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0s-9 P a s c a l  U s e r ' s  M a n u a l  
AN OVERVIEW OF THE PASCAL SYSTEM 

CHAPTER 1 

ABOUT 0s-9 PASCAL 

In  t h e  l a s t  few y e a r s ,  t h e  Pasca l  language has become one of 
t h e  most popular computer programming languages .  Although i t  was 
o r i g i n a l l y  developed a s  an a i d  i n  t e a c h i n g  computer s c i e n c e ,  i t  has  
found wide use i n  a lmost  every imaginable computer a p p l i c a t i o n  f o r  
good reason.  The Pasca l  language g i v e s  programmers an a lmos t  
p e r f e c t  medium f o r  conc i se  e x p r e s s i o n  of s o l u t i o n s  t o  complex 
problems. 

The i n t e r n a l  o p e r a t i o n  of a  language a s  powerful a s  Pasca l  m u s t  
be r e l a t i v e l y  complsx, and running Pascal  programs can be q u i t e  
demanding of t h e  computer. There fo re ,  microcomputer v e r s i o n s  of 
Pascal  t r a d i t i o n a l l y  have been q u i t e  l i m i t e d  and much slower than 
t h e i r  b ig  computer cous ins .  The gap has been narrowed c o n s i d e r a b l y  
i n  0s-9 Pasca l  because of two f a c t o r s .  The f i r s t  f a c t o r  i s  t h e  6809 
mic roprocessor ,  which was s p e c i f i c a l l y  des igned t o  e f f i c i e n t l y  
execu te  h igh- leve l  languages  such a s  P a s c a l .  The second f a c t o r  i s  
t h e  p a r t  of 0s-9 Pascal  c a l l e d  "Pasca lS" ,  which a l l o w s  t h e  Pasca l  
system t o  u t i l i z e  d i s k  space  a s  " v i r t u a l  memory". Being a b l e  t o  
u t i l i z e  d i s k  space  a s  " v i r t u a l  memory" means t h a t  you can run Pasca l  
programs t h a t  a r e  much l a r g e r  than t h e  a c t u a l  memory s i z e .  Indeed,  
a  Pasca l  compiler  a s  complete a s  t h e  0s-9 Pascal  compiler  would 
o the rwise  be too b ig  t o  f i t  i n  your computer ' s  memory. 

One o t h e r  unusual c h a r a c t e r i s t i c  of 0s-9 Pasca l  is i t s  a b i l i t y  
t o  compile and run programs i n  e i t h e r  "P-code" o r  " n a t i v e  code" 
forms. "P-codes" a r e  i n s t r u c t i o n s  p a r t i c u l a r l y  c r e a t e d  f o r  an 
i d e a l ,  imaginary "Pasca l  Computer". The 6809 c a n ' t  d i r e c t l y  e x e c u t e  
P-code i n s t r u c t i o n s ,  so  a  program c a l l e d  a  "P-code i n t e r p r e t e r "  is  
used t o  s i m u l a t e  t h e  i d e a l  "Pasca l  Computer". Most microcomputer 
v e r s i o n s  of Pascal  use t h e  P-code concept because i t  s i m p l i f i e s  t h e  
des ign  of t h e  compi ler  and makes most e f f i c i e n t  use of a  l i m i t e d  
amount of memory. Another p l u s  f o r  P-code i s  t h a t  w h i l e  programs 
a r e  running,  t h e  P-code i n t e r p r e t e r  can perform thorough e r r o r  
checks and can g i v e  e x c e l l e n t  d i a g n o s t i c  messages. 

Using P-code, t h e  execu t ion  speed of programs i s  r e l a t i v e l y  
slow compared t o  t r u e  machine language.  Each P-code i n s t r u c t i o n  
causes  a c t u a l  machine language i n s t r u c t i o n s  t o  be run i n  t h e  
i n t e r p r e t e r  program (which a r e  "overhead" and n o t  a c t u a l l y  needed t o  
c a r r y  o u t  t h e  o r i g i n a l  Pascal  program).  0s-9 Pascal  p rov ides  a  
unique s o l u t i o n  t o  t h i s  problem by means of a  program c a l l e d  a  
" n a t i v e  code t r a n s l a t o r " .  The n a t i v e  code t r a n s l a t o r  t a k e s  a  P-code 
program and t r a n s l a t e s  it t o  6809 assembly language (machine 
language)  source  code. Both t h e  P-code and t h e  n a t i v e  code forms of 
t h e  program work e x a c t l y  t h e  same way - excep t  t h a t  t h e  n a t i v e  code 
v e r s i o n  w i l l  run from four  t o  t e n  t imes  f a s t e r !  And because t h e  
o u t p u t  of t h e  t r a n s l a t o r  i s  a  t e x t  f i l e  t h a t  i s  processed by t h e  
s t a n d a r d  0s-9 assemble r ,  you can examine o r  manually e d i t  i t  if you 
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wish.  

Why even bo the r  wi th  P-code? One reason i s  t h a t  ve ry  b i g  
programs w i l l  on ly  f i t  i n  your computer i n  F-code form. While P- 
code i s  not  a s  f a s t  a s  n a t i v e  code,  i n  many c a s e s  speed i s  not  an 
impor tan t  enough f a c t o r  t o  bother  wi th  t h e  o p t i o n a l  t r a n s l a t i o n  
s t e p .  Perhaps t h e  main va lue  of P-code i s  i t s  use i n  program debug- 
g ing  because t h e  P-code i n t e r p r e t e r  has more comprehensive e r r o r  
checking and d i a g n o s t i c s .  T y p i c a l l y ,  0s-9 Pasca l  u s e r s  debug pro- 
grams i n  p-code form and t r a n s l a t e  t o  n a t i v e  code a s  a  f i n a l  s t e p .  

The s t e p s  i n  c r e a t i n g  and t e s t i n g  a  program i n  0s-9 Pasca l  a r e  
l i s t e d  below: 

1. C r e a t e  t h e  Pasca l  source  program using a  t e x t  e d i t o r .  

2 .  Compile t h e  program t o  P-code us ing t h e  compi ler .  

3 .  I f  t h e r e  a r e  compi la t ion  e r r o r s ,  e d i t  t h e  Pasca l  source  
f i l e  and go back t o  s t e p  2 .  

4 .  Run t h e  program using t h e  P-code i n t e r p r e t e r .  

5 .  I f  t h e r e  a r e  run-time e r r o r s  or program e r r o r s ,  e d i t  t h e  
Pasca l  s o u r c e  f i l e  and go back t o  s t e p  2 .  

6 .  ( O p t i o n a l )  T r a n s l a t e  t h e  P-code program t o  n a t i v e  code,  
then run t h e  assembler wi th  t h e  n a t i v e  code source  f i l e .  
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DO YOU KNOW PASCAL? 

Either you already know Pascal, or you don't. 

If you already know Pascal, you will be pleased to discover 
that 0s-9 Pascal is a very thorough implementation of the language 
according to IS0 Standard 7185.1 Level 0 with exceptions and 
extensions documented in Chapter 14 of this manual. The compiler 
behaves as the Wirth and Jensen "bible" says it should. You will 
discover that a number of very useful additional library functions 
that are not included in the IS0 specification have been added to 
0s-9 Pascal. Also, some unnecessarilly restrictive Pascal syntax 
requirements have been relaxed. 

If you don't already know Pascal, you have some studying to do. 
Fortunately, Pascal was originally designed for teaching 
programming, so it is easy to learn in stages. Unfortunately, a 
course in Pascal programming is beyond the scope of this manual. 
The books listed on the next page are recommended as reference and 
self-study source books. They are generally available at, or 
through, many larger bookstores, or they can be ordered directly 
from the publishers. 
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SUGGESTED I S 0  PASCAL SOURCE BOOKS 

PROGRAMMING I N  PASCAL, REVISED EDITION by P e t e r  Grogono 
Addison-Wesley P u b l i s h i n g  Co.,  R e a d i n g ,  Mass . ,  1980 

T h i s  book p r e s e n t s  a  good s e l f - s t u d y  c o u r s e  on  P a s c a l  f o r  
b e g i n n e r s .  I t  i s  b a s e d  on t h e  I S 0  P a s c a l  S t a n d a r d  which  i s  
i m p o r t a n t  f o r  c o m p a t i b i l i t y  w i t h  OS-9 P a s c a l .  T h e r e  a r e  a  l a r g e  
number o f  s i m i l a r  vo lumes  on b o o k s t o r e  s h e l v e s ,  i n c l u d i n g  many 
good s e l f - s t u d y  c o u r s e s .  Make s u r e  any  s u c h  book you may s e l e c t  
i s  b a s e d  on  " W i r t h / J e n s e n V  o r  " I S 0  S t a n d a r d n  P a s c a l  - b u t  NOT t h e  
"UCSD P a s c a l "  d i a l e c t ,  o r  you may h a v e  t r o u b l e  r u n n i n g  example  
p r o g r a m s  e x a c t l y  a s  g i v e n .  

PASCAL USER MANUAL AND REPORT by K a t h l e e n  J e n s e n  a n d  N i k l a u s  W i r t h  
S p r i n g e r - V e r l a g ,  N e w  York,  1974 

T h i s  book i s  t h e  " b i b l e " ,  w r i t t e n  by t h e  c r e a t o r s  o f  t h e  l a n g u a g e  
i t s e l f .  The f i r s t  p a r t  of  t h e  book is  a  " u s e r  manua l"  t h a t  shows 
how P a s c a l  p r o g r a m s  a r e  c o n s t r u c t e d .  The s e c o n d  p a r t  i s  a  
" r e p o r t n  g i v i n g  a  c o n c i s e  d e s c r i p t i o n  o f  P a s c a l ' s  s y n t a x .  An 
i n v a l u a b l e  r e f e r e n c e  work.  When e x p e r t  P a s c a l  p rogrammers  a r g u e  
o v e r  t r i v i a l  p o i n t s ,  t h i s  book i s  c o n s u l t e d  t o  s e t t l e  m a t t e r s .  

STANDARD PASCAL USER REFERENCE MANUAL by Doug Cooper  
W.W. Nor ton  & Co.,  New York,  1983  

The I S 0  P a s c a l  S t a n d a r d  document  was w r i t t e n  by and  f o r  compute r  
s c i e n t i s t s ;  t h e r e f o r e ,  i t  i s  a l m o s t  i m p o s s i b l e  t o  r e a d  o r  
u n d e r s t a n d .  T h i s  book d o e s  a n  a d m i r a b l e  j o b  of  t r a n s l a t i n g  t h e  
I S 0  s p e c i f i c a t i o n  f o r  t h o s e  " w i t h  o n l y  human powers  o f  
u n d e r s t a n d i n g " ,  a s  Mr. Cooper p u t s  i t .  F o r t u n a t e l y ,  t h e  r e s u l t  
i s  s t i l l  t e c h n i c a l l y  a c c u r a t e .  You may f i n d  t h i s  t o  b e  a  b e t t e r  
r e f e r e n c e  t h a n  t h e  W i r t h / J e n s e n  c l a s s i c .  
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REQUIREMENTS AND INFORMATION 

Requi rements :  64K Color  Computer 
2 d i s k  d r i v e s  
2 0s-9 P a s c a l  d i s t r i b u t i o n  d i s k  

Be fo re  u s i n g  your P a s c a l ,  i t  i s  i m p o r t a n t  t o  c r e a t e  a  BACKUP of you r  
two 0s-9 d i s t r i b u t i o n  d i s k s .  The o r i g i n a l  d i s k s  s h o u l d  t h e n  b e  
s t o r e d  i n  a  s a f e  p l a c e .  To p r o t e c t  t h e  i n f o r m a t i o n  t h a t  you s t o r e  
on d i s k e t t e ,  make backups of your working d i s k s  f r e q u e n t l y .  

The s t e p s  two t a k e  t o  c r e a t e  backup d i s k s  a r e  a s  f o l l o w s :  

1. FORMAT a  new d i s k .  
P l a c e  a  d i s k  i n  d r i v e  1 and t y p e  FORMAT / D l .  The 
f o r m a t  u t i l i t y  w i l l  p r i n t  a  ready  prompt.  Type 'Y' and 
t h e  d i s k  w i l l  be  f o r m a t t e d .  

2 .  BACKUP t h e  d i s k .  
For a  two d r i v e  backup,  p l a c e  t h e  s o u r c e  d i s k  i n  d r i v e  
0, a  f o r m a t t e d  d i s k  i n  d r i v e  1, and t h e n  t y p e  BACKUP. 
The backup u t i l i t y  w i l l  prompt f o r  any i n p u t .  

Each P a s c a l  d i s k  i s  a  Minimum System Conf igu red  d i s k .  Only 
n e c e s s a r y  0s-9 commands have been p l a c e d  on t h e  d i s k s .  When 
c r e a t i n g  backup P a s c a l  d i s k s  you may add o r  d e l e t e  commands i f  s p a c e  
a l l o w s .  
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THE PARTS OF THE PASCAL SYSTEM AND INSTALLATION 

Your copy of t h e  0s-9 Pascal  system w i l l  c o n s i s t  of two 
d i s k e t t e s .  Before you use P a s c a l ,  you must copy t h e s e  f i l e s  o n t o  
your system d i s k  and a  working d i s k  (o r  d i r e c t o r y ) .  

You should  c r e a t e  a  s p e c i a l  system d i s k  f o r  working w i t h  Pasca l  
t h a t  has  on ly  t h e  minimum s e t  of commonly used 0s-9 commands (such 
a s  COPY, D E L ,  D I R ,  e t c . )  and omi t s  t h o s e  commands no t  f r e q u e n t l y  
used when working wi th  Pascal  (such a s  FORMAT, DCHECK, OSgGEN, 
e t c . ) .  The two d i s k e t t e s  c o n t a i n i n g  OS-9 Pasca l  a r e  a l r e a d y  s e t u p  
a s  minimal system d i s k s  and may used a s  examples. 

To use your s p e c i a l  system d i s k s ,  s imply boot you system w i t h  
your normal system d i s k  then i n s e r t  you s p e c i a l  system d i s k  i n  d r i v e  
0  and t y p e  C H X  /DO/CMDS which w i l l  now use t h e  CMDS d i r e c t o r y  on t h e  
s p e c i a l  system d i s k  a s  your new execu t ion  d i r e c t o r y .  You should  
then use t h e  CHD command t o  change your c u r r e n t  d a t a  d i r e c t o r y  t o  
t h e  d i r e c t o r y  i n  which you wish t o  c r e a t e  source  f i l e s .  The OS-9 
Pasca l  d i s k  number 1 c o n t a i n s  a l l  programs requ i red  t o  compile and 
e x e c u t e  p a s c a l  programs us ing  one of t h e  i n t e r p r e t e r s .  

The t a b l e  below l i s t s  t h e  f i l e s  inc luded  i n  t h e  OS-9 Pasca l  
System. The type  code i n d i c a t e s  t h e  type  of d a t a  s t o r e d  on t h e  
f i l e :  M=6809 machine language,  P=Pcode, and T = t e x t .  Each f i l e  must 
be cop ied  from t h e  d i s t r i b u t i o n  d i s k  t o  e i t h e r  your s y s t e m ' s  
e x e c u t i o n  ("CMDS") d i r e c t o r y  o r  t o  a  d i r e c t o r y  o r  d i s k  r e s e r v e d  f o r  
Pasca l  u s e ,  t h u s  t h e  l a s t  column shows where t h e  f i l e  is  t o  be 
cop ied .  D i r e c t o r y  names wi th  a s t e r i s k s  i n d i c a t e  t h a t  t h e  use of t h e  
f i l e  i s  o p t i o n a l  i f  d i s k  space  i s  l i m i t e d .  

F i l e  Name Funct ion TY Pe 
--------------- ................................. ---- 
Pasca l  Pasca l  compi ler  program M 
Pascal-Compiler Pasca l  compi ler  pcode f i l e  P  
P a s c a l E r r s  Text f i l e  of e r r o r  messages T 
PascalN Normal pcode i n t e r p r e t e r  M 
P a s c a l s  Swapping pcode i n t e r p r e t e r  M 
PascalT.PRUN Nat ive  code t r a n s l a t o r  pcode f i l e  P  
PascalT.  MODL Nat ive  code e x t e r n a l  r o u t i n e s  M 

used by PascalT.  PRUN 
PascalE E x t e r n a l  r o u t i n e  mapping program. M 
PascalDef s assembly language equa tes  T 

f o r  n a t i v e  code programs. 
Suppor t  F u l l  s u p p o r t  package module. M 
Suppor t1  Suppor t  package module wi thou t  M 

SIN, COS, LN, EXP, ATAN,  and SQRT 
Support2 Same a s  Suppor t1  excep t  wi thou t  M 

r e a l  numbers, AFRAC,  A I N T ,  FILESIZE, 
CNVTREAL, SEEKEOF, r e a l  READ/WRITE 

DumpReal Sample s o u r c e  program T 

D i r e c t o r y  
--------- 

CMDS 
CMDS 
CMDS 
CMDS 
CMDS 
CMDS 
CMDS 

CMDS 
PASCAL 

CMDS 
CMDS * 

CMDS * 

PASCAL 
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Pascal 

"PASCAL" is the native code portion of the compiler which prepares 
for execution using "Pascal-Compiler", which is the main body of the 
compiler in P-code form. Chapter 2 of this manual describes how to 
run the "Pascal" program. 

PascalErrs 

PascalErrs is a text file containing error message strings. The 
compiler, P-code interpreters, and Support use the text file 
"PascalErrs" to generate full English error messages. See page 3-3 
for more information. 

PascalN and PascalS 

PascalN and PascalS are the P-code interpreters. "PascalN" is the 
"normal" (and faster) interpreter used to run compiled P-code 
programs. "Pascals" is a swapping interpreter that uses a temporary 
disk file to simulate program and data memory so very large programs 
can be run. Because of its size, the native code translator is run 
by PascalS. PascalS can also be used to run user programs. See 
Chapter 3 for details. 

PascalT. PRUN and PascalT.MODL 

"PascalT.PRUN" is the native code translator program which is run 
using the PascalS swapping P-code interpreter. PascalT.PRUN is a 
large P-code program that uses some machine language procedures to 
improve its translation speed which it automatically loads from the 
file PascalT.MODL. See Chapter 4 for details. 

PascalE 

"PascalE" is an linkage editor program used to link into a single 
program separately compiled procedures having EXTERNAL declarations. 
See Chapter 5 for details. 

PascalDefs 

PascalDefs is a text file containing assembly language source code 
definitions required when assembling programs produced by the native 
code translator. 
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Support ,  Suppor t l ,  and Support2 

t n ( l O k )  i s  a  machine language module con ta in ing  . - l i b r a r y  
r o u t i n e s  commonly used by a l l  components of the  OS-9 pascal  system. 
I t  inc ludes  subrou t ines  f o r  f l o a t i n g  po in t  a r i t h m e t i c  f unc t i ons ,  
inpu t /ou tpu t  ope ra t i ons ,  t he  ope ra t i ng  system i n t e r f a c e ,  e t c .  I t  is  
used by Pasca l s ,  PascalN, and n a t i v e  code programs generated by t h e  
t r a n s l a t o r .  "Suppor t l " (8k)  and "Support2"(6k)  a r e  s t r i p p e d  down 
v e r s i o n s  of "Supportn  t h a t  can be used t o  save memory i f  c e r t a i n  
l i b r a r y  func t i ons  (such a s  t r an sceden t a l  f unc t i ons )  a r e  not requ i red  
by s p e c i f i c  a p p l i c a t i o n s .  
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CHAPTER 2 

SYNOPSIS : The f u n c t i o n  of t h e  compiler  i s  t o  conver t  a  Pasca l  
" source"  program f i l e  t o  a  P-code f i l e  t h a t  may be executed us ing  
one of t h e  i n t e r p r e t e r s .  Running t h e  compiler  i s  always t h e  f i r s t  
s t e p  i n  p r e p a r i n g  a  Pasca l  program r e g a r d l e s s  of whether you i n t e n d  
t o  produce a  P-code program or a  n a t i v e  code program. 

THE COMPILER COMIIAND LINE 

The command l i n e  c o n s i s t s  of t h e  command " P a s c a l " ,  The s o u r c e  
f i l e  i s  read from t h e  s t a n d a r d  i n p u t  pa th ,  s o  t h e  0s-9 S h e l l  
r e d i r e c t i o n  o p e r a t o r  " < "  i s  used t o  r e d i r e c t  i n p u t  of t h e  compiler  
t o  t h e  f i l e  d e s i r e d .  A t y p i c a l  command used t o  c a l l  t h e  compiler  
looks  l i k e  t h i s :  

PASCAL <myprogram #20k 

The PASCAL command compiles a  program on a  f i l e  c a l l e d  "myprogram". 
The 0s-9 S h e l l  memory s i z e  o p t i o n  i s  used t o  g i v e  t h e  compiler  28K 
b y t e s  of working memory. The compi ler  w i l l  d i s p l a y  a  program 
l i s t i n g  on t h e  t e r m i n a l  d i s p l a y  ( t h e  s t a n d a r d  o u t p u t  p a t h )  and w r i t e  
t h e  cor respond ing  P-code program on a  f i l e  c a l l e d  "PCODEF". 

A f t e r  t h e  compi la t ion  has f i n i s h e d ,  t h e  normal P-code 
i n t e r p r e t e r  c a l l e d  "PascalNn can be used t o  run t h e  program on t h e  
PCODEF f i l e .  For example: 

PASCALN PCODEF 

Compiling and running Pasca l  programs i s  o f t e n  a s  s imple  a s  
t h i s .  On t h e  o t h e r  hand, t h e  Pasca l  compi ler  i s  a  ve ry  
s o p h i s t i c a t e d  program t h a t  has  many u s e r - c o n t r o l l a b l e  f e a t u r e s  t h a t  
you may want t o  use a s  a  ma t te r  of p r e f e r e n c e ,  o r  f o r  s p e c i a l  
r easons  r e l a t e d  t o  t h e  program you a r e  developing.  Th i s  chap te r  is  
devoted t o  a  d e t a i l e d  d e s c r i p t i o n  of t h e  c o m p i l e r ' s  many o p t i o n a l  
f e a t u r e s .  For more in fo rmat ion  on PascalN, See Chapter 3 .  
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TEE PASCAL PROGRAM SOURCE F I L E  

The s o u r c e  f i l e  c o n t a i n i n g  t h e  p rogram t o  b e  c o m p i l e d  i s  
p r e p a r e d  u s i n g  t h e  s y s t e m  t e x t  e d i t o r  on y o u r  minimum c o n f i g u r a t i o n  
0s -9  d i s k ,  o r  t h e  s a m p l e  p rogram f u r n i s h e d  w i t h  t h e  0 s - 9  P a s c a l  
S y s t e m  c a n  b e  u s e d  t o  f a m i l i a r i z e  y o u r s e l f  w i t h  how t h e  c o m p i l e r  
works .  The s o u r c e  f i l e  g e n e r a l l y  r e s i d e s  i n  t h e  "PASCAL" w o r k i n g  
d i r e c t o r y  o r  d i s k .  

I n  p r e p a r i n g  y o u r  s o u r c e  p rogram,  k e e p  t h e  f o l l o w i n g  r u l e s  i n  
mind : 

-- Only  t h e  f i r s t  1 1 0  c h a r a c t e r s  o n  a  l i n e  w i l l  b e  r e c o g n i z e d .  

- - S t r i n g  c o n s t a n t s  ( s e q u e n c e s  o f  2 o r  more c h a r a c t e r s  b e t w e e n  
s i n g l e  q u o t e  m a r k s )  c a n  h a v e  up t o  1 0 0  c h a r a c t e r s .  

-- The p r o g r a m  i t s e l f  c a n  c o n t a i n  up t o  254 p r o c e d u r e s  i n c l u d i n g  
p r o c e d u r e s  d e c l a r e d  a s  EXTERNAL. 
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A DETAILED DESCRIPTION OF COMPILER COMMAND LINES 

The compi l e r  i s  c a l l e d  u s ing  a  command l i n e  of t h e  form: 

PASCAL < s o u r c e f i l e  > l i s t f i l e  > > s t a t f i l e  #memsize : p a r a m e t e r s  

Note t h a t  PASCAL u s e s  OS-9's s t a n d a r d  1/0 p a t h s  f o r  normal 
i n p u t  and o u t p u t  o p e r a t i o n s  which may be  r e d i r e c t e d  t o  o r  from any 
f i l e  o r  d e v i c e .  

The s o u r c e  f i l e  i s  r e a d  from t h e  s t a n d a r d  i n p u t  p a t h  
( " < s o u r c e f i l e " ) .  Normally,  t h i s  i s  a  d i s k  f i l e .  

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

w i l l  be  d i s p l a y e d  on t h e  u s e r ' s  t e r m i n a l .  A t  t h e  end of t h e  
l i s t i n g ,  t h e  compi l e r  w i l l  d i s p l a y  a  p r o c e d u r e  t a b l e .  A l s o ,  i f  
r o u t i n e  e r r o r s  a r e  d e t e c t e d  d u r i n g  c o m p i l a t i o n ,  t h e  s o u r c e  l i n e  
c a u s i n g  t h e  e r r o r  and t h e  a p p r o p r i a t e  e r r o r  m e s s a g e ( s )  w i l l  be  shown 
on t h i s  p a t h .  You can ,  however, v i a  e i t h e r  a  compi l e r  o p t i o n  o r  a  
p a r a m e t e r  ( s e e  b e l o w ) ,  i n h i b i t  t h e  l i s t i n g  of  t h e  s o u r c e  program 
w h i l e  i t  is b e i n g  compi led .  

The s t a n d a r d  e r r o r / s t a t u s  p a t h  ( " > > / s t a t f i l e " )  is  used f o r  
c o m p i l a t i o n  s t a t i s t i c s  and s e v e r e  e r r o r  messages.  I f  no r e d i r e c t i o n  
of t h i s  p a t h  i s  s p e c i f i e d ,  messages w i l l  be  d i s p l a y e d  on t h e  u s e r ' s  
t e r m i n a l .  S e v e r e  e r r o r  messages  r e p o r t  c o n d i t i o n s  which p r e v e n t  t h e  
c o m p i l e r  from o p e r a t i n g ,  such  a s  i n s u f f i c i e n t  memory o r  0.5-9 f i l e  
e r r o r s .  "Normal" e r r o r  messages a r e  d i s p l a y e d  on t h e  l i s t i n g  p a t h  
d e s c r i b e d  above .  Compi l a t i on  s t a t i s t i c s  show f i g u r e s  f o r  v a r i o u s  
t y p e s  of memory usage  which can  be  used t o  improve compi l e r  
t h r o u g h p u t  f o r  t h e  p a r t i c u l a r  program b e i n g  compiled.  

The "#memsize" s p e c i f i c a t i o n  d e t e r m i n e s  how much memory t h e  
c o m p i l e r  i s  g i v e n  by OS-9. The l a r g e r  t h i s  number i s ,  t h e  f a s t e r  
t h e  c o m p i l e r  w i l l  run .  T h e r e f o r e ,  you s h o u l d  use  t h e  l a r g e s t  amount 
p o s s i b l e  on your  sys tem.  The amount of memory is b e s t  de t e rmined  by 
e x p e r i m e n t a t i o n .  Most 0.7-9 sys t ems  a l l ow t h e  amount t o  be a t  l e a s t  
60 t o  80 pages  (15K t o  20K).  I f  you r e c e i v e  an  "ERROR 207" message 
from 0.5-9 a f t e r  you a t t e m p t  t o  run  P a s c a l ,  it means t h a t  t h e  memory 
s i z e  you s p e c i f i e d  was t o o  l a r g e .  

Here a r e  some sample command l i n e s :  

p a s c a l  < f i b o n a c c i  > /p  > > / p  #18K 

p a s c a l  < i n v e r t  > /p  : d50 t 
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COMMAND L I N E  PARAMETERS 

A l i s t  of one or more parameters  f o r  t h e  compiler  can 
o p t i o n a l l y  be inc luded  i n  t h e  command l i n e .  I f  parameters  a r e  used,  
they  must be preceded by t h e  ":" c h a r a c t e r .  The parameters  a l low 
g l o b a l  c o n t r o l  over  program l i s t i n g  f u n c t i o n s  and over c e r t a i n  code 
g e n e r a t i o n  o p t i o n s .  They a l s o  a l low r e d i r e c t i o n  of t h e  P-code f i l e  
produced by t h e  compiler  and/or of t h e  compiler  work, which can be 
u s e f u l  i n  a  mul t i -use r  environment.  

Spaces or  commas can be used t o  s e p a r a t e  pa ramete r s ,  but  t h e  
t o t a l  number of c h a r a c t e r s  i n  t h e  parameter l i s t  must be l e s s  than 
or  equal  t o  8 0 ,  i n c l u d i n g  a l l  space and comma c h a r a c t e r s .  Upper and 
lower c a s e  l e t t e r s  a r e  considered t o  be e q u i v a l e n t .  The o p t i o n s  
a l lowed ,  t h e i r  form, and t h e i r  e f f e c t  a r e  a s  f o l l o w s :  

"0" w i l l  change t h e  name of t h e  PCODEF f i l e  produced by t h e  compiler  
t o  "pathname". 

"T" w i l l  change t h e  name of t h e  PROCTAB f i l e  produced by t h e  
compiler  t o  "pathname". 

"T", used by i t s e l f ,  w i l l  i n h i b i t  t h e  p r i n t i n g  of symbol t a b l e  
dumps. "T" i s  a  g l o b a l  i n h i b i t  and o v e r r i d e s  any symbol t a b l e  dump 
o p t i o n s  provided w i t h i n  t h e  source  program ( s e e  t h e  s e c t i o n  on 
compiler  o p t i o n s  below).  

"L" i n h i b i t s  t h e  source  program l i s t i n g .  "L" i s  a  g l o b a l  i n h i b i t  
and o v e r r i d e s  any l i s t i n g  o p t i o n s  provided w i t h i n  t h e  source  program 
( s e e  t h e  s e c t i o n  on compiler  o p t i o n s  below).  

"F" w i l l  i n h i b i t  t h e  use of a  form feed  c h a r a c t e r  t o  advance t o  a  
new page. I n s t e a d ,  c a r r i a g e  r e t u r n / l i n e  feed  combinations w i l l  be 
used t o  space  t o  a  new page. The compiler  always begins  p r i n t i n g  a t  
t h e  c u r r e n t  p o s i t i o n  of t h e  l i s t i n g  d e v i c e  and always i s s u e s  a  new 
page sequence a t  t h e  end of every  compi la t ion .  
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" D n  f o l l o w e d  by a  number g r e a t e r  t h a n  11 w i l l  se t  t h e  p a g e  l e n g t h  t o  
t h a t  number.  Nine l i n e s  o f  s o u r c e  t e x t  l e s s  t h a n  t h i s  number w i l l  
b e  p r i n t e d  on  e a c h  p a g e .  T h r e e  of  t h e  n i n e  l i n e s  a r e  o c c u p i e d  by 
t h e  h e a d i n g  f o r  e a c h  p a g e ,  and  a t  t h e  end  o f  e a c h  p a g e ,  s i x  b l a n k  
l i n e s  a r e  p r i n t e d  . I f  n o t  o v e r r i d e n ,  t h e  d e f a u l t  p a g e  l e n g t h  is  
66 .  I f  t h e  number g i v e n  is  less t h a n  1 2 ,  i t  w i l l  b e  i g n o r e d ,  and  12  
w i l l  b e  assumed.  I f  t h e  number g i v e n  is  g r e a t e r  t h a n  1 6 0 ,  i t  w i l l  
b e  i g n o r e d ,  a n d  160 w i l l  be  assumed.  

'D" by i t s e l f  i n h i b i t s  t h e  g e n e r a t i o n  of  run  t i m e  r a n g e  c h e c k s  f o r  
a r r a y  i n d e x i n g ,  memory r e f e r e n c e s  v i a  p o i n t e r s ,  a n d  a s s i g n m e n t s  t o  
b o o l e a n ,  s e t ,  o r  s u b r a n g e  t y p e  v a r i a b l e s .  "Dn i s  a  g l o b a l  i n h i b i t  
a n d  o v e r r i d e s  a n y  r a n g e  check  o p t i o n s  p r o v i d e d  w i t h i n  t h e  s o u r c e  
p rogram ( s e e  t h e  s e c t i o n  on c o m p i l e r  o p t i o n s  below and  t h e  Debug 
s e c t i o n  o f  C h a p t e r  9 ) .  

"Wn f o l l o w e d  by a  number g r e a t e r  t h a n  16 w i l l  se t  t h e  maximum l i n e  
w i d t h  t o  t h a t  number. Note  t h a t  "W" a f f e c t s  t h e  l i s t i n g  of  s o u r c e  
t e x t  l i n e s  - t h e  t h r e e  l i n e s  of  h e a d i n g  f o r  e a c h  page  h a v e  t h e i r  own 
minimum l e n g t h  w h i c h  may b e  l o n g e r  t h a n  t h i s  v a l u e .  S o u r c e  t e x t  
l i n e s  w h i c h  would r e q u i r e  a  l o n g e r  l i n e  t o  b e  t o t a l l y  l i s t e d  a r e  
s i m p l y  t r u n c a t e d  f o r  l i s t i n g  p u r p o s e s .  Each l i n e  o f  s o u r c e  t e x t  i s  
p r e c e d e d  by a  1 6  c h a r a c t e r  h e a d e r  (see t h e  s e c t i o n  below on r e a d i n g  
t h e  c o m p i l a t i o n  l i s t i n g ) ,  s o  t h a t  a  l i n e  w i d t h  o f  1 7 ,  t h e  minimum 
a l l o w e d ,  would r e s u l t  i n  o n l y  t h e  f i r s t  c h a r a c t e r  of e v e r y  s o u r c e  
l i n e  b e i n g  l i s t e d .  I f  n o t  o v e r r i d e n ,  t h e  d e f a u l t  l i n e  w i d t h  i s  7 9 .  
I f  t h e  number g i v e n  i s  l e s s  t h a n  1 7 ,  t h e  number w i l l  b e  i g n o r e d ,  a n d  
17  w i l l  b e  assumed.  I f  t h e  number g i v e n  i s  g r e a t e r  t h a n  1 6 0 ,  t h e  
number w i l l  b e  i g n o r e d ,  a n d  160 w i l l  b e  assumed.  

n N n w i l l  i n h i b i t  t h e  i n c l u s i o n  o f  s o u r c e  l i n e  numbers  i n  t h e  P-code 
f i l e .  " N n  i s  a  g l o b a l  i n h i b i t  a n d  o v e r r i d e s  a n y  l i n e  number o p t i o n s  
p r o v i d e d  w i t h i n  t h e  s o u r c e  p rogram ( s e e  t h e  s e c t i o n  on  c o m p i l e r  
o p t i o n s  b e l o w ) .  I n c l u s i o n  o f  l i n e  numbers  w i l l  c a u s e  r u n - t i m e  e r r o r  
r e p o r t i n g  t o  r e p o r t  s o u r c e  l i n e  numbers  a s  a n  a i d  i n  p rogram 
d e b u g g i n g .  L i n e  numbers  r e q u i r e  t h r e e  b y t e s  of  P-code f o r  n e a r l y  
e v e r y  s t a t e m e n t  i n  t h e  s o u r c e  p rogram,  a n d  program e x e c u t i o n  i s  
s l o w e d  s l i g h t l y .  T h e r e f o r e ,  t h i s  o p t i o n  s h o u l d  b e  g i v e n  when 
c o m p i l i n g  " f i n a l n  v e r s i o n s  o f  p rograms  when no f u r t h e r  d e b u g g i n g  i s  
a n t i c i p a t e d .  
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COMPILE-TIME OPTIONS 

Compile-time o p t i o n s  may be included i n s i d e  Pasca l  source  
programs. They a r e  used t o  enab le  or  d i s a b l e  v a r i o u s  compile t ime 
modes o r  t o  o v e r r i d e  c e r t a i n  memory a l l o c a t i o n  d e f a u l t  v a l u e s .  
These o p t i o n s  use a  form s i m i l a r  t o  comment l i n e s :  

( * $  o p t i o n l i s t  * )  or  { $  o p t i o n l i s t  1 

When e i t h e r  of t h e s e  forms i s  encountered by t h e  compi le r ,  t h e  
t e x t  i n s i d e  t h e  comment i s  processed a s  a  l i s t  of one or  more 
compile-t ime o p t i o n s .  I f  t h e  compiler  f a i l s  t o  f i n d  proper syn tax ,  
then  t h e  whole s t r i n g  i s  t r e a t e d  simply a s  ano the r  normal comment, 
and no message i s  g iven .  More than one o p t i o n  can be s p e c i f i e d  
w i t h i n  a  s i n g l e  comment a s  long a s  each has t h e  proper syn tax  and 
a r e  s e p a r a t e d  by a  comma and o p t i o n a l  spaces .  For example, i f  t h r e e  
good o p t i o n  s p e c i f i c a t i o n s  were found w i t h i n  t h e  comment and then 
some sequence of c h a r a c t e r s  was found which w a s n ' t  recognized a s  a  
v a l i d  o p t i o n  s p e c i f i c a t i o n ,  t h e  t h r e e  preceding s p e c i f i c a t i o n s  a r e  
p r o p e r l y  kep t  and t h e  remainder of t h e  comment i s  ignored.  Upper 
and lower c a s e  l e t t e r s  a r e  cons ide red  e q u i v a l e n t .  The o p t i o n s ,  
t h e i r  form, and t h e i r  f u n c t i o n  a r e  a s  f o l l o w s :  

Here a r e  some examples: 
(*$1- Turn o f f  l i s t i n g  * )  
(*$ l+ ,T+  Enable l i s t i n g  and symbol t a b l e  dump*) 
{$110000, e l000 I n c r e a s e  s i z e  of l o c a l  and extended 

s t a c k s  1 
{$S20480 Request 20K f o r  swap b u f f e r s  f o r  

P a s c a l s  1 

*Enables program l i s t i n g .  
D i s a b l e s  program l i s t i n g .  

Followed by a  number o v e r r i d e s  t h e  compiled program's  l o c a l  
s t a c k  s i z e  c a l c u l a t i o n .  See Chapter 10 f o r  more in fo rmat ion .  

Followed by a  number o v e r r i d e s  t h e  compiled program's  extended 
s t a c k  s i z e  c a l c u l a t i o n .  See Chapter 10 f o r  f u r t h e r  more 
in fo rmat ion .  

Followed by a  number o v e r r i d e s  t h e  compiled program's minimum 
heap s i z e  c a l c u l a t i o n .  The compiler  always c a l c u l a t e s  t h e  
minimum heap s i z e  t o  be ze ro  by tes  un less  o v e r r i d e n .  See 
Chanter 10 f o r  more in fo rmat ion .  

Followed by a  number o v e r r i d e s  t h e  compiled program's  d e f a u l t  
swap s i z e  c a l c u l a t i o n .  The compiler  always c a l c u l a t e s  t h e  
minimum swap s i z e  t o  be 2K b y t e s  u n l e s s  o v e r r i d e n .  Th i s  v a l u e ,  
a s  w i t h  t h e  o t h e r  s i z e  va lues  j u s t  d e s c r i b e d ,  on ly  a f f e c t s  
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memory a l l o c a t i o n  f o r  t h e  running of t h e  compiled v e r s i o n  
of t h i s  program - i t  does no t  i n  any way a f f e c t  t h e  p r o c e s s  
of compiling t h e  source  program. Also,  i f  any memory s i z e  
o p t i o n  i s  given more than  once,  on ly  t h e  l a s t  s p e c i f i c a t i o n  
i s  kep t .  See Chapter 10 f o r  more in fo rmat ion .  

+ "Enables g e n e r a t i o n  of run t ime range checks f o r  a r r a y  indexing,  
memory r e f e r e n c e s  v i a  p o i n t e r s ,  and ass ignments  t o  boolean,  
s e t ,  o r  subrange type  v a r i a b l e s .  Case s t a t e m e n t s  a r e  always 
checked.  The " d m  o p t i o n  i s  a l s o  r e f e r r e d  t o  a s  t h e  "Debug 
Option".  See Chapter 9 f o r  more in fo rmat ion  on t h e  Debug 
Option.  

d- D i s a b l e s  g e n e r a t i o n  of run t ime range checks d e s c r i b e d  above. 

n+ "Enables i n c l u s i o n  of s o u r c e  l i n e  numbers i n  t h e  P-code f i l e .  
n- D i s a b l e s  i n c l u s i o n  of source  l i n e  numbers i n  t h e  P-code f i l e .  

t +  Enables  t h e  g e n e r a t i o n  of symbol t a b l e  dumps. 
t- *Disab les  t h e  g e n e r a t i o n  of symbol t a b l e  dumps. 

D e f a u l t  Values :  

A t  t h e  s t a r t  of compi la t ion  t h e  d e f a u l t  o p t i o n  s e t t i n g s  a r e :  1 + ,  d+,  
n+,  and t-. The d e f a u l t  v a l u e s  a r e  marked wi th  an I* '  i n  t h e  
d e s c r i p t i o n s  above. 

NOTE: When us ing  t h e  1, e ,  h, and s compile t ime o p t i o n s  it i s  
necessa ry  t o  s p e c i f y  t h e  s i z e  i n  s i n g l e  by tes .  The compile-t ime 
o p t i o n s  do not  r ecogn ize  ' K '  b y t e s .  
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COMPILER LISTING FORMATTING DIRECTIVES 

The $PAGE, $TITLE, a n d  $SUBTITLE d i r e c t i v e s  c a n  b e  i n c l u d e d  i n  
P a s c a l  s o u r c e  p r o g r a m s  t o  c r e a t e  b e t t e r  o r g a n i z e d  t i t l e s  a n d  
c o m p i l e r  l i s t i n g s .  T h e s e  d i r e c t i v e s  must  a l w a y s  s t a r t  i n  t h e  f i r s t  
column of  t h e  s o u r c e  l i n e .  The d i r e c t i v e  s t a t e m e n t s  a r e  n o t  
p r i n t e d  i n  t h e  l i s t i n g .  

$PAGE c a u s e s  a  page  e j e c t  i n  t h e  c o m p i l e r  l i s t i n g .  When $PAGE i s  
e n c o u n t e r e d ,  t h e  r e s t  of  t h e  l i n e  is  i g n o r e d ,  a n d  a  p a g e  e j e c t  i s  
q u e u e d .  Note  t h a t  a  p a g e  e j e c t  i s  n o t  p e r f o r m e d  i m m e d i a t e l y  a n d  
w i l l  n o t  b e  u n t i l  a  l i n e  o f  s o u r c e  t e x t  is  e n c o u n t e r e d  which  mus t  b e  
l i s t e d .  As a  r e s u l t ,  s e v e r a l  $PAGE ( a l s o  $TITLE and  $SUBTITLE) 
r e q u e s t s  c a n  o c c u r  o n e  a f t e r  a n o t h e r ,  and  o n l y  a  s i n g l e  page  e j e c t  
w i l l  o c c u r  when a  l i n e  of normal  s o u r c e  t e x t  i s  f i n a l l y  f o u n d .  

$TITLE a n d  $SUBTITLE 

The "$TITLEnn d i r e c t i v e  s p e c i f i e s  a  program t i t l e  l i n e  which  is  
p r i n t e d  i n  t h e  f i r s t  l i n e  of  t h e  h e a d i n g  of  e v e r y  l i s t i n g  page .  
"$TITLEn may b e  f o l l o w e d  by any  t e x t  s t r i n g  t o  b e  u s e d  a s  a  t i t l e .  
T i t l e  s t r i n g s  l o n g e r  t h a n  5 0  c h a r a c t e r s  a r e  t r u n c a t e d .  "$SUBTITLEw 
i s  u s e d  t o  d e f i n e  a  s u b t i t l e  s t r i n g  and  may h a v e  up t o  6 0  
c h a r a c t e r s .  T h e s e  d i r e c t i v e s  c a n  b e  u s e d  a s  o f t e n  a s  d e s i r e d  t o  
c h a n g e  t h e  c u r r e n t  p a g e  h e a d i n g s .  Normal ly ,  a  p rogram w i l l  h a v e  a  
s i n g l e  t i t l e  o p t i o n  a t  t h e  v e r y  b e g i n n i n g  of  t h e  s o u r c e  t e x t ,  a n d  
s u b t i t l e s  w i l l  t y p i c a l l y  b e  u s e d  t o  name e a c h  m a j o r  p rogram s e c t i o n  
s u c h  a s  t h e  g l o b a l  d a t a  d e c l a r a t i o n s ,  e a c h  main p r o c e d u r e ,  e t c .  
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A SAMPLE COMPILATION LISTING 

A s  an a i d  i n  d e s c r i b i n g  how t o  i n t e r p r e t  t h e  compila t ion l i s t -  
i n g ,  a  smal l  source  program i s  shown below ( F i g u r e  l ) ,  and t h e  
corresponding compila t ion l i s t i n g  i s  shown on next  page (F igure  2 ) .  
The program i s  designed t o  demonstra te  most of t h e  f e a t u r e s  of a  
compi la t ion  l i s t i n g  and d e l i b e r a t e l y  i n c l u d e s  e r r o r s .  Refer t o  
t h e s e  two examples f o r  t h e  d i s c u s s i o n  t h a t  fo l lows .  

F igure  1 
SAMPLE SOURCE PROGRAM 

$TITLE DumpReal 
$SUBTITLE Global D e f i n i t i o n s  
PROGRAM dumpreal; 
VAR 

badvar :  ^anotherbadvar ;  
i : i n t e g e r ;  
hexc : ARRAY[1..16] OF c h a r ;  
t r i x  : RECORD 

CASE boolean OF 
t r u e  : ( r :  r e a l )  ; 
f a l s e :  ( c :  ARRAY [ l . .  51 OF c h a r )  

END ; 
$ s u b t i t l e  Procedure PROCWITHERRORS 
PROCEDURE p r o c w i t h e r r o r s ;  
B E G I N  

t h i s  demonstra tes  what e r r o r  messages 
look l i k e ;  
END ; 

$ S u b t i t l e  Procedure HEXVAL 
PROCEDURE hexva l (ch :  c h a r ) ;  

B E G I N  
w r i t e  (hexc[  ( o r d ( c h )  d i v  16)+11 ,  hexc [ ( o r d ( c h )  mod 16)+11)  
END ; 

SSUBtit le M A I N L I N E 
B E G I N  
hexc:='0123456789ABCDEF"; 
W H I L E  t r u e  DO 

B E G I N  
w r i t e  ( ' E n t e r  r e a l  number: I )  ; prompt; 
r e a d l n ( t r i x . r ) ;  
FOR i: =l t o  5  DO 

B E G I N  
hexval ( t r i x . c [ i l )  ; 
w r i t e ( '  I ) ;  

END ; 
w r i t e l n ;  
END 

END. 
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W i t h  t h e  p r o g r a m  i n  f i g u r e  1 i n  t h e  c u r r e n t  w o r k i n g  d i r e c t o r y ,  
i t  was  c o m p i l e d  t o  p r o d u c e  t h e  l i s t i n g  t h a t  f o l l o w s  u s i n g  t h e  
command l i n e :  

PASCAL <DumpReal #20K 

The  command l i n e  i n i t i a t e s  c o m p i l a t i o n  o f  t h e  p r o g r a m  o n  a  f i l e  
c a l l e d  "DumpReal" g i v i n g  20K b y t e s  o f  memory t o  t h e  c o m p i l e r .  

F i g u r e  2 
SAMPLE COMPILATION LISTING 

P a g e  1 84 /07 /25  1 3 : 1 1 : 4 3  0 s - 9  P a s c a l  - RS V e r s i o n  02 .00 .00  DumpReal 
STMT PLOC LEV G l o b a l  D e f i n i t i o n s  

-----+------+--+---------1---------2---------3---------4---------5--------- 6  
3  OD 0  PROGRAM d u m p r e a l ;  
4  OD 0  VAR 
5  OD 0  b a d v a r :  ^ a n o t h e r b a d v a r ;  
6  -2D 0  i : i n t e g e r ;  
7  -4D 0  h e x c  : ARRAY [ l .  . 161  OF c h a r ;  
8  -20D 0  t r i x  : RECORD 
9  -2OD 1 CASE b o o l e a n  OF 

1 0  -20D 2  t r u e  : ( r :  r e a l )  ; 
11 -20D 2  f a l s e :  ( c :  ARRAY [ l .  . 5 ]  OF c h a r )  
1 2  -20D 2  END ; 

P a g e  2  84 /07 /25  1 3 : 1 1 : 4 3  0 s - 9  P a s c a l  - RS V e r s i o n  02 .00 .00  DumpReal 
STMT PLOC LEV P r o c e d u r e  PROCWITHERRORS 

-----+------+--+---------1---------2---------3---------4---------5--------- 6  
1 4  -25D 0  PROCEDURE p r o c w i t h e r r o r s ;  * * * *  - 1 0 4 , 1 1 7  

1 0 4 :  I d e n t i f i e r  i s  n o t  d e c l a r e d .  
1 1 7 :  U n s a t i f i e d  f o r w a r d  r e f e r e n c e .  
*ERROR, The  f o l l o w i n g  t y p e - i d ' s  were a s s u m e d  t o  b e  f o r w a r d  d e c l a r e d .  
ANOTH ERB 

1 5  OD 1 BEGIN 
1 6  3  2 t h i s d e m o n s t r a t e s w h a t e r r o r m e s s a g e s  

* * * *  -104  - 5 9  *SEE: 1 4  
5 9 :  V a r i a b l e  e x p e c t e d .  

1 0 4 :  I d e n t i f i e r  i s  n o t  d e c l a r e d .  
17  8  2  l o o k  l i k e ;  * * * *  5 1  *SEE: 1 6  

5 1 :  ' : = I  e x p e c t e d .  
1 8  11 2  END : 

( c o n t i n u e d )  
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Page 3 84/07/25 13:11:43 0s-9 Pascal - RS Version 02.00.00 DumpReal 
STMT PLOC LEV Procedure HEXVAL 

2 0 6 1 PROCEDURE hexval(ch: char); 
2 1 9 1 BEGIN 
2 2 3 2 write (hexc [(ord(ch) div 16)+1], hexc [(ord(ch) mod 16)+1]) 
2 3 54 2 END ; 

Page 4 84/07/25 13:11:43 0s-9 Pascal - RS Version 02.00.00 DumpReal 
STMT PLOC LEV M A I N L I N E  

-----+------+--+---------1---------2---------3---------4---------5---------6 
2 5 6 1 BEGIN 
26 9 1 hexc:='0123456789ABCDEF1; 
27 15 1 WHILE true DO 
2 8 23 2 BEGIN 
2 9 26 2 write('Enter real number: I ) ;  prompt; 
3 0 40 2 readln(trix.r); 
3 1 51 2 FOR i:=l to 5 DO 
3 2 68 3 BEGIN 
3 3 71 3 hexval(trix.c[il); 
3 4 90 3 write(' ' 1 ;  
3 5 99 3 END ; 
36 116 2 writeln; 
37 122 2 END 
38 125 2 END. 

Page 5 84/07/25 15:11:43 0s-9 Pascal - RS Version 02.00.00 DumpReal 
STMT PLOC LEV M A I N L I N E  

-----+------+--+---------1---------2---------3---------4---------5---------6 
PROC NAME PSEC PSIZE LOCAL STACK CSEC CSIZE 

0 DUMPREAL 3 13 0 27 15 4 3 7 
1 PROCWITH 1 12 0 7 2 0 
2 HEXVAL 2 5 5 0 13 3 0 

197 2 7 3 5 37 

38 Lines of source code compiled with 5 errors found, see: 17 

Actual Heap = 2661 
Actual Stack = 3706 
Free Memory = 9581 
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LISTING PAGE BEADINGS 

A t h r e e  l i n e  page header is  p r i n t e d  a t  t h e  top  of every l i s t i n g  
page. The word "Page" i s  fo l lowed by a  page number, which i s  
fol lowed by t h e  c u r r e n t  system d a t e  and t ime.  The d a t e  and t ime i s  
read on ly  once a t  t h e  beginning of a  compi la t ion ,  and t h i s  s i n g l e  
t ime  stamp is used f o r  t h e  heading of each page t h e r e a f t e r .  To t h e  
r i g h t  of t h e  t ime stamp is t h e  r e l e a s e  l e v e l .  Always be s u r e  t h a t  
t h e  r e l e a s e  l e v e l  co r responds  t o  t h e  user  manual o r  o t h e r  r e f e r e n c e  
documents t h a t  you may be us ing.  

To t h e  r i g h t  of t h e  r e l e a s e  l e v e l  is  t h e  program t i t l e  s t r i n g  
which was s p e c i f i e d  by a  $TITLE d i r e c t i v e  i n  t h e  program ( s e e  page 
2 -8 ) .  Note how t h e  t i t l e  s t r i n g  i n  f i g u r e  2  is  der ived  from t h e  
t i t l e  d i r e c t i v e  i n  f i g u r e  1. 

The second l i n e  of f i g u r e  2 i s  t y p i c a l  of t h e  form of every  
page heading.  The column t i t l e d ,  'STMT', r e f e r s  t o  t h e  sequence 
number of t h e  cor respond ing  source  l i n e .  Note t h a t  t h e  f i r s t  
s t a t e m e n t  number i s  3,  because l i n e  numbers 1 and 2  of t h e  s o u r c e  
t e x t  i n  f i g u r e  1 c o n t a i n  t i t l e  and s u b t i t l e  o p t i o n s  r e s p e c t i v e l y  
which a r e  never themselves  p r i n t e d .  

The nex t  column t i t l e d  'PLOC' r e f e r s  e i t h e r  t o  t h e  v a r i a b l e  
( d a t a )  l o c a t i o n  coun te r  o r  t o  t h e  P-code (program) l o c a t i o n  c o u n t e r ,  
depending on whether t h e  corresponding source  l i n e  is  a  v a r i a b l e  
d e c l a r a t i o n  s t a t ement  o r  an e x e c u t a b l e  program s t a t e m e n t .  

Source s t a t ement  l i n e  number 6 ,  f o r  i n s t a n c e ,  shows t h a t  t h e  
d a t a  l o c a t i o n  coun te r  i s  c u r r e n t l y  a t  -2 when t h e  l i n e  i s  being 
compiled. The number i s  n e g a t i v e  because s t o r a g e  is  a s s i g n e d  
backwards from t h e  s t a c k  p o i n t e r .  S ince  t h e  l i n e  i n d i c a t e s  t h e  t h e  
g l o b a l  v a r i a b l e  ' i '  is  being d e f i n e d ,  and it  is  an i n t e g e r  which 
r e q u i r e s  2  b y t e s  of s t o r a g e ,  ' i t  w i l l  be a s s igned  t o  l o c a t i o n  -4 i n  
t h e  g l o b a l  s t a c k .  Likewise,  f o r  l i n e  7 of t h e  program, t h e  c u r r e n t  
d a t a  l o c a t i o n  coun te r  i s  a t  -4  from t h e  assignment of v a r i a b l e  ' i '  
on t h e  p reced ing  l i n e .  The v a r i a b l e  ' hexc '  i s  being de f ined  which 
i s  a  16 element c h a r a c t e r  a r r a y .  Since  c h a r a c t e r  type  e lements  
r e q u i r e  1 b y t e  of s t o r a g e ,  each ' hexc '  r e q u i r e s  16 b y t e s  of s t o r a g e  
t o t a l ;  t h u s ,  ' hexc '  w i l l  be a s s igned  t o  l o c a t i o n  -20. To f i n d  where 
t h e  v a r i a b l e  ' t r i x '  is  a s s i g n e d ,  look a t  t h e  l i s t i n g  f o r  source  
s t a t e m e n t  1 4 ;  ' t r i x '  i s  ass igned  t o  l o c a t i o n  -25. See Chapter 10 
f o r  more in fo rmat ion  on Pasca l  memory management. 

Pcode i s  assembled beginning a t  l o c a t i o n  ze ro  f o r  every  
procedure .  The ' w r i t e '  c a l l  i n  l i n e  22 then beg ins  assembl ing a t  P- 
code l o c a t i o n  O f o r  t h e  procedure .  For source  l i n e  23 you s e e  t h a t  
t h e  t e r m i n a t i o n  code f o r  t h e  procedure  beg ins  a t  P-code l o c a t i o n  42. 
The importance of showing t h e  P-code l o c a t i o n  is f o r  unders tanding 
t h e  run t ime e r r o r  messages. When an e r r o r  occurs  dur ing  t h e  
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e x e c u t i o n  o f  a  p r o g r a m ,  t h e  p r o c e d u r e  w h i c h  c a u s e d  t h e  e r r o r  a n d ,  i f  
i t  i s  known, t h e  P-code l o c a t i o n  w i t h i n  t h e  p r o c e d u r e  i s  r e p o r t e d .  
You c a n  t h e n  e a s i l y  f i n d  w h e r e  w i t h i n  y o u r  p rogram t h a t  t h e  r u n  t i m e  
e r r o r  a c t u a l l y  o c c u r r e d .  Numbers u n d e r  t h e  'PLOC' co lumn,  w h i c h  
c o n t a i n  d a t a  l o c a t i o n  c o u n t e r  v a l u e s ,  a r e  a l w a y s  f o l l o w e d  by t h e  
l e t t e r  D l ,  and P-code l o c a t i o n  c o u n t e r  v a l u e s  a r e  a l w a y s  f o l l o w e d  
by a  s p a c e  c h a r a c t e r .  

The n e x t  column t i t l e d  'LEV' r e p r e s e n t s  t h e  c o m p i l e r ' s  
' l e x i c a l '  l e v e l .  The l e x i c a l  l e v e l  shows  t h e  n e s t i n g  o f  c o n t r o l  
s t r u c t u r e s  ( l o o p s ,  e t c . )  w i t h i n  t h e  p rogram and  i s  h e l p f u l  f o r  
f i n d i n g  u n b a l a n c e d  compound s t a t e m e n t s  and d e c l a r a t i o n s .  G e n e r a l l y ,  
t h o s e  s t a t e m e n t s  w h i c h  h a v e  t h e  same l e x i c a l  l e v e l  number a r e  a t  t h e  
s a v e  l e v e l  o f  n e s t i n g  d u r i n g  t h e  c o m p i l a t i o n  s c a n  o f  y o u r  p rogram.  
S i n c e  t h e  c o m p i l e r  a l w a y s  p r i n t s  t h e  image o f  a  l i n e  o f  s o u r c e  
p r o g r a m  b e f o r e  it b e g i n s  i ts  s c a n  o f  t h a t  l i n e ,  t h e  l e x i c a l  numbers  
c a n  s o m e t i m e s  l a g  b e h i n d  w h a t  you  m i g h t  t h i n k  t h e y  s h o u l d  a c t u a l l y  
b e .  Due t o  t h e  number a n d  c o m p l e x i t y  o f  c o n d i t i o n s  w h i c h  c a u s e  t h e  
l e v e l  number t o  be  i n c r e m e n t e d  and  d e c r e m e n t e d ,  t h e  b e s t  a d v i c e  is 
t o  s i m p l y  l o o k  a t  t h e  numbers  o n  y o u r  l i s t i n g s  a n d  g a i n  a  f e e l  f o r  
how t h e y  move up and  down. 

A few s p a c e s  t o  t h e  r i g h t  o f  t h e  t i t l e  'LEV' ,  on t h e  s e c o n d  
h e a d e r  l i n e ,  is  t h e  s u b t i t l e  s t r i n g .  T h i s  is  d e f i n e d  by t h e  
"$SUBTITLEv d i r e c t i v e  - s e e  p a g e  2-8. 

The t h i r d  l i n e  o f  e a c h  p a g e  h e a d i n g  i s  u s e d  t o  mark column 
b o u n d a r i e s  a s  a  v i s u a l  a i d .  A f t e r  t h e  f i r s t  1 6  c h a r a c t e r s ,  w h i c h  
marks  t h e  r e q u i r e d  p r e f i x  o f  e v e r y  l i n e  o f  s o u r c e  l i s t i n g ,  i s  a  
s c a l e  s h o w i n g  t h e  p o s i t i o n  o f  e v e r y  1 0 t h  column o f  s o u r c e  t e x t .  I f  
a  p a r a m e t e r  i s  u s e d  t o  d e f i n e  a  s h o r t  l i n e  w i d t h ,  t h e n  o n l y  t h a t  
p a r t  o f  t h e  s c a l e  w h i c h  c o n t a i n s  c o m p l e t e  g r o u p s  o f  1 0  c h a r a c t e r s  i s  
shown. F o r  e x a m p l e ,  i f  t h e  l i n e  w i d t h  is  set  t o  72 c h a r a c t e r s ,  t h e n  
t h e  s c a l e  w i l l  show 7  g r o u p s  o f  1 0  c h a r a c t e r s .  



0s-9 Pasca l  U s e r ' s  Manual 
uPASCALn - TEE PASCAL COMPILER 

OUTPUT FILES CREATED BY THE COMPILER 

The Pasca l  compiler  a u t o m a t i c a l l y  c r e a t e s  two f i l e s  dur ing  t h e  
compi la t ion  phase.  They a r e :  

PCODEF - t h e  compiled P-code v e r s i o n  of t h e  Pasca l  program 

PROCTAB - a  compiler  work f i l e  used t o  minimize memory requirements .  

Unless command l i n e  parameters  a r e  used t o  s p e c i f y  a l t e r n a t e  
f i l e  names, t h e  compiler  w i l l  c r e a t e  f i l e s  having t h e s e  names i n  t h e  
c u r r e n t  working d a t a  d i r e c t o r y  ( u s u a l l y  t h e  "PASCAL" d i r e c t o r y  o r  
d i s k ) .  You may d e l e t e  t h e  PROCTAB f i l e  any t ime a f t e r  a  compi la t ion  
i s  completed i f  you wish,  because it has no use o u t s i d e  of a  
compi la t ion  execu t ion .  When t h e  compiler  beg ins  execu t ion ,  i t  
a u t o m a t i c a l l y  d e l e t e s  o l d  PCODEF and PROCTAB f i l e s  i f  they a l r e a d y  
e x i s t .  The d e l e t i o n  w i l l  normally no t  cause  problems provided you 
e i t h e r  copy o r  rename any PCODEF f i l e s  you want t o  keep a f t e r  you 
have s u c c e s s f u l l y  compiled and t e s t e d  a  program. 
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ERROR MESSAGES IN PROGRAM LISTINGS 

There  a r e  two t y p e s  of e r r o r  messages .  The f i r s t  of which is  
shown i n  f i g u r e  2 a f t e r  t h e  l i s t i n g  of s o u r c e  l i n e  14 .  The 
compi l e r  d i s p l a y s  a  l i n e  beg inn ing  w i t h  f o u r  a s t e r i s k s  fo l l owed  by 
an  up ar row which i n d i c a t e s  w i t h i n  a  c h a r a c t e r  p o s i t i o n  o r  two where 
t h e  compi l e r  was s c a n n i n g  when i t  r e a l i z e d  t h a t  an  e r r o r  had 
o c c u r r e d .  Fo l lowing  t h e  up a r row,  t h e  compi l e r  p r i n t s  t h e  e r r o r  
number ( s )  f o r  t h e  e r r o r  ( s )  found.  On t h e  f o l l o w i n g  l i n e  ( s )  t h e  
compi l e r  w i l l  p r i n t  t h e  f u l l  e n g l i s h  e r r o r  message t e x t  i f  i t  i s  
a b l e  t o  open t h e  f i l e  PascalERRS. T h i s  p a r t i c u l a r  e r r o r  a l s o  
g e n e r a t e d  t h e  second t y p e  of  e r r o r  message.  S p e c i f i c a l l y ,  t h e  
message shown i n d i c a t e s  t h a t  a t  t h i s  p o i n t  i n  s c a n n i n g  t h e  s o u r c e  
program, t h e  compi l e r  r e a l i z e d  t h a t  t h e  i d e n t i f i e r  c a l l e d  'ANOTHERB' 
( a c t u a l l y  t h e  i d e n t i f i e r  i s  ANOTHERBADVAR, b u t  t h e  compi l e r  
r e c o g n i z e s  o n l y  t h e  f i r s t  8 c h a r a c t e r s  of any i d e n t i f i e r  name) was 
p r e v i o u s l y  d e c l a r e d  t o  be a  fo rward  r e f e r e n c e  t o  an  i d e n t i f i e r  which 
was n o t  found by t h e  t i m e  i t  was r e q u i r e d  t o  be found.  

A more comple te  example of an e r r o r  message i s  shown f o l l o w i n g  
t h e  l i s t i n g  of s o u r c e  l i n e  16.  Here ,  two e r r o r s  were  d i s c o v e r e d  f o r  
t h e  s o u r c e  l i n e ,  and t h e  up a r r o w s  and e r r o r  numbers appea r  a s  
d e s c r i b e d  above .  A l so ,  s i n c e  t h i s  was n o t  t h e  f i r s t  e r r o r  message 
f o r  t h e  program, t h e  t e x t  '*SEE: 1 4 '  i s  added a s  a  programmer a i d .  
The 'SEE' t e l l s  you t h a t  t h e  l a s t  e r r o r  message p r e v i o u s  t o  t h i s  
c u r r e n t  message o c c u r r e d  a f t e r  t h e  l i s t i n g  of  s o u r c e  l i n e  1 4 .  I f  
you look  a t  t h e  end of f i g u r e  2 ,  you can  s e e  a  message i n d i c a t i n g  
t h a t  4 e r r o r s  were  found i n  t h e  s o u r c e  program, and t h a t  t h e  l a s t  
message a p p e a r e d  a f t e r  t h e  l i s t i n g  of s o u r c e  l i n e  17. The e r r o r  
message a f t e r  s o u r c e  l i n e  17 p o i n t s  you t o  t h e  p r e v i o u s  e r r o r  
message and t h a t  message p o i n t s  you t o  i t s  p r e c e d i n g  e r r o r  message 
and s o  f o r t h .  You can  q u i c k l y  f i n d  a l l  t h e  e r r o r  messages i n  your  
program w i t h o u t  go ing  t h r o u g h  t h e  whole l i s t i n g .  E r r o r  messages of 
t h e  second t y p e  a lways  o c c u r  w i t h  e r r o r  messages  of t h e  f i r s t  t y p e ,  
s o  you w i l l  be a b l e  t o  f i n d  a l l  e r r o r  messages by f o l l o w i n g  t h e  
backward l i s t .  

Up t o  9 e r r o r  messages  w i l l  be r e p o r t e d  f o r  any one l i n e  of 
s o u r c e  code .  I f  more t h a n  9 e r r o r s  a r e  found ,  a  message i s  
t r i g g e r e d  t h a t  i n d i c a t e s  t h a t  t o o  many e r r o r s  were  found f o r  t h e  
l i n e .  Sometimes one e r r o r  w i l l  t r i g g e r  o t h e r  e r r o r s  i n  t h e  program. 
For example,  i f  a  v a r i a b l e  d e c l a r a t i o n  is  b e i n g  scanned  and t h e  
r e s e r v e d  word 'PROCEDURE' i s  e n c o u n t e r e d ,  t h e  compi l e r  may g e t  
t e m p o r a r i l y  con fused  a s  t o  what i t  s h o u l d  r e a l l y  be  s c a n n i n g  and 
m u l t i p l e  e r r o r s  may be t r i g g e r e d  a s  t h e  compi l e r  a t t e m p t s  t o  g e t  on 
t r a c k  a g a i n .  T h e r e f o r e ,  c o r r e c t i n g  one e r r o r  may g e t  r i d  of s e v e r a l  
o t h e r  e r r o r  messages .  

I f  t h e  l i s t i n g  of t h e  s o u r c e  program i s  i n h i b i t e d  by compi l e r  
o p t i o n ( s ) ,  o n l y  s o u r c e  l i n e s  hav ing  e r r o r s  and t h e  c o r r e s p o n d i n g  
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error messages will be listed to let you perform "error checking" of 
long source programs without having to print the entire program. 

THE COMPILATION STATISTICS REPORT 

The compilation statistics report is displayed after the last 
procedure. It shows memory usage by the compiler and is not related 
to memory requirements of the program compiled. The information in 
the report allows experienced programmers to optionally adjust the 
compiler's memory usage to decrease memory requirements or to permit 
the compiler to handle extremely large programs. 

THE PROCEDURE STATISTICS TABLE 

The procedure statistics table is always displayed after a 
compilation. It is not affected by the line width parameter option. 
The procedure table gives important information about the program 
and variable storage requirements of each procedure compiled and is 
helpful when interpreting any run time error messages. The 
procedure statistics table looks like the following example. 

PROC NAME PSEC PSIZE LOCAL STACK CSEC CSIZE 
0 DUMPREAL 3 13 0 27 15 4 3 7 
1 PROCWITH 1 12 0 7 2 0 
2 HEXVAL 2 5 5 0 13 3 0 

197 27 3 5 3 7 

The information presented in each column is: 

PROC is the procedure number assigned by the compiler. When run- 
time errors occur, they will be identified by this number. 
Procedure number zero always refers to the outer code block - the 
main program itself. 

NAME is the first eight characters of the procedure name. 

PSEC is the sector number within the P-code file where the P-code 
for each procedure begins. The PSEC value is used for compiler 
maintenance and is not of concern to the average programmer. 

PSIZE gives the number of bytes of P-code instructions generated for 
the procedure. If a program is to be run with the PascalN 
interpreter, the total of the PSIZE column and the total of the 
CSIZE column (see below) given on the last line of the procedure 
table is the number of bytes of memory that will be required to 
store the program. 
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CSEC i s  t h e  s t a r t i n g  s e c t o r  of t h e  s t r i n g  c o n s t a n t  b lock  of t h e  P- 
code  f i l e .  CSEC i s  a l s o  used f o r  compi l e r  ma in t enance .  

CSIZE is t h e  l e n g t h  ( i n  b y t e s )  of s t r i n g  c o n s t a n t s  used by t h e  
p r o c e d u r e .  A s t r i n g  c o n s t a n t  i s  any sequence  of 2 o r  more 
c h a r a c t e r s  e n c l o s e d  w i t h i n  two s i n g l e  q u o t e  marks.  

LOCAL and STACK columns g i v e  t h e  number of b y t e s  t h a t  t h e  compi l e r  
h a s  c a l c u l a t e d  w i l l  be  r e q u i r e d  f o r  each  p r o c e d u r e ' s  v a r i a b l e  
s t o r a g e  ( e , g . ,  l o c a l  and ex t ended  s t a c k  s i z e ) .  See Chapter  10  on 
P a s c a l  S t o r a g e  Management f o r  more i n f o r m a t i o n  on how t h i s  d a t a  is  
used .  
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CHAPTER 3 

SYNOPSIS: Compiled Pasca l  programs i n  P-code form can be 
i n t e r p r e t i v e l y  executed us ing e i t h e r  "PascalNn,  t h e  normal 
i n t e r p r e t e r ,  o r  "Pasca lS" ,  a  swapping ( o r  " v i r t u a l  memory") 
i n t e r p r e t e r  which can run ve ry  l a r g e  programs. 

ABOUT THE P-CODE INTERPRETERS 

A f t e r  you have s u c c e s s f u l l y  compiled your Pascal  program, you 
can run i t  us ing  a  "P-coden i n t e r p r e t e r .  I t  r eads  t h e  P-code 
r e p r e s e n t a t i o n  w r i t t e n  by t h e  compiler  on t h e  "PCODEF" ( o r  o t h e r  
name you may have g i v e n )  and execu tes  t h e  Pascal  program. I t  a l s o  
i n c l u d e s  s p e c i a l  f e a t u r e s  so  t h a t  i f  an e r r o r  occurs  when t h e  
program i s  running,  t h e  type of e r r o r ,  t h e  name of t h e  o f f e n d i n g  
p rocedure ,  and t h e  corresponding source  program s ta tement  l i n e  can 
be i d e n t i f i e d .  

The 0s-9 Pascal  System i n c l u d e s  two d i f f e r e n t  P-code 
i n t e r p r e t e r s :  PascalN which i s  t h e  normal i n t e r p r e t e r ,  and P a s c a l s  
which i s  t h e  swapping o r  " v i r t u a l  memory" i n t e r p r e t e r .  PascalN i s  
p r e f e r r e d  f o r  running most programs because i t  i s  f a s t e s t .  P a s c a l s  
i s  used on ly  i n  c a s e s  where t h e  compiled program i s  too  l a r g e  t o  f i t  
i n  your compute r ' s  memory. 

C a l l i n g  t h e  i n t e r p r e t e r  i s  s imple:  you j u s t  type  i t s  name 
fol lowed by t h e  name of t h e  pcode f i l e  which i s  t o  be executed.  For 
example : 

p a s c a l n  pcode-filename 
p a s c a l s  pcode-filename 

In  t h e  above example "pcode-filename" may be e i t h e r  t h e  name of a  
pcode f i l e  i n  t h e  c u r r e n t  d a t a  d i r e c t o r y  o r  a  p a t h l i s t  t o  a  pcode 
f i l e  i n  ano the r  d i r e c t o r y .  
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A DETAILED DESCRIPTION OF P-CODE INTERPRETER COMMAND LINES 

The 0.5-9 command l i n e  used t o  c a l l  PascalN o r  Pasca l s  can 
c o n t a i n  one or  more of t h e  fol lowing o p t i o n s :  

1. Run time o p t i o n s  
2 .  A parameter s t r i n g  t o  be passed t o  t h e  Pascal  program 
3 .  Standard 1/0 r e d i r e c t i o n  

The format f o r  PascalN or Pasca l s  command l i n e s  a r e :  

OS9:PascalN P c o d e f i l e  [Run-Time Opt ions]  [ :  Params] 

OS9 : P a s c a l s  Pcodef i l e  [Run-Time Opt ions]  [ : Params] 

I tems enclosed i n  " [ "  and " I n  a r e  o p t i o n a l .  

STANDARD 1/0 PATHS 

The t h r e e  s t andard  1/0 p a t h s  a s s o c i a t e d  wi th  any OS-9 program 
a r e  a l s o  used by t h e  i n t e r p r e t e r s .  The 0.5-9 pa ths  f o r  s t andard  
i n p u t ,  s t a n d a r d  o u t p u t ,  and s tandard  e r r o r / s t a t u s  a r e  a s s o c i a t e d  
wi th  P a s c a l ' s  b u i l t - i n  s t andard  f i l e s  c a l l e d  "INPUT", "OUTPUT", and 
"SYSERR". These t h r e e  f i l e s  a r e  always a u t o m a t i c a l l y  opened by t h e  
P-code i n t e r p r e t e r  f o r  use by your Pascal  program. I f  t h e  command 
l i n e  t h a t  c a l l e d  t h e  i n t e r p r e t e r  d id  not r e d i r e c t  I / O ,  t h e  d e f a u l t  
p a t h s  used a r e  u s u a l l y  t h e  u s e r ' s  t e rmina l .  

The s tandard  f i l e ,  INPUT, i s  opened f o r  reading,  t h e  s t andard  
f i l e ,  OUTPUT, i s  opened f o r  w r i t i n g ,  and t h e  s t andard  f i l e ,  SYSERR, 
is  opened i n  update ( read  and w r i t e )  mode. These f i l e s  can be used 
f o r  i n t e r a c t i v e  inpu t /ou tpu t  or  t o  a c c e s s  mass s t o r a g e  f i l e s .  Some 
examples of c a l l i n g  t h e  i n t e r p r e t e r s  wi th  I / O  r e d i r e c t i o n  a r e :  

p a s c a l s  </dO/user5/indata s20k >/P 

pasca ln  < / t 2  > / t 2  > > / t 2  L l O O O O  E4000 

p a s c a l s  > / d l / r e p o r t s / p r i n t f i l e  SlOk El000 

For more in format ion ,  s e e  pages 4 -8  and 8-2.  
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RUN-TIME OPTIONS 

The i n t e r p r e t e r  command l i n e  can o p t i o n a l l y  i n c l u d e  a  l i s t  of 
run-time o p t i o n s  which a f f e c t  t h e  i n t e r p r e t e r  performance and 
s t a t i s t i c s  r e p o r t i n g .  They g e n e r a l l y  d e f i n e  memory a l l o c a t i o n  
s i z e s ,  and/or they enab le  g e n e r a t i o n  of t h e  memory s t a t i s t i c s  
r e p o r t .  The use of v i r t u a l  code swapping b u f f e r s ,  which can be 
a f f e c t e d  by t h e s e  pa ramete r s ,  i s  d i scussed  below. For more 
in fo rmat ion  about  t h e s e  o p t i o n s ,  r e f e r  t o  Chapter 11. 

When us ing t h e  PascalN and PascalS i n t e r p r e t e r s ,  t h e  s h e l l ' s  
"#memsize" d i r e c t i v e  has no a f f e c t  on memory a l l o c a t e d .  Memory 
a l l o c a t i o n  may be s p e c i f i e d  us ing  one of two methods. The f i r s t  i s  
by us ing  t h e  compile t ime o p t i o n s  t o  embed t h e  r e q u e s t s  i n  t h e  code. 
Th i s  i s  p a r t i c u l a r l y  u s e f u l  when making a  program i n  Pcode form easy 
t o  run f o r  u s e r s  u n f a m i l i a r  wi th  a l l  of P a s c a l ' s  run-time o p t i o n s .  
The memory i s  a l l o c a t e d  a u t o m a t i c a l l y ,  wi thou t  user  i n t e r v e n t i o n ,  
when i n i t i a l l y  r eques ted  through t h e  compile t ime method. The 
second method is  t o  use t h e  run-time o p t i o n s  t o  r e q u e s t  memory from 
t h e  command l i n e .  

There a r e  a  number of run-time memory a l l o c a t i o n  o p t i o n s  which 
may be s p e c i f i e d  when us ing e i t h e r  of t h e  i n t e r p r e t e r s  t o  execu te  a  
program i n  pcode form. The o p t i o n s  a r e  used t o  c o n t r o l  a l l o c a t i o n  
of memory f o r  t h e  LOCAL STACK a r e a ,  t h e  EXTENDED STACK a r e a ,  t h e  
i n i t i a l  HEAP STORAGE a r e a ,  and when us ing P a s c a l s ,  t h e  SWAP BUFFER 
a r e a .  A s i n g l e  c h a r a c t e r  i s  used t o  s e l e c t  one of t h e  memory a r e a s .  
The s e l e c t i n g  c h a r a c t e r  is  then fol lowed by an i n t e g e r  va lue  
r e p r e s e n t i n g  t h e  amount of memory you wish t o  a l l o c a t e  t o  t h a t  a r e a .  
The i n t e g e r  v a l u e s  may be i n  one of two forms. 

1. 0  t o  65535 Byte s i z e s  
2 .  OK t o  63K KByte s i z e s  ( 1 K  e q u a l s  1024 b y t e s )  

The s e l e c t o r  c h a r a c t e r  and t h e  memory a r e a s  they s e t  a r e  shown 
below a long  wi th  a  b r i e f  d e s c r i p t i o n  of t h e i r  usage. For more 
d e t a i l e d  in fo rmat ion  on t h e  i n d i v i d u a l  memory a r e a s  s e e  c h a p t e r  10. 

llL'l Or " l t l  LOCAL STACK 
"En o r  ''el' EXTENDED STACK 
ll H ll I1 h  ll DYNAMIC HEAP 
laS" Or "s" SWAP BUFFERS 

Some examples of Run-time Opt ions  a r e :  

PascalN pcodef L l O O O O  E500 
PascalN pcodef e300 h200 L400 
Pasca lS  pcodef L l O O O  S20K H l O O O  
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THE PARAMETER STRING 

The command l i n e  can o p t i o n a l l y  inc lude  a  s t r i n g  of up t o  80 
c h a r a c t e r s ,  which w i l l  be made a v a i l a b l e  t o  t h e  running program i n  a  
s p e c i a l  a r r a y  c a l l e d  'SYSPARAM'. The o p t i o n  can be used t o  pass  t o  
your Pasca l  program in fo rmat ion  such a s  i n i t i a l i z a t i o n  v a l u e s ,  f i l e  
names, e t c .  

NOTE: T h i s  i s  a  f e a t u r e  of 0s-9 Pasca l  and i s  not  a  s t a n d a r d  Pasca l  
f u n c t i o n .  

The a r r a y  i n  which t h i s  d a t a  is passed t o  t h e  program is 
p r e d e f i n e d  a s :  

sysparam : ARRAY [0..791 OF c h a r ;  

The program can a c c e s s  sysparam a s  i f  i t  were s p e c i f i c a l l y  d e f i n e d .  
The parameter s t r i n g  begin wi th  a  ":" c h a r a c t e r  (which is  not  
passed t o  t h e  program) fol lowed by up t o  80 c h a r a c t e r s .  Ex t ra  
c h a r a c t e r s  a r e  ignored .  I f  l e s s  than 80 c h a r a c t e r s  a r e  g iven ,  o r  no 
parameter s t r i n g  i s  g iven ,  space c h a r a c t e r s  w i l l  be s u p p l i e d  t o  
f i l l  o u t  t h e  a r r a y .  The parameter s t r i n g  cannot  i n c l u d e  c o n t r o l  
c h a r a c t e r s  or  any of t h e  c h a r a c t e r s  t h a t  have s p e c i a l  meaning t o  
t h e  0s-9 S h e l l  ( < > # ; or ! ) Here a r e  examples: 

p a s c a l n  pcodef : t h i s  message i s  passed t o  t h e  program 

p a s c a l n  s a l e s . a n a l y s i s  >/p  :Report f o r  J o a n i e ' s  Boutique 

p a s c a l s  t r a n s l a t e  :channel5,channel8,noprint 

FILES USED BY THE INTERPETERS 

A s  mentioned p r e v i o u s l y ,  t h e  i n t e r p r e t e r  w i l l  read t h e  Pasca l  
program P-code from t h e  f i lename you s p e c i f y  on t h e  command l i n e .  
The f i l e  "SUPPORT", which c o n t a i n s  t h e  machine language suppor t  
l i b r a r y  f o r  v i r t u a l l y  a l l  p a r t s  of t h e  0s-9 Pasca l  System, i s  
r e q u i r e d  by PascalN and P a s c a l s  and w i l l  be a u t o m a t i c a l l y  loaded 
from t h e  c u r r e n t  execu t ion  d i r e c t o r y .  You can a l s o  p re load  i t  us ing  
t h e  0s-9 command " l o a d  s u p p o r t "  t o  save  t ime i f  you a r e  c o n s t a n t l y  
us ing  t h e  i n t e r p r e t e r s .  

The f i l e  "PASCALERRS" should  a l s o  be i n  t h e  execu t ion  
d i r e c t o r y .  PASCALERRS c o n t a i n s  a l l  of t h e  run-time e r r o r  message 
s t r i n g s .  I f  t h i s  f i l e  is  not  found i n  t h e  execu t ion  d i r e c t o r y ,  any 
run-t ime e r r o r  w i l l  on ly  p r i n t  o u t  t h e  e r r o r  number wi thou t  t h e  
normal accompanying t e x t u a l  d e s c r i p t i o n .  Also,  i f  PASCALERRS is not  
i n  t h e  e x e c u t i o n  d i r e c t o r y ,  t h e  s t a n d a r d  procedure  SYSREPORT ( s e e  
t h e  chap te r  on s t a n d a r d  p rocedures )  w i l l  not  f u n c t i o n  c o r r e c t l y .  
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CHOOSING BETWEEN PASCALS AND PASCALN 

PascalN should  be used t o  run P-code programs un less  t h e  
combined s i z e  of t h e  program i t s e l f  and i t s  d a t a  a r e a  i s  too  l a r g e  
t o  f i t  i n  t h e  memory a v a i l a b l e  i n  your system. I t  runs  f a s t e r  than 
PascalS and i s  somewhat s m a l l e r .  

PascalS a l l o w s  you t o  run much b igger  programs i n  t h e  range of 
10,000 p l u s  source  s t a t e m e n t s .  In  g e n e r a l ,  t h e  a b i l i t y  of PascalS 
t o  run any Pasca l  program i s  mostly r e s t r i c t e d  by t h e  amount of 
memory requ i red  f o r  g l o b a l  and l o c a l  v a r i a b l e  s t o r a g e .  The a b i l i t y  
t o  run very  l a r g e  programs i s  based on a  t echn ique  c a l l e d  " v i r t u a l  
code swapping". The maximum p o s s i b l e  s i z e  program t h a t  PascalS can 
run i s  254 procedures  w i t h i n  t h e  o u t e r  b lock;  each c o n t a i n i n g  up t o  
32767 b y t e s  of P-code (approximate ly  8.3 megabytes) ,  however, t h i s  
i s  p r a c t i c a l l y  l i m i t e d  by t h e  amount of d i s k  space  a v a i l a b l e .  

HOW VIRTUAL CODE SWAPPING WORKS 

Desp i te  i ts  i n t i m i d a t i n g  sounding name, t h e  way v i r t u a l  code 
swapping works i s  f a i r l y  easy t o  unders tand.  I t  i s  a l s o  s imple  t o  
use ,  because PascalS does it a u t o m a t i c a l l y  wi th  a lmost  no s p e c i a l  
e f f o r t  on your p a r t .  In f a c t ,  t h e  main reason i t s  i n t e r n a l  
o p e r a t i o n  is  d e s c r i b e d  h e r e  i s  so  you can unders tand t h e  f a c t o r s  
t h a t  a f f e c t  i t s  e f f i c i e n c y  and speed.  V i r t u a l  code swapping i s  
e s p e c i a l l y  important  because two major p a r t s  of t h e  0s-9 Pasca l  
System ( t h e  compiler  and t h e  n a t i v e  code t r a n s l a t o r )  a r e  a l s o  P-code 
programs run on PascalS.  

A l l  P-code programs, whether or not  they a r e  t o  be executed by 
Pasca lS ,  a r e  a u t o m a t i c a l l y  broken i n t o  256-byte " v i r t u a l  memory" 
pages by t h e  compi ler .  PascalS cop ies  t h e s e  pages from t h e  PCODEF 
( o r  e q u i v a l e n t )  f i l e  t o  a  temporary d i s k  f i l e .  Of course ,  on ly  one 
P-code i n s t r u c t i o n  can be executed a t  a  t ime,  so  t h e o r e t i c a l l y  only  
t h e  page c o n t a i n i n g  t h e  c u r r e n t  i n s t r u c t i o n  m u s t  a c t u a l l y  be p r e s e n t  
i n  " r e a l "  memory, and a l l  o t h e r  pages can remain on t h e  d i s k  u n t i l  
needed. The v i r t u a l  memory e f f e c t  i s  achieved because t h e  d i s k  f i l e  
c o n t a i n i n g  t h e  v i r t u a l  pages can be l a r g e r  than t h e  a c t u a l  amount of 
r e a l  memory a v a i l a b l e .  

Because d i s k  read o p e r a t i o n s  t a k e  a  r e l a t i v e l y  long t ime,  
PascalS a t t e m p t s  t o  keep a s  many pages i n  r e a l  memory a s  p o s s i b l e  i n  
an a r e a  d iv ided  i n  256-byte b locks  c a l l e d  "swap b u f f e r s " .  In  o rde r  
t o  f u r t h e r  reduce t h e  number of d i s k  o p e r a t i o n s  necessa ry ,  PascalS 
a t t e m p t s  t o  keep pages accessed  most f r e q u e n t l y  i n  t h e  swap b u f f e r s .  
I f  a l l ,  or  n e a r l y  a l l ,  of t h e  pages can f i t  i n  t h e  swap b u f f e r s  a t  
t h e  same t ime,  PascalS can run almost  a s  f a s t  a s  PascalN. A t  t h e  
o t h e r  ext reme,  i f  a  r e l a t i v e l y  smal l  pe rcen tage  of t h e  pages f i t  i n  
t h e  swap b u f f e r s ,  many more d i sk  read o p e r a t i o n s  w i l l  be needed s o  
Pasca lS  w i l l  run s lower .  
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P u t t i n g  a l l  t h i s  t o g e t h e r ,  i t  l o g i c a l l y  f o l l o w s  t h a t  t h e  t h r e e  
main f a c t o r s  a f f e c t i n g  t h e  s p e e d  of  P a s c a l s  a r e :  

1. The number of swap b u f f e r s  - t h e  more t h e  b e t t e r .  

2 .  The r a t i o  o f  t h e  number o f  swap b u f f e r s  t o  t h e  t o t a l  
number o f  p-code p a g e s .  

3 .  The s p e e d  ( a c c e s s  t i m e )  o f  t h e  d i s k  s y s t e m .  

T h e r e  i s  a l w a y s  a n  a b s o l u t e  minimum o f  8  swap b u f f e r s .  Beyond 
t h a t ,  t h e  minimum number d e p e n d s  on t h e  u s e  o f  s t r i n g  c o n s t a n t s  i n  
t h e  P a s c a l  p rogram b e c a u s e  p r o c e d u r e s  t h a t  u s e  s t r i n g  c o n s t a n t s  have  
s p e c i a l  p a g e s  a l l o c a t e d  i n  t h e  P-code f i l e  t o  h o l d  t h e  s t r i n g s .  A s  
a  p r o c e d u r e  e x e c u t e s  and  makes r e f e r e n c e  t o  a  s t r i n g ,  t h e  code  p a g e  
c o n t a i n i n g  t h e  s t r i n g  must  b e  swapped i n t o  memory j u s t  l i k e  a  normal  
c o d e  p a g e .  A s  l o n g  a s  t h a t  p r o c e d u r e  i s  s t i l l  a c t i v e ,  t h a t  i s ,  
u n t i l  t h e  end o f  t h e  p r o c e d u r e  i s  r e a c h e d  and  a  r e t u r n  f rom 
p r o c e d u r e  s e q u e n c e  i s  e x e c u t e d ,  a n y  and  a l l  p a g e s  o f  s t r i n g  
c o n s t a n t s  which  w e r e  swapped i n  f o r  t h e  p r o c e d u r e  must  r e m a i n  l o c k e d  
i n  memory. I f  a  p rogram w e r e  t o  u s e  no s t r i n g s  a t  a l l ,  t h a t  p rogram 
c o u l d  b e  run  u s i n g  o n l y  t h e  minimum 8  swap b u f f e r s .  

T h e r e  i s  a n  e a s y  method f o r  f i n d i n g  o u t  i f  t h e r e  a r e  enough  
swap b u f f e r s  a v a i l a b l e  - s i m p l y  r u n  t h e  program.  I f  t h e r e  a r e n ' t  
enough  swap b u f f e r s ,  PASCALS w i l l  g i v e  a  s p e c i f i c  e r r o r  message  
s t a t i n g  s o .  The "S"  r u n - t i m e  o p t i o n  c a n  be u s e d  t o  e x p l i c i t l y  
a s s i g n  more swap b u f f e r s .  

When a l l o c a t i n g  swap b u f f e r s ,  you w i l l  t y p i c a l l y  f i n d  t h a t  
p e r f o r m a n c e  g o e s  up i n  a lumpy f a s h i o n  a s  more swap b u f f e r s  a r e  
a l l o c a t e d .  I f ,  f o r  i n s t a n c e ,  a  p rogram r u n s  i n ,  s a y ,  5  m i n u t e s  w i t h  
1 6  swap b u f f e r s ,  you m i g h t  f i n d  t h a t  i t  r u n s  i n  4 .5  m i n u t e s  w i t h  1 8  
b u f f e r s ,  4  m i n u t e s  w i t h  20 b u f f e r s ,  and  2  m i n u t e s  w i t h  2 1  b u f f e r s .  
I n  t h i s  c a s e ,  a  t h r e s h o l d  i s  r e a c h e d  be tween  20 and 2 1  b u f f e r s .  
T h e s e  t h r e s h o l d s  a r e  d i f f e r e n t  f o r  d i f f e r e n t  p r o g r a m s  and  p o s s i b l y  
f o r  d i f f e r e n t  e x e c u t i o n s  o f  t h e  same program.  They depend  on t h e  
p r o c e d u r e  n e s t i n g  s t r u c t u r e ,  P-code s i z e s  o f  v a r i o u s  p r o c e d u r e s ,  a n d  
w h i c h  s t a t e m e n t s  a r e  e x e c u t e d  i n  t h e  p rogram.  For b e s t  p e r f o r m a n c e ,  
t h e  r u l e  i s  t o  s i m p l y  a l l o c a t e  a s  much memory a s  p o s s i b l e  f o r  swap 
b u f f e r s .  
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CHAPTER 4 

SYNOPSIS: The n a t i v e  code t r a n s l a t o r  i s  an o p t i o n a l  t h i r d  s t e p  i n  
t h e  Pasca l  development p rocess .  The t r a n s l a t o r  t a k e s  a  compiled P- 
code program and c o n v e r t s  i t  t o  6809 assembly language source  code 
( " n a t i v e  c o d e " ) .  The assembly language program genera ted  i s  
f u n c t i o n a l l y  i d e n t i c a l  t o  t h e  P-code ve r s ion  of t h e  program. 

ABOUT THE NATIVE CODE TRANSLATOR 

A s  mentioned i n  t h e  i n t r o d u c t i o n  t o  t h i s  manual, an unusual  
c h a r a c t e r i s t i c  of t h e  0s-9 Pasca l  system i s  i t s  a b i l i t y  t o  execu te  
Pasca l  programs i n  P-code, n a t i v e  code,  o r  both a t  t h e  same time. 
"PascalT"  i s  t h e  program used t o  conver t  P-code v e r s i o n s  of programs 
t o  n a t i v e  code (6809 machine l a n g u a g e ) .  

The ADVANTAGES of us ing PascalT t o  t r a n s l a t e  P-code t o  n a t i v e  
code a r e :  

- n a t i v e  code i s  t y p i c a l l y  5 t imes  f a s t e r  than t h e  P-code v e r s i o n  
of t h e  same program. 

- n a t i v e  code i s  ROMable and r e e n t r a n t  (can be executed by two or 
more t a s k s  a t  t h e  same t i m e ) .  

- t h e  memory space  o the rwise  occupied by t h e  P-code i n t e r p r e t e r  i s  
a v a i l a b l e  f o r  o t h e r  use. 

- t h e  assembler s o u r c e  code o u t p u t  can be e d i t e d  by hand. 

The DISADVANTAGES of n a t i v e  code programs a r e :  

- n a t i v e  code i s  u s u a l l y  l a r g e r  than t h e  P-code v e r s i o n .  
- v i r t u a l  code swapping suppor ted  by P a s c a l s  i s  not  a v a i l a b l e .  
- t h e  t r a n s l a t i o n  s t e p  t a k e s  a d d i t i o n a l  t ime 

Eetween one and t h r e e  l i n e s  of assembly language source  code 
w i l l  be genera ted  f o r  each by te  of P-code t r a n s l a t e d .  I t  works o u t  
t o  a b o u t  2 . 3  b y t e s  of n a t i v e  code f o r  each by te  of P-code i f  s t r i n g  
c o n s t a n t s  a r e n ' t  counted.  The e x t r a  memory can be o f f s e t  somewhat 
by t h e  a v a i l a b i l i t y  of memory space  o the rwise  occupied by t h e  P-code 
i n t e r p r e t e r .  S ince  t h e  compiler  always r e p o r t s  t h e  t o t a l  b y t e s  of 
P-code genera ted  f o r  each procedure  and f o r  t h e  whole program a t  t h e  
end of every  compi la t ion ,  you can e s t i m a t e  how many l i n e s  of 
a s s e ~ h l e r  s o u r c e  t e x t  and by tes  of o b j e c t  code w i l l  be genera ted .  

S ince  a  l a r g e  assembler source  code o u t p u t  f i l e  may be 
g e n e r a t e d ,  make s u r e  t h e  d i s k  has enough f r e e  space  t o  hold i t  
b e f o r e  you begin t r a n s l a t i o n .  You may wish t o  c r e a t e  s e p a r a t e  
system and working d i s k e t t e s  c o n t a i n i n g  on ly  PascalT and t h e  
r e q u i r e d  f i l e s  (PascalT.PRUN, PascalT-MODL, P a s c a l s ,  Suppor t ,  
P a s c a l E r r s ,  and A s m ,  p l u s  minimal 0s-9 commands i n  t h e  commands 
d i r e c t o r y ,  a n d  P a s c a l d e f s  i n  t h e  working d i r e c t o r y ) .  
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R U N N I N G  THE TRANSLATOR 

PascalT i s  w r i t t e n  i n  Pascal  and i s  fu rn i shed  i n  two p a r t s :  

PascalT.  FRUN i s  t h e  main t r a n s l a t o r  program i n  P-code 

PascalT.MODL c o n t a i n s  t h e  n a t i v e  code r o u t i n e s  needed 
by t h e  t r a n s l a t o r .  

The "PRUN" f i l e  name s u f f i x  i s  a  reminder t h a t  PascalT i s  a  P- 
code f i l e .  Because PascalT i s  q u i t e  l a r g e ,  i t  mst be run us ing 
PascalS,  t h e  v i r t u a l  code swapping P-code i n t e r p r e t e r .  Here i s  an 
example 0s-9 command l i n e  t h a t  s t a r t s  t h e  t r a n s l a t o r .  

PASCALS p a s c a l t .  prun S15K 

which c a l l s  P a s c a l s  t o  run t h e  t r a n s l a t o r  program, " p a s c a l t . p r u n " ,  
us ing  15K b y t e s  of memory f o r  swap b u f f e r s .  The s i z e  of t h e  swap 
b u f f e r  memory g iven  t o  PASCALS d i r e c t l y  a f f e c t s  how f a s t  PascalT 
runs .  The memory given t o  PascalS should  be made a s  l a r g e  a s  your 
sys tem w i l l  a l low,  p r e f e r a b l y  15K or  more. The a u x i l i a r y  f i l e  
"PascalT.MODL" i s  a u t o m a t i c a l l y  loaded by PascalT wi thou t  any a c t i o n  
r e q u i r e d  by t h e  u s e r .  

PascalT can be used i n  two ways: t o  t r a n s l a t e  a  complete Pasca l  
program, o r  t o  t r a n s l a t e  i n d i v i d u a l  Pascal  procedures  one a t  a  t ime.  
The second c a p a b i l i t y  can be q u i t e  u s e f u l  because Pasca l  
a p p l i c a t i o n s  can be developed t h a t  have some procedures  i n  P-code 
and o t h e r  ( u s u a l l y  s p e e d - c r i t i c a l )  p rocedures  i n  n a t i v e  code. 

RUN-TIME ENVIRONMENT 

The run-t ime environment is  d e s c r i b e d  i n  d e t a i l  i n  Chapter 10. 
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COMMUNICATING WITH PASCALT 

The f i r s t  p a r t  of running PascalT invo lves  some d i a l o g u e  wi th  
t h e  u s e r .  When PascalT s t a r t s  up, i t s  f i r s t  q u e s t i o n  w i l l  be:  

Enter  t h e  name of t h e  pcoGe f i l e  t o  be t r a r s l a t e d :  

You should  respond by e n t e r i n g  t h e  name of t h e  P-cod€ f i l e  you wish 
t o  t r a n s l a t e  fo l lowed by a  <ENTER>. I f  you j u s t  respond w i t h  
<ENTER>, PascalT w i l l  use t h e  d e f a u l t  f i l e  name, "PCODEF". 

PascalT f i r s t  checks t h e  P-code f i l e  t o  make s u r e  t h a t  i t  was 
compiled wi thou t  e r r o r  and t h a t  i t  has not  been a l t e r e d  s i n c e  com- 
p i l a t i o n .  I f  t h e  f i l e  does not  pass  t h e s e  t e s t s ,  one of t h e  
f o l l o w i n g  e r r o r  messages w i l l  be genera ted :  

*Can ' t  t r a n s l a t e  t h e  pcode f i l e  because t h e  f i l e  has N compile 
e r r o r  ( s )  . 
*Can ' t  t r a n s l a t e  t h e  pcod-e f i l e  because t h e  pcode f i l e  has been 
a l t e r e d .  

The nex t  q u e s t i o n  you w i l l  be asked i s :  

Enter  t h e  name of t h e  6809 assembler language f i l e  t o  be produced: 

The name you e n t e r  i n  response  w i l l  be used a s  t h e  f i l e  name of t h e  
t e x t  f i l e  c r e a t e d  by PascalT t o  hold t h e  assembler language o u t p u t .  
I f  you only p r e s s  t h e  <ENTER> key,  PascalT w i l l  use t h e  d e f a u l t  f i l e  
name "PCOCEFASN". I f  t h e  f i l e  s p e c i f i e d  a l r e a d y  e x i s t s ,  i t  w i l l  be 
d e l e t e d ,  and a  new f i l e  having t h e  same name w i l l  be c r e a t e d .  

Assuming a l l  has gone w e l l  so  f a r ,  t h e  nex t  q u e s t i o n  w i l l  be: 

T r a n s l a t e  a l l  procedures?  ( Y  or  N ) :  

You must respond wi th  a  s i n g l e  l e t t e r  ' y '  o r  I n 1 ,  i n  upper o r  lower 
c a s e .  You a r e  being asked whether you wish t o  t r a n s l a t e  a l l  
p rocedures  of a  complete program, o r  i f  you wish t o  i n d i v i d u a l l y  
t r a n s l a t e  only c e r t a i n  i n d i v i d u a l  procedures  w i t h i n  t h e  P-coZe f i l e .  
A "y" response  i s  t h e  s i m p l e s t ,  from t h e  u s e r ' s  p o i n t  of view, 
because a l l  subsequent  p rocess ing  i s  completely automat ic .  An "nu 
response  l e a d s  t o  a  more complex and l eng thy  p rocess  t h a t  r e q u i r e s  
you t o  have a  more in-depth  unders tanding of t h e  0s-9 Pasca l  System. 
A s e p a r a t e  s e c t i o n  of t h i s  chap te r  i s  devoted t o  each o p t i o n .  
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TRANSLATING COMPLETE PROGRAMS 

I f  t h e  response  t o  t h e  ' t r a n s l a t e  a l l '  prompt, a s  d e s c r i b e d  i n  
t h e  beginning of t h i s  c h a p t e r ,  i s  a  l y 1 ,  t h e  whole P-code f i l e  w i l l  
be t r a n s l a t e d  i n t o  n a t i v e  code. 

The t r a n s l a t o r  c a n ' t  always determine e x a c t l y  how much memory 
t h e  n a t i v e  code program w i l l  r e q u i r e .  The memory depends on how 
your program works. For example, a  h igh ly  r e c u r s i v e  program r e q u i r e s  
much more memory. There fo re ,  t h e  t r a n s l a t o r  a r r i v e s  a t  an e s t i m a t e ,  
and g i v e s  you t h e  o p p o r t u n i t y  t o  o v e r r i d e  t h e  e s t i m a t e  i f  you so  
d e s i r e .  The t r a n s l a t o r  d i s p l a y s  a  t a b l e  showing t h e  l o c a l  and 
extended s t a c k  s i z e  t o t a l s  from t h e  procedure t a b l e  a s  w e l l  a s  any 
compile t ime o v e r r i d e s  f o r  l o c a l ,  extended,  and minimum heap s i z e s .  
You w i l l  t hen  be asked t o  supply va lues  f o r  t h e  l o c a l ,  extended,  and 
minimum heap a l l o c a t i o n s .  To use t h e  a u t o m a t i c a l l y  c a l c u l a t e d  
v a l u e s ,  p r e s s  "ENTER" i n  response  t o  each q u e s t i o n ,  o r  
a l t e r n a t i v e l y ,  e n t e r  a  s p e c i f i c  o v e r r i d e  va lue ,  which w i l l  be 
checked t o  ensure  t h a t  it is w i t h i n  a l lowable  l i m i t s .  

Once t h e  memory a l l o c a t i o n  q u e s t i o n s  have been answered, you 
w i l l  be prorrtpted t o :  

Enter  a  name t o  be used a s  t h e  module name: 

Here you w i l l  e n t e r  t h e  name t h a t  you want t h e  f i n a l  o u t p u t  f i l e  t o  
be c a l l e d .  I f  you p r e s s  t h e  "ENTER" key, t h e  name of t h e  program i n  
t h e  P-code f i l e  is taken from t h e  f i r s t  8 c h a r a c t e r s  of t h e  name on 
t h e  'PROGRAMt l i n e  i n  t h e  o r i g i n a l  source  program. 

You a r e  a l s o  asked i f  you want l i n e  numbers i n  t h e  P-code f i l e  
t o  be t r a n s l a t e d  wi th :  

T r a n s l a t e  l i n e  numbers i n  P-code f i l e ?  ( Y  or  N )  : 

I n c l u s i o n  of l i n e  numbers i n  t h e  0utpu.t f i l e  can on ly  be 
accomplished i f  you inc luded  source  l i n e  numbers i n  your P-code f i l e  
v i a  e i t h e r  a  parameter  or  compile o p t i o n  a s  d i s c u s s e d  i n  c h a p t e r  2 
of t h i s  manual. I f  you respond "Y", any included l i n e  numbers w i l l  
produce n a t i v e  code t o  inform t h e  run t ime e r r o r  r e p o r t i n g  system of 
t h e  l a s t  known l i n e  number ( s e e  t h e  c h a p t e r  on run t ime e r r o r  
h a n d l i n g ) .  I f  you respond n  then any included l i n e  numbers 
simply produce a  comment i n  t h e  assembly language source  program. 
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TRANSLATING INDIVIDUAL PROCEDURES 

I f  t h e  r e s p o n s e  t o  t h e  ' t r a n s l a t e  a l l '  prompt,  a s  d e s c r i b e d  i n  
t h e  b e g i n n i n g  of  t h i s  c h a p t e r ,  is  a  ' n '  ( n o ) ,  t h e  t r a n s l a t o r  e n t e r s  
a  mode t h a t  a l l o w s  you t o  s p e c i f i c a l l y  name which p r o c e d u r e s  w i t h i n  
t h e  P a s c a l  program a r e  t o  be t r a n s l a t e d .  T h i s  f u n c t i o n  i s  most  
commonly used  : 

* when you w i s h  t o  c r e a t e  a  program t h a t  mixes  some P-code 
p r o c e d u r e s  and some n a t i v e  code  p r o c e d u r e s ,  o r  

* when you w i s h  t o  t r a n s l a t e  i n d i v i d u a l  " l i b r a r y "  p r o c e d u r e s  
of commonly used p r o c e d u r e s  f o r  g e n e r a l  u se  by P-code o r  
n a t i v e - c o d e  programs 

One r e s t r i c t i o n  i s  t h a t  t h e  main program " o u t e r  b l o c k "  c a n n o t  
be  t r a n s l a t e d  i n  t h i s  mode - you must t r a n s l a t e  i t  u s i n g  t h e  
" t r a n s l a t e  a l l "  o p t i o n .  T r a n s l a t i n g  t h e  o u t e r  b lock  i n t o  n a t i v e  
code  r e q u i r e s  many more c o n s i d e r a t i o n s  and much more p r o c e s s i n g  t h a n  
o t h e r  p r o c e d u r e s .  However, i t  may c a l l  any number of e x t e r n a l  
p r o c e d u r e s  which were  t r a n s l a t e d  i n d i v i d u a l l y .  

The f i r s t  prompt g i v e n  i n  t h e  i n d i v i d u a l  t r a n s l a t i o n  mode i s :  

P roduce  e x t e r n a l  d e f i n i t i o n  f i l e ?  ( Y  o r  hi): 

The e x t e r n a l  d e f i n i t i o n  f i l e  c o n t a i n s  i n f o r m a t i o n  a b o u t  l i n k a g e  
r e q u i r e m e n t s  of  e ach  p r o c e d u r e  and i s  used by t h e  P a s c a l E  l i n k a g e  
e d i t o r  i n  a  l a t e r  s t e p  when i n d i v i d u a l  p r o c e d u r e s  a r e  combined i n t o  
a  comple t e  program. The u s u a l  r e s p o n s e  t o  t h i s  q u e s t i o n  i s  "Y" f o r  
y e s .  I f  you respond w i t h  I n ' ,  you must manual ly  c r e a t e  t h e  e x t e r n a l  
d e f i n i t i o n  f i l e  r e q u i r e d  by t h e  P a s c a l E  u t i l i t y  program. 

I f  you responded  w i t h  "Y", t h e  n e x t  prompt w i l l  a sk  f o r  t h e  
name of  t h e  e x t e r n a l  d e f i n i t i o n  f i l e  t o  be produced  w i t h :  

E n t e r  t h e  name of  t h e  e x t e r n a l  d e f i n i t i o n  f i l e  t o  be  produced .  

I f  you s i m p l y  h i t  t h e  " E N T E R "  key ,  t h e  d e f a u l t  f i l e n a m e  "PCODEINFO" 
w i l l  b e  used .  

The n e x t  s t e p  i s  t o  g i v e  t h e  t r a n s l a t o r  a  l i s t  of  t h e  
p r o c e d u r e s  you wish  t r a n s l a t e d .  The p rocedu re  numbers a r e  o b t a i n e d  
from t h e  p r o c e d u r e  t a b l e  g i v e n  a t  t h e  end of t h e  c o m p i l e r  l i s t i n g .  
The p r o c e d u r e  numbers a r e  r e q u e s t e d  by t h e  prompt:  

E n t e r  a  l is t  of  p r o c e d u r e  numbers t o  t r a n s l a t e .  
A z e r o  v a l u e  w i l l  t e r m i n a t e  t h e  l i s t .  
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A n e g a t i v e  v a l u e  w i l l  back o u t  a  p r e v i o u s l y  s e l e c t e d  e n t r y .  
You respond by e n t e r i n g  a  s e r i e s  of p rocedure  numbers s e p a r a t e d  by 
s p a c e s  o r  c a r r i a g e  r e t u r n s .  You s i g n i f y  t h e  end of  t h e  l i s t  of  
p r o c e d u r e  numbers by e n t e r i n g  t h e  number " 0 "  (remember t h a t  
p r o c e d u r e  0 - t h e  o u t e r  b lock  - canno t  be t r a n s l a t e d  i n  t h i s  model.  
I f  a  p r o c e d u r e  number was e r r o n e o u s l y  e n t e r e d ,  s imp ly  e n t e r  t h e  
n e g a t i v e  of  t h e  p r o c e d u r e  number t o  remove i t  from t h e  l i s t .  Each 
p r o c e d u r e  number i s  checked  t o  s e e  t h a t  it r e a l l y  e x i s t s  i n  t h e  
P-code f i l e  and ,  i f  n o t ,  t h e  f o l l o w i n g  e r r o r  message i s  g i v e n :  

Value  N i s  o u t  of r ange .  
A b s o l u t e  v a l u e  must be between 1 and X i n c l u s i v e .  
R e e n t e r .  

where N is  t h e  bad p r o c e d u r e  number and X i s  t h e  h i g h e s t  a l l owed  
p r o c e d u r e  number f o r  t h e  s e l e c t e d  P-code f i l e .  I f  more t h a n  one  
p r o c e d u r e  number was e n t e r e d  on a  l i n e ,  o n l y  t h o s e  which were o u t  of 
r ange  a r e  i g n o r e d ,  t h e  o t h e r s  a r e  a c c e p t e d .  I f  t h e  s e l e c t e d  
p r o c e d u r e  d o e s  n o t  e x i s t  i n  P-code form, t h a t  is ,  i f  i t  was d e c l a r e d  
t o  be an e x t e r n a l  p r o c e d u r e ,  which means t h a t  i t  must a l r e a d y  e x i s t  
i n  n a t i v e  code form, t h e  f o l l o w i n g  e r r o r  message is  g i v e n :  

C a n ' t  t r a n s l a t e  p r o c e d u r e  N because  i t  i s  an e x t e r n a l  r o u t i n e .  

where N i s  t h e  bad p r o c e d u r e  number. For e i t h e r  of t h e s e  l a s t  two 
e r r o r  messages ,  you do n o t  have t o  remove p r o c e d u r e  I n t  , because  i t  
was n o t  a c c e p t e d  i n  t h e  f i r s t  p l a c e .  

A f t e r  t h e  p r o c e d u r e  number l i s t  has  been comple t ed ,  t h e  l i s t  of 
a c c e p t e d  p r o c e d u r e  numbers i s  d i s p l a y e d  f o r  v e r i f i c a t i o n ,  f o l l o w e d  
by t h e  q u e s t i o n :  

Is t h i s  l i s t  c o r r e c t ?  ( Y  o r  N )  : 

I f  you respond w i t h  a  "N" answer ,  you w i l l  be  g i v e n  an o p p o r t u n i t y  
t o  c o r r e c t  t h e  p r o c e d u r e  l i s t .  O t h e r w i s e ,  t h e  a c t u a l  t r a n s l a t i o n  
p r o c e s s  w i l l  b e g i n .  

A f t e r  t h e  d e s i r e d  p r o c e d u r e s  a r e  s e l e c t e d ,  s o u r c e  s t a t e a e n t s  t o  
p roduce  a  s t a n d a r d  OS-9 rr,emory module heade r  a r e  wr j  t t e n  t o  t h e  
a s s e m b l e r  s o u r c e  f i l e .  The module heade r  is g iven  a  hexadec imal  
v a l u e  o f  21 f o r  t h e  module t y p e ,  i n d i c a t i n g  a  machine l anguage  
s u b r o u t i n e  module ( s e e  t h e  0s-9 sys t em manual f o r  a  d i s c u s s i o n  of  
module f o r m a t s  and h e a d e r s ) .  The module d a t a  s i z e  i s  s e t  t o  z e r o .  
For e a c h  p r o c e d u r e  s e l e c t e d ,  a  l o n g  b ranch  i n s t r u c t i o n  i s  i n s e r t e d  
a s  t h e  f i r s t  code i n  t h e  module. Each branch  d e s t i n a t i o n  i s  t o  t h e  
s t a r t u p  code  f o r  a p r o c e d u r e .  The b r a n c h e s  a r e  b u i l t  i n  o r d e r  of 
t h e i r  a c t u a l  p r o c e d u r e  numbers, n o t  i n  t h e  o r d e r  t h a t  t h e y  were  
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s e l e c t e d .  
I f  you reques ted  an e x t e r n a l  d e f i n i t i o n  f i l e ,  you w i l l  be 

prompted f o r  a  pathnarne t o  be used f o r  t h e  e x t e r n a l  module name 
w i t h :  

Enter a  p a t h l i s t  t o  be used a s  t h e  e x t e r n a l  module p a t h l i s t  
and module name. 

I f  t h e  "ENTER" key is p r e s s e d ,  then t h e  f i r s t  8 c h a r a c t e r s  of t h e  
name on t h e  'PROGRAM1 l i n e  i n  t h e  o r i g i n a l  source  program a r e  used. 
Otherwise ,  t h e  l a s t  name i n  t h e  f u l l y  q u a l i f i e d  pa th  name i s  used a s  
t h e  module name, and t h e  f u l l y  q u a l i f i e d  pa th  name is used t o  b u i l d  
t h e  module pa th  name i n  t h e  e x t e r n a l  d e f i n i t i o n  f i l e .  See t h e  
s e c t i o n  on PascalE f o r  more in fo rmat ion  on t h e  t h e  module path  name. 

I f  you a r e  no t  having t h e  t r a n s l a t o r  b u i l d  an e x t e r n a l  
d e f i n i t i o n s  f i l e  f o r  you, t h e  above prompt w i l l  be: 

Enter  a  name t o  be used a s  t h e  module name: 

I f  t h e  "ENTERn key i s  p r e s s e d ,  t h e  f i r s t  8 c h a r a c t e r s  of t h e  name on 
t h e  'PROGRAM' l i n e  i n  t h e  o r i g i n a l  source  program a r e  used. In  both 
c a s e s ,  t h e  name i s  used a s  t h e  module name i n  t h e  assembly language 
source  f i l e  being produced. 

You a r e  a l s o  asked i f  you want l i n e  numbers i n  t h e  P-code f i l e  
t o  be t r a n s l a t e d  w i t h :  

T r a n s l a t e  l i n e  numbers i n  P-code f i l e ?  ( Y  o r  N ) :  

I n c l u s i o n  of l i n e  numbers i n  t h e  o u t p u t  f i l e  can on ly  be 
accomplished i f  you inc luded  source  l i n e  numbers i n  your P-code f i l e  
v i a  e i t h e r  a  parameter  or  compile o p t i o n  a s  d i s c u s s e d  i n  c h a p t e r  2 
of t h i s  manual. I f  you respond "Y", any included l i n e  numbers w i l l  
produce n a t i v e  code t o  i n f o r n ~  t h e  run t ime e r r o r  r e p o r t i n g  system of 
t h e  l a s t  known l i n e  number ( s e e  t h e  c h a p t e r  on run t ime e r r o r  
h a n d l i n g ) .  I f  you respond n then any inc luded  l i n e  nuRbers 
simply produce a  comment i n  t h e  assembly language source  program. 

A f t e r  one or  more of t h e  procedures  have been t r a n s l a t e d  and 
assembled,  you w i l l  have t o  recompile t h e  o r i g i n a l  source  program t o  
t a k e  advantage of t h e  n a t i v e  code r o u t i n e s .  The Pasca l  p rocedures  
t h a t  now have t r a n s l a t e d  e q u i v a l e n t s  should  he removed from t h e  
program and rep laced  wi th  EXTERNAL procedure  d e c l a r a t i o n s .  A f t e r  
t h e  Pasca l  program has  been recompiled,  you need only  update t h e  P- 
code f i l e  wi th  t h e  PASCALE program, which p u t s  i n t o  t h e  P-code 
f i l e  a l l  t h e  in fo rmat ion  about t h e  n a t i v e  code modules. The r e s u l t  
is  a  program which uses  both  P-code and n a t i v e  code procedures .  
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ASSEMBLING TRANSLATED PROCEDURES 

The o u t p u t  from t h e  t r a n s l a t o r  i s  an assembly language source  code 
t e x t  f i l e ,  which must be assembled us ing t h e  0s-9 assembler .  
Procedures  a r e  t r a n s l a t e d  one by one,  with o p t i m i z a t i o n  being 
performed a s  each l i n e  of assembler source  code i s  produced. There 
a r e  many reduc t ion  r u l e s  used t o  op t imize  t h e  n a t i v e  code procedures  
f o r  both  memory and speed e f f i c i e n c y .  The r e s u l t i n g  f i l e  can then 
be assembled by t h e  s t a n d a r d  0s-9 assembler .  The f i l e  PASCALDEFS 
m u s t  be i n  t h e  d a t a  d i r e c t o r y  dur ing  t h e  assembly p rocess .  You can,  
i f  needed, e d i t  t h e  assembler source  f i l e  wi th  a  t e x t  e d i t o r  t o  
f u r t h e r  op t imize  t h e  code, but  you must be ve ry  c a r e f u l  t o  r e t a i n  
t h e  o v e r a l l  s t r u c t u r e  and f u n c t i o n  of t h e  module. The source  code 
must always adhere  t o  t h e  complete memory and r e g i s t e r  usage 
conven t ions  a s  d e s c r i b e d  i n  t h e  chap te r  on w r i t i n g  procedures  i n  
n a t i v e  code.  

An example of c a l l i n g  t h e  assembler ( u s i n g  t h e  d e f a u l t  assembler 
o u t p u t  f i l e  name) i s :  

ASM PCODEFASM 0  #20k 

Of c o u r s e ,  any of t h e  assembler o p t i o n s  can be s e l e c t e d  a s  w e l l ,  
e s p e c i a l l y  t h e  "L" o p t i o n  t o  produce a  l i s t i n g  and t h e  "0=" o p t i o n  
t o  o v e r r i d e  t h e  d e f a u l t  ou tpu t  f i l e  name. In  g e n e r a l ,  i t  i s  a  good 
p r a c t i c e  t o  make s u r e  t h a t  t h e  o u t p u t  f i lename i s  t h e  same a s  t h e  
module name. The "ON o p t i o n  or "O=" o p t i o n  must be s p e c i f i e d  i f  you 
wish t o  c r e a t e  an e x e c u t a b l e  ou tpu t  f i l e  from t h e  assembler .  Using 
t h e  assembler wi thou t  e i t h e r  form of "0"  op t ion  i s  u s e f u l  t o  make 
s u r e  t h e  assembly i s  e r r o r  f r e e  b e f o r e  a c t u a l l y  assembl ing t o  c r e a t e  
an e x e c u t a b l e  f i l e .  

The o u t p u t  of t h e  assembler i n  t h e  above example i s  a n a t i v e  
code nodule  a  f i l e  i n  ttle execu t ion  ("CYGSt') d i r e c t o r y  t h a t  i s  a l s o  
c a l l e d  "PCODEFASM". I f  t h e  PCODEFASM f i l e  con ta ined  only  e x t e r n a l  
modules from a  p a r t i a l l y  t r a n s l a t e d  program, they a r e  now ready t o  
be l i n k e d  t o  t h e  recompiled P-code program using PascalE.  I f  t h e  
PCODEFASM f i l e  con ta ined  a  f u l l y  t r a n s l a t e d  program, i t  may now be 
run.  See t h e  s e c t i o n  below on Running Nat ive  Code Proyrarrs. 

Pasca l  programs t h a t  a r e  t r a n s l a t e d  t o  n a t i v e  code do have ran- 
t ime e r r o r  checking,  bu t  when e r r o r s  occur it i s  no t  easy t o  
de te rmine  a t  what l i n e  of which procedure  t h e  e r r o r  occur red  a s  
r e p o r t e d  by t h e .  P-code i n t e r p r e t e r s .  Also,  t h e  P-code i n t e r p r e t e r  
run t ime o p t i o n s  " l " ,  " e n ,  and " s n  have no meaning when running 
n a t i v e  code programs. You should  only  t r a n s l a t e  procedures  or 
programs i n t o  n a t i v e  code a f t e r  you a r e  s u r e  t h a t  they a r e  f u l l y  
f u n c t i o n a l  and have been complete ly  t e s t e d  us ing  one of t h e  
i n t e r p r e t e r s .  
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Running Nat ive  Code Programs 

T h i s  s e c t i o n  d e s c r i b e s  how t o  execu te  a  Pasca l  program which 
has  been t o t a l l y  t r a n s l a t e d  t o  n a t i v e  code us ing PascalT. These 
programs a r e  executed d i r e c t l y  from t h e  OS-9 S h e l l .  The S h e l l  
command l i n e  format  t o  run a  n a t i v e  code Pascal  program is: 

program < i n p u t  >ou tpu t  > > s y s e r r  [Run-Time Opt ions ]  [ :  Params] 

I tems enclosed i n  " [ "  and " 1 "  a r e  o p t i o n a l .  

Where : 

"program" i s  t h e  pathname of t h e  n a t i v e  code program which is t o  be 
execu ted .  The module m u s t  have been c r e a t e d  us ing PascalT and t h e  
OS-9 Assembler a s  d e s c r i b e d  p rev ious ly .  I t  may r e s i d e  i n  t h e  system 
c u r r e n t  execu t ion  d i r e c t o r y ,  or  i t  can be pre loaded i n t o  memory 
us ing  t h e  0s-9 " l o a d "  command. 

" i n p u t "  i s  t h e  pathname t o  be a s s o c i a t e d  wi th  t h e  s t a n d a r d  f i l e  
'INPUT'. The f i l e  w i l l  be opened f o r  read a c c e s s  o n l y ,  and it must 
a l r e a d y  e x i s t  when t h e  program begins .  I f  t h e  pa th  name i s  g iven ,  
i t  m u s t  be immediately preceded by t h e  " < "  c h a r a c t e r .  I f  t h e  i n p u t  
p a t h  is  not r e d i r e c t e d ,  any program r e f e r e n c e  t o  t h e  s t a n d a r d  f i l e  
INPUT w i l l  d e f a u l t  t o  t h e  s t a n d a r d  i n p u t  pa th ,  u s u a l l y  t h e  t e r m i n a l .  

" o u t p u t "  i s  t h e  pathname t o  be a s s o c i a t e d  wi th  t h e  s t a n d a r d  f i l e  
'OUTPUT1. The f i l e  w i l l  be opened f o r  read and w r i t e  ( i . e .  upda te )  
a c c e s s ,  and,  i f  t h e  f i l e  does not  a l r e a d y  e x i s t ,  i t  w i l l  be c r e a t e d .  
I f  t h e  pathname i s  g iven ,  i t  m u s t  be immediately preceded by t h e  " > "  
c h a r a c t e r .  I f  t h e  ou tpu t  pa th  is  not r e d i r e c t e d ,  any r e f e r e n c e  t o  
t h e  standarci f i l e  OUTFUT w i l l  d e f a u l t  t o  t h e  s t andzrd  o u t p u t  p a t h ,  
u s u a l l y  t h e  t e r m i n a l .  

" s y s e r r "  i s  t h e  pathnarne t o  be a s s o c i a t e d  w i t h  t h e  s t a n d a r d  f i l e  
'SYSERR', a  p r e d e f i n e d  t e x t  f i l e  provided a s  an 0s-9 Pasca l  
e x t e n s i o n .  The f i l e  w i l l  be opened f o r  read and w r i t e  ( i . e .  upda te )  
a c c e s s ,  and,  i f  t h e  f i l e  does not  a l r e a d y  e x i s t ,  i t  w i l l  be c r e a t e d .  
I f  t h e  pathname is g iven ,  i t  must be immediately preceded by t h e  
" ? > "  c h a r a c t e r s .  I f  the  s y s e r r  pa th  i s  r ~ c t  r e d i r e c t e d ,  any program 
r e f e r e n c e  t o  t h e  s t a n d a r d  f i l e  SYSFRR w i l l  d e f a u l t  t o  t h e  s t a n d a r d  
e r r o r  p a t h ,  u s u a l l y  t h e  t e r m i n a l .  

"Run-Time Opt ions"  i s  a  l i s t  of ze ro  or  more run t ime o p t i o n s  which 
g e n e r a l l y  d e f i n e  memory a l l o c a t i o n  s i z e s ,  and/or they enab le  
g e n e r a t i o n  of t h e  memory s t a t i s t i c s  r e p o r t .  The only two o p t i o n s  
which have any a f f e c t  f o r  programs which run t o t a l l y  a s  n a t i v e  code 
a r e  t h e  ' h l  and ' i l  o p t i o r ~ s .  See C h a ~ t e r  11 f c r  d e t a i l s .  

"Paran;sn i s  a  c h a r a c t e r  s t r i n g  of up t o  80 c h a r a c t e r s  which w i l l  t e  
made a v a i l a b l e  t o  t h e  running program i n  a  p redef ined  a r r a y  c a l l e d  
'SYSPARAM'. Th i s  works i n  a  manner compat ib le  wi th  t h e  P-code 
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i n t e r p r e t e r s .  

The v a r i a t l l e  s t a c k  space s i z e  of n a t i v e  code programs is  e s t -  
imated by PascalT and t h e  s i z e  va lue  i s  p u t  i n t o  t h e  program's 
memory module header .  The 0s-9 S h e l l  " # "  memory s i z e  o p t i o n  can 
o p t i o n a l l y  be used t o  o v e r r i d e  t h e  d e f a u l t  s i z e .  Highly r e c u r s i v e  
programs, o r  programs t h a t  use l a r g e  dynamic a r r a y s ,  should be given 
a d d i t i o n a l  memory us ing t h i s  op t ion .  

Nat ive  code programs t h a t  have EXTERNAL d e c l a r a t i o n s  assume 
t h a t  t h e  procedures  involved a r e  s e p a r a t e  niemory modules, so  PascalT 
g e n e r a t e s  code t o  a u t o m a t i c a l l y  perform t h e  0s-9 " l i n k "  and " l o a d "  
f u n c t i o n s  i n  o rder  t o  a c c e s s  them. 

The "Support"  run-time package module must e i t h e r  be pre loaded 
i n  memory or must be p r e s e n t  i n  t h e  s y s t e m ' s  c u r r e n t  execu t ion  
d i r e c t o r y  i n  o rder  t o  run any n a t i v e  code program. The " P a s c a l E r r s "  
f i l e  must a l s o  be p r e s e n t  i f  f u l l  t e x t  e r r o r  messages a r e  d e s i r e d .  
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CHAPTER 5 

SYNOPSIS: "PascalE"  i s  a  l i n k a g e  e d i t o r  used t o  c r e a t e  a  s i n g l e  
program c o n s i s t i n g  of a  "main l ine"  program having EXTERNAL 
d e c l a r a t i o n s  and one o r  more s e p a r a t e l y  compiled e x t e r n a l  n a t i v e  
code procedures .  PascalE i s  only  used when s e p a r a t e  compi la t ion  i s  
d e s i r e d  o r  when P-code and n a t i v e  code procedures  a r e  mixed i n  t h e  
same program. PascalE i s  in tended f o r  use by advanced programmers. 

AN OVERVIEW OF PASCALE 

Whenever a  Pasca l  program c o n t a i n s  one o r  more EXTERNAL 
r o u t i n e s ,  t h e  P-code f i l e  f o r  t h a t  program must be e d i t e d  us ing 
PascalE a f t e r  compi la t ion  b e f o r e  it can be executed.  PascalE 
i n s e r t s  a d d r e s s e s  of e x t e r n a l  n a t i v e  code r o u t i n e s  i n  t h e  
a p p r o p r i a t e  p l a c e s  i n  t h e  program so  t h e  e x t e r n a l  procedures  can be 
c a l l e d .  

PascalE i s  an i n t e r a c t i v e  program. For each e x t e r n a l  
p rocedure ,  you must supply  t h e  f i l e  name of t h e  module c o n t a i n i n g  
t h e  n a t i v e  code v e r s i o n  of t h e  procedure ,  t h e  o f f s e t  from t h e  
s t a r t i n g  execu t ion  a d d r e s s  of t h e  module f o r  t h e  f i r s t  i n s t r u c t i o n  
of t h e  procedure ,  t h e  type of t h e  module, and t h e  l o c a l  and extended 
s t a c k  requ i rements  of t h e  e x t e r n a l  procedure .  Normally, a l l  t h i s  
in fo rmat ion  is  b u i l t  a u t o m a t i c a l l y  by PASCALT, i n  which case  t h e  
o p e r a t i o n  of PASCALE i s  almost  t r i v i a l .  I f  t h e  e x t e r n a l  modules 
were n o t  c r e a t e d  by PascalT (such a s  when t h e  e x t e r n a l  module i s  
hand-wri t ten  i n  assembly l a n g u a g e ) ,  you need t o  know how e x t e r n a l  
p rocedures  a r e  handled by 0s-9 Pasca l  s o  you can p r o p e r l y  i n t e r f a c e  
them. 

When PascalN or P a s c a l s  beg ins  p rocess ing  a  P-code f i l e ,  one of 
t h e  f i r s t  a c t i o n s  taken i s  t o  check f o r  t h e  e x i s t a n c e  of e x t e r n a l  
procedure  d e c l a r a t i o n s .  When one or more of such d e c l a r a t i o n s  a r e  
found,  a  s p e c i a l  t a b l e  i n  t h e  P-code f i l e  i s  c o n s u l t e d  f o r  more 
in fo rmat ion  about  each d e c l a r a t i o n .  F i r s t ,  t h e  i n t e r p r e t e r  needs t o  
know i f  t h e  module c o n t a i n i n g  t h e  n a t i v e  code e x t e r n a l  procedure  i s  
a l r e a d y  loaded i n t o  memory. I f  it is n o t ,  i t  needs t o  know t h e  path  
name of t h e  module so  t h a t  it can be loaded i n t o  memory. A f t e r  
e n s u r i n g  t h a t  a l l  r e q u i r e d  modules a r e  i n  memory, t h e  i n t e r p r e t e r  
needs on ly  t o  complete i t s  i n t e r n a l  t a b l e s  f o r  each procedure  wi th  
i t s  e x e c u t i o n  a d d r e s s  and i t s  l o c a l  and extended s t a c k  s i z e s .  I t  
may be t h a t  a l l  e x t e r n a l  r o u t i n e s  a r e  con ta ined  i n  a  s i n g l e  module, 
bu t  i t  i s  l i k e l y  t h a t  some of t h e  requ i red  e x t e r n a l  r o u t i n e s  a r e  i n  
o t h e r  modules. A s  an example, a  program which does s i g n a l  
p r o c e s s i n g  may c a l l  a  n a t i v e  code procedure  t o  do Four ie r  a n a l y s i s  
on t h e  d a t a ,  and a l s o  c a l l  s e v e r a l  r o u t i n e s  i n  a  d i f f e r e n t  module t o  
do d i g i t a l  p l o t t i n g  of t h e  r e s u l t s .  
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RUNNING PASCALE 

To run t h e  PASCALE u t i l i t y ,  use  t h e  command form: 

PASCALE c e x t d e f f i l e  : p c o d e f i l e  

" e x t d e f f i l e n  i s  t h e  name of t h e  f i l e  c o n t a i n i n g  t h e  e x t e r n a l  
d e f i n i t i o n  f i l e  r e c o r d s  t o  be p r o c e s s e d .  T h i s  f i l e  is  a u t o m a t i c a l l y  
g e n e r a t e d  by P a s c a l T  u s i n g  t h e  d e f a u l t  f i l e  name "PCODEFINFO". I f  
you a r e  a t t e m p t i n g  t o  l i n k  hand w r i t t e n  n a t i v e  code ,  you can  omi t  
t h e  p a t h  name and t h e  p r e c e d i n g  " < "  c h a r a c t e r  i f  you want  t o  e n t e r  
t h e  d e f i n i t i o n  f i l e  r e c o r d s  from t h e  s t a n d a r d  i n p u t  p a t h  ( u s u a l l y  
t h e  t e r m i n a l ) .  I n  t h i s  c a s e ,  s imp ly  e n t e r  one o r  more " u s e n  r e c o r d s  
(which  a r e  d i s c u s s e d  f u r t h e r  on )  from t h e  t e r m i n a l  t o  c a u s e  t h e  
p r o p e r  e x t e r n a l  d e f i n i t i o n  f i l e s  t o  be  p r o c e s s e d .  I f  i n p u t  i s  from 
a  t e r m i n a l ,  remember t h a t  " u s e n  r e c o r d s  b e g i n  w i t h  a  s p a c e  
c h a r a c t e r ,  and t h a t  a f t e r  a l l  d e f i n i t i o n  f i l e  r e c o r d s  have been 
e n t e r e d  you need t o  key i n  t h e  "end of f i l e "  sequence  ( u s u a l l y  t h e  
e s c a p e  o r  ESC key which i s  < C L E A R > < B R E A K >  on t h e  c o l o r  c o m p u t e r ) .  

" p c o d e f i l e "  i s  t h e  p a t h  name of t h e  P-code f i l e  t o  be updated  
w i t h  t h e  e x t e r n a l  f i l e  i n f o r m a t i o n .  The f i l e  name must be 
immed ia t e ly  p receded  by a  c o l o n  c h a r a c t e r  - no l e a d i n g  s p a c e  
c h a r a c t e r s  o r  o t h e r  c h a r a c t e r s  a r e  p e r m i t t e d .  The re  i s  no d e f a u l t  
name assumed,  s o  t h a t  i f  you wan ted ,  f o r  i n s t a n c e ,  t o  r e f e r  t o  t h e  
d e f a u l t  P-code f i l e  produced  by t h e  0.5-9 P a s c a l  c o m p i l e r ,  you would 
e n t e r  I t :  PCODEF". 

I f  t h e  " : " c h a r a c t e r  i s  o m i t t e d ,  o r  i f  it i s  n o t  fo l l owed  immed- 
i a t e l y  by a  p a t h  name, t h e  f o l l o w i n g  e r r o r  message w i l l  be g i v e n :  

*ERROR No P-code f i l e  name has  been found.  A P-code f i l e  name 
must be s u p p l i e d  immed ia t e ly  f o l l o w i n g  a  ":" on t h e  command 
l i n e .  

I f  t h e  P-code f i l e  d o e s n ' t  e x i s t ,  o r  i f  t h e r e  i s  an 0s-9 e r r o r  
e n c o u n t e r e d  w h i l e  t r y i n g  t o  open t h e  f i l e ,  t h e  f o l l o w i n g  e r r o r  
message i s  g i v e n :  

*ERROR 0s-9 e r r o r  x  e n c o u n t e r e d  when t r y i n g  t o  open f i l e .  

where  "x"  i s  t h e  0s-9 e r r o r  number. Re fe r  t o  t h e  "0s-9 Commands 
Manual" f o r  t h e  meaning of  t h e  e r r o r  number. I f  t h e  P-code f i l e  i s  
found t o  have been a l t e r e d ,  which c o u l d  produce  c a t a s t r o p h i c  
r e s u l t s ,  o r  i f  t h e  f i l e  i s  n o t  a  P-code f i l e  a f t e r  a l l ,  t h e  
f o l l o w i n g  e r r o r  message i s  g i v e n :  

*ERROR P-code f i l e  has  been a l t e r e d  o r  has  i n v a l i d  f o r m a t .  

I f  t h e r e  were  compi le  t i m e  e r r o r s  found when t h e  P-code f i l e  was 
p roduced ,  t h e  P-code f i l e  i s  u n u s a b l e ,  and t h e  f o l l o w i n g  e r r o r  
message i s  g i v e n :  
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*ERROR P-code f i l e  has  x  compi l e  t ime  e r r o r s ,  it c a n n o t  be 
p r o c e s s e d .  

"x" i s  t h e  number of compi l e  t ime  e r r o r s  which were  d e t e c t e d .  I f  
t h e  P-code f i l e  h a s  no EXTERNAL p r o c e d u r e s  d e c l a r e d  w i t h i n ,  t h e  
f o l l o w i n g  e r r o r  message i s  g i v e n :  

*ERROR P-code f i l e  has  no e x t e r n a l  r o u t i n e s .  

I f  a  r e c o r d  is  found w i t h i n  t h e  e x t e r n a l  d e f i n i t i o n  f i l e  which has  a  
s p a c e  c h a r a c t e r  i n  t h e  f i r s t  c h a r a c t e r  p o s i t i o n ,  b u t  i s  n o t  
immed ia t e ly  f o l l o w e d  by t h e  l e t t e r s  "use" ,  a n o t h e r  s p a c e  c h a r a c t e r ,  
and t h e n  a  p a t h  name, t h e  f o l l o w i n g  e r r o r  message is  g i v e n :  

*ERROR I n v a l i d  command on l i n e  number x  a t  USE f i l e  n e s t i n g  
l e v e l  of y  

Where "x"  i s  t h e  c u r r e n t  l i n e  number i n  t h e  t e x t  f i l e  which is  be ing  
p r o c e s s e d ,  and "y"  i s  t h e  u s e  f i l e  n e s t i n g  l e v e l  a s  d e s c r i b e d  
e a r l i e r  i n  t h i s  s e c t i o n .  I f  a  v a l i d  "use"  command i s  e n c o u n t e r e d ,  
b u t  t h e  r e f e r e n c e d  f i l e  c a n n o t  be opened ,  t h e  f o l l o w i n g  e r r o r  
message is g i v e n :  

*WARNING 0s-9 e r r o r  x  e n c o u n t e r e d  w h i l e  t r y i n g  t o  open USE f i l e  y 

Where "x" i s  t h e  0s-9 e r r o r  number, and "y" i s  t h e  p a t h  name of t h e  
f i l e  from t h e  " u s e "  r e c o r d .  I f  a  r e c o r d  i n  t h e  e x t e r n a l  d e f i n i t i o n  
f i l e  is  n o t  a  v a l i d  comment, u s e ,  o r  d e f i n i t i o n  r e c o r d ,  t h e  
f o l l o w i n g  e r r o r  message is g i v e n :  

*ERROR I n v a l i d  EXTERNAL d e f i n i t i o n  f o r m a t  on l i n e  number x  a t  
USE f i l e  n e s t i n g  l e v e l  of  y  

Where "x" i s  t h e  c u r r e n t  l i n e  number i n  t h e  t e x t  f i l e  which is  b e i n g  
p r o c e s s e d ,  and  "y" is  t h e  u s e  f i l e  n e s t i n g  l e v e l  a s  d e s c r i b e d  
e a r l i e r  i n  t h i s  s e c t i o n .  The p r e v i o u s  e r r o r  message is  a l s o  g i v e n  
i f  any  f i e l d  of a  d e f i n i t i o n  r e c o r d  i s  n o t  i n  a  v a l i d  f o r m a t  - s u c h  
a s  a  number b e i n g  o u t  of r ange ,  o r  a  name b e i n g  t o o  l o n g  o r  be ing  
composed of t h e  wrong t y p e  of c h a r a c t e r s .  

A f t e r  PASCALE h a s  c o m p l e t e l y  p r o c e s s e d  t h e  e x t e r n a l  d e f i n i t i o n  
f i l e ,  i t  c h e c k s  t o  s e e  i f  a l l  d e c l a r e d  e x t e r n a l  p r o c e d u r e s  have been 
mapped. I f  n o t ,  a  l i s t  is  produced of a l l  of t h e  p r o c e d u r e  names, 
p r o c e d u r e  numbers,  and module t y p e s  which were n o t  p r o c e s s e d  d u r i n g  
t h i s  e x e c u t i o n .  I t  i s  p o s s i b l e  t h a t  you p r o c e s s e d  t h e s e  p r o c e d u r e s  
d u r i n g  a  p r e v i o u s  e x e c u t i o n  o r  t h a t  you w i l l  p r o c e s s  t h e s e  
p r o c e d u r e s  i n  a  f u t u r e  e x e c u t i o n .  You must ,  however, c a u s e  e v e r y  
e x t e r n a l  p r o c e d u r e  t o  be mapped by PASCALE b e f o r e  you w i l l  be  
a l l owed  t o  run o r  even t r a n s l a t e  t h e  P-code f i l e .  

F i n a l l y ,  i f  you a r e  go ing  t o  run  t h e  P-code f i l e  v i a  one of t h e  
0s-9 P a s c a l  i n t e r p r e t e r s ,  you can  use  PASCALE between e x e c u t i o n s  t o  
remap t h e  e x t e r n a l  p r o c e d u r e s .  I f  you t r a n s l a t e  a  comple t e  P-code 
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f i l e  i n t o  a n a t i v e  code program, however, t h e  mapping t h a t  e x i s t s  a t  
t h e  t i m e  of t h e  t r a n s l a t i o n  i s  permanent ly  encoded i n t o  t h e  n a t i v e  
code  program - t o  change t h a t  mapping you must r e - e x e c u t e  PASCALE 
f o r  t h e  P-code f i l e ,  and t h e n  r e t r a n s l a t e  t h e  P-code f i l e .  P a r t i a l  
t r a n s l a t i o n s  of  a P-code f i l e  a r e  n o t  permanent ly  a f f e c t e d  i n  t h i s  
way. 
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THE EXTERNAL DEFINITION FILE 

I f  you want  t o  l i n k  hand w r i t t e n  e x t e r n a l  assembly  l anguage  
p r o c e d u r e s  t o  a  P-code program, you must u n d e r s t a n d  t h e  f o r m a t  of  
" e x t e r n a l  d e f i n i t i o n  f i l e s " .  There a r e  t h r e e  t y p e s  of r e c o r d s  t h a t  
can  e x i s t  i n  t h e  e x t e r n a l  d e f i n i t i o n  f i l e .  

Comment Records  

Comment r e c o r d s  s t a r t  w i t h  an " * "  c h a r a c t e r  i n  t h e  f i r s t  
c h a r a c t e r  p o s i t i o n  f o l l o w e d  by any o t h e r  p r i n t a b l e  c h a r a c t e r s  t h a t  
you d e s i r e .  The l i n e  i s  i g n o r e d  by PASCALE and i s  a l l owed  s imp ly  t o  
g i v e  you a  way t o  p u t  d e s c r i p t i v e  i n f o r m a t i o n  i n t o  t h e  f i l e .  You 
s h o u l d  a lways  i n s e r t  comment r e c o r d s  t o  name t h e  o r i g i n a l  s o u r c e  
program f rom which t h e  e x t e r n a l  d e f i n i t i o n  r e c o r d s  were  d e r i v e d ,  t h e  
v e r s i o n  of t h a t  program ( i f  such  i n f o r m a t i o n  is  k e p t ) ,  and a  t i m e  
and d a t e  s tamp of  when e i t h e r  t h e  e x t e r n a l  d e f i n i t i o n  f i l e  was 
c r e a t e d  o r  when t h e  o r i g i n a l  s o u r c e  program was compi led .  I f  you 
i n t e n d  t h a t  o t h e r s  might  u se  your  e x t e r n a l  r o u t i n e s ,  you s h o u l d  a l s o  
i n c l u d e  some s o r t  of documen ta t ion  of t h e  u se  of t h e  r o u t i n e s  - a t  
l e a s t  a  s i m p l e  s t a t e m e n t  naming each  p r o c e d u r e  and i t s  use .  

Use Records  

The second t y p e  oE r e c o r d  is  t h e  " u s e "  r e c o r d .  I t  c o n s i s t s  of 
a  s i n g l e  s p a c e  c h a r a c t e r  fo l l owed  by t h e  l e t t e r s  "USE", fo l l owed  by 
a n o t h e r  s p a c e  c h a r a c t e r ,  f o l l owed  by a  p a t h  name; upper  and lower  
c a s e  l e t t e r s  a r e  c o n s i d e r e d  t o  be e q u i v a l e n t .  The u s e  of  "use"  
r e c o r d s  a l l o w s  you t o  c o n s t r u c t  n e s t e d  o r  s u b o r d i n a t e  s t r u c t u r e s  of 
e x t e r n a l  d e f i n i t i o n  f i l e s .  The p a t h  name g i v e n  r e f e r s ,  of c o u r s e ,  
t o  t h e  name of a n o t h e r  t e x t  f i l e  c o n t a i n i n g  f u r t h e r  e x t e r n a l  
d e f i n i t i o n  r e c o r d s .  T h i s  o t h e r  f i l e  cou ld  even c o n t a i n  i t s  own 
" u s e "  r e c o r d s .  The l e v e l  of n e s t i n g  i s  r e s t r i c t e d  o n l y  by t h e  
amount of  e x t e n d e d  s t a c k  s p a c e  a v a i l a b l e  when PASCALE is run .  A s  
e a c h  " u s e n  r e c o r d  is e n c o u n t e r e d ,  p r o c e s s i n g  of t h e  c u r r e n t  e x t e r n a l  
d e f i n i t i o n  f i l e  i s  t e m p o r a r i l y  suspended w h i l e  t h e  r e f e r e n c e d  f i l e  
i s  p r o c e s s e d .  

When PASCALE f i r s t  b e g i n s  e x e c u t i o n ,  t h e  "USE f i l e  n e s t i n g  
l e v e l "  i s  z e r o .  When t h e  f i r s t  "u se"  r e c o r d  is  found ,  t h e  n e s t i n g  
l e v e l  g o e s  up t o  1. I f  t h e  r e f e r e n c e d  f i l e  a l s o  has  a  " u s e "  r e c o r d ,  
t h e  n e s t i n g  l e v e l  w i l l  go up t o  2 w h i l e  t h e  newly r e f e r e n c e d  f i l e  i s  
b e i n g  p r o c e s s e d .  N a t u r a l l y ,  t h e  n e s t i n g  l e v e l  goes  back down by one  
a f t e r  each  r e f e r e n c e d  f i l e  i s  p r o c e s s e d .  The n e s t i n g  l e v e l  i s  
i m p o r t a n t  o n l y  f o r  i n t e r p r e t i n g  any e r r o r  messages which might  be  
produced  by PASCALE. A f t e r  t h e  l a s t  r e c o r d  i n  a  " u s e n  f i l e  i s  
p r o c e s s e d ,  p r o c e s s i n g  c o n t i n u e s  w i t h  t h e  r e c o r d  a f t e r  t h e  " u s e n  
r e c o r d  which  r e f e r e n c e d  t h a t  l a s t  f i l e .  
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D e f i n i t i o n  Records  

The t h i r d  t y p e  of  r e c o r d  is t h e  " d e f i n i t i o n n  r e c o r d .  Each 
r e c o r d  h a s  e x a c t l y  6  f i e l d s  of  i n f o r m a t i o n ,  and can  be up t o  127 
c h a r a c t e r s  i n  l e n g t h .  The f i r s t  f i e l d  is t h e  name of t h e  p r o c e d u r e  
b e i n g  d e s c r i b e d  a s  it would be named by a  s o u r c e  program. The name 
must be  between 1 and 8 c h a r a c t e r s  i n  l e n g t h .  The f i r s t  c h a r a c t e r  
must be a  l e t t e r ,  b u t  s u c c e e d i n g  c h a r a c t e r s  can  b e  l e t t e r ,  d i g i t ,  o r  
u n d e r s c o r e  c h a r a c t e r s .  Immedia te ly  a f t e r  t h e  p r o c e d u r e  name t h e r e  
must be a  comma, and a f t e r  t h a t  a  module name. The module name c a n  
be  up t o  116 c h a r a c t e r s  i n  l e n g t h  and g i v e s  t h e  p a t h  name of t h e  
module c o n t a i n i n g  t h e  n a t i v e  code  v e r s i o n  of t h e  d e f i n e d  p r o c e d u r e .  
Normally,  t h e  module name f i e l d  c o n t a i n s  a  f u l l y  q u a l i f i e d  p a t h  name 
s o  t h a t  any  programs which u s e  t h e  e x t e r n a l  p r o c e d u r e  can  be  run  
r e g a r d l e s s  of  any s e t t i n g  of d a t a  and e x e c u t i o n  d i r e c t o r i e s .  The 
module name can  be  any v a l i d  0s-9 p a t h  name. 

When Pasca lN o r  P a s c a l s  p r o c e s s e s  an  e x t e r n a l  p r o c e d u r e  t a b l e  
e n t r y ,  i t  f i r s t  s c a n s  t h e  module name s t a r t i n g  a t  t h e  end and 
working  toward  t h e  b e g i n n i n g  u n t i l  e i t h e r  t h e  b e g i n n i n g  of t h e  
module name i s  found ,  o r  u n t i l  a  s l a s h  c h a r a c t e r  i s  found.  The name 
r e t r i e v e d  is used  f o r  an a t t e m p t e d  " l i n k "  o p e r a t i o n ,  and ,  i f  t h e  
l i n k  f a i l s ,  t h e  whole module name i s  used  f o r  a n  a t t e m p t e d  " l o a d n  
o p e r a t i o n .  Refer  t o  t h e  "0s-9 T e c h n i c a l  I n f o r m a t i o n  Manualn f o r  a  
d e s c r i p t i o n  of l i n k  and l o a d  o p e r a t i o n s .  The l i n k  and l o a d  is  a l s o  
q u a l i f i e d  by a  "module t y p e n  f i e l d  which i s  d e s c r i b e d  n e x t .  

The module name must be  immedia te ly  f o l l o w e d  by a  comma, and 
t h e n  a  module t y p e .  A module t y p e  i s  a  1 t o  3  d i g i t  number t h a t  
must be i n  t h e  r ange  from 0  t h r o u g h  255. E x t e r n a l  p r o c e d u r e  modules 
produced  by P a s c a l T  w i l l  a lways  have a  t y p e  of 33 which i n d i c a t e s  a  
n a t i v e  code  s u b r o u t i n e  module. The module t y p e  i s  used t o  q u a l i f y  
t h e  l i n k  o r  l o a d  o p e r a t i o n  on t h e  module. Fo l lowing  t h e  module t y p e  
t h e r e  must  be  a  comma, and t h e n  an  o f f s e t  number. The number must 
b e  i n  t h e  r ange  of 0  t h r o u g h  32767, and when added t o  t h e  e x e c u t i o n  
a d d r e s s  of  t h e  l i n k e d  o r  l o a d e d  module g i v e s  t h e  a d d r e s s  of t h e  
f i r s t  i n s t r u c t i o n  t o  be  e x e c u t e d  f o r  t h e  p rocedure .  I f  t h e r e  is  
more t h a n  one p r o c e d u r e  i n  a  module, t h e  normal  c o n v e n t i o n  i s  t o  
p l a c e  a  t h r e e  b y t e  " l o n g  b r a n c h "  i n s t r u c t i o n  f o r  each  p r o c e d u r e  a s  
t h e  f i r s t  e x e c u t a b l e  code  f o r  t h e  module. Thus t h e  f i r s t  p r o c e d u r e  
i n  t h e  module would have an  o f f s e t  of 0 ,  t h e  second an  o f f s e t  of 3 ,  
and s o  f o r t h .  

F o l l o w i n g  t h e  o f f s e t  f i e l d  is  a  comma, a  l o c a l  s t a c k  s i z e  
number, a n o t h e r  comma, and an  e x t e n d e d  s t a c k  s i z e  number. Both of 
t h e s e  numbers must b e  i n  t h e  r ange  of 0  t h r o u g h  32767 and must 
conform t o  t h e  t r u e  r e q u i r e m e n t s  of t h e  p r o c e d u r e  a s  d e s c r i b e d  i n  
v a r i o u s  c h a p t e r s  of  t h i s  manual.  To r e c a p ,  a  " d e f i n i t i o n "  r e c o r d  
l o o k s  l i k e :  

When PASCALE b e g i n s  e x e c u t i o n ,  one  of t h e  f i r s t  t h i n g s  t h a t  i t  
does  i s  t o  make a  t a b l e  of a l l  of t h e  p r o c e d u r e  names which were  
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d e c l a r e d  a s  EXTERNAL w i t h i n  t h e  s o u r c e  program. A s  t h e  e x t e r n a l  
d e f i n i t i o n  f i l e  i s  p r o c e s s e d ,  t h e  f i r s t  e x t e r n a l  d e f i n i t i o n  r e c o r d  
t h a t  matches  e a c h  p rocedure  name i n  t h e  t a b l e  i s  used ,  a l l  d u p l i c a t e  
matches  t h e n  be ing  i g n o r e d .  The i m p l i c a t i o n  i s  a s  f o l l o w s .  A 
p a r t i c u l a r  program may have ,  s a y ,  17 p r o c e d u r e s  d e c l a r e d  a s  
e x t e r n a l .  They a r e  t o  be  mapped t o  t h r e e  d i f f e r e n t  modules.  One 
e x t e r n a l  p r o c e d u r e ,  however, h a s  t h e  name of "CLEARSCR" which i s  t h e  
name of  a  p r o c e d u r e  i n  two of  t h e  t h r e e  modules.  I t ' s  q u i t e  
p o s s i b l e  t h a t  o n l y  one of  t h e  modules h a s  t h e  c o r r e c t  CLEARSCR 
p r o c e d u r e  which  is  needed i n  t h i s  i n s t a n c e ,  t h e  o t h e r  m o d u l e ' s  
CLEARSCR might  per form some t o t a l l y  u n d e s i r a b l e  a c t i o n  - i t  j u s t  s o  
happens  t h a t  b o t h  modules j u s t  ended up having  a  p r o c e d u r e  w i t h  t h e  
same name. To make s u r e  t h a t  PASCALE maps your  e x t e r n a l  CLEARSCR 
r e f e r e n c e s  t o  t h e  r i g h t  module, make s u r e  t h a t  t h e  c o r r e c t  e x t e r n a l  
d e f i n i t i o n  r e c o r d  i s  p r o c e s s e d  f i r s t .  That  way t h e  s econd ,  o r  any 
s u b s e q u e n t  CLEARSCR d e f i n i t i o n  r e c o r d s  w i l l  be  i g n o r e d .  You c o u l d ,  
o f  c o u r s e ,  c r e a t e  a  t e x t  f i l e  c o n t a i n i n g  o n l y  t h e  e x a c t  r e q u i r e d  
d e f i n i t i o n  r e c o r d s ,  b u t  it i s  more u s u a l  t o  have a  s i n g l e  d e f i n i t i o n  
f i l e  f o r  e a c h  module and t o  s imp ly  u s e  " u s e n  r e c o r d s  t o  c a u s e  them 
t o  be  p r o c e s s e d  i n  t h e  c o r r e c t  o r d e r .  

A problem t h a t  is  more o r  l e s s  t h e  o p p o s i t e  of t h a t  j u s t  
d e s c r i b e d  i s  a l s o  p o s s i b l e .  You may want  t o  r e f e r e n c e  b o t h  CLEARSCR 
p r o c e d u r e s  i n  your  s o u r c e  program. C l e a r l y  you canno t  do s o  by 
d e c l a r i n g  t h a t  bo th  p r o c e d u r e s  a r e  e x t e r n a l  w i t h  t h e  same name. The 
s o l u t i o n ,  however, i s  e a s y .  I n  t h e  s o u r c e  program, d e c l a r e  two 
d i f f e r e n t  p r o c e d u r e s  a s  e x t e r n a l  w i t h  d i f f e r e n t  names. You c a n  
s t i l l  c a l l  one CLEARSCR i f  you wi sh ,  o r  maybe you can c a l l  one 
CLEARSCl and t h e  o t h e r  CLEARSC2. Now you j u s t  need t o  c r e a t e  an  
e x t e r n a l  d e f i n i t i o n  f i l e  f o r  t h e  module which c o n t a i n s  t h e  p r o c e d u r e  
r e f e r e n c e d  a s  s a y ,  CLEARSCl. The e a s i e s t  way t o  do t h i s  is  t o  make 
a  copy of  t h e  o r i g i n a l  modu le ' s  e x t e r n a l  d e f i n i t i o n  f i l e ,  and use  
t h e  0s-9 t e x t  e d i t o r  program t o  change  t h e  name of t h e  p r o c e d u r e  
from CLEARSCR t o  CLEARSCl. S i m i l a r l y ,  c r e a t e  an e x t e r n a l  d e f i n i t i o n  
f i l e  f o r  t h e  o t h e r  module and change  t h e  name on t h e  a p p r o p r i a t e  
d e f i n i t i o n  r e c o r d  from CLEARSCR t o ,  s a y ,  CLEARSC2. Now use  t h e s e  
two new e x t e r n a l  d e f i n i t i o n  f i l e s  when you run  PASCALE a g a i n s t  t h e  
P-code f i l e  f o r  your  s o u r c e  program. 

The re  i s  one  t h i n g  t h a t  you must be  v e r y  c a r e f u l  a b o u t  when 
u s i n g  e x t e r n a l  p r o c e d u r e s .  There  i s  no way t o  e n s u r e  t h a t  t h e  
c a l l i n g  code  i n  t h e  s o u r c e  program c o r r e c t l y  matches  t h e  way t h a t  
t h e  e x t e r n a l  p r o c e d u r e  needs  t o  be  c a l l e d .  For example,  an  e x t e r n a l  
p r o c e d u r e  may b e  a  P a s c a l  f u n c t i o n  t h a t  r e t u r n s  a  r e a l  number and 
t a k e s  an i n t e g e r  and a  c h a r a c t e r  a r r a y  a s  an a rgument .  Your s o u r c e  
program, however, c o u l d  d e c l a r e  t h e  e x t e r n a l  p rocedure  t o  be  a  
P a s c a l  p r o c e d u r e  which t a k e s  4 r e a l  numbers and 5 i n t e g e r s  a s  
a rguments .  0s-9 P a s c a l  h a s  no way t o  v e r i f y  t h a t  any program i s  
c o r r e c t l y  r e f e r e n c i n g  an e x t e r n a l  p r o c e d u r e .  The program w i l l  
compi l e  c o r r e c t l y  and PASCALE w i l l  c o r r e c t l y  map t h e  a c t u a l  c a l l  of 
t h e  e x t e r n a l  p r o c e d u r e  t o  t h e  r i g h t  n a t i v e  code i n s t r u c t i o n s .  When 
t h e  program a c t u a l l y  e x e c u t e s ,  however, any such  mismatched 
r e f e r e n c e  i s  l i k e l y  t o  d e s t r o y  t h e  i n t e g r i t y  of t h e  runn ing  sys t em,  
q u i t e  l i k e l y  w i t h  c a t a s t r o p h i c  r e s u l t s !  A word of a d v i c e  t h e n  - 
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make s u r e  your  s o u r c e  program c a l l s  r e a l l y  match up w i t h  what  t h e  
e x t e r n a l  r o u t i n e  e x p e c t s .  I f  t h e  e x t e r n a l  module was produced by 
P a s c a l T ,  t h e n  a s  l o n g  a s  you r e f e r  t o  t h a t  module o n l y  from t h e  
s o u r c e  program which was used t o  c r e a t e  t h a t  module, and a s  l o n g  a s  
you d o n ' t  change  any e x t e r n a l  p r o c e d u r e ' s  t y p e  ( i . e .  P a s c a l  f u n c t i o n  
o r  p r o c e d u r e )  o r  i t s  pa rame te r  l i s t ,  t h e n  you need n o t  worry .  
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CHAPTER 6 

SYNOPSIS: Th is  s e c t i o n  i s  a  summary of t h e  r u l e s  used t o  c o n s t r u c t  
Pascal  programs. A s  mentioned i n  t h e  I n t r o d u c t i o n ,  t h i s  manual i s  
no t  in tended  t o  s e r v e  a s  a  comprehensive language r e f e r e n c e ,  so  t h e  
main purpose of t h i s  chap te r  is  t o  provide an overview of IS0 
s tandard  Fascal  p l u s  c h a r a c t e r i s t i c s  and f e a t u r e s  of 0s-9 Pasca l  
t h a t  a r e  system dependent.  See Appendix B f o r  a  d e t a i l e d  Backus- 
Naur Form d e s c r i p t i o n  of t h e  language.  

ALTERNATE CHARACTER S E T S  

The s t a n d a r d  a l t e r n a t e  c h a r a c t e r  s e t  i s  supported by 0s-9 
Pasca l .  This  a l lows  use of comments, a r r a y s ,  and p o i n t e r s  on 
systems wi th  l i m i t e d  c h a r a c t e r  s e t s .  The fo l lowing  t a b l e  shows t h e  
a l lowable  a l t e r n a t e  c h a r a c t e r s :  

Standard A l t e r n a t e  Usage 

( *  Begin comment 
* ) Close comment 
( .  Begin a r r a y  range/element 

1 Close a r r a y  range/element 
@ P o i n t e r  c h a r a c t e r  

NOTATION U S E D  I N  D E S C R I P T I O N S  

In  o r d e r  t o  g i v e  conc i se  d e s c r i p t i o n s ,  t h i s  manual uses  a  
s imple  n o t a t i o n  system t o  show how p a r t s  of Pascal  a r e  used. The 
r u l e s  of t h i s  system a r e :  

- Pascal  keywords a r e  c a p i t a l i z e d .  

- Things t h a t  t h e  programmer s p e c i f i e s  (such a s  e x p r e s s i o n s ,  
v a r i a b l e  names, d e f i n i t i o n s ,  e t c ) .  a r e  shown i n  lower-case. 

- Things t h a t  may o p t i o n a l l y  appear ONCE a r e  enclosed by 
b r a c k e t s  [ ] . 

- Things t h a t  may o p t i o n a l l y  appear ONE OR MORE t imes  a r e  
enclosed by b r a c e s  { } 
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SOURCE PROGRAM FORMAT 

The Pascal  compiler uses  source  f i l e s  which can be prepared 
using any t e x t  e d i t o r .  Input  l i n e s  can be up t o  127 c h a r a c t e r s  
long ,  bu t  only t he  f i r s t  110 c h a r a c t e r s  a r e  processed.  Each inpu t  
l i n e  i s  terminated by a  c a r r i a g e  r e tu rn  (ENTER) cha rac t e r .  No 
d i s t i n c t i o n  i s  made between upper case  and lower case  l e t t e r s  except 
w i th in  s t r i n g  cons t an t s .  

IDENTIFIER NAMES 

I d e n t i f i e r s  a r e  names given t o  Pascal v a r i a b l e s ,  types ,  
procedure and func t i on  names, e t c .  I d e n t i f i e r s  can be of any 
l e n g t h ,  but  only t h e  f i r s t  e i g h t  c h a r a c t e r s  a r e  s i g n i f i c a n t ,  i . e . ,  
used f o r  matching and t o  determine uniqueness. They i nc lude  any 
combination of t h e  fol lowing c h a r a c t e r s :  

Note: Use of t he  underscore cha r ac t e r  i s  a  nonstandard 0s-9 Pascal  
ex tens ion .  

The f i r s t  cha r ac t e r  of an i d e n t i f i e r  m u s t  be an upper or lower 
c a se  l e t t e r  ( A . . Z  or a . . z )  and upper and lower case  l e t t e r s  always 
match. Here a r e  some examples of Pascal  i d e n t i f i e r s :  

X 

s um 
COUNT 
Par t20 

Last-Year matches las t -year  
COUNTER-200 matches COUNTER-400 ( f i r s t  8 chars .  match) 

5Days ILLEGAL - c a n ' t  begin with  d i g i t  
- temp ILLEGAL - c a n ' t  begin with  "-" 
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GENERAL PROGRAM ORGANIZATION 

A P a s c a l  program s t a r t s  w i t h  t h e  "PROGRAM" s t a t e m e n t  f o l l o w e d  
by v a r i o u s  o p t i o n a l  d e c l a r a t i o n s ,  t h e n  program s t a t e m e n t s .  A 
g e n e r a l  o u t l i n e  of program o r g a n i z a t i o n  i s  shown below. 

GENERAL PASCAL PROGRAM ORGANIZATION 

PROGRAM name ( f i l e s )  

LABEL < l a b e l  d e c l a r a t i o n s >  
CONST < c o n s t a n t  d e c l a r a t i o n s >  
TYPE < t y p e  d e c l a r a t i o n s >  
VAR < g l o b a l v a r i a b l e d e c l a r a t i o n s >  

PROCEDURE and/or  FUNCTION subprograms 

B E G I N  
<main program s t a t e m e n t >  

END.  

The main program i s  c a l l e d  t h e  " o u t e r  b l o c k " ,  because  i t  i s  
e x e c u t e d  f i r s t  when t h e  P a s c a l  program i s  run .  I n  s i m p l e  programs,  
a l l  t h e  work may be  done by t h e  main program s t a t e m e n t s  i n  t h e  
o u t e r  b l o c k ,  however ,  v e r y  f r e q u e n t l y  much of t h e  work i s  done by 
subp rog rams  c a l l e d  " p r o c e d u r e s "  and " f u n c t i o n s " .  These  subprograms 
c a n  c o n t a i n  t h e i r  own i n t e r n a l  ( " l o c a l " )  v a r i a b l e ,  t y p e ,  l a b e l ,  and  
s i m i l a r  d e c l a r a t i o n s ,  and have  a  s i m i l a r  o r g a n i z a t i o n  a s  t h e  o u t e r  
b lock  i n c l u d i n g  t h e  p o s s i b i l i t y  of hav ing  a d d i t i o n a l  subprogram 
d e f i n i t i o n s  w i t h i n  t h e m s e l v e s .  A l l  d e c l a r a t i o n s  and names d e c l a r e d  
w i t h i n  subprograms a r e  o n l y  "known" w i t h i n  t h a t  subprogram o r  
a d d i t i o n a l  subprograms i t  may c o n t a i n .  
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The PROGRAM S t a t e m e n t  

The PROGRAM s t a t e m e n t  m u s t  b e  t h e  f i r s t  s t a t e m e n t  of t h e  
program.  I t  s t a t e s  t h e  program name and  may o p t i o n a l l y  i n c l u d e  
names of  f i l e s  ( I / O  p a t h s )  u sed  w i t h i n  t h e  program. U n l i k e  some 
o t h e r  P a s c a l  c o m p i l e r s ,  0s-9 P a s c a l  d o e s  n o t  r e q u i r e  t h a t  f i l e s  b e  
d e c l a r e d  i n  t h e  PROGRAM s t a t e m e n t ,  however ,  i f  you do s o  t h e y  w i l l  
b e  checked  f o r  c o r r e c t n e s s .  Some examples :  

PROGRAM t e s t  

PROGRAM sort(infile,outfile,scratchfile) 

COMMENTS AND BLANK STATEMENTS 

Comments c o n s i s t  o f  t e x t  which b e g i n  w i t h  e i t h e r  a " I "  o r  a 
" ( * "  c h a r a c t e r  s e q u e n c e  and  end  w i t h  e i t h e r  a " ) "  o r  a l a * ) "  

c h a r a c t e r  s e q u e n c e .  They a r e  i g n o r e d  by t h e  c o m p i l e r  and may a p p e a r  
anywhere  i n  a program. Comments may a l s o  e x t e n d  o v e r  m u l t i p l e  
l i n e s .  For  example :  

I T h i s  i s  a comment } 
( *  T h i s  i s  a l s o  a comment * )  
I s o  

i s  
t h i s  ) 

I T h i s  w i l l  a l s o  b e  a comment * )  

Blank  l i n e s  may a l s o  be  u sed  f r e e l y  t o  improve  program 
r e a d a b i l i t y  . 

INDENTATION OF LEXICAL LEVELS 

I t  is t r a d i t i o n a l  and c o n s i d e r e d  good programming s t y l e  ( b u t  i s  
n o t  manda to ry )  t o  i n d e n t  s t a t e m e n t s  i n  P a s c a l  p rograms  s o  t h a t  
" l e x i c a l  l e v e l s "  o f  c o n t r o l  s t r u c t u r e s  ( l o o p s ,  compound s t a t e m e n t s ,  
e t c . )  a r e  c l e a r l y  v i s i b l e .  I n d e n t i n g  makes t h e  program l o g i c  much 
e a s i e r  t o  r e a d  and u n d e r s t a n d .  The c o m p i l e r  a s s i s t s  you by p r i n t i n g  
t h e  l e x i c a l  l e v e l  of e ach  s t a t e m e n t  on t h e  c o m p i l e r  l i s t i n g .  
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LABEL Declarations and GOT0 Statements 

"Labe l s "  a r e  used  t o  i n d i c a t e  p l a c e s  i n  t h e  program GOT0 s t a t e -  
ments  t r a n s f e r  c o n t r o l  t o .  F requen t  u se  of GOT0 s t a t e m e n t s  i s  
u n n e c e s s a r y  i n  P a s c a l  because  of t h e  wide  v a r i e t y  of s t r u c t u r e d  
c o n t r o l  s t a t e m e n t s .  E x c e s s i v e  u s e  of  GOTOs can  r e s u l t  i n  programs 
t h a t  a r e  h a r d  t o  r e a d ,  t e s t ,  and m a i n t a i n .  Use of GOTOs can  be 
j u s t i f i e d  i n  a  few s p e c i a l  c a s e s ,  such  a s  e r r o r  h a n d l i n g .  

Each l i n e  number used i n  t h e  program must be  d e c l a r e d  i n  t h e  
LABEL s t a t e m e n t  b e f o r e  it i s  used.  Each l a b e l  must be a  un ique  
number i n  t h e  r ange  of 0  t o  9999 .  GOT0 s t a t e m e n t s  canno t  t r a n s f e r  
c o n t r o l  t o  a  s t a t e m e n t  o u t s i d e  t h e  c u r r e n t  p rocedure .  Here i s  an  
example of i t s  use :  

PROGRAM label-demo; 
LABEL 10 ,20 ;  
VAR x,temp:INTEGER; 
BEGIN 

i o a b o r t ( i n p u t , f a l s e ) ;  
FOR x := 1 TO 100 

DO BEGIN 
r e a d l n  ( temp)  ; 
I F  i o r e s u l t ( i n p u t )  <> 0  THEN GOT0 10 ;  {end  i f  i n p u t  

e r r o r  1 
w r i t e l n ( '  The s q u a r e  r o o t  o f f , t e m p , '  i s  ' , s q r t ( t e m p ) ) ;  

END ; 
GOT0 20 ; 

10:  w r i t e l n ( ' i n p u t  e r r o r ! ! ! ' ) ;  
20: END. 

IOABORT and IORESULT w i l l  b e  d i s c u s s e d  i n  Chap te r  8 .  
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CONSTANT Declarations and Constants I 
The CONST s t a t e m e n t  a l l o w s  a  name t o  b e  g i v e n  t o  a  c o n s t a n t  

v a l u e .  A l t h o u g h  c o n s t a n t  numbers  a n d  s t r i n g s  may be  u s e d  i n  t h e  
p rogram w i t h o u t  p r i o r  d e c l a r a t i o n ,  t h e  CONST f a c i l i t y  is u s e f u l  f o r  
d e f i n i n g  numbers  t h a t  may have  t o  be c h a n g e d  i n  f u t u r e  o r  d i f f e r e n t  
v e r s i o n s  o f  t h e  p rogram,  and  a l s o  i n c r e a s e  program r e a d a b i l i t y .  

The CONST keyword c a n  b e  f o l l o w e d  by a n y  number o f  d e f i n i t i o n s  
o f  n u m e r i c  o r  s t r i n g  c o n s t a n t s .  Each d e f i n i t i o n  h a s  t h e  f o r m :  

Numeric  c o n s t a n t s  may b e  p r e c e d e d  by "+"  o r  "-" s i g n s .  The c o n s t a n t  
d e f i n i t i o n s  e n d  when a n o t h e r  P a s c a l  keyword i s  e n c o u n t e r e d .  Here  i s  
a n  example  p rogram segment  i l l u s t r a t i n g  u s e :  

CONST P i  = 3.1415926;  
H i g h L i m i t  = 22 .5 ;  
T i t l e  = ' T e s t  R e s u l t  Summary';  
EndLine = $OD; 

( ~ u m e r i c  Constants 

Numeric  c o n s t a n t s  c a n  b e  of  i n t e g e r  o r  r e a l  t y p e s .  Any n u m e r i c  
i c o n s t a n t  c a n  c o n t a i n  a n  u n d e r s c o r e  a f t e r  t h e  f i r s t  c h a r a c t e r .  
I n t e g e r s  a r e  w h o l e  numbers  i n  t h e  r a n g e  -32768 t o  +32767. OS-9 
\ P a s c a l  w i l l  a l s o  a c c e p t  i n t e g e r  c o n s t a n t s  i n  h e x a d e c i m a l  n o t a t i o n  
) u s i n g  a  " $ "  f o l l o w e d  by o n e  t o  f o u r  h e x a d e c i m a l  d i g i t s  (0 -9 ,  A-F). 
R e a l  numbers  a r e  numbers  t h a t  i n c l u d e  d e c i m a l  p o i n t s  a n d / o r  t h e  
b x p o n e n t i a l  "EN n o t a t i o n .  R e a l  numbers h a v e  a  r a n g e  of  a p p r o x i m a t e l y  
? .9*1OA39 t o  1 . 7 * 1 0 A 3 8  w i t h  a b o u t  9  1 /2  s i g n i f i c a n t  d i g i t s .  Here  
a r e  some e x a m p l e s  of  n u m e r i c  c o n s t a n t s .  

l e g a l  i n t e g e r  c o n s t a n t  -5 
l e g a l  i n t e g e r  c o n s t a n t  9999 
l e g a l  i n t e g e r  c o n s t a n t  9999 
l e g a l  i n t e g e r  c o n s t a n t  - h e x a d e c i m a l  1DF 
l e g a l  i n t e g e r  c o n s t a n t  - h e x a d e c i m a l  1DF 

-6 12  ILLEGAL - c a n ' t  s t a r t  w i t h  'I-" 

120000  ILLEGAL i n t e g e r  - t o o  b i g  
$1C4 9A2 ILLEGAL i n t e g e r  - t o o  b i g  

1 . 4 5  l e g a l  r e a l  c o n s t a n t  1 . 4 5  
.0303 l e g a l  r e a l  c o n s t a n t  .0303 
1 5  E44 l e g a l  r e a l  c o n s t a n t  15*10A44 
1 .234e-12  l e g a l  r e a l  c o n s t a n t  1 .234  * l o A - 1 2  
1-000-000. l e g a l  r e a l  c o n s t a n t  1000000 .  

-100-000 ILLEGAL - c a n ' t  s t a r t  w i t h  "-" 
5  .-56 ILLEGAL - c a n ' t  s t a r t  w i t h  "-" e v e n  a f t e r  " . I '  
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S t r i n g  C o n s t a n t s  

S t r i n g  c o n s t a n t s  a r e  s equences  of up t o  100 c h a r a c t e r s  e n c l o s e d  
w i t h i n  s i n g l e  q u o t e  c h a r a c t e r s .  Here a r e  some examples:  

'XI 
' 5 '  n o t e :  c h a r a c t e r  "5" NOT numeric v a l u e  51 
' abcde f  g  ' 
' s t r i n g s  can have embedded s p a c e s '  
'PAGE 1 0 '  

The s i n g l e  q u o t e  c h a r a c t e r  used t o  e n c l o s e  s t r i n g s  may i t s e l f  be  
c o n t a i n e d  w i t h i n  t h e  s t r i n g  i f  two a r e  used.  Each p a i r  of a d j a c e n t  
s i n g l e  q u o t e s  h a s  t h e  l i t e r a l  v a l u e  of  one s i n g l e  q u o t e  c h a r a c t e r .  
Some examples:  

' J o e l ' s  G r i l l '  h a s  t h e  a c t u a l  v a l u e  o f :  J o e ' s  G r i l l  

l A A B B 1 l " D D E E '  ha s  t h e  a c t u a l  v a l u e  o f :  AABB1'DDEE 

S t r i n g  c o n s t a n t s  a r e  c o n s i d e r e d  t o  be  of t y p e  ARRAY[l..N] of  c h a r .  
Type check ing  i s  performed when making a s s i g n m e n t s  t o  v a r i a b l e s .  I f  
a  s t r i n g  c o n s t a n t  i s  a s s i g n e d  t o  an a r r a y  w i t h  a  lower bound o t h e r  
t h a n  1, an  e r r o r  w i l l  be  r e p o r t e d .  
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Type and V a r i a b l e  D e c l a r a t i o n s  

The TYPE and VAR s t a t e m e n t s  a r e  used t o  d e s c r i b e  and d e c l a r e  
v a r i a b l e  s t o r a g e ,  r e s p e c t i v e l y .  One of P a s c a l ' s  o u t s t a n d i n g  
f e a t u r e s  i s  i t s  s u p p o r t  f o r  v a r i a b l e s ,  a r r a y s ,  s e t s ,  f i l e s ,  and 
r e c o r d  s t r u c t u r e s  which can  be composed on a  number of b a s i c  " b u i l t -  
i n "  d a t a  t y p e s  o r  u se r -de f ined  d a t a  t y p e s .  The s u b j e c t  of v a r i a b l e  
d e c l a r a t i o n s  i n  P a s c a l  i s  q u i t e  complex and beyond t h e  scope  of t h i s  
manual ,  however, t h e  i n f o r m a t i o n  t h a t  f o l l o w s  d e s c r i b e s  c h a r a c t e r -  
i s t i c s  of  0s-9 P a s c a l  t h a t  a r e  s p e c i f i c  t o  i t s  p a r t i c u l a r  
imp lemen ta t ion  of t h e  l anguage .  

HIERARCHY OF 0s-9 PASCAL DATA TYPES 

P o i n t e r s  

S t r u c t u r e d  Types:  
ARRAY 
RECORD 
FILE 
SET 

Simple  t y p e s :  
REAL 
O r d i n a l  Types ( s u b r a n g e s  p e r m i t t e d ) :  

CHAR 
INTEGER 
BOOLEAN 
Enumerated ( u s e r - s p e c i f i e d )  

The amount of a c t u a l  memory s p a c e  r e q u i r e d  f o r  each s i m p l e  
v a r i a b l e ,  a r r a y  e l emen t ,  o r  r e c o r d  e lement  of t h e  s imp le  t y p e s  a r e :  
CHAR and BOOLEAN, one b y t e ;  INTEGER, two b y t e s ;  REAL, f i v e  b y t e s .  

Ar rays :  

A r r a y s  may be  mul t i -d imens iona l  and can be of any s i m p l e  or  u se r  
d e f i n e d  t y p e .  A new t y p e  d e f i n i t i o n  can  be i n c l u d e d  i n  t h e  a r r a y  
d e c l a r a t i o n .  Index v a l u e s  must be of an o r d i n a l  t ype .  0s-9 P a s c a l  
p e r m i t s  t h e  c h a r a c t e r  s equences  " ( .  . ) "  t o  be used a s  a r r a y  
s u b s c r i p t s  i n  a d d i t i o n  t o  t h e  s t a n d a r d  b r a c k e t s  " [  I " .  

S e t s :  

May have up t o  256 members each .  0s-9 P a s c a l  has  ex tended t h e  s y n t a x  
f o r  c o n s t r u c t i n g  s e t  c o n s t a n t s .  I f  t h e  c o n s t a n t  i s  t o  c o n t a i n  a  
s e r i e s  of s u c c e s s i v e  e l e m e n t s ,  t h e y  can  be s p e c i f i e d  u s i n g  t h e  form 
' l o w . . h i g h l  a s  i n :  
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workday := [Sunday, T u e s d a y . . F r i d a y ] ;  

PACKED S t r u c t u r e s :  

Because t h e  6809 mic roprocesso r  u s e s  b y t e  a d d r e s s e d  memory, a l l  
a r r a y s ,  s t r u c t u r e s ,  e t c . ,  a r e  i n h e r e n t l y  "packed" ( e x c e p t  b i t - l e v e l  
BOOLEAN). The PACKED a t t r i b u t e  keyword i s  p r o p e r l y  scanned f o r  
c o r r e c t n e s s  by t h e  compi ler  b u t  has  no a c t u a l  e f f e c t  on t h e  program. 

FILE Types: 

Each v a r i a b l e  d e c l a r e d  a s  a  FILE t y p e  i s  a s s o c i a t e d  w i t h  a  16-byte  
c o n t r o l  b l o c k  which i s  a u t o m a t i c a l l y  i n i t i a l i z e d  when t h e  code b lock  
making t h e  d e f i n i t i o n  i s  e x e c u t e d ,  however, t h e  f i l e  i t s e l f  is  n o t  
a u t o m a t i c a l l y  opened ( e x c e p t  f o r  t h e  s t a n d a r d  1 /0  p a t h s ) .  When t h e  
b lock  of code  is e x i t e d ,  a l l  f i l e s  a r e  a u t o m a t i c a l l y  c l o s e d .  FILE 
t y p e s  c a n n o t  be  pas sed  by v a l u e  i n  subprogram c a l l s .  
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PROCEDURE AND F U N C T I O N  DECLARATIONS 

Procedures and functions may be declared within the main 
program, or within other functions or procedures. Declarations are 
almost identical to the PROGRAM declaration except for the keywords 
used (PROCEDURE or FUNCTION), and the ability to include a "formal 
parameter list" which is used to receive or return data to calling 
procedures. Otherwise, the body of a function or procedure is the 
same as the main program and may include "local" declarations for 
constants, labels, variables, etc, as well as executable statements. 

PROCEDURE GENERAL FORMAT 

PROCEDURE name(parameter-list); 
LABEL label declarations 
CONST constant declarations 
TYPE type declarations 
VAR local variable declarations 
PROCEDURE or FUNCTION subprogram declarations 
BEGIN 

procedure-statement 
END. 

F U N C T I O N  GENERAL FORMAT 

FUNCTION name(parameter-list) : result-type; 
LABEL label declarations 
CONST constant declarations 
TYPE type declarations 
VAR local variable Geclarations 
PROCEDURE or FUNCTION subprogram declarations 
BEGIN 

function-statement 
{Note assignment to function name in body of funtion} 
name := result-type-value 

END. 

PROCEDURES are called as statements in a program to perform 
some operation. FUNCTIONS are called from within expressions and 
return some value. The format of the parameter list declaration is 
similar to a VAR declaration and can specify a number of simple or 
complex variables of any type. 

Pascal includes a large number of "standard functions" which 
are built-in functions that perform commonly used operations such 
as evaluation sines, cosines, exponentials, etc. Standard functions 
are also comprise a large part of Pascal's input and output 
capabilities. 
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0s-9 Pasca l  r ecogn izes  two s p e c i a l  subprografn d e c l a r a t i o n s :  
FORWARD and EXTERNAL. FORWARD i s  used t o  t e l l  t h e  compiler  about t h e  
e x i s t a n c e  of a  procedure  i n  advance ( e . g . ,  b e f o r e  i t  i s  a c t u a l l y  
d e c l a r e d ) .  FORWARD may be r e q u i r e d  i f  t h e  p r o c e d u r e ( s )  involved a r e  
r e f e r e n c e d  i n  p rocedures  d e c l a r e d  ahead of t h e  procedure .  For 
example: 

PROGRAM f  orward-example; 
( d e c l a r a t i o n s )  

PROCEDURE second(c,d:INTEGER); FORWARD; 
PROCEDURE f i r s t ;  

B E G I N  
a  := 1; 
b := 2; 
second ( a ,  b )  ; ( c a l l  t o  FORWARD procedure )  

END ; 
PROCEDURE second (Second now d e c l a r e d  param. l i s t  

B E G I N  i s  NCT r e p e a t e d )  
w r i t e l n  ( c )  ; 
w r i t e l n  ( d )  ; 

END ; 
B E G I N  

f i r s t ;  
END. 

The EXTERNAL procedure  d i r e c t i v e  t e l l s  Pascal  t h a t  t h e  
procedure  d e c l a r e d  i s  f o r  an e x t e r n a l ,  assembly language procedure  
c r e a t e d  by t h e  n a t i v e  code t r a n s l a t o r  (Pasca lT)  o r  hand-wri t ten  i n  
6809 assembly language.  Af te r  compi la t ion  of t h e  program, t h e  
PascalE e d i t o r  i s  used t o  l i n k  a l l  e x t e r n a l  procedures  t o  t h e  main 
program. For more in fo rmat ion  s e e  Chapter 5. Here i s  an example: 

PROGRAM main; 
VAR a , b , c :  INTEGER;  
( v a r i a b l e  d e c l a r a t i o n s )  
PROCEDURE my-extern(x,y,z:INTEGER); EXTERNAL; 
B E G I N  

( s t a t e m e n t s )  
my-extern ( a ,  b , c )  ; 

END.  
( c a l l  t o  e x t e r n a l )  

Funct ion and procedure  c a l l s  i n  0s-9 Pasca l  e x a c t l y  fo l low t h e  
IS0 s t a n d a r d  w i t h  t h e  excep t ion  of t h e  f o l l o w i n g  minor d i f f e r e n c e s :  

1. PROCEDURE and FUNCTION t y p e s  cannot be passed by name t o  
o t h e r  procedures  o r  f u n c t i o n s .  

2. F I L E  t y p e s  cannot by passed by value .  

3 .  The EXTERNAL procedure  d i r e c t i v e  i s  no t  d e f i n e d  i n  t h e  
IS0 s p e c i f i c a t i o n ,  1-iowever, i t  i s  commonly found i n  sophis-  
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t i c a t e d  Pascal  compilers  t h a t  permit  s e p a r a t e  compila t ion of 
subprograms or  c a l l s  t o  assembly language subprograms. 

ASSIGNMENT STATEMENTS AND EXPRESSIONS 

The s imple  assignment s t a tement  e v a l u a t e s  an express ion  and 
a s s i g n s  t h e  r e s u l t  t o  a  v a r i a b l e .  For example: 

r e s u l t .  := tempt5; 

x  := s u m  MOD base ;  

v a l  := ( t o t a l / c o u n t ) + a d j  

answer := ( l a s t  > f i r s t )  AND NOT c o r r e c t  

In  g e n e r a l ,  t h e  v a r i a b l e  i n  which t h e  r e s u l t  i s  s t o r e d  may be a  
s imple  type ,  a  s p e c i f i c  element of an a r r a y ,  a  f u n c t i o n  , o r  a  
s p e c i f i c  element of a  record s t r u c t u r e .  The type of t h e  v a r i a b l e  
and t h e  type of t h e  express ion  r e s u l t  m u s t  match (excep t  i n t e g e r s  
and r e a l s ) ,  o r  an e r r o r  w i l l  be repor ted  by the  compiler.  Automatic 
type  convers ion i s  performed when r e a l  and i n t e g e r  types  a r e  mixed 
w i t h i n  an express ion .  

Express ions  a r e  made up of ' operands"  ( d a t a )  and " o p e r a t o r s " .  
Operands may be c o n s t a n t s ,  v a r i a b l e s ,  a r r a y  or  record e lements ,  s e t  
members, p o i n t e r s ,  e t c .  Numeric operands may have t h e i r  s i g n  
s p e c i f i e d  by use of t h e  + o r  - s i n g l e  argument o p e r a t o r s  (which a r e  
d i f f e r e n t  than add and s u b t r a c t  o p e r a t o r s ) .  

The o p e r a t o r s  a r e  eva lua ted  i n  precedence ( p r i o r i t y )  o rder .  I f  
s e v e r a l  o p e r a t o r s  of t h e  same p r i o r i t y  appear c o n s e c u t i v e l y ,  they 
a r e  eva lua ted  from l e f t  t o  r i g h t .  The normal precedence may be 
over r idden  by grouping of subexpress ions  i n  pa ren theses .  The 
o p e r a t o r s  and d a t a  t y p e s  t h a t  may be used a r e  given i n  t h e  t a b l e  on 
t h e  next  page i n  o rder  of urouD precedence.  

A number of s t andard  f u n c t i o n s  t h a t  perform mathematical  and 
l o g i c a l  f u n c t i o n s  a r e  a l s o  a v a i l a b l e  - s e e  Chapter 7 .  
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PASCAL OPERATORS 

O p e r a t o r  F u n c t i o n  Argument Type R e s u l t  Type 
................................................................... 

ARITHMETIC OPERATORS 
+ ( u n a r y )  I d e n t i t y  i n t e g e r ,  r e a l  same a s  operand  
- ( u n a r y )  S ign  i n v e r s i o n  i n t e g e r ,  r e a l  same a s  operand  

* 
/ 
& 
D I V  
MOD 

M u l t i p l i c a t i o n  i n t e g e r ,  r e a l  i n t ,  r e a l  (Note 1) 
D i v i s i o n  i n t e g e r ,  r e a l  r e a l  
b i t - b y - b i t  AND i n t e g e r  i n t e g e r  (Note  7 )  
I n t .  d i v i s i o n  i n t e g e r  i n t e g e r  (No te  2 )  
Modulo i n t e g e r  i n t e g e r  (Note 6 )  

A d d i t i o n  i n t e g e r ,  r e a l  i n t ,  r e a l  (No te  1) 
S u b t r a c t i o n  i n t e g e r ,  r e a l  i n t ,  r e a l  (Note  1) 
b i t - b y - b i t  OR i n t e g e r  i n t e g e r  (No te  7 )  
b i t - b y - b i t  XOR i n t e g e r  i n t e g e r  (Note  7 )  

BOOLEAN OPERATORS 
NOT l o g i c a l  n e g a t e  boo lean  boo lean  
0  R l o g i c a l  " o r "  boo lean  boo1 ean  
AND l o g i c a l  "and" boo lean  boo lean  

RELATIONAL OPERATORS 
- - E q u i v a l e n c e  Note 3  boo lean  
< > Not e q u a l  Note 3  boo lean  
< Less  Than any s i m p l e ,  s t r .  boo lean  
> G r e a t e r  Than any s i m p l e ,  s t r .  boo lean  
< = Less  o r  Equal  Note 4  boo lean  
> = G r e a t e r  o r  Equ. Note 4  boo lean  
I N  Member s h i p  Note 5  boo lean  

SET OPERATORS * 
+ 
- 
Note 1: 

Note 2 :  
Note 3: 

~ o t e  4:  
Note 5: 

Note 6 :  

Note 7: 

I n t e r  s e c t i o n  s e t  same a s  ope rands  
S e t  Union s e t  same a s  o p e r a n d s  
S e t  D i f f e r e n c e  s e t  same a s  ope rands  

The r e s u l t  i s  i n t e g e r  i f  b o t h  o p e r a n d s  a r e  i n t e g e r s ,  
o t h e r w i s e  t h e  r e s u l t  i s  r e a l .  
The r e s u l t  i s  t r u n c a t e d  d i v i s i o n  ( r ema inde r  i s  d i s c a r d e d ) .  
Arguments can  be any s i m p l e ,  s t r i n g ,  p o i n t e r ,  o r  c a n o n i c a l  
s e t  t y p e .  
Arguments can  be any s i m p l e ,  s t r i n g ,  o r  s e t  t y p e .  
The l e f t  operand  must be o r d i n a l  t y p e  T; t h e  r i g h t  operand  
must be s e t  t y p e .  
The MOD s t a t e m e n t  d i f f e r s  between t h e  Wi r th / J ensen  and t h e  
I S 0  s p e c i f i c a t i o n s .  The ISOMOD s t a n d a r d  p rocedure  can  be  
used  t o  s p e c i f y  t h e  d e s i r e d  method. ( S e e  Chapter  7 )  
B i t - b y - b i t  l o g i c a l  o p e r a t o r s  a r e  non-s tandard  e x t e n s i o n s  t o  
0s-9 P a s c a l  which a r e  n o t  i n c l u d e d  i n  t h e  IS0  s p e c i f i c a t i o n .  
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E X T E N S I O N S  TO THE ASSIGNMENT STATEMENT 

0s-9 P a s c a l  i n c l u d e s  enhancements  t o  t h e  a s s ignmen t  s t a t e m e n t  
t h a t  a r e  n o t  p a r t  o f  t h e  IS0  s t a n d a r d .  These e x t e n s i o n s  p e r m i t  
" i m p l i e d  l o o p s "  t o  be  i n c o r p o r a t e d  i n t o  s i n g l e  a s s ignmen t  s t a t e m e n t s  
t h a t  i n v o l v e  a s s i g n m e n t s  of s e t s  o r  one-d imens ional  a r r a y s  
( v e c t o r s ) .  

S e t  c o n s t a n t s  can  be b u i l t  u s i n g  t h e  sub range  form "A..BW where  
"An and "B" a r e  c o n s t a n t  members of t h e  s e t  b e i n g  formed.  The form 
d e n o t e s  a  l i s t  of e l e m e n t s  from A t h rough  B i n c l u s i v e .  The o r d i n a l  
p o s i t i o n  of  A i n  t h e  s e t  must be  b e f o r e  t h e  o r d i n a l  p o s i t i o n  o f  B. 
An example  is: 

PROGRAM se tdemo;  
TYPE 

d a y s  = ( s u n d a y ,  monday, t u e s d a y ,  wednesday, 
t h u r s d a y ,  f r i d a y ,  s a t u r d a y ) ;  

VAR 
workday,  
weekend: SET OF d a y s ;  

B E G I N  
weekend := [ sunday ,  s a t u r d a y l ;  
workday := [ m o n d a y . . f r i d a y ] ;  
END. 

One d i m e n s i o n a l  a r r a y s  ( v e c t o r s )  w i t h  c h a r a c t e r  e l e m e n t s  can  be 
i ndexed  u s i n g  t h e  " e x p r e s s i o n  FOR c o n s t a n t n  form. Where 
" e x p r e s s i o n "  y i e l d s  an i n t e g e r  " f i r s t - i n d e x n  v a l u e  and " c o n s t a n t n  
y i e l d s  an i n t e g e r  number-of-elements  v a l u e .  I f  t h e  c h a r a c t e r  a r r a y  
is  m u l t i d i m e n s i o n a l ,  t h i s  form can  o n l y  be  used  t o  i ndex  t h e  l a s t  
d imens ion .  For example:  

PROGRAM chardemo; 
VAR 

a r b :  ARRAY [1 . . 26 ]  OF CHAR; 
i ,  j : i n t e g e r ;  

B E G I N  
a:='abcdefghijklmnopqrstuvwxyz'; 
b [ l  FOR 261 := a [ l  FOR 261; {copy a r r a y  a  t o  a r r a y  b}  
END. 
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COMPOUND STATEMENTS 

Groups of s t a t e m e n t s  may be c o l l e c t e d  t o g e t h e r  and 
s y n t a c t i c a l l y  t r e a t e d  a s  a  s i n g l e  s t a t e m e n t .  The s t a t e m e n t s  a r e  
enc losed  w i t h  B E G I N  and END a s  shown below: 

B E G I N  
x  := y*44.5; 
z := x/2.0; 

END ; 
The main body of a  Pasca l  program or subprogram i s  t e c h n i c a l l y  

d e f i n e d  a s  a  s i n g l e  " s t a t e m e n t " ,  so  a  compound s t a tement  i s  used t o  
e n c l o s e  t h e  program s t a t e m e n t s .  In  t h i s  c a s e ,  t h e  c l o s i n g  END i s  
fol lowed by a  pe r iod  i n s t e a d  of a  semicolon.  0s-9 Pasca l  does no t  
r e q u i r e  t h e  f i n a l  END s t a t ement  - i f  i t  i s  miss ing when t h e  end of 
t h e  s o u r c e  f i l e  i s  reached,  END w i l l  be assumed. 

The body of Pasca l  loops  a r e  a l s o  s y n t a c t i c a l l y  s i n g l e  
" s t a t e m e n t s " ,  s o  B E G I N  and END a r e  used t o  i n c l u d e  m u l t i p l e  
s t a t e m e n t s  i n  t h e  body of t h e  loop.  For example: 

W H I L E  y  < 12 DO 
B E G I N  

t : = t+d  [y ]  ; 
y  := y + l ;  

END ; 
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LOOPING AND CONDITIONAL STATEMENTS 

T h e  IF-THEN-ELSE S t a t e m e n t  

The IF-THEN s t a t e m e n t  i s  P a s c a l ' s  b a s i c  d e c i s i o n  m a k i n g  
s t a t e m e n t .  The  d e c i s i o n  i s  b a s e d  o n  t h e  r e s u l t  o f  a  b o o l e a n  
e x p r e s s i o n ;  i f  t h e  r e s u l t  i s  t r u e ,  t h e  s t a t e m e n t ( s )  f o l l o w i n g  THEN 
a r e  e x e c u t e d ,  o t h e r w i s e  t h e  s t a t e m e n t s  a f t e r  t h e  ELSE s t a t e m e n t s  a re  
e x e c u t e d .  The  ELSE p a r t  i s  o p t i o n a l .  F o r  e x a m p l e :  

I F  x  < P I  
THEN w r i t e l n ( ' x  i s  s m a l l e r  t h a n  p i ' ) ;  

( n e x t  s t a t e m e n t  

I F  x  < P I  
THEN w r i t e l n ( ' x  i s  s m a l l e r  t h a n  p i ' )  
ELSE w r i t e l n ( ' x  i s  l a r g e r  o r  e q u a l  t o  p i ' )  ; 

( n e x t  s t a t e m e n t )  

Compound s t a t e m e n t s  c a n  b e  u s e d  w i t h i n  IF-THEN s t a t e m e n t s ,  a n d  
m u l t i p l e  IF-THEN s t a t e m e n t s  c a n  b e  n e s t e d .  Some e x a m p l e s :  

I F  c o u n t  < r e q u i r e d  
THEN w r i t e l n ( ' t h e r e  a re  t o o  few u n i t s ' )  
ELSE I F  c o u n t  > too-many 

THEN BEGIN 
hi t -max := TRUE; 
w r i t e l n ( ' t h e r e  a re  t o o  many u n i t s ' ) ;  

END 
ELSE WRITELN( ' the re  a r e  t h e  c o r r e c t  number o f  u n i t s ' ) ;  
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The CASE Statement 

The CASE statement uses the value of an expression (that gives 
an ordinal result) to select one of a numbered list of statements to 
execute. For example: 

CASE val OF 
1: writeln('va1ue is one'); 
2: writeln('va1ue is two'); 
3: writeln('va1ue is three'); 
4: writeln(Iva1ue is four'); 

END ; 

0s-9 Pascal has extended the syntax for case statements in two 
very useful ways. First, an 'OTHERWISE' selection is provided. If 
the 'OTHERWISE1 selection is not used and a case statement is 
executed with the value of the selecting variable not appearing in 
the selection list, a run time case error is caused, and the program 
is aborted. The 'OTHERWISE' option allows a convenient method for 
specifying "don't caren or catch-all processing within a case 
statement. Also for a single case selection, if multiple successive 
values are part of the same selection, you can use the form 
'low..highl as part of the specification. The next example 
demonstrates the use of both of these enhancements. 

CASE nextchar OF 
'a'.. ' 2 '  : processletter; 
0 1 . . 9  : processdigit; 

: processspecial; 
OTHERWISE : processother; 
END ; 

Constants in the constant list of a case statement can have the form 
"A..Bn which designates the list of values from A through B 
inclusive. The ordinal value of A must be less than the ordinal 
value of B. For example: 

PROGRAM casedemo; 
TYPE 

days = (sunday, monday, tuesday, wednesday, 
thursday, friday, Saturday); 

VAR 
s : days; 

BEGIN 
s := monday; 
CASE s OF 

monday..friday : writeln(' WEEK DAY I ) ;  

OTHERWISE : writeln(' WEEKEND ' ) ;  
END { CASE } 

END. 
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T h e  REPEAT S t a t e m e n t  

The REPEAT statement creates a loop where the exit test is 
performed at the of the loop. The test expression must yield a 
boolean type result. The body of the loop is always executed once. 
The REPEAT statement is different than other loops in that is does 
not require a BEGIN..END compound statement because the UNTIL 
keyword serves to define the end of the loop. The general form for 
REPEAT statements are: 

REPEAT 
(statements) 

UNTIL boolean-expression; 

For example: 

count : =O; 
REPEAT 
writeln('input a number'); 
readln (num) ; 
sum :=sum+num; 
count := counttl; 

UNTIL count = 10; 
writeln('the average value is",sum/lO); 
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The WHILE-DO STATEMENT 

The WHILE-DO s t a t e m e n t  c r e a t e s  a  l o o p  where t h e  e x i t  t e s t  is  
per formed a t  t h e  b e g i n n i n g  of t h e  l o o p .  The t e s t  e x p r e s s i o n  must 
y i e l d  a  boo lean  t y p e  r e s u l t .  I f  t h e  f i r s t  t e s t  i s  f a l s e ,  t h e  l o o p  
body i s  n e v e r  e x e c u t e d .  I f  more t h a n  one  s t a t e m e n t  i s  t o  be used  i n  
t h e  body, a  compound s t a t e m e n t  must be used .  The g e n e r a l  form f o r  
WHILE-DO s t a t e m e n t s  i s :  

WHILE b o o l e a n - e x p r e s s i o n  DO 
( s t a t e m e n t )  

For example:  

done := FALSE; 
c o u n t  : = O ;  
WHILE NOT done  

DO B E G I N  
r e a d l n  ( d a t a  [ c o u n t ]  ) ; 
I F  d a t a [ c o u n t l  = 0 THEN done := TRUE; 
c o u n t : = c o u n t + l ;  

END ; 
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The FOR Statement 

This statement creates a loop that uses a specified variable to 
automatically count iterations of the loop. The two forms of this 
statement are: 

FOR variable := start-expr TO end-expr DO statement; 

FOR variable := start-expr DOWNTO end-expr DO statement; 

The control variable must be an ordinal type (CHAR, INTEGER, 
etc.), thus, REAL variables cannot be used. The variable must be a 
simple variable (not an array, structure element, or parameter) 
declared in the declaration part of the same program or subprogram 
in which it is used. It can be used within expressions but cannot 
be altered by program statements in the body of the loop. 

When the FOR statement is first executed, the starting and 
ending expressions are evaluated. Both must be of a compatible type 
as the counting variable. The variable is set to the result of the 
starting expression and the loop body is executed. Each time 
through the loop the counting variable is increased by one (or 
decreased by one if the DOWNTO form was used). The loop terminates 
when the counting variable reaches the value of the end-expression. 

An example: 

PROGRAM fibonacci; 
{ print first ten numbers of the fibonacci series } 
VAR count~r,sum: INTEGER; 

BEGIN 
sum := 0; 
FOR counter := 1 TO 1G 

DO BEGIN 
sum := sum+counter; {'counter' used but not changed } 
w ri teln (sum) ; 

END ; 
END. 
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The WITH-DO S t a t e m e n t  

T h i s  s t a t e m e n t  p r o v i d e s  a  c o n v e n i e n t  way f o r  d i f f e r e n t  e l e m e n t s  
of  t h e  same r e c o r d  t o  be a c c e s s e d  i n  a  s i n g l e  s t a t e m e n t .  The s y n t a x  
of t h e  WITH s t a t e m e n t  i s :  

WITH < r e c o r d  i d e n t i f i e r >  DO 
< s t a t e m e n t  > 

With in  t h e  s t a t e m e n t  (which may, of  c o u r s e ,  be a  compound 
s t a t e m e n t ) ,  t h e  f i e l d  names of t h e  r e c o r d  s t r u c t u r e  a r e  g i v e n  
w i t h o u t  t h e  r e c o r d  name. The r e c o r d  name i s  s u p p l i e d  by t h e  
compi l e r  from t h e  name immed ia t e ly  f o l l o w i n g  t h e  WITH keyword. T h i s  
s t a t e m e n t  n o t  o n l y  s a v e s  t y p i n g ,  b u t  i t  a l l o w s  t h e  compi l e r  t o  
p roduce  b e t t e r  compi led  code by r educ ing  t h e  number of t i m e s  r e c o r d  
a d d r e s s e s  must be  computed. Here i s  an example of i t s  u s e :  

TYPE 
p e r s o n  = 

RECORD 
name : ARRAY[1..25] OF CHAR; 
a g e  : INTEGER; 
can-vote : BOOLEAN; 

END ; 

VAR 
i n d e x  : INTEGER; 
p e o p l e  : ARRAY[1..3] OF p e r s o n ;  

B E G I N  
p e o p l e [ l l . n a m e  := 'Alan J o n e s  
p e o p l e [ 2 ] . n a m e  := ' B e t t y  Baker 
p e o p l e  [31 .name := 'David M i l l e r  
p e o p l e [ l l  . age  := 14 ;  
p e o p l e [ 2 1  . age  := 35; 
p e o p l e  [31 . a g e  := 17;  

FOR i n d e x  := 1 t o  3  DO 
WITH p e o p l e  [ i n d e x ]  DO 

B E G I N  
can-vote := a g e  >= 1 8 ;  
I F  can-vote THEN w r i t e l n ( n a m e I 1  i s  o l d  enough t o  v o t e 1 )  

END ; 
END. 
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CHAPTER 7 

OS-9 P a s c a l  i n c l u d e s  a  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  and 
p r o c e d u r e s  t h a t  per form a  v a r i e t y  of u s e f u l  t a s k s .  These subprograms 
a r e  " b u i l t - i n "  OS-9 P a s c a l  and can  be used i n  programs w i t h o u t  any  
s p e c i a l  d e c l a r a t i o n s .  T h i s  c h a p t e r  d e s c r i b e s  t h e  subprograms f o r  
m a t h e m a t i c a l  and run- t ime c o n t r o l .  I npu t /Ou tpu t  r e l a t e d  s t a n d a r d  
subprograms a r e  d i s c u s s e d  i n  Chap te r  8 .  

OS-9 P a s c a l  i n c l u d e s  a l l  I S 0  s t a n d a r d  f u n c t i o n s  ( e x c e p t  
DISPOSE, PACK, AND UNPACK) p l u s  a  number of a d d i t i o n a l  non - s t anda rd  
f u n c t i o n s ,  which a r e  d e n o t e d  by a n  a s t e r i s k  where t h e y  a p p e a r  i n  t h e  
d e s c r i p t i o n s  t h a t  f o l l o w .  

Standard Procedures:  

FIELDPUT 
I SOMOD 
MARK 
RELEASE 
NEW 
MATHABORT 
RIGHTJUST 
SYSTIME 

Standard F u n c t i o n s :  

AB S 
ADDRESS 
AFRAC 
A 1  NT 
ARCTAN 
CHR 
CNVTREAL 
COS 
EXP 
FIELDGET 
LN 
MATHRESULT 
ODD 
ORD 
PRED 
ROUND 
SHELL 
SIN 
SIZEOF 
SQ R 
SQ RT 
SU CC 
TRUNC 
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STANDARD PROCEDURES 

The f o l l o w i n g  i s  a  l i s t  o f  n o n - I / 0 - r e l a t e d  s t a n d a r d  p r o c e d u r e s  
a v a i l a b l e .  I / O  r e l a t e d  p r o c e d u r e s  a r e  d i s c u s s e d  i n  C h a p t e r  8.  The 
e x p e c t e d  a r g u m e n t s  and  t h e i r  t y p e  is  g i v e n  i n  t h e  t i t l e  l i n e ,  
f o l l o w e d  by a  d e s c r i p t i o n  of  t h e  p r o c e d u r e ' s  o p e r a t i o n .  T h o s e  
p r o c e d u r e s  w h i c h  a r e  e x t e n s i o n s  added  t o  0s-9 P a s c a l ,  b u t  n o t  c a l l e d  
f o r  i n  t h e  I S 0  s t a n d a r d ,  a r e  marked by " f " .  Programs  t h a t  u s e  t h e s e  
f u n c t i o n s  may n o t  be  p o r t a b l e  t o  o t h e r  P a s c a l  c o m p i l e r s .  

Procedure FIELDPUT(variab1e-name, start-bit, length, value:integer)* 

T h i s  p r o c e d u r e  a l l o w s  you t o  s e l e c t i v e l y  s e t  o r  r e s e t  b i t  f i e l d s  i n  
a n  i n t e g e r .  The s t a r t - b i t  d e f i n e s  t h e  i n t e g e r  s t a r t i n g  b i t  number 
of  t h e  f i e l d  t o  b e  a f f e c t e d ;  0 i s  t h e  l e a s t  s i g n i f i c a n t  b i t  and 1 5  
i s  t h e  mos t  s i g n i f i c a n t  b i t .  L e n g t h  d e f i n e s  t h e  i n t e g e r  number of  
b i t s  i n  t h e  f i e l d ,  1 t h r o u g h  1 6 .  B i t s  a r e  a f f e c t e d  s t a r t i n g  a t  
s t a r t - b i t  and  p r o c e e d i n g  t o w a r d  t h e  l e a s t  s i g n i f i c a n t  b i t  w i t h  w r a p  
a r o u n d  t h r o u g h  t h e  h i g h  o r d e r  b i t  p o s i t i o n s  i f  n e c e s s a r y .  The v a l u e  
w i l l  be  s t o r e d  i n  t h e  s p e c i f i e d  f i e l d  w i t h i n  t h e  1 6  b i t  ' i n t e g e r -  
v a r i a b l e - n a m e '  v a r i a b l e .  Only t h e  l e a s t  s i g n i f i c a n t  " l e n g t h "  b i t s  
of  t h e  v a l u e  a r e  u s e d ,  a n y  h i g h e r  o r d e r  b i t s  a r e  i g n o r e d .  

Procedure ISOMOD(logica1-value:boolean)* 

I f  t h e  v a l u e  s u p p l i e d  i s  TRUE, u s e  o f  t h e  MOD o p e r a t o r  works  a s  p e r  
t h e  l a n g u a g e  s p e c i f i c a t i o n  ( t h i s  is  t h e  d e f a u l t  mode) .  A v a l u e  o f  
FALSE i m p l e m e n t s  t h e  more c l a s s i c a l  MOD which  a l l o w s  a  n e g a t i v e  
r i g h t  a r g u m e n t  a n d  c a n  r e t u r n  a  n e g a t i v e  r e s u l t .  

Procedure MARK(variab1e-name:pointer-type)* 
Procedure RELEASE(variab1e-name:pointer-type)* 

MARK s e t s  t h e  c u r r e n t  t o p  of  h e a p  p o i n t e r  t o  t h e  v a l u e  o f  t h e  
p o i n t e r  v a r i a b l e .  RELEASE i s  t h e  o p p o s i t e :  i t  r e s e t s  t h e  c u r r e n t  
t o p  o f  h e a p  p o i n t e r  t o  t h e  v a l u e  o f  t h e  p o i n t e r  v a r i a b l e .  

Procedure NEW(variab1e-name:pointer-type) 

C r e a t e s  an  u n d e f i n e d  ( " g l o b a l " )  v a r i a b l e  of  t h e  p o i n t e r ' s  t y p e  which  
i s  r e f e r e n c e d  by t h e  p o i n t e r .  S t o r a g e  f o r  t h e  new v a r i a b l e  r e m a i n s  
a l l o c a t e d  e v e n  i f  a l l o c a t e d  w i t h i n  a  subprogram which  i s  l a t e r  
e x i t e d .  



0s-9 P a s c a l  User's Manual 
STANDARD FUNCTIONS AND PROCEDURES 

P r o c e d u r e  MATHABORT(logica1-value:boolean)* 

I f  t h e  v a l u e  s u p p l i e d  i s  TRUE,  a r i t h m e t i c  ove r f low,  r ange  e r r o r ,  and 
d i v i d e  by z e r o  e r r o r s  w i l l  c ause  t h e  program t o  a b o r t  ( t h i s  i s  t h e  
d e f a u l t  mode)* A v a l u e  of FALSE w i l l  n o t  a b o r t  t h e  program and w i l l  
k eep  t h e  l e a s t  s i g n i f i c a n t  b i t s  of  t h e  r e s u l t  f o r  i n t e g e r  ove r f low 
c o n d i t i o n s  and r e t u r n  z e r o  f o r  d i v i d e  by z e r o  c o n d i t i o n s ( S e e  1 2 - 4 ) .  

P r o c e d u r e  RIGHTJOST(logica1-value:boolean)* 

I f  t h e  v a l u e  s u p p l i e d  i s  TRUE,  t h e n  s t r i n g s  and c h a r a c t e r  a r r a y s  a r e  
r i g h t  j u s t i f i e d  a s  per  t h e  l anguage  s p e c i f i c a t i o n  f o r  WRITE and 
WRITELN c a l l s  ( t h i s  i s  t h e  d e f a u l t  mode)* A v a l u e  of  FALSE y i e l d s  
l e f t  j u s t i f i c a t i o n .  T h i s  a f f e c t s  f o r m a t t i n g  of c h a r a c t e r  f i e l d s  
when a f i e l d  w i d t h  s p e c i f i e r  i s  g iven .  

P r o c e d u r e  SYSTIME(year, month, day,  hour ,  minu te ,  s e c o n d : i n t e g e r ) *  

R e t u r n s  t h e  c u r r e n t  sys tem d a t e  and t ime  i n  t h e  i n t e g e r  v a r i a b l e s .  
I f  t h e  sys tem c l o c k  i s  n o t  a c t i v e  o r  has  n o t  been i n i t i a l i z e d ,  z e r o s  
a r e  r e t u r n e d .  
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STANDARD FUNCTIONS 

The following is a list of non-I/0-related standard functions 
available. I/O-related functions are discussed in Chapter 8. The 
expected arguments and their type, and the type of the value 
returned by the function is given in the title line, followed by a 
description of the function's operation. Those functions which are 
extensions added to 0s-9 Pascal but not called for in the IS0 
standard are marked by "*" .  Programs that use these functions may 
not be portable to other Pascal compilers. 

Function ABS(expression:integer-or-real): same-type-as argument 

Returns the absolute value of the argument, e.g., ABS(x) = 1x1. 

Function ADD~~SS(variab1e-reference): integer* 

Returns the actual memory address of the the specified variable. 
The variable reference can be a simple or complex type, or an 
element of a complex type. Note: actual memory addresses of program 
variables can change each time the program is run. 

Function AFRAC(expressi0n:real): real* 

Returns the fractional portion of the value of 'real-expression'. 
For instance, the result of AFRAC(3.14) is 0.14, and the result of 
AFRAC(-1.5895E-3) is -0.0015895. 

Function AINT(expressi0n:real): real* 

Returns the integer portion of the value of 'real-expression'. For 
instance, the result of AINT(3.14) is 3.0, and the result of AINT(- 
0.0123) is 0.0. 

Function ARCTAN(expression:integer-or-real): real 

Performs the inverse trigonometric arc tangent function cosine on an 
integer or real argument expressed in radians. The result is of 
type real. 
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F u n c t i o n  CBR(expressi0n:integer): c h a r  

R e t u r n s  a  c h a r - t y p e  r e s u l t  h a v i n g  t h e  same n u m e r i c a l  v a l u e  a s  t h e  
i n t e g e r  a r g u m e n t ,  e . i . ,  c o n v e r t  i n t e g e r  t o  c h a r .  

F u n c t i o n  CNVTREAL(string-or-char-array): real* 

The s t r i n g  c o n s t a n t  o r  t h e  c o n t e n t s  o f  t h e  c h a r a c t e r  a r r a y  i s  
c o n v e r t e d  t o  a  r e a l  v a l u e .  I f  a  s t r i n g  c o n s t a n t  i s  u s e d ,  i t  mus t  b e  
a t  l e a s t  2 c h a r a c t e r s  l o n g .  I f  a  c h a r a c t e r  a r r a y  i s  u s e d ,  a  
c a r r i a g e  r e t u r n  m u s t  b e  p u t  i n  t h e  a r r a y  t o  t e r m i n a t e  t h e  c o n v e r s i o n  
p r o c e s s .  A c a r r i a g e  r e t u r n  c h a r a c t e r  h a s  a  d e c i m a l  v a l u e  o f  13 .  

F u n c t i o n  CO~(expression:integer-or-real): real  

R e t u r n s  t h e  t r i g o n o m e t r i c  c o s i n e  o f  a n  i n t e g e r  o r  r e a l  a r g u m e n t .  
The r e s u l t  is o f  t y p e  r e a l  a n d  e x p r e s s e d  i n  r a d i a n s .  

F u n c t i o n  ~~P(expression:integer-or-real): rea l  

P e r f o r m s  t h e  e x p o n e n t i a l  f u n c t i o n  t o  a r g u m e n t ,  e .g .  e  t o  t h e  X 
power .  The a r g u m e n t  may b e  o f  t y p e s  i n t e g e r  o r  r e a l .  

F u n c t i o n  FIELDGET(express ion ,  s t a r t - b i t ,  1 e n g t h : i n t e g e r ) :  i n t e g e r *  

T h i s  f u n c t i o n  a l l o w s  you t o  s e l e c t i v e l y  e x t r a c t  b i t  f i e l d s  f r o m  a n  
i n t e g e r  v a l u e d  e x p r e s s i o n .  The s t a r t - b i t  d e f i n e s  t h e  i n t e g e r  
s t a r t i n g  b i t  number o f  t h e  f i e l d  t o  b e  e x t r a c t e d ;  0 i s  t h e  l e a s t  
s i g n i f i c a n t  b i t  a n d  1 5  i s  t h e  mos t  s i g n i f i c a n t  b i t .  L e n g t h  d e f i n e s  
t h e  i n t e g e r  number o f  b i t s  i n  t h e  f i e l d ,  1 t h r o u g h  1 6 .  B i t s  a r e  
e x t r a c t e d  s t a r t i n g  a t  s t a r t - b i t  a n d  p r o c e d i n g  t o w a r d  t h e  l e a s t  
s i g n i f i c a n t  b i t  w i t h  w r a p  a r o u n d  t h r o u g h  t h e  h i g h  o r d e r  b i t  
p o s i t i o n s  i f  n e c e s s a r y .  The e x t r a c t e d  f i e l d  is  t h e n  r i g h t  j u s t i f i e d  
i n t o  a  1 6 - b i t  r e s u l t  w i t h  a n y  unused  h i g h  o r d e r  b i t s  s e t  t o  z e r o .  

F u n c t i o n  LN(expression:integer-or-real ) :  real  

Computes  t h e  n a t u r a l  l o g a r i t h m  ( b a s e  
a r g u m e n t .  The r e s u l t  is  o f  t y p e  r e a l .  

F u n c t i o n  MATERESULT: i n t e g e r *  

e )  o f  a n  i n t e g e r  o r  r e a l  t y p e  

R e t u r n s  t h e  l a s t  e r r o r  number d e t e c t e d  d u r i n g  a n y  math  o p e r a t i o n  
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s i n c e  t h e  l a s t  c a l l  t o  MATHRESULT. The e r r o r  numbers can be 
r e t r i e v e d  only i f  t h e  MATHABORT f l a g  is  f a l s e ,  e i t h e r  by a  
MATHABORT(FALSE) c a l l  or by a  t h e  runtime ' A - '  op t ion .  See t h e  
s e c t i o n  on runtime op t i ons  and t h e  MATHABORT procedure f o r  more 
informat ion.  I f  no math e r r o r s  have been de t ec t ed ,  then  t h e  r e s u l t  
of t h e  MATHRESULT c a l l  w i l l  be zero.  The e r r o r  numbers which can be 
re tu rned  a r e  shown i n  t he  chapter  on e r r o r  messages. 

Funct ion ODD(expressi0n:integer): boolean 

Returns boolean va lue  of TRUE i f  t h e  value i s  an odd number. 
Argum.ent m u s t  be of type i n t e g e r .  

Funct ion ORD(ordina1-type-value): i n t e g e r  

Takes an argument of any o rd ina l  type ( c h a r ,  i n t e g e r ,  boolean, e t c . )  
and r e t u r n s  t h e  o r d i n a l  number of t h e  va lue  w i th in  t h a t  type.  For 
example ORD(Wednesday) of t h e  s e t  (Monday..Friday) i s  2. 

Function PRED(ordina1-type-value): same-type-as-argument 

Returns  t h e  predecessor  va lue  t h a t  has an o rd ina l  value of one l e s s  
than t h e  argument. For example, PRED ( 7 )  r e t u r n s  6 ;  PRED ( F R I D A Y )  
r e t u r n s  THURSDAY. I f  no predecessor e x i s t s ,  (such a s  PRED(0) ) an 
e r r o r  occurs .  

Function ROUND(expressi0n:real): i n t e g e r  

Rounds t h e  r e a l  argument up or down t o  t h e  n e a r e s t  whole number and 
r e t u r n s  t h e  r e s u l t  a s  a  type i n t ege r  value.  The r e s u l t  m u s t  be 
smal l  enough t o  be represen ted  a s  an i n t e g e r  or an e r r o r  occurs .  
Some examples: ROUND(12.1) r e t u r n s  12; ROUND(12.9) r e t u r n s  13; 
ROUND(100000.4) r e t u r n s  an e r r o r  because t h e  r e s u l t  is  too l a r g e .  

Function SEELL(string-or-char-array): i n t e g e r *  

This  f unc t i on  c a l l s  t h e  0s-9 SHELL, pass ing t h e  s t r i n g  or  cha r ac t e r  
a r r a y  i n  t h e  parameter a r ea  t o  be executed a s  an 0s-9 command. 
SHELL can be used t o  a cce s s  any 0s-9 command, u t i l i t y ,  or t o  run 
o the r  concur ren t  or s e q u e n t i a l  programs. The e r r o r  code re tu rned  
from SHELL i s  conver ted t o  an i n t ege r  by p r e f i x ing  8 b i t s  of z e ro s .  
I f  a  s t r i n g  cons t an t  is  used, it m u s t  be a t  l e a s t  2  c h a r a c t e r s  long. 
I f  a  c h a r a c t e r  a r r a y  i s  used, a  c a r r i a g e  r e t u r n  cha r ac t e r  m u s t  be 
put i n  t h e  a r r a y  t o  t e rmina te  t h e  command t o  SHELL. A c a r r i a g e  
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return character has a decimal value of 13. 

Function SIN(expression:integer-or-real): real 

Returns the trigonometric sine of an integer or real argument. The 
result is of type real and expressed in radians. 

Function SIZEOF(variab1e-or-type-name): integer* 

Returns the size (in bytes) of a simple variable, a type, or a 
complete data structure. Cannot be used on individual elements of 
arrays or structures. 

Function SQR(expression:integer-or-real): same-type-as-argument 

Computes the square (X*X) of a real or integer argument. Returns a 
real or integer result. 

Function SQRT(expression:integer-or-real): real 

. . Computes the square root of a posltlve real or integer argument. 
Returns a real result. 

Function SUCC(ordina1-type-value): same-type-as-argument 

Returns the successor value that has an ordinal value of one more 
than the argument. For example, SUCC (7) returns 8; SUCC (THURSDAY) 
returns FRIDAY. If no successor exists (such as SUCC(TRUE) ) an 
error occurs. 

Function TRUNC(expressi0n:real): integer 

Truncates (removes any fractional part of) a real argument and 
returns a integer-type result. For example TRUNC (12.75) returns 12 
as an integer type. The truncated argument must be small enough to 
be represented or an error occurs. 
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CHAPTER 8 

P a s c a l  1 /0  o p e r a t i o n s  a r e  based  on use  of s t a n d a r d  p r o c e d u r e s  
and f u n c t i o n s  which a r e  p a r t  o f  t h e  s t a n d a r d  l i b r a r y .  S i n c e  any  
g i v e n  computer  can  have  a  v a r i e t y  of  d i f f e r e n t  i n p u t  and o u t p u t  
hardware  d e v i c e s ,  t h e  b u i l t - i n  1 /0  f u n c t i o n s  must be n o n - s p e c i f i c  
and t h e  IS0  s t a n d a r d  r e f l e c t s  t h i s .  Because t h e  0s-9 o p e r a t i n g  
sys t em a l l o w s  a c c e s s  t o  a l l  I / O  f i l e s  and d e v i c e s  u s i n g  e s s e n t i a l l y  
t h e  same c a l l i n g  methods ,  P a s c a l  programs can r e a d  o r  w r i t e  any 
sys t em 1 /0  d e v i c e  o r  f i l e .  

P a s c a l ' s  1 /0  h a n d l i n g  f a c i l i t i e s  ( o r  l a c k  t h e r e o f )  and t h e  way 
t h e y  work a r e  conunonly c i t e d  a s  a  s i g n i f i c a n t  f l aw  i n  an o t h e r w i s e  
s u p e r b l y  d e s i g n e d  l anguage .  I n  o r d e r  t o  overcome t h e s e  t r a d i t i o n a l  
l i m i t a t i o n s ,  t h e  0s-9 P a s c a l  s t a n d a r d  l i b r a r y  i n c l u d e s  h i g h l y  
i n t e l l i g e n t  1 /0  f u n c t i o n s  and an e x t e n s i v e  v a r i e t y  of a d d i t i o n a l  
( and  non- s t anda rd )  f u n c t i o n s  s o  t h a t  P a s c a l  programs can  f u l l y  
u t i l i z e  t h e  c o m p u t e r ' s  I / O  f a c i l i t i e s  i n c l u d i n g  i n t e r a c t i v e  and 
random-access I / O .  

F i l e s  a r e  used t o  per form a l l  I /O t o  t e r m i n a l s ,  p r i n t e r s ,  d i s k  
f i l e s ,  e t c . ,  and i n  g e n e r a l ,  s t a n d a r d  1 / 0  f u n c t i o n s  w i l l  work w i t h  
any  1 /0  d e v i c e .  T h i s  t y p e  of o p e r a t i o n  works w e l l  w i t h  t h e  d e v i c e -  
i n d e p e n d e n t  d e s i g n  of  t h e  0s-9 o p e r a t i n g  sys t em,  i . e . ,  a  P a s c a l  
" f i l e "  i s  a n a l o g o u s  t o  an  0s-9 " p a t h " .  

P a s c a l  r e c o g n i z e s  two c a t e g o r i e s  of  f i l e  o b j e c t s :  TEXT f i l e s  
( " t e x t f i l e s " )  and t h e  s t r u c t u r e d  FILE t y p e .  T e x t f i l e s  a r e  what  
t h e i r  name i m p l i e s :  t e x t  i n  t h e  form of c h a r a c t e r s  o r g a n i z e d  i n t o  
l i n e s  t e r m i n a t e d  by an e n d - o f - l i n e  c h a r a c t e r .  The b a s i c  and most 
conunonly used  1 /0  f u n c t i o n s  o p e r a t e  on t e x t f i l e s .  Both TEXT 
v a r i a b l e s  and FILE-type v a r i a b l e s  a r e  d e c l a r e d  i n  t h e  program o r  
subprogram v a r i a b l e  d e c l a r a t i o n  s e c t i o n  ( e x c e p t  p r e d e f i n e d  f i l e s  
d i s c u s s e d  on t h e  n e x t  p a g e ) .  

I n  t h e  s t a n d a r d  1 /0  p r o c e d u r e  d e s c r i p t i o n s  t h a t  a r e  g i v e n  i n  
t h e  f o l l o w i n g  p a g e s ,  each  p r o c e d u r e ' s  name is  f o l l o w e d  by a  l i s t  of  
e x p e c t e d  p a r a m e t e r s .  You can  u s u a l l y  t e l l  which c l a s s  of I / O  t h e  
f u n c t i o n  a p p l i e s  t o  by t h e  d e s c r i p t i o n  of t h e  f i r s t  i d e n t i f i e r  i n  
t h e  l i s t  a s  f o l l o w s :  

" t e x t - f i l e n a m e "  means t h e  f u n c t i o n  must be used w i t h  t e x t f i l e s  
" f i l e - v a r i a b l e "  means t h e  f u n c t i o n  must be used w i t h  s t r u c t u r e d  

f i l e  t y p e s  
" f i l e n a m e "  means t h e  f u n c t i o n  can  be used w i t h  e i t h e r  of 

t h e  above  t y p e s  

P r o c e d u r e s  t h a t  u se  one o r  more p a r a m e t e r s  c a l l e d  " e x t e r n a l -  
f i l e n a m e s "  d i r e c t l y  a c c e p t  a  s t a n d a r d  0s-9 f i l e  name. The 0s-9 
f i l e n a m e  must be pas sed  a s  a  s t r i n g  c o n s t a n t  o r  a  c h a r a c t e r  a r r a y .  
F i l e  names s t o r e d  i n  a  c h a r a c t e r  a r r a y  must be t e r m i n a t e d  by a  
c h a r a c t e r  which 0s-9 w i l l  r e c o g n i z e  a s  t h e  end of a  v a l i d  p a t h  name 
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such as a space or carriage return (ENTER) character. 

PREDEFINED STANDARD 1/0 F I L E S  

long. These 
paths, and may 
0s-9 Shell " < "  

Three file names, INPUT, OUTPUT, and SYSERR, are predefined as 
textfiles. They cannot be redefined in a program. Output records 
can be any length, and input records can be up to 127 characters 

three files correspond to the three 0s-9 standard 1/0 
be redirected when- the program is run by means of the 
" > "  and " > > "  operators. 

NAME ----- 
INPUT 
OUTPUT 
SYSERR 

0s-9 
PATH # ATTRIBUTES ------ ---------- 
0 Input only (user keyboard) 
1 Input or output (user display) 
2 Input or output (user display) 

NOTE: The "SYSERR" predefined file is a non-standard extension to 
0s-9 Pascal. 
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DIFFERENCES BETWEEN INTERACTIVE AND MASS-STORAGE FILES 

The re  a r e  i m p o r t a n t  d i f f e r e n c e s  between t h e  p r o c e s s i n g  of f i l e s  
which  a r e  d i r e c t e d  t o  i n t e r a c t i v e  (SCF) t y p e  f i l e s  s u c h  a s  
t e r m i n a l s ,  v e r s u s  mass - s to rage  (RBF) t y p e  f i l e s .  When WRITES a r e  
i s s u e d  t o  a n  SCF-type d e v i c e ,  t h e  0s-9 P a s c a l  s u p p o r t  sy s t em w i l l  
remove any  t r a i l i n g  b l a n k s  from t h e  l i n e .  T h i s  is  u s u a l l y  h i g h l y  
d e s i r a b l e  f o r  r e d u c i n g  t h e  amount of  t ime it t a k e s  t o  w r i t e  a  l i n e  
t o  a  t e r m i n a l ,  and i s  t h e  way you would e x p e c t  I/O t o  o c c u r .  A 
s i m i l a r  f u n c t i o n  o c c u r s  when a  f i x e d  l e n g t h  f i l e  i s  d i r e c t e d  t o  a n  
SCF d e v i c e  and a  GET i s  i s s u e d .  I n  t h i s  c a s e ,  a f t e r  t h e  c a r r i a g e  
r e t u r n  c h a r a c t e r  (ENTER) i s  g i v e n ,  t h e  remainder  of  t h e  f i x e d  l e n g t h  
r e c o r d  i s  padded w i t h  s p a c e  c h a r a c t e r s ,  e n a b l i n g  you t o  d e c l a r e  a  
f i l e  t o  be a  f i x e d  l e n g t h  a r r a y  of c h a r a c t e r s  and t o  r ead  r e c o r d s  i n  
a  " u s e r  f r i e n d l y "  manner. The GETCHAR f u n c t i o n  p e r m i t s  s i n g l e ,  
u n e d i t e d  i n p u t  c h a r a c t e r s  t o  be r e a d .  The IOREADY f u n c t i o n  can  be 
used t o  t e s t  i f  a  c h a r a c t e r  h a s  been typed  and is  w a i t i n g  t o  be 
r e a d .  These  two f u n c t i o n s  a r e  i n v a l u a b l e  f o r  w r i t i n g  menu-driven 
s c r e e n - o r i e n t e d  programs.  

The b i g g e s t  d i f f e r e n c e  between t h e  p r o c e s s i n g  f o r  RBF v e r s u s  
SCF t y p e  d e v i c e s  l i e s  i n  t h e  f a c t  t h a t  b u f f e r s  a r e  n o t  l o a d e d  u n t i l  
needed  f o r  SCF t y p e  f i l e s .  For RBF t y p e  f i l e s ,  1/0 i s  hand led  a s  
d e s c r i b e d  i n  t h e  l a n g u a g e  s p e c i f i c a t i o n  - t h e  b u f f e r  f o r  a  f i l e  i s  
l o a d e d  w i t h  t h e  c o n t e n t s  of  t h e  f i r s t  r e c o r d  a s  soon a s  t h e  f i l e  is  
opened and EOLN and EOF s t a t u s  i s  a v a i l a b l e  immed ia t e ly .  For SCF 
t y p e  f i l e s ,  s i n c e  r e c o r d s  a r e  n o t  l o a d e d  i n t o  t h e  b u f f e r  u n t i l  t h e y  
a r e  needed ,  t h e  EOLN and EOF s t a t u s  of  t h e  f i l e  may be s l i g h t l y  
d i f f e r e n t  t h e n  e x p e c t e d .  The r e a s o n  f o r  t h e  d i f f e r e n c e s  i n  t h e  
h a n d l i n g  of  t h e  two t y p e s  of f i l e  d e v i c e s  is  t o  p r o v i d e  a  more 
" n a t u r a l "  t y p e  of f i l e  h a n d l i n g .  For example,  i f  t h e  b u f f e r  f o r  an 
SCF t y p e  d e v i c e  was l o a d e d  a s  soon a s  t h e  f i l e  was opened ,  it would 
be d i f f i c u l t  t o  i s s u e  a  prompt t o  t h e  t e r m i n a l  t o  t e l l  t h e  u s e r  what  
was b e i n g  e x p e c t e d  f o r  i n p u t  - t h e  u s e r  would have t o  t y p e  i n  h i s  
f i r s t  i n p u t  l i n e  b e f o r e  he c o u l d  s e e  what it was he was supposed  t o  
be  e n t e r i n g .  

F o r t u n a t e l y  t h e r e  a r e  o n l y  two major c o n s i d e r a t i o n s  t h a t  you 
need t o  be aware  of t o  p r o p e r l y  h a n d l e  t h e  d i f f e r e n c e  i n  p r o c e s s i n g  
between t h e  two d e v i c e  t y p e s .  F i r s t ,  you need  t o  know t h e  
d i f f e r e n c e s  c o n c e r n i n g  EOLN and EOF s i g n a l i n g .  S i n c e ,  when t h e  f i l e  
i s  f i r s t  opened f o r  an  SCF t y p e  d e v i c e ,  t h e  b u f f e r  is n o t  p re -  
l o a d e d ,  i t  is n o t  p o s s i b l e  f o r  e i t h e r  EOLN o r  EOF t o  be s e t .  The 
sys t em c a n ' t  t e l l ,  of c o u r s e ,  i f  t h e  u s e r  is g o i n g  t o  h i t  t h e  
c a r r i a g e  r e t u r n  (ENTER) o r  end of f i l e  keys  u n t i l  you a c t u a l l y  r e a d  
t h e  f i r s t  r e c o r d ,  which is n o t  t r u e  f o r  REF t y p e  d e v i c e s  s i n c e  t h e  
f i r s t  r e c o r d  is  p re - loaded  a s  soon a s  t h e  f i l e  i s  opened ,  and t h e  
s u p p o r t  sy s t em can e a s i l y  d e t e r m i n e  i f  e i t h e r  t h e  EOLN o r  EOF 
c o n d i t i o n  e x i s t  f o r  t h e  f i r s t  r e c o r d  i n  t h e  f i l e .  A s i m i l a r  problem 
o c c u r s  whenever a  READLN c a l l  is  made a g a i n s t  an SCF t y p e  f i l e .  
READLN w i l l  c l e a r  o u t  t h e  c u r r e n t  b u f f e r  and s e t  EOLN t o  f a l s e ,  b u t  
a g a i n ,  t h e  n e x t  r e c o r d  is  n o t  a c t u a l l y  r e a d  u n t i l  i t  i s  needed ,  s o  
EOLN and p o s s i b l y  EOF c a n n o t  be d e t e c t e d  u n t i l  a f t e r  t h e  n e x t  r e c o r d  
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i s  a c t u a l l y  read.  When READLN i s  i s s u e d  a g a i n s t  an RBF type  f i l e  
t h e  c u r r e n t  b u f f e r  i s  c l e a r e d  and t h e  nex t  r ecord  i s  immediately 
loaded from t h e  d i s k  f i l e  - t h u s  EOLN and EOF i s  immediately known 
f o r  t h e  next  r ecord .  

The second c o n s i d e r a t i o n  is  simply a  programming method which 
e l i m i n a t e s  most of t h e  p rocess ing  problems which a r i s e  from t h e  
d i f f e r e n c e s  i n  handl ing between t h e  two f i l e  types .  Whenever a  new 
l i n e  i s  t o  be processed simply code t h e  s t a t e m e n t :  

IF  i n t e r a c t i v e ( f i 1 e n a m e )  THEN g e t ( f i 1 e n a m e ) ;  

which s imply s a y s  t h a t  i f  t h e  f i l e  " f i l ename"  is  an i n t e r a c t i v e  
( i . e .  SCF t y p e )  d e v i c e ,  then  g e t  t h e  nex t  r ecord .  I f  " f i l ename"  is  
an RBF type  d e v i c e ,  t h e  b u f f e r s  a r e  a u t o m a t i c a l l y  pre loaded a s  
needed,  and t h e  s t a t e m e n t  w i l l  no t  do t h e  "GET" o p e r a t i o n .  I f ,  
however, t h e  f i l e  is  an SCF type d e v i c e ,  i s s u i n g  t h e  "GET" c a l l  w i l l  
cause  t h e  b u f f e r  t o  be immediately loaded s o  t h a t  EOLN and EOF w i l l  
be c o r r e c t l y  s e t .  Remember, on ly  i s s u e  t h i s  c a l l  when t h e  nex t  l i n e  
i s  t o  be p rocessed ,  l i k e  immediately a f t e r  t h e  f i l e  i s  opened and 
t h e  f i r s t  l i n e  i s  needed, o r  a f t e r  EOLN has  been d e t e c t e d  f o r  a  
r ecord  and READLN has  been i s s u e d  t o  c l e a r  t h e  c u r r e n t  b u f f e r .  
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STANDARD 1/0 PROCEDURES 

Procedure  A P P E N D ( ~ ~ X ~ - f i l e n a m e  { ,ex te rna l - f i l ename { r o ~ e n - m o d e l l ) *  

APPEND i d e n t i c a l  t o  RESET d e s c r i b e d  below except  t h a t  it can on ly  be 
a p p l i e d  t o  v a r i a b l e  l e n g t h  record ( i . e .  t e x t )  f i l e s .  Only PUTS and 
WRITES w i l l  be a l lowed,  and new records  a r e  a u t o m a t i c a l l y  appended 
t o  t h e  end of t h e  c u r r e n t  t e x t  f i l e .  Records c u r r e n t l y  i n  t h e  f i l e  
a r e  not  des t royed  a s  w i t h  REWRITE. For a  d e s c r i p t i o n  of "open- 
moden, s e e  t h e  RESET/REWRITE Procedure d e s c r i p t i o n .  

Procedure  CLOSE(filename)* 

CLOSE performs an e x p l i c i t  c l o s e  of t h e  des igna ted  f i l e .  A l l  f i l e s  
excep t  t h e  t h r e e  p r e d e f i n e d  f i l e s  a r e  always i m p l i c i t l y  c l o s e d  upon 
e x i t  of t h e  block i n  which they were d e c l a r e d .  No e r r o r  is  
genera ted  i f  t h e  f i l e  i s  a l r e a d y  c l o s e d .  

Procedure  GET(f i1e -var iab le )  
Procedure  PUT(f i1e -var iab le )  

GET advances t h e  f i l e  p o i n t e r  t o  t h e  next  component of t h e  f i l e  
( e l  read a  record from t h e  f i l e ) .  PUT appends t h e  va lue  of t h e  
f i l e  v a r i a b l e  t o  t h e  f i l e  ( i . e .  adds a  record t o  t h e  f i l e ) .  I f  t h e  
end of f i l e  i s  reached upon a  GET, EOF i s  s e t  t o  t r u e  and t h e  v a l u e  
of t h e  d a t a  read i s  undefined.  Although t h e  IS0 s p e c i f i c a t i o n  says  
t h a t  t h e  f i l e  p o i n t e r  m u s t  be a t  t h e  e n d - o f - f i l e  f o r  PUT t o  work, 
0s-9 P a s c a l  a l l o w s  records  t o  be read or  w r i t t e n  i n  any o r d e r  ( s e e  
t h e  REPOSITION s t a n d a r d  p r o c e d u r e ) .  

Procedure  GETINFO(filename, 3 2 - b y t e - s t r u c t u r e ) *  
Procedure  PUTINFO(filename, 32-by te - s t ruc tu re )*  

These p rocedures  read or  w r i t e  a  copy of t h e  32  b y t e  o p t i o n  a r e a  i n  
t h e  OS-9 p a t h  d e s c r i p t o r  t h a t  d e f i n e s  l i n e  i n p u t  e d i t i n g  and c o n t r o l  
c h a r a c t e r  d e f i n i t i o n s .  The second argument m u s t  be t h e  name of an 
i d e n t i f i e r  which has a  s i z e  of 32  by tes .  Use t h e s e  c a l l s  wi th  g r e a t  
c a u t i o n  a s  t h e i r  misuse could  produce s t r a n g e  r e s u l t s .  Refer t o  t h e  
"0s-9 Techn ica l  In fo rmat ionn  manual f o r  a  d e s c r i p t i o n  of t h e  o p t i o n  
a r e a .  

Procedure  IOABORT(filename, l o g i c a l - v a l u e ) *  

I f  t h e  l o g i c a l  v a l u e  i s  FALSE, n o n f a t a l  1 /0  e r r o r s  a s s o c i a t e d  wi th  
t h e  f i l ename w i l l  not  a b o r t  program execu t ion .  A f t e r  each 1/0  c a l l  
you should  use t h e  IORESULT f u n c t i o n  t o  check r e s u l t s  u n t i l  an 
IOABORT c a l l  is  a g a i n  given wi th  a  TRUE va lue .  I f  an 1/0 e r r o r  
o c c u r s  f o r  a  f i l e  which has  d i s a b l e d  i t s  1/0  a b o r t  f l a g  and a  
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previous error number has not been cleared via a call to IORESULT, 
only the previous error information is kept, the new error is number 
is lost (See 12-4) . 

Procedure OVERPRINT(text-filename)* 

Outputs a carriage return without a linefeed. 

Procedure PAGE(text-filename) 

PAGE is similar to WRITELN except that a page eject (form feed) is 
generated, so output appears on the next physical page. Operation 
is somewhat hardware dependent in that the output device must 
recognize the form feed character. 

Procedure PROMPT(text-filename)* 

PROMPT causes the current text buffer to be immediately forced out 
without either carriage return or linefeed characters. 

Procedure READ({file-variable,} read-parameter-list) 
Procedure WRITE({file-variable,} write-parameter-list) 

These procedures permit one or more variables to be read from or 
written to a file without the need to manipulate the file variable 
for each item to be read or written. As with the primitives GET and 
PUT, records may be accessed in sequential or random order. The 
parameter list must be a list of variable names (READ), or a list of 
variable names, expressions, snd formatting directives (WRITE). 

NOTE: A special nonstandard characteristic of WRITE using formatted 
output is the case of the ":w:dn format directive for REAL numbers. 
If "d" is zero, the number is printed in "integern format without a 
decimal point and trailing zeros. 

Procedure READLN({~~x~-filename,} read-parameter-list) 
Procedure WRITELN({~~X~-filename,} write-parameter-list) 

These procedures permit one or more variables to be read from or 
written to a (sequential) textfile. A parameter list identifies the 
name(s) of the variable(s) to be read or written. The parameter 
list must be a list of variable names (for READLN), or a list of 
variable names, expressions, and formatting directives (WRITELN). 

NOTE: A special nonstandard characteristic of WRITELN using 
formatted output is the case of the ":w:dn format directive for REAL 
numbers. If "dn is zero the number is printed in "integern format 
without a decimal point and trailing zeros. 
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P r o c e d u r e  REPOSITION(fi1e-variable, record-number)* 

R e p o s i t i o n s  t h e  f i l e  p o i n t e r  t o  a  s p e c i f i c  f i x e d  l e n g t h  r e c o r d  
w i t h i n  t h e  s p e c i f i e d  f i l e .  To upda te  r e c o r d s  i n  random o r d e r ,  f o r  
each  r e c o r d  pe r fo rm t h e  f o l l o w i n g  s t e p s :  REPOSITION t o  t h e  r e c o r d ,  
GET t h e  r e c o r d ,  REPOSITION back t o  t h e  r e c o r d ,  PUT t h e  r e c o r d .  The 
record-number pa rame te r  can  be  e i t h e r  an i n t e g e r  o r  r e a l  v a l u e  
e x p r e s s i o n  o r  v a r i a b l e  name. 

P r o c e d u r e  RESET(£ i l e - v a r i a b l e  { , e x t e r n a l - £  i l ename  { ,open-model 1 ) 
P r o c e d u r e  REWRITE ( f  i l e - v a r i a b l e  { , e x t e r n a l - £  i l ename  { ,open-model 1 )  

RESET r e p o s i t i o n s  t h e  f i l e  p o i n t e r  t o  t h e  b e g i n n i n g  of t h e  f i l e  s o  
i t  can  be  r e r e a d  from i t s  b e g i n n i n g ,  e . g . ,  t h e  f i l e  is  rewound. 
REWRITE i s  s i m i l a r  e x c e p t  a l l  d a t a  i s  e r a s e d  (and  t h e  f i l e  becomes 
empty)  s o  it  may be  r e w r i t t e n .  

An o p t i o n a l  second argument  (which must be a  s t r i n g  c o n s t a n t  o r  an 
ARRAY OF CHAR)  can  be used t o  s p e c i f y  an e x t e r n a l  0s-9 f i l e n a m e .  I f  
t h e  s econd  argument  i s  n o t  g i v e n ,  t h e  e x t e r n a l  f i l e  name d e f a u l t s  t o  
t h e  i d e n t i f i e r  used t o  name t h e  f i l e  i n  t h e  program. I f  RESET o r  
REWRITE i s  used  a g a i n s t  a  f i l e  t h a t  i s  a l r e a d y  open ,  t h e  a c t i o n  
depends  on whether  o r  n o t  a  second argument  i s  g i v e n ;  i f  no argument  
i s  s u p p l i e d ,  t h e  f i l e  is  rewound and t h e  f i l e  is  marked a s  i n p u t  o r  
o u t p u t  o n l y .  I f  t h e  second argument  i s  g i v e n ,  t h e  c u r r e n t  f i l e  i s  
c l o s e d  and t h e  f i l e  name g i v e n  is  opened and marked a s  i n p u t  o r  
o u t p u t  o n l y .  I f  t h e  f i l e  r e f e r e n c e d  i n  a  REWRITE c a l l  a l r e a d y  
e x i s t s ,  i t  w i l l  be  e f f e c t i v e l y  d e l e t e d  b e f o r e  i t  i s  opened.  

An o p t i o n a l  t h i r d  argument  (which must be an i n t e g e r  e x p r e s s i o n )  i s  
used  t o  d e t e r m i n e  t h e  a t t r i b u t e s  f o r  c r e a t i o n  of t h e  f i l e  and t h e  
a c c e s s  mode f o r  t h e  f i l e .  When a  f i l e  i s  c r e a t e d ,  t h e  8 low o r d e r  
b i t s  a r e  used  t o  d e t e r m i n e  t h e  f i l e ' s  a t t r i b u t e  b y t e .  The 8 h i g h  
o r d e r  b i t s  a r e  used t o  d e t e r m i n e  t h e  f i l e ' s  a c c e s s  mode when t h e  
f i l e  i s  i n i t i a l l y  opened.  I f  t h i s  argument  i s  m i s s i n g  a  d e f a u l t  of 
$0303 w i l l  be assumed ( u s e r  Read/Write f i l e  a t t r i b u t e  b y t e ,  
Read/Write  p e r m i t t e d  t o  t h e  f i l e ) .  For a d d i t i o n a l  i n f o r m a t i o n  on 
a t t r i b u t e  and a c c e s s  b y t e  c o n t e n t s ,  s e e  s e c t i o n s  on I $ C r e a t e  and 
I$Open sys t em c a l l s  i n  t h e  "0s-9 T e c h n i c a l  I n f o r m a t i o n "  manual.  

P r o c e d u r e  SEEKEOF(f i1e-var iab le)*  

SEEKEOF s e t s  up t h e  f i l e  c o n t r o l  b lock  s o  t h a t  t h e  n e x t  w r i t e  o r  p u t  
o p e r a t i o n  w i l l  add r e c o r d s  t o  t h e  end of t h e  f i l e .  A READ o r  GET 
would r e t u r n  an end of  f i l e  c o n d i t i o n .  

P r o c e d u r e  SRORTIO(f i1e-var iab le ,  r e c o r d - l e n g t h ) *  

SHORT10 s e t s  t h e  r e c o r d  l e n g t h  i n  t h e  f i l e  c o n t r o l  b lock  t o  t h e  
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v a l u e  of t h e  i n t e g e r  v a r i a b l e  o r  e x p r e s s i o n  ' r e c o r d - l e n g t h ' .  The 
n e x t  PUT/GET o p e r a t i o n  can  t h e n  w r i t e / r e a d  a  s h o r t  r e c o r d .  A f t e r  
t h e  PUT/GET o p e r a t i o n  i s  performed t h e  r e c o r d  l e n g t h  i n  t h e  c o n t r o l  
b lock  f o r  t h e  f i l e  w i l l  be  r e s e t  t o  t h e  l e n g t h  d e c l a r e d  f o r  t h e  f i l e  
i n  t h e  s o u r c e  program. SHORTIO is u s u a l l y  used a f t e r  a  GET is 
performed on t h e  f i l e  and a  ' s h o r t  r e c o r d '  e r r o r  i s  r e t u r n e d .  By 
e x e c u t i n g  t h e  f o l l o w i n g  s t a t e m e n t s :  

a f t e r  t h e  f i l e  h a s  been c o r r e c t l y  p o s i t i o n e d  ( s e e  REPOSITION, 
d e s c r i b e d  above )  you can  r e w r i t e  t h e  s h o r t  r eco rd  back t o  t h e  f i l e  
w i t h o u t  g e t t i n g  r e c o r d  l e n g t h  e r r o r s  and w i t h o u t  e x t e n d i n g  t h e  
l e n g t h  of t h e  s h o r t  r e c o r d .  You canno t  s e t  t h e  r e c o r d  l e n g t h  t o  a  
n e g a t i v e  number o r  t o  a  number l a r g e r  t han  t h e  d e c l a r e d  r e c o r d  
l e n g t h  w i t h  t h i s  p r o c e d u r e .  See Chap te r  9 f o r  more d e t a i l  on 
SHORTIO. 

P rocedure  SYSREPORT({text-filenane,) i n t e g e r - v a l u e ) *  

SYSREPORT i s  used f o r  a u t o m a t i c  s t a n d a r d  e r r o r  r e p o r t i n g .  I t  
s e a r c h e s  w i t h i n  t h e  f i l e  PASCALERRS (which must be i n  t h e  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 )  f o r  t h e  r e c o r d  ( e r r o r  message) number pas sed  i n  
t h e  i n t e g e r  pa rame te r s .  The f i r s t  r e c o r d  of  t h e  f i l e  is  r e c o r d  1 f o r  
t h i s  p r o c e d u r e  o n l y .  The t e x t  of t h e  e r r o r  message is  then  w r i t t e n  
t o  t h e  r e f e r e n c e d  t e x t  f i l e .  I f  t h e  t e x t  f i l e  name i s  n o t  g i v e n ,  
a l o n g  w i t h  t h e  f o l l o w i n g  comma, t h e  s t a n d a r d  f i l e  "SYSERR" i s  
assumed. T h i s  r o u t i n e  a l l o w s  you t o  append your  own messages t o  t h e  
PASCALERRS f i l e  and have a n  easy  method of g e n e r a t i n g  messages.  The 
t e x t  of t h e  message i s  n o t  a u t o m a t i c a l l y  f o r c e d  o u t  t o  t h e  t e x t  
f i l e ,  you w i l l  g e n e r a l l y  have t o  comple te  t h e  e r r o r  r e p o r t i n g  
sequence  w i t h  a  PROMPT(text-filename) o r  WRITELN(text-filename) 
c a l l .  T h i s  a l l o w s  you t o  f u r t h e r  append i n f o r m a t i o n  t o  t h e  e r r o r  
message w i t h  WRITE c a l l s ,  i f  n e c e s s a r y .  

P rocedure  UPDATE(fi1e-variable { , e x t e r n a l - f i l e n a m e  {,open-mode}})* 

UPDATE i s  i d e n t i c a l  t o  RESET and REWRITE d e s c r i b e d  above e x c e p t  t h a t  
i t  c a n ' t  be a p p l i e d  t o  v a r i a b l e  r e c o r d  l e n g t h  ( i . e .  t e x t )  f i l e s ,  and 
t h e  b u f f e r  i s  n o t  l oaded  w i t h  t h e  f i r s t  r e c o r d  when t h e  f i l e  is 
f i r s t  opened.  Both GETS and PUTs w i l l  be  a l lowed  a s  l ong  a s  a  
s e r i e s  of  o n l y  GETS o r  a  s e r i e s  of on ly  PUTS i s  done. I f  you want 
t o  do one o r  more GETS fo l lowed  by one or  more PUTs, o r  v i c e - v e r s a ,  
you need t o  c a l l  REPOSITION i n  between t h e  two t y p e s  of c a l l s .  Any 
r e c o r d s  c u r r e n t l y  i n  t h e  f i l e  a r e  n o t  d e s t r o y e d  a s  w i t h  REWRITE. 
For a  d e s c r i p t i o n  of "open-mode" s e e  t h e  RESET/REWRITE Procedure  
d e s c r i p t i o n .  
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Procedure WRITEEOF(fi1e-variable)* 

WRITEEOF sets the file's EOF mark to the current position in the 
file. Note that issuing a REWRITE to a file automatically marks the 
file as empty. WRITEEOF allows marking any valid record number in a 
fixed length record file as the last record in the file. Any 
records which were previously written beyond the current record 
position are lost. 
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INPUT/OUTPUT FUNCTIONS 

Function ~O~{(filename)}: boolean 

EOF r e t u r n s  TRUE i f  t h e  f i l e  c u r r e n t  p o s i t i o n  i s  a t  e n d - o f - f i l e ,  
FALSE o t h e r w i s e .  

Function EOLN{(filename)}: boolean 

EOLN r e t u r n s  TRUE i f  t h e  c u r r e n t  f i l e  p o s i t i o n  p o i n t s  t o  an end-of-  
l i n e  c h a r a c t e r  i n  t h e  f i l e ' s  b u f f e r .  EOLN can  o n l y  be used w i t h  
t e x t f i l e s .  

Function FILESIZE(fi1e-variable): real* 

FILESIZE r e t u r n s  t h e  number of whole r e c o r d s  c u r r e n t l y  i n  a  f i x e d  
l e n g t h  r e c o r d  f i l e .  FILESIZE does  n o t  p r o v i d e  an i n d i c a t i o n  i f  t h e  
l a s t  r e c o r d  i n  a  f i l e  i s  o n l y  a  p a r t i a l  r e c o r d  due t o  improper  f i l e  
c r e a t i o n .  Any a t t e m p t  t o  GET a  p a r t i a l  r e c o r d  w i l l  c a u s e  an  e r r o r .  

Function GETCHAR(fi1ename): char* 

GETCHAR r e t u r n s  a  s i n g l e  b i n a r y  b y t e  from t h e  i n p u t  b u f f e r  i f  
a v a i l a b l e ,  o t h e r w i s e  w a i t s  f o r  a  c h a r a c t e r  t o  be  e n t e r e d .  GETCHAR 
i s  v e r y  u s e f u l  f o r  s i n g l e  k e y s t r o k e  menu s e l e c t e d ,  r e a d i n g  non- 
s t a n d a r d  1 /0  d e v i c e s ,  e t c .  

Function INTERACTIVE(text-filename): boolean* 

INTERACTIVE r e t u r n s  TRUE i f  t h e  f i l e  i s  an  i n t e r a c t i v e  ( i . e .  SCF) 
d e v i c e ,  FALSE o t h e r w i s e .  The re  a r e  s e v e r a l  d i f f e r e n c e s  i n  t h e  way 
t h a t  I / O  i s  hand led  f o r  i n t e r a c t i v e  d e v i c e s .  You may want t o  code 
your  program t o  p r o p e r l y  h a n d l e  bo th  c a s e s .  I n t e r a c t i v e  i n p u t  f i l e s  
do n o t  p re - load  t h e  f i l e  b u f f e r  when t h e  f i l e  i s  opened.  

Function IOREADY(fi1ename): boolean* 

R e t u r n s  TRUE i f  t h e r e  i s  a t  l e a s t  one c h a r a c t e r  i n  t h e  0s-9 i n p u t  
b u f f e r ;  FALSE o t h e r w i s e .  Use fu l  f o r  d e t e c t i n g  i f  a  key has  been 
p r e s s e d  on a n  i n t e r a c t i v e  d e v i c e .  A subsequen t  i n p u t  f u n c t i o n  must 
be  used  t o  a c t u a l l y  r e a d  t h e  d a t a .  

Function IORESULT(fi1ename): integer* 

R e t u r n s  t h e  e r r o r  code r e s u l t  of t h e  l a s t  o p e r a t i o n  performed on t h e  
f i l e  ( s e e  IOABORT a b o v e ) .  I f  no e r r o r  o c c u r r e d  s i n c e  t h e  l a s t  
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IORESULT c a l l ,  z e r o  is  r e t u r n e d .  E r r o r  numbers l e s s  t h a n  100 a r e  
P a s c a l  e r r o r s  w h i l e  o t h e r s  a r e  OS-9 e r r o r s .  Each c a l l  t o  IORESULT 
r e t u r n s  t h e  c u r r e n t  e r r o r  number and t h e n  r e s e t s  t h e  c u r r e n t  e r r o r  
number t o  z e r o .  I f  any I / O  o p e r a t i o n  needs  t o  r e t u r n  an e r r o r  
number and f i n d s  t h a t  an e r r o r  number has  been a l r e a d y  saved ( i . e .  
n o t  c l e a r e d  by a  c a l l  t o  IORESULT), t h e  p r e v i o u s l y  saved number is  
k e p t  and t h e  new e r r o r  number i s  l o s t .  

F u n c t i o n  LINELENGTH(filename1: i n t e g e r *  

R e t u r n s  t h e  l e n g t h  of  t h e  r e c o r d  c u r r e n t l y  i n  t h e  b u f f e r .  T h i s  i s  
t h e  l e n g t h  of  t h e  l a s t  r e c o r d  r ead  o r  t h e  c u r r e n t  l e n g t h  of t h e  
r e c o r d  which i s  abou t  t o  be w r i t t e n .  

F u n c t i o n  OPENED(fi1ename): boolean* 

R e t u r n s  TRUE i f  t h e  f i l e  i s  c u r r e n t l y  opened,  FALSE o t h e r w i s e .  

F u n c t i o n  POSITION(fi1e-variable): r e a l *  

R e t u r n s  t h e  r e c o r d  number of  t h e  n e x t  r e c o r d  t o  be r ead  o r  w r i t t e n  
( i . e .  t h e  c u r r e n t  f i l e  p o s i t i o n  p o i n t e r ) .  
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CHAPTER 9  

SYNOPSIS: Th i s  s e c t i o n  c o n t a i n s  in fo rmat ion  and s u g g e s t i o n s  on how 
t o  produce more e f f i c i e n t  programs and how t o  use s p e c i a l  f e a t u r e s  
of 0s-9 Pasca l .  

The Debug Option 

Use t h e  debug o p t i o n  ( s e e  t h e  chap te r  on compile-time o p t i o n s  
f o r  d+/d- o p t i o n )  dur ing  program development t o  a i d  i n  producing bug 
f r e e  programs. The debug o p t i o n  causes  t h e  compiler  t o  c r e a t e  code 
t o  perform run t ime range checking on memory r e f e r e n c e s  v i a  
p o i n t e r s ,  and ass ignments  t o  boolean,  s e t ,  and subrange type 
v a r i a b l e s .  Once i n d i v i d u a l  procedures  o r  whole programs have been 
thoroughly  t e s t e d  and a r e  t o  be t r a n s l a t e d  i n t o  n a t i v e  code,  t h e  
debug o p t i o n  p o t e n t i a l l y  causes  much l a r g e r  o b j e c t  code modules t o  
be produced,  because t h e  code r e q u i r e d  t o  perform run t ime range 
checks a lmost  always o c c u r s  r i g h t  i n  t h e  middle of a  sequence of 
code which could  have been h igh ly  opt imized i f  t h e  debug code were 
n o t  p r e s e n t .  The debug code i t s e l f  i s  n o t  p a r t i c u l a r l y  l a r g e ,  b u t  
t h e  0s-9 Pasca l  n a t i v e  code t r a n s l a t o r  p roduc t s  can,  i f  a l lowed,  
compress many long sequences of n a t i v e  code i n t o  much s m a l l e r  
sequences .  The 0s-9 Pasca l  compiler  produces pcode which was 
des igned w i t h  t h e  goa l  of n a t i v e  code o p t i m i z a t i o n  i n  mind, and t h e  
n a t i v e  code t r a n s l a t o r s  can do an impress ive  job f o r  most programs. 
I f  you f e e l  you need t h e  debug code i n  t h e  n a t i v e  code v e r s i o n  of 
any procedure  o r  program, then by a l l  means use i t  - it is a  very  
impor tan t  and powerful  f e a t u r e .  J u s t  keep i n  mind t h a t  you can 
o f t e n  pay a  high p r i c e  i n  memory requirements  and execu t ion  speed.  
Debug code does  n o t ,  by c o n t r a s t ,  t y p i c a l l y  add s i g n i f i c a n t l y  t o  
e i t h e r  t h e  memory requirements  o r  execu t ion  t ime of t h e  pcode 
v e r s i o n  of programs. Th i s  i s ,  a g a i n ,  due t o  t h e  very  way t h a t  t h e  
pcode was des igned i n  t h e  f i r s t  p l a c e .  

Designing Programs t o  Be Run By PascalS 

I f  a  program is going t o  be run us ing P a s c a l s ,  t h e  v i r t u a l  code 
swapping i n t e r p r e t e r ,  des ign  t h e  program wi th  i t s  p a r t i c u l a r  
performance c o n s i d e r a t i o n s  i n  mind. Code which i s  executed j u s t  
once o r  r e l a t i v e l y  i n f r e q u e n t l y  i n  a  program should be placed i n  a  
s e p a r a t e  procedure  o r  procedures .  That  way i t  w i l l  seldom have t o  
be "swapped i n "  f o r  e x e c u t i o n ,  t h u s  a l lowing  what swap b u f f e r s  t h a t  
a r e  a v a i l a b l e  t o  be b e t t e r  used f o r  holding f r e q u e n t l y  used code 
segments.  Remember t h a t  every  t ime a  by te  of pcode i s  needed which 
i s  no t  c u r r e n t l y  i n  a  swap b u f f e r ,  some code which is  c u r r e n t l y  i n  a  
swap b u f f e r  is  going t o  be thrown away. A poor ly  des igned program 
can cause  a  l o t  of swapping t o  occur which can s i g n i f i c a n t l y  slow 
down t h e  execu t ion  of a  program. 
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Opt imizing V a r i a b l e  D e c l a r a t i o n s  

Dec la re  any smal l  and f r e q u e n t l y  used v a r i a b l e s  a t  t h e  
beginning of t h e  VAR d e c l a r a t i o n  p a r t  of any procedure or  program. 
Both t h e  pcode and t h e  n a t i v e  code v e r s i o n s  of a  program can t a k e  
advantage of v a r i a b l e  a l l o c a t i o n s  t h a t  a r e  near t o  t h e  s t a c k  mark 
w i t h i n  a  s t a c k  frame. The two probably most important  " t h r e s h o l d s n  
of a d d r e s s  ranges a r e  a t  -16 and -128. That i s ,  d a t a  which i s  
a l l o c a t e d  t o  an address  between 0 and -16 a s  shown on t h e  
compi la t ion  l i s t i n g  i s  very  e f f i c i e n t l y  accessed .  Data which i s  
a l l o c a t e d  t o  an a d d r e s s  between -17 and -128 i s  s l i g h t l y  l e s s  
e f f i c i e n t l y  accessed ,  and d a t a  a l l o c a t e d  t o  l o c a t i o n s  below -128 a r e  
l e a s t  e f f i c i e n t l y  accessed .  These two t h r e s h o l d s  j u s t  mentioned a r e  
by no means u n i v e r s a l l y  observed,  and t h e  l i s t  of a d d r e s s i n g  
e f f i c i e n c y  c o n s i d e r a t i o n s  would be long indeed i f  i t  were t o  be 
w r i t t e n  o u t .  You can ,  a s  a  r u l e  of thumb, remember t h a t  f o r  t h e  
most memory and execu t ion  e f f i c i e n t  programming you should  d e c l a r e  
t h e  d a t a  which w i l l  be most f r e q u e n t l y  re fe renced  dur ing  t h e  
execu t ion  of a  procedure  e i t h e r  a t  t h e  end of a  parameter l i s t ,  i f  
i t  is  a  passed parameter ,  or  near t h e  beginning of VAR d e c l a r a t i o n s  
f o r  o t h e r  d a t a  types .  Refer t o  t h e  c h a p t e r  on w r i t i n g  procedures  i n  
n a t i v e  code f o r  more in fo rmat ion  on s t a c k  f rames,  s t a c k  marks, and 
v a r i a b l e  a l l o c a t i o n .  

Access ing Absolute  Memory Loca t ions  

I f  you need t o  r e f e r  t o  an a b s o l u t e  memory l o c a t i o n  w i t h i n  an 
0s-9 Pasca l  program, such a s  t o  a c c e s s  a  hardware d e v i c e ' s  c o n t r o l  
r e g i s t e r s ,  you need t o  do two t h i n g s :  d i s a b l e  t h e  compile t ime debug 
o p t i o n ,  and use  overdef ined  records .  The fo l lowing  code shows an 
example: 

PROGRAM memorydemo; 
VAR 

t r i x :  RECORD CASE boolean OF 
t r u e  : ( i  : ^ i n t e g e r )  ; 
f a l s e :  ( p :  i n t e g e r )  ; 

END ; 
j :  i n t e g e r ;  

B E G I N  
{$D-1 { D i s a b l e  run t ime range checking code g e n e r a t i o n  1 
t r ix .p :=$1234;  { Setup  "p" t o  a c c e s s  memory beginning }  

a t  hex l o c a t i o n  1234 1 
j  : = t r i x .  iA ;  { Get a  2 by te  i n t e g e r  from l o c a t i o n s  1 

{ 1234 and 1235 1 
{$D+) {Re-enable run t ime range checking code g e n e r a t i o n  }  
END. 

F igure  1. CODE EXAMPLE TO ACCESS ABSOLUTE MEMORY LOCATIONS. 
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Debug code g e n e r a t i o n  must be d i s a b l e d  f o r  a t  l e a s t  t h e  smal l  
s e c t i o n  of code a s  shown, s i n c e  one of t h e  t h i n g s  t h a t  t h e  debug 
code does  is t o  check t h a t  a l l  memory r e f e r e n c e s  v i a  p o i n t e r  
v a r i a b l e s  r e f e r  t o  memory which i s  w i t h i n  t h e  program's  d a t a  a r e a .  
S ince ,  presumably,  you a r e  t r y i n g  t o  a c c e s s  some s p e c i a l  l o c a t i o n  i n  
memory, and i t  is  u n l i k e l y  t h a t  t h e  s p e c i a l  l o c a t i o n  could  be i n  
your program's  d a t a  a r e a ,  you must d i s a b l e  debug code g e n e r a t i o n  f o r  
t h e  above " t r i c k "  t o  work. Since  t h e  v a r i a b l e  " t r i x . p n  i s  an 
i n t e g e r ,  i t  i s  p e r f e c t l y  l e g a l  t o  s e t  it t o  t h e  v a l u e  "1234". 
V a r i a b l e  " t r i x . i M ,  however, i s  a  p o i n t e r  t o  an i n t e g e r ,  bu t  i t  
occup ies  t h e  same 2  b y t e  l o c a t i o n  a s  " t r i x . p n .  By execu t ing  t h e  
s t a t e m e n t ,  " j : = t r i x . i A " ,  you i n  f a c t  s a y ,  " s t o r e  i n  v a r i a b l e  j t h e  2  
b y t e  i n t e g e r  which is po in ted  a t  by t h e  v a r i a b l e  t r i x . i n .  Refer t o  
any good book on Pasca l  programming f o r  f u r t h e r  in fo rmat ion  on t h i s  
type  of program t r i c k  and on t h e  use of overdef ined  v a r i a b l e s  i n  
g e n e r a l .  

Deleting Files 

To cause  any f i l e  t o  be d e l e t e d ,  s imply i s s u e  a  REWRITE c a l l  t o  
t h e  f i l e .  For example, i f  a  program wants t o  open f i l e  " f "  a s  shown 
i n  f i g u r e  2 below f o r  update a c c e s s ,  but  i t  wants t o  be s u r e  t h a t  i t  
is  a  new f i l e ,  then i t  could  do t h e  fo l lowing :  

PROGRAM deletedemo; 
VAR 

f :  FILE OF ARRAY [0 . .63]  OF c h a r ;  
B E G I N  
r e w r i t e  ( f )  ; 
update ( f )  
END. 

Figure 2. CODE EXAMPLE TO DELETE A FILE. 

You should  keep i n  mind a  couple  of p o i n t s .  F i r s t ,  i f  c a l l s  t o  
REWRITE and UPDATE do not supply  a  f i l ename f o r  a  second argument a s  
i n  t h e  example above,  then t h e  f i l e  name used i s  t h e  i d e n t i f i e r  name 
of t h e  f i l e  i n  t h e  source  program ( f i l e  name " f "  f o r  t h e  example 
a b o v e ) ,  and t h e  f i l e  i s  assumed t o  be i n  t h e  c u r r e n t  d a t a  d i r e c t o r y .  
For t h e  above example, t h e n ,  t h e  f i l e  named " f "  i n  t h e  c u r r e n t  d a t a  
d i r e c t o r y  i s  f i r s t  d e l e t e d  i f  i t  a l r e a d y  e x i s t s .  Next, a  f i l e  named 
" f "  i s  c r e a t e d  i n  t h e  c u r r e n t  d a t a  d i r e c t o r y  and is  opened f o r  
update  a c c e s s .  The second p o i n t ,  a s  suggested by t h e  above, is  t h a t  
wi th  t h e  c a l l  t o  REWRITE, you a u t o m a t i c a l l y  d e l e t e  any e x i s t i n g  f i l e  
of t h e  same name, i f  it i s n ' t  w r i t e  p r o t e c t e d .  I f  t h e  f i l e  is  w r i t e  
p r o t e c t e d ,  then  a  run t ime e r r o r  would occur  when t h e  a t t empted  
d e l e t i o n  was performed. Automatic d e l e t i o n  can be dangerous;  d a t a  
i n  t h e  f i l e  is permanently l o s t .  
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Bit-Level Operations 

The "arithmetictt operators " & " ,  " I " ,  and " # "  perform the AND, 
OR, and EXCLUSIVE OR bit-by-bit logical operations, respectively, 
on integer variables. Also, the standard procedures FIELDPUT and 
FIELDGET can be used to implement a wide range of bit functions. 
Some examples are shown in figure 3 below: 

FIELDPUT(i, bit-number, 1, 0); 
{ Resets a bit in the integer variable "in } 

FIELDPUT(i, bit-number, 1, 1); 
{ Sets a bit in the integer variable "in } 

i :=ord (ch) ; { The following 3 1 
FIELDPUT(i, bit-number, 1, 0); {statements reset a } 
ch:=chr (i) ; { bit in the character variable "ch" 

FIELDPUT(i, bit-number, 1, 
1-FIELDGET(i, bit-number, 1)); 
{ Flips a bit in the integer variable "in 1 

i:=FIELDGET(i, 0, 16); { Rotate variable "in 1 bit to } 
{ the right 1 

i:=FIELDGET(i, 14, 16);{ Rotate variable "in 1 bit to } 
{ the left } 

Figure 3. CODE EXAMPLES USING THE STANDARD PROCEDURES 
FIELDPUT AND FIELDGET. 

In addition to the obvious applications, FIELDPUT and FIELDGET can 
be used to tightly pack data in memory, set bits on and off in 1/0 
device control registers, to extract 4-bit groups from a variable 
in order to print out the variable's value as a hexadecimal number, 
and for a host of other functions. 

Using Zero-Base Array Indices 

If it is not inconvenient, make array indices start at zero for 
the lower bound. When any reference is made to an element of an 
array, the index value is scaled so that the array looks as if it 
begins with an index of zero. For example, for the following two 
lines: 

VAR a: array[2..5, -6..7] OF integer; 
i:=aI3, -61; 

the reference to row 3, column -6 of array "a" is scaled to 
reference row 1, column 0 of the actual array that is stored in 
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memory. What t h i s  a l l  means i s  t h a t  a l l  a r r a y s  a r e  s t o r e d  i n  memory 
a s  i f  each index r e a l l y  beg ins  wi th  a lower bound of zero .  Because 
of t h i s  mapping, any r e f e r e n c e  t o  an e lement  of an a r r a y  must be 
a d j u s t e d  by run t ime code t o  conform t o  t h e  r e a l  a r r a y  mapping. I f ,  
however, an a r r a y  index a l r e a d y  has a lower bound of ze ro ,  then no 
s c a l i n g  i s  needed - t h u s  t h e r e  a r e  fewer i n s t r u c t i o n s  t o  be executed 
i n  t h e  program, and t h e  program i s  s m a l l e r .  I f  t h e r e  i s  some reason 
f o r  n o t  making an a r r a y  index s t a r t  a t  z e r o ,  then by a l l  means 
d o n ' t .  Remember t h a t  t h e r e  i s  a ve ry  smal l  speed and memory p e n a l t y  
f o r  each r e f e r e n c e  i f  you d o n ' t .  

Using t h e  SHORTIO Standard Procedure  

The SHORTIO s t a n d a r d  procedure  can be used t o  make c o p i e s  of 
f i l e s  of a r b i t r a r y  l e n g t h s .  Declare  t h e  i n p u t  and o u t p u t  f i l e s  of 
t h e  copy program t o  be f i x e d  l e n g t h  f i l e s  of some i d e n t i c a l  l e n g t h .  
Use t h e  s t a n d a r d  procedure  IOABORT t o  d i s a b l e  e r r o r  a b o r t i n g  f o r  t h e  
i n p u t  f i l e .  Read from t h e  i n p u t  f i l e  and w r i t e  t h e  r e s u l t i n g  record  
t o  t h e  o u t p u t  f i l e  u n t i l  an I / O  e r r o r  occurs  f o r  t h e  i n p u t  f i l e .  I f  
t h e  IORESULT va lue  f o r  t h e  i n p u t  f i l e  i s  then  68, i n d i c a t i n g  t h a t  a 
GET was a t t empted  on a s h o r t  r e c o r d ,  execu te  t h e  s t a t e m e n t :  

and proceed t o  w r i t e  a copy of t h e  i n p u t  r ecord .  The SHORTIO c a l l  
s e t s  t h e  l e n g t h  of t h e  nex t  PUT c a l l  t o  t h e  o u t p u t  f i l e  t o  t h e  
t r u n c a t e d  l e n g t h  of t h e  i n p u t  f i l e  r ecord .  I f  t h e  IORESULT va lue  
was 69,  i n d i c a t i n g  a GET wi th  EOF t r u e ,  no SHORTIO c a l l  o r  PUT i s  
needed. Any o t h e r  IORESULT va lue  i n d i c a t e s  a programming o r  f i l e  
system e r r o r .  
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CHAPTER 10 

SYNOPSIS: This section describes what happens inside the system 
while P-code or native code Pascal programs are running, including 
memory allocation, run-time options, and error handling. 

What Happens When Programs Are Run 

There are two ways to run Pascal programs: P-code programs are 
run using either the PascalN or Pascals P-code interpreters (See 
Chapter 3 ) ,  or programs translated to native code by PascalT can be 
run directly from 0s-9 Shell command lines (See Chapter 4). 

As programs are executed, many operations are performed "behind 
the scenes" by either the P-code interpreter and/or the Pascal 
support package. This includes allocation of memory when procedures 
and functions are invoked, processing when errors occur, etc. Even 
though these functions are usually so automatic that novice 
programers need not have an understanding of how they work, more 
sophisticated programs should be designed with consideration towards 
these factors. This is especially true of programs that use either 
Pascal-generated or hand-coded native code. 
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Pascal Memory Utilization 

The requirements  of the  Pascal language r equ i r e  a  f a i r l y  
s o p h i s t i c a t e d  scheme f o r  management of d a t a  memory. An example is  
t h e  r e c u r s i v e  na tu r e  of f unc t i ons  and procedures t h a t  r equ i r e  
a l l o c a t i o n  of s e p a r a t e  v a r i a b l e  s t o r age  a r e a s  f o r  each procedure or 
f unc t i on  invoca t ion .  A good unders tanding of how Pascal  u t i l i z e s  
memory can be va luab le  t o  advanced programmers i n  order  t o  use a l l  
of t he  op t i ons  and c a p a b i l i t i e s  of 0s-9 Pascal .  

When a  P-code i n t e r p r e t e r  or a  compiled n a t i v e  code Pascal  
program is run, 0s-9 a l l o c a t e s  t o  t he  t ask  a  contiguous block of R A M  
memory f o r  i t s  working s t o r age .  This a r ea  i s  c a l l e d  a  "da ta  a r e a " ,  
and is f o r  exc lu s ive  use of t h e  Pascal  t a s k .  There i s  a  c e r t a i n  
minimum s i z e  f o r  t h e  da t a  a rea  coded i n t o  t he  Pascal  program's 
memory module header which can be e x p l i c i t l y  expanded using t h e  0s-9 
S h e l l ' s  " # "  memory s i z e  op t i on .  

Pascal  f u r t h e r  i n t e r n a l l y  subdiv ides  t h e  da t a  a r ea  i n t o  s e v e r a l  
s e c t i o n s .  Most of the  space i s  used f o r  v a r i a b l e s  dec la red  i n  t h e  
Pascal  program, but  some space is  a l s o  requ i red  f o r  t he  Pascal  run- 
time system i n t e r n a l  use.  I f  a  P-code i n t e r p r e t e r  is  being used, 
p a r t  of t h e  d a t a  a r ea  m u s t  be used t o  hold t h e  P-code or swap 
b u f f e r s  f o r  P-code; i f  t h e  program i s  compiled n a t i v e  code, t h e  
machine language i n s t r u c t i o n s  a r e  contained i n  a  s tandard  0s-9 
"memory modulen which i s  l oca t ed  o u t s i d e  t he  da t a  a r ea  i n  a  s epa ra t e  
memory a r e a .  For t h i s  reason it i s  more e f f i c i e n t  f o r  two u se r s  
running e x a c t l y  t h e  same Pascal program t o  do so using n a t i v e  code 
which can be shared.  P-code programs cannot be shared so a  s epa ra t e  
copy must be loaded f o r  each user .  

The main subd iv i s i ons  of t he  Pascal  da t a  a r ea  a r e :  

HEAP MEMORY: Memory used f o r  dynamic da t a  s t r u c t u r e s  
us ing t h e  NEW, MARK, and RELEASE s tandard  procedures .  

STANDARD 1/0 BUFFERS AND FCBs :  d a t a  s t r u c t u r e d  needed f o r  
t h e  t h r e e  p redef ined  f i l e s  INPUT, OUTPUT, and SYSERR. 

GLOBAL VARIABLES: s t o r age  f o r  t h e  main program ( " o u t e r  
b lock")  v a r i a b l e s  ( l o c a l  and extended s t a c k ) .  

LOCAL VARIABLE STACK: t h i s  s t a ck  i s  used t o  dynamically 
a l l o c a t e  v a r i a b l e  s t o r age  ( l o c a l  and extended s t a c k )  f o r  
procedures  a s  they a r e  c a l l e d  dur ing program execut ion.  

P-CODE BUFFER: I f  a  P-code i n t e r p r e t e r  i s  being used, 
t h i s  s e c t i o n  holds  t h e  P-code f o r  a l l  procedures  
(Pasca lN) ,  o r  swap bu f f e r s  f o r  P-code ( P a s c a l s ) .  Native 
code programs d o n ' t  have t h i s  s e c t i o n  because the  program 
i s  elsewhere.  

DIRECT PAGE: This  s e c t i o n  i s  used f o r  i n t e r n a l  working 
v a r i a b l e s  of t h e  Support package rou t i ne s .  
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PASCAL DATA AREA UTILIZATION MAP 

I I 
I STANDARD 1/0  BUFFERS I 
I AND FILE CONTROL BLOCKS I 
I I 

+--------------------------- + 
I I 
I LOCAL VARIABLE I 
I STACK I 
I I 

I I 
I PASCALN P-CODE AREA, o r  I 
I PASCALS SWAP BUFFERS I 
I I 

Used by NEW, MARK, 
and RELEASE c a l l s  

B u f f e r s  and FCBs f o r  
INPUT, OUTPUT, SYSERR 

V a r i a b l e  s t o r a g e  f o r  
main procedure  

V a r i a b l e  s t o r a g e  f o r  
a l l  o t h e r  procedures  
(dynamical ly  a l l o c a t e d )  

Program s t o r a g e ;  t h i s  
a r e a  n o n e x i s t e n t  f o r  
n a t i v e  code programs 

SUPPORT package working 
s t o r a g e  

The diagram above shows t h e  v a r i o u s  s e c t i o n s  of t h e  Pasca l  d a t a  
a r e a .  Usage of some s e c t i o n s  i s  f a i r l y  s e l f - e x p l a n a t o r y ,  however, 
t h r e e  s e c t i o n s  a r e  of p a r t i c u l a r  i n t e r e s t  t o  t h e  programmer because  
they  a r e  used f o r  program v a r i a b l e  s t o r a g e .  The a r e  t h e  HEAP, 
GLOBAL VARIABLE,  and LOCAL V A R I A B L E  s e c t i o n s  and a r e  d i s c u s s e d  i n  
some d e t a i l  i n  t h e  fo l lowing  pages.  
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GLOBAL AND LOCAL VARIABLE STORAGE 

A l l  P a s c a l  v a r i a b l e s  must be d e c l a r e d  i n  a  VAR s t a t e m e n t ,  and 
s t o r a g e  f o r  t h e s e  v a r i a b l e s  i s  a s s i g n e d  i n  t h e  GLOBAL VARIABLE and 
LOCAL VARIABLE STACK s e c t i o n s  of  t h e  P a s c a l  d a t a  a r e a .  

V a r i a b l e s  d e c l a r e d  i n  t h e  main program ( P r o c e d u r e  0  o r  " o u t e r  
b l o c k " )  a r e  g l o b a l  i n  s cope  w i t h  r e s p e c t  t o  a l l  o t h e r  p r o c e d u r e s  and 
a r e  t h u s  c a l l e d  "Globa l  V a r i a b l e s " .  Addres se s  of g l o b a l  v a r i a b l e s  
a r e  a s s i g n e d  t o  s p e c i f i c  l o c a t i o n s  w i t h i n  t h e  GLOBAL VARIABLE 
s e c t i o n .  Because  t h e  main p r o c e d u r e  c a n n o t  c a l l  i t s e l f ,  o n l y  one  
s e t  o f  v a r i a b l e  l o c a t i o n s  i s  r e q u i r e d ,  i . e . ,  dynamic a l l o c a t i o n  i s  
n o t  r e q u i r e d .  

V a r i a b l e s  d e c l a r e d  w i t h i n  a l l  o t h e r  p r o c e d u r e s  ( P r o c e d u r e s  
1 . . N )  a r e  l o c a l ,  meaning t h e y  a r e  o n l y  known w i t h i n  t h e  p r o c e d u r e  i n  
which t h e y  a r e  d e c l a r e d  and o t h e r  p r o c e d u r e s  t h a t  i t  may c a l l .  To 
f u r t h e r  c o m p l i c a t e  m a t t e r s ,  P a s c a l  p e r m i t s  " r e c u r s i v e "  p r o c e d u r e  
c a l l s  where  p r o c e d u r e s  can  c a l l  t hemse lves  b u t  w i t h  unique  v a r i a b l e s  
i n  each  c a l l .  For t h e s e  r e a s o n s ,  P a s c a l  must use  a  s t a c k  t o  
d y n a m i c a l l y  a l l o c a t e  s t o r a g e  t o  p r o c e d u r e s  when t h e y  a r e  c a l l e d ,  and 
d e a l l o c a t e  s t o r a g e  when t h e y  e x i t  t o  t h e i r  c a l l e r .  The s t a c k  
c o m p r i s e s  t h e  LOCAL VARIABLE STACK s e c t i o n  of t h e  P a s c a l  Data space .  

L o c a l  and E x t e n d e d  S t a c k s  

I n  a d d i t i o n  t o  s t o r a g e  f o r  v a r i a b l e s  f o r  e a c h  p r o c e d u r e  
i n v o c a t i o n ,  s t o r a g e  may a l s o  be  needed f o r  temporary  working  
v a r i a b l e s  such  a s  f o r  h o l d i n g  i n t e r m e d i a t e  r e s u l t s  d u r i n g  e v a l u a t i o n  
of e x p r e s s i o n s .  These temporary  v a r i a b l e s  a r e  a u t o m a t i c a l l y  d e f i n e d  
and managed by t h e  c o m p i l e r  and a r e  of no conce rn  t o  t h e  programmer 
e x c e p t  f o r  t h e  f a c t  t h e y  do r e q u i r e  memory s p a c e  and must be t a k e n  
i n t o  a c c o u n t  when manual ly  f i g u r i n g  and a s s i g n i n g  memory s p a c e .  

V a r i a b l e s  d e c l a r e d  i n  t h e  program a r e  k e p t  on t h e  " l o c a l  
s t a c k " .  Compi l e r - c r ea t ed  t empora ry  v a r i a b l e s  a r e  k e p t  on t h e  
"ex t ended  s t a c k " .  Both s t a c k s  a r e  l o c a t e d  i n  t h e  s e c t i o n  of t h e  
P a s c a l  d a t a  a r e a  c a l l e d  t h e  "LOCAL VARIABLE STACK". The main 
p r o c e d u r e  ( P r o c e d u r e  0 )  a l s o  may need a n  ex t ended  s t a c k ,  b u t  s i n c e  
i t  h a s  i t s  own g l o b a l  v a r i a b l e  s e c t i o n  p a r t  of it i s  r e s e r v e d  f o r  
t h e  main p r o c e d u r e ' s  ex t ended  s t a c k .  

Whi le  a  program is runn ing ,  v a r i a b l e  s t o r a g e  is  a s s i g n e d  from 
t h e  s t a c k  when p r o c e d u r e s  a r e  c a l l e d  and r e t u r n e d  t o  t h e  s t a c k  when 
t h e y  a r e  e x i t e d .  I t  is  p o s s i b l e  t h a t  t h e  s t a c k ( s )  may f i l l  up s o  
t h a t  a n o t h e r  p r o c e d u r e  i n v o c a t i o n  i s  n o t  p o s s i b l e .  The P-code 
i n t e r p r e t e r s  check t h e  s t a c k  s i z e  b e f o r e  each  p r o c e d u r e  i n v o c a t i o n  
i n  o r d e r  t o  make s u r e  t h a t  s u f f i c i e n t  s t a c k  s p a c e  i s  a v a i l a b l e .  
N a t i v e  code  programs a l s o  i n c l u d e  s t a c k - c h e c k i n g  code  u n l e s s  you 
s p e c i f i c a l l y  i n s t r u c t  o t h e r w i s e .  
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I f  t h e  s t a c k  becomes t o o  f u l l  t o  perform ano ther  procedure 
c a l l ,  a  f a t a l  e r r o r  occurs  and t h e  program is  abor ted .  You m u s t  
then use t h e  "1" and/or " e n  run-time o p t i o n s  t o  i n c r e a s e  t h e  s i z e  of 
t h e  l o c a l  s t a c k  and/or t h e  extended s t a c k  a s  necessary .  Because 
procedure c a l l i n g  depends on program flow which can be almost random 
a t  t imes ,  it may be impossible  f o r  you ( o r  t h e  compiler)  t o  
a c c u r a t e l y  p r e d i c t  wors t -case  requirements .  

When a  program i s  compiled, t h e  procedure t a b l e  p r i n t e d  a t  t h e  
end of t h e  l i s t i n g  g i v e s  t h e  exac t  number of b y t e s  of s t o r a g e  
r e q u i r e d  f o r  each p r o c e d u r e ' s  LOCAL v a r i a b l e s  and extended STACK 
(See Chapter 2 ) .  There fore ,  t h e  s u m  of t h e  l o c a l  s t a c k  and extended 
s t a c k  requ i red  by a  procedure is  t h e  t o t a l  amount of s t o r a g e  i t  
r e q u i r e s  ( p e r  c a l l )  w i t h i n  t h e  l o c a l  v a r i a b l e  s t a c k .  The compiler 
s e t s  t h e  d e f a u l t  s i z e  of t h e  l o c a l  v a r i a b l e  s t a c k  s e c t i o n  t o  a  
e s t i m a t e  based on t h e s e  s t a t i s t i c s .  You can o p t i o n a l l y  use t h e  "1" 
and " e n  run-time o p t i o n s  (See Chapter 11) t o  manually a l t e r  t h e  s i z e  
of t h e  l o c a l  v a r i a b l e  s t a c k  a r e a .  For example, you might need t o  
i n c r e a s e  t h e  s i z e  i n  t h e  case  of h ighly  r e c u r s i v e  programs where t h e  
c o m p i l e r ' s  e s t i m a t e  was t o o  s m a l l ,  o r  i f  economical use of memory i s  
c r u c i a l  you may want t o  manually compute worst-case requirements  i n  
o rder  t o  reduce t h e  s i z e  of t h e  c o m p i l e r ' s  too-generous e s t i m a t e .  

Each c a l l  t o  a  procedure r e q u i r e s  a  block of memory c a l l e d  a  
" s t a c k  frame" t o  be a l l o c a t e d .  A s t a c k  frame c o n s i s t s  of t h e  memory 
r e q u i r e d  t o  hold t h e  l o c a l  and extended s t a c k s  f o r  a  procedure p l u s  
an a d d i t i o n a l  7 by tes  t o  hold a  " s tack  mark". Each l o c a l  v a r i a b l e  
i s  ass igned  some number of b y t e s  of memory depending on i t s  
s t r u c t u r e .  Charac te r s  and boolean type  v a r i a b l e s  a r e  ass igned  1 
byte  each. I n t e g e r s  a r e  ass igned  2  b y t e s  each. Real v a r i a b l e s  a r e  
ass igned  5 b y t e s  each.  Arrays a r e  u s u a l l y  ass igned m u l t i p l e s  of 
t h e s e  q u a n t i t i e s .  For example, an a r r a y  of 6 i n t e g e r s  r e q u i r e s  6 
t imes  2  b y t e s  o r  12 b y t e s  of s t o r a g e .  Records a r e  ass igned  s t o r a g e  
accord ing  t o  t h e i r  o v e r a l l  s t r u c t u r e .  A record t h a t  c o n t a i n s  a  r e a l  
v a r i a b l e ,  an i n t e g e r  v a r i a b l e ,  and a  boolean v a r i a b l e  would r e q u i r e  
5+2+1 b y t e s  o r  8 b y t e s  of s t o r a g e .  Arrays of records  r e q u i r e  
number-of-elements t imes record-s ize  b y t e s  of s t o r a g e .  Records 
which a r e  a l l o c a t e d  a s  l o c a l  v a r i a b l e s  and which c o n t a i n  v a r i a n t s  
a r e  a l l o c a t e d  enough s t o r a g e  t o  c o n t a i n  t h e  l a r g e s t  p o s s i b l e  
combination of v a r i a n t s .  

I f  more than one v a r i a b l e  is  d e c l a r e d  i n  a  s i n g l e  d e c l a r a t i o n  
s t a t e m e n t ,  t h e  v a r i a b l e s  a r e  a l l o c a t e d  r i g h t  t o  l e f t .  For t h e  
d e c l a r a t i o n :  

i ,  j ,  k :  i n t e g e r ;  

t h e  v a r i a b l e  "k" i s  f i r s t  a s s igned  t o  t h e  next  lower 2  by tes  of 
s t o r a g e ,  then  " j "  i s  ass igned  t o  t h e  nex t  2  lower b y t e s ,  then " i "  t o  
t h e  next 2  lower b y t e s .  
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HEAP STORAGE 

Heap s t o r a g e  is f o r  v a r i a b l e s  t h a t  a r e  dynamical ly  a s s i g n e d ,  
and i t  i s  managed v i a  t h e  s t a n d a r d  p rocedures  NEW, MARK, and RELEASE 
(These a r e  d e s c r i b e d  i n  Chapter 7 ) .  Only programs us ing t h e s e  c a l l s  
r e q u i r e  HEAP s e c t i o n  space ;  o the rwise  t h e  s i z e  of t h i s  s e c t i o n  may 
be zero .  The run-time "h"  op t ion  can be used t o  s e t  t h e  s i z e  (See 
Chapter  11). 

MARK and RELEASE c a l l s  provide  a  way f o r  sav ing  and r e s e t t i n g  
t h e  t o p  of heap p o i n t e r .  In  p a r t i c u l a r ,  you can use  MARK t o  save  
t h e  c u r r e n t  t o p  of heap p o i n t e r ,  a l l o c a t e  s e v e r a l  v a r i a b l e s  i n  heap 
v i a  c a l l s  t o  NEW, and then use  RELEASE t o  r e s e t  t h e  t o p  of heap 
p o i n t e r  t o  what i t  was, s o  t h a t  t h e  nex t  c a l l  t o  NEW w i l l  r euse  t h e  
heap space  a l l o c a t e d  s i n c e  t h e  l a s t  MARK c a l l .  This  a l lows  you t o  
r e u s e  heap memory over and over a f t e r  a  group of one or more 
v a r i a b l e s  i s  no longer  needed. 

Each c a l l  t o  NEW r e q u e s t s  t h a t  some number of b y t e s  of s t o r a g e  
i n  t h e  heap a r e a  be s e t  a s i d e  f o r  c r e a t i n g  a  v a r i a b l e ,  and t h e  
a d d r e s s  of t h a t  assignment i s  r e t u r n e d  t o  t h e  p o i n t e r  argument used 
i n  t h e  NEW c a l l .  I f  t h e  v a r i a b l e  being a l l o c a t e d  i s  a  r ecord  w i t h  
v a r i a n t s ,  t h e  c a l l  t o  NEW must d e s c r i b e  t h e  s p e c i f i c  v a l u e s  of a l l  
a p p l i c a b l e  v a r i a n t s  t o  be used i n  computing t h e  s i z e  of t h e  record  
t o  a c t u a l l y  a l l o c a t e .  In  o t h e r  words, a  r ecord  type  could  be 
d e c l a r e d  which r e q u i r e s  53 b y t e s  of s t o r a g e  f o r  some combination of 
v a r i a n t  v a l u e s  and r e q u i r e s  49 b y t e s  f o r  a  d i f f e r e n t  combination.  
I f  a  v a r i a b l e  was d e c l a r e d  i n  l o c a l  memory wi th  t h i s  r ecord  t y p e ,  
t h e  v a r i a b l e  would be ass igned  53 b y t e s  of s t o r a g e  bu t  by a l l o c a t i n g  
t h e  v a r i a b l e  i n  t h e  heap a r e a  c o p i e s  of t h e  v a r i a b l e  can be c r e a t e d  
which use e i t h e r  49 o r  53 b y t e s .  

I f  t h e  amount of heap s e c t i o n  space  i n i t i a l l y  a l l o c a t e d  i s  too 
smal l  t o  handle  a  NEW c a l l ,  Pascal  w i l l  c a l l  0s-9 t o  r e q u e s t  t h a t  
t h e  d a t a  a r e a  be given a d d i t i o n a l  memory i n  o rde r  t o  expand t h e  heap 
s e c t i o n  space .  I f  0s-9 c a n ' t  do t h i s  f o r  any reason ,  a  f a t a l  e r r o r  
o c c u r s .  When a  RELEASE c a l l  g i v e s  t h e  a d d i t i o n a l  space  back, Pasca l  
a u t o m a t i c a l l y  c a l l s  0s-9 t o  r e t u r n  t h e  memory. The " r "  run-time 
o p t i o n  (See Chapter 11) can be used t o  i n h i b i t  au tomat ic  r e t u r n  of 
a d d i t i o n  memory i f  i t  i s  a n t i c i p a t e d  t h a t  i t  w i l l  be needed a g a i n  
l a t e r .  
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CHAPTER 11 

Programs produced  by OS-9 P a s c a l  a c c e p t  an o p t i o n a l  s e t  of run 
t ime  o p t i o n s  on t h e i r  command l i n e s .  These o p t i o n s  c o n t r o l  t h e  way 
c e r t a i n  f u n c t i o n s  a r e  hand led  w h i l e  programs a r e  b e i n g  e x e c u t e d .  
Because t h e  P a s c a l  compi l e r  i s  w r i t t e n  i n  P a s c a l ,  t h e s e  o p t i o n s  a l s o  
can  be used t o  a f f e c t  i t s  e x e c u t i o n .  

When a  compi led  P a s c a l  program is run ,  any combina t ion  of t h e  
o p t i o n s  d e s c r i b e d  i n  t h i s  s e c t i o n  can  be g i v e n  on t h e  command l i n e  
used  t o  run t h e  program. These o p t i o n s  a r e  m o s t l y  handled  by t h e  
" s u p p o r t n  package ,  s o  t h e  o p t i o n  a p p l y  bo th  t o  P-code and n a t i v e  
code  programs.  

I f  more t h a n  one o p t i o n  i s  s p e c i f i e d ,  each  o p t i o n  a f t e r  t h e  
f i r s t  must  be  s e p a r a t e d  from i t s  p r e d e c e s s o r  by s p a c e s  and/or  
commas. I f  an o p t i o n  i s  s p e c i f i e d  t w i c e ,  t h e  l a s t  o r  r i g h t m o s t  
s p e c i f i c a t i o n s  i s  used .  I f  any e r r o r s  a r e  d e t e c t e d  w h i l e  s c a n n i n g  
t h e  o p t i o n  l i s t ,  t h e  program w i l l  be  a b o r t e d .  Upper and lower  c a s e  
l e t t e r s  a r e  c o n s i d e r e d  t o  be e q u i v a l e n t .  For any o p t i o n  which  
a l l o w s  a  ' + I  o r  ' - I  m o d i f i e r ,  t h e  o p t i o n  w i l l  be a c c e p t e d  w i t h o u t  
t h e  m o d i f i e r  and w i l l  be  t r e a t e d  a s  i f  i t  had a  ' + I  m o d i f i e r .  

Those o p t i o n s  which have number (memory s i z e )  p a r a m e t e r s  can  be 
g i v e n  e i t h e r  a  dec ima l  number i n  t h e  r ange  of  1 t o  65535, o r  a  
dec ima l  number i n  t h e  r ange  of 1 t o  63 f o l l o w e d  by t h e  l e t t e r  "k"  i n  
which c a s e  t h e  dec ima l  number w i l l  be m u l t i p l i e d  by 1024 t o  g e t  t h e  
e q u i v a l e n t  number of "KBytesn .  An e r r o r  message w i l l  be  g e n e r a t e d  
i f  any  i n d i v i d u a l  number i s  g r e a t e r  t h a n  65535 o r  i f  t h e  sum of t h e  
" l n  and " e "  v a l u e s  is g r e a t e r  t h a n  65535. 

These  o p t i o n s  d e t e r m i n e  v a r i o u s  modes i n  e f f e c t  a t  t h e  t ime  t h e  
program i s  s t a r t e d .  The P a s c a l  s t a n d a r d  l i b r a r y  i n c l u d e s  p r o c e d u r e s  
t h a t  can  o v e r r i d e  t h e  i n i t i a l  o p t i o n s  and change  modes under program 
c o n t r o l .  I n  o t h e r  words ,  o p t i o n s  remain  i n  e f f e c t  u n t i l  e x p l i c i t l y  
changed by t h e  program. See  Chapter  7 f o r  d e t a i l e d  d e s c r i p t i o n s  of 
t h e s e  s t a n d a r d  p r o c e d u r e s .  

Some example a r e :  

Using P c o d e f i l e  and i n t e r p r e t e r s :  

P a s c a l n  Pcodef 110000 e500 j- i +  
P a s c a l s  Pcodef L10000,E500 S20k i +  

Using  f u l l y  t r a n s l a t e d  programs:  

PgName j+  i +  a -  #20k 
PgName r + ,  h10, r +  #10k 
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j t  ( d e f a u l t )  
j  - 

" j t "  s e t s  t h e  r i g h t  j u s t i f i c a t i o n  mode, a n d  " j -"  sets  t h e  
l e f t  j u s t i f i c a t i o n  mode f o r  w r i t i n g  s t r i n g s .  T h i s  o p t i o n  
e x i s t s  b e c a u s e  o f  a  d i f f e r e n c e  b e t w e e n  t h e  I S 0  
s p e c i f i c a t i o n  w h i c h  c a l l s  f o r  r i g h t  j u s t i f i c a t i o n ,  and  t h e  
o r i g i n a l  W i r t h / J e n s e n  s p e c i f i c a t i o n  which  c a l l  f o r  l e f t  
j u s t i f i c a t i o n .  We h a v e  a l l o w e d  OS-9 P a s c a l  t o  work e i t h e r  
way t o  a i d  i n  p rogram p o r t a b i l i t y .  

For  e x a m p l e ,  i f  a  w r i t e  s t a t e m e n t  w e r e  u s e d  t o  p u t  t h e  
s t r i n g  v a r i a b l e  "STRl" ,  a n  a r r a y  o f  20 c h a r a c t e r s ,  i n t o  a  
f i e l d  w i t h  a  w i d t h  o f  30 c h a r a c t e r s  a s  i n :  

w r i t e  ( s t r l : 3 0 )  ; 

t h e n  1 0  l e a d i n g  s p a c e s  would b e  w r i t t e n  b e f o r e  t h e  20 
c h a r a c t e r  s t r i n g .  S t r i n g s  which  a r e  w r i t t e n  w i t h  w i d t h  
s p e c i f i c a t i o n s  t h a t  a r e  w i d e r  t h a n  t h e  s t r i n g  i t s e l f  w i l l  
b e  r i g h t  j u s t i f i e d  w i t h i n  t h e  f i e l d .  T h i s  i s  how t h e  I S 0  
s p e c i f i c a t i o n  s a y s  how s t r i n g s  s h o u l d  b e  w r i t t e n .  T h i s  
o p t i o n s  s e t s  t h e  d e f a u l t  s t a r t  up mode f o r  s t r i n g  
h a n d l i n g .  The s t a n d a r d  p r o c e d u r e  RIGHTJUST c a n  be u s e d  t o  
c h a n g e  t h i s  o p t i o n  w i t h i n  a  program.  

m t  ( d e f a u l t )  
m- 

T h i s  o p t i o n  c o n t r o l s  how t h e  MOD f u n c t i o n  works a n d  a l s o  
e x i s t s  d u e  t o  d i f f e r e n c e s  be tween  I S 0  a n d  W i r t h / J e n s e n  
s p e c i f i c a t i o n s .  We h a v e  a l l o w e d  OS-9 P a s c a l  t o  work 
e i t h e r  way t o  a i d  i n  p rogram p o r t a b i l i t y .  

"mt" d i r e c t s  P a s c a l  t o  u s e  t h e  MOD a l g o r i t h m  a s  d e s c r i b e d  
i n  t h e  I S 0  s p e c i f i c a t i o n .  The r i g h t  a r g u m e n t  mus t  b e  a  
p o s i t i v e  number and  o n l y  a  p o s i t i v e  r e s u l t  o r  z e r o  c a n  b e  
r e t u r n e d .  

"m-" d i r e c t s  P a s c a l  t o  u s e  t h e  c l a s s i c  MOD a l g o r i t h m  w h i c h  
r e t u r n s  t h e  s i g n e d  r e m a i n d e r  a f t e r  p e r f o r m i n g  s i g n e d  
d i v i s i o n .  

The s t a n d a r d  p r o c e d u r e  ISOMOD c a n  b e  u s e d  t o  c h a n g e  t h i s  
o p t i o n  w i t h i n  a  program.  
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a+ (default) 
a- 

This option sets the default mode for arithmetic error 
handling. 

"a+" directs Pascal to abort the program and issue an 
error message if any arithmetic errors are detected. 
Arithmetic errors include overflow, divide by zero, and 
out of range arguments for mathematical standard 
functions. 

l'a-ll directs Pascal to not abort the program or issue any 
error message if any arithmetic errors are detected. For 
integer overflow errors, the least significant 16 bits of 
the result are retained. For real, overflow and underflow 
indeterminant results are retained. Divide by zero errors 
will return a zero result. Invalid function arguments 
will cause indeterminant results. This option is useful 
for programs which need to implement their own method of 
arithmetic checking or for performing algorithms which 
depend on residue results such as power congruence 
methods. 

The standard procedure MATHABORT can be used to change 
this option within a program. 

r + 
r- (default) 

This option directs Pascal to retain heap memory (r+) 
obtained by the NEW procedure after the RELEASE standard 
procedure frees it, or to call 0s-9 to return heap memory 
(r-) after RELEASE calls. 

Use of the "r+" option, when it is anticipated that more 
heap memory will be required later, will improve program 
efficiency since there will be fewer calls made to 0s-9 to 
request memory. In a multi-tasking environment this 
option can also be useful because it can guarantee memory 
will be available later. See also "hn option below. 

i + 
i- (default) 

The "i+" option tells Pascal to generate a memory 
statistics report. "i-" inhibits generation of the memory 
statistics report. 
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This  o p t i o n  o v e r r i d e s  the  d e f a u l t  s t a r t u p  memory s i z e  f o r  
t h e  l o c a l  v a r i a b l e  s t a c k ,  which i s  used f o r  a l l  procedure  
and f u n c t i o n  v a r i a b l e  s t o r a g e .  The s tack  i s  o the rwise  
given a  s i z e  based on t h e  c o m p i l e r ' s  au tomat ic  e s t i m a t e .  
Th i s  o p t i o n  i s  g e n e r a l l y  used wi th  h igh ly  r e c u r s i v e  
programs t h a t  may need more v a r i a b l e  s i z e  than usua l .  
Th i s  o p t i o n  a p p l i e s  only t o  t h e  PascalS and PascalN 
i n t e r p r e t e r s ;  s t a c k  s i z e  f o r  pure n a t i v e  code procedure 
produced by PascalT a r e  c o n t r o l l e d  by t h e  OS-9 S h e l l  " # I 1  

memory s i z e  o p t i o n .  

Th is  o p t i o n  o v e r r i d e s  t h e  d e f a u l t  s t a r t u p  memory s i z e  f o r  
t h e  extended s t a c k ,  which i s  used f o r  i n t e r n a l  v a r i a b l e s  
and v a r i a b l e s  used by nat ive-code procedures  dec la red  i n  
EXTERNAL s t a t e m e n t s .  This o p t i o n  a p p l i e s  only  t o  t h e  
PascalS and PascalN i n t e r p r e t e r s ;  extended s t a c k  s i z e  f o r  
pure  n a t i v e  code procedure produced by PascalT a r e  
c o n t r o l l e d  by t h e  0s-9 S h e l l  " # "  memory s i z e  op t ion .  

S p e c i f i e s  t h e  minimum amount of heap memory t o  be 
i n i t i a l l y  reserved f o r  a  program. Heap memory is used f o r  
dynamic d a t a  s t r u c t u r e s  v i a  t h e  NEW, MARK,  and RELEASE 
s t a n d a r d  procedures  ( s e e  Chapter 7 ) .  This  minimum memory 
w i l l  be r e t a i n e d  throughout t h e  execut ion of t h e  program. 
I f  more heap space i s  r e q u i r e d ,  Pascal  w i l l  r eques t  i t  
from 0s-9. See a l s o  " r "  op t ion .  

S p e c i f i e s  t h e  s i z e  of t h e  v i r t u a l  code swapping a r e a  t o  be 
a l l o c a t e d .  This  op t ion  only  a p p l i e s  t o  PascalS,  t h e  
swapping P-code i n t e r p r e t e r .  The swapping a r e a  should be 
a s  l a r g e  a s  p o s s i b l e  t o  i n c r e a s e  program execu t ion  speed 
(See Chapter 3 regard ing  PascalS and i t s  v i r t u a l  swapping 
sys tem) .  

The a f f e c t  of t h e  ' s '  op t ion  i s  desc r ibed  i n  t h e  
chap te r  on running user  programs under the  i n t e r p r e t e r s .  

F i n a l l y  you should no te  t h a t  some of t h e  run t ime 
o p t i o n s  a r e  i n v a l i d  or have no a f f e c t  f o r  some of t h e  0s-9 
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Pascal products. The Pascal compiler itself, for 
instance, uses a highly specialized version of the virtual 
code swapping interpreter, and any attempt to specify the 
j ,  'm', or 'a1 options will be flagged as an error. 
Also, any program which runs completely in native code, 
that is, it is not a pcode or a hybrid of pcode/native 
code, ignores any values supplied for the '1' or 'e' 
options. Furthermore, purely native code programs cannot 
derive any significant number for the number of bytes of 
free heap memory on the memory statistics report. For 
pure native code programs, the effect of the '1' and 'el 
options is provided by the ' 8 '  option on the SHELL command 
line. See the 0s-9 user and system manuals for more 
discussion of SHELL and its options. 
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CHAPTER 12 

If during program execution an error occurs which causes your 
program to abort, the following type of error message is written to 
the system error path: 

PASCAL ERROR #w 
(error message text) 
PROCEDURE #xO 
PROCEDURE #xl 

PRO~EDURE #xn 
LINE NUMBER=y 
PCODE LOCATION=z 

where: 

w Is the error number that occurred. Error numbers less than 100 
generally refer to I/O errors where other numbers generally refer to 
process errors. 

"error message text" Is the text of the message taken from the 
PASCALERRS file. If the PASCALERRS file cannot be opened, or if the 
appropriate text cannot be found, this line will be omitted. If the 
error is an 1/0 error, a second line will usually be displayed 
giving an 0s-9 error message relating to the 1/0 error. 

xO, xlr ..., xn is an unlinking of the procedure call nesting. It 
indicates that procedure number "xOn was executing when the error 
occurred, and the "xOn was called by "xl" and so on until "xn" is 
found which is the first procedure number which began execution. 
The "x" numbers refer to procedure numbers as shown in the procedure 
table list (see Chapter 2). Procedure number "xn" should always be 
zero if the stack hasn't been destroyed. The same procedure number 
can appear several times in the list if recursion has occurred. If 
a native code procedure is part of the call nesting, it will show up 
as procedure number 255 regardless of which native code procedure it 
might be; native code procedures lose their numeric identity as part 
of the requirement to be a native code procedure. If execution 
hasn't proceeded far enough for a call stack to be built, or if the 
call stack is invalid, either no unlinking will be shown, or the 
unlinking may show meaningless procedure numbers. 

"y" is the line number of the source program where the error 
occurred. If the source line number begins with the keyword "END" 
or "ELSE", it is possible that the error really occurred in the code 
for the next previous significant source line, or that the error 
really occurred in the termination code for whatever type of 
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compound s t a t e m e n t  t h a t  t h e  "END" o r  "ELSE" t e r m i n a t e s .  T h i s  e r r o r  
l i n e  i s  o n l y  g i v e n  i f  you have e n a b l e d  t h e  i n c l u s i o n  of s o u r c e  l i n e  
numbers i n  t h e  s o u r c e  program ( s e e  Chap te r  2 ) .  A s  w i t h  t h e  p r e v i o u s  
e r r o r  l i n e s ,  t h i s  l i n e  i s  r e p o r t e d  o n l y  i f  e x e c u t i o n  has  p roceeded  
f a r  enough f o r  a  v a l i d  l i n e  number t o  be known. A l s o ,  i f  l i n e  
number i n c l u s i o n  i s  s e l e c t i v e l y  e n a b l e d  and d i s a b l e d  w i t h i n  t h e  
s o u r c e  program, t h i s  e r r o r  l i n e  shows t h e  l a s t  known s o u r c e  l i n e  
number. 

" z "  i s  t h e  P-code l o c a t i o n  w i t h i n  p r o c e d u r e  "xO" which was b e i n g  
e x e c u t e d  when t h e  e r r o r  o c c u r r e d .  Where t h e  l i n e  number message can  
q u i c k l y  g e t  you t o  t h e  v i c i n i t y  of t h e  problem s t a t e m e n t ,  t h e  P-code 
l o c a t i o n  c a n  g i v e  you an  i d e a  a s  t o  where w i t h i n  a  s t a t e m e n t  t h e  
problem o c c u r r e d .  A s  w i t h  t h e  p r e v i o u s  e r r o r  l i n e s ,  t h i s  l i n e  i s  
r e p o r t e d  o n l y  i f  e x e c u t i o n  has  proceeded  f a r  enough f o r  a  v a l i d  P- 
code l o c a t i o n  t o  be known. Fu r the rmore ,  t h e r e  a r e  s e v e r a l  e r r o r s  
which c a n  o c c u r  f o r  which t h e  P-code l o c a t i o n  i n f o r m a t i o n  g e t s  l o s t ,  
i n  which c a s e  t h i s  l i n e  w i l l  n o t  a p p e a r .  Most n o t a b l y ,  many 1 /0  
e r r o r s  and t h e  a d d r e s s  m u l t i p l y  ove r f low e r r o r  c a u s e  t h e  P-code 
l o c a t i o n  i n f o r m a t i o n  t o  be unknown a t  e r r o r  r e p o r t i n g  t i m e .  
Programs which a r e  i n  t h e i r  i n i t i a l  s t a g e s  of t e s t i n g  s h o u l d  
p r o b a b l y  c a u s e  l i n e  numbers t o  be  i n c l u d e d  i n  t h e  P-code f i l e  t o  a i d  
i n  debugging  and t e s t i n g .  A s  t h e  program becomes more r e l i a b l e  and 
e r r o r  f r e e ,  you might  i n h i b i t  l i n e  number i n c l u s i o n  t o  a c h i e v e  
s l i g h t l y  enhanced e x e c u t i o n  and memory e f f i c i e n c y  - r e l y i n g  s o l e l y  
on t h e  P-code l o c a t i o n  r e p o r t  f o r  f u r t h e r  debugging  p u r p o s e s .  

Most a b o r t  e r r o r s  a r e  broken up i n t o  two c l a s s e s :  i n p u t / o u t p u t  
( I / O )  and m a t h e m a t i c a l .  I f  an a b o r t  e r r o r  i s  i n  one  of t h e s e  two 
c l a s s e s ,  i t ' s  a b o r t i v e  power can  be d i s a b l e d  v i a  e i t h e r  t h e  IOABORT 
o r  t h e  MATHABORT s t a n d a r d  p r o c e d u r e s .  The s t a n d a r d  f u n c t i o n s  
IORESULT and MATHRESULT a r e  p rov ided  s o  t h a t  you can  d e a l  w i t h  such  
e r r o r s  w i t h i n  t h e  program. Some programmers b e l i e v e  t h a t  you s h o u l d  
neve r  d i s a b l e  sys tem c h e c k s  f o r  1 /0  o r  math e r r o r s .  I f  you a r e  one  
of t h e s e ,  t h e n  s imp ly  do n o t  u se  any of  t h e  above  named s t a n d a r d  
p r o c e d u r e s .  I f ,  however,  you a r e  of t h e  p h i l o s o p h y  t h a t  p r o d u c t i o n  
programs s h o u l d  be  w r i t t e n  w i t h  t h e  i d e a  t h a t  t h e y  s h o u l d  neve r  be 
a b o r t e d  by t h e  sys tem no m a t t e r  what  g a r b a g e  t h e  u s e r  f e e d s  t o  t h e  
program,  t h a t  t h e  program s h o u l d  i n t e l l i g e n t l y  r e p o r t  t h e  n a t u r e  of 
t h e  e r r o n e o u s  i n p u t ,  and ,  i f  n e c e s s a r y ,  g r a c e f u l l y  s h u t  down, t h e n  
t h e  above  s t a n d a r d  f u n c t i o n s  and p r o c e d u r e s  can be of g r e a t  b e n e f i t .  
See  t h e  c h a p t e r  on s t a n d a r d  f u n c t i o n s  and p r o c e d u r e s  f o r  more 
i n f o r m a t i o n  on t h e s e  r o u t i n e s .  
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There a r e ,  however, a  few e r r o r s  which always u n c o n d i t i o n a l l y  
a b o r t  your program. A c a s e  s e l e c t  e r r o r  i s  one. Th i s  e r r o r  occurs  
when a  c a s e  s t a t ement  i s  executed bu t  t h e r e  i s  no s t a t e m e n t  which 
has a  c o n s t a n t  s e l e c t i o n  l i s t  c o n t a i n i n g  t h e  r e q u i r e d  s e l e c t i o n  
v a l u e .  For example: 

i : = 5 ;  
CASE i OF 

0 ,  7: DoThisStatement;  
1 . . 4 :  DoAnotherStatement 

END;  { CASE ] 

F i g u r e  1. A CODE EXAMPLE WHICH WOULD PRODUCE A CASE ERROR. 

would cause  a  run t ime a b o r t  s i n c e  t h e  a c t u a l  va lue  of v a r i a b l e  " i n ,  
which is  5  i n  t h i s  c a s e ,  does no t  appear i n  any c o n s t a n t  s e l e c t i o n  
l i s t .  One of two a c t i o n s  can be taken t o  p reven t  t h i s  type  of e r r o r  
- e i t h e r  make s u r e  t h a t  a l l  p o s s i b l e  va lues  of t h e  s e l e c t i n g  
e x p r e s s i o n  a r e  accounted f o r  i n  t h e  c o n s t a n t  s e l e c t i o n  l i s t s ,  o r  use 
t h e  OTHERWISE c a s e  s t a t e m e n t  op t ion  a s  i n :  

i : = 5 ;  
CASE i OF 

0 ,  7: DoThisStatement; 
1 . . 4 :  DoAnotherStatement; 
OTHERWISE: B E G I N  

Repor tError  ( i )  ; 
GOT0 EndOfProgram 
END 

END; { CASE } 

F i g u r e  2 .  A CODING EXAMPLE WHICH ELIMINATES THE CASE ERROR BY 
USING THE "OTHERWISE" CASE OPTION. 

See t h e  c h a p t e r  on d e v i a t i o n s  and enhancements from IS07185.1 f o r  
more d i s c u s s i o n  of t h e  OTHERWISE o p t i o n .  Stack and heap overf low 
e r r o r s  a l s o  u n c o n d i t i o n a l l y  a b o r t  a  program. Use of run t ime 
o p t i o n s  can e l i m i n a t e  such e r r o r s ,  a s  i s  exp la ined  i n  t h e  chap te r  on 
run t ime o p t i o n s .  Address m u l t i p l y  overflow e r r o r s  a l s o  
u n c o n d i t i o n a l l y  a b o r t  a  program, but  t h i s ,  a long wi th  any o t h e r  
u n c o n d i t i o n a l l y  a b o r t i n g  e r r o r s ,  can be avoided by good programming 
p r a c t i c e s .  The 0s-9 Pasca l  system i s  in tended  t o  provide  t h e  
a b i l i t y  t o  w r i t e  programs which a r e  a s  user  f r i e n d l y  and use r  
t o l e r a n t  a s  p o s s i b l e  and those  e r r o r s  remaining which always 
u n c o n d i t i o n a l l y  a b o r t  a  program do s o  because i t  i s  not  f e a s i b l e  t o  
i n t e l l i g e n t l y  recover  from t h e  e r r o r  c o n d i t i o n  and con t inue  wi th  t h e  
program execu t ion .  
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When u s i n g  IOABORT and MATHABORT i t  is b e s t  t o  d i s a b l e  t h e  
a b o r t  p r o c e s s  f o r  t h e  s m a l l e s t  r ange  of  code  n e c e s s a r y .  For 
example : 

i o a b o r t  ( f ,  f a l s e )  ; 
r e s e t  ( f ,  'INPUTFILE') ; 
i o a b o r t  ( f ,  t r u e )  ; 
i : = i o r e s u l t  ( f  ; 

F i g u r e  3 .  CODE EXAMPLE U S I N G  THE STANDARD PROCEDURE "IOABORT". 

is  a  good way t o  check  i f  a  f i l e  a l r e a d y  e x i s t s .  I f  t h e  f i l e  
d o e s n ' t  e x i s t ,  v a r i a b l e  " in  w i l l  c o n t a i n  t h e  number 216 which is  t h e  
0s-9 e r r o r  number f o r  an  a t t e m p t  t o  open a  n o n e x i s t e n t  f i l e .  I f  no 
e r r o r s  were  e n c o u n t e r e d  w h i l e  t r y i n g  t o  open t h e  f i l e ,  v a r i a b l e  " i n  
w i l l  c o n t a i n  t h e  number 0. Remember t h a t  i f  m u l t i p l e  e r r o r s  a r e  
e n c o u n t e r e d  f o r  a  f i l e  between t h e  IOABORT c a l l  which d i s a b l e s  t h e  
a b o r t  p r o c e s s  and t h e  IOABORT c a l l  which r e - e n a b l e s  t h e  a b o r t  
p r o c e s s ,  o n l y  t h e  f i r s t  e r r o r  number i s  r e t u r n e d  - t h e  o t h e r s  a r e  
l o s t .  The o p p o s i t e  h o l d s  t r u e  f o r  math e r r o r s  - o n l y  t h e  l a s t  e r r o r  
number i s  r e t a i n e d ,  t h e  o t h e r s  a r e  l o s t .  For example:  

m a t h a b o r t  ( f a l s e )  ; 
i :=32767+16000*16000+2; 
m a t h a b o r t ( t r u e ) ;  
j: = m a t h r e s u l t ;  

F i g u r e  4 .  CODE EXAMPLE U S I N G  THE STANDARD PROCEDURE "MATHABORT". 

w i l l  s e t  t h e  v a r i a b l e  " j n  t o  number 199 ,  i n d i c a t i n g  an  i n t e g e r  
o v e r f l o w  on add ,  s u b t r a c t ,  o r  n e g a t e .  The e r r o r  caused  by t h e  
i n t e g e r  o v e r f l o w  f o r  t h e  m u l t i p l y  i s  l o s t  s i n c e  t h e  add o p e r a t i o n  
which a l s o  c a u s e d  a n  ove r f low o c c u r r e d  l a s t .  I f ,  i n  t h e  above  
example ,  t h e  m u l t i p l i c a t i o n  ove r f low caused  t h e  modulus r e s u l t  which 
is  r e t a i n e d  t o  be  a  n e g a t i v e  number, i t  i s  l i k e l y  t h a t  no o v e r f l o w  
on a d d ,  s u b t r a c t ,  o r  n e g a t e  would have o c c u r r e d .  I n  t h a t  c a s e ,  t h e  
v a r i a b l e  " j n  would be  s e t  t o  t h e  number 1 8 4 ,  i n d i c a t i n g  a  
m u l t i p l i c a t i o n  o v e r f l o w .  Bear i n  mind t h e  p o s s i b l e  combina t ion  of 
e v e n t s  which can  o c c u r  and t h e  p o s s i b l e  r e s u l t s  f o r  a l l  such  
c o m b i n a t i o n s  when u s i n g  IORESULT and MATHRESULT. Remember, a l s o ,  
t h a t  e a c h  t i m e  you c a l l  e i t h e r  IORESULT o r  MATHRESULT t h a t  t h e  e r r o r  
number f o r  t h e  a p p r o p r i a t e  f i l e  o r  f o r  t h e  ma thema t i ca l  r e s u l t  i s  
r e s e t  t o  z e r o .  You must s a v e  a  copy of t h e  e r r o r  number from t h e  
l a s t  c a l l  i f  you i n t e n d  t o  u se  it more t h a n  once .  
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CHAPTER 13  

SYNOPSIS: Th i s  s e c t i o n  g i v e s  t h e  g e n e r a l  in fo rmat ion  you need t o  
manually w r i t e  e x t e r n a l  procedures  ( i . e .  Pasca l  PROCEDURES and 
FUNCTIONS) i n  assembly language.  This  c h a p t e r  can a l s o  h e l p  you 
unders tand t h e  type  of n a t i v e  code produced by PascalT,  t h e  n a t i v e  
code t r a n s l a t o r .  Th i s  s e c t i o n  assumes you unders tand 6809 assembly 
language,  assembly language programming under 0s-9,  and Pasca l  
memory u t i l i z a t i o n  a s  d i s c u s s e d  i n  Chapter 10.  

V a r i a b l e  Space: Stack Frames and Stack Marks 

A l l  v a r i a b l e  s t o r a g e  used by a  procedure  i n v o c a t i o n  i s  
a l l o c a t e d  i n  a  s e c t i o n  of t h e  Pasca l  s t a c k  c a l l e d  a  " s t a c k  frame".  
A s t a c k  frame c o n s i s t s  of t h e  fo l lowing  t h r e e  components: a  s t a c k  
mark, l o c a l  v a r i a b l e s ,  and t h e  extended s t a c k .  Any parameters  which 
a r e  t o  be passed t o  a  procedure  a r e  p a r t  of t h e  c a l l i n g  p r o c e d u r e ' s  
extended s t a c k .  Suppose t h a t  procedure Q i s  d e c l a r e d  a s :  

FUNCTION Q(i:  r e a l ;  va r  j: r e a l ;  ch: c h a r ) :  i n t e g e r ;  

Then 
o r d e r  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  

t o  c a l l  Q, t h e  c a l l i n g  procedure  must do t h e  fo l lowing  i n  t h e  
g iven :  

Reserve 2 b y t e s  on t h e  s t a c k  t o  hold  t h e  i n t e g e r  r e s u l t  of Q. 
Push t h e  5 b y t e  v a l u e  of v a r i a b l e  ' i '  on to  t h e  s t a c k .  
Push t h e  2 b y t e  address  of v a r i a b l e  ' j '  on to  t h e  s t a c k .  
Push t h e  1 b y t e  va lue  of v a r i a b l e  ' c h '  on to  t h e  s t a c k .  
Load r e g i s t e r  E with  Q ' s  procedure  number. 
Bui ld  t h e  f i r s t  2 b y t e s  of t h e  7 by te  s t a c k  mark by pushing 
on to  t h e  s t a c k  t h e  address  of t h e  next  h igher  ( l e x i c a l l y )  
l o c a l  d a t a  a r e a .  
Bui ld  t h e  second 2 b y t e s  of t h e  7 b y t e  s t a c k  mark by 
execu t ing  a  long  branch t o  s u b r o u t i n e  (LBSR) i n s t r u c t i o n  t o  
procedure  Q .  

Upon e n t r y  i n t o  procedure  Q ,  t h e  s t a c k  looks  l i k e  f i g u r e  1 and 
t h e  B r e g i s t e r  c o n t a i n s  t h e  c a l l e d  p r o c e d u r e ' s  number. 
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Figure 1. STACK CONTENTS AFTER CALLING PROCEDURE Q. 
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P r o c e d u r e  Q  t h e n  c o m p l e t e s  t h e  7 b y t e  s t a c k  mark a n d  d o e s  o t h e r  
s e t u p  w i t h  t h e  c o d e  shown i n  f i g u r e  2 .  

PROCQ LDA * 
STB 
PSHS 
PSHS 
L  EAU 
LEAX * 
PSHS 
LDD 

LDX 
J SR * 
LDD 
PSHS 

PROCN 

PROCN 
A 
U 
1s 
- l o c s l z e , S  

X 
# e x t s i z e  

SU PJ TBL 
STACKCHK,X 

DHOLD 
D 

LOAD WITH CALLING PROCEDURE 
NUMBER 
SAVE CALLED PROCEDURE NO. 
PUSH CALLING PROCEDURE NO. 
SAVE CURRENT COPY OF U-REG 
NEW VALUE OF U-REG 
X REG POINTS TO REQUIRED 
BOTTOM OF STACK 
PUSH PARAM FOR SUBR CALL 
LOAD D-REG WITH EXTENDED 
STACK SIZE 
GET SUPPORT PACKAGE ADDR 
..DO STACK CHECK AND UPDATE 
THE STACK POINTER 
GET CURRENT VALUE OF DHOLD 
SAVE COPY ON STACK 

F i g u r e  2 .  PROCEDURE ENTRY CODE. 

The c o d e  shown i n  f i g u r e  2  i s  v i r t u a l l y  i d e n t i c a l  f o r  e v e r y  
p r o c e d u r e  e n t r y .  The o n l y  c h a n g e  f r o m  p r o c e d u r e  t o  p r o c e d u r e  is  t h e  
l a b e l  f o r  t h e  f i r s t  l i n e ,  t h e  v a l u e  o f  ' l o c s i z e ' ,  a n d  t h e  v a l u e  o f  
' e x t s i z e ' .  T h e r e  a r e  3 v a r i a b l e s  s t o r e d  i n  p a g e  z e r o  ( i . e .  i n  t h e  
b a s e  p a g e )  w h i c h  m u s t  b e  u s e d  o r  m a i n t a i n e d  by e v e r y  p r o c e d u r e .  The  
v a r i a b l e  PROCN i s  t h e  o n e  b y t e  c u r r e n t  p r o c e d u r e  number .  T h i s  
v a r i a b l e  m u s t  a t  a l l  times i n d i c a t e  t h e  p r o c e d u r e  number a s  shown i n  
t h e  p r o c e d u r e  t a b l e  o f  t h e  c u r r e n t l y  e x e c u t i n g  p r o c e d u r e .  The  
v a r i a b l e  SUPJTBL c o n t a i n s  a n  a b s o l u t e  memory a d d r e s s  o f  a  known 
p o i n t  w i t h i n  t h e  s u p p o r t  p a c k a g e .  I f  t h e  X r e g i s t e r  o f  t h e  6809 i s  
l o a d e d  w i t h  t h i s  v a l u e ,  a  ' JSR s u b r , X 1  i n s t r u c t i o n ,  w h e r e  ' s u b r '  i s  
t h e  name o f  a  s u p p o r t  p a c k a g e  s u b r o u t i n e  a s  d e f i n e d  i n  t h e  
PASCALDEFS f i l e ,  w i l l  c d u s e  t h e  p r o p e r  s u b r o u t i n e  c a l l  t o  b e  made 
f o r  a n y  s u p p o r t  s u b r o u t i n e .  V a r i a b l e  DHOLD c o n t a i n s  a  1 6  b i t  v a l u e  
w h i c h  m u s t  b e  s a v e d  l o c a l l y  o n  e v e r y  p r o c e d u r e  e n t r y  a n d  r e s t o r e d  o n  
e v e r y  p r o c e d u r e  e x i t .  The  v a l u e  o f  ' l o c s i z e '  i s ,  o f  c o u r s e ,  t h e  
s i z e  a s  shown i n  t h e  p r o c e d u r e  t a b l e  l i s t  f o r  t h e  p r o c e d u r e ' s  l o c a l  
s t a c k  s i z e .  

A f t e r  e x e c u t i n g  t h e  c o d e  i n  f i g u r e  2 ,  t h e  7 b y t e  s t a c k  mark i s  
c o m p l e t e d .  The f o r m  a n d  c o n t e n t s  o f  a  s t a c k  mark i s  shown i n  f i g u r e  
3. F i g u r e  4 shows  t h e  f o r m  a n d  c o n t e n t s  o f  t h e  s t a c k  a n d  w h e r e  t h e  
U a n d  S  r e g i s t e r s  p o i n t  a f t e r  a  c a l l  i s  made t o  a  p r o c e d u r e  a n d  t h e  
p r o c e d u r e  e n t r y  c o d e  h a s  b e e n  e x e c u t e d .  
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high memory ! 6*! 
! !  

low memory ! 0 ! 

address of next higher *indicates the 
local data area (LSB) relative offset 

within the 7 byte 
address of next higher stack mark. 
local data area (MSB) 

return address (LSB) 

return address (MSB) 

calling procedure number 

saved copy of U register (LSB) 

saved copy of U register (MSB) 

Figure 3. FORMAT AND CONTENTS OF A STACK MARK. 

Figure 4. STACK CONTENTS DURING PROCEDURE EXECUTION. 

References to most data is made via the U register. Passed 
parameters and the function result area are at a positive 
displacement from U, while local variables are at a negative 
displacement from U. The last parameter passed is stored beginning 
at '7,U' displacement for its most significant byte. The first 
local variable is stored at - 1 U  displacement for its least 
significant byte. To access data in lexically higher levels of 
procedures, that is in calling procedures, you need to do a 'basex' 
operation. A basex is done by climbing up the stack marks to find 
the address of the appropriate procedure's local data area. The 
address of the local data of the immediately calling procedure can 
be found in the 5th and 6th bytes of the current stack mark, as 
shown in figure 3. If you wanted to access a 2 byte variable which 
is at a displacement of -17 in the calling procedure's local data 
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a r e a ,  t h e  fo l lowing  code would be used: 

LDX 5 , U  BASEX UP 1 LEVEL 
LDD -17,X GET 2B FROM CALLING PROC'S AREA 

S i m i l a r l y ,  t o  a c c e s s  d a t a  from a  procedure which i s  l e x i c a l l y  two 
l e v e l s  h igher  ( i . e .  t h e  procedure which c a l l e d  t h e  procedure which 
c a l l e d  t h e  c u r r e n t  p r o c e d u r e ) ,  two basex o p e r a t i o n s  m u s t  be 
performed. 

LDX 5 , U  BASEX UP 1 LEVEL 
LDX 5,X BASEX UP 1 MORE LEVEL 
LDD -displacement,X GET 2B OF DATA 

To a c c e s s  d a t a  i n  t h e  g l o b a l  a r e a ,  t h a t  i s  d a t a  dec la red  i n  t h e  
o u t e r  b lock ,  does not r e q u i r e  basex o p e r a t i o n s  t o  g e t  t o  t h e  proper 
l e v e l  - t h e  Y r e g i s t e r  always p o i n t s  t o  t h e  t o p  of g l o b a l  a r e a .  A t  
a  ze ro  or  p o s i t i v e  displacement  from Y i s  t h e  system a r e a  which 
c o n t a i n s  s e v e r a l  p o i n t e r s ,  b u f f e r s ,  work a r e a s ,  and heap memory. A t  
a  n e g a t i v e  displacement  from Y i s  t h e  o u t e r  b l o c k ' s  l o c a l  d a t a  - t h e  
g l o b a l  d a t a  a r e a .  F igure  5  shows t h e  r e g i s t e r  c o n t e n t s  and usage 
f o r  procedures  execu t ing  i n  an OS-9 Pascal  environment. 

R e g i s t e r  Use 
--------+--------------------------------------------------- 

A ! Avai lab le .  
B ! Avai lab le .  
X ! A v a i l a b l e ,  a l s o  used f o r  basex and genera l  

! indexing o p e r a t i o n s .  
Y ! P o i n t s  t o  t h e  t o p  of g l o b a l ,  a l s o  t h e  1st by te  of 

! t h e  system a r e a .  
U ! P o i n t s  t o  t h e  t o p  of l o c a l ,  a l s o  t h e  1st by te  of 

! t h e  c u r r e n t  s t a c k  mark. 
S ! P o i n t s  t o  t h e  c u r r e n t  t o p  of s t a c k .  S tacks  a r e  

! b u i l t  going downward i n  memory. 
DP ! P o i n t s  t o  t h e  page zero  d a t a  a r e a .  Th is  a r e a  

! should never by used by a  user  program o r  
! procedure  f o r  i t s  own d a t a  - t h e  OS-9 Pascal  
! support  package manages t h i s  a r e a .  

Figure 5. REGISTER USAGE IN AN OS-9 PASCAL ENVIRONMENT. 

The Y ,  U ,  S ,  and DP r e g i s t e r s  should normally never be used 
o t h e r  than a s  shown i n  f i g u r e  5 .  I f  they a r e  a l t e r e d  a t  any t ime,  
they  m u s t  be r e s t o r e d  before  any c a l l s  a r e  made t o  s u b r o u t i n e  o r  
b e f o r e  t h e  procedure e x i t s  o r  c a l l s  any o t h e r  procedure.  
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C a l l i n g  Othe r  P a s c a l  P r o c e d u r e s  

To c a l l  a n o t h e r  P a s c a l  p rocedure  t h e  f o l l o w i n g  s t e p s  m u s t  be 
performed i n  t h e  o r d e r  shown: 

1. Rese rve  any r e q u i r e d  s t a c k  s p a c e  t o  hold  t h e  r e s u l t  i f  a  
f u n c t i o n  is  b e i n g  c a l l e d .  

2. Push any r e q u i r e d  parameter  v a l u e s  and/or  a d d r e s s e s  o n t o  t h e  
s t a c k .  

3 .  Bui ld  t h e  f i r s t  2  b y t e s  of  t h e  7 b y t e  s t a c k  mark by pushing  
o n t o  t h e  s t a c k  t h e  a d d r e s s  of  t h e  n e x t  h i g h e r  ( l e x i c a l l y )  
l o c a l  d a t a  a r e a .  

4 .  I f  t h e  p r o c e d u r e  t o  be  c a l l e d  is a l s o  known t o  e x i s t  i n  
n a t i v e  code  w i t h i n  t h e  c u r r e n t  module, l o a d  t h e  B r e g i s t e r  
w i t h  t h e  number 255,  o t h e r w i s e ,  l o a d  t h e  B r e g i s t e r  w i t h  t h e  
c a l l e d  p r o c e d u r e ' s  number. 

5.  I f  t h e  c a l l e d  p r o c e d u r e  i s  n o t  a  n a t i v e  code p rocedure  i n  t h e  
c u r r e n t  module, jump t o  t h e  i n t e r p r e t e r ' s  d i s p a t c h  r o u t i n e  
v i a :  

LDX DISPATCH 
JSR , X  

where DISPATCH i s  a  page z e r o  v a r i a b l e  d e f i n e d  i n  t h e  
PASCALDEFS f i l e .  To c a l l  p r o c e d u r e s  which a r e  a l s o  n a t i v e  
code  w i t h i n  t h e  same module a s  t h e  c a l l i n g  p rocedure  s imp ly  
u s e  t h e  b ranch  t o  s u b r o u t i n e  ( e .g .  LBSR) i n s t r u c t i o n  t o  go t o  
t h e  p r o c e d u r e ' s  e n t r y  code .  

F i n a l l y ,  t o  e x i t  from a  p rocedure  use  t h e  code shown below. 

PULS 
STD 
LEAS 
PULS 
PULS 
S  TA 
LEAS 

JMP 

D RESTORE THE SAVED COPY OF DHOLD 
DHOLD 
, u POINT S  TO BOTTOM OF STACK MARK 
U RESTORE CALLER'S U REG 
A I X  GET CALLING PROC NO. & RETURN ADR 
PROCN RESTORE CURRENT PROCEDURE NUMBER 
2+pa rams ize ,S  REMOVE LAST 2  BYTES OF THE 

STACKMARK AND ANY PASSED PARAMS 
FROM THE STACK 

I X  ..RETURN TO CALLING PROCEDURE 

F i g u r e  6 .  PROCEDURE EXIT CODE. 
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CHAPTER 1 4  

0s -9  P a s c a l  V e r s i o n  2.0  h a s  some d i f f e r e n c e s  f rom t h e  
1507185 .1  L e v e l  0  l a n g u a g e  s p e c i f i c a t i o n .  Many o f  t h e s e  a r e  t h e  
r e s u l t  o f  e n h a n c e m e n t s  made t o  t h i s  v e r s i o n  of  P a s c a l  t o  improve  i t s  
p e r f o r m a n c e  a n d  t o  a d d  programmer c o n v e n i e n c e s .  I f  p o r t a b i l i t y  o f  
p r o g r a m s  w r i t t e n  i n  0 s - 9  P a s c a l  t o  o t h e r  s y s t e m s  i s  i m p o r t a n t ,  t h e s e  
f e a t u r e s  s h o u l d  n o t  b e  u s e d .  A c o m p l e t e  l i s t  o f  d e v i a t i o n s  f r o m  t h e  
s t a n d a r d  i s  g i v e n  be low:  

1. CASE S t a t e m e n t s  c a n  h a v e  a n  OTHERWISE o p t i o n .  ( N o n - s t a n d a r d  
e n h a n c e m e n t ) .  

2 .  I d e n t i f i e r s  and n u m e r i c  c o n s t a n t s  i n  t h e  s o u r c e  p rogram c a n  
c o n t a i n  u n d e r s c o r e  c h a r a c t e r s .  ( N o n - s t a n d a r d  e n h a n c e m e n t ) .  

3 .  The p r o c e d u r e  d i r e c t i v e  EXTERNAL i s  p e r m i t t e d .  ( N o n - s t a n d a r d  
e n h a n c e m e n t ) .  

4 .  C h a r a c t e r  s t r i n g s  c a n  b e  up t o  100 c h a r a c t e r s  i n  l e n g t h  
( S t a n d a r d  i s  n o t  s p e c i f i c ) .  

5 .  S o u r c e  s t a t e m e n t s  c a n  b e  up t o  110 c h a r a c t e r s  i n  l e n g t h .  
( S t a n d a r d  i s  n o t  s p e c i f i c ) .  

6 .  PROCEDURES and  FUNCTIONS c a n n o t  b e  p a s s e d  by name; FILES c a n n o t  
be p a s s e d  by v a l u e .  

7 .  The a t t r i b u t e  PACKED is i g n o r e d  due  t o  6809 memory a d d r e s s i n g .  
V a r i a b l e s  a r e  a l w a y s  a l l o c a t e d  s u c h  t h a t  t h e y  a r e  packed  t o  t h e  b y t e  
l e v e l .  P a c k i n g  a t  t h e  b i t  l e v e l  i s  n o t  d o n e .  The s t a n d a r d  
p r o c e d u r e s  PACK a n d  UNPACK a r e  n o t  implemented .  

8 .  S e t  c o n s t a n t s  c a n  b e  b u i l t  u s i n g  t h e  s u b r a n g e  fo rm "A..BU w h e r e  
"An a n d  " B "  a r e  c o n s t a n t  members o f  t h e  set  b e i n g  fo rmed .  (Non- 
s t a n d a r d  e n h a n c e m e n t ) .  

9 .  A l i s t  o f  f i l e  names i n  t h e  PROGRAM s t a t e m e n t  is  n o t  r e q u i r e d ,  
b u t  i f  s u p p l i e d ,  i t  i s  c h e c k e d  f o r  c o r r e c t n e s s .  ( N o n - s t a n d a r d  
e n h a n c e m e n t ) .  

1 0 .  DISPOSE ( a n  I S 0  L e v e l  1 f e a t u r e )  is  n o t  implemented .  

11. C o n s t a n t s  i n  t h e  c o n s t a n t  l i s t  o f  a  c a s e  s t a t e m e n t  c a n  h a v e  t h e  
fo rm "A..BW w h i c h  d e s i g n a t e s  t h e  l i s t  o f  v a l u e s  f rom A t h r o u g h  B  
i n c l u s i v e .  ( N o n - s t a n d a r d  e n h a n c e m e n t ) .  

1 2 .  V e c t o r s ,  o n e  d i m e n s i o n a l  a r r a y s  w i t h  c h a r a c t e r  e l e m e n t s ,  c a n  b e  
i n d e x e d  u s i n g  t h e  " e x p r e s s i o n  FOR c o n s t a n t "  fo rm.  ( N o n - s t a n d a r d  
e n h a n c e m e n t ) .  
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1 3 .  GOT0 s t a t e m e n t s  may n o t  r e f e r e n c e  a  l a b e l  o u t s i d e  t h e  c u r r e n t  
p r o c e d u r e .  

1 4 .  S t a n d a r d  p r o c e d u r e s  a n d  r u n  t i m e  o p t i o n s  a r e  p r o v i d e d  t o  s e l e c t  
e i t h e r  I S 0  S t a n d a r d  o r  W i r t h / J e n s e n  m e t h o d s  f o r  s t r i n g  j u s t i f i c a t i o n  
a n d  t h e  MOD a l g o r i t h m .  

1 5 .  
f o r  

1 6 .  
a  f  
c o d e  

I n p u t  a n d  o u t p u t  o p e r a t i o n s  a r e  l e r f o r m e d  s l i g h t l y  d i f f e r e n t l y  
i n t e r a c t i v e  o r  mass  s t o r a g e  f i l e s .  ( N o n - s t a n d a r d  e n h a n c e m e n t ) .  

Each  v a r i a b l e  d e c l a r e d  t o  b e  a  f i l e  t y p e  h a s  a s s o c i a t e d  w i t h  i t  
i l e  c o n t r o l  b l o c k  w h i c h  i s  a u t o m a t i c a l l y  i n i t i a l i z e d  when t h e  

b l o c k  b e g i n s  e x e c u t i o n .  The f i l e  i t s e l f  is  n o t  a u t o m a t i c a l l y  
o p e n e d  u n l e s s  i t  i s  o n e  o f  t h e  t h r e e  s t a n d a r d  f i l e s :  INPUT, OUTPUT, 
o r  SYSERR. When a  b l o c k  o f  c o d e  i s  e x i t e d ,  a l l  f i l e s  d e f i n e d  w i t h i n  
t h a t  b l o c k  a r e  a u t o m a t i c a l l y  c l o s e d .  

1 7 .  A l a r g e  number o f  s t a n d a r d  f u n c t i o n s  a n d  p r o c e d u r e s  h a v e  b e e n  
a d d e d  t o  t h e  s t a n d a r c i  l i b r a r y .  ( N o n - s t a n d a r d  e n h a n c e m e n t ) .  

1 8 .  REALs u s e  a  f i v e  b y t e  ( 9  1 / 2  d e c i m a l  d i g i t )  f o r m a t .  ( S t a n d a r d  
d e f i n e s  t h i s  a s  i m p l e m e n t a t i o n  d e p e n d e n t ;  some P a s c a l s  h a v e  l e s s  
p r e c i s i o n ) .  

1 9 .  B i t - b y - b i t  b o o l e a n  o p e r a t o r s  a r e  i n c l u d e d  i n  0 s - 9  P a s c a l .  

2 0 .  GOTO's a r e  a l l o w e d  i n  CASE, REPEAT, WHILE, I F ,  a n d  FOR 
s t a t e m e n t s .  ( N o n - s t a n d a r d  e n h a n c e m e n t ) .  

21 .  U n d e f i n e d  o r  u n i n i t i a l i z e d  v a r i a b l e s  a n d  f i e l d s  may b e  
r e f e r e n c e d  w i t h o u t  e r r o r .  

2 2 .  A v a r i a b l e  c r e a t e d  by  t h e  v a r i a n t  f o r m  o f  NEW may b e  u s e d  a s  a n  
o p e r a n d  i n  a n  e x p r e s s i o n .  

2 3 .  PROCEDURE o r  FUNCTION d e c l a r a t i o n s  may b e  n e s t e d  t o  1 5  l e v e l s .  

2 4 .  A v a r i a n t  f i e l d  i s  a l l o w e d  t o  b e  a n  a c t u a l  v a r i a b l e  p a r a m e t e r .  

2 5 .  A  f i l e  b u f f e r  v a r i a b l e  may b e  p a s s e d  a s  a n  a c t u a l  v a r i a b l e  
p a r a m e t e r  t o  a  p r o c e d u r e  w h i c h  c h a n g e s  t h e  c u r r e n t  f i l e  p o s i t i o n .  

26 .  The EOLN s t a n d a r d  f u n c t i o n  may b e  c a l l e d  f o r  a  f i l e  w h i c h  h a s  
EOF set  t o  t r u e  w i t h o u t  e r r o r .  

27 .  R e c o r d s  s t r u c t u r e s  a n d  a r r a y s  may n o t  c o n t a i n  f i l e s .  

28 .  The c o m p i l e r  d o e s  n o t  i s s u e  w a r n i n g s  f o r  o u t  o f  b o u n d s  s u b r a n g e  
c o n d i t i o n a l  t e s t s .  T h i s  may g e n e r a t e  c o d e  a r e a s  t h a t  w i l l  n e v e r  b e  
e x e c u t e d .  
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APPENDIX A 

Fol lowing is  t h e  t e x t  of OS-9 P a s c a l  e r r o r  messages.  Most 
messages c o n s i s t  of a  number, f o l l o w e d  by a  c o l o n ,  fo l lowed  by a  
d e s c r i p t i o n .  Those messages which have a  number fo l lowed  by an  
a s t e r i s k  i n s t e a d  of a  c o l o n  shou ld  n o t  occu r  i n  Ver s ion  02.00.00 of 
t h e  compi l e r  b u t  shou ld  n o t  be changed e i t h e r .  Fol lowing t h e  t e x t  
of many of t h e  e r r o r  messages i s  a  b r i e f  d e s c r i p t i o n  of what t h e  
compi l e r  was scann ing  o r  l o o k i n g  f o r  which caused  t h e  e r r o r  t o  
o c c u r ,  t h i s  w i l l  i n  many c a s e s  a i d  t h e  u s e r  i n  c o r r e c t i n g  h i s  
program. I n  a  few i n s t a n c e s ,  f u r t h e r  i n f o r m a t i o n  i s  a l s o  g i v e n  
which i n d i c a t e s  t h e  most l i k e l y  e r r o r  and/or  c o r r e c t i o n  a s s o c i a t e d  
w i t h  t h e  message.  

1: Simple  t y p e  expec ted .  
*When l o o k i n g  f o r  a  s i m p l e  t y p e ,  a  v a l i d  s t a r t i n g  token  cou ld  
n o t  b e  found ,  i . e .  a  l e f t  p a r e n t h e s i s ,  p l u s  s i g n ,  minus s i g n ,  
i n t e g e r  c o n s t a n t ,  r e a l  c o n s t a n t ,  s t r i n g  c o n s t a n t ,  o r  an 
i d e n t i f i e r .  
*When l o o k i n g  f o r  a  s i m p l e  t y p e ,  an i d e n t i f i e r  was found which 
h a s  no v a l i d  t y p e  i n f o r m a t i o n  y e t  de t e rmined .  

I d e n t i f i e r  expec ted .  
When s c a n n i n g  an enumera t ion  d e c l a r a t i o n ,  t h e  i d e n t i f i e r  found 
was n o t  an i d e n t i f i e r  a s  p a r t  of t h e  r e q u i r e d  i d e n t i f i e r  l i s t .  
When s c a n n i n g  a  f i e l d  l i s t  w i t h i n  a  r e c o r d ,  a  comma was found,  
b u t  t h e  token  a f t e r  was n o t  an  i d e n t i f i e r .  
*With a  r e c o r d  d e c l a r a t i o n ,  CASE was found,  b u t  t h e  token  a f t e r  
i s  n o t  an  i d e n t i f i e r .  
When scann ing  a  t y p e  d e c l a r a t i o n ,  up arrow was found,  b u t  t h e  
t o k e n  a f t e r  is  n o t  an  i d e n t i f i e r .  
When s c a n n i n g  CONST d e c l a r a t i o n s ,  expec ted  t o  f i n d  an  
i d e n t i f i e r  be ing  d e c l a r e d .  
When scann ing  TYPE d e c l a r a t i o n s ,  expec ted  t o  f i n d  an  i d e n t i f i e r  
b e i n g  d e c l a r e d .  
When scann ing  VAR d e c l a r a t i o n s ,  expec ted  t o  f i n d  an  i d e n t i f i e r  
b e g i n  d e c l a r e d .  
When s c a n n i n g  a  p r o c e d u r e  o r  f u n c t i o n  pa rame te r  l i s t ,  found 
PROCEDURE o r  FUNCTION, b u t  t h e  t o k e n  a f t e r  i s  n o t  an 
i d e n t i f i e r .  
When scann ing  a  f u n c t i o n  d e c l a r a t i o n ,  ":" was found,  b u t  i t  was 
n o t  fo l lowed  i d e n t i f i e r  naming t h e  t y p e  of  r e s u l t .  
When s c a n n i n g  a  p rocedure  o r  f u n c t i o n  parameter  l i s t ,  found a  
l i s t  of i d e n t i f i e r s  fo l lowed  by a  c o l o n ,  b u t  t h e  token  a f t e r  is 
n o t  an i d e n t i f i e r  naming t y p e  of i d e n t i f i e r ( s ) .  
*PROCEDURE o r  FUNCTION i s  n o t  fo l lowed  by an i d e n t i f i e r  g i v i n g  
r o u t i n e  name. 
*A p e r i o d  is  found i n d i c a t i n g  r e f e r e n c e  t o  a  f i e l d  w i t h i n  a  
r e c o r d ,  bu t  t h e  p e r i o d  i s  n o t  fo l lowed  by an  i d e n t i f i e r  naming 
t h e  f i e l d .  
When s c a n n i n g  a  pa rame te r  l i s t ,  expec ted  t o  f i n d  an i d e n t i f i e r  
naming a  pa rame te r .  



0s-9 P a s c a l  User's Manual 
ERROR MESSAGE DESCRIPTIONS 

*A procedure  or  f u n c t i o n  i s  being passed by name, compiler  
r e s t r i c t i o n  does no t  a l low t h i s .  
*FOR i s  not  fo l lowed by an i d e n t i f i e r  naming t h e  c o n t r o l  
v a r i a b l e .  
*WITH i s  not  followed by an i d e n t i f i e r  naming t h e  record .  
*PROGRAM i s  no t  followed by an i d e n t i f i e r  naming t h e  program. 
When scanning t h e  l i s t  of f i l e  names a f t e r  PROGRAM, an 
i d e n t i f i e r  naming a  f i l e  was expected.  
* * P o s s i b l e  common programming e r r o r s  which might t r i g g e r  t h i s  
message i n c l u d e :  
-An e x t r a  comma was found i n  a  l i s t .  
-A r e se rved  word i s  used a s  a  v a r i a b l e  name. 

3: PROGRAM expected.  
*PROGRAM must be t h e  f i r s t  token i n  a  program o u t s i d e  of any 
p reced ing  comments. 

4 :  Right  p a r e n t h e s i s  expected.  
*Expected a  r i g h t  p a r e n t h e s i s  h e r e  t o  ba lance  a  p rev ious  l e f t  
p a r e n t h e s i s .  

5 :  Colon expected.  
When scanning a  f i e l d  l i s t  w i t h i n  a  record d e c l a r a t i o n ,  
expected a  colon t o  t e r m i n a t e  l i s t .  
When scanning a  c a s e  s e l e c t i o n  e i t h e r  i n  a  s t a t e m e n t  or i n  a  
r ecord  d e c l a r a t i o n ,  expected a  colon t o  t e r m i n a t e  s e l e c t i o n  
l i s t .  
When scanning VAR d e c l a r a t i o n s ,  expected a  colon t o  t e r m i n a t e  a  
l i s t  of i d e n t i f i e r s  being d e c l a r e d .  
*Label number preceding a  s t a t e m e n t  is  no t  t e rmina ted  by a  
co lon .  
When scanning a  f u n c t i o n  d e c l a r a t i o n ,  expected a  colon 
t e r m i n a t o r  t o  i n t r o d u c e  t h e  f u n c t i o n  type r e s u l t .  

6 :  Unexpected symbol found. 
*Token scanned i s  not  a  v a l i d  nex t  token f o r  t h e  type of 
scann ing  being performed. Th i s  i s  a  s o r t  of c a t c h  a l l  e r r o r  
f o r  whenever t h e  scanned token d o e s n ' t  f a l l  w i t h i n  t h e  s e t  of 
tokens  t h a t  t h e  scanner  knows how t o  handle nex t .  F requen t ly ,  
t h i s  e r r o r  i s  preceded by o t h e r  e r r o r  numbers, i n  t h i s  c a s e ,  
t h e  e r r o r  u s u a l l y  means t h a t  due t o  t h e  o t h e r  e r r o r s  f o r  t h i s  
l i n e  t h e  scanner  has  l o s t  t r a c k  of what should  be happening 
nex t  i n  t h e  s e n t e n c e .  I f  t h e r e  a r e  no preceding e r r o r s  f o r  
t h i s  s e n t e n c e ,  then  t h e  token i s  simply i n v a l i d  f o r  t h e  syntax 
of t h e  s t a t e m e n t  a t  t h i s  p o i n t .  
* * P o s s i b l e  common programming e r r o r s  which might t r i g g e r  t h i s  
message i n c l u d e :  
-A semicolon p recedes  ELSE i n  an IF  s t a t ement .  
-This or p rev ious  s t a t e m e n t  i s  miss ing a  r e q u i r e d  semicolon; 
-An e x t r a  END i s  encountered.  
-DO i s  used i n s t e a d  of B E G I N .  
-Spaces a r e  used w i t h i n  an i d e n t i f i e r  name. 
-A  keyword has  been misspe l l ed .  
-A comment i s  malformed. 
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-A s t r i n g  o r  c h a r a c t e r  c o n s t a n t  i s  mal fo rmed .  
-A mal fo rmed  d o u b l e  c h a r a c t e r  o p e r a t o r  i s  f o u n d  s u c h  a s  => 
i n s t e a d  o f  >= o r  = i n s t e a d  o f  := o r  o n e  o r  more s p a c e s  o r  e n d  
o f  l i n e s  o c c u r s  b e t w e e n  t h e  f i r s t  a n d  s e c o n d  c h a r a c t e r .  
-A comma i s  m i s s i n g  b e t w e e n  e l e m e n t s  i n  a  l i s t .  
-An e q u a l  s i g n  is  u s e d  i n s t e a d  o f  a  c o l o n  f o r  d e c l a r i n g  a  
r e c o r d  w i t h i n  a  r e c o r d .  

7 :  P a r a m e t e r  l i s t  e x p e c t e d .  
When s c a n n i n g  a  p r o c e d u r e  o r  f u n c t i o n  d e c l a r a t i o n ,  an  
u n e x p e c t e d  t o k e n  was  f o u n d  w h i c h  is  n o t  a  l e f t  p a r e n t h e s i s  
w h i c h  would i n t r o d u c e  a  p a r a m e t e r  l i s t ,  o r  t h e  t o k e n  i s  n o t  o n e  
w h i c h  would  v a l i d l y  t e r m i n a t e  t h e  d e c l a r a t i o n .  
When s c a n n i n g  a  s t a t e m e n t ,  f o u n d  a  c a l l  t o  a  p r o c e d u r e  o r  
f u n c t i o n  w h i c h  r e q u i r e s  a  p a r a m e t e r  l i s t ,  b u t  no l i s t  i s  f o u n d .  
When s c a n n i n g  a  p a r a m e t e r  l i s t ,  f o u n d  a  s e m i c o l o n  w h i c h  
s e p a r a t e s  p a r a m e t e r  items, b u t  t h e  n e x t  t o k e n  i s  n o t  a  v a l i d  
p a r a m e t e r  l i s t  item. 

8: OF e x p e c t e d .  
* W i t h i n  a  r e c o r d  d e c l a r a t i o n ,  CASE f o l l o w e d  by a  t a g f i e l d  i s  
n o t  f o l l o w e d  by OF. 
* W h i l e  s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  ARRAY f o l l o w e d  by bounds  i s  
n o t  f o l l o w e d  by  OF. 
*Whi le  s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  SET i s  n o t  f o l l o w e d  by OF. 
*Whi le  s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  FILE i s  n o t  f o l l o w e d  by OF. 
*Whi le  s c a n n i n g  a  s t a t e m e n t ,  CASE f o l l o w e d  by a  b o o l e a n  
e x p r e s s i o n  i s  n o t  f o l l o w e d  by OF. 

9 :  L e f t  p a r e n t h e s i s  e x p e c t e d .  
When s c a n n i n g  a  r e c o r d  d e c l a r a t i o n  w i t h  a  CASE p a r t ,  a  
s e l e c t i o n  i s  f o u n d  f o l l o w e d  by a  c o l o n  b u t  is  n o t  f o l l o w e d  by a  
l e f t  p a r e n t h e s i s  w h i c h  i n t r o d u c e s  t h e  f i e l d s  f o r  t h e  
s e l e c t i o n  ( s )  . 
When s c a n n i n g  a  s t a t e m e n t ,  a  p r o c e d u r e  o r  f u n c t i o n  c a l l  is 
f o u n d  w h i c h  r e q u i r e s  a  p a r a m e t e r  l i s t ,  b u t  no l e f t  p a r e n t h e s i s  
was f o u n d  w h i c h  i n t r o d u c e s  t h e  p a r a m e t e r  l i s t .  

1 0 :  Type e x p e c t e d .  
*A t y p e  d e c l a r a t i o n  was e x p e c t e d  a n d  a n  i d e n t i f i e r  was  f o u n d  
f o r  w h i c h  no t y p e  i n f o r m a t i o n  i s  known. 
*A t y p e  d e c l a r a t i o n  was e x p e c t e d  a n d  d i d  n o t  f i n d  a  v a l i d  f i r s t  
t o k e n ,  i . e .  a n  u p  a r r o w ,  PACKED, ARRAY, RECORD, SET, FILE, a  
l e f t  p a r e n t h e s i s ,  a  p l u s  s i g n ,  a minus  s i g n ,  a n  i n t e g e r  
c o n s t a n t ,  a  r e a l  c o n s t a n t ,  a  s t r i n g  c o n s t a n t ,  o r  a n  i d e n t i f i e r .  
When s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  f o u n d  PACKED n o t  f o l l o w e d  by 
ARRAY, RECORD, SET, o r  FILE. 
When s c a n n i n g  a  f u n c t i o n  d e c l a r a t i o n ,  f o u n d  a  c o l o n  i n t r a d u c i n g  
t h e  r e s u l t  t y p e ,  b u t  no t y p e  o r  an  unknown t y p e  i s  f o u n d  
f o l l o w i n g  t h e  c o l o n .  
* * P o s s i b l e  common programming e r r o r s  which  m i g h t  t r i g g e r  t h i s  
m e s s a g e  i n c l u d e :  
-Us ing  a  r e s e r v e d  word a s  a  v a r i a b l e  name. 
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-Using a  c o l o n  i n s t e a d  of e q u a l  s i g n  i n  a  t y p e  d e c l a r a t i o n .  

L e f t  b r a c k e t  e x p e c t e d .  
When s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  found ARRAY b u t  n o t  a  l e f t  
b r a c k e t  i n t r o d u c i n g  t h e  a r r a y  bounds.  

R i g h t  b r a c k e t  e x p e c t e d .  
*Expected  a  r i g h t  b r a c k e t  t o  match a  p r e v i o u s l y  found l e f t  
b r a c k e t .  

END e x p e c t e d .  
When s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  found RECORD b u t  n o t  
t e r m i n a t i n g  END. 
When s c a n n i n g  a  c a s e  s t a t e m e n t ,  c a n n o t  f i n d  t e r m i n a t i n g  END. 
*BEGIN is m i s s i n g  i t s  t e r m i n a t i n g  END. 

Semicolon  e x p e c t e d .  
*Looking f o r  a  s emico lon  t e r m i n a t o r  and d i d n ' t  f i n d  one  h e r e .  

I n t e g e r  e x p e c t e d .  
When s c a n n i n g  a  l a b e l  d e c l a r a t i o n ,  e x p e c t e d  an  i n t e g e r  l a b e l  
number. 
When s c a n n i n g  a  WRITE o r  WRITELN c a l l ,  found a  c o l o n  
i n t r o d u c i n g  w i d t h  o r  number of dec ima l  p l a c e s  c o n s t r a i n t  which 
is  n o t  f o l l o w e d  by an  i n t e g e r .  
*Argument of ORD c a l l  o r  CHR c a l l  i s  n o t  a p p r o p r i a t e  i n t e g e r .  
*Second and t h i r d  pa rame te r  of FIELDGET c a l l  i s  n o t  a n  i n t e g e r  
e x p r e s s i o n .  
*Second,  t h i r d ,  and f o u r t h  pa rame te r  of FIELDPUT c a l l  is n o t  a n  
i n t e g e r  e x p r e s s i o n .  
*Argument of SYSERR is n o t  an i n t e g e r  e x p r e s s i o n .  
*GOTO i s  n o t  f o l l o w e d  by a n  i n t e g e r  l a b e l  number. 

Equal  s i g n  e x p e c t e d .  
When s c a n n i n g  a  CONST d e c l a r a t i o n ,  i d e n t i f i e r  i s  n o t  f o l l o w e d  
by an e q u a l  s i g n .  
When s c a n n i n g  a  TYPE d e c l a r a t i o n ,  i d e n t i f i e r  is  n o t  f o l l o w e d  by 
an  e q u a l  s i g n .  

B E G I N  e x p e c t e d .  
*A d e c l a r a t i o n  p a r t  was scanned  which is  n o t  p a r t  of an empty 
o u t e r  b l o c k ,  b u t  t h e  d e c l a r a t i o n  p a r t  i s  n o t  f o l l o w e d  by BEGIN.  

I n v a l i d  d e c l a r a t i o n  p a r t .  
*A d e c l a r a t i o n  p a r t  was s canned ,  b u t  i t  is  n o t  fo l l owed  by 
B E G I N  o r  a  program t e r m i n a t i n g  p e r i o d .  

F i e l d  l i s t  e x p e c t e d .  
When s c a n n i n g  a  r e c o r d  d e c l a r a t i o n ,  RECORD is  n o t  f o l l o w e d  by 
an  i d e n t i f i e r  i n t r o d u c i n g  a  f i e l d  l i s t  o r  CASE. 

Comma e x p e c t e d .  
*For t h i s  p r o c e d u r e  o r  f u n c t i o n  c a l l  a n o t h e r  pa rame te r  is  
e x p e c t e d ,  and t h e  s e p a r a t i n g  comma i s  n o t  found.  
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When s c a n n i n g  t h e  l is t  of  f i l e  names f o l l o w i n g  PROGRAM, t h e  
l a s t  f i l e  name i s  n o t  f o l l o w e d  by a  comma o r  r i g h t  p a r e n t h e s i s .  

21: Program t e r m i n a t i n g  p e r i o d  e x p e c t e d  h e r e .  
* L a s t  t oken  i n  a  P a s c a l  program must be  a  p e r i o d  a f t e r  t h e  
f i n a l  END. 

22: I n v a l i d  ASCII c h a r a c t e r .  
*A c h a r a c t e r  was found i n  t h e  program t e x t  o u t s i d e  of a  s t r i n g  
c o n s t a n t  which i s  n u m e r i c a l l y  l e s s  t h a n  a  s p a c e  c h a r a c t e r  o r  
n u m e r i c a l l y  g r e a t e r  t h a n  a  t i l d e  c h a r a c t e r .  

23: Expected  a  hex d i g i t .  
When s c a n n i n g  a  hexadec imal  number, found t h e  d o l l a r  s i g n  which 
i n d i c a t e s  t h e  s t a r t  o f  a  hexadec imal  number, b u t  t h e  c u r r e n t  
c h a r a c t e r  b e i n g  scanned  s h o u l d  b e  and i s  n o t  a  hexadec imal  
d i g i t  (0 t h r o u g h  9 ,  ' A '  t h rough  ' F ' ,  o r  ' a '  t h r o u g h  ' f ' ) .  

24: Double p e r i o d  e x p e c t e d .  
*Subrange s i m p l e  t y p e  i s  b e i n g  scanned ,  a  d o u b l e  p e r i o d  is  
e x p e c t e d  t o  s e p a r a t e  low range  from h igh  r ange .  

25: *COMPILER ERROR* S t a n d a r d  p r o c e d u r e  number unknown. 
*A code g e n e r a t o r  r o u t i n e  i n  t h e  compi l e r  was pas sed  a n  i n v a l i d  
number. Check sys t em f o r  memory problems f i r s t ,  t h e n  check f o r  
d i s k  problems,  t h e n  t r y  u s i n g  a  f r e s h  v e r s i o n  of t h e  compi l e r  
from a  backup copy of t h e  d i s k .  I f  problem s t i l l  p e r s i s t s ,  
c o n s u l t  your  n e a r e s t  Radio  Shack s t o r e .  

26 : Comma o r  c o l o n  e x p e c t e d .  
When s c a n n i n g  a  r e c o r d  d e c l a r a t i o n ,  found a  f i e l d l i s t ,  b u t  t h e  
n e x t  t o k e n  i n  n o t  a  comma t o  s e p a r a t e  i d e n t i f i e r s  o r  a  c o l o n  t o  
t e r m i n a t e  i d e n t i f i e r  l i s t .  
When s c a n n i n g  a  pa rame te r  l i s t ,  found a  l i s t  of i d e n t i f i e r s ,  
b u t  t h e  n e x t  t oken  i s  n o t  a  comma t o  s e p a r a t e  i d e n t i f i e r s  o r  a  
c o l o n  t o  t e r m i n a t e  i d e n t i f i e r  l i s t .  

27: C o n s t a n t  i s  o u t  of r ange .  
*Compile t i m e  check of  a l l o w a b l e  r ange  f o r  c o n s t a n t  shows t h a t  
t h e  c o n s t a n t  i s  o u t  of r ange .  

28: I d e n t i f i e r ,  VAR, PROCEDURE, o r  FUNCTION expec t ed .  
When s c a n n i n g  a  p r o c e d u r e  o r  f u n c t i o n  pa rame te r  l i s t ,  d i d n ' t  
f i n d  a  v a l i d  n e x t  t oken .  

29: PROCEDURE o r  FUNCTION n o t  a l l owed  h e r e  ( compi l e r  r e s t r i c t i o n ) .  
When s c a n n i n g  a  p rocedure  o r  f u n c t i o n  pa rame te r  l i s t ,  found 
a t t e m p t  t o  p a s s  a  p r o c e d u r e  o r  f u n c t i o n  by name, t h i s  v e r s i o n  
of t h e  compi l e r  d o e s  n o t  a l l o w  t h i s .  

30: E r r o r  i n  r e a l  c o n s t a n t ,  d i g i t  e x p e c t e d .  
*A s t r i n g  of d i g i t s  was found f o l l o w e d  by a  p e r i o d  ( b u t  n o t  a  
d o u b l e  p e r i o d ) ,  b u t  no d i g i t  was found a f t e r  t h e  p e r i o d ,  t h i s  



OS-9 P a s c a l  User's Manual 
ERROR MESSAGE DESCRIPTIONS 

i s  an i n v a l i d  r e a l  number a c c o r d i n g  t o  t h e  l anguage  spec .  You 
may need t o  p u t  a  z e r o  a f t e r  t h e  p e r i o d .  
* A r e a l  number was found which ends  w i t h  an " e n  o r  " E n  
f o l l o w e d  by an  o p t i o n a l  s i g n  b u t  n o t  fo l l owed  by a  d i g i t .  
A f t e r  t h e  "En must  come an i n t e g e r  exponent  v a l u e .  

S t r i n g  c o n s t a n t  must be  c o n t a i n e d  on a  s i n g l e  s o u r c e  l i n e .  
*An open ing  s i n g l e  q u o t e  c h a r a c t e r  was found which i n d i c a t e s  
t h e  s t a r t  of a  s t r i n g  c o n s t a n t ,  b u t  t h e  matching  end ing  s i n g l e  
q u o t e  c h a r a c t e r  was n o t  found on t h e  same l i n e  of s o u r c e .  A l l  
s t r i n g s  must be f u l l y  c o n t a i n e d  on a  s i n g l e  l i n e .  

I n t e g e r  c o n s t a n t  exceeds  range .  
*An i n t e g e r  c o n s t a n t  was scanned  which has  a  v a l u e  g r e a t e r  t h a n  
3 2 7 6 7 .  

Too many n e s t e d  s c o p e s  of  i d e n t i f i e r s  ( compi l e r  r e s t r i c t i o n ) .  
When s c a n n i n g  a  t y p e  d e c l a r a t i o n ,  found RECORD,  b u t  t h e  symbol 
t a b l e  canno t  be f u r t h e r  n e s t e d .  
When s c a n n i n g  a  p r o c e d u r e  or  f u n c t i o n  d e c l a r a t i o n ,  t h e  symbol 
t a b l e  c a n n o t  be  f u r t h e r  n e s t e d .  
When s c a n n i n g  a  WITH s t a t e m e n t ,  t h e  symbol t a b l e  canno t  be 
f u r t h e r  n e s t e d .  

Too many n e s t e d  p r o c e d u r e s  and/or  f u n c t i o n s  ( compi l e r  
r e s t r i c t i o n ) .  
*PROCEDURE o r  FUNCTION found ,  b u t  t h e  symbol t a b l e  canno t  be 
f u r t h e r  n e s t e d .  

I n v a l i d  s cope  of name due t o  p r e v i o u s  use .  
*The name i n  q u e s t i o n  has  been p r e v i o u s l y  used  w i t h i n  t h e  same 
b l o c k .  An example of t h i s  i s  i f  a  name was used  a s  a  c o n s t a n t  
i n  t h e  o u t e r  program and t h e  c o n s t a n t  r e f e r e n c e d  w i t h i n  a  
s u b p r o c e d u r e .  Then a  new t y p e  was d e c l a r e d  u s i n g  t h e  same name 
a s  a  member of a  s u b r a n g e  type .  

Too many e r r o r s  d e t e c t e d  f o r  t h i s  s o u r c e  l i n e .  
*Ten o r  more e r r o r s  were  d e t e c t e d  d u r i n g  t h e  s c a n n i n g  of t h i s  
s o u r c e  l i n e .  A l l  e r r o r s  p a s t  t h e  n i n t h  a r e  i g n o r e d .  U s u a l l y  
when t h i s  many e r r o r s  a r e  d e t e c t e d  f o r  a  s i n g l e  l i n e  of s o u r c e ,  
i t  i s  because  some o t h e r  e r r o r  has  t r i g g e r e d  seconda ry  e r r o r s .  
I f  t h i s  i s  t h e  c a s e ,  c o r r e c t i n g  t h e  p r imary  e r r o r  w i l l  g e t  r i d  
of t h e  s econda ry  e r r o r s .  

D i v i s i o n  by z e r o  a t t e m p t e d .  
* E i t h e r  a  compi l e  t i m e  or  run t i m e  p r o c e s s  d e t e r m i n e d  t h a t  a  
d i v i s i o n  by z e r o  i s  b e i n g  a t t e m p t e d .  

C o n s t a n t  v a l u e  must be g r e a t e r  t h a n  z e r o .  
*An a r r a y  r e f e r e n c e  u s i n g  t h e  < e x p r e s s i o n >  FOR < c o u n t >  l a n g u a g e  
e x t e n s i o n  i s  scanned  b u t  < c o u n t >  i s  z e r o  o r  n e g a t i v e  - i t  must 
be g r e a t e r  t h a n  o r  e q u a l  t o  one.  

Element  e x p r e s s i o n  is  o u t  of range .  
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*An element of a  s e t  was scanned which i s  found t o  have a  va lue  
l e s s  than z e r o  or g r e a t e r  than 255. 

40: SHORTIO c a l l e d  wi th  record s i z e  out  of range.  
*Program c a l l e d  t h e  s t a n d a r d  procedure SHORTIO, but  t h e  va lue  
of t h e  record  s i z e  parameter i s  l e s s  than z e r o ,  or g r e a t e r  than 
t h e  d e c l a r e d  record s i z e  of t h e  f i l e .  I f  t h e  1/0 a b o r t  f l a g  i s  
enabled f o r  t h e  f i l e ,  t h e  program w i l l  a b o r t .  

4 1 :  FILESIZE c a l l e d  wi th  f i l e  not  open. 
*Program c a l l e d  t h e  s t a n d a r d  procedure  FILESIZE, but  t h e  f i l e  
has  no t  been opened. I f  t h e  1/0 a b o r t  f l a g  i s  enabled f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

42: OS-9 e r r o r  on FILESIZE c a l l ,  0.7-9 e r r o r  number f o l l o w s .  
"Program c a l l e d  t h e  s t a n d a r d  procedure  FILESIZE, and 0s-9 
d e t e c t e d  an e r r o r .  The I / O  a b o r t  f l a g  i s  enabled so  t h e  
program a b o r t s  and t h e  OS-9 e r r o r  i s  d i s p l a y e d .  

43: Undefined FORWARD procedures  o r  f u n c t i o n s  found. 
*A procedure  or f u n c t i o n  was d e c l a r e d  wi th  t h e  a t t r i b u t e  
FORWARD, b u t  t h e  body of t h e  procedure  or f u n c t i o n  was n o t  
found by t h e  t ime i s  was requ i red  t o  be found.  

4 4 :  Unimplemented f i l e  f u n c t i o n  i n  suppor t  package. 
*You a r e  running a  program using e i t h e r  t h e  "Suppor t l "  or  
"Support2" suppor t  modules which c o n t a i n  s u b s e t s  of t h e  f u l l  
s u p p o r t  module, and one of t h e  miss ing suppor t  r o u t i n e s  i s  
needed. Cause t h e  c o r r e c t  suppor t  module t o  be used a s  
d e s c r i b e d  i n  t h e  implementation gu ide ,  and rerun t h e  program. 

45: IOABORT c a l l e d  wi th  TRUE argument v a l u e ,  p rev ious  e r r o r  n o t  
c l e a r e d .  
*Once IOABORT has  been c a l l e d  wi th  a  FALSE v a l u e ,  t h e  I 0  e r r o r s  
must be c l e a r e d  by a  c a l l  t o  IORESULT. The r e s u l t  b u f f e r  must 
be c l e a r e d  b e f o r e  a t t e m p t i n g  t o  c a l l  IOABORT wi th  a  TRUE va lue .  

46: Case s e l e c t o r  i s  o u t  of range of base  type.  
*Within a  TYPE d e c l a r a t i o n  a  v a r i a n t  record e n t r y  has been 
d e c l a r e d  wi th  a  va lue  number which i s  not  i n  range of t h e  
record c a s e  de te rmina to r  type .  An example i s  t o  d e c l a r e  a  
r ecord  wi th  a  v a r i a n t  record whose s e l e c t o r  i s  a  subrange.  One 
of t h e  p o s s i b l e  r ecord  formats  then uses  a  l a b e l  which i s  ou t  
of t h e  s e l e c t o r  v a r i a b l e ' s  subrange.  

47: Label  not  i n  range of 0  t h r u  9999. 
A l a b e l  has been d e c l a r e d  which i s  no t  i n  t h e  range of 0  t h r u  
9999. 

48: C a n ' t  use MIL i n  a  COMST d e c l a r a t i o n .  
MIL i s  a  r ese rved  word which i s  used i n  r e f e r e n c e  t o  p o i n t e r s  
but  does no t  have a  va lue  which may be ass igned  w i t h i n  a CONST 
d e c l a r a t i o n .  
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49: Def ined  f u n c t i o n  i s  n o t  a s s i g n e d  a  v a l u e .  
When a  f u n c t i o n  i s  d e c l a r e d ,  t h e  name of t h e  f u n c t i o n  must be 
t h e  t a r g e t  of  an a s s ignmen t  w i t h i n  t h e  body of t h e  f u n c t i o n .  
A l l  f u n c t i o n s  must r e t u r n  a  v a l u e .  

50:  C o n s t a n t  e x p e c t e d .  
*Looking f o r  a  c o n s t a n t ,  b u t  d i d  no t  f i n d  a  v a l i d  t o k e n  t o  
s t a r t  a  c o n s t a n t ,  i . e .  a  p l u s  s i g n ,  minus s i g n ,  i n t e g e r  
c o n s t a n t ,  r e a l  c o n s t a n t ,  s t r i n g  c o n s t a n t ,  o r  an i d e n t i f i e r .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
-Three  p e r i o d s  i n  a  row a r e  found where a  d o u b l e  p e r i o d  i s  
i n t e n d e d .  
-F ind ing  a  l i s t  when an a r r a y  index  s p e c i f i c a t i o n  i s  needed.  

51: I : = !  e x p e c t e d .  
*A s t a t e m e n t  is  be ing  scanned ,  an i d e n t i f i e r  was found which i s  
n o t  a  p r o c e d u r e  o r  f u n c t i o n  name, t h e r e f o r e ,  it must be  an  
a s s i g n m e n t  s t a t e m e n t ,  b u t  t h e  n e x t  t oken  is  n o t  I : = ' .  

*A FOR s t a t e m e n t  i s  b e g i n  s canned ,  FOR was fo l lowed  by an 
i d e n t i f i e r  name b u t  was n o t  f u r t h e r  fo l l owed  by I : = ' .  

* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
-An e q u a l  s i g n  i s  found where := is  i n t e n d e d .  
-An i d e n t i f i e r  i s  m i s s p e l l e d .  

5 2 :  THEN e x p e c t e d .  
*An I F  s t a t e m e n t  i s  b e i n g  scanned .  I F  was fo l lowed  by a  boo lean  
e x p r e s s i o n  b u t  t h e  n e x t  t oken  i s  n o t  THEN. 

53:  UNTIL e x p e c t e d .  
*A r e p e a t  s t a t e m e n t  i s  b e i n g  scanned ,  REPEAT fo l lowed  by a  
s t a t e m e n t  l i s t  was f o u n d ,  b u t  t h e  t e r m i n a t i n g  UNTIL was n o t  
found.  

54:  DO e x p e c t e d .  
*A WHILE s t a t e m e n t  i s  be ing  scanned .  WHILE was fo l lowed  by a  
boo lean  e x p r e s s i o n  b u t  t h e  n e x t  t oken  i s  n o t  DO. 
*A FOR s t a t e m e n t  i s  b e i n g  scanned .  FOR < i d e n t > : = < e x p r >  
TO/DOWNTO < e x p r >  was found ,  b u t  t h e  n e x t  t o k e n  i s  n o t  DO. 
*A WITH s t a t e m e n t  i s  b e i n g  scanned .  WITH was f o l l o w e d  by an 
i d e n t i f i e r ,  b u t  t h e  n e x t  t oken  i s  n o t  DO. 

55: TO o r  DOWNTO e x p e c t e d .  
*A FOR s t a t e m e n t  i s  b e g i n  scanned .  FOR < i d e n t > : = < e x p r >  was 
found ,  b u t  t h e  n e x t  t oken  i s  n o t  TO o r  DOWNTO. 

56: D u p l i c a t e  i d e n t i f i e r  i n  PROGRAM s t a t e m e n t  p a r a m e t e r s .  
Wi th in  t h e  PROGRAM s t a t e m e n t  p a r a m e t e r s  l i s t  an i d e n t i f i e r  h a s  
been used  more t h a n  once .  

57: F i e l d  w i d t h  pa rame te r  n e g a t i v e .  
When p r i n t i n g  v a r i a b l e s  u s i n g  WRITE o r  WRITELN a  f i e l d  w i d t h  
pa rame te r  may be  used t o  s p e c i f y  t h e  number of columns i n  which 
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t o  p r i n t  t h e  v a r i a b l e .  The width parameter may no t  be 
n e g a t i v e .  

Fac to r  expected.  
*Looking f o r  a  f a c t o r  but  d i d n ' t  f i n d  a  v a l i d  f i r s t  token,  i . e .  
an  i n t e g e r  c o n s t a n t ,  r e a l  c o n s t a n t ,  s t r i n g  c o n s t a n t ,  
i d e n t i f i e r ,  l e f t  p a r e n t h e s i s ,  l e f t  b r a c k e t ,  o r  NOT. 
**Poss ib le  common programming e r r o r s  which might t r i g g e r  t h i s  
message i n c l u d e :  
-A r e a l  c o n s t a n t  i s  in tended but  t h e r e  a r e  no d i g i t s  b e f o r e  t h e  
decimal p o i n t .  
-A malformed s t r i n g  c o n s t a n t  i s  found. 
-A malformed double c h a r a c t e r  o p e r a t o r  i s  found ( s e e  e r r o r  
message 6 f o r  examples) .  

V a r i a b l e  expec ted .  
When scanning a  sen tence ,  a  v a r i a b l e  r e f e r e n c e  fol lowed by up 
arrow, p e r i o d ,  o r  l e f t  b r a c k e t  was expected.  

Attempted t o  load  o r  s t o r e  t h e  va lue  of an a d d r e s s .  
*While a t t e m p t i n g  t o  g e n e r a t e  a  pcode i n s t r u c t i o n ,  a  form of 
o b j e c t  r e f e r e n c e  was found which would r e q u i r e  t h e  load ing  o r  
s t o r i n g  of an a d d r e s s  a s  a  va lue .  

Expected a  f i l e  name. 
*A procedure  o r  f u n c t i o n  c a l l  i s  being scanned which r e q u i r e s  
a s  a  parameter  t h e  name of a  f i l e  he re .  

I n v a l i d  o r d e r i n g  of d e c l a r a t i o n  p a r t s .  
D e c l a r a t i o n s  a r e  r e q u i r e d  t o  be i n  t h e  s t a n d a r d  o rde r  of LABEL,  
CONST, TYPE, VAR,  and PROCEDURES o r  FUNCTIONS. 

0s-9 e r r o r  on f i l e  c l o s e ,  0s-9 e r r o r  number f o l l o w s .  
*Program has  e i t h e r  i m p l i c i t l y  or e x p l i c i t l y  c l o s e d  a  f i l e  and 
0s-9 d e t e c t e d  an e r r o r .  The 1/0 a b o r t  f l a g  i s  enabled s o  t h e  
program a b o r t s  and t h e  0s-9 e r r o r  i s  d i sp layed .  

Read c a l l e d  wi th  EOF t r u e .  
*Program c a l l e d  t h e  s t a n d a r d  procedure  READ, bu t  t h e  f i l e  
p o i n t e r  i s  a t  EOF. I f  t h e  I / O  a b o r t  f l a g  i s  enabled f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

Read c a l l e d  w i t h  f i l e  no t  i n  i n s p e c t i o n  mode. 
*Program c a l l e d  t h e  s t a n d a r d  procedure  READ,  but  t h e  f i l e  i s  
opened f o r  o u t p u t  only .  I f  t h e  1 /0  a b o r t  f l a g  i s  enabled f o r  
t h e  f i l e ,  t h e  program w i l l  a b o r t .  

Read c a l l e d  w i t h  f i l e  no t  open. 
*Program c a l l e d  t h e  s t a n d a r d  procedure  READ, bu t  t h e  f i l e  has 
no t  been opened. I f  t h e  I / O  a b o r t  f l a g  i s  enabled f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

0s-9 e r r o r  on f i l e  r ead .  0s-9 e r r o r  number fo l lows .  
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*Program i s  a t t e m p t i n g  t o  r e a d  a  f i l e ,  b u t  0s-9 d e t e c t e d  a n  
e r r o r .  The 1 /0  a b o r t  f l a g  i s  e n a b l e d ,  s o  t h e  program a b o r t s  
and t h e  0s-9 e r r o r  i s  d i s p l a y e d .  

GET a t t e m p t e d  on s h o r t  r e c o r d .  
*A GET i s  i s s u e d  a g a i n s t  a  f i l e  of f i x e d  l e n g t h  r e c o r d s ,  b u t  
t h e  r e c o r d  found d o e s  n o t  c o n t a i n  enough c h a r a c t e r s .  I f  t h e  
1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  f i l e ,  t h e  program w i l l  a b o r t .  

GET c a l l e d  w i t h  EOF t r u e .  
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  GET, b u t  t h e  f i l e  
p o i n t e r  i s  a t  EOF, and t h e  p r e c e d i n g  o p e r a t i o n  t o  t h e  f i l e  was 
n o t  a  c a l l  t o  REPOSITION. I f  t h e  1 /0  a b o r t  f l a g  i s  enab led  f o r  
t h e  f i l e ,  t h e  program w i l l  a b o r t .  

GET c a l l e d  w i t h  f i l e  n o t  i n  i n s p e c t i o n  mode. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  GET, b u t  t h e  f i l e  i s  
opened f o r  o u t p u t  o n l y .  I f  t h e  1 /0  a b o r t  f l a g  i s  enab led  f o r  
t h e  f i l e ,  t h e  program w i l l  a b o r t .  

GET c a l l e d  w i t h  f i l e  n o t  open.  
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  GET, b u t  t h e  f i l e  has  
n o t  been opened.  I f  t h e  I / O  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

M u l t i p l e  dec ima l  p o i n t s  e n c o u n t e r e d  d u r i n g  READ of r e a l  number. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  READ t o  g e t  a  r e a l  
number, b u t  two dec ima l  p o i n t s  were  found.  I f  t h e  1 /0  a b o r t  
f l a g  i s  e n a b l e d  f o r  t h e  f i l e ,  t h e  program w i l l  a b o r t .  Check 
t h e  f o r m a t  of t h e  d a t a  b e i n g  r e a d  f o r  bad c h a r a c t e r s  o r  m i s s i n g  
t e r m i n a t o r  ( i . e .  a  s p a c e )  between numbers. 

D i g i t  e x p e c t e d  d u r i n g  READ o r  r e a l  number. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  READ t o  g e t  a  r e a l  
number, b u t  a t  some p o i n t  a  d i g i t  was r e q u i r e d  and n o t  found.  
Check t h e  f o r m a t  of t h e  d a t a  b e i n g  r e a d  f o r  bad c h a r a c t e r s  o r  
f o r  a  number w i t h  no d i g i t s  b e f o r e  ' E l  o r  no d i g i t s  a f t e r  ' E l  
w i t h  i t s  o p t i o n a l  s i g n .  

F l o a t i n g  p o i n t  o v e r f l o w  d u r i n g  READ of  r e a l  number. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  READ t o  q e t  a  r e a l  
number, b u t  t h e  number i s  t o o  l a r g e  ( b i g g e r  t h a n  app;oximate ly  
1E37) .  

WRITEEOF c a l l e d  w i t h  r e c o r d  number o u t  of  r ange .  
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  WRITEEOF, b u t  t h e  
c u r r e n t  r e c o r d  number i s  t o o  b i g  ( b i g g e r  t h a n  a p p r o x i m a t e l y  
2**31) .  

76: OS-9 e r r o r  on WRITEEOF c a l l ,  0s-9 e r r o r  number f o l l o w s .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  WRITEEOF, and OS-9 d e t e c t e d  
an e r r o r .  The 1 /0  a b o r t  f l a g  i s  e n a b l e d  s o  t h e  program a b o r t s  
and t h e  0s-9 e r r o r  i s  d i s p l a y e d .  
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77: WRITEEOF c a l l e d  w i t h  f i l e  i n  i n s p e c t i o n  mode. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  WRITEEOF, b u t  t h e  f i l e  
i s  opened f o r  i n p u t  o n l y .  I f  t h e  1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  
t h e  f i l e ,  t h e  program w i l l  a b o r t .  

78: I n v a l i d  c h a r a c t e r  found f o r  READ of i n t e g e r .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  READ t o  r e a d  an  i n t e g e r  and 
an  u n r e c o g n i z a b l e  c h a r a c t e r  was found ( i . e .  n o t  an  o p t i o n a l  
l e a d i n g  p l u s  o r  minus s i g n  f o l l o w e d  by a  s t r i n g  of d i g i t s ) .  I f  
t h e  1/0 a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  f i l e ,  t h e  program w i l l  
a b o r t .  

79: I n t e g e r  o v e r f l o w  f o r  READ of i n t e g e r .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  READ t o  r e a d  an  i n t e g e r ,  b u t  
t h e  number i s  t o o  l a r g e  ( i . e .  n o t  i n  t h e  c l o s e d  i n t e r v a l  [ -  
32768,  +327671. I f  t h e  1 /0  a b o r t  f l a g  is  e n a b l e d  f o r  t h e  f i l e ,  
t h e  program w i l l  a b o r t .  

80: SEEKEOF c a l l e d  w i t h  i n v a l i d  f i l e  s i z e .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  SEEKEOF, b u t  t h e  f i l e  s i z e  
i n  b y t e s  i s  n o t  an  i n t e g r a l  m u l t i p l e  of t h e  r e c o r d  l e n g t h  f o r  
t h e  f i l e .  Tha t  i s ,  t h e  f i l e  d o e s  n o t  c o n t a i n  p r o p e r  f i x e d  
l e n g t h  r e c o r d s  a s  t h e  l a s t  r e c o r d  i n  t h e  f i l e  is  t o o  s h o r t .  I f  
t h e  I / O  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  f i l e ,  t h e  program w i l l  
a b o r t .  

81: OS-9 e r r o r  on SEEKEOF c a l l ,  OS-9 e r r o r  number f o l l o w s .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  SEEKEOF and OS-9 d e t e c t e d  an  
e r r o r .  The 1/0 a b o r t  f l a g  i s  e n a b l e d  s o  t h e  program a b o r t s ,  
and t h e  OS-9 e r r o r  i s  d i s p l a y e d .  

82: SEEKEOF c a l l e d  w i t h  f i l e  n o t  open.  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  SEEKEOF, b u t  t h e  f i l e  h a s  
n o t  been opened.  I f  t h e  1/0 a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

83: OS-9 e r r o r  on f i l e  s e e k ,  OS-9 e r r o r  number f o l l o w s .  
*Program c a l l e d  s t a n d a r d  p rocedure  REPOSITION and OS-9 d e t e c t e d  
an  e r r o r .  The 1 /0  a b o r t  f l a g  is  e n a b l e d  s o  t h e  program a b o r t s  
and t h e  OS-9 e r r o r  is  d i s p l a y e d .  

84: REPOSITION c a l l e d  w i t h  r e c o r d  number o u t  of range .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  REPOSITION, b u t  t h e  
d e s t i n a t i o n  r e c o r d  number does  n o t  e x i s t  i n  t h e  f i l e .  I f  t h e  
1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  f i l e ,  t h e  program w i l l  a b o r t .  

85:  GETINFO o r  PUTINFO c a l l e d  w i t h  f i l e  n o t  open. 
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  GETINFO o r  PUTINFO, b u t  t h e  
f i l e  h a s  n o t  been opened.  I f  t h e  1/0 a b o r t  f l a g  i s  e n a b l e d  f o r  
t h e  f i l e ,  t h e  program w i l l  a b o r t .  

86:  REPOSITION c a l l e d  w i t h  f i l e  n o t  open. 
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  REPOSITION, b u t  t h e  f i l e  h a s  
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n o t  been opened.  I f  t h e  1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

87: 0s-9 e r r o r  on GETINFO o r  PUTINFO c a l l ,  0s-9 e r r o r  number 
f o l l o w s .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  GETINFO o r  PUTINFO and 0s-9 
d e t e c t e d  an  e r r o r .  The 1 /0  a b o r t  f l a g  i s  e n a b l e d  s o  t h e  
program a b o r t s  and t h e  0s-9 e r r o r  i s  d i s p l a y e d .  

88: POSITION c a l l e d  w i t h  f i l e  no t  open.  
*Program c a l l e d  s t a n d a r d  f u n c t i o n  POSITION, b u t  t h e  f i l e  h a s  
n o t  been opened .  I f  t h e  1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

89:  WRITEEOF c a l l e d  w i t h  f i l e  n o t  open.  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  WRITEEOF, bu t  t h e  f i l e  h a s  
n o t  been opened.  I f  t h e  1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

91: INTERACTIVE c a l l e d  w i t h  f i l e  n o t  open. 
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  INTERACTIVE, b u t  t h e  f i l e  
h a s  n o t  been opened .  I f  t h e  1/0 a b o r t  f l a g  i s  enab led  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

92: 0s-9 e r r o r  on f i l e  w r i t e ,  0s-9 e r r o r  number f o l l o w s .  
*Program i s  a t t e m p t i n g  t o  w r i t e  a  f i l e  b u t  0s-9 d e t e c t e d  a n  
e r r o r .  The 1 /0  a b o r t  f l a g  i s  e n a b l e d  s o  t h e  program a b o r t s  and 
t h e  0s-9 e r r o r  i s  d i s p l a y e d .  

93: PUT c a l l e d  w i t h  EOF f a l s e .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  PUT b u t  t h e  f i l e  p o i n t e r  i s  
n o t  c u r r e n t l y  a t  EOF and t h e  p r e c e d i n g  o p e r a t i o n  t o  t h e  f i l e  
was n o t  a  c a l l  t o  REPOSITION. I f  t h e  1 /0  a b o r t  f l a g  i s  e n a b l e d  
f o r  t h e  f i l e ,  t h e  program w i l l  a b o r t .  

94: PUT c a l l e d  w i t h  f i l e  n o t  i n  g e n e r a t e  mode. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  PUT, b u t  t h e  f i l e  i s  
opened f o r  i n p u t  o n l y .  I f  t h e  1 /0  a b o r t  f l a g  i s  enab led  f o r  
t h e  f i l e ,  t h e  program w i l l  a b o r t .  

95: PUT c a l l e d  w i t h  f i l e  n o t  open. 
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  PUT, b u t  t h e  f i l e  h a s  
n o t  been opened .  I f  t h e  1 /0  a b o r t  f l a g  i s  e n a b l e d  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

96: 0s-9 e r r o r  on s t a t u s  c a l l ,  0s-9 e r r o r  number f o l l o w s .  
*Program h a s  e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y  done a  g e t  o r  p u t  
s t a t u s  sys t em c a l l  and  0s-9 d e t e c t e d  an e r r o r .  The 1 /0  a b o r t  
f l a g  is  e n a b l e d  s o  t h e  program a b o r t s  and t h e  0s-9 e r r o r  i s  
d i s p l a y e d .  

97: SHORT10 c a l l e d  w i t h  f i l e  n o t  open. 
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*Program c a l l e d  s t a n d a r d  p rocedure  SHORTIO, b u t  t h e  f i l e  h a s  
no t  been opened.  I f  t h e  I /O a b o r t  f l a g  i s  enab led  f o r  t h e  
f i l e ,  t h e  program w i l l  a b o r t .  

98: 0s-9 e r r o r  on f i l e  open,  0s-9 e r r o r  number f o l l o w s .  
*Program h a s  e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y  a t t e m p t e d  t o  open 
a  f i l e ,  and 0s-9 d e t e c t e d  an e r r o r .  The 1 /0  a b o r t  f l a g  i s  
e n a b l e d ,  s o  t h e  program a b o r t s  and t h e  0s-9 e r r o r  i s  d i s p l a y e d .  

99: 0s-9 e r r o r  on f i l e  rewind,  0s-9 e r r o r  number f o l l o w s .  
*Program h a s  i m p l i c i t l y  a t t e m p t e d  t o  rewind a  f i l e ,  i . e .  i t  h a s  
i s s u e d  a  RESET, REWRITE, o r  UPDATE c a l l  t o  a  f i l e  which i s  
a l r e a d y  opened and d i d  n o t  supp ly  a  new f i l e  name, and 0s-9 
d e t e c t e d  an e r r o r .  The 1/0 a b o r t  f l a g  is  enab led  s o  t h e  
program a b o r t s  and t h e  0s-9 e r r o r  is  d i s p l a y e d .  

100:  S t r i n g  o r  c h a r a c t e r  a r r a y  expec ted .  
*The f o l l o w i n g  s t a n d a r d  p r o c e d u r e s  r e q u i r e  a  s t r i n g  o r  
c h a r a c t e r  a r r a y  a s  t h e i r  second arguments :  RESET, REWRITE, 
UPDATE. 
*The f o l l o w i n g  s t a n d a r d  p r o c e d u r e s  r e q u i r e  a  s t r i n g  o r  
c h a r a c t e r  a r r a y  a s  t h e i r  argument:  SHELL, CNVTREAL. 

101:  I d e n t i f i e r  is  a l r e a d y  d e c l a r e d .  
*A new name i s  be ing  d e c l a r e d ,  b u t  t h e  name a l r e a d y  h a s  been 
d e c l a r e d .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
-An i d e n t i f i e r  i s  m i s s p e l l e d .  
-An i d e n t i f i e r  is  b e i n g  used  both  a s  a  s i m p l e  t y p e  and a s  an 
enumera t ion  i d e n t i f i e r .  

102:  Low bound exceeds  h i g h  bound. 
When s c a n n i n g  a  sub range  and t h e  low bound of t h e  range  i s  
found t o  be n u m e r i c a l l y  h i g h e r  t h a n  t h e  h igh  bound. 

103: I d e n t i f i e r  i s  n o t  of t h e  a p p r o p r i a t e  c l a s s .  
*The i d e n t i f i e r  named i s  does  n o t  have v a l i d  a t t r i b u t e s  f o r  u s e  
h e r e .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
-A s t r i n g  o r  c h a r a c t e r  c o n s t a n t  is  malformed. 
- P r e v i o u s  e r r o r s  were  found i n  t h e  d e c l a r a t i o n  of t h e  
i d e n t i f i e r .  

104:  I d e n t i f i e r  i s  n o t  d e c l a r e d .  
*The i d e n t i f i e r  found h a s  n o t  been p r e v i o u s l y  d e f i n e d  and t h i s  
i s  n o t  a  fo rward  p o i n t e r  d e c l a r a t i o n .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
-An i d e n t i f i e r  i s  m i s s p e l l e d .  
-A keyword i s  b e i n g  used a s  an  i d e n t i f i e r  name. 
-A s t r i n g  o r  c h a r a c t e r  c o n s t a n t  is  malformed. 



OS-9 Pascal User's Manual 
ERROR MESSAGE DESCRIPTIONS 

105: Sign is not allowed here. 
*When looking for a constant, a sign followed by an identifier 
name was found, but the identifier is not equivalent to a real 
or integer constant. 

106: A number is expected. 
*When looking for a constant, a non-string was found which does 
not resolve to a numeric value. 

107: Incompatible subrange types. 
When scanning a simple type, found a subrange, but the token to 
the right of the ' ..' is not compatible with the token to the 
left. 

108: FILE is not allowed here. 
When scanning a type declaration, found a pointer to a file. 
Pointers to files are invalid. 
When scanning a type declaration, found FILE OF FILE. Files of 
file are invalid. 

109: Type must not be real. 
When scanning a subrange declaration,found a real range 
constraint. Only integer ranges are allowed. 
When scanning a case discriminant (tagfield identifier), found 
a real-type identifier. 
When scanning array declaration, found ARRAY [ REAL 1 .  

110: Tagfield must be a scalar or subrange. 
When scanning a case discriminant (tagfield) identifier, found 
an identifier which was not a scalar-type or subrange-type. 

111: Incompatible with tagfield type. 
When scanning a case selection list, the type of the selection 
value is Incompatible with the type of the case discriminant 
(tagfield). 

112: Unimplemented Support Package function. 
*The version of the Support Package which is in memory is not 
the version required for running this program. For example, 
your program may require floating point arithmetic, and the 
version of the Support Package which was either found in memory 
or which was loaded into memory does not support floating point 
arithmetic. There are three versions of the support package 
supplied. Either you should unlink the version of Support 
which is currently loaded in memory and load the required 
version before re-running this program or, if Support is not 
currently loaded into memory, you should cause the required 
version of the support package to have the file name "SUPPORT" 
in the current execution directory before re-running this 
program. 

113: Index type must be a scalar or a subrange. 
When scanning an array bounds declaration, the type of the 
bound given is not a scalar-type or a subrange-type. 
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1 1 4 :  Base type  must no t  be r e a l .  
When scanning a  s e t  type  d e c l a r a t i o n ,  found SET OF REAL. 

115: Base type  must be a  s c a l a r  o r  a  subrange.  
When scanning a  s e t  type  d e c l a r a t i o n ,  t h e  type of t h e  s e t  being 
d e c l a r e d  i s  no t  a  s c a l a r - t y p e  or a  subrange-type.  

116: Er ro r  i n  type  of s t a n d a r d  procedure  parameter.  
When scanning a  c a l l  of a  s t a n d a r d  r o u t i n e ,  t h e  parameter found 
i s  no t  a  v a l i d  type .  See t h e  user manual s e c t i o n  on s t a n d a r d  
f u n c t i o n s  and procedures  f o r  a  d e s c r i p t i o n  of v a l i d  parameters .  

117: U n s a t i s f i e d  forward r e f e r e n c e .  
*The l i s t  of i d e n t i f i e r s  fo l lowing  were p r e v i o u s l y  d e c l a r e d  t o  
be forward but  t h e i r  a c t u a l  d e c l a r a t i o n s  were no t  found.  

118: Machine code c a l l s  pcode but  pcode d o e s n ' t  e x i s t .  
*A n a t i v e  code r o u t i n e  e r roneous ly  c a l l s  a  r o u t i n e  t h a t  i s  
supposed t o  e x i s t  i n  pcode form but  t h e  pcode r o u t i n e  cannot be 
found.  
**Usually t h i s  e r r o r  i s  caused by p a r t i a l l y  t r a n s l a t i n g  a  
program, making changes t o  t h e  program, and then doing a  f u l l  
t r a n s l a t i o n  on t h e  program. During t h e  f i r s t  t r a n s l a t i o n  a  
r o u t i n e  was c a l l e d  by one of t h e  t r a n s l a t e d  r o u t i n e s  which 
e x i s t e d  i n  pcode form. During t h e  second t r a n s l a t i o n  t h e  
r e f e r e n c e d  r o u t i n e  was a l s o  conver ted  t o  machine code but  t h e  
f i r s t  module s t i l l  t h i n k s  i t  e x i s t s  i n  pcode form. 

119: Procedure was d e c l a r e d  FORWARD, r e p e t i t i o n  of parameter  l i s t  
no t  a l lowed.  
When scanning a  procedure  d e c l a r a t i o n  and found a  l e f t  paren- 
t h e s i s  which i n t r o d u c e s  a  parameter l i s t  but  t h e  r o u t i n e  was 
p r e v i o u s l y  d e c l a r e d  a s  forward and t h e  p rev ious  d e c l a r a t i o n  i s  
t h e  on ly  p l a c e  t h e  t h e  parameter l i s t  can be d e c l a r e d .  

120: Func t ion  r e s u l t  type  must be a  s c a l a r ,  a  subrange,  o r  a  
p o i n t e r .  
When scanning a  f u n c t i o n  d e c l a r a t i o n  and a  colon was found 
i n t r o d u c i n g  a  type  f o r  t h e  f u n c t i o n  r e s u l t  bu t  t h e  token 
fo l lowing  t h e  colon i s  not a  s c a l a r - t y p e  or a  subrange-type,  o r  
a  p o i n t e r - t y p e .  

1 2 1 :  FILE parameter cannot be passed by va lue .  
When scanning a  procedure  o r  f u n c t i o n  parameter l i s t  and 
encountered a t t e m p t  t o  pass  a  f i l e  by va lue ,  f i l e s  can on ly  be 
passed by name. 

1 2 2 :  Funct ion was d e c l a r e d  forward,  r e p e t i t i o n  of parameter l i s t  i s  
not  a l lowed.  
When scanning a  f u n c t i o n  d e c l a r a t i o n  and encountered a  l e f t  
p a r e n t h e s i s  which i n t r o d u c e s  a  parameter l i s t  but  t h e  f u n c t i o n  
was p r e v i o u s l y  d e c l a r e d  a s  forward and t h e  p rev ious  d e c l a r a t i o n  
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is the only place that the parameter list can appear. 

123: Missing result type in FUNCTION declaration. 
When scanning a function declaration and did not find a colon 
which introduces the result type of the function. 

124: F-format allowed for real values only. 
When scanning parameter list for WRITE or WRITELN call and 
found extraneous colon introducing a decimal width constraint 
but such a constraint is valid only for printing a real value 
and the item being printed is not real-type. 

125: Not enough parameters given. 
When scanning a call to READ or WRITE and no parameters are 
given, either give a file name and/or a list of items or use 
READLN or WRITELN. 

126: Number of parameters does not agree with the declaration. 
When scanning a procedure or function call and the number of 
parameters given does not agree with the declaration. For user 
routines look at the previous declaration. For standard 
routines see the section in the user manual describing standard 
procedures and functions. 

127: Pcode file was produced by wrong series of compiler. 
*The pcode file was produced by a compiler who's release level 
was not compatible with the current support package or 
interpreter. In general Pascal programs should be run with the 
support packages and/or interpreters which were the current 
versions when the program was compiled. 

128: Result type of parameter function does not agree with its 
declaration. 
When scanning a procedure or function call and the parameter 
being passed is a function which does not have the correct 
result type. 

129: Operands are of Incompatible types. 
*Left argument of IN operator is not compatible with the right 
argument . 
*Left argument of a relational operator is not compatible with 
the right argument. 
*Left argument of the ' : = I  operator is not compatible with the 
right argument. 
**Possible common programming errors which might trigger this 
message include: 
-Attempting to assign a real result to an integer (use TRUNC or 
ROUND) . 
-Using a slash character instead of DIV. 
-Using a string constant which is not the exact size required. 
-An identifier is misspelled. 

130: Expression must be a SET type. 
*Right argument of IN operator must be a set-type. 
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131:  Only e q u a l i t y  and i n e q u a l i t y  t e s t  a l l owed  f o r  t h i s  t y p e  of  
ope rand .  
*The f o l l o w i n g  o b j e c t  t y p e s  may be compared o n l y  a s  e q u a l  o r  
n o t  e q u a l :  p o i n t e r - t y p e ,  r e c o r d - t y p e ,  and n o n - c h a r a c t e r  a r r a y -  
t y  Pe . 

132:  S t r i c t  i n c l u s i o n  t e s t  n o t  a l lowed.  
*Between s e t s  o n l y  t h e  f o l l o w i n g  r e l a t i o n a l s  a r e  a l l owed :  ' < = I ,  

' > = ' I  # = I  , I < > ' .  

133:  Comparison of f i l e  t y p e s  is  n o t  a l l o w e d .  
*No r e l a t i o n a l  o p e r a t o r s  can  be a p p l i e d  t o  f i l e  names. 

134:  I l l e g a l  t y p e  of operand  ( s )  . 
* A s t e r i s k  can  o n l y  be  used t o  m u l t i p l y  i n t e g e r s  and/or  r e a l s  o r  
t o  i n t e r s e c t  s e t s .  
* S l a s h  can  o n l y  be  used t o  d i v i d e  i n t e g e r s  and/or  r e a l s .  
*DIV can  o n l y  be used t o  d i v i d e  i n t e g e r s .  
*MOD can  o n l y  be  used t o  d i v i d e  i n t e g e r s .  
*AND c a n  o n l y  be  used t o  d i s j u c t  boo leans .  
*OR can  o n l y  b e  used t o  c o n j u n c t  boo leans .  
* P l u s  can  o n l y  be  used a s  a  unary  s i g n  f o r  r e a l s  o r  i n t e g e r s  o r  
t o  add r e a l s  and/or  i n t e g e r s  o r  t o  union  s e t s .  
*Minus can  o n l y  be  used a s  a  unary  s i g n  f o r  r e a l s  o r  i n t e g e r s  
o r  t o  s u b t r a c t  r e a l s  and/or  i n t e g e r s  o r  t o  i n t e r s e c t  s e t s .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
- E r r o r s  were  e n c o u n t e r e d  i n  t h e  p r e v i o u s  d e c l a r a t i o n  of t h e  
i d e n t i f i e r .  
-Malformed d o u b l e  c h a r a c t e r  o p e r a t o r  ( s e e  e r r o r  message 6  f o r  
examples )  . 

135:  Type of ?pe rand  must be  BOOLEAN. 
* E x p r e s s i o n  a f t e r  NOT must be b o o l e a n  t y p e .  

136:  Element  t y p e  of a  s e t  must be a  s c a l a r  o r  a  sub range .  
* A f t e r  a  l e f t  b r a c k e t  i n t r o d u c i n g  a  s e t  c o n s t r u c t i o n  was found ,  
a  t oken  i s  found which i s  n o t  a  s c a l a r  o r  sub range  and t h u s  
c a n n o t  be  a  member of a  s e t .  

137:  Element  t y p e  is  n o t  c o m p a t i b l e  w i t h  t h e  s e t .  
*An e l emen t  of  a  s e t  was s canned  b u t  t h e  e l emen t  i s  n o t  a  
member of t h e  b a s e  s e t .  

138:  At tempt  t o  i n d e x  a  non-ar ray  v a r i a b l e .  
*A l e f t  b r a c k e t  was scanned  i n t r o d u c i n g  an  i n d e x i n g  e x p r e s s i o n  
b u t  t h e  i t e m  t o  t h e  l e f t  o f  t h e  l e f t  b r a c k e t  i s  n o t  a n  a r r a y -  
t Y  Pe . 

139:  Index  t y p e  i s  n o t  c o m p a t i b l e  w i t h  t h e  d e c l a r a t i o n .  
*Scanned an  i n d e x  e x p r e s s i o n  b u t  t h e  t y p e  of t h e  e x p r e s s i o n  i s  
n o t  c o m p a t i b l e  w i t h  t h e  a r r a y  o b j e c t  b e i n g  indexed .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
- E r r o r s  d e t e c t e d  d u r i n g  p r e v i o u s  d e c l a r a t i o n  of  i d e n t i f i e r .  
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- I d e n t i f i e r  i s  m i s s p e l l e d .  

140:  At tempt  t o  s e l e c t  a  f i e l d  of a  non-record  v a r i a b l e .  
*A p e r i o d  was s canned  i n t r o d u c i n g  a  f i e l d  r e f e r e n c e  b u t  t h e  
i t e m  t o  t h e  l e f t  of t h e  p e r i o d  i s  n o t  a  r e c o r d - t y p e .  

141 :  Type of  v a r i a b l e  must be a  FILE or  a  POINTER. 
*An up arrow was scanned  i n t r o d u c i n g  a  p o i n t e r  r e f e r e n c e  b u t  
t h e  i t e m  t o  t h e  l e f t  of t h e  up arrow is n o t  a  f i l e - t y p e  or  a  
p o i n t e r - t y p e .  

142:  I l l e g a l  pa rame te r  s u b s t i t u t i o n .  
When s c a n n i n g  a  p r o c e d u r e  o r  f u n c t i o n  c a l l  and t h e  pa rame te r  
s canned  d o e s  n o t  have t h e  same t y p e  a s  d e c l a r e d  i n  t h e  
f u n c t i o n / p r o c e d u r e  d e c l a r a t i o n .  For u s e r  r o u t i n e s ,  s e e  t h e  
p r e v i o u s  d e c l a r a t i o n .  For s t a n d a r d  r o u t i n e s ,  s e e  t h e  s e c t i o n  
i n  t h e  u s e r  manual d e s c r i b i n g  s t a n d a r d  p r o c e d u r e s  and 
f u n c t i o n s .  

143:  I l l e g a l  t y p e  of c o n t r o l  l o o p  v a r i a b l e ,  must be a  s c a l a r  or  
s u b r a n g e .  
*Scanning  a  FOR s t a t e m e n t  and t h e  i d e n t i f i e r  f o l l o w i n g  FOR i s  
n o t  s c a l a r - t y p e  o r  sub range - type .  

144 :  I l l e g a l  t y p e  of e x p r e s s i o n .  
*Scanning  a  c a s e  s t a t e m e n t  and t h e  e x p r e s s i o n  f o l l o w i n g  CASE i s  
n o t  a  non-r e a l  s c a l a r - t y p e .  

145:  Type c o n f l i c t .  
*Scanning  a  FOR s t a t e m e n t ,  found FOR < i d e n t > : = < e x p r >  and  
p o s s i b l y  TO/DOWNTO < e x p r >  b u t  < e x p r >  is  n o t  c o m p a t i b l e  w i t h  t h e  
t y p e  of < i d e n t > .  
* * P o s s i b l e  common programming e r r o r s  which might  t r i g g e r  t h i s  
message i n c l u d e :  
- E r r o r s  d e t e c t e d  d u r i n g  p r e v i o u s  d e c l a r a t i o n  of  i d e n t i f i e r .  
- I d e n t i f i e r  i s  m i s s p e l l e d .  

146:  Assignment  of f i l e s  is  n o t  a l l owed .  
* I t em t o  t h e  l e f t  o f  ' : = I  i n  a n  a s s i g n m e n t  s t a t e m e n t  c a n n o t  b e  
f i l e - t y p e .  

147 :  Case  s e l e c t i o n  t y p e  i s  I n c o m p a t i b l e  w i t h  s e l e c t i n g  e x p r e s s i o n .  
*Scanning  a  c a s e  s t a t e m e n t ,  found a  s e l e c t i o n  v a l u e  b u t  t h e  
t y p e  of t h e  v a l u e  is  n o t  c o m p a t i b l e  w i t h  t h e  t y p e  of t h e  
e x p r e s s i o n  f o l l o w i n g  CASE. 

148:  Subrange  bounds must be s c a l a r .  
*Scanning  a  s u b r a n g e  s i m p l e  t y p e  and a  s t r i n g  i s  found .  

149:  Index  t y p e  must n o t  be INTEGER. 
*Scanning  a  t y p e  d e c l a r a t i o n  and found ARRAY [ INTEGER 1 .  

150:  Ass ignment  t o  a  s t a n d a r d  f u n c t i o n  is  n o t  a l l o w e d .  
*Scanning  an  a s s i g n m e n t  s t a t e m e n t  and o b j e c t  t o  t h e  l e f t  o f  
I : = I  i s  a  name of a  s t a n d a r d  f u n c t i o n .  
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151:  Assignment  t o  a  f o r m a l  f u n c t i o n  i s  n o t  a l l owed .  
*At tempt  t o  a s s i g n  a  v a l u e  t o  a fo rma l  < i d e n t >  which i s  a  
f u n c t i o n  name. 

152:  No such  f i e l d  i n  t h i s  r e c o r d .  
*Scanned a  p e r i o d  which i n t r o d u c e s  an  i d e n t i f i e r  which i s  a  
f i e l d  name w i t h i n  a  r e c o r d  b u t  t h e  i d e n t i f i e r  does  n o t  name a  
v a l i d  f i e l d  name w i t h i n  t h e  r e f e r e n c e d  r e c o r d ,  check s p e l l i n g  
of i d e n t i f i e r  o r  p r e v i o u s  d e c l a r a t i o n  of r e c o r d .  

153:  S e t  r ange  e r r o r .  
I t  i s  p o s s i b l e  t o  have d i f f e r e n t  s e t s  which a r e ,  f o r  example,  
bo th  i n t e r g e r  s u b r a n g e s .  These s e t s  may have o v e r l a p p i n g  a r e a s  
i n  which s u b s e t s  of one  may be a s s i g n e d  t o  t h e  second s e t .  The 
S e t  r ange  e r r o r  w i l l  be produced i f  a  s e t  i s  b e i n g  a s s i g n e d  a  
v a l u e  o u t  of i t s  sub range .  

154:  A c t u a l  pa rame te r  must be a  v a r i a b l e  name. 
*Scanning  a  p r o c e d u r e  o r  f u n c t i o n  c a l l  and t h e  pa rame te r  b e i n g  
scanned  must  be  pas sed  by name b u t  t h e  t oken  found i s  n o t  a  
v a r i a b l e  name. 

155:  C o n t r o l  v a r i a b l e  must n o t  be d e c l a r e d  a t  an  i n t e r m e d i a t e  l e v e l .  
*Scanning  a  FOR s t a t e m e n t  and t h e  i d e n t i f i e r  of t h e  c o n t r o l  
v a r i a b l e  i s  n o t  d e c l a r e d  l o c a l  t o  t h i s  b lock .  P a s c a l  l anguage  
s p e c i f i c a t i o n  s a y s  t h a t  t h e  c o n t r o l  v a r i a b l e  of a  FOR s t a t e m e n t  
must n o t  be a  fo rma l  pa rame te r  o r  be a  v a r i a b l e  d e c l a r e d  a t  a  
d i f f e r e n t  l e v e l  t h a n  t h e  b lock  c o n t a i n i n g  t h e  FOR s t a t e m e n t .  

156:  M u l t i d e f i n e d  c a s e  l a b e l .  
*Scanning  a  c a s e  s t a t e m e n t  and a  c a s e  s e l e c t i o n  o r  OTHERWISE 
a p p e a r s  more t h a n  once .  

157:  Too many c a s e s  i n  c a s e  s t a t e m e n t  ( c o m p i l e r  r e s t r i c t i o n ) .  
*Scanning  a  c a s e  s t a t e m e n t  and found  more t h a n  1000 s e l e c t i o n s .  

158:  Mis s ing  c o r r e s p o n d i n g  v a r i a n t  d e c l a r a t i o n .  
*Scanning  c a l l  t o  s t a n d a r d  p r o c e d u r e  NEW and token  a f t e r  a  
comma d o e s  n o t  name a  v a l i d  v a l u e  of a  v a r i a n t .  Check s p e l l i n g  
of t o k e n ,  c o r r e c t  n e s t i n g  of v a r i a n t  s p e c i f i c a t i o n s  f o r  t h i s  
c a l l ,  o r  p r e v i o u s  r e c o r d  d e c l a r a t i o n .  

159:  Real  o r  s t r i n g  t a g f i e l d s  a r e  n o t  a l l owed .  
*Scanning  c a l l  t o  s t a n d a r d  p r o c e d u r e  NEW and token  a f t e r  a  
comma i s  r e a l - t y p e  or  s t r i n g - t y p e .  

160:  P r e v i o u s  d e c l a r a t i o n  was n o t  FORWARD. 
*Scanning  a  p r o c e d u r e  o r  f u n c t i o n  d e c l a r a t i o n  b u t  r o u t i n e  h a s  
been p r e v i o u s l y  d e c l a r e d  and d i d  n o t  have FORWARD a t t r i b u t e .  

161:  At tempt  t o  d e c l a r e  FORWARD a g a i n .  
*Scanning  a  p r o c e d u r e  o r  f u n c t i o n  d e c l a r a t i o n  and found FORWARD 
o r  EXTERNAL b u t  r o u t i n e  has  been  p r e v i o u s l y  d e c l a r e d  w i t h  one  
of t h e s e  a t t r i b u t e s .  
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162:  Pa rame te r  must be  a  v a l i d  v a r i a n t  v a l u e .  
*Scanning  c a l l  t o  s t a n d a r d  p r o c e d u r e  NEW and t o k e n  a f t e r  a  
comma i s  n o t  a  v a l i d  t a g f i e l d - t y p e .  

163:  Nu l l  s t r i n g  n o t  a l l owed .  
S t r i n g s  a r e  d e f i n e d  t o  b e  a  s t r i n g  of 2  o r  more c h a r a c t e r s  
e n c l o s e d  w i t h i n  a  p a i r  of s i n g l e  q u o t e s .  

164 L e x i c a l  s e p e r a t i o n  e r r o r ,  number t e r m i n a t e d  w i t h  a  l e t t e r .  
Found a  number which was t e r m i n a t e d  by an  a l p h a b e t i c  l e t t e r .  
L e t t e r s  a r e  n o t  p r o p e r  t e r m i n a t o r s  f o r  a  number. 

Labe l  i s  a l r e a d y  d e f i n e d .  
*Scanning  a  s t a t e m e n t ,  found a  l a b e l  p r e c e d i n g  t h e  s t a t e m e n t  
b u t  t h i s  l a b e l  h a s  a l r e a d y  been e n c o u n t e r e d  i n  t h i s  b l o c k .  

Labe l  is a l r e a d y  d e c l a r e d .  
*Scanning  a  LABEL d e c l a r a t i o n  and l a b e l  number scanned  h a s  
a l r e a d y  been d e c l a r e d  a  l a b e l  i n  t h i s  b l o c k .  

Undec l a red  l a b e l .  
*Scanning  a  GOT0 s t a t e m e n t  and l a b e l  number scanned  is unknown 
i n  t h i s  b l o c k .  
*Scanning  a  s t a t e m e n t ,  found a  l a b e l  p r e c e d i n g  t h e  s t a t e m e n t  
b u t  t h i s  l a b e l  h a s  n o t  been d e c l a r e d  i n  a  LABEL d e c l a r a t i o n  f o r  
t h i s  b l o c k .  

Undef ined  l a b e l .  
*The l a b e l  number ( s )  f o l l o w i n g  were  d e c l a r e d  i n  a  LABEL 
d e c l a r a t i o n  f o r  t h i s  b lock  b u t  were  neve r  e n c o u n t e r e d .  

E r r o r  i n  b a s e  s e t .  
*Scanning  a  t y p e  d e c l a r a t i o n ,  found SET OF INTEGER, i n t e g e r  
s e t s  n o t  a l l o w e d  - u s e  SET OF CHAR o r  SET OF sub range - type .  

S t a n d a r d  f i l e  was r e d e c l a r e d .  
*Scanning  a  VAR d e c l a r a t i o n  which i s  f i l e - t y p e  and found 
a t t e m p t  t o  r e d e f i n e  f i l e s  INPUT, OUTPUT, o r  SYSERR. 

Unknow o r  r e c u r s i v e  t y p e  r e f e r e n c e .  
An unknown t y p e  h a s  been r e f e r e n c e d  w i t h i n  a  t y p e  o r  a  t y p e  h a s  
used  i t s e l f  w i t h i n  i t s  own t y p e  d e f i n i t i o n .  

E x t e r n a l  p r o c e d u r e  o r  f u n c t i o n  i s  e x p e c t e d .  
*Scanning  a  p r o c e d u r e  o r  f u n c t i o n  pa rame te r  l i s t  and found an  
unknown i d e n t i f i e r  which i s  assumed t o  be an  e x t e r n a l  p r o c e d u r e  
o r  f u n c t i o n  name b u t  no e x t e r n a l  d e c l a r a t i o n  h a s  been found.  
Check s p e l l i n g  of  i d e n t i f i e r  o r  d e c l a r e  t h e  e x t e r n a l  r o u t i n e  o r  
d e c l a r e  t h e  i d e n t i f i e r  i n  a  TYPE d e c l a r a t i o n .  

For  c o n t r o l  v a r i a b l e  c a n n o t  be  a s s i g n e d  a  v a l u e .  
The c o n t r o l  v a r i a b l e  f o r  a  FOR l o o p  can  n o t  be  t h e  t a r g e t  of an 
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as s ignmen t  s t a t e m e n t  w i t h i n  t h e  body of t h e  f o r  l o o p .  

177:  Assignment  t o  f u n c t i o n  i d e n t i f i e r  i s  n o t  a l l owed  h e r e .  
*Scanning  an  a s s ignmen t  s t a t e m e n t  and o b j e c t  of  a s s ignmen t  i s  
t h e  name of a  f u n c t i o n  b u t  t h e  f u n c t i o n  d e c l a r a t i o n  i s  n o t  t h i s  
b l o c k .  Ass ignments  t o  f m c t i o n  names can  o n l y  be  made i n s i d e  
t h e  b lock  which d e c l a r e s  t h e  f u n c t i o n .  

178:  Record v a r i a n t  i s  a l r e a d y  d e f i n e d .  
*Scanning a  r e c o r d  d e c l a r a t i o n  and w i t h i n  a  CASE a  s e l e c t i o n  
h a s  been scanned  which h a s  a l r e a d y  been s e l e c t e d .  

179:  Unimplemented l a n g u a g e  f e a t u r e .  
*Scanning  a  PACK o r  UNPACK s t a t e m e n t .  These r o u t i n e s  a r e  n o t  
implemented i n  t h i s  compi l e r .  

182:  0s-9 e r r o r  on g e t  heap  c a l l ,  0s-9 e r r o r  number f o l l o w s .  
*Program c a l l e d  s t a n d a r d  p rocedure  NEW and 0s-9 d e t e c t e d  an  
e r r o r  ( u s u a l l y  n o t  enough memory). Program a b o r t s  and d i s p l a y s  
0s-9 e r r o r .  Check t o  s e e  t h a t  memory i s  n o t  f r agmen ted  when 
program b e g i n s  e x e c u t i o n  o r  use  t h e  run t ime  " h n  o p t i o n  t o  
a s s u r e  t h a n  enough heap  memory w i l l  b e  a v a i l a b l e  d u r i n g  program 
e x e c u t i o n .  T h i s  e r r o r  t y p i c a l l y  i n d i c a t e s  t h a t  e i t h e r  n o t  
enough heap  a r e a  memory i s  a v a i l a b l e  t o  s t a r t  w i t h  due t o  t o o  
l a r g e  a  need of heap  memory o r  due t o  m u l t i - t a s k i n g  a c t i v i t y  o r  
t h a t  heap  memory which may have  been a v a i l a b l e  p r e v i o u s l y  h a s  
s i n c e  been r e t u r n e d  t o  t h e  sys tem and i s  n o t  a v a i l a b l e  now. 
T h i s  l a t t e r  c a u s e  can  be  e l i m i n a t e d  by u s i n g  t h e  " r "  o r  r e t a i n -  
heap  run  t i m e  o p t i o n .  

183:  I n t e g e r  d i v i d e  by z e r o .  

184 : I n t e g e r  mu1 t i p l y  ove r f low.  

185:  Address  m u l t i p l y  ove r f low.  
*During compu ta t ion  of an a d d r e s s  ( t y p i c a l l y  do t o  a r r a y  
i n d e x i n g  o r  a c c e s s i n g  a  f i e l d  w i t h i n  a  r e c o r d ) ,  an  a d d r e s s  
g r e a t e r  t h a n  65535 was g e n e r a t e d .  P robab ly  t h e  b e s t  method f o r  
p i n p o i n t i n g  t h e  c a u s e  of t h i s  e r r o r  is  t o  u se  t h e  compi le  t i m e  
debug o p t i o n  (D+) o r  more p r e c i s e l y  d o n ' t  d i s a b l e  i t  anywhere 
i n  your  s o u r c e  code s i n c e  i t  i s  enab led  by d e f a u l t .  With t h e  
debug o p t i o n  it i s  l i k e l y  t h a t  t h e  a d d r e s s i n g  e r r o r  w i l l  show 
up a s  a  r a n g e  o r  i n d e x i n g  e r r o r  and t h e  run t ime  d i a g n o s t i c  w i l l  
p i n p o i n t  t h e  pcode l o c a t i o n  c a u s i n g  t h e  problem. 

186:  Res to re -heap  r ange  e r r o r .  
*Program c a l l e d  s t a n d a r d  p r o c e d u r e  RELEASE, b u t  t h e  argument  
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would a t t e m p t  t o  r e s t o r e  t h e  t o p  of heap  p o i n t e r  t o  some v a l u e  
which i s  o u t s i d e  of t h e  r ange  of t h e  c u r r e n t  a c t u a l  heap.  

187:  S t a c k  ove r f low.  
*Not enough l o c a l  and/or  e s t i m a t e d  s t a c k  was a l l o c a t e d  t o  run 
t h e  program. T h i s  e r r o r  t y p i c a l l y  means t h a t  t h e  c o m p i l e r ' s  
" b e s t  g u e s s n  of run-t ime s t a c k  memory r e q u i r e m e n t s  i s  wrong o r  
t h a t  you have g i v e n  o v e r r i d e s  f o r  t h e  compi l e r  g e n e r a t e d  v a l u e s  
which a r e  i n s u f f i c i e n t .  The compi l e r  c a n n o t  f o r s e e  t h e  a c t u a l  
r u n t i m e  r o u t i n e  c a l l i n g  s t r u c t u r e  and r e c u r s i o n  a c t i v i t y ,  b u t  
i t s  g u e s s  i s  i n  v e r y  many c a s e s  a d e q u a t e .  You may, however, 
f rom t ime  t o  t ime  need t o  use  run  t ime  o p t i o n  o v e r r i d e s  u s i n g  
t h e  "1" o p t i o n  t o  o v e r r i d e  t h e  l o c a l  s t a c k  r e q u i r e m e n t  
a s s i g n m e n t  and t h e  " e n  o p t i o n  t o  o v e r r i d e  t h e  e s t i m a t e d  o r  
working  s t a c k  r e q u i r e m e n t .  The r e q u i r e d  v a l u e s  can  be deduced 
from t h e  p r o c e d u r e  t a b l e  i n f o r m a t i o n  which i s  p r i n t e d  a t  t h e  
end of each  c o m p i l a t i o n  i f  you know t h e  a c t u a l  n a t u r e  of t h e  
r u n  t i m e  r o u t i n e  a c t i v i t y ,  o t h e r w i s e  a  " b e s t  g u e s s n  can be used 
and t h e  run t i m e  o p t i o n  " i n  can  be invoked t o  g e t  a c t u a l  
program s t a t i s t i c s  which show your  o v e r r i d e  a l l o c a t i o n ,  t h e  
a c t u a l  needs  of  t h e  program up t o  i t s  t e r m i n a t i o n  p o i n t ,  and 
t h e  amount of  memory f r e e  t h a t  was o v e r a l l o c a t e d .  

188:  MOD e r r o r ,  r i g h t  argument  is  n e g a t i v e .  
*Program used  t h e  MOD o p e r a t o r  and h a s  s e l e c t e d  o r  d e f a u l t e d  t o  
u se  t h e  IS0  v e r s i o n  of t h e  MOD f u n c t i o n  which c a n n o t  have a  
n e g a t i v e  r i g h t  a rgument .  I f  a  n e g a t i v e  r i g h t  argument  is  
needed  i n s e r t  a  "ISOMODE(fa1se);" s t a t e m e n t  b e f o r e  t h e  use  of 
t h e  MOD o p e r a t o r .  

189:  P o i n t e r  v a r i a b l e  is  expec t ed .  
*Scanning a  c a l l  t o  s t a n d a r d  p r o c e d u r e  NEW and f i r s t  pa rame te r  
i s  n o t  p o i n t e r - t y p e .  
*Scanning  a  c a l l  t o  s t a n d a r d  p r o c e d u r e  MARK o r  RELEASE and 
f i r s t  pa rame te r  i s  n o t  p o i n t e r - t y p e .  

190:  I n v a l i d  PCODE i n s t r u c t i o n .  
*The i n t e r p r e t e r  has  d e t e c t e d  a  bad pcode i n s t r u c t i o n .  Check 
sys t em memory f o r  e r r o r s  t h e n  check t h e  d i s k  d r i v e  f o r  e r r o r s .  
I f  t h e  problem s t i l l  p e r s i s t s ,  r ecompi l e  t h e  program t o  
g e n e r a t e  a  new pcode f i l e .  I f  t h e  problem s t i l l  p e r s i s t s  and 
you have n o t  knowingly mod i f i ed  t h e  pcode f i l e ,  c o n t a c t  your 
n e a r e s t  Radio Shack s t o r e .  

191:  C a l l - u s e r - p r o c e d u r e  range  e r r o r .  
*The i n t e r p r e t e r  h a s  d e t e c t e d  a  bad r e f e r e n c e  t o  one of your 
p r o c e d u r e s  i n  t h e  pcode f i l e .  Check t h e  sys tem a s  pe r  e r r o r  
190 .  

192:  P o i n t e r  r ange  e r r o r .  
*Program is a t t e m p t i n g  t o  r e f e r e n c e  memory v i a  a  p o i n t e r ,  and 
t h e  p o i n t e r  d o e s  n o t  p o i n t  t o  a  v a l i d  memory a d d r e s s .  Check 
t h a t  t h e  p o i n t e r  h a s  been p r o p e r l y  i n i t i a l i z e d  i n  your  program. 
T h i s  e r r o r  i s  caused  by your program e i t h e r  n o t  i n i t i a l i z i n g  
t h e  p o i n t e r  c o r r e c t l y  o r  s e t t i n g  i t  t o  an  i n c o r r e c t  v a l u e  v i a  
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" t r i c k "  programming o r  non-s tandard  programming. 

193:  S u b s c r i p t  o r  r ange  e r r o r .  
*An a r r a y  is  b e i n g  i n d e x e d ,  and one of t h e  index  e x p r e s s i o n s  i s  
o u t  of r ange  f o r  one  of t h e  a r r a y  i n d i c e s ,  o r  a  v a l u e  i s  b e i n g  
a s s i g n e d  t o  a  s u b r a n g e  v a r i a b l e  and t h e  v a l u e  is  o u t  of r ange .  

194 :  Case e r r o r .  
*A CASE s t a t e m e n t  i s  b e i n g  e x e c u t e d ,  b u t  t h e  v a l u e  of t h e  c a s e  
d e t e r m i n a n t  d o e s  n o t  e x i s t  a s  a  s e l e c t i o n  anywhere f o r  t h i s  
s t a t e m e n t ,  and t h e  c a s e  s e l e c t i o n  OTHERWISE was n o t  used.  

195 :  C a l l - s t a n d a r d - p r o c e d u r e  r ange  e r r o r .  
*An i n t e r p r e t e r  h a s  d e t e c t e d  an i n v a l i d  r e f e r e n c e  t o  a  s t a n d a r d  
p r o c e d u r e  i n  t h e  pcode f i l e .  Check sys tem i n t e g r i t y  a s  pe r  
e r r o r  190 .  

197:  CHR f u n c t i o n  r a n g e  e r r o r .  
*Program is c a l l i n g  s t a n d a r d  p r o c e d u r e  CHR, b u t  t h e  v a l u e  of 
t h e  argument  i s  n o t  i n  t h e  c l o s e d  i n t e r v a l  [O, 2551 and t h u s  
c a n n o t  be mapped i n t o  a  c h a r a c t e r .  

199:  I n t e g e r  ove r f low on add ,  s u b t r a c t ,  o r  n e g a t e .  

200: I n v a l i d  P a s c a l  o p t i o n  s p e c i f i c a t i o n .  
*A run  t i m e  o p t i o n  s p e c i f i c a t i o n  is  u n r e c o g n i z e a b l e .  

201: P a s c a l  o p t i o n  has  a  v a l u e  g r e a t e r  t h a n  65535. 
*The v a l u e  f o r  a  run  t i m e  o p t i o n  pa rame te r  i s  t o o  b i g .  

202: Loca l  o r  Extended d e f a u l t  s t a c k  r e q u i r e m e n t  g r e a t e r  t h a n  65535. 
*The v a l u e  f o r  a  run  t i m e  o p t i o n  f o r  "1"  o r  " e n  i s  t o o  b i g .  

203: OS-9 f i l e  e r r o r  d u r i n g  p r o c e s s i n g  of PCODE f i l e ,  OS-9 e r r o r  
number f o l l o w s .  
*While  a t t e m p t i n g  t o  open,  c l o s e ,  o r  a c c e s s  t h e  pcode f i l e ,  an 
OS-9 e r r o r  was d e t e c t e d .  The program i s  a b o r t e d  and t h e  OS-9 
e r r o r  is  d i s p l a y e d .  

204: I n v a l i d  number of p r o c e d u r e s  i n  PCODE f i l e ,  bad PCODE f i l e .  
*An i n t e r p r e t e r  h a s  found an i n v a l i d  pcode f i l e  h e a d e r .  Check 
sys t em i n t e g r i t y  a s  p e r  e r r o r  190 .  

205: Compile- t ime e r r o r s  d e t e c t e d  i n  PCODE f i l e ,  c a n n o t  run program. 
*An a t t e m p t  i s  b e i n g  made t o  run  a  pcode f i l e  f o r  which t h e  
c o m p i l e r  h a s  d e t e c t e d  e r r o r s .  DO NOT ATTEMPT TO RUN THIS PCODE 
FILE! a s  i n  a l l  l i k e l y h o o d  it c o u l d  c r a s h  your sys tem.  

206: Not enough memory t o  run  program. 
*There  i s  n o t  enough memory a v a i l a b l e  a t  t h i s  t i m e  on your  
sys t em t o  meet t h e  needs  f o r  l o c a l ,  e s t i m a t e d ,  g l o b a l ,  and heap  
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r e q u i r e m e n t s .  Check t o  s e e  i f  memory is  f r agmen ted .  I f  
r u n n i n g  i n  a  m u l t i - t a s k i n g  env i ronmen t ,  i t  may be t h a t  o t h e r  
t a s k  a c t i v i t y  i s  t e m p o r a r i l y  u s i n g  memory which may be 
a v a i l a b l e  l a t e r  which might  t h e n  a l l o w  you t o  run .  I f  
p o s s i b l e ,  u s e  o r  a d j u s t  t h e  run  t i m e  o p t i o n  o v e r r i d e s  t o  a d j u s t  
t h e  run t ime  memory r e q u i r e m e n t s .  

207: Ran o u t  of swap b u f f e r s .  
*While  runn ing  a  P a s c a l  program v i a  one of t h e  i n t e r p r e t e r  
p r o d u c t s ,  t h e r e  were  n o t  enough swap b u f f e r s  a l l o c a t e d .  T h i s  
s i t u a t i o n  o c c u r s  when a  r o u t i n e  i s  c u r r e n t l y  runn ing  which 
r e q u i r e s  s e v e r a l  b u f f e r s  t o  be l o c k e d  s i n c e  t h e y  c c n t a i n  s t r i n g  
c o n s t a n t  i n f o r m a t i o n  which may be  needed by a  b u f f e r  c o n t a i n i n g  
program code .  A s  a  r e s u l t ,  t h e  code swapper f i n d s  t h a t  a n o t h e r  
swap b u f f e r  is r e q u i r e d  f o r  p r o c e s s i n g ,  b u t  a l l  a v a i l a b l e  
b u f f e r s  a r e  l o c k e d .  To c u r e  t h i s ,  e i t h e r  a l l o c a t e  more swap 
b u f f e r s  when runn ing  t h e  program, run t h e  program v i a  a  non- 
swapping i n t e r p r e t e r ,  o r  r e w r i t e  t h e  program s o  t h a t  fewer  
and/or  s r c a l l e r  s t r i n g  c o n s t a n t s  a r e  used i n  t h e  r o u t i n e  which 
caused  t h e  f a u l t .  

208: F l o a t i n g  p o i n t  o v e r f l o w .  

209: F l o a t i n g  p o i n t  d i v i d e  by z e r o .  

210: Expec t ed  a  boo lean  e x p r e s s i o n .  
*Scann ing  a  c a l l  t o  one of t h e  f o l l o w i n g  s t a n d a r d  p r o c e d u r e s  o r  
f u n c t i o n s  which r e q u i r e s  a  boo lean  e x p r e s s i o n  f o r  t h i s  
p a r a m e t e r :  I O A B O R T ,  ISOMOD, RIGHTJUST, MATHABORT. 
*Scanning  an  I F  s t a t e m e n t  and d i d  n o t  f i n d  a  boo lean  e x p r e s s i o n  
f o l l o w i n g  I F .  
*Scanning  a  REPEAT s t a t e m e n t  and d i d  n o t  f i n d  a  boolean  
e x p r e s s i o n  f o l l o w i n g  UNTIL. 

211: Cannot  i s s u e  CLOSE t o  SYSERR f i l e .  
*Scanning  a  c a l l  t h e  s t a n d a r d  p r o c e d u r e  CLOSE, and t h e  f i l e  
name b e i n g  r e f e r e n c e d  i s  t h e  SYSERR f i l e .  T h i s  f i l e  must neve r  
be  c l o s e d  a s  i t  i s  used a s  t h e  p a t h  f o r  r e p o r t i n g  run  t i m e  
e r r o r s .  

212: A t e x t  f i l e  i s  n o t  a l l owed  h e r e .  
*Scanning a  c a l l  t o  one of t h e  f o l l o w i n g  s t a n d a r d  p r o c e d u r e s  
which c a n n o t  o p e r a t e  on a  t e x t - t y p e  f i l e :  REPOSITION, POSITION, 
Or FILESIZE. 

213: Must be  a  32 e l emen t  c h a r a c t e r  a r r a y .  
*Scanning  a  c a l l  t o  t h e  s t a n d a r d  p r o c e d u r e  GETINFO o r  PUTINFO, 
and t h e  second pa rame te r  i s  n o t  a  32 e l emen t  c h a r a c t e r  a r r a y .  

214: P r o c e d u r e  o r  f u n c t i o n  names may n o t  be  pas sed  a s  p a r a m e t e r s  
( c o m p i l e r  r e s t r i c t i o n ) .  
*An a t t e m p t  i s  b e i n g  made t o  p a s s  a  p r o c e d u r e  o r  f u n c t i o n  by 
name. T h i s  c o m p i l e r  o n l y  a l l o w s  f u n c t i o n s  t o  be  pas sed  by 
v a l u e .  
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215:  I n t e g e r  t y p e  v a r i a b l e  name e x p e c t e d .  
* S c a n n i n g  a  s t a n d a r d  p r o c e d u r e  c a l l ,  and  t h e  p a r a m e t e r  s c a n n e d  
i s  n o t  t h e  name of an i n t e g e r  which  i s  t o  c o n t a i n  t h e  r e s u l t  
f r o m  t h i s  c a l l .  

216 :  Must be  t y p e  r e 3 1  o r  i n t e g e r .  
* S c a n n i n g  a  c a l l  t o  t h e  s t a n d a r d  p r o c e d u r e  ABS o r  SQR, a n d  t h e  
a r g u m e n t  i s  n o t  i n t e g e r - t y p e  o r  r e a l - t y p e .  

217 :  Must b e  t y p e  r e a l .  
* S c a n n i n g  a  c a l l  t o  t h e  s t a n d a r d  p r o c e d u r e  REPOSITION, a n d  t h e  
s e c o n d  p a r a m e t e r  i s  n o t  r e a l - t y p e .  
* S c a n n i n g  a  c a l l  t o  t h e  s t a n d a r d  p r o c e d u r e  TRUNC o r  ROUND,  and 
t h e  a r g u m e n t  i s  n o t  r e a l - t y p e .  

218 :  S c a l a r  e x p e c t e d .  
" S c a n n i n g  a  c a l l  t o  t h e  s t a n d a r d  p r o c e d u r e  PRED o r  SUCC, a n d  
t h e  a r g u m e n t  i s  n o t  s c a l a r - t y p e .  
" S c a n n i n g  a  FOR s t a t e m e n t  a n d  f o u n d  FOR < i d e n t > : = < e x p r >  a n d  
p o s s i b l e  TO/DOWNTO < e x p r >  b u t  < e x p r >  i s  n o t  s c a l a r - t y p e .  

219:  GOTO's may n o t  l e a d  o u t  o f  e n c l o s i n g  p r o c / f u n c  ( c o m p i l e r  
r e s t r i c t i o n ) .  
" S c a n n i n g  a  GOT0 s t a t e m e n t ,  a n d  t h e  l a b e l  f o u n d  i s  l o c a t e d  i n  a  
d i f f e r e n t  b l o c k  t h a n  t h a t  c o n t a i n i n g  t h e  GOTO. 

220:  S q u a r e  r o o t  o f  n e g a t i v e  number.  

221 :  Range e r r o r  on f l o a t i n g  p o i n t  f i x .  
*Program i s  e x p l i c i t l y  o r  i m p l i c i t l y  a t t e m p t i n g  t o  f i x  a  
f l o a t i n g  p o i n t  number ,  a n d  i t  c a n ' t  f i t  i n  t h e  1 6  o r  3 2  b i t  
i n t e g e r  d e s t i n a t i o n  w i t h o u t  l o s s  o f  s i g n i f i c a n c e .  

222:  0s -9  e r r o r  d u r i n g  p r o c e s s i n g  o f  EXTERNAL t a b l e s ,  0 s - 9  e r r o r  
number f o l l o w s .  
* D u r i n g  p rogram i n i t i a l i z a t i o n ,  a n  EXTERNAL p r o c e d u r e  c o u l d  n o t  
b e  l o a d e d  b e c a u s e  t h e  module  d o e s  n o t  e x i s t  a s  s p e c i f i e d  i n  t h e  
e x t e r n a l  t a b l e s ,  o r  t h e  e x t e r n a l  t a b l e s  a r e  n o t  p r o p e r l y  
f o r m a t t e d .  
**Use t h e  PASCALE u t i l i t y  t o  p r o p e r l y  f o r m a t  t h e  e x t e r n a l  
t a b l e s .  

223 :  N o n e x i s t e n t  p r o c e d u r e  c a l l e d  f r o m  a n  EXTERNAL p r o c e d u r e .  
*Dur ing  p r o g r a m  e x e c u t i o n ,  a n  EXTERNAL p r o c e d u r e  a t t e m p t e d  t o  
c a l l  a  p r o c e d u r e  w h i c h  d o e s  n o t  e x i s t  i n  t h e  c u r r e n t  program.  

224:  M u l t i p l e  d e c i m a l  p o i n t s  e n c o u n t e r e d  d u r i n g  CNVTREAL p r o c e s s i n g .  
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  CNVTREAL t o  c o n v e r t  a  
s t r i n g  o f  c h a r a c t e r s  i n t o  a  r e a l  number ,  b u t  two d e c i m a l  p o i n t s  
w e r e  f o u n d .  S e e  e r r o r  72  f o r  f u r t h e r  i n f o r m a t i o n .  

225:  D i g i t  e x p e c t e d  d u r i n g  CNVTREAL p r o c e s s i n g .  
*Program c a l l e d  t h e  s t a n d a r d  p r o c e d u r e  CNVTREAL t o  c o n v e r t  a  
s t r i n g  o f  c h a r a c t e r s  i n t o  a  r e a l  number ,  b u t  a t  some p o i n t  a  
d i g i t  was r e q u i r e d  a n d  n o t  f o u n d .  S e e  e r r o r  7 3  f o r  f u r t h e r  
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i n f o r m a t i o n .  

226: F l o a t i n g  p o i n t  overflow dur ing  CNVTREAL process ing .  
*Program c a l l e d  t h e  s t a n d a r d  procedure  CNVTREAL t o  conver t  a  
s t r i n g  of c h a r a c t e r s  i n t o  a  r e a l  number, bu t  t h e  number is  t o o  
l a r g e .  See e r r o r  74 f o r  f u r t h e r  in fo rmat ion .  

227: Pcode f i l e  has  been a l t e r e d !  Cannot run program. 
*The pcode f i l e  t h a t  you a r e  t r y i n g  t o  run wi th  one of t h e  OS-9 
Pasca l  i n t e r p r e t e r  p roduc t s  i s  e i t h e r  not  a  v a l i d  pcode f i l e  or  
has  been a l t e r e d  i n  some way s i n c e  t h e  compiler  produced t h e  
f i l e .  I f  you have simply given t h e  wrong f i l e  name, j u s t  re-  
e n t e r  t h e  command w i t h  t h e  c o r r e c t  pcode f i l e  name. I f ,  
however, t h e  pcode f i l e  has been a l t e r e d  then  do not run t h e  
f i l e .  The OS-9 Pasca l  program produc t s  t r y  ve ry  hard t o  e n s u r e  
t h a t  t h e  pcode f i l e  has  not  been a l t e r e d  b e f o r e  they w i l l  
p r o c e s s  t h e  f i l e .  I f  you a t t empt  t o  circumvent t h i s  s a f e t y  
f e a t u r e ,  it is q u i t e  l i k e l y  t h a t  t h e  i n t e g r i t y  of t h e  running 
system w i l l  be des t royed  - u s u a l l y  wi th  c a t a s t r o p h i c  r e s u l t s .  

228: OS-9 e r r o r  on r e s t o r e  heap c a l l ,  OS-9 e r r o r  number fo l lows .  
*Program c a l l e d  s t a n d a r d  procedure  RELEASE and OS-9 d e t e c t e d  an 
e r r o r .  Program a b o r t s  and OS-9 e r r o r  i s  d i sp layed .  

229: LN of a  ze ro  number. 

230: Must be a  t e x t  f i l e  type .  
*The fo l lowing  s t a n d a r d  procedures  can on ly  o p e r a t e  on t e x t  
f i l e s  : READ, READLN, WRITE, WRITELN, INTERACTIVE, PAGE, 
OVERPRINT, SYSREPORT, and PROMPT. 

231: User s c a l a r  t y p e s  no t  implemented f o r  reading o r  w r i t i n g .  
*Attempt t o  read or  w r i t e  user  s c a l a r  t y p e s  us ing one of t h e  
f o l l o w i n g  s t a n d a r d  p rocedures :  READ, READLN, WRITE, o r  WRITELN. 

232: S e t  has  too many e lements  (compi ler  r e s t r i c t i o n ) .  
*Scanning a  s e t  d e c l a r a t i o n ,  found a  d e f i n i t i o n  which r e q u i r e s  
a  lower o r d i n a l  l i m i t  of l e s s  than  z e r o  or  a  h igher  o r d i n a l  
l i m i t  of g r e a t e r  than 255. This  v e r s i o n  of t h e  compiler  a l l o w s  
s e t s  of up t o  256 e lements .  

233: TOO many procedures  d e c l a r e d  (compiler  r e s t r i c t i o n ) .  
*An a t t empt  is  being made t o  d e f i n e  more than 254 procedures  
w i t h i n  a  program block.  

234: I n t e g e r  v a l u e  expected.  
*An a r r a y  r e f e r e n c e  us ing t h e  < e x p r e s s i o n >  FOR <coun t>  language 
e x t e n s i o n s  i s  scanned bu t  < e x p r e s s i o n >  is not  an  i n t e g e r  type .  

236: Type i n d i c a t o r  is not  de f ined  f o r  t h i s  o b j e c t .  
*Trying t o  de te rmine  t h e  o b j e c t  type  f o r  a  l o a d  or  s t o r e  pcode 
i n s t r u c t i o n ,  and a  f i l e - t y p e ,  t a g f i e l d - t y p e ,  or  v a r i a n t - t y p e  
was found which cannot  be handled. 
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237:  V a r i a n t  o r  t a g f i e l d  i s  n o t  a l l o w e d  h e r e .  
*The i d e n t i f i e r  s c a n n e d  i s  e i t h e r  a  v a r i a n t - t y p e  o r  t a g f i e l d -  
t y p e ,  n e i t h e r  o f  w h i c h  i s  a l l o w e d  h e r e .  

238:  P e r i o d ,  BEGIN, PROCEDURE, o r  FUNCTION e x p e c t e d .  
* A f t e r  h a v i n g  s c a n n e d  a  f u n c t i o n  o r  p r o c e d u r e  body a  p e r i o d  
( e n d  o f  s o u r c e  p r o g r a m ) ,  PROCEDURE o r  FUNCTION ( d e f i n e  a n o t h e r  
r o u t i n e ) ,  o r  BEGIN ( b e g i n  a n  o u t e r  b l o c k )  is  e x p e c t e d .  

239:  LN o f  a  n e g a t i v e  number .  

240:  EXP o f  a  number g r e a t e r  t h a n  88 .0296919 .  

241:  SIN o f  a  number g r e a t e r  t h a n  102942 .13  o r  less  t h a n  m i n u s  
1 0 2 9 4 2 . 1 3 .  
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The following information describes the syntax of the Pascal 
language. The "Backus-Naur Formalism" will be used to describe the 
correct structure of Pascal statements. The following symbols are 
meta-symbols, symbols that describe other symbols, belonging to BNF, 
but they are not part of the Pascal language. 

{ 1 - Curly brackets indicate possible repetition of the 
enclosed symbols. 

<program heading> ::= PROGRAM <identifier> ( <file identifier> { , 
<file identifier> 1 1 ;  

<identifier> ::= <letter> { <letter or digit or I-'>) 

<block> : :=  <label declaration part> <constant definition part> 
<type definition part> <variable declaration part> <procedure and 
function declaration part> <statement part> 

<label declaration part> : :=  <empty> I LABEL <label> { , <label>) ; 

<constant definition part> : :=  <empty> I CONST <constant definition> 
I ; <constant definition>) ; 
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< t y p e  d e f i n i t i o n  p a r t >  : := <empty> I TYPE < t y p e  d e f i n i t i o n >  I ;  < t y p e  
d e f i n i t i o n > }  ; 

< s t r u c t u r e d  t y p e >  : := <unpacked s t r u c t u r e d  t y p e >  I PACKED <unpacked 
s t r u c t u r e d  t y p e >  

(unpacked s t r u c t u r e d  t y p e >  : :=  < a r r a y  t y p e >  I < r e c o r d  type>  < s e t  
t y p e >  I < f i l e  t y p e >  

< a r r a y  t y p e >  ::= ARRAY [ <index t y p e >  { , <index  t y p e > }  ] OF 
<component t y p e >  

< r e c o r d  type>  : := RECORD < f i e l d  l i s t>  END 

< v a r i a n t  p a r t >  : :=  CASE < t a g  f i e l d >  < t y p e  i d e n t i f i e r >  OF < v a r i a n t >  { 
; < v a r i a n t > }  

< v a r i a n t >  ::= < c a s e  l a b e l  l i s t >  : ( < f i e l d  l i s t >  I <empty> 

< c a s e  l a b e l  l i s t>  : :=  < c a s e  l a b e l >  { , < c a s e  l a b e l > }  

< s e t  t y p e >  : := SET OF <base  t y p e >  
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<file type> : :=  F I L E  O F  <type> 

<pointer type> : :=  <type identifier> 

<variable declaration> : := <empty> I VAR <variable declaration> { ; 
variable declaration>) ; 

<variable declaration> : : =  <identifier> { , <identifier>) : <types> 

<procedure and function declaration part> : := { (procedure or 
function declaration> ; I  

<procedure or function declaration> : :=  <procedure declaration> I 
<function declaration> 

<procedure declaration) : := <procedure heading> <block> 

<procedure heading> : := PROCEDURE <identifier> ; I PROCEDURE 
<identifier> ( <formal parameter section> { ; <formal parameter 
section>) ) ; 

<formal parameter section) : :=  <parameter group> I VAR <parameter 
group> 

(parameter group> : :=  <identifier> { , <identifier>) : <type 
identifier> 

<function declaration> ::= <function heading> <block> 

<function heading> ::= F U N C T I O N  <identifier> : <result type> ; I 
F U N C T I O N  <identifier> ( <formal parameter section>) ) : <result 
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cvariable identifier) : : =  <identifier> 

<component variable? : :=  <indexed variable> I <field designator> I 
<file buffer? 

cindexed variable> : : =  <array variable> [ <expression> { , 
cexpression?} ] 

<record variable? : : =  <variable? 

(pointer variable? : :=  <variable> 

(expression, : : = <simple expression> I <simple expression> 
<relational operator> <simple expression> 

<relational operator' ::= = I < > ( < I < = \ ? = I > j I N  

<adding operatori : :=  + I - I OR I I I # 

<term> : : =  <factor> I <term> <multiplying operator> <factor> 

<multiplying operator> : : =  * I / I DIV I MOD I AND I & 

<,factor> : : =  <variable> I tunsigned constant> I ( <expression> ) 
<function designator? I <sets> I NOT <factor> 

<unsigned constant> : :=  <unsigned number> I <string? I <constant 
identifier> I NIL 

<function designator, : : =  <function identifier> I <function 
identifier> ( <actual parameter> { , <actual parameter>) ) 

<element list? : : =  <element> { , <element> ] I <empty> 



0s-9 P a s c a l  User's M a n u a l  
A P P E N D I X  B - PASCAL SYNTAX 

< a c t u a l  pa ramete r>  : :=  < e x p r e s s i o n >  I < v a r i a b l e >  I <procedure  
i d e n t i f i e r >  I < f u n c t i o n  i d e n t i f i e r >  

<compound s t a t e m e n t >  : :=  B E G I N  < s t a t e m e n t >  { ; < s t a t e m e n t > ]  END 

< i f  s t a t e m e n t >  : :=  I F  < e x p r e s s i o n >  THEN < s t a t e m e n t >  I I F  
< e x p r e s s i o n >  THEN < s t a t e m e n t >  E L S E  < s t a t e m e n t >  

< c a s e  s t a t e m e n t >  : :=  C A S E  <express ion  O F  < c a s e  l i s t  e lements> { ; 
< c a s e  l i s t  e l e m e n t > ]  END 

< c a s e  l i s t  e l e n e n t >  : :=  < c a s e  l a b e l  l i s t >  : < s t a t e m e n t >  I <empty> 

< c a s e  l a b e l  l i s t >  : :=  < c a s e  l a b e l >  { , < c a s e  l a b e l >  ] I < O T H E R W I S E >  

< r e p e t i t i v e  s t a t e m e n t >  : :=  <whi le  s t a t e m e n t >  I < r e p e a t  s t a t e m e n t ]  I 
< f o r  s t a t e m e n t >  

< r e p e a t  s t a t e m e n t >  : :=  R E P E A T  < s t a t e m e n t >  { ;  < s t a t e m e n t > ]  U N T I L  
< e x p r e s s i o n >  

< f o r  s t a t e m e n t >  : :=  FOR < c o n t r o l  v a r i a b l e >  := < f o r  l i s t >  DO 
< s t a t e m e n t >  
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<with statement> : := WITH <record variable list> DO <statement> 

<record variable list> ::= <record variable> I , <record variable>} 
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PASCAL KEYWORDS 

AND 
ARRAY 
BEGIN 
CASE 
CONST 
DIV 
DO 
ELSE 

END 
FILE 
FOR 
FUNCTION 
GOT0 
IF 
IN 
LABEL 

MOD 
NIL 
NOT 
0 F 
OR 
OTHERWISE 
PROCEDURE 
PROGRAM 

STANDARD PROCEDURES 

FIELDPUT(variab1e-name, start-bit, length, va1ue:integer) 
ISOMOD(logica1-va1ue:boolean) 
MARK(variab1e-name:pointer-type) 
RELEASE(variab1e-name:pointer-type) 
NEW(variab1e-name:pointer-type) 
MATHABORT(logica1-va1ue:booleanl 
RIGHTJUST(logica1-va1ue:boolean) 
SYSTIME(year, month, day, hour, minute, second:integer) 

STANDARD FUNCTIONS 

ABS(expression:integer-or-real):same-type-as-argument 
ADDRESS(variab1e-reference):integer 
AFRAC (expression: real) :real 
AINT(expression:real):real 
ARCTAN(expressi0n:integer-or-rea1):real 
CHR(expression:integer):char 
CNVTREAL(string-or-char-array):real 
COS(expression:integer-or-rea1):real 
EXP(expression:integer-or-rea1):real 
FIELDGET(expression, start-bit, 1ength:integer):integer 
LN(expressi0n:integer-or-rea1):real 
MATHRESULT:integer 
ODD(expression:integer):boolean 
ORD (ordinal-type-va1u.e :integer 
PRED(ordina1-type-va1ue):same-type-as-argument 
ROUND(expression:real):integer 
SHELL(string-or-char-array):integer 
SIN(expression:integer-or-rea1):real 
SIZEOF(variab1e-or-type-name):integer 
SQR(expression:integer-or-real):same-type-as-argument 
SQRT(expression:integer-or-rea1):real 
SUCC(ordina1-type-va1~ie):same-type-as-argument 
TRNC(expression:real):integer 

SET 
THEN 
TO 
TYPE 
UNTIL 
VAR 
WHILE 
WITH 
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STANDARD 1/0 PROCEDURES 

APPEND(text-filename {,external-filename {,open-mode}}) 
CLOSE(fi1ename) 
GET (file-variable) 
PUT(fi1e-variable) 
GETINFO(filename, 32-byte-structure) 
PUTINFO(filename, 32-byte-structure) 
IOABORT(filename, logical-value) 
OVERPRINT(text-filename) 
PAGE(text-filename) 
PROMPT(text-filename) 
READ({file-variable,} read-parameter-list) 
READLN( {text-filename, 1 read-parameter-list) 
REPOSITION(fi1e-variable, record-number) 
RESET(fi1e-variable {,external-filename {,open-mode}}) 
REWRITE(fi1e-variable {,external-filename {,ripen-mode}}) 
SEEKEOF(fi1e-variable) 
SHORTIO(fi1e-variable, record-length) 
sYSREPORT({~~X~-filename,} integer-value) 
UPDATE(fi1e-variable {,external-filename {,open-mode}}) 
WRITE({file-variable,} write-parameter-list) 
WRITEEOF(fi1e-variable) 
WRITELN({text-filename,) write-parameter-list) 

STANDARD 1/0 FUNCTIONS 

EOF{ (filename) } :boolean 
EOLN{(filename)}:boolean 
FILESIZE(fi1e-variab1e):real 
GETCRAR(fi1ename):char 
INTERACTIVE(text-fi1ename):boolean 
IOREADY(fi1ename):boolean 
IORESULT(fi1ename):integer 
LINELENGTH(fi1ename):ir~teqer 
OPENED(f ilenane) :tool ean 
POSITION(fi1e-variab1e):real 

PASCAL OPERATORS 

Arithmetic Operators 

+ (unary), - (unary) 
*, /, & ,  DIV, MOD 
+, -, !, # 

Relational Operators 

Boolean Operators 

NOT 
0 R 
AND 

Set Operators 

* r  + I  - 
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INDEX 

$ P a g e  
$ S u b t i t l e  
$ T i t l e  
Abs 
A d d r e s s  
A f r a c  
A i n t  
Append 
A r c t a n  
A r r a y s  
B e g i n  
C a s e  
Chr  
C l o s e  
C n v t r e a l  
C o n s t  
C o s  
Debug 
End 
Eof 
E o l n  
EXP 
E x t e r n a l  
F i e l d g e t  
F i e l d p u t  
F i l e  
F i l e s i z e  
F o r  
F o r w a r d  
F u n c t i o n  
G e t  
G e t c h a r  
G e t i n f o  
I f  
I n p u t  
I n p u t  
I n t e r a c t i v e  
I o a b o r t  
I o r e a d y  

I o r e s u l t  8-10 P r o c e d u r e  
Isomod 7-2 P r o c t a b  
LEV 2-1.3 Prompt  
L a b e l  6-5 P u t  
L i n e l e n g t h  8 -11  P u t i n f o  
L  n 7  - 5  Read 
Mark 7-2 R e l e a s e  
N a t h a b o r t  7  - 3  R e p e a t  
M a t h r e s u l  t 7-5 R e p o s i t i o n  
New 7  - 2  R e s e t  
Odd 7-6 R e w r i t e  
Opened 8-11 R i g h t  j u s t  
Or d  7-6 Round 
O u t p u t  3-2 ,4-9  STMT 
O u t p u t  8-2 S e e k e o f  
O v e r p r i n t  8-6 S e t s  
P-code 1-1 S h e l l  
PLOC 2-12 S h o r t i o  
Pack 7 -1  S i n  
P a c k e d  6-9 S i z e o f  
Page  8-6 Sq r  
P a s c a l  1 - 5 , 2 - 1  S q r t  
P a s c a l D e f s  1 -6 ,4 -7  S u c c  
P a s c a l E  1 - 6 , 5 - 1  S u p p o r t  
P a s c a l E  5-7 S u p p o r t 1  
P a s c a l E r r s  1 -6 ,3 -3  S u p p o r t 2  
P a s c a l N  1 - 6 , 2 - 1  S y s e r r  
P a s c a l N  2 - 3 , 3 - 1  S y s e r r  
P a s c a l N  3-2 ,3 -3  S y s p a r a r  
P a s c a l s  1 - 6 , 3 - 1  S y s r e p o r t  
P a s c a l s  3 -2 ,3 -3  S y s t i m e  
P a s c a l s  3-5 Tr  unc  
P a s c a l T  4-1 Unpack 
PascalT.MODL 1-6 ,4 -2  U p d a t e  
P a s c a l T .  PRUN 1-6 ,4 -2  Use  
Pcodef  2 -14 ,3 -3  W h i l e  
P c o d e f a s m  4-4 W i t h  
P o s i t i o n  8 -11  W r i t e  
P r e d  7-6 W r i t e e o f  

W r i t e l n  
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