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Addressing Mode (FiE7770)

Type Form Operand value Name
Immediate | $Imm Imm Immediate
Register E, R[E.] Register
Indexed Imm M[Imm] Absolute
Indexed (E.) M[R[E.]] Indirect
Indexed Imm(E,) M[Imm+ R[E,]] Base+displacement
Indexed (Es, E) M[R[E, ]+ R[E;]1] Indexed
Indexed Imm(E,, E)) M[Imm+ R[E,]+ R[E;]] Scaled indexed
Indexed (,Ei s) M[R[E;T*s] Scaled indexed
Indexed (Ee. Ei. s) M[R[E, ]+ R[E;]*s] Scaled indexed
Indexed M[Imm+ R[E, ]+ R[E;]*s] Scaled indexed




Address | Value Register | Value
0x100 OxFF
~0x104 0xAB ?eax 0x100
[ ox108 0x13 | ™\ secx 0x1
0x10C 0x11 sedx 0x3
Operand Value
%eax 0x100
%eax) 0xFF
$0x108 0x108
0x108 0x13
260 ($ecx, $edx) (0x108) 0x13
(teax, edx, 4) (0x10C);;11;




leaq of f(base, i, scale), rax
Rax = base + scale * I + off

movq of f(base, i, scale), rax
Rax = *(base + scale * I + off)

movq %rax, 7rbx

rbx = rax
movq (%rax), 7rbx
rbx = *(rax)

movq (,%rax, 8), %orbx leaq (,%rax, 8), %rbx
rbx = *(8*rax) rbx=8*rax
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EMT 104

#x @ %rdi,y @ %rsi

5 CEF Y-

Long test (long x, long y) {

long val =

if (

){

if (

){

val =
else
val =

} else if (

val =

)

return val;

Test:

leag  O(,%rdi,8), %rax

testq %rsi, Jorsi
jle L2
movq %rsi, 7%rax
subq  %rdi, %rax
movq %rdi, %rdx
andq %rsi, %rdx
cmpq  %rsi, %ordi
cmovge %rdx, %rax
L2:
addq %rsi, Jrdi
cmpq  $-2, %rsi
cmovle %rdi, %rax
ret
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Procedure Call



Outline

Procedure call

Stack frame

Calling conventions

Recursive



Execution within Procedure/Function

- Data Movement (e.g., movl $-17, (%esp))

* Arithmetic Operations (e.g., incl 8(%eax))

* Logical Operations (e.g., xorl 8(%esp), 7%eax)
» Condition Codes (e.g., cmpl %eax, %edx)

* Jump Instructions (eg., jg .L5)

How to execute cross procedures?



Procedure/Function call

» Another type of unconditional JUMP
- SAME:
» Control from one part to another
- DIFF:
* Return: 11 vs. §15%

* Passing data (arguments, return values)

- Local variable

+ Registers: {RAfFEH I FPRES

10



Basic Concept

» Terminology
- Caller £0

- Callee \\45ﬂif

g()

call 2™ hO

- call-1 - call-2
- Caller: f - Caller: g
- Callee: g - Callee: h |,



Basic Concept

» Terminology

g()
- Caller: g call
- Callee: f \f() main()
l—>9()
+ Control Flow l<—*
e.g.int gO) { returni;} _>1i()
int f() { returng():} —>9|()

int main() { g(); return £(); } — ¥
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Procedure/Function Implementation

? Invoke callee

? Return to caller
? Passing data

? Registers

? Local variable

13



Procedure/Function Implementation

? Invoke callee: call (new instructions)
? Return to caller

? Passing data

? Registers

? Local variable

14



Invoke Callee

- Instruction
—call label (direct)
—call *operand (indirect)
» Behavior description (by hardware)

- Save return address in the stack (call F—%464%)

- Jump to the entry of callee

push retaddr
call = push + jmp | jmp callee

15




Execution of call and ret

//beginning of function sum
1. 08048394 <sum>:
2. 8048394: 55 push %ebp

3. 80483a4: ret
//call to sum from main

4. 80483dc: e8 b3 ff ff ff call 8048394<sum>
5. : 83 c4 14 add $0x14, %esp

Executing call After call

%eip | 0x080483dc %eip | 0x08048394
%esp | 0x££9bc960 %esp | 0x££9bc95¢c

ret | - ret




Procedure/Function Implementation

v Invoke callee: call (new instructions)

?
?

?

Return to caller: ret (new instructions)
Passing data
Registers

Local variable

17



Return to Caller

- Instruction

— ret

* Behavior description (by hardware)

- Pop return address from stack

- Jump to return address in ca

ret = pop + jmp

ler

pop retaddr
jmp retaddr

18



Execution of call and ret

//beginning of function sum

1. 08048394 <sum>:

2. 8048394: 55 push %ebp

3. 80483a4.: ret

//call to sum from main

4. 80483dc: e8 b3 ff ff ff call 8048394<sum>

5. 83 c4 14 add $0x14, %esp
executing ret After ret
%eip | 0x080483a4 seip
%esp | 0x££9bc95¢c %esp | 0x££9bc960

ret ret | -




Procedure/Function Implementation

v Invoke callee: call (new instructions)

v Return to caller: ret (new instructions)
? Passing data: stack, register

? Registers

? Local variable

20



RE LR

+ N T FACHS B IAE 2 R BT i 13 A 7

1 call next

2next:

3 popl %eax
A)Eax%ﬂi&ﬁﬁiﬁ/ =N
BY#FE N AXNHHKEE
QL&&HE&THZE%7

ULEE fretds 4



Stack Frame Structure

» The portion of stack allocated for a procedure

+ A stack frame is delimited by
- The frame pointer %ebp
- The stack pointer %esp

% ebp—

Yoesp—

Frame

» The stack pointer can move when the

procedure is executing (dynamic)

» The frame pointer is static (7ebp)

22




Stack Frame Structure

© TR TREGLEF 1 system stack

- call: save return adaress in the stack

* ret: pop refurn address from stack

- The end of caller's stack frame

%ebp

Caller
Frame

retaddr

Yoesp—

Callee
Frame

23



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

%ebp
Y%esp

24




Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained
1. call callee

%ebp
Y%esp
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Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee
%ebp

callee:

2. PUSh °/oebp ‘ etaddr

3. mov %esp, 7oebp %oesp

26



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee % eb

callee: "op
2. push %ebp retaddr
3. mov %esp, 7oebp %ebp

Yoesp

27



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee %ebp

callee:
2. push 7ebp retaddr
3. mov %esp, 7ebp old %ebp

Yoesp

28



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee

callee: /oeoP
2. push %ebp retaddr
3. mov %esp, 7ebp old %ebp

n-2. mov %ebp, 7esp

n-1. pop %ebp Yoesp —
n. ret 29



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee % eb
callee: "oP
2. push %ebp retaddr
3. mov %esp, 7ebp old %ebp
o Yoesp —
n-2. mov %ebp, Tesp

n-1. pop 7ebp
n. ret 30



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee

callee: 7ochp
2. pUSh °/oebp retaddr
3. mov %esp, 7ebp Voesp — old %ebp

n-2. mov %ebp, Tesp

n-1. pop °/oebp
n. ret 31



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

1. call callee

callee: /oebP
2. pUSh °/oebp Yoesp — retaddr
3. mov %esp, 7ebp old %ebp

n-2. mov %ebp, Tesp

nh-1. pop °/oebp
n. ret 32



Frame Chain

* Pointers (7ebp/%esp) only
delimit fopmost frame

- Frames are chained

‘ old °/oebp

%ebp—

Y%esp—

old °/oebp

old °/oebp




Restore Caller %ebp

- Instruction

— leave

* Behavior description (by hardware)

- Adjust %esp to callee %ebp
- Pop caller %ebp from stack

leave = mov + pop

mov 7eebp, 7oesp
pop 7eebp

34
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Execution of call and ret

//beginning of function sum

1. 08048394 <sum>:

2. 8048394: 55 push %ebp

3. 80483a4.: ret

//call to sum from main

4. 80483dc: e8 b3 ff ff ff call 8048394<sum>

5. 83 c4 14 add $0x14, %esp
Executing call After call After ret
%eip | 0x080483dc %eip | 0x08048394 seip
%esp | 0x££9bc960 %esp | 0x££9bc95¢c %esp | 0x££9bc960

ret | - ret ret | -




Memory Layout

- Memory e

Kernel virtual memory T invisible to
user code

User stack

?

Memory mapped region for
shared libraries

I

Run-time heap
(created at run time by malloc)

printf function

Read/write data
Loaded from the
hello executable file

Read-only code and data
0x08048000 (32) /

0x00400000 (64) 37
0




Passing Data: Arguments

* Pushed by Caller Caller

- Saved in caller frame Frame

argument N

- Just upon of return address

- From Nth to 15t (from right to left) | argument 1

Used by Call retaddr
sed by Callee %ebp—o| 0ld %ebp
- Relative to 7%ebp Callee

- Offset: 8 + 4%i + %ebp %oesp Frame

38



Passing Data: Arguments

%ebp
push argument N Caller

Frame

% esp—|_argument N

39



Passing Data: Arguments

push argument N

push argument 1

%ebp

Caller
Frame

argument N

% esp—

argument 1

40




Passing Data: Arguments

push argument N

push argument 1

call callee

%ebp

Caller
Frame

argument N

argumen’r 1

Yoesp—

retaddr

41




Passing Data: Arguments

push argument N

push argument 1
call callee

PUSh °/oebp

% ebp—

Caller
Frame

argument N

argument 1

Y%esp

retaddr
°/oebp

Callee
Frame

42




Passing Data: Arguments

push argument N

Caller
Frame
argument N
push argument1 [
argument 1
call callee retaddr
push %ebp Yoesp /Yoebp— 1 %eebp
Callee
o o
mov 7esp, 7oebp Frame

43



Passing Data: Arguments

o X86 6417, XZH I HAF 4
— %rdi, %rsi, %rdx, %rcx, %r8, %r9 FH{ERESE
, MIRKNEIBE, FH2S58....H60MZ8 (NERL
)
RS HAR A R, WA RO
— #ltnfunc(pl, p2, p3, p4, p5, p6, p7, p8)
e pl: %rdi, p2: %rsi, p3: %rdx, p4: %rcx, p5: %r8, pb6: %r9
o t: ({KHubE) €retaddr, p7, p8€ (EHuibE)
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Passing Data: Return Value

+ Specific register to keep the return value

- %eax / 7orax is used to pass the result of callee to

caller

45



RE LR

1 incrprob:
2addl (%rdx), %edi

Cei#lincrprob i =S4

q, X, t, FNHARELART

S8, WAl LR 5E,

R AR A:

- *t+= x;

- *q+= *1;

=2 hipySINAE

- 64 ImALZ N rdi, rsi,
rdx, rcx, r8, r9

- movslqEEiRati 324 HIH 7o it
644615, I Y

3movl %edi, (%rdx)
4dmovslq %edi, %rdi
5addq %rdi, (%rsi)
6ret

R =ANSEH IR 7 AA] BE 2R
A, HWiEincrprocF & Al GEH)

BRI B R (LP64).

CTYPE |ILP32 |LP64 |LLP64 |ILP64
char 8 8 8 8
short 16 16 16 16
float 32 32 32 32
double 64 64 64 64

int 32 32 32 64
long 32 64 64 64
long long | 64 64 64 64
pointer 32 64 64 64




Procedure/Function Implementation

v Invoke callee: call (new instructions)

v Return to caller: ret (new instructions)
v' Passing data: stack, register

? Registers: calling convention

? Local variable

48



Calling Convention

» Registers act as a single resource shared by
all of the procedures
- Only 1 procedure can be active
- Partition registers between caller and callee (%
JE S5
» Caller-save register
* Callee-save register

- Only consider the registers used by the procedure

49



Calling Convention 3rbx

* Callee-save registers

S
Callee-saved srl2

Temporaries < |3rl1l3

srld

srbp

Torbx, 7orbp, %r12~%ri14
Saved by callee Spedal{

srsp

Caller can use these registers freely

Callee must save them before using

Callee must restore them before return

50




Callee-save Registers

call callee

retaddr
push %ebp %ebp—_9ld %ebp
Yoesp Saved %ebx
o o .
mov 7esp, /oebp Callee
Frame

pUSh Joebx

51



Calling Convention

* Caller-save registers
- A HAR ARG (B T Yersp AN ZARAT)
- Saved by caller

- Callee can use these registers freely

- The contents in these registers may be changed
after return

- Caller must restore them if it tries to use them
after calling

52



Caller-save Registers

push %eax

push argument N

push argument 1

call callee

% ebp—

Caller
Frame

Saved %eax

argument N

ar'_gumen’r 1

retaddr

Y%esp

53




Procedure/Function Implementation

v Invoke callee: call (new instructions)

v Return to caller: ret (new instructions)
v' Passing data: stack, register

v' Registers: calling convention

? Local variable: stack

54



Local Variable

* Why not store local variables in registers ?

- No enough registers
- Array and structures (e.g., a[2])
- Need address (e.g., &a)

55



Local Variable

- Allocation retaddr
. % eb Old °/oebp
- Below saved regs or old 7%ebp  7°€bP—1—=on regs
- move/sub %esp, (e.g., subl $4, %esp) Local
o variable
) oCSP—
* De-allocation
Callee
- move/add %esp, (e.g., addl $4, %esp) Frame

+ Usage
- Relative to °/oeSp/°/oebp, (e.g., movl %eax, 8(%esp))

56




Put it Together

% ebp—

Caller
Frame

Y%oesp

57




- %%eb Call
Put it Together L

1. Save caller-save registers oesp registers

(o/ol"bx, °/or'bp, °/or'12~15,
Torsp LM I BF A7 25
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Put it Together

% ebp—

1. Save caller-save registers

2. Push actual arguments
from right to left

Caller
Frame

caller-save
registers

arguments
(n~1)

59




%ebp—| Caller

Put it Together Frame
caller-save

1. Save caller-save registers registers
arguments

2. Push actual arguments (nz1)
retaddr
from right to left

3. Call instruction

- Save return address

- Transfer control to callee

60




Put it Together

Yoebp Caller

Frame

4. Save caller 7ebp

caller-save
registers
arguments

(n~1)
retaddr

61



Caller

Put it Together' Frame

caller-save
4. Save caller 7ebp fEgistens

arguments
5. Set callee 7%ebp (n~1)

retaddr

Yoesp / Yoebp—

62



Caller

Put it Together Frame
caller-save

4. Save caller %ebp registers
arguments

5. Set callee %ebp )
retaddr

6. Save callee-save registers o epp—]_old %ebp
callee-save

(%rbx, %rbp, 7%r12~15) registers

Yoesp —t——v-—r—

63



Caller

Put it Together Frame

caller-save
4. Save caller 7ebp registers

arguments
5. Set callee 7%ebp (n~1)

retaddr

6. Save callee-save registers o,epp—|_old %ebp

callee-save

(%rbx, %rbp, 7%r12~15) registers
local

7. Allocate space for local variables

Y%oesp—
variable

64



Put it Together

h-4. save return value in %eax

Caller
Frame

caller-save
registers
arguments

(n~1)
retaddr
old %ebp

callee-save
registers

Y%oesp—

local
variables

65



Put it Together

h-4. save return value in %eax

h-3. de-allocate local variable

Caller
Frame

caller-save
registers
arguments

(n~1)
retaddr
old %ebp

registers

callee-save

66



Caller

Put it Together Frame
caller-save
registers

. arguments

n-4. save return value in %eax (n~1)

retaddr
old %ebp

h-3. de-allocate local variable

%Yoesp / Yoebp
n-2. Restore callee-save registers

67



. %eb
Put it Together or

n-4. save return value in %eax
n-3. de-allocate local variable %esp
n-2. Restore callee-save registers

n-1. Restore caller 7%ebp

Caller
Frame

caller-save
registers
arguments

(n~1)
retaddr

68




. %ebp—
Put it Together P

n-4. save return value in %eax
Y%oesp

n-3. de-allocate local variable

n-2. Restore callee-save registers

n-1. Restore caller 7%ebp

Caller
Frame

caller-save
registers

arguments
(n~1)

n. Ret instruction

- pop return address

- Transfer control to caller

69




Example

1 int swap add(int *xp, int *yp)

24

int x = *xp;

inty = *yp;

“YP =X
return x +y;

70



Example

11 int caller()

12 {

13 int argl = 534;

14 int arg2 = 1057;

15 int sum = swap add(&argl, &arg2);
16 int diff = argl - arg2;

17

18 return sum * diff;

19}

71



Example

Before
int sum = swap_ add(&argl, &arg2);

Stack frame for caller

0

Saved %ebp

1057 (arg2)

S534(argl)

«—%ebp

“~—%esp

72



Parameter Passing

1 leal -4(%ebp),%eax

2 pushl %eax

Compute &arg?2

Push &arg?2

Stack frame for caller

Saved %ebp

1057 (arg2)

S534(argl)

&arg2

«—%ebp

“~—%esp
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Parameter Passing

1 leal -4(%ebp),%eax
Compute &arg?2
2 pushl %eax
Push &arg?2
3 leal -8(%ebp),%eax
Compute &argl
4 pushl %eax
Push &argl

Stack frame for caller

Saved %ebp

1057 (arg2)

S534(argl)

&arg2

&argl

«—%ebp

—%esp
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Call Instruction

1 leal -4(%ebp),%eax
Compute &arg?2
2 pushl %eax
Push &arg?2
3 leal -8(%ebp),%eax
Compute &argl
4 pushl %eax
Push &argl
S call swap add

Stack frame for caller

Saved %ebp

1057 (arg2)

S534(argl)

&arg2

&argl

Return Addr

Call the swap_add function

«—%ebp

—%esp
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Setup code in swap_add

swap_add:

1 pushl %ebp
Save old %ebp

Stack frame for caller

Saved %ebp

1057 (arg2)

S534(argl)

yp(&arg2)

xp(&argl)

Return Addr

Saved %ebp

«—%ebp

—%esp
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Setup code in swap_add

swap add: Stack frame for caller
1 pushl %ebp 24 | Saved %ebp %ebp
Save old %eebp  20{1057(arg2)
2 movl %esp,%ebp 16 | 534(argl)
Set %oebp as frame pointer 12 | yp(&arg2)
8 | xp(&argl)
4 | Return Addr
0 | Saved %ebp |/, %esp

Stack frame for swap add
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Setup code in swap_add

swap_add:

1 pushl %ebp
Save old %ebp

2 movl %esp,%ebp

Set %ebp as frame pointer
3 pushl %ebx

Save %ebx

Stack frame for caller

24
20
16
12

Saved %ebp

1057 (arg2)

S534(argl)

yp(&arg2)

8 | xp(&argl)

4 | Return Addr

4

0 | Saved %ebp

Saved %ebx

~— %ebp

—%esp

Stack frame for swap add
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Body code in swap_add

S movl 8(%ebp),%edx Stack frame for caller

Get xp 24 | Saved %ebp
20| 1057(arg2)
16 | 534(argl)
12 | yp(&arg2)
8 | xp(&argl)
4 | Return Addr
0 | Saved %ebp
-4 | Saved %ebx

Yoedx| xp(=&argl=%ebp+16)

~— %ebp

—%esp
Stack frame for swap add
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Body code in swap_add

5 movl 8(%ebp),%edx
Get xp

6 movl 12(%ebp),%ecx
Get yp

Yoedx| xp(=&argl=%ebp+16)

Yeecx| yp(=&arg2=%ebp+20)

Stack frame for caller

24
20
16
12

Saved %ebp

1057 (arg2)

S534(argl)

yp(&arg2)

8 | xp(&argl)

4 | Return Addr

4

0 | Saved %ebp

Saved %ebx

~— %ebp

—%esp

Stack frame for swap add
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Body code in swap_add

% edx

%%0€ecx

movl 8(%ebp),%edx
Get xp

movl 12(%ebp),%ecx
Get yp
movl (% edx),%ebx
Get x

movl (%ecx),%eax
Get y

xp(=&argl=%ebp+16)

yp(=&arg2=%ebp+20)

% ebx

534

%%0eax

1057

Stack frame for caller

24
20
16
12

Saved %ebp

1057 (arg2)

S534(argl)

yp(&arg2)

8 | xp(&argl)

4 | Return Addr

4

0 | Saved %ebp

Saved %ebx

~— %ebp

—%esp

Stack frame for swap add
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Body code in swap_add

9 movl %eax, (%edx)

% edx

%%0€ecx

Store y at *xp

xp(=&argl=%ebp+16)

yp(=&arg2=%ebp+20)

% ebx

534

%%0eax

1057

Stack frame for caller

24
20
16
12

Saved %ebp

1057 (arg2)

1057 (argl)

yp(&arg2)

8 | xp(&argl)

4 | Return Addr

4

0 | Saved %ebp

Saved %ebx

~— %ebp

—%esp

Stack frame for swap add
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Body code in swap_add

9 movl %eax, (%edx)

Store y at *xp

10 movl %ebx, (%ecx)

% edx

%%0€ecx

Store x at *yp

xp(=&argl=%ebp+16)

yp(=&arg2=%ebp+20)

% ebx

534

%%0eax

1057

Stack frame for caller

24
20
16
12

Saved %ebp

534(arg2)

1057 (argl)

yp(&arg2)

8 | xp(&argl)

4 | Return Addr

4

0 | Saved %ebp

Saved %ebx

~— %ebp

—%esp

Stack frame for swap add
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Body code in swap_add

9 movl %eax, (%edx)
Store y at *xp

10 movl %ebx, (%ecx)
Store x at *yp

11 addl %ebx,%eax
Set return value = x+y

Yoedx| xp(=&argl=%ebp+16)

Yeecx| yp(=&arg2=%ebp+20)

% ebx 534

%eax| 1591

Stack frame for caller

24
20
16
12

Saved %ebp

534(arg2)

1057 (argl)

yp(&arg2)

8 | xp(&argl)

4 | Return Addr

4

0 | Saved %ebp

Saved %ebx

~— %ebp

—%esp

Stack frame for swap add
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Finishing code in swap_add

12 popl %ebx  Restore %ebx Stack frame for caller

24 | Saved %ebp
20 | S34(arg2)
16 | 1057 (argl)
12 | yp(&arg2)
8 | xp(&argl)
4 | Return Addr
0 | Saved %ebp

-4 | Saved %ebx

%es
Y%ecx| yp(=&arg2=%ebp+20 °0eSp
0 yP( 8 oebp+20) Stack frame for swap add

%edx| xp(=&argl=%ebp+16) *_ “oebp

%ebx| original value

%eax| 1591 85




Finishing code in swap_add

12 popl %ebx Restore %oebx Stack frame for caller
13 movl %ebp, Yoesp 24 | Saved %ebp
Restore %esp 20 | 534(arg2)

16 | 1057 (argl)
12 | yp(&arg2)
8 | xp(&argl)
4 | Return Addr
0 | Saved %ebp
-4 | Saved %ebx

s %ebp

Yoedx| xp(=&argl=%ebp+16)

Yoesp

Yeecx| yp(=&arg2=%ebp+20)

Stack frame for swap add

%ebx| original value

%eax| 1591 86




Finishing code in swap_add

12 popl %ebx  Restore %ebx
13 movl %ebp, %esp

Restore %oesp

14 popl %ebp  Restore %ebp

% edx

%%0€ecx

xp(=&argl=%ebp+16)

yp(=&arg2=%ebp+20)

% ebx

original value

%%0eax

1591

Stack frame for caller

Saved %ebp

534(arg2)

1057 (argl)

yp(&arg2)

xp(&argl)

Return Addr

Saved %ebp

Saved %ebx

~— %ebp

—%esp

87



Finishing code in swap_add

12 popl %ebx

13 movl %ebp, Y%esp

14 popl %ebp
15 ret

Restore %oesp

e Call by value

% edx

%%0€ecx

Restore % ebx

Restore %ebp

Return to caller

xp(=&argl=%ebp+16)

yp(=&arg2=%ebp+20)

% ebx

original value

%%0eax

1591

Stack frame for caller

Saved %ebp

534(arg2)

1057 (argl)

yp(&arg2)

xp(&argl)

Return Addr

Saved %ebp

Saved %ebx

~— %ebp

“~—%esp

88



Ilil'j!%'ﬂ 108

nt proc(voi
int x,y:
scanf("%x %x" &y, &x):

12 Subl -8(%ebp), %ean
13 Movl %ebp, %esp,
14_Popl %ebp

return x-y,
}
GCCr=Aan ML gAY
1 proc
2Pushl| 7%ebp
3Movl %esp, 7ebp
4Subl $40, %esp
BLeal -4(%ebp), %oeax
6Movl %%eax, 8(%esp)
7Leal -8(%ebp), %eax
8Movl %eax, 4(%esp)
9Movl $.LCO, (%eesp) ; i &FTF
"Tox Yox" {1 Hu Ik
10Call scanf
11Mov!| -4(%ebp), %oeax

15 Ret

L HEprocH 460}, esplE N
0x800040, ebpfE ~0x00060,
scanfiii \{E N0x46F10x53, “Y%x
%x"Hi 3k 50x300070.

A5 31TebplIMEH R N2 /D7
B.Z41Tesp B i N2 /D7
C. R A Ex Ay r k& % /> ?
D. i i scanfi [7] f5 )% K

E. 45 H proc el 2R A8 A i AR X ) Hi
411

(EZ 89




Recursive Function

/* Recursive popcount */
long pcount r (unsigned long x) ({

if (x == 0)
return O;
else

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

pcount r:

movl $0, %eax
testqg $rdi, S%rdi
je .L6
pushq $rbx
movq %$rdi, %rbx
andl $1, %ebx
shrqg srdi
call pcount r
addq %rbx, $rax
PoPgd $rbx

.L6:

rep; ret



Recursive Function Terminal Case

/* Recursive popcount */ pcount r:
long pcount r (unsigned long x) ({ movl
if (x == 0) testqg
return O; je
else pushq
return (x & 1) movq
+ pcount r(x >> 1); andl
shrqgq
call
addq

o
Register _usels) _____[1yee [V

$0, %eax
$rdi, %rdi
.L6

$rbx

$rdi, %rbx
$1, %ebx
$rdi
pcount r

$rbx, %$rax
$rbx

$rdi X Argument rep; ret

Srax Return value Return value



Recursive Function Register Save

/* Recursive popcount */
long pcount r (unsigned long x) {

if (x == 0)
return 0;
else

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

Register _|Use(s) _______[Type

$rdi x Argument

pcount r:

movl $0, %eax
testq $rdi, S%rdi
je .L6
pushq srbx
movq $rdi, S%rbx
andl $1, %ebx
shrq srdi
call pcount r
addq %$rbx, S%rax
PoPgq $rbx

.L6:
rep; ret

Rtn address

Saved $rbx |—— %rsp




Recursive Function Call Setup

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

popq Srbx

. .L6:
Register _[Usels) ______Type RSN

$rdi x >> 1 Rec. argument
$rbx x &1 Callee-saved



Recursive Function Call

/* Recursive popcount */
long pcount r (unsigned long x) ({

if (x == 0)
return 0O;
else

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

pcount r:
movl
testqg
je
pushq
movq
andl
shrqgq
call
addq

pPopq

Register | Use(s) _______Tyve [

rep; ret

$rbx x &1

Srax Recursive call
return value

Callee-saved

$0, %eax
$rdi, %rdi
.L6

$rbx

$rdi, %rbx
$1, %ebx
$rdi
pcount r
$rbx, %$rax
$rbx



Recursive Function Result

/* Recursive popcount */ pcount r:
long pcount r(unsigned long x) { movl $0, %eax
if (x == 0) testq $rdi, %rdi
return O; je .L6
else pushg $rbx
return (x & 1) movq $rdi, %rbx
+ pcount r(x >> 1); andl $1, %ebx
shrqg srdi
call pcount r
addqg 3rbx, 3%rax

popq Srbx

Register | Use(s) _______Tyee [

rep,; ret
$rbx x &1 Callee-saved P

Srax Return value



Recursive Function Completion

. pcount r:
/* Recursive popcount */ =

lon nt r(unsigned lon ) | movl 30, %eax
i 4 ] ]
o.g peount_triunsigne ong testqg %rdi, %rdi
if (x == 0) .
je .L6
return O; o
pushq %rbx
else 0ud: o
movq %$rdi, %rbx

return (x & 1)

andl $1, %ebx
+ pcount r(x >> 1);

shrqg srdi

call pcount r
addq $rbx, S%rax
poprq srbx

.L6:
rep,; ret

Register _|Use(s) ______[Type

Srax Return value Return value

—— 3rsp
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long rfun (unsigned long x) { * long rfun (unsigned long x)
if ( ) -+ xin %rdi
return ; -+ rfun:
unsigned long nx = ;+ pushqg %orbx
long rv = rfun(nx); * movq %ordi, %rbx
return ; - movl $0, %eax
} +  testq %rdi, %rdi
HHEHCGES MM PR REL - Je L2
s rfunfPAEER R IRIF R 23 - sheg $2, $rdi
"/or'beF' E]@{EIEL% o . call rfun
addq %rbx, %rax
L2
popq %orbx

ret

o R
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LEPIBFLELH I =\
- F(0)=0, F(1)=1,
- F(n)=F(n-1)+F(n-2)

« 1B 5 HIC AR BCR M ZER IS FEnIl, AR5
] R EOR R F(4) B RE T, FREPIRES (FER
N /ﬂit/\hﬁﬁﬁﬁ H B 4B
- 3200, BRBOHE I R AR AT S, REF()

KIEIIFEH RARATE T ebplME, A H2|RE% =
- ZEE T H Stack Frame Chain




# int F(int n) . movl %eax, %ebx # {#47% F(n-1)

F: . movl 8(%ebp), %eax
pushl %ebp # IRAFIAY ebp . subl $2, %eax
movl %esp, leebp  # HALHTARM . pushl %eax # ZH n-2
movl 8(%ebp), %eax # WMZH n (84T - call F
ebp+8) : addl %ebx, %eax # eax = F(n-1) + F(n-
cmpl $1, %eax 2)
jg L_recur #HHE n>1 WA
# base case: F(0)=0, F(1)=1 - L_end:
movl 8(%ebp), %eax . movl %ebp, %esp
jmp L_end . popl 7%ebp
ret
L_recur:

movl 8(%ebp), %eax

subl $1, %eax

pushl %eax # 24 n-1
call F
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