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m
ing

Langua
g

es,
F

2002

Lecture
9,W

ednesda
y

10
A

pril
2002

�

A
continuation-based

m
icro-C

com
piler

for
the

abstractm
achine

�

O
ptim

ized
com

pilation
ofconstants

�

O
ptim

ized
com

pilation
ofconditionaland

unconditionaljum
ps

�

D
ead

code
elim

ination

�

R
ecognizing

tailcalls

�

C
om

piling
tailcalls

to
execute

in
constantspace

�

O
ptim

ized
com

pilation
ofcom

position
logicalexpressions
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S
om

e
shortcom

ings
of

the
old

m
icro-C

com
piler

�

C
lum

sy
code

is
generated,especially

forif
-

and
w

h
ile

-conditions
(file

im
p

/e
x1

9
.c

):

vo
id

m
a

in
(in

t
x)

{
if

(x
=

=
0

)
p

rin
t

3
3

;
e

lse
p

rin
t

4
4

;
}

T
his

produces
the

follow
ing

code:

G
E

T
B

P
,

C
S

T
I

0
,

A
D

D
,

L
D

I,
C

S
T

I
0

,
E

Q
,

IF
Z

E
R

O
L

2
,

C
S

T
I

3
3

,
P

R
IN

T
I,

IN
C

S
P

˜1
,

G
O

T
O

L
3

,
L

2
:

C
S

T
I

4
4

,
P

R
IN

T
I,

IN
C

S
P

˜1
,

L
3

:
IN

C
S

P
0

,
R

E
T

0

W
e

shallim
prove

the
com

piler
to

produce
this

instead:

G
E

T
B

P
,

L
D

I,
IF

N
Z

R
O

L
2

,
C

S
T

I
3

3
,

P
R

IN
T

I,
R

E
T

1
,

L
2

:
C

S
T

I
4

4
,

P
R

IN
T

I,
R

E
T

1

�

Tail-calls
are

notexecuted
in

constantspace
(exam

ple
im

p
/e

x1
2

.c
),and

therefore
run

outofstack
space.

�

T
he

com
piler

itselfinefficiently
appends

lists
ofgenerated

instructions
(using

@
):

[G
O

T
O

la
b

te
st,

L
a

b
e

l
la

b
b

e
g

in
]

@
cS

tm
t

b
o

d
y

e
n

v
@

[L
a

b
e

l
la

b
te

st]
@

cE
xp

r
e

e
n

v
@

[IF
N

Z
R

O
la

b
b

e
g

in
]
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A
better

m
icro-C

com
piler

O
ne

could
w

rite
a

code
sim

plifier
thatw

ould
rem

ove
C

S
T

I
0

,
A

D
D

from
the

generated
program

,etc.

T
hen

w
e

could
run

the
sim

plifier
in

a
second

pass
after

the
com

piler,butthis
is

som
ew

hatinelegant.

Instead
w

e
shallstudy

a
one-pass

com
piler

that:

�

optim
izes

the
com

pilation
oflogicalconnectives

(such
as

!
,&

&
and

||
)

into
efficientcontrolflow

code;

�

generates
code

for
a

logicalexpression
e

1
&

&
e

2
thatis

adapted
to

its
contextofuse:

–
w

illits
value

bound
to

a
variable,as

in
b

=
e

1
&

&
e

2
;

–
or

w
illits

value
be

used
in

the
condition

in
an

if
-

orw
h

ile
-statem

ent,as
in

if
(e

1
&

&
e

2
)

...

�

avoids
generating

jum
ps

to
jum

ps
in

m
ostcases;

�

elim
inate

m
ostdead

code,thatis,instructions
thatcannotbe

executed;

�

recognizes
tailcalls

and
com

piles
them

as
jum

ps
(instruction

T
C

A
LL).
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A
backw

ards,
or

contin
uation-based,

com
piler

T
he

new
com

piler
generates

code
backw

ards,prepending
new

instructions
to

the
code

already
generated.

T
he

old
(forw

ards,direct)
m

icro-C
com

piler
had

type:

fu
n

cE
xp

r
(e

:
e

xp
r)

(e
n

v
:

ve
n

v)
:

in
str

list
=

...

T
he

new
(backw

ards,continuation-based)
com

piler
takes

an
extra

argum
ent,a

code
continuation:

fu
n

cE
xp

r
(e

:
e

xp
r)

(e
n

v
:

ve
n

v)
(C

:
in

str
list)

:
in

str
list

=
...

T
he

code
C

already
generated

is
a

representation,atcom
pile-tim

e,ofthe
run-tim

e
continuation

ofe
.

T
his

allow
s

the
com

piler
to

perform
optim

izations.

E
xam

ple:
Ife

is
C

st(C
stI

0
)

,then
w

e
should

generate
C

S
T

I
1

.

H
ow

ever,ifC
starts

w
ith

N
O

T,then
w

e
can

instead
throw

aw
ay

the
N

O
T

and
generate

C
S

T
I

0
.

T
he

resulting
code

w
illbe

[C
S

T
I

0
]

instead
of[C

S
T

I
1

,
N

O
T

].

IT-C
P

rogram
m

ing
Languages,F

2002
P

age
9-4



T
he

old
expression

com
pilation

function

fu
n

cE
xp

r
(e

:
e

xp
r)

(e
n

v
:

ve
n

v)
:

in
str

list
=

ca
se

e
o

f
...

|
C

st
(C

stI
i)

=
>

[C
S

T
I

i]
|

P
rim

1
(o

p
e

,
e

1
)

=
>

cE
xp

r
e

1
e

n
v

@
(ca

se
o

p
e

o
f

"!"
=

>
[N

O
T

]
|

"p
rin

ti"
=

>
[P

R
IN

T
I]

|
"p

rin
tc"

=
>

[P
R

IN
T

C
]

|
_

=
>

ra
ise

F
a

il
"u

n
kn

o
w

n
p

rim
itive

1
")

...

To
w

ards
a

ne
w

expression
com

pilation
function

fu
n

cE
xp

r
(e

:
e

xp
r)

(e
n

v
:

ve
n

v)
(C

:
in

str
list)

:
in

str
list

=
ca

se
e

o
f

...
|

C
st

(C
stI

i)
=

>
C

S
T

I
i

::
C

|
P

rim
1

(o
p

e
,

e
1

)
=

>
cE

xp
r

e
1

e
n

v
(ca

se
o

p
e

o
f

"!"
=

>
N

O
T

::
C

|
"p

rin
ti"

=
>

P
R

IN
T

I
::

C
|

"p
rin

tc"
=

>
P

R
IN

T
C

::
C

|
_

=
>

ra
ise

F
a

il
"u

n
kn

o
w

n
p

rim
itive

1
")

...
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O
ptim

izing

�

the
code

w
hile

g
enerating

it

fu
n

cE
xp

r
(e

:
e

xp
r)

(e
n

v
:

ve
n

v)
(C

:
in

str
list)

:
in

str
list

=
ca

se
e

o
f

...
|

C
st

(C
stI

i)
=

>
a

d
d

C
S

T
i

C
...

T
he

function
for

optim
ized

generation
ofconstants

can
be

w
ritten

like
this:

fu
n

a
d

d
C

S
T

i
C

=
ca

se
(i,

C
)

o
f

(0
,

E
Q

::
C

1
)

=
>

a
d

d
N

O
T

C
1

|
(0

,
A

D
D

::
C

1
)

=
>

C
1

|
(0

,
S

U
B

::
C

1
)

=
>

C
1

|
(0

,
N

O
T

::
C

1
)

=
>

a
d

d
C

S
T

1
C

1
|

(_
,

N
O

T
::

C
1

)
=

>
a

d
d

C
S

T
0

C
1

|
(1

,
M

U
L

::
C

1
)

=
>

C
1

|
(1

,
D

IV
::

C
1

)
=

>
C

1
|

(_
,

IN
C

S
P

m
::

C
1

)
=

>
if

m
<

0
th

e
n

a
d

d
IN

C
S

P
(m

+
1

)
C

1
e

lse
C

S
T

I
i

::
C

|
(0

,
IF

Z
E

R
O

la
b

::
C

1
)

=
>

a
d

d
G

O
T

O
la

b
C

1
|

(_
,

IF
Z

E
R

O
la

b
::

C
1

)
=

>
C

1
|

(0
,

IF
N

Z
R

O
la

b
::

C
1

)
=

>
C

1
|

(_
,

IF
N

Z
R

O
la

b
::

C
1

)
=

>
a

d
d

G
O

T
O

la
b

C
1

|
_

=
>

C
S

T
I

i
::

C
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C
orrectness

of
the

optim
izations

T
he

optim
izations

reflectequivalences
betw

een
m

achine
code

sequences:

0,E
Q

has
the

sam
e

m
eaning

as
N

O
T

0,A
D

D
has

the
sam

e
m

eaning
as

� em
pty�

0,S
U

B
has

the
sam

e
m

eaning
as

� em
pty�

0,N
O

T
has

the
sam

e
m

eaning
as

1

�

,N
O

T
has

the
sam

e
m

eaning
as

0
w

hen�
� �

�

1,M
U

L
has

the
sam

e
m

eaning
as

� em
pty�

1,D
IV

has
the

sam
e

m
eaning

as

� em
pty�

�

,IN
C

S
P

�

has
the

sam
e

m
eaning

as
IN

C
S

P

	 �



��

0,IF
Z

E
R

O




has
the

sam
e

m
eaning

as
G

O
TO




�

,IF
Z

E
R

O




has
the

sam
e

m
eaning

as

� em
pty�

w
hen�

� �
�

0,IF
N

Z
R

O




has
the

sam
e

m
eaning

as

� em
pty�

�

,IF
N

Z
R

O




has
the

sam
e

m
eaning

as
G

O
TO




w
hen�

� �
�

A
bove,� em

pty�

is
the

em
pty

sequence
ofinstructions.
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O
ptim

ization
of

negations
and

jum
ps

T
hese

equivalences
hold

for
logicalnegation

(N
O

T
):

N
O

T,N
O

T
has

the
sam

e
m

eaning
as

� em
pty�

ifapplied
to

boolean
values

N
O

T,IF
Z

E
R

O




has
the

sam
e

m
eaning

as
IF

N
Z

R
O




N
O

T,IF
N

Z
R

O




has
the

sam
e

m
eaning

as
IF

Z
E

R
O




T
hey

are
exploited

in
this

code
generation

function:

fu
n

a
d

d
N

O
T

C
=

ca
se

C
o

f
N

O
T

::
C

1
=

>
C

1
|

IF
Z

E
R

O
la

b
::

C
1

=
>

IF
N

Z
R

O
la

b
::

C
1

|
IF

N
Z

R
O

la
b

::
C

1
=

>
IF

Z
E

R
O

la
b

::
C

1
|

_
=

>
N

O
T

::
C
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O
ptim

ization
of

stac
k

pointer
updates

T
hese

equivalences
hold

for
stack

pointer
m

anipulations
(IN

C
S

P

�

):

IN
C

S
P

0
has

the
sam

e
m

eaning
as

� em
pty�

IN
C

S
P

�
� ,IN

C
S

P

�
�

has
the

sam
e

m
eaning

as
IN

C
S

P

	 �
� �

�
��

IN
C

S
P

�
� ,R

E
T

�
�

has
the

sam
e

m
eaning

as
R

E
T

	 �
� 


�
��

T
hey

are
exploited

in
these

code
generation

functions:

fu
n

m
a

ke
IN

C
S

P
0

C
=

C
|

m
a

ke
IN

C
S

P
n

C
=

IN
C

S
P

n
::

C

fu
n

a
d

d
IN

C
S

P
m

1
C

:
in

str
list

=
ca

se
C

o
f

IN
C

S
P

m
2

::
C

1
=

>
m

a
ke

IN
C

S
P

(m
1

+
m

2
)

C
1

|
R

E
T

m
2

::
C

1
=

>
R

E
T

(m
2

-m
1

)
::

C
1

|
L

a
b

e
l

la
b

::
R

E
T

m
2

::
_

=
>

R
E

T
(m

2
-m

1
)

::
C

|
_

=
>

m
a

ke
IN

C
S

P
m

1
C
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A
void

g
enerating

conditional
jum

ps
to

jum
ps

W
hen

w
e

generate
a

conditionaljum
p

(IF
Z

E
R

O
orIF

N
Z

R
O

)
to

som
e

code
C

,w
e

m
ustputa

labelin
frontofC

.

IfC
already

begins
w

ith
a

labella
b

,w
e

can
jum

p
to

thatlabel.

IfC
begins

w
ith

G
O

T
O

la
b

w
e

can
jum

p
straightto

the
la

b
,avoiding

a
jum

p
to

a
jum

p.

O
therw

ise,w
e

m
ustputa

new
labelin

frontofC
,and

jum
p

to
thatlabel:

fu
n

a
d

d
L

a
b

e
l

C
:

la
b

e
l

*
in

str
list

=
ca

se
C

o
f

L
a

b
e

l
la

b
::

_
=

>
(la

b
,

C
)

|
G

O
T

O
la

b
::

_
=

>
(la

b
,

C
)

|
_

=
>

le
t

va
l

la
b

=
n

e
w

L
a

b
e

l()
in

(la
b

,
L

a
b

e
l

la
b

::
C

)
e

n
d
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A
void

g
enerating

unconditional
jum

ps
to

jum
ps

or
returns

W
hen

w
e

generate
an

unconditionalG
O

T
Oto

som
e

code
C

,there
are

even
better

optim
ization

opportunities.

IfC
begins

w
ith

a
R

E
T

instruction,w
e

can
return

im
m

ediately
rather

than
jum

p
to

the
R

E
T.

IfC
already

begins
w

ith
a

labella
b

,w
e

can
jum

p
to

la
b

.

IfC
begins

w
ith

a
G

O
T

O
la

b
w

e
can

jum
p

to
la

b
.

O
therw

ise
w

e
m

ustputa
new

labelin
frontofC

and
generate

a
jum

p
to

thatlabel:

fu
n

m
a

ke
Ju

m
p

C
:

in
str

*
in

str
list

=
ca

se
C

o
f

L
a

b
e

l
la

b
::

R
E

T
m

::
_

=
>

(R
E

T
m

,
C

)
|

R
E

T
m

::
_

=
>

(R
E

T
m

,
C

)
|

L
a

b
e

l
la

b
::

_
=

>
(G

O
T

O
la

b
,

C
)

|
G

O
T

O
la

b
::

_
=

>
(G

O
T

O
la

b
,

C
)

|
_

=
>

le
t

va
l

la
b

=
n

e
w

L
a

b
e

l()
in

(G
O

T
O

la
b

,
L

a
b

e
l

la
b

::
C

)
e

n
d
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T
he

com
pilation

of
statem

ents,
part

1:
i
f

-statem
ents

O
ld:<

e
co

d
e

>
,

IF
Z

E
R

O
L

1
,

<
stm

t1
co

d
e

>
,

G
O

T
O

L
2

,
L

1
:

<
stm

t2
co

d
e

>
,

L
2

:
...

fu
n

cS
tm

t
stm

t
(e

n
v

:
ve

n
v)

(C
:

in
str

list)
:

in
str

list
=

ca
se

stm
t

o
f

If(e
,

stm
t1

,
stm

t2
)

=
>

le
t

va
l

(ju
m

p
e

n
d

,
C

1
)

=
m

a
ke

Ju
m

p
C

va
l

(la
b

e
lse

,
C

2
)

=
a

d
d

L
a

b
e

l
(cS

tm
t

stm
t2

e
n

v
C

1
)

in
cE

xp
r

e
e

n
v

(IF
Z

E
R

O
la

b
e

lse
::

cS
tm

t
stm

t1
e

n
v

(a
d

d
Ju

m
p

ju
m

p
e

n
d

C
2

))
e

n
d

|
...

U
sing

m
a

ke
Ju

m
p

propagates
a

subsequentjum
p

(R
E

T
)

into
the

true-branch
ofan

if
,as

in
im

p
/e

x1
9

.c
.

U
sing

a
d

d
L

a
b

e
l

im
proves

com
pilation

ofnested
if

s
and

absentfalse-branches
(file

im
p

/e
x1

8
.c

):

vo
id

m
a

in
(in

t
m

,
in

t
n

)
{

if
(m

=
=

0
)

{
if

(n
=

=
0

)
p

rin
t

1
1

1
1

;
}

e
lse

p
rin

t
3

3
3

3
;

}
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T
he

com
pilation

of
statem

ents,
part

2:
w
h
i
l
e

-loops

O
ld:G

O
T

O
L

2
,

L
1

:
<

b
o

d
yco

d
e

>
,

L
2

:
<

e
co

d
e

>
,

IF
N

Z
R

O
L

1
,

...

fu
n

cS
tm

t
stm

t
(e

n
v

:
ve

n
v)

(C
:

in
str

list)
:

in
str

list
=

ca
se

stm
t

o
f

...
|

W
h

ile
(e

,
b

o
d

y)
=

>
le

t
va

l
la

b
b

e
g

in
=

n
e

w
L

a
b

e
l()

va
l

(ju
m

p
te

st,
C

1
)

=
m

a
ke

Ju
m

p
(cE

xp
r

e
e

n
v

(IF
N

Z
R

O
la

b
b

e
g

in
::

C
))

in
a

d
d

Ju
m

p
ju

m
p

te
st

(L
a

b
e

l
la

b
b

e
g

in
::

cS
tm

t
b

o
d

y
e

n
v

C
1

)
e

n
d

|
E

xp
r

e
=

>
cE

xp
r

e
e

n
v

(a
d

d
IN

C
S

P
˜1

C
)

|
...

U
sing

m
a

ke
Ju

m
p

seem
s

to
m

ake
a

difference
only

ifthe
condition

e
is

constanttru
e

.

In
thatcase

the
w

hile
body

w
illnotbe

skipped,see
file

im
p

/e
x7

.c
.

N
ota

very
im

portantim
provem

ent.
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T
he

com
pilation

of
statem

ents,
part

3

Tw
o

passes
are

m
ade

over
a

B
lo

ck
{

...
}

;a
forw

ards
pass

and
a

backw
ards

pass.

T
he

forw
ards

pass
is

needed
to

determ
ine

the
num

ber
ofvariables

thatthe
block

allocates
on

the
stack.

T
hese

m
ustbe

popped,using
IN

C
S

P
,atthe

end
ofthe

block.

T
he

backw
ards

pass
com

piles
the

block’s
statem

ents.

fu
n

cS
tm

t
stm

t
(e

n
v

:
ve

n
v)

(C
:

in
str

list)
:

in
str

list
=

ca
se

stm
t

o
f

...
|

B
lo

ck
stm

ts
=

>
le

t
fu

n
p

a
ss1

[]
(_

,
fd

e
p

th
)

=
([],

fd
e

p
th

)
|

p
a

ss1
(s1

::sr)
e

n
v

=
le

t
va

l
re

s1
a

s
(_

,
e

n
v1

)
=

b
S

tm
to

rd
e

c
s1

e
n

v
va

l
(re

sr,
fd

e
p

th
r)

=
p

a
ss1

sr
e

n
v1

in
(re

s1
::

re
sr,

fd
e

p
th

r)
e

n
d

va
l

(stm
tsb

a
ck,

fd
e

p
th

e
n

d
)

=
p

a
ss1

stm
ts

e
n

v
fu

n
p

a
ss2

[]
C

=
C

|
p

a
ss2

((B
D

e
c

co
d

e
,

e
n

v)
::

sr)
C

=
co

d
e

@
p

a
ss2

sr
C

|
p

a
ss2

((B
S

tm
t

stm
t,

e
n

v)
::

sr)
C

=
cS

tm
t

stm
t

e
n

v
(p

a
ss2

sr
C

)
in

p
a

ss2
stm

tsb
a

ck
(a

d
d

IN
C

S
P

(#
2

e
n

v
-

fd
e

p
th

e
n

d
)

C
)

e
n

d
|

R
e

tu
rn

N
O

N
E

=
>

R
E

T
(#

2
e

n
v

-
1

)
::

d
e

a
d

co
d

e
C

|
R

e
tu

rn
(S

O
M

E
e

)
=

>
cE

xp
r

e
e

n
v

(R
E

T
(#

2
e

n
v)

::
d

e
a

d
co

d
e

C
)
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E
lim

inating
dead

code

D
ead

code
is

code
thatcannotbe

executed,such
as

the
addition:

G
O

T
O

L
1

,
1

,
A

D
D

,
L

1
:

...

C
ode

thatfollow
s

an
unconditionalG

O
TO

or
R

E
T

U
R

N
is

dead,up
untilthe

nextlabel.

D
ead

code
typically

arises
because

ofconstantconditions
in

if
orw

h
ile

;for
exam

ple
im

p
/e

x7
.c

.

D
ead

code
takes

up
space

and
costs

nothing
atruntim

e;butits
rem

ovalcan
enable

new
optim

izations.

T
his

function
rem

oves
locally

dead
code:

fu
n

d
e

a
d

co
d

e
C

=
ca

se
C

o
f

[]
=

>
[]

|
L

a
b

e
l

la
b

::
_

=
>

C
|

_
::

C
1

=
>

d
e

a
d

co
d

e
C

1

Itis
used

w
hen

generating
a

G
O

T
OorR

E
T:

fu
n

a
d

d
Ju

m
p

ju
m

p
C

=
(*

ju
m

p
is

G
O

T
O

o
r

R
E

T
*)

le
t

va
l

C
1

=
d

e
a

d
co

d
e

C
in

ca
se

(ju
m

p
,

C
1

)
o

f
(G

O
T

O
la

b
1

,
L

a
b

e
l

la
b

2
::

_
)

=
>

if
la

b
1

=
la

b
2

th
e

n
C

1
e

lse
G

O
T

O
la

b
1

::
C

1
|

_
=

>
ju

m
p

::
C

1
e

n
d

;
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R
ecognizing

tail
calls

E
xam

ple
im

p
/e

x1
2

.c
.

in
t

m
a

in
(in

t
n

)
{

if
(n

)
re

tu
rn

m
a

in
(n

-1
);

e
lsere

tu
rn

1
7

;
}

T
he

tailcallm
a

in
(n

-1
)

is
recognizable

as
a

C
A

LL
im

m
ediately

follow
ed

by
R

E
T

U
R

N
:

L
0

:
G

E
T

B
P

,
0

,
A

D
D

,
L

D
I,

IF
Z

E
R

O
L

1
,

if
(n

)
G

E
T

B
P

,
0

,
A

D
D

,
L

D
I,

1
,

S
U

B
,

C
A

L
L

(1
,

L
0

),
R

E
T

1
,

G
O

T
O

L
2

,
m

a
in

(n
-1

)
L

1
:

1
7

,
R

E
T

1
,

1
7

L
2

:
IN

C
S

P
0

,
R

E
T

0

T
he

C
A

LL
w

illcreate
a

new
stack

fram
e,so

m
a

in
w

illrun
outofstack

space
for

large
n

.
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E
xecuting

tail
calls

in
the

stac
k

m
ac

hine

C
onsider

a
callfrom

g
to

f
:

fu
n

g
x

=
...

f
e

1
e

2
...

r
e
t

a
d
d
r

o
l
d

b
p

e
t
c

g
’
s
 
v
a
r
s

r
e
t

a
d
d
r

o
l
d

b
p

e
t
c

g
’
s
 
v
a
r
s

r
e
t

a
d
d
r

o
l
d

b
p

e
t
c

g
’
s
 
v
a
r
s

C
A
L
L
 
f

R
E
T

R
E
T

T
C
A
L
L
 
f

R
E
T

r
e
t

a
d
d
r

o
l
d

b
p

e
t
c

g
’
s
 
v
a
r
s

r
e
t

a
d
d
r

o
l
d

b
p

r
e
t

a
d
d
r

o
l
d

b
p

f
’
s
 
v
a
r
s

e
t
c

f
’
s
 
v
a
r
s

e
t
c

T
ail call and one return

O
rdinary call and tw

o returns

(fro
m

 f)
(fro

m
 f)

(fro
m

 g
)
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C
om

piling
tail

calls

F
unction

m
a

ke
C

a
ll

generates
a

callto
an

m
-argum

entfunction
atlabella

b
.

Ifthe
C

A
LL

is
follow

ed
by

R
E

T,or
by

Labeland
R

E
T,then

itis
turned

into
a

T
C

A
LL:

fu
n

m
a

ke
C

a
ll

m
la

b
C

:
in

str
list

=
ca

se
C

o
f

R
E

T
n

::
C

1
=

>
T

C
A

L
L

(m
,

n
,

la
b

)
::

C
1

|
L

a
b

e
l

_
::

R
E

T
n

::
_

=
>

T
C

A
L

L
(m

,
n

,
la

b
)

::
C

|
_

=
>

C
A

L
L

(m
,

la
b

)
::

C

T
he

new
com

piler
w

illgenerate
this

code
forim

p
/e

x1
2

.c
:

L
1

:
G

E
T

B
P

,
L

D
I,

IF
Z

E
R

O
L

2
,

if
(n

)
G

E
T

B
P

,
L

D
I,

1
,

S
U

B
,

T
C

A
L

L
(1

,
1

,
L

1
),

m
a

in
(n

-1
)

L
2

:
1

7
,

R
E

T
1

1
7

T
he

T
C

A
LL

w
illnotcreate

a
new

stack
fram

e,so
m

a
in

can
be

executed
for

arbitrarily
large

n
.
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E
ffect

on
code

siz
e

and
run

tim
e

Loop
executing

20
m

illion
tim

es
(file

im
p

/e
x8

.c
and

im
p

/p
ro

g
1

):

C
om

piler
C

ode
siz

e
(w

)
R

unning
tim

e
(s)

D
irect

32
18.4

B
ackw

ards
22

10.9

H
and-coded

13
3.9

T
he�

-queen
problem

(file
im

p
/e

x1
1

.c
)

for�
�

�� :

C
om

piler
C

ode
siz

e
(w

)
R

unning
tim

e
(s)

D
irect

616
8.3

B
ackw

ards
549

7.2
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C
om

piling

�

logical
expressions

to
control

flo
w

T
he

value
ofa

logicalexpression
(m

=
=

0
&

&
n

=
=

0
)

m
ay

be
used

in
tw

o
differentw

ays:

�

Its
value

m
ay

be
assigned

to
a

variable,or
returned

from
a

function:

b
=

(m
=

=
0

&
&

n
=

=
0

);

H
ere,0

or
1

should
be

assigned
to

b
.

�

Its
value

m
ay

be
used

in
an

if
-

orw
h

ile
-condition:

if
(m

=
=

0
&

&
n

=
=

0
)

...;

H
ere

there
is

no
need

to
firstgenerate

a
0

or
1

and
then

testitusing
IF

Z
E

R
O

or
IF

N
Z

R
O

.

T
he

old
forw

ards
com

piler
com

piles
a

logicalexpression
x

=
=

0
to

the
sam

e
code

regardless
ofits

use.

T
he

new
backw

ards
com

piler
com

piles
itdifferently

depending
on

the
context;see

im
p

/e
x2

0
.c

:

vo
id

m
a

in
(in

t
m

,
in

t
n

)
{

in
t

b
;

if
(m

=
=

0
&

&
n

=
=

0
)

p
rin

t
1

1
1

1
;

e
lsep

rin
t

2
2

2
2

;
b

=
(m

=
=

0
&

&
n

=
=

0
);

}
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C
om

pilation
of

com
posite

logical
expressions

(som
e

w
hat

com
plicated)

T
he

logicalexpression
e

1
&

&
e

2
is

com
piled

to
<

e
1

>
,

IF
Z

E
R

O
L

f,
<

e
2

>
,

G
O

T
O

L
e

,
L

f:
0

,
L

e
:

.

B
utifthis

is
follow

ed
by

IF
Z

E
R

O
la

b
,itcan

be
optim

ized
to

<
e

1
>

,
IF

Z
E

R
O

la
b

,
<

e
2

>
,

IF
Z

E
R

O
la

b
.

fu
n

cE
xp

r
(e

:
e

xp
r)

(e
n

v
:

ve
n

v)
(C

:
in

str
list)

:
in

str
list

=
ca

se
e

o
f

...
|

A
n

d
a

lso
(e

1
,

e
2

)
=

>
(ca

se
C

o
f

IF
Z

E
R

O
la

b
::

_
=

>
cE

xp
r

e
1

e
n

v
(IF

Z
E

R
O

la
b

::
cE

xp
r

e
2

e
n

v
C

)
|

IF
N

Z
R

O
la

b
th

e
n

::
C

1
=

>
le

t
va

l
(la

b
e

lse
,

C
2

)
=

a
d

d
L

a
b

e
l

C
1

in
cE

xp
r

e
1

e
n

v
(IF

Z
E

R
O

la
b

e
lse

::
cE

xp
r

e
2

e
n

v
(IF

N
Z

R
O

la
b

th
e

n
::

C
2

))
e

n
d

|
_

=
>

le
t

va
l

(la
b

e
n

d
,

C
1

)
=

a
d

d
L

a
b

e
l

C
va

l
(la

b
fa

lse
,

C
2

)
=

a
d

d
L

a
b

e
l

(a
d

d
C

S
T

0
C

1
)

in
cE

xp
r

e
1

e
n

v
(IF

Z
E

R
O

la
b

fa
lse

::
cE

xp
r

e
2

e
n

v
(a

d
d

G
O

T
O

la
b

e
n

d
C

2
))

e
n

d
)

|
O

re
lse

(e
1

,
e

2
)

=
>

...
sim

ila
r

to
A

n
d

a
lso

...
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A
perhaps

better
idea

for
com

posite
logical

expressions

T
he

com
pilation

ofe
1

&
&

e
2

and
e

1
||

e
2

is
rather

com
plicated.

Instead
one

could
im

plem
ente

1
?

e
2

:
e

3
in

the
com

piler,and
use

these
equivalences:

e
1

&
&

e
2

has
the

sam
e

m
eaning

as
e

1
?

e
2

:
fa

lse

e
1

||
e

2
has

the
sam

e
m

eaning
as

e
1

?
tru

e
:

e
2

T
he

m
icro-C

parser
could

build
the

representation
e

1
?

e
2

:
fa

lse
fore

1
&

&
e

2
,etc.

T
hen

w
e

could
delete

A
n

d
a

lso
and

O
re

lse
from

the
abstractsyntax.

A
lso,35

lines
ofcom

plicated
code

in
the

com
piler

could
be

throw
n

aw
ay.

S
ee

exercise
9.3

and
9.4.
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