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Based on

@ "Self-service Linux: Mastering the Art of Problem Determination",

Mark Wilding

© "Computer Architecture: A Programmer's Perspective", Bryant &
O'Hallaron

I, the copyright holder of this work, hereby publish it under the following licenses: GNU head Permission is granted to
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or any later version published by the Free Software Foundation; with no Invariant Sections, no Front-Cover Texts,

and no Back-Cover Texts. A copy of the license is included in the section entitled GNU Free Documentation License.
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Compling 32-bit program on 64-bit gcc

gcec -v

gcc -m32 t.c

sudo apt-get install gcc-multilib
sudo apt-get install g++-multilib
gcc-multilib

g++-multilib

gcc -m32

objdump -m 1386
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Stack frame for F, = F,,_o + Fp_1
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Recurive procedure

@ each call has its own private space on the stack

o the local variables of the multiple outstanding calls
do not interfere with one another

@ the stack discipline naturally provides the proper policy

o allocating local storage when the procedure is called
e deallocating it when it returns
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Fibonacci sequence definition (1)

e Fp,=0
0F1:1
°Fn: n—1+Fn—2

n 01 2 3 4 5 6 7 8 9 10 11 12
F, 01 1 2 3 5 8 13 21 34 55 89 144
@ example)
Fs = Fa+Fs
= (BB+R)+(R2+HF) (1)

= (R+FAR)+(FR+F))+ ((FL+ Fo)+ F)
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Fibonacci sequence definition (2)

returning when (n < 2)
e =1
e [=1
° Fon=Fr1+Fro

1 2 3 4
1 2 3

n 5
F, 1 5

6 7 8 9 10 11
8 13 21 34 55 89

12
144

pseudo code
@ fibo(n)

e fibo(n)

1 (n<2)
fibo(n-2) + fibo(n-1)
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Fs calling sequence example

1. | fibo(5)

2. fibo(3)

3, fibo(1)

a. fibo(2)

5. fibo(4)

6. fibo(2)

7. fibo(3)

8. fibo(1)
9. fibo(2)
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Fs stack frame sequence (1)

push 5 push3 pushl popl push2 pop?2
fibo(5) fibo(5) fibo(5) fibo(5) fibo(5) fibo(5)
fibo(3) fibo(3) fibo(3) fibo(3) fibo(3)

fibo(1) fibo(2)

@ push n : calling fibo(n)
allocate a stack frame for fibo(n)

@ pop n : returning fibo(n)
deallocate a stack frame for fibo(n)
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Fs stack frame sequence (2)

pop3 push4 push2 pop2 push3 pushl
fibo(5) fibo(5) fibo(5) fibo(5) fibo(5) fibo(5)
fibo(4) fibo(4) fibo(4) fibo(4) fibo(4)

fibo(2) fibo(3) fibo(3)

fibo(1)

@ push n : calling fibo(n)
allocate a stack frame for fibo(n)

@ pop n : returning fibo(n)
deallocate a stack frame for fibo(n)
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Fs stack frame sequence (3)

popl push2 pop2 pop3 pop4 popb
fibo(5) fibo(5) fibo(5) fibo(5) fibo(5)

fibo(4) fibo(4) fibo(4) fibo(4)

fibo(3) fibo(3) fibo(3)
2)

@ push n : calling fibo(n)
allocate a stack frame for fibo(n)

@ pop n : returning fibo(n)
deallocate a stack frame for fibo(n)
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Stack frames for F, = F,_» + F,_1

pushn pushn-2 ' popn2 pushnl :: popn-l popn
fibo(n) fibo(n) 2 fibo(n)  fibo(n) ;2 fibo(n)

fibo(n-2) fibo(n-1)

@ push n : calling fibo(n)
allocate a stack frame for fibo(n)

@ pop n : returning fibo(n)
deallocate a stack frame for fibo(n)
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TOC: fibo codes

Fibonacci source code
Fibonacci assembly code (1) body
Fibonacci assembly code (2) setup

Fibonacci assembly code (3) finish
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Fibonacci source code

Fibonacci source code

o for the input argument n,

int fibo(int n) { .
int prev, val; %ebx will be used
, @ to compute the result
if (n <= 2) return 1;
/e prev + res,
];jev = fibo(n-2); %esi will be used
val = fibo(n-1); @ old values of %ebx
S and %esi will be
return prev + val;

3 saved on the stack
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Fibonacci assembly code (1) body

acci Body code

o if the parameter n <2

movl  8(lebp), %ebx then termination condition
cupl  $2, hebx o the 1st recursive call

jle  .L24
§mmmmmmmmmommsmmos—meoooe o the value (n-2) is pushed

addl  $-12, %esp i _
leal -2(%ebx), %eax o call fibo(n-2)

pushl Yeax o save the result in %esi
call fibo o 4 words (16 bytes)
movl  jeax, hesi stack frame allocated
addl  $-12,  Y%esp @ the 2nd recursive call

leal -1(%ebx), %eax

pushl Y%eax o the value (n-1) is pushed
call  fibo e call fibo(n-1)
?‘f‘_i}___gffff:____nf‘ff"_‘ _______ o add the result into %esi
imp 125 o 4 words (16 bytes)
jmmmmmmmmmm e stack frame allocated
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Fibonacci assembly code (2) setup

Fibonacci Setup code

; setup code o ebp, %esi, %ebx are
£ibo: pushed onto the stack
pushl %ebp
movl Y%esp, %ebp
subl $16, %esp @ 7 words (28 bytes)
pushl %esi stack frame allocated
pushl %ebx
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Fibonacci assembly code (3) finish

Fibonacci Finish code

; terminal condition
.L24:
movl $1 Yeax

; finishing code
.L25:

leal -24(%ebp),%esp
popl %ebx

popl %esi

movl %ebp, %esp
popl %ebp

ret

Young W. Lim

Recursive Procedure Calls

if terminal condition,
set the return value to 1

deallocates two
4 words (16 bytes) that was
allocated in the body code

deallocates

7 words (28 bytes) that was
allocated in the setup code
holding the parameter "n"
%ebx, hesi, %ebp are
popped from the stack
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TOC: 1. Setup code for fibo

@ Setup code summary
@ Setup code stack frame

@ Setup code and the input parameter n
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Setup code summary

setup code

fibo:
pushl Y%ebp
movl Yesp, %ebp
subl $16, Y%esp
pushl %esi
pushl %ebx

>

Set up code
push frame pointer %ebp ;
new frame pointer %ebp ;
alloc 16 bytes on stack ;
push Jesi
push Y%ebx

%ebp -> M[%ebp- 0]
hesp -> Y%ebp

%esp - 16 -> Yesp
%esi -> M[%ebp-20]
%ebx -> M[%ebp-24]

@ creates a 7 words (28 bytes) stack frame

e the old %ebp at %ebp+0

e 16 unused bytes from %ebp-4, -8, -12,
o callee save register %esi at %ebp-20

o callee save register %ebx at %ebp-24

@ Jesi is used for computing the return value

@ ’%ebx holds the procedure parameter n
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Setup code stack frame (1)

a) pushl %ebp b) movl %esp %ebp

%hesp ->

--------- e
%ebp+0 | saved %ebp |1
%ebp-4 | |2
%ebp-8 | 13
%ebp-12 | |14
%ebp-16 | |5
%ebp-20 | 16
%ebp-24 | |7

--------- Fomm |
pushl %ebp
movl Yesp, %ebp
subl $16, Yesp
pushl %esi
pushl %ebx

%ebp ->

[=====———- Pocssoccessose |

| %ebp+0 | saved %ebp |1
| %ebp-4 | |12
| %ebp-8 | 13
| %ebp-12 | 14
| %ebp-16 | 15
| %ebp-20 | |6
| %ebp-24 | |7
l-----o--- Fom - |
* pushl %ebp

* movl Yesp, %ebp

subl
pushl
pushl

$16, Y%esp
fhesi
%ebx
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Setup code stack frame (2)

[=———————- S |
%ebp -> | %ebp+0 | saved %ebp |1
| %ebp-4 | |12
| %ebp-8 | 13
| %ebp-12 | 14
hesp -> | %ebp-16 | |5
| %ebp-20 | |6
| %ebp-24 | |7
[--------- S |
* pushl %ebp
* movl Yesp, %ebp
* subl $16, Jesp
pushl %esi
pushl %ebx

%ebp ->

%hesp ->

* X X X *

--------- Y
%ebp+0 | saved %ebp |1
%ebp-4 | 12
%ebp-8 | 13
%ebp-12 | |14
%ebp-16 | |5

%ebp-20 | saved %esi |6
%ebp-24 | saved %ebx |7

--------- Fomm |
pushl %ebp
movl Y%esp, %ebp

subl
pushl
pushl

$16, Y%esp
fhesi
%ebx

subl $16, Yesp pushl %esi, pushl %ebx
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Setup code and the input parameter n

M [EIEEr

fibo: |stack frame for caller |
pushl %ebp . 1st word Iv:rvvvvvvv+vvvvvvvvvvvvv|
; . N * | %ebpt8 | n |
movl Yesp, %ebp ; update Y%ebp | Yebpta | ret e |
subl $16, Jesp ; 2nd - 5th word | 3 N SIS, EXelehs |
pushl %esi ; 6th word Yebp -> I_;_l_)_;(_)“l _____ c_i_‘;_l_)_nll
pushl %ebx ; 7th word °€op - n.,e P saved /ebp
| %ebp-4 | 12
; hesi : used for computing the I erbp—S l I3
| %ebp-12 | |4
8 return value | %ebp-16 | s
; %ebx : the procedure parameter n | ‘;ebp_20 | 4 Yesi 16
8 on the stack (M[%ebp+8]) Y > | e/"ebp_24 | saved ‘;ezl &
H that the caller pushed *eSP - | 9= . SXRAEL A |
3 before calling fibo ottt
b |stack frame for fibo |
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TOC: 2. Body code for fibo

Body code summary

Body code stack frame

Passing the parameter n —2 and n — 1
Computing the return value

Each call recursively triggers

Frist recursive call to fibo

Second recursive call to fibo

Stack frame just before the 1st fibo call
Stack frame just before the 2nd fibo call

Young W. Lim Recursive Procedure Calls 2020-08-24 Tue 24 /61



body code

; M[%ebp+8] -> Yebx
; hebx -2
; goto .

Body code summary

; get n
; compare n ==
; if <=, goto terminate

; allocate 12 bytes on stack
; compute (n-2)

; push the argument (n-2)

; call fibo(n-2)

; store result in %esi

; allocate 12 tyes on stack
; compute (n-1)

; push the argument (n-1)

; call fibo(n-1)

; compute val+nval

; heax -> M[%ebp-40]
; setup-body-finish
; heax -> Yesi

; %esp -12 -> Yesp

; hebx -1 -> Yeax

; %heax -> M[%ebp-56]
; setup-body-finish
; heax +jesi -> Yeax

movl  8(%ebp), %ebx
cmpl $2, %ebx
jle  .L24
addl $-12, %esp
leal -2(%ebx), Y%eax
pushl Yeax
call fibo
movl  Yeax, hesi
addl  $-12, %esp
leal -1(%ebx), %eax
pushl %eax
call fibo
addl  %esi, heax
jmp .L25

; goto done
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Body code stack frame (1) bodyl

a) addl $-12. Yesp b) pushl Jeax
|- R | +

%ebp -> | %ebp+0 | saved %ebp |1 %ebp -> | Y%ebp+0 | saved %ebp |1
| %ebp-4 | 12 | %ebp-4 | 12
| %ebp-8 | I3 | %ebp-8 | I3
| %ebp-12 | |4 | %ebp-12 | |14
| %ebp-16 | |5 | %ebp-16 | |5
| %ebp-20 | saved %esi |6 | %ebp-20 | saved %esi |6
| %ebp-24 | saved %ebx |7 | %ebp-24 | saved %ebx |7
[ | oo |
| %ebp-28 | 18 | %ebp-28 | |18
| %ebp-32 | 19 | %ebp-32 | 19

%esp -> | %ebp-36 | |10 | %ebp-36 | |10
| %ebp-40 | 111 %esp -> | %ebp-40 | n-2 *x 111
|o==eee=== Pememcssosmse | |e==mee=== e |
* addl  $-12, hesp * addl  $-12, %hesp

pushl Yeax * pushl Y%eax
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Body code stack frame (2) body2

c) addl $-12.
[

Yebp-28
%ebp-32
Yebp-36
%ebp-40

hesp -> | %ebp-52

* addl $

hesp

saved J%ebp

saved %esi
saved %ebx

s

-12, %hesp

pushl Yeax

|1
|2
|3
|4
|5
|6
|7
|
|8
|9
|10
|11
|
|12
|13
|14
|15

d) pushl Y%eax

%esp ->

Yebp-28
%ebp-32
%ebp-36
%ebp-40

%ebp-52

* addl $
* pushl Y%eax

saved J%ebp

saved %esi
saved %ebx

-12, %hesp

|1
|12
|13
|14
|5
|16
|7
|
|8
19
|10
|11
|
112
113
|14
|15
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Passing the parameter n —2 and n — 1

a parameter passing

movl 8(%ebp), %ebx ; get n 5 M[%ebp+8] -> Yebx
leal -2(%ebx), %eax ; compute n-2 s hebx -2 -> Yeax
pushl Yeax ; push the argument (n-2)

leal -1(%ebx), %eax ; compute n-1 5 hebx -1 -> Yeax
pushl Yeax ; push the argument (n-1)

@ register %ebx contains the value of function argument n

o for the st recursive call fibo (n-2)
compute the only arugment (n-2)
push the value unto the stack

e for the 2nd recursive call fibo (n-1)
compute the only arugment (n-1)
push the value unto the stack
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Computing the return value

call fibo
addl  Yesi, heax ; heax + hesi -> Yeax

@ register jeax contains the value returned by the recursive call
@ save the return value of the 1st recursive call into %esi

o add %esi with the return value %eax of the 2nd recursive call
and store the result into %eax

@ in the event of a terminal condition, the code jumps
to line 22, where the return value is set to 1
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Each call recursively triggers

o the recursive call will trigger a number of calls

o fibo(4) calls

e fibo(2) and
o fibo(3)

e fibo(3) calls

e fibo(1) and
e fibo(2)

@ each call allocates its own stack frame
performs operations on its own local storage

@ as each call returns, it deallocates any stack space and
restores any modified callee save registers
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First recursive call to fibo

1st recursive call

addl  $-12, %hesp ; allocate 12 bytes on stack ; %esp -12 -> Jesp
leal -2(%ebx), %eax ; compute n-2 ; hebx -2 -> Yeax
pushl Yeax ; push an argument

call fibo ; call fibo(n-2)

@ the stack grows by 4 words

o allocating 12 bytes (3 words) that are never used
e pushing the value "(n-2)"

@ the return value in %eax
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Second recursively call to fibo

2nd recursive call

addl  $-12, %hesp ; allocate 12 tyes on stack ; %esp -12 -> Yesp
leal -1(%ebx), %eax ; compute n-1 ; hebx -2 -> Yeax
pushl Yeax ; push an argument

call fibo ; call fibo(n-1)

@ the stack grows by 4 words

o allocating 12 bytes (3 words) that are never used
e pushing the value "(n-1)"

@ the return value in %eax
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Stack frame just before the 1st fibo call

just before the 1st fibo call

+
%ebp -> | %ebp+0 | saved %ebp |1
| %ebp-4 | |12
; | %ebp-8 | I3
addl  $-12, %esp ; 8th - 10th | %ebp-12 | |4
leal -2(%ebx), %eax ; get n-2 | hebp-16 | 15
pushl Yeax ; push n-2 | %ebp-20 | saved %esi |6
call fibo | %ebp-24 | saved %ebx |7
movl  Yeax, Yesi ; saved result PP |
R O OO OO oo oo omms | %ebp-28 | 18
- | %ebp-32 | 19
| %ebp-36 | 110
%esp -> | %ebp-40 | n-2 *x 111
e R | |
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Stack frame just before the 2nd fibo call

; 8th - 10th
; get n-2
; push n-2

; saved result

2nd fibo call
addl $-12, %hesp
leal -2(%ebx), %eax
pushl Yeax
call fibo
movl  %eax, %hesi
3
addl $-12, %hesp
leal -2(%ebx), ‘%eax
pushl Jeax
call fibo

%eax, hesi

addl

; 12th - 14th
; get n-1
; push n-1

; added result

Young W. Lim

%esp ->

%ebp+0
%ebp-4
%ebp-8
%ebp-12
%ebp-16
%ebp-20
%ebp-24

%ebp-28
%ebp-32
%ebp-36
%ebp-40

saved Y%esi
saved %ebx

|1
|2
|3
|4
|5
|16
|7
|
|8
|9
|10
|11
|
112
|13
|14
|15
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TOC: Finish code

Finish code summary

Finish code stack frame

Jump to .L24

Jump to .L25

Deallocating body code stack words
Deallocating setup code stack words
Setup code stack words

Entering the 1st fibo

Returning from the 1st fibo
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Finish code summary

; terminal condition
.L24: terminate ; when n <= 2
movl $1 %eax ; return value 1

; finishing code

.L25: ; done ; after returning from each recursive call
leal -24(%ebp),%exp ; set stack to offset -24
popl ’ebx ; restore %ebx
popl %esi ; restore Yesi
movl %ebp, %esp ; restore J%esp

restore Y%ebp
return to the caller

popl %ebp
ret
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Finish code stack frame (1)

after the 2nd fibo call after finish code

| %ebpt8 | n | | %ebp+8 | n |

| %ebpt4 | return addr | %esp -> | J%ebp+4 | return addr |

|e===s==== e | [--------- oo |
%ebp -> | %ebpt0 | saved %ebp |1 : Jebp+0 : saved %ebp :1

| %ebp-4 | |2 : Y%ebp-4 2

| %ebp-8 | 13 : %ebp-8 : :3

| %ebp-12 | |14 1 %ebp-12 : 14

| %ebp-16 | |6 : %ebp-16 : :5

| %ebp-20 | saved %esi |6 : %ebp-20 : saved jesi :6

| %ebp-24 | saved %ebx |7 : Jebp-24 : saved %ebx :7

le |

| %ebp-28 | 18 : %ebp-28 : :8

| %ebp-32 | |9 : %ebp-32 : 9

| %ebp-36 | |10 : %ebp-36 : :10

| %ebp-40 | n-2 111 : %ebp-40 : n-2 111

e |

| %ebp-44 | 112 : Jebp-44 : 112

| %ebp-48 | 113 : %ebp-48 : Rl

| %ebp-52 | |14 : %ebp-52 : 114
%esp -> | %ebp-56 | n-1 115 : Jiebp-56 : n-1 *x :15

loaceocacoannanoacancana |

b y
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Finish code stack frame (2)

a) leal -24(%ebp), %hesp b) popl %ebx, popl %esi
| %ebp+8 | n | | %ebp+8 | n
| %ebp+4 | return addr | | %ebp+4 | return addr |
|e==eea== emmsssscssas | |e==eeme== e
%ebp -> | Y%ebp+0 | saved %ebp | %ebp -> | Y%ebp+0 | saved %ebp |
| %ebp-4 | | | %ebp-4 |
| %ebp-8 | | | %ebp-8 |
| %ebp-12 | | | %ebp-12 |
| %ebp-16 | | %esp -> | %ebp-16 | |
[ | [—mmmm - Fommmmmm e |
| %ebp-20 | saved Y%esi | : %ebp-20 : saved %esi
%hesp -> | Y%ebp-24 | saved %ebx | : %ebp-24 : saved Y%ebx
[ R | 8
* popl %ebx
* leal -24(%ebp),%esp * popl %esi
popl ‘%ebx movl %ebp, %esp
popl Yesi popl ’%ebp
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Finish code stack frame (3)

movl %ebp, %esp popl %ebp

| %ebp+8 | n | | %ebp+8 | n |
| %ebp+4 | return addr | %esp -> | %ebp+4 | return addr |
e R | e R |
%esp -> | %ebpt0 | saved %ebp | : Jebp+0 : saved %ebp

[-—-----——- e I  |W = 8ccccc0c00000000000000008
: hebp-4 g : hebp-4

Jiebp-8 : %ebp-8

%iebp-12 : : hebp-12
: Yebp-16 : : : %ebp-16 :
: %ebp-20 : saved %esi : : %ebp-20 : saved %esi
: J%ebp-24 : saved %ebx : : Jiebp-24 : saved %ebx
* popl %ebx * popl %ebx
* popl %esi * popl jesi
* movl %ebp, %esp * movl %ebp, %esp

popl ’%ebp * popl Y%ebp
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Jump to .L24

when to jump to .L

; get n
; M[%ebp+8] -> Yebx

; hebx -2

cmpl  $2, %hebx
; if <=, goto terminate
jle .L24

; terminal condition
; terminate

; then do the finishing code
; to restore the stack

rminating a recursive call
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Jump to .L25

when to jump to .L25

; 1st recursive call (n-2)

call fibo
movl  Y%eax, fhesi

; 2nd recursive call (n-1)

call fibo
addl  Y%esi, fheax

popl ‘%ebx
popl %esi

movl %ebp, %esp
popl ’ebp
ret
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Deallocating body code stack words

shrink %esp
leal -24(%ebp),%esp ; set stack to offset -24

@ deallocates 4 words which were allocated
just before the recursive call in the body code

@ starts by setting the stack frame
to the location of the saved value of %ebx
M[%ebp -24] = %ebx

@ by computing this stack position
relative to the value of %ebp,
the computation will be correct
regardless of whether or not the terminal condition
(n <= 2) was reached
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Deallocating setup code stack words

restore %,ebx and %esi

popl %ebx ; restore %ebx
popl Jesi ; restore %esi

@ restore the saved values of %esi and %ebp
%esi was used to store the result of the 1stecursive call
hebx was used as the procedure parameter n

restore %esp and %ebp

movl %ebp, %esp ; restore %esp
popl %ebp ; restore %ebp

@ set %esp to where the old %ebp is stored
then pop this value into the %ebp

Young W. Lim Recursive Procedure Calls 2020-08-24 Tue 43 /61



Setup code stack words

stack setup and restore

fibo:

pushl %ebp setup code stack words
movl Yesp, ’hebp

subl $16, %esp [ N
pushl Jesi %ebp -> | %ebp+0 | saved %ebp |
pushl %ebx | %ebp-4 |
| %ebp-8 |
| “%ebp-12 | |
.L25: | %ebp-16 | [
leal -24(%ebp),%esp | %ebp-20 | saved %esi |
popl %ebx | %ebp-24 | saved %ebx |
popl %esi [E———— S ——— | |

movl %ebp, %esp
popl ’ebp
ret
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Entering the 1st fibo

before the 1st fibo ering the 1st fibo

|stack frame for caller | |stack frame for caller |
e oo | [ oo |
| %ebp+8 | n | | %ebp+8 | n |
| %ebp+4 | return addr | | %ebpt4 | return addr |
e Femssccscssas | e R |
%ebp -> | %ebp+0 | saved Y%ebp | %ebp -> | Y%ebp+0 | saved %ebp |1
| %ebp-4 | | | %ebp-4 | |12
| %ebp-8 | | | %ebp-8 | 13
| %ebp-12 | | | %ebp-12 | |14
| %ebp-16 | | | %ebp-16 | 15
| %ebp-20 | saved %esi | | %ebp-20 | saved %esi |6
| %ebp-24 | saved %ebx | | %ebp-24 | saved %ebx |7
| %ebp-28 | | | %ebp-28 | |18
| %ebp-32 | | | %ebp-32 | 19
| %ebp-36 | | | %ebp-36 | |10
%esp -> | %ebp-40 | n-2 | | %ebp-40 | n-2 |11
[ B | %esp -> | %ebp-40 | return addr |12
| | e R |
|stack frame for fibo | ) |stack frame for fibo | )
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Returning from the 1st

fibo

|stack frame for caller |

e R |

| %ebp+8 | n

| %ebp+4 | return addr |

[--------- Teossesssmoms |
%ebp -> | J%ebp+0 | saved %ebp |1 %ebp ->

| %ebp-4 | 12

| %ebp-8 | |13

| %ebp-12 | |14

| %ebp-16 | |15

| %ebp-20 | saved %esi |6

| %ebp-24 | saved %ebx |7

| %ebp-28 | 18

| %ebp-32 | 19

| %ebp-36 | 110

| %ebp-40 | n-2 |11 %esp ->
%esp -> | %ebp-40 | return addr |12

e R |

|stack frame for fibo |

[P
| %ebp+8
| %ebp+a

%ebp-24
%ebp-28
%ebp-32
%ebp-36

|
|
|
|
|
| %ebp-20
|
|
|
|
| %ebp-40

|stack frame for caller |
e |
| n |
| return addr |
femmmmm—mm oo |

| saved %ebp |1

| 12

| 13

| |4

| |15

| saved Jesi |6

| saved %ebx |7

| 18

| 19

| |10

| n-2 |11
o |
|
|stack frame for fibo |

entering the 1st fibo returning from the 1st fibo
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TOC: Stack frame tracing examples

Code parts and affected stack frame parts
1. Setup code and fibo(n) _7w

2. Body code and fibo(n)_4w

3. Finish code and fibo(n) _7w, 4wl, 4w2
Notation fibo(n)_7w and fibo(n) _4w

F,, calling sequence in detail

F3 calling sequence

F3 calling sequence in detail

Stack frames for fibo(3) computation

F4 calling sequence

F4 calling sequence in detail

Stack frames for fibo(4) computation
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Code parts and affected stack frame parts

code parts  affected stack frame parts

setup code  create a stack frame for fibo(n) fibo(n) _7w

bodyl code increase the stack frame fibo(n)_4wl
for a recurisve call fibo(n-2)

body2 code increase the stack frame fibo(n) _4w2

for another recursive call fibo(n-1)
finish code  remove the stack frame for fibo (n)
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1. Setup code and fibo(n) _7w

fibo(n) setup code

; setup code

fibo:
pushl %ebp H
movl Yesp, %ebp
subl $16, %esp 8
pushl %esi 8

pushl %ebx ;

1w

4w
1w
1w

Young W. Lim

%ebp-20 | saved %esi |6
%ebp-24 | saved %ebx |7
[ Fesesssssssess |

fibo(n) _7w

e R |
%ebp -> | Jebp+0 | saved %ebp |1
| %ebp-4 | 12
| %ebp-8 | 13
| %ebp-12 | |4
| %ebp-16 | |15
I
|
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2. Body code and fibo(n) _4w

; bodyl code fibo(n)_4wl
; expand 4wl | ccscscs=s Pococooooososs |
fossssssssssssssssssossssss | %ebp-28 | I8
addl $-12, %esp ; 3w | %ebp-32 | 19
leal -2(%ebx), ‘%eax | %ebp-36 | |10
pushl Yeax ; 1w %esp -> | %ebp-40 | n-2 111

|o==mom=== e |
je==c==sssssssssssssosssoos | %ebp-44 | 112
; body2 code | %ebp-48 | 113
; expand 4w2 | %ebp-52 | |14
fr=m==sessssssssssossssssos hesp -> | %ebp-56 | n-1 |15
addl  $-12, %hesp ; 3w [P S, |
leal -2(%ebx), Y%eax fibo(n) _4w2
pushl Jeax 5 1w

v
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3. Finish code and fibo(n) _7w, 4wl, 4w2

fibo(n) 7w, _4

%esp -> | |

s [ R e |
f n) finish code %ebp -> | %ebpt0 | saved %ebp |1
8 | %ebp-4 | |12
; finishl code | %ebp-8 | I3
; remove 4wl/4w2 | %ebp-12 | |4
o mmmmm oo | %ebp-16 | |5
leal -24(%ebp),%exp | %ebp-20 | saved %esi |6
%esp -> | %ebp-24 | saved %ebx |7

e e LR E R - - oo |
; finish2 code | %ebp-28 | 18
; remove Tw | %ebp-32 | 9
e e L | %ebp-36 | |10
popl ’ebx %esp -> | %ebp-40 | n-2 |11

popl %esi [ — S —— |
movl %ebp, %esp | %ebp-28 | 112
popl %ebp | %ebp-32 | |13
o’ | %ebp-36 | |14
%esp -> | %ebp-40 | n-1 |15

|e==e=== e |
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Notation fibo(n) _7w and fibo(n) _4w (1)

fibo(n)_7w fibo(n)_4wl fibo(n)_4w2
created by created by created by
setup bodyl body2

7 word size 4 word size 4 word size
saved %ebp  the argument the argument
saved Yesi  (n-2) (n-1)

saved %ebx

removed by  removed by removed by
finish2 finish1 finish1
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Notation fibo(n) _7w and fibo(n) _4w (2)

fibo(n) 7w and fibo(n) 4w

|stack frame for caller |

[ R |

| %ebp+8 | n |

| %ebp+4 | return addr |

|e=e=me=== Fommmmm - Joaceoanaconaaoscnoanacnoanac
%ebp -> | %ebp+0 | saved %ebp |1  expanded by setup

| %ebp-4 | |2  removed by finish2

| %ebp-8 | 13

| %ebp-12 | 14

| %ebp-16 | |15 "fibo(n) _7w"

| %ebp-20 | saved %esi |6

| %ebp-24 | saved %ebx |7

[ f e

| %ebp-28 | |8 expanded by bodyl

| %ebp-32 | |9 removed by finishl

| %ebp-36 | 110
%esp -> | %ebp-40 | n-2 |11 "fibo(n)_4w"

|e====e=== e Joooo00000000a000000000000a000

|stack frame for fibo |

Young W. Lim Recursive Procedure Calls 2020-08-24 Tue 53 /61



F, calling sequence in detail

fibo(n) call (n>2)

a flbo(n) setup fibo (Il) call (n<=2)
b | fibo(n) bodyl | call to a | fibo(n) setup
fibo(n-2) b | fibo(n) finish
c | fibo(n) body2 | call to
fibo(n-1) @ skip over bodyl body2
d | fibo(n) finish
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F3 calling sequence

1. | fibo(3)

. fibo(1)
3. fibo(2)
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F3 calling sequence in detail

l.a | fibo(3) setup
1.b | fibo(3) bodyl

2.a fibo(1) setup
2.b fibo(1) finish
l.c | fibo(3) body2

3.a fibo(2) setup
3.b fibo(2) finish

1.d | fibo(3) finish
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Stack frames for fib computation

fibo(3) stack frames

| fush(3) setup | £ibo(3) bodyl |

|- R +

fibo(3) _7w | £ibo(3) _7w | fibo(3) _7w | fibo(3) _7w |
| f£ibo(3)_4wl | fibo(3)_4w1 | fibo(3)_4w1 |
| | | |
| | | |

fibo(1) setup | fibo(1) fini |

fibo (1) _7w

fibo(2) fini fibo(3) fini |

fibo(3) _7w
fibo(3) _4wl
fibo(3) _4w2

| £ibo(3) body2 | fibo(2) setup

fibo(3) _7w
fibo(3) _4wl
fibo(3) _4w2
fibo(2) _7w

fibo(3) _7w
fibo(3) _4wl
fibo(3) 4w2

— = = = 4t —
— = = = 4t —
—_— = = = 4t —
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F4 calling sequence

fibo(4)

fibo(2)
fibo(3)

fibo(1)
fibo(2)

S B R
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F4 calling sequence in detail

l.a | fibo(4) setup
1.b | fibo(4) bodyl
2.a fibo(2) setup
2.b fibo(2) finish
l.c | fibo(4) body?2
3.a fibo(3) setup
3.b fibo(3) bodyl
4.a fibo(1) setup
4.b fibo(1) finish
3.c fibo(3) body2
5.a fibo(2) setup
5.b fibo(2) finish
3.d fibo(3) finish
1.d | fibo(4) finish
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Stack frames for £ibo(4) computation (a)

fibo(4) stack frames (a)

| fibo(4) setup | fibo(4) bodyl

fibo(2) setup | fibo(2) fini |

|
ll=====—————————- o _____ - - |
| fibo(4)_7w | fibo(4)_7w | fibo(4)_7w | fibo(4)_7w |
| | fibo(4)_4w1l | fibo(4)_4w1 | fibo(4)_4w1l |
| | | £ibo(2)_7w |
| | | | |

| fibo(4) body2 | fibo(3) setup

fibo(4) _7w
fibo(4) _4wl
fibo(4) _4w2

fibo(3) bodyl
fibo(4) _7w
fibo(4) _4wl
fibo(4) _4w2

fibo(1) setup |
_______________ +
fibo(4) _7w
fibo(4) _4wl

fibo(4) _7w
|
fibo(4) _4w2 |
|
|
|

|

| fibo(4) 4wl
| fibo(4) _4w2
|

|

|

_— = = = = — 4t —
—_—— = = = = 4t —
—— e = — — 4 —

fibo(3) _7w fibo(3) _7w fibo(3) _7w
fibo(3) _4wl fibo(3) _4wl
fibo (1) _7w
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Stack frames for fibo(4) computation

fibo(4) stack frames (b)

fibo(1) fini

fibo(3) body2 | fibo(2) setup | fibo(2) fini |

| | |
. o +
fibo(4) _7w | fibo(4)_7w | fibo(4)_7w | fibo(4)_7w |
fibo(4)_4w1 | fibo(4)_4wl | fibo(4)_4wl | fibo(4)_4wl |
fibo(4) _4w2 | fibo(4)_4w2 | fibo(4) _4w2 | fibo(4) _4w2 |
fibo(3) _7w | £ibo(3)_7w | £ibo(3)_7w | £ibo(3)_7w |
fibo (3) _4w1l | £fibo(3)_4w1 | £ibo(3)_4w1 | £ibo(3) _4w1l |
| fibo(3)_4w2 | fibo(3)_4w2 | |
| | £ibo(2)_7w |

fibo(3) _4w2

fibo(4) fini | . . . . . . . J 6 0 0 0 0 0 o |

fibo(3) fini

fibo(4) _7w
fibo(4) _4wl
fibo (4) _4w2
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