
A
PS

105
–

C
om

puter
Fundam

entals

A
ssignm

ent#9:
L

inked
L

ist

Fall1999

(To
be

com
pleted

before
your

lab
period,w

eek
of

N
ovem

ber
8)

O
bjective:

To
understand

linked
lists.

Y
ou

are
to

im
plem

entan
abstractdata

type
foran

ordered
setusing

linked
lists.

E
ach

setw
illhold

a
series

of
character

values
(of

type
c
h
a
r

),w
ith

the
characters

keptin
increasing

lexicographicalorder.
Furtherm

ore,
each

m
em

ber
of

the
setw

illbe
unique,i.e.

duplicates
should

never
be

added
or

included
in

a
set.

T
he

interface
for

the
class

is
defined

by
the

annotated
java

code
in

the
follow

ing
section.

Y
ou

m
uststart

w
ith

the
file

/
s
h
a
r
e
/
c
o
p
y
/
a
p
s
1
0
5
/
I
n
t
e
r
f
a
c
e
.
j
a
v
a

as
the

basis
for

your
assignm

ent.
Y

ou
should

com
plete

and
testone

m
ethod

in
this

code
ata

tim
e.To

help
you

do
this

testing,each
m

ethod
has

been
given

som
e

dum
m

y
code

w
hich

does
nothing

butallow
you

to
com

pile
the

class
w

ithoutcom
pleting

allthe
m

ethods.
Y

ou
are

allow
ed

to
add

additional
p
r
i
v
a
t
e

m
ethods

to
the

class
O
r
d
e
r
e
d

if
you

need
to

do
so,butyou

m
ay

notrem
ove

or
change

any
ofthe

m
ethods

in
the

class
interface.

Y
ou

w
illnotneed

to
add

any
additional

instance
or

class
variables.

1
O

rdered
Set

Interface

T
he

interface
to

the
setA

D
T

is
show

n
below

.
T

he
dum

m
y

code
to

help
yourtesting

has
been

om
itted

forclar-
ity

–
how

ever,itisincluded
in

the
I
n
t
e
r
f
a
c
e
.
j
a
v
a

code
w

hich
you

copy
from

/
s
h
a
r
e
/
c
o
p
y
/
a
p
s
1
0
5

.

/
/
A
s
i
m
p
l
e
c
l
a
s
s
f
o
r
l
i
n
k
e
d
l
i
s
t
e
l
e
m
e
n
t
s

c
l
a
s
s
E
l
e
m
e
n
t

{
p
u
b
l
i
c
E
l
e
m
e
n
t
n
e
x
t
;

p
u
b
l
i
c
c
h
a
r

v
a
l
u
e
;

E
l
e
m
e
n
t
(
c
h
a
r
c
,
E
l
e
m
e
n
t
e
)

{
v
a
l
u
e
=

c
;

n
e
x
t

=
e
;

}
}

1

/
/
C
l
a
s
s
t
o
r
e
p
r
e
s
e
n
t
a
n
o
r
d
e
r
e
d
s
e
t

c
l
a
s
s
O
r
d
e
r
e
d

{
p
r
i
v
a
t
e
E
l
e
m
e
n
t
l
i
s
t
;

/
/
C
o
n
s
t
r
u
c
t
o
r
f
o
r
a
n
e
m
p
t
y
s
e
t

O
r
d
e
r
e
d
(
)

{}/
/
C
o
n
s
t
r
u
c
t
o
r
f
o
r
a

s
i
n
g
l
e
t
o
n
s
e
t

O
r
d
e
r
e
d
(
c
h
a
r
c
)

{}/
/
C
o
n
s
t
r
u
c
t
o
r
f
o
r
a

p
o
p
u
l
a
t
e
d
s
e
t

/
/
-
C
r
e
a
t
e
s
a
s
e
t
w
i
t
h
a
l
l
t
h
e
c
h
a
r
a
c
t
e
r
s
i
n
s
t
r
a
s
e
l
e
m
e
n
t
s

/
/
-
A
s
s
u
m
e
s
t
h
a
t
e
l
e
m
e
n
t
s
o
f
s
t
r
a
r
e
a
l
r
e
a
d
y
i
n
o
r
d
e
r

/
/
-
A
s
s
u
m
e
s
t
h
a
t
a
l
l
e
l
e
m
e
n
t
s
o
f
s
t
r
a
r
e
u
n
i
q
u
e

/
/
-
E
a
c
h
s
e
t
c
h
a
r
a
c
t
e
r
i
n
s
t
r
m
a
y
b
e
s
e
p
a
r
a
t
e
d
b
y
z
e
r
o
o
r
m
o
r
e

/
/

s
p
a
c
e
s
,
w
h
i
c
h
y
o
u
m
u
s
t
i
g
n
o
r
e
(
s
p
a
c
e
s
a
r
e
n
o
t
p
a
r
t
o
f
t
h
e
s
e
t
)
.

O
r
d
e
r
e
d
(
S
t
r
i
n
g
s
t
r
)

{}/
/
C
o
n
v
e
r
t
s
a
s
e
t
i
n
t
o
a
s
t
r
i
n
g

/
/
-
t
h
e
r
e
m
u
s
t
b
e
e
a
c
t
l
y
o
n
e
s
p
a
c
e
(
i
.
e
.
’
’
)
b
e
t
w
e
e
n
e
a
c
h
s
e
t
e
l
e
m
e
n
t

/
/

i
n
t
h
e
r
e
s
u
l
t
i
n
g
s
t
r
i
n
g

/
/
-
b
e
s
u
r
e
t
o
k
e
e
p
t
h
e
s
t
r
i
n
g
c
h
a
r
a
c
t
e
r
s
i
n
t
h
e
s
a
m
e
o
r
d
e
r
a
s
t
h
e
s
e
t

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

{}/
/
A
d
d
c
t
o
s
e
t
,
p
u
t
t
i
n
g
i
t
i
n
t
h
e
c
o
r
r
e
c
t
l
o
c
a
t
i
o
n

/
/
-
m
u
t
a
t
e
s
t
h
e
o
r
i
g
i
n
a
l
s
e
t
b
y
a
d
d
i
n
g
t
h
e
n
e
w
e
l
e
m
e
n
t

p
u
b
l
i
c
v
o
i
d
a
d
d
(
c
h
a
r
c
)

{}/
/
I
s
t
h
e
s
e
t
e
m
p
t
y
?

p
u
b
l
i
c
b
o
o
l
e
a
n
i
s
E
m
p
t
y
(
)

{}
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/
/
I
s
t
h
e
c
h
a
r
a
c
t
e
r
a
m
e
m
b
e
r
o
f
t
h
e
s
e
t

/
/
-
r
e
t
u
r
n
s
t
r
u
e
i
f
c
i
n
s
e
t
,
f
a
l
s
e
o
t
h
e
r
w
i
s
e

p
u
b
l
i
c
b
o
o
l
e
a
n
i
s
M
e
m
b
e
r
(
c
h
a
r
c
)

{}/
/
R
e
t
u
r
n
a
n
e
w
c
o
p
y
o
f
t
h
e
s
e
t

p
u
b
l
i
c
O
r
d
e
r
e
d
c
o
p
y
(
)

{}/
/
R
e
t
u
r
n
a
n
e
w
s
e
t
d
e
s
c
r
i
b
i
n
g
t
h
e
u
n
i
o
n
o
f
t
w
o
s
e
t
s

p
u
b
l
i
c
O
r
d
e
r
e
d
u
n
i
o
n
(
O
r
d
e
r
e
d
s
e
t
)

{}/
/
R
e
t
u
r
n
a
n
e
w
s
e
t
d
e
s
c
r
i
b
i
n
g
t
h
e
i
n
t
e
r
s
e
c
t
i
o
n
o
f
t
w
o
s
e
t
s

p
u
b
l
i
c
O
r
d
e
r
e
d
i
n
t
e
r
s
e
c
t
i
o
n
(
O
r
d
e
r
e
d
s
e
t
)

{}/
/
R
e
t
u
r
n
a
n
e
w
s
e
t
d
e
s
c
r
i
b
i
n
g
t
h
e
s
u
b
t
r
a
c
t
i
o
n
o
f
<
s
e
t
>
f
r
o
m
t
h
i
s
s
e
t

/
/
i
.
e
.
,
r
e
t
u
r
n
(
t
h
i
s
_
s
e
t
m
i
n
u
s
(
t
h
i
s
_
s
e
t
i
n
t
e
r
s
e
c
t
s
e
t
)
)

p
u
b
l
i
c
O
r
d
e
r
e
d
d
i
f
f
e
r
e
n
c
e
(
O
r
d
e
r
e
d
s
e
t
)

{}/
/
R
e
t
u
r
n
a
r
e
f
e
r
e
n
c
e
t
o
t
h
e
f
i
r
s
t
i
t
e
m
i
n
t
h
e
l
i
n
k
e
d
l
i
s
t

p
u
b
l
i
c
E
l
e
m
e
n
t
g
e
t
L
i
s
t
(
)

{
r
e
t
u
r
n
l
i
s
t
;

}

}
/
/
E
n
d
o
f
c
l
a
s
s
O
r
d
e
r
e
d

3

2
T

he
M

ain
P

rogram

U
nlike

other
labs,you

w
illnotbe

required
to

subm
ita

program
w

hich
actually

uses
O
r
d
e
r
e
d

.Y
ou

should
create

a
m
a
i
n

m
ethod

in
orderto

testyourim
plem

entation
before

subm
itting

it,butany
code

you
im

plem
ent

for
this

purpose
w

illnotbe
m

arked.
H

ow
ever

you
are

stillresponsible
for

ensuring
thatyour

entire
subm

is-
sion

satisfies
style

guidelines.
A

s
partof

the
m

arking
process

your
version

of
O
r
d
e
r
e
d

w
illbe

recom
piled

and
then

executed
w

ith
a

testing
class

thatw
illnothave

seen.
T

he
m

ark
you

recieve
for

the
im

plem
entation

com
ponentof

this
lab

w
ill

be
based

on
w

hether
your

abstract
data

type
provides

the
desired

behaviour.
If

your
class

does
notcom

pile,or
if

the
constructors

do
notw

ork,you
w

illget0
since

your
class

is
notusable.

If
you

only
com

plete
partof

the
lab,it

is
im

portantthatyou
leave

the
dum

m
y

code
in

place
so

the
TA

can
stillcom

pile
and

testthe
w

orking
parts

of
your

code.
Y

ou
w

illfind
itconvenientto

use
the

m
ethod

t
o
S
t
r
i
n
g

w
hen

testing
since

itis
autom

atically
called

by
p
r
i
n
t
l
n

and

�

(string
concatenation)w

hen
given

a
reference

to
an

object.
T

he
follow

ing
sim

ple
m
a
i
n

m
ethod,w

hich
successfully

com
piles

and
executes,illustrates

this.

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
p
a
c
e
b
e
t
w
e
e
n
e
l
e
m
e
n
t
s
i
n
s
t
r
i
n
g
i
s
o
p
t
i
o
n
a
l

O
r
d
e
r
e
d
o
1
=
n
e
w
O
r
d
e
r
e
d
(
"
a
b
c
d
e
"
)
;

O
r
d
e
r
e
d
o
2
=
n
e
w
O
r
d
e
r
e
d
(
"
a
c
e
g
i
"
)
;

/
/
t
h
e
O
r
d
e
r
e
d
m
e
t
h
o
d
’
t
o
S
t
r
i
n
g
’
i
s
a
u
t
o
m
a
t
i
c
a
l
l
y

/
/
c
a
l
l
e
d
i
n
f
o
l
l
o
w
i
n
g
p
r
i
n
t
l
n
s

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
"
U
n
i
o
n
o
f
:
"
+
o
1
)
;

/
/
c
a
l
l
s
o
1
.
t
o
S
t
r
i
n
g
(
)
b
e
f
o
r
e
p
r
i
n
t
i
n
g

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

a
n
d
:
"
+
o
2
)
;

/
/
c
a
l
l
s
o
2
.
t
o
S
t
r
i
n
g
(
)
b
e
f
o
r
e
p
r
i
n
t
i
n
g

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

i
s
:
"
+
o
1
.
u
n
i
o
n
(
o
2
)
)
;

/
/
m
a
k
e
s
a
n
e
w
o
b
j
e
c
t
,
t
h
e
u
n
i
o
n
o
f
o
1
a
n
d
o
2
,

/
/
a
n
d
c
a
l
l
s
t
o
S
t
r
i
n
g
(
)
f
o
r
t
h
e
n
e
w
o
b
j
e
c
t

}T
he

outputof
this

program
is

show
n

below
.

U
n
i
o
n
o
f
:
a
b
c
d
e

a
n
d
:
a
c
e
g
i

i
s
:
a
b
c
d
e
g
i
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3
Subm

itting
your

A
ssignm

ent

Y
our

A
D

T
is

going
to

be
electronically

subm
itted

and
m

arked.
For

this
reason,itis

very
im

portantthatyou
have

notm
odified

the
interface

to
the

A
D

T
as

given
in
I
n
t
e
r
f
a
c
e
.
j
a
v
a

,and
thateach

of
the

m
ethods

perform
s

the
correct

function.
It

is
alright

if
you

have
added

additional
m

ethods,
but

you
m

ust
not

have
rem

oved
or

m
odified

the
ones

given.
To

prepare
yourprogram

forsubm
ission,you

should
m

ake
sure

the
file

containing
yourprogram

is
nam

ed
O
r
d
e
r
e
d
.
j
a
v
a

.E
verything

should
be

in
this

one
file,including

the
description

of
the

E
l
e
m
e
n
t

class.
If

you
define

any
m
a
i
n
(
)

m
ethods,these

w
illbe

ignored.
Y

ou
should

notuse
any

S
t
d
i
n

m
ethods

in
your

program
.

Firsttestthatyourfile
O
r
d
e
r
e
d
.
j
a
v
a

isself-contained
by

m
aking

a
new

directory.
C

opy
itand

I
n
t
e
r
f
a
c
e
T
e
s
t
.
j
a
v
a

into
that

directory.
C

om
pile

those
tw

o
program

s
and

run
the

test.
If

you
have

any
com

piling
errors,your

O
r
d
e
r
e
d
.
j
a
v
a

is
incom

plete
and

w
illnotbe

m
arkable.

O
nce

you
are

sure
thatO

r
d
e
r
e
d
.
j
a
v
a

is
self-contained,you

m
ay

subm
ititelectronically.

D
o

this
by

running
the

follow
ing

com
m

and:

�

s
u
b
m
i
t
a
p
s
1
0
5
f
1
O
r
d
e
r
e
d
.
j
a
v
a

if
your

lab
is

on
M

onday.

�

s
u
b
m
i
t
a
p
s
1
0
5
f
2
O
r
d
e
r
e
d
.
j
a
v
a

if
your

lab
is

on
T

uesday.

�

s
u
b
m
i
t
a
p
s
1
0
5
f
3
O
r
d
e
r
e
d
.
j
a
v
a

if
your

lab
is

on
W

ednesday.

Y
ou

m
ay

run
the

subm
itcom

m
and

m
ore

than
once

–
only

the
latestversion

w
illbe

m
arked.

Y
our

deadline
to

subm
itis

m
idnightatthe

end
of

your
lab

day.
Y

ou
m

ay
also

check
that

your
program

has
been

subm
itted

by
placing

the
the

-
l

(the
letter

’l’)
option

before
your

lab
day/num

ber,for
exam

ple:

s
k
u
l
e
.
e
c
f
%
s
u
b
m
i
t
a
p
s
1
0
5
f
-
l
1

t
o
t
a
l
1
0

-
r
w
-
r
-
-
-
-
-

1
t
e
s
t
e
r

a
p
s
1
0
5
f

4
6
6
2
N
o
v

7
2
1
:
4
3
O
r
d
e
r
e
d
.
j
a
v
a

Y
ou

m
ay

com
pare

the
size

of
the

file
subm

itted
(the

5th
colum

n,4662
bytes)

againstsize
of

the
file

in
your

directory
by

doing
an
l
s
-
l

in
your

directory.
If

your
program

has
only

a
few

w
orking

m
ethods,they

w
illbe

tested
and

you
w

illreceive
partialcredit.

If
none

of
your

m
ethods

w
ork,or

if
you

failto
subm

itanything,you
w

illreceive
a

m
ark

of
zero.
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