of
In

te
ge

r
a[

2]
=

d;
//

NO
,

Do
ub

le
no

t
su

bt
yp

e
of

In
te

ge
r

E
xa

m
pl

e
11

U
si

ng
an

in
iti

al
iz

ed
ar

ra
y

M
et

ho
d
ch

ec
kd

at
e

be
lo

w
be

ha
ve

st
he

sa
m

ea
sc

he
ck

da
te

in
E

xa
m

pl
e2

.

st
at

ic
in

t[
]
da

ys
=
{

31
,

28
,
31

,
30

,
31

,
30

,
31

,
31

,
30

,
31

,
30

,
31

};

st
at

ic
bo

ol
ea

n
ch

ec
kd

at
e(

in
t
mt

h,
in

t
da

y)
{

re
tu

rn
(m

th
>=

1)
&&

(m
th

<=
12

)
&&

(d
ay

>=
1)

&&
(d

ay
<=

da
ys

[m
th

-1
])

;
}

E
xa

m
pl

e
12

M
ul

ti-
di

m
en

si
on

al
ar

ra
ys

//
Cr

ea
te

a
lo

we
r

tr
ia

ng
ul

ar
ar

ra
y
of

th
e
fo

rm
//

0.
0

//
0.

0
0.

0
//

0.
0

0.
0
0.

0

fi
na

l
in

t
SI

ZE
=
3;

do
ub

le
[]

[]
a

=
ne

w
do

ub
le

[S
IZ

E]
[]

;
fo

r
(i

nt
i=

0;
i<

SI
ZE

;
i+

+)
a[

i]
=
ne

w
do

ub
le

[i
+1

];

//
Us

e
a
ne

st
ed

ar
ra

y
in

it
ia

li
ze

r
to

cr
ea

te
an

ar
ra

y
si

mi
la

r
to

th
e

ab
ov

e
do

ub
le

[]
[]

b
=

{
{

0.
0
},

{
0.

0,
0.

0
},

{
0.

0,
0.

0,
0.

0
}

};
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C

la
sse

s

9
C

lasses

9.1
C

lassdeclarations
and

classbodies

A
cla

ss-d
e

cla
ratio

n
ofclassC

hasthe
form

cla
ss-m

o
d

ifie
rs
class

C
exte

n
d

s-cla
u

seim
p

le
m

e
n

ts-cla
u

se
cla

ssb
o

d
y

A
declarationof

classC
introducesa

new
referencetype

C.
T

he
cla

ssb
o

d
ym

ay
contain

declara-
tions

of
fields,constructors,m

ethods,nestedclasses,nestedinterfaces,and
initializer

blocks.T
he

declarationsin
a

classm
ay

appearin
any

order:

{
fie

ld
-d

e
cla

ra
tio

n
s

co
n

stru
cto

r-d
e

cla
ra

tio
n

s
m

e
th

o
d

-d
e

cla
ratio

n
s

cla
ss-d

e
cla

ratio
n

s
in

te
rfa

ce
-d

e
cla

ratio
n

s
in

itia
lize

r-b
lo

cks
}

A
field,m

ethod,nestedclass,ornestedinterfaceis
called

a
m

e
m

b
e

rofthe
class.A

m
em

berm
ay

be
declaredstatic.A

non-staticm
em

beris
also

called
a

virtu
a

lm
e

m
b

e
r,oran

in
sta

n
cem

e
m

b
e

r.
T

he
scopeofa

m
em

beris
the

entire
classbody,exceptw

hereshadow
ed

by
a

variableorparam
-

eterorfield
ofa

nestedclassorinterface.H
ow

ever,the
scopeofa

staticfield
doesnotinclude

static
initializers

precedingits
declaration(butdoesinclude

allnon-staticinitializers),and
the

scopeofa
non-staticfield

doesnotinclude
non-staticinitializers

precedingits
declaration.

B
y

sta
tic

co
d

e
w

e
denoteexpressionsand

statem
entsin

static
field

initializers,static
initializer

blocks,andstaticm
ethods.B

y
n

o
n

-sta
ticco

d
ew

e
denoteexpressionsandstatem

entsin
constructors,

non-staticfield
initializers,non-staticinitializer

blocks,and
non-staticm

ethods.N
on-staticcodeis

executedinside
a

cu
rre

n
to

b
je

ct,
w

hich
can

be
referredto

as
this;

seeS
ection11.9.

S
tatic

code
cannotreferto

non-staticm
em

bersorto
this,only

to
staticm

em
bers.

9.2
T

op-levelclasses,nestedclasses,m
em

berclassesand
localclasses

A
to

p
-leve

lcla
ssis

a
classdeclaredoutsideany

otherclassorinterfacedeclaration.A
n

e
ste

dcla
ssis

a
classdeclaredinside

anotherclassorinterface.T
hereare

tw
o

kinds
ofnestedclasses:a

lo
ca

lcla
ss

is
declaredinside

a
m

ethodor
constructoror

initializer
block;a

m
e

m
b

e
rcla

ssis
not.

A
non-static

m
em

berclass,ora
localclassin

a
non-staticm

em
ber,is

called
an

in
n

e
rcla

ss,becauseany
objectof

the
innerclassw

ill
containa

referenceto
an

objectofthe
enclosingclass.

Form
ore

on
nestedclasses,seeS

ection9.11.

9.3
C

lassm
odifiers

For
a

top-levelclass,the
cla

ss-m
o

d
ifie

rs
m

ay
be

a
list

of
public,

and
atm

ostone
of

abstract
and

final.
For

a
m

em
berclass,the

cla
ss-m

o
d

ifie
rsm

ay
be

a
list

of
static,

and
atm

ostone
of

abstract
and

final,and
atm

ostone
of

private,
protected

and
public.

For
a

localclass,the
cla

ss-m
o

d
ifie

rsis
a

listofatm
ostone

of abstract
and

final.

T
h

re
a

d
s,co

n
cu

rre
n

texe
cu

tio
n

,a
n

d
syn

ch
ro

n
iza

tio
n

55

E
xam

ple
68

M
ultiple

threads
T

he
m

ain
program

createsa
new

thread,binds
it

to
u,and

startsit.
N

ow
tw

o
threadsare

executing
concurrently:one

executesmain,
and

anotherexecutesrun.
W

hile
the

main
m

ethod
is

blocked
w

aiting
for

keyboardinput,the
new

threadkeepsincrem
enting i.T

he
new

threadexecutesyield()
to

m
ake

surethatthe
otherthreadis

allow
ed

to
run

(w
hen

notblocked).

class
Incrementer

extends
Thread

{
public

int
i;

public
void

run()
{

for
(;;)

{
//

Forever
i++;

//
increment

i
yield();

}
}

}

class
ThreadDemo

{
public

static
void

main(String[]
args)

throws
IOException

{
Incrementer

u
=
new

Incrementer();
u.start();
System.out.println("Repeatedly

press
Enter

to
get

the
current

value
of

i:");
for

(;;)
{

System.in.read();
//

Wait
for

keyboard
input

System.out.println(u.i);
}

}
}

T
he

statesand
state

transitions
ofa

thread

A
thread’s

transition
from

one
stateto

anotherm
ay

be
causedby

a
m

ethodcallperform
edby

the
threaditself(show

n
in

the
typewriter

font),by
a

m
ethodcallpossiblyperform

edby
anotherthread

(show
n

in
the

s
l
a
n
t
e
d

font);and
by

tim
eoutsand

otheractions(show
n

in
the

defaultfont):

E
nabled

R
unning

Locking o
W

aiting for o

i
n
t
e
r
r
u
p
t
(
)

tim
eout

o
.
n
o
t
i
f
y
A
l
l
(
)

o
.
n
o
t
i
f
y
(
)S
leeping

D
ead

C
reated

Joining u

got lock
on o

attem
pting to lock o

o
.
w
a
i
t
(
)

scheduled

preem
pted

y
i
e
l
d
(
)

u
.
j
o
i
n
(
)

s
l
e
e
p
(
)

i
n
t
e
r
r
u
p
t
(
)

tim
eout

tim
eout

i
n
t
e
r
r
u
p
t
(
)

u died

s
t
a
r
t
(
)

dies
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ch
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at
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hr
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co
nc
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io
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T
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ot
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w
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ng

le
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of
ex

ec
ut

io
n,

w
he

re
a

th
re

a
d

is
an

in
de
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nd

en
tse

qu
en

tia
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ct
iv

ity
.

A
Ja

va
pr

og
ra

m
m

ay
ex

ec
ut

es
ev

er
al

th
re

ad
s

co
nc

ur
re

nt
ly,

th
at

is
,

po
te

nt
ia

lly
ov

er
la

pp
in

g
in

tim
e.

Fo
r

in
st

an
ce

,o
ne

pa
rt

of
a

pr
og

ra
m

m
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co
nt
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ue

co
m

pu
tin

gw
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le
an

ot
he
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s

bl
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w
ai
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g
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pu
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eE
xa

m
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e6
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T
hr

ea
ds

ar
e

cr
ea

te
da

nd
m

an
ip

ul
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ed
us

in
g

th
e
Th

re
ad

cl
as
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th
e
Ru

nn
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le
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te
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ce
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ot
h

of
w

hi
ch

ar
e

pa
rt

of
th

e
Ja

va
cl

as
sl
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ra
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pa

ck
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ej
av

a.
la

ng
.

To
pr

og
ra

m
a

ne
w

th
re

ad
,o

ne
m

us
tim

pl
em

en
tth

e
m

et
ho

d p
ub

li
c

vo
id

ru
n(

)
de

sc
rib

ed
by

th
e

Ru
nn

ab
le

in
te

rfa
ce

.O
ne

ca
n

do
th

is
by

de
cl

ar
in

ga
su

bc
la

ss
U

of
cl

as
sT
hr

ea
d

(w
hi

ch
im

pl
em

en
ts

Ru
nn

ab
le

).
To

cr
ea

te
a

ne
w

th
re

ad
,c

re
at

ea
n

ob
je

ct
u

of
cl

as
sU

,
an

d
to

pe
rm

it
it

to
ru

n,
ex

ec
ut

e
u.

st
ar

t(
).

T
hi

s
en

ab
le

sth
e

ne
w

th
re

ad
,s

o
th

at
it

ca
n

ex
ec

ut
ec

on
cu

rr
en

tly
w

ith
th

e
cu

rr
en

tth
re

ad
;

se
eE

xa
m

pl
e6

8.
A

lte
rn

at
iv

el
y,

de
cl

ar
ea

cl
as

s C
th

at
im

pl
em

en
ts
Ru

nn
ab

le
,c

re
at

ea
n

ob
je

ct
o

of
th

at
cl

as
s,

cr
ea

te
a

th
re

ad
ob

je
ct
u

=
ne

w
Th

re
ad

(o
)

fr
om

o,
an

d
ex

ec
ut

eu
.s

ta
rt

()
;s

ee
E

xa
m

pl
e7

2.
T

hr
ea

ds
ca

n
co

m
m

un
ic

at
ew

ith
ea

ch
ot

he
ro

nl
y

vi
a

sh
ar

ed
st

at
e,

na
m

el
y,

by
us

in
g

an
d

as
si

gn
in

g
st

at
ic

fie
ld

s,
no

n-
st

at
ic

fie
ld

s,
an

d
ar

ra
y

el
em

en
ts

.B
y

th
e

de
si

gn
of

Ja
va

,t
hr

ea
ds

ca
nn

ot
us

e
lo

ca
l
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bl
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an
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m
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at
e

tr
an

si
tio

ns
of

a
th

re
ad

A
th

re
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di
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th
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di
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by
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m
et
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th
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n.
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th
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w
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ra
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E
xa

m
pl

e
13

C
la

ss
de

cl
ar

at
io

n
T

he
Po

in
t

cl
as

si
s

de
cl

ar
ed

to
ha

ve
tw

o
no

n-
st

at
icfi

el
ds

x
an

dy
,o

ne
co

ns
tr

uc
to

r,a
nd

tw
o

no
n-

st
at

ic
m

et
ho

ds
.It

is
us

ed
in

E
xa

m
pl

e3
8.

cl
as

s
Po

in
t
{

in
t
x,

y;

Po
in

t(
in

t
x,

in
t
y)

{
th

is
.x

=
x;

th
is

.y
=
y;

}

vo
id

mo
ve

(i
nt

dx
,
in

t
dy

)
{

x
+=

dx
;
y

+=
dy

;
}

pu
bl

ic
St

ri
ng

to
St

ri
ng

()
{

re
tu

rn
"(

"
+
x

+
",

"
+
y

+
")

";
}

} E
xa

m
pl

e
14

C
la

ss
w

ith
st

at
ic

an
d

no
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st
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m

em
be
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T
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ec

la
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fie
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d
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o
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fie
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s
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d
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T
hu

s
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oi
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je

ct
ha

s
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ow
n
x

an
d
y

fie
ld
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t
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l
ob

je
ct

ss
ha

re
th

e
sa

m
ea

ll
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fie
ld
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e
SP

oi
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as
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T

he
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he
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w
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e
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Ve
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T
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no
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st
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et
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de

x
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e
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at

ic
m

et
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he
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m
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at
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Ve
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s

=
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w
Ve
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;
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t
x,

y;

SP
oi

nt
(i
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x,

in
t
y)

{
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lp
oi

nt
s.

ad
dE

le
me
nt

(t
hi

s)
;

th
is

.x
=

x;
th

is
.y

=
y;

}
vo

id
mo

ve
(i

nt
dx

,
in

t
dy

)
{

x
+=

dx
;
y

+=
dy

;
}

pu
bl

ic
St

ri
ng

to
St

ri
ng

()
{

re
tu

rn
"(

"
+
x

+
",

"
+
y

+
")
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}

in
t
ge

tI
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ex
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{
re

tu
rn

al
lp

oi
nt

s.
in

de
xO

f(
th
is

);
}

st
at

ic
in

t
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tS
iz

e(
)
{

re
tu

rn
al

lp
oi

nt
s.

si
ze

()
;
}

st
at

ic
SP

oi
nt

ge
tP

oi
nt

(i
nt

i)
{
re

tu
rn

(S
Po

in
t)

al
lp

oi
nt

s.
el

em
en
tA

t(
i)

;
}

} E
xa

m
pl

e
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.
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.
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..
.
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th

od
}

}
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9.4
T

he
classm

odifiers
p
u
b
l
i
c

,f
i
n
a
l

,and
a
b
s
t
r
a
c
t

If
a

top-levelclass C
is

declaredpublic,then
it

is
accessibleoutsideits

package;seeS
ection17.

If
a

classC
is

declaredfinal,then
one

cannotdeclaresubclassesof
C,and

hencecannotover-
ride

any
m

ethodsdeclaredin
C.

T
his

is
usefulfor

preventing
rogue

subclassesfrom
violating

data
representationinvariants.

If
a

class C
is

declaredabstract,then
it

cannotbe
instantiated,butnon-abstractsubclassesof

C
can

be
instantiated.A

n
abstractclassm

ay
declareconstructorsand

have
initializers,to

be
executed

w
hen

instantiatingconcretesubclasses.A
n

abstractclassm
ay

declareabstractand
non-abstract

m
ethods;a

non-abstractclasscannotdeclareabstractm
ethods.A

classcannotbe
both

abstract
and

final,becauseno
objectscould

be
createdofthatclass.

9.5
S

ubclasses,superclasses,classhierarchy,inheritance
and

overriding

A
classC

m
ay

be
declaredasa

su
b

cla
ssofclassB

by
an

exte
n

d
s-cla

u
seofthe

form

class
C
extends

B
{

...
}

In
this

case,C
is

a
subclass(and

hencesubtype,seeS
ection5.4)of

B
and

its
superclasses.ClassC

inherits
allm

ethodsand
fields

(even
private

ones,althoughthey
are

notaccessiblein
classC),

but
notthe

constructors,from
B.

C
lassB

is
called

the
im

m
e

d
ia

tesu
p

e
rcla

ss
of

C.
A

classcan
have

atm
ostone

im
m

ediatesu-
perclass.T

he
predefinedclass

Object
is

a
superclassof

all
otherclasses;class

Object
has

no
superclass.H

ence
the

classesform
a

cla
ss

h
ie

ra
rch

y
in

w
hich

every
classis

a
descendantof

its
im

m
ediatesuperclass,except Object

w
hich

is
atthe

top.
A

constructorin
subclassC

m
ay,asits

very
firstaction,explicitly

calla
constructorin

the
im

m
e-

diate
superclass B,using

the
syntax

super(a
ctu

a
l-list);

A
superclassconstructorcallsuper(...)

m
ay

appearonly
atthe

very
beginning

ofa
constructor.

If
a

constructorC(...)
in

subclassC
doesnotexplicitly

callsuper(...)
asits

firstaction,then
it

im
plicitly

calls
the

argum
entlessdefaultconstructorB()

in
superclassB

asits
firstaction,asif

by
super().

In
this

caseB
m

usthave
a

non-private
argum

entlessconstructorB().
C

onversely,if
there

is
no

argum
entlessconstructorB()

in
B,then

C(...)
in

C
m

ustuse
super(...)

to
explicitly

call
som

eotherconstructorin
B.

T
he

declarationofC
m

ayove
rrid

e
(redeclare)any

non-finalm
ethodm

inheritedfrom
B

by
declar-

ing
a

new
m

ethod
m

w
ith

the
sam

esignature.T
he

overridden
B-m

ethod
m

can
be

referred
to

as
super.m

inside
C’s

constructors,non-staticm
ethods,and

initializers
ofnon-staticfields.T

he
over-

riding
m

ethodm
in

C:

�

m
ustbe

atleastasaccessible(S
ection9.7)asthe

overriddenm
ethodin

B;

�

m
usthave

the
sam

ereturntypeasthe
overriddenm

ethodin
B;

�

m
ustbe

staticif
and

only
if

the
overriddenm

ethodin
B

is
static;

�

eitherhasno
th

ro
w

s-cla
u

se,orhasa
th

ro
w

s-cla
u

sethatcoversno
m

ore
exceptionclassesthan

the
th

ro
w

s-cla
u

se(if
any)

ofthe
overriddenm

ethodin
B.

H
ow

ever,
the

declarationof
a

class C
cannotredeclarea

field
f

inherited
from

B,
only

declarean
additionalfield

of
the

sam
enam

e;see
S

ection
9.6.

T
he

overridden
B-field

can
be

referred
to

as
super.f

inside
C’s

constructors,non-staticm
ethods,and

non-staticinitializers.

E
xce

p
tio

n
s

53

E
xam

ple
67

D
eclaringa

checked
exceptionclass

T
his

is
the

classofexceptionsthrow
n

by
m

ethodwdayno4
(E

xam
ple61).N

ote
the

toString
m

ethod
w

hich
is

usedw
hen

printing
an

uncaughtexceptionon
the

console:

class
WeekdayException

extends
Exception

{
private

String
wday;

public
WeekdayException(String

wday)
{

this.wday
=

wday;
}

public
String

toString()
{

return
"Illegal

weekday
"

+
wday;

}
}
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E

xc
e

p
tio

n
s

14
E

xc
ep

tio
ns

A
n

ex
ce

p
tio

n
is

an
ob

je
ct

of
an

ex
ce

pt
io

n
ty

pe
:

a
su

bc
la

ss
of

cl
as

s T
hr

ow
ab

le
.

A
n

ex
ce

pt
io

n
is

us
ed

to
si

gn
al

an
d

de
sc

rib
ea

n
ab

no
rm

al
si

tu
at

io
n

du
rin

g
pr

og
ra

m
ex

ec
ut

io
n.

T
he

ev
al

ua
tio

n
of

an
ex

pr
es

si
on

or
th

e
ex

ec
ut

io
n

of
a

st
at

em
en

tm
ay

te
rm

in
at

ea
bn

or
m

al
ly

by
th

ro
w

in
g

an
ex

ce
pt

io
n,

ei
th

er
by

ex
ec

ut
in

g
a
th

ro
w

st
at

em
en

t(S
ec

tio
n1

2.
6.

5)
or

by
ex

ec
ut

in
ga

pr
im

iti
ve

op
er

at
io

n,
su

ch
as

as
si

gn
m

en
tto

an
ar

ra
ye

le
m

en
t,t

ha
tm

ay
th

ro
w

an
ex

ce
pt

io
n.

A
th

ro
w

n
ex

ce
pt

io
n

m
ay

be
ca

ug
ht

in
a

dy
na

m
ic

al
ly

en
cl

os
in

g
tr

y-
ca

tc
h

st
at

em
en

t(S
ec

-
tio

n
12

.6
.6

).
A

ca
ug

ht
ex

ce
pt

io
n

m
ay

be
re

-t
hr

ow
n

by
a
th

ro
w

st
at

em
en

t.I
f

th
e

ex
ce

pt
io

n
is

no
t

ca
ug

ht
,th

en
th

e
en

tir
e

pr
og

ra
m

ex
ec

ut
io

nw
ill

be
ab

or
te

d,
an

d
in

fo
rm

at
io

n
fr

om
th

e
ex

ce
pt

io
nw

ill
be

pr
in

te
d

on
th

e
co

ns
ol

e(
fo

r
ex

am
pl

e,
at

th
e

co
m

m
an

dp
ro

m
pt

,o
ri

n
th

e
Ja

va
C

on
so

le
in

si
de

a
w

eb
br

ow
se

r)
.W

ha
ti

s
pr

in
te

d
on

th
e

co
ns

ol
ei

s
de

te
rm

in
ed

by
th

e
ex

ce
pt

io
n’

s
to

St
ri

ng
m

et
ho

d.

C
he

ck
ed

an
d

un
ch

ec
ke

d
ex

ce
pt

io
nt

yp
es

T
he

re
ar

e
tw

o
ki

nd
s

of
ex

ce
pt

io
n

ty
pe

s:
ch

e
ck

e
d

(t
ho

se
th

at
m

us
tb

e
de

cl
ar

ed
in

th
e

th
ro

w
s-

cl
a

u
se

of
a

m
et

ho
do

r
co

ns
tr

uc
to

r;S
ec

tio
n9

.8
)a

nd
u

n
ch

e
ck

e
d

(t
ho

se
th

at
ne

ed
no

t)
.

If
th

e
ex

ec
ut

io
n

of
a

m
et

ho
db

od
y

ca
n

th
ro

w
a

ch
ec

ke
d

ex
ce

pt
io

n
of

cl
as

sE
,t

he
n

cl
as

sE
or

a
su

pe
rt

yp
eo

f
E

m
us

tb
e

de
cl

ar
ed

in
th

e
th

ro
w

s-
cl

a
u

se
of

th
e

m
et

ho
d.

S
om

eo
ft

he
m

os
tim

po
rt

an
tp

re
de

fin
ed

ex
ce

pt
io

nt
yp

es
,a

nd
th

ei
rs

ta
tu

s(
ch

ec
ke

d
or

un
ch

ec
ke

d)
ar

e
sh

ow
n

be
lo

w
.

Th
ro

wa
bl

e
Er

ro
r

un
ch

ec
ke

d
Ex

ce
pt

io
nI

nI
ni

ti
al

iz
er

Er
ro

r
|

Ou
tO

fM
em

or
yE

rr
or

|
St

ac
kO

ve
rf

lo
wE

rr
or

|
Ex

ce
pt

io
n

ch
ec

ke
d

In
te

rr
up

te
dE

xc
ep

ti
on

|
IO

Ex
ce

pt
io

n
|

Ru
nt

im
eE

xc
ep

ti
on

un
ch

ec
ke

d
Ar

it
hm

et
ic

Ex
ce

pt
io

n
|

Ar
ra

yS
to

re
Ex

ce
pt

io
n

|
Cl

as
sC

as
tE

xc
ep

ti
on

|
Il

le
ga

lM
on

it
or

St
at

eE
xc

ep
ti

on
|

In
de

xO
ut

Of
Bo

un
ds

Ex
ce

pt
io

n
|

Ar
ra

yI
nd

ex
Ou

tO
fB

ou
nd

sE
xc

ep
ti

on
|

St
ri

ng
In

de
xO

ut
Of

Bo
un

ds
Ex

ce
pt

io
n

|
Nu

ll
Po

in
te

rE
xc

ep
ti

on
|

C
la

ss
e

s
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E
xa

m
pl

e
16

A
bs

tr
ac

tc
la

ss
es

,su
bc

la
ss

es
,an

d
ov

er
rid

in
g

T
he

ab
st

ra
ctc

la
ss
Ve

ss
el

m
od

el
st

he
no

tio
n

of
a

ve
ss

el
(f

or
ho

ld
in

g
liq

ui
ds

):
it

ha
sa

fie
ld
co

nt
en

ts
re

pr
es

en
tin

git
s

ac
tu

al
co

nt
en

ts
,it

ha
s

an
ab

st
ra

ct
m

et
ho

d
ca

pa
ci

ty
fo

r
co

m
pu

tin
g

its
m

ax
im

al
ca

pa
ci

ty,
an

d
it

ha
sa

m
et

ho
df

or
fil

lin
g

in
m

or
e,

bu
to

nl
y

up
to

its
ca

pa
ci

ty
(t

he
ex

ce
ss

w
ill

be
lo

st
).

T
he

ab
st

ra
ctc

la
ss

ha
ss

ub
cl

as
se

sTa
nk

(a
re

ct
an

gu
la

rve
ss

el
),C
ub

e
(a

cu
bi

cv
es

se
l,s

ub
cl

as
so

fT
an

k)
an

d
Ba

rr
el

(a
cy

lin
dr

ic
ve

ss
el

).
T

he
su

bc
la

ss
esi

m
pl

em
en

tth
e
ca

pa
ci

ty
m

et
ho

d,
th

ey
in

he
rit

th
e
co

nt
en

ts
fie

ld
an

d
th

e
fi

ll
m

et
ho

df
ro

m
th

e
su

pe
rc

la
ss

,an
d

th
ey

ov
er

rid
e

th
e
to

St
ri

ng
m

et
ho

d(
in

he
rit

ed
fr

om
cl

as
sO
bj

ec
t)

to
pr

in
te

ac
hv

es
se

lo
bj

ec
ta

pp
ro

pr
ia

te
ly

:

ab
st

ra
ct

cl
as

s
Ve

ss
el

{
do

ub
le

co
nt

en
ts

;
ab

st
ra

ct
do

ub
le

ca
pa

ci
ty

()
;

vo
id

fi
ll

(d
ou

bl
e
am

ou
nt

)
{

co
nt

en
ts

=
Ma

th
.m

in
(c

on
te

nt
s
+

am
ou

nt
,

ca
pa

ci
ty

()
);

}
} cl

as
s
Ta

nk
ex

te
nd

s
Ve

ss
el

{
do

ub
le

le
ng

th
,

wi
dt

h,
he

ig
ht

;
Ta

nk
(d

ou
bl

e
le

ng
th

,
do

ub
le

wi
dt

h,
do

ub
le

he
ig

ht
)

{
th

is
.l

en
gt

h
=

le
ng

th
;

th
is

.w
id

th
=
wi

dt
h;

th
is

.h
ei

gh
t
=

he
ig

ht
;

}
do

ub
le

ca
pa

ci
ty

()
{

re
tu

rn
le

ng
th

*
wi

dt
h
*

he
ig

ht
;

}
pu

bl
ic

St
ri

ng
to

St
ri

ng
()

{
re

tu
rn

"t
an

k
("

+
le

ng
th

+
",

"
+

wi
dt

h
+

",
"

+
he

ig
ht

+
")

";
}

} cl
as

s
Cu

be
ex

te
nd

s
Ta

nk
{

Cu
be

(d
ou

bl
e
si

de
)
{

su
pe

r(
si

de
,
si

de
,

si
de

);
}

pu
bl

ic
St

ri
ng

to
St

ri
ng

()
{

re
tu

rn
"c

ub
e
("

+
le

ng
th

+
")

";
}

} cl
as

s
Ba

rr
el

ex
te

nd
s

Ve
ss

el
{

do
ub

le
ra

di
us

,
he

ig
ht

;
Ba

rr
el

(d
ou

bl
e
ra

di
us

,
do

ub
le

he
ig

ht
)

{
th

is
.r

ad
iu

s
=

ra
di

us
;

th
is

.h
ei

gh
t
=

he
ig

ht
;

}
do

ub
le

ca
pa

ci
ty

()
{

re
tu

rn
he

ig
ht

*
Ma

th
.P

I
*

ra
di

us
*

ra
di

us
;

}
pu

bl
ic

St
ri

ng
to

St
ri

ng
()

{
re

tu
rn

"b
ar

re
l

("
+

ra
di

us
+

",
"

+
he

ig
ht

+
")

";
}

} E
xa

m
pl

e
17

U
si

ng
th

e
ve

ss
el

hi
er

ar
ch

yf
ro

m
E

xa
m

pl
e1

6
T

he
ca

ll
vs

[i
].

ca
pa

ci
ty

()
is

le
ga

lo
nl

y
be

ca
us

eth
e

m
et

ho
dc

ap
ac

it
y,

al
th

ou
gh

ab
st

ra
ct

,is
de

-
cl

ar
ed

in
cl

as
sV
es

se
l

(E
xa

m
pl

e1
6)

:

pu
bl

ic
st

at
ic

vo
id

ma
in

(S
tr

in
g[

]
ar

gs
)
{

Ve
ss

el
v1

=
ne

w
Ba

rr
el

(3
,
10

);
Ve

ss
el

v2
=

ne
w

Ta
nk

(1
0,

20
,
12

);
Ve

ss
el

v3
=

ne
w

Cu
be

(4
);

Ve
ss

el
[]

vs
=

{
v1

,
v2

,
v3

};
v1

.f
il

l(
90

);
v1

.f
il

l(
10

);
v2

.f
il

l(
10

0)
;
v3

.f
il

l(
80

);
do

ub
le

su
m

=
0;

fo
r
(i

nt
i=

0;
i<

vs
.l

en
gt

h;
i+

+)
su

m
+=

vs
[i

].
ca

pa
ci

ty
()

;
Sy

st
em

.o
ut

.p
ri

nt
ln

("
To
ta

l
ca

pa
ci

ty
is

"
+

su
m)

;
fo

r
(i

nt
i=

0;
i<

vs
.l

en
gt

h;
i+

+)
Sy

st
em

.o
ut

.p
ri

nt
ln

("
ve

ss
el

nu
mb

er
"

+
i

+
":

"
+
vs

[i
])

;
}
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9.6
F

ield
declarations

in
classes

T
he

purposeof
a

fie
ld

is
to

hold
a

value
inside

an
object(if

non-static)ora
class(if

static).A
field

m
ustbe

declaredin
a

classdeclaration.A
fie

ld
-d

e
cla

ra
tio

n
hasone

ofthe
form

s:

fie
ld

-m
o

d
ifie

rs
typ

e
fie

ld
n

a
m

e
1,

fie
ld

n
a

m
e

2,
...

;
fie

ld
-m

o
d

ifie
rs

typ
e

fie
ld

n
a

m
e

1
=

in
itia

lize
r1,

...
;

T
he

fie
ld

-m
o

d
ifie

rs
is

a
listofthe

m
odifiersstatic

and
final,and

atm
ostone

ofthe
accessm

odi-
fiers

private,protected,and
public

(seeS
ection9.7).

If
a

field
f

in
classC

is
declaredstatic,then

f
is

associatedw
ith

the
classC

and
can

be
referred

to
independentlyofany

objectsofclassC.
T

he
field

can
be

referredto
as

C.f
or

o.f
w

here
o

is
an

expressionoftype
C,or,in

the
declarationof

C,as
f.

If
a

field
f

in
classC

is
notdeclaredstatic,

then
f

is
associatedw

ith
an

object(instance)ofclassC,and
every

instancehasits
ow

n
copy

ofthe
field.T

he
field

can
be

referredto
as

o.f
w

hereo
is

an
expressionoftype

C,or,in
non-staticcodein

the
declarationof

C,as
f.

If
a

field
f

in
classC

is
declaredfinal,then

the
field

cannotbe
m

odified
afterinitialization.If

f
hasreferencetype

and
pointsto

an
objectorarray,then

the
object’s

fields
orthe

array’s
elem

ents
m

ay
still

be
m

odified.
T

he
initialization

m
usthappeneitherin

the
declarationor

in
an

initializer
block

(S
ection9.10),or(if

the
field

is
non-static)preciselyoncein

every
constructorin

classC.
A

field
in

itia
lize

r
m

ay
be

any
expression,or

an
array

initializer
(S

ection
8.3).

A
static

field
initializercan

referonly
to

staticm
em

bersof
C,and

can
throw

no
checked

exceptions(S
ection14).

A
field

is
given

a
d

e
fa

u
ltin

itia
l

va
lu

e
dependingon

its
declaredtype

t.
If
t

is
a

basetype,then
the

field
is

initialized
to

0
(w

hen
t

is
byte,char,short,int,or

long)
or0.0

(w
hen

t
is
float

or
double)

or
false

(w
hen

t
is
boolean).If

t
is

a
referencetype,then

the
field

is
initialized

to
null.

S
tatic

fields
are

initialized
w

hen
the

classis
loaded.F

irstallstaticfields
are

given
theirdefault

initialvalues,then
the

staticinitializerblocks(S
ection9.10)and

staticfield
initializers

are
executed,

in
orderofappearancein

the
classdeclaration.

N
on-staticfields

are
initialized

w
hen

a
constructoris

called
to

createan
object(instance)ofthe

class,atw
hich

tim
e

allstaticfields
have

beeninitialized
already;seeS

ection9.9.
If

a
class C

declaresa
non-staticfield

f,
and

C
is

a
subclassof

a
classB

thathas
a

non-static
field

f,then
every

objectofclassC
hastw

o
fields

both
called

f:
one

is
the

B-field
f

declaredin
the

superclassB,and
one

is
the

C-field
f

declaredin
C

itself.
W

hatfield
is

referredto
by

a
field

access
o.f

is
determ

inedby
the

type
of

o;seeS
ection11.8.

9.7
M

em
ber

accessm
odifiers:

p
r
i
v
a
t
e

,p
r
o
t
e
c
t
e
d

,p
u
b
l
i
c

A
m

em
ber(field

or
m

ethodor
nestedclassor

interface)is
alw

ays
accessiblein

the
classin

w
hich

it
is

declared,exceptw
hereshadow

ed
by

a
variableorparam

eterora
field

(ofa
nestedclass).T

he
a

cce
ssm

o
d

ifie
rs
private,protected

and
public

determ
inew

hereelsethe
m

em
beris

accessible.
If

a
m

em
beris

declaredprivate
in

top-levelclassC
or

a
nestedclassw

ithin
C,

then
it

is
ac-

cessiblein
C

and
its

nestedclasses,butnotin
theirsubclassesoutside

C,
norin

otherclasses.If
a

m
em

berin
class C

is
declaredprotected,thenitis

accessiblein
allclassesin

the
sam

epackage(see
S

ection17)as
C,and

in
subclassesofC,butnotin

non-subclassesin
otherpackages.If

a
m

em
berin

classC
is

notdeclaredprivate,protected,or
public,then

it
hasp

a
ckage

a
cce

ss,or
d

e
fa

u
lta

c-
ce

ss,and
is

accessibleonly
in

classesw
ithin

the
sam

epackageas C,notin
classesin

otherpackages.
If

a
m

em
berin

classC
is

declaredpublic,
then

it
is

accessiblein
allclasses,including

classesin
otherpackages.Thus,in

orderofincreasingaccessibility,w
e

have
private

access,packageaccess,
protected

access,and
public

access.
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E
xam

ple
64

T
hreeinterfacedeclarations

import
java.awt.*;

interface
Colored

{
Color

getColor();
}

interface
Drawable

{
void

draw(Graphics
g);

}
interface

ColoredDrawable
extends

Colored,
Drawable

{}

E
xam

ple
65

C
lassesim

plem
entinginterfaces

N
ote

thatthe
m

ethods getColor
and

draw
m

ustbe
public

becausethey
are

im
plicitly

public
in

the
above

interfaces.

class
ColoredPoint

extends
Point

implements
Colored

{
Color

c;
ColoredPoint(int

x,
int

y,
Color

c)
{

super(x,
y);

this.c
=

c;
}

public
Color

getColor()
{
return

c;
}

}class
ColoredDrawablePoint

extends
ColoredPoint

implements
ColoredDrawable

{
Color

c;
ColoredDrawablePoint(int

x,
int

y,
Color

c)
{

super(x,
y,

c);
}

public
void

draw(Graphics
g)

{
g.fillRect(x,

y,
1,

1);
}

}class
ColoredRectangle

implements
ColoredDrawable

{
int

x1,
x2,

y1,
y2;

//
(x1,

y1)
upper

left,
(x2,

y2)
lower

right
corner

Color
c;

ColoredRectangle(int
x1,

int
y1,

int
x2,

int
y2,

Color
c)

{
this.x1

=
x1;

this.y1
=
y1;

this.x2
=
x2;

this.y2
=
y2;

this.c
=

c;
}

public
Color

getColor()
{
return

c;
}

public
void

draw(Graphics
g)

{
g.drawRect(x1,

y1,
x2-x1,

y2-y1);
}

}E
xam

ple
66

U
sing

interfacesastypes

static
void

printcolors(Colored[]
cs)

{
for

(int
i=0;

i<cs.length;
i++)

System.out.println(cs[i].getColor().toString());
}static

void
draw(Graphics

g,
ColoredDrawable[]

cs)
{

for
(int

i=0;
i<cs.length;

i++)
{

g.setColor(cs[i].getColor());
cs[i].draw(g);

}
}



50
In

te
rf

a
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s

13
In

te
rf

ac
es

13
.1

In
te

rf
ac

e
de

cl
ar

at
io

ns

A
n

in
te

rf
a

ce
de

sc
rib

es
fie

ld
s

an
d

m
et

ho
ds

,b
ut

do
es

no
ti

m
pl

em
en

tth
em

.A
n

in
te

rf
a

ce
-d

e
cl

a
ra
tio

n
m

ay
co

nt
ai

n
fie

ld
de

sc
rip

tio
ns

,m
et

ho
dd

es
cr

ip
tio

ns
,c

la
ss

de
cl

ar
at

io
ns

,a
nd

in
te

rfa
ce

de
cl

ar
at

io
ns

.
T

he
de

cl
ar

at
io

ns
in

an
in

te
rfa

ce
m

ay
ap

pe
ar

in
an

y
or

de
r:

in
te

rf
a

ce
-m

o
d

ifi
e

rs
in

te
rf

ac
e
I

ex
te

n
d

s-
cl

a
u

se
{

fie
ld

-d
e

sc
ri
p

tio
n

s
m

e
th

o
d

-d
e

sc
ri
p

tio
n

s
cl

a
ss

-d
e

cl
a

ra
tio

n
s

in
te

rf
a

ce
-d

e
cl

a
ra
tio

n
s

}

A
n

in
te

rfa
ce

m
ay

be
de

cl
ar

ed
at

to
p-

le
ve

lo
r

in
si

de
a

cl
as

so
r

in
te

rfa
ce

,b
ut

no
ti

ns
id

e
a

m
et

ho
do

r
co

ns
tr

uc
to

ro
r

in
iti

al
iz

er
.

A
t

to
p-

le
ve

l,
th

e
in

te
rf

a
ce

-m
o

d
ifi

e
rs
m

ay
be

pu
bl

ic
,o

r
ab

se
nt

.A
pu

bl
ic

in
te

rfa
ce

is
ac

ce
ss

ib
lea

ls
o

ou
ts

id
ei

ts
pa

ck
ag

e.
In

si
de

a
cl

as
so

r
in

te
rfa

ce
,t

he
in

te
rf

a
ce

-m
o

d
ifi

e
rs

m
ay

be
st

at
ic

(a
lw

ay
si

m
pl

ic
itl

y
un

de
rs

to
od

),a
nd

at
m

os
to

ne
of

pu
bl

ic
,p
ro

te
ct

ed
,o

rp
ri

va
te

.
T

he
ex

te
n

d
s-

cl
a

u
se

m
ay

be
ab

se
nt

or
ha

ve
th

e
fo

rm

ex
te

nd
s
I1

,
I2

,
..

.

w
he

re
I1

,I
2,

..
.a

re
in

te
rfa

ce
na

m
es

.If
th

e
ex

te
n

d
s-

cl
a

u
se

is
pr

es
en

t,t
he

n
in

te
rfa

ce
I

de
sc

rib
es

al
l

th
os

em
em

be
rs

de
sc

rib
ed

by
I1

,
I2

,
..

.,
an

d
in

te
rfa

ce
I

is
a

su
b

in
te

rf
a

ce
(a

nd
he

nc
es

ub
ty

pe
)o

f
I1

,
I2

,
..

..
In

te
rfa

ce
I

ca
n

de
sc

rib
ea

dd
iti

on
al

fie
ld

s
an

d
m

et
ho

ds
,b

ut
ca

nn
ot

ov
er

rid
e

in
he

rit
ed

m
em

be
rd

es
cr

ip
tio

ns
.

A
fie

ld
-d

e
sc

ri
p

tio
ni

n
an

in
te

rfa
ce

de
cl

ar
es

a
na

m
ed

co
ns

ta
nt

,a
nd

m
us

th
av

e
th

e
fo

rm

fie
ld

-d
e

sc
-m

o
d

ifi
e

rs
ty

p
e
f

=
in

iti
a

liz
e

r;

w
he

re
fie

ld
-d

e
sc

-m
o

d
ifi

e
rs
is

a
lis

to
fs

ta
ti

c,
fi

na
l,

an
d
pu

bl
ic

;a
ll

of
w

hi
ch

ar
e

un
de

rs
to

od
an

d
ne

ed
no

tb
e

gi
ve

n
ex

pl
ic

itl
y

.
T

he
fie

ld
in

iti
a

liz
e

r
m

us
tb

e
an

ex
pr

es
si

on
in

vo
lv

in
g

on
ly

lit
er

al
s

an
d

op
er

at
or

s,a
nd

st
at

ic
m

em
be

rs
of

cl
as

se
sa

nd
in

te
rfa

ce
s.

A
m

e
th

o
d

-d
e

sc
ri
p

tio
nfo

r
m

et
ho

dm
m

us
th

av
e

th
e

fo
rm

:

m
e

th
o

d
-d

e
sc

-m
o

d
ifi

e
r

s
re

tu
rn

ty
p

e
m(

fo
rm

a
l-
lis

t)
th

ro
w

s-
cl

a
u

se;

w
he

re
m

e
th

o
d

-d
e

sc
-m

o
d

ifi
e

r
s

is
a

lis
t

of
ab

st
ra

ct
an

d
pu

bl
ic

,b
ot

h
of

w
hi

ch
ar

e
un

de
rs

to
od

an
d

ne
ed

no
tb

e
gi

ve
n

ex
pl

ic
itl

y
.

A
cl

a
ss

-d
e

cl
a

ra
tio

n
in

si
de

an
in

te
rfa

ce
is

al
w

ay
si

m
pl

ic
itl

y
st

at
ic

an
d
pu

bl
ic

.
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C
la

ss
es

im
pl

em
en

tin
g

in
te

rf
ac

es

A
cl

as
sC

m
ay

be
de

cl
ar

ed
to

im
pl

em
en

to
ne

or
m

or
e

in
te

rfa
ce

sb
y

an
im

p
le

m
e

n
ts

-c
la

u
se:

cl
as

s
C
im

pl
em

en
ts

I1
,
I2

,
..

.
cl

a
ss

b
o

d
y

In
th

is
ca

se
,C

is
a

su
bt

yp
e(

se
eS

ec
tio

n5
.4

)o
f
I1

,
I2

,
an

d
so

on
.

T
he

co
m

pi
le

rw
ill

ch
ec

kt
ha

tC
de

cl
ar

es
al

lt
he

m
et

ho
ds

de
sc

rib
ed

by
I1

,I
2,

..
.,

w
ith

ex
ac

tly
th

e
pr

es
cr

ib
ed

si
gn

at
ur

es
an

d
re

tu
rn

ty
pe

s.
A

cl
as

sm
ay

im
pl

em
en

ta
ny

nu
m

be
ro

fi
nt

er
fa

ce
s.

F
ie

ld
s,

cl
as

se
s,a

nd
in

te
rfa

ce
sd

ec
la

re
di

n
I1

,I
2,

..
.

ca
n

be
us

ed
in

cl
as

sC
.

C
la

ss
e

s
19

E
xa

m
pl

e
18

F
ie

ld
de

cl
ar

at
io

ns
T

he
SP

oi
nt

cl
as

s(
E

xa
m

pl
e1

4)
de

cl
ar

es
a

st
at

ic
fie

ld
al

lp
oi

nt
s

an
d

tw
o

no
n-

st
at

ic
fie

ld
s
x

an
d
y.

E
xa

m
pl

e2
7

de
cl

ar
es

a
st

at
ic

fie
ld
ps

of
ar

ra
yt

yp
e
do

ub
le

[]
.

Its
fie

ld
in

iti
al

iz
er

al
lo

ca
te

sa
si

x-
el

em
en

ta
rr

ay
an

d
bi

nd
s

it
to

ps
,a

nd
th

en
th

e
in

iti
al

iz
er

bl
oc

k
(S

ec
tio

n9
.1

0)
st

or
es

so
m

en
um

be
rs

in
to

th
e

ar
ra

y.
T

he
Ba

rr
el

cl
as

si
n

E
xa

m
pl

e7
3

de
cl

ar
es

tw
o

no
n-

st
at

ic
fie

ld
s
ra

di
us

an
d
he

ig
ht

.
T

he
fie

ld
s

ar
e

fin
al

,a
nd

th
er

ef
or

em
us

tb
e

in
iti

al
iz

ed
(w

hi
ch

is
do

ne
in

th
e

co
ns

tr
uc

to
r)

.

E
xa

m
pl

e
19

S
ev

er
al

fie
ld

s
w

ith
th

e
sa

m
en

am
e

A
n

ob
je

ct
of

cl
as

sC
be

lo
w

ha
st

w
o

no
n-

st
at

ic
fie

ld
s

ca
lle

d
vf

:
on

e
de

cl
ar

ed
in

th
e

su
pe

rc
la

ss
B,

an
d

on
e

de
cl

ar
ed

in
C

its
el

f.
S

im
ila

rly
,a

n
ob

je
ct

of
cl

as
sD

ha
st

hr
ee

no
n-

st
at

ic
fie

ld
s

ca
lle

d
vf

.
C

la
ss
B

an
d

cl
as

sC
ea

ch
ha

ve
a

st
at

ic
fie

ld
ca

lle
d
sf

.
C

la
ss
D

do
es

no
td

ec
la

re
a

st
at

ic
fie

ld
sf

,s
o

in
cl

as
sD

th
e

na
m

es
f

re
fe

rs
to

th
e

st
at

ic
fie

ld
sf

in
th

e
su

pe
rc

la
ss
C.

E
xa

m
pl

e4
2

us
es

th
es

ec
la

ss
es

.

cl
as

s
B

//
on

e
no

n-
st

at
ic

fi
el

d
vf

,
on

e
st

at
ic

sf
{

in
t
vf

;
st

at
ic

in
t

sf
;
B(

in
t
i)

{
vf

=
i;

sf
=

i+
1;

}
}

cl
as

s
C

ex
te

nd
s

B
//

tw
o
no

n-
st

at
ic

fi
el

ds
vf

,
on

e
st

at
ic

sf
{

in
t
vf

;
st

at
ic

in
t

sf
;
C(

in
t
i)

{
su

pe
r(

i+
20

);
vf

=
i;

sf
=

i+
2;

}
}

cl
as

s
D

ex
te

nd
s

C
//

th
re

e
no

n-
st

at
ic

fi
el

ds
vf

{
in

t
vf

;
D(

in
t
i)

{
su

pe
r(

i+
40

);
vf

=
i;

sf
=

i+
4;

}
}

E
xa

m
pl

e
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M
em

be
ra

cc
es

sm
od

ifi
er

s
T

he
ve

ss
el

hi
er

ar
ch

yi
n

E
xa

m
pl

e1
6

is
un

sa
tis

fac
to

ry
be

ca
us

ee
ve

ry
bo

dy
ca

n
re

ad
an

d
m

od
ify

th
e

fie
ld

s
of

a
ve

ss
el

ob
je

ct
.

E
xa

m
pl

e7
3

pr
es

en
tsa

n
im

pr
ov

ed
ve

rs
io

n
of

th
e

hi
er

ar
ch

yi
n

w
hi

ch
(1

)
th

e
co

nt
en

ts
fie

ld
in

Ve
ss

el
is

m
ad

e
pr

iv
at

e
to

pr
ev

en
tm

od
ifi

ca
tio

n,
(2

)
a

ne
w

pu
bl

ic
m

et
ho

d
ge

tC
on

te
nt

s
pe

rm
its

re
ad

in
gt

he
fie

ld
,a

nd
(3

)t
he

fie
ld

so
fT
an

k
an

dB
ar

re
l

ar
ed

ec
la

re
dp

ro
te

ct
ed

to
pe

rm
it

ac
ce

ss
fr

om
su

bc
la

ss
esd

ec
la

re
di

n
ot

he
rp

ac
ka

ge
s.

S
in

ce
th

e
fie

ld
co

nt
en

ts
in

Ve
ss

el
is

pr
iv

at
e,

it
is

no
t

ac
ce

ss
ib

le
in

th
e

su
bc

la
ss

es
(T
an

k,
Ba

rr
el

,
..

.)
,

bu
tt

he
su

bc
la

ss
es

st
ill

in
he

rit
th

e
fie

ld
.

T
hu

s
ev

er
y

ve
ss

el
su

bc
la

ss
ob

je
ct

ha
sr

oo
m

fo
r

st
or

in
g

th
e

fie
ld

,b
ut

ca
n

ch
an

ge
an

d
ac

ce
ss

it
on

ly
by

us
in

g
th

e
m

et
ho

ds
fi

ll
an

d
ge

tC
on

te
nt

s
in

he
rit

ed
fr

om
th

e
ab

st
ra

ct
su

pe
rc

la
ss

.
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A
pr

iv
at

e
m

em
be

ris
ac

ce
ss

ib
lei

n
th

e
en

cl
os

in
gt

op
-le

ve
lc

la
ss

A
pr

iv
at

e
m

em
be

ris
ac

ce
ss

ib
lee

ve
ry

w
he

re
in

si
de

th
e

en
cl

os
in

gt
op

-le
ve

lc
la

ss
(a

nd
on

ly
th

er
e)

:

cl
as

s
Ac

ce
ss

{
pr

iv
at

e
st

at
ic

in
t

x;
st

at
ic

cl
as

s
SI

{
pr

iv
at

e
st

at
ic

in
t
y

=
x;

//
ac

ce
ss

pr
iv

at
e

x
fr

om
en

cl
os

in
g

cl
as

s
} st

at
ic

vo
id

m(
)

{
in

t
z

=
SI

.y
;

//
ac

ce
ss

pr
iv

at
e

y
fr

om
ne

st
ed

cl
as

s
}

}
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C

la
sse
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9.8
M

ethod
declarations

A
m

e
th

o
dm

ustbe
declaredinside

a
class.A

m
e

th
o

d
-d

e
cla

ratio
n

declaringm
ethodm

hasthe
form

:

m
e

th
o

d
-m

o
d

ifie
rs

re
tu

rn
typ

e
m(fo

rm
a

l-list)
th

ro
w

s-cla
u

se
m

e
th

o
d

-b
o

d
y

T
he

fo
rm

a
l-listis

a
com

m
a-separatedlistoffo

rm
a

lp
a

ra
m

e
te

rd
e

cla
ra

tio
n

s,eachofthe
form

p
a

ra
m

e
te

r-m
o

d
ifie

r
typ

e
p

a
ra

m
e

te
rn

a
m

e

T
he

p
a

ra
m

e
te

r-m
o

d
ifie

rm
ay

be
final,

m
eaningthatthe

param
etercannotbe

m
odified

inside
the

m
ethod,orabsent.T

he
typ

e
is

any
type.T

he
p

a
ra

m
e

te
rn

a
m

eis
any

legalnam
e.A

form
alparam

eter
is

sim
ilarto

an
initialized

variable;its
scopeis

the
m

e
th

o
d

-b
o

d
y.

T
he

m
ethodnam

e m
togetherw

ith
the

listt
1 ,..., t

n
ofdeclaredparam

etertypesin
the

fo
rm

a
l-list

determ
inethe

m
e

th
o

dsig
n

a
tu

re
m(t

1 ,..., t
n ).

T
he

re
tu

rn
typ

eis
notpartofthe

m
ethodsignature.

A
classm

ay
declarem

ore
than

one
m

ethod
w

ith
the

sam
em

e
th

o
d

n
a

m
e,provided

they
have

differentm
ethodsignatures.T

his
is

called
ove

rlo
a

d
in

gofthe
m

e
th

o
d

n
a

m
e.

T
he

m
e

th
o

d
-b

o
d

yis
a

b
lo

ck-sta
te

m
e

n
t(S

ection12.2),and
thus

m
ay

contain
statem

entsas
w

ell
asdeclarationsofvariablesand

localclasses.
In

particular,the
m

e
th

o
d

-b
o

d
ym

aycontain return
statem

ents.If
the

re
tu

rn
typ

eis
void,thenthe

m
ethoddoesnotreturna

value,andno
return

statem
entin

the
m

e
th

o
d

-b
o

d
ycanhave

an
expression

argum
ent.If

the
re

tu
rn

typ
eis

notvoid,then
the

m
ethodm

ustreturn
a

value:it
m

ustnotbe
possible

for
execution

to
reachthe

end
of

m
e

th
o

d
-b

o
d

yw
ithoutexecuting

a
return

statem
ent.M

oreover,
every

return
statem

entm
usthave

an
expressionargum

entw
hosetype

is
a

subtypeofthe
re

tu
rn

typ
e.

T
he

m
e

th
o

d
-m

o
d

ifie
rsis

a
listofthe

m
odifiersstatic,final,abstract,synchronized

(S
ec-

tion
15.2),and

atm
ostone

ofthe
accessm

odifiersprivate,protected,or
public

(S
ection9.7).

If
a

m
ethod m

in
classC

is
declaredstatic,then

m
is

associatedw
ith

the
cla

ssC;itcanbe
referred

w
ithoutany

objectof
classC.

T
he

m
ethodm

ay
be

called
as

C.m(...)
oras

o.m(...)
w

here
o

is
an

expressionw
hosetype

is
a

subtypeof
C,

or,
inside

m
ethods,constructors,field

initializers
and

initializerblocksin
C,sim

ply
asm(...).A

staticm
ethodcan

referonly
to

staticfields
and

m
ethods

ofthe
class.

If
a

m
ethodm

in
classC

is
notdeclaredstatic,then

m
is

associatedw
ith

an
o

b
je

ct(instance)of
class C.

O
utsidethe

class,the
m

ethodm
ustbe

called
as

o.m(...)
w

hereo
is

an
objectofclassC

or
a

subclass,or,inside
non-staticm

ethods,non-staticfield
initializers

and
non-staticinitializerblocks

in
C,sim

ply
as

m(...).
A

non-staticm
ethodcan

referto
allfields

and
m

ethodsofclassC,w
hether

they
are

staticornot.
If

a
m

ethod m
in

classC
is

declaredfinal,then
the

m
ethodcannotbe

overridden(redefined)in
subclassesof

C.
If

a
m

ethod m
in

classC
is

declaredabstract,then
classC

m
ustitselfbe

abstract(and
so

cannot
be

instantiated).A
n

abstractm
ethoddeclarationhasthis

form
,w

ithouta
m

ethodbody:

abstract
m

e
th

o
d

-m
o

d
ifie

rs
re

tu
rn

typ
e
m(fo

rm
a

l-list)
th

ro
w

s-cla
u

se;

T
he

th
ro

w
s-cla

u
seofa

m
ethodorconstructorhasthe

form

throws
E1,

E2,
...

w
here

E1,
E2,

...are
the

nam
esof

exception
types

covering
all

the
checked

exceptionsthatthe
m

ethodorconstructorm
ay

throw
.

M
ore

precisely,for
every

exception
e

thatexecutionm
ay

throw
,

either e
is

an
unchecked

exception
(seeS

ection14),or
it

is
a

checked
exception

w
hoseclassis

a
subtypeofone

ofE1,E2,....

S
ta

te
m

e
n

ts
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E
xam

ple
61

T
hrow

ing
an

exceptionto
indicatefailure

Insteadof
returning

the
boguserrorvalue

-1
as

in
m

ethod
wdayno3

above,throw
an

exception
of

classWeekdayException
(E

xam
ple67).N

ote
the

throws
clause(S

ection9.8)in
the

m
ethodheader:

static
int

wdayno4(String
wday)

throws
WeekdayException

{
for

(int
i=0;

i
<
wdays.length;

i++)
if

(wday.equals(wdays[i]))
return

i+1;
throw

new
WeekdayException(wday);

}E
xam

ple
62

A
try-catch

block
T

his
exam

plecallsthe
m

ethodwdayno4
(E

xam
ple61)insidea

try-catch
block

thathandlesexcep-
tions

ofclass WeekdayException
(E

xam
ple67)and

its
superclassException.

T
he

secondcatch
clausew

ill
be

executed(for
exam

ple)if
the

arrayaccessargs[0]
fails

becausethereis
no

com
m

and
line

argum
ent(since

ArrayIndexOutOfBoundsException
is

a
subclassof

Exception).
If

an
ex-

ception
is

handled,it
is

bound
to

the
variable

x,
and

printed
by

an
im

plicit
call(S

ection7)
to

the
exception’s

toString-m
ethod:

public
static

void
main(String[]

args)
{

try
{

System.out.println(args[0]
+

"
is

weekday
number

"
+

wdayno4(args[0]));
}

catch
(WeekdayException

x)
{

System.out.println("Weekday
problem:

"
+
x);

}
catch

(Exception
x)

{
System.out.println("Other

problem:
"

+
x);

}
}E

xam
ple

63
A
try-finally

block
T

his
m

ethodattem
ptsto

readthreelines
from

a
file,eachcontaininga

single
floating-pointnum

ber.
R

egardlessw
hetheranything

goesw
rong

during
reading(prem

atureend
offile,ill-form

ed
num

ber),
the

finally
clausew

ill
close

the
readersbefore

the
m

ethod
returns.It

w
ould

do
so

even
if

the
return

statem
entw

ere
inside

the
try

block:

static
double[]

readRecord(String
filename)

throws
IOException

{
Reader

freader
=

new
FileReader(filename);

BufferedReader
breader

=
new

BufferedReader(freader);
double[]

res
=
new

double[3];
try

{
res[0]

=
new

Double(breader.readLine()).doubleValue();
res[1]

=
new

Double(breader.readLine()).doubleValue();
res[2]

=
new

Double(breader.readLine()).doubleValue();
}

finally
{

breader.close();
freader.close();

}return
res;

}
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{
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+
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+
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{
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+

3;
}

pu
bl

ic
st

at
ic

vo
id

ma
in

(S
tr

in
g[

]
ar

gs
)
{

Sy
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nt
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(m
(1

0,
20

))
;

//
Pr
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31
.0

Sy
st

em
.o

ut
.p

ri
nt

ln
(m
(1

0,
20

.0
))

;
//

Pr
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ts
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.0
Sy
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(1
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20
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;
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{
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at
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(d
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bl

e
d)

{
Sy

st
em

.o
ut

.p
ri

nt
ln

("
11
d"

);
}

vo
id

m1
(i

nt
i)

{
Sy

st
em

.o
ut

.p
ri

nt
ln
("

11
i"
);

}
vo

id
m2

(i
nt

i)
{

Sy
st

em
.o

ut
.p

ri
nt

ln
("

12
i"
);

}
} cl

as
s
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ex
te

nd
s

C1
{

st
at

ic
vo

id
m1

(d
ou

bl
e

d)
{

Sy
st

em
.o

ut
.p

ri
nt

ln
("
21
d"

);
}

vo
id

m1
(i

nt
i)

{
Sy

st
em

.o
ut

.p
ri

nt
ln
("

21
i"
);

}
vo

id
m2

(d
ou

bl
e
d)

{
Sy

st
em

.o
ut

.p
ri

nt
ln
("

22
d"
);

}
}
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9.9
C

onstructor
declarations

T
he

purposeofa
constructorin

class C
is

to
createand

initialize
new

objects(instances)ofthe
class.

A
co

n
stru

cto
r-d

e
cla

ra
tio

n
in

classC
hasthe

form
:

co
n

stru
cto

r-m
o

d
ifie

rs
C(fo

rm
a

l-list)
th

ro
w

s-cla
u

se
co

n
stru

cto
r-b

o
d

y

T
he

co
n

stru
cto

r-m
o

d
ifie

rs
is

a
listofatm

ostoneofprivate,protected,and
public

(S
ection9.7);

a
constructorcannotbe

abstract,final,orstatic.T
he

return
type

ofa
constructorneednotand

cannotbe
specified:by

definition,a
constructorin

classC
returnsan

objectofclassC.
C

onstructorsm
ay

be
overloadedin

the
sam

ew
ay

asm
ethods:the

co
n

stru
cto

rsig
n

a
tu

re
(a

listof
the

param
etertypesin

fo
rm

a
l-list)is

usedto
distinguishconstructorsin

the
sam

eclass.A
constructor

m
ay

callanotheroverloadedconstructorin
the

sam
eclassusing

the
syntax:

this(a
ctu

a
l-list)

buta
constructorm

ay
notcallitself,directly

orindirectly.A
callthis(...)

to
anotherconstructor,

if
present,m

ustbe
the

very
firstaction

ofa
constructor,precedingany

declaration,statem
ent,etc.

T
he

co
n

stru
cto

r-b
o

d
yis

a
b

lo
ck-sta

te
m

e
n

t(S
ection12.2)and

so
m

ay
containstatem

entsasw
ell

asdeclarationsofvariablesandlocalclasses.T
he

co
n

stru
cto

r-b
o

d
ym

aycontainreturn
statem

ents,
butno

return
statem

entcan
take

an
expressionargum

ent.
A

classw
hich

doesnotexplicitly
declarea

constructor,im
plicitly

declaresa
public,argum

entless
d

e
fa

u
ltco

n
stru

cto
rw

hoseonly
(im

plicit)
action

is
to

callthe
superclassconstructor(S

ection9.5):

public
C()

{
super();

}

T
he

th
ro

w
s-cla

u
seof

the
constructorspecifiesthe

checked
exceptionsthatm

ay
be

throw
n

by
the

constructor,in
the

sam
em

annerasfor
m

ethods;seeS
ection9.8.

W
hen

a
constructoris

called
(S

ection11.6)to
createan

object,the
follo

w
ing

happens:firstan
objectofthe

classis
createdin

the
m

em
ory,then

the
non-staticfields

are
given

defaultinitialvalues
accordingto

theirtype,then
som

esuperclassconstructoris
called

(explicitly
or

im
plicitly)

exactly
once,thenthe

non-staticfield
initializersand

non-staticinitializerblocksareexecutedonce,in
order

ofappearancein
the

classdeclaration,and
finally

the
constructorbody

is
executed.

9.10
Initializer

blocks,field
initializers

and
initializers

In
addition

to
field

initializers
(S

ection
9.6),a

classm
ay

contain
zero

or
m

ore
in

itia
lize

r-b
lo

cks.
Initializer

blocks
are

typically
usedonly

w
hen

field
initializers

or
constructorsdo

notsuffice.
W

e
use

the
term

in
itia

lize
r

to
denotefield

initializers
as

w
ellas

initializer
blocks.

A
sta

tic
in

itia
lize

r
b

lo
ck

hasthe
form

static
b

lo
ck-sta

te
m

e
n

t

T
he

staticinitializerblocksand
field

initializers
ofstaticfields

are
executed,in

orderofappearance
in

the
classdeclaration,w

hen
the

classis
loaded.A

n
o

n
-sta

ticin
itia

lize
r

b
lo

ck
hasthe

form

b
lo

ck-sta
te

m
e

n
t

N
on-staticinitializerblocksare

executedw
hen

an
objectis

created;seeS
ection9.9

above.
A

n
initializer

is
notallow

ed
to

throw
a

checked
exception

(S
ection14).

If
executionofa

static
initializer

throw
s

an
(unchecked)exception

during
classloading,then

thatexception
is

discarded
and

the
exceptionExceptionInInitializerError

is
throw

n
instead.

S
ta

te
m

e
n

ts
47

E
xam

ple
57

U
sing

return
to

term
inatea

loop
early

T
his

m
ethodbehavesthe

sam
easwdayno2

in
E

xam
ple54:

static
int

wdayno3(String
wday)

{
for

(int
i=0;

i
<
wdays.length;

i++)
if

(wday.equals(wdays[i]))
return

i+1;
return

-1;
//

Here
used

to
mean

‘not
found’

}E
xam

ple
58

U
sing

break
to

term
inatea

loop
early

double
prod

=
1.0;

for
(int

i=0;
i<xs.length;

i++)
{

prod
*=

xs[i];
if

(prod
==

0.0)
break;

}E
xam

ple
59

U
sing

continue
to

starta
new

iteration
T

his
m

ethoddecidesw
hetherquery

is
a

substringoftarget.W
hena

m
ism

atchbetw
eenthe

strings
is

found,continue
startsthe

nextiteration
ofthe

outerfor
loop,thusincrem

entingj:

static
boolean

substring1(String
query,

String
target)

{
nextposition:

for
(int

j=0;
j<=target.length()-query.length();

j++)
{

for
(int

k=0;
k<query.length();

k++)
if

(target.charAt(j+k)
!=

query.charAt(k))
continue

nextposition;
return

true;
}

return
false;

}E
xam

ple
60

U
sing

break
to

exit
a

labelledstatem
entblock

T
his

m
ethodbehaves

as
substring1

from
E

xam
ple59.

It
usesbreak

to
exit

the
entire

statem
ent

block
labelled

thisposition,thusskipping
the

firstreturn
statem

entand
startinga

new
iteration

ofthe
outerfor

loop:

static
boolean

substring2(String
query,

String
target)

{
for

(int
j=0;

j<=target.length()-query.length();
j++)

thisposition:
{

for
(int

k=0;
k<query.length();

k++)
if

(target.charAt(j+k)
!=

query.charAt(k))
break

thisposition;
return

true;
}

return
false;

}
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S

ta
te

m
e

n
ts

12
.6

La
be

lle
d

st
at

em
en

ts
,r

et
ur

ns
,e

xi
ts

an
d

ex
ce

pt
io

ns

12
.6

.1
T

he
r
e
t
u
r
n

st
at

em
en

t

T
he

si
m

pl
es

tfo
rm

of
a
re

tu
rn

st
at

em
en

t,w
ith

ou
ta

n
ex

pr
es

si
on

ar
gu

m
en

t,i
s:

re
tu

rn
;

T
ha

tf
or

m
of

re
tu

rn
st

at
em

en
tm

us
to

cc
ur

in
si

de
th

e
bo

dy
of

a
m

et
ho

dw
ho

se
re

tu
rn

ty
p

ei
s
vo

id
,o

r
in

si
de

th
e

bo
dy

of
a

co
ns

tr
uc

to
r.E

xe
cu

tio
no

ft
he

re
tu

rn
st

at
em

en
tex

its
th

e
m

et
ho

do
rc

on
st

ru
ct

or,
an

d
co

nt
in

ue
se

xe
cu

tio
na

tt
he

pl
ac

ef
ro

m
w

hi
ch

it
w

as
ca

lle
d.

A
lte

rn
at

iv
el

y,
a
re

tu
rn

st
at

em
en

tm
ay

ha
ve

an
ex

pr
es

si
on

ar
gu

m
en

t:

re
tu

rn
ex

p
re

ss
io

n;

T
ha

tf
or

m
of

re
tu

rn
st

at
em

en
tm

us
to

cc
ur

in
si

de
th

e
bo

dy
of

a
m

et
ho

d
(n

ot
co

ns
tr

uc
to

r)
w

ho
se

re
tu

rn
ty

p
ei

s
a

su
pe

rt
yp

eo
ft

he
ty

pe
of

th
e

ex
p

re
ss

io
n.

T
he

re
tu

rn
st

at
em

en
tis

ex
ec

ut
ed

as
fo

llo
w

s:
F

irs
tt

he
ex

p
re

ss
io

ni
s

ev
al

ua
te

dt
o

so
m

ev
al

ue
v.

T
he

n
it

ex
its

th
e

m
et

ho
d,

an
d

co
nt

in
ue

se
xe

cu
tio

n
at

th
e

m
et

ho
dc

al
le

xp
re

ss
io

nt
ha

tc
al

le
d

th
e

m
et

ho
d;

th
e

va
lu

e
of

th
at

ex
pr

es
si

on
w

ill
be

v.

12
.6

.2
T

he
la

be
lle

d
st

at
em

en
t

A
la

be
lle

ds
ta

te
m

en
tha

st
he

fo
rm

la
b

e
l
:

st
a

te
m

e
n

t

w
he

re
la

b
e

li
s

an
id

en
tifi

er
.T

he
sc

op
eo

fl
a

b
e

li
s

st
a

te
m

e
n

t,w
he

re
it

ca
n

be
us

ed
in

co
nn

ec
tio

nw
ith

br
ea

k
(S

ec
tio

n1
2.

6.
3)

an
d
co

nt
in

ue
(S

ec
tio

n1
2.

6.
4)

.I
t

is
ill

e
ga

lt
o

re
-u

se
th

e
sa

m
el

a
b

e
li

ns
id

e
st

a
te

m
e

n
t,u

nl
es

si
ns

id
e

a
lo

ca
lc

la
ss

in
st

a
te

m
e

n
t.

12
.6

.3
T

he
b
r
e
a
k

st
at

em
en

t

A
br

ea
k

st
at

em
en

tis
le

ga
lo

nl
y

in
si

de
a

sw
itc

h
or

lo
op

,a
nd

ha
so

ne
of

th
e

fo
rm

s

br
ea

k;
br

ea
k

la
b

e
l;

E
xe

cu
tin

g
br

ea
k

ex
its

th
e

in
ne

r-m
os

te
nc

lo
si

ng
sw

itc
h

or
lo

op
,a

nd
co

nt
in

ue
se

xe
cu

tio
n

af
te

rt
ha

t
sw

itc
h

or
lo

op
.

E
xe

cu
tin

g
br

ea
k

la
b

e
le

xi
ts

th
at

en
cl

os
in

gs
ta

te
m

en
tw

hi
ch

ha
s

la
be

ll
a

b
e

l,
an

d
co

nt
in

ue
se

xe
cu

tio
n

af
te

rt
ha

ts
ta

te
m

en
t.S

uc
h

a
st

at
em

en
tm

us
te

xi
st

in
th

e
in

ne
r-m

os
te

nc
lo

si
ng

m
et

ho
do

rc
on

st
ru

ct
or

or
in

iti
al

iz
er

bl
oc

k.

12
.6

.4
T

he
c
o
n
t
i
n
u
e

st
at

em
en

t

A
co

nt
in

ue
st

at
em

en
tis

le
ga

lo
nl

y
in

si
de

a
lo

op
,a

nd
ha

so
ne

of
th

e
fo

rm
s

co
nt

in
ue

;
co

nt
in

ue
la

b
e

l;

E
xe

cu
tin

gc
on

ti
nu

e
te

rm
in

at
es

th
e

cu
rr

en
tit

er
at

io
no

ft
he

in
ne

r-m
os

te
nc

lo
si

ng
lo

op
,a

nd
co

nt
in

ue
s

th
e

ex
ec

ut
io

na
tt

he
st

e
p(

in
fo

r
lo

op
s;

se
eS

ec
tio

n1
2.

5.
1)

,o
rt

he
co

n
d

iti
o

n(
in
wh

il
e

an
dd

o-
wh

il
e

lo
op

s;
se

eS
ec

tio
ns

12
.5

.2
an

d
12

.5
.3

).
E

xe
cu

tin
gc
on

ti
nu

e
la

b
e

lt
er

m
in

at
es

th
e

cu
rr

en
tit

er
at

io
n

of
th

at
en

cl
os

in
gl

oo
p

w
hi

ch
ha

sl
ab

el
la

b
e

l,
an

d
co

nt
in

ue
st

he
ex

ec
ut

io
n

at
th

e
st

e
p

or
th

e
co

n
d

iti
o

n.
T

he
re

m
us

tb
e

su
ch

a
lo

op
in

th
e

in
ne

r-m
os

te
nc

lo
si

ng
m

et
ho

do
rc

on
st

ru
ct

or
or

in
iti

al
iz

er
bl

oc
k.

C
la

ss
e

s
23

E
xa

m
pl

e
25

C
on

st
ru

ct
or

ov
er

lo
ad

in
g;

ca
lli

ng
an

ot
he

rc
on

st
ru

ct
or

W
e

ad
da

ne
w

co
ns

tr
uc

to
rto

th
e
Po

in
t

cl
as

s(
E

xa
m

pl
e1

3)
,t

hu
so

ve
rlo

ad
in

gi
ts

co
ns

tr
uc

to
rs

.T
he

ol
d

co
ns

tr
uc

to
rh

as
si

gn
at

ur
eP
oi

nt
(i

nt
,

in
t)

an
d

th
e

ne
w

on
e
Po

in
t(

Po
in

t)
.T

he
ne

w
co

ns
tr

uc
to

r
cr

ea
te

sa
co

py
of

th
e

po
in

tp
by

ca
lli

ng
th

e
ol

d
co

ns
tr

uc
to

ru
si

ng
th

e
sy

nt
ax

th
is

(p
.x

,
p.

y)
.

cl
as

s
Po

in
t
{

in
t
x,

y;

Po
in

t(
in

t
x,

in
t
y)

//
ov

er
lo

ad
ed

co
ns

tr
uc

to
r

{
th

is
.x

=
x;

th
is

.y
=

y;
}

Po
in

t(
Po

in
t
p)

//
ov

er
lo

ad
ed

co
ns

tr
uc

to
r

{
th

is
(p

.x
,
p.

y)
;
}

//
ca

ll
s
th

e
fi

rs
t

co
ns

tr
uc

to
r

vo
id

mo
ve

(i
nt

dx
,
in

t
dy

)
{

x
+=

dx
;

y
+=

dy
;
}

pu
bl

ic
St

ri
ng

to
St

ri
ng

()
{

re
tu

rn
"(

"
+
x

+
",

"
+
y

+
")

";
}

} E
xa

m
pl

e
26

C
al

lin
g

a
su

pe
rc

la
ss

co
ns

tr
uc

to
r

T
he

co
ns

tr
uc

to
rin

th
e
Co

lo
re

dP
oi

nt
su

bc
la

ss
(E

xa
m

pl
e6

5)
ca

lls
its

su
pe

rc
la

ss
co

ns
tr

uc
to

ru
si

ng
th

e
sy

nt
ax

su
pe

r(
x,

y)
.

E
xa

m
pl

e
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F
ie

ld
in

iti
al

iz
er

s
an

d
in

iti
al

iz
er

bl
oc

ks
B

el
ow

,t
he

st
at

ic
fie

ld
in

iti
al

iz
er

al
lo

ca
te

sa
n

ar
ra

ya
nd

bi
nd

si
t

to
fie

ld
ps

.T
he

st
at

ic
in

iti
al

iz
er

bl
oc

k
fil

ls
th

e
ar

ra
y

w
ith

an
in

cr
ea

si
ng

se
qu

en
ce

of
ps

eu
do

-r
an

do
mn

um
be

rs
,th

en
sc

al
et

he
m

so
th

at
th

e
la

st
nu

m
be

ris
1.

0
(t

hi
s

is
us

ef
ul

fo
r

ge
ne

ra
tin

gr
ol

ls
of

a
ra

nd
om

lo
ad

ed
di

e)
.

T
hi

s
ca

nn
ot

be
do

ne
us

in
g

th
e

fie
ld

in
iti

al
iz

er
al

on
e.

O
ne

co
ul

d
de

le
te

th
e

tw
o

oc
cu

rr
en

ce
so

f
st

at
ic

to
ob

ta
in

an
ot

he
re

xa
m

pl
e,

w
ith

a
no

n-
st

at
ic

fie
ld
ps

,a
no

n-
st

at
ic

fie
ld

in
iti

al
iz

er
,a

nd
a

no
n-

st
at

ic
in

iti
al

iz
er

bl
oc

k.
H

ow
ev

er
,i

t
is

m
or

e
co

m
m

on
fo

r
no

n-
st

at
ic

fie
ld

s
to

be
in

iti
al

iz
ed

in
th

e
co

ns
tr

uc
to

rso
ft

he
cl

as
s(

no
ne

is
sh

ow
n

he
re

).

cl
as

s
In

it
ia

li
ze

rE
xa

mp
le

{
st

at
ic

do
ub

le
[]

ps
=
ne

w
do

ub
le

[6
];

st
at

ic
{

//
st

at
ic

in
it

ia
li

ze
r

bl
oc

k
do

ub
le

su
m

=
0;

fo
r
(i

nt
i=

0;
i<

ps
.l

en
gt

h;
i+

+)
//

fi
ll

wi
th

in
cr

ea
si

ng
nu

mb
er

s
ps

[i
]
=

su
m

+=
Ma

th
.r

an
do

m(
);

fo
r
(i

nt
i=

0;
i<

ps
.l

en
gt

h;
i+

+)
//

sc
al

e
so

la
st

ps
el

em
en

t
is

1.
0

ps
[i

]
/=

su
m;

} ..
.

}
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9.11
N

estedclasses,m
em

berclasses,localclasses,and
inner

classes

A
non-staticnestedclass,thatis,a

non-staticm
em

berclass NMC
ora

localclassNLC
in

a
non-static

m
em

ber,is
calledan

in
n

e
rcla

ss.A
n

objectofan
innerclassalw

ayscontainsa
referenceto

an
object

of
the

enclosingclassC,called
the

e
n

clo
sin

go
b

je
ct.

T
hatobjectcan

be
referredto

as
C.this

(see
E

xam
ple33),so

a
non-staticm

em
ber x

of
the

enclosingobjectcan
be

referredto
as

C.this.x.
A

non-staticnestedclasscannotitselfhave
staticm

em
bers.M

ore
precisely,allstatic

fields
m

ustalso
be

final,and
m

ethodsand
nestedclassesin

a
non-staticnestedclassm

ustbe
non-static.

A
staticnestedclass,thatis,a

staticm
em

berclassSMC
ora

localclassin
a

staticm
em

ber,hasno
enclosingobjectandcannotreferto

non-staticm
em

bersofthe
enclosingclassC.T

his
is

the
standard

restrictionon
staticm

em
bersofa

class;seeS
ection9.1.A

staticnestedclassm
ay

have
staticasw

ell
asnon-staticm

em
bers.

If
a

localclassrefersto
variablesorform

alparam
etersin

the
enclosingm

ethodorconstructoror
initializer,then

thosevariablesorparam
etersm

ustbe
final.

9.12
A

nonym
ous

classes

A
n

a
n

o
n

ym
o

u
sclassis

a
specialkind

of
localclass;henceit

m
ustbe

declaredinside
a

m
ethodor

constructoror
initializer.

A
n

anonym
ousclasscan

be
declared,and

an
instancecreated,using

the
specialexpressionsyntax

new
C(a

ctu
a

l-list)
cla

ssb
o

d
y

w
here

C
is

a
classnam

e.T
his

createsan
anonym

oussubclassof
classC,w

ith
the

given
cla

ssb
o

d
y

(S
ection9.1).M

oreover,it
createsan

objectof
thatanonym

oussubclassby
calling

the
appropriate

C
constructorw

ith
the

argum
entsin

a
ctu

a
l-list,

as
if

by
super(a

ctu
a

l-list).
A

n
anonym

ousclass
cannotdeclareits

ow
n

constructors.
W

hen
I

is
an

interfacenam
e,the

sim
ilarexpressionsyntax

new
I()

cla
ssb

o
d

y

createsan
anonym

ouslocalclass,w
ith

the
given

cla
ssb

o
d

y(S
ection9.1),thatm

ustim
plem

entthe
interfaceI,and

also
createsan

objectofthatanonym
ousclass.
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E
xam

ple
53

N
estedfor

loops
T

his
program

prints
a

four-line
triangle

ofasterisks(*):

for
(int

i=1;
i<=4;

i++)
{

for
(int

j=1;
j<=i;

j++)
System.out.print("*");

System.out.println();
}E

xam
ple

54
A

rray
searchusing

while
loop

T
his

m
ethodbehavesthe

sam
easwdayno1

in
E

xam
ple51:

static
int

wdayno2(String
wday)

{
int

i=0;
while

(i
<

wdays.length
&&

!
wday.equals(wdays[i]))

i++;
//

Now
i

>=
wdays.length

or
wday

equal
to

wdays[i]
if

(i
<

wdays.length)
return

i+1;
elsereturn

-1;
//

Here
used

to
mean

‘not
found’

}static
final

String[]
wdays

=
{

"Monday",
"Tuesday",

"Wednesday",
"Thursday",

"Friday",
"Saturday",

"Sunday"
};

E
xam

ple
55

Infinite
loop

becauseofm
isplacedsem

icolon
H

ere
a

m
isplacedsem

icolon(;)
createsan

em
ptyloop

body
statem

ent,w
herethe

increm
enti++

is
notpartofthe

loop.H
enceit

w
ill

notterm
inate,butloop

forever:

int
i=0;

while
(i<10);

i++;

E
xam

ple
56

U
sing

do-while
(butwhile

is
usuallypreferable)

T
hrow

a
die

and
com

putesum
until5

or6
com

esup:

static
int

waitsum()
{

int
sum

=
0,

eyes;
do

{eyes
=

(int)(1
+

6
*

Math.random());
sum

+=
eyes;

}
while

(eyes
<

5);
return

sum;
}
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n
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12
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Lo
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st
at

em
en
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12
.5

.1
T

he
f
o
r

st
at

em
en

t

A
fo

r
st

at
em

en
tha

st
he

fo
rm

fo
r
(i

n
iti

a
liz

a
tio

n;
co

n
d

iti
o

n;
st

e
p)

b
o

d
y

w
he

re
th

e
in

iti
a

liz
a

tio
n

is
a

va
ri
a

b
le

-d
e

cl
a

ra
tio

n
(S

ec
tio

n
6.

2)
or

an
ex

p
re

ss
io

n,
co

n
d

iti
o

n
is

an
ex

p
re

ss
io

no
f

ty
pe

bo
ol

ea
n,

st
e

p
is

an
ex

p
re

ss
io

n,
an

d
b

o
d

y
is

a
st

a
te

m
e

n
t.

M
or

e
ge

ne
ra

lly,
th

e
in

iti
a

liz
a

tio
n

an
d

st
e

p
m

ay
al

so
be

co
m

m
a-

se
pa

ra
te

dlis
ts

of
ex

p
re

ss
io

n
s;

th
e

ex
pr

es
si

on
sin

ea
ch

su
ch

lis
t

ar
e

ev
al

ua
te

df
ro

m
le

ft
to

rig
ht

.
T

he
in

iti
a

liz
a

tio
n,

co
n

d
iti

o
n

an
d

st
e

p
m

ay
be

em
pt

y.
A

n
em

pt
yc

o
n

d
iti

o
n

is
eq

ui
va

le
nt

to
tr

ue
.T

hu
s
fo

r
(;

;)
b

o
d

y
m

ea
ns

‘fo
re

ve
re

xe
cu

te
b

o
d

y’.
T

he
fo

r
st

at
em

en
tis

ex
ec

ut
ed

as
fo

llo
w

s:

1.
T

he
in

iti
a

liz
a

tio
n

is
ex

ec
ut

ed

2.
T

he
co

n
d

iti
o

n
is

ev
al

ua
te

d.
If

it
is
fa

ls
e,

th
e

lo
op

te
rm

in
at

es
.

3.
If

it
is
tr

ue
,t

he
n

(a
)

T
he

b
o

d
yi

s
ex

ec
ut

ed
(b

)
T

he
st

e
pi

s
ex

ec
ut

ed
(c

)
E

xe
cu

tio
nc

on
tin

ue
sa

t2
.

12
.5

.2
T

he
w
h
i
l
e

st
at

em
en

t

A
wh

il
e

st
at

em
en

tha
st

he
fo

rm

wh
il

e
(c

o
n

d
iti

o
n)

b
o

d
y

w
he

re
th

e
co

n
d

iti
o

n
is

an
ex

pr
es

si
on

of
ty

pe
bo

ol
ea

n,
an

db
o

d
yi

s
a

st
at

em
en

t.T
he

wh
il

e
st

at
em

en
t

is
ex

ec
ut

ed
as

fo
llo

w
s:

1.
T

he
co

n
d

iti
o

n
is

ev
al

ua
te

d.
If

it
is
fa

ls
e,

th
e

lo
op

te
rm

in
at

es
.

2.
If

it
is
tr

ue
,t

he
n

(a
)

T
he

b
o

d
yi

s
ex

ec
ut

ed
(b

)
E

xe
cu

tio
nc

on
tin

ue
sa

t1
.

12
.5

.3
T

he
d
o
-
w
h
i
l
e

st
at

em
en

t

A
do

-w
hi

le
st

at
em

en
tha

st
he

fo
rm

do
b

o
d

y
wh

il
e

(c
o

n
d

iti
o

n)
;

w
he

re
th

e
co

n
d

iti
o

ni
s

an
ex

pr
es

si
on

of
ty

pe
bo

ol
ea

n,
an

db
o

d
yi

s
a

st
at

em
en

t.T
he

b
o

d
yi

s
ex

ec
ut

ed
at

le
as

to
nc

e,
be

ca
us

eth
e
do

-w
hi

le
st

at
em

en
tis

ex
ec

ut
ed

as
fo

llo
w

s:

1.
T

he
b

o
d

yi
s

ex
ec

ut
ed

.

2.
T

he
co

n
d

iti
o

n
is

ev
al

ua
te

d.
If

it
is
fa

ls
e,

th
e

lo
op

te
rm

in
at

es
.

3.
If

it
is
tr

ue
,t

he
n

ex
ec

ut
io

nc
on

tin
ue

sa
t1

.
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E
xa

m
pl

e
28

M
em

be
rc

la
ss

es
an

d
lo

ca
lc

la
ss

es

cl
as

s
TL

C
{

//
to

p-
le

ve
l
cl

as
s

st
at

ic
in

t
sf

;
in

t
nf

;
st

at
ic

cl
as

s
SM

C
{

//
st

at
ic

me
mb

er
cl

as
s

st
at

ic
in

t
ss

f
=

sf
+

TL
C.

sf
;

//
ca

n
ha

ve
st

at
ic

me
mb

er
s

in
t
sn

f
=

sf
+

TL
C.

sf
;

//
ca

nn
ot

us
e

no
n-

st
at

ic
TL

C
me

mb
er

s
} cl

as
s
NM

C
{

//
no

n-
st

at
ic

me
mb

er
cl

as
s

in
t
nn

f1
=

sf
+
nf

;
//

ca
n
us

e
no

n-
st

at
ic

TL
C
me

mb
er

s
in

t
nn

f2
=

TL
C.

sf
+

TL
C.

th
is

.n
f;

//
ca

nn
ot

ha
ve

st
at

ic
me

mb
er

s
} vo

id
nm

()
{

//
no

n-
st

at
ic

me
th

od
in

TL
C

cl
as

s
NL

C
{

//
lo

ca
l
cl

as
s
in

me
th

od
in

t
m(

fi
na

l
in

t
p)

{
re

tu
rn

sf
+n

f+
p;

}
//

ca
n
us

e
no

n-
st

at
ic

TL
C
me

mb
er

s
}

}
}

E
xa

m
pl

e
29

A
n

en
um

er
at

io
na

sa
lo

ca
lc

la
ss

M
et

ho
d
su

ff
ix

es
re

tu
rn

sa
n

ob
je

ct
of

th
e

lo
ca

lc
la

ss
Su

ff
ix

En
um

er
at

io
n

w
hi

ch
im

pl
em

en
ts

th
e

En
um

er
at

io
n

in
te

rfa
ce

to
en

um
er

at
eth

e
no

n-
em

pt
ys

uf
fix

es
of

th
e

st
rin

g
s:

cl
as

s
Lo

ca
lI

nn
er

Cl
as

sE
xa
mp

le
{

pu
bl

ic
st

at
ic

vo
id

ma
in

(S
tr

in
g[

]
ar

gs
)
{

En
um

er
at

io
n
se

q
=
su

ff
ix

es
(a

rg
s[

0]
);

wh
il

e
(s

eq
.h

as
Mo

re
El

em
en
ts

()
)

Sy
st

em
.o

ut
.p

ri
nt

ln
(s
eq
.n

ex
tE
le

me
nt
()
);

} st
at

ic
En

um
er

at
io

n
su

ff
ix

es
(f

in
al

St
ri

ng
s)

{
cl

as
s
Su

ff
ix

En
um

er
at

io
n
im

pl
em

en
ts

En
um

er
at

io
n

{
in

t
st

ar
ti

nd
ex

=0
;

pu
bl

ic
bo

ol
ea

n
ha

sM
or

eE
le

me
nt

s(
)
{

re
tu

rn
st

ar
ti

nd
ex

<
s.

le
ng

th
()

;
}

pu
bl

ic
Ob

je
ct

ne
xt

El
em

en
t(

)
{

re
tu

rn
s.

su
bs

tr
in

g(
st

ar
ti

nd
ex
++

);
}

} re
tu

rn
ne

w
Su

ff
ix

En
um

er
at

io
n(

);
}

}

E
xa

m
pl

e
30

E
nu

m
er

at
io

na
sa

n
an

on
ym

ou
sl

oc
al

cl
as

s
A

lte
rn

at
iv

el
y,

w
e

m
ay

us
ea

n
an

on
ym

ou
sl

oc
al

cl
as

si
n

m
et

ho
ds
uf

fi
xe

s:

st
at

ic
En

um
er

at
io

n
su

ff
ix

es
(f

in
al

St
ri

ng
s)

{
re

tu
rn

ne
w
En

um
er

at
io

n(
)
{

in
t

st
ar

ti
nd

ex
=0

;
pu

bl
ic

bo
ol

ea
n

ha
sM

or
eE

le
me

nt
s(

)
{

re
tu

rn
st

ar
ti

nd
ex

<
s.

le
ng

th
()

;
}

pu
bl

ic
Ob

je
ct

ne
xt

El
em

en
t(

)
{

re
tu

rn
s.

su
bs

tr
in

g(
st

ar
ti

nd
ex
++

);
}

};
}
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C

la
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C

lassesand
objects

in
the

com
puter

W
hat

is
a

class?

C
onceptually,a

classrepresentsa
concept,a

tem
platefor

creatinginstances(objects).In
the

com
-

puter,a
classis

a
chunkofm

em
ory,setasideonce,w

hen
the

classis
loadedatruntim

e.A
classhas

the
follo

w
ing

parts:

�

the
nam

eofthe
class;

�

room
for

allthe
staticm

em
bersofthe

class.

W
e

can
draw

a
classas

a
box.

T
he

headerclass
SPoint

givesthe
classnam

e,and
the

box
itself

containsthe
staticm

em
bersofthe

class:

c
l
a
s
s
 
S
P
o
i
n
t

a
l
l
p
o
i
n
t
s

W
hat

is
an

object?

C
onceptually,an

objectis
a

concreteinstanceofa
concept(a

class).In
the

com
puter,an

objectis
a

chunkofm
em

ory,setasideby
an

objectcreationexpression new
C(...);seeS

ection11.6.E
very

evaluationofan
objectcreationexpressionnew

C(...)
createsa

distinctobject,w
ith

its
ow

n
chunk

ofcom
puterm

em
ory.A

n
objecthasthe

follo
w

ing
parts:

�

the
cla

ssC
ofthe

object;this
is

the
classC

usedw
hen

creatingthe
object;

�

room
for

allthe
non-staticm

em
bersofthe

object.

W
e

can
draw

an
objectasa

box.T
he

header:
SPoint

givesthe
object’s

class(underlined),and
the

rem
ainderofthe

box
containsthe

non-staticm
em

bersofthe
object:

xy

1
2

1
2
3

:
 
S
P
o
i
n
t

Inner
objects

W
hen

NIC
is

an
innerclass(a

non-staticm
em

berclass,ora
localclassin

non-staticcode)in
a

class
C,then

an
objectofclassNIC

is
an

in
n

e
ro

b
je

ct.
In

addition
to

the
object’s

classand
the

non-static
fields,an

innerobjectw
ill

alw
ays

contain
a

referenceto
an

e
n

clo
sin

go
b

je
ct,w

hich
is

an
objectof

the
innerm

ostenclosingclass C.T
he

outerobjectreferencecan
be

w
ritten

C.this
in

Java
program

s.
A

n
objectofa

staticnestedclass,on
the

otherhand,containsno
referenceto

an
enclosingobject.

S
ta

te
m

e
n

ts
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E
xam

ple
49

B
lock

statem
ents

A
ll

m
ethodbodiesand

constructorbodiesare
block

statem
ents.In

m
ethodsum

from
E

xam
ple2,the

tru
e

b
ra

n
ch

ofthe
secondif

statem
entis

a
block

statem
ent.M

ethod
m4

in
E

xam
ple4

containstw
o

block
statem

ents,eachofw
hich

containsa
(local)declarationofvariable x.

E
xam

ple
50

S
ingle

if-else
statem

ent
T

his
m

ethodbehavesthe
sam

eas absolute
in

E
xam

ple40:

static
double

absolute(double
x)

{
if

(x
>=

0)
return

x;
elsereturn

-x;
}E

xam
ple

51
A

sequenceof
if-else

statem
ents

W
e

cannotusea
sw

itch
here,becausea

sw
itch

can
w

ork
only

on
integertypes(including

char):

static
int

wdayno1(String
wday)

{
if

(wday.equals("Monday"))
return

1;
else

if
(wday.equals("Tuesday"))

return
2;

else
if

(wday.equals("Wednesday"))
return

3;
else

if
(wday.equals("Thursday"))

return
4;

else
if

(wday.equals("Friday"))
return

5;
else

if
(wday.equals("Saturday"))

return
6;

else
if

(wday.equals("Sunday"))
return

7;
else

return
-1;

//
Here

used
to

mean
‘not

found’
}E

xam
ple

52
switch

statem
ent

B
elow

w
e

could
have

useda
sequenceofif-else

statem
ents,buta

switch
is

both
fasterandclearer:

static
String

findCountry(int
prefix)

{
switch

(prefix)
{

case
1:

return
"North

America";
case

44:
return

"Great
Britain";

case
45:

return
"Denmark";

case
299:

return
"Greenland";

case
46:

return
"Sweden";

case
7:

return
"Russia";

case
972:

return
"Israel";

default:
return

"Unknown";
}

}



42
S

ta
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C
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T
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i
f

st
at

em
en

t

A
n
if

st
at

em
en

tha
st

he
fo

rm
:

if
(c

o
n

d
iti

o
n)

tr
u

e
b

ra
n

ch

T
he

co
n

d
iti

o
n

m
us

th
av

e
ty

pe
bo

ol
ea

n,
an

d
tr

u
e

b
ra

n
ch

is
a

st
at

em
en

t.I
f

th
e

co
n

d
iti

o
n

ev
al

ua
te

st
o

tr
ue

,t
he

n
th

e
tr

u
e

b
ra

n
ch

is
ex

ec
ut

ed
,o

th
er

w
is

en
ot

.

12
.4

.2
T

he
i
f
-
e
l
s
e

st
at

em
en

t

A
n
if

-e
ls

e
st

at
em

en
tha

st
he

fo
rm

:

if
(c

o
n

d
iti

o
n)

tr
u

e
b

ra
n

ch
el

se fa
ls

e
b

ra
n

ch

T
he

co
n

d
iti

o
n

m
us

th
av

e
ty

pe
b

o
o

le
a

n,
an

d
tr

u
e

b
ra

n
ch

an
d

fa
ls

e
b

ra
n

ch
ar

e
st

at
em

en
ts

.If
th

e
co

n
d

i-
tio

n
ev

al
ua

te
st

o
tr

ue
,t

he
n

th
e

tr
u

e
b

ra
n

ch
is

ex
ec

ut
ed

;o
th

er
w

is
et

he
fa

ls
e

b
ra

n
ch

is
ex

ec
ut

ed
.

12
.4

.3
T

he
s
w
i
t
c
h

st
at

em
en

t

A
sw

it
ch

st
at

em
en

tha
st

he
fo

rm
:

sw
it

ch
(e

xp
re

ss
io

n)
{

ca
se

co
n

st
a

n
t1:

b
ra

n
ch

1
ca

se
co

n
st

a
n

t2:
b

ra
n

ch
2

..
.

de
fa

ul
t:

b
ra

n
ch

n
}

T
he

ex
p

re
ss

io
nm

us
th

av
e

ty
pe

in
t,

sh
or

t,
ch

ar
,o

r
by

te
.

E
ac

h
co

n
st

a
n

tm
us

tb
e

a
co

m
p

ile
-t

im
e

co
n

st
a

n
te

xp
re

ss
io

n,
co

ns
is

tin
go

nl
y

of
lit

er
al

s,
fi

na
l

va
ria

bl
es

,f
in

al
fie

ld
s

de
cl

ar
ed

w
ith

ex
pl

ic
it

fie
ld

in
iti

al
iz

er
s,

an
d

op
er

at
or

s.
N

o
tw

o
co

n
st

a
n

ts
m

ay
ha

ve
th

e
sa

m
ev

al
ue

.
T

he
ty

pe
of

ea
ch

co
n

st
a

n
tm

us
tb

e
a

su
bt

yp
eo

ft
he

ty
pe

of
ex

p
re

ss
io

n.
E

ac
h

b
ra

n
ch

is
pr

ec
ed

ed
by

on
e

or
m

or
e
ca

se
cl

au
se

s,
an

d
is

a
po

ss
ib

ly
em

pt
y

se
qu

en
ce

of
st

at
em

en
ts

,us
ua

lly
te

rm
in

at
ed

by
br

ea
k

or
re

tu
rn

(if
in

si
de

a
m

et
ho

do
rc

on
st

ru
ct

or
)o

rc
on

ti
nu

e
(in

si
de

a
lo

op
).

T
he

de
fa

ul
t

cl
au

se
m

ay
be

le
ft

ou
t.

T
he

sw
it

ch
st

at
em

en
tis

ex
ec

ut
ed

as
fo

llo
w

s:
T

he
ex

p
re

ss
io

ni
s

ev
al

ua
te

dt
o

ob
ta

in
a

va
lu

e
v.

If
v

eq
ua

ls
on

e
of

th
e

co
n

st
a

n
ts,

th
en

th
e

co
rr

es
po

nd
in

gb
ra

n
ch

is
ex

ec
ut

ed
.If

v
do

es
no

te
qu

al
an

y
of

th
e

co
n

st
a

n
ts,

th
en

th
e

b
ra

n
ch

fo
llo

w
in

g
de

fa
ul

t
is

ex
ec

ut
ed

;if
th

er
ei

s
no

de
fa

ul
t

cl
au

se
,n

ot
hi

ng
is

ex
ec

ut
ed

.I
f

a
b

ra
n

ch
is

no
te

xi
te

d
by

br
ea

k
or

re
tu

rn
or

co
nt

in
ue

,
th

en
ex

ec
ut

io
n

co
nt

in
ue

s
w

ith
th

e
ne

xt
b

ra
n

ch
in

th
e

sw
itc

h
re

ga
rd

le
ss

of
th

e
ca

se
cl

au
se

s,u
nt

il
a

b
ra

n
ch

ex
its

or
th

e
sw

itc
h

en
ds

.

C
la

ss
e

sa
n

d
o

b
je

ct
si

n
th

e
co

m
p

u
te

r
27

E
xa

m
pl

e
31

O
bj

ec
ts

an
d

cl
as

se
s

T
hi

s
is

th
e

co
m

pu
te

rm
em

or
ya

tt
he

en
d

of
th

e
ma

in
m

et
ho

di
n

E
xa

m
pl

e4
5,

us
in

g
th

e
SP

oi
nt

cl
as

s
fr

om
E

xa
m

pl
e1

4.
T

he
va

ria
bl

es
p

an
d
s

re
fe

rt
o

th
e

sa
m

eo
bj

ec
t,

va
ria

bl
eq

is
nu

ll
,a

nd
va

ria
bl

er
re

fe
rs

to
th

e
rig

ht
-m

os
to

bj
ec

t.
N

o
va

ria
bl

er
ef

er
st

o
th

e
m

id
dl

e
ob

je
ct

.
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i
n
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l
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S
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i
n
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a
l
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E
xa

m
pl

e
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O
bj

ec
ts

w
ith

m
ul
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le

fie
ld

s
of

th
e

sa
m

en
am

e
T

hi
s

is
th

e
co

m
pu

te
rm

em
or

ya
tt

he
en

d
of

th
e
ma

in
m

et
ho

di
n

E
xa

m
pl

e4
2,

us
in

g
th

e
cl

as
se

sfr
om

E
xa

m
pl

e1
9.

T
he

cl
as

se
sB

an
dC

ea
ch

ha
ve

a
si

ng
le

st
at

ic
fie

ld
sf
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la

ss
D

ha
sn

on
e.

T
he

tw
o

ob
je

ct
s

of
cl

as
s C

ea
ch

ha
ve

tw
o

no
n-

st
at

ic
fie

ld
s
vf

(c
al

le
d
B/

vf
an

d
C/

fv
in

th
e

fig
ur

e)
,a

nd
th

e
cl

as
sD

ob
je

ct
ha

st
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ee
no

n-
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at
ic

fie
ld

s
vf
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E
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de
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a
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w
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st
at

ic
m
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r(i
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ss
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C
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d
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m
em
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ss

SM
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e
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ea
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a
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ob

je
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C-
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ct

s,
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d
a
SM

C
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=
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=
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.n
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=
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.n
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TL

C.
SM

C
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o
=
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th
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m

pu
te

rm
em
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se
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je
ct

s(
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e
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sa
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w
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t
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L
C
.

t
h
i
s

T
L
C
.

n
f

o
o

i
o
1

i
o
2

s
i
o

:
 
S
M
C

n
n
f
1

n
n
f
2:
 
N
M
C

n
n
f
1

n
n
f
2:
 
N
M
C

:
 
T
L
C



28
E

xp
re

ssio
n

s

11
E

xpressions

T
he

m
ain

purposeof
an

expressionis
to

com
putea

value
(such

as
117)

by
evaluation.In

addition,
evaluation

m
ay

changethe
com

puter’s
sta

te:
the

value
of

variables,fields,and
array

elem
ents,the

contentsoffiles,etc.M
ore

precisely,evaluationofan
expressioneither:

�

term
inatesnorm

ally,producinga
value,or

�

term
inatesabnorm

allyby
throw

ing
an

exception,or

�

doesnotterm
inateatall(for

instance,becauseit
calls

a
m

ethodthatdoesnotterm
inate).

E
xpressionsare

built
from

lite
ra

ls
(anonym

ousconstants),variables,fields,operators,m
ethodcalls,

arrayaccesses,conditionalexpressions,the
new

operator,and
so

on;seethe
table

opposite.
O

ne
m

ustdistinguish
the

(com
pile-tim

e)typ
e

o
f

a
n

exp
re

ssio
nfrom

the
(runtim

e)cla
ss

o
f

a
n

o
b

je
ct.

A
n

expressionhasa
type

(S
ection5)inferred

by
the

com
piler.W

hen
this

is
a

referencetype
t,

and
the

value
of

the
expressionis

an
objecto,

then
the

classof
objecto

w
ill

be
a

subtypeof
t,

butnotnecessarilyequalto
t.

Forinstance,the
expression(Number)(new

Integer(2))
hastype

Number,butits
value

is
an

objectw
hoseclassis

Integer,a
subclassof

Number.

T
able

ofexpressionform
s

T
he

table
opposite(page29)show

s
the

form
,m

eaning,associativity,operand(argum
ent)typesand

resulttypesfor
Java

expressions.T
he

expressionsare
groupedaccordingto

precedenceasindicated
by

the
horizontallines,from

high
precedenceto

low
precedence.H

igher-precedenceform
s

are
evaluatedbeforelow

erprecedenceform
s.Parenthesesm

aybe
usedto

em
phasizeorforce

a
particular

orderofevaluation.
W

hen
an

operator(suchas
+)

is
leftassociative,then

a
sequencee1

+
e2

+
e3

ofoperatorsis
evaluatedas

if
parenthesized(e1

+
e2)

+
e3.

W
hen

an
operator(such

as
=)

is
rightassociative,

then
a

sequence e1
=

e2
=

e3
ofoperatorsis

evaluatedasif
parenthesizede1

=
(e2

=
e3).

T
he

tablealso
show

s
the

requiredoperandtypesand
resulttypes.T

he
kind

integerstandsforany
of

char,byte,short,int,or
long;and

num
ericstandsfor

integeror
float

or
double.

Foran
operatorw

ith
oneintegerornum

ericoperand,the
p

ro
m

o
tio

ntyp
eis

double
if

the
operand

hastype
double;it

is
float

if
the

operandhastype
float;it

is
long

if
the

operandhastype
long;

otherw
iseit

is
int

(thatis,if
the

operandhastype
byte,char,short

or
int).

Foran
operatorw

ith
tw

o
integerornum

ericoperands(exceptthe
shiftoperators;S

ection11.3),
the

prom
otiontype

is
double

if
any

operandhastype
double;otherw

ise,it
is
float

if
any

operand
hastype

float;otherw
ise,it

is
long

if
any

operandhastype
long;otherw

iseit
is
int.

B
efore

the
operationis

perform
ed,the

operand(s)are
prom

oted,thatis,convertedto
the

prom
o-

tion
type

by
a

w
idening

type
conversion(page40).

If
the

resulttype
is

given
as

num
ericalso,it

equalsthe
prom

otion
type.

For
exam

ple, 10
/

3
hastype

int,w
hereas10

/
3.0

hastype
double,and

c
+

(byte)1
hastype

int
w

hen
c

hastype
char.

S
ta

te
m

e
n

ts
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12
S

tatem
ents

A
sta

te
m

e
n

tm
ay

changethe
com

puter’s
sta

te:
the

value
of

variables,fields,array
elem

ents,the
contentsoffiles,etc.M

ore
precisely,executionofa

statem
enteither

�

term
inatesnorm

ally
(m

eaningexecutionw
ill

continuew
ith

the
nextstatem

ent,if
any),or

�

term
inatesabnorm

allyby
throw

ing
an

exception,or

�

exits
by

executinga
return

statem
ent(if

inside
a

m
ethodorconstructor),or

�

exits
a

sw
itch

orloop
by

executinga
break

statem
ent(if

inside
a

sw
itch

orloop),or

�

exits
the

currentiteration
ofa

loop
and

startsa
new

iteration
by

executinga
continue

state-
m

ent(if
inside

a
loop),or

�

doesnotterm
inateatall—

for
instance,by

executingwhile
(true)

{}.

12.1
E

xpressionstatem
ent

A
n

exp
re

ssio
nsta

te
m

e
n

tis
an

exp
re

ssio
nfollo

w
ed

by
a

sem
icolon:

exp
re

ssio
n
;

It
is

executedby
evaluatingthe

exp
re

ssio
nand

ignoring
its

value.T
he

only
form

s
ofexp

re
ssio

nthat
m

ay
be

legally
usedin

this
w

ay
areassignm

entexpressions(S
ection11.4),increm

entanddecrem
ent

expressions(S
ection11.1),m

ethodcallexpressions(S
ection11.10),and

objectcreationexpressions
(S

ection11.6).
Forexam

ple,an
assignm

entstatem
ent

x=e;
is

an
assignm

entexpression
x=e

follo
w

ed
by

a
sem

icolon.
S

im
ilarly,a

m
ethodcallstatem

entis
a

m
ethodcallexpressionfollo

w
ed

by
sem

icolon.T
he

value
returnedby

the
m

ethod,if
any,is

discarded;the
m

ethodis
executedonly

for
its

side
effect.

12.2
B

lock
statem

ent

A
b

lo
ck-sta

te
m

e
n

tis
a

sequenceof
zero

or
m

ore
sta

te
m

e
n

tsor
va

ria
b

le
-d

e
cla

ra
tio

n
s

or
cla

ss-
d

e
cla

ra
tio

n
s,in

any
order,enclosedin

braces:

{
sta

te
m

e
n

ts
cla

ss-d
e

cla
ratio

n
s

va
ria

b
le

-d
e

cla
ra
tio

n
s

}

12.3
T

he
em

pty
statem

ent

T
he

e
m

p
tysta

te
m

e
n

tconsistsof
a

sem
icolononly.

It
is

equivalentto
the

block
statem

ent{
}

that
containsno

statem
entsordeclarations,and

hasno
effectatall:

;

It
is

a
com

m
on

m
istake

to
add

an
extra

sem
icolonafterthe

headerof
a
for

or
while

loop,thus
introducingan

em
ptyloop

body;seeE
xam

ple55.
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.1

1
T

yp
e

ca
st

ex
pr

es
si

on
an

d
ty

pe
co

nv
er

si
on

A
ty

p
e

co
nv

e
rs

io
n

co
nv

er
ts

a
va

lu
ef

ro
m

on
et

yp
e

to
an

ot
he

r.A
w

id
e

n
in

gc
on

ve
rs

io
nc

on
ve

rt
sf

ro
m

a
ty

pe
to

a
su

pe
rt

yp
e.

A
n

a
rr

o
w

in
g

co
nv

er
si

on
co

nv
er

ts
fr

om
a

ty
pe

to
an

ot
he

rty
pe

.T
hi

s
re

qu
ire

sa
n

ex
pl

ic
it

ty
p

e
ca

st
(e

xc
ep

tin
an

as
si

gn
m

en
t x
=
e

or
in

iti
al

iz
at

io
n

w
he

re
e

is
a

co
m

pi
le

-t
im

ei
nt

eg
er

co
ns

ta
nt

;s
ee

S
ec

tio
n1

1.
4)

.

T
yp

e
ca

st
be

tw
ee

nb
as

et
yp

es

W
he

n
e

is
an

ex
pr

es
si

on
of

ba
se

ty
pe

an
d
t

is
a

ba
se

ty
pe

,t
he

n
a

ty
p

e
ca

st
of

e
to
t

is
do

ne
us

in
g

th
e

ex
pr

es
si

on

(t
)e

T
hi

s
ex

pr
es

si
on

,w
he

n
le

ga
l,

ha
s

ty
pe

t.
T

he
le

ga
lt

yp
e

ca
st

sb
et

w
ee

nb
as

et
yp

es
ar

e
sh

ow
n

by
th

e
ta

bl
e

be
lo

w
,w

he
re

C
m

ar
ks

a
na

rr
ow

in
g

co
nv

er
si

on
w

hi
ch

re
qu

ire
sa

ty
pe

ca
st
(t

)e
,W

m
ar

ks
a

w
id

en
in

g
co

nv
er

si
on

th
at

pr
es

er
ve

s
th

e
va

lu
e,

an
d

W
L

m
ar

ks
a

w
id

en
in

g
co

nv
er

si
on

w
hi

ch
m

ay
ca

us
ea

lo
ss

of
pr

ec
is

io
n:

To
ty

pe
F

ro
m

ty
pe

ch
ar

by
te

sh
or

t
in

t
lo

ng
fl

oa
t

do
ub

le
ch

ar
W

C
C

W
W

W
W

by
te

C
W

W
W

W
W

W
sh

or
t

C
C

W
W

W
W

W
in

t
C

C
C

W
W

W
L

W
lo

ng
C

C
C

C
W

W
L

W
L

fl
oa

t
C

C
C

C
C

W
W

do
ub

le
C

C
C

C
C

C
W

A
na

rr
ow

in
g

in
te

ge
rc

on
ve

rs
io

nd
is

ca
rd

sth
os

e(
m

os
ts

ig
ni

fic
an

t)b
its

w
hi

ch
ca

nn
ot

be
re

pr
es

en
te

din
th

e
sm

al
le

rin
te

ge
rt

yp
e.

C
on

ve
rs

io
nf

ro
m

an
in

te
ge

rt
yp

e
to

a
flo

at
in

g-
po

in
tty

pe
( f
lo

at
or

do
ub

le
)

pr
od

uc
es

a
flo

at
in

g-
po

in
ta

pp
ro

xi
m

at
io

no
ft

he
in

te
ge

rv
al

ue
.C

on
ve

rs
io

nf
ro

m
a

flo
at

in
g-

po
in

tty
pe

to
an

in
te

ge
rt

yp
e

di
sc

ar
ds

th
e

fr
ac

tio
na

lp
ar

to
f

th
e

nu
m

be
r;

th
at

is
,i

t
ro

un
ds

to
w

ar
ds

ze
ro

.W
he

n
co

nv
er

tin
g

a
to

o-
la

rg
e

flo
at

in
g-

po
in

tn
um

be
rt

o
a
lo

ng
or

in
t,

th
e

re
su

lt
is

th
e

be
st

ap
pr

ox
im

at
io

n
(t

ha
ti

s,
th

e
ty

pe
’s

la
rg

es
tp

os
iti

ve
or

th
e

la
rg

es
tn

eg
at

iv
e

re
pr

es
en

ta
bl

en
um

be
r)

;c
on

ve
rs

io
nt

o
by

te
or

sh
or

t
or

ch
ar

is
do

ne
by

co
nv

er
tin

g
to
in

t
an

dt
he

nt
o

th
e

re
qu

es
te

dty
pe

.T
he

ba
se

ty
pe

bo
ol

ea
n

ca
nn

ot
be

ca
st

to
an

y
ot

he
rt

yp
e.

A
ty

pe
ca

st
be

tw
ee

nb
as

et
yp

es
ne

ve
rf

ai
ls

at
ru

nt
im

e.

T
yp

e
ca

st
be

tw
ee

nr
ef

er
en

ce
ty

pe
s

W
he

n
e

is
an

ex
pr

es
si

on
of

re
fe

re
nc

et
yp

e
an

d
t

is
a

re
fe

re
nc

et
yp

e
(c

la
ss

or
in

te
rfa

ce
or

ar
ra

yt
yp

e)
,

th
en

a
ty

p
e

ca
st

of
e

to
t

is
do

ne
us

in
g

th
e

ex
pr
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11.1
A

rithm
etic

operators

T
he

value
of

the
postincrem

entexpression x++
is

thatof
x,and

its
effectis

to
increm

entx
by

one;
and

sim
ilarly

for
postdecrem

entx--.
T

he
value

ofthe
preincrem

entexpression++x
is

thatof
x+1,and

its
effectis

to
increm

entx
by

one;and
sim

ilarly
for

predecrem
ent --x.

Integerdivision
e1/e2

truncates,thatis,roundstow
ards0,so

10/3
is

3,and
(-10)/3

is �

3.
T

he
integerrem

ainderx%y
equalsx-(x/y)*y

w
hen

y
is

non-zero;it
hasthe

sam
esign

as
x.

Integer
division

orrem
ainderby

zero
throw

s
the

exception
ArithmeticException.

Integeroverflow
does

notthrow
an

exception,but
w

raps
around.T

hus,in
the

int
type,the

expression2147483647+1
evaluatesto �

2147483648,and
the

expression-2147483648-1
evaluatesto

2147483647.
T

he
floating-pointrem

ainder x%y
roughly

equals
x-(((int)(x/y))*y

w
hen

y
is

non-zero.
F

loating-pointdivision
by

zero,and
floating-pointoverflow

,
do

notthrow
exceptions,butproduce

specialvaluessuchas
Infinity

or
NaN,m

eaning‘nota
num

ber’.

11.2
Logicaloperators

T
he

operators==
and

!=
require

the
operandtypesto

be
com

patible:one
m

ustbe
a

subtypeof
the

other.
Tw

o
valuesof

basetype
are

equal(by
==)

if
they

representthe
sam

evalue
afterconversion

to
theircom

m
onsupertype.For

instance,10
and

10.0
are

equal.Tw
o

valuesof
referencetype

are
equal(by

==)if
both

are
null,orboth

arereferencesto
the

sam
eobjectorarray,createdby

the
sam

e
execution

of
the

new-operator.
H

encedo
notuse

==
or

!=
to

com
parestrings:tw

o
strings

s1
and

s2
m

ay
consistofthe

sam
esequenceofcharacters(and

thereforeequalby
s1.equals(s2)),yetbe

distinctobjects(and
thereforeunequalby

s1==s2);seeE
xam

ple5.
T

he
logicaloperators &&

and
||

perform
sh

o
rt-cu

teva
lu

a
tio

n:if
e1

evaluatesto
true

in
e1&&e2,

then
e2

is
evaluatedto

obtain
the

value
ofthe

expression;otherw
isee2

is
ignored

and
the

value
of

the
expressionis

false.
C

onversely,
if
e1

evaluatesto
false

in
e1||e2,

then
e2

is
evaluatedto

obtain
the

value
ofthe

expression;otherw
ise e2

is
ignoredand

the
value

ofthe
expressionis

true.
B

y
contrast,the

operators&
(logicalstrictand)and

^
(logicalstrictexclusive-or)and

|
(logical

strictor)
alw

ays
evaluateboth

operands,regardlessof
the

value
of

the
left-hand

operand.U
sually

the
short-cutoperators&&

and
||

are
preferable.

11.3
B

itw
ise

operators
and

shift
operators

T
he

operators ~
(bitw

ise
com

plem
ent)and

&
(bitw

ise
and)and

^
(bitw

ise
exclusive-or)and

|
(bitw

ise
or)m

ay
be

usedon
operandsofintegertype.T

he
operatorsw

ork
in

parallelon
allbits

ofthe
tw

o’s
com

plem
entrepresentationofthe

operands.T
hus ~n

equals(-n)-1
and

also
equals(-1)^n.

T
he

shiftoperators<<
and

>>
and

>>>
shiftthe

bits
of

the
tw

o’s
com

plem
entrepresentationof

the
firstargum

ent.T
he

tw
o

operandsare
prom

oted(page28)separately,and
the

resulttype
is

the
prom

otiontype
(int

orlong)
ofthe

firstargum
ent.T

husthe
shiftoperationis

alw
aysperform

edon
a

32-bit( int)
or

a
64-bit(long)

value.In
the

form
ercase,the

length
of

the
shiftis

betw
een0

and
31

asdeterm
inedby

the
5

leastsignificantbits
ofthe

secondargum
ent;in

the
lattercase,the

length
ofthe

shiftis
betw

een0
and

63
asdeterm

inedby
the

6
leastsignificantbits

ofthe
secondargum

ent.
T

he
leftshiftn<<s

equalsn*2*2*...*2
w

herethereare
s

m
ultiplications.T

he
signedrightshift

n>>s
ofa

non-negative
n

equalsn/2/2/.../2
w

herethereare
s

divisions;the
signedrightshiftofa

negative
n

equals~((~n)>>s).T
he

unsignedrightshiftn>>>s
ofa

non-negative
n

equalsn>>s;the
signedrightshiftofa

negative
n

equals(n>>s)+(2<<~s)
if
n

hastype
int,and

(n>>s)+(2L<<~s)
if

it
hastype

long.
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E
xam

ple
47

C
alling

overloadedm
ethods

H
ere

w
e

callthe
overloadedm

ethodsm
declaredin

E
xam

ple22.
T

he
callm(10,

20)
hascallsig-

naturem(int,
int)

and
thuscalls

the
m

ethodw
ith

signaturem(int,
double),becausethatis

the
m

ostspecificapplicable.H
encethe

firsttw
o

lines
callthe

m
ethodw

ith
signature m(int,

double),
and

the
lasttw

o
callthe

m
ethodw

ith
signaturem(double,

double).

System.out.println(m(10,
20));

//
Prints

31.0
System.out.println(m(10,

20.0));
//

Prints
31.0

System.out.println(m(10.0,
20));

//
Prints

33.0
System.out.println(m(10.0,

20.0));
//

Prints
33.0

E
xam

ple
48

C
alling

overriddenand
overloadedm

ethods
H

ere
w

e
usethe

classesC1
and

C2
from

E
xam

ple24.T
he

targettype
ofc1.m1(i)

is
classC1

w
hich

has
a

non-staticm
ethod

w
ith

signaturem1(int),
so

the
callis

to
a

non-staticm
ethod;the

target
objecthasclass C2,so

the
called

m
ethodis

m1(int)
in

C2;
and

quite
sim

ilarly
for

c2.m1(i).
T

he
targettype

for
c1.m1(d)

is
the

classC1
w

hich
hasa

static
m

ethodw
ith

signaturem1(double),so
the

callis
to

a
static

m
ethod,and

the
objectbound

to
c1

doesnotm
atter.

S
im

ilarly
for

c2.m1(d)
w

hosetargettype
is
C2,so

it
calls

m1(double)
in

C2
w

hich
overridesm1(double)

in
C1.

T
he

callc1.m2(i)
hastargettype

C1
andcalls

m2(int).H
ow

ever,a
callc2.m2(i)

w
hosetarget

classis
C2

w
ould

be
am

biguousand
ille

gal:the
applicableextendedsignaturesare

m2(C1,int)
and

m2(C2,double),noneofw
hich

is
m

ore
specificthan

the
other.

int
i
=

17;
double

d
=

17.0;
C2

c2
=

new
C2();

//
Type

C2,
object

class
C2

C1
c1

=
c2;

//
Type

C1,
object

class
C1

c1.m1(i);
c2.m1(i);

c1.m1(d);
c2.m1(d);

//
Prints

21i
21i

11d
21d

c1.m2(i);
//

Prints
12i
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lh

as
th

e
fo

rm
m(

a
ct

u
a

l-
lis

t)
or

o.
m(

a
ct

u
a

l-
lis

t )
or

su
pe

r.
m(

a
ct

u
a

l-
lis

t)
th

en
w

e
us

e
th

e
ta

rg
et

ty
pe

TC
an

d
th

e
si

gn
at

ur
et

si
g

to
de

te
rm

in
e

w
he

th
er

th
e

ca
lle

d
m

et
ho

di
s

st
at

ic
or

no
n-

st
at

ic
.

A
t

ru
n-

tim
e:

de
te

rm
in

e
th

e
ta

rg
et

ob
je

ct
(if

no
n-

st
at

ic
)a

nd
ex

ec
ut

et
he

m
et

ho
d

If
th

e
m

e
th

o
di

s
st

a
tic

:I
f

th
e

m
et

ho
di

s
st

at
ic

th
en

no
ta

rg
et

ob
je

ct
is

ne
ed

ed
:th

e
m

et
ho

dt
o

ca
ll

is
th

e
m

et
ho

dw
ith

si
gn

at
ur

et
si

g
in

cl
as

sT
C.

H
ow

ev
er

,w
he

n
m

is
st

at
ic

in
a

m
et

ho
dc

al
lo
.m

(a
ct

u
a

l-
lis

t)
th

e
ex

pr
es

si
on
o

m
us

tb
e

ev
al

ua
te

da
ny

w
ay

,b
ut

its
va

lu
e

is
ig

no
re

d.
If

th
e

m
e

th
o

di
s

n
o

n
-s

ta
tic

,d
e

te
rm

in
et

h
e

ta
rg

e
to

b
je

ct
:

If
th

e
m

et
ho

di
s

no
n-

st
at

ic
,th

en
a

ta
rg

et
ob

je
ct

is
ne

ed
ed

,a
s

it
w

ill
be

bo
un

d
to

th
e

ob
je

ct
re

fe
re

nc
et
hi

s
du

rin
g

ex
ec

ut
io

n
of

th
e

ca
lle

d
m

et
ho

d.
In

th
e

ca
se

of
m(

a
ct

u
a

l-
lis

t)
,

th
e

ta
rg

et
ob

je
ct

is
th

is
(if

TC
is

th
e

in
ne

rm
os

tc
la

ss
en

-
cl

os
in

g
th

e
m

et
ho

d
ca

ll)
,

or
TC

.t
hi

s
(if

TC
is

an
ou

te
rc

la
ss

co
nt

ai
ni

ng
th

e
m

et
ho

d
ca

ll)
.

In
th

e
ca

se
o.

m(
a

ct
u

a
l-
lis

t)
,t

he
ex

pr
es

si
on
o

m
us

te
va

lu
at

et
o

a
no

n-
nu

ll
ob

je
ct

re
fe

re
nc

e,o
th

er
w

is
et

he
ex

ce
pt

io
n
Nu

ll
Po

in
te

rE
xc

ep
ti

on
is

th
ro

w
n;

th
at

ob
je

ct
is

th
e

ta
rg

et
ob

je
ct

.T
o

de
te

rm
in

ew
hi

ch
m

et
ho

dt
o

ca
ll,

th
e

cl
as

sh
ie

ra
rc

hy
is

se
ar

ch
ed

,st
ar

tin
g

w
ith

th
e

cl
as

s R
TC

of
th

e
ta

rg
et

ob
je

ct
.

If
a

m
et

ho
d

w
ith

si
gn

at
ur

et
si

g
is

no
tf

ou
nd

in
cl

as
s R

TC
,

th
en

th
e

im
m

ed
ia

te
su

pe
rc

la
ss

of
RT

C
is

se
ar

ch
ed

,an
d

so
on

.T
hi

s
pr

oc
ed

ur
eis

ca
lle

d
d

yn
a

m
ic

d
is

p
a

tch
.

E
va

lu
a

te
a

n
d

b
in

d
th

e
a

rg
u

m
e

n
ts:

S
ee

S
ec

tio
n1

1.
10

.1
.

E
xp

re
ss

io
n

s
31

E
xa

m
pl

e
34

A
rit

hm
et

ic
op

er
at

or
s

pu
bl

ic
st

at
ic

vo
id

ma
in

(S
tr

in
g[

]
ar

gs
)
{

in
t
ma

x
=
21

47
48

36
47

;
in

t
mi

n
=
-2

14
74

83
64

8;
pr

in
tl

n(
ma

x+
1)

;
//

Pr
in

ts
-2

14
74

83
64

8
pr

in
tl

n(
mi

n-
1)

;
//

Pr
in

ts
21

47
48

36
47

pr
in

tl
n(

-m
in

);
//

Pr
in

ts
-2

14
74

83
64

8
pr

in
t(

10
/3

);
pr

in
tl

n(
10

/(
-3

))
;

//
Pr

in
ts

3
-3

pr
in

t(
(-

10
)/

3)
;

pr
in

tl
n(

(-
10

)/
(-

3)
);

//
Pr

in
ts

-3
3

pr
in

t(
10

%3
);

pr
in

tl
n(

10
%(

-3
))

;
//

Pr
in

ts
1

1
pr

in
t(

(-
10

)%
3)

;
pr

in
tl

n(
(-

10
)%

(-
3)

);
//

Pr
in

ts
-1

-1
} st

at
ic

vo
id

pr
in

t(
in

t
i)

{
Sy

st
em

.o
ut

.p
ri

nt
(i

+
"

")
;
}

st
at

ic
vo

id
pr

in
tl

n(
in

t
i)

{
Sy

st
em

.o
ut

.p
ri

nt
ln

(i
+

"
")

;
}

E
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m
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Lo
gi

ca
lo

pe
ra

to
rs

D
ue

to
sh

or
t-

cu
te

va
lu

at
io

no
f &
&,

th
is

ex
pr

es
si

on
fr

om
E

xa
m

pl
e1

1
do

es
no

te
va

lu
at

et
he

ar
ra

ya
cc

es
s

da
ys

[m
th

-1
]

un
le

ss
1

� mt
h

� 12
,s

o
th

e
in

de
x

is
ne

ve
ro

ut
of

bo
un

ds
:

(m
th

>=
1)

&&
(m

th
<=

12
)

&&
(d

ay
>=

1)
&&

(d
ay

<=
da

ys
[m

th
-1

])
;

T
hi

s
m

et
ho

dr
et

ur
ns
tr

ue
if
y

is
a

le
ap

ye
ar

,
na

m
el

y,
if
y

is
a

m
ul

tip
le

of
4

bu
tn

ot
of

10
0,

or
is

a
m

ul
tip

le
of

40
0:

st
at

ic
bo

ol
ea

n
le

ap
ye

ar
(i

nt
y)

{
re

tu
rn

y
%

4
==

0
&&

y
%

10
0
!=

0
||

y
%

40
0
==

0;
}

E
xa

m
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B
itw

is
e

op
er

at
or

sa
nd

sh
ift

op
er

at
or

s

cl
as

s
Bi

tw
is

e
{

pu
bl

ic
st

at
ic

vo
id

ma
in

(S
tr

in
g[

]
ar

gs
)
th

ro
ws

Ex
ce

pt
io

n
{

in
t
a

=
0x

3;
//

Bi
t
pa

tt
er

n
00

11
in

t
b

=
0x

5;
//

Bi
t
pa

tt
er

n
01

01
pr

in
tl

n4
(a

);
//

Pr
in

ts
00

11
pr

in
tl

n4
(b

);
//

Pr
in

ts
01

01
pr

in
tl

n4
(~

a)
;

//
Pr

in
ts

11
00

pr
in

tl
n4

(~
b)

;
//

Pr
in

ts
10

10
pr

in
tl

n4
(a

&
b)

;
//

Pr
in

ts
00

01
pr

in
tl

n4
(a

^
b)

;
//

Pr
in

ts
01

10
pr

in
tl

n4
(a

|
b)

;
//

Pr
in

ts
01

11
} st

at
ic

vo
id

pr
in

tl
n4

(i
nt

n)
{

fo
r
(i

nt
i=

3;
i>

=0
;
i-

-)
Sy

st
em

.o
ut

.p
ri

nt
(n

>>
i

&
1)

;
Sy

st
em

.o
ut

.p
ri

nt
ln

()
;

}
}
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11.4
A

ssignm
entexpression

In
the

a
ssig

n
m

e
n

texp
re

ssio
n x

=
e,the

type
ofe

m
ustbe

a
subtypeofthe

type
ofx.T

he
type

ofthe
expressionis

the
sam

easthe
type

of
x.

T
he

assignm
entis

executedby
evaluatingexpressione

and
storing

its
value

in
variablex,aftera

w
idening

conversion(S
ection11.11)if

necessary.W
hen

e
is

a
com

pile-tim
econstantoftype

byte,char,short
orint,and

x
hastype

byte,char
orshort,thena

narrow
ing

conversionis
doneautom

atically,provided
the

valueofe
is

w
ithin

the
rangerepresentable

in
x

(S
ection5.1).T

he
value

ofthe
expressionx

=
e

is
thatof

x
afterthe

assignm
ent.

T
he

assignm
entoperatoris

rightassociative,so
the

m
ultiple

assignm
ent x

=
y
=

e
hasthe

sam
e

m
eaningas

x
=
(y

=
e),thatis,evaluatethe

expressione,assignits
value

to
y,and

then
to

x.
W

hen
e

hasreferencetype
(objecttype

orarraytype),thenonly
a

referenceto
the

objectorarray
is

storedin
x.

T
husthe

assignm
entx

=
e

doesnotcopy
the

objectorarray;seeE
xam

ple38.
W

hen
x

and
e

have
the

sam
etype,the

com
poundassignm

entx
+=

e
is

equivalentto
x
=

x
+

e;
how

ever,x
is

evaluatedonly
once,so

in
a[i++]

+=
e

the
variablei

is
increm

entonly
once.W

hen
the

type
of

x
is
t,

differentfrom
the

type
of

e,
then

x
+=

e
is

equivalentto
x
=

(t)(x
+

e),
in

w
hich

the
interm

ediateresult (x
+

e)
is

converted
to

type
t

(S
ection11.11);again

x
is

evaluated
only

once.T
he

othercom
poundassignm

entoperators-=,*=,and
so

on,are
sim

ilar.
S

ince
the

value
of

the
expressionx

+=
e

is
thatof

x
afterthe

assignm
ent,and

the
assignm

ent
operatorsassociateto

the
right,one

can
w

rite
ps[i]

=
sum

+=
e

to
firstincrem

entsum
by

e
and

then
storethe

resultin
ps[i];seeE

xam
ple27.

11.5
C

onditionalexpression

T
he

co
n

d
itio

n
a

lexp
re

ssio
n
e1

?
e2

:
e3

is
legalif

e1
hastype

boolean,and
e2

and
e3

both
have

num
erictypes,orboth

have
type

boolean,orboth
have

com
patiblereferencetypes.T

he
conditional

expressionis
evaluatedby

firstevaluatinge1.If
e1

evaluatesto
true,then

e2
is

evaluated;otherw
ise

e3
is

evaluated.T
he

resultingvalue
is

the
value

ofthe
conditionalexpression.

11.6
O

bjectcreation
expression

T
he

o
b

je
ctcre

a
tio

n
exp

re
ssio

n

new
C(a

ctu
a

l-list)

createsa
new

objectof
classC,

by
calling

thatconstructorin
classC

w
hosesignaturem

atchesthe
argum

entsin
a

ctu
a

l-list.
T

he
a

ctu
a

l-listis
evaluatedfrom

leftto
rightto

obtain
a

listofargum
entvalues.T

heseargum
ent

valuesare
boundto

the
constructor’sparam

eters,an
objectofthe

classis
createdin

the
m

em
ory,the

non-staticfields
are

given
defaultinitial

valuesaccordingto
theirtype,a

superclassconstructoris
called

(explicitly
or

im
plicitly),

allnon-staticfield
initializers

and
initializer

blocksare
executedin

orderof
appearance,and

finally
the

constructorbody
is

executedto
initialize

the
object.T

he
value

ofthe
constructorcallexpressionis

the
new

ly
createdobject,w

hoseclassis
C.

W
hen

C
is

an
innerclassin

classD,and
o

evaluatesto
an

objectofclassD,then
one

m
ay

createa
C-objectinside

o
using

the
syntaxo.new

C(a
ctu

a
l-list);seeE

xam
ple33.

11.7
Instance

testexpression

T
he

in
sta

n
cete

ste
instanceof

t
is

evaluatedby
evaluatinge

to
a

value
v.

If
v

is
notnull

and
is

a
referenceto

an
objectofclass C,w

here
C

is
a

subtypeof
t,the

resultis
true;otherw

isefalse.

E
xp
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n
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E
xam

ple
45

C
alling

non-overloaded,non-overriddenm
ethods

T
his

program
usesthe

SPoint
classfrom

E
xam

ple14.T
he

staticm
ethodsgetSize

and
getPoint

m
ay

be
called

by
prefixing

them
w

ith
the

classnam
eSPoint

oran
expressionoftype

SPoint,such
as

q.
T

hey
m

ay
be

called
before

any
objectshave

beencreated.T
he

non-staticm
ethodgetIndex

m
ustbe

called
w

ith
an

object,as
in

r.getIndex();
then

the
m

ethodis
executedw

ith
the

current
objectreferencethis

boundto
r.

public
static

void
main(String[]

args)
{

System.out.println("Number
of

points
created:

"
+

SPoint.getSize());
SPoint

p
=

new
SPoint(12,

123);
SPoint

q
=

new
SPoint(200,

10);
SPoint

r
=

new
SPoint(99,

12);
SPoint

s
=

p;
q

=
null;

System.out.println("Number
of

points
created:

"
+

SPoint.getSize());
System.out.println("Number

of
points

created:
"
+

q.getSize());
System.out.println("r

is
point

number
"
+

r.getIndex());
for

(int
i=0;

i<SPoint.getSize();
i++)

System.out.println("SPoint
number

"
+
i

+
"

is
"
+

SPoint.getPoint(i));
}E

xam
ple

46
Param

eterpassingcopiesreferences,notobjectsand
arrays

In
the

m
ethodcallm(p,

d,
a)

below
,the

objectreferenceheld
in

p
is

copiedto
param

eterpp
of

m,
so

p
and

pp
referto

the
sam

eobject,the
integerheld

in
d

is
copied

to
dd,

and
the

array
reference

held
in

a
is

copiedto
aa.A

t
the

end
ofm

ethodm,the
stateofthe

com
puterm

em
oryis

this:

8
1
1
7

0
0

0
2
2

0

0
1

2
3

4

a d
d
d

p
p

p

a
a

I
n
 
m
:

I
n
 
m
a
i
n
:

xy
2
8

:
 
P
o
i
n
t

1
8

W
hen

m
ethod

m
returns,its

param
eterspp,

dd
and

aa
are

discarded.T
he

variablesp,
d

and
a

are
unm

odified,butthe
objectand

the
arraypointedto

by
p

and
a

have
beenm

odified.

public
static

void
main(String[]

args)
{

Point
p

=
new

Point(10,
20);

int[]
a

=
new

int[5];
int

d
=

8;
System.out.println("p

is
"

+
p);

//
Prints:

p
is

(10,
20)

System.out.println("a[3]
is

"
+
a[3]);

//
Prints:

a[3]
is

0
m(p,

d,
a);

System.out.println("p
is

"
+
p);

//
Prints:

p
is

(18,
28)

System.out.println("d
is

"
+
d);

//
Prints:

d
is

8
System.out.println("a[3]

is
"

+
a[3]);

//
Prints:

a[3]
is

22
}static

void
m(Point

pp,
int

dd,
int[]

aa)
{

pp.move(dd,
dd);

dd
=

117;
aa[3]

=
22;

}
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11
.1

0
M

et
ho

d
ca

ll
ex

pr
es

si
on

A
m

e
th

o
dc

a
ll

ex
pr

es
si

on
,o

rm
e

th
o

di
nv

o
ca

tio
n,

m
us

th
av

e
on

e
of

th
es

ef
ou

rf
or

m
s:

m(
a

ct
u

a
l-
lis

t)
su

pe
r.

m(
a

ct
u

a
l-
lis

t)
C.

m(
a

ct
u

a
l-
lis

t)
o.

m(
a

ct
u

a
l-
lis

t)

w
he

re
m

is
a

m
et

ho
dn

am
e,
C

is
a

cl
as

sn
am

e,
an

do
is

an
ex

pr
es

si
on

of
re

fe
re

nc
ety

pe
.T

he
a

ct
u

a
l-
lis

t
is

a
po

ss
ib

ly
em

pt
yc

om
m

a-
se

pa
ra

te
dlis

to
fe

xp
re

ss
io

ns
,ca

lle
d

th
e

a
rg

u
m

e
n

tso
ra

ct
u

a
lp

a
ra

m
e

te
rs.

T
he

ca
ll

si
g

n
a

tu
re

is
cs

ig

� m(
t 1

,.
..

,t
n
)

w
he

re
(t

1,
..

.,
t n

)
is

th
e

lis
t

of
ty

pe
so

ft
he

n
ar

gu
m

en
ts

in
th

e
a

ct
u

a
l-
lis

t.
D

et
er

m
in

in
gw

ha
tm

et
ho

di
s

ac
tu

al
ly

ca
lle

d
by

a
m

et
ho

dc
al

li
s

m
od

er
at

el
yc

om
pl

ic
at

ed
be

ca
us

e
(1

)
m

et
ho

dn
am

es
m

ay
be

ov
er

lo
ad

ed
,e

ac
hv

er
si

on
of

th
e

m
et

ho
dh

av
in

g
a

di
st

in
ct

si
gn

at
ur

e;
(2

)
m

et
ho

ds
m

ay
be

ov
er

rid
de

n,
th

at
is

,r
e-

im
pl

em
en

te
din

su
bc

la
ss

es
;(3

)n
on

-s
ta

tic
m

et
ho

ds
ar

e
ca

lle
d

by
dy

na
m

ic
di

sp
at

ch
,g

iv
en

a
ta

rg
et

ob
je

ct
;a

nd
(4

)a
m

et
ho

dc
al

li
n

a
ne

st
ed

cl
as

sm
ay

ca
ll

a
m

et
ho

d
de

cl
ar

ed
in

so
m

ee
nc

lo
si

ng
cl

as
s.

S
ec

tio
n1

1.
10

.1
de

sc
rib

es
ar

gu
m

en
te

va
lu

at
io

na
nd

pa
ra

m
et

er
pa

ss
in

g,
as

su
m

in
gt

he
si

m
pl

e
ca

se
w

he
re

it
is

cl
ea

rw
hi

ch
m

et
ho

dm
is

be
in

g
ca

lle
d.

S
ec

tio
n1

1.
10

.2
th

en
de

sc
rib

es
ho

w
to

de
te

rm
in

e
w

hi
ch

m
et

ho
di

s
be

in
g

ca
lle

d
in

th
e

ge
ne

ra
lc

as
e.

11
.1

0.
1

M
et

ho
d

ca
ll:

pa
ra

m
et

er
pa

ss
in

g

H
er

e
w

e
co

ns
id

er
th

e
ev

al
ua

tio
no

f
a

m
et

ho
dc

al
lm
(a

ct
u

a
l-
lis

t)
w

he
n

it
is

cl
ea

rw
hi

ch
m

et
ho

dm
is

ca
lle

d,
an

d
fo

cu
so

n
th

e
pa

ra
m

et
er

pa
ss

in
gm

ec
ha

ni
sm

.
T

he
ca

ll
is

ev
al

ua
te

db
y

ev
al

ua
tin

gt
he

ex
pr

es
si

on
sin

th
e

a
ct

u
a

l-
lis

tf
ro

m
le

ft
to

rig
ht

to
ob

ta
in

th
e

ar
gu

m
en

tv
al

ue
s.

T
he

se
ar

gu
m

en
tv

al
ue

sa
re

th
en

bo
un

dt
o

th
e

co
rr

es
po

nd
in

gp
ar

am
et

er
sin

th
e

m
et

ho
d’s

fo
rm

a
l-
lis

t,
in

or
de

ro
f

ap
pe

ar
an

ce
.A

w
id

en
in

g
co

nv
er

si
on

(s
ee

S
ec

tio
n1

1.
11

)o
cc

ur
si

f
th

e
ty

pe
of

an
ar

gu
m

en
te

xp
re

ss
io

ni
s

a
su

bt
yp

eo
ft

he
m

et
ho

d’s
co

rr
es

po
nd

in
gp

ar
am

et
er

ty
pe

.
Ja

va
us

es
ca

ll-
b

y-
va

lu
et

o
bi

nd
ar

gu
m

en
tv

al
ue

st
o

fo
rm

al
pa

ra
m

et
er

s,s
o

th
e

fo
rm

al
pa

ra
m

et
er

ho
ld

s
a

co
py

of
th

e
ar

gu
m

en
tv

al
ue

.T
hu

s
if

th
e

m
et

ho
dc

ha
ng

es
th

e
va

lu
e

of
a

fo
rm

al
pa

ra
m

et
er,

th
is

ch
an

ge
do

es
no

ta
ffe

ct
th

e
ar

gu
m

en
t.

Fo
ra

n
ar

gu
m

en
to

fr
ef

er
en

ce
ty

pe
,t

he
pa

ra
m

et
er

ho
ld

sa
co

py
of

th
e

ob
je

ct
or

ar
ra

yr
ef

er
en

ce
,a

nd
he

nc
et

he
pa

ra
m

et
er

re
fe

rs
to

th
e

sa
m

eo
bj

ec
to

r
ar

ra
y

as
th

e
ac

tu
al

ar
gu

m
en

te
xp

re
ss

io
n.

T
hu

si
f

th
e

m
et

ho
dc

ha
ng

es
th

at
ob

je
ct

or
ar

ra
y,

th
e

ch
an

ge
sw

ill
be

vi
si

bl
e

af
te

rt
he

m
et

ho
dr

et
ur

ns
(s

ee
E

xa
m

pl
e4

6)
.

A
no

n-
st

at
ic

m
et

ho
dm

us
tb

e
ca

lle
d

w
ith

a
ta

rg
et

ob
je

ct
,f

or
ex

am
pl

ea
s o

.m
(a

ct
u

a
l-
lis

t)
,w

he
re

th
e

ta
rg

et
ob

je
ct

is
th

e
va

lu
e

of
o,

or
as

m(
a

ct
u

a
l-
lis

t)
w

he
re

th
e

ta
rg

et
ob

je
ct

is
th

e
cu

rr
en

to
bj

ec
t

re
fe

re
nc

e t
hi

s.
In

ei
th

er
ca

se
,d

ur
in

g
ex

ec
ut

io
no

ft
he

m
et

ho
db

od
y,
th

is
w

ill
be

bo
un

dt
o

th
e

ta
rg

et
ob

je
ct

.
A

st
at

ic
m

et
ho

di
s

no
tc

al
le

d
w

ith
a

ta
rg

et
ob

je
ct

,a
nd

it
is

ill
e

ga
lt

o
us

et
he

id
en

tifi
er
th

is
in

si
de

th
e

m
et

ho
db

od
y.

W
he

n
th

e
ar

gu
m

en
tv

al
ue

sh
av

e
be

en
bo

un
dt

o
th

e
fo

rm
al

pa
ra

m
et

er
s,t

he
n

th
e

m
et

ho
db

od
y

is
ex

ec
ut

ed
.T

he
va

lu
eo

ft
he

m
et

ho
dc

al
le

xp
re

ss
io

nis
th

e
va

lu
er

et
ur

ne
db

y
th

e
m

et
ho

di
f

its
re

tu
rn

ty
pe

is
no

n-
vo

id
;

ot
he

rw
is

et
he

m
et

ho
d

ca
ll

ex
pr

es
si

on
ha

s
no

va
lu

e.
W

he
n

th
e

m
et

ho
d

re
tu

rn
s,

al
l

pa
ra

m
et

er
sa

nd
lo

ca
lv

ar
ia

bl
es

in
th

e
m

et
ho

da
re

di
sc

ar
de

d.

E
xp
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n

s
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E
xa

m
pl

e
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A
ss

ig
nm

en
t:w

id
en

in
g,

na
rr

ow
in

g,
an

d
tr

un
ca

tin
gc

om
po

un
da

ss
ig

nm
en

t
T

he
as

si
gn

m
en

t d
=

12
pe

rf
or

m
sa

w
id

en
in

g
of

12
fr

om
in

t
to

do
ub

le
.T

he
as

si
gn

m
en

tsb
=
12

3
an

d
b2

=
12

3+
1

pe
rf

or
m

an
im

pl
ic

it
na

rr
ow

in
g

fr
om

in
t

to
by

te
,

be
ca

us
et

he
rig

ht
-h

an
d

si
de

s
ar

e
co

m
pi

le
-t

im
e

co
ns

ta
nt

s.
T

he
as

si
gn

m
en

tb2
=
b1

+1
w

ou
ld

be
ill

e
ga

lb
ec

au
se
b1

+1
is

no
ta

co
m

pi
le

-t
im

ec
on

st
an

t.T
he

as
si

gn
m

en
tb2

=
12

3+
5

w
ou

ld
be

ill
e

ga
lb

ec
au

se
,al

th
ou

gh
12

3+
5

is
a

co
m

pi
le

-t
im

ec
on

st
an

t,it
s

va
lu

e
is

no
tr

ep
re

se
nt

ab
lea

sa
by

te
(w

ho
se

ra
ng

ei
s

� 12
8

�� 12
7)

.

do
ub

le
d;

d
=

12
;

//
wi

de
ni

ng
co

nv
er

si
on

fr
om

in
t

to
do

ub
le

by
te

b1
=

12
3,

b2
;

//
na

rr
ow

in
g

co
nv

er
si

on
fr

om
in

t
to

by
te

b2
=

12
3
+

1;
//

le
ga

l:
12

3+
1
is

a
co

mp
il

e-
ti

me
co

ns
ta

nt
b2

=
(b

yt
e)

(b
1

+
1)

;
//

le
ga

l:
(b

yt
e)

(b
1

+
1)

ha
s

ty
pe

by
te

in
t

x
=

0;
x

+=
1.

5;
//

eq
ui

va
le

nt
to

:
x

=
(i

nt
)(

x
+

1.
5)

;
th

us
ad

ds
1
to

x

E
xa

m
pl

e
38

A
ss

ig
nm

en
td

oe
sn

ot
co

py
ob

je
ct

s
T

hi
s

ex
am

pl
e

us
es

th
e
Po

in
t

cl
as

sf
ro

m
E

xa
m

pl
e1

3.
A

ss
ig

nm
en

t(a
nd

pa
ra

m
et

er
pa

ss
in

g)
co

pi
es

on
ly

th
e

re
fe

re
nc

e,n
ot

th
e

ob
je

ct
:

Po
in

t
p1

=
ne

w
Po

in
t(

10
,
20

);
Sy

st
em

.o
ut

.p
ri

nt
ln
("

p1
is

"
+

p1
);

//
pr

in
ts

:
p1

is
(1

0,
20

)
Po

in
t
p2

=
p1

;
//

p1
an

d
p2

re
fe

r
to

sa
me

ob
je

ct
p2

.m
ov

e(
8,

8)
;

Sy
st

em
.o

ut
.p

ri
nt

ln
("

p2
is

"
+

p2
);

//
pr

in
ts

:
p2

is
(1

8,
28

)
Sy

st
em

.o
ut

.p
ri

nt
ln
("

p1
is

"
+

p1
);

//
pr

in
ts

:
p1

is
(1

8,
28

)

E
xa

m
pl
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C
om

po
un

da
ss

ig
nm

en
top

er
at

or
s

C
om

pu
te

th
e

pr
od

uc
to

fa
ll

el
em

en
tso

fa
rr

ay
xs

:

st
at

ic
do

ub
le

mu
lt

ip
ly

(d
ou

bl
e[

]
xs

)
{

do
ub

le
pr

od
=

1.
0;

fo
r
(i

nt
i=

0;
i<

xs
.l

en
gt

h;
i+

+)
pr

od
*=

xs
[i

];
//

eq
ui

va
le

nt
to

:
pr

od
=
pr

od
*

xs
[i

]
re

tu
rn

pr
od

;
} E

xa
m

pl
e

40
T

he
co

nd
iti

on
al

ex
pr

es
si

on
R

et
ur

nt
he

ab
so

lu
te

va
lu

e
of

x
(a

lw
ay

sn
on

-n
eg

at
iv

e)
:

st
at

ic
do

ub
le

ab
so

lu
te

(d
ou

bl
e

x)
{

re
tu

rn
(x

>=
0
?

x
:
-x

);
}

E
xa

m
pl

e
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O
bj

ec
tc

re
at

io
na

nd
in

st
an

ce
te

st

Nu
mb

er
n1

=
ne

w
In

te
ge

r(
17

);
Nu

mb
er

n2
=
ne

w
Do

ub
le

(3
.1

4)
;

//
Th

e
fo

ll
ow

in
g
st

at
em

en
ts

pr
in

t:
fa

ls
e,

tr
ue

,
fa

ls
e,

tr
ue

Sy
st

em
.o

ut
.p

ri
nt

ln
("

n1
is

a
Do

ub
le

:
"

+
(n

1
in

st
an

ce
of

Do
ub

le
))

;
Sy

st
em

.o
ut

.p
ri

nt
ln
("

n2
is

a
Do

ub
le

:
"

+
(n

2
in

st
an

ce
of

Do
ub

le
))

;
Sy

st
em

.o
ut

.p
ri

nt
ln
("

nu
ll

is
a

Do
ub

le
:

"
+
(n

ul
l

in
st

an
ce

of
Do

ub
le

))
;

Sy
st

em
.o

ut
.p

ri
nt

ln
("

n2
is

a
Nu

mb
er

:
"

+
(n

2
in

st
an

ce
of

Nu
mb

er
))

;



34
E

xp
re

ssio
n

s

11.8
F

ield
accessexpression

A
fie

ld
a

cce
ssm

usthave
one

ofthesethreeform
s

fC.f
o.f

w
hereC

is
a

classand
o

an
expressionofreferencetype.

A
classm

ayhave
severalfieldsofthe

sam
enam

e f;seeS
ection9.6,E

xam
ple19,andE

xam
ple42

opposite.
A

field
accessf

m
ustreferto

a
staticornon-staticfield

declaredin
orinheritedby

a
classw

hose
declarationenclosesthe

field
accessexpression(notshadow

ed
by

a
field

in
a

nestedenclosingclass,
orby

a
variableorparam

eterofthe
sam

enam
e).T

he
classdeclaringthe

field
is

the
targetclass TC.

A
field

accessC.f
m

ustreferto
a

static
field

in
classC

or
a

superclassof
C.

T
hatclassis

the
targetclass TC.

A
field

accesso.f,w
hereexpressiono

hastype
C,m

ustreferto
a

staticornon-staticfield
in

class
C

ora
superclassofC.

T
hatclassis

the
targetclassTC.To

evaluatethe
field

access,the
expressiono

is
evaluatedto

obtain
an

object.If
the

field
is

static,then
the

objectis
ignored,and

the
value

of
o.f

is
the

TC-field
f.If

the
field

is
non-static,thenthe

valueofo
m

ustbe
non-null,and

the
valueofo.f

is
found

asthe
value

ofthe
TC-field

f
in

objecto.
It

is
inform

ative
to

contrastnon-staticfield
accessand

non-staticm
ethodcall(S

ection11.10):

�

In
a

non-staticfield
accesso.f,the

field
referredto

is
determ

inedby
the

(com
pile-tim

e)typ
e

ofthe
objectexpression o.

�

In
a

non-staticm
ethodcallo.m(...),the

m
ethodcalled

is
determ

inedby
the

(runtim
e)cla

ss
ofthe

targetobject:the
objectto

w
hich

o
evaluates.

11.9
T

he
currentobjectreferencet

h
i
s

T
he

nam
e
this

m
ay

be
usedin

non-staticcode
to

referto
the

currentobject(S
ection9.1).

W
hen

non-staticcode
in

a
given

objectis
executed,the

objectreferencethis
refers

to
the

objectas
a

w
hole.H

ence,w
hen

f
is

a
field

and
m

is
a

m
ethod(declaredin

the
innerm

ostenclosingclass),then
this.f

m
eansthe

sam
easf

(w
hen

f
hasnotbeenshadow

ed
by

a
variableorparam

eterofthe
sam

e
nam

e),and
this.m(...)

m
eansthe

sam
eas

m(...).
W

hen
C

is
an

innerclassin
an

enclosingclassD,then
inside

C
the

notation
D.this

refersto
the

D
objectenclosingthe

innerC
object.S

eeE
xam

ple28
w

here
TLC.this.nf

refersto
field

nf
ofthe

enclosingclassTLC.

E
xp

re
ssio

n
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E
xam

ple
42

F
ield

access
H

ere
w

e
illustrate

static
and

non-staticfield
accessin

the
classesB,

C
and

D
from

E
xam

ple
19.

N
ote

thatthe
field

referredto
by

an
expressionof

form
o.vf

or
o.sf

is
determ

inedby
the

type
of

expression o,notthe
classofthe

objectto
w

hich
o

evaluates:

public
static

void
main(String[]

args)
{

C
c1

=
new

C(100);
//

c1
has

type
C;

object
has

class
C

B
b1

=
c1;

//
b1

has
type

B;
object

has
class

C
print(C.sf,

B.sf);
//

Prints
102

121
print(c1.sf,

b1.sf);
//

Prints
102

121
print(c1.vf,

b1.vf);
//

Prints
100

120
C

c2
=
new

C(200);
//

c2
has

type
C;

object
has

class
C

B
b2

=
c2;

//
b2

has
type

B;
object

has
class

C
print(c2.sf,

b2.sf);
//

Prints
202

221
print(c2.vf,

b2.vf);
//

Prints
200

220
print(c1.sf,

b1.sf);
//

Prints
202

221
print(c1.vf,

b1.vf);
//

Prints
100

120
D

d3
=
new

D(300);
//

d3
has

type
D;

object
has

class
D

C
c3

=
d3;

//
c3

has
type

C;
object

has
class

D
B

b3
=
d3;

//
b3

has
type

B;
object

has
class

D
print(D.sf,

C.sf,
B.sf);

//
Prints

304
304

361
print(d3.sf,

c3.sf,
b3.sf);

//
Prints

304
304

361
print(d3.vf,

c3.vf,
b3.vf);

//
Prints

300
340

360
}static

void
print(int

x,
int

y)
{
System.out.println(x+"

"+y);
}

static
void

print(int
x,

int
y,

int
z)

{
System.out.println(x+"

"+y+"
"+z);

}

E
xam

ple
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U
sing

this
w

hen
referring

to
shadow

ed
fields

A
com

m
on

use
of

this
is

to
referto

fields
(this.x

and
this.y)

thathave
been

shadow
ed

by
param

eters( x
and

y),especiallyin
constructors;seethe

Point
class(E

xam
ple13):

class
Point

{
int

x,
y;

Point(int
x,

int
y)

{
this.x

=
x;

this.y
=
y;

}
...

}

E
xam

ple
44

U
sing

this
to

passthe
currentobjectto

a
m

ethod
In

the
SPoint

class(E
xam

ple14),the
currentobjectreferencethis

is
usedin

the
constructorto

add
the

new
ly

createdobjectto
the

vector allpoints,and
it

is
usedin

the
m

ethodgetIndex
to

look
up

the
currentobjectin

the
vector:

class
SPoint

{
static

Vector
allpoints

=
new

Vector();
int

x,
y;

SPoint(int
x,

int
y)

{
allpoints.addElement(this);

this.x
=

x;
this.y

=
y;

}
int

getIndex()
{

return
allpoints.indexOf(this);

}
...

}


