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What is the different between pointers and arrays

If we have

double a[4]; /* first pair of declarations */
double *p;

then surely p and a are basically the same thing, both are “pointers to doubles”
or “arrays of doubles”, I hear you ask.

The answer is that they are very similar, but not exactly the same.
A slight red herring is that a[0] is a valid memory address, but p[0] is not,

since “p doesn’t point anywhere” (yet). To get round this, let’s also assume we
have done

p=(double *)malloc(4*sizeof(double)); /* set value of p */

which means that p has a value, so p[0] is a valid memory address.

The same

All of the constructs in Table 1 are equivalent.
After we have done this, both p and a have, as values, the starting address

of four memory cells.
The difference is that p is a variable, whose value can be changed, as we did

above, whereas a is a constant, and will always point to the same memory. In

Table 1: Equivalent concepts
Concept pointer array
Array indexing p[0] a[0]
Pointer indexing *p *a︸︷︷︸

unusual, but legal
Arithmetic p+1︸︷︷︸

=&p[1]

a+1︸︷︷︸
=&a[1]

(unusual)
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Table 2: Different concepts
Concept pointer array
Assignment p=malloc(...) no equivalent
Freeing free(p) free(a)︸ ︷︷ ︸

run-time error!

Figure 1: a[3][3]

a
↓
a[0][0] a[0][1] a[0][2]︸ ︷︷ ︸

a[0]

a[1][0] a[1][1] a[1][2]︸ ︷︷ ︸
a[1]

a[2][0] a[2][1] a[2][2]︸ ︷︷ ︸
a[2]

strict C, its type is double *const a, i.e. a constant pointer to doubles (the
doubles may change, but the pointer doesn’t).

The difference between arrays and pointers

See Table 2.

They nest differently

But compare these two:

double a[3][3]; /* second pair of declarations */
double **p;

You might think that these were very similar, as in the first pair, but no. The
type of a is double *: it is a pointer to nine doubles arranged in memory:
Figure 1. The layout is essentially the same as double b[9], as in Figure 2,
with the difference being the indexing: a[1][1] is the same as b[4].

On the other hard, p is a pointer to a vector of three (say) pointers, each of
which points to a vector of three (say) doubles, as in Figure 3. Note that there
is no requirement for each element of p to point to a vector of the same length:
we could store a lower triangular matrix as in figure 5.

Figure 2: b[9]

b
↓
b[0] b[1] b[2] b[3] b[4] b[5] b[6] b[7] b[8]
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Figure 3: p (suitably initialised)

p
↘

p[0] → p[0][0] p[0][1] p[0][2]
p[1] → p[1][0] p[1][1] p[1][2]
p[2] → p[2][0] p[2][1] p[2][2]

Figure 4: Code to initialise p for Figure 3
Note that the type returned by malloc always has one more * than the sizeof
used inside malloc.

p=(double **) malloc(3*sizeof(double *));
for (i=0;i<3;i++)

p[i]=(double *)malloc(3*sizeof(double));

We would need to initialise p as well, as in Figure 4.

Figure 5: Lower triangular p (suitably initialised)

p
↘

p[0] → p[0][0]
p[1] → p[1][0] p[1][1]
p[2] → p[2][0] p[2][1] p[2][2]

Best of both worlds?

The code in Figure 6 appears to be build the best of both worlds. We can access
the array via a or p. We can swap the rows of the matrix via changing p:

tmp=p[1];
p[1]=p[2];
p[2]=tmp;

and then, as long as we use p and not a, we get the new order.
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Figure 6: Code for “best of both worlds”

double a[3][3], *p[3];
for (i=0;i<3;i++)
p[i]=&a[i][0];

Figure 7: Data structure from Figure 6

p[0] p[1] p[2]
↙ ↓ ↘

↙ ↓ ↘
↙ ↓ ↘

a[0]︷ ︸︸ ︷
a[0][0] a[0][1] a[0][2]

a[1]︷ ︸︸ ︷
a[1][0] a[1][1] a[1][2]

a[2]︷ ︸︸ ︷
a[2][0] a[2][1] a[2][2]
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