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a
b
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j
a
c
e
n
c
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.
j
a
v
a

S
a
t
 
N
o
v
 
1
3
 
1
9
:
0
4
:
2
8
 
1
9
9
9

1

//
 T

h
e

 G
a

m
e

 o
f 
A

d
ja

ce
n

cy
 −

 L
a

b
 6

//
 S

a
m

p
le

 S
o

lu
tio

n
 b

y 
A

n
th

o
n

y 
C

o
x

 cl
a

ss
 A

d
ja

ce
n

cy
 {

  
st

a
tic

 f
in

a
l i

n
t 
S

IZ
E

  
  
=

 8
; 
  
//
 T

h
e

 s
iz

e
 o

f 
th

e
 b

o
a

rd
  
st

a
tic

 f
in

a
l i

n
t 
C

O
R

N
E

R
S

 =
 2

; 
  
//
 T

h
e

 s
iz

e
 o

f 
in

iti
a

l s
ta

rt
in

g
 b

lo
ck

s
  
st

a
tic

 f
in

a
l c

h
a

r 
B

L
A

N
K

  
=

 ’_
’; 

//
 T

h
e

 c
h

a
r 

fo
r 

b
la

n
k 

sq
u

a
re

s

  
//

  
//
  
M

a
ke

 a
 n

e
w

 g
a

m
e

 b
o

a
rd

 a
n

d
 p

u
t 
o

n
 it

 t
h

e
 in

iti
a

l p
ie

ce
s

  
//
  
R

e
tu

rn
s 

a
 n

e
w

 b
o

a
rd

 o
f 
ty

p
e

 c
h

a
r[

S
IZ

E
][
[S

IZ
E

]
  
//

  
p

u
b

lic
 s

ta
tic

 c
h

a
r[

][
] 
se

tu
p

B
o

a
rd

 (
)

  
{

  
  
//
 C

re
a

te
 n

e
w

 b
o

a
rd

  
  
ch

a
r[

][
] 
b

o
a

rd
 =

 n
e

w
 c

h
a

r[
S

IZ
E

][
S

IZ
E

];

  
  
//
 I
n

iti
a

liz
e

 t
h

e
 b

o
a

rd
  
  
in

t 
ro

w
, 
co

l; 
  
  
fo

r 
(r

o
w

 =
 0

; 
ro

w
 <

 S
IZ

E
; 
ro

w
+

+
) 

{
  
  
  
fo

r 
(c

o
l =

 0
; 
co

l <
 S

IZ
E

; 
co

l+
+

) 
{

  
  
  
  
b

o
a

rd
[r

o
w

][
co

l] 
=

 B
L

A
N

K
; 

  
  
  
}

  
  
} 

  
  
//
 P

u
t 
to

ke
n

s 
o

n
 o

p
p

o
si

te
 C

O
R

N
E

R
 s

iz
e

d
 a

re
a

s
  
  
fo

r 
(r

o
w

 =
 0

; 
ro

w
 <

 C
O

R
N

E
R

S
; 
ro

w
+

+
) 

{
  
  
  
fo

r 
(c

o
l =

 0
; 
co

l <
 C

O
R

N
E

R
S

; 
co

l+
+

) 
{

  
  
  
  
b

o
a

rd
[r

o
w

][
co

l] 
=

 ’X
’;

  
  
  
  
b

o
a

rd
[(

S
IZ

E
−

1
)−

ro
w

][
(S

IZ
E

−
1

)−
co

l] 
=

 ’O
’;

  
  
  
}

  
  
}

  
  
re

tu
rn

 (
b

o
a

rd
);

  
}

  
//

  
//
 D

is
p

la
y 

th
e

 g
a

m
e

 b
o

a
rd

 a
s 

u
n

ic
o

d
e

 c
h

a
rs

  
//
 b

o
a

rd
 =

 t
h

e
 g

a
m

e
 b

o
a

rd
 t
o

 d
is

p
la

y
  
//

  
p

u
b

lic
 s

ta
tic

 v
o

id
 p

ri
n

tB
o

a
rd

 (
ch

a
r[

][
] 
b

o
a

rd
)

  
{

  
  
//
 S

ta
rt

 w
ith

 t
h

e
 t
o

p
 r

o
w

 a
n

d
 w

o
rk

 d
o

w
n

 t
h

e
 b

o
a

rd
  
  
fo

r 
(i
n

t 
ro

w
 =

 S
IZ

E
−

1
; 
ro

w
 >

=
 0

; 
ro

w
−

−
) 

{
  
  
  
fo

r 
(i
n

t 
co

l =
 0

; 
co

l <
 S

IZ
E

; 
co

l+
+

) 
{

  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
(b

o
a

rd
[r

o
w

][
co

l])
;

  
  
  
}

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

" 
" 

+
 (

ro
w

+
1

) 
);

  
  
}

  
  
fo

r 
(i
n

t 
co

l =
 0

; 
co

l <
 S

IZ
E

; 
co

l+
+

) 
{

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
( 

(c
o

l+
1

) 
);

  
  
}

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
()

;
  
}

  
//

  
//
  
U

p
d

a
te

 t
h

e
 g

a
m

e
 b

o
a

rd
 if

 p
la

ye
r 

h
a

s 
ch

o
se

n
 c

o
o

rd
 (

x,
y)

 
  
//
  
(x

,y
) 

=
 (

co
l,r

o
w

) 
o

f 
se

le
ct

e
d

 b
o

a
rd

 s
q

u
a

re
  
//
  
p

la
ye

r 
=

 t
h

e
 c

u
rr

e
n

t 
p

la
ye

r,
 e

ith
e

r 
’X

’ o
r 

’O
’

  
//
  
b

o
a

rd
 =

 t
h

e
 g

a
m

e
 b

o
a

rd
  
//
  
R

e
tu

rn
s 

th
e

 u
p

d
a

te
d

 g
a

m
e

 b
o

a
rd

  
//

  
st

a
tic

 v
o

id
 u

p
d

a
te

B
o

a
rd

 (
ch

a
r[

][
] 
b

o
a

rd
, 
ch

a
r 

p
la

ye
r,

 in
t 
x,

 in
t 
y)

  
{

  
  
b

o
a

rd
[y

][
x]

 =
 p

la
ye

r;
  
  
fo

r(
 in

t 
ro

w
 =

 y
 −

 1
; 
ro

w
 <

=
 y

 +
 1

; 
ro

w
+

+
 )

 {
  
  
  
fo

r(
 in

t 
co

l =
 x

 −
 1

; 
co

l <
=

 x
 +

 1
; 
co

l+
+

 )
 {

  
  
  
  
if(

 is
V

a
lid

(b
o

a
rd

, 
ro

w
, 
co

l)
 )

  
  
  
  
  
if(

 (
(p

la
ye

r 
=

=
 ’X

’)
 &

&
 (

b
o

a
rd

[r
o

w
][
co

l] 
=

=
 ’O

’)
) 

||
  
  
  
  
  
  
  
((

p
la

ye
r 

=
=

 ’O
’)
 &

&
 (

b
o

a
rd

[r
o

w
][
co

l] 
=

=
 ’X

’)
) 

)
  
  
  
  
  
  
b

o
a

rd
[r

o
w

][
co

l] 
=

 p
la

ye
r;

  
  
  
}

  
  
}

  
}

  
//

  
//
 A

re
 c

o
o

rd
in

a
te

s 
(x

,y
) 

va
lid

 f
o

r 
th

e
 c

u
rr

e
n

t 
b

o
a

rd
?

  
//
 R

e
tu

rn
s 

tr
u

e
 if

 v
a

lid
, 
fa

ls
e

 o
th

e
rw

is
e

  
//

  
st

a
tic

 b
o

o
le

a
n

 is
V

a
lid

 (
ch

a
r[

][
] 
b

o
a

rd
, 
in

t 
x,

 in
t 
y)

  
{

  
  
re

tu
rn

 (
(x

 >
=

 0
) 

&
&

 (
x 

<
 S

IZ
E

) 
&

&
 (

y 
>

=
 0

) 
&

&
 (

y 
<

 S
IZ

E
))

;
  
}

  
//

  
//
 A

re
 c

o
o

rd
in

a
te

s 
(x

,y
) 

o
n

 t
h

e
 c

u
rr

e
n

t 
b

o
a

rd
 e

m
p

ty
?

  
//
 R

e
tu

rn
s 

tr
u

e
 if

 e
m

p
ty

, 
fa

ls
e

 o
th

e
rw

is
e

  
//

  
st

a
tic

 b
o

o
le

a
n

 is
E

m
p

ty
 (

ch
a

r[
][
] 
b

o
a

rd
, 
in

t 
x,

 in
t 
y)

  
{

  
  
//
 p

ro
te

ct
 a

rr
a

y 
a

cc
e

ss
 w

ith
 la

zy
 e

va
lu

a
tio

n
  
  
re

tu
rn

 is
V

a
lid

(b
o

a
rd

,x
,y

) 
&

&
 (

b
o

a
rd

[y
][
x]

 =
=

 B
L

A
N

K
);

  
}

  
//

  
//
  
D

e
te

rm
in

e
 t
h

e
 f
in

a
l s

co
re

, 
d

is
p

la
y 

it 
a

n
d

 a
n

n
o

u
n

ce
 a

 w
in

n
e

r
  
//
  
b

o
a

rd
 =

 t
h

e
 g

a
m

e
 b

o
a

rd
 in

 it
s 

fin
a

l c
o

n
fig

u
ra

tio
n

  
//
 

  
st

a
tic

 v
o

id
 p

ri
n

tW
in

n
e

r 
(c

h
a

r[
][
] 
b

o
a

rd
)

  
{

  
  
in

t 
xS

co
re

 =
 0

, 
  
  
//
 p

la
ye

r 
X

’s
 s

co
re

  
  
  
  
o

S
co

re
 =

 0
; 
  
  
//
 p

la
ye

r 
O

’s
 s

co
re

  
  
fo

r 
(i
n

t 
ro

w
 =

 0
; 
ro

w
 <

 S
IZ

E
; 
ro

w
+

+
) 

{
  
  
  
fo

r 
(i
n

t 
co

l =
 0

; 
co

l <
 S

IZ
E

; 
co

l+
+

) 
{

  
  
  
  
if 

(b
o

a
rd

[r
o

w
][
co

l] 
=

=
 ’X

’)
 {

  
  
  
  
  
xS

co
re

+
+

;
  
  
  
  
} 

e
ls

e
 if

 (
b

o
a

rd
[r

o
w

][
co

l] 
=

=
 ’O

’)
 {

  
  
  
  
  
o

S
co

re
+

+
;

  
  
  
  
}

  
  
  
}

  
  
}

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"F
in

a
l S

co
re

")
;

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"P
la

ye
r 

X
: 
" 

+
 x

S
co

re
);

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"P
la

ye
r 

O
: 
" 

+
 o

S
co

re
);

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
  

  
  
if 

(x
S

co
re

 >
 o

S
co

re
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"P
la

ye
r 

X
 w

in
s!

")
;

  
  
} 

e
ls

e
 if

 (
o

S
co

re
 >

 x
S

co
re

) 
{

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"P
la

ye
r 

O
 w

in
s!

")
;

  
  
} 

e
ls

e
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"I
ts

 a
 t
ie

!"
);

  
  
}

  
}

  
//

  
//
 M

a
in

lin
e

  
//

  
p

u
b

lic
 s

ta
tic

 v
o

id
 m

a
in

 (
S

tr
in

g
[]
 s

) 
  
{

  
  
ch

a
r[

][
] 
b

o
a

rd
 =

 s
e

tu
p

B
o

a
rd

 (
);

  
 /
/ 
In

iti
a

liz
e

d
 g

a
m

e
 b

o
a

rd
  
  
ch

a
r 

p
la

ye
r 

=
 ’X

’; 
  
  
  
  
  
  
  
 /
/ 
C

u
rr

e
n

t 
p

la
ye

r
  
  
in

t 
x,

 y
; 
  
  
  
  
  
  
  
  
  
  
  
  
//
 C

o
−

o
rd

in
a

te
s 

o
f 
a

 m
o

ve



L
a
b
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_
A
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j
a
c
e
n
c
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.
j
a
v
a

S
a
t
 
N
o
v
 
1
3
 
1
9
:
0
4
:
2
8
 
1
9
9
9

2

  
  
in

t 
m

a
xT

u
rn

s 
=

 S
IZ

E
 *

 S
IZ

E
 −

 (
2

 *
 (

C
O

R
N

E
R

S
 *

 C
O

R
N

E
R

S
))

; 
  
  
b

o
o

le
a

n
 e

n
d

O
fG

a
m

e
 =

 f
a

ls
e

;

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"I
n

iti
a

l B
o

a
rd

")
;

  
  
p

ri
n

tB
o

a
rd

 (
b

o
a

rd
);

    
  
//
 L

a
b

e
lle

d
 b

re
a

k 
a

vo
id

s 
u

si
n

g
 f
la

g
s 

to
 in

d
ic

a
te

 c
o

m
p

le
tio

n
 

  
  
fo

r 
(i
n

t 
tu

rn
 =

 1
; 
tu

rn
 <

=
 m

a
xT

u
rn

s;
 t
u

rn
+

+
) 

{

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"T
u

rn
 #

" 
+

 t
u

rn
 +

 "
 (

P
la

ye
r 

" 
+

 p
la

ye
r 

+
 "

)"
);

    
  
  
//
 G

e
t 
th

e
 n

e
xt

 lo
ca

tio
n

  
  
  
d

o
 {

  
  
  
  
//
 I
n

p
u

t 
b

e
fo

re
 p

ri
n

tln
 s

o
 it

 lo
o

ks
 n

ic
e

 w
ith

 p
ip

e
d

 in
p

u
t

  
  
  
  
x 

=
 S

td
in

.g
e

tI
n

t 
()

; 
  
//
 c

o
lu

m
n

 o
f 
n

e
w

 p
ie

ce
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"W
h

a
t 
is

 t
h

e
 c

o
lu

m
n

?
 "

 +
 x

);
  
  
  
  
y 

=
 S

td
in

.g
e

tI
n

t 
()

; 
  
//
 r

o
w

 o
f 
n

e
w

 p
ie

ce
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"W
h

a
t 
is

 t
h

e
 r

o
w

?
 "

 +
 y

);
  
  
  
  
if 

((
x 

=
=

 0
) 

&
&

 (
y 

=
=

 0
))

 {
  
  
  
  
  
e

n
d

O
fG

a
m

e
 =

 t
ru

e
;

  
  
  
  
  
b

re
a

k;
  
  
  
  
}

  
  
  
  
x−

−
; 
y−

−
; 
  
  
  
  
  
  
 /
/ 
A

d
ju

st
 f
o

r 
in

d
e

xi
n

g
 f
ro

m
 0

 
  
  
  
} 

w
h

ile
( 

!is
E

m
p

ty
( 

b
o

a
rd

, 
x,

 y
 )

 )
;

  
  
  
if 

(e
n

d
O

fG
a

m
e

)
  
  
  
  
b

re
a

k;

  
  
  
//
 U

p
d

a
te

 t
h

e
 b

o
a

rd
 a

n
d

 d
is

p
la

y 
it 

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
  
  
u

p
d

a
te

B
o

a
rd

(b
o

a
rd

, 
p

la
ye

r,
 x

, 
y)

;
  
  
  
p

ri
n

tB
o

a
rd

 (
b

o
a

rd
);

  
  
  
//
 C

h
a

n
g

e
 p

la
ye

rs
  
  
  
if(

p
la

ye
r 

=
=

 ’X
’)
 {

  
  
  
  
p

la
ye

r 
=

 ’O
’;

  
  
  
} 

e
ls

e
 {

  
  
  
  
p

la
ye

r 
=

 ’X
’;

  
  
  
}

  
  
} 

//
 g

o
 b

a
ck

 a
n

d
 a

sk
 f
o

r 
n

e
xt

 m
o

ve

  
  
p

ri
n

tW
in

n
e

r 
(b

o
a

rd
);

  
}

} 
//
 e

n
d

 o
f 
cl

a
ss

 A
d

ja
ce

n
t



L
a
b
7
_
Y
e
a
r
.
j
a
v
a

S
a
t
 
N
o
v
 
1
3
 
1
9
:
3
6
:
4
3
 
1
9
9
9

1

// //
 F

ill
e

d
 in

 s
ke

le
to

n
 f
o

r 
a

 Y
e

a
r 

o
b

je
ct

// cl
a

ss
 Y

e
a

r
{   
p

ri
va

te
 in

t 
ye

a
r;

  
//
 

  
//
 C

o
n

st
ru

ct
o

r
  
//
 −

 P
re

ve
n

ts
 a

n
 in

va
lid

 y
e

a
r 

o
b

je
ct

 f
ro

m
 b

e
in

g
 c

re
a

te
d

  
//

  
Y

e
a

r 
(i
n

t 
y)

 
  
{

  
  
if 

(y
 <

 0
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 Y
e

a
r 

cl
a

ss
 c

a
n

n
o

t 
re

p
re

se
n

t 
n

e
g

a
tiv

e
 y

e
a

rs
")

;
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

" 
  
  
  
U

si
n

g
 0

 in
st

e
a

d
 o

f 
" 

+
 y

);
  
  
  
y 

=
 0

;
  
  
}

  
  
ye

a
r 

=
 y

;
  
}

  
//

  
//
 D

o
e

s 
th

e
 o

b
je

ct
 r

e
p

re
se

n
t 
a

 le
a

p
 y

e
a

r?
 (

re
tu

rn
s 

tr
u

e
 o

r 
fa

ls
e

)
  
//

  
p

u
b

lic
 b

o
o

le
a

n
 is

L
e

a
p

Y
e

a
r 

()
 

  
{

  
  
if 

(y
e

a
r 

>
 1

5
8

2
) 

{
  
  
  
if 

((
ye

a
r 

%
 4

0
0

) 
=

=
 0

) 
re

tu
rn

 (
tr

u
e

);
  
  
  
e

ls
e

 if
 (

(y
e

a
r 

%
 1

0
0

) 
=

=
 0

) 
re

tu
rn

 (
fa

ls
e

);
  
  
  
e

ls
e

 if
 (

(y
e

a
r 

%
 4

) 
=

=
 0

) 
re

tu
rn

 (
tr

u
e

);
  
  
} 

e
ls

e
 {

  
  
  
if 

((
ye

a
r 

%
 4

) 
=

=
 0

) 
re

tu
rn

 (
tr

u
e

);
  
  
}

  
  
re

tu
rn

 (
fa

ls
e

);
  
}

  
//

  
//
 W

h
a

t 
ce

n
tu

ry
 is

 t
h

is
 o

b
je

ct
 t
e

m
p

o
ra

lly
 lo

ca
te

d
 in

?
 

  
//

  
p

u
b

lic
 in

t 
ce

n
tu

ry
 (

)
  
{

  
  
re

tu
rn

 (
(y

e
a

r 
/ 
1

0
0

) 
+

 1
);

  
}

} // //
  
C

o
n

ta
in

e
r 

cl
a

ss
 f
o

r 
m

a
in

lin
e

// cl
a

ss
 D

e
m

o
{   
//

  
//
 T

ri
vi

a
l m

a
in

lin
e

 t
o

 u
se

 a
 Y

e
a

r 
o

b
je

ct
  
//

  
p

u
b

lic
 s

ta
tic

 v
o

id
 m

a
in

 (
S

tr
in

g
[]
 a

rg
s)

 
  
{

  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

E
n

te
r 

a
n

 p
o

si
tiv

e
 in

te
g

e
r 

re
p

re
se

n
tin

g
 a

 y
e

a
r:

 "
);

  
  
in

t 
y 

=
 S

td
in

.g
e

tI
n

t 
()

;

  
  
Y

e
a

r 
ye

a
r 

=
 n

e
w

 Y
e

a
r 

(y
);

  
  
if 

(y
e

a
r.

is
L

e
a

p
Y

e
a

r 
()

) 
{

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

y 
+

 "
 is

 a
 le

a
p

 y
e

a
r.

")
;

  
  
} 

e
ls

e
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

y 
+

 "
 is

 n
o

t 
a

 le
a

p
 y

e
a

r.
")

;
  
  
}

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

y 
+

 "
 is

 in
 c

e
n

tu
ry

 "
 +

 y
e

a
r.

ce
n

tu
ry

()
 +

 "
."

);
  
}

} 
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B
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.
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a
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S
a
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N
o
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1
3
 
1
9
:
3
6
:
3
1
 
1
9
9
9

1

//
 T

h
e

 B
a

n
k 

M
a

n
a

g
e

r:
 V

e
rs

io
n

 2
 U

si
n

g
 O

b
je

ct
s

//
 S

a
m

p
le

 S
o

lu
tio

n
 b

y 
A

n
th

o
n

y 
C

o
x

// //
 C

la
ss

 t
o

 r
e

p
re

se
n

t 
a

 b
a

n
k 

a
cc

o
u

n
t

// cl
a

ss
 A

cc
o

u
n

t
{   
p

ri
va

te
 in

t 
b

a
la

n
ce

; 
  
  
  
  
  
//
 C

u
rr

e
n

t 
a

cc
o

u
n

t 
b

a
la

n
ce

  
p

ri
va

te
 c

h
a

r 
ty

p
e

; 
  
  
  
  
  
  
//
 (

S
)a

vi
n

g
s 

o
r 

(C
)h

e
q

u
in

g
  
p

ri
va

te
 in

t 
in

te
re

st
R

a
te

; 
  
  
 /
/ 
In

te
re

st
 r

a
te

 t
o

 u
se

  
p

ri
va

te
 in

t 
m

in
B

a
la

n
ce

; 
  
  
  
 /
/ 
B

a
la

n
ce

 s
in

ce
 la

st
 in

te
re

st

  
//

  
//
 C

o
n

st
ru

ct
o

r
  
//
 t
  
=

 t
yp

e
 o

f 
a

cc
o

u
n

t:
 (

S
)a

vi
n

g
s 

o
r 

(C
)h

e
q

u
in

g
  
//
 ir

 =
 in

te
re

st
 r

a
te

 a
s 

a
n

 in
te

g
e

r 
p

e
rc

e
n

ta
g

e
  
//

  
A

cc
o

u
n

t 
(c

h
a

r 
t,
 in

t 
ir
) 

{
  
  
b

a
la

n
ce

 =
 0

;
  
  
m

in
B

a
la

n
ce

 =
 0

;
  
  
ty

p
e

 =
 t
;

  
  
in

te
re

st
R

a
te

 =
 ir

;
  
}

  
//

  
//
 G

e
t 
a

 m
o

n
e

ta
ry

 v
a

lu
e

 >
=

 0
 b

y 
p

ro
m

p
tin

g
 f
o

r 
d

o
lla

rs
 a

n
d

 c
e

n
ts

  
//
 R

e
tu

rn
s 

th
e

 a
m

o
u

n
t 
in

 c
e

n
ts

  
//
 

  
p

ri
va

te
 s

ta
tic

 in
t 
g

e
tA

m
o

u
n

t 
()

  
{

  
  
in

t 
d

o
lla

rs
, 
ce

n
ts

;

  
  
d

o
lla

rs
 =

 B
a

n
k.

p
ro

m
p

tI
n

t 
("

H
o

w
 m

a
n

y 
d

o
lla

rs
?

 "
);

  
  
w

h
ile

 (
d

o
lla

rs
 <

 0
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 I
n

va
lid

 d
o

lla
r 

a
m

o
u

n
t"

);
  
  
  
d

o
lla

rs
 =

 B
a

n
k.

p
ro

m
p

tI
n

t 
("

H
o

w
 m

a
n

y 
d

o
lla

rs
?

 "
);

  
  
}

  
  
ce

n
ts

 =
 B

a
n

k.
p

ro
m

p
tI
n

t 
("

H
o

w
 m

a
n

y 
ce

n
ts

?
 "

);
  
  
w

h
ile

 (
(c

e
n

ts
 <

 0
) 

|| 
(c

e
n

ts
 >

 9
9

))
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 I
n

va
lid

 c
e

n
t 
a

m
o

u
n

t.
")

;
  
  
  
ce

n
ts

 =
 B

a
n

k.
p

ro
m

p
tI
n

t 
("

H
o

w
 m

a
n

y 
ce

n
ts

?
 "

);
  
  
}

  
  
re

tu
rn

 (
1

0
0

 *
 d

o
lla

rs
 +

 c
e

n
ts

);
  
}

  
//

  
//
 P

ri
n

t 
a

 c
o

rr
e

ct
ly

 f
o

rm
a

tt
e

d
 m

o
n

e
ta

ry
 a

m
o

u
n

t
  
//

  
p

ri
va

te
 s

ta
tic

 v
o

id
 p

ri
n

tA
m

o
u

n
t 
(i
n

t 
a

m
o

u
n

t)
  
{

  
  
in

t 
ce

n
ts

 =
 a

m
o

u
n

t 
%

 1
0

0
;

  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

$
" 

+
 (

a
m

o
u

n
t 
/ 
1

0
0

) 
+

 "
."

);
  
  
if 

(c
e

n
ts

 =
=

 0
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

0
0

")
;

  
  
} 

e
ls

e
 if

 (
ce

n
ts

 <
 1

0
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

0
" 

+
 c

e
n

ts
);

  
  
} 

e
ls

e
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
(c

e
n

ts
);

  
  
}

  
}

    
//

  
//
 G

e
t 
a

 d
e

p
o

si
t 
a

m
o

u
n

t 
a

n
d

 a
d

d
 it

 t
o

 t
h

e
 c

u
rr

e
n

t 
b

a
la

n
ce

  
//
  
  
 

  
p

u
b

lic
 v

o
id

 d
e

p
o

si
t 
()

 
  
{

  
  
b

a
la

n
ce

 +
=

 g
e

tA
m

o
u

n
t 
()

;
  
}

  
//
 

  
//
 G

e
t 
a

 w
ith

d
ra

w
a

l a
m

o
u

n
t 
a

n
d

 s
u

b
tr

a
ct

 it
 f
ro

m
 t
h

e
 c

u
rr

e
n

t 
b

a
la

n
ce

  
//

  
p

u
b

lic
 in

t 
w

ith
d

ra
w

 (
)

  
{

  
  
in

t 
a

m
o

u
n

t 
=

 g
e

tA
m

o
u

n
t 
()

;
  
  
w

h
ile

 (
a

m
o

u
n

t 
>

 b
a

la
n

ce
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 A
m

o
u

n
t 
e

xc
e

e
d

s 
a

va
ila

b
le

 f
u

n
d

s.
")

;
  
  
  
a

m
o

u
n

t 
=

 g
e

tA
m

o
u

n
t 
()

;
  
  
}

  
  
b

a
la

n
ce

 −
=

 a
m

o
u

n
t;

  
  
if(

 b
a

la
n

ce
 <

 m
in

B
a

la
n

ce
 )

  
  
  
 m

in
B

a
la

n
ce

 =
 b

a
la

n
ce

;
  
  
re

tu
rn

 (
a

m
o

u
n

t)
;

  
}

  
//

  
//
  
P

ri
n

t 
o

u
t 
th

e
 c

u
rr

e
n

t 
a

cc
o

u
n

t 
b

a
la

n
ce

  
//

  
p

u
b

lic
 v

o
id

 b
a

la
n

ce
 (

)
  
{

  
  
if(

 t
yp

e
 =

=
 ’S

’ )
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
a

vi
n

g
s 

a
cc

o
u

n
t 
b

a
la

n
ce

: 
")

;
  
  
e

ls
e

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"C
h

e
q

u
in

g
 a

cc
o

u
n

t 
b

a
la

n
ce

: 
")

;
  
  
p

ri
n

tA
m

o
u

n
t 
(b

a
la

n
ce

);
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
}

  
//

  
//
 C

a
lc

u
la

te
 in

te
re

st
 f
o

r 
th

is
 a

cc
o

u
n

t
  
//
  
  
 

  
p

u
b

lic
 v

o
id

 in
te

re
st

 (
) 

  
{

  
  
b

a
la

n
ce

 +
=

 (
in

te
re

st
R

a
te

 *
 m

in
B

a
la

n
ce

) 
/ 
1

0
0

;
  
  
m

in
B

a
la

n
ce

 =
 b

a
la

n
ce

;
  
}

  
//

  
//
 T

ra
n

sf
e

r 
a

n
 a

m
o

u
n

t 
fr

o
m

 t
h

is
 a

cc
o

u
n

t 
to

 a
n

o
th

e
r 

a
cc

o
u

n
t

  
//
  
  
 

  
p

u
b

lic
 v

o
id

 t
ra

n
sf

e
rF

ro
m

 (
A

cc
o

u
n

t 
so

u
rc

e
) 

  
{

  
  
b

a
la

n
ce

 +
=

 s
o

u
rc

e
.w

ith
d

ra
w

 (
);

  
}

} 
//
 E

n
d

 o
f 
cl

a
ss

 A
cc

o
u

n
t

// //
 C

la
ss

 t
o

 r
e

p
re

se
n

t 
a

 s
m

a
ll 

b
a

n
k

//
  
  

cl
a

ss
 B

a
n

k
{   
p

ri
va

te
 s

ta
tic

 f
in

a
l i

n
t 
M

A
X

_
A

C
C

O
U

N
T

S
 =

 1
0

0
; 
  
  
//
 M

a
x.

 n
u

m
b

e
r 

o
f 
a

cc
o

u
n

ts

  
//
 I
n

te
re

st
 r

a
te

s 
fo

r 
n

e
w

 a
cc

o
u

n
ts

 (
w

ith
 d

e
fa

u
lt 

in
iti

a
liz

a
tio

n
 v

a
lu

e
s)

  
p

ri
va

te
 s

ta
tic

 in
t 
sa

vi
n

g
R

a
te

=
 5

; 
  
  
 

  
p

ri
va

te
 s

ta
tic

 in
t 
ch

e
q

u
in

g
R

a
te

 =
 3

;

  
//
 S

ys
te

m
 s

e
cu

ri
ty

 p
a

ss
w

o
rd

  
p

ri
va

te
 s

ta
tic

 f
in

a
l S

tr
in

g
 p

a
ss

w
o

rd
 =

 "
";

  
//
 I
n

d
e

x 
o

f 
th

e
 n

e
xt

 n
e

w
 a

cc
o

u
n

t 
a

n
d

 t
o

ta
l n

u
m

b
e

r 
o

f 
o

p
e

n
 a

cc
o

u
n

ts
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b
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B
a
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k
.
j
a
v
a

S
a
t
 
N
o
v
 
1
3
 
1
9
:
3
6
:
3
1
 
1
9
9
9

2

  
p

ri
va

te
 s

ta
tic

 in
t 
o

p
e

n
A

cc
o

u
n

ts
 =

 0
; 
  
  
  
  
 

  
//
 A

rr
a

y 
o

f 
a

cc
o

u
n

ts
 h

e
ld

 a
t 
th

is
 b

a
n

k
  
p

ri
va

te
 s

ta
tic

 A
cc

o
u

n
t[
] 
a

cc
o

u
n

ts
 =

 n
e

w
 A

cc
o

u
n

t[
M

A
X

_
A

C
C

O
U

N
T

S
];

  
//

  
//
 R

e
tu

rn
 a

n
 in

te
g

e
r 

va
lu

e
 u

si
n

g
 t
h

e
 s

u
p

p
lie

d
 p

ro
m

p
tin

g
 s

tr
in

g
  
//
 p

ro
m

p
t 
=

 p
ro

m
p

tin
g

 s
tr

in
g

  
//

  
p

u
b

lic
 s

ta
tic

 in
t 
p

ro
m

p
tI
n

t 
(S

tr
in

g
 p

ro
m

p
t)

  
{

  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
(p

ro
m

p
t)

;
  
  
re

tu
rn

 (
S

td
in

.g
e

tI
n

t 
()

);
  
}

  
//

  
//
 V

e
ri
fy

 p
a

ss
w

o
rd

 a
n

d
 s

e
le

ct
 t
h

e
 o

p
e

ra
tio

n
 t
o

 p
e

rf
o

rm
  
//
 R

e
tu

rn
s 

a
n

 u
p

p
e

rc
a

se
 o

p
e

ra
tio

n
 id

e
n

tif
ic

a
tio

n
 c

h
a

ra
ct

e
r

  
//
 N

o
te

: 
d

o
e

s 
n

o
t 
ve

ri
fy

 if
 t
h

is
 is

 a
 v

a
lid

 o
p

e
ra

tio
n

  
//
 R

e
tu

rn
s 

’*
’ i

f 
p

a
ss

w
o

rd
 n

o
t 
co

rr
e

ct
ly

 e
n

te
re

d
  
//

  
p

ri
va

te
 s

ta
tic

 c
h

a
r 

g
e

tT
ra

n
sa

ct
io

n
 (

) 
  
{

  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

E
n

te
r 

th
e

 p
a

ss
w

o
rd

: 
")

;
  
  
S

tr
in

g
 p

w
 =

 S
td

in
.g

e
tS

tr
in

g
 (

);
  
  
if 

(p
w

.c
o

m
p

a
re

T
o

 (
p

a
ss

w
o

rd
) 

!=
 0

) 
{

  
  
  
re

tu
rn

 (
’*

’)
;

  
  
}

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"(
D

)e
p

o
si

t,
 (

W
)i
th

d
ra

w
, 
(B

)a
la

n
ce

, 
(T

)r
a

n
sf

e
r,

 a
p

p
ly

 (
I)

n
te

re
s

t,
")

;
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"a
p

p
ly

 (
I)

n
te

re
st

, 
(S

)e
t 
in

te
re

st
 r

a
te

s,
 (

N
)e

w
 a

cc
o

u
n

t,
 (

Q
)u

it
")

;
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
  
("

O
p

e
ra

tio
n

?
  
")

;
  
  
re

tu
rn

 S
td

in
.g

e
tS

tr
in

g
()

.t
o

U
p

p
e

rC
a

se
()

.c
h

a
rA

t(
0

);
  
}

  
//

  
//
 S

e
le

ct
 a

 v
a

lid
 a

cc
o

u
n

t 
to

 o
p

e
ra

te
 o

n
  
//
 R

e
tu

rn
s 

th
e

 in
d

e
x 

o
f 
th

e
 a

cc
o

u
n

t 
o

r 
−

1
 o

n
 e

rr
o

r
  
//

  
p

ri
va

te
 s

ta
tic

 in
t 
g

e
tA

cc
o

u
n

t 
()

 
  
{

  
  
if 

(o
p

e
n

A
cc

o
u

n
ts

 =
=

 0
) 

{
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 N
o

 a
cc

o
u

n
ts

 e
xi

st
."

);
  
  
  
re

tu
rn

 (
−

1
);

  
  
}

  
  
in

t 
n

u
m

b
e

r 
=

 p
ro

m
p

tI
n

t 
("

A
cc

o
u

n
t 
n

u
m

b
e

r?
 "

);
  
  
if 

((
n

u
m

b
e

r 
<

 0
) 

|| 
(n

u
m

b
e

r 
>

=
 o

p
e

n
A

cc
o

u
n

ts
))

 {
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 I
n

va
lid

 a
cc

o
u

n
t 
n

u
m

b
e

r.
")

;
  
  
  
re

tu
rn

 (
−

1
);

  
  
}

  
  
re

tu
rn

 (
n

u
m

b
e

r)
;

  
}

  
//

  
//
 A

sk
 f
o

r 
a

 n
e

w
 in

te
re

st
 r

a
te

.
  
//

  
p

ri
va

te
 s

ta
tic

 in
t 
g

e
tI
n

te
re

st
R

a
te

s(
 S

tr
in

g
 a

cc
o

u
n

tT
yp

e
 )

  
{

  
  
  
//
 g

e
t 
th

e
 n

e
w

 in
te

re
st

 r
a

te
  
  
  
in

t 
ra

te
 =

 p
ro

m
p

tI
n

t 
("

W
h

a
t 
is

 t
h

e
 n

e
w

 "
 +

 a
cc

o
u

n
tT

yp
e

 +
 "

 in
te

re
st

 r
a

te
?

 "
);

  
  
  
w

h
ile

 (
ra

te
 <

 0
) 

{
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 N
e

g
a

tiv
e

 in
te

re
st

 r
a

te
 e

n
te

re
d

. 
")

;
  
  
  
  
ra

te
 =

 p
ro

m
p

tI
n

t 
("

W
h

a
t 
is

 t
h

e
 n

e
w

 "
 +

 a
cc

o
u

n
tT

yp
e

 +
 "

 in
te

re
st

 r
a

te
?

 "
);

  
  
  
}

  
  
  
re

tu
rn

 r
a

te
;

  
}

  
//

  
//
 O

p
e

n
 a

 n
e

w
 a

cc
o

u
n

t
  
//

  
p

ri
va

te
 s

ta
tic

 v
o

id
 o

p
e

n
N

e
w

A
cc

o
u

n
t(

)
  
{

  
  
  
if 

(o
p

e
n

A
cc

o
u

n
ts

 >
=

 M
A

X
_

A
C

C
O

U
N

T
S

) 
{

  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 M
a

xi
m

u
m

 n
u

m
b

e
r 

o
f 
a

cc
o

u
n

ts
 e

xc
e

e
d

e
d

."
);

  
  
  
} 

e
ls

e
 {

  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

(S
)a

vi
n

g
s 

o
r 

(C
)h

e
q

u
in

g
?

 "
);

  
  
  
  
ch

a
r 

ty
p

e
 =

 S
td

in
.g

e
tS

tr
in

g
()

.t
o

U
p

p
e

rC
a

se
()

.c
h

a
rA

t(
0

);

  
  
  
  
if 

(t
yp

e
 =

=
 ’S

’)
 {

  
  
  
  
  
a

cc
o

u
n

ts
[o

p
e

n
A

cc
o

u
n

ts
] 
=

 n
e

w
 A

cc
o

u
n

t 
(t

yp
e

, 
sa

vi
n

g
R

a
te

);
  
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
  
("

C
re

a
te

d
 n

e
w

 s
a

vi
n

g
s 

a
cc

o
u

n
t 
n

u
m

b
e

r:
 "

);
  
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

o
p

e
n

A
cc

o
u

n
ts

+
+

);

  
  
  
  
} 

e
ls

e
 if

 (
ty

p
e

 =
=

 ’C
’)
 {

  
  
  
  
  
a

cc
o

u
n

ts
[o

p
e

n
A

cc
o

u
n

ts
] 
=

 n
e

w
 A

cc
o

u
n

t 
(t

yp
e

, 
ch

e
q

u
in

g
R

a
te

);
  
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
  
("

C
re

a
te

d
 n

e
w

 c
h

e
q

u
in

g
 a

cc
o

u
n

t 
n

u
m

b
e

r:
 "

);
  
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

o
p

e
n

A
cc

o
u

n
ts

+
+

);

  
  
  
  
} 

e
ls

e
 {

  
  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 I
n

va
lid

 a
cc

o
u

n
t 
ty

p
e

 e
n

te
re

d
."

);
  
  
  
  
}

  
  
  
}

  
}

  
//

  
//
 D

o
 t
h

e
 a

p
p

ro
p

ri
a

te
 t
ra

n
sa

ct
io

n
.

  
//

  
p

ri
va

te
 s

ta
tic

 v
o

id
 d

o
T

ra
n

sa
ct

io
n

( 
ch

a
r 

co
m

m
a

n
d

 )
  
{

  
  
//
 D

E
P

O
S

IT
, 
W

IT
H

D
R

A
W

, 
B

A
L

A
N

C
E

, 
O

R
 T

R
A

N
S

F
E

R
  
  
if 

(c
o

m
m

a
n

d
 =

=
 ’D

’ |
| 
co

m
m

a
n

d
 =

=
 ’W

’
  
  
 |
| 
co

m
m

a
n

d
 =

=
 ’B

’ |
| 
co

m
m

a
n

d
 =

=
 ’T

’ )
  
  
{

  
  
  
 /
/ 
m

o
d

ify
 o

n
e

 (
m

a
yb

e
 t
w

o
) 

a
cc

o
u

n
t(

s)
  
  
  
 in

t 
a

cc
o

u
n

tN
u

m
b

e
r 

=
 g

e
tA

cc
o

u
n

t(
);

  
  
  
 if

( 
a

cc
o

u
n

tN
u

m
b

e
r 

>
=

 0
 )

 {

  
  
  
  
 if

 (
co

m
m

a
n

d
 =

=
 ’D

’)
  
  
  
  
  
 a

cc
o

u
n

ts
[a

cc
o

u
n

tN
u

m
b

e
r]

.d
e

p
o

si
t 
()

;

  
  
  
  
 e

ls
e

 if
 (

co
m

m
a

n
d

 =
=

 ’W
’)

  
  
  
  
  
 a

cc
o

u
n

ts
[a

cc
o

u
n

tN
u

m
b

e
r]

.w
ith

d
ra

w
 (

);

  
  
  
  
 e

ls
e

 if
 (

co
m

m
a

n
d

 =
=

 ’B
’)

  
  
  
  
  
 a

cc
o

u
n

ts
[a

cc
o

u
n

tN
u

m
b

e
r]

.b
a

la
n

ce
 (

);

  
  
  
  
 e

ls
e

 if
 (

co
m

m
a

n
d

 =
=

 ’T
’)
 {

  
  
  
  
  
 S

ys
te

m
.o

u
t.
p

ri
n

t 
("

W
h

a
t 
is

 t
h

e
 S

o
u

rc
e

 "
);

  
  
  
  
  
 in

t 
so

u
rc

e
 =

 g
e

tA
cc

o
u

n
t 
()

;
  
  
  
  
  
 if

 (
so

u
rc

e
 !
=

 −
1

) 
{

  
  
  
  
  
  
 a

cc
o

u
n

ts
[a

cc
o

u
n

tN
u

m
b

e
r]

.t
ra

n
sf

e
rF

ro
m

 (
a

cc
o

u
n

ts
[s

o
u

rc
e

])
;

  
  
  
  
  
 }

  
  
  
  
 }

  
  
  
 }

  
  
//
 A

P
P

L
Y

 I
N

T
E

R
E

S
T

 T
O

 A
L

L
 O

P
E

N
 A

C
C

O
U

N
T

S
  
  
} 

e
ls

e
 if

 (
co

m
m

a
n

d
 =

=
 ’I

’)
 {



L
a
b
7
_
B
a
n
k
.
j
a
v
a

S
a
t
 
N
o
v
 
1
3
 
1
9
:
3
6
:
3
1
 
1
9
9
9

3

  
  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 o
p

e
n

A
cc

o
u

n
ts

; 
i+

+
) 

{
  
  
  
  
a

cc
o

u
n

ts
[i]

.in
te

re
st

 (
);

  
  
  
}

  
  
//
 C

H
A

N
G

E
 T

H
E

 I
N

T
E

R
E

S
T

 R
A

T
E

S
  
  
} 

e
ls

e
 if

 (
co

m
m

a
n

d
 =

=
 ’S

’)
 {

  
  
  
sa

vi
n

g
R

a
te

  
 =

 g
e

tI
n

te
re

st
R

a
te

s(
 "

sa
vi

n
g

" 
);

  
  
  
ch

e
q

u
in

g
R

a
te

 =
 g

e
tI
n

te
re

st
R

a
te

s(
 "

ch
e

q
u

in
g

" 
);

  
  
//
 O

P
E

N
 A

 N
E

W
 A

C
C

O
U

N
T

  
  
} 

e
ls

e
 if

 (
co

m
m

a
n

d
 =

=
 ’N

’)
 {

  
  
  
o

p
e

n
N

e
w

A
cc

o
u

n
t(

);

  
  
//
 Q

U
IT

  
  
} 

e
ls

e
 if

 (
co

m
m

a
n

d
 =

=
 ’Q

’)
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"P
ro

g
ra

m
 t
e

rm
in

a
tin

g
."

);

  
  
//
 E

R
R

O
R

, 
B

A
D

 P
A

S
S

W
O

R
D

  
  
} 

e
ls

e
 if

 (
co

m
m

a
n

d
 =

=
 ’*

’)
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 I
n

va
lid

 p
a

ss
w

o
rd

 e
n

te
re

d
."

);

  
  
//
 E

R
R

O
R

, 
U

N
K

N
O

W
N

 T
R

A
N

S
A

C
T

IO
N

  
  
} 

e
ls

e
 {

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"E
rr

o
r:

 U
n

kn
o

w
n

 t
ra

n
sa

ct
io

n
 r

e
q

u
e

st
e

d
."

);
  
  
}

  
}

  
//

  
//
 M

a
in

lin
e

  
//

  
p

u
b

lic
 s

ta
tic

 v
o

id
 m

a
in

 (
S

tr
in

g
[]
 s

) 
  
{

  
  
ch

a
r 

co
m

m
a

n
d

;
  
  
in

t 
 a

cc
o

u
n

tN
u

m
b

e
r;

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"B
a

n
k 

A
cc

o
u

n
t 
M

a
n

a
g

e
m

e
n

t 
P

ro
g

ra
m

: 
V

e
rs

io
n

 2
\n

")
;

  
 

  
  
//
 L

o
o

p
 t
o

 c
o

n
tin

u
o

u
sl

y 
p

e
rf

o
rm

 c
o

m
m

a
n

d
s 

u
n

til
 a

 ’q
u

it’
 is

 r
e

q
u

e
st

e
d

 
  
  
d

o
 {

  
  
  
//
 G

e
t 
co

m
m

a
n

d
 a

ls
o

 d
o

e
s 

p
a

ss
w

o
rd

 v
e

ri
fic

a
tio

n
  
  
  
co

m
m

a
n

d
 =

 g
e

tT
ra

n
sa

ct
io

n
 (

);
  
  
  
d

o
T

ra
n

sa
ct

io
n

( 
co

m
m

a
n

d
 )

;

  
  
  
//
 P

u
t 
a

 n
e

w
lin

e
 b

e
tw

e
e

n
 o

p
e

ra
tio

n
s

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
  
} 

w
h

ile
 (

co
m

m
a

n
d

 !
=

 ’Q
’)
;

  
} 

//
 e

n
d

 o
f 
m

a
in

lin
e

} 
//
 e

n
d

 o
f 
cl

a
ss

 B
a

n
k



L
a
b
8
_
S
o
r
t
s
.
j
a
v
a

S
a
t
 
N
o
v
 
1
3
 
1
9
:
4
0
:
1
5
 
1
9
9
9

1

cl
a

ss
 S

o
rt

s 
{

  
//

  
//
 M

a
in

lin
e

  
//

  
st

a
tic

 p
u

b
lic

 v
o

id
 m

a
in

 (
S

tr
in

g
[]
 a

rg
s)

 
  
{

  
  
d

o
u

b
le

[]
 it

e
m

s,
 c

o
p

y;

  
  
//
 L

o
o

p
 o

ve
r 

th
e

 d
iff

e
re

n
t 
a

rr
a

y 
si

ze
s

  
  
fo

r 
(i
n

t 
n

 =
 1

0
0

0
; 
n

 <
 1

0
0

0
1

; 
n

+
=

 1
0

0
0

) 
{

  
  
  
//
 I
n

d
ic

a
te

 t
h

e
 s

iz
e

 o
f 
th

e
 a

rr
a

y 
b

e
in

g
 u

se
d

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"A
rr

a
y 

si
ze

 =
 "

 +
 n

);
 

  
  
  
//
 C

re
a

te
 a

 r
a

n
d

o
m

 a
rr

a
y

  
  
  
ite

m
s 

=
 r

a
n

d
o

m
A

rr
a

y 
(n

);

  
  
  
//
 S

e
le

ct
io

n
 s

o
rt

 t
h

e
 a

rr
a

y
  
  
  
co

p
y 

=
 a

rr
a

yC
o

p
y 

(i
te

m
s)

;
  
  
  
in

t 
s 

=
 s

e
le

ct
io

n
so

rt
 (

co
p

y)
;

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

" 
 s

e
le

ct
io

n
 s

o
rt

: 
" 

+
 s

 +
 "

 c
o

m
p

a
ri
so

n
s.

")
;

  
  
  
//
 Q

u
ic

k 
so

rt
 t
h

e
 a

rr
a

y
  
  
  
co

p
y 

=
 a

rr
a

yC
o

p
y 

(i
te

m
s)

;
  
  
  
in

t 
q

 =
 q

u
ic

ks
o

rt
 (

co
p

y,
 0

, 
n

 −
 1

);
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

" 
 q

u
ic

ks
o

rt
: 
" 

+
 q

 +
 "

 c
o

m
p

a
ri
so

n
s.

")
;

  
  
} 

//
 e

n
d

 o
f 
lo

o
p

 t
o

 s
iz

e
 a

rr
a

ys
 1

0
0

0
..
1

0
0

0
0

  
} 

//
 e

n
d

 o
f 
m

a
in

lin
e

  
//

  
//
 R

e
tu

rn
 a

 r
a

n
d

o
m

 a
rr

a
y 

o
f 
<

si
ze

>
 n

u
m

b
e

rs
 o

f 
ty

p
e

 d
o

u
b

le
  
//

  
st

a
tic

 p
u

b
lic

 d
o

u
b

le
[]
 r

a
n

d
o

m
A

rr
a

y 
(i
n

t 
si

ze
) 

  
{

  
  
d

o
u

b
le

[]
 a

rr
a

y 
=

 n
e

w
 d

o
u

b
le

[s
iz

e
];

  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 s
iz

e
; 
i+

+
) 

{
  
  
  
a

rr
a

y[
i] 

=
 M

a
th

.r
a

n
d

o
m

 (
);

  
  
}

  
  
re

tu
rn

 (
a

rr
a

y)
;

  
}

  
//
 

  
//
 R

e
tu

rn
 a

 c
o

p
y 

o
f 
a

n
 a

rr
a

y
  
//

  
st

a
tic

 p
u

b
lic

 d
o

u
b

le
[]
 a

rr
a

yC
o

p
y 

(d
o

u
b

le
[]
 in

)
  
{

  
  
 d

o
u

b
le

[]
 o

u
t 
=

 n
e

w
 d

o
u

b
le

[in
.le

n
g

th
];

  
  
 f
o

r 
(i
n

t 
i =

 0
; 
i <

 in
.le

n
g

th
; 
i+

+
) 

{
  
  
  
 o

u
t[
i] 

=
 in

[i]
;

  
  
 }

  
  
 r

e
tu

rn
 (

o
u

t)
;

  
}

  
//

  
//
 S

w
a

p
 t
h

e
 e

n
tr

ie
s 

a
t 
<

in
d

e
x1

>
 a

n
d

 <
in

d
e

x2
>

 in
 t
h

e
 a

rr
a

y 
o

f 
ite

m
s

  
//

  
st

a
tic

 v
o

id
 s

w
a

p
 (

d
o

u
b

le
[]
 it

e
m

s,
 in

t 
in

d
e

x1
, 
in

t 
in

d
e

x2
)

  
{

  
  
d

o
u

b
le

 t
m

p
 =

 it
e

m
s[

in
d

e
x1

];
  
  
ite

m
s[

in
d

e
x1

] 
=

 it
e

m
s[

in
d

e
x2

];
  
  
ite

m
s[

in
d

e
x2

] 
=

 t
m

p
;

  
}

  
//

  
//
 S

e
le

ct
io

n
 s

o
rt

 t
h

e
 a

rr
a

y 
o

f 
ite

m
s

  
//

  
st

a
tic

 in
t 
se

le
ct

io
n

so
rt

 (
d

o
u

b
le

[]
 it

e
m

s)
  
{

  
  
//
 M

e
a

su
re

 t
h

e
 "

w
o

rk
" 

d
o

n
e

  
  
in

t 
co

m
p

a
ri
so

n
s 

=
 0

;
    
  
//
 F

o
r 

a
ll 

e
le

m
e

n
ts

 o
f 
th

e
 a

rr
a

y 
(b

u
t 
th

e
 la

st
) 

  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 (
ite

m
s.

le
n

g
th

 −
 1

);
 i+

+
) 

{

  
  
  
//
 F

in
d

 t
h

e
 in

d
e

x 
o

f 
th

e
 s

m
a

lle
st

 u
n

se
le

ct
e

d
 v

a
lu

e
  
  
  
in

t 
m

in
In

d
e

x 
=

 i;
  
  
  
fo

r 
(i
n

t 
j =

 i;
 j 

<
 it

e
m

s.
le

n
g

th
; 
j+

+
) 

{
  
  
  
  
if 

(i
te

m
s[

j] 
<

 it
e

m
s[

m
in

In
d

e
x]

) 
{

  
  
  
  
  
m

in
In

d
e

x 
=

 j;
  
  
  
  
}

  
  
  
  
co

m
p

a
ri
so

n
s+

+
;

  
  
  
}

  
  
  
//
 I
f 
n

e
ce

ss
a

ry
, 
p

u
t 
sm

a
lle

st
 r

e
m

a
in

in
g

 v
a

lu
e

 in
 c

u
rr

e
n

t 
a

rr
a

y 
in

d
e

x
  
  
  
if 

(i
te

m
s[

i] 
>

 it
e

m
s[

m
in

In
d

e
x]

) 
{

  
  
  
  
sw

a
p

 (
ite

m
s,

 i,
 m

in
In

d
e

x)
;

  
  
  
}

  
  
  
co

m
p

a
ri
so

n
s+

+
;

  
  
}

  
  
re

tu
rn

 (
co

m
p

a
ri
so

n
s)

;
  
} 

  
//

  
//
 Q

u
ic

ks
o

rt
 t
h

e
 a

rr
a

y 
o

f 
ite

m
s 

b
e

tw
e

e
n

 in
d

ic
e

s 
le

ft
 a

n
d

 r
ig

h
t 
in

cl
u

si
ve

  
//

  
st

a
tic

 in
t 
q

u
ic

ks
o

rt
 (

d
o

u
b

le
[]
 it

e
m

s,
 in

t 
le

ft
, 
in

t 
ri
g

h
t)

 
  
{

  
  
//
 M

e
a

su
re

 t
h

e
 "

w
o

rk
" 

d
o

n
e

  
  
in

t 
co

m
p

a
ri
so

n
s 

=
 0

;

  
  
//
 E

xi
t 
if 

0
 o

r 
1

 e
le

m
e

n
ts

 t
o

 b
e

 s
o

rt
e

d
  
  
if 

((
ri
g

h
t 
−

 le
ft
) 

<
 1

) 
re

tu
rn

 (
co

m
p

a
ri
so

n
s)

;
  
  
//
 E

xi
t 
if 

so
rt

in
g

 r
a

n
g

e
 is

 in
va

lid
  
  
if 

(l
e

ft
 >

=
 r

ig
h

t)
 r

e
tu

rn
 (

co
m

p
a

ri
so

n
s)

;

  
  
//
 S

e
le

ct
 a

 p
iv

o
t 
va

lu
e

, 
a

n
d

 s
e

t 
sw

a
p

p
in

g
 in

d
ic

ic
e

s
  
  
d

o
u

b
le

 p
iv

o
t 
=

 it
e

m
s[

le
ft
];

  
  
in

t 
l =

 le
ft
 +

 1
;

  
  
in

t 
r 

=
 r

ig
h

t;

  
  
//
 P

a
rt

iti
o

n
 t
h

e
 a

rr
a

y 
in

to
 {

<
 p

iv
o

t}
, 
p

iv
o

t,
 {

>
 p

iv
o

t}
  
  
w

h
ile

 (
l <

=
 r

) 
{

  
  
  
 /
/ 
F

in
d

 t
h

e
 f
ir
st

 it
e

m
 >

 p
iv

o
t

  
  
  
 w

h
ile

 (
(l
 <

=
 r

) 
&

&
 (

ite
m

s[
l] 

<
=

 p
iv

o
t)

) 
{

  
  
  
  
 l+

+
;

  
  
  
  
 c

o
m

p
a

ri
so

n
s+

+
;

  
  
  
 }

  
  
  
 /
/ 
F

in
d

 t
h

e
 la

st
 it

e
m

 <
 p

iv
o

t
  
  
  
 w

h
ile

 (
(r

 >
=

 l)
 &

&
 (

ite
m

s[
r]

 >
=

 p
iv

o
t)

) 
{

  
  
  
  
 r

−
−

;
  
  
  
  
 c

o
m

p
a

ri
so

n
s+

+
;

  
  
  
 }

  
  
  
 /
/ 
S

w
a

p
 t
h

e
 it

e
m

s 
o

n
 t
h

e
 w

ro
n

g
 s

id
e

 o
f 
th

e
 p

iv
o

t
  
  
  
 if

 (
l <

 r
) 

{
  
  
  
  
 s

w
a

p
 (

ite
m

s,
 l,

 r
);

  
  
  
 }

  
  
}

  
  
//
 P

u
t 
p

iv
o

t 
b

e
tw

e
e

n
 <

 a
n

d
 >

 s
u

b
a

rr
a

ys
  
  
sw

a
p

 (
ite

m
s,

 le
ft
, 
r)

;
  
  
co

m
p

a
ri
so

n
s+

+
;
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:
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1
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2

  
  
//
 R

e
cu

rs
e

 a
n

d
 q

u
ic

ks
o

rt
 t
h

e
 s

u
b

a
rr

a
ys

  
  
co

m
p

a
ri
so

n
s 

+
=

 q
u

ic
ks

o
rt

 (
ite

m
s,

 le
ft
, 
r 

−
 1

);
  
  
co

m
p

a
ri
so

n
s 

+
=

 q
u

ic
ks

o
rt

 (
ite

m
s,

 r
 +

 1
, 
ri
g

h
t)

;
  
  
re

tu
rn

 (
co

m
p

a
ri
so

n
s)

;
  
}

} 
//
 e

n
d

 o
f 
cl

a
ss

 S
o

rt
s
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1

//
 S

im
p

le
 T

e
le

p
h

o
n

e
 B

o
o

k
//
 S

a
m

p
le

 s
o

lu
tio

n
 b

y 
A

n
th

o
n

y 
C

o
x

im
p

o
rt

 ja
va

.n
e

t.
*;

im
p

o
rt

 ja
va

.io
.*

;
im

p
o

rt
 ja

va
.u

til
.*

;

// //
 A

n
 o

b
je

ct
 t
o

 s
to

re
 a

 p
h

o
n

e
 b

o
o

k 
e

n
tr

y
// cl

a
ss

 E
n

tr
y 

{

  
p

ri
va

te
 S

tr
in

g
 s

u
rn

a
m

e
;

  
p

ri
va

te
 S

tr
in

g
 f
ir
st

n
a

m
e

;
  
p

ri
va

te
 S

tr
in

g
 p

h
o

n
e

n
u

m
b

e
r;

  
//

  
//
 C

o
n

st
ru

ct
o

r 
to

 s
e

t 
in

st
a

n
ce

 v
a

ri
a

b
le

s
  
//

  
E

n
tr

y 
(S

tr
in

g
 s

n
, 
S

tr
in

g
 f
n

, 
S

tr
in

g
 p

n
)

  
{

  
  
su

rn
a

m
e

 =
 s

n
;

  
  
fir

st
n

a
m

e
 =

 f
n

;
  
  
p

h
o

n
e

n
u

m
b

e
r 

=
 p

n
;

  
}

  
//

  
//
 D

is
p

la
y 

o
n

 S
ys

te
m

.o
u

t 
th

e
 f
o

rm
a

tt
e

d
 c

o
n

te
n

ts
 o

f 
a

n
 e

n
tr

y
  
//

  
p

u
b

lic
 v

o
id

 p
ri
n

tE
n

tr
y 

()
  
{

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

su
rn

a
m

e
 +

 "
, 
" 

+
 f
ir
st

n
a

m
e

 +
 "

: 
" 

+
 p

h
o

n
e

n
u

m
b

e
r)

;
  
}

  
//

  
//
 R

e
tu

rn
 t
h

e
 s

u
rn

a
m

e
 f
o

r 
p

ri
n

tin
g

 d
u

ri
n

g
 b

in
a

ry
 s

e
a

rc
h

  
//

  
p

u
b

lic
 S

tr
in

g
 s

u
rn

a
m

e
O

f 
()

 
  
{

  
  
re

tu
rn

 (
su

rn
a

m
e

);
  
}

  
//

  
//
  
A

ct
u

a
lly

 im
p

le
m

e
n

ts
: 
le

ss
 t
h

a
n

 o
r 

e
q

u
a

l t
o

  
//
  
A

ss
u

m
e

s 
th

a
ts

 s
u

rn
a

m
e

s 
a

re
 a

 u
n

iq
u

e
 k

e
y

  
//

  
p

u
b

lic
 b

o
o

le
a

n
 le

ss
th

a
n

 (
E

n
tr

y 
e

)
  
{

  
  
if 

(s
u

rn
a

m
e

.c
o

m
p

a
re

T
o

 (
e

.s
u

rn
a

m
e

) 
<

=
 0

) 
  
  
  
re

tu
rn

 (
tr

u
e

);
  
  
e

ls
e

 
  
  
  
re

tu
rn

 (
fa

ls
e

);
  
}

  
//

  
//
  
A

ct
u

a
lly

 im
p

le
m

e
n

ts
: 
g

re
a

te
r 

th
a

n
 o

r 
e

q
u

a
l t

o
  
//
  
A

ss
u

m
e

s 
th

a
ts

 s
u

rn
a

m
e

s 
a

re
 a

 u
n

iq
u

e
 k

e
y

  
//

  
p

u
b

lic
 b

o
o

le
a

n
 g

re
a

te
rt

h
a

n
 (

E
n

tr
y 

e
)

  
{

  
  
if 

(s
u

rn
a

m
e

.c
o

m
p

a
re

T
o

 (
e

.s
u

rn
a

m
e

) 
>

=
 0

) 
  
  
  
re

tu
rn

 (
tr

u
e

);
  
  
e

ls
e

 
  
  
  
re

tu
rn

 (
fa

ls
e

);
  
}

  
//

  
//
 C

o
m

p
a

re
 t
h

e
 e

n
tr

ie
s 

su
rn

a
m

e
 w

ith
 t
h

e
 p

a
ra

m
e

te
r

  
//
 −

 s
a

m
e

 r
e

tu
rn

 v
a

lu
e

s 
a

s 
S

tr
in

g
.c

o
m

p
a

re
T

o
 (

)
  
//

  
p

u
b

lic
 in

t 
su

rn
a

m
e

C
o

m
p

a
re

 (
S

tr
in

g
 s

n
) 

  
{

  
  
re

tu
rn

 (
su

rn
a

m
e

.c
o

m
p

a
re

T
o

 (
sn

))
;

  
}

} 
//
 e

n
d

 o
f 
cl

a
ss

 E
n

tr
y

// //
 A

 s
im

p
le

 t
e

le
p

h
o

n
e

 b
o

o
k 

w
ith

 b
in

a
ry

 s
e

a
rc

h
 b

a
se

d
 lo

o
ku

p
// cl

a
ss

 P
h

o
n

e
B

o
o

k 
{   
//
 M

a
xi

m
u

m
 n

u
m

b
e

r 
o

f 
e

n
tr

ie
s 

in
 t
h

e
 p

h
o

n
e

 b
o

o
k

  
p

ri
va

te
 s

ta
tic

 f
in

a
l i

n
t 
N

U
M

_
E

N
T

R
IE

S
 =

 5
0

; 
  
//
 A

rr
a

y 
o

f 
th

e
 e

n
tr

ie
s

  
p

ri
va

te
 s

ta
tic

 E
n

tr
y[

] 
e

n
tr

y;

  
//

  
//
 M

a
in

lin
e

  
//

  
p

u
b

lic
 s

ta
tic

 v
o

id
 m

a
in

 (
S

tr
in

g
[]
 a

rg
s)

 {

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"*
**

 P
h

o
n

e
 N

u
m

b
e

r 
L

o
ca

to
r 

**
*\

n
")

;
  
  
e

n
tr

y 
=

 g
e

tD
a

ta
 (

);
  
  
q

u
ic

kS
o

rt
E

n
tr

ie
s 

(e
n

tr
y,

 0
, 
N

U
M

_
E

N
T

R
IE

S
−

1
);

 

  
  
//
 L

o
o

p
 t
o

 p
ro

ce
ss

 r
e

q
u

e
st

s
  
  
S

tr
in

g
 s

u
rn

a
m

e
 =

 g
e

tS
u

rn
a

m
e

 (
);

  
  
w

h
ile

 (
su

rn
a

m
e

.c
o

m
p

a
re

T
o

 (
"E

xi
t"

) 
!=

 0
) 

{
  
  
  
in

t 
in

d
e

x 
=

 f
in

d
 (

e
n

tr
y,

 s
u

rn
a

m
e

, 
0

, 
N

U
M

_
E

N
T

R
IE

S
−

1
);

  
  
  
if 

(i
n

d
e

x 
>

=
 0

) 
{

  
  
  
  
e

n
tr

y[
in

d
e

x]
.p

ri
n

tE
n

tr
y 

()
;

  
  
  
} 

e
ls

e
 {

  
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"N
o

t 
fo

u
n

d
."

);
  
  
  
}

  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

""
);

  
  
  
su

rn
a

m
e

 =
 g

e
tS

u
rn

a
m

e
 (

);
  
  
}

  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"P
ro

g
ra

m
 t
e

rm
in

a
tin

g
."

);
  

  
}

  
//

  
//
 S

u
p

p
lie

d
 m

e
th

o
d

 t
o

 c
re

a
te

 a
 p

o
p

u
la

te
d

 d
a

ta
 a

rr
a

y 
  
//

  
p

ri
va

te
 s

ta
tic

 E
n

tr
y[

] 
g

e
tD

a
ta

 (
) 

  
{

  
  
E

n
tr

y[
] 
d

a
ta

 =
 n

e
w

 E
n

tr
y[

N
U

M
_

E
N

T
R

IE
S

];
  
  
tr

y 
{

  
  
  
F

ile
R

e
a

d
e

r 
fr

 =
 n

e
w

 F
ile

R
e

a
d

e
r 

("
p

h
o

n
e

d
a

ta
")

;
  
  
  
B

u
ff
e

re
d

R
e

a
d

e
r 

b
r 

=
 n

e
w

 B
u

ff
e

re
d

R
e

a
d

e
r 

(f
r)

;
  
  
  
S

tr
in

g
T

o
ke

n
iz

e
r 

st
;

  
  
  
fo

r 
(i
n

t 
i =

 0
; 
i <

 N
U

M
_

E
N

T
R

IE
S

; 
i+

+
) 

{
  
  
  
  
S

tr
in

g
 li

n
e

 =
 b

r.
re

a
d

L
in

e
()

;
  
  
  
  
st

 =
 n

e
w

 S
tr

in
g

T
o

ke
n

iz
e

r 
(l
in

e
);

  
  
  
  
d

a
ta

[i]
 =

 n
e

w
 E

n
tr

y 
(s

t.
n

e
xt

T
o

ke
n

()
, 
st

.n
e

xt
T

o
ke

n
()

, 
st

.n
e

xt
T

o
ke

n
()

);
  
  
  
}

  
  
  
fr

.r
e

a
d

 (
);

  
  
  
fr

.c
lo

se
 (

);
  
  
} 

ca
tc

h
 (

IO
E

xc
e

p
tio

n
 io

e
) 

{
  
  
  
S

ys
te

m
.e

rr
.p

ri
n

tln
 (

"I
O

 E
rr

o
r:

" 
+

 io
e

);
  
  
  
S

ys
te

m
.e

xi
t(

1
);
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2

  
  
}

  
  
re

tu
rn

 (
d

a
ta

);
  
} 

  
//

  
//
 M

e
th

o
d

 t
o

 p
ro

m
p

t 
fo

r 
a

n
d

 r
e

tu
rn

 a
 s

u
rn

a
m

e
 t
o

 lo
o

ku
p

  
//

  
p

ri
va

te
 s

ta
tic

 S
tr

in
g

 g
e

tS
u

rn
a

m
e

 (
) 

  
{

  
  
S

ys
te

m
.o

u
t.
p

ri
n

t 
("

S
u

rn
a

m
e

 t
o

 lo
o

ku
p

?
 "

);
  
  
re

tu
rn

 (
S

td
in

.g
e

tS
tr

in
g

 (
))

;
  
}

  
//

  
//
 S

w
a

p
 t
h

e
 e

n
tr

ie
s 

a
t 
in

d
e

x1
 a

n
d

 in
d

e
x2

 in
 t
h

e
 a

rr
a

y 
o

f 
ite

m
s

  
//

  
st

a
tic

 p
ri
va

te
 v

o
id

 s
w

a
p

 (
E

n
tr

y[
] 
ite

m
s,

 in
t 
in

d
e

x1
, 
in

t 
in

d
e

x2
)

  
{

  
  
E

n
tr

y 
tm

p
 =

 it
e

m
s[

in
d

e
x1

];
  
  
ite

m
s[

in
d

e
x1

] 
=

 it
e

m
s[

in
d

e
x2

];
  
  
ite

m
s[

in
d

e
x2

] 
=

 t
m

p
;

  
}

  
//

  
//
 Q

u
ic

ks
o

rt
 t
h

e
 a

rr
a

y 
o

f 
ite

m
s 

b
e

tw
e

e
n

 in
d

ic
e

s 
le

ft
 a

n
d

 r
ig

h
t 
in

cl
u

si
ve

  
//

  
st

a
tic

 p
ri
va

te
 v

o
id

 q
u

ic
kS

o
rt

E
n

tr
ie

s 
(E

n
tr

y[
] 
ite

m
s,

 in
t 
le

ft
, 
in

t 
ri
g

h
t)

 
  
{

  
  
//
 E

xi
t 
if 

0
 o

r 
1

 e
le

m
e

n
ts

 t
o

 b
e

 s
o

rt
e

d
  
  
if 

((
ri
g

h
t 
−

 le
ft
) 

<
 1

) 
re

tu
rn

;
  
  
if 

(l
e

ft
 >

=
 r

ig
h

t)
 r

e
tu

rn
;

  
  
//
 S

e
le

ct
 a

 p
iv

o
t 
va

lu
e

, 
a

n
d

 s
e

t 
sw

a
p

p
in

g
 in

d
ic

ic
e

s
  
  
E

n
tr

y 
p

iv
o

t 
=

 it
e

m
s[

le
ft
];

  
  
in

t 
l =

 le
ft
 +

 1
;

  
  
in

t 
r 

=
 r

ig
h

t;

  
  
w

h
ile

 (
l <

=
 r

) 
{

  
  
  
 w

h
ile

 (
(l
 <

=
 r

) 
&

&
 it

e
m

s[
l].

le
ss

th
a

n
 (

p
iv

o
t)

) 
{

  
  
  
  
 l+

+
;

  
  
  
 }

  
  
  
 w

h
ile

 (
(r

 >
=

 l)
 &

&
 it

e
m

s[
r]

.g
re

a
te

rt
h

a
n

 (
p

iv
o

t)
) 

{
  
  
  
  
 r

−
−

;
  
  
  
 }

  
  
  
 if

 (
l <

 r
) 

{
  
  
  
  
 s

w
a

p
 (

ite
m

s,
 l,

 r
);

  
  
  
 }

  
  
}

  
  
//
 P

u
t 
p

iv
o

t 
b

e
tw

e
e

n
 <

 a
n

d
 >

 s
u

b
a

rr
a

ys
  
  
sw

a
p

 (
ite

m
s,

 le
ft
, 
r)

;
  
  
//
 R

e
cu

rs
e

 a
n

d
 q

u
ic

ks
o

rt
 t
h

e
 s

u
b

a
rr

a
ys

  
  
q

u
ic

kS
o

rt
E

n
tr

ie
s 

(i
te

m
s,

 le
ft
, 
r 

−
 1

);
  
  
q

u
ic

kS
o

rt
E

n
tr

ie
s 

(i
te

m
s,

 r
 +

 1
, 
ri
g

h
t)

;
  
}

  
//

  
//
  
R

e
cu

rs
iv

e
 im

p
le

m
e

n
ta

tio
n

 o
f 
b

in
a

ry
 s

e
a

rc
h

  
//
  
−

 r
e

tu
rn

s 
th

e
 in

d
e

x 
in

 <
ite

m
s>

 o
f 
th

e
 e

n
tr

y 
w

ith
 <

su
rn

a
m

e
>

  
//
  
−

 m
a

x 
a

n
d

 m
in

 a
re

 t
h

e
 h

ig
h

 a
n

d
 lo

w
 in

d
ic

e
s 

o
f 
th

e
 r

a
n

g
e

 t
o

 s
e

a
rc

h
 

  
//

  
st

a
tic

 p
ri
va

te
 in

t 
fin

d
 (

E
n

tr
y[

] 
ite

m
s,

 S
tr

in
g

 s
u

rn
a

m
e

, 
in

t 
m

in
, 
in

t 
m

a
x)

 
  
{

  
  
if 

(m
in

 >
 m

a
x)

 {
  
  
  
//
 N

o
t 
p

re
se

n
t 
in

 a
rr

a
y,

 e
xi

t 
in

d
ic

a
tin

g
 f
a

ilu
re

  
  
  
re

tu
rn

 (
−

1
);

 
  
  
} 

e
ls

e
 {

  
  
  
//
 L

o
ca

te
 t
h

e
 m

id
p

o
in

t 
a

n
d

 c
o

m
p

a
re

 it
s 

ke
y 

a
g

a
in

st
 t
h

e
 s

e
a

rc
h

 k
e

y
  
  
  
in

t 
m

id
 =

 (
in

t)
 M

a
th

.f
lo

o
r 

((
m

in
 +

 m
a

x)
 /
 2

);
  
  
  
in

t 
cm

p
 =

 it
e

m
s[

m
id

].
su

rn
a

m
e

C
o

m
p

a
re

 (
su

rn
a

m
e

);
  
  
  
S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"C
h

e
ck

in
g

 "
 +

 it
e

m
s[

m
id

].
su

rn
a

m
e

O
f 
()

);
  
  
  

  
  
  
if 

(c
m

p
 =

=
 0

) 
{

  
  
  
  
//
 K

e
ys

 m
a

tc
h

, 
fo

u
n

d
 t
h

e
 d

e
si

re
d

 e
n

tr
y

  
  
  
  
re

tu
rn

 (
m

id
);

  
  
  
} 

e
ls

e
 if

 (
cm

p
 >

 0
) 

{
  
  
  
  
//
 D

is
ca

rd
 t
h

e
 u

p
p

e
r 

h
a

lf 
o

f 
th

e
 r

a
n

g
e

  
  
  
  
re

tu
rn

 (
fin

d
 (

ite
m

s,
 s

u
rn

a
m

e
, 
m

in
, 
m

id
 −

 1
))

;
  
  
  
} 

e
ls

e
 {

  
  
  
  
//
 D

is
ca

rd
 t
h

e
 lo

w
e

r 
h

a
lf 

o
f 
th

e
 r

a
n

g
e

  
  
  
  
re

tu
rn

 (
fin

d
 (

ite
m

s,
 s

u
rn

a
m

e
, 
m

id
 +

 1
, 
m

a
x)

);
  
  
  
}

  
  
}

  
}

} 
//
 e

n
d

 o
f 
cl

a
ss

 P
h

o
n

e
b

o
o

k
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N
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1
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1
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:
3
8
:
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1
9
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1

//
 L

a
b

 9
: 
O

rd
e

re
d

 S
e

ts
 u

si
n

g
 li

n
ke

d
−

lis
ts

//
 S

a
m

p
le

 S
o

lu
tio

n
 b

y 
A

n
th

o
n

y 
C

o
x,

 O
ct

. 
9

9

//
 A

 s
im

p
le

 c
la

ss
 f
o

r 
lin

ke
d

 li
st

 e
le

m
e

n
ts

cl
a

ss
 E

le
m

e
n

t
{   
p

u
b

lic
 E

le
m

e
n

t 
n

e
xt

;
  
p

u
b

lic
 c

h
a

r 
  
 v

a
lu

e
;

  
E

le
m

e
n

t 
(c

h
a

r 
c,

 E
le

m
e

n
t 
e

)
  
{

  
  
va

lu
e

 =
 c

;
  
  
n

e
xt

  
=

 e
;

  
}

} //
 C

la
ss

 t
o

 r
e

p
re

se
n

t 
a

n
 o

rd
e

re
d

 s
e

t
//
 −

 im
p

le
m

e
n

te
d

 u
si

n
g

 a
 li

n
ke

d
 li

st
cl

a
ss

 O
rd

e
re

d
{   
//
 I
n

st
a

n
ce

 v
a

ri
a

b
le

 t
o

 h
o

ld
 t
h

e
 li

n
ke

d
 li

st
  
p

ri
va

te
 E

le
m

e
n

t 
lis

t;

  
//
 C

o
n

st
ru

ct
o

r 
fo

r 
a

n
 e

m
p

ty
 s

e
t

  
O

rd
e

re
d

 (
)

  
{ 

  
  
lis

t 
=

 n
u

ll;
  
}

  
//
 C

o
n

st
ru

ct
o

r 
fo

r 
a

 s
in

g
le

to
n

 s
e

t
  
O

rd
e

re
d

 (
ch

a
r 

c)
  
{

  
  
lis

t 
=

 n
e

w
 E

le
m

e
n

t 
(c

, 
n

u
ll)

;
  
}

  
//
 C

o
n

st
ru

ct
o

r 
fo

r 
a

 p
o

p
u

la
te

d
 s

e
t

  
//
 −

 A
ss

u
m

e
s 

th
a

t 
e

le
m

e
n

ts
 o

f 
s 

a
re

 a
lr
e

a
d

y 
in

 o
rd

e
r!

 
  
//
 −

 I
g

n
o

re
s 

w
h

ite
sp

a
ce

 c
h

a
ra

ct
e

rs
 in

 t
h

e
 s

tr
in

g
  
O

rd
e

re
d

 (
S

tr
in

g
 s

) 
  
{

  
  
lis

t 
=

 n
u

ll;
  
  
if 

(s
 !
=

 n
u

ll 
&

&
 s

.le
n

g
th

 (
) 

>
 0

) 
{

  
  
  
fo

r 
(i
n

t 
i =

 s
.le

n
g

th
 (

) 
−

 1
; 
0

 <
=

 i;
 i−

−
) 

{
  
  
  
  
if 

(s
.c

h
a

rA
t 
(i
) 

!=
 ’ 

’)
 {

  
  
  
  
  
lis

t 
=

 n
e

w
 E

le
m

e
n

t 
(s

.c
h

a
rA

t 
(i
),

 li
st

);
  
  
  
  
}

  
  
  
}

  
  
}

  
}

  
//
 R

e
cu

rs
iv

e
 I
m

p
le

m
e

n
ta

tio
n

, 
to

 d
e

m
o

n
st

ra
te

 h
o

w
 t
h

e
 s

e
ts

 f
u

n
ct

io
n

a
lit

y
  
//
 c

a
n

 b
e

 lo
ca

te
d

 in
 t
h

e
 E

le
m

e
n

t 
cl

a
ss

 in
st

e
a

d
 o

f 
th

e
 O

rd
e

re
d

 C
la

ss
.

  
p

u
b

lic
 S

tr
in

g
 t
o

S
tr

in
g

 (
) 

  
{

  
  
E

le
m

e
n

t 
e

 =
 li

st
; 
 /
* 

C
u

rr
e

n
t 
e

le
m

e
n

t 
in

 t
ra

ve
rs

a
l  

*/
  
  
S

tr
in

g
  
s 

=
 "

";
  
  
w

h
ile

 (
e

 !
=

 n
u

ll)
 {

  
  
  
s 

=
 s

 +
 S

tr
in

g
.v

a
lu

e
O

f 
(e

.v
a

lu
e

) 
+

 "
 "

;
  
  
  
e

 =
 e

.n
e

xt
;

  
  
}

  
  
re

tu
rn

 (
s.

tr
im

 (
))

;
  
}

  
//
 A

d
d

 c
 t
o

 s
e

t,
 p

u
tt
in

g
 it

 in
 t
h

e
 c

o
rr

e
ct

 lo
ca

tio
n

  
//
 −

 M
u

ta
te

s 
th

e
 o

ri
g

in
a

l s
e

t 
b

y 
a

d
d

in
g

 a
 n

e
w

 e
le

m
e

n
t

  
p

u
b

lic
 v

o
id

 a
d

d
 (

ch
a

r 
c)

  
{

  
  
E

le
m

e
n

t 
e

 =
 li

st
; 
 /
* 

C
u

rr
e

n
t 
e

le
m

e
n

t 
in

 t
ra

ve
rs

a
l  

*/

  
  
E

le
m

e
n

t 
p

 =
 li

st
; 
 /
* 

P
re

vi
o

u
s 

e
le

m
e

n
t 
in

 t
ra

ve
rs

a
l *

/

  
  
if 

(l
is

t 
=

=
 n

u
ll)

 {
  
  
  
//
 C

a
se

 1
: 
A

d
d

in
g

 t
o

 t
h

e
 e

m
p

ty
 li

st
  
  
  
lis

t 
=

 n
e

w
 E

le
m

e
n

t 
(c

, 
n

u
ll)

;
  
  
} 

e
ls

e
 if

 (
c 

<
 li

st
.v

a
lu

e
) 

{
  
  
  
//
 C

a
se

 2
: 
A

d
d

in
g

 t
o

 t
h

e
 f
ro

n
t 
o

f 
th

e
 li

st
  
  
  
lis

t 
=

 n
e

w
 E

le
m

e
n

t 
(c

, 
lis

t)
;

  
  
} 

e
ls

e
 {

  
  
  
//
 C

a
se

 3
: 
A

d
d

in
g

 a
n

yw
h

e
re

 e
ls

e
 in

 t
h

e
 li

st
  
  
  
w

h
ile

 (
(e

 !
=

 n
u

ll)
 &

&
 (

c 
>

 e
.v

a
lu

e
))

 {
  
  
  
  
p

 =
 e

;
  
  
  
  
e

 =
 e

.n
e

xt
;

  
  
  
}

  
  
  
e

 =
 n

e
w

 E
le

m
e

n
t 
(c

, 
e

);
  
  
  
p

.n
e

xt
 =

 e
;

  
  
}

  
}

  
//
 I
s 

th
e

 s
e

t 
e

m
p

ty
?

  
p

u
b

lic
 b

o
o

le
a

n
 is

E
m

p
ty

 (
)

  
{

  
  
re

tu
rn

 (
lis

t 
=

=
 n

u
ll)

;
  
}

  
//
 S

im
p

le
 li

n
e

a
r 

se
a

rc
h

 o
f 
se

t
  
//
 −

 r
e

tu
rn

s 
tr

u
e

 if
 c

 in
 s

e
t,
 f
a

ls
e

 o
th

e
rw

is
e

  
p

u
b

lic
 b

o
o

le
a

n
 is

M
e

m
b

e
r 

(c
h

a
r 

c)
  
{

  
  
E

le
m

e
n

t 
e

 =
 li

st
;

  
  
w

h
ile

 (
e

 !
=

 n
u

ll)
 {

  
  
  
if 

(e
.v

a
lu

e
 =

=
 c

) 
{

  
  
  
  
re

tu
rn

 (
tr

u
e

);
  
  
  
}

  
  
  
e

 =
 e

.n
e

xt
;

  
  
}

  
  
re

tu
rn

 (
fa

ls
e

);
  
}

  
//
 R

e
tu

rn
 a

 c
o

p
y 

o
f 
th

e
 s

e
t

  
p

u
b

lic
 O

rd
e

re
d

 c
o

p
y 

()
  
{

  
  
//
 T

h
is

 is
 w

h
y 

w
e

 f
ilt

e
r 

o
u

t 
w

h
ite

sp
a

ce
 in

 t
h

e
 c

o
n

st
ru

ct
o

r
  
  
re

tu
rn

 (
n

e
w

 O
rd

e
re

d
 (

to
S

tr
in

g
 (

))
);

  
}

  
//
 R

e
tu

rn
 a

 n
e

w
 s

e
t 
d

e
sc

ri
b

in
g

 t
h

e
 u

n
io

n
 o

f 
tw

o
 s

e
ts

  
//
 −

 n
o

te
: 
si

n
ce

 s
e

ts
 o

rd
e

re
d

 m
o

re
 e

ff
ic

ie
n

t 
im

p
le

m
e

n
ta

tio
n

 is
 p

o
ss

ib
le

  
p

u
b

lic
 O

rd
e

re
d

 u
n

io
n

 (
O

rd
e

re
d

 s
e

t)
  
{

  
  
O

rd
e

re
d

 r
e

su
lt 

=
 s

e
t.
co

p
y 

()
;

  
  
E

le
m

e
n

t 
e

 =
 li

st
;

  
  
w

h
ile

 (
e

 !
=

 n
u

ll)
 {

  
  
  
if 

(!
 r

e
su

lt.
is

M
e

m
b

e
r 

(e
.v

a
lu

e
))

 {
  
  
  
  
re

su
lt.

a
d

d
 (

e
.v

a
lu

e
);

  
  
  
}

  
  
  
e

 =
 e

.n
e

xt
;

  
  
}

  
  
re

tu
rn

 (
re

su
lt)

;
  
}

  
//
 R

e
tu

rn
 a

 n
e

w
 s

e
t 
d

e
sc

ri
b

in
g

 t
h

e
 in

te
rs

e
ct

io
n

 o
f 
tw

o
 s

e
ts

  
//
 −

 n
o

te
: 
si

n
ce

 s
e

ts
 o

rd
e

re
d

 m
o

re
 e

ff
ic

ie
n

t 
im

p
le

m
e

n
ta

tio
n

 is
 p

o
ss

ib
le

  
p

u
b

lic
 O

rd
e

re
d

 in
te

rs
e

ct
io

n
 (

O
rd

e
re

d
 s

e
t)

  
{

  
  
O

rd
e

re
d

 r
e

su
lt 

=
 n

e
w

 O
rd

e
re

d
 (

);
  
  
E

le
m

e
n

t 
e

 =
 li

st
;

  
  
w

h
ile

 (
e

 !
=

 n
u

ll)
 {
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2

  
  
  
if 

(s
e

t.
is

M
e

m
b

e
r 

(e
.v

a
lu

e
))

 {
  
  
  
  
re

su
lt.

a
d

d
 (

e
.v

a
lu

e
);

  
  
  
}

  
  
  
e

 =
 e

.n
e

xt
;

  
  
}

  
  
re

tu
rn

 (
re

su
lt)

;
  
}

  
//
 R

e
tu

rn
 a

 n
e

w
 s

e
t 
d

e
sc

ri
b

in
g

 t
h

e
 s

u
b

tr
a

ct
io

n
 o

f 
<

se
t>

 f
ro

m
 t
h

is
 s

e
t

  
//
 −

 n
o

te
: 
si

n
ce

 s
e

ts
 o

rd
e

re
d

 m
o

re
 e

ff
ic

ie
n

t 
im

p
le

m
e

n
ta

tio
n

 is
 p

o
ss

ib
le

  
p

u
b

lic
 O

rd
e

re
d

 d
iff

e
re

n
ce

 (
O

rd
e

re
d

 s
e

t)
  
{

  
  
O

rd
e

re
d

 r
e

su
lt 

=
 n

e
w

 O
rd

e
re

d
 (

);
  
  
E

le
m

e
n

t 
e

 =
 li

st
;

  
  
w

h
ile

 (
e

 !
=

 n
u

ll)
 {

  
  
  
if 

(!
se

t.
is

M
e

m
b

e
r 

(e
.v

a
lu

e
))

 {
  
  
  
  
re

su
lt.

a
d

d
 (

e
.v

a
lu

e
);

  
  
  
}

  
  
  
e

 =
 e

.n
e

xt
;

  
  
}

  
  
re

tu
rn

 (
re

su
lt)

;
  
}

  
p

u
b

lic
 E

le
m

e
n

t 
g

e
tL

is
t(

)
  
{

  
  
re

tu
rn

 li
st

; 
  
}

  
//
 N

o
t 
p

a
rt

 o
f 
th

e
 m

a
rk

e
d

 im
p

le
m

e
n

ta
tio

n
  
p

u
b

lic
 s

ta
tic

 v
o

id
 m

a
in

 (
S

tr
in

g
[]
 a

rg
s)

 
  
{

  
  
 O

rd
e

re
d

 o
1

 =
 n

e
w

 O
rd

e
re

d
 (

"a
b

cd
e

fg
")

;
  
  
 O

rd
e

re
d

 o
2

 =
 n

e
w

 O
rd

e
re

d
 (

"h
ijk

lm
n

")
;

  
  
 O

rd
e

re
d

 o
3

 =
 n

e
w

 O
rd

e
re

d
 (

"a
ce

g
ik

m
")

;
  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
e

t1
: 
" 

+
 o

1
);

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
e

t2
: 
" 

+
 o

2
);

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
e

t3
: 
" 

+
 o

3
);

  
  
 o

2
.a

d
d

 (
’a

’)
;

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
e

t2
 +

 a
: 
" 

+
 o

2
);

  
  
 o

2
.a

d
d

 (
’z

’)
;

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
e

t2
 +

 z
: 
" 

+
 o

2
);

  
  
 o

2
.a

d
d

 (
’x

’)
;

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"S
e

t2
 +

 x
: 
" 

+
 o

2
);

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"C
o

p
y 

o
f 
S

e
t3

: 
" 

+
 o

3
.c

o
p

y 
()

);
  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"o
1

 u
n

io
n

 o
2

: 
" 

+
 o

1
.u

n
io

n
 (

o
2

))
;

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"o
1

 u
n

io
n

 o
3

: 
" 

+
 o

1
.u

n
io

n
 (

o
3

))
;

  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"o
1

 is
e

ct
 o

2
: 
" 

+
 o

1
.in

te
rs

e
ct

io
n

 (
o

2
))

;
  
  
 S

ys
te

m
.o

u
t.
p

ri
n

tln
 (

"o
1

 is
e

ct
 o

3
: 
" 

+
 o

1
.in

te
rs

e
ct

io
n

 (
o

3
))

;
  
}

}


