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D"A%#,5"6",B@?'A
! 2&6'0."+

! 86/.'<,E,/?'."6'<,/&,%&,0'&'."+,F%&6'0'.G,.'0%A6'.A
! 8%0&'<,*AC,=&A%0&'<,<'?'&<A,/&,%&A6.=#>/&A,=A'<

!"#$%& '()& *+#$,& -
H@6', b, ;, .unsigned/ char
I/.<, w, 9, .unsigned/ short
</=H+',I/.<, l, J, .unsigned/ int
K="<,I/.<, q, :, .unsigned/ long int FL:M(MJG

! N+/">&0,-/%&6
! 86/.'<,E,/?'."6'<,/&,%&,O/">&0,?/%&6,.'0%A6'.A

!"#$%& '()& *+#$,& -
8%&0+', s, J, float
5/=H+', l, :, double
PL6'&<'<, t, ;QR;9R;M, long double
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S.."@,S++/#">/&
! D"A%#,-.%&#%?+'

!**A["];
! S.."@,/T,<"6",6@?',!,"&<,+'&06$,"
! 7/&>0=/=A+@,"++/#"6'<,.'0%/&,/T,",U,sizeof(!),H@6'A

char string[12];

# #$V,;9

int val[5];

# #$V,J #$V,: #$V,;9 #$V,;M #$V,9Q

double a[3];

#$V,9J# #$V,: #$V,;M

char *p[3];

# #$V,: #$V,;M #$V,9J

# #$V,J #$V,: #$V,;9

2SW9

L:M(MJ
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S.."@,S##'AA
! D"A%#,-.%&#%?+'

!,,A["];
! S.."@,/T,<"6",6@?',!,"&<,+'&06$,"
! 2<'&>X'.,A,#"&,H',=A'<,"A,",?/%&6'.,6/,".."@,'+'1'&6,Q4,B@?',!%

! Y'T'.'&#', B@?', 3"+='
val[4] int W
val int * #
val+1& int * #,V,J
&val[2]& int * #,V,:
val[5]& int ZZ
*(val+1)& int [
val + !& int * #$V,J$&

int val[5]; ; [ 9 ; W

# #$V,J #$V,: #$V,;9 #$V,;M #$V,9Q
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S.."@,PL"1?+'

! 5'#+".">/&,\zip_dig cmu],'K=%*"+'&6,6/,\int cmu[5]]
! PL"1?+',".."@A,I'.',"++/#"6'<,%&,A=##'AA%*',9Q,H@6',H+/#^A

! _/6,0="."&6''<,6/,$"??'&,%&,0'&'."+

#define ZLEN 5
typedef int zip_dig[ZLEN];

zip_dig den = { 4, 3, 0, 2, 3 };
zip_dig mit = { 0, 2, 1, 3, 9 };
zip_dig ucb = { 9, 4, 7, 2, 0 };

zip_dig cmu; J W Q 9 W

;M 9Q 9J 9: W9 WM
zip_dig mit; Q 9 ; W `

WM JQ JJ J: [9 [M

zip_dig ucb; ` J a 9 Q

[M MQ MJ M: a9 aM

Denison University

S.."@,S##'AA%&0,PL"1?+'

" Y'0%A6'.,%edx,#/&6"%&A,
A6".>&0,"<<.'AA,/T,".."@

" Y'0%A6'.,%eax,#/&6"%&A,
".."@,%&<'L

" 5'A%.'<,<%0%6,"6,
4*%eax + %edx

" bA',1'1/.@,.'T'.'&#',
(%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]

2SW9

zip_dig den;
J W Q 9 W

;M 9Q 9J 9: W9 WM
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  # edx = z
 movl $0, %eax #   %eax = i
.L4:  # loop:
 addl $1, (%edx,%eax,4) #   z[i]++
 addl $1, %eax #   i++
 cmpl $5, %eax #   i:5
 jne .L4 #   if !=, goto loop

S.."@,)//?,PL"1?+',F2SW9G

void zincr(zip_dig z) {
  int i;
  for (i = 0; i < ZLEN; i++)
    z[i]++;
}

Denison University

-/%&6'.,)//?,PL"1?+',F2SW9G
void zincr_p(zip_dig z) {
  int *zend = z+ZLEN;
  do {
    (*z)++;
    z++;
  } while (z != zend);  
}

void zincr_v(zip_dig z) {
  void *vz = z;
  int i = 0;
  do {
    (*((int *) (vz+i)))++;
    i += ISIZE;
  } while (i != ISIZE*ZLEN);
}

 # edx = z = vz
 movl $0, %eax #   i = 0
.L8:  # loop:
 addl $1, (%edx,%eax) #   Increment vz+i
 addl $4, %eax #   i +=  4
 cmpl $20, %eax #   Compare i:20
 jne .L8 #   if !=, goto loop



Denison University

_'A6'<,S.."@,PL"1?+'

! \zip_dig pgh[4]],'K=%*"+'&6,6/,\int pgh[4][5]]
! 3".%"H+',pgh4,".."@,/T,J,'+'1'&6Ac,"++/#"6'<,#/&>0=/=A+@
! P"#$,'+'1'&6,%A,"&,".."@,/T,[,intdAc,"++/#"6'<,#/&>0=/=A+@

! \Y/I(!"e/.],/.<'.%&0,/T,"++,'+'1'&6A,0="."&6''<

#define PCOUNT 4
zip_dig pgh[PCOUNT] = 
  {{4, 3, 0, 2, 3},
   {1, 5, 2, 1, 3 },
   {1, 5, 2, 1, 7 },
   {1, 5, 2, 2, 1 }};

zip_dig
pgh[4];

76 96 116 136 156

4 3 0 2 3 1 5 2 1 3 1 5 2 1 7 1 5 2 2 1
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!=+><%1'&A%/&"+,F_'A6'<G,S.."@A
! 5'#+".">/&

!,,,A['][(];
! 95,".."@,/T,<"6",6@?',!
! ',./IAc,(,#/+=1&A
! B@?',!,'+'1'&6,.'K=%.'A,),H@6'A

! S.."@,8%f'
! ',U,($U,)$H@6'A

! S.."&0'1'&6
! Y/I(!"e/.,g.<'.%&0

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,,D@6'A
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h,,h,,h

_'A6'<,S.."@,Y/I,S##'AA
! Y/I,3'#6/.A

! ,A[i],%A,".."@,/T,(,'+'1'&6A
! P"#$,'+'1'&6,/T,6@?',!$.'K=%.'A,)$H@6'A
! 86".>&0,"<<.'AA,A + ,&,U,F($U,)G

h,h,h
A

[i]
[0]

A
[i]

[C-1]

A[i]

h,h,h
A

[R-1]
[0]

A
[R-1]
[C-1]

A[R-1]

hh,,h,,h
A

h,h,h
A

[0]
[0]

A
[0]

[C-1]

A[0]

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

int A[R][C];
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_'A6'<,S.."@,Y/I,S##'AA,7/<'

! Y/I,3'#6/.
! ,pgh[index]*%A,".."@,/T,[,intdA
! 86".>&0,"<<.'AA,pgh+20*index

! 2SW9,7/<'
! 7/1?=6'A,"&<,.'6=.&A,"<<.'AA
! 7/1?=6',"A,pgh + 4*(index+4*index)

int *get_pgh_zip(int index)
{

  return pgh[index];
}

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

 leal pgh(,%eax,4),%eax # pgh + (20 * index)

#define PCOUNT 4
zip_dig pgh[PCOUNT] = 
  {{1, 5, 2, 0, 6},
   {1, 5, 2, 1, 3 },
   {1, 5, 2, 1, 7 },
   {1, 5, 2, 2, 1 }};
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h,,h,,h

_'A6'<,S.."@,Y/I,S##'AA
! S.."@,P+'1'&6A,

! ,A[i][j]*%A,'+'1'&6,/T,6@?',!*$I$%#$,.'K=%.'A,),H@6'A
! S<<.'AA,,A + &$U,F($U,)G$V,,+,U,)$,$-$.$F&$%$($.$$+G%$)

,h,h,h,,,,,,,,,,,,,,,,,,,,,,h,h,h
A

[i]
[j]

A[i]

h,h,h
A

[R-1]
[0]

A
[R-1]
[C-1]

A[R-1]

h,,h,,h
A

h,h,h
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
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_'A6'<,S.."@,P+'1'&6,S##'AA,7/<'

! S.."@,P+'1'&6A,
! *pgh[index][dig]*%A*int
! S<<.'AA4,pgh + 20*index + 4*dig

! i,,,pgh + 4*(5*index + dig)
! 2SW9,7/<'

! 7/1?=6'A,"<<.'AA,pgh + 4*((index+4*index)+dig)

int get_pgh_digit
  (int index, int dig)

{
  return pgh[index][dig];

}

 movl 8(%ebp), %eax # index
 leal (%eax,%eax,4), %eax # 5*index
 addl 12(%ebp), %eax # 5*index+dig

 movl pgh(,%eax,4), %eax # offset 4*(5*index+dig)
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!=+>()'*'+,S.."@,PL"1?+'
! 3".%"H+',univ,<'&/6'A,".."@,

/T,W,'+'1'&6A
! P"#$,'+'1'&6,%A,",?/%&6'.

! J,H@6'A
! P"#$,?/%&6'.,?/%&6A,6/,".."@,

/T,intdA,

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

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

36160

16

56

164

168

univ

cmu

mit

ucb

; [ 9 ; W
;M 9Q 9J 9: W9 WM

Q 9 ; W `
WM JQ JJ J: [9 [M

` J a 9 Q
[M MQ MJ M: a9 aM
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P+'1'&6,S##'AA,%&,!=+>()'*'+,S.."@

! 7/1?=6">/&,F2SW9G
! P+'1'&6,"##'AA,Mem[Mem[univ+4*index]+4*dig]
! !=A6,</,6I/,1'1/.@,.'"<A

! N%.A6,0'6,?/%&6'.,6/,./I,".."@
! B$'&,"##'AA,'+'1'&6,I%6$%&,".."@

 movl 8(%ebp), %eax  # index
 movl univ(,%eax,4), %edx # p = univ[index]

 movl 12(%ebp), %eax  # dig
 movl (%edx,%eax,4), %eax # p[dig]

int get_univ_digit
  (int index, int dig)

{
  return univ[index][dig];

}
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S.."@,P+'1'&6,S##'AA'A

int get_pgh_digit
  (int index, int dig)

{
  return pgh[index][dig];

}

int get_univ_digit
  (int index, int dig)

{
  return univ[index][dig];

}

_'A6'<,".."@ !=+>(+'*'+,".."@

S##'AA'A,+//^A,A%1%+".,%&,7c,H=6,"<<.'AA'A,*'.@,<%j'.'&64,

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

Denison University

_,k,_,!"6.%L,7/<'

! N%L'<,<%1'&A%/&A
! l&/I,*"+=',/T,_,"6,

#/1?%+',>1'

! 3".%"H+',<%1'&A%/&Ac,
'L?+%#%6,%&<'L%&0
! B."<%>/&"+,I"@,6/,

%1?+'1'&6,<@&"1%#,
".."@A

! 3".%"H+',<%1'&A%/&Ac,
%1?+%#%6,%&<'L%&0
! _/I,A=??/.6'<,H@,0##

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

/* Get element a[i][j] */
int fix_ele

  (fix_matrix a, int i, int j)
{

  return a[i][j];
}

#define IDX(n, i, j) ((i)*(n)+(j))
/* Get element a[i][j] */

int vec_ele
 (int n, int *a, int i, int j)

{
  return a[IDX(n,i,j)];

}

/* Get element a[i][j] */
int var_ele

 (int n, int a[n][n], int i, int j) 
{

  return a[i][j];
}
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;M,k,;M,!"6.%L,S##'AA

/* Get element a[i][j] */
int fix_ele(fix_matrix a, int i, int j) {

  return a[i][j];
}

 movl 12(%ebp), %edx # i
 sall $6, %edx # i*64

 movl 16(%ebp), %eax # j
 sall $2, %eax # j*4

 addl 8(%ebp), %eax # a + j*4
 movl (%eax,%edx), %eax # *(a + j*4 + i*64)

! +%%,-*./010"$#*
! S<<.'AA,,A + &$U,F($U,)G$V,,+,U,)
! 7,i,;Mc,l,i,J

Denison University

&,k,&,!"6.%L,S##'AA

/* Get element a[i][j] */
int var_ele(int n, int a[n][n], int i, int j) {

  return a[i][j];
}

 movl 8(%ebp), %eax # n
 sall $2, %eax # n*4

 movl %eax, %edx # n*4
 imull 16(%ebp), %edx # i*n*4

 movl 20(%ebp), %eax # j
 sall $2, %eax # j*4

 addl 12(%ebp), %eax # a + j*4
 movl (%eax,%edx), %eax # *(a + j*4 + i*n*4)

! +%%,-*./010"$#*
! S<<.'AA,,A + &$U,F($U,)G$V,,+,U,)
! 7,i,&c,l,i,J
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g?>1%f%&0,N%L'<,S.."@,S##'AA

! 7/1?=6">/&
! 86'?,6$./=0$,"++,'+'1'&6A,%&,

#/+=1&,e
! g?>1%f">/&

! Y'6.%'*%&0,A=##'AA%*',
'+'1'&6A,T./1,A%&0+',#/+=1&

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

/* Retrieve column j from array */
void fix_column

  (fix_matrix a, int j, int *dest)
{

  int i;
  for (i = 0; i < N; i++)
    dest[i] = a[i][j];

}

a e(6$,#/+=1&

Denison University

g?>1%f%&0,N%L'<,S.."@,S##'AA
! g?>1%f">/&

! 7/1?=6',"e?,i,E"m%nmen
! 2&%>"++@,i,",V,JUe
! 2&#.'1'&6,H@,JU_

/* Retrieve column j from array */
void fix_column

  (fix_matrix a, int j, int *dest)
{

  int i;
  for (i = 0; i < N; i++)
    dest[i] = a[i][j];

}

.L8:  # loop:
   movl (%ecx), %eax #   Read *ajp

   movl %eax, (%ebx,%edx,4) #   Save in dest[i]
   addl $1, %edx #   i++

   addl $64, %ecx #   ajp += 4*N
   cmpl $16, %edx #   i:N

   jne .L8 #   if !=, goto loop

0$12,#$3 45%6$
%ecx ajp

%ebx dest

%edx i
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g?>1%f%&0,3".%"H+',S.."@,S##'AA
! 7/1?=6',"e?,i,E"m%nmen

! 2&%>"++@,i,",V,JUe
! 2&#.'1'&6,H@,JU&

/* Retrieve column j from array */
void var_column

  (int n, int a[n][n], 
   int j, int *dest)

{
  int i;

  for (i = 0; i < n; i++)
    dest[i] = a[i][j];

}

.L18:  # loop:
   movl (%ecx), %eax #   Read *ajp

   movl %eax, (%edi,%edx,4) #   Save in dest[i]
   addl $1, %edx #   i++

   addl $ebx, %ecx #   ajp += 4*n
   cmpl $edx, %esi #   n:i

   jg .L18 #   if >, goto loop

0$12,#$3 45%6$
%ecx ajp

%edi dest

%edx i

%ebx 4*n

%esi n

Denison University

B/<"@
! -./#'<=.'A,FL:M(MJG
! S.."@A

! g&'(<%1'&A%/&"+
! !=+>(<%1'&A%/&"+,F&'A6'<G
! !=+>(+'*'+

! 86.=#6=.'A
! S++/#">/&
! S##'AA
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struct rec {
  int a[3];
  int i;

  struct rec *n;
};

86.=#6=.',S++/#">/&

! 7/&#'?6
! 7/&>0=/=A+@("++/#"6'<,.'0%/&,/T,1'1/.@
! Y'T'.,6/,1'1H'.A,I%6$%&,A6.=#6=.',H@,&"1'A
! !'1H'.A,1"@,H',/T,<%j'.'&6,6@?'A

!'1/.@,)"@/=6

ia n
0 12 16 20

Denison University

struct rec {
  int a[3];
  int i;

  struct rec *n;
};

2SW9,SAA'1H+@

 # %edx = val
 # %eax = r

 movl %edx, 12(%eax)  # Mem[r+12] = val

void 
set_i(struct rec *r,

      int val)
{

  r->i = val;
}

86.=#6=.',S##'AA

! S##'AA%&0,86.=#6=.',!'1H'.
! -/%&6'.,%&<%#"6'A,X.A6,H@6',/T,A6.=#6=.'
! S##'AA,'+'1'&6A,I%6$,/jA'6A

ia n
0 12 16 20

r+12r
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 movl 12(%ebp), %eax # Get idx
 sall $2, %eax # idx*4

 addl 8(%ebp), %eax # r+idx*4

int *get_ap
 (struct rec *r, int idx)

{
  return &r->a[idx];

}

o'&'.">&0,-/%&6'.,6/,86.=#6=.',!'1H'.

! o'&'.">&0,-/%&6'.,6/,S.."@,
P+'1'&6
! gjA'6,/T,'"#$,A6.=#6=.',

1'1H'.,<'6'.1%&'<,"6,
#/1?%+',>1'

! S.0=1'&6A
! !'1m%ebpV:n4,r
! !'1m%ebpV;9n4,idx

r+idx*4r

ia n
0 12 16 20

struct rec {
  int a[3];
  int i;

  struct rec *n;
};

Denison University

 .L17:  # loop: 
   movl 12(%edx), %eax # r->i

   movl %ecx, (%edx,%eax,4) # r->a[i] = val
   movl 16(%edx), %edx # r = r->n

   testl %edx, %edx # Test r
   jne .L17 # If != 0 goto loop

void set_val
  (struct rec *r, int val)

{
  while (r) {

    int i = r->i;
    r->a[i] = val;

    r = r->n;
  }
}

N/++/I%&0,)%&^'<,)%A6
! 7,7/<'

struct rec {
  int a[3];
  int i;

  struct rec *n;
};

ia n
0 12 16 20

P+'1'&6,i

0$12,#$3 45%6$
%edx r

%ecx val
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8=11".@

! -./#'<=.'A,%&,L:M(MJ
! 86"#^,T."1',%A,.'+">*',6/,A6"#^,?/%&6'.
! -"."1'6'.A,?"AA'<,%&,.'0%A6'.A

! S.."@A
! g&'(<%1'&A%/&"+
! !=+>(<%1'&A%/&"+,F&'A6'<G
! !=+>(+'*'+

! 86.=#6=.'A
! S++/#">/&
! S##'AA


