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Stack Example: incr

long incr(long *p, long val) {
long x = *p;
long y = x + val;
*P =y
return x;

incr: Register | Use(s) |
movq (%rdi) , %rax I
addq $rax, Srsi $rdi Argument p
movq $rsi, (%rdi) $rsi Argument val, y
ret $rax x, Return value
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Using the Stack (1)

Initial Stack Structure

long call_incr() {
long vl = 15213;
long v2 = incr(&vl, 3000) ;
return v1+v2;
} Rtn address f«—— 2rsp

call incr:
subq $16, 3rsp Resulting Stack Structure
movqg $15213, 8(%rsp)
movl $3000, %esi
leaq 8 (%rsp), %rdi
call incr
addg 8 (%rsp), %rax Rtn address
addgq $16, %rsp
ret 15213 |e— %rsp+8
Unused [|e— %rsp
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Using the Stack (2)

Stack Structure
long call _incr() {
long vl = 15213;
long v2 = incr(&vl, 3000) ;
return vl+v2;
} Rtn address
15213 |je—— %rsp+8
Unused |e—— $rsp
call incr:
subg $16, %rsp
movq  $15213, 8(%rsp) Register | Use(s) |
movl $3000, %esi erdi svi
leaq 8 (%rsp), %rdi
call iner $rsi 3000
addg 8 (%rsp), %rax
addgq $16, %rsp
ret
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Using the Stack (3)

long call_incr() {
long vl = 15213;

return vl1+v2;

long v2 = incr(&vl, 3000);

Stack Structure

Rtn address

call incr:
subgq $16, %rsp
movq $15213, 8(%rsp)
movl $3000, %esi
leaq 8 (%rsp), %rdi
call incr
addgq 8 (%rsp) , %rax
addq $16, %rsp
ret

18213 |e— %rsp+8
Unused [e— %rsp
Register | Use(s)
$rdi &vl
$rsi 3000
incr:
movq $rdi) , %Srax
addg %rax, %rsi
movq $rsi, (%rdi)
ret
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Using the Stack (4)

Sean Barker

Stack Structure

long call_incr() {
long vl = 15213;
long v2 = incr(&vl,
return vl+v2;

3000) ;

Rtn address

movl $3000, %esi
leaq 8 (%rsp), %rdi
call incr

addg 8 (%rsp), %rax
addgq $16, Srsp

ret

} 18213 |e— Srsp+8
Unused |«— %rsp
call incr: .
subq  $16, %rsp | Register | Use(s) |
movq $15213, 8(%rsp) $rax Return value

Updated Stack Structure

Rtn address je—— $rsp
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Using the Stack (5)

long call iner() { Updated Stack Structure

long vl = 15213;
long v2 = incr(&vl, 3000);
return vl+v2;

Rtn address &—— Srsp

call incr: .
subq $16, Srsp Reglster I!QE_

movq $15213, 8(%rsp) $rax Return value
movl $3000, %esi

leaq 8 (%rsp), %rdi Final Stack Structure
call incr

addq 8 (%rsp), %rax

addq $16, %rsp
ret —— TSP
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Register Conventions

Return value S
(caller-saved) crax
~ : - -
Srdi $rbox
$rsi $rl2
[
Arguments < Trdx Callee-saved < srl3
_ Temporaries
(caller-saved) o rox p o114
[
5r8 sr15
]
S Srb
~ s Special S
[
Caller-saved rl10 sSSP
temporaries
P $r1l
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Callee-Saved Example (1)

Initial Stack Structure

long call incr2(long x) {
long vl = 15213;
long v2 = incr(&vl, 3000);
return x+v2;

} Rtn address j— < rsp

call incr2:
pushg $rbx
subqgq $16, %rsp
movq $rdi, %rbx
movq $15213, 8(%rsp)
movl $3000, %esi
leaq 8 (%rsp), %rdi
call incr Rtn address
addg $rbx, %$rax Saved $rbx
addgq $16, %rsp
popq $rbx
ret Unused [|e— %rsp

Resulting Stack Structure

15213 |je— %rspt8
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Callee-Saved Example (2)

Resulting Stack Structure

long call _incr2(long x) {
long vl = 15213;
long v2 = incr(&vl, 3000);
return x+v2;

Rtn address

Saved $rbx

15213 |fe— %rsp+8

call incr2:
pushg $rbx Unused |+— %rsp
subgq $16, %rsp
movq $rdi, %rbx
movq $15213, 8(%rsp) Pre-return Stack Structure
movl $3000, %esi

leaqg 8 (%rsp), %rdi
call incr
addgq %$rbx, Srax
addq $16, %rsp Rtn address — o rsp
Popg $rbx
ret
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Stack Frame Components

,
Caller
Frame <
Arguments
7+
Frame pointer \. | Return Addr
srbp Old $rbp
(Optional)
Saved
Registers
+
Local
Variables
Argument
Stack pointer Bu.ild
Srsp » | (Optional)
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Recursion Example

pcount r:
movl $0, %eax
/* Recursive popcount */ testqg $rdi, %rdi
long pcount_r(unsigned long x) { je .L6
if (x == 0) pushqg $rbx
return 0; movq %$rdi, %rbx
else andl $1, %ebx
return (x & 1) shrq $rdi
+ pcount r(x >> 1); call pcount r
} addgq %rbx, %rax
pPorg $rbx
.L6:
rep; ret
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Recursion Base Case

/* Recursive popcount */ pcount_r:
long pcount r(unsigned long x) { movl $0, %eax
if (x == 0) testqg $rdi, %rdi
return O; je .L6
else pushg %rbx
return (x & 1) movq $rdi, %rbx
+ pcount_r(x >> 1); andl $1, %ebx
} shrq $rdi
call pcount_r

addqgq %$rbx, %rax
Poprg $rbx

.L6:
. rep; ret
Register |Usels)  [Type |
$rdi b4 Argument
$rax Return value Return value
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Recursion Register Save

pcount_r:
/* Recursive popcount */ movl $0, %eax
long pcount r (unsigned long x) { testqg $rdi, %rdi
if (x == 0) je .L6
return 0; pushqg $rbx
else movqg $rdi, %rbx
return (x & 1) andl $1, %ebx
+ pcount_r(x >> 1); shrq $rdi
} call pcount_r
addgq $rbx, %rax

Poprg $rbx

.L6:
rep; ret
Register |Usels) ____|Type |
$rdi X Argument
Rtn address
Saved $rbx |—— 3rsp
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Recursion Call Setup

/* Recursive popcount */ pcount_r:
long pcount r(unsigned long x) { movl $0, %eax
if (x == 0) testqg $rdi, %rdi
return 0; je .L6
else pushg srbx
return (x & 1) movq $rdi, %rbx
+ pcount_r(x >> 1); andl $1, %ebx
} shrqg $rdi
call pcount r

addg %$rbx, %rax
PoPg $rbx

.L6:
. rep; ret
Register | Use(s)  |Type |
$rdi x >>1 Rec. argument
$rbx x &1 Callee-saved
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Recursive Call

/* Recursive popcount */ pcount_r:
long pcount r (unsigned long x) { movl $0, %eax
if (x == 0) testqg $rdi, %rdi
return 0; je .L6
else pushg %rbx
return (x & 1) movq $rdi, %rbx
+ pcount r(x >> 1); andl $1, %ebx
} shrq $rdi
call pcount_r

addg %rbx, %rax
Popg $rbx

.L6:
. rep; ret
| Register |Use(s)  |[Type
$rbx x &1 Callee-saved
$rax Recursive call
return value
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Recursion Result

Recursion Result

/* Recursive popcount */
long pcount_r(unsigned long x)

if (x == 0)
return O;
else

return (x & 1)
+ pcount r(x >> 1);

{

$rax Return value

Register |Use(s) _____|Type |

Return value

pcount_r:
movl $0, %eax
testqg %rdi, %rdi
je .L6
pushg $rbx
movq %$rdi, %$rbx
andl $1, %ebx
shrq $rdi
call pcount _r
addg %$rbx, %rax
Popra $rbx

.L6:
rep; ret

—— TSP

/* Recursive popcount */ pcount_r:
long pcount r (unsigned long x) { movl $0, %eax
if (x == 0) testqg $rdi, %$rdi
return 0; je .L6
else pushg $rbx
return (x & 1) movq $rdi, %$rbx
+ pcount_r(x >> 1); andl $1, %ebx
} shrq grdi
call pcount r
addqg $rbx, %$rax
pPoprg $rbx
.L6:
- rep; ret
Register | Use(s) _____[Type |
$rbx x &1 Callee-saved
$rax Return value
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Array Allocation

char string[12]; I I I I I I I I I I I
X x+12
int val[5];
X x+4 X+8 x+12 X+16 x+20
double a[3];
|
X X+8 x+16 X+24
char* p[3];
X xX+8 x+16 X+24
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Arrays as Pointers

int val[5]; 1 | S5 [ 2 | 1 | 3

X x+4 X+8 x+12 X+ 16 x+20
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Array Access

int get val(int a[], int i) {
return af[i];

# %rdi = a
# %$rsi = 1
movl (%$rdi,%rsi,4), %eax # al[il]
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Array Looping
void inc5(int a[]) {
size t i;
for (i = 0; i < 5; i++)
afi]++;
}
# %rdi = a
movl $0, %eax # i=0
jmy .L3 # goto middle
.1L4: # loop:
addl $1, (%rdi,%rax,4) # a[i]++
addqg $1, %rax # i++
.L3: # middle
cmpqg $4, %rax # i:4
jbe .L4 # if <=, goto loop
rep; ret
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Structures

struct rec {
int a[4];
size_t i;
struct rec* next;
};
r
a i next
0 16 24 32
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Linked List Example

struct rec { r
int a[4]; ' X
int i; l 1
struct rec* next; a i next
bi 0 | 16 24 32
void set val Element i

(struct rec* r, int val)

th_.le _(r) { )
int 1 = r->i;

r->a[i] = val; srdi r

{

r = r->next; Srsi val
}
}
.L11: # loop:
movslg 16(%rdi), %rax # i = M[r+16]
movl %esi, (%rdi,%rax,4) # M[r+4*i] = val
movqg 24 (%$rdi), %$rdi # r = M[r+24]
testq $rdi, %$rdi # Test r
jne .L11 # if !'=0 goto loop
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Data Alignment

Unaligned Data struct S1 {
char c;
c| i[0] i[1] v s Sl
double v;
p p+l p+5 p+9 p+17 } *p;
Aligned Data
c i[0] i[1l] v
p+0 pt4 p+8 pt+1l6 pt+24
Multiple of 4 Multiple of 8
Multiple of 8 Multiple of 8
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