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P(..) {
Passing control 4 .
To beginning of procedure code : = G
Back to return point 4 /vprint(}')
Passing data y *
Procedure arguments &
Return value-#
Memory management int Q(int i)
S——
Allocate during procedure execution {
int t = 3*i;
Deallocate upon return y int v[10];
K L . . Nereturn v[t ;
I Accomplished using instructions + conventions I }
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Caller Stack Frame

Return address
Caller
Frame

Pushed by call instruction
Arguments for this call (optional)

N

Callee Stack Frame
Saved register context

Local variables

If can’t keep in registers )

Callee
Arguments for function about to call Frame

(optional)

Stack pointer
3rsp———

4&ram ofacl | mpve 7 lower adfess

Stack “Bottom’

Grows toward lower addresses

¥

Register $rsp contains lowest
stack address
address of “top” element

frame

amT

Argument build
(Optional)

Return Addr

Saved
Registers
+
Local
Variables

Stack
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void multstore 0000000000400540 <multstore>:
(long x, long y, long *dest)({ 400540: push $rbx # Save %rbx
long t = mult2(x, y); 400541: mov $rdx, $rbx # Save dest
*dest = t; 400544: callq 400550 <mult2>—_# mult2(x,y)
} 400549: mov $rax, (¥rbx) # Sav t dest
40054c @pop $rbx # Restore $rb
40054dj ret # Return
long mult2 0000000000400550 <mult2>:
(long a, long b) 400550 mov $rdi,srax” # a
{ 400553:\ imul $rsi,%rax # a * b
long s = a * b; 400557: \ ret # Return
return s;
}
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Control Flow Example

0000000000400540 <multstore>: 0x130 .

. 0x128 .

L]

400544: callg 400550 <malt2> 0x120 A

400549: mov grax, (%rbx)

¢ , V\.{'D<f7 M\f/\k

* $rsp 0x120 f

Stack .— 697‘0

] Pointer
srip

0000000000400550 <mult2>:
400550: mov grdi,%rax

400557: ret

Next instruction
of caller

$rip: Program Counter (PC)
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1
0000000000400540 <multstore>: 0x130 y @
* 0x128 ° Return address
° saved here!!
400544: callg 400550 <mult2> 0x120 I
400549: mov %rax, (%rbx)_ 0x118 | 0x400549

L]

* srsp

$rip
0000000000400550 <mult2>:
400550: mov %rdi,%ran/’//
L]
L]
400557: ret

$rip:

Stack
Pointer

sddresdt bt 1\ dnrton

0x400550

Next instruction
now in callee

Program Counter (PC)

Control Flow Example (cq

0000000000400540 <multstore>: 0x130
. 0x128
L]
400544: callg 400550 <mult2> 0x120 |
400549: mov ¥rax, (3¥rbx)_ 0x11 0x4

* 3rsp

0000000000400550 <mult2>:
400550: mov %rdi, $rax

400557: ret

00549

%rip | 0x400557
Next instruction

& [ CHICAGO

Return address

Stack
Pointer

now in callee

srip: Program Counter (PC)
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Control Flow Example (cq .
0000000000400540 <multstore>: 0x130 °
. 0x128 O
.
400544: callg 400550 <mult2> 0x120 1
400549: mov $rax, ($rbx)
.
* 3rsp 0x120
Stack
N Pointer
$rip™| 0x400549
0000000000400550 <mult2>: Next
400550: mov g$rdi, srax instruction =
° return addr!
L]
400557: ret

$rip: Program Counter (PC)
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Registers Stack
First 6 arguments Caller Frame

cee

$rdi

srsi Arg n

%$rdx
LN

srex Argument build

2rs Arg 8 (Optional)

2r9 Arg7 Return Addr

Return value

Only allocate stack space

when registers are not enough

W\@V@t Viloes  Jont MW%L
con e Overwritten

When procedure yoo calls who:
yoo is the caller
who is the callee

yoo: who:
movq $60637, %rdx subq $15213, %rdx
call who e
addq %rdx, %rax ret
. . L]
ret

Contents of register $rdx overwritten by who
This could be trouble » something should be done!
Need some coordination

When procedure yoO calls ’Z”% Return value
rai
who: srsi
yoo is the caller srdx Arguments
who is the callee Caller-saved L_3Lcx 1, Chﬂ ng
2
L
c ti 2rl0 Caller-saved
onventions 1 °r1l temporaries
“Caller Saved” —_
Caller saves temporary values in its :ﬂ;:
frame before the call ;13 Callee-saved
“Callee Saved” call d %z14 Temporaries
Callee saves temporary values in Sc15
its frame before using
Callee restores them before - S0P
al ! .
rs Special .
returning to caller P P ReV|eW . Stac k
Each “function” has its own space on
| ot o s stack, called a stack frame Caller
ZM Frame
A .
3ore Stack frame management
Allocated when enter procedure (“Call” code)
Deallocated when returns (“Fet” code)
Callee
Stack Pointer: Frame
Last-in first-out” (LIFO) stack %rsp

discipline matches function call/ret
patterns S »

If P calls Q, then Q returns before P Stack “Top”

%rsp must be put back to the end of

Nallar Ervama wihan Mallaa ratiirne



Caller-saved: %rdi, %rsi, %rax
Callee-saved: %rbx

Stack frames mean that each function
call has private storage

Saved registers & local variables

Saved return pointer

Register saving conventions prevent one
function call from corrupting another’s
data

Unless the C code explicitly does so (e.g., buffer
overflow)

Stack discipline follows call / return
pattern

“If P calls Q, then Q returns before P” <==> “Stack:
Last-In, First-Out”

Also works for mutual recursion: P calls Q; Q ca¥$#ek pointer

%u% Over o

long call_incr2(long x .
glong vl = 6(06379; ) { Initial states
long v2 = incr(&vi, 3000)
return x +V2; Register Use(s)
%rdi X (1s‘arg)
%rsi
call_incr2: %rbx 1234
pushq Y%rbx
subq $16,\%rsp Y%rax
movq $606 8(%rsp)
movq Y%rdi, %ibx
movq $3000, %rsi
lea 8(%rsp), %ordi
cal incr
addq %rbx, %rax Rtn addr [~ %rsp
addq $16, %rsp
popq %rbx
ret

Caller <
Frame

Callee
Frame

3rsp

Resulting states
%rdi  x (1%targ)
%orsi
Y%rbx 1234

Yorax

Rtn addr
1234

«—3rsp

Saved
%rbx

Argument build
(Optional)
Return Addr

Saved
Registers
+
Local
Variables

Argument build
(Optional)
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Implementation of Unix function gets ()

/* Get string from stdin */
char *gets(char *dest)
{
int ¢ = getchar();
char *p = dest;
while (¢ != EOF && c
*ptt = c;
c = getchar();

= '"\n') {

}
*p = '\0';
return dest;

No way to specify limit on number of characters to read

Similar problems with other library functions

strepy, strcat: Copy strings of arbitrary length
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/* Echo Line */

void echo() Hﬁﬂiﬁmuyﬂb

{ o &W&
char buf[4]; /* Way too small! */
gets(buf);
puts (buf);

void call echo() {

echo();
call_echo:
4006e8: 48 83 ec 08 sub $0x8,%rsp
Before call to gets 4006ec: b8 00 00 00 00 mov $0x0, 3eax
4006f1: e8 d9 ff ff ff callg 4006cf <echo>
Stack Frame 4006£6: 48 83 c4 08 add $0x8, 3rsp
forcall_echo 4006fa: c3 retq
echo:
Return Address q_k 00000000004006cf <echo>:
(8 bytes) 4006cf: 48 83 ec 18 sub $0x18,3rsp
b"? 4006d3: 48 89 e7 mov $rsp,srdi
do 4006d6: e8 a5 ff ff ff callg 400680 <gets>
4006db: 48 89 e7 mov $rsp,%$rdi
4006de: e8 3d fe ff ff callg 400520
20 bytes unused <puts@plt>
. 4006e3: 48 83 c4 18 add $0x18,%rsp
Ca”—eCho' 4006e7: c3 retq

p3ilr2glenafrog|ous«—srsp

call_echo:
4006e8: 48 83 ec 08 sub $0x8,8%rsp
After call to gets 4006ec: b8 00 00 00 00 mov $0x0, $eax
4006f1: e8 d9 ff ff ff callg 4006cf <echo>
Stack Frame 006£6: 48 83 c4 08 add  $0x8,%rsp
forcall_echo 4006fa: c3 retq
echo:
00]00]00f00 00000000004006cf <echo>:
4006cf: 48 83 ec 18 sub $0x18, 8rsp
00[40f06]£6 4006d3: 48 89 e7 mov %rsp,srdi
00(32]31]30 4006d6: e8 a5 ff ff ff callg 400680 <gets>
4006db: 48 89 e7 mov %rsp,$rdi
39138137136 4006de: e8 3d fe ff ff callg 400520
35(34|33]|32 <puts@plt>
4006e3: 48 83 c4 18 add $0x18, $rsp
31[30f39]38 4006e7: c3 retq
37]36[35]34
33|32]31 |30 |puf+—=2rsp

What happens with input “0123456789012456789012”

ASCIl of ‘0’ is 0x30, ‘17is 0x31, ...

pebi g
00> R NV can'tread = Se4. futx

call_echo:
4006e8: 48 83 ec 08 sub $0x8,%rsp
efore call to gets 4006ec: b8 00 00 00 00 mov $0x0, %eax
4006£f1: e8 d9 ff ff ff callg 4006cf <echo>
Stack Frame 006£6: 48 83 c4 08 add $0x8,3rsp
for call_echo 4006fa: c3 retq
echo:
00]00}00f00 00000000004006cf <echo>:
4006cf: 48 83 ec 18 sub $0x18,%rsp
00]40]00454 4006d3: 48 89 e7 mov $rsp,$rdi
el M Bl 4006d6: e8 a5 ff ff ff callg 400680 <gets>
4006db: 48 89 e7 mov $rsp, %rdi
39[38137]36 4006de: e8 3d fe ff ff callg 400520
35|34]33]|32 <puts@plt>
4006e3: 48 83 c4 18 add $0x18,%rsp
31]30]39]38 4006e7: c3 retq
37]136]35]34
33[32[31]30|buf+«—=2rsp

What happens with input “012345678901245678901234”

ASCIl of ‘0’is 0x30, ‘1’is 0x31, ...
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