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- Temporary data Registers
( s¥rax, ) srax 3r8
— Location of runtime stack LEZRX 39
$rcx $rl0
3rs
(5rsp) $rdx srll
— Location qf current code "y —g
contr_ol point Srdi 2213
( srip, ... ) Srsp 3rl4
— Status of recent tests $rbp $rl5
( CF, ZF, SF, OF )
$rip Instruction pointer

Current stack top

CF

ZF

SF

oF | Condition codes
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Ebiiempig S

WRGEERE, ABZEBREREE, (Nt CF OF ZF SF
€& cmpb, cmpw, cmpl, cmpq

| cmpq Src2, Srcl

Srcl-Src2, AliZESrcl1l]
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W8 S BME, R EARRER, (BT SF ZF
i 15 testb, testw, testl, testq CF=0 OF=0
“ testg Src2, Srcl
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D7 D6 D5 D4 D3 D2 D1 D0
&0 0 010 0 00

O 0 0D,0 0 0 O

testb $0x10,%al

SF=0

ZF=0 if D4=1

ZF=1 if D4=0
TEST BE AT O EEE LR 1IEZO,
ZIES EBE R aEREFEBIES.
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— SET $5- AR S A S 5 B H IR R B AL 75 w7 4%
B AT R

ge
SetX Condition Description ~ (SF~OF)
sete ZF Equal / Zero =1 1ff.
SF=ZF=0
setne [~ZF Not Equal / Not Zero TS IE
sets SF Negative SF=ZF=1
setns |~SF Nonnegative gt SERRIE
setg ~ (SF~OF) &~ZF Greater (Signed)
setge |~ (SF”OF) Greater or Equal (Signed) =
— LT =TT e — BTSN
setl (SFAOF) Less (Signed)
setle |[(SF”OF) |ZF Less or Equal (Signed) |
seta ~CF&~ZF Above (unsigned)
setae |~CF Above or Equal (unsigned s~
ual (unsigned) | - ERFSE
setb CF Below (unsigned)
setbe |CF|ZF Below or Equal (unsigned) |_
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{ srdi Argument x
return x > y;

} srsi Argument y
$rax Return value

cmpg  %rsi, %rdi # Compare x-y

setg %al # Set when >

movzbl %al, %eax # Zero rest of %rax

ret

— movzbl 1 Hir & Fas M 50
— 32 P ERAERUE S 32 DL
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jmp *%rdx jmp *(%rdx)
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FS &4 EBEHF 1288
\—3g . 1 | jc label CF=1 BiELA/MELL
—<- 2 | jnc label CF=0 FoiEAL/fESL
NIRIBENMER | 3 | jeljz label ZF=1 MHEE/ETE
SHYERHRS | 4 | jneljnzlabel | ZF=0 FHEE/AETE
5 | js label SF=1 =R
6 | jns label SF=0 AIEREL
7 | jo label OF=1 Bimd
8 | jno label OF=0 y i = Run
9 | ja/inbe label | CF=0 AND ZF=0 | LfFSEZ A>B
IETFTSE | 10 | jac/jnb label | CF=0 FF S A=B
*ﬁttﬁs&iﬁé‘? 11 | jb/jnae label | CF=1 AND ZF=0 | ZLfFSEZ A<B
12 | jbe/jna label | CF=1 OR ZF=1 T SEELA=B
13 | jg/inle label | SF=OF AND ZF=0 | {4 S % A>B
)ik Ess | 14 | jge/jnl label | SF=OF HAHSELIA=B
ZULVECEERS | 15 | jl/inge label | SF=OF T SEIIA<B
16 | jle/ing label | SF=OF OR ZF=1 | i SEA A<B

I ERASAEStICES, iBEIRME

SHBEERIEIFIRAFRDE,




movq %rdi, %rax
jmp .L2

whets
sarq hrax

wLid 3
testq %rax, jrax
jig ; Licd
rep; ret
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4004d0:
400443:
4004d5:
4004d8:
4004db:
4004dd:

48 89 £8
eb 03
48 d1 £8
48 85 c0
7f £8
£a 23

mov
jmp
sar
test

jg

%rdi,%rax

4004d8 <loop+0x8>
%rax

%rax,’%rax

4004d5 <loop+0x5>

repz retq
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int sum(int a| |, unsigned len)

{

int 1, sum = 0;

for 1=0;1<=len—1; 1++)
sum += a[i];

return sum;

£

W ss8len0n, EEERZE0
|, (BRENELHTE, MRET
fEsEASEE, Why?

W i 70 len-1 SRIEHIEHA S

22? %eax? %ecx?

L3: ...

leal -0x1(%rsi),%ecx

cmpl  %eax,%ecx
jae .L3 \

i £%eaxHA, len-1 £%ecxH
%eax: 0000 ...... 0000
%ecx: 1111 ...... 1111

cmpl IFSHIRITERETA?




© jac L3THAIIATH: R

BS s 15088
JA/JNBE label CF=0 AND ZF=0 TIISEA>B
JAE/JNB label CF=0 TG SEA>B
JB/JNAE label CF=1 AND ZF=0 TIISEA<B
JBE/JNA label CF=1 OR ZF=1 TATSEIA<B
JG/JNLE label SF=OF AND ZF=0 B TS4A>B
JGE/JNL label SF=OF BYS%IA=B
JL/JNGE label SF#OF BYS4IA<B
JLE/JNG label SF#OF OR ZF=1 BYS%IA<B

ER, WFEA i #hARFEY, EAHITTSEEREL324M )y
. BEEIMIEARIINGT, RESHEEHEINRMT ML EFiES

iBERE.
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int sum(int a[ ], int len)

= int i, sum = 0;

for (i=0;i<=len-1; i++)
sum += aJi];

return sum;

IEfRRERRESElensEE
‘  Aint8, Why?

L3: ...

leal -0x1(%rsi),%ecx
cmpl  %eax,%ecx

jge .L3

i £%eaxHA, len-1 £%ecxH

%eax:
%ecx:
cmpl ;

0000 ...... 0000
1111 ...... 1111

RLHPTERETA?
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gcc —-0Og -S control.c

long absdiff
(long x, long y)
{
long result;
if (x > y)
result = x-y;
else
result = y-x;
return result;

absdiff:

cmpq
jle
movq
subgq
ret
.L4:
movq
subgq
ret

srsi, 5%rdi
.14

srdi, %rax
¥rsi, %rax

¥} x <=y
¥rsi, %rax
srdi, %rax

#Y’X

Regstr L Usel)

$rdi
$rsi

$rax

Argument x

Argument y

Return value
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long absdiff
(long x, long y)
{
long result;
if (x > y)
result = x-y;
else
result = y-x;
return result;

long absdiff j
(long x, long y)
{
long result;
int ntest = x <= y;
if (ntest) goto Else;
result = x-y;
goto Done;
Else:
result = y-x;
Done:
return result;




if (test-expr)
then-statement

else
else-statement

(=test-expr;

if (!t) goto false;
then-statement
goto done;
false:
else-statement
done:

(=test-expr;

if (t) goto true;
else-statement
goto done;
frue:
then-statement
done:
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long absdiff
(long x, long y)
{

long result;
if (x > y)

result = x-y;

else

result = y-x;

return result;

absdiff:

cmpq
jle
movq
subg
ret
.L4:
movq
subg
ret

absdiff:

cmpq
Jg
movq
subqg
ret
.L4:

movq
subg
ret

$rsi, %rdi
.L4

srdi, %rax
$rsi, %rax

# x <=y

$rsi, %rax
$rdi, %rax

$rsi, %rdi

.L4

$rsi, %rax
srdi, %rax

# x>y
$rdi, %rax
$rsi, %rax

# y,x
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void cond(long a, long* p)

{
if (p&&a>*p)

*p=a;
}
cond:
testg %rsi, S%rsi
je .L1
cmpq 3rdi, (%rsi)
jge .11
movq %rdi, (%rsi)
.L1:
rep; ret
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SFAHARIE:

if (Test) Dest € Src

FAARETR S AT & IACC B a8 B M R 1t

C Code

Goto Version

val

= Test
? Then_Expr
: Else_Expr;

result = Then_ Expr,
eval = Else_Expr;

nt = !Test;

if (nt) result = eval;

return result;
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long absdiff
(long x, long y)
{
long result;
if (x > y)
result = x-y;
else
result = y-x;
return result;

absdiff:
movq ¥rdi, S%rax
subgq ¥rsi, Srax
movq %¥rsi, %Srdx
subqg srdi, %rdx
cmpq ¥rsi, srdi
cmovle %rdx, %rax

ret

#

3H H I+

X

B Mg gLl

long absdiff
(long x, long y)

{
long rval = x-y;
long eval = y-x;

return rval;

{ return x<sy?y-x:x-y;

E:::i> long ntest = x <= y;

if (ntest) rval=eval;

}

return x-y

eval
Xy

if <=,

= y-X

result = eval
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cmove S, R cCmovz ZF M2
cmovne S, R cmovnz ~ZF AAFAEF
cmovs S, R SF &
cmovns S, R ~SF {Efi 2
cmovg S, R cmovnle ~(SF =~ OF) & ~2F XF (BH/HE>)
cmovge S,R | cmovnl ~(SF ~ OF) KFRFF (AH5>=)
cmovl S§,R | cmovnge SF =~ OF N (BFE<)
cmovle S,R cmovng (SF~QF) | ZF PMFRETF (FF8<=)
cmova S,R cmovnbe ~CF & ~ZF gt (XS >)
cmovae S,R | cmovmb ~CF A EEF (XFS>=)
cmovb S, R cmovnae CF £F (XEF8<)
cmovbe S,R cmovna CF | ZF HKTEHEE (XffS5<=)
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C Code Goto Version
do loop:
Body Body
while (7est) ; if (7Zest)
goto loop
* Body:
{ Statement, ;
Statement,;

Statement,;

}

© “Do-While” fif#F i LS



© «Do-While” [EFF

C Code

long pcount do
(unsigned long x) {
long result = 0;
do {
result += x & Ox1;
x >>=1;
} while (x);
return result;

o THEXFHITHIAEL

Goto Version

long pcount goto
(unsigned long x) {
long result = 0;
loop:
result += x & 0x1;
x >>=1;
if (x) goto loop;
return result;
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Goto Version

long pcount goto
(unsigned long x) {
long result = 0;
loop:
result += x & 0Ox1;
x >>=1;
if (x) goto loop;
return result;

movl
L2:

movq
andl
addq
shrq
jne

rep;

ret

Register | Usels)
srdi Argument x
srax result

$0, %eax # result =0

# loop:

$rdi, %rdx

$1, %edx # t =x & 0x1

$rdx, %$rax # result += t

$rdi ¥ x >>=1

.L2 # if (x) goto loop
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| While version

g; while (7est)
Body

—

Goto Version

goto test;
loop:
Body
test.:
if (7est)
goto loop;
done:
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C Code

long pcount while
(unsigned long x) {
long result = 0;
while (x) {
result += x & 0x1;
x >>=1;
}

return result;

e Flldo-while fi bL &

Jump to Middle

long pcount goto jtm
(unsigned long x) {
long result = 0;
goto test;
loop:
result += x & 0x1;
x >>=1;
test:
if (x) goto loop;
return result;
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While version
while (7Zest)

e “Do-while” conversion

Body e Used with =01

$

Goto Version

Do-While Version if (! 7est)
if (!7Zest) goto done;
goto done; loop:
do ‘ Body
Body if (Zest)
while (7Zest) ; goto loop;
done: done:
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C Code

long pcount while
(unsigned long x) {
long result = 0;
while (x) {
result += x & 0x1;
x >>=1;
}

return result;

Do-While Version

long pcount goto dw
(unsigned long x) {
long result = 0;
if (!'x) goto done;
loop:
result += x & 0x1;
x >>=1;
if (x) goto loop;
done:
return result;
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long loop while(long a , long b)

{

long result=__ 1 ;
while (__a<b ) {
result= r‘esu1t*(a+b)

a= a+1l 5

}

return result;

loop while:

movl $1, %eax

jmp .L2

.L3:

leaq (%rdi, %rsi), %rdx
imulq %rdx, %rax

addq $1, %rdi

.L2:

cmpq %rsi, %rdi
jl .L3

rep; ret
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General Form

for (/Init; Test; Update)

Body

Test

i1 < WSIZE

~ |#define WSIZE 8*sizeof (long)
long pcount for (unsigned long x)

{

size t i;
long result = 0;
for (1 = 0; i < WSIZE; i++)
{

unsigned bit =

(x >> 1) & 0Ox1;

result += bit;

}

return result;

Update

i++

Body

{
unsigned bit =

(x >> 1) & 0x1;
result += bit;
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For Version

for (Init; Test; Update )
Body

While Version

Init;

while (7est) {
Body

Update ;
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Init

Test

i < WSIZE

Body

unsigned bit =
(x >> 1) & O0x1;
result += bit;

long pcount for while
(unsigned long x)
{
size t i;
long result = 0;
i=20;
while (i < WSIZE)
{
unsigned bit =
(x >> 1) & 0Ox1;
result += bit;
i++;
}

return result;
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C Code

Goto Version

long pcount for
(unsigned long x)

size t i;
long result = 0;
for (i = 0; 1 < WSIZE; i++)
{

unsigned bit =

(x >> 1) & 0x1;

result += bit;

}

return result;

long pcount for goto dw
(unsigned long x) {
size t i;
long result = 0;
i=0; Init
if ('(1i < WSIZE)) 7,
goto done;
loop:
{
unsigned bit =
(x >> i) & 0x1; Body
result += bit;
}
i++; Update
if (1 < WSIZE) 7,
goto loop;
done:
return result;




long pcount for
(unsigned long x)

{
size_t i;
long result = 0;

for (1 = 0; i < WSIZE;

{
unsigned bit =
(x >> 1) & Ox1;
result += bit;
}

return result;

i++)
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/\5

switch(
RS ERHTZED.
| - R TC AR

B - BUEAEEE(uM table)EELN

EINEEL

ANEA LIRS

—

;5%

=

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;




Switch Form

switch (x) {
case va1_0 :

Block O

A

i case val_l .

Block 1

case val_n—l :

Block n—1

| Translation (Extended C)

goto *JTab[x];

© PR 4

jtab:

Jump Table

Targ0

Targl

Targ2

Targn-1

GCC HRIEFRIB I EFT R IB BRI
FHERERENERIET. SHXBREEL
R(hEnaLAL) . FEERSEESERL

BT, FISERIBkEEER.

ot LR
Jump Targets
Targ0: Code Block
0
Targl: Code Block
1
Targ2: Code Block
2
Targn-1: Code Block
n-1
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long switch eg
(long x, long y, long z)
{

long w = 1;
switch (x) { .
case 1: * Multiple case labels

w = y*z;
break;
case 2: y -5&6
w=vy/z;
/* Fall Through */  Fall through cases
case 3:
+= z; _
greakf 2
5:
case 6. « Default cases
gre;kf’ _.43.._
default:
w = 2;
}

return w;
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long switch eg(long x, long y, long z)
{

long w = 1;
switch (x) {

}

return w;

Setup:

Regster L Usely)

switch eg:

srdi Argument x
movq srdx, Srcx o =
3rsi Argument
cmpq $6, %rdi # x:6 8 &l
ja 1.8 Frdx Argument z
Jjmp * L4 (,%rdi, 8)

$rax Return value
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long switch eg(long x, long y, long z)
{
long w = 1;
switch (x) { .section .rodata Jump table
.align 8
.1L4:
} .quad .IL8# x =0
return w; .quad .I3# x =1
} .quad .IL5# x = 2
" .quad .L9# x = 3
Setup: .quad .L8# x = 4
iV : L7 =
switch eg: qu:: L7: : _ 2
movq $rdx, %rcx - i
cmpq $6, %rdi # x:6
ja .L8 # Use default
) Jjmp * L4 (,%rdi,8) # goto *JTab[x]

[E13: 25123




» Assembly Setup Explanation®r-#eLaiiin

. Bk o

o BB HILE: 8 bytes e
_EHbHE: 1A ad 134 % o1

o BkiL ad 1o x - 3
- B jmp .18 quad Tk xS
— JA)3E: jmp *.L4(,%rdi,8) | Tad L1#x=6

o BREEZFRFIIA: L4
 %rdi*8 (ibilk 8 bytes)

. IRIEBARUELE L4 + x*8 $REERAYEkEE b
*Onlyfor 0 < x<6
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X
Jump table

.section .rodata
.align 8

.L4:
.quad L8 # x =0
.quad I3 #x =1
.quad LS5 # x = 2
.quad L9 # x =3
.quad L8 # x = 4
.quad L7 # x = 5)§\t
.quad L7 # x =6

N\

[ AN

switch (x) {
case 1:
w = y*z;
break;
case 2:

—”’_,,—— w =

y/z;

case 3:
w += z;

break;

case 5:
ase 6:

w —= Zz;

break;

efault:

w 2;

// .L3

// .L5

/* Fall Through */

// .LS
// .L7
// .L8




© Code Blocks (x==1) 1T |t T AL

switch(x) {
case 1:
w = y*z;
break;

// .L3

.L3:
movq $rsi, %Srax # y
imulg %rdx, %rax # y*z
ret

Register | Usels) _____

srdi Argument x
Frsi Argument y
srdx Argument z

$rax Return value




© Handling Fall-Through T

case 2:
w=y/z;
goto merge;

/

long w = 1;
switch (X){//
case 2:

w=1y/z;

/* Fall Through */ N
case 3: —

w += z;

break;

case 3:
w=2YX;

merge:f'

w t+= z;




© Code Blocks (x == 2, x == 3) il

long w = 1; .L5: # Case 2
movq ¥rsi, %rax
switch (x) { movq srdx, Srcx
idivg  %rcx # y/z
— _ jmp .L6 # goto merge
[ .L9: # Case 3
w=y/z; movl $1, %eax #w=1
/* Fall Through */ | |-L6: # merge:
; addqg $rcx, %rax # w += z
|lcase 3:
ret
w += z;
break;

Regser L Usel)

srdi Argument x
Frsi Argument y
srdx Argument z

$rax Return value




© Code Blocks (x == 5, x == 6, default) s lszssht

-

switch (x) {

case 5: // .L7

case 6: // .L7
w = Z;
break;

default: // .L8
w = 2;

.L7: # Case 5,6
movl S$1, %eax ¥ w=1
subg %rdx, %rax # w -= z
ret

.L8: # Default:
movl $2, %eax # 2

ret

Register ___|Usels) _____

Srdi Argument x
Frsi Argument y
Srdx Argument z

$rax Return value




® e, L

-

void switcher

(long a , long b , long c , long *dest) { L4:
long val; o .quad .L.2
switch(a) { SWITCRER: : .quad .LL5
case 4 - cmpq $6 , Yordi
c= b715 ja.L2 .quad L2
cas; 1 '- jmp *.L4( ,%rdi ,8) .quad .L6
case 6 . L7: .quad .L.7
val= (c+b)<<2 . xorq $15, Yorsi .quad .L2
break; ’ movq %rsi, %rdx quad .L5
: L5: - :
3 :
Ca\SI:]_= a o leaq (%rdx , %rsi) , %ordi
break; ’ salq $2 , Yordi
b o
default: JEQT°L6
val= b 5 ° . o Y .
} movq %rsi , Yordi
L6:
* — .
} dest= val; mova Yerdi , (Yorcx)

ret




© SRR YL R R

ST ket
R B R A AR (e

R

' ZEIR A IR [BE

B R RIRE I
W ym e B 2 ] R

| x86-64 ANIiESCIREiE I TE R A

I} EEHESH—LER SR (IS
PRI (R0 LO =N,

A~ A L

\

{

~ return v[t];

}

int Q(\nt i)
int t\= 3*i; 4

int v[\.O] ;




© ML S GRS St LT S
P: Q: (GISER" N

; ; B SR A
RSN Aﬂjﬁﬁc R BB ?
Al 0 BT s BONTERERE SRR,

: FiR A4 HR

e BER: AR —E®E T
z[E P

TREAANPATSE (P ARAHE, Q A%AHE)

(D PHANOSH (2 FHE Q ALV F I H 7 1 p e

(2) PRAFREIMEL, SREHHEERE Q. caigs [T

(3) Q {RAE P 137, FF 9 CR AR R AL R A2 ]

(&) BUT Q L FE, SRR REMR |
\ N o - Q 1JEE

(5) QK& P (817, REIURHAS & 23 ; }zﬁmﬁa

(6) Q AUt mIHhhl, Kzl 4%t2 %] P, RETIES i}




©Code Examples

i, ML sEge

void multstore
(long x, long y, long *dest) {
long t = mult2(x, y);

long mult2
(long a, long b) {
long s = a * b;

*dest = t; return s;
} }

= |{0000000000400540 <multstore>:
400540: push $rbx # Save %rbx
400541: mov %$rdx, $rbx # Save dest
400544: callg 400550 <mult2> # mult2(x,y)
400549: mov $rax, ($rbx) # Save at dest
40054c: pop %rbx # Restore %rbx
40054d: retq # Return

' |0000000000400550 <mult2>:
400550: mov %$rdi, $rax # a
400553: imul %rsi,%rax # a*b
400557: retqg # Return




© 2 HillJi Example #1

= 0000000000400540 <multstore>:

400544: callg 400550 <mult2§\\

400549: mov $rax, ($rbx)

400550:

400557

mov

retq

0000000000400550 <mult2>:

srdi, $rax

([ J
0x130 e
0x128 e
0x120
srsp |0x120
AN
srip Y0x400544




© il Example #2

= |0000000000400540 <multstore>:

400544: callg 400550 <mult2>

0x130
0x128
0x120

400549: mov srax, ($rbx) <
[ J

0x118 {0x400549 Ti:::>
$rsp |0x118 -

%rip/

0x400550

?0000000000400550 <mult2>:

400550: mov %rdi,%rax‘e’///

400557: retq

—




© il Example #3

0000000000400540 <multstore>:

400544: callgqg 400550 <mult2>

0x130
0x128
0x120
0x118 -

400549: mov $rax, ($5rbx) <—

0x400549

3rsp

0x118

%rip/

0x400557

0000000000400550 <mult2>:
400550: mov %rdi, %ra

400557: retq

//’////V




© =i Example #4

0000000000400540 <multstore>:

400544: callqg 400550 <mult2>
400549: mov

%rax, (%rbX) \
o

0x130
0x128
0x120

0x120

\\\\\\fifp

srip

0x400549

0000000000400550 <mult2>:
400550: mov %rdi, Srax

400557: retq




€ HHEfLik

ERERT

B LBNRSYER 3 - E Z il MM LTl

IR EN S

HEH

o T 2 [N Iy O HE M A [H]

$rdi
$rsi S
$
rdx Arg n
$rcx
%r8 ® & O
$r9
e R[FI{E Arg 8
Srax Arg 7
PR ELN T A OEF iR [O]
(223 1 | 2 3 4 5 6 | BB
8 RDI| RSI [ RDX |RCX RS RO RAX
4 EDI| ESI | EDX |ECX RE8D | RO9D EAX
2 DI SI DX CX RE8W | ROW AX
1 DIL | SIL DL CL RE8B RO9B Al




»

€ HHEfLik

void multstore
(long x, long y,

long mult2
long *dest) { (long a, long b) {

long t = mult2(x, y);, long s = a * b;
*dest = t; return s;
} }
* |0000000000400540 <multstore>:

# x in %rdi, y
400541: mov
400544: callq
# t in %rax

in %rsi, dest in $%$rdx

%$rdx, $rbx # Save dest
400550 <mult2> # mult2(x,y)

400549: mov $rax, (%rbx) # Save at dest
' 10000000000400550 <mult2>:
| # a in %rdi, b in %rsi

400550: mov %rdi, $rax # a

400553: imul %rsi, %rax # a*Db

# s in %rax

400557: retqg # Return




© BiEfeix M0 (e fos Ry M

long caller S : ﬁ

oo cater O HATE calle ) call B SEHE IR
char a=1; ,. ,.
short b=2; - ” 2
:nt c=d3;4 c=3 b=2 // a=l| 16
ong d=4; " )
test(a, &a, b, &b, ¢, &c, d_&eh: —~ 28 8=&d 8
return a*b+c*d; "

. ' P P
b Hfe M SRTEmE? | B7=d= 04RSP
void test(chhar a, char *a #1738l callerfifcalligs,
shor

short *b
i \\\\\ HARRAR SN

iR (O]

* —

ap+=a \ ZE
( 3 B 6 =

*bp+=b N |=orle \\\ \

*Cp+=C 8 RDINRSI | RDX R8 | R9 | RAX

\ EDI EEX\ EDX |[ECX | R8D | R9D | EAX

4
} 2 \ DI | sI [*'Dx | cx |Rsw |[Row | Ax
1 bro|sm | pL [ cL | RrsB |R9B | AL
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1gEH~

who (...)

amI () ;

amI () ;

Procedure amI () is recursive

Example
Call Chain

yoo




-

Example Stack

yoo

$rbp—
yoo

Srsp——




Example Stack

() yoo

who (...) l

{ yoo
o o o who
amI () : 6:|’.'1)P_> h
e o o wino
amI () ; Srsp——

}




who (...)

=
)

Example

yoo

who

amI

Stack
yoo
who

$rbp—
aml
Srsp—mm——




ot R B Z R
Example Stack

who (...)
{ v yoo
amI (...) who
{
JamI (..) ]
». { amI WhO
al ([
° * amI
H o amI(); S
} ’ $rbp——
) ’ aml
Srsp———




© e, s gL

~

Example Stack

( yoo
who (...)
{ 1l YOO
amI (...) who
{
. ?mI (...) arrlé[ who
*" J|amI(..)
al . {
} ° . amI aml
) : amI () ; T
} . am amI
} $rbp—

aml

Frsp——m—m——




ot R B Z R
Example Stack

who (...)
{ v yoo
amI (...) who
{
JamI(..) !
aml amI
} ’ $rbp—
) ) aml
Srsp——




YO

who (...)

=
|

Example

yoo

who

amI

Stack
yoo
who

$rbp—
aml
srsp—m——




Example Stack

who (...) l

{ yoo
e o o who
amI () ; srbp——— )
e o o wino
amI () ; srsp——

}-




who (...)

=
)

Example

yoo

l

who

N

amIl

el U

Stack
yoo
who

$rbp—
aml
Srsp——




el U

-

Example Stack

( y0O

who (...) l

{ yoo
e o o who
amI () ; srbp—— .
e o o wino
amI () ; Srsp——m—

}




-

Example Stack

yoo

$rbp—

yoo

Srsp———




© Example: incr B LS

long incr(long *p, long val) {
long x = *p;

long y = x + val;

P =y

return x;

o - Register | Use(s)
movq $rdi) , Srax

addq $rax, $rsi srdi Argument p
movq $rsi, (%rdi) srsi Argument val, y
ret

$rax Return value x




© Example: Calling incr #1 sl

Initial Stack Structure

long call incr() {
long vl = 15213;
long v2 = incr(&vl, 3000);
return vl1l+v2;

& ) Rtn address |«

3rsp

call incr:
subq $16, %rsp Resulting Stack Structure
movqg $15213, 8 (%rsp)
movl $3000, %esi
leaq 8 (3rsp), 5%rdi
call incr
addq 8(%rsp), %rax Rtn address
addg $16, %$rsp
e 15213 < $rsp+8
Unused «—— 3rsp




© Example: Calling incr #2 ssssisi

long call incr() {
long vl = 15213;
long v2 = incr(&vl, 3000) ;
return v1+v2;

Stack Structure

call incr:
subqg $16, S%$rsp
movq $15213, 8(%rsp)
movl $3000, %esi
leaq 8 (%rsp), %rdi
call incr
addq 8 (3rsp), S%Srax
addg $16, %$rsp
ret

Rtn address
15213 < $rsp+8
Unused «— 3rsp
Register [ Use(s)
$rdi &vl
srsi 3000



© Example: Calling incr #3 s ailasis

Stack Structure

long call incr() {
long vl = 15213;
long v2 = incr(&vl, 3000) ;
return v1+v2;

Rtn address
18213 < $rsp+8
Unused «—— %rsp

call incr:
subqg $16, S%$rsp

movq  $15213, 8(Srsp) Register | Usels)

movl $3000, %esi s rdi svl
lea 8 (%rsp), %rdi
cal? incr ? srsi 3000

addg 8 (3rsp), S%Srax
addg $16, %$rsp
ret




© Example: Calling incr #4 sl

Stack Structure

long call

incr() {

long vl = 15213;
long v2 = incr(&vl, 3000);
return vl1+v2;

call incr:
subgq
movq
movl
leaq
call
addg
addqg
ret

$16, S%$rsp
$15213, 8(%rsp)
$3000, %esi

8 (3rsp), 5%rdi
incr

8 (3rsp), %rax
$16, %rsp

Rtn address

18213 < srsp+8

Unused «—— 3ISp

Register | Use(s)
$rax Return value

Updated Stack Structure

Rtn address $rsp

a




© Example: Calling incr #5 s ailssis

long call

incr() {

long vl = 15213;

long v2 = incr(&vl, 3000);

return vl1l+v2;

Updated Stack Structure

Rtn address l—— 3rsp

call incr:

subq
movq
movl
leaq
call
addq
addq
ret

$16, S%$rsp
$15213, 8(%rsp)
$3000, %esi

8 (3rsp), 5%rdi
incr

8 (3rsp), S%Srax
$16, %$rsp

Register | Usels)

$rax Return value

Final Stack Structure

— 3Jrsp




© HPEfLik il LS

long caller ()

{ HATE caller B call 355 B% FEi,

char a=1;— ,. ,.
short b=2; A\ #
:nt c=d3; > =3 > b= a=l1| 16
ong d=4; -

test(a, &a, b, &b, ¢, &c, d_ &) — 24 8=&d 8

* *le
. return a*b+c*d; T~ 5 7=d=4 0 €RSP

||| void test(char a, char *ap,

' short b, short *bp,
int ¢, int *cp,

long d, long *dp)

*ap+=a;
*bp+=b;
*cp+=¢;
*dp+=d;




@ HFEfeik il LS
subq §32, %rsp //Rrsp]«R[rspl-32

ATE caller B call 5% BIF% AR

movb §1, 16(%rsp)  //M[R[rspl+16]«1

o §, 180es)  /AMREgpligle M

novl §3, 20(esp) /MRlrspl+20]3 =3 =N IS
Enovq §4, 24(%rsp)  //M[R[rspl+24] <4 __— 2His=ad g

leaq 24(%rsp), %rax //Rlrax]«<R[rspl+24 — £ 7 = d= 4\ 0 €RED

movq Yrax, 8(%rsp) //M:R[rsp1+8]*-R[m]//
Mmovq $4, (rsp)  //M[R[rspl]=4

il 120 20(rsp), %9 //Rr9]«Rlrspl+20 long caller ()
movl §3, %r8d //R[x8d]+3 {
_ char a=1;
leaq 18(%rsp), %rex //R[rex]«<R[rspl+18 short b=2;
Thnovw $2, %dx //Rldx] 2 :"t c=d3; 4
| - ong d=4;
leaq 16(%rsp), %rsi //Rlrsi]«<R[rspl+16 testg(a, &a, b, &b, c, &c, d, &d);
b §1, Wil /Rl retumn a*b+c'd;

call test_%1 5%}‘3"7‘ }



@ HFEfeik il LS

movq 16 (%rsp), %rl0//R[r10]<M[R[rsp]+16]  RIr10]—&d
addb %dil, (%rsi) //M[R[rsil]<M[R[rsi]]+R[dil] *ap+=a;
addw %dx, (%rex)  //M[R[rex]]<M[R[rcx]]+R[dx] *bp+=b;
B addl %r8d, (%r9)  //MR[x9]]<MR[r9]1+R(r8d]  *cp+=c;
§ movq 8(%rsp), %rax //R[rax]<M[R[rsp]+8] }*d +=d:
(addq %rax, (%r10) //M[R[r10]]<M[R[r10]]+R[rax]

§l ret . — DIL, RSI_ DX, RCX. R&D. R9

il MmiTEltesthreti5E SR, HerhAY

IRZASUE? retiiTEERS? void test(cha h o
short’b, shoyt *bp,

=8 = int ¢, int *cp,
= -1 » long d, long *d
c=6 ] b=4 a=2| 24 { g g *dp)

ZH 8 =&d 16 *ap+=a;

" *bp+=b;

£ — = ;

ZE T=d=4 Q rp=C:

IR O k=3 16 75 -FriEtthit | 0« RSP } *dp+=d;




movswqg %ax, %rax
1| leaq (%rax, %rcx) ,%rax

ret \

@ ks

ME16FRESHER
movslqg 20 (%rsp), %rcx

mov 24 (%rsp), %rdx

imulq %rdx, %rcx

— movsbw 16 (%rsp), %ax

movw 18 (%rsp), %dx
imulw %dx, %ax

addqg $32, %rsp

hflcallerfiYtkin

MiTEIretiSSHY,
RSPigMiEHcaller
EREER{FANRDE

HiTtestiretis S iE, EHRYIX
Sula?
a=8 24
[
c=6 b=t U/ =216
ZE 8=&d 8
S8 7=d=4 04RSP
long caller ()
b, &b, c, &c, d, &d);

return a*b+c*d:




© FHuBRELE R SR,
o I mainifil H i FE who:

— mian Ecallerifi] H &

— who 2 calleef? 1 H &

main: who:

movqg $15210, %$rdx

movqg $15213, %rbx

call who
movq 3%rdx, 3%rax

movqg $1000, %$rdx
subg $18213, %rbx

ret

addq %rbx, S%rax

— Z174s $rbx, $rdx #f whofd &

x86-64 KA T —HG — KT FRERBRG, Fra R EEERFF)E L IENE.



A AT IRAT 20 5E

« ZI5E
— “Vi & R AT B A7 a8 frame 3
Vi 2 7E call ] FH 2 B RAFIX
1 = ﬁ E]/J 1E o Frame pointer

~ YRR A 1A

W 2 D s A FH R R AT
XL 2R A7 AR HIE

W 2 ST AR IR B R
VR R R HE

RFILA: IEEFRRIREENE
%P, NEHFRIE, ARER
RIS Tt A,

\ i

Srbp—— [0ld Srbp

(Optional)

Stack pointer

Srsp——

JArguments
7+

\. [Return Addr

|Saved
Registers

+
ll\.,ocal
ariables

rgument
Build

Optional)




© x86-64 Linux Register Usage # 1t if)Lss

e Srax
— 1R HME
— & PRI
— @T Uﬁﬁﬁﬁzﬁﬁﬂz
e $rdi, ..., $r9
__§%§Q
— AR
— @T DL A el AR
e 5rl0, $rll
— AR
AT DL R s

Return value

Arguments <

Caller-saved -
temporaries

\(

_|!I'

$rax

$Srdi

$rsi

$rdx

$rcx

&$r8

$r9

srl0

srll




© x86-64 Linux Register Usage #2

e 3rbx, $rl2, $rl3, $rld
— B ORI
— WU D ARAT AN R
e Srbp
— B ORI
— WO IR AT R B AR

Callee-saved
Temporaries <

Special <|:

$rbx

srl2

$rl3

$rld

srbp

3rsp




©

main:
(] o (]
movg $15210, %rdx
movg $15213, %rbx
pushq %rdx
call who
popg 3rdx
movq 3%rdx, 3%rax
addq %rbx, %rax

who:

pushq S%rbx

movg $1000, %$rdx
subg $18213, %$rbx
popg 3%rbx

ret




< 1A FH & PR 97 Example

long call incr2(long x) {
long vl = 15213;
long v2 = incr(&vl, 3000);
return x+v2;

Initial Stack Structure

Rtn address

—— 3rsp

call incr2:
pushg $rbx
subgq $16, %rsp
movq rdi, S%rbx
movq $15213, 8(%rsp)
movl $3000, %esi
leaq 8 (3rsp), %rdi

call incr
addq 3rbx, 3%rax

addg $16, S%$rsp
popq Srbx
ret

Resulting Stack Structure

Rtn address

Saved $rbx

15213

—— Srsp+8

Unused




< 1A FH & PR 97 Example

long call incr2(long x) {
long vl = 15213;
long v2 = incr(&vl, 3000);
return x+v2;

A~
I

S~

Resulting Stack Structure

Rtn address

Saved $rbx

call incr2:
pushq Srbx
subqg $16, %rsp
movq srdi, S%rbx
movq $15213, 8(%rsp)
movl $3000, %esi
leaq 8 (3rsp), %rdi

call incr
addq $rbx, S%rax

addg $16, %rsp
popq srbx
ret

15213 —— 3rsp+8

Unused «— %rsp

Pre-return Stack Structure

Rtn address [«—— 3rsp




© )t

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

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

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

pcount r:

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

.L6:

rep,; ret



©

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

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

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

Register | Use(s) I Type

$rdi X Argument
$rax Return value Return value

pcount r:

movl S0, %eax
testqg srdi, %rdi
je .L6
pushq Srbx
movq srdi, 3%rbx
andl $1, %ebx
shrq srdi
call pcount r
addq 3rbx, %rax
pPopq Srbx

.L6:
rep; ret



@ 5t

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

if (x == 0)
return 0;
else

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

|}
srdi X Argument

pcount r:

movl $0, %eax
testq srdi, %rdi
je .L6
pushqg srbx
movq srdi, 3%rbx
andl $1, %ebx
shrq srdi
call pcount r
addq 3rbx, %rax
pPopq Srbx

.L6:
rep,; ret
Rtn address
Saved $rbx |« $rsp




©

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

if (x == 0)
return 0;
else

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

JRegister Jusels) _Type

$rdi x > 1 Recursive argument

$rbx x &1 Callee-saved

pcount r:

movl $0, %eax
testq srdi, %rdi
je .L6
pushq Srbx
movq srdi, 3%rbx
andl $1, %ebx
shrq srdi
call pcount r
addq 3rbx, %rax
poprgq 3rbx

.L6:
rep; ret



©

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

if (x == 0)
return O;
else

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

Register | Use(s) | Type

. $rbx x &1 Callee-saved

. $rax Recursive call

return value

pcount r:

movl $0, %eax
testq srdi, %rdi
je .L6
pushq Srbx
movq srdi, 3%rbx
andl $1, %ebx
shrq srdi
call pcount r
addq 3rbx, %rax
pPopq Srbx

.L6:
rep,; ret



©

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

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

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

Register | Use(s) _____[Type

$rbx x &1 Callee-saved

$rax Return value

pcount r:

movl $0, %eax
testq srdi, %rdi
je .L6
pushq Srbx
movq srdi, 3%rbx
andl $1, %ebx
shrq srdi
call pcount r
addqgq $rbx, %rax
pPopq Srbx

.L6:
rep,; ret



@ 5t

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

if (x == 0)
return 0;
else

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

fRegister_usets) _____JType

$rax Return value Return value

pcount r:

movl $0, %eax
testq srdi, %rdi
je .L6
pushq Srbx
movq srdi, 3%rbx
andl $1, %ebx
shrq srdi
call pcount r
addq 3rbx, %rax
popq srbx

.L6:
rep,; ret

—— ISP

Rtn address

Saved $rbx




.

pcount r:

movl $0, %eax
testq %rdi, %rdi
Je .L6
pushqg  %$rbx
movq $rdi, %rbx
andl $1, %ebx
shrq $rdi
call pcount r
addq $rbx, %rax
11 Popq $rbx
¥ .Lé6:
rep; ret

A~
I

> o

Pcount r %1 }/’U‘Emﬁ
rbx=Xo
Pcount r
2RI
rbx=X1
Pcount r
55 62X 1%
rbx=Xe61
Pcount r F63Rtxm
rbx=Xe2
Pcount r S5 64/R 1%
rbx=Xe3

Pcount_;

IHrbx=Xo

IR[E]5E

[Hrbx=Xs1

IR[E]sE

[Hrbx=Xe2

IR[E]itE

[Hrbx=Xe63

IR[E]5tE

Stack



.

pcount r:

movl $0, %eax
testg %rdi, %rdi
je .L6
pushqg  %$rbx
movq $rdi, %rbx
andl $1, %ebx
shrq $rdi
call pcount r
addq $rbx, %rax
11 Popq $rbx
¥ .L6:
rep,; ret
rbx

A~
I

> o

Pcount r %1 }/’W)%mﬁ
rbx=Xo
Pcount r
2RI
rbx=X1
Pcount r
55 62X 1%
rbx=Xe61
Pcount r F63Rtxm
rbx=Xe2
Pcount r S5 64/R 1%
rbx=Xe3
Pcount r

IHrbx=Xo

IR[E]5E

[Hrbx=Xs1

IR[E]sE

[Hrbx=Xe2

IR[E]itE

[Hrbx=Xe63

IR[E]5tE

Stack



.

pcount r:

. L6:

movl $0, %eax
testgq %rdi, %rdi
Je .L6

pushq $rbx

movq $rdi, %$rbx
andl $1, %ebx
shrq srdi

call pcount r
addgq srbx, %rax
Popq $rbx

rep; ret
rbx Xe3
rax 0

Pcount r 859 AL [Hrbx=Xo Stack
rbx=Xo IR[E]tBLE
Pcount r ——
2R %
rbx=X1 RIENHELE
Pcount;; ......
...... IE rb x=x6 1
62 RN | mmEe
rbx=Xe1
Pcount r 5 63 R [Hrbx=Xe62
rbx=Xe2 nglbﬁli_’@iﬂ:
Pcount r 564K %M I[Hrbx=X63
rbx=Xe3




.

pcount r:

movl $0, %eax
testq %rdi, %rdi
Je .L6
pushq $rbx
movq $rdi, %rbx
andl $1, %ebx
shrq $rdi
call pcount r
addq $rbx, %rax
E PopPgq %rbx
¥ .Lé6:
rep; ret
rbx X63

0+X63

A~
I

> o

Pcount r %1 }/’U‘Emﬁ
rbx=Xo
Pcount r
2RI
rbx=X1
Pcount r
55 62X 1%
rbx=Xe61
Pcount r F63Rtxm
rbx=Xe2
Pcount r S5 64/R 1%
rbx=Xe3

IHrbx=Xo

IR[E]5E

[Hrbx=Xs1

IR[E]sE

[Hrbx=Xe2

IR[E]itE

[Hrbx=Xe63

Stack



.

pcount r:

movl $0, %eax
testq %rdi, %rdi
Je .L6
pushq $rbx
movq $rdi, %rbx
andl $1, %ebx
shrq $rdi
call pcount r
addq $rbx, %rax
11 Popq $rbx
¥ .L6:
rep,; ret
rbx X63

rax 0 0+X63

A~
I

> o

Pcount r %1 }/’W)%mﬁ
rbx=Xo
Pcount r
S8 2R A%
rbx=X1
Pcount r
562K %& M
rbx=Xe61
Pcount r F63Rtxm
rbx=Xe2
Pcount r S5 64/R 1%

IHrbx=Xo

IR[E]5E

[Hrbx=Xs1

IR[E]sE

[Hrbx=Xe2

IR[E]itE

Stack



.

A~
I

> o

Pcount r SN
pcount r:
— =X
movl S0, %eax rbx=Xo
testqg srdi, %rdi Pcount_r
. rais SRR
Jje -L6 rbx=X1
pushq $rbx Peount T
movq srdi, S%rbx -
andl $1, %ebx
shrq Frdi
call pcount r 77
addq srbx, %rax 562K %M
| popg $rbx rbx=Xe1
4¥ .L6: Pcount r EAXYNEA T
rep; ret rbx=Xe2
SB64)R1%MT
rbx X63 X62

rax 0 0+X63

IHrbx=Xo

IR[E]5E

[Hrbx=Xs1

IR[E]sE

[Hrbx=Xe2

Stack



.

i,
Pcount r SN
pcount r:
— =X
movl S0, %eax rbx=Xo
testqg srdi, 5%rdi Pcount_r
. ras SRR
Jje -L6 rbx=X1
pushq $rbx Peount T
movq rdi, S%rbx -
andl $1, %ebx
shrq Frdi
call pcount r 77
addq srbx, %rax 562K %M
| popdq $rbx rbx=Xe1
4¥ .L6: Pcount r EAXYNEA T
rep; ret rbx=Xe2
SB64)R1%MT
rbx X63 X62

rax 0 0+X63

D+X63+X62

I[Hrbx=Xo

IR[E]5E

I[Hrbx=Xs61

IR[E]sE

IHrbx=Xe62

Stack



.

i,
Pcount r SN
pcount r:
_ =X
movl S0, %eax rbx=Xo
testqg srdi, %rdi Pcount_r
. rais SRR
Jje -L6 rbx=X1
pushq $rbx Peount T
movq srdi, S%rbx -
andl $1, %ebx
shrq Frdi
call pcount r 77
addgq srbx, $rax 55 62/K %M
| popg $rbx rbx=Xe1
4¥ .L6: Pcount r EAXYNEA T
rep,; ret
SB64)R1%MT
rbx X63 X62

rax 0 0+X63

D+X63+X62

I[Hrbx=Xo

IR[E]5E

I[Hrbx=Xs61

IR[E]sE

Stack



