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�

new
s

�

conditionaloperator

�

references

�

staticm
odifier

�

screenoutput,keyboardinput

�

tw
o-dim

ensionalarrays

�

reading:
ch

3.5
(p130-131),5.1-5.2,6.4,8.1-8.3
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new
s.

�

m
idterm

#2
changed

to:T
U

E
A

P
R

IL
9

�

hom
ew

ork#4
w

ill
be

postedthis
w

eek
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conditionaloperator(review
).

�

syntax:

<
v
a
r
>

=
(
<
c
o
n
d
i
t
i
o
n
>

)
?
<
i
f
_
t
r
u
e
_
e
x
p
r
>

:
<
i
f
_
f
a
l
s
e
_
e
x
p
r
>
;

�

this
is

another
m

ethodofbranching,B
U

T
:

–
it

is
an

expression

–
it

returns
a

value

–
it

only
goestw

o
w

ays,lik
e

a
sim

ple
if-else

–
you

can’tputcom
plex

statem
ents

in
the

expression
clauses!

�

for
exam

ple:

/
/
t
h
i
s

a
l
w
a
y
s
a
d
d
s

a
p
o
s
i
t
i
v
e

n
u
m
b
e
r
t
o
t
o
t
a
l

t
o
t
a
l

+
=
(
n
u
m
>

0
)
?
n
u
m
:
M
a
t
h
.
a
b
s
(

n
u
m

)
;

cs1007-spring2002-sklar-lect14
3



references
(1).

�

w
hen

w
e

declare
a

variable
w

hosedatatype
is

a
class,w

e
are

declaring
an

object
reference

variable

�

thatvariablerefers
to

the
location

in
the

com
puter’s

m
em

oryw
herethe

actualobjectis
being

stored

�

an
objectreference

variable
and

an
objectare

tw
o

separate
things

�

declaration
ofan

objectreferencevariable:

C
o
i
n

x
;

�

creationofan
object(also

called
“construction”,

“instantiation”):

x
=

n
e
w
C
o
i
n
(
)
;

�

w
hen

an
objectreferencevariablehasbeendeclared

butthe
objectit

refers
to

hasnot
beencreated,then

the
objectreference

variableis
called

a
nullreference
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references
(2).

�

for
exam

ple:

C
o
i
n

x
;

x
.
f
l
i
p
(
)
;

�

w
ill

generatean
errorcalled

a
N
u
l
l
P
o
i
n
t
e
r
E
x
c
e
p
t
i
o
n

becausethe
objectw

hich
x

refersto
hasnotbeeninstantiated

�

you
can

usea
constantcalled

n
u
l
l

to
checkif

an
objectreferencevariableis

null

�

for
exam

ple:

C
o
i
n

x
;

i
f
(

x
!
=
n
u
l
l
)

{
x
.
f
l
i
p
(
)
;

}
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references
(3).

�

an
alias

is
an

objectreferencevariablethatrefers
to

an
objectthatw

aspreviously
constructed

and
is

already
referred

to
by

anotherobjectreference
variable

�

for
exam

ple:

C
o
i
n

x
=
n
e
w
C
o
i
n
(
)
;

C
o
i
n

y
;

y
=

x
;

y
.
f
l
i
p
(
)
;

�

y
is

called
an

“alias”
ofx

(and
vice

versa)because
they

both
referto

the
sam

elocation
in

the
com

puter’s
m

em
ory

�

you
usedan

aliasfor
hom

ew
ork

#3
w

ithoutknow
ing

it

–
the

B
l
a
c
k
j
a
c
k

classdeclareda
globalvariable:D

e
c
k
d
e
c
k
;

–
the

P
l
a
y
e
r
(
)

constructorpassedan
objectreference

variable:
p
u
b
l
i
c
P
l
a
y
e
r
(

D
e
c
k
d
e
c
k
0

)

–
and

then
aliased

the
globalvariableto

pointto
the

sam
elocation

asthe
constructor’s

argum
ent:

d
e
c
k
0

=
d
e
c
k
;
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references
(4).

�

garbagecollection
is

necessaryw
hen

allreferencesto
an

objectare
gone

�

becausew
hen

thereare
no

objectreferencevariables,then
thereis

no
w

ay
to

know
w

here
in

m
em

ory
an

objectis
located

�

Java
handles

this
for

you
autom

atically

�

the
JV

M
periodically

invokesautom
atic

garbage
collection

w
hile

it
is

running

�

allthe
m

em
ory

thatis
allocatedto

an
application

butis
notbeing

usedis
“restored”

so
thatit

can
be

re-allocatedto
the

application
later

�

if
you

w
antto

perform
som

egarbagecollection
on

a
classthatyou

createyourself,then
you

w
ould

w
rite

a
m

ethod
called

f
i
n
a
l
i
z
e
(
)

and
w

heneverthe
autom

atic
garbage

collection
w

asinvoked
and

cleanedup
an

objectofyourclasstype,then
your

f
i
n
a
l
i
z
e
(
)

m
ethodw

ould
be

called
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references
(5).

�

w
hen

you
passobjects

asparam
eters

(argum
ents)to

a
m

ethod,a
reference

is
passed,not

the
actualobject

�

so
be

carefulaboutw
hatchanges!

�

here’s
an

exam
ple

using
threeclasses(from

the
book,listing

5.1-5.3):

–
N
u
m

–
P
a
r
a
m
e
t
e
r
T
e
s
t
e
r

–
e
x
1
4
_
1
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references
(6).

p
u
b
l
i
c
c
l
a
s
s

N
u
m
{

p
r
i
v
a
t
e
i
n
t

v
a
l
u
e
;

p
u
b
l
i
c
N
u
m
(

i
n
t
u
p
d
a
t
e

)
{

v
a
l
u
e
=

u
p
d
a
t
e
;

}
/
/
e
n
d
o
f

c
o
n
s
t
r
u
c
t
o
r

p
u
b
l
i
c
v
o
i
d

s
e
t
V
a
l
u
e
(
i
n
t

u
p
d
a
t
e
)
{

v
a
l
u
e
=

u
p
d
a
t
e
;

}
/
/
e
n
d
o
f

s
e
t
V
a
l
u
e
(
)

p
u
b
l
i
c
S
t
r
i
n
g

t
o
S
t
r
i
n
g
(
)

{
r
e
t
u
r
n
v
a
l
u
e
+
"
"
;

}
/
/
e
n
d
o
f

t
o
S
t
r
i
n
g
(
)

}
/
/
e
n
d
o
f

N
u
m
c
l
a
s
s
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references
(7).

p
u
b
l
i
c
c
l
a
s
s

P
a
r
a
m
e
t
e
r
T
e
s
t
e
r

{

p
u
b
l
i
c
v
o
i
d

c
h
a
n
g
e
V
a
l
u
e
s
(

i
n
t
f
1
,
N
u
m

f
2
,
N
u
m
f
3

)
{

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

"
s
t
a
r
t

c
a
l
l
:
\
t
"
+

"
f
1
=
"
+
f
1
+
"
\
t
f
2
=
"
+
f
2
+
"
\
t
f
3
=
"
+
f
3

)
;

f
1
=
9
9
9
;

f
2
.
s
e
t
V
a
l
u
e
(

8
8
8
)
;

f
3
=
n
e
w

N
u
m
(
7
7
7
)
;

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

"
e
n
d

c
a
l
l
:
\
t
"
+

"
f
1
=
"
+
f
1
+
"
\
t
f
2
=
"
+
f
2
+
"
\
t
f
3
=
"
+
f
3

)
;

}
/
/
e
n
d
o
f

c
h
a
n
g
e
V
a
l
u
e
s
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
P
a
r
a
m
e
t
e
r
T
e
s
t
e
r
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references
(8).

p
u
b
l
i
c
c
l
a
s
s

e
x
1
4
_
1
{

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

v
o
i
d
m
a
i
n
(

S
t
r
i
n
g
[
]
a
r
g
s

)
{

P
a
r
a
m
e
t
e
r
T
e
s
t
e
r

t
e
s
t
e
r

=
n
e
w
P
a
r
a
m
e
t
e
r
T
e
s
t
e
r
(
)
;

i
n
t
a
1
=

1
1
1
;

N
u
m
a
2
=

n
e
w
N
u
m
(
2
2
2

)
;

N
u
m
a
3
=

n
e
w
N
u
m
(
3
3
3

)
;

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

"
b
e
f
o
r
e

c
a
l
l
:
\
t
"
+

"
a
1
=
"
+
a
1
+
"
\
t
a
2
=
"
+
a
2
+
"
\
t
a
3
=
"
+
a
3

)
;

t
e
s
t
e
r
.
c
h
a
n
g
e
V
a
l
u
e
s
(

a
1
,
a
2
,
a
3
)
;

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

"
a
f
t
e
r

c
a
l
l
:
\
t
"
+

"
a
1
=
"
+
a
1
+
"
\
t
a
2
=
"
+
a
2
+
"
\
t
a
3
=
"
+
a
3

)
;

}
/
/
e
n
d
o
f

m
a
i
n
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
e
x
1
4
_
1

cs1007-spring2002-sklar-lect14
11



references
(9).

�

sam
pleoutput:

b
e
f
o
r
e

c
a
l
l
:

a
1
=
1
1
1

a
2
=
2
2
2

a
3
=
3
3
3

s
t
a
r
t

c
a
l
l
:

f
1
=
1
1
1

f
2
=
2
2
2

f
3
=
3
3
3

e
n
d

c
a
l
l
:

f
1
=
9
9
9

f
2
=
8
8
8

f
3
=
7
7
7

a
f
t
e
r

c
a
l
l
:

a
1
=
1
1
1

a
2
=
8
8
8

a
3
=
3
3
3

�

(traceshow
n

in
book

on
page229)
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references
(10).

�

the
t
h
i
s

referencerefersto
the

currentobject,in
casethereare

duplicatenam
es

�

for
exam

ple,the
P

layerclassin
hom

ew
ork

#3
could

have
beenw

ritten
lik

e
this:

p
u
b
l
i
c

c
l
a
s
s
P
l
a
y
e
r

{

D
e
c
k

d
e
c
k
;
/
/
t
h
i
s

o
n
e

p
u
b
l
i
c

P
l
a
y
e
r
(

D
e
c
k
d
e
c
k
)
{

/
/
s
e
t
t
h
i
s
o
n
e

t
o
r
e
f
e
r
t
o

t
h
e
s
a
m
e
l
o
c
a
t
i
o
n

/
/
a
s
t
h
e
a
r
g
u
m
e
n
t

t
h
i
s
.
d
e
c
k
=
d
e
c
k
;

}
/
/
e
n
d
o
f
c
o
n
s
t
r
u
c
t
o
r

...
}
/
/

e
n
d
o
f
P
l
a
y
e
r

c
l
a
s
s
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staticm
odifier(1).

�

an
objectreference

variableis
also

called
an

instance
variable

�

becausew
e

instantiate
the

objectin
orderto

useit

�

som
em

em
bers

in
som

eclasses
are

static
w

hich
m

eansthatthey
don’thave

to
be

instantiated
to

be
used

�

for
exam

ple,allthe
m

ethodsin
the

j
a
v
a
.
l
a
n
g
.
M
a
t
h

classare
s
t
a
t
i
c

–
you

don’tneedto
createan

objectreference
variablew

hosetype
is
M
a
t
h

in
orderto

usethe
m

ethodsin
the

M
a
t
h

class

–
e.g.,M

a
t
h
.
a
b
s
(
)

�

you
usethe

nam
eofthe

classpreceding
the

dotoperator,insteadofthe
nam

eofthe
instancevariable,in

orderto
accessthe

staticm
em

bers
ofthe

class

�

thatis
w

hy
w

e
can

usem
a
i
n
(
)

w
ithoutinstantiating

anything
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staticm
odifier(2).

�

constants,variables
and

m
ethods

can
allbe

static

�

(exceptconstructors,sincethey
are

only
usedto

instantiate,so
it

doesn’tm
ake

senseto
have

a
staticconstructor)

�

typically,constants
are

static

�

in
the

C
o
i
n

classfrom
earlierlectures:

p
u
b
l
i
c

c
l
a
s
s
C
o
i
n

{
p
u
b
l
i
c

s
t
a
t
i
c
f
i
n
a
l

i
n
t
H
E
A
D
S
=
0
;

p
u
b
l
i
c

s
t
a
t
i
c
f
i
n
a
l

i
n
t
T
A
I
L
S
=
1
;

...
}
/
/

e
n
d
o
f
C
o
i
n

c
l
a
s
s

�

w
e

can
now

access
C
o
i
n
.
H
E
A
D
S

and
C
o
i
n
.
T
A
I
L
S

w
ithoutinstantiating

and/or
w

ithoutreferring
to

a
specificinstancevariable
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staticm
odifier(3).

�

butstaticm
ethodscan

only
referto

localvariablesorto
otherstaticm

em
bers

�

go
backto

the
earlierexam

ple
e
x
1
4
_
1

�

if
w

e
putthe

c
h
a
n
g
e
V
a
l
u
e
s
(
)

m
ethodinside

the
e
x
1
4
_
1

classfile,then
w

e’d
need

to
instantiate

an
instance

ofthe
e
x
1
4
_
1

classin
orderto

access
thatm

ethod
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staticm
odifier(4).

p
u
b
l
i
c
c
l
a
s
s

e
x
1
4
_
2
{

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

v
o
i
d
m
a
i
n
(

S
t
r
i
n
g
[
]
a
r
g
s

)
{

e
x
1
4
_
2
t
e
s
t
e
r

=
n
e
w
e
x
1
4
_
2
(
)
;

i
n
t
a
1
=

1
1
1
;

N
u
m
a
2
=

n
e
w
N
u
m
(
2
2
2

)
;

N
u
m
a
3
=

n
e
w
N
u
m
(
3
3
3

)
;

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

"
b
e
f
o
r
e

c
a
l
l
:
\
t
"
+

"
a
1
=
"
+
a
1
+
"
\
t
a
2
=
"
+
a
2
+
"
\
t
a
3
=
"
+
a
3

)
;

t
e
s
t
e
r
.
c
h
a
n
g
e
V
a
l
u
e
s
(

a
1
,
a
2
,
a
3
)
;

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

"
a
f
t
e
r

c
a
l
l
:
\
t
"
+

"
a
1
=
"
+
a
1
+
"
\
t
a
2
=
"
+
a
2
+
"
\
t
a
3
=
"
+
a
3

)
;

}
/
/
e
n
d
o
f

m
a
i
n
(
)

p
u
b
l
i
c
v
o
i
d

c
h
a
n
g
e
V
a
l
u
e
s
(

i
n
t
f
1
,
N
u
m

f
2
,
N
u
m
f
3

)
{

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

"
s
t
a
r
t

c
a
l
l
:
\
t
"
+

"
f
1
=
"
+
f
1
+
"
\
t
f
2
=
"
+
f
2
+
"
\
t
f
3
=
"
+
f
3

)
;

c
s
1
0
0
7
-
s
p
r
i
n
g
2
0
0
2
-
s
k
l
a
r
-
l
e
c
t
1
4

1
7



f
1
=
9
9
9
;

f
2
.
s
e
t
V
a
l
u
e
(

8
8
8
)
;

f
3
=
n
e
w

N
u
m
(
7
7
7
)
;

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

"
e
n
d

c
a
l
l
:
\
t
"
+

"
f
1
=
"
+
f
1
+
"
\
t
f
2
=
"
+
f
2
+
"
\
t
f
3
=
"
+
f
3

)
;

}
/
/
e
n
d
o
f

c
h
a
n
g
e
V
a
l
u
e
s
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
e
x
1
4
_
2
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screenoutput,keyboard
input.

�

j
a
v
a
.
l
a
n
g
.
S
y
s
t
e
m

class

�

j
a
v
a
.
i
o
.
P
r
i
n
t
S
t
r
e
a
m

class

�

j
a
v
a
.
i
o
.
I
n
p
u
t
S
t
r
e
a
m

class

�

exception
handling

(in
brief!)
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j
a
v
a
.
l
a
n
g
.
S
y
s
t
e
m

class.
�

variables:

p
u
b
l
i
c

s
t
a
t
i
c
P
r
i
n
t
S
t
r
e
a
m

e
r
r
;

p
u
b
l
i
c

s
t
a
t
i
c
I
n
p
u
t
S
t
r
e
a
m

i
n
;

p
u
b
l
i
c

s
t
a
t
i
c
P
r
i
n
t
S
t
r
e
a
m

o
u
t
;

�

m
ethods:

p
u
b
l
i
c

s
t
a
t
i
c
l
o
n
g

c
u
r
r
e
n
t
T
i
m
e
M
i
l
l
i
s
(
)
;

p
u
b
l
i
c

s
t
a
t
i
c
v
o
i
d

e
x
i
t
(
i
n
t
n
u
m

)
t
h
r
o
w
s
S
e
c
u
r
i
t
y
E
x
c
e
p
t
i
o
n
;
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j
a
v
a
.
i
o
.
P
r
i
n
t
S
t
r
e
a
m

class.
�

m
ethods:

p
u
b
l
i
c

v
o
i
d
p
r
i
n
t
(

.
.
.
)
;

p
u
b
l
i
c

v
o
i
d
p
r
i
n
t
l
n
(

.
.
.
)
;

�

exam
ple:

p
u
b
l
i
c

c
l
a
s
s
h
e
l
l
o

{
p
u
b
l
i
c

s
t
a
t
i
c
v
o
i
d

m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)

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

"
h
e
l
l
o

w
o
r
l
d
!
\
n
"
)
;

}
/
/
e
n
d
m
a
i
n
m
e
t
h
o
d

}
/
/

e
n
d
h
e
l
l
o
c
l
a
s
s
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j
a
v
a
.
i
o
.
I
n
p
u
t
S
t
r
e
a
m

class.
�

m
ethods:

p
u
b
l
i
c

a
b
s
t
r
a
c
t
i
n
t

r
e
a
d
(
)
t
h
r
o
w
s

I
O
E
x
c
e
p
t
i
o
n
;
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keyboard
input.

�

exam
ple:

i
m
p
o
r
t

j
a
v
a
.
l
a
n
g
.
*
;

i
m
p
o
r
t

j
a
v
a
.
i
o
.
*
;

p
u
b
l
i
c

c
l
a
s
s
e
x
1
4
_
3

{
p
u
b
l
i
c

s
t
a
t
i
c
v
o
i
d

m
a
i
n
(
S
t
r
i
n
g
[
]

a
r
g
s
)

{
i
n
t
i
=
0
;

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

"
p
l
e
a
s
e

t
y
p
e
s
o
m
e
t
h
i
n
g
:

"
)
;

t
r
y
{

i
=
S
y
s
t
e
m
.
i
n
.
r
e
a
d
(
)
;

}c
a
t
c
h
(
I
O
E
x
c
e
p
t
i
o
n

i
o
x
)

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

"
t
h
e
r
e

w
a
s
a
n
e
r
r
o
r
:

"
+
i
o
x
)
;

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

"
i
=
"
+

i
)
;

}
/
/
e
n
d
o
f
m
a
i
n

}
/
/

e
n
d
c
l
a
s
s
e
x
1
4
_
3
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exceptionhandling,in
brief.

�

exam
ple:

t
r
y
{

i
=
S
y
s
t
e
m
.
i
n
.
r
e
a
d
(
)
;

}c
a
t
c
h
(
I
O
E
x
c
e
p
t
i
o
n

i
o
x
)

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

"
t
h
e
r
e

w
a
s
a
n
e
r
r
o
r
:

"
+
i
o
x
)
;

}

�

t
r
y

clausecontains
codew

hich
m

ay
generate

an
exception,i.e.,an

error

�

c
a
t
c
h

clausecontains
codeto

execute
in

casethe
errorhappens;i.e.,w

here
to

go
if

the
exception

getscaught
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tw
o-dim

ensionalarrays
(1).

�

arraysofarrays

�

S
t
r
i
n
g

is
(a

w
rapperaround)an

arrayof
c
h
a
r

�

S
t
r
i
n
g
[
]

is
an

array
ofan

arrayof
c
h
a
r

�

also
called

a
tw

o-dim
ensionalarray

�

tw
o-dim

ensionalarraysare
declaredlik

e
this:

c
h
a
r
[
]
[
]

a
2
;

�

and
instantiated

lik
e

this
(for

exam
ple

for
a

5x5
array):

a
2
=

n
e
w
c
h
a
r
[
5
]
[
5
]
;

�

the
firstdim

ensionis
called

row

�

the
seconddim

ension
is

called
colum

n

�

so
the

elem
entin

the

� -th
row

and
the

� -th
colum

n
is

accessedlik
e

this:
a
2
[

� ]
[

� ]
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tw
o-dim

ensionalarrays
(2).

i
m
p
o
r
t
j
a
v
a
.
u
t
i
l
.
*
;

p
u
b
l
i
c
c
l
a
s
s

e
x
1
4
_
4
{

c
h
a
r
[
]
[
]
s
q
u
a
r
e

=
n
e
w
c
h
a
r
[
3
]
[
3
]
;

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

v
o
i
d
m
a
i
n
(

S
t
r
i
n
g
[
]
a
r
g
s

)
{

e
x
1
4
_
4
a
2

=
n
e
w
e
x
1
4
_
4
(
)
;

a
2
.
i
n
i
t
(
)
;

a
2
.
p
r
i
n
t
(
)
;

}
/
/
e
n
d
o
f

m
a
i
n
(
)
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tw
o-dim

ensionalarrays
(3).

p
u
b
l
i
c
v
o
i
d

i
n
i
t
(
)
{

D
a
t
e
n
o
w

=
n
e
w
D
a
t
e
(
)
;

R
a
n
d
o
m
r
n
d

=
n
e
w
R
a
n
d
o
m
(

n
o
w
.
g
e
t
T
i
m
e
(
)

)
;

i
n
t
n
u
m
;

f
o
r
(
i
n
t

i
=
0
;
i
<
3
;
i
+
+

)
{

f
o
r
(

i
n
t
j
=
0
;
j
<
3
;

j
+
+
)
{

n
u
m

=
(
M
a
t
h
.
a
b
s
(

r
n
d
.
n
e
x
t
I
n
t
(
)

)
%
2
6
)
+
6
5
;

s
q
u
a
r
e
[
i
]
[
j
]

=
(
c
h
a
r
)
n
u
m
;

}
/
/
e
n
d

f
o
r
j

}
/
/
e
n
d

f
o
r
i

}
/
/
e
n
d
o
f

i
n
i
t
(
)
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tw
o-dim

ensionalarrays
(4).

p
u
b
l
i
c
v
o
i
d

p
r
i
n
t
(
)
{

f
o
r
(
i
n
t

i
=
0
;
i
<
3
;
i
+
+

)
{

f
o
r
(

i
n
t
j
=
0
;
j
<
3
;

j
+
+
)
{

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

s
q
u
a
r
e
[
i
]
[
j
]

)
;

}
/
/
e
n
d

f
o
r
j

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

}
/
/
e
n
d

f
o
r
i

}
/
/
e
n
d
o
f

p
r
i
n
t
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
e
x
1
4
_
4
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