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DIFFERENCES BETWEEN VERSIONS 1.1 AND 1.0 

IMPORTANT NOTICE - PLEASE READ CAREFULLY 

T h i s package c o n t a i n s the OS-9 C Compiler V e r s i o n 1.1. Many 
improvements and bug f i x e s have been i n c o r p o r a t e d s i n c e the V I . 0 
r e l e a s e . I f you a r e upgrading from V I . 0 , be ABSOLUTELY SURE to 
i n s t a l l ALL the f i l e s from the V I . 1 d i s k s . None of the c o m p i l e r 
s e c t i o n s or the l i b r a r y i s compatible w i t h V I . 0 f i l e s . Any " . r " or 
" . a " f i l e s produced by the V I . 0 c o m p i l e r s h o u l d not be assembled or 
l i n k e d w i t h any " . a " or " . r " f i l e s produced by the V I . 1 c o m p i l e r . 
To be s a f e , r e c o m p i l e / r e a s s e m b l e ALL " . a " and " . r " f i l e s w i t h V I . 1 . 

T h i s update i n c l u d e s a p p e n d i c e s f o r the C Compiler U s e r ' s Guide 
d e s c r i b i n g the c o m p i l e r e r r o r messages, c o m p i l e r phase command 
l i n e s , i n t e r f a c i n g C f u n c t i o n s t o BASIC09, and an o v e r v i e w of the 
r e l o c a t i n g macro a s s e m b l e r . 

The remainder o f t h i s n o t i c e d e s c r i b e s the changes made s i n c e V I . 0 . 
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DIFFERENCES BETWEEN VERSIONS 1.1 AND 1.0 

G e n e r a l : 

The c o m p i l e r code g e n e r a t o r and c.opt have been improved to 
produce even s m a l l e r o b j e c t code. T h i s , and improved s o u r c e 
c o d i n g , has r e s u l t e d i n a 1 page d e c r e a s e i n the s i z e of c.comp 
and a 4 page d e c r e a s e i n c . p a s s l . 

E x e c u t i v e s ( c c l and c c 2 ) : 

-x a p p e a r i n g on the c c l command l i n e t o c a u s e s the c o m p i l e r to 
make the c.com command f i l e but not e x e c u t e i t . -q on the c c 2 
command l i n e c a u s e s the c o m p i l e r to s u p p r e s s f i l e n a m e and 
c o m p i l e r phase messages. 

P r e p r o c e s s o r ( c . p r e p ) : 

C.prep now p r i n t s a f a t a l e r r o r i f a l i n e e xceeds 255 b y t e s . 

Compiler (c.comp, c . p a s s l , c . p a s s 2 ) 

C . p a s s l f l o a t / d o u b l e c o n v e r s i o n i s now done p r o p e r l y r a t h e r 
than r e p o r t i n g e r r o r 7. 

D i r e c t and s t a t i c d i r e c t s t o r a g e c l a s s e s may now be 
i n i t i a l i z e d . 

S i z e o f o p e r a t o r now r e p o r t s an e r r o r when a p p l i e d t o an 
u n d e f i n e d i d e n t i f i e r . S i z e o f now a l l o w s any e x p r e s s i o n i n s i d e 
o f p a r e n t h e s i s . P r e v i o u s l y , o n l y p r i m a r i e s were a l l o w e d . 

V a r i o u s code g e n e r a t i o n problems i n v o l v i n g c e r t a i n long and 
f l o a t i n g o p e r a t i o n s have been f i x e d . 

O p t i m i z e r ( c . o p t ) 
C.opt has been improved to use much l e s s dynamic memory w h i l e 
performing more o p t i m i z a t i o n s . 

Some branches were e r r o n e o u s l y c o n v e r t e d to s h o r t branches 
when the y should have been l o n g . 

Assembler (c.asm) 
C.asm can now handle d i r e c t - p a g e i n i t i a l i z e d d a t a . 

Some ou t - o f - r a n g e s h o r t branches were not d e t e c t e d . 

VSECT s y n t a x changed to a l l o w d i r e c t - p a g e I n i t i a l i z e r s . T h i s 
makes VI.0 assembly f i l e s incompatable w i t h V I . 1 . 

Macro and r e p e a t b l o c k f a c i l i t i e s have been added. 
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L i n k e r ( c l i n k ) 
C l i n k can now handle d i r e c t - p a g e i n i t i a l i z e d d a t a . 

C l i n k w i l l now r e p o r t i f the d i r e c t page a l l o c a t i o n e xceeds 
256 b y t e s . 

C l i n k i s about t h r e e t i m e s f a s t e r u s i n g the improved V I . 1 
s t a n d a r d l i b r a r y . 

C l i n k c a n now output modules t h a t can be e n t e r e d by the 
BASIC09 "RUN" command. 

L i b r a r y ( c l i b . l ) 
The s t a n d a r d l i b r a r y F I L E s t r u c t u r e has been changed to a l l o w 
s p e c i f i c a t i o n of b u f f e r s i z e f o r a f i l e . I n V I . 0 , the 
b u f f e r s i z e was f i x e d a t 256 b y t e s . A new element of the F I L E 
s t r u c t ( b u f s i z ) c o n t a i n s the d e s i r e d b u f f e r s i z e . T h i s may be 
used as f o l l o w s : 

ma i n ( ) 
{ 

F I L E * f p ; 

f p = f o p e n ( " f i l e " , " r " ) ; 
f p - > _ b u f s l z = 1024; 

} 
A few r e s t r i c t i o n s e x i s t on the use of t h i s parameter. 
I n i t i a l l y the _ b u f s i z v a l u e i s 0. The l i b r a r y r o u t i n e s w i l l 
a s s i g n a b u f f e r of 256 b y t e s to the f i l e upon the i n i t i a l r e a d 
or w r i t e . I f the v a l u e i s non-zero and the fp has not 
p r e v i o u s l y been a c c e s s e d , t h a t v a l u e i s used a s the 
b u f f e r s i z e . Note t h a t due to the way the l i b r a r y r o u t i n e s 
work, once a b u f f e r o f a g i v e n s i z e i s a l l o c a t e d to an f p , a 
l a r g e r s i z e cannot be used, even i f the f i l e i s c l o s e d . Note 
t h a t the b u f f e r s a r e a l l o c a t e d from i b r k ( ) so enough e x t r a 
memory must be a l l o c a t e d by the l i n k e r to handle the b i g g e r 
b u f f e r s . 
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S i n c e the s i z e o f the _ i o b u f s t r u c t ( F I L E ) i n s t d i o . h has 
changed, a l l . r f i l e s must be r e - c o m p i l e d u s i n g the new header 
f i l e . 

C s t a r t . r can now handle d i r e c t page d a t a i n i t i a l i z a t i o n . 

F s e e k ( ) now does not cause the b u f f e r to be r e - f i l l e d i f the 
se e k d e s t i n a t i o n i s a l r e a d y i n the b u f f e r . 

G e t c ( ) now does "I$READ" on u n b u f f e r e d SCF d e v i c e s r a t h e r than 
"I$READLN". 

G e t c ( ) performed on " s t d i n " f l u s h e s the " s t d o u t " b u f f e r . 

P r i n t f ( ) has been changed to not f l u s h the " s t d o u t " b u f f e r 
b e f o r e r e t u r n i n g . 

Chown() has been f i x e d to not wipe out d i s k s . 

T o a s c l i ( ) has been added to s t d i o . h . 

C a l l s t o s c a n f Q now do not cause the l i n k e r to r e p o r t 
u n r e s o l v e d r e f e r e n c e s t o t o u p p e r ( ) and t o l o w e r ( ) . 

The f l o a t i n g p o i n t r o u t i n e s now r e p o r t e r r o r s 40, 4 1 , and 42 
f o r f l o a t i n g p o i n t o v e r / u n d e r f l o w , d i v i d e by z e r o , and 
f l o a t / l o n g c o n v e r s i o n i n s t e a d of e r r o r #007. 
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THE C COMPILER SYSTEM 

INTRODUCTION 

The "C" programming language i s r a p i d l y growing i n p o p u l a r i t y 
and seems d e s t i n e d to become one o f the most popular programming 
languages used f o r microcomputers. The r a p i d r i s e i n the use o f C 
i s not s u r p r i s i n g . C i s an i n c r e d i b l y v e r s a t i l e and e f f i c i e n t 
language t h a t can handle t a s k s t h a t p r e v i o u s l y would have r e q u i r e d 
complex assembly language programming. 

C was o r i g i n a l l y developed a t B e l l Telephone L a b o r a t o r i e s as an 
implementation language f o r the UNIX o p e r a t i n g system by B r i a n 
Kernighan and Dennis R i t c h i e . They a l s o wrqte a book t i t l e d "The C 
Programming Language" which i s u n i v e r s a l l y a c c e p t e d as the s t a n d a r d 
f o r the language. I t I s an i n t e r e s t i n g r e f l e c t i o n on the language 
t h a t a l t h o u g h no fo r m a l I n d u s t r y - w i d e " s t a n d a r d " was e v e r developed 
f o r C, programs w r i t t e n i n C tend t o be f a r more p o r t a b l e between 
r a d i c a l l y d i f f e r e n t computer system as compared to s o - c a l l e d 
" s t a n d a r d i z e d " languages s u c h a s BASIC, COBOL, and PASCAL. The 
reas o n C i s so p o r t a b l e i s t h a t the language i s so i n h e r e n t l y 
expandable t h a t i f some s p e c i a l f u n c t i o n i s r e q u i r e d , the u s e r can 
c r e a t e a p o r t a b l e e x t e n s i o n to the language, as opposed to the 
common p r a c t i c e of adding a d d i t i o n a l s t a t e m e n t s t o the language. 
For example, the number of s p e c i a l - p u r p o s e BASIC d i a l e c t s d e f i e s a l l 
r e a s o n . A l e s s e r f a c t o r i s the u n d e r l y i n g UNIX o p e r a t i n g system, 
which i s a l s o s u f f i c i e n t l y v e r s a t i l e to d i s c o u r a g e b a s t a r d i z a t i o n of 
the language. Indeed, s t a n d a r d C c o m p i l e r s and Unix a r e i n t i m a t e l y 
r e l a t e d . 

F o r t u n a t e l y , the 6809 m i c r o p r o c e s s o r , the OS-9 o p e r a t i n g 
system, and the C language form an o u t s t a n d i n g combination. The 
6809 was s p e c i f i c a l l y d e s i g n e d to e f f i c i e n t l y run h i g h - l e v e l 
l anguages, and i t s s t a c k - o r i e n t e d i n s t r u c t i o n s e t and v e r s a t i l e 
r e p e r t o i r e of a d d r e s s i n g modes ha n d l e the C language v e r y w e l l . As 
mentioned p r e v i o u s l y , UNIX and C a r e c l o s e l y r e l a t e d , and because 
OS-9 i s d e r i v e d from UNIX, i t a l s o s u p p o r t s C to the degree t h a t 
almost any a p p l i c a t i o n w r i t t e n i n C can be t r a n s p o r t e d from a UNIX 
system to an OS-9 system, r e c o m p i l e d , and c o r r e c t l y e x e c u t e d . 
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THE LANGUAGE IMPLEMENTATION 

OS-9 C i s implemented almost e x a c t l y as d e s c r i b e d i n 'The C 
Programming Language' by Ke r n i g h a n and R i t c h i e ( h e r e a f t e r r e f e r r e d 
to as K & R ) . 

Although t h i s v e r s i o n of C f o l l o w s the s p e c i f i c a t i o n f a i t h ­
f u l Ly, t h e r e a r e some d i f f e r e n c e s . The d i f f e r e n c e s m o s t l y r e f l e c t 
p a r t s of C t h a t a r e o b s o l e t e or the c o n s t r a i n t s imposed by memory 
s i z e l i m i t a t i o n s . 

DIFFERENCES FROM THE K & R SPECIFICATION 

- B i t f i e l d s a r e not s u p p o r t e d . 

- C o n s t a n t e x p r e s s i o n s f o r i n i t i a l i z e r s may i n c l u d e a r i t h m e t i c 
o p e r a t o r s o n l y i f a l L the operands a r e of type INT o r CHAR. 

- The o l d e r forms of assignment o p e r a t o r s , '=+' or '=*', which 
a r e r e c o g n i z e d by some C c o m p i l e r s , a r e not s u p p o r t e d . You 
must use the newer forms '+=','*=' e t c . 

- "7/ifdef ( o r //i f n d e f ) . . . [ / / e l s e . . . ] //endif" i s su p p o r t e d but 
" / / i f ( c o n s t a n t e x p r e s s i o n > " i s not. 

- I t i s not p o s s i b l e to ext e n d macro d e f i n i t i o n s or s t r i n g s 
over more than one l i n e of s o u r c e code. 

- The e s c a p e sequence f o r n e w - l i n e '\n' r e f e r s t o the A S C I I 
c a r r i a g e r e t u r n c h a r a c t e r ( u s e d by OS-9 f o r e n d - o f - l i n e ) , not 
l i n e f e e d . ( h e x OA). Programs which use '\n' f o r e n d - o f - l i n e 
( w h i c h i n c l u d e s a l l programs i n K & R ) , w i l l s t i l l work 
p r o p e r l y . 
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THE C COMPILER SYSTEM 

ENHANCEMENTS AND EXTENSIONS 

The " D i r e c t " S t o r a g e C l a s s 

The 6809 m i c r o p r o c e s s o r i n s t r u c t i o n s f o r a c c e s s i n g memory v i a 
an i n d e x r e g i s t e r or the s t a c k p o i n t e r can be r e l a t i v e l y s h o r t and 
f a s t when they a r e used i n C programs to a c c e s s " auto" ( f u n c t i o n 
l o c a l ) v a r i a b l e s or f u n c t i o n arguments. The i n s t r u c t i o n s f o r 
a c c e s s i n g g l o b a l v a r i a b l e s a r e n o r m a l l y not so n i c e and must be f o u r 
bytes long and c o r r e s p o n d i n g l y slow. However, the 6809 has a n i c e 
f e a t u r e which h e l p s c o n s i d e r a b l y . Memory, anywhere i n a s i n g l e page 
(256 byte b l o c k ) , may be a c c e s s e d w i t h f a s t , two byte i n s t r u c t i o n s . 
T h i s i s c a l l e d the " d i r e c t page", and a t any time i t s l o c a t i o n I s 
s p e c i f i e d by the c o n t e n t s of the " d i r e c t page r e g i s t e r " w i t h i n the 
p r o c e s s o r . The l i n k a g e e d i t o r s o r t s out where t h i s s h o u l d be, and 
i t need not con c e r n the programmer, who o n l y needs to s p e c i f y f o r 
the c o m p i l e r which v a r i a b l e s s h o u l d be i n the d i r e c t page to g i v e 
the maximum b e n e f i t i n code s i z e and e x e c u t i o n speed. 

To t h i s end, a new s t o r a g e c l a s s s p e c i f i e r i s r e c o g n i z e d by the 
c o m p i l e r . I n the manner of K & R page 192, the s c - s p e c i f i e r l i s t 
i s extended as f o l l o w s : 

S c - s p e c i f i e r : auto 
s t a t i c 
e x t e r n 
r e g i s t e r 
typedef 
d i r e c t ( e x t e n s i o n ) 
e x t e r n d i r e c t ( e x t e n s i o n ) 
s t a t i c d i r e c t ( e x t e n s i o n ) 

The new key word may be used i n p l a c e of one of the o t h e r s c -
s p e c i f i e r s , and i t s e f f e c t i s t h a t the v a r i a b l e w i l l be p l a c e d i n 
the d i r e c t page. "DIRECT" c r e a t e s a g l o b a l d i r e c t page v a r i a b l e . 
"EXTERN DIRECT" r e f e r e n c e s an EXTERNAL-type d i r e c t page v a r i a b l e ; 
and "STATIC DIRECT" c r e a t e s a l o c a l d i r e c t page v a r i a b l e . These new 
c l a s s e s may not be used to d e c l a r e f u n c t i o n arguments. " D i r e c t " 
v a r i a b l e s can be i n i t i a l i z e d but w i l l , as w i t h o t h e r v a r i a b l e s not 
e x p l i c i t l y i n i t i a l i z e d , have the v a l u e z e r o a t the s t a r t of program 
e x e c u t i o n . 255 b y t e s a r e a v a i l a b l e i n the d i r e c t page ( t h e l i n k e r 
r e q u i r e s one b y t e ) . I f a l l the d i r e c t v a r i a b l e s occupy l e s s than the 
f u l l 255 b y t e s , the r e m a i n i n g g l o b a l v a r i a b l e s w i l l occupy the 
b a l a n c e and memory above i f n e c e s s a r y . I f too many b y t e s of s t o r a g e 
a r e r e q u e s t e d i n the d i r e c t page, the l i n k a g e e d i t o r w i l l r e p o r t an 
e r r o r , and the programmer w i l l have to reduce the use of DIRECT-type 
v a r i a b l e s to f i t the 256 b y t e s a d d r e s s a b l e by the 6809. 

I t s h o u l d be kept i n mind t h a t " d i r e c t " i s unique to t h i s 
c o m p i l e r , and i t may not be p o s s i b l e t o t r a n s p o r t programs w r i t t e n 
u s i n g " d i r e c t " to o t h e r environments wi t h o u t m o d i f i c a t i o n . 
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Imbedded Assembly Language 

As v e r s a t i l e a s C i s , o c c a s i o n a l l y t h e r e a r e some t h i n g s t h a t 
can o n l y be done ( o r done a t maximum speed) i n assembly language. 
The OS-9 C c o m p i l e r p e r m i t s u s e r - s u p p l i e d assembly-language 
s t a t e m e n t s t o be d i r e c t l y embedded i n C s o u r c e programs. 

A l i n e b e g i n n i n g w i t h "//asm" s w i t c h e s the c o m p i l e r i n t o a mode 
which p a s s e s a l l subsequent l i n e s d i r e c t l y to the assembly-language 
output, u n t i l a l i n e b e g i n n i n g w i t h "//endasm" i s e n c o u n t e r e d , 
"//endasm" s w i t c h e s the mode back to normal. Care s h o u l d be 
e x e r c i s e d when u s i n g t h i s d i r e c t i v e so t h a t the c o r r e c t code s e c t i o n 
i s adhered t o . Normal code from the c o m p i l e r i s i n the PSECT ( c o d e ) 
s e c t i o n . I f your assembly code u s e s the VSECT ( v a r i a b l e ) s e c t i o n , 
be s u r e to put a ENDSECT d i r e c t i v e a t the end to l e a v e the s t a t e 
c o r r e c t f o r f o l l o w i n g c o m p i l e r g e n e r a t e d code. 

C o n t r o l C h a r a c t e r E s c a p e Sequences 

The e s c a p e sequences f o r n o n - p r i n t i n g c h a r a c t e r s i n c h a r a c t e r 
c o n s t a n t s and s t r i n g s ( s e e K & R page 181) a r e extended as f o l l o w s : 

T h i s i s to d i s t i n g u i s h LF (hex OA) from \n which on OS-9 i s the same 
as \ r (hex OD). 

For example, the f o l l o w i n g a l l have a v a l u e of 255 ( d e c i m a l ) : 

l i n e f e e d ( L F ) : \ 1 ( l o w e r c a s e ' e l l ' ) 

b i t p a t t e r n s : \NNN 
\dNNN 
\xNN 

( o c t a l c o n s t a n t ) 
( d e c i m a l c o n s t a n t ) 
( h e x a d e c i m a l c o n s t a n t ) 

\377 \ x f f \d255 
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IMPLEMENTATION-DEPENDENT CHARACTERISTICS 

K & R f r e q u e n t l y r e f e r to c h a r a c t e r i s t i c s of the C language 
whose e x a c t o p e r a t i o n s depend on the a r c h i t e c t u r e and i n s t r u c t i o n 
s e t of the computer a c t u a l l y u sed. T h i s s e c t i o n c o n t a i n s s p e c i f i c 
i n f o r m a t i o n r e g a r d i n g t h i s v e r s i o n o f C f o r the 6809 p r o c e s s o r . 

Data R e p r e s e n t a t i o n and S t o r a g e Requirements 

Each v a r i a b l e type r e q u i r e s a s p e c i f i c amount of memory f o r 
s t o r a g e . The s i z e s of the b a s i c types i n b y t e s a r e a s f o l l o w s : 

Data Type S i z e I n t e r n a l R e p r e s e n t a t i o n 

CHAR 1 two's complement b i n a r y 
INT 2 two's complement b i n a r y 
UNSIGNED 2 unsigned b i n a r y 
LONG 4 two's complement b i n a r y 
FLOAT 4 b i n a r y f l o a t i n g p o i n t ( s e e 
DOUBLE 8 b i n a r y f l o a t i n g p o i n t ( s e e 

T h i s c o m p i l e r f o l l o w s the PDP-11 implementation and format i n 
t h a t CHARs a r e c o n v e r t e d to INTs by s i g n e x t e n s i o n , "SHORT" or 
"SHORT INT" means INT, "LONG INT" means LONG, and "LONG FLOAT" means 
DOUBLE. The format f o r DOUBLE v a l u e s i s as f o l l o w s : 

( l o w b y t e ) ( h i g h b y t e ) 

! ! seven byte ! 1 b y t e ! 
! ! m a n t i s s a | exponent | 
+_+ p + 

s i g n b i t 

The form of the m a n t i s s a i s s i g n and magnitude w i t h an i m p l i e d 
" 1 " b i t a t the s i g n b i t p o s i t i o n . The exponent i s b i a s e d by 128. 
The format of a FLOAT i s i d e n t i c a l , e x c e p t t h a t the m a n t i s s a i s o n l y 
t h r e e b y t e s l o n g . C o n v e r s i o n from DOUBLE to FLOAT i s c a r r i e d out by 
t r u n c a t i n g the l e a s t s i g n i f i c a n t ( r i g h t - m o s t ) f o u r b y t e s of the 
m a n t i s s a . The r e v e r s e c o n v e r s i o n i s done by padding the l e a s t 
s i g n i f i c a n t f o u r m a n t i s s a b y t e s w i t h z e r o s . 

R e g i s t e r V a r i a b l e s 

One r e g i s t e r v a r i a b l e may be d e c l a r e d i n e a c h f u n c t i o n . The 
o n l y types p e r m i t t e d f o r r e g i s t e r v a r i a b l e s a r e i n t , unsigned and 
p o i n t e r . I n v a l i d r e g i s t e r v a r i a b l e d e c l a r a t i o n s a r e i g n o r e d ; i . e . 
the s t o r a g e c l a s s I s made a u t o . F o r f u r t h e r d e t a i l s see K & R page 
8 1 . 
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A c o n s i d e r a b l e s a v i n g i n code s i z e and speed can be made by 
j u d i c i o u s use of a r e g i s t e r v a r i a b l e . The most e f f i c i e n t use i s 
made of i t f o r a p o i n t e r or a c o u n t e r f o r a loo p . However, i f a 
r e g i s t e r v a r i a b l e i s used i n a complex a r i t h m e t i c e x p r e s s i o n , t h e r e 
La no s a v i n g . The "U" r e g i s t e r i s a s s i g n e d to r e g i s t e r v a r i a b l e s . 

Access To Command L i n e Parameters 

The s t a n d a r d C arguments " a r g c " and "argv" a r e a v a i l a b l e to 
"main" as d e s c r i b e d i n K & R page 110. The s t a r t - u p r o u t i n e f o r C 
programs e n s u r e s t h a t the parameter s t r i n g p a s s e d to i t by the 
parent p r o c e s s i s c o n v e r t e d i n t o n u l l - t e r m i n a t e d s t r i n g s a s exp e c t e d 
by the program. I n a d d i t i o n , i t w i l l r un t o g e t h e r a s a s i n g l e 
argument any s t r i n g s e n c l o s e d between s i n g l e or double quotes (""' 
or " " ) . I f e i t h e r i s p a r t of the s t r i n g r e q u i r e d , then the o t h e r 
should be used as a d e l i m i t e r . 
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SYSTEM CALLS AND THE STANDARD LIBRARY 

O p e r a t i n g System C a l l s 

The system i n t e r f a c e s u p p o r t s almost a l l the system c a l l s of 
both OS-9 and UNIX. I n o r d e r t o f a c i l i t a t e t he p o r t a b i l i t y of 
programs from UNIX, some of the c a l l s use UNIX names r a t h e r than 
OS-9 names f o r the same f u n c t i o n . There a r e a few UNIX c a l l s t h a t 
do not have e x a c t l y e q u i v a l e n t OS-9 c a l l s . I n t h e s e c a s e s , the 
l i b r a r y f u n c t i o n s i m u l a t e s the f u n c t i o n of the c o r r e s p o n d i n g UNIX 
c a l l . I n c a s e s where t h e r e a r e OS-9 c a l l s t h a t do not have UNIX 
e q u i v a l e n t s , the OS-9 names a r e used. D e t a i l s of the c a l l s and a 
name c r o s s - r e f e r e n c e a r e pr o v i d e d i n the "C System C a l l s " s e c t i o n of 
t h i s manual. 

The S t a n d a r d L i b r a r y 

The C c o m p i l e r i n c l u d e s a v e r y complete l i b r a r y of s t a n d a r d 
f u n c t i o n s . I t i s e s s e n t i a l f o r any program which u s e s f u n c t i o n s 
from the s t a n d a r d l i b r a r y to have the s t a t e m e n t : 

"//include < s t d i o . h > " 

See the "C Standar d L i b r a r y " s e c t i o n o f t h i s manual f o r d e t a i l s on 
the s t a n d a r d l i b r a r y f u n c t i o n s p r o v i d e d . 

IMPORTANT NOTE: I f output v i a p r i n t f ( ) , f p r i n t f ( ) o r s p r i n t f ( ) of 
long i n t e g e r s i s r e q u i r e d , the program MUST c a l l " p f l i n i t ( ) " a t some 
p o i n t ; t h i s i s n e c e s s a r y so th a t programs not i n v o l v i n g LONGs do not 
have the e x t r a LONGs output code appended. S i m i l a r l y , i f FLOATS or 
DOUBLES a r e to be p r i n t e d , " p f f i n i t O " MUST be c a l l e d . These f u n c ­
t i o n s do n o t h i n g ; e x i s t e n c e of c a l l s t o them i n a program informs 
the l i n k e r t h a t the r e l e v a n t r o u t i n e s a r e a l s o needed. 
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RUN-TIME ARITHMETIC ERROR HANDLING 

K & R l e a v e the t r e a t m e n t of v a r i o u s a r i t h m e t i c e r r o r s open, 
merely s a y i n g t h a t i t i s machine dependent. T h i s i m p l e m e n t a t i o n 
d e a l s w i t h a l i m i t e d number o f e r r o r c o n d i t i o n s i n a s p e c i a l way; i t 
should be assumed t h a t the r e s u l t s of o t h e r p o s s i b l e e r r o r s a r e 
u n d e f i n e d . 

Three new system e r r o r numbers a r e d e f i n e d i n <errno.h>: 

//define EFPOVR 40 
//define EDIVERR 41 
//define EINTERR 42 

/* f l o a t i n g p o i n t o v e r f l o w or u n d e r f l o w */ 
/* d i v i s i o n by z e r o */ 
/* o v e r f l o w on c o n v e r s i o n o f f l o a t i n g p o i n t 

to l o n g i n t e g e r */ 

I f one of t h e s e c o n d i t i o n s o c c u r , the program w i l l send a 
s i g n a l to i t s e l f w i t h the v a l u e o f one of t h e s e e r r o r s . I f not 
caught or i g n o r e d , t h i s w i l l c a u s e t e r m i n a t i o n o f the program w i t h 
an e r r o r r e t u r n to the parent p r o c e s s . However, the program can 
c a t c h the i n t e r r u p t u s i n g " s i g n a l ( ) " or " i n t e r c e p t O " ( s e e C System 
C a l l s ) , and i n t h i s c a s e the s e r v i c e r o u t i n e has the e r r o r number a s 
i t s argument. 
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ACHIEVING MAXIMUM PROGRAM PERFORMANCE 

Programming C o n s i d e r a t i o n s 

Because the 6809 i s an 8/16 b i t m i c r o p r o c e s s o r , the c o m p i l e r 
can g e n e r a t e e f f i c i e n t code f o r 8 and 16 b i t o b j e c t s (CHARs, INTs, 
e t c . ) . However, code f o r 32 and 64 b i t v a l u e s (LONGs, FLOATs, 
DOUBLEs) can be a t l e a s t f o u r times l o n g e r and s l o w e r . T h e r e f o r e 
don't use LONG, FLOAT, or DOUBLE where INT or UNSIGNED w i l l do. 

The c o m p i l e r can perform e x t e n s i v e e v a l u a t i o n of c o n s t a n t 
e x p r e s s i o n s p r o v i d e d they i n v o l v e o n l y c o n s t a n t s of type CHAR, INT, 
and UNSIGNED. There i s no c o n s t a n t v e x p r e s s i o n e v a l u a t i o n a t 
cora p i l e - t i m e ( e x c e p t s i n g l e c o n s t a n t s and " c a s t s " of them) where 
t h e r e a r e c o n s t a n t s of type LONG, FLOAT, or DOUBLE, t h e r e f o r e , 
complex c o n s t a n t e x p r e s s i o n s i n v o l v i n g t h e s e t y p e s a r e e v a l u a t e d a t 
run time by the compiled program. You s h o u l d m a n u a l l y compute the 
v a l u e o f c o n s t a n t e x p r e s s i o n s of t h e s e t y p e s i f speed i s e s s e n t i a l . 

The O p t i m i z e r P a s s 

The o p t i m i z e r pass a u t o m a t i c a l l y o c c u r s a f t e r the c o m p i l a t i o n 
p a s s e s . I t r e a d s the a s s e m b l e r s o u r c e code t e x t and removes 
redundant code and s e a r c h e s f o r code sequences t h a t can he r e p l a c e d 
by s h o r t e r and f a s t e r e q u i v a l e n t s . The o p t i m i z e r w i l l s h o r t e n o b j e c t 
code by about 1 1 % w i t h a s i g n i f i c a n t i n c r e a s e i n program e x e c u t i o n 
speed. The o p t i m i z e r i s recommended f o r p r o d u c t i o n v e r s i o n s of de­
bugged programs. Because t h i s p a s s t a k e s a d d i t i o n a l time, the "-0" 
c o m p i l e r o p t i o n c a n be used to i n h i b i t i t d u r i n g e r r o r - c h e c k i n g - o n l y 
c o m p i l a t i o n s . 

The P r o f i l e r 

The p r o f i l e r i s an o p t i o n a l method used to determine the 
fr e q u e n c y of e x e c u t i o n of e a c h f u n c t i o n i n a C program. I t a l l o w s 
you to i d e n t i f y the m o s t - f r e q u e n t l y used f u n c t i o n s where a l g o r i t h m i c 
o r C s o u r c e code programming improvements w i l l y i e l d the g r e a t e s t 
g a i n s . 

When the "-p" c o m p i l e r o p t i o n i s s e l e c t e d , code i s g e n e r a t e d a t 
the b e g i n n i n g of each f u n c t i o n to c a l l the p r o f i l e r module ( c a l l e d 
" p r o f " ) , w hich counts i n v o c a t i o n s of each f u n c t i o n d u r i n g program 
e x e c u t i o n . When the program has t e r m i n a t e d , the p r o f i l e r 
a u t o m a t i c a l l y p r i n t s a l i s t of a l l f u n c t i o n s and the number of times 
each was c a l l e d . The p r o f i l e r s l i g h t l y r e d u c e s program e x e c u t i o n 
speed. See " p r o f . c " s o u r c e f o r more i n f o r m a t i o n . 
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C COMPILER COMPONENT F I L E S AND F I L E USAGE 

C o m p i l a t i o n o f a C program by c c r e q u i r e s t h a t the f o l l o w i n g 
f l L e s he p r e s e n t i n the c u r r e n t e x e c u t i o n d i r e c t o r y (CMDS). 

OS-9 L e v e l I Systems: 

c c l c o m p i l e r e x e c u t i v e program 
c.prep macro p r e - p r o c e s s o r 
c . p a s s l c o m p i l e r pass 1 
c . p a s s 2 c o m p i l e r pass 2 
c.opt assembly code o p t i m i z e r 
c.asm r e l o c a t i n g a s s e m b l e r 
c l i n k l i n k a g e e d i t o r 

OS-9 L e v e l I I Systems: 

c c 2 c o m p i l e r e x e c u t i v e program 
c.prep macro p r e - p r o c e s s o r 
c.comp co m p i l e r proper 
c.opt assembly code o p t i m i z e r 
c.asm r e l o c a t i n g a s s e m b l e r 
c l i n k l i n k a g e e d i t o r 

I n a d d i t i o n a f i l e c a l l e d " c l l b . l " c o n t a i n s the s t a n d a r d l i b ­
r a r y , math f u n c t i o n s , and system l i b r a r y . The f i l e " c s t a r t . r " i s 
the s e t u p code f o r compiled programs. Both of t h e s e f i l e s must be 
l o c a t e d I n a d i r e c t o r y named " L I B " on the system's d e f a u l t mass 
s t o r a g e d e v i c e , which i s s p e c i f i e d i n the OS-9. " I N I T " module and I s 
v i s u a l l y the d i s k d r i v e the system i n booted from. 

I f , when s p e c i f y i n g "//include" f i l e s f o r the p r e - p r o c e s s o r to 
r e a d i n , the programmer uses a n g l e b r a c k e t s , "<" and ">", I n s t e a d of 
p a r e n t h e s e s , the f i l e w i l l be sought s t a r t i n g a t the "DEFS" 
d i r e c t o r y on whichever d r i v e I s the d e f a u l t system d r i v e f o r the 
s y s t e m r u n n i n g . 

Temporary F i l e s 

A number of temporary f i l e s a r e c r e a t e d I n the c u r r e n t data 
d i r e c t o r y d u r i n g c o m p i l a t i o n , and i t i s Important to ensure t h a t 
enough spa c e I s a v a i l a b l e on the d i s k d r i v e . As a rough guide, a t 
l e a s t t h r e e t i m e s the number of b l o c k s I n the l a r g e s t s o u r c e f i l e 
(and i t s I n c l u d e d f i l e s ) s h o u l d be f r e e . 

The i d e n t i f i e r s " e t e x t " , " e d a t a " , and "end" a r e p r e d e f i n e d i n the 
l i n k a g e e d i t o r and may be used to e s t a b l i s h the a d d r e s s e s of the end 
of e x e c u t a b l e t e x t , i n i t i a l i z e d d a t a , and u n i n i t i a l i z e d d a t a 
r e s p e c t i v e l y . 
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RUNNING THE COMPILER 

There a r e two commands which i n v o k e d i s t i n c t v e r s i o n s of the 
c o m p i l e r . " c c l " i s f o r OS-9 L e v e l I which u s e s a two pass c o m p i l e r , 
and, c c 2 i s f o r L e v e l I I which u s e s a s i n g l e pass v e r s i o n . Both 
v e r s i o n s of the c o m p i l e r work i d e n t i c a l l y , the main d i f f e r e n c e i s 
t h a t c c l has been d i v i d e d i n t o two p a s s e s t o f i t the s m a l l e r memory 
s i z e of OS-9 L e v e l I s y s t e m s . I n the f o l l o w i n g t e x t , " c c " r e f e r s to 
e i t h e r " c c l " or " c c 2 " as a p p r o p r i a t e f o r your system. The s y n t a x of 
the command l i n e which c a l l s the c o m p i l e r I s : 

cc [ o p t i o n - f l a g s ] f i l e { f i l e } 

One f i l e a t a time can be compiled, or a number o f f i l e s may be 
compiled t o g e t h e r . The c o m p i l e r manages the c o m p i l a t i o n through up 
to f o u r s t a g e s : p r e - p r o c e s s o r , c o m p i l a t i o n to a s s e m b l e r code, 
assembly to r e l o c a t a b l e module, and l i n k i n g to b i n a r y e x e c u t a b l e 
code ( i n OS-9 memory module f o r m a t ) . 

The c o m p i l e r a c c e p t s t h r e e t y p e s of s o u r c e f i l e s , p r o v i d e d each 
name on the command l i n e has the r e l e v a n t p o s t f i x as shown below. 
Any of the above f i l e t y p e s may be mixed on the command l i n e . 

F i l e Name S u f f i x C onventions 

S u f f i x Usage 

C s o u r c e f i l e 
assembly language s o u r c e f i l e 
r e l o c a t a b l e module 
e x e c u t a b l e b i n a r y (OS-9 memory module) 

• r 
none 

There a r e two modes of o p e r a t i o n : m u l t i p l e s o u r c e f i l e and 
s i n g l e s o u r c e f i l e . The c o m p i l e r s e l e c t s the mode by I n s p e c t i n g 
the command l i n e . The u s u a l mode i s s i n g l e s o u r c e and i s s p e c i f i e d 
by h a v i n g o n l y one so u r c e f i l e name on the command l i n e . Of 
c o u r s e , more than one s o u r c e f i l e may be compiled t o g e t h e r by u s i n g 
the "//include" f a c i l i t y I n the s o u r c e code. I n t h i s mode, the 
compiler w i l l use the name o b t a i n e d by removing the p o s t f i x from the 
name s u p p l i e d on the command l i n e , and the output f i l e (and the 
memory module produced) w i l l have t h i s name. F o r example: 

c c prg.c 

w i l l l e a v e an e x e c u t a b l e f i l e c a l l e d "prg" i n the c u r r e n t e x e c u t i o n 
d i r e c t o r y . 

The m u l t i p l e s o u r c e mode i s s p e c i f i e d by h a v i n g more than one 
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s o u r c e f i l e name on the command l i n e . I n t h i s mode, the o b j e c t code 
output f i l e w i l l have the name "output" i n the c u r r e n t e x e c u t i o n 
d i r e c t o r y , u n l e s s a name i s g i v e n u s i n g the " - f = " o p t i o n ( s e e 
b e l o w ) . A l s o , i n m u l t i p l e s o u r c e mode, the r e l o c a t a b l e modules 
g e n e r a t e d as i n t e r m e d i a t e f i l e s w i l l be l e f t i n the same d i r e c t o r i e s 
as t h e i r c o r r e s p o n d i n g s o u r c e f i l e s w i t h the p o s t f i x e s changed to 
" . r " . F o r example: 

c c p r g l . c / d 0 / f r e d / p r g 2 . c 

w i l l l e a v e an e x e c u t a b l e f i l e c a l l e d "output" i n the c u r r e n t 
e x e c u t i o n d i r e c t o r y , one c a l l e d " p r g l . r " i n the c u r r e n t data 
d i r e c t o r y , and "p r g 2 . r " i n "/dO/fred". 
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COMPILER OPTION FLAGS 

The c o m p i l e r r e c o g n i z e s s e v e r a l command-line o p t i o n f l a g s which 
modify the c o m p i l a t i o n p r o c e s s where needed. A l l f l a g s a r e 
r e c o g n i z e d b e f o r e c o m p i l a t i o n commences so the f l a g s may be p l a c e d 
anywhere on the command l i n e . F l a g s may be r a n t o g e t h e r a s I n "-
r o " , e xcept where a f l a g i s f o l l o w e d by something e l s e ; s e e " - f = " 
and "-d" f o r examples. 

-A s u p p r e s s e s assembly, l e a v i n g the output a s a s s e m b l e r code i n a 
f i l e whose name i s p o s t f i x e d " . a " . , 

-E=<number> S e t the e d i t i o n number c o n s t a n t byte to the number 
g i v e n . T h i s I s an OS-9 c o n v e n t i o n f o r memory modules. 

-0 i n h i b i t s the assembly code o p t i m i z e r p a s s . The o p t i m i z e r w i l l 
s h o r t e n o b j e c t code by about 1 1 % w i t h a comparable i n c r e a s e i n speed 
and i s recommended f o r p r o d u c t i o n v e r s i o n s of de-bugged programs. 

-P i n v o k e s the p r o f i l e r to g e n e r a t e f u n c t i o n i n v o c a t i o n f r e q u e n c y 
s t a t i s t i c s a f t e r program e x e c u t i o n . 

-R s u p p r e s s e s l i n k i n g l i b r a r y modules i n t o an e x e c u t a b l e program. 
Outputs a r e l e f t i n f i l e s w i t h p o s t f i x e s " . r " . 

-M=<memory s i z e > w i l l i n s t r u c t the l i n k e r to a l l o c a t e <memory s i z e > 
f o r d a t a , s t a c k , and parameter a r e a . Memory s i z e may be e x p r e s s e d 
i n pages ( a n i n t e g e r ) o r i n k i l o b y t e s by appending "k" to an 
I n t e g e r . F or more d e t a i l s of the use of t h i s o p t i o n , see the 
"Memory Management" s e c t i o n o f t h i s manual. 

-L=<filename> s p e c i f i e s a l i b r a r y to be s e a r c h e d by the l i n k e r 
before the Standard L i b r a r y and system i n t e r f a c e . 

-F=<path> o v e r r i d e s the above output f i l e naming. The output f i l e 
w i l l be l e f t w i t h <filename> a s i t s name. T h i s f l a g does not make 
sense I n m u l t i p l e s o u r c e mode, and e i t h e r the - a or - r f l a g i s a l s o 
p r e s e n t . The module w i l l be c a l l e d the l a s t name I n <path>. 

-C w i l l output the s o u r c e code a s comments w i t h the a s s e m b l e r code. 

-S s t o p s the g e n e r a t i o n o f s t a c k - c h e c k i n g code. -S s h o u l d o n l y be 
used w i t h g r e a t c a r e when the a p p l i c a t i o n i s e x t r e m e l y t i m e - c r i t i c a l 
and when the use o f the s t a c k by c o m p i l e r g e n e r a t e d code I s f u l l y 
understood. 

-D i d e n t i f i e r > i s e q u i v a l e n t t o "//define < l d e n t i f i e r > " w r i t t e n i n 
the s o u r c e f i l e . -D i s u s e f u l where d i f f e r e n t v e r s i o n s of a program 
a r e m a i n t a i n e d i n one so u r c e f i l e and d i f f e r e n t i a t e d by means of the 
"7/ifdef" or "//ifndef" p r e - p r o c e s s o r d i r e c t i v e s . I f the < i d e n t i f l e r > 
i s used as a macro f o r e x p a n s i o n by the p r e - p r o c e s s o r , " l " ( o n e ) w i l l 
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be the expanded " v a l u e " u n l e s s the form " - d < i d e n t i f i e r > = < s t r i n g > ' 
used i n which c a s e the e x p a n s i o n w i l l be < s t r i n g > . 

COMMAND LINE AND OPTION FLAG EXAMPLES 

command l i n e a c t i o n output f i L e ( s ) 

c c prg.c compile to an e x e c u t a b l e prg 
program 

cc prg.c - a compile to assembly prg.a 
language s o u r c e code 

cc prg.c - r compile t o r e l o c a t a b l e p r g . r 
module 

cc p r g l . c prg2.c prg3.c compile to e x e c u t a b l e p r g l . r , prg2.r 
program p r g 3 . r , output 

c c p r g l . c prg2.a p r g 3 . r compile p r g l . c , p r g l . r , prg2.r 
assemble prg2.a and 
combine a l l i n t o an 
e x e c u t a b l e program 

c c p r g l . c prg2.c -a compile t o assembly p r g l . a , prg2.a 
language s o u r c e code 

cc p r g l . c prg2.c -f=prg compile to e x e c u t a b l e prg 
program 

Page 1-14 



MICROWARE C COMPILER USER'S GUIDE 
CHARACTERISTICS OF COMPILED PROGRAMS 

The O b j e c t Code Module 

The c o m p i l e r produces p o s i t i o n - i n d e p e n d e n t , r e e n t r a n t 6809 code 
i n a s t a n d a r d OS-9 memory module format. The format of an e x e c u t ­
a b l e program module i s shown below. D e t a i l e d d e s c r i p t i o n s of ea c h 
s e c t i o n o f the module a r e g i v e n on f o l l o w i n g pages. 

Module 
O f f s e t 

S e c t l o n 
S i z e ( b y t e s ) 

$00 

$09 

$0B 

$0D 

Module Header 

E x e c u t i o n O f f s e t 

Permanent S t o r a g e S i z e 

Module Name 

E x e c u t a b l e Code 

S t r i n g L i t e r a l s 

I n i t i a l i z i n g Data S i z e 

v < ~ + 

I n i t i a l i z i n g Data 

! D a t a - t e x t R e f e r e n c e Count 

: D a t a - t e x t R e f e r e n c e O f f s e t s : 

Data-data R e f e r e n c e Count 

Data-data R e f e r e n c e O f f s e t s 

CRC Check V a l u e 
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Module Header 

T h i s i s a s t a n d a r d module header w i t h the type/language byte s e t to 
$11 (Program + 6809 O b j e c t Code), and the a t t r i b u t e / r e v i s i o n byte 
s e t to $81 ( R e e n t r a n t + 1 ) . 

E x e c u t i o n O f f s e t 

Used by OS-9 to l o c a t e where t o s t a r t e x e c u t i o n o f the program. 

S t o r a g e S i z e 
S t o r a g e s i z e i s the i n i t i a l d e f a u l t a l l o c a t i o n of memory f o r d a t a , 
s t a c k , and parameter a r e a . F o r a f u l l d e s c r i p t i o n o f memory 
a l l o c a t i o n , see the s e c t i o n e n t i t l e d "Memory Management" l o c a t e d 
e l s e w h e r e i n t h i s manual. 

Module Name 

Module name i s used by OS-9 to e n t e r the module i n the module 
d i r e c t o r y . The module name i s f o l l o w e d by the e d i t i o n byte encoded 
i n c s t a r t . I f t h i s s i t u a t i o n i s not d e s i r e d I t may be o v e r r i d d e n by 
the -E= o p t i o n i n c c . 

I n f o r m a t i o n 

Any s t r i n g s preceded by the d i r e c t i v e " i n f o " I n an assembly code 
f i l e w i l l be p l a c e d h e r e . A major use of t h i s f a c i l i t y i s to p l a c e 
i n the module the v e r s i o n number and/or a c o p y r i g h t n o t i c e . Note 
t h a t the '//asm' p r e - c o m p i l e r I n s t r u c t i o n may be used I n a C sou r c e 
f i l e t o e n a b l e the i n c l u s i o n o f t h i s d i r e c t i v e i n the c o m p i l e r -
g e n e r a t e d assembly code f i l e . 

E x e c u t a b l e Code 

The machine code i n s t r u c t i o n s of the program. 

S t r i n g L i t e r a l s 
Quoted s t r i n g s i n the C s o u r c e a r e p l a c e d h e r e . They a r e i n the 
n u l l - t e r m i n a t e d form e x p e c t e d by the f u n c t i o n s i n the Standard 
L i b r a r y . NOTE: the d e f i n i t i o n of the C language assumes t h a t 
s t r i n g s a r e i n the DATA a r e a and a r e t h e r e f o r e s u b j e c t to a l t e r a t i o n 
w i t h o u t making the program n o n - r e e n t r a n t . However, i n order to a v o i d 
the d u p l i c a t i o n o f memory re q u i r e m e n t s which would be n e c e s s a r y i f 
they were to be i n the d a t a a r e a , they a r e p l a c e d i n the TEXT 
( e x e c u t a b l e ) s e c t i o n o f the module. P u t t i n g the s t r i n g s i n the 
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e x e c u t a b l e s e c t i o n i m p l i e s t h a t no attempt s h o u l d be made by a C 
programmer to a l t e r s t r i n g l i t e r a l s . They should be c o p i e d out 
f i r s t . The e x c e p t i o n t h a t proves the r u l e i s the i n i t i a l i z a t i o n o f 
an a r r a y of type c h a r l i k e t h i s : 

c h a r raessage[] • " H e l l o world\n"; 

The s t r i n g w i l l be found i n the a r r a y 'message' i n t h e d a t a a r e a and 
can be a l t e r e d . 

I n i t i a l i z i n g Data and i t s S i z e 

I f a C program c o n t a i n s i n i t i a l i z e r s , the d a t a f o r the i n i t i a l 
v a l u e s of the v a r i a b l e s i s p l a c e d i n t h i s s e c t i o n . The d e f i n i t i o n 
of C s t a t e s t h a t a l l u n i n i t i a l i z e d g l o b a l and s t a t i c v a r i a b l e s have 
the v a l u e zero when the program s t a r t s r u n n i n g , so the s t a r t u p 
r o u t i n e of each C program f i r s t c o p i e s the d a t a from the module I n t o 
the data a r e a and then c l e a r s the r e s t of the data memory to n u l l s . 

Data R e f e r e n c e s 

No a b s o l u t e a d d r e s s e s a r e known a t compile time under OS-9, so where 
th e r e a r e p o i n t e r v a l u e s i n the i n i t i a l i z i n g d a t a , t h e y must be 
a d j u s t e d a t r u n time so t h a t t h e y r e f l e c t the a b s o l u t e v a l u e s a t 
t h a t time. The s t a r t u p r o u t i n e u s e s the two d a t a r e f e r e n c e t a b l e s 
to l o c a t e the v a l u e s t h a t need a l t e r a t i o n and a d j u s t s them by the 
a b s o l u t e v a l u e s of the bases of the e x e c u t a b l e code and d a t a r e ­
s p e c t i v e l y . 

F or example, suppose t h e r e a r e the f o l l o w i n g s t a t e m e n t s i n the 
program being compiled: 

c h a r *p = "I'm a s t r i n g ! " ; 
c h a r **q » &p; 

These d e c l a r a t i o n s t e l l the c o m p i l e r t h a t t h e r e i s to be a c h a r 
p o i n t e r v a r i a b l e , 'p', whose I n i t i a l v a l u e i s t h e a d d r e s s of the 
s t r i n g and a p o i n t e r to a c h a r p o i n t e r , 'q', whose i n i t i a l v a l u e i s 
the a d d r e s s of 'p'. The v a r i a b l e s must be i n the DATA s e c t i o n of 
memory a t run time because t h e y a r e p o t e n t i a l l y a l t e r a b l e , but 
a b s o l u t e a d d r e s s e s a r e not known u n t i l r u n time, so the v a l u e s t h a t 
'p' and 'q' must have a r e not known a t compile t i m e . The s t r i n g 
w i l l be p l a c e d by the c o m p i l e r I n the TEXT s e c t i o n and w i l l not be 
copied out to DATA memory by the s t a r t u p r o u t i n e . The i n i t i a l i z i n g 
d a t a s e c t i o n of the program module w i l l c o n t a i n e n t r i e s f o r 'p' and 
'q'. They w i l l have as v a l u e s t h e o f f s e t s of the s t r i n g from the 
base of the TEXT s e c t i o n and the o f f s e t of the l o c a t i o n o f 'p' from 
the base of the DATA s e c t i o n r e s p e c t i v e l y . 

The s t a r t u p r o u t i n e w i l l f i r s t copy a l l the e n t r i e s i n the i n i t i a l ­
i z i n g d a t a s e c t i o n i n t o t h e i r a l l o t t e d p l a c e s I n the DATA s e c t i o n . 
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Then i t w i l l s c a n the d a t a - t e x t r e f e r e n c e t a b l e f o r the o f f s e t s of 
v a l u e s t h a t need to have the a d d r e s s e s of the base of the TEXR 
s e c t i o n added to them. Among t h e s e w i l l be "p" which, a f t e r 
u p d a t i n g , w i l l p o i n t to the s t r i n g which i s i n the TEXT s e c t i o n . 
S i m i l a r l y , a f t e r a s c a n of the d a t a - d a t a r e f e r e n c e s , "q" w i l l point 
t o ( c o n t a i n the a b s o l u t e o f ) "p". 

Memory Management 

The C c o m p i l e r and i t s support programs have d e f a u l t c o n d i t i o n s 
such t h a t the a v e r a g e programmer need not be concerned w i t h d e t a i l s 
of memory management. However, t h e r e a r e s i t u a t i o n s where advanced 
programmers may w i s h to t a i l o r the s t o r a g e a l l o c a t i o n of a program 
f o r s p e c i a l s i t u a t i o n s . The f o l l o w i n g i n f o r m a t i o n e x p l a i n s i n 
d e t a i l how a C program's d a t a a r e a i s a l l o c a t e d and used. 

T y p i c a l C Program Memory Map 

A s t o r a g e a r e a i s a l l o c a t e d by OS-9 when the C program i s executed. 
The l a y o u t of t h i s memory i s as f o l l o w s : 

h i g h a d d r e s s e s 

C u r r e n t s t a c k 
r e s e r v a t i o n -> 

C u r r e n t top 
of d a t a -> 

d p s i z 

parameters 

s t a c k 

f r e e memory 

<- SBRK() adds more 
memory here 

-F <r memend 

<- sp r e g i s t e r 

r e q u e s t e d memory 

u n i n i t i a l i z e d 
d a t a 

i n i t i a l i z e d 
d a t a 

d i r e c t page 
v a r i a b l e s 

<- s t a n d a r d I/O b u f f e r s 
a l l o c a t e d here 

<- I B R K ( ) changes t h i s 
memory bound upward 

< — end 

< — edata 

-+ < — y,dp r e g i s t e r s 
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low a d d r e s s e s 
The o v e r a l l s i z e of t h i s memory a r e a i s d e f i n e d by the " s t o r a g e 

s i z e " v a l u e s t o r e d i n the program's module header. T h i s can be 
o v e r r i d d e n t o a s s i g n the program a d d i t i o n a l memory I f the OS-9 S h e l l 
"if" command i s used. 

The parameter a r e a i s where the parameter s t r i n g from the 
c a l l i n g p r o c e s s ( t y p i c a l l y the OS-9 S h e l l ) i s p l a c e d by the system. 
The i n i t i a l i z i n g r o u t i n e f o r C programs c o n v e r t s the parameters i n t o 
n u l l - t e r m i n a t e d s t r i n g s and makes p o i n t e r s t o them a v a i l a b l e to 
'mainO' v i a ' a r g c ' and ' a r g v ' . 

The s t a c k a r e a i s the c u r r e n t l y r e s e r v e d memory f o r e x c l u s i v e 
use of the s t a c k . As each C f u n c t i o n i s e n t e r e d , a r o u t i n e I n t h e 
system i n t e r f a c e i s c a l l e d to r e s e r v e enough s t a c k space f o r the use 
of the f u n c t i o n w i t h an a d d i t i o n o f 64 b y t e s . The 64 b y t e s a r e f o r 
the use of u s e r - w r i t t e n assembly code f u n c t i o n s and/or the sy s t e m 
i n t e r f a c e and/or a r i t h m e t i c r o u t i n e s . A r e c o r d i s kept of the 
lowest a d d r e s s so f a r g r a n t e d f o r the s t a c k . I f the a r e a r e q u e s t e d 
would not b r i n g t h i s lower then the C f u n c t i o n i s a l l o w e d to 
proceed. I f the new lower l i m i t would mean t h a t the s t a c k a r e a 
would o v e r l a p the data a r e a , the program s t o p s w i t h the message: 

**** STACK OVERFLOW **** 

on the s t a n d a r d e r r o r o u t p u t . O t h e r w i s e , the new lower l i m i t i s 
s e t , and the C f u n c t i o n resumes as b e f o r e . 

The d i r e c t page v a r i a b l e s a r e a i s where v a r i a b l e s r e s i d e 
t h a t have been d e f i n e d w i t h the s t o r a g e c l a s s ' d i r e c t ' i n the C 
source code or i n the ' d i r e c t ' segment i n assembly code s o u r c e . 
Notice t h a t the s i z e of t h i s a r e a i s a l w a y s a t l e a s t one byte ( t o 
ensure t h a t no p o i n t e r to a v a r i a b l e can have the v a l u e NULL or 0 ) 
and t h a t I t i s not n e c e s s a r i l y 256 b y t e s . 

The u n i n i t i a l i z e d d a t a a r e a i s where the remainder of the 
u n i n i t i a l i z e d program v a r i a b l e s r e s i d e . These two a r e a s a r e , i n 
f a c t , c l e a r e d to a l l z e r o s by the program e n t r y r o u t i n e . The 
i n i t i a l i z e d d a t a a r e a i s where the I n i t i a l i z e d v a r i a b l e s of the 
program r e s i d e . There a r e two g l o b a l l y d e f i n e d v a l u e s which may be 
r e f e r r e d t o : ' e d a t a ' and 'end', which a r e the a d d r e s s e s of one byte 
h i g h e r than the i n i t i a l i z e d d a t a and one byte h i g h e r than the 
u n i n i t i a l i z e d d a t a r e s p e c t i v e l y . Note t h a t t h e s e a r e not v a r i a b l e s ; 
the v a l u e s a r e a c c e s s e d i n C by u s i n g the '&' o p e r a t o r a s i n : 

h i g h = &end; 
low = &edata; 

and I n a s s e m b l e r : 

l e a x end,y 
s t x hlgh,y 
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The Y r e g i s t e r p o i n t s t o the base of the data a r e a and v a r i a b l e s a r e 
a d d r e s s e s u s i n g Y - o f f s e t i n d e x e d i n s t r u c t i o n s . 

When the program s t a r t s r u n n i n g , the re m a i n i n g memory i s 
a s s i g n e d t o the " f r e e " a r e a . A program may c a l l " i b r k Q " to 
r e q u e s t a d d i t i o n a l working memory ( i n i t i a l i z e d to z e r o s ) from the 
f r e e memory a r e a . A l t e r n a t i v e l y , more memory can be d y n a m i c a l l y 
o b t a i n e d u s i n g the " s b r k ( ) M which r e q u e s t s a d d i t i o n a l memory from 
the o p e r a t i n g s y s t e m and r e t u r n s I t s lower bound. I f t h i s f a i l s 
because OS-9 r e f u s e s t o gr a n t more memory f o r any reason " s b r k ( ) " 
w i l l r e t u r n - 1 . 

Compile Time Memory A l l o c a t i o n 

I f not I n s t r u c t e d o t h e r w i s e , the l i n k e r w i l l a u t o m a t i c a l l y 
a l l o c a t e l k b y t e s more than the t o t a l s i z e of the program's 
v a r i a b l e s and s t r i n g s . T h i s s i z e w i l l n o r m a l l y be adequate to cover 
the parameter a r e a , s t a c k r e q u i r e m e n t s , and Standard L i b r a r y f i l e 
b u f f e r s . The a l l o c a t i o n s i z e may be a l t e r e d when u s i n g the compiler 
by u s i n g the "-m" o p t i o n on the command l i n e . The memory 
re q u i r e m e n t s may be s t a t e d i n pages, f o r example, 

c c prg.c -m=2 

which a l l o c a t e s 512 b y t e s 

c c p rg.c -m=10k. 

The l i n k e r w i l l I g n ore 
b y t e s . 

The f o l l o w i n g r u l e s 
much memory to s p e c i f y : 

1 . The parameter a r e a 
command l i n e s t r i n g . 

2. The s t a c k s h o u ld 
i n t o account the depth of f u n c t i o n c a l l i n g c h a i n s and any 
r e c u r s i o n . 

3. A l l f u n c t i o n arguments and l o c a l v a r i a b l e s occupy s t a c k space 
and each f u n c t i o n e n t e r e d needs 4 b y t e s more f o r the r e t u r n 
a d d r e s s and temporary s t o r a g e of the c a l l i n g f u n c t i o n ' s r e g i s t e r 
v a r i a b l e . 

4. F r e e memory i s r e q u e s t e d by the Standard L i b r a r y I/O 
f u n c t i o n s f o r b u f f e r s a t the r a t e of 256 bytes per a c c e s s e d 
f i l e . T h i s does not a p p l y to the lower l e v e l s e r v i c e r e q u e s t I/O 
f u n c t i o n s s u c h a s "openQ", " r e a d ( ) " or " w r i t e ( ) " nor to 
" s t d e r r " which I s al w a y s u n - b u f f e r e d , but i t does ap p l y to both 
" s t d i n " and " s t d o u t " ( s e e the Standar d L i b r a r y d o c u m e n t a t i on). 

e x t r a , o r i n k i l o b y t e s , f o r example: 

the r e q u e s t i f the s i z e i s l e s s than 256 

can s e r v e a s a rough guide to e s t i m a t e how 

sh o u l d be l a r g e enough f o r any a n t i c i p a t e d 

be not l e s s than 128 bytes and should take 
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A good method f o r g e t t i n g a f e e l f o r how much memory I s 
needed by your program I s to a l l o w the l i n k e r to s e t the memory s i z e 
to i t s u s u a l l y c o n s e r v a t i v e d e f a u l t v a l u e . Then, i f the program runs 
w i t h a v a r i e t y of i n p u t s a t i s f a c t o r i l y but memory i s l i m i t e d on the 
system, t r y r e d u c i n g the a l l o c a t i o n a t the ne x t c o m p i l a t i o n . I f a 
s t a c k o v e r f l o w o c c u r s or an " i b r k ( ) " c a l l r e t u r n s - 1 , then t r y 
i n c r e a s i n g the memory next time. You cannot damage the system by 
g e t t i n g i t wrong, but d a t a may be l o s t i f the program runs out of 
space a t a c r u c i a l time. I t pays t o be i n e r r o r on the generous 
s i d e . 
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INTRODUCTION TO C SYSTEM CALLS 

T h i s s e c t i o n of the C c o m p i l e r manual i s a guide to the system 
c a l l s a v a i l a b l e from C programs. 

I t i s NOT int e n d e d a s a d e f i n i t i v e d e s c r i p t i o n of OS-9 s e r v i c e 
r e q u e s t s as t h e s e a r e d e s c r i b e d i n the OS-9 SYSTEM PROGRAMMER'S 
manual. However, f o r most c a l l s , enough i n f o r m a t i o n i s a v a i l a b l e 
here to enable the programmer to w r i t e system c a l l s i n t o programs 
without l o o k i n g f u r t h e r . 

The names used f o r the system c a l l s a r e chosen so t h a t programs 
t r a n s p o r t e d from o t h e r machines or o p e r a t i n g systems s h o u l d compile 
and run w i t h a s l i t t l e m o d i f i c a t i o n as p o s s i b l e . However, c a r e 
should be taken as the parameters and r e t u r n e d v a l u e s of some c a l l s 
may not be compatible w i t h those on o t h e r s y s t e m s . Programmers t h a t 
ar e a l r e a d y f a m i l i a r w i t h OS-9 names and v a l u e s s h o u l d take 
p a r t i c u l a r c a r e . Some c a l l s do not s h a r e the same names a s the OS-9 
assembly language e q u i v a l e n t s . The assembly language e q u i v a l e n t 
c a l l i s shown, where t h e r e i s one, on the r e l e v a n t page of the C 
c a l l d e s c r i p t i o n , and a c r o s s - r e f e r e n c e l i s t i s p r o v i d e d f o r those 
a l r e a d y f a m i l i a r w i t h OS-9 c a l l s . 

The normal e r r o r I n d i c a t i o n on r e t u r n from a system c a l l i s a 
r e t u r n e d v a l u e of - 1 . The r e l e v a n t e r r o r w i l l be found i n the p r e ­
d e f i n e d i n t " e r r n o " . E r r n o a l w a y s c o n t a i n s the e r r o r from the l a s t 
erroneous system c a l l . D e f i n i t i o n s f o r the e r r o r s f o r i n c l u s i o n i n 
the program a r e i n "<errno.h>". 

I n the "SEE ALSO" s e c t i o n s on the f o l l o w i n g pages, u n l e s s 
o t h e r w i s e s t a t e d , the r e f e r e n c e s a r e to o t h e r system c a l l s . 

Where "//include" f i l e s a r e show, i t i s not mandatory to i n c l u d e 
them, but i t might be c o n v e n i e n t to use the m a n i f e s t c o n s t a n t s 
d e f i n e d i n them r a t h e r than i n t e g e r s ; i t c e r t a i n l y makes f o r more 
re a d a b l e programs. 
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Abort - s t o p the program and produce a c o r e dump 

USAGE 

a b o r t ( ) 

DESCRIPTION 

T h i s c a l l c a u s e s a memory image to be w r i t t e n out to the f i l e 
" c o r e " i n the c u r r e n t d i r e c t o r y , and then the program e x i t s 
w i t h a s t a t u s of 1 . 
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Abs - A b s o l u t e v a l u e 

USAGE 

i n t a b s ( i ) 
i n t i ; 

DESCRIPTION 

ABS r e t u r n s a b s o l u t e v a l u e of i t s i n t e g e r operand. 

CAVEATS 

You get what the hardware g i v e s on the l a r g e s t n e g a t i v e number. 
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Access - g i v e f i l e a c c e s s i b i l i t y 

USAGE 

a c c e s s ( fname, perm) 
c h a r *name; 
i n t perm; 

DESCRIPTION 

Ac c e s s r e t u r n s 0 i f the a c c e s s modes s p e c i f i e d i n "perm" are 
c o r r e c t f o r the u s e r to a c c e s s "fname". - 1 i s r e t u r n e d i f the 
f i l e cannot be a c c e s s e d . 

The v a l u e f o r "perm" may be any l e g a l OS-9 mode as used f o r 
" o p e n ( ) " or " c r e a t O " , i t may be z e r o , which t e s t s whether the 
f i l e e x i s t s , or the path to i t may be s e a r c h e d . 

CAVEATS 

NOTE t h a t the "perm" v a l u e i s NOT compatible w i t h other 
s y s t e m s . 

DIAGNOSTICS 

The a p p r o p r i a t e e r r o r i n d i c a t i o n , i f a v a l u e of - 1 i s r e t u r n e d , 
may be found i n " e r r n o " . 
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Chain - l o a d and e x e c u t e a new program 

USAGE 

cha i n ( m o d n a m e , p a r a m s i z e , p a r a m p t r , t y p e , l a n g , d a t a s i z e ) 
c h a r *modname,*paramptr; 

ASSEMBLER EQUIVALENT 

os9 F$CHAIN 

DESCRIPTION 

The a c t i o n of F$CHAIN i s d e s c r i b e d f u l l y i n the OS-9 
documentation. C h a i n implements the s e r v i c e r e q u e s t as 
d e s c r i b e d w i t h one important e x c e p t i o n : c h a i n w i l l NEVER r e t u r n 
to the c a l l e r . I f t h e r e i s an e r r o r , the p r o c e s s w i l l a b o r t 
and r e t u r n to i t s parent p r o c e s s . I t might be w i s e , t h e r e f o r e , 
f o r the program to check the e x i s t e n c e and a c c e s s p e r m i s s i o n s 
of the module before c a l l i n g c h a i n . P e r m i s s i o n s may be checked 
by u s i n g " r a o d l i n k ( ) " or "modload()" f o l l o w e d by an " m u n l i n k ( ) " . 

"Modname" sh o u l d p o i n t to the name of the d e s i r e d module. 
"Pa r a m s i z e " i s the l e n g t h of the parameter s t r i n g ( w h i c h s h o u l d 
n o r m a l l y be t e r m i n a t e d w i t h a " \ n " ) , and "paramptr" p o i n t s to 
the parameter s t r i n g . "Type" i s the module type a s found i n 
the module header ( n o r m a l l y 1 : program), and " l a n g " s h o u l d 
match the language n i b b l e i n the module header (C programs 
have 1 f o r 6809 machine code h e r e ) . " D a t a s i z e " may be z e r o , or 
i t may c o n t a i n the number of 256 byte pages to g i v e to the new 
p r o c e s s a s i n i t i a l a l l o c a t i o n of d a t a memory. 
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C h d i r , C h x d i r - change d i r e c t o r y 

USAGE 

c h d i r ( d i r n a m e ) 
c h a r *dirname; 

c h x d i r ( d i r n a m e ) 
c h a r *dirname; 

ASSEMBLER EQUIVALENT 

os9 I$CHGDIR 

DESCRIPTION 

These c a l l s change the c u r r e n t d a t a d i r e c t o r y and the c u r r e n t 
e x e c u t i o n d i r e c t o r y , r e s p e c t i v e l y , f o r the running t a s k . 
"Dirname" i s a p o i n t e r to a s t r i n g t h a t g i v e s a pathname f o r a 
d i r e c t o r y . 

DIAGNOSTICS 

Each c a l l r e t u r n s 0 a f t e r a s u c c e s s f u l c a l l , or - 1 i f "dirname" 
i s not a d i r e c t o r y path name, o r i t i s not s e a r c h a b l e . 

SEE ALSO 

OS-9 s h e l l commands "chd" and "chx". 
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Chmod - change a c c e s s p e r m i s s i o n s of a f i l e 

//include <modes.h> 

chmod(fname,perm) 
char *fname; 

DESCRIPTION 

Chmod changes the p e r m i s s i o n b i t s a s s o c i a t e d w i t h a f i l e . 
"Fname" must be a p o i n t e r to a f i l e name, and "perm" should 
c o n t a i n the d e s i r e d b i t p a t t e r n . 

The a l l o w a b l e b i t p a t t e r n s a r e d e f i n e d i n the i n c l u d e f i l e as 
f o l l o w s : 

/* p e r m i s s i o n s : */ 
//define S IREAD 0x01 /* owner r e a d */ 
//define S "IWRITE 0x02 /* owner w r i t e */ 
//define S EXEC 0x04 /* owner e x e c u t e */ 
//define S "lOREAD 0x08 /* p u b l i c r e a d */ 
//define s "iOWRITE 0x10 /* p u b l i c w r i t e */ 
//define s "lOEXEC 0x20 /* p u b l i c e x e c u t e */ 
//define s "IS HARE 0x40 /* s h a r a b l e */ 
//define s "IFDIR 0x80 /* d i r e c t o r y */ 

Only the owner or the super u s e r may change the p e r m i s s i o n s of 
a f i l e . 

DIAGNOSTICS 

A s u c c e s s f u l c a l l r e t u r n s N U L L(0). A - 1 I s r e t u r n e d i f the 
c a l l e r I s not e n t i t l e d t o change p e r m i s s i o n s or "fname" cannot 
be found. 

SEE ALSO 

0S-9 command " a t t r " 
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Chown - change t h e o w n e r s h i p o f a f i l e 

USAGE 

c h o w n ( f n a m e , o w n e r i d ) 
c h a r *fname; 

DESCRIPTION 

T h i s c a l l i s a v a i l a b l e o n l y t o t h e s u p e r u s e r . "Fname" i s a 
p o i n t e r t o a f i l e name, and " o w n e r i d " i s t h e new u s e r - i d . 

DIAGNOSTICS 

Ze r o i s r e t u r n e d f r o m a s u c c e s s f u l c a l l . - 1 i s r e t u r n e d on 
e r r o r . 
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C l o s e - c l o s e a f i l e 

USAGE 

c l o s e ( p n ) 

ASSEMBLER EQUIVALENT 

os9 I$CLOSE 

DESCRIPTION 

C l o s e t a k e s a path number, "pn", a s r e t u r n e d from system c a l l s 
" o p e n ( ) " , " c r e a t Q " , or " d u p ( ) " , and c l o s e s the a s s o c i a t e d 
f i l e . 

T e r m i n a t i o n of a t a s k a l w a y s c l o s e s a l l open f i l e s 
a u t o m a t i c a l l y , but I t i s n e c e s s a r y to c l o s e f i l e s where 
m u l t i p l e f i l e s a r e opened by the t a s k , and i t i s d e s i r e d to 
r e - u s e path numbers to a v o i d going over the system or p r o c e s s 
path number l i m i t . 

SEE ALSO 

c r e a t ( ) , o p e n ( ) , d u p ( ) . 

Page 3 - 9 



MICROWARE C COMPILER USER'S GUIDE 
C SYSTEM CALLS 

C r c - compute a c y c l i c redundancy count 

USAGE 

c r c ( s t a r t . c o u n t , a c c u m ) 
c h a r * s t a r t , a c c u m [ 3 ] ; 

ASSEMBLER EQUIVALENT 

os9 F$CRC 

DESCRIPTION 

T h i s c a l l a c c u m u l a t e s a c r c i n t o a t h r e e b y t e a r r a y a t "accum" 
f o r "count" b y t e s s t a r t i n g a t " s t a r t " . A l l t h r e e bytes of 
"accum" s h o u l d be i n i t i a l i z e d t o Oxff b e f o r e the f i r s t c a l l to 
" c r c ( ) " . However, r e p e a t e d c a l l s can be s u b s e q u e n t l y made to 
co v e r an e n t i r e module. I f the r e s u l t i s to be used a s an OS-9 
module c r c , I t s h o u l d have i t s b y t e s complemented b e f o r e 
i n s e r t i o n a t the end of the module. 
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C r e a t - c r e a t e a new f i l e 

USAGE 

//include <modes.h> 

creat(fname,perm) 
c h a r *fname; 

ASSEMBLER EQUIVALENT 

os9 I$CREATE 

DESCRIPTION 

Cr e a t r e t u r n s a path number to a new f i l e a v a i l a b l e f o r 
w r i t i n g , g i v i n g i t the p e r m i s s i o n s s p e c i f i e d i n "perm" and 
making the t a s k u s e r the owner. I f , however, "fname" i s the 
name of an e x i s t i n g f i l e , the f i l e i s t r u n c a t e d to ze r o l e n g t h , 
and the ownership and p e r m i s s i o n s remain unchanged. NOTE, 
tha t u n l i k e the OS-9 as s e m b l e r s e r v i c e r e q u e s t , c r e a t does 
not r e t u r n an e r r o r i f the f i l e a l r e a d y e x i s t s . " A c c e s s O " 
should be used to e s t a b l i s h the e x i s t e n c e of a f i l e I f i t I s 
Important t h a t a f i l e s h o u l d not be o v e r w r i t t e n . 

I t i s u n n e c e s s a r y to s p e c i f y w r i t i n g p e r m i s s i o n s I n "perm" i n 
order to w r i t e t o the f i l e I n the c u r r e n t t a s k . 

The p e r m i s s i o n s a l l o w e d a r e d e f i n e d I n the i n c l u d e f i l e a s 
f o l l o w s : 

/* p e r m i s s i o n s */ 
//define S IPRM Oxff /* mask f o r p e r m i s s i o n 
//define S IREAD 0x01 /* owner r e a d */ 
//define S IWRITE 0x02 /* owner w r i t e */ 
//define S IEXEC 0x04 /* owner e x e c u t e */ 
//define S IOREAD 0x08 /* p u b l i c r e a d */ 
//define S IOWRITE 0x10 /* p u b l i c w r i t e */ 
//define S IOEXEC 0x20 /* p u b l i c e x e c u t e */ 
//define S ISHARE 0x40 /* s h a r a b l e */ 

D i r e c t o r i e s may not be c r e a t e d w i t h t h i s c a l l ; use "mknod()" 
I n s t e a d . 

DIAGNOSTICS 

T h i s c a l l r e t u r n s - 1 i f t h e r e a r e too many f i l e s open. I f the 
pathname cannot be s e a r c h e d , I f p e r m i s s i o n to w r i t e I s d e n i e d , 
or i f the f i l e e x i s t s and i s a d i r e c t o r y . 

SEE ALSO 

w r i t e ( ) , c l o s e ( ) , c h m o d ( ) 

Page 3 - 1 1 



MICROWARE C COMPILER USER'S GUIDE 
C SYSTEM CALLS 

D e f d r i v e - get d e f a u l t system d r i v e 

USAGE 

c h a r * d e f d r i v e ( ) 

DESCRIPTION 
A c a l l to d e f d r i v e r e t u r n s a p o i n t e r to a s t r i n g c o n t a i n i n g the 
name of the d e f a u l t system d r i v e . The method used i s to 
c o n s u l t the " I n l t " module f o r the d e f a u l t d i r e c t o r y name. The 
name I s cop i e d to a s t a t i c d a t a a r e a and a p o i n t e r to I t i s 
r e t u r n e d . 

DIAGNOSTICS 
- 1 i s r e t u r n e d i f the " I n l t " module cannot be l i n k e d to. 
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Dup - d u p l i c a t e an open path number 

USAGE 

dup(pn) 

ASSEMBLER EQUIVALENT 

os9 I$DUP 

DESCRIPTION 

Dup t a k e s the path number, "pn", a s r e t u r n e d from "openQ" or 
" c r e a t ( ) " and r e t u r n s a n o t h e r path number a s s o c i a t e d w i t h the 
same f i l e . 

DIAGNOSTICS 

A - 1 i s r e t u r n e d i f the c a l l f a i l s because t h e r e a r e too many 
f i l e s open or the path number i s i n v a l i d . 

SEE ALSO 

o p e n ( ) , c r e a t ( ) , c l o s e ( ) 
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E x i t , _ E x l t - t a s k t e r m i n a t i o n 

USAGE 

e x i t ( s t a t u s ) 

_ e x i t ( s t a t u s ) 
ASSEMBLER EQUIVALENT 

os9 F$EXIT 

DESCRIPTION 

E x i t i s the normal means of t e r m i n a t i n g a t a s k . E x i t does any 
c l e a n i n g up o p e r a t i o n s r e q u i r e d b e f o r e t e r m i n a t i n g , such a s 
f l u s h i n g out any f i l e b u f f e r s ( s e e Standa r d I / o ) , but _ e x i t 
does not. 

A t a s k f i n i s h i n g n o r m a l l y , t h a t i s r e t u r n i n g from " m a i n ( ) " , 
I s e q u i v a l e n t to a c a l l - " e x i t ( O ) " . 

The s t a t u s p a s s e d t o e x i t i s a v a i l a b l e t o the parent t a s k I f i t 
I s e x e c u t i n g a " w a i t " . 

SEE ALSO 

w a l t ( ) 
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G e t p i d - get the t a s k i d 

USAGE 

g e t p i d Q 

ASSEMBLER EQUIVALENT 

os9 F$ID 

DESCRIPTION 

A number unique to the c u r r e n t r u n n i n g t a s k i s o f t e n u s e f u l I n 
c r e a t i n g names f o r temporary f i l e s . T h i s c a l l r e t u r n s the 
t a s k ' s system I d ( a s r e t u r n e d t o i t s p a r e n t by " o s 9 f o r k " ) . 

SEE ALSO 

o s 9 f o r k ( ) Standard L i b r a r y f u n c t i o n mktemp. 
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G e t s t a t - det f i l e s t a t u s 

USAGE 

//include < s g s t a t . h > 
g e t s t a t ( c o d e , filenum,buf f e r ) /* code 0 */ 
c h a r * b u f f e r ; 

g e t s t a t ( c o d e , f l l e n u m ) /* codes 1 and 6 */ 

g e t s t a t ( c o d e , f I l e n u m , s i z e ) /* code 2 */ 
long * s l z e ; 

g e t s t a t ( c o d e , f l l e n u m , p o s ) /* code 5 */ 
long *pos; 

ASSEMBLER EQUIVALENT 

os9 I$GETSTT 

DESCRIPTION 

A f u l l d e s c r i p t i o n of g e t s t a t can be found I n the OS-9 System 
Programmer's Manual. 

"Code" must be the v a l u e of one of the s t a n d a r d codes f o r the 
g e t s t a t s e r v i c e r e q u e s t . " f i l e n u m " must be the path number of 
an open f i l e . 

The form of the c a l l depends on the v a l u e ' o f "code". 

Code 0: " B u f f e r " must be the a d d r e s s of a 32 byte 
b u f f e r i n t o which the r e l e v a n t s t a t u s packet 
I s c o p i e d . The header f i l e has the 
d e f i n i t i o n s of the v a r i o u s f i l e and d e v i c e 
s t r u c t u r e s f o r use by the program. 

Code 1 : Code 1 o n l y a p p l i e s to SCF d e v i c e s and to 
t e s t f o r d a t a a v a i l a b l e . The r e t u r n v a l u e i s 
z e r o I f t h e r e i s d a t a a v a i l a b l e . - 1 I s 
r e t u r n e d i f t h e r e i s no d a t a . 

Code 2 " S i z e " s h o u l d be the a d d r e s s of a long 
i n t e g e r i n t o which the c u r r e n t f i l e s i z e I s 
p l a c e d . The r e t u r n v a l u e of the f u n c t i o n i s 
- 1 on e r r o r and 0 on s u c c e s s . 

Code 5 "Pos" s h o u l d be the a d d r e s s of a long i n t e g e r 
I n t o which the c u r r e n t f i l e s i z e i s p l a c e d . 
The r e t u r n v a l u e of the f u n c t i o n I s - 1 on 
e r r o r and 0 on s u c c e s s . 

Code 6 R e t u r n s - 1 on EOF and e r r o r and 0 on s u c c e s s . 
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NOTE t h a t when one of the p r e v i o u s c a l l s r e t u r n s - 1 , the 
a c t u a l e r r o r i s r e t u r n e d I n e r r n o . 
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G e t u i d - r e t u r n u s e r i d 

USAGE 

g e t u i d ( ) 

ASSEMBLER EQUIVALENT 

os9 F$ID 

DESCRIPTION 

G e t u i d r e t u r n s the r e a l u s e r i d of the c u r r e n t t a s k ( a s 
m a i n t a i n e d i n the password f i l e ) . 
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I n t e r c e p t - s e t f u n c t i o n f o r i n t e r r u p t p r o c e s s i n g 

USAGE 
i n t e r c e p t ( f u n c ) 
i n t ( * f u n c ) ( ) ; /* i . e . " f u n c " i s a p o i n t e r to a f u n c t i o n 

r e t u r n i n g an i n t */ 

ASSEMBLER EQUIVALENT 

F$ICPT 

DESCRIPTION 

I n t e r c e p t i n s t r u c t s OS-9 to pass c o n t r o l to the f u n c t i o n " f u n c " 
when an i n t e r r u p t ( s i g n a l ) i s r e c e i v e d by the c u r r e n t p r o c e s s . 

I f the i n t e r r u p t p r o c e s s i n g f u n c t i o n has an argument, I t w i l l 
c o n t a i n the v a l u e of the s i g n a l r e c e i v e d . On r e t u r n from 
" f u n c " , the p r o c e s s resumes a t the p o i n t I n the program where 
i t was i n t e r r u p t e d by the s i g n a l . " I n t e r r u p t O " I s an 
a l t e r n a t i v e to the use of " s i g n a l Q " t o p r o c e s s i n t e r r u p t s . 

As an example, suppose we w i s h to e n s u r e t h a t a p a r t i a l l y 
completed output f i l e i s d e l e t e d I f an i n t e r r u p t I s r e c e i v e d . 
The body of the program might i n c l u d e : 

char * t e m p _ f l l e = "temp"; /* name of temporary f i l e */ 
i n t pn = 0; /* path number */ 
i n t i n t r u p t ( ) ; /* p r e d e c l a r a t l o n */ 

l n t e r c e p t ( l n t r u p t ) ; 
pn = c r e a t ( t e m p _ f i l e , 3 ) 

/* r o u t e I n t e r r u p t p r o c e s s i n g */ 
/* make a new f i l e */ 

w r l t e ( p n , s t r i n g , c o u n t ) /* w r i t e s t r i n g t o temp f i l e */ 

c l o s e ( p n ) ; 
pn=0; 
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The i n t e r r u p t r o u t i n e might be coded: 

i n t r u p t ( s i g ) ; 
f 

i f ( p n ) { /* o n l y done I f pn r e f e r s to an open f i l e */ 
c l o s e ( p n ) ; 
u n l l n k ( t e m p _ f l i e ) ; /* d e l e t e */ 

e x l t ( s i g ) ; 
} 

:AVEATS 

" I n t e r c e p t ( ) " and " s i g n a l ( ) " a r e m u t u a l l y i n c o m p a t i b l e so t h a t 
c a l l s to both must not appear I n the same program. The l i n k e r 
guards a g a i n s t t h i s by g i v i n g an " e n t r y name c l a s h - _ s i g i n t " 
e r r o r i f i t i s attempted. 

SEE ALSO 
s i g n a l ( ) 
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K i l l - send an i n t e r r u p t to a t a s k 

USAGE 

//include < s i g n a l . h > 
k l l l ( t i d , i n t e r r u p t ) 

DESCRIPTION 

K i l l sends the i n t e r r u p t type " i n t e r r u p t " to the t a s k w i t h i d 
" t i d " . 

Both t a s k s , sender and r e c e i v e r , must have the same u s e r i d 
u n l e s s the u s e r I s the super u s e r . 

The i n c l u d e f i l e c o n t a i n s d e f i n i t i o n s of the d e f i n e d s i g n a l s as 
f o l l o w s : 

/* OS-9 s i g n a l s */ 
//define S I G K I L L 0 /* system a b o r t ( c a n n o t be caught or 

i g n o r e d ) * / 
//define SIGWAKE 1 /* wake up */ 
//define SIGQUIT 2 /* keyboard a b o r t */ 
//define SIGINT 3 /* keyboard i n t e r r u p t */ 

Other u s e r - d e f i n e d s i g n a l s may, of c o u r s e , be s e n t . 

DIAGNOSTICS 

K i l l r e t u r n s 0 from a s u c c e s s f u l c a l l and - 1 I f the t a s k does 
not e x i s t , the e f f e c t i v e u s e r i d s do not match, or the u s e r i s 
not the system manager. 

SEE ALSO 

s i g n a l ( ) OS-9 s h e l l command " k i l l " 
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L s e e k - p o s i t i o n i n f i l e 

USAGE 

long l s e e k ( p n , p o s i t i o n , t y p e ) 
l o n g p o s i t i o n ; 

ASSEMBLER EQUIVALENT 

os9 I $ S E E K 

DESCRIPTION 

The r e a d or w r i t e p o i n t e r f o r the open f i l e w i t h the path 
number, "pn", i s p o s i t i o n e d by l s e e k to the s p e c i f i e d p l a c e I n 
the f i l e . The " t y p e " I n d i c a t e s from where " p o s i t i o n " i s to be 
measured: i f 0, from the b e g i n n i n g of the f i l e , I f L, from the 
c u r r e n t l o c a t i o n , or i f 2, from the end of the f i l e . 

S e e k i n g to a l o c a t i o n beyond the end of a f i l e open f o r 
w r i t i n g and then w r i t i n g to i t , c r e a t e s a " h o l e " I n the f i l e 
which a p p e a r s t o be f i l l e d w i t h z e r o s from the p r e v i o u s end to 
the p o s i t i o n sought. 

The r e t u r n e d v a l u e i s the r e s u l t i n g p o s i t i o n i n the f i l e u n l e s s 
t h e r e I s an e r r o r , so to f i n d out the c u r r e n t p o s i t i o n use 

l s e e k ( p n , 0 1 , l ) ; 

CAVEATS 

The argument " p o s i t i o n " MUST be a long I n t e g e r . C o n s t a n t s 
s h o u l d be e x p l i c i t l y made long by appending an " 1 " , as above, 
and o t h e r t y p e s s h o u l d be c o n v e r t e d u s i n g a c a s t ; 

e.g. l s e e k ( p n , ( l o n g ) p o s , 1 ) ; 

N o t i c e a l s o , t h a t the r e t u r n v a l u e from l s e e k I s I t s e l f a long 
i n t e g e r . 

DIAGNOSTICS 

- 1 i s r e t u r n e d i f "pn" i s a bad path number, or a t t e m p t i n g to 
seek to a p o s i t i o n b e f o r e the b e g i n n i n g of a f i l e . 

SEE ALSO 

o p e n ( ) , c r e a t ( ) Standard L i b r a r y f u n c t i o n " f s e e k " 
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Mknod - c r e a t e a d i r e c t o r y 

USAGE 

//include <modes.h> 

mknod(fname,desc) 
ch a r *fname; 

ASSEMBLER EQUIVALENT 

os9 I$MAKDIR 

DESCRIPTION 

T h i s c a l l may be used to c r e a t e a new d i r e c t o r y . "Fname" 
should p o i n t t o a s t r i n g c o n t a i n i n g the d e s i r e d name of the 
d i r e c t o r y . "Desc" I s a d e s c r i p t o r s p e c i f y i n g the d e s i r e d mode 
( f i l e t y p e ) and p e r m i s s i o n s of the new f i l e . 

The i n c l u d e f i l e d e f i n e s the p o s s i b l e v a l u e s f o r " d e s c " a s 
f o l l o w s : 

/* owner r e a d */ 
/* owner w r i t e */ 
/* owner e x e c u t e */ 
/* p u b l i c r e a d */ 
/* p u b l i c w r i t e */ 
/* p u b l i c e x e c u t e */ 
/* s h a r a b l e */ 

DIAGNOSTICS 

Zero i s r e t u r n e d I f the d i r e c t o r y has been s u c c e s s f u l l y made; -
1 i f the f i l e a l r e a d y e x i s t s . 

SEE ALSO 

OS-9 command "makdlr" 

//define S_IREAD 0x01 
//define S_IWRITE 0x02 
//define S_IEXEC 0x04 
//define S_I0READ 0x08 
//define S_I0WRITE 0x10 
//define S_I0EXEC 0x20 
//define S I SHARE 0x40 
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Modload, Modlink - r e t u r n a p o i n t e r to a module s t r u c t u r e 

USAGE 

//include <module.h> 
mod_exec *modlink(modname,type,language) 
ch a r *modname; 

raod_exec * m o d l o a d ( f i l e n a m e , t y p e , l a n g u a g e ) 
c h a r * f i l e n a m e ; 

ASSEMBLER EQUIVALENT 

os9 F$LINK 

os9 F$LOAD 

DESCRIPTION 

Each of t h e s e c a l l s r e t u r n a p o i n t e r to an OS-9 memory module. 

Modlink w i l l s e a r c h the module d i r e c t o r y f o r a module w i t h the 
same name as "modname" and, i f found, increment i t s l i n k count. 

Modload w i l l open the f i l e which has the path l i s t s p e c i f i e d by 
" f i l e n a m e " and l o a d s modules from the f i l e adding them to the 
module d i r e c t o r y . The r e t u r n e d v a l u e I s a p o i n t e r to the f i r s t 
module lo a d e d . 

Above, each i s shown as r e t u r n i n g a p o i n t e r to an e x e c u t a b l e 
module, but i t w i l l r e t u r n a p o i n t e r to whatever type of module 
I s found. 

DIAGNOSTICS 

- 1 i s r e t u r n e d on e r r o r . 

SEE ALSO 

m u n l l n k ( ) 

Page 3 - 2 4 



MICROWARE C COMPILER USER'S GUIDE 
C SYSTEM CALLS 

Munlink - u n l i n k a module 

USAGE 

//include <module.h> 
munllnk(mod) 
mod_exec *mod; 

ASSEMBLER EQUIVALENT 

os9 F$UNLINK 

DESCRIPTION 

T h i s c a l l informs the system t h a t the module p o i n t e d to by 
"mod" i s no l o n g e r r e q u i r e d by the c u r r e n t p r o c e s s . I t s l i n k 
count i s decremented, and the module i s removed from the module 
d i r e c t o r y i f the l i n k count r e a c h e s z e r o . 

SEE ALSO 

modllnk(),modload() 
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_ q s 9 - system c a l l i n t e r f a c e from C programs 

USAGE 

//include <os9.h> 

_ o s 9 ( c o d e , r e g ) 
c h a r code; 

s t r u c t r e g i s t e r s * r e g ; 

DESCRIPTION 
os9 e n a b l e s a programmer to a c c e s s v i r t u a l l y any OS-9 system 

c a l l d i r e c t l y from a C program w i t h o u t h a v i n g to r e s o r t to 
assembly language r o u t i n e s . 

Code i s one o f the codes t h a t a r e d e f i n e d i n os9.h. os9.h 
c o n t a i n s codes f o r the F$ and 1$ f u n c t i o n / s e r v i c e r e q u e s t s , and 
i t a l s o c o n t a i n s g e t s t t , s e t s t t , and e r r o r c o d e s. 

The i n p u t r e g i s t e r s ( r e g ) f o r the system c a l l s a r e a c c e s s e d by 
the f o l l o w i n g s t r u c t u r e t h a t I s d e f i n e d i n os9.h: 

s t r u c t r e g i s t e r s { 
c h a r rg_cc,rg_a,rg_b,rg_dup; 
unsigned r g _ x , r g y , r g u; 

} ; 

An example program t h a t u s e s _ o s 9 I s p r e s e n t e d on the f o l l o w i n g 
page. 

DIAGNOSTICS 

- 1 i s r e t u r n e d i f the OS-9 c a l l f a i l e d . 0 i s r e t u r n e d on 
s u c c e s s . 
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Program example: 

//include <os9.h> 
//include <modes.h> 

/* t h i s program does an I$GETSTT c a l l to get f i l e s i z e */ 
m a i n ( a r g c , a r g v ) 
i n t a r g c ; 
char * * a r g v ; 
{ 

s t r u c t r e g i s t e r s r e g ; 
i n t path; 

/* t e l l l i n k e r we need l o n g s */ 
p f l i n l t ( ) ; 

/* low l e v e l o p e n ( f i l e name I s f i r s t command l i n e param */ 
path=open(*++argv,S_IREAD); 

/* s e t up regs f o r c a l l t o OS-9 */ 
reg.rg_a=path; 
reg.rg__b=SS_SIZE; 

i f ( _ o s 9 ( I _ G E T S T T , & r e g ) == 0) 
p r i n t f ( " f i l e s i z e = % l x \ n " , /* s u c c e s s */ 
( l o n g ) ( r e g . r g _ x « 1 6 ) + r e g . r g _ u ) ; 

e l s e p r i n t f ( " 0 S 9 e r r o r //%d\n",reg.rg_b & O x f f ) ; / * f a i l e d * / 

dumpregs(&reg); /* take a l o o k a t the r e g i s t e r s */ 
} 
dumpregs(r) 
r e g i s t e r s t r u c t r e g i s t e r s * r ; 
{ 

p r i n t f ( " c c = % 0 2 x \ n " , r - > r g _ c c & O x f f ) ; 
p r i n t f ( " a=%02x\n",r->rg_a & O x f f ) ; 
p r i n t f ( " b=%02x\n",r->rg_b & O x f f ) ; 
p r intf("dp=%02x\n",r->rg_dp & O x f f ) ; 
p r i n t f ( " x=%04x\n",r->rg_x); 
p r i n t f ( " y=%04x\n",r->rg_y); 
p r i n t f ( " u=%04x\n",r->rg_u); 

} 
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Open - open a f i l e f o r r e a d / w r i t e a c c e s s 

USAGE 

open(fname,mode) 
c h a r *fname; 

ASSEMBLER EQUIVALENT 

os9 I$OPEN 

DESCRIPTION 

T h i s c a l l opens an e x i s t i n g f i l e f o r r e a d i n g I f "mode" I s 1, 
w r i t i n g i f "mode" i s 2, or r e a d i n g and w r i t i n g I f "mode" i s 3. 
NOTE t h a t t h e s e v a l u e s a r e OS-9 s p e c i f i c and not compatible 
w i t h o t h e r s y s t e m s . "Fname" s h o u l d p o i n t to a s t r i n g 
r e p r e s e n t i n g the pathname of the f i l e . 

Open r e t u r n s an i n t e g e r a s "path number" which should be used 
by i / o system c a l l s r e f e r r i n g t o the f i l e . 

The p o s i t i o n where r e a d s or w r i t e s s t a r t I s a t the beg i n n i n g of 
the f i l e . 

DIAGNOSTICS 

- 1 i s r e t u r n e d I f the f i l e does not e x i s t , I f the pathname 
cannot be s e a r c h e d , i f too many f i l e s a r e a l r e a d y open, or i f 
the f i l e p e r m i s s i o n s deny the r e q u e s t e d mode. 

SEE ALSO 

C r e a t ( ) , r e a d ( ) , w r i t e ( ) , d u p ( ) , c l o s e ( ) 
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Os9for k - c r e a t e a p r o c e s s 

USAGE 

os 9 f o r k ( m o d n a m e , p a r a m s i z e , p a r a m p t r , t y p e , l a n g , d a t a s i z e ) 
c h a r *modname,*paramptr; 

ASSEMBLER EQUIVALENT 
os9 F$FORK 

DESCRIPTION 

The a c t i o n of F$FORK i s d e s c r i b e d f u l l y i n the OS-9 System 
Programmer's Manual. 0 s 9 f o r k w i l l c r e a t e a p r o c e s s t h a t w i l l 
r u n c o n c u r r e n t l y w i t h the c a l l i n g p r o c e s s . When the f o r k e d 
p r o c e s s t e r m i n a t e s , I t w i l l r e t u r n t o the c a l l i n g p r o c e s s . 

"Modname" should p o i n t to the name of the d e s i r e d module. 
"Paramsize" i s the l e n g t h of the parameter s t r i n g which s h o u l d 
n o r m a l l y be t e r m i n a t e d w i t h a '\n', and "paramptr" p o i n t s t o 
the parameter s t r i n g . "Type" I s the module type a s found i n 
the h e a d e r ( n o r m a l l y 1 : program), and " l a n g " s h o u l d match the 
language n i b b l e i n the module header ( C programs have 1 f o r 
6809 machine code h e r e ) . " D a t a s i z e " may be z e r o , or i t may 
c o n t a i n the number of 256 byte pages to g i v e t o the new p r o c e s s 
as i n i t i a l a l l o c a t i o n of memory. 

DIAGNOSTICS 

- 1 w i l l be r e t u r n e d on e r r o r , or the ID number of the c h i l d 
p r o c e s s w i l l be r e t u r n e d on s u c c e s s . 
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Pause - h a l t and w a i t f o r i n t e r r u p t 

USAGE 

p a u s e ( ) 

ASSEMBLER EQUIVALENT 

os9 I $ S L E E P w i t h a v a l u e of 0 

DESCRIPTION 

Pause may be used to h a l t a t a s k u n t i l an I n t e r r u p t I s r e c e i v e d 
from " k i l l " . 

Pause a l w a y s r e t u r n s - 1 . 

SEE ALSO 

k i l l ( ) , s l g n a l ( ) OS-9 s h e l l command " k i l l " 
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P r e r r - p r i n t e r r o r message 

USAGE 

p r e r r ( f i l n u r a , e r r c o d e ) 

ASSEMBLER EQUIVALENT 

os9 F$PERR 

DESCRIPTION 

PRERR p r i n t s an e r r o r message on the output path as s p e c i f i e d 
by " f i l n u m " which must be the path number of an open f i l e . The 
message depends on " e r r c o d e " which w i l l n o r m a l l y be a s t a n d a r d 
OS-9 e r r o r code. 
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Read,Readln - r e a d from a f i l e 

USAGE 

read(pn,buf f e r , c o u n t ) 
c h a r * b u f f e r ; 

r e a d l n ( p n , b u f f e r , c o u n t ) 
c h a r * b u f f e r ; 

ASSEMBLER EQUIVALENT 

os9 I$READ 

os9 I$READLN 

DESCRIPTION 

The path number, "pn", i s an i n t e g e r which i s one of the 
s t a n d a r d path numbers 0, 1 , or 2, or the path number should 
have been r e t u r n e d by a s u c c e s s f u l c a l l to "open", " c r e a t " , or 
"dup". " B u f f e r " i s a p o i n t e r to space w i t h a t l e a s t "count" 
b y t e s of memory i n t o which re a d w i l l put the data from the 
f i l e . 

I t i s g u a r a n t e e d t h a t a t most "count" b y t e s w i l l be r e a d , but 
o f t e n l e s s w i l l be, e i t h e r because, f o r r e a d l n , the f i l e 
r e p r e s e n t s a t e r m i n a l and i n p u t s t o p s a t the end of a l i n e , or 
f o r both, e n d - o f - f i l e has been r e a c h e d . 

Readln c a u s e s " l i n e - e d i t i n g " s u c h a s e c h o i n g to t a k e p l a c e and 
r e t u r n s once the f i r s t "\n" i s encountered I n the i n p u t or the 
number of b y t e s r e q u e s t e d has been r e a d . Readln i s the 
p r e f e r r e d c a l l f o r r e a d i n g from the u s e r ' s t e r m i n a l . 

Read does not cause any such e d i t i n g . See the OS-9 manual f o r 
a f u l l e r d e s c r i p t i o n of the a c t i o n s of t h e s e c a l l s . 

DIAGNOSTICS 

Read and r e a d l n r e t u r n the number of b y t e s a c t u a l l y read (0 a t 
e n d - o f - f l l e ) o r - 1 f o r p h y s i c a l l / o e r r o r s , a bad path number, 
or a r i d i c u l o u s "count". 

NOTE t h a t e n d - o f - f i l e I s not c o n s i d e r e d an e r r o r , and no e r r o r 
I n d i c a t i o n i s r e t u r n e d . Zero I s r e t u r n e d on EOF. 

SEE ALSO 
o p e n ( ) , c r e a t ( ) , d u p ( ) 
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S b r k , I b r k - r e q u e s t a d d i t i o n a l working memory 

USAGE 

char * s b r k ( i n c r e a s e ) 
c h a r * i b r k ( i n c r e a s e ) 

DESCRIPTION 

Sbrk r e q u e s t s an a l l o c a t i o n from f r e e memory and r e t u r n s a 
p o i n t e r to I t s base. 

" S b r k ( ) " r e q u e s t s the system t o a l l o c a t e "new" memory from 
o u t s i d e the i n i t i a l a l l o c a t i o n . 

U s e r s s h o u l d r e a d the Memory Management s e c t i o n of t h i s manual 
fo r a f u l l e r e x p l a n a t i o n of the arrangement. 

I b r k r e q u e s t s memory from i n s i d e the i n i t i a l memory a l l o c a t i o n . 

DIAGNOSTICS 

Sbrk and i b r k r e t u r n - 1 i f the r e q u e s t e d amount of c o n t i g u o u s 
memory I s u n a v a i l a b l e . 
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S e t p r - s e t p r o c e s s p r i o r i t y 

USAGE 

s e t p r ( p i d , p r i o r i t y ) 

ASSEMBLER EQUIVALENT 

os9 F$SPRIOR 

DESCRIPTION 

SETPR s e t s the p r o c e s s i d e n t i f i e d by " p i d " ( p r o c e s s i d ) to have 
a p r i o r i t y of " p r i o r i t y " . The l o w e s t p r i o r i t y i s 0 and the 
h i g h e s t i s 255. 

DIAGNOSTICS 

The c a l l w i l l r e t u r n - 1 i f the p r o c e s s does not have the same 
u s e r i d as the c a l l e r . 
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Setime.Getime - Set and get s y s t e m time 

USAGE 

//include <time.h> 
s e t l m e ( b y f f e r ) 
g e t i m e ( b u f f e r ) 
s t r u c t s g t b u f * b u f f e r /* d e f i n e d i n time.h */ 

ASSEMBLER EQUIVALENT 

os9 F$STIME 
os9 G$GTIME 

DESCRIPTION 

GETIME r e t u r n s system time i n b u f f e r . 
SETIME s e t s s y s t e m time from b u f f e r . 
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S e t u i d - s e t u s e r i d 

USAGE 

s e t u i d ( u i d ) 

ASSEMBLER EQUIVALENT 

os9 F$SUSER 

DESCRIPTION 

T h i s c a l l may be u s e d t o s e t t h e u s e r i d f o r t h e c u r r e n t t a s k . 
S e t u i d o n l y w o r k s i f t h e c a l l e r i s t h e s u p e r u s e r ( u s e r i d 0 ) . 

DIAGNOSTICS 

Ze r o i s r e t u r n e d f r o m a 
e r r o r . 

SEE ALSO 

g e t u i d ( ) 

s u c c e s s f u l c a l l , and - 1 i s r e t u r n e d on 
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S e t s t a t - s e t f i l e s t a t u s 

USAGE 

//include < s g s t a t . h > 
s e t s t a t ( c o d e , f i l e n u m , b u f f e r ) 
c h a r * b u f f e r ; 

s e t s t a t ( c o d e , f i l e n u m , s i z e ) 
long s i z e ; 

ASSEMBLER EQUIVALENT 

os9 F$SETSTT 

DESCRIPTION 

For a d e t a i l e d e x p l a n a t i o n of t h i s c a l l , see the OS-9 System 
Programmer's Manual. 

"Filenum" must be the path number of a c u r r e n t l y open f i l e . 
The o n l y v a l u e s f o r code a t t h i s time a r e 0 and 2. When "code" 
i s 0, " b u f f e r " s h o u l d be the a d d r e s s of a 32 byte s t r u c t u r e 
which i s w r i t t e n t o the o p t i o n s e c t i o n of the path d e s c r i p t o r 
of the f i l e . The header f i l e c o n t a i n s d e f i n i t i o n s of v a r i o u s 
s t r u c t u r e s m a i n t a i n e d by OS-9 f o r use by the programmer. When 
code i s 2, " s i z e " s h o u l d be a long i n t e g e r s p e c i f y i n g the new 
f i l e s i z e . 

/* code 0 */ 

/* code 2 */ 
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S i g n a l - c a t c h or i g n o r e i n t e r r u p t s 

USAGE 

//include < s i g n a l . h > 

( * s i g n a l ( i n t e r r u p t . a d d r e s s ) ) ( ) 
( * a d d r e s s ) ( ) ; 

(Which m e a n s : " s i g n a l " r e t u r n s a p o i n t e r to a f u n c t i o n , 
" a d d r e s s " i s a p o i n t e r to a f u n c t i o n . ) 

DESCRIPTION 

T h i s c a l l i s a comprehensive method o f c a t c h i n g or i g n o r i n g 
s i g n a l s s e n t t o the c u r r e n t p r o c e s s . N o t i c e t h a t " k i l l ( ) " does 
the s e n d i n g of s i g n a l s , and " s i g n a l ( ) " does the c a t c h i n g . 

Normally, a s i g n a l s e n t t o a p r o c e s s c a u s e s i t to t e r m i n a t e 
w i t h the s t a t u s of the s i g n a l . I f , i n advance of the 
a n t i c i p a t e d s i g n a l , t h i s system c a l l i s used, the program has 
the c h o i c e of i g n o r i n g the s i g n a l or d e s i g n a t i n g a f u n c t i o n to 
be e x e c u t e d when i t i s r e c e i v e d . D i f f e r e n t f u n c t i o n s may be 
d e s i g n a t e d f o r d i f f e r e n t s i g n a l s . 

The v a l u e s f o r " a d d r e s s " have the f o l l o w i n g meanings: 

0 « r e s e t to the d e f a u l t i . e . a b o r t when r e c e i v e d 
1 = i g n o r e ; t h i s w i l l a p p l y u n t i l r e s e t to another 
v a l u e 
O t h e r w i s e : taken to be the a d d r e s s of a C f u n c t i o n which 
i s to be e x e c u t e d on r e c e i p t of the s i g n a l . 

I f t he l a t t e r c a s e i s chosen, when the s i g n a l i s r e c e i v e d by 
the p r o c e s s the " a d d r e s s " i s r e s e t to 0, the d e f a u l t , before 
the f u n c t i o n i s e x e c u t e d . T h i s means t h a t i f the next s i g n a l 
r e c e i v e d s h ould be caught then a n o t h e r c a l l to " s i g n a l ( ) " 
s h o u l d be fnade immediately. T h i s i s n o r m a l l y the f i r s t a c t i o n 
t a k e n by the " I n t e r r u p t " f u n c t i o n . The f u n c t i o n may a c c e s s the 
s i g n a l number which caused i t s e x e c u t i o n by l o o k i n g a t i t s 
argument. On completion of t h i s f u n c t i o n the program resumes 
at the p o i n t a t which i t was " i n t e r r u p t e d " by the s i g n a l . 

An example s h o u l d h e l p to c l a r i f y a l l t h i s . Suppose a program 
needs to c r e a t e a temporary f i l e which s h o u l d be d e l e t e d b e f o r e 
e x i t i n g . The body of the program might c o n t a i n fragments l i k e 
t h i s : 

pn = c r e a t ( " t e m p " , 3 ) ; /* c r e a t e a temporary f i l e */ 
s i g n a l ( 2 , i n t r u p t ) ; /* e n s u r e t i d y i n g up */ 
s i g n a l ( 3 , i n t r u p t ) ; 
w r i t e ( p n , s t r i n g , c o u n t ) ; /* w r i t e t o temporary f i l e */ 
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c l o s e ( p n ) ; /* f i n i s h e d w r i t i n g */ 
u n l i n k ( " t e m p " ) ; /* d e l e t e i t */ 
e x i t ( O ) ; /* normal e x i t */ 

The c a l l to " s i g n a l ( ) " w i l l e n s u r e t h a t i f a keyboard or q u i t 
s i g n a l i s r e c e i v e d then the f u n c t i o n " i n t r u p t Q " w i l l be 
executed and t h i s might be w r i t t e n : 

i n t r u p t ( s i g ) 
{ 
c l o s e ( p n ) ; 
u n l i n k ( " t e m p " ) ; 
e x i t ( s i g ) ; 

} 

/* c l o s e i t i f open */ 
/* d e l e t e i t */ 
/* r e c e i v e d s i g n a l as e x i t 

s t a t u s * / 

I n t h i s c a s e , as the f u n c t i o n w i l l be e x i t i n g b e f o r e a n o t h e r 
s i g n a l i s r e c e i v e d , i t i s u n n e c e s s a r y to c a l l " s i g n a l ( ) " a g a i n 
to r e s e t i t s p o i n t e r . Note t h a t e i t h e r the f u n c t i o n 
" i n t r u p t ( ) M should appear i n the s o u r c e code b e f o r e the c a l l to 
" s i g n a l ( ) " , o r i t s h o u l d be p r e - d e c l a r e d . 

The s i g n a l s used by OS-9 a r e d e f i n e d i n the header f i l e as 
f o l l o w s : 

/* OS-9 s i g n a l s */ 
//define S I G K I L L 0 

//define 
//define 
//define 

SIGWAKE 
SIGQUIT 
SIGINT 

/* s y s t e m a b o r t ( c a n n o t be caught or 
i g n o r e d ) * / 

/* wake up */ 
/* keyboard a b o r t */ 
/* keyboard i n t e r r u p t */ 

/* s p e c i a l a d d r e s s e s */ 
//define SIG_DFL 0 /* r e s e t to d e f a u l t */ 
//define SIG_IGN 1 /* i g n o r e */ 

P l e a s e note t h a t t h e r e i s a n o t h e r method of t r a p p i n g s i g n a l s , 
namely " i n t e r c e p t ( ) " ( q . v . ) . However, s i n c e " s i g n a l ( ) " and 
" i n t e r c e p t ( ) " a r e m u t u a l l y i n c o m p a t i b l e , c a l l s t o both of them 
must not appear i n the same program. The l i n k - l o a d e r w i l l 
p revent the c r e a t i o n of an e x e c u t a b l e program i n which both a r e 
c a l l e d by a b o r t i n g w i t h an " e n t r y name c l a s h " e r r o r f o r 
" _ s i g i n t " . 

SEE ALSO 

i n t e r c e p t ( ) OS-9 s h e l l command " k i l l " k i l l ( ) 
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S t a c k s i z e , Freemem - o b t a i n s t a c k r e s e r v a t i o n s i z e 

USAGE 

s t a c k s i z e ( ) 
f r e e m e m ( ) 

DESCRIPTION 

F o r a d e s c r i p t i o n o f t h e meaning and u s e o f t h i s c a l l , t h e u s e r 
i s r e f e r r e d t o t h e Memory Management s e c t i o n o f t h i s m a n u a l . 

I f t h e s t a c k c h e c k code i s i n e f f e c t , a c a l l t o s t a c k s i z e w i l l 
r e t u r n t h e maximum number o f b y t e s o f s t a c k u s e d a t t h e t i m e o f 
t h e c a l l . T h i s c a l l c a n be u s e d t o d e t e r m i n e t h e s t a c k s i z e 
r e q u i r e d by a program. 

Freemem() w i l l r e t u r n t h e number o f b y t e s o f t h e s t a c k t h a t h a s 
not been u s e d . 

SE E ALSO 

i b r k ( ) , s b r k ( ) , f r e e r a e m ( ) G l o b a l v a r i a b l e "memend" and v a l u e 
"end". 
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S t r a s s - byte by byte copy 

USAGE 

_ s t r a s s ( s l , s 2 , c o u n t ) 
c h a r * s l , * s 2 ; 

DESCRIPTION 

U n t i l s u c h time a s the c o m p i l e r can d e a l w i t h s t r u c t u r e 
assignment, t h i s f u n c t i o n i s u s e f u l f o r c o p y i n g one s t r u c t u r e 
to a n o t h e r . 

"Count" b y t e s a r e c o p i e d from memory l o c a t i o n a t " s 2 " to memory 
at " s i " r e g a r d l e s s of the c o n t e n t s . 
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T s l e e p - put p r o c e s s t o s l e e p 

USAGE 

t s l e e p ( t i c k s ) 

ASSEMBLER EQUIVALENT 

os9 F$SLEEP 

DESCRIPTION 

T s l e e p d e a c t i v a t e s the c a l l i n g p r o c e s s f o r a s p e c i f i e d number 
of s y s t e m " t i c k s " or i n d e f i n i t e l y i f " t i c k s " i s z e r o . A t i c k 
i s s ystem dependent but i s u s u a l l y 100ms. 

Fo r a f u l l e r d e s c r i p t i o n of t h i s c a l l , see the OS-9 System 
Programmer's Manual. 
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U n l i n k - remove d i r e c t o r y e n t r y 

USAGE 

u n l i n k ( f n a m e ) 

ASSEMBLER EQUIVALENT 

os9 I$DELETE 

DESCRIPTION 

U n l i n k d e l e t e s the d i r e c t o r y e n t r y whose name i s p o i n t e d to by 
"fname". I f the e n t r y was the l a s t l i n k to the f i l e , the f i l e 
i t s e l f i s d e l e t e d and the d i s c space o c c u p i e d made a v a i l a b l e 
f o r r e - u s e . I f , however, the f i l e i s open, i n any a c t i v e t a s k , 
the d e l e t i o n o f the a c t u a l f i l e i s d e l a y e d u n t i l the f i l e i s 
c l o s e d . 

ERRORS 

Zero i s r e t u r n e d from a s u c c e s s f u l c a l l , - 1 i f the f i l e does 
not e x i s t , i f i t s d i r e c t o r y i s w r i t e - p r o t e c t e d , or cannot be 
s e a r c h e d , i f the f i l e i s a non-empty d i r e c t o r y or a d e v i c e . 

SEE ALSO 

OS-9 command " k i l l " l l n k ( ) 
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Wait - w a i t f o r t a s k t e r m i n a t i o n 

USAGE 

w a i t ( s t a t u s ) i n t * s t a t u s ; 

w a i t ( O ) 

ASSEMBLER EQUIVALENT 

os9 F$WAIT 

DESCRIPTION 

Wait i s used to h a l t the c u r r e n t t a s k u n t i l a c h i l d t a s k has 
t e r m i n a t e d . 

The c a l l r e t u r n s the t a s k i d of the t e r m i n a t i n g t a s k and p l a c e s 
the s t a t u s of t h a t t a s k i n the i n t e g e r p o i n t e d to by " s t a t u s " 
u n l e s s " s t a t u s " i s 0. A w a i t must be e x e c u t e d f o r each c h i l d 
t a s k spawned. 

The s t a t u s w i l l c o n t a i n the argument of the " e x i t " or " _ e x i t " 
c a l l i n the c h i l d t a s k or the s i g n a l number i f i t was 
i n t e r r u p t e d . A n o r m a l l y t e r m i n a t i n g C program w i t h no c a l l to 
" e x i t " or " e x i t " has an i m p l i e d c a l l of " e x i t ( O ) " . 

CAVEATS 

NOTE t h a t the s t a t u s i s the OS-9 s t a t u s code and i s not 
com p a t i b l e w i t h codes on o t h e r s y s t e m s . 

DIAGNOSTICS 

- 1 i s r e t u r n e d i f t h e r e i s no c h i l d t o be w a i t e d f o r . 

SEE ALSO 

f o r k ( ) , s i g n a l ( ) , e x i t ( ) , _ e x i t ( ) 
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W r i t e , W r i t e l n - w r i t e to a f i l e or d e v i c e 

USAGE 

w r i t e ( p n , b u f f e r , c o u n t ) c h a r * b u f f e r ; 

w r i t e l n ( p n , b u f f e r , c o u n t ) c h a r * b u f f e r ; 

ASSEMBLER EQUIVALENT 

os9 I$WRITE 

os9 I$WRITLN 

DESCRIPTION 

"Pn" must be a v a l u e r e t u r n e d by "open", " c r e a t " or "dup" or 
should be a O ( s t d i n ) , l ( s t d o u t ) , or 2 ( s t d e r r ) . 

" B u f f e r " s h o u l d p o i n t to an a r e a of memory from which "count" 
bytes a r e to be w r i t t e n . W r i t e r e t u r n s the a c t u a l number of 
bytes w r i t t e n , and i f t h i s i s d i f f e r e n t from "count", an 
e r r o r has o c c u r r e d . 

W r i t e s i n m u l t i p l e s of 256 b y t e s to f i l e o f f s e t b o u n d a r i e s of 
256 bytes a r e the most e f f i c i e n t . 

W rite c a u s e s no " l i n e - e d i t i n g " to o c c u r on o u t p u t . W r i t e l n 
c a u s e s l i n e - e d i t i n g and o n l y w r i t e s up to the f i r s t "\n" i n the 
b u f f e r i f t h i s i s found b e f o r e "count" i s e x h a u s t e d . For a 
f u l l d e s c r i p t i o n of the a c t i o n s of t h e s e c a l l s t h e , r e a d e r i s 
r e f e r r e d to the OS-9 documentation. 

DIAGNOSTICS 

-1 i s r e t u r n e d i f "pn" i s a bad path number, i f "count" i s 
r i d i c u l o u s or on p h y s i c a l i / o e r r o r . 

SEE ALSO 

c r e a t ( ) , o p e n ( ) 
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INTRODUCTION TO THE C STANDARD LIBRARY 

The Standard L i b r a r y c o n t a i n s f u n c t i o n s which f a l l i n t o two 
c l a s s e s : h i g h - l e v e l I/O and c o n v e n i e n c e . 

The h i g h - l e v e l I/O f u n c t i o n s p r o v i d e f a c i l i t i e s t h a t a r e 
normally c o n s i d e r e d p a r t of the d e f i n i t i o n o f o t h e r languages; f o r 
example, the FORMAT "s t a t e m e n t " of F o r t r a n . I n a d d i t i o n , a u t o m a t i c 
b u f f e r i n g of I/O c h a n n e l s improves the speed of f i l e a c c e s s because 
fewer system c a l l s a r e n e c e s s a r y . 

The h i g h - l e v e l I/O f u n c t i o n s s h o u l d not be c o n f u s e d w i t h the 
l o w - l e v e l system c a l l s w i t h s i m i l a r names. Nor s h o u l d " f i l e 
p o i n t e r s " be c o n f u s e d w i t h "path numbers". The s t a n d a r d l i b r a r y 
f u n c t i o n s m a i n t a i n a s t r u c t u r e f o r e a c h f i l e open t h a t h o l d s s t a t u s 
i n f o r m a t i o n and a p o i n t e r i n t o the f i l e s b u f f e r . A u s e r program 
uses a p o i n t e r to t h i s s t r u c t u r e a s the " i d e n t i t y " of the f i l e 
(which i s p r o v i d e d by " f o p e n ( ) " ) , and p a s s e s i t to the v a r i o u s 
I/O f u n c t i o n s . The I/O f u n c t i o n s w i l l make the l o w - l e v e l system 
c a l l s when n e c e s s a r y . 

USING A F I L E POINTER IN A SYSTEM CALL, OR A PATH NUMBER IN A 
STANDARD LIBRARY CALL, i s a common m i s t a k e among b e g i n n e r s t o C and, 
i f made, w i l l be s u r e to CRASH YOUR PROGRAM. 

The convenience f u n c t i o n s i n c l u d e f a c i l i t i e s f o r c o p y i n g , 
comparing, and c o n c a t e n a t i n g s t r i n g s , c o n v e r t i n g numbers to s t r i n g s , 
and doing the e x t r a work i n a c c e s s i n g system i n f o r m a t i o n such as the 
time. 

I n the pages which f o l l o w , the f u n c t i o n s a v a i l a b l e a r e 
d e s c r i b e d i n terms of what they do and the parameters t h e y e x p e c t . 
The "USAGE" s e c t i o n shows the name of the f u n c t i o n and the type 
r e t u r n e d ( i f not i n t ) . The d e c l a r a t i o n of arguments a r e shown a s 
they would be w r i t t e n i n the f u n c t i o n d e f i n i t i o n to i n d i c a t e the 
types expected by the f u n c t i o n . I f i t i s n e c e s s a r y to i n c l u d e a 
f i l e b e fore the f u n c t i o n can be used, i t i s shown i n the "USAGE" 
s e c t i o n by "//include <filename>". 

Most of the header f i l e s t h a t a r e r e q u i r e d to he i n c l u d e d , must 
r e s i d e i n the "DEFS" d i r e c t o r y on the d e f a u l t s y s t e m d r i v e . I f the 
f i l e i s I n c l u d e d i n the s o u r c e program u s i n g a n g l e b r a c k e t 
d e l i m i t e r s i n s t e a d of the u s u a l double q u o t e s , the c o m p i l e r w i l l 
append t h i s path name to the f i l e name. F o r example, "//include 
<stdio.h>" i s e q u i v a l e n t to "//include /dO/def s / s t d i o . h", i f "/dO" i s 
the path name of the d e f a u l t system d r i v e . 

PLEASE NOTE t h a t i f the type of the v a l u e r e t u r n e d by a 
f u n c t i o n i s not INT, you s h o u l d make a p r e - d e c l a r a t i o n i n your 
program before c a l l i n g i t . F o r example, i f you w i s h to use 
" a t o f ( ) M , you should p r e - d e c l a r e by h a v i n g "double a t o f ( ) ; " 
somewhere i n your program b e f o r e a c a l l to i t . Some f u n c t i o n s 
which have a s s o c i a t e d header f i l e s i n the DEFS d i r e c t o r y t h a t 
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should be i n c l u d e d , w i l l be p r e - d e c l a r e d f o r you i n the header. An 
example of t h i s i s " f t e l l ( ) " which i s p r e - d e c l a r e d i n " s t d i o . h " . I f 
you a r e i n any doubt, r e a d the header f i l e . 
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A t o f , A t o i , A t o l - A S C I I to number c o n v e r s i o n s 

USAGE 

double a t o f ( p t r ) 
c h a r * p t r ; 

long a t o l ( p t r ) 
c h a r * p t r ; 

i n t a t o i ( p t r ) 
c h a r * p t r ; 

DESCRIPTION 

C o n v e r s i o n s of the s t r i n g p o i n t e d to by " p t r " to the r e l e v a n t 
number type a r e c a r r i e d out by th e s e f u n c t i o n s . They c e a s e to 
co n v e r t a number when the f i r s t u n r e c o g n i z e d c h a r a c t e r i s 
encountered. 

Each s k i p s l e a d i n g s p a c e s and t a b c h a r a c t e r s . A t o f ( ) 
r e c o g n i z e s an o p t i o n a l s i g n f o l l o w e d by a d i g i t s t r i n g t h a t 
c o u l d p o s s i b l y c o n t a i n a d e c i m a l p o i n t , then an o p t i o n a l "e" 
or "E", an o p t i o n a l s i g n and a d i g i t s t r i n g . A t o l ( ) and a t o i ( ) 
r e c o g n i z e an o p t i o n a l s i g n and a d i g i t s t r i n g . 

CAVEATS 

Overflow c a u s e s u n p r e d i c t a b l e r e s u l t s . There a r e no e r r o r 
i n d i c a t i o n s . 
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F f l u s h . F c l o s e - f l u s h or c l o s e a f i l e 

USAGE 

//include < s t d i o . h > 

f f l u s h ( f p ) 
F I L E * f p ; 

f c l o s e ( f p ) 
F I L E * f p ; 

DESCRIPTION 

F f l u s h c a u s e s a b u f f e r a s s o c i a t e d w i t h the f i l e p o i n t e r " f p " 
to be c l e a r e d by w r i t i n g out to the f i l e ; of c o u r s e , o n l y i f 
the f i l e was opened f o r w r i t e or update. I t i s not no r m a l l y 
n e c e s s a r y to c a l l f f l u s h , but i t can be u s e f u l when, f o r 
example, normal output I s to " s t d o u t " , and i t i s wished to 
send something to " s t d e r r " which i s u n b u f f e r e d . I f f f l u s h 
were not used and " s t d o u t " r e f e r r e d to the t e r m i n a l , the 
" s t d e r r " message w i l l appear b e f o r e l a r g e chunks of the 
" s t d o u t " message even though the l a t t e r was w r i t t e n f i r s t . 

F c l o s e c a l l s f f l u s h t o c l e a r out the b u f f e r a s s o c i a t e d w i t h 
" f p " , c l o s e s the f i l e , and f r e e s the b u f f e r f o r use by another 
fopen c a l l . 

The e x i t ( ) system c a l l and normal t e r m i n a t i o n of a program 
c a u s e s f c l o s e t o be c a l l e d f o r ea c h open f i l e . 

SEE ALSO 

System c a l l c l o s e ( ) , f o p e n ( ) , s e t b u f ( ) . 

DIAGNOSTICS 

EOF i s r e t u r n e d i f " f p " does not r e f e r to an output f i l e or 
t h e r e i s an e r r o r on w r i t i n g to the f i l e . 
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F e o f . F e r r o r . C l e a r e r r , F i l e n o - r e t u r n s t a t u s i n f o r m a t i o n of f i l e s 

USAGE 

//include <stdio.h> 

f e o f ( f p ) 
F I L E * f p ; 

f e r r o r ( f p ) 
F I L E * f p ; 

c l e a r e r r ( f p ) 
F I L E * f p ; 

f i l e n o ( f p ) 
F I L E * f p ; 

DESCRIPTION 

Feof r e t u r n s non-zero i f the f i l e a s s o c i a t e d w i t h " f p " has 
reached i t s end. Zero i s r e t u r n e d on e r r o r . 

F e r r o r r e t u r n s non-zero i f an e r r o r c o n d i t i o n o c c u r s on a c c e s s 
to the f i l e " f p " ; zer o i s r e t u r n e d o t h e r w i s e . The e r r o r 
c o n d i t i o n p e r s i s t s , p r e v e n t i n g f u r t h e r a c c e s s t o the f i l e by 
oth e r Standard L i b r a r y f u n c t i o n s , u n t i l the f i l e i s c l o s e d , 
o r i t i s c l e a r e d by c l e a r e r r . 

C l e a r e r r r e s e t s the e r r o r c o n d i t i o n on the f i l e " f p " . T h i s 
does NOT " f i x " the f i l e or prev e n t the e r r o r from o c c u r r i n g 
a g a i n ; i t merely a l l o w s S t a n d a r d L i b r a r y f u n c t i o n s a t l e a s t to 
t r y . 

CAVEATS 

These f u n c t i o n s a r e a c t u a l l y macros t h a t a r e d e f i n e d i n 
"<stdio.h>" so t h e i r names cannot r e d e c l a r e d . 

SEE ALSO 

System c a l l o p e n ( ) , f o p e n ( ) . 
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F i n d s t r , F i n d n s t r - s t r i n g s e a r c h 

USAGE 

f i n d s t r ( p o s . s t r i n g , p a t t e r n ) 
c h a r * s t r i n g , * p a t t e r n ; 

f i n d n s t r ( p o s , s t r i n g , p a t t e r n , s i z e ) 
c h a r * s t r i n g , * p a t t e r n ; 

DESCRIPTION 

These f u n c t i o n s s e a r c h the s t r i n g p o i n t e d to by " s t r i n g " f o r 
the f i r s t i n s t a n c e of the p a t t e r n p o i n t e d to by " p a t t e r n " 
s t a r t i n g a t p o s i t i o n "pos" (where the f i r s t p o s i t i o n i s 1 not 
0 ) . The r e t u r n e d v a l u e i s the p o s i t i o n of the f i r s t matched 
c h a r a c t e r of the p a t t e r n i n the s t r i n g or zer o i f a match i s 
not found. 

F i n d s t r s t o p s s e a r c h i n g the s t r i n g when a n u l l b y t e i s found i n 
" s t r i n g " . 

F i n d n s t r o n l y s t o p s s e a r c h i n g a t p o s i t i o n "pos" + " l e n " so i t 
may c o n t i n u e p a s t n u l l b y t e s . 

CAVEATS 

The c u r r e n t i mplementation does not use the most e f f i c i e n t 
a l g o r i t h m f o r p a t t e r n matching so t h a t use on v e r y long s t r i n g s 
i s l i k e l y to be somewhat s l o w e r than i t might be. 

SEE ALSO 

i n d e x ( ) , r i n d e x . 
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Fopen - open a f i l e and r e t u r n a f i l e p o i n t e r 

USAGE 

//include < stdio.h> 

F I L E * f o p e n ( f i l e n a m e , a c t i o n ) 
c h a r * f i l e n a m e , * a c t i o n ; 

F I L E * f r e o p e n ( f i l e n a m e . a c t i o n , s t r e a k ) 
c h a r * f i l e n a m e , * a c t i o n ; 
F I L E *stream; 

F I L E * f d o p e n ( f i l e d e s . a c t i o n ) 
i n t f i l e d e s ; 
char * a c t i o n ; 

DESCRIPTION 

Fopen r e t u r n s a p o i n t e r to a f i l e s t r u c t u r e ( f i l e p o i n t e r ) i f 
the f i l e named i n the s t r i n g p o i n t e d to by " f i l e n a m e " can be 
v a l i d l y opened w i t h the a c t i o n i n the s t r i n g p o i n t e d to by 
" a c t i o n " . 

The v a l i d a c t i o n s a r e : 
r " open f o r r e a d i n g 

w" c r e a t e f o r w r i t i n g 

'a" a p p e n d ( w r i t e ) a t end of f i l e , or c r e a t e f o r 
w r i t i n g 

r + " open f o r update 

w+" c r e a t e f o r update 

a+" c r e a t e or open f o r update a t end of f i l e 

d" d i r e c t o r y r e a d 

Any a c t i o n may have an "x" a f t e r the i n i t i a l l e t t e r which 
i n d i c a t e s to " f o p e n ( ) M t h a t i t s h o u l d look i n the c u r r e n t 
e x e c u t i o n d i r e c t o r y i f a f u l l path name i s not g i v e n , and 
the x a l s o s p e c i f i e s t h a t the f i l e s h o u l d have e x e c u t e 
p e r m i s s i o n . 

E.g. f = f o p e n ( " f r e d " , " w x " ) ; 

Opening f o r w r i t e w i l l perform a " c r e a t O " . I f a f i l e w i t h the 
same name e x i s t s when the f i l e i s opened f o r w r i t e , i t w i l l be 
t r u n c a t e d to zer o l e n g t h . Append means open f o r w r i t e and 
p o s i t i o n t o the end of the f i l e . W r i t e s t o the f i l e v i a 
" p u t c Q " e t c . w i l l extend the f i l e . Only i f the f i l e does not 
a l r e a d y e x i s t w i l l i t be c r e a t e d . 

Page 4 - 7 



MICROWARE C COMPILER USER'S GUIDE 
C STANDARD LIBRARY 

NOTE t h a t the type of a f i l e s t r u c t u r e i s p r e - d e f i n e d i n 
" s t d i o . h " as F I L E , so t h a t a u s e r program may d e c l a r e or d e f i n e 
a f i l e p o i n t e r by, f o r example, F I L E * f ; 

Three f i l e p o i n t e r s a r e a v a i l a b l e and can be c o n s i d e r e d open 
the moment the program r u n s : 

s t d i n the s t a n d a r d i n p u t - e q u i v a l e n t to path number 0 
st d o u t the s t a n d a r d output - e q u i v a l e n t t o path number 1 
s t d e r r s t a n d a r d e r r o r o u t p u t - e q u i v a l e n t t o path number 2 

A l l f i l e s a r e a u t o m a t i c a l l y b u f f e r e d e x c e p t s t d e r r , u n l e s s a 
f i l e i s made u n b u f f e r e d by a c a l l to s e t b u f ( ) ( q . v . ) . 

Freopen i s u s u a l l y used to a t t a c h s t d i n , s t d o u t , and s t d e r r t o 
s p e c i f i e d f i l e s . Freopen s u b s t i t u t e s the f i l e p assed to i t 
i n s t e a d of the open stream. The o r i g i n a l s t r e a m i s c l o s e d . 
NOTE t h a t the o r i g i n a l s t r e a m w i l l be c l o s e d even i f the open 
does not s u c c e e d . 

Fdopen a s s o c i a t e s a s t r e a m w i t h a f i l e d e s c r i p t o r . The streams 
t y p e ( r , w , a ) must be the same a s the mode of the open f i l e . 

CAVEATS 

The " a c t i o n " p a s s e d a s an argument t o fopen must be a p o i n t e r 
to a s t r i n g , NOT a c h a r a c t e r . F o r example 

fp = f o p e n ( " f r e d " , " r " ) ; i s c o r r e c t but 
fp = f o p e n ( " f r e d " , ' r ' ) ; I s not. 

DIAGNOSTICS 

Fopen r e t u r n s NULL ( 0 ) i f the c a l l was u n s u c c e s s f u l . 

SEE ALSO 

System c a l l o p e n ( ) F c l o s e Q 
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F r e a d , F w r i t e - r e a d / w r i t e b i n a r y d a t a 

USAGE 

//include <stdio.h> 

f r e a d ( p t r , s i z e , number, f p ) 
F I L E * f p ; 

f w r i t e ( p t r , s i z e , number, f p ) 
F I L E * f p ; 

DESCRIPTION 

Fread reads from the f i l e p o i n t e d to by " f p " . "Number" i s the 
number of items of s i z e " s i z e " t h a t a r e to be r e a d s t a r t i n g a t 
" p t r " . The b e s t way to pass the argument " s i z e " to f r e a d i s by 
u s i n g " s i z e o f " . F r e a d r e t u r n s the number of items a c t u a l l y 
r e a d . 

F w r i t e w r i t e s t o the f i l e p o i n t e d to by " f p " . "Number" i s the 
number o f items of s i z e " s i z e " r e a d i n g them from memory 
s t a r t i n g a t " p t r " . 

DIAGNOSTICS 

Both f u n c t i o n s r e t u r n O(NULL) a t end of f i l e or e r r o r . 

SEE ALSO 

System c a l l s r e a d ( ) , w r i t e ( ) . F o p e n ( ) , g e t c ( ) , p u t c ( ) , p r i n t f ( ) . 
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F s e e k , R e w i n d , F t e l l - p o s i t i o n i n a f i l e or r e p o r t c u r r e n t p o s i t i o n 

USAGE 

//Include < s t d l o . h > 

f s e e k ( f p , o f f s e t , p l a c e ) 
F I L E * f p ; 
long o f f s e t ; 

r e w i n d ( f p ) 
F I L E * f p ; 

l o n g f t e l l ( f p ) 
F I L E * f p ; 

DESCRIPTION 

Fseek r e p o s i t i o n s the nex t c h a r a c t e r p o s i t i o n of a f i l e f o r 
e i t h e r r e a d or w r i t e . The new p o s i t i o n I s a t " o f f s e t " bytes 
from the b e g i n n i n g of the f i l e I f " p l a c e " I s 0, the c u r r e n t 
p o s i t i o n i f I , or the end i f 2. F s e e k s o r t s out the s p e c i a l 
problems of b u f f e r i n g . 

NOTE t h a t u s i n g " l s e e k ( ) M on a b u f f e r e d f i l e w i l l produce 
u n p r e d i c t a b l e r e s u l t s . 

Rewind I s e q u i v a l e n t to " f s e e k ( f p , 0 1 , 0 ) " . 

F t e l l r e t u r n s t h e c u r r e n t p o s i t i o n , measured i n b y t e s , from the 
b e g i n n i n g of the f i l e p o i n t e d to by " f p " . 

DIAGNOSTICS 

Fs e e k r e t u r n s - 1 I f the c a l l i s I n v a l i d . 

SEE ALSO 

System c a l l • l s e e k ( ) . 
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Get c , G e t c h a r - r e t u r n n e x t c h a r a c t e r t o be r e a d from a f i l e 

USAGE 

//include < stdlo.h> 

i n t g e t c ( f p ) 
F I L E * f p ; 

i n t g e t c h a r ( ) 

i n t g e t w ( f p ) 
F I L E * f p ; 

DESCRIPTION 

Getc r e t u r n s the nex t c h a r a c t e r from the f i l e p o i n t e d to by 
- f p " . 

G e t char i s e q u i v a l e n t to " g e t c ( s t d l n ) " . 

Getw r e t u r n s the nex t two b y t e s from the f i l e a s an I n t e g e r . 

Under OS-9 t h e r e I s a c h o i c e of s e r v i c e r e q u e s t s to use when 
r e a d i n g from a f i l e . " R e a d ( ) " w i l l get c h a r a c t e r s up to a 
s p e c i f i e d number i n "raw" mode I . e . no e d i t i n g w i l l t a k e 
p l a c e on the I n p u t s t r e a m and the c h a r a c t e r s w i l l appear to the 
program e x a c t l y as I n the f i l e . " R e a d l n O " , on the o t h e r 
hand, w i l l honor the v a r i o u s mappings of c h a r a c t e r s 
a s s o c i a t e d w i t h a S e r i a l C h a r a c t e r d e v i c e s u c h a s a t e r m i n a l 
and i n any c a s e w i l l r e t u r n t o the c a l l e r as soon as a c a r r i a g e 
r e t u r n I s s e e n on the i n p u t . 

I n the v a s t m a j o r i t y of c a s e s , i t I s p r e f e r a b l e t o use 
" r e a d l n ( ) " f o r a c c e s s i n g S e r i a l C h a r a c t e r d e v i c e s and " r e a d ( ) " 
f o r any o t h e r f i l e i n p u t . " G e t c ( ) " u s e s t h i s s t r a t e g y and, as 
a l l f i l e i n p u t u s i n g the Standard L i b r a r y f u n c t i o n s I s routed 
through " g e t c ( ) " , so do a l l the o t h e r i n p u t f u n c t i o n s . The 
c h o i c e I s made when the f i r s t c a l l to " g e t c ( ) " i s made a f t e r 
the f i l e has been opened. The system I s c o n s u l t e d f o r the 
s t a t u s of the f i l e and a f l a g b i t I s s e t i n the f i l e s t r u c t u r e 
a c c o r d i n g l y . The c h o i c e may be f o r c e d by the programmer by 
s e t t i n g the r e l e v a n t b i t b e f o r e a c a l l to " g e t c ( ) " . The f l a g 
b i t s a r e d e f i n e d i n "<stdlo.h>" a s "_SCF" and "_RBF" and the 
method i s as f o l l o w s : assuming t h a t the f i l e p o i n t e r f o r the 
f i l e , as r e t u r n e d by " f o p e n ( ) " i s f , 

f - > _ f l a g |= _SCF; 

w i l l f o r c e the use of " r e a d l n O " on I n p u t and 

f - > _ f l a g |= _RBF; 
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w i l l f o r c e the use of " r e a d Q " . T h i s t r i c k may be p l a y e d on 
the s t a n d a r d streams " s t d i n " , " s t d o u t " and " s t d e r r " w i t h o u t the 
need f o r c a l l i n g " f o p e n ( ) " but b e f o r e any i n p u t i s r e q u e s t e d 
from the stream. 

DIAGNOSTICS 

E O F ( - l ) i s r e t u r n e d f o r end of f i l e or e r r o r . 

SEE ALSO 

P u t c ( ) , f r e a d ( ) , f o p e n ( ) , g e t s ( ) , u n g e t c ( ) . 
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G e t s , F g e t s - i n p u t a s t r i n g 

USAGE 

//include < stdio.h> 

c h a r * g e t s ( s ) 
c h a r * s ; 

char * f g e t s ( s , n , f p ) 
c h a r * s ; 
F I L E * f p ; 

DESCRIPTION 

Fgets reads c h a r a c t e r s from the f i l e " f p " and p l a c e s them i n 
the b u f f e r p o i n t e d to by " s " up to a c a r r i a g e r e t u r n ( ' \ n ' ) but 
not more than "n" - 1 c h a r a c t e r s . A n u l l c h a r a c t e r i s appended 
to the end o f the s t r i n g . 

G ets i s s i m i l a r to f g e t s , but g e t s i s a p p l i e d t o " s t d i n " and no 
maximum i s s t i p u l a t e d and the '\n' i s r e p l a c e d by a n u l l . 

Both f u n c t i o n s r e t u r n t h e i r f i r s t arguments. 

CAVEATS 

The d i f f e r e n t treatment of the "n" by t h e s e f u n c t i o n s i s 
r e t a i n e d here f o r p o r t a b i l i t y r e a s o n s . 

DIAGNOSTICS 

Both f u n c t i o n s r e t u r n NULL on e n d - o f - f i l e or e r r o r . 

SEE ALSO 

P u t s ( ) , g e t c ( ) , s c a n f ( ) , f r e a d ( ) . 
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I s a l p h a , I s u p p e r , I s l o w e r , I s d i g i t , I s a l n u m , I s s p a c e , I s p u n c t , I s p r i n t , 
I s c n t r l , I s a s c i i - c h a r a c t e r c l a s s i f i c a t i o n 

USAGE 

//include <ctype.h> 

i s a l p h a ( c ) 

e t c . 

DESCRIPTION 

These f u n c t i o n s use t a b l e look-up t o c l a s s i f y c h a r a c t e r s 
a c c o r d i n g to t h e i r a s c i i v a l u e . The header f i l e d e f i n e s them 
as macros which means t h a t t h e y a r e implemented as f a s t , i n ­
l i n e code r a t h e r than s u b r o u t i n e s . 

Each r e s u l t s i n non-zero f o r t r u e or z e r o f o r f a l s e . 

The c o r r e c t v a l u e i s guar a n t e e d f o r a l l i n t e g e r v a l u e s i n 
i s a s c i i , but the r e s u l t i s u n p r e d i c t a b l e i n the o t h e r s i f the 
argument i s o u t s i d e the range - 1 to 127. 

The t r u t h t e s t e d by each f u n c t i o n i s as f o l l o w s : 

i s a l p h a c i s a l e t t e r 
i s d i g i t c i s a d i g i t 
i s u p p e r c i s an upper c a s e l e t t e r 
i s l o w e r c i s a lower c a s e l e t t e r 
i s a l n u m c i s a l e t t e r or a d i g i t 
i s s p a c e c i s a s p a c e , tab c h a r a c t e r , n e w l i n e , c a r r i a g e 

r e t u r n or formfeed 
i s c n t r l c i s a c o n t r o l c h a r a c t e r ( 0 to 32) or DEL (127) 
i s p u n c t c i s n e i t h e r c o n t r o l nor a l p h a - n u m e r i c 
i s p r i n t c i s p r i n t a b l e (32 to 126) 
i s a s c i i c i s i n the range - 1 to 127 
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L 3 t o l , L t o l 3 - c o n v e r t between long I n t e g e r s and 3-byte i n t e g e r s 

USAGE 

1 3 t o l ( l p , c p , n ) 
long * l p ; 
c h a r *cp; 

l t o l 3 ( c p , l p , n ) 
long * l p ; 
char *cp; 

DESCRIPTION 

C e r t a i n system v a l u e s , such a s d i s c a d d r e s s e s , a r e m a i n t a i n e d 
i n t h r e e - b y t e form r a t h e r than f o u r - b y t e ; t h e s e f u n c t i o n s 
enable a r i t h m e t i c to be used on them. 

L 3 t o l c o n v e r t s a v e c t o r o f "n" t h r e e - b y t e I n t e g e r s p o i n t e d to 
by "cp", i n t o a v e c t o r of long i n t e g e r s s t a r t i n g a t " l p " . 

L t o l 3 does the o p p o s i t e . 
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Longjmp,Setjmp - jump to ano t h e r f u n c t i o n 

USAGE 

i n c l u d e <setjmp.h> 

s e t j m p ( e n v ) 
jmp buf env; 

l o n g j m p ( e n v , v a l ) 
jmp buf env; 

DESCRIPTION 

These f u n c t i o n s a l l o w the r e t u r n o f program c o n t r o l d i r e c t l y to 
a h i g h e r l e v e l f u n c t i o n . They a r e most u s e f u l when d e a l i n g 
w i t h e r r o r s and I n t e r r u p t s e n countered i n a low l e v e l r o u t i n e . 

"Goto" i n C has scope o n l y i n the f u n c t i o n i n which i t I s 
used; i . e . the l a b e l which i s the o b j e c t of a "goto" may only 
be i n the same f u n c t i o n . C o n t r o l c a n o n l y be t r a n s f e r r e d 
e l s e w h e r e by means of the f u n c t i o n c a l l , w hich, of c o u r s e , 
r e t u r n s to the c a l l e r . I n c e r t a i n abnormal s i t u a t i o n s a 
programmer would p r e f e r t o be a b l e to s t a r t some s e c t i o n of 
code a g a i n , but t h i s would mean r e t u r n i n g up a l a d d e r of 
f u n c t i o n c a l l s w i t h e r r o r i n d i c a t i o n s a l l the way. 

Setjmp i s used to "mark" a p o i n t i n the program where a 
subsequent longjmp can r e a c h . I t p l a c e s i n the b u f f e r , d e f i n e d 
i n the header f i l e , enough i n f o r m a t i o n f o r longjmp to r e s t o r e 
the environment t o t h a t e x i s t i n g a t the r e l e v a n t c a l l to 
setjmp. 

Longjmp i s c a l l e d w i t h the environment b u f f e r a s an argument 
and a l s o , a v a l u e which can be used by the c a l l e r of setjmp a s , 
perhaps, an e r r o r s t a t u s . 

To s e t the sys t e m up, a f u n c t i o n w i l l c a l l setjmp to s e t up the 
b u f f e r , and i f the r e t u r n e d v a l u e i s z e r o , the program w i l l 
know t h a t the c a l l was the " f i r s t time through". I f , however, 
the r e t u r n e d v a l u e i s non-zero, i t must be a longjmp r e t u r n i n g 
from some deeper l e v e l of the program. 

NOTE t h a t the f u n c t i o n c a l l i n g setjmp must NOT HAVE RETURNED 
a t the time of c a l l i n g longjmp, and the environment b u f f e r must 
be d e c l a r e d GLOBALLY. 
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M a l l o c , F r e e , C a l l o c - memory a l l o c a t i o n 

USAGE 

char * m a l l o c ( s i z e ) 
unsigned s i z e ; 

f r e e ( p t r ) 
c har * p t r ; 

c h a r * c a l l o c ( n e l , e l s i z e ) 
unsigned n e l , e l s i z e ; 

DESCRIPTION 

Malloc r e t u r n s a p o i n t e r to a b l o c k of a t l e a s t " s i z e " f r e e 
b y t e s . 

F r e e r e q u i r e s a p o i n t e r to a b l o c k t h a t has been a l l o c a t e d by 
m a l l o c ; i t f r e e s the space t o be a l l o c a t e d a g a i n . 

C a l l o c a l l o c a t e s space f o r an a r r a y . Nel i s t h e number of 
elements i n the a r r a y , and e l s i z e i s the s i z e of each element. 
C a l l o c i n i t i a l i z e s the space t o z e r o . 

DIAGNOSTICS 

Ma l l o c , f r e e , and c a l l o c r e t u r n NULL(O) i f no f r e e memory can 
be found or i f t h e r e was an e r r o r . 
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Mktemp - c r e a t e unique temporary f i l e name 

USAGE 

c h a r *mktemp(name) 
c h a r *name; 

DESCRIPTION 

Mktemp may be used to en s u r e t h a t the name of a temporary f i l e 
i s unique i n the system and does not c l a s h w i t h any ot h e r f i l e 
name. 

"Name" must p o i n t to a s t r i n g whose l a s t f i v e c h a r a c t e r s a r e 
"X"; the Xs w i l l be r e p l a c e d w i t h the a s c i i r e p r e s e n t a t i o n of 
the t a s k i d . 

Fo r example, i f "name" p o i n t s t o "foo.XXXXX", and the t a s k i d 
i s 3 5 1 , the r e t u r n e d v a l u e p o i n t s a t the same p l a c e , but i t now 
ho l d s " f o o . 3 5 1 " . 

SEE ALSO 

System c a l l " g e t p i d ( ) " . 
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P r i n t f . F p r i n t f . S p r i n t f - f o r m a t t e d output 

USAGE 

//include <stdio.h> 

p r i n t f ( c o n t r o l [ , a r g O [ , a r g l . . ] ] ) 
ch a r * c o n t r o l ; 

f p r i n t f ( f p , c o n t r o l [ , a r g O [ , a r g l . . ] ] ) 
F I L E * f p ; 
char * c o n t r o l ; 

s p r l n t f ( s t r i n g , c o n t r o l [ , a r g O [ , a r g l . . ] ] ) 
s t r i n g [ ] ; 
char * c o n t r o l ; 

DESCRIPTION 

These t h r e e f u n c t i o n s a r e used to p l a c e numbers and s t r i n g s on 
the output i n form a t t e d , human r e a d a b l e form. 

F p r i n t f p l a c e s i t s output on the f i l e " f p " , p r i n t f on the 
st a n d a r d o u t p ut, and s p r i n t f i n the b u f f e r p o i n t e d to by 
" s t r i n g " . NOTE t h a t i t i s the u s e r ' s r e s p o n s i b i l i t y to e n s u r e 
t h a t t h i s b u f f e r i s l a r g e enough. 

The " c o n t r o l " s t r i n g d e t e r m i n e s the format, type, and number 
of the f o l l o w i n g arguments e x p e c t e d by the f u n c t i o n . I f the 
c o n t r o l does not match the arguments c o r r e c t l y , the r e s u l t s 
a r e u n p r e d i c t a b l e . 

The c o n t r o l may c o n t a i n c h a r a c t e r s to be c o p i e d d i r e c t l y to 
the output and/or format s p e c i f i c a t i o n s . E a c h format 
s p e c i f i c a t i o n c a u s e s the f u n c t i o n to take the nex t s u c c e s s i v e 
argument f o r output. 

A format s p e c i f i c a t i o n c o n s i s t s of a "X" c h a r a c t e r f o l l o w e d by 
( i n t h i s o r d e r ) : 

An o p t i o n a l minus s i g n ("-") t h a t means l e f t j u s t i f i c a t i o n 
i n the f i e l d . 

An o p t i o n a l s t r i n g of d i g i t s i n d i c a t i n g the f i e l d w i dth 
r e q u i r e d . The f i e l d w i l l be a t l e a s t t h i s wide and may be 
wider i f the c o n v e r s i o n r e q u i r e s i t . The f i e l d w i l l be 
padded on the l e f t u n l e s s the above minus s i g n i s p r e s e n t , 
i n which c a s e i t w i l l be padded on the r i g h t . The padding 
c h a r a c t e r i s , by d e f a u l t , a s p a c e , but i f the d i g i t s t r i n g 
s t a r t s w i t h a zer o ( " 0 " ) , i t w i l l be "0". 

An o p t i o n a l dot (".") and a d i g i t s t r i n g , the p r e c i s i o n , 
which f o r f l o a t i n g p o i n t arguments i n d i c a t e s the number 
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of d i g i t s t o f o l l o w the d e c i m a l p o i n t on c o n v e r s i o n , and 
f o r s t r i n g s , the maximum number o f c h a r a c t e r s from the 
s t r i n g argument a r e to be p r i n t e d . 

An o p t i o n a l c h a r a c t e r " 1 " i n d i c a t e s t h a t the f o l l o w i n g 
"d","x", or "o" i s the s p e c i f i c a t i o n o f a long i n t e g e r 
argument. NOTE t h a t i n o r d e r f o r the p r i n t i n g of long 
i n t e g e r s t o t a k e p l a c e , the s o u r c e code must have i n i t 
somewhere the statement p f l i n i t Q , which c a u s e s r o u t i n e s 
to be l i n k e d from the l i b r a r y . 

A c o n v e r s i o n c h a r a c t e r which shows the type of the 
argument and the d e s i r e d c o n v e r s i o n . The r e c o g n i z e d 
c o n v e r s i o n c h a r a c t e r s a r e : 

d,o,x,X The argument i s an i n t e g e r and the 
c o n v e r s i o n i s to d e c i m a l , o c t a l , or 
hex a d e c i m a l , r e s p e c t i v e l y . "X" p r i n t s hex 
and a l p h a i n upper c a s e . 

The argument i s an i n t e g e r and the 
c o n v e r s i o n i s t o an unsigned d e c i m a l i n 
the range 0 to 65535. 

The argument i s a double, and the form of 
the c o n v e r s i o n i s "[-Jnnn.nnn". Where the 
d i g i t s a f t e r the d e c i m a l p o i n t a r e 
s p e c i f i e d as above. I f not s p e c i f i e d , the 
p r e c i s i o n d e f a u l t s to s i x d i g i t s . I f the 
p r e c i s i o n i s 0, no d e c i m a l p o i n t or 
f o l l o w i n g d i g i t s a r e p r i n t e d . 

The argument i s a double and the form of 
the c o n v e r s i o n i s " { - ] n . n n n e ( + o r - ) n n " ; one 
d i g i t b e f o r e the d e c i m a l p o i n t , and the 
p r e c i s i o n c o n t r o l s the number f o l l o w i n g . 
"E" p r i n t s the "e" i n upper c a s e . 

The argument i s a double, and e i t h e r the 
" f " format or the "e" format i s chosen, 
w h i c h e v e r i s the s h o r t e s t . I f the "G" 
format i s used, the "e" i s p r i n t e d i n 
upper c a s e . 

NOTE i n each of the above double c o n v e r s i o n s , the l a s t d i g i t i s 
rounded. 

ALSO NOTE t h a t i n o r d e r f o r the p r i n t i n g of f l o a t s or doubles 
to t a k e p l a c e , the s o u r c e program MUST have the statement 
p f f i n i t ( ) somewhere. 

c The argument i s a c h a r a c t e r . 

e,E 

8.G 
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s The argument i s a p o i n t e r t o a s t r i n g . 
C h a r a c t e r s from the s t r i n g a r e p r i n t e d up 
to a n u l l c h a r a c t e r , o r u n t i l the number of 
c h a r a c t e r s i n d i c a t e d by the p r e c i s i o n have 
been p r i n t e d . I f the p r e c i s i o n i s 0 o r 
m i s s i n g , the c h a r a c t e r s a r e not counted. 

% No argument c o r r e s p o n d i n g ; "%" i s p r i n t e d . 

SEE ALSO 

Kernighan & R i t c h i e pages 145-147. P u t c ( ) , s c a n f ( ) . 
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Putc , P u t c h a r , P u t w - put c h a r a c t e r or word i n a f i l e 

USAGE 

//include < s t d l o . h > 

c h a r p u t c ( c h . f p ) 
c h a r ch; 
F I L E * f p ; 

c h a r p u t c h a r ( c h ) 
c h a r * c h ; 

putw(n.fp) 
F I L E * f p ; 

DESCRIPTION 

Putc adds the c h a r a c t e r "ch" to the f i l e " f p " a t the c u r r e n t 
w r i t i n g p o s i t i o n and advances the p o s i t i o n p o i n t e r . 

P u t c h a r i s implemented a s a macro ( d e f i n e d i n the header f i l e ) 
and i s e q u i v a l e n t to " p u t c ( c h , s t d o u t ) " . 

Putw adds the (two b y t e ) machine word "n" to the f i l e " f p " i n 
the manner of p u t c . 

Output v i a putc i s n o r m a l l y b u f f e r e d e x c e p t 
( a ) when the b u f f e r i n g i s d i s a b l e d by " s e t b u f ( ) M , and 
(b ) the s t a n d a r d e r r o r output i s a l w a y s u n b u f f e r e d . 

DIAGNOSTICS 

Putc and p u t c h a r r e t u r n the c h a r a c t e r argument from a 
s u c c e s s f u l c a l l , and EOF on e n d - o f - f i l e or e r r o r . 

SEE ALSO 

F o p e n ( ) , f c l o s e ( ) , f f l u s h ( ) , g e t c ( ) , p u t s ( ) . p r i n t f ( ) , f r e a d ( ) . 
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P u t s , F p u t s - put a s t r i n g on a f i l e 

USAGE 

//include <stdio.h> 

p u t s ( s ) 
c h a r * s ; 

f p u t s ( s , f p ) 
c h a r * s ; 
F I L E * f p ; 

DESCRIPTION 

Fputs c o p i e s the ( n u l l - t e r m i n a t e d ) s t r i n g p o i n t e d t o by " s " 
onto the f i l e " f p " . 

Puts c o p i e s the s t r i n g " s " onto the s t a n d a r d output and 
appends "\n". 

The t e r m i n a t i n g n u l l i s not c o p i e d by e i t h e r f u n c t i o n . 

CAVEATS 

The i n c o n s i s t e n c y of the n e w - l i n e b e i n g appended by puts and 
not by f p u t s i s d i c t a t e d by h i s t o r y and the d e s i r e f o r 
c o m p a t i b i l i t y . 
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Q s o r t - q u i c k s o r t 

USAGE 

q s o r t ( b a s e , n , s i z e , c o m p f u n c ) 
c h a r *base; 
i n t ( * c o m p f u n c ) ( ) ; /* which means: a p o i n t e r t o a f u n c t i o n 
r e t u r n i n g an i n t */ 

DESCRIPTION 

Qso r t implements the q u i c k - s o r t a l g o r i t h m f o r s o r t i n g an 
a r b i t r a r y a r r a y of i t e m s . 

"Base" i s the a d d r e s s of the a r r a y o f "n" i t e m s of s i z e " s i z e " . 
"Compfunc" i s a p o i n t e r to a comparison r o u t i n e s u p p l i e d by 
the u s e r . I t w i l l be c a l l e d by q s o r t w i t h two p o i n t e r s to 
items i n the a r r a y f o r comparison and sh o u l d r e t u r n an i n t e g e r 
which i s l e s s t h a n , e q u a l t o , o r g r e a t e r than 0 where, 
r e s p e c t i v e l y , the f i r s t i t e m i s l e s s t h a n , e q u a l t o , o r g r e a t e r 
than the second. 
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S c a n f . F s c a n f . S s c a n f - i n p u t s t r i n g i n t e r p r e t a t i o n 

USAGE 

//include <stdio.h> 

f s c a n f ( f p , c o n t r o l , [ . p o i n t e r . . . ] ) 
F I L E * f p ; 
c h a r * c o n t r o l ; 

s c a n f ( c o n t r o l [ . p o i n t e r . . . ] ) 
c h a r * c o n t r o l ; 

s s c a n f ( s t r i n g , c o n t r o l [ . p o i n t e r . . . ] ) 
c h a r * s t r i n g , * c o n t r o l ; 

DESCRIPTION 

These f u n c t i o n s perform the complement t o " p r i n t f ( ) " e t c . 

F s c a n f performs c o n v e r s i o n s from the f i l e " f p " , s c a n f from the 
st a n d a r d i n p u t , and s s c a n f from the s t r i n g p o i n t e d t o by 
" s t r i n g " . 

Each f u n c t i o n e x p e c t s a c o n t r o l s t r i n g c o n t a i n i n g c o n v e r s i o n 
s p e c i f i c a t i o n s , and z e r o o r more p o i n t e r s t o o b j e c t s i n t o which 
the c o n v e r t e d v a l u e s a r e s t o r e d . 

The c o n t r o l s t r i n g may c o n t a i n t h r e e t y p e s of f i e l d s : 
( a ) S p a c e s , tab c h a r a c t e r s , o r "\n" which match any of 

the t h r e e i n the i n p u t . 
( b ) C h a r a c t e r s not among the above and not "%" which must 

match c h a r a c t e r s i n the i n p u t . 
( c ) A "%" f o l l o w e d by an o p t i o n a l "*" I n d i c a t e s 

s u p p r e s s i o n o f as s i g n m e n t , an o p t i o n a l f i e l d w i d t h 
maximum and a c o n v e r s i o n c h a r a c t e r i n d i c a t i n g the 
type e x p e c t e d . 

A c o n v e r s i o n c h a r a c t e r c o n t r o l s the c o n v e r s i o n t o be a p p l i e d 
to the nex t f i e l d and i n d i c a t e s the type o f the c o r r e s p o n d i n g 
p o i n t e r argument. A f i e l d c o n s i s t s of c o n s e c u t i v e non-space 
c h a r a c t e r s and ends a t e i t h e r a c h a r a c t e r i n a p p r o p r i a t e f o r the 
c o n v e r s i o n or when a s p e c i f i e d f i e l d w i d t h i s e x h a u s t e d . 
When one f i e l d i s f i n i s h e d , w h i t e - s p a c e c h a r a c t e r s a r e pa s s e d 
over u n t i l the n e x t f i e l d i s found. 

The f o l l o w i n g c o n v e r s i o n c h a r a c t e r s a r e r e c o g n i z e d : 
d A d e c i m a l s t r i n g i s t o be c o n v e r t e d t o an i n t e g e r , 
o An o c t a l s t r i n g ; the c o r r e s p o n d i n g argument s h o u l d 

p o i n t t o an i n t e g e r , 
x A he x a d e c i m a l s t r i n g f o r c o n v e r s i o n t o an i n t e g e r , 
s A s t r i n g of non-space c h a r a c t e r s i s ex p e c t e d and 

w i l l be c o p i e d t o the b u f f e r p o i n t e d to by the 
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c o r r e s p o n d i n g argument and a n u l l ("\0") appended. 
The u s e r must ens u r e t h a t the b u f f e r i s l a r g e 
enough. The i n p u t s t r i n g i s c o n s i d e r e d t e r m i n a t e d 
by a s p a c e , tab or ( " \ n " ) . 

c A c h a r a c t e r i s ex p e c t e d and i s co p i e d i n t o the byte 
p o i n t e d to by the argument. The w h i t e - s p a c e 
s k i p p i n g i s s u p p r e s s e d f o r t h i s c o n v e r s i o n . I f a 
f i e l d w i d t h i s g i v e n , the argument i s assumed to 
p o i n t t o a c h a r a c t e r a r r a y and the number of 
c h a r a c t e r s i n d i c a t e d i s c o p i e d t o i t . NOTE to ensur e 
t h a t the next non-white-space c h a r a c t e r i s read use 
" % l s " and t h a t TWO b y t e s a r e p o i n t e d to by the 
argument. 

e , f A f l o a t i n g p o i n t r e p r e s e n t a t i o n i s exp e c t e d on the 
i n p u t and the argument must be a p o i n t e r to a f l o a t . 
Any of the u s u a l ways of w r i t i n g f l o a t i n g p o i n t 
numbers a r e r e c o g n i z e d . 

[ T h i s denotes the s t a r t of a s e t of match c h a r a c t e r s ; 
the i n c l u s i o n or e x c l u s i o n o f which d e l i m i t s the 
i n p u t f i e l d . The w h i t e - s p a c e s k i p p i n g i s 
s u p p r e s s e d . The c o r r e s p o n d i n g argument s h o u l d be a 
p o i n t e r to a c h a r a c t e r a r r a y . I f the f i r s t 
c h a r a c t e r i n the match s t r i n g i s not 
c h a r a c t e r s a r e c o p i e d from the i n p u t a s long as they 
can be found i n the match s t r i n g , i f the f i r s t 
c h a r a c t e r i s the co p y i n g c o n t i n u e s w h i l e c h a r a c t e r s 
cannot be found i n the match s t r i n g . The match 
s t r i n g i s d e l i m i t e d by a " ] " . 

D,0,X S i m i l a r to d,o,x above, but the c o r r e s p o n d i n g 
argument i s c o n s i d e r e d t o p o i n t to a long I n t e g e r . 

E,F S i m i l a r t o e , f above, but the c o r r e s p o n d i n g argument 
s h o u l d p o i n t to a double. 

% A match f o r "%" i s sought; no c o n v e r s i o n t a k e s 
p l a c e . 

E a c h of t h e s e f u n c t i o n s r e t u r n s a count of the number of 
f i e l d s s u c c e s s f u l l y matched and a s s i g n e d . 

CAVEATS 

The r e t u r n e d count of matches/assignments does not i n c l u d e 
c h a r a c t e r matches and as s i g n m e n t s s u p p r e s s e d by "*". The 
arguments must ALL be p o i n t e r s . I t i s a common e r r o r to c a l l 
s c a n f w i t h t h e v a l u e o f an i t e m r a t h e r than a p o i n t e r to i t . 

DIAGNOSTICS 

These f u n c t i o n s r e t u r n EOF on end of i n p u t or e r r o r and a count 
which i s s h o r t e r than e x p e c t e d f o r unexpected or unmatched 
i t e m s . 

SEE ALSO 
A t o i ( ) , A t o f ( ) , G e t c ( ) , P r i n t f ( ) K e r n i g h a n and R i t c h i e pp 147-150 
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Setbuf - f i x f i l e b u f f e r 

USAGE 

//include < s t d i o . h > 

s e t b u f ( f p , b u f f e r ) 
F I L E * f p ; 
ch a r * b u f f e r ; 

DESCRIPTION 

When the f i r s t c h a r a c t e r i s w r i t t e n t o o r , r e a d from a f i l e 
a f t e r i t has been opened by " f o p e n ( ) " , a b u f f e r i s o b t a i n e d 
from the system i f r e q u i r e d and a s s i g n e d to i t . Setbuf may be 
used to f o r e s t a l l t h i s by a s s i g n i n g a u s e r b u f f e r t o the f i l e . 

Setbuf must be used a f t e r the f i l e has been opened and b e f o r e 
any I/O has take n p l a c e . 

The b u f f e r must be of s u f f i c i e n t s i z e and a v a l u e f o r a 
m a n i f e s t c o n s t a n t , BUFSIZ, i s d e f i n e d i n the header f i l e f o r 
use i n d e c l a r a t i o n s . 

I f the " b u f f e r " argument i s NULL ( 0 ) , the f i l e becomes un­
b u f f e r e d and c h a r a c t e r s a r e r e a d or w r i t t e n s i n g l y . 

NOTE t h a t the s t a n d a r d e r r o r output i s u n b u f f e r e d and the 
s t a n d a r d output i s b u f f e r e d . 

SEE ALSO 

f o p e n ( ) , g e t c ( ) , p u t c ( ) . 
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Sl e e p - s t o p e x e c u t i o n f o r a time 

USAGE 

s l e e p ( s e c o n d s ) 
u n s i g n e d seconds; 

DESCRIPTION 

The c u r r e n t t a s k i s stopped f o r the s p e c i f i e d time. 

I f " seconds" i s z e r o , the t a s k w i l l s l e e p f o r one t i c k . 
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S t r c a t , S t r n c a t , Strcmp, Strncmp, S t r c p y , S t r h c p y , S t r n c p y , 
S t r l e n , I n d e x , Rindex- s t r i n g f u n c t i o n s 

USAGE 

char * s t r c a t ( s l , s 2 ) 
c h a r * s l , * s 2 ; 

c h ar * s t r n c a t ( s l , s 2 , n ) 
c h a r * s l , * s 2 ; 
i n t n; 

s t r c m p ( s l , s 2 ) , 
char * s l , * s 2 ; 

c h a r * s t r h c p y ( s l , s 2 ) 
c h a r * s l , * s 2 ; 

s t r n c m p ( s l , s 2 , n ) 
c h a r * s l , * s 2 ; 
i n t n; 

char * s t r c p y ( s l , s 2 ) 
c h a r * s l , * s 2 ; 

char * s t r n c p y ( s l , s 2 , n ) 
c h a r * s l , * s 2 ; 
i n t n; 

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

char * i n d e x ( s , c h ) 
c h a r * s , c h ; 

c h a r * r i n d e x ( s , c h ) 
c h a r * s , c h ; 

DESCRIPTION 

A l l s t r i n g s p a s s e d t o t h e s e f u n c t i o n s a r e assumed n u l l -
t e r m i n a t e d . 

S t r c a t appends a copy of the s t r i n g p o i n t e d to by " s 2 " to the 
end of the s t r i n g p o i n t e d t o by " s i " . S t r n c a t c o p i e s a t most 
"n" c h a r a c t e r s . Both r e t u r n the f i r s t argument. 

Strcmp compares s t r i n g s " s i " and " s 2 " f o r l e x i c o g r a p h i c o r d e r 
and r e t u r n s an i n t e g e r l e s s t h a n , e q u a l t o or g r e a t e r than 0 
where, r e s p e c t i v e l y , " s i " i s l e s s t h a n , e q u a l t o or g r e a t e r 
than " s 2 " . Strncmp compares a t most "n" c h a r a c t e r s . 
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S t r c p y c o p i e s c h a r a c t e r s from " s 2 " to the space p o i n t e d to by 
" s i " up to and i n c l u d i n g the n u l l b y t e . S t r n c p y c o p i e s e x a c t l y 
"n" c h a r a c t e r s . I f the s t r i n g " s 2 " i s too s h o r t , the " s i " w i l l 
be padded w i t h n u l l b y t e s to make up the d i f f e r e n c e . I f " s 2 " 
i s too long, " s i " may not be n u l l - t e r m i n a t e d . Both f u n c t i o n s 
r e t u r n the f i r s t argument. 

S t r h c p y c o p i e s s t r i n g w i t h s i g n b i t t e r m i n a t o r . 

S t r l e n r e t u r n s the number of n o n - n u l l c h a r a c t e r s i n " s " . 

I ndex r e t u r n s a p o i n t e r to the f i r s t o c c u r r e n c e of "ch" i n " s " 
or NULL i f not found. 

Rindex r e t u r n s a p o i n t e r to the l a s t o c c u r r e n c e of "ch" I n " s " 
or NULL i f not found. 

CAVEATS 

S t r c a t and s t r c p y have no means of c h e c k i n g t h a t the space 
p r o v i d e d i s l a r g e enough. I t i s the u s e r ' s r e s p o n s i b i l i t y to 
ensure t h a t s t r i n g space does not o v e r f l o w . 

SEE ALSO 

F i n d s t r ( ) . 
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System - s h e l l command r e q u e s t 

USAGE 

s y s t e m ( s t r l n g ) 
char * s t r i n g ; 

DESCRIPTION 

System p a s s e s i t s argument t o " s h e l l " which e x e c u t e s i t a s a 
command l i n e . The t a s k i s suspended u n t i l the s h e l l command 
i s completed and system r e t u r n s the s h e l l ' s e x i t s t a t u s . The 
maxlmun l e n g t h of s t r i n g i s 80 c h a r a c t e r s . I f a l o n g e r s t r i n g 
i s needed, use o s 9 f o r k . 

SEE ALSO 

System c a l l s " o s 9 f o r k ( ) " , " w a i t ( ) " . 
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Toupper,Tolower - c h a r a c t e r t r a n s l a t i o n 

USAGE 

^ i n c l u d e <ctype.h> 

i n t t o u p p e r ( c ) 
i n t c; 

e t c . 

i n t _ t o u p p e r ( c ) 
i n t c; 

i n t _ t o l o w e r ( c ) 
i n t c; 

DESCRIPTION 

The f u n c t i o n s toupper and to l o w e r have a s t h e i r domain the 
i n t e g e r s i n the range - 1 through 255. Toupper c o n v e r t s lower­
c a s e t o u p p e r - c a s e , and to l o w e r c o n v e r t s u p p e r - c a s e to l o w e r ­
c a s e . A l l o t h e r arguments a r e r e t u r n e d unchanged. 

The macros toupper and _ t o l o w e r do the same t h i n g s as the 
c o r r e s p o n d i n g f u n c t i o n s , but they have r e s t r i c t e d domains and 
they a r e f a s t e r . The argument to _to u p p e r must be l o w e r - c a s e , 
and the argument t o to l o w e r must be u p p e r - c a s e . Arguments 
t h a t a r e o u t s i d e each macros domain, such a s p a s s i n g a lower­
c a s e t o _ t o l o w e r , y i e l d garbage r e s u l t s . 
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Ungetc - put c h a r a c t e r back on i n p u t 

USAGE 

//include < s tdio.h> 

u n g e t c ( c h , f p ) 
c h a r ch; 
F I L E * f p ; 

DESCRIPTION 

T h i s f u n c t i o n a l t e r s the s t a t e of the i n p u t f i l e b u f f e r s u c h 
t h a t the nex t c a l l of " g e t c ( ) " r e t u r n s " c h " . 

Only one c h a r a c t e r may be pushed back, and a t l e a s t one 
c h a r a c t e r must have been r e a d from the f i l e b e f o r e a c a l l to 
ungetc. 

" F s e e k Q " e r a s e s any pushback. 

DIAGNOSTICS 

Ungetc r e t u r n s i t s c h a r a c t e r argument u n l e s s no pushback c o u l d 
o c c u r , i n which c a s e EOF i s r e t u r n e d . 

SEE ALSO 

g e t c ( ) , f s e e k ( ) 
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COMPILER GENERATED ERROR MESSAGES 

Below i s a l i s t of the e r r o r messages t h a t the C c o m p i l e r g e n e r a t e s , 
and, i f a p p l i c a b l e , p r o b a b l e c a u s e s and the K & R Appendix A s e c t i o n 
number ( i n p a r e n t h e s i s ) to see f o r more s p e c i f i c i n f o r m a t i o n . 

a l r e a d y a l o c a l v a r i a b l e 
V a r i a b l e has a l r e a d y been d e c l a r e d a t t h e c u r r e n t b l o c k l e v e l . 
( 8 . 1 , 9.2) 

argument : < t e x t > 
E r r o r from p r e p r o c e s s o r . S e l f - e x p l a n a t o r y . Most common cause 
o f t h i s e r r o r i s not being a b l e t o f i n d an i n c l u d e f i l e . 

argument e r r o r 
F u n c t i o n argument d e c l a r e d a s type s t r u c t , union or f u n c t i o n . 
P o i n t e r s t o such t y p e s , however, a r e a l l o w e d . ( 1 0 . 1 ) 

argument s t o r a g e 
F u n c t i o n arguments may o n l y be d e c l a r e d a s s t o r a g e c l a s s 
r e g i s t e r . ( 1 0 . 1 ) 

bad c h a r a c t e r 
A c h a r a c t e r not i n the C c h a r a c t e r s e t ( p r o b a b l y a c o n t r o l 
c h a r ) was encountered i n t h e s o u r c e f i l e . ( 2 ) 

both must be i n t e g r a l 
» and « operands cannot be FLOAT or DOUBLE. ( 7 . 5 ) 

bre a k e r r o r 
The break statement i s a l l o w e d o n l y I n s i d e a w h i l e , do, f o r or 
s w i t c h b l o c k . ( 9 . 8 ) 

c a n ' t t a k e a d d r e s s 
& o p e r a t o r not a l l o w e d on a r e g i s t e r v a r i a b l e . Operand must 
o t h e r w i s e be an l v a l u e . ( 7 . 2 ) 

cannot c a s t 
Type r e s u l t of c a s t cannot be FUNCTION o r ARRAY. ( 7 . 2 , 8.7) 

cannot e v a l u a t e s i z e 
Could not determine s i z e from d e c l a r a t i o n or i n i t i a l i z e r . 
( 8 . 6 , 14.3) 

cannot i n i t i a l i z e 
S t o r a g e c l a s s or type does not a l l o w v a r i a b l e to be 
i n i t i a l i z e d . ( 8 . 6 ) 

c o m p i l e r t r o u b l e 
Compiler d e t e c t e d something i t c o u l d n ' t h a n d l e . T r y c o m p i l i n g 
the program a g a i n . I f t h i s e r r o r s t i l l o c c u r s , c o n t a c t 
Microware. 
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c o n d i t i o n needed 
While, do, f o r , s w i t c h and i f s t a t e m e n t s r e q u i r e a c o n d i t i o n 
e x p r e s s i o n . ( 9 . 3 ) 

con s t a n t e x p r e s s i o n r e q u i r e d 
I n i t i a l i z e r e x p r e s s i o n s f o r s t a t i c or e x t e r n a l v a r i a b l e s cannot 
r e f e r e n c e v a r i a b l e s . They may, however, r e f e r to the a d d r e s s 
of a p r e v i o u s l y d e c l a r e d v a r i a b l e . T h i s i n s t a l l a t i o n a l l o w s no 
I n i t i a l i z e r e x p r e s s i o n s u n l e s s a l l operands a r e of type INT or 
CHAR ( 8 . 6 ) 

c o n s t a n t o v e r f l o w 
Input numeric c o n s t a n t was too l a r g e f o r the i m p l i e d o r 
e x p l i c i t t y p e . ( 2 . 6 , [PDP-11]) 

c o n s t a n t r e q u i r e d 
V a r i a b l e s a r e not a l l o w e d f o r a r r a y dimensions or c a s e s . ( 8 . 3 , 
8.7, 9.7) 

co n t i n u e e r r o r 
The c o n t i n u e s t a t e m e n t i s a l l o w e d o n l y i n s i d e a w h i l e , do, o r 
f o r b l o c k . ( 9 . 9 ) 

d e c l a r a t i o n mismatch 
T h i s d e c l a r a t i o n c o n f l i c t s w i t h a p r e v i o u s one. T h i s i s 
t y p i c a l l y caused by d e c l a r i n g a f u n c t i o n t o r e t u r n a non-
i n t e g e r type a f t e r a r e f e r e n c e has been made t o the f u n c t i o n . 
Depending on the l i n e s t r u c t u r e o f the d e c l a r a t i o n b l o c k , t h i s 
e r r o r may be r e p o r t e d on the l i n e f o l l o w i n g the e r r o n e o u s 
d e c l a r a t i o n . ( 1 1 , 11.1 11.2) 

d i v i d e by z e r o 

D i v i d e by z e r o o c c u r r e d when e v a l u a t i n g a c o n s t a n t e x p r e s s i o n . 

? expected 
? i s any c h a r a c t e r t h a t was e x p e c t e d t o appear h e r e . M i s s i n g 
s e m i c o l o n s or b r a c e s c a use t h i s e r r o r . 

e x p r e s s i o n m i s s i n g 
An e x p r e s s i o n i s r e q u i r e d h e r e . 

f u n c t i o n header m i s s i n g 
Statement or e x p r e s s i o n e n c o u n t e r e d o u t s i d e a f u n c t i o n . 
T y p i c a l l y c a u s e d by mismatched b r a c e s . ( 1 0 . 1 ) 

f u n c t i o n type e r r o r 
A f u n c t i o n cannot be d e c l a r e d as r e t u r n i n g an a r r a y , f u n c t i o n , 
s t r u c t , o r u n i o n . ( 8 . 4 , 10.1) 

f u n c t i o n u n f i n i s h e d 
E n d - o f - f i l e e n c o u n t e r e d b e f o r e the end o f f u n c t i o n d e f i n i t i o n . 
( 1 0 . 1 ) 

i d e n t i f i e r m i s s i n g 
I d e n t i f i e r name r e q u i r e d here but none was found. 
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i l l e g a l d e c l a r a t i o n 
D e c l a r a t i o n s a r e a l l o w e d o n l y a t the b e g i n n i n g of a b l o c k . 
( 9 . 2 ) 

l a b e l r e q u i r e d 
L a b e l name r e q u i r e d on goto s t a t e m e n t . ( 9 . 1 1 ) 

l a b e l u n d e f i n e d 
Goto to l a b e l not d e f i n e d i n the c u r r e n t f u n c t i o n . ( 9 . 1 2 ) 

l v a l u e r e q u i r e d 
L e f t s i d e of assignment must be a b l e t o be " s t o r e d i n t o " . 
A r r a y names, f u n c t i o n s , s t r u c t s , e t c . a r e not l v a l u e s . ( 7 . 1 ) 

m u l t i p l e d e f a u l t s 
Only one d e f a u l t s t a t e m e n t i s a l l o w e d i n a s w i t c h b l o c k . ( 9 . 7 ) 

m u l t i p l e d e f i n i t i o n 
I d e n t i f i e r name was d e c l a r e d more than once I n the same block 
l e v e l ( 9 . 2 , 11.1) 

must be i n t e g r a l 
Type o f o b j e c t r e q u i r e d here must be type i n t , c h a r or p o i n t e r . 

name c l a s h 
S t r u c t - u n i o n member and t a g names must be m u t u a l l y d i s t i n c t . 
( 8 . 5 ) 

name i n a c a s t 
I d e n t i f i e r name found i n a c a s t . Only types a r e a l l o w e d . ( 7 . 2 , 
8.7) 

named t w i c e 
Names i n a f u n c t i o n parameter l i s t may appear o n l y once. ( 1 0 . 1 ) 

no ' i f f o r ' e l s e ' 
E l s e s t a t e m e n t found w i t h no matching i f . T h i s i s t y p i c a l l y 
c a u s e d by e x t r a or m i s s i n g b r a c e s and/or s e m i c o l o n s . ( 9 . 3 ) 

no s w i t c h s t a t e m e n t 
Case s t a t e m e n t s can o n l y appear w i t h i n a s w i t c h b l o c k . ( 9 . 7 ) 

not a f u n c t i o n 
P r i m a r y i n e x p r e s s i o n i s not type " f u n c t i o n r e t u r n i n g . . . " . I f 
t h i s i s r e a l l y a f u n c t i o n c a l l , the f u n c t i o n name was d e c l a r e d 
d i f f e r e n t l y e l s e w h e r e . ( 7 . 1 ) 

not an argument 
Name does not appear i n the f u n c t i o n parameter l i s t . ( 1 0 . 1 ) 

operand e x p e c t e d 
Unary o p e r a t o r s r e q u i r e one operand, b i n a r y o p e r a t o r s two. 
T h i s i s t y p i c a l l y c a u s e d by m i s p l a c e d p a r e n t h e s i s , c a s t s or 
o p e r a t o r s . ( 7 . 1 ) 
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out of memory 
Compiler dynamic memory o v e r f l o w . The c o m p i l e r r e q u i r e s 
dynamic memory f o r symbol t a b l e e n t r i e s , b l o c k l e v e l 
d e c l a r a t i o n s and code g e n e r a t i o n . Three major f a c t o r s a f f e c t 
t h i s memory usage. Permanent d e c l a r a t i o n s ( t h o s e a p p e a r i n g on 
the o u t e r b l o c k l e v e l ( u s e d , i n i n c l u d e f i l e s ) ) must be 
r e s e r v e d from the dynamic memory f o r the d u r a t i o n o f the 
c o m p i l a t i o n o f the f i l e . E a c h { c a u s e s the c o m p i l e r t o perform 
a b l o c k - l e v e l r e c u r s i o n w h i c h may i n v o l v e "pushing down" 
p r e v i o u s d e c l a r a t i o n s which consume memory. Auto c l a s s 
i n i t i a l i z e r s r e q u i r e s a v i n g e x p r e s s i o n t r e e s u n t i l p a s t t h e 
d e c l a r a t i o n s which may be v e r y memory-expensive I f may e x i s t . 
A v o i d i n g e x c e s s i v e d e c l a r a t i o n s , both permanent and i n s i d e 
compound statement b l o c k s c o n s e r v e memory. I f t h i s e r r o r 
o c c u r s on an au t o i n i t i a l i z e r , t r y i n i t i a l i z i n g the v a l u e i n 
the code body. 

p o i n t e r mismatch 
P o i n t e r s r e f e r t o d i f f e r e n t t y p e s . Use a c a s t i f r e q u i r e d . 
( 7 . 1 ) 

p o i n t e r or i n t e g e r r e q u i r e d 
A p o i n t e r ( o f any typ e ) or i n t e g e r i s r e q u i r e d to the l e f t of 
the '->' o p e r a t o r . ( 7 . 1 ) 

p o i n t e r r e q u i r e d 
P o i n t e r operand r e q u i r e d w i t h unary * o p e r a t o r . ( 7 . 1 ) 

primary e x p e c t e d 
Primary e x p r e s s i o n r e q u i r e d h e r e . ( 7 . 1 ) 

should be NULL 
Second and t h i r d e x p r e s s i o n of ?: c o n d i t i o n a l o p e r a t o r cannot 
be p o i n t e r s t o d i f f e r e n t t y p e s . I f both a r e p o i n t e r s , they 
must be o f the same type or one of the two must be n u l l . ( 7 . 1 3 ) 

**** STACK OVERFLOW **** 
Compiler s t a c k has o v e r f l o w e d . Most l i k e l y c a u se i s v e r y deep 
l o c k - l e v e l n e s t i n g or hundreds of s w i t c h c a s e s . 

s t o r a g e e r r o r 
Reg and auto s t o r a g e c l a s s e s may o n l y be used w i t h i n f u n c t i o n s . 
( 8 . 1 ) 

s t r u c t member mismatch 
I d e n t i c a l member names i n two d i f f e r e n t s t r u c t u r e s must have 
the same type and o f f s e t i n both. ( 8 . 5 ) 

s t r u c t member r e q u i r e d 
I d e n t i f i e r used w i t h . and -> o p e r a t o r s must be a s t r u c t u r e 
member name. ( 7 . 1 ) 

s t r u c t s y n t a x 
B r a c e , comma, e t c . i s m i s s i n g i n a s t r u c t d e c l a r a t i o n . ( 8 . 5 ) 
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s t r u c t or union i n a p p r o p r i a t e 
S t r u c t or union cannot be used i n t h i s c o n t e x t . 

s y n t a x e r r o r 
E x p r e s s i o n , d e c l a r a t i o n or statement i s i n c o r r e c t l y formed. 

t h i r d e x p r e s s i o n m i s s i n g 
? must be f o l l o w e d by a : w i t h e x p r e s s i o n . T h i s e r r o r may be 
caus e d by unmatched p a r e n t h e s i s or o t h e r e r r o r s i n the 
e x p r e s s i o n . ( 7 . 1 3 ) 

too l o n g 
Too many c h a r a c t e r s p r o v i d e d i n a s t r i n g i n i t i a l i z i n g a 
c h a r a c t e r a r r a y . ( 8 . 6 ) 

too many b r a c k e t s 
Unmatched or unexpected b r a c k e t s e n c o u n t e r e d p r o c e s s i n g an 
i n i t i a l i z e r . ( 8 . 6 ) 

too many elements 
More d a t a i t e m s s u p p l i e d f o r ag g r e g a t e l e v e l i n i n i t i a l i z e r 
than members of the a g g r e g a t e . ( 8 . 6 ) 

type e r r o r 

Compiler type matching e r r o r . Should n e v e r happen, 

type mismatch 
Types and/or o p e r a t o r s i n e x p r e s s i o n do not c o r r e s p o n d . ( 6 ) 

ty p e d e f - not a v a r i a b l e 
Typedef type name cannot be used i n t h i s manner. ( 8 . 8 ) 

u n d e c l a r e d v a r i a b l e 
no d e c l a r a t i o n e x i s t s a t any b l o c k l e v e l f o r t h i s i d e n t i f i e r . 

u n d e f i n e d s t r u c t u r e 
Union or s t r u c t d e c l a r a t i o n r e f e r s t o an u n d e f i n e d s t r u c t u r e 
name. ( 8 . 5 ) 

unions not a l l o w e d 
Cannot i n i t i a l i z e r union members. ( 8 . 6 ) 

u n t e r m i n a t e d c h a r a c t e r c o n s t a n t 
Unmatched ' c h a r a c t e r d e l i m i t e r s . ( 2 . 4 . 3 ) 

u n t e r m i n a t e d s t r i n g 
Unmatched " s t r i n g d e l i m i t e r s . ( 2 . 5 ) 

w h i l e e x p e c t e d 
No w h i l e found f o r do s t a t e m e n t . ( 9 . 5 ) 
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COMPILER PHASE COMMAND LINES 

T h i s appendix d e s c r i b e s the command l i n e s and o p t i o n s f o r the 
i n d i v i d u a l c o m p i l e r phases. E a c h phase of the c o m p i l e r may be 
ex e c u t e d s e p a r a t e l y . The f o l l o w i n g i n f o r m a t i o n d e s c r i b e s the 
o p t i o n s a v a i l a b l e t o each phase. 

c c l & c c 2 (C e x e c u t i v e s ) : 
c c [ o p t i o n s ] f i l e [ f i l e ] [ o p t i o n s ] 

Recognized f i l e s u f f i x e s : 
.c C s o u r c e f i l e 
.a Assembly language s o u r c e f i l e 
• r R e l o c a t a b l e module format f i l e 

R e c o gnized o p t i o n s : (UPPER and lower c a s e i s e q u i v . ) 
- a Suppress assembly. Leave output i n " . a " f i l e . 
-e=n E d i t i o n number ( n ) i s s u p p l i e d to c.prep f o r 

i n c l u s i o n i n module p s e c t and/or to c l i n k f o r 
i n c l u s i o n a s the e d i t i o n number of the l i n k e d 
module. 

-o I n h i b i t s assemble code o p t i m i z e r p a s s . 
-p Invoke c o m p i l e r f u n c t i o n p r o f i l e r . 
- r Suppress l i n k s t e p . L e ave output i n " . r " f i l e . 
-m=<size> S i z e i n pages ( i n k b y t e s i f f o l l o w e d by a K) of 

a d d i t i o n a l memory the l i n k e r should a l l o c a t e to 
o b j e c t module. 

-l=<path> L i b r a r y f i l e f o r l i n k e r to s e a r c h before the 
s t a n d a r d l i b r a r y . 

-f=<path> O v e r r r i d e o t h e r output naming. Module name ( i n 
o b j e c t module) i s the l a s t name i n the p a t h l i s t . 
- f i s not a l l o w e d w i t h - a or - r . 

—C Output comments i n assembly language code, 
- s Suppress g e n e r a t i o n o f s t a c k - c h e c k i n g code. 
-d<NAME> I s e q u i v to //define <NAME> 1 i n the 

p r e p r o c e s s o r . -d<NAME>=<STRING> i s e q u i v a l e n t to 
//define <NAME> <STRING>. 

-n=<name> output module name. <name> I s used to o v e r r i d e 
the - f d e f a u l t output name. 

CC1 o n l y : 

-x C r e a t e , but do not e x e c u t e c.com command f i l e . 

CC2 o n l y : 
-q Q u i e t mode. Suppress echo o f f i l e names. 
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prep (C macro p r e p r o c e s s o r ) 
c.prep [ o p t i o n s ] <path> 

<path> i s read as i n p u t . C.prep c a u s e s c.comp to g e n e r a t e 
p s e c t d i r e c t i v e w i t h l a s t element of p a t h l i s t and _ c as the 
p s e c t name. I f <path> i s /dO/myprog.c, p s e c t name I s myprog_c. 
Output i s al w a y s t o s t d o u t . 

Recognized o p t i o n s : 
- 1 Cause c.comp to copy s o u r c e l i n e s t o assembly 

output a s comments. 
-E=<n> 
-e=<n> Use <n> as p s e c t e d i t i o n number. 
-D<NAME> Same as d e s c r i b e d above f o r c c l / c c 2 . 

comp (One-pass c o m p i l e r ) 
c.comp [ o p t i o n s ] [ < f i l e > ] [ o p t i o n s ] 

I f < f i l e > I s not p r e s e n t , c.corap w i l l r e a d s t d i n . I n p u t t e x t 
need not be c.prep output, but no p r e p r o c e s s o r d i r e c t i v e s a r e 
r e c o g n i z e d (//include, //define, macros e t c . ) . Output assembly 
code i s n o r m a l l y to s t d o u t . E r r o r message output i s a l w a y s 
w r i t t e n to s t d o u t . 

Recognized o p t i o n s : 
- s Suppress g e n e r a t i o n of s t a c k c h e c k i n g code, 
-p Generate p r o f i l e code. 
-o=<path> W r i t e assembly output to <path>. 

p a s s l ( P a s s One of Two-pass C o m p i l e r ) 
pass2 ( P a s s Two of Two-pass C o m p i l e r ) 

c . p a s s l [ o p t i o n s ] [ < f i l e > ] [ o p t i o n s ] 
c . p a s s 2 [ o p t i o n s ] [ < f i l e > ] [ o p t i o n s ] 

Command l i n e and o p t i o n s a r e the same a s c.comp. I f the 
o p t i o n s g i v e n to c . p a s s l a r e not g i v e n t o c . p a s s 2 a l s o , c . p a s s 2 
w i l l not be a b l e to r e a d the c . p a s s l o u t p u t . Both c . p a s s l and 
c. p a s s 2 r e a d s t d i n and w r i t e s t d o u t n o r m a l l y . 
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.opt (Assembly code o p t i m i z e r ) 

c.opt [<inpath>] [<outpath>] 

C.opt r e a d s s t d i n and w r i t e s s t d o u t . <inpath> must be p r e s e n t 
i f <outpath> i s g i v e n . S i n c e c.opt r e a r r a n g e s and changes 
code, comments and a s s e m b l e r d i r e c t i v e s may be r e a r r a n g e d . 

.asm ( A s s e m b l e r ) 

c.asm < f i l e > [ o p t i o n s ] 

C.asm re a d s < f i l e > a s assemble language i n p u t . E r r o r s a r e 
w r i t t e n to s t d e r r . O ptions a r e t u r n e d on w i t h one '-' and 
negated w i t h ' — 1 ' . To t u r n l i s t i n g on use - 1 . To t u r n 
l i s t i n g o f f u s e — 1 . To t u r n c o n d i t i o n a l s o f f use — c . 

Recognized o p t i o n s : 
-o=<path> Wr i t e r e l o c a t a b l e output t o p a t h . Must be a 

d i s k f i l e . 
- 1 W r i t e l i s t i n g to s t d o u t . ( d e f a u l t o f f ) 
- c L i s t c o n d i t i o n a l assembly l i n e s , ( d e f a u l t on) 
- f Formfeed f o r top of form, ( d e f a u l t o f f ) 
-g L i s t a l l code b y t e s g e n e r a t e d , ( d e f a u l t o f f ) 
-x Suppress macro e x p a n s i o n l i s t i n g , ( d e f a u l t on) 
-e P r i n t e r r o r s , ( d e f a u l t on) 
- s P r i n t symbol t a b l e , ( d e f a u l t o f f ) . 
-dn S e t l i n e s per page to n. ( d e f a u l t 6 6 ) . 
-wn S e t l i n e w idth to n. ( d e f a u l t 8 0 ) . 

. l i n k ( L i n k e r ) 

c l i n k [ o p t i o n s ] <mainline> [<subl> {<subn>} ] [ o p t i o n s ] 

C l i n k t u r n s c.asm output i n t o e x e c u t a b l e form. A l l Input 
f i l e s must c o n t a i n r e l o c a t a b l e o b j e c t format (ROF) f i l e s . 
< m a inline> s p e c i f i e s the base module from which to r e s o l v e 
e x t e r n a l r e f e r e n c e s . A m a i n l i n e module i s i n d i c a t e d by s e t t i n g 
the t y p e / l a n g v a l u e i n the p s e c t d i r e c t i v e non-zero. No o t h e r 
ROF can c o n t a i n a m a i n l i n e p s e c t . The m a i n l i n e and a i l 
s u b r o u t i n e f i l e s w i l l appear i n the f i n a l l i n k e d o b j e c t module 
whether a c t u a l l y r e f e r e n c e d or n o t . 

F o r the C Compiler, c s t a r t . r i s the m a i n l i n e module. I t i s the 
m a i n l i n e module's j o b to perform the i n i t i a l i z a t i o n of d ata and 
the r e l o c a t i o n o f any d a t a - t e x t and d a t a - d a t a r e f e r e n c e s w i t h i n 
the i n i t i a l i z e d d a t a u s i n g the i n f o r m a t i o n i n the o b j e c t module 
s u p p l i e d by c l i n k . 
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( c l i n k c o n t i n u e d ) 

Recognized o p t i o n s : 
-o=<path> L i n k e r o b j e c t output f i l e . Must be a d i s k 

f i l e . The l a s t element i n <path> i s used as the 
module name u n l e s s o v e r r i d d e n by -n. 

-n=<name> Use <name> as o b j e c t f i l e name. 
-l=<path> Use <path> as l i b r a r y f i l e . A l i b r a r y f i l e 

c o n s i s t s of one or more merged assembly ROF 
f i l e s . E a c h p s e c t i n the f i l e i s checked to see 
i f i t r e s o l v e s any u n r e s o l v e d r e f e r e n c e s . I f 
so, the module i s i n c l u d e d i n the f i n a l output 
module, o t h e r w i s e i t i s s k i p p e d . No m a i n l i n e 
p s e c t s a r e a l l o w e d i n a l i b r a r y f i l e . L i b r a r y 
f i l e s a r e s e a r c h e d i n the o r d e r g i v e n on the 
command l i n e . 

-E=<n> 
-e=<n> <n> i s used f o r the e d i t i o n number i n the f i n a l 

output module. 1 i s used i f -e i s not p r e s e n t . 
-M=<size> < s i z e > I n d i c a t e s the number of pages ( k b y t e s i f 

s i z e i s f o l l o w e d by a K) of a d d i t i o n a l memory, 
c l i n k w i l l a l l o c a t e t o the d a t a a r e a of the 
f i n a l o b j e c t module. I f no a d d i t i o n a l memory i s 
g i v e n , c l i n k adds up the t o t a l d a t a s t a c k 
r e q u i r e m e n t s found i n the p s e c t of the modules 
i n the i n p u t modules. 

-m P r i n t s l i n k a g e map i n d i c a t i n g base a d d r e s s e s of 
the p s e c t s i n the f i n a l o b j e c t module. 

- s P r i n t s f i n a l a d d r e s s e s a s s i g n e d to symbols i n 
the f i n a l o b j e c t module. 

-b=<ept> L i n k C f u n c t i o n s t o be c a l l a b l e by BASIC09. 
<ept> i s the name of the f u n c t i o n to be 
t r a n s f e r r e d to when BASIC09 e x e c u t e s the RUN 
command. 

- t A l l o w s s t a t i c d a t a t o appear i n a BAS1C09 c a l l ­
a b l e module. I t i s assumed the C f u n c t i o n c a l l ­
ed and the c a l l i n g BASIC09 program have p r o v i d e d 
a s u f f i c i e n t l y l a r g e s t a t i c s t o r a g e d a t a a r e a 
p o i n t e d to by the Y r e g i s t e r . 
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INTERFACING TO BASIC09 

The o b j e c t code g e n e r a t e d by the Microware C Compiler can be made 
c a l l a b l e from the BASIC09 "RUN" s t a t e m e n t . C e r t a i n p o r t i o n s of a 
BASIC09 program w r i t t e n i n C can have a d r a m a t i c e f f e c t on e x e c u t i o n 
speed. To e f f e c t i v e l y u t i l i z e t h i s f e a t u r e , one must be f a m i l i a r 
w i t h both C and BASIC09 i n t e r n a l d a t a r e p r e s e n t a t i o n and procedure 
c a l l i n g p r o t o c o l . 

C type " i n t " and BASIC09 type "INTEGER" a r e i d e n t i c a l ; both a r e two 
byte two's complement i n t e g e r s . C type " c h a r " and BASIC09 type 
"BYTE" and "BOOLEAN" a r e a l s o i d e n t i c a l . Keep i n mind t h a t C w i l l 
s i g n - e x t e n d c h a r a c t e r s f o r comparisons y i e l d i n g the range -128 to 
127. 

BASIC09 s t r i n g s a r e t e r m i n a t e d by Oxff ( 2 5 5 ) . C s t r i n g s a r e 
t e r m i n a t e d by 0x00 ( 0 ) . I f the BASIC09 s t r i n g i s of maximum l e n g t h , 
the t e r m i n a t o r i s not p r e s e n t . T h e r e f o r e , s t r i n g l e n g t h as w e l l as 
t e r m i n a t o r c h e c k s must be performed on BASIC09 s t r i n g s when 
p r o c e s s i n g them w i t h C f u n c t i o n s . 

The f l o a t i n g p o i n t format used by C and BASIC09 a r e not d i r e c t l y 
c o m p a t i b l e . S i n c e both use a b i n a r y f l o a t i n g p o i n t format i t i s 
p o s s i b l e to c o n v e r t BASIC09 r e a l s t o C doubles and v i c e - v e r s a . 

M u l t i - d i m e n s i o n a l a r r a y s a r e s t o r e d by BASIC09 i n a d i f f e r e n t manner 
than C. M u l t i - d i m e n s i o n a l a r r a y s a r e s t o r e d by BASIC09 i n a column­
w i s e manner; C s t o r e s them row-wise. C o n s i d e r the f o l l o w i n g 
example: 

BASIC09 m a t r i x : DIM a r r a y ( 5 , 3 ) : I N T E G E R . 
The elements i n c o n s e c u t i v e memory l o c a t i o n s ( r e a d l e f t to 
r i g h t , l i n e by l i n e ) a r e s t o r e d a s : 
( 1 . 1 ) , ( 2 , 1 ) , ( 3 , 1 ) , ( 4 , 1 ) , ( 5 , 1 ) 
( 1 . 2 ) , ( 2 , 2 ) , ( 3 , 2 ) , ( 4 , 2 ) , ( 5 , 2 ) 
( 1 . 3 ) , ( 2 , 3 ) , ( 3 , 3 ) , ( 4 , 3 ) , ( 5 , 3 ) 

C m a t r i x : i n t a r r a y [ 5 ] [ 3 ] ; 
The elements i n c o n s e c u t i v e memory l o c a t i o n s ( r e a d l e f t to 
r i g h t , l i n e by l i n e ) a r e s t o r e d a s : 
( 1 , 1 ) , ( 1 , 2 ) , ( 1 , 3 ) 
( 2 , 1 ) , ( 2 , 2 ) , ( 2 , 3 ) 
( 3 , 1 ) , ( 3 , 2 ) , ( 3 , 3 ) 
( 4 , 1 ) , ( 4 , 2 ) , ( 4 , 3 ) 
( 5 , 1 ) , ( 5 , 2 ) , ( 5 , 3 ) 

T h e r e f o r e to a c c e s s BASIC09 m a t r i x elements i n C, the s u b s c r i p t s 
must be t r a n s p o s e d . To a c c e s s element a r r a y ( 4 , 2 ) i n BASIC09 use 
a r r a y [ 2 ] [ 4 ] i n C. 

The d e t a i l s on i n t e r f a c i n g BASIC09 to C a r e b e s t d e s c r i b e d by 
example. The remainder of t h i s appendix i s a m i n i t u t o r i a l 
d e m o n s t r a t i n g the p r o c e s s s t a r t i n g w i t h s i m p l e examples and working 
up t o more complex ones. 
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EXAMPLE 1 - SIMPLE INTEGER ARITHMETIC CASE 

T h i s f i r s t example i l l u s t r a t e s a s i m p l e c a s e . W r i t e a C f u n c t i o n to 
add an i n t e g e r v a l u e t o t h r e e i n t e g e r v a r i a b l e s . 

b u i l d b t l . c 
? a d d i n t s ( c n t , v a l u e , s i , a r g l , s 2 , a r g 2 , s 3 , a r g 3 , s 4 ) 
? i n t * v a l u e , * a r g l , * a r g 2 , * a r g 3 ; 
? { 
? * a r g l -H= * v a l u e ; 
? *arg2 += * v a l u e ; 
? * a r g 3 += * v a l u e ; 
? } 
? 

That's the C f u n c t i o n . The name of the f u n c t i o n i s " a d d i n t s " . The 
name i s i n f o r m a t i o n f o r C and c l i n k ; BASIC09 w i l l not know a n y t h i n g 
about the name. Page 9-13 of the BASIC09 R e f e r e n c e manual d e s c r i b e s 
how BASIC09 p a s s e s parameters t o machine language modules. S i n c e 
BASIC09 and C p a s s parameters i n a s i m i l a r f a s h i o n , i t i s e a s y to 
a c c e s s BASIC09 v a l u e s . The f i r s t parameter on the BASIC09 s t a c k i s 
a two-byte count of the number of f o l l o w i n g parameter p a i r s . Each 
p a i r c o n s i s t s of an a d d r e s s and s i z e of v a l u e . For most C 
f u n c t i o n s , the parameter count and p a i r s i z e i s not used. The 
a d d r e s s , however, i s the u s e f u l p i e c e of i n f o r m a t i o n . The a d d r e s s 
i s d e c l a r e d i n the C f u n c t i o n to a l w a y s be a " p o i n t e r t o . . . " t y p e . 
BASIC09 always p a s s e s a d d r e s s e s to p r o c e d u r e s , even f o r c o n s t a n t 
v a l u e s . The arguments c n t , s i , s 2 , s3 and s4 a r e j u s t p l a c e h o l d e r s 
to i n d i c a t e the p r e s e n c e of the parameter count and argument s i z e s 
on the s t a c k . These can be used to check v a l i d i t y of the p a s s e d 
arguments i f d e s i r e d . 

The l i n e " i n t * v a l u e , * a r g l , * a r g 2 , * a r g 3 " d e c l a r e s the parameters ( i n 
t h i s c a s e a l l " p o i n t e r s to I n t " ) , so the c o m p i l e r w i l l g e n e r a t e the 
c o r r e c t code t o a c c e s s the BASIC09 v a l u e s . The r e m a i n i n g l i n e s 
increment each a r g by the p a s s e d v a l u e . N o t i c e t h a t a s i m p l e 
a r i t h m e t i c o p e r a t i o n i s performed here ( a d d i t i o n ) , so C w i l l not 
have to c a l l a l i b r a r y f u n c t i o n to do the o p e r a t i o n . 

To compile t h i s f u n c t i o n , the f o l l o w i n g C c o m p i l e r command l i n e i s 
used : 

cc2 b t l . c - r s 

Cc2 uses the Level-Two c o m p i l e r . R e p l a c e c c 2 w i t h c c l i f you a r e 
u s i n g the Level-One c o m p i l e r . The - r o p t i o n c a u s e s the c o m p i l e r to 
l e a v e b t l . r as output, ready to be l i n k e d . The - s o p t i o n s u p p r e s s e s 
the c a l l to the s t a c k - c h e c k i n g f u n c t i o n . S i n c e we w i l l be making a 
module f o r BASIC09, c s t a r t . r w i l l not be used. T h e r e f o r e , no 
i n i t i a l i z e d d a t a , s t a t i c d a t a , or s t a c k c h e c k i n g i s a l l o w e d . More 
on t h i s l a t e r . 
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The b t l . r f i l e must now be c o n v e r t e d to a l o a d a b l e module t h a t 
BASIC09 can l i n k to by u s i n g a s p e c i a l l i n k i n g t e c h n i q u e a s f o l l o w s : 

c l i n k b t l . r -b=addints -o=addints 

T h i s command t e l l s the l i n k e r to r e a d b t l . r as I n p u t . The o p t i o n 
"-b=addints" t e l l s the l i n k e r to make the output f i l e a module t h a t 
BASIC09 c a n l i n k to and t h a t the f u n c t i o n " a d d i n t s " i s t o be the 
e n t r y p o i n t i n the module. You may g i v e many i n p u t f i l e s to c l i n k 
i n t h i s mode. I t r e s o l v e s r e f e r e n c e s i n the normal f a s h i o n . The 
name g i v e n to the "-b=" o p t i o n i n d i c a t e s which of the f u n c t i o n s i s 
to be e n t e r e d d i r e c t l y by the BASIC09 RUN command. The o p t i o n 
"-o=addints" s a y s what the name of the output f i l e i s to be, i n t h i s 
c a s e " a d d i n t s " . T h i s name sh o u l d be t h e name used i n the BASIC09 
RUN command to c a l l the C proc e d u r e . The name g i v e n i n the "-o=" 
o p t i o n i s the name of the procedure t o RUN. The "-b=" o p t i o n i s 
merely I n f o r m a t i o n t o the l i n k e r so i t can f i l l i n the c o r r e c t 
module e n t r y p o i n t o f f s e t . 

E n t e r the f o l l o w i n g BASIC09 program: 

PROCEDURE b t e s t 
DIM i , j , k : I N T E G E R 
i - 1 
j-132 
k=-1033 
RUN a d d i n t s ( 4 , i , j , k ) 
PRINT i , j , k 

END 

When t h i s procedure i s RUN, i t sh o u l d p r i n t : 

5 136 -1029 
i n d i c a t i n g t h a t our C f u n c t i o n worked! 
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EXAMPLE 2 - MORE COMPLEX INTEGER ARITHMETIC CASE 

The next example shows how s t a t i c memory a r e a can be u s e d . Take the 
C f u n c t i o n from the p r e v i o u s example and modify i t to add the number 
of times i t has been e n t e r e d to the i n c r e m e n t : 

b u i l d b t 2 . c 
? s t a t i c i n t e n t c n t ; 

? a d d i n t s ( c n t , c m e m , c m e m s i z , v a l u e , s i , a r g l , s 2 , a r g 2 , s 3 , a r g 3 , s 4 ) 
? c h a r *cmem; 

? i n t * v a l u e , * a r g l , * a r g 2 , * a r g 3 ; 

? //asm 
? l d y 6,s base of s t a t i c a r e a 
? //endasm 
? i n t j = * v a l u e + entcnt++; 
? 
? * a r g l += j ; 
? *arg2 += j ; 
? *arg3 += j ; 
? } 
1 

T h i s example d i f f e r s from the f i r s t i n a number of ways. The l i n e 
" s t a t i c i n t e n t c n t " d e f i n e s an i n t e g e r v a l u e named e n t c n t g l o b a l to 
b t 2 . c . The parameter craem and the l i n e " c h a r *cmem" i n d i c a t e a 
c h a r a c t e r a r r a y . The a r r a y w i l l be used i n the C f u n c t i o n f o r 
g l o b a l / s t a t i c s t o r a g e . C a c c e s s e s non-auto and n o n - r e g i s t e r 
v a r i a b l e s indexed o f f the Y r e g i s t e r , c s t a r t . r n o r m a l l y t a k e s c a r e 
of s e t t i n g t h i s up. S i n c e c s t a r t . r w i l l not be used f o r t h i s 
B A S I C 0 9 - c a l l a b l e f u n c t i o n , we have to take measures to make s u r e the 
Y r e g i s t e r p o i n t s to a v a l i d and s u f f i c i e n t l y l a r g e a r e a of memory. 
The l i n e " l d y 6,s" i s assembly language code embedded i n C s o u r c e 
t h a t loads the Y r e g i s t e r w i t h t h e f i r s t parameter pa s s e d by 
BASIC09. I f the f i r s t parameter i n the BASIC09 RUN statement i s an 
a r r a y , and the " l d y 6,s" i s p l a c e d IMMEDIATELY a f t e r the " { " opening 
the f u n c t i o n body, the o f f s e t w i l l a l w a y s be " 6 , s " . Note the l i n e 
b e ginning " i n t j = T h i s l i n e u s e s an i n i t i a l i z e r which, i n 
t h i s c a s e , i s a l l o w e d because j i s of c l a s s " auto". No c l a s s e s but 
"auto" and " r e g i s t e r " can be i n i t i a l i z e d i n B A S I C 0 9 - c a l l a b l e C 
f u n c t i o n s . 

To compile t h i s f u n c t i o n , the f o l l o w i n g C c o m p i l e r command l i n e i s 
used: 

cc2 b t 2 . c - r s 

Again, the - r o p t i o n l e a v e s b t 2 . r a s output and the - s o p t i o n 
s u p p r e s s e s s t a c k c h e c k i n g . 

Normally, the l i n k e r c o n s i d e r s i t to be an e r r o r i f the "-b=" o p t i o n 
appears and the f i n a l l i n k e d module r e q u i r e s a data memory 
a l l o c a t i o n . I n our c a s e h e r e , we r e q u i r e a d a t a memory a l l o c a t i o n 

Page C-4 



MICROWARE C COMPILER USER'S GUIDE 
APPENDIX C 

and we w i l l p r o v i d e the code to make s u r e e v e r y t h i n g i s s e t up 
c o r r e c t l y . The t " l i n k e r o p t i o n c a u s e s the l i n k e r to p r i n t the 
t o t a l d a t a memory requirement so we can a l l o w f o r i t r a t h e r than 
c o m p l a i n i n g about i t . Our l i n k e r command l i n e i s : 

c l i n k b t 2 . r -o=addints -b=addints - t 

The l i n k e r w i l l respond w i t h "BASIC09 s t a t i c d a t a s i z e i s 2 b y t e s " . 
We must make s u r e cmem p o i n t s to a t l e a s t 2 b y t e s of memory. The 
memory should be z e r o e d to conform to C s p e c i f i c a t i o n s . 

E n t e r the f o l l o w i n g BASIC09 program: 

PROCEDURE b t e s t 
DIM i.j.k.n:INTEGER 
DIM cmem(10):INTEGER 
FOR i = l TO 10 

cmem(i)=0 
NEXT i 
FOR n=l TO 5 

i = l 
j-132 
k=-1033 
RUN a d d i n t s ( c m e m , 4 , i , j , k ) 
PRINT i , j , k 

NEXT n 
END 

T h i s program i s s i m i l a r to the p r e v i o u s example. Our a r e a f o r data 
memory i s a 1 0 - i n t e g e r a r r a y (20 b y t e s ) which i s way more than the 2 
b y t e s f o r t h i s example. I t i s b e t t e r to e r r on the generous s i d e . 
Cmem i s an i n t e g e r a r r a y f o r c o n v e n i e n c e i n i n i t i a l i z i n g i t to zero 
( p e r C d ata memory s p e c i f i c a t i o n s ) . When the program i s run, i t 
c a l l s a d d i n t s 5 t i m e s w i t h the same data v a l u e s . Because a d d i n t s 
adds the number of ti m e s i t was c a l l e d to the v a l u e , the i , j , k 
v a l u e s s h o u l d be 4+nuraber of times c a l l e d . When ru n , the program 
p r i n t s : 

5 136" -1029 
6 137 -1028 
7 138 -1027 
8 139 -1026 
9 140 -1025 

Works a g a i n ! 
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EXAMPLE 3 - SIMPLE STRING MANIPULATION 

T h i s example shows how to a c c e s s BASIC09 s t r i n g s through C 
f u n c t i o n s . F o r t h i s example, w r i t e the C v e r s i o n of SUBSTR: 

b u i l d b t 3 . c 
? /* F i n d s u b s t r i n g from BASIC09 s t r i n g : 
? RUN f i n d s t r ( A $ , B $ , f n d p o s ) 
? r e t u r n s i n fndpos t h e p o s i t i o n i n A$ t h a t B$ was found or 
? 0 i f not found. A$ and B$ must be s t r i n g s , fndpos must be 
? INTEGER. 
? */ 
? f i n d s t r ( c n t , s t r i n g , s t r c n t , s r c h s t r , s r c h c n t , r e s u l t ) 
? c h a r * s t r i n g , * s r c h s t r ; 
? i n t s t r c n t , s r c h c n t , * r e s u l t ; 
? { 
? * r e s u l t = f i n d e r ( s t r i n g , s t r c n t , s r c h s t r , s r c h c n t ) ; 
? } 

? s t a t i c f i n d e r ( s t r , s t r l e n , p a t , p a t l e n ) 
? c h a r * s t r , * p a t ; 
? i n t s t r l e n , p a t l e n ; 
? { 
? i n t i ; 
? f o r ( i = l ; s t r l e n — > 0 && * s t r ! = 0 x f f ; -H-i) 
? i f ( s m a t c h ( s t r - H - , p a t , p a t l e n ) ) 
? r e t u r n i ; 
? } 

? s t a t i c s r a a t c h ( s t r , p a t , p a t l e n ) 
? r e g i s t e r c h a r * s t r , * p a t ; 
? i n t p a t l e n ; 
? { 
? w h i l e ( p a t l e n — > 0 && *pat !» O x f f ) 
? i f ( * s t r - H - != *pat-H-) 
? r e t u r n 0; 
? r e t u r n L j 
? } 

Compile t h i s program: 

cc2 b t 3 . c - r s 

And l i n k i t : 

c l i n k b t 3 . r - o = f i n d s t r - b = f i n d s t r 
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The BASIC09 t e s t program i s : 

PROCEDURE b t e s t 
DIM a,b:STRING[20] 
DIM matchpos:INTEGER 
LOOP 
INPUT " S t r i n g " , a 
INPUT "Match ",b 
RUN f i n d s t r ( a , b , m a t c h p o s ) 
PRINT "Matched a t p o s i t i o n ",matchpos 
ENDLOOP 

When t h i s program i s run, i t s h o u l d p r i n t the p o s i t i o n where the 
matched s t r i n g was found i n the s o u r c e s t r i n g . 
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EXAMPLE 4 - QUICKSORT 

The next example programs demonstrate how one might implement a 
q u i c k s o r t w r i t t e n i n C to s o r t some BASIC09 d a t a . 

C i n t e g e r q u i c k s o r t program: 

//define swap(a,b) { i n t t ; t=a; a=b; b=t; } 

/* q s o r t to be c a l l e d by BASIC09: 
dim d(100):INTEGER any s i z e INTEGER a r r a y 
run c q s o r t ( d , 1 0 0 ) c a l l i n g q s o r t . 

*/ 

q s o r t ( a r g e n t , i a r r a y , i a s i z e , i c o u n t , i c s i z ) 
i n t a r g e n t , /* BASIC09 argument count */ 

i a r r a y [ ] , /* P o i n t e r to BASIC09 i n t e g e r a r r a y */ 
i a s i z e , /* and i t ' s s i z e */ 
* i c o u n t , /* P o i n t e r to BASIC09 ( s o r t c o u n t ) */ 
i c s i z ; /* S i z e of i n t e g e r */ 

{ 
s o r t ( i a r r a y , 0 , * i c o u n t ) ; /* i n i t i a l q s o r t p a r t i t i o n */ 

} 

/* s t a n d a r d q u i c k s o r t a l g o r i t h m from H o r o w i t z - S a h n i */ 
s t a t i c s o r t ( a , m , n ) 
r e g i s t e r i n t *a,m,n; 
{ 

r e g i s t e r i , j , x ; 

i f ( m < n) { 
I - a ; 
j = n + 1; 
x = a[m] ; 
f o r ( ; ; ) { 

do i += 1; w h i l e ( a [ i ] < x ) ; /* l e f t p a r t i t i o n * 
do j -= I j w h i l e ( a [ j ] > x ) ; /* r i g h t p a r t i t i o n 
i f ( i < j ) 

s w a p ( a [ i ] , a [ j ] ) /* swap */ 
e l s e break; 

} 
s w a p ( a [ m ] , a [ j ] ) ; 
s o r t ( a , m , j - 1 ) ; /* s o r t l e f t */ 
s o r t ( a , j + l , n ) ; /* s o r t r i g h t */ 
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The BASIC09 program i s : 

PROCEDURE s o r t e r 
DIM i,n,d(1000):INTEGER 
n=1000 
i = R N D ( - ( P I ) ) 
FOR i = l TO n 
d ( i ) : = I N T ( R N D ( 1 0 0 0 ) ) 
NEXT i 
PRINT " B e f o r e : " 
RUN p r i n ( l , n , d ) 
RUN q s o r t b ( d . n ) 
PRINT " A f t e r : " 
RUN p r i n ( l , n , d ) 
END 

PROCEDURE p r l n 
PARAM n,m,d(1000):INTEG 
DIM i:INTEGER 
FOR i=n TO m 
PRINT d ( i ) ; " " j 
NEXT i 
PRINT 
END 

C s t r i n g q u i c k s o r t program: 

/* q s o r t t o be c a l l e d by BASIC09: 
dim cmeraory:STRING[10] T h i s s h o u l d be a t l e a s t a s l a r g e a s 

the l i n k e r s a y s the d a t a s i z e s h o u l d 
be. 

dim d(100):INTEGER Any s i z e INTEGER a r r a y . 

r u n cqsort(cmeraory,d,100) c a l l i n g q s o r t . Note t h a t the pro­
cedure name r u n i s the l i n k e d OS-9 
s u b r o u t i n e module. The module name 
need not be the name of the C f u n c ­
t i o n . 

*/ 

i n t m axstr; /* s t r i n g maximum l e n g t h */ 

s t a t i c s t r b c m p ( s t r l , s t r 2 ) /* b a s i c 0 9 s t r i n g compare */ 
r e g i s t e r c h a r * s t r l , * s t r 2 ; 
{ 

i n t maxlen; 

f o r (maxlen = maxstr; * s t r l == * s t r 2 ; + + s t r l ) 
i f ( m a x l e n — > 0 | | *str2-H- == O x f f ) 

r e t u r n 0; 
r e t u r n ( * s t r l - * s t r 2 ) ; 

} 
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c s s o r t ( a r g e n t , s t o r , s t o r s i z , i a r r a y , i a s i z e , e l e m l e n , e i s i z , 
i c o u n t , i c s i z ) 

i n t a r g e n t ; /* BASIC09 argument count */ 
char * s t o r ; /* P o i n t e r t o s t r i n g (C da t a s t o r a g e ) */ 
char i a r r a y [ ] ; /* P o i n t e r to BASIC09 i n t e g e r a r r a y */ 
i n t i a s i z e , /* and i t ' s s i z e */ 

*ele m l e n , /* P o i n t e r i n t e g e r v a l u e ( s t r i n g l e n g t h ) */ 
e l s i z ; /* S i z e of i n t e g e r */ 
* I c o u n t , /* P o i n t e r to i n t e g e r ( s o r t c o u n t ) */ 
i c s i z ; /* S i z e of i n t e g e r */ 

{ 
/* The f o l l o w i n g assembly code l o a d s Y w i t h the f i r s t 

a r g p r o v i d e d by BASIC09. T h i s code MUST be the f i r s t code 
i n the f u n c t i o n a f t e r the d e c l a r a t i o n s . T h i s code assumes the 
add r e s s of the data a r e a i s the f i r s t parameter i n the BASIC09 
RUN command. */ 

#asm 
ldy 6,s get addr f o r C da t a s t o r a g e 

#endasm 

/* Use the C l i b r a r y q s o r t f u n c t i o n to do the s o r t . Our 
own BASIC09 s t r i n g compare f u n c t i o n w i l l compare the s t r i n g s . 

*/ 

} 
q s o r t ( i a r r a y , * i c o u n t , r a a x s t r = * e l e m l e n , s t r b c i a p ) ; 

/* d e f i n e s t u f f c s t a r t . r n o r m a l l y d e f i n e s */ 
//asm 
_ s t k c h e c k : 

r t s dummy s t a c k check f u n c t i o n 

v s e c t 
e r r n o : rmb 2 C f u n c t i o n system e r r o r number 
_ f l a c c : rmb 8 C l i b r a r y f l o a t / l o n g a c c u m u l a t o r 
e n d s e c t 

//endasm 

The BASIC09 c a l l i n g program: (words f i l e c o n t a i n s s t r i n g s to s o r t ) 

PROCEDURE s s o r t e r 
DIM a(200):STRING[20] 
DIM cmemory:STRING[20] 
DIM i,n:INTEGER 
DIM path:INTEGER 
OPEN //path, "words": READ 

n=100 
FOR i = l TO n 
INPUT / / p a t h . a ( l ) 
NEXT i 
CLOSE //path 
RUN p r l n ( a . n ) 
RUN cssort(cmemory,a,20,n) 
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RUN p r i n ( a , n ) 
END 

PROCEDURE p r i n 
PARAM a ( 1 0 0 ) : S T R I N G [ 2 0 ] ; n:INTEGER 
DIM i:INTEGER 
FOR i = l TO n 
PRINT i ; " "; a ( i ) 
NEXT i 
PRINT 
END 

The next example shows how to a c c e s s BASIC09 r e a l s from C f u n c t i o n s : 

f l m u l t ( c n t , c m e m o r y , c m e m s i z , r e a l a r g , r e a l s i z e ) 
i n t c n t ; /* number o f arguments */ 
c h a r *cmemory; /* p o i n t e r to some memory f o r C use */ 
double * r e a l a r g ; /* p o i n t e r a r e a l */ 
{ 
//asm 
l d y 6,s get s t a t i c memory a d d r e s s 

//endasm 

double number; 

g e t b r e a l ( & n u m b e r . r e a l a r g ) ; /* get the BASIC09 r e a l */ 
number *= 2.; /* number times two*/ 
p u t b r e a l ( r e a l a r g , & n u m b e r ) ; /* g i v e back to BASIC09 */ 

} 

/* g e t b r e a l ( c r e a l , b r e a l ) 
g et a 5-byte r e a l from BASIC09 format t o C format */ 

g e t b r e a l ( c r e a l , b r e a l ) 
double * c r e a l , * b r e a l ; 
{ 

r e g i s t e r c h a r * c r , * b r ; /* se t u p some c h a r p o i n t e r s */ 

c r = c r e a l ; 
b r = b r e a l ; 

//asm 
* At t h i s p o i n t U r e g c o n t a i n s a d d r e s s of C double 
* 0,s c o n t a i n s a d d r e s s of BASIC09 r e a l 
l d x 0,s get a d d r e s s of B r e a l 

c l r a c l e a r the C double 
c l r b 
s t d 0,u 
s t d 2,u 
s t d 4,u 
s t b 6,u 
ldd 0,x 
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beq g3 BASIC09 r e a l i s z e r o 

ldd l , x get h i B m a n t i s s a 
anda #$7f c l e a r p l a c e f o r s i g n 
s t d 0,u put h i C m a n t i s s a 
ldd 3,x get l o B m a n t i s s a 
andb #$fe mask o f f s i g n 
s t d 2,u put l o C m a n t i s s a 
I d a 4,x get B s i g n byte 
l s r a s h i f t out s i g n 
bcc g l 
I d a 0,u get C s i g n byte 
ora #$80 t u r n on s i g n 
s t a 0,u put C s i g n byte 

g l I d a 0,x get B exponent 
suba #128 e x c e s s 128 
s t a 7,u put C exponent 

g3 c l r a c l e a r c a r r y 
#endasm 

/* p u t b r e a l ( b r e a l , c r e a l ) 
put C format double i n t o a 5-byte r e a l from BASIC09 */ 

p u t b r e a l ( b r e a l , c r e a l ) 
double * b r e a l , * c r e a l ; 
{ 

r e g i s t e r c h a r * c r , * b r ; /* s e t u p some c h a r p o i n t e r s */ 

c r = c r e a l ; 
br • b r e a l ; 

#asm 
* At t h i s p o i n t U r e g c o n t a i n s a d d r e s s of C double 
* 0,s c o n t a i n s a d d r e s s of BASIC09 r e a l 
l d x 0,s get a d d r e s s of B r e a l 

I d a 7,u get C exponent 
bne pO not z e r o ? 
c l r a c l e a r the BASIC09 
c l r b r e a l 
s t d 0,x 
s t d 2,x 
s t a 4,x 
b r a p3 and e x i t 

pO l d d 0,u get h i C m a n t i s s a 
ora #$80 t h i s b i t a l w a y s on f o r n o r m a l i z e d r e a l 
s t d l , x put h i B m a n t i s s a 
ldd 2,u get l o C m a n t i s s a 
s t d 3,x put l o B m a n t i s s a 
i n c h round m a n t i s s a 
bne p i 
i n c 3,x 
bne p i 
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i n c 2,x 
bne p i 
i nc 1 , x 

p i andb #$fe t u r n o f f s i g n 
s t b 4,x put B s i g n byte 
I d a 0,u get C s i g n byte 
l s l a s h i f t out s i g n 
bcc p2 b r a i f p o s i t i v e 
orb #$01 t u r n on s i g n 
s t b 4,x put B s i g n byte 

p2 I d a 7,u get C exponent 
adda #128 l e s s 128 
s t a 0,x put B exponent 

p3 c l r a c l e a r c a r r y 
#endasm 
} 

/* r e p l a c e c s t a r t . r d e f i n i t i o n s f o r BASIC09 */ 
#asm 
_ s t k c h e c k : 
s t k c h e c : 
r t s 

v s e c t 
_ f l a c c : rmb 8 
e r r n o : rmb 2 
e n d s e c t 

#endasm 

BASIC09 c a l l i n g program: 

PROCEDURE b t e s t 
DIM a:REAL 
DIM i:INTEGER 
DIM cmemory:STRING[32] 
a - i . 
FOR i = l TO 10 

RUN flmult(cmemory,a) 
PRINT a , 

NEXT i 
END 
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The l a s t program i s an example of a c c e s s i n g BASIC09 m a t r i x elements 
The C program: 

m a t m u l t ( c n t , c m e m o r y , c m e m s l z , m a t x a d d r , m a t x s i z e , s c a l a r , s c a l s i z e ) 
char *cmemory; /* p o i n t e r to some memory f o r C use */ 
i n t m a t x a d d r [ 5 ] [ 3 ] ; /* p o i n t e r a double dim i n t e g e r a r r a y */ 
i n t * s c a l a r ; /* p o i n t e r to i n t e g e r */ 
{ 
//asm 
l d y 6,s get s t a t i c memory a d d r e s s 

//endasm 

I n t 

f o r ( i - 0 ; i < 5 ; + + i ) 
f o r ( j = l ; j < 3; + + j ) 

m a t x a d d r [ j ] [ i ] 
*/ 
} 
//asm 
s t k c h e c k : 
s t k c h e c : 
r t s 

*= * s c a l a r ; /* m u l t i p l y by va 

v s e c t 
f l a c e : rmb 8 

e r r n o : rmb 2 
end s e c t 

//endasm 

BASIC09 c a l l i n g program: 

PROCEDURE b t e s t 
DIM im(5,3):INTEGER 
DIM i , j : I N T E G E R 
DIM cmem:STRING[32] 
FOR i = l TO 5 

FOR j = l TO 3 
READ l m ( i , j ) 

NEXT j 
NEXT i 
DATA 11,13,7,3,4,0,5,7,2,8,15,0,0,14,4 
FOR i = l TO 5 

PRINT i m ( i , l ) , i m ( i , 2 ) , i m ( i , 3 ) 
NEXT i 
PRINT 
RUN matmult(cmem,im,64) 
FOR i = l TO 5 

PRINT i m ( i , l ) , i m ( i , 2 ) , i m ( i , 3 ) 
NEXT i 
END 
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RELOCATING MACRO ASSEMBLER REFERENCE 

T h i s appendix g i v e s a summary of the o p e r a t i o n o f the " R e l o c a t i n g 
Macro Assembler" (named c.asm a s d i s t r i b u t e d w i t h the C C o m p i l e r ) . 
T h i s appendix and the example assembly s o u r c e f i l e s s u p p l i e d w i t h 
the C c o m p i l e r s h o u l d p r o v i d e b a s i c , i n f o r m a t i o n on how to use the 
" R e l o c a t i n g Macro Assembler" to c r e a t e r e l o c a t a b l e - o b j e c t format 
f i l e s ( R O F ) . I t i s f u r t h e r assumed t h a t you a r e f a m i l i a r w i t h the 
6809 i n s t r u c t i o n s e t and mnemonics. See the Microware R e l o c a t i n g 
Assembler Manual f o r a more d e t a i l e d d e s c r i p t i o n . The main f u n c t i o n 
of t h i s appendix i s to e n a b l e the r e a d e r to u n d e r s t a n d the output 
produced by c.asm. The R e l o c a t i n g Macro Assembler a l l o w s programs 
to be compiled s e p a r a t e l y and then l i n k e d t o g e t h e r , and i t a l s o 
a l l o w s macros to be d e f i n e d w i t h i n programs. 

D i f f e r e n c e s between the R e l o c a t i n g Macro Assembler(RMA) and the 
Microware I n t e r a c t i v e A ssembler(MIA): 

RMA i s does not have an i n t e r a c t i v e mode. Only a d i s k f i l e i s 
a l l o w e d as i n p u t . 

RMA output i s an ROF f i l e . The ROF f i l e must be p r o c e s s e d by 
the l i n k e r to produce an e x e c u t a b l e 0S9 memory module. The 
l a y o u t of the ROF f i l e i s d e s c r i b e d l a t e r . 

RMA has a number of new d i r e c t i v e s t o c o n t r o l the placement of 
code and d a t a i n the e x e c u t a b l e module. S i n c e RMA does not 
produce memory modules, the MIA d i r e c t i v e s "mod" and "emod" a r e 
not p r e s e n t . I n s t e a d , new d i r e c t i v e s PSECT and VSECT c o n t r o l 
the a l l o c a t i o n of code and d a t a a r e a s by the l i n k e r . 

RMA has no e q u i v a l e n t to the MIA " s e t d p " d i r e c t i v e . Data (and 
DP) a l l o c a t i o n i s handled by the l i n k e r . 
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Symbolic Names. 

A symbolic name i s v a l i d i f i t c o n s i s t s of from one to n i n e 
uppercase or l o w e r c a s e c h a r a c t e r s , d e c i m a l d i g i t s or the c h a r a c t e r s 
"$", "." or "@". RMA does not f o l d l o w e r c a s e l e t t e r s t o 
uppercase. The names "Hi.you" and "HI.YOU" a r e d i s t i n c t names. 

L a b e l f i e l d . 

I f a symbolic name i n the l a b e l f i e l d of a s o u r c e s t a t e m e n t i s 
f o l l o w e d by a ":" ( c o l o n ) , the name w i l l be known GLOBALLY (by a l l 
modules l i n k e d t o g e t h e r ) . I f no c o l o n a p p e a r s , the name w i l l be 
known o n l y i n the PSECT i n which i t was d e f i n e d . , PSECT w i l l be 
d e s c r i b e d l a t e r . 

Undefined names. 

I f a s y m b o l i c name i s used i n an e x p r e s s i o n and h a s n ' t been d e f i n e d , 
RMA assumes the name i s e x t e r n a l to the PSECT. RMA w i l l r e c o r d 
i n f o r m a t i o n about the r e f e r e n c e so the l i n k e r can a d j u s t the operand 
a c c o r d i n g l y . E x t e r n a l names cannot appear i n operand e x p r e s s i o n s 
f o r a ssembler d i r e c t i v e s . 

L i s t i n g format. 

00098 0032 59 + r o l b 
00117 0045=17ffb8 l a b e l l b s r _dmove Comment 

I S t a r t of comment 
S t a r t of operand 

S t a r t of mnemonic 
S t a r t of l a b e l 

A "+" i n d i c a t e s a l i n e g e n e r a t e d by a macro 
e x p a n s i o n . 

S t a r t of o b j e c t code b y t e s . 
An "=" here i n d i c a t e s t h a t the operand c o n t a i n s an 
e x t e r n a l r e f e r e n c e . 

L o c a t i o n c o u n t e r v a l u e . 
L i n e number. 

S e c t i o n l o c a t i o n c o u n t e r s . 

Each s e c t i o n c o n t a i n s the f o l l o w i n g l o c a t i o n c o u n t e r s : 

PSECT - i n s t r u c t i o n l o c a t i o n c o u n t e r 
VSECT - i n i t i a l i z e d d i r e c t page l o c a t i o n c o u n t e r 

n o n - i n i t i a l i z e d d i r e c t page l o c a t i o n c o u n t e r 
i n i t i a l i z e d d a t a l o c a t i o n c o u n t e r 
n o n - i n i t i a l i z e d d a t a l o c a t i o n c o u n t e r 

CSECT - base o f f s e t c o unter 

S e c t i o n d i r e c t i v e s . 

RMA c o n t a i n s 3 s e c t i o n d i r e c t i v e s . PSECT i n d i c a t e s to the l i n k e r 
the b e g i n n i n g of a r e l o c a t a b l e - o b j e c t - f o r m a t f i l e ( R O F ) and 
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i n i t i a l i z e s the i n s t r u c t i o n and d a t a l o c a t i o n c o u n t e r s and assembles 
code i n t o the ROF o b j e c t code a r e a . VSECT c a u s e s RMA to change to 
the data l o c a t i o n c o u n t e r s and p l a c e any g e n e r a t e d code i n t o the 
a p p r o p r i a t e ROF data a r e a . CSECT i n i t i a l i z e s a base v a l u e f o r 
a s s i g n i n g o f f s e t s t o symbols. The end of t h e s e s e c t i o n s i s 
i n d i c a t e d by the ENDSECT d i r e c t i v e . 

The s o u r c e s t a t e m e n t s p l a c e d i n a p a r t i c u l a r s e c t i o n cause the 
l i n k e r to perform a f u n c t i o n a p p r o p r i a t e f o r the s t a t e m e n t . 
T h e r e f o r e , the mnemonics a l l o w e d w i t h i n a s e c t i o n a r e r e s t r i c t e d as 
f o Hows: 

These mnemonics a r e a l l o w e d i n s i d e or o u t s i d e any s e c t i o n : nam, 
opt, t t l , pag, s p c , use, f a i l , r e p t , endr, i f e q , i f n e , i f l t , 
i f l e , i f g e , i f g t , i f p l , endc, e l s e , equ, s e t , macro, endm, 
c s e c t , and e n d s e c t . 

W i t h i n a CSECT: rmb. 

W i t h i n a PSECT: any 6809 i n s t r u c t i o n mnemonic, f e e , fdb, f e s , 
feb, r z b , v s e c t , e n d s e c t , os9 and end. 

W i t h i n a VSECT: rmb, f e e , fdb, f e s , f e b , r z b and e n d s e c t . 

PSECT d i r e c t i v e . 

The main d i f f e r e n c e between PSECT and MOD i s t h a t MOD s e t up 
i n f o r m a t i o n f o r OS-9 and PSECT s e t s up i n f o r m a t i o n f o r the 
l i n k e r ( c . l i n k i n the C c o m p i l e r ) . 

PSECT { n a m e , t y p e l a n g , a t t r r e v , e d i t i o n , s t a c k s i z e . e n t r y p o i n t } 

name Up to 20 b y t e s (any p r i n t a b l e c h a r a c t e r e x c e p t space 
or comma) f o r a name t o be used by the l i n k e r to 
i d e n t i f y t h i s PSECT. T h i s name need not be d i s t i n c t 
from a l l o t h e r PSECTs l i n k e d t o g e t h e r , but i t h e l p s 
to i d e n t i f y PSECTs the l i n k e r has a problem w i t h i f 
the names a r e d i f f e r e n t . 

t y p e l a n g b y t e e x p r e s s i o n f o r the e x e c u t a b l e module t y p e / l a n g ­
uage b y t e . I f t h i s PSECT i s not a " m a i n l i n e " ( a 
module t h a t has been d e s i g n e d to be f o r k e d t o ) mod­
ul e t h i s byte must be z e r o . 

a t t r r e v byte e x p r e s s i o n f o r e x e c u t a b l e module a t t r i b u t e / r e v ­
i s i o n b y t e . 

e d i t i o n byte e x p r e s s i o n f o r e x e c u t a b l e module e d i t i o n b y t e . 

s t a c k s i z e word e x p r e s s i o n e s t i m a t i n g the amount of s t a c k s t o r ­
age r e q u i r e d by t h i s p s e c t . The l i n k e r t o t a l s t h i s 
v a l u e i n a l l PSECTs to appear i n the e x e c u t a b l e mod­
u l e and adds t h i s v a l u e t o any d a t a s t o r a g e r e q u i r e ­
ment f o r the e n t i r e program. 
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e n t r y p o i n t word e x p r e s s i o n e n t r y p o i n t o f f s e t f o r t h i s PSECT. 
I f the PSECT i s not a m a i n l i n e module, t h i s s h o u l d 
be s e t to z e r o . 

PSECT must have e i t h e r no operand l i s t or an operand l i s t 
c o n t a i n i n g a name and f i v e e x p r e s s i o n s . I f no operand l i s t i s 
p r o v i d e d , the PSECT name d e f a u l t s t o "program" and a l l o t h e r 
e x p r e s s i o n s to z e r o . There can o n l y be one PSECT per assembly 
language f i l e . 

The PSECT d i r e c t i v e i n i t i a l i z e s a l l c o u n t e r orgs and marks the 
s t a r t of the program module. No VSECT data r e s e r v a t i o n s or 
o b j e c t code may appear b e f o r e or a f t e r the PSECT/ENDSECT b l o c k . 

Example: 
psec t myprog,Prgrm+Objct,Reent+1,Edit,0,progent 
p s e c t another_prog,0,0,0,0,0 

VSECT d i r e c t i v e . 

VSECT {DP} 

The VSECT d i r e c t i v e c a u s e s RMA to change to the data l o c a t i o n 
c o u n t e r s . I f DP appears a f t e r VSECT, the d i r e c t page c o u n t e r s a r e 
used, o t h e r w i s e the n o n - d i r e c t page data i s used. The RMB d i r e c t i v e 
w i t h i n t h i s s e c t i o n r e s e r v e s the s p e c i f i e d number of b y t e s i n the 
a p p r o p r i a t e u n i n i t i a l i z e d d a t a s e c t i o n . The f e e , fdb, f e s , feb and 
rzb ( r e s e r v e zeroed b y t e s ) d i r e c t i v e s p l a c e d a t a i n t o the 
a p p r o p r i a t e i n i t i a l i z e d d a t a s e c t i o n . I f an operand f o r fdb or feb 
c o n t a i n s an e x t e r n a l r e f e r e n c e , t h i s i n f o r m a t i o n i s p l a c e d i n the 
e x t e r n a l r e f e r e n c e p a r t of the ROF to be a d j u s t e d a t l i n k or 
e x e c u t i o n time. ENDSECT marks the end of the VSECT b l o c k . Any 
number of VSECT b l o c k s can appear w i t h i n a PSECT. Note, however, 
th a t the data l o c a t i o n c o u n t e r s m a i n t a i n t h e i r v a l u e s between one 
VSECT b l o c k and the n e x t . S i n c e the l i n k e r h a n d l e s the a c t u a l d a t a 
a l l o c a t i o n , t h e r e i s no f a c i l i t y p r o v i d e d to a d j u s t the data 
l o c a t i o n c o u n t e r s . 

CSECT d i r e c t i v e . 

CSECT { e x p r e s s i o n } 

The CSECT d i r e c t i v e p r o v i d e s a means f o r a s s i g n i n g c o n s e c u t i v e 
o f f s e t s to l a b e l s w i t h o u t r e s o r t i n g to EQUs. I f the e x p r e s s i o n i s 
p r e s e n t , the CSECT base c o u n t e r i s s e t to t h a t v a l u e , o t h e r w i s e i t 
i s s e t to z e r o . 

RZB s t a t e m e n t . 

Syntax: RZB < e x p r e s s i o n > 

The r e s e r v e zeroed b y t e s p s e u d o - i n s t r u c t i o n g e n e r a t e s sequences of 
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zero b y t e s i n the code or i n i t i a l i z e d d a t a s e c t i o n s , the number of 
which i s s p e c i f i e d by the e x p r e s s i o n . 

COMPARISON BETWEEN ASSEMBLY PROGRAMS FOR THE MICROWARE INTERACTIVE 
ASSEMBLER AND THE RELOCATING MACRO ASSEMBLER 

The f o l l o w i n g two program examples s i m p l y f o r k a BASIC09. The 
purpose of the examples a r e to show some of the d i f f e r e n c e s i n the 
new r e l o c a t i n g a s s e m b l e r . The d i f f e r e n c e s a r e a p p a r e n t . 

* t h i s program f o r k s a b a s i c O 
i f p l 
use ... . / d e f s / o s 9 d e f s . a 
endc 

PRGRM 
OBJCT 

equ $10 
equ $01 

s t k 

name 
prm 
prmsize 

equ 200 
p s e c t r m a t e s t , $ 1 1 , $ 8 1 , 0 , s t k , e n t r y 

f e s / b a s i c 0 9 / 
feb $D 
equ *-prm 

e n t r y l e a x name,per 
l e a u prra,pcr 
l d y //prmsize 
I d a //PRGRMP0BJCT 
c l r b 
os9 F$F0RK 
os9 F$WAIT 
os9 F$EXIT 
e n d s e c t 

MACRO INTERACTIVE ASSEMBLER SOURCE 

i f p l 
use d e f s f i l e 
endc 

mod s i z . p r n a m , t y p e , r e v s . s t a r t , s i z e 
prnam f e s / t e s t s h e l l / 
type s e t prgrm+objet 
r e v s s e t re e n t + 1 

rmb 250 
rmb 200 

name f e s / b a s i c 0 9 / 
prm $D 
prm s i z e equ *-prm ( c o n t i n u e d ) 
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INTRODUCTION TO MACROS 

In programming a p p l i c a t i o n s i t i s f r e q u e n t l y n e c e s s a r y to use a 
rep e a t e d sequence or p a t t e r n of i n s t r u c t i o n s i n many d i f f e r e n t 
p l a c e s i n a program. F or example, suppose a group of program 
s t a t e m e n t s c r e a t e s a f i l e a number of times througbout the program. 
The code might look l i k e the f o l l o w i n g s t a t e m e n t s : 

l e a x name,per 
I d a $02 
ldb $03 
os9 I$CREATE 

The sequence must be r e p l i c a t e d each time t h a t a new f i l e I s 
c r e a t e d . A macro as s e m b l e r e l i m i n a t e s the need f o r c o d i n g d u p l i c a t e 
s tatement p a t t e r n s by a l l o w i n g the programmer to d e f i n e macro 
i n s t r u c t i o n s t h a t a r e e q u i v a l e n t to l o n g e r code sequences. 

When a macro i s c a l l e d , i t i s the same a s c a l l i n g a s u b r o u t i n e to 
perform a d e f i n e d f u n c t i o n . A macro produces I n - l i n e code t h a t i s 
i n s e r t e d i n t o the normal flow of the program b e g i n n i n g a t the 
l o c a t i o n of the macro c a l l . The s t a t e m e n t s t h a t may be generated by 
a macro a r e g e n e r a l l y u n r e s t r i c t e d , and the s t a t e m e n t s may c o n t a i n 
s u b s t a t u t a b l e arguments. 

OPERATIONS 

Macro D e f i n i t i o n 

A macro d e f i n i t i o n c o n s i s t s of t h r e e s e c t i o n s : 

<Label> MACRO /* macro header */ 
/* <Label> i s the name of the macro */ 

body /* macro body */ 

ENDM /* macro t e r m i n a t o r */ 

1. The macro header - a s s i g n s a name t o the macro 
2. The body - c o n t a i n s the macro s t a t e m e n t s 
3. The t e r m i n a t o r - I n d i c a t e s t h e end of the macro 

A macro can have up to n i n e a r g u m e n t s ( \ 1 through \9) i n the operand 
f i e l d s . The arguments a r e used to r e f e r t o symbols, r e g i s t e r s , e t c . 

The f o l l o w i n g macro on the n e x t page c o u l d r e p r e s e n t the f i l e 
c r e a t i o n p a t t e r n : 
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CREATE MACRO 
l e a x \ l , p c r 
I d a $\2 
ld b $\3 
os9 1$CREATE 
ENDM 

C a l l s can be made to c r e a t e f i l e s w i t h d i f f e r e n t names, a c c e s s 
modes, and a t t r i b u t e s as f o l l o w s : 

CREATE name2,02,03 
CREATE name3,01,02 

The above macro c a l l s w i l l produce the f o l l o w i n g i n - l i n e code: 

l e a x name2, per 
I d a $02 
ldb $03 
os9 I$CREATE 

l e a x name3, per 
I d a $01 
ldb $02 
os9 I$CREATE 

I f an argument has m u l t i p l e p a r t s , f o r example, i f d l , d 2 i s to be 
passed to the macro c a l l e d f r u d , i t must be pass e d i n double quotes. 
For example: 

f r u d " 0 , s " , " 2 , s " 

I f f r u d l o o k s l i k e the f o l l o w i n g macro: 

f r u d MACRO 
\@ l e a u \1 

ld d \2 
beq \@ 
ENDM 

The p r e v i o u s c a l l to f r u d would expand the macro a s f o l l o w s : 

@xxx l e a u 0,s 
ldd 2 , 8 
beq @xxx 

Where "\@" I s a l a b e l , and "xxx" would be r e p l a c e d 
by a t h r e e d i g i t number. 

An argument may be d e c l a r e d n u l l by l e a v i n g i t blank i n the macro 
c a l l . F o r example, i f the macro i n s t r u c t i o n was " l d d \1ZZ\2", then 
the c a l l to the macro w i t h arguments AA,BB would expand the 
i n s t r u c t i o n to " l d d AAZZBB", and the c a l l w i t h argument ,BB w i l l 

D-8 

file:///1ZZ/2


MICROWARE C COMPILER USER'S GUIDE 
APPENDIX D 

expand i t to " l d d ZZBB". 

Nested Macro C a l l s 

Macro c a l l s may be n e s t e d , t h a t i s , the body of a macro d e f i n i t i o n 
may c o n t a i n a c a l l t o ano t h e r macro. F o r example, the macro prepw 
c o u l d be d e f i n e d as f o l l o w s : 

prepw MACRO 
I d a \ 1 
getw 
ENDM 

Getw i s a macro c a l l . The code to getw i s s u b s t i t u t e d i n - l i n e a t 
exp a n s i o n time. However, the d e f i n i t i o n o f a new macro w i t h i n 
another i s not p e r m i t t e d . Macro c a l l s may be n e s t e d up to e i g h t 
deep. 

L a b e l s 

Sometimes i t I s n e c e s s a r y to use l a b e l s w i t h i n a macro. L a b e l s a r e 
s p e c i f i e d by "\@". Each time the macro i s c a l l e d , a unique l a b e l 
w i l l be g e n e r a t e d t o a v o i d m u l t i p l e d e f i n i t i o n e r r o r s . W i t h i n the 
expanded code "\@" w i l l t a k e on the form "@xxx", where xxx w i l l be a 
d e c i m a l number between 000 to 999. 

More than one l a b e l may be s p e c i f i e d i n a macro by the a d d i t i o n of 
an e x t r a c h a r a c t e r ( s ) . F o r example, i f two d i f f e r e n t l e b e l s a r e 
r e q u i r e d i n a macro, they can be s p e c i f i e d by "\@A" and "\@B". I n 
the f i r s t e x p a n s i o n of the macro, the l a b e l s would be "@001A" and 
"@001B", and i n the second e x p a n s i o n t h e y would be "@002A" and 
"002B". The e x t r a c h a r a c t e r s may be appended b e f o r e the "\" or 
a f t e r the "@". 

A d d i t i o n a l P s e u d o - I n s t r u c t i o n s 

\n - w i l l r e t u r n the number of arguments passed to 
the macro. 

\L<num> - w i l l r e t u r n the l e n g t h of the i t h argument 
t h a t i s s p e c i f i e d by <num>. 

FAIL - Ca u s e s an e r r o r to be g e n e r a t e d . 

REPT <num> - w i l l r e p e a t an i n s t r u c t o n or group of 
i n s t r u c t i o n s <num> t i m e s . ENDR t e r m i n a t e s 
REPT. 
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abor t 7 7 J Z 
abs J J 
a c c e s s J - a 
ato f A—7 

1 J a t o i A —7 

a t o l A 7 1 — J 
c a l l o c A 17 

4-1 / c h a i n 3—5 
c h d i r 7 £ 

J — o chmod 7—7 
cho wn 3-8 
ch x d i r 7— 
c l e a r e r r 4-S 

•t J c l o s e 3-9 
c r c 3—10 

3—11 
d e f d r i v e 7— 1 7 

J 1Z 
dup •3 1 3 

J 1 J 
e x i t 7—1 A 

j — r i f c l o s e 4-4 
fdopen 4-7 
re or 4-5 
f e r r o r A — 1 *t J 
f f l u s h A—A 
f ge t s A—1 7 1 1 J 
f i l e n o A — 1 

a — j f i n d n s t r A—A 1—0 
f i nd s t r 4-6 
fopen A — 7 1 / 
f p r i n t f A — 1 Q 1 — 1 y 
f p u t s A—7 7 1 Z J 
f r e a d A —O 

1 — y 4-17 
freemem 3-40 
f r e o p e n 4-7 
f s c a n f 4-25 
f s e e k 4-10 
f t e l l 4-10 
f w r i t e 4-9 
g e t c 4-11 

g e t c h a r 4-11 
getime 3—35 
g e t p i d 3-15 
g e t s 4-13 
g e t s t a t 3-16 
g e t u i d 3-18 
getw 4-11 
i b r k 3-33 
i n d e x 4-30 
i n t e r c e p t 3-19 
i s a l n u m 4-14 
i s a l p h a 4-14 
i s a s c i i 4-14 
i s c n t r l 4-14 
i s d i g i t 4-14 
i s l o w e r 4-14 
i s p r i n t 4-14 
i s p u n c t 4—14 
i s s p a c e 4—14 
i s u p p e r 4-14 
k i l l 3-21 
1 3 t o l 4-15 
longjmp 4-16 
l s e e k 3-22 
l t o l 3 4-15 
m a l l o c 4-17 
mknod 3-23 
mktemp 4-18 
modlink 3-24 
modload 3-24 
munlink 3-25 
open 3-28 
o s 9 f o r k 3-29 
pause 3-30 
p r e r r 3-31 
p r i n t f 4-19 
p u t c 4-22 
p u t c h a r 4-22 
puts 4-23 
putw 4-22 

q s o r t A-1 7 A Z 1 
r e a d 3- 77 J z 

3_ 32 
vew i n d 4- 10 
r i n d e x A-1 70 JU 
s b r k 7 

J — 
7 7 J J 

s c a n f A-1 7 1 Z J 
s e t buf f A-

1 
7 7 Z / 

s e t ime 3_ 35 
s e t Jnip A-

1 
1 z 

s e t p r 3_ 7A 
s e t s t a t 7_ 

J 
77 J / 

s e t u i d 3- 36 
s i ^ n a 1 3- 38 

4- 28 
s p r i n t f 4- 19 
s s c a n f 4-•71 Z J 
s t a c k s i z e 3_ .39 
s t r c a t 4-•29 
strcmp 4-•29 
s t r c p y 1 •30 
s t r b c p y A-1 • 70 
s t r l e n 4-•30 
s t r n c a t A-1 .7 Q 

Z y s t r n c p y A-1 -70 
s y s tem A-1 • 71 J l 
t o a s c i i A-1 .7 7 J Z 
tolower A-1 • 77 JZ 
toupper A-1 77 JZ 
t s l e e p J • A7 1Z 
ungetc 1 " 7 7 j Z 
u n l i n k 7_ 

J 
.A 7 1 J 

3_ •44 
w r i t e 3- •45 
w r i t e l n 3-•45 
e x i t 3-•13 
os9 3-•25 
s t r a s s 4-•41 
tolower 4-•32 
toupper 4-•32 
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