
U
N

IV
E

R
SIT

Y
O

F
T

O
R

O
N

T
O

FA
C

U
LT

Y
O

F
A

PPL
IE

D
SC

IE
N

C
E

A
N

D
E

N
G

IN
E

E
R

IN
G

A
PS105

—
C

om
puter

Fundam
entals

Q
uiz

#2
Solutions

M
arch

12,1999,4:10–5:00
p.m

.

E
xam

Type
A

:
T

his
is

a
“closed

book”
exam

ination;no
aids

are
perm

itted.
C

alculator
Type

4:
N

o
calculators

allow
ed.

W
rite

your
answ

er
in

the
space

thatfollow
s

each
question.

If
m

ore
space

is
required,continue

on
the

back
of

the
preceding

page,and
be

sure
to

indicate
on

the
frontthatyou

have
done

so.

T
he

exam
ination

has
6

pages.

A
llquestions

are
w

orth
10

m
arks

each.

For
allquestions,you

m
ay

assum
e

thatthe
follow

ing
S
t
d
i
n

m
ethods

are
available:

S
t
d
i
n
.
g
e
t
I
n
t
(
)

,S
t
d
i
n
.
g
e
t
D
o
u
b
l
e
(
),and

S
t
d
i
n
.
g
e
t
C
h
a
r
(
).

N
am

e

C
ircle

your
scheduled

lab
day:

M
onday

or
T

uesday

StudentN
um

ber

M
A

R
K

S

Q
uestion

#
1

2
3

4
Total

M
arks

/10
/10

/10
/10

/40

1

Q
uestion

1
[10

m
arks]

W
rite

a
m

ethod
to

determ
ine

w
hether

or
notan

integer
array

is
already

in
sorted

order.
B

e
efficient.

D
o

not
sort

or
otherw

ise
m

odify
the

array.
R

eturn
t
r
u
e

of
the

array
is

already
in

ascending
or

descending
order,

otherw
ise

return
f
a
l
s
e

.
N

ote
thatthe

arrays

�
� ,�

42

� ,�

1,2,6,9,9,11

�

and

�

11,9,9,6,2,1

�

are
considered

sorted,how
ever

�

1,3,4,2,0

�

is
not.

p
u
b
l
i
c
c
l
a
s
s
Q
u
e
s
t
i
o
n
1

{

p
u
b
l
i
c
s
t
a
t
i
c
b
o
o
l
e
a
n
i
s
S
o
r
t
e
d
(
i
n
t
[
]
a
r
r
a
y
)

{
/
/
f
i
r
s
t
,
t
e
s
t
i
f
i
t
i
s
a
s
c
e
n
d
i
n
g

b
o
o
l
e
a
n
i
s
A
s
c
e
n
d
i
n
g
=
t
r
u
e
;

f
o
r
(
i
n
t
i
=
1
;
i
<
a
r
r
a
y
.
l
e
n
g
t
h
;
i
+
+
)
{

i
f
(
a
r
r
a
y
[
i
-
1
]
>
a
r
r
a
y
[
i
]
)
{

i
s
A
s
c
e
n
d
i
n
g
=
f
a
l
s
e
;

/
/
i
t
i
s
n
o
t
a
s
c
e
n
d
i
n
g

b
r
e
a
k
;

/
/
m
a
y
b
e
i
t
i
s
d
e
s
c
e
n
d
i
n
g

}
}i
f
(
i
s
A
s
c
e
n
d
i
n
g
)

r
e
t
u
r
n
t
r
u
e
;

/
/
i
t
i
s
s
o
r
t
e
d

/
/
i
t
i
s
n
o
t
a
s
c
e
n
d
i
n
g
.

t
e
s
t
i
f
i
t
i
s
d
e
s
c
e
n
d
i
n
g
.

f
o
r
(
i
n
t
i
=
1
;
i
<
a
r
r
a
y
.
l
e
n
g
t
h
;
i
+
+
)
{

i
f
(
a
r
r
a
y
[
i
-
1
]
<
a
r
r
a
y
[
i
]
)
{

r
e
t
u
r
n
f
a
l
s
e
;

/
/
i
t
i
s
n
o
t
d
e
s
c
e
n
d
i
n
g
e
i
t
h
e
r

}
}/
/
i
t
i
s
d
e
s
c
e
n
d
i
n
g

r
e
t
u
r
n
t
r
u
e
;

}
}

2



Q
uestion

2
[10

m
arks]

W
rite

a
non-recursive

m
ethod

to
reverse

the
orderofthe

elem
ents

in
a

linked
list.

N
ote

thatallelem
ents

are
to

be
rearranged.

Y
ou

m
ay

notuse
any

other
m

ethods,such
as
i
n
s
e
r
t
(
)

,to
help

you.
D

o
notneedlessly

create
new

L
i
s
t
E
l
e
m

objects.

c
l
a
s
s
L
i
s
t
E
l
e
m

{
i
n
t

v
a
l
u
e
;

L
i
s
t
E
l
e
m
n
e
x
t
;

}c
l
a
s
s
L
i
n
k
e
d
L
i
s
t

{
p
r
i
v
a
t
e
L
i
s
t
E
l
e
m
h
e
a
d
;

p
u
b
l
i
c
v
o
i
d
r
e
v
e
r
s
e
(
)

{

L
i
s
t
E
l
e
m
r
e
v
h
e
a
d
=
n
u
l
l
;

w
h
i
l
e
(
h
e
a
d
!
=
n
u
l
l
)
{

/
/
r
e
m
o
v
e
t
h
e
’
h
e
a
d
’
o
f
o
r
i
g
i
n
a
l
l
i
s
t

L
i
s
t
E
l
e
m
o
l
d
H
e
a
d
E
l
e
m
=
h
e
a
d
;

h
e
a
d
=
h
e
a
d
.
n
e
x
t
;

/
/
i
n
s
e
r
t
i
t
i
n
t
o
t
h
e
r
e
v
e
r
s
e
d
l
i
s
t

o
l
d
H
e
a
d
E
l
e
m
.
n
e
x
t
=
r
e
v
h
e
a
d
;

r
e
v
h
e
a
d
=
o
l
d
H
e
a
d
E
l
e
m
;

}h
e
a
d
=
r
e
v
h
e
a
d
;

}
}

3

Q
uestion

3
[10

m
arks]

O
n

the
lastpage

of
this

testis
the

code
for

the
Q

uickSortroutine
described

in
class.

D
o

notw
rite

anything
on

thatpage,butyou
m

ay
rem

ove
itfrom

the
testand

w
rite

your
answ

er
in

the
space

below
.

O
ne

change
has

been
m

ade
to

the
Q

uickSort
class:

the
s
o
r
t
S
u
b
A
r
r
a
y
(
)

m
ethod

now
counts

how
m

any
tim

es
itis

called
w

hile
sorting,and

q
s
o
r
t
(
)

m
ustinitialize

and
return

this
value.

Y
ou

are
to

determ
ine

how
m

any
tim

es
the

s
o
r
t
S
u
b
A
r
r
a
y
(
)

m
ethod

is
called

w
hen

given
the

follow
-

ing
program

.
For

fullm
arks,you

m
ustshow

how
you

arrived
atyour

answ
er.

c
l
a
s
s
Q
u
e
s
t
i
o
n
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
[
]
a
=
{
6
,
3
,
1
2
,
9
,
2
,
-
4
,
1
3
,
1
1
}
;

i
n
t
n
u
m
b
e
r
O
f
C
a
l
l
s
=
Q
u
i
c
k
S
o
r
t
.
q
s
o
r
t
(
a
)
;

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

(
"
T
h
e
q
u
i
c
k
s
o
r
t
r
o
u
t
i
n
e
u
s
e
d
"
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
n
u
m
b
e
r
O
f
C
a
l
l
s
+
"
r
e
c
u
r
s
i
v
e
c
a
l
l
s
.
"
)
;

}
}q
s
o
r
t

+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
0
,
7
)

|
a
f
t
e
r
p
a
r
t
i
t
i
o
n
i
n
g
:

a
=
{
6
,
3
,
2
,
-
4
,
1
2
,
9
,
1
3
,
1
1
}

|
a
f
t
e
r
s
w
a
p
p
i
n
g
p
i
v
o
t
:

a
=
{
-
4
,
3
,
2
,
6
,
1
2
,
9
,
1
3
,
1
1
}

|
m
=
3

+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
0
,
2
)

|
|

a
f
t
e
r
p
a
r
t
i
t
i
o
n
i
n
g
:

a
=
{
-
4
,
3
,
2
,
6
,
1
2
,
9
,
1
3
,
1
1
}

|
|

a
f
t
e
r
s
w
a
p
p
i
n
g
p
i
v
o
t
:

a
=
{
-
4
,
3
,
2
,
6
,
1
2
,
9
,
1
3
,
1
1
}

|
|

m
=
0

|
+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
0
,
-
1
)

|
|

d
o
e
s
n
o
t
h
i
n
g
,
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
b
e
c
a
u
s
e
l
>
=
u

|
+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
1
,
2
)

|
|

a
f
t
e
r
p
a
r
t
i
t
i
o
n
i
n
g
:

a
=
{
-
4
,
3
,
2
,
6
,
1
2
,
9
,
1
3
,
1
1
}

|
|

a
f
t
e
r
s
w
a
p
p
i
n
g
p
i
v
o
t
:

a
=
{
-
4
,
2
,
3
,
6
,
1
2
,
9
,
1
3
,
1
1
}

|
|

m
=
2

|
+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
1
,
1
)

|
|

d
o
e
s
n
o
t
h
i
n
g
,
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
b
e
c
a
u
s
e
l
>
=
u

|
+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
3
,
2
)

|
d
o
e
s
n
o
t
h
i
n
g
,
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
b
e
c
a
u
s
e
l
>
=
u

+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
4
,
7
)

|
a
f
t
e
r
p
a
r
t
i
t
i
o
n
i
n
g
:

a
=
{
-
4
,
2
,
3
,
6
,
1
2
,
9
,
1
1
,
1
3
}

|
a
f
t
e
r
s
w
a
p
p
i
n
g
p
i
v
o
t
:

a
=
{
-
4
,
2
,
3
,
6
,
1
1
,
9
,
1
2
,
1
3
}

|
m
=
6

+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
4
,
5
)

|
|

a
f
t
e
r
p
a
r
t
i
t
i
o
n
i
n
g
:

a
=
{
-
4
,
2
,
3
,
6
,
1
1
,
9
,
1
2
,
1
3
}

|
|

a
f
t
e
r
s
w
a
p
p
i
n
g
p
i
v
o
t
:

a
=
{
-
4
,
2
,
3
,
6
,
9
,
1
1
,
1
2
,
1
3
}

|
|

m
=
5

|
+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
4
,
4
)

|
|

d
o
e
s
n
o
t
h
i
n
g
,
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
b
e
c
a
u
s
e
l
>
=
u

|
+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
6
,
5
)

|
d
o
e
s
n
o
t
h
i
n
g
,
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
b
e
c
a
u
s
e
l
>
=
u

+
-
s
o
r
t
S
u
b
A
r
r
a
y
(
a
,
7
,
7
)

d
o
e
s
n
o
t
h
i
n
g
,
r
e
t
u
r
n
s
i
m
m
e
d
i
a
t
e
l
y
b
e
c
a
u
s
e
l
>
=
u

4



Q
uestion

4
[10

m
arks]

Som
e

businesses
spellouttheir

phone
num

ber
w

ith
letters

or
a

com
bination

of
num

bers
and

letters.
For

ex-
am

ple,310–D
E

L
L

(i.e.,310–3355)is
the

phone
num

berforD
ellC

om
puter.

U
sing

recursion,w
rite

a
program

(including
a
m
a
i
n
(
)

m
ethod)

thatm
aps

a
phone

num
ber

to
allpossible

strings.
T

he
recursive

m
ethod

m
ust

take
an

integer
(i.e.,

a
phone

num
ber)

as
a

param
eter,

plus
any

additional
param

eters
you

need.
Itm

ustprintoutallpossible
letter

and
num

ber
com

binations,one
per

line.
N

ote
that

the
phone

num
ber

m
ay

contain
m

ore
or

less
than

the
usual7

digits.
If

given
the

num
ber

3,your
program

should
print“3”,“D

”,“E
”,and

“F”
(one

per
line)

as
solutions.

If
given

the
num

ber
3103355,it

m
ust

print
“310D

E
L

L”,“D
10D

E
L

L”,“D
10D

D
JJ”,etc.

(in
any

order,
for

a
totalof

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�� �
�

unique
solutions).

Itshould
quitif

a
num

ber

�
�

is
entered.

Y
ou

do
not

need
to

printoutthe
dash

“–”
or

any
other

specialcharacters,e.g.
parentheses

for
(905).

T
he

tw
o-dim

ensionalarray
containing

this
m

apping
is

given
to

you;notice
thatm

apping[digit][0]gives
you

the
firstpossible

m
apping

string,m
apping[digit][1]give

the
nextone

(if
possible),etc.

c
l
a
s
s
Q
u
e
s
t
i
o
n
4

{
p
r
i
v
a
t
e
s
t
a
t
i
c
S
t
r
i
n
g
[
]
[
]
m
a
p
p
i
n
g
=

{
{
"
0
"
}
,

{
"
1
"
}
,

{
"
2
"
,
"
A
"
,
"
B
"
,
"
C
"
}
,
{
"
3
"
,
"
D
"
,
"
E
"
,
"
F
"
}
,

{
"
4
"
,
"
G
"
,
"
H
"
,
"
I
"
}
,
{
"
5
"
,
"
J
"
,
"
K
"
,
"
L
"
}
,
{
"
6
"
,
"
M
"
,
"
N
"
,
"
O
"
}
,

{
"
7
"
,
"
P
"
,
"
R
"
,
"
S
"
}
,
{
"
8
"
,
"
T
"
,
"
U
"
,
"
V
"
}
,
{
"
9
"
,
"
W
"
,
"
X
"
,
"
Y
"
}

}
;

p
u
b
l
i
c
s
t
a
t
i
c
v
o
i
d
m
a
p
P
h
o
n
e
N
u
m
b
e
r
(
i
n
t
n
u
m
b
e
r
,
S
t
r
i
n
g
s
o
l
u
t
i
o
n
)

{
i
f
(
n
u
m
b
e
r
=
=
0
)

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

e
l
s
e
{
i
n
t
d
i
g
i
t
=
n
u
m
b
e
r
%
1
0
;

f
o
r
(
i
n
t
i
=
0
;
i
<
m
a
p
p
i
n
g
[
d
i
g
i
t
]
.
l
e
n
g
t
h
;
i
+
+
)
{

m
a
p
P
h
o
n
e
N
u
m
b
e
r
(
n
u
m
b
e
r
/
1
0
,
m
a
p
p
i
n
g
[
d
i
g
i
t
]
[
i
]
+
s
o
l
u
t
i
o
n
)
;

}
}

}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
)

{
w
h
i
l
e
(
t
r
u
e
)
{

i
n
t
n
=
S
t
d
i
n
.
g
e
t
I
n
t
(
)
;

i
f
(
n
<
=
0
)
b
r
e
a
k
;

m
a
p
P
h
o
n
e
N
u
m
b
e
r
(
n
,
"
"
)
;

}
}

}

5

Q
uickSortC

ode
for

Q
uestion

3
Y

ou
m

ay
rem

ove
this

page
from

the
test.

D
o

notw
rite

on
this

page.

c
l
a
s
s
Q
u
i
c
k
S
o
r
t

{
p
r
i
v
a
t
e
s
t
a
t
i
c
i
n
t
n
u
m
C
a
l
l
s
;

p
u
b
l
i
c
s
t
a
t
i
c
i
n
t
q
s
o
r
t
(
i
n
t
[
]
a
r
r
a
y
)

{
n
u
m
C
a
l
l
s
=
0
;

s
o
r
t
S
u
b
A
r
r
a
y
(
a
r
r
a
y
,
0
,
a
r
r
a
y
.
l
e
n
g
t
h
-
1
)
;

r
e
t
u
r
n
n
u
m
C
a
l
l
s
;

}p
r
i
v
a
t
e
s
t
a
t
i
c
v
o
i
d
s
o
r
t
S
u
b
A
r
r
a
y
(
i
n
t
[
]
a
r
r
a
y
,
i
n
t
l
,
i
n
t
u
)

{
n
u
m
C
a
l
l
s
+
+
;

i
f
(
l
>
=
u
)

r
e
t
u
r
n
;

/
/
f
i
n
d
t
h
e
p
i
v
o
t
v
a
l
u
e

/
/
u
s
e
t
h
e
a
r
r
a
y
[
l
]
p
o
i
n
t
a
s
t
h
e
p
i
v
o
t

f
i
n
a
l
i
n
t
p
i
v
o
t
=
a
r
r
a
y
[
l
]
;

i
n
t
m
=
l
;

/
/
s
c
a
n
t
h
e
s
u
b
-
a
r
r
a
y
f
r
o
m
l
t
o
u
,

/
/

p
a
r
t
i
t
i
o
n
i
n
g
i
t
t
o
2
g
r
o
u
p
s
.

/
/
m
o
v
e
v
a
l
u
e
s
<
p
t
o
p
o
s
i
t
i
o
n
s
<
=
m
i
n
t
h
e
a
r
r
a
y

/
/
k
e
e
p
v
a
l
u
e
s
>
=
p
t
o
p
o
s
i
t
i
o
n
s
>
m
i
n
t
h
e
a
r
r
a
y

f
o
r
(
i
n
t
i
=
l
+
1
;
i
<
=
u
;
i
+
+
)
{

i
f
(
a
r
r
a
y
[
i
]
<
p
i
v
o
t
)
{

m
+
+
;

s
w
a
p
(
a
r
r
a
y
,
m
,
i
)
;

}
}/
/
m
o
v
e
t
h
e
p
i
v
o
t
t
o
t
h
e
c
o
r
r
e
c
t
p
o
s
i
t
i
o
n

s
w
a
p
(

a
r
r
a
y
,
l
,
m
)
;

/
/
r
e
c
u
r
s
i
v
e
l
y
s
o
r
t
t
h
e
p
a
r
t
i
t
i
o
n
s

s
o
r
t
S
u
b
A
r
r
a
y
(
a
r
r
a
y
,
l
,
m
-
1
)
;

s
o
r
t
S
u
b
A
r
r
a
y
(
a
r
r
a
y
,
m
+
1
,
u
)
;

}p
r
i
v
a
t
e
s
t
a
t
i
c
v
o
i
d
s
w
a
p
(
i
n
t
[
]
a
r
r
a
y
,
i
n
t
i
,
i
n
t
j
)

{
i
n
t
t
e
m
p
=
a
r
r
a
y
[
i
]
;

a
r
r
a
y
[
i
]
=
a
r
r
a
y
[
j
]
;

a
r
r
a
y
[
j
]
=
t
e
m
p
;

}
}
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