
F
inal
E
xam

C
S
410,
Fall
1998

D
ecem
b
er
17,
1998

T
here
are
12
problem
s
on
the
exam
,w
ith
100
points
totalavailable.
T
here
are
9
pages
to
the
exam
,

including
this
one,
m
ake
sure
you
have
all
of
them
.
D
on't
forget
to
put
your
nam
e
and
U
SC
ID

num
ber
at
the
top
of
the
exam
.
P
lease
read
over
the
w
hole
test
before
beginning.
G
ood
luck!!!

value

grade

P
roblem
1

3
pts.

P
roblem
2

10
pts.

P
roblem
3

2
pts.

P
roblem
4

4
pts.

P
roblem
5

10
pts.

P
roblem
6

6
pts.

P
roblem
7

10
pts.

P
roblem
8

4
pts.

P
roblem
9

12
pts.

P
roblem
10

6
pts.

P
roblem
11

15
pts.

P
roblem
12

18
pts.

T
O
T
A
L
:

100
pts.

1

P
ro
b
lem
1
[3
p
ts]

G
iven
an
N
FA
w
ith
n
states,w
hat's
the
m
axim
um
num
ber
ofstates
an
equivalent
D
FA
could
have?

[H
int:
think
about
the
correspondence
betw
een
states
in
an
N
FA
w
ith
states
in
a
D
FA
created
from

the
N
FA
.]

P
ro
b
lem
2
[1
0
p
ts]

Show
that
the
follow
ing
gram
m
ar
is
am
biguous:

S

-
>

x
y
S

|
x
S

|
y
S

|
x

|
y

2



P
ro
b
lem
3
[2
p
ts]

W
ho
pushes
actual
param
eters
onto
the
stack
fram
e
for
a
routine,
the
caller
or
callee?

P
ro
b
lem
4
[4
p
ts]

In
C
ool,
results
of
an
arithm
etic
operation
can
be
(circle
all
that
apply):

�

ob
jects

�

ints

�


oats

�

booleans
(1/0)

P
ro
b
lem
5
[1
0
p
ts]

T
his
question
concerns
com
piler
routines
to
do
type
checking
of
an
expression.
(lim
it
your
answ
ers

to
one
sentence
at
m
ost)

P
a
rt
A
[5
p
ts]
W
hat
inform
ation
is
passed
into
the
type-checking
routine?

P
a
rt
B
[5
p
ts]
W
hat
inform
ation
is
passed
back
from
the
type-checking
routine?

3

P
ro
b
lem
6
[6
p
ts]

R
ecall
the
stack-m
achine
based
code-generation
schem
e
w
e
discussed
earlier
in
the
sem
ester
(w
hen

w
e
did
a
F
ibonacci
exam
ple).
H
ere's
a
sum
m
ary:

�

all
results
are
left
in
acc

�

sp
is
the
sam
e
at
the
start
of
evaluating
an
expression
as
at
the
�nish

�

to
eval
e
1

o
p
e
2 :

1.
eval
e
1 ,
pushing
result
on
stack

2.
eval
e
2 ,
pushing
result
on
stack

3.
do
acc
=
e
1

o
p
e
2 ,
getting
the
operands
from
the
stack

4.
pop
e
1

and
e
2

o�
of
stack

W
hat's
a
sim
ple
optim
ization
w
e
can
m
ake
to
this
schem
e?
(hint:
it's
one
w
e
discussed
in
class

too)
G
ive
your
answ
er
by
m
aking
changes
to
the
code
generation
schem
e
above.

4



P
ro
b
lem
7
[1
0
p
ts]

T
he
follow
ing
is
the
type
rule
for
the
l
e
t
construct
in
C
ool.
A
nsw
er
the
questions
about
it
that

appear
below
.O

,
M

|
-

e
1
:
T
1

T
1
<
=
T
0

O
[
T
0
/
x
]
,
M

|
-

e
2
:
T
2

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
--
-
-
-
-
-
-
--
-
-
-

O
,
M

:
-

l
e
t
x
:
T
0
<
-
e
1
i
n
e
2
e
n
d
:
T
2

P
a
rt
A
[4
p
ts]
W
hat
is
the
scope
of
x?

P
a
rt
B
[6
p
ts]
G
ive
an
E
nglish
description
of
any
restrictions
on
the
type
of
e
1.

P
ro
b
lem
8
[4
p
ts]

W
ould
it
be
possible
to
apply
the
loop
version
of
the
reduction-in-strength
optim
ization
to
the

follow
ing
loop?
W
hy
or
w
hy
not?

f
o
r
(
i
n
t
i
=
0
;
i
<
n
;
i
+
+
)
{

c
i
n
>
>
f
o
o
;

A
[
f
o
o
]
=
i
;

}

5

P
ro
b
lem
9
[1
5
p
ts]

G
ive
sem
antic
rules
to
com
pute
the
attribute
h
a
s
P
l
u
s,
w
hich
is
1
i�
the
expression
has
a
+
som
e-

w
here
in
it,
and
is
0
if
not.

E
!

E
1
+
E
2

E
!

E
1
�

E
2

E
!

E
1
�

E
2

E
!

E
1 =E
2

E
!

IN
T
C
O
N
S
T

E
!

ID
E
N
T
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P
ro
b
lem
1
0
[6
p
ts]

W
hat
is
the
output
of
the
follow
ing
program
under
each
of
the
follow
ing
assum
ptions:

a.
lexical
scoping

b.
dynam
ic
scoping

G
ive
a
brief
explanation
of
your
answ
ers.

i
n
t
x
=
5
;

v
o
i
d
f
(
i
n
t
y
)

{
i
f
(
x
<
1
0
0
)

{

i
n
t
x
=
3
0
0
0
;

f
(
y
)
;

}x
=
x
-
y
;

}m
a
i
n
(
)

{
i
n
t
x
=
2
;

f
(
x
)
;

c
o
u
t
<
<
x
;

}

7

P
ro
b
lem
1
1
[1
5
p
ts
to
ta
l]

C
onsider
the
follow
ing
C
ool-like
classes
(function
bodies
elided):

c
l
a
s
s
A
{

a
:
I
n
t
;

g
(
)
:
I
n
t
{
.
.
.
}

h
(
)
:
I
n
t
{
.
.
.
}

}c
l
a
s
s
B
i
n
h
e
r
i
t
s
A
{

b
:
I
n
t
;

j
(
)
:
I
n
t
{
.
.
.
}

}c
l
a
s
s
D
i
n
h
e
r
i
t
s
A
{

c
:
I
n
t
;

g
(
)
:
I
n
t
{
.
.
.
}

k
(
)
:
I
n
t
{
.
.
.
}

}C
onsider
the
follow
ing
dispatch
expression
that
uses
this
inheritance
hierarchy:

l
e
t

x
:
A
<
-
n
e
w
D
i
n

x
.
g
(
)

e
n
d

P
a
rt
A
.
A
t
com
pile
tim
e,
to
generate
code
for
the
dispatch,
w
e
�nd
the
o�
set
for
m
ethod
g
in
the

m
ethod-o�
set
table
for
w
hat
class?

P
a
rt
B
.
A
t
runtim
e
w
here
do
w
e
get
the
inform
ation
about
w
hat
dispatch
table
to
use?

P
a
rt
C
.
A
t
runtim
e
w
e
use
the
dispatch
table
for
w
hich
class?

8



P
ro
b
lem
1
2
[1
8
p
ts]

P
a
rt
A
[1
2
].
F
ind
the
liveness
and
next-use
inform
ation
for
the
variables
appearing
in
a
statem
ent

for
each
statem
ent
in
the
follow
ing
basic
block.
A
ssum
e
that
t1
-
t4
are
tem
poraries
(not
used

outside
of
the
block),
and
that
a-d,
and
m
and
n
are
program
m
er
variables
(used
outside
of
the

block).

I
have
left
room
underneath
each
statem
ent
for
you
to
attach
the
inform
ation
for
that
statem
ent.

(
1
)
t
1

=

a

+

3

(
2
)
t
2

=

b

*

t
1

(
3
)
m

=

c

+

m

(
4
)
t
3

=

t
1

*

1
0

(
5
)
t
4

=

d

-

t
2

(
6
)
n

=

t
3

+

t
4

P
a
rt
B
[6
].
For
each
of
the
follow
ing
variables,
give
its
liveness
and
next
use
inform
ation
for
w
hen

w
e
e
n
te
r
the
basic
block
above.

bmn
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