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Condition Codes

CPU Memory
addresses
registers > code
& data data
> stack
CF | ZF instructions
SF ||OF| | program counter

Set by most recent arithmetic (not counting leax):
* CF: carry — carry out of most-significant bit
* ZF: zero — produced zero
* SF: sigh — produced negative

* OF: overflow — two’s complement overflow

2-
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Condition Code Examples

CPU

subl %eax, %eax

Sets ZF
Zero

-5



Condition Code Examples

CPU

addl %eax, %ebx

Sets no flags



Condition Code Examples

CPU

subl %eax, %ebx  %ebx = %ebx - %eax

Sets no flags
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Condition Code Examples

CPU

subl %ebx ’ Teax eax = Seax - sebx

Sets CF SF
carry sign
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Condition Code Examples

CPU

addl %ecx, %edx

Sets ZF CF
zero carry
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Condition Code Examples

CPU

subl %ecx, %edx

Sets OF
overflow
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Condition Code Examples

CPU

subl %edx, %ecx

Sets CF SF OF
carry sign overflow
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Condition Code Examples

CPU

subl source, dest

dest == source ZF

dest * source ~ZF

18-19



Condition Code Examples

CPU

subl source, dest

unsigned: dest <source  CF
dest < source CF | ZF

signed: dest < source SF*OF
dest < source (SF*OF)|ZF
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Condition Code Examples

CPU

subl %eax,

subl source, dest

$ebx

Sets no flags

unsigned: dest <source  CF
dest < source CF | ZF

signed: dest < source SF*OF
dest < source (SF*OF)|ZF

21



Condition Code Examples

CPU

subl %ebx, %eax
subl source, dest
Sets CF SF
unsigned: dest <source  CF carry sign

dest < source CF | ZF

signed: dest < source SF*OF
dest < source (SF*OF)|ZF
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Condition Code Examples

CPU

subl %ecx, %edx
subl source, dest
Sets OF
unsigned: dest < source CF overflow

dest < source CF | ZF

signed: dest < source SF*OF
dest < source (SF*OF)|ZF
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Condition Code Examples

CPU

subl %edx, %ecx

subl source, dest

Sets CF SF OF
unsigned: dest < source CF carry sign overflow

dest < source CF | ZF

signed: dest < source SF*OF
dest < source (SF*OF)|ZF

24



Condition Codes and Comparisons

setcc dest

sets one byte in dest to 0 or 1
sete equal/zero ZF aka setz
setne not equal / not zero ~ZF aka setnz
sets negative SF
setns non-negative ~SF
setg greater signed ~(SF*OF) &~ZF
setge greater or equal signed ~ (SF*OF)
setl less signed (SF*OF)
setle less or equal signed (SF*OF) | ZF
seta above unsigned ~CF&~ZF
setb below unsigned CF

Bryant and O’Hallaron, Computer Systems:A Programmer’s Perspective, Third Editiog



Using setcc

int gt (long x, long y) {
return x > y;

subg %rsi,
setg %al
movzbl %al,
ret

o

(o]

}
.. # %rdi = x
... # %rsi =y

rdi # Compare x to y

$eax

# Set when >

# Result in %eax

movzxx source, dest

move with zero extension

Bryant and O’Hallaron, Computer Systems:A Programmer’s Perspective, Third Editiog



Comparisons
cmpx source, dest dest — source

cmpq source , dest

is the same as

subqg source , dest

without writing to dest

# %rdi = x

# %rsi =y
cmpq %$rsi, %rdi # Compare x to y
setg %al # Set when >
movzbl %al, %eax
ret # Result in %eax

27-28



Bitwise Comparisons
testx source, dest dest & source

testqg source , dest

is the same as

andqg source , dest

without writing to dest

co.. # %rdi = x

testqg %rdi, %rdi # Compare by x & x
setne %al # Set when x '= 0
movzbl %al, %eax

ret # Result in %eax

29-30



Exercise: Comparisons

char ctest(int a, int b, int c¢)

char
char
char
char
char
char

tl
t2
t3
t4
t5
t6

a __ b;

b __ (_a;
(_)c (_)a;
(_)a (_)ec;
c ___ b;

a 0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, Secx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test as&a
# té6
tl+=t2
t1+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Exercise: Comparisons

char ctest(int a,

char
char
char
char
char
char

tl
t2
t3
t4
t5
t6

int b, int c¢)

a < b;

b __ (_a;
(_)c (_)a;
(_)a (_)ec;
c ___ b;

a 0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, Secx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test as&a
# té6
tl+=t2
t1+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Exercise: Comparisons

char ctest(int a, int b, int c¢)
char t1 = a < b;
char t2 = b < (unsigned)a;

char t3 = ( )c ( )a;
char t4 = ( )a ( )c;
char t5 = c _ b;
char t6 = a _ 0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, %$ecx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test a&a
# t6
tl+=t2
tl+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Exercise: Comparisons

char ctest(int a, int b, int c¢)
char tl1 = a < b;
char t2 = b < (unsigned)a;
char t3 = (short)c >= (short)a
char t4 = ( )a ( )c;
char t5 = c _ b;
char t6 = a _ 0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, %$ecx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test a&a
# t6
tl+=t2
tl+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Exercise: Comparisons

char ctest(int a, int b, int c¢)
char tl1 = a < b;
char t2 = b < (unsigned)a;
char t3 = (short)c >= (short)a
char t4 = (char)a '= (char)c;
char t5 = c _ b;
char t6 = a _ 0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, %$ecx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test a&a
# t6
tl+=t2
tl+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Exercise: Comparisons

char ctest(int a,
a < b;
b < (unsigned)a;

char
char
char
char
char
char

tl
t2
t3
t4
t5
t6

(shor
(char

int b, int c¢)

t)c >= (short)a
)a '= (char)c;

c > b;

a

0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, Secx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test as&a
# té6
tl+=t2
t1+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Exercise: Comparisons

char ctest(int a,

char
char
char
char
char
char

tl
t2
t3
t4
t5
t6

int b, int c¢)
a < b;
b < (unsigned)a;
(short)c >= (short)a
(char)a '= (char)c;
c > b;
a == 0;

return tl+t2+t3+t4+t5+t6;

movl
movl
cmpl
setl
cmpl
setb
cmpw

8 ($rbp) , Secx
12 (%rbp) , $esi
%esi, Secx

gal

%ecx, %esi

-1 (%rbp)
%cx,16 (3rbp)

setge -2 (%rbp)

movb
cmpb

setne

%cl, %sdl
16 (3rbp) ,%d1l
$bl

# Get a

# Get b

# Compare a-b
# tl

# Compare b-a
# t2

# Compare c-a
# t3

# Compare a-c
# t4

cmpl %esi,16(%rbp) # Compare c-b

setg

testl

sete
addb
addb
addb
addb
addb

-3 (%rbp)
%ecx, secx
%dl
—1(%rbp),%al
-2 (%rbp) ,
%bl, %al

-3 (%rbp) , %al
%dl, %$al

movsbl %al, $Seax

# t5

# Test as&a
# té6
tl+=t2
t1+=t3
tl+=t4
t1l+=t5
# tl+=t6

# Convert type |

H H H H




Conditional Assighment

char x = (a < b);

use setl

long x = ((a < b) ? 17 : 42);

Use cmovlgq, which is like mowvq, but only if the
condition codes imply “less than”

# %$rdi = a
# %rsi = b
.. # Srax as x
movqgl $42, %rax # Guess 42
cmpgq %$rsi, %$rdi # Compare a to b
cmovlg $17, %rax # Maybe correct guess
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cmovcex source,

cmovex
cmovnex
CMoVvsSXx
cmovnsx
cmovgx
cmovgex
cmovlx
cmovlex
cmovax

cmovbx

Conditional Move

dest

conditionally copies source to dest

equal / zero

not equal / not zero
negative

non-negative

greater signed

greater or equal signed
less signed

less or equal signed
above unsigned

below unsigned

ZF
~ZF
SF
~SF
~ (SF~OF) &~ZF
~ (SF~OF)
(SF~OF)
(SF~OF) | ZF
~CF&~ZF

CF

a.k.a. cmovzx

a.k.a. cmovnzx

42



Comparisions and Conditionals

if (a < b) { 0x200: cmovgeq $0x203, %rip| ?
c e 0x201:
} 0x202:
0x203:

if (a < b) { 0x300: cmovgeq $0x303, %rip | ?
c e 0x301: ....
} else { 0x302: movqg $0x305, %rip 2
c e 0x303:
} 0x304:
0x305:

but we can’t use $rip as a destination

43-47



Conditional Jumps

Jjcc source

conditionally sets the program counter to the value of source

je
jne
Js
jns
Jg
jge
jl
jle
ja
jb

equal / zero

not equal / not zero
negative

non-negative

greater signed

greater or equal signed
less signed

less or equal signed
above unsigned

below unsigned

ZF
~ZF
SF
~SF
~ (SF~OF) &~ZF
~ (SF~OF)
(SF~OF)
(SF~OF) | ZF
~CF&~ZF

CF

a.ka.jz

a.ka. jnz

Bryant and O’Hallaron, Computer Systems:A Programmer’s Perspective, Third Editipg



Unconditional Jump

Jjmp source

always sets the program counter to the value of source

Bryant and O’Hallaron, Computer Systems:A Programmer’s Perspective, Third Editipg



Comparisions and Conditionals

if (a < b) { 0x200: jge $0x203 if (a >= b) goto skip;
0x201: . .-
} 0x202: skip:
0x203:
if (a < b) { 0x300: jge $0x303 if (a >= b) goto else;
c e 0x301: .... . goto skip;
} else { 0x302: jmp $0x305 else:
0x303: . ..
} 0x304: skip:
0x305:

50-51



Test and Jump Alternatives

if (a < b) {
then

} else {
else

if (a >= b) goto else;
then goto skip;

else:
else

skip:

if (a < b) goto then;
else goto skip;
then:

then
skip:

52-53



Conditional Example

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

long y)

Copy

12:

H Q O 0 U1 W O

cmpq
Jle

movq
subq
retq
movq
subqgq
retq

grsi,
Oxc

srdi,

srsi,

srsi,
$rdi,

srdi

$rax
$rax

$rax
$rax

54



Conditional Example

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

long y) {

Copy

12:

H Q O 0 U1 W O

cmpg 3%rsi, %rdi
jle Oxc
movqg 5%rdi, S%rax
subq %rsi, %rax
retq
movqg 3%rsi, Ssrax
subg %rdi, Srax
retq
absdiff:
cmpq srsi, 3rdi
jle .L4
movq 3rdi, 3rax
subgq $rsi, S%rax
ret
.L4:
movq %rsi, S%rax
subq srdi, S3%rax

ret

55




More C Control Forms

*do .... while loops
* while loops

* for loops

56



do-while Loops

do {
body
} while (test) ;

loop:
body
if (test)
goto loop;

57



do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {

int £t = val + nval;

val = nval;
nval = t;
i++;

} while (i < n);

return val;
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (1 < n);
goto loop;

return val;
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1

$eax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1

$eax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1

$eax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax




do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int £t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

}
.L6:
. . o ) o) ) t =
register variable initial value NEEL - (aeks, BEle) |, Seas . .
. 2 % val = nva
sacx g 0 movl %edx, $ebx
° . movl %eax, %$edx nval = t
%esi n n .1 s
incl %ecx
%ebx val 0 )
o cmpl %esi,%ecx
%edx nval 1 :
. jl .L6
%eax
cea = movl %$ebx,%eax




do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1
Seax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax

t =
val = nval
nval = t
it+
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1
Seax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax

t =
val = nval
nval = t
it+

i-n
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1
Seax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax

t =
val = nval
nval = t
it+

i-n

if (i < n)
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do-while Example

int fib dw(int n) {
int i = 0;
int val = 0;
int nval = 1;

do {
int t = val + nval;
val = nval;
nval = t;
i++;

} while (i < n);

return val;

int fib dw(int n) {
int 1 = 0;
int val = 0;
int nval = 1;

loop:
int t = val + nval;
val = nval;

nval = t;

i++;

if (i < n);
goto loop;

return val;

register variable initial value

%ecx i 0
esi n n
%ebx val 0
%$edx nval 1
Seax t

.L6:
leal (%edx, %ebx) ,%eax
movl %edx, $ebx
movl %eax, $edx
incl %ecx
cmpl %esi,%ecx
Jj1 .L6
movl %ebx, $eax

t =
val = nval
nval = t
i++

i-n

if (i < n)
return val67



while Loops

body

}

while (test) {

loop:
if (!test)
goto done;
body
goto loop;
done:

if (!test)
goto done;
loop:
body
if (test)
goto loop;
done:
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {

int £t = val + nval;

val = nval;
nval = t;
i++;

return val;
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int £t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:

int t = val + nval;

val = nval;

nval = t;

i++;

if (i < n) goto loop;
done:

return val;
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;
if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
$ebx wval 1

$ecx nval 1
Seax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal (%ecx,%ebx) ,%eax

movl %ecx, $ebx

movl %eax, %$ecx

decl %edx

jnz .L10
.L9:
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;
if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal

movl %ecx, $ebx

%ecx, $ebx) ,%eax

movl %eax, %$ecx
decl %edx
jnz .L10

.L9:

val - n
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal (%ecx,%ebx) ,%eax

movl %ecx, $ebx

movl %eax, %$ecx

decl %edx

jnz .L10
.L9:

val - n
if (val >= n)
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal (%ecx,%ebx) ,%eax

movl %ecx, $ebx

movl %eax, %$ecx

decl %edx

jnz .L10
.L9:

val - n
if (val >= n)
nmi = n-1

74



while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal

movl %ecx, $ebx

%ecx, $ebx) ,%eax

movl %eax, %$ecx
decl %edx
jnz .L10

.L9:

val - n
if (val >= n)
nmi = n-1
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal (%ecx,%ebx) ,%eax

movl %ecx, $ebx

movl %eax, %$ecx

decl %edx

jnz .L10
.L9:

val - n
if (val >= n)

nmi = n-1

t =
val = nval
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal

movl %ecx, $ebx

%ecx, $ebx) ,%eax

movl %eax, %$ecx
decl %edx
jnz .L10

.L9:

val - n
if (val >= n)

nmi = n-1
t =

val = nval
nval = t
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value
%edx nmi n-i
$ebx val 1

%ecx nval |1

%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal (%ecx,%ebx) ,%eax

movl %ecx, $ebx

movl %eax, %$ecx

decl %edx

jnz .L10

.L9:

val - n
if (val >= n)

nmi = n-1

t =

val = nval
nval = t
nmi--
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while Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

while (i < n) {
int t = val + nval;

val = nval;
nval = t;
i++;

return val;

int fib dw(int n) {
int 1 = 1;
int val = 1;
int nval = 1;

if (i >= n) goto done;

loop:
int t = val + nval;
val = nval;
nval = t;
i++;

if (i < n) goto loop;
done:

register variable initial value

$edx nmi n-i
%ebx wval 1
%ecx nval 1
%eax n / t

cmpl 3%eax, $ebx

jge .L9

leal -1 (%eax), %edx
.L10:

leal (%ecx,%ebx) ,%eax

movl %ecx, $ebx

movl %eax, %$ecx

decl %edx

jnz .L10
.L9:

val - n
if (val >= n)

nmi = n-1

t =

val = nval
nval = t
nmi--

if (nmi !'= 0)
79



for LOOpS

for (init; test; update) {
body

init
loop:
if (!test)
goto done;
body
update
goto loop;
done:
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for Example

int fib f(int n) {
int i;
int val = 1;
int nval = 1;

for (i = 1; i < n; i++) {
int £t = val + nval;

val = nval;
nval = t;

return val;
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for Example

int fib w(int n) {
int i = 1;
int val = 1;
int nval = 1;

int fib f(int n) {
int i;
int val = 1;
int nval = 1;

while (i < n) {

for (i = 1; i < n; i++) { .
int t = val + nval;

int £t = val + nval;
val = nval;

val = nval;
nval = t;

nval = t; ]
i++;

return val;
return val;

Same machine code
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Another Loop Exercise

int loop while(int a, int b) ({

0;
int result =

int i =

while (1 < 256)
result += a;

a = b;
i += b;
}
return result;

a,

movl
movl
xorl
movl
{ .L5:

addl
subl
addl
cmpl
Jjle
movl

8 ($rbp) , seax

# Get a

12 (%rbp) ,%ebx # Get b

secx, secx
Seax, $edx

%Seax, $edx
%ebx, Seax
%ebx, $ecx
$255, %ecx

.L5

$edx, Seax

Teax
%ebx
secx
sedx

register variable

initial value
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Another Loop Exercise

int loop while(int a, int b) ({

0;
int result =

int i =

while (1 < 256)
result += a;

a = b;
i += b;
}
return result;

a,

movl
movl
xorl
movl
{ .L5:

addl
subl
addl
cmpl
Jjle
movl

8 ($rbp) , seax

# Get a

12 (%rbp) ,%ebx # Get b

secx, secx
Seax, $edx

%Seax, $edx
%ebx, Seax
%ebx, $ecx
$255, %ecx

.L5

$edx, Seax

Teax
%ebx
secx
sedx

register variable

a a

initial value
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Another Loop Exercise

int loop while(int a, int b) ({

0;
int result =

int i =

while (1 < 256)
result += a;

a = b;
i += b;
}
return result;

a,

movl
movl
xorl
movl
{ .L5:

addl
subl
addl
cmpl
Jjle
movl

8 ($rbp) , seax

# Get a

12 (%rbp) ,%ebx # Get b

secx, secx
Seax, $edx

%Seax, $edx
%ebx, Seax
%ebx, $ecx
$255, %ecx

.L5

$edx, Seax

Teax
%ebx
secx
sedx

register variable

initial value
a a
b b
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Another Loop Exercise

int loop while(int a, int b) ({

0;
int result =

int i =

while (i1 < 256) {

result += a;

a = b;
i += b;
}
return result;

a,

movl
movl
xorl
movl
.L5:

addl
subl
addl
cmpl
Jjle

movl

8 ($rbp) , seax

# Get a

12 (%rbp) ,%ebx # Get b

secx, secx
Seax, $edx

%Seax, $edx
%ebx, Seax
%ebx, $ecx
$255, %ecx

.L5

$edx, Seax

Teax
%ebx
secx
sedx

register variable

initial value
a a
b b
i 0
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Another Loop Exercise

int loop while(int a, int b) ({

int i = 0;

int result = a;

while (i1 < 256) {

result += a;
a = b;
i += b;

return result;

movl 8 (%$rbp),%eax # Get a
movl 12 (%rbp) ,%ebx # Get b

xorl %ecx, %ecx
movl %eax, $edx

.L5:

addl %eax, %edx
subl %ebx, $eax
addl %ebx, Secx
cmpl $255, %ecx
jle .L5

movl %edx, %eax

register variable

$eax a
$ebx b
$ecx i

initial value
a

b
0

$edx result a
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Another Loop Exercise

int loop while(int a, int b) ({
int i = 0;
int result = a;

while (i < 256) {
result += a;
a = b;
i +=Db;

return result;

movl
movl
xorl
movl

.L5:

addl
subl
addl
cmpl
Jjle

movl

8 (%rbp) ,%eax # Get a
12 (%rbp) ,%ebx # Get b
secx, secx
Seax, $edx

%Seax, $edx
%ebx, Seax
%ebx, $ecx
$255, %ecx

.L5

$edx, Seax

Compiler optimizes away initial
i1 < 255, since i clearly starts as 0

register variable initial value

Teax
%ebx
secx
sedx

a a
b b
i 0

result a
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on
long w = 1; an integer value

switch (x) {
case 1:
w = y*z;
break;
case 2:
w=y/z;
case 3:
w += z;
break;
case 5:
case 6:
w -= Z;
break;
default:
w=2;
}

return w;
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on

long w = 1; an integer value

switch (x) {
case 1: Jump hereif x == 1
w = y*z;
break;
case 2:
w=y/z;
case 3:
w += z;
break;
case 5:
case 6:
w -= Z;
break;
default:
w=2;
}

return w;
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on

long w = 1; an integer value

switch (x) {
case 1:
w = y*z;
break; Jump out of switch
case 2:
w=y/z;
case 3:
w += z;
break;
case 5:
case 6:
w -= Z;
break;
default:
w=2;
}

return w;
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on

long w = 1; an integer value

switch (x) {
case 1:
w = y*z;
break;
case 2:
w=y/z;
case 3:

Jump here if x == 2

w += z;

break;
case 5:
case 6:

w -—= z;

break;
default:

w=2;
}

return w;
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on

long w = 1; an integer value

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

break;
case 2:

w = y/z; | No break, so fall through for
case 3: Xx == 2

w += z;

break;
case 5:
case 6:

w -—= z;

break;
default:

w=2;
}

return w;
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on

long w = 1; an integer value

switch (x) {
case 1:
w = y*z;
break;
case 2:
w=y/z;
case 3:
w += z;
break;
case 5:

case 6: .
w -= z; Jumphere|fx == S5o0orx===6
break;

default:
w = 2;

}

return w;
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switch Statements

long switch eg(long x, long y, long z) ({ Multi-way branching on

long w = 1; an integer value

switch (x) {
case 1:

w = y*z;

break;
case 2:

w=y/z;
case 3:

w += z;

break;
case 5:
case 6:

w -= Z;

break;
default:

w=2; covered above:

} X <1 or x==4 or x > 6
return w;

Jump here if x is some value not
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Implementing switch

Small number of cases: i f plus goto

switch (x) {
case 1:
one
break;
case 2:
two
case 3:
two-and-three

if (x == 1)
goto one;
else 1f (x == 2)
goto two;
else if (x == 3)
goto three;
else
goto done;
one:
one
goto done;
two:
two
three:
two-and-three
done:
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Implementing switch

Many consecutive cases: jump table

switch (x) {
case 1:

one
break;
case 2:

case 99:
ninety-nine

void *jump table[] = { &&one, &&two,
&&ninety nine };
if ((x >= 1) && (x <= 99))
goto *jump table[x-1];
else
goto done;

one:
one
goto done;
two:

ninety nine:
ninety-nine
done:
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Jump Table Machine Code

int jump(int v, int a, int b, int c¢c) {

void *jump table[] = { &&one, &&two, &&three };

goto *jump table[v-1];

one:

v = a;

goto done;
two:

v = b;

goto done;
three:

v = cCc;
done:

return v;
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Jump Table Machine Code

int jump(int v, int a, int b, int c¢c) {
void *jump table[] = { &&one, &&two, &&three };

goto *jump table[v-1];

one:
v = a;
goto done;
two:
v = b;
goto done;
three:
v = cCc;
done:
return v;

400530:
400539:
400542:
40054b:
40054e:
400552:
400554:
400555:
400557:
400558:
40055a:
400560:

movq
movq
movq
movslqg
Jmpq
mov
retq
mov
retq
mov
nopw
retq

$0x400552,-0x20 ($rsp)
$0x400555,-0x18 (%rsp)
$0x400558,-0x10 (%rsp)
%edi, %rdi

*-0x20 (%rsp, %rdi, 8)
%esi, %Seax

$edx, $eax

$ecx, seax
0x0 (%rax, %rax,1)
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Compiler-Generated Jump Tables

long switch eg(long x, long y, long z) {
long w = 1;

switch(x) {

return w;
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Compiler-Generated Jump Tables

long switch eg(long x, long y, long z) { .section .rodata
long w = 1; .align 8
.L4:

switch(x) { .quad I8 # x==0
... .quad I3 #x=1
} .quad L5 # x == 2
.quad L9 # x == 3
return w; .quad I8 # x == 4
} .quad L7 # x==5
.quad L7 # x == 6
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Compiler-Generated Jump Tables

long switch eg(long x, long y, long z) { .section .rodata
long w = 1; .align 8
.L4:

switch(x) { .quad I8 # x==0
... .quad I3 #x=1
} .quad L5 # x == 2
.quad L9 # x == 3
return w; .quad I8 # x == 4
} .quad L7 # x==5
.quad L7 # x == 6

switch eg:

movq $rdx, S%rcx
cmpqg $6, %$rdi # Compare x to 6
ja .L8 # > 6 as unsigned = use default

jmp *.L4(,%rdi,8) # Goto *jump table[x]
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Compiler-Generated Jump Tables

long switch eg(long x, long y, long z) {
long w = 1;

switch (x) {

case 1:
.section .rodata w = y*z;
.align 8 break;
L4 - //ycase_Z. .
.quad L8 # x == 0| w=yl/z;
.quad L3 # x == 17 /cavswe-::z.
.quad L5 # x == 27 break :
.quad L9 # x == 3 case 5:
.quad L8 # x == 44 EEE (33
.quad L7 # x == 57 g W -= z;
.quad L7 # x == 67 break;
default:
w=2;

}

return w;
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Compiler-Generated Jump Tables

.section
.align 8

.L4:
.quad
.quad
.quad
.quad
.quad
.quad
.quad

.L8
.L3
L5
.L9
.L8
L7
.L7

.rodata

H H H H H H K

XX X X X XX

2/
3
4

6/

.L3:

L5

.L9:

MY

L7:

.L8:
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Compiler-Generated Jump Tables

long w = 1; .L5: # Case x ==
movqg $rsi, Srax # w =y
switch (x) { cgto # Expands w
idivqg $rcx } w=w/ z
case 2: jmp .L6 # Goto merge
w=vy/z; .L9: # Case x ==
case 3: movl $1, %eax ¥ w=1
w += z; .L6: # merge:
break; addg $rcx, %rax # w += z
ret
}
return w; register variable
srdi x
rsi y
Ircx z
srax w

$rdx  w (high bits for division)
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