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PFIRT I INTRODUCTION 

PL65 i s  a  h i g h  l e v e l  compi led language which has been s p e c i f i c a l l y  
developed f o r  use w i t h  t he  6500 s e r i e s  microprocessors.  Th is  manual 
descr ibes  a l l  t h e  f a c i l i t i e s  a v a i l a b l e  i n  PL65. I t  assumes t h a t  you 
a r e  f a m i l i a r  w i t h  a t  l e a s t  one h i g h  l e v e l  language ( such  as BASIC) and 
have some knowledge o f  assembly language. I t  a l s o  assumes you a r e  
f a m i l i a r  w i t h  t h e  hos t  computers o p e r a t i n g  system and b u i l t  i n  
f a c i l i t i e s .  

For f u r t h e r  i n f o r m a t i o n  see t h e  ATARI BASIC re fe rence  manual and t h e  
DOS o p e r a t i n g  manual, a l s o  t h e  ATARI t e c h n i c a l  n o t e s  a r e  an i n v a l u a b l e  
guide.  

The manual has s i x  p a r t s  

P a r t l :  INTRODUCTION, t h i s  p a r t .  

,n 
Par t2 :  KED, desc r i bes  t h e  keyboard t e x t  e d i t o r .  

Par t3 :  COMPILER OPERATION, which d e t a i l s  t h e  use o f  t h e  compi le r  
system, i n c l u d i n g  t h e  b u i l t  i n  e d i t o r .  

Par t4 :  LANGUAGE DISCRIPTION, which i s  a  d e t a i l e d  d e s c r i p t i o n  o f  
t he  language syntax and f a c i l i t i e s .  

Par t5 :  ADVANCED PROGRAMMING, which con ta ins  i n f o r m a t i o n  f o r  t he  
advanced programmer. 

Partb:  LIBRARY ROUTINES, which desc r i bes  t he  l i b r a r y  source 
f i l e s .  



1.1 WHAT PL65 IS FOR 

PL65 s tands f o r  Programming Language f o r  6500 s e r i e s  microprocessors ,  
a  d e r i v a t i v e  o f  which, t h e  6502 ch ip ,  i s  used i n  t h e  A T A R I  8 b i t  
f a m i l y  o f  home computers. 

The language has been designed f o r  use as an a l t e r n a t i v e  t o  assembler 
and as such i t  has been c rea ted  w i t h  speed and v e r s a t i l i t y  as t h e  
pr imary  o b j e c t i v e s .  I t  i s  implemented as a  s i n g l e  pass compi le r  which 
generates d i r e c t l y  execu tab le  machine code ou tpu t  w i t h  no i n t e r m e d i a t e  
l i n k i n g  process.  

Program development i s  no rma l l y  broken down i n t o  6  d i s t i n c t  stages- 
a n a l y s i s ,  des ign,  cod ing,  t e s t i n g ,  documentat ion and maintenance. I n  
assembler t h e  f i r s t  f o u r  o f  these s tages must be t a c k l e d  be fo re  even 
the  f e a s a b l i l i t y  o f  a  p r o j e c t  can be checked. T h i s  can obv ious l y  l ead  
t o  a  waste o f  t ime  and money i f  a  concept proves i m p r a c t i c a l .  

/--' 

PL65 a l l o w s  you t o  g e t  your program concept i n t o  work ing code i n  t h e  
minimum t i m e  s c a l e  p o s s i b l e  by reduc ing  t he  t e d i o u s  i n i t i a l  cod ing  
stage.  Programs can be w r i t t e n  and t e s t e d  us ing  n a t u r a l  h i g h  l e v e l  
a l go r i t hmes  and modular des ign.  A f a s t  ed i t -compi le - run  c y c l e  a l l o w s  
qu ick  t e s t i n g  o f  programs and then,  when f e a s a b i l i t y  has been 
e s t a b l i s h e d ,  t h e  code can be ' t a r t e d  up '  w i t h  t h e  e x t r a  f r i l l s  added 
and t h e  t ime  c r i t i c a l  p o r t i o n s  conver ted  t o  assembler. 

PL65 a l l o w s  you t o  be as s t r u c t u r e d  o r  u n s t r u c t u r e d  as you wish, a  
v e r s a t i l e  language should  n o t  p u t  any c o n s t r a i n t s  on t h e  programmer. 
I t  a l l o w s  you t o  w r i t e  code t h a t  needs no o p e r a t i n g  system t o  run  ( a s  
does assembler )  and can be o r i g i n a t e d  t o  run  i n  whatever p a r t  o f  
memory you d e s i r e .  A l t e r n a t i v e l y  you can use t h e  s u p p l i e d  l i b r a r y  
r o u t i n e s  and b u i l t  i n  compi le r  f a c i l i t i e s  t o  c r e a t e  programs t h a t  a r e  
d i r e c t l y  r u n a b l e  w i t h  a l l  t h e  b u i l t  i n  f a c i l i t i e s  o f  t h e  o p e r a t i n g  
system. 

Programs can per fo rm a  wide range o f  tasks ,  from s imp le  u t i l i t i e s  t o  
power fu l  word processors ,  even arcade games a r e  p o s s i b l e  w i t h  PL65's 
f a s t  execu t i on  speed and b u i l t  i n  assembler. 

A l l  programs c rea ted  w i t h  PL65 a r e  independant, t h a t  i s ,  they do n o t  
need any r e s i d e n t  language i n t e r p r e t e r  t o  run  them. Once you have 
compiled your  program i t  becomes a  comple te ly  independant machine code 
program. 

You do n o t  have t o  pay r o y a l t i e s  i f  you were t o  s e l l  any program 
w r i t t e n  u s i n g  PL65 because t h e  program would have been c rea ted  by you 
and you a lone  would h o l d  t h e  c o p y r i g h t .  However compi led programs 
would c o n t a i n  ou r  run t ime  r o u t i n e s ,  and we do r e q u i r e  you t o  i n c l u d e  a  
n o t i c e  i n  t h e  s o f t w a r e  o r  accompanying l i t e r a t u r e ,  acknowledging ou r  
c o p y r i g h t  o f  these r o u t i n e s .  



1.2 DISK ORGANISRTION 

The PL65 master d i s k  con ta ins  t h e  f o l l o w i n g  f i l e s ,  

DOS . SYS DUP. SYS AUTORUN.SYS 
SETUP. SYS RAMD. COM KED. COM 
PL65. COM REaD. ME TERMINAL.LIB 
GRAPHICS.LIB UDG.LIB STRING.LIB 
PEEKPOKE.LIB SOUND.LIB PMG.LIB 
PADDLE.LIB DEBUG.LIB SAMPLE.PRG 

DOS.SYS and DUP.SYS a re  t he  s tandard f i l e  management system, the  
v e r s i o n  o f  DOS i s  2 .5  which enables bo th  s i n g l e  and enhanced d e n s i t y  
d i s k  d r i v e s  t o  be used. 

The s tandard DOS u t i l j t y  programs SETUP.SYS and RAMD.COM a r e  i nc luded .  
I f  you have a 130XE computer then you can rename RAMD.COM t o  

,,--, RAMDISK.COM t h i s  w i l l  then be a u t o m a t i c a l l y  loaded a t  power up and 
l e t s  you use t h e  e x t r a  memory as a  v i r t u a l  d i s k  d r i v e  (accessed us ing  
D8: as t h e  dev i ce  s p e c i f i e r ) .  

SETUP.SYS a l l o w s  you t o  t a i l o r  DOS t o  your own system. When runn ing  
t h i s  program make sure  t h a t  t h e r e  a r e  7 a c t i v e  open f i l e s  e l s e  PL65 
may n o t  be a b l e  t o  operate  c o r r e c t l y .  The s u p p l i e d  DOS i s  con f igured  
t o  a l l o w  up t o  2 d i s k  d r i v e s ,  so you should n o t  need t o  use t h i s  
program un less  you have more than 2 d r i v e s  ( o r  t o  enable  f a s t  
w r i t i n g ) .  

Note:- SETUP.SYS can o n l y  be run  f rom DUP, i t  cannot be r u n  from KED 
o r  PL65. 

P L ~ ~ . ' C O M  i s  t h e  compi le r  and KED.COM i s  t h e  keyboard t e x t  e d i t o r .  
F i l e s  w i t h  t h e  extender  .L IB a r e  l i b r a r y  source f i l e s  and those w i t h  
t he  extender  .PRG a r e  program source f i l e s .  

A l l  f i l e s  w i t h  t h e  extender .COM can be loaded u s i n g  o p t i o n  ' L '  from 
t h e  DUP main menu. 

READ.ME i s  a  t e x t  f i l e  t h a t  c o n t a i n s  up t o  t he  minute  i n f o r m a t i o n  on 
e r r o r s  o r  omiss ions i n  t h e  manual, changes i n  t h e  s o f t w a r e  and o t h e r  
genera l  i n f o r m a t i o n .  Th i s  can be loaded and read u s i n g  e i t h e r  o f  t h e  
e d i t o r s .  

When you f i r s t  r e c e i v e  your  copy o f  PL65, format  some spare  da ta  d i s k s  
and then copy across KED and t h e  l i b r a r y  f i l e s  t o  one o f  these d i s k s .  
KED i s  more power fu l  than PL65's b u i l t  i n  e d i t o r  and i s  more s u i t a b l e  
f o r  c r e a t i n g  and e d i t i n g  l a r g e r  source f i l e s .  

Since source code e n t e r i n g  and e d i t i n g  i s  a  separa te  process t o  
compi l ing ,  i t  makes sense t o  use a  backed up v e r s i o n  o f  KED t o  do most 
o f  t h e  donkey work r a t h e r  than p u t  t h e  system d i s k  a t  r i s k  w i t h  
cons tan t  use. 



You can back up KED as many t imes as you wish,  b u t  PL65 i s  copy 
p ro tec ted  and w i l l  o n l y  work when loaded from t h e  master d i s k .  

Once loaded b o t h  PL65 and KED can work independant ly  o f  any system 
d i s k  so t h i s  can be rep laced  w i t h  a  da ta  d i s k .  

Boot ina t h e  d i s k  

Boot t he  master d i s k  i n  d r i v e  1 w i t h  no c a r t r i d g e s  i n s t a l l e d .  I f  you 
have an X L  o r  XE type  computer d o n ' t  f o r g e t  t o  h o l d  down t h e  OPTION 
key t o  d i s a b l e  BASIC, f a i l u r e  t o  do t h i s  w i l l  r e s u l t  i n  t h e  l o s s  o f  8 
va luab le  K o f  memory. 

The c o n t r o l  program AUTORUN.SYS w i l l  a u t o m a t i c a l l y  load  and run.  T h i s  
program l i s t s  t h e  runab le  f i l e s  on t h e  d i s k  ( w i t h  t h e  extender .COM) 
and a l l o w s  them t o  be run  w i t h o u t  go ing  i n t o  DUP. 



P a r t  I I KED t h e  keyboard t e x t  e d i t o r  

The keyboard e d i t o r  i s  used t o  e n t e r  source code i n t o  t h e  computer. 
Source code i s  saved t o  t h e  d i s k  and can then be accessed by t he  
compi le r .  Source code i s  s t o r e d  i n  normal RSCII format  and thus  can be 
mod i f i ed  by any a v a i l a b l e  t e x t  e d i t o r  o r  word processor.  

KED i s  loaded u s i n g  t h e  b i n a r y  load o p t i o n  "L "  from DUP. Remember on 
XL and XE systems t o  h o l d  down the  OPTION key t o  d i s a b l e  B6SIC when 
f i r s t  boo t i ng  t h e  system. 

2.1 FILENAMES 

Whenever KED prompts f o r  o r  expects  a  f i lename,  t h e  f i l ename must be 
en te red  us ing  t h e  f i l ename r u l e s  descibed i n  t h e  R T R R I  DOS l i t e r a t u r e .  
I f  no dev ice  s p e c i f i e r  i s  supp l i ed  then KED w i l l  assume dev i ce  ' D : ' .  

I t  should  be noted t h a t  t h e  b u i l t  i n  o p e r a t i n g  system has dev ice  
' 5  independance, which means f i l e s  can be t r a n s f e r r e d  t o  and from any 

dev i ce  on t he  system (p rov ided  t h e  dev i ce  has t h e  f a c i l i t i e s ) .  Th i s  
can be handy i n  some cases, i e  a  p r i n t o u t  o f  a  f i l e  can be ob ta ined  by 
s e l e c t i n g  P: as t he  save f i lename.  However some dev ices  can cause 
con fus ion  i e  s e l e c t i n g  t h e  screen hand le r  as t h e  o u t p u t  dev i ce  (S:)  
w h i l s t  e d i t i n g  a f i l e  w i l l  w r i t e  r u b b i s h  t o  t he  screen c o r r u p t i n g  t he  
f i l e  d i s p l a y .  

2.2 THE MhIN MENU 

Upon l oad ing  KED w i l l  a u t o m a t i c a l l y  r u n  and produce t h e  g r e e t i n g  
message a long w i t h  t h e  main menu. 

KED keyboard e d i t o r  V 1 . 2  
Copy r i gh t  ( C )  1987 Noahsof t  

1 Load f i l e  
2 Save f i l e  

-\ 

3 E d i t  f i l e  
4 D isk  index 
5 Create new f i l e  
6 DOS 
7 Run b i n a r y  f i l e  
8 U t i l i t i e s  

Which ? 

The f i l e  c u r r e n t l y  i n  memory i s  shown below t h e  menu a long  w i t h  the  
f i l e  s i z e  and t h e  amount o f  f r e e  memory. 



2.3 LORDING FILES FROM DISK 

To e d i t  a  p r e v i o u s l y  saved f i l e  s e l e c t  o p t i o n  1 from the  main menu. 
KED w i l l  ask you f o r  t h e  f i lename,  e n t e r  t h i s  and then press r e t u r n .  

Once loaded KED w i l l  r e t u r n  t o  t h e  main menu. You may then s e l e c t  
o p t i o n  3 t o  e d i t  t h e  f i l e .  

2.4 SRVING FILES TO DISK 

To save a  f i l e  t o  d i s k  s e l e c t  o p t i o n  2 from t h e  main menu. KED w i l l  
ask you f o r  t he  f i l ename.  I f  you wish t o  use the  same f i l ename as t he  
i n p u t  f i l ename then s imp ly  press r e t u r n ,  e l s e  e n t e r  the  d e s i r e d  
f i lename.  

2.5 CREATING NEW FILES 

I f  you wish t o  c r e a t e  a  new f i l e  then s e l e c t  o p t i o n  5, KED w i l l  then -. 

ask you f o r  a  f i l ename.  .?I 

The . f i l ename en te red  here may be changed l a t e r  when t h e  e d i t i n g  
sess ion i s  f i n i s h e d  and t h e  program ready t o  save t o  d i s k .  

Once en te red  t h e  screen w i l l  c l e a r  and t h e  main e d i t i n g  screen w i l l  
appear. Wi th  no t e x t  w i t h i n  t h e  f i l e  t h e  screen w i l l  show t h e  minimum 
f i l e  con ten ts  (one r e t u r n  cha rac te r  1 .  

2.6 DISK INDEX 

S e l e c t i n g  o p t i o n  4 f rom the  main menu enables t h e  d i s k  d i r e c t o r y  
con ten ts  o f  any d r i v e  t o  be d i sp layed  on t h e  screen. KED w i l l  ask f o r  
a  d r i v e  (1  t o  8 ) ,  s e l e c t  t h i s  u s i n g  t h e  a p p r o p r i a t e  numeric key. D r i v e  
1 w i l l  be s e l e c t e d  i f  any o t h e r  than t h e  numeric keys a r e  pressed. 

2.7 RETURNING TO DOS 

S e l e c t i n g  o p t i o n  6 f rom t h e  main menu w i l l  e x i t  KED and r e t u r n  c o n t r o l  
back t o  t h e  DUP program. Be fo re  s e l e c t i n g  t h i s  o p t i o n  make s u r e  a  d i s k  

r\ 

which c o n t a i n s  t h e  DOS f i l e s  i s  i n  d r i v e  1. 

2.8 RUNNING BINARY FILES 

S e l e c t i n g  o p t i o n  7 f rom the  main menu enables a  machine code b i n a r y  
f i l e  t o  be run  d i r e c t l y  from KED. The f i l e  must be a  load  and go f i l e  
as descr ibed  i n  t h e  DOS handbook. You can use t h i s  o p t i o n  t o  r u n  any 
program compi led w i t h  PL65 o r  you can r u n  PL65 i t s e l f .  Upon e n t e r i n g  
KED w i l l  ask f o r  t h e  f i l ename o f  t h e  b i n a r y  f i l e ,  e n t e r  t h i s  and then 
p ress  r e t u r n .  The program w i l l  l oad  and run  a u t o m a t i c a l l y .  



2.9 UTILITIES MENU 

Selecting option 8 from the main menu will display another menu with 
the utilities options. These utilities enable routine file handling 
functions such as deleting and renaming to be carried out directly 
from KED without having to return to DOS. Once entered the menu will 
be displayed 

Utilities 

1 Delete file 
2 Rename file 
3 Format disk 
4 Disk index 
5 Lock file 
6 Unlock file 

X Return to main menu 

The utilities in the menu are selected as with the main menu by typing 
the option number. fill of the utilities work in a similar fashion to 
the DUP program. For the delete,lock and unlock utilities KED will 
prompt for a filename to act on, once entered the action will be 
carried out immediately with no 'are you sure' type message. 

The disk index option is duplicated from the main menu for ease of 
use. 

The format disk option will ask for a drive number. It then asks you 
to type "Y" to carry on, any other key will abort the format. 

2.10 EDITING TEXT 

To edit a file that has previously been loaded, select option 3 from 
the main menu. 

The screen will clear and the first 23 lines of the file will be 
/ displayed. 

The first thing to notice is the change in the screen characteristics. 
An extra line is displayed at the top of the screen, this is used to 
convey file information to the user along with error messages and 
instructions when using certain functions. 

Normally the message line will show the status of various editing 
options , eg tab setting, caps or lower case selected, typeover or 
insert mode and the indentation level. The state of the inverse/normal 
video mode is indicated by the 'caps/lc' annotation, which will be 
displayed in inverse video when in inverse mode. 



2.11 USING THE KEYBOARD 

Most o f  t he  s p e c i a l  e d i t i n g  f ea tu res  a r e  accessed w i t h  c o n t r o l  key 
commands- you h o l d  down CTRL w h i l e  p ress ing  another key. Some 
f u n c t i o n s  a r e  s e l e c t e d  w i t h  t he  SELECT o r  OPTION keys, aga in  these  a re  
s e l e c t e d  by h o l d i n g  down these keys w h i l e  p ress ing  another  key. 

To r e t u r n  t o  t he  main menu t ype  OPT ESC. 

To i n s e r t  t e x t  i n t o  t h e  f i l e  s imp ly  t ype  t h e  cha rac te rs  you w ish  t o  
appear. I f  t he  cha rac te r  you wish t o  i n s e r t  i n t o  t he  t e x t  r e q u i r e s  a 
key combinat ion t h a t  would no rma l l y  a c t u a t e  an e d i t i n g  f u n c t i o n ,  then 
f i r s t  press t h e  escape key, t h i s  w i l l  f o r c e  t h e  cha rac te r  t o  be 
i n s e r t e d .  

Owners o f  o l d e r  400 and 800 machines w i l l  n o t i c e  t h a t  t h e  a c t i o n  o f  
t h e  caps/ lower  key has been a l t e r e d  t o  a c t  l i k e  XL and XE machines, 
t h a t  i s ,  i t  now t o g g l e s  between caps and lower case ( a l t h o u g h  t h i s  i s  
o n l y  i n  t h e  e d i t  mode). 

2.12 CURSOR MOVEMENT 

The c u r s o r  can be moved about t he  screen u s i n g  t h e  normal c u r s o r  keys 
i n  c o n j u c t i o n  w i t h  t h e  c o n t r o l  key. I f  an a t tempt  i s  made t o  move the  
c u r s o r  o f f  t he  screen v e r t i c a l l y  then t h e  screen w i l l  s c r o l l  i n  t h e  
a p p r o p r i a t e  d i r e c t i o n .  I f  an a t tempt  i s  made t o  move t h e  c u r s o r  beyond 
the  extremes o f  t h e  f i l e  then an e r r o r  message w i l l  be d i s p l a y e d  i n  
t he  message window and t h e  a t tempt  ignored .  There a r e  a  number o f  
o t h e r  key combinat ions t o  move t h e  c u r s o r  around i n  t h e  f i l e ,  eg CTRL 
T, M and B moves t h e  c u r s o r  t o  t he  top,  m idd le  and bot tom o f  t h e  
screen. SEL T  and B moves t h e  c u r s o r  t o  t o p  and bottom o f  t h e  f i l e .  
CTRL W moves t h e  c u r s o r  on to  t h e  f i r s t  cha rac te r  o f  t h e  n e x t  word. 
CTRL f7 and S moves t h e  c u r s o r  t o  t h e  s t a r t  and end o f  t h e  c u r r e n t  
screen l i n e .  CTRL 0 and P moves the  c u r s o r  up and down by one complete 
screen page. 



2.13 MODES OF OPERQTION 

Two modes o f  ope ra t i on  a r e  supported, they a r e  i n s e r t  and typeover 
mode. KED d e f a u l t s  t o  i n s e r t  mode, typeover mode can be togg led i n  and 
o u t  u s i n g  OPT M.  

I n s e r t  mode w i l l  cause a l l  non e d i t  f u n c t i o n  t y p e  key presses t o  
i n s e r t  t h e  key cha rac te r  i n t o  t he  t e x t  a t  t h e  c u r r e n t  cu rso r  p o s i t i o n ,  
expanding t he  f i l e .  

Typeover mode rep laces  t h e  cha rac te r  under t h e  c u r s o r  w i t h  t h e  
c h a r a c t e r  entered,  which does n o t  expand t h e  f i l e .  You can s t i l l  open 
up space f o r  an i n s e r t i o n  i n t o  the  f i l e  u s i n g  CTRL INSERT. 

The i n s e r t  mode has an a u t o  i n d e n t a t i o n  f e a t u r e .  I n d e n t a t i o n  i s  used 
i n  h i g h  l e v e l  languages t o  make programs more readable .  

The i n d e n t a t i o n  l e v e l  i s  shown i n  t he  message window, i f  t h i s  i s  
g r e a t e r  than zero then every  t ime a  RETURN i s  en te red  a  number o f  
spaces cor responding t o  t he  i n d e n t a t i o n  l e v e l  i s  a u t o m a t i c a l l y  
i n s e r t e d  i n t o  t he  f i l e  a t  t h e  s t a r t  o f  t h e  newly  c rea ted  l i n e .  

The i n d e n t a t i o n  l e v e l  i s  incremented u s i n g  CTRL I ( o r  SEL I f o r  
inc rement ing  w i t h o u t  c r e a t i n g  an EOL) and decremented us ing  CTRL U  ( o r  
SEL U t o  decrement w i t h o u t  t h e  EOL). 



2.14 SEARCH AND REPLACE Ff iCILITIES 

You can search f o r  t h e  occurance o f  a  p a r t i c u l a r  t e x t  s t r i n g  by u s i n g  
the  SEL S f u n c t i o n .  KED prompts f o r  t he  search s t r i n g  i n  t he  message 
window. You may e n t e r  a  s t r i n g  c o n t a i n i n g  any p r i n t a b l e  c h a r a c t e r s  
( i n c l u d i n g  EOL's) ,  t he  s t r i n g  must be l e s s  than 16 cha rac te rs .  Once 
you have en te red  the  s t r i n g ,  press START and t h e  search w i l l  beg in .  

KED searches f o r  
and t r a i l i n g  b l a ~  

an exac t  match w i t h  t he  s t r i n g  which i n c l u d e s  l e a d i n g  
7ks. 

I f  a  match i s  found then t h e  screen w i l l  r e p a i n t  w i t h  t h e  l i n e  t h a t  
t he  matching t e x t  i s  on a t  t h e  t op  o f  t he  screen.  The cu rso r  w i l l  be 
p o s i t i o n e d  on the  f i r s t  c h a r a c t e r  o f  t he  t e x t .  

If no match i s  found then a  'No matching t e x t '  message w i l l  be 
d i s p l a y e d  i n  t h e  message window. 

Once a  search s t r i n g  has been entered,  you can search f o r  more than , '.> 

one occurance a t  any t ime s imp ly  by p ress ing  t h e  START key. 

Searches always s t a r t  a t  t h e  c u r r e n t  c u r s o r  p o s i t i o n + l  and proceed 
towards t h e  end o f  t h e  f i l e .  I f  you wish t o  search  t h e  whole o f  t h e  
f i l e ,  then you w i l l  have t o  f i r s t  p o s i t i o n  t h e  c u r s o r  a t  t h e  s t a r t  o f  
t h e  f i l e  ( u s i n g  SEL T ) .  

The s t r i n g  r e p l a c e  f a c i l i t y  enables one o r  more occurances o f  a  
p a r t i c u l a r  t e x t  s t r i n g  t o  be rep laced  w i t h  another  s t r i n g .  To s e l e c t  
t h i s  f u n c t i o n  press SEL R.  F i r s t  KED w i l l  prompt f o r  a  search s t r i n g ,  
t h i s  shou ld  be entered as descr ibed  above. KED then prompts f o r  a  
r e p l a c e  s t r i n g ,  t h i s  should  be en te red  i n  e x a c t l y  t h e  same way as t h e  
search s t r i n g -  p ress ing  START when ready. The r e p l a c e  s t r i n g  does n o t  
have t o  be t h e  same l e n g t h  as t h e  search s t r i n g .  

A f t e r  b o t h  s t r i n g s  have been en te red  KED w i l l  ask 'A1 1  o r  V e r i f y '  . 
En te r  t h e  a p p r o p r i a t e  o p t i o n  u s i n g  t h e  A o r  V keys. I f  ' A L L '  i s  
s e l e c t e d  then a l l  occurances ( f o r w a r d  o f  t h e  c u r r e n t  cu rso r  p o s i t i o n )  
o f  t h e  search  s t r i n g  w i l l  be rep laced.  I f  ' v e r i f y '  i s  s e l e c t e d  then 
KED w i l l  s t o p  a t  each match o f  t h e  search s t r i n g  ( r e p a i n t i n g  t h e  
screen a t  t h e  s t r i n g  match p o i n t )  and ask ' S k i p  o r  Rep lace ' .  S e l e c t  
e i t h e r  o p t i o n  u s i n g  t h e  S o r  R keys. I f  ' S k i p '  i s  s e l e c t e d  then KED 
does n o t  r e p l a c e  t h a t  occurance b u t  c a r r i e s  on search ing  f o r  t h e  n e x t  
occurance. I f  'Replace'  i s  s e l e c t e d  then t h e  s t r i n g  w i l l  be rep laced .  

Some i n t e n s i v e  r e p l a c e  a c t i o n s  may take  a  b i t  o f  t ime,  KED w i l l  
d i s p l a y  a  'wo rk ing '  message d u r i n g  t h i s  t ime.  



2.15 CUT AND PRSTE FACILITIES 

KED p rov ides  comprehensive f a c i l i t i e s  f o r  moving b locks  o f  t e x t  around 
w i t h i n  t h e  f i l e .  A t e x t  b lock  which needs man ipu la t i ng  i s  s e l e c t e d  by 
us ing  t h e  SEL N f u n c t i o n  t o  mark one end o f  t h e  b lock  and then t h e  
cu rso r  i s  moved t o  t he  o t h e r  end o f  t he  b lock .  

You can then choose t o  e i t h e r  copy o r  d e l e t e  t h e  b lock  i n t o  t h e  c u t  
b u f f e r  w i t h  t he  SEL C and SEL D  f u n c t i o n s .  

Once i n  t h e  b u f f e r  t he  t e x t  can be pasted back i n t o  t he  f i l e  a t  any 
p o i n t  and as many t imes as requ i red .  To do t h i s  move the  cu rso r  t o  t h e  
p o i n t  i n  t h e  f i l e  t h a t  you want t h e  t e x t  t o  appear and then p ress  SEL 
P. 

The con ten ts  o f  t he  b u f f e r  a r e  mainta ined u n t i l  o v e r w r i t t e n  w i t h  
another  SEL D  o r  SEL C a c t i o n ,  even i f  another  f i l e  i s  loaded i n t o  
memory. - 
The b u f f e r  s i z e  i s  l i m i t e d  t o  2048 cha rac te rs .  I f  t h e  b lock  you a r e  
i n t e n d i n g  t o  d e l e t e  i s  l a r g e r  than t h i s  then an 'Exceeds b u f f e r  s i z e '  
message i s  d i sp layed  a long  w i t h  'Cont Y / N ' :  I f  ' N '  i s  se lec ted  then  
the  a c t i o n  i s  abor ted.  I f  ' Y '  i s  se lec ted  then t h e  whole b lock  w i l l  be 
de le ted ,  b u t  t h e  b u f f e r  w i l l  o n l y  ho ld  t h a t  p a r t  o f  t h e  t e x t  t h a t  i t s  
s i z e  would a l l o w .  

I f  you need t o  c u t  and pas te  b locks  l a r g e r  than  t h e  b u f f e r  w i l l  a l l o w  
then use t h e  i n p u t  and o u t p u t  f a c i l i t i e s .  



2.16 INPUT AND OUTPUT F A C I L I T I E S  

I n p u t  and o u t p u t  f a c i l i t i e s  a r e  p rov ided  t o  a l l o w  b locks  o f  t e x t  t o  be 
t r a n s f e r r e d  through t h e  o p e r a t i n g  system t o  and f rom any dev i ce  on t he  
system. 

The t e x t  b lock  t o  be o u t p u t  can be se lec ted  by u s i n g  t he  SEL M 
f u n c t i o n  t o  mark one end o f  t h e  b lock  and then moving t he  cu rso r  t o  
the  o t h e r  end o f  t he  b lock .  

You can then choose e i t h e r  SEL K t o  append t h e  t e x t  t o  t h e  end o f  a  
f i l e  on d i s k ,  o r  SEL 0  t o  o u t p u t  t h e  t e x t  t o  any dev i ce  on t h e  system. 
Output  dev ices  may i n c l u d e  a  p r i n t e r ( P : ) ,  c a s s e t t e ( C : )  o r  a  d i s k  
f i l e .  

The append f u n c t i o n  i s  u s e f u l  f o r  c r e a t i n g  programs u s i n g  s e l e c t e d  
r o u t i n e s  f rom v a r i o u s  o t h e r  source f i l e s .  I ns tead  o f  r e - w r i t i n g  t h e  
r o u t i n e s  i n  your new f i l e ,  you s imp ly  load  i n  your  o l d  f i l e  and then 
append t h e  area o f  t h e  program c o n t a i n i n g  t h e  r o u t i n e s  you r e q u i r e  t o  h 

t he  end o f  your  new f i l e .  

The o u t p u t  f u n c t i o n  i s  u s e f u l  f o r  c r e a t i n g  l i s t i n g s  o f  s e l e c t e d  areas 
o f  a  f i l e  on a  p r i n t e r ,  o r  i t  may be used i n  c o n j u c t i o n  w i t h  t h e  i n p u t  
t e x t  f u n c t i o n  as a  c u t  and pas te  f a c i l i t y  w i t h  t h e  whole d i s k  as t h e  
b u f f e r .  

The i n p u t  t e x t  f u n c t i o n  i s  used t o  merge a  f i l e  s t o r e d  on d i s k  w i t h  
t he  f i l e  i n  memory. To do t h i s  s imp ly  move t h e  c u r s o r  t o  t h e  p o i n t  i n  
t he  f i l e  t h a t  t h e  t e x t  i s  t o  be i n s e r t e d ,  then p ress  SEL N. 

A l l  o f  t h e  i n p u t  and o u t p u t  f u n c t i o n s  w i l l  r e q u i r e  a  dev i ce / f i l ename,  
KED w i l l  prompt f o r  t h i s  i n  t h e  message window. E n t e r  your f i l ename 
and/or  dev i ce  and then p ress  START t o  a c t i v a t e  t h e  f u n c t i o n .  



2.17 E D I T  FUNCTION SUNMfiRY 

Cursor movement 

CTRL - Moves t h e  cu rso r  up one l i n e .  

CTRL = Moves t h e  cu rso r  down one l i n e .  

CTRL + Moves t h e  cu rso r  l e f t  one cha rac te r .  

CTRL $ Moves t h e  c u r s o r  r i g h t  one cha rac te r .  

CTRL fi Moves t h e  cu rso r  t o  s t a r t  o f  t he  c u r r e n t  screen l i n e .  

CTRL S Moves t h e  cu rso r  t o  t h e  end o f  t h e  c u r r e n t  screen l i n e .  

CTRL 0 S c r o l l s  t h e  screen by one complete screen page towards t he  
s t a r t  o f  t h e  f i l e .  

-? 
CTRL P S c r o l l s  t h e  screen by one complete screen page towards t he  
end o f  t h e  f i l e .  

CTRL W Moves t h e  cu rso r  on to  t h e  f i r s t  cha rac te r  o f  t he  nex t  
word. 

CTRL E Moves t h e  c u r s o r  on to  t h e  f i r s t  cha rac te r  o f  t he  p rev ious  
word. 

CTRL T Moves t h e  c u r s o r  t o  t h e  t o p  l e f t  hand c o r n e r  o f  t he  
screen. 

C T R L . M  Moves t h e  c u r s o r  t o  t h e  l e f t  hand c e n t r e  o f  t h e  screen. 

CTRL B Moves t h e  c u r s o r  t o  t h e  bot tom l e f t  hand c o r n e r  o f  t he  
screen. 

SEL T Moves c u r s o r  t o  t h e  t o p  o f  t h e  f i l e .  
- 

SEL B Moves c u r s o r  t o  t h e  bot tom o f  t h e  f i l e .  

Text  d e l e t i o n  

CTRL B S  (backspace) De le tes  t h e  cha rac te r  under t h e  cu rso r .  

BS Backspace w i l l  d e l e t e  t he  c h a r a c t e r  t o  t h e  l e f t  o f  the  c u r r e n t  
cu rso r  p o s i t i o n .  

SHFT BS De le tes  t h e  whole o f  t h e  c u r r e n t  screen l i n e .  

SEL B S  De le tes  a l l  t h e  t e x t  from t h e  s t a r t  o f  t h e  f i l e  up t o  t h e  
c u r r e n t  c u r s o r  p o s i t i o n .  A c o n f i r m a t i o n  message i s  f i r s t  d i sp layed  i n  
t he  message window, f o l l o w  t h e  d i r e c t i o n s  g iven .  



SEL CTRL BS De le tes  from the  c u r r e n t  cu rso r  p o s i t i o n  t o  t h e  end o f  
t h e  f i l e .  fl c o n f i r m a t i o n  message i s  d isp layed  i n  t h e  message window, 
f o l l o w  t h e  d i r e c t i o n s  g iven .  Note:- t h i s  i s  a  t h r e e  key f u n c t i o n .  

CTRL Q De le tes  t h e  word t o  t h e  r i g h t  o f  t he  cu rso r .  Fo r  t h i s  
f u n c t i o n  a  word i s  de f i ned  as a  sequence o f  alpha-numeric (upper and 
lower case l e t t e r s  and the  d i g i t s  0-9) charac te rs .  I f  t h e  cha rac te r  
under t h e  c u r s o r  i s  n o t  alpha-numeric then o n l y  t h e  s i n g l e  cha rac te r  
i s  de le ted .  

I n s e r t i o n  

SHFT INSERT I n s e r t s  an EOL c h a r a c t e r  i n t o  t he  f i l e ,  e f f e c t i v e l y  
c r e a t i n g  a new l i n e .  The EOL char  i s  n o t  i n s e r t e d  a t  t h e  c u r r e n t  
cu rso r  p o s i t i o n  b u t  r a t h e r  a t  t h e  s t a r t  o f  t h e  c u r r e n t  l i n e .  

CTRL INSERT I n s e r t s  a  space c h a r a c t e r  i n t o  t h e  f i l e  a t  t h e  c u r r e n t  
cu rso r  p o s i t i o n .  The space w i l l  be i n s e r t e d  even i n  typeover  mode. -. 

, - 

'1 
TAB I n s e r t s  X spaces i n t o  t h e  f i l e  a t  t he  c u r r e n t  c u r s o r  p o s i t i o n ,  
where X may be s e t  by t h e  use r  u s i n g  t h e  OPT T f u n c t i o n .  D e f a u l t  f o r  
t a b  i s  6. 

ESC Escape f o r c e s  t he  n e x t  keys t roke  t o  be i n s e r t e d  as an ASCII 
cha rac te r  d i r e c t l y  i n t o  t h e  f i l e  a t  t h e  c u r r e n t  c u r s o r  p o s i t i o n ,  
r ega rd less  o f  any o p t i o n  o r  s e l e c t  o r  c o n t r o l  key be ing  pressed. T h i s  
enables t h e  A T A R I  c o n t r o l  c h a r a c t e r s  t o  be i n s e r t e d  i n t o  t h e  t e x t .  
When escape i s  enabled t h e  message "esc"  w i l l  appear i n  t h e  message 
window. 

CTRL C Changes t h e  case o f  t h e  cha rac te r  under t h e  c u r s o r  ( i f  i t ' s  
an a lpha  c h a r ) .  

I n d e n t a t i o n  

CTRL I Increments t h e  i n d e n t a t i o n  l e v e l  and s t a r t s  a  new l i n e .  
Th i s  f u n c t i o n  has t h e  same e f f e c t  as p ress ing  t h e  RETURN key, however 
t he  i n d e n t a t i o n  l e v e l  i s  incremented.  Th i s  means t h a t  a  number o f  P 

spaces i s  i n s e r t e d  a t  t h e  s t a r t  o f  t h e  n e x t  l i n e .  A l l  f u t u r e  presses 
o f  t he  RETURN key w i l l  f o r c e  these  spaces t o  be i n s e r t e d .  The 
i n d e n t a t i o n  l e v e l  i s  i n d i c a t e d  i n  t h e  message window. 

CTRL U Decrements t h e  i n d e n t a t i o n  l e v e l  and i n s e r t s  an EOL 
cha rac te r  i n t o  t h e  t e x t .  T h i s . f u n c t i o n  has t he  same e f f e c t  as t h e  
increment i n d e n t  f u n c t i o n  excep t  t h a t  t h e  i n d e n t a t i o n  l e v e l  i s  
decremented. The spaces a r e  s t i l l  i n s e r t e d  b u t  one l e s s  than t h e  l a s t  
l i n e .  

SEL I Increments  t h e  i n d e n t a t i o n  l e v e l .  Th i s  f u n c t i o n  i s  used when 
the  i n d e n t a t i o n  l e v e l  needs t o  be changed w i t h o u t  a f f e c t i n g  t h e  f i l e .  
The new i n d e n t  l e v e l  w i l l  become e f f e c t i v e  t h e  n e x t  t ime  t h e  RETURN 
key i s  pressed. 



SEL U Decrements t h e  i n d e n t a t i o n  l e v e l .  T h i s  f u n c t i o n  i s  used t o  
decrement t h e  i n d e n t a t i o n  l e v e l  w i t h o u t  a f f e c t i n g  t h e  f i l e .  The new 
i nden t  l e v e l  becomes e f f e c t i v e  t h e  n e x t  t ime t h e  RETURN key i s  
pressed. 

Cut and paste  

SEL M Mark t h e  c u r r e n t  f i l e  p o s i t i o n .  T h i s  f u n c t i o n  marks one end 
of  a  t e x t  b l ock  and i s  used i n  c o n j u c t i o n  w i t h  t h e  copy and d e l e t e  
b lock f u n c t i o n s .  

SEL D De le te  t h e  b lock  o f  t e x t  between t h e  c u r r e n t  c u r s o r  p o s i t i o n  
and t h e  p r e v i o u s l y  marked p o s i t i o n  i n t o  t h e  c u t  b u f f e r .  A maximum o f  
2048 c h a r a c t e r s  can be de le ted  i n  one go. 

SEL C Copies a  b lock  o f  t e x t  between t h e  c u r r e n t  c u r s o r  p o s i t i o n  
and the  p r e v i o u s l y  marked p o s i t i o n  i n t o  t h e  c u t  b u f f e r .  A maximum o f  
2048 c h a r a c t e r s  can be cop ied i n  one go. 

\ 
SEL P Paste t h e  con ten ts  o f  t h e  c u t  b u f f e r  i n t o  t h e  f i l e  a t  t h e  
c u r r e n t  c u r s o r  p o s i t i o n .  

Search and r e p l a c e  

SEL S Search f i l e  f o r  match w i t h  t e x t  s t r i n g .  The t e x t  s t r i n g  w i l l  
be prompted f o r  i n  t h e  message window. A maximum o f  16 cha rac te rs  can 
be entered and i s  te rmina ted  by p ress ing  t h e  START key which a c t i v a t e s  
the search. I f  no match i s  found w i t h i n  t h e  f i l e  then a  "no matching 
s t r i n g "  message w i l l  be d i s p l a y e d  e l s e  t h e  screen w i l l  d i s p l a y  t h e  
f i l e  con ten ts  a t  t h e  p o i n t  where a  match i s  found. F u t u r e  searches f o r  
the  same s t r i n g  can be a c t i v a t e d  by s imp ly  p ress ing  t h e  START key. KED 
always searches f o r  an exac t  match w i t h  t h e  search  s t r i n g  which 
i nc ludes  t r a i l i n g  and l ead ing  b lanks.  

SEL R Replace s t r i n g .  The e d i t o r  w i l l  prompt f o r  a  search s t r i n g  
which i s  en te red  as descr ibed  above. The e d i t o r  w i l l  then prompt f o r  a  
rep lace  s t r i n g ,  which i s  en te red  i n  t h e  same way as t h e  search s t r i n g .  

' The e d i t o r  then asks "A11 o r  V e r i f y " ,  s e l e c t  t h e  d e s i r e d  o p t i o n  w i t h  
the  A o r  V keys. I f  " A l l "  i s  s e l e c t e d  then a l l  matching s t r i n g s  
throughout t h e  f i l e  ( f o r w a r d  o f  t h e  c u r r e n t  c u r s o r  p o s i t i o n )  w i l l  be 
rep laced w i t h  t h e  r e p l a c e  s t r i n g .  I f  t h e  v e r i f y  o p t i o n  i s  se lec ted  
then t h e  e d i t o r  w i l l  s t o p  a t  each occurance o f  t h e  s t r i n g  and ask 
"Sk ip  o r  Replace".  The d e s i r e d  a c t i o n  can then be s e l e c t e d  w i t h  t h e  S  
o r  R keys. 

START Searches forward o f  t h e  c u r r e n t  c u r s o r  p o s i t i o n  f o r  t he  n e x t  
occurance o f  t h e  l a s t  en te red  search s t r i n g .  I f  no search s t r i n g  has 
been en te red  ( u s i n g  SEL Sl, then an e r r o r  i s  r e p o r t e d .  

I n p u t  and o u t o u t  

SEL 0 Outputs  t h e  b lock  o f  t e x t  between t h e  l a s t  marked f i l e  
p o s i t i o n  and t h e  c u r r e n t  c u r s o r  p o s i t i o n  t o  dev ice .  The o u t p u t  



f i l ename w i l l  be prompted f o r  i n  t h e  message window. The f i l e s p e c  may 
be any l e g a l  ATARI dev ice  ( t o  o u t p u t  t o  a p r i n t e r  e n t e r  P:)  and i s  
te rmina ted  w i t h  t h e  START key. 

SEL K Appends t h e  b lock  o f  t e x t  between t h e  l a s t  marked f i l e  
p o s i t i o n  and t h e  c u r r e n t  c u r s o r  p o s i t i o n  t o  a  f i l e  s t o r e d  on d i s k .  The 
f i l ename w i l l  be prompted f o r  i n  t h e  message window and i s  entered i n  
t he  same way as f o r  t h e  o u t p u t  t e x t  f u n c t i o n .  

SEL L Loads t e x t  from a  f i l e  s t o r e d  on d i s k  and i n s e r t s  i n t o  the  
f i l e  i n  memory a t  t h e  c u r r e n t  c u r s o r  p o s i t i o n .  The i n p u t  f i lename w i l l  
be prompted f o r  i n  t h e  message window and i s  en te red  i n  t he  same way 
as i n  t h e  o u t p u t  t e x t  f u n c t i o n .  

E d i t i n q  o p t i o n s  

OPT ESC E x i t s  t h e  e d i t i n g  mode and r e t u r n s  t o  t h e  main menu. 

OPT L Set l e f t  margin. The margin can be moved ac ross  t h e  screen 
u s i n g  t h e  keys shown i n  t h e  message window. Press t h e  r e t u r n  key t o  
r e t u r n  t o  e d i t  mode. 

OPT R Set  r i g h t  margin. The margin can be moved ac ross  t h e  screen 
u s i n g  t h e  keys shown i n  t h e  message window. Press t h e  r e t u r n  key t o  
r e t u r n  t o  t h e  e d i t  mode. 

OPT T Set tab .  The number o f  spaces i n s e r t e d  by p r e s s i n g  t he  t ab  
key can be a l t e r e d  u s i n g  t h i s  f u n c t i o n .  Fo l l ow  t h e  d i r e c t i o n s  i n  t h e  
message window t o  increment  o r  decrement t he  tab.  P ress ing  r e t u r n  
e x i t s  back t o  t h e  e d i t  mode. 

OPT I Set i n v i s i b l e  EOL,s. T h i s  f u n c t i o n  t u r n s  o f f  t h e  screen 
d i s p l a y  o f  EOL cha rac te rs .  

OPT V Set v i s i b l e  EOL,s. T h i s  f u n c t i o n  t u r n s  on t h e  sc reen  d i s p l a y  
o f  EOL cha rac te rs .  

OPT M Toggles t h e  e d i t i n g  mode between typeover and i n s e r t .  

OPT F D i s p l a y s  t h e  amount o f  f r e e  memory l e f t  t h a t  t h e  f i l e  may 
expand i n t o .  

OPT C Changes t h e  background c o l o r .  Succesive presses w i l l  c y c l e  
through a l l  s i x t e e n  o f  t h e  a v a i l a b l e  c o l o r s .  

OPT B Changes t h e  background b r i g h t n e s s .  Succesive presses w i l l  
c y c l e  th rough  t h e  e i g h t  a v a i l a b l e  b r i g h t n e s s  l e v e l s  and then on to  t h e  
n e x t  c o l o r .  

OPT N Changes t h e  cha rac te r  b r i g h t n e s s .  Succesive p resses  w i l l  
c y c l e  th rough  t h e  e i g h t  a v a i l a b l e  b r i g h t n e s s  l e v e l s .  



P a r t  III COMPILER OPERFITIQN 

The sys 
AUTORUN 
DUP t o  
f o r g e t  

tern d i s k  i s  booted i n  d r i v e  1 and w i l l  power up i n t o  t h e  
.SYS program. T h i s  program a l l o w s  you t o  s e l e c t  KED, PL65 o r  
run  d i r e c t l y .  I f  you have an XL o r  XE type  computer, d o n ' t  
t o  h o l d  down t h e  o p t i o n  key t o  d i s a b l e  BASIC. 

I f  you a r e  i n  t h e  DUP program you can r u n  PL65 o r  KED by us ing  o p t i o n  
' L '  f rom t h e  DUP menu. The two programs have t h e  f i lenames- 

D:KED.COM and D:PL65.COM 

I f  you a re  a l ready  i n  KED you can r u n  PL65 d i r e c t l y  u s i n g  t he  'Run 
b i n a r y  f i l e '  o p t i o n  f rom the  main menu. 

3.1 COMPILER MAIN MENU 

- Once loaded t h e  comp i l e r  w i l l  d i s p l a y  t h e  g r e e t i n g  message and t h e  
I main menu. 

PL65 compi le r  V e r l . 2  
Copyr igh t  ( C )  1987 Noahsoft  

1 Compiler 
2 E d i t o r  
3 Opt ions 
4  Disk  index 
5  Xref 
6  DOS 
7  Run b i n a r y  f i l e  

Which ? 

PL65 i s  a  menu d r i v e n  system. To s e l e c t  a p a r t i c u l a r  o p t i o n  f rom a  
menu s imp ly  p ress  t h e  o p t i o n  number. 

See t h e  s e c t i o n  on KED f o r  a  d e s c r i p t i o n  o f  o p t i o n s  4,6 and 7. 



3.2 COMPILER NODE 

S e l e c t i n g  o p t i o n  1 e n t e r s  t he  main compi le r  mode, t h e  user  w i l l  then 
be promted t o  e n t e r  f o u r  f i lenames.  These a r e  t h e  source f i l ename,  
o u t p u t  f i lename, l i s t  f i l ename and t h e  e r r o r  l o g  f i lename.  

O f  these f o u r  f i l e s  o n l y  t h e  f i r s t -  t h e  source f i l ename i s  needed by 
t h e  compi le r ,  t h e  o t h e r  t h r e e  a r e  o p t i o n a l .  

The source f i l ename i s  t h e  f i l ename o f  t h e  program t h a t  you want t o  
compi le.  Th is  f i l e  may be compi led f rom a  d i s k  d r i v e  o r  i t  may be i n  
memory ( p r e v i o u s l y  loaded from the  e d i t o r  menu). To compi le  a  f i l e  
f rom memory e n t e r  ' M : '  as t h e  source f i lename.  

The o u t p u t  f i l ename i s  t h e  f i l e  t h a t  t h e  compi led o b j e c t  code i s  
w r i t t e n  t o .  T h i s  i s  o p t i o n a l  t o  a l l o w  dummy runs  f o r  e r r o r  check ing 
purposes. 

The l i s t  f i l e  i s  t h e  f i l e  t o  which a  l i s t i n g  o f  t h e  program which P- 

i n c l u d e s  a  l i n e  map o f  memory l o c a t i o n  addresses f o r  t h e  s t a r t  o f  each 
program l i n e  i s  w r i t t e n .  I f  you have a  mon i to r  program you can use t h e  
i n f o r m a t i o n  i n  t h i s  f i l e  t o  i n s p e c t  t h e  compi led o b j e c t  code. 

Note:- L i n e  maps addresses a r e  o n l y  accu ra te  i f  each l o g i c a l  l i n e  ends 
i n  a  semi-colon. 

The e r r o r  l o g  f i l e  i s  t h e  f i l e  t o  which a  copy o f  t h e  e r r o r  r e p o r t s  
d i s p l a y e d  on t h e  screen d u r i n g  comp i l a t i on ,  a r e  w r i t t e n .  

The compi le r  w i l l  prompt f o r  each o f  these f i l enames i n  t u r n .  I f  an 
o p t i o n a l  f i l e  i s  n o t  r e q u i r e d  j u s t  p ress  t h e  RETURN key. 

I t  should  be no ted  t h a t  e r r o r  l o g  f i l e s  and l i s t  f i l e s  a r e  n o t  l i m i t e d  
t o  t h e  d i s k  d r i v e s ,  b u t  can be any l e g a l  ATARI o p e r a t i n g  system o u t p u t  
dev ice .  To d i r e c t  a  l i s t i n g  t o  t he  p r i n t e r  s imp ly  s e l e c t  'P : '  as t h e  
l i s t  f i lename.  

Once t h e  f i l enames have been en te red  PL65 w i l l  beg in  t o  compi le  t h e  "I 

source f i l e .  

The compi le r  can be h a l t e d  a t  any t ime  ( e i t h e r  d u r i n g  c o m p i l a t i o n  o r  
when e n t e r i n g  t h e  f i l enames )  by p ress ing  t h e  break key. 



3.3 ERRORS AND THE ERROR LOG 

Dur ing c o m p i l a t i o n  a  runn ing  record  o f  comp i l e r  a c t i o n s  i s  
a u t o m a t i c a l l y  d i sp layed  on t h e  screen, t h i s  i s  t h e  e r r o r  log .  I f  an 
e r r o r  l o g  f i l ename has been entered then a  copy o f  these r e p o r t s  i s  
sen t  t o  t h e  s e l e c t e d  f i l e .  

I n  i t s  s imp les t  form the  e r r o r  l o g  w i l l  show t h e  f i lename o f  t h e  f i l e  
c u r r e n t l y  being compi led.  I t  a l s o  shows f i l e s  t h a t  a r e  LINKed o r  
INCLUDed w i t h  t he  main f i l e .  

The main reason f o r  t h e  e r r o r  l o g  i s  t o  r e p o r t  e r r o r s  i n  t he  source 
t e x t .  PL65 can d e t e c t  syntax and program i n c o n s i s t e n c y  type  e r r o r s ,  i t  
c a n ' t  f i n d  e r r o r s  i n  t h e  l o g i c  o f  your programs. 

The a b i l i t y  o f  t h e  comp i l e r  t o  recover  and c a r r y  on comp i l i ng  a f t e r  an 
e r r o r  depends l a r g e l y  on how badly  f lawed t h e  source f i l e  i s .  

--' I f  an e r r o r  occurs  d u r i n g  c o m p i l a t i o n  then an e r r o r  message and number 
w i l l  be shown on t h e  screen a long w i t h  t h e  c u r r e n t  l i n e  o f  i n p u t  
source t e x t .  The p o i n t  i n  t h e  l i n e  where t h e  compi le r  thought  t h e  
e r r o r  occured w i l l  be h i g h l i g h t e d  i n  r e v e r s e  v ideo.  

I f  an e r r o r  occurs  i n s i d e  a  procedure then t h e  procedure name w i l l  
a l s o  be d isp layed .  

E r r o r  31 i n  routine-PLOT 

T h i s  s i m p l i f i e s  exac t  l o c a t i o n  o f  e r r o r s  w i t h i n  t h e  source t e x t .  

Because o f  t h e  s i n g l e  pass n a t u r e  o f  t h e  comp i l e r ,  some e r r o r s  c a n ' t  
be checked u n t i l  a  procedure END sta tement  i s  reached. 411 o f  these  

- e r r o r s  w i l l  i n d i c a t e  t h a t  t h e  END sta tement  i s  i n  e r r o r .  

Unresolved r e f e r e n c e  t o  SKIP i n  r o u t i n e - I N I T  
END 

I f  you have a  number o f  re fe rences  t o  t h e  same l a b e l  and then f o r g e t  
t o  d e c l a r e  t h e  a c t u a l  l a b e l  then t h e r e  w i l l  be one e r r o r  r e p o r t  f o r  
each re fe rence .  

I f  a  FORWARD procedure i s  dec la red  w i t h o u t  an cor responding BODY then 
t h i s  w i l l  n o t  be r e p o r t e d  u n t i l  t h e  end o f  t h e  comp i l a t i on .  The 
compi le r  w i l l  r e p o r t  t h a t  t h e  END p a r t  o f  t h e  MAIN r o u t i n e  i s  i n  
e r r o r .  

Operat ing system e r r o r s  ( t h o s e  w i t h  numbers >127) w i l l  cause t h e  



c o m p i l a t i o n  t o  a b o r t  t h i s  i s  a l s o  t r u e  o f  e r r o r s  marked FATAL i n  t h e  
e r r o r  message s e c t i o n  o f  t h i s  manual. 

E r r o r  cascades occur  most f r e q u e n t l y  when u s i n g  nested program f l o w  
statements.  These types o f  e r r o r s  a r e  when one bad ly  p laced e r r o r  
r e s u l t s  i n  a program f l o w  breakdown and thus  a  whole s t r i n g  o f  e r r o r s  
a r e  repo r ted .  

WHILE AC10 DO 
I F  A=3 THEN 
GOT0 LOOP 

ELSE 
REPEAT 

B=At3+4 
ENDIF 

ENDWHILE 

I n  t h e  above example t h e  comp i l e r  w i l l  n o t  a l l o w  t h e  I F  and t h e  WHILE 
t o  t e r m i n a t e  because t h e  innermost  l e v e l  ( t h e  REPEAT) has a m iss ing  
t e r m i n a t o r  (UNTIL). When t h e  procedure END i s  reached t h e  comp i l e r  
w i l l  r e p o r t  t h a t  a l l  o f  t h e  s ta tements  a r e  unterminated.  

Some e r r o r s  may mask o t h e r  e r r o r s ,  t h i s  happens because t h e  comp i l e r  
e r r o r  recovery  r o u t i n e  works by s k i p p i n g  ahead i n  t h e  t e x t  t o  f i n d  a 
r e f e r e n c e  p o i n t  t o  c o n t i n u e  compi l ing .  These e r r o r s  can be found by 
r e c o m p i l i n g  a f t e r  c o r r e c t i n g  t he  o r i g i n a l  e r r o r s .  

When t h e  c o m p i l a t i o n  i s  f i n i s h e d  t h e  t o t a l  number o f  e r r o r s  w i l l  be 
shown. 



A summary o f  e r r o r  messages a r e  con ta ined  i n  appendix B o f  t h i s  
manual. Most o f  t he  e r r o r s  a r e  s e l f  exp lana to ry ,  a  more d e t a i l e d  
d e s c r i p t i o n  o f  those e r r o r s  which may need f u r t h e r  exp lana t i on  
f o l l o w s .  

E r r o r  1 Symbol a l r eady  i n  use. 

There i s  a l r eady  a  symbol o f  t h i s  name w i t h i n  t h e  same scope. See t h e  
s e c t i o n  on i d e n t i f i e r  scope. 

E r r o r  6 No such symbol. 

You have t r i e d  t o  access an i d e n t i f i e r  t h a t  does n o t  e x i s t .  

E r r o r  8 V a r i a b l e  d e c l a r a t i o n  o r  BEGIN expected. 

Th i s  e r r o r  occurs  i n  t h e  l o c a l  v a r i a b l e  d e c l a r a t i o n  p a r t  o f  a  
procedure header. You have at tempted t o  do something o t h e r  than 
d e c l a r e  a  v a r i a b l e  o r  cons tan t .  

E r r o r  9 Syntax e r r o r .  

A v a l i d  s ta tement ,  procedure c a l l  o r  assignment statement i s  expected 
here. 

E r r o r  11 Memory f u l l .  

See t h e  s e c t i o n  on memory management. 

E r r o r  13 I d e n t i f i e r  expected. 

Th i s  e r r o r  occurs  when an i d e n t i f i e r  i s  expected.  I t  means t h a t  t h e  
f i r s t  c h a r a c t e r  o f  t h e  i d e n t i f i e r  i s  n o t  a  l e t t e r .  

E r r o r  14 I n c o r r e c t  express ion  argument. 

/- 
The express ion  operand i s  i n c o r r e c t .  See t h e  s e c t i o n  on run t ime  
express ions  f o r  v a l i d  operands. 

E r r o r  26 I d e n t i f i e r  cha rac te r  i n v a l i d  

The second o r  subsequent c h a r a c t e r s  o f  an i d e n t i f i e r  i s  n o t  
apha-numeric o r  an u n d e r l i n e  cha rac te r .  

E r r o r  27 I l l e g a l  express ion  argument type.  

Th i s  e r r o r  occurs  i n  compi le  t ime express ions.  The express ion operand 
i s  i n c o r r e c t .  See t h e  s e c t i o n  on compi le  t i m e  express ions f o r  v a l i d  
operands. 

E r r o r  28 Unconver tab le  d i g i t  i n  number. 

The comp i l e r  has a t tempted t o  i n t e r p r e t  an express ion  operand as a 



number. T h i s  e r r o r  means t h a t  one o f  t he  c h a r a c t e r s  i n  t he  number i s  
n o t  a  v a l i d  d i g i t .  

E r r o r  29 Command expected. 

The comp i l e r  i s  expec t i ng  a  command and t h i s  i s n ' t  one. See t h e  
language d e s c r i p t i o n  f o r  v a l i d  commands. 

E r r o r  30 C a n ' t  use s ta tement  name as i d e n t i f i e r .  

You have at tempted t o  use a  reserved word o r  symbol as an i d e n t i f i e r .  

E r r o r  36 Compi la t ion  completed w i t h  no MAIN r o u t i n e .  

You have e i t h e r  f o r g o t  t o  i n c l u d e  t h e  MAIN r o u t i n e  o r  f a i l e d  t o  LINK 
t o  t h e  f i l e  i n  which i t  i s  conta ined.  

E r r o r  37 Unexpected EOF. 
-. 

' -> 

The f i l e  f i n i s h e s  a t  an i l l e g a l  p o i n t  i n  t h e  program. T h i s  e r r o r  may 
occur  i f  you have INCLUDed a  f i l e  which has no ENDFILE a t  t h e  end. 

E r r o r  38 To many parameters i n  procedure d e f i n i t i o n .  

D e f i n i t i o n  exceeds t h e  maximum number o f  parameters a l lowed (128) .  

E r r o r  39 Express ion t o o  compl icated.  

T h i s  e r r o r  may occur  i n  run t ime  express ions.  I t  u s u a l l y  means t h a t  t h e  
l e v e l  o f  pa ren thes i s  i s  t o o  deep f o r  t h e  comp i l e r  t o  handle. The 
comp i l e r  can handle around twenty l e v e l s  o f  pa ren thes i s  so an 
express ion  has t o  be ve ry  compl icated indeed f o r  t h i s  t o  happen. 

E r r o r  40 Compiler s tack  ove r f l ow .  

The l e v e l  o f  s ta tement  n e s t i n g  i n  a  procedure i s  t o o  deep. The 
comp i l e r  w i l l  a l l o w  around 64 l e v e l s  o f  s ta tement  n e s t i n g .  I f  t h i s  
e r r o r  happens s p l i t  t h e  n e s t i n g  by p u t t i n g  h a l v e  o f  t h e  n e s t  i n t o  a  
separa te  procedure. 

E r r o r  41 Compiler s tack  under f low.  

T h i s  i s  an i n t e r n a l  comp i l e r  e r r o r  check, i t  shou ld  n o t  occur under 
normal c i rcumstances.  I f  i t  does then i t  c o u l d  mean t h a t  a  success ion 
o f  e r r o r s  has confused t h e  compi le r  i n  such a  way t h a t  i t  has had t o  
a b o r t  t h e  comp i l a t i on .  I f  t h e  e r r o r  occurs  w i t h  no o t h e r  preceeding 
e r r o r  then c o n t a c t  us.  

E r r o r  43 BASED type  must be a POINTER. 

See t h e  s e c t i o n  on v a r i a b l e s  f o r  BASED types.  

E r r o r  44 Branch o u t  o f  range. 



Th is  i s  an assembler e r r o r .  The 6502 branch i n s t r u c t i o n s  have a 
l i m i t e d  range. You w i l l  have t o  r e s t r u c t u r e  your program t o  make t h e  
l a b e l  c l o s e r  t o  t h e  branch. 

Error  46 Has i l l e g a l  address ing mode. 

Th i s  i s  an assembler e r r o r .  The address ing mode f o r  t h i s  p a r t i c u l a r  
i n s t r u c t i o n  i s  i n v a l i d .  

Error  47 Value >255. 

Th is  e r r o r  means t h a t  a compi le  t ime express ion has eva luated t o  a 16 
b i t  number when a b y t e  va lue  was expected, i n  assembler some operands 
must be b y t e  va lues.  

Error  48 Statement expected- i l l e g a l  use o f  symbol. 

a 
Th i s  e r r o r  occurs  w i t h i n  procedures. I t  may mean t h a t  you have t r i e d  
an assignment t o  an i d e n t i f i e r  which i s  n o t  a v a r i a b l e ,  o r  you may 
have t r i e d  t o  c a l l  a procedure which i s  a c t u a l l y  a f u n c t i o n  o r  some 
o t h e r  type.  

E r r o r  50 Too much DATA f o r  s i z e  o f  v a r i a b l e .  

The s u p p l i e d  d a t a  i s  g r e a t e r  t h a t  t h e  dimensioned s i z e  o f  t h e  
v a r i a b l e .  

Error  53 S t r i n g  comparison e r r o r .  

Th i s  happens i n  run t ime express ions.  You have t r i e d  t o  compare a 
s t r i n g  t o  something which i s  n o t  a s t r i n g .  

Error  63 Not a FORWARD procedure. 

You have at tempted t o  d e c l a r e  t h e  BODY o f  a procedure when t h e  - i d e n t i f i e r  i s  n o t  t h a t  o f  a FORWARD procedure. 

E r r o r  64 Undef ined parameter e r r o r  i n  BEGIN. 

Th i s  e r r o r  may occur  i f  t h e  parameter l i s t  o f  a procedure has an 
e r r o r .  The cor responding BEGIN s ta tement  has found an i ncons i s tency  
w i t h  which i t  cannot cope. 

Error  65 Parameters n o t  a l lowed i n  MAIN and INTERRUPTS. 

See t h e  s e c t i o n  on procedure types  f o r  more i n f o r m a t i o n .  

Error  70 No matching s t r u c t u r e  i n i t i a t o r .  

Th i s  e r r o r  occurs  when a s ta tement  t e r m i n a t o r  i s  encountered which has 
no matching i n i t i a t o r  eg ENDIF w i t h o u t  I F .  



3.4 MEMORY MRNflGEMENT 

Once loaded i n t o  memory PL65 has t o  p rov ide  memory resources f o r  t h r e e  
d i f f e r e n t  a p p l i c a t i o n s .  

1- The t e x t  area,  f o r  source f i l e s  loaded by t h e  e d i t o r .  

2- The symbol t a b l e ,  generated d u r i n g  c o m p i l a t i o n s .  

3- The c o m p i l i n g  workspace, t h e  temporary area t h a t  code i s  compi led 
i n t o  b e f o r e  be ing w r i t t e n  t o  d i s k .  

A11 t h r e e  o f  these areas a r e  c o n s t a n t l y  v a r i a b l e  i n  s i z e .  

There i s  around 20k o f  f r e e  memory when PL65 i s  f i r s t  run,  t h i s  i s  
soon eroded when l a r g e  t e x t  f i l e s  a r e  loaded i n t o  memory. 

A t  t h e  s t a r t  o f  a  compi le  sequence t h e  symbol t a b l e  i s  c leared .  Each 
new i d e n t i f i e r  which i s  dec la red  i s  added t o  t h e  symbol t a b l e  which * 'i 

grows i n  s i z e .  PL65 has t o  remember a l l  g l o b a l  i d e n t i f i e r s  and i t  has 
t o  have these i n  memory so t h a t  they a r e  immed ia te ly  a v a i l a b l e .  

I f  an e r r o r  11 i s  generated d u r i n g  c o m p i l a t i o n  t h i s  means t h a t  no more 
memory i s  a v a i l a b l e  f o r  t he  symbol t a b l e  t o  grow i n t o .  Th is  e r r o r  
should  r e a l l y  be imposs ib le  w i t h  t h e  f u l l  amount o f  f r e e  memory, b u t  
i t  i s  p o s s i b l e  i f  l a r g e  t e x t  f i l e s  a r e  h e l d  i n  memory. 

PL65 a l l o w s  complete d i s k  t o  d i s k  c o m p i l a t i o n s  so t h e r e  i s  no r e a l  
need f o r  a  t e x t  f i l e  t o  be i n  memory. I f  you s t a r t  g e t t i n g  t r o u b l e s  
w i t h  e r r o r  11 then save your  t e x t  f i l e  t o  d i s k  and erase t h e  f i l e  i n  
memory (by  c r e a t i n g  a  new f i l e ) ,  and then compi le  t h e  f i l e  d i r e c t l y  
from d i s k .  



3.5 EDITOR NODE 

PL65 c o n t a i n s  a  b u i l t  i n  e d i t o r  which has a  subset  of  t he  f a c i l i t i e s  
a v a i l a b l e  i n  KED . The o b j e c t  o f  t h e  m ic ro  e d i t o r  i s  t o  a l l o w  
c o r r e c t i o n  o f  minor  e r r o r s  i n  source t e x t  w i t h o u t  hav ing t o  keep 
swapping between e d i t o r  and comp i l e r  programs. 

PL65 a l s o  has t h e  a b i l i t y  t o  d i r e c t l y  compi le  a  source f i l e  which has 
been loaded by t h e  e d i t o r .  T h i s  i s  achieved by s e l e c t i n g  M: as t h e  
source f i l ename.  

When t h e  m i c r o  e d i t o r  i s  s e l e c t e d  from t h e  main menu, t h e  e d i t o r  menu 
i s  d i sp layed .  

M ic ro  e d i t  

1 Load f i l e  
2 Save f i l e  

7: 3 E d i t  f i l e  
4 D isk  index 
5 Create f i l e  

X Return t o  main menu 

Which ? 

Loading, sav ing  and c r e a t i n g  f i l e s  i s  s i m i l a r  t o  KED, i n s t e a d  o f  ESC 
use t h e  break key t o  a b o r t  an a c t i o n .  

The d i s k  index o p t i o n  i s  d u p l i c a t e d  f rom the  main menu f o r  ease of  
use. 

Typing X r e t u r n s  c o n t r o l  back t o  t h e  main menu. The f i l e  i n  memory i s  
n o t  a l t e r e d  o r  d i s t u r b e d  by any comp i l e r  a c t i o n .  

3.5.1 EDITING FILES 

-\ Upon e n t e r i n g  t h e  e d i t  mode t h e  screen w i l l  c l e a r  and d i s p l a y  t h e  
f i r s t  24 l i n e s  o f  t he  f i l e .  M i c r o  e d i t  d i f f e r s  from KED i n  t h a t  no 
message l i n e  i s  d i sp layed  a t  t h e  t o p  o f  t he  screen. Messages w i l l  be 
d i sp layed  i n  reve rse  v ideo  a t  t h e  bot tom o f  t h e  screen o n l y  when 
requ i red .  



Cursor c o n t r o l  

The cu rso r  can be moved up down l e f t  and r i g h t  u s i n g  t he  normal cu rso r  
keys i n  c o n j u c t i o n  w i t h  t he  CTRL key. F u r t h e r  c u r s o r  c o n t r o l  f u n c t i o n s  
a re  t abu la ted  below. 

CTRL 0 Moves t h e  c u r s o r  by one complete screen page towards t he  
s t a r t  o f  t he  f i l e .  

CTRL P Moves t h e  c u r s o r  by one complete screen page towards t h e  
end o f  f i l e .  

CTRL A Moves t h e  c u r s o r  t o  t h e  s t a r t  o f  t h e  c u r r e n t  screen l i n e .  

CRTL S Moves t h e  c u r s o r  t o  t h e  end o f  t h e  c u r r e n t  screen l i n e .  

CTRL W Moves t h e  c u r s o r  t o  t he  s t a r t  o f  t h e  n e x t  word. 

CTRL E Moves t h e  c u r s o r  t o  t h e  s t a r t  o f  t h e  p rev ious  word. 

CTRL T Moves t h e  c u r s o r  t o  t h e  t op  l e f t  hand o f  t h e  screen.  

CTRL H Moves t h e  c u r s o r  t o  t he  midd le  l e f t  hand o f  t h e  screen. 

CTRL B Moves t h e  c u r s o r  t o  t h e  bottom l e f t  hand o f  t h e  screen. 

SEL T Moves t h e  c u r s o r  t o  t h e  t o p  o f  t he  f i l e .  

SEL B Moves t h e  c u r s o r  t o  t h e  bot tom o f  t h e  f i l e .  

Other f a c i l i t i e s  

CTRL C Changes t h e  case o f  t h e  cha rac te r  under t h e  c u r s o r .  

CTRL BS (backspace) De le tes  t h e  cha rac te r  under t h e  c u r s o r .  

SHFT BS De le tes  t h e  whole o f  t h e  c u r r e n t  screen l i n e .  

BS Dele tes  t h e  c h a r a c t e r  t o  t h e  l e f t  o f  t h e  cu rso r .  

SHFT I N S  I n s e r t s  a new l i n e  a t  t h e  s t a r t  o f  t h e  c u r r e n t  screen 
l i n e .  

TAB I n s e r t s  6 spaces a t  t he  c u r r e n t  c u r s o r  p o s i t i o n .  



OPT I ONs 

The f o l l o w i n g  f u n c t i o n s  a r e  enabled by h o l d i n g  down t h e  OPTION key i n  
c o n j u c t i o n  w i t h  t h e  descr ibed keys. 

OPT I Turns o f f  screen d i s p l a y  o f  EOL cha rac te rs .  

OPT V Turns on screen d i s p l a y  o f  EOL cha rac te rs .  

S t r i n q  Search 

SEL S Sets  up search  model. The e d i t o r  w i l l  prompt f o r  a search 
s t r i n g  a t  t h e  bot tom o f  t h e  screen.  The s t r i n g  i s  en te red  (up  t o  16 
c h a r a c t e r s )  and then START i s  pressed t o  i n i t i a t e  t h e  search. The 
search w i l l  s t a r t  f rom t h e  c u r r e n t  c u r s o r  p o s i t i o n  and proceed towards 
t he  end o f  f i l e .  I f  no match i s  found then an a p p r o p r i a t e  message w i l l  
be d i sp layed .  I f  a  match i s  found then t h e  screen w i l l  r e p a i n t  w i t h  
t he  l i n e  t h a t  t h e  matching s t r i n g  i s  on a t  t he  t o p  o f  t h e  screen, t h e  

x. cu rso r  i s  p o s i t i o n e d  on the  f i r s t  c h a r a c t e r  o f  t h e  matching t e x t .  If 
t h e  whole f i l e  i s  t o  be searched then SEL T should  be typed t o  
p o s i t i o n  t h e  c u r s o r  a t  t h e  t o p  o f  t h e  f i l e .  

STRRT Searches fo rward  o f  t he  c u r r e n t  c u r s o r  p o s i t i o n  f o r  t h e  l a s t  
en te red  search s t r i n g .  



3.6 COMPILER OPTIONS 

S e l e c t i n g  o p t i o n  3 f rom the  main menu w i l l  d i s p l a y  another  menu 
c o n t a i n i n g  t h e  comp i l e r  o p t i o n s  a long  w i t h  t h e  c u r r e n t  s t a t e  o f  each 
o p t i o n .  The o p t i o n s  a r e  

1 ORG address. . . . .  ..$2100 
2 Stack address.....%2000 
3 Zero page address.%80 
4 Zero page length. .S80 
5 Append MEMLO......YES 
6 Make autorun......YES 
7 Append Runtimes...YES 

X Return t o  main menu 

Th i s  menu a l l o w s  you t o  c o n t r o l  t h e  l o c a t i n g  o f  your  programs i n  
memory. A t  power up PL65 s e t s  d e f a u l t  va lues  f o r  each o f  t h e  shown 
parameters. The va lues  a r e  chosen such t h a t  a program may be compi led 
i n  t h e  c o r r e c t  fo rmat  t o  be runab le  u s i n g  o p t i o n  "L" f rom t h e  DUP 
program menu. 

ORG address 

T h i s  i s  t h e  address i n  memory t o  which t h e  n e x t  c o m p i l a t i o n  w i l l  be 
o r i g i n a t e d  t o .  To change t h i s  address e n t e r  t h e  o p t i o n  number t he  
compi le r  w i l l  prompt f o r  a new ORG address, e n t e r  t h e  new address ( i n  
hex) and press r e t u r n .  The menu w i l l  then be updated w i t h  t h e  new 
address. 

PL65 a c t u a l l y  r e l o c a t e s  t h e  run t ime  code t o  s t a r t  a t  t h i s  address and 
t h e  code generated f rom a c o m p i l a t i o n  i s  added t o  t h e  f i r s t  address 
f r e e  f o l l o w i n g  t h i s  code. 

STACK address 

T h i s  i s  t he  address i n  memory o f  t h e  s o f t w a r e  s tack .  The s tack  needs 
one complete 256 b y t e  page o f  memory. The user  has t h e  o p t i o n  o f  1 
r e l o c a t i n g  t h e  s tack  t o  any page i n  memory. To change t h e  s tack  base 
e n t e r  t h e  a p p r o p r i a t e  o p t i o n  number, t h e  compi le r  w i l l  then prompt f o r  
t h e  new s tack  address. En te r  t h e  new s tack  address ( i n  hex) then press 
r e t u r n .  An e r r o r  w i l l  be issued i f  t h e  address you e n t e r  does n o t  f a l l  
on a page boundary, ( t h e  l e a s t  s i g n i f i c a n t  b y t e  must be z e r o ) .  

Zero page address 

The zero page address i s  t h e  s t a r t  o f  t h e  zero page memory area t h a t  
i s  a l l o c a t e d  f o r  use by a compi led program. A number o f  by tes  i s  
p re -a l l oca ted  f o r  use by t h e  r u n t i m e  code t h e  r e s t  o f  t h e  area i s  f o r  
use as POINTER v a r i a b l e s .  The comp i l e r  a l l o w s  you t o  change t h i s  
address t o  enable  programs t o  be developed f o r  use on o t h e r  computer 
systems. T y p i c a l l y  h a l f  o f  t h e  zero page area w i l l  be reserved f o r  use 
by t h e  computers r e s i d e n t  o p e r a t i n g  system, however PL65 programs can 



be o p e r a t i n g  system independant. I f  no o p e r a t i n g  sy-stem i s  r e q u i r e d  
then t h e  whole o f  t h i s  area can be c la imed.  To e n t e r  a  new s t a r t  
address s e l e c t  t h e  a p p r o p r i a t e  o p t i o n  from t h e  menu. The comp i l e r  w i l l  
prompt f o r  t h e  new address, e n t e r  t h i s  then press r e t u r n ,  t h e  menu 
w i l l  be updated. 

Zero page length 

The zero  page l e n g t h  can be s e t  i n  c o n j u n c t i o n  w i t h  t h e  zero page 
s t a r t  address t o  rese rve  j u s t  a  p o r t i o n  f o r  use by t h e  compi led code. 
To change t h i s  e n t e r  t h e  a p p r o p r i a t e  o p t i o n  number. En te r  t h e  new 
l e n g t h  ( i n  hex) and then press r e t u r n .  The compi le r  w i l l  i s s u e  an 
e r r o r  i f  t he  en te red  l e n g t h  i s  i n s u f f i c i e n t  t o  handle t h e  run t ime  code 
p l u s  one p o i n t e r  v a r i a b l e ,  o r  i f  t h e  l e n g t h  p l u s  t he  zero page s t a r t  
address r e s u l t s  i n  a va lue  g r e a t e r  than 255. 

Append MEMLO 

,/ - 
MEMLO i s  an o p e r a t i n g  system database v a r i a b l e  which can be s e t  by a 
loaded machine code program t o  i n d i c a t e  t h e  f i r s t  f r e e  memory l o c a t i o n  
p a s t - t h e  newly loaded code. Th i s  i s  ve ry  handy v a r i a b l e  t o  have ready 
f o r  t h e  programmer s i n c e  i t  can be used f o r  a  v a r i e t y  o f  programming 
needs (eg  a  word processor can use t h i s  t o  determine t h e  s t a r t  area t o  
load  i n  t e x t ) .  T h i s  da ta  can be a u t o m a t i c a l l y  appended t o  t h e ' e n d  o f  
your  program o r  n o t .  The menu shows t h e  c u r r e n t  s t a t e  e i t h e r  a  "YES" 
t o  i n c l u d e  i t  o r  a "NO". To change t h e  c u r r e n t  s t a t e  o f  t h i s  o p t i o n  
s imp ly  s e l e c t  t h e  o p t i o n .  

Make autorun 

T h i s  o p t i o n  determines whether a  compi led program i s  t o  become an 
auto-run f i l e  o r  n o t .  T h i s  i s  achieved by appending t h e  e n t r y  address 
o f  t h e  MaIN r o u t i n e  t o  t h e  end o f  t h e  f i l e .  The o p t i o n s  menu w i l l  show 
t h e  c u r r e n t  s t a t e  o f  t h i s  o p t i o n ,  e i t h e r  "YES" o r  "NO". program 
which has t h i s  o p t i o n  w i l l  au to run  when loaded us ing  t h e  b i n a r y  load  
o p t i o n  "L "  from t h e  DUP main menu. 

- 

Append Runtimes 

T h i s  o p t i o n  determines whether a  compi led program has t h e  run t ime  code 
i nc luded .  Th i s  o p t i o n  i s  in tended f o r  f u t u r e  expansion and i s  
c u r r e n t l y  unsupported,  i t s  use i s  i n  s p e c i a l i s t  a p p l i c a t i o n s  which 
generate  very  l a r g e  programs. I t  a l l o w s  an execu t i ve  f i l e  t o  load  
p a r t s  o f  a  l a r g e r  program t h a t  r e s i d e  on d i s k ,  thus  t h e  run t ime  code 
needs o n l y  t o  be i n c l u d e d  w i t h  t h e  execu t i ve .  



3.7 CROSS REFERENCES 

A c ross  
compi la  
done by 

re fe rence  o f  a  compi led program can be ob ta ined  a f t e r  a  
t i o n  p rov ided  no e r r o r s  a r e  produced i n  t h e  e r r o r  l o g .  T h i s  i s  
s e l e c t i n g  o p t i o n  5 from the  main menu. 

The compi le r  w i l l  ask f o r  a  f i lename. En te r  here  t h e  f i l e  t o  which t h e  
x r e f  w i l l  be sent ,  t h i s  may be a  p r i n t e r  (P : )  o r  a  d i s k  f i l ename 
( D : f i l e s p e c )  o r  any o t h e r  l e g a l  dev ice.  

I f  no copy i s  d e s i r e d  then press r e t u r n ,  t h e  x r e f  w i l l  then be 
d i sp layed  on t h e  screen on l y .  

The f i r s t  t h i n g  t h e  x r e f  w i l l  show w i l l  be some a u x i l l a r y  i n f o r m a t i o n  
about t h e  f i n a l  symbol t a b l e  s i z e  and t h e  amount o f  f r e e  memory l e f t  
a f t e r  t h e  c o m p i l a t i o n .  

Next  t h e  con ten ts  o f  t h e  symbol t a b l e  a r e  l i s t e d  i n  reverse  o rde r ,  
t h a t  i s  t h e  MAIN r o u t i n e  f i r s t .  The symbol t a b l e  w i l l  o n l y  c o n t a i n  t he  p. 
g l o b a l  i d e n t i f i e r s  o f  t h e  program. 

The format  o f  t h e  l i s t i n g  i s  

Type Address Params I d e n t i f i e r  

The ' t y p e '  p a r t  i s  a  decimal  number cor respond ing  t o  t h e  t ype  o f  
i d e n t i f i e r .  

The 'address '  p a r t  i s  a  hex idec imal  number which i s  t h e  address o f  t h e  
symbol. I n  t h e  case o f  v a r i a b l e s  t h i s  i s  t h e  address i n  memory o f  t h e  
f i r s t  element o f  t h e  v a r i a b l e .  For  procedures t h e  address i s  t h e  e n t r y  
address o f  t h e  procedure.  For  cons tan ts  t h e  address i s  t h e  c o n s t a n t  
va lue.  Some symbol t ypes  may have no address eg INCLUDE f i lenames.  

The 'params' p a r t  i s  a  hex idec imal  number cor responding t o  t h e  number 
o f  elements assigned t o  t he  symbol. For  v a r i a b l e s  t h i s  number w i l l  
show 1 element f o r  s c a l a r s  o r  i n  t h e  case o f  a r r a y s  t h e  number o f  
a r r a y  elements. Fo r  procedures t h i s  number correspond t o  t h e  number o f  A 
parameters dec la red  i n  t h e  procedure parameter l i s t .  

L a s t l y  b u t  n o t  l e a s t  t h e  i d e n t i f i e r  i t s e l f  i s  d isp layed .  



Symbol t a b l e  t y p e s  

The f o l l o w i n g  is a l i s t  o f  t h e  g l o b a l  symbol  t a b l e  types  

B Y T E  
I N T  
B Y T E  ARRAY 
I N T  ARRAY 
CONST 
PROC 
FUNC 
M A I N  
INTERRUPT 
S T R I N G  
I N C L U D E  F I L E  
S T R I N G  F U N C T I O N  
BASED B Y T E  
BASED I N T  



P a r t  IV LANGUFIGE DESCRIPTION 

4.1 PL65 Source files 

Source f i l e s  a r e  c rea ted  us ing  e i t h e r  t h e  e d i t o r  program KED o r  any 
o t h e r  word processor o r  e d i t o r .  The comp i l e r  w i l l  accept  any normal 
ASCII f i l e  as i n p u t ,  however c e r t a i n  r u l e s  have t o  be adhered t o .  

PL65 w i l l  o n l y  read one complete l o g i c a l  l i n e  o f  t e x t  a t  a  t ime,  these 
l i n e s  must be l e s s  than 128 cha rac te rs  long  ( t h e  l e n g t h  o f  t h e  i n p u t  
b u f f e r ) ,  l i n e s  longer  than t h i s  w i l l  cause a  f a t a l  e r r o r .  

A l o g i c a l  l i n e  i s  a l i n e  o f  t e x t  te rmina ted  by an EOL cha rac te r .  KED 
w i l l  a l l o w  you t o  c r e a t e  l i n e s  o f  any l e n g t h  so make sure  t h e r e  i s  an 
EOL cha rac te r  a t  l e a s t  every  t h r e e  screen l i n e s .  

I f  you need t o  i n c l u d e  a  t e x t  s t r i n g  which i s  longer  than a  l o g i c a l  
l i n e  then break i t  up u s i n g  t he  a p p r o p r i a t e  separa to r .  

\ 

eg a  s t r i n g  cons tan t  can be s p l i t  u s i n g  t h e  & concatenator  

"A STRINGm& 
" AND SOME MORE TEXT" 

Data s t r i n g s  a r e  s p l i t  u s i n g  a  comma 

"A STRING", 
" AND SOME MORE TEXT" 

S t r i n g s  s p l i t  i n  these ways a r e  i d e n t i c a l  t o  u n s p l i t  s t r i n g s .  

Source code can o n l y  i n c l u d e  reve rse  v i d e o  cha rac te rs  as p a r t  o f  a  
s t r i n g  cons tan t ,  DATA s t r i n g  o r  comment. 

Spaces a r e  used as d e l i m i t e r s  b u t  a r e  i n  a l l  o t h e r  respec ts  a r e  
ignored  by t he  i n p u t  parser ,  t h a t  i s  t o  say, you must separate  
i d e n t i f i e r s  by something and i n  t h e  absense o f  any s u i t a b l e  cha rac te r  
then a  space must be i nc luded .  

FOR A=l  TO 100 DO 

I n  t h e  above example a  space i s  necessary t o  separate  t h e  FOR 
statement f rom t h e  v a r i a b l e  i d e n t i f i e r  A ,  b u t  t h e r e  i s  no need t o  
( a l t h o u g h  you c o u l d  i f  you wanted) p l a c e  a  space between t h e  A and the  
equal  s i n c e  non alpha-numeric c h a r a c t e r s  w i l l  a u t o m a t i c a l l y  d e l i m i t  
t he  elements. 

You may s p r i n k l e  spaces l i b e r a l l y  thoughout your source program, any 
number o f  spaces can be i n c l u d e d  where a  s i n g l e  space may appear. 



EOL (end o f  l i n e )  c h a r a c t e r s  may a l s o  be used l i b e r a l l y  i n  t he  same 
way as spaces, they a l s o  a r e  used as d e l i m i t e r s  and they can be p laced  
anywhere where a  space may appear. The o n l y  o t h e r  a c t i o n  caused by an 
EOL i s  t o  f o r c e  a  new l i n e  t o  be read i n  from t h e  c u r r e n t  i n p u t  f i l e .  

Spaces and EOL's can be used t o  good e f f e c t  t o  c r e a t e  a  more readab le  
program, w i t h  i d e n t a t i o n ,  

WHILE count=0 DO 
I F  he ight<maxheight  THEN 
h e i g h t = h e i g h t + l  

ELSE 
height=maxheight  

ENDIF 

n 
ENDWHILE 

N o t i c e  how t h i s  has been broken i n t o  many l i n e s ,  w i t h  i n d e n t a t i o n  t o  
make i t  more readable.  T h i s  shows t h a t  spaces and EOL's can be f r e e l y  
i n s e r t e d  between t h e  elements o f  statements w i t h o u t  changing i t s  
meaning. 

By a l i g n i n g  each statement i n i t i a t o r  t o  t h e  same i n d e n t a t i o n  as t h e  
cor respond ing  t e rm ina to r ,  t h e  s t a r t  and f i n i s h  o f  a  statement can be 
seen immediate ly .  



4.2 PROGRAM STRUCTURE 

PL65 i s  a p rocedura l  s t r u c t u r e d  language, programs c o n s i s t  o f  a l i s t  
o f  commands and statements.  

Commands c o n t r o l  t he  comp i l e r  and make a c t i o n s  occur  a t  compi le.  t ime .  
A command may do such t h i n g s  as c r e a t i n g  v a r i a b l e s ,  i n c l u d i n g  o r  
l i n k i n g  source f i l e s  o r  i n i t i a t i n g  t h e  s t a r t  o f  a code segment 
(p rocedure) .  

Statements a r e  t h i n g s  t h a t  make t h e  comp i l e r  c r e a t e  t h e  a c t u a l  code 
and a r e  used w i t h i n  procedures t o  make an a c t i o n  occur a t  r un  t ime.  

The f o l l o w i n g  i s  a l i s t  o f  t h e  commands 
a v a i l a b l e  i n  PL65, 

COMMANDS 
! comment command 
LINK command 
INCLUDE command 
CONST command 
BYTE command 
INT command 
POINTER command 
STRING command 
PROC command 
FUNC command 
MAIN command 
INTERRUPT command 
BODY command 

and h i g h  l e v e l  s ta tements  

STATEMENTS 
Assignment statement 
I F  s ta tement  
WHILE s ta tement  
REPEAT sta tement  
FOR sta tement  
CASE sta tement  
GOT0 s ta tement  
CALL s ta tement  
ON sta tement  
RETURN sta tement  
TRAP sta tement  
NOTRAP sta tement  
C a l l  procedure s ta tement  

The procedure i s  t h e  main programming b lock ,  i t  c o n t a i n s  a l i s t  o f  
s ta tements ,  i t  i s  a k i n  t o  BASICS subrou t ine .  

Each procedure has a l e v e l -  t h e  l e v e l  be ing determined by t h e  p o s i t i o n  
i n  t h e  program t h a t  t h e  procedure i s  de f i ned .  Procedures a t  t h e  
beg inn ing  o f  t h e  program have t h e  lowest  l e v e l ,  they c o n t a i n  t h e  
f i n e s t  d e t a i l  o f  t h e  program. As each procedure i s  d e f i n e d  they  may ' \ 

c a l l  any procedure a t  a lower  l e v e l  than themselves, thus  program 
d e t a i l  lessens w i t h  h ighe r  l e v e l  procedures. U l t i m a t e l y  t h e  MAIN 
r o u t i n e  i s  de f i ned ,  a t  r u n t i m e  program execu t i on  begins w i t h  t h e  f i r s t  
s ta tement  i n  t h i s  r o u t i n e .  MAIN c o n t r o l s  j u s t  t h e  o u t e r  l e v e l  o f  t h e  
program i e  f o r  a game program MAIN might  look  something l i k e  t h i s  

MAIN() 
BEGIN 

i n i t i a l i s e (  
REPEAT 

t i t l e s c r e e n (  ) 
playgame( 

FOREVER 
END 



t he  s i m p l i c i t y  and r e a d a b i l i t y  o f  such a r o u t i n e  i s  obvious and s e l f  
documenting. Compare t h i s  t o  BASIC's 

10 GOSUB 100 
20 GOSUB 200 
30 GOSUB 300 
40 GOT0 20 

BASIC programmers w i l l  n o t i c e  t h e  lack  o f  l i n e  numbers i n  PL65. Once 
the  language syntax i s  unders tood i t  becomes obv ious  t h a t  they a r e  n o t  
needed. 

PL65 programs should be c rea ted  by f i r s t  d e f i n i n g  on paper what you 
want t o  do. The example MAIN r o u t i n e  i s  a good s t a r t i n g  p o i n t  f o r  a 
game. Next  you may want t o  des ign  a t i t l e  screen,  t h i s  cou ld  be 
c rea ted  i n  a procedure c a l l e d  ' t i t l e s c r e e n ' .  You may then want t o  p l a n  
o u t  t h e  game. The game c o u l d  be c o n t r o l l e d  w i t h  a procedure c a l l e d  
' playgame' n 

PROC playgame( 
BEGIN 

drawscreen ( 1 
i n i  t-scores-and-things ( ) 

WHILE l i v e s > 0  DO 
s t a r t g a m e 0  

ENDWHILE 
END 

As you work down through t h e  procedures t o  t h e  f i n e s t  d e t a i l ,  you 
e v e n t u a l l y  know e x a c t l y  what v a r i a b l e s  and l i b r a r y  r o u t i n e s  t h e  
program r e q u i r e s .  The program can then be layed o u t  as f o l l o w s  

1- The INCLUDE f i lenames o f  t h e  l i b r a r y  r o u t i n e s  needed. 

2- The 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 .  
r x  

3- The program procedures. 

4- The MAIN r o u t i n e .  

Some programs may be s h o r t  enough t o  be con ta ined  w h o l l y  i n  t he  MAIN 
r o u t i n e ,  eg a program t o  c a l c u l a t e  t h e  number o f  p r ime numbers over  a 
g i ven  range cou ld  be w r i t t e n ,  



!S ieve o f  e ra to thenes  ! 

INCLUDE D:TERMINAL.LIB 

CONST size=8190,false=0,true=l 
BYTE f l a g s C s i z e t l ]  
INT p r ime,coun t ,k , i  

MAIN( ) 
BEGIN 

WRTLN("1 i t e r a t i o n  o n l y " )  
coun t = 0  
FOR i=O TO s i z e  DO 

f l a g s C i ] = t r u e  
NEXT 
FOR i=O TO s i z e  DO 

I F  f l a g s C i ]  THEN 
p r ime= i+ i+J  
k= i+pr ime 
WHILE k<= s i z e  DO 

f l a g s C k ] = f a l s e  
k=k+prime 

ENDWHILE 
coun t=coun t + l  

END I F  
NEXT 

WRITE(count) WRTLN(" p r imes " )  
END 

The s tandard  procedures f o r  o u t p u t  t o  t h e  screen a r e  conta ined w i t h i n  
t h e  l i b r a r y  f i l e  TERMINAL.LIB. 

The d e c l a r a t i o n s  a t  t h e  s t a r t  o f  t h e  program show how cons tan ts  and 
v a r i a b l e s  may be dec lared,  t h e  a r r a y  ' f l a g s '  has an example o f  a  
compi le  t i m e  express ion  used t o  d e c l a r e  t h e  l e n g t h  o f  t h e  a r r a y  i n  
terms o f  a  pre-dec lared cons tan t ,  t h e  r e s u l t a n t  l e n g t h  o f  t he  a r r a y  
w i l l  a c t u a l l y  be 8191. T h i s  e x t r a  one i s  added because t h e  program 
re fe rences  elements 1 t o  8191 o f  t h e  a r r a y ,  b u t  a r r a y  i n d i c e s  a c t u a l l y  
s t a r t  a t  zero and go up t o  t h e  dec la red  length-1.  

The cons tan t  ' s i z e '  i s  r e fe renced  n o t  o n l y  i n  t h e  a r r a y  d e c l a r a t i o n  
b u t  a l s o  w i t h i n  t h e  MAIN r o u t i n e  i n  t h r e e  d i f f e r e n t  program loops.  
Using a  c o n s t a n t  i n  t ,h is  way a l l o w s  us t o  change t h e  range o f  va lues  
t h a t  t h e  program c a l c u l a t e s  s imp ly  by changing t h e  dec la red  va lue  o f  
' s i z e ' .  



4.3 IDENTIFIERS 

Any user  d e f i n e d  i t e m  dec la red  w i t h i n  a  program be i t  a  v a r i a b l e ,  
cons tan t ,  procedure o r  any such r e l a t e d  i t em must be g i ven  a  un ique 
name. Th i s  i s  so i t  can l a t e r  be i d e n t i f i e d  when re fe renced  w i t h i n  
your program. These names ( i d e n t i f i e r s )  must be dec la red  w i t h i n  t he  
f o l l o w i n g  r u l e s -  

1- The f i r s t  cha rac te r  o f  an i d e n t i f i e r  must be an a lpha  l e t t e r .  

2- The second and subsequent c h a r a c t e r s  must be alpha-numeric o r  an 
under 1  i n e  c h a r a c t e r  . 
3- The t o t a l  l e n g t h  o f  an i d e n t i f i e r  must n o t  exceed 32 charac te rs .  

PL65 d i s t i n q u i s h e s  between upper and lower case hence t h e  f o l l o w i n g  
example shows t h r e e  comple te ly  d i f f e r e n t  i d e n t i f i e r s .  

4 Somename SOMENAME somename 

Reserved words may n o t  be used as i d e n t i f i e r s  (PL65 s ta tements  and 
commands). 

A l though t h e  programmer has an o the rw ise  u n l i m i t e d  cho i ce  o f  p o s s i b l e  
i d e n t i f i e r  names a t  h i s  d i s p o s a l ,  i t  i s  accepted p r a c t i c e  i n  a l l  
languages t o  choose i d e n t i f i e r s  whose meaning i n  t h e  program i s  
suggested by t h e i r  names. The l e n g t h  o f  an i d e n t i f i e r  does n o t  a l t e r  
t he  s i z e  o f  t h e  compi led program s i n c e  the  i d e n t i f i e r s  a re  n o t  
i nc luded  i n  t h e  f i n i s h e d  code. 

I d e n t i f i e r  scope 

I d e n t i f i e r  scope i s  de f i ned  as t h e  area o f  t he  program w i t h i n  which a  
dec la red  i d e n t i f i e r  i s  recognised.  PL65 r e q u i r e s  t h a t  t h e  a s s o c i a t i o n  
o f  each i d e n t i f i e r  w i t h  t h e  q u a n t i t y  i t  denotes must be un ique 
throughout  i t s  scope. 

'!, A l l  i d e n t i f i e r s  must be dec la red  be fo re  t h e  f i r s t  p a r t  o f  t h e  program 
t h a t  they a r e  re ferenced.  

An i d e n t i f i e r  dec la red  o u t s i d e  o f  a  procedure i s  d e f i n e d  as being 
GLOBAL, t h a t  i s ,  i t  w i l l  be recognised anywhere a f t e r  i t s  
d e c l a r a t i o n .  

An i d e n t i f i e r  dec la red  w i t h i n  a  procedure i s  d e f i n e d  as LOCAL. The 
scope of  a  l o c a l  i d e n t i f i e r  i s  l i m i t e d  t o  t he  c u r r e n t  procedure, t h a t  
i s ,  i t  w i l l  o n l y  be recognised i n s i d e  t he  c u r r e n t  procedure.  I t  i s  
l e g a l l y  p o s s i b l e  f o r  LOCAL i d e n t i f i e r s  t o  have t h e  same name as GLOBAL 
i d e n t i f i e r s  i n  which case t h e  LOCAL i d e n t i f i e r  w i l l  t ake  precedence. 
A f t e r  t h e  procedure i s  te rmina ted  t h e  GLOBAL i d e n t i f i e r  w i l l  aga in  
become ac t i v e  . 



4.4 COMPILE TIME EXPRESSIONS 

PL65 a l l o w s  two types o f  express ions,  these a r e  r u n t i m e  express ions 
and compi le  t ime expressions.  Runtime express ions a r e  descr ibed  i n  t h e  
statement s e c t i o n  o f  t h i s  manual. 

Compile t ime  express ions a l l o w  s t a t i c  program cons tan ts  t o  be 
c a l c u l a t e d  a t  compi le  t ime i n  terms o f  t he  symbols t h a t  a l r eady  e x i s t .  
They a r e  eva lua ted  us ing  16 b i t  p o s i t i v e  i n t e g e r  maths. 

These express ions  a r e  used where t h e  syntax graphs show a CEXPR 
symbol. 

Compile t ime  express ions may n o t  form p a r t  o f  a  s ta tement  except  i n  
t he  case o f  an assembler address operand. 

CEXPR OPERATORS 

The l e g a l  o p e r a t o r s  o f  compi le  t ime  express ions a r e  

t / AND 
+ - OR XOR 

t h e  precedence of  these ope ra to rs  a r e  as shown. 

Paren thes is  may be used t o  f o r c e  t h e  express ion  t o  be eva lua ted  i n  any 
d e s i r e d  sequence. 

CEXPR operands 

Operands may be 

Decimal numbers eg 1,2,36,9999 

Hexidecimal  numbers (preceded by $ )  eg $FF, $A, $2FAE 

B ina ry  numbers (preceded by % )  eg %10, %10101, %1111100111001111 

ASCII numbers ( i n  s i n g l e  quo tes )  eg ' a ' ,  ' b ' ,  ' t  

Note:- ASCII numbers a r e  c rea ted  by t h e  compi le r  by s u b s t i t u t i n g  t h e  
cha rac te r  code o f  t h e  cha rac te r  i n  quotes.  

Any p r e v i o u s l y  dec la red  i d e n t i f i e r  can be used as a  CEXPR operand. 
I d e n t i f i e r s  w i l l  a c t u a l l y  be re fe renced  by t h e i r  address. 

note:- Runtime express ions use t h e  d o t  opera to r  t o  access an 
i d e n t i f i e r s  address b u t  t h i s  i s  automat ic  i n  compi le  t i m e  
express ions.  

The ? symbol, which leaves t h e  dec la red  parameters o f  an i d e n t i f i e r .  
(See t h e  s e c t i o n  on run t ime express ions  f o r  more d e t a i l )  



The @ symbol, which re fe rences  t h e  compi le r  l o c a t i ~ n  coun te r .  

Examples o f  compi le  t ime express ions a r e  

CONST SIZE=8190 
BYTE FLAGSCSIZE+ll 
BYTE INFLAG=FLAGS+50 
CONST DUMMY=@ 

I n  these examples t h e  cons tan t  SIZE i s  dec la red  t o  have t h e  va lue  
8190, f u t u r e  re fe rences  t o  SIZE w i l l  s u b s t i t u t e  t h i s  va lue.  The a r r a y  
FLAGS w i l l  be dimensioned t o  8190+1 o r  8191. INFLAG has i t s  abso lu te  
address s e t  t o  t h e  50 th  element o f  FLAGS. DUMMY ho lds  t he  c u r r e n t  
va lue  o f  t h e  l o c a t i o n  coun te r .  

Assembly language operands use compi le  t ime express ions ,  

e9 
-\ 

LDA SIZE AND SFF 
LDY SIZE/256 

w i l l  l oad  t h e  accumulator  w i t h  t h e  low b y t e  o f  SIZE and t h e  Y r e g i s t e r  
w i l l  be loaded w i t h  h i g h  b y t e  o f  SIZE. 



4.5 COMMENTS 

Comments a r e  w r i t t e n  no tes  t h a t  a r e  i n c l u d e d  w i t h i n  source program 
t e x t  t o  improve r e a d a b i l i t y  and p r o v i d e  program documentat ion. A PL65 
comment i s  a  sequence o f  c h a r a c t e r s  d e l i m i t e d  on t h e  l e f t  by t h e  
cha rac te r  ! and on t h e  r i g h t  by e i t h e r  an E O L  o r  another  ! .  

!THIS IS A COMMENT ! 

These d e l i m i t e r s  i n s t r u c t  t h e  comp i l e r  t o  i g n o r e  any t e x t  between 
them, and n o t  t o  cons ide r  such t e x t  as p a r t  o f  t h e  program proper.  

A comment may c o n t a i n  any p r i n t a b l e  ASCII cha rac te r  i n c l u d i n g  spaces 
and reve rse  v i deo  cha rac te rs .  

A comment may n o t  be embedded i n s i d e  an i d e n t i f i e r  o r  w i t h i n  a  
c h a r a c t e r  s t r i n g  cons tan t .  Apar t  f rom t h i s ,  i t  may appear anywhere /-'. 

t h a t  a  b lank c h a r a c t e r  may appear. Thus comments may be f r e e l y  
d i s t r i b u t e d  th roughout  t h e  program. 



4.6 THE L INK COMMRND 

The LINK command i s  used when a  program becomes t o  l a r g e  t o  manage i n  
a  s i n g l e  t e x t  f i l e .  I t  enables t h e  program t o  be s p l i t  i n t o  s m a l l e r  
more managable f i l e s .  

LINK i s  used i n  t h e  form 

LINK f i l e s p e c  

where f i l e s p e c  i s  a  v a l i d  A T A R I  oper 

e9 

LINK D:PART2.PRG 

a t i n g  system dev i ce  s p e c i f i e r .  

LINK should be t h e  l a s t  command i n  a  program sub f i l e ,  i t  ends t h e  n 
c o m p i l a t i o n  o f  t h e  c u r r e n t  f i l e  and t r a n s f e r s  c o m p i l a t i o n  t o  t h e  new 
f i l e  s p e c i f i e d  by t h e  f i l ename f o l l o w i n g  t h e  LINK command. Any source 
code con ta ined  i n  t h e  c u r r e n t  f i l e  f o l l o w i n g  t h e  LINK command i s  
ignored .  



4.7 THE INCLUDE COMMaND 

The INCLUDE command enables commonly used r o u t i n e s  t o  be p u t  i n  t h e i r  
own t e x t  f i l e .  These r o u t i n e s  can then be accessed by any program. 

INCLUDE i s  used i n  t h e  form, 

INCLUDE f i l e s p e c  

INCLUDE causes t h e  c o m p i l a t i o n  o f  t h e  c u r r e n t  f i l e  t o  be suspended and 
t r a n s f e r e s  c o n t r o l  t o  t h e  f i l e  s p e c i f i e d  i n  t h e  INCLUDE command. 

INCLUDE D:TERMINAL.LIB 

When t h e  INCLUDE f i l e  i s  te rmina ted ,  c o n t r o l  r e t u r n s  t o  t h e  f i l e  f rom 
which t h e  i nc luded  f i l e  was c a l l e d .  

r\ 
INCLUDE f i l e s  can be nested up t o  f o u r  deep, t h a t  i s  t o  say a  program 
f i l e  can INCLUDE a  f i l e  which can INCLUDE another  f i l e  which can 
INCLUDE another  f i l e .  

INCLUDE f i l e s  w i l l  o n l y  be loaded once. I f  a  f i l e  i n c l u d e s  a  f i l e  t h a t  
has p r e v i o u s l y  been i nc luded  then t h e  message "a l ready  r e s i d e n t "  w i l l  
be shown i n  t he  e r r o r  l o g  and t h e  INCLUDE w i l l  be ignored .  Thus f o r  
example i f  two l i b r a r y  source f i l e s  need D:TERMINAL.LIB t o  communicate 
w i t h  t h e  o p e r a t i n g  system then t h e  f i l e  w i l l  o n l y  be compi led once. 

The INCLUDE command must be t h e  l a s t  t h i n g  on t h e  c u r r e n t  l i n e .  When 
c o n t r o l  r e t u r n s  from t h e  i n c l u d e d  f i l e ,  c o m p i l a t i o n  w i l l  c o n t i n u e  w i t h  
t h e  n e x t  l i n e .  

The l a s t  command i n  an INCLUDE f i l e  must be an ENDFILE. 

no te : -  Bo th  LINK and INCLUDE can o n l y  be used o u t s i d e  o f  a  procedure 



4.8 THE CONST COMMAND 

Constants a r e  used t o  ass ign  a f i x e d  va lue  t o  an i d e n t i f i e r .  Once 
dec la red  a cons tan t  can be used throughout  i t s  scope, a t  each 
occurance t h e  compi le r  w i l l  s u b s t i t u t e  t h e  assigned va lue.  T h i s  
enables an o f t e n  used v a l u e  t o  be dec la red  a t  t h e  s t a r t  of a code 
segment, l a t e r  i f  t h i s  v a l u e  i s  t o  be changed by t h e  programmer, 
i n s t e a d  of  read ing  th rough  the  whole program and changing each 
occurance, o n l y  t h e  cons tan t  d e c l a r a t i o n  need be changed. 

Constants can be dec la red  us ing  t h e  CONST command as f o l l o w s ,  

CONST i d e n  t i f  ier=CEXPR 

where CEXPR i s  a v a l i d  compi le  t ime express ion .  eg 

CONST five=5,six=b,MAXVOL=20 

The scope o f  cons tan ts  i s  t h e  same as v a r i a b l e  scope. Constants a r e  
l o c a l  when dec la red  i n  t h e  l o c a l  v a r i a b l e  p a r t  o f  a procedure header. 

4.9 VARIOBLE TYPES OND OTTRIBUTES 

Four types o f  v a r i a b l e  a r e  supported, these are-  

BYTE INT POINTER and STRING 

A11 v a r i a b l e s  must be dec la red  be fo re  t h e  f i r s t  p o i n t  i n  t h e  program 
a t  which they a r e  re fe renced .  

Depending on where v a r i a b l e s  a r e  dec lared,  t hey  may be GLOBAL, LOCAL 
o r  PARAMETER (see  t h e  r u l e s  on scope).  

A v a r i a b l e  i s  GLOBAL when dec la red  o u t s i d e  o f  a procedure. 

A v a r i a b l e  i s  LOCAL when dec la red  as p a r t  o f  t h e  l o c a l  v a r i a b l e  l i s t  
r\ i n  a procedure header. 

A v a r i a b l e  i s  d e f i n e d  as  be ing a PQRAMETER when de f i ned  as p a r t  o f  t he  
parameter l i s t  i n  t h e  procedure header. PARAMETER v a r i a b l e s  have t h e  
same scope as LOCAL v a r i a b l e s ,  t h a t  i s ,  they  can o n l y  be accessed by 
t he  c u r r e n t  procedure.  

A11 v a r i a b l e s  be they  GLOBAL, LOCAL o r  PARAMETER a r e  h e l d  s t a t i c a l l y  
i n  memory and ( u n l e s s  t hey  have been i n i t i a l i s e d  w i t h  a DOTA command) 
no i n i t i a l i s a t i o n  i s  performed a t  run t ime.  Thus v a r i a b l e s  w i l l  h o l d  
random d a t a  and each shou ld  be i n i t i a l i s e d  w i t h  an assignment 
statement.  



4.9.1 BYTE variables 

BYTES hold numbers in the range 0 to 255, they are declared as 
follows 

BYTE identifier 

BYTE arrays can be declared by subscripting identifiers, as follows, 

BYTE identifierCCEXPR1 

where CEXPR is a valid compile time expression. 

Arrays can have any length, the compiler will allocate 1 byte of 
memory for each element of the array. 

Program references to arrays should be subscripted to one less than 
the declared length, eg if an array is declared with a length of 4 

k, 

BYTE nameC41 

then to reference this array you will actually need to reference 
nameC0I to nameC31, which cover the four elements. 

More than one variable can be declared with the same BYTE command by 
including a comma after each identifier ie 

BYTE start,middle[20l,end 

Qbsolute variables 

A facility exists to enable the absolute address of the declaration to 
be set, this is achieved as follows. 

BYTE identifier=CEXPR 

BYTE NMIEN=$D40E 

In this case the compiler allocates no memory within the program data 
space for the variable, the address of the variable in memory is that 
set by the expression. Both BYTE and BYTE arrays may be declared in 
this way. Program references to variables declared in this way are 
identical to ordinary variables. 



DATA initialization 

BYTE and BYTE arrays can be initialised with data provided the 
declaration is not BASED and provided the address of the declaration 
has not been set to an absolute memory location. 
e g 

BYTE identC61 DATA 0,1,2,3,4; 

In the example the array variable will be initialised with the data 
following the DATA command such that at runtime identC01 will hold 0 
and identC11 will hold 1 etc. The data list must be terminated with a 
semicolon. 

DATA for BYTE variables can also be entered as a character text 
string, eg 

BYTE identC51 DATA "HELLO"; 
1 , 

Will store the ASCII character code values of the characters in quotes 
in each succesive element of the declared array. 

Character data can be mixed with numeric data by separating the 
elements with commas ie "HELLO",BSB; 

Note:- An error will be reported if there is more DATA in the data 
list than the declared size of the variable. However it is possible to 
supply less data than the declared size, in which case the remaining 
uninitialized portion will contain random data at runtime. 



4.9.2 INT variables 

INT v a r i a b l e s  a r e  p o s i t i v e  o n l y  16 b i t  i n t e g e r s .  They ho ld  numbers i n  
t h e  range 0-65535. 

I n t e g e r s  a r e  h e l d  i n  two success ive by tes  o f  memory i n  the  normal L O  
H I  fo rmat .  INT 's  a re  dec la red  as f o l l o w s  

INT i d e n t i f i e r  

To d e c l a r e  an INT a r r a y  t h e  i d e n t i f i e r  may be s u b s c r i p t e d  i e  

INT i den t i f i e r lCEXPR]  

Where CEXPR i s  a  v a l i d  compi le  t ime express ion.  

Ar rays  o f  b o t h  INT and BYTE may be any l eng th .  

The comp i l e r  w i l l  a l l o c a t e  2 by tes  o f  s to rage  f o r  each element o f  INT 
a r rays .  

M u l t i p l e  d e c l a r a t i o n s  may be made u s i n g  t h e  same INT command as i n  t h e  
BYTE command. 

Abso lu te  INT ' s  

The comp i l e r  w i l l  a l l o c a t e  i n - l i n e  s to rage  space f o r  t h e  v a r i a b l e  b u t  
t h e  programmer has t h e  o p t i o n  t o  ass ign  t h e  v a r i a b l e  t o  an a b s o l u t e  
address eg 

INT name=8200 

i n s t r u c t s  t h e  compi le r  t h a t  t h e  address o f  t h e  v a r i a b l e  i s  t h e  
l o c a t i o n  200 (hex )  i n  t h i s  case no s to rage  i s  a l l o c a t e d  by t h e  
comp i l e r  i n - l i n e .  I n  t h i s  way i t  i s  p o s s i b l e  f o r  many v a r i a b l e s  t o  
share t h e  same address o r  f o r  t h e  program t o  share  a  v a r i a b l e  w i t h  
another  program (such  as t h e  o p e r a t i n g  system).  

A 

Note:- I f  an i n t e g e r  v a r i a b l e  i s  assigned t o  a  page zero l o c a t i o n  then 
i t  w i l l  be t r e a t e d  as a  POINTER v a r i a b l e .  

DATA i n i t i a l i z a t i o n  

INT,s can be assigned DATA i n  t h e  same way as BYTES w i t h  t he  excep t i on  
t h a t  cha rac te r  da ta  may n o t  be used. 

INT tableC53 DATA 5,10,92E4F,1655,78; 



4.9.3 POINTER variables 

POINTER variables are functionaly equivalent to INT's. In actuality 
they are assigned to page zero locations and thus not only are they 
accessed quicker, they also enable BASED variables to be declared. 

Pointers are declared as follows 

POINTER identifier 

More than one POINTER can be declared with the same command by 
separating each identifier with a comma. 

POINTER pointl,point2,point3 

POINTERS may not be subscripted nor may they be assigned DATA. 
? 

The number of POINTER variables that can be declared in a program is 
limited by the availablity of zero page ROM, this is set prior to a 
compilation from the compiler options menu. T h e  default setting 
allows around 58 POINTER'S, remember- the library files will use some 
of these. 



4.9.4 BRSED variables 

Sometimes a  d i r e c t  re fe rence  t o  a  da ta  element i s  inconven ien t .  T h i s  
happens when t h e  l o c a t i o n  o f  t h e  element remains unknown u n t i l  i t  i s  
computed a t  run t ime.  I n  t h i s  case i t  i s  necessary t o  w r i t e  code t o  
manipu la te  addresses o f  da ta  elements r a t h e r  than t h e  data  elements 
themselves. 

To p e r m i t  t h i s  t ype  o f  man ipu la t i on ,  PL65 uses "BRSED" v a r i a b l e s .  A 
BASED v a r i a b l e  i s  a  v a r i a b l e  which i s  po in ted  t o  by another v a r i a b l e .  
A BASED v a r i a b l e  i s  n o t  a l l o c a t e d  s to rage  by t h e  compi le r .  A t  
d i f f e r e n t  t imes d u r i n g  r u n t i m e  t h e  l o c a t i o n  o f  t h e  v a r i a b l e  may be i n  
d i f f e r e n t  p l aces  i n  memory, s i n c e  i t s  base may be changed by t h e  
program. A BASED v a r i a b l e  i s  dec la red  by f i r s t  d e c l a r i n g  i t s  base, 
which must be a  POINTER v a r i a b l e ,  and then d e c l a r i n g  t h e  BASED 
v a r i a b l e  i t s e l f .  

POINTER ITEM 
BYTE i t emo f  BASED ITEM 

Given these d e c l a r a t i o n s ,  a  r e f e r e n c e  t o  ' i t e m o f '  i s ,  i n  e f f e c t ,  a  
r e f e r e n c e  t o  whatever b y t e  v a l u e  i s  po in ted  t o  by t h e  c u r r e n t  va lue  o f  
ITEM. 

Th i s  means t h a t  t he  sequence 

w i l l  l oad  t h e  b y t e  va lue  $CO (hex )  i n t o  t he  memory l o c a t i o n  $200 
( h e x ) .  

a  v a r i a b l e  i s  made BASED by i n s e r t i n g  t he  word BASED a f t e r  t h e  
d e c l a r a t i o n  i d e n t i f i e r  and then f o l l o w i n g  w i t h  t h e  i d e n t i f i e r  o f  t h e  
POINTER (wh ich  has a l r e a d y  been dec la red )  t o  be t h e  base. 

The f o l l o w i n g  r e s t r i c t i o n s  app l y  t o  BASED v a r i a b l e s  

The BASE must be a POINTER 

The BASED v a r i a b l e  may n o t  be subsc r i p ted - tha t  i s ,  i t  may n o t  be an 
a r r a y .  

The BASED v a r i a b l e  must be a s c a l a r  INT o r  BYTE ( n o t  another 
POINTER) . 



4.9.5 STRING variables 

S t r i n g  v a r i a b l e s  h o l d  charac te r  da ta ,  they a r e  dec la red  as f o l l o w s  

STRING iden t i f i e r$ [CEXPR]  

where CEXPR i s  a v a l i d  compi le  t ime express ion.  

The d o l l o r  s i g n  i nco rpo ra ted  a f t e r  t he  i d e n t i f i e r  does n o t  form p a r t  
o f  t h e  i d e n t i f i e r  name, bu t  i t  i s  expected by t h e  compi le r  a f t e r  every  
s t r i n g  d e c l a r a t i o n  and re fe rence .  T h i s  i s  s imp ly  t o  improve program 
r e a d a b i l i t y  by d i s t i n q u i s h i n g  s t r i n g s  from numeric v a r i a b l e s .  

I t  should  be no ted  t h a t  because t h e  d o l l o r  s i g n  does n o t  form p a r t  o f  
the  i d e n t i f i e r ,  i t  should n o t  be i n c l u d e d  when r e f e r e n c i n g  t h e  
i d e n t i f i e r  as p a r t  o f  an compi le  t ime  express ion  o r  when r e f e r e n c i n g  
us ing  t h e  d o t  ope ra to r  i n  run t ime  express ions.  

rn S t r i n g  a r r a y s  can be dec la red  t o  any l eng th ,  t h e  a c t u a l  memory 
a l l o c a t e d  t o  t h e  s t r i n g  w i l l  be one b y t e  per  c h a r a c t e r  p l u s  f o u r  b y t e s  
o f  s i z e  i n f o r m a t i o n .  Two o f  these by tes  h o l d  t h e  l e n g t h  o f  t h e  s t r i n g ,  
t h i s  may va ry  a t  runt ime.  The o t h e r  two by tes  h o l d  t h e  maximum l e n g t h  
o f  t h e  s t r i n g ,  t h i s  i s  used by t h e  run t ime  code f o r  e r r o r  checking.  

The d o t  o p e r a t o r  d iscussed elsewhere i n  t h i s  manual w i l l  r e t u r n  t h e  
address o f  t h e  f i r s t  cha rac te r  o f  t h e  s t r i n g  v a r i a b l e .  The address o f  
t he  v a r i a b l e  which ho lds  t h e  run t ime  l e n g t h  o f  t h e  s t r i n g  can be 
c a l c u l a t e d  as 

STRING v a r i a b l e s  may be i n i t i a l i s e d  w i t h  c h a r a c t e r  data ,  

STRING ABC501 DATA "A STRING",$SB," MORE STRING"; 

,n I f  s t r i n g s  a r e  n o t  i n i t i a l i s e d  w i t h  a  DATA command then,  a t  run t ime,  
the  s t r i n g  w i l l  be i n i t i a l i s e d  t o  have a  l e n g t h  o f  zero.  



4.10 PROCEDURES 

Procedures a r e  t h e  main elements o f  a  program s i n c e  they  con ta in  t h e  
a c t u a l  code t h a t  i s  t o  be executed. 

There a r e  4 types o f  procedure each hav ing  a  d i f f e r e n t  r o l e ,  

Th i s  i s  t h e  s tandard procedure c o n t a i n i n g  a  sub rou t i ne .  

I n  essence t h i s  i s  i d e n t i c a l  t o  PROC except  i t  r e t u r n s  a va lue and 
thus can o n l y  be invoked as p a r t  o f  a  run t ime  express ion .  

INTERRUPT 

Th is  i s  a  s p e c i a l  procedure t h a t  a l l o w s  i n t e r r u p t  p rocess ing  t o  be 1 

achieved us ing  h i g h  l e v e l  code. INTERRUPT procedures c a n ' t  be assigned 
parameters s i n c e  they c a n ' t  be d i r e c t l y  c a l l e d  f rom an execu t ing  
procedure, however an execu t i ng  i n t e r r u p t  procedure i s  f r e e  t o  c a l l  
any s tandard procedure o r  f u n c t i o n .  

Th i s  i s  t h e  main program loop  f rom which a l l  t h e  sub-procedures a r e  
u l t i m a t e l y  c a l l e d .  WAIN can have no parameters and can n o t  be assigned 
any o t h e r  i d e n t i f i e r .  

A l l  f o u r  t ypes  descr ibed  above have t h e  same a t t r i b u t e s  i n  terms o f  
coding.  

A l l  o f  t h e  f o l l o w i n g  no tes  r e f e r i n g  t o  procedures a p p l y  e q u a l l y  t o  
FUNC's, INTERRUPT'S and MAIN w i t h  t h e  excep t ion  o f  those  p o i n t s  
descr ibed under t h e  r e l e v e n t  s e c t i o n .  

Procedures a r e  dec la red  as f o l l o w s ,  

PROC i d e n t i f i e r ( p a r a m e t e r  l i s t )  
l o c a l  v a r i a b l e  d e c l a r a t i o n s  
BEG IN 

statement 1 . 
s tatement 2 
..... 
statement n  
END 

The procedure header c o n t a i n s  an i d e n t i f i e r  and a parameter l i s t  
f o l l owed  by a  l i s t  o f  t h e  l o c a l  v a r i a b l e  d e c l a r a t i o n s .  The a c t u a l  code 
f o r  t he  procedure i s  i n i t i a t e d  w i t h  a  BEGIN f o l l o w e d  by t he  s ta tement  
l i s t  and te rmina ted  by an END. 



4.11 THE PRRAMETER L I S T  

The parameter l i s t  i s  a  l i s t  o f  v a r i a b l e  d e c l a r a t i o n s  t h a t  accompanies 
the  procedure d e c l a r a t i o n ,  t h e  o b j e c t  o f  t h i s  l i s t  i s  t o  d e f i n e  t h e  
da ta  t o  be communicated from c a l l i n g  procedures. The comp i l e r  keeps 
t r a c k  o f  t h e  amount o f  da ta  t h a t  i s  t o  be communicated and a t  each 
p o i n t  i n  t h e  program t h a t  a  c a l l  i s  made, t he  s u p p l i e d  parameters i s  
compared t o  t h e  dec la red  parameters. I f  t h e r e  i s  a  mismatch then an 
e r r o r  w i l l  be repo r ted .  

The parameter l i s t  may c o n s i s t  o f  any v a r i a b l e  t ype  i e  BYTE, INT ( b o t h  
s c a l a r  and a r r a y s ) ,  STRINGS and POINTER,s. I n  a d d i t i o n  a s p e c i a l  t ype  
of  parameter can be de f ined ,  t h i s  i s  t h e  PROC parameter. 

Parameter v a r i a b l e s  a r e  t r e a t e d  w i t h i n  t h e  procedure e x a c t l y  t he  same 
as l o c a l  v a r i a b l e s ,  t h a t  i s ,  they  can be used i n  express ions  and can 
be assigned t o .  

T\ eg An e q u i v a l e n t  procedure t o  BASIC'S SETCOLOR command c o u l d  be 
w r i t t e n  as f o l l o w s ,  

PROC SETCOLOR(E3YTE REG,EOL,LUM) 
BYTE RCOL[5]=$2C4 
BEG I N  

RCOLCREGl=COL*l6+LUM 
END 

I n  t h i s  example t h e  parameter l i s t  has dec la red  3 BYTE v a r i a b l e s  
REG,COL and LUM. A c a l l  t o  t h i s  procedure can now supp ly  t h r e e  i t ems  
o f  da ta  eg, 

When t h e  procedure i s  entered REG w i l l  be s e t  t o  t h e  v a l u e  0, COL w i l l  
be s e t  t o  t h e  v a l u e  12 and LUM w i l l  be s e t  t o  t h e  r e s u l t  va lue  o f  t h e  
express ion  i n  t h e  c a l l .  SETCOLOR can now use these va lues  t o  compute a  
va lue  i n  t h e  c o l o r  assignment express ion .  

r\ 

From t h i s  example i t  can be seen t h a t  t h e  parameter l i s t  i s  r e a l l y  
j u s t  a  l i s t  o f  d e f e r r e d  assignments. The c a l l i n g  procedure dec ides t h e  
va lues  and t h e  d e f i n e d  procedure dec ides  where t o  s t o r e  those va lues.  

The t o t a l  number o f  parameters t h a t  can be passed i s  l i m i t e d  by t h e  
s i z e  o f  t he  s o f t w a r e  s tack .  A l l  parameters a r e  passed as 16 b i t  
i n t e g e r s  and w i t h  a  so f twa re  s tack  o f  256 by tes  i t  f o l l o w s  t h a t  128 
parameters can be passed. T h i s  may be l i m i t e d  f u r t h e r  i f  f u n c t i o n s  a r e  
nested i n  procedure c a l l  express ions,  s i n c e  each f u n c t i o n  w i l l  r e q u i r e  
i t s  own parameters t o  be passed. 

Note:-. There a r e  no r u n  t ime  checks f o r  s tack  o v e r f l o w  and so i t  i s  
q u i t e  p o s s i b l e  f o r  parameters t o  be c o r r u p t e d  i f  t h e  programmer i s  n o t  
c a r e f u l .  



If a parameter i s  dec la red  as an a r r a y  then each element o f  t he  a r r a y  
i s  counted as one parameter. Thus parameter a r r a y s  may n o t  be dec la red  
w i t h  l eng ths  t h a t  exceed 128 elements. 

eg A procedure dec la red  w i t h  a  parameter a r r a y  as f o l l o w s ,  

PROC arout ine(BYTE dataC81) 

would mean t h a t  a  c a l l i n g  procedure needs t o  supply  8  i tems o f  data ,  

When t h e  procedure i s  en te red  da ta [0 ]  would h o l d  t h e  va lue  7 ,  d a t a c l l  
would h o l d  t h e  v a l u e  50, da ta [Z ]  would h o l d  t h e  va lue  23 e t c .  

S t r i n g  a r r a y s  when dec la red  i n  t h e  parameter l i s t  w i l l  o n l y  count  as 2 
parameters r e g a r d l e s s  o f  t h e  dimensioned s i z e  s i n c e  o n l y  t h e  address 
and . leng th  o f  t h e  s t r i n g  w i l l  be r e q u i r e d  i n  o rde r  f o r  t h e  s t r i n g  t o  
be copied.  

So us ing  t he  i n f o r m a t i o n  above- 

PROC NAME (BYTE praml,pram2[20] INT pram3[8] STRING Q$[20] )  

w i l l  a c t u a l l y  r e q u i r e  31  parameters t o  be passed. 

The compi le r  does n o t  d i s t i n q u i s h  parameter types i n  a  procedure c a l l  
t hus  a  procedure d e f i n e d  as f o l l o w s  

PROC NQME (STRING A$[21) 

w i l l  look i d e n t i c a l  t o  

PROC NAME (INT add r , l eng th )  

t o  any c a l l i n g  procedure.  

I t  i s  impo r tan t  t o  n o t e  t h a t  t h e  2 examples a r e  n o t  t h e  same s i n c e  i n  
t h e  f i r s t  case t h e  whole s t r i n g  w i l l  be cop ied i n t o  t h e  parameter 
s t r i n g  a r r a y  and i n  case 2, j u s t  t h e  address and t h e  l e n g t h  o f  t h e  
s t r i n g  w i l l  be accepted i n t o  t h e  2 i n t e g e r  v a r i a b l e s .  

A c a l l  t o  t h e  above procedure can be w r i t t e n  as 

I n  t he  f i r s t  o f  t h e  above examples t h e  s t r i n g  whose address and l e n g t h  
a r e  t h e  r e s u l t  o f  2 express ions  w i l l  be passed t o  t h e  procedure 
whereas case 2 generates a  s t r i n g  cons tan t  and passes t he  address and 
l e n g t h  a u t o m a t i c a l l y .  I n  t h e  l a s t  example t h e  c o n t e n t s  o f  a  s t r i n g  



v a r i a b l e  w i l l  be passed as an address and l eng th .  bny p a r t  o f  a s t r i n g  
v a r i a b l e  can be passed us ing  t he  r u l e s  descr ibed  i n  t he  s t r i n g  
assignment s e c t i o n  o f  t h i s  manual. 

4.11.1 PROC PfiRAMETERS 

A s p e c i a l  case e x i s t s  t h a t  a l l o w s  another  procedure t o  be dec la red  as 
a parameter. The reason f o r  procedure parameters can bes t  be exp la ined  
w i t h  t h e  f o l l o w i n g  example, 

PROC POS(1NT X BYTE Y )  
BEG I N 

POKE(S54,Y) 
DOKE(B55,X) 

END 

PROC PLOT(1NT X BYTE Y )  
BEG I N  

POS(X,Y) 
PUT(6,COLOR) 

END 

I n  t h e  above example t h e  run t ime a c t i o n  o f  PLOT i s  t o  p u l l  b o t h  X and 
Y parameters f rom t h e  s tack  and s t o r e  them i n t o  t h e  parameter 
v a r i a b l e s ,  t h e  n e x t  a c t i o n  i s  f o r  t h e  v a r i a b l e s  X and Y t o  be loaded 
back o n t o  t h e  s tack  and the  procedure POS i s  c a l l e d .  PLOT has no o t h e r  
use f o r  these parameter v a r i a b l e s .  Obv ious ly  t h i s  i s  a waste o f  t ime 
and memory thus  PLOT can be r e - w r i t t e n ,  

PROC PLOT(PR0C POS) 
BEGIN 

PUT ('6, COLOR ) 
END 

Any c a l l  t o  PLOT w i l l  s t i l l  r e q u i r e  t h e  same parameters t o  be passed 
b u t  i n s t e a d  o f  t h e  parameters be ing p u l l e d  from t h e  s tack  by PLOT, 
they a r e  passed d i r e c t l y  t o  t h e  procedure POS. 

I 

T h i s  s p e c i a l  t ype  o f  i n d i r e c t  parameter pass ing can o n l y  be used when 
t h e  PROC parameter would no rma l l y  be t h e  f i r s t  s ta tement  i n  t h e  
s ta tement  l i s t .  

PROC parameters can be i n te rm ixed  w i t h  normal parameters eg 

PROC dosomething(1NT A , B  PROC POS BYTE C , D )  
BEG I N  
. . . . . . . 

END 

I n  t h e  above example 6 parameters would be supp l i ed  i n  t h e  c a l l .  The 
run t ime  a c t i o n  would be, 

F i r s t -  The parameter v a r i a b l e s  D and C a r e  p u l l e d  f rom t h e  s t a c k .  



Second- The procedure POS i s  c a l l e d  u s i n g  up 2 parameters. 

t h i r d -  The parameter v a r i a b l e s  B and A a r e  p u l l e d  from t h e  s tack .  

Four th -  The s ta tement  l i s t  i s  executed. 

4.11.2 ORDER OF POROHETER P U L L I N G  

Parameters a r e  p u l l e d  f rom t h e  s tack i n  t h e  reve rse  o rde r  t o  which 
they were pushed. I t  i s  impo r tan t  t o  unders tand t h i s  l a s t  on f i r s t  o f f  
r u l e  i n  o rder  t o  a v o i d  con fus ion  when t r y i n g  t o  ass ign  t o  v a r i a b l e s  
d i r e c t l y  from t h e  parameter l i s t .  For  i ns tance ,  i t  would seem easy t o  

e q u i v a l e n t  procedure t o  BASIC's POKE sta tement  w i t h  t he  
parameter l i s t  t r i c k ,  

c r e a t e  an 
f o l  l ow ing  

PROC POKE 
BEG I N  
END 

(POINTER address BYTE b y t e  BASED address)  

I n  t h i s  example what we migh t  expect  t o  happen i s  f o r  t h e  POINTER t o  
be s e t  t o  t h e  address v a l u e  and then t h e  BYTE t o  be s e t  t o  t h e  
s u p p l i e d  b y t e  va lue ,  which be ing BASED t o  t h e  POINTER shou ld  s t o r e  
d i r e c t l y  i n t o  t h e  memory l o c a t i o n .  

I n  f a c t  what w i l l  happen i s  t h a t  t h e  BYTE w i l l  be p u l l e d  f i r s t  u s i n g  
t h e  l a s t  i n  f i r s t  o f f  r u l e  and w i l l  s t o r e  i n t o  t h e  memory l o c a t i o n  
t h a t  t h e  POINTER was s e t  t o  t he  l a s t  t i m e  t h e  r o u t i n e  was c a l l e d ,  
which may be unde f ined  ( i f  i t  i s  t h e  f i r s t  t i m e  c a l l e d )  and c rash  t h e  
program. The POINTER w i l l  be p u l l e d  a f t e r  t h e  BYTE. 



4.12 THE LOCRL VhRItABLE L I S T  

The code f o r  a  procedure s t a r t s  w i t h  t h e  BEGIN command bu t  i t  i s  f i r s t  
necessary t o  d e c l a r e  any l o c a l  v a r i a b l e s  eg 

PROC NAME(1NT a d d r 1 , l e n l )  
BYTE 6,B 
INT TENPl,TEMP2 
STRING C % [ 2 0 1  
BEG I N  

Loca l  v a r i a b l e s  a r e  f o r  use s o l e l y  by t h e  procedure w i t h i n  which they 
a r e  dec la red .  They c a n ' t  be accessed o u t s i d e  o f  t h e  procedure. 

The memory a l l o c a t e d  t o  them i s  s t a t i c ,  t h a t  i s  t o  say, i t  can n o t  be 
rec la imed  a f t e r  t h e  procedure i s  te rmina ted .  I t  would seem t h a t  t he re  
i s  no advantage i n  hav ing l o c a l  v a r i a b l e s  over  g l o b a l  v a r i a b l e s ,  i n  

f i  terms of  memory usage and a c t u a l  code, t h i s  i s  t r u e .  However t h e  
reason l o c a l  v a r i a b l e s  a r e  u s e f u l  i s  t h a t  i t  removes the  n e c e s s i t y  t o  
check whether a  v a r i a b l e  o f  t he  same name has a l ready  been de f ined ,  
t h e . c o m p i l e r  w i l l  a lways use the  c o r r e c t  v a r i a b l e  even if another  
procedure has one o f  t he  same name, o r  even i f  a  GLOBOL  i d e n t i f i e r  has 
t h e  same name. 

The l o c a l  v a r i a b l e  l i s t  may a l s o  i n c l u d e  cons tan ts  which a r e  l o c a l  t o  
t h e  procedure.  



4.13 FORWARD PROCEDURES 

S i t u a t i o n s  sometimes a r i s e  when two procedures need t o  c a l l  each 
o t h e r .  I n  normal s i n g l e  pass comp i l e r s  t h i s  would be imposs ib le .  PL65 
so l ves  t h i s  problem w i t h  t he  FORWARD procedure a t t r i b u t e .  

By i n c l u d i n g  t he  word FORWARD a t  the  end o f  a  procedure header you can 
d e c l a r e  t h a t  a  procedure e x i s t s  w i t h o u t  hav ing t o  i n c l u d e  t h e  body o f  
t h e  procedure a t  t h a t  p o i n t  i n  the  program. 

PROC NAME(1NT add r l , add r2 )  FORWARD 

t h e  parameter l i s t  i s  n o t  repeated when t h e  main body o f  t he  procedure 
i s  compi led b u t  r a t h e r  i s  w r i t t e n  thus,  

BODY NAME 
BEGIN 

L o c a l  v a r i a b l e s  f o r  FORWARD procedures a r e  dec la red  between t h e  BODY 
command and t h e  BEGIN command as per  normal .  

BODY NAME 
INT templ,temp2 
BEG I N  

An example o f  t h e  use o f  FORWARD procedures can be found i n  t h e  
l i b r a r y  r o u t i n e  TERMINAL.LIB. Here C I O  needs t o  w r i t e  an e r r o r  t o  t h e  
screen i f  no t r a p  i s  s e t ,  and y e t  WRITE needs C I O  i n  o rde r  t o  ach ieve  
t h i s .  

I t  shou ld  be no ted  t h a t  PL65 procedures a r e  n o t  n a t u r a l l y  r e c u r s i v e ,  
t h a t  i s ,  t h e  parameter and l o c a l  v a r i a b l e s  a r e  s t a t i c  and n o t  
dynamica l l y  a l l o c a t e d  on procedure e n t r y .  T h i s  means t h a t  i f  a  
procedure were t o  c a l l  i t s e l f  th rough use o f  t h e  FORWARD a t t r i b u t e  ? 
then t h e  v a r i a b l e s  w i l l  be changed. T h i s  shou ld  be taken i n t o  account 
when des ign ing  procedures.  



4.14 FUNCTIONS 

Func t i ons  a re  procedures t h a t  r e t u r n  a  va lue ,  they  can o n l y  be invoked 
by t h e i r  i n c l u s i o n  as operands i n  express ions.  They a r e  dec la red  as 
f o l  lows,  

FUNC i d e n t i f i e r ( p a r a m e t e r  l i s t )  

a f t e r  which the  body o f  t h e  f u n c t i o n  i s  i d e n t i c a l  t o  a  procedure 
d e f i n i t i o n .  

A l l  e x i t s  from the  f u n c t i o n  i e  END and RETURN must be fo l lowed by a  
v a l i d  express ion.  

They may s imp ly  c a l c u l a t e  a  va lue  f o r  t h e  express ion  (wh ich  needs no 
s ta tement  l i s t )  o r  they may c a r r y  o u t  compl i ca ted  a c t i o n s  b e f o r e  
r e t u r n i n g  a  va lue.  

n 
eg a  s imp le  f u n c t i o n  t o  m u l t i p l y  two numbers, 

FUNC mul t (1NT a,b)  
BEG I N  
END a t b  

The f o l l o w i n g  f u n c t i o n  reads t h e  consol  sw i tches .  I t  has no parameters 
b u t  i t  needs t o  s t o r e  a  number i n t o  a  hardware r e g i s t e r  b e f o r e  
r e t u r n i n g  w i t h  t he  s w i t c h  va lue .  

FUNC conso l  ( ) 

POINTER temp 
BYTE c s w i t c h  BASED temp 
BEG I N  

temp=%D(dlF 
csw i  tch=8 

END c s w i t c h  



4.15 STRING FUNCTIONS 

S t r i n g  f u n c t i o n s  a r e  dec la red  by i n c l u d i n g  a  d o l l o r  symbol a f t e r  t h e  
i d e n t i f i e r  as f o l l o w s ,  

FUNC identifier$(parameter-list) 

t he  d i f f e r e n c e  between a  s t r i n g  f u n c t i o n  and a normal f u n c t i o n  i s  t h a t  
each e x i t  f rom the  f u n c t i o n  must be f o l l owed  by a v a l i d  s t r i n g  f a c t o r  
i e  

RETURN A$ 

s t r i n g  f u n c t i o n s  can o n l y  be c a l l e d  where a s t r i n g - f a c t o r  i s  r e q u i r e d  
and o r d i n a r y  f u n c t i o n s  can o n l y  be c a l l e d  as p a r t  o f  a numeric 
express ion.  

Bo th  types  o f  f u n c t i o n s  can a l s o  be dec la red  FORWARD i n  the same way 
as procedures.  8 

The l i b r a r y  procedure STRB i s  an example o f  a  s t r i n g  f u n c t i o n ,  i t  
re tukns  t h e  A S C I I  s t r i n g  o f  a number and can be used i n  a  s t r i n g  
assignment 

S t r i n g  f u n c t i o n s  a l l o w  you t o  c r e a t e  your  own s t r i n g  hand l ing  
r o u t i n e s ,  these can be a  very  power fu l  t o o l  i n  t e x t  process ing 
programs. 



4.16 INTERRUPT PROCEDURES 

INTERRUPT procedures enable  t h e  hand l ing  o f  i n t e r r u p t s  us ing  h i g h  
l e v e l  code. These procedures can have no parameter l i s t  s i nce  they 
cannot be c a l  l e d  d i r e c t 1  y  f rom an execu t ing  procedure.  I n t e r r u p t s  a r e  
dec la red  as f o l l o w s  

INTERRUPT i d e n t i f i e r (  1 

The body o f  t h e  i n t e r r u p t  procedure i s  i d e n t i c a l  t o  a  normal 
procedure.  

Be c a r e f u l  when c a l l i n g  o r d i n a r y  procedures from i n t e r r u p t  procedures 
as t h i s  w i l l  c u r r u p t  b o t h  l o c a l  and parameter v a r i a b l e s  o f  t he  c a l l e d  
procedure.  

I n t e r r u p t s  can be dec la red  FORW4RD. 

' -7 The a c t u a l  mechanism f o r  enab l i ng  an i n t e r r u p t  i s  system dependent 
thus  no h i g h  l e v e l  f a c i l i t y  i s  b u i l t  i n  t o  handle  t h i s .  But  i n  a  
typi .ca1 system i t  w i l l  be necessary t o  s t o r e  t h e  address o f  t h e  
i n t e r r u p t  r o u t i n e  i n t o  a  s p e c i f i e d  memory l o c a t i o n  and then enable  a  
f l a g .  

For  example, a  d i s p l a y  l i s t  i n t e r r u p t  c a l l e d  DLINT cou ld  be used t o  
change t h e  background c o l o r  ha l fway  down t h e  screen,  

INTERRUPT DLINTO 
BYTE c o l  reg=%D018 
BEGIN 

c o l  reg=@ 
END 

We can then w r i t e  a  procedure t o  enable t h e  i n t e r r u p t  and t o  c o n t r o l  
when t h e  i n t e r r u p t  happens, 

PROC in t -enab le (  ) 
,n POINTER p o i n t  

INT B  BASED p o i n t  
BYTE C BASED p o i n t  
BYTE NMIEN=%D40E ! i n t e r r u p t  r e g i s t e r  
INT SDL=$230 !D i sp lay  l i s t  address 
BEG I N  

po in t=%200 B=.DLINT ! S t o r e  address o f  i n t e r r u p t  i n t o  vec to r  
point=SDL+lS C=%82 ! I n t e r r u p t  a t  l i n e  f i f t e e n  
NMIEN=%C0 !Enable i n t e r r u p t  

END 
> 

I n t e r r u p t  procedures may n o t  use t h e  TRAP command and i t  i s  
i n a d v i s a b l e  t o  t r y  t o  c a l l  t h e  ERROR procedure f rom an execu t ing  
i n t e r r u p t  s i n c e  t h i s  may s t o p  t h e  i n t e r r u p t  f rom runn ing  t o  
complet ion.  



4.17 STATEMENT L I S T  

The s ta tement  l i s t  i s  i n i t i a t e d  by a  BEGIN command, t h i s  i s  f o l l o w e d  
by t he  a c t u a l  statements.  The l i s t  may comprise as many s ta tements  as 
t he  user  d e s i r e s  and i s  l i m i t e d  o n l y  by t h e  a v a i l a b l e  memory a t  
compi le  t ime.  The l i s t  may have no s ta tements  a t  a l l ,  t h i s  can happen 
i n  f u n c t i o n s  where o n l y  a  va lue  needs t o  be r e t u r n e d  t o  t he  c a l l i n g  
express ion.  

The s ta tement  l i s t  i s  te rmina ted  w i t h  END. 

Each s ta tement  may o p t i o n a l l y  be separated by a  semi-colon, t h i s  can 
improve program r e a d a b i l i t y  b u t  more i m p o r t a n t l y  i t  w i l l  h e l p  t h e  
comp i l e r  t o  recover  more e a s i l y  from e r r o r s  i n  source t e x t .  

Compound program f l o w  s ta tements  such as IF,REPEhT e t c  may have o t h e r  
s ta tements  i n c l u d e d  i n  t h e i r  body, t h i s  i s  known as n e s t i n g .  PL65 
syntax d i c t a t e s  t h a t  each n e s t i n g  o f  s ta tement  must be te rmina ted  f rom 

r' 
t he  innermost  l e v e l  o f  n e s t i n g  outwards. 

IF height>maxheight  THEN 
WHILE c o u n t ( l 0  DO 

count=coun t + l  
END IF 

ENDWH I LE 

i s  i n c o r r e c t ,  t h e  comp i l e r  w i l l  produce an e r r o r .  The WHILE l o o p  must 
be t e rm ina ted  f i r s t .  

Statement n e s t i n g  can be as many l e v e l s  deep as r e q u i r e d  and i s  
l i m i t e d  o n l y  by t h e  comp i l e r  s tack ,  t h i s  w i l l  t y p i c a l l y  a l l o w  around 
64 l e v e l s ,  which should  be adequate f o r  even t h e  most compl i ca ted  o f  
tasks .  

There i s  no s t a c k i n g  i n v o l v e d  a t  r un t ime  f o r  any s ta tements ,  t h i s  
a l l o w s  complete  freedom t o  use GOT0 i n  and o u t  o f  s ta tement  n e s t s  
( t h a t  i n c l u d e s  FOR/NEXT l o o p s ) .  

The f o l l o w i n g  s e c t i o n  desc r i bes  each o f  t h e  s ta tements ,  b u t  i t  i s  
f i r s t  necessa,ry t o  d e s c r i b e  run t ime  express ions.  



4.18 RUNTIME EXPRESSIONS 

Most o f  t h e  h i g h  l e v e l  s ta tements  work i n  c o n j u n c t i o n  w i t h  
express ions.  Q PL65 express ion c o n s i s t s  o f  operands combined by means 
o f  t h e  v a r i o u s  a r i t h m e t i c  l o g i c a l  and r e l a t i o n a l  opera to rs .  

e9 

where +, -, * and / a r e  o p e r a t o r s  f o r  a d d i t i o n ,  s u b t r a c t i o n ,  
m u l t i p l i c t i o n ,  and d i v i s i o n ,  and A,B,C,D,E, and F represen t  operands. 
Pa ren thes i s  serve  t o  group operands and ope ra to rs ,  as i n  o r d i n a r y  
a lgebra .  

A l l  mathematics i n  PL65 i s  done i n  16 b i t  uns igned i n t e g e r  format w i t h  
' unde r f l ow  and ove r f l ow  i n d i c a t i o n  u n s p e c i f i e d .  T h i s  r e f l e c t s  t h e  

n a t u r e  t o  which PL65 i s  in tended t o  be used ( a s  a  replacement f o r  
asse.mbler) . 
Al though t h e  compi le r  uses unsigned mathematics, numbers can be 
s u p p l i e d  u s i n g  a unary - eg -1. These numbers a r e  computed as 0-1 and 
thus s t i l l  produce an unsigned i n t e r n a l  format .  

I t  shou ld  be noted t h a t  f o r  most ope ra t i ons  uns igned and s igned 
mathematics produce t h e  same r e s u l t  0-1 i s  t h e  same i n  bo th  fo rmats  
o n l y  t h e  way i t  i s  o u t p u t  i n  QSCII i s  d i f f e r e n t .  However r e l a t i o n a l  
o p e r a t i o n s  may produce d i f f e r e n t  r e s u l t s  eg -1<1 w i l l  produce a  f a l s e  
r e s u l t  s i n c e  -1 i n  unsigned fo rmat  i s  a c t u a l l y  65535 and thus i s  
g r e a t e r  than 1. 

4.18.1 OPERANDS 

Operands a r e  t h e  b u i l d i n g  b l o c k s  o f  express ions.  An operand must be 
something which has a  s p e c i f i c  va lue  a t  run t ime.  Thus i n  t he  above 

/'-\ 

example A,B,C e t c  m igh t  be t h e  i d e n t i f i e r s  o f  v a r i a b l e s  which have 
va lues  a t  run t ime.  

L i t e r a l s  

Numeric l i t e r a l s  may be used as operands i n  express ions .  

L i t e r a l s  can be used i n  any o f  4 d i f f e r e n t  fo rmats .  

1- DECIMAL 
eg 1, 2, 500, 6000 

2- HEX, preceeded by $ 

eg $FF, $3E2E 

3- BINQRY, preceeded by % 



4- QSCII, i n  s i n g l e  quotes 
, - *  eg ' A ' ,  ' B ' ,  ' # ' ,  - 

A S C I I  l i t e r a l s  a r e  c rea ted  by t h e  compi le r  by s u b s t i t u t i n g  t h e  
cha rac te r  code o f  t he  cha rac te r  i n  quotes.  

Constants 

Constants can be dec la red  and ass igned t o  an i d e n t i f i e r  i e ,  

CONST fifty=50,FALSE=0,TRUE=l 

re fe rences  t o  these i d e n t i f i e r s  w i l l  r e s u l t  i n  t h e  va lue  assigned t o  
them be ing  s u b s t i t u t e d .  

V a r i a b l e  r e f e r e n c e s  

Any f u l l y  q u a l i f i e d  v a r i a b l e  r e f e r e n c e  may be used as an operand i n  an 
express ion .  When t h e  express ion  i s  eva lua ted ,  t h e  r e f e r e n c e  i s  
rep laced  by t h e  va lue  i n  t h e  v a r i a b l e .  

Because a l l  express ion  e v a l u a t i o n s  a r e  performed u s i n g  16 b i t  maths 
BYTE v a r i a b l e  va lues  a r e  conver ted  by adding a  zeroed h i g h  by te .  

Func t i on  r e f e r e n c e s  

A f u n c t i o n  r e f e r e n c e  i n c l u d e s  t h e  i d e n t i f i e r  o f  t h e  p redec la red  
f u n c t i o n  a long  w i t h  any parameters r e q u i r e d  by t h e  f u n c t i o n  
d e c l a r a t i o n .  The va lue  o f  a  f u n c t i o n  re fence  i s  t h e  va lue  r e t u r n e d  by 
t he  f u n c t i o n .  

eg A f u n c t i o n  t o  peek a  memory l o c a t i o n  cou ld  be w r i t t e n  

FUNC PEEK(PO1NTER address) 
BYTE b y t e  BQSED address 
BEG I N  
END b y t e  

Th i s  c o u l d  then be invoked as p a r t  o f  an express ion  as f o l l o w s  

Sub-expressions 

A sub-expression i s  s imp ly  an express ion  enclosed i n  paren thes is .  
sub-expression may be used as an operand and i s  used t o  f o r c e  an 
express ion  t o  be eva lua ted  i n  a  sequence t h a t  would n o t  n o r m a l l y  occur  
due t o  t h e  r u l e s  o f  precedence. 



4.18.2 OPERATORS 

Loca t i on  re fe rences  

A l o c a t i o n  re fe rence  i s  formed by u s i n g  t he  d o t  ope ra to r .  The form o f  
t he  d o t  ope ra to r  i s ,  

where t h e  i d e n t i f i e r  i s  t h a t  o f  any symbol p r e v i o u s l y  dec lared.  

The o b j e c t  o f  l o c a t i o n  re fe rences  i s  t o  enable t h e  address o f  
i d e n t i f i e r s  t o  be re fe renced  r a t h e r  than t h e  v a l u e  they con ta in .  

I f  t he  i d e n t i f i e r  i s  o f  an a r r a y  then the  va lue  o f  t h e  re fe rence  i s  
t he  address o f  t h e  f i r s t  element o f  t h e  a r r a y .  

I f  t he  i d e n t i f i e r  i s  t h a t  o f  an procedure then t h e  va lue  o f  t he  
n 

r e f e r e n c e  i s  t h e  e n t r y  address o f  t h e  procedure.  

A l o c a t i o n  r e f e r e n c e  t o  a  CONST w i l l  r e s u l t  i n  t h e  same va lue  as a  
normal CONST re fe rence .  

I d e n t i f i e r  element r e f e r e n c i n q  

A f a c i l i t y  e x i s t s  f o r  r e f e r e n c i n g  t h e  dec la red  element p a r t  of a  
symbol which complements t h e  l o c a t i o n  p a r t  r e f e r e n c e  descr ibed above. 
T h i s  i s  accessed w i t h  t h e  ? o p e r a t o r  eg 

W h a t . t h i s  does i s  t o  r e t u r n  t h e  dec la red  parameters o r  elements o f  a  
p r e v i o u s l y  dec la red  i d e n t i f i e r ,  eg i f  INT nameC201 has been dec la red  
then ?name would r e t u r n  20 s i n c e  t h i s  i s  t h e  d e c l a r e d  elements. 

I n  t h e  case o f  t h e  i d e n t i f i e r  be ing a  procedure t h e  ? opera to r  would 
r e t u r n  t h e  number o f  dec la red  parameters. 

/'- 

Th i s  f a c i l i t y  enables t h e  s to rage  o f  v a r i a b l e s  t o  be c a l c u l a t e d  . BYTE 
a r r a y s  have a  1 t o  1 r a t i o  w i t h  t h i s  number and I N T ' s  have a  2 t o  1 
r a t i o .  

eg i f  an a r r a y  has been dec la red  

INT A[20] 

then we can c a l c u l a t e  t h e  memory t h i s  has used w i t h  t h e  express ion,  



4.18.3 ARITHMETIC OPERATORS 

There a r e  f i v e  p r i n c i p l e  a r i t h m e t i c  ope ra to rs  which a r e  

+ - d / MOD 

These per fo rm a d d i t i o n ,  s u b t r a c t i o n  m u l t i p l i c a t i o n  and d i v i s i o n .  

MOD r e t u r n s  t h e  remainder o f  a  d i v i s i o n  as opposed t o  / which r e t u r n s  
t he  q u o t i e n t .  

A l l  o f  these o p e r a t o r s  perform unsigned b i n a r y  i n t e g e r  a r i t h m e t i c  on 
two operands. I n  t h e  case o f  an o v e r f l o w  o r  under f low due t o  i n t e g e r  
maths o r  a  d i v i d e  by zero t h e  r e s u l t  o f  any o f  t h e  ope ra t i ons  i s  
u n s p e c i f i e d .  

4.18.4 UNARY OPERATORS 

There a r e  4 t ypes  o f  unary ope ra to rs .  They take  s i n g l e  operands, t o  f i  

which they a r e  p r e f i x e d .  The unary  ope ra to rs  a r e  

- NOT SHL SHR 

The unary  - has t h e  e f f e c t  o f  computing t h e  two,s complement o f  t h e  
operand thus  

NOT produces a  r e s u l t  i n  which each b i t  o f  t h e  operand i s  
complemen t e d  . 
SHL and SHR a r e  unary  s h i f t  o p e r a t o r s  they e f f e c t i v e l y  m u l t i p l y  and 
d i v i d e  by two. 

SHL 4 s h i f t s  t h e  operand l e f t  r e s u l t i n g  i n  8. The most s i g n i f i c a n t  b i t  
o f  a  l e f t  s h i f t  i s  l o s t  so SHL 32768 r e s u l t s  i n  0. r\ 

SHR 4 s h i f t s  t h e  operand r i g h t  r e s u l t i n g  i n  2. The l e a s t  s i g n i f i c a n t  
b i t  o f  a  r i g h t  s h i f t  i s  l o s t  so SHR 3 r e s u l t s  i n  1. 

A l l  unary  o p e r a t o r s  can be nes ted  i e  

SHL SHL 2 r e s u l t s  i n  8 and 
NOT NOT 2 r e s u l t s  i n  2. 



4-18.5  L O G I C A L  OPERATORS 

There a r e  4 l o g i c a l  ope ra to rs  i n  PL65, these a r e  

NOT AND OR XOR 

These ope ra to rs  per fo rm l o g i c a l  ope ra t i ons  on 16 b i t s  i n  p a r a l l e l .  

Al though NOT i s  a  unary ope ra to r  i t  i s  shown here  because i t  i s  a l s o  
l o g i c a l .  

The remain ing o p e r a t o r s  each take  two operands, and perform b i t w i s e  
ope ra t i ons  

AND performs a 16 b i t  AND. 
eg 7 AND 3 r e s u l t s  i n  3 

OR performs a  16 b i t  OR. 
eg 4 OR 3 r e s u l t s  i n  7 

XOR computes t h e  e x c l u s i v e  OR o f  two operands. 
eg 1 XOR 0 r e s u l t s  i n  1 

1 XOR 1 r e s u l t s  i n  0 



4.18.6 RELATIONAL OPERATORS 

R e l a t i o n a l  o p e r a t o r s  a r e  used t o  compare operands. They a r e  

< l e s s  than 
> g r e a t e r  than 

<= l e s s  than o r  equal  
>= g r e a t e r  than o r  equal  
< >  n o t  equal  
= equal  

R e l a t i o n a l  o p e r a t o r s  a r e  always b i n a r y  opera t ions ,  t a k i n g  two 
operands. The comparisons a r e  always performed assuming t h e  operands 
a r e  unsigned i n t e g e r s .  If t h e  s p e c i f i e d  r e l a t i o n  between two operands 
i s  t r u e  then a  va lue  o f  -1(BFFFF i n  hex)  i s  r e t u r n e d .  A f a l s e  r e s u l t s  
i n  a  v a l u e  o f  0 be ing  re tu rned ,  t hus  

2>1  r e s u l t s  i n  BFFFF 
NOT 2>1 r e s u l t s  i n  0 
2 < 1  r e s u l t s  i n  0 
4>=4 r e s u l t s  i n  BFFFF 

Express ions  p roduc ing  t r u e  and f a l s e  r e s u l t s  can be combined 
m e a n i n g f u l l y  u s i n g  l o g i c a l  ope ra to rs ,  eg 

I F  A > 1  OR A < 5  THEN 
dosometh ing( )  

END I F  

Numeric da ta  i t e m s  can o n l y  be compared ( o r  ass igned)  t o  o t h e r  numeric 
i tems.  The same i s  t r u e  when comparing s t r i n g s .  

S t r i n g s  a r e  compared u s i n g  t h e  same r e l a t i o n a l  o p e r a t o r s  
( = , < > , < = , > = , < , > I  t h a t  a r e  used f o r  comparing numbers. S t r i n g  
comparisons a r e  made by t a k i n g  one cha rac te r  a t  a  t i m e  ( l e f t  t o  r i g h t )  
f rom each s t r i n g  and e v a l u a t i n g  each ASCII c h a r a c t e r  code. I f  t he  
c h a r a c t e r  codes a r e  t h e  same, t h e  c h a r a c t e r s  a r e  equa l .  I f  t h e  /- 

c h a r a c t e r  codes a r e  d i f f e r e n t  then t h e  cha rac te r  w i t h  t h e  lowest  code 
i s  t h e  lower .  The comparison s t o p s  when t h e  end o f  e i t h e r  s t r i n g  i s  
reached. A11 t h i n g s  be ing  equal  then t h e  s t r i n g  w i t h  t h e  s h o r t e s t  
l e n g t h  i s  cons idered  l e s s  than t h e  l onge r  s t r i n g .  Lead ing  and t r a i l i n g  
b lanks  are s i g n i f i c a n t .  



S t r i n g  comparisons produce a  numeric t r u e / f a l s e  r e s u l t  and as such can 
be used w i t h i n  a  numeric expression.  

I F  A%="YES" THEN 
dosometh ing( )  

END I F  

Th i s  shows how t r u e  and f a l s e  va lues r e s u l t i n g  from r e l a t i o n a l  
ope ra t i ons  a r e  u s e f u l  i n  c o n j u n c t i o n  w i t h  program f l o w  statements i e  
IF,WHILE e t c .  

fA11 o f  t h e  program f l o w  statements w i l l  t r e a t  a  zero r e s u l t  as f a l s e  
and any non zero v a l u e  as t r u e .  

4.18.7 OPERATOR PRECEDENCE 

A Operators  i n  PL65 have i m p l i e d  precedence, which i s  used t o  determine 
t h e  manner i n  which ope ra to rs  and operands a re  grouped toge ther .  

I n  genera l  operands a r e  bound t o  t h e  ad jacen t  ope ra to r  o f  h i ghes t  
p r i o r i t y ,  o r  t o  t h e  l e f t  o f  one i n  t h e  case o f  a  t i e .  

The PL65 o p e r a t o r s  a r e  l i s t e d  below i n  o r d e r  o f  h i g h e s t  precedence, 

unary  - NOT SHL SHR 
X / NOD 
+ - 
< <= < >  = >= > 
AND OR XOR 

Pa ren thes i s  can be used t o  ove r i de  t h e  assumed precedence i n  t he  same 
way as used i n  o r d i n a r y  a lgebra.  Thus t h e  express ion  (A+B)XC w i l l  
cause t h e  sum o f  9 and B t o  be m u l t i p l i e d  by C, i n s t e a d  o f  adding A t o  
t he  p roduc t  o f  B and C. 



4.19 QSSIGNHENTS 

R e s u l t s  o f  computat ions can be s t o r e d  i n t o  v a r i a b l e s .  G t  any g i ven  
moment a  v a r i a b l e  has o n l y  one va lue-  b u t  t h i s  may change w i t h  program 
execu t ion .  

The form o f  t he  assignment statement i s  

The express ion  may be any PL65 express ion  as desc r i bed  above. The 
express ion  i s  eva lua ted  and the  r e s u l t  i s  s t o r e d  i n  t h e  v a r i a b l e  whose 
i d e n t i f i e r  i s  t o  t h e  l e f t  o f  t he  ' = ' .  The v a r i a b l e  may be a  s c a l a r  
BYTE, INT o r  POINTER , i f  an a r r a y  i s  s p e c i f i e d  then t h e  i d e n t i f i e r  
must be f o l l owed  by [ exp ress ion ] .  

Note:- A l though express ions  a r e  always eva lua ted  i n  16 b i t  i n t e g e r  
fo rmat ,  i f  t h e  r e s u l t  i s  t o  be s t o r e d  i n t o  a  BYTE v a r i a b l e  then t h i s  
w i l l  a u t o m a t i c a l l y  be ad jus ted  by d ropp ing  t h e  h i g h  by te .  



4.20 STRING RSSIGNMENTS 

There a r e  t h r e e  ways i n  which s t r i n g s  can be represented,  these a r e  

1- S t r i n g  cons tan ts ,  which a r e  he ld  between double  quotes. 

"THIS I S  A STRING CONSTANT" 

Con t ro l  cha rac te rs  can be embedded i n t o  t h e  s t r i n g  cons tan t  by u s i n g  
t h e  compi le r  psuedo f u n c t i o n  CHAR. eg 

"THIS I S  A STRING CONSTANT "&CHAR($SB) 

w i l l  i n c l u d e  t h e  r e t u r n  cha rac te r  i n t o  t h e  cons tan t .  T h i s  i s  necessary 
because the  e d i t o r  and PL65 reserve  some o f  t h e  c o n t r o l  c h a r a c t e r s  f o r  
i n t e r n a l  use. P a r t i c u l a r l y  t h e  EOL c h a r a c t e r  i s  used t o  s p l i t  l o g i c a l  

A l i n e s  and thus  can n o t  be d i r e c t l y  embedded i n t o  t e x t  s t r i n g s .  

Constants and c o n t r o l  c h a r a c t e r s  can be i n t e r m i x e d  u s i n g  t h e  &. 
concatenator .  The CHAR f u n c t i o n , i s  n o t  a  f u n c t i o n  c a l l  b u t  s imp ly  
i n s t r u c t s  t h e  comp i l e r  t o  i n c l u d e  t h e  ASCII cha rac te r  i n t o  t h e  
s t r i n g .  

2- S t r i n g  v a r i a b l e s ,  which h o l d  v a r i a b l e  da ta .  

3- S t r i n g  f u n c t i o n s ,  f u n c t i o n s  which r e t u r n  a  s t r i n g .  

A s t r i n g  v a r i a b l e  can be assigned t o  h o l d  d a t a  t r a n s f e r e d  from any o f  
t h e  above types.  The form o f  t he  s t r i n g  assignment i s  

The s t r i n g  assignment causes da ta  on t h e  r i g h t  o f  t h e  ' = '  t o  be 
t r a n s f e r e d  t o  t h e  s t r i n g  v a r i a b l e  whose i d e n t i f i e r  i s  on t h e  l e f t  s i d e  
o f ,  t h e  ' = ' ,  t h i s  erases t h e  da ta  a l ready  i n  t h e  v a r i a b l e  and t h e  

A v a r i a b l e  l e n g t h  becomes t h e  l e n g t h  o f  t h e  s t r i n g  express ion  on t h e  
r i g h t  s i de .  

The 3  s i g n  f o l l o w i n g  t h e  v a r i a b l e  i d e n t i f i e r  does n o t  form p a r t  o f  t he  
i d e n t i f i e r  name, b u t  i t  i s  expected by t h e  comp i l e r  a f t e r  a l l  3 t r i n g  
i d e n t i f i e r s .  The reason f o r  t h i s  i s  s i m p l y  t o  improve program , 

r e a d a b i l i t y  by d i s t i n q u i s i n g  between normal  numeric and s t r i n g  
i d e n t i f i e r s .  

The s t r i n g  assignments may be expanded by i n c l u d i n g  s u b s c r i p t s  t o  t h e  
v a r i a b l e  i d e n t i f i e r ,  i e  

i n  t h i s  case t h e  s t r i n g  t o  t h e  r i g h t  o f  t h e  ' = '  i s  t r a n s f e r e d  t o  t h e  
v a r i a b l e  whose i d e n t i f i e r  i s  on t h e  l e f t  s i d e  o f  t h e  ' = ' ,  s t a r t i n g  a t  



t he  p o s i t i o n  s p e c i f i e d  by t h e  express ion i n s i d e  the. C1 b racke ts .  The 
l e n g t h  o f  t h e  v a r i a b l e  then becomes the  l e n g t h  o f  t he  s t r i n g  
express ion  on t he  r i g h t  p l u s  the  va lue  o f  t h e  express ion i n s i d e  t h e  
b racke ts .  Remember a r r a y  s u b s c r i p t s  s t a r t  a t  0 .  

eg i f  we have dec la red  a  v a r i a b l e  

STRING A8[20] 

and then ass ign  t o  t h e  v a r i a b l e  

A$="HELLO THERE" 

then execu t i ng  t h e  procedure,  

w i l l  p r i n t  on t h e  screen HELLO THERE 

and then execute t h e  s ta tements  

A$[6]="QGQIN THERE" WRTSTR(A3) 

w i l l  p r i n t  on t he  screen HELLO QGAIN THERE. Thus we have o n l y  changed 
t h e  p a r t  o f  t he  v a r i a b l e  a f t e r  t he  p o i n t  d e f i n e d  by t h e  express ion.  

The s t r i n g  assignment can be f u r t h e r  expanded t o  i n c l u d e  j u s t  p a r t  o f  
a  s t r i n g ,  

t h e  e f f e c t  o f  t h i s  i s  t h a t  t h e  s t r i n g  t o  t h e  r i g h t  o f  t he  ' = '  i s  
cop ied  t o  t h e  s t r i n g  v a r i a b l e  whose i d e n t i f i e r  i s  t o  t h e  l e f t  o f  t he  
* - ,  - . The s t r i n g  w i l l  o n l y  occupy t h e  p a r t  o f  t h e  v a r i a b l e  s p e c i f i e d  by 
t h e  two express ions  enc losed i n  t h e  s t r i n g  b racke ts .  I f  t h e  space 
a l l o c a t e d  i s  l e s s  than t h e  s u p p l i e d  s t r i n g  l e n g t h ,  then t h e  s t r i n g  
w i l l  be t r unca ted  t o  f i t  i n t o  t h e  a v a i l a b l e  space. 

The r e s u l t a n t  l e n g t h  o f  t h e  s t r i n g  v a r i a b l e  w i l l  remain unchanged 
he va lue  i n  t h e  second express ion  i n  t h e  v a r i a b l e  assignment 
r than t h e  c u r r e n t  s t r i n g  l eng th .  

Note:- There a r e  2 r u n t i m e  e r r o r  checks assoc ia ted  w i t h  s t r i n g  
assignments see QPPENDIX B f o r  more i n f o r m a t i o n .  



4.20.1 STRING CONCATENATION 

A s t r i n g  can be appended t o  the  end o f  a  s t r i n g  v a r i a b l e s  as f o l l o w s ,  

i d e n t % + s t r i n g - f  a c t o r  

the  r e s u l t a n t  l e n g t h  o f  t h e  s t r i n g  v a r i a b l e  becomes the  o r i g i n a l  
l e n g t h  + t h e  l e n g t h  o f  t he  s t r i n g - f a c t o r .  

eg The v a r i a b l e  assignment 

and then 

A $ + "  AGAIN THERE" 

n would r e s u l t  i n  t h e  s t r i n g  HELLO AGAIN THERE i n  t h e  v a r i a b l e .  

Note:- The v a r i a b l e  i n  t h i s  t ype  o f  assignment can n o t  be 
subs.cr ipted.  



4.21 IF statement 

The IF sta tement  enables one o f  two s e t s  o f  s ta tements  t o  be 
s e l e c t i v e l y  executed on a  c o n d i t i o n .  The form o f  t h e  IF sta tement  i s  
as f o l l o w s ,  

I F  express ion  THEN 
sta tement  1 
..... 
sta tement  n  

ELSE 
s  t a  temen t 1 
..... 
sta tement  n  

END IF 

The IF sta tement  has f o u r  p a r t s ,  

1- An IF p a r t  w i t h  c o n d i t i o n . .  > I  

2- A THEN p a r t  which c o n s i s t s  o f  another  s ta tement  o r  c o l l e c t i o n  o f  
s ta tements .  

3- A-i o p t i o n a l  ELSE p a r t  which c o n s i s t s  o f  ano ther  l i s t  o f  
s ta tements .  

4- An ENDIF p a r t  t o  t e r m i n a t e  t he  s t r u c t u r e .  

The meaning o f  t h e  IF sta tement  i s  t h a t  i f  t h e  c o n d i t i o n  o f  t h e  IF 
p a r t  i s  t r u e  then t h e  s ta tements  i n  t he  THEN p a r t  a r e  executed. 

Otherwise t h e  s ta tements  o f  t h e  ELSE p a r t  a r e  executed.  

IF A>9 THEN 
B=B+C 

ELSE 
A=A+l 

END IF 

The ELSE p a r t  o f  an IF sta tement  i s  o p t i o n a l  and may be om i t t ed ,  i n  
t h i s  case i f  t h e  IF p a r t  i s  f a l s e  program c o n t r o l  passes t o  t h e  f i r s t  
s ta tement  f o l  l ow ing  t h e  ENDIF,. 

IF A>9 THEN 
B=B+C 

END IF 



4.22 WHILE s ta tement  

WHILE i s  used t o  c r e a t e  a  c o n t r o l l e d  program loop  and has t he  form 

WHILE express ion  DO 
statement 1 
sta tement  2 . . . 
sta tement  n  

ENDWH I LE 

The WHILE l oop  has t h e  f o l l o w i n g  a c t i o n s ,  

F i r s t  t h e  express ion  f o l l o w i n g  t h e  WHILE i s  eva lua ted  t o  form a t r u e  
o r  f a l s e  f l a g .  

I f  t h e  f l a g  i s  t r u e  then t h e  s ta tements  f o l l o w i n g  DO a r e  executed. 

n 
The ENDWHILE causes a  jump back t o  t h e  WHILE and t h e  express ion  i s  
re -eva lua ted  

The process repea ts  u n t i l  t h e  express ion  r e t u r n s  a f a l s e  r e s u l t  a t  
which p o i n t  program e x e c t i o n  i s  t r a n s f e r e d  t o  t h e  f i r s t  s ta tement  
f o l l o w i n g  t h e  ENDWHILE. 

The d e s c r i p t i o n  assumes t h a t  t h e  b lock  c o n t a i n s  no s ta tements  t h a t  
cause c o n t r o l  t o  pass o u t  o f  t h e  b lock ,  i e  GOT0 o r  RETURN. 

A=0 
WHILE ~ 1 0  DO 

WRITE(FI) 
WRTSTR(" " )  
A=A+1 

ENDWHILE 

n 
w i l l  d i s p l a y  on t h e  screen 



4.23 REPERT statement 

The REPEAT sta tement  has t h e  form, 

REPEAT 
sta tement  1 
sta tement  2 
..... 
sta tement  n  

UNTIL express ion  

The REPEAT sta tement  causes t h e  f o l l o w i n g  a c t i o n s  t o  occur.  

The s ta tements  encompassed by t h e  REPEAT and UNTIL a re  executed. 

The express ion  f o l l o w i n g  UNTIL i s  eva lua ted  p roduc ing  a  t r u e  o r  f a l s e  
r e s u l  t . 
I f  t h e  r e s u l t  i s  f a l s e  then t h e  program branches back t o  t h e  f i r s t  

n 

statement  f o l l o w i n g  t h e  REPEAT. 

The l oop  con t i nues  u n t i l  t h e  express ion  produces a  t r u e  r e s u l t  a t  
which p o i n t  execu t i on  passes t o  t he  f i r s t  s ta tement  f o l l o w i n g  t h e  
UNTIL p a r t .  

REPEAT a l s o  has t h e  o p t i o n  o f  c r e a t i n g  an i n f i n i t e  loop us ing  t h e  
FOREVER t e r m i n a t o r .  

REPEAT 
sta tement  1 
sta tement  2 
. .... 
sta tement  n 

FOREVER 

i n  t h i s  case execu t i on  always branches back t o  t h e  REPEAT sta tement .  
n 

The o n l y  way t o  e x i t  from such a  loop  i s  t o  i n c l u d e  a  GOT0 o r  RETURN 
sta tement  w i t h i n  t h e  b lock .  



4.24 The FOR statement 

The FOR statement begins an iterative loop and enables a group of 
statements to be executed a number of times. 

The simplest form of the FOR/NEXT loop is 

FOR index=initial-expression TO limit-expression DO 
Statement 1 
Statement 2 
...... 
Statement n 

NEXT 

The index must be an INT scalar variable (not an array) and 
"initial-expression" and "limit-expression" are both valid expressions 
producing a numeric result. 

A The runtime actions of the FOR/NEXT loop are described below. 

1.- The initial expression is evaluated and the result assigned to the 
index variable. This is done only once, before the first time through 
the loop. 

2- The limit-expression is evaluated and its value is assigned to a 
local variable which is not directly accessable to the program. This 
is done only once, before the first time through the loop. 

3- The statements encompassed in the loop are executed. 

4- The index variable is incremented by one. If this causes the new 
value to be less than the old value (due to integer maths wrap 
around), the loop is exited- passing control to the first statement 
following NEXT. If the new value is not less than the old value then 
it is compared to the limit value. If the index value is greater than 
the limit value then the loop is exited, otherwise the loop repeats at 

n step 3. 

The above description assumes that the loop contains no statements 
which pass control out of the loop ie GOT0 and RETURN. 

Notes:- The index may be referenced by any statement within the loop. 

The loop characteristics may be changed by an assignment statement 
which changes the index variable. 

The loop will always terminate if the index passes through zero. 

There is no need to follow the NEXT with the index variable. The 
compiler automatically keeps track of which NEXT accompanies which 
FOR. 



4.24.1 STEP option 

FORINEXT loops  may c o n t a i n  a  STEP o p t i o n .  T h i s  has t h e  e f f e c t  t h a t  a t  
each i t e r a t i o n  o f  t h e  loop  t h e  index w i l l  be incremented by t h e  v a l u e  
o f  t he  STEP express ion .  The STEP express ion i s  c a l c u l a t e d  o n l y  once a t  
the  s t a r t  o f  t h e  loop a long w i t h  t h e  i n i t i a l  and l i m i t  express ions.  

The form o f  a  FOR/NEXT loop  w i t h  a  STEP p a r t  i s  as f o l l ows .  

FOR i n d e x = i n i t i a l - e x p r  TO l i m i t - e x p r  STEP step-expr  DO 
statement 1 
. . . 
statement n  

NEXT 

Rules f o r  t h e  t e r m i n a t i o n  o f  a  FOR/NEXT loop  w i t h  a  STEP p a r t  a r e  t h e  
same as f o r  t h e  s imp le  loop .  

4.24.2 DOWNTO option 
' -\ 

DOWNTO may be used i n s t e a d  o f  TO t o  make t h e  l o o p  coun t  down. DOWNTO 
loops w i l l  t e r m i n a t e  when t h e  index becomes l e s s  than t h e  l i m i t  
express ion  o r  when t h e  i n t e g e r  maths causes an unde r f l ow  (when 
index-s tep causes the  index va lue  t o  pass th rough  z e r o ) .  

e9 

FOR A=9 DOWNTO 0 DO 
WRITE(A) 
WRTSTR(" " )  

NEXT 

w i l l  ' d i s p l a y  on t h e  screen 

Do n o t  g e t  confused i n t o  t r y i n g  t o  implement a  l o o p  which passes 
through zero.  Consider t h e  f o l l o w i n g  example 

FOR A=9 DOWNTO -1 DO 
WRITE(A) 
WRTSTR(" " )  

NEXT 

A t  f i r s t  s i g h t  t h e  l oop  appears p e r f e c t l y  normal ,  BUT remember -1 i n  
i n t e g e r  maths i s  computed as 0-1, t h i s  r e s u l t s  i n  t h e  p o s i t i v e  v a l u e  
6 5 5 3 5 .  What i n  f a c t  w i l l  happen a t  r u n  t ime  i s  t h a t  t h e  loop w i l l  
per form one i t e r a t i o n ,  d i s p l a y i n g  ' 9 '  on t h e  screen,  t h e  index w i l l  
then be decremented by one r e s u l t i n g  i n  t h e  v a l u e  8. Th i s  i s  then 
compared t o  t h e  l i m i t  va lue ,  and s i n c e  8 i s  l e s s  than  65535 then t h e  
loop  w i l l  t e rm ina te .  



4.25 CRSE statement 

The CASE sta tement  enables one o f  a  s e r i e s  o f  s ta tements  t o  be 
s e l e c t i v e l y  executed.  The form o f  t h e  statement i s ,  

CASE expr  
OF e x p r l  DO s ta tement1 ENDOF 
OF expr2 DO s ta tement2 ENDOF 
OF expr3 DO s ta tement3 ENDOF 

ELSE 
sta tement  

ENDCASE 

The run t ime  a c t i o n s  o f  t he  CASE sta tement  a r e  desc r i bed  below, 

F i r s t  t h e  express ion  f o l l o w i n g  t h e  CASE i s  eva lua ted .    he r e s u l t  o f  
t h i s  i s  then compared t o  t h e  r e s u l t  o f  t he  express ions  i n  each o f  t h e  

Q 
OF p a r t s  i n  t u r n  u n t i l  a  match i s  found. 

The s ta tements  encompassed by t h e  cor responding DO and ENDOF p a r t s  a r e  
then executed and then c o n t r o l  passes t o  t h e  f i r s t  s ta tement  f o l l o w i n g  
t h e  ENDCRSE. 

I f  no t e s t  express ions  a r e  found t o  match, then t h e  s ta tements  
f o l l o w i n g  t h e  ELSE p a r t  a r e  executed and c o n t r o l  then  passes t o  t h e  
f i r s t  s ta tement  f o l l o w i n g  t h e  ENDCASE. 

Note:- The ELSE p a r t  may be o m i t t e d  i n  which case if no t e s t  
express ions  match t he  CASE express ion  then c o n t r o l  passes d i r e c t l y  t o  
t h e  f i r s t  s ta tement  f o l l o w i n g  t h e  ENDCASE. 

eg A r o u t i n e  t o  i n p u t  and t e s t  f o r  keys from t h e  keyboard may be 
w r i t t e n ,  

OPEN(1,4,0,"K:") 
CASE GET(1) 

n OF ' A '  DO someproc0 ENDOF 
OF ' B '  DO a n o t h e r p r o c ( )  ENDOF 
ELSE 

WRTSTR("1nvalid k e y " )  
ENDCASE 
CLOSE ( 1 ) 



4.26 LABELS and G O T O ' s  

S i t u a t i o n s  sometimes occur w i t h i n  a  procedure when a  p a r t i c u l a r  a c t i o n  
becomes e i t h e r  clumsy o r  i n e f f i c i e n t  t o  implement u s i n g  the  standard 
s t r u c t u r e d  program f l o w  statements.  PL65 p rov ides  t h e  l a b e l  and GOT0 
statement t o  overcome these problems. 

Any s ta tement  may be l abe led  f o r  i d e n t i f i c a t i o n  and re fe rence .  A l a b e l  
i s  dec la red  w i t h  a  co lon  cha rac te r  f o l l owed  by t he  l a b e l  i d e n t i f i e r  as 
f o l l o w s ,  

t he  co lon  must be f o l l owed  by a v a l i d  i d e n t i f i e r .  

The GOT0 s ta tement  a l t e r s  t h e  s e q u e n t i a l  o rde r  t h a t  a program i s  
executed by t r a n s f e r i n g  c o n t r o l  d i r e c t l y  t o  t h e  l a b e l e d  statement.  

I F  A>50 THEN 
GOT0 outs ide- range 

ELSE 
A=A+l 

END I F  

. . . . 
: outs ide-range 
WRTSTR("overf1ow") 

Notes:- The appearance o f  t h e  l a b e l  i n  t h e  GOT0 i s  n o t  a  l a b e l  
d e f i n i t i o n -  i t  i s  a  l a b e l  r e fe rence .  

Labe ls  a r e  a lways l o c a l  t o  t h e  c u r r e n t  procedure.  

Any number o f  l a b e l s  may be assigned t o  t h e  same s ta tement .  

Any number o f  GOTOs may r e f e r e n c e  t h e  same l a b e l .  

GOT0 may r e f e r e n c e  l a b e l s  which a r e  n o t  de f i ned  u n t i l  a f t e r  t he  
re fe rence  ( f o r w a r d  r e f e r e n c e ) .  I n  t h i s  case the  l e g a l i t y  o f  t he  GOT0 
cannot be checked u n t i l  t h e  l a b e l  i s  d e f i n e d  o r  u n t i l  t h e  procedure i s  
te rmina ted .  



4.27 COLL statement 

The c a l l  s tatement i s  used t o  c a l l  a  a  labe led  sub rou t i ne  which e x i s t s  
w i t h i n  t h e  same procedure.  The s ta tement  i s  p r i m a r i l y  in tended t o  
a l l o w  forward c a l l s  t o  machine language subrou t ines  ( i n  t he  same way 
as GOT0 may be used i ns tead  o f  JWP) , b u t  may a l s o  be used t o  c a l l  a  
h i g h  l e v e l  sub rou t i ne .  

Note:- The genera l  use o f  CALL i s  n o t  recommmended as i t  o f f e r s  l i t t l e  
p r o t e c t i o n  t o  t he  user .  

CALL may be used t o  c a l l  a  h i g h  l e v e l  o r  machine language sub rou t i ne  
as f o l l o w s  

CALL i d e n t i f i e r  

The i d e n t i f i e r  must be a  l a b e l .  

& b r o u t i n e s  must be te rmina ted  w i t h  t h e  assembler mnemonic RTS ( n o t  
RETURN) . 
The programmer must a l s o  ensure t h a t  a  GOT0 i s  used be fo re  t h e  s t a r t  
o f  t h e  s u b r o u t i n e  t o  s k i p  pas t  t h e  sub rou t i ne  code, if t h i s  i s  n o t  
done then a  program c rash  w i l l  r e s u l t .  

PROC DEMO( ) 
BYTE A 
BEGIN 

GOT0 s k i p  
:mu1 t-A-byl 
A=At2 
RTS 
: s k i p  
A=5;CALL mul t -A-by2 

n WRITE(A) 
END 



4.28 ON statement 

The ON sta tement  enables program execu t i on  t o  be s e l e c t i v e l y  branched 
t o  any one of  a  l i s t  o f  labe led  s ta tements  depending on t h e  r e s u l t  o f  
an express ion .  

The ON sta tement  has t he  form 

ON expr  GOT0 label0,labell,..,labeln; 

The run t ime  a c t i o n  o f  ON i s  as f o l l o w s .  

F i r s t  t h e  ON express ion  i s  eva lua ted  

I f  t h e  r e s u l t  i s  0, then c o n t r o l  branches t o  t h e  s ta tement  l abe led  by 
l a b e l 0 .  

If t h e  r e s u l t  i s  1, then c o n t r o l  branches t o  t h e  s ta tement  l a b e l e d  by r\ 
l a b e l l .  

and so on. 

If t h e  ON express ion  y i e l d s  a  r e s u l t  wh ich i s  g r e a t e r  than t h e  number 
o f  l a b e l s  i n  t h e  l a b e l s  l i s t  then t h e  program execu t i on  con t i nues  w i t h  
t h e  f i r s t  s ta tement  f o l l o w i n g  the  l a b e l s  l i s t .  

FOR A=0 t o  3 DO 
ON A GOT0 L0 ,L i ,L2 ;  
WRITE(A) WRTSTR(" does n o t  cause a  b ranch " )  GOT0 s k i p  
: L O  WRITE(A) WRTSTR(" branches t o  L a " )  GOT0 s k i p  
:L1 WRITE(A) WRTSTR(" branches t o  L l " )  GOT0 s k i p  
:LZ WRITE(A) WRTSTR(" branches t o  L 2 " )  
: s k i p  WRTLN() 

NEXT 



4.29 RETURN statement 

The r e t u r n  s ta tement  i s  
take  one o f  t h r e e  forms 
which i t  i s  used. 

1- RETURN 

o r  

2- RETURN expr 

o r  

3- RETURN s t r i n g - f a c t o r  

used t o  f o r c e  an e x i t  from a procedure.  I t  can 
depending on t h e  type  o f  procedure w i t h i n  

from a procedure 

f  rom a f u n c t i o n  

from a s t r i n g  f u n c t i o n .  

The RETURN sta tement  enables a  procedure t o  be e x i t e d  w i t h o u t  

r'. t e r m i n a t i n g  t h e  procedure d e f i n i t i o n  and w i t h o u t  hav ing  t o  i n c l u d e  
s t r u c t u r e s  t o  pass c o n t r o l  t o  t he  procedure END sta tement .  

FUNC test -va lue(1NT v a l u e )  
CONST fa l se=O, t rue= l  
BEG I N  

I F  va lue>30 THEN 
RETURN f a l s e  

END I F  
END t r u e  

Note:- See t h e  advanced programming s e c t i o n  f o r  i n f o r m a t i o n  on us ing  
RETURN i n  p r i m a t i v e  procedures.  



4.30 TRAP and NOTRAP statements 

The TRAP sta tement  i n t e r f a c e s  t o  a  s p e c i a l  run t ime procedure c a l l e d  
ERROR which handles non - l i nea r  program f l o w  due t o  s p e c i a l  
c i rcumstances.  I t  enables a  v e c t o r  t o  be s e t  up w i t h i n  t h e  program 
such t h a t  whenever t h e  procedure ERROR i s  c a l l e d ,  program execu t i on  
branches d i r e c t l y  t o  t h e  statement l a b e l e d  by t he  i d e n t i f i e r  f o l l o w i n g  
the  TRAP sta tement .  

I f  no TRAP i s  s e t  then ERROR a c t s  as any o t h e r  procedure and s imp ly  
r e t u r n s  from t h e  p o i n t  a t  which i t  was c a l l e d .  I n  t h i s  case o n l y  t h e  
system v a r i a b l e  ERRNUM i s  a l t e r e d  ( w i t h  t h e  va lue  s u p p l i e d  t o  ERROR). 

A t  r un t ime  when t h e  TRAP statement executes i t  saves t h e  processor 
s tack  p o s i t i o n  and t h e  TRAP v e c t o r  ( t h e  address o f  t h e  l a b e l e d  
s ta temen t )  i n t o  s p e c i a l  system v a r i a b l e s ,  t h e  n e x t  t ime t h a t  ERROR i s  
c a l l e d  then t h e  s tack  w i l l  be r e s t o r e d  and t h e  program w i l l  branch t o  
t h e  l a b e l e d  s ta tement  which w i l l  r e s i d e  w i t h i n  t h e  same procedure i n  
which t h e  TRAP was s e t .  fl 

T h i s  arrangement a l l o w s  ERROR t o  be c a l l e d  from lower l e v e l  procedures 
than t h a t  a t  which t h e  TRAP i s  s e t ,  t h u s  i f  t he  TRAP i s  s e t  i n  MAIN 
then g l o b a l  e r r o r s  anywhere i n  t h e  program can be handled. 

Once a  TRAP has been executed, i t  w i l l  a u t o m a t i c a l l y  be d i sab led ,  so 
i f  they  a r e  t o  be handled c o r r e c t l y  t h e  f i r s t  s tatement i n  t h e  TRAP 
hand le r  shou ld  be ano ther  TRAP sta tement .  

I f  a  TRAP i s  s e t  i n  a  lower l e v e l  procedure as one a l ready  s e t ,  then 
t h e  p r e v i o u s  one w i l l  be cancel  l ed .  

An enabled TRAP can be d i s a b l e d  a t  any t i m e  o r  l e v e l  w i t h  t h e  NOTRAP 
sta tement .  The TRAP w i l l  a u t o m a t i c a l l y  be d i s a b l e d  when t h e  procedure, 
w i t h i n  which i t  was s e t ,  i s  e x i t e d .  

The f o l l o w i n g  example shows how a  TRAP i n  MAIN can be used t o  TRAP 
g l o b a l  e r r o r s .  Any procedure t h a t  c a l l s  t h e  system r o u t i n e  ERROR w i l l  
cause program e x e c u t i o n  t o  branch t o  t h e  TRAP handler  ' h a n d l e - e r r o r ' .  \I 
I n  t h i s  example t h e  hand le r  d i s p l a y s  t h e  e r r o r  number and then g i v e s  
t h e  program use r  t h e  o p t i o n  t o  c o n t i n u e  a t  a  p rese t  warmstar t  program 
v e c t o r  o r  t o  a b o r t  t h e  program. 



MAIN( ) 
BEGIN 

TRAP hand l e -e r ro r  
REPEAT 

! main body o f  program ! 
i n i t i a l i s e ( )  

:warm 
doprogram( 

FOREVER 
: hand l e -e r ro r  
TRAP handle-error  
WRTSTR("Error " )  WRITE(ERRNUM) 
WRTLN(" has occured . " )  
WRTSTR("Cont y / n " )  
CLOSE ( 1 1 
OPEN(1,4,0,"K:") 
I F  G E T ( l ) = ' Y '  THEN 
GOT0 warm 

ENDIF 
END 

Now, f u r t h e r  down the  pr-ogram, a procedure can u t i l i s e  t h e  ERROR 
procedure t o  range check va lues  on e n t r y ,  

PROC SETCOLOR(BYTE REG,COL,LUM) 
BYTE RCOL[5]=%2C4 
BEG I N  

I F  REG>4 THEN 
ERROR ( 5 ) 

ENDIF 
RCOLCREGl=COLtl6+LUN 

END 

The above example shows how an equ i va len t  procedure t o  BASIC's 
SETCOLOR command can be dec la red .  The procedure s t o r e s  a va lue  i n t o  an 

n o p e r a t i n g  system v a r i a b l e .  The problem i s  t h a t  i f  t h e  procedure i s  
s u p p l i e d  w i t h  a va lue  f o r  REG which i s  o u t  o f  range, i t  w i l l  c o r r u p t  
ano ther  o f  t h e  o p e r a t i n g  system v a r i a b l e s .  To overcome t h i s  REG i s  
range checked. I f  t h e  v a l u e  o f  REG i s  g r e a t e r  than 4 then t h e  ERROR 
procedure i s  c a l l e d  which w i l l  cause program execu t i on  t o  branch t o  
t h e  TRRP handler  i n  MAIN. I n  t h e  example t h e  hand le r  w i l l  p r i n t  on t he  
screen,  

E r r o r  5 has occured. 
Cont y / n  

and t h e  handler  w i l l  a c t  on t h e  users  response. 

Note:- See APPENDIX B f o r  reserved e r r o r  numbers. 



4.31 PROCEDURE CALLS 

bny procedure p r e v i o u s l y  dec la red  u s i n g  PROC can be c a l l e d  d i r e c t l y  as 
i f  i t  where a  h i g h  l e v e l  P L 6 5  s ta tement .  Procedures a re  c a l l e d  s imp ly  
by i n c l u d i n g  t h e  procedure name i d e n t i f i e r  f o l l owed  by t he  r e q u i r e d  
parameters enc losed i n  paren t h e s i s .  

I f  t h e  c a l l e d  procedure r e q u i r e s  no parameters then the  pa ren thes i s  
w i l l  s t i l l  be expected, b u t  w i t h  n o t h i n g  i n  them. 

Each parameter may be any v a l i d  numeric express ion ,  o r  a l t e r n a t i v e l y  a 
s t r i n g  (wh i ch  w i l l  coun t  as two parameters) .  

eg i f  we d e c l a r e  a  procedure 

PROC p l o t ( 1 N T  x ,y )  
BEG I N  
. . . .  

END 

then a c a l l  would be w r i t t e n  

i f  ' p l o t '  had no parameters then t h e  c a l l  would be w r i t t e n  

Note:- I f  more than one parameter i s  t o  be s u p p l i e d  then each 
parameter express ion  must be separated by a  comma. 



P a r t  V FIDV-NCED P R O G R ~ W M I N G  

The f o l l o w i n g  s e c t i o n  c o n t a i n s  i n f o r m a t i o n  f o r  t h e  advanced 
programmer. 

5.1 STRUCTURE OF THE COMPILED PROGRAM 

The comp i l e r  generates a  compound f i l e  o f  o b j e c t  code which i s  w r i t t e n  
o u t  t o  t h e  user  s p e c i f i e d  d i s k  f i l e .  Compound f i l e s  a r e  exp la ined  
f u l l y  i n  t h e  A T A R I  DOS use r  handbook, t h e  f o l l o w i n g  i s  a  b r i e f  
d i s c r i p t i o n ,  

Compound f i l e s  c o n s i s t s  o f  two i d e n t i f i c a t i o n  by tes  o f  3FF fo l l owed  
by t h e  code b locks  which a r e  made up of  

1- a  s t a r t  address 
2- a  f i n i s h  address 

r\ 
3- t he  a c t u a l  code 

The a c t u a l  number o f  code b y t e s  i n  each b lock  i s  c a l c u l a t e d  by, 

f i n i s h  add ress -s ta r t  address+ l .  

T h i s  arrangement enables t h e  o b j e c t  code t o  be loaded d i r e c t l y  i n t o  
memory u s i n g  t h e  b i n a r y  o p t i o n  "L "  from t h e  DUP menu. 

The comp i l e r  w i l l  o n l y  w r i t e  a c t u a l  code and d a t a  i n t o  t h e  f i l e ,  
u n i n i t i a l i s e d  v a r i a b l e s  w i l l  n o t  occupy any d i s k  f i l e  space. 



PL65 a l l o w s  beginners  t o  g e n t l y  ease themselves i n t o  machine language 
programming by combining an easy t o  understand h i g h  l e v e l  syntax which 
e a s i l y  i n t e r f a c e s  t o  low l e v e l  code. 

I t  i s  beyond the  scope o f  t h i s  manual t o  teach programming u s i n g  
assembly language, t h e  o b j e c t  o f  t h i s  s e c t i o n  i s  t o  descr ibe  t h e  r u l e s  
govern ing t h e  use and i n t e g r a t i o n  o f  assembly language w i t h  PL65. 
Beginners  a r e  adv ised t o  purchase one o f  t h e  many books a v a i l a b l e  on 
machine code, eg PROGRAMMING THE 6502 by RODNEY ZAKS. 

The complete s e t  o f  6502 mnemonics a re  i n c o r p o r a t e d  i n t o  t he  language 
and they can be f r e e l y  i n t e r m i x e d  w i t h  h i g h  l e v e l  code, however some 
r u l e s  have t o  be f o l l owed  i n  o r d e r  n o t  t o  i n t e r f e r e  w i t h  t h e  normal 
runn ing  o f  PL65 these a r e  l i s t e d  below, 

1- Never cause a  premature e x i t  (RTS) from a  f u n c t i o n  o r  i n t e r r u p t  P 
w i t h o u t  complete knowledge o f  what you a r e  do ing .  

2- I f  you must use the  X r e g i s t e r  then save i t  f i r s t  and r e s t o r e  i t  
be fo re  execu t i ng  any h i g h  l e v e l  s ta tement .  The X r e g i s t e r  h o l d s  t h e  
index o f  t h e  run t ime  so f twa re  s tack  and thus  any c o r r u p t i o n  o f  t h i s  
can have u n d e s i r a b l e  r e s u l t s .  A s p e c i a l  page zero  l o c a t i o n  i s  reserved  
t o  h o l d  t h i s  va lue  w h i l e  use r  machine code i s  execu t i ng  (XSAVE). 

3- Be c a r e f u l  w i t h  t h e  SED ( s e t  dec ima l )  i n s t r u c t i o n  i f  t h i s  i s  n o t  
r e s e t  a f t e r  use i t  w i l l  upse t  t h e  maths r o u t i n e s .  A lso  i t  may cause 
problems w i t h  i n t e r r u p t s .  

4- Hi.gh l e v e l  s ta tements  w i l l  a l t e r  t h e  c o n t e n t s  o f  t he  r e g i s t e r s .  If 
you i n t e r m i x  h i g h  l e v e l  s ta tements  w i t h  machine code then remember 
t h i s .  The o n l y  s ta tements  which do n o t  a l t e r  t h e  r e g i s t e r s  a r e  GOT0 
and CALL. 

Mnemonic d i f f e r e n c e s  

PL65 mnemonics a r e  i d e n t i c a l  t o  s tandard 6502 mnemonics w i t h  t h e  
excep t i on  o f  t h e  accumulator  r o t a t e  and s h i f t  i n s t r u c t i o n s ,  

ASL A,  LSR a ,  ROL A, and ROR A 

these have been changed t o  

ASLA, LSRR, ROLA, RORA 

T h i s  avo ids  con fus ion  between t h e  processor  accumulator  and t h e  
v a r i a b l e  A ( i f  d e c l a r e d ) .  

The c o n t e x t  o f  some o f  t h e  mnemonics have changed due t o  t h e  s i n g l e  
pass n a t u r e  o f  t he  comp i l e r .  These d i f f e r e n c e s  a r e  descr ibed below. 

Address operands 



A11 address ing modes a re  supported,  opcodes which t ake  an address 
operand a r e  computed us ing  t h e  r u l e s  governing comp i l e  t ime 
express ions.  That i s  t o  say you c a n ' t  r e fe rence  any symbol be fo re  i t  
has been dec la red ,  and a l l  symbol re ferences w i l l  r e t u r n  addresses. 

Branch i n s t r u c t i o n s  

The branch i n s t r u c t i o n s  

BED, BNE, BCC, BCS, BVS, BVC 

must be f o l l owed  by a  v a l i d  l a b e l  i d e n t i f i e r .  T h i s  a l l o w s  branches 
bo th  fo rwards  and backwards w i t h i n  t he  same procedure.  Branches can 
n o t  take  a  compi le  t ime express ion  as a  computed branch.  

JMP and JSR 

JMP and JSR take  compi le  t ime  express ions as operands and thus can n o t  
jump fo rwards  w i t h i n  a  procedure.  However t h e  h i g h  l e v e l  s ta tements  
CALL and GOT0 re fe rence  l a b e l s  d i r e c t l y  and s i n c e  they  compi le  JMP and 
JSR t h i s  i s  no problem. So t h e  r u l e  i s ,  i f  you want to f i j ump backwards 
( o r  t o  a  known abso lu te  address)  then use JMP and i f  you want t o  jump 
forwards use GOTO.  

The AND i n s t r u c t i o n  

AND can cause problems because i t  i s  bo th  an express ion  opera to r  and a  
s ta tement ,  

eg t he  i n s t r u c t i o n  sequence 

LDA NUMB AND BFF 
AND NUMB2 

w i l l  be i n t e r p r e t e d  by t h e  compi le r  as a  number ANDed t w i c e  u s i n g  t h e  
compi le  t ime  express ion  r u l e s -  when i t  i s  i n tended  t h a t  t he  second AND 

-'be a  new i n s t r u c t i o n .  To a v o i d  t h i s  con fus ion  be s u r e  t o  preceed each 
AND i n s t r u c t i o n  w i t h  a  semi-colon separa to r .  



S p l i t t i n s  16 b i t  numbers 

The normal method o f  s e l e c t i n g  t he  h i g h  o r  low b y t e  o f  a 16 b i t  number 
i s  

LDA #HIGH NUMB 
LDY #LOW NUMB 

o r  i n  some assemblers 

LDA # >  NUMB 
LDY # <  NUMB 

PL65 has no f a c i l i t y  f o r  t h i s  so by tes  can be separated as f o l l o w s  

LDA #NUMB/256 
LDY #NUMB AND SFF 

which does t h e  same t h i n g .  

Using assembler t o  t he  bes t  advantaoe 

Assembly language i s  bes t  used t o  do s imp le  t h i n g s  t o  speed up code. 
Some sma l l  r o u t i n e s  a re  more e a s i l y  expressed u s i n g  assembler i e  

A BYTE v a r i a b l e  i s  incremented i n  h i g h  l e v e l  as f o l l o w s  

i n  assembler t h i s  cou ld  be done w i t h  one i n s t r u c t i o n ,  

INC 

M ix ing  l a r g e  chunks o f  assembler r o u t i n e s  w i t h  h i g h  l e v e l  code can g e t  
q u i t e  con fus ing  and can lead  t o  b a f f l i n g  program bugs, these a r e  b e s t  
kep t  i n  t h e i r  own procedures.  

P 
Try  t o  w r i t e  your programs e n t i r e l y  i n  h i g h  l e v e l  code t o  s t a r t  w i t h ,  / 

and then when you a r e  s a t i s f i e d  t h a t  t he  l o g i c  o f  t h e  r o u t i n e s  i s  
c o r r e c t ,  c o n v e r t  t h e  t ime  c r i t i c a l  p a r t s  t o  assembler. 



5.3 BUILT I N  PROCEDURES 

The run t ime  code which i s  a u t o m a t i c a l l y  i n c l u d e d  w i t h  the compi led 
code c o n t a i n s  a  number o f  u s e f u l  r o u t i n e s  and addresses which a r e  
c a l l a b l e  d i r e c t l y  from the  source program. 

SYSTEM EOUATES 

The system equates a r e  u s e f u l  addresses t h a t  may be used by t h e  use r .  
These addresses w i l l  always be c o r r e c t e d  whenever t h e  runt ime code i s  
a l t e r e d  e i t h e r  by r e l o c a t i o n  caused by changing t h e  o p t i o n s  from t h e  
o p t i o n s  menu o r  if the  comp i l e r  v e r s i o n  number changes. 

The equates descr ibed  a r e  in tended p r i m a r i l y  f o r  use w i t h  p r i m a t i v e  
procedures t o  enable  t he  s tack  da ta  t o  be man ipu la ted  d i r e c t l y  w i t h  
machine code. 

r, XSAVE 

Th is  cons tan t  r e t u r n s  t h e  zero page address where t h e  user  may 
t e m p o r a r i l y  s t o r e  t h e  X r e g i s t e r  when u s i n g  machine code. 

STACK 

Th is  cons tan t  r e t u r n s  t he  base address o f  t h e  s o f t w a r e  s tack.  T h i s  
address w i l l  always be on a  page boundary, eg 82000, 82300 e t c .  

Th i s  cons tan t  ho lds  t h e  address o f  t h e  b u i l t  i n  r o u t i n e  which pushes 
16 b i t  va lues  o n t o  t h e  so f twa re  s tack .  Th i s  r o u t i n e  can be c a l l e d  by 
t he  user  by l o a d i n g  t h e  accumulator  w i t h  t h e  LO b y t e  o f  the  number, 
t he  Y r e g i s t e r  w i t h  t h e  HIGH b y t e  and then e x e c u t i n g  JSR PUSH. 

PULL 

r\ Th is  cons tan t  h o l d s  t h e  address o f  t h e  b u i l t  i n  r o u t i n e  which p u l l s  a  
s i n g l e  16 b i t  number f rom t h e  so f twa re  s tack .  The r o u t i n e  is c a l l e d  
w i t h  a  JSR PULL. Upon r e t u r n  t h e  number w i l l  be h e l d  i n  t he  
accumulator  (LO b y t e )  and i n  t h e  Y r e g i s t e r  (HIGH b y t e ) .  

SYSTEM VARIhBLES 

ERRNUM 

The BYTE v a r i a b l e  which ho lds  t h e  e r r o r  number, s t o r e d  by t he  
procedure ERROR. 



PROCEDURES 

Th i s  procedure i s  a  very  e f f i c i e n t  b lock  memory move r o u t i n e  which 
a l s o  i n c l u d e s  d i r e c t i o n  sens ing t o  remove the  o v e r w r i t i n g  problems 
t h a t  no rma l l y  occur  when moving b l o c k s  up and down i n  memory. 

T h i s  procedure f i l l s  an area o f  memory w i t h  a  s p e c i f i e d  value.  

T h i s  procedure s t o r e s  t h e  s u p p l i e d  e r r o r  number i n t o  t h e  GLOBAL system 
v a r i a b l e  ERRNUM. I f  a  t r a p  has been s e t  then c o n t r o l  i s  passed t o  t h e  
TRAP v e c t o r  ( a f t e r  f i r s t  r e s t o r i n g  t he  processor s tack  p o s i t i o n )  
o the rw ise  no o t h e r  a c t i o n  i s  t i k e n .  -. 

Note:- E r r o r s  1 and 2 a r e  reserved  f o r  use by t h e  r u n t i m e  code. E r r o r  
3 i s  used by  t h e  VAL f u n c t i o n  i n  STRING.LIB. A lso  e r r o r  numbers 
g r e a t e r  than 128 a r e  o p e r a t i n g  system e r r o r s  which w i l l  be u t i l i s e d  if 
TERMINRL.LIB i s  i nc luded .  The use r  may use any o t h e r  va lue  i n  t he  
range 4 t o  127 i n  t h e  c a l l .  



5.4 RCCESSING THE SOFTWRRE STACK 

The so f twa re  s t a c k  can be manipulated by machine code d i r e c t l y ,  t h i s  
i s  necessary i n  p r i m a t i v e  procedures because t h e  au to  code t h a t  
norma l l y  handles t h i s  i s  n o t  inc luded .  

The so f tware  s tack  occupies one complete 256 b y t e  page of  memory. The 
a c t u a l  l o c a t i o n  i n  memory o f  t he  s tack  may be changed by the  user ,  f o r  
t h i s  reason t h e  system equate STACK i s  prov ided.  The s tack may be 
accessed u s i n g  t h e  6502 abs,X i n s t r u c t i o n s ,  where t h e  X r e g i s t e r  h o l d s  
the  index i n t o  t h e  s tack .  

For a  comple te ly  empty s tack t he  index should  be SFF. I n  a c t u a l  f a c t  
because t h e  s tack  occupies a  complete page of  memory t h e  abso lu te  
index p o i n t  i s  n o t  p a r t i c u l a r l y  impo r tan t .  

Numbers a r e  en te red  on to  t h e  s tack  i n  16 b i t  ( 2  b y t e )  va lues  on l y ,  
thus f o r  each number added the  index w i l l  be decremented by 2. 

eg i n  o rde r  t o  push the  va lue  $20 t o  t h e  s tack  t h e  code w i l l  be 

LDA #0 
DEX 
STA STFICK,X 
LDA #%20 
DEX 
STA STACK,X 

N o t i c e  t h a t  t h e  h i g h  b y t e  i s  pushed f i r s t  t o  m a i n t a i n  t h e  LO H I  
format.  

Numbers can be p u l l e d  from t h e  s tack  u s i n g  t h e  o p p o s i t e  method t o  
above. 

Note:- The r u n t i m e  code a l ready  p rov ides  r o u t i n e s  t o  PUSH and PULL - stack va lues .  The above example o n l y  i l l u s t r a t e s  how numbers a r e  
s t o r e d  on t h e  s t a c k .  
To access o t h e r  than t h e  f i r s t  number on t h e  s tack  add t h e  number 
o f f s e t d 2  t o  t h e  s tack  base, eg t o  access t h e  second number use 

STFICK+Z,X f o r  t h e  LO b y t e  and 
STACK+3,X f o r  t h e  H I  b y t e  

. . 
and f o r  t he  t h i r d  number use 

STACK+4,X and 
STACK+5,X e t c .  



5.5 PRIMRTIVE PROCEDURES 

P r i m a t i v e  procedures a l l o w  complete c o n t r o l  o f  programs by suppressing 
some o f  t h e  automat ic  s tack hand l i ng  a c t i v i t i e s  c a r r i e d  o u t  by t h e  
run t ime  code. 

R11 procedure types except  INTERRUPTS a r e  s imp ly  sub rou t i nes  which can 
be c a l l e d  w i t h  a 6502 JSR i n s t r u c t i o n ,  and t e r m i n a t e  w i t h  a RTS 
i n s t r u c t i o n .  INTERRUPT procedures t e rm ina te  w i t h  an R T I  i n s t r u c t i o n .  

I n  s tandard procedures t h e  e n t r y  and each e x i t  p o i n t  i e  t h e  BEGIN, END 
and RETURN sta tements  cause t h e  automat ic  c o m p i l a t i o n  o f  hand l ing  
code. The a c t u a l  code compi led i s  dependant on t h e  t y p e  o f  procedure. 
I n  PROC and FUNC types t h e  BEGIN code t r a n s f e r e s  t h e  parameter da ta  
from t h e  s tack  t o  t h e  parameter v a r i a b l e s .  I n  INTERRUPT procedures i t  
saves a l l  t h e  processor  r e g i s t e r s  and i n  MAIN i t  i n i t i a l i s e s  t h e  
program. 

The END and RETURN sta tements  compi le  e i t h e r  an RTS o r  RTI depending -\ 

on the  t ype  o f  procedure. I n  INTERRUPTS they a l s o  r e s t o r e  a l l  t h e  
processor  r e g i s t e r s  and i n  FUNC's they have an a d d i t i o n a l  r un t ime  
express ion  which l e a v e s ' a  va lue  on t h e  s tack .  

D e c l a r i n g  a procedure as ' p r i m a t i v e '  s tops  t h e  c o m p i l e r  genera t ing  t h e  
automat ic  h i g h  l e v e l  code, thus  BEGIN and END s i m p l y  mark t he  begin  
and end o f  a code segment a l l o w i n g  pure machine code r o u t i n e s  t o  be 
generated.  I n  actual f a c t  t h e  END and RETURN s ta tements  s t i l l  compi le  
t h e  RTS o r  R T I  i n s t r u c t i o n  b u t  n o t h i n g  e l s e .  

P r i m a t i v e  procedures a r e  dec la red  by i n c l u d i n g  a " t "  i n  t he  procedure 
header between t h e  name and t h e  opening b racke t  f o r  t h e  parameter l i s t  

e9 9 

PROC NAMEt(1NT add r l , add r2 )  

P r i m i t i v e  procedures i n h i b i t  t h e  a l l o c a t i o n  o f  memory f o r  t h e  
parameter v a r i a b l e s .  I f  d a t a  i s  t o  be communicated then a parameter /- 

l i s t  i s  s t i l l  necessary b u t  a t  r un t ime  t h e  da ta  w i l l  s imp l y  s i t  on t h e  
so f twa re  s tack  and w i l l  have t o  be manipu la ted by use r  generated 
machine code. 

P r i m a t i v e  f u n c t i o n s  have t h e  added e f f e c t  t h a t  t h e  express ion  t h a t  
no rma l l y  accompanies t h e  END and RETURN sta tements  is n o t  expected by 
t h e  comp i l e r .  Thus i t  i s  i m p o r t a n t  t h a t  t he  programmer c rea tes  code 
which leaves a va lue  on t h e  s tack .  



eg A f u n c t i o n  t o  implement a  f a s t  m u l t i p l y  by two can be w r i t t e n ,  

FUNC fas t -mu l t * ( INT  numb) 
BEG I N  
ASL STACK,X 
ROL STACK+l,X 

END 

You can use any h i g h  l e v e l  statement excep t  TRAP i n  p r i m a t i v e  
procedure these w i l l  work as normal .  

5.5.1 PRIMATIVE PRRRMETER PASSING 

P r i m a t i v e  c a l l s  t o  any procedure o r  f u n c t i o n  can be made by i n c l u d i n g  
an a t e r i s k  a f t e r  t h e  procedure i d e n t i f i e r  and b e f o r e  t h e  parameter 
opening b racke t  i e  

T h i s  f a c i l i t y  a l l o w s  t h e  parameters f o r  t h e  procedure t o  be generated 
by machine code r a t h e r  than a t  h i g h  l e v e l .  

eg i f  t h e  procedure PLOT needs 2 parameters,  then these c o u l d  be 
s u p p l i e d  as f o l l o w s  

LDA #10;LDY #0;JSR PUSH !push screen X va lue  
LDA #12;LDY #0;JSR PUSH !push screen Y va lue  
PLOT* ( ) 

I n  a c t u a l  f a c t  t h e  p r i m a t i v e  c a l l  s i m p l y  suppresses t h e  comp i l e r s  
e r r o r  r e p o r t  o f  t h e  parameter mismatch ( e r r o r s  3 1  and 32 ) .  T h i s  
enables some parameters t o  be s u p p l i e d  i n  t h e  pa ren thes i s  as per 
normal and t h e  r e s t  t o  be supp l i ed  w i t h  machine code. eg t h e  above 
c a l l  t o  PLOT c o u l d  have been w r i t t e n  

LDA #10;LDY #0;JSR PUSH 
- PLOTt ( l 2 )  



5.6 THE COMPILER L O C A T I O N  COUNTER . - 

4s mentioned i n  t h e  language d e s c r i p t i o n  t h e  @ symbol re fe rences  t h e  
l o c a t i o n  coun te r .  The l o c a t i o n  coun te r  i s  t h e  i n t e r n a l  coun te r  used by 
t he  compi le r  t o  de te rmine  where i n  memory t he  n e x t  s e c t i o n  o f  code o r  
v a r i a b l e s  i s  t o  be l oca ted .  

The f a c i l i t y  e x i s t s  t o  s e t  t h e  l o c a t i o n  coun te r  t o  any des i red  address 
thus  a l l o w i n g  code o r  da ta  t o  be l o c a t e d  i n t o  any p a r t  o f  memory. T h i s  
is e q u i v a l e n t  t o  t h e  ORG command used i n  assemblers. I t  i s  assumed 
t h a t  t he  user  i s  f a m i l i a r  w i t h  assembler l o c a t i o n  coun te rs ,  i t  should  
be changed o n l y  w i t h  g r e a t  ca re .  

The l o c a t i o n  coun te r  i s  s e t  as f o l l o w s ,  

where CEXPR i s  a  v a l i d  compi le  t ime express ion .  
/- 

Be fo re  changing t h e  l o c a t i o n  coun te r  i t  i s  necessary t o  remember t h e  
c u r r e n t  l o c a t i o n  address i n  o rde r  f o r  t h e  compi le r  t o  be a b l e  t o  c a r r y  
on a t  t h e  same address where i t  l e f t  o f f .  

S e t t i n g  a  cons tan t  t o  t h e  c u r r e n t  address i s  t h e  e a s i e s t  way eg 

CONST DUMMY=@ 

and then s e t  t h e  l o c a t i o n  coun te r  

and a f t e r  t h e  code i s  complete 

r e s e t s  t h e  l o c a t i o n  coun te r .  



P a r t  VI L I B R l l R Y  FILES 

The PL65 language l i b r a r y  source f i l e s  i n c l u d e d  on t h e  system d i s k  a re  
in tended t o  o f f e r  i n t e r f a c e s  t o  t he  o p e r a t i n g  system o f  t h e  hos t  
computer and s tandard  u t i l i t y  r o u t i n e s .  These r o u t i n e s  a re  n o t  
i n c l u d e d  i n  t he  ' b u i l t  i n '  run t ime code because n o t  a l l  programs w i l l  
need them and i t  i s  a waste o f  memory t o  i n c l u d e  a  s i g n i f i c a n t  p o r t i o n  
o f  code i f  i t  i s  n o t  go ing t o  be used. You may dec ide  t h a t  you o n l y  
need s e l e c t e d  r o u t i n e s  p rov ided  i n  a  l i b r a r y  f i l e  f o r  a  p a r t i c u l a r  
program, i e  you may need t h e  PLOT and DRAW procedures from t h e  
g raph i cs  r o u t i n e s  and n o t  LOCATE and GFILL, i n  which case you can 
c r e a t e  another  f i l e  w i t h  these de le ted .  Be c a r e f u l  though t h a t  you do 
n o t  d e l e t e  a  procedure t h a t  i s  r e q u i r e d  by o t h e r  l i b r a r y  f i l e s .  

T h i s  s e c t i o n  d e t a i l s  t h e  usable  procedures which a r e  c rea ted  by these 
f i l e s .  



6.1 TERMINAL-L IB  operatinq system in te r face  

Th is  f i l e  c o n t a i n s  s tandard  o p e r a t i n g  system i n t e r f a c e  r o u t i n e s .  The 
f o l l o w i n g  i s  a  d e s c r i p t i o n  o f  t he  procedures and f u n c t i o n s  which a r e  
d i r e c t l y  c a l l a b l e  from your  own programs. 

Th i s  i s  t h e  main procedure i n t e r f a c e  t o  t h e  c e n t r a l  110 subsystem. 
Th i s  procedure expec ts  you t o  supply  t he  i o c b  no (0-81, command, and 
the  address and l e n g t h  o f  t he  b lock  o f  memory t h a t  is t o  be 
t r a n s m i t t e d  o r  r e c e i v e d  th rough  the  o p e r a t i n g  system. If the  o p e r a t i n g  
system r e p o r t s  an e r r o r  then C I O  w i l l  v e c t o r  th rough  the  run t ime  
r o u t i n e  ERROR, s e t t l n g  t h e  g l o b a l  v a r i a b l e  ERRNUM t o  t h e  repo r ted  
e r r o r  number, thus  i f  any TRQP has been s e t  by t h e  user  then t h i s  w i l l  
a u t o m a t i c a l l y  execute.  Q11 f u r t h e r  r o u t i n e s  desc r i bed  i n  t h i s  s e c t i o n  
pass through C I O  thus  w i l l  a u t o m a t i c a l l y  be e r r o r  checked. 

n CLOSE( i o c b )  

T h e . s p e c i f i e d  b lock  i s  c l osed .  

The b lock  s p e c i f i e d  by i o c b  i s  opened u s i n g  t h e  a u x l  and dux2 data ,  
t he  f i l e - s p e c  i s  h e l d  i n  t h e  memory l o c a t i o n s  s p e c i f i e d  by address and 
l eng th .  Remember t h e  r u l e s  on parameter pass ing,  addr and l e n  may be a  
s t r i n g ,  

w i l l  open t h e  keyboard f o r  i n p u t .  

The user  should  r e f e r  t o  t h e  ATARI-BASIC manual f o r  f u l l  i n f o r m a t i o n  
on t he  a u x l  and dux2 d a t a  va lues .  B r i e f l y  aux2 would no rma l l y  be zero, 
a u x l  c o n t r o l s  t h e  i n p u t / o u p u t  OPEN d i r e c t i o n .  Q va lue  o f  4 w i l l  OPEN 

P 

f o r  i n p u t ,  a v a l u e  o f  8 w i l l  OPEN f o r  o u t p u t  and 12 w i l l  OPEN f o r  
i n p u t  and o u t p u t .  

Outputs t h e  s p e c i f i e d  b y t e  t o . t h e  i ocb .  T h i s  i s  e q u i v a l e n t  t o  t h e  PUT# 
command i n  A T A R I  BfiSIC. 

Th i s  f u n c t i o n  r e t u r n s  a  b y t e  from t h e  s p e c i f i e d  dev ice .  

Note: - in  A T A R I  BASIC GET#l,A would r e t r i e v e  a  by te .  I n  PL65 t h i s  would 
be w r i t t e n  A=GET ( 1 ) . 



Transmi ts  a  b lock  o f  memory a t  address and o f  l e n g t h  by tes  t o  i ocb .  

Receives a  b lock  t o  memory w i t h  a  s p e c i f i e d  maximum leng th .  

Transmi ts  a  b lock  o f  memory t o  dev ice.  The number o f  by tes  a c t u a l l y  
sen t  w i l l  be a  maximum of  l e n  bu t  may be s h o r t e r  i f  te rmina ted  w i t h  an 
EOL b y t e .  

GREC( i ocb ,addr ,  l e n )  

Receives a  b lock  f rom dev i ce  t o  memory l o c a t i o n  s t a r t  address 

n s p e c i f i e d  by addr .  The a c t u a l  number o f  b y t e s  w i l l  be a  maximum o f  
l e n ,  b u t  may be l e s s  i f  an EOL char i s  r ece i ved .  

STATUS( i o c b )  

F u n c t i o n  which r e t u r n s  t h e  s t a t u s  o f  t h e  l a s t  o p e r a t i o n  of t h e  
s p e c i f i e d  i o c b .  

The s t r i n g  o f  t h e  number i s  w r i t t e n  t o  t h e  screen i n  f r e e  fo rmat  w i t h  
no l e a d i n g  o r  t r a i l i n g  b lanks .  

W r i t e s  t h e  s p e c i f i e d  s t r i n g  t o  t he  screen w i t h  no t r a i l i n g  EOL char .  

eg WRTSTR("he1lo") p r i n t s  ' h e l l o '  on t h e  screen.  

n WRTLN(addr, l e n )  

T h i s  procedure i s  t h e  same as WRTSTR b u t  i t  a l s o  sends an EOL a t  the  
end o f  t h e  s t r i n g .  

Sends an EOL t o  t h e  screen.  

INPUTS ( ) 

A s t r i n g  f u c t i o n  which g e t s  a  l i n e  o f  t e x t  o f  up t o  128 c h a r a c t e r s  
from t h e  t e r m i n a l .  T h i s  can be used i n  a  s t r i n g  assignment, eg 



6.2 PEEKPOKE-LIB m e m o r y  access 

Th is  f i l e  c o n t a i n s  t h e  s tandard PEEK and POKE r o u t i n e s  which a r e  
f a m i l i a r  t o  t h e  BASIC programmer. PL65 a c t u a l l y  has no need f o r  these 
r o u t i n e s  as BASED v a r i a b l e s  can be used t o  ach ieve t h e  same a c t i o n .  
However they a r e  i n c l u d e d  f o r  those who cannot l i v e  w i t h o u t  them. 

PEEK( add r )  

Func t i on  t h a t  r e t u r n s  t h e  va lue  s t o r e d  i n  memory l o c a t i o n .  

S to res  b y t e  i n  memory l o c a t i o n  s p e c i f i e d  by addr .  

DEEK( addr 

F u n c t i o n  t h a t  r e t u r n s  t h e  16 b i t  i n t e g e r  s t o r e d  a t  memory l o c a t i o n s  n 
s p e c i f i e d  by addr (LO b y t e  i n  f i r s t  l o c a t i o n ,  H I  b y t e  i n  memory 
l o c a t i o n  a d d r + l ) .  

S to res  16 b i t  i n t e g e r  i n t o  memory l o c a t i o n s  (LO i n t o  addr,  HI i n t o  
a d d r + l )  . 



6.3 STRING.LIB number-RSCII conversion 

Th is  f i l e  c o n t a i n s  s tandard ASCII convers ion  r o u t i n e s .  They enable  
s t r i n g  d a t a  t o  be conver ted i n t o  numbers and v isa -versa .  

A11 s t r i n g  convers ions a r e  performed w i t h  r e f e r e n c e  t o  the  GLOBAL 
v a r i a b l e  BRSE. Th is  can be a l t e r e d  by t h e  programmer t o  any va lue  
i n  t h e  range 0-255 t o  produce any numeric base des i red ,  eg BRSE=16 
w i l l  make a l l  f u t u r e  uses o f  STR$ produce hex idec imal  and BASE=8 w i l l  
make a l l  f u t u r e  uses o f  STRB produce o c t a l .  BASE i s  i n i t i a l i s e d  a t  
compi le  t ime  t o  10 f o r  decimal  convers ion.  

The procedures prov ided a r e  

STRS( number) 

T h i s  f u n c t i o n  r e t u r n s  t he  s t r i n g  o f  a  number. 

F u n c t i o n  t h a t  r e t u r n s  t he  numeric va lue  o f  a  s t r i n g .  If the  procedure 
f i n d s  an e r r o r  i n  t he  ASCII t e x t  such t h a t  i t  cannot conve r t  t o  a  
number then the  procedure ERROR i s  c a l l e d  w i t h  an e r r o r  number o f  3 . 
C o n v e r s i o n , i s  done w i t h  r e f e r e n c e  t o  t h e  v a r i a b l e  BASE. 

T h i s  f u n c t i o n  r e t u r n s  t he  l e n g t h  o f  a  s t r i n g .  

B=LEN(A$) s e t s  t he  v a r i a b l e  B  t o  t h e  c u r r e n t  l e n g t h  o f  A%. 

S t r i n g  f u n c t i o n  which r e t u r n s  a  one c h a r a c t e r  s t r i n g  o f  t he  c h a r a c t e r  
, number supp l i ed .  

would ass ign  an ASCII space t o  t h e  v a r i a b l e .  

T h i s  f u n c t i o n  r e t u r n s  t h e  ASCII cha rac te r  code v a l u e  o f  t h e  f i r s t  
c h a r a c t e r  o f  t he  s u p p l i e d  s t r i n g ,  eg 

would s e t  A t o  t h e  va lue  65. 



6.4 GRAPHICS-LIB ATARI qraphics handler 

Th is  f i l e  c o n t a i n s  r o u t i n e s  t o  i n t e r f a c e  t o  t h e  standard g raph i cs  
r o u t i n e s  which a r e  con ta ined  w i t h i n  t h e  o p e r a t i n g  system ROM,s. The 
procedures a r e  in tended t o  be compat ib le  w i t h  t h e  equ i va len t  
ATARI-BASIC commands. 

The s e l e c t e d  g r a p h i c s  mode i s  enabled. Users shou ld  r e f e r  t o  t h e  
r e l e v a n t  A T A R I  l i t e r a t u r e  on t h e  modes a v a i l a b l e .  

COLOR 

COLOR i s  a  v a r i a b l e  t h a t  h o l d s  t h e  c u r r e n t  c o l o r  f o r  which f u t u r e  uses 
o f  PLOT and DRAW w i l l  draw t h e i r  data .  I n  ATARI-BASIC the  c o l o r  would 
be s e l e c t e d  u s i n g  t h e  s ta tement  COLOR n ,  i n  PL65 t h i s  would be w r i t t e n  
COLOR=n . 

-1 

The SETCOLOR procedure accepts  i d e n t i c a l  d a t a  t o  t h e  e q u i v a l e n t  ATARI 
BASIC command. 

The e q u i v a l e n t  A T A R I  BASIC command i s  PLOT co1,row. The c o l o r  used i n  
t h e  p l o t  i s  t h a t  l a s t  assigned t o  COLOR. A c t i o n  o f  t h e  PLOT procedure 
i s  t o  p l o t  a  s i n g l e  p o i n t  on t he  screen a t  t h e  co-o rd ina tes  s u p p l i e d  
i n  c o l  (co lumn)  and row. 

The e q u i v a l e n t  A T A R I  BASIC command i s  DRAWTO co1,row. The c o l o r  used 
f o r  t he  draw i s  t h a t  l a s t  assigned t o  COLOR. A c t i o n  o f  t he  draw 
procedure i s  t o  draw a  s t r a i g h t  l i n e  f rom t h e  c u r r e n t  screen 
co-o rd ina tes ,  determined f rom t h e  l a s t  PLOT o r  DRAW, t o  t h e  
co -o rd ina tes  s u p p l i e d  i n  t h e  procedure c a l l .  \ 

T h i s  procedure has no ATARI-BASIC e q u i v a l e n t  which i s  s t range  s i n c e  i t  
forms p a r t  o f  t h e  o p e r a t i n g  system as does t h e  PLOT and DRAW commands. 
PL65 i n c l u d e s  i t  f o r  completeness. 

The f i l l  works by f i l l i n g  each h o r i z o n t a l  l i n e  f rom t o p  t o  bot tom o f  a  
s p e c i f i e d  area.  The f i l l  s t a r t s  a t  t h e  l e f t  and proceeds across t h e  
l i n e  t o  t h e  r i g h t  u n t i l  i t  reaches a  p i x e l  w i t h  a  non zero va lue ,  i t  
then proceeds w i t h  t h e  n e x t  l i n e .  Beware, t h e  f i l l  command w i l l  
go i n t o  an i n f i n i t e  l oop  i f  a  f i l l  w i t h  zero  d a t a  (COLOR=0) i s  
a t tempted on a  l i n e  which has no non-zero p i x e l s .  



The equivalent ATARI-BASIC command is LOCATE col,row,var where var is 
a variable. PL65,s version is a function, thus would be written 
var=LOCATE(col,row). 

The procedures in this file enable simple control of the built in 
sound chip. 

This procedure acts in the same way as BASIC's SOUND command. 

This procedure acts in the same way as BASIC's SOUND procedure but an 
-additional time parameter is included. This automatically cancels the 

sound after timet20mS (milli-seconds) and 'time' may be in the range 
0-255. The timing is implemented using a vertical blank interrupt 
routine. This allows normal processing to continue whilst the sound is 
played. If you intend to include your own vertical blank routine then 
you will have to take this routine into account. 

This procedure changes just the pitch of the selected channel. This 
can only be used on a channel which has previously had its distortion 
and volume set by the SOUND-procedure. 

6.6 PADDLE-LIB 

This file defines four variable arrays, the absolute addresses of 
which are set to the shadow registers of the joystic and paddle ports. 
The arrays are, 

These variables can be used in the same way as the equivalent 
controller functions in BASIC. 

eg STICK 0 can be read as follows 

and the trigger button of the stick can be read as follows 

Refer to the BASIC reference manual for the values returned. 



6.7 UDG-LIB user defined character qraphics rout ines  

Th is  f i l e  c o n t a i n s  procedures which have no e q u i v a l e n t  i n  A T A R I  BASIC. 
They enable  t h e  easy hand l i ng  of  user  d e f i n e d  cha rac te r  se t s .  

A t  comp i le  t ime  an a r r a y  c a l l e d  CHARRAM i s  c rea ted .  Th is  ho lds  t h e  
da ta  f o r  t h e  new cha rac te r  s e t .  

The f i l e  p rov ides  the  f o l l o w i n g  u s e f u l  procedures.  

The main procedure which enables t he  user  d e f i n e d  cha rac te rs  by 
downloading t h e  o l d  c h a r a c t e r  s e t  i n t o  RAM and s e t t i n g  a l l  t he  
r e l e v a n t  hardware r e g i s t e r s .  T h i s  procedure shou ld  be c a l l e d  b e f o r e  
d e f i n i n g  new cha rac te rs ,  i t  may a l s o  be c a l l e d  t o  erase an e x i s t i n g  
user  d e f i n e d  s e t  and s e t  up f o r  a  new one. 

T h i s  procedure will r e d e f i n e  t h e  des i red  c h a r a c t e r  u s i n g  t h e  e i g h t  
user  s u p p l i e d  da ta  by tes .  

The c h a r a c t e r  s e t  is n o t  b u i l t  i n  normal ASCII o r d e r  due t o  t h e  way 
t h e  hardware a c t s  on screen data .  Th i s  procedure rear ranges t h e  
c h a r a c t e r  code so t h a t  ASCII cha rac te r  cons tan ts  can be used. 

eg The i n t e r n a l  r e p r e s e n t a t i o n  o f  t he  space c h a r a c t e r  i s  code 0, i n  
ASCII i t  i s  code 32. Thus t o  r e d e f i n e  t h e  space cha rac te r  u s i n g  
DEFCHAR would mean t h a t  t h e  s u p p l i e d  va lue  f o r  ' c h a r '  i s  0. Us ing 
DEFASC however a l l o w s  t h e  a c t u a l  cha rac te r  c o n s t a n t  t o  be suppied,  i e  
t o  r e d i f i n e  ASCII ' A '  would be w r i t t e n  

Sets  t h e  hardware t o  use t h e  i n t e r n a l  c h a r a c t e r  s e t .  

CUSTOM ( ) 

Sets  t h e  hardware t o  use t h e  custom de f i ned  c h a r a c t e r  s e t .  



C h a r a c t e r  r e d e f i n i t i o n  e x a m p l e  

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

PROC r e d e f i n e  ( ) 

BEGIN 
U D G (  ) 
DEFCHAR(0, ! r e d e f i n e  s p a c e  c h a r a c t e r !  

% 1 1  , 
% 1 1 1 1 1 1  , 
%11 1 1  11, 
%11111111, 
% 1 1 1 1 1 1  , 
% 1 1 1 1  , 
% 1 1  1 1  , 
Z l l l  1 1 1 )  

END. 

T h e  c h a r a c t e r s  a r e  m o r e  e a s i l y  s e e n  by f i r s t  u s i n g  s p a c e s  i n  t h e  p l a c e  
o f  t h e  b i n a r y  z e r o s  a n d  t h e n  f i l l i n g  t h e s e  i n  a f t e r .  

T h e  i n i t i a l i z a t i o n  p r o c e d u r e  ' U D G '  n e e d  o n l y  b e  c a l l e d  o n c e -  a t  t h e  
s t a r t  o f  a p r o g r a m .  I f  t h e  g r a p h i c s  mode is c h a n g e d  a f t e r  t h i s  
p r o c e d u r e  is c a l l e d  t h e  t h e  h a r d w a r e  w i l l  r e v e r t  b a c k  t o  t h e  ROM 
c h a r a c t e r  s e t ,  i f  t h i s  h a p p e n s  c a l l  ' C U S T O M '  t o  s w i t c h  t h e  c u s t o m  set 
b a c k  i n .  



6.8 PMG-LIB ctlaver missile qraphics routines 

Th is  f i l e  c o n t a i n s  r o u t i n e s  t h a t  g i v e  s imp le  c o n t r o l  o f  t he  b u i l t  i n  
p l a y e r  m i s s i l e  g raph i cs  c a p a b i l i t i e s  o f  t he  hardware. 

Each p l a y e r  can be 8 b i t s  wide by 8 by tes  deep ( m i s s i l e s  2 b i t s  by 8 
b y t e s )  and t h e  shapes f o r  these p l a y e r s  can be pre-def ined and s t o r e d  
i n  shape t a b l e s .  There a r e  3 shape t a b l e s  which a re ,  

1- The p r imary  shape t a b l e  f o r  p l a y e r s .  Whenever a  shape i s  moved on 
the  screen i t  i s  f rom t h i s  t a b l e  t h a t  t h e  da ta  i s  taken.  There a r e  
f o u r  shapes h e l d  i n  t h i s  t a b l e ,  one f o r  each p l a y e r  (numbered 0 t o  
3 ) .  

2- The secondary shape t a b l e .  T h i s  t a b l e  ho lds  16 shapes which can be 
d e f i n e d  by t h e  use r .  Any shape h e l d  i n  t h i s  t a b l e  can be t r a n s f e r e d  t o  
any p r imary  shape. 

,\ 

3- The m i s s i l e  shape t a b l e .  T h i s  t a b l e  ho lds  t h e  shape da ta  f o r  t h e  
f o u r  m i s s i l e s .  

By u s i n g  shape t a b l e s  an imat ion  can be e a s i l y  ach ieved on t h e  screen.  
F i r s t  by d e f i n i n g  up t o  16 secondary shapes, then by t r a n s f e r r i n g  a  
secondary shape t o  one o f  t he  p r imary  shapes. T h i s  can then be p l o t t e d  
on t h e  screen.  Another secondary shape can be t r a n s f e r r e d  t o  t h e  
p r imary  shape, t h i s  w i l l  n o t  a l t e r  t h e  image on t h e  screen u n t i l  t h e  
n e x t  t i m e  t h e  p l a y e r  i s  p l o t t e d  o r  moved. Thus by s t o r i n g  a  sequence 
of  images i n  t h e  secondary shape t a b l e ,  l o a d i n g  t h e  p r imary  shape and 
then moving t h e  p l a y e r -  a  f . a i r l y  good an imat ion  can be achieved. 

Note:- These r o u t i n e s  do n o t  r e p r e s e n t  t he  u l t i m a t e  i n  speed, t hey  a r e  
in tended t o  be genera l  purpose and easy t o  use. Hav ing s a i d  t h a t  they  
a r e  f a i r l y  n i p p y .  

A t  t h e  beg inn ing  o f  t h i s  f i l e  two cons tan ts  a r e  dec la red ,  these a r e  
HEIGHT and SHAPES. These c o n t r o l  t h e  h e i g h t  o f  t h e  p l a y e r s  and t h e  
number o f  secondary shapes a v a i l a b l e  and a re  p r e s e t  t o  t h e  va lues  8 >, 

and 16. 

These c o n s t a n t s  can be changed t o  any va lue  t o  ach ieve  d i f f e r e n t  
h e i g h t s  o f  p l a y e r s  and more shapes i f  r e q u i r e d .  



PMG.LIB c o n t a i n s  t h e  f o l l o w i n g  u s e f u l  r o u t i n e s .  

Th i s  r o u t i n e  enables p laye r  m i s s i l e  g raph ics  and s e t s  up bo th  the  
hardware and so f twa re  f o r  t he  TV- l ine  r e s o l u t i o n  ( 1  o r  2 )  as supp l i ed  
t o  t h e  r o u t i n e .  The screen memory i s  a l l o c a t e d  i n  a  BYTE a r ray  2048 
by tes  long c a l l e d  PMRAM. 

Th i s  r o u t i n e  s e t s  t he  c o l o r  o f  t h e  se lec ted  p l a y e r .  The supp l ied  c o l o r  
and luminence i s  t h e  same as f o r  t h e  SETCOLOR command i n  BASIC. 

The s i z e  o f  t h e  s e l e c t e d  p l a y e r  i s  s e t  t o  t he  s u p p l i e d  va lue  , 0= 
r\ normal, l =Z*w id th ,  2=normal, 3=4 fw id th .  

DEFSHAPE(shape, ... n  da ta  by tes  determined by HEIGHT) 

The secondary shape i s  Pe f i ned  u s i n g  t h e  s u p p l i e d  d a t a  bytes.  The 
f i r s t  da ta  b y t e  i n  t h e  l i s t  forms t h e  t o p  o f  t h e  shape. Shapes a r e  
c rea ted  u s i n g  t h e  same method as f o r  user  d e f i n e d  cha rac te rs .  

The p r imary  shape ( 0  t o  3 )  i s  loaded w i t h  t h e  shape d a t a  o f  t h e  
secondary shape ( 0  t o  SHhPES-1). T h i s  w i l l  n o t  a l t e r  t h e  screen 
d i s p l a y  o f  t h e  p l a y e r  u n t i l  t h e  n e x t  p l o t  o r  move. 

The p l a y e r  i s  p l o t t e d  on t h e  screen a t  t he  X , Y  co -o rd ina tes .  The Y pos 
range i s  0 t o  128 i n  2  l i n e  r e s o l u t i o n  mode and 0 t o  256 i n  1 l i n e  
r e s o l u t i o n .  The Y p o s i t i o n  i s  a u t o m a t i c a l l y  masked so t h a t  s e l e c t i n g  Y 

, p o s i t i o n  129 i n  2  l i n e  mode w i l l  a c t u a l l y  p l o t  a t  p o s i t i o n  1. 

The s e l e c t e d  p l a y e r  i s  moved by one screen o r d i n a t e  i n  t h e  d i r e c t i o n  
s p e c i f i e d .  The d i r e c t i o n s  a re ,  

Moving p l a y e r s  o f f  t h e  screen w i l l  cause the  p l a y e r  t o  wrap t o  t h e  
o p p o s i t e  end o f  t h e  screen.  

MLOAD(missile,..n d a t a  b y t e s )  



e  s e l e c t e d  m i s s i l e  shape i s  d e f i n e d  us ing  the  s u p p l i e d  da ta  by tes .  
s s i l e s  a r e  o n l y  2 b i t s  wide so t h e  most s i g n i f i c a n t  6 b i t s  o f  each 
t a  b y t e  a r e  i gno red .  

P l o t s  t h e  s e l e c t e d  m i s s i l e  on t h e  screen a t  t he  s u p p l i e d  X ,Y  
co -o rd ina tes .  

Moves the  s e l e c t e d  m i s s i l e  i n  t h e  s u p p l i e d  d i r e c t i o n .  D i r e c t i o n s  a r e  
t h e  same as f o r  p l a y e r s .  

CPMR ( ) 

C lea rs  t h e  screen o f  a l l  p l a y e r s  and m i s s i l e s .  T h i s  does n o t  a f f e c t  
any o f  t h e  shape t a b l e s .  P 

CLRP.( p l a y e r )  

C lea rs  t h e  s e l e c t e d  p l a y e r  from t h e  screen.  Th i s  does n o t  a f f e c t  t h e  
shape t a b l e s .  

C lea rs  t h e  s e l e c t e d  m i s s i l e  f rom t h e  screen.  T h i s  does n o t  a f f e c t  t h e  
shape t a b l e s .  

C o l l i s i o n  d e t e c t i o n  

The f o l l o w i n g  r o u t i n e s  a r e  c o l l i s i o n  d e t e c t i o n  f u n c t i o n s  which r e t u r n  
a  b i t  p a t t e r n  v a l u e  o f  t h e  form, 

The f o u r  b i t s  determine t h e  t ype  o f  c o l l i s i o n ,  a  1 b i t  means t h a t  a  
/-' 

c o l l i s i o n  has been de tec ted  s i n c e  t h e  l a s t  HITCLR. The b i t s  r e f e r  f rom 
r i g h t  t o  l e f t  t o  t h e  p l a y f i e l d  o r  p l a y e r  number t h a t  t h e  s e l e c t e d  
o b j e c t  has c o l l i d e d  w i t h .  

eg To read t h e  c o l l i s i o n  s t a t u s  o f  m i s s i l e  3, 

I f  A has t h e  v a l u e  1 then m i s s i l e  t h r e e  has c o l l i d e d  w i t h  p l a y f i e l d  
t ype  0. I f  A had t h e  va lue  2, then t h i s  would i n d i c a t e  a  c o l l i s i o n  
w i t h  p l a y f i e l d  t y p e  1. If A had t h e  v a l u e  4 then t h i s  would i n d i c a t e  a  
c o l l i s i o n  w i t h  p l a y f i e l d  t ype  2. I t  i s  a l s o  p o s s i b l e  f o r  combinat ions 
o f  c o l l i s i o n s  t o  occur .  



Clears  a l l  the  c o l l i s i o n s  d e t e c t i o n  b i t s .  

MPFCOLL(missi1e) 

Returns the  s t a t u s  o f  t he  m i s s i l e  t o  p l a y f i e l d  c o l l i s i o n  b i t s .  

PPFCOLL(player1 

Returns t he  s t a t u s  o f  t h e  p l a y e r  t o  p l a y f i e l d  c o l l i s i o n  b i t s .  

MPLCOLL(missi1e) 

Returns t he  s t a t u s  o f  t h e  m i s s i l e  t o  p l a y e r  c o l l i s i o n  b i t s .  

PPLCOLL(p1ayer) 

n Returns t he  s t a t u s  o f  t h e  p l a y e r  t o  p l a y e r  c o l l i s i o n  b i t s .  

X ,Y  p o s i t i o n  a r r a y s  

There a r e  f o u r  BYTE a r r a y s  which can be read by a  program. These 
a r r a y s  h o l d  t he  screen p o s i t i o n s  o f  each o b j e c t .  

PXPOSC43 Which ho lds  t h e  X p o s i t i o n  o f  each p l a y e r .  

PYPOSC41 Which h o l d s  t h e  Y p o s i t i o n  o f  each p l a y e r .  

MXPOSC41 Which h o l d s  t h e  X p o s i t i o n  o f  each m i s s i l e .  

MYPOSC41 Which h o l d s  t h e  Y p o s i t i o n  o f  each m i s s i l e .  

eg The co-o rd ina tes  o f  p l a y e r  2 can be read as f o l l o w s ,  

x=PxPosC2l;Y=PYPosC2l 



Example routine 

The following example shows how player-missile graphics are enabled. 
It defines two players and two missiles and moves them in circles on 
the screen. 

lPMGRAPHICS DEMO! 

INCLUDE PMG.LIB 

INT A,B,C 

MAIN( ) 
BEG I N 
PMGRAPHICS(2) ! 2  line resolution 
DEFSHAPE(0,1,2,3,4,5,6,7,8) 
DEFSHAPE(1,8,7,6,5,4,3,2,1) 
PCOLOR(0,5,8) PCOLOR(1,7,8) 
LOADSHAPE(0,O) LOADSHAPE(1.1) 
MLOAD(0,1,2,1,2,1,2,1,2) 
MLOAD(1,1,2,3,1,2,3,1,2) 
PPLOT(0,60,50) PPLOT(1,.70,60) 
MPLOT(0,80,70) MPLOT(1,90,80) 
REPEAT 
FOR A=0 TO 7 DO 
FOR B=0 TO 10 DO 
PMOVE(0,A) PMOVE(1,7-A) 
MMOVE(0,A) MMOVE(1,7-6) 

NEXT 
NEXT 

FOREVER 
END . 



6 . 9  DEBUG-LIB runtime debuqqinq utilities 

Most program bugs can be found s imp ly  by examining t he  source 
l i s t i n g s .  Occas iona l l y  however bugs appear t h a t  seem t o  de fy  l o g i c .  

DEBUG.LIB can h e l p  on these occasions by p r o v i d i n g  run t ime procedure 
t e s t i n g  f a c i l i t i e s .  

To use the  facilities i n  DEBUG.LIB the  f o l l o w i n g  changes need t o  be 
made t o  your source f i l e .  

1- INCLUDE DEBUG.LIB a t  t he  s t a r t  o f  t h e  f i l e  

2- Make the  f i r s t  s ta tement  i n  MRIN a  c a l l  t o  t h e  debug i n i t i a l i s a t i o n  
r o u t i n e  eg 

MAIN( ) 

/-'- 
BEG I N  

b u g i n i t (  ) 
! r e s t  o f  your r o u t i n e !  

3- I n c l u d e  the  f o l l o w i n g  as t he  f i r s t  s ta tement  ( a f t e r  t h e  r e t r a p p i n g  
s ta tement )  i n  your TRAP hand le r ,  

I F  ERRNUM=128 THEN 
DEBUG( ) 

END I F  

T h i s  e x t r a  b i t  1s necessary because a l t hough  DEBUG s e t s  up a  v e r t i c a l  
b lank break key sens ing r o u t i n e ,  sometimes t h e  o p e r a t i n g  system 1 /0  
sens ing r o u t i n e s  g e t  t h e r e  f i r s t  and take  over .  

A f t e r  r e c o m p i l i n g  your  program- arm y o u r s e l f  w i t h  a  c ross  re fe rence  
l i s t i n g  o f  t h e  program (see  COMPILER OPERATION s e c t i o n ) ,  you w i l l  need 
t h i s  t o  f i n d  o u t  t h e  addresses o f  t h e  procedures and v a r i a b l e s .  

Once recompi led your prog'ram should  r u n  n o r m a l l y ,  t o  e n t e r  t he  debug 
mode press t h e  break key.  Once en te red  a  "debug" message w i l l  be 
d i s p l a y e d  fo l l owed  by a  " > "  prompt, you can now s e l e c t  one o f  f i v e  
commands. 

A l l  o f  t he  commands a r e  en te red  u s i n g  a  s i n g l e  l e t t e r  f o l l owed  by a  
hex idec imal  number o f  1-4 d i g i t s ,  some commands need e x t r a  va lues,  
these a r e  en te red  separated by commas. 



The commands a r e  d e t a i l e d  below. 

Dnnnn 

Th is  command d i s p l a y s  t h e  con ten ts  o f  e i g h t  success ive memory 
l o c a t i o n s  s t a r t i n g  a t  t h e  address nnnn, eg 

D4EB5 might  d i s p l a y  

The d i s p l a y  command i s  u s e f u l  f o r  d i s p l a y i n g  the  c o n t e n t s  o f  
v a r i a b l e s ,  a  BYTE v a r i a b l e  va lue  i s  t h e  f i r s t  number d i sp layed  a f t e r  
t he  address, an INT v a r i a b l e  va lue  i s  made up o f  two success ive memory 
l o c a t i o n s  thus i n  t h e  above example t h e  INT va lue  ( i n  LO HI f o rma t )  i s  
823F14. 

Cnnnn , nn -. 
. ! 

T h i s  command i s  used t o  change the  c o n t e n t s  o f  a  memory l o c a t i o n ,  eg 

w i l l  s t o r e  t h e  va lue  $A5 i n  memory l o c a t i o n  34EB5. 

Gnnnn 

The GO command w i l l  cause program execu t i on  t o  jump t o  t he  g i v e n  
memory l o c a t i o n .  T h i s  i s  a  ' l e a p  i n  and see what happens command', i f  
t he  processor  meets a  RTS i n s t r u c t i o n  then c o n t r o l  w i l l  pass back t o  
DEBUG mode. I f  you jump i n t o  t h e  midd le  o f  a  code area d o n ' t  be 
s u r p r i s e d  i f  t h e  computer goes t o  s leep .  

The RUN command w i l l  r e - run  t h e  program as i f  i t  were j u s t  loaded from 
d i s k ,  w i t h  t h e  excep t i on  o f  those changes made u s i n g  t h e  CHANGE 
command. 

Tnnnn,nnnn, .... nnnn 

The TEST command a l l o w s  procedures and f u n c t i o n s  t o  be t e s t e d  w i t h  
s u p p l i e d  parameters, eg 

w i l l  supp ly  t h e  va lues  10 and 20 ( i n  hex) t o  t h e  procedure whose 
address i s  a t  350D2. The e n t r y  address o f  a  procedure i s  t h e  number i n  
t he  second column on t h e  c ross  r e f e r e n c e  l i s t i n g .  The t h i r d  numbers 
shows how many parameters t h e  procedure r e q u i r e s  (no te : -  t h i s  i s  a l s o  
shown i n  hex) .  

T h i s  command w i l l  a l l o w  up t o  s i x t e e n  parameters t o  be passed, each 



parameter can have a va lue  i n  the  range 0-$FFFF. A procedure w i t h  no 
parameters i s  c a l l e d  w i t h  no t r a i l i n g  commas eg 

T50D2 

When t h e  c a l l e d  procedure r e t u r n s  DEBUG w i l l  d i s p l a y  the  r e t u r n i n g  
parameters, eg 

>T50D2,10 
Rout ine  r e t u r n s  2 va lues  
20 4 9 A 3  

The above example shows a t y p i c a l  r e p l y  from a s t r i n g  f u n c t i o n  which 
r e t u r n s  two va lues  cor responding t o  t h e  l e n g t h  and address o f  a  
s t r i n g .  Note t h a t  t h e  r e t u r n e d  va lues a r e  d i s p l a y e d  i n  reverse  o r d e r .  

A numeric f u n c t i o n  shou ld  r e t u r n  one va lue  and procedures w i l l  n o t  
r e t u r n  any va lues.  

/I 



A p p e n d i x  A 

ERROR MESSAGES SUMMARY 

1- Symbol a l r eady  i n  use. 
2- " ; "  expected. 
3- A l ready i n  procedure.  
4- " ( "  expected.  
5- " ) "  expected. 
6- No such symbol. 
7- 
8- V a r i a b l e  d e c l a r a t i o n  o r  BEGIN expected. 
9- Syntax e r r o r .  ( s ta temen t  expected) 

10- THEN expected. 
11- Memory f u l l .  (FATAL) 
12- 
13- I d e n t i f i e r  expected. 
14- I n c o r r e c t  express ion  argument. 
15- DO expected.  
16- 
17- " [ "  expected.  
18- " I "  expected.  
19- " % "  expected.  
20- "="  expected.  
21- " ,"  expected.  
22- 
23- INT v a r i a b l e  expected i n  FOR/NEXT loop.  
24- TO o r  DOWNTO expected.  
25- TRAP n o t  a l lowed i n  INTERRUPT o r  p r i m a t i v e  procedures.  
26- I d e n t i f i e r  c h a r a c t e r  must be a lpha  numeric.  
27- I l l e g a l  express ion  argument type.  ( i n  comp i l e  t i m e  express ion)  
28- Unconver tab le  d i g i t  i n  number. 
29- Command ex pec t ed  . 
30- C a n ' t  use reserved  word as i d e n t i f i e r .  
31- To many parameters i n  procedure c a l l .  
32- Not  enough parameters i n  procedure c a l l .  
33- C a n ' t  ass ign  DATA t o  parameters. 
34- C a n ' t  LINK u n t i l  p rocedure te rmina ted .  
35- INCLUDE'S nested t o o  deep. 
36- Comp i l a t i on  completed w i t h  no MAIN r o u t i n e .  
37- Unexpected end o f  f i l e .  
38- Too many parameters i n  procedure d e f i n i t i o n .  
39- Express ion  t o  compl i ca ted ,  processor s tack  o v e r f l o w .  
40- Compi ler  s tack  o v e r f l o w .  (FATAL) 
41- Compi ler  s tack  underf low.(FATAL) 
42- 
43- BASED type  must be a  POINTER. 
44- Branch o u t  o f  range. 
45- T r y i n g  t o  GOTO, CALL, TRAP o r  branch t o  a  symbol which is n o t  a  
l a b e l .  
46- Has i l l e g a l  address ing  mode.(assembler) 
47- Value >255. 
48- Statement expected- i l l e g a l  use o f  symbol. ( n o t  a  procedure o r  



ass ignab le  v a r i a b l e )  
49- E r r o r  i n  address index mode.(assembler) 
50- Too much DATA f o r  s i z e  o f  v a r i a b l e .  
51- Not an execu tab le  s ta tement .  
52- E r r o r  i n  s t r i n g  c o n s t a n t ( "  o r  CHAR expected)  
53- S t r i n g  comparison e r r o r .  
54- ELSE o r  ENDCASE expected.  
55- GOT0 expected. 
56- O F  expected.  
57- Compare s t r i n g  i n v a l i d .  
58- V a r i a b l e  i d e n t i f i e r  expected.  
59- S t r i n g  f a c t o r  expected i n  assignment. 
60- S t r i n g  f a c t o r  expected i n  r e t u r n  from s t r i n g  f u n c t i o n .  
61- Express ion  does n o t  y i e l d  a  numeric r e s u l t .  
62- 
63- Not a  FORWARD procedure.  
64- Undef ined parameter e r r o r  i n  BEGIN. (parameter  e r r o r  i n  PROC 
header)  
65- Parameters n o t  a l lowed i n  MAIN and INTERRUPT. 
66- BEGIN n o t  a l lowed here. 
6 7 - . I n v a l i d  PROC i d e n t i f i e r  i n  parameter l i s t  ( t h i s  i d e n t i f i e r  i s  n o t  
a  procedure)  
68- 
69- 
70- No matching s t r u c t u r e  i n i t i a t o r .  
71- ENDIF expected. 
72- ENDWHILE expected. 
73- UNTIL expected.  
74- NEXT expected.  
75- ENDCASE expected . 
76- ENDIF expected.  
77- ENDCQSE expected. 
78- ' expected a f t e r  ASCII cons tan t .  
79- E r r o r  i n  INCLUDE f i l ename.  
80- Too many POINTER,s ( n o  more page zero  RAM a v a i l a b l e ) .  
81- Unterminated IF .  
82- Un te rm ina  ted  WHILE. 

/- 83- Unterminated REPEAT. 
84- Unterminated FOR. 
85- Unterminated CASE. 
86- Unterminated OF. 
87- Unterminated CASE. 

The f o l l o w i n g  a r e  system e r r o r s .  They do n o t  occur  d u r i n g  
comp i l a t i ons .  

90- Stack i s  n o t  on a  page boundary 
91- New zero  Page ORG i s  n o t  p o s s i b l e  w i t h  c u r r e n t  a l l o c a t e d  l e n g t h .  
92- Zero page l e n g t h  n o t  p o s s i b l e .  



RUNT I W E  ERRORS 

There a r e  o n l y  two run t ime  e r r o r s ,  bo th  o f  which a r e  used i n  t h e  
s t r i n g  hand l i ng  r o u t i n e s .  The reason f o r  so few e r r o r  checks i s  t o  
keep t h e  run t ime  code as f a s t  as poss ib le .  Because s t r i n g  hand l i ng  i s  
i n h e r e n t l y  slow and can be ve ry  d e s t r u c t i v e ,  t h e  i n c l u s i o n  o f  e r r o r  
checks on a r r a y  assignment s u b s c r i p t s  i s  warranted.  

Because o f  t h i s  i t  i s  i m p o r t a n t  t o  keep a  t i g h t  r e i n  on your program 
and i n c l u d e  p l e n t y  o f  e r r o r  checks. A f a c i l i t y  i s  b u i l t  i n t o  t h e  
run t ime  code (see  ERROR and TRAP) t o  enable e r r o r s  t o  be handled more 
e a s i  1  y.  

Be c a r e f u l  w i t h  v a r i a b l e s ,  e s p e c i a l l y  a r r a y s  . The compi le r  w i l l  a l l o w  
you t o  ass ign  numbers t o  a r r a y s  w i t h  s u b s c r i p t s  which a re  o u t  o f  range 
o f  t h e  dec la red  s i z e ,  and as v a r i a b l e s  a r e  i n t e r m i x e d  w i t h  t h e  code 
then a  c r a s h  i s  i n e v i t a b l e .  

The two b u i l t  i n  e r r o r s  a r e  

E r r o r  1 

S t r i n g  t o  long t o  f i t  i n t o  a l l o c a t e d  v a r i a b l e  s i z e .  I f  no TRAP i s  s e t  
then t h e  s t r i n g  w i l l  be t r unca ted  t o  f i t  i n t o  t h e  a v a i l a b l e  space. 

E r r o r  2 

A r ray  s u b s c r i p t  o u t  o f  range o f  dec la red  s i z e .  I f  no TRRP i s  s e t  then  
t h e  assignment w i l l  be ignored .  

I n  a d d i t i o n  t h e  l i b r a r y  f i l e  STRING.LIB rese rves  e r r o r  3 t o  i n d i c a t e  
an i n v a l i d  cha rac te r  i n  t h e  VAL f u n c t i o n .  

The l i b r a r y  f i l e  TERMINAL.LIB reserves  e r r o r  numbers g r e a t e r  than 
127. 



Runtime memory map 

T h i s  map shows t h e  s t a n d a r d  mapping o f  a  c o m p i l e d  program i n  memory. 
I t  assumes t h a t  no r e l o c a t i o n  has taken  p l a c e .  



SYNTAX FLOW CHOHTS 

The s y n t a x  f l o w  c h a r t s  g i v e  a p r e c i s e  l a n g u a g e  d e f i n i t i o n  and a l l o w  q u i c k  
l o o k  up r e f e r e n c e  on s p e c i f i c  l a n g u a g e  e l e m e n t  s y n t a x .  

E l e m e n t s  shown i n  u p p e r  case  s p e c i f y  3 PLb5 r e s e r v e d  word  o r  a l anguage  
c o n s t r u c t .  Those  shown i n  l o w e r  c a s e  s p e c i f y  a  p r e - d e f i n e d  u s e r  c o n s t r u c t .  

N o t e : -  Comments a r e  n o t  shown i n  t h e s e  f l o w  c h a r t s .  



CEXPR ( c o r p i l e  t i r e  expression) 

-->-- [TERN --)-+------)--------+----:,----+---->----+--- 
I I I 

I 
8 I 

A 

I I 

t - OH XOR 
I I I I 

I I I I I I 

+-(-- CTERH --(-+----<----+----<----+----i----+ 

r\ 
CFRCT 



VAR ( v a r i a b l e )  
t-------------------(-------------- -------------(----------------------------- 

y t 
I 
I t--------\-------- + +---------)--------- t I 

I I 
I I I I 

I I I 

-)--+->- BYTE ->-t->- IDENT -+-t- [ CEXpR ] ->-+->-+>- = -- CEXPR -)--+ ---------) ---- ------+->.-+->---+-->-- 
I I , I 

I 
+ ---- ;--- ---< ----- + A 

' 1  I 

I I I I I I I I 
I , I I I I 

I I +-::- DATfi -)-+-)- CEXpR ---->---+-t- ' 
! -+ I I 

I I I I , 
I I I I I 

V I I A 
I t-,L @ s t r i n g  "+ 

I 
I +-->-- BASED -- pointer ident -------------------)------------------- + i 
I I 
I I 

I +--------------(----------------- ---------------<------------------------+ I 
I 

I I + I 
I 

+- ---- ---- -- 
I 

+ +- ---------) --------- t 
I 

I I I I I I I I 
I I I I I I I I 

t->- INT ->-t->- IDENT ->-t-t- [ CEXPR ] -)-+->-+-:>- = -- CEXpR --1--+-----j---+->-+----+-----)----- t 

I I 

+->- BASED -- p o i n t e r  

VAR-LIST 



STATE (statement) 



STATE (continued) 

v +---------->--------------------------- t-j- t --t I 

I 

I 

I 
A 

I 
I +->- STRING-FACTOR -)-+ I 

I 

I 

I I I I I I I 

t-)- pro[ idpnt  -- ( -t-j-t-j- EXPR ----- p----- +-+-)-+- ) ----)------------------------------------- t 
I I I I 
I I I 

1 I 
I I 

I 

I 

I 
1 + ----- (----- ----,---- ; t ;  .I 



IDENT i i d e n t i f i e r )  

STRING-CONSTANT 

STRING-FACTOR 

-j-+)- STRING-CONSTANT --------------------------,------------------------ t->- 

I I I I 

v +--------------------)------------------------- t 
I I I I I I 

t-j- s t r ing  ident -- $ ->-t->- [ -- EXPR -t- , -- EXPH -t- 1 -->------- t 

v I I I 

I 

I 1 I 

I +------>------ t I I 



EXYR iexpression) 

HEL ( re la t iona l ;  

SEXPR (Sirole  E x o r x r i o n !  

->- FACT ->-+--)-----+------+-------+-------+---- 
I I 1 I 
I I I 

I 
I f I non 
A I I I 

I I 

I 
I +--->--+--(---+ 
I I 
I I 

+-- FACT ----{--+ 



FACT i f a c t o r )  

+------------->-------------- t I I 

I +- j -  STRING-FACTOR --+ : I I 

I I I 
I I 

I I 
I I I 

fun[ i d e n t  -- ( --+->-+-)- EXPR ---j------- +-:>-+ ) -++ 
I I I 

I I 

+ ---- (---- ---- :---+ I I 

STRING-FACTOR ->-+-)- 
I 

t-}- 
I 

+'L 

I I 

t-}- 
I 

t->- 

I I 

t->- 

I 

) --t-j- STRING-FACTOR --->-----t 

I I 

( --+ 
I 

= --t 
I 

< j --t 
l a 

>= --+ 
I 

{= --+ 



NODE - 

Notes:- 1- Hot a l l  modes are applicable t o  every instruction. 

2- BEXPR is a compile t i r e  expression which results  in  a value (256  



SINGLE 

I I I 

t->- SED --)----t 

I I I I 

t-)- CLD -->----+ 
I I 

t-j- SEE --)----t 
1 I I I 

t->- CLC --j----t 

I I I I 

t->- S E I  --)----t 
I I I 

t-)- CLI  --)----t 
I I I 

t-)- CLV -->----+ 
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