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V
ariab

le L
en

g
th

 A
rg

u
m

en
t L

ists

 

•

 

F
unctions that take a 

 

variab
le n

u
m

b
er

 

 of argum
ents 

 

i
n
t
 
s
u
m
(
i
n
t
 
x
,
 
.
.
.
)
 
{
 

 

...

 

 
}

 

there m
ust be at least one nam

ed form
al param

eter

 

•

 

s
t
d
a
r
g
.
h
 

 

defines types, m
acros, and functions to deal w

ith variable 
argum

ents

 

v
a
_
l
i
s
t

 

the type of a “pointer to a variable argum
ent list”

 

v
a
_
s
t
a
r
t
(
v
a
_
l
i
s
t
 
a
p
,
 

 

last

 

)

 

initializes

 

 
a
p
 

 

for the list that follow
s the form

al param
eter 

 

last

 

v
a
_
s
t
a
r
t
 

 

m
ust be called before any calls to

 

 
v
a
_
a
r
g

 

typ
e

 

 

 

v
a
_
a
r
g
(
a
p
,
 

 

typ
e

 

)

 

returns the next argum
ent, w

hich m
ust have datatype 

 

typ
e

 

adjusts

 

 
a
p
 

 

to point the next variable argum
ent

 

v
o
i
d
 
v
a
_
e
n
d
(
v
a
_
l
i
s
t
 
a
p
)

 

called after all of the argum
ents have been processed

 

•

 

N
o

 w
ay

 

 to determ
ine the 

 

n
u

m
b

er

 

 of actual argum
ents

 

the necessary inform
ation m

ust be encoded in the values of the argum
ents 

e.g., 

 

p
r
i
n
t
f
 

 

form
at codes
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E
xam

p
le: M

acro
s fo

r V
ariab

le L
en

g
th

 A
rg

u
m

en
t L

ists

 

•

 

i
n
t
 
s
u
m
(
i
n
t
 
x
,
 
.
.
.
)
 

 

returns the sum
 of its non-zero integer argum

ents

 

s
u
m
(
0
)

0

s
u
m
(
1
,
 
2
,
 
3
,
 
0
)

6

s
u
m
(
-
1
,
 
2
,
 
3
,
 
-
4
,
 
0
)

0

 

•

 

Im
plem

entation

 

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

i
n
t
 
s
u
m
(
i
n
t
 
x
,
 
.
.
.
)
 
{

 

v
a
_
l
i
s
t
 
a
p

 

;
i
n
t
 
n
 
=
 
0
;

 

v
a
_
s
t
a
r
t
(
a
p
,
 
x
)

 

;
w
h
i
l
e
 
(
x
)
 
{

n
 
+
=
 
x
;

x
 
=
 

 

v
a
_
a
r
g
(
a
p
,
 
i
n
t
)

 

;
}

 

v
a
_
e
n
d
(
a
p
)

 

;
r
e
t
u
r
n
 
n
;

}

 

C
opyright 

  

1995 D
. H

anson, K
. L

i &
 J.P. Singh

C
om

puter Science 217: printf-Style Functions
Page 104

 

O
ctober 12, 1997

 

p
rin

tf-S
tyle F

u
n

ctio
n

s

 

•

 

U
se

 

 
s
t
d
a
r
g
.
h
 

 

to im
plem

ent special-purpose

 

 
p
r
i
n
t
f

 

-style functions

 

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

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

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

 

v
o
i
d
 
e
r
r
o
r
(
c
h
a
r
 
*
f
m
t
,
 

 

.
.
.

 

)
 
{

v
a
_
l
i
s
t
 
a
p
;

v
a
_
s
t
a
r
t
(
a
p
,
 
f
m
t
)
;

 

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
e
r
r
o
r
:
 
"
)
;

 

f
o
r
 
(
 
;
 
*
f
m
t
;
 
f
m
t
+
+
)

i
f
 
(
*
f
m
t
 
=
=
 
'
%
'
)

s
w
i
t
c
h
 
(
*
+
+
f
m
t
)
 
{

c
a
s
e
 
'
d
'
:
 
f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
%
d
"
,
 
v
a
_
a
r
g
(
a
p
,
 
i
n
t
)
)
;
 
b
r
e
a
k
;

c
a
s
e
 
'
s
'
:
 
f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
%
s
"
,
 
v
a
_
a
r
g
(
a
p
,
 
c
h
a
r
 
*
)
)
;
 
b
r
e
a
k
;

.
.
.

 

c
a
s
e
 
'
N
'
:
 
f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
a
t
 
l
i
n
e
 
%
d
"
,
 
l
i
n
e
n
o
)
;
 
b
r
e
a
k
;

 

d
e
f
a
u
l
t
:
 
 
f
p
u
t
c
(
*
f
m
t
,
 
s
t
d
e
r
r
)
;
 
b
r
e
a
k
;

}
e
l
s
e
f
p
u
t
c
(
*
f
m
t
,
 
s
t
d
e
r
r
)
;

v
a
_
e
n
d
(
a
p
)
;

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
\
n
"
)
;

e
x
i
t
(
E
X
I
T
_
F
A
I
L
U
R
E
)
;

}
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L
ib

rary p
rin

tf-S
tyle F

u
n

ctio
n

s

 

•

 

S
om

e standard library functions take

 

 
v
a
_
l
i
s
t
 

 

values

 

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

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

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

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

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

v
o
i
d
 
e
r
r
o
r
(
c
h
a
r
 
*
f
m
t
,
 
.
.
.
)
 
{

v
a
_
l
i
s
t
 
a
p
;

v
a
_
s
t
a
r
t
(
a
p
,
 
f
m
t
)
;

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
e
r
r
o
r
:
 
"
)
;

 

v
f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
f
m
t
,
 
a
p
)

 

;
v
a
_
e
n
d
(
a
p
)
;

f
p
r
i
n
t
f
(
s
t
d
e
r
r
,
 
"
\
n
"
)
;

e
x
i
t
(
E
X
I
T
_
F
A
I
L
U
R
E
)
;

}c
h
a
r
 
*
s
t
r
i
n
g
f
(
c
h
a
r
 
*
f
m
t
,
 
.
.
.
)
 
{

v
a
_
l
i
s
t
 
a
p
;

c
h
a
r
 
*
s
,
 
b
u
f
[
5
1
2
]
;

v
a
_
s
t
a
r
t
(
a
p
,
 
f
m
t
)
;

 

v
s
p
r
i
n
t
f
(
b
u
f
,
 
f
m
t
,
 
a
p
)
;

 

v
a
_
e
n
d
(
a
p
)
;

s
 
=
 
m
a
l
l
o
c
(
s
t
r
l
e
n
(
b
u
f
)
 
+
 
1
)
;

 

a
s
s
e
r
t
(
s
)

 

;
r
e
t
u
r
n
 
s
t
r
c
p
y
(
s
,
 
b
u
f
)
;

}


