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A
N

S
I C

 P
ro

g
ram

m
in

g
 L

an
g

u
ag

e

 

•

 

A
 sm

all, general-purpose, initially 

 

system
s program

m
ing language

 

•  

 

U
sed for w

riting the U
N

IX
 O

S
 and tools for m

any com
puters 

 

•  

 

N
ow

 also very popular for general-purpose com
puting

 

•

 

A
 “low

-level” language

datatypes and control structures are close to those on m
ost m

achines

 

•

 

N
otable features

pointer (address) arithm
etic and operators

all functions are call-by-value

sim
ple, 2-level scope structure

no I/O
 or m

em
ory m

anagem
ent facilities (provided by library routines)

“flexible” type structure

 

•

 

H
istory

B
C

P
L

B
C

K
&

R
 C

A
N

S
I C

~
1960     ~

1970   ~
1972       ~

1978             ~
1988
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C
 vs M

o
d

u
la-3

 

featu
re

C
M

o
d

u
la-

3

 

safe
n

o

 

yes

 

effi
cien

t

 

yes
yes

 

g
arb

ag
e co

llectio
n

n
o

 

yes

 

static typ
ech

eckin
g

 

m
ostly

yes

 

en
fo

rced
 in

terfaces
n

o

 

yes

 

co
n

cu
rren

cy
n

o

 

yes

 

H
u

h
?

w
id

ely availab
le

 

yes

 

n
o

everyo
n

e kn
ow

s it

 

yes

 

n
o

so
ftw

are to
o

ls

 

yes

 

so
m

e

g
o

o
d

 fo
r a su

m
m

er jo
b

 

yes

 

n
o
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C
 P

ro
g

ram
 S

tru
ctu

re

 

•

 

P
ro

g
ram

s

 

 

are com
posed of one or m

ore 

 

fi
les

 

each file contains 

 

g
lo

b
al variab

les

 

 and 

 

fu
n

ctio
n

s

 

i
n
t
 
a
,
 
b
;

/
*
 
g
l
o
b
a
l
 
v
a
r
i
a
b
l
e
s
 
*
/

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

h
e
l
l
o
(
)
;

r
e
t
u
r
n
 
0
;

}v
o
i
d
 
h
e
l
l
o
(
v
o
i
d
)
 
{

p
r
i
n
t
f
(
"
h
e
l
l
o
 
w
o
r
l
d
\
n
"
)
;

}

 

•

 

E
xecu

tio
n

 

 

begins by calling

 

 
m
a
i
n

 

ends w
hen

 

 
m
a
i
n
 

 

returns (or som
e function calls the library function

 

 
e
x
i
t

 

)
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F
u

n
ctio

n
 D

efi
n

itio
n

s

 

•

 

G
eneral form

 of an A
N

S
I C

 function 

 

d
efi

n
itio

n

 

[ 

 

type

 

 ] 

 

nam
e

 

 

 

(

 

argum
ent

 

-

 

declarations

 

 

 

)
 
{

 

 

 

body

 

 

 

}

 

i
n
t
 
t
w
i
c
e
 
(
i
n
t
 
x
,
 
d
o
u
b
l
e
 
y
)
 
{

.
.
.

}

 

•  

 

If no return value, type of function should be 

 

v
o
i
d

 

. 

 

•

 

r
e
t
u
r
n
 

 

statem
ents specify function return values

 

i
n
t
 
t
w
i
c
e
(
i
n
t
 
x
,
 
d
o
u
b
l
e
 
y
)
 
{

r
e
t
u
r
n
 
2
*
x
 
+
 
y
;

}

 

•

 

U
nlike in P

ascal, functions are never defined w
ithin functions 
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D
eclaratio

n
s &

 D
efi

n
itio

n
s

 

•

 

D
eclaratio

n

 

: specifies (announces) the 

 

p
ro

p
erties

 

 of an identifier

 

e
x
t
e
r
n
 
i
n
t
 
s
p
;

e
x
t
e
r
n
 
i
n
t
 
s
t
a
c
k
[
]
;

 

specify that “

 

s
p
 

 

is an

 

 
i
n
t

 

” and “

 

s
t
a
c
k
 

 

is an array of

 

 
i
n
t
s

 

” 

 

e
x
t
e
r
n

 

 indicates they are 

 

d
efin

ed

 

 elsew
here 

 

-  outside this routine, or even outside this file

 

•

 

D
efi

n
itio

n

 

: declares the identifier 

 

an
d

 

 causes 

 

sto
rag

e

 

 to be allocated

 

i
n
t
 
s
p
;

i
n
t
 
p
t
r
 
=
 
1
;
;

i
n
t
 
s
t
a
c
k
[
1
0
0
]
;

 

declares

 

 
s
p

 

,

 

 
p
t
r
 

 

and

 

 
s
t
a
c
k
,
 

 

allocates storage, 

 

p
t
r
 

 

is initialized to 1

 

•

 

W
hy does a language have declarations for variables?

 

•

 

C
an a variable have m

ultiple declarations?
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S
co

p
e

 

•

 

H
ow

 do functions defined in different files com
m

unicate?

 

- by calling one another (param
eter passing and return values

- through global (externally declared) variables

 

•

 

E
xternal variables 

 

E
xternally declared versus 

 

e
x
t
e
r
n

 

?

C
an w

e have m
ultiple declarations of an externally defined variable w

ithin a file?

W
hat if an external declaration is not initialized? Is it treated as defined?

 

•

 

S
o w

hich functions and data m
ay a function reference?

 

- determ
ined by the 

 

sco
p

e

 

 of identifiers
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G
lo

b
al V

ariab
les &

 S
co

p
e

 

•

 

T
he 

 

sco
p

e

 

 of an identifier says w
here the identifier can be used

 

•

 

F
unctions can use global variables 

 

d
eclared

 

 outside and above them

 

file

 

 
a
.
c

 

:

 

i
n
t
 
s
t
a
c
k
[
1
0
0
]
;

m
a
i
n
(
)
 
{

.
.
.

}i
n
t
 
s
p
;

v
o
i
d
 
p
u
s
h
(
i
n
t
 
x
)
 
{

.
.
.

}

 

•

 

G
lobal variables and functions in other files are m

ade avaiilable w
ith

 

e
x
t
e
r
n

 

file

 

 
b
.
c

 

:

 

e
x
t
e
r
n
 
i
n
t
 
s
t
a
c
k
[
]
;

v
o
i
d
 
d
u
m
p
(
v
o
i
d
)
 
{
 
.
.
.
 
}

 

s
t
a
c
k
 

 

is visible

 

s
t
a
c
k
,
 
s
p
 

 

are visible
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S
co

p
e, co

n
t’d

 

•

 

F
orm

al param
eter and local declarations “hide” outer-level declarations

 

i
n
t
 
x
,
 
y
;

.
.
.

f
(
i
n
t
 
x
,
 
i
n
t
 
a
)
 
{

i
n
t
 
b
;

.
.
.

y
 
=
 
x
 
+
 
a
*
b
;

i
f
 
(
.
.
.
)
 
{

i
n
t
 
a
;

.
.
.

y
 
=
 
x
 
+
 
a
*
b
;

}
}

 

•

 

f
(
i
n
t
 
x
)
 
{

i
n
t
 
x
;

.
.
.

}
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S
co

p
e, co

n
t’d

 

•

 

F
orm

al param
eter and local declarations “hide” outer-level declarations

 

i
n
t
 
x
,
 
y
;

.
.
.

f
(
i
n
t
 
x
,
 
i
n
t
 
a
)
 
{

i
n
t
 
b
;

.
.
.

y
 
=
 
x
 
+
 
a
*
b
;

i
f
 
(
.
.
.
)
 
{

i
n
t
 
a
;

.
.
.

y
 
=
 
x
 
+
 
a
*
b
;

}
}

 

•

 

C
annot declare the sam

e variable nam
e 

 

tw
ice

 

 in one scope

 

•

 

f
(
i
n
t
 
x
)
 
{

i
n
t
 
x
;

.
.
.

}

 

•

 

D
ifferent 

 

n
am

e sp
aces

 

 allow
 sam

e identifier to be m
ultiply declared in a scope

 

- function and typdef nam
es; labels; struct/union tags; struct/union m

em
bers
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F
u

n
ctio

n
 A

rg
u

m
en

ts an
d

 L
o

cal V
ariab

les

 

•

 

L
o

cal

 

 variables are 

 

tem
p

o
rary

 

 variables (unless declared static)

 

created

 

 upon entry to the function in w
hich they are declared

 

d
estroyed

 

 upon return 

 

•

 

A
rg

u
m

en
ts

 

 are transm
itted 

 

by valu
e

 

the values of the argum
ents are 

 

co
p

ied

 

 into “local variables”

 

•

 

A
rg

u
m

en
ts are 

 

in
itialized

 lo
cal variab

les

 

 

 

i
n
t
 
a
,
 
b
;

m
a
i
n
(
v
o
i
d
)
 
{

a
 
=
 
1
;
 
b
 
=
 
2
;

f
(
a
)
;

p
r
i
n
t
(
a
,
 
b
)
;

}

 

output:

 

3
 
4

3
 
2

1
 
5

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: Function D
eclarations

Page 24

 

Septem
ber 7, 1997

 

F
u

n
ctio

n
 D

eclaratio
n

s

 

•

 

D
eclares the type of the value returned and the types of argum

ents

 

e
x
t
e
r
n
 
i
n
t
 
f
(
i
n
t
,
 
f
l
o
a
t
)
;

e
x
t
e
r
n
 
i
n
t
 
f
(
i
n
t
 
a
,
 
f
l
o
a
t
 
b
)
;

 

•

 

A
 

 

v
o
i
d

 

 function is a 

 

p
ro

ced
u

re 

 

•

 

A
 

 

v
o
i
d

 

 argum
ent list m

eans 

 

n
o

 

 argum
ents

 

 
v
o
i
d
 
h
e
l
l
o
(
v
o
i
d
)

 

•

 

U
nlike P

ascal, functions can be used 

 

b
efo

re

 

 they are declared

as long as defined in sam
e file or declared extern 

 

•

 

A
 fu

n
ctio

n
 w

ith
o

u
t a d

eclaratio
n

 

assum
es the function returns an

 

 
i
n
t

 

assum
es argum

ents have the types of the corresponding expressions

 

“
i
 
=
 
f
(
2
.
0
,
 
1
)
;
”
 
i
m
p
l
i
e
s
 
“
i
n
t
 
f
(
d
o
u
b
l
e
,
 
i
n
t
)
;
”

 

 if

 

 
f
 

 

is defined otherw
ise, 

 

anyth
in

g
 g

o
es!
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S
tatic V

ariab
les

 

•

 

s
t
a
t
i
c
 

 

keyw
ord in a declaration specifies

 

lifetim
e:

 

static vs dynam
ic

 

sco
p

e: 

 

static vs global

 

•

 

S
tatic

 

 variables are

allocated at 

 

com
pile tim

e

 

 and exist throughout program
 execution

 

•

 

S
tatics

 

 are 

 

p
erm

an
en

t

 

; 

 

lo
cals

 

 are 

 

tem
p

o
rary

 

v
o
i
d
 
f
(
i
n
t
 
v
)
 
{

s
t
a
t
i
c
 
i
n
t
 
l
a
s
t
v
 
=
 
0
;

p
r
i
n
t
(
l
a
s
t
v
,
 
v
)
;

l
a
s
t
v
 
=
 
v
;

}

 

•

 

S
cope of static variables: w

ithin the file or block in w
hich they are defined

 

- scope versus lifetim
e

 

•

 

W
hat if a variable is declared 

 

e
x
t
e
r
n

 

 inside a function?
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S
tatic F

u
n

ctio
n

s

 

•

 

S
cope restricts the visibility of variables and functions

file

 

 
s
t
a
c
k
.
c

 

:

 

s
t
a
t
i
c
 
i
n
t
 
s
p
;

s
t
a
t
i
c
 
i
n
t
 
s
t
a
c
k
[
1
0
0
]
;

 

s
t
a
t
i
c

 

 
v
o
i
d
 
b
u
m
p
(
i
n
t
 
n
)
 
{

s
p
 
=
 
s
p
 
+
 
n
;

 

a
s
s
e
r
t

 

(
s
p
 
>
=
 
0
 
&
&
 
s
p
 
<
 
1
0
0
)
;

}v
o
i
d
 
p
u
s
h
(
i
n
t
 
x
)
 
{

b
u
m
p
(
1
)
;

s
t
a
c
k
[
s
p
]
 
=
 
x
;

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

b
u
m
p
(
-
1
)
;

r
e
t
u
r
n
 
s
t
a
c
k
[
s
p
+
1
]
;

}

 

•

 

S
tatic 

 

fu
n

ctio
n

s

 

 are visible only w
ithin the file in w

hich they are defined
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In
itializatio

n
 R

u
les

 

•

 

L
o

cal 

 

variables have 

 

u
n

d
efi

n
ed

 valu
es

 

 

 

•

 

N
eed a variable to start w

ith a particular value? 

 

•  

 

use an 

 

exp
licit

 

 initializer 

 

•

 

E
xtern

al

 

 and 

 

static

 

 variables are initialized to 0 by default

 

•  

 

som
e consider it bad style to rely on this feature


