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Accessing structures 
struct point { 
    double x; 
    double y; 

}; 
struct point p1; 

Use the “.” operator on structure objects to obtain members 
p1.x = 10; 
p1.y = 20; 

Accessing structures via pointer 
   struct point *pp = &p1; 
   double d = (*pp).x; 

Use the “->” operator on structure pointers to obtain members 
  d = (*pp).x; 
  d = pp->x; 

Initializing structures like other variables: 
struct point p1 = {320, 200}; 

Equivalent to: p1.x = 320; p1.y = 200; 
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More structures 

32 

1 (=TRUE) when point p is in rectangle r, otherwise 0 (=FALSE) 

animation 
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Operations on structures 
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C typedef 

struct Point { 
    double x; 
    double y; 
} a; 

typedef struct Point { 
    double x; 
    double y; 
} MyPoint; 

MyPoint a; 

Equivalent 
(but must not have multiple 
definitions of “struct Point”) 
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C typedef 

typedef struct Point { 
    double x; 
    double y; 
} MyPoint; 

struct Point a; 
MyPoint a; 

typedef MyPoint * PointPtr; 

struct Point * p; 
MyPoint * p; 
PointPtr p; 

equivalent 

equivalent 
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C typedef 

typedef struct Point { 
    double x; 
    double y; 
} Point; 

struct Point a; 
Point a; equivalent 
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C typedef 

typedef struct tnode Treenode;
typedef Treenode * Treeptr;
struct tnode {
        char   *word;
        int     count;
        Treeptr left;
        Treeptr right;
              };
Treenode td;
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Self-referential structures 

typedef struct listNode *NodePtr; 
struct listNode { 

 char  * word; 
 int     count; 
 NodePtr next; 

}; 

“brown” “cow” “the” “fox” 

3 2 9 1 

p 

• 
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Self-referential structures 

typedef struct listNode *NodePtr; 
typedef struct listNode { 

 char  * word; 
 int     count; 
 NodePtr next; 

} Node; 

static NodePtr head = NULL;  // The head of a list 

NodePtr p; 

while (...) { 
    // Allocate a new node 
    p = (NodePtr) malloc(sizeof(Node)); 
    // Initialize it 
    p->word = ...; 
    p->count = ...; 

 // Add to front of the list 
    p->next  = Head; 
    head = p; 
} 
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struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

Assembly 
    # %esi = val 
    # %rdi = r 
 movl %esi,(%rdi)  # Mem[r] = val 

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

Structures in assembly 

Memory Layout 

i a p 
0 4 16 24
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struct rec { 
  int i; 
  int a[3]; 
  int *p; 
}; 

  # %rdi = r 
  # %esi = indx 
 leal 0(,%esi,4),%rax  # 4*indx 
 leal 4(%rax,%rdi),%rax # r+4*indx+4 

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

Example 

r + 4 + 4*indx 

i a p 
0 4 16 24
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Practice Problem 
struct prob { 
    int *p; 
    struct { 
       int x; 
       int y; 
    } s; 
    struct prob *next; 
}; 

void sp_init(struct prob *sp) 
{ 
    sp->s.x  = ___________; 
    sp->p    = ___________; 
    sp->next = ___________; 
} 

sp_init: 
 movl  12(%rdi), %eax 
 movl  %eax, 8(%rdi) 
 leaq  8(%rdi), %rax 
 movq  %rax, (%rdi) 
 movq  %rdi, 16(%rdi) 
 ret 
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Practice Problem 
struct prob { 
    int *p; 
    struct { 
       int x; 
       int y; 
    } s; 
    struct prob *next; 
}; 

sp_init: 
 movl  12(%rdi), %eax 
 movl  %eax, 8(%rdi) 
 leaq  8(%rdi), %rax 
 movq  %rax, (%rdi) 
 movq  %rdi, 16(%rdi) 
 ret 

void sp_init(struct prob *sp) 
{ 
    sp->s.x  = sp->s.y; 
    sp->p    = &(sp->s.x); 
    sp->next = sp; 
} 
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Aligning Structures 
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Alignment of structure members 
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Alignment Principles 
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Specific Cases of Alignment (x86-64) 
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Alignment within Structures 
struct S1 { 
  char c; 
  int i[2]; 
  double v; 
} *p; 
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Satisfying Alignment with Structures 

c i[0] i[1] v 3	
  bytes	
   4	
  bytes	
  

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

Mul$ple	
  of	
  4	
   Mul$ple	
  of	
  8	
  

Mul$ple	
  of	
  8	
   Mul$ple	
  of	
  8	
  

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

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

v i[0] i[1] c 7	
  bytes	
  

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

Mul$ple	
  of	
  K=8	
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Arrays of Structures 
struct S2 { 
  double v; 
  int i[2]; 
  char c; 
} a[10]; 

v i[0] i[1] c 7	
  bytes	
  

a+24 a+32 a+40 a+48 

a[0] a[1] a[2] • • • 

a+0 a+24 a+48 a+72
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Accessing Array Elements 
struct S3 { 
  short i; 
  float v; 
  short j; 
} a[10]; 

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

 # %rdi = indx 
 leaq   (%rdi,%rdi,2),%rax # 3*indx 
 movzwl a+8(,%rax,4),%eax 

 a[0] • • •  a[indx]  • •  • 

a+0 a+12 a+12*indx 

i 2	
  bytes	
   v j 2	
  bytes	
  

a+12*indx a+12*indx+8 
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Saving Space 

struct S4 { 
  char c; 
  int i; 
  char d; 
} *p; 

struct S5 { 
  int i; 
  char c; 
  char d; 
} *p; 

c i 3	
  bytes	
   d 3	
  bytes	
  

c i d 2	
  bytes	
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Practice problem 
! What is the size of this structure? 

! Write assembly instructions to load 
a.c[1] into %eax 

     Start with 
     movq $a,%rbx 

struct P4 { 
  short w[3]; 
  int   c[3]; 
  short j; 
} a; 

movl 12(%rbx),%eax 

24 bytes (w=6, c=12, j=2) 

animation 

0  1   2  3  4  5   6  7  8  9  10 11 12 13  14 15 16 17  18 19 20 21 22 23  24
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Practice problem 

0, 4, 8, 12  : 16 bytes : 4 

0, 4, 5, 8  : 12 bytes : 4 

0, 6  : 10 bytes : 2 

0, 8  : 40 bytes : 8 

animation 
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Exercise 

16*8 = 128 

128*8 = 1024 

animation 
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Structures can be nameless 
A variable called x, whose type is this structure, 
which has no name: 

  Can not declare other variables of same type 
  Can not pass in function parameters 
     struct { 
       char *key; 
       int v[22]; 
     } x; 

A data type called MyStruct, which is this structure, 
which otherwise has no name 

  Can use type ‘MyStruct’ to declare additional variables 
  Can use type ‘MyStruct’ in function parameters 
     typedef struct { 
       char *key; 
       int v[22]; 
     } MyStruct; 
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Structures can be assigned (i.e., copied) 
struct MyStruct { 
    char *key; 
    int v[22]; 
}; 
typedef struct MyStruct MyStruct; 
main() { 
     MyStruct x, y; 
     int i; 
     // initialize x 
     x.key = "hello"; 
     for(i=0; i<22; i++) 
          x.v[i] = i; 
     // structure assignment 
     y = x; 
     // print y 
     printf("y.key = %s,  y.v[11] = %d\n", y.key, y.v[11]); 
} 

Note:  Arrays can not 
be assigned, but as part 
of a structure they can. 
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Unions 

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

c 

i[0] i[1] 

v 
up+0 up+4 up+8 
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Unions 
union u_tag {

int ival;
float fval;
char *sval;

} u;

u.ival = 14;
u.fval = 31.3;
u.sval = (char *) malloc(strlen(string)+1);

What’s the size of u? 
What exactly does u contain after these three lines of code? 

struct s_tag {
int ival;
float fval;
char *sval;

} s;
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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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Bit Fields 
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Implementing Bit Fields 
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Bit field implementation via structs 



Pointers to Functions 
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Pointers 
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Function pointers 
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Function pointers 
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Function Pointer Example 
#include <stdio.h> 
void print_even (int i)  {  printf ("Even %d\n“,i);  } 
void print_odd (int i)  {  printf ("Odd %d\n”,i);  } 

int main(int argc, char **argv) { 
     void (*fp) (int); 
     int i = argc; 

     if (!(argc%2)) 
          fp=print_even; 
     else 
          fp=print_odd; 
     fp(i); 
} 

% a.out  a
Even 2
% a.out  a  b
Odd 3
%

main:
subq $8,%rsp
testb $1,%dil
jne .L60
movl $print_even,%eax
jmp .L59

.L60:
movl $print_odd,%eax

.L59:
call *%rax
addq $8, %rsp
ret
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typedefs with function pointers 
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A Dispatch Table using Func. Ptrs. 
// For each command, we should execute the correponding operation 
int doEcho(char*) {...} 
int doExit(char*) {...} 
int doHelp(char*) {...} 
int setPrompt(char*) {...} 

// Define type of pointers to operations 
typedef int (*FuncPtr)(char*); 

typedef struct { 
  char*    name; 
  FuncPtr  op_to_do; 
} func_t; 

// Set up dispatch table 
func_t func_table[] = 
{ 
  { "echo",   doEcho }, 
  { "exit",   doExit }, 
  { "quit",   doExit }, 
    { "help",   doHelp }, 
  { "prompt", setPrompt }, 
}; 

// Determine the number of entries in the table 
#define cntFuncs (sizeof(func_table) / sizeof(func_table[0])) 

// find the function and dispatch it 
for (i = 0; i < cntFuncs; i++) { 
  if (strcmp(command,func_table[i].name)==0){ 
     done = func_table[i].op_to_do(argument); 
     break; 
  } 
} 
if (i == cntFuncs)  
    printf("invalid command\n"); 
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Complicated Declarations 
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C pointer declarations 

int *p    

int *p[13]   
   

int *(p[13])   
   

int **p    

int *f()    

int (*f)()    

   

p is a pointer to int 

p is an array[13] of pointer to int 

p is an array[13] of pointer to int 

p is a pointer to a pointer to an int 

f is a function returning a pointer to int 

f is a pointer to a function returning int 

animation 
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Practice 

function that takes char* as arg and 
  returns an int* 

pointer to a fn taking char* as arg 
  and returns an int 

pointer to an array[13] of ints 

array[13] of int* 

animation 
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C pointer declarations 
Read these from the “inside” out. 

   

int (*(*f())[13])()    

int (*(*x[3])())[5]   

char (*(*x())[])();   

f is a function returning ptr to an array[13] 
   of pointers to functions returning int 

x is an array[3] of pointers  to functions 
   returning pointers to array[5] of ints 

x is a function returning a pointer to 
   an array of pointers to functions 
   returning char 

animation 


