Procedure Call Registers

|/ Srax Seax $r8 sr8d \l
Srbx | %ebx 5r9 srdd \|
|/ Srcex Secx Sr10 %rl10d
B Srdx | sedx 9111 |sriid
|/ Srsi %esi Srl12 $rl2d
|/ Srdi Sedi Srl3 %rl13d
| Srsp | %esp srld4 ([%rlid
Srbp [ %ebp 5rl5 | srlsd
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Switch Statements

long switch eg
(long x, long y, long z)
{
long w = 1;
switch(x) {
case 1:
w = y*z;
break;
case 2:
w=y/z;
/* Fall Through */
case 3:
w += z;
break;
case 5:
case 6:
w -= z;
break;
default:
w=2;
}
return w;
}
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Jump Tables

Switch Form Jump Table
switch (x) { Stab:| Targo Targ0: |code Block
case val 0: 0
Block O Teuegl
case val 1: Targ2 .
Block 1 - Targl: |code Block
L] L] L] 1
case val n-1: .
Block n-1 Targ2: |code Block
} Targn-1 )
Translation (Extended C) .
goto *jtab[x]; I .
Targn-1: |code Block
n-1
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Switch Example

Jump table
long switch eg .section .rodata m
(long x, long y, long z) .align 8
{ 14- $rdi Argument x
long ;(:)1; .quad .18 # x=0 $rsi Argument y
switch(x) { .quad I3 #x=1
case 1: .ﬁad 15 # x = 2 Srdx Argument z
w = y*z; .quad L9 # x =3 $rax Return value
break; .quad L8 # x = 4
case 2: .quad L7 # x =5
w=y/z; .quad L7 # x =6
/* Fall Through */
case 3:
w += z;
break;
case 5:
case 6: switch_eg:
S o by movq $rdx, %$rcx
break; .
default: cmpgq $6, %rdi # x:6
w=2; ja .L8 # Use default
} jmp *_.L4(,%rdi,8) # goto *JTab[x]
return w;
}
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Example Jump Table

Jump table
switch (x) {
.section .rodata case 1: // .L3
.align 8 w = y*z;
olE41E a o o L break;
.qua . x .
.quad L3 #x=1 | [ ——case 2: // .L5
.quad L5 # x = 2 w=y/z;
.quad L9 # x = 33—\ | /* Fall Through */
.quad L8 # x 4 \case 3. // .L9
.quad L7 # x =5 _
.quad L7 #x=6 w += z;
break;
\\ case 5:
case 6: // .L7
w -= z;
break;
default: // .L8
w=2;
}
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Code Blocks
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switch eg:
101:1g w=1; mo;qg %$rdx, %rcx
switch(x) { cmpg  $6, %rdi # x:6
case 1: // .L3 ja .L8 # Use default
w = y*z; jmp * L4 (,%rdi,8) # goto *JTab[x]
break;
caseWZ; o /] LS .L3: trei s : Case 1
movqg rsi, %rax y
case/;:Fall T}/n/:m.lg}; */ imulqg $rdx, %rax # y*z
. ret
;r:;kf’ .L5: - # Case 2
case 5: mozq %rsi, %rax
cqgto
case 6:_ . // .L7 S srex T
W = HE jmp .L6é # goto merge
191 et .L9: # Case 3
default: // .L8 movl $1, 3eax m =l
WD A .L6: # merge:
} addg %rcx, %rax # w += z
return w; —
LL7: # Case 5,6
[Register _[Use(s) movl $1, %eax #ow=1
$rdi Argument x subq  brdx, %rax A
ret
$rsi Argumenty .L8: # Default:
movl $2, %eax # 2
Srdx Argument z e
$rax Return value
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Procedure Call Registers

|/ Srax Seax $r8 $r8d \l
Srbx | %ebx 5r9 srdd \|
|/ Srcx $ecx $rl10 $rl0d
|/ Srdx Sedx Srl11l $rlld
|/ Srsi %esi Srl12 $rl2d
B srdi |[sedi °r13 |[sri3d
| Srsp | %esp Sr14 |srilad
Srbp %ebp 5rlb srldd
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Call Stack
Stack “Bottom”
Increasing
Addresses

Stack Pointer: $rsp —

Stack
Grows
Down

*x

Stack “Top”
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Stack Operations

Control Flow Example (1)

0000000000400540 <foo>:

.

400544: callg 400550 <bar>
400549: mov $rax, ($rbx)

0x130 o
0x128 ®
0x120

\%rsp 0x120

AN

Srip | 0x400544

0000000000400550 <bar>:
400550: mov $rdi, $rax

400557: retq

Stack “Bottom” Stack “Bottom”
Increasing Increasing
Addresses Addresses
Stack
Grows é:(a)cks
Down w

Stack Pointer: $rsp — 5 Down
L Stack Pointer: %rsp‘izz
Stack “Top” Stack “Top”
pushqg Src popqg Dest
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Control Flow Example (2)

<foo>:

400550 <bar>
grax, ($rbx) €<—

0x130 o
0x128 ®
0x120

0x118—- 0x400549

srsp

0000000000400540
400544: callg
400549: mov

0000000000400550
400550: mov
400557: retqg

<bar>:
srdi, $rax —

Srip- 0x400550
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Control Flow Example (3)

<foo>:

400550 <bar>
grax, ($rbx) €<—

0x130 o
0x128 ®
0x120

0x118—- 0x400549

srsp

0000000000400540
400544: callg
400549: mov

0000000000400550
400550: mov
400557: retqg

<bar>:
$rdi, $rax

Srip~ 0x400557
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Control Flow Example (4)

0000000000400540 <foo>: 0x130 *
. 0x128 O
) 0x120

400544: callg 400550 <bar>
400549: mov

$rax, ($rbx) \

. XOISP 0x120

Srip ) 0x400549

0000000000400550 <bar>:
400550: mov $rdi, $rax

.

400557: retq
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Passing Data

Registers Stack
m First 6 arguments
o 0 o
Srdi
srsi Argn
Srdx
o 0 o
$rcx
%r8 Arg 8
$r9 Arg 7
m Return value
$rax
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Stack Frames

Previous
Frame
Frame Pointer: $rbp
(Optional)
Frame for
proc
Stack Pointer: $rsp —

*x

Stack “Top”
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Call Chain Example

Example
Call Chain

yoo (...)

Yoo

) who (...) l
who () ; { who

emill () 5 amT (...) amI amI

}

amI () ;
amI

) anT () |

amI

}

Procedure amI () is recursive
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Stack Frame Allocation (1)

Stack
yoo (...) oo $rbp
wp - Yoo
. Srsp—
who () ;
}
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Stack Frame Allocation (2)
Stack
yopL | yoo
{ |who (..)
{ M yoo
o o wno
| o #rbp
o o o who
amTI () ; Srsp——>
-*1
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Stack Frame Allocation (3)

Stack
yoo
| oo
WTO
amI who
Srbp
amI
Srsp—
}
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.
Stack Frame Allocation (4)

Stack
yoo
l yoo
wl[o
amI who
amIl amI
} : $rbp
— .
} amI
Srsp—
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Stack Frame Allocation (5)

Stack

yoo

who

amIl

amIl

Srbp

Srsp—

Bowdoin

Stack Frame Allocation (6)

who (...)
{

amT (...)

{

JamI (..)

{

1.
I

}

Sean Barker

yoo

who

amT

amIl

Stack

who

Srbp

Srsp—
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Stack Frame Allocation (7)

Stack
YOO
who
Srbp
amI
Srsp—
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yoo

who

Stack

YOO

Srbp

Srsp—

who

]
Stack Frame Allocation (8)
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Stack Frame Allocation (9)

yoo

who

amI

Stack

yoo

who

Srbp

Srsp—

amIl
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Stack Frame Allocation (10)

yopL I

{

-

{ |who (..)

amI () ;

amI () ;

yoo

who

Stack

Srbp

Srsp—

who
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Stack Frame Allocation (11)

Stack

Yoo

Srbp

{
Srsp— yoo
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Stack Frame Components

,
Caller
Frame <
Arguments
7+
Frame pointer \. | Return Addr
srbp Old $rbp
(Optional)
Saved
Registers
+
Local
Variables
Argument
Stack pointer Bu.ild
Srsp » | (Optional)
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