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Today

® Even More Pointers

® Pointers and Arrays




The Most Common Mistake

® Using an uninitialized pointer
10
int *p; \\

: : 1N L[99
int j = *p; (/e p jo|?:

% D = 10; [ very VVrong j
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Returning Pointers

int *max(int *p, int *Qq)

if (*p > *q)
{

return p;
}
else
1

return q;
}

}

int main(void)

int 1
int j

8;
9;

int *r;

max(&i, &j);

r
printf("%d\n", *r);

return 9;




int squarel(int *p)

{

int result = *p * *p;
return result;

}
int main(void)

{
int 1 = 2;
int j = squarel(&i);
printf("%d", j);

return 0;

}

main()
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return result;

}
int main(void)

{
int 1 = 2;
int j = squarel(&i);
pr1ntf("7d", i)

return 0;

}

main()
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[
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int squarel(int *p)
{

int result = *p * *p;
return result;

}
int main(void)

{
int 1 = 2;
int j = squarel(&i);
pr1ntf("7d" J)s

4

return 0;

}

main()




int *square2(int *p)

{

int result = *p * *p;
return &result;

}
int main(void)

{
int 1 = 2;
int *j = square2(&i);
printf("%d", *j);

return 0;

}

main()
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main()
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return &result;
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square2()

[

main()

1:
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int *square2(int *p)

{

int result = *p * *p;
return &result;

}
int main(void)

{
int 1 = 2;
int *j = square2(&i);
printf("%d", *j);
PPPY?

return 0;

}

main()




int *square2(int *p)

{

int result = *p * *p;
return &result; @
\A\'/ 10O m-;g

}
int main(void)

{
int 1 = 2;
int *j = square2(&i);
printf("%d", *j);
PPPY?

return 0;

}

main()




Pointing to Nothing

® You can’t follow a pointer that points at

somet

® (We

ning that doesn’t exist anymore!

, you can, but it’s undefined behaviour)

® Same as using an uninitialized pointer

® Common source of this bug is via return from

a function call




Pointers and Arrays




Pointing to Array Elements

int a[] = {2, 4, 6, 8};
int *p;

a[@] a[1] a[2] a[3]

a.| 2

4

6

3




Pointing to Array Elements

int a[] = {2, 4, 6, 8};

int *p; a[@] a[1] a[2] a[3]

p = &a[0]; a:{ 2 | 4

6

3

A




Pointing to Array Elements

int a[] = {2, 4, 6, 8};
int *p;

a[@] a[1] a[2] a[3]

p = &a[0]; a:| 7/

4

6

3

*p = 7;

A




Pointing to Array Elements

int a[] = {2, 4, 6, 8};

int *p; a[@] a[1] a[2] a[3]
p = &a[0]; a:( 7 | 4| 6|38
*p = 7;

A

int j = 2 + *p;




Pointing to Array Elements

int a[] = {2, 4, 6, 8};

int *p; a[@] a[1] a[2] a[3]
p = &a[0]; a:( 7 | 4| 6|38
*p = 7;

int j = 2 + *p;

p = &a[4];




Pointing to Array Elements

int a[] = {2, 4, 6, 8};

int *p; a[@] a[1] a[2] a[3]
p = &a[0]; a:( 7 | 4| 6|38
*p = 7;

int j = 2 + *p;

p = &a[4];
*p = 153(yv«mgj

15




int a[] = {2, 4, 6, 8};

int *p; a[@] a[1] a[2] a[3]
p = &a[0]; a:| 2 4|6 | 8
P-] ¢

© 12 3 456 7 8 9101112131415 16

2(4|6]8 9

a P




int a[] = {2, 4, 6, 8};
int *p; a[@] a[1] a[2] a[3]
p = &a[0]; a:| 2 4|6 | 8
p = &a[1]; -
p.] ¢
© 123456 7 8 9101112131415 16
21468 10
a p




&a[1l] is &a[@] +
&a[2] is &a[o
: &al[i] is &a[o
int a[] = {2, 4, 6, 8}; 0 L
int *p; a[@] a[1] a[2] a[3]
p = &a[0]; a:| 2 4|6 | 8
p = &a[1]; -
p.| ¢
© 123456 7 8 9101112131415 16
214618 10
a p




Pointer Arithmetic

® C let’s us do (a few) arithmetic operations on pointers

® Add an int and a pointer
® Subtract an int from a pointer

® Subtract one pointer from another

® These are only allowed within an array




a[@] a[1] a[2] a[3] a[4]

2416|816

int a[] = {2, 4, 6, 8, 10};

int *p; I 1
int *q; n: | q: |
p = &a[0]; : : .
q=p+3; if p points to a[1i]

thenp + j pointsto al[i + j]




int af]
int *p;
int *q;

&alo];
p+ 3;

q++,

= {2: 4, 6,

a[@] a[1] a[2] a[3] a[4]

2416|816

8, 10};

| |
HE q:| !

if p points to a[1]
thenp + j pointsto al[i + j]




int a[]
int *p;
int *q;

&a[e],

= {2: 4: 6:

a[@] a[1] a[2] a[3] a[4]

246810
8, 10};

| |

HREECHE

if p points to a[1]

thenp + j pointsto al[i + j]

if p points to a[1]

thenp - jpointstoa[i - j]




a[@] a[1] a[2] a[3] a[4]

2146|816

int a[] = {2, 4, 6, 8, 10};
int *p; T T
int *q; n: | q: |

= &al0]; .
2 _ paJ[r % if p points to a[1i]
Gt ’ thenp + jpointstoal[i + j]
D=gq - 2; if p points to a[ 1]

int distance

-2

thenp - jpointstoa[i - j]

P-4Q

if p points to a[i] and q points to a[ j ]
thenp - gisequalto 1 - j




a[@] a[1] a[2] a[3] a[4]

2416|816

int a[] = {2, 4, 6, 8, 10};

int *p; T T

int *q; :

1n q D: : g-. :
- &a[0]; .

2 _ pa-E % if p points to a[1]

Gt ’ thenp + j pointsto al[i + j]

=g - 2 if p points to a[1]

thenp - jpointstoa[i - j]

int distance = p - q;

- if p points to a[1] andqpomtsto a[J]
thenp - gisequalto 1 - j
p -= 6; [\'/\“'fcmgj




Pointer Arithmetic

® Only allowed within an array

int 1 = 9;
int j = 12;

-
>
—+

%
©
|

0
=

-

-
=)
r—l-

*x

O

1
(20
-
-

H- Q O

= p - 1; }[\\/\/roqi)
nt distance = q - p; &




Scaling

int a[] = {1, 2, 3};

double b[] = {1.0, 2.0, 3.0};

int *p = &a[0@];
double *qg = &b[0];

a:| 1| 2|3

t
p: | 4

: (1.0

2.0

3.0

—l




Scaling

int a[] = {1, 2, 3};

double b[] = {1.0, 2.0, 3.0};

int *p = &a[0@];
double *qg = &b[0];

a:| 1| 2|3

)
p: | 4

p++;

: (1.0

2.0

3.0

—l




Scaling

int a[] = {1, 2, 3};

double b[] = {1.0, 2.0, 3.0};
int *p = &a[9];
double *g = &b[0O];

a:| 1| 2|3 b: (1.0

2.0

3.0

T
p: | 4 q:

p++;
Q++;

—1




Scaling

int a[] = {1, 2, 3};

double b[] = {1.0, 2.0, 3.0};

int *p = &a[09];
double *qg = &b[0];

a:| 1|23 : 1.0]2.0(3.0
) )
p: l qg: l
p++; int is 4 bytes on ECF

q++, double is 8 bytes on ECF




Scaling

int a[] = {1, 2, 3};
double b[] = {1.0, 2.0, 3.0};

int *p = &a[0@];
double *qg = &b[0];

d.

p++;
q++;

b: 1.0 2.0

3.0

1

2

3

)
I

—1

q:

int is 4 bytes on ECF
double is 8 bytes on ECF




Scaling

int a[] = {1, 2, 3};
double b[] = {1.0, 2.0, 3.0};

int *p = &a[09];

double *g = &b[0]; b:| 1.0 2.0 3.0
a:| 1| 2|3
1 |
p- : g: :
p++; int is 4 bytes on ECF

q++, double is 8 bytes on ECF




Comparing Pointers

® You can use relational operators (<, <=, >=,and >)
on array element pointers

® They compare the indices, not the values

0 3
bool b = p < q;

int a[] = {10, 9, 8, 7}; true
int *p = &a[0]; 10 7
int *q = &[3]; bool b = *p < *q;

false

® You can compare non-array element pointers, but
it's meaningless (i.e., legal but useless)

20




Equality

® You can use the comparison operators (== and ! =)

onh any pointer

® They compare the arrows

int 1 = 4;

int j = 6;

int *p = &i;

int *q = &J;

bool b = (p == q);

—>

false

—>

21




Equality

® You can use the comparison operators (== and ! =)

onh any pointer

® They compare the arrows

int 1 = 4;

int j = 6;

int *p = &i;

int *q = &J;

bool b = (p == q);

q = &i;

—>

false

21




Equality

® You can use the comparison operators (== and ! =)

onh any pointer

® They compare the arrows

int 1 = 4;

int j = 6;

int *p = &i;

int *q = &J;

bool b = (p == q);
q:

b =

1;
(p == 1q);

—>

false

true

21




Traversing Arrays

#define N 4

int a[N] = {2, 4, 6, 8};

for (int i =

{
printf("%d

}

©; 1 < N; i++)

", a[i]);

d.

a[@] a[1] a[2] a[3]

21416 |8

22




Traversing Arrays

#define N 4

int a[N] = {2, 4, 6, 8};

for (int 1 = 0; 1 < N; i++)
{
printf("%d

}

", a[i]);

d.

a[@] a[1] a[2] a[3]

2

4

6

3

22
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", a[i]);

d.

a[@] a[1] a[2] a[3]
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4

6

3

2

4
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d.
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2

4
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Traversing Arrays

a[@] a[1] a[2] a[3]

#define N 4
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for (int i =

{
printf("%d

}

©; 1 < N; i++)

", a[i]);
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2 4 6 8
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Traversing Arrays

a[@] a[1] a[2] a[3]

#define N 4

int a[N] = {2, 4, 6, 8};

for (int i =

{
printf("%d

}

©; 1 < N; i++)

", a[i]);

d.

2

4

6

3

2 4 6 8
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Traversing Arrays

a[@] a[1] a[2] a[3]

#define N 4

int a[N] = {2, 4, 6, 8};

for (int 1 = 0; 1 < N; i++)
{

printf("%d ", a[i]);
}

d.

2

4

6

3

2 4 6 8

22




Traversing Arrays

##define N 4 a[@] a[1] a[2] a[3]
a:| 24|68
int a[N] = {2, 4, 6, 8}; |
p- l
for (int 1 = 0; i < N; i++)
{
printf("%d ", a[i]); 2 4 6 8
}
for (int *p = &a[0]; p < &a[N]; p++)
{

printf("%d ", *p);
}

22




Traversing Arrays

#tdefine N 4 a[@] a[1] a[2] a[3]
a:1 24|68
int a[N] = {2, 4, 6, 8}; |
p:| |
for (int 1 = 0; 1 < N; i++)
{
printf("%d ", a[i]); 2 4 6 8
}
for (int *p = &a[0]; p < &a[N]; p++)
{
printf("%d ", *p); 2

}

22




Traversing Arrays

#tdefine N 4 a[@] a[1] a[2] a[3]
a:1 24|68
int a[N] = {2, 4, 6, 8}; 1
p:| 4
for (int 1 = 0; 1 < N; i++)
{
printf("%d ", a[i]); 2 4 6 8
}
for (int *p = &a[0]; p < &a[N]; p++)
{
printf("%d ", *p); 2 4

}

22




Traversing Arrays

#tdefine N 4 a[@] a[1] a[2] a[3]
a:1 24|68
int a[N] = {2, 4, 6, 8}; 1
p:| 4
for (int 1 = 0; 1 < N; i++)
{
printf("%d ", a[i]); 2 4 6 8
}
for (int *p = &a[0]; p < &a[N]; p++)
{
printf("%d ", *p); 2 4 6

}

22




Traversing Arrays

#tdefine N 4 a[@] a[1] a[2] a[3]
a:{ 214|168
int a[N] = {2, 4, 6, 8}; t
p:| &
for (int 1 = 0; 1 < N; i++)
{
printf("%d ", a[i]); 2 4 6 8
}
for (int *p = &a[0]; p < &a[N]; p++)
{
printf("%d ", *p); 2 4 6 8

}

22




Traversing Arrays

a[e] a[1] a[2] a[3] a[4]

#define N 4

d.

int a[N] = {2, 4, 6, 8};

for (int 1 = @; i < N; i++)
{

printf("%d ", a[i]);
}

2

4

6

3

for (int *p = &a[0]; p < &a[N]; p++)

{
printf("%d ", *p);
}

—1 >

2 4 6 8

2 4 6 8

22




Traversing Arrays

a[e] a[1] a[2] a[3] a[4]

#define N 4

d.

int a[N] = {2, 4, 6, 8};

for (int 1 = @; i < N; i++)
{

printf("%d ", a[i]);
}

2

4

6

3

for (int *p = &a[0]; p < &a[N]; p++)

{
printf("%d ", *p);
}

2 4 6 8

2 4 6 8

22




Array Names

® The name of an array can be used as a pointer to
its first element

int a[] = {1, 2, 3}; a:|1[(2]3

ale] = I
= 5; a:| e

*(a + 1) isthesameas a[i]
(a + i) isthe same as &a[ 1]

23




int a[N] = {2, 4, 6, 8}; a:| 24|68

for (int *p = &a[@]; p < &[N]; p++)
{

}

printf("%d \n", *p);

*(a + 1) isthesameas a[i]
(a + i) isthesame as &a[ 1]

24




int a[N] = {2, 4, 6, 8}; a:| 24|68

for (int *p = a + @; p < &a[N]; p++)
{

}

printf("%d \n", *p);

*(a + 1) isthesameas a[i]
(a + i) isthesame as &a[ 1]

25




int a[N] = {2, 4, 6, 8}; a:| 21| 4

for (int *p = a; p < &a[N]; p++)
{

}

printf("%d \n", *p);

*(a + 1) isthesameas a[i]
(a + i) isthesame as &a[ 1]

26




int a[N] = {2, 4, 6, 8}; a:| 21| 4

for (int *p = a; p < a + N; p++)

{
¥

printf("%d \n", *p);

*(a + 1) isthesameas a[i]
(a + i) isthesame as &a[ 1]

27




int a[N] = {2, 4, 6, 8}; a:| 21| 4

for (int *p = a; p < a + N; p++)

{
¥

scanf("%d", p);

*(a + 1) isthesameas a[i]
(a + i) isthesame as &a[ 1]

28




Changing Array Pointers

int a[N] = {2, 4, 6, 8};
int *p = a;
p++,

d++, [ Error J

29




