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Preface 

Preface 

Th is  i s  an A m i ga p rogram m i n g  
b o o k  w i t h  a d i f fe r e n c e .  I t  i s  
d i r e c t e d  a t  A m i ga u s e r s  w h o  
a l r e a d y  have  s o m e  e xp e r i e nc e  
with the Amiga and who want  to 
take t h i ngs a l i t t l e  fu rt h e r. The 
aim i s  t o  e x p l a i n  a n u m b e r  o f  
programmi ng t ricks and methods 
that  w i l l  not  o n ly  stand you  in  
good stead as you progress d own 
the road to Amiga programming 
l i t e r a c y  but a d d i t i o n a l l y  t o  
provid e  foo d  fo r t h o u g h t  a l o ng 
t h e  way. Yo u ,  t h e  r e a d e r ,  a r e  
expected t o  be  C l i t erate a n d  t o  
have s o me k n o w l e d g e  o f  h o w  
A m i g a  p r o g r a m s  a r e  w r i t t e n .  
That  i n c l u d e s  t h i n g s  s u c h  a s  
o p e n i n g a n d  u s i n g r u n - t i m e  
l ibrari es ,  sett ing u p  screens  and 
windows, reading gadgets and so 
on,  a l l  of which  are amply dealt  
with i n  most i nt rodu ctory Amiga 
C b o o k s .  M o s t  o f  t h e  c o d e  i s  
w r i t t e n for  t h e  C p r o g ra m m e r  
a n d  I ' v e  u s e d  A N S I  s t y l e  C 
t h r o u g h o u t .  A l l  t h e  c o d e  h a s  
been written a n d  tested us ing the 
b r i l l i a n t  SAS C d e v e l o p m e n t 
system.  Re-working the code for 
other compi l ers wil l  not,  i n  most 
c a s e s ,  b e  a m aj o r  p r o b l e m  
prov i d i ng you u n d e r s t a n d  t h e  
i d e a s b e h i n d t h e  c o d e .  I ' v e  
c o n c e n trated o n  exp la i n i n g  t h e  
underlying i d eas in  detai l  - code 
reworking ( to  su i t  compi ler  X ,  Y 
o r  Z a s  t h e c a s e  m a y  b e )  i s  
s o m e t h i n g  whi c h ,  i f  d e e m e d  
necessary, I l eave t o  you .  I n  the  
main  the code i s  compatib le  with 
R e l e a s e  2 o n w a r d s  a l t h o u g h  
s o m e  o f  t h e  p rograms wi l l  ru n 
under  AmigaDOS 1 . 3 .  

N e e d l e s s  t o  s a y  as  a n  Amiga C 
programmer you are expected to  
have a c c e s s  to  t h e  o f f i c i a l  
inc lude fi les  and to b e  generally 
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aware of  how they are used.  The best  way to l earn how t o  get  the 
maximum benefi t  from the Amiga inc lude fi l es  i s  to  look  at them,  
u s e  them,  and th ink about  them - s lowly but  sure ly you wi l l  l earn 
to  fin d  your  way aroun d  them and,  with pract i ce ,  learn to use  them 
i n  the way Commodore intended.  I f  you are new to C you have a 
go lden  opportunity to  study them in  d etai l  - make the  most  o f  th is  
opportun ity. The e ffort which  has  gone i nto  them i s  cons ide rable 
a n d ,  a l o n g  w i t h  e x a m p l e s  fro m t h e  w o r l d  o f  U N I X  a n d  t h e  
mainframe,  these  Amiga system i nc lude  fi l e s  are a mongst the best  
header fi l es  ever written !  

Some sect ions of  the book, such as the c hapter on  mixed cod ing, 
i nc l u d e  6 80x0 a s s e m b l e r  c o d e .  If  you abso l u t e ly hate l o w- l ev e l  
cod ing t h e n  fee l  free to  ignore t h e  re l evant parts o f  t h e  text .  I f  you 
don't - don't !  Either way - use the book as a way of gain i ng ins ight 
into the Amiga's O/S, as an advanced C book, o r  ju st  to  latch onto  
a l l  manner  o f  hopefu l ly interesting Amiga cod ing t r i cks .  Along the  
way I've deal t  w i th  th ings l ike  pass ing Exec messages betwe e n  your  
own p rograms,  get t ing one  program to  c ontro l  another, f lash i n g  
c olours ,  c o l o u r  cyc l i ng and colour shading tr icks .  I 've a l s o  provided 
s o me MIDI  re lated p rograms to keep  the mus ic ians  amongst  you 
happy. 

On a very few occasions I 've used d iagrams ca l led Warnier  d iagrams 
to i l l u s t r a t e  t h e  l o g i c  b e h i n d  a p i e c e  o f  c o d e .  B e c a u s e  t h e s e  
d iagrams may not  b e  fami l iar t o  you I have inc luded  a c o u p l e  of  
a p p e n d i c e s  t ha t  i l l u s t rate both t h e  conve n t i o n s  a n d  u s e  o f  t h i s  
powe rfu l  program d e s ign t o o l .  What  I 've n o t  atte mpted  to  d o  i s  
force m y  own ideas about program des ign techniques  on  y o u ,  so in  
the  mai n you' l l  fi nd that text and code examples wi l l  be  the p ri mary 
vehic le  of  explanat ion .  Do reme mber though that pro gram des ign i s  
a n  i mp o rtant  fi rs t  s t e p  in  a l l  no n-tr iv ia l  p rograms - Ami ga and  
otherwi se !  

A l t h o u g h  m o s t  o f  the  t o p i c s  are  r e l a t i v e l y  s e l f- c o n ta i n e d  i t  i s  
probably bes t  to work  through the  book  chapter by c hapter because 
l a t e r  c h a p t e r s  u s u a l l y a s s u m e t h a t  t h e  m a t e r i a l  p r e v i o u s l y  
presented i s  understood.  All that remains now i s  for me t o  thank 
you fo r b u y i n g  t h e  b o o k , a nd  to w i s h  you a p l e as a n t  j o u r n e y  
t h rough i ts  contents .  

PAO January 95  



1: 

A Coder's 

Introduction 

Al l programmers have t h e i r  own 
i d i osyn c ra s i e s  when it  c o m e s  to 
coding style and I am certai nly no 
ex c e p t i o n  t o  t h i s .  My i d e a s  o n  
what i s  r ight  and what i s  wrong 
codewis e ,  whi ls t  doubt less  be ing 
in broad agreeme n t  with the ideas 
o f  m a n y  o t h e r  c o d e r s ,  w i l l  
p r o b a b l y  c o n t a i n  a v a r i e ty o f  
e lements wh ich  wi l l  seem strange 
when f i r s t  e n c o u n t e r e d .  Havi ng 
said that  one  of  the idiosyncrasies 
that I have is that I l ike  code to be  
a s  w e l l  s t r u c t u r e d  a n d  a s  
readable as p o s s i b l e ,  s o  i n  t h i s  
respe c t  m y  s ty le  wi l l  h o p e fu l l y 
make the  examples easier  to  read 
rather than harder. 

You wi l l  p ick u p  a vari e ty of  style 
po i nts a s  you work t h rough t h e  
b o o k  b u t  i t  w i l l  h e l p  i n i t ia l ly  to  
have some u n d e rstan d i ng o f  the  
c o nv e n t i o n s I t e n d  to  u s e .  To 
start, here  are  some notes  about  
my a p p r o a c h  t o  C c o d i ng .  C of  
course  i s  a free format la nguage 
which ne i ther  forces you to write 
inte l l ig ib le  code or  prevents  you 
wri t ing u n i n t e l l ig ib l e  c o d e .  This  
means that  i t 's large ly u p  t o  the 
p r o g r a m m e r  to  a d o p t  s t y l e  
c o nv e n t i o n s  wh i c h  l e a d  t o  t h e  
c r e a t i o n  o f  p r o g r a m s  t h a t  a r e  
understandable .  

In  the  mai n I do  t ry  to st ick to my 
own g u i d e l i n e s  b u t  n o t  t o  t h e  
po int  where  a d h e r e n c e  b e c o m e s  
counter-productive . You' l l  fi nd me 
using i ,  j ,  k e tc ,  fo r loop variab les  
j u s t  l i k e m o s t  o t h e r  
programmers.  S imi larly there are 
times where fu l ly expl ic i t  variable  
n a m e s  e n d u p  t o o  l o n g  t o  b e  
pract i c a l  - s o  s h o r t e n e d  name s 
have  t o  b e  u s e d .  I n  s h o r t  t h e  
guidel i nes  I adopt are j u s t  that -
gu ide l i n e s ,  not  r ig id restr ic t ions !  

m 
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F o r  t h e  m o s t  p a r t  a l l  t h a t  i s  n e e d e d  i s  a c o m m o n - s e n s e  
u nd e rstand ing o f  the  usefu lness  o f  such cons iste ncy. 

Whi lst  on t h e  subjec t  of style and convent ions ,  I fi rmly b e l i eve t hat 
the adopt ion of  reasonably methodical in - l ine  docu mentat ion pays 
handsome div idends .  Occasional ly you wi l l  howeve r fin d  p ieces  o f  
example c o d e  which are devoid of  any s ignifi cant co mme nts - the 
reason is  usual ly that  I have a l ready expla ined the under ly ing i d eas 
in the accompanying text.  

One area where it  is u sual ly  necessary t o  deviate fro m any s e l f­
i m p o s e d  c o n v e n t i o n s  i s  w h e n  d e a l i n g  w i t h  s y s t e m  d e f i n e d  
fu nct ions and variables .  System defin i t ions  should always be u s e d  
as  d e fined a n d  never altered - that way other Amiga programmers 
reading the code wil l  understand what's going on. Anyway enough 
o f  these  ge nera l  l e c tures ,  here are t h e  convent ions  which I b o t h  
recommend a n d  use :  

1 .  Use u nd erstandab l e  names for variables  and fu nct ions  - eg 
CreateTimerRequestBlock ( ) . 

2 .  When c reat ing #define macros,  always use  uppercase labe ls  -
eg 
#define QUIT 18 

3 .  Capital i se  the first words o f  funct ion ca l ls- eg 

OpenSe r ia lDevic e ( ) ,  DoNothing ( ) .  

4 .  Prefix global  variab le  names with g_ a s  i n  

g_ex it_f lag ! 

5 .  Add a _p su ffix t o  variables which represent  po inte rs .  

6 .  U se  u ncapi ta l i s e d  l owe rcase for var iabl es  and  s e pa rate t h e  
ind ividual words of  variab le names us ing u nderscores  - eg 
g_se rial_reques t_p . 

7 .  Part i t ion ind ividual  rou t ines  us ing 
/* - */ 

l i nes so that the  various  sect ions o f  code can be c learly ident i fi e d .  

Adopt ing convent ions such  as prefixing global  var iab l es  w i t h  the  
c haract e r  g_ and suffixing pointer  variables  u s ing _p , e nables the  
type o f  variable to be  impl ied  fro m its name . So , code  which  reads :  

g_exit_f lag=FALSE ; /* clear exit f lag - u s e r  has  dec ided 
not to quit *I 

is to  my mind a mu ch pre ferred alternative to  code which  reads l i ke 
t h i s :  

xit=O ; /* clear global exit fla g  - u s e r  has 
decided not to  quit */ 

Su c h  co nvent ions do of course have but  one  purpose  - to make l i fe 
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m u c h  eas i e r  for both  mys e l f  and anyone  e l s e  who may n e e d  to  
e x a m i n e  my c o d e .  F o r  i n s t a n c e , a v a r i a b l e  w i t h  t h e  n a m e  
g_wind ow_p impl ies  that the variable be ing dealt  with i s  a po inter  
variab le  which has  been dec lared as a global . I n  other  words i t 's a 
p o i n t e r  which exists du ring the whole l i fet ime o f  the program, and 
can be  accessed from anywhere in the program without need ing to 
b e  passed as a parameter. 

Other Important Rules 
My c o nventions have nothing to do wi th  any offic ial  gu ide l ines  but 
p l e nty of other  ru les and suggest ions exist fo r coders in  that area 
and o n e  of the main ones concerns  the checking of system ca l l s .  
The Amiga is  a mult i-tasking machine  and because of  th is  there is  
n e v e r  any guara n t e e  t h a t  a sys t e m  c a l l  w i l l  b e  s u c c e s s fu l  - a 
m e m o ry a l l ocat i o n  ca l l  c o u l d  fa i l  i f  some o t h e r  a p p l i ca t i o n  has 
p reviously grabbed a l l  avai lable RAM. Simi larly a request  fo r use of  
the  s e rial device  could fai l  ( i f  some other  program has  previously 
been granted exc lusive access) .  Because of  these eve ntual i t i es  there 
a re three  ru les  which Amiga programmers must always obey: 

1 .  Always make sure you get what you ask fo r1 

2 .  Always give back to the system any me mory, devi ce ,  or  other  
fac i l ity wh ich you expl ic i t ly acqui re! 

3 .  A lways prov i d e  a r o b u s t  e r r o r  path  s o  t hat i f  t h e  s y s t e m  
cannot  p rov ide  the  requ i red  fac i l i t i es  your  program c l o s e s  
d o w n  in  a proper fashion .  

have , inc idental ly, got  some interest ing approaches to e rro r path 
handl ing that we' l l  be deal ing with in the next two chapters .  For the 
m o m e n t  t h o u g h ,  s i n c e  t h e re a r e a n u mb e r  o f  o t h e r  g e n e ra l l y  
a c c e pted  ru les  a n d  gu i d e l ines  which Amiga programmers s h o u l d  
fo l low, I thought i t  wou ld  b e  usefu l  to gather t h e  most important of  
them togethe r for easy refe rence : 

1. I f  you need to  access a system structure that may be shared 
between other tasks remembe r to lock out other tasks (eg by 
fo r b i d d i n g m u l t i - t a s k i n g ) .  Th i s  w i l l  p re v e n t  o t h e r  t a s ks 
a tt e m p t i ng t o  c hange  t h e  s t r u c t u re w h i l s t  you  are  i n  t h e  
m i d d l e  of  l ooking a t  i t .  

2 .  N e v e r  m a k e  a s s u m p t i o n s  a b o u t m e m o r y ,  s y s t e m  
c o n figurat ions (eg the presence o f  part icu lar dr ives o r  device 
n a m e s ) ,  or  t h e  c o n t e n t s  of  s y s t e m  s t r u c t u r e s  w h i c h  a r e  
d e s i g n a t e d  a s  p r iva t e .  D o  n o t  fo r i n s t a n c e  a s s u m e  t h a t  
part icu lar l ibrary bases or  system structures wi l l  a lways exist  
a t  a part i c u la r  locat i o n .  Above al l  never ca l l  ROM r o u t i n e s  
d i rect ly. 

3 .  The Amiga's operat ing system does  not monitor  the s ize  o f  a 
p rograms stack.  Many compi l e rs  however a l l ow you to add 

m 
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s t a c k  c h e c k i n g c o d e  t o  t h e  c o m p i l e d  a p p l i c at i o n  c o d e  -
although such  checks s low the progra m  down they are u s efu l 
particu larly du ring deve lopment of  recursive rout ines  which 
may become deeply nested .  

• Remember  that any data which i s  to  b e  a c c e s s e d  by the 
Amiga's custom c hips  (bitplanes,  image data ,  sound samples 
and so on )  must be placed in  ch ip  memo ry. 

• Do not  use po l l  based loops to wai t  for external  eve nts .  The 
system has methods fo r al lowi ng a task to s l e e p  by Wait ( ) ing 
o n  part icu lar s ignal bits  - use  them. Similar ly you shou ld  not  
use so ftware de lay loops for  c reating t iming de lays .  

• Do not  d isable  e i ther  in te rru pts o r  mu l t i - tasking for l ong 
periods of  t ime .  

• Do not  access  the hardware d i rect ly. 

• Do not  t ie  up system resources  un necessari ly. For  exampl e ,  
i f  y o u r  program d o e s  n o t  need constant use  o f  a pr inter  t h e n  
o n l y  open  t h e  pr inter  device  when the program actual ly needs  
i t  and c lose i t  as soon as  poss ib le .  That way other  programs 
wi l l  a lso be able to  use  the printer devi ce .  

• G e t  i n to  the  hab i t  o f  c h e c k i ng fo r me m o ry loss  d u r i ng 
p rogram devel o p ment . Programs s h o u l d  n o t  c ont inua l ly  eat  
away at the avai lab l e  free memory although there are t imes  
whe n an apparent free memory loss  may occur  the fi rst t ime  a 
program runs - but - start  to  panic  i f  a s i mi lar  l oss  o c c u rs 
whe n  the  program i s  then ru n for the second t ime !  

• All  non-byte fi e lds must  be word al ign ed .  

• All  address po inters must  be 32  b i ts .  Do  NOT use the upper  
8 b i ts  for data. 

• Do not use s e l f-modifying code .  

• Custom ch ips  registers  are read on ly or  write only. Do not  
write  to  read only regi sters and do not  read from wri te -on ly  
registers .  

There are a l so  a few gu i d e l i n e s  a imed at the  asse mbly la nguage 
programme r: 

• Sys t e m  l i b ra ry fu nct ions  must be  cal l e d  w i t h  regi s t e r  A6 
ho ld ing the l ib rary or  device base .  Li brari e s  and devices  w i l l  
assume A 6  i s  val id  a t  the t i m e  of  s u c h  a funct ion  cal l .  

• Registers DO,  Dl, AO  and Al are  scratch regi sters and t h e i r  
conte nts must be cons idered l o s t  after  a sys t e m  l ibrary ca l l .  
The c o n t e n t s  o f  a l l  o ther  regi s t e r s  can  b e  assumed t o  be  
preserved . 

• System fu nct i ons that return a value may not  nece s s a r i ly 
affect  the processor's condit ion codes .  
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• Do not  u se  a CLR instruct ion on  hardware registers which 
are  t r igge red  by ac c e s s  because i t  can  cause t h e  hardware 
reg i s t e r  t o  b e  t r i ggere d twi c e .  I n s tead  u s e  M OVE( . s i z e )#O , 
locat ion instead.  

• Do not  use  the 'MOVE SR'  instruct ion .  I f  you wish to  get a 
c o py of  the proce ssor condi t ion  codes  use  the Exec l ibrary's 
GetCCO fu nct ion .  

• Do not  use the TAS instruct ion on the Amiga. D i rec t  M e mo ry 
Access (OMA) can confl i c t  with th is  specia l ised instruc t ion .  

OK that's e nough of  conve nt ions and ground ru les  - it 's now t ime to  
start l o o ki ng at some cod ing tr icks .  

m 
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2: 
Coding those 

All -

Important 

Abstract 

Data Types 

You 're go ing t o  be  hea r i ng a l o t  
a b o u t  t h e  A b s t ra c t  D a t a  Ty p e  
(ADT) i n  this book and for a very 
good reason - ADTs provide some 
very  r e a l  b e n e f i t s  t o  t h e  
programmer b e c a u s e  t h ey a l l o w  
p r o g r a m m i n g  t o  b e  d o n e  a t  a 
conce ptual ly  m u c h  h i g h e r  l e v e l .  
Codewise y o u  may fi nd t h i s  s tuff 
a bit  o f  a headache at f irst ,  but  I 
s u s p e c t  that w h e n  you  s e e  h ow 
these techni ques  are used  in  later  
chapters you ' l l  come back to  th i s  
topic with a renewe d  i nterest  that 
wi l l  then last forever. 

So what i s  an  ADT? We l l  the term 
abstract ion refe rs to  the  process  
w h e r e b y  d e t a i l s  a t  s o m e 
part icular leve l  are d iscarded and 
only  the mai n  featu res of  in tere st 
are considered .  This in  i tse lf  i s  no  
b i g  d e a l  and  e v e n  in  eve r y d ay 
c o n v e r s a t i o n  w e  c o n t i n u a l l y 
abstract. Pe te r  may we l l  be a b lue  
eyed s ix  foo t  ta l l  i n surance agent ,  
ma rr i ed  w i t h  two c h i l d re n ,  who 
drives a grey Y registered 3 l i tre 
car wh ich has fou r wheels ,  t h ree 
of wh ich are currently i n flated to 
the correct pressure  o f  26  p s i .  but 
i f  you are j u s t  t ry i ng t o  c o nvey 
the not ion that Peter's car has a 
flat tyre t h e n  most  o f  the above 
in fo rmation  is i rre levant - we a l l  
k n o w  t h a t  t h e  s i m p l e  p h r a s e  
"Pete r has a flat tyre" wi l l  d o  the 
job perfect ly adequate ly. 

I n  e v e r y d a y  c o n v e r s a t i o n  
excessive de ta i l  tends to obscure 
a n y  p o i n t s  b e i n g  m a d e  a n d  
abstrac t i o n  h e r e  s e rves a u s e fu l  
p u r p o s e  - i t  p r o t e c t s  us  f r o m  
hav i n g  t o  d e a l w i t h  t o o  m u c h  
i n f o r m a t i o n .  Th e s a m e  
p h i l o s o phy a p p l i e s  t o  te c h n i c a l  
d iscuss ions and ,  notwithstanding 
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t h e  fai r ly  manageable  obstac le  o f  having t o  c o me to  t e rms  with  
specialist jargon, the result  of  us ing we l l  define d  terms for co mmon 
c o m p l e x  o p e rat i o n s  is  u s u a l l y  an o v e r a l l  s i m p l i fi c a t i o n  of t h e  
c o mmunicat ions  process .  

Procedure s ,  fu nct ions and subrout ines  are , i n  the  comput ing wor ld ,  
abstract ions of  a d i ffe rent sense .  Here potent ia l ly  c o mp l ex sets  of  
o p e rat i o n s  can  be  descr ibed  a nd  used u s i n g  j u st a name,  a few 
parameters ,  and some detai ls  about  the  e ffect  produced .  Again such 
abstract ions  have many advantages.  By def in ing fu n c t i o n s  wh ich  
reflect  t h e  structure o f  a prob lem be ing  solved a C programmer can 
not o n ly m in imiz e  the c l utter ing of  the i r  thought  processes  with 
e x c e s s ive  d e ta i l  b u t ,  by u s i n g what  a re  e ffe c t i v e l y  fu n c t i o na l  
b u i l d i n g  b l o c ks ,  can  t a c k l e  t h e  p ro b l e m - s o l v i n g  s i t u a t i o n  a t  a 
s ignificantly higher leve l .  

The  same p r i n c i p l e s  app ly t o  data i t e m s  as we l l .  F l o a t i n g  p o i n t  
n u m b e r s ,  s t r i ngs e t c . ,  a r e  a l l  data t y p e s  w h i c h  p rovi d e  u s  w i t h  
s imi lar abstraction orientated benefi ts .  A t  the assembl e r/mac hine­
code  leve l  a l l  data i tems consist  of  b i ts ,  bytes ,  or  grou ps o f  bytes 
b u t  m o s t  h i gh-l e v e l  l a nguages  a l l o w  t h e  program m e r  to u s e  a 
n u mb e r o f  m o r e  u s e fu l  data types. T h e s e  are  o bj e c t s  o f  s o m e 
s p e c i fi ed  u n i t  type which  wi l l  have a number  o f  ass o c i at e d ,  and  
w e l l  defined ,  operations avai lab le .  C 's intege rs ,  fo r example ,  can  be  
ad d e d ,  subtracted,  mu l t ip l ied  a nd  so on .  As  we l l  as a se l ec t ion  of  
b a s i c  d a t a  t y p e s  m o s t  h i g h - l e v e l  l a ng u a g e s  u s u a l l y p r o v i d e  
addit ional data i tem fac i l i t i es .  Namely they a l low sets o f  data i tems 
to  be  g ro u p e d  t o ge t h e r  in  s o m e  u s e fu l  way.  In  C ,  a r ra y s  a n d  
structures come t o  mind .  The declarat ion :  

int my_a rray( 1 00 ) ; 

fo r in stance ,  a l lows us  to store one  hund red integers and refer to 
them us ing an in dex wh ich ide nt i fi e s  the re lative pos iti on  in  the 
array. Again  there are a number of operat ions , +, - , * , \, /  etc , which  
can be pe rformed on the array e l ements .  We can,  and freque ntly do ,  
add addit ional 'fac i l i t ies '  to such defin i t ions - we might for instance 
w r i t e  o u r  own I n i t i a l i s e A r ray( )  fu n c t i o n  w h i c h  w o u l d  s e t  t h e  
e l ements o f  some array t o  a user  defined in it ial  value .  

To  so lve m ost  problems we  need ,  unfo rtu nate ly, rather  more  data 
s tructure fac i l i t ies  than ge neral  languages such  as C can o ffe r. It is  
o ft e n  u s e fu l  to wo rk with l i s t s ,  s tacks ,  t r ees ,  grap hs  and s o  o n .  
Some languages inc id ental ly do indeed provi de  support  fo r these  
m o r e  c o m p l e x s t r u c t u r e s  - Li s p ,  fo r  i n s t a nc e ,  has s t r o n g l i s t 
process ing capabi l i t ies .  Ideal ly i t  would be n ice  i f  general high- level  
languag e s ,  such as C.  a lso had such fac i l i t i e s  b u i l t  in but ,  fo r a 
n u mb e r  o f  i mp l e mentat i o n  reas o n s ,  t h i s  ' i n -bu i l t c o m p l e x  data  
structure path' has not  been fol lowed.  One di fficu lty is  that  there i s  
usua l ly n o  s ing le  e ffi c i e n t method for  d oi ng th i s  - co m p l ex data 
t y p e  i m p l e m e n t at i o n s  o ft e n  n e e d  to be t u n e d  to a p a r t i c u l a r  
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p r o b l e m . O n e  t h i n g  i s  c e r ta i n t h o u g h  - t h e  d e f i n i t i o n  o f  t h e  
c h ara c t e r i s t i c s  o f  s u c h  c o mp l e x d a t a  s t r u c t u r e s  c a n  b e  m a d e  
without worrying about t h e  implementat ion i ssues  a t  a l l  a n d  i t  i s  
th is  pathway t h at  leads us  in to  the world o f  the  Abstract Data Type 
or  ADT. 

T h e  A D T  p h i l o s o p hy  i s  e s s e n t i a l l y  s i m p l e :  by d e f i n i n g t h e  
i m po rtant c haracter i s t i c s ,  i e  t h e  p r o p e r t i e s ,  o f  an abs t rac t  data 
structure , and ident i fying the a l l owab le  ope rat ions ,  we arrive at  an 
ADT d e fin i t ion which ,  together with its assoc iated set of  a l lowab le 
o p e ra t i o n s  set  ( t h e  ADT interface d e fi n i t i o n ) ,  b e c o m e s  a 'da ta  
structure'  bu i ld i ng b lock  which  can be used to  so lve probl ems .  The 
benef i t  of t h e  ADT o ri e nted a pproach  t h e n  is that it a l l ows t h e  
programme r to use  l is ts ,  stac ks , trees e t c ,  a lmost as easi ly a s  they 
would u se integers ,  fl oating point  nu mbers and str ings.  

I 'm not  go ing to  ta lk abo u t  the theoret ica l  ADT i s s u e s .  I ns tead I 
want to look at the  pract ical s ide  o f  things .  Why? Because ADTs ,  or  
rather  the real- l i fe implementations o f  ADTs , are extremely usefu l  
a n d  I happen t o  b e  a f irm be l i ever  in  t h e  view that t h e  t i me for 
u n d e r s t a n d i n g t h e  t h e o r e t i c a l  a r g u m e n t s  i s  a f t e r  y o u  h a v e  
deve loped a gut fe e l ing  for the benefits o f  ADTs ,  not before .  

In  mo st cases where a programmer chooses to use  an ADT approach 
it  wi l l  be u p  to  them to provide  a su itably e ffi c i ent impleme ntat ion 
in  t e r m s  of  t h e  r e a l  d a t a  s t r u c t u r e s  t h a t  a c h o s e n  l a n gu a g e  
suppo rts .  Pas cal  progra mmers are a t  a n  advantage h e re because  
a lmost  a l l  exis t ing ADT texts have opted  fo r Pascal or  Pas cal- l i ke 
desc r ipt ions of  ADT rout ines .  Translat ion of  textbook desc r ipt ions  
of common ADT forms to rea l  code is ,  fo r the Pascal  programme r at 
least ,  a relative ly straighforward job .  In the main the re's less  d i rect  
he lp  avai lable for the  C programmer but once the bas i c  propert ies  
of a g iven ADT are understood ,  wri t ing the corresponding C code ,  
at  least for the s impler  ADTs , should  not prove undu ly d i ffi cu l t .  

The Stack ADT 

I'm going to kick off with a fair ly s imple  ADT ty pe ,  the stack,  and 
examine some implementat ion-orientated ideas (a stack,  in case you 
need reminding,  i s  just  a set of  obj ects logical ly arranged in a Last­
In-Fi rst-O ut order ) .  The type of  o perat ions which can be  u s e fu l ly  
ass oc iated with a s tack structure is  we l l  known.  The re has  to  be  
some way of d efin ing and in i t ia l is ing a stack, of  p lac ing (pu shi ng) 
items o nto the stack, and of  retr ieving (popping or pu l l ing) them 
from the  s tack .  I t  might ,  fo r some p u rp o s e s ,  be  fe l t  that  o t h e r  
fac i l i t i es  should be  inc luded .  Perhaps i t  would b e  advisable to  test a 
stack to  see i f  i t  is empty, or  look at the top i tem of  a stack without  
removing i t .  Here th ings get very implementation/use dependent .  
L o o k i n g  at  t h e  t o p  o f  a s t a c k ,  fo r e xa m p l e ,  i s  n o t  r e a l l y  a 
fu n d a m e n t a l  o p e r a t i o n  b e c a u s e  i t  c o u l d  b e  d o n e  u s i n g a 
combinat ion of  pop and push commands.  I f  howeve r an appl icat ion 
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was going to  need to frequently look at the top of  a stack without 
r e m ovi ng i t  the p o p/pu s h  method ,  th ough c l ean in a n  abs t ract  
sense ,  is  u n l i ke ly  to be favoured fro m a point  o f  v iew of  e ffi c ie ncy. 

As far as implementatio n  i tse lf  goes there are several opt ions .  One 
way o f  implementing a stac k is  to  use an array in conj u nct ion with 
a stack pointer variab le  as in  figu re 2. 1.: 

stack pointer 
variable (sp=3) 

ARRAY SjPACE for five items 

.. ------------� I ****** I I I I I 
�-------------1 
I I 
: Item 3 : ------. I I 
I I ,.------------, 
I I 
: Item 2 : 
I I 
L-------------' I I 
I I 
: Item 1 
I I ,.------------, 
I 
: ItemO 

I I 
I 

�------------· 

Figure 2.1. 

T h i s  i s  q u i t e  e ffi c i e n t ,  very  e a s y  to i m p l e me n t ,  a n d  p e r fe c t l y 
ad e quate  fo r many a p p l i c a t i o n s .  An array a n d  i t s  r e l a t e d  s t a c k  
po in ter  variable c a n  be  l i nked together  us ing a C structure :  

#define S I Z E  5 

st ruct stack { 

} ; 

int stack_point er ; 

int it ems(SIZE ) ;  

which then a l lows the use  o f  declarations of  the typ e :  
st ruct  stack s ;  

S l i g h t l y  m o r e  f l e x i b l e  a r range m e n t s ,  u s i n g u n i o n s ,  c a n  a l l o w  
d iss imi lar  objects  t o  b e  stored o n  the same stack but th i s  i s  not  a 
p ract ice  t o  be encouraged unless  there is an over-r i d i ng reaso n  fo r 
c reat ing mixed o bj e ct  s tacks . S imi la rly the u s e  o f  p r e - p r o c es s o r  
modifiab le ,  u n i t  types such as :  

st ruct s t a c k  { 

} j 

int stack_po inter ; 

STACKTYPE it ems(SIZE J ;  
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c oupled with #define based  modifiable STAC KTYPE defi n i t ions ,  are 
frequently suggested as C solut ions for ge ner ic  ADT stack bui ld i ng. 
Th e s e  type of s c h e mes  a re fi n e  as fa r as  t h e y  go , but t h e y  are  
e s sen tial ly a l l  ' de f ine  at  compi l e  t i me '  stat ic  so lut ions  which  can 
produce a numbe r  of  problems in  pract ice .  As far as array based  
i m p l entat ions  are  c o ncerned  s tack  overf low is  of  course another  
danger which  needs to  be  cons idere d .  

To s e e  the  b e n e fi t s  o f  more fl ex ib le  p a t h s  i t  is  best  to c o n s i d e r  
s o m e  potential  uses  of  the stac k ADT. Within a s ingle program we 
may want s everal stacks hand l ing seve ral d i fferent  types of objects .  
We may also want  to have d i ffe rent types o f  stacks in  exi s tence  at  
d i ffe re n t  t i m e s .  There a re two other  gen eral  i s sues t o  c o n s i d e r. 
F i rstly, we should be aiming to create a stack module that can be 
u s e d  in any numb e r  o f  p ro g r a m s  wi t h out b e i ng r e - c o m p i l e d .  
Second ly, we s h ould b e  a iming t o  c reate a module which h ides  any 
i m p l e mentat i o n  d e tai l s  from the p rograms which  w i l l  use it - it 
s hould in fac t be suffi c i e n t l y  t ra n s parent  to  a l l o w  t h e  p o s s i b l e  
rearrangement  o f  a n y  o f  the  in terna l  un derly ing data s tructures  
without it  affect ing the ADT /appl i cat ions-program inte rface at  a l l .  I f  
fo r i nstance we opted for rout ines  bas ed on an stat ic  array stack 
i m p l e me n tat i o n ,  a nd  then at  a la ter  s tage wanted t o  swap t o  a 
l inked l ist  dynamic  memory a l locat ion form, then we should be able 
to  ach ieve t h i s  c hange with out i t  a ffec t ing  any o f  the p rograms 
using the ADT (other  than the fact  that the new stack ADT module 
woul d have to be  l i n ked in  place of  the ear l ier  one) .  

In  the fo l l o w i n g  exa m p l e  I ' ve a c tua l l y o p t e d  for  a l i s t  b a s e d  
approac h us ing  c a l l oc( )/free ( )  c a l l s  t o  p rov ide  dynamic  me mory 
al locat ion for the  i tems being stored on the  ADT stack.  The o n ly 
l imitat ion on stack s ize  with th is  approach wi l l  be  the amount o f  
avai lable system memo ry. 

With in  the  stack module the  rout i n e s  are based  o n  two types of  
s tructure s .  A stack descriptor  structure contains a po inter  to the 
fi rst i tem on a l i nked l i s t  o f  stack i tems (N ULL i f  stack is  empty), 
and a value represent ing the s iz e  of  the obj ects be ing placed on the 
stac k :  

s t ruct StackDescriptor { 

} ; 

st ruct Stackltem * Fi r s t l t em ; 

UBYTE I t emSize ; 

Also defined is a stack i tem structure which co ntai ns a next i tem in  
the s t ac k  l i s t  p o i n t e r, and a re fe r e n c e  to  the  f i r s t  byte  o f  s o m e  
unspec i fied data i tem:  

st ruct Stackltem { 

st ruct St ackltem * Nextltem ; 

m 
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UBYTE Data [ 1 ] ;  / *  actually user  defined amount of data 
* /  

} ; 
The code for the stack rout ines use  these structu res inte rnally but 
the def in i t ions  are not  required to be  e i ther  known nor used by 
appl icat ions program us ing the module .  I n  fac t ,  as far as the stac k 
A DT u s e r- i n t e r fa c e  i s  c o n c e rn e d , o n ly f ive a c c e s s  rou t i n e s  are  
avai labl e .  

s=CreateStack(t) This initializes a stack suitable for storing items of type t 
specified by the applications program and returns a pointer s to 
the stack 's descriptor. 

e=PushStack(s,x) This stores item x on stack s and returns an error flag e that is 
1RUE if an error has occured. 

e=PopStack(s,x) This retrieves an item from stack s and places it in variable x. 
Errors are signified by the returned error flag e being 1RUE. 

KillStack(s) This unloads and then removes the stack s from the list of 
currently defined stacks. No return value. 

f=Stack Empty(s) This tests stack s to see if it is empty and returns a flag fas TRUE 
if there are no items on the stack 

Table 2.1. Stack access routines. 

These ca l ls  are macros designed to c reate a s l ightly more fr i end ly 
i nte rface to  the  user. You can ge t further  detai ls  from the header  
and source  code  l is t ings wh ich fo l low:  

/ * ======= ===================================== == ========* / 

/ * Li s t in g  2 . 1 : The stack ADT header file . 

/ *  Sourc e : Stack ADT header * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *I 

typedef void STACK ;  

/ *  These m a c r o s  are  u s e d  to create a slig h t ly more  f r iend 
ly interface to the use r . They j ust remove the need for 
exp licit sizeof ( ) ,  c a s t ing and address t aking ope r a ­
tions i n  the  applications code . * /  

#define CreateStac k ( t )  CreateStk ( s izeof ( t ) )  

#define PushSta ck ( s , x ) PushSt k ( s , ( UBYTE * ) & ( x ) ) 

#define P opStack ( s , x ) PopStk ( s , ( UBYTE * ) & ( x ) ) 

#define KillStack ( s ) KillSt k ( s )  

#define StackEmpty ( s )  StkEmpty ( s ) 

/ *  These are  the  p rototypes f o r  the underly ing stack 
access  r o u t ines which do the real work . * /  

STACK *C reateStk ( ULONG un it_size ) ;  
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v o id KillStk ( STACK *descriptor_p ) ; 

BOOL PushStk ( STACK *desc r iptor_p , UBYTE *data_item ) ;  

BOOL PopSt k ( STACK * descr iptor_p , UBYTE * data_item ) ;  

BOOL StackEmpty ( STACK *descriptor_p ) ; 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * List ing 2 . 2 :  The underlying stack ADT rout ines . 

/ *  ========================== ========================== * /  

/ *  SourceCode : Stack ADT rout ines * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ *  Notes : These rout ines allow a program t o  use a t rue 
dynamic stack data structure wit hout t h e  knowing a ny t h ing 
about how it ' s  done . * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

# include <types . h> 

# include <stack adt . h> 

st ruct Stackltem { 

} ; 

struct St ackltem *Next l t em ; 

UBYTE Dat a [ 1 ] ;  / * actually user defined amount of 
data * /  

st ruct Stac kDesc r iptor { 
st ruct Stac k l t em * F irst ltem ; 

UBYTE ItemSize ; } ; 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

STACK *CreateSt k ( U LONG un it_s iz e )  

{ 
st ruct Stac kDescriptor *stack_desc ript o r_p ; 

if ( stack_descriptor_p= ( struct  Sta ck Descriptor * )  

calloc ( 1 , sizeof ( st ruct  StackDesc r ipt o r ) ) )  

{ 
stack_descript or_p - >ItemSize=un it_size ;  

} 
return ( ( STACK * ) stack_descriptor_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id KillSt k ( STACK * desc riptor_p ) 

m 
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{ 
UBYTE *dead_b lock_p ; struct Stac kDescriptor  

*stack_desc riptor_p ; 

stack_desc r iptor_p = ( struct  StackDesc riptor  * ) d es c r ip t or_p ; 

while (stack_descriptor_p - > First ltem ) 

{ 
dead_block_p = ( UBYTE * ) st ack_descr ip t o r_p - > First l t em ; 

stack_desc riptor_p - >First ltem=sta ck_desc riptor_p ­
>Firstltem - >Next ltem ; 

free ( dead_block_p ) ; 

} 
free ( stack_desc riptor_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - *I 

BOOL PushSt k ( STACK *desc r iptor_p , UBYTE * data_it e m )  

{ 
BOOL error_flag=TRUE ; COUNT i ;  st ruct  Stackltem  

*new_it em_p ; 

struct St ackDesc riptor *stack_desc riptor_p ; 

stack_descriptor_p = ( st ruct StackDesc riptor  * ) d escript or_p ; 

if ( new_item_p= ( st ruct St ackltem * )  

calloc ( 1 ,  sizeof ( st ruct St ackl tem 
* ) +stack_descript or_p - > I temS ize ) )  

{ 
new_item_p - >Next l tem=st ack_desc riptor_p - > F irst l tem ; 

stack_descript or_p - >First l tem=new_item_p ; 

for ( i=O ; i<stack_desc riptor_p-> I t emSize ; i++ ) 

{ 

new_item_p - >Data [ i ) =*data_item++ ; 

} 
error_f lag=FALSE ; 

} 
return ( e r ro r_fla g ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *I 

BOOL PopStk ( STACK *desc riptor_p , UBYTE *data_item)  

{ 
BOOL error_flag=TRUE ; COUNT i ;  UBYTE *dead_block_p ; 

st ruct Stac kDesc riptor *stack_desc riptor_p ; 
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stack_de s c r iptor_p= ( struct StackDe scriptor * ) descriptor_p ;  

if ( stack_de s c r iptor_p - > F i r st l t e m )  

{ 
for ( i=O;  i<stack_de s c r ipt or_p - > I temSize ; i++ )  

{ 
* data_item++=st ack_desc riptor_p - >First ltem­
>Data [ i ] ; 

} 
de ad_b lock_p = ( UBYTE * ) s tack_desc riptor_p - >First l t em ;  

stack_descriptor_p - >Fir stl tem=stack_desc riptor_p ­
>Fir st l t em - >Next ltem ; 

free ( dead_b lock_p ) ; error_f lag=FALSE ; 

} 
return ( e rror_flag ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

BOOL StkEmpty ( STACK *desc ript or_p ) 

{ 
BOOL empty_flag=TRUE ; st ruct StackDescriptor 
* s tack_desc r iptor_p ; 

st ack_descriptor_p = ( struct  StackDescriptor * ) descr ipto r_p ; 

if ( st ack_descriptor_p - > First l t e m )  { empty_flag=FALSE ; } 
return ( empty_fla g ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

The above rout ines  have been written ac cord i ng to the  basic jobs 
they have to perform and no part icu lar t rouble  has been taken to 
maxi m ize their effi c i ency. You wil l  also see that in most rout ines I 
have used a local variable to c o py and re-cast the (void  *) descr iptor  
poi nte r paramete r as a StackDescr iptor  poi nter. Here I just  fe l t  that ,  
becau s e  i t  avoided cont inual  re-cast ing in  order to  use  the stru cture 
defin i t ions this ineffi c iency just  made the code that much  eas ier  to 
read. 

I t  is fa i r  comment to  ask why I d i d  not o pt for c reat ing rout ines  
whi c h  worked d i re c t l y  wi th  Stack D e s c r ip tor  p o i nt e rs i n s tead o f  
opt ing fo r a generic form (void * ) .  H e re a r e  t h e  head e r  a n d  rout ines  
again u s ing just that  approach .  

/ * Listing 2 . 3 :  A l e s s  sat isfa c t o ry header f i l e  ADT 
approach 

/* ==================================================== * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ *  Source : Stack ADT heade r for a lt e rnative routines * /  

m 
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/ *  Not es: This header contains structure  tags that would 
change if the underlying stack implementation  
method  changed . * /  

st ruct Stackl tem { 

} ; 

struct  St ackltem *Nex t l t em ; 

UBYTE Data ( 1 ] ;  / * actually user  defined amount of 
data * /  

st ruct StackDe s c r iptor { 

} ; 

s t r uct  St ackltem *First ltem ; 

UBYTE It emSiz e ;  

typedef st ruct  StackDe s c r iptor  STACK;  

/*  These macros are used to create a slight ly more f r iend 
ly interface t o  the u se r .  They j ust r emove the need for  
explicit sizeof ( ) ,  casting and address  t a k ing opera 
tions  in the applicat ions code . * /  

#define C re at eStack ( t )  CreateStk ( s izeof ( t ) )  

#define PushStack ( s , x ) PushSt k ( s , ( UBYTE * ) & ( x ) ) 

#define P opStac k ( s , x )  PopStk ( s , ( UBYTE * ) & ( x ) ) 

#define KillStack ( s ) 

#define StackEmpty ( s )  

KillStk ( s )  

StkEmpty ( s ) 

/ *  These are the  p rototypes for  the underlying stack 
access  routines which do the real work . * /  

STACK *CreateStk ( U LONG un it_size ) ;  

v o id KillStk ( STACK *desc riptor_p ) ; 

BOOL Pu shStk ( STACK * desc riptor_p , UBYTE *data_item ) ;  

BOOL PopSt k ( STACK * descriptor_p , UBYTE *dat a_it em ) ;  

BOOL StackEmpty ( STACK *descript or_p ) ; 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * List ing 2 . 4 :  Some le s s  portable alternative ADT rou ­
tine s .  

/ *  ==================================== ================ * /  

/ *  Sourc eCode : Alt ernative Stack ADT routines  * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ *  Notes : These alternative rout ines also a llow use  of a 
dynamic stack ADT . A change in t he underlying 
implement ation method would h oweve r ,  because of 
the v i s ib ility of the list or iented s t r uc t u r e  
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d efinitions in the header file , result in the  
applications program s h av ing to be re - c ompiled 
rather than j ust r e - linked . * /  

/ *  - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

# inc lude <types . h> 

#inc lude <stack adt . h> 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

STACK *CreateStk ( U LONG unit_s ize)  

{ 

STACK *stack_de scriptor_p ; 

if ( st ack_descriptor_p = ( STACK * )  

calloc ( 1 , s izeof ( STACK) ) )  

{ 
st ack_descriptor_p - > I t e mSize=unit_size ; 

} 
return ( st ack_descriptor_p ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id KillSt k ( STACK *descriptor_p ) 

{ 
UBYTE *dead_b lock_p ; 

wh ile ( desc ript or_p - >Firstltem)  

{ 
dead_block_p= ( UBYTE * ) descripto r_p - > F i r st ltem ; 

descriptor_p - >Firstltem=descriptor_p - > Firstlt em­
>Nextltem ; 

free ( dead_b lock_p ) ; 

} 
free ( descriptor_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

BOOL PushSt k ( STACK *desc r iptor_p , UBYTE * data_it em ) 

{ 

BOOL error_flag=TRUE ; COUNT i ;  struct  Stack l t em 
* n ew_item_p ; 

if ( new_item_p= ( st ruct Stackltem * )  

c a lloc ( 1 , s izeof ( struct  Stackltem * ) +desc r ip 
tor_p - > I t emSize ) )  

{ 
n ew_it em_p - >Nex t l t em=desc ripto r_p - >Firstl tem ; 

Ill 
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descriptor_p - >Firs t l t em=new_it em_p ; 

for ( i= O ; i<de scriptor_p - > I t emSize ; i+ + )  

} 
new_it em_p - >Data [ i ) = *data_item++ ; 

} 
error_f lag=FALSE ; 

} 
return ( e r ro r_fla g ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *I 

BOOL PopSt k ( STACK *descriptor_p , UBYTE *data_item)  

{ 
BOOL e r r o r_flag=TRUE ; COUNT i ;  UBYTE *dead_block_p ; 

if ( de sc r iptor_p - >Firs t l t em )  

{ 
for ( i= O ;  i<de scriptor_p - > I t emSiz e ;  i++ ) 

{ 
*data_item++=descriptor_p - > First l t em - >Data [ i ] ; 

} 
dead_block_p = ( UBYTE * ) descript o r_p - > F ir s t l tem ; 

descriptor_p - > First l t em=desc riptor_p - >Firs t l t e m ­
>Next l t em ; 

f r e e ( dead_block_p ) ; error_flag=FALSE ; 

} 
return ( e r ror_fla g ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *I 

BOOL StkEmpty ( STACK *descriptor_p ) 

{ 

BOOL empty_flag=TRUE ; 

if ( de sc r iptor_p - >First ltem)  { empty_flag=FALSE ; } 
return ( empty_fla g ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - *I 

The prob lem i s  th is  - in  th is  latter arrangement we are dependent  
on  t h e  S tack l t e m  a n d  Stac k D e s c r i p t o r  tags  be ing  v i s i b l e  i n  the  
header  fi l e  and  th i s  heade r  i s  used by  the app l i cat ions  program.  A 
c hange in  the underlying stack implementat ion mechanism would , 
in  a l l  probabi l i ty, affect these defin i t ions  and that wou l d  mean that 
the appl icat ions programs themse lves would  have to  be  reco m p i l e d  
i f  the  s t a c k  ADT implementation mechanism was change d .  In  t h e  
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arrangement u sed fo r the header/source provid e d  i ni t ia l ly such  a 
c hange could be ke pt total ly t ranspare nt .  Incorporat ing some newly 
des igned stack ADT wou ld  just involve l inking the new ADT module  
to  the exist ing,  al ready compi led ,  main  appl icat ions code  sect ion .  
[Note : When you are  comparing the  two sets  of  ADT header/sources  
remember that  the typedef  defini t ions of  STACK are not  the same . I 

The Routines I n  Use 
T h i s  s h o rt examp le  s h o u l d  give t h e  g e n e ra l  i d e a  o f  h o w  t h e s e  
r o u t i n e s  c a n  be  u s e d .  A s t a c k  i s  c r e a t e d  f o r  s t o r i ng TEXT s i z e  
objects  (actual ly c hars) ,  a n d  the LIFO c harac ter is t i cs  o f  t h e  stack 
ADT i s  then u sed to reverse a str ing:  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * List ing 2 . 5 :  A s imple program t o  illu strate  the  use  of 
the  stack operations . * /  

/ *  EXAMPLE OF THE STACK ADT ROUTINES B E I NG USED TO REVE RSE 
A STRING * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

#include <types . h> 

#include <stack_adt . h> 

main ( )  

{ 
UBYTE i=O ; TEXT x [ ] = " This I s  Just A Test Line " ; 

STACK *myst ack_p ; / *  declare stack ident ifier v a r iable * /  

myst ack_p=Creat eSt ack ( TEXT) ; / * ask for a stack storing 
TEXT sized items */  

while ( x ( i ] ) PushStack ( mystack_p , x ( i++ ] ) ;  /*  store charac ­
t e r s  * /  

i=O ; while ( ! ( PopStack ( mystack_p , x ( i++ ] ) ) )  ; / * remove in 
L I FO order *I 

KillStac k ( mystack_p ) ; / * cancel the stack facility 
( release memory ) * /  

p r intf ( " % s \ n " , x ) ; / * display reversed s t r ing * /  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

A Taste Of Things To Come 
I f  you 've not  come across  ADTs before  you probably w o n d e r i n g  
what the p o i n t  is  of  a l l  t h i s  apparent complexity. Afte r  a l l ,  w i t h  the 
above e xam p l e  m o s t  C p ro g r a m m e r s  c o u l d  w r i t e  a r o u t i n e  t o  
reverse the c harac te rs o f  a s tr ing u s i ng j u s t  a few l i ne s  of  l o o p  
code .  The important things to note are that fi rstly m y  example  dealt  
with high- leve l stack operat ions (push ing and popping c haracters) ,  
and s e c o n d l y  t h a t  e ve n  t h o u g h t h e  ADT c o d e  was u s i n g l i s t  
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o p e rations wh ich  were dynamical ly a l locat ing a l l  necessary memory 
- my example code d idn 't need to worry about  any of that type o f  
d e ta i l .  I n  short  b y  l inki ng my stack ADT code to  a program I ' m  able 
to  make stack operat ions available to  the program without  havi ng 
t o  c o d e  t h o s e  o p e r a t i o n s  from scrat c h .  What we n e e d  n o w  i s  a 
larger, more Amiga-ori e nted example in  order  that t h e  bene fi ts  o f  
the  ADT approac h c a n  b e  p u t  into perspect ive .  I t  just so happens 
that this topic  i s  next on  the  agenda. 

· 
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Most  Amiga progra ms ,  a s  y o u ' l l  
doubt less  al ready know, n e e d  to  
obta in  var i o u s  types  of  sys t e m  
r e s o u r c e s  i n  o r d e r  t o  r u n .  I t  
m i g h t  b e  c h i p  m e m o r y f o r 
graphics images ,  use  of  hardware 
s u c h  as  t h e  s e r i a l , or p e r h a p s  
a c c e s s  t o  t h i ngs  l i k e t h e  t i m e r  
device .  N o  matter  what fac i l i t i e s  
are involved t h e r e  i s  a lways one  
s n a g  a s  f a r  a s  t h e  A m i g a  
programme r i s  c o n c e r n e d  - t h e  
Amiga i tse l f  doesn' t  keep track o f  
t h e  resou rces  be ing u s e d  a n d  so  
programs themselves need to  d o  
this type of  house-keeping.  Why? 
I t 's b e c a u s e  w h e n  a p r o g r a m  
t e r m i n a t e s  i t  i s  r e s p o n s i b l e  fo r 
h a n d i n g bac k t h e  t h i n g s  i t  has  
a c q u i r e d  f r o m t h e  o p e r a t i n g  
system (0/S) .  Obvious ly memo ry 
must be returned to the system,  
devices must be  c losed and so on  
because  o t h e rw i s e  t h e  p o o r  o l d  
O/S i s  not going t o  know that the  
program has  fi n ished with them.  
Programs must  not  on ly  ask  fo r 
the resources they need  but must  
c h e c k  t h a t  s u c h  r e q u e s t s  a r e  
successfu l .  Wo rse than that ,  t h e  
order in w h i c h  var ious c lo sedown 
s t e p s  a r e  c a r r i e d  o u t  i s  o ft e n  
important - a program opening a 
w i n d o w  i n  a c u s t o m  I n t u i t i o n  
screen  m u s t ;  o p e n  t h e  I n t u i t i o n  
l i b rary, o p e n  a s c r e e n  and  t h e n  
o p e n  t h e  w i n d o w. M a n y  
operat ions l ike these can fai l  - a 
program wi l l  not be able to  open  
a c u s t o m  s c r e e n  i f  s o me o t h e r  
program had previous ly grabbed 
all  avai lable ch ip  memory. 

Cod ing in sma l l  programs rarely 
pre s e n ts  any d i ffi c u l t i e s  but as 
p rograms ge t to m o r e  r e a l i s t i c  
s izes  many more t h i ngs n e e d  t o  

Ill 
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b e  d o n e .  S c r e e n s ,  w i n d ows , d e v i c e  a c c e s s  e t c  - s o m e t i m e s  a 
p rogram may need to perfo rm dozens of  jobs before i t  i s  even up 
a n d  r u n n i n g a n d  o ft e n  r e s o u r c e s  w i l l  n e e d  to  b e  a l l o c a t e d  
dynamical ly, i e  during t h e  t ime the program i s  running .  Cons ide r, 
fo r example ,  a program which uses  a number of  separate windows 
(each with d i ffe rent menus) .  A u ser  might act ivate one  wi n d ow and ,  
from the  assoc iated menu , se lect an  opt ion which  causes  the  se rial 
device  to  be  opened .  Having done t hat the user  might then  have 
s econd thoughts  abou t what they were do ing,  switch back to the  
m a i n  w i n d o w, and q u i t  t h e  p r o g r a m .  W h e n  t e r m i n a t i n g ,  t h e  
p rogram wi l l  need some way o f  knowing that the  ser ia l  device  was 
o pe n  in order  to c lose i t .  

Need less  to  say  these  types  of  co nsiderat ions can obviou s ly make 
l i fe for the  Amiga programmer both messy and compl icated .  What 
we really need is  a scheme wh ich can handle not only those  in it ia l  
p rogram s et t ing-u p operat ions ,  but one  that i s  f lexible e nough to  
a l low any addit ional  resources requ ired to be  a l located whi lst  the 
p rogram is  running.  In  my early Amiga days I deve loped a stat ic  l i s t  
based  t e c h n i q u e  t o  d o  th is  b u t  a few years ago I c a m e  u p  wi th  
a n o t h e r  a p p r o a c h  that  p r o v i d e s  more  f l e x i b i l i ty .  I t  i n v o l v e s  
s o me t h i n g w h i c h ,  fo r r e a s o n s  t h a t  w i l l  s o o n  b e c o m e  p a t e n t l y  
o bvious ,  I ca l l  dynamic resource allocation. 

Sounds t r i cky I know but  the bas i c  pr inc ip les  are easy enough to  
u nderstand .  In  fact  the idea, as far as the log ic  i t se l f  goes ,  i s  almost 
t r ivial because  i t  rep l i es  on a stack data structu re . Stac ks o f  course 
store th ings on  a last  in  first out  basis an d what my sche me does is  
e nsu re that any rout ine which suc cessfu l ly al l ocates or  opens some 
retu rnable  or c loseable  system resou rce pushes  the ad d ress  of a 
c orresponding deal locat ion/c losedown rout ine  onto a stac k. 

To a l l o w  fo r a l l ocat i o n  fai lures  as the program ru ns  I a d o pt the  
c onvent ion of  havi ng al l  a l locat ion rou t ines  retu rn error  numbers 
that i n d icate  whether  they've succeeded  o r  not .  Provi d i n g  t h e s e  
c onve nt ions a r e  fo l lowed t h e  program c a n  pe rform i t s  c losedown 
o pe rat ions by pu l l ing those deal location rout ine po inters fro m the  
s tack  and exe c u t i ng the  cor respond ing rout ines .  By the  t i me t h e  
stack i s  e mpty a l l  acqu ired system resources  wi l l  have b e e n  handed 
back.  The beau ty of this approach is  that the stack automatical ly 
dea l locates th ings in  the reverse order to  the original  a l location -
th ings which are al located last get deal lo cated fi rst  ( th is  is a goo d ,  
safe, general r u l e  to adopt fo r a l l  Amiga programs). 

I use this type of  ap proach in almost every Amiga program that I 
write - in fact the code arrangements (which  by now are we l l  tr ied 
and t e s t e d )  a l l ow me  t o  c r ea te  s e parate , and o ft e n  r e - u s ab l e ,  
allocator modules .  This isolation, o r  modularisation, i s  a n  im portant  
part o f  c reat ing larger programs and I ' l l  be us ing i t  i n  many of  the 
exam ples  in  th is  book.  Because of  th is  i t 's o bviously necessary to  
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s p e n d  s o m e  t i m e  o u t l i n i n g t h e  a p p ro a c h  s o  t h a t  y o u  c a n  
u nderstand the framework be ing used i n  subsequent  examples .  

The f i rst  qu est ion that  needs to  be  answered i s  th is :  How do we se t  
up  t h e  a l l o cat io n/de -a l l ocat i o n  code  and get  t h e  r ight  p i e c e s  of  
code  executed at the  appropriate t i mes? Let 's s tar t  by  l oo king at  
s o m e  exam p l e s  that s how some typ i c a l  o p e rat i o n s .  Li s t i n g  3 . 1  
s h o ws two r o u t i n e s  wh i c h  o p e n  and c l o s e  t h e  I n t u i t i o n  l i b rary, 
l i s t ing 3 . 2  p rovides another example  pair  that create and re move a 
window. Don't worry undu ly about the spec i fic  detai l s  here - i t  i s  
the  overall  theme that is  important here ,  not  the  actual purpose o f  
the  c ode : 

/ *  - - - - - - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  * /  

/ * Listing 3 . 1  - I n t u it ion library opening and c losing with 
stack based resource t racking ! * /  

UBYTE Openlnt ( v oid ) 

{ 

UBYTE error_number=NO_ERROR ; 

if ( ! ( Intuit ionBase=( struct IntuitionBase * )  

OpenLibrary ( "intuition . library" , I NTUITION_VE RSION ) ) )  

error_number=ALLOCATION_ERROR ; 

else { 
g_function=Closelnt ; 

PushSt ack ( g_resource_stack_p , g_func t io n ) ; 

} 
return ( e rro r_numb e r ) ; 

} 
/ *  · · · · · · · · · · · · · - · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · · · · · · · · - * /  

void Closel nt ( void)  

{ 
CloseLib rary ( ( st ruct L ibrary * ) I nt uitionBase ) ;  

} 
I * · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · *I 

L i s t ing 3 . 2  - Another  set of allocation/ deallocation r o u ­
t ines  which p u s h  a deallocation pointer onto the  stack . * / 

I * · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · *I 

UBYTE CreateWindow ( v oid)  

{ 
UBYTE error_number=ALLOCATION_E RROR ; 

Ill 
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Ill 

g_window_p=OpenWindowTags ( NULL , 

WA_Left , 2 0 ,  WA_Top , 20 ,  

WA_Widt h , WINDOW_WIDTH , WA_Height , WINDOW_HEIGHT , 

WA_DragBar ,  TRUE , 

WA_DepthGadget , TRUE , 

WA_CloseGadget , TRU E ,  

WA_SmartRefr e s h ,  TRUE , 

WA_IDCM P ,  IDCMP_CLOSEWI NDOW I I DCMP_MEN U PICK 
IDCMP_GADGETU P , 

WA�Title , " General Test ing Framewor k " , 

WA_PubScreen , g_pub lic_screen_p , 

TAG_E ND ) ; 

if ( g_window_p ) 

{ 
GT_RefreshWindow ( g_window_p , NU L L ) ; 

error_number=NO_E RROR ; 

g_rastport_p=g_window_p - >RPort ; 

g_funct io n=KillWindow ; 

PushStack ( g_reso urce_st ack_p , g_funct ion ) ;  

} 
return ( e r ror_numbe r ) ; 

} 
/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 
void KillWindow ( void)  

{ 
CloseWindow( g_window_p ) ; 

} 
/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

Not ice  that the first  o f  each of  the  two pairs o f  rout ines  s hown in  
l i s t ings 3 . 1  and 3 . 2  a re us ing  a PushStac k() func t ion  and  i n  each  
c a s e  t h e  val u e  b e i n g  p u s h e d ,  i e  s t o r e d ,  i s  the  a d d r e s s  o f  t h e  
c o rr e s p o n d i n g  d e a l l o c a t i o n  rou t i n e  ( the  s e c o n d  r o u t i n e  i n  each  
l i s t ing) .  The  ne t  resu l t  i s  that , prov id ing both o f  t he s e  al l ocatio n  
rout ines are succe ssfu l ,  both d ea l locati o n  rout ine p o i nters  wi l l  have 
been  p lac e d  on the  stack. Further a l locat ion routin e s  wi l l  s i mi lar ly 
add the  a ddresses  o f  t h e i r  c lo s e d o wn r o u t i n e s  and s o  the sta c k  
e n d s  u p  h o l d i n g  p o i n t e rs t o  a l l  o f  t h e  d e a l l o c a t i o n/ c l o s e d o w n  
r o u t i n e s  t h at w i l l  n e e d  t o  b e  p e r f o r m e d  w h e n  t h e  p r o g r a m  
te rminates.  The good news now i s  that,  i r respective  o f  t h e  number 
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o f  r o u t i n e s  p r e s e n t  o n  t h e  r e s o u r c e  s t a c k ,  t h e  c o m p l e t e 
dea l location/c losedown procedure can always be  carr ied  out  wi th  a 
s ingle  l ine  o f  cod e :  

while ( ! PopStack ( g_re source_stack_p , g_function ) )  g_func ­
t ion ( ) ; 

T h i s  loop  removes a p o i n t e r  t o  a dea l loca ti o n  rou t i n e  and  t h e n  
executes  that fu nct ion .  I t  d o e s  t h i s  cont inu a l ly u n t i l  t h e  stack i s  
e mpty ( I ' l l  recap on m y  stack conve nt ions aga in  i n  a moment) .  

Amiga programs usual ly have to do quite  a lo t  of  th ings whe n  they 
fi rs t  start up .  Screens ,  windows, menus,  gadgets e tc ,  need to  b e  set  
u p. To hand le  the execut ion of  the ,  possibly large number  of ,  i n i t ia l  
a l locat ion rout ines  used by a program I use  a funct ion pointer  tr ick 
- C rou t ines  have addresses  which can be  accessed and used much 
the  same as  the address  of  a C variable .  Becau se  o f  th is  an array can 
b e  se t  up whi c h  contains po inters to the a l l ocat ion rout ines  to  be  
executed .  Here i s  an example  co ntrol ler  array from a program that  
c o nt ro l s  the o p e rat i o n  of  1 8  ( 9  a l l o ca t i o n  and 9 d ea l l o c a t i o n )  
rout ines :  

#def ine DISPLAY_COUNT 9 

UBYTE ( * display_list [ ] ) ( )  = { 
Openl nt , 

OpenGraphics , 

OpenGadt ools , 

LockScreen , 

GetVi s lnfo , 

C reateWindow , 

C reat eMenu , 

C reat eMenulayout , 

InstallMenu 

} ; 

The array ident i fies  the set  o f  rout ines that need to  be executed at  
S tartup and o f  cou rse s imi lar  types o f  arrays can be  used at  a ny 
po int  with in  a p rogram where a nu mber  o f  success ive a l locat ions 
need  to  be  made .  All  that  i s  needed now i s  some loop  c od e  whic h  
wi l l  read t h rough the po inter  l i s t  and execute  t h e  c orre s p o n d i n g  
r o u t i n e s .  Li s t ing 3 . 3  shows one  o f  m y  s tandard fu n c t i o n s  wh i c h  
does  t h e  tr ick :  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * List ing 3 . 3 :  The auto - a llocator  funct ion . * /  

U BYTE AllocateResource ( UBYTE count , UBYTE ( * list [ ] ) ( ) )  

{ 
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UBYTE i ,  error_numbe r ;  

f o r  ( i=O ; i<count ; i++ ) 

{ 
if ( error_number=list [ i ] ( ) )  i=count ; / * force exit 
f rom loop * /  

} 
return ( e rror_number ) ;  

} 
!* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I  

Making the Most Of Reusable Code 
During these  discu ssions you 've probab ly not iced that I 've taken it  
fo r granted that Push/Pu l l  type stack operat ions are avai lable  to my 
al locat ion modul e .  The bad news of course is that i f  you want such 
stack fac i l i t i es  i n  C then you must e i ther  create the m yourse l f  or  
borrow someone e l se's code .  What  d id  I do  when  deve l op ing  th is  
a l locat ion techn ique? Wel l ,  I d idn't bo rrow anyone e l se 's code .  Nor  
d id I s i t  down to wri te  new rout ines to provide stack o p e rat ions .  
W hat I d id  o f  course  was to l ink my exist ing ,  a l ready c o m p i l e d ,  
abstract data type (ADT) stack modu le  into t h e  program a n d  B i ngo -
in stant stac k hand l ing fac i l i t ies  became avai lab le .  As code gets re­
u sed in th is  way it does  of  course ,  because i t  ge t thoroughly tes ted ,  
tend  to  become very rel iable .  

What yo u  shou ld  note  in  the  al locat ion code  fragments provided so  
fa r h o w e v e r  i s  t h a t  I ' v e  o n l y  u s e d  t h o s e  a c c e s s  fu n c t i o n s  
P u s h S t a c k ( ) ,  Po p S t a c k ( )  e t c ,  t h a t  f o r m  p a r t  o f  t h e  s t a c k  ADT 
i nterfac e  d e fi n i t i o n .  You should  NEVER t ry to access  t h e  i n t e rnal 
rout ines of an ADT module - that would defeat the who le  pu rpose 
of deve lop ing an ADT in  the fi rst place.  I n  fac t  when you examine 
the  source code fo r the programs which use th is  technique (which 
you' l l  fi nd on  the d i sks wh ich acco mpany the book) you wi l l  fi nd no 
references  to the stack ADT inte rnal structures ,  the u nderlying l i st 
man i pu l at i o n  ro u t i n e s ,  o r  any t h i ng e l s e .  I n  shor t  t h e s e  i n t e rnal  
c haracterist i c s  are  of  no consequence to the appl icat ions programs 
wishing to use the ADT. All  that a program needs to concern i tse l f  
wi th  is  the se t  of  al l owable ADT operat ions  that have been defi ned .  

When I wrote my stack ADT code I had , as  ment ioned  in  the  last 
c hapt e r, a number of  very spec i fic  requ irements in  m i n d :  i t  was to 
b e  poss ib le  t o  use any number  o f  d i ffe rent  stacks hand l i ng any 
number of  d i fferent  object  types,  have d i ffe rent types of  stacks i n  
e x i s t e n c e  a t  d i ffe r e n t  t i m e s ,  u s e  t h e  mo d u l e  in  any n u m b e r  of  
p rograms wi thout  having to re-c o m p i l e  i t  and not  be  l i m i t e d  to  
working wi th in  a fixed memory space,  save that  of  the  l i mi t  o f  the  
syste m i t s e l f. Last  but  not  l east  I wanted a modu l e  wh i c h  c o u l d  
easi ly be  ported to d i fferent machines  a n d  ANSI C was t h e  obvious  
c hoice  here .  
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You ' l l  not ice  inc iden tal ly that I chose to  use  vanilla C, i e  ordinary 
c o mmon or  garden C code ,  for implement ing my stack ADT rather  
than the Amiga's Exe c  l i st fu nct ions .  Th is  again was fo r reasons of  
improved portab i l ity - i f, for example  I wanted to  port  my ADT code 
t o  say  a n  Atar i  Fal c o n  o r  ST ma c h i n e ,  I c a n  d o  i t  e a s i ly .  I f  I 'd 
i m plemented the  ADT us ing Exec  l i st fac i l i t ies  I 'd have had to re­
write al l  of  the l ist handl ing code! 

Are you beginning to  see  the  be nefit  o f  the ADT yet? I n  the chapter 
2 example  I was u s ing the stack rout ines  to store characte rs of a 
str ing.  In  th is  latest  use  I 'm us ing exact ly the same c ode to store 
p o i nt e r s  t o  C fu n c t i o n s  and t h i s  f l exi b i l i ty is  one of the m a i n  
be n e fits o f  having ADT style code avai lab l e .  Equal ly i mportant  i s  
t h e  fac t  that I 'm  a b l e  to  re -use  exi s t ing  c o d e ,  rat h e r  than wo rry 
abou t  writ ing stuff from scratch .  To use  the rout ines i n  my resource 
a l l o c a t i o n  mo d u l e  a l l I ha d  to d o  was i n c l u d e  t h e  h e ad e r  fi l e  
(stack_adt .h)  into the program source ,  compi le  a s  normal ,  but l ink  
addit ional ly wi th  the ADT stack objec t  code modu le  (stack_adt .o ) .  

As I 've a l ready ment ioned ,  a lo t  of  the rout ines  and code fragments 
that I ' l l  be  d iscuss ing in  th is  book wi l l  be  provided on  disk us ing 
examp les  that use th is  a l locat ion techniqu e .  The a l locators fo r each 
program wi l l  need to  perform d i ffe rent fu nct ions but  a l l  wi l l  adopt 
the overal l  layout t hat th is  c hapter has dealt  with .  Because these 
a l locat ion modu les  a re so fu ndamental  i t  seeme d  a good idea  to 
p r o v i d e  o ne c o m p l e te l i st i ng for  re fe r e n c e .  The fo l l o wi ng c o d e  
comes  fro m  a short  Workbench or iented ge n e ra l  program that I ' l l  be 
u s i ng as a framework for many o f  my exampl e s :  

/ *  ==================================================== * /  

/ * Listing 3 . 4 :  A Typ ical Allocator Mod u le * /  

/ *  Module name : allocat or . c  * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

# inc lude "genera l . h"extern struct NewMenu menu1 [ ) ;  I 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

UBYTE AllocateResource ( UBYTE count , UBYTE ( * li st [ ] ) ( ) )  

{ 
UBYTE i ,  error_numbe r ;  

f o r  ( i=O ; i<count ; i++ ) 

{ 
if ( e rror_number=list [ i ] ( ) )  

i=count ; / *  force exit from loop * /  

} 
return ( e r ro r_numb e r ) ; 

El 
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} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE Openlnt ( void)  

{ 
UBYTE error_number=NO_ERROR ; 

UBYTE * s = " int uitio n . library • ;  

if ( l ( I nt u it ionBase= ( st ruct  Int uitionBase * )  
OpenLibra ry ( s , INTUITION_VERSION ) ) )  

error_number=ALLOCATION_ERROR ; 

else { 
g_f unction=Closelnt ; 

PushStac k ( g_resource_stack_p , g_function) ; 

return ( er ror_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void C loselnt ( void)  

{ 
CloseLibrary ( ( st ruct Library * ) I ntuitionBas e ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE OpenGraph ics ( void ) 

{ 
UBYTE error_number=NO_ERROR ; 

if ( l ( GfxBase= ( st ruct GfxBase  * )  
OpenLibrary ( " graphics . library " , GRAPHICS_VERSION ) ) )  

error_number=ALLOCATION_ERROR ; 

else { 
g_function=CloseGraphic s ;  

PushStack ( g_resource_stack_p , g_function ) ;  

} 
return ( e r ro r_number ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void C lo seGraph ic s ( v o i d )  

{ 
CloseLibrary ( ( st ruct L ibrary * ) GfxBase ) ;  

} 
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/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

UBYTE LockScree n ( void)  

{ 
UBYTE error_number=ALLOCATION_E RROR;  

if  ( g_pub lic_screen_p=LockPubScreen ( NU L L ) ) 

{ 
g_viewport_p=& ( * g_public_screen_p ) . ViewPort ; 

error_number=NO_ERROR ; 

g_funct ion=UnlockScreen ; 

PushStack ( g_resource_stack_p , g_function ) ;  

} 
return ( e r ro r_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id UnlockScreen ( void)  

{ 
UnlockPubScreen ( N U L L , g_public_screen_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE CreateWindow ( void)  

{ 
UBYTE error_number=ALLOCATION_ERROR ; 

g_window_p=OpenWindowTag s ( NULL , 

WA_Left , 20 ,  WA_Top , 20 ,  

WA_Widt h , WI NDOW_WIDTH , WA_Height , WINDOW_HEIGHT,  

WA_DragBa r ,  TRUE , 

WA_DepthGadget , TRUE , 

WA_CloseGadget , TRUE , 

WA_SmartRefresh , TRUE , 

WA_IDCM P ,  I DCMP_CLOSEWINDOW I I DCMP_MENUP ICK 
IDCMP_GADGETUP , 

WA_Title , " General Testing F ramewo r k " , 

WA_P ubScreen , g_pub lic_screen_p , 

TAG_E ND ) ; 

if ( g_window_p )  

{ 
GT_RefreshWindow ( g_window_p , NULL ) ; 
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e r r o r_number=NO_ERROR ; 

g_rastport_p=g_window_p - >RPort ; 

g_function=KillWindow ; 

PushStack ( g_resource_stack_p , g_function ) ;  

} 
return ( e r ro r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void KillWindow ( void)  

{ 
CloseWind ow ( g_window_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE OpenGadtoo ls ( void)  

{ 

UBYTE error_number=NO_E RROR ; 

if ( l ( GadToo lsBase=Open l ib ra ry ( " gadtools . lib rary " , GAD ­
TOOLS_VERSION ) ) )  

error_number=NO_GADGTOOLS;  

else { 
g_funct ion=CloseGadtools ; 

PushStack ( g_resource_stack_p , g_functio n ) ; 

} 
return ( e r ro r_numbe r ) ; 

} 
/* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void C lo seGadtools ( void)  

{ 

Close l ibrary ( ( s t ruct L ibrary * ) GadToolsBase ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE GetVislnf o ( void)  

{ 
UBYTE error_number=NO_ERROR ; 

if ( l ( g_v isual_info_p=GetVisuallnfo ( g_public_s c reen_p , TAG_E 
ND ) ) )  

e r ro r_number=ALLOCATION_ERROR;  

else { 
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g_funct ion=FreeVisinfo ; 

PushStack ( g_re source_stack_p , g_fu nc t ion ) ;  

} 
return ( er ror_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

v o id FreeVisinfo ( void)  

{ 

FreeVisua linf o ( g_v isual_info_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE CreateMenu ( void)  

{ 

UBYTE error_number=NO_ERROR ; 

if ( l ( g_menu_p=CreateMenu s ( menu1 , TAG_END ) ) )  

error_number=AL LOCATION_ERROR ; 

else { 

g_funct ion=ReleaseMenu ; 

PushStack ( g_re source_st ack_p , g_function ) ;  

} 
return ( e r ro r_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id ReleaseMen u ( void)  

{ 

F reeMenu s ( g_menu_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE CreateMenu layout ( v o i d )  

{ 

UBYTE error_number=NO_ERROR ; 

if ( l ( LayoutMenu s ( g_menu_p , g_visual_info_p , TAG_END) ) )  
error_number=ALLOCATION_ERROR ; 

else { 

} 

/ *  Function must be t ested for success  but 
no deallocation operations a r e  needed ! * /  

return ( e r ro r_numb e r ) ; 

Ill 
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} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE InstallMenu ( void ) 

{ 
UBYTE error_number=NO_E RROR ; 

if ( l ( SetMenuSt rip ( g_window_p , g_menu_p ) ) )  
error_number=AL LOCATION_ERROR ; 

else { 
g_f unct ion=Remov eMenu ; 

Pu shStack ( g_re source_stack_p , g_funct ion ) ;  

} 
return ( e r ro r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void RemoveMenu ( void ) {C learMenuSt r ip ( g_window_p ) ;  } 
/ *  

Controlling The Resource Allocation Process 
So far I 've explained about the way the pairs o f  resource handl ing 
rou t ines  are set  up ,  and described the contro l l e r  array (the l i s t  of  
funct ion  po inters )  and control l e r  rout ines  used to define  the  i n it ial  
sett ing u p  procedures .  I n  order to cause the in i tal  a l locat ions to be 
pe r fo rmed we d o  o f  cou rse have to exp l i c i t ly c a l l  the a l l o cato r 
fu n c t i o n  and I u su a l ly d o  t h i s  u s i n g  a s ma l l  m o d u l e  t h at I c a l l  
mai n . c  (because  i t  co ntains C 's mai n( )  fu nct ion ) .  H e re 's a typ i cal 
p iece  of  example  code :  

/ *  ==================================================== . , 
/ * Listing 3 . 5 :  Short m odules like this are used  to control  
the allocation operations * /  

/ *  Module nam e :  main . c  * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 
#define ALLOCATE GLOBALS 

#inc lude " general . h "  

extern st ruct N ewMenu m enu1 [ ] ; 

#def ine DISPLAY_COUNT 9 

UBYTE ( * d isplay_list [ ] ) ( ) = { 
Openlnt , 

OpenGraphics , 

OpenGadt ools , 

LockSc reen , 



GetVis lnfo , 

CreateWindow , 

C reat eMenu , 

C reat eMenuLayout , 

lnstallMenu 

} ; 

UBYTE *alert_me ssage_p = 

" \ xOO\ x4A\ x 1 4 "  
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" * ** RECOVERABLE ALERT - CANNOT RUN PROGRAM * * * " " \ x00\ x01 " 

" \ x00\x4A\x24 "  

" Version 37 o r  upwards of the GadTools library is  
requ ired " " \ x00\ x01 " " \ x0 \ x4A\ x34 " 

" *  * PRESS LEFT OR RIGHT MOUSE BUTTON TO CONTINUE * * "  " \ xOO " 

; main( int argc , char *argv [ ) )  

{ 
UBYTE err or_number=NO_ERROR ; 

if ( ! ( g_re source_stack_p=C reateStac k ( v o id * ) ) )  error_nu m ­
ber=NO_STACK; 

else { 
/ *  at tempt t o  allocate resources : * /  

error numbe r=Alloc ateResource ( DISP LAY_COUNT , d is 
play_Iist ) ; 

if ( e rror_numbe r )  

{ 
if ( error_number==NO_GADTOOLS ) 

Disp layAlert ( RECOVERY_ALERT , a lert_me s s age_p , 80 ) ; 

} 
else error_number=Am igaProg ( ) ;  

while ( I PopStack ( g_r esource_s tack_p , g_func t io n ) ) 
g_functio n ( ) ;  

KillStack ( g_resource_stack_p ) ; 

} 
return (O) ; 

} 
/ *  Logical end of program * /  

/ *  ============================= ======================= * /  

m 
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Bas i cal ly th is  modu le  tr ies  to c reate a stack ADT and i f  i t  succeeds  
i t  then cal ls  the fu nct ion po inter  l i st a l l ocator funct ion  and i f  th is  
returns with a 'no error' ind icator c ontrol  passes  to the mai n  part of  
t h e  p r o g ra m - w h i c h  i n  t h i s  e x a m p l e  I ' v e  l a b e l l e d  a s  t h e  
AmigaProg() .  fu nct io n .  Th i s  fu nct ion  on ly  ever  re turns  when t h e  
u ser  has s igna l l ed  that they want to qu i t  a n d  so  a t  t h i s  po int the  
fu nct ion po inter  stack i s  empt i ed  as the  d ea l lo cator rout ines  are  
cal l e d ,  the stack is  then de le ted and the program termi nates .  

W h e n  you examine  t h e  s o u r c e  code  o n  d i sk  you ' l l s ee  that the  
p rogram uses  some Release 2 (vers ion  3 7)  l ibrary fu nct ions  so i t  i s  
not going  to run under  Workbench 1 . 3 o r  earl i e r. Knowing that the  
o nly l i kely reason for the program fai l i ng on  Startup i s  go ing to be  
that  s o m e o n e  i s  attempt ing  to run  the  p rogram o n  a 1 . 3  based 
mac h i n e  I 've i nc l u d e  a D i s p l ayAl e rt( )  fu n c t i o n  that  i s  c a l l e d  i f  a 
gadtools  a l locat ion error  occu rs.  This just  informs the u s e r  that the  
GadTools  vers ion 37  l ibrary i s  required to run the  program. 

The I ntuition Angle 
The Intu i t ion  re lated aspects  of this chapte r's example  c o d e  may 
also be of i nterest to those of  you who are new to  Amiga coding .  
The p rogram uses  a wi ndow that  opens i n  the  Wo rkb e n c h  screen  
and under  Release 2 th is  screen  has  to be  locked du r ing the  t ime a 
window i s  set  u p  and opened .  Menus also have to b e  i nstal led and 
t h i s  m u s t  o b v i o u s l y  o n l y  be  d o n e  i f  t h e  w i n d o w  i t s e l f  i s  
s u c c e s s f u l l y  o p e n e d .  G e t  u s e  t o  t h e  fo r m a t  o f  t h e  a l l o c at o r  
funct ions .  I u s e  them a lot .  For  example the  moment i t  i s  known 
that the  window has been sucessfu l ly opened  the  addre s s  of  the  
appropriate window c los ing rout ine ,  K i l lWindow(), ge ts  pushed  onto  
my re so urce  han d l i ng s ta ck .  Th is  e ns u r e s  that  i t  w i l l  b e  c l o s e d  
automatical ly when t h e  program fin ishes .  I have i nc i d e ntal ly opted 
fo r u s ing the GadTools  Library rather  than the  o lder  style Intu i t ion 
approaches and th is  i s  pr ima ri ly for s impl ic i ty - th ings l i ke menus 
are far eas ier  to set u p  us ing the  GadTools  arangements .  You' l l  be 
able to see this from the menu defin i t ion  shown in l i st ing 3 . 6 .  The 
GadTools l ibrary i s  able to convert th is  descript ion d i rect ly  into the 
menu that appears o n  the screen!  

struct N ewMen u  menu1 ( ]  = 

Listing 3 . 6 :  A s imple Gadtools menu definit io n * /  

{ 

} ; 

{NM_TITLE , " PROJECT 

{NM_ITEM ,  " Quit to Wo rkBench " ,  

{NM_END , N UL L ,  

o , o , o , o , } , 
· a ·  , o , o , o , } , 
o ,  o , o , o , } , 
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F r o m  R e l e a s e  2 o f  t h e  A m i ga 's o p e ra t i n g  sys t e m  t h e r e  h a v e , 
a mo ngst other th ings,  been new methods for opening screens and 
w i n d o w s w h i c h  i n v o l ve t h e  u s e  o f  tag l i s t s . M a n y o f  t h e s e  
o p e rat ions  can b e  p e r formed i n  a variety o f  see mingly d i ffe rent  
ways with muc h  of  the flexibi l ity be ing provided primari ly for those 
devel opers who, compatib i l i ty-wise ,  are in  the un fortunate pos i t ion 
of  b e i n g  s t u c k  b e twe e n  a rock ( the  1 . 3 O/S) and a hard  p l a c e  
(Re le ase 2 and later) .  

Not everyone wi l l  encou nter such problems.  Give n that the 1 . 3 user  
base  i s  l ike ly to  d imin ish  fai rly rap id ly now as  users u pgrade and  
m o d e l s  l i ke the br i l l iant A l  200 and  A4000/030 make t h e i r  mark, 
m a n y  d e v e l o p e rs h a v e  w i s e l y  o p t e d  s i m p l y  to p r o v i d e  ( a n d  
maintain) se parate versions of  the i r  products .  This latte r approach 
is  also the one that most Amiga users wi l l  want to adopt with the i r  
own programs because  experience  shows that once  they've working 
with the new environment their interest in  1 . 3 cod ing wil l  dwindle  
rap i d ly! Nevertheless  in  order  to appreciate some o f  the new system 
fu nction options (avai lable from Release 2 onwards) i t  i s  necessary 
to u nde rstand how Tag l ists  fit into the compat ib i l ity scenario .  

A s  you' l l  doubtless know t h e  Amiga heade r  fi les  conta in  templates 
for vast numbers o f  system structures and these define  the var ious 
ent i t ies used by the system. I f, fo r in stanc e ,  you wished to open a 
w i n d o w  i n  1 . 3  ( a n d  e a r l i e r ) y o u  w o u l d  c r e a t e  a N e wWi n d o w  
structure ,  fi l l  i n  the appropriate deta i l s ,  and then cal l  the Intuit ion 
l ib rary's OpenWi ndow() funct ion.  In  order  to provide the Release 2 
syste m e n hancements however, some e stab l i shed operations ,  l i ke 
wi n d ow o p e n i ng ,  required  add i t iona l  parameters  to b e  s p e c i fi e d  
a n d  Co mmodore 's problem was t o  fi nd a way t o  do t h i s  that would 
min imise  any c ompatib i l ity upsets .  I n  fact what they wanted to do 
was come u p  wi th  a s o l u t i o n  t hat  wou l d  e l i m inate  t h e  need to 
extend exist ing system stru ctures in future 0/S re l eases a l togethe r. 
The approach that has been adopted i s  based  on  the  use  o f  arrays,  
o r  l ists  of  arrays ,  that con tain s e l f- i d e n t i fy ing parame ter  valu e s  
(each parameter i tem consists  o f  an ident if ier  a n d  a corresponding 
'real '  value ). S ince these l i sts  provide  a way o f  tagging addi t ional 
parameters  onto exist ing O/S structures ,  they've been  cal l e d  Tag 
l i s ts .  Where appropriate ,  ne wly devised l ibrary fu nct ion ca l ls  look 
fo r s u c h  i t e m s and u s e  th e m  ( e i t h e r  in  ad d i t i o n  t o ,  or  a s  a 
replacement for, any exist ing structure data they might have used 
in  the past ) .  What does  a Tagltem structure look l ike? I f  you look in  
the Ut i l i ty/tagitem. h  header th i s  i s  the sor t  o f  arrangement you' l l  
fi n d :  

st ruct Tagltem { 

Tag ti_Tag ;  

ULONG t i_Data ; 

} ; 

/ *  Typedef ' d  as j ust another ULONG * /  

m 
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I t 's just  a pair  of  l ong word (four  byte) values !  The fi rst  p rovides  a 
3 2  b i t  Tagl te m i d e n t ity, the s e c o n d  a c or re s p o n d i ng 3 2  b i t  data 
val u e .  M os t  tag i d e n t ity v a l u e s  are c o ntext  s p e c i fi c  a n d  i n  t h e  
i n t u i t i o n . h  h e ad e r  f i l e  fo r i n stance  you  wi l l  fi n d  a l l  m a n n e r  o f  
Intu i t ion-re lated tag ident it ies  ( e g  WA_Left, WA_ To p ,  WA_ Width and 
WA_H e i g h t  a r e  u s e d  to s p e c i fy w i n d o w  p o s i t i o n  a n d  s i z e  
in formatio n) .  A number of  general tag i tem values  have a lso  been 
d e fined  and can be found ,  along with the Tagltem structure itse l f, 
i n  th e  u t i l i ty/tag i t e m . h  h e ad e r  f i l e .  Here  are the  m o s t  c o mmon 
ge n e ral symbol i c  names you ' l l  e ncounter :  

TAG _IGNORE Indicates that the associated data item should be ignored. 

TAG_SKIP Skip this and the next ti_Data Tagltems. 

TAG _MORE Marks the end of one array and indicates that at least one other 

Tagltem array exists. The ti_Data field points to the next Tagltem 
array to be used. 

TAG _END Signals the end of an array (ti_Data is unused). 

Table 3. 1 .Symbolic tag identity names. 

I t 's important to real ise that Tag l i sts  have been adopted to ,  and 
h o p e fu l ly, so lve  the  problem o f  adding add i t iona l  parameters  to 
fu nct ion  ca l ls  o nc e  and for a l l .  I n  short ,  fro m  Release 2 onwards 
they are an i ntegral part of  the system and the  bottom l ine i s  that i f  
you're i nterested i n  getting i nto u p-to-date Amiga programming you 
M UST understand how they work. 

So far I 've been trying to paint a general picture about how and why 
Tag l ists came in to existence .  The bad news i s  that there  are now 
actual ly five d i ffe rent ways to write wi ndow open ing  c o d e .  For a 
s t a r t ,  t h e  p ro g r a m m e r  c a n  s e t  u p  a n  Ext N ew S c r e e n  s t r u c t u re 
containing a po inte r to a tag l i st ,  and in  this  case the  OpenWindow() 
fu n ct ion cal l  can be made in the u sual fash ion .  A l ternative ly, the 
O p e n W i n d o wTag L i s t ( )  fu n c t i o n  can be u s e d  a n d  t h i s  has t h e  
fo l l owing prototype : 

struct Window *OpenWind owTagList ( struct NewWindow * ,  
struct Tagltem * ) ;  

Th i s  la t ter  r o u t i n e  can  ac tua l ly  b e  u s e d  i n  two d i ffe r e n t  ways : 
F irst ly, the o riginal ly requ ired parameters can b e  spec i fi e d ,  a la 1 . 3 ,  
i n  a N ewWi n d o w s t r u c t u re wi t h  a d d i t i o n a l  ( R e l e a s e  2 o nwa r d )  
arguments be ing provided i n  a separate tag l i s t .  Second ly, a NULL 
N e wWi n d o w  p o i n t e r  c a n  b e  u s e d  c o u p l e d  w i t h  a tag  l i s t  t h a t  
contains a l l  window opening parameters (only t h e  non-defau l t  value 
tags need be supp l i ed).  

That c overs three o f  the approaches  avai lab le  for maki ng a window 
o p e n i ng ca l l .  U nfortunate ly  ( o r  fortu nat e l y  d e p e n d i n g  on y o u r  
v i e wp o i n t )  two  m o r e  va r i a t i o n s  e x i s t  b a s e d  o n  t h e  u s e  o f  t h e  
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amiga. l ib  OpenWindowTags() funct ion .  Rather than pass ing a s i ngle  
tag l is t  pointer  th is  funct ion expects  to get i ts  tag para meters from 
t h e  s t a c k  ( a l o n g  w i t h  a N ewWi n d o w  p o i n t e r ) .  D o n ' t  p a n i c ,  t h e  
amiga . l ib  fu nct ion stub does  a l l  th is  automat i cal ly and,  from the  C 
c o d e r s  v iewpo int ,  t h e  on ly  d i ffe rence  when u s i ng t h i s  rout ine  i s  
that  the var ious values  are specif ied as arguments  o f  the  funct ion  
ca l l  u s i ng th is  type of  scheme : 

s t ruct Window *OpenWindowTags ( struct N ewWindow * ,  t a g  id 
and value pairs . . .  ) 

Agai n  the  NewWi ndow po inter  can be N ULL s o ,  i f  you want to  use  
tag  based paramet ers exc lus ively, y ou  can.  

Another area of  Intu i t ion-related code which may be o f  interest  to  
less  exper ienced coders concerns the handl ing of  gadget and menu 
events  passed  back t o  the  p rogram from I n t u i t i o n .  Th is  typ e  o f  
c o d e  may l o o k  fr ight e n i n g  wh e n  y ou  f i rs t  s e e  i t ,  b u t  t h e  bas i c  
p r i n c i p l e s  are very easy t o  u n d e rstand . The program exe c u t e s  a 
Wai t()  or  WaitPort() which  puts i t  to  s l eep  ( ie  puts  i t  o n  ho ld  so that 
i t  stops requ i r ing processor  t ime)  unt i l  the user h i ts a gadget o r  
makes a menu se lect ion .  At th is  t ime i t  i s  Intu i t ion that's do ing a l l  
the  event recognition work a n d  having ident i fi ed  a parti cu lar  u s e r  
ac t ion  i t  s e n d s  the  program an lntu iMessage. T h e  f irst  t h i ng that  
your  p rogram knows about a l l  th i s  is  when Exec wakes i t  up and 
t e l l s  i t  that the s ignal that i t  i s  wait ing on  has been sat isfi e d .  The 
program then knows that a message h as arr ived and so  i t  co l l ec ts  
the  message, looks i n  the message's C lass fie l d  to  ident i fy i ts  typ e ,  
a n d  returns the  me ssage u s i ng a rep ly  fu n c t i o n  (wh i c h  l e t s  t h e  
s e nd e r  k n o w  t h a t  t h e  m e s sage h a s  b e e n  d e a l t  w i t h  a n d  c a n  b e  
dea l located or  re-used) .  Having done a l l  that i t  must  then  pe rform 
whatever action is  sui table for the part i cu lar message in quest ion .  
M y  n o rmal  a p p ro a c h  t o  event  han d l i n g  i s  t o  use  a p r e l i m i nary 
r o u t i n e  t o  i d e n t i fy the  g e n e ra l  type (gadget  or  menu)  and  t h e n  
de l iver each class o f  message to an appropriate handler  routine .  

Project Management 
O n c e  y o u  s t a r t  w r i t i n g  p r o g r a m s  t h at i n v o l ve m a n y  d i ffe re n t  
m o d u l e s  a n d  header  fi l e s  a c tu al ly  l ook ing  after  t h e  c o n t e nts  o f  
those  fi l e s  becomes a headache in  i ts  own r ight .  The re are three  
qu i te im p o rtant top ics  that ought to be ment ioned h e r e  because  
t h e y  a r e  standard a p p ro a c h e s  wh i c h  a l m o s t  a l l  e s t ab l i s h e d  C 
programmers u s e  o n  a l l  machines .  F irst ly, there i s  the problem o f  
d e fi n i n g  an d  d e c lar ing  va r iab l e s .  O n e  p rogram m o d u l e  c a n  u s e  
variables d efined in  other  modules  provid ing 'extern'  refe rences  are 
i n c l u d e d  in the module  wi sh ing to use them (to let the c o m p i l e r  
k n o w  that t h e  variables  are declared e lsewhere) .  Variable s  m u s t  o f  
c ourse be dec lared normal ly i n  j u s t  one  f i l e  ( s o  that memory c a n  be  
a l located for storage) but  there is  a sneaky #i fd e f  C pre-processor  

Ill 
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t r i c k  avai l a b l e  that  l e t s  y ou  u s e  t h e  same h e a d e r  fi l e  fo r b o t h  
d e c l a r i n g  a n d  e xt e r n a l l y  r e fe r e n c i n g  a s e t  o f  v a r i a b l e s .  Th e 
fragment  s hown in  l i s t i ng 3 .  7 (wh i c h  comes  fro m the  examp l e 's 
g e n e ra l . h  f i l e )  w i l l  o n l y g e n e r a t e  t h e  e x t e r n  r e f e r e n c e  i f  
ALLOCATLGLOBALS i s  not d e fi n e d .  By d e fi n i ng th i s  val u e  at the  
start o f  just  one  o f  the  fi l e  modu les al l the necessary variab les  are  
d e c l a r e d  a n d  a l l  o t h e r  mo d u l e s  end up w i t h  the  e x t e r n  f o r m  
s ta tements  a s  i s  n e e d e d .  T h e  b e n e fi t? A s i n g l e  fi l e  s e rves  b o t h  
dec laration  a n d  external refere nc ing pu rposes and t h i s  make s for 
substantial ly easier f i le maintenance.  

/ * Listing 3 . 7 :  A u seful header f ile pre - proce s s o r  t r ick  in 
action * /  

/ *  part  o f  general . h  * /  

#ifdef ALLOCATE_GLOBALS 

#define PRE FIX 

#else 

#define PREFIX extern 

#endif 

PRE FIX v o id ( *g_function ) ( ) ;  

PREFIX STACK • g_re source_stack_p ; 

PREFIX s t ruct I n t uitionBase 

PRE F IX s t ruct GfxBase 

* lntuit ionBa se ;  

*GfxBase ; 

T h e  s e c o n d  i s s u e  c o n c e r n s  t h e  avo i d i ng o f  mas s e s  o f  mag ic 
numbers e mbedded in the code .  C's preprocessor  fac i l i t i es  can b e  
u s e d  to c reate header  fi l e s  that contain def in i t ions  o f  i m p o rtant 
c onstant i tems .  This  both aids source code readabi l i ty and makes i t  
eas i e r  to u pdate values  used  across any number  o f  fi l es .  Li s t ing 3 . 8  
gives a few examples b u t  you' l l  fi nd many more in  the d i s k  source  
fi l e s .  

/ * Listing 3 . 8 Preprocessor #define statemen t s  can  a l s o  
improve source c o d e  readabilty . * /  

#define INTUITION_VERSION 33 

#def ine GRAPHICS VERSION 33 

#define GADTOOLS_VERSION 37 

The th i rd area of  program fi l e  management  i nterest  i s  re lated t o  
h o w  multi p l e  module  p rograms are physica l ly  p u t  toge ther. Th i s  
c hapter's program as a lready explained i s  forme d from a co l l ec t ion  
o f  in d e pe nd ently programed object  code modu les  which  handle  the  
a l locat ion and control  o f  resou rces a long with  a vari ety o f  Intu i t ion­
or i ented  tasks. As you now know a stack ADT module  a lso  has to b e  
l i n ke d  to  t h e  p r ogram to  s u p p o rt t h e  abst ract  data  type s t a c k  
o p e rat ions u sed by the  a l locator module .  

I f  t h e  source  code relate d to any one o f  these  modu les  i s  updated 
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( d u e  t o  e n h a n c e m e n t s  o r  b u g  f i xe s )  t h e n  n o t  o n l y  d o e s  t h a t 
part i cu lar module  need to be recompi led but  i t  must be  re- l inked 
with the already exist ing unchanged modules  in  order  to p roduce  
t h e  new v e r s i o n  of  the  p r o g r a m .  C C o m p i l e r s  p ro v i d e  ' M a k e '  
u t i l i t ies  which a l low such  fi l e  dependenc ies  to  be  spec i fi e d  and the 
SAS C offer ing i s  ca l led 'Smake' .  I n  (most) s imple  cases a make fi l e  
s c ript  l i ne consists  of  a target fi le  name fol lowed by  the  names  of  
any  fi l es  u pon whose contents  i t  i s  dependent .  Fol lowing th is ,  on  
the next l ine ,  come the act ions that shou ld  be  carr ied out  wh en  one 
o f  those  dependent  fi l es  change . 

I n  the  example  shown in  l is t ing 3 . 9  a c hange to the  a l locator. c  fi l e  
w o u l d  c a u s e  a l l o c at o r . c to  b e  r e c o m p i l e d  t o  p r o d u c e  a n e w  
a l locator. o  fi l e  that i n  turn  tr iggers the  re- l i n ki ng o f  the example  
p rogram. The be nefit of  the ut i l i t i es  wh ich a l low make fi l es  to  be  
u s e d  i s  t h a t  o n c e  t h e  r e q u i r e d  d e f i n i t i o n s  a r e  s e t  u p  t h e  
programmer n ever has to th ink about what fi l e s  have to be  re made 
when th i ngs get changed.  You ,  the programmer, make you r  d e s i red 
c hanges :  and the 'make' u t i l i ty au t o mat ica l ly compi l es  j u s t  those  
fi l e s  that  are needed  a nd  re- l i nks a l l  the  fi l e s  to  p rovi d e  a new 
vers ion o f  t h e  project .  You r  compi l e r  manuals wi l l  co ntain d etai l s  o f  
t h e  ' m a k e '  u t i l i t i e s  p r ov i d e d  w i t h  y o u r  c o m p i l e r. R e a d  t h e m  -
needless  to  say 'make' fi l es  become important as proj ects  get  larger!  

/ * List ing 3 . 9 :  The SAS C makefile for this chapter ' s  exam ­
ple  program . * /  

# = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

# General Test P ro gram smake file 

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Test : ma in . o  allocator . o  amiga . o  

sc : c / slink FROM L I B : c . o  " ma in . o •  

" amiga . o •  " stack_adt . o •  \ 

TO Test LIB  LIB : sc . lib+L I B : am iga . l ib 

main . o :  main . c  genera l . h  prototype s . h  
main . c  

" a llocat o r . o "  \ 

sc : c / sc 

a l locato r . o :  a llocato r . c  genera l . h  prot otype s . h  
sc : c / sc a llocator . c  

amiga . o :  amiga . c  amiga . h  gene ra l . h  prototypes . h  
sc : c / sc amiga . c  

# = = = = = = = = = = = = = = = = = = == = = = == = = = = = = = = = = = = = = = = == = = = = = = = = = = = = =  

Ill 





4: 
A Flashy 

Interrupt 

Trick 

The 680x0 microprocessors have 
s o p h i s t i c a t e d  i n t e r r u p t  
p r o c e s s i n g b u t ,  a s  f a r  a s  t h e  
Amiga programmer i s  concerned ,  
the proc e s s o r  i nte r ru pt  fac i l i t i e s  
fade  i nto the  backgro u n d .  To be  
honest  an in -depth knowledge o f  
6 8 K  i n t e r ru pt  ha n d l i ng d o e s n 't 
a c t u a l l y  h e l p  t h e  A m i g a  c o d e r  
that much.  

Th i s  s t a t e m e n t  may s e e m  a 
strange way to start a c hapter  on  
Amiga i nterru pt c o d i ng ,  but  i t  i s  
a b s o l u t e l y  t r u e .  A s  an  A m i g a 
coder  you are u n l i ke ly to  ever get  
near  t o  the real  600x0 i nter rupt  
s y s t e m . W h y? I t 's b e c au s e  t h e  
d e  c o  d i n g/ d e s  p a t e  h i  n g  o f  b o t h  
s y s t e m  a n d  t a s k - r e l a t e d  
interrupts are hand led  at a mu ch  
h i g h e r l e v e l  - i t ' s t h e  m u l t i ­
tasking Exe c system t hat you deal  
wi th ,  NOT the  680x0 c h i p .  Exe c ,  
a s  one  of  i t s  many jobs ,  supports  
an interrupt  management  scheme 
w h i c h  a l l o w s  m a n y  d i f f e r e n t  
tasks t o  be re quest ing (and us ing) 
i n t e rru p t  fac i l i t i e s  at t h e  s a m e  
t i m e .  T h e  p r o c e s s i n g i t s e l f  
i nvolves a c o m p l i cated s e r i e s  o f  
ac t ions  involving the 4 70 3  (Paula) 
c h i p  a n d  a n u m b e r  o f  E x e c  
su pervisor  operati ons .  The resu l t ,  
however, at the e nd of  the day i s  
s i mpl e :  when the r ight  i nterrupt  
s i g na l  c o mes  a long Exec  makes  
sure that  the appropriate  p iece  o f  
c o d e  g e t s  exec u t e d  as t h ough i t  
were a subrout ine !  

I n t e r r u p t  p r o c e s s i n g  o n  t h e  
Amiga i s  a n  area  w h i c h  has n o t  
received muc h  exposure e i ther  i n  
magaz i n e s  o r  t h e  Amiga's mai n­
s t a y  r e fe r e n c e  b o o k s .  T h e  
Ad d i s o n  We s l e y  R K M  Libra ries 
vo l u m e ,  p ro b a b l y  p r ovi d e s  t h e  

Ill 
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b e s t  a c c o u nts  b u t ,  a l though  the  i d eas  are  we l l  exp la i n e d ,  l i t t l e  
tuto rial  he lp  i s  offered .  M ore importantly than that though there i s ,  
from a p ract i cal v iewpoint ,  a b i g  c h u n k  of  t h e  story miss ing .  From 
the  beg inner's v iewpo int  what is  needed i s  an explanati o n  of  the 
overal l  scheme of  th ings backed u p  with some example code which  
c an  h e l p  put  t h i ng s  i n to  p e rs p e c t i v e .  What  I want  t o  do  fi r s t  
the re fo re i s  take a c oup le  o f  examples that adopt a straightforward 
a p proach  a n d  exp l a i n  what's go ing  o n .  You might ,  i f  you aren ' t  
fa m i l i a r  w i th  mixed  code  p r ogra m m i n g ,  f i n d  i t  u s e fu l  t o  read  
Chapter  1 3  i n  conjunct ion with th is  chapter because  i t  dea ls  with 
the n i tty gritty detai l s  of how such code is  put together. 

B e fore we start on  our  i nterrupt trai l i t 's necessary to understand 
that i nterrupts a re serv iced  on  the Amiga through the use of  two 
types of  arrange ments - i nterrupt handlers .and interrupt  s e rvers.  A 
handler  i s  e ssential ly a s ingle rout ine  which carr ies  out  exc lusive ly 
a l l  process ing  related to a part icular 4 703 interrupt .  A server on  the  
other  hand a l lows for an interrupt s ignal to be  share d,  ie  i t  a l l ows a 
n u mber  o f  rout ines to be t ied to a parti cu lar  4 703 interrupt .  

I 've  o p t e d  for  exa m p l e s that  use the Amiga's Ve r t i c a l  B la n k i n g  
i nterrrupt.  W h e n  the  Amiga's operating system i s  k icked into l i fe ,  
Exe c  t i e s  t h i s  i nterrupt  to a s e rver  c h a i n  and out  f i rst  j o b  i s  to  
arrange to add o u r  i nterrupt routine code  in to  th is  c ha in .  The  Exec 
l ib rary o ffers a couple  of  system rout ines ,  ca l led  Add l ntServer()  and 
RemlntServer() ,  which a l low a piece of  interrupt  code to be  added o r  
r e moved from t h e  system in  a properly organ ised manner. H e r e  are 
s o me bri e f  funct ion  detai l s :  

Function Name: AddlntSmverQ 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Add an interrupt server to the system chain 

AddlntServer(interrupt_nwnber, interrupt_p) ; 

void AddlntServer(ULONG, struct Interrupt *) ; 

AddlntServer(DO, AO) 

interrupt_nwnber interrupt bit nwnbe interrupt_p pointer to 
an initialized Interrupt structure 

None 

See RKM manuals for additional details. 
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Function Name: RemlntServerQ 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Remove an interrupt server from system chain 

RemlntServer(interrupt_number, interrupt_p ) ;  

void RemlntServer(ULONG, struct Interrupt *); 

RemlntServer(DO, AO) 

interrupt_number - interrupt bit number interrupt_p - pointer to 
an initialized Interrupt structure 

Return Value: None 

Notes: See RKM manuals for additional details. 

The interrupt numbers are defined i n  the hardware/intbits .h  header 
f i l e ( o r  t h e  e q u i v a l e n t a s s e m b l y  l a n g u ag e  i n c l u d e  f i l e  
hardware/intb i ts . i )  and for our  vert ical  blank i nterrupt we use  the 
value  INTB_VERTB (actual ly 5 ) .The seco nd parameter  i s  a po inter  
not  to a p iece  of  code but  to a system Interru pt stru cture ,  which in  
C looks  l ike th is :  

st ruct Interrupt 

{ 

struct Node 

APTR 

is_Node ;  

is_Dat a ;  

VOID (* is_Code ) ( ) ; 

} ; 

I t 's th i s  s t ructure t hat Exec uses  to  p rovide a l inked  l i s t  o f  jobs  
w h i c h  m u s t  b e  d o n e  w h e n  t h e  i n t e r r u p t  o c c u r s .  B a s i c a l l y  an  
I nterrupt structure i s  an ordi nary Exec  Node with a couple  o f  extra 
i t e m s  tagged o n .  Yo u do i n c i d e n t a l l y  n e e d  to k n o w  a b o u t  t h e  
contents of  a Node structure because a number o f  i t s  fie lds  have t o  
b e  fi l l ed  in  b e fore  you can u s e  t h e  Interrupt structu re . Here  are the 
necessary detai l s :  

st ruct 

{ 
st ruct 

s t ruct 

U BYTE 

BYTE 

char  
s t ring 

} ; 

N ode 

Node * ln_Succ ; 

Node * ln_Pred ; 

ln_Typ e ;  

ln_Pri ; 

* ln Name · - ' 
* /  

/ *  

/ *  

/ *  pointer t o  successor * /  

/ *  pointer t o  predecessor * /  

must set this t o  NT_INTERRUPT * /  

c a n  b e  s e t  from +1 28 t o  - 1 27 * /  

/ *  points t o  a NULL  t erminated 

The Node stru cture 's type , pr iority and name fie lds  have to  be  set  
up with sensib le  values ,  and the is_Code  pointer  must contain the  

111 
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a d d r e s s  o f  y o u r  i nt e r u pt r o u t i n e .  The i s_Data fi e l d  i s  ava i l a b l e  
s i m p l y  for conven ience  - Exec w i l l  pass anyth ing y o u  place in  th is  
fi e ld  d i re ct ly to the i nterrupt rout ine  us ing the 680xO's Al  register. 
With an i nt e r r u p t  se rve r c h a i n  the  pr ior i ty val ue  w i l l  d e t e r m i ne 
w h e r e  a b o u t s  i n  t h e  s e rve r  c h a i n  you r r o u t i n e  w i l l  b e  p l a c e d  
( normal ly you should  l eave t h e  pr iority f ie ld a s  zero) .  Exe c  carr ies 
out  these i nterru pt j obs in  order of  their  pr iori ty but  i t  c hecks the 
6 8 0x 0 's z e ro f lag b e fo r e  d e c i d i n g  w h e t h e r  to e x e c u t e  t h e  next  
server  rout ine .  The  ba d  news here  i s  that i f  the  zero  flag i s  N OT se t  
th e n  Exe c d o e s n't  b o t h e r  execut ing  any o f  t h e  s e rv e r  r o u t i n e s  
fu rth e r  down t h e  c hain !  Needless  to say - i f  you give your  rout ine t o  
a h igh pr ior i ty, a n d  then fo rget t o  s e t  t h e  zero flag on  exit ,  other  
rou t in e s  in  the  chain  wi l l  not be execu ted .  Ve rt ica l  B lank s e rvers 
s h o u l d  t h e r e fo r e  a l w a y s  r e t u r n  w i t h  t h e  6 8 0 x O 's z e r o  f l a g  
d e l iberately set !  

This i s  easy to d o  when  your routine i s  c oded in  assemble r  but  with 
h i g h - l e v e l  l a n g u a g e s  s u c h  as C t h e  a p p r o a c h  t e n d s  to v a r y  
d e p e n d i n g  o n  whi c h  c om p i l e r  y o u  are u s i ng. SAS C for i n stance  
p rovi des a funct ion cal led putreg() that  al l ows a value  to be  forced 
i nto a 6 8 0x0 regi ste r and a putreg(REG_D0,0)  ca l l  appears to se t  the 
6 8 0xO's zero  f lag to a su itab l e  (true )  val u e .  With other compi lers  
other  funct ions may be  spec ified o r  you may have to termi nate the 
i nterrupt rout ine us ing a return(OL) fu nct ion.  

Putting the Pieces Together 
So far the basic  ideas ,  given that a su itable p iece  of in te rru pt code 
is  ava i l ab l e ,  are  r e l a t iv e ly s t ra ightfo rwa r d :  s e t  u p  t he requ i r e d  
I nterrupt  stru ctu re  a n d  use  t h e  Add lntServer()  rout ine  to g e t  t h e  
c ode added to the  j obs  that a re done every t i me a vert i cal  b lank 
i n t e r r u p t o c c u r s .  J u s t  b e fo re  the  p r o g r a m  t e r m i n a t e s  u s e  a 
RemlntServer( )  ca l l  to remove the j ob .  

The i nterrupt code i tse l f  should be written as a subrout ine  and the  
gene ral r u l e  with a l l  i nte rrupt  cod ing i s  that  the c o d e  s h o u l d  b e  
k e p t  s h o r t  a n d  fas t .  Th i s  i s  e s p e c i a l l y  i m p o rtant  o n  t h e  Amiga 
b e c a u s e  a l o t  o f  housekeeping o p e r a t i o n s  h a p p e n  d u r i n g  t h e  
Amiga's in te rru pt  t imes .  One important th ing t o  remember i s  that 
you c a n n o t  a s s u m e  that i t  i s  al ways safe to read g l oba l  syste m 
stru c tures  and so on  because they may actually be in  the  middle  o f  
b e in g  u p dated at  t h e  t i m e  your i nterru pt occurs .  There a r e  ways  
aro u n d  th is  a l though the  most obvious,  d isabl ing the  in terrupts fo r 
a s h o rt per iod o f  t ime ,  i s  not always the wisest  cou rse o f  act i o n .  
There are a few other  gotchas to watch fo r a s  we l l  - y o u  cannot for 
e xample  u s e  sys tem cal l s  wh ich ,  e ither  d i rect ly or  i n d i re ct ly, ca l l  
Exe c 's o wn A l l o c M e m ()  a n d  F re e M e m ( )  m e m o ry a l l o c a t i o n  a n d  
d e al locat ion rou ti nes .  

Eve ryt h i n g  I 've  tal ke d  a bout  s o  far  has  involved the  r e l a t i v e l y  
mechanical  aspects o f  interrupt use ,  ie  t h e  adding a n d  removing o f  
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pieces  o f  code from an in terrupt server c ha in .  What we now need to  
do i s  look  at  some example i nte rru pt code and here there are both 
h igh-level and low-level ways of  approaching the coding.  

The H igh-Level C Approach 
I 'm going to start by sketching out  the overal l  fra mework o f  some 
i nte rru pt code  that j u s t  decreases the value  o f  a global  var iab l e ,  
c a l l e d  g_d e lay, b y  o n e  e v e ry t i m e  a v er t i ca l  b la n ki n g  i n t e r r u p t  
occu rs.  After  do ing t h i s  the  rout ine  wi l l  c h e c k  t o  see  i f  t h e  valu e  o f  
t h i s  vari ab l e  has become z e ro a n d ,  i f  i t  has,  i t  wi l l  r e s e t  i t  to  a n  
arb i t rary original value  again .  Here 's t h e  c o d e  in  quest ion :  

vo id �saveds Inte rruptCod e ( v o i d )  

{ 
if ( ! (-g_de lay ) ) 

{ 
g_delay=DELAY ; 

} 
putreg ( REG_DO , O ) ; 

} 

/ * reset original value * / 

This example  i s  Latt i ce/SAS C compi l e r  o ri ented in  that I 've u s e d  
t h e  _saveds keywo rd (needed because the  in terrupt  c ode w i l l  be  
entered d i rectly) and the putreg() fu nct ion to se t  the 680xO's z e ro 
flag . Other compi lers wi l l  requ ire  d i ffere nt  approaches and you ' l l  
n e e d  to c h e c k  y o u r  own compi ler  docume ntat ion  for t h e s e  detai l s .  
To in stal l  t h e  interrupt code  i s  easy - y ou  j u st in i t ia l i se  an Inte rru pt  
structure an d  use the  Exec AddlntServer() rou t ine  l i ke th i s :  

v o id PatchOn ( vo id )  

{ 
/ * initialise interrupt structure  fields and link into  
server  chain . . . * / 

g_interr upt . is_Node . ln_Type=NT_I NTERRU P T ;  

g_interrupt . is_Nod e . ln_Succ=NULL ; 

g_interrupt . is_Node . ln_P red=NULL ; 

g_inte rrupt . is_Node . ln_Pr i=O ; 

g_in te rrupt . is_Node . ln_Name=NULL ; 

g_interrupt . is_Code=InterruptCode ; 

g_interr upt . is_Dat a=NULL ; 

Add l ntSe rve r ( INTB_VERTB , &g_in t e r rupt ) ;  

} 

Re moving the code from the interrupt job  l i s t  is even eas ier :  
v o id PatchOff ( vo id )  

ID 
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{ 
RemlntServe r ( INTB_VERTB , &g_in t e rrupt ) ; 

} 

As y o u ' l l  rea l i s e  from the  above c o d e  the  bas i c  a rrange ment  for 
adding an addit ional p iece  of  code to an interrupt s e rv e r  chain  i s ,  
i n  p ri nc ip le  at least ,  reasonably straightfo rward .  What throws most 
p e o p le  i s  gett ing the detai ls  r ight so i t's important that the  var ious 
steps  are u nderstood with in  the context o f  a runab l e  example .  The 
fol lowing example i nsta l l s  the interrupt  rout ine  d e s c ri be d  ear l i e r  
an d  th e n  executes  a l oop w h i c h  just looks at the  c o n tents  o f  the 
g_de lay var iable  whi lst  the  l o o p  counts to 1 000 .  N o  c hanges are 
made to the c ontents o f  g_delay from with in  the mai n  pro gram but 
as the contents are pr inted you' l l  see the val u e  c ha nging betwe e n  1 
and 1 6 .  What's happen ing o f  cou rse  is that the interrupt  rout ine i s  
c hanging the valu e  o f  the g_de lay variable and th is  s h o u l d  be  proof 
enough that the i nterrupt code has been instal l e d  i nto the vert ical 
b lanking s erve r  chain .  

/*  ========== ========================== ================ * /  

/ * List ing 4 . 1 : A r unable inter rupt code example* / 

/ * Program name : CH4 - 1 . c * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * some includes . . .  * /  

#include <stdio . h> 

#inc lude <exec / types . h>#include <dos . h> 

#inc lude <exe c / inte r rupt s . h> 

#inc lude <hardwa r e / int b it s . h> 

#inc lude <proto / all . h> / *  some prototype s . . .  * /  

void �saveds Inter ruptCode ( v o id ) ; 

void PatchOn ( void) ; 

void Pat chOff ( v o id ) ; 

/ * some defines . . .  * /  

#define DE LAY 1 6  

/ * some g lobals . . .  * /  

UBYTE g_delay=DE LAY ; 

static s t ruct Inter rupt g_interrupt ; 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

main ( int argc , char  *argv [ ) )  

{ 



A Flashy Interrupt Trick 

U LONG i ;  

PatchOn ( ) ;  

for  ( i=O ; i< 1 000 ; i++ )  printf ( " %d \ n " , g_de lay ) ; 

PatchOff ( ) ;  

} / *  Logical end of prog ram * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id PatchOn ( vo id )  

{ 
/ *  initialise int e r r upt  struct  f ields then link into 

server chain . . .  * /  

g_interrupt . is_Node . ln_Type=NT_INTERRUPT;  

g_interrupt . i s_Node . ln_Succ=NULL ; 

g_interrupt . is_Node . ln_Pred=NULL ; 

g_interr upt . is_Node . ln_P r i=O ; 

g_interrupt . is_Node . ln_Name=NUL L ;  

g_inte rrupt . is_Code=InterruptCo d e ;  

g_interrupt . is_Dat a=NULL ; 

AddlntServe r ( I NTB_VE RTB , &g_in t e r rupt ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

v o id Pat c hOff ( void ) 

{ 
RemlntServe r ( INTB_VE RTB , &g_in t e r rupt ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

void �saveds Inter ruptCod e ( void)  

{ 
if ( I  (-g_de lay ) ) 

{ 
g_de lay=DE LAY ; 

} 
putreg ( REG_DO , O ) ; 

} 

/ *  r e set o r iginal v alue * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

• 
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Flashing Colours 
The framework we've just  deve loped i s  easi ly modifi e d  to  produce 
a s imple flashing colour rout ine and their  are two areas where the 
code needs to  b e  c hanged. F rst ly we need to  obtain the  red ,  b lue  
an d  gre e n  c o l o u r  valu e s  o f  t h e  app ropr iate  c o l o u r  reg is ter. Th i s  
i n f o r m a t i o n  c a n  b e  o b t a i n e d  b y  u s i n g t h e  g r a p h i c s  l i b r a r y 
GetRGB40 rout ine  and then do ing some b i t  masking and s h i ft ing to  
ident i fy t h e  ind ividual  values  l i ke th is : 

g_c o lour_va lu e=GetRGB 4 ( g_viewport_p - >ColorMap , COLOUR_REG) ; 

g_re d  = ( g_co lo ur_value&OxOF00) >>8 ; 

g_green = ( g_co lour_va lue&OxOOF0 ) >>4 ; 

g_blue= g_c o lour_value&OxOOOF ;  

O n c e  t h e s e  val u e s  are  avai lab l e  a l l  w e  n e e d  t o  d o  t o  make  t h e  
co lou r flash i s  a l te rnately switch the co lour  i n  the regis ter  between  
i ts  or ig inal  value  a nd  black. We se t  the co lou r to  b lack  by  c l earing 
t h e  c o l ou r regi ster's red ,  b lue  and green components  to  zero  l i ke 
t h i s :  

SetRGB4 ( g_v iewport_p , COLOUR_REG , O , O , O) ; / *  s e t  t o  black * /  

t h e n ,  w h e n  t h e  next change i s  d u e ,  we rese t  t h e  c o l o u r  regi s t e r  
u si ng t h e  original  r e d ,  green  a n d  b l u e  value s :  

SetRGB4 ( g_v iewpo rt_p , COLOUR_REG , g_red , g_g reen , g_b lu e ) ; 

The fol lowing l i s t ing i s  of  an i nterrupt code modu le  that does  th i s  
and you ' l l  see  t hat a global toggle variable i s  b e i ng alternately se t  
and c leared i n  order  t o  a l low the right SetRGB4() ca l l  to  be made .  O n  
d i s k  you' l l  fin d  th is  module  l i n ke d  into  a program whose general  
framework i s  based on  the example  out l ined in  Chapter  3 .  

/ *  ============================================= ======= * /  

/ * List ing 4 . 2 :  A s imple colour flashing program* / 

/ *  Module name : interrupt . c  for  ExampleCH4 · 2  * /  

/ *  - - - - - - - - - - - - - - - - · · · - · · - - - - - - - · · · · · · · · · - - - - - · · - · · · · · ·  * /  

#inc lude <exe c / types . h> 

#inc lude <do s . h> 

#inc lude <ex e c / interrupt s . h> 

#inc lude <hardware/ int b it s . h> 

#inc lude <proto / al l . h> 

#inc lude " genera l . h " 

v o id �saveds  Inte rruptCode ( v o id ) ; 

#define COLOUR_REG 3 

st ruct Interrupt  g_interr upt ; 

UWORD g_colour_value ; 
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UBYTE g_red , g_gree n ,  g_blue , g_toggle=FALSE ; 

void PatchOn ( void)  

{ 

/ *  set de lay value and read c olour reg values : * /  

g_de lay=DELAY ; 

g_colour_value=GetRGB4 ( g_viewpo rt_p - >ColorMap , COLOUR_R E G ) ; 

g_red = ( g_colour_value&OxOFOO ) >> B ;  

g_green = ( g_co lour_value&OxOOF0 ) >>4 ; 

g_blue= g_colour_value&OxOOOF ; 

/ *  init ialise interrupt struct field s :  * /  

g_interrupt . is_Node . ln_Type=NT_INTERRU PT ;  

g_interrupt . is_Node . ln_Succ=NUL L ;  

g_inte rrupt . is_Node . ln_Pred=NULL ; 

g_interrupt . is_Node . ln_P r i=O ; 

g_inter rupt . is_Node . ln_Name=NULL ; 

g_interrupt . is_Code=Inter ruptCod e ;  

g_interrupt . is_Data=NULL ; 

/ *  and f ina lly link code into server chain : * /  

AddlntServer ( INTB_VE RTB , &g_interrupt ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void PatchOff ( v oid ) 

{ 

RemlntServe r ( INTB_VERTB , &g_interrupt ) ;  

SetRGB4 ( g_v iewpo rt_p , COLOUR_REG , g_re d , g_g reen , g_blue ) ;  

/ *  restore colours * /  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

void �saveds Inter ruptCode ( void)  

{ if ( ! (-g_delay ) )  

{ 

g_delay=DELAY ; 

if ( g_t oggle ) 

/ *  reset original value * /  

{ 

SetRGB4 ( g_viewport_p , COLOUR_REG , g_red , 
g_green , g_b lu e ) ; 

g_toggle=FALSE ; 

} 
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else  { 

SetRGB4 ( g_v iewport_p , COLOUR_R E G , O , O , O ) ; 
/ *  set t o  black * /  

g_togg le=TRUE ; 

} 

} 
putreg ( REG_DO , O ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

The Equivalent Assembler Example: 
Fo r  t h o s e  of you i nte rested in assembler  c o d i ng h e re 's a s i m i la r  
roug h a n d  ready f l a s h i ng e ffe c t  r o u t i n e  c re a t e d  u s i n g  6 8 0x0  
assembler. I t  was assembed with  Devpac and makes  u s e  o f  some 
D evpac spec if ic  l ib rary a c c ess  macros ( such as  CALLGRAF). When  
u s ing another  assembler  these  c a l l s  woul d  need to  b e  replaced with 
c o n v e n t i o n a l  l i b r a ry c a l l  c o d e  t h a t  e x p l i c i t l y  s p e c i f i e s  t h e  
appropriate l ibra ry base .  

Provi d ing you 're happy with 68 0x0 assembler  there 's l it t l e  more to 
ment ion  except  t hat in this example I 've hard-coded the d elay value 
( rath e r  than reading the contents  of  a global d e lay variab le ) .  The 
overal l pr inc ip les  of the rout ine  and i ts  use of the l i b rary fu nct ion 
c a l l s  f o r i n s t a l l i n g a n d  r e m o v i n g  t h e  i n t e r r u p t  c o d e  a n d  
gett ing/set t ing c o lour  regi ster  values  are exact ly t h e  same a s  for 
the examp le  a l ready d i scussed .  Not ice however that when we are 
working at 680x0 coding l evel i t  i s  very easy to  ensure  that the zero  
flag i s  set  before  the i n te rrupt rout ine  terminates .  We j u s t  u s e  the 
i n struct ion :  

moveq . 1  #0 , dO ; set Z flag 

Here 's the l i st ing o f  the rou t ine that you fi nd on  the program d isk :  
/ * Listin g  4 . 3 :  A s imple 680x0 as sembly language inte r rupt 
c o lour  f la shing example* / 

include exec / exec_lib . i  

include exec/ interrupt s . i  

include exec/ type s . i  

include hardwa r e / intbit s . i  

include graphic s / g raphics_lib . i  

DE LAY EQU 1 6  

PRIORITY EQU 0 

XDEF Pat chOn 

XDE F  _PatchOff 

XREF _GfxBase 
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XREF _g_v iewpor t_p 

XREF colourtable 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* P reserve a6,  get colours and then set up the  in terrupt  
* server node  before  adding to ex ist ing vertic a l  blanking  
* j ob s .  St ructure is already defined in inc lude file s ,  so  
•we can use the pre - calculated offse t s : 

PatchOn : movem . l  a6 , - ( a7 )  ; preserve  

move . !  #_colourtable , a 1 

move . w  1 4 ( a 1 ) , d0 ; get colour 

andi .w  #$0FOO , d 1 ; isolate red 

lsr . w  #8 , d 1 

move . b  d 1 , r ed 

move . b  d0 , d 1 ; copy colour 

andi . b  #$00FO , d 1 ; isolate g reen  

lsr . b  #4 , d 1 

move . b  d 1 , g reen 

move . b  d0 , d 1 ; copy c o lour 

andi . b  #$000F , d 1 ; isolate b lue 

move . b  d 1 , b lue 

move . !  #server_node , a1 ; base address  

move . b  #NT_INTERRUPT , LN_TYPE ( a1 ) 

move . b  #PRIORITY , LN_PR l ( a 1 ) 

move . !  #_colourtab le , IS_DATA ( a 1 ) 

move . !  # FLASH_CODE , IS_CODE ( a1 ) 

moveq . l  #INTB_VE RTB , dO ; server  node  already 
in a1  

CALL EXEC AddlntServer ; tn stall 

movem . l  ( a7) + , a6 ; restore 

rts  : qu it 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

cnop 

PatchOff : movem . l  

move . !  

moveq . l  

CALL EXEC 

movem . l  

r t s  

0 , 4  

a6 , - ( a7 )  

#server_node , a 1 

#I NTB_VERTB , dO 

RemlntServer 

( a7 ) + , a6 

; preserve 

; restore 

; qu it 

m 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

FLASH_CODE : movem . l  

SET_REG : 

C LEAR_REG : 

FCO : 

FC1 : 

subq . b  

bne 

move . b  

bchg 

beq 

move . b  

move . b  

move . b  

bra  

clr  

clr  

clr  

move . l  

move . l  

CALL GRAF 

movem . l  

moveq . l  

rts  

d2 - d3 / a6 , - ( a7 )  
; p reserve regis t e r s  

#1 , c ount 

FC 1 

#DELAY , count 

#0 , switch 

CLEAR REG 

red,  d1  

green , d2 

blue , d3 

FCO 

d 1  

d2 

d3 

#7 , dO 

_g_v iewpo rt_p , aO 

; alternate value  

; prepare c o lo u r s  

; fo r  RGB4 ( )  call  

; clear colours  

; for RGB4 ( )  call  

; colour  reg 7 

SetRGB4 ; re s et colour 

( a 7 ) + , d2 - d3 / a6 ; re s t o re registers  

#0 , dO ; set Z f la g  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I -

server_node d s . l  IS SIZE , st a t ic declaratio n  

count dc . b  DE LAY 

red d s . b  ; space f o r  stor ing 

green d s . b  ; separated  colour 

b lue d s . b  ; values 

swit ch  d s . b  ; boo lean flash  swi t c h  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 



A Flashy Interrupt Trick 

An Alternative Amiga-Oriented Solution 
O n  s o m e  mach i n e s  h avi ng a p i e c e  of c o d e  fo rc ib ly  execu t e d  by 
t y i n g  i t  t o  a n  i n te r r u p t  c a n  b e  t h e  o n l y  way t o  ge t  a p i e ce o f  
s e c o nd ary co d e  pe rfo r m e d  w h i l s t  t h e  main  program i s  ru n n i ng .  
F l as h i ng co lo u rs and co lour  cyc l ing  tr icks  are  two typica l  e ffects 
that  have frequent ly requ ired interru pt-based approaches .  As we've 
now seen  i t  is ce rtainly poss ib le  to  adopt  these so lut ions  with the 
Amiga but i s  th i s  the  best  way to tackle  such jobs? To be  honest  the 
answer i s  no - because these  e ffects are not  actual ly t ime-cr i t ica l  
e no u gh to  warrant the i r  inc lus ion i nto the  Amiga vertical  b lanking 
s e rver  chain .  Why burden an i nterrupt c hain ,  that possibly already 
has  a g reat  many i mportant  t h ings to  d o  a l re ady, by add ing  yet  
another  complete job?  One so lut ion  to  th i s  d i l e ma i s ,  i n  pr inc ip le  a t  
l e ast ,  s imple .  I n stead of  having a l l  o f  the  proposed interrupt  d riven 
c o d e  a t t a c h e d  to t h e  s e rv e r  c h a i n we i n s t ead j u s t  u s e  a s h o r t  
i n t e r ru p t  r o u t i n e  t h a t  s e n d s  a start doing som e th ing s igna l  t o  
another  process whenever a n  in terrupt occurs .  That re move s most 
o f  the  addit iona l  pressure and leads us  o nto an area o f  Exec which 
i nvolves inter-task s igna l l i ng. 

But why stop there? At this po int ,  bearing in  mind that the Amiga 
can mult itask, we also n e e d  to ask ourselves whether it wou l d n't be 
b e tte r  to  set up total ly i ndependent  tasks for handl ing  seco ndary 
j o b s  l i ke c o l o u r  fl a s h i n g  a n d  so o n .  F o r  t h e  e v e ry d ay c o d i n g  
problems that most  Amiga programmers face ,  these mult ip le  task 
approaches  turn out  to  be far more flexible  than the corresponding 
i n t e r ru p t-base d  s o l u t i o n s .  For  two or  m o re tasks  t o  c o - o p e ra te  
s e ns ib ly they need to  communicate a nd  one  way of  do ing th i s  is  t o  
u s e  E x e c 's s i g n a l l i n g s y s t e m .  S i n c e  t h e s e  a r r a n g e m e n t s  a r e  
important,  they get a chapter  a l l  to  themse lves .  
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5: 
Usi ng Exec 
Signals i n  
You r  Own 
Programs 

T h e A m i g a ' s  mu l t i - t a s k i n g  
o p e ra t i n g  s y s t e m  p r o v i d e s  a n  
e l e g a n t  i n t e r- t a s k  s i g n a l l i n g  
system bas ed o n  the  use  o f  sets  
of  s i g n a l  b i t s  t h a t  a r e  s t o r e d  
i n s i d e  e v e r y  p r o g r a m ' s  t a s k 
s t r u c t u r e .  F o r  e a c h  t a s k E x e c  
a l l o c a t e s  s p a c e  fo r 3 2  b i t s  o f  
these b i ts  ( i e  o n e  long word) - the 
lower 1 6  b i ts  are  for use  by Exec 
i t s e l f  b u t  t h e  u p p e r  1 6  b i t s  are  
ava i l a b l e  for use  by t h e  t a s k  in  
q u e s t i o n .  These  s ignal  fac i l i t i e s 
are i n  fact  an i ntegral part o f  the 
h i g h e r l e v e l  E x e c  m e s s a g e  
c o m mu n i c a t i o n s  sy s t e m  u p o n  
wh ich th ings l ike  the  even higher 
l ev e l  I n t u i t i o n  l nt u i M e ssage and 
ARexx c o mmu ni c a t i o n s  systems 
a r e  b u i l t .  W h e n  d e a l i n g  w i t h  
messages  at t h e s e  h i g h e r  l eve l s  
t h e  programmer, i n  m o s t  cases ,  
rarely needs  to  worry about how 
t h e  u n d e r l y i n g  s i g n a l  b i t s  a re  
a l l o cated  b e c a u s e  Exe c - o r i e n ted  
a m i g a . l i b  c a l l s  s u c h  as  
C r e a t e P o r t ( ) ,  I n t u i t i o n  l i b r ary  
fu nct ions  etc ,  a lways hand le  the  
ni tty gritty detai l s  automat i cal ly. 
We ' l l  c o n s i d e r  s o m e  m e s s a g e ­
or iented i deas in  the next chapter  
b u t  f o r  t h e  m o m e n t  i t  i s  t h e  
unde rlying signa l l ing system that 
i s  our main focus of  inte rest .  

Because  t he a l location ,  han d l i ng, 
and d e a l l o c at i o n  of s i g n a l  b i t s  
tend to  b e  handled automatical ly 
they tend to remain h idden in the 
b a c kg r o u n d  as far as A m i ga 
syste m  resources  are conce rned .  
Th i s  i s  a p i ty b e c a u s e  they  are  
not only very usefu l  but  they  are 
extre mely easy to und erstand and 
the pu rpose of th i s  chapter is to 
c o nv i n c e  you that t h i s  i s  so  by 
showing you a n u mber  of  usefu l  
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signal  based tr icks .  F irst  o f  a l l  though let's start by taking a look at 
t h e  Exec funct ions that a l low a task to  set up and re lease a s ignal 
b i t :  

Function Name: AllocSignalQ 

Description: 

Call Format: 

<;:: Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Allocate a signal bit 

signal_number=AllocSignal(signal_number) ; 

BYTE=AllocSignal(BYTE); 

DO=AllocSignal(DO) 

signal_ number - either a specific signal number or -1 if 
don't care 

allocated number for signal or - 1  if function fails 
Signals should be deallocated before the task terminates. 

The actual al locat ion o f  user  s ignals i s  extremely easy t o  code and 
o ne important point  i s  that  i t  i s  you the  programmer  who dec ides  
w h at  the  var ious s ignal b i t s  a re  going to  mean to  you r p rogram.  We 
m ight  for i nstance d e c i d e  that b i t  1 6  was go ing t o  b e  u s e d  as a 
s ignal  for a program to  qu i t ,  i e  terminate,  and so  we'd use  a #define  
p r e p ro c e s s o r  s t a t e m e n t  t o  c r e a t e  a s u i ta b l e  d e f i n i t i o n .  W h e n  
r e q u e st ing  a s p e c i fi c  s ignal b i t  i n  t h i s  way w e  c a n  t e s t  that  the  
r e qu i red s ignal was obtained d i rect ly l i ke th i s :  

#def ine Q U I T  1 6  

if ( AllocSig n a l ( QUIT) ==QUIT) 

{ 
/ *  s ignal available for use  here * /  

} 

A l l  a l l o c a t e d  s i g n a l s h a v e  t o  b e  r e t u r n e d  b e fo r e  a p r o g r a m  
t erminates a n d  a FreeSignal()  funct ion is  avai lable f o r  t h i s  purpose .  
I t  i s  used l ike  th is :  

FreeSigna l ( QUIT ) ; 

You' l l  not ice  that ne i ther  the al locat ion o r  fre e i ng funct ions  n eed to 
know what task i s  i nvolved.  This is  de l iberate ....: the cal ls are task 
s p e c i fic  and i t  i s  not poss ib le  to  u se them to a l locate o r  deal locate 
t h e  s ignals of some other  task. 
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Function Name: Fre�ignalO 

Description: Free an allocated signal bit 

FreeSignal(signal_nurnber); 

void =FreeSignal(BYTE); 

FreeSignal(DO) 

Call Format: 

C Prototype: 

Registers: 

Arguments: signal_number - signal number of signal to free 

None Return Value: 

Once a task has a l located a s ignal b i t  other  tasks can set  th is  s ignal 
by u s i ng this Exec Signal()  funct ion and again the funct ion is  very 
easy t o  use .  To send the previously ment ioned QUIT s ignal to  a task 
whose Task pointer is  contai ned in  the  variable  cal led ch i ld_task_p 
we'd use th is  sort of code : 

Signal ( ch ild_t ask_p , ( 1 L<<QUIT) ) ;  

Not ice  that this fu nct ion does NOT use  a signal b i t  number i t  u ses a 
long word , i e  3 2  bi t ,  mask value (wh ich I ' l l  explain about  sho rtly) .  

Function Name: Signal0 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Signal a task 

Signal(task_p,signal_mask); 

void=Signal(struct Task *,ULONG); 

Signal(AO DO) 

task_p - pointer to the task to be signalled signal_mask - signals 

to be set 

None 

Tasks can be signalled at any time irrespective of whether they 
are running, ready to run, or in a wait state. If the task is 
currently waiting for one of the signals being set ii will be made 
ready to run and a reschedule will occur. 

With the Amiga's mu lt itaski ng syste m i t 's i mportant fo r programs 
not  to  use processor  t ime u n l ess  real ly  nece ssary. One common 
examp l e  o f  when a program should not  use  processor t ime i s  when 
it  needs to  wai t for user  input ,  eg wai t ing fo r a user  to h i t  a gadget 
o r  s e l e c t  a m e n u  i t e m .  Th e s t a n d a r d  p r o c e d u r e  w i t h  A m i g a  
programming i s  to  p u t  t h e  program t o  s l e e p  u nt i l  s u c h  t i me a s  
someth i ng of  i n terest happens and the funct ion which  a l lows th is  
to be  done  is ,  for  obvious reasons ,  cal l e d  Wait ( ) :  

m 
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Function Name: WaitQ 

Description: 

Call Format: 

C Prototype: 

Registers: 

Wait for one or more signals 

signals=Wait(signal_mask) ; 

ULONG=Wait(UWNG);  

DO=Wait(DO) 

Arguments: 

Return Value: 

signal_mask - 32 bit mask of signals to wait for 

signals which caused the WaitQ to be satisfied 

Notes: This is a more generally useful function than Wait PortQ 
because it allows signals from different sources to be 
combined. 

Signal Bits And Masks 
The important po int  wi th the Signal()  and Wait( )  funct ions is that 
they use  a 32 b i t  mask value  - not  an 8 b i t  s ignal bit  number as 
u sed by Al lo cSignal()  and FreeSignal() .  The reason is due to the fact  
t hat Signal() and Wai t( )  are de signed to work with mult ip le  s ignals  
and i t  i s  more e ffi c ient to provide a mask value rather  that a ser i es  
o f  bit  numbers .  The di fference be twe en the  two re presentatio n s  i s  
easi ly seen  by looking at  a n  example .  Let's take the  QU IT signal that 
we d e fined as b i t  1 6 :  

bit 16  

I I I 
' 

00000000 0000000 1 00000000 00000000 

this is the mask 
arrangement needed for 
signal bit 1 6  

To conve rt t h e  s ignal b i t  val ue  t o  a mask w e  s imply l e ft-s h i ft the  
n u mb e r  1 a n  appro p r iate  n u mb e r  of  t imes .  In  C we use  the  < <  
o perator to ac hieve bit  sh i ft ing, so typical code might look l ike t h i s :  

#define QUIT 1 6  

mask = 1 L  « QU I T ;  Wa it ( mask ) ;  

o r  s imply:  
#define QUIT 1 6  

Wait ( H«QUIT ) ; 

The Intu i t ion programmers amongst you wi l l  doubt less  have s e e n  
t h e  s i ng l e  l i n e  o f  s u c c i nc t ,  but  so mewhat obtu s e ,  c o d e  u s e d  i n  
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many I ntu i tio n  event hand l ing loops :  
Wait ( 1 <<g_window_p - > UserPort  - >mp_SigBit ) ;  

W hat t h i s  i s  do ing i s  ident ifying the s ignal b i t  associated with an 
I n tu i t i o n  message port, converting i t  from a signal bit numb e r  to  a 
3 2 b i t  mask representation ,  and then Wai t( ) ing on  that mask .  

Some Task Signal Communication Mechanics 
I n  o r d e r  for one task to be able to s ignal another  it needs  to know 
i t s  a d d r e s s  a n d  E x e c  p r o v i d e s  a Ta s k  s e a r c h  fu n c t i o n ,  c a l l e d  
F i nd Task( ) ,  w h i c h  a l l ows t h i s  t o  b e  obta i n e d .  F i n dTask()  r e t u r n s  
z ero  i f  i t  fa i l s  a n d  so i t  i s  co mmon for coders to combine the tasks 
name search with a condi t ional test  l i ke th i s :  

if ( c hild_ta sk_p= FindTa sk ( " some task  name� " ) )  

{ 
/ *  if this  is executed then task wa s found * /  

} 

Function Name: FindTukO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Find the address of a task's Task control block 

task__p=FindTask(task_name); 

struct Task * =FindTask(STRPTR); 

FindTask(DO Al)  

task_name - name of task to  find or NULL to  find yourself 

pointer to the task structure or NULL if not found 

Putting It All Together 

What's n e e ded at th i s  point  is some runable code and the next two 
e xamp l e s ,  C H 5 - l . c and C H 5 - 2 . c  provi d e  a framework  that you ' l l  
d oubt less  be ab le  to  use  fo r fu rther  exper iment ing. Program C H 5 -
l . c i s  w h a t  you might c a l l  the  main t a s k  and i t s  j o b  i s  to  l ocate 
program C H 5 - 2  and send i t  some signal s .  For  example purposes  i t  
uses  a loop to transmit  ten do something instruct ions ,  and then i t  
s e n d s  a QU IT signal which t e l l s  t h e  program to  qu i t .  C H 5 -2  i s  to  a l l  
i n tents  and pu rpose s  a child process .  I t  a l locates i ts  s ignal  b i ts and 
then uses a wait loop to watch for the sett ing o f  i ts  two a l located 
s ignal b i t s .  The loop exits as soon as a QUIT s ignal i s  detected bu t 
u nt i l  that  t i me the program executes  the  i nstruct ions  provi ded in  
the loop  co d e  e ach  t i me a PERFORM s ig nal i s  received.  
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/ *  = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  * /  

/ * List ing 5 . 1 : This program shows you one way to s ignal a 
c h ild proce s s * /  

/ * P rogram name : CH5 - 1 . c * /  

I * · · · · · · · · · · • • • • · · · · · · · · · · · · · · · · · · • • · · • · · • • · · · · · · • • · · · * I 

/ * some includes . . .  * /  

#include <stdio . h> 

#inc lude <exe c / types . h> 

# include <proto / all . h> 

/ *  some prototypes . • .  * /  

/ * s om e  defines . . .  * /  

#define QUIT 1 6  

#define PERFORM 1 7  

I * · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · * I 

main ( int argc , char  *argv [ ] )  

{ 
COUNT i ;  

struct Task * child_task_p ; 

if ( child_ta sk_p= FindTa sk ( " CH5 · 2 " ) )  

} 

{ 
for ( i=O ; i< 1 0 ; i++ ) 

{ 
printf ( " signalling c hild t a sk t o  perform \ n " ) ;  

Signal ( ch ild_ta sk_p , ( 1 L<<PERFORM ) ) ;  

} 
p r intf ( " s ignalling child task t o  quit \ n " ) ;  

Signa l ( child_t ask_p , ( 1 L<<QUIT) ) ;  

} 

I * · · • • • · · · • · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · * I 

/ *  = = = = = = = = == = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = =  * /  

/ * Listing 5 . 2 :  This code illu s t rates how a ch ild p r o c e s s  
can Wait ( )  u n t i l  a suitab le s ignal is  rec eived before 
doing anything . */ 

/ *  Program name : CH5 - 2 . c  · the child process  * /  

I * · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · * I 

/ * some inc ludes . . .  * /  
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#include <stdio . h> 

# include <exe c / types . h> 

# include <pro to I all . h> 

I * some def ines . • .  * /  

# define QUIT 1 6  

#define PERFORM 1 7  

I * some g lobals . . .  * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

m a i n ( int argc , char *argv [ ] )  

{ 
BOOL e xit_f lag=FALSE ; 

U LONG received_signals ; p r intf ( " started \ n " ) ;  

if (AllocSigna l ( QUIT) ==QUIT)  

} 

{ 
printf ( " quit s ignal b it a llocated \ n " ) ;  

if (AllocSig n a l ( PERFORM ) == PERFORM ) 

{ 
p r intf ( " perform s ignal b it a llocated \ n " ) ; 

while ( ! exit_flag)  

{ 
receiv ed_signals=Wait ( ( 1 l<<QUIT)  l ( 1 L<<PERFORM ) ) ;  

if ( received_s ignals& ( 1 L<<PE RFORM ) )  

printf ( " perform ing \ n " ) ; 

e lse exit_f lag=TRUE ; 

} 
printf ( " quiting \ n " ) ;  

FreeSignal ( P ERFORM) ; 

} 
FreeSigna l ( QUIT) ; 

} 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

ADT Stack Based Signal Allocation 
I n  programs that use  ADT stack resource a l locat ion methods s ignal 
b i t s  can be a l located  and d e a l l ocated  as  part  and parce l  of t h e  
program sett ing u p  and c los ing down processes .  The example  C H S -
3 c o d e  ide nt i fi e s  the  Wo rkb e n c h  s c r e e n  a n d  t h e n  u s e s  the  t i m e r  
device  to  flash t h e  colour in  co lour  regis ter  3 (an arbitrary cho ice )  
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u s ing the co lour  ident i ficat ion and changing scheme s i mi lar to that 
a l ready d i sc ussed .The program looks  fo r a QU IT s ignal  from an 
external program to te l l  it whe n to terminate and in this case the 
s ignals have been set up in the a l locator.c modu le .  Some addit iona l 
s ignal b its (defi ned as ON and OFF) are ,  inc idental ly, a lso a l l ocated 
and deal located but these are not used - they were inc luded just  to 
p ro v i d e  fu r t h e r  e xa m p l e s  of t h e  t y p e  o f  c o d e  r e q u i re d .  The  
fo l l owing  p a i r  o f  rout ines  come f rom examp l e  CHS -3  a l l ocator. c  
module  that you' l l  fi nd o n  d isk :  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • I 
/ * Listing 5 . 3 :  An example fragment from a typical alloc a ­
t o r  modu1e*/ 

UBYTE Allocat eQu itSign a l ( void)  

{ 

UBYTE error_number=NO_E RROR ; 

if (AllocSigna l ( QUIT) l =QUIT) error_number=STARTUP_E RROR ; 

else { 

g_funct ion=ReleaseQuitSignal ; 

PushStack ( g_re source_st ack_p , g_functio n ) ; 

} 
return ( e rror_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • I  
void ReleaseOnSign a l ( void ) { FreeSigna l ( ON ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • I  

The ove rall  p lans o f  the mai n .c  and al locator. c  modules ,  use o f  the 
s tack ADT etc ,  wi l l  be  fami l iar  from ear l ier  d iscuss i ons but  there 
are a fe w a reas  o f  c ode  that  may b e  o f  i n t e r e s t  i n  the  a m i ga . c  
modu l e .  F i rs t ly, not i ce  how t h e  p rogram fi nds t h e  ad dress  o f  i t s  
own Task structure by  su pplying a NULL task  name : 

self_p=FindTask ( NULL ) ; 

The amiga . c  modu le contains what you might cal l  the real 'guts '  o f  
t h e  program a n d  t h i s  u s e s  a l o o p  which fi rst ly looks to s e e  whether  
a QU IT s ignal has  been  received and ,  i f  i t  hasn' t ,  executes a de lay 
and then switches the colour register  contents us ing the methods 
d e s c r i b e d  ear l i e r. B e c a u s e  i n  t h i s  case  we're not Wa it ( ) i ng on a 
s ignal , some other  means has to be used to  see  whether the QUIT  
s ig n a l  has  b e e n  s e t .  I 'v e  d o n e  t h i s  by  l o o k i n g  d i re c t l y  a t  t h e  
tc_SigRecvd fi e ld  o f  the  program's Task structu re ,  so  the basis  o f  
the loop ends  u p  looking l i ke th i s :  

while ( ! ( self_p - >tc_SigRecvd& ( 1 L<<QU IT) ) )  

{ 
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/ *  do  the c o lour f lashing code * /  

} 

H ere's the  flash ing code for the amiga.c module  o f  example  C H S -3 
so  that you can see  the overal l  framework be ing u s e d :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Listing 5 . 4 :  P a r t  o f  t h e  exam p le CHS - 3 code t h a t  you ' ll 
f ind o n  d isk* / 

/ *  amiga . c  - child process code * /  

# include " genera l . h "  

#defin e  COLOUR_REG 3 

U BYTE Am igaProg ( void ) 

{ 
s t ruct Task * se lf_p ; 

U BYTE error_number=NO_ERROR ; 

U BYTE red , green , b lu e ,  toggle = FALSE ; 

UWORD colour_valu e ;  

s e lf_p=FindTask ( NU LL ) ; 

c o lour_value=GetRGB4 ( g_v iewport_p - >Colo rMap , COLOUR_REG ) ;  

red  = ( colour_value&OxOFOO ) >>B ; 

g reen = ( colour_va lue&OxOOF0 ) >> 4 ;  

b lue= colour_value&OxOOOF ;  

while ( l ( se lf_p - >tc_SigRecvd&( 1 L<<QUIT) ) )  

{ 
SetTime r ( DE LAY , O ) ; 

if ( t oggle ) 

{ 
SetRGB4( g_v iewp ort_p , COLOUR_REG , r ed , green , b lue ) ; 

t oggle=FALSE ; 

} 
else { 

SetRGB4 ( g_viewport_p , COLOUR_REG , O , O , O ) ; 
/ *  set t o  black * /  

t oggle=TRUE ; 

} 

} 
Se tRGB4( g_viewpo rt_p , COLOUR_REG , re d , green , b lue ) ; 
/ *  restore colours * /  

r e t u rn ( e rro r_numbe r ) ; 

m 
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} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

When you run example  CH5 -3  you' l l  fi nd the bord e rs o f  the active 
w i n d ow on  t h e  Wo rkbench  w i l l  fl ash .  To t u r n  o ff the e ffe c t  t h e  
program needs t o  be  s e n t  a QUIT s ignal and program C H 5 -4 shown 
in  l is t ing 5 . 5  i s  a sho rt ut i l ity which does just  that :  

/*  = == ======================================== == ======= * /  

/ * Listing 5 . S : The test program that signals t h e  child 
proc ess* / 

/ *  P rogram name : CHS - 4 . c  * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * some includes . . .  * /  

#inc lude <stdio . h> 

#inc lude <exe c / types . h> 

#inc lude <proto / all . h> 

/ * some prototypes . . .  * /  

/ * some defines . . .  * /  

#define QUIT 1 8  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

main ( int argc , char  *argv [ ] ) 

{ 
st ruct Task * child_t ask_p ; 

if ( ch ild_ta sk_p= FindTa sk ( " Test " ) )  

} 

{ 
printf ( " s ignalling child task to q u it \ n " ) ;  

Signa l ( child_t ask_p , ( 1 L<<QUIT) ) ;  

} 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

Aiming For A More General Colour Flashing Sol ution 

Now that you've got to the end of th is  chapter I 've a confess ion  t o  
make - t h i s  c h a p t e r  was rea l ly j u s t  a s t e p p i ng s t o n e  t o  great e r  
t h i ngs b e ca u s e  u n d e rs tan d i ng h o w  tasks c a n  c o m m u n i c a t e  v i a  
signal arrangements wi l l  hopefu l ly make the issues  d iscussed i n  the  
next c hapter a l i t t l e  eas ier  to get  to  grips with .  Tas k  s ignal l i ng has  
many legit imate u ses but  these  signals are  e ffec t ively j u s t  a way o f  
s e t t i n g B o o l e a n  t y p e ,  i e  s i ng l e b i t  ba s e d ,  i n fo r m a t i o n  w h i c h  
obvious ly  l i mits  the i r  u s e fu l ness  as a gene ral means of  program 
communication .  
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The example s  we re contrived to i l lust rate a po int  and we got away 
with flas h ing Wo rkbench screen  c o l o u rs because  both  p r o c e s s e s  
w e r e  a b l e  t o  i d e n t i fy t h e  Wo r k b e n c h  s c r e e n  a d d re s s  a n d  s o  
d e t e r m i n e ,  a n d  m a n i p u l a t e ,  t h e  a p p ro p r i a t e  c o l o u r  m a p .  F o r  
s impl i c i ty  I hard c o d e d  the  c o lour  reg is ter  i n format i o n ,  and t h e  
d e lay t i m e ,  i n t o  t h e  program d o i ng t h e  c o l o u r  flas h i ng but  t h i s  
approach obvious ly lacks general i ty. 

I t  wou l d  be far b e t t e r  i f  we c o u l d  p a s s  to t h e  c o l o u r  f las h i n g 
program deta i l s  of  which co lour  map to  use ,  which regis ter  to flas h ,  
what t i m e  d e l ay v a l u e  to  u s e  a nd  so  o n .  Th is  i s  w h a t  t h e  n e x t  
chapter i s  a l l  about.  

m 
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6: 
Getti ng You r  
Programs to 
Tal k  to Each 
Other 

The inter-program commu nications 
f a c i l i t i e s  u s e d  b y  A R e x x ,  t h e  
I n t u i t i o n  a n d  Gadto o l s  l i b r a r i e s  
a n d  s o  o n  h a v e  a l l  b e e n  b u i l t  
u p o n  t he ge neral message-based 
c o m m u n i c a t i o n s  a r ra n ge m e n t s  
provided b y  Exec .  I n  th is  chapte r 
I want to l o o k  in  d eta i l  at t h e s e  
arrangements and s h o w  how t h e  
m e s s a g i n g  sys te m can  b e  u s e d  
w i t h i n  y o u r  o w n  p r o g r a m s .  By 
way of  e x a m p l e  a b a c kg r o u n d  
program wi l l  be deve loped which 
i s  able  to c reate flash ing e ffects  
on a n o t h e r  p rograms s c re e n  as  
and whe n i t  is  asked to do so  by 
a p p ro p r i a te  m e s s age s .  B e c a u s e  
t h e  b a c k g r o u n d  p r o c e s s  w i l l  
actual ly be kicked off, i e  started ,  
by  some main  program that  wa nts 
to  flash one of i ts sc reen  co lours 
I ' l l  b e  t a l k i n g  a b o u t  t h e  c o l o u r  
f l a s h i n g  p r o g r a m  a s  a c h i ld  
p r o c e s s .  I n  s h o r t t h e  m a i n  
p r o g r a m  w i l l  r u n  t h e  c h i l d  
p r o c e s s  a n d  t h e n  s e n d i t  
m e s s a g e s  t h a t  g i v e  i t  t h e  
info rmation needed to produce a 
spec ified flashing effec t  (the ch i ld  
p r o c e s s  w i l l  c a r r y o u t  t h e s e  
necessary c o lour  flas h ing c h ores 
a u t o m a t i c a l l y ,  a n d  q u i t e 
i n d e p e n d e n t l y, f r o m  t h e  m a i n  
p r o g r a m ) .  B e f o r e  t h e  m a i n  
program terminates i t  wi l l  s end a 
m e s s a g e  t o  t h e  c h i l d  p r o c e s s  
t e l l i n g i t  t h a t  i t  a l s o  s h o u l d  
t e r m i n a t e .  T h e  b e n e fi t  o f  t h i s  
type o f  arrange ment i s  flexib i l i ty 
- a s i ng le  flash program can  be  
used by a l l  programs wish ing to 
create flas hing co lours .  

B e f o r e  e xa m i n i n g  t h e  c o d e  in  
detai l however we  n e e d  to  know 
s o m e t h i n g a b o u t  t h e  E x e c  
m e s s a g i n g  s y s t e m  i t s e l f. U n d e r  

Iii 
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the  Exe c  arrangements ,  i n fo rmation can be sent  from o n e  task to  
another  by c reating a data packet known as a Message struc tu re and 
then transmit t ing i t  (send ing it )  to i ts  dest i natio n .  Messages pas s 
b e t we e n  t a s ks u s i n g  a n o t h e r  Ex e c  d e f i n e d  s t r u c t u r e  c a l l e d  a 
MsgPort ,  more commonly cal led a message port o r  just  a port. Ports 
are basical ly software ent i t ies  whose job,  amongst other t h i ngs, i s  
to  a c t  a s  a rece ivi ng stat ion fo r messages .  B e fo re a progra m  can 
rece ive a message i t  must have al l ocated and in i t ia l ized a su itable 
mesage port .  

Here 's the defin i t ion of  a port as a C structu re :  
struct MsgPort  { 
struct Node mp_Nod e ;  

UBYTE mp_Flags ; 

UBYTE mp_SigBit ; 

struct Task *mp_SigTask ; 

st ruct List mp_Msglist ; 

} ; 

mp_Node is a standard Exec Node structure and m p_M sgLi s t  i s  an 
Ex e c  l i s t  s t r u c t u r e  u s e d  to c re a t e  a l i n k e d  l i s t  of m e s s a g e s 
associated with the port .  As new messages arrive they are added t o  
the  e nd of  the  l i s t .  As messages a r e  read they a r e  take n fro m t h e  
fro n t  ( h e a d )  o f  t h e  l i s t .  T h e  mp_F l ags fi e l d  i s  u s e d  t o  i n d i c a te  
vari ous message arrival act ions a nd  mp_SigTask fi e ld  ident i fies  the  
t as k  to be s ignal led a s  messages arrive . 

Adding Data To A Message Structure 
Me ssages themse lves are based on an extens ib le  l e ngth s t ructu re 
with the Exec defined  f ie lds being sup lemented by add i t ional user  
d e fined data. Here 's the bas ic  layout .  

st ruct Message { 
st ruct Node mn_Node ; 

st ruct MsgPort  *mn_ReplyPort ; 

UWORD mn_Length ; 

} ; 

The Node structure i s  used fo r port l inkage, the mn_Rep lyPort  f ie ld  
ind icates wh ich port the re p ly wi l l  be sent  to (see d i scuss i o n  which 
fo l l ows),  and the mn_Length fi e ld  indicates the total  le ngth o f  the 
message. The real  message data is  always provided as  an extens ion ,  
u s ua l ly  b y  d e fi n i ng a new structure  in  t e rms  o f  a M e s sage p l u s  
other  data. 

' 

For  our  example we are interested in creating a program that can 
handle the job of  flashing the colour of  a part icu lar co lour  register  
associated with a spec ifi ed  ViewPo rt .  To do th is  we need  t o  know 
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the  address  o f  the Vie wPort ,  the  frequency with which the co lour  i s  
to  b e  f l a s h e d ,  a n d  the  c o l o u r  r e g i s t e r  v a l u e .  We a l s o  n e e d  a 
c om m a n d  fi e l d  so that ,  at the  very least ,  t h e  f lash e ffec t  can b e  
t u r n e d  o n  a n d  off a n d  t h e  flash program t o l d  when to qu i t .  This i s  
the  m essage structure I c hose to a dopt  for the example  program:  

s t ruct  FlashMessage { 

s t ruct Message flash_Msg ; / *  standard Message details * /  

s t ruct V iewPort *viewport ; / *  will provide access  t o  a 

U LONG 

U BYTE 

U BYTE 

} ; 

* ColorMap* I 

f requency ; / *  colour changes per  minute * /  

colour_reg ; / *  register  t o  change * /  

comman d ;  / *  command to be executed * /  

N o w  t hat we've seen  what messages a re i n  terms o f  phys ical  b locks 
o f  m e m o ry le t 's look at how these structures are u sed I f  the main 
p rogram s e nds the ch i ld  program a message i t  does so by us ing an 
Exec syste m cal l  known as PutMsg() .  This  adds the message into a 
l i n ke d  l i st o f  me ssages wh ich are t ied to the ch i ld  program's port  
s t r u c t u r e .  Th e i m p o r t a n t  p o i n t  a b o u t t h i s  p r o c e s s  is  t h a t  t h e  
m e s s a g e  i s  not c o p i e d .  I n  o t h e r  w o r d s  i t  i s  t h e  m e m o ry b l o c k  
assoc iate d with the main  program's me ssage whi c h  i s  l i nked i nto  
the  l i s t  o f  messages present  at the ch i ld  program's message port .  
Tec h ni ca l ly t h i s  i s  known as qu e u i n g  by re fe r e n c e  and  i t s  mai n  
advantage i s  t hat the  very substant ia l  overhead o f  c reat ing loca l  
c o p i e s  of  e a c h  and every me ssa ge  fl o a t i n g  a r o u n d  the  Amiga  
s y s t e m  i s  a vo i d e d .  In  a s e n s e  t h e n  w h e n  the  ma i n  p r o g r a m  
a l l o c at e s ,  i n i t i a l i z e s  a n d  t h e n  s e n d s  t h e c h i l d  p ro g r a m  s o m e 
message . . .  what the main program is real ly do ing i s  giving the ch i ld  
p rogram a l i cence  to use part of  i t s  memo ry space .  

Now t h i s  i s  a l l  ve ry we l l  but  t h e  scheme p r e s e n ts a n u m b e r  o f  
p o t e n t i a l  d i ffi c u l t i e s .  L e t 's g o  ov e r  t h e  ma i n  p r o g ra m  - >  c h i l d  
program message passing scenario once more t o  see what problems 
can  o c c u r. The main program wants  to  send the c h i l d  program a 
me ssage s o  i t  al l ocates some memory for a message , fi l l s  in  the  
a p p r o p r i a t e  d e t a i l s  a n d  t h e n  se n ds the  m e s s a ge t o  the  c h i l d  
p rogram u s i ng Exec 's PutMsg()  fu n c t i o n .  (The main program wi l l  
need  to  know the address of  the c hi l d  p rogram's message port at 
t h i s  t i m e  b u t  a s y s t e m  c a l l  i s  a v a i l a b l e  f o r f i n d i n g  s u c h  
i n f o r mat i o n ) .  By t h e  t i m e  t h e  main  progra m's P u t M sg( )  c a l l  has 
c ompleted  we've deve loped a quite  dangerous s i tuati on :  the mai n 
p rogram has al located some message memory and at some stage i t  
i s  g o i n g  t o  have to  dea l l ocate  i t ,  i e  retu rn i t  to  the  syste m  fre e  
m e m o ry p o o l .  B u t : o n c e  t h e  Pu t M s g ( )  fu n c t i o n  h a s  ' s e n t '  t h e  
m e s sage t h e  bac kward a nd  forward p o i n t i n g  N o d e  fi e l d s  o f  t h e  
m e mory b l o c k  conta in ing the  message w i l l  have b e e n  a l te red  s o  
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that the message , is  l inked into the ch i ld  program's message l i s t .  I f  
t h e  main program te rminated,  or  dec ided for any other  reason  to 
deal locate i ts  message unit ,  ser ious problems wou l d  ar ise .  I n  short :  
the  c h i l d  program's message l i s t wou ld become corru p t  and the 
system wou l d  GURU shortly afte rwards! 

W h at is n e e d e d  is a c o nve n t i o n  w h i c h  e l i m i n a t e s  t h i s  type  o f  
problem.  The method that Exec has adopted i s  a s  fo l lows :  The main 
p rogram, in send ing a me ssage to the ch i ld  process ,  is  e ffe ctively 
grant ing a temporary l i cence  to the ch i ld  to use part o f  i ts  me mory 
s pace ( that  re la t ing  to the message ) .  Once t h i s  l i c e n ce  has been 
granted the main p rogram sh ou ld not  in ter fe r  wi th  the message 
u nti l  i t  is safe to do so .  How does it  know when its message can be 
r e - u s e d  o r  d i s c a r d e d ?  U s u a l l y  t h e  c h i l d  p r o c e s s  w i l l  s e n d  t h e  
m e s s a g e  b a c k t o  t h e  m a i n  p r o g r a m  u s i n g Ex e c 's R e p l y M s g ( )  
fu nct i o n .  Th i s  la ter  funct ion  l i nks t h e  me ssage (wi th  a s u i table  
reply I D  marker) into the main program's message port and ,  when 
the main program reads this,  i t  kn ows that the mes sage is  fi n ished 
with.  

The main program is  then free to re-use that memory space as it  
sees fi t .  Note that the main program in  the above scenario ,  does not 
reply to  the message it  receives - this is  becau se the mai n program 
was the originator of the message. Because the message origi nator 
u sual ly needs to be  told when a me ssage has been dealt with both 
co mmunicating programs need the i r  own message ports - despite 
t h e  fa c t  t h a t ,  as  i n  t h e  a b o v e  e x a m p l e ,  t h e  p a s s ag e  o f  r e a l  
i n formation i s  only go i ng one way. 

F rom a p ractical viewpoint there are a fe w thi ngs worth ment ioning 
about the rout ines you' l l  fi nd described in the funct ion detai l  box 
outs .  GetMsg() un l i nks the fi rst message fro m a port and afte r i t  has 
been u s ed the associated message is essen tial ly free floating and 
n o t  p o i n t e r- l i n k e d  i n t o  t h e  mes sage c h a i n  o f  that  p o r t .  I f  t h e  
p r o g r a m  w h i c h  r e c e i v e s  a m e s sage  s u b s e q u e n t l y  e x e c u t e s  a 
ReplyMsgO then this o f  course t ies that message into the mes sage 
l i s t  of the program which sent the me ssage in the  f irst p lace .  Th is  
has to be removed from the me ssage l i s t  l ike any other message by 
u s ing the GetM sg() fu nct ion.  
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Function Name: PutMagO 

Description: 

Call format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Send a message to a message port 

PutMsg(port_p, message_p);  

void PutMsg(struct MsgPort*, struct Message *); 

PutMsg(AO, Al )  

port_p - pointer to  a message port message_p - pointer 
to a message 

None 

This function can singal tasks and cause software 
interrupts to occur. The action is dependent on the flags 
set in the mp_F1ags field of the destination port (see 
RKM manuals for further details) .  

Function Name: ReplyMagO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Send a message back to its reply port 

ReplyMsg(message _p); 

void ReplyMsg(struct Message *) ; 

ReplyMsg(Al)  

message_p - pointer to a message 

None 

This function is a bit like PutMsgQ in that it links the 
message into a message port. To indicate that it is a reply 
however this function places the NT_REPLYMSG flag into 
the message's ln_Type field. 

Function Name: GetMag() 

Description: 

Call format: 

C Prototype: 

Registers: 

Arguments: 

Value: 

Notes: 

Collect first message queued at message port 

message _p=GetMsg(port _p); 

true! Message *GetMsg(struct MsgPort *); 

DO GetMsg(AO) 

port_p - pointer to a message portR.eturn 

message_p - pointer to a message 

This function does not wait. If a message is not available 
ii will return with a NULL value 

N o w  i f  we a d d  t h e s e  d e t a i l s  t o  t h e  s t e p s  w h i c h  o c c u r a s  two 
programs commu nicate we  end up with th is  sche me : 

m 
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Main Program 

I :  Allocates memory for message 

2: Fills in relevant field details 

3: Sends Message using PutMsgQ 

4: 

5: 

6 :  

7: Receives reply using GetMsgQ 

8: Re-uses/deallocates message 

Child Process 

Collects message using GetMsgQ 

Extracts data from message 

Sends back message using 
ReplyMsg() 

Table 6.1. Communication Scheme. 

You may have not iced that although I have said that one  program 
co l le cts the message that anothe r program sends ,  noth ing has been 
said about how the rece iving program knows that  another  program 
has s e n t  it a mes sage .  As you have probably  gu e ss e d  fro m the  
mate rial i n  the last chapter th is  is  done us ing the Exec s ignal l ing 
syst e m .  The good news for t h i s  c h a p t e r  i s  that  a t  t h e  mes sage 
c o mm u n icat ions level  the n i t ty-gritty de ta i l s  of  s ignal  al locat i o n ,  
d e a l l o c a t i o n  and manage ment  a r e  han d l e d  automat i c a l l y  by t h e  
Exec message support  fu nct ions .  S o  w e  don't  have to  worry about 
them! 

The Use Of Multiple Message Ports 
I n  t h e o ry at least  i t 's poss ib le  fo r a program to work with jus t  a 
s i ng l e  m e s sage p o r t  but  t h i s  d o e s  n o t  a l ways l ead  t o  t h e  b e s t  
resu l ts in  pract ice .  The reason is  that a s  message s arrive a t  a port 
they ge t queued u p  in  F IFO (first in  first out)  o rd e r  regard less  of  
importance.  This  can sometimes mean that a message o f  re latively 
minor importance cou ld be s i tt ing,  wai t ing for co l l ect i o n ,  wh i ls t  a 
far more important message was queued u p  behind i t .  Usual ly the 
d e lays in  handl ing compound me ssage streams can be  kept low but 
o n  occasion it  might be necessary to  open add i t ional ports  just for 
han dl ing messages of  particu lar importance .  

The general program framework bei ng used fo r the examples  in  th is  
b o o k  m akes  u s e of  a n  I n t u i t i o n  wi n d o w  t ha t  a l r e a d y  h a s  two 
associated message ports - one i s  u sed by In tu i t ion  and the other  
( the  wi ndow's User  Port) i s  used for hand l ing the I ntu iMessage and 
GadTool  me ssages received by the program. To c ommunicate with 
the F lash p rogram we' l l  be opening another message po rt because 
these messages wil l  be easier to use i f  they come in  as  an iso lated 
stream of F lashMessages rather  than being possi bly mixed up with 
other c lasses of  message . 
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Setting Up A Message Port 

I n  o r d e r  fo r o u r  m a i n  program t o  c o m m u n i c a t e  w i t h  t h e  c h i l d  
co lou r  flas h ing process ,  a message port i s  neeeded for t h e  ' l  have 
fi n ished with the message' re ply messages that come back from the  
ch i ld .  S ince Re lease 2 of  the Amiga's O/S there  are  both  amiga . l ib  
and  Ex e c  fu n c t i o ns ava i l ab l e  fo r c reat ing  and  de l e t ing  me ssage 
p o r t s  a n d  t h e  p a i r  o f  r o u t i n e s  s h o w n  i n  l i s t i ng 6 . 1 a r e  t h e  
a l locator/deal locator funct ions for a reply port based o n  the  Exec 
style routin e s :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Listing 6 . 1 : Funct ions t o  allocate and deallocate a 
reply port in the  main program . * /  

UBYTE CreateReplyPort ( void)  

{ 

UBYTE error_number=NO_ERROR ; 

if ( ( g_rep ly_port_p=CreateMsgPort ( ) ) ==NUL L )  

error_number=STARTU P_E RROR ; 

else { 

g_funct ion=DeleteReplyPort ; 

P ushSt a c k ( g_resource_stack_p , g_fu n c t ion ) ;  

} 
return ( e r ro r_number ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

void DeleteReplyPort ( void ) { DeleteMsgPo rt ( g_rep ly_port_p ) ; 
} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

Sendi ng a Message 
The routine that provides flash control  within the main program i s  
g o i n g  t o  r e v o l v e a r o u n d  t h e  u s e  of  j u s t  fo u r  c o m m a n d s  -
FLASH_SETUP, FLASH O N ,  FLASH_OFF and FLASH_QUIT. Of  these  the 
fi rst i s  used only by the main program to ind icate that the message 
needs to  be in i t ia l i sed ,  the re mai nder  are real commands that need 
to  be passed to  t h e  exte rnal c h i l d  process  that wi l l  be  d o i ng t h e  
co lour  flashing operat ions .  L ist ing 6 . 2  shows a rough p lan o f  the  
rout ine  that wi l l  b e  u s e d .  Li s t ing 6 .3  shows the  rout ine  i n  deta i l  
(not i ce  that i n  th i s  example a s tat ic  structure dec larat ion  - stat i c  
s t r u c t  F l a s h M e s s a g e  f l a s h ;  - h a s  b e e n  u s e d  t o  c r e a t e t h e  
F lashMessage ) .  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Li sting 6 . 2 :  Skeleton o f  a routine for  send ing child 
process a ' flash ' message . * /  

m 
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UBYTE Flash ( U BYTE command)  

{ 

if ( c ommand== FLASH_SETU P )  

{ 

} 

Set up message structure in readiness for 
sending messages 

} 
else  { 

Tran smit message t o  child u sing PutMsg ( )  

Use  the Wa itPort ( )  function wait for ch ild t o  
confirm u se o f  message 

Use  GetMsg ( )  t o  retrieve reply indicating t hat 
message is  ready for re - use 

} 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * List ing 6 . 3 :  An example routine for sending the child 
process a ' flash ' message . * /  

UBYTE Flash ( UBYTE command ) 

{ 

UBYTE error_number=NO_E RROR ; 

static s t ruct FlashMessage flash ; 

if ( c ommand==FLASH_SETU P )  

{ 

f la s h . f lash_Msg . mn_Length= s izeof ( struct  
FlashMessage ) ;  

flash . flash_Msg . mn_ReplyPort=g_rep ly_port_p ; 

flash . v iewport=g_viewport_p ; 

f la s h . fr equency=FLASH_FREQUENCY ; 

f la s h . co lo ur_reg= FLASH_REGISTER ; 

} 
else { 

flash . flash_Msg . mn_Node . ln_Type=NT_MESSAGE ;  

flash . command=comman d ;  

P utMsg ( g_m sgport_p , ( st ruct Message * ) &f lash ) ; 

Wait Port ( g_reply_port_p ) ; / * wait for Flash  
program to confirm use * /  
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GetMsg ( g_rep ly_po rt_p ) ; / * m e ssage n ow ready for 
re - use * /  

} 
r e turn ( e r ro r_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

Some Main Program Coding Issues 
F o r  a m a i n p r o g r a m  t o  s a fe ly  t a l k  a to a c h i l d  p r o c e s s  u s i n g  
F las h M e ssages w e  n e e d  t o  a l low for the  fact that s i n c e  the  c h i l d  
p r o c e s s  is  a se parate ent i ty, ie  a runable program in  i ts  o w n  right ,  i t  
may n o t  actual ly be  fou nd when w e  attempt to r u n  i t .  T h e  way I 
tackle t h i s  is to  inc lude  the attempted running of  the  ch i ld  process 
in  my n ormal a l l ocat ion/deal locat ion  framework and in  the C H  6- 1 
example  you ' l l  see  th is  fu nct ion pointer  contro l  b lock define d :  

UBYTE ( * d isplay_list [ ] ) ( )  = { 

Openl nt , 

OpenGraph ic s ,  

OpenGadtools , 

LockSc ree n ,  

GetVislnf o ,  

CreateWindow , 

CreateMen u ,  

CreateMenuLayout , 

Insta llMenu , 

Creat eReply P or t ,  

RunFlash 

} ; 

Once the  l ib rary, screen ,  window, menu and reply port creat ion jobs  
have b e e n  successfu l ly carried  out ,  the  rout ine  shown in  l i s t ing 6 .4  
i s  p e r fo rme d .  Th i s  t r ies  to run the  flash program u s i ng the  DOS 
Syste mTags() funct ion l i ke th is :  

Syst emTag s ( " run FLASH : flash > NI L :  <NI L : " , TAG_DON E ) ; 

I 've c o d e d  t h i s  as s u m i n g  that  a log ica l  F LASH : as s i g n m e n t  i s  i n  
p lace  t hat t e l l s  the  mai n  program where t o  fin d  the  F lash u t i l i ty 
program. If, fo r example ,  the flash p rogram was to be  placed in  the 
command (c : )  d i rectory you would need to  use 

1 >  a ss ign FLASH : c :  

to  t e l l  the  main  p rogram whe re the  flash ut i l i ty cou ld  be fou nd .  

How d o  we te l l  whether  the flas h program really does get  found and 
starte d  o r  not? We j ust  look to see  whether i ts message port can  be  

m 
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d e tected u s ing the Exec F indPort() fu nct ion l ike  th is :  

Forbid ( )  ; 

g_msgport_p=Find Port ( DESTINATION_PORT_NAM E ) ; 

Permit ( ) ; 

if ( l g_m sgport_p ) er ror_number=STARTUP_ERROR;  

else { 

Not ice  here that Exec Forbid()  and Pe rmit() cal ls  have been  used to  
sandwi c h  the  F indPo rtO ca l l .  This  i s  important be cau se i t  a l l ows us  
to  lo ck  out  other  tasks and so prevent any alteration of  Exe c's port 
l ist whilst our program is  examining it .  

Provi ding the port  i s  found ,  which  we detect by see ing a non-NULL 
p o i nt e r  b e ing  returned by the F indPo rt( )  fu nc t ion ,  we set  u p  the 
f i e l d s  o f  t h e  p r o g r a m 's F l a s h M e s s a g e  s t r u c t u r e  u s i n g a 
F lash(FLASH_SETUP) ca l l  and at th is  po int  we know that the  ch i ld  
p rocess i s  u p  and ru nn ing. Th e corresponding deal locat ion rout ine 
j u st performs the  c a l l :  F lash(FLASH_EXIT) t h e reby t ransmi tt ing  a 
m essage to  t h e  flash program te l l ing i t  to shut  i tse l f  down.  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Listing 6 . 4 :  Checking for the  child message port is a 
safe way for check ing the childs existence . * / 

UBYTE RunFlash ( void)  

{ 

UBYTE error_number=NO_E RROR ; 

Sy stemTag s ( " run FLASH : f lash >NI L : <NI L : " , TAG_DON E ) ; 

Fo rbid ( ) ;  

g_m sgport_p=FindPort ( DESTINATION_PORT_NAM E ) ; 

Permit ( )  ; 

if ( l g_m sgport_p ) er ror_n umber=STARTUP_ERROR ; 

else { 

g_funct ion=KillFlas h ;  

Pu shStack ( g_resource_sta ck_p , g_func t ion ) ; 

Flash ( FLASH_SETU P ) ; 

} 
return ( e r ro r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void KillFlas h ( void) { Flas h ( FLASH_EXIT) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 
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The Colour Flashing Program Itself 
T h e  c h i l d  p r o c e s s  t h a t  p e r f o r m s  t h e  c o l o u r  f l a s h i n g  i s  a n  
i ndependent  program i n  i ts  own right.  From a lbgical viewpo int i t  
works i n  much the same way a s  the co lour  flash ing rout ines  we've 
a l r e a d y  l o o k e d  w i t h  t h e  ma in  d i ffe r e n c e  b e i ng t h at it g e t s  i t s  
c ommands via F lashMessages from a n  external source .  I n  order  t o  
d o  th is  the ch i ld  process must also have a message port  avai lable 
and , as l i s t ing 6 . 5  shows,  t h i s  i s  set  up in  a s i m i la r  way t o  that 
descr ibed earl i e r :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Listin g  6 . 5 :  Port crea t ion routines for the c h ild 
process* / 

UBYTE CreateCommandPort ( )  

{ 

UBYTE error_number=NO_ERROR ; 

if ( ( g_command_port_p=CreateMsgPort ( ) ) ==NU L L )  

error_number=STARTUP_ERROR ; 

else { 

g_funct ion=DeleteCommandPort ; 

PushSt a c k ( g_resource_stack_p , g_functio n ) ; 

} 
return ( e rror_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id DeleteCommand Port ( ) { DeleteM sgPort ( g_command_port_p ) ; 
} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

I n  th is  case howeve r t h e  port  needs to  b e  added t o  Exec's public 
ports l i st .  When the amiga. l ib  CreatePort()  rout i n e  is used  th is  i s  
done automat ical ly but with t h e  Exec style fu nct ions i t  has t o  be 
done by the program itself us ing the Exec  AddPo rt() fu nct ion .  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Listing 6 . 6 :  Making the command port of the ch ild 
process public . * /  

UBYTE MakeCommandPort Pub lic ( void ) 

{ 

UBYTE er ror_number=NO_ERROR ; 

g_command_port_p - >mp_Node . ln_Name=COMMAND_PORT_NAME ; 

AddPort ( g_command_port_p ) ; 

g_func tion=RemovePub licCommandPo rt ; 

DI 
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PushSt ac k ( g_r esource_s tack_p , g_function ) ;  

return ( e rror_number ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void RemovePublicCommandPort ( v oid)  

{ 

RemPo r t ( g_command_po rt_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

These rout i n e s ,  l i ke a l l  a l l ocator/d ea l l o cator  fu n c t i o n  p a i r s ,  a re 
control l ed  by a fu nct ion pointer  l i st and fo r the flash program th is  
looks l ike  th i s :  

UBYTE ( * a lloc ator_list [ ] ) ( ) = { 

OpenGraph ic s ,  

CreateTimerReplyPort , 

CreateTime rReque stBlock , 

OpenTimer , 

CreateCommandPort , 

MakeCommandPort Public 

} ; 

The graphics l ibrary is needed because the GetRGB4()  and SetRGB40 
are used to get and se t  co lour  val ues .  The t imer e ntr ies  a re used to 
set  up the Amiga's t imer  device,  and the last two e ntr ies  produce 
the command port t hat we 've been  d iscuss i ng.  Li s t ing 6 .  7 s h ows 
the code for the complete co lour  flash ing rou t ine :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Li sting 6 . 7 :  The child process colour flashing rou ­
tine . * /  

/ *  am iga . c  - ch ild process code for colour flashing * /  

#include " genera l . h "  

static UBYTE r e d ,  green ,  b lue , toggle ; 

static UWORD colour_valu e ;  

UBYTE Am igaPr og ( void)  

{ 

UBYTE c o lour_reg , comman d ,  error_number= NO_E RROR ; 

ULONG secs , microsec s , frequency ; 

st ruct Message *message_p ; 

struct V iewPort *v iewpo rt_p ; 

do { 
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Wait Port ( g_command_port_p ) ;  

while ( m e ssage_p=GetMs g ( g_c omma nd_port_p ) ) 

{ 

} 

command= ( ( st ruct FlashMe s sage * ) message_p ) - >command ; 

v iewport_p= ( ( struct Fla shMessage * ) messag e_p ) - > 
v iewpor t ;  

colour_reg= ( ( struct  F la shMessage * ) mess age_p ) ­
>colour_reg ; 

frequency = ( ( struct FlashMessage * ) message_p ) - > 
frequency ; 

ReplyMs g ( mes sage_p ) ; 

secs=60 / f requency ; 

microsec s= ( 60*1 000000 / f re quency ) %1 000000 ; 

swit c h (  command ) 

} 

{ 
case  FLASH ON : Flas hOn ( v iewport_p , c o lour_re g ,  

secs , microsec s ) ; 
brea k ;  

case  FLASH OFF : Flas hOff ( v iewpor t_p , co lour_re g ) ; 
break ; 

case  FLASH EXIT : Flas hOff ( viewport_p , colour_reg ) ; 
error_number=PROGRAM_EXIT ; 
break ; 

default : b r eak ; 

} 

} 
while ( e rror_number ! = PROGRAM_EX IT) ; ret u r n (  
error_numbe r ) ; 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I  
v o id FlashOn ( st ruct ViewPort *v iewport_p , UBYTE 
c o lour_r e g , ULONG sec s , ULONG micros )  

{ 

BOOL exit_flag=FALSE ; 

togg le=FALSE ; 

co lour_va lue=Get RGB4 ( v iewport_p - >ColorMap , c olour_reg ) ;  

red = ( c olour_value&OxOFOO ) >>B ; 

green = ( colour_va lue&OxOOF0) >>4 ; 

blue= colour_value&OxOOO F ;  

while ( ! ex it_flag)  

m 
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} 

{ 
if ( ! I sMsgPortEmpty ( g_comma nd_port_p ) )  exit_f la g=TRU E ;  

else { 

} 

SetTimer ( secs , micros ) ;  

if ( toggle)  

{ 
SetRGB4 ( v iewport_p , co lour_reg , re d , green , b lue ) ; 

toggle=FALSE ; 

} 
else  { 

SetRGB 4 ( v iewport_p , c olour_reg , O , O , O ) ; 

toggle=TRUE ; 

} 

} 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void Fla s hOff ( st ruct V iewPort *v iewport_p , UBYTE 
colour_reg)  

{ 
SetRGB4 ( v iewport_p , c olour_reg , re d , green , b lue ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

Using the Flash Utility 

The t h i ng to remembe r about  the approach that we've adopted in  
th i s  ch ap t er  is  tha t  the  Flash program can now be  regarded  as a 
general ut i l i ty. Any program that needs to use  a flas h ing c o l o u r  can 
just set up a re ply port ,  run the  flash program and then control  the 
r e q u i r e d  e f fe c t s  by s e n d i n g t h e  p r o g ra m  t h e  a p p r o p r i a t e  
F lashMe ssages .  For  the  example assoc iated with t h i s  c hapter  I 've 
just used the rout ine to flash one  of the Workbench screen co l o u rs 
b u t  you ' l l  doubt less  be  able to th ink of  more interest ing uses  o f  th i s  
approach in  yo u r  own projects .  



7 :  
Copper 

Lists: What 

They Are and 

How They 

Work 

The Amiga, as you wi l l  doubt less  
k n o w ,  c o n t a i n s  a d i s p l ay c o ­
processor u nit ,  o r  'Coppe r' ,  wh ich  
c a n  c o n t r o l  a l m o s t  t h e  e n t i r e 
g r a p h i c s  h a r d wa r e  a n d  c a n  
manipulate most  o f  the  mach in e 's 
hardware registers .  The Copper  i s  
ab le  t o  wa i t  for  par t i c u l a r  v i d e o  
b e a m  p o s i t i o n s  a n d  t h e n  a l t e r  
s c r e e n  c o l o u r s ,  r e - p o s i t i o n  
s p r i t e s ,  c o n t r o l  t h e  b l i t t e r  a n d  
even generate i n t e r r u p t s .  What 's 
more  i t  is ab le  to d o  a l l  o f  t h i s  
m ag i c  w i t h o u t  r e q u 1 r 1 n g  
ass i s tance  fro m t h e  mai n 6 8 0x0 
p r o c e s s o r  b e c a u s e  i t  has O M A  
( D i r e c t  M e m o ry A c c e s s )  
capabi l i ty. 

C o p p e r  p r o g ra m s a r e  c a l l e d  
Copper l ists and they c o me i n  two 
bas i c  fo rms known as  h ardware 
C o p p e r  l i s t s  a n d  i n t e r m e d i a t e  
C o p p e r  l i s t s .  H a r d wa r e  C o p p e r  
l i sts are the fi nal  (usewable)  l i sts  
of  i n s t r u c t i o n s  a n d  p o i n t e rs t o  
t h e s e  l i s t s  a r e  l o a d e d  i n t o  t he 
C o p p e r  regi s t e rs d u r i n g  ve rt ica l  
b l a n k i n g  i n t e r r u p t  o p e ra t i o n s .  
H a r d w a r e  l i s t s  h a v e  t w o  
important character is t ics .  F i rs tly, 
t h e y  h av e  t o  b e  h e l d  i n  c h i p  
memory because they need to be 
d i rect ly  accessed  by the Copper. 
Seco nd ly, they have to be  sorted 
so that the  beam co-ord i nates  of 
s u c c e s s i v e i n s t r u c t i o n s a r e  i n  
o r d e r  o f  i nc r e as i ng v i d e o  b e am 
posi t ions s ince  that i s  the way the 
hardware expects to fi nd them. 

I n t e r m e d i a t e  C o p p e r  l i s t s  a r e  
e f fe c t i v e l y  j u s t p a r t s  o f  a 
c o m p l e t e  C o p p e r  p r o g r a m .  The 
types o f  in struct ions they c ontain 
are  t h e  same as t h o s e  fou n d i n  
t h e  hardware  l i s t s  b u t ,  b e cause  
they  a re  not  d i rect ly read by the 

m 
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C o p p e r, t h e y  d o  n o t  n e e d  t o  b e  h e l d  i n  c h i p  m e m o ry.  T h e s e  
i ntermed iate l i s ts  must  be  merged into  a real hardware Copp e r  l is t  
before they can b e  used  to c reate a d isp lay. I n  other  word s they 
must  be  sorted and p laced into  chip memory! There are a nu mber 
o f  fu nct ions for ach ieving th is  but  i t  is  also poss ib le  to  'han d c raft' 
your Copper  l i sts by p iec ing them together, a lready sorted,  d i rectly 
in  chip memory. You s i t  down wi th  a p iece  o f  paper, sketch out the 
instruct ions ,  a rrange them in an appropriate order, and wri t e  them 
i n to  your  p r o g ra m  as  data  s tat e m e n t s  i f  you  are  a n  a s s e m b l e r  
coder, or  as , say t h e  co nte nts of  a UWORD array i f  you a r e  cod ing  in  
C .  Han d  c r a ft e d  l i s t s  a r e  m o r e  d i ffi c u l t ,  o r  a t  l e a s t  m o r e  t i m e  
consumi ng, to  produce b u t  lots of  demo a n d  game coders d o  th is  
sort  o f  th ing to  save s pace .  User  Copper  l i s ts  i nc i de ntal ly, which 
you ' l l  find ment ioned in  the next c hapter, are in termed iate C o pper  
l i s ts .  

C o p p e r  program m i ng i s  s t i l l  sur rounded  by an a ir  of  mystique. 
Pub l i c  d o main  demos ,  and there i s  p lenty o f  good code avai lable ,  
s h o u l d  h a v e  b e e n  a r i c h  s o u r c e  o f  C o p p e r  l i s t  e xa m p l e s  b u t  
u nfortunate ly much o f  the documentati on  for such code  i s  e i ther  
poo r o r  n o n-existent .  I t 's a pity because  i t  means  that  no matter  
how stu n n ing the effec ts the code i tse l f, certainly to  a newc o m e r, i s  
u n l i kely to make much sense .  Th i s ,  to  say t h e  v e ry l e ast ,  can  be  
very fru s t rat ing  to  someone want ing to  l earn  how to  wr i te  such 
p ro g rams .  I ' m  n o t  go ing  to  kid you that the  more  s o p h i s t i cated 
t r i c k s ,  such as  u s i n g  the  C o p p e r  to  c o n t r o l  the  b l i t t e r, a r e  not  
compl icate d .  But I d o  be l i eve however that  a br ief  explanati o n  o f  
the  i n stru c t ions  and esse nt ia l  system rou t i n e s ,  c o u p l e d  t o  s o m e  
detai led assembler and C examples ,  w i l l  he lp  g e t  y o u  on  t h e  right 
road as far as expe r imenting goes. This chapter  in  the ma i n  wi l l  
deal with the under lying ideas a nd  provide an introduct ion to the 
as s e mb l e r  s i d e  o f  t h i n g s .  The fo l l o w i n g  c h a pt e r  w i l l  l o o k  at  a 
deta i led  example i nvolvi ng Intu i t ion coding from C .  

The Copper Instruction Set 
Mos t  people  are surpr ised when they fi rst l earn that the Copper  has 
o nly th ree instruct ions ,  Skip ,  Wai t ,  and Move.  All i n stru cti o n s  are 
two words long and the offi cial  docume ntat i o n  tends  to  label  the 
fi rst word as I R l  and the second as IR2 .  Here are some instruct ion 
deta i l s :  

SKIP: jump over the next instruction if the video beam has  reached a 
given (x,y) screen position. 

Bi t  0 of word , I R l , is always set to 1 in a wai t  instruct ion. B i ts  1 - 7  
ho ld  t h e  hor izontal beam co-ord inate a n d  bits  8- 1 5  h o l d  the vert ical  
beam co-ordinate .  The i nstruct ion skips the next instruct ion  i f  the 
b e a m  c o u n t e r is  e q u a l  to  or g r e a t e r  than the c o m b i n e d  1 5  b i t  
hori zo ntal + vert ical  values  given in  the i ns t ructi o n .  The s e c o nd 
word , IR2 ,  has b i t  0 set  to 1 .  B i ts  1 - 7 are the  hor izontal  beam co-



Copper Listing 

o rd i nat e  co m pare enable  b i ts  and b i ts 8- 1 4  are  vert ica l  c o m pare 
e na b l e  b i ts ( these  are most  c ommonly  u s e d  to  mask o ff and so 
i g n o re e i t h e r  the vert ica l  o r  hor izonta l  post ion  c o u n t e rs ) .  U n d e r  
m o s t  c i rcumstances a l l  enable bits  are s e t  t o  1 .  B i t  1 5  of  I R2 i s  a 
b l i t ter-fi n i shed-disable  bit  and this  i s  also normally se t  to 1 .  Ski p i s  
u sed far l ess  frequently than the  other two  Copper  instruct i ons .  

WAIT: wait for a specific (x,y) screen position. 

Th i s  i n struct ion  causes the Copper  to wai t  u n t i l  the  v ideo  beam 
p o s i t i o n  counters  are  e qua l  to ,  o r  greate r than ,  the  (x ,y)  val u e s  
s p e c i fi e d  in  the instruct ion.  B i t  0 of  word,  I R  1 ,  i s  a lways s e t  to  1 in  
a wait  i ns tru ct ion .  B i ts  1 -7  ho ld  the hor izo ntal  beam co-o rdinate  
and  b i ts  8 - 1 5 hold the ve rti cal beam co-ord i nate.  The second word , 
I R 2 ,  has b i t  0 set  to 0. B i ts  1 - 7  are the hori zo ntal beam co-ordi nate 
c o mpare e nable bits and bits 8- 1 4  are vertical compare enable  b i ts  
( these  are  most  commo nly used to  mask o ff and so ignore  e i ther  
t h e  v e r t i c a l  or  h o r i z o n t a l  p o s i t i o n  c o u n t e r s ) .  U n d e r  m o s t  
c i rcumstances a l l  enable bits are set  to 1 .  B i t  1 5  o f  IR2  i s  a b l i tte r­
fi n i she d-d isable b i t  and this  is a lso no rmal ly set  to  1 .  

An  exam p le ?  I f  we wanted t h e  C o p p e r  to  wait  u n t i l  t h e  d i s p lay 
reached l ine  1 00 ( 1 00=64 hex) we'd use th is  instruc t ion :  

d c . w  $6401 , $ff00 wait until line 1 00 ( ignoring h o r izontal  
counters )  

MOVE: move some data from chip memory into one of the  Amiga 's 
hardware registers. 

This  in struct ion cau ses the Copper to move a spec i fi e d  data value  
in to  a r e gi st e r. B i t  0 o f  word , I R l ,  i s  al ways s e t  t o  0 i n  a move  
i n s t ru c t i o n .  B i t s  1 -8 h o l d  the d e s t i n a t i o n  addre s s .  B i t s  9- 1 5  a re 
u nu s e d  but  should be set to zero .  Th e second word,  I R 2 ,  ho lds  the 
data b e i ng transferred.  

S u p p o s i n g ,  fo r e x a m p l e ,  t h a t  we  w a n t  t o  l o a d  t h e  h a r d wa r e  
regis te rs $ 1 80 ,  $ 1 8 2 ,  $ 1 84 and $ 1 86  with the value $ 000f, $ 0fff, 
$ 00f0, and $0f00 respect ive ly, we'd use these  Copper instruct ions :  

d e . w $1 80 ,  $000f 

dc . w  $1 82 , $0fff 

dc . w  $1 84 , $00f0 

dc . w  $1 86 , $0f00 

Easy e nough to do but you're probably th inking that the nu mbe rs 
t h e mse lves are not  maki ng muc h  sense? At th is  point we need to  
tal k a l i t t l e  about  t h e  Amiga's hardwa re  regi s ters ; t h e s e  are  the  
memory mapped hardware addresses  wh ich  represent  th i ngs l ike  
the c o l o u r  regi sters ,  b i tplane pointers and  a host  of  other  control  
l o c a t i o n s .  A l l  r e g i s t e r s a r e  g i v e n s y m b o l i c  n a m e s  a n d  t h e  
hardware/cu stom. i  inc lude  fi le  provides  these  d e fined a s  reg is ter  
address  o ffsets from a base custom c h ip  base  address of  $ dff000.  
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The $ 1 80 value  is  actual ly the offset for co lour  regis ter  0 ,  the base 
of the Amiga's 32 c o l o u r  re gi s ters and in t h e  hardware/custom. i  
i n c lu de fi le  th i s  o ffset  is  ca l l ed  co/or. By us ing th is  symbol ic  name 
w e  c a n  w r i t e  t h e  p r ev i o u s  exa m p l e  i n s t ru c t i o n s  i n  t h i s  m o r e  
readable fash ion :  

dc .w  colo r+0 , $000f 

dc . w  c o lor+2 , $0fff 

dc . w  colo r+4 , $00f0 

dc .w color+6 , $0f00 

I n  fact with a few we l l  chosen EQUates we can improve t h i ngs even 
more :  

B L U E  E Q U  $000f 

WH ITE EQU $0fff 

GREEN EQU $00f0 

RED  EQU $0f00 

dc . w  color+O , BLUE  

dc . w  color+2 , WH ITE 

dc .w  color+4 , GREEN  

dc .w  color+6 , RE D  

I t 's n o w  p retty obviou s that what we are doing h e re i s  jamming RGB 
c o l o u r  va l u e s  i n t o  t he hardware c o l o u r  reg i s t e r s .  Eac h regi s t e r  
address  i s  a word apart s o  t h e  above c o d e  is  sett ing register 0 t o  
b l u e ,  registe r 1 to  white ,  register 2 to green  a n d  register  3 to red .  
C o pper  l ists  written in  th is  form are  relatively easy to fathom out  
but  u n fortunately a lo t  of  example code tends to  be wri t ten j u st as 
a ser ies  of nu mbers .  This bring us to quite  an important part as far 
as dec i phering other  code r's Copper l ists  is concerned - you' l l  o ften 
n e e d  to diassemble l i s ts  and re-write them in  more readable fashion 
j u s t  to  u n d e rstand what t h ey mean.  To d o  t h i s  you  n e e d  to  be  
fam i l iar  with the general fo rms o f  the Copper  l is t  i nstru ct ions in 
o rd e r  to work out  what each instruct ion i s  doing.  

Terminating A Copper List 
C o p p e r  i n s t r u c t i o n  l i s t s ,  fo r reasons  that we won ' t  go i n t o  (but  
bas ical ly it's the only way to stop the  thing),  must te rminate with a 
d i s play pos i t ion  wait that can never occur. A wait fo r hor iz ontal  
p o s i t io n  2 5 4  on  l ine 2 5 5  has been  the standard in stru c t i o n  used  
and as  a data stateme nt th i s  looks l ike th i s :  

dc . w  $FFFF, $FFFE 
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Getting Things Into Perspective 
I f  you are new to both assembler  cod ing and Copper l i st c reatio n  
t h e n  l earning about both a t  t h e  same t ime i s  a b i t  l ike trying t o  r ide  
a b i ke at the same t ime as you are try ing to  bu i ld  i t .  Th i s  b e i ng so  
I 'm go in g  to  devote qui te a lo t  o f  space to  the  assembler  s ide  o f  
th i ngs i n  the  hope that once you've seen  how the various pieces o f  
a complete  example  program fit togeth e r  you' l l  b e  encouraged t o  
p u l l  apart  o t h e r  examp l e  programs that  you c o me across .  We ' re  
g o i ng t o  p i e c e  t oge t h e r  an exampl e that  a l l ocates  some d i s pl ay 
memory and c reates a screen for d isp laying some graph ics .  I n  order  
to  d o  th is  we ' l l  need  to  open the graphics l ib rary and so l ibrary use  
i s  the  first i tem o n  the age nda. 

Using Run-Time Libraries From Assembler Code 
As y o u ' l l  d o u b t l e s s  k n o w  Exe c  s u p p o r t s  t h e  i d e a  o f  ru n t i me 
l i brar i e s  w h i c h  ex is t  s e parate ly a nd  a re wr i t t e n  i n  a way w h i c h  
a l l o w s  a n y  n u m b e r  o f  d i f fe r e n t  p r o g r a m s  t o  u s e  t h e m  
s i mu l tane o u s ly  ( o r  at l east  a p p ea r  t o  d o  s o  wi t h i n  Exe c 's mu l t i ­
task ing frame work)  a nd  t h i s  obv ious ly  ma kes t h e m  mu c h  m o r e  
f lexible a n d  effic ient .  

Programs te l l  Exec that  a l ibrary i s  needed by attempting to  open i t  
u s i ng an OpenLibrary()  fu nc t ion .  When s u c h  a ca l l  is  mad e Exe c 
d o e s  s e v e ra l  t h i ngs : i t  s e a rc h e s  i t s  l i s t s  o f  l i b r a r i e s  w h i c h  are  
a lready o p e n  an d  avai lab l e .  I f  the  l ibrary i s  fou nd then Exec s imply 
returns the address o f  the l ibrary and makes an in ternal note that 
another p rogram i s  now us ing i t .  I f  the l ibrary i s  not al ready open ,  
Exec passes o n  the request  to AmigaDOS asking i t  to look fo r, and 
then l oad ,  the spec i fied l ib rary. AmigaDOS looks in  the L IBS :  logical  
device ( i f  you boot from the Workbench disk for instance then th i s  
l o g i c a l  d ev ice  wi l l  have  been  a s s i g n e d  t o  SYS : L I B S ,  i e  t h e  L I B S  
d i rectory of  t h e  Workbe nch d i sk).  I f  AmigaDOS finds t h e  l ibrary i t  
loads i t  and t e l l s  Exec where i t  has been  placed.  Exec t h e n  records 
the fact  that  the l ibrary is  now avai lable  by adding it  to i ts l i st o f  
available l ibrarie s .  Exec wil l  neve r attempt t o  re move these  l ibrary 
mo d u l e s  w h i l s t  t h e y  a r e  i n  u s e  b u t  s h o u l d  t h e  l a s t  u s e r  o f  a 
part icu lar active l ibrary ind icate that they no  longer need access to  
the ro ut ines ,  which they d o  by execut ing a C loselibrary() funct i o n ,  
Exe c 's l i b rary ma nage r m a y  t h e n  r e move t h e  m e m o ry c o p y o f  
l ib rary an d  r e l ease  the  assoc ia ted  memo ry s o  that  i t  i s  fre e  fo r 
other  u s e .  

As  a l l  o f  t h i s  happens  a lot  of  complex o perat ions  ge t  carri e d  o u t  
b u t  t h e  good news i s  that from assembler, l ike C ,  you d o n ' t  n e e d  t o  
wo rry a b o u t  t h i s  at  a l l  - as  f a r  as  a n  a p p l i c a t i o n s  p r o g ra m  i s  
concerned most o f  these  operations are transparent  and this  i s  so  
even at t h e  assembly language programming l eve l .  Al l a program 
h a s  to d o  to u s e  a g i v e n  l i b r a r y  i s  o p e n  i t  u s i n g t h e  E x e c  
Open Library() fu nct ion ,  and then use the l ibrary rou t ines  in  much 
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the same way that the Ope nlibrary() funct ion was i tse l f  used .  The 
only th ing which the appl ications program must do is  ensu re that 
the Openlibrary() cal l  was succe ssful and i t  does this by checking 
that  the address returned is  non-NULL ( ie  not zero) .  I f  the address 
re turned has a z e ro value  then the system hasn' t  been able  to  open 
the l ibrary. 

I 've already ment ioned that the fi rst stage in  us ing a l ibrary is  to  
ope n i t  by u s i ng the Exec Openlib rary() fu nct ion .  You may now be 
wonder ing how i t  i s  poss ible  to o pen  the Exec l ib rary in  the first 
place. The s imple  answer  is  that you do not need to becau se  the  
Exe c  l i b rary never  has to be opened .  Exec 's base  address ,  known 
c o nvent ional ly  as SysBase ,  i s  pe rmanent ly avai lable  becau s e  i t  i s  
s t o r e d  i n  t h e  lo ng-word me mory locat ion  whose  fi rs t  byt e  i s  at  
locat ion 4 .  The fou r  bytes wh ich make up this  long word l ocat ion 
are ca l led AbsExec Base and because th is  is  loaded with a pointer  to 
the Exec l ibrary dur ing system start-u p :  the Exe c l ibrary is  a lways 
al ive and ki ck ing from the word go.  So,  how do we make a l ibrary 
ca l l ?  By c onve n t i o n  we p lace  t h e  base address  o f  the  l i b rary i n  
reg ister  a6 , and t h e n  make a n  i n d i rec t  subrout ine  ca l l  u s i ng t h e  
appropriate l ibrary vector offset (LYO) value  t o  spec i fy t h e  rout ine  
t o  b e  e xe cu t e d .  I n d i r e c t  su brou t i n e c a l l s  o f  th is  type are  v e ry 
important o n  the Amiga and th ey're used because the arrange ment 
is conne cted with the  way the Amiga l ibrary funct ions  are accessed 
internal ly ( these  explanat ions involve some pretty advanced top ics  
inc lud ing the use  o f  th i ngs ca l l ed  jump tables whi c h  are  not go ing 
to be  d iscu ssed) .  What  happens as far as the i n d i rec t  subrout ine  
ca l l wi th  d i s p l a c e me n t  i s  c o n c e rn e d  i s  that  t h e  a d d re s s  in  t h e  
spec i fi e d  address register gets added t o  the spec i fi ed  LVO fu nct ion 
c a l l  d i s p l a c e m e n t  and t h i s  p r o d u c e s  a d e s t i n at i o n  s u b r o u t i n e  
address that leads u s  to the right l i brary fu nct ion .  

Now that  the  m e c h a n i c s  o f  l i b rary fu n c t i o n  ca l l  u s e  h a s  b e e n  
expla i ned t h e  code  which pe rforms the graphics  l ib rary o p e n i ng 
wi l l  be  easy to understand .  I 've al ready me nt ioned that in the  case 
of t h e  Ex e c  l i b ra r y  t h e  b a s e  a d d r e s s  is  a l r e a d y  ava i l a b l e  i n  
Abs Exe cBase .  The bare bones code for an Openlibrary() Exe c cal l 
can therefore  be written l i ke th is :  

move . !  _Ab s ExecBase , a6 get base address of Exec  library  

j s r _LVOOpen l ibrary ( a6) make  the indirect subroutine 
c a ll 

Be fore th is  sort of  code can be execu ted i t  is o f  course necessary to  
set  u p  any parameters which the l ibrary fu nct ion needs .  I f  you look  
back  at the  Openlibrary() fu nct ion you ' l l  see that i t  needs a po i nte r 
to a l ibrary name in regi ster  a l , and a version number in  dO .  F o r  the  
moment  I ' l l  be  set t ing the dO to  zero because  th i s  t e l l s  Exe c  that 
any l i brary vers ion wi l l  do .  C los ing a Library, inc ide ntal ly, is just as  
easy as open ing i t .  You use the same type of  ind i rec t  subrou t i ne 



Copper Listing 

cal l ,  bu t spec i fy the C loseLibrary() fu nct ion instead : 

move . !  _AbsExecBase , a6 get base address of Exec library 

j s r _LVOC loselibra ry ( a6 )  make the indirect subrout ine 
c a ll 

Failed Open Library Calls 

Why wou ld  a l ibrary fai l  to open? The system might not have been 
able  t o  fi nd i t  on d isk, the spec i fied vers ion  might  not  be avai lable ,  
the  p rogrammer might  s imply have spe l t  i ts  name wrong wi th in  the 
p rogram, o r  the system might  even be  running out  of  memory and 
have i n s u ffic ient  space to load a new l ibrary. The i mportant point  is  
t hat you must not make any l ibrary fu nct ion cal ls  unless you have 
got a val i d  base pointer  or you wi l l  doubt less  get a vis i t  from the 
Amiga guru !O 

Function Name: OpenLibraryO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Open a run-time library 

base _address=OpenLibrary(library _name, version) ; 

struct Library *OpenLibrary(STRP'IR, ULONG) ; 

DO Al DO 

library _name - the address of a null terminated string 
version - a library version number 

base_address - the address of the base of the library. If the 
library could not be opened a NULL value is returned. 

User must not attempt to use any library functions if this 
function did not succeeded. 

Function Name: CloaeLibraryO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Value: 

Notes: 

Prefixes 

Close a previously successfully opened library 

CloseLibrary(base _address) ; 

void CloseLibrary(struct Library *) ;  

Al 

base_address - the library base addressReturn 

None 

User must not make library calls to a library after it has 
been closed. 

You' l l  not ice  in the above code fragmen t  that AbsExecBase and the 
LVO value have underscore prefixes .  This  stems fro m an internal  C 
l a ng u ag e  c o nve n t i o n  a nd  t h e  u n d e rs c o re u s e d  i n  a l l  a s s e mb ly 
l a n g u a g e  f o r m s  h a s  b e e n  i n t r o d u c e d  s i m p l y  to p r o v i d e  
compat i b i l i ty between C and assembler header  f i les  and code .  Not  
a l l  programmers use  these  u nderscore arrangements but i t 's a good 
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habit  to  cu ltivate because  i t  wi l l  be  usefu l  when you come to  more 
advanced c od ing. 

Library Vector Offset (LVO) Values 
LVO offset  values  can be acqu ired in  a number  o f  ways but  for t h e  
m o m e n t  w e ' l l  b e  p u t t i n g  LVO d e fi n i t i o n s  a t  t h e  s t a r t  o f  o u r  
p r o g r a m s  b e c a u s e  i t  i s  e a s i e s t .  T h e  LY O v a l u e  fo r t h e  E x e c  
O p e n library() fu nct ion i s  - 5 5 2 ,  i e  -02 28  hex a n d  so  t h e  asse mb l y  
language programmer i s  quite  a t  l iberty to  define  the  d isp lacement  
i n  th is  fash ion :  

move . l  _Ab sExecBase , a6 get the base address of Exec 
library 

j sr 552 ( a6) make the indirect subroutine 
call 

The trouble  is t hat  wi th  th is  latt e r  approach however is that you  
loose  t he  inherent  documentation that the LYO references  provi d e .  
Let 's face i t  t h e  number - 5 5 2  doesn't ,  u nless  you've memor i sed  a l l  
o f  the LVO tables ,  exactly t e l l  y o u  what l ibrary cal l i s  b e i n g  mad e .  
The reference  _LVO Openlibrary i s  much more mean ingfu l .  

First Coding Stages 
I f  we can get  to the po int  where a l l  the  l ibrary o pe ning and c los ing  
s tuff i s  in  place a nd  most o f  the  code  is  u nderstandable  then  t h e  
subsequent C o p p e r  l i st c o d e  c a n  be d iscussed i n  re lative i so la t ion  
and th i s  shou ld  make th ings  eas ier  to  understand . To ge t  t o  t h i s  
f i r s t  s t a g e  w e ' l l  n e e d  t o  s e t  u p  a n u l l  t e r m i n a t e d  t e x t  s t r i n g 
represent ing  t h e  name o f  t h e  graph i c s  l i b ra ry. We ' l l  a l s o  n e e d  a 
labe l led long word locat ion to  store the base address o f  the l ibra ry 
o nce i t  i s  open.  H ere's the  sort  of  pseudo-ops which  d o  the t r i ck :  

graphics_name dc . b  ' graphic s . library ' ,  NULL 

_GfxBase ds . l  1 

I ' l l  be  placing these at the end of  my program and betwe e n  these  
d i rectives and the in i t ial  EQUate defin i t ions wi l l  c o me the  rea l  code  
( the  s tuff that  the assemble r  wi l l  turn  into  executab le  instru ct i o n s) .  
Talk ing o f  rea l  c ode l e t's i dent i fy a su i table plan-of-act ion : we 've got 
to  load the address o f  the Exec  l ibrary into register  a6 ,  set  up the 
intuit ion l ibra ry name pointer  and version deta i l s ,  and then make 
an Ope nlibrary() cal l  as explained earl i e r. I f  the value retu r n e d  i n  
d O  i s  not z e ro then the graphics l ibrary wi l l  b e  open .  H o w  d o  we 
test dO to check whether it c ontains a zero or  not? S imple ,  we u s e  a 
move instruct ion to  copy the  conte nts o f  dO to  the  locat i o n  that  
we've set  u p  to  ho ld  the  graphics  l ibrary po inter  t h i s  move se ts  o r  
c lears t h e  processor's z e r o  flag. Re member  t hat i f  t h e  l ib rary d o e s  
o pe n  successfu l ly we' l l  n e e d  t h i s  po inter  i n  order  to  pe r fo r m  t h e  
C loselibrary() rout ine  before t h e  program terminates.  I t 's i m portant  
to real ise  that ,  i f  for some reason  the l ibrary does  not open then we 
must  not use  the Exec Cl oselibrary() funct ion because there ' l l  be no  
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l i b rary t o  c lose .  S imi larly we must not  make any graphics  l ib rary 
cal l s  i f  the  l ibrary d id  not open .  As you might guess th is  cal l s  for a 
b i t  o f  conditional testing and the way its done i s  as fol lows :  

We p l a c e  a b e q  i n s t ru c t i o n  i m m e d i a t e l y  a ft e r  w e  s t o r e d  t h e  
O p e n Li b rary()  re turn val u e  and b ra nc h  i n  such  a way that i f  t h e  
O p e n Li b rary( )  r e turn  val u e  i s  z e ro t h e n  we  avo i d  exe c u t i n g t h e  
C l o s e L i b rary( )  r o u t i n e .  We t e r m i na te  t h i s  p ro g ra m w i t h  a n  r t s  
i n s truct ion  c learing register d O  before  returning t o  syst e m  level  (to 
i n d i cate  s u c c e s s fu l  c o m p l e t i o n ) .  Wel l  that 's the  t h e ory. Exa m p l e  
C H 7- l . s i s  t h e  code that handles  t h e  graphics l ibrary open ing a n d  
c l o s i ng .  N ormal ly  w e ' d  u s e  an assemb ly l anguage macro fo r t h e  
l ibrary open ing a n d  c los ing b u t  for these examples ,  s i n c e  macr o s  
can ten d  to  h i d e  what's going on ,  I 'm coding a l l  ope rat ions  so that  
they are vis ibl e :  

start 

/ * Listing 7 . 1 : Some init ial skeleton code for the example 
p r ogra* / m  

* Example CH7 - 1 . s 

N U L L  

_Ab sExecBase 

_LVOOpenL ib ra ry 

_LVOClose Library 

EQU 0 

EQU 4 

EQU - 552 

EQU - 41 4 

move . l  _AbsExecBase,  a6 

lea graphics_name , a1 

moveq #0 , dO 

get base address of Exec 
library 

load pointer to library 
name 

any version will do ! 

open lib j sr _LVOOpenLibrary ( a6)  make the  indirect 
subroutine call 

move . l  dO ,_GfxBase save returned pointer 

beq exit did library open OK? 

open_ok At this point we can use the graphics library although 
we would need to reinstate exec library base pointer 
before closing 

closelib move . l  _GfxBase , a1 library to close 

j sr _LVOCloseLibrary ( a6) make the indirect 
subroutine call 

exit clr . l  dO 

rts logical end of program 
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GfxBase d s  . 1  1 

graphics_name dc . b  ' graphic s . library ' , NULL 

Preventing Multitasking 

For the cu rrent Copper  l i s t  example we' l l  be taking over the d is play 
and, to  p reve nt interference fro m other tasks, i t 's nece ssary to tu rn 
o ff the Amiga's mul titasking by making a cal l  to  the Exec  Forbid()  
fu nct ion .  Prior  to  the example terminating a corresponding Permit()  
call  i s  made to return the machine to its no rmal mul t i tasking stat e .  
The LVO values for these fu nct ions are - 1 3 2 a n d  - 1 3 8 respect ive ly 
and be cau se they are straightfo rward fu nct ions which  require no 
parameters you ' l l  be able to see how they are used d i rect ly from the 
exte n d e d  l i s t i n g  Exa m p l e  C H 7- 2 . s .  I 've  t u r n e d  o ff m u l t i ta s k i n g  
s hort ly afte r  the program starts ru nning a n d  re- instated i t  before  
the program fin ishes .  Not ice ,  inc idental ly, that  we do not  need to 
load a6 with the base of  the exec l ibrary when the Forbid( )  call  is  
made because th is  l ibrary base i s  al ready in  regi ster a6.  

/ * Listing 7 . 2 :  The Exec Forbid ( )  function makes sure that 
we have the machine to ourselves . * /  

* Example CH7 - 2 . s  

NULL EQU 0 

AbsExecBase EQU 4 

_LVOOpenLibrary EQU - 552 

_LVOCloseLibrary EQU - 41 4 

LVOForbid EQU - 1 32 -

LVOPermit EQU - 1 38 -

start move . !  _AbsExecBase ,  a6 

j sr _LVOForbid ( a6)  

lea graphics_name , a1 

moveq #0 , dO 

open lib j sr _LVOOpenLibrary ( a6)  

move . !  dO ,_GfxBase 

beq exit 

get base address of Exec 
library 

turn of multitasking 

load pointer to  library 
name 

any ver sion will do ! 

make the indirect subrou 
tine call 

save returned pointer 

did library open OK? 

open_ok Graphics  open and our program effectively has the 

machine to itself because no other progams are a llowed 

to run ! 
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close lib move . l  _GfxBase , a1 library to c lo se 

j sr _LVOCloseLibrary ( a6) make the indirect 

exit j sr 

clr . l  

rts 

GfxBase ds  . 1  1 

_LVOPermit ( a6)  

dO 

subroutine call 

reinstate mult itasking 

logical end of program 

g raphics_name dc . b  ' g raphics . library ' ,  NULL 

Creating An Example Copper List 

The Copper  l i st has a number  of spec i fi c  jobs to do .  For  a start the 
hardware regi sters that hold the addresses of  the d i splay b i tp lanes  
n e e d t o  b e  set  u p .  Each b i t p l a n e  p o i n t e r  i s  32  b i t s  l o n g  a n d  
a l though t h e  hardware  a ddresses  are memory mapped in  s u c h  a 
way that 680x0 move.I  instruct ions can store the complete po inter  
i n  one  go with the  Copper  i t  i s  nece ssary to  store  the  u pper  and 
l ower  words of each b i t p lane po inter  s e pa rate ly. Th i s  i s  because 
C o pper  instruct ions are word, rather  than long word , o ri e nted !  Each 
o f  t h e  A m i ga's h ardware b i t p l a n e  reg i s t e r s  are  g i v e n  symb o l i c  
n a m e s  w i t h  b p l l p t h  a nd  b p l l p t l  r e fe r r i ng t o  t h e  h i gh and  l o w  
words of  bitplane register  1 ,  bpl 2 pt h  a n d  b p l 2 pt l  to  t h e  high and 
l ow words o f  b i t p l a n e  r e g i s t e r  2 and s o  o n .  We ' l l  b e  u s i n g  a 2 
b i tp lane d isplay and so you might be  expect ing our  Copper  l i st to  
s tart  l ike  th is :  

Copperlist : dc . w  bpl1 p t h ,  s om ev a lu e  

dc . w  bpl1 p t l ,  s om ev a lu e  

dc . w  bpl2pt h ,  s omevalue 

dc . w  bpl2p t l ,  somevalue 

T h e  f ly in t h e  o i n t m e n t  h e re is  t h a t  a t  the t i m e  we w r i t e  t h e  
program : we wi l l  n o t  know the values  of  t h e  bi tplane poi nters .  The 
b i tp lane  memory w i l l  be a l l o cated  at  r u n  t i m e  and  t h e  b i t p la n e  
addresses w i l l  o n l y  be  known t h e n .  Our  code  w i l l  n e e d  to al l ocate 
memory and then insert the appropriate addresses  i nto the Copper  
l i s t .  To m ake  t h i s  j o b  e a s i e r  I ' m  g o i n g  t o  w r i t e  t h e  b i t p l a n e  
i nstruct ions  in a way that a l lows us  t o  i d e nt i fy t h e  word locat ions 
that  wi l l  hold those addesses .  

Copperlist : dc .w  bpl1 pth b itplane 1 

p1 h :  dc .w O 

dc .w bpl1 ptl 

p 1 1 :  dc .w  O 

de . w bpl2pth bitplane 2 

p2h : dc .w  O 
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p21 :  

dc .w  bpl2ptl 

dc .w O 

We also need to  te l l  the system how many b i t  p lanes are be ing used 
and there  i s  a hardware register  cal led bp lconO (b i tp lane  contro l  
reg ister  0) that i s  u sed fo r th is  purpose .  B i ts 1 2 - 1 4  are used as a 
b itplane count. B i t  9 is also usual ly set  as th is  enables  composite  
v ideo colour on  some mach ines (A l OOO)  so for  our  example we' l l  be 
u s ing this instruc t ion :  

dc . w  bplcon0 , $2200 2 bitplanes 

The n ext th ing to do is  set up the colour regi sters and we've al ready 
seen  some su itable example code fo r th is .  Provi d i ng these  equates 
are in  place : 

BLUE EQU $0001 

WHITE 

GREEN 

RED 

EQU 

EQU 

EQU 

$0111 

$0010 

$0100 

our  instruct ions for l oading the fou r  colour registers needed for a 2 
b itplane d is play are :  

dc . w  color+O , BLUE 

dc . w  color+2 ,WHITE 

dc . w  color+4 , GREEN 

dc .w color+6 , RED 

These co lou r values  are of  course compl ete ly arbitrary. We cou ld  
have chosen  any co lours we l iked .  

There  are  a few other  contro l  regi ste rs that  have to  be  set  u p  in  
o rd e r  i n c l u d i ng t h e  reg is ters that  pos i t ion  t h e  d i s p lay. Reg is ter  
d iwstrt (d isplay window start)  controls  the starti ng pos i t ion  of  the  
d i s p l ay wi th  t h e  u p p e r  byte  o f  d ata  word  IR2  r e p r e s e n t i ng the  
v e rt i ca l  s tar t  p o s i t i o n  a n d  t h e  l o we r  byte  t h e  h o ri z o n ta l  s tar t  
pos i t ion .  Becau s e  o f  the way raster scan devices  work  a 320  x 2 5 6  
p i x e l  d i s p lay n o r ma l l y  n e e d s  a top  l e ft p o s i t i o n  o f  ( 1 2 9 ,4 1 )  t o  
c e ntre i t  o n  t h e  moni tor  and i f  you add t h e  3 2 0  widths  and 2 5 6  
h e i g h t  t o  t h e s e  va l u e s  y o u  ge t a b o t t o m  r i g h t  c o - o r d i n a t e  o f  
(448 ,296 )  so diwstop needs to represent co-ordinate (44 9 , 2 9 7) .  The 
d i w s t o p  r e g i s t e r  u s e s  a n  i m p l i e d  u p p e r  b i t  f o r  i t s  ve r t i c a l  
component s o  the value written actual ly corresponds to (449 , 2 9 7-
2 5 6) ,  i e  (449 , 4 1 )  so  in  hex form the result  is that  d iwstrt needs a 
value of  $ 2 9 8 1  and dwstop of  $ 2 9C l and the corresponding Copper  
in struct ions are :  

dc . w  diws t rt , $2981 

de .w  diwstop , $29C1 

Two other  regi sters cal led ddfstrt and ddfstop also need to be  se t  



Copper Listing 

because these  govern how many data words are d isp layed per  l i ne .  
The  normal low re s  d i sp lay val ues  are : 

d c . w  ddfst rt , $38 

dc . w  ddfstop , $00 

Two modulo regi sters ,  wh ich  govern the amount added on to the  
b i tp lane pointers at the  e nd of  each  screen l ine ,  need  to  be  c leared 
us ing these  instruct ions :  

dc . w  bpl1 mod , O  

d e  . w  bpl2mod , O  

D o  remember i nc idental ly that the object  o f  the exerc ise  i s  s imply 
to p r o v i d e  a n  o v e r v i e w  o f  w h a t  c o d e r s  do w h e n  t h e y  h it t h e  
hardware. I t 's i m p o s s i b l e  t o  prov ide  fu l l  d e t a i l s  o f  t h e  u s e  a n d  
purposes of  a l l  t h e  var ious hardware registers i n  t h e  s pace avai lab le  
but  th is  informat ion is  of  course  readi ly avai lab le  from the o ffic ia l  
Addison Wesley Amiga Hardware manual .  

The  l a s t  i n s t r u c t i o n  in o u r  C o p p e r  l i s t  is  the e v e r l a s t i ng wa i t  
instruct ion ment ioned earl i e r :  

dc . w  $ffff , $fffe e n d  of list 

Now i f  we piece al l  the above ideas together  we end up with this s e t  
of  i nstructions :  
Copperlist : dc . w  bpl1 pth b itplane 1 

p1 h :  dc . w  0 

dc . w  bpl1 ptl 

p1 1 :  dc . w  0 

dc . w  bpl2pth bitplane 2 

p2h : dc .w  0 

dc .w  bpl2ptl 

p21 : dc . w  0 

dc . w  bplcon0 , $2200 2 b itplanes 

dc . w  color+O , BLUE 

dc . w  color+2 ,WHITE 

dc . w  color+4 , GREEN 

dc . w  color+6 , REO 

dc . w  diwstrt , $2981 

dc . w  diwstop , $29C1 

dc . w  ddfstrt , $38 

d c . w  ddfstop , $00 

d c . w  bpl1 mod , O  

dc . w  bpl2mod , O  

d c . w  $ffff , $fffe end of list 
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Allocating Display Memory 
For s impl ic i ty I ' l l  be us ing a di splay with just  two b i tplanes and to 
a l locate th is  the exec l ibrary Al locMem() fu nct ion wi l l  be used .  This 
requ ires the amount o f  memory to be spec i fied in regi ster  dO and 
the me mory type to b e  in  register  d l .  The retu rned me mory p o i n ter  
n e e d s  t o  b e  save d ,  in  o r d e r  t o  r e t u r n  the  m e m o ry b e f o r e  t h e  
p rogram terminate s ,  and i t  also needs to  b e  tested to  s e e  that  the 
a l locat ion was successfu l .  He re's the code that  does  the  j o b :  

move . l  #40*256*2 , dO lowres 256 lines 2 planes 

move . l  #MEMF_CHIP I MEMF_CLEAR , d1 

j sr _LVOAllocMem ( a6)  

move . l  dO , screen 

beq close lib 

and this  is the code that wi l l  return that memory:  
move . l  _AbsExecBase , a6 

move . l  screen , a1 

move . l  #40*256*2 , dO 

j sr 

Setting the Bitplane Pointers 

Exec library base 

screen address 

amount allocated 

_LVO FreeMem (A6) 

O n ce t h e  d i s p l ay me m o ry has b e e n  a l l o c a t e d  we can s t o re t he 
b i tplane po inters  into  the  designated Copper  l i s t  l ocat ions .  S ince  
there  a re o n ly two b i tplanes involved in  th is  example  I 've opted for 
the  s imple  approac h o f  l oading the screen address and stor ing each 
part  i n  turn  ( th is  consti tutes  b i tplane 1 ) , and then re peat ing  the  
p rocess afte r re- loading the  address  and adding an amount equal  to  
the s ize  of  a s i ngle  b i tp lan e :  

move . l  screen , dO 

mov e . w  dO , p 1 1  

swap dO 

mov e . w  dO , p 1 h  

move . l  screen , dO 

add . l  #40*256 , dO 

mov e . w  dO , p21 

swap dO 

mov e . w  dO , p2h 

Because th is  code  is executed whi lst  dO co ntains  the sc reen  ad d re ss 
the fi rst in struct ion in  the above sequence wi l l  not be  needed i n  the  
p rogram i tse l f  ( i t  was just  shown for c lar i ty in  the above fragment ) .  
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Using The Copper List 
We l oa d  t h e  a d d r e s s  o f  t h e  c u s t o m  c h i p s  i n t o  r e gi s t e r  a s  (any 
address  regis ter  cou ld  have been used)  and the base of  the graphics  
l ib rary i nto  a6 .  Then we tu rn off  the Copper OMA by wr i t ing to  the  
OMA co n trol  register  l i ke th is :  

move .w  #$80 , dmacon ( a5)  Copper dma off 

and having done that we save the o l d  Copper  l i s t  po inter  and in stal l 
the  o n e  associated with our  program: 

move . !  LOFlist ( a6) , o ld_list save existing Copper list 

move . !  #Copperlist , LOFlist ( a6)  install new list 

The LO F l i s t  offset  (actual ly $ 3 2) is the locat ion with in  the GfxBase 
structure  that po ints to the LOFl is t  Copper  l i s t  and it i s  th i s  po inte r, 
afte r  saving i t ,  that we replace with our  own.  Once the pointer  is in  
p lace  Copper  OMA i s  tu rned bac k  on  aga in  l i ke th i s :  

move .w  #$8080 , dmacon ( aS )  Copper dma o n  

so ,  i f  we put these  ideas  together, we get  the  sec t ion  o f  code that 
insta l l s  o u r  new l i s t :  

lea CUSTOM , a5 custom chip base 

move . !  _GfxBase , a6 graphics base 

move .w #$80 , dmacon (a5)  Copper dma off 

move . l  LOFlist ( a6) , old_list save existing Copper list 

move . !  #Copperlist , LOFlist ( a6)  install new list 

move .w #$8080 , dmacon ( aS )  Copper dma on 

All  we need  now is  a loop to check for an exit condi t ion  and I 've 
opted fo r the user  h i t t ing the ESCape key. The fol l owing code busy 
loops wait ing for screen l ine  2 5 5  ( $ ff) to be reached then it reads 
the keyboard and checl,<.s to  see  if  i t  is  an ESCape character. The 
moment such a keypress i s  de tected the old LOF l i s t  po inter  i s  re­
in stated in  readiness  for the program to  terminat e .  Here 's what th is  
sect ion o f  the code looks l ike :  

loop : move . b  vhposr ( a5 ) , d0 get scanline 

cmp . b  #$ff , d0 line $ff? 

bne . s  loop 

could do something here I 

move . b  $bfec01 , d0 read keyboard 

eor . b  #$ff , d0 decode byte 

ror . b  #1 , dO 

cmp . b  #$45 , dO ESCape key? 

bne . s  loop keep going 

Ill 
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move . w  #$80 , dmacon ( a5)  Copper dma off 

move . l  old_list , LOFlist ( a6) re - install old list 

mov e . w  #$8080 , dmacon ( a5)  Copper dma on 

B u s y  wa i t i n g l i ke t h i s  s h o u l d n ' t  r e a l l y  b e  d o n e  w i t h  A m i g a  
programs but i t  makes for a s imple to  understand loop and ,  s ince  
our  program has d i sab led  mul t i tasking anyway, i t  d o e s n't rea l ly  
matter. The good  news i s  that we 've now got  a comple ted program 
and i f  al l  o f  the Copper  l ist and d isp lay related fragments are now 
added to our  assembler  source  code a long with the extra defi n i t i o n s  
requ i red to  a l l o w  assembly w e  g e t  th is  fi n ished resu l t :  
/* List ing 7 . 3 :  The completed program with Copper list in  place* / 

* Example CH7 - 3 . s  

sect ion code , code_c 

NULL EQU 0 

AbsExecBase EQU 4 

_LVOOpenLibrary EQU - 552 

_LVOCloseLibrary EQU - 414  

LVOForbid EQU - 1 32 -

LVOPermit EQU - 1 38 -

LVOAllocMem EQU - 1 98 -

LVOFreeMem EQU - 2 1 0  -

MEMF CHIP EQU 1 «1 

MEMF CLEAR EQU 1 «1 6  

CUSTOM EQU $DFFOOO 

BLUE EQU $000f 

WHITE EQU $0fff 

GREEN EQU $00f0 

RED EQU $0f00 

color EQU $1 80 

LOFlist EQU $32 

bplconO EQU $1 00 



bpl1 mod 

bpl2mod 

bpl1 pth 

bpl1 ptl  

bpl2pth 

bpl2pt l  

d iwst rt 

diwstop 

ddf strt 

ddf stop 

dmacon 

vhposr 

start move . !  

j sr 

lea 

moveq 

openlib j sr 

move . !  

beq 

EQU $1 08 

EQU $1 0A 

EQU $EO 

EQU $E2 

EQU $E4 

EQU $e6 

EQU $8E 

EQU $90 

EQU $92 

EQU $94 

EQU $96 

EQU $6 

_AbsExecBase , a6 

_LVOForbid ( a6)  

graphics_name , a1 

#0 , dO 

_LVOOpenlibrary ( a6)  

dO ,_GfxBase 

exit 

Copper Listing 

get base address of Exec 
library 

t urn of mult itasking 

load pointer to  library 
name 

any version will do ! 

make the indirect 
subroutine call 

save returned pointer 

did library open OK? 

open_ok move . !  #40*256*2 , dO lowres 256 lines 2 planes 

move . !  #MEMF_CHIP+MEMF_CLEAR , d1 

j sr _LVOAllocMem ( a6)  

move . !  dO , screen 

beq close lib 

move .w  dO , p 1 1 

swap dO 

move .w  dO , p 1 h  

move . !  screen , dO 

add . !  #40*256 , dO 

install bit plane 
pointers 
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loop : 

close lib 

exit 

mov e . w  dO , p21 

swap dO 

mov e . w  dO , p2h 

lea CUSTOM , a5 

move . l  _GfxBase , a6 

mov e . w  #$80 , dmacon ( a5)  

graphics base 

Copper dma off 

move . l  LOFlist ( a6) , old_list save existing Copper list 

move . l  #Copperlist , LOFlist ( a6) install new list 

move .w  #$8080 , dmacon ( a5 )  Copper dma on 

move . b  

cmp . b  

bne . s  

move . b  

eor . b  

ror . b  

cmp . b  

bne . s  

mov e . w  

move . l  

mov e . w  

move . l  

move . l  

move . l  

j sr 

move . l  

j sr 

j sr 

clr . l  

vhposr ( a5 ) , d0 get scanline 

#$ff , d0 line $ff? 

loop 

could do something here ! 

$bfec01 , d0 

#$ff , d0 

#1 , dO 

#$45 , dO 

loop 

#$80 , dmacon ( a5)  

old_list , L0Flist ( a6) 

#$8080 , dmacon ( a5)  

_AbsExecBase , a6 

screen , a1 

#40*256*2 , dO 

_LVOFreeMem ( a6) 

_GfxBase , a1 

_LVOCloseLibrary ( a6) 

_LVOPermit ( a6)  

dO 

read keyboard 

decode byte 

ESCape key? 

keep going 

Copper dma off 

re - install old list 

Copper dma on 

base addre ss of Exec 
library 

screen address 

amount allocated 

library to c lose 

make the indirect subrou 
tine call 

reinstate mult itasking 



rts logical end of program 

GfxBase d s .  l 

screen ds.  l 

old list d s .  l 

graphics_name dc . b  ' graphics . library ' , NULL 

even 

Copperlist : dc . w  bpl1 pth bitplane 1 

p1 h :  

pH : 

p2h : 

p2l : 

dc . w  0 

dc . w  bpl1 ptl 

dc . w  0 

dc .w  bpl2pth 

dc .w  0 

dc .w  bpl2ptl 

dc .w  0 

dc .w  bplcon0 , $2200 

dc .w  color+O , BLUE 

dc .w  color+2 ,WHITE 

dc .w  color+4 , GREEN 

dc .w  color+6 , RED 

dc .w  diwstrt , $2981 

dc .w  diwstop , $9CC1 

dc .w ddfstrt , $38 

dc .w  ddfstop , $00 

dc .w  bpl1 mod , O  

dc .w  bpl2mod , O  

bitplane 2 

2 b itplanes 

dc .w  $ffff , $fffe end of list 

Copper Listing 

When t h i s  program runs you' l l  ge t a d isplay that i s  just showing the 
(b lue )  backgro u nd colour  and when you press the ESCape key the 
program wi l l  terminate .  I t 's actual ly very easy now to show you how 
the Copp e r  l i s t  can be modif ied to  a l ter  the d isplay becau s e ,  s ince  
a l l  the  u nderlying 680x0 code framework i s  now in  p lace ,  we only 
need c o ncern ourselves with the  Copper l i st issues .  

Le t's say we want to divide the sc reen into four  bac kgrou n d  colours ,  
b lue ,  green ,  red and white .  To sp l i t  the screen i nto fou r  equal  parts 
on a $ F F  ( ie  2 5 6) l ine  screen the l ine  numbers which we ' l l  need t o  
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wait  fo r are  $ 3 F, $ 7F, and $ BF. B u t  o u r  screen  i s  start ing from 
ve r t i ca l  p o s i t i o n  o f  $ 2 9 ( remember the  value  p laced i n  r e g i s t e r 
d i s trt )  so the  values  actual ly waited for are go ing to be  $ 3 F+ $ 2 9  
$ 7F+$ 2 9 ,  and $B F+ $ 2 9. 

With the current Copper l is t  the d isp lay bac kground c olour  (co lour  
reg ister  0) starts off b lue .  What  we need to  d o  now the refo re  i s  wait 
fo r the  above screen l ine  pos i t ions  and as they occur  change th e  
value of  colou r register 0 to  green ,  r ed  and  finally wh i te .  The re 's 
m i n o r  compl icat i on  with the  hor izo ntal wait  pos i t io n ca lcu lat io  
and i t  turns out  that  you n eed to wait for pos i t ion  $ E  i n  order  to  get 
the  co lor  register  changed during the t ime that the b eam i s  away 
from the  v is ib le  d isplay area but accepting th is  the overall  i d eas  are 
real t ively straightforward. Here are the instru ctions needed : 

dc . w  $3FOF+$2900 , $fffe wait for this line 

dc . w  color+O , GREEN and change colour reg 0 

dc . w  $7FOF+$2900 , $fffe ditto 

dc . w  color+O , RED 

dc . w  $BFOF+$2900 , $fffe ditto 

dc .w  color+O ,WHITE 

If we add these  instruct ions to our  exist ing Copper l i st we get the  
fo l l owing fou r  colour display examp le :  

/ * Listing 7 . 4 :  Changing effects  b y  alte ring the  Coppe r  
inst ruct ions i s  easy once the main f ramework of t h e  pro ­
gram is in place . * /  

* Example CH7 - 4 . s  

section code ,code_c 

NULL EQU 0 

AbsExecBase EQU 4 

_LVOOpenLibrary EQU - 552 

_LVOCloseLibrary EQU - 41 4 

LVOForbid EQU - 1 32 -

LVOPermit EQU - 1 38 -

LVOAllocMem EQU - 1 98 -

LVOFreeMem EQU - 21 0 -

MEMF_CHIP EQU 1 «1 

MEMF CLEAR EQU 1 «1 6  

CUSTOM EQU $DFFOOO 
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B LUE EQU $000f 

WHITE EQU $Of ff 

GREEN EQU $00f0 

RED EQU $0f00 

color EQU $ 1 80 

LOFlist EQU $32 

bplconO EQU $100 

bpl1 mod EQU $108 

bpl2mod EQU $10A 

bpl1 pth EQU $EO 

bpl 1 p t l  EQU $E2 

bpl2pth EQU $E4 

bpl2ptl EQU $e6 

diwst rt EQU $8E 

d iwstop EQU $90 

ddfst rt EQU $92 

ddfstop EQU $94 

dmacon EQU $96 

vhposr EQU $6 

start move . !  _AbsExecBase , a6 get base address of Exec 
library 

j sr _LVOForbid ( a6)  turn of mult itasking 

lea graphics_name , a 1  load pointer to  library 
name 

moveq #0 , dO any version will do ! 

open lib j sr _LVOOpenlibrary ( a6)  make the  indirect 
subroutine call 

move . !  dO , _GfxBase save returned pointer 

beq exit did library open OK? 

open_ok move . !  #40*256*2 , dO lowres 256 lines 2 planes 

1111 
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ers 

loop : 

move . l  #MEMF_CHI P+MEMF_CLEAR , d1 

j sr _LVOAllocMem ( a6)  

move . l  dO , screen 

beq close lib 

mov e . w  dO , p 1 1  install bit plane point -

swap dO 

mov e . w  dO , p 1 h  

move . l  screen , dO 

add . l  #40*256 , dO 

mov e . w  dO , p21 

swap dO 

move . w  dO , p2h 

lea CUSTOM , a5 

move . l  _GfxBase , a6 graphics  base 

move .w  #$80 , dmacon (a5)  Copper dma off 

move . l  LOFlist ( a6) , old_list save exist ing Copper list 

move . l  #Copperlist , L0Flist ( a6) install new list 

move . w  #$8080 , dmacon ( a5)  Copper dma on 

move . b  vhposr ( a5 ) , d0 get scanline 

cmp . b  #$ff , d0 line $ff? 

bne . s  loop 

could do something here ! 

move . b  $bfec01 , d0 read keyboard 

eor . b  #$ff , d0 decode byte 

ror . b  #1 , dO 

cmp . b  #$45 , dO ESCape key? 

bne . s  loop keep going 

mov e . w  #$80 , dmacon ( a5 )  Copper dma off 

move . l  old_list , LOFlist ( a6) re - install old list 

move . w  #$8080, dmacon ( a5 )  Copper dma on 
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move . l  _AbsExecBase , a6 base address of Exec 
library 

move . l  sc reen , a1 screen address 

move . l  #40*256*2 , dO amount allocated 

j sr _LVOFreeMem ( a6) 

c loselib move . l  _GfxBase , a1 library to close 

j sr _LVOCloseLibrary ( a6) make the indirect 

exit j sr 

c lr . l  

rts 

GfxBase ds . 1  

screen ds . 1  

old list ds . 1  

_LVOPermit ( a6)  

dO 

subroutine call 

reinstate multitasking 

logical end of program 

graphics_name dc . b  ' graphics . library ' , NULL 

even 

Copperlist : dc . w  bpl1 pth 

0 p1 h :  

p 1 1 :  

p2h : 

p21 : 

dc . w  

dc . w  bpl1 ptl 

dc . w  

dc . w  

dc . w  

0 

bpl2pth 

0 

de . w bpl2ptl 

dc .w  

dc . w  

0 

bplcon0 , $2200 

dc . w  color+O , BLUE 

dc . w  color+2 ,WHITE 

dc . w  color+4 , GREEN 

dc . w  co lor+6 , RED 

dc .w  diwstrt , $2981 

dc .w  diwstop , $9CC1 

dc .w  ddfstrt , $38 

dc .w  ddfstop , $00 

dc .w  bpl1 mod , O  

bitplane 1 

bitplane 2 

2 bitplanes 

1111 
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dc . w  bpl1 mod , O  

dc . w  bpl2mod , O  

dc .w  $3FOF+$2900 , $fffe 

dc .w  color+O , GREEN 

dc .w  $7FOF+$2900 , $fffe 

dc . w  color+O , RED 

dc . w  $BFOF+$2900 , $fffe 

wait for this line 

and change colour reg O 

ditto 

ditto 

dc . w  color+O ,WHITE 

dc .w  $ffff , $fffe end of list 

With both example  programs I 've i ncuded my own d e fi n i t ions  of 
reg ister  names and so  on and this has been d o n e  f i rst ly so  that 
th ey're vis ib le  as you look at the program, and secondly so  that the 
examples can be assembled without  requir ing the o ffic ial  inc ludes .  
M o s t  p rogrammers however wou ld  i nc lude  the  approp riate Amiga 
system inc ludes  and use those defi ni t ions rather  that dup l icati ng 
them i n  the code itse l f. 

The High-Level Alternative 

The examples  I 've d ea l t  wi th  so far have b e e n  ext r e m e ly s i m p l e  
o n e s  a n d  w e r e  w r i t t e n j u s t  t o  s h o w  y o u  h o w  s u c h  c o d e  i s  
construc ted .  Tru st me ,  much more wo rk i s  needed  t o  c reate usefu l  
p r o g ra m s  o f  t h i s  n a t u r e  a n d  i t  s h o u l d  b e  a p p a r e n t  t h a t  t h i s  
approach leaves much t o  b e  des i red as far as the effort/resu l ts rat io  
i s  conc e rned .  Taking over the d isp lay, d i sab l ing mul t i tasking etc ,  
are al l  frowned upon by Commodore and most sens ib le  coders and 
i n  fact  t h e re are much easier  and more  system fri e n d ly ways of 
adding many Copper l i s t  effects to your programs. What's equal ly 
important i s  that you don't  need to use asse mbly language e i ther  
because  C programme rs have a number  of mac ros for generat ing 
Copper in struct ions .  I won't be  us ing these macros u nt i l  the  next 
c h a p t e r  but  s i n c e  t h e i r  u s e s  and fo rmats are  r e l at e d  t o  a l l  o u r  
p revious Copper  l i st d iscuss ions they are best dealt  with now. 

Function Name: CWAITO 

Description: 

Call fonnat: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

to add a wait instruction to a user copper list 

CWAIT(copper_list_p, vertical, horizontal) 

void CWAIT(struct UCopList *, WORD, WORD); 

CWAIT(Al , DO, Dl)  

copper_list__p - pointer to a UCopList structure vertical -
vertical beam position horizontal - horizontal beam 
position 

None 

Horizontal value must not be greater than 222 
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Function Name: CMOVEO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Macro to add a move instruction to a user copper list 
CMOVE(copper_Jist_p, hregister, hvalue) 

void CMOVE(struct UCopList *, void *, WORD); 

CMOVE(Al,  DO, Dl )  

copper_list_p - pointer to a UCopList structure hregister 
- target hardware register hvalue - value to be placed in 
register 

None 

There i s  another macro provided ca l led C INITO and th is  al l ows the  
C programmer to  a l locate/ini t ia l ize  a user  Copper  l i s t :  

Function Name: CINITO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Macro to initialize a user Copper list 

ucl_p=CINIT(c_p, n) 

struct UCopList *CINIT (struct UCopList *, UWORD); 

DO = CINIT(AO, DO) 

c_p- pointer to a UCopList structure n - number of 
copper instructions being used 

ucl_p - pointer to an initialized list to hold user Copper 
list instructions 

The official documentation for this function is not as 
clear as it might have been. It seems that the original 
idea of the routine was that if a user provided a NUIL 
c_p UCopList pointer CINIT() would do AIL necessary 
structure/buffer allocations and would return a pointer to 
a freshly allocated UCopList structure (for use in 
subsequent Copper list operations). This doesn't now 
appear to be the case and to allocate a new list the 
routine actually needs to be passed a twelve byte block 
of MEMF _PUBLIC I MEMF _CLEAR memory (ie an 
'uninitialized' UCopList structure).  Normally then 
subsequent operations should use the c_p UCopList 
structure supplied to CINITQ routine and ignore the 
returned ucl_p pointer. 

Function Name CENDO 

Description: 

Call Format: 

C Prototype: 

Arguments: 

Return Value: 

Macro to terminate a copper list 
CEND(copper_Jist_p) 

void CEND(struct UCopList *copper_Jist_p) ; 

copper_list_p - pointer to a UCopList structure 

None 

1111 



Mastering Amlga Programming Secrets 

I ntuition 
C o p p e r  l i s t e x am p l e s  w h i c h  b u i l d  a n  A m i ga d i s p l ay f rom t h e  
grou nd u pwards are a l l  very w e l l  b u t  many of  you wi l l  I suspect  be 
working in the Intu i t ion environment and wi l l  be  more in terested in 
th is  s ide  of the co in .  The point  here is that if you have opened an 
I ntu i t ion  screen then a l l  the low-level system structures ,  and the 
Copper  l i s t  in struct ions  which describe the d is play, are al ready in 
p lace - they have been set up by Intu i t ion i tse l f. 

T h e  g o o d  n e w s n o w  i s  t h a t  a m e c h a n i s m  e x i s t s  w h e r e b y  a 
p rogrammer  can add addit ional Copper instruct ions via a separate 
user Copper  l i s t .  These were mentioned at the start of th is  chapter 
and i t  is  these  e nt i tes ,  coupled with the use of  the high-level CWAIT, 
C MOVE and C IN IT macros that the C programmer needs to  come to 
te rms with.  The basic idea is  that  the user  sets  u p  a su itable l i st of  
the extra comman ds ,  an  inte rmed iate Copper l i s t ,  and then asks the  
system to  remake i ts  own l i s ts  so that i t  incorporates the new user  
l i s t  instruct ions .  Having done that  the system is  asked to use the 
re-made hardware Copper  l i s ts .  The benefi t  of  knowi ng how to do 
this in  an Intu i t ion  compat ib le  way i s  that the programme r can get 
the best of both worlds - low- level style d i splay tri cks can be used 
fro m within an easi ly handled high-level  Intu i t ion environment .  

When I n t u i t i o n  sets  up a s c r e e n  d i s p lay i t  u ses a c o mp l e x  data 
block cal l e d  a Screen  structu re.  If you look at  this structure you ' l l  
s e e  that i t  contains  a number of  sub-structures inc lud ing one  cal led 
a Vi ewPort s t ru c t u r e .  I t  i s  this  latter  e n t i ty which d e s c r ibes  the 
s c reen d isp lay and,  i f  you look in  the graphics/view.h  header  fi le  
you wi l l  s e e  th is  type o f  layou t :  

struct V iewPort { 
st ruct V iewPort *Next ; 

struct C o lo rMap *ColourMa p ;  

struct Coplist *Dspln s ;  

struct Copl ist *Sprlns ; 

st ruct Coplist *Clrln s ;  

struct  UCoplist *UCopl n s ;  / *  user Copper list pointer * /  

SHORT DWidth , DHe ight ; 

SHORT DxOffset , DyOff set ; 

UWORD Mode s ;  

UBYTE SpritePrioritie s ;  

UBYTE r e se rved ; 

struct R a s l nfo *Raslnfo ; 

} ; 

As might be  expected there i s  a lot  of  i n format ion about ViewPorts 
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i n  the  RKM manuals .  Fo r our  present  purposes  however a l l  that we 
n e e d  to  know i s  that  the  Vi ewPort structure conta ins  s pace fo r a 
po inter  to a user  Coppe r l i s t .  Our task then  (at least  on  the face o f  
i t )  is  s i mple ; c reate a u s e r  Copper  l i s t ,  p lace the  start address in  t h e  
UCoplns  fie ld  of  the  screen 's ViewPo rt structure ,  a n d  t h e n  t e l l  t h e  
syste m to  make u s e  o f  t h e  n e w  in struct ions.This involves a number 
o f  operat ions inc lud ing the mergi ng and sort ing o f  the instruct ion 
l i s t s .  Lu c k i ly ,  a t  t h e  I n t u i t i o n  l e v e l ,  a s y s t e m  ro u t i n e  c a l l e d  
MakeScreen() does  a l l  the  hard work for us :  

Function Name: MakaScreenO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

This function forces (in an Intuition compatible way) a 
complete remake of the screens ViewPort data. 

MakeScreen(screen_p) 

void MakeScreen(struct Screen *);  

MakeScreen(AO) 

screen_p - pointer to a screen structure 

None 

If a user copper list has been added to the ViewPort this 
routine will incorporate it. 

With the new Vi ewPort data in place a l l  that has to be d o ne is t e l l  
t h e  s y s t e m  t o  t a k e  n o t i c e  o f  i t .  I n t u i t i o n  c o n t a i n s  a r o u t i n e  
espec ia l ly  made for the purpos e :  

Function Name: RethinkDi.splay() 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Routine will completely reconstruct the Intuition display 

RethinkDisplayO 

void RethinkDisplay(void) ; 

None 

None 

None 

This routine can take several milliseconds to run but ii is 
by far the easiest way to incorporate user copper list 
code into the Intuition environment. 

That then ,  in  te rms of  the main instruct ions and funct ion ca l ls ,  i s  
the basic scenario for what might be  cal l ed  high-level  Coppe r  l i s t  
p r o g r a m m i n g .  F o r  t h e  C p r o g ra m m e r,  i n c i d e n t a l ly ,  i t  i s  t h e  
hardware/cu stom.h inc lude  fi le  wh ich provides the  regis ter  address 
offsets needed to  h i t  the hardwa re d i rect ly  

The more d i fficu l t  task, dec id ing exactly what  Copper  i nstruct ions 
need t o  be u s e d ,  st i l l  has to  be  carr ied out  and the  i n struct ions  
obviously depends on  what i t  i s  you wish to  do.  The  best  th ing to 
do here  is provide a d etai l e d  example  and that  is what t h e  next 
chapte r is all abo ut .  

Ill 
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Copper List 

Shading 

Effects 

C o p p e r  l i s t s h a d i n g  t r i c k s a r e 
u s e d  i n  hundreds  o f  d e m o s  and  
i n  q u i t e  a re w c o m m e r c i a l  
programs as we l l .  To b e  honest  I 
cou ld  give you half a dozen  l i n e s  
o f  C o r  a s s e m b l e r  c o d e  and  s a y  
t h i s  i s  how y o u  c a n  do i t .  I cou l d ;  
but that approach i s  real ly on ly  o f  
u s e  i f  y o u  k n o w  w h a t  t h e  
hardware does  and know how to  
g e n e r a t e  t h e  c o l o u r  v a l u e s  
anyway. I ' l l  assume t hat you don't  
k n o w  a b o u t  s u c h  t h i n g s  a n d ,  
because i t 's n o t  go ing to  b e  t hat  
o b v i o u s  h o w  t h e  f i n a l  c o d e 
works ,  I ' l l  tackle the explanat ions  
r i g h t  fro m fi r s t  p r i n c i p l e s .  T h e  
mai n  p r o b l e m  a c t u a l l y  h a s  l i t t l e  
t o  d o  w i t h  t h e  C o p p e r  o r  t h e  
A m i g a  a t  a l l  - i t  i s  t o  d o  w i t h  
wo r k i n g  o u t  h o w  t o  g e n e r a t e  
s e r i e s  o f  c y c l i n g  n u m b e r s .  
Admitedly these  nu mbe rs ,  at  the 
e nd of  the day, wi l l  be  j a m m e d  
into co lou r regi s ters - but  a s  far 
as the und erlying ideas go that i s  
ne i ther  here  nor  there .  Essent ia l ly 
we need to  step through the l ines  
of  t h e  d i s p l ay c h a n g i n g  t h e  
co lou r as we go ,  u sing  a scheme 
l ike th is :  

for ( i = O ;  i<SCREENLINES; i=i+1 

{ 
Identify new colour ' j '  to  
be u sed 

Set line ' i '  to  colour ' j '  

} 

T h e v a r i a b l e  j m u s t  b e  k e p t  
w i t h i n  t h e  r a n g e  o f  c o l o u r  
numbers s u i table fo r t h e  sc reen .  
The obvious cho ice  i s  t o  c o mbine  
the  c h a n g i n g  v a l u e  o f  i w i t h  a 
m o d u l o  fu n c t i o n  s o  t h a t  w e  
gen e rate  a valu e  o f  j w h i c h  wi l l  
a l ways s tay w i t h i n  t h e  c h o s e n  
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l imits  l i ke th is : 
for ( i = o ; i<SCREENLINES;  i=i+1 ) 

{ 

j = i % m 

Set line ' i '  t o  colour ' j '  

} 

I f  m i s  set to 5 then j wi l l  take values  from 0 to 4 and the colours 
u sed down the screen wi l l  fo l l ow this  patte rn :  0 1 2 3 4 0 1 2 3 4 0 1 
2 3 4 etc .  I n  pract ice  i t 's usual ly better  t o  produce an osc i l lating 
sequence rather  than a d i rect  cyc l ing sequence and so in stead of  
generat ing the above pattern we 'd  opt for one  based on  a 0 1 2 3 4 
3 2 1 0 1 2 type o f  arrangement .  To d o  th is  we have to modify the 
generat ing funct ion s l ight ly. F igure 8 . 1 shows one arrangement ,  in  
Warnie r  diagram form, which does  the tr ick :  

(Variable i represents the C\.UTent screenline) 

SET LINE COLOUR 

( l  ,n times) 

i/4 modulo 2 = 0 

(0, 1  time) 

i/4 modulo 2 = 2 

(0, 1 time) 

{increment j 

{decrement j 

Set screen line to colour value j 

Figure 8. 1 .  Warnier diagram description of what we are trying to do to produce a 
colour shading effect. 

The ideas t ranslate to th is  type of C code : 

for ( i=O ; i<SCRE ENLINE S ; i=i+ 1 ) 

{ 

if ( ( i/ 4 )  %2 -- O ) { j = j + 1 ; } else { j = j - 1 ;  } 

Set line ' i ' t o  colour ' j '  

} 

Whi lst  the above fragment does produ ce the required resu l t ,  most C 
programmers would tend to use  C's increme nt/decrement  ope rators 
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combined with an i mp l i ed  i test ,  so they'd write the loop l i ke th is : 

f o r  ( i=O ; i<SCR E E N L I N E S ;  i++ )  

{ if ( ( i/ 4 )  % 2 )  { j - ; } else { j ++ ; } 
Set line ' i ' t o  colour ' j '  

} 

Even th i s  form can be  i mproved by us ing the te rnary o pe rato r ? to  
se l ec t  the operat ion perfo rmed o n  j :  

f o r  ( i=O ; i<SCREENLINES ; i++)  

{ 
( ( i/ 4 )  % 2 )  ? j - : j + + ;  

Set l ine ' i '  t o  colour ' j '  

} 

That then  i s  o n e  way o f  ge nerat ing a set  of  co lour  regi ster  values .  
Now a l l  we n e e d  t o  wo rry about  i s  how to se t  a screen  l i ne to  a 
p a r t i c u l a r  c o l o u r . O n e  a p p ro a c h ,  a n d  f r o m  a p u r e l y  d e s i g n  
viewpoint  there wou l d  be  noth ing wro ng with i t ,  wou l d  be  to  use  
some s tandard l i n e  d rawing fu nc t ion .  We cou l d  use  the  graph ics  
fu n c t i o n  SetAPe n ( )  t o  se t  t h e  pen  c o l o u r  for  d rawi ng ,  then  use  
Move() to pos i t ion  the pen at the start of  a screen l ine ,  and  fi nal ly 
u se the Draw() funct ion to  pe rfo rm the actual  l ine  fi l l i ng operat ion .  

I f  we added th i s  type o f  code  to our exist ing loop  we'd end u p  with 
a typical  s had ing rout ine - th is  fo l l owing example uses  a sc reen's 
r as t p o r t  p o i n t e r  t o  c o m p l e te l y f i l l  a s c r e e n  d i s p l ay w i t h  a n  
osc i l lat ing co lour  patte rn :  

for  ( i=O ; i<SCRE EN LINES ; i++ ) 

{ ( i / 4 )  % 2 ? j - : j ++ ;  

SetAPen ( rastport_p , j ) ;  

Move ( rastpo rt_p , o ,  i ) ; 

Draw ( raspor t_p , SCRE E NWIDTH , i ) ; 

} 

/ *  j select s the  colour 
register * /  

/ *  set APen t o  the 
r eq uired c o lour * /  

/ *  move t o  the start of 
t he line * I 

/ *  draw the line * /  

You can o f  course modify the  ampl i tude o f  the osc i l lat ion range -
the express ion ( i/n) % 2 ? j- : j++; wi l l  osc i l late betwee n  0 and n 
i nc lus ive .  Second ly, you can add a fixed amou nt to  the final j value 
produced - so that any given osc i l lat ing fu nct ion can be  made t o  
se lect  any chosen range o f  co lour  numbers .  

llD 
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Making the Most of the Amiga's Hardware 
O n  the Amiga we do n't have to use rout ines  l ike Move() and Draw() 
at all because we can use  the Copper  to jam co lour  values  i nto  the 
appropriate  c o l o u r  regi s ters  as the v ideo  beam move s down the  
screen .  Why b o t h e r? Th e re are  two reas o ns : f irs t ly, i t  i s  fas te r. 
S e c o n d ly, o n c e  t h e  C o p p e r  l i s t  has b e e n  c re a t e d  t h e  d i s p l ay i s  
c reated automatical ly and the program i tse l f  does n't have t o  worry 
a b o u t  i t .  N o w  t h at t h e  ba s i c  m e c h a n i s m  fo r c re a t i n g  c y c l i n g 
numbers has been d iscovered the ,  c rux of  the  remai n ing problem i s  
w o rk in g  o u t  how to  bu i ld  a s u i table  l i s t  o f  C o p p e r  ins t ruc t ions  
(which i s  then l i n ked in to  the viewport associated with the screen) .  
I nevitably we do start tangl i ng with the  hardware now, but  do n't 
forget we have a l ready dec ided  what operat ions  are need so  the 
pre l iminary analysis has made l i fe so mewhat eas i e r  for us.  

The Copper  has thre e  instruct ions - WAIT, MOVE and SKIP. WAIT is 
u sed t o  wait for the video beam to reach a part icu lar  screen l i ne so 
I ' l l  o b v i o u s l y  u s e  t h a t  to s p e c i fy a s c re e n l i n e .  I ' l l  u s e M O V E  
i ns t ruc t ions  to  fo rce t h e  ca lcu lated c o l o u r  va l u e  i n t o  t h e  c o l o u r  
registers ,  bu t rather  than cyc l i ng th rough many d i fferent  co lours I ' l l  
b e  u s i n g  the  g e n e ra t e d  cyc l i c  va lues  as  c o l o u r  i n t e n s i t i e s  a n d  
j amming these  into a s ingle co lour  regi ster. The re are obviously a 
number of  system spec i fic  code issues involved and the  fo l lowing 
notes wi l l  i l l u strate the bas ic  detai l s :  

F irst  we need some space for a UCopList  structure .  I n  the fo l lowing 
fragment I am u s i ng an Al locMem() cal l :  

user_copperlist_p=AllocMem ( sizeof ( st ruct UCoplist ) ,  
MEMF_P U B L IC I MEMF_C LEAR ) ; 

Next,  we use  the system macro C I N IT to in i t ia l ise  o u r  Copper  l i s t  
memory :  

CINIT ( u ser_coppe rlist_p , SCREENHE IGHT*2 + 1 ) ;  

Now we need the Copper  instruct ions themselves.  To put  th i ngs in  
perspective F igu re 8 . 2  shows a pre l iminary Warn ier  sketch o f  what 
we are trying to d o :  



Allocate Memory for UCopList structure 

( ltime) 

Initialize UCopList 

( 1  time) 

Copper List Shading Event 

(variable i represents the current screenline 

SET LINE COLOUR 

( l ,n times) 

i/4 modulo 2 = 0 

(0, 1 times) 

i/4 modulo 2 = 0 

(0, 1 times) 

{increment j 

{decrement j 

Set screen line to colour value j 

Figure 8.2. A first attempt at describing the actions of a colour shading routine. 

Is F igu re 8 . 2  r ight? N o ,  not  quit e ;  the UCoplist  me mory a l location 
cou ld  fai l  s o  we ought to  make a check to see t hat memory was 
obtained :  
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Allocate Memory for UCopList structure 

(0, 1 time) 

ALLOCATION OK 

(0, 1  time) 

ALLOCATION OK 

(0, 1  time) 

{error condition 

Initialize UCopList 

( l  time) 

SET LINE COLOUR 

( l ,  n times) 

i represents the curent scrreen line 

i/4 modulo 2 = 0 

(0, 1  times) 

{ incrernent j 

1/4 modulo 2 = 0 { decrement j 

(0, 1  times) 

Set screen line to colour value j 

Figure 8.3. An improved Warnier sketch of the operations that need to be carried out 
to produce a Copper list colour shading effect. 

I ought  to p o i n t  o u t  t h a t  t h e  U C o p Li s t  i n i t i a l i z a t i o n  p r o c e s s  i s  
hand led  b y  a sys t e m  macro c a l l  t hat al l ocates  t h e  c h i p  me mory 
w h i c h  h o l d s  t h e  C o p p e r  i n s t r u c t i o n s .  I 've  n o t  d e a l t  w i t h  t h i s  
because  t h e  a l l o c a t i o n  a n d  t h e  dea l locat ion  (wh i c h  i nc l u d e s  the  
h a n d i n g  bac k of  the  U C o p L i s t  s t r u c t u r e  m e m o r y  w h i c h  we 've 
al located) i s  hand led  transparent ly. 

The Amiga s y s t e m  c o n v e n t i o n s  requ i re t h r e e  o t h e r  a c t i o n s .  We 
must t e rminate the Copper  l i st with an i mposs ib le  wait (you' l l  have 
to see the Amiga hardware manual for de tai l s  of why), we mu st l ink  
th is  ne wly-created l is t  i nto  the appropriate viewport structure ,  and 
w e  m u s t  r e m a k e  t h e  d i s p l ay so  t h a t  o u r  C o p p e r  l i s t  g e t s  
i ncorporated .Don't forge t that these const raints have been fou nd by 
d igg ing aro u n d  i n  t h e  RKM man u a l s  - that  d iggi n g ,  p l u s  s o m e  
thought about what w e  were trying to  do co lou r-wi se ,  a l lowed m e  t o  
sketch a suitable plan o f  action.  This logical descr ipt ion o f  what i s  
needed i s  n o w  complete a n d  i t  is  provided  in figu re 8 . 4  be low:  



Copper List Shading Event 

,,,,., . 
Allocate memory for UCopList structure 

(1  time) 

ALLOCATION OK 

(0, 1  time) 

ALLOCATION OK 

(0, 1  time) 

{error condition 

/ 
Initialize UCopList 

(1 time) 

SET LINE COLOUR 

(l ,n times) 

(i represents the current screen.line) 

i/4 modulo 2 = 0 

(0, 1  times) 

i/4 modulo 2 = 2 

(0, 1  times) 

{ mcrement i 

{ decrement j 

Set screen line to colour value j 

TERMINATE COPPPER LIST WITH IMPOSSIBLE WAIT 

(1 time) 

' 

LINK COPPER LIST TO VIEWPORT 

( 1  time) 

REMAKE DISPLAY 

(1 time) 

Figure 8.4. Completed Warnier diagram for the colour shading operations. 

Now let 's look at some example code that wi l l  put these  ideas i nto  
context :  

if ( user_Copperlist_p=AllocMem ( s izeof ( struct  
UCoplist ) , MEMF_PUBLIC I MEMF_CLEAR ) ) 

{ 
CINIT ( u s e r_Copperlist_p , SCREENHE IGHT*2+ 1 ) ;  

for ( i=O; i<SCREENHEIGHT ; i++ ) 

{ 
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( i / 1 5 )  % 2 ? Intensity- : Intensity++ ; 

CWAIT ( u ser_Copper list_p , i , OL ) ; 

CMOVE ( u ser_Copper list_p , cu stom . color ( O ] , Intens ity ) ;  

} 
CEND ( user_Copperlist_p ) ; 

glob a l_viewport_p - >UCopins=user_Copperlist_p ;  

MakeScreen ( g lobal_screen_p ) ; RethinkDisplay ( ) ;  

} 

I 'm  u s i ng a l o o p  which  works out  the  necessary ins t ru c t i o n s  fo r 
e ach scree n l ine ,  ca lculat ing the co lour  with a funct ion s imi lar  t o  the 
o sc i l l a t i ng fu n c t i o n  d i sc ussed  ear l i er .  The C WAIT system macro  
c reat e s  C o p p e r  i n st ru c t i o n s  w h i c h  say wait for the  video beam 
position to reach co-ordinates U. O). The C MOVE mac ro produces the 
i n s t r u c t i o n s  w h i c h  j a m s  t h e  c o l o u r  I ' v e  c a l c u l a t e d  i n t o  t h e  
backgrou nd co lour  regi ster  (register  0) .  The resu l t  o f  the fo l l owing 
loop i s  therefore  a l i s t  of  Copper ins tru ct ions  which  c o n t i nua l ly  
c hange the value of  co lour  regi ster  0 as  the e lectron beam moves 
d own the s c r e e n .  F i na l l y  we t e r m i n at e  the C o p p e r  l i s t  w i t h  an 
i mposs ib le  wai t  i ns t ruct ion  (that 's what the CEND syst e m  macro 
d oes) ,  l ink our  newly created Copper  l i s t  i nto  the v iewport ,  and 
remake the d i splay. 

So that's i t :  Grab some memory for a UCopList  structu re , ge t  t he 
system to  in i t ia l ize  i t  and a l l ocate i ts internal l i st spac e ,  use  a loop  
t o  g e n e rate  s o me wa it and jam a value in to a colou r register 
i nstru ct ions ,  l ink the  l i s t  into the viewport , and then  remake the 
d isplay. Once you know what you 're doing you can actual ly  squash 
the  wh ole  Copper list generation th ing into three o r  four  l i n e s  o f  C 
code ;  so  don't  le t  anyone kid you that there 's anyth ing i nherently  
d i ffi cu l t  abo u t  i t .  Havi ng sa id  that  i t  i s  a lways best  to take a b i t  
m o re  coding s pace a nd  lay i t  suc h  code  in  what w i l l  hopefu l ly  be  an  
u n d e rstandable  fash ion .  Li s t ing 8 . 1 shows s o me more code ,  th i s  
t im e  written  a s  a cal l -able rou tine whic h returns a TRUE e r ror  flag i f  
i t  i s  u nable  to  in sta l l  t h e  d esignated backgro u n d  shad i n g .  To be  
h onest the rou t ine is  not particu larly fl exib le  but i t  i s  suffi c i en t  to  
i l lust rate the princ ip l es .  The rout ine  i nsta l l s  a b lue  band shading 
Copper  l i s t  into  the Amiga bac kground co lour  register :  

/ * Listing 8 . 1 : A typical Copper list based rout ine for  
produc ing shading  effe c t s * /  

BOOL Inst allBlueBackgroundShadin g ( void)  

{ 

BOOL error_flag=TRUE ; / *  guilty until proven innoc ent  
approach * /  

struct UCoplist * u ser_Copperli st_p=NU L L ;  

COUNT j ;  
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if ( use r_Coppe r list_p=AllocMem ( s izeof ( struct  
UCoplist ) , MEMF_PU B L IC I MEMF_CLEAR ) )  

{ 
e r r o r_f lag=FALSE ; 

C I N I T ( u ser_Copperlist_p , SCREENHE IGHT*2+1 ) ;  

f o r  ( j =O ; j <SCREENHE IGHT ; j ++ ) 

{ 
( j / 1 5 )  % 2 ?  B lue- : Blue++ ; 

CWAI T ( u s e r_Copperlist_p , j , OL ) ; 

CMOVE ( u s e r_Copperlist_p , c u st om . color [ O ] , Blue ) ; 

} 
CEND ( u ser_C opper list_p ) ; 

global_viewport_p · >UCoplns=u ser_Copperlist_p ; 

MakeSc r een ( global_screen_p ) ; 

RethinkDisplay ( ) ; 

} 
r eturn ( e r ror_flag ) ;  

} 

Obvious ly now t hat the a pproac h i s  avai lable many s imi lar rou t i n e s  
b e c o m e  p o s s i b l e .  L i s t i n g  8 . 2  shows a u s eful  m o d i fi cat ion  w h i c h  
toggle s  t h e  shadi ng ( i e  turns i t  on  a n d  off) with alternate cal l s .  The 
i d e a  i s  very s imple :  f irst we look at  the user  Copper l ist  po inter  to  
s e e  whether  a u s e r  l i s t  is  a l ready present .  I f  the l i st exi sts then  the  
s hading e ffec t  i s  al ready in  p lace  and i n  th is  case  we remove i t  and  
s et the  u s e r  C o p p e r  l i s t  p o i n t e r  back  to  zero .  I f  o n  c a l l i n g  t h e  
r o u t i n e  t h e  u s e r  l i s t  p o i n t e r  i s  z e r o  t h e n t h e r e  i s  no  u s e r  l i s t  
i nsta l led  - s o  w e  i nstal l  one !  I t 's a re latively smal l extens ion  o f  t h e  
r o u t i n e  j u s t  d e a l t  w i t h  a l t h o u g h  i t  d o e s  i nv o l ve  a n u mb e r  o f  
addt iona l  system cal ls  (see  Inc ludes  & Au todocs RKM manual fo r 
fu l l  de ta i ls  o f  the  system cal ls ) :  

/ * Li st ing  8 . 2 :  A s hading rout ine that a lt ernat e ly swit c h e s  
on  a n d  removes a C opper l i s t  shading effect w i t h  e a c h  
c a ll*/  

BOOL ColourShading ( UBYTE colour_number , UBYTE 
c o lour_shade)  

{ 
BOOL e r r o r_flag=TRUE ; / *  gu ilty until proven innocent 
a pproach * /  

s t a t ic st ruct  UCoplist * user_Copperlist_p=NULL ; 

COUNT j ;  

U BYTE Inten sity=O ; 
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if ( g lobal_v iewpo rt_p - >UCopins==NU L L )  

{ 

if ( u ser_Copperlist_p= 

{ 

AllocMem ( s izeof ( struct  UCoplist ) , MEMF_PUB LIC I 
MEMF_C LEAR ) )  

error_f lag=FALSE ; 

C I N I T ( u ser_C opperlist_p , SCREENHE IGHT*2+ 1 ) ;  

} 

for ( j =O ; j <SCREENHE IGHT ; j ++ ) 

{ 
( j / 1 5 ) % 2 ? Intensity- : Intensity++ ; 

CWAIT ( user_Copperlist_p , j , OL ) ; 

CMOVE ( user_Copperlist_p , 

custom . co lo r [ colour_numbe r ] , Intensity<< 
co lour_shad e ) ; 

} 
CEND ( u se r_Copper list_p ) ; 

g lobal_v iewport_p - > UCoplns=user_Copperlist_p ; 

MakeScreen ( global_sc reen_p ) ; 

RethinkDisplay ( ) ;  

} 

else { 
globa l_v iewport_p - >UCop ins=NUL L ;  

MakeScreen ( g lobal_screen_p ) ; 

Ret h inkDisplay ( ) ; 

FreeCoplist ( user_Copper list_p - >FirstCop l ist ) ;  

Fre eMem ( u ser_C opper list_p , sizeof ( st ruct UCop list ) ) ;  

user_Copperlist_p=NUL L ;  

} 
return ( e r ro r_fla g ) ; 

} 

As me nt ioned earl i e r  once you understand the basic pr inc ip l es of  
cyc l ing number  gen erat ion you can modify the ideas to  your  heart 's 
c o n t e n t .  As o n e  l a s t  examp l e  l i s t i n g 8 . 3  s h ows  a rou t i n e  that  
ge n e rates  a nd  i nsta l l s  (or  re move s )  a s ha d i ng e ffec t  i nvo lv ing a 
spec i fi e d  Amiga style RGB colour  value,  a co lour  regi ster. I nte rnally 
the routine i so lates these red ,  blu e and green components maki ng 
u s e  of  static cycle and minimum shad ing valu e  variables  to  control  
the style  of  the  shading. 
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/ * Li s t in g  8 . 3 :  Yet another colour shading routine modif i ­
c a t ion * /  

BOOL ColourShadin g ( UBYTE colour_number , UWORD 
c o lour_shade)  

{ 
BOOL e r r o r_flag=TRUE ; / *  guilty until proven innocent 
approach * /  

s t a t ic s t ruct  UCoplist *user_Copperlist_p=NU L L ; 

COUNT j ;  

U BYTE brightnes s=Oxs ; / *  must be between O and 1 5  * /  

U BYTE cyc le_max =1 0 , int ensity=O ; 

U BYTE base_re d , red , base_b lue , blue , ba se_gree n , green ; 

if ( g_v iewport_p - >UCoplns==NULL)  

{ 
if ( user_Copperlist_p= 

{ 

AllocMem ( sizeof ( st ruct UCoplist ) , MEMF_PUBLIC I 
MEMF_C LEAR ) )  

error_flag=FALSE ; 

b as e_red = ( colour_shade&OxOFOO ) >>B ; 

base_g reen= ( colour_shade&OxOOF0 ) > >4 ;  

bas e_b lue=colour_shade&OxOOO F ;  

C I N IT ( user_Copperlist_p , WINDOW_HE IGHT*2+ 1 ) ;  

for  ( j =O ; j <WINDOW_HEIGHT ; j ++ )  

{ 
( j / cycle_max)  % 2 ? inten sity- : int e n s ity++ ; 

red= ( base_red*intensity ) / cycle_m ax ; 

if ( red<brightne s s )  red=brightn e s s ; 

g reen= ( ba se_green* inten sity ) / cyc le_max ; 

if ( green<brightness )  g reen=brightness ; 

blue= ( ba s e_blue* intensity ) / cycle_max ; 

if ( blue<brightness)  b lue=bright nes s ;  

CWAIT ( us e r_Copperlist_p , j , OL ) ; 

CMOVE ( us e r_Copperlist_p , 

c u st om . c o lo r ( colour_numbe r ] , ( red<<B)  l ( green<< 4 )  
I blue) ; 

} 
CEND ( use r_Coppe rlist_p ) ;  

g_viewpo rt_p - >UCoplns=user_Copperlist_p ; 
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} 

MakeSc reen ( g_public_screen_p ) ; 

RethinkDisplay ( ) ;  

} 

else { 
g_v iewpor t_p - > UCoplns=NULL ; 

MakeScr ee n ( g_public_screen_p ) ; 

Ret hinkDi splay ( ) ; 

FreeCopLis t ( user_Copperlist_p - >FirstCopList ) ;  

FreeMem ( u ser_C opper list_p , sizeof ( st ruct UCopLis t ) ) ;  

user_Copp e rlist_p=NU L L ;  

} 
return ( e r ro r_fla g ) ; 

} 

Making It Up As You Go Along 
Perhaps the  most  important th ing to be gleaned fro m  th is  chapter  i s  
an  u n d e r s t an d i n g  o f  h o w  a s e r i e s  o f  cyc l i n g  nu m b e r s  c a n  b e  
gene rated .  Reme mber  i nc idental ly that you may not always need t o  
o pt for the dynamic l is t  generation technique that I 've d i scussed.  
Sometimes when you know exactly what co lours you want  you can 
j u s t  u se  a stat ic  l i st of co lour  regi s ter  data or  p e rhaps even the  
equ ivalent  static Copper  l i st i nstruct ions .  A programmer who uses  
6 8 0x0 ass e m b l e r  however  might  w e l l  c o n s i d e r  i t  wor thwh i l e  t o  
write a C language Cop per l i s t  ge nerat ing u n t i l i ty t h a t  stores the 
instruct ions  as a series of  6 80x0 style data statements .  Th i s  would 
al low shad i ng e ffe ct data to be read d i re ctly into 680x0 source  code 
fi les .  S imi lar ly the C programmer might wish to have done a l l  the  
co lour  register  ca lculat ions before the program i s  run .  L ist ing 8 .4  i s  
the  code  fo r a c o l o u r  register  v a lue  generat ing  u t i l i ty. I t 's bas ed 
l oose ly  o n  the previous  shading rout i n e ,  that produces  a C sty l e  
a r ray c o n t a i n i n g  a se t  o f  h o r i z o n t a l  b a n d  s h a d i n g  va l u e s  b u t  
instead o f  u s i ng the gene rated colour register  val ues  i t  just wri tes 
them to s tdout :  

/ *  - - - - - - - - - - • • • • • • • • • • • • • • • • • • • • • • • • • • •  - • - • • •  - - - - - - - - - * I 

/ * List ing 8 . 4 :  A colour shade value generating u t ility* / 

/ *  Shading effect  colour - value generat o r  for u se in Copper 
lists * I 

/ *  This  ut ility gene rates a UWORD c [ )  colour register  data 
ar ray u sing t h is format . . .  

<line count> { <colour v a lues> } 
* /  
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/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

# inc lude <stdio . h> 

# include <exec / memory . h> 

#define L I N E  COUNT 255 

v o id GenerateColourShadinglist ( UWORD co lour_sh ad e ) ; 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

m a in ( )  

{ 
GenerateColourShadingl ist ( OxOFO ) ; 

} 

/ *  g reen shading  * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id GenerateColourShadinglis t ( UWORD co lour_shade)  

{ 
UBYTE j ;  

UWORD colour_v a lu e ;  

UBYTE brightness =OxO ; / *  must b e  between O and 1 5  * /  

U BYTE cycle_max=1 5 , intensity=O ; 

UBYTE base_red , re d , base_b lu e , blu e , ba se_green , g reen ; 

base_red= ( c o lour_shade&OxOFOO ) > > B ;  

ba se_g reen= ( colour_shade&OxOOF0 ) >> 4 ;  

b a se_b lue=colour_shade&OxOOOF ; 

p r intf ( " UWORD c ( )  = { \ n " ) ;  / *  c ( )  array declaration * /  

p r intf ( " Ox% . 4x , " , LINE_COUNT ) ; / *  line count * /  

for  ( j =O ; j <LI NE_COUNT ; j ++ ) 

{ 

( j / cyc le_max ) % 2 ? intens ity- : int e n s ity+ + ;  

red= ( base_red * intensity) / cyc le_max ; 

if ( red<brightness)  red=brightne s s ;  

g re en= ( base_green*intensity ) / cycle_m ax ; 

if ( green<brightne s s )  green=brightne s s ; 

b lue = ( ba se_blue*int e n s ity) / cycle_max ; 

if ( b lue<bright ness )  b lue=brightnes s ; 

colour_value= ( red<<B) I ( green<<4 ) j blu e ;  

if ( j < LINE_COUNT - 1 )  

{ 

p r intf ( " Ox% . 4x , " , colour_valu e ) ; 

if ( l ( ( j - 2 ) %4 ) ) printf ( " \ n " ) ;  
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} 
e ls e  printf ( " Ox% . 4x \ n " , colour_value) ; 

} 
printf ( " } ; \ n " ) ;  / * terminal  brace * /  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - . - - - - - - - - - - - - * I 

The sort  o f  output t hat the program given in l is t ing 8 . 4  p roduces  
looks l i ke th i s :  

/ * Li s t ing 8 . 5 :  Typ ical output from t h e  generator  u t ility 
program shown in listing 8 . 4* /  

UWORD c ( ]  = { 
Ox00ff , Ox00 1 0 , 0x0020 , 0x0030 , 

Ox0040 , 0x0050 , 0x0060 , 0x0070 , 

Ox0080 , 0x0090 , 0xOOaO , OxOObO , 

OxOOcO , OxOOdO , OxOOeO , OxOOfO , 

OxOOeO , OxOOdO , OxOOcO , OxOObO , 

OxOOaO , Ox0090 , 0x0080 , 0x0070 , 

Ox0060 , 0x0050 , 0x0040 , 0x0030 , 

oxoo20 , oxoo1 0 , oxoooo , oxoo 1 0 ,  

oxoo20 , oxoo30 , oxoo40 , oxooso , 

Ox0060 , 0x0070 , 0x0080 , 0x0090 , 

OxOOaO , OxOObO , OxOOcO , OxOOdO , 

OxOOeO , OxOOfO , OxOOeO , OxOOdO , 

OxOOcO , OxOObO , OxOOaO , Ox0090 , 

Ox0080 , 0x0070 , 0x0060 , 0x0050 , 

Ox0040 , 0x0030 , 0x0020 , 0x001 0 ,  

OxOOOO , Ox00 1 0 , 0x0020 , 0x0030 , 

Ox0040 , 0x0050 , 0x0060 , 0x0070 , 

Ox0080 , 0x0090 , 0xOOaO , OxOObO , 

OxOOcO , OxOOdO , OxOOeO , OxOOfO , 

OxOOeO , OxOOdO , OxOOcO , OxOObO , 

OxOOaO , Ox0090 , 0x0080 , 0x0070 , 

Ox0060 , 0x0050 , 0x0040 , 0x0030 , 

Ox0020 , 0x00 1 0 , 0xOOOO , Ox00 1 0 ,  

Ox0020 , 0x0030 , 0x0040 , 0x0050 , 

Ox0060 , 0x0070 , 0x0080 , 0x0090 , 

OxOOaO , OxOObO , OxOOcO , OxOOdO , 



OxOOeO , OxOOfO , OxOOeO , OxOOdO , 

OxOOcO , OxOObO , OxOOaO , Ox0090 , 

Ox0080 , 0x0070 , 0x0060 , 0x0050 , 

Ox0040 , 0x0030 , 0x0020 , 0x001 0 ,  

OxOOOO , Ox001 0 , 0x0020 , 0x0030 , 

Ox0040 , 0x0050 , 0x0060 , 0x0070 , 

Ox0080 , 0x0090 , 0xOOaO , OxOObO , 

OxOOcO , OxOOdO , OxOOeO , OxOOfO , 

OxOOeO , OxOOdO , OxOOcO , OxOObO , 

OxOOaO , Ox0090 , 0x0080 , 0x0070 , 

Ox0060 , 0x0050 , 0x0040 , 0x0030 , 

oxoo20 , oxoo1 0 , oxoooo , oxoo 1 0 ,  

oxoo20 , oxoo30 , oxoo40 , oxooso , 

Ox0060 , 0x0070 , 0x0080 , 0x0090 , 

OxOOaO , OxOObO , OxOOcO , OxOOdO , 

OxOOeO , OxOOfO , OxOOeO , OxOOdO , 

OxOOcO , OxOObO , OxOOaO , Ox0090 , 

Ox0080 , 0x0070 , 0x0060 , 0x0050 , 

Ox0040 , 0x0030 , 0x0020 , 0x00 1 0 ,  

oxoooo , oxoo1 0 , oxoo20 , oxoo30 , 

Ox0040 , 0x0050 , 0x0060 , 0x0070 , 

Ox0080 , 0x0090 , 0xOOaO , OxOObO , 

OxOOcO , OxOOdO , OxOOeO , OxOOfO , 

OxOOeO , OxOOdO , OxOOcO , OxOObO , 

OxOOaO , Ox0090 , 0x0080 , 0x0070 , 

Ox0060 , 0x0050 , 0x0040 , 0x0030 , 

Ox0020 , 0x001 0 , 0xOOOO , Ox001 0 ,  

Ox0020 , 0x0030 , 0x0040 , 0x0050 , 

Ox0060 , 0x0070 , 0x0080 , 0x0090 , 

OxOOaO , OxOObO , OxOOcO , OxOOdO , 

OxOOeO , OxOOfO , OxOOeO , OxOOdO , 

OxOOcO , OxOObO , OxOOaO , Ox0090 , 

Ox0080 , 0x0070 , 0x0060 , 0x0050 , 

Ox0040 , 0x0030 , 0x0020 , 0x00 1 0 ,  

oxoooo , oxoo1 0 , oxoo20 , oxoo30 , 

Ox0040 , 0x0050 , 0x0060 , 0x0070 , 

Ox0080 , 0x0090 , 0xOOaO , OxOObO , 
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OxOOcO , OxOOdO , OxOOeO , OxOOfO 

} ; 

Ne edless  to say this  co lour register data, i f  d i rected to  a temporary 
fi l e ,  can be  s u b s e qu e n t ly loaded in to  a C p rogram and the  l i n e  
c o u n t  a n d  R G B - c o nt e n t  val u e s u s e d  d i r e c t ly .  I n  t h i s  c a s e  t h e  
shading rout ine  i s  s imp le r  because i t  only has t o  read the array 
i t ems and use them to  bu i ld  a user Copper  l i s t .  No  co lour  value  
generating code i s  required .  L is t ing 8 .6  provides a typical example  
that p laces  data from a given array into a spec i fied co lour  regis ter :  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - • - - - - - - * I 

/ * Listing 8 . 6 :  Routines that make use of pre - generated 
colour register data a r e  easier to  code . * /  

BOOL ColourShading ( U BYTE colour_numb e r , UWORD a ( ] )  

{ 
static st ruct UCoplist *user_Copperlist_p=KllL L ;  

COUNT i=O ; 

if ( g_v iewpo rt_p - >UCopl n s==NU L L )  

{ 
if ( user_Copperlist_p= 

} 
else { 

AllocMem ( sizeof ( st ruct UCop lis t ) , MEMF_PUB LIC I 
MEMF_C LEAR ) )  

{ 

CINIT ( u ser_Copper list_p , 2*a ( 0 ] +1 ) ;  

for ( i=O; i<a ( O ] ; i++)  

{ 
CWAIT( user_Copper list_p , i , O ) ; 

CMOVE ( user_Copperlist_p , custom . color 
( c olour_number ] , a [ i+ 1 ] ) ;  

} 
CEND ( u ser_Copper list_p ) ; 

g_v iewport_p - >UCop lns=user_Copperlis t_p ; 

MakeSc reen ( g_pub lic_screen_p ) ; 

RethinkDisp lay ( ) ;  

} 

g_v iewport_p - >UCoplns=NU L L ;  

MakeSc reen ( g_public_screen_p ) ; 

RethinkDisp lay ( ) ;  

FreeCoplist ( user_Copperlist_p - >FirstCoplist ) ;  
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FreeMe m ( us er_Copperlist_p , sizeof ( st r uct 
UCoplist ) ) ; 

user_Copper list_p=NUL L ;  

} 
return ( O ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

T h e r e  i s  a n  i n f i n i t e  n u m b e r  o f  va r i a t i o n s  o f  t h e s e  t y p e s  o f  
techniques and ,  as a lways , the su itabi l ity o f  a part icu lar approach 
wi l l  depend o n  exactly what  you are  try ing to  do.  In  the main I tend 
t o  u s e  t h e  d y n a m i c  g e n e r a t i o n  a p p r o a c h  b e c a u s e  d u r i n g  
develo pment i t  i s  more flexib le  t han the a l ternatives - i t's poss i b l e  
to  change co lours ,  c hange gene rat ing funct ions and so on  withou t  
having to  worry about the exact fo rm of  the resu l t ing Co pper l is ts .  
Whatever pathways you t read i n  these areas do make no mistake 
a b o u t  o n e  t h i n g - a s  fa r a s  a l l  of  t h e s e  s h a d i n g  e f fe c t s  a r e  
c o n c e r n e d  t h e  key t o  s u c c e s s  i s  t o  u n d e r s t a n d  t h e  u n d e r l y i n g  
pr inc ip les  of  generat ing t h e  appropriate values  in  t h e  first place !  
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The re s e e m s ,  at t h e  moment ,  t o  
be  qu ite  a lo t  o f  i nterest  in  how 
some Amiga programs are  able  t o  
b o t h  a l t e r  s e l e c t e d  A m i g a 
operat ing system rout ines at w i l l  
( e s p e c i a l l y  w h e n  m a n y  o f  t h e  
r o u t i n e s  a r e  h e l d  i n  R O M )  a n d  
m o n i t o r  data  pas s e d  t o  sys t e m  
r o u t i n e s  b y  o t h e r  p r o g r a m s .  
Obviously one  o f  the reasons why 
these topics i nt e rest ,  and to  s o me 
e x t e n t  s c a r e ,  a l o t  o f  u s e r s  i s  
be cau s e  many computer  v i ru s e s  
d o  t h e s e  ty p e s  o f  t h i n g s .  T h e re 
a r e  o f  c o u r s e  a n u m b e r  o f  
l egit imate reasons why a program 
might want to  m o n i to r, or a l t e r, 
c e r t a i n  A m i ga s y s t e m  r o u t i n e s  
but  i n  order  t o  u n derstand both  
t h e  virus and  the  legitimate u se 
c o n n e c t i o n s  we  n e e d  t o  t a k e  a 
f e w  s t e p s  b a c k wa r d s  a n d  t a l k  
a b o u t  h o w  t h e  A m i ga l i b r a ry 
system wo rks.  As you ' l l  p ro bably 
al ready know the  Amiga's l ib rary 
system is  extre mely fl exib le  wi th  
some l ib rary rout ines  b e i ng h e l d  
i n  read o n l y  me mory ( R O M )  a n d  
others be ing transpare ntly loaded 
into RAM as requ ired .  

Programs te l l  Exe c that  a l ib ra ry 
is needed by attempt ing to  open 
i t  u s i n g a n  O p e n L i b r a r y ( )  
fu n c t i o n .  W h e n  s u c h  a c a l l  i s  
ma d e  Exec  d o e s  s e v e r a l  t h i n g s  
beginn ing by searching i t s  l i s ts  o f  
l i brar ies  which  are already o p e n  
a n d  ava i l a b l e .  I f  t h e  I i  b r a ry i s  
fo u n d  t h e n  Exec s i m p l y  re tu r n s  
t h e  a d d r e s s  o f  t h e  l i b rary  a n d  
m a k e s  a n  i n t e r n a l  n o t e  t h a t  
another program i s  now us ing i t .  
I f  the l ibrary is  not  al ready open  
Exec  p a s s e s  on  t h e  r e q u e s t  t o  
AmigaDOS ask ing  i t  t o  l oo k  for, 
a n d  t h e n  l o a d ,  t h e  s p e c i f i e d  
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l ib rary. AmigaDOS looks in the LIBS :  logical devi ce  ( i f  you boot from 
the  Wo rkbench d isk  for instance then  th i s  logical devi ce  wi l l  have 
been  assigned to  SYS : LIBS ,  ie the LIBS d i rectory of  the Wo rkBench  
d isk) .  I f  AmigaDOS fi nds the  l ibrary, i t  loads i t  and te l l s  Exec wh ich  
t h e n  d u ly records the fact t hat the  l ibrary is  now avai lab le .  Exe c 
i n c i d e nta l ly wi l l  never  atte mpt to re move these  l ibrary mod u l e s  
whi lst  they are in  u s e  but when the last user  of  a parti cular  l ibrary 
ind i cates that i t  i s  no lo nger needed ,  which they do by executing a 
C l o seL ibrary() fu n c t i o n ,  Exec 's l ib rary manager  may then  remove 
the memory co py o f  l ibrary and release the associated memory so 
that i t  is  free for other  us e .  

As far as ,  say, an appl icat ions program i s  concerned,  most of  these  
o p e rations are  transparent .  Al l  a program has  to  do to use a give n 
l ibrary is open i t  u s ing the Exec OpenLibrary() funct ion ,  and then  
u s e  t h e  l i b r a ry r o u t i n e s  in  m u c h  t h e  s a m e w a y  t h a t  t h e  
OpenLibrary() fu nct ion i tse l f  i s  used .  Appl icat ions programs which  
fo l low this  protocol  never need  to concern themse lves wi th  where 
the  l ib rary rou t i n e s  are  in memory, nor  with the  fact  that  o t h e r  
programs may a l s o  be us ing t h e  very same rou t ines .  

How Library Access Really Works 
A l ibrary is basical ly just  a co l lect ion of  rout ines .  The se rout ines  
are  not  however ca l l ed  d i rect ly, they're accessed v ia  a j u mp tab l e  
wh ich  i s  a table cons ist ing of  entr ies that contain JMP  instruct ions  
c o u p l e d t o  c o r r e s p o n d i n g  ta rge t a d d r e s s e s .  The  base  a d d re s s  
returned by the Openlibrary() cal l  i s  the address i n  memory o f  t h e  
s ta r t  o f  a L ibrary s t r u c t u r e  a nd  t h i s  b a s e  l o c a t i o n  a c t u a l l y  s i t s  
betwe e n  t h i s  stru cture and other  l ibrary spec i fic  data (F igure 9 . 1  
provides a schematic i l l ustration of  what th is  data lo oks l ike o n c e  
s e t  up in me mory) . 
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t 
(High Memory) 

Library Specific Data 

__ .,� Library Node Data Structure 

jump to OPEN routine 

jump to CLOSE routine 

jump to EXPUNGE routine 

jump to RESERVED routine 

jump to l st real user library function 

jump to n'th real user library function 

(Low Memory) 

Figure 9. 1 .  The 'in-memory' library access arrangements. 

The fi rst  fou r funct ion  j u m p  e ntr i es  OPEN,  CLOSE ,  EX PUNGE a n d  
RESERVED are for system only u s e .  OPEN i s  an entry p o i n t  ca l l ed  
w h e n  t h e  l i b ra ry i s  o p e n e d  a n d  i s  t h e  rout ine  re s p o n s i b l e  f o r  
i n c re m e n t i ng t he c o u n t  o f  t h e  n u m b e r  o f  u s e rs o f  a part i c u l a r  
l ib rary. CLOSE i s  a corresponding rou tine  wh ich decreases  t h e  u s e r  
c o u nt an d ,  wh e n  t h e  c o u n t  gets to  z e r o  ( i e  the  last  l ib rary u s e r  
i n d icates that t h e  l ibrary i s  no longer needed)  i t  may pe rfo rm an 
E X P U N G E  o p e r a t i o n  t o  p r e p a r e  t h e  l i b ra r y  fo r r e m o v a l .  T h e  
RESERVED vector i s ,  inc idental ly, cu rre ntly unused .  

To exe cute a parti cu lar l ibrary rout ine  you use  the opened l ibrary's 
base  ad d re s s  i n  c o nj u n c t i o n  wi th  a n e gat ive  d i s p l a c e m e n t  t h a t  
i nd i cates  w h i c h  r o u t i n e  you w i s h  t o  j u m p  to  ( t h e s e  o ffs e t s  a re  
ca l l ed  l ibrary vector offsets or LVO values) .  In  a se nse then you  can 
a s s o c i ate  t h e s e  LVOs val u e s  with the c o r r e s p o n d i ng in memory 
jump table as Figu re 9 . 2  i l lu strates .  
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Library Specific Data 

base address ---1•� Library Node Structure 

LV0 - 6  OPEN 

LVO - 1 2  

LVO - 1 8  

LV0 -24 

LV0 -30 

LV0 -36 

(Low Memory) 

' 

CLOSE 

EXPUNGE 

RESERVED 

1 st user function 

2nd user function etc. 

Figure 9. 2. The relationship between LVO values and the library routines. 

To cal l  a l ibrary fu nct ion on the Amiga you place the base address  
o f  t h e  l ibrary in  register a6 ,  and then make an ind i rec t  subrout ine  
ca l l  u s i ng the  a ppro priate  l ib rary ve ctor  o ffs e t  (LVO) val u e .  Le t's 
t a k e  a c o n c r e te e x a m p l e .  As y o u ' l l  d o u b t l e s s  k n o w ,  I n t u i t i o n  
c ontains a D i sp lay B eep () fu nct ion  which  can b e  u s e d  t o  flash an 
I ntu i t ion  screen  and the  bare  bones code for a D i s playB e e p () ca l l  
w i l l  look something l i ke th i s :  

move . !  _Intuit ionBase , a 6  

j s r �LVODisplayBeep ( a6 )  

a n d  w o u l d  r e s u l t  i n  p r o g r a m  c o n t r o l  b r a n c h i n g  t o  t h e  
_LVO Disp layB e e p  tab le  e n t ry o f  the  l i b rary-s t ruc ture/j u mp-tab l e  
u n it which was s e t  u p  i n  memo ry whe n t h e  Intu i t i o n  l i b rary was 
o pe n e d .  The j u mp tab l e  e n t ry t h e n  branches  to  t h e  real  l i b rary 
rout ine .  

Vanishing Vectors! 
So , access to all Amiga l ibrary rout ines ,  whether they ex is t  i n  RAM , 
o r  ROM , occurs i n d i rec t ly u s i ng a ser ies  o f  l ib rary s p e c i fi c  RAM­
based j u mp tab le  vectors .  Once the pu rpose of  these  j u mp tables  i s  
u n d e rs t o o d  the  m e c h a n i s m s  u s e d  t o  m o d i fy sys t e m  fu n c t i o n s  
be come a lmost  obvious  because i n  order  to  appear  to  c h ange o r  
replace a l ibrary rout ine ,  a l l  you need to  d o  i s  a l ter  t h e  appropr iate 
ju mp table vector !  

Let 's get one  thing clear :  these types of  c hanges d o  have l eg i t imate 
u s es and the 1 . 3 SetPatch fu nct ion for instance mad e s u c h  changes 
in order  to replace  some bugged system fu nctio ns .  O n  a less o ffic ial  
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l eve l  a Wo rkbench 1 . 3 based program might choose to replace the  
D i sp layBeep( )  rou t ine  so  that  an audib le  beep  rather  than  a sc re e n  
fla s h  was p rovided.  The Amiga's Exec l ib rary d o e s  in  fact conta in  a 
Se t F u n c t i o n ( )  r o u t i n e  w h i c h  a l l ows a p rogram t o  r e s e t  a l i b ra ry 
v e c t o r  i n  t h i s  way a n d  i f  fo r exam p l e  1 wa n t e d  t o  r e p l a c e  t h e  
I n t u i t i o n  D i s p l ayB e e p( )  fu n c t i o n  (wh i c h  has a n  LV O v a l u e  o f  -
Ox0060)  wi t h  some a l ternat ive rou t i n e  cal l e d  MyF() ,  I 'd  do i t  l i ke 
t h i s :  

o l d_p=Set Funct ion ( IntuitionBa se , - Ox0060 , ( APTR ) My F ) ; 

a n d  fro m that  po int  o n  any p rogram which  cal l e d  D is playBee p( )  
wou ld  e n d  u p  e xecut ing my rout ine ,  cal l ed  MyF() ,  i nstead.  

As Se tFuncti o n () changes a l ibrary vector i t  returns the  address of 
the  o r ig ina l  rout ine and this means that the o riginal  DisplayBee p()  
rout ine  c o u l d  b e  re- instated us ing th is  type of  code :  

S e t Funct ion ( Intuit ionBase , - Ox0060 , old_p ) ; 

1'1mctioll Name: SetF1mctioD() 
Description: Changes a function vector in a library 

old_function=SetFunction(library _p,offset, =entry _point) 

APIR SetFunction(struct Library *, LONG, API'R); 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

AOAl AO DO 

library_p - library base pointer offset - LVO offset 
of function to be replaced entry_point - pointer to the 
0/new function 

Return Value: old_function - pointer to function that was replaced. 

To a p p r e c ia t e  the  w h o l e  p i c ture  we n e e d  t o  l o o k  a t  a p o t e n t i a l  
r e p lace m e n t  r o u t i n e  a n d  b y  way o f  example  l i s t ing  9 . 1 shows  a 
s i mp l e  6 8 k  p a t c h  t h a t  dou ble ca lls t h e  I n t u i t i o n  D i s p l ay B e e p ( )  
fu nct ion .  I t  executes DisplayBeep() in  t h e  normal fash ion ,  wait s  for 
o n e  seco n d  (us ing AmigaDOS's Delay() fu nct ion) ,  and then executes  
D isp layBee p( )  aga in .  By us ing SetFunction() to  insert a vector  to  th is  
rou t ine  i n  the Intu i t ion l ibrary's jump tab le  the rout ine would then  
be  e n t e r e d  by al l  p rograms a nd  sys t e m  fu n c t i o n s  t h a t  make  a 
D i s playBeep( )  l ibrary ca l l .  

The r e s u l t  in  t h i s  case is  har m l e s s  - al l  p r o grams ca l l i ng t h e  
D i s playBee p() Intu i t ion funct ion wou ld  end u p  flashing the screen 
twi c e ,  when they thought they were  flashing i t  once !  

L ist ing 9 . 1 : A 68k a ssembler patch  which fools  other  pro ­
g r am s  in t o  double ca lling the  DisplayBeep ( )  function . * /  

_LVODelay equ - $00c6 

xdef _MyF 

xref _old_p 

xref DOSBase 
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_MyF:  

rt sdelay : 

rt sscreen : 

xref DOSBase 

move . l  
movea . l  

j sr 

aO , screen 
_old_p , a 1  

(a1 ) 

delay 

screen , aO 

_old_p , a1 

( a 1 ) 

a6 , - ( sp)  

_DOSBase , a6 

save screen address 
real DisplayBeep ( )  function 
address 

do first Disp layBeep ( )  

wait 1 second 

do second displayBeep( ) 

preserve _Intuit ionBase 

j sr 

movea . l  

movea . l  

j sr 

move . l  

movea . l  

move . l  

j sr 

move . l  

dc . l  

#50, d1 d1 = 50 t icks = 1 second 

_LVODe lay ( a6) 

( sp) + , a6 

1 

restore IntuitionBase 

Although replacing the original DisplayBeep() vector wou l d ,  in th i s  
part icular example ,  serve l i t t l e  purpose ,  the  general impl icat ions o f  
s u c h  c h a n g e s  a r e  ext r e m e l y  i mp o r t a n t .  I n  t h i s  c as e ,  o n c e  t h e  
replacement rout ine i s  i n  plac e ,  other programs wi l l  th ink  they are 
u s ing the D isp layBee p() funct ion as origi nally written when  they are 
not !  

Equally d i sconcert ing of  course is  the fact  that those programs can 
do noth ing  to  avo i d  ca l l ing  the mod i fi ed  rou t i n e .  A l o t  of v i rus  
programs use  exac tly th is  approach to redirect  important fu nct ion 
c a l l s ,  l i k e  Exec 's D o I O () ,  th rough  t h e i r  own ro u t i n e s  and s u c h  
rout ines obviously have access t o  al l  the  680x0 register i n formation  
p rovided fo r the  o riginal funct ion ca l l .  A l l  however i s  not  lost  and 
in  fact most virus check programs do look at the most  important 
ju mp tab le  vectors ,  such as those relating to  the Exec  l ibrary and 
t rackdisk device ,  to e nsure that they are not changed in  th is  way. 
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Music, Midi, 

and the M PX 

File 

Connection 

T h i s  c ha p t e r  i s  t h e  fi r s t  o f  two 
that  concern  Mid i  fi l e s  and M i d i  
ser ia l  port  use .  Just  in  case  you 
are not  yet Midi  l i t e rate I 'm go i ng 
t o  s t a r t  w i t h  a few p r e l i m i n a ry 
n o t e s  o n  M i d i  i t s e l f .  T h a t  way 
y o u ' l l  be  able  t o  a p p re c iate  t he 
gene ral  ideas even i f  the  subjec t  
i t se l f  i s  new to  you .  

From a pure ly  technical  viewpo int 
M i d i  i s  a communicat ions scheme 
that  has b e e n  d e s igned to a l l o w  
s t a n d a r d i z e d  m e s s a g e s t o  b e  
passed  between  p i e c e s  of  mu sical  
e q u i pm e n t  ( syn t h e s i z e r s ,  d r u m  
machines  etc) .  What th is  means in  
p r a c t i c e  h o w e v e r  i s  t h a t  M i d i  
a l lows you to connect together  a l l  
s o r t s  o f  d i f f e r e n t  p i e c e s  o f  
m u s i c a l  e q u i p m e n t  ( f r o m  a n y  
n u mb e r  o f  m a n u fa c t u r e r s )  a n d ,  
p rovid ing a few ground ru l es  are 
fol lowed,  they' l l  al l  work together  
q u i te h a p p i ly .  That  in  i t s e l f  i s  
q u i t e a n  ac h i ev e m e n t  b u t  M i d i  
h a s  d o ne far m o r e  t h a n  t h i s : i t  
has a l l owe d compute rs t o  b e  u sed 
to r e a d ,  s t o r e ,  e d i t  a n d  r e p l ay 
t h o s e  m e s s ag e s  ( a c t i n g l i k e a 
d i g i t a l  m e s sage  t a p e - r e c o r d e r ) 
and t h i s  has led to a d eve lopme nt 
which  has turned the music  world 
u p s i d e  d o w n .  I 'm ta l k i n g  h e r e  
a b o u t  t h e  M i d i  s e q u e n c e r. N o t  
o n l y  h a s  s e q u e n c i n g  m a d e  l i fe 
eas ier  for the competent  music ian 
b u t  it has o p e n e d  the doors  for 
e v e r y o n e  e l s e .  I t  i s  n o  
e x a g g e r a t i o n  t o  s a y  t h a t  t h e  
s e q u e n c e r  has made i t  p o s s i b l e  
for anyone with t h e  s l ightest  ear 
f o r  m u s i c  to p l ay t h i n gs t h a t  
s o u n d  g o o d  w i t h o u t  h a v i n g  t o  
spend  years master ing a mus ical 
i ns t r u m e n t .  I n  many ways t h e n  
t h e  s e q u e n c e r  i s  t o  t h e  mu s i c  
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w o r l d  what t h e  word-processor  i s  to  the  secre tary. M i d i ,  a s  I 've 
a l ready ment ioned ,  i s  a ser ia l  commu nicat ions  standard and  M id i  
m essages a re s e n t  as streams of  pu lses (much l i ke t h e  data that  i s  
passed through a pr inter  cable or  a modem).  Each e ight b i t  byte i s  
s e n t  a s  a start bit ,  e ight data bits ,  a n d  a stop b i t  a t  a speed o f  3 1 . 2 5  
K i l o Bau d .  That's a b o u t  o ne byte o f  M i d i  i n fo r mat i o n  e v e ry 3 2 0 
m i l l ionths  o f  a second .  M i d i  equ ipment usual ly has two o r  three  
five p in DIN sockets .  The te rmi nal  marked M i d i - I n  i s  where  t h e  
e qu ipment  rece ives  i t s  M id i  data, that marked M i d i -Out i s  where 
d ata is transmitted .  Usually you ' l l  a lso find a M id i -Thru socket  and 
this  provides  a dupl i cate of  whatever  is  being rece ived at the  M i di ­
I n  terminal .  Not  al l  types o f  equipment wi l l  u nderstand all  types of  
m essages ,  nor  does every piece  of  Mid i  equipment send every type 
of mes sage b u t  t h i s  d o e s n 't u su a l l y  cau s e  much in t h e  way o f  
p r o b l e m s  - p rovi d i ng y ou  know w h a t  ty p e s  o f  m e s s ag e s  yo u r  
part icu lar equi pment is  capable o f  sending and understand ing.  

M id i  messages are sent  then as streams of  e ight bit  numbers and i t  
i s  the Mid i  standard wh ich has  defined the i r  mean ing. The f i rs t  byte 
o f  a M id i  message is  cal led a status byte and i t  acts as a message 
i d ent ifi e r, ie i t  e nab les  the receiving equ ipment to  te l l  what type o f  
message i s  coming in .  Subsequent bytes of  t h e  message, i f  i ndeed 
t h ey exi s t ,  are known as data  byt es .  How d o e s  Mid i  d i s t i ngu i s h  
b e tween status bytes  a n d  data bytes? I t  has o pted  for u s i ng t h e  
u p pe rmost b i t  of  each byte. Status bytes always have t h e  h igh b i t  
( b i t  7)  s e t  s o  these  numbers  can range fro m 1 0000000 b inary t o  
1 1 1 1 1 1 1 1  b i n ary (dec imal  1 2 8 t o  d e c i mal 2 5  5 ) .  Because  b i t  7 i s  
e f fe c t i v e l y  u s e d  a s  a s ta tus  by te  i n d i c a t o r  a l l  d a t a  b y t e s  a re  
r e s t ri cted t o  valu e s  ranging fro m 00000000 b inary to  0 1 1 1 1 1 1 1  
b in ary (dec imal 0 to decimal 1 2 7) .  

M idi recogn izes  the existence of  16 separate channels  and a large 
c l ass  of  M i d i  me ssage s ,  known as Channe l  me ssage s ,  c o nta in  a 
ch an n e l  number  e ncoded with in  the status byte o f  the m e s sage .  
P ieces  of  equipme nt can therefore be se lect ive about  the  messages 
t h e y  make u s e  of and the r e s u l t  is that  it i s  p o s s i b l e  to have 
d ru mmers,  sequencers ,  synthes izers etc ,  a l l  attached to each other  
v i a  a s ingle  M i d i  communi cat ions cab le loop .  By  set t ing up  each  
u ni t  to respond to  a d i ffe rent Midi  channel al l  of  the M id i  me ssages 
can be sent d own the same set  of  cables  with eac h un i t  res ponding 
t o  only those  message s that  have the  matc h i ng c hanne l  n u m b e r  
i d ent i ficat ion .  

I t 's a b i t  l i ke s o m e o n e  w r i t i ng a l e t t e r  t o  y o u ,  s t i c k i n g  i t  in  a 
a d d r e s s e d  e n v e l o p e  a n d  p o s t i n g i t  - t h e  l e t t e r , a l o n g  w i t h  
t ho usands o f  others ,  gets carri ed  arou nd the postal  system but ,  as 
far as read ing the conte nts goes ,  i t  is  essent ia l ly ignored u n t i l  i t  
arr ives  at  your front door, ie its fi nal dest inat ion .  Yo u know the  
l e tter is  for you because i t  has got  your  name and address on  i t  -
M i d i  u n i ts  know when a channe l  me ssage has a r r ived fo r t h e m  
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b e c a u s e  t h e y  w i l l  have a su i tab l e  c hanne l  number  b u i l t  i nto  t h e  
message's status byte . So ,  M id i  me ssages are streams o f  numbers 
whose  meanings have been defi ne d  by the M id i  standard. When d o  
t h e s e  n u m b e rs g e t  t ra n s m i t t e d ?  I t ' s  u s u a l l y  w h e n  y o u  d o  
s om e t h i ng,  touch a control  knob or  press a note on  a keyboard etc . 
O n  a synth es izer, streams o f  numbers which  represent  such th ings 
a s  t h e  n o t e s  b e i ng p l ay e d  a n d  c o n t r o l l e r  i n fo r m at i o n ,  w i l l  b e  
t r a n s m i t t e d  a t  t h e  M i d i - O u t  t e r m i n a l .  O t h e r  t y p e s o f  M i d i  
e q u i p m e n t  s e n d s i m i l a r  s t r e a m s  o f  n u m b e r s  a n d  b e c a u s e  t h e  
m e a n i n gs o f  t h e  n u m b e r s  a r e  s ta n d a r d i z e d  o n e  p i e c e  o f  M i d i  
e qu i p me n t  i s  a b l e  t o  u nd e rs t a n d  a n o t h e r  p i e c e  o f  e q u i p m e n t 's 
m essages .  To ge t one u n i t  to  talk to  another you s imply use a M i d i  
l e ad t o  c o n ne c t  t h e m  t ogether  u si ng t h e  appropriate M i d i  I n/Out  
t e rm i n a l s .  W h e n  you h i t  a note  o n  a s y n th e s i z e r  keyboard  fo r 
i n stance th ree p ieces  o f  M id i  data actual ly get transmitted : a stat u s  
byte which  says 'here comes a message abo u t  a note be ing h it ' ,  a 
n u mb e r  re present ing the part icular note in  quest ion ,  and last ly a 
n u m b e r  which in dicates how hard the note was h i t .  Th e status  byte 
i n c l u d e s  d e t a i l s  of w h i c h  M i d i  c ha n n e l  i s  b e i ng u s e d  so  a ft e r  a 
p rogram has read these three p ieces o f  data i t  wi l l  be able to  t e l l  
fi rst ly  t h a t  you 've h i t  a n o t e  on  t h e  keyboard,  secondly whi c h  M i d i  
chan n e l  you're us ing, th i rdly w h i c h  note y o u  h i t  a n d  lastly i t  wi l l  b e  
a b l e  to  measure of  i t s  loudness ( i e  i t  w i l l  know how hard you h i t  t h e  
key) .  

U n fo r t u nat e ly al l  c o mmer i cal sequencer  progra ms t e n d  t o  a d o p t  
t h e i r  o w n  fi l e  format arrangements for storing M i d i  information  to  
d i s k  a n d  so  to  a i d  u s e r s  in  m o v i n g  s e q u e n c e r  d a t a  b e t we e n  
d i ffe rent  sequencers  a Standard Midi File format has been des igned 
which  no wadays most sequencers  also support .  

Standard Midi and MPX Format Files 
M i d i  fi l e s  come i n  three flavours ,  cal led types 0, 1 and 2. Type 0 i s  
e s sentia l ly  a s ingle  stream of  events that i s  meant to be p layed i n  
m u c h  t h e  same way a s  a s ingle track of  sequencer  data. They are 
a c t u a l l y  i d e a l  fo r playing  b e c a u s e  o n l y  a s m a l l  a m o u n t  o f  
trans lat ion work has to be done by the playe r program. Type 1 M i d i  
fi l e s  we re  des igned for transferring mult ip le  t rack M i d i  sequences  
b e tw e e n  s e qu e n c e r  programs .  Programs which  play type 1 f i l e s  
have t o  b e  more sophist icated because the events from t h e  vari ous  
t ra c k  c h u n ks h ave to  be rearranged to p lace  them in to  t h e  r ight  
o rd e r  for p layback. Type 2 M id i  f i le fi l es  a re  qu i t e  rare - they  were 
d e s i gned t o  al low the storage of  mult ip le  related sequences (eg the  
s e parate verses and cho ruses  of  a song could  be s tored  i n  a type  2 
fi l e )  but  d o  not  s e e m to be used much .  

To p e n d  A m i g a  s e q u e n c e r s  l i k e  B l u e  R i b b o n ' s  B a r s  & P i p e s  
Profess ional and Dr T's KCS, wh i ls t  be ing great packages for ed i t ing  
sequences ,  are  expens ive ,  memory hungry, beasts whose  power  i s  
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t o t a l l y w a s t e d  w h e n  i t  c o m e s  t o  p l ay i n g  b a c k  c o m p l e t e d  
c o m p o s i t i o n s .  To b e  h o n e s t  a l l  you n e e d  fo r M i d i  fi l e  p l aybacl<  
pu rposes i s  a re l iab le ,  reasonably pr iced and easy to use product 
t hat i s  capab le  o f  read ing and p layi ng back the contents o f  a M id i 
fi l e .  

O n e  wou l d  perhaps have thought  that  p l e nty o f  Mid i  fi l e  p laye r  
u t i l i t i es  wou l d  have appeared in  the publ i c  domain.  Unfortunately  
this does not  seem to have been the case and the main reason is  
that the parsing ( ie  read ing and interpret ing) and playing o f  a M id i 
fi l e  in  real  t ime i s  not  a part icular ly easy a job .  N eed less  to  say 
adding M i d i  fi l e  p lay ing capabi l i ty to your own programs is  l i kewise 
not  easy, but  there is  an alte rnative approach based  on  the use of  
m u c h  s i m p l e r  fi l e  fo rmat that I 've adopted ca l l e d  M PX,  a n d  th i  
works l ike a dream. 

M PX fi les  start with a header  event that looks l i ke th is : 

8 byte Header : <4 bytes MPX1 header> 

<4 bytes spare> 

fo l lowed by a se t  of  events that have th is  format : 

8 byte Data : <4 bytes absolute event t ime ( m ic rosecon ds ) >  

< 1  byte Midi message lengt h> 

<Midi message itself> 

Eac h event  i s  padded to 8 byt e s  in l ength and fo r e ffi c i e n cy al l 
d u pl icate status bytes wi l l  have b e e n  removed from consecu t ive 
M id i  messages with message l e ngths adjusted accordingly. At the 
e nd of the day the M i d i  eve nts  in a n  M PX format fi l e  are  j u st a 
s t ream o f  t imes  p l u s  re a l  events  that can played by read i ng the  
e ve n t  t im e ,  execut ing a sui table de lay, read ing the event's l e ngth , 
a n d  t h e n  tran s m i t t i n g  t h e  a p p r o p r i at e  n u m b e r  o f  bytes v i a  t h e  
s e r ia l  por t .  Hav ing  s e nt one  event  you t h e n  r e ad the n e x t  t i m e  
value ,  do  t h e  next de lay, a n d  transmit  t h e  next event a d  i n fin i tum 
u nt i l  the end of  the fi le  is  reached. In order to play a fi le  in th i s  way 
you do o f  cou rse need to be  able to conver t  a M i d i  fi l e  i nto  M PX 
format and that's where the fo l lowing ut i l ity comes  in  handy. 

M idiWriteX 

This Shel l  u t i l i ty, which you' l l  f ind on the d isks accompanying the 
book,  wi l l  convert a Mid i  fi l e  into its equiva lent  M PX form. I t  uses  
th i s  sort o f  template : 

MidiWriteX <source_f ilename dest ination_f ilename> 

So i f  you want to  translate a M id i  fi l e  cal l e d  myso ng.mid on drive 
d fO :  into an M PX fi le cal led mysong.mpx you'd do it l i ke th is :  

MidiWr iteX dfO : myson g . m id dfO : my song . mpx 

The . mpx fi l ename extens ion  isn't  a requ i rement - M PX fi l es  w i l l  be 
recognised whatever you dec ide  to cal l  them. Re naming fi l es with 
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an . mpx extens ion  i s  however a usefu l  convent ion to adopt  because  
y o u ' l l  t h e n  be  a b l e  to  r e c o g n i s e  t h e s e  f i l e s  very e a s i l y. T h e  
correspo n d ing M PX fi l e s  produced are ,  inc idental ly, a lways larger  
than the Mid i  fi l e s  from which they a re derived but  despi te  the  s i z e  
penalty they do have a b i g  advantage o f  be ing easy to  p lay because  
a l l  the  d i ffic u l t  M i d i  F i l e  event  u npacking has  al ready been  d o n e .  
Consequ ent ly adding M PX f i l e  p laying  capab i l ity to a program i s ,  as  
we shal l  see s h o rtly.a very easy th ing to do .  In  order  to  play M i d i  
data o u t  through t h e  Amiga's se rial port however you d o  o f  c ou r s e  
need to  k n o w  h o w  to  u s e  the Amiga's se rial device .  

Devices - An Introduction 
Exe c is s a i d  t o  p rovi d e  s tandar d i z e d  device independe n t  I/O . A 
bette r descr ipt ion wou l d  be  that i t  t r ies  to make the 1/0 operati o ns 
a s  u n i fo r m a n d  a s  d e v i c e  i n d e p e n d e n t  a s  p o s s i b l e  g i v e n  t h e  
d i ffe r ing physical  and e lectronic  c haracter ist ics  o f  the  var ious  b i t s  
o f  hardware i nvolved .  I t 's ach ieved by p rovid ing l i b rary rou t i n e s  
which  work w i t h  standard i z e d  b l o c ks o f  data c a l l e d  1/0 requ e s t  
structure s .  D evice  co mmands themse lves fal l  i n to two c atego r i e s :  
f i r s t ly ,  t h e re a r e  t h e  s t a n d a r d  c o m m an d s ,  i e  t h o s e  w h i c h  a r e  
d e s ignated a s  b e i n g  c o mmon t o  a l l  devi c e s .  S e c o n d l y  c o me t h e  
commands w h i c h  are d evice-spec if ic .  

Al l  I/O re q u e s t s  a re  h a n d l e d  by s e t t i ng up a data b l o c k  wh i c h  
contains in format ion  re lat ive to the request .  The basic  1/0 reque s t  
structure i s  cal l ed an IORequest  a n d  i t  l ooks l i ke t h i s :  

st ruct IORequest { 

struct 

struct 

struct 

UWORD 

UBYTE 

BYTE 

} ; 

Message 

Device 

Unit 

* io_Me ssag e ;  

* io_Device ; 

* io U n it · - ' 

io_Command ; 

io _Flags ; 

io_E r r or ; 

The i o_ M e s s ag e  fi e l d  p o i n t s  to  a m e s sage h e a d e r  u s ed by t h e  
devi ce ,  i o_Dev i c e  p o i nts  t o  a Dev ice  s t r u c t u re and  i o_U n i t  t o  a 
part i c u l a r  i n st a n c e  o f  t h e  d e vi c e .  U n i t s  share  t h e  s a m e  d e v i c e  
structures ,  c o d e  modu l e s  e t c ,  b u t  they operate  i n d e p e nd e ntly .  A 
typ i c al e xa m p l e  a re  t h e  A m i ga's f l o p py d ri v e s  - e a c h  d r i v e  i s  
represented as a n  i n de pendent u n i t  o f  the same device where one  
device stru cture  and one  se t  o f  code  modules  support  a l l  the  d rives  
present.  The io_Command fie l d  must be  set to  one  o f  the a l lowable  
device c o mmands  a nd  n e i t h e r  th is ,  n o r  t h e  ReplyPort wh i c h  the  
device uses  t o  c o mmunicate with your p rogram, are  c hanged by the 
servi c ing of  t he request  - th i s  faci l i tates the  repeated use  of  t h e  
request b loc k. i o_Flags i s  u sed t o  i nd icate spec ial opt ions ,  a n d  t h e  
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l as t  f ie l d  i o_Error i s  used  t o  return the reque st 's success/fa i l u re 
i n d icator  (fi e l d  i s  set to  zero i f  the request was successfu l ly carr ied 
out  and to  a non-zero error value i f  a prob lem occurred) .A number  
o f  d ev i ce s  use  an expanded requ est  un i t  based  o n  th is  IOStdRe q  
structure :  

struct IOStdReq { 

} ; 

struct Message *io_Message ; 

struct Device 

struct Unit 

UY«>RD 

UBYTE 

BYTE 

UL ONG 

ULONG 

APTR 

ULONG 

*io_Device ; 

*io_Unit ; 

io_Convnand ; 

io_Flags ; 

io_Error ; 

io_Actual; / *  bytes actually transferred*/ 

io_Length ;  /* number of bytes to be transferred* / 

io_Data ; / *  pointer to a data transfer buffer* / 

io_Offset;  / *  an offset field used by some devices* / 

The s e r ia l  d e v i c e  u s e s  t h e s e  type  o f  e n t i t i e s  bu t i t  a d d s  s e r i a l  
device  spec i fic  data us ing th is  IOExtSer structure :  

struct IOExtSer { 

} ; 

struct IOStdReq IOSer ; / * field discussed earlier* / 

ULONG 

UL  ONG 

UL  ONG 

UL  ONG 

io_CtlChar ; 

io_RBuflen ; 

io_Ext Flags ;  

io_Bau d ;  

/ *  control characters * /  

/ *  ser ial port read buffer length * /  

/ *  additional , extension , flag s e t  * /  

/ *  baud rate of serial t ransmission * /  

ULONG io_BrkTime ; / *  duration of break signal * /  

struct IOTArray io_TermArray ; /* terminal character set * /  

UBYTE 

UBYTE 

UBYTE 

UBYTE 

UWORD 

io_Readlen ; 

io_Writelen ; 

io_StopBit s ;  

io_SerFlag s ;  

io_Statu s ;  

/ *  bits per read character * /  

/ *  bits per write character * /  

/ *  number of stop bits * /  

/ *  Serial Flag set * /  

/ *  see devices/ serial . h  for details * /  

M o s t  o f  t h e s e  fi e l d s  are s e t  to  reasonable  d e fa u l t  valu e s  by t h e  
O p e n Devi ce( )  fu nct ion s o  in  general you' l l  on ly need t o  worry abo u t  
actua l ly  set t ing  a parameter  i f  y o u  need  to  use  a value w h i c h  i s  
d i ffe rent to  the defau l t  value .  Here  for reference though are  some 
d e ta i l s  of  the  fi e l d s  which may be  set/a l tered :  i o_C ntChar  - t h i s  
fou r  byte fi e ld  spec i fies  the c ontrol c haracter byte s t o  use fo r X O N ,  
XOFF, INQ and AC K al though a t  present  INQ/ AC K handshak i ng i s  
N O T  su pported.  io_RBufLe nFie ld spec ifies  the s i z e  of  the bu ffe r t o  
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b e  u s e d  for c o l l ec t ing i ncoming data. I t  must have a s ize  o f  at least  
64 bytes an d  should not  be  changed whi lst  the device i s  rece iving 
d ata ( the  d ev ice  wi l l  a lmost  c e rtainly d iscard the contents o f  the o ld 
b u ffer  as  i t  insta l ls  the  new bu ffer) .  

io_Extflags 

This  can  be used to se lec t  mark or space parity (see RKM manuals  
for fu rthe r d e ta i ls ) .  I f  not  used the whole of  th is  fie ld  must be set  to  
z e r o .  

io_Baud 

Any valu e ,  from 1 to over 4 mi l l ion ,  can be placed h e re but  i f  the 
v al u e  c a n n o t  be  s u p p o rt e d  by the hard ware then  the device  w i l l  
r ej e c t  i t .  Bau d  rates ov er  1 9 ,200  need  a few spec ial t r icks to  ensure 
that  data does  not  get  lost  - special corner-cutt ing provis ions for 
M i d i  data (which  uses  a 3 1 , 2 5 0  baud rate )  are provided .  

io_Brk 

TimeThis  a l lows the  user  to define  ( in  microseconds)  how long a 
s e ria l  l i n e  b reak c ondi t ion  lasts .  

io_ TennArray 

This  is a n i c e  flexib le  array-based approach to End-Of-F i le  charac ter  
c o l l e c t i o n .  Yo u f i l l  t h e  a r ra y  w i t h  up to  e i g h t  d i f fe r e n t  E O F  
t e rm inators (because o f  the way the array i s  searched these  have to 
b e  arranged in descending order) .  Th e two th i ngs to bear in mind 
are :  f i r st l y, t ha t  you d o  h ave t o  p rovi d e  e ight  e nt r i e s  s o  i f, fo r 
i nstance ,  you o n ly want to  define  one  EOF value you' l l  need  to  se t  
e ight  i d e n t i cal val u e s  i n  th i s  array. Second ly, t h e  EOFMODE fl ag 
must  b e  set  in  the  s e rial  flags fi e ld  because of  th is  i s  not  d o ne the 
s e r ial  d evi ce  ignores  the io_Te rmArray altogether. 

io_ReadLen/io_ WriteLen 

These te l l  the  se rial device how many bits  should be present  per  
c haracter  o n  the  data be ing read and transmitted (normal values  are  
7 or  8) .  

io_StopBits 

Te l l s  t h e  d e v i c e  h o w  many s top  b i t s  s h o u l d  be p r o d u c e d  w h e n  
w r i t i n g  s e r i a l  d a t a  ( a n d  e x p e c t e d  w h e n r e a d i n g  s e r i a l  d a t a ) .  
Normal ly s e t  to  e i ther  1 or  2 .  

io_Serflags 

The devices/ser ia l . h  system header fi le provides a number o f  flag 
def in i t ions wh ich  are recognized by the serial  device .  The defaul t  
valu e s  o f  all of  these  flags i s  zero ( ie not set ) :  

SER F_ EOFMODE : I f  y o u  w a n t  t h e  s e r i a l  d e v i c e  t o  c h e c k  
i o_ Te r mA r r a y  t h e n  y o u  w i l l  n e e d  t o  s e t  t h i s  f l a g .  I t  i s  
i n c i d e ntal l y  t h e  o n ly flag t hat can  b e  s e t/res e t  d i rec t ly  ( i e  
w i t h o u t u s i n g the  c o n v e n t i o na l  set  para m e te rs fu n c t i o n  
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descr ibed later) .  

SERF_PARIY_ODD: Sele cts odd parity. Defau l t  (flag c l ear) condit ion 
se lects  even parity. 

SERF_PARIY_ON: I f  t h i s  f lag is s e t  par i ty  u s age and c h e c king  i s  
e nabl e d .  

SERF_QUEUEBRK: I f  s e t  t h e n  a l l  break co mmands w i l l  be q u e u e d .  
The defaul t  set t ing i s  that th is  flag is  c l ear and in t h i s  case 
any break co mmand rece ived wil l  take precedence over other 
ser ia l  output already queued.  

SERF_RAD_BOOGIE: What a great name for  a flag. I f  you set  it the  
s e r ia l  d e v i c e  w i l l  use  a h igh -speed  mode which by- pas s e s  
s o m·e o f  i ts i n t e r n a l  da ta  c h e c k i n g  o p e ra t i o n s .  The re a re 
however some do 's and don'ts associated with the use of th is  
f lag b e c au s e :  you must have d i sab l e d  par i ty c he c ki ng ,  you 
m u s t  h a v e  d i s a b l e d  X O N/XO F F  c h e c k i n g ,  you must  b e  
reading/writ ing 8-b i t  characters ,  and you should not expect to  
test  for break s ignals !  

SERF_SHARED: By defau l t  the se rial device o pe ns assuming that the 
user wants  exc lus ive access.  Setting th is  flag before opening 
the ser ia l  device wi l l  a l low other tasks serial  device access .  In  
gene ral th is  i s  not  a wise move but i t  could be usefu l  in  some 
carefully controlled mult i -program environments .  

SERF_XDISABLED: I f  set  th is  flag d isabl es  XON/XOFF handshaki ng. 

SERF_ 1WIRE: Forces  the device to u se seven-wire handshaking fo r 
RS2 3 2 C  c o m m u n i c a t i o n s  in stead o f  t h e  d e fa u l t  t h re e - w i r e  
arrange m e n t  (ba s e d  o n  p i n s  2 ,  3 and  7 ) .  F lag m ust be s e t  
before  device is  in i t ia l ly  opened .  

Device Commands 

Exec dev ices  in genera l  are expected to respond to at  least  e ight  
standard c o m ma n d s .  The term respond however does not  mean 
e x e c u t e  p r o p e r l y  - i f  a d e v i c e  c a n n o t  c a r ry o u t  o n e of  t h e s e  
commands (and you wou ld  not ,  for instance ,  expect  t o  b e  able to  
read data fro m a pr inter  device)  the  device  shou ld  retu rn a suitable  
e rror  c o d e .The fo l lowing co mmands are  defined  in  the  exec/io . h  
system fi l e :  

CMD_CLEAR 

This c lears all i nte rnal device bu ffers ( without doing a CM D_U PDATE 
fi rst) .  Al l  exis t ing data is lost .  

CMD_FLUSH 

This command aborts all queued 1/0 requests . 

CMD_READ 

This command wi l l  try to read a number of bytes ,  as spec i fied in  
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the request  b lock's i o_Le ngth fi e ld ,  into the data buffe r. The numbe r 
of  bytes actual ly read wi l l  be  re tu rned i n  the io_Actual fi e l d  ( th is  
fi e l d  s h o u l d  b e  checked to  e ns u re that the  expected nu mber  o f  
bytes  were read) .  

CMD_RESET 

This command in i t ial i z es  a device return ing any parameters to t h e i r  
d e fau l t  s e t t i n g s .  Any i m p e n d i n g r e q u e s t s  a r e  a b o r t e d  and  a l l  
buffers e tc ,  are effect ively c l eare d .  

CMD_START 

Used to re-start a device a fter  a CMD_STOP command. I/O requ e s t  
hand l ing then co nt inues a s  per  normal with a n y  requests that may 
have been queuing be ing hand led fi rst .  

CMD_STOP 

This  c o mmand s t o ps  the  dev ice  at  t h e  ear l i e s t  o p p o r t u n i ty. I/O 
requests c o nt inue  to  queue but  are not servi ced .  

CMD_UPDATE 

This co mmand forces  the  device 's internal  memory bu ffe rs to  b e  
wri t ten to t h e  p hysica l  device  - u nder  n o rmal  c i r c u mstances  t h e  
device shou l d  pe r form s u c h  operations automatical ly anyway. 

CMD_WRITE 

This co mmand wi l l  try to write a number of  bytes ,  as spec i fi ed  i n  
t h e  r e q u e s t  b l o c k 's i o_Le ngth  f i e l d ,  fro m t h e  d a t a  b u ffe r. T h e  
number o f  bytes actual ly written w i l l  be  returned i n  the  io_Actual  
fie ld  (again th is  fi e ld  should be che cked to ensure that the expected 
number  o f  bytes were  read) .The serial  device  supports seven o f  the  
standard devic e  c ommands - CMD_C LEAR, CMD_FLUSH ,  CMD_READ,  
CMD_RESET, CMD_START, CMD_STOP and CM D_WRITE. 

I t  a lso supports these three non-standard co mmands .  

SDCMD_BREAK 

This is  used to send a break s ignal (resu l ts  in the serial l i ne  be ing 
held low for  a use r-def ined,  re lat ively long,  per iod .  

SDCMD_QUERY 

This  c o mmand retu rns a snapshot  o f  the  se r ia l  po r t 's l i ne s  a n d  
regi s t e r s .  D e t ai l s  c a n  b e  o bt a i n e d  f r o m  t h e  R K M  s e r i a l  d e v i c e  
autodocs.  

SDCMD_SETPARAMS 

This enables the se rial port parameters to be changed .  With in  the 
Mid iPlayX p rogra m  you' l l  fi nd a rout ine  ca l led SetHighSpeedSeria l ( )  
that  uses  th is  co m mand,  i n  conj u nct ion with a DolO() ca l l  that I ' l l  
d iscuss later, to set  u p  the serial  device for Midi  t ransmiss ion .  The 
requ ired Midi  valu es are set  u p  and a SDCMD_SETPARAMS co mmand 
issued l i ke th i s :  
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g_serial_request_p - > io_Se rFlags=SERF_SHARED I SE RF_XDI S ­
AB LE D I  SERF_RAD_BOOGIE ; 

g_serial_request_p - > io_RBuflen=BUFFER_S IZE ; 

g_serial_request_p - > io_Baud=Midi ; 

g_serial_request_p - > io_Read len=8 ; 

g_serial_request_p - > io_Wr itelen=8 ; 

g_serial_request_p - > io_St opBit s=1 ; 

g_ser ial_request_p - > IOSer . io_Command=SDCMD_SETPARAMS ; 

if ( ( DoIO ( ( struct IORequest * ) g_serial_reque st_p ) ) l =NULL ) 
etc . 

Opening and Closing A Device 

A s  m e n t i o n e d  Ex e c  I/O i s  always p e r fo r m e d  u s i n g  I/O requ e s t  
b l o c ks .  Before I/O can b e  successfu l ly achieved however the b locks 
m u s t  be  properly i n i tia l i z e d  (by both  the  syst e m  and t h e  u s e r ) .  
Provid ing t h i s  has been done t h e  devi ce  c a n  be o p e n e d  a n d  th i s  i s  
d o n e  in  much  the  same way a s  one wou ld  open a l ibrary. The Exec 
system fu nct ion  which performs th i s  is ca l l ed  O p e n Device( )  and ,  
s ince  a l l  devices  opened  by  a program must be  c losed before the  
p r o g r a m  t e r m i n a t e s ,  E xe c a l s o  p r o v i d e s  a c o r r e s p o n d i n g  
C lo se Device()  funct ion .  

Function Name: OpenDeviceO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

This function opens the specified device unit (completing 
any further initialization of the request block as it does so). 
error=OpenDevice(name_p, unit, io_request_p, flags); 

BYTE OpenDevice(char *, ULONG, struct IORequest *, 
ULONG); 

DO OpenDevice(AO, DO, A l ,  Dl)  

name _p - pointer to device name 

unit - unit number of the device to open 

io_request_p - pointer to a request block 

flags - additional info (device specific) 

Return Value: error - success/failure indicator 

Notes: when specifying a device name you should bear in mind 
that Exec filenames are case sensitive! 
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Function Name: CloaeDeviceO 

Description: 

Call fonnat: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

This function closes a specified device unit. 

CloseDevice(io _request_p); 

void CloseDevice(struct IORequest *); 

CloseDevice(Al )  

io_request_p - pointer to a request block 

None 

All outstanding UO requests must have been 
completed (or aborted) before closing the device. 

T h e  fu n c t i o n  c a l l s  a re p e r fe c t l y  s t ra i g h t fo rwar d  t o  u s e  a n d ,  
n e e d l e s s  t o  say, I p lace  t h e s e  o p e rat ions  into  my standard stack 
bas e d  a l l ocat ion  s c h e m e .  L is t ing 1 0. 1  shows the  dev ice  o p e n i ng 
fu nct ion you' l l  fin d  me u s i ng with in  the example code a long with 
the c o rre sponding c los ing rout ine .  

/ * Listing 1 0 . 1 :  Allocator based device  opening and c l o s in g  
code* / 

UBYTE OpenSer ia lDevice ( )  

{ 

UBYTE error_number=NO_ERROR ; 

g_se rial_request_p - > io_SerFlags=SERF_SHARED ; 

if ( ( OpenDev ice ( SE RIALNAME , O , ( st ruct  IORequest 
* ) g_serial_request_p , O ) ) l =NULL)  

e r ror_numbe r=STARTUP_ERROR ; 

else { 

g_function=CloseSe r ia lDev ice ; 

PushStack ( g_resource_st ack_p , g_fu nction ) ; 

} 
return ( e r r o r_number ) ; 

} 
v o id CloseS e r ia lDevice ( )  

{ 

C loseDev ice ( ( st ru c t  IORequest * ) g_serial_request_p ) ; 

} 
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Amiga Lib Support Functions 
The basic  i d eas of opening a device ,  us ing it via a combined set  o f  
stand ard a n d  no n-standard co mmands ,  a n d  c los ing i t  when you've 
f i n i s h e d  u s i ng it a re s i mp l e  e n o u g h .  In  prac t i c e  t h e  i s s u e s  a re 
comp l i cated by the  fac t that a fai r  amount of  in i t ia l i zat ion has to be 
done and that inc ludes  setting u p  a reply port so that the device 
h a s  s o m e w h e r e  to d e l i v e r  i t s  m e s s a g e s  t o .  F o r t u n a t e l y  fo u r  
addi t ional funct ions are provided in the amiga . l ib  l i brary that make 
l i fe t h a t  m u c h  e a s i e r. The  fi rs t  two s i m p l i fy t h e  c r e a t i o n  a n d  
de let ion o f  me ssage ports ,  the second two a l low you t o  create and 
de lete extended IORequest structure s :  

Function Name: CreatePortO 

Description: Set up (allocate and initialize) a message port 

port_p=CreatePort(name _p, priority); Call Format: 

C Prototype: struct MsgPort *CreatePort(char *, LONG); 

name_p - pointer to NUlL terminated string Arguments: 

priority - priority value (used to position the port in the 
public port list) . 

Return Value: port_p - pointer to a new message port. 

Notes: If a NUlL name is provided the port is not added to 
Exec's public port list. Since such ports cannot be 
found by using the Exec FindPort() function they are 
termed 'private' .  

Function Name: DeletePortO 

Description: 

Call Format: 

C Prototype: 

Arguments: 

Return Value: 

Delete a message port 

DeletePort(port_p); 

void DeletePort(struct MsgPort *) ; 

port_p - pointer to the message port. 

None 

Again  the  use  o f  these  funct ions i s  very straightforward as you ' l l  
s e e  f ro m  the  M i d i P layX s o u rc e  l i s t i n g. R e p l y  p o rt c r e a t i o n  fo r 
instance i s  done l ike th i s :  

/ * List ing 1 0 . 2 :  Allocator based reply p o r t  creation* / 

UBYTE CreateSerialReplyPort ( vo id )  

{ 

UBYTE error_number=NO_ERROR ; 

if ( ( g_se rial_rep ly_port_p=CreatePort ( S E RIALNAME , O ) ) ==NU L L )  

error_number=STARTUP_ERROR ; 

else { 

g_funct ion=DeleteSerialReplyPort ; 
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PushStack ( g_re source_stack_p , g_function ) ;  

} 
return ( e r ro r_numbe r ) ; 

} 

[Note :  I f  you look in  the offi cial  l i terature you wi l l  i nc idental ly fi nd 
t h a t  t h e r e are C r e a t e M sgP o r tO  a n d  D e l e t e M s g P o r t ( )  fu n c t i o n s  
avai lable in  the exec l ibrary (from V3 6 onwards) .  The advantage of  
us ing these  funct ions i s  that  you do not  have to l ink  wi th  amiga. l ib .  I 

Function Name: CreateE:ictlOO 

Description: 

Call Format: 

C Prototype: 

Arguments: 

Create an IORequest based structure 

io_request_p=CreateExtIO(reply _port_p, size) ; 

struct IORequest *CreateExtIO(struct MsgPort *, 
UL()NG); 

reply _port _p 
- pointer to an INITIALIZED message port 

size - size of the I/O request block needed 

Return Value: io_request_p - pointer to the new I/O request structure 
or NULL if function failed. 

Notes: Normally size is determined by using sizeofO in 
conjunction with the extended device specific structures 
defined in the system headers. 

Function Name: DeleteE:ictlOO 

Description: 

Call Format: 

C Prototype: 

Arguments: 

Return Value: 

Delete an IORequest based structure 

DeleteExtIO(io _request_p ) ;  

void DeleteExtIO(struct IORequest *); 

io _request_p - pointer to an I/O request 
block. 

None 

[ N o t e : Ag a i n ,  i f  y o u  l o o k  i n  t h e  o f f i c i a l  l i t e r a t u r e  y o u  w i l l  
i n c i d e n t a l l y  f i n d  t h a t  t h e r e a r e  C r e a t e I O R e q u e s t ( )  a n d  
Delete IORequest() funct ions now avai lable i n  the exec l ibrary (from 
V36 onwards).  I 

Device Use Summary 

I f  you extract the genera l  ideas from the previous d iscuss ions  you' l l  
see that a recogn i sable pattern i s  e me rging for the  use  of  Amiga 
dev ices :  

1 .  Use  CreatePort( )  o r  the equival ent  exec fun c t i o n  to  c reate  a 
re ply port  for the device to send i ts  me ssages to .  

2 .  Al locate and in it ia l ize  a suitab le  devic e  I/O request  structure 
by using CreateExtIOO or  the e qu ivale nt exec funct ion  . 
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3 .  Open the device u s i ng the O penDevice( )  funct ion .  

4 .  U s e  t h e  dev ice  for  as l o ng as requ i re d  v ia  any standard or  
non-standard dev ice  ca l l s  wh ich  are  avai lable .  

5 .  C lose  the device us ing the Close Device () fu nct ion .  

6 .  De lete  the  I/O requ e s t  s tructure  u s ing  D e l e t e Ext IO( )  or  the  
equivalent exec  funct ion .  

7 .  De l e te  the  reply port us ing De lete Po rt()  o r  the equivalent exec 
fu nct ion .  

The sett ing u p  and c los ing  o f  the var ious e nt i t i es  can seem a b i t  
l i ke  hard work. Luc ki ly  once the device  i s  u p  and ru n n i ng sending 
c o mmands to i t  i s  easy. 

The DolOO Standard Interface Function 

There  are a number of Exec fu nct ions reponsib le  for i n te rfac ing 1/0 
requests and these operate independently of the parti cu lar  device 
in quest ion  (essential ly they deal with the request block as a who le  
and ignore the contents of  the  block) .  The one  t hat I ' l l  be  us ing in  
t h i s  chapter i s  ca l l ed  DoIO() :  

FW\Ction Name: DoIOO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Timer Device 

This initiates an I/O request and waits for it to complete. 
In other wards it performs synchronous I/O. 

error=Do!O(io_request_p); 

BYTE Do!O(struct IORequest *) ;  

DO Do!O(Al) 

io_request_p - pointer to an initialized I/O request 
block 

error - NULL if operation was successful otherwise the 
returned value is a (device specific) error number. 

This function asks the device driver to perform the 
requested I/O operation and then waits until the 
operation is complete (it will try to use quick I/O if 
possible). 

The Amiga's t imer  device use fo l l ows the same broad plan as any 
other  device and it i s  necessary to  set  up a reply port and a requ est  
b lock before open ing the device . You 'l l  see from the accompanying 
l i s t i ngs that there  i s  a lo t  of  co mmon ground between  se rial  devic e  
a n d  t imer  device  c o d e  dur ing the i n i t ial  set t i ng u p  stages .  I ' l l  b e  
se t t ing t h e  t imer  device  u p  i n  what's ca l led UNIT _M ICROHZ mode 
u s i ng a TR_ADDREQUEST command coupled  with Do IO() ca l l .  Th i s  
re s u l t s  i n  the  t i m e r  d ev ice  wai t ing  fo r the s p e c i fi ed  t i me per iod  
b e fore replying to  my  t ime  interval request .  The t imer  device use  
wi th in  the M i d i PlayX program wi l l  be  qu i te  easy to  fo l low but the 
t imer device  i s  capable  of  much more sophist i cated uses .  For mo re 
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c omplete  detai ls  o f  t imer device use  you should  consu l t  the  o ffi c ia l  
Amiga l iteratu re.  

M idiPlayX 
With the  device re lated i ssues now safe ly  out  o f  the  way we can 
n ow ta lk  s e n s i b l y  about  t h e  overa l l  s t ruc ture  o f  M i d i P layX - an 
A m i g a D O S  s ty l e c o m m a n d  that  can p l ay M PX fo r m a t  f i l e s .  By 
l o o king at  the cod ing for  th is  ut i l ity you should  b e  able  see  what 
has to  be  done to inco rporate M PX p laying i n to your own code .  

The command i tse l f  uses th is  command template : 

MidiPlayX <filename> 

The program uses my conventional resource a l locat ion  method ,  i n  
t h i s  case sett ing u p  and opening serial a n d  t imer devices  us ing an 
a l locat ion l i st that looks l i ke th is :  

U BYTE ( * display_list ( ] ) ( )  = { 

Creat eSe rialReplyPo rt , 

Creat eSerialReque stBlock , 

OpenSe rialDevice 

SetHighSpeedSeria l ,  

Creat eTimerReplyPort , 

CreateTimerRequestBlo c k ,  

OpenTimer 

} ; 

Provid ing the a l locat ion stages a re succ essfu l  the program si mply 
cal ls  a PlayF i le() rout ine passi ng to it  the name of  the fi l e  that was 
p rovided on the S h e l l  co mmand l i n e .  Once  t h e  PlayF i l e( )  rout ine  
t e r m i n a t e s ,  t h e  p rogram d e a l l o ca tes  i t s  r e s o u r c e s  in  t h e  u s u a l  
fas h ion .  Here 's the  l o o p  that provides  c o nt ro l  o f  the  s tartu p ,  fi l e  
p lay ing and c los ing d own operations :  

if ( I AllocateResource ( DISP LAY_COUNT , d isplay_li s t ) ) 

{ 

if ( P layFile ( argv ( 1 ] ) )  printf (MISSING_SOURC E ) ; 

} 
while ( I PopStack ( g_re source_stack_p , g_function ) )  g_fun c ­
t ion ( ) ; 

KillStack ( g_resource_stack_p ) ; 

} 

F i l e  playing,  as I 've a l ready me nt ioned,  i s  straight forward because 
of the s imple  s t ructure of M PX fi l e s .  Accu rate t iming  h o wever is  
obvious ly of  paramount i mportance  i f  the song be ing p layed i s  to  
sound right and so o ne of  the fi rst  th i ngs that the PlayF i le() rout ine  
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does  i s  bump u p  the M i d iPlayX task pr iori ty l i ke th i s :  

g_ta sk_p r io rity=SetTa s k P r i ( FindTask ( O ) , BUMPED_PR IORITY ) ; 

The spec i fi ed  fi l e  i s  then  opened and checked for su itabl e  header  
i nfo u s i ng th i s  sort  of  code :  

f ile_id=Rea d4By t e sFromChunk ( source_p ) ; 
if ( f ile_id==ID_MPX1 ) 

{ et c .  

Eve nt handing i tse l f  i s  also easy. We use  a loop  t hat reads eac h 8 
byte event  and works out  the  required t ime de lay by s u btract ing 
the  event  t i me o f  t h e  c u r r e n t  event  fro m t h e  event  t i m e  of  t h e  
p r e v i o us ly read  eve n t  a n d  t h e n ,  a ft e r  a n y  t i me d e lay r e q u i r e d ,  
t r a n s m i t s  t h e  m e s sage v i a  t h e  se r ia l  p o r t  u s i ng a c o nv e nt i o n a l  
Do IOO c o mmand. 

H e re 's the framewo rk o f  the l oo p  that you' l l  fin d  in the P layFi le ( )  
rout ine :  

wh ile ( fread ( g_Midi_mes sage , 8 , 1 , source_p ) ) 

{ 

de lay= * ( ( ULONG * ) g_Midi_message) - g_absolute_t ime ; 

g_ab solute_time= * ( ( ULONG * ) g_Midi_me ssage ) ; 

if ( delay ) 

{ 

Do a t ime de lay ( see later source for d e t a i l s )  

} 
Tran smitMessage ( ( UBYTE ) g_Midi_me ssage [ 4 ) ) ;  

} 

This PlayF i l e()  rout ine  i s  s imple  and short  and a l l  a p rogram has t o  
d o  to  incorporate M PX f i le  p laying capabi l i ty i s  to  incorporate t h i s  
c o d e  a l o n g  w i t h  t h e  S e t Ti m e r ( ) , Tr a n s m i t M e s s a g e ( )  a n d  
Read4BytesFromChu nk() support  rout ines  (obviously the s e r ia l  and  
t imer  device han d l i ng code needs  to be present  as  we l l ) . Set  u p  and  
open  the  se rial  and t imer  devices and then  jus t  pass  the name o f  
t h e  fi le  t o  b e  played t o  the PlayFi le() rout ine .  Th e M i d i PlayX u t i l i ty  
was wri t ten p rimari ly to  show you what needs to be  d o ne and s ince  
i t  i s  r e l a t i v e ly s ma l l  h e re t o  fi n i s h  t h i s  c h a p t e r  i s ,  fo r ease  o f  
re fe rence ,  the complete  source for the program: 

/* ==================================================== * /  

/ *  Module name : Midiplayx . c  - contains the  MidiPlayX p r o ­
gram code 

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

#define ALLOCATE GLOBALS 

#include " genera l . h " 
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# d ef ine MakeI D ( a , b , c , d )  ( ( LONG ) ( a ) «24L I ( LONG ) 
( b ) «1 6L I ( c ) «B I ( d )  ) 

#define I D_MPX1 Make ID ( ' M '  ' ' P '  ' ' X ' ' ' 1 ' ) 

#define DISPLAY_COUNT 7 

�buff s ize=MidiFILE_BUFFER_SIZE ; 

U BYTE ( * d isplay_list ( ) ) ( )  = { 

CreateSeria lReplyPort , 

CreateSer ialRequestBloc k ,  

OpenSer ia lDevice , 

SetHighSpeedSerial , 

CreateTimerReplyPort , 

CreateT im erReques t B lock , 

OpenTimer 

} ; 

m a in ( int argc , char  *argv [ ] )  

{ 

U BYTE error_number=NO_ERROR ; 

p r intf ( S I GN_ON ) ; 

if ( l ( g_resource_stack_p=C reateStack ( void * ) ) )  error  num ­
ber=NO_STACK ;  

e lse { 

/ * a t t empt t o  allocate resources . . .  * /  

if ( I AllocateResource ( DISP LAY_COU N T , disp lay_list ) )  

{ 

if ( P layFile ( argv ( 1 ] ) )  printf ( MI SSING_SOURCE ) ;  

} 
wh ile ( I PopSt ack ( g_resource_stack_p , g_func t ion ) )  
g_funct ion ( ) ;  

KillStack ( g_re source_st ack_p ) ; 

} 
r e t u rn ( O ) ; 

} 
/ *  Logical end  of program * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE AllocateResource ( UBYTE count , UBYTE ( * li st ( ) ) ( ) )  

{ 

UBYTE i ,  e r r o r_numbe r ;  

f o r  ( i=O ; i<count ; i++ ) 
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{ 

if ( er ro r_numbe r=list ( i ] ( ) )  

{ 

} 

} 

printf ( " %s %d \ n " , CANNOT_ALLOCATE , i ) ; 

i=count ; / *  force exit from loop * /  

return ( e r r o r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE CreateSer ialReplyPort ( v oid)  

{ 

UBYTE error_number=NO_ERROR ; 

if ( ( g_se r ia l_rep ly_port_p=CreatePort ( SE RIALNAM E , O ) ) == NU L L )  

e rr o r_number=STARTUP_ERROR ; 

else { 

g_funct ion=Delet eSe rialReplyPort ; 

Pu s hStack ( g_resource_stack_p , g_function ) ; 

} 
return ( e r r o r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

v o id DeleteSerialReplyPort ( void)  

{ 
Delete Por t ( g_s e r ia l_reply_port_p ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE CreateSer ialRequestBlock ( )  

{ 

UBYTE error_number=NO_E RROR ; 

g_seria l_request_p = ( struct IOExtSer * ) 
CreateExt IO ( g_serial_reply_port_p , sizeof ( st ru c t  
IOExtSe r ) ) ;  

if ( g_se r ia l_request_p==N U L L )  er ror_number=STARTUP_E R RO R ;  

else { 

g_s e r ia l_request_p - >IOSe r . io_Data = ( APTR ) &g_M i d i_mes 
sage ( 5 ) ; 

g_function=Delet eSe rialRequestBlock ; 
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P u shStack ( g_re source_stack_p , g_function ) ; 

} 
r e t u r n ( e r ror_number ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id DeleteSerialRequestBlock ( )  

{ 

DeleteExtIO ( ( st ruct IORequest * ) g_serial_request_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

U BYTE OpenSer ialDevice ( )  

{ 

U BYTE e r r o r_number=NO_ERROR ; 

g_serial_request_p - > io_SerFlags=SERF_SHARED ; 

if ( ( OpenDevic e ( SER IALNAME , O , ( st ruct IORequest * )  
g_se r i a l_request_p , O ) ) l =NUL L ) er ror_number=STARTU P_ERROR ; 

e lse { 

g_funct ion=C loseSe r ia lDevice ; 

P u shStack ( g_re source_stac k_p , g_function ) ; 

} 
r e t u rn ( e r ror_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id C lo s eSer ialDevice ( )  

{ 

C lo s eDevice ( ( st ruct  IORequest * ) g_serial_reque st_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

U BYTE Set H ighSpeedSerial ( )  

{ 

U BYTE e r r o r_number=NO_ERROR ; 

g_serial_request_p - > io_SerFlags=SE RF_SHARED I SERF_XDIS­
ABLE D I SERF_RAD_BOOGI E ;  

g_serial_request_p - > io_RBuf len=BUFFER_SIZE ; 

g_se rial_request_p - > io_Baud=Mid i ;  

g_serial_request_p - > io_Readlen=B ; 

g_serial_request_p - > io_Wr itelen=B ; 

g_serial_request_p - > io_StopBits= 1 ; 
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g_serial_request_p - > IOSer . io_Command=SDCMD_SETPARAMS ; 

if ( ( DoIO ( ( struct  IORequest * ) g_se r ia l_request_p ) ) ! =N U L L ) 
error_number=STARTUP_ERRO R ;  

e l s e  { 

g_se r ia l_reque st_p - > IOSe r . io_C ommand=CMD_WRITE ; 

} 
return ( e r ror_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE CreateTimerReplyPort ( )  

{ 

UBYTE error_number=NO_ERROR ; 

if ( ( g_t imer_rep ly_po rt_p=CreatePort ( TIMERNAME , O ) ) ==NULL ) 
error_number=STARTUP_ERROR ; 

else { 

g_funct ion=Delet eTimerReplyPort ; 

PushStack ( g_resource_st ack_p , g_function ) ;  

} 
return ( e r ro r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void DeleteTime rReplyPort ( )  

{ 

DeletePo r t ( g_t imer_rep ly_po rt_p ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE Creat eTimerReque stBlock ( )  

{ 

UBYTE error_number=NO_E RROR ; 

g_t imer_reque st_p= ( struct  t imerequest * )  
CreateExtIO( g_t imer_reply_port_p , sizeof ( st r uct  
t im e re quest ) ) ;  

if ( g_t imer_request_p==NULL)  error_number=STARTUP_ERROR ; 

else { 

g_funct ion=DeleteTimerRequestBlock ; 

PushStack ( g_re source_st ack_p , g_function ) ; 

} 
return ( e r ro r_numbe r ) ; 
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} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id DeleteTimerRequestBlock ( )  

{ 
D e le t e Ext IO ( ( st ruct  IORequest * ) g_t imer_reques t_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

U B YTE OpenTimer ( )  

{ 
UBYTE e r r o r_number=NO_ERROR ; 

if ( ( Op enDevic e ( TIMERNAME , UN IT_MICROHZ , ( st ruct  IORequest 
* ) g_time r_reque st_p , O) ) l =NULL)  

error_number=STARTUP_E RROR ; 

e l se { 
g_timer_request_p - > t r_node . io_Command=TR_ADDREQUEST ; 

g_function=Clo seTimer ; 

Pu shStack ( g_resource_st ack_p , g_funct ion ) ;  

} 
r e tu rn ( er ror_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

v o id C lo s eTimer ( )  

{ 

C loseDevice ( ( st ruct  IORequest * ) g_timer_reque st_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id �regargs TransmitMe ssage ( ULONG s ize ) 

{ 

BYTE io_e rror ; 

g_serial_request_p - >IOSe r . io_Length=siz e ;  

if ( io_e r ror=DoIO ( ( struct IORequest * ) g_seria l_request_p ) ) 
printf ( "%s %x \ n " , SERIAL_IO_ERROR , io_error ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id �regargs SetTimer ( ULONG seconds ,  ULONG m icro second s )  

{ 

BYTE io_e rror ; 

g_t ime r_request_p - > t r_t ime . tv_secs=sec ond s ;  
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g_t imer_request_p - > t r_t ime . tv_micro=mic roseconds ; 

if ( io_error=DoI O ( ( st ruct  IORequest * ) g_t imer_request_p ) ) 
printf ( " %s %x \ n " , TIMER_IO_ERROR , io_er ro r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE �regargs Play File ( TEXT *source_name_p ) 

{ 

BYTE io_error ; 

FILE  * sou rce_p ; 

UBYTE error_number=NO_ERROR ; 

ULONG de lay , file_id ; 

g_abso lut e_t ime=O;  
g_task_p r iority=SetTaskPri ( FindTask ( O ) , BUMPED_PRIORITY ) ; 

if ( source_p=fopen ( source_name_p , " rb " ) )  

{ 

file_id=Read4Byt e sFromChun k ( source_p ) ; 

if ( file_id==ID_MPX1 ) 

{ 

Read4Byt es FromChunk ( source_p ) ; / *  read over b lank  
space  * /  

while ( frea d ( g_Midi_message , 8 , 1 , source_p ) ) 

} 

{ 

delay=* ( ( ULONG * ) g_Midi_message ) ­
g_absolute_t ime ; 

g_absolute_t ime=* ( ( U LONG * ) g_Midi_me ssage ) ; 

if ( delay)  

{ 

g_t imer_request_p -
> t r  _t ime . tv_secs=delay / 1 000000 ; 

g_t imer_request_p ­
>tr_t ime . t v_micro=delay%1 000000 ; 

if ( io_error=DoIO ( ( struct IORequest 
* ) g_t imer_request_p ) )  

printf ( " %s %x \ n " , TIMER_IO_E RROR , io_e r r o r ) ; 

} 
TransmitMessage ( ( UBYTE ) g_Midi_message ( 4 ) ) ;  

} 

else error_number=BAD_FILE ; 
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fclose ( source_p ) ; 

} 
else error_number=NO_SOURCE ;  

SetTask P r i ( FindTa s k ( O) , g_task_p r io rity ) ;  

return ( er ro r_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

ULONG �regargs  Read4BytesFromChunk ( FI L E  * s ource_p ) 

{ 

ULONG value ; UBYTE i ;  

v a lue= ( U LONG ) fget c ( sourc e_p ) ; 

fo r ( i=O ; i<3 ; i++ ) v alue= ( v alue<<S ) +fget c ( source_p ) ; 

return ( v a lue ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

v o id �regargs  �chkab or t ( void)  

{ 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 
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1 1: 

The 

Workbench 

Midi Player 

Program 

M i d i  s e q u e n c e r  p a c ka g e s  a r e 
d e s i g n e d  p r i m a r i l y  f o r t h e  
c r e a t i o n  a n d  e d i t i n g  o f  M i d i  
s e q u e n c e s  and  wh i l s t  t hey o ffe r 
p l ay b a c k  fa c i l i t i e s  a s  p a r t  a n d  
p a r c e l  o f  t h i s  p ro c e s s t h e y  u s e  
t h e i r  o w n  ( p r o p r i e t a r y )  d a t a  
f o r m a t s  i n t e r n a l l y  a n d  a r e  
t h e re fo re n o t  u su a l l y  g eare d u p  
fo r d i re c t  playback o f  M i d i  fi l e s .  
T h i s  l a c k  o f  d i r e c t  M i d i  f i l e  
p lay i n g  s u p p o rt c a n  b e  a p a i n .  
Su ppose  for example  you have a 
l i b rary o f  s e q u e n c e s  a n d  s o ngs 
which ,  for reasons  of  portab i l i ty, 
y o u  k e e p  i n  M i d i  f i l e  fo r m .  To 
l i s t e n  to a n y  o f  t h e  d a t a  y o u ' d  
h a v e  t o  l o a d  a s e q u e n c e r  a n d  
then import the sequence  o r  song 
b e fo re y ou  c o u l d p l ay i t .  W h e n  
you've got hundreds  o f  songs o r  
s e q u e n c e s  t h e s e  i m p o r t 
operat ions can take a lo t  of  t ime .  
A l t e rnat ive ly, a s k  a n y  m u s i c i a n  
w h o  u ses  a M id i  sequencer  on  l ive 
gigs and they'l l also confirm that 
s e q u e n c e r s  i n  g e n e ra l  a r e  n o t  
g e a r e d  f o r e a s e - o f- u s e  a s  
p layback dev ices .  They have too 
many controls  and are nowadays 
large memory h u ngry p rograms 
( m e m o r y t h a t  w i t h  a s ma l l e r  
p r o g r a m  c o u l d  b e  u s e d  fo r 
storing Ram-based ,  an d therefore 
r a p i d l y  a c c e s s e d ,  s e q u e n c e s ) .  
What's needed i n  these ,  and many 
other, playback only situat i o ns is 
some sort of smal l u t i l ity that can 
ha n d l e  M i d i  fi l e s  d i re c t ly. 1 was 
never able to fi nd one and s o ,  to 
cut a long story short ,  1 wrote my 
own ca l led the M i d i Player. At the 
t i me of  w r i t i n g  two v e r s i o n s  o f  
t h e  p r o g r a m  a r e  a v a i l a b l e ,  a 
Wo r kb e n c h  v e r s i o n  a n d  a S h e l l  
command vers i o n .  B e fore  w e  do 
anything e lse  then here are some 
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b r i e f  d e t a i l s  o f  t h e  u t i l i t i e s  t h a t  y o u ' l l  f i n d  o n  t h e  d i s k  
accompanying the book.  

M i d iPlayer 1 . 3 0  is  the Workbench 2 . 04+ runable form of a u ti l i ty for 
p lay i ng Typ e  0 and Ty p e  1 M i d i  f i l e s .  I t  can  a l s o  exa m i n e  a n d  
d i s p lay general detai l s  concern ing t h e  contents of  M i d i  f i les and i n  
th i s  case a ny type o f  M id i  fi l e ,  i nc lud ing Type 2 ,  can b e  loaded for 
examinat ion .  How d o  you use  i t? We l l  you ' l l  fin d  the fu l l  docs fi l e  
o n  d isk b ut  basical ly y ou  just  connect your M i d i  gear to  an Amiga 
via a 

·
M id i  i nt erface and double  c l i ck  on  the M id iPlayer i con .  Use the  

Proj e c t  M e nu 's Select File opt ion  t o  o pen  t h e  fi l e  requester  and 
c hoose a M id i  fi l e .  

W h e n  you c l i c k  on  OK t h e  fi l e  wi l l  be loade d  and analysed aft e r  
w h i c h  y o u  w i l l  b e  a b l e  t o  u s e  t h e  D i s p lay m e n u  t o  exam i n e  a 
n u mber  of  fi l e  c haracter is t ics .  I n  part icular  you ' l l  be  able  to  see i f  
t h e  fi l e  contains  any Sysex or  sequencer  spec if ic  meta events ,  and 
b e  ab le  t o  s e e  t h e  general Mid i  message events  present  and  t h e  
channels  b e i ng used .  This should h e l p  make set t ing u p  eas ier  when 
attempting to  play fi l e s  created by other users .The Play F i le  menu i s  
u s e d  for  p l ay i n g ,  o r  c a n c e l l i ng ,  t h e  se l ec ted  fi l e .  A l l  N o t e s  O f f  
messages a r e  sent a s  s o o n  as  a play operat ion i s  cance l led so most  
e q u i p m e n t  s h o u l d  t h e r e fo r e  t u r n  o ff any h a n g i n g  n o t e s  v e r y  
qu ickly. A s  a precaut ion real  Note Off messages  t h e n  a lso g e t  s e nt 
fo r every note on  every c hanne l .  This is because some M i d i  u ni ts  
r e fu se to  r e c o g n i s e  A l l  N ot e s  O ff c o mman d s .  The  U t i l i ty  m e n u  
p rovides a s imi lar Kill Notes opt ion that c a n  be  u s e d  at  any t ime .  

The AmigaDOS Style MidiPlayer Command 
This ,  as the name suggests ,  is a vers ion of the  M i d i Player  that can 
be u sed to  p lay M id i  fi les  fro m a She l l  window or  an AmigaDOS or  
ARexx scr ipt .  The co mmand i tse lf  i s  used l i ke th i s :  

MidiPlay e r  < f  ilename> 

To p lay a fi l e  ca l led myfi l e . mid present  on a d i sk  in  d rive d fO :  fo r 
in stance you would type the command :  

MidiPlay e r  dfO : mysong . m id 

As u sual i f  you want to suppress the program's s ign-on text e tc ,  you 
ju st redirect  i ts  output to N IL :  

MidiPlay e r  >N IL : <filename> 

I ought to at  this stage ment ion that I am not go ing to  provide an 
i n-depth  l in e-by- l i n e  analys is  of  how I des igned and coded t h e s e  
M id i  fi l e  p layi ng programs - t h i s  would take a b o o k  in  i t se l f. What I 
do  want to  d o  however is cover the important areas and detai l  with 
a n u mb e r  of i s s u e s  t h a t  i l l u s t ra t e  i m p o r t a n t  g e n e ra l  c o d i n g 
p o i n t s . To s tart w i th  i t  s h o u l d  b e  pre tty obvi ous  that  the  key t o  
wri t i ng a ny fi l e  process ing ut i l i ty is  t o  unde rstand,  i n  de ta i l ,  t h e  
re levant fi l e  format. Thi s  means of  course that i t  i s  necessary for 
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you a l so  t o  know a l i t t le  about M id i  fi l e s  in  order  to apprec iate the  
ideas t hat are  about  to  be  d i scussed .  

Overview Of The Standard M idi File Structure 
At t h e  h i g h e s t  l e v e l  M i d i  f i l e s  c o n s i s t  o f  b l o c ks o f  d ata c a l l e d  
chunks. Eac h c h u n k  cons i sts  of  a 4 byte ident i fi e r  fo l l owed b y  a 3 2  
b i t  nu mber which  provides t h e  byte- length o f  the data he ld  in  the  
chunk .  At  the  t ime of  writ ing on ly two types  o f  c hu nks are  defi n e d :  
H e ad e r  c h u n ks w h i c h  h a v e  a MThd i d e n t i fi e r, a n d  t rac k c h u n ks 
wh i c h  h a v e  a MTrk i d e n t i fi e r. T h e  i d e a o f  f i l e s  c o n s i s t i n g  o f  
ident i fiable c h u n ks whic h  may b e  used o r  skipped over i s  o f  course  
s i mi l a r  t o  t ha t  u s e d  by E l e c t r o n i c  A r t 's I FF  fo r m a t .  There  a r e  
h o w e v e r  t w o  i m p o r t a n t  d i f fe r e n c e s :  f i r s t l y ,  t h e  M i d i  f i l e  
arrangement  doesn't support  the  idea o f  nested c hu nks.  Secondly, 
M i d i  fi l e  ch u nks are not padded to  an even number of bytes l i ke I FF  
fi l e s .  

M i d i  f i l e  c h u n k s  ca n  b e  a r r a n g e d in  t h r e e  w a y s  and  t h i s ,  a s  
ind icate d  i n  the p revious  chapter, leads t o  three types  o f  fi l es .  Type 
0 fi l e s  conta in  a header c hu nk fol lowed by a s ingle  track chunk -
th is  i s  the most  p o rtab le  of  a l l  M id i  fi l e  arrangements and i s  u sed 
for  s tor ing a sequ e nce  o r  song as a s ingle stream of  events .  Type 1 
fi l e s  have a d i ffere nt  use  - they a l low mult ip le  s imul taneous track 
s e q u e n c e s  to be s t o re d .  Ty p e  1 fi l e s  c o n t a i n  a h e a d e r  c hu n k  
fo l l o w e d  b y  a n u m b e r o f  s e pa ra t e  t r a c k  c h u n k s  i n t e n d e d  t o  
represent  t racks t o  b e  p layed s imultaneous ly. 

Format 2 fi l e s  are d i fferent  again because they 've been d eve l o ped 
to  a l low sets  o f  independent sequences  to  be  stored.  A sequ e nc e r  
might save the  i ndividual  sequences ( intro ,  verse ,  br idge etc)  which  
make u p  a complete  song as a s ing le  format 2 type fi l e .  For  a Mid i  
f i l e  p l ay e r  program the  m o st c o nve n i e n t  format  i s  the  type  0 
arrangement  b u t  s ince  most  companies  t hat pro d u c e  c o mmerc ia l  
M id i  f i le  compos i t ions tend to  provide type 1 format fi l e s ,  a p laye r 
p rogram id eal ly needs to  be  able to  read and p lay these as wel l  as 
type 0 fo rmat fi l e s .  

MThd header c h u n ks a re always the  first  chunk i n  a M ID I  fi l e  and ,  
l ike a l l  M i d i  fi l e  chu nks,  they start with the  ident i fi e r  fol lowed by a 
3 2  b i t  c hu nk s ize  value .  Header chu nks currently have s ix bytes o f  
data: t h e  f irst word gives the  f i le  format (0, 1 , or  2 ) ,  the  second te l l s  
you  how many t rack  c hunks  are  p resent  i n  the  fi l e ,  and the  las t  
contains t iming/divis ion  informat ion .  The c hu n k  contents therefore 
take this form:  

4 Bytes  MThd ident ifier 

4 Byt e s  S iz e  in bytes of fo llowing data ( cu r re n t ly 6 )  

2 Byt e s  Midi f ile type  (O ,  1 o r  2 )  

2 Byt e s  N umber  of Track  Chunks  ( will be 1 f o r  file type O)  
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2 Byt e s  Division information 

The division fie ld 's contents and fo rmat may vary but i f  b i t  1 5 , ie  
the  most s ignifi cant b i t ,  is  zero then bits  1 4-0 give a 1 5  bi t  number 
which spec i fies  how many de l ta-time t icks make up a c rotchet  and 
this  i nformat ion  i s  used to  adjust  the overal l  event playback speed.  

Track c hu n ks start  with a 4 byte ident i fier  MTrk and a 3 2  b i t  l ength 
fi e ld  whic h  s hows how many bytes the chunk co ntai ns .  Fo l lowing 
that come t h e  data events themselves - these  al l  start wi th  a fi e ld  
t hat s p e c i f i es  t h e  amount  o f  t i m e  which shou ld  pass  b e fo r e  t h e  
spec i fi ed  eve nt  occurs (this i s  the s o  cal led delta time). Track c h u n k  
events c a n  b e  one  of  three type s :  M id i  Events  (wh ich  are d e fined a s  
be ing any M i d i  channel  me ssage) ,  Sysex events (whic h  in  a M id i  fi l e  
c a n  be  represe nted i n  two d i ffe rent ways) ,  and a co l l ect ion of  non­
M idi events known as Meta Events. 

M i d i  eve n t s  are  obv ious ly  go i ng to be of i nt e res t  to the  p laye r 
p rogram and I ' l l  deal  with the issues re lated to  these events late r. 
I 'm not  goi ng to  deal  with Sysex events in  any great deta i l  because  
m o st  music ians  do not  i nc lude  them i n  the i r  M i d i  fi l es .  Howeve r, 
becau s e  these  events have to  be  properly sk ipped over we do need 
to  know how t o  both ident i fy them and measure the i r  s ize .  Here are  
the  general Sysex event formats :  
Sysex event 1 :  <delta- time> <FO> 

Sysex event 2: <delta-tille> <F7> 

<byte-count> 

<byte-count> 

<sysex -data -bytes> 

<sysex -data-bytes> 

O n l y  two M e ta  e v e n t s  w i l l  d i r e c t l y  c o n c e r n  u s  a l t h o u g h  aga i n  
ge neral format d etai l s  are needed in  order t o  prop erly skip over any 
u n u s e d  e v e n t s  as  t h ey a re e nc ou n t e r e d .  M e ta e v e n t s  take  t h i s  
ge neral format : 
Meta Event <delta time> <FF hex> <meta- event type> <length> <data bytes> 

I n  other  words a l l  o f  them start with an FF hex Meta event ident i fi e r, 
fo l lowed by a type fie l d ,  a byte count ,  and the data i tse l f. The type 
fi e ld  is a 1 byte value  between 0 and 1 2 7  and the l ength fi e ld  is 
stored in  the same variab le  length format as is  used for de l ta-t i me 
values .  The two Meta eve nts of  interest  are those  that a l low the e nd 
o f  a track, or  a c hange in  tempo,  to be recognised  (See tab le  1 1 . 1 ) . A 
whole co l l ec t ion  of  other M eta events have been  def ined and many 
are used for embedding text mate rial (eg seque nce or  track names,  
lyrics and Copyright not ices) .  
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Deec:ription Type (Hu) Length Detaila 

End OfTrack 

Set Tempo 

Delta Timea 

2F 0 

5 1  3 

'This event must be used so that 
an exact ending point can be 
specified for a track. It's use 
is non-optional! 

A 24 bit number which 
represents microseconds per 
quarter note. These events 
should ideally only 
occur at positions where real 
Midi clocks could be located. 

Table 1 1 . 1 .  Two example meta events 

These time fields are an integral part of the syntax of all Midi file events and, 
like a number of other Midi file items, their values are stored in a variable 
length format containing 7 real bits per byte. The most significant bit (bit 7) 
is used to indicate either the continuation, or the end, of the number: 

l st Byte 2nd Byte n'th Byte 

lxxx xxxx lxxx xxxx Oxxx xxxx 

l l t 
shows that this is the last byte of 
the number 

Shows that more bytes are to follow 

You may be wondering why Midi files do not use say a simple fixed 4 byte 
event time field. The reason is to do with efficiency because with the 
variable length approach inter-event times which are less than 1 28 (the 
majority of the time values) can be stored using just a single byte. The 
number 126 for example can be stored simply as binary 0 1 1 1  1 1 10. Once 
we get above 1 27 however, ie 0 1 1 1  1 1 1 1 , more bytes will be needed to 
store the number. 

Table 1 1 . 2. Time fields. 

S o  t h a t  t h e n  i s  t h e  b a s i s  o f  t h e  M i d i  f i l e  s t an d a r d .  I t 's w o r t h  
mentio ning that something cal led running status, t h e  use  of  impl ied  
status byte s i s  al l owed in  M id i  fi l e  data mu ch  as  i t  i s  a l lowed in  real 
t ime M i d i  data streams. I t 's a tri c k  used for improving the effi c i ency 
of the M i d i  sys t e m  and is based on  the pre tty o bv i o u s  fac t  t hat 
p ieces  of  music  wi l l  i nvariably contain many sect ions that co ns ist  
o f  just  note  o n  an d  n o te o ff me ssages .  Because o f  th is  t h e  M i d i  
standard has al lowed notes to  be  turned off u sing n o t e  on  messages 
w i t h  z e r o  v e l o c i t y  b y t e s .  T h e s e  s e c t i o n s  c a n  t h e r e fo r e  b e  
complete ly trans mitted us ing jus t  note on  status byte s .  A normal 
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note  o n  message as we saw in  the  last chapter  cons is ts  of  three 
bytes  b u t  when the  running status arrangement  i s  used  most  of the  
note  playing events can be sent  as just  the two data bytes  (because 
the  status byte i s  unchanged) .  Running status can therefore reduce  
by u p  to  l/3 rd the number  o f  bytes that need to  be  transmitted !  

Although th is  running status scheme i s  also al lowed to  occur with in  
M i d i  fi l e  data i t  i s  on ly permitted within a stream o f  M id i  events - i t  
m u s t  n o t  be carr ied across non-channel  events .  S o ,  i f  a s tream o f  
running status  M i d i  messages are interrupted b y  one o r  more Meta 
o r  Sys e x  e v e n t s  i n  a M i d i  f i l e  t h e n  a n e w  s t a t u s  byte  m u s t  b e  
present in  t h e  fi rst  of  any M id i  message s which fol low. 

A Matter Of Design 
The i n i t i a l  p rogram deve l o pme nt  stages ,  as might  be expe c t e d , 
revo lved around the  use  o f  a co l l e ct ion  o f  techn iques  whose ai m 
was to map out  in  d etai l the  overal l  structure o f  the program. I used  
Warnier  d iagramming techniques fo r the  i n i t ial  p rogram d e s ign but  
there a re  p l en ty of  other, e qual ly usefu l ,  techniques  avai lable  that  
c ou ld  have been used .  I n  ge nera l  the two most i mportant po ints to  
make  are  that  fi r s t l y  you s h o u l d  u s e  s o me k i n d  of  s y s t e mat i c  
d e s ign approach ,  and secondly  that you shou ld  fee l  co mfortab l e  
with t h e  techn iques  you ado pt! 

Hav ing studied the M id i  fi l e  standard in  deta i l  its l ogical  s t ru cture  
was mapped out  to g ive me a c l ear p i cture o f  the formats of  the  
a l l o wab le  d ata  i t ems .  Th e re i s  a lways a v e ry s t r o n g  c o n n e c t i o n  
betwe e n  the  f i le  structure and final program structure i n  these  type 
o f  f i le  pars ing programs and in  fact  the descr ipt ions o f  many of  the  
p laye r  p rogram rout ines  were c reated d i rec tly from my Mid i  

·
fi l e  

structure d iagrams.  I found i t  convenient t o  sp l i t  the devel opme n t  
i n t o  two parts produ cing  fi rst a (h igh-level)  chunk reader whose j o b  
was t o  ident i fy ind ividual  M i d i  fi l e  track chu nks.  Don't  g e t  fo o led  
i n t o  th ink ing  that  t h e s e  ear ly  des ign stage s are j u s t  a mat te r  of  
sketching a program stru cture and  getting stuck i nto  the c o d i ng -
i t 's more an iterative cycle that involves you th inking  about what 
yo u ' re  d o i ng ,  p e r h a p s  c hangi n g  s o me i d e a s  in l i ght  of fu r t h e r  
t h ou g h t ,  m o d i fy i ng t h e  d e s ign  a n d  s o  o n .  F o r  exampl e ,  a s  t h e  
development proceeded,  one quest ion that arose with the  h igh-l eve l 
chunk  reader was how to check that any suppl ied  fi l ename actual ly 
c on s t i tu t e d  a M i d i  f i l e .  In t h i s  i n s t a n c e  the s t a n d a r d  gave t h e  
nec essary c lues  - the program must read the header chunk  and see  
i f  t h e  MThd i d e n t i fi e r  i s  p re s e n t  because  o n ly i f  a va l i d  header  
c hu n k  i s  fou n d  must  the  program attempt to read the header i t ems  
d e s c r i b e d  in  t h e  s t a n d a r d .  O t h e r  t h o u g h t s  i n v o l v e d  t h e  
incorporat ion of  a dummy destination file fo r receiving output  data 
- although not needed for the  p layer program i tse l f  I knew that t h i s  
fi l e  output  h o o k  would prove valuable in a number o f  re lated M i d i  
f i l e  appl i cat ions .  With my planning approaches a l l  o f  t h i s  type o f  
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detai l  gets eventual ly e mbedded i nto the program des ign d iagrams .  
As an example  F igure 1 1 . 1  shows  a War n i e r  sketch  o f  t h e  c h u n k  
reader part of  the player program. N o t i c e  that I 've a l lowed for t h e  
fac t  t h a t ,  a t  s o m e  l a t e r  s t age  i n  t h e  d e v e l o p me nt o f  t h e  M i d i  
standard ,  some n e w (and therefore  unrecognised)  fi e lds  might be  
added to the header. What does the fi nal code look l ike i n  re lat ion 
to the d iagram forms? Li st ing 1 1 . 1  shows a code sketch that was 
developed from the VALID F ILE area of the F igure 1 1 . 1  framework 
during the early deve lopment stages :  
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COLLECT SOURCE FILENAME 

(1 time) 

COLLECT DEST FILENAME 

(1 time) 

A'ITEMPI' TO OPEN SOURCE 

(1 time) 

SOURCE OPEN {source file cannot be opened 

(0,1 time) 

0 

SOURCE FlLE 

(0.1 time) 

READ HEADER CHUNK IDENTIFlER 
(1 time) 

VALID FlLE 

(O,l time) 

0 

VALID FlLE 

(0, 1 time) 

{ •peciliod �moo ;, not a Midifil• 

READ CHUNKSIZE 
(1 time) 

READ TYPE 

(1 time) 

READ TRACKCOUNI' 

(1 time) 

READ DMSION 

(1 time) 

DISCARD (CHUNKSIZE-6) UNRECOGNIZED BYTES 
(1 time) 

A'ITEMPI' TO OPEN DEST 

(1 time) 

OPEN DEST { destination file cannot be opened 

(0,1 time) 

0 

OPEN D 
(0.1 time) 

EXAMINE 
CHUNK 

(1,  n times) 

READ CHUNK IDENTIFIER 
(1 time) 

TRACK CHUNK f Discard 
(0, 1 time) '\Chunk 

0 
TRACK CHUNK{Analyse 
(0, 1 time) Chunk 

Figure 1 1 . 1 .  Part of the Warnier description of the high-level chunk reader. 
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/ * List ing 1 1 . 1 :  Part  of some pre liminary chunk reade r c o d e  
f o r  the  p layer program * /  

U BYTE OpenSourceOK( FILE  * source_p , TEXT *dest_name_p ) 

{ 

v a r iable declarations 

ident ifie r=Read4Byte s FromChunk ( source_p ) ; 

if ( ident ifier l =I D_HEAD E R )  error_number=BAD_HEADE R ;  

e lse { 

chunk size=Read4BytesFromChun k ( source_p ) ; 

type=fget c ( source_p ) ; type= ( type<<S ) +fget c ( source_p ) ; 

t r ac kcount=fgetc ( source_p ) ; t rackcount= ( t rack 
count<<S ) +f g e t c ( source_p ) ; 

g_div is ion=fgetc ( source_p ) ; g_division= ( g_divi 
s ion<<S ) +fgetc ( source_p ) ; 

g_microsecs=g_temp o / g_d iv ision ; 

byte s_t o_disca rd=chunksize - 3 * s izeof ( UWORD ) ;  

error_numbe r =Disca rdByt es ( bytes_to_discard , source_p ) ; 

if ( e r ro r_number==NO_ERROR ) 

{ 

if ( l ( de st_p=fopen ( de st_name_p , "wb " ) ) )  
e r r o r_number=NO_DEST ; 

e lse { 

for ( i=O ; i<trackcoun t ; i++) 

{ 

error_number=ExamineChunk ( source_p , 
de st_p , dest_name_p ) ;  

if ( e rror_numbe r l =NO_ERROR ) i=t rack 
count ; /*  force exit  */  

} / *  end of  loop processin g  * /  

fclose ( dest_p ) ; 

} / *  end of successful 
fopen ( d est_name_p , " wb " )  proces sing * /  

} / *  end o f  if( error_number==NO_ERROR ) processing* /  

} / *  e n d  o f  ( ident ifier==ID_HEAD E R )  processing * /  

f c lo s e ( source_p ) ; 

return ( e r r o r_number ) ; 

} 
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Chunk Analysis 

The high- l eve l  reader  j u s t  d e s cr ibed wi l l  happ i ly  sk ip  through a 
M i d i  f i le  on  a chunk by chunk bas is .  The n.ext stage involved the 
c reat ion o f  a ( low-l eve l )  chunk analyse r  whose job was to perfo rm 
the d e tai l e d  trac k chunk  examinat ion .  Again  a lot of  pre l i minary 
p lanning was carried out  and the result ing design d iagrams used to  
p r o d u c e  the  fi n a l  c o d e .  The c h u n k  ana ly s e r  r o u t i n e  has  t o  b e  
i nvolved with t h e  detai led structure of  possible  events present in  a 
M id i  fi le  and we know fro m the M id i  fi le  standard that every event  
has  an assoc iated de l ta t ime value  and that events are e i ther  Sysex,  
M eta o r  M i d i  events .  The overall  fo rmats of  Sys ex and Meta events 
are r e a s o n a b l y  s i m p l e  and have a l ready b e e n  d i s c u s s e d .  M i d i  
events ,  the d isk  fi le  equ ivalent o f  a Mid i  message, are a l i t t le  more 
c o mpl i cated because there are seven separate c lasses .  

A c hannel  MIDI  me ssage cons ists of  a s tatu s byte (bi t 7 set h igh)  
fo l l owed by e i ther  one or  two tra i l ing data bytes whose values can 
o nly be  between 0 and Ox7F. The status byte itself  need not  be sent  
i f  the  previous  message had the  same statu s byte  ( th is  is  ca l led  
r u n n i n g  status  a n d  i t  i s  used to  avo i d  u n n e c e ssary s tatu s byte 
dup l i cat ion) .  The status bytes have a M IDI channe l number (shown 
as  n) e m b e d d e d  in the  l o we r  fou r bytes and t h i s  OxO-OxF va l u e  
c orre s p o n d s  to  M I D I  channe ls  1 - 1 6 . Channe l  message ty pes and  
s izes  a re  shown below:  

NOTE OFF Ox8n 

NOTE ON Ox9n 

POLYPHON IC AT OxAn 

CONTROL CHANGE oxen 

PROGRAM CHANGE oxen 

CHANNEL  PRESSURE Ox On 

PITCHBEND Ox En 

NOTE_OFF_SIZE 

NOTE ON SIZE 

POLYPHON IC AT SIZE 

CONTROL CHANGE SIZE - -

PROGRAM CHANGE SIZE - -

CHANNE L_PRESSURE_SIZE 

PITCHBEND SIZE 

2 

2 

2 

2 

2 

The bottom l ine  here for a l l  fi le  events i s  that, having read the de l ta 
t ime valu e  and executed an appropriate delay, we must ide nt ify the 
event  typ e.  In  the corresponding code these Sysex and Meta eve nt 
c la s s i fi cat i ons  a re h a n d l e d  by a swi tch  s ta tement  and a l l  o t h e r  
bytes ,  which  should  be  e i ther  M id i  status bytes or  M id i  data bytes  
are dealt  with by a separate M id iHand ler()  rout ine that  checks/sets 
any statu s changes us ing a switch statement to ident i fy the various 
mes sage categor ies .  Li s t ing 1 1 . 2  shows a s ke l eton vers ion of the 
rout ine  which  handles  the event ident i fi cation .  

M i d i  me s s ag e s  v a ry  i n  s i z e  a n d  i n  order  t o  t ransmi t  the  r ight  
n u mber of  bytes  it 's necessary to d ist ingu ish  between the  various 
c l a s s e s .  Th i s  aga i n is  e a s i l y h a n d l e d  in  C b y  u s i n g  a s w i t c h  
s t a t e m e n t  a n d  l i s t i n g  1 1 . 3 s h o u l d  g i v e  t h e  g e n e r a l  i d e a .  
Tra n s m i s s i o n  o f  e a c h  mess age i s  a c h i eved  by t h e  s e r i a l d ev i c e  
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or ie nted TransmitMessage()funct ion shown in  l i s t ing 1 1 .4 .  

/ * L i s t in g  1 1 . 2 :  Skeleton form o f  the p rogram sect ion that 
identifies event classes . * / 

U BYTE Ana ly seChunk ( FILE  * source_p , FILE  *de st_p )  

{ 
do { 

delta_t im e=ReadVarLen ( source_p ) ; 

if ( delta_t ime ) 

{ 

real_delay=delta_t ime•g_microsec s ;  

g_t imer_reque st_p - > t r_t ime . tv_sec s =  
real_delay / 1 000000 ; 

g_t ime r_request_p - > t r_t ime . tv_micro= 
real_delay%1 000000 ; 

DoIO ( ( struct  IORequest * ) g_t imer_r equest_p ) ; 

} 
c u r r ent_byt e=fge t c ( source_p ) ; / *  read f irst byte of t h i s  
e v e n t  * /  

swit c h ( c u rrent_by t e )  

{ 

case  SYSEX EVENT1 : handle this type of event 

case  SYSEX_EVE NT2 : ditto 

case META_EVENT : ditto  

default : 

pass item t o  MidiHandler ( )  

b reak ; 

} 

}while ( l ( ex it_flag l g_break_f lag ) ) ;  

return ( e r ro r_numbe r ) ; 

} 

/ * L isting 1 1 . 3 :  The swit ch  sect ion code that b ui lt t h e  
M i d i  messages*/  

swit c h ( c u r r ent_statu s )  

{ 

case NOTE OFF : g_midi_message [ 2 ] =fgetc ( source_p ) ; 
TransmitMessage( NOTE_OFF_SIZE ) ;  
break ; 
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case NOTE_ON : 

case  POLYPHONIC_AT : 

case  CONTROL_CHANGE : 

case  PROGRAM_CHANGE : 

g_midi_message [ 2 ] =fget c ( source_p) ; 
TransmitMessage( NOTE_ON_SIZE ) ; 
break ;  

g_m id i_me s sage [ 2 ] =fgetc ( source_p ) ; 
TransmitMe ssage ( POLYPHONIC_AT_SIZE ) ;  
break ; 

g_m idi_mes sage [ 2 ] =fgetc ( sour ce_p ) ; 
TransmitMe ssag e (  
CONTROL_CHANGE_SIZE ) ; 
break ; 

TransmitMe ssag e (  
PROGRAM_CHANGE_SIZE ) ; 
break ; 

case CHANN E L_PRESSURE :  TransmitMe ssag e (  
CHANNEL_PRESSURE_SIZE ) ; 
break ; 

case P ITCHBEND : g_m idi_message [ 2 ] =fge t c ( source_p ) ; 
TransmitMessage ( PITCHBEND_SIZE ) ;  
break ; 

default : cur rent_status=BAD_CHUNK_DATA ; b reak ; 

} 
Listing 1 1 . 4 :  Serial request code for sending a Midi 
Message* /  

void T ransm itMe s sage ( U LONG size)  

{ 
g_serial_request_p - > IOSer . io_Dat a= (APTR ) g_m idi_message ;  

g_serial_request_p - > IOSer . io_Length=siz e ; 

g_serial_request_p - > IOSer . io_Command=CMD_WR ITE ; 

DoIO ( ( struct IORequest * ) g_seria l_request_p ) ; 

} 
Listing 1 1 . 5 :  A generalised routine used to s k ip over 
unwanted file events* / 

UBYTE DiscardBytes ( U LONG count , FILE  * source_p ) 

{ 
UBYTE error_number=NO_ERROR ; 

while ( count-) 

{ 

if ( fgetc ( source_p ) ==EOF) { e r ror_number=BAD_CHUNK_DATA ; 
count=O ; } / *  force exit * /  
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} 
return ( e r ro r_numb e r ) ; 

} 

The first vers ion o f  the M id iPlayer I produced was She l l  based and 
c o u l d  p lay  o n ly type 0 fi l e s .  I t  u s e d  my stack b a s e d  r e s o u r c e  
a l locat ion methods for t imer  and s e rial  device control  in  muc h  the  
same way as  the M i d iPlayX ut i l ity dea l t  w i th  in  the last chapter. The  
on ly d i ffe re n c e  was that  be fore  a M id i  fi l e  event cou ld  be  p layed i t  
had to  be  i d e nt i fi e d ,  a n d  i t s  de l ta t i m e  value  had to be  u n packe d .  
Unused eve nts ,  l i ke M e ta a n d  Sysex events ,  were d i scarde d  u s i ng 
the general i sed  rout ine  shown in  l i s t ing 1 1 . 5 .  There 's no  doubt that  
the  key t o  produc ing  th is  p iece of  software was a comple te  and 
thorough u nd e rstanding o f  the Mid i  fi l e  standard. In  fact  for many 
months I de l iberately J ived and breathed the Midi  fi l e  standard i n  
order to  d eve l o p  a very c lear me ntal p icture of  the ir  co ntents .  I a l so  
spent  a lo t  o f  t ime  wi th  the program design stages and made sure  
that my code corresponded very c lose ly to the  de sign d iagrams I 
had produ ced .  

There were  inc idental ly very c l ear  reasons for creating a She l l  based 
vers ion  in i t ial ly. As fi l e  reading programs go the Midi  f i le pars i ng 
rou t i n e s  u s ed we re re lat ive ly  c o m p l ex a nd  because  o f  t h i s  t h e y  
needed to  b e  tested in  the  s implest  environment poss ib le .  The She l l  
v e rs i o n  w h i c h  c o u p l e d  t h e  M i d i  f i l e  p a r s i n g r o u t i n e s  to  t h e  
minimum amount o f  resource a l locat ion/deal location  code needed  
to  produce  a runab le  program in  e ffec t  prov ided  a testbed that  
a l lowe d  me to c o n firm that  the underlying fi l e  pars ing des ign  i d eas  
were  sound.  I t es te d  th is  program for about a year  jus t  to  e nsure  
that  there were  n o  major  problems.  

Having got to  th is  s tage , produc ing a ve rs ion o f  the  program that 
u s e s  w i n d o w s ,  gadgets  a n d  m e n u s  i s  r e lat ive ly e asy.  I n t u i t i o n  
provides a l l  the  bu i ld ing  b locks needed and nowadays the Re lease  2 
GadToo ls  fac i l i t i e s  and t h i ngs l i ke the ASL fi l e  requ e st e r  l i b ra ry, 
wh i c h  I u s e  i n  M i d i Pl ay e r  v e r s i o n  1 . 3 0 ,  have made t h i ngs e v e n  
eas ier. I began t h e  Wo rkbench  convers ion  phase b y  sketc h ing o u t  
some poss ib le  d i sp lay layouts  a n d  th i nking about  whether  t h e re 
were any addit ional goodies that I cou ld  bolt  onto the code .  What 
sort o f  extras did I have in  mind? For  my own interes t  I was ke en  to  
i d e n t i fy fi l e s  t hat  c onta in  h i d d e n  sequencer specific Meta  e v e n t  
messages .  W hy? I t 's because t h e  Inte rnat ional M id i  Associat ion ,  t h e  
body that nowadays controls  t h e  M id i  f i le  standard,  has fo r many 
years sugge s t e d  t hat software houses  make the c o ntents  of s u c h  
data pac kets  p u b l i c  knowle dge . Most  s o ftware h o u s e s  d o  n o t  d o  
t h i s  a s  a matte r  o f  course (s imply because most users wou l d n't  b e  
interested anyway) .  I a m ,  a n d  i t  seemed to  me that i f  I k n e w  which  
f i l e s  c o n t a i n e d  s u c h  m e s s a ge s I ' d be  in  a b e t t e r p o s i t i o n  t o  
'encourage ' the  appropriate  software houses t o  release some extra 
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i n fo .  There were a lso some more practical  cons id erati ons to bear in  
m ind - l i ke knowing what M id i  channels a re  be ing  used  in  a given 
fi l e .  When you are p laying a Midi fi le  that you d idn't  create yourse l f  
i t  i s  oft e n  necessary to rese t  the  channel  assignments of  your  M id i  
g e ar  i n  o rder  to  hea r  anyth ing. For  s imi lar reasons i t  is  of  inte rest  
to know w h e t h e r  a M i d i  fi l e  c o n ta ins  program c hange o r  Sysex 
messages.  

N ow in t h e ory  t h i s  type of i n forma t i o n  c o u l d  be  obta i n e d  and  
d i s p l ayed d u r i n g  t h e  t i m e  t h e  fi l e  was  a c t u a l ly p l a y i n g .  Ti me­
k e e p i ng wou l d  howev er  c l ear ly s u ffe r as  more  d etai l e d  ana lys i s  
fu n c t i o n s  were  a d d e d  t o  t h e  program.  S i n c e  I exp e c t  t hat  s u c h  
fu nct ions  wou ld  cont inue t o  grow (and get more co mplex) in  later  
vers ions of  the program I 've chosen r ight  from the start  to handle  
t h e  d i s p l ay- o r i e n t e d  fi l e  a n a l y s i s  fu n c t i o n s  s e p a ra t e l y  E v e n t  
d e te ct ion code i s  extremely s imple - I just  u se a set of  array-based 
i n d i cator  var iabl es  and as events o f  i mportance  are detec ted  t h e  
appropriate eve nt flags are se t  to TRUE l i k e  th is : 

case NOTE_ON : g_channel_det ected [ f ( NOTE_ON ) ]  
[ cur rent_channe l ) =TRUE ; 

break ; 

By the t ime the M id i  fi l e  has been read a flag set  is avai lab l e  that  
te l ls  us exac tly what eve nts have been encounted and this  data is  
then u sed to u pdate the d is p lay seen by the user. Before read i n g  a 
n e w  fi l e  a l l  event ind icators do of  course need to be  c l eared (set  to  
0) .  This  again i s  very straightforward and just i nvo lves the use  o f  a 
few 'for' loops  (see l i st ing 1 1 . 6) .  

/ * List ing 1 1 . 6 :  Before a new Midi file is examined the  
ar rays which  hold  the detected/not - detected flags for  t he 
various event c lasses  must be re - init ialised . * /  

void C learDetect ed Flag s ( void)  

{ 
UBYTE i , j ;  

for ( i=O ; i<C_TYPE_COUN T ; i++ ) 

{ 
for ( j =O; j <1 6 ; j + + )  g_channel_detect ed [ i ] [ j ] = FALSE 

} 
for ( i=O ; i<S_TYPE_COUNT ; i++ ) g_sysex_detected [ i ] =FALSE ; 

for  ( i=O ; i<M_TYPE_COUN T ; i++ ) g_meta_detected [ i ] = FALSE ; 

} 
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Adopting a Modular Approach 

T h e re  a r e  a n u mb e r  o f  we l l - d e fi n e d  a r e a s  w h i c h  t h e  I n tu i t i o n  
vers ion  o f  the  M id iP lay e r  program needed  to  tackle  i n c lu d i ng o f  
course the  hand l in g  o f  the  Intu i t ion based d isp lay seen  b y  the  u s e r. 
The re was a lso  the  M id i  fi l e  pars i ng operat ions d i s c u s s e d  ear l i e r  
and t h e  re s o u rc e  a l l o cat io n/deal l o cati o n  r o u t i n e s  that had to b e  
e x t e n d e d  t o  c o p e  w i t h  t h e  n e w  I n t u i t i o n - o r i e n t e d  p r o g r a m  
requ ireme nts l ike o p e n i ng windows and sett ing u p  menus .  I coded  
each of  these  areas as separate program modules  making as much 
use  of  exist ing pre-writt en  c ode as  poss ib le .  

I 'm not go i ng to d iscuss  the  structu re of  my resource  han d l ing code 
because  th i s  has been dealt  with  i n  ear l i e r  chapters .  The fu nct ion 
p o i nter  se t  s hown i n  l i s t ing 1 1 . 7 howeve r p rov ides  a l i s t  o f  t h e  
operat ions that have to b e  carr ied out .  

/ * Li s t ing  1 1 . 7 :  This list of funct ion point e r s  controls  
the  MidiP layer  s t a rtup  operations . * /  

UBYTE ( * d isplay_list [ ] ) ( )  = { 

} ; 

Openlnt , 

OpenGraphics , 

OpenGadt ools , 

OpenAsl ,  

LockSc reen , 

GetVislnfo 

C reateWindow , 

C reateMenu , 

C reateMenulayout , 

I n s t a llMen u ,  

C reate Fi leRequest , 

C reateSerialReplyPort , 

C re at eSerialRequestBlock , 

OpenSe ria lDev ice ,  

SetHighSpeedSeria l ,  

C reat eTimerRep lyPort , 

C reat eTimerRequestBlo c k ,  

penTimer 
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The I ntuition Angle 

T h e  I nt u i t i o n  r e l a t e d  aspe c ts of the M id i P layer  c o d e  may be  o f  
i nterest  and these  fal l  roughly into three areas : the program uses  a 
window that o pens  i n  the  Workbench screen and u nder  Release 2 
t h i s  screen has to  be  locke d  during the t ime a wi ndow i s  set  up and 
o pened . Menus a lso  have to  be instal led and this  mu st obvious ly  
o nly b e  d o ne i f  the wi ndow i tse l f  is  successfu l ly opened .  Area one  
t h e n  c o n c e r n s  t h e  I n t u i t i o n  r e l a t e d  re s o u r c e  a l l o c a t i o n  a n d  
d e al locat ion tasks and these o f  course can b e  handled in  exac tly the 
same way as any other  system resou rc e .  

I n  t h e  l a t e s t  v e r s i o n  I h a v e  i n c i d e n t a l l y  o p t e d  for  u s i ng t h e  
GadTo o ls  .Li brary rather  than t h e  o lder  sty le  Intu i t ion  approac hes  
and th is  i s  p ri mari ly for s impl ic ity - th ings l i ke menus are  far eas ier  
t o  set up u s ing the GadToo ls  arange ments .  You ' l l  be  ab le  to see  th is  
f ro m the  m e n u  d e fi n it i o n  shown in  l i s t i n g  1 1 . 8 .  The GadTo o l s  
l ib rary i s  a b l e  t o  convert  t h i s  descr ipt ion  d i rect ly  i n t o  t h e  menu 
that appears on  the screen !  

T h e r e  are  a nu m b e r  o f  we l l - d e f i n e d  areas  w h i c h  the  I n t u i t i o n  
vers ion of  t h e  M id i Player  program must tac kle inc lu ding of  course 
the hand l ing  o f  the Intuit ion based d isp lay seen by the  user. The re 
are the M i d i  fi l e  pars ing operations (which were d i scussed earl i e r) 
and the resou rce a l locat i on/deal locat ion rout ines  that must now be 
e x t e n d e d  to c o p e  w i t h  t h e  n e w  I n t u i t i o n - o r i e n t e d  p ro g r a m  
r e q u i r e m e n t s  l i k e  o p e n i ng windows  and s e t t i ng u p  me n u s .  I ve 
c oded eac h of  these areas as se parate program modu les  making as 
much use o f  exi st ing pre-written code as poss ib le .  

The second area o f  Intu i t ion  re lated code co ncerns the hand l ing of  
gadget and menu eve nts passed back to the program from Intu i t ion .  
This type o f  code may look frightening when you first see i t ,  but  
t he bas ic  p r i n c i p l e s  are  v e ry easy to  u n d e rs t a n d .  The program 
executes a Wait( )  or  Wai tPort( )  which puts i t  to s leep ( ie  puts it  on  
h o ld so that it  stops requir ing processor t ime) unt i l  the  user  h i t s  a 
gadget or  makes a menu se l ect ion .  At this t ime it is Intu i t ion that's 
d o i n g a l l  t h e  e ve n t  recogn ition w o r k  a n d  hav i n g i d e n t i f i e d  a 
part icu lar  u s e r  act ion  i t  sends the p rogram an Intu iMessage. The 
f irst  t h in g  that your program knows abo ut  a l l  this i s  when Exec 
wakes i t  u p  and te l l s  i t  that the s ignal that  i t  is  wai t ing on  has been  
sat isfied .  The  program then knows that a message has  arrived and  
so  i t  co l l ec ts  t h e  message , l ooks in  the mes sage's C lass  f i e ld  t o  
i de nt i fy i t s  typ e ,  a n d  returns t h e  message us ing a reply func t ion  
(which l e t s  the sender  know that the  message has  been dea l t  wi th 
and can be  dea l located o r  re-used ) .  Having done al l  that i t  must  
then  perfo rm whateve r act ion is  su itab le for  the  part icu lar message 
i n  q u e s t i o n .  My M i d i Pl a y e r  e v e n t  h a n d l i ng u s e s  a p r e l i m i nary  
rout ine to ident i fy the  general type (gadget o r  menu)  and  then ,  for 
m e n u  message s ,  I s e n d  a c o py o f  the  Code  fi e l d  to  a d e d i cated  
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menu me ssage rout i n e .  

W h e n  GadTo o ls  e nt i t i es  a r e  be ing  used  i t  i s  nece ssary to  use  t he 
GT _Get IMe s s age() fu nct ion  to  c o l l e c t  the In tu iMessages generated  
by m e n u/gad g e t  u s e .  The  ove ra l l event  h a n d l i ng s c h e m e s  a r e  
howev e r  s tru c t u ral ly ide nt i ca l  to  those  u s e d  with say Wo rkbe n c h  
1 . 3 ,  a n d  l is t ings 1 1 . 9  a n d  1 1 . 1 0  s h o w  t h e  type o f  event co l l ec t ion  
l o o p s  th at were  i m p l e me n t e d .  There was one  s nag that  I had n ' t  
real ly thought abo u t  u nt i l  I started cod ing. I needed t o  fi nd a way to 
al low a u s e r  to  quit p laying a fi l e  at any t ime via a normal menu 
se lect ion  o perat ion .  The  d i ffi cu l ty was of  course  that ,  once  a M i d i  
f i le  i s  b e i ng p layed ,  program contro l  passes away fro m the  mai n  
Intu i t ion event-co l lec t ion  loops .  What I needed was a qu i c k  way o f  
s e e i ng w h e t h e r  a n y  I n tu i M e ssages w e r e  q u e u e d  at  t h e  W i n d o w's 
UserPort .  The approach I adopted i nvolves a pre l iminary c h e c k  t o  
see  w h e t h e r  a n y  messages w e r e  present  a t  a l l  fo l l owed by s o m e  
m o r e  c o n v e n t i o na l  m e s s a g e  h a n d l i n g c o d e  t h a t  i s  o n l y e v e r  
executed i f  the message port i s  non-empty (see l i s t ing 1 1 . 1 1 ) .  The 
IsMsgPortEmpty() fu nct ion shown in  l i s t ing 1 1 . 1 1  i s  a syste m mac ro 
which can be fou n d  in  the exec/l ists . h  system head e r  fi l e .  

Lastly o f  c o u r s e ,  there  are the  ge n e ra l  d i s p lay-or i ented  I ntu i t i o n  
c o nn e c t i o ns t o  c o n s i d e r :  b e e p i ng t h e  s c r e e n  w h e n  er rors  o c c u r, 
putt ing u p  messages that provide i n format ion  to the user  and so  
on .  M id iPlaye r u se s  a relat ively s imple d isp lay and text i t ems  are  
p laced  o n  sc re e n  u s i ng I n t u iText stru c tures  and  t h e  Pr int IText ( )  
Intu i t ion fu nct ion .  List ing 1 1 . 1 2  for example s hows the  defi n i t i o n  
o f  the text array that i s  u s e d  to te l l  the  u s e r  t h a t  the i r  c u rrent ly 
se lected Midi  fi l e  contains Sysex data :  

/ * Listing 1 1 . 8 :  Together  the  NewMenu st ructure and the  
GadTools library have greatly simp lifed t he creat ion of 
I n t u it ion menu defin it ions . * / 

st ruct NewMenu menu1 [ ]  = 

{ 

{ NM_TITLE , " PROJECT " 

{ NM_ITEM , " Se lect File . .  . 
• J 

{ NM_ITEM , " Qu it t o  Wor kbenc h " , 

{ NM_TI TL E , " PLAYFI L E  · ,  

{ NM_ITE M ,  " Play file . .  . 

{ NM_ITEM , · cancel play . .  . 

{ NM_TITLE , " DISPLAY 

{ NM_ITEM , " Channel Data . .  . 

{ NM_ITEM , · sysex Data . .  . 

{ NM_ITEM , · cu st om Data . .  . 

{ NM_TITLE , " UTILITY 

o , o , o , o , } , 

· s · , o , o , o , } , 

· a · , o , o , o , } , 

o , o , o , o , } , 

· p ·  , o , o , o , } , 

· c ·  , o , o , o , } , 

o , o , o , o , } , 

· o · , o , o , o , } , 

" F " , O , O , O , } , 

" M " , O , O , O , } , 

o , o , o , o , } , 
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} ; 

{ NM_ITEM , " Kill Notes . . .  

{ NM_EN D ,  NULL , 

" K" , o , o , o , } , 

o ,  o , o , o , } l 

* / Listing  1 1 . 9 :  MidiPlaye r ' s h ig h - leve l  Intuition event 
collection loop . * / 

po rt_mask= ( 1 <<g_window_p - >UserPort - >mp_SigB it ) ;  

do { 

Wa it ( po rt_ma s k ) ; 

wh ile ( message_p = ( struct Mes sage * ) GT_GetIMs g (  
g_win dow_p - >UserPort ) )  

{ 
e r r o r_number=Intuit ionEvent ( ( s t ru c t  IntuiMe ssage* ) 
mes sage_p ) ; 

} 

}while ( error_numbe r l =PROGRAM_EXIT) ; 

return ( e r ro r_numbe r ) ; 

} 
/ * List ing 1 1 . 1 0 :  Each  I nt uition event gets  pas sed to the 
appropriate handle r . * /  

UBYTE Int uitionEvent ( st ruct IntuiMessage *message_p ) 

{ 
UBYTE error  number=NO ERROR ; 
UWORD cod e ;

- -

ULONG class ; c la s s=message_p - >Class ; 

code= message_p - >Cod e ;  

GT_ReplyIMsg ( me s sage_p ) ; 

switch ( c la s s )  { 
case I DCMP_C LOSEWINDOW : 

error_number=PROGRAM_EXIT ; 

break ; 

case  I DCMP_ME NUPICK:  

error_numbe r=MenuEvent ( c ode , 
I NTUITION_CAL L ) ; b reak ; 

default : error_number= PROGRAM_EXIT ; 

break ; 

} 
return ( e r r o r_number ) ;  



The Worl<bench MldlPlayer Program 

} 
/ * Listing 1 1 . 1 1 : The t r ic ky 
wants  to quit whilst a Midi 
d led by quickly c hecking to 
up  a t  the  Window ' s U se r P o rt 

j ob of chec king t o  see if user  
f ile is  being  played is  han ­
see if any messages are  queued 

mes sage port . * /  

if ( l ( IsMsgPortE mpty ( g_window_p - >UserPort ) ) )  

{ 
message_p=GT_Get IMsg ( g_window_p - >UserPort ) ;  

code=messag e_p - >Code ; 

GT_Rep lyIMs g ( m e s sa ge_p ) ; 

if ( code l =MENUNU L L )  

{ 
Writ eBoxTex t ( &intu itext3 , XPOS3 , LINEPOS3 , PAN IC_KI L L , GREY , BI 
G_OFFSET ) ;  

KillSound s ( ) ;  

C learBoxTex t ( &intuit ext3 , BLUE , BIG_OFFSET) ; 

Writ eBoxTex t ( &intuitext3 , XPOS3 , LINEPOS3 , FUNCTION_COM -
PLETE , GREY , BI G_OF FSET) ; 

} 

Delay ( DE LAY ) ; 

C learBoxText ( &intuitext 3 , BLUE , BIG_OFFSET) ; 

exit_f lag=TRUE ; 

} 

/ * Li s t in g  1 1 . 1 2 :  MidiPlayer uses  s imple static t ex t  arrays 
like this  for its  on - screen messages ! * /  

TEXT * g_sysex_t ext [ ) = { 

} ; 

* * * * * * * * * ** SYSTEM EXCLUSIVE * * * * * * * * *  

T h i s  f ile contains Sysex data ! 

At t h e  present t ime MidiPlayer read s 

but d o e s  NOT t ransmit t h i s  informat ion 

* * * * * * * ** * * * * * * * * * * * * * * ** * * * * * * * * * * * * *  
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/ * list ing 1 1 . 1 3 :  This ' makefile ' a u t omat ica lly cont r o ls 
all  MidiPlayer c ompiling and l inking operation s . * / 

# = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = =  

#Mid iPlayer smake file 

# - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MidiPlayer : 

allocato r . a :  

amiga . o :  

midiplaye r . o :  

images . a :  

a llocato r . a  amiga . o  midiplaye r . o  image s . a  
sc : c / s link FROM LI B : c . o  " allocator . a "  
" amiga . o "  \ 
" midiplayer . o "  " st ack_adt . o "  " images . o "  \ 
TO MidiPlayer L I B  L I B : sc . lib+LI B : amiga . lib 

a llocato r . c  d isp lay_po sit ion . h  genera l . h  
prot otype s . h  
sc : c / sc a llocat o r . c  

amiga . c  amiga . h  disp lay_posit ion . h  
genera l . h  p ro t otype s . h  
c : c / sc amig a . c  

m idiplaye r . c  display_position . h  genera l . h  
prototype s . h  
sc : c / sc m id iplayer . c  

images . c  
sc : c / sc image s . c  

# = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  



1 2: 
Colour 

Cycling 

The Amiga,  as  many o f  you wi l l  
d o u b t l e s s  k n o w , u s e s  a p i x e l  
c o l o u r i n g s c h e m e  k n o w n  a s  
colour indirection. I nstead o f  the  
b i tp lane data  in  a give n pos i t ion  
represent ing a part icular c o l o u r  i t  
r e p r e s e n t s  a c o l o u r  r e g i s t e r  
number  and i t  i s  the value i n  each 
c o l o u r  register  which determines  
the on-screen co lours .  

L e t ' s  c o n s i d e r, for  e x a m p l e ,  a 
s c r e e n  with  two b i t p l a n e s .  I f  we 
fi l l  all the bytes of  the b i tp lanes  
with zeros then  the two bi ts  (one 
b i t  f r o m  t h e  c o r r e s p o n d i n g  
d i s p l a y p o s i t i o n s  o f  e a c h  
b i tplane)  whic h  define  the  c o l o u r  
r e g i s t e r  n u m b e r s  o f  t h e  
c o r r e s p o n d i ng s c r e e n  l o c at i o n s  
w i l l  b e  0 0  bi nary, i e  z er o ,  i n  a l l  
c a s e s .  T h i s  m e a n s  t h a t  t h e  
d i s play wou l d  b e  fi l l e d  wi th  t h e  
s i ng l e  c o l o u r  d e f i n e d  by c o lo u r  
register 0 .  I f  th is  register was se t  
t o  t h e  RGB t r i p l e t  val u e  OxOOOF  
t h e n  t h e  c o l o u r s  of  t h e  p i x e l s  
would b e  b lue .  I f  regi ste r  0 h e l d  
value OxO FFF t h e  c olours  o f  each 
p ixel wou ld  be  wh i te .  I f, howeve r, 
we had f i l l e d  t h e  bytes  o f  b o t h  
b i t p l a n e s  w i t h  O x F F  v a l u e s  ( s o  
that a l l  b i ts  in  a l l  b i tplanes were 
se t  to ' l  's ) then each posi t ion on  
the  s c r e e n  w o u l d  be  u s i n g  t h e  
c o lour  reg ister  cor respond ing  t o  
1 1  bi nary, i e  regi ster  3 .  

I r respective of  the actual c ontents  
of  a g i v e n  c o l o u r  r e g i s t e r  o n e  
th ing should  now b e  obvious .  To 
c ha nge t h e  o n-s c r e e n  c o l o u r  o f  
a l l  p i xe l s  a s s o c i a t e d w i t h  a 
par t i cu lar  c o l o u r  reg i s t e r  a l l  we 
have to do i s  change the val u e  i n  
t ha t  r e gi s t e r. I f , fo r a rgu m e n t s  
sake ,  you were d i s p lay i ng a two 
b itplane image of  a re d box on  a 
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b l u e  bac kground where c olour  register 1 he ld  a re d c o lour OxOFOO 
and regis ter  0 was OxOOOF ( ie blue)  then to change the red box to  a 
g r e e n  box we 'd  j u s t  n e e d  t o  wri te  OxOOFO ( i e  g r e e n )  i n t o  c o l o u r  
regi s t e r  1 .  S i m i l ar ly to  c hange the  backgrou n d  c o l o u r  we wou l d  
c ha nge t h e  value in  c o l o u r  register 0.  

The i mportant th ing with the above scenario is  that the  contents of  
t h e  b i tp lanes themse lves do not  need to be c hanged.  The benef i t  of  
c o l o u r  i n d i rec t ion  then  i s  that you can re-map t h e  c ol ou r s  of  an 
i mage very qu i c kly, and very eas i ly, w i thout  having t o  a l t e r  the  
i mage data  i tse l f. Co lour  cyc l i ng on  the Amiga makes use  of  th is  
co lour  i n d irect ion e ffec t  and i t  works by moving around the co lour  
val u e s  he ld  i n  a se t  o f  co lour  regi sters so that  the associated pixe l s  
take o n  the  co lours  o f  ea ch  of  the co lour  registers in  turn .  With  a 
two b i tp lane d isp lay, c olour  register 0 to 3 wi l l  be in  use ,  so  i f  we 
wanted  to  cycle all of these co lours this i s  what we would  d o :  

copy the  content s  o f  register O to  a temporary store 

copy the  conten t s  of register 1 to  register  O 

copy the  contents  of register 2 to register  1 

copy the  contents  of register 3 to register  2 

copy t emporary store  t o  register 3 

Each t ime  th is  se t  o f  operations were pe rformed the co lour  valu e s  
w o u l d  move cyc l i c a l ly  to  the  n e x t  p o s i t i o n  and  by the  t i m e  t h e  
o p e rat i o n s  h a d  b e e n  done  fou r  t i mes  the regi s t e r  val ues  wi l l  b e  
b a c k  to t h e i r  or iginal  pos i t ions .  I n  gene ral then ,  i f  w e  want to  cyc le  
a set  of  registers we can use th is  sort of  loop based scheme:  

copy the c o n t e n t s  o f  the  lower register ( 1 ) t o  a t emporary 
store  

for i = 1 t o  h - 1 

copy contents  of register i to register ( i+ 1 ) 

next i 

copy t emporary store t o  register h 

And t hat ,  as far as the basic idea of  co lour  cyc l i ng goe s ,  i s  a l l  there 
is to i t  a lthough in  pract ice  a l i t t le  more detai l  has to  be c ons idered .  

The I ntuition Connection 

To s c ro l l  the  co lours  assoc iated with an Intu i t ion screen you need  
t o  make a c o py of  t h e  c o l o u r  reg is ter  va l u e s  of  t h e  as s o c ia t e d  
v i e wp o r t .  Th e s e  va l u e s  a re  h e l d  i n  a b l o c k  o f  m e m o r y  c a l l e d  a 
c o l o u r  tab le  which  i s  arranged as a set of words where the lowest  
1 2  b i ts o f  eac h word co rresponds to  the so ca l led RGB t rip l e t  val u e s  
( 4  b i t  r e d ,  4 b i t  green  a n d  4 b i t  b lue) .  To g e t  the  address  of  t h i s  R G B  
c o l o u r  table array i t  i s  nec essary to look  a t  t h e  scree n's Co lorMap 
s t ru c ture .  The C o l o rMap d e fi n i t i o n  has i n c i denta l ly  u nd e rgone  a 
number  o f  c hanges s ince  i t  was fi rst defined but the two fi e lds  that  
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we are i nterested in ,  namely the  address of  the co lou r table entr ies  
and  t h e  c o u n t  o f  the  numb e r  of  e nt r i es  i n  t h e  c o l ou r  tab l e ,  are  
present  in  a l l  forms of  the Col orMap stru cture .  F ro m  C this  would  
be  the sor t  of  code required to iso late the necessary data given the  
screen 's viewport :  

g_count=v iewport_p - >Colo rMap - >Count ; 
/ *  number of RGB t riplet s in table * /  

cm_p=v iewpo rt_p - >ColorMap - >ColorTable ; 
/ *  point e r  to start  of c olour table * /  

We d o  i n  fac t  n e e d  t o  make two c o p i e s  o f  t h e  c o l o u r  m a p  data 
values  - one set  wi l l  be  used for al tering the c o lours and one  set ,  
which we ' l l  l eave unchanged,  for re instat ing the co lours  when  we've 
fi n ished .  In  the example  program I use a loop whi c h  reads a t r ip let  
and the  increme nts  the co lour  table  pointer  so that i t  po ints to  the 
next e nt ry l i ke th i s :  

for ( i=O; i<g_count ; i++)  

{ /*  copy c o lour map details  * /  

g_cm_copy [ i ] =g_cm [ i ] =*cm_p++ ; 

} 

Once the  co lour  t ab l e  data i s  ava i lab le  the  cyc l i ng process  i s ,  as 
a l ready m e n t io n e d ,  very easy to ac c o m p l i s h .  The fo l lowi ng l o o p  
c y c l e s  t h e  r e gi s t e r  b e twe e n  t w o  c ho s e n  l i m i t s  ( l o w e r_reg  a n d  
u pper_reg) a n d  then u s e s  t h e  graphics  l ibrary LoadRGB4() fu nct ion 
to instal l  the  rearranged co lours into the d ispl ay :  

temp=g_cm_copy [ lower_reg ] ; 

for ( i=O; i<3 ; i++ ) 

{ 

g_cm_copy [ i ] =g_cm_c opy [ i+ 1 ] ;  

} 
g_cm_copy [ upper_re g ] =temp ; 

LoadRGB 4 ( viewport_p , g_cm_copy, g_count ) ;  
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Function Name: LoadRGB40 
Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return value: 

Notes: 

Load RGB colour table into a given viewport's colour 
map 

LoadRGB4(viewport _p, colour_ table _p ,count); 

void LoadRGB4(struct ViewPort * viewport_p, UWORD 
* colour_table_p,WORD count); 

LoadRGB4(aO, a l ,  d0: 1 6) 

viewport_p - pointer to viewport colour_table_ 

p - pointer to start of RGB colour 

table count - number of entries in table 

None 

RGB colour table entries are UWORDs which 

correspond to 4 bit red, green and blue components 
stored like this: 

colour reg O 

colour reg l 
colour reg 2 

OxORGB (background colour) 

OxORGB 
OxORGB.etc.one UWORD per entry 

To restore the co lours to the i r  o rigi nal posit ions we can do o n e  of  
t wo t h i ngs .  Always arrange to  cyc l e  the co lours  e nough t imes  to  
br ing them back to  the i r  original pos i t ions  before te rminat ing the  
cyc l ing  operat ions ,  o r  re in state the o rig inal co lour  map from a c opy 
of the c o lou r  table  that has been held unchange d .  I 've a d o pted  t h e  
s e cond so lut ion a n d  use  a rout ine  l ike t h i s  to  re instate t h e  or ig ina l  
d i s play co lours :  

void Cyc leOff ( st ruct ViewPort *v iewpor t_p ) 

{ 
LoadRGB4 ( v iewpo rt_p , g_cm , g_count ) ;  

} 

To turn  t h e s e  ideas  i n t o  a usab le  rou t ine  we n e e d  t o  b e  a b l e  to  
c h o o s e  a set  o f  c o l o u r  reg i s te r s ,  read t h e i r  c o n t e n ts (fro m t h e  
c ol o u r  map) ,  cy c l e  t h e m  and l oad t h e  n e w  arrangem e nt i nt o  t h e  
v i e w p o r t ,  w a i t  a wh i l e ,  c y c l e  a n d  u p d a t e  t h e  c o l o u r s a g a i n ,  
c onti n u ing unt i l  we dec ide  to stop and re instate the or igi nal c o l o u r  
map contents .  A s  far a s  execut ing a t i m e  delay i s  c o n c e r n e d  there 
are a number o f  poss ib i l i t ies  avai lab l e :  we cou ld  use  an i nte rru pt 
based rou t ine t ied to the Amiga's vert ical  blanking server  c ha in ,  or  
we c o u l d  use  the dos  l i b ra ry De lay() fu n c t i o n ,  o r  have I n t u i t i o n  
s e nd us intu i t ick  messages, and arrange fo r a program to  cyc l e  i ts  
o wn regis ters at the appropriate t ime .  I 'm go ing to adopt  what  w i l l  
a t  fi rst s ight  appear a more compl icated so lu t ion  but  i t 's one  that 
e l iminates the need for the program i tse l f  to c o ncern i tse l f  with the  
j ob of cyc l ing  i ts  co lour  regi ster  values .  What I ' l l  be do ing  o f  cou rse 
is  c reat ing  a s e parate program wh i c h  i s  able  to  prod u ce c o l o u r  
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cyc l i ng e ffects  o n  another  p rogram's screen as and when i t  i s  asked 
to  do so by a p p r o p r i a t e  m e s sage s .  C o m mu n i c a t i o ns - w i s e  t h i s  
c o l o u r  c yc l i ng p rogram wi l l  b e  based o n  s i mi la r  ideas t o  c hapter  
s i x 's  f l a s h  p ro g r a m  a n d  b e c a u s e  the  ba c kgro u n d  p r o c e s s  w i l l  
actu a l ly b e  kicked off, i e  starte d ,  by some main program t hat wants  
t o  c y c l e  i t s  screen  co lours  I ' l l  aga i n  b e  tal k ing abo u t  t h e  c o l o u r  
cyc l i ng program a s  a child p ro cess .  

I n  s h o rt the  main p rogram wi l l  run the  ch i ld  process and then  s e n d  
i t  m e s s a g e s  t h a t  g i v e  i t  t h e  i n fo r m a t i o n  n e e d e d  t o  p ro d u c e  a 
s p e c i f i e d  c y c l e  e f fe c t  ( t h e  c h i l d  p r o c e s s  w i l l  c a r ry o u t  t h e s e  
n e c e s s a r y c o l o u r  c y c l i n g c h o r e s  a u t o m a t i c a l l y , a n d  q u i t e  
i n d e p e n d e nt ly, from the  mai n program). Before  the main program 
te rm inates  i t  wil l  send a message to  the c hi ld  process t e l l i ng i t  that 
i t  also shou ld  t e rminate .  The benefi t  of  this type of  arrangement  i s  
f lexib i l i ty - a s i n g l e  cycle p rogram c a n  be  u s e d  by a l l  programs 
wis h i n g  t o  create these  e ffec ts .  Another  reason why I 've  adopted  
th i s  me ss age based arrangement i s  that i t  gives you  another  c hance  
to  see  how easy  i t  i s  to use  the  Exec  messaging system i n  your o wn 
programs .  

CycleMessages and Their Use 
We saw i n  chapter 6 that Exec messages are based on an extens ib l e  
l e ngth structure w i th  the Exec d e fined fie lds  be ing  supp lemented  
by add i ti onal u s e r  d e fi ned data .  For  th is  c hapte r's example  we are  
interested i n  creat ing a program that  can handle the job  of  cycl i n g  
t h e  c o l o u rs ,  i n  p a r t i c u l a r  c o l o u r  r e g i s t e r s  a s s o c i a t e d  w i t h  a 
spec i f i ed  Vie wPort .  To do th i s  we need to  know the address  o f  t h e  
ViewPort ,  the  frequency wi th  wh ich  the  c o lours  are to be  cyc l e d ,  
and t h e  c o lou r  registers concerned .  We also need a command fie l d  
so that ,  a t  t h e  very least ,  t h e  e ffect  c a n  b e  tu rned on  a n d  o ff and 
the  p ro g ram t o l d  when to  qu i t .  Th i s  i s  the  message s t r u c t u r e  I 
chose  to  adopt for the  example  program: 

s t ruct CycleMessage { 
s t ruct M e ssage cycle_Msg ; / *  standard Message details * /  

s t ruct V iewPort *v iewport ; / *  will provide access  t o  a 

U L  ONG 

U BYTE 

UBYTE 

U BYTE 

} ; 

ColorMap* / 

frequency ; / *  colour changes per  m inute * /  

lower_reg ; / *  lowe r register  o f  range * /  

upper_reg / * upper register o f  range * /  

command ; / *  command t o  be executed  * /  

Let's g o  over how these  message s are u sed .  When the main p rogram 
sends the c h i ld  program a message us ing PutMsg() the message gets 
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s e nd s  the  ch i ld  program a message using PutMsg() the message gets 
l i n ke d  i nto  a l i st of messages which are t ied to  the c hi ld  program's 
port structure .  The i mportant po int  about th is  process is that the  
mes sage i s  not  copied  - i t  is  the memory b lock assoc iate d wi th  the  
main p rogram's message which is  l i nked in to the l i s t  of  message s  
present  a t  t h e  ch i ld  program's message port .  In  a sense then whe n  
t h e  main  p rogram a l locates ,  i n i t ial i zes  a n d  then sends  t h e  ch i l d  
p rogram s ome message .  what the main program i s  real ly do ing i s  
g i v i n g  t h e  c h i l d  p rogram a l i c e n c e  t o  u s e  part  o f  i t s  m e m o r y  
space .On c e  t h i s  l i cence  has b e e n  granted t h e  main  program shou ld  
not  inte rfere with the message unt i l  i t  is  safe to d o  so .  How does i t  
know when i t s  message can be re-used or d iscarded? Usual ly  the  
c h i l d  p r o c e s s  wi l l  send  the  me ssage back to  t h e  main  program 
using Exec 's ReplyM sg() funct ion .  Thi s  later fu nct ion l inks (with a 
s u i t a b l e  r e p ly I D  marker )  t h e  mes sage i n to  t h e  main program's 
mes sage port and ,  whe n the main program reads th is ,  i t  knows that 
the message is  fi n ished with.  The main  program i s  then free to re­
use t hat memory space as i t  sees fit .  Note that the main program i n  
t h e  above scenar io ,  does not re p ly to  the message i t  receives - th is  
i s  b ecau s e  the  main program was the or ig inator  of  the messag e .  
B e cause  the  message or igi nator u sual ly needs  to be  to l d  w h e n  a 
message has been dealt  wit h ,  both communicat ing programs need 
t h e i r  own message port s  - desp i te the fac t  that ,  as in  the above 
exampl e ,  the passage of real information is  o nly go ing one way. The 
n e t  r e s u l t ,  a s  we s a w  i n  C h a p t e r  6 ,  i s  t h a t  t w o  p r o g r a m s  
commun icate us ing th is  type o f  scheme:  

Main Program 
1 : Allocates memory for message 

2: Fills in relevant field details 

3: Sends Message using PutMsg() 

4:  

5: 

6 :  

7: Receives reply using GetMsg() 

8: Re-uses/deallocates message 

Child Process 

Collects message using GetMsgQ 

Extracts data from message 

Sends back message using 
ReplyMsgQ 

Table 12.1. Process communication. 

The genera l  program framework be ing used fo r the examples in th i s  
b o o k  m a k e s u s e  of  a I n t u i t i o n  w i n d o w  t h a t  a l r e a d y  h a s  two 
associated message ports - one is  used by  Intu i t ion and the o ther  
( the  wi nd ow's User  Port) is  used for hand l ing the  Intu iMessage and 
GadTool  messages rece ived by the program. To communicate with 
the Cycle program we' l l  be opening another message port because  
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these  messages wi l l  be easier  to use i f  they come in  as an isolated 
stream o f  CycleMe ssages rather  than being possibly mixed up with 
other c lasses of  message . 

Setting U p  A Message Port 
I n  o r d e r  fo r o u r  ma i n  pro gram to c o m m u n i c a t e  w i t h  t h e  c h i l d 
c o l o u r  c y c l i n g  process  a message port  i s  n e e d e d  for t h e  ' I  have 
fi n i shed  with the message' reply messages that come back from the 
c h i l d .  S ince  Release 2 of  the Amiga's 0/S there are both amiga . l ib  
and  Exe c fu n c t i o n s  avai lab l e  fo r c reat ing  and  d e l e t i n g  me ssage 
p o r t s  a n d  t h e  p a i r of  r o u t i n e s  s h o w n  in l i s t i ng 1 2 . l  a r e  t h e  
a l locator/deal locator funct ions for a reply port based  o n  t h e  Exec 
style rout ines :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Listing 1 2 . 1 :  Functions t o  allocate and dea llocate a 
reply port  in the  main program . * /  

U BYTE Cr eateReplyPort ( void)  

{ 
U BYTE error_number=NO_ERROR ; 

if ( ( g_rep ly_port_p=CreateMsgPort ( ) ) ==NULL)  

error_number=STARTUP_ERROR;  

else { 
g_function=DeleteReplyPort ; 

PushStack ( g_re source_st ack_p , g_function ) ;  

} 
return ( e r r o r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

void DeleteReplyPort ( void) { DeleteMsgPort ( g_rep ly_po rt_p ) ; 
} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

Sendi ng a Message 
The rout ine that provides  co lour  cyc l ing contro l  with i n  the  mai n  
program i s  going to  revolve around the use o f  fou r  co mmands -
CYCLE_SETUP, CYCLE__O N ,  CYC LE_OFF and CYC LLQU IT. Of these  the 
fi rst i s  used only by the main  program to ind icate that the message 
needs to be in it ial ised ,  the re mainder  are real commands that need 
to be passed  to  the  external c h i l d  proc ess  that wi l l  be  d o i ng the 
co lour  cyc l ing o p e rat ions .  

Li st ing 1 2 . 2  s ho ws a rough plan of  the rout ine  that wi l l  be used.  
L ist ing 1 2 . 3  shows the rout ine i n  detai l  (not ice  that  in  th is  example 
a stat ic  structure d ec la rat ion - static struct Cyc leM essage cyc l e ;  -
has been u sed to  c reate the Cyc leMe ssage ) .  
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/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Listing 1 2 . 2 :  Skeleton of a routine for sending child 
process  a ' cycle ' message . * /  

UBYTE Cyc le ( UBYTE command)  

{ 

if ( command==CYCL E_SETU P )  

{ 

Set up message st ructure in readine s s  for  sending 
mes sages 

} 
else { 

} 

Transmit message to child using P utMsg ( )  

Use  the Wait Port ( )  func t ion wa it for child t o  c onfirm 
use  of message 

Use  GetMsg ( )  t o  ret rieve reply indicating that  
m e s sage is  ready for re - use 

} 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Listing 1 2 . 3 :  An example rout ine for  sending t h e  ch ild 
process  a ' cycle ' message . * /  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

UBYTE Cyc le ( UBYTE command ) 

{ 

UBYTE error_number=NO_ERROR ; 

static st ruct CycleMessage cycle ; 

if ( c ommand==CYC L E_SETUP )  

{ 

cyc le . cycle_Msg . mn_Length=sizeof ( struct 
Cyc leMe ssage ) ; 

cycle . cycle_Msg . mn_Reply Port =g_reply_port_p ; 

cycle . v iewpo rt=g_viewpo rt_p ; 

cyc le . f requency=CYC LE_FREQUE NCY ; 

cyc le . lower_reg=LOWER_R E G ;  

cyc le . upper_reg=UPPER_REG ; 

} 
else { 

cyc le . cyc le_Ms g . mn_Node . ln_Type=NT_ME SSAGE ; 
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cycle . command=command ; 

PutMs g ( g_msgpo rt_p , ( st r uct  Message * ) &cycle ) ; 

Wa it Port ( g_reply_port_p ) ; / * wait for cycle program 
to c onfirm use  * /  

GetM s g ( g_rep ly_port_p ) ; / * message now ready for r e ­
u s e  * /  

} 
r e t u rn ( e r ror_numb e r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

Some Main Program Coding Issues 

F o r  a m a i n  p r o g r a m  t o  s a f e l y  t a l k  t o  a c h i l d  p r o c e s s  u s i n g 
Cyc l e M e s sage s we need  t o  a l low for the fac t  that s i n c e  the  c h i ld 
process  i s  a separate e nt ity, i e  a runable  program in  i ts own r ight ,  i t  
may n o t  a c t u a l l y  b e  fo u n d  w h e n  we a t t e m p t  t o  r u n  i t .  As you  
s h o u l d  n o w  e x p e c t ,  the  wa y  I t a c k l e  th i s  j o b i s  t o  i n c l u d e  t h e  
a t t e m p t e d  r u n n i n g  o f  t h e  c h i l d  p r o c e s s  i n  m y  n o r m a l  
a l l o c a t i on/d ea l locat i o n  framework.  I n  the  C H  1 2 - 1  examp l e  t h e n  
you w i l l  s e e  t h i s  fu nct ion pointer  control  b lock  de fined :  

U BYTE ( * d isplay_list ( ] ) ( )  = { 
Open l n t , 

OpenGraphic s ,  

OpenGadtools , 

LockSc ree n ,  

GetVis l nf o ,  

CreateWindow , 

CreateMenu , 

C reateMenulayout , 

InstallMenu , 

CreateReplyPort , 

RunCycle 

} ; 

Once the  l ibrary, screen ,  window, menu and reply port creat ion j obs  
have b e e n  successfu l ly  carr ied  out the  rout ine  shown in l is t ing 1 2 . 4  
is  p e r fo rm e d .  T h i s  t r i es  to ru n the  cycle program u s i n g  the  DOS 
Syste mTags() fu nct ion l i ke th i s :  

Syst emTag s ( " run CYCL E : cycle >NI L :  <NIL : " , TAG_DON E ) ; 

I 've c o d e d  t h i s  assu ming that  a log ica l  C YC LE:  ass ignment  i s  i n  
place that  te l l s  the  main program where t o  fi nd the Cyc le  u t i l i ty  
program.  I f, fo r example ,  the cyc l e  program was to be  placed in  the 
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c o mmand (c : )  d i rectory you would need to use  
1>  a s s ign CYC LE : c :  

to  te l l  the main program where the cyc l e  ut i l i ty cou ld  be fou nd. 

How do we tel l  whether the cyc l e  program real ly does get fou n d  
and started or  not? We jus t  look to see  whether i t s  me ssage port 
can be  detected u s i ng the Exec F indPort()  fu nct ion l i ke th i s :  

Forbid ( ) ; 

g_msgport_p=FindPort ( DESTINATION_PORT_NAM E ) ; 

Permit ( ) ; 

if ( ! g_msgport_p ) erro r_number=STARTUP_ERROR ; 

else { 

N ot ice  here that Exec Forbid() and Pe rmit() ca l ls  have been used to  
sandwi c h  the F indPort() cal l .  Th is  is important because  i t  a l lows us  
to  lock  out  other  tasks and so prevent any alterati'On of  Exe c 's port  
l i s t  whi ls t  our  program i s  examining i t .  

Provid ing the port i s  fou nd ,  which  we detect  by see ing a non-NULL 
p o i n t e r  being returned by the F i n dPo rt() fu nct i o n ,  we set  u p  t h e  
f i e l d s  o f  t h e  p r o g r a m 's C y c l e M e s s a g e  s t r u c t u r e u s i n g a 
Cyc le (CYCLLSETU P) cal l  and at th is  po int we know that the c h i l d  
p rocess  i s  up and ru nning. Th e corresponding deal locat ion rout ine 
j u s t  performs the  c a l l :  Cycle(CYCLLEXIT) thereby transmit t i ng a 
mes sage to  the cycle program te l l ing it to shut  i t se l f  down. 

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * L isting 1 2 . 4 :  Checking for the child message port is a 
safe way for checking the child ' s existence . * /  

UBYTE RunCyc le ( void)  

{ 

UBYTE err or_number=NO_E RROR ; 

Sy stemTa g s ( " run CYC LE : cycle >NIL : <NI L : " , TAG_DON E ) ; 

Forbid ( ) ; 

g_ms gport_p=FindPort ( DESTINATION_PORT_NAM E ) ; 

Perm it ( ) ; 

if ( ! g_m sgport_p ) erro r_number=STARTUP_ERROR ; 

else { 

g_funct ion=KillCycle ; 

PushStack ( g_resource_stack_p , g_function ) ; 

Cyc le ( CYC LE_SETU P ) ; 

} 
return ( e r ror_numbe r ) ; 

} 
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/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id KillCycle ( void)  

{ 
Cycle ( CYCLE_EXI T ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

The Colour Cycling Program Itself 
T h e  c h i l d  p r o c e s s  t h a t  p e r fo r m s  t h e  c o l o u r  c y c l i n g i s  a n  
independ e n t  program i n  i ts  own right .  From a logical  v iewpoint  i t  
works i n  much t h e  same way as chapter 6 's flash program and aga in  
has  t o  have a message port  avai lab le .  Li st ing 1 2 . 5  sh ows how th is  i s  
se t  u p :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * List ing 1 2 . 5 :  Port c reation routines for the  child 
p r ocess* / 

UBYTE CreateCommandPor t ( )  

{ 
U BYTE error_number=NO_ERROR ; 

if ( ( g_command_po rt_p=Cre ateMsgPort ( ) ) ==NU L L )  

e r r o r_number=STARTU P_ERROR ; 

e lse { 

} 

g_funct ion=DeleteCommandPort ; 

PushStack ( g_re source_st ack_p , g_func tion ) ; 

} 
return ( er r o r_number ) ;  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id DeleteCommand Port ( ) { DeleteMsgPort ( g_command_port_p ) ; } 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

The port needs  t o  b e  added t o  Exe c 's public ports l i s t  and when the 
amiga . l i b  C reatePort( )  rout ine  is  u s e d  t h i s  i s  d o n e  automat i c al ly. 
With the  Exec style funct ions  i t  has to  be done by the program i t se l f  
us ing the  Exec Add Port() funct ion .  

/*  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Listing  1 2 . 6 :  Making t h e  command port  of the  child 
process  public . * /  

UBYTE MakeCommandPort Pub lic ( void ) 

{ 
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UBYTE error_number=NO_ERROR ; 

g_command_port_p - >mp_Node . ln_Name=COMMAND_PORT_NAME ;  

AddPort ( g_c ommand_port_p ) ; 

g_func t ion=Remov ePublicCommandPort ; 

PushSt ac k ( g_resource_s tack_p , g_func t ion ) ; 

return ( e r r o r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void RemovePublicCommandPort ( v oid)  

{ 
RemPort ( g_c ommand_port_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - * /  

These  rout i n e s ,  l i ke a l l  a l l o c ator/dea l lo cator  fu n c t i o n  pa irs , a re 
c ontrol l e d  by a funct ion pointer  l i st and for the cyc le  program th is  
lo oks l ike  th is : 

UBYTE ( * a llocator_list [ ] ) ( )  = { 
OpenGraphic s ,  

CreateT imerReplyPort , 

CreateTimerReque stBlock , 

OpenTimer , 

Creat eCommandPort , 

MakeCommand Port Pub lic 

} ; 

The graphics  l ibrary i s  needed because the Load RGB4() is used to 
se t  up the colour regi ster  values .  The t imer entr ies  are used to  set  
up the Amiga's t imer device ,  and the last  two entr ies produce the  
c o m m a n d  p o r t that  we ' v e  b e e n  d i s c u s s i n g .  C o n c e p t u a l l y  t h e  
p rogram i s  straightforward. As soon as the program has completed 
its start ing u p  o perat ions  i t  enters a wai t loop based on the Exec 
WaitPort()  fu nct ion .  As soon as a mes sage wa kes the program up the  
deta i l s  are  extracted l i ke th is :  

command= ( ( struct  Cyc leMe ssage * ) message_p ) - >command ; 

viewport_p= ( ( st ruct Cyc leMe ssage * ) m es sage_p ) - >v iewport ; 

frequency = ( ( s truct CycleMessage * ) me s sa ge_p ) - >frequency ; 

lower_reg= ( ( s tr uct Cyc leMes sage * ) me s sage_p ) - > lowe r_reg ; 

upper_reg= ( ( struct CycleMessage * ) mes sage_p ) - > uppe r_reg ; 

and the message is then repl i ed  to so that the ma in program knows 
t h a t t h e  c o mma nd has b e e n  r e c e i v e d  a n d  i s  b e i n g pro c e s s e d .  
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Because the Cyc leMessages hold a fre quency value  (ou r cho i ce! )  th is  
needs  to be  c onverted into a rea l  t ime de lay for the t imer  device so 
i mmediately after  co l l ect ing  the message I carry out  th is  freque ncy 
<-> t i me i nterval conversio n :  

sec s=60 / f requency ; 

microsecs= ( 60*1 000000/ frequency ) %1 000000 ; 

Havi ng done  that a swi tch  statement i s  used to d isti nguish  b etween 
t h e  va r i o u s  Cyc l e M e s sage c o m ma n d s .  L i s t i ng 1 2 . 7  s h ow s  t h e  
c omplete code for t h e  co lour  cyc l ing mod u l e :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * li s t ing 1 2 . 7 :  The child process  colour cycling rou ­
t ine . *  I 

/ *  amiga . c  - child process  code for colour cycling * /  

# inc lude " genera l . h "  

stat ic UWORD g_cm [ 32 ] , g_cm_copy [ 32 ] ; 

s t a t ic UBYTE g_count ; 

UBYTE Am igaProg ( vo id )  

{ 
UBYTE lower_reg , upper_reg , command , 
error_number=NO_ERROR;  

U LONG secs , m icrosec s , frequency ; st ruct Message  *message_p ; 

s t ruct  V iewPort *v iewport_p ; 

do { 
Wa itPo r t ( g_command_po rt_p ) ;  

wh ile ( me ssage_p=GetMsg ( g_command_po rt_p ) )  

{ 

command= ( ( st ruct Cyc leMessage * ) message_p ) - > command ; 

viewport_p= ( ( st r uct  Cyc leMes sage * ) message_p ) - > 
viewport ; 

frequ ency= ( ( st ruct CycleMessage * ) message_p ) - > 
freq uency ; 

lowe r_reg = ( ( st ruct CycleMessage * ) message_p ) ­
>lower_reg ; 

upper_reg= ( ( struct CycleMessage * ) message_p ) ­
>upp e r_reg ; 

ReplyMsg ( me s sage_p ) ; 

secs=60 / f requency ; 

microsec s = ( 60* 1 000000 / f requency ) %1 000000; 

swit ch  ( command)  

{ 
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case  CYC LE ON : 

case  CYCLE_OFF : 

default : 

} 

Cyc leOn ( v iewpo rt_p , lowe r_reg , 
upper_reg , see s ,  microsec s ) ; 

break ; 

Cyc leOff ( v iewport_p ) ; 

break ; 

error_number=PROGRAM_EXIT ;  

break ; 

break ; 

} 

}while ( error_number ! = PROGRAM_EXIT) ; 

return ( e r ro r_numbe r ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

void Cyc leOn ( st ruct ViewPort *viewpor t_p , UBYTE 
lowe r_reg , UBYTE upper_reg , U LONG sec s , U LONG mic r o s )  

{ 
BOOL exit_f la g= FALSE ; 

UWORD temp , * cm_p ; COUNT i ;  

g_count=v iewport_p - >ColorMap - >Count ; 

cm_p=v iewpo rt_p - >ColorMap - >ColorTable ; 

for ( i=O ; i<g_count ; i++ ) 

{ / *  copy c o lour map details * /  

g_cm_copy [ i ) =g_cm [ i ) =*cm_p++ ;  

} 
wh ile ( ! ex it_f la g )  

{ 
if ( ! I sMsgPortEmpty ( g_command_port_p ) )  ex it_f la g=TRUE ;  

else { 
/ *  cycle colours around * /  

t emp=g_cm_copy [ lower_reg ) ; 

for ( i=O ; i<3 ; i++ )  

{ 
g_cm_copy [ i ] =g_cm_c opy [ i+1 ) ;  

} 
g_cm_c opy [ upper_reg ) =t em p ;  

LoadRGB4 ( v iewport_p , g_cm_c opy , g_count ) ;  

SetTimer ( sec s , micro s ) ; 
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} 

} 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

void Cyc leOff ( struct  V iewPort *v iewport_p )  

{ 
LoadRGB4 ( viewpo rt_p , g_cm , g_count ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

v o id �regargs  SetTime r ( U LONG second s ,  ULONG micro secon d s )  

{ 
g_t ime r_reque st_p - >t r_time . tv_secs=second s ;  

g_t imer_reque st_p - > t r_t ime . tv_m icro=mic roseconds ; 

DoIO ( ( struct  IORequest * ) g_t imer_request_p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - * /  

Using the Cycle Util ity 

The t h i ng t o  remember about the approach that we 've adopted in  
th i s  c hapte r i s  t hat the  Cyc le program, can now be  regarde d  as a 
genera l  u t i l i ty. Any program that needs to cyc l e  some or  a l l  o f  the 
c o lo u r s  of  a s c r e e n  c a n  j u s t  set  up a r e p l y  p o r t ,  r u n  the c y c l e  
p ro g ram a n d  t h e n  c o n t r o l  t h e  r e q u i r e d  e f fe c t s  by s e n d i n g  t h e  
p r o g r a m  t h e  a p p r o p r i a t e  C y c l e M e s s a g e s .  F o r  t h e  e x a m p l e  
associated with th is  chapter I 've jus t  used the rout ine t o  cyc l e  the 
Wo r kb e n c h  s c r e e n  c o l o u r s but  i t 's not  hard t o  e nv i sage  m o r e  
i nte res t in g  u s e s  o f  t h i s  a p proach .  Other  enhancements ,  s u c h  a s  
be ing able to  a l ter  t h e  d i rect ion o f  t h e  co lour  cyc l i ng,  cyc l i ng wh i ls t  
fad ing the inte nsi ty o f  the co lours etc ,  cou ld  a l l  be  imple mented by 
a d d i n g  e x t ra r o u t i n e s  to t h e  c h i l d  cycle p r ogram a n d  d e f i n i ng 
addi t io nal Cyc le Message co mmands .  Th e commu n i cat ions  scheme 
would of  c ou rs e  be exac tly the same so such  addi t ions ,  o nce  the 
me ssage h a n d l i n g  c o d e  i s  in  p l a c e ,  wou l d  b e  l i ke l y  to  i nv o l ve 
re latively l i t t le  work. 





1 3: 
Mixed Code 

Programming 

Th i s  c h a p t e r  d e a l s  w i t h  a t o p i c  
that can in it ia l ly b e  quite  hard to 
g e t  to g r i p s  w i t h  b e c a u s e  i t  
i nv o l v e s  b o t h  C a n d  a s s e m b l e r  
c o d e .  I t 's p rovi d e d  h e r e  s o  t hat  
the more advanced c oders can  get 
s o m e a p p r e c i a t i o n  o f  h o w  
a s s e m b l e r  ro u t i n e s  t h a t  c a n  be  
u s e d  from C have to  b e  wr i t ten .  
Bas ica l ly  you n e e d  to  know how 
to ge t  from C to  as sembler  code  
and back again !  Whatever you  do 
h o w e v e r  - D o n ' t  P a n i c .  T h i s  
c h a p t e r  p r o v i d e s  d e t a i l s  fo r 
680x0 cod ers  who wish  to l earn 
h o w  to w r i t e  t h e i r  o w n  m i x e d  
c o d e .  I f  y o u  a r e  n o t  i n t o  
a s s e mb l e r  c o d i n g  t h e n  p l e a s e  
d o n ' t  g e t  d i s h e a r t e n e d  - t h e  
m e c h a n i c s  o f  a c t u a l l y  u s i n g 
s u i t a b l y  w r i t t e n  a s s e m b l e r  
rout ines fro m C is  very easy and 
i f  you conce ntrate on the overall  
id eas the de ta i l s  shou ld  fal l i nto  
p lace  relat ively qu ickly. 

Now you might  at t h i s  stage be 
wo n d e r i ng why m ixed c o d i ng is 
n e c e s s ary an yway. I t 's b e c au s e 
desp i te  the  fact  that C is a very 
c a p a b l e  l a n g u a g e  fo r s e r i o u s  
Am iga p r o g ra m m i n g ,  t h e re a re  
s t i l l  p lenty of  t imes  when  i t  pays 
to drop into assembler  in order to 
g a i n s o m e  e x t r a  s p e e d  o r  
f lexi b i l i ty. I n  su i tab l e  cases  th i s  
f i n e  t u n i n g of  i m p o r t a n t ,  o r  
f r e q u e n t l y  u s e d ,  a r e a s  o f  a 
p r o g r a m  o r  r o u t i n e  c a n  p a y  
h a n d s o m e d i v i d e n d s  a n d  t h e  
good news i s  that once you have 
seen it  done once you wi l l  real ise 
that i t 's not part icu larly d i ff icult !  
Al l  o f  the n e c e s sary m e c ha n i ca l  
detai ls  are invariably provided in  
t h e  C c o m p i l e r  manu a l s  but  t h e  
explanations t e n d  to  be written in  
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a way that o nly real ly makes sense  once you know a l i t t le  about  
w h at's go ing  on .  The purpose o f  th is  chapter  then i s  t o  provide 
s o me tutor ia l  he lp  by do ing three th ings :  f irst ly, i t  shou ld  provide  
s o me background  i n fo so that  t h e  accou nts  you ' l l  read  about  in  
y o u r  c o mpi l e r  manuals wi l l  (hopefu l ly) make a l i t t l e  more  sense .  
Secondly, I ' l l  p rovi de  some detai l s  of  the convent ions  used wi th  two 
p o p u l ar  A m i ga C c o m p i l e r s  ( M anx A z t e c  C a n d  SAS/Latt i c e  C ) .  
Thirdly I ' l l  give you a coup le  o f  short ,  but runable ,  examples which 
wi l l  le t  you see  how eve rything fi ts togethe r. 

B e fo r e  w e  s t a r t  I o u g h t  t o  m e n t i o n  t hat t h e  t e c h n i q u e s  I ' l l  b e  
d i s c u s s i n g  a r e  what  y o u  m i g h t  c a l l  con ven tional  m ixed code C 
t e c h n i q u e s ,  based on  pass ing  fu n c t i o n  arg u m e n ts o n  the  s tack .  
No wadays C compi lers are c l eve r beasts and some,  the SAS Amiga C 
o ffe ring fo r example ,  can produce code which jams values  d i rect ly 
into the 680x0 microprocessor registers  in  read i ness  for making a 
fu nct ion ca l l .  With su itably written fu nct ions ( i e  funct ions written 
t o  expect arguments provided in  such a way) th is  makes for faster  
parameter pass ing. 

For our purposes  however i t 's the stack-based i d eas which are o f  
i n te rest s o  let 's make a start by talking a b i t  abou t the magic  whi c h  
o cc u rs when you place a ca l l  to  a rou t ine ,  say Encrypt() ,  into a C 
s o u rce program. The compi ler  uses such source code  statements to  
g e n e ra t e  a r e fe r e n c e  t o  t h e  na med ro u t i n e  a n d ,  u n d e r  n o r m a l  
c i rcumstances ,  both SAS/Latt ice  C ,  t h e  Manx Aztec compi l e r, and 
many others  tag on an in i t ial underscore to the funct ion name.  The 
ca l l  to  the funct ion Encrypt()  therefore has the l inker searching for 
a rout ine ca l led _Encrypt and it i s  th is  rout ine ,  i f  the l i nker i s  goi ng 
to  succ essful ly  reso lve the reference ,  that must be provided in  the  
assembly language module !  

The code whic h  various  C compi lers produce when they encounter  
a fu nct ion ca l l  does  vary but  the convent ions to  be fo l l owed wi l l  
a lways be deta i l ed  i n  the compi l e r  manua l .  To s tar t  with a l l  you 
rea l ly  need to be  aware of  i s  that the end resu l t  i s  usual ly that  any 
parameters present  in  the fu nct ion cal l  get  pushed onto the s tack  
p r i o r  to  a c a l l  b e i n g  mad e  to  the  a p p r o pr iate  subrou t i n e .  I say 
u s u a l l y  b e c au s e  as  j u s t  me n t i o n e d t h e r e  a re  s o m e q u a l i fy i n g  
c o n d i t i o n s  wi th  c o m p i l e rs whi ch  a l low register  a rgu ments  t o  be  
u s e d  rat h e r  tha n  t h e  stac k .  SAS C for  i n s ta n c e  then uses  a n  @ 
c h aracter, rather  than an underscore ,  at the s tart o f  the  fu n c t i o n  
name.  

Wri t ing the appropri ate C code i s  easy. I t  s imply involve s plac i ng 
s u itably named funct ions cal l s ,  with any requ ired parameters ,  i n t o  
t h e  C source .  Th is  i s  d o n e  us ing normal C fu ncti o n  convent ions  -
you can even add your own ANSI C fu nct ion prototypes  to  make 
s u re that the compi ler  makes the appropriate usage and parameter  
type checks !  
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The next step involves writ ing suitab le  asse mbly language code and 
a s s e m b l i n g  i t  to p r o d u c e  l i n ka b l e  o bj e c t  c o d e .  A c o u p l e  o f  
assembl e r  d i rect ive s ,  cal led XDEF and XREF, have t o  be used to get  
th i ngs runn ing smooth ly. 

XDEF and XREF 
XDEF is an assembler  d i rec t ive used to def ine assembly language 
labels  as be ing vis ib le  to other  mod ules  at l ink  t ime .  I f  you forget i t  
t h e  assembly stage w i l l  g o  OK but  you ' l l  g e t  errors w h e n  l i nk ing 
b e cau s e  the  l i n ke r  wi l l  be  unable  to  r e s o lve t h e  c o r re s p o n d i n g  
fu nct ion reference i n  the  C code modu le .  XREF goes t h e  other  way, 
i e  it t e l l s  the  assemble r that the informati on needed about the  i tem 
in  quest ion  wi l l  be  i mported when the  assembly langu age module  i s  
l i n ked .  I f  you forget these then y ou ' l l  ge t  errors as  soon as you  t ry 
to  assemble  your code because the assembler  wi l l  not  rea l ize  that 
labe ls  have been used whose values  are u nknown at assembly t ime .  

M o s t  a s s e m b l e r s ,  i n c i d e nt a l ly, p l a c e  a l i m i t  o n  the  n u m b e r  o f  
characters wi th in  a label  that wi l l  b e  regarde d  as s ignif icant .  The 
A N S I  C c o m p i l e r  s tandard  a l s o  o n ly r e q u i r e s  t hat t h e  c o m p i l e r  
caters  for s ix characters with exte rnal refe re nces ,  a l though most  
h a n d l e  m o r e .  E i t h e r  c h e c k  fi r s t ,  or  d o n ' t  use l o n g  n a m e s  fo r 
fu nct ions and variables whose refe rences might need to  b e  passed 
b e twe e n  m o d u l e s .  M a nx's  A z t e c  C o f f e r s  #as m a n d  # e n d a s m  
statements t o  a l low assembler  code to be  e mbedded with in  the C 
sourc e .  This can be u sefu l  on occasions but ,  i n  ge nera l ,  i t  i s  safer to 
a lways place assembler  code into a separate modu le .  

Specific SAS/Lattice C Conventions 

F u n c t i o n  E n t ry ru l e s :  u p o n  ent ry to a fu n c t i o n  the  s tack ,  u n d e r  
conve ntional  paramete r passing condit ions ,  contains t h e  funct ion 
arguments p laced i mmed iately above the lo ng-word retu rn address 
w h i c h  regi s t e r  A 7  (the stack p o i n ter )  p o i n t s to .  The  argu m e n t s  
appear in  l e ft-to-r ight order with t h e  l e ftmost i t e m  b e i n g  t h e  o n e  
i m m e d i a t e l y  ab o ve  t h e  r e t u r n  a d d re s s .  H e r e 's s o me s t a n d a r d  
fu nct ion e nt ry steps which n e e d  to be carr ied out : 

1 .  Save regi ster  A S ,  which contains the previ ous funct io n's stack 
frame pointer. The best idea is  to push i t  onto the stack! 

2 .  Copy t h e  contents of  A7  into AS , the reby estab l i sh ing a frame 
po inter  for the  cu rrent funct ion which a l l ows you to access  
the argu ments i nd irect ly us ing the AS base  value .  

3 .  Subtract any stac k work a rea needed from A7 .  

These  s teps  c a n ,  i f  the  work area  requ i r e d  i s  l ess  t ha n  3 2 K , be  
a c h i eved  wi th  the  6 8 000 's L INK i n s t r u c t i o n .  Latt i ce/SAS expe cts  
registe rs D2 -D7 ,A2-A4 and A6 to be intact on  return so ,  i f  any o f  
these registers are to  be  used ,  they must b e  preserved .  Agai n  i t  i s  
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c o mm o n  p ra c t i c e  t o  p l a c e  t h e m  on  t h e  s t a c k .  The  above  s t a c k  
o ri e nted p rocedure forms t h e  bas is  of  a powerfu l ge nera l  parameter  
pass ing technique and i t 's we l l  worth l earning about .  Latti c e/SAS's 
r e g i s t e r  argu m e n t  fac i l i t i e s ,  a l t h o ugh g o o d  fo r s p e e d ,  a r e  l e s s  
u sefu l  i n  gene ral and for detai l s  o f  th is  approach t h e  p lace  to l o o k  
i s  the  Lat t i c e/SAS C c o m p i l e r  re fe r e n c e  manua l .  F u n c t i o n  r e t u r n  
values are passed back in  o n e  o r  more registers ,  depend ing  on  the 
data type declared fo r the fu nct ion in  quest ion.  Here are the  re turn 
value detai ls  that must be adhered to :  

Return Type Size Pass Back Details 
char 8 low byte of DO 

short 1 6  low word of DO 

long 32 all of DO 

float 32 all ofDO 

pointe 32 all of DO 

double (IEEE) 64 passed in DO and D l with high bits in DO 

double (FFP) 32 all ofDO 

Table 1 3. 1 .  Function return values. 

I f, inc idental ly, the funct ion returns an i nstance o f  a s tructure  or  
u nion (as  opposed to a po inter  to the object )  then i t  must  d e fi n e  a 
s tatic work a rea (not on  the stack) to temporari ly ho ld  the  returned 
o bject .  I n  these  cases  the fu nct ion should return i n  DO a po inter  to  
t he temporary copy. Having set  u p  the  requ i red return valu e  the  
rout ine  needs  t o  reverse  i t s  entry steps  (re s tori ng t h e  reg i s te rs ,  
advanc ing the A7  stack pointer  past the work  area, and restor ing  
t h e  p r e v i o u s  f rame p o i n t e r  t o  AS  b e fo r e  e x i t i n g v i a  an  RTS  
i n s t ru c t i o n .  Aga i n  the  6 8 0 0 0  has a n  u n l i n k  ( U N L K)  i n s t ru c t i o n  
spec i fical ly i ntended t o  s impl i fy these ope rat ions .  (Note  that i t  i s  
t h e  j o b  o f  the  c a l l i n g  fu n c t i o n ,  and not  t h e  ca l l e d  fu n c t i o n ,  to  
remove any argu ments fro m the stack).  

Aztec C Conventions 
The Manx AztE:c compi ler  exports the name of a fu nct ion or variable  
b y  t ru n c a t i n g  the name t o  3 1  c h arac t e r s  and p re p e n d i n g t h e  
u n d e rs c o r e  c harac t e r  a s  m e n t i o n e d  ear l i e r. The fu n c t i o n  e nt ry  
ru l e s ,  w h ich  a re  s imi lar  to  Latt ice/SAS, a re  as fo l lows:  upon  e nt ry to  
a fu nct ion the stack again contains the  funct ion arguments  p laced 
i mmediate ly above the  long-wo rd return address  (wh i c h  regi s t e r  
A 7, t h e  stack p o i nter, p o i n t s  t o ) .  The Aztec arguments  a p p e a r  i n  
l e ft-to-right order  with t h e  l e ftmost i tem being t h e  o n e  i mmed iate ly 
above the  retu rn address .  

The Aztec techn ica l  manual says that regi ster  usage is  i mp l e me nted 
accord ing to  the Amiga gu ide l ines  so a l l  used registers exc ept  for 
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D O ,  D l ,  A O  a n d  A l  m u s t  b e  s t o r e d  a n d  r e i n s t a t e d  b e fo r e  t h e  
as s e mb l y  languag e  r o u t i n e  r e t u r n s .  H o w e v e r  i n  t h e  A s s e mb l e r  
sec t ion  i t  states that registers  DO-D3 ,  AO, A l  and A 6  are avai lab l e  a s  
work registers and fol lows th is  statement by saying that 'There i s  
no  n e e d  t o  preserve t h e  values  of  work registers for other  rou t i ne s ' .  
I 'v e  n o t  had m u c h  t i m e  to e x p e r i m e n t  w i t h  A z t e c  C b u t  I ' d  
recommend st icking,  the former, more restr i c ted convent ion,  u n l e s s  
y o u  know otherwise - i t  works a n d  i t  i s  defin i te ly safe ! 

I n - l i n e ,  i e  e mb e d d e d ,  as s e mb l e r  c o d e  m u s t  a l s o  p r e s e rv e  t h e  
c ontents  o f  t h e  non-scratch registers ( ie  a l l  except D O ,  D l ,  A O  and 
A l ) , and in  add i t ion  shou ld  o f  course  not  make any ass u mpt i o n s  
about the  contents  o f  the  processor  regi sters - t h e  code  that t he 
comp i l e r  current ly gene rates for particu lar C statements might we l l  
c h a n g e  i n  l a t e r  r e l e a s e s .  The  M a n x  A z t e c  fu n c t i o n  r e t u r n  
conve nt io ns ,  i nc idental ly, again use  the D O  and D l  data registers .  

A Couple Of Examples 
If a l l  the  re ferences  and d i re ctives in the above stages are correct  

the  rest  i s  easy; the  C source  is  compi led ,  the assembly language 
code  assembled ,  and then the modules  are l i nked together with the  
startu p-code to  produce a runable program. 

Both of my She l l  examples perform s imi lar  processes :  each asks the  
u s e r  to  type in  a s t r i n g,  a n d  t h e n  c a l l s  a n  a s s e m b l y  l a ng u a g e  
r ou t i n e  c a l l e d  E n c r y p t( ) . T h e  a s s e m b l e r  r o u t i n e  p e r fo r m s  a n  
Exc l u s i ve-ORing (EOR) o f  a l l  bytes i n  the s tr ing wh ich  are ne i ther  
the  N U LL t e r m i n a t o r nor  e q u a l  t o  the  ma s k  va lue  i t s e l f  ( t h u s  
p ro t e c t i n g C 's  d e fi n i t i o n  o f  a s t r i ng b y  e n s u r i ng -r hat  w e  d o n ' t  
p r o d u c e  any N ULL val u e s  wi th in  t h e  body o f  t h e  s tr ing) .  Having 
d o n e  t h at  the  p ro g ra m  p ri n t s  the  m o d i f i e d  s t r i n g ,  r e p e a t s  t h e  
Encrypt( )  proce s s  a n d  pr i nts i t  again .  The second EORing pro c e s s  
d o e s  o f  c ourse re su l t  in  t h e  original i n p u t  str ing be ing produced .  

Where t h e  cod ing d i ffers i s  that in  the fi rst  example  the assemble r  
rou t ine  i s  d i rectly access ing the global variables g_inpuLstr ing and  
g_EOR_mask pre sent  i n  the C source code .  In  the sec ond example  
these variab les  are not global ,  and  both the start of  the  s t r ing  and 
t h e  E O R  m a s k  v a l u e  a r e  g i v e n t o  t h e  a s s e m b l e r  r o u t i n e  a s  
paramet e rs ,  i e  t h e  val u e s  are provided a s  argume nts  du r ing  the  
Encrypt( )  c a l l .  Th i s  means that i n  the second example  we have to  
get those  argu ments from the stack. Here 's the run-down on what 
has happened just pr ior  to  e nter ing our assembly language patch ;  
the argu ments wi l l  have be en  pushe d ,  in  left to  right order, onto  the  
stack. Then the return address  wi l l  have been p laced on  the s tack .  
My s e c o n d  assembler  patch uses  a LI N K  a S ,#0 i ns t ru c t i o n  wh i c h  
pushes  t h e  c ontents  o f  a s  onto t h e  stack a s  we l l .  The resu l t? To 
a c c e s s  t h e  t wo argu m e nt s  o f  t h e  C fu n c t i o n  we 've  h a d  t o  u s e  
posit ive o ffsets o f  8 and 1 2  respect ively. 
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B e fo re you e x a m i n e  t h e  s o u r c e  l i s t i n gs s o me p o i nt s  s h o u l d  b e  
made :  to start with you w i l l  not ice  in the p ieces  o f  asse mbl e r  code 
p rovided that on ly the scratch regi sters AO and DO are used.  Th is  
m e an s  t h a t ,  fo r the  examp l e s ,  i t  i s  n o t  n e c e s sary  t o  p r e s e rve  
re g i s t e r  conte nts o n  the  stack.  Desp i t e  t h i s  i n  the  second  of  the  
a s s e m b l e r  patc hes  I have i n c l u d e d some movem i nst ruct ions  t o  
save and restore  data regi sters d 2-d7 .  Why? I t 's j u st s o  that you can 
see exact ly whereabouts  in the code  those pu sh/pop  o pe rat ions  
would be  carr ied out  had regi sters d2-d7 actual ly been in  use .  

Some 'Exclusive' Info 
Exclu.sive-ORing, more commonly known as EOR, is a logical operation that 
is carried out on pairs of bits or bytes and works like this: The 
corresponding bits in each of the bit pattern are compared and if they are 
different then the result is a 0 value. If the bits are the same, ie either both 
bits are set to 0 or both are set to l ,  the result is a l value. The truth table for 
the EOR operation therefore looks like this: 

BIT A 
0 l 

B 0 0 

I 
T Exclu.sive OR Truth Table 

B 0 

For example: The result of exclu.sive-ORing SF hex with 09 hex is 86 hex 
which is worked out like this: 
Byte 

Byte 

Result after EOR 

1 0 0 0 1 1 1 1  

0 0 0 0 1 0 0 1  

1 0 0 0 0 1 1 0 

SF hex 

09 hex 

86 hex 

Exclu.sive-ORing is an operation which when performed twice on a byte 
u.sing the same EOR masking value produces the original byte back again 
(try it and see). This has led to the EOR operation being regularly u.sed for 
simple encryption and decipher schemes. Take a piece of text, Exclu.sive­
OR all the bytes with some mask value and the result will not be immediately 
obviou.s as a piece of text. Carry out the same process again with the same 
encryption key (ie the same EOR mask) and the original text will be 
produced. Get the key wrong and it won't ! 
This technique is, incidentally, the basis of a common simple 
encryption/decipher scheme and programmers are particularly fond of 
u.sing it for encrypting graphics images, sound samples etc. ,  since the 
encrypted forms are then not readable by conventional !FT based 
programs. 

Figure 1 3. 1 .  Exclusive OR. 

/ *  · · · · · · · · · · · · · · · · · · · · · · · · · · · - · - · · · · · · · · · · · · · · · · · · · · · ·  * /  

/ * Listing 1 3 . 1 :  Exclusive ORing via g lobal variables* / 

/ *  Example - CH 1 3 - 1 . c · uses  Exc lusive ORing patch v ia GLOB ­
AL v a r iables * /  
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# inc lude <exec / types . h > 

#include <stdio . h > 

#define MESSAGE 1 " Please enter a strin g \ n "  

#define MESSAGE2 " Encrypted s t r ing i s  . . . . . . . . . . .  • 

#def ine MESSAGE3 " St ring after 2nd conver sion . . .  • 

#def ine L I N E FEED  1 0  

#def ine MAX CHARS 80 

#define EOR_MASK Ox 1 FTEXT g_input_s t r ing [ MAX_CHARS+ 1 ] ;  
/ *  space for the user ' s  s t r ing * /  

U BYTE g_EOR_mask=EOR_MASK; / *  Exclusive - ORing conve r s ion 
mask * /  

main ( )  

{ 
WORD keyboard_character ; UBYTE count=O ; p rintf ( MESSAGE 1 ) ;  

while ( ( keyboard_characte r=getchar ( ) ) ! = LINEFEED)  

{ 
if ( count<=MAX_CHARS ) g_input_string [ count++ ] =  
keyboard_ch aracter ; 

} ; 

g_input_s t r ing [ count ] =NU L L ;  

E n c rypt ( ) ;  

/ *  add t erminal N U L L  * /  

/ *  EOR the string * /  

p r intf ( "%s % s  \ n" , MESSAGE2 , g_input_s t r ing ) ; 
/ *  show user  encrypted 
st ring * /  

Encrypt ( ) ;  I * 2nd EOR operat ion * I 

p r intf ( "%s %s \ n " , ME SSAGE3 , g_input_st r ing ) ; 
/ *  show st r ing again * /  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

* ========= ============================================= * 

/ * Listing 1 3 . 2 :  The assembler patch without a r gument pass ­
ing* / 

* Example CH1 3 - 1 . s - assembler patch without argument 
passing * 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

* ao is loaded with the starting address  of the  input 
string 

XDE F _Encrypt 

XRE F _g_input_s t r ing 
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XRE F _g_EOR_mask 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

_Encrypt move . l  #_g_input_string , aO start of string 

move . b  _g_EOR_mask , dO get mask value 

subq . l  #1 , aO 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - · - - - - - - - - - - - - * 

ENCRYPT_LOOP : addq . l  #1 , aO move to next byte 

tst . b  (aO) check it 

beq FINISH quit if NULL terminator 

cmp . b  (aO) , dO will it EOR to NULL ? 

beq ENCRYPT_LOOP if YES don ' t  EOR it 

eor . b  dO , ( aO) safe to Encrypt 

bra ENCRYPT_LOOP keep going 

* - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - * 

FINISH rts back to C 

* = ===================================================== * 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Listing 1 3 . 3 :  The function parameter based ver sion of 
the program * /  

/ *  Example C H 1 3 - 2 . c  - version wh ich p a s s e s  d a t a  as pa rame ­
t e r s  * /  

#inc lude <exec/ types . h> 

#inc lude <stdio . h> 

#define MESSAGE1  ' Please enter a strin g \ n "  

#def ine MESSAGE2 ' Encrypted st ring is  . . . . . . . . . . .  

#def ine MESSAGE3 ' St ring after 2nd conversion . . .  

#define L INEFEED 10  

#define MAX_CHARS 80 

" 

" 

#define EOR_MASK Ox 1 Fmain ( ) { TEXT 
input_s t r ing [ MAX_CHARS+1 ] ;  / * space for the user ' s  string * /  

UBYTE EOR_mask=EOR_MASK ;  / *  Exclusive - ORing conv e r s io n  

WORD keyboard_c haracter 

UBYTE count=O ; 

printf ( MESSAGE1 ) ;  

mask * /  

wh ile ( ( k eyboard_characte r=get char ( ) ) ! = L I N E FE E D )  

{ 

if ( c ount <=MAX_C HARS) input_st r ing [ count++ ) =  
keyboard_character ; 
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} ; 

input_s t r ing [ count ] =NULL ; / *  add terminal NULL  * /  

E n c rypt ( input_str ing , EOR_mask ) ; / *  EOR the st ring * /  

p r intf ( " %s %s \ n " , MESSAGE 2 , input_s t r in g ) ; / * show user  
encrypted s t r in g  * /  

E ncrypt ( input_st ring , EOR_mask ) ; / *  2nd EOR operation * /  

p r intf ( " %s % s  \ n " , MESSAGE3 , input_st ring ) ; / * show st r in g  
again * /  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

* = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  * 

/ * Li s t ing 1 3 . 4 :  Assembler patch that u s es data passed a s  
function paramet e r s . * /  

* Examp le CH 1 3 - 2 . s  - assembler patch with argument passing* 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

XDEF _Encrypt 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

_Enc rypt 
space 

link aS , #0 

movem . l  d2 - d7 , - ( sp )  

move . l  1 2 ( a5 ) , d0 

move . l  8 ( a5 )  , ao 

subq . 1  #1 , aO 

don ' t  need any wo rk -

normally whe re we save 

ret rieve mask value 

ret rieve s t r ing point e r  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

E NCRYPT_LOOP : addq . l  #1 , aO move t o  next byte 

t st . b  ( a O )  check it 

beq FI NISH quit if NULL  t e rminator  

cmp . b  ( aO ) , dO will it EOR to NULL ? 

beq ENCRYPT LOOP if YES don ' t  EOR it 

eor . b  dO , ( aO)  safe t o  En crypt 

bra ENCRYPT LOOP keep going 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

FINISH movem . l  ( sp) + , d2 - d7 

unlk as 

normally where we restore 

rts  back t o  C 

* = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  * 

Ill 





1 4: 
Creating 

Static Tile 

Effects - Part 

One 

The next two chapters  dea l  wi th  
qu i te a s imple  top ic ,  namely the  
d r a w i n g  o f  a s e t  o f  i d e n t i c a l  
i m a g e  t i l e s  o n t o  a n  I n t u i t i o n  
s c r e e n  b u t  f o r a n u m b e r  o f  
r e a s o n s  ( w h i c h  w i l l  b e c o m e 
apparent  d ur ing the d i scuss ions ,  
we take the  ideas a l i t t l e  fu rth e r  
than wou l d  no rmally be  done) .  

The object  o f  the  exerc ise  then i s  
to  produce a rout ine  that  takes a 
spec i fied graphics  obj ect  (defined  
as an In tu i t ion  image) and c reate s  
a t i l e/wa l l p a p e r  e ffe c t  w i t h i n  a 
w i n d o w  b y  d r a w i n g  m u l t i p l e  
c o p i e s  o f  t h e  i mage  u s i n g t h i s  
sort  o f  ca l ler-def ined MxN gr id .  
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N colwnns 

� I  I I I I I I 
Figure 1 4 . 1 .  Grid of image tiles. 

O u r  s t ory  s ta r t s  w i t h  a t y p i c a l C p r ogra mmer ' s  a p p ro a c h .  The  
s implest  way o f  creat ing a M x N gr id  of image t i l es  is  to  se t  u p  a 
twin l o o p  that  ca lcu lates the grid co-ord inates and uses t h e m  i n  
c o nj u n c t i o n  w i t h  t h e  I n t u i t i o n  l i b rary's  Drawl mag e ( )  r o u t i n e .  
Pe rhaps the most obvious way t o  code such a rout ine  wou ld  b e  l i ke 
th i s :  

/ * List ing 1 4 . 1 :  An obvious C t iling routine * /  

void DrawTile s ( struct I mage * ima ge_p , s t r u c t  RastPort  
* r astport_p , WORD rows , columns)  

{ 
WORD widt h ,  he ight , left=O , top=O,  i ,  j ;  

width= image_p - >Width ; 

height=image_p - >Height ; 

for  ( i=O ; i< rows ; i++)  

{ 
for  ( j =O ; j < columns ; j ++)  

{ 
Drawimage ( rastport_p , image_p , j *widt h ,  i*height ) ;  

} 

} 

} 

I n  p ra c t i c e  i t  i s  p r o b a b l y  b e t t e r  t o  av o i d  t h e  m u l t i p l i c a t i o n  
o p erat ions and trac k the new posi t ions us ing ad di t ion operat ions  
l ike th i s :  

/ * List ing 1 4 . 2 :  These loop operations would be slight ly 
faster*/  

void DrawTile s ( struct Image  * image_p , struct  RastPort  
* rastport_p , WORD rows , WORD colum n s )  

{ 
WORD widt h ,  height , left=O,  top - 0 ,  i ,  j ;  

width=image_p - >Width ; 
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h e ight=image_p - >He ight ; 

f o r  ( i=O ; i<rows ; i+ + )  

} 

{ 
for ( j =O ; j <columns ; j ++)  

{ 
Drawlmage ( ra stpo rt_p , imag e_p , left , top) ; 

left+=width ; 

} 
top+=he ight ; 

left =O ; / *  reset for next row * /  

} 

As a n  e x t r a  r e f i n e m e n t  we c o u l d  a l l o w  o ffs e t  p o s 1 t 1 o n s  t o  b e  
provided  as fu nct ion parameters s o  that we're able  to pos i t ion the  
g ra p h i c s  e xa c t l y  wh e r e  we want  t h e m .  H e r e 's the  l i s t i ng 1 4 . 2  
example  with the requi red o ffset  mod ificat ions :  

/ * Listing 1 4 . 3 :  A more f lexible ver sion of listing  1 4 . 2* /  

v o id DrawTile s ( st ruct Image * image_p , struct RastPort  
* rastport_p , WORD rows , WORD columns , WORD left_offset , 
WORD t op_offset ) 

{ 
WORD widt h ,  height , left =O,  top - 0 ,  i ,  j ;  

width=im age_p - >Width ; 

h e ight=image_p - >Height ; 

f o r  ( i=O ; i< rows ; i++)  

{ 
for ( j =O ; j <columns ; j ++ )  

{ 
Drawlmage ( rastpo rt_p , image_p , left+ left_offset , top+top_off ­
s e t ) ; 

left+=width ; 

} 
top+=height ; 

left=O ; / *  reset for next row * /  

} 

} 

P e r h a p s  t h e  o n ly  o t h e r  w o r t h w h i l e  m o d i f i c a t i o n  m i g h t  b e  t o  
e l iminate the width and height variables b y  refe renc ing the image 
structure d i re c t ly l ike  thi s :  
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/ * Listing 1 4 . 4 :  Yet another t ile creat ing routine po s s i ­
bility* I 

void DrawTile s ( struct Image * image_p , struct  RastPort  
*rastport_p , WORD rows , WORD columns , WORD left_offset , 
WORD top_offset ) 

{ 
WORD left=O , top - 0 ,  i ,  j ;  

for ( i=O ; i< rows ; i++)  

{ 
for ( j =O; j <co lumn s ; j + + )  

{ 
Drawlmage ( ra stpo rt_p , image_p , left+left_offset , top+top_off ­
set ) ; 

left+=image_p - >Widt h ;  

} 
top+=image_p - >Height ; 

left =O;  / *  reset for next row * /  

} 

} 

Function Name: DrawlmageQ 
Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

This is Intuition's high-level Image drawing routine 

Drawlmage(rastport_p, irnage_p, left_offset, top_offset); 

void Drawlmage(struct Rastport *, struct Image *, WORD, 
WORD); 

aO al  dO dl  

rastport_p - pointer to  a RastPort 

irnage_p - pointer to an Image structure 

left_ offset - a general left offset which will be used with all of 
the linked Image structures of a particular Drawlrnage() call. 

top_offset - a general top offset which will be used with all of 
the linked Image structures of a particular DrawlmageQ call. 

None 

It is convenient to have displacement offsets in the 
DrawlmageQ call itself because this allows a global offset to 
be applied to a whole chain of Image structures. You may 
have a group of a couple of dozen separate images on 
display but, if you so desire, will be able to reposition the 
whole group (keeping their relative positions the same) just 
by altering the global offsets. 
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A few exper iments would soon te l l  which of  the above C forms were 
the most  e ffi c i ent  and coupled  to some subsequent addit ional fi ne 
t u n i ng ( c h o i c e  of vari a b l e  s i z e s ,  p a s s i ng parame t e r s  d i re c t ly  in 
registe r s  and s o  on)  you might be  fo rgiven fo r th ink ing that these 
e fforts wou l d  doubt less  produce a reasonable t i l ing routi ne .  As i t  
happens ,  th is  part icu lar task,  over the next couple of  chapters ,  i s  
go ing  to  lead u s  to some interest ing new ground but  the  po int  of  
i nterest  at the  present t ime concerns  not the exe cut ion t imes of  the 
routi n e s ,  but  the t ime i t  took to code them! Th e first DrawTiles () C 
rout ine that I 've ju st d iscussed actual ly took me about one  minute 
to sketch o u t  and within five minutes I had th rown the code into a 
test  p rogram (a long with a test  i mage ) ,  and compi l ed  and run i t .  
F i v e  m i n u t e s  a f t e r t h a t  I had c o n fi r m e d  t h a t  t h e  a l t e r n a t i v e  
mod i ficat ions also worked without problem. 

But  how does  this  co mpare say with us ing 68 0x0 assembler  code to 
do the j ob? Wel l ,  what I 'm now going  to do is  deve lop an equival ent  
routin e ,  agai n  ca l led DrawTi les( ) ,  u s i ng the low leve l  approach.  The 
reason I 've c hosen  th is  s imple  t i l ing  task as an example  i s  that the 
equiva lent C code wil l  have been u nde rstandab le to everyone and 
t h e  i d e a  n o w  is  to  s h o w  you exac t l y  how m u c h  more wo r k  is  
i nvolved when you o pt for the low - leve l approach .  Along the way 
I ' l l  a l s o  be ab le  to  i l l u strate  both the  advantage s to be had and  
d i s a d v a n t a g e s  e n c o u n t e r e d .  I ' l l  a l s o  s p e n d  ra t h e r  more  t i m e 
d iscuss ing vario u s  cod ing issues  so that those of  you new to 680x0 
cod ing get a c hance to u nde rstand what's going on! 

The Low-Level Approach 

Qu i te  a few para m e t e rs wi l l  n e e d  to be pas s e d  to t h e  l ow- leve l  
D r a wT i l e s ( )  s u b r o u t i n e a n d ,  k n o w i n g  ( f r o m  t h e  fu n c t i o n  
descr ipt ion) that the  In tu i t ion Drawlmage() l ibrary rout ine needs a 
rastport  p o in te r  i n  aO ,  an  i mage p o i nter  i n  a l ,  p lus  l e ft and top  
o ffse t s  i n  d O  an d  d l ,  t h e  fo l l o wi ng regi s t e r  arrange ments  were  
chose n :  

a O  i s  t o  hold t h e  window rastport pointer  

a 1  is t o  hold  the image point e r  

dO is t o  hold the  starting left offset value 

d1 is t o  hold the startin g  top offset value 

d2 is  t o  hold the required horizontal b lock count , 
ie column count 

d3 is  t o  hold t he required vert ical block count , 
ie r ow c o unt 

The s u b rout ine  i s  going to draw each row o f  the gr id by maki ng 
D rawl m age()  l i b rary c a l l s  i n c r e me n t i n g  the  fu nct io n 's l e ft o ffs e t  
drawing posit ion b y  t h e  width o f  t h e  image b lock each t ime.  Once  a 
row i s  c omplete the  top offset value  wil l  be  increased by the height 
o f  the  i mage an d  the  row d rawing o p e ra t i o n s  r e p e a t ed .  Rat h e r  
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u n fo rt u na t e l y  we m u s t  a s s u m e  that  t h e  p a ra m e t e rs p re s e nt i n  
a O , a l , dO and d l  ( the  scratch registers)  wi l l  b e  de stroyed by each 
a n d  every D rawimage() Intu i t ion cal l ,  and so these va lues  wi l l  need 
t o  be  copied to  other  registers at the  s tart of  the  routi ne s o  that  
t h ey can be re loaded  as requ ired .  Also ,  a copy has to be kept  o f  the 
o r i g i n a l  l e ft o f fs e t  b e c a u s e  one work i ng va l u e  w i l l  n e e d  t o  be 
i n c reased as the i mages in  any given row are d rawn but the or ig inal  
v a l u e  w i l l  s t i l l  b e  n e e d e d  to  reset  the  o ffse t  a t  t h e  start  of  t h e  
s e c o n d  and subsequent  row drawing o perat ions .  

Now a l l  of  these  values  could be placed o n  the  68 0xO's stack ,  or  
s t o r e d  in  d s . x  d e f i n e d  m e m o r y l o c a t i o n s b u t ,  for  m a x i m u m  
e x e c u t i o n  s p e e d ,  i t  i s  a c t u a l l y  fas t e r  t o  k e e p  a s  mu c h  data  a s  
p o s s i b l e  wi th in  the  68000 registers themselves .  I have therefo r e ,  
s o mewhat arb i t rar i ly, c h o s e n  to  preserve the  rastport p o i n t e r  in  
re g i s t e r  a 2 ,  the  i mage pointer  in  register a3 ,  the left offset i n  d? ,  
t h e  t o p  offs e t  i n  a4 ,  the  c o l u mn b lock  count  i n  a s  and o p t e d  to  
c o l l e c t  a n d  s t o r e t h e  i ma g e  w i d t h  a n d h e i g h t  in  d4 a n d  d S  
r e s pe c t i v e l y. Add i t i o n a l l y  r e g i s t e r  d6 wi l l  be  u s e d  to  s t o r e  t h e  
c u r r e n t  l e ft  o f fs e t  v a l u e  a t  a n y  g ive n t i m e .  W h y  were  a d d r e s s  
reg is ters c h o s e n  for some data i t ems? I t 's s imply  t hat al most  a l l  
( data and address)  regis ters were needed to  store a l l  of  t h e  va ri ous  
i t e ms .  Here ,  fo r easy referenc e ,  a re  the  parameters that need to  be  
s u p p l i e d :  

ao holds the window rastport pointer  

a1 holds t he image pointer 

dO holds the starting left offset value 

d1  holds starting top  offset value 

d2 holds required ho rizont a l  block count , 
ie c o lumn count 

d3 holds  requ ired vertical  block count , ie row count  

an d  here  are the  deta i ls  of  the additi onal regi sters to  be used :  
d4 used  to store  image width 

d5 used  to store  image height 

d6 used to hold an updated ( current )  left off set 

d7 copy of o r ig inal left offset 

a2 copy of rastport pointer 

a3 copy of image pointer 

a4 copy of o r ig inal top offset 

as copy of o r ig inal c o lumn count 

I t 's worth remembering that 680x0 instruct ions which  use  s mal le r  
s i z e  o p e ra nds  d o  execute  more  q u i ck ly  ( p l u s  o f  c o u rse  m e m o ry 
s p a c e  i s  s a v e d )  s o  grap h i c s  r o u t i n e s ,  s u c h  a s  t h e  o n e  w e  a re 
d e ve lop i ng, shou ld  make a l l  reasonable efforts to take advantage of  
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s u c h  t h i n g s .  I n  o u r  c a s e  a l o t  o f  t h e  d a t a ,  b l o c k  c o u n t s ,  t h e  
Drawl mage()  o ffsets  e tc ,  can in  fac t be spec i fied a s  word s ized  (two 
byte)  data i t ems.  

As w i t h  the equ iva l e nt C r o u t i n e s ,  the i mage w i d t h  and h e ight  
va l u e s ,  w h i c h  a r e a l s o  w o r d  s i z e d  fi e l d s ,  do  n o t  n e e d  t o  be  
exp l i c i t ly provided beca use  they're stored i n  the image s tructure 
i t se l f  and can be obtained us ing the  word-based form o f  i nd i r e c t  
address ing with  d is p lacement .  I n  the  c a s e  o f  the In tu i t ion  I mage 
struc ture the d isp lacements requ ired to obtain the i mage width  and 
height are given the standard ig_Width and ig_H eight respect ive ly. 
Pre fi n e d  d i sp lacement  values  are avai lable in the intu i t ion . i  inc lude  
fi l e  but  s ince  they  have absolute values  of  4 and 6 i t  is  easy e nough 
to define  ident i cal EQUate values  i f  necessary and so  st i l l  write th i s  
type o f  'co nve ntional '  Amiga cod e :  

m ove .w  ig_Width ( a 1 ) , d4 get image width in d4 

move .w  ig_Height ( a1 ) , d5 get image height in d5 

C o u p l e d  to t h e  p re v i o u s ly m e n t i o n e d  i n i t i a l  p a ra m e t e r  c o py 
operat ions ,  the subrout ine entry code the refore ended up looking 
l ike t h i s :  

m ove . I  aO, a2 

m ove . I  a 1 , a3 

m ove . w  d0, d6 

m ove . w  d0, d7 

m ove .w  d 1 , a4 

move .w  d 2 , a5 

move .w  ig_Width ( a 1 ) , d4 

m ove . w  ig_Height ( a 1 ) , d5 

preserve rastport pointer 

preserve  image pointer 

d6 = current left off set  

preserve left offset for  

preserve top offset 

reuse  

preserve co lumn count for reuse 

get image width in d4 

get image height in d5 

Drawi ng A Row Of Images 
Bas i c a l ly we d raw t h e  i mage s t r u c t u r e ,  d e c re a s e  t h e  ho r i z o n ta l  
b l o c k  c o u n t ,  and t e s t  t o  see  w h e t h e r t h e  c o u n t i s  z e ro t h u s  
checking that a l l  hor izontal image s i n  a row have been drawn. I f  the 
current  row is  complete  we move onto the next row;  otherwise  we 
reset the top offset  value in register d 1 (which  the l ibrary cal l  might 
have de stroyed) ,  u pdate the l e ft offset value  (by adding the image 
width  to  i t ) ,  r ese t  the dO ,  aO and a l  parameters  wh i c h  may a l so  
have been destroyed by  the  l ibrary cal l ,  and cont inue  looping back 
to the Drawlmage ()  funct ion :  

draw row CALL SYS Drawimage ,_IntuitionBase 

subq #1 , d2 decrease count 

beq next row 

m ove .w  a4 , d 1 set top offset 

add . w  d4 , d6 form new left off set 
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draw_row2 move . w  

move . I  

move . I  

d6 , d0 

a2 , a0 

a3 , a1 

n eeded f o r  libr ary funct ion 
c a ll 

restore  rastport  pointer 

rest o r e  image pointer  

bra draw row keep going 

At the start  o f  each new row we decrease the  c ou n t  value  and check 
whether  another row needs to be  drawn. I f  i t  does  the  l e ft offset  
val u e  is  r e s e t  t o  t h e  start  of  the row, t h e  c o l u m n  c o u nt (wh ich  
r e p r e s e n t s  t h e  n u m b e r  of  h o r i z o n t a l  b l o c k s  to  b e  d ra w n )  i s  
s imi larly reset ,  and the top offse t  value  i s  i nc reased by the he ight 
of t h e  image . I n  t h e  fo l l owing c o d e  not i ce  how b ra n c h  on e qual  
( b e q )  and b ra n c h  a l ways (bra)  i n s t ru c t i o n s  are  u s e d  to  c rea te  
p rogram l oops  which fi nal ly exit when the count  values  (wh ich  are 
d e creased by one each time a loop is  executed)  become zero :  

next row subq 

beq 

move . w  

move . w  

move . w  

add . w  

move . w · 

bra 

draw end 

#1 , d3 

draw end 

d7 , d6 

a5 , d2 

a4 , d1  

d5 , d1 

d1 , a4 

draw_row2 

decrease count 

r e set start  left off set for  
r ow 

r e set co lumn count 

t op offset  for  next row 

The Completed Routine 
By co l l ec t ing a l l  the  th ings d iscussed so far we can p iece  together  
the reasonably effi c i ent? DrawTi l es()  rout ine sh own i n  l i s t ing 1 4 . 5 .  I 
have inc i dental ly chosen to preserve and restore a l l  registers u sed 
( inc lud ing s c ratch registers dO, d l ,  aO and a l )  because this al l ows 
t h e  ro u t i ne  to  be qu i c kly re -used  w i t h o u t  hav ing  to r e l oad any 
u nc hanged scratch register  based parameter values :  

/ * Listing 1 4 . 5 :  A nearly complete assembly language ver ­
sion of DrawTile s ( ) * /  

DrawTile s :  

Requires following paramet e r s  on entry : 

aO holds  win dow rastport  point er 

a1  holds image pointer 

dO holds starting left offset value 

d1  holds starting top offset value 

d2 holds  r eq uired horizontal b lock count , ie c o lumn 
count 
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d3 holds requ ired vertical b lock  count , ie row count 

movem . l  

move . !  

move . !  

move . w  

move . w  

move . w  

move . w  

move . w  

move . w  

d0 - d7/ a0 - a5 , - ( sp )  

a0, a2 

a 1 , a3 

d0, d6 

d0 , d7 

d 1 , a4 

d2 , a5 

ig_Width ( a 1 ) , d4 

ig_Height ( a 1 ) , d5 

preserve registers  

pre serve rastport  
pointer 

preserve image pointer 

d6 = cur rent left 
offset 

preserve left offset 
for reuse 

preserve t o p  off set 

preserve co lumn count 
for  reuse 

get image width in d4 

get image height in d5 

draw row CALLSYS 

subq 

beq 

Drawlmage , _Intuit ionBase 

#1 , d2 decrease count 

move . w  

add . w  

draw row2 move . w 

move . !  

move . !  

bra 

next row subq 

next row 

a4 , d 1 

d4 , d6 

d6 , d0 

a2 , a0 

a3 , a 1 

d raw row 

#1 , d3 

beq d raw_end 

move . w  

move . w  

move . w  

add . w  

move . w  

d7 , d6 

a5 , d2 

a4 , d 1 

d5 , d 1 

d 1 , a4 

bra d raw_row2 

draw end movem . 1  
rts  

( sp ) + , d0- d 7 / a0- a5 

set top off set 

form new left off set 

n eeded for library 
function c a ll 

restore rastport  
pointer  

restore image pointer 

keep going 

decrease count 

reset start  left off 
set for row 

reset column count 

top offset for next 
row 

restore regsters  

Are we fi n i s h e d ?  N o t  yet ,  b e c a u s e  h i d d e n  i n  t h i s  r o u t i n e  i s  an 
i n e ff i c i e n c y t ha t  i s  e a s i l y e l i m i n a te d .  T h e  CALLSYS  m a c r o  i s  
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push ing a6 ant  o the stac k and retri eving i t  a fter  the Drawlmage() 
rout ine retu rns .  I n  this part icu lar rout ine  these  act ions  are qu i te  
p o i n t l e s s  b e c au s e  I ' v e  b e e n  a l i t t l e  c r a ft y  - r e g i s t e r  a 6  h a s  
d e l b e ra t e l y not  b e e n  u s e d  ( e x c e p t  w i t h i n  C A L L S YS ) .  Th e r e  i s  
t h e re fore  n o  reason why, by j u st sett ing u p  a6 i n i t ial ly, we can't  
r e p l ac e  the CALLSYS ge n e rated code wi t h  the s i ng le  e q u i va l e n t  
ind irect  subrout ine cal l ,  thus e l imi nating a l l  o f  those  a 6  push/pu l l  
o p e rat ions .  Th i s  is  typical  o f  the  sort of  tr icks an assembl er  coder  
wi l l  be ab le  to spot  and use and needl ess to say most  C compi lers ,  
a l t h o u g h  t h e y  are  e x t r e m e l y  c l e v e r  at  o p t i m i s i n g t h e i r  c o d e  
n owadays,  wi l l  not  a lways come u p  t o  the  e ffi c i ency  o f  a crafty 
6 8 0x0er !  L is t ing  1 4 . 6  shows the code after  the m o d i fi cat ion that 
e l iminated the regi s ter  a6 ineffi c i enc ies :  

/ * Listing 1 4 . 6 :  T h i s  completed DrawTile s ( )  routine work s 
in much the same way a s  the C examples g iven at the start 
of the chapt e r* / 

DrawTile s :  

Requires following parameters on entry . . .  

ao holds window rastport point e r  

a1  holds image pointer 

dO hold s startin g  left offset value 

d1  holds starting top offset value 

d2 holds r equired horizontal block count , ie column 
count 

d3 holds required vertical block coun t ,  ie row count 

movem . l  

move . !  

move . !  

move . !  

mov e . w  

move . w  

move . w  

mov e . w  

move . w  

move . w  

d0 - d7/ a0 - a6 , - ( sp )  

_Intuit ionBase , a6 

aO , a2 

a 1  , a3 

d0, d6 

d0 , d7 

d 1  , a4 

d2 , a5 

ig_Wid th ( a 1 ) , d4 

ig_He ight ( a 1 ) , d5 

draw row j s r  _LVODr awl mage ( a6 )  

subq #1 , d2 

p r eserve registers  

set  up library base 

pres erve rastport 
pointer 

preserve image pointer 

d6 = c u r r en t  left 
off set 

pres erve left off s et 
f o r  reuse 

preserve top offset 

pr eserve co lumn count  
for  reuse  

get image width  in  d4  

get image height in  d5  

a faster  alternative 

dec rease count 



beq 

move . w  

add . w  

draw_row2 move . w  

move . l  

move . l  

bra  

next_row subq 

beq 

move . w  

move . w  

move . w  

add . w  

move . w  
row 

bra 

draw_en d  movem . l  

rts  

n ext_row 

a4 , d 1  

d4 , d6 

d6 , d0 

a2 , a0 

a3 , a 1 

d raw row 

#1 , d3 

d raw end 

d7 , d6 

a5 , d2 

a4 , d 1 

d5 , d 1 

d 1 , a4 

draw_row2 
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set top  off set 

form new left offset 

needed for library 
function c a ll 

restore rastport pointer 

restore  image point e r  

keep going 

decrease c o unt 

reset start left off 
set for row 

reset column count 

top offset for next 

( sp ) + , d0 - d7 / a0- a6 restore regsters  

Building A Test Framework 

Al l  we have to do now is put  th is  subrout ine into a runable example  
to  c h e c k  that  i t  actual ly works. In  order  to  do th is  we  need some 
c o d e  which  sets  u p  some example  parame ters and then  ca l l s  t h e  
D rawTi l e s ( )  s u b ro u t i n e .  H e r e  i s  s o me c o d e  that w i l l  d o  fo r t e s t  
purposes :  
draw_images m ove . l  dO , a 1  window address  i n  a1 

move . l  wd_RPort ( a 1 ) , aO copy rastport pointer 
into ao 

lea Image1 , a 1 pointer t o  image 

moveq #20 , dO example left offset 

moveq #1 5 , d1 example top off set 

moveq #20 , d2 example co lumns count 

moveq #1 0 , d3 example rows count 

j sr DrawTile s our subroutine 

The next program puts the above use  of  the DrawTi l es ( )  rout ine  i nto  
a test  framework that  i s  su itab le  fo r a68k c oders and others wi thout  
the  off ic ia l  i n c l u d e s .  The program o p e n s  t h e  d o s  and  i n t u i t i o n  
l ibrar i e s ,  locks t h e  Workbench  screen  a n d  o p e n s  a window u s i ng 
the (new from Release 2 )  OpenWindowTaglist fu nct ion .  I t  then ca l ls  



Em 

Mastering Amlga Programming Secrets 

the  DrawTi les () rout ine ,  wai ts a whi l e ,  and shuts i tse l f  d own. Th is  
v e rs i o n  can ,  inc ide ntal ly, be  d i rect ly assembled by  C har l i e  G ibb 's 
A68k assemble r :  

/ * Listin g  1 4 . 7 :  DrawTiles ( )  embedded i n  a r unable test 
program * /  

* Example 

LINKLIB 

CALL SYS 

CH1 4 - 1 . s 

MACRO 

move . !  

move . !  

j s r 

move . !  

ENDM 

MACRO 

a6 , - ( a7 )  

\ 2 , a6 

\ 1 ( a6) 

( a7 ) + , a6 

L I NKLIB _LV0\ 1 , \ 2  

ENDM 

TRUE EQU 

NULL  EQU 

DOS VE RSION EQU 

I NTUIT ION_ VERSION EQU 

SECONDS EQU 

TIME_DELAY EQU 

TAG_DONE EQU 

WA_BASE EQU 

WA_Left EQU 

WA_Top EQU 

WA_Wid th EQU 

WA_Height EQU 

WA_ T it le EQU 

WA_DragBar EQU 

WA_PubSc reen EQU 

wd_R Port EQU 

ig_Width EQU 

ig_Height EQU 

_AbsExecBase EQU 

_LVOOpe n l ibrary EQU 

_LVOCloselibrary EQU 

0 

0 

36 

50 

1 0*SECONDS 

0 

$80000063 

WA_BASE+$01 

WA_BASE+$02 

WA_BASE+$03 

WA_BASE+$04 

WA_BASE+$0B 

WA_BASE+$1 F 

WA_BASE+$ 1 6  

50 

4 

6 

4 

- 552 

- 4 1 4  
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LVOLock PubSc reen 

LVOUnlockPubSc reen 

_LVOOpenWindowTaglist 

LVOC loseWindow 

_LVODe lay 

_LVODrawlmage 

EQU - 51 0 

EQU - 51 6 

EQU - 606 

EQU - 72 

EQU - 1 98 

EQU - 1 1 4  

s t a r t  lea dos_name , a 1 load pointer to 
lib r a ry name 

moveq #DOS_VERSION , dO any versio n  will do ! 

open_ dos  CALLSYS Openlibrary , _AbsExecBase 

move . l  dO, _DOSBase save returned pointe r  

beq exit check open OK? 

open_int lea 

moveq 

CALL SYS 

move . l  

beq 

int u it ion_name , a1 load pointer t o  
library name 

#INTUITION_VERSION , dOspe c ify mimim um lib 
v e r s ion 

Open library , _Ab sExecBase 

dO , _Intuit ionBase 

close dos 

save returned pointer 

check open OK? 

lock s c r een lea workbench_name , ao pointer to screen name 

CALLSYS Lock PubScreen , _Intuit ionBa s e  

move . l  dO , workbench_p save returned pointer  

beq close int check return value? 

open_win dow move . l  #NULL , aO 

lea tags , a 1 our tag  list 

CALLSYS OpenWindowTaglist , _I ntuitionBase 

move . l  

beq 

move . l  

move . l  

lea 

moveq 

moveq 

move . w  

move . w  

j s r 

d O , window_p 

unlk screen 

d0 , a1 

wd_RPort ( a 1 ) , aO 

Image1 , a 1 

#20 , dO 

#20 ' d1  

#200 , d2 

# 1 00 ' d3 

DrawTiles 

pointer to  our window 

draw_images  

window address  in a� 

copy rastport pointer 
into ao 

pointer to  image 

example left offset  

example top off  set 

example columns count 

example rows count 

our subroutine 
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wait move . !  

CAL LSYS 

move . !  

#TIME_DE LAY , d 1 

De lay , _DOSBase 

window_p , aO window t o  c lo se 

CALLSYS C loseWindow ,_IntuitionBase 

un lk_screen move . !  #NUL L , aO screen name not needed 

move . !  

CAL LSYS 

close_int move . !  

CAL LSYS 

move . !  

CAL LSYS 

c lr . l  

r t s  

DrawTile s :  

workbench_p , a1  sc reen t o  unlock  

U n lockPubScreen , _IntuitionBase 

_Intuit ionBase , a 1 library t o  close 

C loselib rary , _AbsExecBaseclose_dos 

_DOSBa se , a1 library t o  close  

C loselib rary , _AbsExecBaseex it 

dO 

logical end of program 

Requires following paramet ers  on entry . . .  

ao hold s  window rastport point e r  

a1 holds image p o inter  

dO  holds startin g  left offset value 

d1 holds start ing top offset value 

d2 holds required horizontal block coun t , ie c o lumn 
count 

d3 holds required vertical block coun t ,  ie row count 

movem . l  d0 - d7/ a0 - a6 , - ( sp )  preserve registers  

move . l _I ntuitionBas e , a6 set up library base  

move . !  

move . !  

move . w  

move .w  

move .w  

move . w  

move . w  

move . w  

draw row j s r 

subq 

aO , a2 pr eserve rastport pointer 

a 1 , a3 preserve image pointer 

d0 , d6 d6 = current  left offset 

d0 , d7 preserve left offset for 
reuse 

d 1 , a4 preserve top offset  

d2 , a5 preserve co lumn count  for 
reuse 

ig_Width ( a1 ) , d4 get image width in d4 

ig_Height ( a 1 ) , d5 get image height in d5 

_LVODrawlmage ( a 6 )  a faster  alternative 

#1 , d2 decrease count 



beq  

m ove . w  

add . w  

d r aw_row2 move . w  

move . l  

move . l  

bra  

n ext_row subq 

beq 

move . w  

move . w  

move . w  

add . w  

move . w  

bra  

draw end movem . l  

r t s  

DOSBase 

_I ntuit ionBase 

window_p 

tags  

workbench_p 

dos name dc . b  
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next_row 

a4 , d 1 

d 4 , d6 

d6 , d0 

a2 , a0 

a3 , a 1 

draw_row 

#1 , d3 

draw_end 

d7 , d6 

a5 , d2 

a4 , d 1 

d5 , d 1 

d 1 , a4 

d raw row2 

set top  off set 

form n ew left off set 

needed for  library funct ion 
call  

restore  rastport  pointer 

restore image pointe r  

keep going 

decrease count 

reset  start left offset for 
r ow 

reset  column count 

top offset for next row 

( sp ) + , d0 - d7 / a0- a6 restore regsters  

d s . l  1 

d s . l  1 

d s . l 

dc . l  WA_PubScreen 

d s .  l 1 

dc . l  WA_Left , 50 

dc . l  WA_Top , 20 

dc . l  WA_Widt h , 640 

dc . l  WA_Height , 250 

dc . l  WA_DragBa r , TRUE 

dc . l  WA_Title , window_name 

dc . l  TAG_DONE , NU L L  

' do s . library ' , NU L L  

intuition name d e . b ' int uit ion . library ' ,  N U L L  

wo rkbench name d e . b ' Wo rkbench ' , N U L L  

window name 

Image1 : 

de . b ' DrawTiles ( )  Subrout ine Test ' , NULL  
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dc . wo , o  

dc . w2 , 2  

de . WO 

; XV origin relative to container TopLeft 

; Image width and height in pixels 

; number of bitplanes in Image 

dc . lNULL ; p ointer to lmageData 

dc . bS0000 , $0001 ; P lanePick and P lan eOnOff 

dc . lNULL ; next Image structure 

END 

N o rm a l l y  anyone  e n t h u s i a s t i c  e n ough to get  i n to  6 8 0x 0  Amiga 
assembler  coding wi l l  be e nthusiast i c  enough to  obtain the  official 
Amiga inc lude  fi l e s .  When these are avai lab le expl i c i t  defi n i t ions of 
many standard Amiga i t ems  can be  avo i d e d .  H e r e  fo r re ference  
purposes  i s  the  e qu ival e n t  vers ion  that  ge ts  i t s  d e f i n i t i o n s  v ia  
se parate inc lude  fi l e s :  

/ * Listing 1 4 . 8  A version of the  prog ram t h a t  u s e s  inc lude 
files to  provide the r elevant definit ions * /' 

* E xample CH 1 4 - 2 . s  

INC LUDE intuitio n / intuit ion . i  

INC LUDE func tion offset s . i  

CAL LSYS MACRO 

L I NKL I B  _LV0 \ 1 , \ 2 

E NDM 

TRUE 

NULL  

DOS VERSION 

INTUITION VERSION 

SECONDS 

TIME_DE LAY 

start lea 

moveq 

open_ dos CALL SYS 

move . l  

beq 

open_int lea 

moveq 
lib 

EQU 

EQU 0 

EQU 0 

EQU 36 

EQU 50 

EQU 1 0*SECONDS 

dos_name , a1 

#DOS_VERSION , dO 

load pointer to  
library name 

a ny vers ion will do ! 

Open Library ,_Ab sExecBase 

d O , _DOSBase save returned pointer 

exit check open OK? 

intuit ion_name , a 1 load pointer to  
library name 

#INTUITION_VE RSION , dO specify m imimum 
ver sion 
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CALL SYS Openlibrary , _Ab sExecBase 

move . l  

beq 

loc k_screen lea 

CALL SYS 

dO , _Intuit ionBase 

close_do s  

s a v e  returned point e r  

check  open OK? 

workbench_nam e , aO pointer to screen name 

Lock PubScreen , _Int uit ionBa se 

move . l  

beq 

dO, workbench_p 

close_int 

save returned point e r  

check ret u rn value? 

open_window m ove . l  #NU L L , aO 

lea tags , a 1 our tag  list 

CALL SYS OpenWindowTag list , _IntuitionBase 

move . l  dO, window_p 

beq unlk_screen 

pointe r  to  our window 

draw_images move . 1  dO,  a 1 window address  in a1 

copy rastport point e r  
into ao 

wait 

move . l  wd_R Port ( a 1 ) , aO 

lea 

moveq 

moveq 

move . w  

move . w  

j s r 

move . l  

CALL SYS 

move . l  

Image1 , a 1 

#20 , dO 

# 1 5 , d1 

#200 , d2 

# 1 00 , d3 

DrawTiles 

#TIME_DE LAY , d 1 

Delay , _DOSBase 

window_p , aO 

pointer t o  image 

example left offset 

example top  off set 

example co lumns count 

example rows count 

our subrout ine  

window t o  c lose 

CALLSYS CloseWindow , _IntuitionBase 

unlk screen m ove . l  #NUL L , aO screen name not need -
ed -

move . l  

CALL SYS 

clo se_int move . l  

CALL SYS 

exit 

DrawTiles : 

move . l  

CALL SYS 

clr . l  

rts  

workbench_p , a 1 screen t o  unlock 

UnlockPubSc reen , _Intuit ionBase 

_IntuitionBase , a1 library t o  close 

Closelib r a ry , _AbsExecBaseclose_do s  

_DOSBa se , a 1 library t o  close 

C loselibrary , _AbsExecBase 

dO 

logical end of program 

Requires following parame t e r s  on entry . . .  
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aO hold s window rastport pointer 

a1 holds image pointer 

dO holds start ing left offset value 

d1  holds starting t op offset value 

d2 holds required horizontal block count , ie c o lumn 
count 

d3 holds required vertical block count , ie row count 

movem . l  

move . I  

move . I  

move . I  

move . w  

move . w  

move . w  

move . w  

move . w  

move . w  

draw_row j sr  

subq 

beq 

move . w  

add . w  

d raw_row2 move . w  

point er 
move . I  

move . I  

bra 

next_ row subq #1 , d3 

d0 - d7/ a0 - a6 , - ( sp )  

_IntuitionBase , a6 

aO , a2 

a 1 , a3 

d0 , d6 

d0 , d7 

d1 , a4 

d2 , a5 

ig_Width ( a1 ) , d4 

ig_Height ( a 1 ) , d5 

_LVODrawlmage ( a6)  

#1 , d2 

next_row 

a4 , d 1  

d4 , d6 

d6 , d0 

a2 , a0 

a3 , a 1 

draw_r ow 

beq draw end 

mov e . w  

mov e . w  

move . w  

add . w  

d7 , d6 

a5 , d2 

a4 , d 1  

d5 , d 1  

preserve regist e r s  

set  up l ibrary b a s e  

preserve rastport 
pointer 

preserve image pointer 

d6 = C1Jr rent left 
off set 

preserve left offset 
for reuse  

preserve top offset 

preserve column count 
for  reuse 

get  image width in d4 

get image height in d5 

a faster alternative 

decrease  count 

set top off set 

form new left offset 

needed for library 
func t ion call 

restore  rastport  

restore  image pointer 

keep going 

decrea se count 

reset start  left off 
set for row 

reset column count 



row 
move . w  d 1 , a4 

bra draw_row2 
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top offset for next 

draw end movem . 1  
rts 

( sp ) + , d0 - d7 / a0 - a6 restore regsters  

DOSBase ds . l  1 -

I nt uitionBase ds . l  1 -

window_p ds . l  

t a g s  dc . l  WA_P ubSc reen 

workbench_p d s . l  

dc . l  WA_Left , 50 

dc . l  WA_Top , 20 

dc . l  WA_Width , 640 

dc . l  WA_Height , 250 

dc . l  WA_DragBar , TRUE 

dc . l  WA_Tit le , window_name 

dc . l  TAG_DONE , NULL  

dos  name dc . b  ' do s . library ' , NU L L  

intuit ion_name dc . b  ' intuition . library ' , NULL  

workbench_name dc . b  ' Wo r kb ench ' , NU L L  

window name dc . b  ' DrawTiles ( )  Subroutine Te st ' , NU L L  

Image 1 : 

dc . w  O , O  ; XV orig in relative t o  container TopLeft 

dc . w  2 , 2  ; Image width and h eight in pixels 

dc . w  O ; number of bitplanes in Image 

de  . 1  NULL  ; pointer t o  ImageData 

dc . b  $0000, $0001 ; P lanePick and P laneOnOff 

de  . 1  NULL  ; next Image structure  

END 
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The Bottom Line 

By the time that the low-level DrawTi l es()  rou t ine  had been  c oded 
and tested the  best  part of  a day had gone ,  and that was d e spi te  the  
fact  t hat  I knew very c l early what needed to  be  d o n e  code-wise .  The 
big d isadvantage with a 6 8 0x0 approach then  is t hat it takes far 
longer before  you get the rout ine up and runn ing (especia l ly s ince  a 
few s i l ly s l ips  are inevitable at the 680x0 cod ing leve l ) .  

The assembl e r  rout ine ,  l ike the C rout ine ,  certa in ly works OK but  
th is  i s  not the  end of  the story by a long cha lk. You ' l l  not ice  that in  
b o t h  o f  t h e  a ssembler  examples  I 've d e fi n e d  a v e ry s ma l l  t i l e  (2  
pixe l by 2 pixel )  us ing an I mage structure that,  for s i mp l i c i ty, has 
no b it plane data.  A grid of  1 00 rows and 2 00 co lu mns were used so 
the t i le  e nded  u p  b e i ng drawn 20 ,000 t i mes .  I u sed a s imi lar  image 
def in i t ion when test ing my C rout ines and this  large du p l i cat ion of  
a s mal l  t i l e  defin i t ion  d id  o f  course  a l low the speed of  the d rawing 
operations o f  the various rout ines  to  be  compared .  

The d is turb ing news h e r e  i s  that whe n you r u n  the  t e s t  p rograms 
you find the C vers ion i s  as fast as the assembler  vers ion .  Did we 
waste our t i m e  t ry ing to improve our t i l e  drawing  o p e rat ions  by 
u s i ng ass e mb l e r? Should  we have s tuck  to  our o r igi nal  C rout i ne 
and thought  n o  more about it? O r  i s  there more to  th is  see mingly 
s i m p l e  p r o b l e m  t h a n  m e e t s  t h e  e y e ?  Th e s e  a r e  t h e  t y p e  o f  
qu est ions that the next c hapter i s  now going t o  answe r. 



1 5: 
Creating 

Static Tile 

Effects -

Part Two 

One o f  t h e  p u r p o s e s  o f  t h e  l a s t  
c h a p t e r  w a s  t o  i l l u s t r a t e  t h e  
t ime/effort  d i ffe rences  betwe e n  C 
a n d  a s s e m b l e r  l e v e l  c o d e  
development .  Another  reason that  
the comparison  was made was to  
s h o w  y o u  t h a t  m o v i n g  t o  
assembler  i s  not  a lways goi ng to  
im prove the  exe c u t i o n  t ime  o f  a 
r o u t i n e .  I n  t h e  c a s e  o f  t h e  
r o u t i n e s  t h a t  w e  exa m i n e d ,  t h e  
main  cost o f  t h e  r o u t i n e  l i e s  i n  
p e r fo r m i n g  t h e  D r a w l m a g e ( )  
fu n c t i o n  a n d  w i t h  o u r  c u r r e n t  
a r r a n g e m e n t s  t h e  r o u t i n e  i s  
cal led as  many t imes as there are 
t i les  in the grid .  This i s  the same 
for both the C and the assembl e r  
vers ions .  

C o mp i l e rs a re  a b l e  to  ge n e ra t e  
perfect ly e ffi c i e nt loop  code  a n d  
as  t h e  c o m p ar i s o n s  o f  t h e  l a s t  
chapter have n o w  shown there i s  
abs o l u t e l y  n o t h i ng to  gai n e d  b y  
c o n v e r t i n g  t h e  D r a wTi l e s ( )  
r o u t i n e  t o  a s s e m b l y  l a n g u ag e  
because spee d-wise noth ing a t  a l l  
i s  gained .  So does  th i s  mean that 
we already have the best so lut ion 
to  our  t i l ing  prob l e m? I 'm afraid 
that  t h e  a n s w e r  h e r e  is  - m o s t  
d e f i n i t e l y  n o t .  T h e  t w i n - l o o p  
approach we have s o  far adopte d ,  
t h o u g h  s i m p l e  t o  c o d e ,  i s  
unfortu nat e ly total ly i nadequate . 

We know that the mai n exe cut ion 
t ime cost  of  the rout ine  i s  re lated 
to t h e  i m age d ra w i n g  fu n c t i o n  
c a l l s  a n d  b e c a u s e  D ra w l mage ( )  
u s es  t h e  b l i t t e r  fo r i t s  d rawi n g  
operat i o n s  m y  g u e s s  i s  t h a t  t h e  
b u l k  o f  t h e  e x e c u t i o n  t i m e 
p e n a l t y  l i e s  i n  s e t t i n g  u p  t h e  
required b l i t ter  operat ions  rathe r 
t h a n  t h e  b l i t  o p e r a t i o n s  
t h e m s e l v e s .  I n  s h o r t  I ' m  
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s u g g e s t i n g  t h a t  t h e  a r e a s  o f  g r a p h i c s  b e i n g  d ra w n  a r e  l e s s  
important than the number o f  funct ion cal ls  made and th is  means 
that if  improvements are to be  made to the DrawTi les ( )  routine then 
we n e e d  to r e d u c e  t h e  n u mb e r  of t i m e s  D ra w l m ag e ( )  or a n y  
e qu ivalent drawing fu nct ions are used .  

So  what can be  done?  At  the  moment  the  drawing o f  an M rows x N 
c o l u m n s  g r i d  r e q u i r e s  M x N d r a w i n g  fu n c t i o n  c a l l s .  O n e  
i mp rovement cou ld  b e  to d raw a row o f  M t i l es  and then  u s e  the 
b l i t t e r  to  c o py that row N t i m e s  d o w n  the s c r e e n .  That wou l d  
r e q u i re M i n i t i a l  t i l e  d r awi n g  o p e r at i o ns fo l l o w e d  b y  N c o py 
o perat ions .  M+N is  o f  course much less  than MxN (eg fo r a 1 00 row 
x 2 0 0  c o l u mn g r i d  t h e  o r i g i n a l  a p p ro a c h  wo u l d  n e e d  2 0 , 00 0  
f u n c t i o n  c a l l s  w h e r e a s  t h e  n e w  a p p r o a c h  wo u l d  n e e d  o n l y  
1 00+200=300) . 

T h i s  q u i t e  o b v i o u s  i mp ro v e m e n t  e nab l e s  u s  to p r o d u c e  s o me 
s ign i fi cant t ime savings and the fo l lowing l i st ing 1 5 . l  code  shows 
how the ideas can be  imple mented : 

/ * Listing 1 5 . 1 : An improved DrawTile s ( )  routine * /  

void DrawTile s ( struct Image * image_p , struct Rast Port 
* rastport_p , WORD rows , WORD co lumns , WORD left_offset , WORD 
top_offse t )  

{ 
WORD left=O , top=O , row_width ,widt h , height , i ; 

width=image_p - >Width ; 

height =image_p - >Height ; 

for ( i=O ; i<columns ; i+ + )  

{ 
Drawlmage ( rast port_p , image_p , left+left_off set , 
top+t op_offset ) ; 

left+=width ; 

} 
row_width=left ; 

for ( i=1 ; i<rows ; i++)  

} 

{ 
top+=height ; 

Clip B lit ( rastport_p , left_offset , top_off set , 

} 

rastport_p , left_offset , t op_offset+top , 
row_widt h , height , OxCO ) ; 
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Function Name: ClipBlitO 

Description: 

Call Format: 

C Prototype: 

Registers: 

Arguments: 

Return Value: 

Notes: 

This is a rastport-oriented blitter function that performs 
blitter operations in an Intuition compatible way 

ClipBlit(source_rastport_p, sourceX_p, sourceY_p, 
dest_ rastport_p, destX_p, destY_p, width, height, 
minterm); 

void ClipBlit(struct Rastport *, WORD, WORD struct 
Rastport *, WORD, WORD, WORD, WORD, UBYTE); 

aO dO dl  

a l  

d4 d5 d6 

d2 d3 

source_rastport_p - pointer to source RastPort 

dest_rastport_p - pointer to destination RastPort 

sourceX_p, sourceY_p - top left of area to blit 

destX_p, destY_p - top left of destination area 

width and height - width and height of area to be 
blitted 

minterm - blitter logic function for the operation 

None 

Use OxCO as the minterm for a direct copy 

R e m e m b e r  i n c i d e nta l l y  t h a t  w h e n  l o o p s  are  p e r fo r me d  a large 
n u mb e r  of  t imes a l l  the operati ons ins ide  the  loop  take on  a spec ia l  
s ign i ficance .  What may, in  iso lat ion ,  appear to  be an a lmost  t rivial 
t i m e  p e n a l ty i n s i d e  a l o o p  can s o m e t i m e s  s e r i o u s l y  a ffe c t  t h e  
overa l l  exe c u t i o n  t i m e  i f  that l oop were to  be perfo rmed a large 
n umber  of t imes. This inc id ental ly is  why I have chosen to  c opy the 
w i d t h  a n d  h e i g h t  v a l u e s  of t h e  i mage b e i n g  u s e d  to s e pa rate  
variab les  rather  than  have indirect ion operations  ins ide  the  loops  
do ing  the  C l ipB l i t( )  work. 

This new rout ine  makes a vi s ib le  d i ffere nce  speed-wise  but to see  
where  fu rther improvements can be made we now ought to th ink 
about  how a row o f  t i l es are  drawn . A row o f  say 1 00 t i les  needs 
1 00 d raw operations .  Can we reduce th is?  Su pposing we created a 2 
t i l e  b l o c k  (wh i c h  wou l d  r e qu i re 2 drawi ng o perat i o n s )  and  t h e n  
c o p i e d  t h a t  b l o c k  S O  t i m e s  ( a n o t h e r  S O  c o p y  b a s e d  d r a w  
o p e rat ions) .  That would a l low us  to  draw 1 00 t i l es  u s ing on ly S 2  
d raw/c opy o p e rat i ons .  I f  we c reated a 4 t i l e  b l o c k  (wh i c h  wou l d  
n e e d  fo ur  drawi ng operat ions)  then only 2 S  copy operat ions wo uld  
b e  n e e ded making the total number o f  funct ion ca l l s  2 9 !  Tab le  l S . l  
s hows so me various poss ib i l i t i es :  
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Copy Operations Blocksize Left Over Total Function Calls 

1 00 1 0 1 0 1  

50 2 0 52 

33 3 37 

25 4 0 29 

20 5 0 25 

1 6  6 4 26 

14 7 2 23 

12 8 4 24 

1 1  * 9 2 1  

10 10 0 20 

1 1  9 2 1  (* factors start 

repeating) 

Table 1 5. 1 .  The relationship between block size and the number of draw/copy 
function calls required. 

I t  turns out  that i t  i sn 't necessary to look at a l l  poss ibi l i t i e s  - we 
only need  look  as far as the square root o f  the n u mber  c oncerned .  I t  
can be  p roved but  a b i t  of  exper iment ing with various  t e s t  cases  
should c o nvince you that  the smal lest  amount o f  fu nct ion ca l ls  wi l l  
occur  when the b lock  s ize  i s  the  neare st  i n teger to  the  square  root  
o f  t h e  nu mber  of  t i les  in  the row. Once th is  i s  acce pted i t  means 
that what we need i s  a rout i n e  that draws a s ing le  t i le  us ing t h e  
Drawl mage () funct ion a n d  then  b l i ts that t i l e  a suffi c i ent  n u mber  o f  
t imes to make a t i l e  b lock o f  opt imum s ize .  I t  m u s t  then  b l i t  t h e  
w h o l e  b l o c k  u n t i l  t h e  fi r s t  l i n e  o f  t i l e s  i s  a s  n e ar  c o m p e t e  a s  
poss ib le  befo re fi l l i ng i n  any residual b locks w i t h  addi t ional s ingle  
t i le  copy operat ions .  Setting up the b lock de ta i l s  i s  qu i te  easy. We 
j u s t  fi nd t h e  large st  i nteger s mal l e r  than the square  root  o f  t h e  
number of  t i l es in  a r o w  l i k e  t h i s :  

block_size= ( WOR D ) f loor ( sq rt ( ( double ) columns ) ) ;  

and then ca lcu late the number of  b locks and res i dual  t i l es : 
block_count=column s/ block_s ize ; 

re sidual_t iles=c olumns - block_s ize* block_count ; 

Having d o ne that we d raw a t i l e ,  u se a loop to  c o py i t  and p ro d u c e  a 
b lock of  the  requi red s ize ,  use  another loop to  copy the  b lock  t h e  
requ ired number  o f  t imes,  a n d  then use  another  l o o p  that cop ies  a 
s ingle  ti l e  to fi l l  i n  any gaps at the end of  the row. L is t ing 1 5 . 2  i s  
the code for the rout ine  in i ts  cu rre nt stat e :  
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/ * Listing 1 5 . 2 : Further imp rovements t o  the DrawTile s ( ) 
rout ine* / 

void DrawTile s ( struct Image * image_p , st ruct Rast Port 
* rastport_p ,WORD row s , WORD columns , WORD left_offset , WORD 
top_offset)  

{ 
WORD block_size , b lock_count , b lock_widt h , residual_t ile s ,  
row_widt h ,width , height , left=O , t op=O , i ;  

widt h=image_p - >Width ; 

heig ht =image_p - >Height ; 

b loc k_size= (WOR D ) f loor ( sqrt ( ( double) columns ) ) ;  

b loc k_count =colum n s / block_s ize ;  

re sidual_tiles=columns - block_size*block_count ; 

Drawlmage ( r astport_p , image_p , left_offset , top_off s e t ) ; / *  
draw first  t ile * /  

left+=wid th ; / *  set  left position o f  next t ile * /  

/ * and bl it rem aining tiles of first  block . . .  * /  

for ( i= 1 ; i<block_size ; i++ ) 

{ 

ClipBlit ( rastport_p , left_off set , top_off set , 
rast po rt_p , left_offset+left , top_offset , 
widt h , height , OxCO) ; 

left+=width ; / *  set left posit ion of next t ile * /  

} 
block_width=left ; 

/ *  one complete block of tiles have been drawn so now b li t  
rema ining whole blocks of t i l e s  i n t o  f irst row . . .  * /  

for  ( i=1 ; i<block_count ; i++)  

{ 

ClipBlit ( rastport_p , left_off set , top_off set , 
rastport_p , left_offset+left , top_offset , 
b lock_width , height , OxCO ) ; 

left+=block_widt h ;  

} 
for  ( i=O ; i<residua l_tile s ; i++ ) 

{ 

ClipBlit ( rastport_p , left_off set , top_offset , 
rastpo rt_p , left_offset+ left , t op_offset , 
widt h , height , OxCO) ; 

left+=width ; 

} 
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row_width=left ; 

for ( i= 1 ; i<rows ; i++)  

} 

{ 
top+=height ; 

ClipBlit ( rastport_p , left_off set , top_offset , 

} 

rastport_p , left_offset , top_off set+top , 
row_width , he ight , OxCO ) ; 

The rout ine has admitted ly grown a b i t  in  s ize  and c omplexi ty, but 
the important thing i s  that i t  is  much faster  than our early e ffo rts .  
G e t  c l ear i n  you r m i n d  how i t  works .  We  ca lcu late  t h e  o p t i mum 
block s ize ,  bu i ld  the f irst row (now qu i te  effi c i ent ly) and then  copy 
that row down the  scre e n .  

A Crafty Twist Adds Another Dimension 
Can you see where further imp rovements can be  made? I t 's easy -
we are copying rows one  at a t ime - j u s t  l i ke we were o rig inal ly 
c o p y i ng s i ng l e  t i l e s  w h e n  p r o d u c i n g  the f i r s t  r o w. S i n g l e  r o w  
c opyi ng i s  u nnecessary a n d  what w e  now ought to  do i s  ca lcu late 
t h e  opt imum depth  of  a b lock and subsequently modify the rout ine 
to  reduce the n u mber  of  row copying operat ions  that need to be 
p e rformed.  

What i s  the opt imum depth? I t 's going  to  be  the largest  integer  less 
than o r  equal  to  the s quare root  o f  the  number  of rows and  we 
a lready know how this  can be calculated :  

row_block_s ize= ( WORD) floo r ( sq rt ( ( double ) rows ) ) ;  
row_block_count =rows / row_block_s ize ;  r e s idual_rows=row s ­
row_block_s ize* row_block_count ; 

With these  val u e s  now avai l ab l e ,  and wi th  t h e  f i rs t  r o w  o f  t i l e s  
a l r e a d y  d rawn , we  n e e d  o n l y  d o  t h r e e  t h i n g s .  F i r s t l y ,  c o py a 
s u ffic i e n t  n u mb e r  o f  rows to  p ro d u c e  an o p t i m u m  d e p t h  b l o c k. 
Secondly, copy as many of those  whole b locks as can be fi t ted into 
the  s p e c i fi e d  row space .  Th i rd ly, fi l l  any remai n ing  res i dual row 
s pace with t i l e s .  A l though the row co-ord inates  are d i fferent  the 
operations are  of  course  very s imi lar  to those we've al ready deal t  
with and the result  of  incorporating these new ideas i s  t h e  rout ine 
s h own in  l is t ing 1 5  . 3  which fol lows :  

/ * Listing 1 5 . 3 :  The final iterativ e  vers ion of the  
DrawTile s ( )  function * /  

void DrawTile s ( struct Image * image_p , struct R a s t Po rt 
*rastport_p , WORD rows , WORD columns , WORD left_offset , WORD 
top_off s e t )  

{ 
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WORD block_size , block_count , b lock_widt h , residual_t ile s ,  
row_width , width , he ight , left=O , top=O , i ;  

WORD row_block_s ize , row_b lock_count , block_dep t h ,  
residual_rows ; 

width= image_p - >Width ; 

height =image_p - >He ight ; 

block_size= (WORD ) f loor ( sq rt ( ( double) co lumns ) ) ;  

b lock_count=colum n s / block_s ize ;  

r esidual_ti les=columns - bloc k_size*block_count ; 

Drawlmage ( r astport_p , image_p , left_offset , top_offse t ) ; / *  
draw f ir s t  t ile * /  

left+=width ; / *  set left position of next t ile * /  

/ * and b lit remaining tiles o f  first b lock  . . .  * /  

for ( i=1 ; i<block_s ize ; i++ ) 

{ 
ClipBlit ( rastport_p , left_offset , top_off set , 

rastport_p , left_offset+left , top_offset , 
widt h , height , OxCO) ; 

left+=width ; / *  set left posit ion of next t i le * /  

} 
block_width=left ; / *  one complete b lock of t iles  have been 
drawn so now blit remaining whole b locks of t iles into 
f irst row . . .  * /  

for ( i= 1 ; i<block_count ; i++)  

{ 
ClipBlit ( rastport_p , left_off set , top_off set , 

rastpo rt_p , left_offset+left , t op_offset , 
b lock_width , he ight , OxCO ) ; 

left+=block_widt h ;  

} 
for  ( i=O ; i<residual_tile s ; i++ ) 

{ 
ClipBlit ( rastport_p , left_off set , top_offset , 

ra stpor t_p , left_offset+ left , top_offset , 
widt h , height , OxCO) ; 

left+=width ; 

} 
row_width=left ; 

row_block_s ize= (WORD ) f lo o r ( sqrt ( ( double) r ows) ) ;  

row_block_count = rows / row_block_s ize ;  

re sidual_rows=rows - row_block_size* row_b lock_count ; 
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top=height ; / *  starting row po sition * /  

fo r ( i=1 ; i< row_b lock_s ize ; i++ ) 

{ 
ClipBlit ( rastport_p , left_off set , top_off set , 

rastport_p , left_offset , t op+top_offset , 
row_widt h , height , OxCO ) ; 

top+=height ; 

} 
block_depth=t op ; 

/ *  two - d imensional block has been drawn s o  now b lit 
required n umber of whole blocks down t he sc reen . . .  * /  

for ( i=1 ; i< row_b lock_count ; i++ ) 

{ 
ClipB lit ( rastport_p , left_off set , top_off set , 

rastport_p , left_offset , t op_offset+t o p ,  
row_widt h , blo ck_depth , OxCO ) ; 

top+=block_depth ; 

} 
for ( i=O ; i< residual_rows ; i++)  

} 

{ 
ClipB lit ( rastport_p , left_offset , top_off set , 

rastpo rt_p , left_offset , t op_offset+t o p ,  
row_widt h , height , OxCO ) ; 

top+=height ; 

} 

The DrawTilesO Routine - Advanced Approach 
U p  u n t i l  now the  vari ous  stages i n  t h e  deve l o pment  o f  o u r  t i l e  
d rawing r o u t i n e  s h o u l d  have be  qu i t e  e a s y  t o  u n d e rstan d .  The 
i m p rovements wh ich  fol low howeve r are not  be cause  they i nvo lve 
r e c u r s i o n ,  ie the  u s e  of rout ines  wh i c h ,  d u r ing  t h e i r  o p e rat i o n ,  
make fu rther  cal ls  t o  themse lves!  Imagi ne that you are d rawing a 
gr id  o f  1 0 0  rows by 200 columns.  The first job  is to  d raw a row of  
2 00 t i les  and we know that  th is  should be done u s i ng 14  b locks of  
1 4  t i l e  copy operations plu s fou r  addit ional copies  for the res idual 
t i l e s  needed to complete the row. 

At  the  moment ou r t i l e  drawer  wou ld draw the fi rst t i l e  and then 
c reate the fi rst b lock  of  14  t i l es  by us ing a loop that  makes 1 4- 1 = 1 3 
i t e rat ions .  But we now know that a b lock of  1 4  t i l es  can be  d rawn 
wi th  less  than 1 4  operations - the  square roo t of 1 4  is 3 . 74 and so  
we real ly ought to be  drawing th i s  first b lock  by  in i t ia l ly c reat ing a 
b l o c k  of  three t i l es ,  copying this  b lock four  t imes ,  and then  copying 
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the two residual t i l es  needed .  With larger numbers the nest ing goes 
fu r t h e r  an d  the way to  ge t  the u l t i mate m i n i m u m  as  far  a s  t h e  
n u m b e r  o f  fu n c t i o n  cal l s  is  c o n c e r n e d  i s  to  d ev i se  a D rawRow()  
rout ine  that  recu rs ive ly  cal ls  i t s e l f  t o  ge n e rate  i t s  t i l e  b l o c ks as 
e ffic i ent ly as poss ib le .  

Recu rs ive  rou t i n e s  must  have a l i mi t i n g c o n d i t i o n  w h i c h  s t o p s  
fu rther cal ls  being made and t h e  l i mi t ing condit ion i n  our  case i s  
tryi ng to create a one  t i l e  b lock  o f  t i l e s .  I n  short i f  a b lock  s ize  is  
not  great e r  than one  no fu rther  re cu rsive cal l s  wi l l  be  mad e and 
i n s t e a d w e  d r aw t h e  f i r s t  t i l e  u s i n g I n t u i t i o n 's D ra w l m a g e ( )  
fu nct ion :  

if ( b lock_size>1 ) 
left=D rawRow ( image_p , rastpo rt_p , block_s ize , left_offset , top  
_off set ) ;  

} 

else { 
Drawlmage ( ra stport_p , image_p , left_offset+left , 
t op_offset ) ; 

left+=widt h ;  / *  set left position of next t ile to 
be drawn * /  

I n  o rd e r  for the  row drawing rout ine  t o  place t i l es  i nto t he r ight 
p o s i t i o ns a s i mp l e  rule is  ad o p t e d .  Whe neve r a t i l e  i s  d rawn o r  
copied ,  a variab le ,  ca l led  l eft, i s  incre me nted b y  a value  equal t o  the 
width of  the image be ing drawn . With recurs ion now be ing used  all 
in stances of  the  recu rs ive ly-cal led rout ine  need to know the current  
l e ft pos i t ion fo r drawing and th is  means that a DrawRow() ca l l  must  
retu rn an appro priate value  to rout ine  that ca l l ed  i t .  Li s t ing  1 5 .4  
sh ows the code arrangements that  I c hose to  adopt :  

/ * Listing 1 5 . 4 :  A recursive DrawRow ( ) routine* / 

WORD DrawRow ( st ru c t  Image * image_p , struct Rast Port * ra s t ­
po rt_p , WORD co lum n s ,  WORD left_off set , WORD t o p_offset ) 

{ 
s t a t ic WORD left ; / *  init ia lized t o  zero for f irst u s e  * /  

WORD block_size , b lock_count , b lock_width , residual_t iles , 
widt h , height , i ;  

width=image_p - >Width ; 

h e ight=image_p - >Height ; 

b lock_size= (WOR D ) f loor ( sq rt ( ( double ) columns ) ) ;  

b lock_count =colum n s / block_s iz e ;  

re sidual_t iles=columns - block_size*block_count ; 

if ( b lock_size>1 ) left=DrawRow ( image_p , rastport_p , 
block_s ize ,  left_offset , t op_offset ) ;  
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else { 
Drawlmage ( rastport_p , image_p , left_offset+lef t ,  

top_offse t ) ; 

left+ =wid t h ;  / *  set left posit ion of next t i le t o  be 
drawn * /  

} 
/ *  one complete block of t i les have been drawn so now b lit 
remaining who le b locks  of t iles into first  row . . .  * /  

block_width=left ; 

for ( i= 1 ; i<block_c ount ; i++ )  

{ 
ClipBlit ( rastport_p , left_off set+left - block_width , 

top_off set , rastport_p , left_off set+left , top_off 
set , b lock_width , height , OxCO) ; 

left+=block_widt h ;  

} 
for ( i=O ; i<residual_t ile s ; i++ ) 

{ 
C lipBlit ( ra stport_p , left_off set+left - widt h , t op_off set , 

rastport_p , left_off set+left , t op_offset , 
width , height , OxCO ) ; 

left+=width ; 

} 
return ( left ) ;  

} 

At the highest  recurs ion  level the l e ft value  retu rned by DrawRow() 
w i l l  be t h e  p i x e l  w i d t h  o f  t h e  r o w  a n d  by c o d i n g  t h e  c o l u m n 
d rawi n g  o p e r a t i o n s  i n  t h e  s a m e  r e c u r s i v e  s t y l e  we  c a n  g e t  a 
s i tuat ion whereby both row c reat ion and row c o py ing o pe rat ions  
are min imise d .  The row copy o pe rations need to  know the  width of  
the  row and so a n  e x t ra param e t e r  i s  n e e d e d  r e s u l t i ng in  t h e  
highest  level  of  t h e  n e w  recurs ive fo rm o f  o u r  D rawTi l e s( )  rout ine 
looking l ike th is :  

row_widt h=DrawRow( image_p , rastport_p , co lumns , left_offset , 
top_offset ) ;  

CopyRows ( image_p , rastpo rt_p , rows , row_widt h , left_offset , 
top_offset ) ; 

Recurs ion i s  a di fficu l t  topic  to understand and recu rsive rout ines 
are d i ffi cu l t  to test .  One good idea is  to study the code and t race 
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o u t  i t s  p o t e n t i a l  a c t i o n s  w i t h  p e n  a n d  p a p e r. T h e  fo l l o w i n g  
examp l e ,  l i s t i ng 1 5 . 5 ,  i n c l u d e s  a var iab l e  c a l l e d  n wh o s e  j o b  i s  
s i mply t o  count  the numb e r  o f  draw/c opy ope rat ions performed : 

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

/ * Listing 1 5 . 5 :  A t r ace  ver sion of the new DrawTile s ( )  
rout ine* / 

void DrawTile s ( struct  Image * im age_p , st ruct Rast Port 
* rastport_p ,WORD rows , WORD c o lumns , WORD left_offset , WORD 
top_offset )  

{ 
WORD row_widt h ;  

row_width=DrawRow ( image_p , ra stpo rt_p , co lumn s , left_offset , t  
op_offse t ) ; 

CopyRows ( image_p , rastport_p , rows , row_widt h , left_offset , top 
_off set ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

WORD DrawRow ( st ru c t  Image * image_p , struct Rast Port * rast ­
po rt_p , WORD colum n s ,  WORD left_off set , WORD top_offset ) 

{ 

stat ic WORD left ; / *  init ialized t o  zero for  first u s e  
* /WORD block_size , block_count , b lock_width , residual_t ile s ,  
widt h , height , i , n=O ; 

widt h=image_p - >Width ; 

h eight=image_p - >Height ; 

b lock_size= (WOR D ) f loor ( sq rt ( ( double) co lumns ) ) ;  

block_count=colum n s / block_s iz e ;  

re sidual_t iles=columns - block_size*block_c ount ; 

if ( b lock_size>1 ) 
left=DrawRow( image_p , rastport_p , block_siz e , left_offset , top 
_off se t ) ; 

else { 

Drawimage ( ra stpo rt_p , image_p , left_offset+left , 
t op_offset ) ;  

left+=width ; / *  set left posit io n  of next t ile t o  be 
drawn * /  

n++ ; 

} 
/ *  one complete block of tiles have been drawn s o  now b lit 
rema ining whole blocks of tiles  into first row • • .  * /  

b lock_width=lef t ; 

for  ( i=1 ; i<block_count ; i+ + )  
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{ 
Clip B lit ( rastport_p , left_off set+left · b lock_width , 

t op_offset , rastport_p , left_offset+left , 
t op_offset , b lock_widt h , h eight , OxCO) ; 

left+=block_widt h ;  

n++ ; 

} 
for ( i=O ; i<residual_tiles ; i++ ) 

{ 

Clip B lit ( rastport_p , left_off set+left - widt h , t op_offset , 
rastport_p , left_off set+left , t op_off set , 
width , he ight , OxCO ) ; 

left+ =width ; 

n++ ; 

} 
printf ( "%d \ n" , n ) ; 

return ( left ) ;  

} 
I * · · · · · • · · · · · · · · · · · · · · · · • · • · · · · · · · · · · · · · · · · · · · · · · · · · · · * I 

WORD CopyRows ( st ruct Image *image_p , struct RastPort  
* r astport_p , WORD rows , WORD row_wid t h ,  WORD left_off set , 
WORD t op_offset ) 

{ 
static WORD t op ;  / *  initialized to zero for first  use  * /  

WORD block_size , block_c ount , b lock_depth , residual_rows , 
height , i , n= O ; height=image_p - >Height ; 

block_size= (WORD ) f loor ( sqrt ( ( double ) rows) ) ;  

block_co unt=rows / b lock_size ; re sidual_rows=rows ­
block_size* block_count ; 

if ( b lock_size>1 ) 
top=CopyRow s ( image_p , rastpo rt_p , block_s iz e , row_width , left_ 
offset , t op_offset ) ;  

else { 
top+=he ight ; 

} 
/ *  two - d imensional block  has been drawn so now blit 
required n umber of whole blocks down the sc reen . . .  * /  

b lock_depth=t op ; 

for  ( i=1 ; i<block_c ount ; i++ )  

{ 
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ClipBlit ( rastport_p , left_off set , top_offset ,  
rastport_p , lef t_offset , t op_offset+top , 
row_wid t h , block_depth , OxCO ) ; 

t op+=b lock_depth ; 

n++ ;  

} 
for  ( i=O ; i<residual_rows ; i+ + )  

{ 
ClipBlit ( rastport_p , left_off set , top_off set , 

rastport_p , left_offset , top_offset+top , 
row_wid t h , height , OxCO ) ; 

top+=height ; 

n++ ; 

} 
p r intf ( " %d \ n " , n ) ; 

return ( t o p ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

W h e n  t h e  r o u t i n e  s h o wn i n  l i s t i n g  1 5 . 5  was p l a c e d  i n t o  a t e s t  
p rogram that c reated a 1 00 row b y  2 00 co lumn t i l e  gr id ,  t h e  values  
o f  n returned were 3 ,  5 ,  1 7 , 2 ,  3 ,  and 9 .  These represented th ree 
r e c u r s i v e  c a l l s  t o  D ra w R o w ( )  a n d  t h r e e  r e c u r s i v e  c a l l s  t o  
CopyRows() .  This i s  where the  numbers come from:  

For the 200 columna 

1 4  blocks of 1 4  tiles + 4 residual tiles = 1 8- 1  = 1 7 

4 blocks of 3 tiles + 2 residual tiles = 6-1 = 5 

3 tiles to create first block 3 

For the 100 rowa 

1 0  blocks of 1 0  rows + 0 residual rows 10-1  = 9 

3 blocks of 3 rows + 1 residual row 4-1 = 3 

2 rows to create first block 2 

Table 1 5.2. Test values. 

draw/copy operations 

draw/copy operations 

draw/copy operations 

draw/copy operations 

draw/copy operations 

draw/copy operations 

W hat  t h i s  m e a n s ,  i n  t h i s  par t i c u l a r  t e s t  c a s e ,  i s  t ha t  o n l y  3 9  
d raw/c o p y  o p e ra t i o n s  w e r e  n e e d e d  i n  o r d e r  t o  c r e a t e  a t i l e  
arrange ment o f  2 00 x 1 00 ,  i e  2 0 ,000 t i l es .  I n  th is  case o u r  recursive 
rout ine i s  o n ly do ing about 0 . 2% of  the d rawing/copying fu nct ion  
se t t ing  u p  work  that o u r  fi rst rou t i ne o f  the previous c hapter  was 
d o ing.  In other words i t  i s  about 5 00 t i mes  more effi c ient !  
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L i s t i n g  1 5 . 6  s hows t h e  fi nal  vers ion  o f  the  r o u t i n e  (wi t h o u t  t h e  
trace statements) :  

/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

/ * Li s t in g  1 5 . 6 :  The final recursive DrawTiles ( )  routine 
and the  end of our t ile d rawing road ! * /  

void DrawTile s ( struct Image * image_p , struct RastPort 
* rastport_p , WORD rows , WORD columns , WORD left_offset , WORD 
top_of f s e t )  

{ 

WORD 
row_width ; row_width=DrawRow ( image_p , rastport_p , c olum n s , lef 
t_offset , top_offset ) ;  

CopyRows ( image_p , rastpo rt_p , rows , row_widt h , left_offset , t op 
_off set ) ;  

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

WORD D rawRow ( struct Image * image_p , s t ruct  RastPort * r a s t ­
port_p , WORD c olumn s ,  WORD left_off se t ,  WORD t o p_offs e t )  

{ 
static WORD left ; / *  initia lized t o  zero for  f irst use  * /  

WORD block_size , block_count , b lock_widt h , r e s idual_t ile s ,  
widt h , he ight , i ; 

width=image_p - >Width ; height= image_p - >Height ; 

block_size= (WOR D ) f loor ( sq rt ( ( double) columns ) )  

; b lock_count=columns / b lock_siz e ;  

residual_t iles=columns - block_size*block_count ; 

if ( b lo ck_size>1 ) 
left =DrawRow ( image_p , r a stport_p , block_s ize , left_offset , top  
_off set ) ;  

else { 
Drawimage ( rastport_p , image_p , left_off set+lef t ,  
t op_offset ) ;  

· 

left+=widt h ;  / *  set left posit ion of next tile t o  b e  
drawn * /  

} 
/ *  one c omplete block of tiles have been drawn so now b lit 
remaining who le blocks  of t iles into f irst row . . .  * /  

block_width=left ; 

for ( i=1 ; i<block_count ; i++)  

{ 
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ClipBlit ( ra stport_p , left_off set+left ­
b lock_widt h , top_off set , ra stpo rt_p , 
left_offset+left , t op_offset , b lock_width , 
height , OxCO) j 

left+=block_widt h ;  

} 
f o r  ( i=O ; i<re sidual_t ile s ; i++ ) 

{ 
ClipBlit ( rastport_p , left_off set+ left - widt h , t op_off set , 

rastport_p , left_offset+left , top_off set , 
width , he ight , OxCO ) ; 

left+=width ; 

} 
return ( left ) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * /  

WORD CopyRows ( st ruct Image *image_p , s t ruct R a s t Port 
* rastport_p ,WORD rows , WORD row_widt h ,  WORD left_off set , 
WORD t op_offset ) 

{ 

s t a t ic WORD top ; / *  init ialized t o  zero for  first  use  * /  

WORD b lock_size , block_count , b lock_dept h , r e s idual_rows , 
height , i , n=O ; 

h e ight=image_p - >Height ; 

b l ock_size= (WORD) f loor ( sq rt ( ( double) rows ) ) ;  

b lock_count=rows / b lock_size ; 

r e sidual_rows=rows - b lock_size* b lock_count ; 

if ( b lock_size > 1 ) top=CopyRows ( image_p , rastport_p , 
b lock_size , row_width , left_offset , t op_offset ) ;  

e lse { 
top+=height ; 

} 
/ *  two - d imensional b lock has been drawn so now b lit 
r equired number of who le blocks d own the sc reen . . .  * /  

b lock_depth=t op ; 

f o r  ( i=1 ; i<block_count ; i++)  

{ 

Clip Blit ( rastport_p , left_offse t , top_off set , 
rastport_p , left_off set , t op_offset+top , 
row_wid t h , block_depth , OxCO ) ; 

top+=block_depth ; 
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} 
for ( i=O ; i<re sidual_rows ; i++)  

{ 
ClipB lit ( ra stport_p , left_offset , top_off set , 

rastpo rt_p , left_offset , t op_offset+t o p ,  
r ow_width , he ight , OxCO ) ; 

top+=height ; 

} 
return ( t op) ; 

} 
/ *  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * I 

Some Important Ideas 
It s hou ld  now be apparent  that if you want a rout ine  to be as fast as 
p o s s i b l e  t h e n  y o u  must t h i n k  a b o u t i t s  u n d e r l y i n g  b a s i s ,  a s k  
y o u r s e l f  w h e r e  the  m a i n  exe c u t i o n  t ime  penal t i e s  are  o c c u rr ing ,  
and ask a lso what you can do about  them.  When t h e  s imple  twin­
loop  C ti le drawi ng approach of the last chapter  was be ing used  to 
c reate a t i le drawi ng routine th ings were fi ne as l ong as  only small  
numbers of  rows and columns were involved .  When the  nu mbers of 
rows and co lu mns became large however the n u mb e r  o f  fu nct ion 
cal l s  required inc reased dramatical ly and i t  was t o  see  the effect of 
this t hat I chose very small  t i le s izes  in  the example  programs. 

The re-cod ing using assembly language du ring the p revious  chapter 
d id  noth ing to  improve matters and the re's an i mportant lesson to 
be l earnt here - the attempted speed up fai led quite s imply because 
we were not addressing the root cause o f  the proble m. The moral of 
t h i s  c h a p t e r? It  is p r o b a b l y  t h a t  i f  y o u  n e e d  d ra m a t i c  s p e e d  
i nc reases  i n  a rout ine then  t h e  chance s  are that  what you real ly  
n e e d  is  a b e t t e r  a l g o r i t h m  fo r wh a t e v e r  y o u  a r e  d o i n g .  Th i s  
therefore i s  often where the bu l k  o f  you r design and c od i ng efforts 
should  be  conce ntrated.  

We've been do ing just  th is  in  th is  chapter  and the i mprove ments 
m a d e  t o  t h e  D ra w Ti l e s ( )  r o u t i n e  a r e  d r a m a t i c  a n d  b e c o m e  
i ncreas i ngly s o  as the numbers o f  rows and c o l u mn s  i ncrease . A 
s i mi la r  rou t i n e  cou ld  now be deve loped  i n  low- leve l  6 8 0x0 c o d e  
al though i t  would be no  faster  that t h e  one  we've deve loped  i n  C 
because the fu nct ion cal ls  ove rhead that remai n wou l d  be  the same 
in both cases .  I f  you don't bel ieve me - write a 6 80x0 version  and 
see !  

One last  th ing  needs to be  sa id  concern ing the arrange ments f inal ly 
a d o p te d  for the t i l e  d rawi ng o p e rat i o n s .  Deve l o p i n g  a l g o r i t h m s  
whic h  tackle problems in  effi c ient ,  b u t  often  l ess  intuitively obvious, 
ways is s o me t h i ng that  comes  natu ra l ly  to very few p e o p l e  and 
most people  (mys e l f  inc luded)  have to work hard to achieve good 
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resu l t s .  The re 's no doubt  that the  more prac t i ce  you get  problem 
solving t h e  b e t t e r  y o u r  c ha n c e s  of s u c c e s s  i n  g e n e ra l  a n d  t h i s  
means that ,  wi th in  reason,  you make a po int  o f  j u mping a t  each and 
every opportun i ty that prese nts i t se l f. I say 'wi th in  reason'  because  
I 've fou nd one part i cu lar cr i ter ia  to be absolutely c rucia l  to  success  
- you must be i n terested in  the probl e m  e i ther  because  you need  to  
make pract ica l  use  o f  t h e  so lut ion you d i scover, o r  because  you 
fin d  the  prob l e m  i t s e l f  i nt e re s t i ng from an academic v iewp o i n t .  
E i ther  way y o u r  inte rest  wi l l  usual ly prove to  be  a valuable a l ly! 
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1 6: 
Creating 

Mosaic 

Effects 

Th i s  chapte r dea l s  w i th  a n o t h e r  
p r o b l e m  that i nvo lves  fi n d i ng a 
better  so lut ion than that wh ich  i s  
most  obviou s .  A few years  ago  I 
was p l ay i n g a r o u n d  w i t h  s o m e 
ideas involving the e n c rypt ion of  
t w o - d i m e n s i o n a l  p i c t u r e  d a t a  
u s i n g a t w o - k e y  b a s e d ,  t w o ­
d i m e n s i o n a l  r e a r r a n g e m e n t  
method.  The i dea  was to i magine 
that  a p i c t u r e  was c om p o s e d  of 
an arbitrary number of squares  or  
t i les  a n d  t h e n  u s e  s e l e c t e d  
h o r i z o n t a l  a n d  v e r t i c a l  
e n c ry p t i o n  k e y s  t o  appare n tly 
randomly rearrange the  o rd e ri n g  
o f  t h e  t i l e s .  I n  d o i n g  t h i s  t h e  
p i c tu r e  b e c a m e  u n r e c o g n i s a b l e  
y e t ,  g i v e n  t h e  r i g h t  e n c ry p t i o n  
keys, t h e  p ic ture  cou ld  be  rapidly 
restored to  i ts  o rigi nal form.  

D u r i n g  t h e  c o u r s e  o f  t h e s e , 
e sse nt ia l ly  t h e o r e t i c a l ,  s t u d i e s  I 
was i n t e res ted  to  s e e  t h e  v i sua l  
e f f e c t  o f  t h e  v a r i o u s  
r e a r r a n g e m e n t s  a n d  s o  t h e  
rout ines  were tested i n  a way that 
showed the ste p-by-step  changes 
as they occurred. When I saw the 
results I real i sed  that somewhere 
here was a method fo r p roduc ing 
mosaic  rearrange m e n t s  (such as  
those  you see  on  TV where  the  
p i c t u r e  b reaks i n t o  hu n d r e d s  o f  
s m a l l  s q u a r e s  w h i c h  a r e  t h e n  
randomly d is in tegrated ,  faded o r  
o t h e rw i s e  m o d i f i e d ) .  P l e n ty o f  
o t h e r  u s e s  c a m e  t o  m i n d  
i n c l u d i n g  games e ffe c t s ,  s c r e e n  
wi pes ,  j igsaw puzz les  etc . 

As with the previous c hapte r t i l e  
s i z e  i s  i r r e l e v a n t .  We may b e  
sh i ft ing 1 pixel  by 1 pixel  b locks 
around ,  or  the b locks may cons is t  
o f  4 x 4 p ixe l s ,  2 0  x 1 0 0 p ixe l s  
and so o n .  Le t 's suppose  then that 
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we cons ider  a rectangu lar source area of  the  screen  as be ing  broken 
into an unspecif ied number of smal ler  rectangular b locks .  It  seems 
reasonable  to  i d e n t i fy these b l o c ks by s o me c o-ord inate  scheme 
and I 've o pted  for us ing the  top l e ft co-ordinat e s  i n  a l l  cases .  I f  we 
do th i s  it becomes poss ib le  to c reate a nice s i mple  model  whereby 
ide nt i fied screen b locks such as :  

* - - - - -* - - • •  ..,,,.. - - - - . . . .  etc 

etc. 

Figure 1 6. 1 .  Screen blocks. 

are represented just  by the i r  virtual top- left co-ordi nates :  
* * * . . . .  etc. (0,0) (1 ,0) (2,0) ... etc. 

* * * (0, 1 )  ( 1 , 1 ) (2 , 1 )  

....,__ top left points 

* * are stored as (0,2) (1 ,2) 

the array ___.. 

(0,3) . . .  etc. 

* 

etc. 

Figure 1 6. 2. Co-ordinate positions. 

I n  o ther  words we cou ld  descr ibe the locati o ns o f  a l l  o f  the  t i l es  in a 
mosaic pattern us ing an array contain ing the (x,y) b lock  number  co­
ordi nates .  To divide u p ,  rand omly rearrange , and copy a p ic ture i t  
stands to reason that  a l l  b locks must be used and the  obvious  way 
to d o  th is  is to generate a l l  poss ib le  co-ordinate pairs for the t i l e  
a rea  in  quest ion  and  randomly rearrange them. I f  howeve r you have 
a 200 x 1 00 block rearrangement  to  do you would n e e d  to c reate a 
ran d o m l y  r e a r r a n g e d  l i s t  o f  2 0 , 00 0  c o - o r d i n a t e  p a i r s .  A s  t h e  
nu mbers o f  b locks involved i n c reases s o  too does  both the a mou nt  



Creating Mosaic Effects 

o f  me mory needed fo r th is  l i s t ,  and the amount o f  t i me needed  to  
randomly rearrange i t .  

M aking A Start 
T h e  t a s k  t h e n  i s  t o  f i n d  a b e t t e r  ( q u i c ke r a n d  m o r e  m e m o ry 
e ff ic ient)  app roach and esse ntial ly the prob lems we are so lving are 
t he s e :  fi rs t ly, we want  to  fi nd a way of gene rat ing a ran d o m ,  o r  
a p parently random,  set  of  b lock  (x,y) co-ordi nates wi thout  eat ing 
in to  too much memory ( ie  without bu i ld ing l i s ts  of  every poss ib le  
c o -ord inate pai r) .  Second ly  we  want a way o f  access ing these  co ­
o rd  i n a  t e  s u s i n g  a m e c h a n i s m  w h i c h  e n s u r e s  t h a t ,  a ft e r  t h e  
o p e rations have been completed ,  t i l es  correspond i ng t o  every c o­
o rd inate pair wi l l  have been used .  

N ow rather than use a two d imens ional  array I w i l l ,  i n  the fo l lowi ng 
d i s c u s s i o n ,  be  u s ing  se parate one  d i m e n s ional arays .  There 's no  
r e al d i ffe r e n c e  a s  far as  c o d i ng c o mp l e x i t y  go e s ,  but  t h e  o n e  
d i mensio nal (vector)  approach does  make the explanat ions a l i t t le  
eas ier  to understand . 

O n e  obvious  way to e nsure that every mosaic b lock  wou l d  be u s e d  
i s  to  use  a twin l o o p  l ike t h i s :  

for  ( x =O ;  x<XMAX ; x++) 

{ 
for (y=O ;  y<YMAX ; y++ ) 

{ 

} 

do something with b lock ( x , y )  

e g  copy b lock  ( x , y )  t o  locatio n  ( x+ offset_x , 
y+offset_y )  

} 

This  certai n ly moves al l  of  the b locks but i t  does so  in  a u n i form 
way. What we  want i s  some way o f  maki ng the e ffe ct look  random 
s o  t o  s t a r t  w i t h  l e t ' s  a s s u m e t h a t  w e  h av e  a m o s a i c  b l o c k  
vertical_block_count blocks high and horizontal_block_count blocks 
wide .  Our fi rst step is to create a complete ,  but randomised ,  l i s t  o f  
vert ical co-ordinates b y  in i t ia l iz ing a n d  rearranging t h e  values  l i ke 
t h i s :  

for  ( n=O ;  n<vertical_b lock_count ; n++ ) { yv ector [ n ] =n ;  } 
f o r  ( n=O ; n<vertical_b lock_count ; n++) 

{ 

r=rand ( )  % vert ical_b lock_count ; / *  ident ify a n  r 
value * /  

d=yvec tor [ n ] ; / *  swap r ' t h and n ' t h array e lements * /  

yvecto r [ n ) =yv ector [ r ) ; 
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yv ector [ r ) =d ;  

} 

We o b t a i n t h e  h o r i z o n ta l  c o - o rd i na t e  s e t  i n  a rat h e r  d i ffe r e n t  
fas h i o n .  I n s tead o f  ca lcu lat ing a fu l l  co -ord i nate  s e t  w e  j u s t ,  fo r 
reasons that wi l l  become appa re nt ,  calculate a set  o f  random o ffset  
va lues  l i ke th is :  

for ( n=O ; n<horizontal_block_count ; n++ ) 

{ 
offset [ n ]  = rand ( )  % ho rizont a l_block_count ; 

} 

Although t h e re are hor iz on taLb l o c k_count  i t e ms i n  t h i s  se t  and 
they al l  l i e  i n  the range 0 to  (hor izontaLblock_count- 1 )  you shou ld  
note that ,  because  rand()  can re turn  the same n u mber  more than 
o nc e ,  the set  o f  values  is  un l ikely to be  the  complete  se t  o f  x co­
o rd inate values .  I n  other  words dupl icates  may occur and so some 
n u mbers  o f  t h e  co-ord i nate set  are l i ke ly t o  b e  m i s s i ng. Pe rhaps 
surpr is ingly th is  wi l l  not  matter! 

The Co-ordinate Generation Scheme 

This  is where the  t r i cky stuff begins .  Take a l oo k  at the program 
s hown i n  l i st ing 1 6 . 1 and t h i n k  about the code i n  re lat i o n  to  the  
i deas j u st ment ioned :  

/ * Listing 1 6 . 1 :  Generat ion of the x / y  co - ord inate v a l ­
ues . * /  

/ * Example CH 1 6 - 1 . c * /  

#inc lude <stdio . h> 

#include <stdlib . h> 

#define X_MAXSIZE 1 50 

#define Y_MAXSIZE 1 50 

main ( )  

{ 
int n , m , r , d ,  

vertical_block_count , horizontal_b lock_count , 

off set [ X_MAXSIZE ] ,  yvecto r [ Y_MAXSIZE ] ,  

x , ty ;  

/ * some constant va lues for the copy ( examp le spec ific ) . . .  * /  

vertical_block_count=5 ; / *  alter as required * /  

horizont a l_block_count =6 ;  / *  for other b lo c k  sizes  * /  

/ * randomizes the  vertical ( y )  co - ordinates . . .  * /  

for ( n=O ; n<v e r t ical_b lock_count ; n++ )  { yv ector [ n ) = n ;  
}for ( n=O ; n<vertical_b lock_count ; n++ ) 



{ 
r=rand ( )  % vertical_b lock_count ; 

d=yvector ( n ] ; 

yvector [ n ] =yvector ( r ] ; 

yvector ( r ] =d ;  

} 
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/ * create the offset values . . .  * /  

for  ( n=O ; n<hor izont al_b lock_count ; n++ ) 

{ 
offset ( n ]  = rand ( )  % horizontal_block_count ; 

} 
/ * now compute x/y  t ile co - o rd inates and print result s • • .  * /  

for  ( m=O ; m<v e r t ical_b lock_count ; m++) 

} 

} 

{ 
printf ( " m =%d \ n \ n " , m ) ; 

for ( n=O ; n<horizont a l_block_c ount ; n++ ) 

{ 

} 

/ * calculate the b lock  co - o rdinates . . .  * /  

x = n ;  

y = ( ( yvector ( m ]  + offset ( n ] ) % vertical_block_count ) ; 

p r intf ( " yvector=%d \ t offset=  %d \ t \ t " , yvector ( m ] ,  
offset ( n ] ) ; 

p r intf ( " x=%d \ ty=%d \ n \ n " , x , y ) ; 

I t  is not  too d i fficu l t  to see  from l i st ing 1 6 . l  that the x co-ordinate s 
generated within the double  loop always take the current value  o f  
t h e  i n n e r  l o o p  variable n (we can inc id ental ly therefore  e l i minate x 
from the  loop and use  n d i rec t ly) . Note  a l so  that th i s  means the  
values  of  n generated wi l l  cover  every x co-ordinate pos i t i o n  for 
each value o f  m used in  the outer l oop .  

The c a l c u lat i o n  o f  a se t  of  y va l u e s  i s  more  awkward and b e s t  
explai ned b y  i magin ing first what wou l d  happen i f  y was calculated 
using the express ion :  

y=yvector ( m ] ; 

Each value  o f  m i n  the outer  loop would produce a give n y value 
and we know yvector[ ]  contains all possible y co-ordi nates (because 
we generated them and then just swapped them around) .  So ,  the 
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outer  loop c overs a l l  the y values whi lst  the inner  l o o p  generates a l l  
x values for each y value generated .  This  of  course means that  the 
whole set  o f  (x ,y)  co-ordinate values are generated .  By adding the 
o ffs et  v a l u e  and u s i n g  the m o d u l u s  fu n c t i o n  (%) to  k e e p  the y 
p o s i t i o n  w i t h i n  t h e  r a n g e  o f  a l l o w e d  v a l u e s ,  i e  u s i n g t h i s  
express ion :  

y = ( ( yvect o r [ m )  + offset [ n ) ) % vertical_b lock_count ) ;  

w e  a r e  a b l e  t o  b r e a k  u p  t h e  o r d e r  i n  w h i c h  t h e  y va l u e s  a r e  
ge nerated a n d  i t  is  th is  which generates t h e  randomis ing effe ct .  To 
get an idea o f  the values produced look at tab le  1 6 . l  which s hows 
the re sul ts  that the l i st ing 1 6 . l program produces :  
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rn-0 

yvector= l  off.set= 1 x=O y=2 

yvector= l off.set= 2 x= l y=3 

yvector= l off.set= 3 x=2 y=4 

yvector= l off.set= 4 x=3 y=O 

yvector= l off.set= 3 x=4 y=4 

yvector= l off.set= 2 x=5 y=3 

rn= l 

yvector=3 off.set= 1 x=O y=4 

yvector=3 off.set= 2 x= l y=O 

yvector=3 off.set= 3 x=2 y=l  

yvector=3 off.set= 4 x=3 y=2 

yvector=3 off.set= 3 x=4 y= l 

yvector=3 off.set= 2 x=5 y=O 

rn=2 

yvector=O off.set= 1 x=O y= l 

yvector=O off.set= 2 x= l y=2 

yvector=O off.set= 3 x=2 y=3 

yvector=O off.set= 4 x=3 y=4 

yvector=O off.set= 3 x=4 y=3 

yvector=O off.set= 2 x=5 y=2 

rn=3 

yvector=4 off.set= 1 x=O y=O 

yvector=4 off.set= 2 x= l y= l 

yvector=4 off.set= 3 x=2 y=2 

yvector=4 off.set= 4 x=3 y=3 

yvector=4 off.set= 3 x=4 y=2 

yvector=4 off.set= 2 x=5 y= l 

rn=4 

yvector=2 off.set= 1 x=O y=3 

yvector=2 off.set= 2 x= l y=4 

yvector=2 off.set= 3 x=2 y=O 

yvector=2 off.set= 4 x=3 y= l 

yvector=2 off.set= 3 x=4 y=O 

yvector=2 off.set= 2 x=5 y=4 

Table 1 6. 1 .  The output obtained from program 1 6. 1 .  

Eve ry (x,y) co-ordinate pos i t ion has b e e n  c overed a n d  th i s  i s  quite  
gen e ra l  - it ' l l  work fo r any t i l e  arrange me nt .  Th is  gives u s  a way of 
generat ing (appare ntly randomly) eac h and eve ry t i le  l ocat ion so 
what we need to  do now is  convert  these  t i le  co-ordinates to real  
screen  locations .  As we l l  as converting the t i le co-ordinates to  p ixe l 
co -ord i nates I 've a lso  added base addresses  of  s o u rc e  and target 
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s cre e n  areas for a l i tt le  extra flexib i l i ty. C l ipB l t ( )  i s  be ing u s e d  t o  
m o v e  t h e  d a t a  b u t  o bv i o u s l y  h o w  y o u  u s e  t h e  g e n e ra t e d  c o ­
o rd inates depends  o n  what you are want ing t o  d o .  Normally s o me 
o f  the operat ions  shown in  the l i st ing 1 6 . 2  code  would be  c o d e d  
t o g e t h e r  b u t ,  f o r c l a r i ty ,  I ' v e  k e p t  t h e  i n d i v i d u a l  s t a g e s  
d is t ingu ishable :  

/ * List ing 1 6 . 2 :  The guts  of the  mosaic t ransfer rout i ne * /  

. fo r  ( m =O ;  m<vertical_b lock_count ; m++ ) 

{ 
for ( n=O;  n<ho rizontal_block_count ; n++ ) 

} 

{ 
/ * calculate the block c o - ordinates . . .  * /  

y=source_y = ( ( yvecto r [ m )  + offset [ n ) ) % 
vertical_block_c o unt ) ; 

x=n*pixel_block_width ; / *  now t ra n s late to real 
screen c o - o r d inates  . . .  * /  

y* =pixel_block_h e ight ; 

dest_x=de st_x_base+x ; / *  add the  base addresses  and  
move  the data  . . .  * /  

dest_y=de st_y_base+y ; 

x+=x_source_base ; 

y+=y_source_base ; 

/ * and use the blitter  t o  do the  hard work . . .  * /  

ClipB lit ( source_rastport_p , x ,  y ,  

} 

de st_rastpo rt_p , dest_x , dest_y , 

pixel_block_width , pixel_bloc k_heigh t , 
minterm ) ; 

A Complete Mosaic Copy Routine 

If we put both the co-ordi nate generat ion and co-ord i nate use  i d eas  
togethe r we can now bui ld  a cal l-able rou t ine ,  shown in  l i st ing 1 6 . 3  
that c a n  perfo rm these  mosaic t ransfe r  operat ions  automati ca l ly :  

/ * List ing 1 6 . 3 :  The  completed mosaic copy routine ! * /  

void MosaicCopy ( WORD v e rt ical_block_count , 
WORD horizon t a l_block_count , struct  
RastPort *source_rastport_p , s t r uct 
RastPort *dest_rastport_p , 

WORD pixel_block_height , WORD 
pixel_block_width , 

WORD source_x_base , WORD source_y_ba se , 
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WORD dest_x_base , WORD dest_y_b as e ,  

UBYTE mint e rm )  

WORD d , m , n , r , x , y ; yvector [ MAXSIZE ] , offset [ MAXS IZE ] , dest_x , 
d e st_y ;  

f o r  ( n=O ; n<vertical_b lock_count ; n++ ) { yvector [ n ) =n ;  } 
f o r  ( n=O ; n<vertical_b lock_count ; n++ ) 

{ 
r=rand ( )  % vertical_block_count ; 

d=yvector [ n ) ; 

yvecto r [ n ) =yvector [ r ) ; 

yvecto r [ r ) =d ;  

} 
f o r  ( n=O ; n<horizontal_b lock_count ; n++ )  

{ 
offset [ n ]  = rand ( )  % horizontal_block_count ; 

} 
/ * now compute ( x , y )  t ile co - ordinates and move t hem . . .  * /  

f o r  ( m=O ; m<v e r t ical_b lock_count ; m++) 

{ 
for ( n=O;  n<ho rizont a l_block_count ; n++ ) 

{ 
y = ( ( yvect o r [ m )  + offset [ n ) ) % 

vertical_block_count ) ;  

/ *  n ow translate ( x , y )  po s it ion t o  real sc reen 
c o - ordinates . . .  * /  

x=n*p ixel_b lock_width ; 

y*=pixel_block_height ; 

dest_x=de st_x_base+x ; / *  add the base addresses  and 
move the  data * /  

de st_y=dest_y_ba se+y ; 

x+=source_x_base ; 

y+=source_y_base ; 

ClipB lit ( source_ra stport_p , x ,  y ,  

dest_rastpo rt_p , dest_x , d e st_y , 

pixel_block_width , pixel_b lock_height , 
minterm) ; 
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The Blitter Minterm Byte 
I n  the l is t ing 1 6 . 3  rout ine  the mi nterm byte i s  the logic  fu nct ion  
t hat t e l l s  t h e  b l i t t e r  h o w  t o  p e r fo r m  i ts c o py o p era t i o n s  w h e n  
read ing from any or  a l l  o f  i t s  three source dma channels  (A, B ,  and 
C)  and wri t i ng to  i ts  des t inat ion  channel  D .  C l i p B l i t( )  a s s o c i a t e s  
c h a n n e l  B w i t h  t h e  s o u r c e  r a s t p o r t  a n d  c h a n n e l  C w i t h  t h e  
d e st i nat i o n  ras t p o r t ,  s o  t o  make a d i rec t  c o py from t h e  s o u r c e  
rastport t h e  minterm value  should be s e t  to  OxCO .  Tab le  1 6 . 2 l i sts  
s o me common equat ion/minterm values  i nvolvi ng b l i tter  c hanne ls  
B and C ( further  i n formation  can  be found i n  the Add ison Wes ley 
RKM Hardware manual) .  

Equation Min term 
D=B Ox CC (Direct Copy) 

D=B' Ox33 (Inverted copy) 

D=C' Ox55 (Inverted destination) 

D=B'+C OxBB 

D=BC Ox88 

D=BC' Ox44 

D=B'C Ox22 

D=B+C' OxDD 

D=B'C' Ox77 

Table 1 6. 2. Common ClipBlit() related logic equations and blitter minterm equvalents. 

Mosaic Disintegration 
Now that we've got a copy rout ine ava i lab l e ,  d i s integrat ing a p icture 
w h i l s t  re-bu i l d ing  e l sewhere is  e asy. We just  make an a d d i t i o na l  
C l ip B l i tO ca l l  to c l ear each t i l e  afte r  i t  has  been cop ied  so  t hat  as the  
source  area d i s i ntegrates the dest inat ion graphic  wi l l  be  bu i l t  u p. 
Here 's the modificat ion neede d :  

/ * listing 1 6 . 4 :  Code modification needed to produce ' mosa ­
ic d is integration ' * / 

void MosaicDisintegrat ion (WORD vertical_b lock_count , WORD 
horizontal_b lock_count , s t ruct 
RastPort * source_ra stport_p , 
st ruct RastPort *dest_rastport_p , 

WORD pixel_b lock_heig ht , 
WORD pixel_b lock_widt h ,  

WORD source_x_ba s e ,  WORD  
source_y_bas e ,  

WORD dest_x_base , WORD 
dest_y_b a s e ,  

UBYTE minterm)  
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{ 
WORD d , m , n , r , x , y ; yvector [ MAXSIZE ] , offse t [ MAXSIZE ] , dest_x , 
de st_y ;  

for  ( n=O ; n<vertical_block_count ; n++ ) { yvector [ n ) =n ;  } 
for  ( n=O ; n<vertical_block�count ; n++)  

{ 
r=rand ( )  % vertical_block_count ; 

d=yvector [ n ) ; 

yvecto r [ n ) =yvector [ r ] ; 

yvecto r [ r ] =d ;  

} 
for  ( n=O ; n<horizontal_b lock_count ; n++ ) 

{ 
offset [ n )  = rand ( )  % horizontal_block_count ; 

} 
/ * now compute ( x , y )  t ile co - ordinates and move them . . .  * /  

for  ( m=O ; m<vertical_b lock_count ; m++)  

{ 

for ( n=O ;  n<horizont a l_block_count ;  n++ ) 

{ 
y = ( ( yvector [ m )  + offset [ n ] ) % vert ical_block_count ) ; 

/ *  now translate ( x , y )  positio n  to real s c reen 
co - ordinates . . .  */  

x=n*pixel_b lock_widt h ;  

y*=pix e l_block_height ; 

de st_x=de st_x_ba se+x ; / *  add t he base addresses  and 
move the data * /  

dest_y=dest_y_ba se+y ; 

x+=source_x_b a se ; 

y+=sour ce_y_b a se ; 

ClipBlit ( source_ra stport_p , x ,  y ,  

} 

} 

dest_rastport_p , dest_x , dest_y , 

pixel_block_widt h ,  pix e l_block_heigh t ,  minterm ) ;  

C lipBlit ( source_rastport_p , x ,  y ,  

de st_rastpo rt_p , x ,  y ,  

pixel_block_widt h ,  p ix e l_block_h eight , O ) ; 



Mastering Amiga Programming Secrets 

} 

There are o f  c ourse  a whole  range of  re lated e ffects  that  can b e  
p roduced us ing the same basic randomisation framework.  Random 
m o s a i c  w i p e s  fo r i n s t a n c e  can b e  a c h i e v e d  b y  j u s t  f i l l i n g i n  
b a c k gr o u n d  c o l o u r  t i l e s  o n  t o p  o f  t h e  o r i g i n a l  g r a p h i c .  I f , 
inc idental ly, variable t iming is required for these types o f  e ffects a l l  
you  have to do i s  i nsert a t ime d elay afte r  the b l i t  operat ions .  Once 
you've got the hang o f  coding the  randomisation process  a l l  manner  
o f  uses  wi l l  doubt less  suggest themselves!  



1 7 : 
Scrolling and 

Intuition 

This  c hapte r i s  going to  deal  with 
one of t h o s e  ' n o t  s t r i c t l y  l e ga l '  
grey a reas t hat n i c e  programmers 
are not supposed to ment i o n .  The 
s u bj e c t  i s  t h e  s m o o t h  v e r t i c a l  
s c r o l l i n g o f  I n t u i t i o n  s c r e e n s  
fr o m  w i t h i n  t h e  I n t u i t i o n  
programm i n g e nv i r o n m e n t .  I 've 
chosen th is  subject because i t  is  
someth ing  which d o e s  not s e e m  
to g e t  mu ch cove rage . Cynics wi l l  
t e l l  y o u  t h a t  t h e  r e a s o n  i s  
because  s u c h  t h i ngs  s h o u l d  n o t  
be  d o n e  i n  t h e  fi r s t  p l a c e  b u t  I 
d i s ag r e e  - i n  fa c t  I t h i n k  t h a t  
ex p e r i m e n t s  s u c h  a s  t h e  o n e s  
we ' l l  b e  d o i n g  are , a t  t h e  v e ry 
least , a good way t o  l earn  more  
about the Amiga. 

An  A m i g a  d i s p l ay ,  as y o u ' l l  
d o u b t l e s s  k n ow, i s  made  u p  o f  
a r e a s  o f  c h i p  m e m o r y  c a l l e d  
bitplanes such  that each b i t  i n  a 
b i t p l a n e  r e p r e s e n t s  a p i x e l 
pos i t ion on  the d isp lay. By taking 
t h e  a p p r o p r i a t e  p i x e l  b i t  f r o m  
each bitplane t h e  Amiga's d isp lay 
ha rdware generates a value  which 
r e p r e s e n t s  a c o l o u r  r e g i s t e r  
number and i t  i s  the co ntents o f  
that regi s ter  that determines  t h e  
on-screen co lour  of  the  pixel  ( th is  
is the co lour  ind i rec t ion  scheme 
that  was m e n t i o n e d  in  c h a p t e r  
1 2 ) .  

Th e s t r u c t u r e  u s e d  to t e l l  t h e  
s y s t e m  w h e r e  t o  f i n d  t h e  
bitp lanes i s  cal l ed  a B i tMap and i f  
y o u  l o o k  i n  t h e  gra p h i c s/ g fx . h 
heade r  f i le  you wi l l  s ee  that i t  has 
the fo l lowing arrangement :  
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struct  BitMap 

{ 
UWORD 

UWORD 

UWORD 

UBYTE 

UBYTE 

PLAN E PTR 

} ; 

BytesPerRow ;  

Rows ; 

Flag s ;  

Dept h ;  

pad ; 

P lanes [ B ] ; / * pointers t o  the b itplanes * /  

N o w t h e r e  i s· a s ys t e m  r o u t i n e  i n  t h e  g r ap h i c s  l i b ra r y  c a l l e d  
Scrol lVPortO which can be u sed t o  create scrol l  e ffects b u t  a better  
c o u rs e  of a c t i o n  in t h i s  case i s  to take a l ow e r  l e v e l  a p p roach 
e special ly  s ince  vertical  playfie ld  scro l l ing, as most  Amiga hackers 
and demo wri ters know, is  re lat ively straightforward.  The trick i s  to  
a r range fo r the  d i s p l ay's b i t p l a n e  p o i n t e r s  t o  b e  i n c r e a s e d  ( o r  
decreased) b y  a n  amount which c orresponds t o  t h e  pixel-width o f  
t h e  s c r e e n .  I f  you do t h i s  at  t h e  r i g h t  t i m e  t h e n  t h e  r e s u l t  i s  a 
fl icker-free smooth scro l l !  With a fu l l  screen d isp lay there's a minor  
s nag - as you i ncrease (or de crease) the b i tp lane pointers you br ing 
new memory into the screen d isp lay area .  Th e resu l t ,  i n  most  cases ,  
i s  t h at you get  r u b b i s h  d i s p l ay e d  o n  t h e  s c r e e n  a s  t h e  s c r o l l  
proceeds .  The secret  i s  o f  cou rse t o  set  u p  a n  overs ized d i s p lay­
memory area  so that  you on ly  sc ro l l  wi t h i n  t h e  b o u n d s  o f  val i d  
graphics data.  

This subjec t  domain, whic h l eads into the realms o f  do-it-yourse l f  
� opper l is ts  and so  forth ,  i s  qu i te  wel l  documented even  th ough i t  
may not  be  particu larly easy to get  to  gr ips  wi th  on  first read ing.  
For  de tai l ed  explanat ions  a good place to start ,  i nc idental ly, is  the 
Addi son We sley Amiga Hardware manual . The s i tuat i o n  I want to 
c o n c e n t r a t e  on is a l i t t l e  d i ffe r e n t  fro m  t h e  n o r m  b e c a u s e  it  
c o n c e r n s  t h e  man i pu la t i o n  of a n  ex i s t i n g  d i s p l ay and n o t  t h e  
c reati on o f  a n e w  o n e :  l et 's imagi ne that we 're working with in  a n  
I n tu i t ion environment ,  ie  w e  have in  u s e  scree ns ,  windows,  menus 
e tc .  I n  opening a screen Intu i t ion wi l l  have done  a lo t  o f  work fo r 
u s .  A m o n g s t  i t s  many j o b s  i t  wi l l  have b u i l t  a Vi ew s t ru c t u r e  
together  with t h e  Copper l i s t  necessary t o  descr ibe t h e  d i s p lay. I t  
may e v e n  have s e t  u p  a B i tMap a n d  a l located t h e  n e c essary b i t­
p lane memory ( i f  we have c hosen not  to supp ly o u r  own) .  Under  
t h ese cond i tions  we don' t  need to c reate our  own Copper  l i s ts  . . .  we 
j u s t  n e e d  t o  fi n d  o u t  h o w  to dynami c a l l y  m o d i fy t h o s e  w h i c h  
I nt u i t i o n  h a s  c re at e d .  I n  s h o rt w e  n e e d  t o  fi n d  a n d  adj u s t  t h e  
Co pper l is t  instruct ions  which j a m  t h e  b i tp lane po in ters  i n t o  the 
C o pperhardware registers .  

A l l  that's necessa ry then,  once Intu i tion  has pre pared its d isp lay, is  
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a b i t  o f  Co pper l i s t  search ing and remember here that i t  is the real 
h a rdware l i s t ,  the o ne which the Copper  i t se l f  reads ,  that we are 
s ea r c h i ng i n  t h i s  c as e :  T h e r e  is a p o i n t e r  to t h i s  i n  t h e  Vi ew 
s t ructure that I ntu i t ion  se ts  u p  and so  the first  th ing  we  need to  do 
i s  get  t h e  a d d r e s s  o f  t h i s  s t r u c t u r e  ( t h e r e  i s  a Vi e wAd d re s s ( )  
i ntu i t ion l ibrary cal l avai lable  for th is )  a n d  then  use  a loop  to  l ocate 
t h e  appropriate bitplane instruct ions .  Afte r  that, we jus t  replace the 
o r i g i na l  b i t p la n e  p o i n te r  va l u e s  with new va lu e s .  T h i s ,  in  case  
you 've wondered ,  i s  what i s  meant by  t hat de l ightful  express io n :  
poking a Co pper l is t .  

Searching The Copper List 

The Copper i nstructio n  to be fou nd is the fi rst of a ser ies  which put 
d ata into the b i tplane pointer  registers and i t  looks l i ke t h i s :  

move register 

OOeO 

I 
instruction 

to be found 

data-value 

some 1 6  bit data value 

I 
first of the values 

to be 'modified' 

Figure 1 7. 1 .Finding a Copper instruction. 

We've already seen t hat Copper  instruct ions cons is t  of two 1 6  b i t  
w o r d s .  What  we n e e d  now is  a l o o p  w h i c h  c a n  s k i p  t h ro u gh a 
hardware Copper l is t  u nt i l  i t  f inds the  appro priate instruct ion .  This 
s o rt of  be love d hacker's loop does the tric k  perfect ly wel l :  

view_p=ViewAddress ( ) ; 

copper list_reference_p=view_p - > LOFCprlist - >start ; 

while ( ( * copperlist_reference_p ) l =OxOOeO)  copper list_ref­
e rence_p+=2 ; 

copperlist_reference_p++ ; / *  move to second word in that  
f i r st OxOOeO in struction */  

The terminal  increment  takes  u s  t o  the  s econd word o f  the  fi rst  
b i tp lane or iented Copperl ist  i nstruct ion .  Don't  worry i f  i t  a l l  seems 
l i ke magic at the moment . . .  the code wi l l  make more sense  when  
you examine i t  i n  the  context o f  the  demo.  The i mportant th ing i s  
t h e  e ffe c t  - t h i s  l o o p  e nables  us  to fi nd o u t  whereabouts  i n  the  
C o p p e r l i s t  I n t u i t i o n  has p la c ed  those  b i t p l ane  address  va lu e s .  
Knowing th is  makes t h e  scrol l i ng probl e m  much easier  to  tackl e :  
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The Scroll Routine 
Once the Copper  i nstruct ions to be  mod i fi ed  have been fou nd the 
rest of the vert ical  scrol l  rout ine  i s  actual ly qu ite  straight forward 
a l though there are one or two d e ta i l s  that have to be  taken in to 
accou n t .  P ok ing  t h e  Vi ew s t r u c t u re 's hardware  C o p p e r l i s t s  can ,  
d i splay-wise ,  be  a b i t  dangerou s because these  l i sts  a re used  both 
by I n t u i t i o n  and by the d i s p lay hardware ( i e  the  C o p p e r) .  Wo rse 
than that each 3 2  b i t  b itp lane pointer i s  stored as separate high and 
l o w wo r d s  and if  C o p p e r l i s t s  are p o k e d  d u r i n g  t h e  t i m e  t h a t  
b itplane po inte r values  are be ing read d isp lay g l i tches  c a n  occur. 

S o ,  wh e n  d o  t h e s e  b i tp la ne  po i nt e rs get  u s ed?  We l l ,  d u r i n g  t h e  
v e r t i c a l  b l a n ki ng i n te rru pt  i n t e rval  t h e  Amiga i s  d o i n g  a l o t  o f  
houseke ep ing work. This inc ludes sett ing u p  the C o p p e r  registers 
ready to d i sp lay the next frame . This happens at the  s tart of  the 
vert i cal b lanking gap and the result ,  most  of the t ime ,  i s  that the 
C o pp e r  i s  re-exe cut ing  a l i s t  that  a l ready ex is ts .  I f  however  you 
al ter  the d i splay, by say pu l l ing down one screen to  expose another, 
t h e n  I n t u i t i o n  has  t o  r e make t h e  C o p p e r l i s t s  o f  t h e  v i e w p o r t s  
a s s o c i at e d  w i th  t h o s e  s c r e e n s  ( t o  p r o d u c e  an u p da t e d  v i ew) .  I f  
i nc ide ntal ly w e  were scrol l i ng one  o f  t h e  screens t h i s  l i s t  remaki ng 
and i nstal lat i o n  wou l d  play havoc with t hat d i s p lay becau se  our  
poked Copper l i s t  wou ld  be  re-written by  Intu i t ion .  Need less  to say 
t h i s  i s  s o m e t h i n g to wat c h  fo r a n d  i t  i s  j u s t  b e c au s e  o f  s u c h  
l i mi tat ions  that Commodore do not  actively encourage such  tr icks 
i n  an Intu i t ion  environment .  

Now as far as gl i tches dur ing b i tp lane pointer  poking i s  concerned 
i t  might  be  thought then that ,  i f  we d i sabl ed the i nte rru pt system 
by maki ng a cal l  to the Exec D i sab le ( )  rout i ne before mak i ng the 
c ha n g e s  t h a t  we  c o u l d  p r e v e n t  t h e  s y s t e m  f ro m i n s ta l l i n g a 
mod i fi e d  l i s t  before  the rel evant changes had been made . L is t ing 
1 7 . l  s h ows  s o m e  f i r s t  a t t e m p t  p s e u d o - c o d e  t h a t  a t t e m p t s  to  
descr ibe th is  sort  o f  techni qu e :  

/ * Listing 1 7 . 1 :  First attempt vertical sc rolling pseudo ­
code * /  

scroll : 

IN ITIALISE COPY OF BIT PLANE POINTERS 

FOR EACH SCREEN  LINE 

make a copy of the Copperlist pointer  

FOR  EACH PLANE 

calc u late new bitplane address 

split address into high and low parts 

NEXT PLANE 

disable ( )  - safety precaution whilst playing with Copperlist? 

FOR EACH PLANE 
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poke h igh and low va lues int o  Copperlist 

increment Copperlist pointer for next plane  

NEXT P LANE 

enable ( )  

include a t ime delay t o  ' s low t h ings down ' to  required 
speed? 

NEXT SCREEN  LINE  

return 

With the List ing 1 7 . l  approach the re 's an inherent  f law present -
becau se although the Disable( )  cal l  wo u ld  prevent po inters to  any 
new l i st from being instal l ed  i t  does not  stop the Coppe r  reading 
the exist ing Copperl i st and,  s ince we are modifying an exi s t ing l ist  
not  c reat ing a new one Disable()  actual ly has no e ffect  at al l .  What 
we need to do i s  make sure that any poking o perat ions  are d o n e  
after t h e  current b i tplane pointers have been  used a n d  before they 
are read again .  

The tr ick i s  to real ise two things :  f irst ly, that the bitplane pointer  
instruct ions occur  near the  s tart o f  the Coppe rl i s t .  Second ly, that 
the system interrupt code that re-starts the Copper  fo r the cu rrent 
frame occurs early on in  the vertical blanking interrupt interval .  In 
fact by the t ime the vertical  blank interrupt jobs have been carried 
o u t  t h e  C o p p e r  w i l l  a l r e a d y  have r e a d  a n d  u s e d  t h e  b i t p l a n e  
pointers in  the Copperl ist !  I t  i s  the refore qu ite  safe to  make po inter  
changes whenever the video beam is  moving down the screen or  is  
near the b o t t o m  o f  the d i s p lay (j u s t  p r i o r  t o  the n e xt v e r t i c a l  
blanking period) .  S ince there is  a graphics l ibrary cal l ,  WaitBOVPO, 
t hat  a l l o ws a p rogram to wait  u n t i l  the d i s p lay beam is a t  t h e  
bottom of  a viewport I 've o pted for t h e  scrol l  routine arrangement 
shown in  l i st ing 1 7 . 2 :  

/ * Listing 1 7 . 2 :  The final vertical s c r o lling pseudo - code 
* /  

scroll : 

INITIALISE COPY OF BIT PLANE POI NTERS 

FOR EACH SCREEN LINE 

make a copy of the Copperlist pointer 

FOR EACH PLANE 

calculate new bitplane  address 

split address into high and low parts  

NEXT P LANE 

wait t ill beam is near bottom of screen and then . . .  

FOR EACH PLANE 

poke h igh and low values into Copp erlist 
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increment Copperlist pointer for next plane 

NEXT P LANE 

include a time delay to ' slow things down ' to  required speed 

NEXT SCREEN LINE  

return 

Some Example Code 

W hat do these  scro l l  routines  look l i ke i n  C? Wel l ,  l e t 's l o o k  at the 
main components of  a Scro l lUpwards() rout ine .  Havi ng searched  the 
I n tu i t i o n  Vi e w 's ha rdware  C o p p e r l i s t  and l oc a t e d  t h e  b i t p l a n e  
po inters  w e  need t o  make a copy o f  t h e  values .  Rather  than d o  th i s  
from the  Copper l i s t  though - i t  is  eas ie r  to copy the dup l i cate se t  of  
value s  s tored  i n  the screen's B i tMap structure l i ke th i s :  

for ( j =O ; j <bitmap_p - >Dept h ; j + + )  

bitplanes_copy [ j ] = ( ULONG ) ( *b itmap_p ) . Planes ( j ] ; 

D u r i n g  the  u pdat ing  o p e rat i o n s  we have t o  s p l i t  t h e s e  b i t p l a n e  
po inters  i n t o  t h e i r  respect ive h i g h  and l ow words because  that 's . 
h o w  t h e y  are  s t o r e d  i n  the  C o p pe r l i s t .  I u s e  a c o u p l e  o f  a r rays 
cal led low[] and h igh[) to store the separated values  coup led  with 
t h is sort  of  mas king and shi ft ing code :  

low ( j ] = ( ( ULONG) bitplanes_copy ( j ] ) &OxFFFF ; 

high ( j ] = ( ( U LONG ) bitplanes_copy [ j ) ) >> 1 6 ;  

The B itmap structure te l l s  u s  how many scree n l i n e s  are i nvo lve d 
and the width  of  the screen in  bytes so ,  having cop ied  the  b i tp lane 
pointers ,  we use a twin loop to perform a bitplane p o i nte r  addit ion 
for each vis ib le  l ine  of  the screen (so scro l l ing i t  co mplete ly out  o f  
t he d i splay) . Note  that w e  need  t o  keep a copy o f  t h e  fi r s t  wor d  
b e ing changed because th is  wi l l  be  incre me nted a s  each b i tplane i s  
d ealt wi th :  

/ * Li s t ing 1 7 . 3 :  A twin loop for  adj u s t ing the  bitplane 
po inters  in a Copper list * /  

for ( k=O ; k<bitmap_p - > Rows ; k++)  

{ 

copperlist_p=coppe r list_reference_p ; 

for ( j = O ; j <bitmap_p - >Depth ; j ++ ) 

{ 

bitplanes_copy ( j ) +=bitmap_p - >BytesPerRow ; 

low [ j ] = ( ( ULONG ) b itplanes_copy ( j ) ) &OxFFFF ; 

high ( j ] = ( ( ULONG) b itplanes_copy [ j ) ) >> 1 6 ;  

} 
Wa itBOV P ( &screen_p - >ViewPo rt ) ;  

for ( j =O ; j <bitmap_p - >Dept h ; j ++ )  
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{ 

*c opper list_p=high [ j ) ; copper list_p+=2 ; 

*c opper list_p=low [ j ] ;  copper list_p+=2 ; 

} 

} 

I t 's qu i te easy to package these id eas u p  in  easy to use  fash ion  by 
writ ing a Scro l !Upwards()  rout ine that just  takes a screen po inter  as  
a param e t e r. I n s i d e  the  r o u t i n e  we  s e a r c h  the  I n t u i t i o n  V i e w  
hardware Copper l i st a s  previously exp la ined .  The locat i o n  of  t h e  
sc reen's B i tMap structure i s  a lso needed b u t  th is  is  easi ly obtained  
l ike  thi s :  

b itmap_p=&screen_p - >BitMa p ;  

By adding the various sec t ions  of  code discussed together  we end 
up  with  t h e  rout ine  sh own i n  l i s t i n g 1 7 . 4 .  I 've n o t  i nc i d e nta l ly  
inc luded any t ime de lays i n  these  examples rout ines  but th is  cou ld  
be  easi ly added as  part of  the end of  the outer  k loop : 

/ * Listing 1 7 . 4 :  The completed Scro llUpwards ( )  scro lling 
rout ine* / 

void Scro llUpwa rd s ( struct Screen *sc reen_p ) 

{ 

ULONG bitplanes_c opy [ S J ; 

UWORD low [ S ] , high [ S ] , * coppe rlist_reference_p , *cop ­
perlist_p ; 

WORD j ,  k ;  

struct View *view_p ; 

st ruct B itMap * b itmap_p ; 

v iew_p=V iewAddress ( ) ;  

b itmap_p=&screen_p - >BitMap ; 

copperlist_reference_p =view_p - > LOFCprlist - > s t a rt ; 

while ( ( * copperlist_reference_p ) ! =OxOOeO) copperli st_ref ­
erence_p+=2 ; 

copperlist_reference_p++ ; 

f o r  ( j =O ; j <bitmap_p - >Dept h ; j + + )  

b itplanes_copy [ j ] = ( ULONG ) ( * bitmap_p ) . P lanes [ j ) ;  

f o r ( k=O ; k<b itmap_p - > Rows ; k++)  

{ 

copper list_p= coppe rlist_reference_p ; 

for ( j =O ; j <bitmap_p - >Depth ; j ++)  

{ 

bitplanes_copy [ j ] +=bitmap_p - >Byt e sPerRow ;  
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} 

low [ j ] = ( ( ULONG ) b itplanes_copy [ j ] ) &OxFFFF ; 

high [ j ] = ( ( ULONG) b itplanes_copy [ j ) ) >> 1 6 ;  

} 
Wa itBOV P ( &sc reen_p - >ViewPort ) ; 

for ( j =O; j <bitmap_p - >Dept h ; j ++ )  

} 

{ 
*copperlist_p=high [ j ) ; copperlist_p+=2 ; 

• copperli st_p=low [ j ] ;  copperlist_p+=2 ; 

} 

The Downward Scroll 
Downward scro l l ing is done in an a lmost ide ntical  fas h ion  except  
that  we set the bi tpl ane po inte rs to  the i r  topmost  values  and then 
success ively reduce them as the scrol l  p roceeds .  That  said a l l  that  . 
remains to fi n ish th is  chapte r is the code for getting  a screen back 
to its starting pos i t ion and this fo l l ows in  l is t ing 1 7 . 5 :  

/ * Listing 1 7 . 5 :  An equivalent downward scrolling routine*? 

void Scro llDownwards ( st ruct Screen • sc r een_p ) 

{ 
ULONG bitplanes_copy [ B J ; 

UWORD low [ B ] , high [ B ] , •coppe r list_reference_p , • c op ­
perlist_p ; 

WORD j ,  k ;  

st ruct V iew * view_p ; 

st ruct B itMap * b itmap_p ; 

view_p=ViewAddress ( ) ; 

bitmap_p=&screen_p - >BitMap ; 

copperlist_reference_p=view_p - >LOFCp rlist - > s t a rt ; 

while ( ( * copperlist_reference_p ) ! =OxOOeO) copperli st_ref­
erence_p+=2 ; 

copperlist_refe rence_p++ ; 

for ( j =O ; j <bitmap_p - >Dept h ; j ++ )  

bit planes_copy [ j ) = ( ULONG)  

( * b itmap_p ) . Planes [ j ) +bitmap_p - >Byt esPerRow* bitmap_p ­
>Rows ; 

fo r ( k=O ; k<bitmap_p - >Rows ; k++ ) 

{ 
copperlist_p=coppe rlist_reference_p ; 
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for ( j =O ; j <bitmap_p - >Dept h ; j ++ )  

{ 

bitplanes_copy [ j ] - =bitmap_p - >Byt e sP erRow ; 

low [ j ] = ( ( ULONG ) b it p lanes_copy [ j ] ) &OxFFF F ;  

high [ j ] = ( ( ULONG ) bit planes_copy [ j ] ) >> 1 6 ;  

} 
WaitBOV P ( &screen_p - >V iewPort ) ; 

for ( j =O ; j <bitmap_p - >Depth ; j + + )  

} 

{ 
*copperlist_p= high [ j ) ; copper list_p+=2 ; 

•copperli st_p=low [ j ] ;  copperlist_p+ =2 ; 

} 
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1 8: 
Boot Code 

and the 

TrackDisk 

Device 

Th is chapter  is going to deal with 
a subject  dear to the hearts of al l  
s e l f  r e s p e c t i n g  h a c k e r s  - b o o t  
b l o c k  c o d e !  To u n d e r s t a n d  t h e  
d iscuss ions  which fo l low you d o  
o f  c o u r se  n e e d  t o  k n o w  a l i t t l e  
about  t h e  way data i s  s tored  o n  
d i s ks so  t h i s  i s  where  o u r  s t o ry 
wi l l  start.  

W i t h  a c o n v e n t i o n a l  f l o p p y ,  
A m i g a D O S  p r o v i d e s  a p h y s i c a l  
b a s i s  f o r  s t o r i n g  d a t a  b y  
fo rmatti ng eac h s i d e  o f  a fl oppy 
d isk  into 80  trac ks which ,  i f  you 
cou ld  see them, wou ld  appear as 
concentri c  c i rc l es  radiat i ng from 
the centre of  the d isk .  Trac ks are , 
by conve nt ion ,  labe l l ed  from zero 
and s ince  each pai r  of  upper  and 
lower  tracks is  ca l led  a cyl inder, 
the top track 0 plus botto m t rack 
0 const i tutes  cyl ind e r  0 ,  top t rack 
1 plus bottom trac k 1 const i tutes  
cyl inder  1 ,  and so on .  

E a c h t r a c k  is  d i v i d e d  i n t o  
sect ions  cal led sectors and these  
c a n  h o l d  5 1 2  bytes  ( ie  0 .  5 K)  o f  
da ta .  T h e  o r i g i n a l  A m i g a  fi l i n g  
system,  now cal led t h e  O l d  F i l ing  
System or  OFS ,  used an 1 1  sector  
a r range m e n t  and  th is  t h e re fo r e  
provided a n  overal l  d i s k  capac i ty 
of  880k s ince :  
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2 x 80 x 1 1  x 5 1 2  = 880k 

s ides  tracks sectors bytes d i sk  capac i ty 

Not  a l l  of  th is  space is actually avai lable to the user  - some areas of 
t h e  d i s k  are r e s e rve d for  s t o r i n g  b o o t  c o d e  a n d  h o l d i ng r o o t  
d i rectory info rmation .  N e w  Amigas fi tted with h igh dens i ty drives 
can divide tracks into 22 sectors (wh ich aga in  can each ho ld  5 1 2  
bytes of  data) .  Th is  inc reases  the potent ial d is k  capacity to  1 .  76 
megabytes and the new Amiga fi l ing  systems take advantage of  th is  
when high dens i ty d isks are be ing used.  

From Release 2 of  the operat ing system there has been  a t rackdisk 
c o m ma n d ,  c a l l e d  TD_GETG EOM ETRY, that  a l l ows  a p r o g ra m  to  
d e termine the character ist ics o f  a given drive . Th e data i s  returned 
i n  a structure cal l ed  DriveGeometry that has th is  sort  of  layout :  

struct DriveGeometry 

{ 
UL ONG dg_Sector_Siz e ;  / *  i n  byt e s  * /  

U L  ONG dg_TotalSectors ; 

UL ONG dg_Cylinde rs ; 

UL ONG dg_CylSect o r s ;  / *  sectors p e r  cylinder * /  

UL ONG dg_Heads ; 

UL ONG dg_TrackSectors ; / *  sectors per t rack  * /  

UL ONG dg_BufMemType ; / *  preferred buffer m emory type 
* /  

UBYTE dg_DeviceType ; / *  SCSI - 2 spec * /  

UBYTE dg_Flags ; 

UWORD dg_Reserved ; 

} j 

F o r  o u r  cu rrent  purposes  c o l l ec t ing  th i s  data wou l d  a l l o w us  to  
d e t e r m i n e  t h e  n u m b e r  of  s e c t o r s  o n  a t ra c k  a n d  t h e r e fo r e 
d i s t i n g u i s h  b e t w e e n  t h e  n o r ma l  a n d  h i g h  d e n s i ty f l o p p i e s .  
Although this  would guarantee that we got the c orrect buffe r s ize  
fo r track reads  and wri tes i t  i s  not actual ly necessary to  make th is  
cal l  when jus t  writ ing boot  sectors .  

The Boot Sectors 

The space co rresponding to d isk  blocks 0 and 1 (cyl inder  0 sector  
0 ,  head 0 ,  and cyl i nder  0 sector  1 ,  head 0)  on a f lo ppy is  r;eserved 
by the o p e ra t i n g  s y s t e m  fo r b o o t s t r a p  c o d e .  Th i s  is  the boot 
program that  gets  your Amiga u p  and ru nn ing when boot ing fro m a 
fl oppy. When you use  the AmigaDOS Instal l  c ommand th is  wri tes  
the  code into the f i rst  block (b lock 0) on the d isk. Relat ive to the 2 x 
5 1 2 ,  ie 1 024 bytes ,  avai lable i n  the two boot sectors the bootst rap 
code i tse l f  i s  t i ny and even though with the cur rent  Amigas the 
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code  has grown a bit  in  s ize  it s t i l l  occupies  less  that 24  long words 
(actual ly 94 byte s) .  I f  you look at the sector  data of  b lock  0 you' l l  
s ee  that the sector  starts with these 24  long word s :  

444F5300 E33DOE73 00000370 43FA003E 70254EAE FDD84A80 670C2240 08E90006 
00224EAE F E6243FA 001 84EAE F FA04A80 670A2040 206800 1 6  70004E75 70FF4E75 
646F732E 6C696272 61 727900 65787061 6E73696F 6E2E6C69 627261 72 79000000 

What do they mean? We l l ,  by taking the above nu mbers and see ing 
w h a t  6 8 0 x 0  m i c r o p r o c e s s o r  i n s t ru c t i o n s or  A S C I I  d a ta t h e y  
represent i t  i s  poss ib le  t o  s ketch out a gene ral plan that ,  written in 
assembly language , looks l i ke the code shown in  l i s t ing 1 8 .  l :  
/ *Listing 1 8 . 1 : A partial Amiga Boot Code Disassembly - Exec library 
base already in a6* / 

FFFFFFAO LVOFindRe sident EQU - $0060 

FFFFFDD8 _LVOOpenlibrary EQU - $0228 

FFFFFE62 _LVOCloselibrary EQU - $01 9E 

444F5300 dc . l  $444F5300 DOS 

E3390E73 

00000370 

43FA003E 

7025 

4EAEFDD8 

4A80 

670C 

2240 

08E900060022 

4EAEFE62 

43FA001 8 no_exp 

4EAEFFAO 

4A80 

670A 

2040 

2068001 6 

7000 

4E75 

dc . l  

dc . l  

lea 

$E33DOE73 

$00000370 

expname ( pc) , a1 

checksum 

root block of disk 

expansion library 
name 

moveq 

j sr 

tst . l  

#37 ,  dO minimum version 

_LVOOpenlibrary ( a6) 

dO 

beq . s  no_exp 

movea . l dO , a1 

bset #6 , $22 ( a 1 ) sets some flag 
value 

j s r 

lea 

j sr 

tst . l  

beq . s  

_LVOCloselibrary (a6) 

dosname ( pc ) , a1 dos library name 

_LVOFindResident ( a6) 

dO 

set_ error 

move a . 1  dO , ao 

movea . l  $1 6 ( aO) , aO 

moveq #$00 , dO 

dos resident tag 

loads some value 
into ao 

success 

70FF set error moveq 

rts 

#$ff , d0 failed - sign 
extended 

4E75 rts 
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646F732E6C69627261 727900 

dosname d e .  b ' dos . library ' , O 

65787061 6E73696F6E2EE6C69627261 7279000000 

expname de . b ' expansion . library ' , O 

W hat the code does  i s  not part icu larly important fo r our  pu rposes .  
The key th ing is  that normally the rest of  the data present  i n  sector  
0 ,  and the c o mplete b lock of  data in  sector 1 are normal ly set  to a l l  
z e ro val u e s .  What  th i s  c hapter  i s  go ing to  d o  i s  te l l  you a l i t t l e  
about  h o w you mod i fy the code to  c reate  so ca l l ed  custom boot  
b locks .  

Opening . The Trackdisk Device 

The A m iga's trac kd i s k  devi c e  p r ovi d e s  t h e  e a s i e st way t o  wri te  
b o o t b l a c k  d ata to  a d isk and l i ke other  Amiga d evi c e s  t h e re 's a 
c e rtain amount  of  sett ing u p  operations to do before the device can 
b e  u s e d .  T h r e e  s t e p s  are  n e e d e d :  f i rs t ly ,  you  n e e d  t o  c reate  a 
m e s s a g e  p o r t b y  c a l l i n g C r e a t e P o r t ( )  o r  t h e  e q u i v a l e n t Exe c 
fu nct io n .  Second ly, you n e e d  to c reate  an I/O r e q u e s t  s t ru ctu re 
(note here t hat because  some trac kdisk  commands need an IOExtTD 
s ized  request  rather  than a standard one most programmers set up 
an IOExtTD for a l l  t rackdisk device  commu nicat ions) .  Last ly, you do 
a n  Ope nDevi ce( )  ca l l  to  open the t rackd isk  device .  As  you should  
expect  by now I ' l l  be  us ing my stack based  a l locat ion method fo r 
the  set t ing u p  operat ions and wi l l  be sett ing the flags fi e ld  to zero 
when open ing the device wh ich is  r ight for 3 . 5 "  d r ives ( i t 's un i t  0 ,  
the  internal  3 . 5 "  d r ive that we sha l l  be in terested in) .  The system 
calls be ing u sed were out l ined in  chapter 1 0  when the ser ial  device 
was d i s c u s s e d  so  p l ease  r e fe r  to  that c h apte r for d e t a i l s  of the  
various fu nct ions .  

With  only three th i ngs needing to be done the a l locat ion act ion l is t  
i s  very straightfo rward : 

UBYTE ( * aet ion_list [ ] ) ( )  = { 
CreateTDReplyPort , 

Creat eTDRequestB loe k ,  

OpenTDDev iee , 

} ; 

a n d  r e s o u rc e  a l l o c a t i o n  fo l l ows  t h e  u s u a l  a p p r o a c h  o f  e i t h e r  
returning a n  error value  t o  the main  sett ing u p  loop o r  pushing a 
pointer  to the  succ essfu l ly opened resource onto the deal locat ion 
stack as in l i st ing 1 8 . 2  below:  
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/ * listing 1 8 . 2 :  These sort of allocation arrangement s 
should be very familia r  by now ! * /  

if ( ( g_td_reply_port_p=Creat ePort ( TD_NAME , O ) ) ==NU L L )  

error_number=STARTUP_ERROR ; 

else { 

g_function=DeleteTDReplyPort ; 

PushSt ac k ( g_resource_stack_p , g_funct io n ) ; 

} 

L i s t i n g  1 8 . 3  i s  t h e  s o u r c e  fo r a p re l i m i na ry p rogram t hat  d o e s  
n o t h i ng o t h e r  than o p e n i ng t h e  r e q u i red  resou r c e s  a n d  c l o s ing  
them down again .  I f  y ou  compare the operat ions  to  those  i n  chapter  
1 O you' l l  s e e  that  there i s  a lo t  of  c o m m o n  ground b e twe e n  the 
vari o u s  devi c e  set t i ng u p  steps  in  the  two c hapters .  Some labe ls  
c hange and so o n  but the  bas ic  steps ,  and the code needed ,  re main s  
essent ial ly t h e  same. 

/ *  = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  * /  

/ * Listing 1 8 . 3 :  Code for setting u p  the t rackd isk devic e ,  
request b lock and reply port * /  

/ *  Module name : writ eboot . c  - prelim inary WriteBoot pro ­
g ram code 

/ *  

#define ALLOCATE_GLOBALS 

# include " genera l . h "  

#define ACTION_COUNT 3 

UBYTE ( * actio n_list ( ] ) ( )  = { 
Creat eTDReplyPort , 

C re at eTDRequestBloc k ,  

OpenTDDevice , 

} ; 

main ( int argc , char  *argv ( ) )  

{ 

UBYTE error_number=NO_ERROR ; 

p r intf ( SIGN_ON ) ;  

if ( l ( g_resource_stack_p=Cre at eSt ac k ( void * ) ) )  error  num ­
ber=NO_STACK ;  

e l s e  { 

/ * attempt t o  allocate  resources . . .  * /  

if ( I AllocateResource (ACTION_COUN T , ac t ion_list ) )  

{ 

/ *  DO SOMETHING * /  

* / 
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} 
while ( I PopStack ( g_re source_stack_p , g_func t ion ) )  

g_function ( ) ;  

KillStack ( g_resource_stack_p ) ; 

} 
return ( O ) ; 

} / *  Logical end of program * /  

/ *  

UBYTE AllocateRe source ( UBYTE count , UBYTE ( * lis t [ ] ) ( ) )  

{ 
UBYTE i ,  error_numbe r ;  

for ( i=O ; i<coun t ; i++ ) 

{ 

} 

if ( error_number=list [ i ] ( ) )  

{ 

} 

printf ( " %s %d \ n " , CANNOT_AL LOCATE , i ) ;  

i=count ; / *  force exit f rom loop * /  

return ( e r ror_numbe r ) ; 

} 
/ *  

UBYTE CreateTDReplyPort ( v oid)  

{ 
UBYTE error_number=NO_E RROR ; 

if ( ( g_td_reply_p ort_p=C reatePort ( TD_NAME , O ) ) == N U L L )  

error_number=STARTU P_E RROR ; 

else { 

g_funct ion=DeleteTDReplyPort ; 

PushSt ack ( g_resour ce_stack_p , g_funct io n ) ; 

} 
return ( e r ror_number ) ;  

} 
/ *  

void DeleteTDReplyPo rt ( vo id )  

{ 

DeletePort ( g_td_reply_port_p ) ; 

* /  

* /  
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} 
/ *  

UBYTE Cr eateTDRequestBlock ( )  

{ 
UBYTE err or_number=NO_ERROR ; 

g_td_request_p= ( s t ruct  IOExtTD * )  

CreateExt IO ( g_t d_r ep ly_po rt_p , s izeof ( st ruct  IOExtTD) ) ;  

if ( g_td_request_p==NU L L ) err or_number=STARTU P_E RROR ; 

else { 

} 

g_funct ion=Delet eTDRequest Bloc k ;  

PushStack ( g_re source_st ack_p , g_function ) ;  

return ( e r ror_numb e r ) ; 

} 
/ *  

void DeleteTDRequestBlock ( )  

{ 
DeleteExtIO ( ( st ruct IORequest * ) g_td_request_p ) ;  

} 
/ *  

UBYTE OpenTDDevice ( )  

{ 
U BYTE e r r o r_number=NO_ERROR ; 

if ( ( OpenDevic e ( TD_NAME , O , ( st r uct  IORequest 
* ) g_td_request_p , O ) ) l =N U L L )  e r r o r_number=STARTUP_E RROR ; 

else { 

} 

g_function=Clo seTDDev ic e ;  

PushStack ( g_resource_st ack_p , g_function ) ;  

return ( e r ror_numbe r ) ; 

} 
/ *  

v o id CloseTDDev ice ( )  

{ 
C loseDev ice ( ( st ruct IORequest * ) g_td_request_p ) ;  

} 
/ *  

* /  

* /  

* /  

* /  
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Reading From The Trackdisk Device 
You read fro m  the  t rackdisk device us ing a C M D_READ c ommand 
with the n umber  o f  bytes to be  read in  io_Length,  the address of  the 
read bu ffer in  io_Data, and the track you want  to  read spec i fi ed  as 
the  io_Offset  fie ld .  You don't p rovide  trac k numbers - the  o ffse t  is 
calculated by mult ip lying the number of the t rack you wish to read 
by the number of  bytes in a track (nowadays usual ly obtained by 
a s k i n g t h e  t r a c k d i s k  d e v i c e  t o  s u p p l y  t h e  a p p r o p r i a t e  d r ive  
ge o me t ry info ) .  

Writing To The Trackdisk Device 
S a m e  a p p ro a c h  a s  b e f o r e  - y o u  w r i t e  t o  t h e  d e v i c e  u s i n g  a 
C M D_WRITE co mmand with the  number  o f  bytes to  be  wr i t ten  i n  
io_Le ngth, t h e  address of  t h e  write buffer i n  i o_Data,  a n d  t h e  track 
you want  to  write spec i fied as the io_Offse t  fi e ld .  Agai n  you don't 
p rovide  t rack nu mbers but calculate the o ffse t  by mult ip ly ing the 
n u mbe r o f  the track you wish to  read by the number of  bytes in a 
t rack. 

Getting the Drive Geometry Data 
I t 's e a s y !  F i r s t ,  we  s e t  u p  s o m e s p a c e  fo r t h e  D r i v e G e o m e try  
structrure l ike th i s :  

s t r u c t  Driv eGeometry dr ive_geometry= { O} ; 

then we place the address of  the structure into  the  data fie l d  of  the 
I/O request and set  the  command fie l d  to TD_G ETGEOMETRY: 

g_td_request_p - >iotd_Req . io_Data=&drive_geometry ; 

g_td_request_p - >iotd_Req . io_Command=TD_GETGEOMETRY ; 

and then we perfo rm a device DolO()  fu nct ion cal l :  
DoIO ( ( struct  IORequest * ) g_t d_request_p ) ; 

The trackdisk devic e  fi l l s  in  al l  the  fi e lds  and a l l  we have to  do i s  
read t h e m .  The fragment shown in  l i st ing 1 8 .4  wou ld ,  i f  i nserted 
into the p revious program, calculate the size o f  a t rac k :  

/ * Listing 1 8 . 4 :  Fragment showing t h e  modificat ions n e eded 
to deduce the t rack size* / 

main ( int argc , char  *argv [ ] )  

{ 
UBYTE error_number=NO_ERROR ; 

ULONG sector_siz e , sect o r_count , buffer_s ize ; 

printf ( S IGN_ON ) ;  

if ( l ( g_resource_stack_p=C reateSt a c k ( void * ) ) )  error  n um ­
ber=NO_STACK ;  

e l s e  { 
/ * attempt t o  allocate resou r c e s  . . .  * /  
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if ( I AllocateResource ( ACTION_COUNT , ac t ion_list ) )  

{ 

g_td_request_p -
>iot d_Req . io_Data=&dr ive_geomet ry ; 

g_td_r eque st_p -
>iotd_Req . io_Command=TD_GETGEOMETRY ; 

DoIO ( ( struct IORequest * ) g_td_request_p ) ;  

sector_s ize=drive_geometry . dg_Sect orSiz e ;  

sect or_count=dr ive_geomet ry . dg_TrackSectors ; 

b uffer_size=sector_s ize• sec t o r_c ount ; 

p r intf ( " Track s ize %d \ n " , buffer_size ) ;  

} 
while ( I PopStack ( g_re source_stack_p , g_function ) )  

g_func t ion ( ) ;  

KillSt ack ( g_resource_stack_p ) ; 

} 
return ( O ) ; 

} / *  Logical end of prog ram * /  

C ustom Boot Code 
The first  twe lve bytes in the bootblack a re important for a number 
of reasons ,  main ly  though that if  you get  them wro ng your boot 
s e c to rs wi l l  not  b e  r e c o g n i s e d .  F l o ppy d i s ks have a header that  
c onsist  o f  a DOS str ing ,  a checksum (that I ' l l  d i scuss later ) ,  and a 
value wh ich ident i fi e s  the d is k's root b lock :  

dc . l  $444F5300 DOS 

dc . l  $00000000 checksum space 

dc . l  $000000370 root block locat ion 

F o l l o w i n g  t h i s  c om e s  t h e  b o o t  c o d e  t h a t  p e rforms a var i e ty o f  
sys tem magic  that  wi l l  n o t  c o n c e r n  u s .  The bootbl a c k  c o d e  has 
c hanged with recent  re leases of  the Amiga's 0/S but the b i t  we are 
in terested in is  the sect ion I 've marked in  l i s t ing 1 8 . 5 :  

/ * Listing 1 8 . 5 :  This shows the  code area related t o  the 
end of a successful boot ! * / 

43 FA00 1 8  no_exp 

4EAE FFAO j sr 

4A80 t s t  . 1  
670A beq . s  

lea do sname ( pc ) , a1 dos library name 

_LVOFindRes ident ( a6 )  

dO 

set_ error  

<control  passes through here  if  the boot process  is  
successful> 

2040 movea . l  dO , aO dos resident tag  
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206800 1 6  move a . 1  $1 6 ( aO) , aO loads some v a lue into 
ao 

7000 moveq #$00 , dO success 

<control passes t h rough here if the boot process  is 
succ e s sf u l> 

4E75 

70FF set error  

4E75 r t s  

r t s  

moveq #$ff , d0 failed - sign 
extended 

To mod i fy the bootb lack code a l l  we have to do is  tac k on some 
addi t ional c ode i n  the area shown . Actually i t 's not  that easy for two 
r e as o n s :  f i r s t ly ,  t h e  c o d e  has t o  b e  w r i t t e n  so t h a t  it  is  t r u l y  
re locatab le  ( th is  i s  because o f  t h e  way the code is  placed in  memory 
d u ri ng the boot ing process) .  Second ly, i f  you mod i fy the code you 
have to  ca l culate a new checksum because the O/S boot rout ines  
c heck  to see  that th is  i s  val id  before execut ing the code .  

The c h e c ksu m i s  ca l l ed  a longword additive carry wraparound of 
$ffffffff Sounds good but a l l  th is  means is that you start with the 
fi rst l o ngword o f  the  two sectors and add it  to the  next lo ngword.  
You then look at the  sum produced and i f  the result  has overflowed 
(ie produced a carry) then you add an extra one to the resu l t .  You 
t h e n  c o n t i n u e  to  loop  through the boot  sec tor  contents  making 
exact ly the same add i t ions ,  overf low tests ,  and adjustment  u nt i l  
you 've examined a l l  2 5 6  longwo rds (2 5 6  words = 1 0 24 bytes  = 2 
s e ctors) .  Having done  that you just  invert a l l  the bits i n  the fi nal 
sum to  produce  a checksum fo r stor ing i n  the bootb lack. L ist ing 
1 8 .6  shows the  sort o f  C code  loop needed to calcu late a bootb lack  
c hecks u m fo r bootcode he ld  i n  a ULONG array : 

/ * L i s t ing 1 8 . 6  Bootblock check sums the easy way ! * / 

fo r ( i=O ; i<256 ; i++)  

{ 
if ( sum+bootcode [ i ] >=sum)  

sum+=bootcode [ i ] ; 

else  sum=sum+bootcode [ i ] +1 ; 

} 
bootcode [ 1 ] =-sum ; 

Producing the Code 
Like many other  coders I i n it ia l ly d i sassembled the standard boot  
c o d e  m o r e  fo r fu n t h a n  a ny t h i n g e l s e  b u t ,  o n c e  an  a s s e m b l y  
l anguage framewo rk was avai lab l e ,  i t  was n o t  t o o  d i ffi c u l t t o  s e e  
h o w  a d d i t i o ns c o u l d  be mad e .  N ot knowing w h i c h  regi s te rs were 
i m p o r t a n t  as  t h e  b o o t  c o d e  e x i t s  I ' ve a l ways mad e a p o i n t  o f  
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how add i t ions cou ld  be made .  Not  knowing which  regi s ters were 
i m p o r t a n t  as  t h e  b o o t  c o d e  e x i t s  I 've a l ways m a d e  a p o i n t  o f  
pres erving and restoring a l l  registers and i n  fact ,  fo r s impl i c ity, I 
jus t  push a l l  registers except a?  onto the stack l i ke th is :  

movem . l  d0 - d7/ a0 - a6 , - ( a7) preserve registers  

I 've o pt e d  for a very s imple  p iece  of  ad d i t iona l  code  a loop t hat 
holds u p  the co mplet ion of  the boot process  unt i l  the  user p resses  
the ESCape key. This  code ,  sh own in  l i s t ing 1 8 . 7 ,  i s  s imi la r  to that 
u sed in  the C hapte r Seven examp les and i f  we put  a l l  the  fragme nts 
previ o u sly d iscussed together  the result is the assembly language 
program shown in l i s t ing 1 8 . 8 :  

/ * Listing 1 8 . 7  Wait ing f o r  the ESCape key t o  be pressed*/  

lea  CUSTOM , aS 

loop : move . b vhposr ( as ) , dO 

cmp . b  #$ff , d0 

bne . s  loop 

get sc anline 

line $ff? 

Could do something here 

move . b  $bfec01 , d0 

until  ESCape key is presse d ! 

read keyboard 

eor . b  

ror . b  

cmp . b  

bne . s  

movem . l  

#$ff , d0 

#1 , dO 

#$45 , dO 

loop 

( a7 ) + , d0 - d7 / a0- a6 

decode byte 

ESCape key? 

keep going 

restore  registers  

/ * List in g  1 8 . 8 : The finished bootblack code * /  

; Custom Bootcode example 

CUSTOM 

N U L L  

vhposr 

EQU $DFFOOO 

EQU 0 

EQU $6 

LVOFindResident EQU - 96 

_LVOOpenLib ra ry EQU - 552 

_LVOC loseLibrary EQU - 4 1 4  

dc . l  $444F5300 

dc . l  $00000000 

DOS 

chec ksum space 

dc . l  

lea 

$000000370 root b lock location 

moveq 

j s r 

expname ( pc ) , a 1  expansion lib r a ry 
name 

#37 , dO m in imum ver sion 

_LVOOpenLibrary ( a 6 )  
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tst . l  

beq . s  

movea . l  

bset  

dO  

no_exp 

d0 , a 1 

#6 , $22 ( a 1 ) 

j s r _LVOClose Library ( a6)  

sets  some  flag v alue 

no_exp lea 

j s r 

tst . l  

beq . s  

movea . l  

dosname ( pc ) , a1 d o s  library name 

_LVOFindResident ( a6)  

dO  

set_error  

dO , aO 

this is where our new code goe s :  

loop : 

movem . l  d0 - d7/ a0 - a6 , - ( a7 )  

lea 

move . b  

cmp . b  

bne . s  

CUSTOM , a5 

vhposr ( a 5 ) , d0 

#$ff , d0 

loop 

preserve registers  

get scanline 

line $ff? 

Could do something here until E SCape key i s  pre ssed ! 

move . b  

eor . b  

ror . b  

cmp . b  

$bfec01 , d0 read k eyboard 

#$ff , d0 decode byte 

# 1 , dO 

#$45 , dO E SCape k ey? 

bne . s  

movem . l  

loop 

( a7 ) + , d0 - d7/a0- a6 

k eep going 

restore  registers  

. . .  end of new code sect ion ! 

movea . l  $1 6 ( aO) , aO 

moveq #$00 , dO 

rts  

set e r r or moveq 

r t s  

dosnam e  de . b ' dos ' 

dc . b  ' . libr a ry ' , NULL  

expname dc . b  ' expansion ' 

#$ff , d0 

de . b ' . library ' , NULL 

loads rt I n it int o ao 

sign ext e n d s  

Now we can assemble th is ,  but you are  probably wo nder ing how we 
get the code i nto the bootb lack sectors a fter  that .  We l l  there are a 
v a r i e t y  o f  h a c k e r  t o o l s  ava i l a b l e  fo r t h e s e t y p e s  o f  j o b s  a n d  
d i a s s e m b l e rs l i k e  t h e  Pu z z l e  F a c t o ry's R e s o u r c e  p a c kage  a r e  
absolute ly br i l l iant  fo r th is  type o f  work. The s tandard approach 
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l i s t i n g t o  p r o d u c e  a n  a r r a y  o f  n u m b e r s  r e p r e s e n t i n g t h e  
i nstruct ions .  Li s t ing 1 8 .9 s hows the l i st ing obta ined wi th  H iSoft's 
Devpac pac kage and l i s t ing  1 8 . 1 0  shows the C array that  I b u i l t  
u s i ng c o py/p a s t e  e d i t i n g o p e r a t i o n s  a l o n g  w i t h  a n  a r ray t h at 
re presents the or iginal bootblack cod e :  
/ *Listing 1 8 . 1 0  - Original and modified bootblack code in C - style 
hex format * /  

HiSoft GenAm 680x0 Macro Assembler v3 . 04 Jul 1 1 994 Page 1 

Bootcode . s  

1 00 . 00000000 

2 00 . 00000000 

3 =OODFFOOO 

4 00 . 00000000 

5 =00000000 

6 00. 00000000 

7 =00000006 

8 00 . 00000000 

9 =FFFFFFAO 

1 0  00 . 00000000 

1 1  =FFFFFDD8 

1 2  00 . 00000000 

1 3  =FFFFFE62 

1 4  00 . 00000000 

1 5  00 . 00000000 

1 6  00 . 00000000 444F5300 
DOS 

1 7  00 . 00000004 

1 8  00 . 00000004 00000000 
checksum space 

19 00 . 00000008 

20 00 . 00000008 00000370 
root block location 

21 00. 0000000C 

22 00 . 0000000C 43FA0068 
expansion library name 

23 00 . 0000001 0 

24 00 . 0000001 0 7025 
min imum version 

25 00 . 0000001 2 

; custom Bootcode example 

CUSTOM EQU $DFFOOO 

NULL EQU 0 

vhposr EQU $6 

LVOFindResident EQU - 96 -

_LVOOpenLibrary EQU - 552 

_LVOCloseLibrary EQU - 414  

dc . l  $444F5300 

dc . l  $00000000 

dc . l  $000000370 

lea expname ( pc ) , a1 

moveq #37 , dO 



Mastering Amlga Programming Secrets 

26 00 . 0000001 2 4EAEFDD8 

27 00 . 0000001 6 

28 00 . 0000001 6 4A80 

29 00 . 0000001 8 

30 00 . 0000001 8 670C 

31 00 . 0000001 A 

32 00 . 0000001 A 2240 

33 00 . 0000001 C 

34 00 . 0000001 C 08E900060022 
sets some flag value 

35 00. 00000022 

36 00 . 00000022 4EAEFE62 

37 00 . 00000026 

38 00 . 00000026 43FA0042 
dos library name 

39 00 . 0000002A 

40 00 . 0000002A 4EAEFFAO 
_LVOFindResident ( a6) 

41 00 . 0000002E 

42 00 . 0000002E 4A80 

43 00 . 00000030 

44 00 . 00000030 6734 

45 00 . 00000032 

46 00 . 00000032 2040 

47 00 . 00000034 

48 00 . 00000034 

no_exp 

j sr 

tst . l  dO 

beq . s  

movea . l  d0 , a1 

bset #6 , $22 ( a 1 ) 

j sr_LVOCloselibrary ( a6 )  

lea dosname ( pc ) , a1 

j sr 

tst . l  dO 

beq . s  set error 

movea . l  dO , aO 

49 00 . 00000034 this is where our new code goes . . .  

50 00 . 00000034 

51 00 . 00000034 48E7FFFE 
preserve reg isters 

52 00 . 00000038 

53 00 . 00000038 4BF900DFFOOO 

54 00 . 0000003E 

55 00 . 0000003E 1 0200006 
get scanline 

56 00 . 00000042 

57 00 . 00000042 803COOFF 
line $ff? 

loop : 

movem . l  d0- d7/a0- a6 , - ( a7)  

lea CUSTOM , a5 

move . b  vhposr ( a5 ) , d0 

cmp . b  #$ff , d0 
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H iSoft GenAm 680x0 Macro Assembler v3 . 04 Jul 1 1 994 Page 2 

Bootcode . s  

58 00 . 00000046 

59 00 . 00000046 66F6 

60 00 . 00000048 

61 00 . 00000048 
until ESCape key is pressed ! 

62 00 . 00000048 

63 00 . 00000048 1 03900BFEC01 
read keyboard 

64 00 . 0000004E 

65 00 . 0000004E OAOOOOFF 
decode byte 

66 00 . 00000052 

67 00 . 00000052 E21 8 

68 00 . 00000054 

69 00 . 00000054 B03C0045 
ESCape key? 

70 00 . 00000058 

71 00 . 00000058 66E4 
keep going 

72 00 . 0000005A 

73 00. 0000005A 

74 00 . 0000005A 

75 00 . 0000005A 4CDF7FFF 
restore registers 

76 00 . 0000005E 

77 00. 0000005E 

78 00. 0000005E 

79 00 . 0000005E 

80 00 . 0000005E 2068001 6 
loads rt Init into aO 

81 00 . 00000062 

82 00 . 00000062 7000 

83 00 . 00000064 

84 00 . 00000064 4E75 

85 00 . 00000066 

bne . s  loop 

Could do something here 

move . b  $bfec01 , d0 

eor . b  #$ff , d0 

ror . b  #1 , dO 

cmp . b  #$45 , dO 

bne . s  loop 

movem . l  (a7) + , d0- d7/a0- a6 

end of new code sect ion ! 

movea . l  $1 6 ( aO) , aO 

moveq #$00 , dO 

rts 

Warning : sign extended operand at line 86 in file Bootcode . s  



l!l!l!I liiiil 

Mastering Amlga Programming Secrets 

85 00 . 00000066 

Warning : sign extended operand at line 86 in file Bootcode . s  

86 00 . 00000066 70FF 
sign extends 

87 00 . 00000068 

88 00 . 00000068 4E75 

89 00 . 0000006A 

90 00 . 0000006A 646F73 

set error 

dosname 

moveq #$ff , d0 

rts 

dc . b  ' do s '  

9 1  00 . 00000060 2E6C69627261 727900 

92 00 . 00000076 

dc . b  ' . library ' , NULL 

93 00 . 00000076 65787061 6E73696F6E 
' expansion ' 

expname dc . b  

94 00 . 0000007F 2E6C69627261 727900 dc . b  ' . library ' , NULL  

GLOBAL SYMBOLS 

OODFFOOO A CUSTOM 

00000000 A NULL 

FFFFFE62 A _LVOCloseLibrary 

FFFFFFAO A LVOFindResident -

FFFFFDD8 A _LVOOpenLibrary 

00000006 A vhposr 

MODULE BOOTCODE . S  

0000006A 00 . R  dosname 

00000076 00 . R  expname 

0000003E 00 . R  loop 

00000026 00 . R  no_exp 

00000066 00 . R  set error 

Listing 1 8 . 9  Devpac listing showing obj ect code details : 

ULONG orig_bootcod e ( 256 ) = { 
Ox444F5300 , 0xOOOOOOOO , Ox00000370 , 0x43FA003E , 

Ox70254EAE , OxFDD84A80 , 0x670C2240 , 0x08E90006 , 

Ox00224EAE , OxFE6243FA, Ox001 84EAE , OxFFA04A80 , 

Ox670A2040 , 0x2068001 6 , 0x70004E75 , 0x70FF4E75 , 

Ox646F732E , Ox6C696272 , 0x61 727900 , 0x65787061 , 

Ox6E73696F , Ox6E2E6C69 , 0x627261 72 , 0x79000000 

} ; 
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Ox444F5300 , 0xOOOOOOOO , Ox00000370 , 0x43FA0068 , 

Ox70254EAE , OxFDD84ABO , Ox670C2240 , 0xOBE90006 , 

Ox00224EAE , OxFE6243FA , Ox00424EAE , OxFFA04ABO , 

Ox67342040 , 0x48E7FFFE , Ox4BF900DF , OxF0001 02D , 

Ox0006B03C , OxOOFF66F6 , 0x1 03900BF , OxEC01 0AOO , 

OxOOFFE21 8 , 0xB03C0045 , 0x66E44CDF , Ox7FFF2068 , 

Ox001 67000 , 0x4E7570FF , Ox4E75646F , Ox732E6C69 , 

Ox627261 72 , 0x79006578 , 0x7061 6E73 , 0x696F6E2E , 

Ox6C696272 , 0x61 727900 

} ; 

P utting It All Together 
A l l  that  remains is to take the bootcode array and c o u p l e  i t  to a 
p rogram that opens the trackd isk  device  and writes the data i n to 
t h e  fi r s t  two s e c t o rs o f  t ra ck  z e r o .  L i s t i n g  1 8 . 1 1 i s  j u s t  s u c h  a 
p rogram and i s  typ ical o f  the type that  hackers wil l  kno c k  u p  to 
s t o re b o o t b l a c k  c o d e  ( I 'v e  l e ft b o t h  t h e  o r i g i n a l  a n d  m o d i f i e d  
b ootb lack  code arrays in  t h e  source  j u st fo r c ompar ison purposes) .  
M os t  of  the  program wi l l  be  fam i l iar  from the  p r e l i m i na ry c o d e  
give n i n  l ist ing 1 8 .3  a n d  a l l  that has been added i s  the c h e c ksum 
fragm e n t  m e n t i o n e d  ear l i e r  a nd  fu n c t i o n s  to  p e rform t rac kd i s k  
C MD_WRITE and TD_MOTOR commands both of  wh ich are easy to 
u nd erstand from the code .  (The latt e r  c o mmand i s  used with a zero 
l e ngth  va lue  to  t urn  t h e  motor  o ff - a nd  i t  i s  t h e  p rogrammers  
respons ib i l ity to  do this ) .  

The modifi ed  code doesn't actual ly do a lo t  - i f  you boot  up with a 
d i s k  that's had its boot sectors re-written by th i s  program you fi nd 
that the screen stays blank, and the drive l ight s tays on, until you 
p r e s s  the ESCape key (at whi ch  po in t  the boot process  cont inues  
n ormal ly) .  I t  wi l l  inc idental ly work on  mac hines  runn ing  Workbe nch 
1 . 3 and u p wards .  N o t  exact ly  stu nn ing  e ffects -wise  b u t  i t  i s  the  
s implest  example that  I cou ld  come u p  with that  dealt  wi th  a l l  the  
mai n  i s s u e s .  I f  i n c i d e ntal ly  you use t h e  o rig ina l  bootb lack  array 
t h e n  you ' l l  write a no rmal bo otblack - in  other  words the  program 
becomes  e qu ival ent  to  the Amiga system I nstal l  command!  
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mai n i s s u e s .  I f  i n c i d e nta l ly  you use  the  or ig i nal  b o o tb l a c k  array 
then  you' l l  write a normal bootb lack  - in other  words the  program 
becomes e qu ivale nt to  the Amiga system Insta l l  command!  

/*  = = = = = = == = = = = = = = = = = = = = = = = = = = == = = = = = = = = = = = = = = = = = = = = = = =  * /  

/ * Listing 1 8 . 1 1  The final v e r s ion of the  bootblock  r e ­
writing program* / 

/ *  Module n am e :  writeboot . c  - contains the  Wr iteBoot pro -
. gram code 

/ *  - * I 

#define ALLOCATE_GLOBALS 

#inc lude " general . h " 

struct D r iv eGeometry d r ive_geometry= {O} ; 

#define ACTION_COUNT 3 

UBYTE ( * a c t ion_list [ ] ) ( )  = { 

CreateTDReplyPort , 

Creat eTDRequestBloc k ,  

OpenTDDevice 

} ; 

ULONG or ig_bootcode [ 25 6 )  = { 

Ox444F5300 , 0xOOOOOOOO, Ox00000370 , 0x43FA003E , 

Ox70254EAE , OxFDD84A80 , 0x670C2240 , 0x08E90006 , 

Ox00224EAE , Ox FE 6243FA , Ox001 84EAE , OxFFA04A80 , 

Ox670A2040 , 0x2068001 6 , 0x70004E75 , 0x70FF4E75 , 

Ox646F732E , Ox6C696272 , 0x61 727900 , 0x65787061 , 

Ox6E73696F , Ox6E 2E6C69 , 0x62726 1 72 , 0x79000000 

} ; 

ULONG bootcode [ 256 ) = { 

Ox444F5300 , 0xOOOOOOOO, Ox00000370 , 0x43 FA0068 , 

Ox70254EAE , OxFDD84A80 , 0x670C2240 , 0x08E90006 , 

Ox00224EAE , Ox FE6243FA , Ox00424EAE , OxFFA04A80 , 

Ox67342040 , 0x48E7FFFE , Ox4BF900DF , Ox F000 1 02D , 

Ox0006B03C , OxOOF F66F6 , 0x1 03900B F , OxEC01 0AOO , 

OxOOFFE2 1 8 , 0xB03C0045 , 0x66E44CDF , Ox7F FF2068 , 

Ox001 67000 , 0x4E7570FF , Ox4E75646F , Ox732E6C69 , 

Ox627261 72 , 0x79006578 , 0x7061 6E73 , 0x696F6E2E , 

Ox6C696272 , 0x61 727900 

} ; 

main ( int argc , char *argv [ ) )  
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U LONG sum=O ; 

p r intf ( S I GN_ON ) ;  

if ( l ( g_re sour ce_stack_p=C reat eSt a c k ( void * ) ) )  error  num ­
ber=NO_STACK ;  

e l s e  { 

/ * attempt t o  allocate resources . . .  * /  

if ( I Allocat eResource (ACTION_COUNT , action_list ) )  

{ 

fo r ( i=O ; i<256 ; i++)  

{ 
if ( sum+bootcode [ i ) >=sum)  

sum+=bootcode [ i ] ; 

else sum=sum+bootcode [ i ] + 1 ; 

} 
bootcode [ 1 ] =-sum ; 

printf ( "check sum = %x \ n" , bootcode [ 1 ] ) ;  

if ( l ( e rror_number=WriteBootSector s ( ) ) )  

print f ( FUNCTION_COMPLETE ) ;  

else p r intf ( ERROR_MESSAGE ) ; 

} 
while ( I PopStack ( g_re source_st ack_p , g_function ) )  

g_functio n ( ) ;  

KillSt a c k ( g_resource_stack_p ) ; 

} 
return ( O ) ; 

} / *  Logical end of prog ram * /  

/ *  

U BYTE Wr iteBootSectors ( void)  

{ 
U BYTE error_n umber=NO_ERROR ; 

g_td_request_p - > iotd_Req . io_Length=1 02 4 ;  

g_td_request_p - >iotd_Req . io_Data=&bootcod e ;  

g_td_request_p - > iotd_Req . io_Off set=O ; 

g_td_request_p - > iotd_Req . io_Command=CMD_WRI TE ; 

if ( DoIO ( ( struct IORequest * ) g_td_request_p ) ) error_nu m ­
ber=TRACKDISK_ERROR;  

else  { 

g_t d_reque st_p - >iotd_Req . io_Command=CMD_UP DATE ; 
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if ( Do IO ( ( struct IORequest * ) g_t d_reque st_p ) ) 

error_number=TRACKDISK_ERROR ; 

} 
Moto rOff ( ) ;  

return ( e r ro r_number ) ;  

} 
/ *  

void Moto rOff ( v o id )  

{ 

g_td_r equest_p - > iotd_Req . io_Length=O ; 

g_td_request_p - > iotd_Req . io_Command=TD_MOTOR ; 

DoIO ( ( st ruct IORequest * ) g_td_request_p ) ; 

} 
/ *  * /  

UBYTE AllocateResource ( UBYTE count , UBYTE ( * li st [ ] ) ( ) )  

{ 
UBYTE i ,  error_numbe r ;  

f o r  ( i=O ; i<coun t ; i++ ) 

{ 

} 

if ( er ro r_number=list [ i ] ( ) )  

{ 

i=count ; / *  force exit from loop * /  

} 

return ( e r ror_numbe r ) ; 

} 
/ *  

UBYTE CreateTDReplyPort ( void)  

{ 

UBYTE error_number=NO_E RROR ; 

if ( ( g_td_rep ly_port_p=CreatePort ( TD_NAME , O ) ) ==NULL ) 

error_number=STARTU P_ERROR ; 

else { 
g_funct ion=De leteTDReplyPort ; 

PushSt a c k ( g_resour ce_stack_p , g_functio n ) ; 

} 

* /  
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return ( e r ror_number ) ; 

} 
/ *  

v o id Dele teTDReplyPort ( void)  

{ 
DeletePort ( g_td_reply_port_p ) ;  

} 
/ *  

U BYTE CreateTDRequestBlock ( )  

{ 
U BYTE error_number=NO_ERROR ; 

g_td_reque�t_p= ( st ruct  IOExtTD * )  

C r eateExtIO ( g_t d_rep ly_po rt_p , s izeof ( st ruct IOExtTD) ) ;  

if ( g_td_request_p== NU L L )  error_number=STARTUP_ERROR ; 

else  { 

} 

g_funct ion=Delet eTDRequestBloc k ;  

Pu shStack ( g_resource_st ack_p , g_funct ion ) ;  

return ( e r ror_numbe r ) ; 

} 
/ *  

v o id DeleteTDReque stBlock ( )  

{ 
DeleteExt IO ( ( struct IORequest * ) g_td_request_p ) ;  

} 
/ *  

UBYTE OpenTDDev ice ( )  

{ 
UBYTE error_number=NO_ERROR ; 

if ( ( OpenDevice ( TD_NAME , O , ( struct  IORequest 
* ) g_td_request_p , O ) ) l =N U L L )  e rr o r_number=STARTUP_ERROR ; 

else { 

} 

g_funct ion=Clo seTDDev ice ;  

PushStack ( g_resource_st ack_p , g_func t ion ) ; 

return ( e r ro r_numbe r ) ; 

} 

* /  

* /  

* /  
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/ *  

void CloseTDDevice ( )  

{ 
CloseDevice ( ( st ruct IORequest * ) g_td_request_p ) ;  

} 
/ *  

* /  

* /  



1 9: 
Some Extra 

Programming 

Tips and 

Tricks 

Programming i s ,  to s ome extent ,  
s t i l l  j u s t  a s  m u c h  an  a r t  as  a 
s c i e n c e  b u t  n o wadays t h e re a re  
p lenty o f  gu ide l ines  to  he lp .  Ove r  
t h e  y e a r s  I ' v e  w r i t t e n  m a n y  
t h o u s a n d s o f  l i n e s  o f  c o d e ,  o n  
m a n y  d i f f e r e n t  m a c h i n e s  a n d  
o p e ra t i n g  s y s t e m s  a n d  w i t h  a l l  
manner  of  languages.  Need less  t o  
s a y  I h a v e ,  d u r i n g t h i s  t i m e ,  
l ea r n t  q u i t e  a b i t  a b o u t  what t o  
d o  i f  a p i e c e  o f  n e w l y  w r i t t e n 
code fai l s  to  behave as  expecte d .  
In  t h i s  last chapter I want to  both 
s h a r e  s o m e o f  t h e  t r i c k s I ' v e  
l earnt and pass on  a l i t t l e  o f  the 
coding philosophy I 've a c q u i r e d  
along t h e  way. 

Before  get t ing i nto the n i t ty-gri t ty 
s t u f f h o w e v e r  t h e r e a r e  a f e w  
pre l i mi nary i s s u e s  t o  g e t  o u t  o f  
the way. To start  wi th  i t 's worth 
r e m e m b e r i n g  t h a t  p r o g r a m  
d e ve l o p m e nt i nvo lves  p l an ni ng ,  
c o d i n g ,  t e s t i ng a n d  d e b u g g i n g  
a n d  s ince  t h e  latter two areas can 
b e  t h e  m o s t  t i m e  c o n s u m i n g 
stages o f  s o ftware d eve l o p m e nt 
i t 's wo rth t rying to min imise  th i s  
potent ia l  overhead r ight  from the  
s t a r t .  Yo u d o  t h i s  b y  p r o p e r l y  
p l a n n i n g y o u r  p r o g r a m  b e fo r e  
s tart ing t o  bash o u t  c o d e  a t  t h e  
keyboard.  N o w  i n  theory a decent 
plan,  coup led with carefu l  cod ing ,  
ought to  e l i minate program bugs 
complete ly but ,  as you doubt less  
k n o w, i t  d o e s n ' t .  Th i s  d o e s  n o t  
m e a n  t h a t t h e s e  p r e - c o d i n g  
d e s i g n  s t a g e s  a r e  a w a s t e  o f  
e ffo rt ,  far fro m  i t  - by re d u c i n g  
t h e  c hances  of  errors i n  t h e  logic 
of  the program, those plans wi l l  
s t i l l  g r e a t l y  r e d u c e  b o t h  
d e v e l o p m e n t  t r o u b l e s p o t s  a n d  
t h e  n u m b e r  o f  d e b u g/ t e s t  
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p rob lems  y ou  e n c ou nter. What i t  cannot  poss i b ly  d o  however  i s  
e l i mi nate a l l  of  t h e  problems and t h e  fact  of  t h e  matter  i s  that,  no  
matter  h o w  c o n s c i e n t i o u s  a p rogrammer you are , m i s takes  are  
bound to  b e  mad e .  

One of  t h e  seemingly l ess troublesome cod ing e rrors that can occur  
a re  syntax e r r o r s ,  i e  e r rors  due  t o  the  fac t t h a t  y o u 've  wr i t t e n  
someth i ng whi c h  d o e s  n o t  co nform to  t h e  ru les  o f  t h e  l a nguage . 
S u c h  m i s ta k e s  c a n  b e  c a u s e d  b y  m i s c o n c e p t i o n s  a b o u t  t h e  
language , by dys lexic  s l ips ,  o r  by a mult i tude o f  other  s i l ly  t h i ngs -
s u c h  as i n s e rt ing  a semi-c o l o n  when you meant  t o  wr i te  a c o l o n  
(because y o u  d idn't h i t  t h e  sh i ft key a t  the  r ight t ime) .  You might 
even make mistake s  due  to the programmer's e qu ivalent  o f  jet lag. 
C, for i nstanc e ,  expects array subscr ipts to be enc losed i n  square 
b racke ts . If  therefore  you wri te  array [2 ]  as a rray(2 ) ,  as you might 
w e l l  i n a d v e r t e n t l y  do i f  y o u ' d  s p e n t  t h e  l a s t  f e w m o n t h s  
p rogramming i n  Bas i c ,  the  compi le r  would rightly compla in .  

A l o t  o f  programmers regard syntax e r rors  as tr iv ia l  and  qual i fy 
t h a t  by s u gges t i n g  that  they  a re t r iv ial b e c au s e  t h e y  are  eas i l y  
fo und a n d  corrected .  One po int  which ought to  be  made loud ly and 
c l early i s  t hat  these types  o f  mistakes are  not  howeve r i nherent ly  
h a r m l e s s !  D e s p i t e  the  fac t that  t h e s e  s l i ps u s u a l ly h ave  t r i v i a l  
o r ig ins  . . .  fi nd ing  t h e m  c o u l d ,  e s p e c ia l ly  w i t h  large p rograms,  be  
v e r y t i m e  c o n s u m i n g .  P r o g r a m m e r s  r e l y  h e a v i l y  o n  t h e i r  
assemblers ,  compi l e rs  and i nterpreters to  catch  s u c h  e rrors  and  
f r o m  e x p e r i e n c e  w e  k n o w  t h a t  t h e  w e l l  s u p p o r t e d  s o ft w a r e  
development too ls  real ly wi l l  catch 99+% o f  s u c h  e rrors.  I n  short  -
with good c ommercial  d evelopme nt tools  a program i s  u n l i kely to  
ge t to a runable stage unt i l  i t  i s  syntact ical ly c o rrect .  

O n c e  yo u  a re  past  the syntax e r r o r  c o rr e c t i o n  s tage , and yo u r  
program assembles ,  compi les  o r  otherwise s e e ms t o  run  i n  some 
fashion then you should be home and dry. Unfortu nately th i s  i sn't  
a lways so . . . a program may run to a point and then fo r no  obvious  
reason fai l  to  behave as expected ,  c rash o r  do other  u ns peakab le  
t h i ngs to your  system. Although i t  i s  a t  th i s  stage o f  course  that we  
e nt e r  the rea lm o f  d ebugging proper, care fu l pro grammers wi l l  have 
s o ught to  m i nimise  potential  snags we l l  before  a program is  f irst 
r u n  and t h e  n u m b e r  o n e  r u l e  is t h i s :  never  get y o u r s e l f  i n to  a 
p o s it ion  where i t  i s  nec essary to  check through large amounts o f  
c ode !  

There are two key e l eme nts to fol low: fi rst ly, bu i ld  your  program� 
u s i ng smal l se l f  contained subrou t ines or  fu nct ions t hat do specif ic  
j o b s .  I f  a task l o oks  to  be  c o m p l e x  t h e n  b r e a k  i t  up i n t o  m o r e  
manageab le  p i e c e s .  Secondly, o p t  fo r a deve l o p me nt approach that 
i s  based  o n  incremental testing. This i nvolves start ing with a very 
s imple  vers ion o f  a program and then deve lop ing i t  by add i ng sma l l  
s e ct ions  o f  addit ional code,  assemb l i ng, compi l ing a n d  r u n n i n g  the  
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new vers ions as each new part is  added .  The idea i s  of  course  that 
any e rrors and fau l ts  wh ich  appear wi l l  a lmost  certain ly be  related 
to the most  recently adde d  sect ion.  How d o  you run an i nc omplete  
p r o g r a m? O n e  u s e fu l  i d e a  i s  t o  i n c o r p o ra t e  d u m m y  
subrout ines/ca l l s  for the  parts o f  t h e  program which  are not  yet  
written .  With C do-nothing type funct ion cal ls  can be  writte n :  

v o id DoNothin g ( void)  { / *  t emporary dummy call  * /  } 

With Bas ic  and ARexx y ou  can use  the  e qu iva l e nt o f  t h i s  type o f  
rou t ine :  

DoNothing : RETURN 

and with 68000 assembler  you might u s e :  
DoNothing : RTS dummy call for development purposes 

I n  pract ice  i t  i s  of  c ou rse  u sual ly best  i f  such rout ines  are given 
names which correspond to  the fi nal  routines they're supposed to  
correspond to  ( th is  enables the  ske leton structu re of  the  program to  
be c reated ear ly  on) .  Remember  that  these  ideas can b e  appl ied  to  
a l l  l anguages - the  ARexx fragme n t  in  l i s t i n g  1 9 . l for  examp l e  
shows cal ls  t o  a vari ety o f  unwrit ten fu nct ions whi lst  l i st i ng 1 9 . 2  
shows the contents  of  two s u c h  rout ines  a t  an early d eve lopment  
stag e :  

/ * Listing 1 9 . 1 :  Calls to  unwr itten routines are  a b i g  h elp 
du ring development . * /  

d o  until g_exit_f lag 

select  

when  item$= ' B '  then  call BuildNewDatabase ( )  

when it em$= ' O '  then call OpenExist ingDataba s e ( ) 

when it em$= ' A '  then call AddRecord ( )  

when it em$= ' E '  then call E d itRecord ( )  

when item$= ' F '  then call FindRecord ( )  

when item$= ' C '  t hen call CloseDataba se ( )  

when it em$= ' Q '  t hen call Qu i t P rogram ( )  

otherwise call Writ e c h ( raw_window , I NVALID_OPTION ) 

end  
I * -------------- * I 

/ * Listing 1 9 . 2 :  Begin coding the  e asy stuff and  use  dummy 
c a lls for more involved routine s . * /  

C loseDatabase : 

/ *  needs code for  c losing the database * /  

return 

*/  
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Quit Prog ram : g_ex it_f lag=TRUE 

return 

/ *  -------------- * I 

Cal l s  l i ke t h e s e  keep t h e  in terpreters ,  c o m p i l e r s  and assemblers  
happy and a l low us  to  concentrate on  the  test ing ( i n  ru nable form) 
of those sect ions  o f  the program which have actual ly been written 
to-date . Bear in mind that al l  of these ideas need t o  be d i ctated  by 
c i r c u m s t a nc e s .  I t  may fo r i n s t a n c e  be n e c e s sa ry fo r a d u mmy 
rout ine to return a p iece  o f  data i n  order  fo r the ex ist ing part  of  a 
p rogram to  work c o rrect ly. S imi larly i t  may be  necessary to  fo rce  a 
variab le  to  a fixed value  (so that you can be  sure  of  t h e  value  i t  
takes ) .  At  one  stage , whi ls t  c o d i n g  s u p p o rt r o u t i n e s  fo r a M i d i  
u t i l i ty, t h e  rout ine which extracted de l ta t imes from a M i d i  f i le  had 
not been  written.  S ince  it was necessary to have some t i me d elay in 
o rd e r  to  c h e c k  the M id iHand l e r( )  rout ine  t hat had b e e n  wr i t ten  I 
s i mply in serted a temporary constant value and marked the  source  
accord i ngly: 

/ * do delta - t ime pause and then t ransmit . . .  * /  

SetTime r ( 0 , 1 000 ) ; 

/ *  TEMPORARY DEVELOPMENT MEASURE * /  

current_statu s=Mid iHandle r ( cu r re nt_byte , cu rrent_status , 
sou rce_p , de st_p ) ; 

S o m e t i m e s  y o u  c a n' t  j u s t  i nv e n t  o r  i g n o r e  d ata  i te m s  q u i t e  s o  
eas i ly. You r  program may, for examp l e ,  have t o  s c a n  t h rough a 
sequential  data fi l e .  This does  not mean however that your  cod ing 
must  have progressed to  the po int  where you are able to  use  every 
piece  o f  fi l e  data before you start program testing.  A u sefu l  t r ick  i s  
t o  create rou t i n e s ,  such  as tha t  shown i n  l is t ing 1 9 . 3 ,  tha t  l e t  a 
p rogram read but d iscard any spec i fi ed  amount of  fi l e  data .  You 'l l  
see  a s imi lar rout ine  used  to  d iscard unused  Mid i  fi l e  events in  my 
M id iPlayer program. 

/ * Listin g  1 9 . 3 :  Rout ines that safely throw away file data 
are extremely u seful at  t imes . * / 

UBYTE DiscardBytes ( ULONG count , FILE * source_p ) 

{ 
UBYTE error_number=NO_E RROR ; 

wh ile ( count-) 

{ 

if ( fgetc ( source_p ) ==EOF) { e r ror_number=BAD_CHUNK_DATA ; 
count=O ; } / *  force exit * /  

} 
return ( e r ro r_number ) ;  

} 
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When It All Goes Wrong 
A l l  t h e  t h i n g s  I 'v e  d i s c u s s e d  s o  far  a r e  a i m e d  at m m 1 m 1 s m g  
potent ial problems s o  that  written c o d e ,  when tes ted ,  works OK .  
Need less to say you occasional ly get  to  a po int  where a part i cu lar 
p iece  of  code bombs out or  fai l s .  

I ' ve  fou nd t h at wi th  a l l  s l ips  that are  n o t  i m m e d ia te ly  obv ious ,  
working so le ly from a VDU d i splay i s  usual ly a mistake . The  bes t  
idea  i s  to p r in t  out  a copy  of  the  rout ine  and  then  ge t  r ight away 
from you r computer - it doesn' t  matter  whether  you go to another  
room,  the  gard e n ,  o r  eve n t h e  pub (as l o ng as  i t 's q u i e t ) !  D o n ' t  
guess ,  j u s t  take s o m e  t ime to  quiet ly look through the code ,  a n d  go 
over the  basi c  ideas about what the rout ine  should  and shou ld  not  
do ,  and c heck  the overal l  stru cture o f  the  rout ine  looking carefu l ly  
a t  l o o p s ,  d e c i s i o n s ,  i n i t ia l i s a t i o n  o f  i mp o rtant  varia b l e s ,  use  of  
system cal ls ,  po inter  use etc .  Most  programme rs at  th i s  stage tend 
to  convince themselves  that the i r  code  i s  OK.  The pla in  fact o f  the  
matte r i s  that  i f  a rou t i n e  i sn ' t  worki ng properly  t h e n  t h e re is a 
l ogical  reason why and a l though you can c o nvince  you r s e l f  that  
your code i s  fi n e  u n fortunately the odds  are extre mely high that  i t  
is  not .  

I t  is  a wel l  known fact that  programmers fi nd i t  a l l  too easy to miss  
the i r  own mi stakes - they seem to  have psychological  b l ind spots  
regarding such e rrors.  Do n't dwel l  on  th is  too mu ch  - just  accept  
that  i f  you've looked through the appro priate code and dec ided i t 's 
OK . . .  then you have h i t  just  such a b l ind  spot .  

Wi th  i n c re menta l  d eve lop ment you wi l l  n o rmal ly  a l ready have a 
very go od idea of  where the problem l i es  and at th is  s tage i t  is most 
u sefu l ,  having assumed t hat there i s  an error, to  s imply look for a 
ways o f  proving that certain sect ions o f  code  are error  fre e .  Often  
you' l l  need to look at  part icular  variable values  that are e i ther  be ing 
passe d to ,  or  u sed with in ,  the code in  questi o n  and that  means you 
need faci l i t i es  for trac ing those values  at  run  t ime.  Language s l i ke 
Bas i c  and ARexx offer inbui l t  dynamic  t race faci l i t i es .  C compi lers ,  
a n d  e v e n  a s s e m b l e r s ,  n o wa d a y s  a l s o  o ft e n  p r o v i d e h i g h l y 
s o p h i s t i c a t e d  s o u r c e - l e v e l  d e b u g g i n g  t o o l s  w h i c h  a l l o w  
programmers to trace through a program looking at variables  and 
statements .  These too ls  are f ine  i f  you have them but they are  not  
essent ia l  and the wel l  estab l i shed o lder  t r ick  of  adding addi t iona l  
pr int  statements to the  code to d isp lay important values ,  o r  br ing 
part i cular condi t ions  to the attent ion of  the programmer, i s  u sual ly 
just  as e ffect ive .  

C coders might dump values us ing pr intf() statements .  Assembler 
programmers s imi lar ly might make temporary use o f  the  pr int f( )  
rout ine avai lable in the amiga . l ib  l ibra ry. The idea in  a l l  such cases  
i s  that t h e  extra code al lows the  programmer to  systematical ly trace 
program execut ion through an area of  intere st .  
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Helping Yourself 
Obvious ly d ebugging is made eas ie r  i f  your code is eas i ly readab l e .  
Desc r iptive variable names he lp  h e r e ,  as do the use  o f  c o nvent ions  
which make i t  easy to  i de nt i fy parti cu lar types o f  variab l e s .  One  
u seful c o nvent ion  i s  that  o f  naming pointer  variables  u sing a _p 
s uffix. Qu i te  s i mply  i t  serves as a usefu l  remi nder  that a po in ter  
variable  i s  be ing dea l t  with and thus  he lps  reduce  the  l i ke l ihood of  
inadvertent misuse .  A common ,  and u sual ly fatal , po inter  error  on 
the  Amiga i nvolves  in i t ia l isat ion ,  or  rather  the lack o f  i t .  With many 
system ca l ls  (such as memory al locat ion fu nct ions)  the  system te l l s  
you that an ope ratio n  has been u nsu cce ssful by retu rn ing a N ULL 
(zero)  po inter. I f  you do not  re l ig iously check  such  return values  
the  c hances are  that  your  program under  part icu lar  l oad o r  system 
c o ndi t ions  wi l l  be u nre l iable .  B ea r  th is  in  mind  when someone  te l l s  
you that a piece  o f  code ,  wh ich  seems to  work fi ne on  your  system, 
fal l s  over on  someone e lse 's mach ine .  

O n  t h e  Amiga  t h e re are  p l e n ty o f  system var iab l e s  ( eg  m essage 
b locks and other  system structure po inters)  whi c h  have t o  be used 
in  many d i ffe r e n t  p l a c e s  wi t h i n  a p r o gram.  Large  n u mb e r s  o f

· 

g rap h i c s  c a l l s  r e q u i r e  u s e r s  t o  i d e n t i fy target  ras t e rp o rt s  a n d  
v iewpo rts  u s i ng p o i n t e r  va r iab l e s .  T h e  t i m e  take n to  pass  l o ca l  
c o pies o f  these po inters down though nested funct ion  c a l l s  i s  t h e  
l a s t  thing you want for graphics  work and in  s u c h  cases globals  a re 
a real i st ic  so lut ion .  I n  short  use  globals on  such  occas ions  - but  use  
t h e m  w i t h  c a u t i o n .  Wr i t e  code  w h i c h  make s i t  o b v i o u s  wh i c h  
var iab l e s  a r e  g l o b a l .  A u s e fu l  c o n v e n t i o n  i s  t o  p r e fi x  a l l  s u c h  
variab les  wit h  t h e  l e tter  g ,  fo r example :  

struct Sc reen * g_screen_p ; 

Now these tr ic ks and convent ions c e rtain ly  he lp  min imise  potent ia l  
t r o u b l e  s p o t s  in  a l l  l a nguages  b u t ,  a s  you can i ma g i n e ,  s o m e  
l a nguages  a r e  i n he r e n t l y  e a s i e r  t o  work  w i t h  t h a n  o t h e rs .  The  
abi l i ty to  interrupt Basic and ARexx programs,  c ou p led w i th  these  
l a n g u a g e s  i n b u i l t  d e b u gg i n g  fac i l i t i e s ,  i s  a b i g  h e l p .  O t h e r  
languages h e l p  i n  other  ways and o f  late C programmers have been 
g iven some major  assistance in  the fo rm of  ANSI  C .  In  the 'o ld  days ' ,  
i e  pr ior  to the development o f  the ANSI  standard , many C probl e ms 
were caused by inadvertently misus ing funct ion return valu e s  and 
supplying parameters of  an incorrect  type .  The new sty le  fu nct ion 
d e c larat ions and funct ion prototypes have e l i minated th i s  p rob lem.  
ANS I  C's funct ion  prototypes are  impo rtant because they a l low the  
c o m p i l e r  t o  c h e c k  fo r c o r r e c t  fu n c t i o n  u s e .  Yo u r  c o mp i l e r  i s  
u n l i kely to force you t o  use them (at l east yet) ,  but  the  bene fi ts  are 
v e ry r e a l  so i t  i s  b e s t  to g e t  i n t o  t h e  h a b i t  o f  u s i n g t h e m .  
U n fo r t u n a t e l y, a l t h o u g h  p ro t o t y p e s  may p r o t e c t  y o u  aga i n s t  
fu nct ion and po inter  misuse ,  p lenty o f  other  p i tfa l l s  s t i l l  remain .  A 
wel l  estab l i shed C s l ip ,  which  turns an equal ity test  i n to a variab l e  
ass ignment  i s  that  o f  acc ide nta l ly  typ i ng = i n s tead o f  = = .  Suc h  
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mistakes can cause loops which  s hou ld  te rminate at some stage : 
to  execute foreve r! 

6 8 0 00 assembl e r  c o d ers  have a r e la t ive ly  rough e r  t i m e  w h e n  i t  
comes to test ing and debugging than anyone e l se .  L ist ings are both 
larger and more detai l ed ,  and major  e rrors can be cau sed by s l ips  
t hat a re  far harder  to  see at f irst glance .  Eve n obvious e rrors ,  l i ke 
ge tt ing the bou ndary and exit condi t ions  o f  loops wrong, can s l i p  
through t h e  n e t .  This l o o p ,  for example ,  exe cutes e l even t ime s :  

MOVE . B  #1 0 ,  dO 

Loop : JSR DoSometh ing 

DBRA Loop 

I t 's the DBcc whi c h  causes the prob lem - DBRA qu its  the loop when 
the  counter  register  h i ts  - 1  so the count s ho u l d  real ly  have been 
loaded with one less  than the requ i red i te rat ion value .  You may 
th ink  that s l ips re lated to these types of loops should  be easy to  
find bu t such e rrors are  easi ly missed as a lso are address i ng mode 
errors .  For examp le wri t ing :  

MOVE . B  1 0 ,  dO 

which  loads dO with the contents of memory locat ion 1 0  when you 
really meant to load dO with the value  1 0  l i ke th i s :  

MOVE . B  # 1 0 ,  dO 

Often such tr ivial  s l ips  w i l l  cau se a program to c omplete ly  c rash 
and i n  such c i rcumstances i t  must be  said that d ebugging tools do 
he lp  make l i fe eas ier. By tracing through the appropriate code area 
the instruct ions produ c ing  the c rash can be d i re ct ly i d e nt i fi e d  and 
by working backwards  from th i s  p o i n t  t h e  cau s e  can u s u a l l y  be 
f o u n d .  I f , fo r i n s t a n c e ,  a fu n c t i o n  c a l l  i s  t o  b l a m e  t h e n  i t s  
a rg u m e n t s  c a n  b e  e xa m i n e d  f o r  N U LL p o i n te r s o r  o t h e rw i s e  
i ncorrect  values .  I f  the program c rashes with a n  addre ss ing error  ( ie  
a Guru 03)  then i t 's the addresses  of  the data i tems that have to  be  
examin e d .  U t i l i t i e s  l i ke Devpac's Monam de bugge r make a l l  such 
investigat ions a p iece  of  cake . 

There are a mi l l ion  and one th ings to watch  out  for and even i f  I 
gave you a l i s t  of every s l ip  that had ever been made . . .  you ,  l i ke 
everyo ne e lse ,  wou ld  find your own variat ions .  Genera l  gu i d e l i nes? 
Wel l ,  for my money these are the ones that wi l l  protect  you from 
major  trauma. Des ign and plan carefu l ly before writ i ng any c o d e .  
Then,  wri te understandable  code a n d  document you r  programs we l l  
en ough for both  yours e l f  and others  t o  u n de rstand . Bu i l d  you r 
program out of  smal l  code units  that d o  we l l  defined  jobs and use  
an inc rementa l  deve lopment ap proach .  Thi s  wi l l  not on ly  min imise  
potential  p roblems but  wi l l  ensure  that ,  i f  and whe n a trou b le  spot  
does ar ise ,  you wi l l  be  able to qu i c kly ident i fy the area of  code  and 
the problem related to  i t .  
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O h ,  an d  by t h e  way, there 's one  o ther  th ing  t hat's worth  d o i n g  
w h e n  yo u  h i t  a c o d i n g  s n ag.  M a k e  u p  y o u r  m i n d  t o  e nj oy t h e  
c hal lenge and have a l i t t le  laugh about i t  a long the way! 



20: 
Parting 

Advice 

N o  ma t t e r  h o w  m a n y  y e a r s  o f  
c o d i n g e x p e r i e n c e  y o u  h av e ,  
co ming to terms with a d i ffe rent  
c o mp u t e r  sys t e m  a l ways m e a n s  
another learning curve to c o ntend 
w i t h .  To be h o n e s t  the A m i ga 's 
s y s t e m  d o c u me n tat i o n ,  b o t h  i n  
p hysical  s i z e  and complex i ty, has 
s t o p p e d  m a n y  w o u l d - b e  A m i g a  
programmers dead i n  t h e i r  trac ks 
a nd  the fac t is that  c o m p l ex i ty­
wise the Amiga presents a whole  
new bal l  game . One l o o k  at  t h e  
c o n t e n t s  o f  the  o ff i c ia l  Add i s o n  
Wes l ey Amiga re fe re nc e  manuals  
is  more than e nough to convince 
anyone that th ings have changed 
c o n s i d erab ly from the goo d  o l d  
eight bit days . 

Cop ing  with thousands  o f  pages 
o f  d o c u m e n t a t i o n ,  e s p e c i a l l y  
s ince  they are coup led to complex 
hardware and very s o ph i s t i cated 
O/S i de a s ,  i s  q u i t e  a d a u n t i n g 
p r o s p e c t  e v e n  to  t h e  p r o s .  The 
important point  to bear in  mind 
i s ,  of  c o u rs e ,  t h at y o u  d o  n o t  
have to learn about everyth ing at 
once !  

The b e s t  i d e a  is  to  a d o p t t h e  
s a m e  p r i n c i p l e s  a s  t h e  
p r o g r a m m e r s w h o  w o r k  w i t h  
m a i n f r a m e s  t h e y  d o n ' t  
memor ise  everyt h i ng . . .  they just  
d e v e l o p  an  u n d e r s t a n d i n g  o f  
( s o m e  w o u l d  s a y  a s y m p a t h y  
with) the system they use .  Having 
said that,  most wil l  s t i l l  spend as 
m u c h  t i m e  as  t h e y  can r e a d i n g  
the  man u a l s ,  b u t  w h a t  t h e y  a re 
pri mari ly trying to do i s  bu i l d  u p  
an overview, i e  a general  p icture ,  
of  the system as  a whole .  I t  i s  th is  
fami l iar ity with  both  the  genera l  
worki ng o f  the  system as a whole ,  
and with the  documentat ion ,  that 
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makes i t  easy for them to get hold o f  information  as and wh en  they 
need  i t .  

I f ,  you ask the  ave rage profess iona l  Amiga programmer what an 
Exec Task structure looks l i ke ,  or  what numerical value  i s  assigned 
to  Intu i t ion 's WLFG_BACKDROP flag . . .  they are u n l ikely to  know (or  
parti c ularly c are i n  the latter  case) .  But  one thing i s  ce rtain . . .  they 
will know where  to  fin d  out !  Many programmers w i l l  s pe c ia l i z e  
g ra p h i c s ,  s o u n d ,  c o m m s  e t c ,  a n d  aga i n  i f  you  a s k  a g ra p h i c s  
s p e c ia l i st how y o u  s e t  u p  t h e  Amiga's se r ia l  port  for h igh-speed 
MID I  t ran smiss ion  the chances  are again odds on  that  they won' t  be 
able to  tel l  you. Given some t ime and the necessary docu me ntat ion 
h owever they wi l l  c ome across wi th  the goods.  

E x p e r i e n c e  w i t h  the mac h i ne is  i mpo rtant  b u t  a l l  p ro fe s s i o na l  
Amiga programmers wi l l  te l l  you the same th ing . . .  acc ess  to  decent 
techn ical i n fo comes  extre mely high on  the  l i s t  o f  pr ior i t i es .  The 
fi rst piece of  part ing advice i s  s imply this :  do not  even th ink  about  
t ry ing to  e nter  the  wor ld  o f  ser ious  Amiga programmi ng wi thout  
get t ing the o ffic ial  documentat ion - i t  real ly i s  worth  i ts  we ight  in  
g o l d .  W h a t  you may a lso  n e e d ,  because  t h e  offi c ia l  manua ls  a re  
wri t ten pr i mari ly for  pro fess iona l  programmers ,  a re  o t h e r  b o o ks 
( s u c h  a s  t h i s  o n e )  wh ich  a t tempt  to  exp la in  s o m e  o f  t h e  i s s u e s  
u sing a softer, tu torial  styl e ,  approac h.  

I 've had the chance to see  a lo t  of  Amiga code that has been written 
by programmers i n  the i r  'ear ly Amiga system days' (and of  course  I 
a l s o  have walked  i nt o  many techn ical snags as  I b e c a m e  Amiga 
system l i terate) .  As far as common p i tfa l ls  are  concerned howeve r, 
a number o f  things have stuck in  my mind : 

F i rst ly, a lot  o f  programmers who have come u p  via the route  which 
i nvolved hacking the e ight b i t  Commodore 6 4 ,  S inc lai r  ZX8 l and 
t h e  l i ke and tr ied to  adopt  the same suck i t  and see whilst you type 
approac h o n  the Amiga. Basical ly i t 's j u s t  not  poss ib le  to j u s t  s i t  
down at  the keyboard and start wr i t ing  Amiga programs because 
they tend to be  too large and too complex to tackle  in that  way. You 
have to dec ide  what you want to do ,  plan,  des ign ,  code and then 
tes t  you r program careful ly. You a lso have to implement you r ideas 
in a way w h i c h  fo l l o ws the r u l e s  w h i c h  the m u l t i - tas k i n g  Exec  
imposes  on a l l  Amiga programs (except those  which take ove r the 
machine complete ly). This  means you wi l l  need to take an in teres t  
i n  program des ign as  an integral part of  code pre parat ion .  For the 
Amiga p rogrammer such  ideas are  not usefu l  extras - a syste matic  
approach is  a necessity. Thi s  book was not the place to  deal  with 
p r ogram d e s i g n  i s s u e s  but u n d e rneath al l  of the exa m p l e s  I 've 
g i v e n  t h e re has b e e n  a s o l i d ,  a n d  c a r e fu l l y  p l a n n e d ,  d e s i g n  
framework. 

Second ly  I 've not i ced  that many programmers who are new to  C 
c ome to  gri e f  because of  s i l ly mistakes with poi nters and use  of  the  
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a d d re s s- o f  (&) o perator  ( e s p e c ia l l y  w h e n  pas s i ng param e t e rs t o  
l i b ra ry fu n c t i o n s ) .  T h e  u se o f  ANS I  C 's p r o t o ty p e s  c a n ,  i f  u s e d  
properly, a lmost e l iminate these  type s of  e rrors so  i f  y o u  a r e  us ing  
an ANS I  C compi l e r  ge t  used to  maki ng the most  o f  th i s  new fac i l i ty. 

Third ly, I 've not i ced  a lo t  o f  code which  has had e i t h e r  poor, o r  
tota l ly  non-exi s tent ,  e rror  hand l i ng and po in ter-va l i d i ty c he cking 
schemes .  I f  there is  one th ing that  the Amiga programme r should  
not  b e  . . .  i t 's a n  o p t i mi s t  in  t h e s e  areas . I 've  offe r e d ,  a n d  u s e d  
t h r o u g h o u t  t h e  b o o k ,  a n  A D T  b a s e d  r e s o u r c e  
a l locat ion/deal locat ion scheme that has proved i ts  worth t i me and 
t ime again.  Don't  fee l  ob l iged to use  my scheme but  do make sure 
that you implement  some equivalent procedure .  

The fourth area that  needs to be  ment ioned conc erns the assembl e r  
coder. The hardest t h i n g  about l earn ing assembly language on  t h e  
Amiga is  not  learning about  t h e  680x0 i nstru ct ions - i t's c o ming to  
terms with  the Amiga's operat ing system.  To do that you need to be 
able to use both the system documentat ion and the large number  of 
tutorial  style books t hat are avai lab le  and the bad news is that  most 
of  the  syste m explanat ions  are written with the C programmer in 
m i n d .  The  s o l u t i o n  i s  s i m p l e  - al l  as p i r i n g  a s s e mbly  l a nguage 
programmers MUST learn C - i f  only to be  able  to  u nderstand the 
system d o c u me ntat i o n !  In  coming t o  te rms wi th  C and  wi th  the 
A m i ga 's  O/S  a n d  i t s  d o c u m e n t a t i o n  - m o s t  of  t h e  p r o b l e m s  
normally assoc iated with low- level  680x0 c od ing o n  the Amiga wi l l  
d i sappear!  

N o w  a l l  t h e s e  c o m p l e x i t y  i s s u e s ,  a s  a l ways , a r e  r e l a t iv e  n o t  
abso lute :  i f  you have studied computer sc ience  a t  school  o r  co l lege ,  
or  have worked with a mu lt i -tasking computer  system befo re ,  then 
you wi l l  have less to  learn because many concepts  wi l l  al ready be 
fami l iar. S imi larly, i f  you've used languages l i ke Pascal (wh ich  uses  
records i n  m u c h  the  same sort o f  way that C uses  structures)  some 
language trans i t ion  problems wi l l  be less  t roublesome.  I f, because 
o f  p r i o r  e x p e r i e n c e ,  t h e  A m i g a  r o a d  s e e m s  r e l a t i v e l y  
straightfo rward then be t hankfu l .  I f  you are s t i l l  s truggl ing  then be 
pat ient  and don 't worry - almost everyone  who has ever sat d own 
to  learn about the Amiga system wi l l  have had, at some t i m e  o r  
other, to  cope with exactly the same d i ffic u lt ies .  

With  a system as complex as the  Amiga we are gett ing to  the point  
where even the professi onals wi l l  admit that  they ' l l  never  l earn a l l  
there i s  to  know about  the Amiga. My advice? Don't  worry about the 
amount o f  material  that  needs to be  u n derstood - at any one  t ime 
concentrate o n ly on those aspects  related to the projec t  which  you 
are curre ntly i nvolved wit h  (in other  words ad opt  a 'need to  know' 
p o l i cy t o  g u i d e  yo u r  path t h ro u g h  t h e  sys tem d o c u m e ntat i o n ) .  
Above a l l ,  as  I 've s a i d  b e fo r e ,  y ou  s h o u l d  e nj o y  t h e  c h a l l e nge 
because  i t  is  undoubtedly good for the soul !  





Appendix A: 

The Warnier 

Diagram 

O n  a few o c c as i o n s  w i t h i n  t h i s  
b o o k  I h a v e  p r o v i d e d  p r o g r a m  
d e s i g n s k e t c h e s  c a l l e d  Wa r n i e r  
d i ag r a m s .  M o s t  o f  y o u  wi l l  n o t  
have heard o f  these  so  h e re are a 
few notes about how to in terpret  
them.  F irst  however an important 
p o i n t :  Wa r n i e r  d i a g r a m s  a r e  a 
general tool  and,  as such ,  a im to 
obtain so lut ions  to p roblems that 
a r e  c o mp l e t e l y  i n d e p e nd e n t  o f  
b o t h  t h e  c o m p u t e r s a n d  t h e  
languages whi c h  might eventual ly 
be  u sed to  i mpleme nt the chosen 
des ign .  Th ese  la t ter  fac tors  may 
w e l l  a f fe c t  t h e  f i n a l  c o d i n g  
s t a g e s ,  b u t  t h e y  s h o u l d  n o t  
u s u a l l y  i n f l u e n c e  t h e  l o g i c a l  
so lut ion t o  a d e sign problem.  I t  is  
the refore a des ign method wh ich 
is  e q u a l l y  a p p l i c a b l e  w h e t h e r  
programs e nd u p  be ing coded  i n  
h i g h  l e v e l  l a n g u a g e s  s u c h  a s  
Bas i c ,  C ,  C++, Pascal  o r  Cobol ,  or  
coded in  low level  languages such  
as  680x0 asse mbly language. 

I t 's fa i r  to a s k  why you s h o u l d  
n e e d  t o  u s e  s o m e t h i n g  l i ke t h e  
Warnier  d iagram in  the fi rst  place 
e s p e c ia l ly when many h igh- leve l  
language s are self documenting to  
some extent  anyway. With a high 
l e v e l  l a n g u a g e  it  i s  f r e q u e n t l y  
poss ib le  to  write short  programs 
without any expl i c i t  des ign s tage 
and this  is especia l ly t ru e  i f  you 
know exact ly  what you want  to 
d o .  W i t h  m o r e  c o m p l e x  
p r o g ra m m i n g  t a s k s , o r  w h e n  
programming with  say a s s e mbly  
languag e ,  t r u s t  me - t h e  d e s ign  
s tage  d o e s  n o t  o nl y  b e c o me far 
m o r e i m p o r t a n t  - i t  b e c o m e s  
v i t a l . I t  p r o v i d e s  a m e a n s  o f  
se parat ing  t h e  log i ca l  p r o b l e m s  
o f  d e s i g n  f r o m  t h e  p r a c t i c a l  
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p rob lems  o f  c o d i ng and by so do ing  enab les  you to tack le  your  
p rogram m i ng in  c o h e r e n t  s tage s .  T h i s  s e pa r a t i o n  i s  e s p e c i a l l y  
important w i t h  mach ines  s u c h  a s  t h e  Amiga becau se Intu i t ion  based 
p rograms tend to  be both large and relative ly compl icated .  

A Warni e r  d iagram i s  essent ia l ly a set of  cur ly brackets ,  that  define 
b o th part i cu lar  groups  of  operations  and the order  in  which they 
s h o u l d  b e  pe rformed .  The eas ies t  way to  show you about  these  
d iagrams i s  to  take an example .  I n  th i s  appendix I 'm go ing  to use a 
s i m p l e  example  j u s t  to enable  t h e  general notat i o na l  id eas to be 
u nderstood.  

Let 's i magi ne then that we wish to produce  a re port ,  cons ist ing of  
d e ta i l s  he.Id  o n  a computer  f i l e  on d i sk.  The Warn ier  d iagram of  the 
basic  problem i s  shown in  figure A l . l .  

REPORT 

BEGIN REPORT 
(1  time) 

ACCESS FILE 
( 1  time) 

PRINT DETAILS ON FILE 
(1 time) 

END REPORT 
(1 time) 

Figure A l  . 1 . Essential characteristics of the simple report generator . 

The b racket  is read from top to bottom and describes a procedure 
o r  gro u p  o f  o p e rat ions  that has ,  arbi t rar i ly, been  ca l l ed  REPO RT. 
T h e  n u m b e rs wh i c h  y ou  s e e  w r i t t e n  u n d e r n e a t h  t h e  var i o u s  
s tatem e nts i d e nt i fy how many t imes  the i tem i s  t o  b e  perfo rmed 
and,  with j u s t  those two conve nt ions ,  our  fi rst d iagram is  al ready 
i l l u s t rat ing  some essent ia l  feature s .  Do we know anyt h i n g  more 
about the problem? Can we th ink of  any i n format ion that cou ld be 
r e l evant? We l l ,  we know that :  computer  fi l e s  n e e d  to  be  o p e n e d  
b e fore  read i n g  and c l o se d  o n c e  the  r e a d  o p e ra t i o n  i s  c o m p l e t e .  
T h e s e  d e ta i l s  c o u l d  t h e re fore  a l so  be a d d e d  to  t h e  d i agram.  To 
e nable  u s  to expla in  some further conve nt ions used with Warni e r  
d iagrams l e t  us  fi rst a d d  a minor compl icat ion t o  t h e  prob lem - l e t  
u s  s u p p o s e :  the  u s e r  wishes  to  access  a fi l e  o f  h i s  (or  h e r) own 
c hoos ing and to obtain a pri nted report of  the detai ls  on the fi l e .  
T h e  s p e c i fi e d  fi l e  may n o t  exist ,  a n d ,  i f  th i s  is  the  case the  u s e r  
s h ou ld  be  informed .  
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These  c hanged o r  a l tered  requ i r e m e n ts can  be  r e p r e s e n t e d  by a 
more deta i led Warn ier  d i agram:  

BEGIN REPORT 
( 1  time) 

ASK FOR FILENAME 
(1 time) 

FILE EXISTS 
(0, l time) 

FILE EXISTS 
(0, 1  time) 

END REPORT 
(1 time) 

{ 

OPEN FILE 
(l time) 

ACCESS FILE 
(l time) 

PRINT DETAILS 
(1 time) 

CLOSE FILE 
(l time) 

INFORM OPERATOR THAT 
FILE DOES NOT EXIST 
(l time) 

Figure Al . 2. Some new restrictions added to Figure Al . 1 . 

F igure A l . 2  shows,  i n  Warn ie r  d iagram form,  the  requ i rements o f  
the problem a s  i t  i s  a t  the moment.  We are us ing the convent ion 
that  the  logical  oppos i te  of  a statement i s  wr i t ten  by p lac i ng a bar 
over i t . :  

F ILE EXISTS means F ILE DOES NOT EXIST 

I 'm a lso  u s i ng a 8 s ign to  separate mutual ly exclus ive operati o n s  
(sets o f  o pe rat i o n s  whi c h  wi l l  not  o c c u r  together).  I n  the  pre s e n t  
example t h e  f i l e  w i l l  e i ther  exist  or  i t  wi l l  not  exist  - so  on ly one  of  
these two o perat ions  would be perfo rmed at  any one t i me and (0,  l 
t ime)  i s  written u nderneath the statements i nvolved .  At other  t imes  
the  operat ions  s hown with in  a bracket may need to  be repeated and 
i n  these  cases  an express ion  such as ( l  ,N  t i mes )  would  b e  used .  

The convent ions  used  so  far are  i n  fac t  the o nly ones  you w i l l  need  
for the  maj o ri ty o f  probl e ms that you  are l i ke ly to  encou nter. Here  
they a re c ol l ected together for  c onve n i e n c e :  

• B rackets  a re u se d  to  def ine  sets  o f  o p erations .  
• Brackets  are read, and perfo rme d ,  downwards wi th in  any 
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one level. The i tem at t h e  top of  the bracket  i s  performed first ,  
the  i t e m  at the bottom performed last 

• The logi cal opposite  of a statement can be written as the 
o rig inal statement with a bar drawn over i t .  

• B rackets written to  the  r ight of  a statement  i nd i cate the  
operat ions to be performed I F  that statement i s  performe d .  

• Underneath each i tem or  statement we i nd i cate the number 
of  t ime the operations should be  perfo rme d.  

• M u tual ly exclu sive statements are written se parated by a 
8 s ign.  

Us ing the.se convent ions  we can express  i n  Engl i s h  exact ly  what 
figure A l . 2  te l ls  us :  we are deal ing with a certain proc edure ,  ca l led 
REPORT that starts  by asking for  the name o f  a fi l e .  I f  the fi le  exists  
then  i t  is  opened , accessed ,  the  detai l s  pr inted ,  and then the f i le  i s  
c losed .  I f  i t  does  not  exist then the operator is  i n formed o f  the fac t .  
Remember t hat i f  the fi l e  d o e s  exist t h e n  it  is  the  group o f  actions  
( s u b s e t )  s h o wn to  the  r ight  o f  t h e  l a b e l  F I LE E X I STS t h at a r e  
performed.  

I t 's i mportant to real ise  that these d iagrams are not  just  u s efu l for 
d e s cr ibing the  static logic of  a fin ished program, they're a visual  a id 
that  a re u s e d  to s ketch out  the c harac ter is t i cs  o f  a probl e m  o r  a 
p iece  o f  code  dur ing the t ime that i t  i s  be ing created . Usual ly the  
ideas  o n  what needs  to  be  done changes ,  sometimes drast ical ly, as  
your in i t ia l  id eas are  examined in  more detai l  and to apprec iate the 
e legance and speed with whic h  these d iagrams can accommodate 
a l l  man ner  o f  changing requ irements let 's now place some fu rther  
r e s t r i c t i o n s  on t h i s  p rob l e m :  w i t h i n  th is  hyp o t h e t i c a l  c o m p u t e r  
system are fi l es  containing sens i t ive data (perhaps personnel  data,  
wage s  or m e d i c a l  r e c o r d s ) .  S u c h  data m u s t  b e  p ro t e c t e d  f rom 
u na u t h o r i s e d  ac c e s s  and u s e rs are the refo r e  i s sued  wi th  a c c e s s  
code  n u mbers ,  so  t hat examination of  sens it ive fi l es  is  restr icted to  
those  u sers  with the proper  authori ty. I f  u nauthori sed  attempts to  
access  th is  data  are  made the  computer  s h o u l d  r e c o rd t h e  fac t ,  
perhaps b y  making a n  entry into a special  security fi l e .  

Let 's fi rs t  c o ns i d e r  the  new constraints in  i so lat i o n .  W e  n e e d  t o  
c h e c k  whether  t h e  fi l e  spec i fi ed  b y  t h e  user  is  a restr ic ted fi l e ,  i f  i t  
i s  we must  ask for the use r's code number. I f  the code  i s  c o rrect  
then we a l low access ,  i f  not we  write a security record ind icat ing an 
atte mpted i l le gal access .  



Appendix A: The Warnler Diagram 

BEGIN REPORT 
(1 time) 

ASK.FOR F1IENAME 
(1 time) 

BEGIN FlIE EXISI'S 
(1 time) 

FlIE RES'IRICIID 

NK.FOR CODE 
(1 time) 

CODE CORRECT 

(0. 1 time) 

(0. 1 time) 8 

ACXE:iSFllE 
(1 time) 

REPORT FlIE EXISI'S 
(0. 1 time) CODE CORRECT {WRrIE SECUR!'IY 

(0. 1 time) RECORD Ill.EGAL 
ACXE:iSATIEMF'I' 
(l time) 

8 FllE RES'IRICIID 

FlIE EXISI'S 
(0, 1 time) 

END REPORT 
(I time) 

(0, 1 time) 

END FlIE EXISI'S 
( l time) 

{INFORM OPERA.TOR 1HAT 
FllEDOESNOI'EXISI' 
(l time) 

Figure A l . 3. A hierarchy is forming within the revised problem. 

The d iagram in Figure A l  .3 shows the Warnier  form that desc ribes  
o u r  new re q u i r e m e n t s .  N ot i c e  t h a t  a l though I 've  r e d e fi n e d  t h e  
p r o b l e m  a n d  a d d e d  m o r e  d e t a i l e d  r e s t r i c t i o n s  i t  h a s  n o t  b e e n  
necessary to  restructure  t h e  complete  diagram - a l l  I 've had to  d o  i s  
s u p e r i m p o s e  t h e  n e w  deta i l s  a n d  res t r i c t ions  o n  t o  t h e  ex is t ing  
diagram stru cture . The d iagram i s  therefore  actual ly growing as we  
successively modify and  redefine  the  known detai ls  o f  the  problem.  
I t 's a c t u a l l y d o i n g  a l o t  m o r e  t h a n  t h i s  b e c a u s e ,  a s  w e l l  as  
d o c u m e n t i n g  a n d  e x p r e s s i ng t h e  l o g i c a l  r e q u i r e m e n t s  of  t h e  
problem,  i t  i s  p rovi d ing a descr ipt ion that makes t h e  c o nvers ion t o  
a computer  language equ ivalent  form remarkably s imple .The secret  

Elll 
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o f  convert i ng a Warn i e r  d i agram i n to a fi n i s h e d  p rogram l i e s  i n  
rega rd i ng e a c h  b ra c ke t  i nv o lv i n g  more  than  o n e  o pe ra t i o n  a s  a 
s ub rou t in e .  There are except ions to th i s  general statement  but  they 
o ccur  only when the  statements i nvolved are obviou s ly  s imp le  to 
c ode .  Here 's a s i mple  pseudocode Basi c  sketch to  i l l us t rate  what I 
mean . . .  
* ========================== 

P S E U D O - B A S I C - R E P O R T - M O D U L E 
* 

I N PUT NAME OF FILE 

IF F ILE EXISTS TH E N  GOSUB , F ILE EXISTS' ELSE PRI NT ' F I LE DOES 
N OT EXIST' 

RETURN TO CALLI NG PROGRAM 
* 

R EM SUBROUTINE . .  . . . . . . . .  F I LE EXISTS 

I F  F ILE IS RESTRICTED THE GOSUB , RESTRICTED F ILE'  ELSE GOSUB 
' ACCESS' 

RETURN 
* 

REM SUBROUTINE . .  . . . . . . . .  RESTRICTED F ILE 

I N PUT SECURITY CODE 

I F  SECURITY CODE=CORRECT CODE TH EN GOSUB ' AC C E SS' E LS E  
GOSUB ' I LLEGAL ACC ESS' 

RETURN 
* 

R EM SUBROUTINE . .  . . . . . . . .  I LLEGAL AC CESS 

W RITE TO I/ A LOG flLE THE TIME OF ATTEM PT AND TH E ACC ESS 
C O D E P R I N T  ' T H I S  IS A R E S T R I C T E D  F I LE - P L E A S E  M A K E  N O  
FURTH ER ATIEMPTS' 

RETURN 
* 

REM SUBROUTINE . .  . . . . . . . .  ACCESS 

THIS WOULD B E  A ROUTI NE TO ACC ESS THE DATA IN THE F ILE  AND 
D ISPLAYON TERMINAL OR PRINTER ETC. 

R ETURN 
* ======================== 

Figure Al .4 .  Pseudo-BASIC code for the example. 
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The Warnier  d iagram can be used  to deve l o p  a picture o f  ind ividual  
r o u t i n e s ,  of  p rograms and i n d iv idua l  m o d u l e s ,  and of c o m p l e t e  
s y s t e m s .  O n e  t e c h n i q u e ,  o n e  s e t o f  ru l e s  . . .  b u t  a g r e a t  m a n y  
a p p l ic at i o n s !  A l l  s u c h  d e s c r i p t i o ns do however  s h a r e  a common 
bond  - the descr ipt ions a re  logical p la ns !  The probl em i tse l f  may be  
re lated to ,  an d  therefore  dependent  to some extent  o n ,  a part i cu lar 
mac h i n e ,  b u t  t h e  d i agrams t h e m s e lv e s  o ffe r e s s e nt i al l y  g e n e ra l  
so lut ions ,  i so lated complete ly from spec i fi c  c omputer  languages .  

B a s i c a l ly t h e n  t h e  idea  i s  t o  t a c k l e  t h e  p ro b l e m  o f  d e s ign i ng a 
program by looking at the  logical  cha racte r ist ics .  The only e ffec t  of  
a f inal c ho i c e  o f  language has  dur ing these stages i s  that  you need 
to  kee p i n  mind the  fact t hat a l l  o f  your d iagram statements wil .l 
eventual ly  need  to  be  turned  i nto rea l  c o d e .  You must  t h e re fo re 
c on t i n u e  t o  expand y o u r  d i agram stat e m e n ts u nt i l  you  r e a c h  a 
p o i nt w h e re i t  i s  p o s s i b l e  t o  s a y  ' Ye s ,  t h e  o p e ra t i o n s  we  a re 
d e sc r i b i n g  i n  t h e  l o w e r  l e v e l s  o f  t h e  d i a g rams ( t h e  r i g h t - m o s t  
levels)  a r e  easi ly capable  of  be ing c o d e d  d i re ct ly in  t h e  language I 
have ch osen to  use ! '  

I n  pract i ce  we reach th i s  po int  far sooner  with high-level languages 
t h an with assembly l anguages because more c o mplex  o pe rati o n s  
a r e  supported .  The re l evant po int  to  make here i s  that t h e  ge neral  
d e sign pr inc ip les  are a lways the  same - the  o nly di ffe rence i s  that 
w h e n  y o u  a n a l y s e  p r o b l e m s t h a t  w i l l  b e  c o d e d  i n  a s s e m b l y  
language you wi l l  need t o  c arry t h e  analysis fu rther. 
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Appendix B: 

More 

Program 

Design Notes 

Having provi ded  the basics o f  the 
Wa r n i e r  d i ag r a m  n o t a t i o n  I 
t h o u g h t  o n e  C -s ty l e  exa m p l e  o f  
h o w  t h e y  a r e  u s e d  w o u l d  b e  o f  
i n te re s t .  The fo l l o w i n g  p r o b l e m  
involves s o m e  very c o mmon fi l e  
hand l ing operat ions and  a l though 
i t  is  a s i m p l e  d e s i g n  t a s k  I ' v e  
d e a l t  w i t h  t h e  i s s u e s  i n  s o m e  
depth i n  order  to give you an i d ea 
o f  how I tackl e code  des ign .  The 
idea i s  to write a program which 
o p e n s  s p e c i f i e d  s o u r c e  a n d  
d e s t i n a t i o n  d i s k  f i l e s ,  a n d  t h e n  
trans fers  data on  a byte-by-byte 
b a s i s  f r o m  t h e  s o u r c e  t o  t h e  
d e s t i n a t i o n  d o i n g  s o m e  (as  y e t  
un specif ied)  process ing. T h e  first 
s t e p  i s  t o  t a c k l e  t h e  g e n e ra l  
a s p e c ts o f  t h e  p r o b l e m  w i t h o u t  
worrying abou t what w i l l  b e  done  
to  each  byte  as  i t  i s  t rans fe rred . 
Th i s  wi l l  p rovi de  a framework for 
the program into wh ich  we' l l  then 
be  able to  s lot  i n  su i table code to  
carry out  whatever proc e s s i ng is  
needed .  

I t  i s  v e r y  t e m p t i n g ,  s i n c e  t h e  
above  d e s c r i p t i o n  b o t h  t e l l s  u s  
a n d  i m p l i e s  a l o t  a b o u t  w h a t  
n e e d s  b e  d o n e ,  t o  s k e t c h  a 
su i ta b l e  C f rame w o r k  p r o g r a m  
d i re c tly. N o w  I k n o w  that  t h i s  i s  
w h a t  m o s t  e x p e r i e n c e d  C 
programme rs wou l d  d o  a nyway 
but that i s  on ly because they' l l  be 
comple te ly  aware o f  what n e e d s  
to  b e  d o n e .  I w a n t  t o  s h o w  you  
how s u c h  c o d e  can  be  c ra ft e d  
fro m t h e  gro u n d  u p  u s i ng these  
Wa r n i e r  t e c h n i q u e s  because  the  
id eas are ge n e ra l ly ap p l i cab le  t o  
t h e  d e s i g n  o f  a l l  c o m p l e x  c o d e  
m o d u l e s  ( w h e r e d i r e c t  c o d i n g  
u s u a l l y  l e a d s  t o  a l l  s o r t s  o f  
d i fficu l t ies ) .  
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The fi rst  step i s  to try and ident ify what the  program has to  do .  I n  
other  words w e  shal l  try a n d  s ketch t h e  output set .  The benefi ts  o f  
t h i s  a r e  two-fo l d :  f irst ly, th is  analys i s  he lps  u s  u n de rs tand more 
a b o u t  the p r o b l e m  i t se l f  S e c o n d ly, s i n c e  any vagu e n e s s  w h i c h  
might be  present  i n  t h e  or ig inal descr ipt ion c a n  be  e l im inated,  we' l l  
u sual ly be able to bu i ld  a better framework for the  program than 
m ight otherwise have been poss ib le .  

Describing the Output Set 
What d o  we regard as the output  set? Th e best  idea  is to opt  for 
i n c l u d i n g  anyth ing tha t  can  b e  recogn i z e d  as  b e i n g  s om e t h i ng 
which the program does  - e i ther  in  the way of  internal  process ing 
or  external output .  Thu s pr inted output ,  graphics/text d is p layed on  
t h e  s c re e n ,  fi l e s  be ing o p e ne d ,  f i l e s  be ing  c losed  e tc ,  a re  a l l  output 
in our  sense o f  the  word.  Perhaps the  most i mportant observat ion  
a t  th i s  po int  i n  t i me i s  that  we want  to d e s c ri b e  everyth i ng the  
program does ,  not  just the th i ngs i t  does  when everyth ing i s  go ing  
smoothly. For  i nstance  - the probl em descript ion  suggests t hat the  
fi rst th ing the program shou ld  do i s  open the source  fi l e  but  what 
we need  to  recognize i s  that this o pe rat ion might fai l .  Bearing th is  
in  mind I dec ide  to start the  output  descr ipt ion  as  shown i n  figu re 
A 2 . l :  

OPEN SOURCE 

(0, 1  time) 

OPEN SOURCE 

(0, 1  time) 

Figure A2. l .  Making a start. 

W hat should  the p rogram do i f  the  spec i fied source  fi l e  cannot  be 
opened? Let 's assume i t  should pr int  an error message : 

, ____ _ 
OPEN SOURCE 

(0, 1  time) 

OPEN SOURCE 

(0, 1  time) 

.... 

{"se' told that •owcce file c'""'ot be opened 

{ 

Figure A2.2. adding an error message note. 
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Anot her  th ing the program must do i s  open a destinat ion  fi l e .  S ince  
i t  o n ly needs  to  d o  th is  i f  the  source  f i l e  has been s u c c e s s fu l ly 
opened we place these new open detai ls  with in  the OPEN SOURCE 
subse t :  

OPEN SOURCE 

(0, 1 time) 

OPEN SOURCE 

(0, 1 time) 

{"''" told that oo>rrce file cannot be opeoed 

/ OPEN DEST 
(0, 1 time) 

' 

OPEN DEST 

(0, 1 time) 

{ user told destination file cannot be 
opened 

{ 

Figure A2. 3. More details are added. 

If the  f i les open OK the program i s  go ing to d o  some process i ng.  I t  
wi l l  read bytes from the source ,  modify them and write  them back 
to the destinat ion fi l e .  Th ese are repet i t ive act ions which wi l l  occur  
as  many t i m e s  as  t h e r e  a re bytes  in  the  fi l e  s o  we ext e n d  t h e  
d iagram a s  shown i n  F igure A2 .4 : 
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"' ---
OPEN SCXJRCE 
(0,1 time) 

/ 

OPEN SCXJRCE 
(0,1 time) 

' 

---OPENCE>I' 
(0,1 time) 

G 
OPENCE>I' 
(0,1 time) 

MODIFYBY'IES 
(l,nti!ms) 

' 

"' 
READ BY'IE  

t
=� 

END-OF-Fll.E �IFY 
(0,1 time) 

l.OOP 

G 

{

MOD

� 

END-OF-Fll.E DATABY'IE 

WRl'IE BY'IE 

Figure A2.4. A useful picture of the program is building up. 

We also know that fi l e s  wh ich  are opened have to be c losed . Where 
d o  these deta i ls  go? Again i t 's not  too hard to  fat h o m  out :  fi l e s  can 
o nly be  c losed if  they have been sucessfu l ly opened .  Furthermo re 
we' l l  only want to  c lose the fi l es  after  a l l  read/wri t e  o perat ions  have 
been completed.  The obvious p lace for the file c lose  operat ions  is 
n ear the e nd of the brackets  wh i c h  ind icate successfu l  ope n i ng -
that way every fi l e  that i s  ever successfu l ly opened wi l l  be  c losed . I f  
we adopt  th i s  plan the output descr ipt ion wi l l  grow accordingly:  



OPEN SCXJRCE 
(0.1 time) 

OPEN SCXJRCE 
(0,1 time) 
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(0,1 time) 
OPEN DES!' { war toki da!tllaiai file camxx be cpmed 

G READBY'IE 

{
=� 

END-OF-FlIE =ff 
OPENDESI' MODff BY'IE5 (0,1 time) 
(0,1 time) (l .n tiioos) 

ClDSEDESI' G 
(1 time) 

r� 

ClDSE SOURCG END-OF-FILE DATABY'IE 
(1 time) WRrIEBY'IE 

Figure A2. 5: The diagram is successively refined as more detail is added. 

The th ing to recogn ize  here that the  WRITE BYTE operat ion might 
w e l l  fa i l  - the d i sk c o u l d  be fu l l .  I ' l l  a s s u me t h a t  i f  a w r i t e  i s  
u nsucce ssful the program wi l l  d i splay a n  error message, c lose  the 
(pe rhaps part ia l ly  wr i t t en )  fi l e ,  a nd  t h e n  remove i t .  F igure  A 2 . 6  
shows h o w  these  thoughts are inc orpo rated i nto t h e  des ign :  
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OFIN DES!' {l.Bertli:I delma!imfile camrtbe opeced 

(O.l time) 

RFADBYIE 
(l  time) 

END-Ol'fll£ 
(0.l time) 

{EXITFROM 
MODIFYBYID5 
!.OCP 

MODIFYDATABYIE 

OFIN sa.JRa: 

(O,l time) 

OFINDESI' 
(O,l time) 

a.osE saJRa: 

(l time) 

MCVIFY BYID5 
(l.n tmee) 

a.osErE>I' 

(l time) 

END-01'-fUE 
(0,l time) 

WRIIEBYIE 
(l time) 

WRIIECK 
(O.l time) 

G 
a.osE 
DESJ'F11£ 
(l time) 

� 
DESJ'F11£ 
(l time) 

EXIT 
FROM 
MODIFY 
BYID5 
LOOP 

Figure A2. 6. Diagrams like these provide a lot of information about the problem. 

N o w  we have  a s l i g h t  p r o b l e m :  ac c o r d i ng t o  t h e  d i agram t h e  
p rogram a l ways c l o s e s  des t i nat i o n  fi l e s  a t  t h e  e n d  o f  t h e  O P E N  
DEST bracket b u t  w e  have dec ided that ,  i n  t h e  eve nt  of  a bad wri t e ,  
the  dest inat ion f i l e  i s  going to be  c losed prematu re ly a n d  remov e d .  
We cannot therefore leave the original C LOSE DEST o pe ration where 
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i t  i s  becau se we have dec ided that ,  where a write e rror has occured ,  
the  dest inat ion  fi l e  wi l l  no longer  exist .  

We have got  to  move the o riginal  C LOSE DEST operat ion  to a more 
su i tabl e p o s i t i o n  and h e re 's how we d o  i t :  F i rs t ly, we note that  
des t inat io n  fi les  fal l  in to  one o f  two mutual ly exc lus ive categories -
those  whe re a write error  occured ,  and those where no  write error  
occu red!  The s ec ret now i s  to  re cognize that ,  out o f  a l l  the  f i le  read 
and write operatio ns which take p lace ,  on ly ONE normal read EOF 
w i l l  o c c u r  and at  that t ime al l  o f  the neces sary d es t i nat ion  data 
would have been sent to the dest inat ion fi l e .  That subset  therefore 
has both the r ight pos i t ion  and right fre quency correspondence  to 
h o l d  our C LOSE DEST operat ion for c los ing dest i nati on  fi l e s  under  
no n-error condi t ions .  
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Oflll DES!' {uoertli::I deomalimlile ca:DXbe opmed 

(O,l lim!) 

RFJ\DBY'IE 
(l  tia:E) 

END-Of'fl!E 

(l ti:m) 

{ a.<:G:

DESI' (0,l time) EXITFIDM 

MODIFY B'fID) 

lOCP 

MODIFY DATABY'IE 

Oflll SaJRCE 
(O,l ti:m) 

Oflll

DESI' 

(O,l lim!) 

a.cG: SaJRCE 
(l time) 

MCDIFY 

(l.n tmeo) 

C2.(G: [E;f  

(l time) 

WR!IEBY'IE 
(l ti:m) 

Figure A2. 7. Further modifications. 

WR!IE CIC  
(O,l time) 

REMOVE 
DESl'FU.E 

WR!IE CIC (l lim!) 
(O,l time) 

EXIT 
FROM 

MOD!FY 
B'fID) 

LOOP 

Now, the  detai ls  present  in  the output set  have been growing but 
there  are st i l l  a few thi ngs missing, such as how the  program knows 
whi c h  fi l es  are be ing dealt with!  We should also recognize that the 
p rogram will not just attempt to open fi les that are open-able - it 
must of  necess ity try and open  al l  fi l es .  The po int  to bear in mind 
here  i s  that ,  a l though some fi l e  o p e n i ng operat ions  wi l l  succeed  
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and others wi l l  fa i l ,  the actual attempted open  operat ions wi l l  be  
made o n  each and every fi lename.  

With these  detai ls  added the output set, the descr ipt ion of  what the 
p r ogram s h o u l d  d o  s h o wn i n  F igure  A 2 . 8 ,  i s  beg i n n i ng t o  l o o k  
reasonably complet e :  
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cx:>!llX:I' SOURCE FlilMl'E 
(l time) 
cx:>!llX:l'DESI'FUNME 
(l time) 
ATIIM71''TO OPEN SOURCE 
(l time) 

OPEN saJRCE f _,, tct:i tbalaooroe file camotbe qlEClld 
(O,l mm) \ 

OPENsaJRCE 
(O.L mm) 

Fll.E 

OffNDESI' 
(O,l time) 

G 

OffN DESI' 

(O,l time) 

a.osE saJRa: 

(l time) 

MCDIFY B'fID) 
(l.n time!) 

QDSE [E)J'  

( I  time) 

READBY'IE 
( I mm) 

fND.a'.fllE 
(0,l time) 

G 

END-<F.fllE 
(O,l time) 

a.aiEDESI' 
Cl mm) 

EXIT FROM 
MODIFY B'fID) 

l..OCI' 

MODIFYDATABY'IE 

WRrIEOK { (O,l time) 

a.osE 

G 
DESl'Fll.E 

WRrIEBY'IE (l  time) 
( I mm) 

REMOVE 
DESl'Fll.E 

WRrIEOK (l time} 
(O,l time) 

EXIT 
FROM 
MODIFY 
B'fID) 

L<X>P 

Figure A2. 8. The Warnier description now shows very clearly what must be done. 
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I th in k  you' l l  agree that we now have a much bette r idea o f  what the 
p r o g r a m  h a s  to  d o ,  a n d  h av e  a c l e a r  i d e a  o f  t h e  v a r i o u s  
assu mpt ions  which  have been  mad e  a long the  way. The t h i n g  t o  
b e a r  i n  m i n d  at  t h i s  p o i n t i s  t h a t  t h i s  o u t p u t  s e t  s h o u l d  b e  a 
descr ipt ion  o f  the act ions t hat are to be  carr ied out  by the program. 
I f  we've thought carefu l ly  enough it will be, and in  this sense  i t  i s  a 
s tatement  o f  output  requ i rements  wh ich  are invari ant  - i n  o ther  
words i t  is  a descr ipt ion o f  the things wh ich  we now recognize the  
program must d o !  

I t  i s  o f  c o u rs e  q u i te poss ib l e  that ,  as o u r  u n d e rstan d i n g  of  t h e  
p r o b l e m  we are  tac k l i n g  g r o w s ,  we may d i s co v e r  t h a t  we  have 
forgot ten  to in c lude something o f  importan ce but ,  notwithstanding 
s u c h  o m i s s i o n s ,  t h i s  o u t p u t  set  d e s c r i p t i o n  can  b e  c o n s i d e re d  
complete  i n  the sense  that i t  now a ppears t o  represent  a l l  o f  the 
act ions which we fee l  the program should  carry out .  

The I nput Set 
On the face of it there i s  ve ry l i tt le  in  the  way o f  in put  data.  Two 
obvious  input i te ms are the two fi lenames suppl ied : 

SOURCE FILENAME 

(l time) 

DEST FILENAME 

(1 time) 

Figure A2.9. Attempt to decribe the programs input. 

The other  inputs  to the  program is  the source  fi l e ,  but here  th i s  
may or  may not  exi st depend ing on whether  the source  fi l ename 
co rresponds to a real fi l e .  This being so ,  we can expand the i n put 
se t  defini t ion to th is :  
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SOURCE F ILENAME 
( 1  time) 

DEST Fll.£NAME 

( 1  t ime)  

SOURCE F ILE 

(0 ,  1 t ime)  

SOURCE F ILE 

(0, 1 t ime)  

{DATA BYTES 

(n bytes) 

Figure A2.9. Input set description after a few additions. 

We n o w  n e e d  t o  b u i l d  a p r o g r a m  d e s c r i p t i o n  b a s e d  o n  a n y  
e xt e n s i o n  o f  t h i s  i n p u t  s e t  w h i c h  i s  c o m p at i b l e  w i t h  b o t h  t h e  
e x i s t e n c e  o f  t h e  d a t a  i t e m s s h o w n  i n  t h e  i n p u t  s e t  a n d  t h e i r  
fre quen c ies .  Given the trivial  nature o f  the aboveme nt ioned i nput  
s e t  I ' m g o i n g  to c r e a t e  t h e  p r o g r a m  d e s c r i p t i o n  s i m p l y  by 
du pl icat ing the h ie rarchy of  output  set  using the diagram shown in  
F igure A2 . 1 0 :  



,, 

' 

CXlllECJ'SOl.IRQ;fl!D.WIE 
(l tme) 

CXlllECTIE>I'FlUNME 
(l  tmie) 
ATin.Fl'10 OPrn SOlJRQ; 
(l tme) 
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OPrn SCl.JRU: f l:l*!!C tcti tbal llO\Jlre lie ca'.Dlt be opooed 
(0, I lime) t: 

OPrn sa.JRa: 
(O,l lime) 

I' 
Cl'EN DE:)I' 
(O,l tme) {-.., .......... 

_ .. ,,,..., 

Cl'EN DE:)I' 

(O,l tme) 

Cl.CG: saJRCE 
(l tme) 

' 

" 

MCDIFY BYlE> ( 
(l.n IKDes) 

Cl.CG: DE:)I' 
( l tme) 

' 

" 
READBYIE 

(I lime) 

END-CF-fllE 
(I lime) 

{ Cl.a)E

DE:)I' 

(0, l tmie) EXITFOOM 
MODIFY BYlE> 
LOOP 

" 
WRr!EOK { 

END-CF-fllE 
(O,l tme) 

WRr!EBYIE 

(I lime) 

(O,l tme) 

" 
Cl.CG: 
DE:)I' FlI.E 
(l tme) 

REMOVE 
DE:)I' FlI.E 

WRr!E OK  (l tme) 
(O,l tme) 

EXIT 
' FroM 

' MCDIFY 

' 
BYlE> 
LOOP 
' 

Figure A2. 1 0. A selected input sec for the program. 
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What were the freque ncy correspondences wh ich had to be  present  
when I mixed these descr ipt ions? Here they are paired toge ther :  

Input Set Items 

(these things exist as 

input to the program) 

SOURCE FILENAME 

( l  time) 

DEST FILENAME 

(l  time) 

SOURCE FILE 

(0, l time) 

SOURCE FILE 

(0, l time) 

SOURCE DATA BYTES 

(n bytes) 

Output Set Actions 

(these are things which 

the program has to do) 

COLLECT SOURCE FILENAME 

(l  time) 

COLLECT DEST FILENAME 

(l  time) 

OPEN SOURCE (a successful open) 

(0, 1  times) 

OPEN SOURCE (unsuccessful open) 

(0, 1  time) 

MODIFY BYTES (processes n bytes) 

( l ,  n times) 

Figure A2. J l .  Some input/output set frequency correspondences. 

Diagram to Code Conversion 
Having  prod u c e d  a reas onably  d e ta i l e d  Warn i e r  d i agra m  o f  t h e  
program my thoughts would be  yes i t  is  now t ime t o  start cod ing. 
How do I know that the diagram i s  compl ete? To be  honest I don't ,  
b u t :  I am happy that al l  of  the o p e rat ions  OPEN S O U R C E ,  OPEN 
DEST, WRITE BYTE etc,  sh own on the diagram are things which ( in 
my op in ion)  are very easi ly coded .  

The  idea then is  to  code  the main bracket leve l s  as  fu nct ion cal ls  
and o nly d eviate from th is  wh en  the code at  a part icu lar  l eve l  i s  
s im p le  enough to code  d i rect ly in - l i ne .  Obviously as  we ge t  i nto the  
c o d e  t rans lat ion we have a c e rtai n amou nt  o f  syntact ic  de ta i l  to  
show. ANSI I C requ ires that y ou  define  prototypes for funct ion ca l ls  
s o  t h at the  c o m p i l e r  can  c he c k  that argu m e n t  types  and retu rn 
values  are co rrectly typed .  It  is  possible to  add this sort  of detai l  to  
t h e  Warni e r  d i agram, i e  i n c l u d e  d e ta i l s  such as those  shown in  
F igure A2 . 1 2 :  



SPECIFY Il'J'CLUDE FILES 

(1 time) 

DEFINE FUNCTION PROTOTYPES 

(1 time) 

DEFINE GLOBAL..5 

(1 time) 
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stdio.h 

types.h 

void OpenSource(void) ; 

void OpenDest(void) ; 

FILE *g_source_p; 

FILE *g_dest_p; 

Figure A2. 1 2. These sort of additions are normally unneccessary. 

I d idn ' t  d o  th is  and i n  fact ,  i n  my op in ion ,  the ad di t ion  o f  th is  type 
of syntact i c  d e t a i l  is u n n e c ess ary. The Warn i e r  d i agram s h o u l d  
prov i d e  a l anguage- independent  descri pt ion  o f  what needs  t o  be  
done - i t  seems qu ite  absurd to  c lutter such  d iagrams with de ta i l s  
that are  go ing to  be  present  in  the  code i n  a lmost  t h e  same fo rm.  
My advice  then i s  to  keep the language-spec i fi c  cod ing de tai l s  we l l  
away fro m the  Warn ie r  d iagram representat i o n .  Having sa id  that  
you ought to t ry to  document the  program in  a way which makes i t  
easy for someone  reading the  source  to see  the l ayout .  A s imple  
scheme i s  a l l  that 's needed .  Here 's one that I commonly use : 

title 

includes 

defines 

prototypes 

globals 

mainQ function 

nested levelQ functions 

support functions 

For c lar ity I d ivide the various sect ions us ing /* -- * / l ines  and 
for non-funct ion  s ect ions  I ' l l  inc lude  a t i t l e  and ,  i f  I th ink  i t  wi l l  
he lp ,  perhaps some addit ional notes .  

M y  t r a n s l a t i o n  o f  o u r  e x a m p l e  p r o g r a m  is  g o i n g  t o  b e  a 
straightfo rward 'vani l la  C' vers ion  that wi l l  ru n on  anyth ing fro m an 
ST or  an Amiga to a UNIX system. Some notes are in order :  

• I ' v e  c h o s e n  to  c o l l e c t  f i l e n a m e s  v i a  c o m m a n d  l i n e  
a r gc/argv [ )  p a ra m e t e r s . s o u r c e  a n d  d e s t i n a t i o n  f i l e n a m e  
pointers a re declared and these are i n i tial i zed  t o  po int t o  the 
o riginal  c ommand l ine  arguments .  

• I 'm not  c heck ing for the correct  number of  parameters ,  so  i f  
the  u s e r  d o e s n 't s u p p ly one  o r  other  fi l e names  that name 
po i nter  wi l l  be  NULL  and the corresponding fopen( )  ca l l  w i l l  
fa i l  - expe r ience te l l s  me  i t  shou ld  fai l  harmlessly! 
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• This fi rst t ranslat ion,  after  al l  I 've said about min imiz ing the 
use  o f  global variab les ,  does in  fact use  global var iables for 
the fi l e names and the F ILE poi nters .  Why? In i t ial  s impl ic ity in  
the first ru nable ve rsion.  I t  a l so  al lows me to d e fer  th inking 
abo u t  what  parameters are needed unt i l  I 've go t a C sketch 
avai lable which sh ows c learly what informat ion each rout ine  
wi l l  need access to .  

• ANSI I  C 's buffe red fi le  operat ions can be used to  hand le  the 
f i l e  o p e n i n g a n d  c l o s i n g w i t h  s t a t e m e n t s  l i k e  
fo pen(g_name_p , "rb") be ing used t o  open  the s p e c i fi e d  fi l es  
fo r b i nary mode r e a d i ng .  I 've opted for  b i nary  fi l e  m o d e  
because w e  haven't yet dec ided what process ing i s  t o  b e  done .  

• I 've layered the  open  c lose  operat ions  as  nested  fu nct ion  
c a l l s  but  t h e  do/wh i l e  l o o p  u s e d  to  re prese n t  t h e  M O D I F Y  
BYTES operations I've kept  within a s ingle rout ine by us ing i f  { 
} e lse  { } statements .  

• I n  th is  example my error message rout ines  are just  s imple 
p r in t f( )  state m e n t s .  I have howeve r d e l i b e rate ly  kept t h e m  
away from the  b u l k  o f  the  c o d e  b y  wri t ing a s h o rt funct ion  
ErrorMessage () .  

Here then i s  the fi rst vers ion :  
/ *  ---------------- • I 

/ * Examp le : A2 - 1 :  skeleton framework 
* /  

/ *  ---------------- * /  

/ *  some inc lude s : * /  

#inc lude <stdio . h> 

#inc lu de <exec/ types . h> 

/ *  ---------------- * /  

/ * some defines . . .  * /  

#define NO SOURCE " c annot open source file \ n "  

#define NO_DEST " c annot open destination file \ n "  

/ *  ---------------- • I 

/ * some prototypes . . .  * /  

void OpenSourceOK( void ) ; 

void Open DestOK ( void ) ; 

void E rrorMessag e ( TEXT • e r ror_messag e ) ; 

/ *  ---------------- * /  

/ * some g lobals . . .  * /  

FILE • g_sou rce_p , •g_dest_p ; 

TEXT • g_sou rce_name_p , •g_dest_name_p ; 
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/ *  * /  

m a in ( int argc , char * a rgv ( ] )  

{ 
g_source_name_p=a rgv ( 1 ] ;  g_dest_name_p=argv ( 2 ] ; 

if ( g_source_p=fope n ( g_sourc e_name_p , " rb " ) )  

OpenSourceOK( ) ;  

else E rrorMessage ( NO_SOURC E ) ; 

} 
/ *  * /  

v o id OpenSourceOK ( vo id )  

{ 

} 
/ *  

if ( g_dest_p=fopen ( g_dest_name_p , " wb " ) )  

OpenDestOK( ) ;  

else E rrorMessage ( NO_DEST) ; 

fclo s e ( g_source_p ) ; 

* /  

v o id OpenDestOK( v o i d )  

{ 

} 

BOOL ex it_f lag ; int c ;  

do { 
if ( ( c=fgetc ( g_source_p) ) ==EOF)  

{ 
fclose ( g_dest_p ) ; exit_f lag=TRUE ; 

} 
else 

{ 
/ *  DO SOMETHI NG WITH DATA BYTE * /  

if( ( fputc ( c ,  g_de st_p ) ) ==EOF) 

{ 
fclo s e ( g_dest_p ) ; 

remove ( g_de st_name_p ) ; 

ex it_f lag=TRUE ; 

} 

} 

}while ( ! exit_f lag ) ;  
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/ *  ---------------- * I 

void E rrorMe s sage ( TEXT *error_messag e )  { printf ( error_me s ­
sage ) ; } 
/ *  ---------------- * I 

One thing you might not ice  i s  that we've forgotte n to  inc lude  error 
message fo r bad write cases .  I t  is  obvi ously not a major  omiss ion 
and these de ta i l s  are  eas i ly  imposed onto the Wa rnier  descr ipt ion :  
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,. CXXlECl'SOURCEFlUMAl'E 
(l time) 

O'.)ll.ECI' CESI' FlUNAME 
(l time) 

ATin.1PI"IO OPEN SOURCE 
(l time) 

OPEN saJRCl: {-..... 

� 

.. -.. .,,,...., 

(O, l time) 

,. __ {-""_.,_,,._ CffNDIBI' 

(O,l tiwe) 

G 
,-READ BY'IE 

(l time) 

{== 

(l time) 

,. :u EXIl'm)M 

G MODJFYBYIE5 
l.OOP 

l'MODJFYDATABY'IE 

G /WRrIEOK { MC()JFY BYIE5 (O,l time) 

OPENsaJRCE (l,n tDei) 
(O,l time) 

END-<F.fllE G " �  
CffN DIBI' (O,l time) DIBI'Fl!E 

(O,l tiwe) WRrIEBY'IE (l  tiwe) 
(l time) 

TDLUSER 
BAD 

WRrIEOK WRl'IE 
(O,l time) (l time) 

' REMOVE 

' DESI'Fl!E 

�DESI' ' (l time) 

(l tiwe) EXIT 
' FROM 

�SOJRa: MC()JFY 
(l tiwe) BYIE5 

' ' ' l.OOP 

Figure A2. 1 3. Error message additions etc, are easily added at any stage. 
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What  y o u  w i l l  no  d o u b t  n o t i c e  i s  that  t h e r e  was abso lu t e ly no  
d i ffi cu l ty  in  d e c i d i ng where  o n  the  d i agram t h i s  extra messag e  
wou l d  n e e d  to  be p lac e d .  S imi lar ly the  sect i o n  o f  C code  i n  t h e  
p rogram i s  a l s o  eas i ly ident i fie d .  and t h e  changes s imply involve 
add ing a new #de fine  me ssage and changing the fragment w h i c h  
read s :  

t o :  

fc lose ( g_dest_p ) ; 

remov e ( g_dest_name_p ) ; 

ex it_flag=TRUE ; 

fclose( g_dest_p ) ; 

E r rorMessag e ( BAD_WRITE ) ;  

remo v e ( g_dest_name_p ) ; 

ex it_f lag=TRUE ; 

The resu l t  of  these  c hanges i s  shown below:  
/*  

/ * Examp le : A2 - 2 . . .  modif ied skeleton f ramewo rk * /  

/ *  

/ * some includes . . .  * /  

#inc lude <stdio . h> 

#inc lude <exe c / types . h> 

/ *  ����������������- * /  

/ * some defines . . .  * /  

#def ine NO_SOURCE " cannot open source file \ n "  

#def ine NO_DEST " cannot open destination file\ n "  

#def ine BAD WRITE " e rror  whilst writing - removing d e st i ­
nat ion f ile\n • 

/ *  

/ * some prototypes . . .  * /  

void OpenSourceOK ( vo id ) ; 

void OpenDestOK ( void ) ; 

void E rrorMessag e ( TEXT *error_messag e ) ; 

/ *  

/ * some g lobals . . .  * /  

FILE * g_source_p , *g_dest_p ; 

TEXT * g_sou rce_name_p , *g_des t_name_p ; 

/ *  

main ( int argc , char  *argv [ ] )  

* /  

* /  
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{ 
g_source_name_p=argv [ 1 ) ;  g_de st_name_p=argv [ 2 ] ; 

if ( g_source_p=fopen ( g_source_name_p , • rb " ) )  

OpenSourceOK ( ) ;  

else E rrorMessage( NO_SOURCE ) ;  

} 
/ *  ---------------- * I 

v o id OpenSourceOK( vo id )  

{ 

} 

if ( g_dest_p=fope n ( g_dest_name_p , "wb " ) )  

OpenDestOK( ) ;  

else E rrorMes sag e ( NO_DEST ) ; 

f c lose ( g_source_p ) ; 

I * ---------------- * I 

v o id OpenDestOK ( v o i d )  

{ 

} 
/ *  

BOOL exit_fla g ;  int c ;  

d o  { 
if ( ( c=fge t c ( g_source_p ) ) ==EOF) 

{ 
fclose ( g_dest_p ) ; exit_f lag=TRUE ; 

} 
else 

{ 
/ *  DO SOMETHING WITH DATA BYTE * /  

if ( ( fputc ( c ,  g_dest_p ) ) ==EOF) 

{ 

} 

fclose ( g_dest_p ) ; 

E r rorMessage ( BAD_WRITE ) ; 

remove ( g_dest_name_p ) ; 

ex it_ flag=TRUE ; 

} 

}while ( l exit_flag ) ;  

---------------- * I 
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void E rr orMes sag e ( TEXT *er ror_message )  { printf ( e r r o r_me s ­
sage ) ; } 
/ *  * /  

A More Sophisticated Translation 
Let u s  now c reate a more u se fu l  'black box' vers ion whi c h ,  when 
g ive n s o u r c e  a nd  d e s t i n a t i o n  fi l e n a m e s ,  wi l l  c a r ry o u t  the  fi l e  
m o d i ficat i o n  p rocess  re turn i ng a success  fai lure  ind icator  t o  the  
ca l l ing  program.  

We've al ready got the  bas i c  she l l  of the program c omple te  so we 
don't need to go back and change anyth ing design wise .  What we 
must  do however  is fi rst ly  e l i minate tho se  g lobals  and s e condly  
re move our  error  message rout ine  and replace i t  wit h  code which  
returns an e rror number  to  the ca l l ing program. 

I t 's an easy translat ion to  do but in case you're new to such  th ings 
here are the exact stages I u s e d :  fi rst of  al l  I removed globals and 
a l t e re d  the fu n c t i o n  c a l l s  so  that  fi l e name and fi l e  p o i n t e rs are 
p a s s e d  b e tw e e n  the v a r i o u s  l e ve l s ,  m o d i fy i n g  t h e  p r o t o ty p e s 
accordingly. 

Other than the easy task of  re-defining the e rror messages as  error  
n u mb e rs I d i d  not want  to  tackle  the fu n c t i o n  p a rame t e r  c o d e 
c hanges and the  succe ss/fa i lu re  error  code  c hanges at t h e  same 
t i m e .  C o n s e q u e n t l y  I r e m o v e d  t h e  E r ro r M e s sa g e ( )  r o u t i n e  a n d  
c o mm e nted  o u t  c o r r e s p o n d i ng e r r o r  c a l l s  - t h i s  e nab l e d  me  t o  
c o m p i l e  and c he c k  most  of  t h i s  partly c o mplete  vers ion  wi thout  
gett ing any c ompi ler  errors :  

/ *  * /  

/ * Example : A2 - 3 . . .  partly complete ver s ion without g lob -
als * /  

/ *  

/ * some includes . . .  * /  

#include <stdio . h> 

#inc lude <exe c / types . h> 

/ *  

/ * some defines . . .  * /  

#define NO ERROR 0 

#define NO_SOURCE 

#define NO DEST 2 

#define BAD_WRITE 3 

/ *  

/ * some prototypes . . .  * /  

* /  

* /  

* /  

void OpenSourceOK ( FILE *g_source_p , TEXT *g_d e st_name_p ) ;  
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v o id OpenDestOK( FILE * g_source_p , FILE *g_dest_p , TEXT 
* dest_name_p ) ; 

/ *  * /  

UBYTE Convert File ( TEXT *g_source_name_p , TEXT 
* g_dest_name_p ) 

{ 
FILE  * g_source_p ; 

if ( g_source_p=fop en ( g_source_name_p , " rb " ) )  

OpenSourceOK( g_source_p , g_dest_name_p ) ;  

/ *  else E r ro rMessag e ( NO_SOURCE ) ;  

* /  

return ( NO_E RROR ) ;  

} 
/ *  * /  

v o id OpenSourceOK ( FILE * g_source_p , TEXT *g_dest_name_p ) 

{ 
F I LE *g_dest_p ; 

if ( g_de st_p=fope n ( g_dest_name_p , "wb " ) )  

OpenDestOK( g_source_p , g_dest_p , g_de st_name_p ) ;  

/ *  else E r r o rMessage ( NO_DEST ) ; 

* /  

fclose ( g_source_p ) ; 

} 
/ *  * /  

v o id OpenDestOK ( FILE * g_source_p , FILE *g_dest_p , TEXT 
* g_dest_name_p ) 

{ 
BOOL exit_fla g ;  int c ;  

d o  { 

if ( ( c=fget c ( g_source_p ) ) ==EOF)  

{ 
fclose ( g_de st_p ) ; exit_flag=TRUE ; 

} 
else 

{ 
/ *  DO SOMETHING WITH DATA BYTE * /  

if ( (fputc ( c ,  g_de st_p ) ) ==EOF)  

{ 
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/ *  

* /  

} 

fclose ( g_dest_p ) ; 

E rrorMessage ( BAD_WR ITE ) ;  

remov e ( g_dest_name_p) ; 

exit_f lag=TRUE ;  

} 

} 

}while ( ! exit_flag ) ;  

/ *  --------------- * I 

After a qu i c k  compi le  check  c onfirming that no s i l ly s l ips  had been 
made i t  was t i me to  dec ide how to get success/fai l u re i n format ion 
back up to the  ca l l ing program. I c hose to use  local  error  number 
v a r i a b l e s  p a s s i n g  t h e  e r r o r  s t a t u s  b a c k v i a  r e t u r n ( ) .  N o t i c e  
i nc idental ly, t hat the error variab les  are i n it ia l ized t o  a N O_ERROR 
s tate  an d  reass igne d o nly  if an e r r o r  o c c u r s .  Aga i n  t h i s  sor t  o f  
trans lat ion seemed re lat ively tr ivial  and,  s ince  t h e  structure of  the 
p rogram is  s t i l l  esse ntial ly unchanged , 1 saw l i t t l e  n e e d  to  describe 
the  in i t ia l i zat ion of  the  e rror numbers and so forth on  the  Warnier  
d iagram. 

W h at I ' m  t ry i n g  to d o  o f  c o u rs e  i s  s h o w  y o u  h o w  I u s e  t h e s e  
d iagram and coding techniques in  pract ice .  I a m  not trying to  kid 
e i ther  you (or myse l f) that t rivial cod ing changes are best so lved by 
going back and working in  d iagram form. I was quite happy maki ng 
t he g l o bal  var iab l e  to para m e t e r  var iab le  c hange s ,  a n d  e q u a l l y 
happy to revamp the error message code so that we dealt  with error 
n u mb e r s .  W ha t  I d i d  n o t  do h o w e v e r  is  make any s i gn i f i c a n t  
c h a n g e s  t o  t h e  o v e r a l l  p r o g r a m  s t r u c t u r e  w h i c h  t h e  d e s i g n  
d iagrams led  us  t o  adopt !  

Enough of  the lecture ,  here 's the fi nal code without globals :  

/ *  --------------- * /  

/ * Example : A2 - 4 . . .  complete parameter d r iven v e r s ion 
without g lobals * /  

/ *  --------------- * /  

/ * some includes . . .  * /  

#include <stdio . h> 

#inc lude <exe c / types . h> 

/ *  --------------- * /  

/ * some defines . . .  * /  

#define NO_ERROR 0 

#define NO_SOURCE 1 
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#define NO_DEST 

#define BAD_WRITE 

2 

3 

/ *  ��
��������������-

/ *  s om e  p rototypes . . .  * /  

* /  

UBYTE OpenSourceOK ( FILE  * source_p , TEXT *de st_name_p ) ; 

UBYTE OpenDestOK( FILE  *source_p , FILE  * de st_p , TEXT 
* dest_name_p ) ; 

/ *  * /  

UBYTE Convert File( TEXT * s ource_name_p , TEXT * dest_name_p ) 

{ 
F I LE * source_p ; UBYTE error_number=NO_E RROR ; 

i f ( source_p=fopen ( sou rce_name_p , " rb " ) )  

error_number=OpenSourceOK ( source_p , dest_name_p ) ; 

else error_number=NO_SOURCE ;  

return ( e r ro r_numbe r ) ; 

} 
/ *  * /  

U BYTE OpenSourceOK ( FILE  * source_p , TEXT *de st_name_p ) 

{ 

F I LE * dest_p ; UBYTE error_number=NO_ERROR ; 

if ( de st_p=fopen ( dest_name_p , " wb " ) )  

error_numbe r=OpenDestOK ( source_p , dest_p , 
dest_name_p ) ; 

else error_number=NO_DEST ; 

fclose ( source_p ) ; 

return ( e r ror_numbe r ) ; 

} 
/ *  * /  

U BYTE OpenDestOK( FILE  *source_p , FILE  *de st_p , TEXT 
* d e s t_name_p ) 

{ 

BOOL exit_fla g ;  int c ;  UBYTE error_number=NO_ERROR ; 

do { 
if ( ( c=fge t c ( source_p ) ) ==EOF)  

{ 

fclo s e ( dest_p ) ; exit_f lag=TRUE ; 

} 
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else 

{ 

/ *  DO SOMETHING WITH DATA BYTE * /  

if ( ( fputc ( c ,  dest_p ) ) ==EOF) 

{ 

} 

fclose ( dest_p ) ; 

error_number=BAD_WRITE ; 

remov e ( dest_name_p ) ; 

ex it_f lag=TRUE ; 

} 

}wh ile ( ! exit_flag ) ;  

return ( e r ror_numbe r ) ; 

} 
/ *  

Byte Conversion Code - An Example 

The reason I 've not  dea l t  with any spec i fi c  type of byt e-by-byte 
c o nvers ion i s  s imple  - our  general ized ,  and now we l l  understood,  
framework can form the basi s  of  any number of  fi l e  modificat ion 
u t i l i t i es .  Here i s  one  such example - a straightfo rward black box fi le  
encryptio n/dech ipering routine for use in  other programs.  

The e n c rypt ion t r i ck  uses a vari ant o f  byte-or ie ntated exc lu sive­
ORing, an o ld favou rite amongst programmers .  The benefi t  of  this  
a p p ro a c h i s  t h at the program w h i c h  p e r fo r m s  t h e  e n c ry p t i o n  
process can a lso b e  used t o  do the dec ipheri ng. S imple  fixed key 
exclu sive-ORing however is  far too easy to break so ,  to make l i fe a 
b i t  more interesting,  I am going to use  a scheme which takes into 
account  the pos i t ion  o f  each character  be ing en crypted .  Used in 
c o nju nct ion with long string keys this twist ,  though s imple  to code ,  
i s  surpr is ingly e ffe ct ive . (Although i t  isn ' t  go ing to have the CIA's 
c i pher boys quaking in the i r  boots - with high-speed hardware th is  
part i c u l a r  c i p he r  m e c h a n i s m  i s  s t i l l  go ing  t o  be  eas i l y  broke n .  
Having sa id  that  you 're  u n l i ke ly  t o  fi nd anyone  ab le  t o  crack i t  
us ing any Amiga/ST based techniques!) 

T h e  p ro g ra m/ro u t i n e  wo u l d  n e e d  t h r e e  param e t e rs a n d  as a 
c o mmand l ine  ut i l ity might adopt this format : 

EncryptDecipher <SourceFile> <DestinationFile> <EncryptionKey> 

A cal lab le  rout ine  cou ld  adopt  a s im i lar  paramet e r  arrangem e n t  
u s ing th is  s o r t  of  fu nct ion pro totype :  
UBYTE EncryptDecipher (TEXT *sourcefile , TEXT *destfile , TEXT 
*encryptionkey ) 
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To write s u c h  a p rogram al l I have done i s  to  add a few l i nes o f  code 
to  the  parameter d riven general fi l e  t ransfer rout ine wh ich  has j ust  
been  looke d  at .  There  is  now an extra parameter to deal  with ,  the  
str ing used  as  the e nc rypt ion key - I have added a su i tab le  extra 
a rgu m e n t  so that  t h e  a d d ress  of t h e  key is passed  d own to  the  
routin e  which needs to use  i t .  

U s e  of  s u c h  a p r o gr a m ?  Te x t  f i l e  e n c ry p t i o n  i s  o n e  o b v i o u s  
poss ib i l ity. Another use ,  wh ich  might come i n  handy for hard d isk 
owners ,  i s  for encrypt ing potential ly damagi ng system commands 
and r e s t r i c t i n g  t h e  u s e  of c e rt a i n  u t i l i ty p rograms - ke e p  t h e  
e n c rypted form o n  the d isk  and temporari ly dec ipher  a c o py when 
you want to run it .  Gett ing right u p-to-date you've no doubt heard 
of virus p rograms which  can attach themselves to  pro gram c o d e .  
We l l ,  t h e re 's n o  way a v i r u s  c o u l d  a t t a c h  i t s e l f  t o  a n  e n c ry p t e d  
vers ion of  a program a n d  g e t  away w i t h  i t  . . .  because the  addi t ional 
c o d e  w o u l d  b e c o me m e a n i n g l e s s  a ft e r  it  had b e e n  d e c i p h e re d !  
A d m i t t e d l y  i t  i s  a b i t  over- th e- top fo r m o s t  p u rp o s e s ,  b u t  t h e  
e n c rypt ion technique is  another  tool  fo r fight ing t h e  virus makers 
so  i t  might be  worth thinking about .  

Now a word about  t he overal l  p rogram des ign o f  t h i s  e nc rypt ion 
u t i l i t y :  I 'm not  go i n g  t o  r e p e a t  the  p rogram s t r u c t u r e  a n a l ys i s  
b e c a u s e ,  o t h e r  t han a o n e  l i n e  byte- m o d i fy ing stat e m e n t  (wh i c h  
o c c u r s  j ust  pr ior  to  a data byte being t ransfe rred to  t h e  dest inat ion 
f i l e )  t h e  s t e p s  a re t h e  s a m e  a s  t h o s e  o u t l i n e d  e a r l i e r  in t h i s  
append ix. 

Basical ly we need in  addi t ion to know the l e ngth of  the encrypt ion 
key and ,  at each stage o f  the process ing, the relative pos i t ion o f  the  
data byte being deal t  wi th .  Because of  th is  I 've added two addi t ional 
l oca l  var iab l e s  to  t h e  O p e n De stOK() rou t i n e ,  t he rout i n e  w h i c h  
hand le s  t h e  byte transfer operat ions .  You ' l l  see  these in  t h e  source 
a s :  
ULONG position ; / *  the ' byte number ' o f  the character in t he file * /  

ULONG key_length ; / *  length of the encryption key st ring * /  

Be l i eve i t  o r  not  the code for the  encrypt ion i s  very s imp le  - in  fac t 
t h i s  s i n g l e  l i n e  o f  c o d e  w i l l  d o  t h e  j o b :  
c=c"(*(key _p+(p o s i t i o n%key _l e ngth) )+pos i  t i o n%2 5 6) ;  W h e r e  d o e s  
t h i s  l i n e  of  c o d e  go? We al ready know t h e  answer to th i s  qu est ion 
from the Warnier  d iagram! 

Here then to  co mp lete  this appendix i s  a co mmand l ine e nc rypt ion 
u t i l i t y  based on the use o f  the ' b l a c k  b ox' r o u t i n e  we  d e vi s e d .  
Remember  that  t h e  fu n c t i o n  EncryptD e c i p he r( )  c a n  be  taken o u t  
(along with a header co ntain ing t h e  necessary #i nc ludes ,  #defines 
and pro totypes) and used i n  any program which needs to u s e ,  or  
p rovide ,  such a fac i l i ty :  
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/ *  ==================================================== * /  

/ *  E xamp le : AS - 5 :  parameter driven encryption ut ility * /  

/ *  * /  

/ *  some inc ludes . . .  * /  

#inc lude <stdio . h> 

#inc lude <exe c / types . h> 

/ *  * /  

/ * some defines . . .  * /  

#define NO ERROR 0 

#define NO_SOURCE 

#define NO_DEST 2 

#define BAD WRITE 3 

/ *  * /  

/ * some prototypes . . .  * /  

UBYTE OpenSourceOK( F I L E  * source_p , TEXT *dest_name_p , TEXT 
*key_p ) ; 

UBYTE OpenDestOK( FILE  * source_p , FILE  *de st_p , TEXT 
*dest_name_p , TEXT *key_p ) ; 

UBYTE EncryptDe c iphe r ( TEXT *source_name_p , TEXT 
*dest_name_p , TEXT *key_p ) ; 

/ *  * /  

/ *  some g lo bals ( j ust f o r  t h e  text messages of this  exam ­
ple)  . . .  * /  

TEXT *message [ ]  = { 
" func t ion complet e \ n " , 

" cannot open source file \ n " , 

" cannot open destination file\ n " ,  

"write  error  - removing destinat ion file \ n "  

} j 
/ *  

main ( int argc , char  *argv [ ] )  

{ 

* /  

TEXT * source_name_p , * dest_name_p , *key_p ; UBYTE 
error_code ; 

sour ce_name_p=argv [ 1 ] ;  dest_name_p=argv [ 2 ] ; key_p=argv [ 3 ] ; 

error_code=E ncryptDeciphe r ( source_name_p , dest_name_p , 
key_p ) ; 

printf ( m e ssage [ e rror_c ode ] ) ;  

} 
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/ *  

UBYTE Enc rypt Decipher ( TEXT * s ou rce_name_p , TEXT 
* d es t_name_p , TEXT * k ey_p ) 

{ 
F I LE * source_p ; UBYTE error_number=NO_E RROR ; 

if ( source_p=fopen ( sou rce_name_p , " rb " ) )  

error_number=OpenSourceOK( source_p , dest_name_p , 
k ey_p ) ; 

else error_number=NO_SOURCE ; 

return ( e r ro r_numbe r ) ; 

l 
/ *  * /  

U BYTE OpenSourceOK ( FILE  * source_p , TEXT *de st_name_p , TEXT 
* k ey_p ) 

{ 
FILE *dest_p ; UBYTE error_number=NO_ERROR ; 

if ( de st_p=fopen ( de st_name_p , "wb " ) )  

error_number=OpenDestOK ( source_p , dest_p , 
dest_name_p , key_p ) ; 

else error_number=NO_DEST ; 

fclose ( sourc e_p ) ; 

return ( e r r o r_numbe r ) ; 

} 
* /  

U BYTE OpenDestOK( FILE  *source_p , FILE * de st_p ,  TEXT 
* dest_name_p , TEXT * key_p ) 

{ 
BOOL exit_flag ; int c ;  

U BYTE error_number=NO_ERROR ; 

U LONG position=O ; 
t e r  in t h e  file * /  

/ *  the ' byte numbe r ' of t he charac -

U LONG key_lengt h ;  / *  length of the encryption key 
s t r ing * /  

k ey_leng t h=strle n ( key_p ) ; 

d o  { 
if ( ( c=fge t c ( source_p ) ) ==EOF)  

{ 
fclos e ( dest_p ) ; exit_f lag=TRUE ; 

} 
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else 

{ 

c=cA ( * ( key_p+ ( posit ion%key_lengt h ) ) +p o s i ­
t ion%256 ) ;  

posit ion++ ; 

if ( ( fputc ( c ,  dest_p ) ) ==EOF)  

{ 

} 

fclo s e ( dest_p ) ; 

error_number=BAD_WRITE ; 

remov e ( dest_name_p ) ; 

exit_flag=TRUE ; 

} 

}while ( l ex it_flag ) ;  

return ( e r ror_numbe r ) ; 

} 
/ *  --------------- * I 

Keeping It In Perspective 
Wel l ,  that shows you how the Warnier  techniques work. I d o n't use  
t h e m  a l l  t h e  t i m e  a nd  i f  I k n o w  f rom expe r i e n c e  e xac t ly  h o w  a 
problem should  be  tackled then  I ,  l i ke other coders ,  wi l l  sketch out  
a C - i s h  s o l u t i o n  d i re c t ly. In  more c o m p l ex cases where I r e a l l y  
n e e d ed t o  t h i n k  a b o u t  what was be ing  d o n e  however  I 've fou n d  
these  techn iques  absolutely i nvalu able .  I ' d  never force  any c o d e r  to  
u s e  these  methods but wi l l  t e l l  you now that  I f i rmly be l i eve that 
t hey a re i n c r e d i b ly u s e fu l  o n c e  y o u 've had s o me e xp e r i e n c e  i n  
u s ing them!  



Glossary: 

active screen 

O n  t h e  Amiga t h i s  i s  the  s c r e e n  
cu r r e n t l y  d i s p l ay i ng t h e  ac t i v e  
win dow. 

active window 

The wi n d o w  c u rrent ly  r e c e iv i n g  
i n p u t  from a user. On the Amiga 
only one  window can be  act ive at 
any one t ime.  

address 

A n u mb e r  w h i c h  i d e n t i f i e s  a 
storage location  in  memory. 

addressing mode 

a te rm related to the way i n  wh ich  
a m i c r o p r o c e s s o r  l o c a t e s  t h e  
operand that an i nstruc t ion i s  to  
work on .  See  c hapters  2 and  1 7 
fo r d e t a i l s  o f  6 8 0 0 0  a d d r e s s i n g  
modes.  

alert 

A special  red/b lack Amiga d is p lay 
used for emergency message s. 

algorithm 

A series  of ru les  (or  a d iagramat i c  
equ iva lent )  tha t ,  when fo l lowed ,  
r e s u l t  i n  a p r e d e t e r m i n e d  o r  
pre d ictable outcome.  

alias 

An a l t e r n a t i v e  n a m e  f o r  a 
command.  

ALT keys 

Tw o s p e c i a l  c o m m a n d  k e y s  
s i tuated on  t h e  bot tom l e ft and  
bottom right of  the Amiga's main  
keyboard. 

alternation 

A set  o f  two or more a l te rnative 
ac t i o n s  w i t h  o n l y o n e  of t h o s e  
act ions be ing perfo rme d .  
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ALU 

Ari t hmet ic  Logic  Uni t  

angle brackets 

These  c haracters , < and >, are frequ ently used to ident i fy command 
l i n e  p a r a me t e r s .  F o r  e x a m p l e  . . .  d i r  < f i l e n a m e >  i m p l i e s  t h a t 
' f i lename' is a parameter which you , the user, should  supply. 

ANSI C 

A o ffic ia l  standard fo r the C language that by early 1 99 0  had been  
adopted  by  a lmost  a l l  major  C compi ler  write rs .  

ANSI C compi ler 

A c ompi ler  that conforms to the ANSI C standard.  

applications gadget 

A c ustom Amiga gadget used  within an appl icat ions program. 

arithmetic logic unit 

Part o f  a m i c r o p r o c e s s o r  w h i c h  pe rforms ar i t h me t i c  and  l o g i c al 
o pe rat ions .  

arguments 

The values  suppl ied  whe n a fu nct ion is used .  These values  are a l so  
o ften ca l l ed  parameters .  

array 

A data structure that a l lows an information set  to be  indexed by a 
subscr ipted variab l e .  

array bounds 

The s mal lest  and largest acceptable index fo r an array. 

ASCII 

Ame rican Standard Code fo r Info rmation Interc hange con sists  o f  a 
set  o f  96 d isp layable and 3 2  non dis played charac ters based on  a 
seven b i t  code .  

asynchronous 

Some ope rat ion which  is exec uted/pe rfo rmed without reference  to  
an overa l l  t iming source .  Async hronous o pe rat ions  can there fore  
o cc u r  at  i rregular t iming interval s .  

automatic variable 

Another name for a local variab le .  

backdrop window 

An Amiga intu i t ion window which always stays at the back o f  t h e  
s c r e e n  d i splay a n d  cannot be depth rearranged .  

background program 

A p r o g r a m ,  t a s k ,  o r  p r o c e s s ,  wh i c h  i s  ru n n i n g  s o m e w h e r e  i n  



me mory but  not  interac t ing d i rect ly via a te rmi nal .  

back-up 

Glossary 

To make a dup l i cate of  a program or  data d isk .  Bac k-u p  cop ies  are 
u sual ly made for e i ther safety or  secu rity purposes .  

baud rate 

A measu rement of  the rate o f  data t ransmiss ion through a ser ia l  
p o r t .  T h e b a u d  rate d i v i d e d  by ten is  a rough m e a s u r e  of  t h e  
n u mber  o f  characters be ing t ransmitted per second.  

B C D  

Bi nary Coded Dec imal .  

binary 

A numb e r  system us ing base 2 for its operatio ns .  

binary search 

A method o f  searching an ordered table o r  fi le  by success ive ly  
d iv id ing the search area in  hal f. 

bit 

An abreviati o n  of "binary d igit" .  

bitmap 

An array of b i ts which form a system's d isplay memory. Modi fying 
the data in  the bitmap alters the p icture on the d isplay. The Amiga 
uses  a b itmap disp lay cons is t ing of  a number of two d i me nsional  
'b i tp lanes ' .  

blanking interval 

The per iod o f  t ime when a v ideo beam is outs ide  o f  the sc reen  
d i sp lay area .  I t 's a go od t ime  for  a program to  do t h i ngs wh ich  
might visual ly ja r  the d isp lay - the idea is  to  e ns u re that  a l l  o f  the  
necessary c hanges have been made before the v ideo  beam comes  
back  into  the visual area. 

Boolean algebra 

The math e matics o f  a c lass of  logi cal ope rat ions  c losely related to 
set theory mathematics.  

boot 

To start u p  a computer system. 

borderless window 

A window withou t any vi s ib le  edge l ines .  

BPS 

B i ts  per second.  
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branch 

A type o f  processor  instruct ion wh ich causes contro l  to pass from 
o n e  s e c t i o n  o f  a program to  another. The branch i s  ach ieved by 
a l ter ing t h e  contents  of the  processor's program c o ntro l  regi s te r  
( t h i s  is  the  register which t e l l s  the processor where i t  shou ld  get  i t s  
n ext instruct ion from). On the  68000 the  t e rm branch is  reserved 
fo r instruct ions  wh ich use relative addressing.  

buffer 

A n  area  o f  memory u se d  t o  h o l d  data t e m p o rar i ly  w h i l s t b e i ng 
co l l ected or  t ransmitted.  

bug 

A fau l t  wi t h i n  a program that  has not  yet  b e e n  fou n d .  A l so  s e e  
"Debug".  

c 
O n e  o f  the best  h igh- l eve l  programming languages that has ever  
been deve loped .  

call 

To act ivate a program, funct ion or  procedu re .  

chain 

See l inke d l i s t .  

character string 

A sequence of pri ntable characters .  

checkmark 

A smal l  i mage , usual ly a t ick ,  wh ich ind i cates that a menu i tem has 
been selected by a user. 

checksum 

A numb e r  which is used to ensure that a b lock  of data i s  c orrect  
and has not  been  i nadvertent ly change d .  C h e c ksums are used to  
ver ify proper  transmiss ion and recept ion of  data, to  guard against  
d e l ibe rate alterat ion  of  sens i t ive fi le  records etc .  

child process 

A p ro ce ss  which  has been  brought in to l i fe by a program rat h e r  
than d i rect ly by a user. 

clear 

C hange the value of a binary bit from 1 to zero .  

CLI 

Command l i ne interface.  

click 

A rapid  press and re lease of a mouse button.  



Glossary 

clipping 

Prevent ing the parts of an image which l i e  outs ide of a spec i fied 
drawi ng area from being d isplaye d .  

close gadget 

A gadget in the top l eft corner  of an Amiga window which  al lows a 
user  to  remove the window from the d isplay. 

colour indirection 

Powe rfu l p ixe l  c o l o u r i ng techn ique  whereby the  b inary number  
fo rmed by t h e  approp riate  i mage b its  de te rmines  wh ich  c o l o u r  
register  wi l l  b e  used .  

colour register 

The Amiga has 3 2  hardware co lour  regi sters which means i t  has 
the ab i l ity to se lect  from a palette of  up to 4096 colou rs. 

command file 

An ordi nary (usual ly ASCI I )  textfi l e  contain ing executeable system 
commands.  

comment 

A remark, social  or otherwise ,  written within a program. 

commenting out 

In the asse mbly language world th is  term impl ies  that part o f  the 
source code o f  a program has be en  e l iminated not by removing i t  
but by adding * or  ; characters at the begi nning of  eac h l ine  o f  a 
code sect ion (thus render ing i t  inoperative because those l ines  are 
t h e n  t r e a t e d  as c o m m e n t s  by t h e  a s s e m b l e r ) .  I t  is a t r i c k  
frequ ently used by programmers during program deve lopment .  

composite video 

A video s ignal which inc ludes both picture and sync i n format ion .  
Can be transmitted us ing s ingle co-ax cab le .  

complem ent 

"B inary c o mplement" ,  the process o f  turning al l  l 's to O 's and a l l  O's 
to l 's . 

concatenate 

Jo in  together. Strings,  f i les e tc . ,  may be concatenated!  

constant 

Any valu e  which does not change. 

contiguous 

Adj a c e n t ,  l y i n g  next to eac h o t h e r  e t c .  A c o n t igu o u s  b l o c k  o f  
memory i s  a b lock whose ad dresses  are numerical ly adjacent  and 
contain no gaps .  



Mastering Amlga Programming Secrets 

control character 

A c haracter that s ignif ies the start or fin ish of some process .  

Copper 

An abreviation  for the  Amiga's Co-processor ch ip .  

Co-processor 

B r i l l i a n t  a n d  p o w e r fu l  Am i ga c h i p  whi c h  h a n d l e s  m u c h  o f  t h e  
d isp lay work. This c h i p  has i ts  own instruct ion s e t  which a l lows i t  
t o  m o d i fy d i s p l ay c h a r a c t e r i s t i c s  w i t h o u t  r e q u i r i n g  6 8 0 0 0  
processor  intervent ion .  Advanced Amiga programmers write t h e i r  
o w n  C o p p e r  l i st s  (Co-processor  programs) fo r do ing  s t range a n d  
wonde rfu l graphics  tr icks.  

CPU 

Central Processing Unit .  

crash 

A term used when a computer program terminates u nexpectedly o r  
w h e n t h e  sys t e m  h a rdware  o r  s o ftware ma l fu n c t i o ns .  U s u a l l y  
reserved for ser ious  problems that have n o  way o f  escape o t h e r  
t han restart ing t h e  system. 

CRT 

Cathode Ray Tu be 

data set 

A co l l ect ion of  data i tems.  

debug 

To e l i minate e rrors withi n a program. 

debugger 

A program designed to he lp  programmers f ind e rrors (bugs) in t h e i r  
p r o g r a m s .  N o wa d ay s  s o m e  h i g h l y  s o p h i s t i c a t e d  i n t e ra c t i v e  
debu ggers are avai lable which can l ink into the o rig inal source  code  
as a p rogram is  execut ing. 

decimal constant 

A co nstant written as a base 1 0  number. 

default value 

A value wh ich wi l l  be suppl ied automatical ly if no other is give n .  

delimiting characters 

C haracters placed at the beginn ing or end of a c harac ter  str ing. 

depth arrangement gadget 

A n  A m iga system gadge t wh ich  a l l ows a u s e r  t o  d e p t h  arrange  
(br ing  to  fro n t  o r  send  t o  b a c k )  a window in  r e l a t i o n  t o  o t h e r  
windows cu rrently d isp layed.  
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destination file 

A fi l e  be ing  written to .  

digital-to-analogue converter 

A h ard ware  d e v i c e  w h i c h  w i l l  c o nv e rt a b inary n u mb e r  i n t o  an 
a na logue (cont inuous ly variab le )  l eve l s igna l .  

OMA 

D i rect  M e mo ry Access  

direct memory access 

A method o f  d ata t ransfe r  whereby i nte l l igent hardware devices  can 
read and write to  memo ry without the mai n  microprocessor  be ing  
i nvolve d .  

d isable 

To prevent something from b e i ng u sed .  

display memory 

The RAM area that contains data used  to produce the screen  i mage.  

display mode 

A p a r t i c u l a r t y p e  o f  s c r e e n  d i s p l ay . . .  l o w  r e s o l u t i o n ,  h i g h  
r e s olut ion ,  non- inter lacedd etc .  

double-click 

Press ing and re leas ing a mouse button twice i n  qu ick  success ion .  

double-menu requester 

A n  Amiga requester  whi c h  can be opened  by a doub le -c l i c k  o f  a 
mouse button .  

d rag 

S h i ft ing the pos i t ion  of a screen obj ect by se lec t ing it and ,  whi l s t  
ho ld ing the  mouse  button down,  movi ng (dragging) i t  to another  
loc at i on .  

dual playfield 

An Amiga d i s play mode which al l ows two separate p layfi e lds  to be 
d i s played and control l e d  s i mu l taneously. 

editor 

See  text ed i tor. 

enable 

To make something avai lab le  for use .  

encrypt 

To co nvert a fi le  (or  other  i nformat ion set)  i nto  a form which cannot  
e a s i l y  be  u n d e r s t o o d .  Da ta  is  u s u a l l y  e n c ry p t e d  for  s e c u r i t y  
pu rpose s .  
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EOF 

End o f  F i l e  

Exec 

The Amiga's low level  system software wh ich  contro ls  tasks,  tas k 
swi t c h ing ,  i n terrupt  schedu l ing ,  message pas s ing ,  I/O and many 
other und erlying system funct ions .  

extended selection 

A method o f  se l ect ing more than one opt ion fro m a menu .  

FIFO 

F i rs t  In  F i rs t  Out 

file 

A set  of data i tems he ld  on d i skette ,  tape or other  med ium.  

filename 

A name give n to a fi l e  for ident i ficat ion puroses .  

fil l  

To c olour  or  d raw a patte rn into an enc losed area. 

flag 

A si ngle  b i t  with in  a microprocessor  regi ster  o r  memory locat ion  
which  has been chosen to  represent  some TRUE/FALSE ,  YES/ N O ,  
type s i tuat ion .  

float ing Point 

A m e a n s  o f  r e p r e s e n t i n g  n u mb e r s  i n  t h e  b i n ary e q u iva l e n t  o f  
"sc i ent i fi c  notat ion" , i . e . ,  by spec i fying an exponent  and a mant issa .  

gadget 

An Amiga i c o n  type obj e c t .  Amiga gadgets  can represent  o n/o ff 
switches ,  one and two d imensi onal proporti onal s l iders ,  can c o l l e ct 
text str ing and number message s .  Some standard graphic  forms are 
avai lab le  but most Amiga programme rs d e l ight  in c reat ing t h e i r  
own graphics  gadget masterpieces .  

Gen lock 

Hardware device  which a l lows the capture and p layback of v i d e o  
tape frames.  

ghosting 

O v e r l ay i n g  a n  i ma ge  w i t h  a laye r o f  d o t s  ma k i n g  i t  s l i g h t l y  
i n d i s t i n c t .  Ghost ing o f  gadgets  and menu i t ems i s  u s e d  t o  t e l l  a 
u ser that certain opt ions are not  avai lable .  

Gimmezerozero window 

A n  A m i ga w i n d o w  w h i c h  has a s e parate  b i tmap fo r t h e  b o r d e r  
graph ics .  
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glitch 

A transient ,  usual ly unreproduceable ,  problem u sual ly assoc iated 
wi th  some hardware malfu nct ion .  

hard copy 

A p r i n te d  l i s t i ng o f  s o m e  c o m p u t e r  o u t p u t  as o p p o s e d  t o  t h e  
output  displayed on  a VDU screen .  

hashing 

or "Key to address transformation" is a col lect ive term used to  
d e s cr ibe  the techn iques for calcu lating the address  o f  a data i tem 
( o r  d ata i tem set )  by us ing a mathematical  funct ion o f  the search 
key. 

header file 

Another term for a C inc lude  fi l e .  

hexadecimal 

A base 1 6  numbering system us ing the digits  0 - 9 and the l e tte rs A 
- F. 

hexadecimal constant 

A base 1 6  constant wh ich i n  assembler  is written with the prefix $ 
fo l l owed by the hexadec imal d igits themselves .  

iconic 

A "p icture"  representation ,  c . f. i cons 

IDCMP 

I n tu i t ion  D i rect  Communications Me ssage Port.  Arguably the most 
i m p o r t a n t  m e a n s  o f  t w o  way,  p r o g r a m  < - >  I n t u i t i o n ,  
c ommunicat ion .  

uo 
i nput/ou tput .  

interrupt 

A n  e x t e r n a l ly i n s t i g a t e d  r e q u e s t  t h a t ,  i f  a c c e pte d ,  c a u s e s  t h e  
p ro c e ssor  to  save i t s  c u rrent  s tatus and pe rfo r m  s o m e  requ i re d 
fu nct ion .  When the fu nct ion has been completed the status of  the 
p rocessor is  restored and control handed bac k to the inte rru pted 
program. 

lntuiMessage 

M essages created for appl icat ions programs by In tu i t ion .  

Intuit ion 

U sers  regard Intu i t ion as the Amiga's high leve l graphics  in te r face ,  
i e  t h e  o v e r a l l  Wo r k b e n c h  o r i e n t a t e d  W I M P  a r r a n g e m e n t .  
Programmers take a mu ch  lowe r  l evel  view regardi ng Intu i t ion a s  a 
mass of  system rout ines  and object  defin i t ions  which can be used 
to s i mpl i fy the ir  p rogramming tasks. The Intu i t ion approach a l l ows 
p r o g r a m m e r s  t o  e a s i l y  c r e a t e  p r o g r a m s  wh i c h  u s e  w i n d o w s ,  
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gadgets ,  menus etc .  

jump 

A type of processor  instruct ion  which cau ses contro l  to pass from 
o n e  s e c t i o n  of a program to a n o t h e r. The j u mp i s  a c h i e v e d  by 
a l ter ing t h e  c o ntents  of the processo r's program c o ntro l  regis ter  
( th is  i s  the  register which te l l s  the processor where i t  shou ld  ge t i ts  
n ext i n s t r u c t i o n  from) .  The 68000  i m p l e m e n t s  o r d i nary j u mp s ,  
subrout ine style j u mps a n d  branches (the later t e r m  i s  reserved for 
i n stru ct ions  wh ich use relative addressing) .  

keymap 

A t r an s l a t i o n  ta b l e  w h i c h  d e s c r i b e s  t h e  c o n v e r s i o n  o f  Amiga  
keyboard key presses in to  spec if ic  numerical codes .  

label 

R e c t a n g u l a r  s h a p e d  p a p e r , o ft e n  s t i c ky ,  u s e d  f o r  p l a c i n g 
ident i ficat ion marki ngs on  obj ects .  

label 

An ident i ficat ion name used  with in  the source  code  to refe r  to a 
part icu lar sect ion of  cod ing. 

l inked list 

A set  o f  data i tems l i nked toge ther  by us ing po inters .  Sometimes 
ca l led "chains" .  

long word 

On the Amiga th is  impl ies  a 3 2  b i t  b i nary number. 

low-level language 

A computer language whose pr imitive operat ions  are c lose ly related 
to  the processor on which the language runs .  Ass e mbly language s 
are low-level .  

memory map 

A diagram showing the a l locat ion of the various  parts o f  memory 
c hosen fo r a part icu lar system or  program. 

menu bar 

A str ip in an Amiga screen t i t l e  bar wh ich ,  when the r ight mouse 
button i s  depressed ,  d isplays the menu l i s t  categor ies .  

menu button 

The Amiga's right-hand mouse butto n.  

message port 

A fu ndame ntal so ftware s tru c ture  used  by Exec's c ommunicat ion 
mechanism.  

mutual exclusion 

Gadgets and menu items are mutually exc lus ive if the  se lect ion  of  
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o n e  i t e m  automat ica l ly  proh ib i ts  the  s e l e c t i o n  o f  any a l te rnat ive 
i t ems .  

NTSC 

T h e  N a t i o n a l  Te l e v i s i o n  S t a n d a r d s  C o m m i t t e e  s t a n d a r d  fo r 
c omposi te  v ideo .  Used mainly in  North America.  

null-terminated string 

A str ing o f  bytes  which are terminated by a zero value .  

octal 

A base 8 n u mber ing syst e m. 

operand 

The valu e  u p o n  which an instruct ion  o r  statement wi l l  operate .  

operating system 

A co l l ec t ion  o f  rout ines  that pe rform the I/O and other  hardware 
dependent  chore s  that are needed for a computer  to  fu nct ion .  

PAL 

Phase Alternate L ines .  A compos i te video standard u sed wide ly i n  
t h e  UK  a n d  western Europe .  

parallel port 

Hardwa re device which ,  on the  Amiga, is used  for t ransmitt ing data 
e ight b i ts at a t ime .  Used mai nly for pr inter  connect ion .parameter  

Any v a l u e  w h i c h  m u s t  be e x p l i c i t l y  p a s s e d  to  a s u b r o u t i n e ,  
fu n c t i o n ,  p ro c e d u r e  o r  p rogram i n  o r d e r  for  i t  t o  b e  p r o p e r ly  
executed .  

pen 

C o mm o n  te r m  fo r a var i a b l e  wh i c h  c o n t a i n s  a c o l ou r  r e g i s t e r  
number. 

peripheral 

Any external or remote device co nnected to a computer  system,  eg  
a pr in ter. 

pixel 

The smal lest  addressable part of a screen d isplay. 

playfield 

Another  name for a screen bac kgrou nd.  

pointer 

An add re ss ,  r ecord  number  o r  o ther  i nd i cator  that s p e c i fi e s  the  
next i t em o f  a data se t  taken i n  a spec i fied logical order. Wi th  68000 
assembly language po inters are normal ly taken to mean addresses .  

Preferences 

A n  Amiga sy s t e m  p rogram w h i c h  a l l o w s  a u s e r  t o  s e t  a l a rge  
number of  user-defi nable I/O c haracter ist ics .  
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primitives 

Another name for Amiga l ibrary fu nctions and system rout ines .  

proportional gadget 

A standard In tu i t ion  gadge t that al lows one and two d i mens ional 
movement to be detected .  The user is  able to move a knob or  s l ider  
a r o u n d  b y  d r aggi ng i t  u s i n g  the  mou s e .  As the  s l i d e r  m o v e s  
In tui t ion transmits appropriate posi t ion values t o  t h e  program. 

refresh 

To re-d raw part (or  a l l )  of  a graphics d i s play. 

render 

Draw an i mage into a d isp lay area. 

repetition 

Repeating a set of act ions a give n number of t imes .  

requester 

An Intu i t ion window wh ich appears asking a user  to provide  some 
i n format ion .  

RAM 

Rando m  Access  Memory. 

ROM 

Read Only Me mory. 

scroll 

To make a gra p h i c s  d i s p lay move upward s/d ownwards (ve rt ica l  
scro l l ing) or  s id eways (hor izontal scrol l ing).  

select box 

The area of  a gadget or menu within which Intu i t ion can recognize 
a l e ft- c l i ck  se lect  operat ion .  

select button 

The Amiga's l e ft-hand mouse button.  

sequence 

Operat ions fol lowing each other  in t ime.  

set 

A co l lec t ion  of i tems.  

set 

The act of turn ing a bi nary 0 into a binary 1 val ue .  

Shell 

An im p roved C LI in te rface which  o ffe rs a number  of u s e fu l  new 
fac i l i t i e s  i n c l u d ing  l i n e  e d i t i n g and re-u s e  o f  prev i o u s ly typed  
c o mmand s .  
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sizing gadget 

An Amiga system gadget which a l lows a user  to drag-alter  the s ize  
of  an I ntu i t ion  wi ndow. 

software 

Any program o r  rout ine for a computer. 

source code 

The text vers ion o f  a program, ie the program actually writen in the 
fi rst  p lace .  

source file 

A fi l e  from whi c h  data i s  be ing read. 

sprite 

A smal l graphical i mage . The term was original ly appl ied to images 
whose movements were contro l led d i rect ly by hardware .  The Amiga 
s u p p o r t s  b o t h  s i mp l e  h a r d wa re  s p r i t e s ,  v i r t u a l  s p r i t e s ,  a n d  a 
number o f  more sophist i cated an imat ion objects .  

submenu 

A s e c o n d a ry m e n u w h i c h  a p p e a rs  o nc e  a u s e r  h a s  s e l e c t e d  a 
spec i fi c  menu i t em. 

SuperBitMap window 

An I ntu i t ion  window which has i ts  own b i t map rather  than u s i ng 
the u n de rlying screen d isplay's bitmap. 

synchronous 

O p e rat io n s  w h i c h  are pe rformed with  re fe r e n c e  to a cont r o l l i n g 
overall  t iming sou rce . 

syntax 

The fo rmal grammat ical structure o f  a language. 

terminal handler 

A p r o c e s s  w h i c h  l oo k s  a ft e r  t e rmi na l/keyboard  i n p u t/ o u t p u t  
operat ions .  

text editor 

A program that enables text to be written,  manipu lated , stored etc .  
Wo rd processor  programs are sophist icated text editors .  

title bar 

An o p t i o na l  s t r i p  at t h e  t o p  o f  a w i n d ow or s c r e e n  w h i c h  may 
co ntain e i ther  a name, some system gadgets ,  or  both.  

toggle select 

Boolean gadgets (on/off state gadgets)  can be programmed so that 
they switch from one state to another eac h t ime they are se l ected 
by a user. Suc h  gadgets are  cal led toggle se lect  gadgets .  
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tool 

An Amiga Wo rkBench name for an appl icat ion program. 

trackerball 

An in put  device  which  is l i ke an ups ide  down mou s e .  Instead o f  
m oving the whole  device  a ro u n d ,  a s  o n e  d o e s  with a mouse ,  the  
u s e r  moves a ba l l  us ing fi ngers/thumb or pa lm of the hand . Th is  
m o v e m e n t  i s  t h e n  t ra n s l a t e d  i n t o  s c r e e n  p o i n t e r  move m e n t .  
Tracke rbal l s ,  l i ke t h e  more common mouse device ,  usual ly provide  
b u tton contro l s  as wel l .  

two's complement 

A n u m e r i c a l  r e p r e s e n t a t i o n  i n  w h i c h  p o s 1 t 1 v e  n u m b e r s a r e 
re presented as ord inary s igned b i nary but  negative numbers are 
re presented by complementing the number and adding one .  

UART 

U n iversal  Asyn c h ronous  Rece iver/Transmitter  devi c e .  A hardware 
device which controls  the serial  port l ink.  

VDU 

Visual d i splay u ni t  

Warnier diagram 

A des ign d iagram t hat u ses  sets  o f  h ie rarchical  cur ly brackets to  
ind icate the logical  structure o f  a problem, program o r  system.  

wild card symbols 

Symbols  which may be used to re present  any charac ter  in a pattern .  

word 

I n  the world o f  the 68000 programmer, and on the Am iga, a word i s  
taken to  mean a 1 6  bi t  binary nu mber. 

Workbench 

The Amiga's inbu i l t  h igh-l eve l in terface appl icat ions  program which 
a l lows users to  interact with AmigaDOS, ru n appl i cat ions programs 
e t c .  without getting involved with C U/Shel l  co mmands .  
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N o t e  t h a t  w e  o f f e r a 2 4 - h o u r  
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'phone at a t ime to su i t  yourse l f. 
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i n  t h e  U K  a n d  e n d e a v o u r t o  
d ispatch a l l  books wi th in  2 4-hours .  
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y o u r  l o c a l  b o o k s h o p s  - t h i s  
i n c l u d e s  W H  Smiths  wh ich  w i l l  b e  
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Overseas Orders 

Pl ease add £3 per  book (Europe)  o r  
£ 6  p e r  b o o k  ( o u t s i d e  E u r o p e )  t o  
cover postage a n d  packing.  Pay by 
s ter l ing c h eque or by Access ,  Vi sa 
or Mastercard . Post,  Fax or Ph o n e  
y o u r  order  to  u s .  

Dealer Enquiries 

O u r  d i s t r i b u t o r  i s  C o m p u t e r  
B o o ks h o p s  L t d  w h o  ke e p  a g o o d  
s t o c k  o f  a l l  o u r  t i t l e s .  C a l l  t h e i r  
Customer  Serv ices  Department  fo r 
best te rms on 02 1 -706 - 1 1 88 .  
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Compatibility 

We e n deavo u r  to  ensure that a l l  genera l  Maste ring Amiga books are 
fu l l y c o m p a t i b l e  w i t h  a l l  A m i ga m o d e l s  a n d  a l l  re l e a s e s  o f  
AmigaDOS and Wo rkbench .  

Mastering AmigaDOS 3 Volume One - Tutorial by Mark Smiddy 
ISB N :  1 -8 73308-20- 5 ,  Pri ce £2 1 .9 5 ,  3 84 page s.  

The place to  begin if you want to l earn about and e ffect ively use  
AmigaDOS.  C ove r ing  both  AmigaDOS 2 and  3 ,  the tutor ia l  gu i d e  
assu me s  n o  previous knowle dge of  AmigaDOS. F r o m  formatting a 
d i s k  to  p ipes  and mult i tasking,  even mul t i -user, th i s  vo lume wi l l  
turn the novice in to an expert with  its practical  approac h and many 
fas c i n a t i n g  exa m p l e s .  T h e  d i s k  w h i c h  a c c o m p a n i e s  t h e  b o o k  
contains a l l  the exam ples and many other  usefu l  AmigaDOS tools .  

Mastering AmigaDOS 3 Volume l'Wo - Reference by Mark Sm iddy 

ISBN : 1 -8 73 3 08- 1 8- 3 ,  Pri ce £ 2 1 .9 5 ,  4 1 6  pages .  

Fo l lowing on from the  best  se l l i ng Maste ring AmigaDOS 2 volumes ,  
Master ing Amiga DOS 3 ,  Volume Two i s  a complete  A to  Z reference 
to  DOS co mmands cover ing versions 2 .04 , 2 . 1  and 3 .  The act ion of  
each c om ma nd i s  e x p l a i n e d  a nd  exa m p l e s  to  t ry a re p rov i d e d .  
Chapters  on  AmigaDOS error  codes ,  v iruses ,  t h e  I n terchange F i l e  
F o r m a t  ( I F F ) ,  t h e  M o u n t l i s t  a n d  t h e  n e w  h y p e r t e x t  sy s t e m ,  
AmigaGuid e ,  compl ete th is  valuable gu ide .  

Mastering Amiga Scripts 

ISBN : 1 -8 73 3 08-36- 1 ,  Pri ce 3 1 9 . 9 5 ,  3 1 9 pages.  

Master ing AmigaDOS Sc r ipts  co ntains over one  hundred ready-to­
run s c r i pt p rogra m s .  There are scr i pts  p rograms for AmigaDOS 
vers ions 3 .x ,  2 .x and l .x  so th is  book is  appl icable to  al l  Amigas , 
inc lu ding the Amiga A l  200,  A600, A 5 00 Plus ,  A 5 00 ,  A4 000, A3000 
and A2000 microcomputers .  

The scr ipt programs a re  fu l ly  docume nted l ine by  l i ne so that you 
c a n  l e a r n  f o r m  t h e m ,  p i c k n g  u p  t h e  n e w  t e c h n i q u e s  a n d  
p ro g r a m m i n g  t w i s t s  w h i c h  A m i g a D O S  gu ru M a r k  S m i d d y  h a s  
d ev i s e d .  Beg i n n e r s  wi l l  fi n d  t h e  s c r i p t s  e a s y  t o  l o ad a n d  ru n ,  
p rovi d i ng handy o ff- the-s he l f  u t i l i t i e s  and fu l l  programs such  as 
database and diary. 

Workbench 3 A to Z Insider Guide by Bruce Smith 

ISBN : 1 -8 73 3 08-28-0 ,  Pri ce £ 1 4 . 9 5 ,  2 5 6  pages.  

Every aspect of  the  Amiga Wo rkbench i s  documented with screen 
s hots  and exampl e s  of  usage . Once  you 've become fam i l iar  wi th  
Wo r k b e n c h  t e c h n i q u e s ,  t h i s  a l p h a b e t i c a l  r e f e r e n c e  p r o v e s  
i n va l u a b l e  wh e n  y o u  n e e d  t o  f i n d  a fi l e ,  r e m e m b e r a m e n u  
o p e rat ion o r  . . .  how d o  you ru n that Commodity? O wn e rs o f  A 5 00 
Plus and A2000/3000 upgradi ng to Workbe nch 3 wi l l  f ind th is  an 
esse nt ial add-on to the i r  manuals .  



Amiga A1 200 Insider Guide by Bruce Smith 

ISB N :  1 -8 73 3 08- 1 5 -9 ,  pr ice £ 1 4 . 9 5 ,  2 5 6  pages .  

Mastering Amlga Guides 

Assu m i ng no pr ior  knowledge ,  i t  s h ows you how to  get  the  v e ry 
best  from your  A l  200  i n  a fri end ly man ner  and u s i ng i ts  u n ique  
Ins ider  Gu ide  s teps .  Configur ing your system for pr inter, keyboard , 
Workbench  co lours ,  use  o f  Commodit ies  and much much more has 
made t h i s  the best-se l l i ng book for the A l  200 .  

As we l l  as easy to  read explanat ions  o f  how to  get to gr ips  with the  
Amiga, the  bo o k  features 5 5 of  the  u nique Ins ider  Guides ,  each of  
which  d i sp lays graphical ly  a se t  of  step by step instruct ions .  Each 
I n s i d e r  Gu ide  concentrates  on  a espec ia l ly  i mportant or  common 
task  which the user  has  to  carry out  on  the Amiga. By fo l lowing ari 
I n s i de r  Gu ide  the user  l earns how to  control  the Amiga by examp l e .  
Begi nners to t h e  A l  2 0 0  w i l l  part i cu larly appreciate t h i s  approach to  
a complex computer. 

Amiga A1 200 Next Steps by Peter Fitzpatrick 

I SB N :  1 -8 73 3 08-24-8 ,  Price £ 1 4 . 9 5 ,  2 5 6  pages .  

F o r  t h o s e  who h av e  mastered  the v ery  bas i cs  o f  t h e  A l  2 0 0  t h i s  
b o o k  i s  t h e  i d eal  companion  to  o u r  Amiga A l  200  I n s i d e r  Gu i d e .  
Leav i ng t h e  bas i c s  o f  t h e  Workb e n c h  and AmigaDOS b e h i nd t h i s  
b o o k  takes you t h e  next step and shows y o u  how to  get t h e  very 
m o s t  o u t  o f  y o u r  A l 2 00 ,  u s i ng b o t h  the  s o ftware s u p p l i e d  a n d  
o t h e r  material read i ly avai lab le .  

F o r  e xa m p l e ,  l e a r n  how t o  u s e  M u l t i Y i e w  t o  w r i t e  y o u r  o w n  
a d v e n t u r e  g a m e  a n d  e d i t  a p i c t u r e !  C r e a t e  y o u r  o w n  fu l l y 
r e c ov e r a b l e  Ra m  d i s k, g e t  b e tt e r  r e s u l t s w h e n  you  p r i n t  o u t ,  
recove r de le ted fi l e s .  We even show you how t o  add you r own hard 
disk and c opy software onto i t !  This i s  only the t ip o f  the i cebe rg. 
Amiga A l  200 Next Steps i s  worth its weight in gold !  

Amiga Assembler Insider Guide by Paul Overaa 

I SB N :  1 -8 73 3 08-2 7-2 ,  Pr ice £ 1 4 . 9 5 ,  2 5 6  pages.  

The Amiga Assembler Ins ider  Guide has been written for the  new 
u ser  w h o  w ish e s  to  l earn to  write programs i n  the  native code o f  
the  Amiga c o mputer  - assembly language. The approac h taken to  
th i s  often daunt ing subject  i s  des igned to ach ieve pract ical resu lts  
w i th  s h o rt exampl e s  which d e m o n s t rate d i ffe re n t  progra m m i n g  
s k i l l s .  Each program i n  t h e  b o o k  can b e  assembled  a n d  run  in  u n d e r  
one  minute  s o  the beginner n e e d  have no fear o f  l ong impen etrab le  
l is t ings .  Th i s  i s  programming for the  novi c e ,  made a l l  the  eas i e r  
t h o u g h  t h e  m i n i  I n s i d e r  Gu i d e s  w h i c h  s u m ma r i s e  i m p o r t a n t  
ope rat ions and fu n damental concepts .  

The book i s  compat ib le  with al l  the mai n  assemblers on  the marke t.  
A support d i s k  i s  avai lable from the publ isher  which  contains  the 
A68K assemble r, a l l  the l i s t ings i n  the book,  addit ional u t i l i t i es  and 
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examples  (cost £2 .00 P&P). With the Amiga Assembler  Ins ider  Gu i de 
l e arning assembler  on the Amiga has never been eas ier. 

Amiga Disks and Drives by Paul Overaa 

ISBN : 1 -8 7 3 3 08-34-5 , Pr ice £ 1 4 . 9 5 ,  2 5 6  pages.  FREE Ut i l i t ies  d isk. 

J u s t  what do you d o  when a l l  your valuab le  data i s  locked i n  your 
c o mpute r? How d o  you c opy f i les  and instal l  software? What do you 
d o  when you can't  fi nd a fi l e  on the Workbench screen? This book 
has a l l  the  answers !  

Paul Overaa teaches you how to  use  and care for a l l  types o f  d isk  
d r ives in  order  to  min imise  the  r isk  o f  problems ,  to  get  a bette r 
u nd erstand ing o f  how they work and what you can do i f  th ings go 
wro ng. Packed with prac t i ca l  t o p i c s ,  i t 's s t ep  by s t e p  gu i d e s  are 
i nval u ab le  t o  nov ice  and advanced  users  al i k e .  App l i cab le  to a l l  
Ami gas. 

Amiga A1 200 Beginners Pack 

I S B N :  1 - 8 7 3 3 0 8 - 3 0 - 2 ,  P r i c e  £ 3 9 . 9 5  p l u s  £ 3  p& p ,  o n e - h o u r  
Workbench basics  v ideo and two books (A l 200 Ins ider  Gu ide  and 
A miga Next Steps)  p lus  4 d isk  of  essent ia l  software . 

C o mbin ing  the  Amiga A l  200 Video ,  the  Amiga Next Ste ps  Ins ider  
Gu ide  and the Amiga A l  200 Ins ider  Gu ide th is  bumper  pack i s  t h e  
p e r fe c t  g i ft fo r s omebody you k n o w  t a k i n g  t h e i r  fi r s t  t e n tat ive 
s teps a long the wonde rfu l road o f  Amiga computing.  

The d i s ks of  softwa re contain the  most sought afte r  programs eve ry 
beginner  shou ld  have, inc lud ing a database ,  a wordprocessor, a c l i p  
art  s e l e c t i o n ,  t h e  OctaM ed mus ic  sampler, a v i rus  c h e c ke r, a fi l e  
recovery package and a d isk  compress ion ut i l i ty. 

If you already have one  part of the pack then te lephone us for an 
u pgrade p ri ce .  

Amiga Workbench 3 . 1  Booster Pack 

I SBN :  1 -8 7 3 3 08-4 1 -8 ,  Pr ice £ 3 9 . 9 5  p lus £3 p&p,  one  and a ha lf  hour  
Wo rkbench video ,  two books (Wo rkbench 3 A to  Z and Amiga Disks  
& D rives )  a Qu i c k  Reference Card and a d isk  of  e ssent ia l  software. 

Al ready over 400 ,000 A l 2 00 and CD3 2 owners enjoy the power and 
versat i l ity of  Workbench 3. Now the mi l l ion  p lus  owners of  A 5 00 ,  
A20 00 and o ther  recent  machines  can  enjoy the same powe r w i th  a 
s i mple  c h i p  u pgrad e .  

T h e  A m i g a  Wo r k b e n c h  3 B o o s t e r  P a c k p r o v i d e s  t h e  m o s t  
c o mprehensive su pport  fo r such  new users .  The Workbench 3 A to  
Z book an d  the  90 minute  Amiga A l  200  - A D e e p e r  Look  v i d e o  
p rovide  the comple te gu i de in  both tutorial a n d  refe rence  mater ia l  
to  Workbench 3 .  The Amiga Disks and Drives Ins ider  Guide  goes on 
to take t h e  n e w  u s e r  to i n t e r m e d i a t e  l e v e l s ,  s h o wi n g  h o w  t o  
o p t im is e  t h e  u se o f  t h e i r  mac h i nes  i n  both  s p e e d ,  capa c i ty and 
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s e c u r i t y. A l l  t h i s ,  a d i s k  o f  e s s e n t i a l  s o f tware  a n d  t h e  Qu i c k  
Reference  card make i t  a n  essent ia l  purchase .  

I f  you  al ready have one  part o f  the  pac k then te l ephone  us  fo r an 
u pgrade pr ice .  

Introduction to the Arn iga A 1 200 Video b y  Wall  Street Video/BSB 

BSBVIDAM IOO l ,  Pr ice £ 1 4 . 9 9 ,  one-hour Wo rkbench bas i cs  v ideo .  

New from Bruce  Smith Books in  associat ion wi th  Wal l  S t reet  Vid e o  -
Austra l ia 's l e ad i ng Amiga t ra in ing  c o mpany - the  p e r fe c t  v i d e o  
introduct ion t o  us ing your Amiga A l  2 0 0  a n d  a perfec t  companion 
for the  world's best  se l l ing A l 200 book,  Bruce  Smith's c lass ic  Amiga 
Al 2 00 I ns ider  Guide .  This one hour  video provides  a basic tutoria l  
on h o w  to s e t  up and r u n  y ou r A m i ga A l  2 0 0  by u s i n g g r e a t  
an imat ions a n d  sp l i t  s c reens  t o  increase your u nderstand i ng o r  the 
c o nc e pts be ing  explai ned .  Re-examine  those  t r i c ky grey areas by 
instantly rewind ing the video.  

Appl i c ab l e  to  both  hard and fl oppy disk users the  Amiga Al 2 0 0  
Vi d e o  may a l s o  by u s e d  to  u n d e rstand t h e  Amiga A 4 0 0 0  and  a t  
£ 1 4 . 99 represents outstanding valu e .  

Introduction t o  the Arn iga A 1 200 - A Deeper Look Video by Wall  
Street Video/BSB 

BSBVIDAMI002 ,  Price £ 1 4 . 9 9 ,  7 5  minutes v ideo .  

The fo l lo w-up to the best-se l l ing Introduct ion  to the  A l  2 00 from 
Austral ia's Wal l  Street  Vi deo.  Appl icable to  any Workbench 3 Amiga, 
th i s  v ideo  goes beyond the fi rst s teps  of u s i ng you r mac h i ne t o  
comprehen sively tackle a l l  t h e  features of  Workbench 3 .  

Mastering Amiga System by Paul Overaa 

ISB N :  1 -8 73 3 08-06-X, Price £29 . 9 5 ,  398 pages.  FREE d i sk. 

S e r i o u s  Amiga p rogrammers n e e d  to  u s e  t h e  Amiga 's o p e ra t i n g  
system to write l egal , portable and e ffi c ient programs.  B u t  i t 's n o t  
e a s y !  Pa u l  Ove raa shares  h i s  exp e r i e n c e  i n  t h i s  i n t ro d u c t i o n  t o  
s y s t e m  p ro g ra m m i n g  i n  t h e  C l a n g u ag e .  T h e  a u t h o r  k e e p s  i t  
s p e c i f i c  a n d  p r e s e n t s  s k e l e t o n  p r o g r a m s  w h i c h  a r e  fu l l y 
d o c u m e n t e d  s o  t h a t  they  can be  fo l l owed by t h e  newc o m e r  to  
A m i g a  p ro g r a m m i n g .  The l a r g e r  p r o g r a m s  are  fu l l y - f l e d g e d  
examples which can serve a s  templates for the reader's own ideas 
as confidence i s  gained .  

Mastering Amiga Printers by Robin Burton 

ISB N :  1 -8 7 3 3 08-05 - 1 ,  Pri ce £ 1 9 . 9 5 ,  3 3 6  pages.  FREE Programs d i sk  

After  read i ng Master ing Amiga Pr inters ,  a ny  Amiga owner  wi l l  be  
a b l e  to  c h o o s e  e f fe c t i v e l y  t h e  i d e a l  p r i n t e r  f o r  h i s  o r  h e r  
requ i rements .  The Amiga's own pr inter  control  software i s  pu l l ed  
apart and exp lained from al l  points of  view, fro m the Wo rkbench to  
the  o p e rat i n g s y s t e m  r o u t i n e s .  I n d i v i d u a l  p r i n t e r  d r i v e rs are  
assessed and screen-dumping techniques expla ine d .  
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Mastering Amiga C by Paul Overaa 

I SBN :  1 -8 73308-04 -6 ,  Pri ce £ 1 9 . 9 5 ,  3 2 0  pages .  

FRE E  Programs Disk  a nd  NorthC Pu bl ic  Domain compi l er. 

C is one of the most  powe rfu l  programming langu ages eve r c reated 
with much o f  the Amiga's o pe rat ing system wri t ten u si ng C .  The 
in t rodu ctory text assumes no  prior knowle dge o f  C and covers a l l  of  
t h e  maj o r  c o mp i l e rs ,  i n c l u d i ng t h e  c harityware North( c o mp i l e r  
suppl ied  with t h i s  b o o k  when ordered d i rect  from BSB.  I t  is  ideal for 
anyo ne u s ing the i r  Amiga to catch up on computer  studies !  

Mastering Amiga ARexx by Paul Overaa 

I SBN :  1 -8 73308- 1 3 - 2 ,  Pr ice £2 1 .9 5 ,  3 3 6  pages .  FREE d i sk. 

Now a standard part of  Commodore's software strategy and readi ly 
ava i l ab l e  t o  Wo r kb e n c h  2 a n d  3 u s e r s ,  ARexx has b e e n  mu c h  
admired by the  programming commu nity and i s  now avai lable to a l l  
as  a t h i rd party product .  This book i s  an ideal  com pan i o n  to the  
ARexx d o c u mentat i o n ,  expla i n i ng ARexx's mai n featu r e s ,  how i t  
c o n t r o l s  o t h e r  p r o g r a m s ,  i t s b u i l t - i n  fu n c t i o n s  a n d  s u p po r t 
l ib rari e s ,  methods for c reat ing we l l  structured ARexx programs and 
much ,  much more .  

Amiga BASIC - A Dabhand Guide b y  Paul Fellows 

I SBN :  1 -8 73 3 08-87-9 ,  Price £ 1 7 .9 5 ,  5 6 0  pages. 

FREE Disk with ACE Freeware BASIC compi ler. 

BASIC i s  the computer  programming language devised fo r beginners 
and now a standard on most computers .  The Amiga does n't usual ly 
c o me with a BASIC as  standard but we provi de  one with the book so 
you have a head start .  A number of  commercial  BASICS are avai lable 
i n c l u d i n g  H i S o ft BAS IC 2 ,  Tru e  Bas i c  and F BAS I C .  AMOS is a l s o  
BASIC- l ike in  i t s  structures a n d  keywo rds.  Th is  b o o k  i s  a substantial  
i n t roduc t i o n  to  the language and i s  p e p p e red with s o m e  of t h e  
c l everest rout ines around.  Paul Fe l lows is  a lead ing software author  
in  h is  own r ight  and his  programming expe r ience shi nes through in  
th i s  easy to  read gu i d e .  I f  you want to learn about programming in 
BASIC then th is  i s  the  place to s tart .  

Secrets of Frontier Elite by Tony Di llon 

ISBN : 1 -8 73 3 08-39-6 , Price £9 . 9 5 ,  1 2 8 pages .  

I f  yo u  want to  become E l i t e ,  o r  jus t  incredib ly r i ch ,  then get  th is  
book.  Th is  i s  the u l t imate gu ide to the u l t imate space trad ing game . 
Learn how to move u p  the  ran ks of  the mi l i tary, how to choose the 
best  sh ips  and weapons ,  how to  trade and mine to the top .  Games 
e d i to r  To ny Di l lon  has researched the game and inc luded many of 
the hints and t ips which have come his way. F ind  out how to gai n  
c ontrol  of  the secret  M i rage sh ip  and h o w  to  become E l i te ,  b y  the 
back door. 
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