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p+1

p+2

p+3

p+0

1-d array pointer to consecutive 1-d arrays

p[0]

p[1]

p[2]

p[3]

p[0][0] 
p[0][1] 
p[0][2] 
p[0][3] 
p[1][0] 
p[1][1] 
p[1][2] 
p[1][3] 
p[2][0] 
p[2][1] 
p[2][2] 
p[2][3] 
p[3][0] 
p[3][1] 
p[3][2] 
p[3][3] 

a pointer to a pointer array

p

*(p+0) ≡ p[0] ≡ a
*(p+1) ≡ p[1] ≡ b
*(p+2) ≡ p[2] ≡ c
*(p+2) ≡ p[2] ≡ d

int (*p)[4]; 

int a[4], b[4], c[4], d[4];

assignment equivalence

p = &a

if arrays a, b, c, d 
are consecutive

1-d array pointer

pointer
increment

pointer
increment

pointer
increment

sizeof(*p)
= 16

sizeof(*p)
= 16

sizeof(*p)
= 16
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p+1

p+2

p+3

p+0

1-d array pointer to a 2-d arrays

p[0]

p[1]

p[2]

p[3]

p[0][0] 
p[0][1] 
p[0][2] 
p[0][3] 
p[1][0] 
p[1][1] 
p[1][2] 
p[1][3] 
p[2][0] 
p[2][1] 
p[2][2] 
p[2][3] 
p[3][0] 
p[3][1] 
p[3][2] 
p[3][3] 

a pointer to a pointer array

p

*(p+0) ≡ p[0] ≡ x[0]
*(p+1) ≡ p[1] ≡ x[1]
*(p+2) ≡ p[2] ≡ x[2]
*(p+2) ≡ p[2] ≡ x[3]

int (*p)[4]; 

int x[4][4];

assignment equivalence

p = x

1-d array pointer

pointer
increment

pointer
increment

pointer
increment

sizeof(*p)
= 16

sizeof(*p)
= 16

sizeof(*p)
= 16
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q+1

q+0

2-d array pointer to consecutive 2-d arrays

q[0][0]

q[0][1]

q[0][2]

q[0][3]

q[0][0][0] 
q[0][0][1] 
q[0][0][2] 
q[0][0][3] 
q[0][1][0] 
q[0][1][1] 
q[0][1][2] 
q[0][1][3] 
q[0][2][0] 
q[0][2][1] 
q[0][2][2] 
q[0][2][3] 
q[0][3][0] 
q[0][3][1] 
q[0][3][2] 
q[0][3][3] 

a pointer to a pointer array

q

*(q+0) ≡ q[0] ≡ x
*(q+1) ≡ q[1] ≡ x+1 = y

int (*q)[4][4]; 

int x[4][4], y[4][4];

assignment equivalence

q = &x

q = &p

type mismatch

int (*p)[4]; 

if arrays x, y
are consecutive

2-d array pointer

pointer
increment

pointer
increment

pointer
increment

sizeqf(*q)
= 64

sizeqf(*q)
= 64

q[0]

q[1][0]

q[1][1]

q[1][2]

q[1][3]

q[1][0][0] 
q[1][0][1] 
q[1][0][2] 
q[1][0][3] 
q[1][1][0] 
q[1][1][1] 
q[1][1][2] 
q[1][1][3] 
q[1][2][0] 
q[1][2][1] 
q[1][2][2] 
q[1][2][3] 
q[1][3][0] 
q[1][3][1] 
q[1][3][2] 
q[1][3][3] 

pointer
increment

pointer
increment

pointer
increment

q[1]
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int *p[4][1]

p[0][0]

p[1][0]

p[2][0]

p[3][0]

p[0]

p[1]

p

int x[4][4];

A 2-d array of pointers

p[2]

p[3]

p[0][0][0]

p[0][0][1]

p[0][0][2]

p[0][0][3]

p[1][0][0]

p[1][0][1]

p[1][0][2]

p[1][0][3]

p[2][0][0]

p[2][0][1]

p[2][0][2]

p[2][0][3]

p[0][0]

p[1][0]

p[2][0]

int *p[4][1];
int *p[4][1] = {{x[0]}, {x[1]}, {x[2]}, {x[3]}}; 
A 1-d array p of integer pointers

sizeof(p)=32 (4*8) a 2-d array of int pointers
sizeof(p[0])=8 a 1-d array of  int pointer 
sizeof(p[0][0])=8 an int pointer
sizeof(p[0][0][0])=4 an integer

An 2-d array p
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int *p[1][4]

p[0][0]

p[0][1]

p[0][2]

p[0][3]

p[0]p

int x[1][4];

A 2-d array of pointers

p[0][0][0]

p[0][0][1]

p[0][0][2]

p[0][0][3]

p[0][1][0]

p[0][1][1]

p[0][1][2]

p[0][1][3]

p[0][2][0]

p[0][2][1]

p[0][2][2]

p[0][2][3]

p[0][0]

p[0][1]

p[0][2]

int *p[1][4];
int *p[1][4] = {{x[0], x[1], x[2], x[3]}}; 
A 1-d array p of integer pointers

sizeof(p)=128 (4*4*8) a 2-d array of int pointers
sizeof(p[0])=32 a 1-d array of  int pointer 
sizeof(p[0][0])=8 an int pointer
sizeof(p[0][0][0])=4 an integer

An 2-d array p
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int *p[4][4]

p[0][0]

p[0][1]

p[0][2]

p[0][3]

p[0]

p[1]

p

int x[4][4];

A 2-d array of pointers

p[2]

p[3]

p[0][0][0]

p[0][0][1]

p[0][0][2]

p[0][0][3]

p[0][1][0]

p[0][1][1]

p[0][1][2]

p[0][1][3]

p[0][2][0]

p[0][2][1]

p[0][2][2]

p[0][2][3]

p[0][0]

p[0][1]

p[0][2]

int *p[4][4];
int *p[4][4] = {{x[0], x[1], x[2], x[3]}}; 
A 1-d array p of integer pointers

sizeof(p)=128 (4*4*8) a 2-d array of int pointers
sizeof(p[0])=32 a 1-d array of  int pointer 
sizeof(p[0][0])=8 an int pointer
sizeof(p[0][0][0])=4 an integer

An 2-d array p
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Accessing a 2-d array using pointers 

x[0][0]

x[0][1]

x[0][2]

x[0][3]

x[0]

x[1] x[1][0]

x[1][1]

x[1][2]

x[1][3]

xint x[4][4];

A 2-d array 

x[2][0]

x[2][1]

x[2][2]

x[2][3]

x[2]

x[3] x[3][0]

x[3][1]

x[3][2]

x[3][3]1-d array names 

2-d array name 
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Comparison with a structure type

int x[4];

A 1-d array 

non-uniform size

x[0]
x[1]
x[2]
x[3]

x

x.a

x.b
x.c

x

x.d

struct aaa {
long a;
int b;
long c;
int d;

} x;

uniform size

&x

&x

sizeof(x)

sizeof(x)

alignment
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Making a 2-d array from scattered 1-d arrays

a[0]

a[1]

a[2]

a[3]

a

b

c

b[0]

b[1]

b[2]

b[3]

c[0]

c[1]

c[2]

c[3]

&a

&b

&c

non-contiguous 1-d arrays

[0][0] [0][1] [0][2] [0][3]

[1][0] [1][1] [1][2] [1][3]

[2][0] [2][1] [2][2] [2][3]

Accessing an artificial  2-d arrays

d d[0]

d[1]

d[2]

d[3]

&cd

p[m][n] (*p[m])[n] (*p)[m][n]
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Contiguous and non-contiguous 1-d arrays 

x[0][0]

x[0][1]

x[0][2]

x[0][3]

x[0]

x[1] x[1][0]

x[1][1]

x[1][2]

x[1][3]

x

x[2][0]

x[2][1]

x[2][2]

x[2][3]

x[2]

x[3] x[3][0]

x[3][1]

x[3][2]

x[3][3]1-d array names 

2-d array name 

2-d array  = contiguous 1-d arrays 

a[0]

a[1]

a[2]

a[3]

a

d

c

d[0]

d[1]

d[2]

d[3]

c[0]

c[1]

c[2]

c[3]

&a

&d

&c

b b[0]

b[1]

b[2]

b[3]

&b

2-d array      non-contiguous 1-d arrays 
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2-d array access of non-contiguous 1-d arrays

● 1-d array of integer pointers int *p[4]; OK
● 1-d array pointer int (*p)[4]; X
● 2-d array pointer int (*p)[4][4]; X
● array of 1-d array pointers int (*p[4])[4]; OK

a[0]

a[1]

a[2]

a[3]

a

b

c

b[0]

b[1]

b[2]

b[3]

c[0]

c[1]

c[2]

c[3]

&a

&b

&c

non-contiguous 1-d arrays

d d[0]

d[1]

d[2]

d[3]

&cd
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Type Definition

Access Method

2-d array access using  int *p[4]

int *p[4] = { a, b, c, d };

*(p[m]+n) p[m][n]

a[0]

a[1]

a[2]

a[3]

b[0]

b[1]

b[2]

b[3]

An array of int pointers

c[0]

c[1]

c[2]

c[3]

sizeof(p)= 32 = 4*8 
sizeof(p[0])= 8
sizeof(*p[0])=4 
     

p[0]=a
p[1]=b
p[2]=c
p[3]=d

assignment

p=x

equivalence

p p[0]

p[1]

p[2]

p[3]

a

b

c

non-contiguous 1-d arrays

non-contiguous 1-d arrays

contiguous index : n 
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2-d array access using int (*p[4])[4]

int (*p[4])[4] = { &a, &b, &c, &d };

(*p[m])[n];

a[0]

a[1]

a[2]

a[3]

a

b

c

b[0]

b[1]

b[2]

b[3]

p[0]

p[1]

p[2]

An array of 1-d array pointers

c[0]

c[1]

c[2]

c[3]

p[3]

p

sizeof(p) = 32 = 4*8 
sizeof(p[0]) = 8 
sizeof(*p[0]) = 16 = 4*4 
sizeof((*p[0])[0])= 4      

p[0]=&a
p[1]=&b
p[2]=&c
p[3]=&d

assignment

*p[0]=a
*p[1]=b
*p[2]=c
*p[3]=d

equivalence

Type Definition

Access Method

&a

&b

&c

non-contiguous 1-d arrays

non-contiguous 1-d arrays
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Type Definition

Access Method

2-d array access using int (*p)[4]

int (*p)[4] = &a;

(*(p+m))[n]; p[m][n];

(*(p+0))[0]

(*(p+0))[1]

(*(p+0))[2]

(*(p+0))[3]

*p

*(p+1)

*(p+2)p

A 1-d array pointer

sizeof(p)= 8
sizeof(*p)= 16 = 4*4
sizeof((*p)[0])= 4 
     

x
p=x

assignment

p[0]=x[0]
p[1]=x[1]
p[2]=x[2]
p[3]=x[3]

equivalence

p

p+1

p+2

a, b, c, d : non-contiguous

non-contiguous 1-d arrays

contiguous index : m, n 
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Comparision

An array p of 1-d array pointersA 1-d array pointer p

A 1-d array p of integer pointers
p p[0]

p[1]
p[2]
p[3]

p
p

p[0]
p[1]
p[2]
p[3]

p

an array p
an array pointer p

an array p

*(p[0]+0)
*(p[0]+1)
*(p[0]+2)
*(p[0]+3)
*(p[1]+0)
*(p[1]+1)
*(p[1]+2)
*(p[1]+3)
*(p[2]+0)
*(p[2]+1)
*(p[2]+2)
*(p[2]+3)

(*p[0])[0]
(*p[0])[1]
(*p[0])[2]
(*p[0])[3]
(*p[1])[0]
(*p[1])[1]
(*p[1])[2]
(*p[1])[3]
(*p[2])[0]
(*p[2])[1]
(*p[2])[2]
(*p[2])[3]

*p[0]

*p[1]

*p[2]

p[0][0]
p[0][1]
p[0][2]
p[0][3]
p[1][0]
p[1][1]
p[1][2]
p[1][3]
p[2][0]
p[2][1]
p[2][2]
p[2][3]

p[0]

p[1]

p[2]
must be contiguous 

A 2-d array pointer p
p

p

an array pointer p

(*p)[0][0]
(*p)[0][1]
(*p)[0][2]
(*p)[0][3]
(*p)[1][0]
(*p)[1][1]
(*p)[1][2]
(*p)[1][3]
(*p)[2][0]
(*p)[2][1]
(*p)[2][2]
(*p)[2][3]

(*p)[0]

(*p)[1]

(*p)[2]

*p

must be contiguous 



Series : 8 Applications
of Array Access Methods 18 Young Won Lim

5/11/19

2-d array access over non-contiguous 1-d arrays

int (*p[4])[4] = { &a, &b, &c, &d };

(*p[m])[n];

Type Definition

Access Methods

Type Definition

Access Method

int *p[4] = { a, b, c, d };

*(p[m]+n) p[m][n]

(*p)[m][n];
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Example of 2-d accessing non-contiguous 1-d arrays 

  int a[4] = {1,2,3,4};
  int c[4] = {9,10,11,12};
  int b[4] = {5,6,7,8};
  int d[4] = {13,14,15,16};

  int (*p)[4] = {a, b, c, d};

     printf(" %d", p[i][j]);

  int (*p[4])[4] = {&a, &b, &c, &d};

      printf(" %d", (*p[i])[j]);
      printf(" %d", (*p)[i][j]);

  int (*p)[4] = &a;

     printf(" %d", p[i][j]);

  int (*p)[4][4] = 

      printf(" %d", (*p)[i][j]);

incorrect results

No correct syntax

a, c, b, d : contiguous
a, b, c, d : non-contiguous
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Accessing contiguous and non-contiguous 1-d arrays

int *p[4]; int (*p)[4]; 

int (*p)[4][4]; int (*p[4])[4];
A 2-d array pointer p An array p of 1-d array pointers

A 1-d array pointer pA 1-d array p of integer pointers

p p[0]

p[1]

p[2]

p[3]

p
p

p
p

int

int

int

int

1-d array name

2-d array name p[0]

p[1]

p[2]

p[3]

p 1-d array name

1-d array name

1-d array name

1-d array name

an array pointer p an array p

an array pointer pan array p

Only for contiguous 1-d arrays

Only for contiguous 1-d arrays

non-contiguous 1-d arrays are ok 

non-contiguous 1-d arrays are ok 
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Relaxing contiguity constraints

int *p[4]; 

int (*p[4])[4];
An array p of 1-d array pointers

A 1-d array p of integer pointers

p p[0]

p[1]

p[2]

p[3]

int

int

int

int

p[0]

p[1]

p[2]

p[3]

p 1-d array name

1-d array name

1-d array name

1-d array name

an array p

an array p

non-contiguous 1-d arrays are ok 

non-contiguous 1-d arrays are ok 

these allocations can relax the
contiguity constraints of 1-d arrays

these allocations can relax the
contiguity constraints of 1-d arrays
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Dynamic memory allocations

● Using a single pointer
● Using an array of pointers
● Using pointer to pointer (double pointers)
● Using double pointer and one malloc call

● Using a 1-d array pointer
● Using a 2-d array pointer
● Using an array of 1-d array pointers
● Using a 2-d array of pointers



Series : 8 Applications
of Array Access Methods 23 Young Won Lim

5/11/19

Dynamic memory allocation methods (I)

1) using a single pointer

int *a = (int *) malloc(4 * 4 * sizeof(int)); *(a + i*4 +j) = i*4+j;

2) using an array of pointers

int *a[4];
for (i=0; i<4; i++)
    a[i] = (int *) malloc(4 * sizeof(int)); a[i][j] = i*4+j;

3) using pointer to pointer (double pointers)

int **a = (int **) malloc(4 * sizeof(int *));
for (i=0; i<4; ++i)
    a[i] = (int *) malloc(4 * sizeof(int)); a[i][j] = i*4+j;

4) using double pointer and one malloc call

int siz = sizeof(int *) * 4 + sizeof(int) * 4 * 4;
int **a = (int **) malloc(siz); 
int *p = (int *) a + 4*sizeof(int *) / sizeof(int);
for (i=0; i<4; i++)     a[i] = p + 4*i; a[i][j] = i*4+j;

https://www.geeksforgeeks.org/dynamically-allocate-2d-array-c/
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Case 1) 1-d access

 
int *a = (int *) malloc(4 * 4 * sizeof(int)); *(a + i*4 +j) = i*4+j;

a[0]

a[1]

a[2]

a[3]

a[4]

a[5]

a[6]

a[7]

A pointer

a[8]

a[9]

a[10]

a[11]

a

   a

sizeof(a)=8 an int pointer
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Case 2) an array of integer pointers

int *a[4];
for (i=0; i<4; i++)
    a[i] = (int *) malloc(4 * sizeof(int)); a[i][j] = i*4+j;

a[0][0]

a[0][1]

a[0][2]

a[0][3]

a[1][0]

a[1][1]

a[1][2]

a[1][3]

A 1-d array of pointers

a[2][0]

a[2][1]

a[2][2]

a[2][3]

a a[0]

a[1]

a[2]

a[3]

a[0]

a[1]

a[2]

sizeof(a)=32 (4*8) an array of int pointers
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Case 3) an integer pointer array

a[0][0]

a[0][1]

a[0][2]

a[0][3]

a[1][0]

a[1][1]

a[1][2]

a[1][3]

a[0]

a[1]

a[2]

A double pointer

a[2][0]

a[2][1]

a[2][2]

a[2][3]a[3]

a

a[0]

a[1]

a[2]

int **a = (int **) malloc(4 * sizeof(int *));
for (i=0; i<4; ++i)
    a[i] = (int *) malloc(4 * sizeof(int)); a[i][j] = i*4+j;

sizeof(a)=8 an int double pointer
sizeof(a[0])=8 an int pointer
sizeof(a[1])=8 an int pointer
sizeof(a[2])=8 an int pointer
sizeof(a[3])=8 an int pointer
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Case 4) an integer pointer array

a[0][0]

a[0][1]

a[0][2]

a[0][3]

a[1][0]

a[1][1]

a[1][2]

a[1][3]

a[0]

a[1]

a[2]

A double pointer

a[2][0]

a[2][1]

a[2][2]

a[2][3]

a[3]

a

a[0]

a[1]

a[2]

int siz = sizeof(int *) * 4 + sizeof(int) * 4 * 4;
int **a = (int **) malloc(siz); 
int *p = (int *) a + 4*sizeof(int *) / sizeof(int);
for (i=0; i<4; i++)     a[i] = p + 4*i; a[i][j] = i*4+j;

p

a

sizeof(a)=8 an int double pointer
sizeof(a[0])=8 an int pointer
sizeof(a[1])=8 an int pointer
sizeof(a[2])=8 an int pointer
sizeof(a[3])=8 an int pointer
sizeof(p)=8 an int pointer
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Dynamic memory allocation methods (II)

5) using a 1-d array pointer

int (*a)[4] = (int (*)[4]) malloc(4 * 4 * sizeof(int)); a[i][j] = i*4+j;

6) using a 2-d array pointer

int (*a)[4][4] = (int (*)[4][4]) malloc(4 * 4 * sizeof(int)); (*a)[i][j] = i*4+j;

7) using an array of 1-d array pointers

int (*a[4])[4]; 
for (i=0; i<4; ++i)
    a[i] = (int (*)[4]) malloc(4 * sizeof(int)); (*a[i])[j] = i*4+j;

8) using a 2-d array of pointers

  int *a[4][4];
  a[0][0] = (int *) malloc(4 * 4 * sizeof(int));
  for (i=0; i<4; ++i)
     for (j=0; j<4; ++j)
        a[i][j] = a[0][0] + (i*4 + j); *a[i][j] = i*4+j;
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Case 5) a 1-d array pointer 

(*(a+0))[0]

(*(a+0))[1]

(*(a+0))[2]

(*(a+0))[3]

*a

*(a+1)

*(a+2)

(*(a+1))[0]

(*(a+1))[1]

(*(a+1))[2]

(*(p+1))[3]

a

A 2-d array pointers

(*(a+2))[0]

(*(a+2))[1]

(*(a+2))[2]

(*(a+2))[3]

sizeof(a)= 8
sizeof(*a)= 16 = 4*4
sizeof((*a)[0])= 4 
     

a

a+1

a+2

 
int (*a)[4] = (int (*)[4]) malloc(4 * 4 * sizeof(int)); a[i][j] = i*4+j;
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Case 6) a 2-d array pointer

(*a)[0][0]

(*a)[0][1]

(*a)[0][2]

(*a)[0][3]

(*a)[0]

(*a)[1]

(*a)[2]

(*a)[1][0]

(*a)[1][1]

(*a)[1][2]

(*a)[1][3]

a

A 2-d array pointers

(*a)[2][0]

(*a)[2][1]

(*a)[2][2]

(*a)[2][3]

sizeof(a)= 8 
sizeof(*a)= 64 =4*4*4 
sizeof((*a)[0]) = 16 =4*4 
sizeof((*a)[0][0]) = 4      

(*a)
(*a)

(*a)+1

(*a)+2

 
int (*a)[4][4] = (int (*)[4][4]) malloc(4 * 4 * sizeof(int)); (*a)[i][j] = i*4+j;
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Case 7) an array of 1-d array pointers

(*a[0])[0]

(*a[0])[1]

(*a[0])[2]

(*a[0])[3]

*a[0]

*a[1]

*a[2]

(*a[1])[0]

(*a[1])[1]

(*a[1])[2]

(*a[1])[3]

a[0]

a[1]

a[2]

An array of 1-d array pointers

(*a[2])[0]

(*a[2])[1]

(*a[2])[2]

(*a[2])[3]a[3]

a

sizeof(a) = 32 = 4*8 
sizeof(a[0]) = 8 
sizeof(*a[0]) = 16 = 4*4 
sizeof((*a[0])[0])= 4      

a[0]

a[1]

a[2]

int (*a[4])[4]; 
for (i=0; i<4; ++i)
    a[i] = (int (*)[4]) malloc(4 * sizeof(int)); (*a[i])[j] = i*4+j;
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Case 8) a 2-d array of integers

a[0][0]

a[0][1]

a[0][2]

a[0][3]

a[0]

a[1]

a[2]

a[1][0]

a[1][1]

a[1][2]

a[1][3]

a[2][0]

a[2][1]

a[2][2]

a[2][3]

a

  int *a[4][4];
  a[0][0] = (int *) malloc(4 * 4 * sizeof(int));
  for (i=0; i<4; ++i)
     for (j=0; j<4; ++j)
        a[i][j] = a[0][0] + (i*4 + j); *a[i][j] = i*4+j;

*a[0][0]

*a[0][1]

*a[0][2]

*a[0][3]

*a[1][0]

*a[1][1]

*a[1][2]

*a[1][3]

*a[2][0]

*a[2][1]

*a[2][2]

*a[2][3]

sizeof(a) = 128 = 4*4*8 
sizeof(a[0]) = 32 = 4*8 
sizeof(a[0][0]) = 8
sizeof(*a[0][0])= 4      



Young Won Lim
5/11/19
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