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P
o

in
ters

 

•

 

P
ointers are variables w

hose 

 

valu
es

 

 are the 

 

ad
d

resses

 

 of other variables

 

•

 

B
asic operations

“address of”
(reference)

“indirection”
(dereference)

 

•

 

S
uppose

 

 
x
 

 

and

 

 
y
 

 

are integers,

 

 
p
 

 

is a pointer to an integer:

 

p
 
=
 
&
x
;

p
 

 

gets the address of

 

 
x

y
 
=
 
*
p
;

y
 

 

gets the value pointed to by

 

 
p

y
 
=
 
*
(
&
x
)
;

 

•

 

D
eclaration syntax m

im
ics use of variables in expressions

 

i
n
t
 
*
p
;

*
p
 

 

is an

 

 
i
n
t

 

, so

 

 
p
 

 

is a pointer to an

 

 
i
n
t

 

•

 

U
nary

 

 
*
 

 

and

 

 
&
 

 

bind m
ore tightly than m

ost other operators

 

y
 
=
 
*
p
 
+
 
1
;

y
 
=
 
(
*
p
)
 
+
 
1
;

y
 
=
 
*
p
+
+
;

y
 
=
 
*
(
p
+
+
)
;
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P
o

in
ter R

eferen
ces

 

•

 

P
ointer references (e.g.

 

 
*
p

 

) are 

 

variab
les

 

 

 

i
n
t
 
x
,
 
y
,
 
*
p
x
,
 
*
p
y
;

p
x
 
=
 
&
x
;

p
x
 

 

is the address of

 

 
x

*
p
x
 
=
 
0
;

 

sets

 

 
x
 

 

to 0

 

p
y
 
=
 
p
x
;

p
y
 

 

also points to

 

 
x

*
p
y
 
+
=
 
1
;

 

increm
ents

 

 
x
 

 

to 1

 

y
 
=
 
(
*
p
x
)
+
+
;

 

sets

 

 
y
 

 

to 1,

 

 
x
 

 

to 

 

2

 

•

 

P
assing pointers to functions 

 

sim
u

lates

 

 passing argum
ents “by 

reference”

 

v
o
i
d
 
s
w
a
p
(
i
n
t
 
x
,
 
i
n
t
 
y
)
 
{

i
n
t
 
t
;

t
 
=
 
x
;

x
 
=
 
y
;

y
 
=
 
t
;

}i
n
t
 
a
 
=
 
1
,
 
b
 
=
 
2
;

s
w
a
p
(
a
,
 
b
)
;

p
r
i
n
t
f
(
"
%
d
 
%
d
\
n
"
,
 
a
,
 
b
)
;
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O
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P
o

in
ters &

 A
rrays

 

•

 

P
ointers can “w

alk along” arrays

 

i
n
t
 
a
[
1
0
]
,
 
i
,
 
*
p
,
 
x
;

p
 
=
 
&
a
[
0
]
;

p
 

 

is the address of the 1st elem
ent of

 

 
a

x
 
=
 
*
p
;

x
 

 

gets

 

 
a
[
0
]

x
 
=
 
*
(
p
 
+
 
1
)

 

;

 

x
 

 

gets

 

 
a
[
1
]

p
 
=
 
p
 
+
 
1
;

p
 

 

points to

 

 
a
[
1
]

 

, 

 

by d
efin

itio
n

 

p
+
+
;

p
 

 

points to

 

 
a
[
2
]

 

•

 

A
rray nam

es are 

 

co
n

stan
t

 

 pointers

 

p
 
=
 
a
;

p
 

 

points to

 

 
a
[
0
]

a
+
+
;

 

 
illegal; can’t change a constant

 

p
+
+
;

 

legal;

 

 
p
 

 

is a variable

 

•

 

S
ubscripting, for any type, is defined in term

s of pointers

 

a
[
i
]

*
(
a
 
+
 
i
)

i
[
a
]
 

 

is legal, too!

 

&
a
[
i
]

a
 
+
 
i

p
 
=
 
&
a
[
0
]

  

&
*
(
a
 
+
 
0
)

  

&
*
a

  

a

 

•

 

P
ointers can w

alk along arrays efficiently

 

p
 
=
 
a
;

f
o
r
 
(
i
 
=
 
0
;
 
i
 
<
 
1
0
;
 
i
+
+
)

p
r
i
n
t
f
(
"
%
d
\
n
"
,
 
*
p
+
+
)
;
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P
o

in
ter A

rith
m

etic

 

•

 

P
ointer arithm

etic takes into account the 

 

strid
e

 

 (size of) the value 
pointed to

 

T

 

 
*
p
;

p
 
+
=
 
i

 

increm
ent 

 

 
p
 

 

by

 

 
i
 

 

elem
ents

 

p
 
-
=
 
i

 

decrem
ent

 

 
p
 

 

by

 

 
i
 

 

elem
ents

 

p
+
+

 

increm
ent 

 

 
p
 

 

by

 

 
1
 

 

elem
ent

 

p
-
-

 

decrem
ent

 

 
p
 

 

by

 

 
1
 

 

elem
ent

 

•

 

If

 

 
p
 

 

and

 

 
q
 

 

are pointers to the sam
e type 

 

T

 

p
 
-
 
q

 

num
ber of elem

ents betw
een

 

 
p
 

 

and

 

 
q

 

•

 

D
oes it m

ake sense to add tw
o pointers?

 

•

 

O
ther operations:

 

 
p
 
<
 
q

 

;

 

 
<
=
 
=
=
 
!
=
 
>
=
 
>

p
 

 

and

 

 
q
 

 

m
u

st

 

 point to the 

 

sam
e

 

 array; 

 

n
o

 ru
n

tim
e ch

ecks

 

 to insure this

 

•

 

E
xam

ple

 

i
n
t
 
s
t
r
l
e
n
(
c
h
a
r
 
*
s
)
 
{

c
h
a
r
 
*
p
;

f
o
r
 
(
p
 
=
 
s
;
 
*
p
;
 
p
+
+
)

;
r
e
t
u
r
n
 
p
 
-
 
s
;

}
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P
o

in
ters &

 A
rray P

aram
eters

 

•

 

A
rray param

eters:

 

array form
al param

eters are not constants, they are 

 

variab
les

 

passing an array passes a 

 

p
o

in
ter

 

 to the 

 

fi
rst elem

en
t

 

arrays (and 

 

o
n

ly

 

 arrays) are autom
atically passed “by reference”

 

v
o
i
d
 
f
(

 

T

 

 
a
[
]
)
 
{
.
.
.
}

 

is equivalent to

 

v
o
i
d
 
f
(

 

T

 

 
*
a
)
 
{
.
.
.
}

 

•

 

S
tring constants denote constant pointers to the actual characters

 

c
h
a
r
 
*
m
s
g
 
=
 
"
n
o
w
 
i
s
 
t
h
e
 
t
i
m
e
"
;

c
h
a
r
 
a
m
s
g
[
]
 
=
 
"
n
o
w
 
i
s
 
t
h
e
 
t
i
m
e
"
;

c
h
a
r
 
*
m
s
g
 
=
 
a
m
s
g
;

 

m
s
g

 

 points to the first character of

 

 
"
n
o
w
 
i
s
 
.
.
.
"

 

•

 

S
trings can be used w

herever arrays of characters are used

 

p
u
t
c
h
a
r
(
"
0
1
2
3
4
5
6
7
8
9
"
[
i
]
)
;

s
t
a
t
i
c
 
c
h
a
r
 
d
i
g
i
t
s
[
]
 
=
 
"
0
1
2
3
4
5
6
7
8
9
"
;

p
u
t
c
h
a
r
(
d
i
g
i
t
s
[
i
]
)
;

 

•

 

Is there any difference betw
een

 

e
x
t
e
r
n
 
c
h
a
r
 
x
[
]
;

e
x
t
e
r
n
 
c
h
a
r
 
*
x
;
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P
o

in
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 A
rray P

aram
eters, co

n
t’d

 

•

 

C
opying strings:

 

 
v
o
i
d
 
s
c
o
p
y
(
c
h
a
r
 
*
s
,
 
c
h
a
r
 
*
t
)
 

 

copies

 

 
t
 

 

to

 

 
s

 

•

 

A
rray

 

 version:

 

v
o
i
d
 
s
c
o
p
y
(
c
h
a
r
 
s
[
]
,
 
c
h
a
r
 
t
[
]
)
 
{

i
n
t
 
i
 
=
 
0
;

w
h
i
l
e
 
(
(
s
[
i
]
 
=
 
t
[
i
]
)
 
!
=
 
'
\
0
'
)

i
+
+
;

}

 

•

 

P
o

in
ter

 

 version:

 

v
o
i
d
 
s
c
o
p
y
(
c
h
a
r
 
*
s
,
 
c
h
a
r
 
*
t
)
 
{

w
h
i
l
e
 
(
*
s
 
=
 
*
t
)
 
{

w
h
i
l
e
 
(
(
*
s
 
=
 
*
t
)
 
!
=
 
0
)

s
+
+
;

t
+
+
;

}
}

 

•

 

Id
io

m
atic

 

 version:

 

 

 

v
o
i
d
 
s
c
o
p
y
(
c
h
a
r
 
*
s
,
 
c
h
a
r
 
*
t
)
 
{

w
h
i
l
e
 
(
*
s
+
+
 
=
 
*
t
+
+
)

w
h
i
l
e
 
(
(
*
s
+
+
 
=
 
*
t
+
+
)
 
!
=
 
0
)

;
}

 

•

 

W
h

ich
 o

n
e is b

etter an
d

 w
hy?
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A
rrays o

f P
o

in
ters

 

•

 

A
rrays of pointers help build tabular structures

 

•

 

Indirection (

 

*

 

) has 

 

lo
w

er

 

 precedence than 

 

[
]

c
h
a
r
 
*
l
i
n
e
[
1
0
0
]
;

 

sam
e as

 

c
h
a
r
 
*
(
l
i
n
e
[
1
0
0
]
)
;

 

declares an array of pointers to char (strings); declaration m
im

ics use:

 

*
l
i
n
e
[
i
]

 

refers to the 0th character in the 

 

i

 

th string

 

•

 

A
rrays of pointers can be 

 

in
itialized

 

c
h
a
r
 
*
m
o
n
t
h
(
i
n
t
 
n
)
 
{

 

s
t
a
t
i
c

 

 
c
h
a
r
 
*
n
a
m
e
[
]
 
=
 
{

"
J
a
n
u
a
r
y
"
,

"
F
e
b
r
u
a
r
y
"
,

.
.
.
,

"
D
e
c
e
m
b
e
r
"

}
;

 

a
s
s
e
r
t

 

(
n
 
>
=
 
1
 
&
&
 
n
 
<
=
 
1
2
)
;

r
e
t
u
r
n
 
n
a
m
e
[
n
-
1
]
;

}i
n
t
 
a
,
 
b
;

i
n
t
 
*
x
[
]
 
=
 
{
 
&
a
,
 
&
b
,
 
&
b
,
 
&
a
,
 
N
U
L
L
 
}
;
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A
rrays o

f P
o

in
ters, co

n
t’d

 

•

 

A
rrays of pointers are 

 

sim
ilar

 

 to m
ulti-dim

ensional arrays, but different

 

i
n
t
 
a
[
1
0
]
[
1
0
]
;

 

b
o
t
h

 

a
[
i
]
[
j
]

i
n
t
 
*
b
[
1
0
]
;

b
[
i
]
[
j
]

 

a
r
e
 
l
e
g
a
l
 
r
e
f
e
r
e
n
c
e
s
 
t
o
 

 

i
n
t

 

s

 

•

 

A
rray

 

 
a

 

:

 

2-dim
ensional 10x10 array

storage for 100 elem
ents allocated at com

pile tim
e

 

a
[
6
]
 

 

is a 

 

co
n

stan
t

 

;

 

 
a
[
i
]
 

 

can
n

o
t

 

 change during execution

each row
 of

 

 
a
 

 

has 10 elem
ents

 

•

 

A
rray

 

 
b

 

:

 

an array of 10 pointers; each elem
ent 

 

co
u

ld

 

 point to an array

storage for 10 pointer elem
ents allocated at com

pile tim
e

values of these pointers m
ust be initialized during execution

 

b
[
6
]
 

 

is a 

 

variab
le

 

;
 
b
[
i
]
 

 

can

 

 change during execution

each row
 of

 

 
b
 

 

can have a different length; “ragged array”
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C
o

m
m

an
d

-L
in

e A
rg

u
m

en
ts

 

•

 

B
y convention,

 

 
m
a
i
n
 

 

is called w
ith 2 argum

ents (actually 3!)

 

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
a
r
g
v
[
]
)

a
r
g
c
 

 

(“

 

arg

 

um
ent 

 

c

 

ount”) is the num
ber of com

m
and-line argum

ents

 

a
r
g
v
 

 

(“

 

arg

 

um
ent 

 

v

 

ector”) is an array of pointers to the argum
ents

 

•

 

F
or the com

m
and

 

 
e
c
h
o
 
h
e
l
l
o
,
 
w
o
r
l
d

 

a
r
g
c
 
=
 
3

a
r
g
v
[
0
]
 
=
 
"
e
c
h
o
"

a
r
g
v
[
1
]
 
=
 
"
h
e
l
l
o
,
"

a
r
g
v
[
2
]
 
=
 
"
w
o
r
l
d
"

a
r
g
v
[
3
]
 
=
 
N
U
L
L

 

•

 

N
U
L
L

 

 is the 

 

n
u

ll p
o

in
ter

 

, w
hich points to nothing; defined to be 0

 

•

 

Im
plem

entation of

 

 
e
c
h
o

 

:

 

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
a
r
g
v
[
]
)
 
{

i
n
t
 
i
;

f
o
r
(
i
 
=
 
1
;
 
i
 
<
 
a
r
g
c
;
 
i
+
+
)

p
r
i
n
t
f
(
"
%
s
%
c
"
,
 
a
r
g
v
[
i
]
,
 
(
i
 
<
 
a
r
g
c
-
1
)
 
?
 
'
 
'
 
:
 
'
\
n
'
)
;

r
e
t
u
r
n
 
0
;

}
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M
o

re o
n

 arg
c an

d
 arg

v

 

•

 

A
nother (less clear) im

plem
entation of

 

 
e
c
h
o

 

:

 

i
n
t
 
m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
*
a
r
g
v
)
 
{

w
h
i
l
e
 
(
-
-
a
r
g
c
 
>
 
0
)

p
r
i
n
t
f
(
"
%
s
%
c
"
,
 
*
+
+
a
r
g
v
,
 
a
r
g
c
 
>
 
1
 
?
 
'
 
'
 
:
 
'
\
n
'
)
;

r
e
t
u
r
n
 
0
;

}

 

initially, 

 

a
r
g
v

 

 points to the program
 nam

e:

 

*
+
+
a
r
g
v
 

 

increm
ents

 

 
a
r
g
v
 

 

to point the cell that points to

 

 
"
h
e
l
l
o
,
"

 

, and indirection 
fetches that pointer (a

 

 
c
h
a
r
 
*

 

)

 

•

 

E
xam

ple

 

v
o
i
d
 
f
(
i
n
t
 
*
a
[
1
0
]
)
;

 

is the sam
e as

 

v
o
i
d
 
f
(
i
n
t
 
*
*
a
)
;

v
o
i
d
 
g
(
i
n
t
 
a
[
]
[
1
0
]
)
;

v
o
i
d
 
g
(
i
n
t
 
(
*
a
)
[
1
0
]
)
;

*
*
a
 
=
 
1
;
 

 

is legal in 

 

b
o

th

 

 
f
 

 

and

 

 
g

 

; w
hat gets changed in each?

 

•

 

S
ee H

&
S

 for m
ore
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P
o

in
ters to

 F
u

n
ctio

n
s

 

•

 

P
ointers to functions help 

 

p
aram

eterize

 

 other functions

 

v
o
i
d
 
s
o
r
t
(
v
o
i
d
 
*
v
[
]
,
 
i
n
t
 
n
,
 

 

i
n
t
 
(
*
c
o
m
p
a
r
e
)
(
v
o
i
d
 
*
,
 
v
o
i
d
 
*
)

 

)
 
{

.
.
.

i
f
 
(
(
*
c
o
m
p
a
r
e
)
(
v
[
i
]
,
v
[
j
]
)
 
<
=
 
0
)
 
{

.
.
.

}.
.
.

}

 

•

 

s
o
r
t
 

 

does not depend the type of the objects it’s sorting

 

it can sort arrays of pointers to 

 

any

 

 type

such functions are called 

 

g
en

eric

 

 or 

 

p
o

lym
o

rp
h

ic

 

 functions

 

•

 

U
se an array of

 

 
v
o
i
d
 
*
 

 

(generic pointers) to pass data

 

•

 

v
o
i
d
 
*
 

 

is a 

 

p
laceh

o
ld

er

 

dereferencing a

 

 
v
o
i
d
 
*
 

 

req
u

ires

 

 a cast to a specific type
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P
o

in
ters to

 F
u

n
ctio

n
s, co

n
t’d

 

•

 

D
eclaration syntax can confuse:

 

i
n
t
 
(
*
c
o
m
p
a
r
e
)
(
v
o
i
d
 
*
,
 
v
o
i
d
 
*
)

 

declares

 

 
c
o
m
p
a
r
e
 

 

to be “a 

 

p
o

in
ter

 

 to a 

 

fu
n

ctio
n

 

 that takes tw
o

 

 
v
o
i
d
 
*
 

 

argum
ents 

and returns an

 

 
i
n
t

 

”

 

i
n
t
 
*
c
o
m
p
a
r
e
(
v
o
i
d
 
*
,
 
v
o
i
d
 
*
)

 

declares

 

 
c
o
m
p
a
r
e
 

 

to be “a 

 

fu
n

ctio
n

 

 that takes tw
o

 

 
v
o
i
d
 
*
 

 

argum
ents and returns 

a 

 

p
o

in
ter

 

 to an

 

 
i
n
t

 

”

 

•

 

Invocation syntax can also confuse:

 

(
*
c
o
m
p
a
r
e
)
(
v
[
i
]
,
 
v
[
j
]
)

 

calls the function 

 

p
o

in
ted

 

 to by

 

 
c
o
m
p
a
r
e
 

 

w
ith the argum

ents

 

 
v
[
i
]
 

 

and

 

 
v
[
j
]

*
c
o
m
p
a
r
e
(
v
[
i
]
,
 
v
[
j
]
)

 

calls the function 

 

c
o
m
p
a
r
e

 

 w
ith the argum

ents

 

 
v
[
i
]
 

 

and

 

 
v
[
j
]

 

, then 

 

d
ereferen

ces

 

 
the pointer value returned

 

•

 

F
unction call has higher precedence than dereferencing
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P
o

in
ters to

 F
u

n
ctio

n
s, co

n
t’d

 

•

 

A
 function nam

e itself is a 

 

co
n

stan
t p

o
in

ter

 

 to a function (like array nam
e)

 

#
i
n
c
l
u
d
e
 
<
s
t
r
i
n
g
.
h
>

 

 

co
n

tain
s

 

 
e
x
t
e
r
n
 
i
n
t
 

 

s
t
r
c
m
p

 

(
c
h
a
r
 
*
,
 
c
h
a
r
 
*
)
;

m
a
i
n
(
i
n
t
 
a
r
g
c
,
 
c
h
a
r
 
*
a
r
g
v
[
]
)
 
{

c
h
a
r
 
*
v
[
V
S
I
Z
E
]
;

.
.
.

s
o
r
t
(
v
,
 
V
S
I
Z
E
,
 

 

s
t
r
c
m
p

 

)
;

.
.
.

}

 

•

 

A
ctually, both

 

 
v
 

 

and

 

 
s
t
r
c
m
p
 

 

require a 

 

cast

 

:

 

s
o
r
t
(

 

(
v
o
i
d
 
*
*
)

 

v
,
 
V
S
I
Z
E
,
 

 

(
i
n
t
 
(
*
)
(
v
o
i
d
 
*
,
 
v
o
i
d
 
*
)
)

 

s
t
r
c
m
p
)
;

 

•

 

A
rrays of pointers to functions:

 

e
x
t
e
r
n
 
i
n
t
 
m
u
l
(
i
n
t
,
 
i
n
t
)
,
 
a
d
d
(
i
n
t
,
 
i
n
t
)
,
 
s
u
b
(
i
n
t
,
 
i
n
t
)
,
 
.
.
.
;

i
n
t
 
(
*
o
p
e
r
a
t
o
r
s
[
]
)
(
i
n
t
,
 
i
n
t
)
 
=
 
{

m
u
l
,
 
a
d
d
,
 
s
u
b
,
 
.
.
.

}
;

 

to call the 

 

i

 

th function:

 

 
(
*
o
p
e
r
a
t
o
r
s
[
i
]
)
(
a
,
 
b
)
;


