15-411: Calling Conventions

Jan Ho!mann



Example: Recursive Pow



Int pow(int b, Int e)
[/@requires e >= 0;
{
if (e == 0)
return 1;
else
return b * pow(b, e-1);

Recursive Pow



Int pow(int b, Int e) v(b,e):

[/@requires e >= 0; If (e == 0) then done else recurse
{ done:
If (e == 0) ret 1
return 1, ecurse:
else 0 <-e -1
return b * pow(b, e-1); t1 <- pow(b, t0)
} t2 <- b *tl
ret t2

Recursive Pow



CO

Int pow(int b, Int e) v(b,e):
[/@requires e >= 0; If (e == 0) then done else recurse
{ done:
If (e == 0) ret 1
return 1, ecurse:
else 0 <-e -1
return b * pow(b, e-1); t1 <- pow(b, t0)
} t2 <- b *tl
ret t2

Recursive Pow



CO 3-Address code.

Int pow(int b, Int e) v(b,e):
[/@requires e >= 0; If (e == 0) then done else recurse
{ done:
If (e == 0) ret 1
return 1, ecurse:
else 0 <-e -1
return b * pow(b, e-1); t1 <- pow(b, t0)
} t2 <- b *tl
ret t2

Recursive Pow



program def | use | live-in

pow(b, e) :

if (e ==0) then done else recurse
done :

ret 1
recurse :

to+—e—1

t1 < pOW(b, to)

to < b * t1

ret 1o

Liveness Analysis
(3-address code)



program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse
done :
ret 1
recurse :
to+—e—1 to
t1 < pOW(b, to) t1
to < b *xtq 1o
ret 1o

Liveness Analysis
(3-address code)



program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse :
to+—e—1 to e
t1 < pOW(b, to) t1 b, to
to < b *xtq 1o b, tq
ret 1o o

Liveness Analysis
(3-address code)




program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse :
to+—e—1 to e
t1 < pOW(b, to) t1 b, to
to < b *xtq 1o b, tq
ret o 19 19

Liveness Analysis
(3-address code)




program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse :
to+—e—1 to e
t1 < pOW(b, to) t1 b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)




program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse :
to+—e—1 to e
t1 < pOW(b, to) t1 b, to b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)




program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse :
to+—e—1 to |e b, e
t1 < pOW(b, to) t1 b, to b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)




program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse : b, e
to+—e—1 to |e b, e
t1 < pOW(b, to) t1 b, to b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)



program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse : b, e
to+—e—1 to |e b, e
t1 < pOW(b, to) t1 b, to b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)



program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e
done :
ret 1
recurse : b, e
to+—e—1 to |e b, e
t1 < pOW(b, to) t1 b, to b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)



program def | use | live-in
pow(b, e) : b, e
if (e ==0) then done else recurse e b, e
done :
ret 1
recurse : b, e
to+—e—1 to |e b, e
t1 < pOW(b, to) t1 b, to b, to
to < b *xtq 1o b,t1 | bty
ret o 19 19

Liveness Analysis
(3-address code)




Rules for Low-Level 3-Address Code

[:call f [:rets
caller-save(r) callee-save(r)

J J
def(l,r) use(l, r)




program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurs
done:

resp! 1
ret
recurse
to! e" 1
arg, ! 1o
argq !
call pow
t1 ! resy
to ! b#ty
resp! to
ret

Liveness

¢

Take Into account pre-colored
registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurs
done:

resp! 1
ret
recurse
to! e" 1
arg, ! 1o
argq !
call pow
t1 ! resy
to ! b#ty
resp! to
ret

Liveness

¢

Take Into account pre-colored
registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1

ret
recurse

to! e" 1

arg, ! 1o

argq !

call pow s o

t1 ! resy

to ! b#ty

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1

ret
recurse

to! e" 1

arg, ! 1o

argq !

call pow s o

t1 ! resy

to ! b#ty to

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1

ret
recurse

to! e" 1

arg, ! 1o

argq !

call pow s o

t1 ! resy tq

to ! b#ty to

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
POW :
b! arg,
e! arg,
If (e ==0) then done else recurse
done:
resp! 1
ret
recurse
to! e" 1
arg, ! 1o
arg, !
call pow respg, arg,,arg,, | =~ "
args, argy, algs,
arge, lerz, lerg
t1 ! resy tq
to ! b#ty to
resp! to resy
ret

LiveneSS Tak_e Into account pre-colored
registers



program def use live-in
POW :
b! arg,
e! arg,
If (e ==0) then done else recurse
done:
resp! 1
ret
recurse
to! e" 1
arg, ! 1o
arg;! b arg,
call pow respg, arg,,arg,, | =~ "
args, argy, algs,
arge, lerz, lerg
t1 ! resy tq
to ! b#ty to
resp! to resy
ret

LiveneSS Tak_e Into account pre-colored
registers



program def use live-in
POW :
b! arg,
e! arg,
If (e ==0) then done else recurse
done:
resp! 1
ret
recurse
to! e" 1
arg, ! 1o arg,
arg;! b arg,
call pow respg, arg,,arg,, | =~ "
args, argy, algs,
arge, lerz, lerg
t1 ! resy tq
to ! b#ty to
resp! to resy
ret

LiveneSS Tak_e Into account pre-colored
registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, argy, algs,
arge, lerz, lerg

t1 ! resy tq

to ! b#ty to

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, argy, algs,
arge, lerz, lerg

t1 ! resy tq

to ! b#ty to

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, argy, algs,
arge, lerz, lerg

t1 ! resy tq

to ! b#ty to

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
POW :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, argy, algs,
arge, lerz, lerg

t1 ! resy tq

to ! b#ty to

resp! to resy

ret

| iveness Take Into account pre-colored

registers



program def use live-in
pow :

b! arg,

e! arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to

resp! to reso

ret

| iveness Take Into account pre-colored

registers



program def use live-in
pow :

b! arg,

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to

resp! to reso

ret

| iveness Take Into account pre-colored

registers



program def use live-in
pow :

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to

resp! to reso

ret

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~ "

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to

resp! to reso

ret

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~ "

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to

resp! to reso

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~ "

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to

resp! to reso to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~ "

args, arg,, args,
argg, ler7, lerg

tp1! resg tq

to ! b#ty to b, t;

resp! to reso to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pOwW : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow respg, arg,,arg,, | =~ "

args, arg,, args,
argg, ler7, lerg

t1! resg tq reso

to ! b#t, to b, t1

resp! 1o reso to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq

call pow resp, arg, arg,, | argq, arg-

args, arg,, args,
argg, ler7, lerg

tp1! resg tq reso

to ! b#ty to b, t;

resp! to reso to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! 1o arg,

arg, ! argq D

call pow resp, arg, arg,, | argq, arg-

args, argy, algs,
arge, lerz, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret reso

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to

arg, ! tp arg, to

argq ! argq b

call pow resp, arg, arg,, | argq, arg-

args, argy, algs,
arge, lerz, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pOwW : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resp, arg, arg,, | argq, arg-

args, arg,, args,
argg, ler7, lerg

t1! resg tq reso

to ! b#t, to b, t1

resp! 1o reso to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pOwW : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resp, arg, arg,, | argq, arg-

args, arg,, args,
argg, ler7, lerg

t1! resg tq reso

to ! b#t, to b, t1

resp! 1o reso to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pOwW : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pOwW : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pOwW : arg,, arg,

b! arg, b

e! arg, e

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t;

resp! to resy to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
pow : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg-», | argq, arg,

args, argy, algs,
argg, ler7, lerg

t1 ! resy t1 resp

to ! b#ty to b, t; b, t;

resp! to resy to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
POW : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resp, arg, arg,, | argq, arg-

args, arg,, args,
argg, ler7, lerg

tp! resg t1 resg b,resg

to ! b#t, to b, t1 b, t1

resgp! to resg to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
POW : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b

call pow resg, arg,, arg», | arg,, arg» | b,arg,, arg,

args, arg,, args,
argg, ler7, lerg

tp! resg t1 reso b,resg

to ! b#t, to b, t1 b, t1

resgp! to reso to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
POW : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! tp arg, to

argq ! argq b b,arg,

call pow resg, arg,, arg», | arg,,arg» | b,arg,, arg,

args, arg,, args,
argg, ler7, lerg

tp! resg t1 reso b,resg

to ! b#t, to b, t1 b, t1

resgp! to reso to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
POW : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e

arg, ! to arg- to b, ty

argq ! argq b b,arg,

call pow resg, arg,, arg», | arg,,arg» | b,arg,, arg,

args, arg,, args,
argg, ler7, lerg

tp! resg t1 reso b,resg

to ! b#t, to b, t1 b, t1

resgp! to reso to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
POW : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse

to! e" 1 to e b, e

arg, ! to arg- to b, ty

argq ! argq b b,arg,

call pow resg, arg,, arg», | arg,,arg» | b,arg,, arg,

args, arg,, args,
argg, ler7, lerg

tp! resg t1 reso b,resg

to ! b#t, to b, t1 b, t1

resgp! to reso to to

ret resg resg

| iveness Take Into account pre-colored

registers



program def use live-in
POW : arg,, arg,

b! arg, b argq

e! arg, e arg,

If (e ==0) then done else recurse
done:

resp! 1 resy

ret resg
recurse b, e

to! e" 1 to e b, e

arg, ! to arg- to b, ty

argq ! argq b b,arg,

call pow resg, arg,, arg», | arg,,arg» | b,arg,, arg,

args, arg,, args,
argg, ler7, lerg

tp! resg t1 reso b,resg

to ! b#t, to b, t1 b, t1

resgp! to reso to to

ret resg resg
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program def use live-in
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done:
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temp | interfering with

b resp, argq, arg,, args, arg,, args, arge, lerz, lerg, e, to, t1
e b

to b

ty b

to

Interference Grap

h All pre-colored registers
interfere with each other



No caller-saved register
for b available."

Use lee9.
temp | interfering with
b resp, argq, arg,, args, arg,, args, arge, lerz, lerg, e, to, t1
e b
to b
ty b
to

Interference Graph All pre-colored registers

Interfere with each other



program live-in
POW : arg, args, leeg
push leeg arg, args, leeg
b! arg, argy, args
el args b,arg,
if (e ==0) then done else recurse | b, e
done :
resg! 1
goto exitpow Tes(
recurse : b, e
to! e" 1 b, e
arg, ! 1g b,
arg ! b, arg,
call pow b,arg,, arg,
t1 ! resg b, resg
to ! b#t, b, ty
resg ! to to
goto exitpow Tes(
exitpow : TeS
pop leeg res(
ret leeg, Tesg

Save Callee-Saved Regs

and epilog



program live-in
POW : arg, args, leeg
push leeg arg, args, leeg
b! arg, argy, args
el args b,arg,
if (e ==0) then done else recurse | b, e
done :
resg! 1
goto exitpow Tes(
recurse : b, e
to! e" 1 b, e
arg, ! 1g b,
arg; ! b b, arg,
call pow b,arg,, arg,
t1 ! resg b, resg
to ! b#t, b, ty
resg ! to to
goto exitpow Tes(
exitpow : TeS
pop leeg res(
ret leeg, Tesg

Save Callee-Saved Regs

and epilog

Register Allocation:

We order the colors (machine registers) as

resg, argq, -

.., argg, lery, lers, leeg

From this we construct the assignment

$%
$%
$%
$%
$%

resSo
respo
reso
reso



POW :

pushleeg

leeg ! argy

resp! arg,

If (resp ==0) then done else recurs
done:

resp! 1

goto exitpow
recurse

resg! respg"” 1

arg, ! resgp

arg, ! leeg

call pow

resg! resg

resg ! leeg #resg

resg! resg

goto exitpow
exitpow:

pop leeg

ret

Optimization and Code
Generation



POW :

pushleeg
leeg ! argy
resp! arg,
If (resp ==0) then done else recurs
done:
resp! 1
goto exitpow
recurse
resg! respg"” 1
arg, ! resgp
arg, ! leeg (redundant)
call pow
resp ! resp (redundant)
resg ! leeg #resg
resp ! resg (redundant)
goto exitpow
exitpow:
pop leeg

ret

Optimization and Code
Generation



POW :

pushleeg
leeg ! argy
resp! arg,
If (resp ==0) then done else recurs oow: pushg  %rbx
done: movl  %edi, %ebx
resp! 1 .
. movl %esl, %eax
goto exitpow cmpl $0. Y%eax
recurse . ’
resp! resp” 1 jne L1
arg, | resg movl $1, %eax
arg; ! leeg (redundant) goto L2
call pow L1: subl $1, %eax
resp ! resg (redundant) movl  %eax, %esi
resp ! leeg #resg call pow
resp ! resg (redundant) imull  %ebx, %eax
goto exitpow L2: popq %rbx
exitpow: ret
pop leeg

ret

Optimization and Code
Generation



