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Basic Data Types
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Array Allocation


char string[12]; 

x
 x + 12

int val[5]; 

x
 x + 4
 x + 8
 x + 12
 x + 16
 x + 20

double a[4]; 

x + 32
x + 24
x
 x + 8
 x + 16


char *p[3]; 

x
 x + 4
 x + 8
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Array Access


1 5 2 1 3 int val[5]; 

x
 x + 4
 x + 8
 x + 12
 x + 16
 x + 20
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Array Example

typedef int zip_dig[5]; 

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

zip_dig umd; 1 5 2 1 3 

16 20 24 28 32 36 
zip_dig mit; 0 2 1 3 9 

36 40 44 48 52 56 
zip_dig ucb; 9 4 7 2 0 

56 60 64 68 72 76 
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Array Accessing Example


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

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

zip_dig umd; 1 5 2 1 3 

16 20 24 28 32 36 
zip_dig mit; 0 2 1 3 9 

36 40 44 48 52 56 
zip_dig ucb; 9 4 7 2 0 

56 60 64 68 72 76 
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int zd2int(zip_dig z) 
{ 
  int i; 
  int zi = 0; 
  for (i = 0; i < 5; i++) { 
    zi = 10 * zi + z[i]; 
  } 
  return zi; 
} 

Array Loop Example


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



– 9 –


 # %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 

Array Loop Implementation

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


  Declaration “zip_dig pgh[4]” equivalent to “int pgh[4][5]”

  Variable pgh denotes  array of 4 elements


»  Allocated contiguously

  Each element is an array of 5 intʼs


»  Allocated contiguously

  “Row-Major” ordering of all elements guaranteed


#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 }}; 

zip_dig 
pgh[4]; 

76 96 116 136 156 

1 5 2 0 6 1 5 2 1 3 1 5 2 1 7 1 5 2 2 1 
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Nested Array Allocation

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  Bytes
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•  •  •


Nested Array Row Access


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]


int A[R][C]; 

A+i*C*4 A+(R-1)*C*4 
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Nested Array Row Access Code

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) 
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• • • 


Nested Array Element Access


•  •  •

A 
[i] 
[j] 

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]


int A[R][C]; 

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

A+(i*C+j)*4 
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Nested Array Element Access Code


int get_pgh_digit 
  (int index, int dig) 
{ 
  return pgh[index][dig]; 
} 

# %ecx = dig 
# %eax = index 
leal 0(,%ecx,4),%edx  # 4*dig 
leal (%eax,%eax,4),%eax  # 5*index 
movl pgh(%edx,%eax,4),%eax  # *(pgh + 4*dig + 20*index) 
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Strange Referencing Examples

zip_dig 
pgh[4]; 

76 96 116 136 156 

1 5 2 0 6 1 5 2 1 3 1 5 2 1 7 1 5 2 2 1 
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Multi-Level Array Example

  Variable univ 

denotes array of 3 
elements


  Each element is a 
pointer

  4 bytes


  Each pointer points 
to array of intʼs 


zip_dig umd = { 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, umd, ucb}; 

36 160 

16 

56 

164 

168 

univ 

umd 
1 5 2 1 3 

16 20 24 28 32 36 
mit 

0 2 1 3 9 

36 40 44 48 52 56 ucb 
9 4 7 2 0 

56 60 64 68 72 76 
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Element Access in Multi-Level Array


 # %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]; 
} 
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Array Element Accesses


int get_pgh_digit 
  (int index, int dig) 
{ 
  return pgh[index][dig]; 
} 

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

36160

16

56

164

168

univ

cmu
1 5 2 1 3

16 20 24 28 32 36
mit

0 2 1 3 9

36 40 44 48 52 56ucb
9 4 7 2 0

56 60 64 68 72 76

36160

16

56

164

168

univ

36160

16

56

164

168

univ

cmu
1 5 2 1 3

16 20 24 28 32 36

1 5 2 1 31 5 2 1 3

16 20 24 28 32 36
mit

0 2 1 3 9

36 40 44 48 52 56

0 2 1 3 90 2 1 3 9

36 40 44 48 52 56ucb
9 4 7 2 0

56 60 64 68 72 76

9 4 7 2 09 4 7 2 0

56 60 64 68 72 76

76 96 116 136 156

1 5 2 0 6 1 5 2 1 3 1 5 2 1 7 1 5 2 2 1

76 96 116 136 156

1 5 2 0 6 1 5 2 1 3 1 5 2 1 7 1 5 2 2 11 5 2 0 61 5 2 0 6 1 5 2 1 31 5 2 1 3 1 5 2 1 71 5 2 1 7 1 5 2 2 11 5 2 2 1
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Strange Referencing Examples


36 160 

16 

56 

164 

168 

univ 

umd 
1 5 2 1 3 

16 20 24 28 32 36 
mit 

0 2 1 3 9 

36 40 44 48 52 56 ucb 
9 4 7 2 0 

56 60 64 68 72 76 



– 21 –


Using Nested Arrays

#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

(i,*) 

B


(*,k) 

Column-wise

Row-wise
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Dynamic Nested Arrays

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)] 
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Dynamic Array Multiplication

/* 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; 
} 

A

(i,*) 

B


(*,k) 

Column-wise

Row-wise
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Optimizing Dynamic Array Mult.

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

Assembly

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

= val 

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

Structures


Memory Layout


i a p 

0 4 16 20 
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struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

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

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

Generating Pointer to Struct. Member


i a p 

0 4 16 

r + 4 + 4*idx 

r 
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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]; 
} 

Structure Referencing (Cont.)


i a 

0 4 16 

Element i


i a p 

0 4 16 
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Alignment
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Specific Cases of Alignment
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struct S1 { 
  char c; 
  int i[2]; 
  double v; 
} *p; 

Satisfying Alignment with Structures


c i[0] i[1] v 
p+0 p+4 p+8 p+16 p+24 

Multiple of 4
 Multiple of 8


Multiple of 8
 Multiple of 8
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Linux vs. Windows

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

c i[0] i[1] v 

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

Multiple of 4
 Multiple of 8

Multiple of 8
 Multiple of 8


c i[0] i[1] 
p+0 p+4 p+8 

Multiple of 4
 Multiple of 4

Multiple of 4


v 
p+12 p+20 

Multiple of 4
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Overall Alignment Requirement

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

struct S3 { 
  float x[2]; 
  int i[2]; 
  char c; 
} *p; 

p+0 p+12 p+8 p+16 Windows: p+24 
Linux: p+20 

c i[0] i[1] x 

c i[0] i[1] 

p+0 p+12 p+8 p+16 p+20 

x[0] x[1] 

p+4 

p must be multiple of: 


8 for Windows


4 for Linux


p must be multiple of 4 (in either OS)
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Ordering Elements Within Structure

struct S4 { 
  char c1; 
  double v; 
  char c2; 
  int i; 
} *p; 

struct S5 { 
  double v; 
  char c1; 
  char c2; 
  int i; 
} *p; 

c1 i v 

p+0 p+20 p+8 p+16 p+24 

c2 

c1 i v 

p+0 p+12 p+8 p+16 

c2 

10 bytes wasted space in Windows


2 bytes wasted space
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Arrays of Structures


a[0] 

a+0 

a[1] a[2] 

a+12 a+24 a+36 
• • •


a+12 a+20 a+16 a+24 

struct S6 { 
  short i; 
  float v; 
  short j; 
} a[10]; 

a[1].i a[1].j a[1].v 
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Accessing Element within Array

  Compute offset to start of structure


  Compute 12*i as 4*(i+2i)

  Access element according to its offset 

within structure

  Offset by 8

  Assembler gives displacement as a + 8


» Linker must set actual value


a[0] 

a+0 

a[i] 

a+12i 

• • • • • • 

short get_j(int idx) 
{ 
  return a[idx].j; 
} 

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

a+12i a+12i+8 

struct S6 { 
  short i; 
  float v; 
  short j; 
} a[10]; 

a[i].i a[i].j a[i].v 
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Satisfying Alignment within Structure


struct S6 { 
  short i; 
  float v; 
  short j; 
} a[10]; 

a[0] 

a+0 

a[i] 

a+12i 

• • • • • • 

a+12i a+12i+4 

a[1].i a[1].j a[1].v 

Multiple of 4


Multiple of 4
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Union Allocation


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

c 
i[0] i[1] 

v 
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 

(Windows alignment)
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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; 
} 

Using Union to Access Bit Patterns


  Get direct access to bit 
representation of float


  bit2float generates float with 
given bit pattern

  NOT the same as (float) u


  float2bit generates bit pattern 
from float

  NOT the same as (unsigned) f 
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Byte Ordering Revisited
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Byte Ordering Example

    union { 
      unsigned char c[8]; 
      unsigned short s[4]; 
      unsigned int i[2]; 
      unsigned long l[1]; 
    } dw; 

c[3] 
s[1] 

i[0] 

c[2] c[1] 
s[0] 

c[0] c[7] 
s[3] 

i[1] 

c[6] c[5] 
s[2] 

c[4] 

l[0] 
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Byte Ordering Example (Cont).

int j; 
for (j = 0; j < 8; j++) 
dw.c[j] = 0xf0 + j; 

printf("Characters 0-7 ==  [0x%x,0x%x,0x%x,0x
%x,0x%x,0x%x,0x%x,0x%x]\n", 
    dw.c[0], dw.c[1], dw.c[2], dw.c[3], 
    dw.c[4], dw.c[5], dw.c[6], dw.c[7]); 

printf("Shorts 0-3 == [0x%x,0x%x,0x%x,0x%x]
\n", 
    dw.s[0], dw.s[1], dw.s[2], dw.s[3]); 

printf("Ints 0-1 == [0x%x,0x%x]\n", 
    dw.i[0], dw.i[1]); 

printf("Long 0 == [0x%lx]\n", 
    dw.l[0]); 
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Byte Ordering on x86

Little Endian


Characters 0-7 == [0xf0,0xf1,0xf2,0xf3,0xf4,0xf5,0xf6,0xf7] 
Shorts     0-3 == [0xf1f0,0xf3f2,0xf5f4,0xf7f6] 
Ints       0-1 == [0xf3f2f1f0,0xf7f6f5f4] 
Long       0   == [f3f2f1f0] 

Output on Pentium:


f0 f1 f2 f3 f4 f5 f6 f7 
c[3] 

s[1] 

i[0] 

LSB
 MSB

c[2] c[1] 

s[0] 

c[0] 

LSB
 MSB


LSB
 MSB

c[7] 

s[3] 

i[1] 

LSB
 MSB

c[6] c[5] 

s[2] 

c[4] 

LSB
 MSB


LSB
 MSB


Print


l[0] 

LSB
 MSB
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Byte Ordering on Sun

Big Endian


Characters 0-7 == [0xf0,0xf1,0xf2,0xf3,0xf4,0xf5,0xf6,0xf7] 
Shorts     0-3 == [0xf0f1,0xf2f3,0xf4f5,0xf6f7] 
Ints       0-1 == [0xf0f1f2f3,0xf4f5f6f7] 
Long       0   == [0xf0f1f2f3] 

Output on Sun:


c[3] 

s[1] 

i[0] 

LSB
MSB

c[2] c[1] 

s[0] 

c[0] 

MSB
 LSB


LSB
 MSB

c[7] 

s[3] 

i[1] 

LSB
 MSB

c[6] c[5] 

s[2] 

c[4] 

MSB
 LSB


LSB
 MSB


f0 f1 f2 f3 f4 f5 f6 f7 

Print


l[0] 

MSB
 LSB
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Byte Ordering on Alpha

Little Endian


Characters 0-7 == [0xf0,0xf1,0xf2,0xf3,0xf4,0xf5,0xf6,0xf7] 
Shorts     0-3 == [0xf1f0,0xf3f2,0xf5f4,0xf7f6] 
Ints       0-1 == [0xf3f2f1f0,0xf7f6f5f4] 
Long       0   == [0xf7f6f5f4f3f2f1f0] 

Output on Alpha:


c[3] 

s[1] 

i[0] 

LSB
 MSB

c[2] c[1] 

s[0] 

c[0] 

LSB
 MSB


LSB
 MSB

c[7] 

s[3] 

i[1] 

LSB
 MSB

c[6] c[5] 

s[2] 

c[4] 

LSB
 MSB


LSB
 MSB


f0 f1 f2 f3 f4 f5 f6 f7 

Print


l[0] 
LSB
 MSB
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Summary



