
!"#$%&'#()*+,*-.'/#"0(+"*

1.2/#"%*3&+0&.44#"0*556*5"'(&728+"'*92+"(:;<*

!  1+$%*#"'(&728+"'=*&%0#'(%&'=*.";*+>%&.";'*

!  ?+4>@%(%*.;;&%''#"0*4+;%=*.;;&%''*2+4>7(.8+"*9leal) 
!  A&#(/4%82*+>%&.8+"'*9#"2@7;#"0*'+4%*BCDEDF*#"'(&728+"'<*

!  ?+";#8+"*2+;%'*
!  ?+"(&+@=*7"2+";#8+".@*.";*2+";#8+".@*G&."2/%'*

!  -/#@%*@++>'*

?HIJKL*E*A7(74"*MNLN* L*

!"#$%&'#()*+,*-.'/#"0(+"*

O.(.*P%>&%'%"(.8+"'6*5AJM*Q*BCDEDF*

!  H#R%'*+,*?*SGT%2('*9#"*U)(%'<*
!!!!!!!!"#$%$"&'() "&'(*+$,"-./0*% "12%),"13-. "456/67"

!  "#$%&#'( !) !) !)!

!  %#* !) !) !)!

!  +,#&!%#* !) !) !-!

!  ./01 !2 !2 !2!

!  $/,1* !3 !3 !3!

!  4,0* !) !) !)!

!  (,"5+' !- !- !-!

!  +,#&!(,"5+' !- !26723 !28!

!  ./01!9 !) !) !-!
!"#$%&#'()*"#+',%(*"#

?HIJKL*E*A7(74"*MNLN* M*



!"#$%&'#()*+,*-.'/#"0(+"*

%rax 

%rbx 

%rcx 

%rdx 

%rsi 

%rdi 

%rsp 

%rbp 

BCDEDF*5"(%0%&*P%0#'(%&'*

!  :;*'#(!';%$<#&!1'&%$*'1$=!!>((!-!#'?!,#'$=!
!  @0A'!%ebpV%rbp*&'#'10+!B"1B,$'!

%eax 

%ebx 

%ecx 

%edx 

%esi 

%edi 

%esp 

%ebp 

%r8 

%r9 

%r10 

%r11 

%r12 

%r13 

%r14 

%r15 

%r8d 

%r9d 

%r10d 

%r11d 

%r12d 

%r13d 

%r14d 

%r15d 

?HIJKL*E*A7(74"*MNLN* J*

!"#$%&'#()*+,*-.'/#"0(+"*

5"'(&728+"'*

!  W+"0*X+&; l 9F*U)(%'<*Y*Z7.;*X+&; q 9C*U)(%'<*

!  [%X*#"'(&728+"'6*
!  movl ! movq 
!  addl ! addq 
!  sall ! salq 
!  '*.=!

!  JMEG#(*#"'(&728+"'*(/.(*0%"%&.(%*JMEG#(*&%'7@('*
!  C'*!/%&/'1!,1('1!5%*$!,D!('$<#0<,#!1'&%$*'1!*,!6!
!  :;0EB+'F!addl 

?HIJKL*E*A7(74"*MNLN* F*



!"#$%&'#()*+,*-.'/#"0(+"*

HX.>*#"*JMEG#(*1+;%*

void swap(int *xp, int *yp)  
{ 
  int t0 = *xp; 
  int t1 = *yp; 
  *xp = t1; 
  *yp = t0; 
} 

swap: 
 pushl %ebp 
 movl  %esp,%ebp 
 pushl %ebx 

 movl 12(%ebp),%ecx 
 movl 8(%ebp),%edx 
 movl (%ecx),%eax 
 movl (%edx),%ebx 
 movl %eax,(%edx) 
 movl %ebx,(%ecx) 

 movl -4(%ebp),%ebx 
 movl %ebp,%esp 
 popl %ebp 
 ret 

U+;)*

H%(7>*

\#"#'/*

?HIJKL*E*A7(74"*MNLN* K*

!"#$%&'#()*+,*-.'/#"0(+"*

HX.>*#"*DFEG#(*1+;%*

!  S>%&.";'*>.''%;*#"*&%0#'(%&'*9X/)*#'*(/#'*7'%,7@]<*
!  G%1$*!HxpI!%#!%rdiJ!$'.,#(!HypI!%#!%rsi 
!  8)K5%*!B,%#*'1$!

!  [+*'(.2^*+>%&.8+"'*&%_7#&%;*

!  JMEG#(*;.(.*
!  L0*0!/'+(!%#!1'&%$*'1$!%eax*0#(!%edx 
!  !movl!,B'10<,#!

void swap(int *xp, int *yp)  
{ 
  int t0 = *xp; 
  int t1 = *yp; 
  *xp = t1; 
  *yp = t0; 
} 

swap: 
 movl  (%rdi), %edx 
 movl  (%rsi), %eax 
 movl  %eax, (%rdi) 
 movl  %edx, (%rsi) 
 retq 
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!"#$%&'#()*+,*-.'/#"0(+"*

HX.>*W+"0*5"('*#"*DFEG#(*1+;%*

!  DFEG#(*;.(.*
!  L0*0!/'+(!%#!1'&%$*'1$!%rax*0#(!%rdx 
!  *movq*,B'10<,#!
!  MNO!$*0#($!D,1!N"0(K?,1(!

void swap_l 
  (long int *xp, long int *yp)  
{ 
  long int t0 = *xp; 
  long int t1 = *yp; 
  *xp = t1; 
  *yp = t0; 
} 

swap_l: 
 movq  (%rdi), %rdx 
 movq  (%rsi), %rax 
 movq  %rax, (%rdi) 
 movq  %rdx, (%rsi) 
 retq 

?HIJKL*E*A7(74"*MNLN* *̀

!"#$%&'#()*+,*-.'/#"0(+"*

3&+2%''+&*H(.(%*95AJM=*3.&8.@<*
!  5",+&4.8+"*.G+7(*

27&&%"(@)*%B%278"0*
>&+0&.4*

!  P'EB,101Q!(0*0!
H!%eaxJ!R!I!

!  S,.0<,#!,D!1"#<E'!
$*0.A!
H!%ebp,%esp I!

!  S,.0<,#!,D!."11'#*!
.,('!.,#*1,+!B,%#*!
H!%eipJ!R!I!

!  C*0*"$!,D!1'.'#*!*'$*$!
H!CF,ZF,SF,OF I!

%eip 

a%"%&.@*>7&>+'%*
&%0#'(%&'*

?7&&%"(*'(.2^*(+>*

?7&&%"(*'(.2^*,&.4%*

5"'(&728+"*>+#"(%&*

CF ZF SF OF ?+";#8+"*2+;%'*

%eax 
%ecx 
%edx 
%ebx 
%esi 
%edi 
%esp 
%ebp 
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!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+"*?+;%'*954>@#2#(*H%b"0<*
! H#"0@%*G#(*&%0#'(%&'*

CF !!T011Q!G+0&!HD,1!"#$%&#'(I !SF!!C%&#!G+0&!HD,1!$%&#'(I!
ZF !!U'1,!G+0& ! !OF!!VW'14,?!G+0&!HD,1!$%&#'(I!

!  54>@#2#(@)*'%(*9(/#"^*+,*#(*.'*'#;%*%c%2(<*G)*.&#(/4%82*+>%&.8+"' 
!:;0EB+'F addl/addq -"./0*1( Y*t = a+b 

!  ?\*'%(!%D!.011Q!,"*!D1,E!E,$*!$%&#%X.0#*!5%*!H"#$%&#'(!,W'14,?I!

!  d\*'%(*%D!t == 0*
!  H\*'%(*%D!t < 0 H0$!$%&#'(I!
!  S\*'%(*%D!*?,Y$!.,EB+'E'#*!H$%&#'(I!,W'14,?!
(a>0 && b>0 && t<0) || (a<0 && b<0 && t>=0)#

! 89%*'%(*G)*lea #"'(&728+"*9G%X.&%e<*
! \7@@*;+274%"(.8+"*95AJM<*

?HIJKL*E*A7(74"*MNLN* f*

!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+"*?+;%'*9IB>@#2#(*H%b"06*?+4>.&%<*

!  IB>@#2#(*H%b"0*G)*?+4>.&%*5"'(&728+"*
 cmpl/cmpq -".2J-".3 

! !cmpl b,a +%A'!.,EB"<#& a-b!?%*/,"*!$'Z#&!('$<#0<,# 

!  ?\*'%(*%D!.011Q!,"*!D1,E!E,$*!$%&#%X.0#*!5%*!H"$'(!D,1!"#$%&#'(!.,EB01%$,#$I!

!  d\*'%(*%D!a == b*
!  H\*'%(*%D!(a-b) < 0 H0$!$%&#'(I!
!  S\*'%(*%D!*?,Y$!.,EB+'E'#*!H$%&#'(I!,W'14,?!
(a>0 && b<0 && (a-b)<0) || (a<0 && b>0 && (a-b)>0) 
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!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+"*?+;%'*9IB>@#2#(*H%b"06*g%'(<*

!  IB>@#2#(*H%b"0*G)*g%'(*#"'(&728+"*
testl/testq -".2J-".3#

 testl b,a +%A'!.,EB"<#& a&b!?%*/,"*!$'Z#&!('$<#0<,#!#

!  C'*$!.,#(%<,#!.,('$!50$'(!,#!W0+"'!,D!-".3!&!-".2#
!  [$'D"+!*,!/0W'!,#'!,D!*/'!,B'10#($!5'!0!E0$A!

!  UG!$'*!?/'#!a&b == 0 
!  CG!$'*!?/'#!a&b < 0 

!  testl %eax, %eax 
!  C'*$!CG!0#(!UGJ!./'.A!%D!'0;!%$!\J6JK!

?HIJKL*E*A7(74"*MNLN* LL*

!"#$%&'#()*+,*-.'/#"0(+"*

P%.;#"0*?+";#8+"*?+;%'*
!  H%(h*5"'(&728+"'*

!  C'*!0!$%#&+'!5Q*'!50$'(!,#!.,E5%#0<,#$!,D!.,#(%<,#!.,('$!

H%(h ?+";#8+" O%'2&#>8+" 
sete ZF I_7.@*V*d%&+ 
setne ~ZF [+(*I_7.@*V*[+(*d%&+ 
sets SF [%0.8$% 
setns ~SF [+""%0.8$% 
setg ~(SF^OF)&~ZF a&%.(%&*9H#0"%;< 
setge ~(SF^OF) a&%.(%&*+&*I_7.@*9H#0"%;< 
setl (SF^OF) W%''*9H#0"%;< 
setle (SF^OF)|ZF W%''*+&*I_7.@*9H#0"%;< 
seta ~CF&~ZF AG+$%*97"'#0"%;< 
setb CF U%@+X*97"'#0"%;< 
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!"#$%&'#()*+,*-.'/#"0(+"*

P%.;#"0*?+";#8+"*?+;%'*9?+"(i<*
!  H%(h*5"'(&728+"'6**

C'*!$%#&+'!5Q*'!50$'(!,#!.,E5%#0<,#!,D!.,#(%<,#!
.,('$!

!  S"%*+,*C*.;;&%''.G@%*G)(%*&%0#'(%&'*
!  L,'$!#,*!0+*'1!1'E0%#%#&!]!5Q*'$!

!  PQB%.0++Q!"$'!movzbl!*,!X#%$/!^,5!

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

movl 12(%ebp),%eax  # eax = y 
cmpl %eax,8(%ebp)  # Compare x : y 
setg %al  # al = x > y 
movzbl %al,%eax  # Zero rest of %eax 

U+;)*

%eax 

%ecx 

%edx 

%ebx 

%esi 

%edi 

%esp 

%ebp 

%al %ah 

%cl %ch 

%dl %dh 

%bl %bh 

-/.(*;+%'*%.2/*+,*
(/%'%*#"'(&728+"'*;+]*

?HIJKL*E*A7(74"*MNLN* LJ*

!"#$%&'#()*+,*-.'/#"0(+"*

P%.;#"0*?+";#8+"*?+;%'*9?+"(i<*
!  H%(h*5"'(&728+"'6**

C'*!$%#&+'!5Q*'!50$'(!,#!.,E5%#0<,#!,D!.,#(%<,#!
.,('$!

!  S"%*+,*C*.;;&%''.G@%*G)(%*&%0#'(%&'*
!  L,'$!#,*!0+*'1!1'E0%#%#&!]!5Q*'$!

!  PQB%.0++Q!"$'!movzbl!*,!X#%$/!^,5!

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

movl 12(%ebp),%eax  # eax = y 
cmpl %eax,8(%ebp)  # Compare x and y 
setg %al  # al = x > y 
movzbl %al,%eax  # Zero rest of %eax 

[+(%*
#"$%&(%;*
+&;%&#"0e*

U+;)*

%eax 

%ecx 

%edx 

%ebx 

%esi 

%edi 

%esp 

%ebp 

%al %ah 

%cl %ch 

%dl %dh 

%bl %bh 
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!"#$%&'#()*+,*-.'/#"0(+"*

j74>#"0*
!  Th*5"'(&728+"'*

!  _"EB!*,!(%`'1'#*!B01*!,D!.,('!('B'#(%#&!,#!.,#(%<,#!.,('$!

Th* ?+";#8+"* O%'2&#>8+"!

jmp 1 !"2+";#8+".@!

je ZF I_7.@*V*d%&+!

jne ~ZF [+(*I_7.@*V*[+(*d%&+!

js SF [%0.8$%!

jns ~SF [+""%0.8$%!

jg ~(SF^OF)&~ZF a&%.(%&*9H#0"%;<!

jge ~(SF^OF) a&%.(%&*+&*I_7.@*9H#0"%;<!

jl (SF^OF) W%''*9H#0"%;<!

jle (SF^OF)|ZF W%''*+&*I_7.@*9H#0"%;<!

ja ~CF&~ZF AG+$%*97"'#0"%;<!

jb CF U%@+X*97"'#0"%;<!

?HIJKL*E*A7(74"*MNLN* LK*

!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@*U&."2/*IB.4>@%*

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

absdiff: 
 pushl  %ebp 
 movl   %esp, %ebp 
 movl   8(%ebp), %edx 
 movl   12(%ebp), %eax 
 cmpl   %eax, %edx 
 jle    .L7 
 subl   %eax, %edx 
 movl   %edx, %eax 

.L8: 
 leave 
 ret 

.L7: 
 subl   %edx, %eax 
 jmp    .L8 

U+;)L*

H%(7>*

\#"#'/*

U+;)M*
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!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@*U&."2/*IB.4>@%*9?+"(i<*

int goto_ad(int x, int y) 
{ 
  int result; 
  if (x <= y) goto Else; 
  result = x-y; 
Exit: 
  return result; 
Else: 
  result = y-x; 
  goto Exit; 
} 

!  ?*.@@+X'*k0+(+l*.'*4%."'*+,*
(&."',%&&#"0*2+"(&+@*
!  T+,$'1!*,!E0./%#'K+'W'+!

B1,&10EE%#&!$*Q+'!

!  a%"%&.@@)*2+"'#;%&%;*G.;*2+;#"0*
'()@%*

absdiff: 
 pushl  %ebp 
 movl   %esp, %ebp 
 movl   8(%ebp), %edx 
 movl   12(%ebp), %eax 
 cmpl   %eax, %edx 
 jle    .L7 
 subl   %eax, %edx 
 movl   %edx, %eax 

.L8: 
 leave 
 ret 

.L7: 
 subl   %edx, %eax 
 jmp    .L8 

?HIJKL*E*A7(74"*MNLN* L *̀

!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@*U&."2/*IB.4>@%*9?+"(i<*

int goto_ad(int x, int y) 
{ 
  int result; 
  if (x <= y) goto Else; 
  result = x-y; 
Exit: 
  return result; 
Else: 
  result = y-x; 
  goto Exit; 
} 

absdiff: 
 pushl  %ebp 
 movl   %esp, %ebp 
 movl   8(%ebp), %edx 
 movl   12(%ebp), %eax 
 cmpl   %eax, %edx 
 jle    .L7 
 subl   %eax, %edx 
 movl   %edx, %eax 

.L8: 
 leave 
 ret 

.L7: 
 subl   %edx, %eax 
 jmp    .L8 
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!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@*U&."2/*IB.4>@%*9?+"(i<*

int goto_ad(int x, int y) 
{ 
  int result; 
  if (x <= y) goto Else; 
  result = x-y; 
Exit: 
  return result; 
Else: 
  result = y-x; 
  goto Exit; 
} 

absdiff: 
 pushl  %ebp 
 movl   %esp, %ebp 
 movl   8(%ebp), %edx 
 movl   12(%ebp), %eax 
 cmpl   %eax, %edx 
 jle    .L7 
 subl   %eax, %edx 
 movl   %edx, %eax 

.L8: 
 leave 
 ret 

.L7: 
 subl   %edx, %eax 
 jmp    .L8 

?HIJKL*E*A7(74"*MNLN* Lf*

!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@*U&."2/*IB.4>@%*9?+"(i<*

int goto_ad(int x, int y) 
{ 
  int result; 
  if (x <= y) goto Else; 
  result = x-y; 
Exit: 
  return result; 
Else: 
  result = y-x; 
  goto Exit; 
} 

absdiff: 
 pushl  %ebp 
 movl   %esp, %ebp 
 movl   8(%ebp), %edx 
 movl   12(%ebp), %eax 
 cmpl   %eax, %edx 
 jle    .L7 
 subl   %eax, %edx 
 movl   %edx, %eax 

.L8: 
 leave 
 ret 

.L7: 
 subl   %edx, %eax 
 jmp    .L8 
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!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@*U&."2/*IB.4>@%*9?+"(i<*

int goto_ad(int x, int y) 
{ 
  int result; 
  if (x <= y) goto Else; 
  result = x-y; 
Exit: 
  return result; 
Else: 
  result = y-x; 
  goto Exit; 
} 

absdiff: 
 pushl  %ebp 
 movl   %esp, %ebp 
 movl   8(%ebp), %edx 
 movl   12(%ebp), %eax 
 cmpl   %eax, %edx 
 jle    .L7 
 subl   %eax, %edx 
 movl   %edx, %eax 

.L8: 
 leave 
 ret 

.L7: 
 subl   %edx, %eax 
 jmp    .L8 

?HIJKL*E*A7(74"*MNLN* ML*

!"#$%&'#()*+,*-.'/#"0(+"*

?*?+;%*
val = &):% ? &;)2/<4(= : <,:)/<4(=; 

a+(+*m%&'#+"*
 nt = >&):%; 
 if (nt) goto Else; 
 val = &;)2/<4(=; 

Done: 
 . . . 

Else: 
  val = <,:)/<4(=; 
  goto Done; 

a%"%&.@*?+";#8+".@*IB>&%''#+"*g&."'@.8+"*

!  4*1(!%$!';B1'$$%,#!1'*"1#%#&!%#*'&'1!
a!6!%#*'1B1'*'(!0$!D0+$'!

!6!%#*'1B1'*'(!0$!*1"'!

!  T1'0*'!$'B010*'!.,('!1'&%,#$!D,1!
*/'#!b!'+$'!';B1'$$%,#$!

!  :;'."*'!0BB1,B1%0*'!,#'!

val = x>y ? x-y : y-x; 
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!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@'6*BCDEDF*
absdiff: # x in %edi, y in %esi 
 movl   %edi, %eax  # eax = x 
 movl   %esi, %edx  # edx = y 
 subl   %esi, %eax  # eax = x-y 
 subl   %edi, %edx  # edx = y-x 
 cmpl   %esi, %edi  # x:y 
 cmovle %edx, %eax  # eax=edx if <= 
 ret 

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

?HIJKL*E*A7(74"*MNLN* MJ*

!"#$%&'#()*+,*-.'/#"0(+"*

?+";#8+".@'6*BCDEDF*

!  ?+";#8+".@*4+$%*#"'(&728+"*
!  cmovC!!$1.J!('$*!
!  @,W'!W0+"'!D1,E!$1.!*,!('$*!%D!.,#(%<,#!C!/,+($!
!  @,1'!'c.%'#*!*/0#!.,#(%<,#0+!510#./%#&!H$%EB+'!.,#*1,+!4,?I!

!  d"*!,W'1/'0(F!5,*/!510#./'$!01'!'W0+"0*'(!

absdiff: # x in %edi, y in %esi 
 movl   %edi, %eax  # eax = x 
 movl   %esi, %edx  # edx = y 
 subl   %esi, %eax  # eax = x-y 
 subl   %edi, %edx  # edx = y-x 
 cmpl   %esi, %edi  # x:y 
 cmovle %edx, %eax  # eax=edx if <= 
 ret 

int absdiff( 
    int x, int y) 
{ 
    int result; 
    if (x > y) { 
        result = x-y; 
    } else { 
        result = y-x; 
    } 
    return result; 
} 
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!"#$%&'#()*+,*-.'/#"0(+"*

?*?+;%*

?+";#8+".@*1+$%*m%&'#+"*
val1  = &;)2/<4(=; 
val2  = <,:)/<4(=; 
val1  = val2 if !&):%; 

a%"%&.@*\+&4*X#(/*?+";#8+".@*1+$%*

!  U+(/*$.@7%'*0%(*2+4>7(%;*

!  S$%&X&#(%*(/%"E$.@7%*X#(/*%@'%E$.@7%*#,*2+";#8+"*;+%'":(*/+@;*

!  O+":(*7'%*X/%"6*
!  P/'#!,1!'+$'!';B1'$$%,#!/0W'!$%('!'`'.*$!
!  P/'#!0#(!'+$'!';B1'$$%,#!01'!*,,!';B'#$%W'!

val = &):% ? &;)2/<4(= : <,:)/<4(=; 
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