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

1.'(*2#3%*

!  4+&*5++6'*

!  !"#$%""&$'$()*%+$%""&$'$,"-()*%+$%""&$'$."/"$0+#1*"2$

!  !"#$%""&$'$()*%+$%""&$'$."/"$3456&$/"$6*,,%+7$0+#1*"2$

!  78#(9/*'(.(%3%"('*

!  856&$/9:%+1;$jmp *.L62(,%edx,4) 
!  <+=*1*"2$/#++1$>2"/$1)"(2?$

()+2$(+$)90+$!"#$!%&=91+1$

:;36*(.<5%*

.section .rodata 
   .align 4 
.L62: 
 .long   .L61  # x = 0 
 .long   .L56  # x = 1 
 .long   .L57  # x = 2 
 .long   .L58  # x = 3 
 .long   .L61  # x = 4 
 .long   .L60  # x = 5 
 .long   .L60  # x = 6 

=7>?@A*B*C;(;3"*DEAE* A*

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

F.9/#"%*G&+0&.33#"0*HHHI*=+"(&+5*45+8*

!  7(.9J'*

!  G&+9%K;&%'*

!  G.&.3%(%&*6.''#"0*

=7>?@A*B*C;(;3"*DEAE* D*



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

HC?D*7(.9J*

!  L%0#+"*+,*3%3+&)*3.".0%K**

8#(/*.*'(.9J*K#'9#65#"%*

!  M&+8'*(+8.&K*5+8%&*.KK&%''%'*

!  =;'(+3.&#5)*'/+8"*N;6'#K%BK+8"O*

!  L%0#'(%&*%esp*9+"(.#"'**
5+8%'(**'(.9J*.KK&%''*

P*.KK&%''*+,*N(+6O*%5%3%"(*

7(.9J*G+#"(%&I*%esp 

@/9=A$B#"(1$

<"(2$

C2=#+91*2.$

D,,#+11+1$

7(.9J*N2+6O*

7(.9J*NQ+R+3O*

=7>?@A*B*C;(;3"*DEAE* ?*

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

HC?D*7(.9JI*G;'/*

!  pushl !"#*
!  E+/=)$"&+#92,$9/$'$($
!  <+=#+6+2/$%esp*:F$G$
!  H#*/+$"&+#92,$9/$9,,#+11$$

.*0+2$:F$%esp 

@/9=A$B#"(1$

<"(2$

C2=#+91*2.$

D,,#+11+1$

7(.9J*N2+6O*

7(.9J*NQ+R+3O*

7(.9J*G+#"(%&I*%esp 
BS*

=7>?@A*B*C;(;3"*DEAE* S*



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

HC?D*7(.9JI*G+6*

7(.9J*G+#"(%&I*%esp 

@/9=A$B#"(1$

<"(2$

C2=#+91*2.$

D,,#+11+1$

7(.9J*N2+6O*

7(.9J*NQ+R+3O*

!  popl $%&'*
!  I+9,$"&+#92,$9/$9,,#+11$%esp*
!  C2=#+6+2/$%esp*:F$G$
!  H#*/+$"&+#92,$/"$)%!*&

TS*

=7>?@A*B*C;(;3"*DEAE* @*

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

G&+9%K;&%*=+"(&+5*45+8*

!  !'%*'(.9J*(+*';66+&(*6&+9%K;&%*9.55*."K*&%(;&"*

!  G&+9%K;&%*9.55I*call label 
!  J51)$#+/5#2$9,,#+11$"2$1/9=A$
!  856&$/"$label*

!  L%(;&"*.KK&%''I*

!  D,,#+11$"!$*21/#5=K"2$:+F"2,$call*
!  LM96&%+$!#"6$,*1911+6:%F$

804854e:  e8 3d 06 00 00  call   8048b90 <main> 
8048553:  50              pushl  %eax 
!  I+/5#2$9,,#+11$N$0x8048553*

!  G&+9%K;&%*&%(;&"I*ret 
!  J"&$9,,#+11$!#"6$1/9=A$

!  856&$/"$9,,#+11 
=7>?@A*B*C;(;3"*DEAE* U*



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

%esp 

%eip 

%esp 

%eip 0x804854e 

0x108 

0x108 

0x10c 

0x110 

0x104 

0x804854e 

0x8048553 

123 

G&+9%K;&%*=.55*>V.365%*

0x108 

0x10c 

0x110 

123 

0x108 

call   8048b90 

804854e:  e8 3d 06 00 00  call   8048b90 <main> 
8048553:  50              pushl  %eax 

0x8048553 

0x104 

%eip: (")*"+,-#)./'%" 
=7>?@A*B*C;(;3"*DEAE* W*

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

%esp 

%eip 

%esp 

%eip 0x8048553 

0x108 

0x108 

0x10c 

0x110 

0x104 

0x804854e 

0x8048553 

123 

G&+9%K;&%*=.55*>V.365%*

0x108 

0x10c 

0x110 

123 

0x108 

call   8048b90 

804854e:  e8 3d 06 00 00  call   8048b90 <main> 
8048553:  50              pushl  %eax 

0x8048b90 

0x104 

%eip: (")*"+,-#)./'%" 
=7>?@A*B*C;(;3"*DEAE* X*

+ 0x000063d 



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

%esp 

%eip 

0x104 

%esp 

%eip 0x8048591 0x8048591 

0x104 0x104 

0x108 

0x10c 

0x110 

0x8048553 

123 

G&+9%K;&%*L%(;&"*>V.365%*

0x108 

0x10c 

0x110 

123 

ret 

8048591:  c3              ret    

0x108 

0x8048553 

0x8048553 

%eip: (")*"+,-#)./'%" 
=7>?@A*B*C;(;3"*DEAE* Y*

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

7(.9JBQ.'%K*1."0;.0%'*

!  1."0;.0%'*(/.(*';66+&(*&%9;&'#+"*

!  +O.OP$QP$J91=9%P$8909$
!  Q",+$651/$:+$$%+%,*$#,*$

!  R5%K&%+$1*65%/92+"51$*21/92K9K"21$"!$1*2.%+$&#"=+,5#+$

!  S++,$1"6+$&%9=+$/"$1/"#+$1/9/+$"!$+9=)$*21/92K9K"2$

!  D#.56+2/1$

!  T"=9%$09#*9:%+1$

!  I+/5#2$&"*2/+#$

!  7(.9J*K#'9#65#"%*

!  @/9/+$!"#$9$.*0+2$&#"=+,5#+$2++,+,$!"#$9$%*6*/+,$K6+$

!  @/9#K2.$!#"6$()+2$*/$*1$=9%%+,$/"$()+2$*/$#+/5#21$

!  Q9%%++$9%(9F1$#+/5#21$:+!"#+$=9%%+#$,"+1$
!  7(.9J*.55+9.(%K*#"*0"+,%&-

!  @/9/+$!"#$9$1*2.%+$&#"=+,5#+$*21/92K9K"2$
=7>?@A*B*C;(;3"*DEAE* AE*



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

=.55*=/.#"*>V.365%*

yoo(…) 
{ 

• 
• 
who(); 
• 
• 

} 

who(…) 
{ 

• • • 
amI(); 
• • • 
amI(); 
• • • 

} 

amI(…) 
{ 

• 
• 
amI(); 
• 
• 

} 

yoo 

who 

amI 

amI 

amI 

>V.365%*

=.55*=/.#"*

amI 

G&+9%K;&%*amI #'*&%9;&'#$%*
Z9.55'*#('%5,[*

=7>?@A*B*C;(;3"*DEAE* AA*

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

4&.3%*

,+&*

proc 

4&.3%*G+#"(%&I*%ebp*

7(.9J*4&.3%'*

!  =+"(%"('*

!  T"=9%$09#*9:%+1$
!  I+/5#2$*2!"#69K"2$

!  U+6&"#9#F$1&9=+$

!  F.".0%3%"(*

!  @&9=+$9%%"=9/+,$()+2$&#"=+,5#+$*1$+2/+#+,$
!  3@+/-5&7$=",+$

!  @&9=+$,+9%%"=9/+,$5&"2$#+/5#2$
!  3E*2*1)7$=",+$

7(.9J*G+#"(%&I*%esp*

G&%$#+;'*

4&.3%*

7(.9J*N2+6O*

=7>?@A*B*C;(;3"*DEAE* AD*



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

>V.365%*

yoo(…) 
{ 

• 
• 
who(); 
• 
• 

} 

yoo 

who 

amI 

amI 

amI 

amI 

yoo 
%ebp*

%esp*

7(.9J*

=7>?@A*B*C;(;3"*DEAE* A?*

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

who(…) 
{ 

• • • 
amI(); 
• • • 
amI(); 
• • • 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

=7>?@A*B*C;(;3"*DEAE* AS*



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

amI(…) 
{ 

• 
• 
amI(); 
• 
• 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

amI 

=7>?@A*B*C;(;3"*DEAE* A@*

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

amI(…) 
{ 

• 
• 
amI(); 
• 
• 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

amI 

amI 

=7>?@A*B*C;(;3"*DEAE* AU*



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

amI(…) 
{ 

• 
• 
amI(); 
• 
• 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

amI 

amI 

amI 

=7>?@A*B*C;(;3"*DEAE* AW*

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

amI(…) 
{ 

• 
• 
amI(); 
• 
• 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

amI 

amI 

=7>?@A*B*C;(;3"*DEAE* AX*



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

amI(…) 
{ 

• 
• 
amI(); 
• 
• 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

amI 

=7>?@A*B*C;(;3"*DEAE* AY*

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

who(…) 
{ 

• • • 
amI(); 
• • • 
amI(); 
• • • 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

=7>?@A*B*C;(;3"*DEAE* DE*



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

amI(…) 
{ 

• 
• 
• 
• 
• 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

amI 

=7>?@A*B*C;(;3"*DEAE* DA*

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

who(…) 
{ 

• • • 
amI(); 
• • • 
amI(); 
• • • 

} 

>V.365%*

yoo 

who 

amI 

amI 

amI 

amI 

yoo 

%ebp*

%esp*

7(.9J*

who 

=7>?@A*B*C;(;3"*DEAE* DD*



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

>V.365%*

yoo(…) 
{ 

• 
• 
who(); 
• 
• 

} 

yoo 

who 

amI 

amI 

amI 

amI 

yoo 
%ebp*

%esp*

7(.9J*

=7>?@A*B*C;(;3"*DEAE* D?*

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

HC?D\1#";V*7(.9J*4&.3%*

!  =;&&%"(*7(.9J*4&.3%*ZN2+6O*(+*Q+R+3[*
!  V%,$!#96+$&"*2/+#$

!  T"=9%$09#*9:%+1$
C!$=92W/$:+$451/$A+&/$*2$#+.*1/+#1$

!  @90+,$#+.*1/+#$="2/+M/$$
H)+2$#+51*2.$#+.*1/+#1$

!  3D#.56+2/$:5*%,$9#+97$

J9#96+/+#1$!"#$!52=K"2$$

9:"5/$/"$:+$=9%%+,$

!  =.55%&*7(.9J*4&.3%*

!  I+/5#2$9,,#+11$
J51)+,$:F$call$*21/#5=K"2$

!  D#.56+2/1$!"#$/)*1$=9%%$

L%(;&"*CKK&*

7.$%K*

L%0#'(%&'*

T*

1+9.5*

].&#.<5%'*

C&0;3%"(*

Q;#5K*

^5K*_%<6*

C&0;3%"('*

=.55%&*

4&.3%*

4&.3%*6+#"(%&*

%ebp*

7(.9J*6+#"(%&*

%esp*
=7>?@A*B*C;(;3"*DEAE* DS*



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

L%$#'#`"0*swap*

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

int zip1 = 15213; 
int zip2 = 98195; 

void call_swap() 
{ 
  swap(&zip1, &zip2); 
} 

call_swap: 
 • • • 
 pushl $zip2  # Global Var 
 pushl $zip1  # Global Var 
 call swap 
 • • • 

&zip2 

&zip1 

L("*.K&* %esp 

L%';5`"0*

7(.9J*a*

a*

a 

=.55#"0*swap*,&+3*call_swap 

=7>?@A*B*C;(;3"*DEAE* D@*

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

L%$#'#`"0*swap*

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 

Q+K)*

7%(*

!6*

4#"#'/*

=7>?@A*B*C;(;3"*DEAE* DU*



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

swap*7%(;6*bA*

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

L%';5`"0*7(.9J*

&zip2 

&zip1 

L("*.K&* %esp 

>"(%&#"0*7(.9J*

a*

a*

a 

%ebp 

yp 

xp 

L("*.K&*

^5K*%ebp*

%ebp 
a*

a*

a 

%esp 

=7>?@A*B*C;(;3"*DEAE* DW*

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

swap*7%(;6*bA*

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

&zip2 

&zip1 

L("*.K&* %esp 

>"(%&#"0*7(.9J*

a*

a*

a 

%ebp 

yp 

xp 

L("*.K&*

^5K*%ebp*

%ebp 
a*

a*

a 

%esp 

=7>?@A*B*C;(;3"*DEAE* DX*



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

swap*7%(;6*bA*

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

&zip2 

&zip1 

L("*.K&* %esp 

>"(%&#"0*7(.9J*

a*

a*

a 

%ebp 

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

L%';5`"0*7(.9J*

=7>?@A*B*C;(;3"*DEAE* DY*

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

swap*7%(;6*bA*

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

&zip2 

&zip1 

L("*.K&* %esp 

>"(%&#"0*7(.9J*

a*

a*

a 

%ebp 

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

=7>?@A*B*C;(;3"*DEAE* ?E*



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

AD*

X*

S*

swap*7%(;6*bA*

&zip2 

&zip1 

L("*.K&* %esp 

>"(%&#"0*7(.9J*

a*

a*

a 

%ebp 

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

L%';5`"0*7(.9J*

^5K*%ebx*

 movl 12(%ebp),%ecx # get yp 
 movl 8(%ebp),%edx  # get xp 
 . . . 

12&%'-"%3+45%--
')-/%6-%ebp 

=7>?@A*B*C;(;3"*DEAE* ?A*

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

swap*4#"#'/*bA*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

L%';5`"0*7(.9J*

^5K*%ebx*

^<'%&$.`+"I*7.$%K*."K*&%'(+&%K**

&%0#'(%&*%ebx 
=7>?@A*B*C;(;3"*DEAE* ?D*



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

swap*4#"#'/*bD*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp ^5K*%ebx*

=7>?@A*B*C;(;3"*DEAE* ??*

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

swap*4#"#'/*bD*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

L%';5`"0*7(.9J*

=7>?@A*B*C;(;3"*DEAE* ?S*



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

swap*4#"#'/*bD*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

=7>?@A*B*C;(;3"*DEAE* ?@*

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

swap*4#"#'/*b?*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

L%';5`"0*7(.9J*

yp 

xp 

L("*.K&*

%ebp 
a*

a*

a 

%esp 

=7>?@A*B*C;(;3"*DEAE* ?U*



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

swap*4#"#'/*bS*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

yp 

xp 

L("*.K&*

%ebp 
a*

a*

a 

%esp 

=7>?@A*B*C;(;3"*DEAE* ?W*

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

swap*4#"#'/*bS*

yp 

xp 

L("*.K&*

^5K*%ebp* %ebp 

a*

a*

a 

%esp 

swap’s*7(.9J*

^5K*%ebx*

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

yp 

xp 

%ebp 
a*

a*

a 

%esp 

L%';5`"0*7(.9J*

!  ^<'%&$.`+"*

!  @90+,$X$#+1/"#+,$#+.*1/+#$%ebx*
!  <*,2W/$,"$1"$!"#$%eaxc*%ecxP$"#$%edx*

=7>?@A*B*C;(;3"*DEAE* ?X*



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

d#'.''%3<5%K*swap*
080483a4 <swap>: 
 80483a4:   55          push   %ebp 
 80483a5:   89 e5       mov    %esp,%ebp 
 80483a7:   53          push   %ebx 
 80483a8:   8b 55 08    mov    0x8(%ebp),%edx 
 80483ab:   8b 4d 0c    mov    0xc(%ebp),%ecx 
 80483ae:   8b 1a       mov    (%edx),%ebx 
 80483b0:   8b 01       mov    (%ecx),%eax 
 80483b2:   89 02       mov    %eax,(%edx) 
 80483b4:   89 19       mov    %ebx,(%ecx) 
 80483b6:   5b          pop    %ebx 
 80483b7:   c9          leave   
 80483b8:   c3          ret     

 8048409:   e8 96 ff ff ff   call 80483a4 <swap> 
 804840e:   8b 45 f8         mov  0xfffffff8(%ebp),%eax 

=.55#"0*=+K%*

=7>?@A*B*C;(;3"*DEAE* ?Y*

mov    %ebp,%esp 
pop    %ebp 

0x0804840e + 0xffffff96 = 0x080483a4 

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

L%0#'(%&*7.$#"0*=+"$%"`+"'*

!  -/%"*6&+9%K;&%*yoo*9.55'*whoI*
!  yoo$*1$/)+$#+33%"*
!  who$*1$/)+$#+33%%-

!  =."*L%0#'(%&*<%*;'%K*,+&*(%36+&.&)*'(+&.0%e*

!  Q"2/+2/1$"!$#+.*1/+#$%edx*"0+#(#*Y+2$:F$who*

yoo: 
 • • • 
movl $15213, %edx 
call who 
addl %edx, %eax 

 • • • 
ret 

who: 
 • • • 
movl 8(%ebp), %edx 
addl $98195, %edx 

 • • • 
ret 

=7>?@A*B*C;(;3"*DEAE* SE*



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

L%0#'(%&*7.$#"0*=+"$%"`+"'*

!  -/%"*6&+9%K;&%*yoo*9.55'*whoI*
!  yoo$*1$/)+$#+33%"*
!  who$*1$/)+$#+33%%$

!  =."*&%0#'(%&*<%*;'%K*,+&*(%36+&.&)*'(+&.0%e*

!  =+"$%"`+"'*

!  78+33%"-!+5%9-
!  Q9%%+#$190+1$/+6&"#9#F$*2$*/1$!#96+$:+!"#+$=9%%*2.$

!  78+33%%-!+5%9-
!  Q9%%++$190+1$/+6&"#9#F$*2$*/1$!#96+$:+!"#+$51*2.$

=7>?@A*B*C;(;3"*DEAE* SA*

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

HC?D\1#";V*L%0#'(%&*!'.0%*

!  %eax, %edx, %ecx 
!  Q9%%+#$190+1$&#*"#$/"$=9%%$*!$

09%5+1$9#+$51+,$%9/+#$

!  %eax 
!  9%1"$51+,$/"$#+/5#2$$

*2/+.+#$09%5+$

!  %ebx, %esi, %edi 
!  Q9%%++$190+1$*!$(92/1$/"$

51+$/)+6$

!  %esp, %ebp 
!  1&+=*9%$

%eax 
%edx 
%ecx 
%ebx 
%esi 
%edi 
%esp 
%ebp 

=.55%&B7.$%*

2%36+&.&#%'*

=.55%%B7.$%*

2%36+&.&#%'*

76%9#.5*

=7>?@A*B*C;(;3"*DEAE* SD*



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

int rfact(int x) 
{ 
  int rval; 
  if (x <= 1) 
    return 1; 
  rval = rfact(x-1); 
  return rval * x; 
} 

rfact: 
 pushl %ebp 
 movl %esp,%ebp 
 pushl %ebx 
 movl 8(%ebp),%ebx 
 cmpl $1,%ebx 
 jle .L78 
 leal -1(%ebx),%eax 
 pushl %eax 
 call rfact 
 imull %ebx,%eax 
 jmp .L79 
 .align 4 

.L78: 
 movl $1,%eax 

.L79: 
 movl -4(%ebp),%ebx 
 movl %ebp,%esp 
 popl %ebp 
 ret 

L%9;&'#$%*4.9(+&#.5*

!  L%0#'(%&'*

!  $%ebx*51+,P$:5/$190+,$9/$
:+.*22*2.$X$#+1/"#+,$9/$+2,$

!  $%eax*51+,$(*/)"5/$Z#1/$190*2.$
!  +M&+=/$=9%%+#$/"$190+$

!  &51)+,$"2/"$1/9=A$91$
&9#96+/+#$!"#$2+M/$=9%%$

!  51+,$!"#$#+/5#2$09%5+$
=7>?@A*B*C;(;3"*DEAE* S?*

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

G+#"(%&*=+K%*

void s_helper 
  (int x, int *accum) 
{ 
  if (x <= 1) 
    return; 
  else { 
    int z = *accum * x; 
    *accum = z; 
    s_helper (x-1,accum); 
  } 
} 

int sfact(int x) 
{ 
  int val = 1; 
  s_helper(x, &val); 
  return val; 
} 

2+6B1%$%5*=.55*L%9;&'#$%*G&+9%K;&%*

!  G.''*6+#"(%&*(+*;6K.(%*5+9.`+"*

=7>?@A*B*C;(;3"*DEAE* SS*



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

2%36f*

76.9%*

%esp 

=&%.`"0*g*H"#`.5#h#"0*G+#"(%&*

int sfact(int x) 
{ 
  int val = 1; 
  s_helper(x, &val); 
  return val; 
} 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

!  ].&#.<5%*val*3;'(*<%*'(+&%K*+"*'(.9J*

!  [+=951+;$S++,$/"$=#+9/+$&"*2/+#$/"$*/$
!  =+36;(%*6+#"(%&*.'*-4(%ebp)*
!  G;'/*+"*'(.9J*.'*'%9+"K*.&0;3%"(*

H"#`.5*6.&(*+,*sfact*

x 

L("*.K&*

^5K*%ebp* %ebp   0  

  4  

  8  

 -4  val = 1 

!";'%K*-12  

 -8  

-16 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

=7>?@A*B*C;(;3"*DEAE* S@*

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

2%36f*

76.9%*

%esp 

=&%.`"0*g*H"#`.5#h#"0*G+#"(%&*

int sfact(int x) 
{ 
  int val = 1; 
  s_helper(x, &val); 
  return val; 
} 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

!  ].&#.<5%*val*3;'(*<%*'(+&%K*+"*'(.9J*

!  [+=951+;$S++,$/"$=#+9/+$&"*2/+#$/"$*/$
!  =+36;(%*6+#"(%&*.'*-4(%ebp)*
!  G;'/*+"*'(.9J*.'*'%9+"K*.&0;3%"(*

H"#`.5*6.&(*+,*sfact*

x 

L("*.K&*

^5K*%ebp* %ebp   0  

  4  

  8  

 -4  val = 1 

!";'%K*-12  

 -8  

-16 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

_sfact: 
 pushl %ebp  # Save %ebp 
 movl %esp,%ebp  # Set %ebp 
 subl $16,%esp  # Add 16 bytes  
 movl 8(%ebp),%edx  # edx = x 
 movl $1,-4(%ebp)  # val = 1 

=7>?@A*B*C;(;3"*DEAE* SU*



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

G.''#"0*G+#"(%&*

int sfact(int x) 
{ 
  int val = 1; 
  s_helper(x, &val); 
  return val; 
} 

 leal -4(%ebp),%eax # Compute &val 
 pushl %eax  # Push on stack 
 pushl %edx  # Push x 
 call s_helper  # call 
 movl -4(%ebp),%eax # Return val 
 • • •  # Finish 

=.55#"0*s_helper*,&+3*sfact*

x 

L("*.K&*

^5K*%ebp* %ebp   0  

  4  

  8  

val = 1  -4  

!";'%K*-12  

 -8  

-16 

%esp x 

&val 

7(.9J*.(*`3%*+,*9.55*

 leal -4(%ebp),%eax # Compute &val 
 pushl %eax  # Push on stack 
 pushl %edx  # Push x 
 call s_helper  # call 
 movl -4(%ebp),%eax # Return val 
 • • •  # Finish 

 leal -4(%ebp),%eax # Compute &val 
 pushl %eax  # Push on stack 
 pushl %edx  # Push x 
 call s_helper  # call 
 movl -4(%ebp),%eax # Return val 
 • • •  # Finish 

val=x! 

=7>?@A*B*C;(;3"*DEAE* SW*

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

G.''#"0*G+#"(%&*

int sfact(int x) 
{ 
  int val = 1; 
  s_helper(x, &val); 
  return val; 
} 

 leal -4(%ebp),%eax # Compute &val 
 pushl %eax  # Push on stack 
 pushl %edx  # Push x 
 call s_helper  # call 
 movl -4(%ebp),%eax # Return val 
 • • •  # Finish 

=.55#"0*s_helper*,&+3*sfact*

x 

L("*.K&*

^5K*%ebp* %ebp   0  

  4  

  8  

val = 1  -4  

!";'%K*-12  

 -8  

-16 

%esp x 

&val 

7(.9J*.(*`3%*+,*9.55*

 leal -4(%ebp),%eax # Compute &val 
 pushl %eax  # Push on stack 
 pushl %edx  # Push x 
 call s_helper  # call 
 movl -4(%ebp),%eax # Return val 
 • • •  # Finish 

 leal -4(%ebp),%eax # Compute &val 
 pushl %eax  # Push on stack 
 pushl %edx  # Push x 
 call s_helper  # call 
 movl -4(%ebp),%eax # Return val 
 • • •  # Finish 

val=x! 

=7>?@A*B*C;(;3"*DEAE* SX*



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

HC*?D*G&+9%K;&%*7;33.&)*

!  7(.9J*3.J%'*&%9;&'#+"*8+&J*

!  J#*09/+$1/"#9.+$!"#$+9=)$-,!*#,(%$"!$&#"=+,5#+$=9%%$
!  C21/92K9K"21$,"2W/$=%"::+#$+9=)$"/)+#$

!  D,,#+11*2.$"!$%"=9%1$\$9#.56+2/1$=92$:+$$

#+%9K0+$/"$1/9=A$&"1*K"21$

!  R929.+,$:F$1/9=A$,*1=*&%*2+$

!  J#"=+,5#+1$#+/5#2$*2$*20+#1+$"#,+#$"!$=9%%1$

!  HC?D*6&+9%K;&%'**

8),:;/+4)/-)0-</&'".#4)/&-=-8)/5%/4)/&-
!  =9%%$]$#+/$*21/#5=K"21$
!  I+.*1/+#$519.+$="20+2K"21$

!  =9%%+#$]$=9%%++$190+$

!  $%ebp*92,$%esp 
!  @/9=A$!#96+$"#.92*^9K"2$="20+2K"21$

L%(;&"*CKK&*

7.$%K*

L%0#'(%&'*

T*

1+9.5*

].&#.<5%'*

C&0;3%"(*

Q;#5K*

^5K*_%<6*

C&0;3%"('*

=.55%&*

4&.3%*

%ebp*

%esp*
=7>?@A*B*C;(;3"*DEAE* SY*


