
Procedures 
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Mechanisms in Procedures 
P(…) { 
  • 
  • 
  y = Q(x); 
  print(y) 
  • 
}   

int Q(int i) 
{ 
  int t = 3*i;   
  int v[10]; 
  • 
  • 
  return v[t]; 
} 
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Procedures 
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How shall we imagine a stack? 

Stack Top

Stack Top
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The Stack 
Grows Downward 
From High Memory 

7    0 

byte

0000 0000

High Memory

Low Memory

Stack Top Pointer
%rsp

ffff ffff
ffff fffe

The Stack
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 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678

High Memory

Low Memory

Stack Top Pointer
%rsp

%eax

ffff ffff
ffff fffe
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 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678
   %rsp = %rsp - 4
   move data to (%rsp)

High Memory

Low Memory

Stack Top Pointer
%rsp

%eax

ffff ffff
ffff fffe
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 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678
   %rsp = %rsp - 4
   move data to (%rsp)

High Memory

Low Memory

Stack Top Pointer
%rsp

%eax  

ffff ffff
ffff fffe
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 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678
   %rsp = %rsp - 4
   move data to (%rsp)

High Memory

Low Memory

Stack Top Pointer
%rsp

12
34
56
78

%eax

ffff ffff
ffff fffe



10 

 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678
   %rsp = %rsp - 4
   move data to (%rsp)
popl  %eax
    move (%rsp) to reg
    %rsp = %rsp + 4

High Memory

Low Memory

Stack Top Pointer
%rsp

12
34
56
78

%eax

ffff ffff
ffff fffe
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 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678
   %rsp = %rsp - 4
   move data to (%rsp)
popl  %eax
    move (%rsp) to reg
    %rsp = %rsp + 4

High Memory

Low Memory

Stack Top Pointer
%rsp

12
34
56
78

%eax 0x12345678

ffff ffff
ffff fffe
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 Stack 
Example 

7    0 

byte

0000 0000

pushl 0x12345678
   %rsp = %rsp - 4
   move data to (%rsp)
popl  %eax
    move (%rsp) to reg
    %rsp = %rsp + 4

High Memory

Low Memory

Stack Top Pointer
%rsp

12
34
56
78

%eax 0x12345678

ffff ffff
ffff fffe
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The x86-64 Stack 
Region of memory managed with stack 

discipline 

Grows toward lower addresses 

Register %rsp indicates top element of 
stack 

Top element has lowest address 

Stack 
Pointer 
%rsp 

Stack Grows 
Down 

Increasing 
Addresses 

Stack “Top” 

Stack “Bottom” 
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Stack instructions (push and pop) 
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x86-64 Stack 

Stack	
  
Grows 
Down	
  

Increasing 
Addresses	
  

Stack	
  “Bo6om”	
  

Stack	
  “Top”	
  Stack	
  “Top”	
  

Stack	
  Pointer:	
  %rsp 
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x86-64 Stack: Push 
pushq Src

Fetch operand at Src 
Decrement %rsp by 8 
Write operand at address given by %rsp 

pushq %rax 
subq $8, %rsp 
movq %rax,(%rsp) 

-­‐8	
  

Stack	
  
Grows 
Down	
  

Increasing 
Addresses	
  

Stack	
  “Bo6om”	
  

Stack	
  Pointer:	
  %rsp 

Stack	
  “Top”	
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Stack	
  
Grows 
Down	
  

Increasing 
Addresses	
  

Stack	
  “Bo6om”	
  

x86-64 Stack: Pop 

+8	
  

popq Dest 
!  Read	
  value	
  at	
  address	
  given	
  by	
  %rsp 
!  Increment	
  %rsp	
  by	
  8	
  

!  Store	
  value	
  at	
  Dest	
  (must	
  be	
  register)	
  

popq %rax 
 movq (%rsp),%rax 
 addq $8,%rsp 

Stack	
  Pointer:	
  %rsp 

Stack	
  “Top”	
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Examples 

long mult2 
  (long a, long b) 
{ 
  long s = a * b; 
  return s; 
} 

void multstore 
 (long x, long y, long *dest) 
{ 
    long t = mult2(x, y); 
    *dest = t; 
} 

0000000000400550 <mult2>: 
  400550:  mov    %rdi,%rax  # a  
  400553:  imul   %rsi,%rax  # a * b 
  400557:  retq  # Return 

0000000000400540 <multstore>: 
  400540: push   %rbx  # Save %rbx 
  400541: mov    %rdx,%rbx  # Save dest 
  400544: callq  400550 <mult2>  # mult2(x,y) 
  400549: mov    %rax,(%rbx)  # Save at dest 
  40054c: pop    %rbx  # Restore %rbx 
  40054d: retq  # Return 
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Procedure Control Flow 
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%rsp 

%rbx 

%rdx 

%rsp 

%rbx 

%rdx 
%rsp 

%rbx 

%rdx 

0x100 

555 

0x108 

0x108 

0x110 

0x118 

0x100 

213 

213 

123 

Stack Operation Examples 

0x108 

0x110 

0x118 

213 

123 

0x108 0x100 

pushl %rbx 

0x108 

0x110 

0x118 

213 

123 

0x100 

213 

popq %rdx 

0x108 

213 

Initially 

Top 
Top Top 

animation 
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Control Flow Example 

0000000000400550 <mult2>: 
  400550:  mov    %rdi,%rax 
  • 
  • 
  400557:  retq 

0000000000400540 <multstore>: 
  • 
  • 
  400544: callq  400550 <mult2> 
  400549: mov    %rax,(%rbx) 
  • 
  • 

0x400544 

0x120 

• 
• 
• 

%rsp 

0x120 

0x128 

0x130 

%rip 
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Control Flow Example 

0000000000400550 <mult2>: 
  400550:  mov    %rdi,%rax 
  • 
  • 
  400557:  retq    

0000000000400540 <multstore>: 
  • 
  • 
  400544: callq  400550 <mult2> 
  400549: mov    %rax,(%rbx) 
  • 
  • 

0x400550 

0x118 

0x400549 

• 
• 
• 

%rsp 

0x120 

0x128 

0x130 

0x118 

%rip 
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Control Flow Example  

0000000000400550 <mult2>: 
  400550:  mov    %rdi,%rax 
  • 
  • 
  400557:  retq    

0000000000400540 <multstore>: 
  • 
  • 
  400544: callq  400550 <mult2> 
  400549: mov    %rax,(%rbx) 
  • 
  • 

0x400557 

0x118 

0x400549 

• 
• 
• 

%rsp 

0x120 

0x128 

0x130 

0x118 

%rip 
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Control Flow Example  

0000000000400550 <mult2>: 
  400550:  mov    %rdi,%rax 
  • 
  • 
  400557:  retq    

0000000000400540 <multstore>: 
  • 
  • 
  400544: callq  400550 <mult2> 
  400549: mov    %rax,(%rbx) 
  • 
  • 

0x400549 

0x120 

• 
• 
• 

%rsp 

0x120 

0x128 

0x130 

%rip 

0x400549 0x118 
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%rsp 

%rip 0x400544 

0x108 

0x108 

0x110 

0x120 

0x100 

123 

Procedure Call Example 
400544:  e8 3d 06 00 00    call   400550 <mult2> 
400549:  50                next instruction 

0x400550 

0x100 

animation 

The program counter 

Calling code: 

0x400549 
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%rip 0x400550 

%rsp 0x100 

0x108 

0x110 

0x120 

0x100 

Procedure Return Example 

123 

0x108 

0x400549 

animation 

The program counter 

400550:   48 89 fa    mov    %rdi,%rax 
  •••        ••• 
400577:  c3          ret 

Within mult2: 

0x400577 0x400549 
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Procedure Control Flow 

main(…) 
{ 

 • • • 
f1(); 

 • • • 
} 

f1(…) 
{ 

 • • • 
f2(); 

 • • • 
} 

f2(…) 
{ 

 • • • 
 • • • 

} 

call 

call 

ret 

ret 
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Procedure calls and stack frames 

main’s 
stack 
frame 

f1’s 
stack 
frame 

Stack increasing addresses 

f2’s 
stack 
frame 

stack grow
th 
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Functions and Stack Frames 

Frame of main
main() {
  … call f1()
}

f1() {
  … call f2()
}

f2() {
  … call f3()
}

f3 () {
   …
}
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Functions and Stack Frames 

Frame of main
main() {
  … call f1()
}

f1() {
  … call f2()
}

f2() {
  … call f3()
}

f3 () {
   …
}

Frame of f1
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Functions and Stack Frames 

Frame of main
main() {
  … call f1()
}

f1() {
  … call f2()
}

f2() {
  … call f3()
}

f3 () {
   …
}

Frame of f1

Frame of f2
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Functions and Stack Frames 

Frame of main
main() {
  … call f1()
}

f1() {
  … call f2()
}

f2() {
  … call f3()
}

f3 () {
   …
}

Frame of f1

Frame of f2

Frame of f3
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Functions and Stack Frames 
f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1
x:
y:
z:

•
•
•
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Functions and Stack Frames 
f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2
a:
b:
c:

x:
y:
z:

•
•
•
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Where are the arguments??? 

%rdi 

%rsi 

%rdx 

%rcx 

%r8 

%r9 

%rax 

 Arg 7 

• • • 

 Arg 8 

 Arg n 
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Passing 
Arguments 

long mult2 
  (long a, long b) 
{ 
  long s = a * b; 
  return s; 
} 

void multstore 
 (long x, long y, long *dest) 
{ 
    long t = mult2(x, y); 
    *dest = t; 
} 

0000000000400550 <mult2>: 
  # a in %rdi, b in %rsi 
  400550:  mov    %rdi,%rax  # a  
  400553:  imul   %rsi,%rax  # a * b 
  # s in %rax 
  400557:  retq   # Return 

0000000000400540 <multstore>: 
  # x in %rdi, y in %rsi, dest in %rdx 
  • • • 
  400541: mov    %rdx,%rbx  # Save dest 
  400544: callq  400550 <mult2>  # mult2(x,y) 
  # t in %rax 
  400549: mov    %rax,(%rbx)  # Save at dest 
  • • • 
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Example 
main 

yoo 
%rbp 

%rsp 

Stack	
  

main 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   
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Example 
main 

foo1 yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 
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Example 
main 

foo1 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

f2 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 
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Example 
main 

foo1 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

f2 

f2 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

f2 

f2 

f2 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

f2 

f2 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

f2 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

f2 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 

f2(…) 
{ 
  • 
  • 
  f2(); 
  • 
  • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

f2 

yoo 

%rbp 

%rsp 

Stack	
  

main 

foo1 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   

foo1(…) 
{ 
  • • • 
  f2(); 
  • • • 
  f2(); 
  • • • 
} 
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Example 
main 

foo1 

f2 

f2 

f2 

f2 

yoo 
%rbp 

%rsp 

Stack	
  

main 

main(…) 
{ 
  • 
  • 
  foo1(); 
  • 
  • 
}   
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x86-64/Linux Stack Frames 

Return	
  Addr	
  

Argument	
  
Build	
  

(Op6onal)	
  

Old	
  %rbp 

Arguments	
  
7+	
  

Caller 
Frame	
  

Frame	
  base	
  pointer	
  (OpKonal)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  %rbp 

	
  	
  Stack	
  pointer
%rsp 

Saved	
  
Registers	
  

+	
  
Local	
  

Variables	
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Example: incr 

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

incr: 
  movq    (%rdi), %rax 
  addq    %rax, %rsi 
  movq    %rsi, (%rdi) 
  ret 

Register	
   Use(s)	
  

%rdi Argument	
  p 

%rsi Argument	
  val,	
  y 

%rax x,	
  Return	
  value 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

%rsp 

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

%rsp 

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

%rsp 

%rsp+8 v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

Register	
   Use(s)	
  

%rdi &v1 

%rsi 3000 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

%rsp 

%rsp+8 v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

Register	
   Use(s)	
  

%rdi &v1 

%rsi 3000 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

%rsp 

%rsp+8 v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

Register	
   Use(s)	
  

%rdi &v1 

%rsi 3000 

18213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

%rsp 

%rsp+8 v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

18213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Register	
   Use(s)	
  

%rax Return	
  value 

%rsp 

%rsp+8 v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

18213 

Unused	
  

%rsp 

.	
  .	
  .	
  

Rtn	
  address	
  

Register	
   Use(s)	
  

%rax Return	
  value 

Stack	
  

v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

18213 

Unused	
  

%rsp 

.	
  .	
  .	
  

Rtn	
  address	
  

Register	
   Use(s)	
  

%rax Return	
  value 

Stack	
  

v1 
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Calling incr 

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

long call_incr() { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return v1+v2; 
} 

18213 

Unused	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Register	
   Use(s)	
  

%rax Return	
  value 

Stack	
  

%rsp 

v1 
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Register Saving Conventions 

yoo: 
  • • • 

    movq  $15213, %rdx 
    call  who 
    addq  %rdx, %rax 

  • • • 
    ret 

who: 
  • • • 
 subq  $18213, %rdx 
  • • • 

    ret 
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Register Saving Conventions 
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x86-64 Linux Register Conventions 

%rax 

%rdx 

%rcx 

Return	
  value	
  

%r8 

%r9 

%r10 

%r11 

%rdi 

%rsi 

Arguments	
  

Caller-­‐saved	
  
temporaries	
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x86-64 Linux Register Conventions 

%rbx 

%rsp 

Callee-­‐saved 
Temporaries	
  

Special	
  
%rbp 

%r12 

%r13 

%r14 



64 

Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

%rsp 

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

%rsp 

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Saved	
  %rbx %rsp 
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Saved	
  %rbx 

%rsp 

%rsp+8 
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Saved	
  %rbx 

%rsp 

%rsp+8 
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Saved	
  %rbx %rsp 
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Saved	
  %rbx %rsp 
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Callee-Saved Example 

call_incr2: 
  pushq   %rbx 
  subq    $16, %rsp 
  movq    %rdi, %rbx 
  movq    $15213, 8(%rsp) 
  movl    $3000, %esi 
  leaq    8(%rsp), %rdi 
  call    incr 
  addq    %rbx, %rax 
  addq    $16, %rsp 
  popq    %rbx 
  ret 

long call_incr2(long x) { 
    long v1 = 15213; 
    long v2 = incr(&v1, 3000); 
    return x+v2; 
} 

15213 

Unused	
  

Stack	
  

.	
  .	
  .	
  

Rtn	
  address	
  

Saved	
  %rbx 

%rsp 
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/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 
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/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function Terminal Case 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 

Register	
   Use(s)	
   Type	
  

%rdi x Argument 

%rax Return value Return value 
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/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function Register Save 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 

Register	
   Use(s)	
   Type	
  

%rdi x Argument 
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/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function Call Setup 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 

Register	
   Use(s)	
   Type	
  

%rdi x >> 1 Argument to recursive call 

%rbx x & 1 Callee-saved 
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/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function Call 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 

Register	
   Use(s)	
   Type	
  

%rbx x & 1 Callee-saved 

%rax Recursive call return value 



77 

/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function Result 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 

Register	
   Use(s)	
   Type	
  

%rbx x & 1 Callee-saved 

%rax Return value 
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/* Recursive popcount */ 
long pcount_r(unsigned long x) { 
  if (x == 0) 
    return 0; 
  else 
    return (x & 1)  
           + pcount_r(x >> 1); 
} 

Recursive Function Completion 
pcount_r: 
  movl    $0, %eax 
  testq   %rdi, %rdi 
  je      .L6 
  pushq   %rbx 
  movq    %rdi, %rbx 
  andl    $1, %ebx 
  shrq    %rdi 
  call    pcount_r 
  addq    %rbx, %rax 
  popq    %rbx 
.L6: 
  rep; ret 

Register	
   Use(s)	
   Type	
  

%rax Return value Return value 
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Observations About Recursion 
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x86-64 Procedure Summary 

Return	
  Addr	
  

Saved 
Registers 

+ 
Local 

Variables	
  

Argument 
Build	
  

Old	
  %rbp	
  

Arguments	
  
7+	
  

Caller 
Frame	
  

%rbp 
(Optional) 

%rsp 
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Dynamically-Sized Stack Frames 

f2(int n, …) {
  char myArry[n];
  …
} 

Local variables go into the frame. 
   But we don’t know how big they are! 
%rsp will be adjusted by ??? 
   How to access things in the frame? 

Stack
Frame

x:
y:

myArry:

• • •

%rsp
arg build
   area

Local Vars
and

Saved Regs
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Dynamically-Sized Stack Frames 

f2(int n, …) {
  char myArry[n];
  …
} 

Local variables go into the frame. 
   But we don’t know how big they are! 
%rsp will be adjusted by ??? 
   How to access things in the frame? 

Stack
Frame

x:
y:

myArry:

• • •

%rsp
arg build
   area

Local Vars
and

Saved Regs
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Dynamically-Sized Stack Frames 

f2(int n, …) {
  char myArry[n];
  …
} 

Local variables go into the frame. 
   But we don’t know how big they are! 
%rsp will be adjusted by ??? 
   How to access things in the frame? 
Use a frame Base Pointer:  %rbp

Stack
Frame

x:
y:

myArry:

old %rbp

• • •

%rsp

%rbp

arg build
   area

Local Vars
and

Saved Regs
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Dynamically-Sized Stack Frames 

f2(int n, …) {
  char myArry[n];
  …
} 

f2:
pushq %rbp
movq %rsp,%rbp

…
movq %rbp,%rsp
popq %rbp
ret

Prologue 

Epilogue 

Same as the 
 leave 
instruction 

Local variables go into the frame. 
   But we don’t know how big they are! 
%rsp will be adjusted by ??? 
   How to access things in the frame? 
Use a frame Base Pointer:  %rbp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

Frame of f1x:
y:
z: (Caller) 

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp

arg build
   area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1x:
y:
z: (Caller) 

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp

arg build
   area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1x:
y:
z: (Caller) 

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp

Compute args to f2 and
move into “arg build area”

arg build
   area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1x:
y:
z: (Caller) 

args (to f2)

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp

next instruction:
call  f2
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1x:
y:
z: (Caller) 

return addr

args (to f2)

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp

next instruction:
pushq  %rbp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp

next instruction:
movq  %rsp,%rbp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

Saved Regs
and

Local Vars

old %rbp

•
•
•

%rsp

%rbp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

arg build
  area

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

arg build
  area

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp

Want to call f3?
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp

arg build
  area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp

arg build
  area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp

Ready to return?

arg build
  area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp

arg build
  area

next instruction:
movq  %rbp,%rsp
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %rbp

•
•
•

%rsp

%rbp

next instruction:
popq  %rbp

arg build
  area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %ebp

•
•
•

%rsp

%rbp

next instruction:
ret

arg build
  area
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Stack Frame 
Layout 

f1() {
  int x,y,z;
  … call f2()
}

f2() {
  int a,b,c;
  … call f3()
}

Frame of f1

Frame of f2

x:
y:
z: (Caller) 

(Callee) 

return addr

args (to f2)

old %rbp

return addr

Saved Regs
and

Local Vars

Saved Regs
and

Local Vars
a:
b:
c:

old %ebp

•
•
•

%rsp

%rbp

arg build
  area
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What’s the matter with this? 
int *foo(.. .) 
{ 

 int *val; 
 ... 
 *val = 34; 
 ... 

} 
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What’s the matter with this? 
int *foo(.. .) 
{ 

 int *val; 
 ... 
 *val = 34; 
 ... 

} 



104 

What’s the matter with this? 
int *foo(.. .) 
{ 

 int x; 
 ... 
 return &x; 

} 
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What’s the matter with this? 
int *foo(.. .) 
{ 

 int x; 
 ... 
 return &x; 

} 


