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S
tru

ctu
res

 

•

 

S
tructures are 

 

h
etero

g
en

o
u

s co
llectio

n
s

 

 of 

 

variab
less

 

s
t
r
u
c
t
 
d
a
t
e
 
{

i
n
t
 
d
a
y
;

c
h
a
r
 
m
o
n
t
h
[
4
]
;

i
n
t
 
y
e
a
r
;

}
;

 

•

 

s
t
r
u
c
t
 
d
a
t
e

 

 can be used like

 

 
i
n
t
 

 

and

 

 
c
h
a
r

 

, e.g. to declare variables

 

s
t
r
u
c
t
 
d
a
t
e
 
b
i
r
t
h
d
a
y
,
 
*
g
r
a
d
u
a
t
i
o
n
;

 

•

 

S
tructure declarations can be 

 

co
m

b
in

ed

 

 w
ith variable definitions

 

s
t
r
u
c
t
 
d
a
t
e
 
{
 
.
.
.
 
}
 
b
i
r
t
h
d
a
y
,
 
*
g
r
a
d
u
a
t
i
o
n
;

 

•

 

extern
al

 

 and 

 

static

 

 local structures can be 

 

in
itialized

 

 at com
pile tim

e:

 

s
t
r
u
c
t
 
d
a
t
e
 
i
n
d
e
p
e
n
d
e
n
c
e
 
=
 
{
 
4
,
 
"
J
u
l
"
,
 
1
7
7
6
 
}
;

 

•

 

S
tructures can be 

 

n
ested

 

s
t
r
u
c
t
 
p
e
r
s
o
n
 
{

c
h
a
r
 
n
a
m
e
[
3
0
]
;

l
o
n
g
 
s
s
n
;

 

s
t
r
u
c
t
 
d
a
t
e

 

 
b
i
r
t
h
d
a
y
;

}
 
p
;
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F
ield

s

 

•

 

S
tructure fields are accessed by 

 

variab
le

 

.

 

fi
eld

 

s
t
r
u
c
t
 
p
e
r
s
o
n
 
e
m
p
l
o
y
e
e
,
 
e
m
p
l
o
y
e
e
s
[
1
0
0
]
;

e
m
p
l
o
y
e
e
.
b
i
r
t
h
d
a
y
.
m
o
n
t
h

e
m
p
l
o
y
e
e
s
[
i
]
.
n
a
m
e
[
j
]

 

•

 

stru
ctu

re p
o

in
ters

 

 point to instances of structures

 

s
t
r
u
c
t
 
d
a
t
e
 
d
,
 
*
p
d
;

p
d
 
=
 
&
d
;

d
 
=
 
*
p
d
;

 

stru
ctu

re assig
n

m
en

t is leg
al!

 

•

 

“

 

-
>

 

” references a field in a structure pointed by a pointer

 

p
d
-
>
m
o
n
t
h

 

equivalent to

 

(
*
p
d
)
.
m
o
n
t
h

 

•

 

S
tructures can contain pointers;

 

 
-
>
 

 

associates to the 

 

left

 

s
t
r
u
c
t
 
t
r
e
e
 
{

p
-
>
l
-
>
l
-
>
l
-
>
d
.
m
o
n
t
h
;

s
t
r
u
c
t
 
d
a
t
e
 
d
;

s
t
r
u
c
t
 
t
r
e
e
 
*
l
,
 
*
r
;

}
 
*
p
;
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P
o

in
ters to

 S
tru

ctu
res

 

•

 

M
anipulating pointers to structures:

 

s
t
r
u
c
t
 
f
o
o
 
{
 
i
n
t
 
x
,
 
*
y
;
 
}
 
*
p
;

+
+
p
-
>
x

 

increm
ents field

 

 
x
 

 

in

 

 
*
p

(
+
+
p
)
-
>
x

 

increm
ents

 

 
p

 

, then refers to field

 

 
x

*
p
-
>
y
+
+

 

return

 

 
i
n
t
 

 

pointed to by field

 

 
y
 

 

in

 

 
*
p

 

, increm
ents

 

 
y

*
p
+
+
-
>
y

 

return

 

 
i
n
t
 

 

pointed to by field

 

 
y
 

 

in

 

 
*
p

 

, increm
ent

 

 
p

 

•

 

A
n 

 

array o
f stru

ctu
res

 

 is the preferred m
ethod for storing a table

 

#
d
e
f
i
n
e
 
N
K
E
Y
S
 
1
0
0

 

“th
e o

ld
 w

ay:”

 

s
t
r
u
c
t
 
k
e
y
 
{

c
h
a
r
 
*
k
e
y
w
o
r
d
[
N
K
E
Y
S
]
;

c
h
a
r
 
*
k
e
y
w
o
r
d
;

i
n
t
 
k
e
y
c
o
u
n
t
[
N
K
E
Y
S
]
;

i
n
t
 
k
e
y
c
o
u
n
t
;

}
 
k
e
y
t
a
b
[
N
K
E
Y
S
]
;
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A
rrays o

f S
tru

ctu
res

 

•

 

E
asy to initialize such tables:

 

s
t
r
u
c
t
 
k
e
y
 
k
e
y
t
a
b
l
e
[
]
 
=
 
{

{
 
"
a
u
t
o
"
,
 
0
,
 
}
,

{
 
"
b
r
e
a
k
"
,
 
0
,
 
}
,

.
.
.

{
 
"
w
h
i
l
e
"
,
 
0
 
}

}

 

•

 

E
asy to search them

:

 

i
n
t
 
i
;

f
o
r
 
(
i
 
=
 
0
;
 
i
 
<
 
N
K
E
Y
S
;
 
i
+
+
)

i
f
 
(
s
t
r
c
m
p
(
w
o
r
d
,
 
k
e
y
t
a
b
l
e
[
i
]
.
k
e
y
w
o
r
d
)
 
=
=
 
0
)

.
.
.



 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: Sizeof
Page 93

 

O
ctober 8, 1997

 

S
izeo

f

 

•

 

s
i
z
e
o
f
 

 

x

 

 

 

is a 

 

co
m

p
ile-tim

e o
p

erato
r

 

 that gives the size of 

 

x

 

 in bytes

 

x

 

 can be 

 

(

 

typ
e

 

)

 

 or 

 

exp
ressio

n

 

s
i
z
e
o
f
 
(
i
n
t
)

 

4

 

s
i
z
e
o
f
 
(
i
n
t
 
*
)

 

4

 

s
i
z
e
o
f
 
(
s
t
r
u
c
t
 
k
e
y
 
*
)

 

4

 

s
i
z
e
o
f
 
(
s
t
r
u
c
t
 
k
e
y
)

 

8

 

s
i
z
e
o
f
 
k
e
y
t
a
b
l
e
 

N
K
E
Y
S
*
s
i
z
e
o
f
 
(
s
t
r
u
c
t
 
k
e
y
)

 

•

 

U
se

 

 
s
i
z
e
o
f
 

 

to define param
eters

 

#
d
e
f
i
n
e
 
N
K
E
Y
S
 
(
s
i
z
e
o
f
 
k
e
y
t
a
b
l
e
/
s
i
z
e
o
f
 
(
s
t
r
u
c
t
 
k
e
y
)
)

 

•

 

E
xam

ples

 

i
n
t
 
a
[
1
0
]
;

s
t
r
u
c
t
 
o
p
e
r
a
t
o
r
 
{
 
c
h
a
r
 
k
e
y
;
 
v
o
i
d
(
*
f
)
(
i
n
t
,
 
i
n
t
)
;
 
}
 
b
[
3
]
,
 
o
,
 
*
p
;

s
i
z
e
o
f
 
a

4
0

s
i
z
e
o
f
 
b

2
4

s
i
z
e
o
f
 
o

8
s
i
z
e
o
f
 
p

4
s
i
z
e
o
f
 
*
p

8
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U
n

io
n

s

 

•

 

U
nions provide a w

ay to use 

 

d
ifferen

t typ
es

 

 for data in a 

 

sin
g

le sto
rag

e

 

 area

 

u
n
i
o
n
 
u
 
{

d
o
u
b
l
e
 
f
v
a
l
;

i
n
t
 
i
v
a
l
;

c
h
a
r
 
c
v
a
l
;

}
 
u
v
a
l
;

u
v
a
l
.
f
v
a
l

 

double

 

u
v
a
l
.
i
v
a
l

 

integer

 

u
v
a
l
.
c
v
a
l

 

character

 

•

 

U
nion size is equal to the

 

 
s
i
z
e
o
f
 

 

the largest field

 

s
i
z
e
o
f
 
u
v
a
l
 

 

8

 

•

 

N
o

 valid
ity ch

ecks
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U
n

io
n

s, co
n

t’d

 

•

 

U
nions often appear in structures to reduce space

 

s
t
r
u
c
t
 
v
a
l
u
e
 
{

e
n
u
m
 
{
 
I
n
t
e
g
e
r
,
 
R
e
a
l
,
 
C
h
a
r
a
c
t
e
r
 
}
 
t
y
p
e
;

u
n
i
o
n
 
u
 
v
a
l
;

}
 
v
a
l
u
e
s
[
1
0
0
]
;

 

t
y
p
e
 

 

—
 a “type tag” —

 keeps track of the type stored in

 

 
v
a
l

 

•

 

C
heck type tag before accessing union fields:

 

v
o
i
d
 
p
r
i
n
t
(
i
n
t
 
i
)
 
{

s
w
i
t
c
h
 
(
v
a
l
u
e
s
[
i
]
.
t
y
p
e
)
 
{

c
a
s
e
 
I
n
t
e
g
e
r
:

p
r
i
n
t
f
(
"
%
d
"
,
 
v
a
l
u
e
s
[
i
]
.
v
a
l
.
i
v
a
l
)
;
 
b
r
e
a
k
;

c
a
s
e
 
R
e
a
l
:

p
r
i
n
t
f
(
"
%
g
"
,
 
v
a
l
u
e
s
[
i
]
.
v
a
l
.
f
v
a
l
)
;
 
b
r
e
a
k
;

c
a
s
e
 
C
h
a
r
a
c
t
e
r
:
p
r
i
n
t
f
(
"
%
c
"
,
 
v
a
l
u
e
s
[
i
]
.
v
a
l
.
c
v
a
l
)
;
 
b
r
e
a
k
;

d
e
f
a
u
l
t
:

 

a
s
s
e
r
t
(
0
)

 

;
}

}

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: B
it Fields

Page 96

 

O
ctober 8, 1997

 

B
it F

ield
s

 

•

 

S
igned and unsigned integers can be 

 

p
acked

 

 into 

 

b
it fi

eld
s

 

e
n
u
m
 
T
y
p
e
 
{
 
I
n
t
e
g
e
r
=
1
,
 
R
e
a
l
=
2
,
 
C
h
a
r
a
c
t
e
r
=
3
 
}
;

s
t
r
u
c
t
 
v
a
l
u
e
 
{

 

i
n
t

 

 
t
y
p
e
 

 

:
 
3

 

;

 

u
n
s
i
g
n
e
d

 

 
p
r
i
n
t
e
d
 

 

:
 
1

 

;
u
n
i
o
n
 
u
 
v
a
l
;

}
 
v
a
l
u
e
s
[
1
0
0
]
;

v
o
i
d
 
p
r
i
n
t
(
i
n
t
 
i
)
 
{

i
f
 
(
!
v
a
l
u
e
s
[
i
]
.
p
r
i
n
t
e
d
)
 
{

s
w
i
t
c
h
 
(
v
a
l
u
e
s
[
i
]
.
t
y
p
e
)
 
{

.
.
.

}v
a
l
u
e
s
[
i
]
.
p
r
i
n
t
e
d
 
=
 
1

}
}

 

•

 

E
xtracting

 

 
i
n
t
 

 

bit fields 

 

sig
n

 exten
d

s

 

 the leftm
ost bit of the field

 

•

 

U
n

n
am

ed

 

 fields help lay out fields to access specific parts of a w
ord

 

s
t
r
u
c
t
 
i
n
s
t
r
u
c
t
i
o
n
 
{
 
u
n
s
i
g
n
e
d
 
o
p
:
2
;
 

 

:
5

 

;
 
u
n
s
i
g
n
e
d
 
o
p
2
:
3
;
 
i
n
t
 

i
m
m
e
d
:
2
2
;
 
}
;
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Typ
ed

ef

 

•

 

t
y
p
e
d
e
f
 

 

asso
ciates

 

 a 

 

n
am

e

 

 w
ith a 

 

typ
e

 

, w
hy?

 

•

 

S
tandard declaration; the “variable” is a new

 type

 

t
y
p
e
d
e
f
 
s
h
o
r
t
 
i
n
t
1
6
;

t
y
p
e
d
e
f
 
s
t
r
u
c
t
 
{

c
h
a
r
 
*
k
e
y
w
o
r
d
;

i
n
t
 
k
e
y
c
o
u
n
t
;

}
 
k
e
y
;

t
y
p
e
d
e
f
 
e
n
u
m
 
{
 
I
n
t
e
g
e
r
,
 
R
e
a
l
,
 
C
h
a
r
a
c
t
e
r
 
}
 
T
y
p
e
;

i
n
t
1
6
 
m
a
x
(
i
n
t
1
6
 
x
,
 
i
n
t
1
6
 
y
)
;

k
e
y
 
k
e
y
t
a
b
l
e
[
N
K
E
Y
S
]
;

 

(
k
e
y
 
*
)
p

 

s
i
z
e
o
f
 
(
k
e
y
)

 

parentheses are required!


