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new
s.

�

m
idterm

#2
changed

to:T
U

E
A

P
R

IL
9

�

hom
ew
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–
due

T
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M
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–
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arrays(1).
�

arraysare
usedto

associate
m

ultiple
instancesofthe

sam
etype

ofvariable

�

the
[
]

indicatesit’s
an

array

�

one
exam

ple
w

e’ve
already

usedis
S
t
r
i
n
g
[
]

,w
hich

is
an

arrayofS
t
r
i
n
g

�

visualizean
arrayasa

sequence
ofboxes,contiguous

in
the

com
puter’s

m
em

ory,w
here

eachbox
storesone

instance
ofthe

type
ofdataassociated

w
ith

thatarray:

�

the
boxesare

num
bered,startingw

ith
0

and
endingw

ith
the

length
ofthe

arraylessone;
eachnum

ber
is

called
an

index

�

the
indices

for
an

arrayof10
item

scan
be

visualized
lik

e
this:

0
1

2
3

4
5

6
7

8
9
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arrays(2).
�

to
usean

array,firstyou
m

ustdeclareit:

i
n
t
[
]

A
;

�

then
you

m
ustinstantiate

it:

A
=

n
e
w
i
n
t
[
1
0
]
;

�

oryou
can

do
both

ofthesein
one

step:

i
n
t
[
]

A
=
n
e
w
i
n
t
[
1
0
]
;

�

then
you

can
accessits

elem
ents:

A
[
4
]

(index=
4,w

hich
is

the
5th

item
in

the
array):

�

you
can

usethis
accesseditem

justlik
e

any
single

dataelem
entofthattype,in

this
case

an
i
n
t

�

the
num

berofitem
sin

the
arrayis

the
variable

A
.
l
e
n
g
t
h
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arrays(3).
�

here’s
an

exam
ple

thatstoresin
an

array5
random

num
bersbetw

een0
and

100:

p
u
b
l
i
c
c
l
a
s
s
e
x
1
2
_
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
)

{
i
n
t
[
]
A

=
n
e
w
i
n
t
[
5
]
;

/
/

i
n
i
t
i
a
l
i
z
e

f
o
r
(

i
n
t
i
=
0
;
i
<
A
.
l
e
n
g
t
h
;
i
+
+
)

{
A
[
i
]
=
(
i
n
t
)
(
M
a
t
h
.
r
a
n
d
o
m
(
)
*
1
0
0
)
;

}
/
/
e
n
d
f
o
r
i

/
/

p
r
i
n
t

f
o
r
(

i
n
t
i
=
0
;
i
<
A
.
l
e
n
g
t
h
;
i
+
+
)

{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
i
[
"
+
i
+
"
]
=
"
+
A
[
i
]
)
;

}
/
/
e
n
d
f
o
r
i

}
/
/

e
n
d
o
f
m
a
i
n
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
e
x
1
2
_
1

�

sam
pleoutput:

i
[
0
]
=
1
2

i
[
1
]
=
5
2

i
[
2
]
=
5
7

i
[
3
]
=
7
3

i
[
4
]
=
6
7

cs1007-spring2002-sklar-lect12
5



arrays(4).
�

w
e

can
have

arraysofanything
—

i.e.,otherdatatypes—
lik

e
classes

�

for
exam

ple,w
e

can
have

an
arrayofC

o
i
n

,using
the

classfrom
lastlecture

�

the
C
o
i
n
[
]

variablecontains
a

listofaddresses

�

asw
ith

i
n
t

,firstyou
m

ustdeclare
and

instantiate
the

array:

C
o
i
n
[
]

p
o
c
k
e
t
=

n
e
w
C
o
i
n
[
1
0
]
;

�

butbecausethe
arrayelem

ents
are

notprim
itive

datatypes,you
m

ustalso
instantiate

eacharrayentry:

f
o
r
(
i
n
t
i
=
0
;

i
<
p
o
c
k
e
t
.
l
e
n
g
t
h
;

i
+
+
)
{

p
o
c
k
e
t
[
i
]
=

n
e
w
C
o
i
n
(
)
;

}
/
/
e
n
d
f
o
r

i

cs1007-spring2002-sklar-lect12
6



arrays(5).
�

here’s
an

exam
ple:

p
u
b
l
i
c
c
l
a
s
s
e
x
1
2
_
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
)

{
f
i
n
a
l
i
n
t
N
U
M
C
O
I
N
S
=

1
0
;

C
o
i
n
[
]
p
o
c
k
e
t
=

n
e
w
C
o
i
n
[
N
U
M
C
O
I
N
S
]
;

i
n
t
h
e
a
d
c
o
u
n
t
=

0
,
t
a
i
l
c
o
u
n
t

=
0
;

/
/

i
n
s
t
a
n
t
i
a
t
e
e
a
c
h
o
f
t
h
e
c
o
i
n
s
i
n
t
h
e
a
r
r
a
y

f
o
r
(

i
n
t
i
=
0
;
i
<
p
o
c
k
e
t
.
l
e
n
g
t
h
;
i
+
+
)

{
p
o
c
k
e
t
[
i
]

=
n
e
w
C
o
i
n
(
)
;

}
/
/
e
n
d
f
o
r
i

/
/

p
r
i
n
t
t
h
e
a
r
r
a
y

f
o
r
(

i
n
t
i
=
0
;
i
<
p
o
c
k
e
t
.
l
e
n
g
t
h
;
i
+
+
)

{
S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
i
[
"
+
i
+
"
]
=
"
+
p
o
c
k
e
t
[
i
]
)
;

}
/
/
e
n
d
f
o
r
i

}
/
/

e
n
d
o
f
m
a
i
n
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
e
x
1
2
_
2
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arrays(6).

p
u
b
l
i
c
c
l
a
s
s
C
o
i
n
{

p
u
b
l
i
c
f
i
n
a
l
i
n
t
H
E
A
D
S
=

0
;

p
u
b
l
i
c
f
i
n
a
l
i
n
t
T
A
I
L
S
=

1
;

p
r
i
v
a
t
e
i
n
t

f
a
c
e
;

p
u
b
l
i
c
C
o
i
n
(
)
{

f
l
i
p
(
)
;

}
/
/
e
n
d
o
f

C
o
i
n
(
)

p
u
b
l
i
c
v
o
i
d
f
l
i
p
(
)

{
f
a
c
e
=
(
i
n
t
)
(
M
a
t
h
.
r
a
n
d
o
m
(
)
*
2
)
;

}
/
/
e
n
d
o
f

f
l
i
p
(
)

p
u
b
l
i
c
i
n
t
g
e
t
F
a
c
e
(
)
{

r
e
t
u
r
n
f
a
c
e
;

}
/
/
e
n
d
o
f

g
e
t
F
a
c
e
(
)

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

{
S
t
r
i
n
g
f
a
c
e
N
a
m
e
;

i
f
(

f
a
c
e
=
=
H
E
A
D
S
)

{
f
a
c
e
N
a
m
e
=

"
h
e
a
d
s
"
;

}e
l
s
e
{

f
a
c
e
N
a
m
e
=

"
t
a
i
l
s
"
;

}r
e
t
u
r
n
f
a
c
e
N
a
m
e
;

}
/
/
e
n
d
o
f

t
o
S
t
r
i
n
g
(
)

}
/
/

e
n
d
o
f
c
l
a
s
s
C
o
i
n
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arrays(7).
�

sam
pleoutput:

i
[
0
]
=
t
a
i
l
s

i
[
1
]
=
t
a
i
l
s

i
[
2
]
=
h
e
a
d
s

i
[
3
]
=
t
a
i
l
s

i
[
4
]
=
t
a
i
l
s

i
[
5
]
=
h
e
a
d
s

i
[
6
]
=
t
a
i
l
s

i
[
7
]
=
h
e
a
d
s

i
[
8
]
=
h
e
a
d
s

i
[
9
]
=
h
e
a
d
s

����

butw
hy

do
you

have
to

instantiate
tw

ice?

�

becausew
hen

you
instantiate

the
firsttim

e:

C
o
i
n
[
]

p
o
c
k
e
t
=

n
e
w
C
o
i
n
[
1
0
]
;

you
are

only
allocating

m
em

ory
for

references
for

eachC
o
i
n

arrayelem
ent
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references
(1).

�

w
hen

you
declare

a
variableasa

prim
itive

datatype,the
com

putersetsasidea
fixed

am
ountofm

em
ory,basedon

the
size

ofthe
datatype

�

w
hen

you
declare

a
variableofany

otherdatatype
(i.e.,a

class),you
are

actually
declaring

a
reference

�

a
referenceis

typically
the

size
ofan

intora
long

�

it
storesan

address
orthe

location
in

the
com

puter’s
m

em
oryofw

here
the

actualdata
w

ill
be

kept

�

you
can

think
ofit

lik
e

a
telephone

book

–
the

phonebook
hasa

bunch
ofaddressesin

it

–
butnotthe

actualbuildings

–
justthe

locations
ofbuildings
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references
(2).

�

here’s
how

it
w

orks
inside

the
com

puter

�

given
the

follo
w

ing
declarations:

i
n
t

i
=
4
5
;

S
t
r
i
n
g

s
=
"
h
e
l
l
o
"
;

�

the
m

em
orylooks

som
ething

lik
e

this:
i

s
4
5

�
�

h
e
l
l
o

�

i
is

the
labelfor

the
location

in
m

em
ory

w
here

the
actualdatais

stored—
in

this
case

the
i
n
t

4
5

�

s
is

the
labelfor

the
location

in
m

em
ory

w
here

the
address

is
stored;the

address
is

the
location

in
m

em
ory

w
herethe

actualdatafor
s

is
stored

�

in
C

,this
is

called
a

pointer

�

w
e

saythats
points

to
orreferences

the
location

in
m

em
oryw

herethe
actualdatafor

s
is

stored
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references
(3).

�

the
reference

is
actuallya

m
em

ory
address,usuallya

l
o
n
g

�

given
ourexam

ple
on

previous
slide,the

m
em

ory
m

ightlook
lik

e
this:

variablenam
e

location
in

m
em

ory
value

i
8
3
7
5
4
2

4
5

s
8
3
7
5
4
3

8
3
7
6
0
2

8
3
7
5
4
4

8
3
7
5
4
5

.
.
.

s
[
0
]

8
3
7
6
0
2

’
h
’

s
[
1
]

8
3
7
6
0
3

’
e
’

s
[
2
]

8
3
7
6
0
4

’
l
’

s
[
3
]

8
3
7
6
0
5

’
l
’

s
[
4
]

8
3
7
6
0
6

’
o
’
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references
(4).

�

let’s
go

backto
the

C
o
i
n

exam
ple

�

com
m

entoutthe
t
o
S
t
r
i
n
g
(
)

m
ethodand

re-run
the

exam
ple

�

here’s
the

outputnow
:

i
[
0
]
=
C
o
i
n
@
7
3
d
6
a
5

i
[
1
]
=
C
o
i
n
@
1
1
1
f
7
1

i
[
2
]
=
C
o
i
n
@
2
7
3
d
3
c

i
[
3
]
=
C
o
i
n
@
2
5
6
a
7
c

i
[
4
]
=
C
o
i
n
@
7
2
0
e
e
b

i
[
5
]
=
C
o
i
n
@
3
1
7
9
c
3

i
[
6
]
=
C
o
i
n
@
3
1
0
d
4
2

i
[
7
]
=
C
o
i
n
@
5
d
8
7
b
2

i
[
8
]
=
C
o
i
n
@
7
7
d
1
3
4

i
[
9
]
=
C
o
i
n
@
4
7
e
5
5
3

�

theseare
the

references
ofthe

arrayelem
ents

�

w
e

can
seethesereference

valuesbecausew
e

took
outthe

t
o
S
t
r
i
n
g
(
)

m
ethod—

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

p
o
c
k
e
t
[
i
]

)
autom

atically
coercesits

argum
ent

(p
o
c
k
e
t
[
i
]

)
to

a
S
t
r
i
n
g

so
it

can
printit;

if
thereis

no
explicit

t
o
S
t
r
i
n
g
(
)

m
ethodin

the
class,then

a
reference

is
the

closestS
t
r
i
n
g

representation
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com
paring

objects(1).
�

com
paring

tw
o

Java
objects

is
tricky

�

you
have

to
be

carefulofw
hatyou

are
com

paring:

–
is

it
the

value
ofsom

em
em

ber(s)ofthe
class?

–
oris

it
the

reference?

�

using
=

=
com

paresthe
references

�

w
hich

is
notthe

sam
eascom

paring
the

valuesofm
em

ber(s)ofthe
class

�

here’s
an

exam
ple

from
the

C
o
i
n

class:
–

com
paring

the
value

ofthe
f
a
c
e

m
em

beroftw
o

coins:
i
f
(

p
o
c
k
e
t
[
0
]
.
g
e
t
F
a
c
e
(
)
=
=

p
o
c
k
e
t
[
1
]
.
g
e
t
F
a
c
e
(
)
)

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

"
c
o
i
n
s
0

a
n
d
1

h
a
v
e
t
h
e

s
a
m
e
f
a
c
e
v
a
l
u
e
"
)
;

}

–
versus

com
paring

the
references:

i
f
(

p
o
c
k
e
t
[
0
]

=
=
p
o
c
k
e
t
[
1
]

)
{

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

"
c
o
i
n
s
0

a
n
d
1

a
r
e
t
h
e
s
a
m
e
"
)
;

}

�

m
any

classes
have

a
m

ethodcalled
c
o
m
p
a
r
e
T
o
(
)

to
com

pare
the

value
ofm

em
ber(s)

ofthe
class

cs1007-spring2002-sklar-lect12
14



com
paring

objects(2).
�

in
orderto

com
pare

the
value

oftw
o
S
t
r
i
n
g

s,w
e

needto
usethe

m
ethod

p
u
b
l
i
c

i
n
t
c
o
m
p
a
r
e
T
o
(

S
t
r
i
n
g
s
t
r

)
from

the
j
a
v
a
.
l
a
n
g
.
S
t
r
i
n
g

class

�

this
m

ethoddoesa
lexicalcom

parison
ofits

S
t
r
i
n
g

argum
entw

ith
the

currentobject
(i.e.,its

instantiated
value)

�

it
returns

an
i
n
t

asfollo
w

s:
ifthe

currentobject...
then

the
m

ethod
returns

is
the

sam
etextas

s
t
r

0
com

eslexically
befores

t
r

an
i
n
t

�
0

(e.g.,-1)
com

eslexically
afters

t
r

an
i
n
t

�
0

(e.g.,+
1)

�

using
=

=
to

com
pare

tw
o
S
t
r
i
n
g

s
com

parestheiraddresses,N
O

T
the

valuesofthe
text

they
store

�

this
is

the
sam

efor
com

paring
any

tw
o

objects
in

Java

�

m
ostclassesdefinea

c
o
m
p
a
r
e
T
o
(
)

m
ethod,justasm

ostclasses
definea

t
o
S
t
r
i
n
g
(
)

m
ethod

cs1007-spring2002-sklar-lect12
15



com
paring

objects(3).
�

for
exam

ple:

p
u
b
l
i
c
c
l
a
s
s
e
x
1
2
_
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
)

{
S
t
r
i
n
g
s
1
=

n
e
w
S
t
r
i
n
g
(

"
h
e
l
l
o
"
)
;

S
t
r
i
n
g
s
2
=

n
e
w
S
t
r
i
n
g
(

"
h
e
l
l
o
"
)
;

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

"
s
1
=
[
"
+
s
1
+
"
]
"
)
;

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

"
s
2
=
[
"
+
s
2
+
"
]
"
)
;

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

"
(
s
1
=
=
s
2
)
=

"
+

(
s
1

=
=
s
2
)
)
;

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

"
s
1
.
c
o
m
p
a
r
e
T
o
(
s
2
)
=
"
+
s
1
.
c
o
m
p
a
r
e
T
o
(
s
2
)
)
;

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

"
s
2
.
c
o
m
p
a
r
e
T
o
(
s
1
)
=
"
+
s
2
.
c
o
m
p
a
r
e
T
o
(
s
1
)
)
;

}
/
/

e
n
d
o
f
m
a
i
n
(
)

}
/
/
e
n
d
o
f

c
l
a
s
s
e
x
1
2
_
2

�

sam
pleoutput:

s
1
=
[
h
e
l
l
o
]

s
2
=
[
h
e
l
l
o
]

(
s
1
=
=

s
2
)
=
f
a
l
s
e

s
1
.
c
o
m
p
a
r
e
T
o
(
s
2
)
=
0

s
2
.
c
o
m
p
a
r
e
T
o
(
s
1
)
=
0
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