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

1.'(*2#3%*

!  4&+5%67&%'*89:;<=*
!  !"##$%$&'()&*$
!  +',-.$+'/-$
!  #0!"#$1"&2"/#',$
!  &'!)&,21'$3)*!40*,$

>%(7&"*:66&*

?.$%6*
>%0#'(%&'*

@*
1+5.A*

B.&#.CA%'*

:&073%"(*
D7#A6*

EA6*F%CG*

:&073%"('*

H.AA%&*
I&.3%*

%ebp*

%esp*

%eax 

%edx 

%ecx 

%ebx 

%esi 

%edi 

%esp 

%ebp 

H.AA%&J?.$%*

H.AA%%J?.$%*

?G%5#.A*

H?K;LM*J*:7(73"*<NMN* M*

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

2+6.)*

!  :&&.)'*
!  5*'6728'*,20*"#$

!  9)#46728'*,20*"#$:*',('7;$
!  9)#46#'1'#$

!  ?(&75('*
!  <#2=*8'*($

!  !"#+"'*

H?K;LM*J*:7(73"*<NMN* <*



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

:&&.)*:AA+5.O+"*
!  D.'#5*4&#"5#GA%*

!**A["];*
!  <&&">$03$7"("$(>-'$!$"*7$#'*=(?$"$
!  @0*4=)0),#>$"##0!"('7$&'=20*$03$"$A$sizeof(!)$/>(',$

char string[12]; 

#$ #$B$CD$

int val[5]; 

#$ #$B$E$ #$B$F$ #$B$CD$ #$B$CG$ #$B$DH$

double a[3]; 

#$B$DE$#$ #$B$F$ #$B$CG$

char *p[3]; 

#$ #$B$F$ #$B$CG$ #$B$DE$

#$ #$B$E$ #$B$F$ #$B$CD$

9:;<*

PQRJRS*

H?K;LM*J*:7(73"*<NMN* ;*

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

:&&.)*:55%''*
! D.'#5*4&#"5#GA%*

!$$A["];*
!  <&&">$03$7"("$(>-'$!$"*7$#'*=(?$"$
!  I7'*4J'&$A$!"*$/'$),'7$",$"$-02*('&$(0$"&&">$'#'8'*($HK$L>-'$!%$

! >%,%&%"5% *2)G% *B.A7%*
val[4]  int  M$
val  int *  #$
val+1 *int *  #$B$E$
&val[2] *int *  #$B$F$
val[5] *int  NN$
*(val+1) *int  F$
val + ! *int *  #$B$E$&$

int val[5]; T* Q* M* T* L*

#$ #$B$E$ #$B$F$ #$B$CD$ #$B$CG$ #$B$DH$

H?K;LM*J*:7(73"*<NMN* S*



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

:&&.)*KP.3GA%*

!  U%5A.&.O+"*Vzip_dig uwW*%X7#$.A%"(*(+*Vint uw[5]W*
!  KP.3GA%*.&&.)'*Y%&%*.AA+5.(%6*#"*'755%''#$%*<N*C)(%*CA+5Z'*

!  O0($=)"&"*(''7$(0$?"--'*$2*$='*'&"#$

typedef int zip_dig[5]; 

zip_dig cmu = { 1, 5, 2, 1, 3 }; 
zip_dig uw  = { 9, 8, 1, 9, 5 }; 
zip_dig ucb = { 9, 4, 7, 2, 0 }; 

zip_dig cmu; M* L* <* M* ;*

CG$ DH$ DE$ DF$ PD$ PG$

zip_dig uw ;  T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$

zip_dig ucb; T* S* [* <* N*

MG$ GH$ GE$ GF$ QD$ QG$

H?K;LM*J*:7(73"*<NMN* L*

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

:&&.)*:55%''#"0*KP.3GA%*

"  >%0#'(%&*%edx*5+"(.#"'*
'(.&O"0*.66&%''*+,*.&&.)*

"  >%0#'(%&*%eax*5+"(.#"'**
.&&.)*#"6%P*

"  U%'#&%6*6#0#(*.(**
4*%eax + %edx*

"  !'%*3%3+&)*&%,%&%"5%*
(%edx,%eax,4)*

int get_digit 
  (zip_dig z, int dig) 
{ 
  return z[dig]; 
} 

# %edx = z 
# %eax = dig 
movl (%edx,%eax,4),%eax  # z[dig] 

9:;<*

zip_dig uw; T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$



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

>%,%&%"5#"0*KP.3GA%'*

! >%,%&%"5% *:66&%'' **B.A7% ***\7.&."(%%6]*
uw[3]  36 + 4* 3 = 48   9   
uw[6]  36 + 4* 6 = 60   4   
uw[-1]  36 + 4*-1 = 32   3   

cmu[15]  16 + 4*15 = 76   ??   

zip_dig cmu; M* L* <* M* ;*

CG$ DH$ DE$ DF$ PD$ PG$

zip_dig uw ; T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$

zip_dig ucb; T* S* [* <* N*

MG$ GH$ GE$ GF$ QD$ QG$

-/.(*.&%*(/%'%*$.A7%']*

H?K;LM*J*:7(73"*<NMN* [*

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

>%,%&%"5#"0*KP.3GA%'*

! >%,%&%"5% *:66&%'' **B.A7% ***\7.&."(%%6]*
uw[3]  36 + 4* 3 = 48   9   
uw[6]  36 + 4* 6 = 60   4   
uw[-1]  36 + 4*-1 = 32   3   

cmu[15]  16 + 4*15 = 76   ??   
!  O0$/0)*7$!?'!R2*=$
!  5)(6036&"*='$/'?"120&$28-#'8'*("40*67'-'*7'*($

!  O0$=)"&"*(''7$&'#"41'$"##0!"40*$03$72S'&'*($"&&">,$$

%̂'*
_+*
_+*
_+*

zip_dig cmu; M* L* <* M* ;*

CG$ DH$ DE$ DF$ PD$ PG$

zip_dig uw ; T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$

zip_dig ucb; T* S* [* <* N*

MG$ GH$ GE$ GF$ QD$ QG$

H?K;LM*J*:7(73"*<NMN* Q*



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

int zd2int(zip_dig z) 
{ 
  int i; 
  int zi = 0; 
  for (i = 0; i < 5; i++) { 
    zi = 10 * zi + z[i]; 
  } 
  return zi; 
} 

:&&.)*1++G*KP.3GA%*

int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while (z <= zend); 
  return zi; 
} 

" E&#0#".A*

" 2&."',+&3%6*
"  <,$='*'&"('7$/>$T@@$

"  U#282*"('$#00-$1"&2"/#'$i$
"  @0*1'&($"&&">$!07'$(0$
-02*('&$!07'$

"  UV-&',,$2*$706W?2#'$30&8$
:*0$(',($"($'*(&"*!';$

H?K;LM*J*:7(73"*<NMN* T*

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

 # %ecx = z 
 xorl %eax,%eax  # zi = 0 
 leal 16(%ecx),%ebx  # zend  = z+4 

.L59: 
 leal (%eax,%eax,4),%edx # 5*zi 
 movl (%ecx),%eax  # *z 
 addl $4,%ecx  # z++ 
 leal (%eax,%edx,2),%eax # zi = *z + 2*(5*zi) 
 cmpl %ebx,%ecx  # z : zend 
 jle .L59  # if <= goto loop 

:&&.)*1++G*93GA%3%"(.O+"*89:;<=*
int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while(z <= zend); 
  return zi; 
} 

2&."'A.O+"]*

H?K;LM*J*:7(73"*<NMN* MN*



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

 # %ecx = z 
 xorl %eax,%eax  # zi = 0 
 leal 16(%ecx),%ebx  # zend  = z+4 

.L59: 
 leal (%eax,%eax,4),%edx # 5*zi 
 movl (%ecx),%eax  # *z 
 addl $4,%ecx  # z++ 
 leal (%eax,%edx,2),%eax # zi = *z + 2*(5*zi) 
 cmpl %ebx,%ecx  # z : zend 
 jle .L59  # if <= goto loop 

:&&.)*1++G*93GA%3%"(.O+"*89:;<=*
! >%0#'(%&'*

%ecx z 
%eax zi 
%ebx zend 

! H+3G7(.O+"'*
!  $10*zi + *z**28-#'8'*('7$",$$$$$
*z + 2*(zi+4*zi)*

!  z++*2*!&'8'*(,$/>$E 

int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while(z <= zend); 
  return zi; 
} 

 # %ecx = z 
 xorl %eax,%eax  # zi = 0 
 leal 16(%ecx),%ebx  # zend  = z+4 

.L59: 
 leal (%eax,%eax,4),%edx # 5*zi 
 movl (%ecx),%eax  # *z 
 addl $4,%ecx  # z++ 
 leal (%eax,%edx,2),%eax # zi = *z + 2*(5*zi) 
 cmpl %ebx,%ecx  # z : zend 
 jle .L59  # if <= goto loop 

int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while(z <= zend); 
  return zi; 
} 

 # %ecx = z 
 xorl %eax,%eax  # zi = 0 
 leal 16(%ecx),%ebx  # zend  = z+4 

.L59: 
 leal (%eax,%eax,4),%edx # 5*zi 
 movl (%ecx),%eax  # *z 
 addl $4,%ecx  # z++ 
 leal (%eax,%edx,2),%eax # zi = *z + 2*(5*zi) 
 cmpl %ebx,%ecx  # z : zend 
 jle .L59  # if <= goto loop 

int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while(z <= zend); 
  return zi; 
} 

 # %ecx = z 
 xorl %eax,%eax  # zi = 0 
 leal 16(%ecx),%ebx  # zend  = z+4 

.L59: 
 leal (%eax,%eax,4),%edx # 5*zi 
 movl (%ecx),%eax  # *z 
 addl $4,%ecx  # z++ 
 leal (%eax,%edx,2),%eax # zi = *z + 2*(5*zi) 
 cmpl %ebx,%ecx  # z : zend 
 jle .L59  # if <= goto loop 

int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while(z <= zend); 
  return zi; 
} 

 # %ecx = z 
 xorl %eax,%eax  # zi = 0 
 leal 16(%ecx),%ebx  # zend  = z+4 

.L59: 
 leal (%eax,%eax,4),%edx # 5*zi 
 movl (%ecx),%eax  # *z 
 addl $4,%ecx  # z++ 
 leal (%eax,%edx,2),%eax # zi = *z + 2*(5*zi) 
 cmpl %ebx,%ecx  # z : zend 
 jle .L59  # if <= goto loop 

int zd2int(zip_dig z) 
{ 
  int zi = 0; 
  int *zend = z + 4; 
  do { 
    zi = 10 * zi + *z; 
    z++; 
  } while(z <= zend); 
  return zi; 
} 

H?K;LM*J*:7(73"*<NMN* MM*

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

_%'(%6*:&&.)*KP.3GA%*

!  Vzip_dig sea[4]W*%X7#$.A%"(*(+*Vint sea[4][5]W*
!  X"&2"/#'$seaK$"&&">$03$E$'#'8'*(,.$"##0!"('7$!0*4=)0),#>$

!  U"!?$'#'8'*($2,$"*$"&&">$03$M$int,.$"##0!"('7$!0*4=)0),#>$

!  V&+YJ3.`+&W*+&6%&#"0*+,*.AA*%A%3%"('*07.&."(%%6*

#define PCOUNT 4 
zip_dig sea[PCOUNT] =  
  {{ 9, 8, 1, 9, 5 }, 
   { 9, 8, 1, 0, 5 }, 
   { 9, 8, 1, 0, 3 }, 
   { 9, 8, 1, 1, 5 }}; 

76 96 116 136 156 

9 8 1 9 5 9 8 1 0 5 9 8 1 0 3 9 8 1 1 5 

H?K;LM*J*:7(73"*<NMN* M<*

&sea[3][2]; 



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

a7AO6#3%"'#+".A*8_%'(%6=*:&&.)'*
!  U%5A.&.O+"*

!$$$A['][(];$
!  DY$"&&">$03$7"("$(>-'$!$
!  '$&0W,.$($!0#)8*,$

!  L>-'$!$'#'8'*($&'Z)2&',$)$/>(',$

!  :&&.)*'#b%*
!  '$A$($A$)$/>(',$

!  :&&."0%3%"(*
!  [0W68"\0&$0&7'&2*=$

A[0][0] A[0][C-1] 

A[R-1][0] 

• • • 

• • • A[R-1][C-1] 

• 
• 
• 

• 
• 
• 

int A[R][C]; 

• • • 
A 

[0] 
[0] 

A 
[0] 
[C-1] 

• • • 
A 

[1] 
[0] 

A 
[1] 
[C-1] 

• • • 
A 

[R-1] 
[0] 

A 
[R-1] 
[C-1] 

•  •  • 

4*R*C$$]>(',$
H?K;LM*J*:7(73"*<NMN* M;*

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

^$$^$$^$

_%'(%6*:&&.)*>+Y*:55%''*
!  >+Y*$%5(+&'*

!  $A[i]$2,$"&&">$03$($'#'8'*(,$

!  U"!?$'#'8'*($03$(>-'$!$&'Z)2&',$)$/>(',$
!  _("&4*=$"77&',,$A + $&$A$:($A$);$

^$^$^$
A 

[i] 
[0] 

A 
[i] 
[C-1] 

A[i]$

^$^$^$
A 

[R-1] 
[0] 

A 
[R-1] 
[C-1] 

A[R-1]$

^$$^$$^$

A 

^$^$^$
A 

[0] 
[0] 

A 
[0] 
[C-1] 

A[0]$

A+i*C*4 A+(R-1)*C*4 

int A[R][C]; 

H?K;LM*J*:7(73"*<NMN* MS*



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

_%'(%6*:&&.)*>+Y*:55%''*H+6%*
int *get_sea_zip(int index) 
{ 
  return sea[index]; 
} 

  # %eax = index 
 leal (%eax,%eax,4),%eax # 5 * index 
 leal sea(,%eax,4),%eax  # sea + (20 * index) 

#define PCOUNT 4 
zip_dig sea[PCOUNT] =  
  {{ 9, 8, 1, 9, 5 }, 
   { 9, 8, 1, 0, 5 }, 
   { 9, 8, 1, 0, 3 }, 
   { 9, 8, 1, 1, 5 }}; 

2&."'A.O+"]*

!  -/.(*6.(.*()G%*#'*sea[index]]*
!  -/.(*#'*#('*'(.&O"0*.66&%''] 

H?K;LM*J*:7(73"*<NMN* ML*

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

_%'(%6*:&&.)*>+Y*:55%''*H+6%*

!  >+Y*B%5(+&*
!  sea[index]*2,$"&&">$03$M$int,$
!  _("&4*=$"77&',,$sea+20*index 

!  9:;<*H+6%*
!  @08-)(',$"*7$&'()&*,$"77&',,$

!  @08-)('$",$sea+4*(index+4*index)=sea+20*index 

int *get_sea_zip(int index) 
{ 
  return sea[index]; 
} 

  # %eax = index 
 leal (%eax,%eax,4),%eax # 5 * index 
 leal sea(,%eax,4),%eax  # sea + (20 * index) 

#define PCOUNT 4 
zip_dig sea[PCOUNT] =  
  {{ 9, 8, 1, 9, 5 }, 
   { 9, 8, 1, 0, 5 }, 
   { 9, 8, 1, 0, 3 }, 
   { 9, 8, 1, 1, 5 }}; 

H?K;LM*J*:7(73"*<NMN* MR*



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

^$$^$$^$

_%'(%6*:&&.)*>+Y*:55%''*
!  :&&.)*KA%3%"('* 

!  $A[i][j]*2,$'#'8'*($03$(>-'$!*$W?2!?$&'Z)2&',$)$/>(', 
!  <77&',,$$A + &$A$:($A$);$B$$+$A$)$,$-$.$:&$%$($.$$+;%$)$

$^$^$^$$$$$$$$$$$$$$$$$$$$$$^$^$^$
A 

[i] 
[j] 

A[i]$

^$^$^$
A 

[R-1] 
[0] 

A 
[R-1] 
[C-1] 

A[R-1]$

^$$^$$^$

A 

^$^$^$
A 

[0] 
[0] 

A 
[0] 
[C-1] 

A[0]$

A + i*C*4 A + (R-1)*C*4 

int A[R][C]; 

A + i*C*4 + j*4 
H?K;LM*J*:7(73"*<NMN* M[*

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

_%'(%6*:&&.)*KA%3%"(*:55%''*H+6%*

!  :&&.)*KA%3%"('* 
!  *sea[index][dig]*2,*int 
!  <77&',,K$sea + 20*index + 4*dig 

!  9:;<*H+6%*
!  @08-)(',$"77&',,$sea + 4*dig + 4*(index+4*index)*
!  $movl$-'&30&8,$8'80&>$&'3'&'*!' 

int get_sea_digit 
  (int index, int dig) 
{ 
  return sea[index][dig]; 
} 

 # %ecx = dig 
 # %eax = index 
 leal 0(,%ecx,4),%edx  # 4*dig 
 leal (%eax,%eax,4),%eax  # 5*index 
 movl sea(%edx,%eax,4),%eax  # *(sea + 4*dig + 20*index) 

H?K;LM*J*:7(73"*<NMN* MQ*



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

?(&."0%*>%,%&%"5#"0*KP.3GA%'*

! >%,%&%"5% *:66&%'' *B.A7% *\7.&."(%%6]*
sea[3][3]  76+20*3+4*3  = 148  1   
sea[2][5]  76+20*2+4*5  = 136  9   
sea[2][-1]  76+20*2+4*-1 = 112  5   
sea[4][-1]  76+20*4+4*-1 = 152  5   
sea[0][19]  76+20*0+4*19 = 152  5  *

sea[0][-1]  76+20*0+4*-1 = 72  ??  $

-/.(*.&%*(/%'%*$.A7%']*

H?K;LM*J*:7(73"*<NMN* MT*

zip_dig 
sea[4]; 

76 96 116 136 156 

9 8 1 9 5 9 8 1 0 5 9 8 1 0 3 9 8 1 1 5 

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

?(&."0%*>%,%&%"5#"0*KP.3GA%'*

! >%,%&%"5% *:66&%'' *B.A7% *\7.&."(%%6]*
sea[3][3]  76+20*3+4*3 = 148  2   
sea[2][5]  76+20*2+4*5 = 136  1   
sea[2][-1]  76+20*2+4*-1 = 112  3   
sea[4][-1]  76+20*4+4*-1 = 152  1   
sea[0][19]  76+20*0+4*19 = 152  1  *

sea[0][-1]  76+20*0+4*-1 = 72  ??  $

!  @07'$70',$*0($70$"*>$/0)*7,$!?'!R2*=$
!  5&7'&2*=$03$'#'8'*(,$W2(?2*$"&&">$=)"&"*(''7$

%̂'*

%̂'*

%̂'*

%̂'*

_+*

H?K;LM*J*:7(73"*<NMN* <N*

zip_dig 
sea[4]; 

76 96 116 136 156 

9 8 1 9 5 9 8 1 0 5 9 8 1 0 3 9 8 1 1 5 



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

a7AOJ1%$%A*:&&.)*KP.3GA%*
!  B.&#.CA%*univ*6%"+(%'*

.&&.)*+,*;*%A%3%"('*

!  K.5/*%A%3%"(*#'*.*G+#"(%&*

!  E$/>(',$
!  K.5/*G+#"(%&*G+#"('*(+*.&&.)*

+,*int'**

zip_dig cmu = { 1, 5, 2, 1, 3 }; 
zip_dig uw  = { 9, 8, 1, 9, 5 }; 
zip_dig ucb = { 9, 4, 7, 2, 0 }; 

#define UCOUNT 3 
int *univ[UCOUNT] = {uw, cmu, ucb}; 

36 160 

16 

56 

164 

168 

univ 

cmu 

uw 

ucb 

M* L* <* M* ;*

CG$ DH$ DE$ DF$ PD$ PG$

T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$

T* S* [* <* N*

MG$ GH$ GE$ GF$ QD$ QG$

H?K;LM*J*:7(73"*<NMN* <M*

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

KA%3%"(*:55%''*#"*a7AOJ1%$%A*:&&.)*

 # %ecx = index 
 # %eax = dig 
 leal 0(,%ecx,4),%edx  # 4*index 
 movl univ(%edx),%edx  # Mem[univ+4*index] 
 movl (%edx,%eax,4),%eax # Mem[...+4*dig] 

int get_univ_digit 
  (int index, int dig) 
{ 
  return univ[index][dig]; 
} 

2&."'A.O+"]*

H?K;LM*J*:7(73"*<NMN* <<*



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

KA%3%"(*:55%''*#"*a7AOJ1%$%A*:&&.)*

!  H+3G7(.O+"*89:;<=*
!  U#'8'*($"!!',,$Mem[Mem[univ+4*index]+4*dig] 
!  9),($70$(W0$8'80&>$&'"7,$

!  `2&,($='($-02*('&$(0$&0W$"&&">$

!  L?'*$"!!',,$'#'8'*($W2(?2*$"&&">$

 # %ecx = index 
 # %eax = dig 
 leal 0(,%ecx,4),%edx  # 4*index 
 movl univ(%edx),%edx  # Mem[univ+4*index] 
 movl (%edx,%eax,4),%eax # Mem[...+4*dig] 

int get_univ_digit 
  (int index, int dig) 
{ 
  return univ[index][dig]; 
} 

H?K;LM*J*:7(73"*<NMN* <;*

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

:&&.)*KA%3%"(*:55%''%'*

int get_sea_digit 
  (int index, int dig) 
{ 
  return sea[index][dig]; 
} 

int get_univ_digit 
  (int index, int dig) 
{ 
  return univ[index][dig]; 
} 

_%'(%6*.&&.)* a7AOJA%$%A*.&&.)*

:55%''*A++Z'*'#3#A.&c*C7(*#(*#'"d(e**

Mem[sea+20*index+4*dig] Mem[Mem[univ+4*index]+4*dig] 



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

?(&."0%*>%,%&%"5#"0*KP.3GA%'*

!  >%,%&%"5% *:66&%'' *B.A7% *\7.&."(%%6]*
univ[2][3]  56+4*3  = 68  2   
univ[1][5]  16+4*5  = 36  9   
univ[2][-1] 56+4*-1 = 52  5   
univ[3][-1] ??  ??   
univ[1][12] 16+4*12 = 64  7  $

-/.(*$.A7%'*0+*/%&%]*

H?K;LM*J*:7(73"*<NMN* <L*

36 160 

16 

56 

164 

168 

univ 

cmu 

uw 

ucb 

M* L* <* M* ;*

CG$ DH$ DE$ DF$ PD$ PG$

T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$

T* S* [* <* N*

MG$ GH$ GE$ GF$ QD$ QG$

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

?(&."0%*>%,%&%"5#"0*KP.3GA%'*

!  >%,%&%"5% *:66&%'' *B.A7% *\7.&."(%%6]*
univ[2][3]  56+4*3  = 68  2   
univ[1][5]  16+4*5  = 36  9   
univ[2][-1] 56+4*-1 = 52  5   
univ[3][-1] ??  ??   
univ[1][12] 16+4*12 = 64  7  $

!  @07'$70',$*0($70$"*>$/0)*7,$!?'!R2*=$
!  5&7'&2*=$03$'#'8'*(,$2*$72S'&'*($"&&">,$*0($=)"&"*(''7$

%̂'*
_+*
_+*
_+*
_+*

H?K;LM*J*:7(73"*<NMN* <R*

36 160 

16 

56 

164 

168 

univ 

cmu 

uw 

ucb 

M* L* <* M* ;*

CG$ DH$ DE$ DF$ PD$ PG$

T* Q* M* T* L*

PG$ EH$ EE$ EF$ MD$ MG$

T* S* [* <* N*

MG$ GH$ GE$ GF$ QD$ QG$



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

!'#"0*_%'(%6*:&&.)'*

!  ?(&%"0(/'*
!  @$!08-2#'&$?"*7#',$70)/#>$

,)/,!&2-('7$"&&">,$

!  T'*'&"(',$1'&>$'a!2'*($!07'$
!  <1027,$8)#4-#>$2*$2*7'V$

!08-)("40*$

!  1#3#(.O+"*
!  5*#>$W0&R,$30&$JV'7$"&&">$,2b'$

#define N 16 
typedef int fix_matrix[N][N];   

/* Compute element i,k of 
   fixed matrix product */ 
int fix_prod_ele 
(fix_matrix a, fix_matrix b, 
 int i, int k) 
{ 
  int j; 
  int result = 0; 
  for (j = 0; j < N; j++) 
    result += a[i][j]*b[j][k]; 
  return result; 
} 

a b 

#J(/*&+Y*

`J(/*5+A73"*
P*

H?K;LM*J*:7(73"*<NMN* <[*

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

U)".3#5*_%'(%6*:&&.)'*

!  ?(&%"0(/*
!  @"*$!&'"('$8"(&2V$03$"*>$,2b'$

!  4&+0&.33#"0*
!  9),($70$2*7'V$!08-)("40*$

'V-#2!2(#>$

!  4%&,+&3."5%*
!  <!!',,2*=$,2*=#'$'#'8'*($!0,(#>$
!  9),($70$8)#4-#2!"40*$

int * new_var_matrix(int n) 
{ 
  return (int *)  
    calloc(sizeof(int), n*n); 
} 

int var_ele 
  (int *a, int i, int j, int n) 
{ 
  return a[i*n+j]; 
} 

 movl 12(%ebp),%eax  # i 
 movl 8(%ebp),%edx  # a 
 imull 20(%ebp),%eax  # n*i 
 addl 16(%ebp),%eax  # n*i+j 
 movl (%edx,%eax,4),%eax # Mem[a+4*(i*n+j)] 

H?K;LM*J*:7(73"*<NMN* <Q*



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

U)".3#5*:&&.)*a7AOGA#5.O+"*

!  -#(/+7(*EGO3#b.O+"'*
!  9)#4-#2',K$P$

!  D$30&$,)/,!&2-(,$
!  C$30&$7"("$

!  <77,K$E$
!  D$30&$"&&">$2*7'V2*=$

!  C$30&$#00-$2*7'V$

!  C$30&$7"("$

/* Compute element i,k of 
   variable matrix product */ 
int var_prod_ele 
  (int *a, int *b, 
   int i, int k, int n) 
{ 
  int j; 
  int result = 0; 
  for (j = 0; j < n; j++) 
    result += 
      a[i*n + j] * b[j*n + k]; 
  return result; 
} 

H?K;LM*J*:7(73"*<NMN* <T*

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

EGO3#b#"0*U)".3#5*:&&.)*a7AOGA#5.O+"*
!  EGO3#b.O+"'*

!  c'&30&8'7$W?'*$,'($
0-482b"40*$#'1'#$(0$-O2*

!  H+6%*a+O+"*
!  UV-&',,20*$i*n$!"*$/'$

!08-)('7$0)(,27'$#00-$

!  ?(&%"0(/*>%675O+"*
!  I*!&'8'*4*=$j$?",$'S'!($03$

2*!&'8'*4*=$j*n+k$/>$n 

!  EG%&.O+"'*5+7"(*
!  E$"77,.$C$8)#($

!  H+3G#A%&*5."*+GO3#b%**
&%07A.&*.55%''*G.f%&"'*

{ 
  int j; 
  int result = 0; 
  for (j = 0; j < n; j++) 
    result += 
      a[i*n + j] * b[j*n + k]; 
  return result; 
} 

{ 
  int j; 
  int result = 0; 
  int iTn = i*n; 
  int jTnPk = k; 
  for (j = 0; j < n; j++) { 
    result += 
      a[iTn + j] * b[jTnPk]; 
    jTnPk += n; 
  } 
  return result; 
} 

H?K;LM*J*:7(73"*<NMN* ;N*



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

struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

9:;<*:''%3CA)*
 # %eax = val 
 # %edx = r 
 movl %eax,(%edx)  # Mem[r] = val 

void 
set_i(struct rec *r, 
      int val) 
{ 
     r->i = val;  
// (*r).i = val; 
} 

?(&75(7&%'*

!  H+"5%G(*
!  @0*4=)0),#>6"##0!"('7$&'=20*$03$8'80&>$

!  ['3'&$(0$8'8/'&,$W2(?2*$,(&)!()&'$/>$*"8',$
!  9'8/'&,$8">$/'$03$72S'&'*($(>-',$

!  :55%''#"0*'(&75(7&%*3%3C%&*

a%3+&)*1.)+7(*

i a p 

0 4 16 20 

H?K;LM*J*:7(73"*<NMN* ;M*

In java: r.i = val; 

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

 # %ecx = idx 
 # %edx = r 
 leal 0(,%ecx,4),%eax  # 4*idx 
 leal 4(%eax,%edx),%eax # r+4*idx+4 

int *find_a  //  r.a[idx] 
 (struct rec *r, int idx) 
{ 
   return &r->a[idx]; 
// return &(*((*r).a + idx)); 
} 

\%"%&.O"0*4+#"(%&*(+*?(&75(7&%*a%3C%&*

!  \%"%&.O"0*4+#"(%&*(+*
:&&.)*KA%3%"(*
!  5S,'($03$'"!?$,(&)!()&'$

8'8/'&$7'('&82*'7$"($
!08-2#'$48'$

struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

i a p 

0 4 16 20 

r+4+4*idx r 

H?K;LM*J*:7(73"*<NMN* ;<*

In java? … 



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

struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

 # %edx = r 
 movl (%edx),%ecx  # r->i 
 leal 0(,%ecx,4),%eax  # 4*(r->i) 
 leal 4(%edx,%eax),%eax # r+4+4*(r->i) 
 movl %eax,16(%edx)  # Update r->p 

void  
set_p(struct rec *r) 
{ 
     r->p = &r->a[r->i]; 
// (*r).p = &(*((*r).a+(*r).i))); 
} 

?(&75(7&%*>%,%&%"5#"0*8H+"(g=*
!  H*H+6%*

i a p 

0 4 16 20 

i a 

0 4 16 20 

KA%3%"(*i*

H?K;LM*J*:7(73"*<NMN* ;;*

In java? …  

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

:A#0"3%"(*

!  :A#0"%6*U.(.*
!  c&28241'$7"("$(>-'$&'Z)2&',$d$/>(',$

!  <77&',,$8),($/'$8)#4-#'$03$d$
!  ['Z)2&'7$0*$,08'$8"!?2*',e$"712,'7$0*$I<PD$

!  (&'"('7$72S'&'*(#>$/>$I<PD$f2*)V.$VFG6GE$f2*)V.$"*7$g2*70W,h$

!  a+O$.O+"*,+&*:A#0"#"0*U.(.*
!  9'80&>$"!!',,'7$/>$:"#2=*'7;$!?)*R,$03$E$0&$F$/>(',$:,>,('867'-'*7'*(;$

!  I*'a!2'*($(0$#0"7$0&$,(0&'$7"()8$(?"($,-"*,$Z)"7$W0&7$/0)*7"&2',$

!  X2&()"#$8'80&>$1'&>$(&2!R>$W?'*$7"()8$,-"*,$(W0$-"=',$:#"('&i;$

!  H+3G#A%&*
!  I*,'&(,$="-,$2*$,(&)!()&'$(0$'*,)&'$!0&&'!($"#2=*8'*($03$J'#7,$

H?K;LM*J*:7(73"*<NMN* ;S*



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

?G%5#h5*H.'%'*+,*:A#0"3%"(*89:;<=*

! M*C)(%e*char, … 
!  *0$&',(&2!40*,$0*$"77&',,$

! <*C)(%'e*shortc*i*
!  #0W',($C$/2($03$"77&',,$8),($/'$HD$

! S*C)(%'e*intc*floatc*char *c*i*
!  #0W',($D$/2(,$03$"77&',,$8),($/'$HHD$

! Q*C)(%'e*doublec*i*
!  g2*70W,$:"*7$80,($0(?'&$5_j,$k$2*,(&)!40*$,'(,;K$#0W',($P$/2(,$HHHD$
!  f2*)VK$#0W',($D$/2(,$03$"77&',,$8),($/'$HHD$

!  2l'l.$(&'"('7$(?'$,"8'$",$"$E6/>('$-&28241'$7"("$(>-'$

! M<*C)(%'e*long double*
!  g2*70W,.$f2*)VK$:,"8'$",$f2*)V$70)/#';$

H?K;LM*J*:7(73"*<NMN* ;L*

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

struct S1 { 
  char c; 
  int i[2]; 
  double v; 
} *p; 

?.O',)#"0*:A#0"3%"(*Y#(/*?(&75(7&%'*
!  -#(/#"*'(&75(7&%e*

!  9),($,"4,3>$'#'8'*(j,$"#2=*8'*($&'Z)2&'8'*($

!  E$%&.AA*'(&75(7&%*GA.5%3%"(*
!  U"!?$,(&)!()&'$?",$"#2=*8'*($&'Z)2&'8'*($d$

!  d$m$f"&=',($"#2=*8'*($03$"*>$'#'8'*($

!  I*24"#$"77&',,$k$,(&)!()&'$#'*=(?$8),($/'$8)#4-#',$03$d$

!  KP.3GA%*87"6%&*-#"6+Y'*+&*PQRJRS=e*
!  d$m$F.$7)'$(0$double$'#'8'*($

c i[0] i[1] v "#$%&'(# )#$%&'(#

p+0 p+4 p+8 p+16 p+24 

a7AOGA%*+,*S* a7AOGA%*+,*Q*

a7AOGA%*+,*Q* a7AOGA%*+,*Q*

H?K;LM*J*:7(73"*<NMN* ;R*



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

U#j%&%"(*:A#0"3%"(*H+"$%"O+"'*

!  9:;<*-#"6+Y'*+&*PQRJRSe*
!  d$m$F.$7)'$(0$double$'#'8'*($

!  9:;<*1#"7P*
!  d$m$Ee$double$(&'"('7$#2R'$"$E6/>('$7"("$(>-'$

c i[0] i[1] v "#$%&'(# )#$%&'(#

p+0 p+4 p+8 p+16 p+24 

c i[0] i[1] v "#$%&'(#

p+0 p+4 p+8 p+12 p+20 

struct S1 { 
  char c; 
  int i[2]; 
  double v; 
} *p; 

H?K;LM*J*:7(73"*<NMN* ;[*

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

?.$#"0*?G.5%*
!  47(*A.&0%*6.(.*()G%'*h&'(*

!  Kj%5(*8%P.3GA%*PQRJRSc*C+(/*/.$%**+,-#

c i[0] i[1] v "#$%&'(# )#$%&'(#

p+0 p+4 p+8 p+16 p+24 

struct S1 { 
  char c; 
  int i[2]; 
  double v; 
} *p; 

struct S2 { 
  double v; 
  int i[2]; 
  char c; 
} *p; 

c i[0] i[1] v 
p+0 p+8 p+16 

H?K;LM*J*:7(73"*<NMN* ;Q*



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

:&&.)'*+,*?(&75(7&%'*

!  ?.O',)*.A#0"3%"(*&%X7#&%3%"(**
,+&*%$%&)*%A%3%"(*

struct S2 { 
  double v; 
  int i[2]; 
  char c; 
} a[10]; 

c i[0] i[1] v 
a+24 a+32 a+40 

a[0] 
a+0 

a[1] a[2] 
a+24 a+48 a+36 

^$^$^$

.#$%&'(#

a+48 

H?K;LM*J*:7(73"*<NMN* ;T*

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

:55%''#"0*:&&.)*KA%3%"('*
!  H+3G7(%*.&&.)*+j'%(*M<#*

!  H+3G7(%*+j'%(*Q*Y#(/*'(&75(7&%*
!  :''%3CA%&*0#$%'*+j'%(*.@Q*

!  [',0#1'7$7)&2*=$#2*R2*=$

i j v 

a+12i a+12i+8 

/#$%&'(#

struct S3 { 
  short i; 
  float v; 
  short j; 
} a[10]; 

/#$%&'(#

a[0] 
a+0 

a[i] 
a+12i 

• • • • • • 

short get_j(int idx) 
{ 
   return a[idx].j; 
// return (a + idx)->j; 
} 

 # %eax = idx 
 leal (%eax,%eax,2),%eax # 3*idx 
 movswl a+8(,%eax,4),%eax 

H?K;LM*J*:7(73"*<NMN* SN*



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

struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

!"#+"'*

!  H+"5%G(*
!  <##0W$,"8'$&'=20*,$03$8'80&>$(0$/'$$

&'3'&'*!'7$",$72S'&'*($(>-',$

!  <#2",',$30&$(?'$,"8'$8'80&>$#0!"40*$

?(&75(7&%*1.)+7(*

i a p 

0 4 16 20 

H?K;LM*J*:7(73"*<NMN* SM*

union U1 { 
  int i; 
  int a[3]; 
  int *p; 
} *up; 

i 
a 
p 

0 4 12 

!"#+"*1.)+7(*

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

!"#+"*:AA+5.O+"*
!  :AA+5.(%*.55+&6#"0*(+*A.&0%'(*%A%3%"(*

!  H."*+"A)*7'%*+"%*h%A6*.(*.*O3%*

union U1 { 
  char c; 
  int i[2]; 
  double v; 
} *up; up+0 up+4 up+8 

struct S1 { 
  char c; 
  int i[2]; 
  double v; 
} *sp; 

c i[0] i[1] v "#$%&'(# )#$%&'(#

sp+0 sp+4 sp+8 sp+16 sp+24 

c 
i[0] i[1] 

v 

H?K;LM*J*:7(73"*<NMN* S<*



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

typedef union { 
  float f; 
  unsigned u; 
} bit_float_t; 

float bit2float(unsigned u) 
{ 
  bit_float_t arg; 
  arg.u = u; 
  return arg.f; 
} 

u 
f 

0 4 

unsigned float2bit(float f) 
{ 
  bit_float_t arg; 
  arg.f = f; 
  return arg.u; 
} 

!'#"0*!"#+"*(+*:55%''*D#(*4.f%&"'*

?.3%*.'*(float) u ]** ?.3%*.'*(unsigned) f ]**

H?K;LM*J*:7(73"*<NMN* S;*

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

?733.&)*
!  :&&.)'*#"*H*

!  @0*4=)0),$"##0!"40*$03$8'80&>$

!  <#2=*'7$(0$,"4,3>$'1'&>$'#'8'*(j,$"#2=*8'*($&'Z)2&'8'*($
!  c02*('&$(0$J&,($'#'8'*($

!  O0$/0)*7,$!?'!R2*=$
!  ?(&75(7&%'*

!  <##0!"('$/>(',$2*$0&7'&$7'!#"&'7$
!  c"7$2*$8277#'$"*7$"($'*7$(0$,"4,3>$"#2=*8'*($

!  !"#+"'*
!  51'&#">$7'!#"&"40*,$
!  g">$(0$!2&!)81'*($(>-'$,>,('8$

H?K;LM*J*:7(73"*<NMN* SS*


