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x86: Procedures and the Call Stack

Outline

1. Motivation
a. What we have seen so far
b. Why we can’t implement procedure calls with jumps alone
High-level call stack example
Procedure control flow instructions: call and ret
Procedure call example (in depth!)
(Finish with video) Caller vs/callee example

SN

(Covered in lab, video) Recursion example

Why procedures?

Why functions? Why methods?

int contains_char(char* haystack, char needle) {

while (*haystack != '\0') {
if (*haystack == needle) return 1;
haystack++;

}

return 0;

}

Answer: procedural abstraction

Implementing procedures

Have we already seen
how this is done?

1. How does a caller pass arguments to a procedure?

2. How does a caller receive a return value from a procedure?

3. How does a procedure know where to return
(what code to execute next when done)?

4. Where does a procedure store local variables?

5. How do procedures share limited registers and memory?




Call Chain Call Chain
Procedure call/return: Jump? ytio Procedure call/return: Jump? ycio
yoo(..) { O yoo(.) { W‘l'\
who(); who(); ru ru
} }
who(..) { yoo: who (..) { who:
c oo | 1 oo e | 1
2 ho: 5 2 8
o o —— | " K oo ——> "
back: 5 \ 3 ru(); 5l‘>< 6 3,7
) < ) A NNY
\ \\k
ru(..) { jmp back ru(..) { l 9 8 jmp
} }
But what if we want to call a function from multiple places in the code? But what if we want to call a function from multiple places in the code?

Implementing procedures Memory Layout reminder |

requires separate storage per call!

Addr Perm Contents Managed by Initialized
(not just per procedure) N EE——
2N-1 Stackl RW  Procedure context Compiler Run-time
1. How does a caller pass arguments to a procedure? v
Dynamic Programmer,
2. How does a caller receive a return value from a procedure? Heap RW b malloc/free, new/ Run-time
data structures
GC
3. How does a procedure know where to return Statics el v b el Startup
static data structures Assembler/Linker
(what code to execute next when done)?
Literals R String literals ol Startu
J Assembler/Linker P
4. Where does a procedure store local variables? ) Compiler/
Text X Instructions Startup

Assembler/Linker

1. How do procedures share limited registers and memory? 0




Call stack tracks context Call stack tracks context Stack
ool
yoo » yoo
l yoo
whlo\ ¥rsp—
amI amI
U amI
amI();
%mI( )i ?mI (fao) ar}I
} if () {
amI ()
}
* Procedure amI is recursive
¥ (calls itself)
Call stack tracks context Stack Call stack tracks context Stack
yoo
l yoo yoo
» who
who who
rSp—-r
amI

$rsp——




Call stack tracks context Stack Call stack tracks context Stack
yoo
l yoo yoo
who
amlI who who
» amI amI amI
amI amI
¥rsp——
amI
{rsp
Call stack tracks context Stack Call stack tracks context Stack
yoo yoo
who who

amI

amI

¥rsp——

amI

amI

amI

frsp——




Call stack tracks context

Stack

amI

{rsp———

Call stack tracks context Stack
Yolo yolo
yoo yoo
who » who
» amlI who who
¥rsp—
amI
$rsp—
Call stack tracks context Stack Call stack tracks context Stack
yoo yoo
o [
»}I who »}I who

amI

{rsp———




Call stack tracks context

yoo

» who

¥rsp——

Stack

yoo

who

Call stack tracks context

Stack

) voo

¥rsp——

yoo

Stack frame: section of stack
used by one procedure call to
store context while running.

Procedure code manages
stack frames explicitly.
« Setup: allocate space
at start of procedure.
« Cleanup: deallocate space
before return.

The call stack supports procedures

Caller
Frame <

Base pointer $rbp EI\
Y

>

Callee
Frame <

Stack pointer $rsp lz)

Saved Registers

Local Variables

Extra Arguments
to callee

Return Address
where to continue on return|

Saved Registers

Local Variables

I

higher
addresses

stack grows
toward
lower addresses

|

Procedure control flow instructions

Procedure call: callq target

1.
2.

Push return address on stack
Jump to target

Return address: Address of instruction after call.

\ 400544: callq
\

400549: movg %rax, (%rbx)

400550 <mult2>

Procedure return: retq

1.
2.

Pop return address from stack
Jump to return address




Call example

Call example

Before callq Memory Before callq Memory
0x7£d£30 . 0x7£d£30 .
0000000000400540 <multstore>: 0x7£dE28 . 0000000000400540 <multstore>: 0x7£dE28 .
. ¥rsp— 0x7£d£20 o . ¥rsp— 0x7£d£20 .
400544: callq 400550 <mult2> 0x7£dE18 1| 222 400544: callg 400550 <mult2> 0x7£d£18 222
400549: mov $rax, (%rbx) temmmmm 400549: mov $rax, (%rbx)
. {rsp grip . {rsp %rip
: 0x7£d4£20 ‘ ‘ 0x400544 : 0x7£d£20 ‘ ‘ 0x400544
0000000000400550 <mult2>: 0000000000400550 <mult2>:
400550: mov  %rdi,%rax 400550: mov  %rdi,srax After callq Memory
. . 0x7£d£f30 .
. .
400557: retq 400557: retq 0x7£d£28 °
0x7£d£20 .
$rsp— 0x7£d£f18 | 0x400549
callq target callq target . ori
rs ri
1. Push return address on stack 1. Push return address on stack p p
2. Jump to target 2. Jump to target 0x7£d£18 | | 0x400550
Return example Return example
Before retq Memory Before retq Memory
0000000000400540 <multstore>: 0x7£d£30 ° 0000000000400540 <multstore>: 0x7£d£30 °
. 0x7£d£28 . . 0x7£d£28 .
° 0x7£d£20 . ° 0x7£d£20 .
400544: callg 400550 <mult2> N 400544: callg 400550 <mult2> .
400549: mov  %rax, (3rbx) SrSp— 0x7£d£f18 | 0x400549 400549: mov  %rax, (3rbx) rsSp— 0x7£df18 | 0x400549
* }rsp srip * }rsp srip
. .
0x7£d4df18 | | 0x400557 0x7£fdf18 | | 0x400557
0000000000400550 <mult2>: 0000000000400550 <mult2>: Aft
er ret
400550: mov  %rdi,%rax 400550: mov  %rdi,%rax q Memory
N . 0x7£d£30 .
. .
fdf2
400557: retq 400557: retq 0x7£d£28 *
¥rsp— 0x7£d£20 .
0x7fdf18
retq retq % ari
1. Pop return address from stack 1. Pop return address from stack IsSp rip
2. Jump to return address 2. Jump to return address 0x7£d£20 | | 400549




Procedure data flow conventions

Recall:

First 6 arguments: passed in registers

Al o Diane’s
Arg2 grsi ;ﬁk
Arg3 e ;ress
Arg4 srex Eosts
ags [ ars | g0
Arg 6 %r9

Return value: passed in $rax

¥rax

Remaining arguments:
passed on stack (in memory)

High
e o o Addresses
Argn
e o o
Arg 8
Arg 7 Low
Return Address Addresses

step_up:

400509: subg $8, %rsp

40050d: movg $240, (%rsp)
400515: movqg %rsp, %$rdi

400518: movl $61, %esi

40051d: callg 4004cd <increment>
400522: addg (%rsp), %rax
400526: addg $8, %rsp

40052a: retg

increment:

4004cd: movg (%rdi), %rax
4004d0: addg %rax, %$rsi
4004d3: movg %rsi, (%rdi)
4004d6: retg

Procedure call / stack frame example

long step_up() {
long vl = 240;
long v2 = increment(&vl, 61);
return v1+v2;

Passes address of local variable (in stack).

Uses memory through pointer.

/

long increment(long* p, long val) {
long x = *p;
long y = x + val;
*po=yi
return x;

Procedure call example (step o)

long step up() {
long v1 = 240;
long v2 = increment(&vl, 61);
red line return v1+v2;
shows |y
$rip
~_[step up:
400509: subg $8, %rsp
40050d: movg $240, (%rsp)
400515: movqg %rsp, %$rdi
400518: movl $61, %esi
40051d: callg 4004cd <increment>
400522: addg (%rsp), %rax
400526: addg $8, %rsp
40052a: retq
increment:
4004cd: movg (%rdi), %rax
4004d0: addqg %rax, %rsi
4004d3: movg %rsi, (%rdi)
4004d6: retq

main called step_up

Stack
Frames Memory
main
ox7agzg| 0%40053b
<main+8>
0x7fdf20
0x7fdf18
grax $rdi $rsi
$rsp srip
‘ 0x7£d£28 H 0x400509 ‘

return
address
somewhere in
re main
* ¥rsp

Procedure call example (step 1)

long step up() {
long v1 = 240;
long v2 = increment(&vl, 61);
return v1+v2;

}

step_up:

400509: subg $8, %rsp
_140050d: movg $240, (%rsp)

400515: movqg %rsp, %rdi

400518: movl $61, %esi

40051d: callg 4004cd <increment>

400522: addgq (%rsp), %rax

400526: addg $8, %rsp

40052a: retq

increment:

4004cd: movg (%rdi), %rax

4004d0: addqg %rax, %rsi

4004d3: movg %rsi, (%rdi)

4004d6: retq

Allocate space
for local vars

Stack
Frames Memory
main local variable
0x7£dE28 0X49053b v1 stored in
<maln+8‘>/ stack address
step_up - 0x7£d£20 2;110 &= srsp
0x7fdf18
$rax grdi grsi
$rsp srip
‘ 0x7£4£20 ‘ ‘ 0x400515 ‘




Procedure call example (step 2)

Set up args for call

to increment

Procedure call example (step 2)

Set up args for call

to increment

Stack M Stack M
long step_up() { Frames emory long step_up() { Frames emory
long v1 = 240; long v1 = 240;
long v2 = increment(&vl, 61); ) ¢ long v2 = increment(&vl, 61); ) ¢
return v1+v2; main 7 = return v1+v2; main 7 =
} ox7farzg| 0%x40053 } ox7farzg| 0%x40053
<main+8> <main+8>
step_up: step u 240 step_up: step u 240
400509: subg $8, rsp P_UP 7 0x7£d£20 vl € ::sp 400509: subg $8, rsp P_UP 7 0x7£d£20 vl € ::sp
40050d: movg $240, (%rsp) 40050d: movg $240, (%rsp)
400515: movq %rsp, 3%rdi 0x7£df18 400515: movq %rsp, %rdi 0x7£df18
N 400518: movl $61, %es:!. Place args in registers before call N 400518: movl $61, %es:!. Place args in registers before call
40051d: callg 4004cd <increment> 40051d: callg 4004cd <increment>
400522: addq (%rsp), %rax Move the two args to 400522: addq (%rsp), S%rax 1stargfor  2nd arg for
400526: addg $8, $rsp the right registers 400526: addg $8, %rsp increment  increment
40052a: retq $rax $rdi grsi 40052a: retq $rax $rdi l grsi l
increment: ’ ‘ ’ ‘ ’ ‘ increment: ’ ‘ ’ 0x7£fd4d£20 ‘ ’ 61
4004cd: movg (%rdi), %rax - 4004cd: movg (%rdi), %rax -
4004d0: addq %rax, %rsi 2rsp srip 4004d0: addq %rax, %rsi 3rsp srip
4004d3: movg %rsi, (%rdi) ’ 0x7£df20 ’ 0x40051d ‘ 4004d3: movg %rsi, (%rdi) ’ 0x7£df20 H 0x40051d ‘
4004d6: retqg 4004d6: retqg 34
Call increment Call increment
Procedure call example (step 3) Procedure call example (step 3)
Stack M Stack M
long step_up() { Frames emory long step_up() { Frames emory
long v1 = 240; long v1 = 240;
long v2 = increment(&vl, 61); ) ¢ long v2 = increment(&vl, 61); ) ¢
return v1+v2; main 7 = return v1+v2; main 7 =
} ox7farzg| 0%x40053 } ox7farzg| 0%x40053
<main+8> <main+8>
step_up: 240 step_up: 240
400509: subg $8, rsp 0x7£d£20 vl 400509: subg $8, rsp 0x7£d£20 vl
40050d: movg $240, (%rsp) step_up 40050d: movg $240, (%rsp) step_up 0%400522
400515: movg $rsp, %rdi 0x7£d£18 Fillin {-%rsp 400515: movg $rsp, %rdi 0x7£df18 <step up+25> 4'%1?5}?
400518: movl $61, %esi 400518: movl $61, %esi =
40051d: callqg 4004cd <increment>| call hastwo steps 40051d: callq 4004cd <increment>| call has two steps \ (1) Push return
400522: addg (%$rsp), %rax (1) Push return address on stack 400522: addg (%rsp), %rax address on stack
400526: addg $8, %rsp (2) Jump to target 400526: addg $8, %rsp
40052a: t . . 40052a: t . .
a:_revd frax grdi grsi a: retd frax grdi grsi
increment: ] ‘ ] 0x7£df20 H 61 ‘ lincrement:  (2)Jumpto target ] ‘ ] 0x7£df20 H 61 ‘
4004cd: movg (%rdi), %rax - 4004cd: movg (%rdi), %rax -
4004d0: addq %rax, %rsi 2rsp srip 4004d0: addq %rax, %rsi 2rsp srip
4004d3: movg %rsi, (%rdi) ’ 0x7£fdf18 H *Fillin ‘ 4004d3: movg %rsi, (%rdi) ’ 0x7£fdf18 H 0x4004cd ‘
4004d6: retq 4004d6: retq




Procedure call example (step 4)

Run increment

Procedure call example (step 4)

Run increment

Stack Stack
Elong increment(long* p, long val) { Frames Memory Elong increment(long* p, long val) { Frames Memory
long x = *p; long x = *p;
long y = x + val; o o o long y = x + val; o o o
*P =Yi main *pP =Yi main
t g t ;
} return x ox7agzs| 0%40053b } return x ox7agzs| 0%40053b
—} <main+8> —} <main+8>
step_up: 240 step_up: 240
400509: subg $8, %rsp 0x7£d£20 vi 400509: subg $8, %rsp 0x7FDF20 i
. step u . step u
40050d: movg $240, (%r§p) p_up ox7EdE s 0%x400522 arsp 40050d: movg $240, (%r§p) p_up ox7EdE s 0%400522 ors
400515: movq %rsp, %rdi <step up+25> | 400515: movq %rsp, $rdi <step up+25> ' P
400518: movl $61, %esi . = 400518: movl $61, %esi . =
40051d: callg 4004cd <increment> increment - 40051d: callg 4004cd <increment> increment-{
400522: addg (%rsp), %rax 400522: addg (%rsp), %rax
400526: addg $8, %rsp 400526: addg $8, %rsp
40052a: t . . 40052a: t . .
a:_revd $rax $rdi $rsi a:_revd $rax $rdi $rsi
increment: | | [ ox7£ag20 || 61 | increment: | 240 | [ ox7£a20 |[ 61 |
4004cd: movqg (%rdi), %rax Ekecute these - 4004cd: movg (%rdi), S%Srax -
4004d0: addq 3rax, %rsi *3‘;,,5"@0,,5 rsp drip ~[4004d0: addq %rax, 8rsi $rsp srip
4004d3: movq %rsi, (%rdi) ‘ 0x7fdf18 ‘ 0x4004d6 ‘ 4004d3: movqg S%rsi, (%rdi) ‘ 0x7£df18 H 0x4004d0 ‘
4004d6: retq 4004d6: retq
Run increment Run increment
Procedure call example (step 4) Procedure call example (step 4)
Stack Stack
Elong increment(long* p, long val) { Frames Memory Elong increment(long* p, long val) { Frames Memory
long x = *p; long x = *p;
long y = x + val; o o o long y = x + val; o o o
*P =Yi main *P =VYi main
t g t ;
} return x ox7agzs| 0%40053b } return x ox7agzs| 0%40053b
—} <main+8> —} <main+8>
step_up: 240 step_up: 301
400509: subg $8, %rsp 0x7FDF20 vi 400509: subg $8, %rsp 0x7FDF20 vi
40050d: movg $240, (%r?’P) step_up ox7EdELs 0%x400522 . 40050d: movg $240, (%r?P) step_up o7 EdEL8 0x400522 or
400515: movg %rsp, %I‘C.il <step up+25> * rsp 400515: movg %rsp, %I‘C.il <step up+25> * sp
400518: movl $61, %esi . = 400518: movl $61, %esi . =
40051d: callg 4004cd <increment> increment-{ 40051d: callg 4004cd <increment> increment-{
400522: addg (%rsp), %rax 400522: addg (%rsp), %rax
400526: addg $8, %rsp 400526: addg $8, %rsp
40052a: t . . 40052a: t . .

a retd srax grdi grsi a retd srax grdi grsi
increment: ‘ 240 ‘ ‘ 0x7£d£20 H 301 ‘ increment: ‘ 240 ‘ ‘ 0x7£d4£20 H 301 ‘
4004cd: movqg (%rdi), %rax - 4004cd: movqg (%rdi), %rax -
4004d0: addq %rax, 3rsi 3rsp 3rip 4004d0: addq %rax, %rsi ¥rsp 3rip
4004d3: movq %rsi, (%rdi) ‘ 0x7£fdf18 ‘ ‘ 0x4004d3 ‘ 4004d3: movqg %rsi, (%rdi) ‘ 0x7fdf18 ‘ ‘ 0x4004d6 ‘
4004d6: retq 4004d6: retq 4




Procedure call example (step 52)

Return from increment

Procedure call example (step 52)

Return from increment

to step_up to step_up
Stack Stack
10/1long increment(long* p, long val) { Frames Memory 10/1long increment(long* p, long val) { Frames Memory
long x = *p; long x = *p;
long y = x + val; o o o long y = x + val; o o o
*P =vYi main *P =VYi main
return x; return x; 0x40053b
b, 0x7£d£28 O<X40,0i’:f L 0xTEAE28|  ainte>
main
step_up: 301 step_up: JFDF20 301 ars
400509: subg $8, %rsp 0x7£df20 vi 400509: subg $8, %rsp vl " P
40050d: movqg $240, (%rsp) step_up AT 40050d: movqg $240, (%rsp) step_up 0%400522 | (1) pop return
400515: movqg %rsp, %rdi 0x7fdf18 400515: movqg %rsp, %rdi 0x7£df18 <st +25>
. <step up+25> ) . step up address from
400518: movl $61, %esi — 400518: movl $61, %esi (2)jump tojreturn address stack
40051d: callg 4004cd <increment> ret has two steps __|40051d: callg 4004cd <increment> ret has two steps
400522: addg (%rsp), %rax (1) pop return address from stack 400522: addq (%rsp), %rax
400526: addg $8, %rsp (2) jump to return address 400526: addg $8, %rsp
40052a: retq $rax $rdi grsi 40052a: retq $rax $rdi grsi
increment: ‘ 240 ‘ ‘ 0x7£fdf20 H 301 ‘ increment: ‘ 240 ‘ ‘ 0x7£fdf20 H 301 ‘
4004cd: movg (%rdi), %rax - 4004cd: movg (%rdi), %rax -
4004d0: addg S$rax, srsi 2rsp srip 4004d0: addg S$rax, srsi 2rsp srip
4004d3: movg %rsi, (%rdi) *E(ecuteret ‘ 0x7fdf18 ‘ 0x4004d6 ‘ 4004d3: movg %rsi, (%rdi) ‘ 0x7£d4£20 ‘ ‘ 0x400522 ‘
4004d6: retq 41 4004d6: retq 42
Prepare step_up Prepare step_up
Procedure call example (step 6) Prepa Procedure call example (step 6) Prepa
Stack Stack
1 Frames Memory Frames Memory
ong step_up() { long step up() {
long v1 = 240; long v1 = 240;
long v2 = increment(&vl, 61); ) ¢ long v2 = increment(&vl, 61); ) ¢
return v1+v2; main 7 = return v1+v2; main 7 =
} 0x7£d£28 0:,,&323; } 0x7£d£28 0:,,&323;
step_up: 301 step_up: 301
400509: subg $8, rsp 0x7£d£20 vi € ::sp 400509: subg $8, rsp 0x7£d£20 vi € ::sp
40050d: movg $240, (%rsp) step_up 0%400522 40050d: movg $240, (%rsp) step_up 0%400522
400515: movg %rsp, %rdi 0x7£df18 400515: movg %rsp, %rdi 0x7£df18
400518: movl $61, %esi 400518: movl $61, %esi
40051d: callg 4004cd <increment> 40051d: callg 4004cd <increment>
400522: addq (%rsp), 3%rax * Execute this instruction 400522: addq (%rsp), 3%rax
400526: addg $8, %rsp 400526: addg $8, %rsp
40052a: retq grax grdi grsi 40052a: retq grax grdi grsi
increment: ‘ 240 ‘ ‘ 0x7£fdf20 H 301 ‘ increment: add‘ 541 ‘ ‘ 0x7£fdf20 H 301 ‘
4004cd: movg (%rdi), %rax - 4004cd: movg (%rdi), %rax -
4004d0: addq %rax, %rsi 3rsp 3rip 4004d0: addq %rax, %rsi srsp 3rip
4004d3: movg %rsi, (%rdi) ‘ 0x7£df20 H 0x400526 ‘ 4004d3: movg %rsi, (%rdi) ‘ 0x7£df20 H 0x400526 ‘
4004d6: retq 43 4004d6: retq 44




Procedure call example (step 7)

Deallocate space
for local vars

Procedure call example (step7)

Deallocate space
for local vars

Stack M Stack M
long step_up() { Frames emory long step_up() { Frames emory
long v1 = 240; long v1 = 240;
long v2 = increment(&vl, 61); ) ¢ long v2 = increment(&vl, 61); ) ¢
return vl1+v2; main return v1+v2; main
} ox7£df2g| 0X40053b } ox7£df2g| 0X40053b =srsp
<main+8> <main+8>
step_up: step_up: hort tack
40015)591:3 subg $8, rsp 0x7£d£20 3‘?11 40015)591:3 subg $8, rsp 0x7£d£20 301 sonen e
40050d: movg $240, (%r;p) step_up 0%400522 40050d: movg $240, (%r;p) 0%x400522
400515: movg %rsp, %rdi 0x7£df18 400515: movg %rsp, %rdi 0x7£df18
400518: movl $61, %esi 400518: movl $61, %esi
40051d: callg 4004cd <increment> 40051d: callg 4004cd <increment>
400522: addg (%rsp), %rax 400522: addg (%rsp), %rax
400526: addq $8, %rsp *Executethisinstruction 400526: addq $8, %rsp
40052a: retq grax grdi grsi 40052a: retq grax grdi grsi
increment: ‘ 541 H 0x7£d£20 H 301 ‘ increment: ‘ 541 H 0x7£d£20 H 301
4004cd: mov %rdi grax 4004cd: mov %rdi grax
4004d0: addg ?(srax,);rsi 8rsp 3rip 4004d0: addg ?(srax,);rsi higher 8rsp 3rip
4004d3: movg %rsi, (%rdi) ‘ 0x7£df20 ‘ 0x400526 ‘ 4004d3: movg %rsi, (%rdi) address ‘ 0x7£d4£28 ‘ ‘ 0x400526
4004d6: retq 45 4004d6: retq 4
Return from step_up H
Procedure call example (step 5) ! - Implementing procedures
stack tomain Have we now seen
tacl P 5
P ——— Frames Memory how this is done?
leng Wil = 205 ) . How does a caller pass arguments to a procedure?
long v2 = increment(&vl, 61); main *%rsp
return v1+v2;
} 0xTEdE2S 0x40053b sho.rten stack
<main+8> again How does a caller receive a return value from a procedure?
step_up: 301
400509: subg $8, Srsp 0x7£d£20
40050d:  movqg $240, (%rsp) 0x400522 How does a procedure know where to return
400515: movg $rsp, %rdi 0x7£df18
400518: movl $61, %esi (what code to execute next when done)?
40051d: callg 4004cd <increment>
400522: addg (%rsp), %rax
400526: addg $8, $rsp Where does a procedure store local variables?
40052a: t . .
a retq srax grdi grsi
increment: . ‘ 541 ‘ ‘ 0x7£d£20 ‘ ‘ 301 ‘ How do procedures share limited registers and memory?
4004cd: movg (%rdi), %rax -
4004d0: addg S$rax, srsi 2rsp srip
4004d3: movg %rsi, (%rdi) ‘ 0x7£fd£30 ‘ ‘ 0x40053b ‘
4004d6: retq 4 48




Register saving conventions yoo(.) { x86-64 register conventions
yoo calls who: °c e
who();
Caller Callee o oo
} srax Returnvalue — Caller saved srg  Argument #5 — Caller saved
Will register contents still be there after a procedure call? 3rbx Callee saved ar9  Argument #6 — Caller saved
yoo: who: srcx Argument #4 — Caller saved 2110 Caller saved
o o o o o o
movq $12345 addg %rdi, srdx Argument #3 — Caller saved gril Caller Saved
call _who ? e o o
addq $rax ret srsi Argument #2 — Caller saved 3ri2 Callee saved
.o o
ESE srdi Argument #1 - Caller saved 3ri3 Callee saved
Conventions: $rsp Stack pointer srld Callee saved
Caller Save
Callee Save $rbp Callee saved 3rl5 Callee saved
main called step by (240 Save register $rbx
Callee-save example (step0) P_by(240) Callee-save example (step 1)
Similar function, but now takes an arg for the local variable Stack Stack
long step_by(long x) { Frames Memory long step_by(long x) { Frames Memory
long vl = x; long vl = x;
long v2 = increment(&vl, 61); . 000 long v2 = increment(&vl, 61); . . o o
return x + v2; main return x + v2; main
} }
0x7£df28 0x40053b 0x7£fdf28 0x40053b
|step_by: 0x7£d£20 step_by: step_hy{ 0x7£df20 3
400504: pushg %rb}'{ 0x7£dE18 1400504: pushg srb:.c 0x7£dE18
400506: movg %rdi, %rbx 0x7£dE10 400506: movg %rdi, $rbx Save thd value of 2 rbx so 0x7£dE10
. X . X
400509: subqg $16f $rsp 400509: subg $16{ $rsp we can yise that register, too
40050d: movg %rdi, (%rsp) 0x7£d£08 40050d: movqg $rdi, (%rsp) 0x7£df08
400515: movg %rsp, %rdi arb 400515: movqg %rsp, %$rdi arb
400518: movl $61, %esi Important value placed IoX 400518: movl $61, %esi IoX
40051d: callg 4004cd <increment> there by main, callee saved > 40051d: callg 4004cd <increment> 3
400522: addg %rbx, %rax . . 400522: addg %rbx, %rax . .
400525: addg $16, Srsp trax  %rdi srsi 400525: addg $16, srsp trax  %rdi srsi
400529: popg %$rbx ‘ ‘ ‘ 240 ‘ ‘ ‘ 400529: popg $%$rbx ¥—— Once this function is done, ‘ ‘ 240 ‘ ‘ ‘
40052b: retqg srsp srip 40052b: retqg restore saved value 3rsp srip
caller saved: $rax, $%$rdi, S%rsi ‘ 0x7fdf28 H 0x400504 ‘ caller saved: $rax, $%$rdi, S%rsi ‘ 0x7£fd4d£f20 H 0x400506 ‘

callee saved: ¢

srbx

callee saved: $rbx




Callee-save example (step 2)

long step by(long x) {
long vl = x;
long v2 = increment(&vl, 61);
return x + v2;

}

step_by:

400504: pushg %rbx
_1400506: movqg 3%rdi, %rbx
400509: subg $16, %rsp
40050d: movg %rdi, (%rsp)
400515: movqg %rsp, %$rdi
400518: movl $61, %esi
40051d: callg 4004cd <increment>
400522: addg %rbx, %rax

400525: addg $16, %rsp

400529: popg %rbx

40052b: retq

Need
xto
call tq

caller saved: $rax, %$rdi, %rsi

callee saved:

to save the value
se later, after the

Copy argument x to $rbx
for continued use after

calling increment.

Stack

Frames Memory

X .« o e
main

0x7£df28 0x40053b

step_hy{ 0x7£d£20 3
0x7£fdf18
0x7£df10
0x7£df08

increment Srbx
grax $rdi $rsi
[ J[ 200 J[ ]
3rsp grip
’ 0x7£df20 " 0x400509 ‘

Callee-save example (step 3)

long step by(long x) {
long vl = x;
long v2 = increment(&vl, 61);
return x + v2;

}

step_by:

400504: pushg %rbx

400506: movg %rdi, $rbx
400509: subg $16, Srsp
_140050d: movg %rdi, (%rsp)
400515: movqg %rsp, %$rdi
400518: movl $61, %esi
40051d: callg 4004cd <increment>
400522: addg $rbx, %rax
400525: addg $16, %rsp
400529: popqg %rbx

40052b: retq

caller saved: $rax, %rdi, %rsi
callee saved: $rbx

Set up stack frame

Initialize v1
Stack
Frames Memory
X .« o e
main

0x7£df28 0x40053b

0x7£df20 3
step_by- o0x7fdf18| foralignment
0x7£df10 240
0x7£df08
$rbx
grax $rdi $rsi
[ J[ 200 J[ ]
$rsp srip
’ 0x7£fd£f10 " 0x400515 ‘

Convention:
at call, %rsp
must be a
multiple of 16

Callee-save example (step 1)

long step by(long x) {
long vl = x;
long v2 = increment(&vl, 61);
return x + v2;

}

step_by:

400504: pushg %rbx

400506: movg %rdi, $rbx
400509: subg $16, %rsp
40050d: movg %$rdi, (%rsp)
400515: movqg %rsp, %rdi
_1400518: movl $61, %esi
40051d: callg 4004cd <increment>
400522: addg %rbx, %rax
400525: addg $16, %rsp
400529: popg %rbx

40052b: retq

caller saved: $rax, %$rdi, %rsi
callee saved: $rbx

Set up arguments

Stack

Frames Memory

X .« oo
main

0x7£df28 0x40053b

0x7£df20 3
step_by- ox7fdf18| foralignment
0x7£df10 240
0x7£df08
$rbx
grax $rdi $rsi

’ " 0x7£fdf10 " 61
3rsp grip
’ 0x7£df10 " 0x40051d ‘

Callee-save example (step s)

long step by(long x) {
long vl = x;
long v2 = increment(&vl, 61);
return x + v2;

}

step_by:

400504: pushg %rbx

400506: movg %rdi, $rbx
400509: subg $16, %rsp
40050d: movg %rdi, (%rsp)
400515: movqg %rsp, %$rdi
400518: movl $61, %esi
40051d: callqg 4004cd <increment>
400522: addg %rbx, %rax
400525: addg $16, %rsp
400529: popg %rbx

40052b: retq

caller saved: $rax, %rdi, %rsi
callee saved: $rbx

Call, execute, and return
from increment

Stack

Frames Memory

X .« oo
main

0x7£df28 0x40053b

0x7£df20 3
step_by- ox7fdf18| foralignment
0x7£df10 301

0x7£d£08 0x400522

$rbx
grax $rdi $rsi
’ 240 " 0x7fdf10 " 301 ‘
3rsp grip
’ 0x7fdf10 " 0x400522 ‘




Callee-save example (step 6)

long step by(long x) {
long vl = x;
long v2 = increment(&vl, 61);
return x + v2;

}

step_by:

400504: pushg %rbx

400506: movg %rdi, $rbx
400509: subg $16, %rsp
40050d: movg %rdi, (%rsp)
400515: movqg %rsp, %$rdi
400518: movl $61, %esi
40051d: callg 4004cd <increment>
400522: addq %rbx, %rax
400525: addg $16, %rsp
400529: popg %rbx

40052b: retq

Prepare return value

Stack

Frames Memory

X .« o e
main

0x7£df28 0x40053b

0x7£df20 3
step_by- ox7fdf18| foralignment
0x7£df10 301

0x7£d£08 0x400522

$rbx

We know increment
restored $rbx

grax $rdi $rsi
’ 480 H 0x7£df10 H 301 ‘

Callee-save example (step 7)

long step by(long x) {
long vl = x;
long v2 = increment(&vl, 61);
return x + v2;

}

step_by:

400504: pushg %rbx

400506: movg %rdi, $rbx

400509: subg $16, %rsp

40050d: movg %rdi, (%rsp)
400515: movqg %rsp, %$rdi

400518: movl $61, %esi

40051d: callg 4004cd <increment>
400522: addg $%rbx, %rax «—
400525: addq $16, %rsp
400529: popg %rbx

40052b: retq

Clean up stack frame

Stack

Frames Memory

X .« o e
main

0x7£df28 0x40053b

step_by{ 0x7£d£20 3
0x7fdf18 for alignment
0x7£d£10 301

0x7£d£08 0x400522

$rbx

Shrink stack

grax $rdi $rsi
’ 480 H 0x7£df10 H 301 ‘

$rsp srip $rsp srip
caller saved: $rax, %rdi, %rsi ’ 0x7fdf10 H 0x400525 ‘ caller saved: $rax, %rdi, %rsi ’ 0x7£4£20 H 0x400529 ‘
callee saved: callee saved: $rbx
Restore register $rbx H
Callee-save example (step 8) Restore Recursion example: code
y to return
Stack M long pcount(unsigned long x) {
long step_by(long x) { Frames emory if (x == 0) {
long vl = x; return 0;
long v2 = increment(&vl, 61); ) . o o } else {
return x + v2; main T — 5
}
0x7£d£28| 0x40053b ) !
step_by: 0x7£d£20 3 "
400504: pushg %rbx pcount:
400506: movgq %rdi, %rbx 0x7£df18 | foralisnment 4005dd: movl $0, %eax base case/
400509: subg $16, $rsp 0x7£df10 301 4005e2: testqg %rdi, $rdi condition
40050d: movg %rdi, (%rsp) 0x7£df08 0x400522 4005e5: je 4005fa <.L6> .
400515: movqg %rsp, %rdi 4005e7: pushg %rbx recursive
400518: movl $61, %esi 3rbx 4005e8: movg %rdi, %rbx case
40051d: callg 4004cd <increment> 4005eb: andl $1, %ebx
400522: addg $rbx, %rax . A 4005ee: shrqg %rdi
$rax $rdi $rsi

400525: addg $16, %rsp Restore

400529: popq %rbx +——— ¢ o5

40052b: retq

caller saved: $rax, %$rdi, %rsi
callee saved: $rbx

srbx

’ 480 ‘ ’ 0x7£df10 H 301 ‘
3rsp grip
’ 0x7£fd£28 H 0x40052b ‘

4005f1: callg pcount
4005f6: addg %rbx, %rax
4005f9: popqg %rbx

4005fa: rep

4005fb: retq




Recursion Example: pcount (2)

Recursion Example: pcount (2)

Stack Stack
long pcount(unsigned long x) { Frames Memory long pcount(unsigned long x) { Frames Memory
if (x == 0) { _[ if (x == 0) { _[
oEEn Of MaINT 0x7fd£38| 0x4006ed EoEmEn Of MAINT 0x7£d£38| 0x4006ed
} else { 0x7£d£30 } else { pc(z){ 0x7£d£30
Teturn i 0x7fdf28 Teturn i 0x7fdf28
) ¥ 0x7£d£20 ) ¥ 0x7£d£20
0x7fdf18 0x7fdf18
pcount: £df pcount: £df
4005dd: movl $0, %eax 0x7£d£10 4005dd: movl $0, %eax 0x7£d£10
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, $rdi 0x7£df08
4005e5: Jje 4005fa <.L6> 4005e5: je 4005fa <.L6>
4005e7: pushg %rbx 4005e7: pushg %rbx
4005e8: movg %rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrqg %rdi i
4005f1: callg pcount srax grdi 2rbx 4005f1: callg pcount srax grdi Brbx
4005f6: addg %rbx, %rax ‘ ? “ 2 “ 42 4005f6: addg %rbx, %rax ‘ 0 “ 2 “ 42
422?f9: popg %rbx $rsp srip 422?f9: popg %rbx $rsp srip
4005fa: rep | ox7zaf3s || oxaoo0saa 4005fa: rep [“ox7£ae3s || oxaooser |
4005fb: retq 4005fb: retq
Recursion Example: pcount (2) Recursion Example: pcount (2)
Stack Stack
long pcount(unsigned long x) { Frames Memory long pcount(unsigned long x) { Frames Memory
if (x == 0) { _[ if (x == 0) { _[
im0 MaIN 7 ox7£d£38)  0x4006ed im0 MaIN T ox7£d£38)  0x4006ed
} else { pc(z){ 0x7£d£30 42 } else { pc(z){ 0x7£d£30 42
return i 0x7£df28 return i 0x7fdf28
) ¥ 0x7£d£20 ) ¥ 0x7£d£20
0x7fdf18 0x7fdf18
pcount: £df1 pcount: T£df1
4005dd: movl $0, %eax 0x7£d£10 4005dd: movl $0, %eax 0x 0
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, s$rdi 0x7£df08
4005e5: Jje 4005fa <.L6> 4005e5: je 4005fa <.L6>
4005e7: pushqg %rbx 4005e7: pushg %rbx
4005e8: movqg %rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrq %rdi i
4005f1: callg pcount srax grdi 2rbx 4005f1: callg pcount srax grdi Brbx
4005f6: addg %rbx, %rax ‘ V] ‘ ‘ 2 “ 2 4005f6: addg %rbx, %rax ‘ 0 “ 1 “ 0 ‘
422?f9: popg %rbx $rsp srip 422?f9: popg %rbx $rsp srip
4005fa: rep | ox7zag30 || oxa00sen 4005fa: rep [Cox7gag3o0 || oxaooser |

4005fb: retq

4005fb: retq




Recursion Example: pcount(2) - pcount (1)

Recursion Example: pcount(2) - pcount(1)

Stack Stack
lon count (unsigned long x) { Frames 1 ] Frames
g P ( g g Memory long pcount(unsigned long x) { Memory
E (22 == 0) 4 main-{ if (x == 0) { main-{
return 0; 0x7fdf38 0x4006ed 5 0x7fdf38 0x4006ed
return 0;
} else { pc(z){ 0x7£d£30 42 } else { pc(z){ 0x7£d£30 42
return i 0x7fdf28 0x4005£f6 e ; 0x7fdf28 0x4005f6
) } 0x7£d£20 } 0x7£d£20
0x7£df18 I 0x7£df18
pcount: £df pcount: £af1
4005dd: movl $0, %eax 0x7£d£10 4005dd: movl $0, %eax 0x7£d£10
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, $rdi 0x7£df08
4005e5: Je 4005fa <.L6> 4005e5: je 4005fa <.L6>
4005e7: pushg %rbx 4005e7: pushg %rbx
4005e8: movg %rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrqg %rdi i
4005f1: callqg pcount trax drdi 3rbx 4005f1: callg pcount trax drdi 3rbx
4005f6: addg %rbx, %rax ‘ 0 “ 1 “ 0 4005f6: addg %rbx, %rax ‘ 0 “ 1 “ 0 ‘
422?f9: popg %rbx $rsp srip 422?f9: popg %rbx $rsp srip
4005fa: rep ‘ 0x7£d£28 ‘ ‘ 0x4005dd 4005fa: rep ‘ 0x7£df28 “ 0x4005e7 ‘
4005fb: retq 4005fb: retq
Recursion Example: pcount(2) - pcount (1) Recursion Example: pcount(2) - pcount (1)
Stack Stack
1 Frames 1 Frames
long pcount (unsigned long x) { Memory long pcount (unsigned long x) { Memory
if (x == g) { maln'{ox7fdf3g 0x4006ed if (x == 8) { maln«|:0x7fdf38 0x4006ed
return 0; return 0;
Do o pc(z){ 0x7£d£30 42 } else { pc(z){ 0x7£d£30 42
e ; 0x7fdf28 0x4005f6 return ; 0x7fdf28 0x4005f6
} { 0x7£df20 0 } { 0x7£df20 0
c(1 c(1
Hy pe(d) 0x7£df18 } pe(d) 0x7£df18
peount : £4£10 poount: 0x7£d£10
4005dd: movl $0, %eax 0x7 4005dd: movl $0, %eax x
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, s$rdi 0x7£df08
4005e5: Je 4005fa <.L6> 4005e5: Je 4005fa <.L6>
4005e7: pushqg %rbx 4005e7: pushg %rbx
4005e8: movqg %$rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrq %rdi i
4005f1: callg pcount trax drdi 3rbx 4005f1: callg pcount srax drdi 3rbx
4005f6: addg %rbx, %rax ‘ 0 “ 1 “ 1 4005f6: addg %rbx, %rax ‘ 0 “ 0 “ 1 ‘
422?f9: popg %rbx $rsp srip 422?f9: popg %rbx $rsp srip
4005fa: rep ‘ 0x7£d£20 ‘ ‘ 0x4005eb 4005fa: rep ‘ 0x7£d£f20 “ 0x4005f1 ‘

4005fb: retq

4005fb: retq




Recursion Example: pcount(2) - pcount(l) - pcount(0)

Stack
1 Frames
long pcount (unsigned long x) { Memory
1 (= == 8) { maln{0x7fdf38 0x4006ed
return 0;
oeres o pc(z){ 0x7£d£30 42
return ; 0x7£df28 0x4005f6
} 0x7£d£20 0
pc(l) ‘[
I3 0x7fdf18| 0x4005£6
pcount: £4£10
4005dd: movl $0, %eax 0x7
4005e2: testq %rdi, srdi 0x7£df08
4005e5: Je 4005fa <.L6>
4005e7: pushg %rbx
4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx
4005ee: shrqg %rdi i
4005f1: callqg pcount srax grdi 2rbx
4005f6: addg %rbx, %rax ‘ 0 “ 0 “ 1 ‘
422?f9: popg %rbx $rsp srip
4005fa: rep ‘ 0x7£d4f18 ‘ ‘ 0x4005dd ‘

4005fb: retq

Recursion Example: pcount(2) - pcount(l) - pc<s>tunkt(0)
ac

1

nea nosnnt (nncianad lane NS

long pcount(unsigned long x) {
if (x == 0) {
return 0;
} else {
return

}

}

4005dd: movl $0, %eax
4005e2: testq %rdi, %rdi
4005e5: je 4005fa <.L6>
4005e7: pushg %rbx
4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx
4005ee: shrqg %rdi
4005f1: callg pcount
4005f6: addg %rbx, %rax
4005f9: popqg %rbx

.L6:

4005fa: rep

4005fb: retq

Frames
| Memory
main ‘[ 0x7£df38| 0x4006ed
pc(z){ 0x7£d£30 42
0x7fdf28 0x4005f6
i 0x7£df20 0
pC(l){
0x7fdf18 0x4005f6
0x7£d£10
0x7£df08
grax $rdi $rbx
Lo JL o J[ 1]
¥rsp srip
‘ 0x7£df18 “ 0x4005fa ‘

Recursion Example: pcount(2) - pcount(l) - pcount(0)

nea noesnnt (nncianad lane NS ]

iz (2 == W)
return 0;

} else {
return

}

}

long pcount(unsigned long x) {

4005dd: movl
4005e2: testqg
4005e5: Jje

4005e7: pushg
4005e8: movqg
4005eb: andl
4005ee: shrq
4005f1: callg
4005f6: addg
4005f9: popq

4005fa: rep
4005fb: retq

Stack
1 Frames
Memory
main ‘[ 0x7£d£38| 0x4006ed
pc(z){ 0x7£d£30 42
0x7fdf28 0x4005f6
0x7£fdf20 0
pc(l)
0x7£df18 0x4005f6
S0, %eax 0x7fdf10
$rdi, %rdi 0x7£df08
4005fa <.L6>
{rbx
%rdi, %rbx
$1, %ebx
$rdi i
pcount frax grdi $rbx
$rbx, %rax ‘ 0 “ 0 “ 1 ‘
grbx s
{rsp 3rip
‘ 0x7£d4£20 ‘ ‘ 0x4005£6 ‘

Recursion Example: pcount(2) - pcount(l) - pcount(0)

Stack
1 Frames
long pcount(unsigned long x) { Memory
52 (= = 8) { maln{0x7fdf38 0x4006ed
return 0;
} else { pc(z){ 0x7£d£30 42
return ; 0x7£df28 0x4005£f6
} 0x7£d£20 0
¥ pC(l){
¥ 0x7£df18| 0x4005£6
pcount: £a10
4005dd: movl $0, %eax 0x7
4005e2: testq %rdi, %rdi 0x7£df08
4005e5: je 4005fa <.L6>
4005e7: pushg %rbx
4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx
4005ee: shrqg %rdi i
4005f1: callg pcount srax grdi 2rbx
4005f6: addg %rbx, %rax ‘ 0 “ 0 “ 1 ‘
422?f9: popg %rbx $rsp srip
4005fa: rep ‘ 0x7£d£20 H 0x4005£6 ‘

4005fb: retq




Recursion Example: pcount(2) - pcount(1)

Recursion Example: pcount(2) - pcount (1)

Stack Stack
Frames Frames
long pcount (unsigned long x) { Memory long pcount (unsigned long x) { Memory
if (x == g> { maln{0x7fdf38 0x4006ed if (x == g> mal“‘[0x7fdf3s 0x4006ed
return 0; return 0;
} else { pc(z){ 0x7£d£30 42 } else { pc(z){ 0x7£d£30 42
return 0x7fdf28 0x4005f6 return ; 0x7fdf28 0x4005f6
} pe(l) { 0x7£d£20 0 ) } 0x7£d£20 0
} 0x7fdf18| 0x4005£6 } 0x7fdf18| 0x4005£6
peounts £4£10 peounts 0x7£d£10
4005dd: movl $0, %eax 0x7 4005dd: movl $0, %eax x
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, s$rdi 0x7£df08
4005e5: Jje 4005fa <.L6> 4005e5: Jje 4005fa <.L6>
4005e7: pushg %rbx 4005e7: pushg %rbx
4005e8: movg %rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrqg %rdi i
4005f1: callg pcount srax grdi 2rbx 4005f1: callg pcount srax grdi Brbx
4005f6: addq %rbx, %rax ‘ 1 “ 0 “ 1 4005f6: addg %rbx, %rax ‘ 1 “ 0 “ 0 ‘
422?f9: popg %rbx $rsp srip 422?f9: popq %rbx $rsp srip
4005fa: rep ‘ 0x7£d£f20 H 0x4005£f9 4005fa: rep ‘ 0x7£d4£28 H 0x4005fa ‘
4005fb: retq 4005fb: retq
Recursion Example: pcount(2) - pcount (1) Recursion Example: pcount(2) - pcount (1)
Stack Stack
Frames lon count (unsigned long x) { Frames
long pcount(unsigned long x) { Memory g P! g 9 Memory
if (x == 0) { main-{ T (iSSR0 main-{
N a 0x7fdf38 0x4006ed return 0; 0x7fdf38 0x4006ed
return 0;
} else { pc(z){ 0x7£d£30 42 } else { ' pc(z){ 0X7£A£30 42
return 0x7fdf28 0x4005f6 return ; 0x7fdf28 0x4005f6
} 0x7£fdf20 0 } } 0x7fdf20 0
I3 0x7£df18| 0x4005f6 0x7fdf18| 0x4005£f6
poount: £a10 peount: 0x7£d£10
4005dd: movl $0, %eax 0x7 4005dd: movl $0, %eax x
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, s$rdi 0x7£df08
4005e5: Jje 4005fa <.L6> 4005e5: je 4005fa <.L6>
4005e7: pushg %rbx 4005e7: pushg %rbx
4005e8: movg %rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrqg %rdi i
4005f1: callg pcount srax grdi 2rbx 4005f1: callg pcount srax grdi Brbx
4005f6: addg %rbx, %rax ‘ 1 “ 0 “ 0 4005f6: addg %rbx, %rax ‘ 1 “ 0 “ 0 ‘
422?f9: popg %rbx $rsp srip 422?f9: popg %rbx $rsp srip
4005fa: rep ‘ 0x7£d4£30 H 0x4005£6 4005fa: rep ‘ 0x7£4£30 H 0x4005£6 ‘

4005fb: retq

4005fb: retq




Recursion Example: pcount (2)

Recursion Example: pcount (2)

Stack Stack
long pcount(unsigned long x) { Frames Memory long pcount(unsigned long x) { Frames Memory
if (x == 0) { _[ if (x == 0) { _[
e Of Mail T ox7£df38| 0x4006ed e Of Mail T ox7£df38| 0x4006ed
} else { pc(z){ 0x7£d£30 42 } else { 0x7£d£30 42
return ; 0x7£d4£28| 0x4005f6 return i 0x7£df28| 0x4005f6
} } 0x7fdf20 0 } } 0x7£fdf20 0
0x7£df18 0x4005f6 0x7£df18 0x4005f6
poount : 7£d£10 poount : 0x7£d£10
4005dd: movl $0, %eax 0x 4005dd: movl $0, %eax X
4005e2: testq %rdi, $rdi 0x7£df08 4005e2: testq %rdi, s$rdi 0x7£df08
4005e5: Jje 4005fa <.L6> 4005e5: Jje 4005fa <.L6>
4005e7: pushg %rbx 4005e7: pushg %rbx
4005e8: movg %rdi, %rbx 4005e8: movg %rdi, %rbx
4005eb: andl $1, %ebx 4005eb: andl $1, %ebx
4005ee: shrqg %rdi i 4005ee: shrqg %rdi i
4005f1: callg pcount srax grdi 2rbx 4005f1: callg pcount srax grdi Brbx
4005f6: addq %rbx, %rax ‘ 1 ‘ ‘ 0 ‘ ‘ 0 4005f6: addg %rbx, %rax ‘ 1 ‘ ‘ 0 ‘ ‘ 42
422?f9: popg %rbx $rsp srip 422?f9: popq %rbx $rsp srip
4005fa: rep ‘ 0x7£d£30 H 0x4005£f9 4005fa: rep ‘ 0x7£d4£38 H 0x4005£f9
4005fb: retq 4005fb: retq
Recursion Example: pcount (2) Stack storage example
Stack (1)
long pcount(unsigned long x) { Frames Memory
if (x == 0) { main C long int call_proc() call_proc:
return 0; 0x7fdf38 0x4006ed { subg $32,%rsp
} else { 0x7fdf30 42 long x1 = 1; movg $1,16(%rsp) # x1
return 7 0x7£df28 0x4005f6 int X2 = 2; movl $2,24(%rsp) # x2
} short x3 = 3; movw $3,28(%rsp) # x3
0x7£fdf20 0 !
} X char x4 = 4; movb $4,31(%rsp) # x4
—— 0x7§d§18 0x4005f6 proc(xl, sxl, x2, &x2, . o s
4005dd: movl $0, %eax 0x7£d£10 x3, &x3, x4, &x4);
4005e2: testq %rdi, %rdi 0x7£df08 return (x1+x2)*(x3-x4);
4005e5: je  4005fa <.L6> ¥
4005e7: pushg %$rbx ad ler of call
4005e8: movg %rdi, %rbx Return address to caller of call_proc «3rsp
4005eb: andl $1, %ebx
4005ee: shrqg %rdi i
4005f1: callg pcount srax grdi 2rbx
4005f6: addg %rbx, %rax ‘ 1 ‘ ‘ 0 ‘ ‘ 42
4005f9: popqg %rbx .
16: {rsp 3rip
4005fa: rep ‘ 0x7£d4£40 ‘ ‘ 0x4006ed
4005fb: retq




Stack storage example
(2) Allocate local vars

Stack storage example
(3) setup args to proc

optional

long int call_proc() call_proc: long int call proc() call_proc:
{ subqg $32,%rsp { ¢ o o
long x1 = 1; movqg $1,16(%rsp) # x1 long x1 = 1; leaq 24(%rsp),%rcx # &x2
int X2 = 2; movl $2,24(%rsp) # x2 int X2 = 2; leaq 16(%rsp),%rsi # &x1
short x3 = 3; movw $3,28(%rsp) # x3 short x3 = 3; leaq 31(%rsp),%rax # &x4
char x4 = 4; movb $4,31(%rsp) # x4 char x4 = 4; movq %rax,8(%rsp) # ...
proc(xl, &xl1, x2, &x2, ° o o proc(xl, &xl1, x2, &x2, movl $4, (%rsp) # 4
x3, &x3, x4, &x4); x3, &x3, x4, &x4); leaq 28(%rsp),%r9 # &x3
return (x1+x2)*(x3-x4); return (xl+x2)*(x3-x4); movl $3,%r8d # 3
} } movl $2,%edx # 2
movg $1,%rdi # 1
Return address to caller of call_proc Return address to caller of call_proc call proc
x4 | | x3 | x2 24 x4 | | x3 | x2 24 b
x1 16 x1 16
8 Arg 8 8 Arguments passed in (in order):
%rdi, %rsi, %rdx, %rcx, %r8, %r9
~3rsp Arg7 ~3rsp
Stack storage example I:I Stack storage example I:I
(4) after call to proc (5) deallocate local vars
long int call proc() call proc: long int call proc() call proc:
{ .« o o { .« o o
long x1 = 1; movswl 28(%rsp),%eax # x3 long x1 = 1; movswl 28(%rsp),%eax
int %2 = 2 movsbl 31(%rsp),%edx # x4 int X2 = 2 movsbl 31(%rsp),%edx
short x3 = 3: subl %edx, %eax # x3-x4 short x3 = 3: subl %edx, %eax
char x4 = 4 cltq # sign-extend %eax->%rax ehese sl = Ag cltg
proc(xl, &xl, x2, &x2, movslq 24(%rsp),%rdx # x2 proc(xl, &xl, x2, &x2, movslg 24 (%rsp),%rdx
x3, &x3, x4, &xd); addq 16 (%rsp),%rdx # x1+x2 x3, &x3, x4, s&xd); addg 16 (%rsp), srdx
return (x1+x2)*(x3-x4); imulg  %rdx,%rax #* return (x1+x2)*(x3-x4); imulg %rdx,%rax
} addg $32,%rsp } addq $32,%rsp
ret ret
Return address to caller of call_proc Return address to caller of call_proc c%rsp
x4 | | x3 | X2 24
x1 16
Arg 8 8
Arg7 «3rsp




Procedure Summary

call, ret, push, pop
Stack discipline fits procedure call / return.*
If P calls Q: Q (and calls by Q) returns before P

Conventions support arbitrary function calls.

Register-save conventions.

Caller
Frame

Stack frame saves extra args or local variables. Result returned in $rax

$rax Return value - Caller saved 3r8 Argument #5 — Caller saved
$rbx Callee saved 3r9 Argument #6 - Caller saved
trex Argument #4 — Caller saved 3r10 Caller saved
trdx Argument #3 — Caller saved sril Caller Saved
srsi Argument #2 — Caller saved 3ri2 Callee saved
trdi Argument #1 — Caller saved 3r13 Callee saved
srsp Stack pointer %rld Callee saved
trbp Callee saved sri5 Callee saved

Stack pointer
Irsp

Callee
Frame

EN

Extra Arguments
to callee

Return Address

Saved Registers
+
Local Variables

Extra Arguments
for next call

128-byte red zone

functions allowed
to use this before
changing $rsp




