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From Peter Denning’'s CACM paper, July 2005
(Vol. 48, No. 7, pp. 19-24)
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for( i=0; i<N; i++ )
for( j=0; j<N; j++ )
for( k=0; k<N; k++ )
c[i]l[j] += alil[k] * b[k][j];

a b
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A AislgA
movl $100, Secx e -
loopl: S)ls ale s 08)8 93 1 WBYd Bl @
addl %cx, %eax 3)0.0 A3 )| (5130) (sly BTB o
decl %ecx = - =
jns loopl S50 )13 a3(diw)

Branch Target Buffer o
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loop:
cmp data(, %edi, 4), %eax
je part2
call functionl

jmp looptest
part2:
call function2
looptest: loop:
Tiem Sacls cmp data(, %edi, 4), %eax

cmpl $10, %edi je part2
jnz loop call functionl

inc %edi
cmp $10, %edi
jnz loop
jmp end
part2:
call function2
inc %edi
cmp $10, %edi
jnz loop

end:
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movl
cmpl

movl
movl

movl
call
Jjmp
L2
movl
movl

movl
call

Olemnil SlygTws (s)lwaiag

-4 (%ebp) , %eax
-8 (%ebp) , %eax

%eax
%eax, sesp)
S.LCO, (%esp
printf

.L3

-8 (%ebp) , %eax
%eax, 4 (%esp)
S.LCO, (%esp)
printf

K Cre 20 c)‘w ﬂn)o»@o
C)Jaw Olrv)}(u o) CA,IQI
Ao0AT)) O,u—uo.g/@n) Jp—

THEN

Cson CSpayw p e Cplew
Sl oS ayailjle jjg
#include <stdio.h=

int main()

{
int a = 100;
int b = 25;
if (a > b)

L
printf("The higher walue is %d\n", a);
ELSE p else

printf("The higher value is %d\n", b);
return 0;
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movl wvalues, $%ebx
movl S$values, %ecx
movl (%ecx), %eax

movl values, %ebx cmp %ebx, %eax

o o
movl $0' sedi cmova %eax, %ebx
loop: movl 4 (%ecx), %eax
movl values(, %edi, 4), %eax cmp %ebx, %eax
cmp %ebx %eax cmova %eax, %ebx

/' 4

cmova %eax, %ebx

movl 8 (%ecx), %eax

inc %edi cmp %ebx, %eax
cmp $4, %edi cmova %eax, %ebx
jne loop

movl 12 (%ecx), %eax
cmp %ebx, %eax
cmova %eax, %ebx

PO
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#include <stdio.h= d‘-‘-‘b —
int main() {
int 1;
for(i=0;i<3:1++){
printf("sd",1);

--save-temps unroll.c

call printf chk
movl $1, 8(%esp)
movl $.LCO, 4(%esp)

movl 31, (%esp)

call ~_printf chk

movl $2, 8(%esp)

movl $.LCO, 4(%esp)

movl %1, (%esp)

call _ printf chk Zede
leave

bl b



#include <stdio.h= &
int main() { db‘b —

int 1i:
for(i=0;i<5;i++){
printf("sd",1);

gcc -02 --save-temps unroll.c

L2:
mov 1l %ebx, 8(%esp)
addl $1, %ebx
movl §£.LCO, 4(%esp)

movl %1, (%esp)
call __printf chk
cmpl %5, %ebx

jne L2

gcc -02 -funroll-all-loops --save-temps unroll.c &

call __printf _chk
movl $1, 8(%esp)
movl $.LCO, 4(%esp) N
mov1l $1, (%esp) 3 &'B
call __printf _chk ¥
mov 1l $2, 8(%esp) £
mov 1 $.LCO, 4(%esp) pro - 2"
movl 51, (%esp)
call __printf _chk ¥q

R 1. mov Ll %3, B(%esp)

C;hUDLD C;ﬂQJ movl $.LC0, 4(%esp)

movl $£1, [(%esp)
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Q| Olyglws eslaiwlyy il 33 Mov jplws ©
SCuw) a3 ASings (5)ohis ans @ 1) 35 a3 e

.
addb s$1, %al

jnc continue

movb $255, %al
continue:

Bals )3 Olg3e oy gy Olyoiws ) aslalwl  °
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G15 10b @) Lol caws) a3l Jio Sy §o8 JUo xigye ¢ LD
) aslaIwl pliws by (loals Glyglws j) sslaiwl
owlidl Cags a5 sy guals 1) Jmp Olygiws
A 3 10a basly Cicpw b

Sblo L)



0 .l
A0 ()

B0 1) C)g0 @ Olygiws o) QB o

cmov: source, destination

EFLAGS Bit Mame Description

CF Carry flag A mathematical expression has created a
carry or borrow

OF Crraitlow Hag An integer value is either too large of too
small

FF Parity flag The register contains corrupt data from a
mathematical operation

5F Sign fag Indicates whether the result is negative or
positive

ZF Zero Hag The result of the mathematical opemation

15 EED

. & - w - - =
Lo Jlpo XGEN 2ypg0 )= st Dlppins p o ot ooy

Sl b
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Instruction Pair Description EFLAGS Condition
ICMOVA/CMOVNBE  |Above/not below orequal (CForzF)=0
ICMOVAE/CMOVNB  |Above or equal/not below

CMOVNC ] Notcarry
ICMOVB/CMOVNAE  Below/not above orequal

cmove Carry
ICMOVBE/CMOVNA  Below or equal/not above
CMOVE/CMOVZ | Equal/zero
ICMOVNE/CMOVNZ  Not equal/notzero
ICMOVP/CMOVPE | Parity/parityeven
ICMOVNP/CMOVPO Not parity/parity odd

bl b



MaCislle slacl (lasls =

CAL e Ty

Instruction Pair Description EFLAGS Condition
ICMOVGE/CMOVNL |/ Greater or equal/notless | (SFxorOF)=0
ICMOVL/CMOVNGE | Less/not greater orequal | (SFxorOF)=1
ICMOVLE/CMOVNG | Less or equal/not greater | ((SF xor OF) or ZF)=1
cmovo ] Overflow ©oF=1
CMOvyNoO ] Not overflow ©F=0
cmovs | Sign (negative) | SfP1
ICMOVNS Not sign (non-negative) SF=0

bl b



.section .data

output:

.asciz “The largest value is %d\n”
values:

.int 105, 235, 61, 315, 134, 221,

loop:
movl values(, %edi, 4), %eax

53, 145,117, 5 cmp %ebx, %eax
.section .text cmova %eax, %ebx

.globl _start inc %edi
start: cmp $10, %edi

nop jne loop

(0)
movl values, %ebx pushl %ebx

movl S1, %edi pushl Soutput
call printf

addl S8, %esp
pushl SO
call exit

ahmad@ubuntu:~/Courses/Assembly/chapter3$ ./cmovtest
The largest value 1s 315
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Loop splitting

for I = exp, to exp,
ACT)
B(1)
for I, = exp,; to exp,
Al 5)
— for I, = exp; to exp,
B(1p)

Sl )b




o movl %$eax, %ecx
el mov]l %ebx, %eax
movl %$ecx, %ebx

35 s ) O 9 slgias Cuwl il (o5 °
C180.8 Mzis Ay e)alb Mov jolws jl aslaswl b o
elail jolws aw jl astaiwl G 1) )5 () 9 ey

OB
1SCuuAs Anad salos) guss syl e
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N2 9 (Slgdas Ay =—
] ]

EAX TEMFP EBX

‘\.‘_\‘__ - ____//'

EAX TEMFP EBX

‘\\i__ _______fff”'”f

EAX
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xchg operandl, operand2

23500 yls 1y pcis 9y (Slgias xchg jolws o

p)gbisaan 303 3i3lg3cs @o HeTws Rl Slasiglac ©
5131g3¢,-83 93y a5 by 3l b cabdls eo g 3Bl
bl aAbsls

movl %eax, %ecx
movl %ebx, %eax xchg %ebx, %eax
movl %ecx, %ebx
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.section .data 1: al 60 88 80 a8 mov Bx0 ,%eax
val ues: 6: 8b 1d 84 0O 86 6B mov Bx4,%ebx

) c: 89 cl mov %eax,secx
.1nt 100, 101 e: |89 ds mov %ebx , %eax

.section .text 18: 89 cb mov Zecx,kebx

12: 93 xchg  %eax,%ebx
.globl _start 13: 87 05 60 00 06 60 xchg  %eax, 0x@

_Sstart: 19: 6a @0 push  $0x@
nop 1b: ed fc ff ff ff call 1c = start+0xlc=>

nmovl val ues, %gax

nmovl val ues+4, %ebx
nmovl %eax, %ecX

novl %ebx, %eax | (gdb) disas start+l
movl % cx, %sbx |Dump of assembler code for function _start:

0x08048184 <+0>: nop
xchg %eax, %ebx OX08048185 <+1>: mov  ©x8049254,%eax
xchg %ax, val ues Ox0804818a <+6>: mov  ©x8049258,%ebx
pushl $0 0x08048190 <+12>: mov Zeax,%ecx
cal | exit Bx08048192 <+14>: mov %ebx ,%eax
Bx08048194 <+16>: mov %ecx, %ebx
0x08048196 <+18>: xchg  %eax,%ebx
Bx08048197 <+19=: xchg %eax,0x8049254
0x0804819d <+25>: push  $0x0
Sttt 0f <427 call B0x8048174 <exit@plt= Ko

Sl <) LY C‘«’// Cr~




# exanpl e20. s
.section .data
val ues:

.int 100, 101
.section .text
.globl _start
_start:

nop

xchg %eax, Yeax
xchg %ebx, %ebx
xchg %ecx, %ecx

< start=>:

7 db

7 C9

<o L)
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