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Today
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• Even More Pointers

• Pointers and Arrays



The Most Common Mistake

• Using an uninitialized pointer
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!"#$%$&$'() !"

'($&$*+) Very Wrong

Wrong
#" ,,

*+

!"#$'()
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Returning Pointers
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$%&'()*+,$%&'(!-'$%&'(./

0

'''$1',(!'2'(./

'''0

'''''''34&53%'!6

'''7

'''4894

'''0

'''''''34&53%'.6

'''7

7

$%&')*$%,:;$</

0

'''$%&'$'='>6

'''$%&'#'='?6

'''$%&'(36

'''3'=')*+,@$-'@#/6

''''

'''!3$%&1,AB<C%A-'(3/6

'''34&53%'D6

7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B <

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B<

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$%&'()*+,!"#$-./
0
$$!"#$)*%'1#$2$-.$-$-.3
$$)*#')"$)*%'1#3
4

5(!",/

!6 76

.6

8

!"#$5(!",9:!;/
0
$$!"#$!$2$83
$$!"#$7$2$%&'()*+,<!/3
$$.)!"#=,>?;>@$7/3
$$
$$)*#')"$A3
4
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B

(B

<

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B

(B

-./012*34

<

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B

(B

-./012*34

12-/6#B C

<

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B

-./012*34

12-/6#B C

<

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B

-./012*34

12-/6#B C

<

C

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B

-./012*34

<

C

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B<

C

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

80!"34

!B %B< C

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7
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!"#$-./012*3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$%$&$-./012*3=!4)
$$(1!"#>3?@;?A$%4)
$$
$$12#/1"$+)
7

C

80!"34

!B < C%B
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B <
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

(B

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

(B

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

(B

-./012<34

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

(B

-./012<34

12-/6#B C

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

-./012<34

12-/6#B C

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

-./012<34

12-/6#B C

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B

-./012<34

<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B<
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B<,,,,
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!"#$'-./012<3!"#$'(4
5
$$!"#$12-/6#$&$'($'$'()
$$12#/1"$=12-/6#)
7

!"#$80!"39:!;4
5
$$!"#$!$&$<)
$$!"#$'%$&$-./012<3=!4)
$$(1!"#>3?@;?A$'%4)
$$
$$12#/1"$+)
7

80!"34

!B %B<

Wrong

,,,,
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Pointing to Nothing 

• You can’t follow a pointer that points at 
something that doesn’t exist anymore!

• (Well, you can, but it’s undefined behaviour)

• Same as using an uninitialized pointer

• Common source of this bug is via 12#/1" from 
a function call

!"#$'()
'($&$C<)



Pointers and Arrays
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Pointing to Array Elements

14

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

< C F G0B

(B

0D+E 0D*E 0D<E 0DHE



Pointing to Array Elements

14

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

< C F G0B

(B

($&$=0D+E)

0D+E 0D*E 0D<E 0DHE



Pointing to Array Elements

14

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

C F G0B

(B

($&$=0D+E)
'($&$I)

I

0D+E 0D*E 0D<E 0DHE



Pointing to Array Elements

14

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

C F G0B

(B

($&$=0D+E)
'($&$I)
!"#$%$&$<$J$'()

I

%B K

0D+E 0D*E 0D<E 0DHE



Pointing to Array Elements

14

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

C F G0B

(B

($&$=0D+E)
'($&$I)
!"#$%$&$<$J$'()

I

($&$=0DCE)
%B K

0D+E 0D*E 0D<E 0DHE



Pointing to Array Elements

14

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

C F G0B

(B

($&$=0D+E)
'($&$I)
!"#$%$&$<$J$'()

I

($&$=0DCE)
'($&$*L)

%B K

*L

Wrong

0D+E 0D*E 0D<E 0DHE
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ED EE EF EG EH EI

...
D'E'F'G'H'I'J'K'>'? EJ

0 (
F H J > ?

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

< C F G0B

(B

($&$=0D+E)

0D+E 0D*E 0D<E 0DHE
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ED EE EF EG EH EI

...
D'E'F'G'H'I'J'K'>'? EJ

0 (
F H J >

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

< C F G0B

(B

($&$=0D+E)
($&$=0D*E)

ED

0D+E 0D*E 0D<E 0DHE
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ED EE EF EG EH EI

...
D'E'F'G'H'I'J'K'>'? EJ

0 (
F H J >

=0D*E$!-$=0D+E$J$*
=0D<E$!-$=0D+E$J$<
=0D!E$!-$

!"#$0DE$&$5<A$CA$FA$G7)
!"#$'()

< C F G0B

(B

($&$=0D+E)
($&$=0D*E)

ED

=0D+E$J$!

0D+E 0D*E 0D<E 0DHE
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Pointer Arithmetic

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

• Add an !"# and a pointer

• Subtract an !"# from a pointer

• Subtract one pointer from another

• These are only allowed within an array



17

< C F G0B

(B

$%&'*LM'='0F-'H-'J-'>-'ED76

$%&'(!6

$%&'(.6

*+

!'='@*LDM6

.'='!'N'G6
if ( points to 0D!E

then ($J$% points to 0D!$J$%E

.B

0D+E 0D*E 0D<E 0DHE 0DCE
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< C F G0B

(B

$%&'*LM'='0F-'H-'J-'>-'ED76

$%&'(!6

$%&'(.6

*+

!'='@*LDM6

.'='!'N'G6

.NN6

if ( points to 0D!E
then ($J$% points to 0D!$J$%E

.B

0D+E 0D*E 0D<E 0DHE 0DCE
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< C F G0B

(B

$%&'*LM'='0F-'H-'J-'>-'ED76

$%&'(!6

$%&'(.6

*+

!'='@*LDM6

.'='!'N'G6

.NN6

if ( points to 0D!E
then ($J$% points to 0D!$J$%E

!'='.'O'F6

.B

if ( points to 0D!E
then ($M$% points to 0D!$M$%E

0D+E 0D*E 0D<E 0DHE 0DCE
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< C F G0B

(B

$%&'*LM'='0F-'H-'J-'>-'ED76

$%&'(!6

$%&'(.6

*+

!'='@*LDM6

.'='!'N'G6

.NN6

if ( points to 0D!E
then ($J$% points to 0D!$J$%E

!'='.'O'F6

$%&'<$9&*%P4'='!'O'.6

.B

if ( points to 0D!E
then ($M$% points to 0D!$M$%E

if ( points to 0D!E 0"; . points to 0D%E
 then ($M$. is equal to$!$M$%M<

0D+E 0D*E 0D<E 0DHE 0DCE
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< C F G0B

(B

$%&'*LM'='0F-'H-'J-'>-'ED76

$%&'(!6

$%&'(.6

*+

!'='@*LDM6

.'='!'N'G6

.NN6

if ( points to 0D!E
then ($J$% points to 0D!$J$%E

!'='.'O'F6

$%&'<$9&*%P4'='!'O'.6

.B

if ( points to 0D!E
then ($M$% points to 0D!$M$%E

if ( points to 0D!E 0"; . points to 0D%E
 then ($M$. is equal to$!$M$%M<

!'O='J6 Wrong

0D+E 0D*E 0D<E 0DHE 0DCE
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Pointer Arithmetic

• Only allowed within an array

!"#$!$&$K)
!"#$%$&$*<)

!"#$'($&$=!)
!"#$'.$&$=%)

($J&$<)
.$$&$($M$*)
!"#$;!-#0"N2$&$.$M$()

Wrong}
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!"#$%&'$($)*+$,+$-./
012345$3&'$($)*67+$,67+$-67./
!"#$89$($:%&7'/
012345$8;$($:3&7'/

Scaling

* , -%< *67 ,67 -673<

9< ;<
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!"#$0DE$&$5*A$<A$H7)
;:/O62$ODE$&$5*P+A$<P+A$HP+7)
!"#$'($&$=0D+E)
;:/O62$'.$&$=OD+E)

(JJ)

Scaling

* < H0B *P+ <P+ HP+OB

(B .B
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!"#$0DE$&$5*A$<A$H7)
;:/O62$ODE$&$5*P+A$<P+A$HP+7)
!"#$'($&$=0D+E)
;:/O62$'.$&$=OD+E)

(JJ)
.JJ)

Scaling

* < H0B *P+ <P+ HP+OB

(B .B
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!"#$0DE$&$5*A$<A$H7)
;:/O62$ODE$&$5*P+A$<P+A$HP+7)
!"#$'($&$=0D+E)
;:/O62$'.$&$=OD+E)

(JJ)
.JJ)

!"# is 4 bytes on ECF
;:/O62 is 8 bytes on ECF

Scaling

* < H0B *P+ <P+ HP+OB

(B .B
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!"#$0DE$&$5*A$<A$H7)
;:/O62$ODE$&$5*P+A$<P+A$HP+7)
!"#$'($&$=0D+E)
;:/O62$'.$&$=OD+E)

(JJ)
.JJ)

*P+ <P+ HP+

!"# is 4 bytes on ECF
;:/O62 is 8 bytes on ECF

Scaling

* < H0B *P+ <P+ HP+OB

(B .B

OB
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!"#$0DE$&$5*A$<A$H7)
;:/O62$ODE$&$5*P+A$<P+A$HP+7)
!"#$'($&$=0D+E)
;:/O62$'.$&$=OD+E)

(JJ)
.JJ)

*P+ <P+ HP+

!"# is 4 bytes on ECF
;:/O62 is 8 bytes on ECF

Scaling

* < H0B *P+ <P+ HP+OB

(B .B

OB



Comparing Pointers
• You can use relational operators (Q, Q&, R&, and R) 

on array element pointers

• They compare the indices, not the values

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

20

!"#$0DE$&$5*+A$KA$GA$I7)
!"#$'($&$=0D+E)
!"#$'.$&$=0DHE)

O::6$O$&$($Q$.)
#1/2

+ H

O::6$O$&$'($Q$'.)
*+ I

>06-2



Equality
• You can use the comparison operators (&& and S&) 

on any pointer

• They compare the arrows

21

$%&'$'='H6

$%&'#'='J6

''''

$%&'(!'='@$6

$%&'(.'='@#6

H

!"

J

."

$" #"

Q;;8'Q'=',!'=='./6 >06-2



Equality
• You can use the comparison operators (&& and S&) 

on any pointer

• They compare the arrows

21

$%&'$'='H6

$%&'#'='J6

''''

$%&'(!'='@$6

$%&'(.'='@#6

H

!"

J

."

$" #"

Q;;8'Q'=',!'=='./6

.'='@$6

>06-2



Equality
• You can use the comparison operators (&& and S&) 

on any pointer

• They compare the arrows

21

$%&'$'='H6

$%&'#'='J6

''''

$%&'(!'='@$6

$%&'(.'='@#6

H

!"

J

."

$" #"

Q;;8'Q'=',!'=='./6

.'='@$6

Q'=',!'=='./6

>06-2

#1/2



Traversing Arrays

22

! " # $%&
'()*%+,-*.*/!0*"0*#0*$12

!"#$%&'($&$)$*+$&$,$-+$&../
0
$$1#&'(!%234$25$67&8/+
9

'& 3

%+3-%+4-%+!-%+5-6789'(8*,*"
:::



Traversing Arrays

22

< C F G0B
!"#$0DTE$&$5<A$CA$FA$G7)

1;3',$%&'$'='D6'$'R'S6'$NN/

0

''!3$%&1,AB<'A-'*L$M/6

7

!B +

0D+E0D*E0D<E0DHEU;2>!"2$T$C
PPP

<



Traversing Arrays

22

< C F G0B
!"#$0DTE$&$5<A$CA$FA$G7)

1;3',$%&'$'='D6'$'R'S6'$NN/

0

''!3$%&1,AB<'A-'*L$M/6

7

!B *

0D+E0D*E0D<E0DHEU;2>!"2$T$C
PPP

< C



Traversing Arrays

22

< C F G0B
!"#$0DTE$&$5<A$CA$FA$G7)

1;3',$%&'$'='D6'$'R'S6'$NN/

0

''!3$%&1,AB<'A-'*L$M/6

7

!B <

0D+E0D*E0D<E0DHEU;2>!"2$T$C
PPP

< C F



Traversing Arrays

22

< C F G0B
!"#$0DTE$&$5<A$CA$FA$G7)
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• The name of an array can be used as a pointer to 
its first element

!"#$0DE$&$5*A$<A$H7)

0D+E$&$L)
'0$&$L)

'30$J$!4 is the same as 0D!E
30$J$!4 is the same as =0D!E

* < H0B

0B
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>:1$3!"#$'($&$0)$($Q$0$J$T)$(JJ4
5
$$$-N0">3?@;?A$(4)
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< C F G0B!"#$0DTE$&$5<A$CA$FA$G7)

'30$J$!4 is the same as 0D!E
30$J$!4 is the same as =0D!E
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Changing Array Pointers

!"#$0DTE$&$5<A$CA$FA$G7)
!"#$'($&$0)
(JJ)

Error0JJ)


