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Preface 

L e a r n i n g a n  a s s e m b l y  
l a n g u a g e  i s  n o t  i n  i t s e l f  a 
d i ff i c u l t  ta s k  a n d  I ' l l  b e  t h e  
f i r s t  t o  a d m i t  t h a t  t h e re a r e  
many b o o ks ava i l a b l e  w h i c h  
h av e  e x c e l l e n t  i n t r o d u c t o ry 
accou nts o f  t h i s  subj ect .  Bu t a 
microprocessor d oes not  work 
in i s o l a t i o n  and i n  the Amiga 
the  6 8 000 processor  i s  j u st a 
s m a l l  p a r t  o f  a c o m p l e x 
s y s t e m  w h i c h  i n v o l v e s n o t  
o n l y  a g r e a t  m a n y  o t h e r  
h a r d wa r e  c o m p o n e n t s  b u t  a 
very complex cover ing s h e l l  o f  
o p e ra t i n g  system s o ftware as  
w e l l .  I f  y o u  a r e  i n t e n t  o n  
programmi ng t h e  Amiga u s i ng 
68000 assembly langu age then  
s o m e  k n o w l e d g e  o f  t h i s  
o p e ra t i n g  s y s t e m  i s  n e e d e d  
r i g h t  fro m  t h e  start  a n d  t h i s  
p r o d u c e s  a n  i m m e d i a t e  
stumbl i ng b l ock .  

Almost  a l l  books which dea l  i n  
d e p t h  w i t h  progra m m i n g  t h e  
6 8 00 0  m i c r o p r o c e s s o r  d o  s o  
i n  a n  o p e r a t i n g  s y s t e m 
i n d e p e n d e n t  w a y  a n d  t h i s  
makes i t  very d i ffi c u l t  fo r t h e  
wo u l d- b e  6 8 0 0 0  ( 6 8 K )  A m i ga 
p r o g r a m m e r  t o  r e l a t e  w h a t  
they are l earn i ng abo u t  t o  the  
A m i ga e n v i ro n m e n t .  On t h e  
fac e  o f  i t  t h e  s o l u t i o n  wou l d  
b e  t o  u s e  ge n e ral  68000 b ooks 
t o  l e a r n  a b o u t  p ro g r a m m i n g  
t h e  p r o c e s s o r  a n d  g e t  t h e  
Amiga-s p e c i fi c  mate r i a l  fro m  
b o o ks w h i c h  d ea l  s p e c i fi ca l ly 
w i t h  t h e  A m i g a ' s  o p e ra t i n g  
s y s t e m .  T h i n g s  a r e  n o t  
h o w e v e r  q u i t e  t h a t s i m p l e  
becau s e  much o f  t h e  Amiga's 
d o c u m e n t a t i o n  h a s b e e n  
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written with  t h e  C programmer i n  m i n d .  Worse than that,  m u c h  o f  i t  
has been wr i t ten  fo r profe s s i on a l  progra m m e rs w h o  a r e  a l re ady 
system l i te rate.  

The b o t t o m  l i n e  is  t h at in many ways n e w c o m e rs to a s s e m b l y  
language, n o  matter h o w  e nthu siast ic  t h e y  might  b e ,  a r e  l e ft h igh 
a n d  d ry a n d  i t  i s  exactly th is  information gap which I h ave t ri e d  to 
f i l l  w i t h  t h i s  b o o k. I 've at tempted  t o  i nt r o d u c e  6 8 0 0 0  a s s e mbly  
language s p e c i fi ca l ly  from an Amiga or ie ntated v iewp o i n t  and my 
main a i m  has b e e n  to provi d e  you wi th the  necessary footho lds  to 
get i nto l o w-level Amiga programmi ng as qu i c kly as p o s s i b l e .  

T h e  material  i n  t h i s  b o o k  i s  esse nt ia l ly  s e l f-c ontai n e d  b u t  a s  you 
progre s s  you wi l l  doubtless fol l ow your own path in terms o f  what 
you c ho o s e ,  Amiga-wi se ,  to take a n  i nterest  i n . Regard l e s s  o f  the 
d i re c t i o n s  i n  w h i c h  you t rave l  y o u  w i l l  a l m os t  c e rtai n ly get to a 
p o i n t  w h e r e  m o r e  a n d  m o r e  r e l i a n c e  h a s  t o  b e  p l a c e d  o n  t h e  
Amiga's o ff ic ia l  system documentat i o n .  I wou l d  be  l e s s  than ho nest  
i f  I t o l d  you that some exper ience  with the  C language wou l d  not  be  
a n  advan tage t o  y o u  at th is  s tage a n d  my e x p e r i e n c e  i s  that  a l l  
p r o g r a m m e r s ,  i n c l u d i n g  t h o s e  w h o s e  s o l e  i n t e r e s t  w a s  
programmi ng a t  t h e  68 000 micro p roc e s s o r  l eve l ,  have eve ntual ly 
n e e d e d  t o  c o m e  t o  t e rms w i t h  C j u s t  i n  o r d e r  t o  c o p e  w i t h  t h e  
o ff ic ia l  Amiga docu mentat i o n .  T h i s ,  from a l o n g  t e r m  viewpoint ,  i s  
someth ing wh i c h  you shou l d  c l early keep i n  m i n d .  

I wi l l  n o t  be  u s i ng, o r  refe rri n g  to t h e  C l anguage, fo r t h e  b u l k  of  
th is  book but  t h e re a few occasi ons ,  such as the  examp l e  o n  mixed 
code programming,  where some knowledge o f  C i s  n e e d e d .  Because 
of  this ,  and because  you may f ind the  mater ia l  general ly u sefu l i n  
you r  Amiga travel s ,  I have i nc l u d e d  a n  appe n d i x  w h i c h  o u t l i n e s  the  
most i mp o rtant featu res o f  the  C langu age . 

As far as l earni ng 6 8 00 0  assembler  goes I h ave worked pr i mari ly on  
a need to know b a s i s  and h a v e  c o n c e n t r a t e d  on  t h o s e  A m i ga 
spec i fi c  topics  that are not fou nd i n  more general 68000 bo o ks and 
wh i c h ,  in  my op in ion ,  have not  been proper ly  expla i n e d  (from the  
begi nner 's  vi e wp o i nt)  i n  ex ist ing Ami ga spec i fi c  texts.  I n  o rd e r  to  
ga i n  s u ff i c i e n t  s pa c e  to do  t h i s I 've avo i d e d  d u p l i ca t i n g  what  I 
regard as e s s e nt ia l ly standard 6 8 000 i n formati o n .  You w i l l  not ,  fo r 
i nstance,  f ind d etai l e d  accounts o f  eac h and eve ry i n stru ct i o n  that 
the  68 000 can execute (such material  i s  read i ly  avai lab le  from t h e  
sources m e n t i o n e d  i n  the b ib l iography). 

S i m i larly I have avo i d e d  extended  d is c u s s i o n s  of  hardware i ssues  
b e c au s e  t o  s tart a s s e m b l e r  programm i ng o n  t h e  Amiga, a n d  any 
o t h e r  m a c h i n e  c o m e  to  t h a t ,  a l l  t h a t  i s  n e e d e d  i s  a s i m p l e  
conce ptual  mode l  o f  th e processor and its  fac i l i t i e s .  K n owl e dge of  
how the processor  p hysical ly commu n i cates with  memory and the  
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o u t s i d e  worl d ,  and d i scuss ions of  what t iming s ignals  are u s e d  to 
e n s u re that such thi ngs happen at the righ t t i me , are two example 
a r e a s w h i c h  do n o t  s e e m  t o  fac i l i t a t e  t h e  m o v e  to l o w- l e v e l  
p r o g r a m m i n g .  T h e s e  h a r d w a r e  r e l a t e d  t o p i c s  a r e  c e r t a i n l y  
i m p o rtant to system des igners and e ngine ers but fo r most wou l d-be 
a s s e m b l e r  p r o g r a m m e r s I ' ve  fo u n d  t h a t  d i s c u s s i o n s of  s u c h  
material  on ly  compl i cates matters . 

I n  short  then I 've atte mpted to i so late you the  read e r  fro m  any l ow
l eve l  topic  that d o e s  not d i rect ly contr ibute to the real task at hand,  
n a m e l y  h o w  t o  go  a b o u t  w r i t i n g  y o u r  f i r s t  6 8 0 0 0  p r o g r a m s .  I 
b e l i eve that I can not o n ly s h ow you a s i mp l e  pathway to ach i eve 
t h i s  o bj e c t i ve  b u t  t h a t  I ' l l  e v e n be a b l e  to m a k e  t h e  s u bj e c t  
e nj oyabl e  and that ,  b e l i eve me,  i s  ove r ha lf  o f  the batt le !  

Pau l Ove raa 
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1 :  

Fundamental 

Concepts 

T h e  obj ec t ive of t h i s  c hapte r 
i s  to d raw y o u r  atte n t i o n  t o ,  
a n d  e x p l a i n ,  a n u m b e r  o f  
g e n e r a l  i s s u e s  r e l ate d t o  t h e  
wr i t ing of  assembly l anguage 
p r o g r a m s. As y o u  p r o b a b ly 
k n o w ,  t h e  h e a r t  o f  t h e  
c o nve n t i o n a l  m i c r o c o m p u t e r  
s y s t e m  i s  a c o m b i n e d  
l ogic/c o ntrol  u n i t  known as a 
c e n t r a l  p r o c e s s i n g u n i t o r  
C PU .  M o s t  pro c e s s ors  have a 
c o n s i d e r a b l e  n u m b e r  o f  
c o m m o n c h a r a c t e r i s t i c s  
i n c lud ing  the  fact  that a l l  have 
a set  of i nternal  registers  for 
stor ing data and a l l  have some 
hardware-ori e ntated means of  
c o m m u n i c a t i n g  w i t h  t h e  
o u t s i d e  w o r l d . S i n c e  t h e  
a m o u n t  o f  i n t e r n a l  s t o r a g e  
ava i l ab l e  o n  t h e  C P U  i t s e l f  i s  
a lways l i mited i t  must ,  b e fore 
i t  can d o  any u sefu l  work, a lso  
be  c o n n e c t e d  t o  a d d i t i o n a l  
memory components  that  are 
a b l e  to p r o v i d e  a s u i t a b l e  
a m o u n t o f  a d d i t i o n a l  C P U
a c ce s s i b l e  e l e c t r o n i c  s t o rage. 
Two b a s i c  typ e s  o f  m e m o ry 
c h i p s  are i n  c o mmon u s e :  

RAM (random access memory) 
c h i p s may be both wr i t ten to 
and read fro m  and as s u c h  are 
u s e d  to provi d e  storage space 
t h a t  m a y  b e  d y n a m i c a l l y  
c h a n g e d  e i t h e r  p r i o r  t o  o r  
d u r i ng program execut ion .  

ROM (read on ly  memory) c h i p s  
can o n l y  be  read from and are 
t h e r e f o r e  u s e d  t o  h o l d  
i n format ion  b locks that d o  not  
c hange .  O n c e  progra m me d ,  a 
R O M  c h i p ,  wh e t h e r  p o we r e d  
u p  o r  n o t ,  w i l l  k e e p  i t s  
c o n t e n t s  i n d e f i n i t e l y .  R A M  
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c h i p s  o n  t h e  o t h e r  hand d o  n o t  h o l d  t h e i r  data  i n  t h i s  way a n d  
w h e n  t h e  power i s  removed from t h e  syste m t h e  c o nt e n ts o f  a l l  
random ac cess  memory u nits w i l l  d i sappear.  

O n  small  and med i u m  power computers the p roce ssor  i s  u su a l l y  an 
i ntegrated c i rc u i t  kn own as a microprocessor  and t h i s  d ev i c e  w i l l  
h av e  i t s o w n  ins truct ion  set, a c o l l e c t i o n  o f  l o g i c /a r i t h me t i c  
i n s t ru c t i o n s ,  w h i c h  c a n  c a u s e  t h e  m i c r o p r o c e s s o r  t o  p e r fo rm 
var i o u s  tasks . At  the e n d  of  the day i t  i s  sets  o f  these  i nstru ct i o ns ,  
s tored  in  m e m o ry, which  c o n s t i tu te t h e  p rograms which  wi l l  be  
exe c u te d  by the  computer  system. 

The l a n gu age that  t h e  m i c ro p r o c e s s o r  u n d e rstan d s  is  b as e d  on 
b i n a ry n u mb e r s .  G i v e n  su i ta b l e  h a r d wa r e  i e ,  a p ro c e s s o r  c h i p , 
m e m o ry ,  s o m e  i n p u t/ o u t p u t  fac i l i t i e s ,  a n d  a l l t h e  as s o c i a t e d  
e l e ctron ic  support,  o n e  way of  p rogramming s u c h  a system w o u l d  
be  to enter  su i table b inary n u mb e rs d i rect ly i nto s y s t e m  m e m o ry 
and then  to get the  m i croprocessor to execute the  i nstru c t i o n s .  

T h i s  mach ine code p rogramm i ng a p p roach w a s  a c t u a l ly u s e d  to 
create and run programs i n  the ear ly days of  comput i ng.  I t  d i d n't 
t a k e  l o n g b e f o r e  p r o g r a m m e r s  r e a l i s e d  t h a t t h i s  s o r t  o f  
p rogramming was a pai n b e c a u s e  t h e  n u mb e r s  w h i c h  re l at e d  to 
p a r t i c u l a r  p r o c e s s o r  i n s t r u c t i o n s  d i d n ' t  h a v e  a n y  o b v i o u s  
con nect ion  with  what the programmer was real ly  t ry i ng to d o .  The 
s o l u t i o n  was to g ive  the  i n s t ru c t i o n s  m e a n i n g fu l n a m e s  (or  as  
m e a n i n g fu l as  p o s s i b l e )  e g  ADD,  M O V E ,  S UB and so  o n .  T h e s e  
h u manised i nstruct ion names were ca l led mnemonics because t h ey 
w e r e  a m e m o ry a i d  t hat  h e l p e d  p rogra m m e r s  to r e m e m b e r  t h e  
pu rpose  o f  t h e  u n d e r l y i n g  p ro c e s s o r  i n s t ru c t i o n s .  T h e  n e x t  s t e p  
was t o  au tomate the  process of  convert i ng mnemonics  b a c k  to t h e  
n u mbe rs w h i c h  repre s e n t e d  t h e  pro c e ss o r  i n stru c t i o n s .  P rograms 
w h i c h  d i d  t h i s  t ra n s l a t i o n  e f fe c t i v e l y  assembled t h e  r u nab l e  
p rogram fro m the mnemonic  i nstruct ions that t h e  programmer had 
p r o v i d e d s o  t h e y w e r e  c a l l e d  a s s e m b l e r s .  I n  s h o r t ,  a s s e m b l y 
language programmi n g  was born !  

Over the  years  microprocessors ,  as s e mbly langu age p rogramm i ng 
concepts,  and deve l o pment s o ftware have a l l  become i ncreas i ngly 
s o p h i s t i c a t e d  b u t  t h e s e  a s s e m b l y  l a n g u a g e s  ( a n d  e a c h  
microprocessor  has i ts  own) are always c lose  to the  actual  mac h i ne 
a n d  i t s  u n d e r l y i n g  h a r d wa re - h e n c e  t h ey a r e  c a l l e d  l ow - l e v e l  
l a ngu age s .  T h e  Amiga,  a s  yo u ' l l  d o u b t l e s s  a l re ad y  know,  u s e s  a 
mic roprocessor  ca l led  the M o to ro la  68 000 and th is  means  that to 
c o nve n i e nt ly  p rogram the Amiga at the microprocessor  l ev e l  you 
need to learn 6 8000 assembly language.  
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The High-Level Alternative 

The b i rth of assembly language d id n't solve a l l  of t h e  problems that 
t h e  ear ly p rogrammers fac e d .  To start  wi th ,  p ro grams wri t ten  i n  
l ow-level  languages are processor  spec i fic  s o  they are not  portabl e ,  
i e  not  eas i ly  made to ru n o n  d i ffe rent  processors .  Another  probl e m  
is  that y o u  h ave t o  expre s s  what y o u  want  t o  d o  i n  terms of  t h e  
i nstru ct ions  w h i c h  a r e  avai lable  o n  t h e  processor  and th is  means 
worki n g  pr imar i ly  with b i ts  and bytes.  Any other  data stru ctu res  
needed have to be  c reated by the  p rogrammer so i f, fo r i nstance ,  
the  p ro b l e m  b e i ng so lved i nvo lved text s t r i n gs or  f loat ing po i nt 
n u mbers then i t  i s  you,  t h e  programmer,  who wou l d  have to dec ide  
h o w  to  r e p r e s e n t  t h o s e  e n t i t i e s , a n d  d o  t h e  n e c e s s a r y  
p rogramming.  

High- l evel  language s,  such as BASI C  and Pascal ,  attempt  to p rovid e  
a ve h i c l e  fo r express ing algorithms which  i s  more h u ma n  or ie ntated 
and powe r fu l .  A s i ng le  s tat e m e n t  i n  a h igh- leve l  language might  
corre s p o n d  to o pe rat i o n s  which ,  when  expressed i n  a l ower- level  
language , wou l d  need many h u n d reds  of  code  i nstruct ions .  At the 
e n d  of t h e  d ay h o weve r the h i g h - l e v e l  l a nguage i n t e r p r e t e r  o r  
c o m p i l e r  m u s t  p r o d u c e  s u c h  a s e r i e s  o f  l o w - l e v e l m a c h i n e  
i nstruct ions i n  order  that t h e  program can r u n .  

I n  real ity,  th is  l ow-l evel/high- level  two tier c l ass i ficat ion i s  rather  
an ove r-s imp l i fi cati o n .  N o wadays t h e re exists a wide  spectrum o f  
languages e a c h  possess ing  featu res from b o t h  g ro u p s .  Almost  a l l  
current  assembl e rs for example  a l l o w  mac ros ,  reusable  groups o f  
l ow- level  operat ions ,  t o  be  b u i l t  u p  and t h e  c reatio n  o f  these types 
o f  u ni ts  a l l ow t h e  programmer to tac kle l ow- leve l c o d e  wri t ing at a 
s ignifi cantly h igher l eve l than was poss ib le  with  early ass e mblers .  
Hav i n g  sa id  that ,  h i gh- l e v e l  l a n gu ages c l ear ly  h ave a number  of  
important benefi ts :  

• The stru ctu re  o f  t h e  p rogram can b e  bas e d  on ,  or  re f le ct ,  the  
i n h e re n t  stru cture o f  the or ig inal  problem.  

• H i g h - l e v e l  l a n g u a g e s  c a n  u s u a l l y o f f e r a d e g r e e  o f  self
documentation. 

• High- leve l  languages a l l ow meani ngfu l ,  hard ware i n d e pe n d e n t ,  
names t o  be u s e d  b o t h  for data and procedures/s u b ro u t i n e s .  

• T h e  a b s t ract i o n  o ffe r e d  by h i g h - l e v e l  l a n g u a g e s  a l l o ws fo r a 
c learer algor i thm re p resentat ion .  M u c h  o f  the  d etai l  which  wou l d  
b e  present  i n  a l o we r- l evel  fo rm i s  h i d d e n  by t h e  more powe rfu l 
language state ments .  

• High- leve l languages are eas ier  to learn than low- l eve l  languages.  

• H i g h - l e v e l  l a n g u a g e s  o f t e n o f f e r  s o p h i s t i c a t e d  d e b u g g i n g  
fac i l i t ies .  

m 
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• H igh-l eve l programs are o ft e n  more portab l e ,  i e  can ru n o n  any 
mac h i n e  for which the  l anguage has been i mplemented .  

The  key  advantage o ffe r e d  by  h igh- l eve l  l a nguages  i s  that  they 
p rovide a means  o f  expre ss ing the  steps  o f  a n  a lgor i thm at a more 
problem/solution o ri e ntated l eve l .  I f, for examp l e ,  you wis h  to  o pe n  
a fi l e ,  read s o m e  data, and t h e n  c lose  a fi l e  i t  might  b e  poss ib le  to 
u se p rogram s tatements wh i c h  represent  t h e s e  f i l e  o p e ni ng, data 
read i ng ,  a n d  fi l e  c l o s i n g  o p e rat i o n s  d i re c t l y .  T h r e e  s t at e me n ts 
w h i c h  r e l at e  c l o s e l y  to t h e  t h i n g s  wh i c h  n e e d  to be d o n e ,  as  
o p p o s e d  to  h u n d re d s  o f  a s s e mb l e r  i nstru c t i o n s  w h i c h ,  t a k e n  i n  
iso lat i o n ,  wi l l  give few obviou s c lues  as t o  the  work b e i n g  carri e d  
out .  

As the l eve l o f  abstract i o n  i ncreases,  the  programme r b e c o me s  l ess 
c o n c e r n e d  with t h e  h ardware on w h i c h  t h e  program r u n s  a n d  i s  
able to work more a n d  more a t  a problem-or i e n tated l eve l .  Symbol i c  
names take t h e  place o f  me mory addresses ,  s u p p ort f o r  d i ffe rent  
data types  means that  the  language (as  opposed  to  t h e  p rogrammer) 
can be  l e ft to  figu re o u t  the  detai l s  about the  s izes  o f  o bjects  b e i ng 
u s e d  and h o w/wh e r e  t h ey s h o u l d  be  s t o re d .  S i m i l a r  ge n e ra l i s e d  
c o ntrol  abstrac t i o n  fac i l i t i es  a l l ow l oo p s  and d e c i s i o n  tests  to  b e  
u s e d  as  b u i l d i n g b l o c ks ,  w h i c h  aga i n  m a k e s  i t  e a s i e r  fo r t h e  
programmer to  tackle problems i n  a solution orientated, rat h e r  than 
a hardware or ie ntate d ,  way. 

m 

Now i f  these h igh- l eve l language c haracter ist ics  are s o  good why o n  
earth a r e  peop le  s t i l l  u s i ng assembly l angu age a t  a l l ?  To be  h o nest  
people  have been  pred ict ing the demise  o f  the  assembly l anguage 
p r o g ra m m e r  fo r y e a r s  b u t  it s i m p l y  h a s n 't h a p p e n e d  - i n  fac t 
i nterest i n  assembly language programming actua l ly  s e e ms to b e  o n  
the  i nc rease and i t  t u rns  o u t  t h a t  t h ere  i s  fa r more  t o  t h e  h i gh
level/l ow-l evel debate than f irst meets the  eye . 

Benefits of the Low-Level Approach 

I t  was o nce  thought that there  were o n ly three  reas o n s  fo r u s i ng 
assembly type language s :  s p e e d ,  c o mpac t n e s s  a n d  t h e  ab i l i ty to 
ach i eve the u l t i mate  c o n t r o l  o v e r  the syste m .  The b e n e fi t s  are 
ra t h e r  m o re s u b t l e  t h a n  t h i s  b e c a u s e  t h e r e ' s  no d o u b t  t ha t  an 
understand i ng o f  an assembly langu age gives the  program m e r  an 
i n- d e p t h  a p p r e c i at i o n  of what h i gh-l e v e l  l a n g u a g e s  m u s t  d o  to 
ac hi eve the i r  abstract ion  magic .  I t's  a s i mi lar s i tuat ion to  d r i v i ng a 
car. I f  you d o n't know roughly how the gears work then you might  
wo nder  why you can't  pu l l  away i n  fou rth gear  w i thout  s tal l i n g  the  
engi n e .  P lenty o f  dr iv ing wi l l  conv i n ce you that  t h i s  i s  indeed the  
case ,  but no matter h ow much you dr ive you ' l l  never actu a l ly  fi nd  
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o u t  w h y  t h i s  i s  s o .  L e a r n  a b i t  a b o u t  t h e  i n t e r n a l  m e c h a n i c s  
h owever  a n d  i t  wi l l  be come obvi o u s  with i n a very s hort space o f  
t i me!  

S ince t h e  Amiga i s  a 68000 based mach i n e  i t 's  not  h ard to f igure out  
t hat all Amiga l anguages must  end u p  ge ne rat i ng 68000 code  - they 
have to because otherwise the  fi nal  p rograms s i mply wou l d n't be  
able  t o  r u n  o n  the  Amiga's m i c r o p rocess o r .  What t h e n  is  i t  that  
actua l ly  makes code  written by assemb l e r  programmers r u n  faster 
than the  equ ival e n t  68000 code ge n e rated by p rogrammers worki ng 
with h igh- leve l languages? The answe r is s i mply that the ass e mb l e r  
p rogrammer c a n  make sure  that t h e i r  f i n a l  code  i s  su per-effi c i ent .  
H e re's a typical  example .  

A s  you may know,  t h e  Amiga has  a vast  n u mb e r of  p re -wr i t ten  
r o u t i n e s  avai l ab l e  w h i c h  are  o rgan i s e d  as  a c o l l e c t i o n  o f  u n i t s  
known a s  run-time libraries. T h e  rout ines  present i n  these l i b rar ies 
are accessed by a tab le  stored i n  me mory immed i ate ly b e l ow the 
base (ma i n  refe re n ce)  add ress  o f  t h e  l ib rary.  By u s i ng a n egative 
o ffset ,  cal l e d  a LYO (Lib rary Vector  Offset ) ,  the p rogrammer can 
spec i fy which rou t ine  i s  to be c a l l e d .  These rout ines  are u sed by 
p l a c i n g  t h e  l i b rary's base a d d r e s s  i n  o n e  o f  t h e  6 8 0 0 0  reg is ters  
(ac tua l ly  registe r a6 ) ,  u s i ng the LYO as  a d isp lac e me n t  valu e ,  and  
p e r fo r m i n g  s o m e t h i ng ca l l ed  an i n d i re c t  s u b r o u t i n e c a l l .  These  
t e rms may not  mean much at  the  moment  but  the important po i nt 
t o  g r a s p  i s  t h a t  t h e  n e c e s s a ry d a t a  n e e d s  t o  b e  h e l d  i n  t h e  
m i c r o p ro c e s s o r ' s  i nt e rnal  reg is ters  b e fo re t h e  su brou t i n e  ca l l i s  
mad e .  

N ow l e t's c o n s i d e r  what happens w i th a conve n t i ona l  C c o m p i l e r  
w h e n  a h i gh-l eve l fu nct ion  cal l i s  u s e d  t o  execute the  same l i b rary 
rout i n e .  The compi l e r  starts by p u s h i ng fu n c ti o n  ca l l  parameters 
o nto the stack, an area in memo ry wh i c h  the  microprocessor  u ses 
to store i tems on a last-in-first-out bas i s .  Now,  when you are ca l l ing 
an Amiga l i brary fu nct io n ,  i t  turns  o u t  that th is  i s  a total  waste of  
e ffo rt becau se ,  at the e n d  o f  the  day and as i n d icate d above , the  
Amiga run-t ime l i b rar ies  expect the  parameters to be  present  i n  the  
68000 p rocessor  registers and not on the  mic ropro cessor  stack. The 
b ottom l i n e  i s  that  befo re the real  l i b rary fu ncti o n  ca l l  can occur ,  
the  param eters , so carefu l ly p l ac e d  o n  the  stac k by t h e  c o m p i l e r  
generated code , have to be immediate ly  cop ied  back i nto s u i tabl e  
p rocessor  regi sters .  

The c o de stubs  which d o  this  are part  o f  t h e  am iga. l i b  l i b rary and 
th is ,  p lus  the fact that the  LYO val u e s  are a lso  needed,  i s  the reason 
why C p ro g r a m m e r s  u s u a l l y l i n k  t h e i r  c o d e  w i t h  t h e  a m i ga . l i b 
l i nker l i brary i n  the f i rst  p lace .  The re s u l tant  C code  therefore ends  
u p  d o i ng a lot  o f  u n n e c e s sary work and t h i s  of  c ou rs e  s l ows t h e  
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program d own. By plac i ng l ibrary cal l  parameters d i rect ly  i nto the  
appropr iate  6 8 0 0 0  regi s t e r s  t h e  assembly langu age p rogrammer 
can e l i mi nate such i n e ffic ienc ies  very easi ly i n d e e d .  

N o w  to b e  c o m p l e t e l y  fai r ,  at l e as t  as far as  t h e  above e xa m p l e  
goes ,  I ought t o  p o i n t  o u t  that s o m e  c o mpi lers  ( e g  Latt ice/SAS C) d o  
n ow su pport register  bas e d  parameter  pass i n g  a n d  c a n  t h e r e fo re 
also now e l i m i nate these amiga. l ib  subrout ine  t ime penal t ies .  Be ing 
equ a l l y  fai r  as  fa r as the  a s s e mb l e r  programmer i s  c o n c e r n e d  I 
shou l d  mention that whi le  register bas e d  parameter  pas s i n g  i n  C i s  
a re c e n t l y  a d d e d  fac i l i t y  s u c h  a d v a n t a g e s h av e  a l w a y s  b e e n  
avai lable to the  68000 assembler  programmer! 

The u n d e rlying ge n e ra l  po int  I 'm tryi ng t o  make i s  t h i s :  a l l  h igh
l eve l  languages have to  make c o m p r o m i s e s  with t h e  c o d e  t h e y  
generate a n d  because o f  t h i s  there wi l l  a lways be  many occas ions 
w h e re t h e  a s s e m b l y  l a n gu age p ro g ra m m e r  c a n  cut  c o r n e rs a n d  
e l i m i n a t e  i n e f fi c i e n c i e s .  T h i s  i s  t h e  r e a s o n  w h y  t h e  a s s e mb l y  
l a n g u a g e  p ro g ra m m e r  w i l l  a l m o s t a l wa y s  b e  a b l e  t o  p r o d u c e  
program c o d e  that runs faster than code  gene rated by a compi l er .  

Assembly language then has a l o t  going for i t .  High- level  language 
topics that programmers often fi nd  d i fficu l t  to u nd e rstand ,  s u c h  as  
b i t - m a n i p u l a t i o n  o p e r a t i o n s  a n d  t h e  u s e  of  i n d i r e c t i o n  a n d  
p o i n t e r s ,  h av e  n a t u r a l  a n d  e a sy t o  r e c o g n i s e  c o u n t e r p a r t s  i n  
assemb ly l a ng u age . T h e  overa l l  resu l t ,  b e l i ev e  i t  o r  n o t ,  i s  t h a t  
k n o w i n g  s o m e t h i n g  a b o u t  y o u r  mac h i n e  a t  t h i s  l o w  l e v e l o f  
program m i n g  w i l l  n o t  o n l y  h e l p  you g e t  a g u t  fe e l i ng fo r what  
compu ti n g  i s  a l l  a b o u t  but  i t  c a n  eve n h e l p  y o u  t o  w r i t e  more  
e ffective high- level  c o d e .  For  more  i n fo rmat i o n  s e e  t h e  Appendix  
Mastering Amiga Guides. 

Creating an Assembly Language Program 

The fi rst step in wri t ing an assembly language program is to u s e  an 
editor  program to prepare a sou rce  code fi l e .  This  fi l e  wi l l  s i mply 
be an ASC I I  text  f i le  which co ntai n s  th e program i n stru ct i o n s  that 
you 've wri tten and you wi l l  of  course be  able to l i s t  and p r i n t  the 
contents o f  such a fi l e  just as you wou l d  a l e tter  or  any other p i e c e  
of  stored text.  M o st comme rc ia l  asse mblers come with t h e i r  own 
e d i to r  p rograms b u t ,  i f  you pre fe r ,  i t  i s  a lso  p o s s i b l e  to use  a n  
alternative e d i t o r  or  word proce ssor  program. The on ly  proviso with 
t h e  l a t t e r  o p t i o n  i s  t h a t  i t  m u s t  b e  p o s s i b l e  to s t o p  t h e  
word processor from i n sert ing ad d it ional  contro l  c haracters because 
t h e s e  c h a r a c t e r s  w o u l d ,  a s  l i ke l y  as n o t ,  c a u s e  the a s s e m b l e r  
program t o  come t o  a g r i n d i n g  h a l t  a s  i t  t r ies  u n s u c c e ss fu l l y  to 
interpret them.  
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Once a sourc e  fi l e  i s  avai lab le ,  the  next step i s  to ge t t h e  ass e mbler  
p rogram to co nvert i t  to  the appropr iate 68000 i n stru ct ions .  O n  the 
A miga t h e  assemb l e r  wi l l  i n  many cases fi rs t  h ave to b e  used to 
c reate a s tandard ised  i n termediate fo rm known as a n  object  code  
f i l e .  T h i s  i s  n o t  a runab le  p rogram as  such  a n d  there  are three  
p o s s i b l e  r e a s o n s  fo r t h i s .  F i rs t l y ,  a l t h o u g h  the  o bj e c t  f i l e  w i l l  
inc l u d e  the translated 68 000 i nstru c t i o n-re lated mater ia l ,  the code 
w i l l not i t s e l f  b e  in the r ight format to be  loaded by AmigaDOS.  
S e c o n d l y ,  the  p rogram w i l l  not  c o ntai n an a l l - i mpo rtant p i e c e  of  
Amiga s p e c i fi c  fro nt-end c o d e  known as the  startu p code  which  i s  
n e e d e d  i f  t h e  p rogram i s  t o  r u n  from t h e  Workbench .  Th i rdly,  t h e  
f i l e  may st i l l  c o n tai n r e fe r e n c e s  t o  u n re s o l v e d  ( u n kn o w n )  i te m s ,  
s u c h  a s  l i nke r  l ibrary routi nes or  var iables  t hat have b e e n  spec i fied 
as b e i ng present  i n  other  object  code  modu l e s .  

A t h i rd stage, known a s  linking, attempts to fi l l  i n  the  gaps created 
by these u n resolved refere nces .  The Amiga l i nke r ,  ca l l e d  B l i nk, is  
able to  c o m b i n e  the  S tartu p code and the c o d e  you h ave wri t t e n  
( p l u s  a n y  other  s p e c i fi e d  object  code mod u l e s  o r  l i b rary c o de) ,  to  
produce  a program f i le  that  may then be  loaded and r u n  under  the  
Amiga's operat i n g  system. Having sai d a l l  t hat I 'm afrai d  t hat I must 
n o w  p o i n t  out that n o wa d ays many a s s e mb l e rs can p r o d u c e  a 
var ie ty o f  d i ffe rent  o u tput  f i le  fo rmats.  H iSoft's Devpac ass e mb l e r  
fo r i n stance ,  p rovi d i n g  i t  i s  presented wi th  a su i table s o u r c e  code  
f i l e ,  c a n  g e n e rate  d i r e c t l y  ex e c u t a b l e  c o d e  w i t h o u t  a n  ex p l i c i t  
l i nking stage! 

L i b r a r i e s  on the Amiga cau s e  a fe w h e a d a c h e s  fo r t h e  b e g i n n e r  
p rimari ly be cau se the  t e r m  i s  u s e d  i n  a n u mb e r  of  d i fferent  ways. 
Dur ing the example of  h igh- level  language i n e ffi c i e n c ies  I spoke of 
t h e  A m i ga 's  r u n - t i me l i b ra r i e s  wh i c h  are c o l l e c t i o n s  of s h a r e d  
ro u t i n e s  t hat,  by v ir tue  o f  t h e  Amiga's o p e rat ing  sys tem,  can be  
made ava i lable to a l l  programs wh i c h  n e e d  them d u ri n g  the  t imes 
t hat they are actual ly ru n n i n g. 

The l ibraries I am talki ng abou t in the c o n text of  the  above l i nker 
d i s c u s s i o n  are rat h e r  d i ffe r e n t .  L i n k e r  l i brar i e s  are s e t s  o f  p re 
wr i t ten  system o r  u t i l i t y  ro u t i n e s  w h i c h  w i l l  b e  tagged onto  t h e  
c o d e  you write d u r i n g  the  l i n k i ng stage .  I f  y o u  u s e  a l i nker l i b rary 
fu n c t i o n  w i th in  yo u r  pr ogram the  l i nker ,  p rovi d i ng you correct ly 
s p e c i fy t h e  name of t h e  l i b ra r y  wh i c h  h o l d s  t h e  r o u t i n e ,  w i l l  
a u t o m a t i c a l l y  fi n d  a n d  i n c l u d e  t h e  r i g h t  p i e c e  o f  c o d e  i n  t h e  
fi n i s h ed program. I ' l l  b e  say ing much more about t h e  var ious  Amiga 
l i b rary sc hemes later i n  the book.  

O n  occasion th ings may not  go wel l  and you may fi nd  that as t h e  
a s s e m b l e r  a t t e m p t s  to  t ra n s l ate  y o u r  s ou rc e  fi l e  i t  r e p o r t s  any 
n u m b e r  of  e r r o r s .  W h a t e v e r  the  c a u s e  ( s y n t a x  e r r o r s ,  i l l e g a l  
i n stru ct i ons etc)  t h e s e  fau l ts  wi l l  have t o  be c o rrected and t h i s  may 
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mean t hat  i n  t h e  ear ly  days y o u ' l l  frequ e n t l y  p a s s  t h ro u g h  t h e  
edit<->assemble c yc l e  qu i t e  a fe w t i m e s  b e fo re y o u  s u c c e e d  i n  
creat i n g  a program that assembles  s u c c e s s fu l ly .  Even h av i ng g o t  
through t h a t  s tage o f  the  proceedi ngs you may t h e n  fin d  that  t h e  
l inker reports add i t ional e rrors .  M is-s p el l i ng l i b rary rout i n e  names 
o r  not spec i fy ing the  correct locat ion o f  l ibrary f i les  are c ommonly 
s e e n  l i n ke r  e rrors.  These e rrors must  also b e  fou n d  and e l i m in ated 
before a runable vers i o n  o f  the  program can b e  created.  

As you doubt less  a lready know there is  no guarantee ,  even once  a 
p r ogram i s  u p  a n d  ru n n i ng ,  t h a t  i t  i s  f ree  fr o m  e r r o r s .  I n  fac t 
assembly language programmers, u nl e s s  they are very care fu l ,  are 
l i ke l y  to spend far more t i me look ing for bugs than the i r  h igh- level  
l a n gu age c o u n t e rp a r t s .  M a n y  a s s e m b l y  l a n gu age p r o g r a m m e r s  
frequ e nt l y  u s e  a p i e c e  of  so ftware ca l l e d  a d e b u gger ,  wh i c h  i s  a 
syste m t o o l  that  i s  ab l e  to execu te a program o n  a s t e p -by-step  
bas is ,  in  order  to h e l p  them to trace program execut ion  a n d  i de nt i fy 
fau l t s .  W h i l s t  I c e r ta i n ly agree that  d e buggers  c a n  b e  u s e f u l  o n  
occasion I am n o t  i n  favour o f  the ir  u s e  a s  a general  fau l t- fi n d i ng 
tool .  

Number Systems 

One t h i ng you are go i ng to n e e d  to get u s e d  to as y o u  e n t e r  t h e  
wo r l d  o f  asse mbly l a n gu age i s  t h e  u s e  o f  a d d i t i o n a l  n u m b e r i n g  
sys t e m s .  S i n c e  t h i s  p r i ma r i l y  i nv o l v e s  b i n a ry a n d  h ex ad e c i ma l  
numbers some words o n  these two n u mb e r  schemes are i n  order .  

In  the d e c i ma l  n u mber system ten d i ffe rent symbols  (the d ig i ts 0-9  
inc lus ive) are  u s e d  to  represent n u mbers .  Each d ig i t  in  a number  i s  
ten t i mes more s ign i fi cant than the  d ig i t  t o  i ts  r ight ,  a n d  t e n  t i me s  
l e s s  s ignifi cant t h a n  the  d igit  to i t s  l e ft .  Th is  ten times re lat i o n s h i p  
that exi sts between t h e  d igits o f  a l l  d e c i mal n u mbers i s  obv i o u s ly a 
fu n dame ntal part of  t h e  dec imal  n u mber ing syste m. I f, for exa m p l e ,  
w e  c o n s i d e r  the  nu mber 3 7 5  and write a fu l l  d e s c r ipt ion  o f  what 
each d ig i t  mean s ,  we can see that it  is j u s t  a conve n i e n t  way o f  
expressing th is  su m:  

(3 x 100) + (7 x 10) + 5 

Going o n e  better than this  and ,  bearing i n  mind  that a ny n u mbe r  
rai sed t o  t h e  power z e ro i s  u n i ty ,  you can express each e ffect ive 
d ig i t  term as  a product  of  one d igit  and a power of  1 0  l i ke th i s :  

3 x 102 + 7 x 101 + 5 x 100 

For  d e c i mal  n u mbe rs 1 0  is known as t h e  radix, o r  b a s e , o f  t h e  
numbering system b u t  many other  bases are p o s s i b l e .  Computers  
u s e  bi nary, i e  base 2 ,  n u mb e rs which  cons ist  o f  str i ngs of  O s  and 1 s 
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and agai n ,  i f  you t h i n k  o f  a b i nary n u mb e r  i n  te rms o f  i ts  exp l ic i t  
radix = 2 represe ntat i o n ,  i t ' s  easy to see t h e  re lat ionsh ip  between 
the b inary and d e c i mal  number syste m s :  

1 O 1 1 binary  = 

1 x 23 + 0 x 22 + 1 x 21 + 1 x 20 

8 + 0 + 2 + 1 = 1 1  dec imal 

By writ ing out what the b i nary n u m b e r  means in fu l l  it becomes 
quite  easy to see that 1 0 1 1 b i nary i s  the  d ec i mal  number  e leven! 

Computers u s e  b i nary numbers i nternal ly because the  two d i gi ts  0 
a n d  1 r e l at e  d i r e c t l y  t o  t h e  p o s s i b l e  s t a t e s  o f  b i t s  wi t h i n  t h e  
me mory hardware o f  most computer  systems.  B inary numbers are 
then i nt i mately i nvolved with a great many comput ing appl icat ions 
b u t ,  s i n c e  t h e y  a r e  not  that  e a sy fo r us h u ma n s  t o  w o r k  w i t h  
(becau s e  l o ng s t r i ngs o f  Os  a n d  1 s a r e  e a s i l y  m i s- i n te r p r e t e d )  a 
r e l a t e d  r a d i x  s c h e me c a l l e d  h e xa d e c i m a l  i s  o ft e n u s e d  a s  a n  
a lternat ive . 

Hexadec i mal n u mb e rs u s e  a radi x  of  1 6  a n d  t h e  s ixteen symb o l s  
u s e d  a r e  the  digits  0-9 p l u s  t h e  l e tters A-F. E a c h  c o l u m n  i n  a base 
1 6  n u m b e r  t h e r e fo r e r e p r e s e n t s  s o me p o w e r  of t h e  b as e .  F o r  
exampl e  t h e  d e c i mal  n u mber  1 6  i tse l f  i s  written a s  1 0  h ex, becau s e :  

10  h ex  = 1 x 151 + O x 150 

1 6  + 0 = 1 6  decimal 

Simi lar ly l F  hex wou l d  b e :  

1 F  hex  = 1 x 151 + 15  x 150 

1 6  + 1 5  = 3 1  decimal 

T h e  fact  that  the  bases  o f  the  b i nary a n d  h exad e c i mal  n u mber ing 
systems are powe r re lated (2 to the  power o f  4 equals  1 6) produces  
a s p e c i a l ,  a n d  v e ry u s e fu l ,  r e l a t i o n s h i p  b e t w e e n  t h e s e  t w o  
nu mbering systems - i t  a l l ows o n e  hexad e c i mal d igit  t o  represent  
four bi nary d ig i ts .  Best  of  a l l  the  binary<-> hex convers i o n  process 
is  very easy to u n d e rstand once you 've learnt  the  tab l e  in  F igure  
1 . 1 .  
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Binary Hex 
0000 0 

0001 

0010 2 

0011 3 

0100 4 
0101 5 
0110 6 

0111 7 
1000 8 

1001 9 

1010 A 

1011 B 

1100 c 
1101 D 

1110 E 

1111 F 

Figure 1 . 1 .  Table for binary to hex conversion and vice versa. 

To co nvert a hexad e c i mal  n u mber  i nto  b i nary form you j u s t  replace 
each h exad e c i ma l  d i g i t  with i ts  gro u p  o f  fo u r  b i n a ry d ig i t s .  T o  
convert a b i nary n u m b e r  to  i ts  h e x  form y o u  pee l  o ff (from r ight t o  
left)  groups of  fou r  b i t s  and rep lace them with  the  c o rre s p o n d i n g  
h e x  digit !  

So to convert CF  h ex to the b inary equ iva l e n t  you 'd rep lac e  each of 
t he two h exadec imal symbo l s  with the bi nary equival ents  l i ke t h i s :  

CF hex = C F 

1 1 00 1 1 1 1  = 1 1 001 1 1 1  binary 

To go the other  way you take groups  of  fou r  b i ts fro m the b i nary 
number and rep lace  t h e n  wi th  the c o r respo n d i n g  hex d i g i t s .  The 
b i n a r y n u m b e r  1 1 1 1 0 0 0 0 1 0 1 0 1 0 1 0 , fo r e x a m p l e ,  c o u l d  b e  
translated to hexadec i mal  form as fo l lows :  

1 1 1 1 00001 01 01 0 1 0  = 1 1 1 1  0000 1 0 1 0  1 0 1 0  

F 0 A A = FOAA h e x  

Usi ng (and c o nvert i ng betwe e n )  b i nary, h e x  and d e c i mal  n u mb e r  
syste ms i s  not  t hat  d i ff icu l t  b u t  i t  d o e s  take p rac t i c e .  Fami l i ar i ty 
w i t h  h e x  a n d  b i n a ry n u m b e r  fo r m s  i s  a l s o  e s s e n t i a l  f o r 
understand ing how the  b itwise logical  operat i o n s ,  prov i d e d  by both  
microprocessor i nstruct ions and h i gh - l evel language s ,  work .  Logical  
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AND and OR i nstruct i o n s  for instance ,  which I ' l l  assume you know 
about fro m languages such as BASIC ,  perform operat ions  based on 
the two truth tabl e s  in F igure 1 . 2 .  

x y X AND Y 

0 0 0 

1 0 0 Lo g ical AND Operat ion 

0 1 0 

1 1 1 

x y X OR y 

0 0 0 

1 0 1 Logical OR  Operat ion 

0 1 1 

1 1 1 

Figure 1 . 2. Logical AND Operation (top) and Logical OR Operation (bottom). 

B e i ng able to p i c t u re i n  you r  mind  what these  tab l e s  mean is a big 
advantage.  If you AN D two o pe ra n d s  t o ge t h e r  t h e n  o n ly the b i t  
pos i t ions  where both o p e rands have a b i t  s e t  to  1 wi l l  produce a 1 
i n  the re su l t .  W i t h  the OR operat ion you ' l l  get a 1 i n  the  resu l t  when 
e i t h e r  (or  both) o f  the b i ts in that  p o s i t i o n  i n  the  corresponding 
o perands are  s e t  to 1 .  

The b i t  pattern fo r FO  hex for i nstanc e i s  1 1 1 1 0000 so AN Ding any 
val u e  with FO  hex wi l l  fo rce the lower fou r  b i ts of  the resu l t  to zero 
- the val u e  FO  hex i s  ca l led  a mask becau se it masks out certa i n  b i t  
pos i t ions .  The OR operati on  i s  equa l ly u s e fu l  because i t  can fo rc e 
b i t  pos i t ions  to take part icu lar va l u e s .  

Last Words 

The i nstruct ion sets  of most processors ,  such  as the 68000 used i n  
t h e  A m i ga ,  a r e qu i t e  l i m i t e d  a n d  t h e r e i s  n o t h i n g i n h e r e n t l y  
complex about t he i r  operat ions .  Each i n stru ct ion carr ies o u t  some 
e l e me ntary task,  pe rhaps add ing  two val u es toge ther  or  copying the 
c o ntents o f  one me mory locati o n  to another .  

Despi te  th is  u n de r ly ing s i m p l i c i ty t h e re's  n o  d o u b t  that  tac kl i ng 
6 8 000 assembly l anguage i s  not  a tas k to  be  u n d e rtaken l ight ly .  
P r o b l e m s  w i l l  a r i s e  w h e n  y o u  try  t o  work o u t  how to  c o m b i n e  
h u ndreds and thou sands of  assembly l anguage i n stru c t i o n s  i nto a 
p rogram wh i c h  d o e s  a part i c u l a r  j o b .  I t  i s  a tas k wh i c h  i s  error  
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p ro n e  and,  by its  very natu re ,  t ime consumi ng.  The b e n e fi ts?  F i rstly 
you' l l be  able  t o  make your p rograms run at the u lt i mate s p e e d .  
Secondly,  y o u  w i l l  deve lop a g u t  fee l i n g  for what computi n g  i s  a l l  
about a t  t h e  nuts and  bolts l eve l .  

A s s e m b l y  l a n g u age p r o g ra m m i n g  o n  t h e  A m i g a  a d d s  a n o t h e r  
d i me n s i o n  - the complexity o f  the  operating system i t s e l f. B e fore 
you can comfortably write assemb l e r  code to d o  a part icu lar job i t's 
n e c e s s a ry to k n o w  e n o u g h  about  t h e  o pe ra t i n g  s y s t e m  a n d  i t s  
l ib rary c o d e  s y s t e m  c a l l  arrange m e n t s ,  t o  w o r k  o u t  w h a t  y o u r  
a s s e m b l e r  c o d e  s h o u l d  b e  d o i ng .  Le a r n i n g  a b o u t  t h e s e  A m i ga 
fac i l i t i e s  a l o n e  i s  a massive chal l e nge s imply  because  t h e r e  i s  so 
mu c h  to u nd erstand .  There i s  no easy road!  You've j u st got to s i t  
d own and work at i t .  

Don't  forget i n c i d e n ta l ly that  i t  i s  often poss ib le  to combine both 
h i gh- l ev e l  and l ow-l e v e l  approac h e s  i n  the s o  c a l l e d  mixed code 
approach.  Here  the  b u l k  of the code is writte n as n or ma l  u s i n g  a 
h i g h - l e v e l  l a n gu age , t h e n  a n y  r o u t i n e s  w h i c h  a r e  p a rt i c u l a r l y  
cr i t ica l  are added a s  assembler  patch e s .  This  gives t h e  p rogrammer 
t h e  b e s t  of b o t h  w o r l d s  - e s s e n t i a l l y  h i gh - l e v e l  d e ve l o p m e n t  
c o u p l e d  w i t h  t h e  a b s o l u t e s p e e d  a n d  c o n t r o l  i n  t h e  p r o g ram 
sect ions where  i t  c o u n ts .  I ' l l  look, in  some d etai l ,  at a n  exa m p l e  o f  
t h i s  type  of  c o d i ng towards t h e  e n d  of  t h e  book.  



2: 

The 68000 

Chip and its 

Assembly 

Language 

T h e  mai n c e n t r a l  p r o c e s s i n g  
u n i t  ( C P U )  o f  t h e  A m i ga i s  a 
d evi ce  known as the  Motorola 
68000 o r  Motorola 68K chip .  I t  
has actua l ly been  avai lable  for 
o v e r  a d e c a d e  b u t  i n  t h o s e  
e a r l y  d ay s  i t s u s e  w a s  
re s t r i c t e d  t o  fa i r l y  h i g h  c o s t  
syste ms.  T h e  6 8 0 0 0  h a s  n o w  
b e e n  s u p e r s e d e d  b y  m o r e  
r e c e n t l y  d e v e l o p e d  C P U s ,  
i n c l u d i n g  later  offeri ngs from 
M o to r o l a  that now fo r m  part 
of the Motorola  68 0x0 fami ly. 
D e s p i te i t s  age h o w e v e r  t h e  
b a s i c  6 8 0 0 0  i s  s t i l l  a n  
extremely  capable  c h i p  as  i ts  
use  i n  the Amiga should show.  

Dur ing the  previous chapter I 
m e n t i o n e d  t h a t  t o  w r i t e  
a s s e m b l y  l a n guage programs 
al l that one needs i s  a s i mp l e  
c o n c e p t u a l  m o d e l  o f  t h e  
processor .  There i s  n o  need to 
u n d e rstand the hardware, the  
e l ectro n i c  connect ion  schemes 
or h o w  a l l  t h e  v a r i o u s  
i n t e g r at e d  c i r c u i t s  are  b u i l t  
and u s e d .  

What i s  i mportant i s  that you 
get an u n d e r s ta n d i n g of t h e  
g e n e ra l  i n t e r n a l  c h a r a c t e r i s 
t ics of  t h e  68000 such a s  what 
s o r t  o f  d a t a  i t  c a n  s t o r e  
i n t e r n a l l y ,  t h e  s i z e s  o f  t h e  
d a t a  i t  c a n  w o r k  w i t h ,  a n y  
r e s t r i c t i o n s  that  are i m p o s e d  
by t h e  a r c h i t e c t u r e  ( o v e r a l l  
logical  des ign)  o f  t h e  c h i p  and 
so o n .  T h i s  p u r p o s e  o f  t h i s  
c h a p t e r  t h e r e fo re t o  b u i l d  a 
type o f  c o nce ptual  p i c tu re of  
t h e  6 8 0 0 0  m i c r o p r o c e s s o r ,  
d i scuss  the features wh i c h  are 
r e l e v a n t  to t h e  w r i t i n g  o f  
ass e mbly l angu age programs, 
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and then i ntro duce you to the actual operat i o n s  that  t h e  processor  
can pe rform. S ince  most  computer  u sers are exposed  to the  ideas  of  
b i ts ,  bytes and me mory r ight  from th e t i me they start tak ing the ir  
f i rst  steps with  BASI C  I w i l l  assume that  these terms are fami l iar .  
External  memory,  whether i t  be  RAM or  ROM can,  as you therefo r e  
doubt less  know, be best  thought o f  as a large a rray o f  i n d iv idua l ly  
addressab l e  s t o rage s l ots  wh i c h  may be  i d e n t i f i e d  by a memory 
address. Obviou sly  there i s  no p o i n t  h aving memory c o n n e ct e d  t o  
t h e  system i f  t h e  microprocessor  h a s  no  means o f  access ing  i t  a n d ,  
a s  yo u ' l l  s e e  fro m t h e  fo l l owi n g  d e scr ipt ion ,  the  6 8 0 0 0  d o e s  i n d e e d  
p rovi d e  the  appropriate mechan i sms.  

A Schematic 68000 Model 

T h e  6 8 000's  i n t e r n a l  r e g i s t e rs a r e  s p l i t i n t o  two b a s i c  g ro u p s ,  
add ress registers and data regi sters ,  and registers o f  each group are 
numbered fro m 0 to 7 .  Data registers are therefo r e  l ab e l l e d  as d O ,  
d l ,  d 2  . . .  d 7  (o r 0 1 ,  0 2  . . .  e t c ) ,  w i t h  th e c o r r e s p o n d i n g  a d d r e s s  
regi sters label l e d  a s  a O  or  A O  a n d  s o  forth .  Add re s s  register  a?  has a 
s p e c i a l  p u r p o s e  i n  t h a t  i t  s e r v e s  as t h e  m i c r o p r o c e s s o r ' s  s tac k 
register and i s  set  u p  to p o i n t  to an area o f  m e mory that c a n  b e  
u s e d  to store i n format ion  o n  a last- i n-f irst-out bas i s  (LI FO) .  B e cause  
of  68000 archite cture restr ict ions  t h e  stack has t o  be  l ocated at an 
even-nu mbered memory a d d re s s .  There a re in  fact  two d i ffere nt  
6 8 0 0 0  s t a c k  p o i n t e r s  a n d  t h i s  s t e m s  fr o m  t h e  fa c t  t h a t  t h e  
p roce ssor  can operate i n  two m o d e s  - u s e r  mode  and s u p e rv i s o r  
mod e .  S ince i t  i s  c o nv e n i e n t  fo r each m o d e  to have its  own s tack 
the 68000 has been  d e s ign e d  so that registe r a ?  be haves l i ke two 
separate regi sters  and stores both a user  mode stack p o i n t e r  and a 
supervi s o r  mode stac k p o i nter .  M o d e  re lated i s s u e s  are transparent  
fo r the  pu rposes  of  the  programming which  we sha l l  be  i nvo lved 
wi th  i n  th is  book. 

Each  6 8 0 0 0  r e g i s t e r  c a n  h o l d  a fo u r  byte  (3 2 - b i t )  n u mb e r  a n d  
amongst  i t s  o t h e r  fa c i l i t i e s  t h e  p r o c e s s o r  i s  a b l e  to move s u c h  
n u m b e rs betwe e n  i t s  i n te r nal registe rs ,  b e twe e n  a reg is ter  a n d  a 
m e m o r y  l o c a t i o n (a n d  v i c e  v e r s a ) .  T h e  6 8 0 0 0  c a n  a l s o  m o v e  
external data h e l d  i n  memory fro m  o n e  locatio n  t o  another .  

One o f  the most  d i st i nct ive featu res of  the 6 8 000 i s  the  flexi b i l i ty 
of  i ts  registers .  A l though they can h o l d  3 2 -b i t  ( long wo rd) val u e s  
t h e  processor  can , fo r many op erat ions ,  u s e  t h e  address  reg isters to 
work with 1 6-b i t  val u e s  (words)  and the data registers can in fact  
work wi th  e i ther  3 2 -bit  values ,  1 6-b i t  or  8 b i ts .  S imi lar ly there  are  
few restr ict ions  o n  what  you can , o r  cannot ,  use  t h e  c o n t e n ts of  
such regi sters for .  I f, fo r i nstance ,  you wish to copy the c o n te nts  o f  
a data register i n to a n  address  register  t h e  6 8 0 0 0  l ets  y o u  d o  i t .  
Havi ng s a i d  that ,  i t  i s  u su al ly better  t o  u s e  a d d re s s  reg is te rs for  
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stor ing and working with memory addresses and data registers for 
data or ie ntated operat i o n s  because each of t h e  grou ps are b e tte r 
s u i t e d t o  t h e i r  d e s i g n - c h o s e n  p u r p o s e s .  W h e n  w o r k i n g  w i t h  
i n struct ions  that may i nvolve byte ,  word o r  long word val u e s  i t  i s  
o ften n e c e ssary for the assembly l anguage programmer t o  ident i fy 
t h e  s i z e  that shou l d  be ass igned to a given val u e .  As you ' l l  see late r 
t h e  68000 c o nvent ions  are based o n  p lac ing . b ,  . w  o r  . I  after t h e  
i nstruct ions .  The 68 000,  b e c a u s e  o f  i ts  i nternal  architecture ,  d o e s  
h owev e r  have a l i mitat ion  o n  the  add ress val u e s  t h a t  i t  u ses when 
acce ss ing word o r  long word addresses because the  address  must 
b e  even (wo rd a l igne d) .  Assemb l e rs take care of  mu c h  o f  the  word
a l ignme nt  problems automatica l ly and i f, for example ,  you set  as i d e  
s pace fo r a l o ng word var iab l e ,  the  assemb l e r  wi l l  usua l ly e n sure  
t hat i t  gets a l locate d an even address .  

The 6 8 0 0 0  a l s o  c o n t a i n s  a 3 2 - b i t  p r o g r a m  c o u n t e r  w h i c h  is  a 
regi ste r u s e d  by the  microprocessor  to determine  t h e  address  o f  
t h e  next i nstruct ion t o  b e  exec u t e d .  U n d e r  n o rmal cond i t ions  the 
p rogram counter  is  au tomatical ly i ncremented as i nstru cti o ns are 
read and acted u po n ,  hence  i n stru ct i o n s  contained in memory are 
execu ted in sequ e n c e ,  i e  o n e  aft e r  another .  An i m po rtant part of 
mi croprocessor  programming h owev e r  revo lves around a n u mber  
o f  i nstruct ions  whi c h  can a l ter  the  conte nts o f  the  p rogram cou nte r 
a n d  t h e  r e s u l t  o f  d o i ng t h i s  has  fa r r e a c h i ng i mp l i c a t i o n s .  By 
changing the  p rogram cou nter  a d d ress i t  i s  poss i b l e  to cau s e  the  
m i c r o p r o c e s s o r  t o  get  i ts  n e x t  i n s t r u c t i o n fr o m  a n y w h e re i n  
memory (as o p posed to gett ing t h e  i nstructi o n  next i n  sequence  i n  
me mory),  the  re su l t  o f  whic h  i s  that the  execut ion  o f  the  p rogram 
can jump fro m o n e  part of the program to another .  

The fact  that these j u mps can be made cond i tio nal  o n  the  state of  
var i o u s  processor  f lags  m e a n s  o f  c o u rs e  that  t h e  p ro c e s s o r  can 
make in telligent  f low c o n t r o l  d e c i s i o n s  bas e d  o n  t h e  data with  
w h i c h  i t  i s  work ing .  A p rogram might  fo r i n s ta n c e  co mpare two 
nu mbers a n d ,  on  the bas is  of  the r e s u l t ,  execute (or perhaps not  
execute)  a part icu lar  set of  i n stru ct i o n s .  

The 68000's Status Register 

Anoth e r  i m p o rtant 6 8 000 register  i s  the stat u s  registe r wh i c h  i s  
actual ly d iv i d e d  i nto two e ight b i t  regi sters known a s  t h e  system 
byte and t h e  u s e r  byte . T h e  syst e m  byte is o n l y  a c c e s s i b l e  i n  
su pervisor mode and contains a n u mb e r  o f  system re lated b itfie lds ,  
s u c h  as  i nterru pt masks, whi c h  we  w i l l  not  be  concerned wi th .  

The  u s e r  byte  o n  t h e  o t h e r  hand i s  v i t a l l y  i mp o rtant  b e c a u s e  i t  
contains flag b i ts whose  values  are  set  and cl eared accord ing to the  
resu l ts o f  parti cu lar  i n stru ct ions .  F ive flags are  avai lab l e  and these 
p r o v i d e  s i n g l e  b i t  t ru e / fa l s e  type d e t e c t i o n  of  t h e  p r o c e s s o r  
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condit ions  known as carry (C),  ove rflow (V), z e ro (Z) ,  negative (N) ,  
a n d  e x t e n d  (X) .  The c a r r y  b i t  h o l d s  t h e  c a r ry fr o m  t h e  m o s t  
s ign i fi cant  b i t  p r o d u c e d  by b i t  s h i ft i n g  o r  ar i thmet ic  o p e rati o ns .  
L i k e  m a n y  p r o c e s s o r s t h e  6 8 0 0 0  i n v e r t s  t h e  c a r ry b i t  a ft e r  
subtract ion and s o  with su btract i o n  the  carry flag actual ly  be haves 
as a borrow fl ag.  The z e ro fl ag is set h i g h  ( i e  set to 1 )  w h e n  an 
o p e rat i o n  p r o d u c e s  a z e r o  resu l t .  I f, for e xa m p l e ,  t h e  r e s u l t  o f  
add i ng two n u mbers togeth e r  p r o d u c e d  a z e ro t h e n  t h e  6 8 0 0 0's 
zero flag wou l d  be  set to 1 .  The n egative b i t ,  s o met imes ca l l ed  the  
s ign b i t ,  a lways takes the  val u e  o f  t h e  most s ign i ficant  b i t  o f  the  
resu l t .  I t  can be u sed to good e ffect when working with o peran d s  
that a r e  i n  a fo rm k n o w n  as signed two's complement  b u t  i s  a l so  
freque ntly used just  as  a most significant  bit i n d i cato r. The 6 80 00's 
ove rf low and ext e n d  flags are a l so  p r i mar i ly  u s e d  for a r i t h m e t i c  
app l i ca t i o n s .  N o t  a l l  i n stru ct i o n s ,  i n c i de ntal ly ,  a ffect  a l l  f lags as  
you ' l l  see whe n  we start looking at typical  i n stru ct i o n s .  

Addressing Modes 

One of  the most powe rfu l features of the 6 8000 i nstru c t i o n  s e t  i s  
t h e  r i c h  v a r i e t y  o f  a d d r e s s i n g  mo d e s  t h a t  a r e  a v a i l a b l e .  M o s t  
p rocessor  i n stru ct ions  work o n  a p iece  o f  data (cal l e d  the  o p e rand)  
a n d  t h i s  d a t a  h a s  t o  be  s t o r e d  s o m e w h e r e .  I n  s h o r t ,  m a n y  
i n s t ru c t i o n s w i l l  u s e  s o me r e a l  o r  i m p l i e d  s o u r c e  a d d r e s s ,  d o  
something,  and then transfer the  re s u l t  t o  i ts dest inat i o n  address .  
The  p r o c e s s o r ' s  a d d r e s s i n g m o d e s  e n a b l e  t h e s e  s o u r c e  a n d  
d e s t i n a t i o n  a d d r e s s e s  to be s p e c i fi e d .  W i t h  t h e  6 8 000 t h e re a re 
e l even basic  addre s s i ng s c h e me s  and ,  fo r c o m p l e t e n e s s ,  h e re are 
the name s :  

1 .  Inherent 

2 .  Register  

3 .  I mmed iate 

4 .  Absolute 

5. Ad d ress register ind irect 

6 .  Ad d ress register ind irect with d isp lacement 

7. Ad d ress register ind i rect with postincrement 

8. Ad d ress register indirect with pred ecrement 

9. Ad d ress register indirect with index and d i sp lace ment 

1 0 . Program counter re lat ive with d i s p lace ment 

1 1 . Program counte r re lat ive with index and d i s placement 
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b i t s  3 1  1 6  1 5  7 0 

d O  

d l  

d 2  

DATA REGISTERS d 3  

d 4  

d 5  

d 6  

d 7  

b i t s  3 1  1 6  1 5  7 0 

ao 

a l  

a 2  

ADD RESS REG ISTERS a3 

a4 

a5 

a6 

I ST ACK POI NTER REGISTER l a ?  

( fu ncti o ns a s  two se parate registers so  t h a t  u s e r  a n d  s u p e rvisor 
modes can mai nta i n  i n d iv id ual  stack areas) 

I PROGRAM COUNTER REGISTER I Pc 

F LAGS X N Z V C  

b i ts 1 5  4 3 2 1 0 

I STATUS REGISTER I 
Figure 2. 1 .  Schematic model of the Motorola 68000 microprocessor. 
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I n h e re n t  address ing  means that the  i nstru c t i o n  i ts e l f  i mp l i e s  the  
l o c a t i o n  of  t h e  o p e ra n d .  R e g i s t e r a d d re s s i ng i m p l i e s  that  t h e  
operand res i d e s  i n  o n e  o f  the 68000's i nte r nal  registers .  Abso lute  
address ing  means that the  address o f  the  o pe rand i s  l ocated j ust  
after  the i n stru c t i o n  in  m e m o ry wh e reas  i mm e d i a t e  a d d r e s s i ng 
i m p l i e s  that the  operand i tse l f  i s  l ocat e d  just  a fter  the  i n s tru c t i o n  
i n  memory. 

I n d i rect  addre ss ing is a very powerfu l  concept and on the 68000 a 
var i a n t  c a l l e d  r e g i s t e r  i n d i re c t a d d r e s s i n g  i s  u s e d .  I n  s h o rt a n  
address register  i s  u s e d  to  spec i fy t h e  address o f  t h e  o p e rand .  I n  
addit ion t o  these  straightfo rward address ing m o d e s  i t  i s  p o s s i b l e  t o  
s p e c i fy d i s p l a c e m e n ts ,  to  auto- i n c r e m e n t  o r  a u t o- d e c r e m e n t  a n  
address by 1 ,  2 ,  o r  4 bytes (handy for stepping through l ists o f  1 ,  2 
and 4 byte data i te ms)  and to write program cou nter  re lat ive c o d e ,  
wh i c h  i s  n e c e s sary w h e n  wri t i ng tru ly  re l o cata b l e  c o d e .  I t 's n o t  
advi sab l e  to  expla in  a l l  of  these  address ing m o d e s  at  t h e  present 
t i me and s u c h  d escr ipt ions are l eft to  l ater  c hapters w h e r e  var i o u s  
add re s s ing s c h e m e s  c a n  b e  expl ai n e d  w i t h i n  t h e  co ntext o f  s o me 
real  p rograms.  

68000 Instruction Classes 

T h e  6 8 0 0 0  i n s t r u c t i o n  s e t  i s  l a r g e  a n d  a l m o s t a l l s e n s i b l e  
a d d r e s s i n g  m o d e s  can b e  u s e d  wi th  any i n s t ru c t i o n .  As was t h e  
case with the 68000's addres s i n g  m o d e s  i t  i s  n ot a u s e fu l  exerc i s e ,  
e i t h e r  n o w  o r  l a t e r ,  t o  l i s t  a n d  d i s c u s s  e a c h  i n s t ru c t i o n .  S u c h  
d i s c u s s i o n s ,  i f  m a d e ,  w o u l d  i n  fa c t  f i l l  a c o m p l e t e  b o o k  b y  
t h e m s e l ve s .  I t  i s  o b v i o u s l y n e c e s s a r y  h o w e v e r  t o  h av e  s o m e  
u n d e rs ta n d i ng o f  t h e  g e n e ral  typ e s  o f  t h i ngs  t h e  6 8 0 0 0  c a n  d o  
b e fore  w e  start l ook ing a t  actual programs so  h e re i s  a ve ry b r i e f  
overview o f  t h e  type o f  operati o n s  supporte d .  

Data Movement 

T h e  6 8 00 0  has a large  n u m b e r  o f  i n s t r u c t i o n s  wh i c h  a l l o w t h e  
t r a n s f e r  o f  d a t a  t o  a n d  f r o m m e m o r y a n d / o r  t h e  6 8 0 0 0  
mic roprocessor's i nternal  regi sters .  For  exam p l e ,  the  i nstru c t i o n :  

move . b  dO , d 1  

transfers t h e  l o we r  e i g h t  b i t s  o f  data fro m register  d O  to  register  
d l .  This  i s  an examp l e  o f  register  address i ng. 

On the  o t h e r  hand : 

move . !  #0 , d 1  
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p l a c e s  a z e r o  v a l u e  i n  reg ister  d 1 .  T h e  hash # s i g n  i n d i c ates  an 
o perand source  address ing mode known as immediate address i ng. 
In terms o f  the f inal  68000 i nstruc t i o n  t h i s  means t hat the operand 
( in  t h i s  case a 3 2 -b i t  zero  val u e )  is  s tored i mm e d iate ly  aft e r  the 
move . I  i n stru cti o n  code .  

Data can a lso  b e  moved to  m e m o ry locat ions  so  t o  move t h e  fu l l  3 2 -
b i t  c ontents  o f  regis t e r  d O  to a m e m o ry l ocat i o n  w h i c h  has b e e n  
given the  symb o l i c  n a m e  _DOSBase you wou l d  u s e  t h i s  i nstru c t i o n :  

move . I  do , _DOSBase 

Arithmetic and Logic I nstructions 

T h e  6 8 0 0 0  s u p p o r t s  a s t a n d a r d  s e t  o f  l o g i c  a n d  a r i t h m e t i c  
o p e r a t i o n s  w h i c h  a l l o w i t  t o  p e r fo r m  a d d i t i o n ,  s u b t r a c t i o n ,  
mu l ti p l icat ion and additi o n .  I n  add i t ion  t o  th is  i t  a lso  su p po rts a l l  
o f  t h e  c o m m o n  l ogic operat i o n s  (AN D,  OR,  XOR etc . )  As a n  example ,  
t h e  i nstructi o n :  

add . I  dO , d 1  

adds  the  fu l l  (3 2-b i t) co ntents o f  data registe r d O  t o  the  conte nts o f  
register  d l .  

Flow Control Facilities 

Without  flo w  contro l  i nstructi o n s  a processor  wou l d  o n ly be able  to  
execute  p rogram i n stru ct ions  s e qu e nt ia l ly .  T h e  ab i l i ty to  exe c u te 
d i fferent  parts o f  a program u n d e r  d i ffere nt  i nput/data c o nd it ions  
i s  fundamental to  the  nature  o f  c o m pu ti n g  s o  t h e  68000,  l ike a l l  
o the r processors ,  provi des  a number  o f  u s e fu l  mec han i s m s .  

T h e 6 8 0 0 0  p r o v i d e s  b o t h  c o n d i t i o n a l  a n d  u n c o n d i t i o n a l  
b r a n c h/j u m p  type i n stru c t i o n s  for  transferr i ng c o nt r o l  fro m o n e  
part  o f  a p rogram to another . O n e  s u c h  i n struct i o n  i s  c a l l e d  b e q  
(Branch o n  EQual  to z e ro )  and th is  i s  a flow co ntrol  b ran c h  wh i c h  i s  
o n l y  taken if t h e  6 8 000's zero flag i s  s e t .  To u s e  t h i s  i n stru cti o n  t o  
c o n d i ti o na l ly branch to a symb o l i c  address  ca l led  EXIT o n e  would  
wri t e :  

beq E X I T  

Uncondi t iona l  b ranch/ju mp i nstructi o n s  are a l s o  avai lab le  a n d  I ' m  
always re m i n d e d  when I d i scuss th is  part icu lar  a rea  about  BASI C's 
Goto in stru c t i o n .  Th is  got  the  b lame for  h e l p i ng programme rs to 
produce ta ngl e d  web, spaghetti  type ,  programs which n o  o ne c o u l d  
u n d e rstand , d e b u g  o r  a lter .  G o t o  i s  now d e fu nct w i t h i n  the  wo rld o f  
h i g h - l e v e l  l a n g u a g e s ,  d i s c r e d i t e d  a n d  l a r g e l y  u n u s e d .  A n y  
c o m p e t e n t  pro gram m e r  however  wi l l  t e l l  you that  g o t o s  can b e  
u s e d  properly a n d  can re su l t  i n  t i dy we l l  stru ctured programs. Th e 
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d i ff i c u l ty i s  o f  c o u r s e  t h a t  i t  i s  o n ly t o o  e a s y  t o  u s e  t h e  g o t o  
s tate m e n t  i n  a n  u nd i s c i p l i n e d  way, a n d  i t ' s  t h a t  w h i c h  l e a d s  to  
p ro gram structure  probl e m s .  

W h y  have I m e n t i o n e d  the g o t o  at t h i s  t i me? I t 's  b e c a u s e  i t  h a s  a 
s t rong c o nn e c t i o n  wi th  the  b ra n c h  a n d  j u m p  i n s t r u c t i o n s  o f  t h e  
6 8 0 0 0  p r o c e s s o r .  P r o g r a m m i n g  a t  l o w - l e v e l t h e n  h a s  a l l  t h e  
d isadvantage s ,  yet  n o n e  o f  t h e  advantage s ,  o f  t h e  p r i mit ive h igh
l evel  l anguage fac i l i t i e s  whi c h  have l o ng s ince b e e n  s u p e rs e d e d  by 
f o r m s  w h i c h  e nc o u rage t h e  p rogramm e r  to p r o d u c e ,  or at  l east  
fac i l i tate  t h e  p r o d u c t i o n  o f, t i d i e r  p r ograms . W h e n  y o u  program 
using 6 8 000 a s s e m b ly langu age , o r  any othe r  as s e mb l y  language 
c o m e  to that ,  you ' l l  fi n d  no s u c h  encou rage ment .  To a l arge extent  
any structu re and t i d i ne s s  i n  the  c o d e  wi l l  have to  c o m e  fro m  you 
the  programmer. 

S u b r o u t i n e  o r i e n t at e d  b ra n c h  a n d  j u m p  i n s t r u c t i o n s  a r e  a l s o  
ava i l ab l e  o n  t h e  6 8 0 0 0  a n d  t h e s e  a u t o m a t i c a l l y  s t o r e  a re t u rn 
address  o n  t h e  stack. After a su brout ine  cal l  has b e e n  executed th is  
return address  i s  used to transfe r  co ntrol  back to the  main  part  of  
the p rogram. 

Other Instructions 

I n stru c t i o n s  are p rovi d e d  wh i c h  al l ow the  68000 to test ,  s e t , and 
c l ea r  i n d iv i d u a l  b its  and to  rotate a n d  s h i ft o p e ra n d s .  There  are  
p o w e r f u l  a d d r e s s  c a l c u l a t i o n  i n s t r u c t i o n s ,  a u t o m a t e d  l o o p  
i nstru c t i o n s ,  a n d  even i n stru c t i o n s  w h i c h  a l l ow data areas  t o  be  
a l l ocated with i n  s tack space  as subrout i n e  cal l s  are mad e .  A vari e ty 
o f  i n stru ct ions  are a lso ava i labl e  for c o m paring part i cu lar o p e rand 
val u e s ,  wh i c h  s e t  the  appro p riate status register  flags. 

Assemblers 

T h i s s e c t i o n  d i s c u s s e s  t h e  fu n c t i o n s  pe rfo r m e d  by a s s e m b l e rs ,  
start ing with features  that are c o m m o n  t o  a l l  ass e mb l e rs a n d  t h e n  
c o n s i d e r i n g  s o m e o f  t h e  c a p a b i l i t i e s o f  m o r e  s o p h i s t i c a t e d  
packages .  

An assembly language program cons i sts of  a number  of  s tateme nts .  
Some s tate m e n t s  w i l l  c o r r e s p o n d  d i rect ly  to  68000 i n s tru c t i o n s ,  
o t h e r s  wi l l  be  as s e m b l e r- o r i e ntat e d  d i rect ives  k n o wn as p s e u d o
o p e rat i o n s  o r  pseudo-ops .  Program l i ne s  may co nta i n  as many as 
fou r  fi e l d s  - a lab e l ,  a mnemonic  (wh i c h  re presents an i n stru c t i o n  
op-code) ,  a n  o p e rand o r  ad d re s s  fi e l d  (wh i c h ,  i f  p r e s e n t ,  w i l l  be t h e  
data that the  i nstruct i o n  acts o n) ,  and a c o m m e nt .  H e re are  s o me 
typical  as s e mbly  c o d e  l i n e s  to  i l lus t rate t h e  fo r mat.  D o n ' t  worry 
about  what the  i n stru c t ions  are d o i ng ,  i t 's  the gene ral layou t  o f  the 
p rogram l i nes  that i s  i m po rtant ,  not  the d e ta i l s :  



* 

an example assembly language code f ragment 

* 

Open lib 

Labels 

1ove . l  

move . I  

rts 

Mnemo nics 

Comments 

library_name , a1 

_IntuitionBase , dO 

Operands 
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get library name 

get library base value 

Comments field 

C o m m e nts are o pt io nal  and do n o t  n e e d  to  be  prese nt .  They are  
added for the  same reas ons  that  REM statem e n ts are added to  BASIC 
p r o gr a m s ,  to p r o vi d e  i n - l i n e  d o c u m e n ta t i o n ,  l i n e s  to s e p a rate  
rou t i n e s  e tc .  Asse mb l e rs vary i n  h o w  they  d e l i mi t  co m m e n t s  but  
u s u al ly l ines  wh i c h  beg in  with an aster isk w i l l  be  treated as a whole  
l i n e  c o m m e n t ,  any c ha rac t e rs aft e r  a s e m i c o l o n  wi l l  s i m i la r ly b e  
ignored ,  a n d  any text after the  o p e rands fie l d  wi l l ,  p rovi d i ng i t  i s  
s e p a ra t e d  b y  o n e  o r  m o r e  s p a c e s ,  u su a l l y  a l s o  b e  t r e a t e d  a s  a 
c o m me nt .  

Labels 

Labe l s  s i mi lar ly do not  have to  be  u s e d  b u t, if  they are u s e d ,  they 
n o rmal ly  have to  b e  p laced at the  start of  the l ine  ( s o m e  ass e mb l e rs 
a r e  q u i te fu ssy a b o u t  fi e l d  p l ac e m e n t ) .  Many 6 8 00 0  ass e m b l e rs 
a d o p t  a c o nventi o n  w h i c h  a l lows wh i te space to  s ign i fy the  e n d  o f  
t h e  labe l  (as i n  t h e  above exam p l e )  but  a lso a l l ow t h e  lab e l  t o  start 
at a pos i t ion  o t h e r  than the fi rst c haracter  of the l i n e  p rovi d i ng i t  i s  
termi nated with a c o l o n  ( : ) .  

Eac h byte o f  each i n stru c t ion  o r  data i t e m  i n  a n  ass e m b l e r  p ro gra m 
has ,  by virtue o f  i ts  pos i t ion  i n  the program, a n  address  by whi c h  i t  
can  be  i d e n t i f i e d .  I n t e r n a l l y  t h e  a s s e m b l e r  ke e p s  t rack of  t h i s  
n u m e r i c a l  p o s i t i o n  i n fo r m a t i o n  b y  u s i n g a locat ion  cou n t e r. 
R e fe r r i n g  t o  p l a c e s  w i t h i n  a p r o g r a m  u s i n g s u c h  n u mb e r s  i s  
awkward b ecau s e  i t  means the  programmer  has t o  r e m e m b e r  the  
l e n gths o f  each i n stru ct i o n ,  so  labe ls  can make l i fe a l o t  eas ier .  I t  
d o e s  of  c o u rse  a l s o  l e ad to far m o r e  readab le  c o d e .  I n  t h e  above  
fragm e n t  the  progra m me r can u s e  OpenLib rat h e r  than hav i n g  to  
wo rk with  so me relat ively meani ngl e s s  n u me ric  val u e .  

Lab e l s  can a l s o  appear i n  t h e  o p e rand fi e l d s  and t h i s ,  as t h e  EXIT 
l a b e l  in t h e  fo l l owing fragm e n t  i l lu strate s ,  is c o m m o n ly u s e d  t o  
s p e c i fy a l ocati o n  to  j u mp o r  branch t o :  

m 
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Open lib 11ove . l  

11ove . l  

library_name , a1 

- I ntuitionBase , dO 

get library name 

get library base value 

beq EXI T  test result for success 

CALLSYS Closelibrary , _Ab sExecBase 

EXIT rts logical end of p rog ra11 

Programme rs u s e  lab e l s  to i d e n t i fy space set  as i d e  for variab l e s  and 
stat i c  program data,  the  starts of  both the  program and part i c ular 
rout in e s ,  e ntry and exits points ,  jump/branch p o s i t ions  e tc .  G iven 
the  p u rpose  of  labe ls  i n  a n  asse mbly language p rogram i t  s h o u l d  be 
obvi o u s  that it  i s  best  to use  l abe ls  that are meani ngfu l ,  as O p e n Li b ,  
EXIT, and l i b rary_name i n  t h e  above exampl e  shou l d  s h o w .  Labe l s  
l i ke X l 2 Z B  o r  I CYR2Y4 M E  a r e ,  of  c o u r s e ,  l ess  than u s e fu l .  

Label Conventions 

T h e  c o nv e n t i o n s  wh i c h  a s s e mb l e r s  e x p e c t  d o  vary ,  s o m e t i m e s  
c o n s i d e rably. Many assemblers for i ns tance wi l l  p lace  restr ict ions 
on  t h e  l engths of  labels  and o n  the  c haracters which  may be  u s e d  
w i t h i n  t h e m .  T h e  l e a d i n g  c harac t e r  m u s t  o ft e n  b e  a l e t t e r  a n d  
u s u al ly o n ly a few n o n-alphanumeric  c haracters are a l l o we d .  Many 
assemblers wi l l  a l low l o ng lab e l s ,  others may not ,  and s o me may 
a l l o w  t h e i r  u s e  b u t  tru n c ate t h e m  w i t h o u t  warn i n g .  M o d e r n  day 
a s s e m b l e r s  n o w  p r o v i d e  l o c a l  l a b e l  s u p p o rt a n d  D e v p a c fo r 
i n s t a n c e  a d o pts a c o nv e n t i o n  w h e reby a l ab e l  b e gi n n i ng w i t h  a 
per iod (or  opt ional ly  an u nderl i n e )  w i l l  be attached to t h e  last  non
local  labe l :  

Open lib move . I  lib rary_nam e , a1 get library name 

11ove . l  Int uitionBas e ,  dO get library base value 

beq . EX I T  test result for success 

CALLSYS Clo selibrary , _Ab sExecBase 

. EX I T  rts logical end of prog ram 

Devpac,  to provide co mpati b i l i ty with other  6 8000 assemblers ,  a lso  
al l ows str ings o f  d ig i ts  termi nate d with  a $ s ign to i d e n t i fy loca l  
labe l s .  I rrespective o f  the  conve nt i o n s  the  b e nefi ts are  t h e  same - i t  
i s  poss ib le  to re-use commonly  requ i re d  labe ls  without  t h e  r isk o f  
name c lashes .  

With  o l d e r  a s s e m b l e r s  i f , fo r i n s t a n c e ,  y o u  had t h r e e  r o u t i n e s  
s i m i l a r t o  t h e  above frag m e n t  w i t h i n  t h e  s a m e  p r o gram i t  was 
n e c e s s ary t o  u s e  say EXIT l ,  E X IT 2 ,  EX IT3  o r  s o m e  o t h e r  n a m e  
conventi o n  to avo i d  cau s i n g duplicate label e rrors .  Obvi o u s ly a n  
assembler ,  s i nce  i t  h a s  t o  e quate each lab e l  t o  a spec i fi c  address ,  
cannot  a l low the  same lab e l  to  be def ined twi ce with in  a program. 
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Assembler Directives 

T h e s e  are the  pseudo-ops ment ioned  ear l i er  and are u se d  to d e fi n e  
sym b o l s ,  d e s i gnate areas o f  m e m o ry for data storage,  p lace  fixed 
v a l u e s  i n  m e m o r y a n d  s o  o n .  D i r e c t i v e s  a l s o  e x i s t  fo r m o r e  
m u n d a n e  o p e ra t i o n s  s u c h  a s  c o n t r o l l i n g  t h e  l i s t i ng a n d  e r r o r  
r e p o rt ing  fac i l i t i e s  o f  t h e  assembl er .  O n c e  aga i n ,  c o nv e n t i o n s  are 
g o i n g to vary f r o m a s s e m b l e r  t o  a s s e m b l e r  b u t  t h e  d e t a i l e d  
s p e c i fi c s  w i l l  o f  c o u r s e  b e  fu l ly d o c u m e n t e d  i n  y o u r a s s e mb l e r  
manu a l s .  

H av i n g s a i d  t h a t ,  a f e w  p s e u d o - o p s  d o  n e e d  t o  b e  d e a l t  w i t h  
because  they wi l l  be  u s e d  exten sively wi t h i n  t h e  b o o k. 

The EQU Equate Directive 

T h i s  a l l o w s  t h e  p r o g ra m m e r  t o  d e f i n e a l a b e l  w i t h  a s p e c i fi c  
n u m e rical  val u e .  For  i nstan c e :  

NUL L  EQU  0 

TRUE EQU 1 

FALSE EQU 0 

SPAC E EQU 32 

M o s t  ass e m b l e rs w i l l  a l l o w you to  d e fi n e  o n e l a b e l  in  t e r m s  of  
another o r  i n  terms of  a n u m e ric  expre s s i o n :  

OFFSET EQU 

STRUCT EQU 

1 0  

4+0FFSET 

N o n e  o f  these EQU type d e fi n i ti o n s  cau s e  the assembler  to c re ate  
any c o d e .  A l l  that  happ e n s  i s  that  the def in i t ion  suppl ied  gets  noted  
i nte rna l ly and from that  p o i n t  o n  t h e  programmer i s  fre e  to use  the  
l a b e l wh e r e v e r  t h e y  w o u l d  o t h e r w i s e  have  n e e d e d  t o  u s e  t h e  
a p p r o p r i a t e  n u m e r i c a l  v a l u e .  O t h e r  a d v a n tag e s ,  i n  t e r m s  o f  
pro gra m ma i n tenance ,  a l s o  exist ,  b e cause  i f  you a l ter  a lab e l  a t  t h e  
fro n t  o f  a p r o g ra m  t h a t  n e w  d e f i n i t i o n  i s  t h e n  a u t o m a t i c a l l y  
u p dated whe reve r the label  has b e e n  u s e d .  C p rogrammers  u s e  the  
#d e fi n e  C prepro c e s s o r  fac i l i ty i n  much  the  same way. 

Storage Allocation Directives 

A l l  a s s e m b l e r s  r e c o g n i s e  a s e t  o f  d i r e c t ives  wh i c h  a l l o w  you to  
r e s e rve s p e c i fi e d  a m o u n t s  o f  me mory and i n i t ia l i s e  l ocat i o n s ,  or  
s e t s  of  l o c at i o n s ,  t o  p a r t i c u l a r  va l u e s .  I t  i s  u s u a l l y  p o s s i b l e  to  
s p e c i fy bytes ,  words  o r  long  word a l l ocati o n s  by appe n d i ng . b ,  .w,  
o r  . 1  to  a d i rect ive .  A d s (defi ne s torage) d i rect ive wi l l ,  when wri tte n 
as d s . 1 ,  al l o cate s pace for a number  o f  fou r-byte ( l o ng wo rd)  val u e s .  
S o  t o  reserve fou r  bytes o f  u n i n i ti a l i s e d  s pac e fo r a va riab l e  ca l l ed  
_ lntu i t i o n Base  we c o u l d  u s e :  

I n t u i t i o n B a s e  d s . l  1 

Ill 
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D i r e c t i v e s  w i l l  a l s o  b e  ava i l ab l e  for  p l a c i n g  c o n st a n t  val u e s  i n  
me mory.  T h e  f o l l o w i n g  s tateme n t  u s e s  d c . b ,  t h e  byte  fo r m  o f  a 
define constants d i rect ive , to store t h e  numer ical equ iva l e n ts o f  the  
characters intuition. library p l u s  a termina l  N U LL (zero )  c haracter  i n  
a s e t  o f  memory locat ions  w h o s e  s tart ad dress  h a s  b e e n  l ab e l l e d  as 
i nt u i t i o n_name:  

intuit io n_name d c . b  ' intuition . library ' , N U L L  

N o t e :  all microprocessor  data i s  represented by numbers a n d  s o  to 
deve l o p  text-o r ie ntated programs it has b e e n  n e c e s sary to  d e v i se 
c od e s  whereby each character  i s  re presented by a n u mb e r .  Seve ral 
s c h e m e s  have  b e e n  d e ve l o p e d  b u t  t h e  o n e  u s e d  m o r e  t h a n  a ny 
o t h e r  i s  c a l l e d  t h e  A m e r i c a n  S t a n d a r d  C o d e  f o r I n fo r m a t i o n  
Interc ha nge (ASCI I ) .  You ' l l  fi nd  the  deta i ls  i n  Appe n d ix C .  

Operands and Addresses 

M o s t  a s s e mb l e r s  a s s u m e  that  a l l  n u m b e r s  are d e c i mal  n u m b e rs 
u n l e s s  o t h e r w i s e  s t a t e d  b u t  c a n  a c c e p t  b i n a r y ,  o c t a l ,  a n d  
h e xa d e c i m a l  n u m b e r s  i f  s u i ta b l y  i d e n t i f i e d .  T h e  $ s i g n ,  f o r  
i n s t a n c e ,  i s  fre q u e n t ly u s e d  t o  s p e c i fy h e x a d e c i m a l  n u m b e r s .  
M o dern  assemb l e rs o ffer great flexibi l i ty i n  terms o f  t h e  c o m p l ex i ty 
o f  t h e  n u m e r i c  e x p r e s s i o n s  t h e y  a c c e p t  a n d  m a n y  p r o v i d e  
mu l t i p l i c at i o n ,  d i vi s i o n ,  a d d i t i o n ,  s u btract i o n ,  l o gi ca l  o pe rat i o n s ,  
u s e  o f  paren t h e s i s  e t c .  Assemb l e rs w h i c h  s u pport the  ge nerat i o n  o f  
f loatin g  p o i nt coprocessor  c o d e  wi l l  a lso  provi d e  prov i s i o n s  f o r  t h e  
u s e  o f  f loat ing p o i n t  con stants .  

ASC I I  charact e r  c o nstants ,  as  i l l u s trate d  in the prev i o u s  s e c t i o n's  
d c . b  d i r e c t i ve exa m p l e ,  are  a l s o  a l l ow e d  with q u o t e s  or  d o u b l e  
q u o t e s  b e i ng u s e d  to  d e l i m i t  t h e  start a n d  t h e  e n d  o f  t h e  s e t  of  
characters .  

Macro Assembly 

You fre q u e nt ly  f ind that part icu lar  s e q u e n c e s  o f  i nstru c t i o n s  crop 
u p  again  and aga in .  Macro assemblers ,  such  a s  D evpac , a l l o w  you to  
ass ign names to  such  i nstruct ion  sequence s  and when the  name i s  
encou ntered t h e  assembler  automati cal ly  expands i t  to p r o d u c e  the  
or ig ina l  set  o f  i nstruct ions .  Nowadays th is  fac i l ity i s  n o t  restr ic ted  
to  p re d e fi n e d ,  abs o l ute ly  fixed ,  i nstru ct ion sequences  - macros  can 
b e  used w h i c h  c o nta in  parameter  plac e h o l d e r  marke rs .  When the  
macro i s  used  the  parameters prov i d e d  for  that  part icu lar  i n stance 
are i n s e rt e d  i nto the code  that  i s  generate d .  Macros a l low a s sembly 
l an gu age progra m m i n g  to be  d o n e  at a s i gn i fi cant ly  h i g h e r  l eve l  
than was previo u s ly poss ib le  and they are in  fact an e s s e nt i a l  part 
o f  Amiga assembly language programming owing to the fac t  that a 
great many pre- d e f i n e d  mac ros  have b e e n  made ava i l ab l e  to  t h e  
programmer i n  the  syste m h eader  fi l e s .  You ' l l  fi nd  many examples  
o f  macros b e i ng u se d  i n  later c hapters .  



The 68000 Chip 

Conditional Assembly 

M ost assemblers provi d e  d i rect ive s w h i c h  a l l o w  s p ec i fi e d  parts of a 
p r o g r a m t o  b e  a s s e m b l e d ,  o r  n o t  a s s e m b l e d ,  d e p e n d i n g o n  
s p ec i fi e d  c o n d i t i o n s .  F o r  i nstance the  s i ngle  standard start- u p  c o d e  
s o u rc e fi l e  prov i d e d  b y  Commodore  i n c l ud e s  c hangeab l e  c o nstant 
d e c larat ions  which  al low the  automatic  g e n e rati o n  of a n u mb e r  o f  
d i ffe r e n t  s tart- u p  m o d u l e  v e r s i o n s .  P r o g ra m m e rs o f t e n  i nc l u d e  
d e bu gg i n g  c o d e  i n  t h e i r  pr ograms b u t  c o n d i t i o na l l y  r e move  t h e  
r e l e v a n t  s e c t i o n s  o f  c o d e  i n  t h e  r e l e a s e d  v e r s i o n s  o f  t h e i r  
p rograms.  

A Commercial Package 

A s s e m b l e r  p r o g ra m s ,  as w e ' v e  a l r e a d y  s e e n ,  a r e  n o t  u s e d  i n  
i s o lat ion . An e d i t o r  i s  n e e d e d  to c reate t h e  p rogram, a n d  a l i n ke r  
p l u s  any n u m b e r  o f  o t h e r  p r o g r a m  s u p p o r t t o o l s  w i l l  a l s o  b e  
n e e d e d .  On t h e  Amiga i t's  a l so  n e c essary to have the  sys t e m  header  
fi l e s  avai lab l e .  S o ,  w h i l s t  a l l  as s e mb l e r  package s wi l l  h ave  s o me 
c o mmon gro u n d ,  t h e r e  are l i ke ly  to b e  s ign i f icant  d i ff e re n c e s  i n  
terms o f  the  ove ra l l  e nvironment  o ffer e d  to the  p rogrammer .  T h i s  
appl i e s  both  i n  terms o f  t h e  conve nt i o n s  u s e d  a n d  i n  t h e  ove ral l 
e n v i r o n m e n t  i n t e g r a t i o n  ( w h i c h  a f fe c t s  t h e  e a s e  o f  u s e ) . T o  
i l l u st rate t h e  features  that a m o d e r n  Ami ga a s s e mb l e r  enviro n m e nt 
w i l l  o ffe r I 've  c h o s e n  to  l o o k  at what  I c o n s i d e r  t o  b e  t h e  b e s t  
a s s e m b l y  l a nguage p r o g ra m m i n g  e n vi r o n m e n t  avai l ab l e  o n  t h e  
Am iga a t  t h e  curre nt t i me , H iSoft's Devpac 3 .  

Devpac 

HiSoft 's  68000 Devpac Amiga ass e m b l e r  pac kage h as b e e n  aro u n d  
fo r qu i t e  a few years and d u r i n g  that  t i me a large u s e r- ba s e  has  
fo rmed.  Most  Devpac u se rs wi l l  te l l  you that the pac kage is  popular  
fo r two mai n reasons .  F i rst ly ,  i t  i s  a robust  program which  does  the  
j o b  that i t  is  s u p p o s e d  to do .  Second ly ,  i t  has  p roved to b e  a stab l e ,  
we l l  supported ,  product. I f  y o u  are a s e ri o u s  u se r, and m o s t  Amiga 
a s s e m b l y  l a n g u a g e  p r o g ra m m e r s  a r e ,  t h e n  t h o s e  q u a l i t i e s  a r e  
obvious ly i mportant.  

The la tes t  v e r s i o n  of Devpac ,  c a l l e d  Devpac 3,  has a n u m b e r o f  
advantag e s  o v e r e a r l i e r  v e r s i o n s .  T h e  e d i t o r  h a s  b e e n  g r e a t l y 
e n hanced  and i t  now o ffers m u l t i p l e  fi l e  e d i t i ng with fu l l  m o u se
c o ntro l l e d  cut  & paste  fac i l i t i e s ,  e n h a n c e d  m e n u  s e l e c t i o n  a n d  a 
new Workbench 2 style look, eve n when r u n n i ng u n d e r  Workb e n c h  
1 . 3 .  Espe c i a l l y  u s e fu l  e d i t o r  featu r e s  i n c l u d e  t h e  a b i l i ty t o  o p e n  
i n d i v i d u a l l y  s c r o l l a b l e  m u l t i p l e  w i n d o w s o n  t h e  s a m e  f i l e ,  
b o o kmark s e t  and l ocate fac i l i t i e s ,  a macro r e c o r d i ng fac i l i ty fo r 
m e m o r i s i n g c o m p l e x  k e y p r e s s  s e q u e n c e s ,  a n d  p o w e r f u l  
as s e mb l e r/debugger i n tegrat ion  o p t i o n s .  
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The a s s e mb l e r  supports the 68000-6 8 040,  683 3 2 ,  6 8 8 8 1 /2 a n d  the  
68 8 5 1 m e mo ry manage m e n t  u n i t  ( M M U) c h i p s .  I t  c a n  p r o d u c e  $ 
r e c o r d s  (an  o u t p u t  fo r m  u s e d  b y  E P R O M  p r o g r a m m e r s ) ,  c a n 
gene rate a n d  p r o c e s s  pre-as s e mb l e d  i n c l u d e  f i l e s  a n d  can c re ate 
m o re s o u rc e - c o d e  tracki ng d e bugging i n fo . The Devpac d e b ugger 
has  a f lexi b l e ,  u s e r- c o n fi g u rab l e ,  m u l ti -wi n d o w  a r ra n g e m e n t  a n d  
c a n  hand le  mu l ti p l e  fi l e s .  

S i n c e  the  Devpac e nviro n me nt h a s  p rove n to b e  s o  p o p u lar  (th e re 
are a r o u n d  ten  thousand D evpac u s e r s )  I wi l l  try and expla i n t h e  
p u r p o s e ,  a n d  the  b e n e fi t s ,  o f  s o me o f  the  Devpac fac i l i t i e s .  T h e  
ma i n  H i S o ft t o o l s  are t h e  e d i t o r ,  a s s e m b l e r ,  and the  d ebugger .  

The Devpac Editor 

The Devpac ed i tor ,  and i t s  menu syste m ,  has b e e n  we l l  p l a n n e d  and 
makes  extens ive u s e  o f  Wo rkbe nch 2 styl e requeste rs  and gadgets.  
Yo u 'l l  fi n d  act i o n  gadgets and b u tto n s ,  c h e c k-box gadgets , rad i o  
buttons a n d  gadgets that cyc l e  through var i o u s  o p t i o n s  as they are 
s e l ected .  F i l e  o p e rat ions  n ow u s e  the ARP ( o r  the ASL in the case of  
the  Wo rkb e n c h  2)  requester  so a l l  f i l e  o p e ratio n s  have b e c o m e  a lot  
eas ier .  O n e  o f  the  b ig  change s with the  latest  ed i tor  i s  that  i t  now 
l ets  you work with mult ip le  fi l e s  and even a l lows you to o p e n  m o re 
than o n e  window i n  the  same f i l e .  T h i s  i s  handy for d o i n g  m u l t i p l e  
c o p y  and paste o p e rat i o n s  b e tween d i ffer e n t  areas b e cause  you d o  
n o t  have to  keep moving b a c k  and fo rth b e twe e n  t h e  s o u r c e  and 
d e s t i nati o n  sect ions .  

An Ed i t  m e n u  provi d e s  c l i pboard cu t/c o py/paste fac i l i t i e s  a n d  with 
D e v pa c  3 t h e s e  can n o w  be d o n e  b y  p r o p e r  m o u s e - c o n t r o l l e d  
marki ng, i e  b y  h o l d i ng the l e ft mou s e  bu tton d o wn and w i p i n g  the 
mouse over  the  area o f  text  or  p rogram-code you wish to  mark fo r 
copying. B e i ng able to view, and copy sect ions  betwe e n ,  d i ffe rent  
wind ows o f  d i ffe rent  proj ects  i s  a maj o r  p l u s  for  the  n e w  e d i tor .  
T h e  e d it o r  a lso  i n c l u d e s  a Searc h m e nu w h i c h  o ffe rs  easy to  u s e  
requ este r-bas ed find and find & replace fac i l i t i es ,  a n d  a b o o kmark 
s c h e m e  which a l l ows you to u s e  u p  to ten p lace-marke rs  with i n  a 
p r oj e c t .  A m a c r o  fa c i l i t y w h i c h  l e t s  t h e  e d i t o r  l e a r n  u s e fu l  
s e q u e n c e s  o f  ke y s t r o k e s  h a s  a l s o  b e e n  p ro v i d e d .  T h e s e  e d i to r  
macros  are  noth ing  t o  d o  with  the 68000 o r i en tated c o d e  macros  
d i s c u s s e d  earl i e r  i n  th is  chapter .  

A Sett i ngs menu a l l ows you to set  the  e d i tor  and a s s e m b l e r  c on t r o l s  
and d e fi n e  the u s ual  typ e s  o f  global  se t t i ngs fo r t a b  s i z e ,  e n d-of
l i ne b e haviour ,  auto i n d e n t i ng, auto mat i c  back- u p  creat i o n  and s o  
o n .  W i n d o w arra ngement  i s  co ntro l l ab l e  by a m e n u  wh i c h  a l l ows 
the view arrangeme nts o f  the var i o u s  p roj e c t  w i n d o ws to b e  a l tered  
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(stacke d ,  d iagonal ly  o ffset etc . )  M ost  e d i to r  sett ings can b e  saved to 
d i s k  and when the  e d i tor  has b e e n  aske d to  c reate p roj e c t  i c o n s ,  
t h i ngs l i ke boo kmark sett ings c a n  a l so  be stored w i t h  t h e  p roject .  

The assembler  opt ions  the mselves are gro u p e d  i nto  three se parate 
requesters wh i c h  are ca l led  u p  by s e l e c t i ng o ne of three  i t e m s  o n  
t h e  a s s e mb l e r  s e tt i n g s  s u b - m e n u .  A c o n t r o l  r e q u e s t e r  p ro v i d e s  
control  ove r basi c  assembler  o p e rat i o n ,  source  a n d  d est inat io n  fi l e  
paths ,  l i s t i n g  contro l  e t c .  T h e  Opt ions  requester  give s ac c e s s  to  t h e  
l a rge n u m b e r  o f  m o r e  t e c h n i c a l  a s s e m b l e r  s e t t i n gs ( i d e n t i fy i n g  
p roc e s s o r, coprocessor  a n d  M M U  typ e s ,  e n s u ri ng PC-re lat ive c o d e ,  
p rod u c i n g  l ocal label  u nderscor ing and s o  o n) .  The t h i r d  requester  
prov i d e s  a range o f  asse mb l e r  opt im i sat ion  sett ings.  

As  w i t h  e a r l i e r  D e v p a c  e d i t o rs t h e  D e v p a c  3 v e r s i o n  p r ov i d e s  
automatic l ocat i o n  o f  e rrors i n  the  s ou rc e  after assembly via fi nd  
e r r o r , p r e v i o u s  e rr o r  a n d  n e x t  e r r o r  m e n u  o pt i o n s .  C re a t e  t h e  
source  c o d e  u s i n g  t h e  e d i to r  a n d  s e l e ct assemble from t h e  p ro gram 
menu . Ed it/assemble  u nt i l  the assembly process  is error free and 
y o u ' l l  t h e n  be ab l e  to r u n  t h e  c o d e  d i r e c t l y  f r o m t h e  e d i t o r ' s  
program m e n u .  I n  s h o rt i t  i s  p o s s i b l e  to  create,  assemble ,  debug, 
r u n  a n d  s a v e  y o u r  c o d e  w i t h o u t  e v e r  l e a v i n g  t h e  D e v p a c  
envi ronment !  

Devpac 3 ,  as  you may have gathered ,  has more  o pt i o n s  than space 
permits  me to ta l k  about  - you are , for i nstance ,  a lso abl e  to  make 
the asse mbler  and/or d ebugger res ident ,  contro l  font  u sage , set  the  
ed ito r's pr i nt ing parameters  and make proj ects  read o nly,  s o  that  
you d o n 't i nadvertent ly  alter  a fi l e  that you've opened to u se j u s t  as  
a c l i pb oard sou rc e  d o c u ment .  Many opt ions  h ave A m iga-key m e n u  
shortcuts  o r  S h i ft ,  Ctr l  o r  A l t  keyboard sequences  s o  exper i e n c e d  
u s e rs c a n  bypass the  s o met imes  t ime- c o n s u m i ng m e n u  o p e rat ions  
i f  they s o  c h o o s e .  

The Devpac Assembler 

D e v p a c ' s  a s s e m b l e r  i s  c a l l e d  G e n A m  a n d  i t  i s  a fas t  fu l l - s p e c  
o ffer ing which  s u p ports parameter dr iven macros a n d  wh i c h  c a n  b e  
u s e d  b o t h  fro m t h e  e d i t o r  m e n u  o r  a s  a s t a n d -a l o n e  p r o gr a m .  
Ge nAm h a s  a l l  t h e  bells and whistles e x p e c t e d  o f  a m o d e r n  d ay 
asse m b l e r  - i t  p rov i d e s  c o m p re h e n s ive expre s s i o n  h a n d l i ng a n d  
supports " ,  / ,  + ,  - ,  = ,  b i twi se  a nd/or/xor/not ,  l e ft a n d  r ight s h i ft ing 
and the u su a l  i n e qu a l i ty o p e rato rs .  L ike many ass e m b l ers  i t  a l l ows 
d e c i mal ,  hex, octal ,  b ' nary and c haracter  c o n s tants b u t  a l so  o ffe rs  
f l o a t i n g  p o i n t  c o n s t a n t s  fo r 6 8 8 8 1 / 2 c o p ro c e s s o r  a p p l i c at i o n s .  
Devpac a l l ows t h e  u s e o f  l o c a l  l ab e l s  a n d ,  b y  d e fa u l t ,  a l l l a b e l  
names are s i g n i ficant  to  1 2 7 characters .  
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As far as a s s e m b l e r  control  i s  concerned  GenAm h as a l l  t h e  u sual  
o p t i o n s .  If  for  i nstance  you wa nt to  s u p press  war n i n gs ,  i g n o ri n g  
mu l t ip le - fi l e  i n c l u d e s ,  e l i mi nate symbo l -tabl e and macro l i s t i n g  a n d  
create a ru nab l e  (exe cutab l e )  e nd fi l e ,  t h e n  Ge nAm wi l l  l e t  you d o  i t .  
At o n e  t i m e  I wou l d  have sa id  that su pport fo r the  f loati n g  p o i n t  c o 
pro c e s s o rs e tc ,  was not  go ing to b e  that u s e fu l  to  the  ave rage u se r ,  
b u t  t i m e s  a r e  c h a n g i n g  a n d  w i t h  s o m e o f  t h e  e x c e l l e n t  n e w  
ac c e l e rator boards wh ich  are b e i n g  o ffe red to Amiga u s e r s  t h i s  n e w  
Devpac i s  i d eal  fo r ray-tracers and anyone e l se who wan t s  to  try 
t h e i r  hand at p rogramming t h e i r  6 8 8 8 1 /2 c h i p s  d i rect ly. 

O n e  v e ry h a n d y  fe a t u r e  o f  t h e  n e w D e v p a c  o ffe r i n g  i s  t h at  i t  
s u p p o rts  the u se o f  i mported symbol  tab l e s ,  i e  i nc l u d e  fi l e s  that  
have previ o u s l y  b e e n  read i nto  the  asse mbl e r  and p re-as s e m b l ed to  
cre ate a fi l e  c o n t a i n i n g  a l l  t h e  r e l evant d e fi n i t i o n s .  In  fact  w h e n  
searc h i n g  f o r  a n  i n c l u d e  fi l e  GenAm l ooks f irst  fo r a fi l e  o f  t h e  same 
name b u t  with a .gs exte n s i o n .  I f  such a fi l e  i s  fo u n d  G e nA m  wi l l  
a s s u m e  that  i t  i s  a p re -ass e m b l e d  e q u iva l e n t  a n d  w i l l  u s e  i t  i n  
prefe r e n c e  to the  fi l e  or ig ina l ly  spec i fi e d .  The  b e n e fi t  o f  u s i ng s u c h  
pre-treated fi l e s  i s  faster  assembly t i m e s  and D evpac's symbo l  tab l e  
generat i o n  o pt i o n  c a n  b e  u s e d  t o  good e ffec t  with t h e  Amiga system 
headers  the mse lves.  

T h e  a s s e m b l e r  can ge n e rate  b o t h  e x e c u ta b l e  c o d e  a n d  l i n kab l e  
c o d e ,  p l u s  t h e  M o to r o l a  s ta n d a rd S - re c o r d s  f o r m at m e n t i o n e d  
earl i e r .  I t  a l so  i nc l u d e s  a n u m b e r  o f  opt i o ns for prov i d i n g  d e bu g  
data i n  i ts ou tpu t fi l e s .  SYM BOL hunks  (as def ined  by the  A m i gaDOS 
b i nary fi l e  fo rmat),  L INE d e bug hunks (recogn i sab l e  by Latti c e/SAS's 
Code Probe) ,  and compressed HCLN chu nks are a l l  supported .  

The purpose  o f  i n c l u d i n g  s u c h  data i s  that i t  enabl e s  t h e  d e b u gger  
to make t h e  or igi nal s o u rce-code  labe l s  v is ib le  r e fe re n c e  p o i nts  i n  
the d i sassembled  c o d e .  Because the final c o d e  s i z e  i s  i n creas e d  o n e  
n o r m a l l y  o n l y  i n c l u d e s  d e b u g g i n g  i n fo d u r i n g  t h e  p ro g r a m  
d e ve l o p m e n t  s t ag e s .  By  r e a s s e mb l i n g w i t h  t h e  d e b u g  o p t i o n s  
turned o ff the exc e s s  data can b e  e l i m i nated i n  t h e  fi na l  ve rs i o n  o f  
t h e  program. 

GenAm has far more fac i l i t i e s  than we can poss i b ly  m e n t i o n  but it  
is  wo rth p o i nt ing  out that some are e s pec ia l ly  u s e fu l  to  the A miga 
p r o g ra m m e r . M u l t i p l e  h u n ks ( i n c l u d i ng c h i p  a n d  fa s t )  a r e  fu l l y  
s u p p o rted and there ' s  a n  I N C B I N  d i rect ive fo r i n c l u d ing  b i n ary fi l e s ,  
wh i c h  i s  u s e fu l  fo r r e a d i n g  i n  s p r i t e  d a t a  a n d  g e n e ra l  s c r e e n  
grap h i c s .  



The 68000 Chip 

The Devpac Debugger 

Programs wri tte n i n  asse m b ly langu age are part i c u l arly error  pro n e  
a n d  even s l ight c o d i ng e rro rs c a n  s p e l l  d i saster .  Th i s  b e i n g  s o ,  a l l  
c om m e r c i a l  ass e m b l e r  pac kages  provi d e  s o m e  type o f  d ebuggi ng 
fac i l i t i e s .  With D evpac t h e  d ebugger i s  ca l led  M o nAm. 

M o nA m  is  a l o w- l eve l d e bu gg e r  a b l e  to step t h r o u g h  a p rogram 
d i sp lay ing c o d e  i n s t ru c t i o n s ,  6 8 000 reg ister  c o n t e n t s ,  p r o c e s s o r  
statu s ,  a n d  memory c o ntents  i n  hex o r  ASC I I  fo rm a s  i t  d o e s  s o .  I f  
you have i n c l u d e d  d e b u g  i n fo i n  you r  p rogram t h e  M onAm c a n  u s e  
t hat to d i sp lay y o u r  or ig i nal  program lab e l s .  The  d ebugg e r  c a n  a lso  
be  used  to look at c o m p i l e r  wri tte n code  and,  i f  t h e  pac kage that 
p ro d u c e d  the c o d e  i n c l u d e d  l i n e  n u m b e r  d e bu g  data ,  i t  is  e v e n  
poss ib l e to v iew t h e  o r i g i nal  sou rce c o d e !  M o nAm i s  very p owerfu l  
a n d  o n e  maj o r  featu re i s  t h i s  ab i l i ty t o  u s e  symbo l s  take n from the  
o r ig i nal  p rogram. 

F o u r  w i n d o w  typ e s  are d e fi n e d  t o  p r o v i d e  v i e w s  of p r o c e s s o r  
d e t a i l s  ( r e g i s t e r  c o n t e n t s ,  f l a g  v a l u e s  e t c ) ,  6 8 0 0 0  m n e m o n i c  
d i sassembly,  memory co nte nts hex o r  ASCI I ,  and sou rce  c o d e .  The  
d i sass e m b l e r  (a p rogram which  reads an exec u tab l e  p rogram and 
t r i e s  to  g e n e ra t e  the  o r i g i n a l  a s s e m b l y  l a n gu a g e  i n s t r u c t i o n s )  
recogn ises  a l l  6 8 000 fam i l y  p r o c e s s o r  i n stru c t i o n s ,  i n c l u d i ng t h e  
6 8 040,  mat h s  coprocessor  and M M U  i n stru c t i o n s .  M o nAm w i n d ows 
can now be  l ocked to a l low i nteract ive m o n i to ri ng o f  c o m p l e x  data 
stru ctu res and any n u m b e r  o f  sou rc e  fi l e s  may be loaded i nto  each  
w i n d o w  a l o ng w i t h  any a s s o c i a t e d  l i n e n u mb e r  d e b u gg i ng i n fo . 
M u l t i -module  programs can the refore be  s i ngle-stepped l i n e  by l i n e  
from your or ig i nal  sou rc e  f i l e s .  

T w o  p o w e r fu l  o p e rators  are  p r ov i d e d  wh i c h  c o nv e r t  a p r o gram 
addre s s  i nto a sou rc e-code l i n e  number and l o cate any part  o f  the  
p rogram from i ts pos i t ion  in  the sou rce .  L ike the  Devpac asse m b l er ,  
t h e  M o n A m  d e b u gg e r  p r o g r a m  can a l s o  r u n a s  a s t a n d  a l o n e  
p r ogram but most  u se rs access  i t  d i rect ly from the m e n u s  o f  the  
Devpac e d i tor  program. 

Other Components 

A s  we l l  as t h e  e d i t o r ,  a s s e m b l e r  a n d  d e b u gg e r  t h e  D e v p a c  3 
p a c kage i n c l u d e s  B l i n k ,  t h e  A m i ga 's  d e fa c t o  s t a n d a r d  l i n k e r , a 
p rogram cal l e d  SRS p i l t  w h i c h  i s  an S-re c o rd s p l i tt e r  u t i l i ty a n d  a 
u t i l i ty c a l l e d  F D 2 LVO wh i c h  c o nve rts C o m m o d o r e  F D  fi l e s  i n t o  
i n c l u d e  f i l e s  c o n t a i n i n g  d i r e c t  l i b ra ry ve c t o r  o f fs e t  d a t a  ( LVO 
va l u e s ) .  Y o u  a l s o  get  t h e  a l l  i m p o r t a n t  C o m m o d o r e  a s s e m b l y  
l a nguage i n c l u d e  f i l e s ,  t h e  s tand ard r u n - t i m e  a n d  l i n k  l i b ra r i e s  
( p l u s  e x t r a  m a t h s  a n d  I F F  p a r s e  l i b ra r i e s )  a n d  s o m e  e x a m p l e  
p rograms t o  get  you started .  

m 
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Make it Easy! 

This  b o o k  i s  i n  no way r e s t ric ted  to Devpac u s e r s  but  it m u s t  b e  
s a i d  that i f  you h ave yet  to  g e t  a n  assemble r  package Devpac 3 i s  
worthy o f  ser ious  c o n s i d e rat ion .  I t  p rovid e s  some s u p e rb fac i l i t i e s  
and newcomers w i l l  get  an asse mbler  environment  wh i c h  w i l l  h e l p  
make learn i ng about ,  and u s i ng, assembly language j u s t  about  as 
easy as i t  eve r cou l d  be !  

In  the  l a s t  t w o  c h a p t e r s  I 've c o v e r e d  s o m e  g e n e r a l  c o n c e p t s ,  
i nt r o d u c e d  t h e  6 8 000 t o  y o u  and l o o ke d  a t  i ss u e s  r e l at e d  t o  t h e  
writ ing  o f  asse mbly langu age pro grams.  Now i t ' s  t i me to  put  s o me 
o f  t h e s e  p i e c e s  together  a n d  start look ing at  the  wri t i n g  o f  s o m e  
s i m p l e ,  b u t  n everth e l e s s ,  r e a l  ass e mbly language programs .  



3: 

Solving 

Simple 

Problems 

O n e  of t h e  e a s i e s t  w a y s  t o  
c o m e  t o  t e r m s  w i t h  6 8 0 0 0  
a s s e mb ly  l a n gu ag e  p r o gram
m i n g  i s  t o  l o o k  at s o m e  
p r o g r a m s  a n d  s o  t h i s  i s  
exactly what we s h a l l  b e  d o i ng 
i n  th is  chapter .  B e fore  making 
a start however a few words o f  
war n i ng a r e  i n  o rd e r ,  j u s t  i n  
case y o u  are exp e c t i ng to  d ive 
s t r a i g h t  i n t o  t h e  w o r l d  o f  
A m i g a g r a p h i c s  a n d  m u l t i 
task ing. 

The  p l a i n  truth of the matte r 
i s  that to  expla i n  t h e  purposes  
of  a l a r g e  n u m b e r  o f  t h e  
68000 i n stru c t i o n s  we n e e d  to  
s t a r t  w i t h  v e r y s i m p l e  
e x a m p l e s  w h i c h  s t e e r  w e l l  
c l e a r  o f  A m i g a o p e r a t i n g  
syste m  i s s u e s .  U n fo rtu n a t e l y  
s u c h  s i m p l e  programs w i l l ,  by 
d e f i n i t i o n ,  t e n d  n o t  t o  d o  
m u c h  - i n  fac t t h e  p r o grams 
t h a t  w e ' l l  d e a l  w i t h  i n  t h i s  
c hapter w i l l  n o t  even have any 
v i s i b l e  o u t p u t  w h e n  t h e y  are 
ru n .  

From a newc o m e r's v iewp o i nt 
t h i s  i s  u n f o r t u n a t e .  O n  t h e  
fa c e  o f  i t  t h e p r o s p e c t  o f  
s p e n d i n g  t i m e e x a m i n i n g  
p r o g ra m s  t h a t  a d d  t w o  
n u m b e r s  toge t h e r , o r  c o py a 
f e w  b y t e s  f r o m o n e s e t  o f  
me mory l ocat i o n s  t o  a n o t h e r  
i s  h a r d l y  l i k e l y t o  i n s t i l l  a 
burn ing  d e s i re to  l earn about  
the 68000.  

N ev e rt h e l e s s  t h i s  c ha p t e r  i s  
v e r y n e c e s s a ry b e c a u s e  i t  
i l lu strates the u s e  o f  a n u mb e r  
o f  ve ry i m p o r t a n t  6 8 0 0 0  
i n s t r u c t i o n s .  B e  p a t i e n t  -
t h e s e  e x a m p l e s  h a v e  b e e n  

m 
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d e l ib erate ly  c h o s e n  s o  as to i l l u s trate the  o p e rat ions  that  you ' l l  b e  
e x p e c t e d  t o  kn o w  a b o u t  o n c e  we g e t  i nt o  p ro p e r  A m iga 6 8 0 0 0  
p rogrammi ng. There are  a few po i nts to  b e a r  i n  m i n d :  

• W h i l s t  r e a d i n g t h i s  c h a p t e r  y o u  m a y  f i n d  i t  u s e fu l  t o  
o c c a s i o n a l l y  r e f e r  t o  C h a pt e r  1 7  w h i c h  l i st s  a s e l e c t i o n  o f  
commo nly  u s e d  i nstruct ion s ,  detai l s  o f  t h e  6 8 000 p r o c e ss or's 
address ing m o d e s ,  and vari o u s  o t h e r  d e ta i l s .  

• Al l  t h e  examp l e s  d iscussed  i n  th i s  chapter  are CU/Sh e l l  based  
p rograms and shou ld  not  b e  run fro m the  Workb e n c h .  

• Users who have access  to  an Amiga 68000 m o n i to r/debugg e r  
p rogram (such as Devpac's M o nAm) wi l l  fin d  i t  u s e fu l  to  e n t e r  
a n d  r u n  m a n y  o f  t h e  exam p l e s  i n  s i ng l e - s t e p m o d e .  Eve n  
though the  p ro gram may h ave n o  v i s i b l e  output  i t  w i l l  s t i l l  b e  
p o s s i b l e  t o  s e e  how the  vari o u s  i nstru c ti o ns affect  t h e  state o f  
t h e  p ro c e s s o r's regi sters  and flags . 

Data Transfer 

D a t a  m o v e m e n t  o n  t h e  6 8 0 0 0  c a n  b e  a c h i e v e d  w i t h m o v e  
i nstruct ions .  A n u m b e r  o f  variants exi s t  but  the  bas ic  fo rmat i s :  

move . < s ize >  sourc e ,  d est inat ion 

I f  the  o bj e c t  s i z e  i s  not  s p e c i f i e d  t h e n  a word s i z e  ( 1 6  b i t )  i s  
ass u m e d .  

T o  m o v e  t h e  c o n t e n t s  o f  a l o c at i o n  w h i c h  h a s  b e e n  g i v e n t h e  
symbo l i c  name X t o  the  l owe st  8 b i ts o f  register  d O  w e  w o u l d  write : 

move . b  x ,  dO copy byte  X t o  lowest 8 b i t s  of  dO  

S i mi lar ly ,  to  move t h e  l owest  8 b i t s  o f  r e g i s t e r  d O  to  a l o c at i o n  
wh i c h  has b e e n  l ab e l l e d  Y w e  cou ld  write :  

move . b  dO , Y copy lowest 8 b it s  of  dO t o  Y 

O n e  way o f  i n i t ial i s i ng the above X and Y var iab l e s  wou l d  b e  to  u s e  
the  byte form o f  the  define constant a n d  define storage p s e u do-ops  
(dc .b  and d s . b) ,  l i ke th is : 

X dc . b  1 0  

Y d s . b  1 

allocat e one  byte and i n it ialise  it t o  1 0  

allocat e one  byte but do NOT init i a l i s e  it 

I f  we put  these  fragme nts  toge t h e r  we can b u i l d  a pro gram which  
w i l l  c o py t h e  p r e - i n i t i a l i s e d  1 byte  va l u e  h e l d  in  l o c a t i o n  X t o  
locat ion  Y :  



Solving Simple Problems 

* Example CH3 - 1 . s  

START move . b  X ,  dO copy byte X to lowest 8 bits  of  dO  

mov e . b dO ,  y copy lowest 8 bits of dO to  Y 

rts 

x dc . b  1 0  allocate one byte and initialise it to 1 0  

y ds . b  1 allocate one byte but do NOT initialise  it 

T h e  p r o g r a m  s ta r t s  w i t h  X h o l d i n g t h e  va l u e  1 0  a n d  Y b e i n g  
u n d e fi n e d .  After  i t  has b e e n  run,  byte X w i l l  s t i l l  c ontai n t h e  val u e  
1 0  b u t  byte Y w i l l  a lso  c ontain 1 0 .  

A n y  o f  t h e  data  r e g i s t e r s  d O - d  7 c o u l d  h av e  b e e n  u s e d  fo r t h i s  
p rogram a n d  d O  was a n  arb i t rary c h o i c e .  

N owadays most  a s s e mb l e rs i n i t i a l i s e  d s . x  statements  to  z e ro s  b u t  
from t h e  p o i nt o f  v iew o f  c o n s i s te n t  d o c u m e n tat i o n  i t  i s  b e s t  to  
assume t hat such  i n i t i al i sat i o n  i s  n o t  d o n e .  I f  you rea l ly  want to  
i n i t ial i s e  byte  Y to  zero ,  c h o o s e  t h e  dc .b  O pseu do-op .  

The rts (retu rn fro m sub rout i n e )  i nstru c t i o n  at the  end o f  the  c o d e  
i s  u s e d  to  retu r n  c o n t r o l  b a c k  t o  t h e  A m i ga's  o p e ra t i ng s y s t e m .  
Don 't wo rry a b o u t  u n d e rstan d i ng what i t  d o e s  - s u c h  i s s u e s  w i l l  b e  
d iscussed  i n  deta i l  i n  the  n ext c hapter. Stri ct ly  speaking eve n t h e s e  
s i m p l e  p rograms s h o u l d  t e r m i n at e  wi t h  r e g i s t e r  d O  s e t  to  z e r o ,  
ach ieved b y  u s i n g  a move . I  #0, d O  ( o r  a c i r. I  O ,dO) i nstruct i o n  j u s t  
b e fo r e  the  r t s ,  b u t  f o r  s i mp l i c i ty t h i s  Amiga- o r i e ntated o pe ra t i o n  
h a s  n o t  b e e n  i n c l u d e d  i n  t h e s e ,  o t h e r w i s e  g e n e r a l ,  
d i sc u s s i o n s .T h e re i s  i n  fact  a much easi e r  way to ach i eve the  above 
c o py o p e rat i o n  b e c a u s e  the 6 8 0 0 0  a l l o ws you to t r a n s f e r  d a ta 
d i rect ly fro m o n e  m e m o ry locat i o n  to another ,  l i ke t h i s :  

move . b  X ,  Y co p y  byte  X t o  byte  Y 

T h i s  m e a n s  t h a t  i t ' s  p o s s i b l e  t o  e l i m i n a t e  t h e  u s e  o f  d O  a s  a 
t e mp o rary sto rage r e g i s t e r  i n  t h e  above p rogram a n d  wr i te  t h i s  
s i mpler  vers i o n :  

* Example CH3- 2 . s 

START move . b  X ,  Y copy byte X to byte Y 

rts 

x 
y 

dc . b  1 0  

ds . b  1 

allocate one byte and initialise it to 1 0  

allocate one byte but do NOT initialise it 

W h e n  m o v e  i s  u s e d  to c o p y  a p i e c e  o f  d a t a  t h e  i n s t r u c t i o n ,  
p rovi d i n g t h e  d e s t i nat i o n  i s  n o t  a n  a d d re s s  r e g i s t e r ,  g e n e ra l ly 
affects  the  flags i n  the  u s e r-byte 68000 status  register .  These  flags 
are vari o u s l y  ca l l ed  the u s e r-byte flags ,  c o n d i ti o n  c o d e s ,  or just  the  
stat u s  byte  flags ( t h i s  book wi l l  u s e the  lat ter  t e r m ) .  Wi th  move 

Ill 



m 

Mastering Amlga Assembler 

i ns t r u c t i o n s  t h e  Z ero  ( Z )  a n d  N egative ( N )  fl ags wi l l  b e  s e t  to an 
appro priate state wh i l s t  the Overflow (V) and Carry (C) flags w i l l  be 
c leared .  

N o w  that you 've seen  how to move 8 b i t  val u e s  you ' l l  b e  p l eased to  
know that  you can move word ( 1 6  b i t )  and l o ng word ( 3 2  b i t )  val u e s  
j u s t  a s  eas i ly.  T h e  fo l l owing  v e r s i o n  pe r fo r m s  a word (two byte )  
copy:  

* Example CH3 - 3 . s  

START move . w  X ,  Ycopy word X to word Y 

rts 

x 
y 

dc . w  1 0  

ds . w  1 

allocate two bytes and initialise to 1 0  

allocate two bytes but d o  NOT initialise 

Since i nstruct i o n s  assu me a word size by d e fau l t  i t  i s  n o t  nece ssary 
to i n c l u de the  . w  s i z e  i n d icator o n  the  move i n struct i o n .  Example  
C H 3 - 3 . s  c o u l d  therefo re j u s t  as eas i ly  h ave b e e n  writte n as fol lows :  

* Example C H3 - 4 . s  

START move X ,  Y 

x 
y 

rt s 

d c . w  1 0  

d s . w  1 

co p y  word X t o  word  Y 

allocate wo rd  an d init i a l i s e  t o  1 0  

allocate wo rd  but do NOT i n it ialise  

S ince  two bytes are  needed to  s tore  a word  val u e ,  and s i n c e  each  
byte  has  a n  i n d iv i d u a l  a d d r e s s ,  y o u  might  be  w o n d e ri n g  w h at 
ad dress  the  assembler  ass igns to the  word variab l e s .  O n  t h e  6 8 000 
Amiga system words are stored i n  memory as shown i n  F igure 3 . 1 .  

$nnnnnnnn+1 

X = $nnnnnnnn 

TOP O F  MEMORY 

t 
---

low byte 
---

high byte ..-- this must be an EVEN address 

LOW MEMORY 

Figure 3. 1 .  68000 storage of words in memory. 



Solving Simple Problems 

W i t h o u t  look ing at the  fo l l owing s o l u t i o n ,  try to c hange program 
Example  CH3-4 .s  to produce a l o ng word vers io n .  H ere's the re su l t  
you s h o u l d  have o btain e d :  

* Example CH3· 5 . s  

START move . l  X ,  Y copy long word X to long word Y 

rts 

X dc . l  1 0  allocate one long word and initialise to 1 0  

Y ds . l  1 allocate one long word but do NOT initialise 

Four  bytes are needed  to store a l o ng word value and on the 68000 
these i t e ms are aga i n  store d i n  a part icu lar order .  Just  as a word 
can b e  expressed i n  terms of a n  upper and l o we r  byte s o  we can 
c o n s i d e r  a l o ng word as c o ntai n i n g  a n  upper and l ower word l ike 
t h i s :  

32 bit s 1 6  bit s 1 6  bit s 

< lo n g  word  value> = <upper  word> < lower word> 

T h e  6 8000 stores  the  word compo nents o f  l o ng words  in  the  same 
way as i t  stores the  byte components  o f  ord i nary ( 1 6  bit)  words ,  ie 
i t  s tores  the bytes o f  the most s i gn i fi cant  word fi rst ,  so the n e t  
resu l t  i s  that long words a r e  stored i n  me mory ( Fi gu re 3 . 2 ). 

$nnnnnnnn+3 

$nnnnnnnn+2 

$nnnnnnnn+1 

X = $nnnnnnnn 

TO P OF MEMORY 

t 
low byte of lower word 

-
high byte of lower word 

-
low byte of upper wo rd 

-
high byte of upper word � must be an 

EVEN address 

LOW MEMORY 

Figure 3. 2. 68000 storage of long words in mem ory. 
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I n  t ransfe rr ing data from o n e  set  o f  l ocatio n s  to  another ,  Exa m p l e  
CH3- 5 .s was u s i ng abso lute  addre s s i ng. Remember  t h a t  the  X a n d  Y 
l ab e l s  u s e d  i n  t h e  move . I  X ,  Y i n s t ru c t i o n  r e p re s e n t  n u m e r i c a l  
addresses .  

Another  way o f  writ ing the programs that  we've j u s t  been  l ook ing  at  
wou l d  be  to  reserve u n i n i t ial i s e d  m e m o ry s pace  for both t h e  X and 
Y var i ab l e s  and t h e n  exp l i c i t ly  i n i t i a l i s e  t h e  X varia b l e  when the  
p r o g ra m  i s  r u n .  T h e  f o l l o w i n g  e x a m p l e  u s e s  a n  a d d i t i o n a l  
i m m e diate address ing move i nstruct ion  to load variabl e  X with  the 
val u e  d e c i mal  1 0 . By c o nv e n t i o n  i m m e d i at e  a d d r e s s i n g o n  t h e  
6 8 000 is  s ign i fied  by p lac i ng a hash (#) s ign i n  fro n t  o f  t h e  o p e ra n d :  

* Example CH3 - 6 . s 

START move . l  #1 0 ,  X initialize long word X to 1 0  

x 
y 

move . l  X ,  Y 

rts 

copy long word X to long word Y 

ds . l  1 

ds . l  1 

allocate one long word but do NOT i nitialise 

allocate one long word but do NOT initialise 

Data Transfer Using Address Registers 

You wi l l  s e e  f r o m  t h e  i n s t ru c t i o n  c o d e  s u m m a r i e s  p r ov i d e d  i n  
Chapter 1 7  that the move i n stru ct ion  i s  u na b l e  t o  t ransfe r  d ata to 
an address  register .  I n  actual fac t  a s p e c i a l i s e d  form o f  t h e  move 
i n s t r u c t i o n ,  c a l l e d  m ov e a  ( m ov e  a d d r e s s )  i s  ava i l a b l e  f o r  t h i s  
purpose  and a n u m b e r  o f  d i ffe r e n c e s  wh i c h  e x i s t  b e twe e n  m o ve 
and movea n eed to  be  d i sc u s s e d .  

F i rst ly ,  l i k e  m o s t  d i re c t  a d d r e s s  r e g i s t e r  i nstru c t i o n s ,  movea  c a n  
only o pe rate o n  w o r d  o r  l o ng w o r d  val u e s .  Se c o n d ly,  m o v e a  d o e s  
not affect  any o f  t h e  processo r's flags .  T h i s ,  fo r addre ss-or i e ntate d  
operat ions  i s  actua l ly  a conve n i e n c e  not  a l i m itat i o n .  Last ly ,  movea 
s ign-exten d s  any word valu e s  i t  is  working with.  T h i s  m e a n s  that 
t h e  u p p e r m o s t  b i t  ( b i t  1 5  o f  t h e  w o r d )  w i l l  b e  p r o p a ga t e d  
throughout the u p per  1 6  b i ts  o f  the address  regi ster .  S ign exte n s i o n  
was i n trodu c e d  o n  t h e  6 8 0x0 s e r i e s  to  a l l o w  a fo rm o f  a b s o l u t e  
ad dress ing b a s e d  o n  wo rd ad d ress ing  t o  be  u s e d  ( a s  o pp o s e d  to a 
fu l l  l o n g  word  ad d r e s s )  a n d  y o u  c a n  f i n d  a d d i t i o n a l  d e ta i l s  i n  
Chapter 1 7 . 

A l though i t  i s  n o t  a good i d e a  to u s e  a d d r e s s  r e g i s t e r s  for  s u c h  
p u r p o s e s  we c o u l d  w r i t e  a word ( 1 6  b i t )  v e rs i o n  o f  o u r  o r i g i na l  
Example CH3- l . s data c o pying p rogram l i ke t h i s :  



* Example C H3 - 7 . s  

START movea . w  x ,  ao 

move . w  ao , Y 

rt s 

Solving Simple Problems 

c op y  X t o  lowes t  1 6  b it s  of ao 

c o py lowest 1 6  bit s of ao to Y 

X d c . w  1 0  allo cate one word and initialise it t o  1 0  

Y d s . w  1 allo cate  one wo rd but do NOT in it ialise it 

As it happ e n s  most 6 8000 assemb l e rs do a l l o w  you to  u se the m ove 
m n e m o n i c  when s p e c i fying an address  regi s ter  s o  program Example  
CH3-7 .s  actual ly  cou ld  have been wr i t ten  as :  

* Example C H3 - 8 . s  

START move . w  x ,  ao 

move . w  ao , Y 

rt s 

copy  X t o  lowest 1 6  b it s  of ao 

c o p y  lowes t  1 6  bit s of  ao t o  Y 

X d c . w  1 0  alloc at e  one  word and i n it ialis e  it t o  1 0  

Y d s . w  1 alloc at e  one  word but  do NOT i n it ialise it 

The d i ffe rence  h owever is that i n  the case of th is  last exa m p l e  the  
assembler  wi l l  automatical ly i n sert  a m ovea i nstruc t i o n  fo r load ing 
r e g i s t e r  a O  a n d  t h i s  m e a n s  t h a t  u n l i k e  d a ta  r e g i s t e r  l o a d i n g 
operatio n s  the address  regi ster  l oad ing o p e rat ion  wi l l  not affe c t  the 
p roce s s o r's statu s f lags.  More subt le  d i ffe re n c e s  can al s o  occur as 
t h i s  examp l e  c l ear ly s h ows : 

* Example CH3 - 9 . s  

START move .w  X ,  ao 

move .w  ao , Y 

rts  

copy X to lowest 16 bits of ao 

copy lowest  1 6  bit s of ao to Y 

X d c . w  $FFFF allocate one word and initialise to FFFF hex 

Y ds . w  1 al locate one word but do NOT initialise it 

H e r e  we are u s i n g  a word data va l u e  wh i c h  i nc l u d e s  a 1 i n  t h e  
u p permost  p o s i t i o n  ( F F F F  h ex = 1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1 ) . B e c a u s e  the  
f irst  i nstruct ion i s  rea l ly  a movea,  and b e cause  t h e  s ign b i t  (b i t  1 5 ) 
o f  the word $ FF F F  i s  s e t  h igh t h e n  t h e  val u e  that movea t ransfe r s  to  
register  aO i s  FFFFFFFF hex,  a n d  not  F F F F  hex .  S i n c e  t h e  p rogram 
o nly  cop ies  the  lowe r  1 6  b its o f  the  register back to l ocat i o n  Y th is  
d o e s n 't affe c t  the  r e s u l t  in  t h i s  c a s e  but the  i n s t r u c t i o n  h a s  of  
c o u rs e  affected  the u p p e r  16  b i ts o f  the  aO regi ster  i n  a way that  the 
r e lated data regi ster  vers i o n  o f  the  p rogram wou l d  n o t  d o .  
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M ost  6 8 00 0  c o d ers s o o n  get u s e d  t o  the  flag a n d  s i g n  exte n s i o n  
impl icat ions o f  address regi ster u sage , u s e  the  move mnemonic  fo r 
b o t h  d at a  a n d  a d d r e s s  o r i e n t a t e d  i n s t ru c t i o n s ,  a n d  l e t  t h e i r  
assemblers d e c i d e  o n  the  correct  object  code i nstru c t i o n .  

Complementing a Value 

Complement ing a n u mb e r  means turn ing al l  the  1 s present  in  the 
number to 0 and turn i ng a l l  t h e  Os present  t o  1 .  I f , fo r exa m p l e ,  
register  dO conta ined the  val u e :  

d O  = 0000 0000 0000 0000 0000 0000 0000 0000 b inary 

i e  O O O O O O O O hex  

then  the  complemented val ue  would  b e :  

dO = 1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  1 1 1 1  binary 

ie F F F F F F F F h e x  

Y o u  s h o u l d  work o u t  for yours e l f  t hat i f  d O  = 1 FO l hex  t h e n  after a 
l o ng word ( 3 2  b i t) complement operat ion d O  wi l l  c onta in  EOFE hex 
(wri te out each hex d ig i t  in the b i nary form as above,  i nvert a l l  the 
bits,  and then translate the answer back to h exad e c i mal  form).  

The 68 000 i nstruct ion  whi c h  performs this o perati o n  i s  cal l e d  N OT 
and l i ke many other  i n stru c t i o n s  i t  exists  i n  byte,  word and l o n g  
w o r d  f o r m s .  H e r e ' s  a s h o r t p r o g r a m  w h i c h  u s e s  i m m e d i a t e  
addres s i ng t o  l o ad d O  with the  byte val u e  O F  hex ,  i nverts i t ,  and 
t h e n  s t ores t h e  re s u l t  in  a l o cati o n  whose symb o l i c  name ( ie  i t s  
labe l )  i s  RESULT:  

* Example CH3 - 1 0 . s 

START move . b #$F , dO initialise low 8 bits of  dO to F 
hex 

not . b  dO invert lower 8 bits 

move . b  dO, RESU LT copy inverted dO to RESULT 

rts 

RESULT ds . b  1 allocate one  byte but d o  NOT initialise 

As was the case with the earl ier  examp l e s ,  the 6 8000 a l l ows us  to 
e l i m i nate the use of  a temporary sto rage register  by u s i ng the n o t . b  
i nstruct ion  d i rect ly o n  a memory locat i o n :  

* Example CH3 - 1 1 . s 

START move . b #$F , RESULT store value directly in RESULT 

not . b  RESULT invert value 

rts 

RESULT ds . b 1 allocate one byte but do  NOT initialis e 



Solving Simple Problems 

I n  t h e  a b o v e  e x a m p l e  t h e  n o t . b  i n s t ru c t i o n  i s  u s i n g a b s o l u t e 
a d d r e s s i n g  (wit h  exa m p l e  C H 3 - 1 0 . s  t h e  regi s ter  a d d r e s s i n g  form 
was used) .  

Addition 

The 6 8000's basic  add i t i o n  i nstruct ion  u s e s  th is  syntax: 

add< . s ize>  s o u rc e ,  d e s t inat i o n  

where t h e  resu l t  o f  the  source + destination a d d i t i o n  g e t s  p laced i n  
t h e  d e s t i na t i o n  r e g i s t e r  ( i n  c o mm o n  w i t h  a g r e a t  m a n y  6 8 0 0 0  
i nstru c t i o ns t hat work with two operands) .  

S o  far the i n stru ct ions  we have l ooked at  have al l owe d sourc e  and 
d est inat ion  operands t o  be e i ther  i n  registers o r  me mory. Not  a l l  
6 8 000 i nstruct ions  are that flexi b l e  and i n  fact  the add i nstru c t i o n  
o nly a l lows o ne o f  i ts  operands t o  be  i n  memory.  You may add t h e  
c o n tents o f  a register t o  a memory l ocatio n ,  o r  d o  the  reve rse (add 
the co ntents  o f  a memory locat i o n  to a regi ster) .  What you cannot 
do however i s  add the  co ntents of o ne memory locat i o n  d i rect ly to 
t h e  conte nts o f  another .  

The l i m i ta t i o n  means  t hat  for t h i s  i n st r u c t i o n  we n e e d  t o  use a 
t e m p o rary regi s t e r  m u c h  as  we d i d  w i t h  o u r  ear ly  data  c o py i ng 
e x a mp l e s .  H e r e i s  a n  exa m p l e  w h i c h  l o a d s  r e g i s t e r  d O  w i t h  a 
n u mber c ontained i n  N U M BER ! and the n adds t hat n u mbe r t o  the 
c o n t e n t s  o f  t h e  m e m o ry l o c a t i o n s r e p r e s e n t e d  by t h e  l a b e l  
N U MBER2 :  

* Example CH3- 1 2 . s  

START move . I  NUMBER 1 ,  dO 

add . I  dO , NUMBER2 

rts 

NUMBER1  de . 1 3 

NUMBER2 de . 1 4 

load 1 st number into register dO 

add contents of  dO to value in 
NUMBER2 

set initial value to  3 

set initial value to  4 

A ft e r  p r o g ra m E x a m p l e  C H 3 - 1 2 . s  h a s  b e e n  ru n ,  t h e  v a r i a b l e  
N U M BER2 c o ntai ns  t h e  val u e  7 .  

U p  u nt i l  n o w  I 've m e n t i o n e d  byte ,  wo rd a n d  l o n g  word forms o f  
variabl e s  b u t  have n o t  sa id  anyth i n g  about  when t h e  var ious  forms 
s h o u l d  be  u s e d .  As fa r as data i t e ms are c o ncerned the u n written 
r u l e  f o r t h e  a s s e m b l e r  p r o g r a m m e r  i s  t h e  s a m e  as fo r t h e  
programmer  worki ng i n  any o t h e r  l a n gu age , namely  conserve as 
m u c h  m e m o ry as p o s s i b l e ,  i e  d o n ' t  w a s t e  i t  b y  a l l o c a t i n g 
u n necessary spac e .  

m 
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Have a l o o k  at the  i nte rnal c ontents o f  the two fou r  byte n u mbers 
used in the  p revio u s  examp l e :  

NUMBER1 

byte 3 byte 2 byte 1 byte O 

00000000 00000000 00000000 0000001 1 decimal 3 

NUMBER2 before 00000000 00000000 00000000 000001 00 decima l 4 

NUMBER2 after 00000000 00000000 00000000 000001 1 1  decimal 7 

Both numbers and t h e  fi nal resu l t  f i t  co mfortably i nt o  a n  e i g h t  b i t  
b y t e  s o  i n  a l l  h o n e s ty we d i d  n o t  n e e d  t o  u s e  l o ng w o r d  s i z e  
va r i a b l e s ,  b y t e s  w o u l d  h av e  d o n e .  H e r e  t h e n  i s  a n  i m p r o v e d  
versio n :  

* Example CH3- 1 3 . s  

START move . b  NUMBER1 , dO load 1 st number into register dO 

add . b  dO , NUMBER2 add contents of dO to value in NUMBER2 

rts 

NUMBER1 dc . b  3 

NUMBER2 de . b 4 

set initial value to 3 

set initial value to 4 

O n l y  two bytes  o f  var iab l e  s t o rage space  are  n e e d e d  i n s t e a d  o f  
e ight  i n  the prev ious  examp l e ,  and the byte-or ie ntated forms o f  the  
i n s t ru c t i o n s  execute  m o r e  qu i c k l y  a s  we l l .  Programmers  w o u l d  
t h e re fo r e  say t h at t h i s  n e w  v e r s i o n  o f  t h e  p r o g r a m  w a s  m ore 
memory efficient, or  j u s t  more efficient  t han the  previ o u s  o n e .  

Putting Some Pieces Together 

Now let 's  t ry somethi n g  a l i tt l e  more compl icated .  We ' l l  set up s o m e  
space for a l ong w o r d  variab le  cal l e d  N U M BER I ,  i n i t ia l ise  i t  u s i n g  
i mmediate  a d d r e s s i n g  t o  s o me arb i trary val u e  ( I 've u s e d  1 F F F F F  
hex), i ncrement i t  b y  1 ,  complement  t h e  resu l t ,  a n d  then store i t  i n  
a variab le  cal l e d  RESULT.  Here's  one  program that  d o e s  t h e  j o b :  

* Example CH3- 1 4 . s  

START move . l  #$1 FFFFF,  NUMBER1 in itia lise number 

move . l  

add . l  

not . l  

move . l  

rts 

NUMBER1 ds . l  

RESULT ds . l  

#1 , dO 

NUMBER1 , dO 

dO 

dO , RESULT 

load dO with value 

increment dO copy of NUMBER1 

complement result 

space for number 

space for result 



Solving Simple Problems 

D e p e n d i ng o n  what was actual ly requ ired  there are many ways t hat 
a pro gram s i m i lar  t o  the ab ove c o u l d  have b e e n  wri t t e n .  It might,  
for i n s t an c e ,  h av e  b e e n a p p r o p r i at e  to p l a c e  the o r i g i n a l  va l u e  
d i rect ly  i n  t h e  l ocat i o ns ass igned for t h e  re s u l t ,  and do  t h e  add i t ion  
a n d  complement  o pe rat i o n s  o n  the  resu l t  l ocat ions l i ke th i s :  

* E xamp l e  CH3 - 1 5 . s  

START move . I  #$1 FFFFF , R ESULT 

addi . l  #1 , R ESULT 

not . 1  R ESULT 

rt s 

R ESULT d s . l  1 

init ialise  number 

increment value 

complement r e s u lt 

space for  r e s u lt 

I n  t h e  above example a spec ia l  form o f  the  ad d i n stru c t i o n ,  a d d i ,  i s  
b e i ng u s e d .  T h i s  a l lows an imme diate ly addressed s o u rc e  o pe rand 
( in this case 1 )  to  be  add e d  d i rect ly  to the  d est inat ion operand .  I f  
y o u  take a s neak preview o f  t h e  a d d  a d d r e s s i n g  m o d e  d e ta i l s  i n  
Chapter  1 7  you ' l l  fi n d  t hat t h e  n o rmal a d d  i nstru c t i o n  c o u l d n't have 
b e e n  u sed in Example  CH3- l 5 . s  anyway because to u s e  i mmed iate 
a d d r e s s i n g  t h e  d e s t i n a t i o n  w o u l d  n e e d  to be a d a ta r e g i s t e r .  
H o wever,  as  i s  t h e  case with a number o f  i n stru ct i o n s ,  most  68000 
assemb l e rs d o  let  you wri te  state ments  such as : 

add . I  #1 , R ESULT increment value 

a n d  t h e n  auto matica l ly  tran slate  the  i n stru c t i o n  to :  

addi . l  #1 , R ESULT inc rement value 

s o  program Example  CH3- 1 5 . s  cou l d ,  aft e r  al l ,  be wr i t ten  as fo l l ows : 

* E xample  CH3 - 1 6 . s  

START move . I  #$1 FFFFF , R ESULT 

add . I  

not . I  

rt s 

R ESULT d s . l  

#1 , R ESULT 

R ESU LT 

1 

Quick Instructions 

init ialise  number 

increment value 

comp lement result 

space f o r  result 

F o r  immed i ate operands wi th in  l i mi ted  ranges the  6 8000 o ffe rs a 
n u mb e r  o f  q u ick i n s t ru c t i o n s .  I n s t e a d  o f  u s i n g  r e a l  i m m e d i a te  
a d d ress i ng, where  the o perand is  p laced immed iate ly aft e r  the  op
code i n  memory,  these  i nstru c t i o n s  have a data val u e  buried i nto 
t h e  i n s tructi o n  o p-code  i tse l f. The moveq i nstru c t i o n  fo r i n stan c e  
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uses  a data regi ster  as t h e  d e st inat ion and a l l ows 1 6  b i t  o p e rands 
t o  be spec i fi e d  ( i t  d o es h owever s ign extend the  data t o  long word 
s ize) .  

To l oad register d2 with the  val u e  3 fo r i nstance we c o u l d  wri t e :  

moveq #3 , d2  load d2  with value 3 

Add a n d  s u btract  q u i c k  i n s t r u c t i o n s  a l s o  e x i s t  a n d  t h e s e  a l l o w  
immediate  data i n  the range 1 -8 t o  be  spec i fi e d .  

T o  i n c r e m e n t  by 4 t h e  c o n t e n t s o f  a m e mo ry l o c at i o n  w h o s e  
address has the symb o l i c  name RESU LT w e  might ,  u s i n g  ab so lute  
ad dress ing, write :  

addq #4 , RESULT 

I f  we c h o o s e  t o  l o ad t h e  a d d r e s s  o f  RESULT i n t o  r e g i s t e r  a l  we 
c o u l d  i n s t e a d  u s e  t h e  6 8 0 0 0 ' s  i n d i r e c t  a d d r e s s i ng s c h e m e  t o  
spec i fy the  dest inati o n  address :  

mov e . I  #RESULT , a1 

addq #4 , ( a1 ) 

load a1 wit h addres s  of R ES U LT 

add 4 to  t h e  c o n t e n t s  of t h e  byte 
' pointed t o ' by  reg i s t e r  a1  

wh e r e  t h e  d e s t i n a t i o n  o p e r a n d ' s ( A n )  n o t a t i o n  i s  t h e  6 8 0 0 0  
asse mbly language fo rm fo r spec i fying a n  i n d i rect  address .  

A n o t h e r  method of  l o ad i n g  re g i s t e r  al  wi th  t h e  a d d r e s s  of  t h e  
R E S U LT va r i a b l e  i s  t o  u s e  t h e  m o r e  s p e c i a l i s e d  L o a d  E f fe c t i v e  
Ad d re s s ,  l e a ,  i n s t ru c t i o n  a n d  i f  t h i s  i s  d o n e  w i t h  t h e  a b o v e  
fragment t h e  c o d e  e n d s  u p  l ooking l i ke t h i s :  

l e a  RESULT , a 1  

addq #4 , ( a1 ) 

load a1 wit h addres s  of R ES U LT 

add 4 to  t h e  c o n t e n t s  of t h e  byt e 
' pointed  to ' by  reg i s t e r  a1 

The ear l i er  l oad ing o f  the address o f  the  RESULT o p e rand i nto a l  
u s i ng a n  i m med iate a d d re s s i ng move i n s tru c t i o n  s e rv e d  u s  we l l  
e n o u gh b u t  i n  g e n e ral  t h e  lea  i n s t r u c t i o n  i s  a far mo re  fl exi b l e  
a l ternative . M u c h  more u s e  w i l l  be  made o f  t h e  l e a  i n stru c t i o n  late r 
i n  the book.  

Going Loopy 

Program l oops e nable a programmer to create a repetitive subset o f  
i nstru c t i o ns ,  i e  a set  o f  i n stru c t ions  that can be repeated a s p e c i fi e d  
number o f  t imes.  M o s t  loops  have u p  to  fou r  i d e n t i fiable  s e c t i o n s :  

• A n  i n i t i a l i s a t i o n  s e c t i o n  w h i c h  s e t s  u p ,  i e  i n i t i a l i s e s ,  a n y  
variab les .  



Solving Simple Problems 

• A process ing sect i o n ,  u sua l ly  cal l e d  the main body o f  the l o o p ,  
wh i c h  does  the  real work. 

• A contro l  sect ion  which dec ides  wh ether  or not fu rth er i te rat ions 
(passes  t hrough the l o o p )  are requ i re d .  

• A terminal  s e c t i o n  w h i c h  carr ies  o u t  a n y  p o s t- l o o p  proce s s i ng 
that may be n e e d e d .  

T h e r e  a r e  i n  fac t  t w o  types o f  repeti t ive l o ops i n  c o m m o n  u s e .  Wi th  
p o st-test repeti t i o n ,  the  c o ntrol  tes t  c omes after the  main body o f  
t h e  l o o p .  W i t h  p re -test  repet i t ion t h e  control  test  c o m e s  before t h e  
main  proce s s i ng sect i o n .  

____ , 
--�����--- true 
EXIT C O N DITION PROC ESS 

false  

! PROC ESS 

EXIT CONDITION 
fal s e  i true 

pre-test  re pet i t ion  form p ost-test  repet i t ion  form 

Figure 3.3.  Flowcharts of pre-test and post-test loop arrangements. 

Th e d i ffere nce betwe e n  these  two fo rms,  namely t h e  l ocat i o n  o f  the 
c o n tro l test ,  h as an important pract ical  impl icat ion .  The main body 
of  a p ost-test style loop wi l l  always be executed at least  once but i f  
t h e  c o n d i t i o n a l  t e s t  u s e d  w i t h  a p r e - t e s t  l o o p  i s  s a t i s f i e d  
immed iately then  the body fragment wi l l  never be execu ted .  By way 
of compar ison ,  BAS I C's WHI LE/WEND l oops  are pre-test  forms,  but  
BASIC 's DO/WHILE l o o ps are post-test .  Despi te the fac t  that many 
de bates have occurred co ncern i ng the  merits  of the  two schemes ,  i n  
pract ice  both have t h e i r  uses .  

Post-test  repet i t ion ,  as far as the assembly language programmer is  
c o n c e r n e d , d o e s  t e n d  to  p r o d u c e s h o rt e r  c o d e .  T h e  fo l l o wi n g  
fragment uses  register d O  as a l o o p  cou nter ( in i t ia l i sed  t o  1 0) .  With 
each pass t h rough the loop  the val ue  i n  dO  i s  dec reased by 1 and 
fo l l owing th is  decrement o pe rat ion  the co ntro l  port ion  o f  the  loop 
u s e s  a branch on not equal  to ze ro, b n e ,  i n s t ru c t i o n  t o  e i t h e r  
bra n c h ,  o r  n o t  branch t o  the speci fi e d  l o cat i o n .  This  i n stru ct ion  i s  
o n e  o f  a numb e r  o f  fl ow co ntro l fac i l i t i es provi d e d  b y  t h e  6 8000 

m 



m 

Mastering Amlga Assembler 

and i t  l ooks t o  s e e  i f  the  processo r's z e ro flag has b e e n  s e t .  If it has 
not, the  s p e c i fi e d  b ranch i s  taken and the  net resu l t  is that  the l o o p  
c o d e  i s  executed u nt i l  s u c h  t i m e  a s  d O  b e c o mes z e ro ( i e  t h e  l o o p  i s  
executed  t e n  t imes) :  

LOOP 

mo veq #1 0 ,  dO 

d o  someth in g  

subq #1 , dO 

bne LOO P 

i n it ialise dO  as  a c o u n t e r  

u nwritten  main body  

dec rease counter  

repeat loop if count  not  zero  

To write  t h i s  l o o p  i n  p re-test  form req u i res t hat we both  i nvert  t h e  
s e n s e  o f  t h e  ex i t  c o n d i t i o n  test  a n d  a d d  a n  ext ra i ns t ru c t i o n ,  a n  
unconditional branch (bra) wh i c h  a lways forces c ontro l  back u p  t o  
the  top o f  the  l o o p :  

LOOP 

moveq #1 0 ,  do 

beq LOOP_END  

do somet h i n g  

s u b q  #1 , d O  

bra LOOP 

LOOP END subsequent c o de 

i n it ialise dO a s  a c o u n t e r  

unwritt en main b o d y  

dec rease c ounter  

T h e  branch on some condition i nstru c t i o ns ,  co l lective ly written as 
b e e  (where c c  represents the. te.stab\e. cond\t\on) are an examp\e. o� 
re lat ive ad d ress ing .  The obj e c t  code created for these  i nstru c t i o ns 
d o e s  n o t  i n c l u d e  a n  a b s o l u t e  a d d re s s  t o  b ra n c h  t o  - i n s t e a d  a 
d i s p l a c e m e n t  fro m  t h e  c u r r e n t  va l u e  o f  t h e  p ro g ra m  c o u n te r  i s  
prov i d e d .  T h i s  i s  t h e  c o m p u t e r  wo r l d ' s  e qu i va l e nt o f  s o m e o n e  
kn ocking o n  your  d o o r  and asking where o n e  o f  your  n e ighbours  
l ive.  You,  i nstead o f  sayi n g  " they l ive at nu mber 6 6 "  (an abs o l u t e  
address) ,  reply b y  p o i n t i ng the  cal l e r  i n  the  r ight d i r e c t i o n  saying 
"they l ive s ix  d o o rs fu rth e r  down the  road" .  What  you 'v e  d o n e  i s  
give a displacement w h i c h  c o u l d  have been  p o s i t ive (eg s i x  d o o r s  
fu r t h e r  u p  t h e  s t r e e t )  o r  n e gat ive . R e l at ive  a d d re s s i ng t h e r e fo r e  
s p e c i fi e s  a n  a d d r e s s  b y  p r o v i d i n g  t h e  d i ff e r e n c e  b e t w e e n  t h e  
c u r r e n t  a d d r e s s  h e l d  i n  t h e  6 8 0 0 0 ' s  p r o gram c o u n te r  a n d  t h e  
address  you wish  t o  reac h .  A great ma ny tes tab l e  c o n d i ti o n s  are  
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avai lab l e  fo r c o n d i ti o nal  branch i nstru ct ions .  M o st wi l l  be c overe d 
( in  c o n text)  d u ri ng the  c o u rse o f  the  b o o k  b u t  C h apter 1 7  provides 
s u m ma r i e s  of the a l l o wa b l e  o p t i o n s ,  s h o u l d  you care t o  revi e w  
them. 

String Conversion 

In this sect i o n  I wan t to write  a program a l i t t le  more i nvolved than 
previ o u s  examp l e s  h ave b e e n. I t  c o n c e r n s  the  t ran s l a t i o n  of text 
s t r i ngs fro m  o n e  fo r m  t o  a n o t h e r .  O n e  way t o  r e p re s e n t  a text  
s tr ing  in  memory i s  t o  store a count o f  the  n u mb e r  o f  c haracters 
fo l l owed by t h e  c haract e rs t h e m s e l v e s .  I n  a n  assemb l y  l anguage 
program s u c h  stati c (permanent )  str ings can be  set u p  u si ng d c . b  
d i re ct ives l i ke t h i s :  

TEXT dc . b  5 , " AP P LE " 

and i n  me mo ry t h i s  wou l d  l ead t o  t h e  s i tuat ion s hown i n  F igure 3 .4 
be low.  

TOP OF  MEMORY 

t 

$nnnnnnnn+5 ' E ' 

$nnnnnnnn+4 I L ' 

$nnnnnnnn+3 I p I 

$nnnnnnnn+2 I p I 

$nnnnnn n n + 1  ' A '  

TEXT = $nnnnnnnn  char  coun  t ( 5 )  

+ 
LOW MEMOR y 

Figure 3.4 .  One way of representing a string in memory. 

An other  c o nvent i o n  which  i s  a l so  i n  u s e ,  and e qu al ly p o pu lar, i s  to  
use  a spec ial  symbo l  to mark the  end o f  the str ing.  The C language 
stores stri ngs in th is  way and i ns tead of a count  b e i n g  used ,  a N U LL 
( z e r o )  va l u e  i s  p l a c e d  at t h e  e n d  o f  t h e  s t r i n g .  T h e  a s s e m b l y  
language programmer c a n  do  a s i m i lar t h i n g  l i ke t h i s :  

TEXT dc . b  " APPLE " , O  

m 
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and th is  wou l d  resul t  i n  the  str ing b e i n g  stored i n  memory as per  
F igu re 3 . 5 .  

$nnnn n n n n +5 

$nnnnnnnn+4 

$nnnnnnnn+3 

$nnnnnnnn+2 

$nnnnnn n n + 1  

T O P  O F  MEMORY 

t 

0 

I E I 

I L I 

I p I 

I p I 

TEXT = $nnnnnnnn  ' A ' 

LOW MEMORY 

Figure 3. 5. The C style way of representing a string i n  memory. 

Now l e t  u s  suppose that a str ing has b e e n  d e clared i n  a p r og ram 
using the former <cou nt><characte rs> c o nvent ion  and t hat  we wan t  
t o  write a rout ine  wh i c h  w i l l  c o nvert  t h a t  str ing t o  the  a l te rnat ive 
form whi ls t  c o pying it to s o me a l te rnative l ocat ions .  

By l oad i ng regi s t e r  aO  with the a d d r e s s of  t h e  f i rst  byte  o f  the 
or ig inal  s t r ing the count  can be load e d  i n to regi ster  d O  u s i n g  the 
i n d i rect  address ing scheme menti o n e d  ear l ier :  

lea 

move . b  

TEXT , ao 

( aO ) , dO 

put address  of string  in ao 

copy count to regist e r  dO 

At this p o i n t  we kn ow how many c haracters are in the  s tr ing  - it 's 
give n by the va lue  now i n  regi ster  dO.  

I n  l ight  o f  the fac t  that we are go ing to copy the str ing , and s o  w i l l  
need to reserve some s p a c e  to s tore i t ,  l e t 's  fu rther  as s u me t h e n  
that another  dec larat ion  h a s  b e e n  made i n  o u r  pro gram: 

COPY ds . b 6 reserved for  copy  of st ring  

and that w e  s h a l l  l o a d  t h e  address of  t h i s  buffe r area i n t o  register  
a l  us ing another l ea  i n s tru ct ion l i ke t h i s :  

l e a  COP Y ,  a 1  a d d r e s s  of c o p y  buffe r  i n  a 1  
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The p o s i t i o n  we've now reac h e d  i n  o u r  pre l i mi nary p lanning i s  that 
we have aO po int ing  to the start of the source  string ( i ts c o u n t  byte) 
and a l  po int ing  t o  the dest inat ion area and we h ave t h i s  mu c h  of 
the framework o f  a su i table  progra m :  

lea  TEXT , ao put add ress  of st ring in ao 

move . b  ( aO ) , dO c o py count t o  regist e r  d O  

lea  COPY , a1  add r e ss  of copy buffer  in a 1  

copy  and convert t h e  s t ring 

rt s 

T EXT dc . b  5 ,  " AP P LE " 

COPY d s . b  6 

Bearing i n  mind  t hat the  f irst byte o f  the  s o u rce  str ing s h o u l d  not 
be cop ied ,  becau s e  it is n o t  part of the  text stri n g  i t se l f, i t 's not too 
hard t o  see that  i f  we i n crement  the  address i n  aO by 1 t h e n  t hat 
register wi l l  t h e n  be p o i n t i n g  to (ie co ntain the address o f) the first 
real  c haracter o f  the source  str i ng. By u s i ng an addq. l  i n stru ct ion to 
i n crement  t h e  source  p o i nter  and by i nc l u d i ng a few appropri ate 
notes about what we are try ing to d o  our program framework grows 
i nto t h i s  fo rm:  

lea TEXT , ao 

move . b  ( aO ) , dO 

addq . l  # 1 , ao 

lea  COPY , a 1  

copy dO characters  of 
t h e  t ext  st ring from 
source  to  destinat ion 

put add ress  of st rin g in ao 

co p y  count to regist er  dO 

s k ip to f irst  real c h aracter 

address  of copy buff er in a1  

insert a t e rminal NULL  
character  at  end of  string  

rt s 

T EXT dc . b  

COPY ds . b 

5 , "APPLE " 

6 

The l o o p  i ts e l f  i s  su rpri s i ngly easy t o  c o d e .  F irst ly ,  we u s e  i n d i rect  
addressing t o  c o py t h e  c harac ter .  Rememb e r  t h e  f irst  l i ne of  the  
fo l l owing fragment  i s  saying c o py the co ntents o f  the byte  WHOSE 
ADDRESS IS IN REGISTER AO TO THE LOCATION WHOSE ADDRESS IS 
IN REGISTER A l .  Secondly ,  we i ncre me n t  both  the sou rce and the 
d e s t i nat i o n  p o i n t e r s  ( i e  reg i s t e rs aO  and a l )  b y  1 .  T h i rd l y ,  we 
subtract 1 from the count  val u e  he ld  i n  dO .  

m 
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W h e n  t h e  val u e  i n  d O  reac h e s  z e ro w e ' l l  h ave c o p i e d  a l l  o f  t he 
charac ters  i n  t h e  s t r i n g  a n d  t h i s  means  t h at we create  o u r  l o o p  
u s i n g  t h e  branch o n  n o t  zero type c o n d i t i o na l  branc h  i nstru c t i o n  
me nt ioned earl i e r :  

LOOP move . b  ( aO ) , ( a1 ) copy charact er  

addq . 1  #1 ' ao move t o  next source character 

addq . l  #1 , a1  move t o  next dest inat ion byte  

subq . b  dO decrease charact er  counter 

bne LOOP loop unt i l  dO  is  zero 

Now when we add these  i nstru ct i o n s  i nto o u r  ex is t ing framework 
t h i ngs start to l o o k  u p :  

LOOP 

lea TEXT , ao 

move . b  ( aO ) , dO 

addq . l  #1 , ao 

lea COP Y , a1  

mov e . b  ( aO ) , ( a1 ) 

add q . 1  #1 , ao 

addq . l  #1 , a 1  

subq . b  #1 ' dO 

bne LOOP 

insert a t erminal 
NULL character  at 
end of string  

rt s 

TEXT dc . b  5 , " AP P LE " 

COPY d s . b  6 

put address  of  s t r in g  in ao 

copy count to register  dO 

s k ip t o  first real charac t e r  

address  of c op y  buffer in  a 1  

copy  charact er  

move t o  next source  c haract er  

move t o  next destinat ion byte  

decrease character counter  

loop  unt i l  dO  is  zero  

Al l that re mai ns  i s  fo r us  to s tore  a terminal  N U LL (zero )  val u e  at 
the e n d  of the  dest inat ion  str ing,  which c o rre sponds  to t h e  term inal 
processing s e c t i o n  o f  t h e  c o n t ro l l o o p  m e n t i o n e d  i n  t h e  g e n e ral  
loop  d iscuss ions .  S ince the loop wi l l  have a l ready i n cremented the 
al  p o i nter  th is  i s  eas i ly done with : 

move . b #0 , ( a 1 ) add t erm inal N U L L 

and by ad d i n g  th is  i nstruct ion  we ge t a complete  program: 
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* E x am p l e  CH3 - 1 7 . s  

l e a  TEXT , ao put addre s s  of st ring in ao 

move . b  ( aO ) , dO copy count t o  reg i s t e r  dO 

addq . l  # 1 , ao s k ip t o  f irst  real  c h ar ac t e r  

l e a  COPY , a 1  addr e s s  o f  c o p y  buffer in a 1  

LOOP naove . b  ( aO ) , ( a1 )  copy  c h aracter 

TEXT 

COPY 

addq . 1  

addq . l  

s ubq . b  

bne 

move . b  

r t s  

d c . b  

d s . b  

# 1 , ao move  t o  n ex t  source c h aracter 

#1 , a 1  move t o  n ext  d e s t in at ion byte  

# 1 , dO decrease  c haracter  counter  

LOOP loop unt i l  dO i s  zero 

#0 , ( a1 ) add t erminal  NULL  

5 , " AP P LE " 

6 

These type s  o f  l oop-or ie ntated convers i o n  and copyi ng o pe rat ions 
are used i n  a l l  manner of app l i cat ions a n d  so  i t 's  not  su rpris i ng t hat 
t h e  6 8 0 0 0  o ffers  s o m e  s p e c i a l  fac i l i t i e s  for w r i t i ng su c h  l o o ps 
effi c i e n tly.  

To start  w i t h ,  the processor  i n c lu d e s  s p e c i a l  i n d i re c t  a d d re s s i ng 
m o d e s  w h i c h  al l o w  t h e  p o i nter  i n c r e m e n t  o pe ra t i o n s  t o  be d o n e  
automatical ly .  T h e y  a r e  ca l l ed  address regi ster  i n d irect  w i t h  post
i n c re me nt ,  and address  register  i n d irect  with pre-decrement .  I n  the 
f irst  case the  increme n t  o p e rat ion  i s  done after  the  address i s  used 
and i n  the second case the  d e c rement  o c c u rs befo re the  address is  
u s e d .  The  reaso n why t h is arrange m e n t  was c h o s e n  w i l l  b e c ome 
o b vi o u s  a ft e r  the  next  c h a p t e r  but  fo r n o w  a c c e p t  i t  as  6 8 00 0  
magic .  

B o t h  a u t o i n c r e m e n t and a u t o d e c r e m e n t  m o d e s  can a dj u s t  an  
address  by 1 ,  2 ,  or  4 depending o n  wh ether  bytes ,  wo rds ,  o r  long 
w o r d s  are  b e i n g  h an d l e d .  In  the c a s e  o f  the example  I 've b e e n  
d eve lop i ng bytes a r e  b e i n g  transfe rre d a n d  the  i n c re me nt needed i s  
o f  course l .  

The 68000 programmer s p e c i fi e s  the  i n d irect  auto increment  mode 
b y  p l a c i n g  a p l u s  s i g n  after  the u s u a l  i n d i r e c t  r e fe r e n c e , for  
examp l e :  

move . b  ( aO ) + ,  dO copy count and increment poin t e r  

I f, inc i denta l ly ,  w e  were i nterested i n  u s i ng the  auto pred ecrement 
mode we'd u s e  this  type of syntax: 

move . b  - ( aO ) , dO dec rement poin t e r  and copy co unt 
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I n  t h e  mai n  body o f  the  l oo p  o u t l i n e d  i n  Exam p l e  C H 3 - l 7 . s  b o t h  
source  and d es t i n a t i o n  p o i n t e rs (regi s ters a O  a n d  a l )  n e e d  to b e  
i ncremented a n d  w i t h  o u r  newly d i s c overed addre s s i n g  m o d e  t h i s  
becomes s i m p l i ci ty i t s e l f: 

LOOP move . b  ( ao) + ,  ( a  1 ) + copy character and increment 
pointers 

I f  we put  these i nstru c t i o n s  in place the res u l t  is  as  fol l ows : 

* Example CH3 - 1 8 . s 

lea TEXT , ao put address  of string in ao 

move . b  ( aO ) + ,  dO copy count and increment pointer  

lea COPY , a1 address of copy b uffer in a1 

LOOP move . b  ( aO ) + ,  ( a 1 ) +  copy character and inc rement 
pointers 

s ubq . b  dO decrease character counter 

bne LOOP loop until dO is zero 

move . b  #0 , ( a1 ) add terminal NULL 

rts  

TEXT dc . b  5 ,  "APPLE " 

COPY ds . b  6 

N o t  o n ly i s  t h e  program s horter  b u t  the  execu t i o n  t ime  w i l l  have 
been r e d u c e d  b e c a u s e  the  au t o i n cre m e n t  i n stru c t i o n s  run fast e r  
than the corre spond i ng groups  o f  move and addq i n stru c t i o n s .  

There i s  h owever a n o t h e r  refi n ement  that c a n  b e  mad e because t h e  
68000 has more spec ia l  i nstru c t i o ns which a l l o w  t h e  c o ntro l  part o f  
such loops  to be  wri tten more e ffi c i e ntly.  I t  i s  cal l e d ,  i n  i ts vari o u s  
forms, a Test Condition - Decrement and Branch i n s tru ct ion  a n d  i s  
give n the ge neral mnemonic  dbcc ,  where c c  repre s e n t s  a part i cu lar  
testable c o n d i ti o n .  

T h e  i nstruct ion i t s e l f  expects a data reg ister  to be  u se d  as a l o o p  
c o u n t e r  t o g e t h e r  w i t h  a c o n d i t i o n a l  b r a n c h  t y p e  l a b e l ,  wh i c h  
i nternal ly i s  stored as a relative address .  For  exampl e :  

dbcc do , LOOP (cc  is a testable condition eg dbeq , dbne etc )  

T h e  d b c c  i n s tru c ti o n  tests b o t h  the  status flags and a data regi s t e r  
b u t  t h e re are d i ffe r e n c e s  b e t w e e n  l o o p s  w r i t t e n  u s i n g  d b c c  a n d  
those writte n with c o nve n t i onal  cond i t ional  bran c h i n g  w h i c h  s tem 
fro m  the  way t h at d b c c  w o r k s .  I f  t h e  c o n d i t i o n  b e i n g  te s t e d  i s  
sat i s fi e d  then contro l  passes to the i n s tru ct ion  w h i c h  fo l l ows t h e  
dbcc.  I f  the c o n d i t i o n  i s  n o t  sat isf ied  then the l o w  word ( the  l o we r  
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1 6  b i ts )  o f  t h e  data register  i s  decreased by 1 and o n ly i f  the  resu l t  
d oes not e qual  - 1  i s  t h e  spec i fi e d  branch take n.  I n  o ther  cases the  
i nstru c ti o n  a fter  the  dbcc i n s tru ct ion w i l l  be  execu t e d .  

From t h e  above descr i pt ion  y o u ' l l  see  t hat t h i s  i nstru ct i o n  h as two 
ways o f  exit ing.  F i rst ly ,  t here can be  the normal l o o p  c o u nt e r  bas e d  
e x i t .  S e c o n d l y ,  t h e r e  c a n  b e  a p r e m a t u r e  e x i t  c au s e d  b y  t h e  
s p e c i f i e d  c o n d i t i o n  b e c o m i n g t r u e .  T h e  o t h e r  p o i n t  t h a t  i s  
i mp o rtant  t o  u nd e rstand i s  t h a t  t h e  c o n d i t i o nal  part  o f  t h e  t e s t  
a c t u a l l y  wo rks i n  t h e  c o m p l e t e l y  o p p o s i t e  way t o  t h e  b e e  t y p e  
c o n d i t i o nal  branch i nstru ct ions ,  because t h e  branch i s  not taken i f  
t h e  c o n d i t i o n  i s  sat isfi e d .  

F o r  t h e  current example we are on ly  inte rested i n  t h e  l o o p  c o u nt e r  
part o f  the  instruct ion  so  a dbra (which  represents bran c h  a lways) 
i nstru c t i o n  w i l l  be  u sed l i ke t h i s :  

LOOP  mov e . b ( aO ) + ,  ( a1 ) +  c o p y  c h aract er  and i nc rement 
pointers  

dbra dO , LOOP dec r e a s e  and branch  o n  zero 

Becau s e  t h e  loop ex i ts  when d O  e qu a l s  - 1  we need t o  s u b tract 1 
from the  c harac ter  count or iginal ly l oaded i n to d O .  I f  these  c hanges 
are made we end up wi th this final vers i o n  of a program whi c h  d o e s  
t h e  str i ng  convers i o n :  

* E x ample CH3 - 1 9 . s  

lea TEXT , ao 

move . b  ( aO ) + ,  dO 

sub . b  # 1 , dO 

lea COPY , a1 

LOOP move . b  ( aO ) + ,  ( a1 ) + 

d b ra dO , LOOP 

move . b  #0 , ( a 1 ) 

rt s  

TEXT dc . b  5 ,  " APPLE " 

COPY ds . b  6 

put address of s t r ing in ao 

copy count and increment pointer 

reduce c ount by 1 for dbra 

address of copy buffer in a1  

copy character and inc rement 
pointers 

loop until dO is - 1  

add terminal NULL 

The net resu l t  of ru nning program Example  CH3- l 9 . s  is that, by the  
t i m e  t h e  program fi n ishes ,  the COPY bu ffer wi l l  ho ld  a c o py o f  the 
o rig ina l  "APPLE" str ing in  nu l l  terminated form.  

This  latest  use o f  i n d i rect  address ing  w i th automated i n c r e me n t  
c o u p l e d  w i t h  t h e  p owerfu l  d b ra l o o p  c o n tro l  i n s t ru c t i o n  s h o u l d  
begin t o  show s o meth ing o f  t h e  68000's power,  espec ia l ly  a s  far as 

m 
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t h e  v a r i o u s  a d d r e s s i n g s c h e m e s  g o .  E xa m p l e  C H 3 - 1 9 . s ,  f o r  
s i mp l i c i ty ,  has u s e d  a static stri ng d e fi n i t ion  but  i t's n o t  too hard to 
i magi ne  wri t i n g  a rout i n e  that wou l d  be  able to take any str ing i n  
<cou n t><characte rs> form and c o nvert i t  t o  <characte rs><N U L L> 
form. A l l  that needs  to be  done i s  to f ind s o me way o f  writ ing the 
rout ine in  a ge n e ral ly  usefu l  way and working o u t  how t h e  sou rce 
and dest i nat i o n  string addresses can be passed to the rout ine .  

One  so lut ion  woul d  b e  to s i mply s p e c i fy that before  the rout i n e  i s  
u s e d  t h e  sou rce and dest i nat ion addresses s h o u l d  be  i n  aO and a l  
respectively,  pe rhaps adding a n ote to t h i s  e ffe ct at  the start o f  the 
rout i ne : 

* Example CH3 - 20 . s  

add res s of source string should be in ao 

add ress of des tination string should be in a1 

LOOP 

move . b  ( aO ) + ,  dO copy count and increment 

sub . b  

move . b  

dbra 

move . b  

rts 

# 1 , dO 

( aO ) + ,  ( a1 ) +  

dO , LOOP 

#0 , ( a1 ) 

pointer 

reduce count by 1 for dbra 

copy character and increment 
pointers 

loop until dO is  - 1  

add terminal NULL 

T h i s  p i e c e  of c o d e  c o u l d  be u s e d  w h e n e v e r  a s t r i n g  h a d  t o  be 
c o nv e r t e d  a n d  t h e  6 8 0 0 0 ,  l i k e  m o s t  p r o c e s s o r s ,  p r o v i d e s  a 
mechan i s m  fo r a l l owi ng the re-use o f  code  i n  th is  fas h i o n .  The c o d e  
fragme nts th emselves are even given a spec ia l  n a m e  - subro u t i n e s  -
a n d ,  b e c a u s e  t h ey a r e  s o  i m p o rt a n t ,  t h e y  g e t  a c h a p t e r  a l l  t o  
themselves .  



4: 

Subroutines 

and 

Parameter 

Passing 

T h e r e a r e  fre q u e n t  c a s e s  i n  
programmi ng where the  same 
s e q u e n c e  o f  i n s t r u c t i o n s  i s  
n e e d e d  i n  more than o ne p l ace  
i n  a p r o g r a m .  I n s t e a d  o f  
d u p l icat i ng those  i n s tru ct ions  
(whi c h  i s  wasteful o f  memory) 
i t  h a s  b e e n  fo u n d  u s e fu l  t o  
provide microprocessors  wi t h  
spec ial i n stru c t i o n s  t hat a l l o w  
a s e c t i o n  o f  c o d e  t o  b e  r e 
u s e d .  T h e s e  code  sect i o n s  are 
t h e m s e l v e s  m i n i - p r o g r a m s  
wri t ten  t o  d o  wel l -def ined j obs  
a n d ,  s i n c e  t h e y  r e p r e s e n t  
r o u t i n e s  wh i c h  may b e  c a l l e d  
by o t h e r  p a r t s  o f  a p r o gram, 
they are ca l led  subrou t ines !  

The 68000 provi des  two basi c  
m e t h o d s  f o r  t r a n s fe r r i n g  
c o ntrol  t o  a subrou t i n e .  F i rst ly 
t h e re is  a j u mp-to-su brou t i n e  
i n struct i o n ,  w h o s e  m n e m o n i c  
i s  j s r ,  a n d  t h i s  c a u s e s  a n  
u n c o n d i t i o n a l  j u m p t o  a 
s p e c i f i e d  m e m o r y a d d r e s s .  
T h i s  i n stru c t i o n  b e h aves  j u st 
l i ke t h e  u n c o n d i t i o na l  j u mp 
(j m p )  i n s t r u c t i o n ,  b u t  i n  
a d d i t i o n  t o  p l a c i n g t h e  
s p e c i f i e d  j u m p  a d d re s s  i n t o  
t h e  p r o gram c o u n t e r  i t  a l s o  
save s  a return addre s s .  

B y  p l a c i n g  a r e t u r n - f r o m 
subrou t i n e  i nstruct ion  (rts)  at  
the end of  a s u b ro u t i n e  t h i s  
ad d ress can be  p laced i n t o  the 
pro gram c o u n t e r  and t h e  n e t  
re s u l t  i s  t h i s :  t h e  p r o c e s s o r  
h a v i n g j u m p e d  t o ,  a n d  
e x e c u t e d ,  a p i e c e  o f  s u i tab ly  
wri t t e n  s u b r o u t i n e  c o d e ,  w i l l  
r e t u r n  t o  t h e  i n s t r u c t i o n  
i m m e d i a t e l y  f o l l o w i n g t h e  
o r i g i n a l  s u b r o u t i n e  c a l l .  I n  
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schematic form th is  arrangement can be d e scr ibed as i n  F igure 4 . 1  
be low.  

main c o d e : 

j s r MySub -----� M ySub ----

1 : 

rts  

j s r MySub 

2 :  

Figure 4 . 1 .  Control flow during subroutine calls. 

This  subrout ine  cal l  i n s tru ct ion sequ ence requ i res the  processor  t o  
m a k e  a n o t e o f  t h e  a d d r e s s  o f  t h e  i n s t ru c t i o n  w h i c h  i s  t o  b e  
e x e c u t e d  o n c e  t h e  s u b r o u t i n e  h a s  c o m p l e t e d  i t s j o b  a n d  t h i s  
a d d r e s s  i s  c o n v e n t i o n a l l y c a l l e d  t h e  r e t u r n a d d r e s s .  S i n c e  
subrou t ines  may themselves cal l  other  subro u t i n e s  i n  t h e  c o u rse o f  
t h e i r  w o r k ,  s o m e  m e c h a n i s m  i s  n e e d e d  s o  t h a t  t h e s e  r e t u r n  
ad d resses  may b e  stored and retrieved i n  a n  o rd e rly  fas h i o n .  

Using a Stack 

The most  common way of provi d i ng such a fac i l i ty i s  to u s e  a d ata 
stru cture known as a s tack which  a l l o ws i tems t o  be  s tored  on a 
Las t - I n - F i r s t - O u t  b a s i s .  S o m e m i c r o p r o c e s s o rs h av e  h a rd w a r e 
d e fi n e d  fixed stack areas but  o n  the 68000 processor  stacks may be  
i m p l e m e n t e d  any w h e r e in  m e m o ry a n d  a l l  t h a t  i s  n e e d e d  i s  a 
c o n t i gu o u s  b l o c k ,  i e  a b l o c k  o f  u n b r o ke n ,  a d j a c e n t ,  m e m o ry 
l ocat ions .  Register a 7  i s  used to ho ld  the  address o f  t h e  t o p  o f  t h e  
stack, and we usual ly  talk o f  register  a7  as  p o i nt i ng to the  t o p  o f  
t h e  stack.  Pr i o r  to a n e w  subro u t i n e  cal l ,  t h e  stack w i l l  l o o k  l i ke 
F igure 4 . 2 .  
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t 
TOP O F  MEMORY 

e x isting  d at a  

-------

c u rrent ( s p )  ----11�� e x isting  data  

LOW MEMORY 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 

t 
• 
• 
• 
• 
• 

D e s ignated  
Stac k Area  

• 
• 

+ 

Figure 4 . 2. Stack condition prior to a new subroutine call. 

B e fore c o n trol  i s  pas s e d  to  a subro u t i n e  t h e  processor  c a l c u l ates 
the ad d re s s  o f  t h e  next i n stru c t i o n  ( i e  the one wh i c h  would have 
been e x e c u t e d  if  the s u b ro u t i n e  c a l l  j u m p  was not g o i n g  t o  b e  
mad e ) . A s  m e n t i o n e d  above, th i s  ad d re s s  i s  p l a c e d  o n  the  6 8000's 
stack so that  as the  jsr  i n stru c t i o n  pas ses  c ontrol  to the s u brout ine  
th is  i s  t h e  state o f  the  stack (F igure 4 .3 )  overl eaf. 
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t 
TOP O F  MEMORY 

existing  dat a  

existing  dat a  

c u r rent ( s p )  __ .,� 4 byte return addre s s  

LOW M E MORY 

+ 
Figure 4 . 3. Stack after a new subroutine ca ll. 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

68000 stacks then grow down wards i n  memory and s i n c e  the  stack 
p o i nter  a lways poi nts to the last data i te m  added t o  the s tac k th is  
means that  b e fore a d d i n g  new i tems you must  f irst d ecrease  the 
stack p o i nter by a n u mber  equ ival ent  t o  the byte-s ize  o f  t h e  o bj ect  
b e i ng stored - that  way i t  proper ly p o i nts  to the l ocat i o n s  to be 
used next .  The jsr  i n stru c t ion therefore decreas e s  the  stack p o i nter 
by four, stores  the return a d d ress ,  and t h e n  p l ac e s  the s p e c i fi ed 
j u m p  l o cat ion i n t o  the processor's program c o u n ter .  N ote  t hat  i t  i s  
c o m m o n ,  wh en p lac ing data i tems o n t o  t h e  stac k, to  tal k o f  pushing 
data o n t o  the stack. 

The main body o f  the subrout ine  wil l  execute j u s t  l i k e  any o ther  
p iece  o f  code but  the  last  i n stru ct ion  o f  the  subrou t i n e  wi l l  be a rts, 
return -from-su brout i n e ,  i n stru ct ion .  This cau s e s  the address  at  the 
top o f  the stack to be retr i eved (popped o r  pulled are c o m m o nly 
used terms fo r th i s  o perat i o n )  and place d in  the 68 000's program 
c o u nter .  The resu l t  i s  s i m p l e .  The pro cessor  j u m p s  to the n ewly 
s p e c i fied address and this of  c ourse i s  the re turn address s p e c i fi e d  
d u ri ng the  or ig inal  su brou t ine  cal l .  
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A fu rther i n stru c t i o n ,  ca l l ed  branc h- to-su brou t i n e  (mnemo n i c  bsr) ,  
p r o v i d e s  a r e l a t i v e  a d d r e s s i n g  f o r m  o f  t h e  s u b r o u t i n e  c a l l 
mechan ism.  I n  th i s  case e i ther  an 8 o r  1 6  b i t  d i sp lacement  can be  
prov i d e d .  

W e  br i e fly ment ioned i n  Chapter Two that the  68000 supports  t h e  
u s e  o f  se parate supervisor a n d  u s e r  stacks, w h i c h  a l l ows system 
s o ftware ru n n i n g  in  s u p e rv i s o r  m o d e  t o  ma i nta i n i ts o w n  s t a c k  
area.  F o r  the programs d i s c u s s e d  i n  t h i s  b o o k ,  whe neve r we ta lk  
abo u t  the  6 8 000 stack we are  referr ing t o  the  u ser-mode stack! 

Push and Pull  

There 's a p o i n t  concern ing the pushing and pulling o f  data  fro m  the  
s tack t hat i s  worth c lar ifying.  When data i s  p laced o n  the  stack i t  i s ,  
l i ke a l l  o t h e r  6 8 0 0 0  data movement  operat ions ,  a copy o f  t h e  data 
that is wr i t ten  i n to the stack area. S i m i lar ly wh e n  d ata is pulled 
fro m  the  stack it is a copy of the stack data t h at is retr ieved.  I f, by 
way of exampl e ,  we c o u l d  see the state of the stack j u st after the  
s u b ro u t i n e  b e i n g  d i s c u s s e d  ear l i e r e x e c u t e d  i ts  r ts  i n s t ru c t i o n ,  
F igure  4 . 4  i l lu strates what we wou l d  fi n d .  

t 
TOP OF  M EMORY 

e xisting  data 

cu rrent ( sp )  �--11�� e xisting  data 
����������-

4 byt e ret u rn address  

LOW M E MORY 

+ 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 

Figure 4 . 4 .  Stack after the subroutine has executed a rts instruction. 
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A l t h o u g h  a c o py o f  t h e  r e t u r n  a d d r e s s  h a s  b e e n  p l a c e d  i n  t h e  
program cou nter and t h e  stac k po i nter adj u sted , t h e  retu rn add ress 
original ly placed o n  the stack i s  st i l l  there .  W hat of course  happe ns 
i s  that the n ext t ime a subrout ine cal l  i s  made those l o cat i o n s  get 
over-written with the new address!  

Parameter Passing 

The p rograms and c o de fragme nts that we've been  l o o ki ng at i n  the 
previo u s  c hapter are s i mp l e  examples  and not exactly typ ical o f  the 
code you' l l  fi n d  in real  programs .  M o st proper programs w i l l  n e e d  
to p e rfo rm a var i e ty o f  tasks a n d  m a n y  o f  t h e s e ,  b e c a u s e  t h e y 
e i ther  n e e d  to be done  many t i mes o r  because  they c on c e rn j o b s  
w h i c h  a r e  c o m m o n  t o  n u m e r o u s  p r o gram s ,  wi l l  b e  w r i t t e n as  
subrout ines .  

Apart fro m the fact  that  subrou t ines can save me mory space there 
a r e  o t h e r  b e n e f i t s .  A s u b r o u t i n e  t h a t  h a s  b e e n  w r i t t e n  t o  b e  
gen e ra l ly  u s e fu l  wi l l ,  afte r su i table pre l i m i nary test ing,  b e  ab l e  to 
be u se d  by programmers secure in the knowledge that it is safe, i e  
the subrout ine  d o e s  what i t  i s  s u pposed to and i s  e rro r fre e .  In  fact 
maxi m i s i n g  t h e  utility va lue o f  s u c h  r o u t i n e s  i s  a g o o d  d e s i g n  
obj ective becau se the  m o r e  general ly usefu l  a p i e c e  o f  c o d e  i s ,  t h e  
m o r e  the  pro grammer wi l l  fi n d  u se s  f o r  i t .  S imi lar ly ,  maxi m i s i ng 
the u s e  o f  e ither  system suppl ied  or  s e l f-wri tte n subro u t i n e s  makes 
program deve l o pment qu icke r  and this re-u s e  o f  tested c o d e  a lso 
red u c e s  the c hances o f  bugs.  I n  fact you can a lmost  guarantee that 
any b u gs that do occur  i n  your  program wi l l  come fro m  t h e  code  
that y o u 've wri tte n a n d  n o t  fro m  t h e  l i b rary s u b r o u t i n e s  b e i ng 
used .  

Most  o f  the subrou t i n es that you ' l l  code i n  your  own p rograms wi l l  
use  abs o l u te o r  relative addre s s i ng s i mply because you w i l l  know 
the address  of  the routi n e  at  asse mbly t ime.  You should  b e  aware 
h o we v e r  t h a t  it i s  p o s s i b l e  to d e v i s e  e x t r e m e l y  s o p h i s t i c a t e d  
s u b r o u t i n e  a c c e s s  m e c h a n i s m s u s i n g o t h e r  6 8 0 0 0  a d d r e s s i ng 
modes .  I br iefly  ment ion  the poss ib i l i ty o f  hash-access  a n d  tabl e  
a c c e s s  c a l l s  i n  C h a p t e r  F i v e  a n d  t h e  A m i ga's  m u l t i task i n g  Exec  
K e r n e l  u s e s  a d y n a m i c  l i b r a ry s y s t e m  b u i l t  a r o u n d  l o a d a b l e  
l i b r a r i e s  o f  su b ro u t i n e s  that are  a c c e s s e d  i n d i re c t l y .  T h e  Exec  
l i brary syste m  i s  in  fact so  i m p o rtant that  I 've d ev o t e d  a wh o l e  
chapter to i t  (see C hapter 1 0) !  

You wi l l  i n c i d e ntal ly see both the te rms function and subroutine in 
mu c h  Amiga l i te ratu re .  In fact  al l  of the l i brary s u b ro u t i n e s  are 
ca l l e d  fu n c t i o n s  and t h i s  stems mai n ly  fro m  the fact  that  the C 
l a n guage ( u p o n  w h i c h  t h e  Amiga a n d  i ts d o c u m e n tat i o n  i s  v e ry 
d e p e n d e nt) ca l ls  all subrout i ne- l ike proce d u res ,  funct ions !  I n  other  
non-C areas o f  c o mp u ti n g  one normal ly re serves the term function 
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for a subrout ine  that acts o n  some data and returns a s i ng le  re s u l t .  
A subrout ine  wh i c h  take s the address o f  a t e x t  str ing a n d  returns 
i ts  length wou l d  be  cal led a fu nct i o n ,  a subrout i n e  which sorted a 
s e t  o f  words i n t o  a l p habet ica l  order  wou l d  not !  B e cau se you wi l l  
fi n d  that  a lmost  a l l Amiga d o c um e n tat io n  wi l l  b e  u s i n g  t h e  t e rm 
fu n c t i o n  you ' l l  f ind t hat,  outs ide  o f  t h i s  c hapter ,  I wi l l  be  d oing t h e  
same w h e n  d is cu ss i ng Amiga system rout ines .  

In  order  to be  real ly  u s e fu l ,  subro u t i n e s  must  be  wr i t ten s o  that  
t h ey are  g e n eral . T h e r e  is ,  for  i n s tance , l i t t l e  p o i n t  in  w ri t i ng a 
subrout ine  that pr ints  the  message Please enter a number1 I t  wou l d  
h oweve r b e  qu i te  usefu l  t o  create a subrout ine  that  c o u l d  pr int  any 
text message s p e c i fi e d  by the main program. This  br ings u s  t o  o n e  
o f  the  m o s t  inte rest ing areas o f  subro u t i ne u s e .  Name ly,  h o w  s u c h  
i n format i o n  c a n  be provi ded to the  subro u t i ne and h ow a n y  re su l ts  
m i g h t  b e  p a s s e d  back .  Data  i t e m s  t h a t  a r e  t o  b e  p a s s e d  to  a 
s u b r o u t i n e  a r e  c a l l e d  para meters a n d  t h e  a c t  o f  a r r a n g i n g  t o  
transfer  t h e s e  parameters  t o  t h e  s u b r o u t i n e  i s  c a l l e d  pa rameter 
passing. 

T h e r e  a r e  t w o  b a s i c  w a y s  i n  w h i c h  d a t a  c a n  b e  p a s s e d  t o  a 
subrou t i ne : 

• Parameters may be placed i n  the 68000's regi sters .  

• Parameters can be stored in  memory 

Register-Based Parameter Passing 

This fi rst  opt ion  i s  both s i mp l e  and fast .  S ince p o i nters t o  larger 
obj ects ,  such as str i ngs and other b l o c ks o f  data, can be  passed,  ie  
the subroutine can be  passe d the address o f  the object  rather  than 
t h e  o bj e c t  i t s e l f , t h e r e  is  l i t t l e  y o u  c a n n o t  d o .  S i m i l a r l y  t h e  
subrout ine  may return any resu l ts ,  o r  a p o i n te r  t o  t h o s e  resu l t s ,  
d i re ctly in  a register.  

Memory-Based Parameter Passing 

Th e advan tage of t h i s  o p t i o n ,  d e s p i t e  the fac t  that  it is u s u a l ly 
s l o we r ,  i s  t h at  i t  o ff e r s  m o r e  f l e x i b i l i ty .  P a ra m e t e r s c a n ,  fo r 
example ,  i f  they are known at assembly t i m e ,  be p laced i n  memory 
immed iately after the subrout ine cal l .  For  exam p l e :  

orig_rt s 

j s r 

de . I  

de . I  

SomeR o u t in e  

#data item1  

#data item2 

m 
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needed rt s 

de . I  #dat a_it emN 

remaini n g  instru c t i o n s  

I n  t h i s  case t h e  return address placed o n  the  stac k by the  p ro ce s s o r  
wo u l d  b e  wro n g  - t h e  6 8 0 0 0  w o u l d n ' t  r ea l i s e  t h a t  t h e  n u mb e rs 
i m me d i at e l y  fo l lo w i n g  t h e  j s r  c a l l  w e re data rat h e r  t h a n  a val i d  
6 8 000 i ns truct i o n .  I n  s hort  t h e  return address  wou l d  n e e d  t o  b e  
altered b y  t h e  subrout ine  i t se l f, b y  add ing t o  t h e  return address  an 
a m o u n t  e q u a l  t o  t h e  n u m b e r  o f  b yt e s  o f  p a r a m e t e r s .  O t h e r  
approaches  i nc l u d e  t h e  passing o f  a p o i nter  t o  a parameter  b l o c k  i n  
a s i m i l a r  fa s h i o n .  A n  o ft e n  s i m p l e r  m e t h o d  i s  t o  u s e  g l o b a l  
variables ,  def ined  and lab e l l e d  locat ions that can b e  read from a ny 
rout ine  anywhere i n  t h e  program. 

N o n e  o f  these  s o l u t i o n s  provide  suffi c i e nt genera l i ty t o  have fou nd 
wid e spread favour  b u t  t h e  next,  stack-or i e ntated ,  approach I want 
t o  d iscuss  has.  Al though the  68000 stack was i ntro d u c e d  d u ri ng the 
d i s c u s s i o n s  of subrout ines  and return addresses it  is  now t i me to 
p o i n t  o u t  that  t h e  6 8 000's  s tack can be u s e d  for t h e  s t o rage o f  
o t h e r  data,  namely byte s ,  words and l o ng wo r d s .  A s  u s u a l ,  wo rd 
a n d  l o ng w o rd , data m ust  be word-a l i g n e d  a n d  t h e  6 8 0 0 0  s tack  
p o i nter  register  does  i n  fac t  take a spec ia l  precaut ion  to e n s u re th is  
word  a l i gn m e n t  - i t  word-al igns all data, even  s i ngle  byte  val u e s .  
When byte data i s  p u s h e d  o nt o  the  stack i t  i s  stored i n  the  h i gh
order byte of a 1 6  bit  word. 

Stac k-based parameter pass ing can be d o n e  by seve ral means.  The 
6 8000's move i nstru ct ion can, fo r example ,  be u s e d  in c o nj u n c t i o n  
w i t h  i n d i rect  address i n g  w i t h  a u t o  decrement  t o  p u s h  a val u e  o nto 
the stack l i ke t h i s :  

mov e . w  t ab_s iz e , - ( sp )  

j s r E xpandTab 

end  of  program 

push  t ab s iz e  p aramet e r  

expand t o  spaces  



Subroutines and Parameter Passing 

What must  be remembered o f  c o u rse  i s  that,  afte r you have p u s h e d  
t h e  p a r a m e t e r  o n t o  t h e  s t a c k ,  t h e  j s r  i n s t r u c t i o n  w i l l  h a v e  
subseque ntly pushe d  a retu rn ad dress  s o  the s tack w i l l  b e  l o o ki ng 
s o m e t h i ng l i ke F igure 4 . 5 .  

t 
TOP O F  M E MORY  

e x i s t i n g  data  

2 byt e t ab s i z e  value 

c u r rent ( s p )  �---�� 4 byte  return ad d r e s s  

LOW M E MORY 

+ 

• 
• 
., 
• 
• 

• 
• 
• 
• 
• 
• 

Figure 4 . 5. The pushed parameter after the subroutine call has been made. 

Th i s  means that the  s u b ro u t ine  n e e d s  to l o o k  n o t  j u s t  at the  t o p  o f  
t h e  s t a c k  but  actual ly i nto i t  i n  order  to s e e  the paramete r .  S i n c e  
the retu rn a d d r e s s  i s  fo u r  bytes l o ng w e  have to u s e  a d i s p lacement  
of  4 as th i s  example  s h ows : 

E x pand Tab m o v e . w  4 ( s p ) , d0 ret rieve  t ab s i z e  i n  dO 

rest of c o d e  d o  somet h i n g  

m 
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rt s 

T h e  a b o v e  f r a g m e n t  c o p i e s i n t o  d O  t h e  t w o  b y t e s  o f  d a t a  
i mm e d i a t e ly above  t h e  r e t u rn  a d d r e s s .  T h e  s i tu a t i o n  o n c e  t h e  
subro u t i n e  h a s  re turned i s  that  t h e  stack p o i nter  wi l l ,  a t  least  i n  the 
case o f  the  c u rre nt  example ,  be  l e ft p o i n t i ng t o  the  parameter t hat 
we p laced on the stack. Th is  cannot be l eft b e cause it w i l l  d es t roy 
t h e  i n t e g r i ty of the s t a c k  as  fa r as  a ny i te m s  whi c h  have b e e n  
p l a c e d  o n  t h e  stack earl i e r  are c o n c e r n e d .  T h e  para m e t e r  i s  n o t  
needed a n d  so  there i s  l i t t l e  p o i n t  i n  execu t i ng a move (sp)+,dO type 
p u l l  i nstru c t i o n .  I n stead the s i mplest  idea is to  numer ica l ly adj u s t  
the  stack p o i nter  so  that the  i t e m  i s  e ffec tively ignore d :  

mov e . w  

j sr 

addq . l  

t ab_s ize , - ( sp )  

E xpandTab 

#2 , sp 

end  of  program 

p u s h  t ab size  p arame t e r  

expand t o  space s  

c le an - up stack  

The A m i ga ' s  a m i g a . l i b  l i n k e r  l i b rary r o u t i n e s  u s e  t h i s  type  o f  
mechanism and I ' l l  b e  l o oking a t  some real Amiga examp l e s  o f  th is  
tec h n i q u e  in  Chapter 1 2 .  

Other  stack-or ie ntated i n struct ions are avai labl e ,  i n c l u d i n g  a very 
u s eful  o n e  cal l e d  push-effective-address, w h i c h  can both ca lcu late 
an address u s i ng any o f  the 6 8000's addre s s i ng schemes and p u s h  
i t  onto  the  stac k for you .  An example w h i c h  shows the  u s e  o f  t h i s  
instru c t i o n  i s  given i n  C hapter 1 2 . 

Register Preservation Using Movem 

N o rmal ly it is advisab le  to create subrout ines  wh i c h  do n o t  a l ter  the 
contents o f  any temporary regi sters t hat  they may use ,  i e  those  t hat 
w i l l  n o t  be  u s e d  to return a resu l t .  The best way to do t h i s  is to  
preserve those  regis ters by push ing the i r  c o n tents o nt o  the  stack, 
restor ing them j u st b e fore the subrout ine  returns .  

One way o f  d o i ng t h i s  i s  to  push/pu l l  the c o n te nts o f  each register  
s i ngly us ing i nstruct ions such as :  
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mov e . I  a6 , - ( s p )  preserv e  a6 o n  s t ac k  

mov e . I  as , - ( s p )  preserv e  as o n  s t a c k  

mov e . I  a4 , - ( s p )  preserve a4 o n  s t a c k  

d o  somet h ing  

move . I  ( sp ) + , a4 res t o re content s of  a4 

move . I  ( sp ) + , as res t o re content s of  as 

move . I  ( sp ) + , a6 resto re c o n t e n t s  of  a6 

but  i n  actual  fact a specia l  multiple move i nstru c t i o n  exi sts ,  ca l led  
move m, which  a l lows t h i s  transfe r  to be  done  more e ffi c i e nt ly  whe n  
two o r  more regi sters are i nvolved.  

Movem a c tu a l l y  exi s ts in  two fo rms.  The i n s t ru ct i o n  used w h e n  
tra n s fe rr i n g  r e g i s t e rs to  m e m o ry i s  c al l e d ,  n o t  u n su r p ri s i n g l y ,  
M ove-M u l ti p l e-Registers-To- Memory (mn emonic  movem).  I t  c a n  u s e  
a l l  o f  t h e  a b s o l u t e  a n d  i n d i r e c t  a d d r e s s i n g  m o d e s  except t h e  
au t o i n c r e m e n t  m o d e .  T h i s i s  a d e l i b erate  r e s t r i c t i o n  b e c au s e  i t  
fo rces  the programmer n o t  t o  u s e  t o  au t o i ncrement  when p l ac i ng 
d a t a  o n  t h e  s t a c k  ( t h at a p p r o a c h  wo u l d c a u s e  s t a c ks t o  g r o w  
u p w a r d s  i n  m e m o r y w h i c h  wo u l d  c o n t r a d i c t  t h e  6 8 0 00 s t a c k  
conve n t i o ns ) .  

I ts  u s efu l  to  l o o k  at  how t h i s  instruct ion  i s  des igned i nternal ly .  The 
f i rst  word c o n ta i ns b i t  patterns which i d e n t i fy the  i nstru c t i o n ,  the  
t ra n s fe r  s i z e ,  and the  e ffe c t i v e  d e s t i n at i o n  s p e c i f i c at i o n .  T h e  
sec o n d  word i s  a 1 6-bi t  mas k  wh i c h  has been ass igned to repre s e n t  
reg i sters e i t h e r  i n  th is  fas h i o n :  

I a7 a6 as a4 a3 a2 a 1  ao d7 d6 dS d4 d3  d2d d 1  dO  I 
o r ,  i f  t h e  a u t o ma t i c  p r e d e c r e m e n t  ad d r e s s i n g  m o d e  h a s  b e e n  
s p e c i fi e d ,  l i ke t h i s :  

I dO d 1  d 2  d3 d4 dS d6 d7 ao a1 a2 a3 a4 as a6 a7 I 
Reg is ters are moved i n  the order  b i t  0, b i t  1 ,  b i t  2 e tc ,  o f  the  mask 
and so  the  order is dO ,  d 1 ,  d2 etc  fo r the  normal mask and a 7 ,  a 6 ,  
as e t c ,  fo r t h e  reversed m a s k  (assuming t hat i s  t h a t  the  appropriate 
mas k  b i ts for those regi sters have bee n set to 1 ) . 

T h e  e qu i va l e n t  M o v e - M u l t i p l e - R e g i s t e r s - F ro m- M e m o ry ,  m o v e m ,  
i nstruct ion  d o e s  n o t  u s e  t h i s  mask reve rsal . I n  fact i t  a lways u ses 
the b i t  mask arrange ment d escr ibed f irst ,  i e :  

I a7 a6 as a4 a3 a2 a1 ao d7 d6 dS d4 d3  d2d d 1  do 

m 
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and i n stead i t  a l l ows the  auto i n cre m e n t  address i ng m o d e  b u t  does  
not  a l l o w  t h e  predecrement  fo rm.  

When m u l t i p l e  data i te m s  are placed onto the s ta c k  the o r d e r  i n  
which  they are remove d i s  impo rtant .  Becau se  t h e  stack works o n  a 
Last- I n-F irst-Out arrangement  i tems m u st b e  removed i n  t h e  reverse 
o r d e r  to t h a t  u s e d  to o r i g i n a l l y  p u t  t h e m  o n  t h e  s t a c k .  I f  fo r 
i nstance you store  registers d O ,  d l  and a l  ( i n  that ord er)  t h e n  to re
i nstate the registers you must f irst  p u l l  a l ,  the n d l  and fi na l ly  dO. 
T h e  e f f e c t  o f  t h e  m a s k  r e v e r s a l  s c h e m e w h e n  u s i n g  t h e  
pre d ec re me nt fo rm o f  the  move m i nstru c t i o n  i s  t hat  t h i s  o r d e ri ng 
reve rsa l  o c c u rs a u t o ma t i c a l l y  a n d  t h e  p rogram d o e s n' t  have  t o  
exp l i c i t ly  worry about i t  ( t h e  assembler  ge n e rates  the  appropriate 
mask).  

The eas iest  way to d e scr ibe  the use of the  i n stru c t i o n  is t o  show 
you some examples .  To save o n  t h e  stack the  fu l l  32  b i t  c o n t e nts o f  
regis ters d O  through d 7  and aO through a3 f o r  exa m p l e  we wou l d  
wri t e :  

movem . l  d0 - d7 / a0 - a3 ,  - ( s p )  

To restore t h e  reg isters ( i e  pu l l  t h e m  back off t h e  s tack)  we 'd u s e :  

m o v e . !  ( s p ) + ,  d0 - d7 / a0 - a3 

S i m i lar ly to p r e s e rve regi s ter  d O  and regi s ters a 2 - a 5  we u s e  t h i s  
i n s truc t i o n :  

m o v e . !  d0 / a2 - a5 ,  . ( s p )  

a n d  t o  restore t h e  c o ntents :  

m o v e . !  ( sp ) + ,  dO / a2 - a5 

These i n struct i o n s  have a n u m be r  o f  uses  b u t  as far as t h e i r  u s e  i n  
subrou t i n e s  i s  conce rned you' l l  main ly s e e  t h e m  u s e d  o n  e ntry and 
just  b e fore ex i t i ng ( i e  just  be fore the  rts  i n stru c t i o n )  l i ke t h i s :  

SomeSubroutine movem . l  dO -d4 / aO - a3 ,  - ( sp )  

<main body of subroutine code> 

preserve registers 

do something ! 

move . l  

rts 

( sp ) + ,  d0 - d 4 / a0 - a3 restore registers 

return 

When re g is ters are preserved l i ke t h i s ,  rou t i n e s  which are e x p e c t i ng 
parameters to be pas s e d  o n  the  stack n eed to a l low fo r t h e  fac t  t hat 
m o r e  i t e m s  h ave  b e e n  p u s h e d  o n to t h e  s t a c k  after  t h e  r e t u r n  
address .  I n  t h e  above example  n i n e  3 2  b i t  regi s ters are pres erv e d  
(dO ,  d 1 ,  d 2 ,  d 3 ,  d 4 ,  a O , a l , a 2 ,  and a 3 )  so a fu rther  3 6  b y t e s  have 
b e e n  p l a c e d  o n  t h e  s t a c k .  I f  we g o  b a c k t o  t h e  s t a c k- b a s e d  
Expan dTab parameter  pass ing  exam ple  m e n t i o n e d  earl i e r  a n d  a d d  
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t h e  above r e g i s t e r  p r e s e rvat i o n  c o d e ,  t h e  o ffs e t  n o w  n e e d e d  t o  
access t h e  tab s i z e  variab l e  wo u l d  be  (9 x 4 )  + 4 ,  i e  4 0 ,  a n d  t h e  code  
wou l d  then be based  o n  t h i s  type o f  frame work: 

ExpandTab movem . 1  d O - d4 I ao - a3 , - ( s p )  
preserve registers  

move . w  40 ( sp ) , d0 retrieve t ab s ize 
in  dO 

rest  of code do  s ometh i n g  

move . l  ( sp ) + ,  d 0 - d 4 / a0 - a3 
restore registers  

rt s 

Link/Unlk Instruction 

M ore soph ist icated subrou t i ne arrangements are poss ib le  and o n e  
sche me u s e d  b y  many 6 8 0 0 0  based h igh- leve l language c o m p i l e rs 
( i n c l u d ing C)  i s  n o t  o n ly able  to e l i minate the  n e e d  for the altered 
displacements i l l u s trated in the previ o u s  exam p l e  but provi d e s  a 
n u mber o f  other  benefi ts .  

The i d ea i s  t hat as s o o n  as a subrou t i n e  i s  e ntered we immediate ly  
preserve the  co nte n ts o f  a n  address  regi ster o n  t h e  stac k and t h e n  
c o py the stack p o i nter  i nto i t . Th is  t h e n  e s tabl i s h e s  t hat  regi s ter  a s  
a fixed frame pointer w h i c h  can be used t o  access a n y  parameters 
ly i n g  above the frame p o i n te r  and r e t u rn a d d r e s s .  Hav i n g  d o n e  
t h a t ,  i t  i s  t h e n  p o s s i b l e  t o  d e c re a s e  t h e  r e a l  s t a c k  p o i n t e r  ( i e  
regi ster a7)  by some c hosen  val u e  such t hat t h i s  amou n t  o f  space i s  
then  avai lable  as temporary workspace o n  the stack. After  t h i s  has  
been d o n e  the  subrou t i n e  can d o  a l l  i t s  u sual  regi s ter  preserva t i o n  
o pe rat i o n s  and data subsequ e nt ly placed o n  the stac k w i l l  b e  stored 
after ( ie  bel ow) the  temporary hole that we've created i n  t h e  stac k. 
I f, for exampl e ,  as was b e i ng u s e d  as the frame p o i n t e r  reg is ter  
we 'd  end u p  with the  s i tuat ion  shown i n  F i gure  4 . 6  overl eaf. 

m 
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( as )  -------;-

( f rame p oint e r )  

t 
TOP OF  M E MO R Y  

e x i s t in g  d a t a  i n c lu d in g  
a n y  paramet e r s  p laced  

on  the  s t a c k  prior  
t o  the  subrout ine  call  

4 byte  return  ad d r e s s  

o r iginal as c o n t e n t s  
������������ 

t 

I 
• 
• 
• 
• 
• 
• 
• 

• 
• 

t empo rary w o r k s pace  area  • 

c urrent ( s p )  ----.. ! 

LOW M E MORY 

Figure 4 . 6. A more sophisticated stack-usage scheme. 

• 
• 
• 

• 
• 
• 
• 

The s i tu at ion  i n  Figu re 4 . 6  i s  then  that after the frame p o i n t e r  has  
b e e n  s e t  u p  (a S )  + 8 ,  i n  other  words the co nte nts o f  reg is ter  a s  p l u s  
a n  8 byte d i s p laceme nt (rememb e r  that t h e  return addre s s  a n d  t h e  
frame p o i nter a r e  both  store d  o n  the  s tack at th i s  t i m e ) ,  i d e n t i fi e s  
t h e  s tart o f  t h e  parameters ( i f any) that a r e  pre s e n t  o n  t h e  s tack.  
An o t h e r  b e n e fi t  of  t h i s  a r range m e n t  is  t h a t  by u s i n g n e ga t i v e  
d i s p l ac e ments i t  b e c o mes poss ib le  to access  t h e  t e m p o ra ry s tack  
workspac e ,  which  was created wh en we made  a h o l e  i n  the  stack by 
d ec reas ing the s tac k poi nter .  I n  a h igh-l eve l language i t  i s  j u s t  t h e s e  
ki n d s  o f  n e ga t i v e  d i s p l a c e m e n ts t h a t  a re u s e d  t o  c r e a t e  l o c a l  
var i a b l e s ,  w h i c h  exi s t  o n l y d u r i ng t h e  execu t i o n  l i fe t i m e  o f  t h e  
rout ine i n  quest ion .  
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Best o f  a l l  though is  the  fact  that the real stack p o i nter  i s  s e t  t o  t h e  
low e nd o f  o u r  te mporary workspace s o ,  even when a n y  n u mber  o f  
n e w  i te ms a r e  p u s h e d  o n t o  the  stack ,  t h e  fra m e  p o i n t e r  re mai ns  
val i d .  

( a5 )  

( f rame 

c u r r ent 

p o i nt e r )  

t 
TOP O F  M E MORY 

exist i n g  data i n c lu d in g  
a n y  p aramet ers  placed  

on  t h e  stack  prior  
t o  t h e  subroutine  call  

4 byte  ret u rn add r e s s  

o riginal  a5 cont ent s 

t 
t emporary wo r k space area 

! 
n ew s t a c k  data  

--

( s p )  ___. g et s  p laced  here 

LOW M E MORY  

Figure 4 .  7. Creating a safe hole for temporary variables. 

I 
• 
• 
• 
• 
• 
• 
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• 
• 
• 
• 
• 
• 

• 
• 
• 
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At t h e  e n d o f  t h e  subrou t i n e  any a d d i t i o na l  i te ms p l a c e d  o n  t h e  
s tac k by t h e  rou t i n e  a r e  re moved a n d  t h e n t h e  s tack po i n te r  i s  
advan ced past t h e  w o r k  area, b y  load ing  i t  wi th t h e  co ntents o f  t h e  
frame p o i nter . The  or igi nal frame p o i n t e r  reg i ster  contents  are the n 
p u l l e d  o ff t h e  s t a c k  a n d  p l ac e d  i n  t h e  r e g i s t e r  u s e d  a s  a fram e  
p o i n t e r ,  s o  re - i n s ta t i n g  i t  t o  i t s  o r i g i n a l  va l u e ,  a n d  a n o r m a l  
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s u b ro u t i n e  r t s  i s  p e r f o r m e d .  T h i s  l a t t e r  i n s t ru c t i o n ,  a s  u s u a l ,  
removes the  return address placed o n  the  stack by t h e  j s r  (or  bsr)  
i nstruct ion .  

OK ,  there are  some d i ffic u l t  th i ngs to grasp with t h i s  approach  but  
the ge n e ra l  o u t l i n e  and p ower o f  t h e  techn ique  s h o u l d  be  apparent .  
What  you might l i ke t o  know however i s  that  the 6 8000 prov i d e s  
two i nstruct ions  wh i c h  a l low t h i s  c o m p l e x  s e t  o f  o p e rat i o n s  t o  be  
done  au t o mati c a l l y . The  i ns t ru c t i o n s  are  c a l l e d  l i n k  a n d  u nl i n k  
(mn emonic  i s  u n l k) and they are u s e d  l i ke t h i s :  

MySub link as , - 32 c reate 32 byte work area 

movem . l  d 0 - d7 / a0 - a2 ,  - ( s p )  

main body o f  the 
subroutine will use 
( aS )  displacements 
to access  parameters 
and local workspace 

movem . l ( sp ) + ,  d0 - d7 / a0 - a2 

unlk as 

rts 

preserve some registers 

providing it i s  not 
destroyed by the sub 
routine itself as 
remains valid no  matter 
what h a ppens to  the  
stack  pointer 

restore registers 

The l i n k/u n l k  i nstru c t i o ns can dynami cal ly a l l o cate u p  t o  3 2 7 6 8  
bytes o f  stack workspac e ,  a n d  a s  you' l l  s e e  fro m  t h e  exam p l e  t h e  
workspac e d i s p l a c e m e n t  s i z e  n e e d s  t o  b e  g i v e n  a s  a nega tive 
number,  because the  s tack is gro wing downwards .  

I wi l l  n o t  be  u s i ng these  more  advanced schemes fo r the  examples  
i n  th is  book but  i t  i s  usefu l  t o  know that  they  ex is t .  Y o u  wi l l ,  for 
i n s t a n c e  w h e n  u s i n g a d e b u gge r ( s u c h  as D e v p a c ' s  M o n A m )  t o  
d i s a s s e m b l e  c o m p i l e r  g e n e r a t e d  c o d e ,  o ft e n  s e e  l i n k/ u n l k  
i nstruct ions b e i ng used i n  t h i s  way. 

Styles and Subroutines 

There are charac te r is t ics  o f  some subrout i nes  whi c h ,  a l though they 
wi l l  n o t  b e  part i cu l ar ly  i m p o r t a n t  o r  r e l e va n t  t o  the  a s s e mbl e r  
newco mer, are wo rth br iefly me nt ion ing  s ince  t h e  t e rms d o  crop u p  
i n  the Amiga offic ial  docume ntati o n  fro m  t ime t o  t ime .  

T r u l y  r e l o c a t a b l e  r o u t i n e s  are  r o u t i n e s  t h a t  m a y  be  p l a c e d  
anywhere i n  memory.  They are created by u si ng re lat ive add ress i ng 
i nstruct ions  so  t hat absolute me mory refe rences  are avo i d e d .  You 
might th i n k  that ,  becau se o f  the  way the Amiga loads i ts  programs 
and data i nto any c o nve n i e n t  spare memory that is avai lab l e ,  that  
a l l  Amiga programs wou l d  need to be  re locatab l e .  This  i s n 't true 
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because t h e  Amiga uses  a p i ece o f  program l oad ing software cal l ed 
a re loca ting loader w h i c h  i s  a b l e  t o  take a p r ogram c o n ta i n i n g  
ab s o l u t e  a d d r e s s  r e fe re n c e s  a n d  modify t h e m  ( i e  a d d  a l oa d e r  
ca lculated o ffset )  so  that t h e  program ru ns pro perly a t  t h e  c hosen  
l ocat i o n .  

Re-entrant ro ut ines  a r e  ro u t i n e s  t h a t  may be  i nt e rru pted ,  cal l e d  by 
the rout i n e  wh i c h  d i d  the i n terru pt i ng, and s t i l l  pro d u c e  the r ight 
resu l ts .  This a l l ows i nte rru pt sys t e m  code to make u s e  o f  avai lab l e  
syste m  rou t i n e s .  

R e c u r s i v e  s u b r o u t i n e s  a r e  r o u t i n e s  w h i c h  a r e  a b l e  t o  c a l l  
t h e m s e lv e s  d u r i n g  t h e  c o u r s e  o f  t h e i r  o p e ra t i o n s .  S u b rou t i n e s  
wh i c h  pres erve t h e i r  regi sters a n d  u s e  o n ly those  registers a n d  the 
stack for s t o r i ng data wi l l  be capab l e  o f  b e i ng u s e d  recu rs ive ly .  
Needless  to say they wi l l  a lso be re-e ntrant!  

Su bro u t i n e s  o n  the Amiga are very i m p o rta n t  a n d ,  as m e n t i o n e d  
e a r l i e r ,  t h e  A m i g a ' s  ru n - t i m e  a n d  l i n k- t i m e fu n c t i o n  l i b ra r i e s  
contain a great many pre-written subrou t i n e s  fo r you to use .  I t  i s  n o  
exaggerat i o n  t o  say that u pwards o f  8 0% o f  t h e  assembly language 
code  that the ave rage Amiga assembler  programmer wi l l  write wi l l  
b e  l ibrary rel ate d a n d  c o n s i s t  o f  cal l i ng pre-wri tte n fu n c t i o n s  to d o  
part i c u l a r j o b s .  T o  a large  ext e n t  y o u r c o d i n g e ffo rt s wi l l  j u s t  
r e vo l v e  a r o u n d  m a k i n g  s u r e t h a t  yo u r  p r o g ra m p e r fo r m s  t h e  
n e c e s s ary l i brary rou t i n e s  i n  t h e  r i g h t  o r d e r  a n d  w i t h  t h e  r ight  
types o f  i n tegrity c hecks .  

I n  many ways the  u s e  o f  pre-wr i t t e n  rout ines  can be  a l i ke n e d  to 
u s i n g a p i e c e o f  h a r d w a r e  l i k e a p h o t o c o p i e r .  I f  y o u  u s e  a 
p h o t o c o p i e r  t o  m a k e  a d u p l i c a t e  o f  s o m e t h i n g  yo u g o  t o  t h e  
mac h i n e ,  p l a c e  t h e  d o c u m e n t  y o u  w i s h  t o  c o py i n s i d e ,  p r e s s  a 
button,  and then j u s t  wai t  fo r the device  to do  i ts  job .  As l i ke ly  as 
not  yo u ' l l  do  a l l  t h i s  without  knowi ng a ny real deta i ls  about what 
goes on i n s i d e .  In  a sense  the c o p i e r  is act ing al most  l i ke a magic  
black box. You know what i n put  i s  requ ired  ( the  d o c u m e n t  to be 
cop ied ) ,  what must  be d o n e  to start the copying process ,  and you 
know that so me re s u l ts w i l l  come bac k,  i e  you ' l l  get a c o py o f  the 
i n put docu ment .  

T h i s i n fo r m a t i o n  h i d i n g ,  b l a c k b o x ,  d e s i g n  c o n c e p t  is  a ve ry 
powerfu l  way of prot e c t i n g  a u s e r  fro m  u n n e ces sary c o m p l e xi ty .  
For  the p r o g ra m m e r ,  the p r e - wr i t t e n  s u b r o u t i n e  u n i t  p r o v i d e s  
exactly t h e  same type o f  complexity hiding capab i l i t i es  a n d ,  o n  the 
Amiga at least ,  cons t i tute  e s sent ia l  program bu i l d i ng b l ocks to be 
used in the same way as the e l ectr i cal e ng ineer  might use I C  ch ips 
( integrated c i rcu i ts  pre- d e signed to d o  a parti cu lar  j o b) to b u i l d  an 
e l ectro n i c  c i r c u i t .  
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There i s  o ne ge neral po int  about t h i s  pathway whi ch i s  impo rtant .  
Although t h e  user  o f  t h e  fu n c t i o n  d o e sn't n e e d  t o  know h o w  the 
s u b r o u t i n e  wo rks , t h e y  do n e e d  to k n o w  w h a t  i t  d o e s ,  w h a t  
i n format ion  mu st be suppl i e d ,  a n d  t h e  s ign i ficance o f  t h e  r e su lts 
p r o d u c e d .  t h i s  m e a n s  t h a t  t h e  u s e r  m u s t  h a v e  s u i t a b l e  
d ocu mentat ion  fo r the  system rout i n e s .  Th i s  o f  c ourse  i s  o n e  o f  the  
reasons  t hat bo oks s u c h  as the  R K M  Includes & Autodocs manua l ,  
w h i c h  l i sts fu nct ion  u sage d e scr ipti o ns for a l l  o f  t h e  Amiga's l ibrary 
fu nct ions ,  are so important.  



5: 
Program 

Design 

I ssues 

T h i s  b o o k  i s  n o t  a b o u t  
p rogram d e s i g n  b u t  t h e r e  i s  
n o  doubt  that programming a 
ma c h i n e  a s  c o m p l e x a s  t h e  
A m i g a  i s  a l m o s t  i m p o s s i b l e  
u nless  you adopt some k ind o f  
fo rwa r d  p l a n n i n g .  T h a t  f o r  
m o s t  p e o p l e  m e a n s  t a k i n g  
m o re than a pass i ng i nterest  
i n  t h e  t e c h n i q u e s  u s e d  fo r 
p rogram des ign.  I ' m  n o t  go ing 
to  r e v i e w  t h e  m a n y  t o o l s  
w h i c h  are  ava i l ab l e  b u t  I a m  
g o i n g  t o  p r o v i d e  s o m e  
exam p l e s  o f  a m e t h o d  t hat I 
h ave fou n d  to be o f  i mmense 
v a l u e w i t h  a l l  k i n d s  o f  
p r o g ra m m i n g ,  i n c l u d i n g 
68000 assemb l e r. 

I t 's  b a s e d  o n  a l o g i c  d e s i g n  
t o o l  c a l l e d  t h e  W a r n i e r  
d iagram and ,  b e fore l o o king i n  
d e ta i l  a t  t h e  i d eas i nvo lve d ,  I 
w a n t  t o  m a ke t h e  fo l l o w i n g  
p o i nt.  T h e  methods I a m  about 
to d i s c u s s  a i m  to o b t a i n  
so lut ions  t o  problems that are 
c o m p l e t e l y  i n d e p e n d e n t  o f  
b o th t h e  c o m p u t e rs a n d  t h e  
l a n g u a g e s  w h i c h  m i g h t  
e v e n t u a l l y b e  u s e d  t o  
i mplement the chosen  d e sign.  
These latte r factors may we l l  
a ffect  the fi nal c o d i ng stages ,  
b u t  t h ey s h o u l d  n o t  u s u a l l y  
i n fluence  the ove ral l l ayout o f  
the des ign . 

So ,  what i s  a Warn i e r  d i agram? 
Essent ia l ly  i t  is a s e t  of curly 
b ra c k e t s ,  t h a t  d e f i n e  b o t h  
p a r t i c u l a r  g r o u p s  o f  
o p e ra t i o n s  a n d  t h e  o r d e r  i n  
w h i c h  t h e y  s h o u l d  b e  
performe d .  The eas iest  way to 
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show you about  these  d i agrams i s  to take some exam p l e s  a n d  I ' l l  
s ta rt by t a k i n g  o n e  w h i c h  w i l l  l e t  m e  e x p l a i n  s o m e  i m p o r t a n t  
d iagram convent ions .  

I magine  we wish to produce  a report ,  cons is t ing  o f  deta i l s  he ld  on  a 
computer fi l e  o n  d i sk. The Warn ier  d iagram o f  the  bas i c  probl e m  i s  
s hown i n  F igure 5 . 1 .  

BEGIN  R EPORT 

( 1  t im e )  

ACCESS F I LE 

( 1  t im e )  

R E PORT 

P R I NT DETAI LS ON F I LE 

( 1  t im e )  

E N D  R E PORT 

( 1  t im e )  

Figure 5. 1 .  Essential characteristics of the simple report generator. 

The bracket is read fro m  top to bottom and descr ibes  a pro c e d u re 
or  gro u p  o f  operat i o ns that  has , arb itrar i ly ,  b e e n  cal l e d  R EPORT. 
T h e  n u m b e r s  w h i c h  y o u  s e e  w r i t t e n  u n d e r n e a t h  t h e  va r i o u s  
state me n ts i d e n t i fy h ow many t imes  the  i t e m  i s  t o  b e  pe rfo rmed 
and,  with just  those two c o nvent i o n s ,  our  f i rs t  d i agram is  a l ready 
i l lustrat ing some o f  the esse nt ia l  features of the  prob l e m .  

Do w e  k n o w  anyth ing more abou t the problem? C a n  w e  t h i n k  o f  a ny 
i n format ion t hat  c o u l d  be re l evant? W e l l ,  we know that  computer 
files need to be opened before reading and closed once the read 
operation is complete. T h e s e  d e ta i l s  c o u l d  therefore  a l s o  be  a d d e d  
to the d iagra m. To e n a b l e  u s  to explai n s o m e  fu rther c o nv e n t i o n s  
used with Warnier  d i agrams le t  u s  fi rst add a m i n o r  compl icat i o n  t o  
t h e  prob lem.  L e t  u s  s u p p o s e  t hat  the  u s e r  wi shes  t o  access a fi l e  o f  
h i s  ( o r  h e r) o w n  c h o o s i ng a n d  t o  obtai n a p r i n t e d  r e p o rt o f  t h e  
deta i ls  o n  t h e  fi l e .  T h e  spec i fi e d  fi l e  may n o t  ex ist ,  a n d ,  i f  t h i s  i s  
the  case ,  t h e  u s e r  s h o u l d  be i nformed .  These changed o r  a l tered  
r e q u i r e m e n t s c a n  be  re p r e s e n t e d  by a more  d e ta i l e d  W a r n i e r  
d iagram . 



B EG I N  R EPORT 

( 1 t ime ) 

ASK FOR F I LENAME 

( 1  t im e )  

F I LE EXISTS 

( 0 , 1  t ime ) 

F I LE EXISTS 

( 0 , 1  t im e )  

END  R EPORT 

(1  t im e )  

{ 
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O P E N  FILE  

( 1  t im e ) 

ACC ESS F I LE 

( 1  t ime ) 

P R IN T  DETA I LS 

( 1  t im e ) 

C LOSE F I LE 

( 1  t ime ) 

I N FORM O P ERATOR THAT 
F I LE DOES NOT EXIST 

( 1  t ime ) 

Figure 5.2. Some new restrictions added to Figure 5. 1 .  

Figu re 5 . 2  shows,  i n  Warn i e r  d iagram fo r m ,  t h e  requ irements o f  the 
prob lem as i t  i s  at  the  moment .  We are u s i ng the convent ion that 
the l ogical  opposite  o f  a state ment is written by p l ac ing a bar over 
i t .  

FI L E  EXI STS means FILE  DOES NOT EXIST 

We are a lso u s i n g  a © si gn to s e parate mutual ly excl us ive operat ions 
(sets  o f  operatio ns  wh i c h  w i l l  not  occur together) .  In  the  pre s e n t  
exampl e  the fi l e  wi l l  e i t h e r  exist  o r  i t  w i l l  n o t  exist ,  s o  o n ly o n e  o f  
these two o pe rat i o n s  wou l d  b e  performe d a t  any o n e  t ime a n d  (0, 1 
t ime)  i s  writte n u n d e rn eath the stateme nts involve d .  At other  t imes 
the ope rat ions  shown with i n  a b racket may need to be  repeated and 
i n  these cases an express i o n  such as ( l  ,N t imes)  wou l d  be  u s e d .  

m 



I 
.... ... 

Mastering Amlga Assembler 

The c o nventi o n s  used so far are i n  fac t  t h e  only o n e s  you wi l l  need 
fo r the  major i ty o f  problems t hat you are  l i ke ly  t o  e nc o u nter .  Here  
they are  c o l l e ct e d  together  for  c o nven i e n c e :  

• Brackets a r e  u s e d  t o  d e f i n e  s e t s  o f  o perat i o ns.  

• Brac ke ts  are read ,  a n d  perfo rme d ,  d o wnwar d s  w i t h i n  any one 
level. The i tem at the  t o p  o f  the  b racket i s  performed f irst ,  the 
i tem at the  bottom pe rfo rmed last .  

• The l ogical  oppos i te o f  a statement  can b e  wri t t e n  as  the  o rigi nal 
statement  with a bar d rawn over i t .  

• B r a c ke t s  w r i t t e n  to  t h e  r i g h t  of  a s t a t e m e n t  i n d i c a t e  t h e  
operat i o n s  t o  b e  pe rformed if that statement  i s  performed. 

• Und erneath each item or  statement  we i n d i cate the n u mber of 
t imes the o perat i o n s  shou l d  be performe d .  

• Mutual ly exc l u sive statements are written s e parated b y  a Ei3 sign.  

Using these c onve n t i o n s  we c a n  express  in Engl i s h  exac t ly  what 
Figure 5 . 2  te l ls  us :  we are dea l ing with a certai n procedure,  cal l e d  
REPORT t h a t  starts b y  asking f o r  the  n ame o f  a fi l e .  I f  the  fi l e  exi sts 
t h e n  it is opened ,  ac cessed ,  the d e ta i l s  pr inted ,  and t h e n  the f i le  i s  
c l o sed .  I f  i t  d o e s  n o t  exist  the n the  o perato r i s  i nformed o f  the  fact .  
Remember that i f  the  fi l e  does exist  then  i t  i s  the group o f  act ions 
( s u b s e t )  s h o w n  to t h e  r i g h t  o f  t h e  l a b e l F I L E  EX I STS t h a t  are 
performe d .  

To apprec iate t h e  e l egan ce  a n d  speed with which  t h e s e  d i agrams 
can accommodate chang ing  re qu i rements l e t  us  p lace s o me fu rther 
restr i c t i o n s  on t h i s  p ro b l e m. W i t h i n  t h i s  hyp o t h e t i ca l  c o mp u t e r  
system are fi l e s  c o ntai n i ng sens i t ive data, perhaps personne l  data, 
wag e s  or m e d i c a l  r e c o r d s .  S u c h  d a t a  m u s t  b e  p r o t e c t e d  fro m 
u n auth o r i s e d  a c c e s s  a n d  u s ers  are t h e re fore i s s u e d  wi t h  access  
code numbers ,  so  that  examinat i o n  o f  sens i tive fi l e s  i s  restr icted to 
those u sers with the  proper auth o rity. If u nauthor ised attempts to 
access  t h i s  data are mad e  the c o m p u t e r  s h o u l d  rec o rd t h e  fac t ,  
perhaps b y  making an e ntry i n to a specia l  security fi l e .  

Let u s  first c o n s i d e r  t h e  new con strai nts  i n  i s o lati o n .  We n e e d  to 
check whether  the  f i l e  spec if ied by the  user  i s  a restr icted fi l e ,  i f  i t  
i s  w e  m u s t  a s k  for the  user's code n u mber .  I f  the  c o d e  i s  correct 
then we a l l ow access,  if  not we write a security record i nd i cat ing an 
attempte d i l l egal access .  



R E PORT ( 

B 

B E G I N  R E PORT  
( 1 t im e ) 

ASK FOR F I L E NAM E 
( 1  t im e ) 

F I LE E X I S TS 
( 0 , 1  t im e )  

<±) 

F I L E  EXISTS 
( 0 , 1  t im e )  

E N D  R E PORT  
( 1  t im e ) 

I B E G I N  F I L E  EXISTS 
( 1 t ime ) 

F I L E  R ESTR I CTED  
( 0 , 1  t ime ) 

� <±) 

I F I LE R ES TR I CT E D  
( 0 , 1  t im e )  

E N D  F I L E  EXISTS 
( 1  t im e )  

I ASK FOR CODE 
( 1  t ime ) 

� CODE CORR ECT 
( 0 , 1  t im e ) 

<±) l CODE CORRECT 
( 0 , 1  t im e ) 

ACC E S S  F I L E  

I ( 1  t im e ) 

P R I NT D ETAI LS 
( 1  t im e ) {I N FO R M  OP ERATOR THAT 

F I LE DOES NOT EXIST 
( 1  t ime ) 

Figure 5. 3. A hierarchy is forming wirhin rhe revised problem. 

I ACC E S S  F I L E  
( 0 , 1  t ime ) � P R INT D ETAI LS 
( 1 t im e ) {WRITE  S E C U R I TY R ECORO  

I L LEGAL ACCESS  ATTEMPT 
( 1  t im e ) 

� l:a 

� 
t::::I 
� 
IS' :::r 
l:i' 
"' 

� 
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T h e  d i agram i n  F i gu r e  5 . 3  s h o ws t h e  Warn i e r  form o f  o u r  n e w  
requ irements .  Not ice  t hat a s  w e  redef ine  t h e  probl e m  and add more 
detai l e d  restr i c t i o ns i t  i s  n o t  necessary t o  rearrange t h e  complete  
d iagra m ,  as one  fre qu e n t l y  n e e ds t o  w i t h  fl owc harts  e tc .  A l l  we  
have to  do  i s  s u pe r impose  t h e  new deta i l s  and restr ic t i o n s  o n  to t h e  
e x i s t i n g  d i agram s t r u c tu re . T h e  d i agram i s  t h e re fo r e  a c tu a l l y 
growi ng as we succe ssively modify and redef ine  t h e  known d e tai l s  
o f  t h e  problem.  You ' l l  s e e  later  that t h e  Warn i e r  d iagram i s  n o t  o n ly 
d o c u m e n t i n g  a n d  e x p r e s s i n g  t h e  l o g i c a l  r e q u i r e m e n t s  o f  t h e  
prob lem b u t  i t  i s  d o i ng s o  i n  a way that w i l l  make t h e  t rans i t ion  t o  a 
computer  la nguage e q u ival en t  form re markably s i m p l e .  

T h e  a b i l i ty o f  the  Warn ier  d iagram t o  d i sp lay,  h e l p  fo rmu late ,  and 
to  grow wi th  the changing l og ica l  r e q u i r e m e n t s  of a p r o b l e m ,  as 
that pro b l e m  is  exam i n e d ,  i s  of great im portan c e .  Once the q u i t e  
s i mp l e  c o nv e n t i o n s  have b e e n  l e arnt t h e s e  d iagrams c a n  b e  r e a d  
j u s t  l i ke t h e  wr i t t e n  E n g l i s h  e q u i val e n t  b u t ,  u n l i k e  t h e  wr i t t e n  
Engl i s h  fo rm,  a Warn i e r  d i agram c o n ta i n s  w i t h i n  i ts d e c e p t i v e l y  
s i m p l e  n o ta t i o n ,  t h e  c o m p l e t e  s o l u t i o n  t o  t h e  c o d i n g  o f  t h e  
prob lem. 

The secret  o f  convert ing a Warnier  d iagram i n t o  a f i n i s h e d  p rogram 
l i e s  in regard ing each bracket  involving more than o n e  o pe rati o n  as 
a subrou t i ne . There are certa in  except ions  to  t h i s  g e n e ra l  statem e n t  
but  t h e  pseudo-BASI C  sketch shown i n  Figure 5 .4 .  s h o u l d  g i v e  you 
the gen eral i d ea.  

A Second Example 

For th i s  second exam p l e ,  wh ich aga in  i s  a genera l ,  rat h e r  than an 
Amiga spec i fi c  i l l u strat ion ,  I 'm go ing to  design the bas i c  s t ructure  
o f  a rout ine that  c o l l ects  ch arac t e rs fro m  a keyboard d ev ic e .  I f  t h e  
character  i s  a carriage return ( i e  ASC I I  1 3 )  t h e n  t h e  rout ine  shou l d  
t e r m i nat e ,  i f  i t  i s  a n o t h e r  c o n t r o l  c h arac t e r  t h e n  a n  a p p r o p r i a t e  
control  charac ter  subrou t ine  s h o u l d  be pe rform e d .  I f  t h e  c haracter  
i s  not  a contro l  ch aracter  t h e n  i t  shou ld  b e  pas s e d  t o  a p r i n t i ng 
rou t i n e to d i s play i t  on  a VDU or  other  o u t p u t  d ev ice .  

Let 's f irst quant i fy what's known about  the  prob l e m  in  te rms o f  t h e  
s o r t  of  operat i o n s  wh i c h  might be  n e e d e d .  We w i l l  have to  i n p u t  a 
c harac t e r , p o s s i b l y  u s i n g an i n p u t  r o u t i n e  ava i l a b l e  w i t h i n  t h e  
operat ing system.  Some type o f  check wi l l  a l s o  n e e d  to  b e  made t o  
s e e  whe ther  a n  i n p u t  ch arac ter  c o rre sponds to  a contro l  c haract e r  
or  n o t .  F o r  t h e  p u r p o s e s  o f  t h e  exa m p l e  w e ' l l regard  a c o n t r o l  
c h a rac t e r  as o n e  wi t h  an ASC I I  va l u e  o f  l e s s  t h a n  d e c i ma l  3 2 .  
Add i t i o nal ly some means o f  pr int ing ch arac ters i s  n e e d e d  b u t  s i n c e  
s u c h  fac i l i t i e s  are us ual ly  provi ded b y  the  o p e rat ing  sys t e m  w e ' l l  
assume that such a r o u t i n e  i s  a l ready ava i lab le .  

The  first s tep i s  to create a Warn i e r  d iagram sketch s h o wing those  
obj e c t ives wh ich  are relat ive ly  obv i o u s  from the  or ig ina l  stat e m e n t  
o f  the  prob lem.  
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* 
= = = = = = = = = = = = = = = == = = = = = = = = = = = = == = = = = = = = = = = ============= 

P S E U D 0 · B A S I C · R E P 0 R T - M 0 D U L E 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

INPUT  NAME O F  FILE  

IF  F I LE  EXISTS THEN GOSUB ' F I L E  EXISTS ' ELSE  P R I NT ' FI L E  
D O E S  N O T  EXIST ' 

R ET U R N  TO CALLING P ROGRAM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

REM SUBROUTINE  . . . . . . . . . .  FILE EXISTS 

IF F I L E  IS  R ESTR ICTED THE GOSUB ' RESTR ICTED F I L E ' ELSE 
GOSUB ' ACCESS ' 

R ET U R N  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R EM SUBROUT I N E  . . . . . . . . . .  R ESTR ICTED FILE  

I N P U T  SECUR I TY C OD E  

I F  SECURITY CODE=CORR ECT C ODE  THEN  GOSUB ' ACCESS ' ELSE 
GOSU B  ' I L LEGAL ACCESS ' 

R ETURN  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

REM  SUBROUTINE . . . . . . . . . .  I LLEGAL ACCESS 

WR IT E  TO I /A LOG F I LE  THE TIME  OF  ATTEMPT AN D THE  ACCESS 
CODE 

P R I NT ' TH I S  IS  A R ESTR ICTED FILE  - P LEASE MAKE N O  FUR · 
TH E R  ATTEMPTS ' 

R ETURN  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---------- - - --------

REM  SUBROUTI N E  . . . . . . . . . .  ACCESS 

TH IS WOU LD BE A ROUTINE  TO ACC E SS THE DATA IN THE F I L E  
A N D  D I S P LAY 

ON TERMINAL OR P R I NTER ETC . 

R ET U R N  

* = = == = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Figure 5. 4 .  Pseudo-BASIC code for the first example. 
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E E 
...J -rt ...J -rt 
0 +' 0 +' 
a: a: .... ... .... ... 
z � z � 

0 0  0 0  
(.) - (.) -
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z 
a: 
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w 
a: -

Cl.I 
W E  
CJ ·r4 
c( +' 
1-1 
a: ... 
a: � 

c( 0 (.) -
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Figure 5. 5. First Warnier diagram for the second example. 

-
Cl.I 
E 

•r4 
+' 

c 
z ... 
w -

F i gu re 5 . 5  s hows a fi rst  att e m p t  at d e s c r i b i n g  the  p r o b l e m .  The 
d iagram impl ies  that  a tes t  can be pe rformed which  wi l l  i n d i cate 
w h e t h e r  a g i ve n i n p u t  c h a r a c t e r  i s  a c a r r i a g e  r e t u r n o r  n o t .  
Add i t i o na l ly i t  i mp l i e s  t hat a c haracter can b e  tested t o  see  i f  i t  i s  a 
c o n t r o l  c h arac t e r .  W e  s h o u l d  b e  fa i r l y  h a p p y  w i t h  t h i s  i n i t i a l  
d iagram because a l l  general  computer  languages ,  b o t h  high a n d  low 
level ,  prov ide  the  type  o f  test ing n e e d e d  t o  perform the necessary 
tests .  
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At present t h e  Warn i e r  d iagram does  not  i nd i cate that we c o l lect  
anyt h i ng more than o n e  c haracter  by pe rfo rm i n g  t h e  i l lu s trate d 
o perat ions .  It i s  necessary i n  practice to perform the operat ions i n  
F i gu re 5 . 5  a n y  n u mber of  t imes from 1 t o  N t imes ,  d e p e n d i ng o n  
when the user  s u p p l i e s  a carriage return c haracter.  

-
Cl) 
E 

Z ·rot 
1-1 .... 
CJ 
w .-
m -

:E 
w IC/) > Cl) 
w 

I
I-I 
>< 
w 

..J c 
m w  z 
c( Z  c( 
..J 1-1 
1-1 I- IL < ::::> 1-1 
> O  � < a: Cl) 

� �  
z 
a: 

a: ::::> 
w I-
I- w 
(.) a: -
< Cl) 
a: - w E < Cl) CJ ·rot 
:c e < .... 
(.) ·rot 1-1 

.... a: ..... 
I- a: � 

w ..... c( O 
CJ - (.) -

CJ I/) 
z Cl) 
1-1 E 
a: ·rot 
I- .... Cl) 

z 
I- � 

w ..... 
CJ -

w 
z 

w 1-1 
z I-
I-I ::::> 
I- I- 0 
::::> z a: 
0 1-1 
a: a: a: 

IL W 
..J l-o :E (.) 
a: w < 
I- I- a: 
z Cl) <  
0 >- :c 

� �  
a: a: 
w w 
I- 1-
(.) (.) < < 
a: a: < < 
:c - :c -
(.) Cl) (.) Cl) 

E E � � CB � � 
a: a: 
I- ..... I- ..... 
z 9" z 9\ 

0 0  0 0  
(.) - (.) -

'--v--J 
z 
a: 
::::> 
1-
w 
a: -

CI) 
W E  
CJ -rot < .... 
1-1 
a: ..... 
a: � 

< o (.) -

c 
z ..... 
w -

Figure 5. 6. Expanded Warnier diagram for the second example. 
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F i g u r e  5 . 6  e x p l i c i t l y  s h o w s  t h a t  w e  p e r f o r m  t h e  o p e ra t i o n s  
i n d i cated i n  F igure 5 . 5  a t  least  once ,  and u p  t o  a max i mu m  o f  N 
t imes.  The labe ls  u se d  are , of  course ,  arbitrary, b u t  i t  i s  obvious ly  
adv i s ab l e  t o  c h o o s e  m e a n i n g fu l  E n g l i s h  e x p r e s s i o n s  s i n c e  t h i s  
enab l e s  the  d i agrams t o  b e  more eas i ly  u n d e rstood .  

N o w  t hat a reasonably  accu rate repre se n tat i o n  of  t h e  p ro b l e m  i s  
avai lable  i t 's t ime t o  cons ider  some more deta i led  requ irements :  Let 
us s u p p o s e  that the contro l  c harac ters  d e t e c t e d  are  go i ng to b e  
u s e d  t o  perform t h e  o p e rat ions s hown i n  F igu re 5 .  7 .  

ASCO code Operation to be performed 

Move cursor to Left 8 

1 6  

1 0  

9 

1 1  

1 2  

Others 

Move cursor to Right 

Perform a Line Feed 

Perform a Tab 

Move cursor Down 

Move cursor Up 

Take no action (ie ignore them all) 

Figure 5. 7. Actions associated with the control characters. 

T h e s e  o p e ra t i o n s  are a more  c o m p l e x  examp l e  o f  t h e  m u t u a l l y  
exc l u s ive operat i o n  sets ment ioned ear l i er .  Not ice  that i n  t h i s  case  
t h e  bar  n otati o n  cannot b e  u s e d  because many a l ternat ives  exi s t .  
I n s t e a d  t h e  o p t i o n s  a r e  w r i t t e n  u s i n g  t h e i r  r e s p e c t i ve n a m e s  
(se parated o f  course b y  the  � s i gn t o  ind i cate that each ope ration 
subset i s  mutual ly exc l u sive) .  F igure 5 .8 shows how t h i s  s i tuat ion i s  
represented i n  Warn i e r  d iagram fo rm. 
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ASCII  CODE = 8 < Move c u r s o r  to Left 

© 

ASCI I  CODE = 1 6  < Move c u r s o r  t o  R ig ht 

e 

ASCII  CODE = 1 0  < P e rform  a Line Feed 

CONTROL © 
CHARACTER ASCI I  CODE = 9 < P e rform  a Tab  
( 0 ,  1 tim e )  

© 

ASCII  CODE = 1 1  < Move c u r s o r  Down 

© 

ASC II  CODE = 1 2  < Move c u r s o r  Up 

© 

ASCII  CODE = OTHERS ( Take n o  action - ignore  

Figure 5. 8. Wa rnier expansion of the CONTROL CHARACTER statement. 

Let us now make an a l terat i o n  to t h e  c o ntro l  c haract e r  rou t i n e  by 
c r e a t i n g  s o m e  fu r t h e r  a s s u m p t i o n s .  We s u p p o s e  t h a t  i f  o u r  
hypo t h e t i cal  u s e r  pre s s e s  a c o n t r o l  key t h at s e rve s n o  ap parent  
purpose then e i th e r  a s i m p l e  e rror  has been made ( the  user  has 
pre ssed t h e  wro ng key) or  the u s e r  is u n d e r  the i mpress ion  that the 
contro l  key pre ssed se rve s s o me fu nct ion  which  i t  does not ,  i n  fact ,  
p e r fo r m .  In  e i t h e r  case  we may , fr o m  a pra c t i ca l  p o i n t  of  v i e w ,  
d e c i d e  to  prov ide  s o m e  m e a n s  of  i n fo r m i ng o u r  u s e r  t h a t  a useless 
or unsupported key has been  pre s s e d .  

I ' l l  assu me , s i n ce t h i s  i s  a general  exa m p l e ,  that the  V D U  scre e n  has 
e i th e r  o n e  or two l i n e s  ava i l a b l e  fo r c o m m e n t s  or fo r c o l l e c t i ng 
re s p o n s e s  s u c h  a s  i n p u t  fr o m  t h e  u s e r ,  o r  t h a t  s o m e  t y p e  o f  
re quester/dia logue boxes are ava i lab l e  for t h e s e  type s  o f  s i mple  I/O 
o p e rat i o n s . The  i m p l i ca t i o n  here  t h e n  i s  that  m o s t  o f  t h e  s c r e e n  
c o n ta ins  i n for mat i o n  that m u s t  b e  preserved , so w e  c a n n o t  s i mply 
pri n t  a menu of  cont rol  c haracter o pt i o n s  on to the  scre e n .  

N o wadays o f  c o u rs e  o n  mac h i n e s  l i ke t h e  A m i ga i t  i s  t h e  W I M P  
(Wi n d ow, I c o n ,  M o u s e ,  Pu l l -down m e n u )  system that wou ld  handle  
the s c r e e n  p r e s e r va t i o n  a c t i o n s ,  b u t  f o r  t h e  p u r p o s e s  of  t h i s  
example  l e t 's  assu me that  i t  i s  the  appl i cat ions  program i t s e l f  that 
mu s t  take al l  necessary ac t i o n s .  

m 
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As far as the  exam ple  i s  concerned then  we w i l l  n e e d  both s pace o n  
the scree n t o  d i splay a menu ,  a n d  somewhere t o  save the  exi s t i n g  
cont e n ts o f  the  VDU s c r e e n .  I t  m i g h t  a l s o  b e  u s e fu l  to ascert a i n  
whether  t h e  user actua l ly  n e e d s  a m e n u .  Perhaps h e  o r  s h e  w i l l  
often qu ickly rea l i s e  t hat  a wro ng key has b e e n  pressed b y  mi stake 
and j u s t  wan t  some way of  gett i ng back to n o rmal o p e rat ions  a s  
qu ickly as poss ib le .  

To  tac kle th is  new set  of  problems i t  i s  usefu l  to f irst c o n s i der t h e  
new re stri c t ions  as a d i screte s u b s e t  of  operat i o n s ,  i e  c o n ce ntrate 
on  just the new requ i re ments .  Once a s u i tably structu red d iagram 
conc er n i ng t h e  n e w  c o n stra i nts has b e e n  created i t  c a n  then  b e  
super imposed onto t h e  o rig i nal d i agram i n  F igure 5 . 8 .  
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Figure 5.9. New restraints added to Figure 5.8. 



ASCI I CODE = 8 ( Move cursor  to left 
ED 

ASC I I  CODE = 1 6  ( Move cursor  to right 
ED 

CONTROL ASC I I  CODE = 1 0  ( Perform a line feed 
CHARACTER  ED 

� ( 0 ,  1 time ) ASC I I  CODE = 9 ( Perfo rm a tab 
i::: ED ..., "' 

( Move cursor  down � ASC I I  CODE = 1 1  
...... 

ED Cl 
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I c o u l d  c o n t i n u e  t o  expand o t h e r  state m e n t s  to p r o v i d e  fu rth e r  
d eta i l e d  analys i s  o f  the  p r o b l e m .  As we d o  s o  w e  r e a c h  a p o i n t  
where  i t  i s  p o s s i b l e  t o  say: Yes, the operations we are describing in 
the lower levels of the diagra ms (the right-most levels) are easily 
capable of being coded directly in the language I have chosen to use! 
In pract i ce  we reach th is  po int  far sooner  with  h i gh- level  languages 
than w i t h  assembly  language s because  more c o m p l e x  o perat i o n s  
a r e  supporte d .  

T h e  re l evant p o i nt t o  make i s  that t h e  g e n e ra l  p r i nc i p l e s  are the  
same.  The only  d i fference  is  that  when you analyse prob l e ms that 
w i l l  b e  c o d e d  i n  a s s e m b l y l a n g u age you w i l l  n e e d  t o  c a r ry t h e  
analys i s  fu rther .  

I n  the  i l lu strat ions  give n the War n i e r  d iagram was used bas ica l ly  as 
a tool for expre s s i ng,  and d o c u ment i ng, i d eas and t houghts .  The 
f i n i s h e d  d e s i gn was t h e re fo re a c h i eved by a p r o c e s s  o f  iterative 
refin e m e n t .  T h e r e  i s  n o t h i n g fu n d a m e n t a l l y  w r o n g  w i t h t h i s  
app roac h ,  even though i n  pract i ce  i deas are  l i ke l y  to c hange dur ing  
t h e  t i me that  t h e  i n i t i a l  Warn i e r  d i agram s k e t c h e s  are prepare d .  
V e ry o ft e n  i t  i s  t h e  fac t  that  you c a n  r e p r e s e n t  y o u r i d eas i n  a 
p i ctor ia l  fas h i on that wi l l  he l p  you d i scove r anomal i e s ,  fau lts etc .  I t  
i s  h o we v e r  p o s s i b l e  t o  c re a t e  Warn i e r  d i agrams d i r e c t ly u s i n g  
var i o u s  log ic  d evi ces  s u c h  as truth tab l e s ,  Karnaugh maps etc ,  and 
t o  c h e c k  that  a d i agra m i s  c o r r e c t  mathe mat i ca l l y .  Th is  book i s  
obvi ous ly  not ,  howeve r, the place fo r such  d i sc u ss i on s .  

The 68000 Connection 

You w i l l  dou bt less  have real i s e d  that in c reat i n g  a War n i e r  d iagram 
we are to a large extent plan n i ng the program control structure of 
the p i e c e  of softwa re b e i n g  des igned .  Consequent ly c o nve rs ion to 
68 000 code revolves essent ia l ly aro und program co ntrol  stru ctu re 
i s s u e s  and there  are a few po i nts wh i c h  are worth maki ng about the 
68 000's i n struct ion  set and the va r ious  i nstru c t i o n s  wh i c h  can be 
used fo r c reat i ng the  necessary contro l  u n i ts .  

Branches and Jumps 

The 68000 as you know has two bas i c  goto-like ways of  t ransferr i ng 
contro l .  The j mp i nstruct ion  which  u s es a fu l l  s i z e d  address ,  and 
the b ra i n stru c t ion which uses relat ive address i ng based on a 1 6  b i t  
d i s p l a c e m e n t .  I n  ad d i t i o n  t o  t h i s  t h e r e  are  c o n d i t i o n a l  b r a n c h  
i n s t r u c t i o n s ,  wh i c h  take t h e  genera l  fo rm b e e  and d b c c ,  that are 
able to pe rfo rm re lat ive b ran c h i ng when s p e c i fi e d  c o n d i t i ons  are 
met or  not met (branch on z e ro ,  b ranch o n  plus and s o  on ) .  

The 6 8 000 a l s o  su ppo rts two bas i c  subro u t i n e  typ e i n stru c t i o n s : 
The branch to s u b rout ine  bsr  i n stru c t i o n  i s  the  re lat ive ad d ress ing 
fo rm of  bra which add i t iona l ly p laces a return address  on the stack  
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a l lowing a terminal  rts i n struct ion  to transfe r  c o ntrol  back to t h e  
i nstruct i o n  i mmed i ate ly  after  t h e  o n e  t h a t  caused t h e  s u b ro u t i n e  
b ra n c h  i n  t h e  f i rst  p l a c e .  T h e  s e c o n d  s u b r o u t i n e  i n s t ru c t i o n  o f  
i nterest i s  t h e  jump to subrout ine  j s r  form w h i c h ,  l i ke j mp,  u s e s  a 
ful l  s ized address rather  than a d i s placement .  j s r  works l i ke a j m p  
i nstruct ion  b u t  l i ke bsr  i t  p laces a return address on  t h e  stack. 

I n  t h e  c o n t e x t  o f  u s a g e  f l e x i b i l i ty t h e r e  i s  a v e r y  i m p o r t a n t  
d i fferen c e  between t h e  re lat ive b ran c h i ng b ra type i nstruct ions  and 
ful l  address o ri e n tate d j mp and j sr forms . The latter i nstru c t i o n s  
have mu c h  m o r e  s c o p e  i n  terms of  ava i labl e  addressi ng m o d e s .  I n  
fact  there are s ev e n  address ing forms l i sted  as be ing  avai l ab l e  for 
the  j mp a n d  j s r  i nstruct ions :  

1 .  Register  I n d i rect 

2 .  Register  I nd i rect with  D isplaceme nt 

3.  Regi ster  I n d irect with I n dex 

4 .  Abs o l u te Short 

S .  Abs o l u te Long 

6.  PC R elative with D i splacement 

7 .  PC R elative with I nd ex 

The ind irect address i ng modes are part icu larly u s e fu l  for creat ing 
some of the more c o mp l ex control  structures .  Th e i nstru ct io n :  

j s r  ( a5 ) 

for i n stanc e ,  performs a subrout ine  cal l to a l o cati o n  whose address 
has been p laced i n  address register a s .  The 6 8 000 a lso  has a load 
effective address l e a  i nstru c t i o n  w h i c h  can c o m p u t e  a n d  l oad an 
a d d re s s  r e g i s t e r  w i t h  an a d d r e s s  c o m p u t e d  u s i ng any o f  t h e  
6 8 000's addre ss ing modes .  Th i s means that even with  t h e  s i mp l e  
i n d i rect su brout ine  cal l the  processor c a n  b e  i nstructed to perform 
an i n fi n i te n u mber  of  complex s u b ro u t i n e  ca l l  arrangements .  The 
f irst  i n stru c t i o n  of  the fo l lo wi ng fragment ,  for exampl e ,  take s an 
a d d ress  held i n  regi ster a2 , adds  i t  to the  val u e  held i n  reg ister  d4,  
and t h e n  a d d s  a program-s p e c i fi e d  f i x e d  o ffs e t  ( 1 2  hex i n  t h e  
example) t o  p ro d u c e  an operand address w h i c h  i s  t h e n  loaded i nto 
regis ter a s .  Th e second i nstru c t i o n  pe rfo rms a subrout i n e  j u mp to 
that calculated addre s s :  

lea  $ 1 2 ( a2 ,  d4 . l ) a5  

j sr ( a5 )  

N o t  only d o e s  th is  mean that we've got very flexib l e  convent io nal 
ru n-t ime (dynamic) and static ad d ress  ca lcu lati o n  fac i l i t i e s  but a lso  
t h a t  t h i n g s  l i k e k e y - t o - a d d r e s s  t r a n s f o r m a t i o n  ( h a s h  b a s e d )  
s c h e mes are a lso re lat ive ly eas i ly  bu i l t :  

m 
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j s r CalculateAddress  calculat e hash  addres s  in dO 

m ov e . !  d0 , a5 c o p y  t o  a5 

j s r ( a5 )  c a l l  appropriat e  subrout i n e  

The n e t  resu l t  of  a l l  t h i s  i s  s i m p l e :  the  6 8 000 i t s e l f  i s  n o t  l i kely to 
place any restric t ions  on what you can do control-wise because al l  
man n e r  o f  c lever s c h e mes can be devi s e d .  I n  fact once you start 
w o r k i n g  at t h e  p r o c e s s o r  l e v e l  y o u  b e g i n to r e a l i s e  t h a t  t h e  
a d d r e s s i n g m o d e s  o f  t h e  6 8 0 0 0 ,  c o u p l e d  t o  i t s  r e l a t i v e l y  
sym metrical  i nstruct ion  set ,  actual ly tends  to l i b e rate ,  rat h e r  t h en 
restri c t  the  programmer. At t imes  I somet i mes wo n d e r  whether  i t  
i s n ' t  the h i g h - l e v e l  l a n g u ag e s  wh i c h  su ffer  fro m s h o r tc o mi n gs 
rathe r  than the l ow-l evel ones  a l though I 'm sure most p e o p l e  wou l d  
d i sagree .  

The point  aga i n  needs  to  be made that  o n e  o f  t h e  reasons t hat  I fee l  
j u s t  as  comfortab le  worki ng wi th assembly l anguages as w i t h  high
level  languages i s  that before I write one l ine of  assembler  code I ' l l  
have a logical  p lan avai lable  whi c h  shows what must b e  d o n e !  

Black Boxes 

I 've made q u i t e  a p o i n t e l s e w h e re o f  tal k ing ab o u t  i n fo r mat i o n  
h i d i n g a n d  black box u n i t s ,  s u b p r ogram/s u b ro u t i n e  u ni ts .  T h e  
ab i l i ty t o  create i s o l ated p ieces  of  code which can b e  u s e d  without  
k n o w i n g  h o w  t h e y o p e r a t e  ma k e s  fo r r e - u s e a b l e  a n d  e a s i l y  
mo d i fiab le  code  u ni ts .  I nherent  i n  such i d eas o f  modular  program 
c o n s t r u c t i o n  c o m e  two o t h e r  n e e d s : d e c e n t  p a ra m e t e r  p as s i n g  
schemes a s  opposed t o  routi nes  which u se a hotchpotch of  global ly 
access ib le  memory locat ions ,  and the ab i l i ty of  a rou ti n e  to cre ate 
and use variab les  w h i c h  are known only to them.  Languages l i ke C 
prov i d e  i nbu i l t  mechanisms fo r parameter pass ing  a n d  u se of  local 
var iab l e s ,  but  how can we d o  i t  from asse mbler? 

There  are a n u m ber  o f  s c h e m e s  but  o n e ,  stac k-based  a l l o cat i o n ,  
stands out  a s  be ing part icu larly im portant.  T h e  i d ea i s  s i m p l e .  As a 
subrou t i n e i s  e n tered the stack po inter  register  i s  a l tered  so t hat 
some t e m porary wo rki ng space i s  preserved on t h e  s tack fo r the 
variabl es and other quant i t ies  needed by the  rou t i n e ,  c o nve n i e ntly 
accessed by sett ing u p  a frame pointer which a l l ows the  workspace 
to b e  accessed i n d i rect ly .  The 68000 has a powerfu l  i n stru c t i o n  pair 
cal l ed  l i n k/u n l k  which al l ows this who l e  process to b e  auto mate d .  

A n o t h e r  i m p o rtant t e c h n i q u e ,  w h i c h  we 've al ready d i s c u s s e d ,  i s  
t h a t  o f  p r e s e rv i ng a n d  re - i n s t at i n g  p ro c e s s o r  r e g i s t e r s  d u r i n g 
s u b r o u t i n e  c a l l s .  A t  t h e  s t a r t  o f  t h e  r o u t i n e  y o u  p r e s e rv e ,  by 
p u sh i n g onto the s t a c k ,  t h o s e  r e g i s t e r s  wh i c h  a r e  g o i n g to be 
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u t i l i s e d  d u r i n g t h e  s u b r o u t i n e  c a l l .  J u s t  b e fo r e  t h e  r o u t i n e  
termi nates the  pushed val u e s  are p u l l e d  off the  stack and u s e d  t o  
return the processor  to i ts  or ig inal  state . 

F o r  now though,  with the above p r e l i m i nari e s  o u t  o f  t h e  way, i t's  
t i m e  to l o o k  at  some of t h e  bas i c  ways in  w h i c h  the s e q u e n c e ,  
r e p e t i t i o n  a n d  a l t e rnat i o n  bu i l d i n g b l o c ks c a n  b e  t a c k l e d  w i t h  
6 8 000 assemb l e r .  

Control Constructs - Sequence 

As you might expect ,  sequence  is the easy o n e .  Sequ e nce  is i m p l i e d  
s i mply b y  v i rtue of  the order  i n  w h i c h  state ments a r e  writt e n .  I f, fo r 
example ,  you n e e d  to code  someth i ng l i ke t h i s :  { I N IT IAL IZE R E P LY STR ING 

COLLECT USER  R E P LY 

I NTERPRET  U S E R  R E P LY 

t h e n ,  i f  a l l  t h e  o p e r a t i o n s  w e r e  g o i n g  t o  b e  h a n d l e d  a s  
su brout ine s .you might write someth i ng a long the l i n es o f: 

j s r Init ializeR eplySt ring 

j s r Collect R e s p o n s e  

j s r Int erpretRep ly 

o f  cou rse i f  o n e  o r  more of the operatio n s  were s i mply e nough,  i e  
c o n s i s t e d  of  j u s t  a fe w re lat ive ly  obvi o u s  i n struct i o n s ,  t h e n  they  
might  be coded i n  l i n e .  

S u p p o s e  t h a t  t h e  above r o u t i n e  wa s u s i ng aO as  a r e p l y  s t r i ng 
p o i n t e r  a n d  t h a t  t h e  s t r i n g s  w e r e  u s i n g t h e  N U L L t e r m i n a t o r  
convent ion .  To i n i t ia l ize  a s t r ing i n  such  a s i tuat ion a l l  that n e e d s  
t o  b e  d o n e  i s  to s e t  t h e  f i r s t  b y t e  ( w h i c h  wou l d  b e  t h e  b y t e  
r e p r e s e n t e d  b y  t h e  a d d r e s s  h e l d  i n  a O )  t o  N U LL ,  s o  t h e  a b o v e  
examp l e  wo u l d  just  a s  l i kely b e  c o d e d  a s :  

m o v e . b  # N U L L , ( aO ) 

j s r C o l lect R e s p o n s e  

j s r I nt erpret R e s p o n s e  

init ialize reply s t r i n g  t o  " "  

S i mi larly i f  you were us ing so me syste m rout ine  to c o l l e ct a u s e r  
s t r i n g a n d  t h i s  r o u t i n e  n e e d e d  t o  h a v e  t h e  s t a r t  o f  t h e  s t r i n g  
s u p p l i ed i n  d O  you might have a fragment l i ke t h i s :  
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I N ITIALIZE  R E PLY STR I NG  

SET  UP  dO TO HOL D  START O F  R E P LY STR I N G  

COLLECT USER  R E P LY WITH SYSTE M  CALL 

I NTE R P ET USER  R E P LY 

I n  s u c h  a case i t's not  hard to s e e  the s o rt of  trans lat ion that wou l d  
b e  n e e d e d :  

move . b  #NU L L , ( aO )  init ialize rep ly st ring  t o  " "  

move . I  ao , dO  system requ i r e s  st art add r e s s  in  d O  

j s r C ollectR e s p o n s e  

j s r I nt e rpret R e s p o n s e  

Control Constructs - Repetition 

C o n s i d e r  the  fo l l owing fragment :  

G E T  C HARACTE R  { 
( 1 , n t im e s )  

Re pet i tive sets ,  when coded ,  e n d  u p  a s  loops .  I f  w e  c ho o s e  register  
d O  as a loop variable then  t h e  obvi o u s  way o f  c o d i ng t h e  above 
fragment  wou ld  be  a long the l i n e s  of: 

L o o p  

move . b  

j s r 

subq . b  

bne 

#LOOPCOUNT , dO  

Get  Character 

#1 , dO 

Loop  

Of course  the  68000 has an automated loop i n stru ct ion  d bcc which  
ha n d l e s  b o t h  t h e  counter  m o d i fi c at i o n  and ,  i f  n e e d e d ,  a n  extra 
cond it io nal exit  test .  Bear i ng i n  mind  that dbcc q u i ts the  l o o p  whe n  
the c o u n t e r  regi ster  h i ts - 1  ( s o  the cou nt  m u s t  s tart  a t  o n e  l e s s  than 
the requ i red  va l u e )  we'd probably write  the above loop l i ke t h i s :  

Loop  move . b  

j s r 

dbra  

#LOOPCOUNT - 1 , dO 

Get Charact er 

dO , Loop  

I f  the  extent  o f  the repe t i t i o n  i s  not  known i n  adva n c e ,  as i n  the  
n o w  wel l -worn case of  c o l l e c t i n g  keyboar d  c haracte r s  u n t i l  s u c h 
t i me as a retu r n  key i s  d e tected ,  then we mod i fy the test  c o n d i t ions 
accordi ngly.  Suppos ing that i n  the above example  the  GetCh aracter  
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r o u t i n e ,  as  w e l l  as  p l a c i ng t h e  c o l l e c t e d  c ha rac t e r  i n t o  a s t r i ng 
b u ffer ,  a lso returned the  c h aracter  i n  q u e s t i o n  i n  regi s t e r  d O .  The 
c o d e  fragment  wou l d  then  n e e d  to b e  s o m e t h i n g  a long the  l i n e s  of :  

Loop  j s r 

cmp . b  

bne  

GetCharacter 

#CR , dO 

L o o p  

A t  t i m e s  y o u  might  wish  to s h o w  t h e  e x i t  c o n d i t i o n s  exp l ic i t ly  o n  
you r War n i e r  d iagrams.  T h e  fragment  fo r t h e  a bove exa m p l e  might  
t h e r e fore  have been wri t ten as :  

COLLECTION 
LOOP 
( 1 , n times ) 

GET CHARACTER 

CHARACTER=CR 
( 0 ,  1 times ) 

CHARACTE R=CR 
( 0 , 1 times ) 

( exit from co llection loop 

( d o  nothing , ie k eep  going 

I t  is  not  worth b e i ng pedantic  ove r t h e  fo r m ,  o r  t h e  n o tat i o n ,  for 
s u c h  tran s l a t i o n s .  I f  a r e p e t i t ive l o o p  r e qu i r e s  a n  e x i t  c o n d i t i o n  
w h i c h  i s  obvious to  c o d e  t h e n  there  i s  l i t t le  p o i n t  i n  c l u tt e r i ng u p  
t h e  War n i e r  d iagram with u n n ec es sary d e ta i l .  H aving s a i d  that  there  
i s ,  fo r documentati o n  purposes  at l east ,  a case fo r i n c l u d i ng s o m e  
n o t e  a b o u t  a n y  t e s t s  w h i c h  a r e  i m p l i e d  ra t h e r  t h a n  e x p l i c i t l y  
d iagrammed.  Bracke te d  comme n ts d o  n ic e ly  h e r e :  

GET  CHARACTER 
( 1 , n  times)  

( Collect these characters until a CR is 
encountered ) 

Th e bottom l i n e  then i s  s i m p l e :  you take your  d iagram d e ta i l  to the  
p o i n t  w h e re the  a c t i o n s  b e i n g s p e c i fi e d  b e c o m e  e a sy to  c o d e . 
Obvious ly the po int  w h e re th is  o cc u rs w i l l  vary accord ing to  you r 
progra m m i ng abi l i t i e s  and the  prob l e m  b e i n g  dea l t  wi th !  

The  above loops  are post - test  forms - t h e  exit  condi t ion  occurs  at 
t h e  e n d  of t h e  l o o p .  P r e - t e s t  r e p e t i t i o n ,  i e  r e p e t i t i o n  o f  t h e  
w h i l e/we nd var i e ty ,  i s  j u s t  a s  easy t o  c re at e . Take t h e  fo l l o wi n g  
d i agram fragment :  
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CONVERT TO LOWER CASE { 
( O , n  t im e s )  

i f  we assume that a O  h o l d s  t h e  address of  t h e  fi rst byte of  t h e  s tring 
b e i ng dealt  with,  we might code  the  above fragment  l i ke th i s :  

Here 

cmp . b  

beq  

#NU L L , ( aO ) 

Here 

is  f irst byte  a NULL? 

j s r Conve rtToLowerCas e  

The impl icat ion h ere i s  that i f  the str ing i s  e mpty, i e  c o ntai ns  on ly  a 
termi nal  N U LL character,  then  the  C o nve rtToLowerCase rout i n e  i s  
never execute d .  I t 's i nterest ing t o  n o t e ,  b u t  I ' m  n o t  goi n g  to d w e l l  
o n  t h i s ,  t h a t  t h e  a s s e m b l y  l a n gu age f o r m  a c t u a l l y  s h o w s  t h e  
fun dame ntal nature o f  the  repetitive s e t  w h i c h  occurs o n e  o r  more 
t i me s .  The above code actually repre s e n ts this s i tuati o n :  

CHAR = N U L L  ( CONVERT T O  LOWER CASE 
( 0 '  1 t ime s )  

MODI FY STR ING 
<±> ( 1 , n  t im e s )  

CHAR = NULL  
( 0 '  1 t im e s )  

Control Constructs - Simple Alternation 

To b e  h o n e s t  we 've a l ready s tarted l o o ki n g  at a l te rn a t i o n  in  t h e  
sense  o f  l o o p  terminat i o n  test ing.  T h e  i f-e l s e  t y p e  test i n g  n e e d e d  
for fragments l i k e :  

CHECK PRI NTER 

PR INTER CONNECTED 

© 
PRINTER CONNECTED 

{( this routine will return zero flag 
set if printer is properly connected) 

( print file 

( tell user printer is not connected 

can b e  coded u s i ng these type of schemes :  



Program Design Issues 

j s r Chec kPr inter  z f lag indicat e s  connection  

beq  Print 

j s r Print erM e s s a g e  

bra  H ere 

P r int JSR  

H e re 

Print File  

Control Constructs - Case Alternation 

I t  i s  p o s s i b l e  to extend the  above s i mp l e  a l te rnat i o n  s c he m e s  to  
cater  fo r case  alte rnati o n .  This  leads to a s tep  by step eva luat ion  o f  
each cas e .  F o r  examp l e :  

L I N E F E E D  

Ef) 
CARR IAG E R ETURN 

© 
TAB 

© 
BACKSPAC E 

Ef) 
OTH E R  CHARACTE R S  

c o u l d  b e  coded u s i ng t h i s  type of  framework: 

LinefeedTest 

CarriageReturnTest 

Tab Test 

Backs paceTest 

cmp . b  #LINEFEED , dO 

bne CarriageReturnTest 

do line feed related stuff 

bra 

cmp . b  

Cas eEnd 

#CARR IAGE_RETURN , dO 

bne TabTest 

do c arriage  return related stuff 

bra CaseEnd 

cmp . b  #TAB , dO 

bne BackspaceTest 

do tab related stuff 

bra CaseEnd 

cmp . b  #BACKSPACE , dO  

bne OtherCharacte rsTest 
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do backspace related s tuff 

bra  CaseEnd 

OtherCha ractersTest ignore or  do whatever else is necessary 

CaseEnd . . .  

W h e t h e r  t h e  i n d i v i d u a l  a c t i o n s  a s s o c i a t e d  w i t h  e a c h  c a s e  g e t  
w r i t t e n  a s  s u b r o u t i n e s c a l l s ,  i n s t e a d  o f  b e i n g  w r i t t e n  i n  l i n e ,  
d e p e n d s  to a l arge extent o n  what i s  i nvolve d .  I f  you are h ap py that 
the n e c e s sa ry code d e tai l s  are  eas i ly  h a n d l e d  t h e n  by a l l  means  
place t h e m  i n  l i n e .  H ere 's  an  examp l e .  Su ppose  that the  fragment  
we 've just  d i scussed  had to expand tab characters to spaces .  The 
re levant  d e ta i l s  might have been d iagrammed as :  

( aO is the pointer to the buffer holding these input characters ) 

LINEFEED ( 
© 

CAR RIAGE RETURN ( 

TAB 

( expand tab character to spaces) 

( variable g_tab_count holds value one less than 
the equivalent spaces n umber)  

INSERT S PACE { insert space in cu rrent location 

( 1 , n times)  increment st ring pointer 

BACKSPACE ( 
© 

OTHER CHARACTERS ( 

Th e gene ral ty pe of  loop fo r such  s pace i n serti o n  wou l d  therefore 
go someth ing l i ke th i s :  

move . b  g_tab_count , d 1 get conversion count  

In sertSpace move . b  #SPACE ' ( ao ) insert space 

addq . l  #1 , a 1  move  to next character 

subq . b  #1 , d 1  decrease count 

bne Insert Space 

U s i n g p o s t - i n c r e m e n t  a d d r e s s i n g  a n d  t h e  s p e c i a l i s e d  d b c c  
i nstruct i o n ,  t h e  above loop can be written more c o n c i s e l y  a s :  
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move . b  g_tab_count , d 1  get conv ersion count 

In sertSpace move . b  #S PACE , ( aO) + insert space / increment  ao 

dbra d1 , I nsertSpace 

T h e re wo u l d  b e  no  pro b l e m  in c o d i n g  t h o s e  three l i n e s  d i rect ly. 
M ost  a s sembly language programmers wou l d  b e  ab l e  to fi l l  that TAB 
s e g m e n t  s o  t h a t  t h e  s k e l e t o n  c o d e  fr a m e w o r k t h e n  l o o k e d  
s o m e t h i ng l i ke t h i s :  

LinefeedTest 

Car riageRetu rnTest 

TabTest 

I n s e r t S p a c e  

Bac kS paceTest 

cmp . b  #LINEFEED , dO 

bne  C a rriag eReturnTest 

do  line f e ed r e lated stuff 

br a  CaseEnd 

cmp . b  #CARR IAGE_RETU RN , dO 

bne  Tab Test 

do  carriage r e t u rn r e lated stuff 

bra CaseEnd 

cmp . b  #TAB , dO 

bne  BackspaceTest 

mov e . b  g_t ab_count , d 1 
get  conversion  

move . b  #SPACE , ( aO ) +  

count 

insert spac e / i n c r ement  

dbra  d 1 , I n sertSpace 

bra  CaseEnd 

cmp . b  #BACKSPACE , dO 

bne OtherCharacter sTest 

do  backspace  r e lated stuff 

b r a  CaseEnd 

ao 

Othe rCharactersTest ignore or  do  whatev e r  else  is necessary  

CaseEnd  . . .  

The key, as a lway s ,  i s  to o n ly code  those aspects  w h i c h  to you s e e m  
crystal  c l ear .  I f  you 're having troub le  figu ring o u t  what s o r t  of  c o d e  
shou l d  be wri tte n for a particu lar p i e c e  o f  d iagram then  th e chances 
are  that  you 've not taken the  d i agram to a s u ffi c i e nt leve l  of  d e tai l .  
T h e  s o l u t i o n  i s  s i m p l e  - e x p a n d  y o u r  d i a g r a m s  u n t i l  t h e y  d o  
rep resent  that re q u i red deta i l .  
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Alternative Schemes for Case Construction 

I t  m u s t  b e  s a i d  t h a t ,  a l t h o u g h t h e  a b o v e a p p r o a c h  h a s  t h e  
a d v a n t a g e  o f  b e i n g  s i m p l e ,  t h e r e  a r e  o c c a s i o n s  w h e n  i t  i s  
i na ppropriate .  One  example  which  spr ings t o  mind  i s  where a very 
large n u mb e r  o f  i nd iv idua l  cases  n e e d  to b e  cate r e d  fo r - i f, fo r 
i n s t a n c e ,  y o u  h a v e  a h u n d r e d  d i f fe r e n t  c a s e s  t h e  a b o v e  
arrangement wou l d  lead (on ave rage ) t o  eac h characte r  b e i ng tested 
fi fty t imes .  I f  you n e e d  fast  case test ing then the above appro a c h  is  
n o t  going to he lp and alternative schemes need to b e  fou n d .  Here  
much depends  o n  t h e  part icu lar  app l i cati o n  b u t  i f  the  valu e s  of  the 
case structure e ntr ies are c lose  togeth e r  an i n d i rect ion  tabl e ,  which  
provides  the  addresses  of  a l l  o f  the case  e ntr ies ,  can be u s e d .  You 
c o u l d ,  for i n stanc e ,  set u p  a tabl e  of  ro ut ines  l i ke t h i s :  

I N D I R ECTION_ TAB L E : dc . 1  Sub1 , Sub2 , Sub3 , Sub4 , Subs , 
dc . l  Sub6 , Sub7 , Sub8 . . .  

Sub1 : some relevant code 

rt s 

Sub2 : s ome relev ant code  

rt s 

Sub3 : s ome relev ant code  

rt s 

Sub4 : s om e  relev ant code 

rt s 

Sub5 : some  relev ant code 

rt s 

Sub6 : s ome relev ant code 

rt s 

Sub7 : s ome relevant code  

rts  

Sub8 : some relevant code  

rt s 

et c  . . .  

I t 's t h e n  poss i b l e  to i n dex t h e  appropriate a d d r e s s  locati o n s  and 
u s e  an i n d irect  s u b rout ine  ca l l  to  s e l ect t h e  app ropriate p iece  of  
cod e :  

move . !  # I N D I R ECTION_TABLE , a5 base addres s  

( as sume t hat t h e  c a s e  data i s  i n  dO  s o  d O  t im e s  4 w i l l  
b e  t h e  required t ab l e  offset ) 



asl . w  

move . l  

j s r 

#2 , dO 

( as ,  d o . l )  , ao 

( aO )  
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m u lt iply b y  4 

I f  i t  were necessary to  tran s fer  c o ntrol  to some place  other  than the  
place afte r the subrout ine  cal l you cou ld  mo d i fy the  above s c h e m e  
b y  push ing your o w n  return address  onto  t h e  s tack and t h e n  fo l l ow 
th is  with the equival e n t  jump i nstructi o n :  

move . l  # I N D I R ECTION_TABL E , a5 base  addre s s  

( ag ain  as sume t hat t h e  case  data  is  in  dO)  

as l . w #2 , dO m u lt iply b y  4 

move . l  # E n dC as e , - ( a7 )  p u s h  return  addr e s s  

move . l  ( a5 , dO . l ) , aO 

j mp ( aO )  

( s ome o t h e r  c o d e  o r  dat a ,  p e rhaps  t h e  indirec t i o n  t able 
it s e lf , that s h o u l d n ' t  be execut e d )  

E n dCase . . .  c o n t in u e  execution  at t h i s  point . 

Design Summary 

Th e ove ral l diagram <->code c o n v e r s i o n  s t rat egy s h o u l d  n o w  b e  
pre tty c l ear. Having d e s c ribed t h e  stru cture  of  t h e  pro gra m u s i ng a 
Warn i e r  d iagram (or s e t  o f  such d iagra ms) the convers i o n  proceeds  
primar i ly by cod ing the  var ious  bracke t  l eve l s  as subro u t i n e s ,  o n ly 
ad d i n g  s u i tably d e ta i l e d  i n- l i n e i n stru c t i o ns when the o p e rat i o n s  
b e i ng deal t with are straightfo rward.  

The reason why th is  approach i s  so e ffe ct ive i s  s i m p l e :  I t ' s  b e cause  
most  ( i f  not  a l l )  o f  the d es ign i s s u e s ,  as far as program structure i s  
c o n c e r n e d ,  wi l l  have b e e n  dea l t w i t h  before any c o d i ng i s  d o n e .  
Consequently yo u ' l l  never  at  t h i s  s tage have to a s k  q u e s t i o n s  l i ke 
"whereabouts in the overall program should th is piece of code be 
placed?", or  "what happens if this routine receives a character other 
than the ones it expects to rece ive ?". 

I m e n t i o n e d  ea r l i e r  t h a t ,  a s  far a s  t h i s  ty p e  o f  d i ag r a m  u s e  i s  
c o n c e rned the des ign process  i s  iterative. This  begs t h e  q u e s ti o n :  
when d o  you know that a d i agram i s  fi n i shed?  T h e  an swer i s  t hat  
you know that  a d iagra m i s  f in i shed  when you look at  the l ower,  ie  
most  d e tai l ed ,  d i agram l eve ls  and t h i n k :  "Hey, this isn 't so bad. All 
those th ings look easy to code 1". 

I c e rta in ly  do  n o t  g e t  s u c h  t ran s l a t i o n s  r ight  every t i m e ,  n e i t h e r  
d o e s  anyo ne e l s e ,  a n d  i n c i d e nta l ly  n e i ther  wi l l  y o u ,  n o  matte r what 
d e s i gn t e c h n i q u e s  you c h o o s e  to a d o p t .  Fortunate ly  y o u ' l l  know 
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when you have n' t  provi d e d  a s u ffi c i e nt ly  d e tai l e d  p lan  - a l l  o f  a 
s u d d e n  you ' l l  h i t  cod ing d i ffi c u l ti e s  becau s e  you are not  qu i te sure 
o f  what you are d o i ng. That of  course i s  the t ime to stop coding, go 
back to your d e sign d iagrams,  and th ink ,  pre fe rably in a language
i ndependent  way , about what you are tryi ng to d o .  

I w i l l  n o t  b e  emphas i s i ng t h e  pre-code d e sign i ssues  e l sewhere i n  
th is  book and ce rtai n ly a m  not going to force you to adopt  t h e  u s e  
o f  Warn i e r  d iagrams . What I do want to d rive home though i s  t h i s :  
these  p re - c o d i n g  des ign i s s u e s ,  a s  a n y  profe s s i o na l  programmer 
w i l l  t e l l  y o u , r e a l l y  are  v e ry i m p o r t a n t .  S o m e  k n o w l e d g e  a n d  
e x p e r i e n c e  o f  e i t h e r  W a r n i e r  d i a g r a m s  o r  s o m e  e q u i v a l e n t  
tec h n i q u e  wi l l  make you r l i fe as a 68000 coder  c o n s id e rably easier !  



6: 
Program 
Documentation 

Over t h e  years m u c h  has b e e n  
w r i t t e n a b o u t  t h e  q u a l i t y  o f  
p ro g r a m  d o c u m e n ta t i o n  a n d  
i n  t h e  p r o f e s s i o n a l ,  l a r g e 
project ,  arena there are many 
e a s i l y- e n fo r c e a b l e  g u i d e l i n e s  
f o r  b o t h  u s e r  a n d  s y s t e m  
d o c u me ntat i o n .  W i t h  s m al l e r 
p r o g r a m s  i t  i s  u s u a l l y 
c o nv e n i e n t  t o  a d o p t a m o r e  
f lexi b l e  framework a n d  s o  I ' l l  
r e s t r i c t  m y  r e m a r k s  t o  
p r o g ra m c o m m e n t s  w h i c h  
occur  wit h i n  the  source  c o d e .  

I n - l i n e  c o m m e n t s ,  t h a t  i s  
c o m m e n t s  p l a c e d  w i t h i n  t h e  
sourc e  c o d e  i tse l f, s h o u l d  b e  a 
v a l u a b l e  d o c u m e n t at i o n  a i d .  
H a v i n g  s a i d  t h a t ,  i t  i s  
u n fo rtunate ly  n o t  u n c o m m o n  
t o  fi n d  examp l e s  o f  program 
c o m m e n t s  wh i c h  a r e  at  b e s t  
inadequ ate a n d  a t  worst even 
mis l ead ing 

S u c h  d o c u m e n ta t i o n  fai l i ngs  
c a n  b e  s e r i o u s  f o r  s e v e r a l  
reas o n s .  F i rst ly ,  for b e tt e r  o r  
w o r s e ,  i n - l i n e  p r o g r a m  
remarks tend t o  b e  l o ng- l ived .  
B y  t h e i r  v e ry n a t u r e  t h e y 
r e ma i n  e m b e d d e d  w i t h i n  t h e  
c o d e  fo r t h e  d u ra t i o n  o f  i t s  
l i fet ime .  Somet imes ,  eve n a t  a 
p r o f e s s i o n a l  l e v e l ,  i n - l i n e  
c o m m e n t s  m a y  b e  t h e  o n l y 
fo r m  o f  p rogram d o c u m e n ta
t i o n  a v a i l a b l e  a n d  i f  t h e  
c o m m e n t s  a r e  o u t - o f- d a t e ,  
u n i n f o r m a t i v e ,  o r  p e r h a p s  
d ownright mis leading then t h e  
mai ntenance of  the  program is  
l i k e l y  to prove more d i ffi c u l t  
than i f  t h e  program had b e e n  
l e ft u ncommented.  

1111 
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I n - l i n e  c om m e n ti n g  pro b l e m s  fal l  i n to a n u mb e r  of  r e cogn i s a b l e  
c lasses :  

• R e l at i v e l y  p o i n t l e s s  a d d i t i o n s  w h i c h  e s s e n t i a l l y  d u p l i c a t e  
i nformatio n  that i s  o bvious  from looking a t  t h e  c o d e  i t s e l f. 

• Comments w h i c h  are mis leading or incorrect.  

• S i t u a t i o n s  w h e r e  so m a n y  c o m m e n t s  a r e  p r e s e n t  t h a t  t h e  
i m p o r t a n t  o n e s  b e c o m e h i d d e n  a m o n g s t  a m a s s  o f  t r i v i a l  
remarks. 

• Situatio n s  whe re a n  insuffi c i e n t  number of  comments have b e e n  
i nc l u d e d .  

• Situat ions whereby comments have become dangerous by vi rtu e 
o f  t h e  fact that they are out-of-dat e .  

Po i n t l e s s  a d d i t i o n s  a r e  s u rp r i s i ngly c o m m o n .  A programmer  may 
add a comment which  s imply d u p l icates some th i ng that is pe rfect ly  
obvious from the code  i ts e l f. For exampl e :  

move . !  #0 , count s et count t o  z e ro l 

T h e s e  t y p e s  o f  a d d i t i o n s  a r i s e  f o r  a n u m b e r  o f  r e a s o n s .  
Occas i o na l ly  the  l e s s  expe r ienced programmer may i n c l u d e  s u c h  a 
r e m a r k  t o  r e m i n d  t h e m s e l v e s  w h a t  t h e y  a r e  d o i n g .  I t ' s  a n  
u nd e rstand ab l e  tra i t  b u t  more exp e r i e n c e d  programm e rs read i n g  
t h e  c o d e  wi l l  fi n d  such  comments  o f  n o  val u e  whatso ev e r. T h e re 
a r e  h o w e v e r  o c c a s i o n s  w h e r e i t  m i g h t  b e  n e c e s s a ry t o  d r a w  
atte n t i o n  t o  t h e  fact that  such  a n  i n i tial i sati o n  i s  i mportant .  T h i s  
e xa m p l e  fo r i n s t a n c e  t e l l s  t h e  p r o g r a m m e r r e a d i n g  t h e  c o d e  
something very important about the variabl e  i n  q u e s t i o n :  

move . !  #0 , count ; don ' t  forget t hat t h i s  count 

; variable must be  set  t o  z e ro each  

; t ime t h i s  rout ine i s  ent ered ! 

You wi l l  of  course fi n d  a lot  of  co mments i n  th is  book wh i c h ,  once  
you h ave some 68000 cod ing  experi ence  u nd e r  your  b e l t ,  w i l l  b e  
recognised  a s  stating the obvious. Such comments have o f  course  
b e e n  added t o  ease your  passage through t h e  code in  t h e  ear ly  
days!  

C o m m e n t s  w h i c h  a r e  m i s l e a d i n g  o r  i n c o r r e c t  c a n  a l s o  b e  
part i cu lar ly  t r o u b l e s o m e .  Programmers exami n i n g  y o u r  program 
code wi l l  i nvariably  acce pt in - l ine comments wit h o u t  q u e s t i o n  a n d  
t h i s  assu mpti o n ,  that a ny co mme nts pre s e n t  c o r rect ly  r e f l e c t  t h e  
act i o n s  o f  t h e  s o u r c e  c o d e ,  i s  k n o w n  to l ead to t h e  programmer 
s u ffe ring psych o logical  b l ind spots .  The resul ts? Programmers may 
fai l  to  recogn i s e  errors  that  might  o t h erwi s e  have b e e n  pate n t ly 
obvious.  
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Over-comme n t i ng i s  perhaps l ess  of  a d anger b u t  i t  i s  worth b earing 
in mind that rather  more sparing use  o f  comme nts in gen eral  might 
enab l e  you to  e ffe ct ive ly h ighl ight  any d i ffi c u l t  areas by prov i d i ng 
addit i onal  comme nts i n  those areas n e e d i ng s p e cia l  attent ion .  Thi s  
potent ia l  b e n e fi t  i s  l o s t  i f  s u c h  areas are b u r i e d  d e e p  wit h i n  large 
numbers of  less important comments .  

A total lack of  comments i sn 't a danger ,  b u t  i t's a n u isance because 
you have to work hard e r  to  u nd erstand what  the  program is  doing 
i f  you wish to change somethi ng. There are a number of  reasons 
w h y  a p r o g ra m m e r  m i g h t  n o t  b o t h e r  t o  c o m m e n t  a p r o g r a m .  
Perhaps t h e  p rogram was o r i g i n a l l y  wr i tt e n  f o r  a o n ce - o n l y  u s e ,  
p e r h a p s  t h e  p r o g r a m m e r  t h o u g h t  t h a t  t h e  c o d e  w a s  s e l f 
explanatory. Many programmers d o  not  bother  to c hange co mments 
w h e n  t h e y  m a k e  p r o g r a m  mo d i f i c a t i o n s .  T h e  r e s u l t ,  a n o t h e r  
dange r,  i s  that program code and i n- l i n e  documentat ion d iverge.  

Don't  make the  mi stake o f  t h i nking that comme n ts are just to h e l p  
o t h e r  users and that you u n d e rstand you r code  we l l  e nough n o t  to 
n e e d  a d d i t i o n a l re marks . T h a t  may be s o  wh e n  you w r i t e  t h e  
program, b u t  you ' l l  be  i n  for a su rpri s e  when y o u  regularly start 
looking bac k at code  you wrote seve ral years ago - i t's amazing  how 
code  t r i cks wh i c h  seemed p e rfe c t l y  o bvi o u s  at  t h e  t ime seem t o  
l o o s e  t h e i r  inherent obviousness w i t h  t h e  passage  o f  t i me . T h e  
so lut ion?  M ake su re t h a t  y o u  provi d e  d e c e nt i n- l i ne docume ntat ion  
and ,  most  important ly ,  ge t t h e  appro priate  notes  i n to t h e  sourc e  
c o d e  wh i l s t  y o u  a r e  creati ng the  program - d o n 't wai t  u nt i l  after  t h e  
program is  complete i  

Seve ral  o p t i o n s  e x i s t  fo r i m p r o v i n g  the  q u a l i ty o f  s o u r c e  c o d e  
documentati o n .  Comments shou ld  be  stru c tured i n  t h e  same way as 
the program code i ts e l f. Re marks p l aced with i n  a rou t i n e  s h o u l d  b e  
su c h  that t h e y  a p p l y  o n l y  to t h e  rou t i n e  i n  q u e s t i o n ,  n o t  t o  t h e  
appl icati o n  wh ich i t  i s  part o f. Th is  ensures  that wh e n  a rout i n e  i s  
re-u sed i n  anothe r appl icati o n ,  extraneous commen ts re lat i ng to a 
previ ous appl icat ion  are not i nadvertent ly  i n c l u d e d .  

Ad opt ing a c l ean,  stru ctured,  approach to program de s ign h e l p s  t o  
ease  p o t e n t i a l  ma i n t e n a n c e  a n d  c o m m e n t i ng pro b l e m s .  M o d u l e s  
a n d  r o u t i n e s  s h o u l d  b e  c r e a t e d  w h i c h  c o m m u n i c a t e  v i a  we l l 
defi n e d  i n ter faces  so that t h e  d e tai l s  of  a part i cu lar rout ine  can b e  
h i d d e n  wi t h i n  t h a t  rou t i n e .  M o d u l e s  s h o u l d  b e  g i v e n c o m m e n t  
headers wh ich expla in  t h e i r  pu rpos e .  A t  l o w e r  l ev e l s  subrout ines  
and  fu n c t i o n s  s h o u l d  a l s o  c o n t a i n  d e t a i l s  w h i c h  p ro v i d e  a n  
overview o f  the  rou t i n e s  t h e ms e l ves , e xp l a i n  any c o nv e n t i o n s  i n  
u s e ,  i d e n t i fy t h e  p a ram e t e rs e xp e c t e d ,  a n d  i n d i c ate  t h e  way i n  
wh ich re s u l ts are retu rn e d .  

llD 
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Self Commenting Languages 

I n - l i n e  comme n t i ng, wh i l st i mp o rtant ,  s h o u l d  s t i l l  b e  c o n s i d e re d  
essent ia l ly  a s  an addi t ion  t o ,  a n d  not a replacement  fo r, any s e l f
d o c u m e n t i ng fac i l i t i e s  o f  t h e  la ngu age i t s e l f . S e l f- d o c u me n t i ng 
fa c i l i t i e s ?  Y e s ,  n o w a d a y s  a l m o s t  a l l  l a n g u a g e s  a l l o w  u s e fu l  
convent ions  to b e  adopted which  can h e l p  to make the  sou rce  c o d e  
more i nt e l l ig ib le  and 68000 assembler  i s  no  exce p t i o n .  

Use  u n de rstand ab l e  n a m e s  fo r var iab les  a n d  symb o l i c  c o nstants .  
Ad o p t  c o n v e n t i o n s  s u c h  as  p re f i x i n g  g l o b a l  v a r ia b l e s  wi th  t h e  
c haracter g_ a n d  su ff ixing p o i nter  variab les  u s i ng _p, s o  that  t h e  
type o f  vari ab l e  c a n  b e  i m p l i e d  from i ts  name:  

move . l  #FALSE , g_ex it_flag ; c lear e x it f lag - u s e r  
has  decided not  t o  q u it 

i s  a muc h  p re ferred alte rnative to code  wh i c h  reads l i ke t h i s :  

move . l  #0 , e f  ; c lear g lo b al e x it f la g  
; - user  has  decided not  
; t o quit 

D o n ' t  g e t  carr i e d  away w i t h  s u c h  c o nv e nt i o n s .  Y o u  are  a ft e r  a l l  
a i m i ng t o  p r o d u c e  g u i d e l i n e s  w h i c h  c a n  h e l p ,  n o t  b u i l d  r i g i d  
restri ct ions  w h i c h  wi l l  h i nder .  For  the  most part a l l  that's n e e d e d  i s  
a c o m m o n - s e n s e  u n d e r s t a n d i n g o f  t h e  u s e f u l n e s s  o f  i n - l i n e  
documentat ion,  coup led  t o  a c o ns i stent  methodi cal app roach .  A b i t  
of  tho ughtfu l ness  i n  t h e s e  areas w i l l  pay handsome d ivi d e n ds .  

Guidelines 

Before l eavi ng t h e  to p ics  o f  languages ,  d ocu me ntat ion  and so fo rth 
there's one last po int  to make . Whatever conve n t i o n s  you adopt you 
w i l l  n e e d  m o r e  d o c u m e n t a t i o n  t h a n  a n y  l a n g u a g e  a l o n e  c a n  
provi d e .  Programmers are o f  cou rse more noted  fo r t h e i r  Let 's do 
some coding att i tudes  than fo r any exc e ss i ve d e s i re to d o c u m e n t  
t h e i r  programs. B u t  even tual ly fai l u re to k e e p  a d e quate n o t e s  w i l l  
c o s t  d e a r l y ,  b o t h  i n  l e s s o n s  n o t  l e a r n t  a n d  i n  l o s t  t i m e .  T h e  
fo l l owing gu i d e l i n e s  provide a reasonab le  start ing  p o i n t  a l though 
I 'm sure that you are  not go ing to b e  sh ort o f  your own ideas :  

• The go l d e n  ru le  i s  s imple .  Document  whilst you are  d ev e l o p i ng 
t h e  p r o g ra m  a n d  n o t  af te rward s .  B y  a l l  m e a n s  t i d y u p  t h e  
deve lopment  notes  after  t h e  program is  complete b u t  d on't  wai t  
th is  l o ng before you make any notes  at al l .  I n  th is  re spect  d e s ign 
t e c h n i q u e s  b a s e d  on Wa r n i e r  d i a g ra m s  p r o v i d e  t h e i r  o w n  
docu me ntat i o n  a s  far a s  t h e  progre ss of  t h e  d e s ign  path goes .  
You ' l l  u s u a l l y need h o wever  to keep p l e n ty of  other  notes  as 
we l l .  
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• I f  poss ib le  try to deve lop a p s e u d o- standard layou t  for a l l  you r 
proj e cts .  Pro d u ce deve l o p m e n t  notes  that ,  i n  c o nj u n c t i o n  with 
any d e s ign work, w i l l  show what t h e  o bj ect ives  of  wri t i n g  the 
pro gram were ,  and exp l a i n  the reasons b e h i n d  your  approac h .  
T h e  t a s k  o f  p r o d u c i n g t h i s  d o c u m e n t a t i o n  i s  n o t  q u i te a s  
onerous a s  i t  m ight seem.  I f  y o u  h ave a text e d i to r  program then  
you can  kee p  most  o f  the  docu mentation o n  d i s k, which  has  the 
advantage that i t  i s  very easy to keep up to date . 

• Keep a l l  o f  your d e s ign d i agrams etc ,  and make notes about t h e  
pro b l e ms you e ncou nter  d u ri ng the  devel opment .  Espe c ia l ly n ote 
any assu mptions you make that might affe ct program operat ion 
if  they were changed in t h e  futu re .  Note  a lso  which parts of  the 
c o d e  a r e  d e p e n d e n t o n ,  e g  t h e  o p e r a t i n g  s y s t e m  I / O  
c harac t e r i s t i c s ,  part i c u l a r  c o n t r o l  c harac t e rs that  m i g h t  vary 
fro m  system to system etc .  

• I f  the  rout ines  are  s mal l then  i nc l u d e  t h e  d oc u me ntat i o n  with  
source  code .  Remember,  i f  a rou t ine  req u i res a part icu lar fo rmat 
f o r  t h e  d a t a  t h a t  i t  w o r k s  o n ,  t h e n  p r o v i d e  s o m e  s o r t o f  
i n d i c at i o n  w i t h i n  t h e  r o u t i n e  i t s e l f  s o  that  t h e  g e n e ra l  i d e as 
beh ind  i t  are apparent .  Use t i t l e s  that i n d i cate what operat ions 
the rout in e s  perform.  

• Keep some deta i l s  with i n  the s o u rc e  code i tse l f  te l l i ng you the  
name o f  t h e  program, whe n  i t  was writte n ,  where any add it io nal  
d o c u m e n t a t i o n  m a y  be fo u n d  a n d  n o t e s  a b o u t  o t h e r  p o i n ts 
wh ich might b e  re l evant .  A s i m p l e  scheme is  u sual ly  a l l  that i s  
requ ired  a s  s u c h  that shown i n  F igure 6 . 1 .  be low.  Do n't bother  
abo u t  t ry i n g  to u n d e rstand what the code does but  d o  n o t i c e  
h o w  m u c h  u s e  I 'v e  m a d e  o f  u n d e r s t a n d a b l e  l ab e l s ,  va r i a b l e 
names and i n -l i n e  comment .  
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* = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  * 

* AU i - S PE LL PATC H : wo rd_c ou n t . s  f o r  v e r sion 0 . 1 0 

* 

* P r o g r amme r : P a u l  Overaa 

* 

* Date : 1 s t March  91  

* 

* Patch f o r  analysing a n  ASC I I  file and c ounting 

* wo r d s  and linefeed s .  

* 

* 

* 

* 

* 

* 

* 

* 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

* ao i s  loaded with the a d d r e s s  o f  the s t a r t  of t h e  b u f f e r  

* a1 holds  t h e  start o f  the  c u r rent word 

* d4 h o lds the c h a r a ct e r  c o u n t  of the c u r rent  w o r d  

* d5 i s  lo aded  with the t o t a l  num b er o f  c h a r a c t e r s  in t h e  

* file 

XDE F Wo rdCount -

X R E F _g_b uffer_p 

X R E F _g_filesiz e  

X R E F _g_line_co u n t  

X R E F _g_w o r d_count 

lowe r c a s e  z equ $7A 

lowe r c a s e  a equ $6 

1 upp e r c a s e_z equ $5A 

uppe rca se_a equ $ 4 1  

L I NE FEED equ  $0A 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* 

_Wo rdCount movem . l  a2 - a6 / d2 - d7 , - ( sp )  p r e se r v e  f o r  L a t t i c e  

* I t ' s  e a sy t o  get c o nf u s ed about the  nex t l i n e  of c o d e  s o  

* here ' s  a g e n e r a l  n o te w h i c h  m i g h t  help . . . . . . . . . . . . . . . .  I f  

* the  C p ro g ram had a d e c la ration lik e UBYTE g_b uffer [ 1 0000 ) 

* then the add r e s s  of the  v a riab le would be t h e  s t a r t  

* a d d r e s s  of t h e  buffer a rea and  we ' d  u s e  immediate a d d re s s  

* - ing , i . e .  move . !  #_g_b uffer_p , ao ,  t o  l o a d  ao . B U T  . . . . . .  . 

* since we a r e  a c t u a lly u sing  Allo cMem ( )  to g e t  memory we 
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* have made the declaration LONG g_buffer_p , so it ' s  the 

* CONTENTS of g_buffer_p that need to be loaded into ao , 

* hence we use a move . l  _g_buffer_p , ao instruction instead 

move . l  g_buffer_p , aO buffer start · see above note 

move . l  g_filesize , d5 characters in file 

move . l  #0, _g_word_count no words yet I 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·  * 

FINDSTART cmpi . b  # lowercase_z , ( aO) is char a - z ? 

bhi NOTLOWERCASE 

cmpi . b  #lowerca se_a , ( aO) 

bes NOTLOWERCASE 

move . l  aO , a1 put word start in a 1  

moveq #1 , d4 initialize character count 

bra START_FOUND now look for end 

NOTLOWERCASE cmpi . b  #uppercase_z , ( aO) is char A·Z ? 

NOTLETTER 

NOTLETTE R1  

bhi NOT LETTE R 

cmpi . b  #upperca se_a , ( aO) 

bes NOT LETTE R 

move . l  

moveq 

bra 

aO , a l 

#1 , d4 

START_FOUND 

put word start in a 1  

initialize character count 

now look for end 

cmpi . b  #LINE FEED , ( aO)  end of  line char  ? 

bne NOTLETTER1  

addq . l  #1 , _g_line_count count line 

addq . l  #1 , aO point to next character 

subq . 1  #1 , d5 decrease characters left count 

bne FINDSTART and see if that ' s  the word 

bra FINISH 

start 

START_FOUND addq . 1  #1 , _g_wo rd_count count this word 

FINDEND addq . 1  #1 , ao point to next character 

subq . l  #1 , d5 decrease characters left count 

beq FINISH end of file found so quit 

cmpi . b  #lowerca se_z , ( aO) is char a - z ? 
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bhi NOTLOWE RCAS E 2  

cmpi . b  # lowe r c a s e_a , ( aO )  

b e s  N OT LOWE RCASE 2  

addq . b # 1 , d 4  i n c r em e n t  8 b i t  c h a r a c t e r  c ou n t  

b r a  F I N D  E N D  

NOTLOWE RCAS E 2  cmpi . b # u p p e r c a s e_z , ( a O )  i s  c h a r  A - Z  ? 

NOTLETTER2 

NOTLETTER3 

bhi NOT L E T T E R2 

cmpi . b  #upp e r c a se_a , ( aO )  

b e s  NOTLETTER2 

addq . b # 1 , d 4  inc rement c h a r a c t e r  c o unt 

b r a  F I ND END 

cmpi . b  # L I N E FE ED , ( aO )  

b n e  NOT LETTER3 

end o f  line c h a r  ? 

addq . 1  # 1 , _g_line_c o unt count  line 

addq . 1  # 1 , a o  m o v e  t o  next c h a r a c t e r  

s u b q  # 1 , d 5  d e c r e a s e  c h a r a c t e r s  l e f t  c o u n t  

b n e  F INDSTART 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

F I N I SH movem . l  ( sp ) + , a2 - a6 / d2 - d7 r e - i n s t a t e  f o r  Lattice 

rts  b a c k  t o  C 

* = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  * 

Figure 6. 1 .  A typical piece of documented code. 

S i n c e  t h e  p rograms t h a t  y o u  w r i t e  a r e  p a r t  a n d  p a r c e l  o f  y o u r  
d o c u m e n tat ion  i t  i s  worth  d i g r e s s i n g  fo r a m o m e n t  t o  make t h e  
fo l l o w i n g p o i n t :  i n  t h e  s a m e  w a y  t h a t  a s t a n d a r d i s e d  
d o c u m e n tat i o n  layo u t  h e l p s t o  p r o v i d e  c o n s i s t e n c y ,  s o  d o e s  a 
s tandard i s e d  program layout .  B u t  a l l  you r p rograms are d i ffe rent? 
We l l  yes ,  t o  a cer ta in  extent t h i s  i s  tru e ,  but  t h e re are many t h i ngs 
ab o u t  the  ove ra l l  s tru c tu re that w i l l  o ften  be  s i mi lar  and a bit  of 
cons i s te ncy in s tyle and overal l layout  can go a l o ng way! 



7:  
An 

I ntroduction 

to the Amiga 

Environment 

U n l e s s  you have c o me to t h e  
Amiga v i a  the w o r l d  of  U nix or  
t h e  m a i n fr a m e , m o s t  of  t h e  
i d eas re lated t o  m u l t i -tas ki ng 
wi l l  b e  n e w  to yo u .  S i m i l ar ly  
t h e r e m a y  be a l o t  of  o t h e r  
i s s u e s  c o n c e r n i n g t h e  
p r o t o c o l s  w h i c h  A m i g a  
p rogra ms n e e d  t o  a d o p t  that  
may seem rat h e r  c o m p l ex,  to 
say t h e  l e a s t .  N o n e  of  t h i s  
c o m p l e x i ty h o wever  i s  t h e r e  
j u st for t h e  sake o f  i t  a n d  by 
l e arn i n g a b o u t  a n d  a p p l y i n g  
t h e  ru l e s  that you r programs 
m u s t  fo l l o w  t o  c o - e x i s t  i n  a 
s a fe a n d  s y s t e m c o n t r o l l e d  
manner ,  you wi l l  save you rse lf  
much gri e f  wh e n  you move on 
to  t h e  w r i t i n g  o f  l a r g e r 
programs. 

You know a lready that on  the  
Amiga many programs can be 
r u n n i n g  a t  t h e  s a m e  t i m e .  
I m a g i n e  t h e  c h a o s  w h i c h  
wou I d  e n s u e  i f  o n e  p r o g ram 
suddenly  d ec i ded i t  wanted to  
take ove r c o n t ro l  o f  t h e  d i s k  
h a r d w a r e  w h i l s t  a n o t h e r  
pro gram wa s u s i ng i t .  T h e s e  
t y p e s  o f  con t e n t ion  i s s u e s ,  
where  two o r  more programs 
could conce ivably b e  trying to 
u s e  t h e  s a m e  s y s t e m 
r e s o u r c e s  at  t h e  s a me t i m e ,  
c a n n o t  b e  s o l v e d  a t  t h e  
hard ware leve l .  O n  t h e  Amiga 
a s o ft ware  s y s t e m  h a s  b e e n  
d e v i s e d  w h i c h  s o l v e s  t h i s  
p r o b l e m ,  t h u s m a k i n g  i t  
p o s s i b l e  fo r m a n y  d i f f e r e n t  
programs t o  share a common 
set  of  h ardware r e s o u r c e s .  A 
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key e l e m e n t  i n  t h i s  s c e na r i o  i s  t h e  Amiga's  m u l t i - tas ki n g  Exec  
software.  But  b e fo re d iscuss ing Exec i tse l f, a few words about  some 
other Amiga e nt i t ies  are  n e e d e d .  

Devices 

As far as hardware access i s  co ncerned the  Amiga p laces  a s o ftware 
l ayer, based on the u s e  of  a so ftware ent i ty cal l e d  a device, b e tween 
the real  h ardware and the app l i cat ions programs. I f, for example ,  
your program wishes  to gai n access  to the ser ia l  port  i t  must  t ry  to 
open the seria l  d evic e .  Provid i ng the  device is successfu l ly opened 
the  program then wri tes o r  reads i t s  ser i a l  data u s i ng the  se r ia l  
d evice and not the  u nder ly ing hardware . 

This  arrangement provides a l l  programs with a standardi s e d  way of  
c o mmu n i cat ing with  the  Amiga's hardware a n d  n e at ly  s o lves t he 
potential  content ion i ssues .  I t  doesn 't a l ter  the  fact  that someti mes ,  
because a p iece of  hardware i s  a l ready i n  u s e ,  a program w i l l  not  
a lways be able to open  the corresponding device ,  b u t  i t  does  mean 
that programs can ask and be i nfo rmed about what is and what i s  
n o t  avai l ab l e  fo r u s e  a t  any give n t i m e  a n d  c a n  the refore take some 
appropriate act ions .  

I f, f o r  i n s ta n c e ,  d u r i n g the  t i m e  t h e  s e r i a l  d e v i c e  w a s  b e i n g 
exc lu s ive ly  u s e d  by o n e  p rogram, another  p ro gram tri e d  t o  ga in  
access  to t h e  se rial  device to read and write tota l ly  u n re late d data, 
the open serial device requ est  wou l d  fai l .  This  is the syste m's way 
of t e l l i ng t h e  second program that the u nderlying hardware is n o t  
avai lable  for u s e .  

I n  short t h e n  t h e  Amiga's devi ces  provide th is  s o rt o f  standard i s e d  
software i nte rface between t h e  programs wh i c h  may be ru n n i ng a n d  
t h e  hardware i ts e l f. S e e  F igure 7. 1 .  

Programs open these devices and then tell them, rather than the underlying hardware, 
what operations they wish to perform. 
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Figure 7. 1 .  Beneath the device software lies the real Amiga hardware. 
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Because of th is  approac h you' l l  rea l i s e  that,  i ni t ia l ly  at l east,  i t  i s  
t h e  devices which  the  programmer needs  to u n de rstand rather  than 
t h e  u n d e r l y i n g h a r d wa r e . T h e r e  a r e  i n c i d e nt a l l y  o t h e r  A m i g a  
d e v i c e s ,  s u c h  a s  t h e  C o n s o l e  a n d  I np u t  d ev i c e s ,  w h i c h  a r e  n o t  
d i re ct ly  t i e d  to part icu lar hardware u ni ts .  

T h e  device  s oftware barri e r  i s  n o t  the  o n l y  o n e  w h i c h  iso lates an  
Amiga programmer from the u nder ly ing hardware b ecau se a s i mi lar 
s i tuat ion  e x i s ts with the  main proc e s s o r  i ts e l f. O n  the Amiga the 
c h ances ,  even once you are a n  expe r ienced system programmer, of  
g e t t i n g a n y w h e r e  n e a r  t h e  6 8 0 0 0  m i c r o p r o c e s s o r ' s  o n - c h i p  
i nterrupt system are very remote u nl e s s  you are prepared t o  take 
ove r t h e  w h o l e  mac h i n e .  I nt e rr u p t s  are  hardware s ig n a l s  w h i c h  
c a u s e  t h e  p r o c e s s o r  to s t o p  what i t  i s  d o i n g  a n d  execute a p re 
determined p iece  of  code ca l led  a n  interrupt routine. 

Why? Again ,  in a word,  mul t i -tasking .  Th is  t i me the i ssues  are to d o  
wi t h  h o w  t h e  p r o c e s s o r  i s  a b l e  to a p p ear t o  ru n more  t h a n  o n e  
p rogram a t  a ny given t i m e .  I n  real ity a s i n g l e  68000 c h i p  c a n  o nly  
ru n one  p rogram at a t ime ,  s o  t h e  on ly  way that  t h e  Amiga can 
multi-task i s  for  the  proc essor  t ime to b e  p hysical ly  s hared amongst 
t h e  var ious programs wi s h i ng to ru n .  Eac h program in turn has to 
be g iven  a b i t  of t i m e  to ru n and w h e n  t h i s  t i m e  s l o t  is u p  t h e  
p rogram h a s  to b e  suspended wh i l s t  another  program i s  activated .  

T h i s ,  as you might  i magi n e ,  i s  not a tr ivial  task. Eac h program must 
t h i n k  that i t  has a virtual machine a l l  to  i tse l f. Programs mu st have 
t h e i r  own s t a c k s  a n d  w h e n ev e r  t h e  e xe c u t i o n  o f  a p ro g r a m  i s  
t e m p o ra r i l y  s u s p e n d e d ,  t h i n g s  l i ke c u r r e n t  m i c r o p r o c e s s o r  
reg i s ters  w i l l  n e e d  t o  b e  p r e s e rv e d .  W h e n  t h e  same program i s  
aga i n  given the  chance to ru n ,  a l l  o f  t h i s  i n format ion  must  b e  re
i nstated b e fore the program can cont inue  ru n n i ng.  

Such tr icks are achieved with the help o f  some c lever programming 
of the 6 8000 i nterru pts.  Exec keeps trac k of  the  state o f  the mult i 
task ing game both at the end o f  a l l  i nte rru p t  pro c e s s i n g  and on 
o c c a s i o n s  when a part i c u l a r  task has i n d i cated that  it  wi s h e s  to 
s l e e p ,  i e  b e c o me i nact ive ,  for a wh i l e .  A typica l  example  of  t h i s  
l atte r s i tuat ion  wou l d  be a p rogram w h i c h  i s  wai t ing  f o r  a u s e r  t o  
h i t  a gadget b e fore do ing anythi ng. Su c h  programs c a n  c a l l  a Wait()  
fu nct ion  wh i c h  resu l ts i n  program execut ion b e i n g  su spended u nt i l  
a gadget i s  actua l ly s e l ected by t h e  u se r. The b e n e fi ts  shou l d  be 
o bvi o u s  - d u ri n g  such t i me s  t h e  processor  d oe s n 't have to waste 
t i me running a program wh i c h  is effect ive ly s i tt ing i d l e  but it can 
be getting on  with s o me t h i ng e l s e .  
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Enter Exec 

The software wh i c h  p e rforms t h i s  task swi t c h i n g  mag i c  i s  c al l e d  
Exec .  Every t i m e ,  fo r examp l e ,  a vert ical  b lanking i n terrupt  o c c u rs 
t h e  c u rr e n t  tasks  a r e  e x a m i n e d  an d ,  d e p e n d i ng o n  t h e  s y s t e m  
c o n d i t i o n s ,  a d e c i s i o n  i s  made a s  t o  whether  to  a l l o w  the  c u rrent  
program t o  c o n t i nu e  r u n n i ng or  whether  to  s u s p e n d  i t  and g i ve 
another p rogram the chance to  ru n .  

The process  of  d e c i d i ng wh i c h  task should  be  r u n n i ng,  and t h e n  
k i c k i n g  i t  o f f ( g e t t i n g i t  g o i n g ) i f  n e c e s s a r y ,  i s  c a l l e d  t a s k 
sched u l i ng.  I f  a l l  tasks have equal pr ior i ty t h e n  t h ey are g ive n equal  
shares of  the processor's t i me and each task, p rovid i ng i t  is  i n  fac t  
ready t o  ru n ,  takes i ts t u r n  u s i n g  an  I'm next for some processor 
time task q u e u e  arrange m e n t ,  k n o wn as a rou n d  robin s c h e m e .  
Because the tasks the msel ves have n o  say i n  whether  t h e y  r u n  o r  
not ,  th is  t i me-s l i c i ng i s  cal l e d  pre-emptive tas k-sc h e d u l i ng .  

For now t hough we need to get  back to the i n te rru pts i s s u e s .  The  
68000 has  three  i nte rru pt l i nes wh ich  are  u s e d  toge ther  to  prov ide  
i nterrupts o f  d i ffe r i ng pr ior i ty. I t's i mportant ,  at t h i s  stage , t o  p o i n t  
o u t  that the  Ami ga's i nterrupt  system i s  not  pu rely bas e d  o n  t h e  
6 8 0 0 0  fac i l i t i e s  - some t h i n g i s  h a p p e n i ng at a h i g h e r  h a r d wa r e  
leve l .  O n e  o f  the Amiga cu stom c h i ps ,  the 4 703 (known as Pau la )  i s  
a c t u a l l y  wa t c h i n g  f i fte e n  d i ffe r e n t  s o u r c e s  o f  i n t e r r u p t ,  b o t h  
h a r d ware  a n d  s o ftwa re i n s t i g a t e d ,  a n d  i t ' s  t h i s  c h i p  t h a t  t h e n  
generates the real  68000 s ignals .  

So ,  d i s k ,  s e r i a l  I/O r e l a te d ,  c o p p e r ,  ve r t i c a l  b l a n k i n g ,  b l i t t e r ,  
a u d i o . s o f t w a r e  ge n e r a t e d  i n t e r r u p t s  a n d  a n u m b e r  o f  o t h e r  
i n terru pt s o u rc e s  a l l  pass through Pau la a s  i n terru pts o f  vary i n g  
pri o r i ty leve l s .  One of  Exe c 's most  i mporta nt  jobs  i s  to  housekeep, 
ie l o o k  a ft e r , t h e  w h o l e  of t h i s  i n t e r r u p t  sys t e m .  A n o t h e r  i s  to  
p r o v i d e  m u l t i - t a s k i n g  fa c i l i t i e s  fo r the  w h o l e  m a c h i n e ,  i e  t o  
organ ise  and pe rform pre-em ptive task sch e d u l i ng.  When you a lso  
rea l i s e  that  the Amiga system al l ows any number  o f  a p p l i c a t i o n s  
programs t o  set  u p  the i r  own i nterrupt jobs and that  t h e s e ,  wh e n  
execu ted w i t h  Exec's b l e s s i ng, s l o t  neat ly i nto the  exi s t i ng system 
i n te rru pt arrangements ,  you ' l l  conc lude  that we are tal k ing s e ri ous  
s o ftware  h e r e .  Exe c d e s e rve s ,  and s h o u l d  be  t r e a t e d  w i t h ,  t h e  
utmost re spect! 

Now fo r the bottom l i ne .  Exe c ,  i n  order  to ach i eve t h i s  mag i c ,  must 
ke e p  a b s o l u t e c o n t r o l  n o t  o n l y  ove r t h e  r e a l  6 8 0 0 0  h a rd w a r e  
i nterrupt syste m b u t  the who l e  of  the i nterrupt subsystem.  T h i s  i s  
why y o u  w i l l  n e v e r ,  fo r exampl e ,  d ea l  w i th the  68000 i nt e rr u p t s  
d i rect ly  - you w i l l  d e a l  w i t h  Ex e c ,  t h e  s o ftware layer  wh i c h  w i l l  
hand l e  you r needs  a n d  trans l ate them i nto a fo rm s u i ta b l e  fo r t h e  
Amiga's complex mu l t i -tas king e nv ironment .  
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T h e  b e a u t y o f  E x e c  i s  t h a t  t h e  m u l t i - t a s k i n g  i s  e f fe c t i v e l y  
t ranspare n t  s o  your  programs wi l l  rare ly n e e d  to worry about the  
u n d e rlying complexity.  Other  fac i l i t i e s ,  s u c h  as those which a l l ow 
message s  to b e  passed  betwe e n  var ious  tasks,  are n o t  transparent 
and i t  i m po rtant to u nd e rstand them if  you wish to p rogram at  the 
Exec leve l .  

AmigaDOS - the Amiga's Disk Operating System 

A m i ga D O S  i s  a m u l t i - p r o c e s s i n g o p e ra t i n g  s y s t e m  d e s i g n e d  
p ri mari ly for the s i ng le  u s e r .  This  i s  d i ffe rent  fro m say Unix  which  
was  des igned to be a mu l ti -u ser ,  mu l t i -tas ki ng, o p e rat ing system. 

A m i gaDOS h a n d l e s  the d i s k  fi l i n g  system a n d  a l l ows many j o b s  
(processes)  to ru n s i mul taneous ly. M u c h  of  t h e  magic of  AmigaDOS, 
the Amiga's d i s k  ope rat ing  system,  is actu a l ly  due to the u nd e rlying 
Exec fac i l i t ies .  In a sense AmigaDOS i s  b u i l t  o n  top o f  the  Exe c  and 
t rac k d i s k  c o m p o n e n t s  of  t h i s  system j i gs a w  p u z z l e so ,  f rom a 
p u r e ly s c h e mat ic  v iewp o i n t ,  we can s h o w  the arrangement  as i n  
F igu re 7 . 2 .  

AmigaDOS Processes and r File Subsystem l 
.....____________. 

Exec 

68000 
processor 

Trackdisk 
device 

Disk control 
hardware 

Figure 7.2. Programs interact with the hardware via 
AmigaDOS, Exec and system devices. 

I f  we now s u p e ri m pose  th is  sketch  o n to that of  F igure 7 . 2  shown 
earl i er ,  a u s e fu l  p i ctu re starts to e me rge . See F igure 7 . 3 .  
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Figure 7. 3. Programs interacr with the hardware via 
AmigaDOS, Exec and system devices. 
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Already you shou l d  real i s e  that th e Amiga programmer i s ,  to a very 
large extent ,  i s o lated from the real hardware . Th is  i s  tru e even for 
the low-level programmer u nl e s s ,  as is the case with  s o me games 
programmers,  they are pre pared to take over the wh o l e  mac h i ne 
and forfe i t  a l l  the  advantages o f  mu lt i -tas ki ng. 

The Amiga System Li braries 

A n o t h e r  i mp o r t a n t  c o m p o n e n t  o f  t h e  A m i ga ' s  s o ftware  i s  t h e  
system's  l i b rary rou t i n e  arrange m e n t .  L i b rary r o u t i n e s  are  j u st 
general ly  u seful rout ines  which  have b e e n  writte n and i nc l u d e d  as 
part of the operati ng system s o ftware.  

W h e re the Ami ga d i ffe rs from t h a t  of many l e s s  s o p h i st i c a t e d  
computers i s  i n  t h e  actual arrangement wh i c h  has b e e n  adopted t o  
implement  these l i brar ies .  I f  you wan ted to u s e  a certa i n  system 
c a l l  i n  t h e  g o o d  o l d  e ig h t  bi t  d a y s  ( o f  C P/ M  m a c h i n e s  a n d  
compu ters l i ke the  S inc la i r  ZX8 1 ,  Apple  I I  and C o mmodore 64 ) ,  the 
c h a n c e s  a r e  t h a t  y o u  w o u l d  u s e  e i t h e r  a fu n c t i o n  n u m b e r  
arrangement ,  where you made a cal l  to a fixed e ntry l o cat ion  but  
provided a val ue  i n  o n e  of  the  processor  reg i sters which  t o l d  the 
operati ng system which s e rv ice  you required ,  or  a l te rnative ly you 
wou l d  actu a l ly know t h e  me mory address o f  t h e  sys t e m  ro u t i n e 
be ing  ca l led .  

For Amiga programmers those days are  over  because most  o f  the  
t ime you wi l l  not know whe re the  system rout ines  are . Some may b e  
h e l d  i n  R O M ,  some wi l l  be p l a c e d  i nto m e m o ry as  t h e  mac h i n e  
starts operati ng, and some take n from d isk  a s  a n d  wh en a program 
dec ides  that they are needed !  Worse than that, the rou t i n e s  wh ich 
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a r e  l o ad e d  i n to m e m o ry a r e  n o t  a s s i gn e d  f i x e d  l o c a t i o n s ,  t h e y  
e s se nt ia l ly  g e t  p laced i n  any c o nve n i e n t  area t hat i s  ava i lable and 
that means t hat the  l ocat ion  o f  the l i brary rou t i n e s  can c hange each 
t i me a l i b rary is u s e d .  

To m o v e  i n t o  t h i s  area o f  Amiga programming t h e r e  a r e  two t h i ngs 
y o u ' l l  n e e d  to know. F i rstly how to  fi nd these  system rout ines ,  and 
s e c o n d l y  how to  use them o nce  you have fou nd t h e m .  T h e s e  are 
q u e s t i o n s  wh i c h  I ' l l  deal  with in C hapter 1 0 . 

I n tu i t i o n ,  t h e  Amiga's h igh- level  graph ics  i nterface w h i c h  we've a l l  
come to  u n d e rstand and love ,  i s  bu i l t  o n  t h e  fac i l i t i e s  provided by 
the grap h i c s  and layers l i brar i e s .  By worki n g  in  c o nju n c t i o n  with 
the i n p u t  d e v i c e ,  a s l ight ly h i gher- level  device that  is  c o n t i n ua l ly 
b e i ng fed i n fo rmat i o n  fro m t h e  Amiga's  keyboard and game p o rt 
d ev i c e s ,  I n t u i t i o n  i s  ke pt  i n fo rme d  about  what ,  i f  anyt h i ng, u sers  
are d o i ng i n  the  outs ide  wor ld .  

T h e  Amiga's Wo rkb ench  u s e s  I n tu i t i o n  fac i l i t i e s  to  prov i d e  i t s  WIMP 
o r i e n tated u s e r  i n t e rfac e .  I n tu i t i o n ,  l i ke Exe c ,  i s  essent ia l ly  a mas s  
o f  pre-wr i t ten ro u t i ne s  much t h e  s a m e  a s  a n y  o f  the  o ther  system 
l i b rary.  Because o f  the  way both o f  these  compo n e n ts i n teract wi th  
o t h e r  parts  of  the  system i t  i s  h o wever  u s e fu l  t o  show them as 
d i s t i n c t  components .  

The Final  Picture 

O n  t o p  o f  e v e ry t h i n g w e ' v e  d i s c u s s e d  c o m e s  t h e  a p p l i c a t i o n s 
p rograms themse lves  - t h e  pro grams w h i c h  you run t o  d o  u s e fu l  
wo rk! A s  you ' l l  d o u b t l e s s  a l ready k n o w ,  t h e  Amiga s u p ports both 
W I M P  o r i e n ta t e d  i n t e rac t i o n (u s i ng I n tu i t i o n ' s  wi n d o w s ,  gadge t s ,  
m e n u s  e t c )  a n d  c o mmand l i n e  C U/She l l  type p rograms .  

Programmers can i n teract wi th  I n t u i t i o n  to ach i eve many high- level  
W I M P  o r i e n t a t e d  o p e r at i o n s ,  c a n  a c c e s s  t h e  h a r d w a r e  v i a  t h e  
Am i ga's d ev i c e  mechan i s m s ,  can u s e  a large n u mb e r  o f  pre-wri t ten  
l i b rary fu n c t i o n s  to  s i m p l i fy common p rogramming tas ks ,  and can 
a l l o w  A m i ga D O S  to  h a n d l e  the  n i t t y  g r i t t y  d e ta i l s  o f  d i s k  f i l e  
ma nage ment and re lated housekeep ing  jobs .  I n  ad d i t i o n  t o  t h i s  the 
g r a p h i c s / d i s p l a y  s u b s y s t e m  ( w h i c h  i n c l u d e s  b o t h  h a r d wa r e  
c o m p o n e n t s ,  s u c h  a s  t h e  c o p p e r  a n d  t h e  b l i t t e r  c i rc u i t s ,  a n d  
s o ftwa re compo n e n ts fo r han d l i ng t h i ngs l i ke an i mated graph ics )  i s  
a l s o  ava i lab le  to  any app l i cat ions  program w h i c h  n e e d s  i t .  

W h e n  we p u t  al l o f  t h i s  together we e n d  u p  with a p i c t u re ,  wh i c h  
t h ough far fro m c o m p l e t e ,  shou ld prov ide  a worki ng apprec iat ion  
o f  how the vari o u s  Amiga system components fal l  i nto  p lace .  



Mastering Amlga Assembler 

CIJ/Shell processes and CLI based The Arniga's Workbench and WIMP based 
applications programs applications programs 

t t 
Applications programs can also use the ___. Arniga graphics 

devices directly! subsystem 

L Arniga system 
Libraries 

- I Intuition 

t 
ArnigaDOS processes and ..,__ I Input device file �ystem 

t t t t 
B Trackdisk Audio [];]§ Keyboard Game port 

device device device device device 

t t t t t t t 
l ,= I  Disk control Audio Serial port Parallel port Keyboard Joystick and 

hardware hardware hardware hardware hardware mouse ports 

Figure 7. 4 .  Relationship between the main software components 
and the underlying hardware. 

I 
I 

As y o u  wi l l  n o w  a p p r e c i a t e , E x e c ,  D e v i c e s ,  A m i ga D O S ,  S y s t e m 
L i b r a r i e s  a n d  I n t u i t i o n  i t s e l f  a r e  e x t r e m e l y i m p o r t a n t .  
Unde rstan d i ng these  compone nts i s  ab so lu te ly  e s s e n t ial i f  you wish  
to b e c o m e  a ser ious  Amiga programmer .  Lu cki ly  a l l  that  i s  real ly 
n e e d e d  i n i t ia l ly  i s  an overal l  apprec iat ion  of the sys t e m  c o u p l e d  
with s o me more  d e ta i l ed  i n fo rmati o n  o n  areas which  are l i ke ly t o  
b e  i m me diately u s e fu l  to  you . I t  i s  t h e s e  latte r t o p i c s  that  I ' l l  deal  
with over the  n ext few chapters b u t  to fi n i s h  t h i s  chapter  h e re are a 
few general notes  o n  some hardware re lated i s s u e s  that  you may 
already have been  expo s e d  to .  
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The PAD, Chip Memory, Bus Contention, and the ECS 

Part of the power  of the Amiga is u nd o u bted ly  d u e  to the custom 
c h i p s  known a s  Pau l a ,  Agn u s  and D e n i s e .  Th e s e  c h i p s ,  k n o wn 
c o l l e c t ive ly as t h e  PAD , are capabl e  o f  ru n n i ng i n  paral l e l  w i t h  t h e  
m a i n  68000 processor  - u s i ng o d d  c l o c k  cycl e s  w h e n  t h e  68000 i s  
not  a c c e s s i ng exte rnal memory. A gate mec han i s m  contro ls  acc e s s  
o f  t h e  sys t e m  b u s  a n d  thu s e n s u r e s  t h a t  t h e  RAM/ROM c h i p s ,  t h e  
6 8 000 processor ,  t h e  I/O c h i ps ,  and the  PAD c h ips  a r e  a l l  c o n n e cted  
t o  t h e  system b u s  at t h e  appropr iate  t imes .  

I 've a l ready ment ioned t h e  re lat i o n s h i p  o f  t h e  4 70 3  Paul a  ch ip  to 
the i nterrupt  su bsystem.  T h e  PAD a lso  contro l s  twenty f ive d i re c t  
m e m o ry a c c e s s  ( O M A )  c h a n n e l s  w h i c h  a l l o w  RAM a c c e s s  t o  b e  
ach i eved wi thout  u s i n g  the  68000 processor .  These  OMA channe ls  
a r e  d e d i c a t e d  t o  s p e c i fi c  u s e s  - 6 c h a n n e l s  are  f o r  the  s c r e e n  
b i tp lane access ,  8 for spr i tes  data,  1 fo r t h e  co-pro c e s s o r  ( coppe r) ,  
4 fo r the  b l i t ter ,  2 fo r d isk O M A  and 4 fo r au d i o .  

O M A  access  i s  res t r i c ted  to  c h i p  m e mo ry .  You 've  no d o u b t  h e ard 
t h e  te rms c h i p  m e mo ry and fas t  me mory and as l i ke l y  as n o t  you 
al ready know what they mean.  J u s t  i n  case however a few words of  
explanat i o n  are  i n  order .  

In  actual fa ct  there 's  noth ing d i ffe rent  about  part i c u lar  RAM c h i ps 
themse lves  wh i c h  lead to labe ls  l i ke chip memory and fast memory. 
I t  i s  a l l  to do wi th  the  way the  gate mechan ism grants access  to the 
s y s t e m  b u s  a n d  to t h e  e f fe c t  o n  c e r t a i n  a r e a s  o f  a d d r e s s ab l e  
me mory. H e re are s o me d e tai l s .  The Amiga's Motoro la  6 8 000 1 6/3 2 
b i t  processor  has an address  space o f  1 6  megabytes a n d ,  with t h e  
Am iga's me mory map, 8 megabyt e s  o f  t h i s  are ava i lab l e  f o r  random 
access  memory (RAM ) .  The reason that  n o t  a l l  o f  th i s  addressable  
m e mory is  t h e  same s t e m s  fr o m  t h e  fa c t  t ha t  part  of  the  RAM 
a d d r e s s  s p a c e  is s h a r e d  by b o t h  t h e  6 8 0 0 0  p r o c e s s o r  a n d  t h e  
A m i g a ' s  t h r e e  c u s t o m  c h i p s .  I t  i s  t h i s  s h a r e d  m e m o ry t h a t  i s  
c o m monly  referred t o  as chip memory .  

N o w  I 've a l ready ment ioned that Pau la ,  Agnu s and Den ise  hand l e  a 
n u mb e r  o f  s p e c i fi c  tas ks i nvolv ing grap h i c s ,  gene ral screen  d i splay 
o p e rati o n s ,  OMA e t c .  The b l i t ter  i n c i d e n tal ly ,  the  dev ice  wh ich  can 
m o v e  p i x e l  d a t a  a r o u n d  t h e  s c r e e n  a t  s p e e d s  a p p r o a c h i ng o n e  
m i l l i o n  p ixe l s  p e r  s e c o nd , i s  part o f  t h e  Agn u s  c h i p .  T h e  i mportant 
p o i n t  ab o u t  a l l  of t h i s  i s  t h a t ,  u n d e r  c e r t a i n  c o n d i t i o n s  t h e s e  
p o we rfu l  c h i p s  can actu al ly  lock  o u t  the  ma i n  6 8 0 00 processor ,  an 
o p e r a t i o n  k n o w n as c y c l e - s t e a l i n g .  T h i s  o n l y  h a p p e n s  w h e n  
abso lu te ly  n e c e ssary (an d dur ing t h e s e  cases  t h e  c u s t o m  ch i ps are 
p e rformi ng o p e ra t i o n s  more  e ffi c i e n t ly than the 6 8 0 00 c ou l d  d o  
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anyway) but  the e n d  res u l t  neverthe less  i s  that  p rograms actual ly 
r u n n i n g i n  c h i p  m e m o ry a t  s u c h  t i m e s  g e t  s o m e w h a t  r u d e l y  
p reve nted fro m  do i ng so !  

Some c l ever  hardware tr i cks h oweve r a l low t he 6 8000 proces sor ,  
even whi l s t  locke d  out  of  ch ip me mory space ,  t o  s t i l l  access  RAM 
me mory outs ide  of t h i s  regi o n .  Th is  non-c h i p  memory, ca l led  fas t  
memory f o r  fa i rly obv i ou s reasons ,  i s  t h e re fore an i d eal  p l ace for 
havi ng your runable  p rograms.  For max i m u m  s p e e d  therefore i t  i s  
wo rth reme mbe r i ng that,  i d eal ly, you want t o  have both  c h i p  and 
fast  memory avai lable - programs can there fore r u n  in  fas t  memory 
and w i l l  n o t  be  s l o we d  d o w n  by any c u s t o m  c h i p  cyc l e - s t ea l i ng 
operat i ons !  

Fat Agnus 

T h e  a m o u n t  o f  a d d r e s s  s p a c e  t h a t  t h e s e  o r ig i n a l  c u s t o m  c h i p s 
c o u l d  s hare was l i m i te d  t o  a 1 9- b i t  a d d r e s s .  T h i s  meant  that t h e  
above m e n t i o n e d  bus c o n t e n t i o n  problems o nly a ffected t h e  l owe r 
5 l 2 K  o f  the mac h i ne.  I t  a l s o  meant that  n o  matte r how much RAM 
was avai lable in the mac h i ne the c u stom c h i p s  cou l d  o n ly access  
that  l ower 5 l 2 K. I n  the early Amiga days th is  wasn ' t  too much of  a 
l i m i t a t i o n  b u t  a s  A m i g a  p r o g r a m s  ( e s p e c i a l l y  g r a p h i c s  a n d  
a n i ma t i o n  p r o g r a m s )  have  g r o wn i n  s i z e  a n d  p o w e r  t h e  5 l 2 K  
l i mi tati o n  i s  n o w  b e c o m i ng a l i t t le  restr ict ive .  

To put  these n u mb e rs i nt o  p e r s p e c t i v e  a s i ng l e  5 b i t p l a n e  h i g h  
re s o l u t i o n  PAL s c r e e n  wi l l  s oak u p  1 O O K  o f  c h i p  m e m o ry,  and a 
corre s p o n d i ng i nterlaced d i s p lay take s 200K,  i e  a l mo s t  4 0% o f  a l l  
the c h i p  me m o ry avai lable  o n  a 5 l 2 K  mac h i n e .  W h e n  y o u  rea l i se 
that OMA sou nd samples ,  gra p h i cs objects and var i o u s  o t he r i t e ms 
o ften  n e e d  to be  s tore d  i n  c u s t o m  c h i p  acce s s i b l e  m e m o ry t h e n  
5 l 2K begi ns t o  l o o k  a l m o s t  mi ser ly .  

Seve ral years ago C o mmodore began wo rki ng o n  an e n hanced c h i p  
s e t  ( E C S )  a n d  t h i s  i n c l u d e d  a r e p l a c e me n t  fo r Ag n u s  c a l l e d  Fat 
Agnus. This  new vers i o n ,  s o  cal l e d  because o f  i t s  phys i cal  shape,  
e ffect ive ly does  the same job as the or ig i nal  chip but  reduces the  
support  ch ip  component  c o u n t  - a l l  c l o c k  generat i o n  fo r t h e  Amiga 
system fo r i n stance i s  now i nc o rp o rated i n to Fat Agnu s  a s  are the 
contro l  s ignals  fo r hand l i ng ch ip  RAM access .  

The big d i fference as far as chip memory goes though is  that F at 
Agn u s  n o w  h a s  ad d r e s s  l i n e s  w h i c h  can a c c e s s  t w i c e  a s  m u c h  
me mory.  H e nce a mac h i n e  fi tted with Fat Agn u s  has o n e  megabyte 
of sha red a d d r e s s  s p ace and so can have o n e  m e gabyte of c h i p  
m e m o ry f i t t e d .  O b v i o u s l y t h i s  i s  a b i g a d va n tage  fo r g rap h i c s  
i n t e n s i v e  o p e r at i o n s  l i k e a n i ma t i o n  e s p e c i a l l y  w h e n  a s u i ta b l e  
amount  o f  add i t ional fast memory i s  a l s o  ava i l ab le  t o  the  system! 
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The Copper 

T h e  Amiga c o n ta i n s  a b e a m-syn c h r o n i s e d  graph i c s  c o- p ro c e s s o r  
wh i c h  can execute  i t s  own p rograms,  cal l e d  copper  l i s t s .  I t  i s  ab le  
to e ffec t ive ly  t rack  t h e  d i s p lay v ideo  beam as i t  moves  down the  
screen  and can b e  p rogrammed to c a rry out  s p e c i fi c  o p e rat i o n s ,  
s u c h  a s  c hanging b i tplane po i nters ,  a l ter ing t h e  c o l o u r  val u e s  i n  t h e  
h a r d ware c o l o u r  r e g i s t e r s  o r  u s i ng t h e  b l i tt e r  t o  carry o u t  h i gh
s p e e d  grap h i c s  o pe rat i o n s .  T h e  c o p p e r  can eve n affe c t  externa l  
m e m o ry b y  i s s u i n g a CPU i n t e r r u p t .  There  a r e  s o m e  e x c e l l e n t  
d i s p l ay t r i c ks w h i c h  can b e  d o n e  b y  p rogra m m i n g  t h i s  c h i p  b u t  
t h e s e  fall  f i rmly i nto the d o main  o f  Am iga syst e m s  programmi ng 
and are not  su i tab le  mate r ia l  for an i ntroducto ry assembly langu age 
b o o k. 

An Admission of Gui lt 

T h e  o v e r v i e w  y o u 've j u s t  read has b e e n  made d e l i b e rate l y  easy 
go i ng .  Many th i ngs w h i c h  perhaps  c o u l d  have been  me n t i o n e d  have 
b e e n  l e ft o u t .  W h y? It is b e c au s e  t o  me n t i o n  t h e m  w o u l d  h av e  
m e a n t  t h a t  I wou l d  have to have exp la i ned t h e m  and t h a t  wou l d  
have tu rned a hop e fu l ly easi ly u n derstood gene ral ove rv iew i nt o  a 
m o r e  d e t a i l e d ,  b u t  fa r m o r e  d i sj o i n t e d ,  a c c o u n t .  S u b s e q u e n t  
c h a p t e r s  w i l l  n o w  d e a l  w i t h  a n u m b e r  o f  6 8 0 0 0  s y s t e m  
p ro gramm i ng i s sues  i n  more deta i l  b u t  I a m  h o p i n g  that  n o w  the  
gen e ral Am iga system framework has  been  out l i n e d ,  at  l east s o m e  
o f  t h e  t o p i c s  w i l l  b e  l e s s  t rauma t i c  fo r the  n e w c o m e r  t han t h ey 
might otherwise have b e e n .  
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The Amiga 

System 

I nclude 

Fi les 

T h e  A m i g a h a s  a l a r g e  
c o l l e c t i o n  o f  s y s t e m  i n c l u d e  
(header)  fi l e s  avai l ab le .  I n  fact  
two d i s t inc t  vers ions  o f  t h e s e  
f i l e s  e x i s t ,  o n e  s e t  f o r C 
p r o g r a m m e r s  a n d  t h e o t h e r  
s e t  f o r a s s e m b l y  l a n g u a g e  
p r o g r a m m e r s .  T h e  f i l e  s e t  
w h i c h  a s s e m b l y  l a n g u a g e  
p rogrammers u s e  have a . i  ( i  
fo r i nc l u de )  n ame c onve n t i o n  
whe reas t h e  c o r re s p o n d i n g  C 
l anguage equiva lents  u s e  . h  (h  
f o r  h e a d e r) s u ff ix  f i l e na m e s .  
Essent ia l ly  t h e  mater ia l  w h i c h  
t h e y  c o n tai n s e rv e s  i d e n t i c a l  
p u r p o s e s  b u t ,  b e c a u s e  o f  t h e  
d i ffe r e n c e s  betwe e n  l o w- l ev e l  
6 8 K  a s s e mb l e r  a n d  t h e  h i g h 
l e v e  l C l a n g u a g e , t h e r e a r e  
e qu ival e n t  d i ffe r e n c e s  i n  t h e  
w a y  va r i o u s  d e f i n i t i o n s  a r e  
c reate d .  This  b o o k  i s  devoted 
t o  assembly language so  I ' l l  be  
t a l k i n g  a l m o s t  e x c l u s i v e l y  
abo u t  the  . i  i n c l u d e  fi l e s .  Bear 
in m i n d  that w h e n  I m e n t i o n  
a n  i n c l u d e  f i l e  s u c h  a s  
exec/memory. i  t hat  t h e re i s  a 
c o r r e s p o n d i n g  f i l e  e x e c /  
memory .h  ava i l a b l e  fo r t h o s e  
working i n  C .  

S o ,  w h a t  d o  t h e s e f i l e s  
c o n ta i n?  B a s i c a l ly  t h o u sa n d s  
o f  p r e d e f i n e d  c o n s t a n t s ,  
temp late d e fi n i t ions  for  th i ngs 
l i ke screens  and wind ows, and 
m a c r o s  a l l  d e s i g n e d  to make 
l i f e e a s i e r  f o r  y o u  t h e  
p rogrammer .  That  s a i d ,  t h e y  
o n l y  make  l i fe e a s i e r  i f  y o u  
u n d e r s t a n d  t h e m  a n d  a r e  
fam i l iar  e n ough wi th  t h e m  t o  
u s e  them e ffect ively.  

1111 
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An Example System Include File 

The best way to  l earn how to  get  the maxi mu m b e n e fi t  from the 
Amiga i n c l u d e  fi l e s  i s  to  look at them,  use t h e m, a n d  t h i n k  abou t 
t h e m  - s l owly b u t  s u r e l y  you wi l l  l earn to  f ind  y o u r  way a rou n d  
t h e m  and ,  with  pract ice ,  learn to  u s e  t h e m  i n  t h e  way Commodore 
i n t e n d e d .  I f  y o u  a r e  n e w  to a s s e m b l e r  y o u  h av e  a g o l d e n  
o p p o r tu n i ty t o  s t u dy t h e m  i n  d e t a i l .  M a ke t h e  m o s t  o f  t h i s  
o p p o rtu n i ty,  t h e  e ffort  which  has gone in to  t h e m  i s  c o n s i d e rabl e  
a n d ,  a l o n g  w i t h  e x a m p l e s  f r o m  t h e  w o r l d  o f  U n i x  a n d  t h e  
mai n frame, these  Amiga system i n c l u d e  fi l e s  are amongst  t h e  best  
ever  written!  

P u r e l y  from the p o i n t  o f  view o f  s pace  i t  is  not pract ica l  t o  l i s t  
every Amiga system fi l e .  N everth e l e s s  an examp l e  o f  a . i  i n c l u d e  fi l e  
i s  g o i n g  t o  b e  g i v e n  i n  o r d e r  t o  p r o v i d e  a r e fe r e n c e  p o i n t  fo r 
subsequent  d i s c u s s i o n s .  The fol lowing fi l e ,  which  i s  t h e  1 . 3 re lease 
i n t u i t i o n / s c r e e n s . i  s y s t e m s  f i l e ,  i s  r e p r i n t e d  c o u r t e s y o f  
Commodore-Amiga I n c :  

I F N D  I NTUITION_SCREENS_I 

I NTUITION_SCREENS_I SET 1 

* *  

* *  $Filename : intuitio n / s c reens . i  $ 

* *  $Releas e :  1 . 3 $ 

* *  

* *  

* *  

* *  ( C )  Copyright 1 987 , 1 988 Commodo r e - Amig a ,  Inc . 

* *  

* *  

All Rights Reserved 

IFND EXEC TYPES I - -

INCLUDE " exec/ types . i " 

E NDC 

IFND  GRAPH ICS GFX I 

I NCLUDE " g raph i c s / gfx . i "  

E NDC 

IFND  GRAPHICS CLIP I - -

I NCLUDE " g raphics / clip . i "  

ENDC 

IFND  GRAPHICS VIEW I - -

I NCLUDE " g raphics/ view . i "  



The Amlga System Include Flies 

ENDC 

IFND GRAPHICS RASTPORT I - -

I NCLUDE " graphics / rastport . i " 

E N DC 

I F N D  GRAPHICS_LAYERS_I 

INCLUDE " g raphics / layers . i " 

ENDC 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

===Screen = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

STRUCTURE Screen , O  

APTR s c_Nex tScreen 

APTR S C  FirstWindow 

WOR D  sc_LeftEdge 

WORD sc_TopEdge 

WORD S C  Width 

WOR D  sc_H eight 

WORD sc  MouseY 

WORD sc  MouseX 

WORD sc_Flags 

APTR S C  Title 

APTR s c  Defau ltTi tle 

linked list of screens 

linked list Screen ' s  Windows 

parameters of the screen 

pa rameters of the  screen 

n u ll - terminated Title text 

for Windows without ScreenTitle 

position relative to  upper - left 

position relative to  upper - left 

s ee definitions below 

; Bar sizes for this Sc reen and all Window ' s  in this Screen 

BYTE sc_BarHeight 

BYTE S C  BarVBorder 

BYTE S C  BarHBorder 

BYTE S C  MenuVBorder 

BYTE S C  MenuHBorder 

BYTE sc_WBorTop 

BYTE S C  WBorLef t 

BYTE sc_WBorRight 

BYTE S C  WBorBottom 

BYTE sc_KludgeFillOO ; This is strictly for word - alignment 

; the d isplay data structures for this Screen 

APTR sc Font this screen ' s  default 
font 

STRUCT sc_ViewPort , v p_SIZEOF desc ribing the Screen ' s 
dis play 
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STRUCT s c_RastPort , rp_SIZEOF 

STRUCT s c_BitMa p , bm_SIZEOF 

STRUCT s c_Layeri nfo , li_SIZEOF 

describing Screen 
ren dering 

auxiliary g raphexcess 
baggage 

each screen gets a 
Layer Info 

You supply a lin k ed - list of Gadgets for your Sc reen . 

This list DOES NOT inc lude system Gadgets . You get the  
s tandard system Sc reen Gadgets by d efault 

APTR s c_FirstGadget 

BYTE s c_DetailPen ; for ba r / border / g adget rendering 

BYTE sc  BlockPen ; for ba r / bord e r / g adget rendering 

; the following variable ( s )  are maintained by I ntuition 
; to support the DisplayBeep ( )  color flashing technique 

WORD s c  SaveColorO 

; This layer is for the Sc reen and Menu bars 

APTR s c_BarLayer was " BarLayer "  

APTR S C  ExtData 

APTR s c  Us erData general- pu rpose pointer to User data 

LABE L  s c  S IZEOF 

- - F LAGS SET BY I NTUITION - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

The SCREENTYPE bits are reserved for desc ribing v arious 
S c reen type av ailable under I n tuition . 

SCREENTYPE EQU $000F ; all  the screens types available 

; - - the definitions for the Screen Type - - - - - - - - - - - - - - - - - - - - - - - -

WBENCHSCREEN EQU $0001 Ta Da ! The Wo rkbench  

CUSTOMSCREEN EQU  $000F for that special loo k 

SHOWTITLE EQU $00 1 0  

BEE P I NG EQU $0020 

CUSTOMBITMAP EQU $0040 

SCREENBEHIND  EQU $0080 

SCREENQUIET EQU  $01 00 

STDSCREENHE IGHT EQU . 1 

this gets set by a c a ll to 
ShowTi tle ( )  

set when Screen is beeping 

if you are su pplying your own 
BitMap 

if you want your screen to open 
behind a lready open screens 

if you do  not want I ntuition to 
render into your sc reen 
( gadgets , tit l e )  

supply in NewScreen . Height 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

= = =  NewSc reen = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
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= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

STRUCTURE  NewSc reen , O  

WORD ns_LeftEdge 

WORD ns_TopEdge 

WORD ns Width  

WORD ns_Height 

WORD n s_Depth 

BYTE ns DetailPen 

BYTE ns  BlockPen 

WORD ns  ViewModes 

WORD ns_Type 

APTR n s  Font 

initial Screen d imension s 

initial Screen d imensions 

initial Screen d imensions 

initial Screen d imensions 

initial Screen dimensions 

defau lt rende ring pens ( fo r  
Windows too ) 

default rendering  pens ( fo r  
Windows too ) 

display " modes " for this  Sc reen 

Intuition Screen Type specifier 

d efault font for Screen and 
Windows 

APTR ns Defau ltTitle  Title when  Window doesn ' t  care  

APTR n s_Gadgets  Your  own initial  Sc reen Gadgets  

if  you  are opening a CUSTOMSCREEN and a lready have a 
BitMap that you want used for  your Sc reen , you set the 
flags CUSTOMBITMAP in the Types v ariable and you set 
this variable to point to your BitMap structu r e . The 
s tructure will be copied into your Sc reen s t ru cture , 
after which you may d isc ard your own BitMap if you want 

APTR n s_Cus tomBitMap 

LAB E L  ns  SIZEOF 

ENDC ; INTUITION_SCREENS_I 

You ' l l  not i ce  that the i n t u i t i o n/scre e n s . i  fi l e  s tarts by c o n d i t io na l ly  
i n c l u d i ng a number  o f  o ther  fi l e s .  The exe c/type s . i  fi l e  for  i n s tance 
p r ov i d e s  C l a nguage type d e fi n i t i o n s  of  a n u m b e r  o f  s t a n d a r d  
v a r i a b l e  t y p e s ,  s u c h  a s  W O R D ,  APTR a n d  s o  o n .  T h e s e  a r e  n o t  
t y p e d e f  s t y l e  d e f i n i t i o n s  a s  s u c h  - t h e y  a r e  b a s e d  o n  m a c r o  
d e f i n i t i o n s  wh i c h  a r e  a s  n e a r a s  t h e  6 8 00 0  a s s e m b l y  l a n g u age 
p r o g r a m m e r  c a n  g e t .  S T R U C T U R E  i s  a n o t h e r  m a c r o  t h a t  i s  
i m p o rtant because  i t  provi d e s  t h e  68000 c o d e r  wi th  h i gh- l e v e l  C 
type data structure fa c i l i t i e s .  The u s e o f  t h e s e  and o t h e r  i mp ortant 
system macros w i l l  be dealt  with i n  the  next chapter .  

A nu mber o f  EQUate styl e d e fi n i t i o n s  are a lso  pre s e n t  b u t  t h e  b u l k  
o f  t h e  fi l e  i nc l u d e s  two data structure d e fi n i t i o n s  k n o w n  as a Screen 
and N e wScre e n . To apprec iate  the s i gni fi cance o f  these  structures  
i t 's  n e c e ssary to  know a l i t t l e  about what  t h ey re pre s e n t .  
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Scree n  def in i t ion ,  i n  the  I ntu i t ion  sense ,  i s  ac hieved by sett ing u p  a 
complex d ata b l o c k  known as a Screen structure .  A q u i c k  l o o k  at t h e  
fie l d  d e fi n i t ions  given i n  t h e  RKM manual s o r  you r compi ler  i n c l u d e  
fi l e s  wi l l  convi nce  you t h a t  b u i l d i n g  s u c h  screen  structures  fro m 
scratc h i s  far fro m  easy. Displ ay memo ry has to b e  a l locat e d ,  a n d  a 
g r e a t  many a s s o c i a t e d  s t ru c t u re s  have a l s o  t o  b e  c r e a te d a n d  
i n i t i a l i s e d .  F o r t u n a t e l y  y o u  w i l l  n e v e r  have t o  d o  t h i s  b e c a u s e  
I n t u i t i o n  i ts e l f  c a n  h a n d l e  m o s t  o f  t h e  s e tt i n g- u p  p r o c e d u re s  
auto matical ly. 

To o p e n  a c u st o m  s c r e e n  a l l  y o u  t h e  p r o gram m e r  has  t o  d o  i s  
def ine  the  basic  c haracter ist ics  o f  t h e  screen y o u  requ ire .  Th i s  i s  
d o n e  b y  i n it ia l i s i ng a mu c h  s ma l l e r  structure  cal l e d  a NewSc r e e n  
structu re.  O n c e  t h e s e  N ewScreen d etai l s  are d e fi n e d  i t  i s  p o s s i b l e  t o  
u s e  a n  I nt u i t i o n  ro u ti n e  c a l l e d  Ope nScreen( ) .  Th is  fu n c ti o n  takes 
the  parame ters provid e d  in the  N e wSc reen stru cture ,  b u i l d s  t h e  real 
I ntu i t ion  Scre e n  structure needed  to descr ibe the d isp lay, and t h e n  
retur n s  a po inter  to t h e  structure i t  h a s  pre pared .  A s  u sual  i f  th i ngs 
go wrong you' l l  get a N ULL-pointer returned whi c h  is, of  course ,  t h e  
syste m's way o f  t e l l i ng you that the OpenScreen()  re quest  fai l ed !  

Y o u ' l l  see  fro m the  e xa m p l e  i n c l u d e  fi l e  t h a t ,  t o  the  a s s e m b l y  
language programmer,  a N ewScreen stru cture looks l i ke t h i s :  

STRUCTURE NewScreen , O  

WORD ns_LeftEdge initial Screen d imensions 

WORD ns_TopEdge  initial Screen d imensions 

WORD ns  Width initial Screen d imensions 

WORD ns_Height initial Screen d imensions 

WORD ns_Depth initial Screen d imensions 

BYTE ns DetailPen d efault rend ering pens ( for 
Windows too ) 

BYTE ns_BlockPen d efault rend ering pens ( for 
Windows too ) 

WORD ns_ViewModes display "modes " for this Sc reen 

WORD ns_Type Intuition Sc reen Type specifier 

APTR ns_Font default font for Screen and 
Windows 

APTR ns Defau ltTitle Title when Window doesn ' t  care 

APTR ns_Gadgets Your own initial Sc reen Gadget s  

APTR ns_CustomBitMap 

LABEL ns_SIZEOF 
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From the p ract ical  v i e wp o i nt the th ing that i s  most i mp o rtant t o  the 
p ro grammer worki ng at the I ntu i t i o n  leve l  is  an u nd e rs ta n d i ng of  
t h e  f i e l d s  p r e s e n t  i n  t h e  N e w S c r e e n  s t r u c t u r e .  F o r  t h e  m o s t  
c o m p re h e n s ive  d e ta i l s  o f  s c r e e n  u s e ,  a n d  a l l  t h e  o t h e r  I n t u i t i o n  
objects ,  y o u  n e e d  to have access  to t h e  o ffi c ia l  R K M  manuals .  H e re 
however are a fe w deta i l s  o f  the i n fo rmat i o n  h e l d  i n  the NewScreen 
stru cture .  

ns_LeftEdge 

The f i e l d  re presents  the x pos i t ion  o f  the screen as i t  o p e n s .  It i s  
p rov i d e d  for u pward c o mpati b i l i ty o n ly and s h o u l d  b e  set  to z e ro 
at the  cu rrent t i m e .  

ns_TopEdge 

Th i s  re pre s e nts the y pos i ti o n  o f  the screen as it o p e n s  and s i nce  
most  I ntu i t ion  screens  w i l l  open with the i r  top  edges in  l i n e  with 
the rea l  t o p  edge o f  the  d i s p lay th is  val u e  is  u s u a l l y  al s o  set  to 
zero .  

ns_Width 

Th i s  fi e l d  represents  the width o f  the screen and i s  u sua l ly set  to 
the n o m i na l  valu e s  o f  e i ther  3 2 0  (for a low res  d i s play) or  6 4 0  (for a 
h igh  res  d i s p lay) .  

ns_Height 

T h i s  d e fi n e s  the he ight of the  screen  i n  scanl i ne s .  N o n - i nter laced 
PAL d i sp lays commonly u s e  a valu e  2 5 6  ( 2 00 for e qu ivalent NTSC 
d i sp l ays) .  

ns_Depth 

Th i s  f i e l d  i de n t i f i e s  the  n u mbe r o f  b i tp l a n e s  b e i n g  u s e d  fo r t h e  
screen .  

ns_DetailPen 

T h i s  i de n t i fi e s  the c o l o u r  regi ster to be used  fo r deta i l s  s u c h  as the 
scre e n  t i t le .  

ns_BlockPen 

T h i s  i s  another  c o l o u r  regi ster  number  w h i c h  t h i s  t i me i d e n t i fi e s  
the c o l o u r  register  w h i c h  wi l l  b e  u sed fo r area fi l l s .  

ns_ ViewModes 

A n u mber of flags are d e fi ned i n  the system headers  wh i c h  a l l o w  
certa i n  d i s p lay attr ibutes t o  be  set :  

H I RES 

LAC E  

s e l ects h igh-re s o l u t i o n  mode  

s e l ects an i nter laced d i sp lay 
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SPRITES 

D UALPF 

HAM 

set this flag if you wish  to u s e  s p rites 

in t h e o ry t h i s  flag te l l s  the system that  t h e  
s c r e e n  wi l l  b e  u s i n g  two se parate  p l ayfi e l d s  
( p l ay fi e l d  i s  j u s t  a n o t h e r  t e r m  f o r s c r e e n  
background) .  I n  p ractice there are  better  ways 
of creating dua l  p l ayfi e l d  d i s plays.  

this f lag i n fo rms the system that you wish to 
u s e  the hold and modify disp lay m o de . 

EXTRA_HALFB RITE i n f o r m s  s y s t e m  t h a t  a n  e x t r a  b i t p l a n e  f o r  
extra ha lf  b ri te  mode wi l l  be  u s e d .  

ns_Type 

This  fie l d  can be  s e t  u s i n g  a n u mb e r  o f  predefi n e d  flag val u e s :  

C USTOMSCREEN 

SCRE EN B EH I N D  

SCREEN QUI ET 

CUSTOM B ITMAP 

ns_font 

y o u  w i l l  a l w a y s  s e t  t h i s  f l a g  b e c a u s e  a ll 
s c r e e n s  w h i c h  are exp l i c i t l y  o p e n e d  w i l l  b e  
custom scree n s .  

i f  t h i s  flag i s  set  the screen  wi l l  o p e n  be h i n d  
a ny exist ing screens .  I t  i s  somet imes u s e fu l  t o  
d o  th is  so  that any p re l i mi nary screen  d rawing 
o p e rat ions can be h i d d e n  fro m  the  u s e r .  W h e n  
the  s c r e e n  p re parat i o n  i s  c o mp l e te i t  c a n  b e  
b rought to t h e  front o f  the  d i s p lay. 

screens opened  with th is  flag set do not have 
the usual t i t le  bar o r  gadget re n d e ri n g. 

n o r m a l l y  I n t u i t i o n  a l l o c a t e s  a b i t m a p  
stru ctu re and the  ass o ciated b i tp lane  d i s p l ay 
memory.  I f  th is  flag i s  set  you are e ffective ly 
t e l l i ng I n t u i t i o n  not to b o t h e r  to do t h i s .  I n  
o t h e r  words you are i n d icat ing that you w i l l  
s u p p l y  t h e  appro p riate b i tmap structu re a n d  
bitplane memory.  

This  i s  a p o i nter  to a TextAttr stru c ture  used to d e scr ibe the  d e fau l t  
fo n t  f o r  the  s c r e e n .  S e t  i t  t o  N U LL i f  y o u  wish  to u s e  t h e  fo n t  
spec i fied  i n  the Pre ferences  sett ings.  

ns_DefaultTitle 

This  is a p o i n t e r  to a N U LL termi nate d screen  t i t l e  s t r i n g. Set t o  
N ULL i f  a t it le  i s  n ot required .  

ns_Gadgets 

T h i s  fi e l d ,  w h i c h  w i l l  be t h e  fi rst  i t e m  i n  a l i s t  o f  u s e r - d e fi n e d  
s c r e e n  gadgets ,  i s  u n u s e d  a t  p re s e n t .  I t  i s  p ro v i d e d  fo r fu tu re  
system expans ion  and s h o u l d  cu rrently be set  to N U LL. 
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ns_CustomBitMap 

If you have s e t  t h e  C U STOM B I TMAP flag in the NewScree n .  Type s  
fi e l d  t h e n  y o u  must su pply a po inter  t o  a s u i tably i n i tia l i sed  B i tMap 
s tru cture in  th is  fi e l d .  

Bas ica l ly then  the  NewScreen structure i s  a t e m p late ( a  descr ipt ion )  
o f  a giant b l o c k  o f  data c o ntai n ing i tems re la ted  to the  creat ion  o f  a 
real I ntu i t ion  Screen s tructu re.  I n  o rd e r  t o  u se an I nt u i t i o n  Screen 
you must  create one  o f  these data b l o c ks and ,  hav ing  fi l l e d  i t  with  
s u i t ab l e  d e ta i l s ,  you w i l l  t h e n  b e  a b l e  t o  u s e  t h i s  r e a d y - m a d e  
syst e m  rout ine to carry o u t  t h e  j o b  o f  creat ing t h e  screen .  

Function: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

OpenScreenO 

Open a custom Intuition Screen 

screen __p=OpenScreen(new _ screen__p); 

DO AO 

new_screen__p - pointer to initialised NewScreen structure 

screen__p - pointer to an Intuition Screen structure. If the screen could 
not be opened a NULL pointer is returned. 

C u s t o m  screens ,  which  are what the s c re e n s  which  we have been  
d i s c u s s i ng are  ca l l ed  in  t h e  o ffi c i al system l i t e rature ,  have  t o  be  
expl i c i tly c losed b e fo re the p rogram terminate s and a C l o seScree n()  
cal l i s  avai lable  fo r this  purpose .  

Function: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Close ScreenO 

Close an Intuition Screen 

C!oseScreen(screen__p) ; 

AO 

screen__p - pointer to an existing Screen structure 

None 

I t  s h o u l d  be  apparent  fro m t h e  above d i s c u s s i o n  t ha t  a n  A m i ga 
p ro g r a m m e r  i s  p r o v i d e d  wi t h  a n  i m m e n s e  a m o u n t  o f  s y s t e m  
s u p p o rt .  Equa l ly  app are n t  s h o u l d  be  t h e  fac t  t ha t  i t  i s  v i r t u a l l y  
imposs ib le  to program the Amiga w i t h o u t  having a c c e s s  t o  d etai l s  
o f  t h e  l i brary fu nct i o n s ,  flag d e fin i t ions ,  s t ructu re temp lates a n d  s o  
o n ,  that  t h e  Am iga p rogrammer i s  expected to u s e .  This  b e i ng s o ,  
i t 's  t i me that s o me v e ry i m portant bo o ks were ment ioned .  

The Official Documentation 

Throughout  th is  book  you' l l  fi nd re ferences  to the Ad d i s o n  W e s l ey 
A m i g a  T e c h n i c a l  re fe r e n c e  m a n u a l s .  W h y? I t  i s  b e c a u s e  t h e y 
c o n s t i tu te t h e  officia l Amiga p r o g ra m m i n g  d o c u m e n ta t i o n  a n d ,  
whet h e r  you 've o b ta ined them yet o r  n o t ,  i t  i s  worthwh i l e  knowing 
a b i t  about their  co ntents .  The manua l s  have re cent ly  been u pdated 



Masteri119 Ami9a Assembler 

t o  i n c l u d e  a d d i t i o na l  mater ia l  re l evant  t o  Wo rkbe n c h  2 a n d  t h e  
fo l l o wi n g  n o t e s  wi l l  give y o u  a s u m mary-s ty le  r u n d o w n  o n  w hat 
you can expect  to fi nd in the cu rrent  vers ions .  

Amiga R O M  Kernel Reference Manual - Includes & Autodocs 

This  vo lu me ,  as the  n ame sugge sts ,  c o n ta i n s  detai l s  o f  a l l  o f  t h e  
A m i g a ' s  I n c l u d e  f i l e s  a n d  fu n c t i o n  a u t o d o c s .  I t  a l s o  h o w e v e r  
contains a host  o f  other  u s e fu l  i tems.  

The f i rst  sect ion provides the l ibrary su mmaries and i t  must  be sa id  
at t h e  o u ts e t  that  t h i s  material  i s  e s s e n t ial  for  t h e  ser ious  Amiga 
u se r .  Why? I t 's  be cau se  i t  c o nta ins  d e ta i l s  and u s e  instruct ions  for  
eve ry rout ine  i n  every l ibrary. Funct ion d e s c ript io n s  are o rgan i s e d  
a l p h a b e t i c a l l y ,  l i b r a ry b y  l i b r a ry a n d  b e c a u s e  a n  a l p ha b e t i c a l  
fu n c t i o n  i n d ex i s  a l so  p rovi ded i t  i s  easy t o  f ind y o u r  way a r o u n d .  

F o l l o wi n g  t h e  fu n c t i o n  d e ta i l s  c o m e s  t h e  d e v i c e s  s e c t i o n  w h i c h  
c o n tains  st raight  su mmaries o f  t h e  device  cal l s  etc .  T h i s  i s  fo l l o we d  
by the  d i s k/c ia/potgo and misce l laneous  resou rce s u m maries  after 
wh i c h  comes the very h e fty C and assembly language include fi l e  
l i st i ngs.  T h i s  vo l u m e ,  i n c i d e n ta l l y ,  a l so  i n c l u d e s  t h e  s ou rc e  c o d e  
for a samp le  l ibrary. 

P lenty of other  reference  charts are provi ded which give d etai l s  o f  
the  Amiga l i b rar i e s  and the i r fu nct ion  offsets ,  assembly language 
i n c l u d e  fi l e  structure p r e fi x e s ,  a n d  s t r u c t u r e o f fs e t  r e fe r e n c e  
d e ta i l s .  T h e r e  i s  a l s o  a hardware regi s t e r  map a n d  a C l a n gu age 
i n c l u d e  fi l e  c ro s s-reference tab le .  

Amiga ROM Kernel Reference Manual - Libraries 

T h i s  v o l u m e d e a l s  w i t h  I n t u i t i o n  ( t h e  A m i g a ' s  h i g h  l e v e l  
p rogram m i n g  i n t e rfac e )  and c o v e r  t h e  u s e  o f  s c r e e n s ,  w i n d o w s ,  
gad gets ,  menu s e t c ,  fro m the  p r ogrammers v i e wp o i n t .  T h e r e  a r e  
p l e nty o f  exa m p l e s  (mai n l y  i n  C )  t o  h e l p  t h e  n e w c o m e r  a n d  t h e  
material  i s ,  in genera l ,  re lat ive ly  straightfo rward to u n d e rstand - s o  
t h e  r e a d e r  h a s  a m o d e r a t e l y  e a s y i n t r o d u c t i o n  t o  w h a t  i s  
u ndoubted ly  a most complex compu te r  system. 

H i d d e n  b e n e a t h  the A m i g a ' s  I n t u i t i o n  i n t e r fa c e  l i e  s o m e  v e ry 
c o m p l ex s o ftware c o m p o n e nt s .  One  s u c h  c o m p o n e n t  w h i c h  b o t h  
merits ,  a n d  ge t s ,  spec ial atte nt ion  i s  t h e  mul ti-taski ng Exec syst e m. 
T o p i c s  c o v e r e d  i n c l u d e  t h e  u s e o f  E x e c  f u n c t i o n s ,  l i b r a r y  
o r g a n i s a t i o n ,  m e s s a g e  p a s s i n g ,  i n t e r r u p t s ,  a n d  E x e c ' s  I / O  
tec hn iques .  These are d eal t  with i n  detai l  and be cau se t hey requ i re 
a grasp o f  s o me d i ffi c u l t  con cepts th is  s tuff i s  hard work even for 
experi e nced programmers .  

This  i s  a l so  the vo l u me where you can get author i tat ive d etai l s  of  
t h e  A m i g a ' s  s u p e r b g r a p h i c s  fa c i l i t i e s .  As w e l l  as g e n e r a l  
i n t r o d u c t i o n s  you ' l l  f i n d  a c c o u n t s  o f  s u c h  t h i ngs a s  t h e  Amiga's 
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d i s p l ay m o d e s ,  i mage fo rmat i o n ,  v i e wport  creat i o n  e t c ,  a n d  v e ry 
d e t a i l e d  a c c o u n t s  o f  s p r i t e  hand l i n g ,  B o b s ,  a n d  t h e  u s e o f  t h e  
syste m 's a n i ma t i o n  fac i l i t i e s .  

Amiga R O M  Kernel Reference Manual - Devices 

Th i s  manual  prov ides  se parate chapters  to each of t h e  a l l - i mpo rtant 
Am iga d e v i c e s ,  namely  t h e  a u d i o ,  c l i p b o a rd , c o n s o l e ,  ga m e p o r t ,  
i n pu t ,  keyboard , na rrato r ,  paral l e l ,  p r i nter ,  S C S I ,  s e r i a l ,  t i m e r  a n d  
t r a c k d i s k  d e v i c e s .  T h e r e ' s  a c h a p t e r  o n  t h e  l o w - l e v e l  h a r d wa r e  
c o n t r o l  fu n c t i o n s  and o n  the  the  Inte rchange F i l e  F ormat ( IFF ) .  T h e  
I F F  m a t e r i a l  p r ov i d e s  u s e fu l  i n t ro d u c t o ry n o t e s ,  t h e  EA I F F  8 5  
d o c u m e n t ,  and t h e  d e ta i l s  o f  F o r m  s p e c i fi c a t i o n s .  T h e  grap h i c s ,  
m u s i c/sou nd-samp l i ng,  and a l l  t h e  other  I F F  areas are w e l l  covered  
as are many t h i r d  party regi s tered  Form d e fi n i ti o n s .  T h e re i s  a good 
s e l e c t i o n  o f  c o d e  e xa m p l e s  t o g e t h e r  wi th  a r e as o na b l e  l e v e l  o f  
t u t o r ia l  sty l e h e l p .  

Amiga Hardware Reference Manual 

Afte r a b r i e f  i n tro d u c t i o n  t h i s  vo lume d i v e s  s traight i n  w i t h  a l o o k  
at  t h e  A m i ga's co -pro c e s s o r  u n i t ,  i t s  i n s t ru c t i on s e t ,  and i ts u s e .  
Th i s  se ts  t h e  s c e n e  fo r a d i s c u s s i o n  o f  t h e  p layfi e l d  hardware and 
i ts  re lat i o n s h i p  to  the  Amiga's d i splay fac i l i t i e s .  The Amiga's s pr i te  
hard ware , aud i o  hardware , and the now famous blitter ch ip  a l l  g e t  a 
s i mi l ar d etai l e d  treatment  with the last two chapters b e i n g  u se d  to 
d e s c r i b e  t h e  remai n i ng aspects  o f  the Am iga's syst e m  c o n t r o l  and 
i n t e r face  hardware .  

I f  y o u  l i ke (or  need)  to get your  han ds  d i rty, i e  have to  u nd e rs tand 
and p rogram the Amiga at a low l eve l ,  o r  i f  you wa nt to u nd erstand 
h o w  to  ac h i eve th i ngs l i ke ver t i ca l  and hor iz o n tal  smooth  scro l l i ng,  
t h e n  the hardware man ual is  the  place to look. 

Amiga U ser Style Interface Guide 

Th i s  v o l u m e ,  as t h e  t i t l e  s u gge s t s ,  i s  more  a b o u t  u s e r  i n t e r fac e 
i s s u e s  than c o d i n g .  The vo lume prov i d e s  bas i c  adv i c e  o n  I n tu i t i o n  
s t y l e  a n d  c o n s i s t e n cy toge t h e r  w i th n o t e s  o n  W o r kb e n c h ,  S h e l l ,  
AR EXX , t h e  c l i pboard I F F  data shar ing scheme and re lated i s s u e s .  

Y o u ' l l  f i n d  a d d i t i o n a l  d e t a i l s  o f  t h e s e  a n d  a n u m b e r  o f  o t h e r  
i mp o rtan t Am i ga reference books i n  the  b i b l i ography.  
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9: 
Macro 

Programming 

and its 

Benefits 

W i t h  a s s e mb ly l a ng u ag e s ,  a s  
w i t h  a n y  o t h e r  c o m p u t e r  
languages ,  you frequ ent ly fi n d  
t h a t s i m i l a r s e q u e n c e s  o f  
i n stru ct ions  c ro p  u p  agai n and 
a ga i n .  N o w w i t h  s e q u e n c e s  
t hat are ide nt ical  o n e  s o l u t i o n  
i s  o f  c o u r s e  t o  w r i t e t h e  
i n s t r u c t i o n s  a s  a s u b r o u t i n e  
r a t h e r  t h a n  w a s t e  s p a c e  b y  
havi ng t h e  s a m e  i n s t r u c t i o n s  
d u p l i c ate d i n  va r i o u s  p l a c e s  
t h r o u g h o u t  t h e  program. The  
s u b r o u t i n e  approach r e d u c e s  
p r o g r a m  s i z e  a n d  h a s  a 
n u mb e r  o f  b e n e fi t s  a s  far  a s  
p r o g r a m  s t r u c t u r e  i s  
c o n c e r ne d  b u t  t h e re are s ti l l  
t i m e s  w h e n  i n s e r t i n g  
d u p l i cate  s e c t i o n s  o f  c o d e  i s  
necessary, e g  t o  e l i m i nate the 
t ime in c al l i ng the subrout ine .  
O f t e n  s u b r o u t i n e s  a r e  
i na p p ro pr iate  s i mply  because  
t h e  v a r i o u s  s e q u e n c e s  o f  
i n s tru c t i o n s  a r e  o n ly s i m i l ar 
and not  c o mp l ete ly i d ent ica l .  

M a c r o s  p r o v i d e  a p o w e r fu l  
s o l u t i o n  t o  t h i s  d i l e m m a  
b e c a u s e  t h e y  a l l o w  t h e  
p r o g r a m m e r  t o  a s s i g n  
s y m b o l i c  n a m e s  t o  s e t s  o f  
i n s t ru c t i o n  s e q u e n c e s  a n d ,  
w h e n e v e r t h e  n a m e  i s  
e n c o u n t e r e d ,  t h e  a s s e m b l e r  
a u t o m a t i c a l l y  e x p a n d s  i t  t o  
p r o d u c e  t h e  o r i g i n a l  s e t  o f  
i n s t ru c t i o n s .  T h i s  fa c i l i ty i s  
n o t  re str i c te d  t o  p r e d e f i n e d ,  
a b s o l u t e l y  f ix e d ,  i n s t r u c t i o n  
s e q u e n c e s .  M a c r o s  w h i c h  
c o ntai n parameter place h o l d e r  
m a r k e r s  c a n  b e  c r e a t e d  s o  
that,  whe n the mac ro i s  u s e d ,  
p a r a m e t e r s  p r o v i d e d  w i t h  
e a c h  p a rt i c u l a r  i n s t a n c e  a r e  
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inserte d into  t h e  code  that i s  ge nerate d .  Th is  makes i t  poss ib le  for 
t h e  macro programmer to g e n e rate a var i e ty of c o d e  fragme nts  
from each mac ro d e fi ni t ion .  

M otorola style macro d e fi n i t ions  start with a label  fo l l owed b y  the  
MACRO keyword and end w i t h  t h e  E N D M  keywo r d .  Lowe r c a s e  
macro a n d  e n d m  are a l s o  accepted b u t  t o  m y  m i n d  t h e  u p p e r  c ase 
vers i o ns mark the macro segment more c l early.  T h e  bas ic  macro 
format there fore takes th is  type o f  form:  

my_macro_name MACRO  

<main bo d y  of macro code> 

ENDM 

Parameters are  spec i fi e d  u s ing the  backslash (\) c haracter  fo l l owed 
by any a l phanu mer ic  c haracter and as an example  this  macro c o d e :  

L I BCALL MACRO  

move . !  a6 , - ( sp )  

move . !  \ 2 , a6 

j sr \ 1 ( a6 )  

move . !  ( sp ) + , a6 

ENDM 

wou l d ,  i f  u se d  i n  conj u nct ion  with the  fo l lowing l i ne of  a program: 

L I BCALL _LVODisplayBeep , _Intuit ionBase 

gen e rate th is  sequence of  i n stru ct ions :  

move . !  a6 , - ( sp )  

move . !  _Intuit ionBas e , a6 

j sr _LVODisplayBe ep ( a6 )  

move . !  ( sp ) + , a6 

There  i s  i n c i d e ntal l y  a reserved assemb l e r  symb o l ,  NARG,  wh i c h  
take s a s  i t s  value  t h e  cou nt of  t h e  nu mber o f  parameters pass e d .  
W h e n  u s e d  i n  c o nj u n c ti o n  wi th  t h e  a s s e m b l e r  d i rect ives  I FGT ( i f  
greater  than) and FAI L i t  becomes poss ib le  to add parameter  c o u n t  
error checking to a macro. The above example  cou l d  fo r i nstance b e  
written a s :  

L I BCALL MACRO  

I FGT NARG - 2  

FAI L  ; t oo many arg ument s 

ENDC 

move . !  a6 , - ( sp )  



move . I  

j sr 

\ 2 , a6 

\ 1 ( a6 ) 

move . !  ( sp ) + , a6 

ENDM 

Macro Programming and Its Benefits 

T h i s  p ar t i c u l a r  m a c r o ,  wh i c h  I l o o k  at  aga i n  i n  C h a p te r 1 0 , i s  
actually al ready present  i n  the syste m's exec/lib rari e s . i  i n c l u d e  f i le  
( u n d e r  t h e  name L INKL JB )  and i s  u s e d  to  g e n e rate l i b ra ry access  
code .  

Macros  r e s e m b l e  s u b r ou t i n e s  in  the  s e n s e  that  they p ro v i d e  a 
s h o rt h a n d  re fe r e n c e  to  a fre qu e n t l y  u s e d  s e t  o f  i n st r u c t i o n s .  I t  
shou ld  b e  obvio u s  from t h e  above d i scuss ion  h o wever that macros 
are not subrout ines .  The code fo r a subrout ine  wil l  occ u r  o n ly once 
w i t h i n  a p r o g ra m ,  a n d  p r o g r a m  e x e c u t i o n  b r a n c h e s  to t h e  
s u b ro u t i n e .  O n  t h e  o t h e r  h a n d ,  e a c h  t i m e  a mac r o  i s  u s e d  t h e  
assemb l e r  w i l l  i n s ert a c o py o f  t h e  appropriate i n stru c tions  (with 
any parameter-spec i fied  a lterati ons) .  

T h e  a d v a n t a g e s o f  t h e  m a c r o  a r e  n u m e r o u s :  s h o r t e r  s o u r c e  
programs, the abi l ity t o  take advantage o f  p ieces  o f  tr ied and tested 
c o d e ,  e a s i e r  c o d e  c h a n g e s  and so o n .  I n  s h o rt ,  m a c r o s  a l l o w  
a s s e mb ly l a n g u age p ro g r a m m i n g  t o  b e  d o n e  a t  a s i g n i fi c a n t l y  
highe r l eve l  than was p revious ly  poss ib le  and t h e y  a r e  i n  fact a n  
essential part o f  Amiga assembly language p rogramming. 

A great many p re-def ined macros h ave i n  fact been made avai lable  
to the p rogrammer i n  the syste m head e r  fi l es .  I t  i s  not  poss ib le  to 
d i s c u s s a l l  o f  t h e m  b u t  a n u mb e r  of t h e m  are d i s c u s s e d  late r .  
Because o f  its  importan ce i n  some o f  t h e  c o d e  that we'l l l o o k  a t  i n  
later  chapters ,  o n e  syste m  macro d o e s  however  d e s e rve s p e c i a l  
mention.  

The STRUCTURE Macro 

I m e n t i o n e d  i n  C h a p t e r  E i g h t  t h at t h e  A m i ga's  C h e a d e r  f i l e s  
co ntai n ,  amongst  o t h e r  th i ngs ,  a mass  o f  p r e - d e fi n e d  s t r u c t u r e  
d e fi n i t i o n s  w h i c h  re l a te to syste m o bj e c ts s u c h  as  s c r e e n s  a n d  
wind ows a n d  that t h e  a s s e mbly l a ngu age . i  i n c l u d e  f i l e s  c o ntai n  
s imilar structure d e fin i t ions .  

Now 68000 assembly language c ertai n l y  doesn 't support the  u s e  of  
C style structures d irectly,  but a macro has  b e e n  deve l oped wh i c h  
l e t s  t h e  a s s e m b l y  langu age programmer w o r k  with  t h e  n ext best  
thi ng. I t  i s  ca l led STRUCTURE and i t  i s ,  arguably, o n e  o f  the most 
i m p o r t a n t  sys te m mac r o s  ava i l ab l e .  On t h e  A m i ga i t s  u s e  wi l l  
flavour a lmost a l l  the asse mbly l a nguage c o d e  you write making i t  
c leaner ,  more c o mprehens ib le ,  a n d  easi e r  t o  maintai n .  
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F i rst ly h oweve r a b i t  o f  C c o d e  fo r compar i s o n .  S u p p o s e  we we re 
d e fi n i n g  a C s t ru ctu re ca l l e d  C o l o u rRange w h i c h  s to r e d  d e ta i l s  
about  m i n i m u m  a n d  max i m u m  c o l o u r  va l u e s ,  a f lag t o  i n d i c a t e  
whether  v a l u e s  were i ncrea s i n g  o r  d e c reas i ng, the  amou n t  o f  t h e  
i n c reas e ,  a n d  the  current  RGB valu e s .  U s i ng C w e  might d e c i d e  t o  
use  someth ing l i ke t h i s :  

s t r u c t  { 
U BYTE M i n im um ; 

UBYTE M ax im um ; 

U BYTE U pD ownFlag ; 

U BYTE Ad j u stment ; 

U LONG R e d ; 

U LONG Green ; 

U LONG B lu e ; 

} C o lou r R a n g e ; 

What the i n c l u d e  fi l e 's STRUCTURE macro a l l ows u s  t o  d o  i s  t o  wr i te  
s i m i l ar d e fi n i t i o n s  in  a s s e m b l e r .  H e re ' s  the  a b o v e  C o l o u r R a n ge 
STRUCTU RE equ iva lent :  

STRUCTU R E C o lo u r R an g e , O  

UBYTE M i n imum 

UBYTE 

UBYTE 

UBYTE 

U LONG 

M ax imum 

U p  Down Flag  

Ad j u stment 

R e d  

U LONG Green  

U LONG B l u e  

LAB E L  Co l o u r R a n g e_S IZ EOF 

The val ues  U BYTE and ULONG are  themse lves  mac ros  which  have 
be en d e s i g n e d  to cal  cu late the s i z e s  of C var iab le  ty p e s .  U B YT E  
(u nsigned byte) fo r example actual ly equates to t h e  va lue  1 .  

STRU CTURE t h e n ,  i s  a mac ro t hat  c a l c u l a t e s  t h e  o f fs e t s  for  t h e  
member labe l s  which  you've u s e d  i n  your d e f i n i t i o n .  I n  t h e  above 
example the resu l t  wo u l d  be these o ffsets .  M i n i m u m  w o u l d  e qu ate 
to 0, Maximum to 1 ,  UpDown Flag to 2,  Adj u stment  to 3,  Red t o  4,  
Green to 8 and B l u e  to 1 2 . The d e f i n i t i o n  i n c l u d e s  a p re l i m i nary 
offset  and a fu rther  terminal mac ro ca l led  LAB EL w h i c h  is n o rmal ly  
u s ed to generate a S I Z EOF lab e l .  The benef i t  o f  ge n e ra t i n g  a s i z e  
value  i s  that i t  b e c o m e s  pos s i b l e  t o  reserve s pace f o r  o n e  t y p e  o f  
structu re with i n  another  stru ctu re defi n i t i o n .  
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T h e  i n c l u d e  f i l e s ,  as m e n t i o n e d  a b o v e , p r o v i d e  mac r o s  w h i c h  
c a l c u l ate  t h e  s i z e s  o f  a l l  t h e  u s u al  C ty p e s ,  BYTE,  U BYTE ,  BOOL,  
WORD,  LONG e t c ,  s o  the  n e t  effe ct  i s  that i f, fo r exampl e ,  you use  
ULONG in  the  STRUCTURE d e fi n i t i o n ,  t h e  mac ro w i l l  arrange t o  add 
4 (becau se  a ULONG variab l e  i s  4 bytes l o ng) to  t h e  o ffse t  counter  
aft e r  t h e  c u rrent  ass ignment  has  been  made.  

The b e n e fi ts? Fi rst ly ,  the  c o d e  i s  a lot  more  readab l e .  Secondly ,  i f  at  
some s tage you make changes to  the d e fi ne d  s t ructure  you d o n't  
have t o  worry about  the  offs ets in your exi s t i ng c o d e  - becau se  the 
macro ca lcu lates t h e  new d i sp lacements  for you.  Th i rd ly  i t  lets you 
work,  as far  as the  structures  go , wi th  a lmost  h igh leve l  language 
ea s e .  T h e  b e s t  way to i l l u s t r a t e  t h e  a d v a n t a g e s  o f  t h i s  m a c r o  
approach i s  to  give you a syste m o r i e n tated examp l e  a n d  the  o n e  
I 've chosen  c o n c e r n s  an I ntu i t i o n  co m mu nicat ions  fac i l i ty .  

The I ntuition Message System 

If you had to  cope wi th  everyth ing  that In tu i t i o n  t o o k  an i nterest  i n  
you , a s  a p rogrammer ,  wou l d  have your  work c u t  o u t .  F o rtu nately 
p rograms can be s e l e c t i ve abo u t  the type of events  t h ey wish to  
rece ive .  I f, fo r i nstance ,  a program n e e d s  to  know when d i s ks are 
i n s e rted  or removed it asks I n t u i t i o n  to  s e n d  it a me s sage about  
these  eve nts  as ,  and when ,  they o c c u r . I f  the program doesn 't need 
to worry about  d isk  i n ser t ion  and removal then  i t  j u s t  does  n o t  ask 
fo r those  types  of  mes sages to be sent  i n  the  fi rs t  p lace .  

One  of  t h e  ways i n  w h i c h  I n tu i t i o n  c a n  be  c o ax e d  i nt o  s e n d i ng 
i n format i o n  to a program i s  v ia  I n t u i t i o n 's Direct  Co mmu n i cat ions  
Message Po rt  system,  affec t i onate ly cal l e d  t h e  IDCM P. Th is  i s  b u i l t  
u po n  t h e  Exe c mes s age s y s t e m  a r ra nge m e n t  a n d  p r ov i d e s  a two 
way c o mmu n i ca t i o n  p r o c e s s  w h i c h  a l l o ws y o u r  p r ogram to both  
r e c e i v e  a n d  t r a n s m i t  m e s s a g e s .  I n t u i M e s s a g e s  t h e n ,  c a r r y  
i n format i o n  t o  and from a window's I D C M P  p orts and are based o n  
th i s  type o f  system d e fi n e d  mes sage s t ructu re :  

S TRUCTU R E  I n t u iM e s sa g e , O  

STRUCT  im_E x e c Me s s ag e , MN_S I Z E  

LONG im C la s s  

WOR D  i m  C o d e  

WOR D  i m  Q ua lif ier  

APTR  im !Ad d r e s s  

WOR D  im  M o u s eX 

WOR D  im  Mou s eY 

LONG im S e c o n d s  

LONG i m  M i c r o s  
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APTR im I DCMPWindow 

APTR im_Speciall ink  

LABE L  im_SIZEOF 

The eas iest  way t o  gain access to  an  I D C M P  i s  t o  s p e c i fy one or 
more o f  the I D C M P  flags whe n  you open a window. If  In tu i t ion  sees 
that you've done this i t  wil l  automatical ly  c re ate a pair o f  message 
p o rt s  fo r t h a t  wi n d o w .  O n e  p o rt ,  t h e  W i n d o w P o r t ,  i s  u s e d  by 
I nt u i t i o n ,  t h e  o t h e r  is referred to as t h e  U s e rPort  a n d  is fo r the  
p rogram's use .  I n tu i t ion  arranges for  s ignal b i ts  to be  a l l ocated to 
the message ports and i t  i s  by l o o king at these  s ignal  b i ts  that we 
can t e l l  wh en messages h ave arrived .  

I n  o r d e r  t o  u s e  I n tu i M e s s a g e s  y o u  n e e d  t o  b e  a b l e  t o  e x t r a c t  
informat ion  from the structure .  Here 's the  p u rpose  o f  t h e  various 
fie l d s :  

T h e  i m_Exe c Message fi e l d  conta ins  message c haracte r ist ics ,  such  as 
the l e ngth of the me ssage's b o d y  data,  w h i c h  are n e e d e d  by the  
Exec . You are  u n l ike ly to want th is  i n format i o n  and you c e rtainly 
shou l d  not  i n te rfere with it .  

i m_Class  is  a va r i a b l e  w h o s e  bits c o r r e s p o n d  d i r e c t l y  w i t h  the 
e qu ivalent  I D C M P  flags. You wi l l  u sual ly  c he c k  the contents of  this 
variable  agai nst  part i cular f lag d e fi n i t i o ns so that you know what 
type of message you have rece ive d .  

T h e  i m_a d d r e s s  o f  t h e  obj e c t  to  w h i c h  t h e  me s s ag e  r e fe r s i s  
provi ded i n  the  i m_IAddress fie l d .  Whe never you have t o  f ind out 
about the current  state of  I ntu i t ion obj e cts,  eg  whether a Gadget is  
on or off, you'l l use this add ress  to locate the  obj e ct 's structure .  

The i m_Code and i m_qual i fi e r  fie l d s  d e pend very much o n  the  type 
of  me ssage , eg i f  the keyboard device  i s  p rovid i ng raw keyboard 
data then the i m_code field wi l l  c o ntain the  u n translate d c haracte r 
and the i m_qual i fi e r  fi e l d  wi l l  te l l  you whether  the S h i ft o r  Ctrl keys 
we re also pressed .  

Eac h message i s  stampe d  with mouse co-ord i nates and the system 
t ime.  i m_MouseX and i m_MouseY are the co-ordi nates o f  the mouse 
at the  t i m e  g i ve n by the  i m_S e c o n d s  and i m_ M i c r o s  fi e l d s .  The 
other two fie l d s  in  the structu re are i m_I DCMPW i n d ow, w h i c h  i s  a 
pointer to the re levant Wi ndow structu re ,  and i m_Spe c ia lL ink  which  
i s  used only by the system.  

The I DCMP Flags 

Standard names fo r the I DC M P  flags are ava i l a b l e  in the i n c l u d e  
fi l e s .  They s h o u l d  al ways be  u s e d  in  preference t o  n u me r i c  va lues 
o r  no n-standard names.  The fl ags are used to  both  s e l ect  which 
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types o f  me ssages you wish  to rece ive and to d ist inguish between 
the  various  type s  of message that may arr ive at  your message port .  
The d e fi n i t i o ns fal l  i nto a n u mber  o f  categor i e s  a n d  you w i l l  f in d  
them i n  t h e  I n t u i t i o n  i n c l u d e  fi l es .  The p l a c e  to l o o k  f o r  fu l l  tutor ia l  
explanat i o n s  i s  t h e  RKM l i b rar i e s  manu al .  Here  h owever are b r i e f  
d etai l s  o f  s o me o f  the  predefi ne d  flag valu e s :  

Gadget flags 

GADGETUP 

GADGETOOWN 

CLOSEWINDOW 

Mouse Flags 

MOUSEBUTTONS 

Menu Flags 

MENU PICK 

W h e n  t h e  u s e r  r e l ea s e s  t h e  l e ft m o u s e  b u t t o n  
ove r a gadget t h a t  has t h e  RELVER I FY flag s e t ,  
the  p rogram rece ives a message o f  th is  c las s .  

I f  t h e  g a d g e t  w a s  c r e a t e d  w i t h  t h e  
GADG I M M ED IATE f lag s e t  t h e n  t h i s  message i s  
sent  whe n  the  gadget i s  s e l ected . 

I f  you have a c lose  gadget i n  your wi ndow then 
set t ing  t h i s  f lag  wi l l  g ive  you a message te l l i ng 
you when i t  has b e e n  se lected .  I ntu i t ion  doesn't 
c l o s e  a n y t h i n g ,  b u t  l e a v e s t h a t u p  t o  t h e  
app l icat ions  p rogram. 

Causes  reports  about mou s e  bu tto n events to be  
reported  p rovi d i ng they do not  mean any t h i ng 
to I n tu i t i o n .  The C o d e  fie l d  o f  the  message te l l s  
y o u  which  button was p r e s s e d  o r  r e l e a s e d .  I t  
w i l l  c o n t a i n  o n e  o f  f o u r  f l a g s : S E L E C T U P ,  
SELECTDOWN ,  M ENUUP o r  M E N UDOW N .  

Yo u ' l l  g e t  a mes sage i f  t h e  u s e r  has pressed t h e  
m e nu button.  I f  an  i t e m  was s e l e cted  t h e n  t h e  
m e n u  n u m b e r  wi l l  b e  i n  t h e  C o d e  fi e l d .  I f  n o  
s e l e c t i o n  w a s  m a d e  t h i s  f i e l d  w i l l  b e  s e t t o  
M EN UN ULL. 

Miscellaneous Flags 

DISKINSERTED I f  t h i s  f lag i s  s e t  you wi l l  be t o l d  about  d i s ks 
be ing inse rted or remove d .  

DISKREMOVED A g a i n  y o u  w i l l  b e  t o l d  a b o u t  d i s k s b e i n g 
i n s e rt e d  o r  r e m o v e d .  T w o  f l a gs a re n e e d e d  
becau s e  when these events happen you need  to 
know whi c h  o n e  has occurre d .  
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Indirect Addressing With Displacement 

Now the b ig  que st i o n .  Knowing that the  system provi des  a ready 
made template for an I ntu i M e s sage structure style b l o c k  of d ata, 
how do we get i n formation into i t  (or fro m i t )? It tu rns out that the  
6 8 0 0 0 ' s  i n d i re c t  a d d r e s s i n g  s c h e m e s  c o m e  in  v e ry u s e fu l  b u t ,  
before d i scuss ing these issues ,  however le t's f irst s e t  t h e  s c e n e  as 
far as the I n t u i M es sage structu re i s  conc erne d .  

I f  you c o u nt t h e  number  o f  bytes present  i n  e a c h  fi e l d  a n d  t h e n  
work out  t h e  d isp lacements of  e a c h  fi e l d  re lative to the  b a s e  o f  t h e  
Intu i Me ssage y o u ' l l  g e t  these resu l ts :  

Displacement  Field  

48 im_Spe c i a l L i n k  

44 im I DCM PWindow 

40 im_M i c r o s  

3 6  i m  S e c o n d s  

3 2  im_MouseY  

30  im MouseX  

28  im_IAdd r e s s  

24 im Qualifier  

22 im Code  

20  im C lass  

0 im_ExecMessage  

You wi l l  never need to calculate t h e s e  offsets w h e n  u s i ng a syste m 
defined obj ect  because the d i s p l aceme nts have been prov i d e d  for 
you (us ing the  STRUCTURE ma cro)  in the  i n c l u d e  fi l e s .  S i n c e  the 
offset  cal culat ions have been d o n e ,  a l l  you have to d o  i s  u se t h e m, 
and that's where i n d i rect  address ing comes i n .  

I n d i r e c t  a d d r e s s i n g ,  a s  y o u ' l l  a l r e a d y  k n o w  f r o m e a r l i e r  
d i s c u s s i o n s ,  i m p l i e s  t h a t  i n s te a d  o f  s p e c i fy i n g  a n  a d d r e s s ,  we 
s p e c i fy t h e  l o c a t i o n  o f  t h e  a d d r e s s .  I f  we take  a n  e xa m p l e  o f  
ordi nary register i n d i rect  address ing such as : 

move . !  ( a0 ) , d 2 

t h e n  we a r e  u s i n g  r e g i s t e r  i n d i r e c t a d d r e s s i n g t o  s p e c i fy t h e  
l ocat i o n  o f  t h e  s o u rc e  o pe ra n d ,  i e  w e  are e ffe c t iv e l y  say ing that 
data shou ld  be taken fro m the l o cat ion whose address i s  i n  register 
aO,  and then c o p i ed i n to regi ster  d 2 .  Now if  regi ster aO was be ing 
used to  ho ld  the base address of  the  structu re we wou l d  be  able  to  
use instruct ions  l i ke that sh own above to  access  t h e  data he ld  in  
the f irst  fi e l d  of  the st ru cture .  Ideal ly  howeve r what we'd l i ke to be 
able to do is have a structure base address i n  the s p e c i fi e d  register  
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- a n d  t h e n  b e  a b l e  to a c c e s s  a n y  g i v e n  fi e l d  o f  that  s tr u c tu r e .  
Fortu nately we can,  because t h e  6 8 K  c h i p  ki n d ly l e ts u s  s p e c i fy a 
d i splace ment  val u e  as we l l ,  l i ke th is :  

move . I  im_Cl as s ( a0 ) , d 2 

I f  aO had b e e n  l oaded with an I n tu i M e s sage pointer  then the above 
i n s t ru c t i o n  wou l d  r e t r i e ve  data from t h e  i m_ C l a s s  fi e l d  of t h e  
Intu i M essage and copy i t  t o  re gister  d 2 .  

W e  c o u l d  j u s t as  e a s i l y  h av e  c o p i e d  t h e  d a t a  t o  s o m e  m e m o ry 
l o cati o n s .  M oving data i n t o  me m o ry l o cati o n s  labe l l e d  qualifier, 
code and class, fo r example ,  cou ld  u s e  i nstru ct ions l i ke these :  

move . w  im_Qualifie r ( aO ) , qualifier 

move . w  im_Cod e ( aO ) , c o d e  

move . I  im_C las s ( aO ) , c la s s  

T h e  reasons that the Amiga programmer i s  a b l e  t o  write th i s  styl e 
o f  c o d e  are  t h re e fo l d .  F i r s t l y ,  t h e r e  i s  t h e  fact  that  t h e  A m i ga 
syste m makes  e x t e n s ive  u s e  o f  C type s t r u c t u r e  d e fi n i t i o n s  to 
d e fi n e  its  data structu res .  Second ly ,  there  i s  the  ex istence  of the 
STRUCTURE macro that enables the  assembler  p rogrammer to work 
with such structures in a re lat ive ly h igh- l ev e l ,  l ab e l  or i e ntated ,  way. 
Lastly of cou rse the 68000 c h i p  makes the  wh o l e  approach poss ib le  
by provi d i ng registe r i nd i rect  ad d re s s i ng with d i s p lacement.  
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Libraries 

and the 

Amiga 

L i b r a r i e s ,  f o r  t h e  A m i g a  
p rogrammer, are the  source o f  
m u c h  c o n f u s i o n  s i m p l y  
because the  term i s  u sed i n  a 
n u mb e r  o f  d i ffe rent c o ntexts . 
C c o m p i l e rs fo r i nstance wi l l  
h av e  t h e i r  o w n  l i b ra r i e s  o f  
s t a n d a r d  fu n c t i o n s ,  s u c h  a s  
p r intf() ,  and when a refere n c e  
t o  s u c h  a fu n c t i o n  i s  u s e d  
with i n  a p rogram i t  causes  t h e  
co nstru c t i o n  of  an e qu ival e nt 
u n resolved r e fe r e n c e  i n  t h e  
i n t e rm e d iate o bj ect c o d e  fi l e .  
A t  l i n k  t i m e  t h e  l i n ke r  m u s t ,  
with  s o me gui dance from t h e  
p rogrammer ,  f i n d  t h e  l i brary 
fi l e  that c o ntai ns t h e  fu nct ion 
a n d  physical ly copy i t  into  the  
p r o g r a m  b e i n g  c r e at e d .  T h e  
Amiga-s p e c i fi c  l ib rary,  c a l l e d  
a m i g a . l i b ,  i s  a n o t h e r  l i n k e r  
l i b rary. 

The AmigaDOS documentat ion 
r e fe rs t o  l i n k e r  l i b r a r i e s  as  
scanned libraries but  on top of  
t h i s  the  AmigaDOS t e c h n i c a l  
d o c u m e ntat i o n  a l so refe rs t o  
l i b r a r y u n i t s ,  k n o w n  a s  
residen t  libraries. A r e s i d e n t  
l i b ra ry s e e m s t o  b e  a s e t  o f  
r o u t i n e s  t hat are c reated and 
l i n ke d  a part fro m the p rogram 
w h i c h  u s e s  t h e m  - t h u s  
fo rming a s e parate ly loadab l e  
m o d u l e .  L i t t l e  h a s  b e e n  
p u b l i s h e d  a b o u t t h e s e  
f a c i l i t i e s  a n d  t h e y d o  n o t  
appear to be used  to any great 
e x t e n t .  At o n e  t i m e i t  w a s  
r u m o u r e d  t h a t  t h e  fa c i l i t y 
m i ght  even be d ro pped .  

Las t l y ,  the  Amiga a l s o  u s e s  
another  type o f  l i b rary based 
on a d y n a m i c  Exec  r u n - t i m e  
l i b r a r y  s y s t e m .  T h e s e  a l s o  
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exi st  q u i t e  s e parately from t h e  app l i cat i o n s  p ro grams w h i c h  u s e  
them and are arranged in  such a way that any n u mb e r  o f  p rograms 
can u s e  t h e m  s i m u l tane o u s ly ,  or at l e ast a p p ear to d o  so with i n  
Exec 's mu lt i -tasking framewo rk. I t  i s  t h e s e  run-t ime l ib rar i e s  that 
form the subj e c t  matter fo r the re mai nder  of  this chapter.  

U n l i ke many l e s s  s o p h ist icated mac h i ne s  where the locat i o n  of a 
system fu nct ion i s  static you wi l l  rarely know, u nt i l  the  t i m e  you 
come to use the l i b rary, where the fu nct ions are .  Some l i b rarie s  are 
c u rrent ly  p o s i t i o n e d  in read o n ly me mory ( R O M ) ,  o t h e r s  may b e  
ava i l a b l e  i n  R A M  b e c a u s e  t h e y ' v e  b e e n  l o a d e d  d u r i n g  s y s t e m 
startup.  A great many of  these  l i brar i e s  h owever w i l l  r e main  o n  d i s k  
unt i l t h e  first app l icati ons  program i n d i cates that i t  n e e d s  s u c h  a 
l i b rary r o u t i n e .  P r o g ra m s  te l l  Exec  t h at a l i b ra ry i s  n e e d e d  b y  
atte mpti ng t o  open i t  u s i ng a n  OpenLibrary() fu nct i o n .  W h e n  s u c h  a 
c a l l i s  m a d e  Ex e c  d o e s  s e v e r a l  t h i n g s .  I t  s e a r c h e s  i t s  l i s ts  o f  
l i brar i e s  w h i c h  a r e  a l ready o p e n  a n d  avai l ab l e .  I f  t h e  l i b rary i s  
fo u n d  t h e n  Ex e c  s i m p l y r e t u r n s  t h e  a d d r e s s  o f  t h e  l i b r a ry a n d  
makes a n  i nternal  note that another  program i s  n o w  u s i ng i t .  I f  t h e  
l ibrary i s  not a l ready o p e n ,  Exec passes  o n  the request to A migaDOS 
asking i t  to look  fo r,  and t h e n  load, the s p e c i fi e d  l ib rary. AmigaDOS 
looks in the L IBS : l ogical  dev ice .  If  you boot from the Workb e n c h  
d i s k  f o r  i n stance then t h i s  l ogical  d e v i c e  wi l l  have b e e n  a s s i g n e d  to  
SYS : LIBS ,  i e  the L IBS d i re ctory o f  the  Workbe nch d i sk .  

I f  Ami gaDOS fi nds the l ibrary, i t  scatte r loads i t  as  per  normal  and 
te l l s  Exec wh e re i t  has  been p laced .  Exe c then records the  fact  that 
the l i b rary is now ava i lab l e by a d d i n g i t  to i ts l i s t o f  a va ilable 
l ibrar ies .  Exec wi l l  never atte mpt to re move these  l i brary modu l e s  
wh i l s t  t h e y  are i n  u s e ,  b u t  s h o u l d  t h e  last u s e r  of  a part i c u lar  active 
l ibrary i n d i c ate that they no l o ng e r  n e e d  access  to t h e  ro u t i n e s ,  
wh i c h  they d o  b y  execut ing a C loseLi brary() fu nct ion ,  Exec's l i b rary 
manage r may t h e n  re move the me mory c o py o f  the l i b rary a n d  
re lease t h e  assoc iated memo ry so that i t  i s  free fo r o t h e r  u s e . 

As far as an a p p l i ca t i o n s  p rogram i s  c o n c e r n e d ,  m o s t  o f  t h e s e  
o p e rat i o n s  a r e  tra n s p a re n t  a n d  t h i s  i s  so e v e n  a t  t h e  a s s e mb l y  
language programming l eve l .  A l l  a program has t o  d o  t o  u s e  a given 
l ibrary is open i t  u s i ng the Exe c O p e n Lib rary() fu n c t i o n ,  and then 
u s e  t h e  l i b r a r y  r o u t i n e s  i n  m u c h  t h e  s a m e  w a y  t h a t  t h e  
O p e n Li b rary() fu nct ion  wa s i tse l f  u s e d .  T h e  on ly  t h i ng wh i c h  t h e  
ap p l i cat ions program must do i s  e n s u r e  that t h e  O pe n Li b rary() ca l l 
wa s s u c c e s s fu l a n d  i t  d o e s  th i s  by c h e c k i n g  t h at t h e  a d d re s s  
retu rned i s  non-N ULL .  I f  the ad dress  returned has a z ero val u e  then 
the  sys tem hasn't been able to  open  the l ibrary. 

Why wou l d  a l i b rary fa i l  to open? The syste m  might not h ave  b e e n  
ab l e  t o  fi n d  i t  o n  d i sk,  t h e  s p e c i fi e d  vers ion  mi ght not  b e  avai lab l e ,  
t h e  program mer  m i ght s i m ply have s p e l t  i ts  name wrongly with i n  
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the  p rogram,  or  the system might  even b e  ru nning out  o f  me mory 
a n d  have i nsu ffic i e n t  space to l oad a n e w  l i b rary. T h e  i mportant 
p o i nt i s  that you must not  make any l i brary fu nct ion cal l s  u n less  
you have got a val i d  base  pointer  o r  you wi l l  doubt less  get a vis i t  
from t h e  A miga guru!  

I f  an  appl i cat ions  p rogram fol l ows th is  p rotocol  i t  never needs  to 
concern i t se l f  with where the routi n e s  are in memory, nor with the 
fac t that other  p rograms may also b e  u s i ng the same rout ines .  This  
o b v i o u s l y  m a ke s for  an  extre m e l y  p owe r fu l  and f l e x i b l e  l i b rary 
system and t h ere's no doubt that much of the  Amiga's power has 
stemmed d i re ct ly  from its ru n-ti m e  l i brary arrangements .  H e r e ,  to 
start  with ,  are  the  d e ta i l s  o f  t h e  Exec fu nct ions  which handl e  the  
o p e n i ng and c los ing  o f  a l ibrary: 

Fuactio:D: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Fuactio:D: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

OpeDLihraryO 

Open a run-time library 

base _address=OpenLibrary(library _name, version) ; 

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 
succeed. 

CloaeLibraryO 

Close a previously successfully opened library 

CloseLibrary(base _address); 

Al 

base_address - the library base address 

None 

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

B e fo r e  exa m i n i n g  s o m e  e xa m p l e  l i b rary c o d e  frag m e n t s ,  i t  i s  
worthwh i l e  looking b e neath the su rface  o f  Exec's  ru n-t ime l i b rary 
syst e m  to s e e  what make s i t  t i c k . O n c e  t h i s  mate r i a l  has b e e n  
u nd e rstood t h e  l i b rary c o d e  convent ions  wi l l  start t o  make a l o t  
more  sense .  

Run-Time Library Formats 

An Exec l ibrary is bas ica l ly just  a c o l l e ct i o n  o f  rou t i n e s  wh ich  are 
a c c e s s e d  via  a j u m p  tab l e .  T h i s  is a tab l e  w h i c h  p rovi d e s  o ffs e t  
val u e s  (6 bytes lo ng) which are u s e d  t o  calcu late t h e  ad d re s s  o f  t h e  
fu n c t i o n .  The base a d d re s s  re turned  by t h e  OpenL ibra ry()  c a l l  i s  
actual ly the add ress o f  the start o f  a l ibrary structu re and th is  data 
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structure i s  sandwi c h e d  betwe e n  the  jump tabl e  and o t h e r  l ibrary 
s p ec i fi c  data. The net r e s u l t  is that ,  o n c e  s e t  up in me mory, t h e  
l ib rary l o o k s  l i ke Figure 1 0 . 1 .  

base 

t 
( High Memory ) 

Library Specific Data 

address � Library Node Data Structure 

j ump to function 

j ump to function 2 

j ump to function 3 

j ump to function 4 

j ump to function 5 

j ump to function n 

( Low Memory ) 

t 

OPEN 

CLOSE 

EXPUNGE 

RESERVED 

1 st user acces sible 
function 

( n - 4) ' th user 
accessible function 

Figure 1 0. 1 .  Library structure in memory. 

The f irst  fou r  fu n c ti o n  j u m p  e nt r i e s  OPEN,  C LOSE ,  EXPU N G E  a n d  
RESERVED m u s t  a lways be  p r e s e n t .  O PEN i s  an  e ntry p o i n t  cal l e d  
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  r o u t i n e  re s p o n s i b l e  fo r 
i n c r e m e n t i n g  t h e  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 p a rt i c u l a r  
l ibrary. C LOSE i s  a c o rre spond ing rou ti ne whi c h  d e c reases t h e  u s e r  
c o u n t  a n d ,  when t h e  c o u n t  gets  to z e ro ( i e  t h e  l as t  l i b ra ry u s e r  
i n d icates that the  l i b rary i s  no l o n g e r  needed)  i t  may i nst igate an  
EXPUNGE operat ion wh i c h  i n  more  fami l iar terms s i mp ly means that 
t h e  l i b ra r y  i s  p r e p a r e d  fo r r e m o va l .  T h e  R E S E RV E D  v e c t o r  i s  
cu rre ntly unu sed but i s  present  as a gate way fo r syste m expans ion .  

The  j u mp tab l e  e n t r i e s  are  e a c h  s ix  bytes l o n g  a n d  so  i n d i re c t  
a d d re s s i n g c a n  b e  u s e d  a l o n g  w i t h  n e g a t i v e  d i s p l a c e m e n t s  t o  
i d e n t i fy any g i v e n  fu n c t i o n  e n try .  T h e s e  o ffs e t s ,  c a l l e d  l i b rary 
vector offsets  (LVOs) ,  mean that  the p rogrammer can assoc iate wi th  
each l ibrary a set  of  LVOs l i ke as shown i n  F igu re 1 0 . 2 .  
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t 
( High Memory) 

Lib rary Specific Data 

base address ----.. Lib rary Node Structure 

LVO · 6 OPEN 

LVO - 1 2  CLOSE 

LVO - 1 8  EXPUNGE 

LVO - 24 RESERVED 

LVO - 30 1 st user function 

LVO - 36 2nd user function 

( Low Memory ) 

• 
Figure 1 0. 2. Library offset vectors. 

I 've a l re ady ment ioned that the f irst s tage i n  us ing a l ib rary i s  to 
open it by u s i ng the Exec Ope nLibrary() fu nct ion .  You may now be 
wo n d e r i ng how it is poss ib le  to open the Exec l i b rary in the fi rst 
p lac e .  The s impl e answer is that you d o  not need to because the 
Exec l i b rary never has to be  opened.  Exec's  base address ,  known as 
Sys B a s e ,  is  a l s o  p e rma n e n t l y  avai l ab l e .  I t  is  s t o r e d  i n  m e mory 
locat i o n  4 (known as AbsExecBase) d u ring system start  u p  and so 
the  Exec l i b rary i s  a l ive and kicking from the word go.  AbsExecBase 
i n c i d e nta l ly is the o n l y  abso lute  memory l o cat ion p re s e n t  in the 
Amiga memory map (apart fro m th ings l i ke the  68 000 processor's 
exc e pt ion  vectors) .  

Opening a Library 

By c o nvent ion we place the base address  o f  the l i b rary i n  register 
a6 , and then make an i n d i rect  sub rou t i n e  cal l  u s i ng the appropr iate 
l i b ra ry v e c t o r  o f fs e t  ( LV O )  va l u e  to s p e c i fy t h e  r o u t i n e  to b e  
exe c u t e d .  I 've a lready ment ioned that i n  the  case o f  the  Exec l i b rary 
t h e  base  a d d re s s  i s  a l ready ava i lab le  and so t h i s  can be l o a d e d  
d i rect ly fro m AbsExecBase.  

The bare bones code  fo r an OpenLibrary() Exe c cal l  might th ere fore 
look l i ke th is :  

move . l  _AbsExecBase,  a6 

j sr _LVOOpenLib rary ( a6 )  

get t he  b ase  address of Exec library 

make the indirect sub routine call 
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I n  practi ce  you wi l l  probab ly want to preserve th e or ig ina l  contents  
o f  t h e  a6 r e g i s te r and,  as we 've seen e a rl i e r ,  the e a s i e s t  way of  
d o i ng th is  i s  to push the conte nts o nto the stack beforehand : 

move . l  a6 , - ( sp )  

move . l  _AbsExecBase ,  a6 

j s r _LVOOpenLib rary ( a6)  

preserve original contents of a6 

get the base address of Exec lib rary 

make the indirect sub routine call 

move . l  ( sp) + ,  a6 restore a6 to original va lue 

You m ight i n c i d e nta l l y  be fo rgiven fo r t h i nk i ng that  any reg i s t e r  
cou ld  be u s e d  t o  perform the i n d i rect subrou t i n e  c a l l .  T h i s  i s  most  
d e fi n i t e l y  n o t the case i n  g e n e r a l  and t h e r e  is  a s t r i c t  sys t e m  
convent ion  wh i c h  says that a 6  must  a lways b e  load e d  with  the b ase 
address .  Why? I t ' s  because  many l ib rary fu nct ions  w i l l  cal l o t h e r  
l i b rary fu nct i ons  i n  o r d e r  to carry out  the i r  work. W h e n  t h i s  i s  d o n e  
t h e  fu n c t i o n  d o i n g t h e  n e s t e d  l i b rary c a l l  m u s t  a l s o  fo l l o w  t h e  
system c o nv e n t i o n s  a n d  p rov i d e  a l i b rary base  a d d re s s  a n d  b y  
convent ion  i t  wi l l  expect  i t  to be p r e s e n t  i n  reg ister  a6 . Excep t i o n s  
to t h e  a6 r u l e  d o  ex is t  but  to be  h o n e s t  i t  i s  s a f e r  i f  you forget 
abou t any spec ia l  cases and regard the  a6 ru le  as ab solute !  

You ' l l  not ice  i n  the above code fragment  that  AbsExecBase and the  
LVO value  have u n d e rscore p re fixes .  This  ste ms from an i n ternal  C 
l a nguage co nve n t i o n  a n d  t h e  u n d e r s c o r e  u s e d  i n  a l l  as s e m b l y  
i a n g u a g e  fo 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  t o  p r o v i d e  
com pati b i l i ty between C and assembler  header fi l e s  and c o d e .  

LVO offs et values  c a n  be acqu i red i n  a n u mb e r  o f  ways. F i rstly y o u  
cou l d  l i n k  you r c o de w i t h  amiga. l i b  (wh i c h  co ntai n s  a l l  o f  t h e  LVO 
d e fi n i t ions ) .Th i s  wou l d  re q u i re that you t e l l  your  a s s e m b l e r  that  
you are  expecti ng the LVO reference to be reso lved at l i n k  t i me s o ,  
somewhere  near t h e  begi n n i n g o f  y o u r  c o d e  you wou l d  n e e d  t o  
inc lude  the state ment :  

XR E F  _LVOOpen Library  

X R E F  i s  a n  as s e m b l e r  p s e u d o - o p  wh i c h  te l l s  t h e  asse m b l e r  that a 
val u e  fo r the refe rence i n  quest ion i s  go ing to be s u pp l i e d  at a later  
stage , i e  at  l i n k t ime .  Note , i f  you forget to  use  an XREF dec larat i o n  
the asse mbler  wi l l  try to resolve t h e  refe re n c e ,  fa i l ,  a n d  t h e n  flag 
the use of  that re ference  as an error .  

Another ap proach i s  to  i n c l u d e  a header  fi l e  o f  the  LVO d e fi n i t i o n s  
i n  yo u r  program a n d  t h e  advan tage h e re i s  t h a t  i t  i s  t h e n  poss i b l e  
t o  avo i d  l i n k i n g w i t h  am i g a . l i b .  T h i s  can f i r s t l y  s a v e  t i me a n d  
second ly, i f  an i n c l u d e  fi l e  conta in ing  the syste m start-up code  i s  
used ,  you can (by as k ing the assembl e r  to c reate d i rect ly executab l e  
c o d e )  even e l i m i nate t h e  l i n k ing stage altogether .  
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Alterna t i v e l y  you c o u l d  l o o k  u p  t h e  nu mer ica l  LVO valu e  us ing a 
tab l e  o f  fu nct ion  offsets  and use  t h e  val u es d i rect ly .  You wi l l  f ind 
an a b b r e v i a t e d  s e t  of tab l e s  in Ap p e n d i x B and fro m t h e  Exec  
e n t r i e s  y o u ' l l  s e e  t h a t  t h e  LVO val u e  for  t h e  Exe c  O p e n L i b ra ry()  
fu nct ion is  - 5 5 2 ,  i e  -0 2 2 8  hex.  The assembly language p rogramm e r  
i s  t h e r e fo r e  q u i t e at  l i b e r t y  t o  d e f i n e  t h e  d i s p l a c e m e n t  i n  t h i s  
fas h i o n :  

move . l  _Ab s E xecBa s e ,  a6 get the b a s e  a d d r e s s  of E x e c  library 

j sr · 552 ( a6 )  make  t h e  indirect  s u b r o u t in e  c a l l  

The t rouble  with th is  la t ter  approach howeve r i s  that  you  w i l l  lose  
the inherent  d o c u m e n tat ion that  t h e  LVO re fe rences  provide .  Let's 
face  i t ,  t h e  nu mber  -5 5 2 doesn ' t ,  u n l e ss you've  me morised all of  the  
LVO tab l e s ,  exact ly  te l l  you what l i b rary c a l l  i s  b e ing mad e .  T h e  
r e fe r e n c e  _LV O O p e n L i b ra ry i s  m u c h  m o r e m e a n i n g fu l  a n d  i n  
pract i ce  t h i ngs can even b e  i m proved fu rther .  

The System LINKLIB Macro 

T h e  h e a d e r  fi l e  exe c/l i b r a r i e s . i i n c l u d e s  a p i e c e  o f  g e n e ra l i s e d  
macro c o d e ,  ca l led  LIN KLI B ,  that pe rforms t h e  task o f  preserving a6 ,  
loading a spec i fi e d  l i b rary p o i nt e r  i nto a6 ,  p e rforming the  i n d i re c t  
subrou t i n e  c a l l  u s i n g  a s p e c i f i e d  o ffs e t ,  and t h e n  re i n s tat ing the  
or ig ina l  c o ntents  of  a6 afte rward s .  The fu l l  d e ta i l s ,  wh i c h  inc lude  
argu m e n t  c o u n t  c h e c ki n g ,  c a n  b e  o b tai n e d  fro m the  h ea d e r  fi l e  
i tse l f  b u t  i n  essence  t h e  j o b  w h i c h  i s  carr ied o u t  i s  t h i s :  

move . l  a6 , - ( sp )  

move . l  < Li b r a ry P oint e r > , a6 

j s r <_LVOR outineNam e > ( a6 )  

move . l  ( s p ) + ,  a6 

p r e se r v e  o r i g i n a l  c o n t e n t s  of 
a6 

get the b a s e  addre s s  of 
libr a ry 

make  the  indirect s u b r o u t ine 
c a l l  

r e s t o r e  a 6  t o  o r ig i n a l  va lue 

The bottom l i n e  therefore i s  that by i n c l u d i ng the  exe c/l i b rari e s . i  
fi l e  y o u  can generate t h e  appropr iate l i brary c a l l  c o d e  by w r i t i ng :  

L I N K L I B  _ L VO O p e n l i b r a r y , Ab s E x e c B a s e  

T h i s  i s  t h e  o ffi c i a l l y  o ffe red  macro b u t  many p rogram m e r s ,  for 
reaso ns  o f  i m p rove d readab i l i t y ,  p re fe r  to use a m o d i fi e d  macro 
wh ich  adds the  _LVO pre fix automat i ca l ly .  

I t ' s  ce rta i n l y  not a good i d ea to m o d i fy the  exi s t i n g  system macro 
(su ch  c hanges l ead to much confu s i o n  if o ther  programmers have 
to read you r c o d e ) ,  b u t  t h e r e ' s  n o t h i n g  to s t o p  y o u  c r ea t i ng an 
ext e n d e d  mac ro w h i c h  tags o n  the extra _LVO c h arac t e r s  t o  t h e  
fu nct ion  nam e .  H e re ' s  one  wh i c h  w i l l  d o  t h e  j o b .  
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CALLSYS MACRO  

L INKLIB  _LV0 \ 1 , \ 2 

ENDM 

I f  you inc lude  t h i s  macro i n  your code  you ' l l  then be  abl e  to c re ate 
the  appro priate l i b rary o p e n i ng code u s i ng this  s i mp l i fi e d  scheme : 

CALLSYS Openlibrar y , Abs E x ecBase 

To s i mp l i fy th ings fu rther i t  i s  equal ly po ss ib le  to b u ry t h e  l ib rary 
base references i ns i d e  the  mac ros.  Devpac u sers ,  for i n stance,  are 
p r o v i d e d  w i t h  f i l e s  t h a t  i n c l u d e  b o t h  ex p l i c i t  LVO o ffsets  a n d  
l ibrary spec i fi c  ca l l ing mac ros.  I n  the  case o f  the  above example t h e  
Devpac programmer ,  by i n c l u d i ng t h e  Devpac s p e c i fi c  e xe c_l i b . i  
fi l e ,  can j u st wri t e :  

CALLEXEC Openl ibrary 

Brief Library Detai ls 

You can find ful l  d e tai l s  of the Amiga's extensive l i b rary rout i n e s  
a n d  l i st ings of  t h e  i n c l u d e  fi l e s  i n  t h e  Inc ludes  & Autodocs vol u me 
o f  t h e  Addison Wes ley RKM manuals .  Here are b r i e f  deta i ls  o f  the  
some o f  the  most u se fu l  l i b rar ies  together with the i r  standard base 
name s:  

diskfont.library library base name: DiskfontBase 

This  l i b rary conta ins rou t i n e s  for b u i l d i n g  a n d  d i s p o s i n g  of fo n t  
d etail  arrays a n d  for load ing fonts from d isk. 

dos.library library base name: DOSBase 

This  conta ins  a l l  of t h e  AmigaDOS f i l e  and d i s k  I/O a n d  p r o c e s s  
han d l i ng support  rou tines .  

exec.library library base name: SysBase 

Rou t ines  for task contro l ,  l i s t  ma nipu lat i o n ,  I/O hand l i ng,  messages 
and ports,  interrupt and memory manage ment.  

graphics.library library base name: GfxBase 

T h i s  is t h e  l i b ra ry t h a t  p ro v i d e s  s u p p o rt fo r V i e w s ,  V i e wp o r t s ,  
RastPo rts ,  B i t M a p s ,  G ELS a n d  al l o f  t h e  a s s o c i at e d g r a p h i c s  a n d  
a n i m a t i o n  p r i m i t i v e s .  I n c l u d e d  i n  t h i s  l i brary a r e  r o u t i n e s  fo r 
contro l l ing the B l i t ter and Copper  c hi p s .  

intuition.library library base name: lntuitionBase 

This  l i brary make s t h e  complex W I M P  gra p h i c s  and W I M P  contro l 
p rogramming a p i e c e  o f  cake . T h e s e  I n t u i t i o n  r o u t i n e s  are bu i l t  
upon faci l i t ies p rovid e d  b y  t h e  graph ics ,  laye rs and exec l ibrar ies  
and p r o v i d e  s u p p o rt f o r  s c r e e n s ,  w i n d o w s ,  m e n u s ,  g a d g e t s ,  
requesters ,  IDCMP communicat ions ports  and much more !  
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layers.library library base name: LayersBase 

Th i s  l i b rary is not  d i rect ly used that o ften by most programmers .  I t  
han d l e s  s o m e  q u i te d i ffi c u l t  areas i n c l u d i n g  t h e  man age m e n t  o f  
w i n d o w  refre s h i ng,  b u ffe ri ng of  obscured areas , man i p u l at i o n  o f  
d a m a g e  l i s t s ,  l o c k i n g a n d  u n l o c k i n g  o f  l ay e r s  fo r h a n d l i n g 
c o n t e n t i o n  p r o b l e m s  e t c .  T h e  l ay e r s  l i b ra ry i s  o f  c o u r s e  u s e d  
heav i ly  by Intuit ion i tse l f! 

translator.library library base name: TransBase 

Co nta i n s  t h e  Translate( )  fu n c t i o n  w h i c h  can c o nvert  Engl i s h  t ext 
into p ho net ic  str ings.  

maths l ibraries 

A n u mb e r  o f  m a t h s  l i b ra r i e s fo r s i n g l e  a n d  d o u b l e p r e c 1 s 1 o n  
operatio n s  are a lso avai lab le .  Both Motorola fast ( s i ng le  prec i s i on)  
format and I EEE double  precis ion formats are s u pport e d .  Here  are 
the i r  names and l i b rary base name s :  

mathffp.library 

mathieeedoubbas.library 

library base name: MathBase 

library base name: 
MathleeeDoubBasBase 

mathieeedoubtrans.library library base name: 
MathleeeDoubTransBase 

mathtrans.library library base name: 
MathTransBase 

A n u m b e r  of oth e r  l i b rar ies  a re a lso ava i lable and u nd e r  Vers i o n  2 . 0  
of  t h e  system so ftware fu rther  l ibrar ies  have been a d d e d .  F e w  o f  
these  a r e  l i ke l y  to b e  o f  much i nterest  ( o r  u s e )  d u r i ng your  ear ly 
ass e mb l e r  p rogramm i ng days but ,  i f  you are cur ious  a n d  wou l d  l i ke 
c o m p r e h e n s i v e d e t a i l s ,  y o u  s h o u l d  c o n s u l t  t h e  o f f i c i a l  
documentation.  

Putting the Pieces Together 

Having dealt  in some d e ta i l  with the l ibrary a rrange ments and t h e i r  
usage conventio n s  i t  i s  t i me to look at some example  code .  Example  
CH l 0- 1  whi c h  fo l l ows u ses the  Exec Ope nLibrary() fu nct ion to open 
the i ntu i t ion  l ibrary: 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* E x ample C H1 0 - 1 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s ome  s y s t em i n c lu d e  f iles  . . .  

i n c lu d e  exec / t ypes . i  

i n c lu d e  exec / libraries . i  

i n c lu d e  exec / exec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

a m a c r o  t o  e x t e n d  L I N KL I B  and  t h u s  avoid  t h e  e xplicit 

u s e  of t h e  LVO p refixes  in  t h e  f u n c t i o n  n am e s  . . .  

CAL LSYS MACRO 

L I NKLIB  _LV0 \ 1 , \ 2 

E N DM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EQUate definit io n s  . . .  

AbsExecBase  EQU 4 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main p r o gram c o d e  . . .  

lea intu it ion_name , a1 library n ame s t art in a 1  

moveq  #0 , dO any v e r s ion  will do  

CALLSYS O pen Li brary , _Ab s E xec Base  macro  ( se e  t e x t  
f o r  d et ails ) 

m o v e . l  

b e q  

dO , _I n tu it ionBase  

EXIT 

s t o r e  returned  v a lue 

t e st r e s u lt for  s u c c es s  

if w e  reach here  t h e n  t h e  intuition  library i s  o pen  and  

it s f u n c t i o n s  can  be  safely u s e d ! 

a s  it h ap p e n s  however  all we s h all d o  f o r  t h is example 

i s  c lo s e  the library like this . . .  

move . l  _ I n t u it ionBas e , a1 base  n e e d e d  in  a 1  

CAL LSYS C lo s e L ibrary , _Ab s E x e c B a s e  

and  t e rminate  t h e  program . . .  

EXIT c l r  . 1  
rt s 

dO 

log i c a l  end of p r o gram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

variables  a n d  s t a t i c  data . . .  

I nt u i t i o n B a s e  

int u it ion  name 

d s . l  1 

d e . b ' i n t u it ion . library ' , 0 
* - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - - - - - -
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Here  are a few addit i onal notes ,  sect ioned o ff to c o rre spond to the  
m a i n d i v i s i o n s  wi t h i n  t h e  p rogram,  t o  h e l p  y o u  f i n d  y o u r  way 
arou n d  the code .  

F irst ly,  some inc ludes :  

exec  librarie s . !  

exec_ty pe s . i  

exec_lib . i  

needed becaus e  it c o nt ains  t h e  s y s t em 
L INKLIB macro 

has  been included because it c o n t a i n s  
definit i o n s  needed b y  exec_librari e s . i  

contains  LVO values  f o r  t h e  Exec  
funct ions  

T h e  CALLSYS macro was explai ned earl i e r  i n  t h e  text. 

EQUate Definitions 

The f ixed l ocat ion  AbsExe c Base ,  w h i c h  h o l d s  t h e  a d d r e s s  o f  t h e  
Exe c l i b rary ,  h a s  b e e n  e x p l i c i t l y  s t at e d  i n  t h i s  exa m p l e .  Y o u r  
ass e m b l e r  may c o nta in  t h e  val u e  i n  o n e  o f  i ts i n c l u d e  fi l e s .  T h e  
valu e  i s  a l s o  present  i n  amiga. l i b  a n d  i f  y o u  a r e  creat i ng an obj ec t  
code  fi l e  that w i l l  subsequently be  l i n ke d  you s h o u l d  remove the  
EQUate  a n d  r e p la c e  i t  w i t h  a X R E F  _Ab s Ex e c Base  d e c l arat i o n  a s  
d e s c r i b e d  later .  

The Main Code 

Load s the address of the f irst byte o f  the l i b rary name i nto register  
a l , and pu ts a zero value i n  reg ister  d O  ( to  s ign ify that we are not  
b o t h e r e d  w h i c h  l i b rary v e r s i o n  w e  get ) .  For  d etai l s  of  the  data 
wh i c h  needs to be  loade d  i nto the regis ters see the  Ope n Li b rary() 
fu nct ion  d etai l s  provided ear l i e r. The CALLSYS macro has b e e n  u s e d  
t o  g e n e rate the exec l i b rary use  code . The retu rned base address ,  as 
you w i l l  s e e  from t h e  O p e n Li brary() fu n c t i o n  d e s c r i pt i o n ,  c o m e s  
bac k i n  r e g i s t e r  d O .  T h i s  va l u e  i s  s t o r e d  i n  a v a r i ab l e  c a l l e d  
_l nt u i ti on Base and i t  i s  i m p o rtant to rea l i s e  why we pe r fo r m  the 
beq (branch o n  e qual  to zero)  instruct ion after stor ing the retu rned 
va l u e .  T h e  s y s t e m  d o c u m e n t a t i o n  m a k e s  a p o i n t  o f  t e l l i n g 
programmers that they s h o u l d  not re ly o n  the status flags as b e i ng 
c o n s i stent  with  the  r e tu r n e d  val u e .  I n  t h e  c u rr e n t  exa m p l e  t h i s  
means that even i f  d O  retu rns with a z e r o  valu e  w e  cannot assume 
that the processor's z e ro flag i s  set .  Co nsequ ent ly the  val u e  i n  d O  is  
m o v e d  to  the _ l n t u i t i o n B a s e  va r i a b l e  and s i n c e  t h i s  m o ve will 
mo d i fy t h e  z e r o  f lag to  r e f l e c t  t h e  z e ro/n o n - z e r o  state  o f  t h e  
retu rned val u e  w e  are then able  t o  make an effective state test.  

To kee p  t h i ngs s i mple this first example  does not make use o f  the 
l i b r a r y  o n c e  i t  i s  o p e n .  I t  s i m p l y  c l o s e s  i t  aga i n ,  u s i n g t h e  
C l o s e Li b ra r y ( )  fu n c t i o n ,  a n d  t h e n  t e r m i n a t e s .  N o t i c e  t h a t  t h e  
c o n d i ti o nal b ranc h b e q  instruct ion e nsures  that t h e  C l o s e Library() 
fu nct ion i s  on ly  ever cal l e d  if the i ntu i t ion  l i b rary was successfu l l y  
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opened i n  the first p lace .  A lso ,  fo r s i m p l i c i ty, I 've loaded and u s e d  
t h e  e x e c  l i b rary b a s e  d i r e c t ly fro m l o c a t i o n  4 (_Ab s Exe c Bas e )  -
normal ly a program wi l l  l oad th is  l i b rary base i nto a variab le  ca l l ed  
_SysBase ( the  system's standard exec  l ibrary base  name) .  

N o t e  a l s o  that r e g i s t e r  dO is  c l e a r e d  j u s t b e fo r e  t h e  p r o g r a m  
terminates .  Th is  i s  an  A m i gaDOS convent i o n  t o  i n d i cate t hat t h e  
p ro gra m c omple ted successfu l ly. Programs may u s e  d O  ( a n d  many 
system c o mmands d o  th is )  to return an error  c o d e .  

Las t ly ,  s pace has  b e e n  r e s e rved fo r sto r i ng t h e  i n t u i t i o n  l i b rary 
base  and fo r h o l d i n g  t h e  i n t u i t i o n  l i b rary n a m e .  F o l l o w i ng t h e  
normal  C - s t y l e  s t r i ng c o n v e n t i o n  t h e  text s t r i n g  has b e e n  N U LL 
termi nate d .  

A Second Example 

The fo l lowing example  i s  i d e n t ical  to the prev ious  one  except for 
two s m a l l c h a n g e s .  F i r s t l y ,  I 'v e  s e t  u p  t h e  _Sy s B a s e  v a r i a b l e .  
S e c o n d l y ,  o n c e  t h e  i n t u i t i o n  l i b rary i s  o p e n  i t  g e ts u s e d !  T h e  
d u p l i cat ion i s  d e l i be rate a n d ,  s ince  most of  t h e  fo l l o wi n g  code wi l l  
b e  fam i l iar ,  a l l  you ' l l  need to wo rry about are three additi onal l i n e s  
of  c o d e .  Here 's t h e  co d e :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example C H 1 0 - 2 . s  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s ome  s y stem i n c lu d e  f iles . . .  

i n c lu d e  exec / ty p es . i  

i n c lu d e  exec / libraries . i  

i n c lu d e  exec / ex ec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a macro  t o  e x t e n d  L I NKLI B  and t h u s  avoid t h e  e xplicit  

use  of  t h e  LVO  p refixes  in t h e  f u n c t i o n  n am e s  . . .  

CALLSYS MACRO 

LI NKLIB  _LV0 \ 1 , \ 2 

ENDM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

EQUat e definit i o n s  . . .  

AbsExec Base 

_LVOD i s playBeep 

EQU 4 

EQU - 96 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; main program c o d e  . . .  



base  
move . !  

lea 

moveq 

CALLSYS 
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_Ab s E xecBas e , _SysBase s t o re Exec  library 

intu it io n_name , a1 

#0 , dO 

library n am e  s t art in a 1  

a n y  v e r s ion will do  

OpenLibrar y , _SysBase macro ( se e  t ext for  
details ) 

move . !  dO , _Int u it ionBase store  retu rned value 

beq EXIT test result f o r  s u c c e s s  

n ow let ' s  m a k e  a n  int u it ion c a l l  t o  f lash  t h e  s creen . . .  

move . !  #0 , aO f lash  ALL s c reens  

CALLSYS DisplayBeep , _Intuit ionBase 

; all  done s o  we c an now close the library a s  before and 
quit . . .  

move . !  _Intuit ionBas e , a1 base needed in a1  

CALLSYS C lo se Library , _SysBase 

EXIT c lr . 1  dO 

rts log ical end of prog ram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

va riables a n d  s t a t i c  d at a .  

I n t u i  t ionBase d s  . 1  1 

_Sy sBase  

int u it ion_name 

d s . l  1 

dc . b  ' intu it ion . library ' , o  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

What c hanges have been made? We l l ,  to  start with I 've d e fi n e d  t h e  
_SysBase variabl e  and l o ad e d  the e x e c  l i b rary base i n to i t :  

move . !  _Ab s E xecBas e , _SysBase store  Exec  library 
base 

and I 've added these  two l ines of  cod e :  

move . !  #0 , aO f lash  ALL s c reens  

CALLSYS D i s p la yBeep , _Int u it ionBase 

The fol lowing descr ipt ion of  the  D i s playBeep() rout i n e  should make 
it c l e a r  why aO needs  to be  load e d  with a zero valu e  b e fore  c a l l i ng 
the fu nct io n :  
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Function: DisplayBeepQ 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Cause a screen to flash 

DisplayBeep (screen_address); 

aO 

screen_ address - address of an Intuition Screen 

None 

If a NULL screen address is supplied Intuition will flash all screens 

including those of the Workbench and other programs! 

Y o u ' l l  n o t i c e  t h a t  t h e  f o r m a t  fo r c a l l i n g  t h e  i n t u i t i o n  l i b r a ry 
funct ion  i s  no d i ffe rent  fro m  the  or ig inal Exec cal l s  that were u s e d  
t o  o p e n  t h e  i n tu i t i o n  l ibrary itse l f. Admittedly we've g o t  a d i ffe rent  
l i brary base and a d i ffe rent LVO refere n c e ,  but the mechan i s m  is  
exactly the  same as before !  

One o t h e r  c h a nge h a s  been made - I have a d d e d  the fo l l o w i n g  
EQUate d e fi n iti o n :  

_LVO D i s p layBeep EQU  - 96 

By n o w  you probably know the  reason we l l  e nough b u t  I ' l l  work 
through the explanati on  once  more fo r good meas u r e .  To use  an 
i ntu it io n l i brary, such as D i s playBee p() ,  we need to know the LVO 
val u e  fo r the fu nct ion .  In th is  particu lar case I s i mply  looked up the 
nu merical  val u e  and c reated my own d e fi n i t i o n .  This  i s  a c o m m o n  
s o l u t i o n  i f  you are u s i n g  an a s s e m b l e r  wh i c h  c a n  c reate d i re ct ly 
executab l e ,  as  opposed to l i n kable ,  code .  

D e v p a c ,  fo r i n s t a n c e ,  w h i c h  c a n  p r o d u c e  both  e x e c u t a b l e  a n d  
l i nkable c o d e ,  provi d e s  i nc lude  fi l e s  wh i c h  c o ntain the se  value s .  I n  
fact i f  t h e  Devpac u s e r  i n c l u d e d  t h e  i n tu i t i o n/ i n t u i t i o n_l i b . i  fi l e  
(whi c h  co nta ins  the _LVOD i s playBeep offset)  they wou l d  n o t  n e e d  
t o  a d d  t h e  EQUate l i ne shown above t o  t h e  example p rogra m .  

The XREF Orientated Pathway 

At t h e  r i s k  of d r iv ing many of you n u t s ,  I ' m  g o i n g  to  re -use  t h e  
s e c o n d  e x a m p l e  t o  s h o w  t h e  c h a n g e s  w h i c h  a l l o w t h e  
_Ab s E x e c B a s e , _ L V O O p e n L i b r a r y ,  _ L V O D i s p l a y B e e p ,  a n d  
_LVOCloseLibrary refe re nces  to be reso lved at l i n k t i me rather  than 
at asse mbly t ime .  

The c o nvent iona l  way fo r the as s e m b l e r  progra m m e r  to i n d i cate 
t h a t  t h e  a b o v e  r e fe r e n c e s  are exte r n a l  wou l d  be to  u s e  X R E F 
state ments l i ke th i s :  

XR E F  Ab s Exec  Base  

XR E F  _LVOOpenlibrary 

XR E F  _LVODisplay Beep 

XR E F  _LVOClo s e l ibrary 
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N o w  t h i s  i s  a l l  very wel l  but having removed the _LVO prefixes from 
t h e  b u l k  o f  t h e  p r e v i o u s  c o d e  i t  w o u l d  b e  a p i ty t o  h av e  t o  
re introduce them j u s t  t o  p rovide su itab l e  XREF stat e ments .  T h e re i s  
i n  f a c t  a s y s t e m  m a c r o  c a l l e d  E XT E R N _ L I B  ( d e f i n e d  i n  t h e  
exe c/types . i  fi l e )  that w i l l  add the _LVO suffix automati cal ly .  This  
a l lows u s  to wr i te  t h e  last  three _LVO references  as : 

EXTERN L I B  

EXTERN L I B  

EXTERN L I B  

Open Library 

DisplayBeep 

Closelibrary 

The fo l l o wi n g  p rogram u s e s  t h e s e  EXTE R N_LIB mac ro  s tat e m e n ts 
(al o n g  with  t h e  s i ng le  X R E F  _Abs ExecBase  d e c larat i o n )  t o  t e l l  t h e  
asse mbler  w h i c h  val u e s  w i l l  not  be known u nt i l  the  resu l tant o bj ect 
c o d e  has  b e e n  l i n k e d  w i t h  o t h e r  fi l e s .  N o t i c e  i n c i d e n t a l l y  t h a t  
i nc l u s i o n  o f  the  exec_l i b . i  i s  n o  l o n g e r  n e ce ssary becau s e  the  Exec 
o ffse t  val u e s  are themselves also avai lable  fro m amiga . l i b :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

• E xample C H 1 0 - 3 . s  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s o m e  s ystem include f iles . . .  

include exec / types . !  

include exec / librarie s . !  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a mac ro t o  extend L I NKLIB and t h u s  avoid t h e  e x p l i c it 

u s e  of t h e  LVO prefixes in t h e  funct ion names . . •  

CALLSYS MAC RO 

L I N KL I B  _LV0 \ 1 , \ 2  

ENDM 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

d e c lare external references . . .  

X R E F  

EXTERN_L I B  

EXTERN L I B  

_Ab s E xecBase 

Openlibrary 

DisplayBeep 
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EXTERN L I B  C loselibrary 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main prog ram c o d e . 

base  
move . !  

lea 

moveq  

_Ab s ExecBase , _SysBase  s t o r e  E x e c  library 

int u it ion_name , a1 library n ame  st art in  a1  

#0 , dO any v e r s i o n  will d o  

CALLSYS Open library , _SysBas e macro ( s e e  text  f o r  
details ) 

move . !  

b e q  

dO , _Int u it ionBase  store  r e t u r n e d  value 

EXIT test r e s u lt for s u c c e s s  

n ow let ' s  make a n  intu it ion  call t o  flash t h e  s c reen • . .  

m o v e . !  #0 , aO f lash ALL s c reens  

CALLSYS Di splayBee p , _Int uitionBase  

; all done  so  we c a n  now c lo s e  the  library as  b ef o r e  and  
q u it . . .  

move . !  _Intuit ionBas e , a1 base  n e e d e d  in  a 1  

CALLSYS C lo s e library , _SysBase  

EXIT c l r  . 1  dO 

rt s logical e n d  of prog ram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

variables a n d  static  data . . .  

I n t u i t ionBase  

_Sy s B a s e  

int u i t i o n  name 

d s . l  

d s . l  

1 

1 

d c . b  ' in t u it ion . library ' , o  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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An Overview 

of Some 

I mportant 

Rules 

W i th some knowl edge of  both 
6 8 0 0 0  a s s e m b l e r  p r o g r a m 
m i ng and the overal l layout o f  
t h e  A m i g a p r o g r a m m i n g 
e nv i r o n m e n t u n d e r  o u r  b e l t  
w e  are a lmost  i n  a pos i t ion to 
d o  some real Amiga p rogram
m i n g .  B e f o r e  d o i n g  s o  
h o wev e r  t h e r e  are s t i l l a few 
loose ends to be t ied u p  as  far 
a s  c o n v e n t i o n s  a n d  g e n e ra l  
p r o g r a m f r a m e w o r k s  a r e  
concerned.  

A s  w e ' v e  a l r e a d y  s e e n ,  t h e  
A m i g a i s  a m u l t i - ta s k i n g  
mac h i n e  a n d  b e c au s e  o f  t h i s  
t h e r e  i s  n eve r any guarantee  
t h a t  a s y s 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 r y 
a l l o c a t i o n  c a l l  c o u l d  fa i l  i f  
s o m e  o t h e r  a p p l i c a t i o n  h a s  
p r e v i o u s l y  g r a b b e d  a l l  
a v a i l a b l e  R A M .  S i m i l a r l y  a 
r e q u e s t  for  u s e  o f  t h e  s e r i a l  
d e v i c e  c o u l d  fa i l  ( s o m e  o t h e r  
p r o g r a m  m i g h t  p r e v i o u s l y  
have  b e e n  g ra n t e d  e x c l u s i v e  
ac c e s s ) ,  o r  s o m e i m p o r t a n t  
fo n t s  o r  l i b r a r i e s  m i g h t  b e  
m i s s i n g f r o m  t h e  s y s t e m  
d i rector ies .  

Because o f  these eve ntual i t i e s  
t h e re a r e  t h r e e  go l d e n  ru l e s  
w h i c h  A m i ga p r o g r a m m e r s 
m u s t  l e a r n  t o  o b e y .  T h e s e  
r u l e s  h a v e  a l r e a d y  b e e n  
ment ioned but,  s i n c e  they are 
i m p o r t a n t ,  t h e y ' r e  w o r t h  
r e s t a t i n g  b e fo r e  w e  d o  a n y  
r e a l  A m i ga p r o gr a m m i n g  a t  
a l  I .  
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• Always make sure you get what you ask for !  

• Always p rovi d e  a robust error path s o  that if  the  system cannot  
provi d e  t h e  requ i re d  fac i l i t i e s  your  p rogram c loses  down in  a 
proper  fas h i o n .  

• Al ways g i v e  b a c k  to t h e  sys tem a n y  me mory,  d e v i c e ,  o r  o t h e r  
fac i l i ty w h i c h  you exp l i c i t ly  acqui re!  

A g r e a t m a n y  o t h e r  r u l e s / g u i d e l i n e s  e x i s t  w h i c h  A m i g a 
p rogra m mers shou ld  obey.  N o t  a l l  of these  w i l l  make sense at t h e  
moment  b u t  th ey've b e e n  gathered t oge t h e r  i n  th is  c hapter  fo r easy 
refe rence .  

• Never make assumpt ions  about  me mory, system c o n fi gurati o n s  
(eg  t he p re s e n c e  o f  part i c u l a r  d r ives  o r  d ev ice  names) ,  o r  t h e  
conte nts o f  syste m structures wh i c h  are d e s ignated a s  pr ivate .  
D o  not  fo r i n s ta n c e  a s s u m e  t h at  p a r t i c u l a r  l i b ra ry bas e s  o r  
sys t e m  s t r u c tu r e s  wi l l  a l ways e x i s t  a t  a p a rt i c u la r  l o c at i o n .  
Above a l l  never cal l  ROM rou t ines  d i rect ly. 

• If you n e e d  to access  a system s t r u c t u r e  t h at may be s h a r e d  
b e twe e n  o t h e r  tas ks ,  remember  to l o c k  o u t  o t h e r  tasks,  e g  by 
fo r b i d d i n g m u l t i - t a s k i n g .  T h i s  w i l l  p r e v e n t  o t h e r  t a s k s  
atte mpt ing to c hange the structure whi ls t  you a re i n  t h e  m i d d l e  
of  l o o king a t  i t .  

• T h e  A m i ga's o p e rat ing  syste m does n o t  m o n i t o r  the  s i z e  o f  a 
p rogram's stack.  M any c o m p i l e rs however a l low stack c h e c k i ng 
c o d e  t o  be  a d d e d  to t h e  c o m p i l e d  a p p l i c a t i o n  c o d e  a n d  t h e  
a s s e m b l e r  p r o g r a m m e r  c a n  m a k e  s i m i l a r  c o d e  a d d i t i o n s .  
Al though such c h e c ks s low the program d o wn , they are u s efu l  
particu larly d u ring the  deve lopment of  recursive rout ines  w h i c h  
may become dee ply neste d .  

• R e me mber that any data w h i c h  i s  t o  b e  accessed b y  t h e  Amiga's 
custom c h i ps (b i tp lanes ,  i mage data, sound sam p l e s  and so on)  
m ust be p laced in  c h i p  me mory. 

• Do not u s e  p o l l  b a s e d  l o o p s  to wa i t  fo r externa l  e v e n t s .  T h e  
system has methods fo r a l l owing a task t o  s l e e p  b y  Wait ( ) ing o n  
part i c u l ar s ignal  b i ts - use  t h e m .  S i m i l arly you s h o u l d  not  u s e  
so ftwa re delay l o ops fo r creating t i m i ng de lays.  

• Do not d i sable e i th e r  interru pts or  mul t i -tasking fo r l o n g  pe r i o d s  
of  t i m e .  

• D o  n o t  a c c e s s  t h e  hardware d i rect ly .  

• Do not assume t hat system flags and syste m opt i o n s  are l i m i t e d  
t o  va lues  current ly avai lab l e  - cu rrent arrangements may c hange.  
I f  for example  you look  fo r a PAL d isp lay and d o n't fi n d  o n e  you 
must  not assume the d i sp lay i s  NTSC (eve n though i t  i s  at the 
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p r e s e n t  t i me) .  You must exp l i c i t ly c h e c k  for both PAL a n d  NTSC 
d i s p lays and then ,  to b e  real l y  safe, prov ide  an  e rr o r  hand l i ng 
s h u td o wn path which  recogn i s e s  the  exis tence  of  any u n known 
d i s play typ e .  

• D o  n o t  t i e  u p  syste m resou rces  u n n e c essar i ly .  F o r  exampl e ,  i f  
you r p rogram d o e s  n o t  n e e d  co nstant use  o f  a pr inter  t h e n  on ly  
o p e n  t h e  pr inter  device  when the program actua l ly  n e e d s  i t  and 
c lose  i t  as soon as poss i b l e .  That way o t h e r  programs wi l l  a l s o  b e  
ab l e  t o  u s e  the  pr inter  dev i c e .  

• Get  i nto t h e  habit  o f  c he c ki ng fo r m e m o ry l o s s  d u r i ng p rogram 
d eve l o p me nt .  The amount  of fre e  m e m o ry ava i lab le  aft e r  you r 
p rogram has ru n shou l d  b e  exactly the  same as  i t  was to s tart  
wi t h .  I f  i t  i sn 't then some d ebugging i s  c l ear ly n e e d e d .  

• A l l  non-byte fi e l d s  m u s t  be word a l igned 

• Al l  address p o i nters  must  be 3 2  b i ts .  D o  not u s e  t h e  u p p e r  8 bits  
for data. 

• Do not use s e l f-mod i fy ing c o d e  

• Cu stom c h i p s '  regi sters a r e  read on ly  o r  write o n l y .  D o  n o t  write  
to read o nly registers and d o  not read fro m write-only registers .  

There are a lso  a fe w gu i d e l i n e s  a imed s p e c i fi cal ly at the ass e mbly 
language p rogrammer .  

• Syste m l i brary fu nct ions  must  be cal l e d  with  registe r a6 h o l d ing 
the  l i b rary or  device  bas e .  Librar ies  and dev ices ,  as m e nt io n e d  i n  
t h e  l a st c hapter ,  w i l l  as sume a 6  i s  val i d  a t  the  t i m e  o f  su c h  a 
fu nct ion  ca l l .  

• R e g i s t e r s  d O ,  d l ,  aO a n d  a l  a r e  s c ra t c h  r e g i s t e r s  a n d  t h e i r  
conte nts must be c o n s i d e r e d  lost  aft e r  a syste m l i b rary cal l .  The  
conten ts o f  a l l  other  regi ste rs can be assu m e d  to be preserved .  

• Sys t e m  fu nct ions  that retu rn a val u e  may not ne ce ssar i ly  affe c t  
the  processor's c o n d i t i o n  c o d e s .  

• D o  n o t u s e  a c i r  i n stru c t i o n  o n  h a r d ware  r e g i s t e r s  w h i c h  a r e  
t r iggered b y  access becau se i t  c a n  c a u s e  the hardware reg ister  to 
b e  tr igge red twi c e .  In stead use  move ( . s i z e )#O, locat ion  i nstead.  

• Do not use the move sr i nstruct ion .  I f  you wi sh  to  get a copy of  
the p r o c e s s o r  c o n d i t i o n  c o d e s  use t h e  Exe c  l i b ra ry ' s  G e tC C O 
fu n c t i o n .  

• D o  n o t  u s e  t h e  t a s  i n s t r u c t i o n  o n  t h e  Amiga .  D i r e c t  M e m o ry 
Access  ( O MA) can confl i c t with th is  spec ia l i sed  i n stru cti o n .  
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Many of these ru l e s  w i l l  not overly concern you d u ri ng your early 
p rogra m m i ng days but i t  i s  worth po int i ng out  that in days gone by 
many Amiga p rogrammers have come to grief because they ignored 
the ru l e s  a l together. The best  i dea, at l east i n  my view,  i s  to a lways 
make the maxi m u m  effo rt to abide by the system convent ions .  
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Some 

I ntroductory 

Shel l/CL I 

Programs 

This  c hapter  a i m s  to p r o v i d e  
s o m e s i m p l e ,  b u t  r u n a b l e ,  
A m i g a  a s s e m b l y  l a n g u a g e  
p r o g r a m s w h i c h  w i l l  t i e  
t o g e t h e r  s o m e  o f  t h e  i s s u e s  
that  I 've  b e e n  t a l k i n g  a b o u t .  
B e f o r e d o i n g  t h i s  h o w e v e r  
t h e r e a r e  a n u m b e r  o f  
e n v i r o n m e n t  i s s u e s  t o  b e  
d i s c u s s e d ,  s ta rt i n g  fi r s t  a n d  
fo remost with t h e  d i ffe r e n c e s  
b e t w e e n  C L I / S h e l l  s t a r t e d  
p r o g r a m s  a n d  W o r k b e n c h  
started programs .  

N o r m a l  p r o g r a m s  o n  t h e  
A m i g a r u n  a s  A m i g a D O S  
processes. T h e s e ,  i n  t e r m s  o f  
the i r  multi -tasking capab i l it i es  
are  base d  on an Exec task  b u t  
p r o c e s s e s  are  m o r e  p o we r fu l  
( a n d m o r e  g e n e r a l l y  u s e fu l )  
b e c a u s e  they have ad d i t i o nal  
D O S  c a p a b i l i t i e s .  W h e n  y o u  
s t a r t  a p r o g r a m  f r o m  a 
She l l/C U wi ndow you do i t  by 
t y p i n g  its n a m e  fo l l o w e d  by 
a n y  para m e t e r s ( a rg u m e n t s )  
t h a t  a r e  n e e d e d .  T h e  
Am igaDOS C LI/S h e l l  p r o c e s s  
wi l l ,  o n  s e e i n g  t h i s ,  a l l o c a t e  
some me mory fo r a s tac k for 
y o u r p r o g r a m ,  s t o r e  a 
p r o g r a m  s t a c k  s iz e  o n  t h e  
program stack i ts e l f  and t h e n  
push a return a d d r e s s  on t h i s  
s t a c k .  T h e  A m i g a D O S  
CU/Sh e l l ,  whi c h  a s  ment ioned 
i s  running as a p rocess ,  stores 
the  C U/She l l  co mmand l i n e  on 
i t s  o w n  s t a c k  a n d  t h e n  
p ro v i d e s  y o u r p ro g r a m  w i t h  
t h e  a d d r e s s  o f  t h e  f i r s t  
c h a r a c t e r  o f  a n y  a rg u m e n t s  
you s u p p l i e d  o n  t h e  c o mmand 
l i n e  i n  a O  and t h e  a rgu m e n t  
c harac ter  count  i n  d O .  
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One i m p ortant p o i n t  to re m e m ber  is that t h e  C U/S h e l l  does  not 
c reate a new process fo r you r  program; i t  transfers  control  to you r 
p ro gra m by j u m p i ng to your program's code and so your  p rogram 
runs as part of the CU/Sh e l l  process .  Becau se of t h i s  your p rogram 
can i nh e r i t  a c e rta i n  amount of run-t ime i n formation and ,  as wel l  as 
the c o m mand l i ne argu me nts d i scussed above, it  can also f ind o u t  
wh ere  t h e  CU/S h e l l  i s  gett ing i t s  i n put fro m a n d  where i t s  output  i s  
go i ng.  These  I/O deta i l s  represent  addresses a n d  are c o nvent ional ly 
known as the CU/S h e l l  i nput and output  hand l e s .  

When a p rogram r u n s  fro m the Workbench AmigaDOS starts i t  a s  a 
c o m p l e t e l y  s e p a rate  p r o c e s s  a n d  i n  th i s  c a s e  t h e r e  w i l l  b e  n o  
c o m mand l i ne and n o  CU/She l l  i nput-output handles  ava i lable ,  s o  
Wo rkbench started p rograms need to s e t  u p  the i r  own I/O fac i l i t i es 
a n d  have to c ar ry o u t  some rat h e r  awkward m e ssage- o r i e ntat e d  
Wo rkbe nch operat ions .  

The j ob o f  creat ing general ly u s e fu l  program start-up c o d e  is  q u i te 
c o m p l ex.  I t  i n c l u d e s  d e c i d i n g  whe t h e r  a p ro gram h as started fro m  
t h e  W o r kb e n c h  o r  a C L I / S h e l l ,  p o s s i b l y  p a r s i n g ( s e p a r a t i n g )  
CU/S h e l l  argu ments s o  that they can b e  prov i d e d  t o  languages l i ke 
C i n  an easy to u s e  fas h i o n ,  poss ib ly o p e n i ng u p  the DOS l ibrary 
and s e t t i n g  u p  s tandard  1/0 ha n d l e s  and s o  fo r t h .  Co m m o d o r e  
p rovi des  s o m e  standard c o d e ,  ca l led  t h e  start-up c o d e ,  w h i c h  takes 
care of  many of  these  i n te rfac i ng d e ta i l s  and in fact  n owadays a 
vari ety of  start-u p m o d u l e s  are avai lab l e  and ,  d ep e n d i ng o n  what 
your p rogram is d o i ng,  you are fre e to choose  accord i ng to your  
n e e d s .  A l m o s t  a l l  h i g h - l e v e l  l a n g u a g e  c o m p i l e r s  a n d  6 8 0 0 0  
ass e mb l e r  packages w i l l  o ffer some fo rm o f  standard start-up code  
f o r y o u  to  u s e .  I t  i s  n o r m a l l y  b a s e d o n  t h e  C o m m o d o r e  
recommendati ons  and ,  i f  i t  has been written to be u s e d  with a h i g h
l eve l  language l i ke C .  the chances are that i t  wi l l  exp ect  the  start 
locat ion  o f  you r program code to be labe l l e d  as _ma i n .  

T h e  c o d e  may b e  s u p p l i e d as a p i ece  of  sou rce c o d e  t hat can be  
i n c l u d e d  at  t h e  b e g i n n i n g  o f  y o u r  p r o g r a m  - t h e  as s e m b l e r  
therefore generate s ,  and i nc l udes ,  the appropr iate start-up code as 
i t  a s s e m b l e s  y o u r  p r o g r a m .  T h i s  i s  o b v i o u s l y  u s e fu l  i f  y o u r  
as s e m b l e r  a l l o ws t h e  c re a t i o n  o f  d i r e c t l y  e x e c u t ab l e  p rogra m s .  
Start-up code may on t h e  other  hand be  su p p l i e d  a s  a se parate ly  
compi led  modu le  and i n  t h i s  case  you have to ask the  assemb l e r  to  
create  linkable (as  o p posed to exe c u table )  code  and t h e n  u s e  the  
l i n k e r  p r o g r a m  t o  a d d  the  s ta r t - u p  c o d e  t o  t h e  f r o n t  o f  y o u r 
p rogram.  T h i s  i s  n o t  a d i f fi c u l t  j o b  a n d  I ' l l  be  d i s c u s s i ng s o m e  
l i nker-o r ientated i ssues  later i n  t h i s  c hapte r. 
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Collecting Default 1/0 Handles 

D e s p i t e  t h e  f a c t  t h a t  m o s t  s t a r t - u p  c o d e  w i l l ,  f o r  C L I / S h e l l  
p r o g ra m s , o p e n  t h e  D O S  l i b ra ry a n d  s e t  u p  t h e  s ta n d ar d  I / O  
h a n d l e s  (kn own c o nve nt ional ly  a s  _std in  and _stdout)  i t  i s  u s e fu l  to 
s e e  exact ly  what has to be done.  I t's  not  a d i fficu l t  job and basi c a l ly 
a l l  a p rogram needs  to d o  i s  open the  DOS l i b rary ,  and then make 
ca l l s  to two DOS fu nct ions  known as  I n put( )  and Output( ) .  O p e n i ng 
t h e  DOS l ib rary i s  no d i ffe rent  to open ing any o t h e r  run-t ime l i b rary 
a n d  s o  t h e  c o d e  requ i re d  wi l l  fo l l o w  t h e  g e n e ra l  o u t l i n e  of that  
i n d i cated i n  C hapter 1 0 . Here  are  some br ief  d e tai l s  o f  the  two DOS 
cal ls  that are n e e d e d  once  the  l ib rary i s  o p e n :  

Fanetion: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Fanetion: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

IaputO 

Identify a program's initial input file handle 

file_handle = Input() 

dO 

None 

file_handle - the programs initial input file handle. 

OutputO 

Identify a program's initial output file handle 

file_handle = Output() 

dO 

None 

file_handle - the programs initial output file handle. 

The l ibrary o p e n i ng code ,  which  s h o u l d  al ready be  fami l iar ,  take s  
t h i s  form:  

move . l  _AbsExecBase ,_SysBase set up SysBa se variable 

lea dos_name , a 1 library name start in a1 

moveq #0 , dO any version will do 

CALLSYS Openlibrary , _SysBase macro ( see text for details) 

move . l  dO,_DOSBase store returned value 

I n  a r e a l  p ro g r a m  we wo u l d  o f  c o u r s e  n e e d  to c h e c k  t h a t  t h e  
retu rned l i brary base was val i d  a n d  t h e  eas iest  way t o  d o  that i s  to 
c h e c k  the z e r o  flag after t h e  l i b rary base (wh i c h  c o m e s  back i n  
register  d O) has b e e n  moved t o  the  _DOSBase variab l e .  I f  the l i b rary 
o p e n  wa s s u c c e s s fu l  we c a n  t h e n  u s e  I n p u t ( )  a n d  O u t p u t ( )  t o  
i d e nt i fy t h e  I/O h a n d l e s .  F o r  exam p l e ,  w e  c a n  c o l l e c t  t h e  o u t p u t  
hand le  l i ke t h i s :  

Ill 
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CALLSYS Output , _DOSBase  

move . !  dO , _st dout 

get default output handle  

s t o r e  output h an d le 

Again in  a c o m p l e te program i t  i s  necessary to c h e c k  t h e  retu r n e d  
d O  valu e .  

Outputting Text Messages 

Writ i ng text m e ssage s bac k at the CU/S h e l l  is obv i o u s l y  a u s e fu l  
t h i n g  fo r a p rogram t o  b e  ab l e  t o  d o .  L u c k i l y  i t  i s  a n  easy t a s k  
b e c a u s e  o n c e  a f i l e  h a n d l e  i s  ava i l ab l e t h e r e  i s  a ge n e ra l  D O S  
fu nct i o n ,  ca l l e d  Write ( ) ,  w h i c h  can b e  used  t o  d o  the  j o b .  

Function: 

Description: 

Call Format: 

Registers: 

Argwnents: 

WriteO 

Write data to a file 

length_ written = Write(file, buffer_p, data_length) 

DO D I  D2 D3 

file 

buffer_p 

data_length 

- file handle 

- pointer to buffer holding the data 

- length of the data 

Return Value: length_ written - number of bytes actually written 

Notes: A length_ written value of - 1  will indicate an error. 

The above Write( )  fu nct ion i s  not i n c i d ental ly j u s t  fo r wr it ing text  
message s .  I t  i s  a general fu nct ion u s ed to write  byt e s  o f  data to any 
DOS f i l e .  Having said that ,  i f  you use  _stdo u t  as t h e  f i l e  handle  and 
the u s e r  hasn't  red i rected the o u tput  u s i ng DOS's > o p e rator ,  t h e n  
DOS wi l l  i n d e e d  write  t h e  data bac k  at t h e  C U/Sh e l l  wi n d ow. 

You ' l l  see  fro m  the above descr ipt ion  of  Wri te () t hat the fu n c t i o n  
needs  to know how much data i s  be ing writte n .  Th is  m e a n s  t h a t  t o  
u s e  Wr i te ( ) to s e n d text me ss age s to t h e  C U/She l l  wi n d o w  you ' l l  
need  t o  know h o w  long each text str ing i s .  Stat ic  p rogram text i s  
u s u a l l y se t u p  u s ing d e fi n e  byte (d c . b) ass e m b l e r  d i r e c t ives  l i ke 
t h i s :  

message  d c . b  ' t est  text ' 

One way to work ou t the  number o f  c harac ters i s  to actual ly c o u n t  
th e m  a n d  i n  t h e  above exa m p l e  t h i s  i s  e a s y  e n ough t o  d o .  W i t h  
large r p i e c e s  o f  text t h i s  approac h obviously b e c o m e s  t e d i o u s  and 
error  prone an d t h e re is in  fac t  a far better  way o f  d o i ng the  j ob -
you place an addit i on al lab e l  at the  e nd of  the  text and t h e n  use  t h e  
EQUate d i rec t ive to s e t  i t  to a val u e  bas e d  on the  c u r r e n t  ass e m b l e r  
locat i o n  c o u n t e r  val u e  minus the  start o f  t h e  or ig ina l  str i ng,  l i ke 
t h i s :  
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message  d c . b  ' t est  t ext ' 

me ssag e_S I Z E O F  EQU * · me s sage 

The resu lt  i s  that the ass e mb l e r  au tomatical ly  sets the second l ab e l  
to t h e  s ize  o f  the preced ing str ing.  I adopt a convent ion wh ereby 
the s i z e s  of a l l  mes sage stri ngs are repre s e nted by a lab e l  formed 
by taking the o rig inal  s tr ing  labe l  and ad d i ng _SI Z EOF to i t .  Why? 
I t 's  b e cau s e  it i s  then p o s s i b l e  to c reate a macro that ,  g iven the  
str ing labe l ,  can  form t h e  s i z e  lab e l  auto mati ca l ly .  S ince  Wr i te ( )  
u s e s  registers d l - d3  i t  i s  u s e fu l  to  preserve those  registers o n  the  
stac k b e fore  load ing the m with  t h e  data n e e d e d  by t h e  DOS cal l .  
T h e  fo l lowing macro d o e s  th is ,  sets u p  d l -d 3  a s  i n d i cate d  ear l i e r  
(note h o w  my _S I ZEOF co nve nt ion i s  u s e d  t o  put  a stri ng  s i z e  i n  dO) ,  
make s t h e  D O S  ca l l ,  a n d  t h e n  fi n a l l y  re i nstates  the c o ntents  o f  
registers d l -d 3 :  

WR ITEDOS MACRO 

m o v em . l  d 1 - d3 ,  - ( sp )  

m o v e . !  \ 2 , d 1 

m o v e . !  # \ 1 , d2 

m o v e . !  # \  1 _S IZEO F , d3 

CALLSYS Writ e , _DOSBase 

movem . l  ( sp ) + , d 1 - d3 

ENDM 

p r e s e r v e  registers  d 1 · d3 

DOS o u t p u t  f ile han d le 

st art of m e s s a g e  

s i z e  of  m e s s ag e  

DOS c all t o  write  messag e 

rest o re r e g i s t e r s  d 1 · d3 

With th is  macro ava i lab l e  the as s e m b l e r  programmer  can c reate the  
n e c e ssary code by wr it ing th is  type of  state ment :  

WR ITEDOS <t ext_lab e l> , < d o s_handle> 

I n  the  above text m essage example the  l i n e  needed i s :  

WR I TEDOS messag e ,  _st d o u t  

wh i c h  gets expanded t o  t h i s  ty pe o f  c o d e :  

mo v em . l  d 1  - d3 ,  · ( sp )  

m o v e  . 1  _stdout , d 1  

p r e s e r v e  r e g i s t e r s  d 1 - d3 

DOS o u t p u t  f ile handle 

move . !  #messag e , d 2 st art of  m e s s a g e  

move . !  #message_S IZEO F , d3 s i z e  of m e s s a g e  

CALLSYS Writ e , _DOSBase DOS call to write messag e  

movem . l  ( sp ) + , d 1 - d3 restore  r e g ist e rs d 1 · d3 

Obvious ly  the CALLSYS macro gets expa n d e d  in  a s i mi lar  fas h i o n  
wi t h  CALLSYS i t s e l f  cau s i n g t h e  _LVO p r e fi x  to b e  a d d e d  t o  t h e  
W r i t e  labe l  a n d  generating a fu rth e r  refe re n c e  t o  the  system L I N KLIB 
macro.  
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movem . l  d 1 - d3 , - ( sp )  

move . l  _st dout , d 1 

preserve registers d 1 - d3 

DOS output f ile h andle 

move . l  #mes s age , d2 start of message 

move . l  #mes s age_S IZEOF , d3 s iz e  of m e s sage 

LINKL I B  _LVOWrit e , _DOSBase DOS call t o  write m e s s ag e  

movem . l  ( sp ) + , d 1 - d3 restore registers d 1 - d3 

LINKLIB i s  o f  cours e  a lso expanded so the  final c o d e  p ro d u c e d  by 
the assembler looks l i ke th is :  

movem . l  

move . l  

move . l  

move . l  

move . l  

move . l  

j s r 

move . l  

movem . l  

d 1 - d3 , - ( sp )  

_stdout , d 1 

#messag e , d2 

#mes s ag e_S I ZEOF , d3 

a6 , - ( sp )  

_DOSBase , a6 

_LVOWrit e ( a6 )  

( sp ) + , a6 

( sp ) + , d 1 - d3 

p reserve registers d 1 - d3 

DOS output f ile h an d le 

st art of message 

size of mes s ag e  

preserve contents of a 6  

b a s e  a d d r e s s  of library 

ind irect subrout ine call 

restore a6 

restore r e g i s t e r s  d 1 - d3 

Be quite  c l ear o f  the  advantage s o f  th is  macro or ientated approac h .  
Three general ly usefu l  macros have a l l owed u s  to c reate a l l  o f  the  
above code by s i mply  writ ing:  

WR ITEDOS messag e ,  _st dout 

Already the macros are do ing a good job o f  h i d i n g  the somewhat 
messy deta i l s  of the fu nct ion ca l l s .  In e ffect  they are a l lowing us to 
write  6 8 0 0 0  a s s e m b l e r  c o d e  at  a mu c h  h i g h e r  l e v e l  t h a n  w o u l d  
otherwise have b e e n  poss ib le !  

I f  we take our  macro d e fi n it ions ,  d e fine  space for s o me variab les ,  
and inc lude  t h e  appropriate header  fi l e s  i t 's  poss ib le  to c reate a 
short p rogram which puts  a l l  of  the i deas we've been talking about 
toge t h e r .  The fo l l ow i n g  examp l e  o p e n s  the DOS l i b ra ry ,  s e t s  up 
_stdout ,  and th en prints a message on the scre e n :  
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example C H 1 2 - 1 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s o m e  s y ste m  i n c lu d e  f iles . . .  

i n c lu d e  e xe c / t ypes . i  

i n c lu d e  e xe c / libraries . i  

include  e x e c / exec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CALLSYS MACRO  

L I N KL I B  _LV0 \ 1 , \ 2 

E N DM 

CALLSYS macro i s  u s e d  t o  ext end  L I N KL I B  and  t h u s  avoid 

the explic it u s e  of the _LVO prefixes in t h e  f u n c t ion 

names . . .  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

WR IT EDOS MACRO 

m o v em . 1  
m o v e . I  

m o v e . I  

m o v e . I  

CALLSYS 

mo v em . 1  
ENDM 

d 1 - d3 , - ( s p )  

\ 2 , d 1 

# \ 1 , d2 

# \ 1 _S IZEOF , d 3 

Writ e , _DOS Base  

( s p ) + , d 1 - d3 

p reserve  r e g i s t e r s  d 1 - d 3 

DOS o ut put  f ile handle 

st art of  m e s s ag e  

s i z e  of  m e s sage  

DOS  c all to  write  
messag e 

r e s t o re r e g i s t e r s  d 1 - d3 

WR ITEDOS is  u s e d  t o  Writ e ( )  DOS text  m e s s a g e s  and  

c o n t r ol  c h aract er  st reams . The  mac ro exp e c t s  the  u s e r  

t o  supply a text  label  fo llowed by a valid DOS out put 

handle . 

Usage : WR I TEDOS < t e xt_lab e l> , < d o s_handle> 

Exampl e : WR ITEDOS m e s s ag e , _st dout  

Wit h in t h e  prog ram each  mes s ag e  X must  have  a 

c o rresponding  s iz e  EQUat e , X_S I Z EO F ,  c o n t a i n i n g  t h e  

s i z e  of  t h e  mes sage . A n  e a s y  way t o  s e t  t h i s  u p  i s  t o  

define  t h e  s i z e  labe l  immed iat e ly aft e r  d e f i n i n g  t h e  

message  it s e lf a n d  u s e  t h e  a s sembler ' s  lo c at io n  c o u n t e r  

t o  do t h e  lengt h c alc u lat io n , like  t h i s  . . .  

message  d c . b  ' t est  text ' 
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messag e_S I ZEOF EQU * - m e s s ag e  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EQUat e definit ions  . . .  

AbsExecBase  EQU 4 

LF  EQU 1 0  
* - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main program c o d e  . . .  

move . !  _Ab s E x e c B as e , _S ysBase  s et up  S y s B a s e  
v a r iable 

lea 

moveq  

CALLSYS 

d o s_name , a1 library name st art i n  a 1  

#0 , dO any v e r s ion  will d o  

Openlibrary , _Sys Bas e macro  ( s ee  t ext  f o r  
detail s )  

move . !  dO , _DOSBase store r e t u rned v alu e 

beq  EXIT t e st r e s u lt for s u c c e s s  

i f  w e  reach h e r e  t h e n  t h e  D O S  library i s  o p e n  and  it s 

f u n c t ions  can  b e  s afely u s e d ! 

CALLSYS Output , _DOSBase get  d efault output handle 

move . !  

beq  

dO , _st dout 

C LOSE L I B  

s t o r e  o u t put  h a n d le 

h ave  obtained valid o ut put handle s o  m e s s ag e  c an b e  

writ t e n  . . .  

WR ITEDOS messag e ,  _st dout  get  DOS t o  write  m e s s a g e  

a l l  d o n e  so  now we c a n  c lo s e  DOS library . . .  

C LOSE L I B  m o v e . l  _DOSBase , a1 base  n e e d ed in  a 1  

CALLSYS C lo s e l ibrary , _Sy s B a s e  

; a n d  t erminat e t h e  program . . .  

EXIT c lr . 1  dO  

r t s  logical end  of  prog ram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; v ariables and stat i c  dat a  . . .  

s tdo ut d s . l  1 -

_Sy sBase d s . l  1 

DOSBase d s . l  1 -

dos  name DOS NAM E -

message  d c . b  ' t his  is  j u st my line of  t e st  t e x t ' , LF 

me s s age_S IZEOF EOU * - me s s ag e  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Some Introductory Shell/CLI Programs 

T h e  format  o f  t h e  l i b ra ry c a l l s  s h o u l d  be  fa m i l i a r  f rom e a r l i e r  
chapte rs and you s h o u l d  note  t h a t  n o t  o n l y  have any c a l l s  that  
cou l d  fai l  been c h e cked but that  t h e  p rogram takes the appropriate 
act ions  if t h i ngs go wrong. I f, for example ,  the  Output () fu nct ion  
fai l s  then the  p rogram b ranches d i rect ly to the  sect ion  whi c h  c l oses 
the  DOS l i b rary.  I n  o t h e r  words  i t  does not attempt to o u t p u t  a 
me ssage. 

Y o u ' l l  n o t i c e  t h a t  s p a c e  fo r t h e  p r o g r a m s  v a r i a b l e s ,  
_s td o u t ,_Sy s Ba s e  e t c , have b e e n  c r e a t e d  u s i n g  t h e  a s s e m b l e r ' s  
d efine sto rage ( d s . I )  d i rect ives a n d  on see ing t h e  d i rect ive :  

stdout d s  . 1  1 

the a s s e m b l e r  wi l l  s e t  a s i d e  fou r  byt e s  o f  u n i n i t i a l i s e d  memory.  
When long word (or  word) val u e s  are spec i fi e d  the ass e mb l e r  wi l l  
e n s u r e  t h a t  t h e  l o c a t i o n  i s  word-a l i g n e d  ( t o  p reve nt a d d r e s s i n g  
errors w h e n  t h e  p rogram i s  ru n ) .  W h a t  happens  at t h e  assembly 
stage of  course i s  that ,  on see ing s u c h  a d i rect ive , the ass e mb l er  
s i m p l e  adds 4 (or  5 i f  the  l o cat i o n  needs  pad d ing) to i t s  locat ion 
counter .  

You may , i n c i d e n t a l l y ,  be  wo n d e ri ng why a c i r . I  dO i n stru c t i o n  
occurs  j u s t  b e fore t h e  end of  the  p rogram. It 's  becau s e  a l though 
Amiga programs termi nate via a s i m p l e  return fro m su brou ti ne ( rts )  
i nstru c t i o n  AmigaDOS, by c o nve nt i o n ,  expects to  see  e i ther  a zero 
o r  an A m i gaDOS error  code in  r e g i s t e r  dO .  N o t h i n g  s e r i o u s  w i l l  
happen o f  you don't do t h i s  b u t  given t h e  syste m ru les  i t  i s  best  to 
stick to t h e m ! .  

T h e  next p rogram exte nds the ideas we've been d i scuss ing to the 
pri n t i ng of  seve ral  text str ings :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* E x ample C H 1 2 - 2 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s o m e  s ystem i n c lu d e  f iles . . .  

i nclud e  exec / t yp e s . i  

i n c l u d e  ex e c / libraries . i  

i nclude  exec / ex ec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; see t ext and n o t e s  with earlier program s  

CALLSYS MACRO 

LI NKL I B  _LV0 \ 1 , \ 2 

E N DM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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; s e e  t ext  and  n ot e s  with earlier p r o g rams 

WR I TEDOS MACR O  

m o v e m  . 1  d 1 - d3 , - ( sp )  p r e serve  registers  d 1 - d3 

m o v e . I  \ 2 , d 1 DOS output f ile h an d l e  

m o v e . !  # \ 1 , d2 s t art of  m e s s a g e  

move . !  # \ 1 _S I ZEOF , d3 s i z e  of  m e s s ag e  

CALLSYS Writ e , _DOSBase DOS c all to  write  
message  

m o v em . 1  ( sp ) + , d 1 - d3 r e s t o r e  registers  d 1 - d3 

E NDM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EQUat e definit ion s  . . .  

_Ab s E xecBase  EQU 4 

LF EQU 1 0  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main prog ram c o d e  . . .  

move . !  _Ab s E xecBas e , _S y s B a s e  set  up  S y s B a s e  
variable 

d o s_name , a1 

#0 , dO 

library n ame s t art in  a1  

any  v e r s ion  will do 

lea 

moveq  

CALL SYS Open library , _SysBas e macro  ( se e  t e x t  f o r  
d et ails ) 

move . I  

beq 

dO , _DOSBase 

EXIT 

s t o re r e t u rn e d  valu e  

t e st res u lt f o r  s u c c e s s  

DOS library is  o p e n  an d i t s  f u n c t i o n s  c a n  b e  s af e ly 

u s ed  . . .  

CALLSYS Output , _DOSBase 

move . I  dO , _s t d out 

beq C LOS E L I B  

get default output handle 

store o u t p ut handle 

have obt ained  a valid output  h an d le s o  m e s sages  c an b e  

writ t e n  . . .  

WR I T E  DOS message1 , _ s t d o ut write m e s sages  

WR I T E  DOS mes sage2 , _  s t d o ut 

WR I T E  DOS mes sage3 , _  st dout  

WR I T E  DOS mes sage4 , _ st dout  

all  d o n e  so  n ow we can c lo s e  DOS library . . .  

C LOS E L I B  move  . 1 _DOSBase , a1 base  n e e d e d  in a1 
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CALLSYS 

; and t erminate 

Closel ibrary , 

t h e  program . . .  

dO 

_SysBase 

EXIT c l r . l 

rt s logical e n d  of program 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; variables and s t at ic d at a  . . .  

stdout d s . l  1 -

_Sys Base d s . l  1 

DOS Base d s . l  1 -

dos_name DOS NAME 

message1 d c . b  ' On c e  you h ave s een h ow easy it is t o  
write ' , L F  

messag e 1 _SIZEOF EQU * - me s s ag e 1  

message2 d c . b  ' on e  line of text u s in g  the WR ITEDOS 
mac ro . . .  ' , LF 

message2_SI ZEOF EQU * - me s s age2 

message3 d c . b  ' yo u  should be able to write any 
n umber of ' , LF 

message3_S IZEOF EQU * - me s s age3 

message4 d c . b  ' similar prog rams yours e lf ! '  , LF 

message4_SI ZEOF EQU * - me s s age4 

* --- - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Getting Data From The CLl/Shell Command Line 

I m e n t i o n e d  e a r l i e r  t h a t  w h e n  a C U/ S h e l l  p r o g r a m  s t a r t s ,  t h e  
registers a O  and d O  contain t h e  start address  o f  t h e  command l i ne 
and its  l ength.  The fol lowing example  starts  by c o l l e ct i ng this  i n fo 
and s t o r i ng i t  i n  two var i a b l e s  (wh i c h  I 've c a l l e d  c l i_args_p a n d  
c l i_args_s i z e ) .  Havi ng d o n e  t h a t ,  i t  c o n t i n u e s  as  p e r  t h e  e a r l i e r  
exam p l e  by p r i n t i ng s ome text u s i ng DOS's W r i t e () fu n c ti o n .  The 
d i ffe r e n c e  howeve r i n  t h i s  p rogram i s  that  i t  is  not a stat ic  text 
str ing that i s  being printed - we print the  argu ments s u p p l i e d  on 
t h e  c o m m a n d  l i n e  w h e n  t h e  p r o g r a m  w a s  s t a r t e d .  The m a i n  
p u r p o s e  o f  t h e  e x a m p l e  i s  t o  i l l u s t r a t e  h o w  u s e r  s u p p l i e d  
a r g u m e n t s  c a n  b e  c o l l e c t e d  b u t ,  b y  w a y  o f  a s i m p l e  l o o p  
i l l u st rat i o n ,  I 've actu a l ly arranged t o  p r i n t  t h e  c o mmand l i n e  as 
many t i m e s  as t h e r e  are c harac t e r s ,  r e m o v i n g  the last c haracter  
e a c h  t i m e  a l i n e  i s  p r i n t e d .  I f , fo r e x a m p l e ,  t h e  u s e r  t y p e s  
ThislsMyTest the  program w i l l  respond b y  d i s p laying :  
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Th i s i sMyTest 

This i sMyTe s 

Thisi sMyTe 

Thisi sMyT 

Th i s i sMy 

Th i s i sM 

This I s  

Th i s !  

This 

Thi 

Th 

T 

Here's the code  that s hows how i t  i s  d o n e :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example C H 1 2 - 3 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s ome syst em in c lu d e  f iles  . . .  

include  ex e c / ty p es . i  

include exec / libraries . i  

include  exec / exec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s e e  t ext a n d  n o t e s  w i t h  earlier prog rams 

CALLSYS MACRO 

L INKLIB  _LV0 \ 1 , \ 2 

E N DM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

s e e  t ext and n o t e s  with earlier  prog rams 

WR ITEDOS MACRO 

movem . l  d 1 - d3 ,  - ( sp )  preserve  registe r s  d 1 - d3 

move . !  \ 2 , d 1 DOS o u t p u t  f i le handle 

move . I  # \ 1 ' d2 st art of m e s s a g e  

move . I  # \  1 _S I Z E O F , d3 s i z e  of m e s s a g e  

CALLSYS Writ e , _DOSBase DOS call to writ e 
m e s s ag e  

movem . l  ( s p ) + , d 1 - d3 restore  reg ist e r s  d 1 - d3 

ENDM  
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EQUat e de f init ions  . . .  

_AbsEx e cB a s e  EQU 4 

LF EQU 1 0  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

m a i n  prog ram c o d e  . . .  

mo v e . !  _Ab s E x e c Base , _S y sBase  set  u p  S y s Ba s e  
v ariable 

m o v e . !  ao , c li_a rg s_p 

move . !  dO , c li_a r g s_size 

lea d o s_name , a1  

moveq  #0 , dO 

save  DOS s upplied 
CLI  point e r  

a n d  command 
argument length  

library name s t art in a 1  

any v e r s i o n  will  d o  

CALLSYS Openlibrary , _SysBase  

move . !  dO , _DOS B a s e  s t o r e  library b a s e  

c h e c k  r e s u lt beq  EXIT 

DOS library is  open  and  it s f u n c t io n s  can b e  safely 

u s ed ! 

CALLSYS Output , _DOSBase 

move . !  dO , _s t d o ut 

beq C LOSE L I B  

g e t  default output  handle 

store  output  handle 

valid out put  handle is  available so  d o  t h e  argument 

print  . . .  

m o v e . !  

subq . l  

beq  

PRINT m o v e  . 1  
move . !  

c li_arg s_s ize , d3 

# 1 , d3 

CLOSE L I B  

_st d o u t , d 1 

cli_arg s_p , d2  

orig  argument s i z e  

i g n o r e  t e rminal linefeed  

n o  argument s  p r o v i d e d  

D O S  output f ile han d le 

n e e d e d  s i n c e  DOS 
d e s t roys d 2  

CALLSYS Writ e , _DOSBase print  d3  c harac t e r s  of  
argument 

WR ITEDOS linefeed , st dout  print  a linefeed  

subq . l  # 1 , d 3 d ec rease  c h arac t e r  c o u n t  

bne  PR INT k e e p  g o in g  if  d3  i s  non - z ero 

WR ITEDOS linefeed , st d o u t  print lin e f e e d  to f i n i s h  

a l l  done  s o  n o w  w e  c an c l o s e  D O S  library . . .  

CLOS E L I B  m o v e  . 1  _DOSBase , a 1 base  n e e d e d  in  a1  
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CALLSYS 

; and t e rminate 

EXIT c lr . 1 
r t s  

C l oseli b rary , 

t h e  program . . .  

d O  

_Sy s  B a s e  

logical e n d  of  prog ram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; variables a n d  s t at ic d a t a  . . .  

stdout  d s . l  1 

_Sy sBase  d s . l  1 

DOSBase d s . l  1 -

c li_arg s_p d s . l  1 

c li_args_size d s . l  1 

d o s_name DOSNAME 

linefeed d e . b L F  

linefeed S I Z E O F  E Q U  * - linefeed 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N o t e :  B e c a u s e  t h e  W R I T E D O S  m a c r o  i s  n o t  d e s i g n e d  t o  h a n d l e  
message s whose l e ngths are not  d e fined  by a _SI Z EOF l ab e l ,  t h e  DOS 
Wri te ( )  fu nct ion  call  had to be set  up manual ly! 

Using The Amiga. l ib  Li brary Print Function 

One a l ternat ive to us ing  the  DOS bas e d  W ri te ( )  fu nct ion  d i re c t ly  can 
be fou n d  i n  t h e  a m i g a . l i b  l i n k e r  l i b ra ry .  T h e re is a h i g h - l e v e l  
rou t ine  c a l l e d  p r i ntf{ ) ,  styl e d  o n  t h e  C fu nct ion o f  t h e  same name 
(see  A p p e n d i x  A fo r d e ta i l s ) w h i c h  a l l ows you t o  both p ri n t  and 
spe c i fy the  fo rmat of  text and nu mbers ( d e c i mal and hexad e c i mal ) .  

L inker  l i brar i e s ,  as e x p l a i n e d  ear l i e r ,  are  a c o l l e c t i o n  o f  r o u t i n e s  
and data that can be used  b y  y o u r  program. W h e n  u s i n g r o u t i n e s  
wh i c h  are exte rnal to the sou rce c o d e  t h a t  you a r e  actual ly writ ing 
i t  is  n e c e s s ary  t o  t e l l  the a s s e m b l e r  t h a t  s o m e  of t h e  r o u t i n e  
refe rences  that i t  w i l l  f ind i n  the program w i l l  not  actu a l l y  b e  fou n d  
i n  t h e  s o u r c e  i t s e l f , b u t  t h e  r e fe r e n c e  wi l l  b e  r e s o l v e d  ( i e  t h e  
r o u t i n e  i n  q u e s t i o n  wi l l  b e  fo u n d )  l a t e r ,  n a m e l y  a t  t h e  t i m e t h e  
program i s  l i nke d .  

T o  d o  t h i s  we u s e  t h e  asse mbler 's  XREF pseudo-op .  S o  to d ec lare t h e  
p r i n t ( )  fu n c t i o n ,  wh i c h  t o  t h e  as s e m b l e r p r o g r a m m e r  i s  t h e  
refe rence  to a rou t i n e  ca l l ed  _p r i n t f, we use  th i s  s tate m e n t :  

XR E F  _printf 
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H a v i n g  c r e a t e d  a p r o g ra m  w i t h  s u c h  a d e f i n i t i o n  w e  a s k  t h e  
assembler  t o  c reate l i n kable  c o d e .  B y  convent ion t h e  assembler  wi l l  
u s u a l l y  c reate  a fi l e  wi th  a ' . o '  fi l e na m e  ext e n s i o n  t o  s ign i fy an 
object  c o d e  mod u l e .  Once  the object  code  m o d u l e  is avai lab l e  i t  can 
b e  l i n ke d .  

I f  t h e  source fi l e  i s  cal l e d  Exam p l e C H 1 2 -4 .s  then t h e  ass e mb l e r  wi l l  
create an object  code  fi l e  ca l led  Exa m p l e C H l  2-4 . o ,  and to l i n k  th i s  
with  the  amiga . l i b  l i b rary you  wou l d  u s e  th is  sort  o f  com mand l i ne : 

b link  ExampleC H 1 2 - 4 . o  t o  E x ampleC H 1 2 · 4  lib rary amiga . lib  

I t  m a y  b e  n e c e s s a r y ,  d e p e n d i n g o n  y o u r  a s s e m b l e r/ t o o l  
e n v i r o n m e n t  t o  a d d  f i l e p a t h s  t o  te l l  b l i n k  w h e r e  t h e  f i l e s  a n d  
l i b rar ies  a r e .  I f , fo r exam p l e ,  you r program fi l e s  a r e  i n  R a m  and t h e  
am iga. l i b  l i brary i s  i n  a d fO :  d i recto ry c a l l e d  L I B  th en y o u  wo u l d  u s e  
a b l i n k  co mmand l i ne w h i c h  looked l i ke t h i s :  

b link  ram : E xampleCH 1 2 - 4 . o  t o  ram : E xampleC H 1 2 · 4  library 

dfO : L I B / amiga . lib  

E i t h e r  way t h e  r e s u l t ,  a t  the  e n d  o f  the day, i s  that b l i n k  wi l l  take 
the spec i fi e d  object  code  fi l e ,  add the necessary l i b rary c o d e ,  and 
produce  a runab l e  (exe cutab l e )  p rogram . 

As far as t h e  s o u rc e  c o d e  i s  c o n c e r n e d  h o wever  t h e re i s  a l i t t l e  
more to  u s i ng the  pr i ntfO rou t i n e  than  j u st t e l l i ng the l i nke r where 
i t  i s .  The amiga . l i b  pr in tf() fu nct ion has i ts  own spec ia l  needs and 
a m o n gst t h e m  c o m e s  a c c e s s  to a va l i d  s t d o u t  h a n d l e  - in o t h e r  
wo rds pr intf() w i l l  need to k n o w  where the output  s h o u l d  be se nt. 
In fac t, u n l e ss the l i n ker  can see the _std out  label  in you r  p rogram, 
the l i n k o p e rat i o n  wi l l  fa i l .  

Th i s  i s  where another  assembl e r  p s e u d o - o p ,  ca l led  XDEF,  comes i n  
handy.  XDEF e n s u r e s  that l a b e l s  are  v i s i b l e  t o  t h e  l i n k e r  a n d  to 
make _std out avai labl e in  th i s  fas h i o n  we'd wr i te :  

XD E F  stdout  

M a n y  of t h e  rou t i n e s  p resen t i n  amiga. l i b exp ect to have a c c e s s  to 
l i brary ba ses  and so these  a lso  fre q u e ntly n e e d  to be XDEF 's .  To 
make t h e  DOS l i b rary bas e ,  know n c o n v e n t i o na l l y  as _DO SBas e ,  
exte rnal ly v is i bl e ,  we wou ld  therefo re u s e  th is  statement :  

XDEF DOSBase 
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C Function Cal l  Conventions 

U n fortunate ly there  i s  a b i g  d i ffe rence  b e twee n  t h e  Amiga's run
t ime l ib rar i e s ,  such  as the exec  and DOS l ib rar ies ,  and the amiga. l i b  
l i n k e r  l i b rary a s  fa r a s  b o t h  u s e  a n d  t h e  w a y  t h a t  t h e  l i b ra ry 
r o u t i n e s  exp e c t  t o  be  g i v e n  t h e i r  d at a .  T h e  p a r a m e t e r  p a s s i n g  
conve n t i o n s  o f  t h e  run- t ime l i bra ry routi n e s ,  as  w e  have a l ready 
s e e n ,  are regi s t e r  based - the d ata requ i re d  fo r the r o u t i n e s  are 
p laced i nto appropr iate 68000 registers prior to u s i n g  the  fu nct ion .  

T h e  a m i g a . l i b  r o u t i n e s  have  b e e n  w r i t t e n  to  u s e  a C s t y l e  
convent ion whe reby any data that must  b e  pass e d  to the  fu nct ion i s  
passed o n  the  stack.  For  obv i o u s  reasons t h i s  approach i s  c a l l e d  
s t a c k- b a s e d  p a r a m e t e r  p a s s i n g a n d  t h e  s n a g ,  a s  fa r a s  t h e  
n e wc o m e r  t o  a s s e m b l e r  p rogramming i s  c o n c e rn e d ,  i s  that  i t  i s  
nece s sary to know how t o  d o  th is  b e fore the  rout ines  can b e  u s e d .  

Lucki ly the bas i c  ou t l i ne i s  reaso nably s i m p l e .  P lace a n y  requ i re d  
p a r a m e t e r s  o n t o  t h e  6 8 0 0 0 ' s  s t a c k ,  p e r fo r m  a n o r m a l  j s r  ( o r  
perhaps bs r) type subrout ine cal l ,  then adj u s t  the  s tack p o i nter  so  
that i t  po i nts to the pos i t ion  spec i fied b e fore the  parameters were 
p u s h e d  onto it .  I n  e ffe ct  t h i s  latter adj u s t m e n t  s e rv e s  the same 
p u r p o s e  as p u l l i n g  the paramete rs o ff the s tack ,  but t h e  s i n g l e  
nu merical  adju stment i s  qu icke r .  

F r o m  C ,  t h e  pr intf() fu nct ion  takes th is  fo r m :  

printf ( f o rmat_st ring , arg1 , arg 2 ,  . . . .  argN ) ; 

a n d  (as  you ' l l  s e e  i n  A p p e n d i x  A) t e xt s t r i ngs a r e  s p e c i fi e d  by 
po i nters represent ing  the  addre s s e s  o f  t h e i r  fi rst  byte s .  To p r i nt a 
s i ngle  text str ing you wou l d  therefore use  th is  type of  cal l :  

printf ( fo rmat_st ring , t ext_st ring ) ;  

The fo rmat s tr i ng can i n c i d e n tal ly be q u i te c o m p l e x  b u t  fo r o u r  
i mmed iate purposes a l l  you n e e d  t o  be aware o f  i s  t h e  fact  that the  
format s tr ing fo r pr int ing a s i ngle  text str ing fo l l owed by a l i ne -feed 
i s :  

d c . b  ' %s '  , L F ,  N U L L  

T h i s  te l l s  t h e  p r i n t f( )  fu n c t i o n  to e x p e c t  a s t r i n g  p o i n t e r .  T h e  
terminal  NU LL i n c i d e n ta l ly  i s ,  a s  ment ioned before , a C-style way of  
i nd icating the e n d  of  the str ing.  

C fu nct ion cal l conve n t i o n s  result  i n  param eters b e i ng p u s h e d  onto 
the s t a c k  in a r i g h t  to l e f t o r d e r .  F o r  t h e  p r i n tf ( )  fu n c t i o n  c a l l  
i l lu strated above, t h i s  means that t h e  part of  t h e  s tack that w e  are 
i nterested in ends u p  l o ok ing l i ke F igure 1 2 . 1 .  
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( remember 68000 stacks 
grow downwards) 

bottom o f  me mory 

t 
Figure 1 2. 1 .  The Stack for the print({) function call. 

Th i s  s i tuat i o n  is exactly what o u r  p rogram mu st p rovi d e  before we 
can use  the amiga. l i b  p r i ntf( )  fu nct i o n .  To achieve it we therefo re 
n e e d  t o  p u s h  fi r s t l y  t h e  a d d r e s s  o f  t h e  t e x t  s t r i n g ,  a n d  t h e n  
second ly  the address o f  the  fo rmat str ing ,  o n to the stac k. There i s  
i n  fact  a spec ia l  i n struct i o n  fo r p u s h i ng the address o f  a spec i fied 
o p e rand onto th e stack - i t  i s  cal l e d  a push effective address (pea) 
i n s t ru c t i o n  a n d  fo r p u s h i n g t h e  a d d r e s s  o f  a l a b e l l e d  m e m o r y  
locat ion i t  c a n  b e  u s e d  l i ke t h i s :  

p e a  t ext_st ring 

pea fo rmat_string  

T h e  pea i n struct ion  c a n  be u sed w i t h  any 68000 addre s s i ng mode 
and the re s u l t  i s  always that the address o f  the  s p e c i fi e d  o pe rand 
(not the o p e ran d i t se l f) wi l l  be pushed onto the stack. The c o m plete 
amiga. l i b  C sty l e  p r i ntf( )  fu nct ion  ca l l  the refore fo l l ows th is  type o f  
use  patte r n :  

pea t e xt_st ring p u s h  t e xt st ring address  

pea fo rmat_string  p ush  f o rmat string  addres s  

j s r _printf mak e t he amiga . lib  call 

addq . l  #8 , sp ad j u st stac k 

Not ice that, as ment ioned  ear l i e r ,  i t  i s  not necessary to p u l l  the text 
and fo rmat str ing p o i nters fro m  the stack - i nstead we u s e  a addq . l  
#8 i n s t r u c t i o n  to  a d d  8 ( the  n u m e r i c a l  e q u i va l e n t  o f  two l o n g 
w o r d s )  to t h e  s ta c k  p o i n t e r .  T h i s  e f fe c t i v e l y  adj u s t s  t h e  s t a c k  
p o i nter re g ister  so  that i t  h a s  t h e  same va l u e  a s  i t  h a d  befo re we 
pushed o u r  parameters onto the stack. 
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Anyway, that's e n ough o f  s u c h  th i ngs fo r the m o m e n t .  N o w  that 
these pre l i mi n ary explanat i o n s  are  out of the  way h e r e  is  s o me 
r u n a b l e  e xa m p l e  c o d e  t h a t  wi l l  i l l u s t rate  t h e  i d e a s  I 'v e  b e e n  
d i scu ss i ng:  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example C H1 2 - 4 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s ome s ystem incl ude  f iles . . .  

i n c lu d e  exec / t yp e s . i  

incl ude  exe c / libraries . i  

incl ude  ex e c / e xec  lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ext ernal refer e n c e  dec larat i o n s  . . .  

X R E F  _p rintf 

XD EF  stdout  

XD EF  DOSBa s e  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CAL LSYS MACRO 

L I NKLIB  _LV0 \ 1 , \ 2 

ENDM 

CALLSYS macro is  u s e d  t o  e x t e n d  L I N K L I B  and  t h u s  avoid  

t h e  explicit use  of t h e  _LVO  pref ixes  in  the  f u n ct io n  

n ames  . . .  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EQUate defin it ions  . . .  

_Ab s E x e c B a s e  EQU 4 

L F  EQU 1 0  

N U L L  EQU 0 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main p r o g r am c o d e  . . .  

move . !  

lea 

moveq  

CALLSYS 

move . !  

_Ab s E x e c Bas e , _SysBas e set  u p  S y s B a s e  
variable 

do s_name , a1 library name s t art in  a1  

#0 , dO any v e r s ion  will d o  

Open L i brary , _SysBas e macro ( s e e  t ext  f o r  
d et ails ) 

d O , _DOSBase store r e t u r n e d  value  
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b e q  EXIT test  r e s u lt f o r  s u c c e s s  

i f  we r e a c h  h e r e  t h en  t h e  DOS library is  o pen  a n d  it s 

f u n c t i o n s  c an b e  safely u s e d ! 

CALLSYS Out put , _DOSBase get  d efault o utput handle 

m o v e . !  

b e q  

d O , _s t d o u t  

C LOSE L I B  

s t o re output  handle 

H a v e  o bt ained  v alid output  h an d le s o  message  c an b e  

written . T h i s  t ime  b e c a u s e  w e  a r e  u s in g  t h e  amig a . lib 

pr i nt f ( )  rout in e ,  t h in g s  must b e  done in C style s o  not  

o n ly must  parameters  b e  pas s ed on  the  stack  but  ALL  

st rings  must  be  NULL  t ermin ated  . . .  

pea  

pea  

j s r 

addq . l  

message  

f o rmat_st ring  

_printf 

#8 , s p 

p u s h  m e s s a g e  address  

push  f o rmat s t ring 
address  

use  amiga . lib  printf ( )  

shortcut  way t o  ad j u st 
s t a c k  

a l l  d o n e  so  n ow we can  c l o s e  D O S  library . . .  

C LOS E L I B  m o v e . I  _DOSBase , a 1 b a s e  n e e d e d  in  a 1  

CALLSYS CloseLibrary , _SysBase  

; and  t e rminat e the  p r o g ram . . .  

EXIT clr . 1  dO 

rt s logical e n d  of  program 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; v a riables a n d  s t at ic dat a  . . .  

stdout  d s . l  1 

_Sys Base 

DOS Base 

dos  name 

d s . l  

d s . l  

DOSNAME 

1 

1 

m e s s ag e  d c . b  ' my l i n e  of p r i n t f ( )  t e s t  t e x t ' , NULL  

fo rmat_st ring d c . b  ' %s '  , LF , NU L L  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

printf( ) Debugging 

T h e  a m i g a . l i b  l i b r a r y ' s  p r i n t f { )  r o u t i n e  i s  o ft e n  u s e f u l  as a 
d e b u gg i n g a i d  b e c a u s e  i t  can  b e  u s e d  t o  d u m p t h e  c o n t e n t s  o f  
s p e c i fi e d  reg i s t e rs back a t  t h e  C U /Sh e l l  wi n d o w .  T h e  fo l l o w i n g  
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p rogra m ,  Exampl eCH l 2 - 5 . s ,  i s  a l most i d e n ti cal to t h e  previous o ne 
exc e p t  that i t  u s es  p r i n t f( )  to p r i n t  t h e  c o nt e n t s  o f  a n u m e r i c a l  
variable - namely,  t h e  contents o f  _SysBase ,  i e  t h e  base address  o f  
t h e  exec l ibrary :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* E xample C H 1 2 - 5 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s ome syst em incl ude  f iles . . .  

include  exec / t yp e s . i  

i n c lu d e  e x e c / libraries . i  

i n c lu d e  exec / exec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

external referen c e  dec larat i o n s  . . .  

X R E F  _printf  

X D E F  s t d o u t  

XDE F DOSBase 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CAL LSYS MAC RO 

L I NKLIB  _LV0 \ 1 , \ 2 

ENDM 

CALLSYS mac ro is  u s e d  t o  extend  L I N K L I B  and  t h u s  avo i d  

t h e  expli c it u s e  of t h e  _LVO prefixes in  t h e  f u n c t ion  

n ames  . . .  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EQUate definit i o n s  . . .  

_Ab s E xe c Ba s e  EQU 4 

LF  EQU 1 0  

N U L L  EQU 0 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main prog ram c o d e  . . .  

mo v e . I  _Ab s E x e c B as e , _S ysBase  s e t  u p  S y s B a s e  
variable 

lea 

moveq  

CAL LSYS 

move . I  

d o s_name , a1 library n ame  s t art in a 1  

#0 , d O any v e r s ion  will d o  

Open Library , _SysBase  macro  ( s ee  t ext f o r  
d et ails ) 

dO , _DOSBase store  returned value 
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b e q  E X I T  t e st result f o r  s u c c e s s  

i f  w e  reach h e r e  t h e n  t h e  DOS library is  o p e n  a n d  it s 

f u n c t io n s  can b e  safely used ! 

CALLSYS Output , _DOSBase get  default out put 
handle 

m o v e . I  

beq  

dO , _stdout  

C LO S E  L I B  

s t o r e  output handle 

H a v e  obtained v alid out put h an d le so  message  can  b e  

written . This  t ime t h e  amiga . lib printf ( )  routine  i s  

b e ing  u s e d  t o  p r int t h e  c o nt e n t s  o f  t he _Sy s B a s e  

v a riable . . .  

move . !  _SysBase , - ( s p )  p ush  library base  

pe a  f o rmat_s t r ing p u s h  f o rmat string  
addre s s  

j s r _p rintf u s e  amig a . lib printf ( )  

addq . l  #8 , s p s h o rt c u t  way t o  ad j u st  s t a c k  

a l l  d o n e  s o  n o w  we can c l o s e  D O S  library . . .  

C LOS E L I B  m o v e . !  _DOSBas e , a 1 base  n e e d e d  in  a1  

CALLSYS Clo s e l ibrary , _SysBase  

; a n d  t erminat e the  prog ram . . .  

E X I T  c l r . l  dO  

rt s logical e n d  of  program 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; v a riables a n d  s t at ic d a t a  . . .  

s t d o ut 

_Sy s  Base  

_DOSBase  

dos  name 

d s . l  

ds . l  

d s . l  

DOS NAME 

1 

1 

1 

f o rm at_s tring  d c . b  ' %lx  hex ' , L F , NU L L  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

U s i n g  Multiple Run-Time Libraries 

D e p e n d ing o n  what a program needs to  do  i t  may o p e n  any nu mber 
of  l i b rar ies  s i mu l taneous ly .  When l o ts o f  these  syste m o r i e n tated 
o p e ra t i o n s  a r e  b e i n g done i t  i s  however  n e c e ssary t o  be c a r e fu l  
about  the orde r i n  which part icu lar  o p e rat ions  are d o n e ,  a n d  i n  fac t  
w h e t h e r  c e r t a i n  t h i ngs are done at  a l 1 '  A s  far  as  o p e n i ng/c l o s ing  
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a n d  o t h e r  s y s t e m  a l l ocate/ d e a l l o c at e  i s s u e s  a r e  c o n c e rn e d ,  t h e  
safe s t  ru le  o f  t h u mb i s  to a lways arrange t o  c l o s e  t h i ngs d own i n  
the  reve rse o r d e r  to t h a t  used  dur ing p rogram start-up .  

Even with  s ma l l  p rograms, such  as those we a re d iscuss ing in  th is  
chapter ,  s o m e  c are  i s  n e e d e d. T h e  next  exam p l e  d ea l s  w i t h  t h e  
o p e n i n g  o f  t w o  l i b ra r i e s  a n d  I 'v e  u s e d  a n u m b e r  o f  t e s t  a n d  
c o n d i t i o n a l  b r a n c h  i n s t r u c t i o n s  t o  c r e a t e  t h e  t y p e  o f  c o n t r o l  
s tructu re i n  F igu re 1 2 . 2 .  

TRY TO OPEN DOS LIBRARY 

IF DOS OPEN NOT OK . . .  branch to EXIT ---------� 

ELSE TRY TO GET stdout HANDLE 

IF stdout NOT OK . . .  branch to CLOSEDOS 

ELSE TRY TO OPEN MATHS LIBRARY 

IF MATHS LIBRARY OPEN NOT OK . . .  branch to CLOSEDOS � 

ELSE [ HERE WE COULD ACTUALLY DO SOMETHING 

CLOSE MATHS LIBRARY 

CLOSEDOS : CLOSE DOS LIBRARY 

EXIT : Normal rts based program c lose .... -________ __, 

Figure 1 2.2.  Control structure utilising test and conditional branch instructions. 

The exam p l e  i t s e l f, s i nce  I 've chosen to u s e  the  amiga . l i b  p r i ntf() 
fu n c t i o n ,  is a n o t h e r  t h a t  w i l l  re q u i re you ( a s s u m i n g t h a t  y o u r  
as s e m b l e r  g ives  y o u  a c ho i c e )  t o  c reate l i n kab l e ,  as  o p p o s e d  to 
d i rect ly execu tab l e  code .  Most  o f  the  deta i l  s h o u l d  be fam i l i a r  from 
earl i e r  examples  and , as you' l l  see  fro m  the source c o d e ,  noth i ng 
mu c h  happens once  t h e  l i b rar ies  are open - i n  fac t  a l l  we do i s  j u s t  
c l o s e  t h e m  aga in .  There i s  howeve r a purpose b e h i n d  t h i s  a p parent  
madness  and ,  as you ' l l  see  l ate r ,  i t  conce rns s ho rtc o mi ngs in  the  
c o n t i n u e d  u s e  of  t h e  do it or branch over i t  p h i l o s o p hy .  For  the  
moment  though h e re i s  the  p rogram that t h e  above p s e u d o- c o d e  
s ketch i n  F igu re 1 2 . 2 .  represents :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* E xample CH 1 2 - 6 . s  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s ome s y s t em in clude files . . .  

i nclude exec / t ypes . i  

i n c lu d e  exec / libraries . i  

include exec / exec_lib . i  



Some Introductory Shell/CLI Programs 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

e x t e rnal  reference  dec larat i o n s  . . .  

X R E F  _printf 

XD E F  stdout  

XD E F  DOSBase 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CAL LSYS MACRO 

L I NKLIB  _LV0 \ 1 , \ 2 

E N DM 

CALLSYS macro i s  u s ed  t o  e x t e n d  L I N K L I B  and  t h u s  avoid  

t h e  explicit use  of t h e  _LVO  pref ixes  in  the  funct i o n  

n ame s . . .  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EQ U at e  d efinit i o n s  . . .  

Ab s E x ecBase  EQU 4 

L F  EQU 1 0  

N U L L  EQU 0 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

m a i n  prog ram c o d e  . . .  

if 

m o v e . !  _Ab s E x e c B ase , _SysBase  s et up SysBase  
variable 

lea d o s_n ame , a1 library n ame  st art i n  a 1  

move q  #0 , dO any v e r s i o n  will do 

CALLSYS Open library , _SysBase  macro  ( s e e  t e xt f o r  
d e t ails ) 

m o v e . !  dO , _DOS Base  s t o r e  retu rn e d  value 

beq  EXIT  t e st r e s u lt f o r  s u c c e s s  

we reach here then the DOS library is  o pen  and  it s 

f u n c t ions  can b e  saf ely u s e d ! 

CALLSYS Output , _DOSBase get  default output  
handle 

m o v e . !  

beq  

dO , _stdout  

CLO S E  DOS 

s t o r e  output  h an d le 

n o w  let ' s  t ry and  open  the  mat h s  library . . .  

lea mat h_n ame , a1 library n ame  s t art in  a 1  

move q  #0 , dO any v e r s i o n  will do  

CALLSYS Openlibrary , _SysBase  macro ( see  t ext  for  
details ) 
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move . I  

beq  

all library 

pea 

pea 

j s r 

addq . l  

dO , _  Mat hBase  

CLOSE  DOS  

openings  were  

int ro_m e s s ag e  

f ormat_string  

_printf  

#8 , s p 

store  returned  value 

t e s t  r e s u lt for  s u c c e s s  

O K  s o  d o  a s i g n  o n  m e s s ag e  . . .  

push  int ro  m e s s a g e  
pointer  

push  fo rmat string  
address  

u s e  amig a . lib printf ( )  

short c ut way t o  ad j us t  
s t a c k  

h er e  we c o uld  DO SOMETHING  

a go odbye  message  . . .  n ow print  

pea  

pea  

goodbye_me s s age push message p o i n t e r  

f ormat_st ring  p u s h  fo rmat st ring  
addres s  

j s r 

addq . l  

_p rintf use amig a . lib  printf ( )  

#8 , s p shortcut  way t o  ad j us t  
stac k 

all d o n e  s o  n ow we can c lo s e  mat h s  library . . .  

CLOSEALL m o v e  . 1  _Mat h B as e , a1 base  n e e d e d  in  a 1  

CALLSYS C lo s e l i b rary , _Sy s B a s e  
. c lo s e  DOS library . . .  ' 

CLOSEDOS m o v e  . 1  _DOSBas e , a1 base  n e e d e d  in  a1  

CALL SYS Closelib rary , _Sys B a s e  

; a nd  t erminat e t h e  prog ram . . .  

EXIT c lr . 1  dO  

rts  logical end  of p r o g ram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; v ariables  

s t d out 

_Sy s Base  

DOSBase 

Mat hBase  

d o s  name 

mat h nam e  

and  static  d a t a  . . .  

fo rmat_st ring  

int ro_message  

g o o d bye_m e s sag e  

ds . l  1 

d s . l  1 

d s  . 1  1 

d s  . 1  1 

DOS NAM E 

d e . b ' mathffp . library ' , N U L L  

d e . b ' %s '  ' L F  l N U L L  

d c . b  ' a ll libraries opened ' , N U L L  

d c . b  ' p rog ram n o w  c lo s in g  down ' , N U L L  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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A Glimpse of Some Potential Problems 

Obv i ou s l y  i n  r e al , ie l a rge r ,  A m i ga p ro g ra m s  many m o r e  t h i ngs 
n e e d  t o  b e  done a n d  to i l l u s trate what I c o n s i d e r  t o  be  a rathe r  
i m p o rtant shortc o m i ng o f  a l o t  of  asse m b l e r  c o de t h e  next p rogram 
adds a few more things to do to the framewo rk used by the exa m p l e  
C H 1 2 - 5 . s  p rogram j u s t  g ive n .  The  m a t h t r a n s  l i b ra ry ,  wh i c h  i s  a 
l i b rary u se d  to p rovide pre-written tran scend e ntal  maths fu nct ions  
such as s in ,  cos ,  exp a n d  s o  o n  is  o p e n e d .  Str ict ly  s peaki ng t h e  
normal  mathffp l i b rary d o e s  not n e e d  to be  o p e n  i n  order  to u s e  t h e  
mathtrans l i b rary because when t h e  mathtrans l ib ra ry d o e s  n e e d  t o  
u s e  m a t h ffp fac i l i t i e s  i t  wi l l  o p e n  t h e  m a t h ffp l i b rary i t s e l f. I f  
h o weve r you wis h  t o  u s e  mathffp and mathtrans fac i l i t i e s  together  
you s h o u l d  exp l i c i t ly open both l i b rar ies  for you r own u s e .  I n  t h e  
examples  w h i c h  fo l l o w  I 've o p e n e d  both l i b rar ies  just  to i l l u strate 
how it 's d o n e  and s e c o n d l y  to give a l i t t l e  f lex i b i l i ty s h ou l d  you 
w i s h  t o  u s e  t h e s e  p rograms t o  exp e r i m e n t ,  w i t h  e i t h e r  m a t hffp 
fu nct ions or addi t ional mathtrans fu nct ions .  

Du ri n g  the course of  the  p rogram two new amiga. l i b  fu nct ions  are 
u s e d  which a l l o w  str ing representat i o n s  of  n u mb e r s ,  ie  nu m b e r s  
s t o r e d  a s  t h e  equiva lent  ASCI I  str ings,  to be  c onve rted to M otoro la  
fas t  f loat ing p o i n t  ( ffp) fo r m  a n d  back aga i n .  These  ffp n u m b e r  
r e p rese ntat ions  a r e  l o n g  word ( i e  3 2  b i t )  arrange ments w h i c h  have 
b e e n  d e signed to r e p re s e nt float i n g  p o i n t  nu mbers in a way that  
s i m p l i fi e s  many mathematical  ope rat ions .  They consist  o f  a 2 4  bit  
mant i ssa ( shown as M s  in the  fo l l owing sketch) ,  an  expon e n t  s ign 
b i t  (S) ,  and a seven b i t  exponent (E) arranged l i ke t h i s :  

bit 31 24 23 1 6  15 8 7 0 

M M M M M M M M M M M M M M M M M M M M M M M M S E E E E E E E 

The d e ci mal range a l lowed i s  very roughly fro m p lus o r  m i n u s  one  
t imes  ten to  the power p lus  or  m i nu s  1 9 ,  i e :  

( + / - )  1 011 <-> 1 0·11 

F o r  fu l l  d e ta i l s  of t h e  ffp fo r m a t  y o u  can c o n s u l t  t h e  o ff i c i a l  
M o t o r o l a  l i t e r a t u r e  b u t  fo r n o w  o u r  o n l y  c o n c e r n  w i t h  t h e  ffp 
fo r mat i s  that t o  use t h e  mathtrans l i b rary's SPExp( )  e x p o n e n t i a l  
fu n c t i o n  o n  a number  i t  i s  n e c e ssary to have the  n u mb e r ,  i n  ffp 
form! 

The amiga.lib afp() and fpa() 

The amiga . l i b  l ib rary contains two funct ions  wh i c h  can c o nvert  a 
str ing o f  c haracte rs represent ing a n u mb e r  into ffp for m  and back 
a ga i n .  As w i t h  t h e  a m i g a . l i b p r i n t f ( )  b o t h  a fp ( )  a n d  f p a ( )  u s e  
stackbased parameter pass i n g  s o  t o  co nvert  t h e  s t r i ng fo rm o f  a 
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nu mber in to  ffp fo rm i t  is necessary to p u s h  the  start address  o f  
the  str ing onto  the  stack a n d  t h e n  make the  afp() ca l l  ( i e  d o  a j s r  
_afp) in  t h e  same way that  the  pr intf()  c a l l  was hand l e d :  

p e a  

j s r 

addq . l  

n umber 

_afp 

#4 , s p 

p u s h  pointer  

an amiga . lib routine  

ad j u st  stack  

T h e  a p f( )  rou t i n e  d e l ivers a re s u l t  i n  dO  and t h i s  i s  q u i te u s e fu l  
because the  run-t i m e  mathtrans l i brary rou t i n e  SPExp() ,  t h e  rou t i n e  
w h i c h  I ' l l  b e  u s i ng t o  c a l c u l a t e  t h e  ex p o n e n t ia l  o f  t h e  s u p p l i e d  
nu mber ,  expects t h e  numb e r  i n  regi ster  d O .  Remember  t h e  run-t i me 
l i brar i e s  take t h e i r  para m e t e r s  i n  reg is ters .  As w i t h  a l l  r u n - t i m e  
l i brary fu n c t i o n s  o u r  CALLSYS macro c a n  be u s e d  s o  t h e  s o u rce  
code  for  the  exponent ia l  ca l l  wi l l  j u s t  b e :  

CALLSYS S P E xp , _Mat hTran sBase  v alu e s  s e n t / ret u r n e d  in  dO  

N o w  t h e re i s  a snag w i t h  the  expone n tial  fu nct ion ,  wh i c h  i s  w h y  I 've 
u s e d  it as an exam p l e .  Eve n  though a s u p p l i e d  number  is wi t h i n  t h e  
fast f loat ing p o i n t  a l l owed n u m b e r  range t h e re is  n o  guarantee  that  
t h e  resu l t  o f  ra is ing  e to the powe r o f  that n u mb e r  wi l l  be .  Bas i c al ly 
t h i s  means t hat SPExp() cou ld  fa i l  and the fu nct ion  autodocs  t e l l  u s  
t h a t  i f  t h i s  d o e s  o c c u r  t h e  r o u t i n e  w i l l  r e t u r n w i t h  t h e  6 8 0 0 0 
p ro cessor's overflow (V) flag s e t! 

I ' l l  n o t  be d o i ng t h i s  i n  t h e  example  wh i c h  fo l l o ws b u t  obvi o u s ly 
t h i s  p o t e n t i a l  f o r  fai l u re ca n n o t  o rd i n a r i l y  b e  i g n o r e d .  F o r  t h e  
m o m e n t  though , fo r reasons o f  s i m p l i c i ty ,  I wi l l  forget abo u t  i t  and 
i n stead wi l l  co nvert the  resu l t  bac k to  ASC I I  s tr ing form using the 
amiga . l i b  fpa() fu nct ion .  After  the  above SPExp()  ca l l  the ffp r e s u l t  
w i l l  be i n  re g i s t e r  d O  s o  c o n v e r s i o n  j u s t  i n v o l v e s  p u s h i n g t h e  
add ress o f  the  bu ff e r ,  whe re the AS C I I  converted resu l t  i s  go ing to 
be sto red , on to the stack ,  then  push ing  the contents  o f  d O ,  making 
t h e  jsr  ca l l ,  and adjust ing  t h e  stack l i ke t h i s :  

pea  resu lt p u s h  result p o i n t e r  

move . !  do , - ( s p )  p u s h  ffp value  

j s r _f pa c o n vert back  t o  ASC I I  

addq . l  #8 , s p ad j u st  s t a c k  

Having c o nverted o u r  ffp number t o  a n  equ ival e n t  ASC I I  s tr ing we 
can t h e n  use  t h e  amiga . l ib  pr int ( )  fu nct ion to d e l iver  t h e  r e s u l t  back 
at the  C U/Sh e l l  window l i ke t h i s :  

p e a  

p e a  

j s r 

addq . l  

res u lt 

format_string  

_p rintf  

#8 , sp 

push sum s t r i n g  p o i n t e r  

p u s h format s t r in g  a d d r e s s  

u s e  amiga . lib printf ( )  

s h o r t c ut way t o  ad j u st  s t a c k  
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T h e  o n ly t h i n g  we now n e e d  to d i scuss  is  where  we wi l l  g e t  o u r  
or igi na l  number  fro m .  I 've c hosen  t o  c o l l e c t  i t  from t h e  CU/Sh e l l  
c o m mand l i n e  and,  fo r example  pu rpo s e s ,  I 've d e c i d e d  t hat i n stead 
o f  just  u s i ng i t  via the  or iginal ly s u p p l i e d  aO pointer ,  we shal l  c o py 
i t  t o  a b u ffe r area .  As you now know, when a CU/S h e l l  p rogram 
s tarts reg ister  d O  contains a count  o f  the  nu mber of  c haracters that  
fo l l o w  t h e  p rogram's name on the  co mmand l ine .  I f  t h e  u s e r  d o e s  
n o t  s u p p l y a n y  p a r a m e t e r s  t h e n  d O  wi l l  b e  1 a n d  t h e  s i n g l e  
character  w i l l  i n  fact  b e  the  co mmand l i n e 's t e rm i na l  l i ne fe e d .  

I t 's therefo r e  qu i te easy to c he c k  whether  t h e  user  h a s  suppl i e d  a 
n u mb e r  or n o t  by u s i ng t h i s  immediate ad dress ing fo rm o f  a cmpi  
ins t ruct ion  at  the  start of  the  program: 

cmpi # 1 , d O 

I f  t h i s  comparison sets the  zero flag then  d O  equals  1 and t h e  u s e r  
h a s n ' t  s u p p l i e d  a n y  o t h e r c harac t e r s .  I f  t h i s  w a s  t h e  c a s e  t h e r e  
wou l d  b e  l i t t l e  p o i n t  i n  t h e  program cont inu ing because t h e re i s  n o  
n u m b e r  to c o n ve r t .  I m e n t i o n e d  e a r l i e r  t hat  a b u ffe r wo u l d  b e  
a l l o c a t e d  t o  s t o r e  t h e  n u m b e r  a n d ,  s i n c e  I ' l l  b e  u s i n g  a s ta t i c  
d e c l a ra t i o n  (b a s e d  o n  a d s . b  d e c l a ra t i o n ) ,  t h i s  c o u l d  l e a d  t o  
p ro b l e ms .  Why7 I t 's because i f  a u s e r  type d i n  a n u mb e r  with more  
c harac ters than  I had  a l lowed fo r t h e n  the  o p e rat ion which  cop ied  
data i nto the  bu ffe r wou ld  fi l l  the  buffe r and the n wr i te  over any 
n u m b e r  of s u c c e e d i n g bytes ( d e s t r oying t h e i r  c o n t e n t s ) .  On t h e  
Am i ga t h i s  co u l d  eve n mean t h a t  me m o ry b e l o n g i ng t o  a n o t h e r 
p rogram i s  de stroye d !  

I t  s h ou ld t h e n  be ve ry obvi ous that w e  must n't  a l l o w  th is  to happen 
and s o ,  i f  the  user  has i n d e e d  s u p p l i e d  some data ,  we ' l l  need t o  
c h e c k  i t s l e n g t h  t o  s e e  t h a t  i t  w i l l  fi t i n t o  t h e  b u ffe r .  A c m p i  
c o m par ison i n struct ion ,  fo l l owe d  by a branch on greater than (bgt) 
c o n d i t i o nal branch wi l l  do the job n ice ly  and in the next exam p l e  
you ' l l  s e e  t h i s  type of tes t :  

cmp i #number_S I Z E O F , dO 

b g t  E X I T  line  too l o n g  so  q u it ! 

You ' l l  not ice  that I 've used the same S I Z EOF naming conve n tio n o n  
t h e  b u ffe r as  I d i d  w i t h  t e x t  s t r i n g s i n  e a r l i e r  p r o g r a m s  a n d  
p rovi d i n g  the  command l i n e  has data which fits t h e  bu ffer w e  are ,  
at last ,  ab le  to safe ly copy the  co m mand l i n e  data .  The  fol l owing 
frag m e n t  u s e s  t h e  6 8 0 0 0 ' s  p o w e r fu l  indirect  a ddressing with 
a u t o i n c re m e n t  a d d r e s s i n g s c h e m e i n  c o n j u n c t i o n  w i t h  a n  
auto mated d e c r e ase and b ranch a lways (dbra)  i n s t ru c t i o n .  I n  t h e  
fo l l owing fragment  the  address of  the  number  bu ffe r is  loaded into  
reg is ter  a l  and the  c o u n t  present  in  d O ,  aft e r  havi ng 2 subtracte d 
so that  the termi nal co mmand l i n e  l i n e - feed  is ignore d ,  is u s e d  as 
the loop control  regi s t e r .  Remember  that al l au to mated dbcc type 



Mastering Amlga Assembler 

instru ct ions  exit  when the  c o u ntdown value reaches  - 1  and so t o  
copy X c haracters you'd need to set  t h e  loop control  register to X- 1 .  
I n  th is  example  I want to d i sregard the  last c haracte r hence I set  i t  
to d 0 - 2  rat h e r  than d 0- 1 !  Aft e r  t h e  co mma n d  l i n e  d a t a  h a s  b e e n  
cop ied  we have to place a terminal  N U LL c haracter  a t  the  e n d  of  t h e  
s t r i ng b e ca u s e  t h e  d o c u me ntat i o n  t e l l s  u s  that  t h i s  i s  w h a t  t h e  
amiga . l i b  s t r i n g  <-> ffp c o nvers i o n  ro ut ines  e x p e c t .  N o w  that t h e  
exp lanations  a r e  out  o f  t h e  way, here is  the  l o o p  w h i c h  pe rforms 
the command l ine  copy operat i o n :  

lea number , a1 dest inat ion pointer 

subq #2 , dO disregard t erminator 

LOOP move . b  ( ao ) + , ( a  1 ) + copy s t r i n g  

dbra dO , LOOP 

move . b  #NU LL , ( a1 ) N U L L  t erminat e  st ring 

and if we put t h at toge t h e r  with the p re l i m i nary c o mmand l i n e  
existe nce and s i z e  c he c ks w e  get th is  s ort o f  framewo rk:  

cmpi # 1 , dO c h e c k  f o r  data? 

beq EXIT no data s o  q u it ! 

cmpi #number_S IZEOF , dO 

bgt EXIT line t o o  long s o  quit ! 

lea number , a1 

subq #2 , dO 

LOOP move . b  ( aO ) + ,  ( a1 ) +  

dbra dO , LOOP 

d e st in at io n  pointer 

d i s regard t erminaton 

copy string 

move . b  #NU LL , ( a1 ) NULL t erminate st ring 

a n d  w h e n  t h i s  i s  a d d e d  to a p r o g r a m  b a s e d  o n  t h e  l i b r a r y  
o p e n i ng/c l o s i n g  a n d  u sage s c h e me u s e d  i n  ear l i e r  p ro grams w e  
f inal ly  e n d  u p  with o u r  program, Examp l e C H l  2 - 7 . s ,  wh i c h  wh e n  
given a number o n  th e command l i ne i n  th is  fas h i o n :  

prog ram n ame < some n umber> 

wi l l  print the  expone ntial  of  the number.  

On disk t h e  program has been cal led Examp l eC H 1 2 - 7  and so i f, for 
example ,  the  user type s :  

E xampleCH1 2 - 7  1 . 001 243 

h · 1 1  . th  1 1 . 0 0 1 2 4 3  . 2 7 2 '  t e program w 1  p n n t  e v a  u e  e 1 e  . . 

What I 'd l i ke you to d o  as you study the fo l l owi ng sou rce code i s  to 
pay atte nt ion to the i n creas ing number of  cond i t i o nal  branches that  
are needed to make sure that p ieces  of  code  get exe cute d ,  or  not  
exe cute d ,  as require d :  
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* E x ample CH 1 2 - 7 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s o m e  s ys tem inc lu d e  f iles . . .  

i n c lu d e  e x e c / t y p e s . i  

i n c lu d e  e x e c / libraries . i  

in c lu d e  exec / exec_lib . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ex t e rnal  refere n c e  d e c larat io n s  . . .  

XR E F  _printf 

XR E F  _afp 

XR E F  _fpa  

EXTERN  L I B  S P E x p  

XD E F  stdout  

XDEF  DOSBase 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CALLSYS MACRO 

LI NKLIB  _LV0 \ 1 , \ 2 

E N DM 

CALLSYS macro i s  u s e d  to  extend  L I N K L I B  and  t h u s  avoid  

t h e  explicit use  of t h e  _LVO prefixes  in  the  f u n c t i o n  

n ame s . . .  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; EOUate  definit i o n s  . . .  

Ab s Ex ecBase  EQU 4 

L F  EQU 1 0  

N U L L  EQU 0 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

m a i n  prog ram c o d e  st art s by  c h ec k ing  for  a C L I / Shell 

arg ument line . . .  

cmpi  # 1 , dO 

b e q  E X I T  

c h e c k  for  data? 

n o  data so  q u it ! 

p r o v iding  o n e  e x i s t s  we c h e c k  t h at it i s n ' t  o v e r s i z e  • . .  

cmpi #number_S I Z EO F , dO 

bgt  E X I T  l i n e  t o o  l o n g  s o  q u it ! 

s i n c e  it is O K  we copy  it t o  t h e  number  buffer  . . .  
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LOO P 

lea 

s u b q  

move . b  

d bra 

number , a1 

# 2 , dO 

( ao ) + , ( a  1 ) + 

d O , LOOP 

dest inat i o n  pointer  

d i s regard  t erminat o r  

c o p y  s t r in g  

move . b  # N U LL , ( a1 )  N U L L  t erminat e s t r ing 

a nd  then  c o n t i n u e  by  opening libraries et c . . •  

move . I  _AbsE xecBase , _SysBase  set  u p  S y s B a s e  
variable 

d o s_name , a1 

#0 , dO 

library n ame  s t art in  a 1  

any v e r s i o n  will do  

le a  

moveq  

CALLSYS OpenLibrary , _SysBase  macro ( s e e  t ext  f o r  
details ) 

move . I  

b e q  

dO , _DOSBase 

EXIT 

if we reach here then the DOS 

f u n c t io n s  c an be  safely u s e d ! 

CALLSYS Output , _DOSBase 

move . I  

b e q  

d O , _stdout  

C LOSE DOS  

s t o r e  ret u rned  value 

test result for s u c c e s s  

library is  o p e n  a n d  it s 

get default output 
handle 

store  o u t p u t  hand le 

n ow let ' s  t ry and open  t h e  mat hs  library . . .  

math_n ame , a1 

#0 , dO 

library n ame  start in a 1  

any v e r s i o n  will d o  

lea 

moveq  

CALLSYS OpenLibrary , _SysBase  macro ( s e e  t ext f o r  
details ) 

move . I  

b e q  

d O , _MathBase  

C LOSE DOS 

and  t h e  mathtr ans  library . . .  

s t o r e  ret u rned  valu e  

t e st res ult f o r  s u c c e s s  

l e a  mat h t rans_name , a1 library n ame  st art in a 1  

moveq  #0 , dO any v e r s io n  will d o  

CALLSYS OpenLibrary , _SysBas e macro  ( s e e  t e x t  f o r  
d et ails ) 

move . I  

b e q  

dO , _Mat hTran sBase 

C LOSEMATHS 

store r e t u rn e d  value 

test  r e s u lt for s u c c e s s  

at t h is point  t h e  DOS , mat h s , a n d  mathtrans  libraries 

are all open  so  we can do  s ome sums . . .  

f i rst  c o n vert t h e  number t o  fast floating  point  f o rm . . .  

pea  n umber  push  p o i n t e r  
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j s r _afp an amiga . l ib  routine  

addq . l  #4 , s p ad j u st  s t a c k  

r e s u lt is  in  dO  already so  n ow calc u la t e  t h e  e xp ( )  

CALLSYS S P E xp , _Mat hTran sBase  values  
s e n t / ret u rn e d  in  d O  

n o t  b e i n g  d o n e  in t h i s  ex amp le but  t h i s  i s  wh ere  we 

s h o u ld check  the  o v e rf low f lag t o  s e e  whet her  t h e  

r e s u lt is  valid ! 

i n s t e ad back  t o  ASC I I  f o rm ( ff p  r e s u lt is  already i n  

r e g i s t e r  dO ) 

pea  

m o v e . l  

j s r 

addq . l  

an d  print  

pea 

pea 

j s r 

addq . l  

r e s u lt 

dO , - ( s p )  

_fpa 

#8 , s p 

r e s u lt . . .  

r e s u lt 

f o rmat _st r ing  

p rintf  

#8 , sp 

p u s h  result point e r  

p u s h  ffp v alue 

c o n v e rt back t o  ASC I I  

ad j u st s t a c k  

p u s h  s u m  s t ring pointer  

p u s h  f o rmat s t r i n g  
ad d r e s s  

u s e  amiga . lib printf ( )  

s h o r t c u t  way t o  ad j u st  
s t a c k  

al l  d o n e  s o  n ow we can c l o s e  t h e  libraries . . .  

C LO S E TRANS m o v e  . 1  _Mat hTran s B a s e , a1  b a s e  n e e d e d  in  a1  

CAL LSYS C lo s e lib rary , _SysBase  

C LOS EMATHS mo v e . l  _Mat h Base , a1 b a s e  n e e d e d  in  a1  

CAL LSYS C lo s e library , _SysBas e 

C LOSE  DOS m o v e . I  _DOSBas e , a1 

CAL LSYS Closelibrary , 

; and  t e rminat e t h e  prog ram . . .  

E X I T  c l r . l  dO  

rts  

base n eeded  in  a 1  

_Sys Base  

l ogical  e n d  of program 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; v a r iables and static  data . . .  

st d o ut d s . l  1 

_Sy s  Base  d s . l  1 

DOS B a s e  d s . l  1 -

Mat h Base d s . l  1 -
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_MathTran sBase 

d o s_name 

m at h_name 

mat ht rans name 

fo rmat_st ring 

number 

number_S IZEOF 

res u lt 

d s . l  1 

DOSNAME 

d c . b  ' mathffp . library ' , NU L L  

d c . b  ' mathtran s . library ' , NU L L  

d c . b  ' %s ' , L F , N U L L  

EVEN 

d s . b  32 

EQU * - number 

d s . b  1 6  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Y o u ' l l  s e e  f r o m  t h e  p r e v i o u s  l i s t i n g  t h at t h e  e x a m p l e  CH 1 2 - 7  
p ro gram has a n u mber  of  ident i fiable jobs to d o ,  namely:  

l .  Check  t h e  co mmand l i n e .  

2 .  C opy i t  i f  i t  exists and i s  not  too long. 

3 .  Open t h e  DOS l ibrary. 

4 .  G e t  the stdout han d l e .  

5 .  Open the  mat h s  l ibrary. 

6 .  Open t h e  math trans l i b rary. 

7 .  C onvert copy of  t h e  c ommand l i ne t o  a ffp numb e r. 

8 .  Calcu late the exponential  o f  t h e  number .  

9 .  C o nvert the  resu l t  to a str ing.  

1 0 .  Pr int  the  result .  

1 1 . C l ose t h e  mathtrans l i b rary. 

1 2 . C l ose t h e  maths l i b rary. 

1 3 . C lose  t h e  DOS l ibrary. 

1 4 .  Qu i t  back t o  the  CU/She l l .  

Qu i t e  a n u m b e r  o f  t h e s e  j o b s  c a n  fa i l  b e c a u s e  o f  l i b ra r i e s  n o t  
o p e n i ng and t h i s  i s  espec ial ly true of  the mathtrans l i b rary because 
th is  i s  one  o f  t h e  run-t ime l i b rar ies  that  res ides  o n  d i sk .  A lot  o f  
c h e c ks h av e  b e e n  m a d e  wi t h i n  e xa m p l e  C H l 2 - 7  b u t  m o re a r e  
n e e d e d  b e ca u s e ,  a s  m e n t i o n e d ,  i t  i s  p o s s i b l e  t h a t  t h e  u s e r  w i l l  
provide a numb e r, such  as 9 9 . 1 8 , whose expo nentia l  i s  too great to 
b e  expressed  i n  ffp fo rm.  In t h i s  lat ter  case t h e  SPExp()  rou t i n e  
wou l d  fai l  and a l though th is  would  n o t  caus e  any system damage 
the result ,  if used ,  wou l d  be meaningless !  
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Now to be ho nest it is p o s s i b l e  to add more c h e cks and c o nt i n u e  
p ro g ra m  d eve l o p m e n t  a l o ng t h e  l i n e s  that  we h a v e  b e e n  d o i n g ,  
a d d i n g m o r e  b r a n c h e s  t o  c a t e r fo r t h e  va r i o u s  c o n t r o l  f l o w  
p o ss i b i l i t i e s  as they are r e q u i r e d .  T h e  trou b l e  i s  t h ough that  t h i s  
t y p e  o f  d e ve l o p m e n t  gets i n c reas i ng l y  d i ffi c u l t  as p rograms g e t  
l a r g e r .  T h e  s o l u t i o n s  a r e  t h re e - fo l d .  F i r s t l y ,  i t  h e l p s  t o  i s o l a t e  
part i c u l ar ,  w e l l  d e fi n e d ,  j o b s  a s  subro u t i ne s .  Secondly ,  i t  h e l p s  i f  
you can work with the  types  o f  h igh- l evel  I F-TH EN_ELSE,  D O-WHILE,  
and CASE typ e  contro l  stru c tures  that h i gh- leve l  l anguages o ffer .  
T h i r d l y ,  i t  turns  o u t  t hat i t  a lso h e l p s to be able  to a d o pt t h e  same 
typ e o f  nested  subrou t ine  schemes that were  ment ioned i n  C h apter  
5 b e i n g  abl e ,  fo r exam p l e ,  to use c o d e  e q u iva l e n t  to th is  BASIC sty l e  
c o n stru c t :  

IF  ( x )  THEN  GOSUB XXXX 

E LS E  GOSUB YYYY 

U n fo r t u n a t e l y  t h e  6 8 0 0 0  i t s e l f  d o e s  n o t  p r o v i d e  c o n d i t i o n a l  
s u b ro u t i n e  cal l s .  i e  instru c t i o n s  wh i c h  o n l y  p e rfo r m  a subro u t i n e  
ca l l  when  c e rta i n  flag condi t ions  are met .  Havi ng s a i d  that ,  a l l  i s  not  
los t  b e c ause i t  i s  poss ib le  to c reate t h e m  quite  eas i ly .  To s e e  h o w  
it 's d o n e  i t  is  nece ssary t o  u n derstan d what happens  w h e n  a jump 
to su broutine ty p e  (j s r  or b s r )  i n s tru c t i o n  i s  exe c u t e d .  W h e n  we 
reac h a part in  a p rogram represented fo r exa m p l e  by : 

j s r SomeRoutine  

H E R E :  ne xt i n s t ru c t i o n  

/ \ / \ / \ / \ /  

SomeR out ine inst ructions  

/ \ ! \ / \ / \ /  

rt s end  of  subrout ine 
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O n  e n c o u n t e r i n g  t h e  j s r  i n st ru ct i o n  t h e  p ro c e s s o r  w i l l  p u s h  t h e  
a d d r e s s  o f  t h e  N EXT i ns t ru c t i o n  ( l ab e l l ed H E R E  i n  t h i s  exam p l e )  
o nto t h e  stack.  Havi ng d o n e  that,  control  passes to t h e  subrou t i n e  
that I 've c a l l e d  Some Rout ine .  W h e n  t h i s  rout ine  terminates t h e  rts 
i nstru c ti o n  te l l s  the  processor  to pul l  an addre s s  from the stack a n d  
p lace i t  i n  the  6 8 000's p rogram counter  register .  W h e n  t h i s  hap p e n s  
w i t h  the  above example the  address  l ab e l l e d  H E R E  gets jammed i n to 
t h e  p rogram c o u n t e r  a n d  t h e  p r o c e s s o r  i m m e d i a t e l y  c o nt i n u e s  
e xe c u t i o n  fro m t h at p o i nt ,  w h i c h  i s  o f  c o u r s e  t h e  i n s t r u c t i o n  
i mmediate ly afte r the  o rigi nal subrout ine ca l l .  

This  l i tt l e  scenar io  te l l s  us  exactly what we need to d o  to c reate o u r  
own conditional subrout ine cal l s .  W e  must :  

1 .  I d e n t i fy a return address  and push i t  onto the  stack. 

2 .  Make a s u i table flag-sett ing test .  

3 .  O n  the b a s i s  o f  the re s u l t  u s e  c o n d i t i o n a l  branch  o r  j u mp 
i n s t r u c t i o n s  t o  p a s s c o n t r o l  ( o r  n o t  p a s s  c o n t ro l )  t o  t h e  
appropriate subrout ine .  

The s u b r o u t i n e s  t h e ms e l v e s  s h o u l d  of  c o u r s e  be w r i t t e n  as a 
n o r ma l  subrou t i n e ,  i e  some c o d e  termi nat i ng with  a return from 
su brou t i n e  rts  i n st ru c t i o n .  Here ' s  a c o d e  fragment  wh i c h  s h o u l d  
give you the  gene ral  i d e a :  

MATHS_OP E N  pea MATHS O P E N 1  p u s h  a return a d d r e s s  

j s r OpenTrans zero f lag c lear on failure 

beq TRANS OPEN n e xt sub rout ine level 

rt s 

MATHS O P E N 1  j s r CloseMat h s  

rt s 

TRANS_O P E N  inst ruct ions 

rts 

This is actu al ly  a p iece  of  code which tries to open the  matht rans  
l i b r a r y a n d ,  d e p e n d i n g  o n  w h e t h e r  t h e  o p e n  l i b r a r y  c a l l  i s  
succe s s fu l ,  a subrout ine cal l  to TRANS_OPEN may, o r  may not ,  be  
gen e rated.  I t  works l i ke th is .  F i rst ly a push effective address (pea) 
i n struct ion i s  u s e d  to place a return ad d re s s  ( MATHS_OPEN l )  o n  the 
stack. The n ext i n stru ct ion is  a norma l  subrout ine  cal l  d es igned so  
that succes s/fa i l u re i s  ind icated by the sett ing,  o r  c l eari ng, of  the  
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68000's  z e ro flag. As th is  i n fo rmat i o n  i s  rece ived the b e q  s p e c i fi e d  
b r a n c h  i s  e i t h e r  t a k e n  o r  i g n o r e d .  T h e  r e s u l t  i s  t h a t  t h e  
TRAN S_O PEN subrou t i n e  ca l l  i s  o n ly taken if the  O p e nTrans rout ine  
was s u c c e s s fu l !  When the  rout ine  lab e l l e d  TRANS_OPEN terminates ,  
via a rts  i n struc t i o n ,  the MATHS_O PEN l lab e l  address  i s  pu l l e d  from 
t h e  s t a c k a n d  e x e c u t i o n  t h e r e f o r e  c o n t i n u e s  f r o m  t h e  
M ATHS_O PEN l U s r  C l o s e M aths)  p o s i t i o n .  

Now at fi rs t  read i n g  th is  m i g h t  s e e m  l i ke a rat h e r  c o nvo l u te d  way o f  
d o i n g  th i s ,  b u t  it  t u r n s  o u t  to b e  very powerfu l  b e cause  i t  al l o ws u s  
to p rogram c o ntro l  s t ructures  i n  a way w h i c h  i s  s i m i l ar to a h igh
leve l  language . The bene f its  are that  i f  you are  ab l e  to  s ketch  o u t  a 
program s tructure u s i ng p s e u d o -c o d e ,  War n i e r  d i ag rams o r  s o me 
s i m i la r  h i g h - l e v e l  d e s i g n  tec h n i qu e ,  t h e n  t h e  n e s t e d  c o n d i t i o n a l  
contro l  s tru ctu re a p p roach w i l l  l e t  you m i rror  that h igh- leve l  d e s ign  
sketch  v e ry ea s i l y  i n d e e d .  I n  F igure  1 2 . 3 .  a n d  1 2 . 4 .  there  a r e  a 
cou p l e  o f  the d i agrams which I u s e d  to s ketch  o u t  the  bas ic  n e e d s  
o f  the  l a s t  program. 

F igure 1 2 . 3 .  te l l s  us that we mu st o n ly try to get std o u t  if  th e DOS 
o p e n e d  successfu l ly and that we only need open the  maths l i b rary 
i f  a va l i d  s t d o u t  h a n d l e  i s  a v a i l a b l e  ( c o u l d n ' t p r i n t  r e s u l t s  
o t h e rwise ) .  M o re d e ta i l  can b e  give n for the  brac ket  lab e l l e d  Maths 
open OK and of cou rse my i n tere st  at t h i s  p o i nt revo lved around 
a d d i n g  those  o v e r f l o w  i s s u e s  that  were  ignored  i n  t h e  p r e v i o u s  
program.  F i g u re 1 2 . 4 .  i s  an expans i o n  o f  the  re l evant part o f  t h e  
F igu re  1 2 . 3 .  

T h e  reason I 've g iven these  d e s i gn s ketc hes ,  and I ought  t o  ment ion  
t h a t  I ' ve n o t  by a n y  means  p r o v i d e d  fu l l  d e ta i l s  of  t h e  d e s ig n  
pat hway, i s  t o  l e t  you co mpare the b racket su bsets  with the n ested  
s u b r o u t i n e s  that are  pre s e n t  i n  t h e  6 8 000 c o d e  o f  Exa m p l e  1 2 . 8 .  
Yo u 'l l  s e e  fro m t h e  code wh ich fo l l ows that I have c o d e d  most  o f  
t h e  d i a g r a m  b r a c k e t s  a s  s u b r o u t i n e s  u s i n g  m y  c o n d i t io n a l  
su broutine call creat ion a p p roach .  I 've  a l so  ad o p ted a c o nve n t i o n  
wh ereby d i ffe re n t  fau l t s  a r e  r e p r e s e n ted  by e rror  numbers .  When 
an e r r o r  o c c u r s  an a p p r o p r iate  n u m b e r  gets  s tored  in  a s p e c i a l  
locat ion  (wh i c h  I 've cal l e d  error_flag) and a t  the e n d  o f  the  program 
th is  va l u e  is u s e d  to p r i n t  a m e ssage.  

You ' l l  not i ce  some other changes in the  c o d e  e xplanat i o n s  of which  
fo l l o w .  I have now i s o l ated the  l i b rary o p e n i ng and c l o s i n g  code  
i n t o  s e parate s u b ro u t i ne s  a n d ,  in  the case of  the l i b rary o p e n i ng 
r o u t i n e s  I u s e  t h e  z e r o f lag  as a s u c c e s s / fa i l u re i n d i c a t o r .  N o  
c h e c ks are made o n  the  c l o s e  l i brary rout ines  and t h e re i s  a good 
rea s o n  fo r th i s  - in  th i s  n e xt examp l e ,  a n d  i n d e e d  in  a l l  o f  t h e  
exa m p l e s  t h a t  I 've d e a l t  wi th ,  y o u ' l l  fi nd  t h a t  t h e  l i b rary c l o s i n g  
c o d e  i s  o n l y  ever exe cuted if the library was successfully opened in 
the first place. H e n c e ,  the l i b rary c l o s i ng rout ines  wi l l  never fai l  and 
s o  d o  n o t  need to be  ch ecke d '  
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Convert nu mber to ffp form 
( 1  t ime)  
Calcu late the exponential  of  the number 
( 1  t ime)  
Overflow occurred < 
( 0 ,  1 t ime) 

Overflow occurred 
(0 ,  1 t ime) 

Set an overflow error i ndicator 

Convert resu l t  to ASC I I  form 
( 1  t ime)  

Prin t  resu l t  ( 1  t ime)  

Close math trans l ibrary 
( 1  t ime)  

Figure 1 2. 4 .  These constraints show what should really be  done 
if a number causes an overflow. 

As a last  a s i d e ,  b e fo r e  p rovi d i ng t h e  c o m p l e te s o u r c e ,  I n e e d  t o  
m e n t i o n  t h e  ro u t i n e w h i c h  p r i n t s  e r r o r  m e s s a g e s .  Aga i n  I 'v e  
i so lated t h e  c o d e  i nto a subro u t i n e  b u t  I 've u s e d  a tab l e -ori e n tated 
trick, bas ed on the 68 000's very u s e fu l  i n d exed i n d i rect  address ing 
with d i s p l a c e m e n t  a d d r e s s i ng sch e m e ,  wh i c h  a l l o ws m e  to pr int  
appropr iate text str i ngs even though the  pro gram's in ternal  e rror 
hand l i ng i s  done via e rror n u mb e rs .  

Th is  i s  how i t  works.  With in  t h e  p ro gram a number  o f  e rro r type 
EQUates  are d e fi n e d : 

N O  ERRORS  EQU  0 

NO  ARGUM E NTS  EQU  1 

LONG ARGUMENTS EQU 2 

N O  MATHS EQU 3 

NO  TRANS EQU 4 

OVE R F LOW EQU 5 

At the e n d  of t h e  p rogram a l i st  o f  text str i ngs c o r r e s p o n d i n g  to 
those e rrors are a lso d e fi n e d :  

errorO 

error1  

d c . b  ' n o errors ' , NU L L  

d c . b  ' n o v a l u e  sup plied ' , N U L L  
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error2 d c . b  ' command s t r i n g  t o o  long ' , N U L L  

error3 d c . b  ' c o u ld not  open  mat h s  library ' , N U L L  

error4 d c . b  ' c o u ld n o t  open mat ht ra n s  library ' , NU L L  

errors d c . b  ' re s u lt produced  an o verflow ' , N U LL 

I n  add i t i o n  to t h i s  a tab l e  i s  s e t  u p  conta i n i n g  a d e . I  d i re ct ive t hat 
s p e c i fi es those str ing addresses  l i ke t h i s :  

error table dc . l  errorO , error1 , error2 , error3 , error4 , erro r5 

The e r r o r  message r o u t i n e  has  to c o nv e rt the  n u m b e r s  0 , 1 , 2 e t c ,  
i n to the  appropr iate e r r o r  me ssages a n d  he re's h o w  i t  c a n  b e  d o n e .  I 
c l ear register  dO and c o py the  error  n u mbe r to i t .  S h i ft ing  t h i s  val u e  
two places to the  l e ft e ffect ive l y  mu l t i p l i e s  t h e  val u e  i n  d O  by fou r  
( try w r i t i n g o u t  s o me e xa m p l e s  i f  y o u  d o n 't b e l i eve i t ) a n d  t h i s  
resu lts i n  dO  h o l d i ng o ffs ets o f  e i t h e r  0 ,  4 ,  8 ,  1 2 ,  1 6  o r  2 0. I f  y o u  
th ink  about the addre s s  of  the  error_tabl e  lab e l  and the  fou r byte 
values  which the assemb l e r  wi l l  generate refe rences  fo r ,  y o u ' l l  s e e  
that e rr o r_tab l e  + 0 ,  e rror_tab le  + 4 , e rror_tab l e  + 8 ,  e r r o r_tab l e  + 
1 2 , e r r o r_tab l e  + 1 6  and e r r o r_tab l e  + 2 0 ,  w i l l  i n  fa c t  g i v e  t h e  
a d d r e s s e s  o f  t h e  s i x  tab l e  e n t r i e s  a n d  t h e s e  l o c a t i o n s  h o l d  t h e  
ad dresses  o f  t h e  error  me ssage text str ings.  

W h a t  i s  n e e d e d , g i v e n  t h e  b a s e  a d d r e s s  t h a t  w e ' v e  c a l l e d  
error_tab l e ,  i s  some way o f  ad d i ng the  o ffset that we 've ca lcu lated 
(by s h i ft ing the  error  nu mber)  to the base address  and u s i n g  that 
value  as the address from which we get an o p e rand.  Th i s  is  exact ly 
what t h e  6 8 000's  i n d e xe d  i n d i re c t  ad d re s s i n g with d i s p l a c e m e n t 
a l lows us to do  because i t  lets us  c reate an address  by  add i ng an 
inde x va l u e ,  wh i c h  may be  stored  in  an address  o r  data reg is ter ,  
and a fi xed  d i s p l a c e m e n t ,  to a base  a d d re s s  sto r e d  in  a n o t h e r  
address reg ister .  Us ing t h i s  address ing mode al lows u s ,  g iven N an 
e r ro r n u m be r ,  to retr i eve the  a d d r e s s  of t h e  c o rre s p o n d i ng N ' t h  
str ing . I n  fact t h e  i n struct ion : 

move . !  O ( aO ,  dO . l ) , - ( s p )  

al lows us to re tr i eve i t  and push i t  onto  the  stac k s o  i t  i s  j u st what 
i s  needed fo r the amiga . l i b  pr i nt f() cal l .  H e re then is the c o mplete 
error message pr i n t ing subro u t i n e :  

Er rorM sg  c lr . l  d O  c o u ld c o n t ai n  g arbag e ! 

move . b  e r r o r_f l ag , dO get error  n u m b e r  

l s l .  l #2 , dO multiply  b y  4 

move . !  #erro r_t ab l e , ao load t a b l e  b a s e  
ad d r e s s  

move . !  O ( aO , d0 . 1 ) , - ( s p )  p u s h  t a b l e  e n t r y  
c o n t ent s 

pea  s t r in g_fo rmat p u s h  fo rmat s t r i n g  
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j s r _printf 

add . I  #8 , sp 

r t s  

print error mes sage 

ad j ust stack 

and to  fi n i s h  t h i s  c ha p t e r  h e re 's  t h e  c o m p l e te s o u r c e  code that 
i l lustrate s ,  with i n  the context of  a ru nab l e  p rogram, the conditional 
subroutine call approach that I 've b e e n  talking about :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - -- - - - - - - - - - - - - - - - - - - - - - -

* Example CH1 2 - 8 . s  

* - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - -

some system include files . . .  

inc lude exec / types . i  

include exec / libraries . !  

inc lude exec / exec_lib . i  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

external refe rence declarations . . .  

XREF _printf 

XREF _afp 

XREF _fpa 

EXTERN LIB SPExp 

XDEF stdout 

XDEF _DOSBase 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CALLSYS MACRO 

LINKLIB _LV0\ 1 , \ 2 

ENDM 

CALLSYS mac ro is us ed to extend L I NKL IB and thus avoid 

the explicit use of the _LVO p refixes in the function 

names . . .  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

general EQUate definit ions . . .  

_AbsExecBase EQU 4 

LF EQU 1 0  

NULL EQU 0 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; error number EQUate definit ions . . .  

NO_ERRORS 

NO ARGUMENTS 

EQU 0 

EQU 1 
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LONG_ARGUMENTS EQU 2 

NO MATHS EQU 3 

NO TRANS EQU 4 

OVER FLOW EQU 5 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

program starts by checking size  o f  CLI / Shell argument 

line . . .  

LBOUND 

clr . b  

cmpi . b  

bne 

move . b  

bra 

error_f lag 

#1 , dO 

UBOUND 

#NO_ARGUMENTS , error_f lag 

OPEN DOS 

UBOUND cmpi . b  #n umber_S IZEOF , dO 

bls 

m ov e . b 

bra 

COPYARGS lea 

subq . b  

LOOP move . b  

COPYARGS 

#LONG_ARGUME NTS , error_f lag 

OPEN DOS 

number , a1 

#2 , dO 

( aO ) + ,  ( a1 ) +  

destination pointer 

d isregard line terminator 

copy string  

dbra d O , LOOP 

move . b  #NULL , ( a1 )  NULL terminate s t ring 

OPENDOS move . I  _AbsExecBas e , _SysBase s et up  SysBase 

lea dos_n ame , a 1  and  open DOS library 

moveq #0 , dO any  version will do  

CALLSYS Open Library , _SysBase macro ( see text 
for  details ) 

move . I  

beq 

d O , _DOSBase 

EXIT 

store returned v alue 

test result for success  

if we reach here then  the  DOS  library is open  and its  

functions  can be s afely used ! 

CALLSYS Outpu t , _DOSBase 

move . I  

beq 

dO , _stdout 

C LOSE DOS 

get d efault output 
handle 

store output han d le 

This next code is t ricky unless you realize what is  

happening . The 68000 hasn ' t  got conditional s ubroutine  

instructions so  I create my  own  by  pushing a return  

address on the stack  and then  conditionally  BRANCH I NG 
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; to the appropriate subroutine .  

DOS OPEN pea CLOSEDOS 

tst . b  error_f lag 

beq ARGS OK 

rts 

CLOSEDOS tst . b  

beq 

error_f lag 

CLOSEDOS1 

j s r ErrorMsg 

command line error? 

next subroutine level 

were there any errors? 

s kip error message if not 

CLOSEDOS1 move . l  _DOSBas e , a1 bas e needed in a1 

CALLSYS Closelibrary , _SysBase 

; all  done s o  exit back to  CLI / Shell . . .  

EXIT c lr . l dO 

rts logical end of program 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Remember that this diag ram level is coded as a subroutine 

ARGS OK pea ARGS_OK1 push a return address 

j s r OpenMaths zero flag c lear on  failure 

beq MATHS OPEN next subroutine level 

ARGS_OK1 rts twin execution - see tex t 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

j another diag ram level coded as a subroutine 

MATHS OPEN pea MATHS OPEN1  push a return address  

j s r Open Trans z e ro flag c lear on  failure 

beq TRANS OPEN next  subroutine level 

rts 

MATHS OPEN1 j s r Clos eMaths 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

yet another diagram level coded a s  a subroutine and at 

this point the DOS , maths , and mathtrans libraries are 

open and useable . . .  

TRANS OPEN pea TRANS OPEN1 push  return address  

pea 

j s r 

add . l  

CALLSYS 

number 

_af p 

#4 , sp 

push  pointer 

data comes back in dO 

ad j ust stack  

SPExp , _MathTransBase values 
sent/ returned 
in dO 
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bvc PR INT DATA check for  ov erflow 

move . b  #OVERFLOW , error_f lag 

rts 

TRANS_OPEN1  j s r 

rts  

CloseTrans 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

lowest d iagram level coded again as a subroutine 

result already in dO  

push  ffp value 

convert  bac k to  ASCI I  

PRINT_DATA pea result 

move . I  dO , - ( s p )  

j s r 

addq . l  

pea 

pea 

j s r 

addq . l  

rts 

_fpa 

#8 , s p adj ust stack 

result push  sum st ring pointer 

string_fo rmat push  format string 
address  

printf 

#8 , s p 

use  amiga . lib printf ( )  

shortcut way to ad j u st stack 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I f  OpenMaths ( )  routine fails the zero flag will be CLEAR 

on return ! 

OpenMaths lea math_nam e , a1 library name start in a1 

moveq #0 , dO any version will d o  

CALL SYS Open Library , _Sys Base mac ro  ( s ee text 
for detai l s )  

move . I  dO , _  MathBase store retu rned value 

beq OpenMaths1  branch taken if open  
failed 

c lr . l  dO open OK so set zero flag 

rts 

OpenMaths1  mov e . b  #NO_MATH S , error_f lag will CLEAR z 
f lag 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I f  OpenTran s ( ) routine fails the zero f lag will be 

CLEAR on  retu rn ! 

OpenTrans lea 

moveq 

matht rans_name , a 1 library name start 
in a1  

#0 , dO any ve rsion will d o  
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CALLSYS Openlibrary , _SysBase macro ( s ee text 
for details ) 

move . !  

beq 

clr . l 

rts 

dO , _MathTran sBase store retu rned value 

OpenTran s 1  branch taken i f  open failed 

dO  open OK so set zero flag 

OpenTrans1  move . b  #NO_TRANS , erro r_f lag will CLEAR z 
f lag 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CloseMaths  move . !  _MathBase , a 1 base needed in  a1 

CALLSYS Clos elibrary , _SysBase 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

CloseTrans move . 1  _MathTran sBas e ,  a1 bas e needed in a1 

CALLSYS Closelibrary , _SysBase 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

fo llowing routine u s e s  t h e  value present i n  erro r_number 

to identify the n ' th address in  a table of error messag e  

pointers . . .  

ErrorMsg cl r . l dO could contain 
garbag e !  

move . b  error_f lag , dO get error number 

ls l .  l #2 , dO multiply by  4 

move . !  #error_table , ao load table base 
address 

move . !  O ( aO , d0 . 1 ) , - ( s p )  push table entry 
contents 

pea string_ fo rmat push  format string 

j s r _printf print error message 

ad d . 1  #8 , s p ad j u st  stac k 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

variables and st atic data . . .  

stdout ds . l  

_SysBase ds . l  

DOSBase ds . l  

MathBase ds . l  -
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_Mat hTransBase 

error_flag 

dos name 

math_name 

mathtrans name 

errorO 

error1  

erro r2 

error3 

error4 

errors 

st ring_ format 

n umber 

n umber S IZEOF 

result 

error table 

ds . l  

ds . b 1 

DOS NAME 

dc . b  ' mathffp . library ' , NULL  

dc . b  ' mathtrans . library ' , NULL  

dc . b  ' no errors ' , NULL 

dc . b  ' no value supplied ' , NU L L  

dc . b  ' command  string too  long ' , NU L L  

dc . b  ' could not  o p e n  maths library ' , NU L L  

dc . b  ' could n o t  open math trans library ' , NU LL 

dc . b  ' result produ ced an overf low ' , NULL  

dc . b  ' %s '  , LF , NULL 

EVEN 

ds . b  32 

EQU * - n umber 

ds . b  1 6  

dc . l  
error0 , erro r 1 , error2 , error3 , er ro r4 , e r r o r5 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Last Words 

I 've covered qu i te a b i t  of gro u nd in th is  chapter  but  by now s o me 
t h i ngs s h o u l d  be b e c o m i n g  c l ear .  F o r  a start you s h ou l d  n o w  b e  
a p p r e c i a t i n g  t h e  u s e fu l n e s s  o f  u n d e rs ta n d ab l e  v a r i ab l e  n a m e s ,  
macro fac i l i t ies  and the adopt ion o f  standard ised  c o d e  l ayouts  ( p l u s  
l ots o f  re marks ) .  Y o u  s h o u l d  a l s o  n o w  be c l e a r  about t h e  u s e  o f, a n d  
t h e  d i ffe r e n c e s  b e tw e e n ,  t h e  r e g i s t e r  bas e d  para m e t e r  p a s s i n g 
met h o d s  u s ed by the  Amiga's r u n - t i m e  l i b rar i e s ,  a n d  t h e  stac k
b a s e d  c o n v e n t i o n s  u s e d  by a m i g a . l i b .  A l o n g  t h e  w a y  w e ' v e  
i n tro d u c e d  C U/Sh e l l  parameter  c o l l e c t i o n ,  s tr i n g  c o p y i n g ,  ta b l e  
access ,  e r ror  hand l i n g a n d  h i e rarc h i c al  bas e d  n e s t e d  s u b ro u t i n e  
cod ing tec hn iques .  

What shou ld  a lso now have been  f irmly d r iven home is  the  fact that 
a great many j obs w h i c h  have to be d o n e in an  A m i ga a s s e mb l y  
language p rogram a r e  done  by sys tem l i brary cal l s  a n d  t h i s  i s ,  o f  
course ,  why I have devoted a l o t  o f  t ime and space t o  t h e s e  l i b rary 
rela ted i ssues  i n  the f irst p lace i  
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Exec 

M essages 

and Ports 

Towards the end o f  th is  book I 
a m  g o i n g t o  b e  d e v e l o p i n g 
s o m e  fu l ly f l e d g e d  I n t u i t i o n  
p r o g ra m s .  N o w  t h i s  m a y  
p r e s e n t  q u i t e a c h a l l e n g e  
b ecau s e  a n  a p p r e c i at i o n  o f  a 
n u m b e r  o f  s e p a ra t e  A m i ga 
p r o g r a m m i n g  a r e a s  w h i c h ,  
u n fo r t u n a t e l y ,  a re a l l  q u i t e  
d i fficu l t  to u n d erstan d i n  the i r  
o w n  r i g h t ,  i s  g o i n g  to  b e  
n e e d e d .  O n e  o f  t h e s e  a r e a s  
c o n c e r n s  t h e  Intu i t i o n  I D C M P  
m essage system which i s  bu i l t  
u p o n  far  m o r e  g e n e r a l  
communicat ions  fu nct ions .  I n  
th is  c hapter I want  t o  l o o k  i n  
more d e tai l a t  these i nt e rtask 
c o m m u n i c a t i o n s  a r r a n g e 
m e n t s  a n d  i n  fa c t  t h e  
in tu imessages structures  that 
w e r e  d i s c u s s e d  i n  C h a p t e r  
N i n e  w e r e  d e l i b e r a t e l y 
i n t r o d u c e d  p r i o r  t o  t h e s e  
d i s c u s s i o n s  s o  t h a t  s o m e  o f  
t h e  i d e a s  h a d  t i me t o  sett le 
b e f o r e  t h e  m o r e d i f f i c u l t  
aspects were deal t  with . 

An Overview 

The me ssage sys tem used  on 
t h e  A m i g a i s ,  at  t h e  g r a s s  
r o o ts l e ve l ,  a n  Exec  fac i l i ty .  
I n fo rmat ion  c a n  be  sent  from 
o n e  t a s k  t o  a n o t h e r  b y  
c reat ing a data packet  known 
as a M e s s a g e  s t r u c t u r e  a n d  
t h e n  tra n s m i t t i n g  i t  ( s e n d i ng 
i t )  to i ts  dest inati o n .  Messages 
p a s s  b e t w e e n  t a s k s  u s i n g 
another  Exe c d e fi n e d  structure 
c a l l e d  a M s g P o r t ,  m o r e  
c o m m o n l y  c a l l e d  a m essage 
port or j u s t  a port. Ports are 
b a s i c a l l y  s o ft w a r e  e n t i t i e s  
w h o s e  j o b ,  a m o n g s t  o t h e r  
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t h i n g s ,  i s  t o  a c t  as a r e c e i v i n g  s ta t i o n  fo r m e s s a g e s .  B e fo r e  a 
p r o g r a m  c a n  r e c e i v e  a m e s s a g e  i t  m u s t  h a v e  a l l o c a t e d  a n d  
i n i t i a l i s e d  a s u i tab l e  m e s s age p o r t .  H e re ' s  t h e  d e fi n i t i o n  o f  t h e  
system's M P  (message p o rt) structure i n  te rms o f  t h e  STRUCTURE 
macro :  

STRUCTURE MP , LN_SIZE 

UBYTE MP_FLAGS 

UBYTE 

APTR 

STRUCT 

LABEL  

M P  _SIGBIT 

MP_SIGTASK 

MP_MSGLIST , LH_S IZE 

MP SIZE 

size equivalent to an Exec Node 

signal bit number 

task to be signalled 

linked list of messages 

LN_S I Z E  reserves  s pace e qu ival e n t  to t h e  s i z e  of a standard Exec 
Node structu re and MP _MSGLIST r e p r e s e nts an Exe c  l ist  s t ructu re 
used  to create a l i nke d l i st of  messages assoc iate d with  the  p o rt. As 
n e w  m e s s a g e s  a r r i v e  t h e y  a r e  a d d e d  to t h e  e n d  o f  t h e  l i s t .  As 
message s are read they are taken from the fro nt (head)  o f  t h e  l i st .  
The MP _FLAGS fi e l d is u s e d  to i n d i c ate vari o u s  m e s sage a r r i val 
act ions and the MP _SI GTASK fi e l d  i d e n t i fi es  th e task to b e  s igna l l ed  
as me ssages  arr ive .  B ear in  m i n d  that  t h e  mac r o  o n l y  cal c u l at e s  
equ iva l e n t  offs e ts b u t  i t  i s  u s e fu l  d u r i n g  t h e s e  s t ru c t u re r e l a t e d  
d i s c u s s i o n s  t o  ta l k  a b o u t  t h e  f i e l d s  t h a t  s u c h  o ffs e t s re p r e s e n t  
wh e n  t h e  structure has been  a l l ocated and s e t  u p .  

M e ssage s t h e m se lves are bas e d  o n  a n  exte n s i b l e  l e ngth structu re 
with the Exec d e fi ned fi e l d s  b e i n g  s u p p l e me n t e d  by add i t iona l  u s e r  
defi n e d  data. T h e  stru ctu re has a system labe l  M N  a n d  he re 's  the 
basic  layou t :  

STRUCTUR E  M N , LN_S IZ E  

APTR M N  R E P LYPORT  

UWO R D  M N  L ENGTH 

LABE L  M N  S IZ E  

s i z e  e q u iv alent t o  a n  E x e c  N o d e  

mes sage r e ply  p o rt 

mes sage len g t h  

T h e  N o d e  space at t h e  fro nt  of  t h e  resu l t ing structure  i s  u s e d  fo r 
p o r t  l i n kage . T h e  M N_REPLYPO RT fi e l d  i n d i ca t e s  w h i c h  p o r t t h e  
r e p l y  wi l l  b e  s e n t  t o  ( s e e  d i s c u s s i o n  wh i c h  fo l l o w s ) ,  a n d  t h e  
MN_LENGTH fi e l d  i n d i cates t h e  total  l e ngth of  t h e  message . Th e real 
me s s a g e  d a t a is a l ways p r ov i d e d  as a n  e x t e n s i o n ,  u s u a l l y by 
defi n i ng a n ew structure in  terms of a me ssage p l u s  o t h e r  data as 
can be s e e n  in t h e  case  of t h e  l n t u i M e s s age d e f i n i t i o n  re p e at e d  
be low:  
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STRUCTURE I ntuiMessage , O  

STRUCT im_ExecMessag e , MN_S I Z E  � basic message structure 

LONG im Class subsequent fields are 

WORD  im Code the extensions that 

WORD im Qualifier provide the rea l data 

APTR im !Address I 
WORD im Mou seX f 
WORD im_MouseY 

LONG im Seconds 

LONG im Micros 

APTR im IDCMPWindow 

AP TR im_SpecialLink 

LAB E L  im SIZEOF 

I f, f o r  exam p l e ,  y o u  w i s h e d  to create m e s sages which just stored 
mouse c o o r d i nates  you might d e fi n e  you r own s tru cture l i ke t h i s :  

STRUCTURE  M o u s e M e s sage , O  

STRU CT  mm_E x e c M e s s ag e , M N_S I Z E  

U WO R D  m m  M o u s eX 

UWO R D  mm M o u s eY 

LAB E L  mm S I Z E O F  

T h a t  e x p l a i n s  what m e s sages a r e  i n  t e rms o f  p h y s i c a l  b l o c ks o f  
m e m o ry ,  n o w  l e t ' s  l o o k  a t  h o w  t h e s e s t ru c t u r e s  a r e  u s e d .  I f  
program A sends p rogram B a m essage,  i t  does  s o  b y  u s i ng a n  Exe c 
sys t e m  c a l l  known as Pu tM sg() .  This  ad d s  t h e  me ssage i n to a l i nked 
l i s t  of mes sages which are t ied to program B's p o rt structure.  The 
i m p o r t a n t  p o i n t  ab 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 sage  i s  not 
c o p i e d .  In o t h e r  wo rds  it  i s  t h e  m e m o r y  b l o c k  a s s o c i a t e d  w i t h  
p r o g r a m  A ' s  m e ssage wh i c h  i s  l i n k e d  i n t o  t h e  l i s t o f  m e s sage s 
p r e s e n t  at program B 's  message port .  Te c h n i ca l ly  t h i s  i s  known as 
q u e u ing  by reference a n d  i t s  m a i n advan tage  i s  t h a t  t h e  v e r y  
su b s ta n t i a l  o v e r h e a d  o f  c re a t i ng l o c a l  c o p i e s  o f  e a c h  a n d  eve ry 
mes sage float ing arou nd t h e  A miga system is  avo i d e d .  I n  a se nse 
th e n ,  when p rogram A a l l ocates ,  i n i t ia l i s e s  and then sends p ro gram 
B s o m e  m e ssage , what program A is  real l y  d o i ng i s  giving program 
B a  l i c e n s e  to u s e  part of i ts memory space .  

Now t h i s  i s  a l l  very  we l l  but  the  s c h e me p r e s e n t s  a n u mb e r  o f  
p o t e n t i a l  d i  ff i cu I t i e s .  L e t ' s  go ove r t h e  p rogram A -> p r ogram B 
m e s sage  pa s s i n g  s c e n a r i o  o n c e  m o r e  to  s e e  what  p r o b l e m s  can 
occur .  



Mastering Amlga Assembler 

Program A wants to send  program B a message so it a l lo cate s s o m e  
m e m o ry f o r  a m e ssage ,  fi l l s  i n  t h e  a p p r o p r iate  d e ta i l s  a n d  t h e n  
sends t h e  m e s sage to  pro gram B u s i ng Exec ' s  P u t M sg()  fu n c t i o n .  
Program A w i l l  n e e d  t o  know t h e  add ress o f  program B's  m e s sage 
port at t h i s  t i me but system c a l l s  are avai lab l e  for  fi n d i n g  s u c h  
info rmat i o n .  

By t h e  t i m e  p r o g r a m  A ' s  P u t M s g ( )  c a l l h a s  c o m p l e t e d  w e ' v e  
d e ve l o p e d  a qu i t e  d a n g e r o u s  s i t u a t i o n  b e c a u s e  p r o g r a m  A h a s  
a l located s o me message m e m o ry a n d  a t  some stage program A i s  
go i n g  t o  have  t o  d e a l l o c ate  i t ,  i e  r e t u r n  i t  t o  t h e  s y s t e m fr e e  
me mory p o o l .  But, once  the PutM sg() fu ncti o n  has sent  the  m es sage 
the bac kward and forward p o i nt i n g  N o d e  f i e l d s  of t h e  m e mo ry 
b l o c k  c o n ta i n i ng the mes sage wi l l  have b e e n  a l t e r e d  so  that  t h e  
mess age i s  l i n ke d i n to  p ro gram B ' s  m e s sages l i s t .  I f  p ro g ra m A 
t e r m i n a t e d ,  o r  d e c i d e d  fo r a n y  o t h e r  r e a s o n  t o  d e a l l o c at e  i t s 
mes sage u n i t , ser iou s prob l e ms wou l d  ar ise .  I n  sh o rt, p ro gram B's  
message l i s t wou l d  become c o rru pt and th e syste m wou l d  n o  d o u b t  
guru shortly afte rwards!  

What is  n e e d e d  is  a c o nv e n t i o n  w h i c h  e l i m i n a t e s  t h i s  t y p e  o f  
probl e m .  The method that Exe c  has adopted is  as fo l l o ws .  Pro gram 
A,  in s e n d i n g  a m e s sage to  program B ,  i s  e ffect ive ly  gran t i ng a 
temporary l i c e n s e  to program B to u s e  part o f  i ts  m e m o ry s pa c e  
(that re lat ing to t h e  me ssage) .  Once  th is  l i c e n s e  h a s  b e e n  g ranted ,  
program A s h o u l d  not  i nte rfe re wi th  the me ssage u n t i l  i t  i s  safe t o  
d o  so .  How does  pro gram A know whe n  its  me ssage can b e  r e u s e d  
o r  d i scard e d ?  U s u a l l y  p r ogram B wi l l  s e n d  t h e  m e s sage b a c k  t o  
pr ogram A u s i n g Exe c 's  Re p lyM sg()  fu nct i o n .  T h i s  fu n c t i o n  l i n ks 
(wi th a su i table  reply I D  marke r) program A's message i nto p ro gram 
A's  m e s s a g e  p o r t .  W h e n  p r o g r a m  A r e a d s  t h i s ,  i t  kn o w s  t h a t  
program B has fi n i shed u s i ng i ts message and that i t  i s  then fre e to  
reuse  that m e m o ry space  as  i t  sees  f it .  

From the above d e s cr ipti o n  yo u ' l l  real i s e  that in most cas es  b o t h  o f  
the communic at ing programs wi l l  n e e d  the i r  own message p o rts -
e v e n  wh e n ,  a s  i n  t h e  a b o v e  e x a m p l e ,  t h e  p a s s a g e  o f  r e a l  
in format ion i s  on ly  go i ng one way. 
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Exec Message Functions 

H e r e  a r e  t h e  d e s c r i p t i o n s  of Exe c ' s P u t M s g ( )  a n d  R e p l y M s g ( )  
fun c t i o n s  ment ioned above . 

Flmetio:A: 
Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Flmetio:A: 
Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Pa.tM•gO 

Send a message to a message port 

PutMsg(port_p, message_p) ; 

aO a l  

port_p - pointer t o  a message port 

message_p - pointer to a message 

None 

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

lleplyM•gO 

Send a message back to its reply port 

ReplyMsg(message_p); 

a l  

message_p - pointer to a message 

None 

This function is a bit like PutMsg() 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. More details 

can be found in the RKM system manuals. 

An o t h e r  fu nct ion that i s  re lated to the  above i s  the Exec  GetMsg() 
fu n c t i o n .  

Flmetio:A: 
Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

GetM•gO 

Collect first message queued at message port 

message _p=GetMsg(port_p) ; 

dO ao 

port_p - pointer to a message port 

message _p - pointer to a message 

This function does not wait. If a message is not available it will return 

with a NULL value. 

G e t M sg()  u n l i n ks the  f irst  mes sage from the port  and a fter  i t  has 
been u s e d  the assoc iated message i s  essent ia l ly  free floating, ie it  i s  
n o t  p o i n t e r- l i n k  t i e d  i n to t h e  message c h a i n  o f  t h e  p o r t  i t  came 
from .  N ow, if  we add these d etai l s  to the  steps whi c h  occur as  two 
p rograms communicate , we end up with th is  scheme:  
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Progra11 A Progra11 B 

1 :  Allocates 11e11ory for message 

2: Fills in details 

3 :  Sends Message using PutMsg ( )  

4 :  

5 :  

6 :  

Collects 11essage using GetMsg ( )  

Extracts data fro11 11essage 

Sends back 11essage using ReplyMsg ( )  

7 :  Receives reply using GetMsg ( )  

8:  Reuses/deallocates 11essage 

In C hapter 1 5  we are go ing to be communicat i n g  with Intu i t i o n  and 
i n  terms of  the  above scenar io  I n tu i ti o n  i s  going to b e  p rogram A 
and our  appl icat ions examples ,  wh i c h  wi l l  be carrying out  act i o n s  4 ,  
5 a n d  6 above, a r e  going to represent  t h e  act i o n s  o f  p rogram B. 

Signals 

It's a l l  very we l l  saying that o n e  program co l l e c ts the message t hat 
an o t h e r  p ro gr a m  s e n d s  b u t  t h a t  s t i l l  d o e s n ' t  t e l l  us h o w  o n e  
p rogram knows that  a n o t h e r  p ro gra m has s e n t  i t  a m e ssage . As 
might be expected,  Exec also solves th is  prob lem very e l egantly by 
adopting an i n t e r-task signa l l i n g  system. 

For each task Exe c a l locates 32 b i ts fo r use  as signal bits. Sixteen  
are used  by Exec  i ts e l f  and 16  a re avai lable  fo r use  by the  task  i n  
quest ion .  I n  m o s t  cases  y o u  wi l l  rarely n e e d  t o  worry about  h o w  
these bits  are a l l o cate d because both Intu i t i o n  cal l s  a n d  a m iga. l i b  
cal ls  s u c h  as C reatePort()  handle  t h e  n itty gr itty d etai l s  for y o u  (you 
can fi n d  the  d e ta i l s  in the  RKM manual s ). 

What you wi l l  need to d o  however  i s  to work out what s i gnal  b i t  i s  
be ing u s e d  becau se there i s  a n  Exec fu ncti o n  cal l e d  Wait( )  ava i l ab l e  
wh i c h  a l lows y o u  t o  p u t  y o u r  p rogram to s l eep  unt i l  s p ec i fi c  s ignals  
are  rece ive d .  

Function: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

WaitO 

Wait for one or more signals 

signals=Wait(signal_mask); 

dO dO 

signal_mask - 32 bit mask of signals to wait for 

signals which caused the WaitQ to be satisfied 

'This is generally useful because it allows signals from different sources 
to be combined. 
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T h e  i mportant p o i n t  with  Wait( )  i s  that i t  u s e s  a 3 2  b i t  mask val u e ,  
not  the  8 b i t  s ignal  b it  n u m b e r  as  s t o r e d  i n  t h e  M sgPort structure.  
The d i fference  b e twee n  the two r e p r e s e ntat i o ns is  eas i ly s e e n  by 
l o o ki n g  at an  exampl e :  

bit 1 6  

t 
00000000 00000001 00000000 00000000 

This is t h e  mask 
arrangement needed 
if MP_S I G B I T  = 1 6  

To c onve rt the M P  _SI GBIT val ue  t o  a mask we s i mply l e ftsh ift the  
number  1 an appropr iate number  o f  t imes ,  name ly M P  _SI GBIT t imes 
a n d  you ' l l  see  an  exampl e  of  th is  type of  mask creat ion i n  C hapter 
1 5 . 

N ow,  how d o e s  a l l  t h i s  Exec stuff f it  i n t o  the  j o b  we wan t  to d o ,  
name ly c o mmunicat ing wi th  I n t u i t i o n? W e l l ,  a s  m e n t i o n e d  ear l i e r  
t h e  eas iest  way t o  gai n  access  t o  an  I DC M P i s  t o  s p e c i fy o n e  o r  more 
of  the I D C M P  flags whe n  you open  a win dow. I f  I ntu i t i o n  sees that 
you 've  d o n e  t h i s  it w i l l  au tomat ica l ly  create  a pai r of me s sage ports 
for t hat window. One  p o rt,  the  Window Port ,  is u s e d  by I ntu i t ion .  
T h e  other ,  refe rred  to as t h e  User  Port ,  i s  for t h e  p rogram's u s e  and 
t h e  I ntu i t ion  p rogramme r needs  to know the  address  o f  t h i s  port  in  
o r d e r  to c o l l e c t  m e s sage s f rom i t .  F o rtu n a t e l y  t h i s  i s  s i m p l y  a 
matt e r  o f  l o o k i n g  i nto t h e  W i ndow structure  and p i ck ing  u p  the  
appro priate p o i nter .  

S u ppose  that you have a syste m close gadget present  i n  a wi ndow 
d i s p l ay and that  you wa n t  this  gad get  t o  c o n t r o l  the c l o s e d own 
o p e rat ions  that the p rogram must pe rform. The w i ndow wi l l  have 
o ri g i nal ly b e e n  o p e n e d  by sett ing up a N ewWi ndow structure with 
t h e  CLOSEW I ND OW flag set  in  the  I D C M P  flags fie l d  and s o  Intu i t ion 
wi l l  p rovi d e  the program with th is  c lass o f  me s sages .  Take what i s  
sa i d about  w i n d ows a n d  flags at fac e  val u e  fo r t h e  moment  and 
c o n c e n trate  o n l y  o n  the  i d e a s  c o n c e r n i n g  the  me s sage pas s i ng 
aspects .  

I ' v e  a l r e a d y  m e n t i o n e d  E x e c ' s  W a i t ( )  fu n c t i o n  w h i c h  a l l o ws a 
p ro g ram t o  sleep u n t i l  a m e s sage fro m  any o n e  o f  a n u m b e r  o f  
s p e c i fied  po rts wakes it up. Often though you ' l l  o n l y  have o n e  port 
to l o o k  at and there  i s  i n  fact  a s i mp l e r  fu ncti o n ,  ca l l e d  WaitPort() ,  
ava i l ab l e for u s e .  
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Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

WaitPortO 

Suspend program execution until port becomes nonempty 

message_p=WaitPort(port_p); 

dO aO 

port_p - a pointer to a message port 

message_p - a pointer to first message at the port 

When this call returns it means that one or more messages have 
arrived at the port. In most cases it is not necessary to collect the 
WaitPortQ return value because a separate function, called GetMsgQ, 
can subsequently be used to both identify and remove the message 
from the message port. Parts of the RKM official documentation seem to 

suggest that this function can return without a valid message address! 

W a i t i ng fo r m e s s a g e s  t o  a r r i v e  may s o u n d  l i k e a c o m p l i c a t e d  
p rocess ,  a n d  u n de rneath t h e  su rface i t  i s  reaso nab ly complex,  but 
fo r the I n tu i t i o n  u s e r  al l  t h at i s  n e e d e d  in o r d e r  to wai t  fo r an 
I nt u i M essage i s  a l i n e  of  code which looks l i ke th is :  

CALLSYS Wait P o rt , _SysBase 

When the code gene rate d  by this mac ro i s  exe cuted the  program 
goes  to s l ee p ,  ie b e c o m e s  i n act ive , u n t i l  an event  o c c u r s  w h i c h  
resu l ts i n  a message be ing sent to t h e  wind ow's Use rPort.  W h e n  th is  
s i tuation occurs  the  p rogram needs  to d o  s everal th ings : 

1 .  I t  must co l l ect  the  first message by u s ing the GetMsg() fun c t i o n .  

2 .  I t  m u s t  extrac t t h e  nec essary i n fo rmation from t h e  message . 

3 .  It must te l l  Intu i t ion  that the  message has been dealt wit h ,  which  
i t  does  by u s i ng the  Re plyM sg() fu nct ion .  The  parameter  n e e d e d  
i n  th is  case i s  a p o i nter  t o  t h e  message. 

4. I t  must check fo r, and if necessary co l l ec t  and re ply to ,  any other  
message s that may also have arrived at the  port .  

M y  concern at the  moment i s  to explain how to write the parts of  a 
p rogram which  can hand l e  the  arrival of  these messages and t h e re 
i s  some t h i ng w h i c h  n e e d s  t o  b e  e m p h a s i s e d  at t h i s  p o i n t :  T h e  
s ignal that a m essage has arrived (wh ich  te rmi nates t h e  program's 
sleeping state) a c t u a l l y  m e a n s  that  one or more messages have 
arrive d .  This  being s o ,  any loop  arrangements used mu st be ab le  to 
hand l e ,  o r  at l e ast rep ly  to ,  each and every message that  comes  
a long and i t 's th is  topic  wh i c h  p rovides  the  subject matte r fo r the  
rest  of  th is  chapter .  
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Message Col lection 

To fi n i s h t h i s  c h a p t e r  I want  t o  c r e a t e  a s u b r o u t i n e  t h a t  w i l l  
m o n i t o r  an IDCMP mes sage stream and te l l  m e  wh en the  u s e r  has 
h i t  a wi nd ow's Close Wi ndow gad get .  Esse nt ia l ly th is  means writ ing 
a W a i t F o rEx itM essage( )  rou t i n e  a n d  a good f irst  s t e p  i s  to t h i n k  
about what t h e  program is  going t o  have t o  d o .  

F i r s t l y  we ' l l  n e e d  t o  p u t  t h e  p rogram t o  s l e e p  u n t i l  a m e s s age 
arr ives .  When the p rogram comes to l i fe again i t  mu st c o l l e c t  the 
m e s s a g e / s  that  c a u s e d  t h e  wake up s i g n a l . I n  t h e  fo l l o w i n g  
frag m e nt I s i mply assume that th is  can b e  d o n e ,  that t h e  rou t ine  
wi l l  b e  ab l e  to  determi ne that  a CLOSEWINDOW me ssage has  been  
rece ived ,  and  that o n  fi nd ing  such a mes sage i t  w i l l  set  an  exit flag. 
C o d e w i s e  I just  i ns e rt a j s r  GetM e ssage r e fe re n c e  havi n g  made a 
me ntal no te to write the code later  on .  

I was  ab le  to sketch  t h e  above i d eas q u i t e  eas i ly u s i ng a s o r t  of  
6 8 0 0 0  pseudocod e ,  i e  68000 code p lus  co m m e nts fo r t h e  d e ta i l s  
about th ings I was n't compl ete ly s u re about  yet .  H e re 's  t h e  resu l t :  

Clear exit  flag 

Wait F o rExitMessage Set registers up for  a WaitPort ( )  call 

CAL LSYS WaitPort , _SysBase 

j sr GetMes sage 

Examine the exit f lag to 
s ee if it has been set 

bne WaitForExitMessage 

rts 

T h e  rou t ine needs to be ab l e  to check the exit  f lag to see  if  the  u ser  
i s  ready to quit .  My c h o i c e  was to u s e register  d 2  as an  exit  flag 
b e c au s e ,  b e i n g o n e  of the d e s i g nate d non -scratch re g i s t e rs t h i s  
m e a n t  that I was n o t  g o i n g  t o  have t o  worry a b o u t  t h e  s y s t e m  
destroying i t s  contents d u rin g t h e  execut ion o f  a l i brary fu nct ion .  
Note : Accord i n g to  the Amiga's system docume ntat i o n ,  the  conte nts 
of r e g i s t ers  aO/a l a n d  d O/d l m u s t  be r e ga r d e d  as  l o s t  a f t e r  a 
fu nct ion  cal l un less  otherwise  state d .  

A s  far a s  the co l l ect ing o f  a me ssage i s  concern e d  we ' l l  n e e d  to try 
to g e t  the me ssage a n d ,  hav ing c h e cked that it  rea l ly  d i d  exi st ,  look 
to s e e  i f  i t  i s  a CLOS EW I N DOW c lass  intu i m essage.  I f  i t  i s ,  the  ex i t  
flag m u s t be  set .  I f  i t  isn ' t ,  the ex i t  fl ag i s  l e ft a l o n e  ( i e  kept  c l e ar) .  
What I must ensure h owe ver i s  that I reply to all messages that are 
rece ived. This  can b e  d o n e  u s i n g  Exec's R e p ly M sg ( )  fu n c t i o n  and 
s ince  a wake up s ignal can mean that  o n e  o r  more me ssages have 
a r r i v e d  at  t h e  p o r t  I ' v e  a l s o  g o t  to l o o p  r e p e a t e d l y  u n t i l  a l l  
m e s sages have been han d l e d .  Aga in  i t 's not  too d i ffi cu l t  t o  prod uce  
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a 6 8 00 0  sty le  s ketch o f  the code  and,  bearing i n  m i n d  that  i n d i rect  
a d d re s s i ng with  d i s p l a c e m e n t  can b e  u se d  t o  extract  c l ass d ata 
from t h e  i n t u i m e ssage ( s e e  C ha p t e r  N i n e )  t h i s  was t h e  g e n e ra l  
framework that  I chose :  

GetMessage 

GetMessage1 

Set registers up for a GetMsg ( )  call 

CALLSYS GetMsg , _SysBase get the message 

Check to see if the message existed 

beq GetMessageExit did it exist? 

Get mes sage pointer in register a1 

cmpi . l  #CLOSEWINDOW, im_Class ( a1 ) 

bne GetMessage1 

move . I  #TRU E , d2 user hit close gadget 

Set registers up for a ReplyMsg ( )  call 

CALLSYS ReplyMsg , _SysBase 

bra 

GetMessageExit rts 

GetMessage check for more messages 

d2 holds exit f lag 

N o w  c o m e s  t h e  g o o d  n ews : I f  you pu t t h e  above two fragments  
together ,  you'l l see that  the  fou ndations are  i n  p lace  fo r a rou t i ne 
wh i c h  d o e s  e xact ly  what we requ i re .  Having s a i d  t h a t ,  a c e rt a i n  
amou nt o f  t idying u p  i s  c l early n e e d e d  and o f  cou rse there are a 
few d e ta i l s  s t i l l  t o  be  f i l l e d  i n  c o n c e r n i n g  t h e  s e tt i n g  u p  o f  t h e  
system l i b rary ca l l s .  

The WaitPort()  needs  to be p rovided with a port  address  i n  aO but  
I 've dec ided that  the main p rogram wi l l  be expected to supply th is  
parameter  in  registe r a2  because i t  wi l l  be needed throughout  t h e  
r o u t i n e  a n d  I wan t e d  i t  i n  a n o n s c ra t c h  r e g i s t e r .  T h e  fu n c t i o n  
au todocs  t e l l  u s  that ReplyMsg() needs message po i nters i n  register  
a l .  These p o i nters  w i l l  o f  c o u rs e  be  s u p p l i e d  t o  the s u b r o u t i n e  
inte rnally a s  the  GetMsg() fu ncti o n  i s  used  bu t o bvi ous ly  I ' l l  n e e d  to 
make sure that resu l ts are in the r ight regi ster !  

Addi t iona l l y  I 've chosen to preserve al l  t h e  registers that are go i ng 
to b e  u s e d  a n d , b e a r i n g  i n  m i n d  o u r  p re v i o u s  message  p as s i n g  
s c e n a r i o s ,  i t  i s  n o t  t o o  h a r d  t o  p r o d u c e  t h e  fo l l o w i n g  c o d e  
suggest ion :  
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Wait ForExitMessage movem . l  dO - d2 / aO - a2 , ( sp) p reserve 
registers 

clr . l  d2 clear exit flag 

WaitForExitMessage2 move . l  a2 , aO port address 

CALLSYS WaitPor t , _SysBase 

j s r GetMessage 

cmpi . l  #TRUE , d2 exit flag set? 

bne WaitForExitMes sage2 

movem . l  ( sp ) + , d0 - d2 / a 0 - a2 restore 
registers 

rts logical end of routine 

GetMessage move . l  a2 , a0 get port address in ao 

CALLSYS GetMsg , _SysBase get the message 

tst . l dO 

beq GetMessageExit did it exist? 

move . l  dO , a1 copy pointe r to a1  

cmpi . l  #CLOSEWINDOW , im_Class ( a 1 ) 

bne GetMessage1 

move . l  #TRUE , d2 user hit close gadget 

GetMessage1 CALLSYS Rep lyMsg , _SysBase 

bra GetMessage check for more 
messages 

GetMessa geExit rts d2 holds exit flag 

You ' l l  a lso  s e e  that with i n  the GetM es sage subrout ine  I move the  
retu rned GetM sg() val u e  (wh i c h  c o m e s  back i n  d O )  to regi s t e r  a l .  
Th is  s erve s  two p u rposes .  F i rst ly,  i t  a l l ows me to u s e  a l  as the  base 
f o r s t r u c t u r e  a c c e s s i n g u s i n g i n d i r e c t  a d d r e s s i n g w i t h  
d i splace ment .  Second ly, register a l  i s  auto matical ly set  u p  fo r the  
R e p l y M s g ( )  c a l l ( fu n c t i o n  n e e d s  t h e  m e s s a g e  a d d r e s s  in  a l ) . 
R e m e m b e r  t h a t  wh e n  m o v i ng t o  a n  a d d r e s s  r e g i s t e r  t h e  m o v e  
instruct ion i s  actual ly a movea instruct ion w h i c h  d o e s  not s e t  t h e  
statu s flags - because of  t h i s  a tst . l  i n struct ion i s  n e e d e d  b e fore  the 
statu s byte flags tru ly  represent the  s tate o f  t h e  va l u e  which the 
GetM sg() fu nct ion retu rns i n  dO.  

I f  we  a d d  a bit  of  i n t e rnal  d o c u m e n ta t i o n  to the  above code i t ' s  
p o s s i b l e  t o  p r o d u c e  a qui te  u s e fu l  IDCMP orientated s u br o u t i n e .  
He re 's  the  f inal resu l t :  
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Example CH1 3- 1 . s  

Function name : WaitForExitMessage ( )  

Purpose :  Wait until user hits window ' s  close gadget 

Input Parameters :  Address of IDCMP userport should be in a2 . 

Output parameter s :  None 

Register Usage : ao : Used by WaitPort ( )  and GetMsg ( )  

a1 : Used by ReplyMsg ( )  

Other Notes : 

a2 : Holds userport address 

dO : Used by WaitPort ( )  and GetMsg ( )  

d1 : Unused but possibly altered by system 
functions 

d2 : Used as an exit flag ( quit when nonzero) 

All registers are preserved 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; subroutine specific EQUates . 

TRUE EQU 1 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

WaitForEx itMessage movem . l  d0 - d2 / a0 -a2 , ( sp)  preserve regis -
ters 

clr . l  d2 clear exit flag 

WaitForExitMessage2 move . l  a2 , a0 port address 

CALLSYS WaitPort , _SysBase 

j sr GetMessage 

cmpi . l  #TRUE , d2 exit flag set? 

bne WaitForExitMes sage2 

movem . l  ( sp ) + , dO-d2/aO-a2 restore registers 

rts logical end of routine 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetMes sage move . l  

CALLSYS 

ts t . l  

beq 

move . l  

cmpi . l  

a2 , a0 get port address in ao 

GetMsg , _SysBase get the mes sage 

dO 

GetMessageExit did it exist? 

dO , a 1 copy pointer to a1 

#CLOSEWINDOW , im_Class (a 1 ) 

bne GetMessage1 

move . l  #TRUE , d2 user hit close gadget 
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CALLSYS ReplyMsg , _Sy sBase 

bra GetMessage check for more 
messages 

GetMessageExit rts d2 holds exit flag 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Black Boxes Rule OK! 

We've now produced a typical  utility rou tine w h i c h  may be  u s e d  by 
a p rogramme r without them knowi n g  any more than these d e ta i l s .  

Fmu:tion.: 

Description: 

Call Format: 

Registers: 

.Arguments: 

Return Value: 

Notes: 

WaitForExitMsgO 

Wait until user sends CLOSEWINDOW message to port 

WaitForExitMsg(port_p ) ;  

a2 

port_p - pointer to a window's IDCMP user port 

None 

'This routine can be used with any Intuition window that has been 
provided with a close gadget and which generates CWSEWINDOW 
messages. 

T h e  r o u t i n e  i s  a c t u a l l y  a v e r y  s i m p l e  form o f  a n  I D C M P  e ve n t  
handler and although i t  ignores a l l  messages except those of  c lass 
C LO S E W I N DOW i t  can a c t u a l l y  be ex p a n d e d  q u i te e a s i l y .  T o  a 
c e r t a i n  exte n t  h oweve r t h e  s o p h i st i c at i o n ,  o r  o t h e rw i s e ,  o f  t h e  
rout i ne i s  ne i ther  h e re n o r  there - what i s  i mp o rtant i s  that  we've 
e n capsu lated qu ite  a complex set of  operat ions  in a black box type 
rout i n e  that can then  be  used  without  knowi ng how it works and 
t h i s  is q u i t e  a g o o d  examp l e  of t h e  b e n e fi t s  of t h e  information 
hiding approac h that I d i scussed earl i er in  the book.  

B e fore  we can wri te an IDCMP example p rogram we need to know 
how to open a wind ow, and th is  of  cou rse means that some more 
p re l i minary I n tu i t ion mater ia l  needs  to be  prov i d e d .  

Windows 

Amiga p rograms may open  o ne or more windows i n  a screen and 
t h e  method of  d o i ng th is  has  much i n  c o mmon with the  o p e n i ng o f  
screens  themse lves,  some d etai l s  o f  w h i c h  were given i n  C hapter 8 ,  
a n d  i s  based o n  th e creat ion o f  a fair ly  comp lex structure known a s  
a W indow structu re . I ntu i t ion  prov ides  h e l p  i n  t h i s  area by a l l owing 
wi n d ows stru ctures to be c reated fro m a much s i mp l e r  N e wWindow 
s t r u c t u r e .  A p r o g r a m  has  t h e r e fo re o n l y  t o  p r o v i d e  t h e  b a r e  
m i n i mum of  wi ndow d e ta i l  i n  th is  stru cture before u s i n g  a cal l to  
t h e  O p e nW i n d o w( )  I n t u i t i o n  r o u t i n e  w h i c h  h a n d l e s  t h e  m o r e  
c o m p l icate d sett i n g  u p  d e ta i l s .  Aga i n  t h e  i m p ortant  t h i n g  at  t h e  
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I nt u i t i o n  l e v e l  i s  t o  know a l i t t l e  a b o u t  t h e  fi e l d s  p r e s e n t  i n  the  
NewWindow structure .  Be fo re look ing  at th is  structu re i t  i s  u s e fu l  
to know a l i t t l e  a b o u t  the  I n t u i t i o n  w i n d o w  att r i b u t e s  wh i c h  a r e  
u n d e r  the  c o n trol  o f  the  progra m m e r .  

Window Types 

Intu i t i o n  pro v i d e s  a n u m b e r  o f  d i fferent  window typ e s .  Borde r less  
w i n d o w s ,  a s  the  name sugge s t s ,  a r e  d ra w n  w i t h o u t  the  d e fau l t  
e d g i n g ,  a l t h o u gh t h e y  can b e  g iven  e d g e s  i f  t i t l e  bars o r  s y s t e m  
gadgets have b e e n  s p e c i fi e d .  To g e t  a b o rd e r l e s s  window y o u  set  
the BORD ERLESS f lag  i n  the N e wWindow stru c tu re .  G i m me Z e roZ ero 
wi n d o w s  c o n t a i n  e x t ra b i t p l a n e s  w h i c h  h o l d  t h e  w i n d o w  t i t l e ,  
sys t e m  gadgets and borders  and t h e s e  a l l o w  the  p rogra m  t o  d raw 
fre e l y  ov e r  the i n n e r  s u r face of the w i n d o w  w i t h ou t t ra s h i n g  the 
g ra p h i c s  d ra w n  b y  t h e  s y s t e m .  B a c k d r o p  w i n d o w s  a r e  o p e n e d  
b e h i n d  n o r ma l  w i n d o ws a n d  n o  a m o u n t  o f  d e p t h  a r ra ngi n g  wi l l  
ever  s e n d  a n o n-backdrop window b e h i n d  a backdrop o n e .  Pe rhaps 
s u r p r i s i ng l y  t h e s e  w i n d ows are v e ry u s e fu l  a n d  many programs 
o p e n  s c r e e n - s i z e d  b o rd e r l e s s  b a c kd r o p  w i n d o w s  a s  a m e a n s  of  
creat ing a fu l l  sc reen  s i z e  d i s p lay area  w h i c h  has I nt u i t i o n  w i ndow 
c o m mu n i c a t i o n s  fac i l i t i e s .  Another  window type you ' l l  read a b o u t  
i n  the  I n t u i t i o n  manua l s  i s  the  S u p e r B i t M a p  wind ow,  which i s  u s e d  
to d i s p lay por t ions  o f  a u s e r  s u pp l i e d  b i tmap d i s play.  

W h e t h e r  W o r k b e n c h  or  c u s t o m  s c r e e n s  a r e  u s e d  a l l  wi n d o w s  
o p e n i ng i n  a p a r t i c u l a r  s c r e e n  w i l l  i n h e r i t  fro m t h a t  s c re e n  t h e  
d e f i n i t i o n  o f  t h e  c o l o u r  p a l e t t e  t o  b e  u s e d  a n d  t h e  
hor i z o nta l/ve rt ica l  p i xel  reso lut ion . 

Window Gadgets 

Two types of window gad gets a re supported : U s e r  d e fi n e d gadgets 
and sys t e m  gad g e t s .  Sys te m gadge t s  i n c l u d e  the d rag bar  w h i c h  
a l l ows u s e r s to  m o v e  a w i n d o w  arou n d ,  t w o  d e p th  arrang e m e n t  
gadgets wh i c h  l e t  u s e rs move windows i n  fro n t  o f  o r  b e h i n d  o t h e r  
w i n d o w s ,  a n d  a s i z i n g gadge t wh i c h  a l l o ws t h e  u s e r  t o  c l o s e a 
wi n d ow. M o s t  o f  the move m e n t/s i z e  window operat ions  wh i c h  the 
u s e r  may p e r fo r m  w i l l  be h a n d l e d  t r a n s p a r e n t l y  b y  I n t u i t i o n  
a l t ho u gh t h e re are  o c c a s i o n s  where I n t u i t i o n  m ig h t  s u p p l y ,  o r  be 
asked to  s u p p l y ,  a m e s sage to i n d i cate  s o me part i c u l a r  user  a c t i o n .  

O n e  s p e c i a l c a s e ,  wh i c h  i s  r e l e v a n t  t o  t h e  c o d e  t h a t  w e  h a v e  
d e v e l o p e d  s o  far  i n  t h i s  c h a p t e r ,  i s  t h e  c l o s i n g  o f  a w i n d o w .  
I n t u i t i o n  wi l l  never c l os e  a w i n d o w  au t o mat i ca l ly  - i ns tead when 
t h e  u s e r  h i t s t h e  c l o s e g a d g e t  I n t u i t i o n  s e n d s  t h e  p r o g r a m  a 
message t e l l i n g  i t  what has been  d o n e  and then  leaves the  actual  
s h u tdown o p e rat ions  to  the  program i t s e l f' 
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Window Redrawing 

I n t u i t i o n  o ffers a number of d i ffe rent  window re drawi ng schemes .  
W i t h  S i m p l e  R e fr e s h  I n t u i t i o n  leaves  most  o f  t h e  r e d rawi n g  o f  
o v e r l a p p e d  a r e a s  t o  t h e  p rogram i t s e l f .  S ma r t  R e fre s h  b u f fe rs  
o ffs c r e e n  p o r t i o n s  a n d  g e n e ra l  wi n d o w  status  t o  p rov i d e  fas t e r  
refre s h  o p e rat ions ,  at t h e  expense of  u s i n g  m o r e  memory. The re's 
also a method ca l l ed  SuperBitMap redrawi ng and t h i s  mai ntai n s  a 
c o mp l e t e l y  s e p a rate  wi n d o w  b i tmap,  as  o p p o s e d  to k e e p i ng t h e  
w i n d o w  c o n t e nts as part  o f  t h e  s c r e e n  d i s p lay data.  T h e  b e nef i t  
h e re i s  that  t h e  a p p l i c at i o n s  program neve r has  t o  w o r ry a bo u t  
r e d ra w i n g  wi n d o w  i n fo r m at i o n  b e cau s e  t h e  w i n d o w  d i s p l ay i s  
a lways avai lable  for u s e  b y  I ntu i t ions  redrawi n g  operatio n s .  

R i g h t ,  w e ' v e  d e a l t  w i t h  s o m e  o f  t h e  o p t i o n s  w h i c h  I n t u i t i o n  
p ro v i d e s .  N o w  l e t' s  l o o k  at the  detai l s  o f  the  N e wWi n do w  structure 
u s e d  to p a s s  w i n d o w s p e c i f i c a t i o n s  t o  I n t u i t i o n . H e r e ' s  t h e  
structure i t se l f: 

STRUCT U R E  N ewWindow , O  

WORD nw_Left Edge 

WORD nw_TopEdge 

WORD nw_Width 

WORD nw_Height 

BYTE nw_DetailPen 

BYTE nw BlockPen 

LONG nw_IDCMPFlags 

LONG nw_Flag s 

APTR nw_FirstGadget 

APTR nw_CheckMark 

APTR nw Title 

APTR nw Sc reen 

APTR nw_B itMap 

WORD nw MinWidth 

WORD nw_MinHeight 

WORD nw MaxWidth 

WORD nw_MaxHeight 

WORD nw_ Type ; 

LAB E L  nw S I Z E  

s o m e  general d imen sions 

I DCMP f lag s 

t it le text for window 

T h e  h e a d e r  f i l es  p re d e fi n e  a great many flags w h i c h  are u s e d  t o  
s p e c i fy t h e  vari ous  o p t i o n s .  H e re a r e  the  fi e l d  d e ta i l s  and a l l o we d  
flag d e fi n i t i o n s :  
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nw_Left Edge 

The i n i t ia l  x posit ion of  t h e  window's top l e ft corner. 

nw_R ightEdge 

The i n it ia l  y pos it ion of  the  window's top l e ft c o rn e r. 

nw_DetailPen 

S imi lar fu nct ion to the e qu ival e nt N e wScre e n  fi e l d  but  if  set  t o  - 1  
t h e  wi ndow wi l l  actua l ly  use  the pens  s p e c i fi e d  i n  t h e  associated 
screen structu r e .  

n w  B loc kPen 

Ditto Deta i l Pe n .  

nw_IDCMP Flags 

These ,  as already mentio n e d ,  are conce rned with the  s p e c i ficat i o n  
o f  I ntu i t ion  commun i cat ions .  

nw_Flag s 

These win d ow flags fal l  i nto fou r  categor ies :  

System gadgets :  You use  t h e s e  f lags  t e l l  I n tu it i o n  w h i c h  sys t e m  
. gadgets are needed  i n  t h e  wind ow: 

WI N DOWS I Z I NG Asks for a s i z i ng gadget 

WI N DOWD E PTH Asks for depth arrangement  gadgets 

WI N DOWC LOSE Asks for c lose  gadget 

W I NDOWDRAG Asks for a d rag bar 

W i n d o w  t y p e : U s e  t h e s e  f l a g s  to s p e c i fy a d d i t i o n a l  w i n d o w  
charac ter ist ics :  

BACKDROP 

BORDER L ESS 

G I MMEZEROZERO 

Refresh metho d :  You must set  one of  these flags : 

S I M P L E  R E FR ESH 

SMART_R EFR ESH 

S U P E R_B ITMAP 
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Message flags:  

R E P O RTMOUSE This  flag t e l l s  Intu i t ion  that the w i n d ow s h o u l d  

ACT I VATE 

NOCARE R E FR ESH 

RMBTRAP 

rece ive mouse pointer  movements 

W indow becomes active o n  o p e n i ng 

T e l l s  I nt u i t i o n  not to b o t h e r  s e n d i ng w i n d o w  
refresh messages 

U s e d  to t r a p  p o t e n t i a l m e n u  o p e ra t i o n s  a n d  
i n s t e a d  j u s t  d e l i v e r  r i g h t - m o u s e - b u t t o n  
messages 

nw_First Gadget 

Poi nter  to the start of  a l i nked l ist  of  u ser  d e fi n e d  gadgets.  

nw_CheckMark 

Po i n t e r  to an i mage to be used when menu items are checkma rke d .  
S e t t i n g  t h i s  fi e l d  to N U LL causes  I nt u i t i o n  to u s e  t h e  d e fau l t  t i c k  
c h e c kmark. 

nw Tit le 

Po inter  to win d o w  t i t l e  text.  

nw_S c reen 

If you h ave opened the window in a custom screen t h e n  t h i s  p o i nter  
s h o u l d  point  to t h e  screen 's  associated Scre e n  structu re . 

nw_BitMap 

If u s i n g  SUPER_BITMAP refr e s h ,  t h i s  f i e l d  must p o i n t  to a B i tMap 
stru cture .  

nw_M inWidth M i n i m u m  width of  window 

nw_M inHeight M i n imum h eight o f  wi n d ow 

nw_MaxWidth Maximu m width o f  window 

nw_M axHeight Maxi mu m h e ight of wi n d o w  

nw_Type Set  to e i th e r  WBENC HSCREEN or  CUSTOMSCREEN 

Opening and Closing Windows 

O nce a N ewWin d ow structure has been  set  up it is poss ib le  to u s e  
these  I ntu i t i o n  fu ncti o n s  to d o  a l l  the  hard work.  
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1'1uu:Uon.: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

1'1uu:Uon.: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Open.WfJu:lowO 

Open an Intuition Wmdow 

window _p=OpenWindow(new _window _p); 

dO aO 

new_window_p - pointer to initialised NewWmdow structure 

window _p - pointer to an Intuition Window structure. If the window 

could not be opened a NULL pointer is returned. 

CloaeWUulowO 

Close an Intuition Window 

Close Window( window _p ) ;  

aO 

window _p - pointer to an existing Window structure 

None 

At Last, A Message Handling Example 

By now y o u  s h o u l d  have l e a r n ' t  q u i te a b i t  about  o p e n i n g  and 
c l o s i ng l ib r a r i e s  a n d  gett ing  data  t o  a n d  f rom s tru c t u res u s i ng 
i n d i re c t  a d d r e ss i ng wi t h  d i s p l a c e m e n t .  N o w  that  we've c o v e r e d  
s o m e  message handl i ng and w i n d o w  t o p i c s  i t 's p o s s i b l e  to create a 
p rogram that t ies  a l l  these i deas together .  The fo l l owi ng program 
uses  th is  basic p lan :  

Open the  I ntu i t ion  l ib rary 

Set up a N e wWi ndow structure 

Open a window with c lose and d rag gadgets 

Get  user port address from real wi ndow structu re 

Cal l the  'Wai tForExi tMe ssage() rou t i ne 

C lose  window 

C l ose l ibrary 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Examp le CH 1 3 - 2 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; some system include files . . .  

include exec/types . i  

include exec/ libraries . i  

include exec/exec_lib . i  

include intuition / intuition . i  

include intuition / screens . !  
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a m a c r o  t o  extend L I N K L I B  a n d  t h u s  avoid t h e  explicit u s e  o f  

t h e  _LVO p r efi x e s  i n  t h e  f u n ction  names . 

CALLSYS MACRO 

L I N K L I B  _LV0 \ 1 , \ 2 

E NDM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

E Q U a t e  definition s .  

A b s E x e c B a s e  EQU 4 

_LVOOpenWin d ow EQU 204 

LVO C l o s eWindow EQU 72 -

WIDTH EQU 600 

H E I G H T  EQU 1 00 

D E TA I L P E N  EQU 

BLOCK P E N  EQU 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

m a i n  p r o g ram c o d e . 

O P E N  WI NDOW 

move . l  _Ab s E x e c Ba s e , _SysBa s e  s t o r e  E x ec 
l i b r a ry b a s e  

l e a  intuition_nam e , a 1 library name s t a rt  
in a 1  

moveq 

CALLSYS 

# 0 ,  dO any v e r s ion will d o  

OpenLibrary , _Sy s B a s e  m a c r o  ( s ee t e x t  
f o r  d e t a i l s )  

move . l  d O , _I n tuitio n B a s e  

b e q  E X I T  

lea n ew_wi n d ow , aO 

mo v e . w  #WI DTH , nw_Width ( aO)  

move . w  # H E IGHT , nw_H eight ( aO )  

s t o r e  r e t u r n e d  
v a lu e  

t e s t  r e s u l t  f o r  
s u c c e s s  

n ew window b a s e  
a d dre s s  

move . b  #DETAI L_P E N , nw_DetailPen ( aO)  

move . b  #BLOCK_P E N , nw_B l o c k P e n ( aO )  

move . l  #CLOSEWI NDOW , nw_I DCM P F la g s ( aO )  

move . l  #SMART R E F R E SH+WI NDOWDRAG+WIN DOW 
C LOSE , nw_Fla g s ( aO )  
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CLOSE_WINDOW 

; now c lose 

CLOSE_LIB  

EXIT 

move . l  #window_title , nw_Title (aO) 

move .w  #WBENCHSCREEN , nw_Type (aO) 

CALLSYS OpenWindow ,_IntuitionBase 

move . l  dO, window_p 

beq CLOSE_LIB  

move . l  d0 , a 1 

move . l  wd_UserPort (a1 ) ,a2 

j sr WaitForExitMessage 

move . l  window_p , aO 

window base 
address 

user port 

CALLSYS CloseWindow ,_IntuitionBase 

the library and quit . . .  

move . l  _IntuitionBase ,a1 base needed in a1 

CALLSYS Closelibrary ,_SysBa se 

clr . l  dO 

rts logical end of 
prog ram 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Function name :  WaitForExitMessage ( )  

Purpose : Wait until user hits window ' s  c lose gadget 

Input Parameters : Address of IDCMP userport should be in a2 . 

Output parameter s :  None 

Register Usage : ao : Used by WaitPort ( )  and GetMsg ( )  

a1 : Used by ReplyMsg ( )  

Other Notes : 

a2 : Holds userport address 

dO : Used by WaitPo rt ( )  and GetMsg ( )  

d1 : Unused but pos sibly altered by system 
functions 

d2 : Used as an exit flag (quit when nonzero ) 

All registers are preserved 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; subroutine specific EQUates . . .  

TRUE EQU 1 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wa itForExitMessage movem . l  d0 - d2/a0 -a2 , ( sp )  preserve 
registers 

clr . 1  d2 clear exit flag 
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WaitForExitMessage2 move . l  a2 , a0 port address 

CALLSYS WaitP ort ,_SysBase 

j s r GetMe ssage 

cmpi . l  #TRUE , d2 exit flag set? 

bne WaitForExitMes sage2 

movem . l  ( sp } + , dO · d2 / aO - a2 restore 
registers 

rts logical  end of 
routine 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetMessage move . l  a2 , a0 get port address in 
ao 

CALLSYS GetMsg ,_SysBase get the message 

tst . l  dO 

beq GetMessageExit did it exist? 

move . l  dO , a 1 copy pointer to a1  

cmpi . l #CLOSEWINDOW, im_Class ( a1 } 

bne GetMes sage1 

move . l  #TRUE , d2 user hit close gadget 

GetMessage1 CALLSYS ReplyMsg , _SysBa se 

bra GetMessage check for more 
messages 

GetMessageExit rts d2 holds exit flag 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; variables and static data . . .  

IntuitionBase ds . l  1 -

_SysBase ds . l  

window_p ds . l  

new_window ds . b  nw SIZE 

window title dc . b  ' ExampleCH132 test window ' , O 

intuition n ame dc . b  ' intuition . library ' , o  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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More Esoteric Uses 

As far as th i s  book  goes t h e  use  of m e s sages and p o rts  is l i m i t e d  to 
fa i r ly stra ightforward examples .  T h i ngs h o wever a r e  n o t  a lways t h i s  
straigh tfo rward i n  the mes sages/ports  wo r ld  b u t  t h e  fl ex i b i l i ty a n d  
v e rs a t i l i ty o f  t h e  u n d e r l y i n g  E x e c  o p t i o n s  u s u a l l y  a l l ow s  m o s t  
d i ff i c u l t i e s  t o  b e  tac kled o n e  way o r  t h e  o t h e r .  H e re are two t i p s  
t h a t  m a y  prove u s e fu l  a t  a l ater s tage .  

M e s s ages  are  q u e u ed in  F I FO order  regard l e s s  of  i mportance  a n d  
t h i s  c a n  s o m e t i m e s  m e a n  t h a t  a m e s s ag e  o f  r e l at i v e l y  m i n o r  
i m portance  (an I NTUITICK message  fo r i n stance)  c o u l d  b e  s i tt i ng ,  
wa i t i n g  fo r c o l l e c t i o n ,  w h i l s t  a fa r m o r e  i m p o r t a n t  m e s s a g e  
conce r n i ng a re quester , wi ndow move m e nt o r  a w i n d o w  red rawing 
o p e ra t i o n ,  wa s h i d d e n  b e h i n d  i t .  U s u a l l y  the d e l ays in h a n d l i n g  
c o m p o u n d  m e s s age s t reams c a n  b e  ke p t  l o w  b u t  o n  o c c a s i o n  i t  
m i g h t  b e  n e c e s s a r y to  o p e n  a s e c o n d ,  s e p a ra t e ,  p o r t j u s t  fo r 
handl ing  m e ssages of  i mpo rtanc e .  

A n o t h e r  a r e a  w h e r e m e s s a g e  p a s s i n g c o m e s  i n  u s e fu l  i s  i n  
m i n i m i s i n g i n t e r r u p t  c o d e  t i m e .  Su p p o s e  you h ave a fa i r l y  l o ng 
w i n d e d  j o b  w h i c h  you'd l i ke c a r r i e d  o u t  w h e n  a c e rtai n i n terru p t  
s igna l  o c c u r s .  To avo i d  ove rbu rd e n i ng t h e  i n t e r r u p t  syst e m  y o u  
m i g h t  d e c i d e  t o  s e t  u p  a s e p a r a t e  t a s k  t o  h a n d l e  t h e  a c t u a l  
p r o c e s s i n g  and j u s t  u s e  t h e  i n t e r ru p t  c o d e  to s e n d  a m e s sage to  
that task e ffe c ti vely te l l ing i t  to  start  process i ng.  

A Word of Encouragement 

If y o u 've s u d d e n l y  fo und t hat  t h i ng s  h ave  got techn ically tough 
d u r i n g  t h i s  c h a p t e r  d o n ' t  worry t o o  m u c h  - t h i s  m a t e r i a l  h a s  a 
p r o v e n  t r a c k  r e c o r d f o r c a u s i n g b r a i n  d a m a g e  a m o n g s t  
progra m me r s  and i t  i s  a lmost  c e rt a i n  to  b e  hard g o i n g  i f  you a re 
encou nter ing i t  for the  f irst  t i m e .  To s tart w i t h  just  t ry a n d  d e ve l o p  
a ge n e ral apprec iat ion  of  what i s  g o i n g  o n .  



1 4: 

Making a 

Start with 

I ntuition 

A t  t h i s  s t a g e  i n  t h e  
procee d i ngs ,  w h e re a number  
of aspects o f  I ntu i t io n-re lated 
m e s s a g e  h a n d l i n g a n d  
s c r e e n / w i n d o w  o p e r a t i o n s  
h a v e  b e e n  l o o k e d  a t ,  i t  i s  
w o r t h w h i l e  e xa m i n i ng s o m e  
o t h e r  I n t u i t i o n  t o o l s .  W e ' l l  
start  with  a n u mb e r  o f  e a s y
t o - u s e  h i g h - l e v e l  fu n c t i o n s 
b a s e d  o n  u n i t s w h i c h  t h e  
o ffi c i a l  d o c u me n t at i o n  c a l l s  
illustration data types. 

T h r e e  s u c h  d a t a  t y p e s  a r e  
d e s c r i b e d  a n d  t h e s e  c o v e r  
I nt u i t i o n 's text ,  l i n e  d rawi n g  
a n d  i mage d i s p l ay fac i l i t i e s .  
Here are t h e  bas i c  def in i t ions :  

• I n t u i T e x t  s t r i n g s  - T h e s e  
a r e  u s e d  t o  d e f i n e  t e x t 
str ings.  

• Borders - These d e fi n e  sets 
o f  c o n n e c t e d  l i n e s  t h a t  
d e f i n e  s o m e  a r b i t r a r y  
shape.  

• I m a g e s  T h e s e  a r e  
b i tp lane-or ie ntated gra p h i c  
defi n i t ions .  

Intu i t ion  uses  these obj ects to  
d e f i n e  t h e  t e x t ,  o u t l i n e  
shapes,  and g rap h i cal  i mages 
a s s o c i a t e d  w i t h  g a d g e t s ,  
m e n u s ,  r e qu e s t e rs e t c .  T h e y  
c a n  a l s o  b e  fre e l y  u s e d  i n  a 
d i r e c t  way b e ca u s e  I n t u i t i o n  
p r o v i d e s  t h r e e  r o u t i n e s  
D r a w l m a g e ( ) ,  D r a w B o r d e r ( )  
a n d  P r i n t I T e x t ( )  w h i c h  a l l o w 
t h e  p r o g r a m m e r  t o  d r a w  
complex gra p h i c s  v e r y  eas i ly 
indeed.  
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lntuiText Strings 

The I ntuiText structure l o o ks l i ke t h i s :  

STRUCTURE 

UBYTE 

UBYTE 

UBYTE 

UBYTE 

WORD 

WORD 

APTR 

APTR 

APTR 

LABEL 

I ntu!Text , O  

it FrontPen 

it BackPen 

it_DrawMode 

it_KludgeFillOO 

it_LeftEdge 

it_TopEdge 

it_ITextFont 

it_IText 

it_NextText 

it S IZEOF 

front pen colour for drawin g  

bac k pen colour for drawing 

I ntuition ' d rawmode ' 

for word alignment 

font to be used 

pointer to null terminated text 

next IntuiText structure 

As can be seen  fro m  the above d e scr ipt ion ,  the I ntu iText stru cture  
al lows t h e  posi t i o n ,  d rawing mode ,  co lour  and font  s ty le  o f  t h e  text  
to be s p e c i fi e d .  H e r e  are s o m e  m o re d e t a i l s  of  the a s s o c i a t e d  
structu re fi e l d s :  

i t_FrontPe n and i t_BackPen a r e  c o l o u r  regi ster numbers .  

i t_DrawMode may be  set  to o n e  of  fou r  f lag val u e s .  

RP _JAM l 

RP _JAM 2  

Front  p e n  i s  u s e d  for render ing t h e  text str ing .  

Front  p e n  i s  used fo r renderi ng the  text  s t r i ng 
a n d  the  back pen i s  u se d  fo r t h e  bac kgrou n d .  

RP_COMPLEM ENT S t r i n g  i s  d r a w n  i n  t h e  c o m p l e m e n t  o f  t h e  
backgro u n d  co lour. 

RP _INVERSID With this f lag set ,  the  backgrou n d  i s  fi l l e d  with  
the  front pen co lour .  

i t_Le ftEdge/it_ TopEdge spec i fy t h e  pos i t ion  (as  pixel  o ffsets)  of  the  
start  o f  the  str ing re lat ive to  the top- left of  the  d i s play. 

i t_ TextFont  can be u se d  to spec i fy a font .  If  this fie l d  is set to N ULL 
t h e n  the d efau l t  fon t  wi l l  be u s e d .  

i LIText i s  a p o i n t e r  t o  t h e  t e x t  s t r i n g  i tse l f .  T h e  n o rmal  C s ty l e  
convent ion  i s  fo l lowe d ,  i e  t h e  str ing shou l d  be  nu l l  terminate d .  

i t_NextText i s  a po inter  fie l d  wh i c h  al lows I ntu iText stru ctu res  to be  
l i n ke d  together .  I t  i s  v e ry useful  becau s e  i t  a l lows whole  c ha i n s  o f  
s u c h  stru c tures  to be  d isplayed u si ng j u s t  o n e  Pr int IText() cal l .  T h e  
fie l d  s h o u l d  be  set  to N U L L  for I ntu iText stru ctures whi c h  a re t h e  
last ( o r  t h e  o nly) structure i n  s u c h  a c ha i n .  
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U s i n g  a n  l n t u iText structure i s  easy. Set  u p  the  lntu iText d e fi n i t ion ,  
a n d  then make a ca l l  to  the  PrintIText() fu nct ion  desc r ibed be low. 

Description: 

Call Format: 

Registers: 

Arguments: 

PrimlTextO 

This is Intuition's high-level text printing routine 

PrintIText(rastport_p, itext_p, left_offset, top_offset); 

aO a l  dO d l  

rastport_p - pointer to a RastPort 

itext_p - pointer to an IntuiText structure 

left_offset - a general left offset which will be used with all of the 
linked IntuiText structures of a particular PrintITextQ call. 

top_ offset - a general top offset which will be used with all of the 
linked IntuiText structures of a particular PrintITextQ call. 

Return Value: None 

Notes: If an lntui'Text font field is NUIL then this function will use the RastPort' s 
font. If this is undefined then the default system font will be used. A 
RastPort incidentally is just another name for a drawing area. Screen 
and window RastPort pointers are, as you will see from the example 
code given later, easily obtained from the corresponding Screen or 
Wmdow structures. 

It is convenient to have displacement offsets in the PrintIText() call itself 
because this allows a global offset to be applied to a whole chain of 

IntuiText structures. You may have a group of twenty or thirty separate 
text items 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 PrintITextQ global offsets. 

Setting Up lntuiText Structures 

There  are a var iety of opti o n s  avai lab le  fo r creat ing these u n its .  You 
may u s e  a gen e ral ds .b  d i rective to provi d e  space and t h e n  have the 
p ro gram set u p  t h e  vario u s  fi e l d s  u s i ng i nd i rect  address ing  with 
d is placement ,  much as was done with  the N e wWi n d o w  s tructure in  
t h e  last  c ha pter. Another poss ib i l i ty i s  to u s e  the  same i n i t ial i sat ion 
a p p roach but  dynami cal ly a l locate the  requi red me mory, u s i ng the 
Exec me mory a l locat ion fu ncti o n s .  

A m o re common me thod h owever  i s  to set  u p  static i n i t ia l i sati o n  
b l oc ks u s i ng d c . x  statements and t h i s  a l lows y o u  to d o c u me n t  the  
fi e l d s  as wel l .  I n  the example  give n later  i n  th is  c hapter you see th is  
type o f  scheme u s e d :  

int u it e x t 1  

d c . b  

d c . w  

d e . I  

3 , 0 , R P_JAM2 , 0  

60 , 20 

N U L L  

pen s ,  drawmode a n d  f ill byte 

XV o r i g in 

def a u lt font 
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d c . l  

d c . l  

I TextText 1 

int u it e x t 2  

t e xt p o i n t e r  

next  I n t u iText s t r u c t u re 

I T extText 1 

d c . b  ' Th e  border  around  t h i s  was d rawn u s i n g  
DrawBorder  ( )  ' , 0 

c n o p  0 , 2  

intuitext2  

d c . b  

d c . w  

d c . l  

d c . l  

d c . l  

3 , 0 , R P_JAM 2 , 0  

40 , 40 

N U L L  

I TextText2  

int u it e x t 3  

p e n s , d rawmode  and  fill  byte  

X V  origin  

defau lt font  

t e xt pointer  

next  I n t u iText  s t r u c t u r e  

ITextText2 

d c . b  ' an d  all  of t h e  text  written u s i n g  
Prin t I Text ( )  f u n c t ion ' , o  

c n o p  0 , 2  

int u itext3 

d c . b  

dc . w  

d c . l  

d c . l  

dc . l  

3 , 0 , R P_JAM 2 , 0  

20 , 60 

N U L L  

I Te x t Text3  

N U L L  

pe n s , d rawm o d e  a n d  f i l l  byte  

XV origin  

default font  

t e xt  p o in t e r  

no  n e x t  struct u re 

ITextText3 

dc . b  ' To q u i t  j u s t  h i t  t h e  CLOSE  gadget at t h e  t o p  
left  o f  t h e  window ' , O  

Here I 've l i n ked  three l n t u iText s t ruc tu re s  together  a n d  t h i s  a l lows 
the m to b e  p r i n t e d  with a s i ngle  Pri n t IText()  ca l l .  N o t i c e  a lso that  
the cnop  d i re c t i ve i s  be ing used  to e n s u re that each s t r u c t u re s tarts  
at  an even  a d d r e s s .  I f  you fo rge t t h i s  yo u ' l l  g e t  a d d re s s i ng e rror 
Gurus .  

Borders 

T h e s e  I n tu i t i o n  s t r u c t u re s ,  a n d  a s s o c i a te d  d ra w i n g  r ou t i n e s ,  g o t  
the i r  n a m e  b e c a u s e  t h e y  w e r e  o r i g i n a l l y  used  fo r d rawi ng borders 
aro u n d t h i ngs .  They d o  h o wever  prov i d e  a q u i t e  g e n e ral  h i g h - l evel  
mu l t i p l e - l i n e  d raw i ng m e c h a n i s m  based o n  th i s  s truc tu r e :  

STRUCTURE  Bord e r , O  

WO RD  bd_Left E d g e  

WO R D  b d _  TopEdge  



BYTE bd F r o n t p en 

BYTE bd Bac k P e n  

BYTE bd D r awMo d e  

BYTE bd C o u n t  

APTR bd xv 

APTR bd N e x t B o r d e r  

LABE L  b d  S IZ E O F  
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f ront  p e n  c o lo u r  f o r  d rawing 

back  p e n  c o lo u r f o r  d rawing 

I nt u it ion ' dr awmo d e ' 

p o i n t e r  t o  dat a 

p o i n t e r  t o  next  Border  s t r u c t u re 

bd_Fro ntPen and bd_BackPen are c o l o u r  regi s ter  n u mb e rs a lthough 
at the  present  t ime the  lat ter  o f  these  fi e l d s ,  b d_BackPen , i s  u nu se d .  

bd_DrawM o d e  m a y  b e  s e t  to  o n e  o f  t h e s e  flag valu e s :  

RP _JAM I Front  pen i s  u s e d  for re n d e r i n g  

RP_C O M PLEMENT L i n e  i s  d r a w n  i n  t h e  c o m p l e m e n t  o f  t h e  
background c o l o u r. 

b d_Le ftEdge/bd_TopEdge s p e c i fy t h e  pos it i o n  (as p ixe l  o ffsets)  of  
the  s tart po i nt re lat ive  to the  top- l e ft o f  the  d i s play.  

bd_C o u n t  s p e c i fi e s  the  number  o f  pairs i n  an array o f  co-ord i nate 
po int s .  The bd_XY fi e l d  is a po inte r  to that array. 

bd_N extBorder  is a po inter  fi e l d  whi c h  a l l ows Border  structures to 
be l i n ked together .  Aga i n  i t 's  u s e fu l  because  it  a l l ows wh o l e  cha ins 
o f  s u c h  s tructures  to b e  d i s p layed u s i ng j u s t  a single DrawBorder() 
ca l l .  The fi e l d  s h o u l d  b e  set  to N U LL for Borde r structu res whi c h  are 
the  last  (or the o n l y) s tructure i n  such a cha in .  

Function: 
Description: 

Call Format: 

Registers: 

Arguments: 

DrawBorderO 
This is Intuition's high-level line drawing routine 

DrawBorder(rastport_p, border_p, left_offset, top_offset); 

aO a l  dO d i  

rastport_p - pointer to a RastPort 

border_p - pointer to a Border structure 

left_ offset - a general left offset which will be used with all of the 
linked Border structures of a particular DrawBorderO call 

top_offset - a general top offset which will be used with all of the 

linked Border structures of a particular DrawBorderO call. 

Return Value: None 

Notes: Again it is convenient to have displacement offsets in the DrawBorderO 
call itself because this allows a global offset to be applied to a whole 
chain of Border structures. You may have a group of twenty or thirty 
separate line sets on display but, if you so desire, will be able to 

reposition ilie whole group (keeping their relative positions the same) 

just by altering ilie global offsets. 
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I n  the example  program given at the e n d  o f  th is  chapter  you w i l l  
see  I 've a d o p t e d  t h i s  typ e of  d c . x  s t y l e  d e fi n i t i o n  o f  t h e  b o r d e r  
structu re : 

b o r d e r 1  

d c . w  

d c . b  

d c . b  

d c . l  

d c . l  

60 - 2 , 20 - 2  

3 , 0 , R P_JAM1 

5 

B o r d e rVect o rs 1  

N U L L  

B o r d e rVec t o r s 1  

d c . w  o , o  

d c . w  420 , 0  

d c . w  420 ' 1 0  

dc . w  0 '  1 0  

dc . w  o , o  

X V  o r igin  

f ront  & back  pen s and  d rawm o d e  

n u mber  o f  X V  vecto r s  

p o i n t e r  t o  X V  vect o r s  

no  next b o r d e r  

A s  with I n tu iText a n d  many other  i ntu i t ion  obj ects y o u  wi l l  s e e  t h i s  
arrangement u s e d  in  a great many programs! 

Images 

I n tu i t i o n ' s  a r r a n g e m e n t s for d rawi n g  g r a p h i c s  i n t o  mu l t i p l e 
b itplane screens and windows are,  i n  terms o f  the u n d e rlying i d eas ,  
extre mely complex.  I n tu i t ion  provides pre -wri tte n rout i nes ,  based 
on a stru cture known as an I mage stru ctu re , wh i c h  s i mpl i fi e s  the  
job of  d i sp lay ing graphics data. 

The I n tu i t ion  I mage structure i tse l f  i s  easy to u n d e rstand .  H e re 's 
the layo ut :  

STRUCTUR E  Imag e , O  

SHORT  ig  __ Left E d g e  

WOR D  ig_Top E d g e  

SHORT  ig_Width  

WORD  ig_Height  

WORD  ig_Depth  

APTR ig_ I mageData p o i n t e r  t o  r eal image data 

BYTE  ig_P lan e P i c k  

B Y T E  ig_P laneOnOff 

APTR ig_N ext l mage point e r  t o  next  image s t r u c t u r e  

LAB E L  ig_S I Z E O F  
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i g_LeftEdge a n d  i g_ TopEdge are o ffs e t s  f rom t h e  t o p  l e ft o f  t h e  
d i splay e lement .  T h e  ig_Width a n d  i g_H e ight  fie l d s  i n d i cate t h e  s i z e  
o f  the  i mage a n d  ig_Depth t e l l s  t h e  syste m how many b i tp lanes are 
in u se .  ig_PlanePick i d e n t i fi e s  the p lanes in the real  d i s pl ay whi c h  
h a v e  b e e n  p i c k e d  t o  r e c e i v e  t h e  d e f i n e d  i m a g e  d a t a ,  a n d  
i g_PlaneOn Off te l l s  the  system what t o  d o  with those  p lanes  t hat 
are n o t  p icked .  ig_Nextl mage i s  a p o i nter  whi c h ,  in a s i mi lar fas h i o n  
t o  t h e  b d_Next B o r d e r  a n d  i t_N extText  fi e l d s  o f  t he B o r d e r  a n d  
I ntu iText structu res,  a l lows a n y  n u mb e r  of  I mage structures to  b e  
l i n ke d  toge t h e r  a n d  d i s p l ayed wi t h  a s i n g l e  ca l l  t o  t h e  I nt u i t i o n  
Drawlmage()  ro u t i n e .  

FuD.ction: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Drawh:nageO 

This is Intuition's high-level Image drawing routine 

Drawlmage(rastport_p, image_p, left_offset, top_offset); 

aO a l  dO d l  

rastport_p - pointer to a RastPort 

image_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 DrawlmageQ call. 

top_offset - a general top offset which will be used with all of the 
linked Image structures of a particular DrawlmageQ call. 

None 

Again 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. 

O n  the face o f  i t  th is  fu nct ion  cal l  arrangement  makes the  d i splay 
of g rap h i c s  i m age s ve ry easy i n d e e d .  In prac t i c e  t h i ngs are n o t  
q u i te that s i m ple  because a l t hough u s i ng t h e  Image structures and 
the D rawl mage()  fu nct ion  i s  easy e no ug h ,  creat ing the  assoc iated 
I mage data is not .  I n  fact s i tt ing down and worki ng out from first 
p r i n c i p l e s  exactly how t o  c reate the I mage data fo r a part i c u lar  
o bj e c t (wh e t h e r  i t  b e  a b o a t ,  a p l a n e  or  s o m e fa n c y  b a c k d r o p  
d i s p lay) turns o u t  t o  b e  a n  absolute ly  mo nstrous task. 

T h e  good news is  that you as a p rogrammer wi l l  never have to d o  
t h i s  because nowadays t o o l s  are ava i l ab l e  w h i c h  make the  task of  
creat ing comp lex grap hic  obj e cts a p iece  o f  cake . Two th i ngs have 
h e l pe d  produce  th is  s i tuat ion .  F i rs t ly, t h e  exi ste n c e  o f  c lear i n te r
p rogram graphics  defi n i t i o n  gu i d e l i n e s  (part of  the now famous  I F F  
stan dard) encou rage d t h e  c reati o n  o f  p rograms t h a t  c a n  read a n d  
wr i te grap h i c s data u s i n g  a c o m m o n  d ata- fi l e  fo rmat .  S e c o n d ly,  
p ro g rams such  as E lec tro n i c  Art 's Deluxe Paint have p rovi d e d  a n  
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e a s y  m e a n s  o f  c r e a t i n g I F F  p i c t u r e  f i l e s  w i t h o u t  r e q u m n g  t h e  
p rogra m m e r  to  b e  i nv o l v e d  w i t h  t h e  u n d e rl y i n g  c o m p l e x i ti e s  o f  
b i tplane data g e n e ra t i o n .  M o r e  h e l p  has appeared  a n d  t o o l s  (su c h  as 
Power W i n d ows) that can c o nv e r t  I F F  b r u s h e s  i nto  the e q u i v a l e n t  
I mage data are  nowadays read i l y  avai lab le .  

An example  b i t-by- b i t  p lan  fo r a smal l  gra p h i c s  o bj e c t  i s  provid e d  
i n  t h e  I n t u i t i o n  s e c t i o n s  o f  t h e  Ad d i s o n  W e s l e y  L i b r a r i e s  R K M  
manua l .  I ' m  n o t  g o i n g  t o  du p l i c ate  t h i s  mat e r i a l  b e c au s e ,  a s  I 've 
a l r e a d y  m e n t i o n e d ,  you a r e  u n l i ke l y  t o  e v e r  h a v e  t o  u s e t h i s  
a p p ro a c h .  The r e l a t i o n s h i p s  b e t w e e n  d i s p lays ,  b i t p l a n e s ,  I mages  
etc .  a re  d e a l t  w i th  very t h o roughly i n  the RKM manua ls  and when 
you get  t o  t h e  po int  where you start  to  need i n-depth  i n fo rm at i o n  
t h e n  t h e  RKM manual s a r e  wi thout  doubt  t h e  b e s t  p l a c e  to l o o k .  

Getti ng Graphics into Code 

As al ready m e n t i o n e d ,  the  task o f  c reat ing and u s i ng grap h i c s  i n  
y o u r  A m i g a p r o g r a m s  h a s  b e e n  c o n s i d e r a b l y  e a s e d  b y  t h e  
deve l o p m e n t  o f  s o m e  s o p h i s t i cated grap h i cs - s u p p o rt too l s .  F i rs t  
and fo remost  we shou ld ment ion  E lec t ron ic  Art ' s  D e l u x e  Pai nt .  

N o  Amiga programming book  wou ld  be compl ete  without  a ment ion  
o f  t h i s  c l a s s i c  Am iga d rawing program.  De luxe  Pa int  i s  p o w e r fu l ,  
r o b u s t ,  a n d  b e s t  o f  a l l  i t  c a n  s t o r e a s  I F F  f i l e s  b o t h  c o m p l e t e 
p i ctures  and s m al l ,  u s e r  d e fi na b l e ,  grap h i c  sec t ions  (bru shes ) .  

By  swi t c h i ng o n  De luxe  Pa in t ' s  X/Y co-ord inate  d i sp lay  a user  can  
e a s i l y  c re ate o bj e c t s  o f  a g i ve n s i z e .  I f  some graph ic  i ma g e s  50  
p ixe ls  by  2 0  p ixe l s  a r e  needed then  a s u i tab le  b a c kgro u n d  area  can  
b e  marked o u t ,  t h e  i mages can b e  d rawn,  and the  b ru s h  fac i l i ty can  
then  be u s e d  to save t h at part i c u l a r  area  of  t h e  d i s p lay.  

So ,  how do you get  a Deluxe Paint  d rawing i n to your p rogram? As 
you p r o b a b l y  k n o w  D e l u x e  Pa i n t s t o r e s  p i c t u r e  d a t a  u s i n g I F F  
fo rmat fi l e s .  T h e s e  c a n  b e  u s ed i n  two bas i c  way s .  F i rs t l y ,  i t  i s  
poss ib le  fo r a progra m to read i n  a n  I F F  fi l e  and c o nve rt i t  i n t o  a 
su i tab le  (Amiga d i s p l aya b le )  fo rm d i re c t l y. The advantages o f  t h i s  
part icu lar  approach are  t h a t  y o u  o n ly need to r e a d  the p i ctu re in to  
m e m o ry j u s t p r i o r  t o  d i s p l a y i n g  i t ,  so  i t  b e c o m e s  v e ry e a s y  to  
c h ange t h e  g ra p h i c s  wi thout  re -co m p i l i ng the  program (you just  
swap o n e  I F F  fi l e  fo r anothe r) .  Second ly ,  you can take t h e  IFF  fi le  
and conve rt i t  t o  an I n t u i t i o n  I mage s t ructu re .  Having done that  the 
I mage s t ru c t u re and the assoc ia ted  I mage data can be read i nto the 
s o u r c e  c o d e  o f  t h e  p r o g r a m  a n d  d i s p l a y e d  u s i n g o n e  o f  t h e  
I n tu i t i o n  s u p p o r t  fu n c t i o n s ,  namely the  Drawlmage()  fu n c t i o n .  Th is  
system ca l l  takes  fo u r  p a ra m e t e r s :  t h e  a d d r e s s  o f  the  R a s t P o r t  



Making a Start with Intuition 

(d rawi ng area) ,  t h e  ad d re s s  o f  the  I mage structure to be d i sp laye d ,  
a n d  t h e  X and Y s c r e e n  co -ord i nates f o r  the  po int  i d e n t i fy ing t h e  
top l e ft o f  the  I mage .  

H o w  d o  you get from a n  I F F  f i l e  to  an I n t u i t i o n  I mage structu re? 
There are two ways .  Fi rst ly ,  there are a numbe r  of brush to image 
pu b l i c  d o m a i n  u t i l i t i e s  w h i c h  c a n  d o  t h i s  t y p e  o f  t r a n s l a t i o n .  
Second ly ,  s o m e  c o m m e rc i a l  o ffe ri ngs are ava i lab le  wh i c h  i n c lu d e  
fac i l i t i e s  fo r t h i s  type of  trans lati o n  - here  t h e  I n ovatro n i c 's Power 
Windows is probab ly the most s o p h i st icated .  Power W i n d ows is far 
more  than j u st a brush i mage converter  p rogram (that  i s  j u s t  an 
i nc ide ntal extra) ,  i t  i s  an object  o r i e ntated Amiga fro n t-end des ign 
package .  The exa m p l e s  o f  I mage creat i o n  g iven in  the next c hapter 
were actual ly  converted u s i ng Power Wi ndows .  

Intuition's Gadgets 

The fo l l owing n o tes prov i d e  a bri e f  tutor ia l  i n trod u c t i o n  to the u s e  
o f  I n t u i t i o n 's  gadge ts ,  a n  i m po rtant a n d  u s e fu l  g r o u p  o f  I nt u i t i o n  
o bj e c t s . M y  obj e c t ive  i s  n o t  to  d o cu m e n t  a l l  a s p e c ts o f  I nt u i t i o n  
obj e c t  u s e  ( t hat i n fo r mati o n  c o u l d  f i l l  a b o o k  b y  i t s e l f) ,  i t  i s  to 
i l l ustrate how s o me of the  more i m portant o n e s  i n teract  not on ly  
with each other  but wi th  t h e  g e n e ral  Amiga's  program<-> Intu i t ion  
c o mmu n i ca t i o n  syste m .  Th i s ,  as we a l ready k n o w, i s  bu i l t  u p o n  
Exe c 's mes sage han d l i ng fac i l i t i e s .  

I ' l l  assume that you know,  whether  i t  be roughly o r  exactly, what a 
gad get  i s  i n  Amiga- s p e a k. I n t u i t i o n  provi d e s  a n u m b e r  o f  gadget 
t y p e s :  B o o l e a n  gad g e t s  fo r c o l l e c t i n g  y e s/ n o , t r u e / fa l s e  t y p e  
i n fo r mat i o n ,  s t r i n g  a n d  i n t e g e r  g a d g e t s  f o r  c o l l e c t i ng t e x t  a n d  
n u m b e r s .  A m o r e  c o m p l e x s l i d e r  o r i e n t a t e d  u n i t ,  c a l l e d  a 
proport io nal gadget ,  i s  a l s o  su pported and t h i s  e n ab l e s  pos i t ional 
i n format i o n  to be c o l l e c t e d  from the u ser .  

Gadgets ,  fro m t h e  u s e r s  v i e wpo i n t ,  prov i d e  a c o nve n i e n t  mouse
o r i e ntated way of  i n p u tt i ng data .  I f  as a progra m m e r  you had to  
dev ise  a s i m i l ar WI M P  o r i e n tated icon sys tem,  d e fi ne and p rogram 
mou s e  m o v e m e n t  and gad get  s e l e c t i o n  p r o c e d u r e s ,  and bu i l d  a 
s u i t a b l e  g a d g e t  c o m m u n i c a t i o n s  s y s t e m  y o u  w o u l d  r i g h t l y  
c o m p l a i n  ( i t  w o u l d  b e  a ma s s i v e ta s k ) .  O f  c o u r s e  t h e  A m i g a 
p r o g ra m m e r  d o e s n ' t  h a v e  t o  d o  t h i s  - I n t u i t i o n  h a s  p r ov i d e d  
bu i l d i n g  b l o c k s w h i c h  s i m p l i fy t h e  c o n s t r u c t i o n  o f  s u c h  W I M P  
o r i e n tated prog ram s .  Al l  you the program mer  n e e d  d o  i s  fi nd  o u t  
how to use these  b u i l d i n g b l ocks .  

At  the h i ghest  l e ve l  I n tu i t i o n  re cogn ises  two main  gadget  c lasse s :  
system gadgets and custom gadgets. S ince  system gadgets are eas i ly 
dea l t  with I ' l l  ta c k l e  these  fi rst .  
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System Gadgets 

Thes e ,  as the name suggests ,  have specia l  system connotat i o n s  and 
they are used to monitor  wi ndow c los ing ,  s iz i ng,  depth arranging 
and d ragging operat i o n s .  Al l  can be used with  In tu i t ion  wi n d ows 
but the d e p t h  a r ra n g e  and d rag gad g e t s  c a n  a l s o  b e  p l a c e d  i n  
screens .  

The i mportant p o i n t  about  these  types  o f  gadget i s  that  I n tu i t i o n  
contro ls  t h e  i magery of  t h e  gadgets a n d  they e ssent ia l ly  come o n  a 
take it or leave it bas i s .  You i n fo r m  I n t u i t i o n  abo u t  t h e  s y s t e m  
gadge ts to be u s e d  b y  set t ing appropriate flags .  You' l l  remember i n  
t h e  C h a p t e r  1 3  exa m p l e  a W I N DOWCLOSE f l ag was u s e d  i n  t h e  
N e wW i n d o w  s t r u c t u r e  t o  ask I n t u i t i o n  t o  i n s ta l l  a window close 
syste m  gadge t .  

With screens you wi l l  a lways get drag and d e p th-arrange gadgets  i f  
the  screen's  t i t l e  bar i s  s h owing .  I n tu i t i o n  does however a l l o w  a 
screen's t i t l e  bar to be h i d d e n .  

S c r e e n  a n d  w i n d o w  s y s t e m  g a d g e t s  a r e  e s s e n t i a l l y  h a n d l e d  
transpare ntly a lthough one spec ial case,  the  window close gadget ,  
has to be hand l e d  in much t h e  same way as t h e  custom gadgets  
wh i c h  we are  about  to look at .  Bas ica l ly I nt u i t i o n  detects the  u s e  of  
the gadge ts ,  does  a l l  the  grap h i c  highl ight ing o r  alternate i magery 
operat i o n s ,  and then  sends you (or rather  your p rogram) a message 
te l l i ng you what has been d o n e .  I nt u i t i o n  does not au tomat ica l ly  
send messages about  each and every act ion  t h e  user  perfo r m s  and 
i n  fact  i t  is  your resp o n s i b i l i ty ,  as a programmer ,  to  min i m i s e  the 
amou nt  of  i n format ion your program has t o  deal  with .  You d o  t h i s  
by only asking t o  be kept i n formed about u ser events wh i c h  a r e  o f  
real interest  t o  you . 

System gad gets are f ine  but  much of  the  Amiga's interface mag i c  
has of  course come from the fac t  t h a t  program m e rs have b e e n  a b l e  
t o  u s e  p o w e r fu l  I n t u i t i o n  bu i l d i n g b l o c ks t o  c r e a t e  t h e i r  o wn 
personalised gadge ts .  These  gadge ts ,  known as custom gadgets ,  are 
i n fi n i tely fl ex ib le  and we l l  worth learning abou t .  

Custom Gadgets 

This is where the fu n real ly starts because ,  o ther  than the fact  that  
these e n t i t i e s  must  be l i n ked to a windo w (rather  than a s c r e e n ) ,  
there are al most  n o  restr i c t ions  on  the i r  u s e .  

Creat i ng a custom ga dget  en ta i l s  s e t t i n g up a s u i tab le ,  I n t u i t i o n  
understandab l e ,  defi n i t i o n  o f  t h e  u n i t  you requ i re .  Such a d e fi n i t i o n  
wi l l  co ntai n a great many i t e m s  i n c l u d i ng ,  fo r example ,  p o s i t i o n  
a n d  gad g e t  s i z e  i n fo , ga d g e t  t y p e  d e t a i l s ,  a n d  h i g h l i g h t i n g  
i n format ion  so that I n t u i t i o n  knows what shou l d  be done wh e n  t h e  
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gadget is s e l ected by the  u s e r . I t  may a l s o  contain p o i nters  to other 
u n i t s  i n c l u d i n g B o r d e r ,  I ma g e  a n d  I n tu i T ext  s t r u c t u r e s  w h i c h  
s p e c i fy graphics obj ects  that s h o u l d  b e  associ ate d with the  gadget. 
You can of  course a l s o  t e l l  I ntu i t ion  what sort o f  i nfo rmati on  you 
n e e d  to b e  kept i n fo r m e d  about .  

N e e d l e s s  to s ay th is  gadge t defin ition i nvo lves  another  structu re 
d e fi n i ti o n  cal l ed ,  not  s u r p r i s i ngly,  a Gadget structu re : 

STRUCTURE Gadget , O  

APTR gg_NextGadget 

WORD gg_LeftEdge 

WORD gg_TopEdge 

WORD gg_Width 

WORD gg_H eight  

WORD gg_F lags ; 

WORD gg_Activation 

WORD gg_GadgetType 

APTR gg_GadgetRender 

APTR gg_SelectRender 

APTR gg_GadgetText 

LONG gg_MutualExclude 

APTR gg_Specialinfo 

WORD gg_Gadget I D  

APTR gg_UserData 

LABEL  gg_SIZEOF 

pointer to next gadget in  list 

next four variables describe the 

location / dimensions of the select 
box 

highlightin g / positionin g / state 
f lags 

f lags determine gadget behaviour  

identifies the gadget type 

pointer to ' unselected ' Image 

pointer to  ' selected ' Image 

pointer to gadget text if any 

us er - defined ID field 

pointer to  user data 

gg_Ne x tGadget i s  a fi e l d  wh ich  a l l o ws gadgets to be l i nked toge ther .  
Th e p rogrammer creates  a s u i ta b l e  l i s t  o f  gadgets and then  p l aces  a 
p o i n t e r  to the fi rst gadge t (the head of the gad get cha in )  i nto the 
nw_F i rs tGadget fi e l d  of the N e wWi n d o w  stru c ture .  When Intu i t ion  
o p e n s  t h e  w i n d o w  i t  w i l l  read  th rough t h e  gadget  l i s t  a n d  b o th 
i m p l e m e n t  and m o n i t o r  al l  o f  the gadgets you've a s ked fo r .  

gg_Le ftEdge , gg_T o p E d g e ,  gg_W i d t h and gg_H e i g h t  i d e n t i fy the  
pos i t ion  and d i me n s i o n s  of  the gadget's s e lect  box .  

Th e gg_Flags fi e l d  i s  u s e d  to  s p e c i fy a number  of  gadget  attr ibu tes 
b a s e d  o n  I n t u i t i o n  d e f i n e d  f lag va l u e s .  F i v e  c o m m o n l y n e e d e d  
d e fi n i t i o n s  are . 

GADGHCOMP wh i c h  s e l e c t s  h igh l ight ing by c o m p l e ment ing a l l  of  
the b i ts wi t h i n  the gadgets  s e l e c t  box.  
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GADGH BOX w h i c h  h i g h l i g h t s  by d r a w i n g  a b o x  a r o u n d  t h e  
gadge ts s e l e c t  box .  

GADGHI MAGE which  t e l l s  I n tu i t i o n that a l ternate graph ics  wi l l  b e  
u s e d .  

GAD G I MAGE w h i c h  t e l l s  I n t u i t i o n  t h a t  I m a g e s ,  r a t h e r  t h a n  
B o r d e r s ,  a r e b e i n g u s e d  i n  t h e  
gg_GadgetRende r/gg_Se lectRe n d e r  fi e l d s .  

SELECTED w h i c h  enab les  you to pre s e l e c t  the state of a toggle-
s e l e c t e d  gad get .  

b u t  f l a g s  a r e  a l s o  a v a i l a b l e  fo r s p e c i fy i n g  p o s i t i o n a l  d a t a  a s  
conta iner  edge o ffs e t s  rat h e r  than abso lute c o nta i n e r  p o s i t i o n s  a n d  
for spec i fying t h a t  gadget s i z es s h o u l d  vary w i t h  t h e  re lat ive h e ight  
and width o f  the window.  The R KM manuals  a r e  the  p lace  to  l oo k  
for comple te  d e ta i l s .  

I n t u i t i o n  a l s o  d e f i n e s  a s e t  o f  A c t i va t i o n f l a g s  i n c l u d i n g t h e  
fo l l owing :  

TOGG LESELECT w h i c h  t e l l s  I n t u i t i o n  t h a t  a B o o l e a n  g a d g e t  
s h o u l d  c hange (toggl e )  fro m o n  t o  off (an d  v i c e  
versa)  each t i m e  i t  i s  se l ec ted .  

GADG I M M E DIAT E  wh i c h  fo rces  I n t u i t i o n  to  s e n d  a GADGETDOWN 
I D C M P m e ssage as s o o n  as a gadget  i s  s e l e c t e d  
b y  a u s e r .  

Aga i n  m a n y  f l a g s  a r e  ava i l a b l e  a n d  a s  a l wa y s  i t  i s  t o  t h e  R K M  
m a n u a l s  t h a t  y o u  s h o u l d  l o o k  fo r t h e  m o s t  c o m p r e h e n s i v e  
i n fo rmat i o n .  

gg_GadgetTy pe t e l l s  I n t u i t i o n  w h a t  type o f  gadget  i s  b e i ng d ea l t  
wi th .  Al l owab l e  va l u e s  i n c l u d e  t h e  BOOLGAD G ET, STRGADGET a n d  
PRO PGAD G ET flags used respect iv e ly to  i nd i c ate  a B o o l e a n ,  s t ri ng 
o r  proport i o na l  ga dget .  

The gg_G adge t R e n d e r  f i e l d ,  i f  n o n - N U LL, i n d i ca t e s  t hat  there  are  
borders  o r  i mage s  assoc iated with the gadget .  I f  a b o rder  i s  b e i ng 
used then the fi e ld  w i l l  p o i n t to  a border  structu re .  I f  the  fi e l d  i s  
u s e d to  p o i n t to  a n  I m age s t r u c t u r e  t h e n  i t  i s  n e c e s s ary t o  t e l l  
Intu i t i o n  that t h i s  i s  s o  by se t t ing  the GADG I MAGE flag i n  the F l ags 
fi e l d .  

gg_Se l e c t R e n d e r  a l l o ws a l t e rnate i mage ry t o  b e  u s ed w h e n  I n t u i t i o n  
h i g h l i g h t s  t h e  ga d g e t .  To u s e  i t ,  p u t  a p o i n t e r  to t h e  B o r d e r  o r  
I mage st ructure  t o  b e  u s e d  i n  t h i s  fi e l d  a n d  set  t h e  GADG H I MAGE 
flag i n  the gg_Flags fi e l d .  

gg_Gad ge tText i f  n o n - N ULL shou l d  po int  to an I ntu iText s t ructure  
wh ich  descr ibes  the text  to be assoc iated with the  gad ge t .  
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gg_M utua l Exc lude  i s  a part- i m plemen ted ,  but  rese rve d ,  fi e l d .  You' l l  
fi nd  d e ta i l s  about  the  use  of  a BOO LEXTEND activat ion  f lag i n  the  
RKM L ibra r i e s  manu a l .  

gg_S p e c i a l i n fo i s  a fi e l d  u s e d  t o  a d d  add i t iona l  stru ctu res  to th ings 
l i ke p r o p o rt iona l  gad gets .  

g g_ G a d g e t ! D  a n d  g g _ U s e r D a t a  a r e  f i e l d s  a v a i l a b l e  f o r t h e  
a p p l i cat io ns program to u s e .  They are  ignored b y  I ntu i t ion  i tse l f. 

C u s to m gadge ts can be p laced anywh e r e  i n  a w indow a n d  the l ist  o f  
gad gets  assoc iated w i t h  a n y  o n e  window can b e  m o d i fi e d  whi ls t  the 
wi n d o w  remains open .  New gadgets can b e  added,  gadgets can  b e  
d e l e t e d  o r  p r e v e n t e d  fro m fu n c t i o n i ng a n d  you w i l l  fi n d  a great 
many u s e fu l  I n t u i t i o n  s u p p o rt fu n c t i o n s  d o c u m e nt e d  in the RKM 
I nc l u d e s  & Autod ocs  manua l .  

I t  i s  wo rth ment i o n i ng at t h i s  p o i n t  that eve n d u ri ng u s e ,  various 
i t e m s  in a Gadget structure may be a l t e r e d .  F lags can b e  c ha nged , 
m e ssage requ i re m e n ts may be a l tered  and so o n .  I n  order  to do  this  
s a fe l y  h o w e v e r c e r ta i n  ru l e s  s h o u l d  b e  a d h e r e d  t o , t h e  m o s t  
i m p o r t a n t  b e i n g t h a t  y o u  s h o u l d  r e m o v e  a g a d g e t  f r o m  t h e  
w i n d o w ' s  gadget  l ist before y o u  e d i t  a n y  c h a r a c t e r i s t i c s  t h at 
I n t u i t i o n  may b e  m o n i t o r i n g .  O n c e  t h e  n e c e s sa ry c ha n ges  h ave 
b e e n  made the  gadge t can b e  a d d e d  back i nto the gadget l i st .  

For  exa m p l e ,  one of  the gadget fl ags that i s  m o ni tored  and adj u sted 
b y  I n t u i t i o n  i s  the S E L E C T E D  f lag .  S i x t e e n  b i t s  are u s e d  i n  the  
g a d g e t  s t r u c t u r e  fo r s u c h  f lags  and the  b i t  c o r r e s p o n d i n g  to  
0080hex (C equ ival e n t  Ox0080) i s  t h e  o n e  that I ntu i t ion  uses  to te l l  
w h e t h e r  t h e  gadget  i s  on o r  off. T h e  i ntu i t i o n . i  header  fi l e  makes 
the a p p r o p r i a te d e fi n i t i o n  of SELECTED and so to, safe ly ,  turn a 
gadget  o n  o r  o f f t h i s  i s  the proced u re w h i c h  s h o u l d b e  fo l l owe d :  
remove t h e  gadget  fro m  t h e  l i s t ,  adj u st t h e  S ELECTED b i t ,  a d d  the 
gadget back i n t o  the l i s t  and fi nal ly u p-date the gadget d i sp l ay. 

Doing Things The Easy Way 

Bu i l d i ng N e wSc reen and NewW i n d o w  d e fi n i t ions ,  d e s ign ing gadgets 
and wo rki ng out s u i tab le  d i me n s i o n s  and c haracte r is t ics  e tc .  i s  not  
that  d i ff icu lt  but  i t  can be both t i me consuming  a n d  prone to error.  
M a n y  p r o g r a m m e rs fi nd i t  u s e fu l  to u s e a WI M P  i n t e rfa c e  c o d e  
g e n e rator  t o  create most  ( i f  not a l l )  of  these typ e s  o f  d e fi n i t i o n s  and 
one par t i c u l a r  p rogra m,  ca l l ed Powe r Wi ndows,  is  we l l  e stab l i shed  
a n d  t h e r e fo re c l ear ly worth m e n t i o n i ng .  
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lnovatronic's Power Windows 

Ess ent ia l ly Power Windows prov i d e s  the p rogramm e r  with a tool  fo r 
creat i ng and e d i t i ng screens ,  wi nd ows , gadgets and menus  u s i ng an 
object orientated app roac h .  

I t 's a f lexi b l e  program, screen de fi n i t i o n  i s  straightfo rward and b oth 
standard and custom screens  are su ppo rted . You can set  the c o lour  
palette  d i rect ly or  can  i ncorporate a pa lette fro m  any c o nve n i e nt 
!FF  f i l e .  W i n d o ws are equal ly  eas i ly  c reated a n d ,  o n c e  p r e s e n t  o n  
the d i splay,  can b e  moved aro u n d  and res i z e d  u s i ng no rmal mouse  
op erat i o n s .  Ad d i ng gadgets to  a window i s  j u st  a matte r o f  s e l e c t i ng 
the Add A Gadget menu o pt i o n ,  adjust ing the gadget's s i z e  and t h e n  
m o v i n g  i t  to  t h e  d e s i r e d  p o s i t i o n .  M e n u ge n e ra t i o n  i s  e q u a l ly 
s i m p l e  a n d  a l t h o u g h  n o t  o ft e n  n e e d e d  you c a n  i n c o r p o rate  ! F F  
b rush i mage ry with the  menu.  

One o f  the mo re powe rfu l  featu res o f  Powe r Win dows i s  the  Crab A 
Window menu o p t i o n .  When you se l ec t  th is  opt ion  you are o ffe red a 
menu which provi d e s  d e ta i l s  o f  a l l  of the  scre e n s  and win dows fo r 
a l l  appl i cat ions  wh i c h  are cu rrently ru nn i ng. To grab a window you 
just se lect  i ts name to  cause the wind ow, p l u s  all of the assoc iated 
gadgets and menus ,  to b e  i mported i n to Power W i ndows.  Only  the  
wi ndow, text ,  gadget i mage ry e tc .  wh ich  i s  d i rect ly poin ter linked to 
t h e  w i n d o w  w i l l  b e  i m p o r t e d ,  s o  s o m e t i m e s  y o u  w i l l  b e  
d i sappo i n ted wi th  t h e  resu 1 ts .  N everth e l e s s  t h i s  i s  a v e ry u s e fu I 
fu nct i o n .  Power Wind ows can a lso  h e l p  w i th I D C M P  event hand l i ng. 

Once you are happy with the d i sp lay,  Power W i nd ows can do one of 
two t h i n g s .  F i r s t l y  it can g e n e ra t e  a n  in te rmedia te fi l e  w h i c h  
contai ns t h e  d i s pl ay data i n  a form wh i c h  can b e  r ead back i n to 
Power W i n d ows i t s e l f , wh i c h  e n ab les  you to e d i t  the d i s p lay at a 
later  date .  Secondly i t  can ge nerate the  sou rc e  code  that your  own 
programs can use to produce  an i d e n tical  d i s play. There are several 
o p t i o n s  ava i l a b l e  f o r  c o d e  g e n e r at i o n  ( e i t h e r  c o m m e n t e d  o r  
u n c o m m e n t e d )  t o  b e  u s e d  w i t h  6 8 K  as s e m b l e r , La t t i c e/SAS C .  
Manx's Az tec C .  Be nchmark Modula  2 ,  TOI  Modula  2 ,  M u l t i FORTH,  
Tru e BASIC ,  AmigaBAS I C ,  and ACBAS IC C o m p i l e r  v 1 . 3 .  

Fu l l  c o n t r o l  o f  s c r e e n ,  w i n d o w ,  gad g e t ,  m e n u ,  text  a n d  b o r d e r  
c h arac t e r i s t i c s  c o u p l e d  w i t h  many o t h e r  e x t ras s u c h  a s  gadget  
c l o n i n g ,  c o l l i s i o n c h e c k i n g ,  c o l o u r  r e - m a p p i n g a n d  i m a g e  
comp re s s i o n  make s Power  Wi nd ows an ext r e m e l y  u s e fu l  t o o l  fo r 
the ser ious  Amiga prog ram mer .  

Code Generators 

U s i ng t h e s e  types o f  c o d e  g e n e rator  for  h a n d l i n g t h e  I n tu i t i o n  
i n te rface has many advan tages .  F i rst a nd fo remost  i t  wi l l  save you 
t i m e !  Second ly  you ' l l  work with a d i s p lay that can actual ly be seen  
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as i t  i s  c re a t e d .  T h i rd l y  i t  i s  pos s i b l e ,  by k e e p i n g  the  r e l oadab le  
intermedia te files, to  go back at a later  date  and make  c hange s ,  eg  
repo s i t i o n  gadgets.  Once  the changes  h ave been  i n c o rporated ,  just  
gene rate the  n e w  c o d e ,  r e c o m p i l e  and t h e  new vers ion  wi l l  b e  up  
and runn ing  in  a very s h o rt space o f  t ime .  You can o f  course  a l so  
u s e  t h e s e  types  o f  too l  to  produce  prototype i nt e rfac e s  for  test ing 
i d e a s  a n d  p r o d u c i n g rough and ready s k e l e t o n  i nterfa c e s . When 
you h ave fi n i s h e d  your  p rogram you can then go back a n d  t idy up 
the i n i t ia l  e fforts .  O n c e  th is  has been  done i t  i s  a s i mp l e  matter  to 
g e n e r a t e  t h e  n e w  i n t e r f a c e  c o d e  a n d  j u s t  s w a p  t h a t  f o r  t h e  
pre l i m i nary vers i o n .  

W h i l s t  o n  the  s u bj e c t  o f  code  generators ,  d o n't fo rget t h a t  y o u  can 
al ways tweak t h e  sou rce code that has been produced to  suit  your  
own p u rpose s .  There i s  noth ing to s t o p  you r u n n i ng the  generated 
code t h rough a text e d i t o r  to change , eg  g loba l ly prefix ,  the names 
o f  the s truct u r e s .  

An o t h e r  good reason  to  modify the  o u t p u t  c o d e  i s  to  r e d u c e  i t s  
phys ica l s i z e .  I f , fo r exa m p l e ,  you create  a d i s p lay w i t h  4 8  id ent ical 
gadgets ,  each havi ng a b o r d e r ,  then  t h e  gen erated code  w i l l  have 4 8  
i d e n t i ca l  b o r d e r  s t r u c t u r e s ,  o n e  fo r eac h ga d g e t .  I n  s u c h  a c a s e  
Intu i t i o n  doesn ' t  n e e d  4 8  i n stanc e s  b u t  i t  w i l l  h a p p i l y  manage with 
one.  So the t r i c k  i s  to read the  gene rated sou rc e  into a text  e di tor ,  
r e move 4 7 o f  the i d e n t i ca l  s t ru c t u re s ,  and t h e n  c hange t h e  bord e r  
p o i n t e r s  i n  e a c h  o f  t h e  4 8  ga d g e t s  s o  that  t h e y  a l l  p o i n t  to  the  
s i ngle  remai n i ng b o rd e r  s tructu re . 

Intuition's M enu System 

M e n u s  a re the last  of the I n tu i t i o n  b u i l d i n g  b l oc ks that I 'm go i ng to 
l o o k  a t .  Aga i n  t h e  p u rpose  of t h i s  s e c t i o n  w i l l  be n o t  to ment ion  
eve ry fe ature b u t  to  d i s c u s s  the general  id eas .  You ' l l  s e e  i n  the  n ext 
c h a p t e r  t h a t  t h e  c o m m u n i c a t i o n s  a s p e c t  of m e n u  h a n d l i n g h a s  
m u c h  i n  c o m m o n  wi th gadge t hand l i ng and many o f  the  i d e as that 
h a v e a l r e a d y  b e e n  d e a l t  w i t h  c a n  b e  e x p a n d e d  to p r o v i d e  
genera l i s e d  I D C M P- mes sage based , event-d riven,  code l o o p s .  

W h e n  a u s e r  presses  t h e  r ight hand m o u s e  b u t t o n  o n  a n  Amiga t h e  
t i t l e  bar  a t  t h e  top  o f  the  s c re e n  c h a n g e s  to  a m e n u  s t r i p  w h i c h  
d i s p l ays a l o n g i ts l e ngth o n e  o r  m o re c a tegory n a m e s .  As t h e s e  
names a r e  t o u c h e d  b y  t h e  m o u s e  p o i n t e r , s e t s  o f  o p t i o n s  appear  
be low the category name and these ,  i f  s e l ec t e d ,  can cau se e i t h e r  
part i c u l a r  p rogram act ions  to o c c u r  o r  c a n  resu l t  i n  the  appearance 
of  fu rther  sub-men u i t e m s .  

M e n u s  h a v e  m a n y  b e n e f i t s .  I f  p r o p e r l y  o rga n i s ed , t h ey can  h i d e  
m u c h  o f  t h e  c o m p l ex i ty o f  a p rogram f r o m  a u s e r . They d o  n o t  
e n c r o a c h  o n  s c r e e n  s p a c e  u n t i l  t h e  r i g h t  h a n d  m o u s e  b u t t o n  i s  
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p r e s s e d  a n d  e v e n t h e n  t h e i r  p r e s e n c e  i s  a l m o s t  c o m p l e t e l y  
transparent as far a s  th ings l i ke use-detect ion ,  d isplay saving a n d  
re-drawing are concern e d .  

The Amiga m e n u  s y s t e m  i s  a l s o  v e r y  fl e x i b l e  a n d  t h e re are fe w 
absolu te ru les  to fo l low.  The menu content ,  overal l s tructu r e ,  a n d  
the acti o n s  whi c h  shou ld  be pe rformed w h e n  part i c u l ar m e n u  i t e ms 
are se lected ,  can a l l  be d e fi n e d  by the  programmer.  In tu i t ion  w i l l  
u s e  t h e s e  d e fi n it ions  t o  set  u p  a n d  mo nitor  the  nece ssary gra p h ics  
objects o n  the s c re e n  s o  fro m that  po int  o nwar d s  the  n itty-gr i tty 
detai l s  associated with menu use are handled automatical ly. W h e n  
t h e  u s e r  h a s  d o n e  s o meth ing s ign ificant ,  i e  m a d e  a proper  m e n u  
s e l e c t i o n ,  I n t u i ti o n  w i l l  s e n d  t h e  p rogra m  a m e s sage expla i n i ng 
what has been done  - i t  i s  then u p  to the p rogram to dec ide  what 
actions should be  take n .  

A men u ,  a n d  h e r e  I ' m  talking about a s i ngle  header  fol l owed by a 
number o f  menu i tems,  wi l l  look l i ke t h i s :  

MENU HEADER 

menu item 0 
menu item 1 
menu item 2 
menu item 3 

A s  fa r a s  p o s i t i o n i n g a n d  s i z e  g o e s  t h e r e  a r e  a n u m b e r  o f  
constraints wo rth ment ioni ng. The pos i t i on/s ize  o f  the i tem boxes 
mu st be such that  they do not  overlap the l e ft o r  r ight s i des of  the  
header  fi e l d .  I tem boxes should a lso be posi t ioned so that  they are 
d i rectly adj acent ,  so that  there are no spaces betwe e n  menu i te m  
fi e lds .  

A menu i tem can i tse l f  i nvoke a sub-me n u .  From the  p rogram me r's 
viewpoint sub-menu i tems,  as you wi ll see later in the c hapter,  p o s e  
no part icular  ad di t ional d i ffic u l t i e s :  

MENU H EADER 

menu item 0 
menu i tem 1 
menu i tem 2 
menu i tem 3 sub i tem 0 

sub i te m  1 

sub i tem 2 
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To d e fi n e a m e n u ,  I n t u i t i o n  u s e s  a nu m b e r  of  data  s e t s ,  t h e  f i rst  
b e i ng t h e  M e nu s t ru c t u re i t s e l f : 

S T R U C T U R E  M e n u , O  

A P TR mu N e x t M e n u  

WO R D  mu_Lef t E d g e  

WO R D  mu_T o p E d g e  

WO R D  m u  Wid t h  

WOR D  mu_H e i g h t  

WO R D  mu_F la g s 

A P TR mu M e n u N am e  

A P T R  mu F i r s t l t em 

WO R D  mu J az z X  r e m ai n i n g  f i e l d s  a r e  f o r  i n t e r n al u s e  

WO R D  m u  J a z z Y  

WOR D  mu B e a t x  

WOR D  mu B e a t Y  

LAB E L  m u  M e n u  

m u _N e x t M e n u  p r o v i d e s  a m e a n s  o f  l i n k i n g  m e n u s  t o g e t h e r .  T h e  
n e x t  fo u r  f i e l d s  d e s c r i b e  t h e  m e n u  h e a d e r ' s  s e l e c t  b o x .  A t  t h e  
c u rr e n t  t i m e v a l u e s  fo r m u _  To p Edge a n d  mu_H e i g h t  a r e  i gn o red 
and t h e  s c re e n ' s  t i t l e  bar  val ues  are u s ed i n s tead.  mu_LeftEdge and 
m u_Wi d t h  are  t h e n  the fi e l d s  w h i c h  e ffe c t i v e l y  s i z e  and pos i t i o n  
t h e  m e n u  heade r wi t h i n  t h e  t i t l e  bar  fra mewo rk. 

T h e  m e n u  m u _ F l a g s  f i e l d  c o n t a i n s  two v a l u e s .  M E N U E N A B L E D  
i n d i c a t e s  whe t h e r  the men u i s  c u rrent ly  e na b l e d  o r  d i sab led  s o  t h i s  
fl a g  s h o u l d  b e  s e t  b e fo r e a s k i n g  I n t u i t i o n  t o  c r e a t e  t h e  m e n u .  
O th e rwise  t h e  u s e r  wi l l  b e  ab le  t o  s e e  t h e  m e nu b u t  wi l l  n o t  b e  ab le  
to  s e l e c t  a n y t h i n g .  You s h o u l d not  d i re c t l y  a l t e r  t h i s  f lag  o n c e  
I n t u i t i o n  h a s  c o n t r o l  o f  t h e  m e n u  - i n s t e a d  t h e  O n M e n u ( )  a n d  
O ffme nu( )  fu n c t i o n  c a l l s  c a n  be u s e d  t o  e nab le  o r  d i sab l e  t h e  menu 
a s  requ i re d .  A n o t h e r  f lag ,  M I DRAWN , i s  a l so  d e fi n e d .  I t  i s  managed 
by I n tu i t i o n  and is u s e d  t o  i n d i c a t e  w h e t h e r  the menu i t e ms are 
c u r r e n t l y  v i s i b l e  o r  n o t .  

m u _M e n u N a m e  i s  s i m p l y  a p o i n t e r  t o  a n u l l  t e r m i n a t e d  s t r i n g 
r e p r e s e n t i ng t h e  m e n u's header  name.  mu_F i r s t l t e m  i s  a p o i nt e r  to  
the head o f  a c ha i n  o f  M e n u i t e m  s t r u c t u r e s  u s e d  to d e sc r i b e  t h e  
m e nu o p t i o n s  t h e ms e l v e s .  A s  a STRUCTURE d e fi n i t i o n  t h e  fo rmat o f  
a M e nu I t e m  l o o k s  l i ke t h i s :  
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STRUCTUR E  Men u ltem , O  

APTR mi_Next ltem 

WORD mi_Left Edge 

WORD mi_TopEdge 

WORD mi_Wid t h  

WORD mi_Height 

WORD mi_Flag s 

LONG mi Mutu alExc lude 

APTR mi I t emFill 

APTR mi_Select Fill 

BYTE mi_Command 

BYTE mi_Klud g eFillOO 

APTR mi_S u b l t em 

WORD mi_NextSelect 

LABE L  mi S I Z E O F  

These  stru ctu res  ho ld  qu i te a lot  o f  data so here 's  the  r u n d o wn o n  
t h e  most  i m p o rtant  M e nu lt e m  c harac t e r i s t i c s  that  y o u ' l l n e e d  to 
supply when b u i l d ing a menu : 

mi_Nextltem i s  a p o i nt e r  to the n ext i tem i n  a cha in  o f  s u c h  i t e ms .  
As u su a l  t h e  l as t  i t e m  i n  t h e  c h a i n  s h o u l d  have t h i s  fi e l d  s e t  t o  
N ULL 

mLLeftEdge,  mi_TopEdge, mi_Width and mLHeight d e s c r i b e  
t h e  se lect b o x  o f  the  m e n u  i tem.  

mi_Flags. There a re q u i te a few flag val u e s  d e fi n e d  by Intu i t i o n .  

C H ECKED t e l l s  I ntu i t i o n  that a CH ECKIT i t e m  s h o u l d  be d i s p layed i n  
t h e  c h eckmarked selected state r ight fro m  t h e  start .  

C H E C K I T t e l l s  I n t u i t i o n  t h a t  a m e n u  i t e m  is an a t t r i b u t e ,  i e  
someth i ng with  a val u e  o r  character is t i c  rather  than some act ion  
which  i s  to be carr ied  out .  I ntu i t ion  wi l l  checkmark the fie l d  w h e n  i t  
i s  s e l e cted a n d  t h e  c h e c kmark/no-c h e c kmark s tate wi l l  togg l e  o n  
a n d  o f f  w i t h  a lte rnate se lect ions .  

COMM SEQ i n forms Intu i t ion that  the  menu i tem has an a l ternative 
command-key sequ ence  that may be  used i nstead of  mou s e/menu 
se lect ion.  M e nu comman d-key sequences are c o mb i nat ions  o f  the  
R ight-Amiga key with some other a lphanumer ic  c haracter .  I f  such a 
s e q u e n c e  i s  r e c e i v e d ,  w h i c h  c o r r e s p o n d s  t o  a d e fi n e d  m e n u  
s e l e c t i o n ,  I n t u i t i o n  w i l l  s e n d  t h e  p ro g ram t h e  e qu ival e n t  m e n u  
s e l e c t i o n  e v e n t  w h i c h  t h e  p r ogram w o u l d  t r e a t  i n  t h e  n o r m a l  
fash ion .  

H IGHBOX i s  another  h igh l ight ing flag wh i c h  resu l ts in  a box b e i ng 
drawn aro u n d  the ite m's se lect  area.  
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H I G H C O M P  i s  a s e l e c t  h i g h l i g h t i n g  f lag w h i c h  c o m p l e m e n t s  t h e  
s e l e ct b o x  o f  t h e  m e n u  i t e m .  

H I G H I MAGE i nd i cates  a l te rnate i magery b a s e d  o n  e i t h e r  l ntu iText o r  
I mage stru c t u re s .  I f  text i t e m s  a re b e i n g u s e d ,  the  ITEMTEXT flag 
s h o u l d  a l so  be se t .  

H I G H I T E M  i s  a n  I n tu i t i o n  m a i n t a i n e d  f l a g  w h i c h  i n d i c a t e s  t h e  
h i g h l ight  state o f  a n  i t e m .  

H I G H N O N E  sets  th i s  flag and no h i gh l ight ing w i l l  b e  d o n e .  

I S DRAWN i s  a n  I n tu i t i o n  ma i n t a i n e d  f lag w h i c h  i n d i c a t e s  w h e n  
s u b i t e ms are  o n  d i s p l ay. 

ITEM ENABLED shou l d  n o rmal ly  be set b e fo re sub mitt ing a m e n u  to 
I nt u i t i o n  to  e n s u r e  that the i n i t i a l  m e nu d i s p l ay is active. O n c e  the  
menu i s  u n d e r  I n tu i t i o n 's  contro l  the  f lag s h o u l d  n o t  b e  a l t e r e d  
e x c e p t  i n d i r e c t l y  t h r o u g h  t h e  O n M e n u () a n d  O ffM e n u ( )  fu n ct i o n  
cal l s .  

I TE M N EXT t e l l s  I n t u i t i o n  that  t h e  m U t e m F i l l/mi_S e l e ct F i l l  fi e l d s  
p o i n t  t o  I n tu iText s t ructu res  rat h e r  than i mages.  T h e  flag s h o u l d  b e  
c l e a r e d ,  i e  n o t  s e t ,  when i mages are b e i ng u s e d .  

M E N UTOGGLE m u s t  be set  i f  a C H ECKIT i t e m  i s  to  b e  toggl e d .  

mi_M utualExc l u d e .  T h i s  fi e l d a l l ows t h e  p rogra m m e r  to d e fi n e  
fi e l d s  a s  m u t u a l l y e x c l u s i v e .  T h e  p u r p o s e  o f  t h i s  fac i l i t y  i s  t o  
e n a b l e  t h e  p r o g r a m m e r  t o  p r e v e n t  t h e  u s e r  f r o m m a k i n g  
i n c o mpat i b l e  menu s e l e c t i o n s .  I f  you r program has  m e n u  o p t i o n s  
w h i c h  s u p p o rt b o t h  l o w  and h ig h - re s o l u t i o n  s c r e e n  d i s p lays ,  i t ' s  
p re t ty obvious t h a t  t h e  u s e r  shou ld  n o t  b e  ab le  to s e l e ct and t u r n  
o n  b o t h  o p t i o n s  toge t h e r  s o  t h e  s o l u t i o n  i s  to ma ke the  two i tems 
m u t u a l l y  e x c l u s i ve . By s e l e c t i n g  h i g h - r e s ,  t h e  l o w- r e s  o p t i o n  
b e c o mes d e - s e l e c ted and v ice  versa .  

mi_ltemfill .  Th is  fi e l d  i s  a po inter  to  e i th e r  an l ntu iText s t ructu re 
o r  a n  Image s t ructure  used to descr ibe  t h e  data fo r renderi ng t h i s  
i te m .  I f  t e x t  i s  u s e d ,  t h e  ITEMTEXT flag s h o u l d  be set  i n  the  m e n u  
i t e m 's mi_Flags fi e l d .  

m i _S e l e c t F i l l .  I f  a l t e r n a t e  i m a g e r y i s  b e i n g u s e d ,  i e  i f  t h e  
H I G H l M A G E  f l a g  h a s  b e e n  s e t ,  t h i s  f i e l d  s h o u l d  p o i n t  t o  t h e  
a p p ro pr iate  I n tu iText o r  I mage stru c t u r e .  

mi_Command. T h i s  fie l d  s t o r e s  a s i ng l e  a l p ha n u m e r i c  c h a racter  
used as a c o m mand-key s h o rtcut .  I f  the  C O M M S EQ f lag  has  been  set  
t h e  u s e r  w i l l  b e  ab le  to ho ld  down t h e  key ,  together  wi th  t h e  R ight
Am iga key, to s e l e c t  t h i s  i te m. I n t u i t i o n  s e nses  t h e  keypre s s e s  and 
t ransmi ts a menu eve n t  which looks as t h ough t h e  u se r  s e l ected  the 
i tem via the n o r mal mouse/po inter  ap proach . 
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mLSubltem. Points to the f irst subitem i n  a subi tem l i st .  Su b l te m s  
are d e fi n e d  u s i ng t h e  same M e n u l tem s t r u c t u r e  b u t  t h e y  s h o u l d  
N OT themse lves have subitems !  

mi_NextSelect. T h i s  fie l d  i s  maintai ned b y  I n t u i t i o n  and i n d i c ates  
when the i tem has  been se lected .  

By  the  t i me the M e nu and Me nultem def in i t ions  are complet e  most  
o f  t h e  p r o g r a m m e r ' s  w o r k  is  f i n i s h e d .  A l l  t h a t  r e m a i n s  i s  
straightfo rward i nstal lat io n  fol lowed by management o f  the  u s e r<
> p rogram i n t e rac t i o n s .  I ntu i t i o n  p rovi d e s  a n u mb e r  of fu n c t i o n  
cal l s  for th is  purpose .  

Flmction.: 

Description: 

Call Format: 

Registers: 

Arguments: 

SetMenuStrip() 

Attach a menu to a window 

result=SetMenuStrip(window _p, menu_p); 

dO aO a l  

window_p - pointer t o  the window that menu is t o  b e  attached to. 

menu_p - pointer to the Menu structure 

Return Value: result - 'TRUE/FALSE success or failure indicator 

Notes: 

Flmction: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Function: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 

Function: 

Description: 

Call Format: 

Registers: 

Any menu strip attached to a window should be removed before 
closing the window. 

ClearMenuStrip() 

Remove a menu strip from a window. 

ClearMenuStrip(window _p ) ;  

aO 

window_p - pointer to a window structure 

None 

If menu is in use this function will wait until user has completed their 
menu operations before removing the menu. 

On.MenuO 

Enable a menu or a specific menu item 

OnMenu(window _p, menu_ number) ; 

window_p 

aO dO 

- pointer to a Window structure 

menu_number - an unsigned 16 bit menu number value 

None 

Menu numbers, and their internal arrangements are discussed in detail 
in the RKM Libraries & Devices manual. 

OflMenuO 

Disable a menu or a specific menu item 

OflMenu(window _p, menu_number) ; 

aO dO 



Arguments: 

Return Value: 

Notes: 

l'lmctioa: 

Description: 

Call Format: 

Registers: 

Arguments: 

Return Value: 

Notes: 
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window_p - pointer to a Wmdow structure 

menu_munber - an unsigned 1 6  bit menu number value 

None 

Menu numbers, and their internal arrangements are discussed in detail 
in the RKM Libraries & Devices manual. 

ltemAcldreHO 

This ftmction returns the address of a specific menu item 

item_p =ItemAddress(menu_p,menu_number); 

dO aO dO 

menu_p - menu pointer 

menu_number - a 1 6  bit unsigned menu number 

address of the menu item (NULL if no item was selected). 

Menu Messages 

T h e  R K M  manu a l s  p ro v i d e  a l o t  o f  u s e fu l  g u i d e l i n e s  fo r m e n u  
des ign  a n d  m e n u  u s e  a n d  i t  i s  b e s t  i f  these  g u i d e l i n e s  are fol l o we d  
b e c a u s e  i t  ensu res that any program y o u  write wi l l  c onform to the  
conve n t i ons that  other  Amiga p rograms use .  

O n e  o f  the  mai n d i st i nc t i o n s  that i s  made c o n c e r n s  the  fac t  t hat 
menu i tems can be e i ther  re lated to act ions ,  ie operat ions  which  the 
program w i l l  pe r fo rm, or to the s e l e c t i o n  of part i c u lar  program 
attr ibu tes .  I n  other  words i t  suggests that the two bas i c  d iv is ions 
as soc i ated  with menu i tems are that  they e i ther :  

1 .  C au s e  the p rogram to do someth ing, eg c o py a p iece  of  text  or  
d e l e te the cu rre nt  p roj ect .  

o r :  

2 .  C a u s e  a c h a n g e  i n  t h e  p r o g r a m  s t a t e ,  e g  s e l e c t i n g  a n e w  
background co lour  o r  a new screen reso lut ion .  

Bas i ca l ly  th is  clas s i ficat ion i s  prov ided  for conven ience  and whi lst  
fac i l i t i e s  l i ke the toggle  se lect  flag a n d  mu tual  exc l u s i o n  fi e l d  d o  
tend to b e  u s e d  w i t h  attr ibute i te ms,  t h e  bottom l i ne i s  t h i s  that 
you r  program can d o  whatever it wishes  to when it rece ive s menu
u s e  n o t i ficat ion .  

Wh e n  the  user  interacts with the menu syste m an I nt u i t i o n  i nput  
eve n t  o f  c lass M E N UPICK w i l l  be gen e rated and th is  i s  tru e even i f  
the u se r  d e c i d e s  not  to make a s e l e c t i o n .  You ' l l  g e t  a M E N U P I C K  
mes sage e v e n  i f  t h e  on ly  t h i n g  t h e  u s e r d i d  was p r e s s  the  r ight  
mou s e  button.  The n u mber  he ld  in  the  M EN U PI C K  message i s  a 1 6-
b i t  val u e  whi c h  contains 5 bits of  menu nu mber data, 6 bits  o f  i tem 
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data, and 5-b i ts  o f  sub- item data. These are eas i ly un pac ke d with  a 
b i t  o f  b i t  maski ng and b i t  sh i ft ing  code and we'l l  look at an example  
i n  t h e  n ext c hapter .  

A Runable Example 

I mage , gadget and menu examp les are goi ng to be given in the next 
chapter .  For  now though he re's an example which i s  an exte n s i o n  o f  
t h e  C h a p t e r  1 3  p ro gr a m  (so  a l o t  o f  t h e  c o d e  wi l l  b e  fam i l i a r )  
m o d i f i e d  t o  i n c l u d e  I n t u i T e x t  p r i n t i n g a n d  B o r d e r  d r a w i n g  
examples .  

You ' l l  not ice  that th is  t ime I 've chosen to set  u p  the NewW i ndow 
s t r u c t u r e  u s i ng d c . x s tate m e n t s .  F o r  s ta t i c  d e f i n i t i o n s  t h i s  i s  
n o r m a l l y  t h e  e a s i e s t  a p p r o a c h  a n d  I o n l y u s e d  t h e  i n d i r e c t  
a d d r e s s i n g  with  d is placeme n t  method i n  Chapter  1 3  so that  you 
w o u l d  be a b l e  t o  g e t  s o m e  p r a c t i c e  a t  r e l a t i n g  the s t r u c t u r e 
d isplacement names to the val u e s  be ing p laced in  the stru ctures .  
The fol l owing code does  however fol l ow an i d e ntical pathway and 
essent ia l ly  a l l  that has been added to the p rogram is  the stat ic  text 
and border  data :  

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example CH 1 4 - 1 . s  

* - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ----- ----- - - - - - - - - - - - - - - - -

; some system include files . 

include exec/ types . i  

include exec/ libraries . i  

include exec / exec_lib . i  

include intuition / intuition . i  

include intuition / screens . i  
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; a macro to extend LINKLIB and thus avoid the explicit u s e  of 

; the _LVO prefixes in the function names . 

CALLSYS MACRO 

LI NKLIB _LV0 \ 1 , \2 

ENDM 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - -

; EQUate definitions . 

_AbsExecBase EQU 4 

_LVOOpenWindow EQU · 204 

_LVOCloseWindow EQU - 72 
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LVOPrint IText EQU - 2 1 6  -

LVODrawBorder EQU - 1 08 -

WIDTH EQU 600 

HE IGHT EQU 1 00 

DETAI L PEN EQU - 1 

BLOCK_PEN EQU - 1  

NULL EQU 0 

TRUE EQU 1 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; main prog ram cod e .  

move . l  _AbsExecBase , _SysBase store Exec library 
base 

lea intuition_name , a 1  library name start in 
a 1  

moveq #0 , dO any version will do  

CALLSYS OpenLibrary , _SysBa se macro ( see text for  

move . l  dO , _IntuitionBase 

beq EXIT 

OPEN_WINDOW lea new_window , ao 

details )  

store returned value 

test result for 
success 

new window base 
address  

CALLSYS OpenWindow , _IntuitionBase 

move . l  dO , window_p 

beq CLOSE_LIB 

PRINT ITEXT move . 1  
move . l  

lea 

move . l  

window_p , a1 

wd_RPort ( a1 ) , aO 

intuitext1 , a 1 

#0 , dO 

move . I  #O , d 1 

get window address 

get rastport address 

no additional  offsets  

CALLSYS PrintITex t , _IntuitionBase 

PRINT_BORDER move . I  window_p , a1 get window address 

move . I  wd_RPort ( a1 ) , aO get rastport address 

lea border1 , a 1 

move . l  #0 , dO 

move . l  #O , d 1 

no additional offsets 

CALLSYS DrawBorder , _IntuitionBase 
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SLEEP move . I  window_p , aO 

move . I  wd_UserPort ( aO) , a2 

window base address 

user port 

j sr WaitForExitMes sage 

CLOSE_WINDOW move . 1  window_p , ao 

CALLSYS CloseWindow , _IntuitionBase 

; now close the library and quit . . .  

CLOSE_LIB move . I  _IntuitionBase , a 1  base needed in a 1  

CALLSYS Closelibrary ,_SysBase 

EXIT c lr . 1  dO 

rts logical end of 
program 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Function nam e :  WaitForExitMessage ( ) 

Pu rpose : Wait until user hits window ' s  close gadget 

Input Parameters : Address of IDCMP user - port should be  in 
a2 . 

Output parameters : None 

Register Usage : aO : Used by WaitPort ( )  and GetMsg ( )  

a1 : U sed by ReplyMsg ( )  

Other Notes : 

a2 : Holds user - port address 

dO : Used by WaitPort ( )  and GetMsg ( )  

d1 : Unused but po ssibly altered by system 
functions 

d2 : Used as  an exit flag ( quit when non
zero)  

All registers are  preserved 
· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wait ForExitMessage movem . 1  dO - d2 / aO - a2 , · ( sp )  preserve 
registers 

clr . 1  d2 clear exit flag 

Wait ForExitMessage2 move . 1  a2 , a0 port address  

CALLSYS WaitPo r t , _SysBase 

j s r  GetMessage 

cmpi . 1  #TRUE , d2 exit flag set? 

bne Wait ForExitMessage2 

movem . 1  ( sp ) + , d0 - d2 / a0- a2 restore 
registers 

rts  logical end of routine 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetMessage move . l  

CALLSYS 

tst . l  

beq 

move . l  

cmpi . l 

bne 

move . l  

a2 , a0 get port address 
in ao 

GetMsg , _SysBase get the message 

dO 

GetMes sageExi t did it exist? 

d0 , a 1 copy pointer to 
a 1  

#CLOSEWI NDOW , im_Clas s ( a1 ) 

GetMessage1 

#TRUE , d2 user hit close 
g adget 

GetMessage1 CALLSYS ReplyMsg , _SysBase 

bra 

GetMessageEx it rts  

GetMes sage check for more 
messages 

d2 holds exit flag 
* 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; va riables and static data . . .  

IntuitionBase ds . l  1 

_SysBase ds . l  

window_p ds . l  

intuition name dc . b  ' intuition . library ' , o  
cnop 0 , 2  

new_window 

1 3 , 26 

61 0 , 1 1 5  

window XV origin 

width and heigh t 

dc . w  

dc . w  

dc . b  

dc . l  

dc . l  

DETAI L_PEN , BLOCK_PEN  pens 

CLOSEWINDOW IDCMP f lags  

WINDOWDRAG+WINDOWCLOSE+NOCAR EREFRESH+ 
SMART_RE FRESH+RMBTRAP window flags 

dc . l  

dc . l  

NULL no gadgets 

NULL 

d c . l  NewWindowName 

dc . l  NULL 

dc . l  NULL 

d c . w  O , O  

dc . w  O , O  

dc . w  WBENCHSCREEN 

NewWindowName 

no CHECKMARK imagery 

window title 

no custom pointer 

no custom bitmap 

minimum width and height 

maximum width and height 

screen type 
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dc . b  ' This window has been opened in the Wo rkbench 
Screen ' , o  

cnop 0 , 2  

border1 

dc . w  

dc . b  

dc . b  

dc . l  

dc . l  

60- 2 , 20 - 2  

3 , 0 , RP_JAM1 

5 

BorderVectors 1  

NULL 

BorderVectors1  

dc . w  o , o  
dc . w  420 , 0  

dc . w  420 , 1 0  

d c . w  o ,  1 0  

d c . w  o , o  
intuitext 1  

dc . b  3 , 0 , RP_JAM2 , 0  

dc . w  60 , 20 

dc . l  NULL 

dc . l  ITextText 1  

dc . l  intuitext2 

XV origin 

front & back pens and drawm ode 

number of XV vectors  

pointer to XV vectors  

no next  border 

pens , drawmode and fill byte 

XV origin 

default font 

text pointer 

next IntuiText structure 

ITex tText1 

d c . b  ' The border around this was drawn using 
DrawBo rder ( ) ' , o  

cnop 0 , 2  

intuitext2 

d c . b  3 , 0 , RP_JAM2 , 0  

d c . w  40 , 40 

dc . l  NULL 

dc . l  ITex tText2 

d c . l  intuitext3 

pens , drawmode and fill byte 

XV origin 

default font 

text pointer 

next IntuiText st ructure 

ITextText2 

dc . b  ' and all of the text written using PrintIText ( )  
function ' , O 

cnop 0 , 2  

intuitext3 

dc . b  3 , 0 , RP_JAM2 , 0  pens , drawm ode and fill byte 



dc . w  

dc . l  

d c . l  

d c . l  

ITextText3 

d c . b  

20 , 60 

NULL 

ITextText3 

NULL 
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XV origin 

default font 

text pointer 

no next structure 

' To quit j ust  hit the CLOSE gadget at  the top left 
of the window ' , o  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Further Down The Road 

B e fo r e  we l o o k  at some examples of gadget and menu c o d e  I o u ght 
to point  something o u t  concern ing the  mater ia l  that's been cove r e d  
o v e r  the  l a s t  few chapters .  As y o u  wi l l  d o u b t l e s s  k n o w  I n t u i t i o n  i s  a 
b ig  s u bj ect  i n  i ts  own right and i t  was never my intent ion  to d eal 
w i t h  a l l  of a s p e c t s  of g a d g e t  and m e n u  u s e ,  l e t  a l o n e  d i s c u s s  
Requesters ,  Ale rts and s o  forth .  What I have chosen t o  d o  instead i s  
c o n c e n trate o n  s o me aspects that have c l ear ly cau s e d  many n ew 
Amiga programme rs a lot  o f  problems i n c l u d i ng syste mat ic ,  c leanly 
coded,  message handl i ng.  

Once y o u 've come to terms with s o me bas ic  I nt u i t i o n  structu res ,  
an d t h e  i d eas relat ing to the  message pass ing  environment ,  you ' l l  
real i s e  s o mething very impo rtant - al l  the structures and Intu i t ion  
obj e cts  have very s i mi lar  layouts  and u s e  arrange ments and,  best  o f  
a l l ,  o n c e  y o u  c a n  hand l e  o n e  type  of  In tu iMe ssage, you ' l l  be a b l e  to 
han d l e  any type of In tu iM essage.  That, of course ,  goes a l o ng way 
towards re d u c i ng the l earn ing cu rve problems that we all have to 
fac e !  
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1 5: 
A Complete 
I ntuit ion 
Example 

The p u rpose  o f  th is  chapter  i s  
t o  b u i l d  o n  t h e  m a t e r i a l  
al ready d i s c u s s e d  t o  c r eate a 
s i m p l e ,  b u t  n e v e r t h e l e s s  
c o m p l e t e ,  I n t u i t i o n  b a s e d  
e x a m p l e  p r o g r a m .  F o r  t h e  
A m i g a n e w c o m e r ,  g e t t i n g 
i nvolved with I n t u i t i o n  bas e d  
p r o g ra m m i n g  u s u a l l y  c o m e s  
a s  a b i t  o f  a s h o c k  t o  t h e  
s y s t e m  b e c a u s e  a l o t  o f  
system-related mate r ial n e e d s  
t o  b e  u n d e r s t o o d .  F o r  t h o s e  
ve ntu r i ng o u t  i n to t h e  w o r l d  
of  68000 assembler  the  s h o c k  
i s  e v e n g r e a t e r  e s p e c i a l l y  
s i n c e  m u c h  o f  t h e  ava i l a b l e  
d o c u m e n t a t i o n  h a s  b e e n  
wri t ten fo r the C p rogrammer .  

T h e  g o o d  n e w s h o w e v e r  i s  
that,  i f  you've got th is  far i nto 
Mas tering A m iga Assem bler, 
a n d  h a v e  c o p e d  w i t h  t h e  
m a t e r i a l  t o  d a t e ,  o r  a t  l e a s t  
a c q u i r e d  a n  a p p r e c i a t i o n  o f  
t h e  main i d eas ,  t h e n  you a r e  
a l m o s t  h o m e  a n d  d r y .  I 'v e  
l o o k e d  a t  t h e  A m i g a 
e nvironment , the header  f i l es ,  
t h e  u s e  o f  s o m e  i m p o r t a n t  
s y s t e m  m a c r o s  ( wh i c h  m a k e  
6 8 0 0 0  p r o gra m m i n g  e a s i e r ) ,  
a n d  t h e  i d eas  r e l a t e d  t o  t h e  
o p e n i n g o f  l i b r a r i e s  a n d  
making l i b rary c a l l s .  I 've  a l s o  
ta l k e d  ab o u t  E x e c m e s s a g e 
b a s e d  I D C M P  i s s u e s  a n d  
p r o v i d e d  a r o u t i n e  fo r t h e  
e a s y  c o l l e c t i o n  o f  
C L O S E W I N D O W t y p e  I D C M P  
mes sage s .  
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Chapter 1 4  put  some o f  those i d eas together  and the first th ing I 
want to d o  i n  t h i s  chapte r i s  to b u i l d  on those i d eas by prese nt ing a 
p rogram that u s e s  a custom Intu i t ion screen .  The bas ic  plan then is 
as fol l ows : 

Open I n tu i t ion Library 

Open Grap h i c s  L ibrary 

Open an I n t u it ion Sc reen 

Set up s c reen ' s  c o lour map 

Open an I nt u it ion Window 

P rint some Text , Borders and Images 

Go to s leep until user h it s  the CLOSE g adget 

Close Window 

Close S c reen 

Close Graphics Library 

Close I nt u it ion Library 

The good n ews is that you ' l l  a l ready recognise most of  the p rogram 
c o d e  ( b e c au s e  i t ' s  b a s e d  on t h e  W o r kb e n c h  s c r e e n  o r i e n t a t e d  
Exa m p l e  C H 1 4 - l . s )  s o  a l l  t h a t  r e m a i n s  i s  to p rovi d e  s o me notes  
abou t  the addi t ions  that  have been mad e .  

Becau se t h e  LoadRGB() fu nct ion i s  going t o  be  u sed to s e t  u p  the 
screen c o l o u rs I 've had to open the graphics  l ib rary, hence  you ' l l  
see what should  by now be a very fami l iar p iece  of  addi t iona l  code ,  
name ly :  

lea g raph ics_name , a1 library n ame s t art in a1 

moveq #0 , dO any version will do 

CALLSYS OpenLib rary , _SysBase mac ro ( s ee text for 
details ) 

move . I  dO , _GfxBase store returned value 

beq C LOSE_I NTU ITION test result f o r  success 

T o  a c t u a l l y  o p e n  the s c r e e n  the c u s t o m  s c r e e n  ro u t i n e s ,  f i r s t  
d i sc u s s e d  i n  C hapte r 8 ,  have been  u s e d .  The fo l l owi ng fragment 
makes use of  the new_screen structure that  you ' l l  fi n d  i n  the source 
l i s t ing:  

OPEN SC R E E N  lea new_s c r een , ao new s c r een base 
addre s s  

CALLSYS OpenScreen , _Int u it ionBase 

move . I  dO , s c reen_p 

beq C LOSE GRAPH ICS 
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One of  t h e  a d d i t i o n s  to the  program i s  the  d i s p l ay o f  a n  I n t u i t i o n  
i mage u s i ng t h e  Drawimage()  fu nct ion .  E lectron ic  Art 's Deluxe Paint 
was u s e d  to  c reate  an ! F F  b r u s h  a n d ,  aft e r  convers i o n  to a d c . w  
based I mage d e fi n i t i o n ,  th i s  was read i nto t h e  p rogram. T h e  gra p h i c  
i s  d i s p l ayed w i t h  t h i s  s t ra ightforward ca l l :  

D RAW_ I MA G E  m o v e . !  w i n d ow_p , a1 get window add r e s s  

m o v e . !  wd_R P o r t ( a1 ) , aO g et rastport 
add r e s s  

l e a  imag e 1 , a1 

m o v e . !  # 0 , d O n o  additional  
offset s  

m o v e . !  # O , d 1 

C A L L S Y S  D r aw l m ag e , _  I n t u i t i o n B a s e  

N o t i c e  i n c i d e n tal ly h o w  i n d i rect  a d d r e s s i ng w i t h  d i s p l a c e m e n t  i s  
used  t o  get t h e  w ind ow's rastport  address .  

Colour Map Creation 

T h i s  is  a t o p i c  that  h a s  b e e n  we l l  c ove r e d  by a l m o s t  a l l  A m i g a  
maga z i n e s  and refe r e n c e  books .  A co lou r m a p  i s  a s u i tably s i z e d  
array o f  wo rds where  t h e  lowe r 1 2  b i t s  of  e a c h  e ntry represe nts  t h e  
Re d ,  G r e e n ,  and B l u e  (RGB)  c o l o u r  c o m p o n e n t s  o f  a g i v e n  c o l o u r  
regi s ter .  Example  C H l  5 - 1 . s i s  g o i n g  to u s e  a 3 b i tp lane  s c r e e n  a n d  
so i t  n e e d s  2 to t h e  p o w e r  3 ( i e  8 )  e n tr i e s  i n  i ts tab l e .  Each  R G B  
c o l o u r  i t e m  c a n  r a n g e  f r o m  0 h e x  t o  F h e x  a n d  s o  a n  e n t r y  
corre s p o n d i n g  to $ 0000 wou ld b e  b l ac k, $0FFF  wou l d  b e  w h i t e ,  a n d  
so  o n .  The d e fi n i t i o n  you ' l l  fi nd i n  m y  sou rce looks l i ke t h i s :  

c o l o u r_t a b l e  

d c . w  $ 0 0 0 0  B LACK 

d c . w  $ 0 8 8 8  G R E Y  

d c . w  $ 0 F F F  WH I T E  

d c . w  $ 0 F O O  R E D  

d c . w  $ 0 0 F O  G R E E N  

d c . w  $ 0 0 0 F  B L U E  

d c . w  $ 0 F F O  Y E LL OW 

d c . w  $ 0 F O F  MAUV E  

c o lo u r  t ab le S I Z E O F  E QU * - c o lo u r  t ab l e  - -

( ba c k g round ) 
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To a s k  t h e  s y s te m to u s e s u c h  a m a p  w i t h  a p a rt i c u l a r  s c r e e n  
requ i r e s  t h e  u s e  o f  a graphics  rou t i n e  ca l l ed  Load RGB() .  T o  u se t h i s  
c a l l  t h e  s c r e e n 's v i e w p o r t  a d d r e s s  h a s  to  be  r e t r i e v e d  f r o m  t h e  
screen s t ructure t h a t  I n tu i t i o n  s e ts u p. Load RGB()  a l s o  expects  t h e  
address  of  t h e  co lour  m a p  to be  i n  reg is ter  a l ,  a n d  t h e  c o l o u r  map 
s i z e  in d O .  H e re 's  some code wh ich pe r forms t h e  neces sary magi c :  

LOAD COLOURS a d d . 1 £s c_Viewp o rt , dO s c r een_p a lr ea dy in 
dO 

m o v e . 1  dO , aO v i ewp o r t  a d d r e s s  now 
in a o  

l e a  c o l o u r_ta b le ,  a 1  p o i n t e r  t o  c o l o u r  map 

m o v e . w  £ c o l o u r_t a b l e_SIZEO F , d0 c o l o u r  map size 

CAL LSYS L o a dRGB , _GfxBase 

The c o l o u r  i n d i re c t i o n  s c h e m e  used on  the  Amiga means that  we 
wo r k  n o t  with a b s o l u t e  c o l o u rs b u t  wi th  c o l o u r  regi s t e rs .  W i t h  a 
give n co lour  map d e fi n i t ion  howeve r i t  i s  u s e fu l  to d e fi n e  EQUate 
values  which re late  to the  co lours  h e l d  i n  each r egi s t e r  and in my 
program yo u ' l l  f ind that  I 've i n c l u d e d t h e s e  d e fi n i t i o n s  n e a r  t h e  
start :  

B LA C K E Q U  0 

G R E Y  E Q U  

WH I T E  E Q U  2 

R E D  E Q U  3 

G R E E N E QU 4 

B L U E  E Q U  5 

Y E L L OW E Q U  6 

MAU V E  E Q U  7 

The othe r changes from the  C hapter  1 4  exa m p l e  are  m i n o r .  A new 
var iab l e ,  _G fxBas e ,  has been d e fi n e d  to sto re t h e  gra p h i c s  l i b ra ry 
po inter ,  an a d d i t iona l  l n tu i text i tem has b e e n  ad d e d ,  s o m e  c hanges 
to part icu lar  pen n u mb e rs have been made and extra LYO valu e s  for 
the  new fu nct ion ca l l s  are in p lace .  Of course  the i mage- re lated data 
has b e e n  a d d e d  at the end of  the exam p l e  g iven  in the p rev ious  
chapter .  

I n  fact  t h e  on ly  new p rogramm i ng i s s u e  t o  contend wi th  c o nc e rns 
the  i mage data i t s e l f  be cau s e  o n  the Amiga image data n e e d s  to be  
p l aced i n  c h i p  memory,  so that  i t  can  be accessed by the  custom 
ch ips .  W i t h  progra ms wh ich  a r e  to  c o n s i s t  of  a s i ng le  source  fi l e ,  
two opt i o n s  a r e  avai lab I e .  F i rs t ly ,  you c a n  ge n e rate 1 i n  kab l e  code 
and t h e n  ask t h e  l i nke r  to  e n sure  that  the  whole program goes  into 
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ch ip  memory.  Beari ng  i n  mind  earl i e r  remarks about c h i p  me mory 
as a prec ious  resource this is not usua l ly  a good i dea.  Secondly,  a 
section d i re c t ive can b e  u s e d  wi t h i n  t h e  s ou rc e  p rogram so t hat 
data i s  marke d  as c h i p  data.  T h i s  i s  the approach u s e d  with t h e  
examp l e s  i n  t h i s  c hapter  a n d  i n  the  n ext exam p l e  y o u 'l l s e e  t h e  
d i re ct ive written l i ke t h i s :  

SECTION IMAGE , DATA_C 

ImageDatal 

d c . w  $0000 , $0000 , £0000 , $0000 , $0000 , $0000 , $0 1 FF , $0000 

d c . w  $0000 , $0000 , £0000 , $0000 , $0000 , $0000 , $0000 , $0000 

d c . w  $ 1 F FC , $0000 , £0000 , $0000 , $0000 , $0FFF , $E000 , $0000 

d c . w  $0000 , $0000 , £0000 , $0000 , $0000 , $0000 , $0001 , $ FFFF 

N o t e  that  I 've d e l i b e ra t e ly  s t e e r e d  c l e a r  of  s e c t i o n  i s s u e s  a n d  
mu l t i p l e-mod u l e  p rograms w i t h i n  t h i s  b o o k. F o r  t h o s e  w h o  want 
the fu l l  g o ry d e ta i l s  y o u r a s s e mb l e r  m a n u a l s  w i l l  p ro v i d e  t h e  
nece ssary deta i l s .  

Anyway that's qu i t e  e n ough of  the  tech ie  stuff for th e mo ment. N o w  
that the addi t ions  have b e e n  d e a l t  with ,  h e re 's t h e  s o u rc e  code  for 
the program I 've b e e n  d i scuss ing :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example CH 1 5 - 1 . s  

* - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

some system include files . . .  

inc lude exec / types . i  

include exec / libraries . i  

include exec / exec_lib . i  

include intuition / intuition . i  

inc lude intuition / screens . i  

* - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - -- -- - - - - - - - - - - - - - - -- - - - - - - - -

a macro to extend LINKLIB and  thu s  avoid the explicit use of 

the _LVO prefixes in the function names . . .  

CALLSYS MACRO 

LINKLIB_LV0 \ 1 , \ 2 

E NDM 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; Sy s t em E Q U a t e s  . . .  

Ab s E x ec B a s e  EQU -

_LVOOp enSc r een EQU 

LVOClo s eS c reen EQU -

_LVOOp enWin dow EQU 

LVOCl o s eWindow EQU 

LVO LoadRGB EQU -

LVO P r in t I Text EQU -

LVODr awBo r d e r  E Q U  

_LVODraw image  EQU  

; Colour  m a p  EQUates  . . .  

4 

- 1 98 

- 66 

- 204 

- 72 

- 1 92 

- 2 1 6  

- 1 08 

- 1 1 4 

B LACK EQU 0 

G R E Y  

WHITE 

R E D  

GRE E N  

BLUE  

Y E L LOW 

MAUVE 

; S c reen E Q U a t e s  . .  

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

EQU 

2 

3 

4 

5 

6 

7 

SCRE E NWIDTH EQU 320 

S C R E E N H E IGHT EQU 256 

D E PTH EQU 3 

; G e n e r a l  EQUates . . .  

N u l l  EQU 0 

T r u e  E Q U  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main p ro g ram c o d e  . . .  

move . 1  _Ab s E x e c B a se , _S y s B a se 

lea 

moveq 

intuition_name , a 1 

#0 , dO 

s t o r e  E x e c  lib r a ry b a s e  

lib r a r y  n a m e  s t a rt  in  a 1  

a n y  v e r s i o n  will d o  



CALLSYS 

move . !  

beq  

lea 

moveq 

CALLSYS 

move . !  

beq  

Op enLib r a r y , _S y s B a s e  

do , _  I n tuitio n B a s e  

E X I T  

g r a p h i c s_name , a 1 

#0 , dO 

Op enLib r a r y , _S y s B a s e  

dO , _GfxBa s e  

C LOSE_I NTU I T IO N  
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m a c r o  ( s ee text f o r  
details)  

store  returned value  

test result f o r  success 

l i b r a ry name start in a 1  

a n y  v e r s i o n  will d o  

m a c r o  ( see  text f o r  
d e t a i l s )  

s t o r e  r e t u r n e d  v a lu e  

t e s t  r e s u l t  f o r  s u c c e s s  

O P E N  SCR E E N  lea n ew_sc reen , ao n ew sc reen b a s e  a d d ress 

CALLSYS OpenSc reen , _I nt u itionBa s e  

m o v e . !  dO , s c reen_p 

b e q  C LOSE GRAPH ICS 

LOAD COLOURS a d d . l  # s c_View P o r t , dO s c reen_p a l r e a d y  i n  dO 

O P E N_WI NDOW 

P R I NT !TEXT 

m o v e . !  dO , a O v iewp o r t  a dd r e s s  n ow i n  a o  

l e a  c o lo u r_t a b le , a 1  p o inter  to c o lo u r  map  

m o v e . w  # c o l o u r_t a b l e_S IZEOF , dO c o lo u r  m a p  size 

CALLSYS Lo ad RGB , _Gfx B a s e  

l e a  new_window , ao n ew_win d ow b a s e  a d d r e s s  

m o v e . !  s c reen_p , nw_Sc r e e n ( aO)  s et s c reen 
p oi n t e r  

CALLSYS Op enWindow , _  I nt u itionBa s e  

m o v e . !  dO , win dow_p 

b e q  C LOSE SCR E E N  

m o v e . !  wind ow_p , a 1 g e t  wind ow a d d r e s s 

m o v e . !  wd_R P o r t ( a 1 ) , a O g e t  r a s t p o r t  a d d r e s s  

l e a  int uitex t 1 , a 1  

m o v e . !  #0 , dO n o  a ddition a l  off s et s  

mo v e . !  #O , d 1 

CAL LSYS P r in t I Tex t , _  I n t u it i o n B a s e  

P R I N T  BORDE R m o v e . l  wind ow_p , a 1 g e t  window a d d r e s s  
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m o v e . l  wd_R P o rt ( a 1 ) , aO get  r a s t p o r t  a d d r e s s  

l e a  b o r d e r 1 , a 1 

m ov e . l  #0 , dO 

m o v e . l  #O , d 1 

no additional  o f f s et s 

CALLSYS DrawBo rd e r , _I nt u itionB a s e  

DRAW I MAGE m ov e . l  wind ow_p , a 1 get  window a d d r e s s  

m o v e . l  wd_R P o rt ( a 1 } , aO get  rastport a d d r e s s  

lea  im a g e 1  , a 1 

m ov e . l  #0 , dO no additional  o f f s e t s  

m ov e . l  #O , d 1 

CALLSYS Draw i m a g e , _ I n t u ition B a s e  

S LE E P  m ov e . l  wind ow_p , aO window b a s e  add r e s s  

move . l  wd_U s e r P o rt ( a O )  , a2 u s e r  p o rt 

j s r  Wa itFo r E x itMe s s a g e  

CLOSE -WI NDOW m ov e .  l wind ow_p , aO 

CAL LSYS C l o s eWindow , _  I n t uitionBase  

-

CLOSE_SCRE E N m o v e . l  sc reen_p , aO 

CALLSYS C l o s eSc r een , _I n t u i t i o n B a s e  

; n o w  c l o s e  t h e  l i b r a r i e s  a n d  quit . . .  

CLOSE GRAP H ICS move . l  _GfxBa s e , a 1 b a s e  needed  in a 1  

CAL LSYS C l o s e L ib r a ry , _S y s B a s e  

CLOSE I NTU ITION  move . l  _ I n t u i t i o n B a s e , a 1 base  n ee d ed in  
a1  

CAL LSYS C l o s e L ib r a ry , _S y s B a s e  

E X I T  c l r . l  dO 

r t s  l o g i c a l  e n d  o f  p ro g ram 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Funct ion name : Wa i t Fo rE x itMe s s a g e ( )  

P u rp o s e : Wa it u n t i l  u s e r  h i t s  window ' s  c l o s e  g a d g e t  

I n p u t  P a r amet e r s : Ad d r e s s  o f  I D C M P  u se r · p o r t  s h o u ld b e  in  a2 . 
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Output  p a r am e t e r s : N o n e  

R e g i s t e r  U s a g e : aO : U s ed by Wai t P o rt ( )  a n d  GetM s g ( )  

a 1 : U s ed by R e p ly M s g ( )  

O t h e r  N o te s : 

a 2 : H o ld s  u s e r - p o r t  a d d r e s s  

dO : U s ed by Wait P o rt ( )  a n d  GetM s g ( )  

d 1 : U n u s e d  b u t  p o s sibly  a lt e r ed by s y s t em 
f u n c t i o n s  

d2 : U s ed a s  a n  e x i t  f l a g  ( quit w h e n  n o n 
zero ) 

A l l  r e g i s t e r s  a r e  p r e s e rv e d  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wait F o r E x i tM e s s a g e  m o vem . l  dO - d2 / aO - a2 , - ( sp )  p re s e rv e  
r e g i s t e r s  

c l r . l  d2 c l e a r  exit f l a g  

Wait F o r E xitMe s s a ge2 m o v e . !  a 2 , a0 p o rt a d d r e s s  

CALLSYS Wait P o rt , _S y s B a s e  

j s r GetMe s s a g e  

cmpi . l  # T RU E , d2 exit f l a g  s et? 

b n e  Wait F o r E x itMe s s a ge 2  

m o v em . l  ( sp ) + , d0 - d2 / a0 - a 2 r e s t o r e  
r e g i s t e r s  

r t s  lo gica l e n d  o f  r o u ti n e  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetM e s s a g e  m o v e . ! a 2 , a0 g e t  p o r t  a d d r e s s  

GetMsg , _Sy s B a s e  g e t  t h e  m e s s a g e  

dO 

G etMe s s a g e E xit d i d  it e x i s t? 

dO , a 1  c o p y  p oint e r  t o  

CAL LSYS 

t s t . l  

b e q  

mov e . ! 

cmpi . l # C LOSEWI NDOW , im_C l a s s ( a 1 ) 

b n e  GetM e s s a g e 1  

in a o  

a 1  

m o v e  . 1  #TRUE , d2 u s er  h it c l o s e  g a d get 

GetMes s a g e 1  CAL LSYS R e p ly M s g  , _S y s Ba s e  

b r a  

GetMes s a g e E x it 

GetMe s s a g e c h e c k  f o r  m o r e  m e s s a g e s  

r t s  d 2  h o l d s  e x i t  f la g  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; v a ri a b l e s  a n d  s t a tic d a t a  . . .  
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ds . l  

ds . 1 1 

ds . l  

d s . l  

d s . l  

Gfx B a s e  

I ntuitionB a s e  

_Sy sBase  

s c r een_p 

window_p 

intuition_name 

g raphics_name 

d c . b  ' in tuition . library ' , O  

d c . b  ' g raphic s . lib rary ' , o  

c n op 0 , 2  

n ew_sc r een 

dc . w  o , o  sc reen t o p  left 

dc . w  C R E E NWIDTH , SC R E E N H E IGHT sc reen width a n d  

dc . w  D E P TH bitplane depth 

dc . b  WHITE , GR E Y  detail  a n d  b l o c k  

height 

p e n s  

dc . w  0 n o  s p e c i a l  v i ew m o d e s  

dc . w  C USTOMS C R E E N  sc reen type 

dc . l  N U L L  n o  s p e c i a l  f o n t  

dc . l  N U L L  n o  t i t le 

dc . l  N U L L  n o  g adget s 

dc . l  N U L L  n o  c u s t o m  b itmap 

c n op 0 , 2  

n ew_wind ow 

dc . w  o , o  wind ow XV o rigin 

dc . w  SCR E E NWIDTH , SC R E E NHE IGHT width and  height 

dc . b  WHI TE , G R E Y  d e t a i l  a n d  b l o c k  p e n s  

dc . l  C LOSEWI NDOW IDCMP f lag s 

dc . l  SMART R E FR ESH+WINDOWC LOSE+ RMBTRAP window f lags  

dc . l  N U L L  n o  g ad g e t s  

dc . l  N U L L  no C H E CKMAR K im a g e ry 

dc . l  N ewWind owN ame wind ow t i t l e  

dc . l  N U L L  sc reen s e t  a t  r u n - time 

dc . l  N U L L  no c u s t o m  b itmap 

dc . w  o , o  minimum width and  height 

dc . w  o , o  maximum width and  height 

dc . w  CUSTOMS C R E E N  s c re en type 

NewWindowName 

dc . b  ' Sc r een - Sized Win dow I n  C u s t o m  S c r e en ' , o  



c n op 0 , 2  

c o l o u r_t a b le 

dc . w  $0000 

dc . w  $0888 

dc . w  $0FFF 

dc . w  $0 FOO 

dc . w  $00FO 

dc . w  $000F 

dc . w  $0FFO 

dc . w  $0FOF 
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BLACK ( b a c k g r o u n d )  

G R E Y  

WHITE  

RED 

G R E E N  

BLUE 

YE LLOW 

MAUVE 

c o l o u r  t a b le S I ZEOF EQU  * · c o l o u r  t a b le - -

cn op 0 , 2  

b o r d e r 1  

dc . w  35 - 2 , 20 - 2  

dc . b  WH ITE , N U L L , R P_JAM1 

dc . b  5 

dc . l  BorderVec t o r s 1  

dc . l  N U L L  

BorderVect o r s 1  

dc . w  O , O  

dc . w  250 , 0  

dc . w  25 0 , 1 0  

dc . w  0 , 1 0  

d c . w  O , O  

intuitex t 1  

dc . b  

dc . w  

d c . l  

d c . l  

d c . l  

ITextTex t 1  

WH ITE , N UL L , R P_JAM2 , 0  

35 , 20 

N U L L  

ITextText 1 

intuitext2 

XY o rigin 

f ro n t  & back pens a n d  
d r awmode 

n u m b er of  XY v e c t o r s  

p o in t e r  to X Y  v e c t o r s  

n o  nex t  b o r d e r  

pen s , d r awm ode a n d  f ill 
byte 

XY o rigin 

default f o n t  

t e x t  p o i n t e r  

next  I n t uiTex t s t ru c t u re 

d c . b  ' B o rder d r awn u s ing O rawBo rder ( ) ' , O  

c n op 0 , 2  

intu itext2 
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dc . b  

dc . w  

dc . l  

dc . l  

dc . l  

ITextText2 

BLUE , NU L L , R P_JAM2 , 0  

3 5 , 40 

N U L L  

ITextText2 

intuitext3 

pen s , d r awm o d e  and f i l l  
byte 

XV origin 

default font 

text pointer  

next I n t u iText s t r u c t u r e  

dc . b  ' Text written u sing  P ri n t I Text ( ) '  , O  

cnop 0 , 2  

intuitext3 

dc . b  V E L LOW , N U L L , R P_JAM2 , 0  pen s , drawm o d e  a nd f i l l  
byte 

dc . w  35 , 60 XV o rigin 

dc . l  N U L L  default f o n t  

dc . l  I TextText3 text p o i n t e r  

dc . l  intuitext4 next s t r u c t u r e  

ITextText3 

dc . b  ' Im a g e  d r awn u s i n g  D r aw l m a ge ( ) ' , O  

cnop 0 , 2  

intuitext4 

dc . b  

dc . w  

dc . l  

dc . l  

dc . l  

I TextText4 

MAUVE , N U LL , R P_JAM2 , 0  

35 , 80 

N U L L  

ITextText4 

N U L L  

pen s , d rawm o d e  a n d  f i l l  
byte 

XV o rigin 

default  f on t  

text p o i n t e r  

no next  s t r u c t u r e  

de . b ' J u s t  H i t  C LOSE  g a d g et t o  quit ! ' ,  0 

cnop 0 , 2  

image1 

dc . w  

dc . w  

dc . w  

dc . l  

dc . b  

dc . l  

4 4 , 1 00 

232 , 88 

3 

I m a g e D a t a 1  

$0007 , $0000 

N U L L  

SE CTION  I MAGE , DATA_C 

XV o rigin 

im a g e  width a n d  height 

depth 

im a g e  d a t a  

p lane c o n f i g u r a t i o n s  

no next  image 



A Complete Intuition Example 

ImageData1  

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0 1 FF , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $000 0 , $0000 , $0000 

dc . w  $ 1 FFC , $0000 , $0000 , $0000 , $0000 , $0 FF F , $E000 , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $000 0 , $0001 , $F F F F  

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0002 , $0000 , $4000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 

d c . w  $000 0 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

An Alternative Exit 

The next stage in  o u r  exper iments  i s  to  re-wr i te th is  f i rst  program 
so  that  i t  u s e s  a m e n u style  quit opt i o n  rath e r  than the  system's 
c lose  gadget .  

To do th is  we h ave to c reate a m e n u  stru ctu re  a n d  a d d  i t  to o u r  
ex i s t i n g c o d e .  I 've  o p t e d  fo r t h e  s i m p l e s t  e xa m p l e  p o s s i b l e ,  o n e  
menu w i t h  a s i ngle  men u i t e m  i n  i t ,  and the  data i t se l f, wh ich  has 
been set u p  u s i n g the structu res d i scu s s ed in the last  chapter ,  looks 
l i ke t h i s :  

M e n u 1  

d c . l  N U L L  n e xt m e n u  

d c . w  o , o  X Y  o r i g in 

d c . w  7 0 , 1 0  h i t  b o x  w i d t h  an d h e i g h t  

d c . w  M E N U  E N A B L E D  f lag s 

d c . l  M e n u N a m e  n am e  

d c . l  M e n u l t em 1  m e n u  i t e m s  

d c . w  o , o , o , o  

M e n u  N a m e  

d c . b  ' P r o j e c t ' , o  

c n o p  0 , 2  
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N U L L  

o , o  

n o  n e x t  m e n u  i t em 

XY o r i g i n  

M e n u i t em 1  

d e . I  

d c . w  

d c . w  

d c . w  

d e . I  

d e . I  

d e . I  

d c . b  

4 0 , 8  width  an d  h e i g ht 

I T EM T EXT+ I T EM E NAB L ED + H IGHCOMP  f lag s 

0 

M e n u 1 T e x t 1  

N U L L  

N U L L  

d c . b  N U L L  

d e . I  

d c . w  

M e n u 1 T e x t 1 

N U L L  

M E N U N U L L  

i n t u i t e x t  t o  b e  r e n d e r e d  

n o  s u b - i t em s  

d c . b  R E D , GR E Y , R P_COMP L E M E N T , O  p en s ,  d r awm o d e  and  
f i l l  b y t e 

d c . w  

d e . I  

d e . I  

d c . l  

o , o  

N U L L  

M e n u I T e x t T e x t 1  

N U L L  

M e n u I Te x t Text 1 

d c . b  ' Qu it ' , O 

X Y  o r i g in 

d e f a u l t  f on t  

t ex t  

n o  n e xt s t ru c t u r e  

Having created the  approp riate stru ctures  we n e e d  t o  t e l l  I ntu i t ion  
to  u s e  t h e  m e n u .  T h i s  i s  d o n e  u s i n g t h e  S e t M e n u S t r i p ( )  a n d  
C l e a r M e n uS t r i p ( )  fu n c t i o n s  d e s c r i b e d  i n  t h e  l a s t  chap t e r  a n d ,  as  
with so many o f  these  system fu nct ions ,  the code  i s  t r iv ia l ly  s imple  
o n c e  you 've got  the hang o f  l i b rary ca l l  use .  Load the parameters  
needed by the fu nct i o n ,  and then use  the CALLSYS mac ro .  

S i n c e  s e t t in g t h e  menu i s  the  last  job t h e  p rogram d o e s  b e fo r e  
wa i t i ng t o  q u i t ,  re moving t h e  m e n u  n e e d s  to be  t h e  fi rst  j o b  to be  
done  d u r i n g program s h u td own . H e r e ' s  the  code  frag m e n t  y o u ' l l  
f ind i n  t h e  Example  C H l S - 2 . s  sourc e :  

A D D  M E N U  m o v e . l  w i n d ow_p , aO 

S L E E P  

l e a  M e n u 1 , a1 

C A L L S Y S  S e t M e n u S t r i p , _ I n t u it i o n B a s e  

m o v e . l  w i n d ow_p , aO w in d ow b a s e  a d d r e s s  

m o v e . l  wd_U s e r P o rt ( aO ) , a2 u s e r  p o r t  

j s r Wa i t F o r M e n uM e s s ag e  
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R EMOVE_MENU move . I  window_p , aO 

CALLSYS ClearMenuSt rip , _Intuit ionBase 

A few o t h e r  c hanges  have b e e n  made to t h e  c o d e  fro m the fi r s t  
exampl e .  T o  s tart  w i t h  I 've removed t h e  W I N DOWCLOSE flag from 
t h e  F lags fi e l d  o f  t h e  N ewWi n d o w  s t r u c t u r e ,  e ffe c t iv e l y  t e l l i ng 
I ntu i t ion  that  I no  l onger wan t  a system window close gadget i n  t h e  
wi ndow. The  CLOSEWIN DOW flag h a s  b e e n  removed from t h e  I D C M P  
fi e l d .  Obvious ly  w e  w i l l  n o t  g e t  a ny of  these  messages becau s e  t h e  
c lose  gadget  i s  no  l o nger  p r e s e n t  i n  t h e  window.  

T h e  W a i t F o r E x i t M e s s a g e ( )  r o u t i n e  h a s  b e e n  r e n a m e d  
W a i t F o r M e n u M e s s a g e ( )  a n d  w h e r e  p re v i o u s l y  w e  c h e c k e d  f o r  
m e s s a g e s  o f  c l a s s  C LO S EW I N D OW w e  n o w  c h e c k  i n s t e a d  f o r 
messages o f  c lass  MENUPICK.  I nt u i t i o n  makes th i s  extre mely e asy 
t o  d o  a n d  c o d e w i s e  a l l  t h a t  i s  n e c e s s a ry i s  to c h a n g e  t h e  
compar i s o n :  

cmpi . l  

to :  

cmpi . l 

#C LOSEWI N DOW , im_Class ( a1 )  

#MEN U P I C K , im_Cla s s ( a1 ) 

Take n i n  i s o l a t i o n  n o n e  o f  t h e  a b o v e  m e n t i o n e d  c h a n g e s a r e  
p a r t i c u l a r l y  d i f f i c u l t  b u t ,  w i t h  I n t u i t i o n ' s  h e l p ,  w e  h a v e  
neverth e l e s s  b e e n  a b l e  t o  c o m p l e t e l y  c h ange t h e  ex i t  proc e d u r e .  
Here 's  a l i s t i ng o f  t h e  rev ised  c o d e  to  exami n e :  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* Example CH1 5 · 2 . s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

some system inc lude files . . .  

include exec / types . i  

inc lude exec / libraries . i  

include exec / exec_lib . i  

include intuition/ intuition . i  

include intuition/ screens . i  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

a macro t o  extend LINKLIB and t h u s  avoid t h e  explicit 

use of the _LVO prefixes in the function names . 

CALLSYS MACRO 

LINKLIB _LV0 \ 1 , \ 2 

ENDM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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; System EQUates . . .  

_Ab sExecBase EQU 4 

_LVOOpenScreen EQU - 1 98 

_LVOCloseScreen EQU - 66 

_LVOOpenWindow EQU - 204 

_LVOCloseWindow EQU - 72 

LVOLoadRGB EQU - 1 92 

LVOPrintIText EQU - 2 1 6  

_LVODrawBorder EQU - 1 08 

_LVODrawimage EQU - 1 1 4 

_LVOSetMenuStrip EQU - 264 

_LVOClea rMenuStrip EQU - 54 

; Colour map EQUates . . .  

B LACK EQU 0 

GREY EQU 1 

WHITE EQU 2 

RED EQU 3 

GRE E N  EQU 4 

BLUE EQU 5 

YELLOW EQU 6 

MAUVE EQU 7 

; Sc reen EQUates . . .  

SCRE ENWIDTH EQU 320 

SCREENHE IGHT EQU 256 

DEPTH EQU 3 

; General EQUates . . .  

NULL EQU 0 

TRUE EQU 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

main program cod e .  

move . l  _AbsExecBase ,_SysBase 

lea intuition_name , a1 

moveq #0 , dO 

CALLSYS Openlibrary , _SysBase 

move . l  dO , _IntuitionBase 

store Exec libra ry base 

library name start in a1  

any version will do 

macro ( see text for 
details)  

store returned value 
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beq EXIT test result for success 

library name start in a 1  

any version will do 

macro ( see text for  
details)  

lea graphics_nam e , a1 

moveq #0 , dO 

CALLSYS Openlibrary , _SysBase 

move . l  dO , _GfxBase store returned value 

test result for success beq CLOSE_INTUITION 

OPEN_SCREE N  lea new_sc reen , aO new sc reen base address 

CALLSYS OpenScreen , _IntuitionBase 

move . l  

beq 

dO , screen_p 

CLOSE_GRAPHICS 

LOAD_COLOURS add . l  

move . l  

lea 

mov e . w  

#sc_ViewPort , dO screen_p a lready i n  dO 

dO , aO viewport address now in ao 

colour_table , a1 pointer to colour map 

#colour_table_SIZEOF , dO colour map size 

CALLSYS LoadRGB , _GfxBase 

OPEN_WINDOW lea new_window , ao new_window base address 

move . I  screen_p , nw_Screen ( aO)  set screen 
pointer 

CALLSYS OpenWindow , _IntuitionBase 

move . 1  dO , window_p 

beq CLOSE SCREEN  

PRINT !TEXT mov e .  I window_p , a 1  get window address 

move . I  wd_R Port ( a1 ) , aO get rastport address 

lea intuitex t 1 , a 1 

move . I  #0 , dO 

move . I  #O , d 1  

n o  additional off sets 

CALLSYS Print ITex t , _IntuitionBase 

PRINT_BORDER move . l  window_p , a 1 get window address 

DRAW IMAGE 

move . I  wd_R Port ( a1 ) , aO get rastport address 

lea border1 , a 1 

move . I  #0 , dO no additional offsets 

move . I  #O , d 1 

CALLSYS 

mov e . I 

move . I 

lea 

DrawBorder , _IntuitionBase 

window_p , a1 get window address 

wd_R Port ( a1 ) , aO get ra stport address 

image1 , a 1 



I 
Mastering Amlga Assembler 

move . l  #0 , dO 

#O , d 1 

no additional offsets 

ADD_MENU 

move . l  

CALLSYS Drawimage , _IntuitionBase 

move . l  

lea Menu 1 , a1 

window_p , aO 

CALLSYS SetMenuStrip , _IntuitionBase 

SLEEP  move . l  window_p , aO window base address 

move . l  wd_U serPort ( aO) , a2 user port 

j sr WaitForMenuMessage 

REMOVE MENU move . 1  window_p , ao 

CALLSYS Clea rMenuSt rip , _IntuitionBase 

CLOSE_WINDOWmove . 1  window_p , aO 

CALLSYS CloseWindow ,_IntuitionBase 

CLOSE_SCREEN move .1  screen_p , ao 

CALLSYS CloseScreen ,_IntuitionBase 

; now close the libraries and quit . . .  

CLOSE_GRAPHICS move . l  _GfxBa se , a 1  base needed in a1  

CALLSYS Closelibrary , _SysBase 

CLOSE_ INTUITION move . l  _I ntuitionBase , a 1  base needed 
in a 1  

CALLSYS Closelibrary , _SysBase 

EXIT clr . l  dO 

rts logical  end of program 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Function name : 

Purpos e :  

Input Parameters :  

Wa itForMenuMessage ( )  

Wait until user selects  quit from menu 

Ad dress of IDCMP user - port should be in a2 . 

Output paramete r s :  None 

Register Usage : 

Other Notes : 

ao : Used by Wai tPort ( )  and GetMsg ( )  

a 1 : Used by Rep lyMsg ( )  

a2 : Holds user- port address 

dO : Used by WaitPort ( )  and GetMsg ( )  

d 1 : Unused but po ssibly altered by system 
functions 

d2 : Used a s  an exit flag ( quit when non
zero ) 

All registers are  preserved 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

WaitForMen uMessage movem . l  dO - d2 / aO - a2 , - ( sp )  preserve 
registers 

clr . l  d2 clear ex it flag 

WaitForExitMessage2 move . l  a2 , a0 port address 

CALLSYS WaitPort ,_SysBase 

j s r  GetMessage 

cmpi . l  #TRUE , d2 exit f lag set? 

bne Wait ForE xitMessage2 

movem . l  ( sp ) + , d0 - d2 / a0 - a2 restore 
registers 

rts  logical end of routine 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetMes sage 

GetMessage1 

GetMessageExit 

move . l  

CALLSYS 

tst . l  

beq 

move . l  

cmpi . l  

bne 

move . l  

CALLSYS 

bra 

rts  

a2 , a0 get port address in 
ao 

GetMsg , _SysBase get the 
message 

dO 

GetMessageExit did it exist? 

d0 , a 1 copy pointer to a1 

#ME NUPICK, im_Cla ss ( a 1 ) 

GetMes sage1 

#TRUE , d2 menu was used 

ReplyMsg , _SysBase 

GetMessage check for more 
messages 

d2 holds exit flag 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; variables a n d  static data . . .  

_GfxBase ds . l  

ds . l  

ds . l  

ds . l  

ds . l  

1 

1 

1 

1 

IntuitionBase 

_Sy sBase 

screen_p 

window_p 

intuition_name 

graphics_name 

dc . b  ' intuition . library ' , o  

dc . b  ' g raphic s . library ' , o  

cnop 0 , 2  

new sc reen 

I 
EZl1 



Mastering Amlga Assembler 

dc . w  o , o  sc reen top left 

dc . w  SCR EENWIDTH , SCREENHE IGHT screen width and height 

dc . w  DEPTH bitp lane depth 

dc . b  WHITE , GREY detail and block pens 

dc .w  0 no special view modes 

dc . w  CUSTOMSCREEN screen type 

de . I  NULL no specia l  font 

de . I  NULL no title 

de . I  NULL no gadgets 

de . I  NULL no custom bitmap 

cnop 0 , 2  

new_window 

dc .w  o , o  window XV origin 

dc .w  SCREENWIDTH , SCREENHE IGHT width and  height 

dc . b  WHITE , GREY detail and block pens 

de . I  MENUPICK IDCMP flags 

de . I  SMART RE FRESH window f lags 

de . I  NULL no gadgets 

de . I  NULL no CHECKMARK imagery 

de . I  NewWindowName window title 

de . I  NULL screen set at run- time 

de . I  NULL no custom bitmap 

dc . w  o , o  minimum width and height 

dc . w  o , o  maximum width and height 

dc .w  CUSTOMSCREEN screen type 

NewWindowName 

dc . b  ' * * * Select window to ac tivate menu * * * ' , o  

cnop 0 , 2  

colour table 

dc .w  $0000 BLACK ( b a ckground)  

dc .w  $0888 GREY 

dc . w  $0FFF WHITE 

dc .w  $0FOO RED 

dc . w  $00FO GREEN  

dc .w  $000F BLUE 

dc .w  $0FFO YE LLOW 
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de . w $0FOF MAUVE 

colour_tab le_SIZEOF EQU * - colour_table 

cnop 0 , 2  

border1 

dc . w  

dc . b  

dc . b  

dc . l  

dc . l  

35 - 2 , 20 - 2  

WH ITE , NULL , R P_JAM1 

5 

BorderVectors1  

NULL 

Bor derVector s 1  

dc . w  

dc . w  

dc . w  

dc . w  

dc .w  

intuitext1 

dc . b  

dc . w  

dc . l  

dc . l  

dc . l  

ITextText1 

o , o  
250 , 0  

250 ' 1 0  

o ,  1 0  

o , o  

WHITE , NULL , RP_JAM2 , 0  

35 , 20 

NULL 

ITextText 1  

intuitext2 

XV origin 

front & back pens and 
drawmode 

number of XV vectors 

pointer to XV vectors 

no  next border 

pens , drawmode and fill 
byte 

XV origin 

default font 

text pointer 

next IntuiText structure 

dc . b  ' Border drawn us ing DrawBo rder ( ) ' , o  
cnop 0 , 2  

intuitext2 

dc . b  BLUE , NULL , RP_JAM2 , 0  pens , drawmode and fill 
byte 

dc . w  35 , 40 XV origin 

dc . l  NULL default font 

dc . l  ITextText2 text pointer 

dc . l  intuitext3 next I ntuiText st ructure 

I 
BI 
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ITextText2 

dc . b  ' Text written using PrintIText ( ) ' , O  

cnop 0 , 2  

intuitext3 

dc . b  VELLOW, NULL , RP_JAM2 , 0  pens , drawmode and fill 
byte 

dc . w  35 , 60 XV origin 

dc . l  NULL default font 

dc . l  ITextText3 text pointer 

dc . l  intuitext4 next st ructure 

ITextText3 

dc . b  ' Image drawn using Drawimage ( ) ' , o  

cnop 0 , 2  

intuitext4 

dc . b  MAUVE , NULL , RP_JAM2 , 0  

dc .w  35 , 80 

dc . l  NULL 

dc . l  ITextText4 

dc . l  NULL 

ITex tText4 

pens , drawmode and fill 
byte 

XV origin 

default font 

text pointer 

no next structure 

dc . b  ' Use menu QUIT to exit ! ' ,o 

cnop 0 , 2  

Menu1 

dc . l  

dc .w  

dc .w  

dc . w  

dc . l  

dc . l  

NULL 

o , o  

70 , 1 0  

MENUENABLED 

MenuName 

Menultem1 

dc .w  o , o , o , o  

next menu 

XV origin 

hit box width and height 

flags 

name 

menu items 



Menu Name 

dc . b  ' P roj ect ' , o  
cnop 0 , 2  

Menultem1 

dc . l  NULL 

A Complete Intuition Example 

no next menu item 

dc . w  O , O  XV origin 

dc . w  40 , 8  width and height 

dc . w  ITEMTEXT+ITEMENABLED+HIGHCOMP flags 

dc . l  o 
dc . l  MenuIText1 

dc . l  NULL 

dc . b  NULL 

dc . b  NULL 

dc . l  NULL 

dc . w  MENUNULL 

MenuIText1 

intuitext to be rendered 

no  sub - items 

dc . b  RED , GREV , RP_COMP LEMENT , O  pens , drawmode and fill 
byte 

dc . w  

dc . l  

dc . l  

dc . l  

o , o  
NULL 

MenuITextText 1  

NULL 

MenuITex tTex t 1  

dc . b  ' Quit ' , o  
cnop 0 , 2  

image1 

dc . w  44 , 1 00 

dc . w  232 , 88 

dc . w  3 

dc . l  ImageData1 

dc . b  $0007 , $0000 

dc . l  NULL 

XV origin 

default font 

text 

no  next structure 

XV origin 

image width and height 

depth 

image data 

plane configu rations 

no next image 
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SECTION I MAGE , DATA_C 

ImageData1 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $01 F F , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000, $0000 

dc . w  $1 FFC , $0000 , $0000 , $0000 , $0000 , $0FFF , $E000 , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000, $0000 , $0001 , $FFFF 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0002 , $0000, $4000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000, $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000, $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000, $0000 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A Minor Snag? 

W h e n  you r u n  t h e  ass e mb l e d  vers i o n  of  Examp l e  C H l S - 2 . s  y o u ' l l 
not i ce  that the  p rogram terminates even i f  you u s e  the  menu b u t  
d e c i d e  n o t  to make a menu s e l ecti o n . The reason stems from t h e  
fact that  i n  t h i s  latter  case I nt u i t i o n  s e n d s  a M EN UP I C K  message 
w h e n ever  a menu i s  u sed regard less of  whether  a se lect ion  i s  made 
or  not .  To f ind out  w h i c h  i t e m s  were  s e l e c t e d  i t 's n e c e s sary t o  
ana lyse  t h e  m e n u  n u m b e r  i n fo rmat i o n  provi d e d  i n  t h e  i m_Co d e  
fie l d  o f  the  i ntu i message. 

In the case of the  s i mpl e menu I 've u sed there is only one i tem a n d  
s o  the  program wi l l  e i t h e r  rece ive t h e  c o d e  correspo n d i n g  to that 
i t e m ,  or  i t  wi l l  re c e ive a MENUN ULL code to i n d i cate that a s e l e c t i o n  
w a s  n o t  mad e .  I 've o p t e d  for j u s t  checking t h a t  t h e  message d o e s  
n o t  have a M EN U N U LL code b e fore sett ing t h e  menu rout in e's ex i t  
flag. I n  other  words t h e  fragmen t :  

c mpi . l  #MENUP I C K , im_Cl as s ( a 1 ) 

b n e  GetM e s s ag e 1  

m o ve . I  #TR U E , d2 u se r  wishes  t o  q u it 

has been a ltered t o :  

c mpi . l  # MEN U P I C K , im_Cl as s ( a 1 ) 

b n e  

c mpi . w  

b e q  

m o ve . I  

GetM e s s ag e 1  

# M E N U N U L L , im_Co d e ( a1 ) 

G et Me s s ag e 1  

#TRU E , d 2 

f a l s e  a larm? 

u s er  wi s h e s  t o  q u it 
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S i n c e  th is  i s  the  o n ly c hange made I ' m  not  go ing to l i s t  the  revis e d  
program ( b u t  y o u  wi l l  f i n d  i t  o n  d i s k  a s  Examp l e C H l S - 3 . s ) .  H e re 
t h o u g h  i s  t h e  rev i s e d  Wai tForM e n u M es s ag e () rou t i n e  s o  that y o u  
can s e e  h o w  t h e  above c hanges f i t  i nto t h e  general  fram e wo rk:  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Function name : 

Purpos e :  

I nput Pa rameter s :  

WaitFo rMenuMessage ( ) 

Wait until user selects quit from menu 

Address of IDCMP user - port should be in 
a2 . 

Output parameters : None 

Register Usag e :  ao : Used b y  WaitPort ( )  and GetMsg ( )  

a 1 : Used by ReplyMs g ( ) 

Other Notes : 

a2 : Holds user- port address 

dO : Used by WaitPort ( )  and GetMsg ( )  

d 1 : Unused but possibly altered by 
system functions 

d2 : Used as an exit flag ( quit when 
non- zero)  

All registers are preserved 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Wait ForMenuMessage movem . l  d0 - d2 / a0 - a2 , - ( sp )  preserve 
registers 

clr . l  d2 clear exit flag 

WaitForExitMessage2 move . l  a2 , a0 port address 

CALLSYS WaitPort , _SysBase 

j sr GetMes sage 

cmpi . l #TRUE , d2 exit flag set? 

bne WaitForExitMessage2 

movem . 1  ( sp ) + , dO - d2 / aO - a2 restore 
registers 

rts logical end of routine 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetMessage move . l  

CALLSYS 

tst . l  

beq  

a2 , a0 get port address in ao 

GetMsg , _SysBa se get the message 

dO 

GetMess ag eExit  did it  exist?  

m ov e . l d 0 , a 1 copy  poin t e r  to  a 1  

cmpi . l #ME N U PI C K , im_Cl as s ( a 1 ) 
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Get M e s s age1  

Get M e s s ageE xit 

bne 

cmpi . w  

beq 

move . l  

CAL LSYS 

bra 

rt s 

GetMessage1 

#MENUNULL , im_Cod e ( a 1 ) 

GetMessage1 false alarm? 

#TRUE , d2 user wishes to quit 

R ep lyMsg , _Sy s Base 

GetMes s ag e  c h e c k  f o r  m o r e  
mes sages 

d2 holds exit f la g  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A Final Excursion 

T h i s  l a s t  examp l e  p u ts o u r  e x i s t i ng e x p e r i m e n ts f i r m l y  i nt o  a n  
I n t u i t i o n  b a s e d  fram e w o r k  by mak i n g  t h i ngs  h a p p e n as  a u s e r  
s e l ects (or  de-se lects )  var ious  gadgets.  

Some o f  the c hanges ,  such as u s i n g  d i ffere n t  text and p o s i t i o n a l  
data i n  the lntuiText structu re s ,  w i l l  b e  e a s i l y  recogn i s e d  as b e i ng 
o f  no s p e ci al s ignif ican c e .  S imi larly the  on ly  not iceable  c hanges i n  
the  early part o f  the  p rogram are that the ca l l s  t o  d i s p l ay b o rd e r  
a n d  i mage data have b e e n  e l i mi nated because  these  o p e rat i o n s  wi l l  
b e  dealt  with  as part o f  the  gadget han d l i ng c o d e .  O n e  ad d i t i o nal  
l i b rary c a l l ,  to  set  the  c o l o u r  of  t h e  p r i mary grap h i c s  p e n ,  was 
needed and the  code for th is  i s  as  fo l l ows : 

SET PEN COLOUR move . l  

move . l  

window_p , a1 get window add ress 

wd_RPort ( a1 ) , a1 get rastport 
address 

move . b  #BLACK, dO 

CALLSYS SetAPen , _GfxBase 

The basic  p rogram framework is therefore s t i l l  very s i mi lar  to t h e  
p revi o u s  exam p l e :  

Open I n t u it ion Library 

Open Graphic s L ib rary 

Open an Int uition Sc reen 

Set up screen ' s  c o lo u r  map 

Open an I n t u it io n  Window 

Add Menu 

Set Pen C o lo u r  

Print some T e xt 

Go t o  s leep u n t i l  u s e r  d o e s  somet h in g  

Remove menu 

C lo s e  Win dow 
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C lose Sc reen 

Clo se Grap h i c s  L ibrary 

Close I n t u it io n  Library 

There are h o wever two areas wi t h i n  th is  framework where t h in gs 
have c hanged qui te  d ramat i ca l ly .  F i rs t ly ,  a c h a i n  o f  three  gadg e t  
def in i t ions  has been s e t  u p  u s ing th e stru cture format o u t l i ne d  i n  
C hapter 1 4 .  The s etti ng u p  of  gadget struc tures i s  just  a matter o f  
fo l l owing t h e  system gu i d e l i ne s .  O n c e  t h e  d e fi n i t i o n s  have b e e n  
created , gett i n g  t h e m  d isp layed i s  easy because I ntu i t ion  d o e s  most 
of  t h e  work - a l l  the p r o g ra m m e r  n e e d s  t o  do is  t o  p l a c e  t h e  
a d d r e s s  o f  t h e  f i rs t  gadg e t  i n  t h e  nw_Fi rstGadget  f i e l d  ( s e e  t h e  
sourc e  l ist ing for d etai l s ) .  

Th e s e c o n d  area where c hanges have occu rred i s  the  e vent  handling 
sect ion  of the  program. The good n ews h e re is that the  i deas are 
s t i l l  bas e d  o n  t h e  m e s sage  c o l l e c t i o n  a p p r o a c h u s e d  w i t h  t h e  
W a i t Fo rExi t M e ssage( )  a n d  W a i t F o r M e n u M e ssage( )  fu n c t i o n s .  T h e  
rou t i n e  has h o we ve r  b e e n  expa n d e d  t o  prov i d e  gadget h a n d l i n g  
fac i l i t i es .  T h e  three gadgets are o f  t h e  Boolea n  o n/off var i e ty a n d  
have Text, Border ,  a n d  I mage l abe l s .  W h e n  a gadget i s  s e l e ct e d  a 
c o rrespo n d i ng I nt u i t i o n  i t e m  gets  d i s p l ay e d ,  when  t h e  gadget i s  
turned o ff t h e  i t e m  i s  removed fro m t h e  screen .  

Th e method I 've  c ho s e n  for  th is  example  i s  as fo l lows:  I store the 
gadget  a d d r e s s  ( r e t r i e v e d  from the i n t u i me s s a g e )  i n  a var i a b l e  
c a l l e d  g a d g e t_ p  t h e n ,  a t  t h e  e n d  o f  a p o s s i b l e  s t r e a m  o f  
i nt u i messages,  I look to see  whe ther  a val i d  address i s  present .  I f  a 
gadget had n o t  been  u sed then  my p o i nter  wou l d  conta i n  i t s  i n i t ia l  
val u e  of  zero.  

He re's the  code for the  u ppermost leve l o f  the  hand l e r: 

MessageHandler mov em . l  

clr . l 

Mess ageHand ler2 clr . l  

mov e . I  

CALLSYS 

j s r 

cmpi . l  

beq 

tst . l  

beq 

j sr 

d0 - d4 / a0 - a2 , - ( sp )  preserve 
registers 

d4 

gadget_p 

clear exit flag 

clear gadget pointer 

a2 , a0 port address 

WaitPort , _SysBase 

GetMessage 

#TRUE , d4 exit f lag set? 

MessageHandler3 

gadget_p was a g adget hit? 

MessageHandler2 

GadgetHandler do gadget 
operations 
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bra 

MessageHandler3 movem . l  

MessageHandler2 

( sp ) + , d0 - d4 / a0 - a2 restore 
reg isters 

rts logical end of routine 

You wi l l  not ice that register a4 i s  now be ing u s e d  as the exit flag. 
T h i s  is because my original  exit- flag register  ( d 2 )  is n e e d e d  by a 
RectFi l l( )  graph i c s  fu nct ion which i s  u s e d  to c lear a d i s pl ay e d  i mage 
from the window. A further extens ion  is that, h avi ng che cked to s e e  
i f  t h e  I D C M P  m e s s age i s  a M E N U PI C K  m e s s age , a fu r t h e r  c h e c k  
n e e d s  t o  b e  i n c l u d e d  f o r  GADGETUP m e s s age s .  I t  i s  h e r e  t h a t ,  
p r ov i d i n g  we 've g o t  t h e  r i g h t  t y p e  o f  m e s s ag e ,  t h a t  t h e  gadget  
address  i s  retrieved and stored i n  the gadget_p variab l e :  

C h e c kGadget s cmpi . l  #GADGETU P , im_Clas s ( a1 )  

bne GetMessage1 

move . I  im_IAdd ress ( a1 ) , gadget_p 
save gadget a d d r e s s  

With  these  fragm e n t s  i n  p l a c e  t h e  s e c o n d  leve l  of  the  m e s s ag e  
hand l i ng rout ine should  s t i l l  be comfortab ly famil i ar :  

GetMes sage 

C h e c kGadget s 

GetMes sage1 

move . I  a2 , a0 get port addres s  in ao 

CAL LSYS GetMs g , _SysBase get t h e  m e s s ag e  

t st . l  dO 

beq GetMes sageExi t d i d  it e x ist? 

move . I  

cmpi . l 

bne 

cmpi . w  

beq 

move . I  

bra 

cmpi . l 

bne 

move . I  

CALLSYS 

bra 

dO , a1 copy pointer t o  a 1  

#ME N U P I C K , im_Cl as s ( a1 )  

Chec kGadgets 

#MENU N U L L , im_C o de ( a1 )  

GetMessage1 

#TRU E , d4 

f a l s e  a larm? 

u s e r  w i s h e s  t o  q u it 

GetMes sage1 

#GADG ETU P , im_C lass ( a1 )  

GetMes sage1 

im_IAddres s ( a1 ) , gadg et_p 
save gadget add r e s s  

R e p lyMsg , _SysBase 

GetMessage c h e c k  for more 
messages 

GetMessageExit rt s d4 h o l d s  exit f lag 
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Y o u w i l l  h a v e  n o t i c e d  f r o m t h e  f i r s t  l e v e l  c o d e  t h a t  a j s r  
GadgetHan d l e r  ca l l  i s  made i f  gadge t_p i s  non-zero .  I f  i t  i s  non-zero 
i t 's  because i t  c o n ta ins  the address  o f  a gad get  p laced there  by t h e  
above c o d e .  I f  you g o  bac k t o  Chapter  1 4  a n d  l o o k  a t  t h e  Gadg e t  
stru c ture  y o u ' l l  s e e  a f i e l d  cal l e d  gg_Gad g e t I D .  I f  you l o o k  at  t h e  
gadget  d e fi n i t i o n s  g iven i n  the  s o u rc e  c o d e  to Exa m p l e  C H l S - 4 . s  
y o u  w i l l  s e e  t h a t  I ' v e  p l a c e d  t h e  v a l u e s  1 ,  2 a n d  3 i n  t h e  
gg_Gad get I D fi e l d s  o f  Gadget l ,  Gadget2 and Gadget 3  respect ively .  

To fi nd o u t  which gadget  has been hit  a l l  we need t o  do,  u s i ng o u r  
n o wadays  fa m i l i a r  s t r u c t u r e  a c c e s s i n g v i a  i n d i re c t  a d d r e s s i n g  
a p p r o a c h ,  i s  t o  i d e n t i fy t h e  g a d g e t  n u m b e r  a n d  t a ke s o m e  
appro priate act i o n .  He re's a fragment  t hat l o o ks for gadget  n u mb e r  
1 a n d ,  i f  fo u n d ,  executes  a text pr int ing  rout i n e :  

gadg et_p , aO GadgetHandler  m o v e . !  

c mp i . w  

bne  

j s r 

rt s 

# 1 , gg_Gadget I D ( aO )  gadget 1 h it ?  

GadgetHandle r 1  

P r intText  

He re 's  the  fragm e n t  wh i c h  checks f o r  t h e  s e c o n d  gad get :  

GadgetHandle r 1  cmpi . w  #2 , gg_Gadget I D ( aO )  

bne  Gad g et Handler2  gadget 2 h i t ?  

j s r D r awB o r d e r  

r t s  

S i n c e  o n ly t h r e e  gadgets a r e  in  u s e ,  a ga dget h i t  wh i c h  turns  o u t  not 
to be gadgets 1 or  2, must  be  gad get  3. So the i d e nt i ty of gadget  3 
d o es n't  need to be c he c ke d :  

Gad g et Handler2  j s r D rawimag e  must  b e  g ad g et 3 

r t s  

Havi ng recognised a gadget h i t,  s tored t h e  gadget  address ,  a n d  n o w  
re a c h e d  t h e  s tage wh e re w e  k n o w  t h e  g a d g e t ' s  i d e n t i ty ,  a l l  t h a t  
r e ma i n s  c o d e - w i s e  i s  to d o  t h e  va r i o u s  p r i n t/d rawi ng o p e ra t i o n s .  
There 's m o r e  g o o d  news here  because these  o p e rat ions  were  d o n e  
as part o f  the  ear l i e r  program anyway and i n  t w o  c a s e s  a l l  that was 
n e e d e d  was to move the rou t i n e  fro m the or ig i nal pos i t ion  to t h e  
gadget hand l i n g  ro u t i n e .  T h i s  t e x t  p r i n t  rou t i n e s h o u l d t h e r e fo re 
al ready be fa m i l i a r :  

P r intText m o v e . !  wind ow_p , a1 get window a d d r e s s  
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m o v e . l  wd_R P o rt ( a1 ) , aO g et rast p o rt 
a d d re s s  

lea int u it e xt 2 , a1 

m o v e . l  #0 , dO n o  a d d i t io n al o f f s e t s  

m o v e . l  #O , d 1 

CAL LSYS Pr int IText , _I n tu i t i o n B a s e  

rt s 

S i m i l a r l y  t h e  b o r d e r  d ra w i ng c o d e  i s  i d e n t i c a l  t o  t h a t  i n  t h e  
p revi o u s  program: 

DrawB o rd er  m o v e . l  wind o w_p , a1 g e t  w i n d ow address  

m o v e . l  wd_R P o rt ( a1 ) , aO g e t  ras t p o rt 
a d d re s s  

lea b o r d e r 1 , a1 

m o v e . l  #0 , dO 

m o v e . l  #O , d 1 

n o  a d d it i o n a l  
o f f s et s  

CAL LSYS DrawB order , _ I n t u it i o n B a s e  

rt s 

W h e r e t h e y  d i f f e r o p e r a t i o n a l l y  h o w e v e r  i s  t h a t  t h e  
R P  _C O M PLE M E N T  d raw m o d e  has  b e e n  u s e d  s o  t h a t  t h e  i t e m  i s  
d rawn a n d  then  u n- d rawn wi th succes sive cal l s  to  Pr i ntText()  and 
DrawBorde r() !  

U n for tunate ly  the same approach cannot  be  u se d  with the i mage 
d rawing operat i o n .  I n stead it is n e c e ssary to l o o k  at  the gg_Flags 
f i e l d  of t h e  g a d g e t  s t r u c t u r e  t o  s e e  wh e t h e r  i t  i s  s e l e c t e d  o r  
u n s e l e cted and the eas i e s t  way t o  d o  t h i s  i s  t o  c o py t h e  gadge t state 
i n to a data reg is ter  l i ke t h i s :  

mo ve . w  gg_Flag s ( aO ) , dO g e t  g a d g et s t at e  

and then exc l u s ive O R  t h e  val u e  wi t h  the  syste m-d ef ined  SELECTED 
flag : 

e o r i . w  # S E LECTE D , dO z e r o  f lag s e t  = 
S E L E CT E D  

I f  t h e  z e ro flag i s  se t  t h e n  t h i s  means that the  SELECTED b i t  was s e t  
i n  t h e  gg_F lags fi e l d .  T h e  fo l l o wi ng code  d o e s  t h i s  and o n  t h e  bas i s  
o f  the  resu l t  i t  perfo rms e i t h e r  a Clear Image r o u ti n e  o r  t h e  Draw 
I mage r o u t i n e  (as u s e d  in the  prev ious  p rogram).  For  t h e  example  
t h e  i mage c lear ing was done by u s i ng the RectF i l l ( )  grap h i c s  l i b rary 
fu n c t i o n .  The co-ord i nate d e tai l s  need to be p laced in d0-d3 and the 
w i n d o w ' s  r a s t p o r t a d d r e s s i n  r e g i s t e r  a l  so t h e  f i n a l  i m a g e  
d rawi ng/c lear ing s e c t i o n  o f  t h e  program e n d e d  u p  l o ok i ng l i ke t h i s :  



Draw Image 

C lear Image 

Drawlmage1 
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move . l  window_p , a1 get window address 

move . w  g g_Flags ( aO ) , dO get gadget state 

eori . w  #SELECTED , dO zero f lag set = 
S E LECTED 

beq Drawlmage1 

move . l  wd_R P o rt ( a1 ) , a1 get rast port 
address 

move . w  #44 , dO 

move . w  #1 30 , d 1 

set image d imens io n s  

move . w  #44+232 - 1 , d2 

move . w  #1 30+88 - 1 , d3 

CALLSYS Rect Fill , _GfxBase 

rt s 

move . l  window_p , a1 get window add re s s  

move . 1  wd_RP o rt ( a1 ) , aO get rast port 

lea image1 , a1 

move . l #0 , d O  

move . l  #O , d 1 

address 

no additional offsets 

CALLSYS Drawlmage , _I n t u it ionBase 

rt s 

W h e n  a l l  t h e s e  fragme n ts are  p l ac e d  t o g e t h e r  we e n d  u p  w i th a 
rou t i n e  t h a t  c a r r i e s  o u t  t h e  o p e ra t i o n s  w h i c h  we h av e  d e e me d  
n e c e s sary for t h e  m e n u  a n d  gadg e t  e v e n t s  m e s sages  t h a t  c o u l d  
occur :  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Function name : MessageHandler ( )  

Purpos e :  

; Input Parameter s :  
a2 . 

Output parameters : 

Register Usage :  

. ' 
when 

Other Note s :  

IDCMP menu and gadget message handler 

Address of IDCMP user - port shou ld be in 

None 

aO- a 1 / d O - d 3 :  U s e d  f o r  system call 
parameters . 

a2 : Holds user- port address 

d4 : Used as exit flag ( quit 
non - zero)  

All registers are preserved 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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MessageHandler movem . l  d0 - d4/ a0 - a2 , - ( sp )  preserve registers 

clr . l  d4 clear exit flag 

MessageHandler2 clr . l  gadget_p clear gadget 
pointer 

move . I  a2 , a0 port address 

CALLSYS WaitPort ,_SysBase 

j sr GetMes sage 

cmpi . l #TRUE , d4 exit flag set? 

beq MessageHandler3 

tst . l  gadget_p wa s a gadget hit? 

beq MessageHandler2 

j sr GadgetHandler do gadget 
operations 

bra MessageHandler2 

MessageHandler3 movem . l  ( sp ) + , d0 - d4 /a0 -a2  restore registers 

rts logical  end of  
routine 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·  

GetMessage move . l  a2 , a0 get port address in 
ao 

CALLSYS GetMsg , _SysBase get the message 

tst . l  dO 

beq GetMes sageExit did it exist? 

move . l  dO , a 1 copy pointer to a1  

cmpi .  l #MENUPICK, im_Cla ss ( a 1 ) 

bne CheckGadgets 

cmpi . w  #MENUNULL , im_Code ( a1 ) 

beq GetMes sage1 false ala rm? 

move . l  #TRUE , d4 user wishes to 
quit 

bra GetMessage1 

CheckGadgets cmp i .  l #GADGETU P , im_Cla ss ( a 1 ) 

bne GetMes sage1 

move . l  im_IAddress ( a 1 ) , gadget_p 
save gadget address  

GetMes sage1 CALLSYS ReplyMsg , _SysBase 

bra GetMessage check for more 
messages 
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GetMes sageExit rts d4 holds exit flag 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GadgetHandler mov e . l  gadget_p , ao 

cmpi . w  #1 , gg_GadgetID ( aO )  gadget 1 hit? 

bne GadgetHandler1 

j sr PrintText 

rts  

GadgetHandler1 cmp i . w  #2 , gg_GadgetID ( aO )  

bne GadgetHandler2 gadget 2 hit? 

j sr DrawBo rder 

rts 

GadgetHandler2 j sr  Drawlmage must be gadget 3 

rts  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

PrintText move . l  window_p , a 1 get window 
address 

move . l  wd_RPort ( a 1 ) , aO get rastport 
address 

lea intuitext2 , a1 

move . l  #0 , dO no additional 
offsets 

move . l  #O , d 1 

CALLSYS P rintIText , _IntuitionBase 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DrawBo rder move . l  window_p , a 1  
address 

get window 

move . l  wd_R Port ( a 1 ) , aO get rastport 
address 

lea border1 , a1 

move . l #0, dO no additional 
offsets 

mov e . l #O , d 1 

CALLSYS DrawBo rder , _IntuitionBase 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Drawlmage move . l  window_p , a 1 get window 
addres s 
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move . w  gg_Flags ( aO ) , dO get gadget state 

eori . w  #SELECTE D , dO zero flag set = 
SELECTED 

beq Drawlmage1 

Clearlmage move . l  wd_RPo rt ( a1 ) , a1 get rastport 
addres s 

mov e . w  #44 , dO set image 
dimensions 

mov e . w  #1 30 , d 1 

move . w  #44+232 - 1 , d2 

move . w  #1 30+88- 1 , d3 

CALLSYS RectFill , _GfxBase 

rts 

Drawlmage1 move . l  window_p , a1  
address 

get window 

m o v e . l  wd_RPort ( a1 ) , aO g e t  rastpor t  
a d d r e s s  

l e a  image1 , a1 

m o ve . I #0 , dO n o  a d d it i o n a l  
offs e t s  

m o v e . I  #O , d 1 

CALLSYS D r awlmage , _  I nt uition B a s e  

r t s  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

The End o f  The Road 

T h e  mater ia l  cove r e d  i n  t h i s  c hapter  take s us to t h e  e n d  o f  o u r  
I nt u i t i o n  exper i me n t s .  Th e f inal  p rogram, Example  C H I  5 -4 . s ,  may 
n o t  be earth s hatter i ng but it contains  examples  of a l o t  of t h i ngs 
t hat real  I nt u i t i o n  programs have to  do.  I t  opens  l ib rari e s ,  s c r e e n s  
and windows, d raws text, b o r d e r s  and i mage s ,  and i t  u s e s  m e n u s  
a n d  gadg e t s  v i a  t h e  Exe c -based  I DC M P  m e s sage fac i l i t i e s .  O nc e  
y o u 've c o me t o  t e rms wi th  t h i s  mat e ri a l  you s h o u l d  b e  r e a d y  t o  
c h oose  your  own pathways a s  far a s  I ntu i t ion  i s  concerned a n d  s o ,  
i n  a s e n s e ,  t h i s  l a s t  p ro g r a m  j u s t  g i v e s  y o u  a p l a c e  t o  s t a r t .  
N everthe less ,  a l o t  o f  mater ia l  has been  covered i n  rec e n t  c ha p t e rs 
a n d  i t  s e e ms a good i d e a  to  make s u re t hat  a hard  c o py o f  t h e  
resu l ts are avai lable  a s  a po int  o f  refe re nc e :  
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

* E x ample CH1 5 - 4 . s  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; s ome system include files . 

include exec / types . !  

include exec / libraries . !  

include exec / exec_lib . i  

include intuition / intuition . !  

include intuition / screens . !  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; a macro t o  extend LINKLIB and t h u s  avoid t h e  explicit u s e  o f  

; t h e  _LVO p refixes i n  t h e  function names . 

CALLSYS MACRO 

LINKLIB _LV0 \ 1 , \ 2 

ENDM 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; System EQUates . . .  

_Abs E x ec Base EQU 4 

_LVOOpenScreen EQU - 1 98 

LVOCloseScreen EQU - 66 -

_LVOOp enWindow EQU - 204 

LVOCloseWindow EQU - 72 -

LVOLoadRGB EQU - 1 92 

LVOPrintIText EQU - 2 1 6  -

LVODrawBorder EQU - 1 08 -

_LVODrawlmage EQU - 1 1 4  

_LVOSetMenuStrip EQU - 264 

_LVOClea rMenuStrip EQU - 54 

LVORectFill EQU - 306 -

LVOSetAPen EQU - 342 

; Colour map EQUates . . .  

BLACK EQU 0 

GREY EQU 1 

WH ITE EQU 2 

RED EQU 3 
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GREEN EQU 4 

BLUE EQU 5 

YELLOW EQU 6 

MAUVE EQU 7 

; Sc reen EQUates . . .  

SCREENWIDTH EQU 320 

SCRE ENHE IGHT EQU 256 

DEPTH EQU 3 

; General EQUates . . . 

NULL  EQU 0 

TRUE EQU 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; main p rogram code  . . .  

O P E N  INTUITIO N  mov e .  l _AbsExecBase ,_SysBase store Exec 
library base 

OPEN GRAPHICS 

OPEN  SCREEN 

LOAD_COLOURS 

lea 

moveq 

CALLSYS 

move . l  

beq 

lea 

moveq 

CALLSYS 

move . l  

beq 

intuition_name , a 1 library name start 
in a1 

#0 , dO any version will do 

OpenLibrary , _SysBase 

dO , _IntuitionBase 

EXIT test 

graphics_name , a1  

macro ( see text 
for details)  

store returned 
value 

result for success 

library name start 
in a1  

#0 , dO any version will do 

OpenLibrary , _SysBase macro ( see text 
for detail s )  

dO , _GfxBa se store returned value 

CLOSE INTUITION test result for success 

lea new_screen , aO new_screen base address 

CALLSYS OpenScreen ,_IntuitionBase 

move . l  

beq 

add . l  

move . l  

lea 

dO , sc reen_p 

CLOSE GRAPHICS 

#sc_ViewPort , dO screen_p already 
in dO 

dO , aO viewport address now in ao 

colour_table , a 1 pointer to colour 
map 



move . w  

CALLSYS 

OPEN_WINDOW lea 

move . l  

CALLSYS 

move . l  

beq 

ADD_MENU move . l  

lea 

CALLSYS 

SET PEN COLOUR move . l  

mov e . l  

mov e . b  

CALLSYS 

PRINT TEXT move . l  

move . l  

lea 

move . l  

mov e . l  

CALLSYS 

SLE E P  mov e . l  

move . l  

j sr 

REMOVE_MENU mov e . l  

CALLSYS 

CLOSE WINDOW move . l  

CALLSYS 

CLOSE_ SCREEN move . l  

CALLSYS 

CLOSE_ GRAPHICS move . l  

CALLSYS 

CLOSE INTUITION mov e .  l 

CALLSYS 

EXIT c lr . l  

rts  

A Complete Intuition Example 

#colour_table_SIZEOF , dO 

LoadRGB , _GfxBase 

colour 
map size 

new_window , aO new_window base address 

screen_p , nw_Screen ( aO )  set screen 
pointer 

Op enWindow , _IntuitionBase 

dO , window_p 

CLOSE_SCREEN 

window_p , ao 

Menu1 , a 1 

SetMenuStrip , _IntuitionBase 

window_p , a 1 get window address 

wd_RPort ( a 1 ) , a1 get rastport address 

#BLACK, dO 

SetAPen , _GfxBase 

window_p , a 1 get window address 

wd_RPort ( a1 ) , aO get rastport address 

intuitext 1 , a 1 

#0 , dO no additional offsets 

#O , d1 

PrintITex t , _IntuitionBase 

window_p , ao window base  address 

wd_UserPort ( aO ) , a2 user port 

MessageHandler 

window_p , ao 

ClearMenuStrip ,_IntuitionBase 

window_p , aO 

CloseWindow , _IntuitionBase 

screen_p , aO 

Clo seScreen , _IntuitionBase 

_GfxBase , a 1 base needed in a 1  

Clo seLibrary ,_SysBase 

_I ntuitionBase , a 1  base needed in a 1  

Clo seLibra ry ,_Sy sBase 

dO 

logical end of program 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Function name : MessageHandler ( )  

Purpose :  IDCMP menu and gadget message handler 

Input Parameter s : Address of IDCMP user- port should be  in a2 . 

Output parameters : None 

Register Usage : aO - a1 / dO - d3 :  U sed for sy stem call parameters . 

a2 : 

d4 : 

Holds user- port addres s 

Used as  exit flag ( quit when 
non- zero ) 

Other Notes : All registers are  preserved 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MessageHandler movem . l  

clr . l  

MessageHandler2 clr . 1  
move . l  

CALLSYS 

j sr 

cmpi .  l 

beq 

tst . l  

beq 

j sr 

d0 - d4 / a0 - a2 , - ( sp )  

d4 

gadget_p 

a2 , a0 

WaitPort , _SysBase 

GetMessage 

#TRUE , d4 

Mes sageHandler3 

gadget_p 

Mes sageHandler2 

GadgetHandler 

preserve registers 

c lear exit flag 

c lear gadget pointer 

port address 

exit flag set? 

was a gadget hit? 

do gadget operations 

bra Mes sageHandler2 

MessageHandler3 movem . l  ( sp ) + , d0 - d4/ a0 - a2 restore registers 

rts logical  end of routine 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GetMessage move . l  a2 , a0 get port address in ao 

CALLSYS GetMs g , _SysBase get the message 

tst . l  dO 

beq GetMessageExit did it exist? 

move . l  d0 , a1 copy pointer to a 1  

cmpi .  l #ME NUPICK , im_Cla s s ( a1 ) 

bne CheckGadgets 

cmpi .  w #ME NUNULL , im_Cod e ( a 1 ) 

beq GetMessage1 false alarm? 

move . l  #TRUE , d4 user wishes to q uit 



CheckGadgets 

GetMessage1  

A Complete Intuition Example 

bra 

cmpi . l 

GetMessage1  

#GADGETUP , im_Cla s s ( a1 ) 

bne GetMessage1  

mov e . l  im_IAdd res s ( a1 ) , gadget_p 

CALLSYS ReplyMsg , _Sy sBase 

save gadget 
address 

bra  

GetMessageExi t rts 

GetMessage check for  more mes sages 

d4 holds exit f lag 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GadgetHandler  move . l  gadget_p , ao 

cmpi . w  #1 , gg_GadgetID ( aO )  gadget 1 hit? 

bne GadgetHandler1 

j sr PrintText 

rts 

GadgetHandle r 1  cmpi . w  #2 , gg_GadgetID ( aO )  

bne GadgetHandler2 gadget 2 hit? 

j sr DrawBorder 

rts 

GadgetHandler2 j sr Drawimage must be gadget 3 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

P rintText move . l  

move . l  

lea 

window_p , a 1 get window address 

wd_RPort ( a 1 ) , aO get rastport address 

intuitext2 , a 1 

move . l  #0 , dO 

move . l  #O , d1 

no additional offsets 

CALLSYS PrintITex t , _IntuitionBase  

r ts  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DrawBo rder move . l  

m ove . l  

lea 

move . l  

window_p , a 1 get window address 

wd_RPort ( a 1 ) , aO get rastport address 

border1 , a 1 

#0 , dO no  additional offsets 

move . l  #O , d1 

CALLSYS DrawBorder , _IntuitionBase 

rts 
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* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Drawlmage 

Clear Image 

Drawlmage1 

move . l  window_p , a 1 get window address 

mov e . w  gg_Flag s ( aO)  , do get gadget state 

eor i . w  #SE LECTED , dO 

beq Drawlmage1 

zero flag set = SE LECTED 

move . l  wd_RPort ( a 1 ) , a 1 get rastport address 

move . w  #44 , dO 

mov e . w  # 1 30 ,  d1  

set image dimensions 

move . w  #44+232 - 1 , d2 

move . w  #1 30+88 - 1 , d3 

CALLSYS RectFil l , _GfxBase 

rts 

move . l  window_p , a 1 get window address 

move . l  wd_RPort ( a 1 ) , aO get ra stport address 

lea image1 , a 1 

move . l  #0 , dO 

move . l  #O , d1 

no additional  offsets 

CALLSYS Drawlmage , _IntuitionBase 

rts 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

variables and static data . . .  

_GfxBase ds . l  1 

IntuitionBase ds . l  -

_SysBase ds . l  

screen_p ds . l  

window_p ds . l  

gadget_p ds . l  

intuition_name dc . b  ' intuitio n . library ' , o  

graphics_name dc . b  ' g raphics . library ' , O  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

screen definition . . .  

cnop 0 , 2  

new sc reen 

dc .w  O , O  

dc . w  SCREENWIDTH , SCREENHE IGHT 

dc .w  DEPTH 

scr een top left 

scr een width and height 

bitplane depth 
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dc . b  WHITE , GREY detail and b lock pens 

d c . w  0 no special view modes 

d c . w  CUSTOMSCREEN screen type 

d e . I  NULL no special font 

d e . I  NULL no title 

d e . I  NULL no gadgets 

de . I  N U LL no custom bitmap 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; window d efinition . . .  

cnop 0 , 2  

new_window 

d c . w  O , O  

d c . w  SCREENWIDTH , SCREENHEIGHT 

dc . b  

de . I  

de . I  

de . I  

de . I  

de . I  

de . I  

de . I  

dc . w  

WHITE , GREY 

MENUPICK+GADGETUP 

SMART_RE FRESH 

Gadget1 

NULL 

N ewWindowName 

NULL 

NULL 

o , o  

dc . w  o , o  

dc . w  CUSTOMSCREEN 

NewWindowName 

window XV origin 

width and height 

detail and block pens 

IDCMP f lags 

window flags 

first gadget 

no CHECKMARK imagery 

window title 

screen set at run- time 

no custom bitmap 

minimum width and height 

maximum width and height 

screen type 

dc . b  ' * * *  Select window to activate menu *** ' , o  

* - - - - -- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -

; sc reen colours definition . . .  

cnop 0 , 2  

colour_table 

dc .w  $0000 BLACK ( background)  

dc . w  $0888 GREY 

dc . w  $0FFF WH ITE 

dc . w  $0FOO RED 

dc . w  $00FO GREEN  

dc . w  $000F BLUE 
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dc . w  $0FFO YELLOW 

dc . w  $0FOF MAUVE 

colour_table_SIZEOF EQU * - co lour table 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

; border that  appears when gadget is selected . . .  

cnop 0 , 2  

border1 

dc .w  

dc . b  

dc . b  

dc . l  

dc . l  

40 - 2 , 60 - 2  

MAUVE , NULL, RP_COMP LEME NT 

5 

BorderVectors1  

NULL 

BorderVectors1  

dc . w  o , o  
dc . w  235 , 0  

dc . w  235 , 1 0  

dc . w  o ,  1 0  

dc . w  o , o  

XV origin 

front & back pens and 
drawmode 

number of XV vectors 

pointer to XV vectors 

no next bo rder 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -------- - - - - - - - - - - - - - - ---- ----- ---

; text that appears  when ga dget is selected . . .  

intuitext1  

dc . b  WHITE , NULL , RP_JAM1 ,O  pen s ,  drawmode and fill 
byte 

dc . w  40 , 60 

dc . l  NULL 

dc . l  ITextText1  

dc . l  NULL 

ITextText1  

XV origin 

default font 

text pointer 

dc . b  ' P LEASE SE LECT ITEM TO DISPLAY ' , O  

cnop 0 , 2  

intuitext2 

dc . b  MAUVE , NULL , RP_COMP LEMENT , O  

dc . w  

dc . l  

dc . l  

20 , 72 

NULL 

ITextText2 

pen s ,  drawmode and fill 
byte 

xv origin 

def ault font 

text pointer 



dc . l  intuitext3 

ITextText2 

A Complete Intuition Example 

next IntuiText structure 

dc . b  ' As gadgets are selected an example ' , o  

cnop 0 , 2  

intuitext3 

dc . b  MAUVE , NULL , RP_COMPLEMENT , O  

dc . w  

dc . l  

dc . l  

dc . l  

24 , 84 

N U LL 

ITextText3 

intuitext4 

ITextText3 

pens , d rawmode and fill 
byte 

XV origin 

defau lt font 

text pointer 

next structure 

dc . b  ' item will be disp layed or  removed ' , o  

cnop 0 , 2  

intuitext4 

dc . b  MAUVE , NULL , RP_COMPLEMENT , O  

dc . w  

dc . l  

dc . l  

dc . l  

20 , 96 

NULL 

ITextText4 

NULL 

ITextText4 

pens , drawmode and fill 
byte 

XV origin 

defau lt font 

text pointer 

no next structure 

dc . b  ' To exit from program use menu QUIT ! ' , o  

cnop 0 , 2  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

menu definition . . .  

Menu1  

dc . l  NULL next menu 

dc . w  o , o  XV origin 

dc . w  70 , 1 0  hit box width and height 

dc . w  MENUENABLED flags 

dc . l  Menu Name name 

dc . l  Menuitem1 menu item s 

dc . w  o , o , o , o  

MenuName 

dc . b  ' P roj ect ' , o  

cnop 0 , 2  



Mastering Amlga Assembler 

Menuitem1 

dc . l  NULL no next menu item 

dc .w  O , O  XV origin 

dc . w  40 , 8  width and height 

dc . w  ITEMTEXT+ITEMENABLED+HIGHCOMP flags 

dc . l  o 

dc . l  MenuIText1  

dc . l  NULL 

intuitext to be rendered 

dc . b  NULL 

dc . b  NULL 

de . 1  NULL 

dc .w  MENUNULL 

Menu1Text1  

dc . b  RED , GREV , RP_COMP LEME NT , O  

dc . w  O , O  

dc . l NULL 

dc . l  MenuITextText1 

dc . l  NULL 

MenuITextText1 

de . b ' Quit ' , O 

cnop 0 , 2  

no sub- items 

pen s ,  drawmode and fill 
byte 

XV origin 

default font 

text 

no next structure 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

gadget definitions . . .  

Gadget1 

dc . l  Gadget2 next gadget 

dc .w  1 8 , 24 origin XV 

dc .w  77 , 2 1  hit box width and height 

dc .w  NULL gadget flags 

dc .w  RELVERI FV+TOGGLESELECT ac tivation flags 

dc .w  BOOLGADGET type flags 

dc . l  GagdetBorder1 gadget border 

dc . l  NULL no alternate imagery 

dc . l  Gagdet IT ext 1 gadget text 

dc . l  NULL 

dc . l  NULL 
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dc . w  1 gadget ID 

dc . l  N U LL 

GagdetBorder1  

dc . w  · 1 ' · 1 XV o rigin 

dc . b  BLUE , BLACK, RP_JAM1 pens and drawmode 

dc . b  5 vector count 

dc . l  GagdetBorderVectors1  vector pointer 

dc . l  NULL no next border 

Gagdet Bo rderVectors1  

dc . w  o , o  
d c . w  78 , 0  

dc . w  78 , 22 

dc . w  0 , 22 

dc . w  o , o  
Gagdet1Text1 

dc . b  WHITE , BLACK , R P_JAM2 , 0  cens , drawmode and fill 
yte 

dc . w  20 , 6  XY o rigin 

dc . l  N U LL default font 

dc . l  GagdetITextText1 text 

dc . l  NULL 

GagdetITextText1 

dc . b  ' Text ' , o  
cnop 0 , 2  

Gadget2 

dc . l  Gadget3 next gadget 

dc . w  1 24 , 24 origin XY 

d c . w  77 , 2 1  hit b o x  width and height 

dc . w  NULL gadget flags 

dc . w  RELVERIFY+TOGGLESE LECT activation flags  

dc . w  BOOLGADGET gadget type 

dc . l  GagdetBorder2 gadget border 

dc . l  NULL 

dc . l  Gagdet1Text2 text 

dc . l  NULL 

dc . l  NULL 

1111 
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dc . w  2 

dc . l  NULL 

GagdetBorder2 

dc . w  

dc . b  

dc . b  

dc . l  

dc . l  

• 1 ' - 1  

BLUE , BLACK, RP_JAM1 

5 

GagdetBorderVectors2 

NULL 

GagdetBorderVectors2 

dc . w  O , O  

dc . w  78 , 0  

dc . w  78 , 22 

dc . w  0 , 22 

de . w  o , o  
GagdetIText2 

dc . b  

dc . w  

dc . l  

WHITE , BLACK , R P_JAM2 , 0  

1 4 , 6  

NULL 

dc . l  Gagdet ITextText2 

dc . l NULL 

GagdetITextText2 

dc . b  ' Border ' , O  

cnop 0 , 2  

Gadget3 

dc . l  NULL 

dc . w  230 , 24 

dc .w  77 , 2 1  

dc .w  NULL 

dc .w  RE LVERI FV+TOGGLESE LECT 

dc .w  BOOLGADGET 

dc . l  GagdetBorder3 

dc . l  NULL 

dc . l  Gagdet IText3 

dc . l  NULL 

dc . l  NULL 

gadget ID 

XV origin 

pens and drawmode 

vector count 

vector pointer 

no next border 

p ens , drawmode 
byte 

and fill 

XV origin 

default font 

text 

no next gadget 

origin XV 

hit box width and 

gadget flags 

activation f lags  

gadget type 

gadget border 

text 

height 



dc . w  3 

de . 1  NULL 

GagdetBorder3 

dc . w  

dc . b  

dc . b  

dc . l  

dc . l  

- 1  ' ·  1 

BLUE , BLACK, RP_JAM1 

5 

GagdetBorderVectors3 

NULL 

GagdetBorderVectors3 

dc . w  o , o  
dc . w  78 , 0  

dc . w  78 , 22 

dc . w  0 , 22 

dc . w  O , O  

GagdetIText3 

dc . b  WHITE , BLACK , RP_JAM2 , 0  

dc . w  1 7 , 6  

dc . l  NULL 

de . 1  GagdetITextText3 

dc . l  NULL 

GagdetITextText3 

de . b ' Image ' , O 

A Complete Intuition Example 

gadget ID 

XV origin 

pens and drawmode 

vector count 

vector pointer 

pens , drawmode and fill 
byte 

XV origin 

default font 

text 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

image description . 

cnop 0 , 2  

image1 

dc . w  44 , 1 30 

dc . w  232 , 88 

dc . w  3 

dc . l  ImageData1 

dc . b  $0007 , $0000 

dc . l  NULL 

SECTION IMAGE , DATA_C 

ImageData1 

XV origin 

image width and height 

depth 

image data 

plane configurations 

no next image 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $01 FF , $0000 
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dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 

dc . w  $1 FFC , $0000 , $0000 , $0000 , $0000 , $0FFF , $E000 , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0001 , $FFFF 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0002 , $0000 , $4000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 

dc . w  $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 , $0000 

dc . w  $0000 , $0000 , $0000, $0000 , $0000 , $0000 , $0000 , $0000 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

So That's Assembler 

By n o w  it s h o u l d  be o b v i o u s  that  e v e n  s i m p l e  6 8 0 0 0  I n t u i t i o n  
p ro grams can p rovi d e  a few d eve lopment h eadac h e s .  W h e n  you s e e  
what needs  to b e  d o n e  for more complex I ntu i t ion  appl icat ions  the 
who l e  Intu i ti o n  t h i ng can become q u i te frighte n i ng .  Worse than that  
t h e  pure 68000 approach has another d i sadvantage - it  can take a 
l o t  o f  t i m e .  T h e re i s  h o w e v e r  a s o l u t i o n  t h a t  i s  i n c r e a s i n g l y  
favo u r e d  b y  m a n y  c o m m e r c i a l  d e v e l o p e r s  a n d  s i n c e  n o  A m i ga 
assembler  book wou l d  b e  comple te without s o me d i s c u s s i o n  o f  i t , 
I 've dec i d e d  to fi n i s h  my 68000 mea n d e ri ngs with some d e ta i l s .  
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Where To Go 

From Here 

This  c hapter deals with i ssu es 
which woul d not  normal ly be  
regar d e d  a s  s u i t ab l e  for  t h e  
6 8000 begi n n e r. I 've i n c l u d e d  
i t  pr imari ly be cau s e  i t  c o u l d ,  
i f  you have some C exper ience 
u nder  your  be l t ,  e nable you to 
g e t  a l l  t h e  b e n e f i t s  o f  
a s s e m b l e r  p r o g r a m m i n g  
wi t h o u t  t h e  d i sadva n tage o f  
h a v i n g  t o  c o d e  c o m p l e t e  
a p p l i c a t i o n s  p r o g r a m s  i n  
assembler .  

One o f  t h e  problems that the 
p rogrammer wo rking so le ly  in  
68000 asse mbl e r  has i s  t ime,  
o r  rath e r  t h e  lack of  i t .  Large 
assembly language programs,  
as  you now d o ubt less  rea l i s e ,  
take  a l o ng t i me t o  d e ve l o p .  
Th is ,  c o u p l e d  t o  t h e  fact  that 
9 096 of  most programs are not 
t i m e  c r i t i c a l ,  l e a d s  m a n y  
programmers natural ly t o  t h e  
c o n c l u s i o n  t h a t  i t  i s  fa r 
q u i c k e r ,  a n d  fa r e a s i e r , t o  
d e ve l o p  a large p rogram i n  a 
language l i ke C and then f ine 
t u n e  i t  by rewr i t i n g  t h e  t ime  
cr i t ica l  parts u s i ng assembler .  
I n  t h a t w a y  y o u  g e t  t h e  
d eve lop ment speed o f  a high
level  language coup led  to the 
s p e e d  o f  a s s e m b l e r  i n  t h e  
p laces where i t  cou nts .  

T h i s  att i tu d e  i s n 't  a cop o u t ,  
n o r  a n  a d m i s s i o n  t h a t  
a s s e m b l e r  i s n 't u p  t o  t h e  j o b  
w h e n  i t  c o m e s  t o  l a r g e  
appl icat ions  p rograms.  I t  i s  a 
p r a c t i c a l  s o l u t i o n  w h i c h  
s h o r t e n s  d e v e l o p m e n t  t i m e  
b u t  d o e s  n o t ,  i n  t h e  e n d ,  
sacr i fi ce  t h e  e ffi c i e n c y  ga i n s  
w h i c h  t h e  A m i ga a s s e m b l e r  
programmer can ac h ieve.  
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I n  ord e r  to b e  able  to write  t h i s  type o f  m ixed code you o bvi o u s ly 
need to know how to get  fro m  C to assembler  code  and back aga i n .  
The g o o d  n ews i s  t hat once  y o u  have s e e n  i t  d o n e ,  y o u  wi l l  rea l i se  
that  i t ' s  not  a c t u a l l y  t h a t  d i ff i c u l t .  To be  h o n e s t  a l l  d e c e n t  C 
compi ler  manu als  provide the  n ecessary techn ical  deta i l s  a l t hough 
u n fortu nat e ly t h e  e x p l a nat i o n s  are u s u a l ly wri t t e n  i n  a way that  
only makes sense  once  you know a l i tt l e  about  what 's  go ing o n  i n  
the  f irst p lace .  

Th is  chapter  i s  des igned to  do three  th ings .  F irst ly ,  to  provi d e  the 
neces sary backgrou nd i n format ion  so  that ,  i f  you d e c i d e  to get  i nto 
t h i s  very u s e f u l  area o f  Amiga progra mmi ng, the accounts  you ' l l  
read i n  your compi ler  manuals wi l l  make more s e n s e .  Second ly,  t o  
provide d e tai l s  o f  the  convent ions u s e d  w i t h  the  two m o s t  popu lar  
Amiga C c o m p i l e r s ,  Manx Aztec C and SAS/La t t i c e  C .  T h i r d ly ,  t o  
offer s o me ru nab l e  exam p l e s  w h i c h  w i l l  get  you i nt o  m ixed code 
p r o g ra m m i n g  i n  as p a i n l e s s  a m a n n e r  a s  p o s s i b l e .  A g e n e ra l  
o v e rv i e w  o f  t h e  A m i ga s y s t e m  p r o g r a m m i n g  i s s u e s  h a s  b e e n  
provi ded but  some syste m  and RKM l i t e racy i s  expected wi t h  the  
last  exam p l e .  

I ment ioned early o n  i n  the  b o o k  t h a t  there we re  a cou p l e  o f  p laces 
where s o me knowl e d ge of  C w o u l d  b e  n e e d e d  and i t ' s fo r t h i s  
reason that a n  appe n d i x  g iv i ng  an overvi e w  o f  t h e  language was 
provi d e d .  For the rest  of  th is  chapter then  I'm g o i ng to assume that 
you know what a C fu nct ion  cal l i s  and at least a l i t t l e  about the  C 
language i t s e l f. 

Le t u s  t h e n  make a start  by tal ki ng a b i t  a b o u t  t h e  magic which  
occurs  wh e n  you p lace  a ca l l  to a rou t i n e ,  say Convert( ) ,  i nto a C 
source  program. The c o m p i l e r  u s e s  such  source  code stat e m e n ts to 
generate a re fe re n ce to the named rou t i n e .  

U n d e r  no rmal c i rcum stances  b o t h  t h e  Manx Az tec a n d  SAS/Latt ice  C 
compi l e rs tag on  an i n i t ia l  u n d e r score to the  fu nct i o n  name . The 
cal l  to the fu nct ion Convert( )  there fo re has the  l i n ke r  searc h i ng fo r 
a rou t i n e  ca l l e d  _Convert and i t  i s  t h i s  rou t i n e ,  i f  the  l i n ker  i s  going 
to successfu l ly  reso lve the re fe r e n c e ,  that must  be provided in the 
assembly language modu l e '  

T h e  code  wh i c h  va r ious  C c o m p i l e rs produce wh e n  they  e n counter  
a fu n c t i o n  ca l l  does  vary but  t h e  conve n t i o n s  t o  be  fo l l owed wi l l  
a lways be  deta i l ed  i n  t h e  c o m p i l e r  manual . To start  wi th  a l l  you 
rea l ly  need to be  aware o f  i s  that  the  end r e s u l t  i s  u sual ly  t hat any 
parameters present  i n  the fu nct ion  cal l ge t p u s h e d  o n t o  the stack 
p r i o r  t o  a cal l b e i n g  m a d e  to t h e  a p p r o p r i a t e  s u b r o u t i n e . I say 
usu a l ly b e c a u s e  t h e r e  a r e  s o m e  q u a l i fy i n g  c o n d i t i o n s  w i t h  
Latt i ce/SAS C be cau s e  i t  a l l ows reg is ter  argu m e n t s  t o  b e  u s e d  rather 
than the stack and i n  th is  case i t  i s  an @ c haracter ,  rather  than an 
u n de rscore ,  wh ich gets p laced at the s tart o f  the  fu n c t i o n  name . 
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From a prac t i cal  v iewp o i nt you , t h e  mixed-c o d e  p rogrammer,  wi l l  
have two tas ks - wr i t ing the  h igh- leve l  C c o d e  which  wi l l  take you 
out  of  C and into  you r assembler  m o d u l e ,  and writ i n g  t h e  68000 
patch i t s e l f. 

Wri t i ng the  appro priate C code  i s  easy - i t  s i mply i nvo lves placing 
s u i tably named fu n c t i o n  cal l s ,  wi th  any requi red parameters ,  i n t o  
the  C s o u r c e .  T h i s  i s  d o n e  u s i ng normal C fu nct ion  c o nvent ions  -
you can eve n  add you r own ANSI  C fu n c t i o n  prototy p e s  t o  make 
sure that the c o m p i l e r  makes the appro priate usage and parameter
type c h e cks!  

The  next step i nvolves wr i t i ng su i table  assembly language c o d e  and 
a s s e m b l i n g it  to p r o d u c e  l i n ka b l e  o bj e c t  c o d e .  T h e  a s s e m b l e r  
d i re c t i v e s  XDEF  a n d  X R EF have to  b e  u s e d  t o  g e t  t h i ngs ru n n i ng 
smooth ly .  

XDEF and XREF 

We 've a l ready cove red t h e s e  assemb l e r  d i rect ives  b u t  l e t ' s  g o  over 
the d e ta i l s  o n c e  more fo r g o o d  m e as u r e .  XDEF is u s e d  t o  d e fi n e  
asse mbly langu age labe l s  as b e i ng v i s i b l e  to  o t h e r  modu l e s  a t  l in k  
t i m e .  I f  y o u  fo rget i t ,  t h e  asse mbly s tage wi l l  g o  O K  bu t you ' l l  get  
errors  wh e n  l i n ki n g  b e cause  the  l i nker  wi l l  be  u nab l e  to r e solve t h e  
corre s p o n d i n g  fu n c t i o n  refe re n c e  i n  t h e  C c o d e  modu l e .  

X R E F  g o e s  t h e  o t h e r  way , i e  i t  t e l l s  t h e  a s s e m b l e r  t h at t h e  
i n fo rmat i o n  n e e d e d  about  t h e  i t e m  i n  q u e s t i o n  wi l l  b e  i mported  
wh e n  t h e  assembly  language modu l e  i s  l i n ked .  I f  you forget t h e s e  
t h e n  y o u ' l l  ge t e r rors as s o o n  as you t ry t o  a s s e m b l e  y o u r  c o d e  
because the  a s s e m b l e r  wi l l  not  real i s e  t h a t  lab e l s  have been u s e d  
wh o s e  va l u e s  a r e  u n known at assembly t i me .  

M o s t  assemb l e r 's p lace a l i m i t  o n  the number  o f  charac ters  with in  a 
lab e l  that wi l l  be rega rded as s i g n i fi c ant and t h e  ANSI C c o mp i l e r  
s ta n d a rd a c t u a l ly o n l y  requ i r e s  that  t h e  c o m p i l e r  c a t e r s  for  s i x  
characters  w i th  exte rnal references  (a l th ough m o s t  han d l e  more) .  
The  c o n s e qu e n ce o f  th is  i s  that you can ,  and i t  has  happened  to  me 
many t i m e s ,  t h i n k  you 've got  al l  of you r i n t e r- mo d u l e  r e fe re n c e s  
r i g h t  b u t  b e c a u s e  a l a b e l  g e t s t r u n c a t e d  y o u  e n d  u p  w i t h  
u n exp e c t e d  l i n k e r  e rrors . Lu c k i l y  t h i s  i s  n ever  a s e r i o u s  p r o b l e m  
and hav i ng,  pe rhaps rath e r  u n wise ly ,  u s e d  a va ri able  s u c h  a s :  

my_v ariable_wit h_an_ex t remely_long_nam e  

o n l y  t o  f i n d  t h a t  t h e  l i n k e r  t e l l s  y o u  t h a t  i t  c a n n o t  r e s o l v e  a 
refe re n c e  cal l e d :  

_my_v ariab le_wi 
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i t  does n't take too l o ng to real i s e  where the  pro b l e m  l ies .  T h e  moral 
here is that it pays to be  a pess imist .  E i ther  check  the manu als  fi rst ,  
or d o n ' t  u s e  l o n g n a m e s  fo r fu n c t i o n s  a n d  v a r i a b l e s  w h o s e  
refe rences m ight n e e d  to b e  passed betwe e n  modu l e s .  Manx's Aztec  
C i n c i de nta l ly  o ffe rs #as m and #e ndasm s tat e m e n ts whi c h  a l l o w  
assembler c o d e  to be  embedded w i t h i n  t h e  C source .  Thi s c a n  b e  
usefu l  o n  occasions b u t ,  i n  gen eral , I b e l i eve i t  i s  safer  t o  a lways 
place any assembler  code i nto a separate modu l e .  

Specific SAS/Lattice C Conventions 

These are the Function Entry ru l e s .  U p o n  e n try to a fu nct i o n  t h e  
stack, u n d e r  convent ional  parameter pas s i n g  c o n d i t io ns ,  c on ta i n s  
the  fu n c t i o n  argu m e n ts p l ac e d  i m m e d i ate ly  above the l o n g-word 
return address which  regi ster A 7  (the stack po i nter)  po int s  to .  T h e  
argu ments a r e  pushed i n  right-to - left order  and s o  i t  i s  the  l e ftmost  
parameter whic h  i s  t h e  o n e  immediately above the  return  add re s s .  

H e r e  are  s o me s t a n d a r d  fu n c t i o n  e n t ry s t e p s  w h i c h  n e e d  t o  b e  
carr ied o u t :  

1 .  Save r e g i s t e r  a s ,  w h i c h  c o nt a i n s  t h e  previo u s  fu n ct i o n s  stac k 
frame p o i nter .  The best  i d ea i s  to push i t  onto t h e  stack! 

2 .  C o py t h e  c o n te nts o f  a 7  i n t o  a s ,  t hereby e s tab l i s h i ng a frame 
pointer for the cu rre nt  fu nct ion  which a l l ows you to ac c e s s  the 
argu ments i n d i rect ly u s i n g  the  as base val u e .  

3 .  Subtract any stac k wo rk area n e e d e d  from a 7 .  

T h e s e  s t e p s  c a n ,  i f  t h e  work area r e qu i r e d  i s  l e s s  than 3 2 K ,  b e  
a c h i eve d wi t h  t h e  6 8 000's  l i n k  i n s t ru c t i o n . Lat t i c e/SAS e x p e c t s  
regi sters d 2 - d 7 ,a2-a4 a n d  a6 t o  be i ntac t on  retu rn  s o ,  i f  any o f  
these registers are t o  b e  used ,  they must b e  pre served .  Agai n  i t  i s  
c o m m o n  prac t i c e  t o  p l a c e  t h e m  o n  t h e  s tack .  T h e  above s ta c k 
o r i e n t a t e d  p r o c e d u r e f o r m s  t h e  b a s i s  o f  a p o w e r fu l  g e n e ra l  
parameter pas s i ng tec h n i qu e  which  i s  wel l  wo rth studying. 

Funct ion retu rn val u e s  are pas sed back i n  o n e  or more reg isters ,  
depending on the  data type d e c lared for  the  fu nct ion i n  q u e s t io n .  
Here are t h e  retu rn val u e  d e ta i l s  that must be  adhered to :  

Return Type Size Pass Back Details 

c har 8 low byte o f  d O  

sh ort 1 6  low word o f  d O  

l o n g  3 2  a l l  of  d O  

float 3 2  a l l  of  d O  

p o i nte r 3 2  a l l  o f  d O  

d o u b l e  ( I EEE) 64 pass e d  i n  d O  and d l  with  h igh b i ts  in  dO 

double  (FFP) 3 2  a l l  o f  d O  
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I f, i n c i d e ntal ly,  the  fu n c t i o n  retu rns an i nstance o f  a stru c ture  o r  
u n i o n  ( a s  o p p o s e d  to a p o i n t e r  to t h e  obj e ct )  then  i t  must  d e fi n e  a 
stat ic  work area, not o n  the  s tack, t o  temporari ly h o l d  t h e  returned 
o bj e c t .  In  these  cases  t h e  fu n c t i o n  s h o u l d  return a pointer  to t h e  
t e m p o rary copy i n  d O .  Having s e t  u p  t h e  required  return value t h e  
ro u t i n e  n e e d s  to reve r s e  i t s  e n try s t e p s ,  r e s t o r i n g  t h e  r e gi s te r s ,  
advan c i n g  t h e  a7 stack p o i n t e r  past t h e  w o r k  area,  a n d  restor ing 
t h e  p r e v i o u s  f r a m e  p o i n t e r  to  a s ,  b e fo r e  e x i t i n g v i a  a r t s  
i ns t ru c t i o n .  As m e n t i o n e d  i n  Chapte r Four ,  t h e  68000 has a n  u n l i nk 
( u n l k ) i n s t r u c t i o n  s p e c i f i c a l l y  i n t e n d e d  t o  s i m p l i fy t h e s e  
o p e r a t i o n s .  N o t e  i n c i d e n t a l l y  t h a t  i t  i s  t h e  j o b  o f  t h e  call ing 
fu n c t i o n ,  and n o t  t h e  called fu n c t i o n ,  t o  re move any argu m e n t s  
fro m t h e  stack. 

Aztec C Conventions 

The Manx Aztec  compi l e r  exports  the  name o f  a fu nct ion  or  variab l e  
b y  t r u n c a t i n g  t h e  n a m e  t o  3 1  c h a r a c t e r s  a n d  p r e f i x i n g  t h e  
u n d e r s c o r e  c h a rac t e r  a s  m e n t i o n e d  e a r l i e r .  T h e  fu n c t i o n  e n t ry 
ru l e s ,  wh ich  are s i m i l ar to Latt i ce/SAS, are as fo l l ows . Upon e ntry to 
a fu n c t i o n  the stack  aga i n  c o n ta ins  t h e  fu nct ion  argu me nts p laced 
i m m e d i ate ly ab ove the  l o ng-word return  address ,  wh ich  regis ter  a7 ,  
the  stack p o i nter ,  p o i nts  to .  The  Az tec  argu m e n t s  appear  i n  t h e  
s a m e  orde r a s  with Latt i c e/SAS C ,  i e  t h e  l e ftmost  fu nct ion  argu ment  
wi l l  b e  the one i m m e d iate ly ab ove the  return addre s s .  

The  A z t e c  techn ica l  ma nual  says that  regi ster  u sage i s  i m p l e me nted 
ac c o r d i ng to the Amiga gu i d e l i n e s  s o  a l l  used registers  except  for  
d O ,  d l ,  a O  a n d  a l  m u s t  be s t o r e d  a n d  r e i n s ta t e d  b e fo re t h e  
a s s e m b l y  l a n g u a g e  r o u t i n e  re t u r n s .  H o w e v e r i n  t h e  Asse m bler 
s e c t i o n ,  the  man ual  states that regi s ters d 0- d 3 ,  aO,  al  and a6 are 
ava i l a b l e  as work registers and fo l l o ws t h i s  stat e m e n t by say i n g  
that "There is  n o  n e e d  to preserve the  va l u e s  o f  wo rk registers fo r 
o t h e r  rout ines " .  I have not  d o n e  much Aztec  expe r i m e ntati o n  but  I 'd 
re c o m m e n d  s t i c k i n g to t h e  fo r m e r ,  more re s t r i c t ive  c o n ve n t i o n ,  
u n t i l  y o u  hear othe rw i s e  - i t  works a n d  i t  i s  d e fi n i te ly  safe! 

I n - l i n e ,  ie e m b e d d e d ,  a s s e m b l e r  c o d e  m u s t  a l s o  p r e s e r v e  t h e  
c o n te n ts  o f  the n o n - s c ratch reg i s t e r s ,  i e  a l l  except d O ,  d l ,  aO and 
a l , a n d  i n  ad d i t i o n  s h o u l d  o f  c o u r s e  not make a n y  a s s u m p t i o n s  
a b o u t  the  co ntents o f  the  p r o c e s s o r  registers b e cause  t h e  code  t hat 
t h e  c o m p i l e r  c u rrent ly  g e n e rates fo r part icu lar  C stateme nts might  
we l l  c h ange  in  l a t e r  r e l e a s e s .  The Manx A z t e c  fu n c t i o n  r e t u r n 
conve n t i o ns ,  i n c i d e n ta l ly ,  agai n u s e  the d O  and d l  data registers .  
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Some Examples 

If all t h e  references and d i rect ives i n  the  above stages are correct  
the rest  i s  e asy. The C source is  compi led ,  the  asse mbly language 
code assembled ,  and then the  modules  are l i n ke d  together with the 
s tartup-c ode  to produce a runab l e  p rogra m. Before  d iscu s s i ng t h e  
6 8 000 code a s h o r t  recap o n  t h e  E O R  fu ncti o n  may b e  usefu l .  

Ex c l u s i ve - O R i n g ,  m o r e  c o m m o n l y  k n o w n  a s  E O R ,  i s  a l o g i c a l  
operat ion  that i s  carried out o n  pairs o f  b i ts  o r  bytes and wo rks l i ke 
th is .  The corresponding b i ts  i n  each o f  the  b i t  pattern  are c o mpared 
and i f  they are d i ffe rent then the result  i s  a 0 val u e .  I f  the  b i ts are 
the same , i e  e ither  both b i ts  are s e t  to 0 o r  both are s e t  to 1 ,  t h e n  
t h e  result  i s  a 1 value .  T h e  truth tabl e  for E O R  operat i o n  therefore 
looks l i ke F igu re 1 6 . 1 .  

B 

I 

T 

B 

0 

1 

B I T  A 

0 1 

0 1 

1 0 

Figure 1 6. 1 .  Exclusive-OR truth table. 

For examp l e :  The resu l t  of exc l u sive-ORing 8F hex with 09 hex i s  8 6  
hex wh i c h  i s  worked o u t  as i n  F igure 1 6 . 2 .  

Byte A 

Byte B 

Result aft e r  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 

Figure 1 6. 2. Exclusive-ORing BF hex with 09 hex. 

8 F  h e x  

09 h e x  

86 h e x  

Exc lus ive-ORing i s  an operat ion  whi c h ,  when  performed twice  o n  a 
byte u s i ng the  same EOR maski ng val u e ,  produces  the  or ig inal byte 
back aga i n .  Try i t  and see.  This has led to the EOR o p e rat i o n  b e i ng 
regu larly used for s i mp l e  en crypt ion and d e c i p h e r  sc hemes .  Take a 
p iece  of  text, Exc l u s ive-OR a l l  the  bytes with s o me mask val u e  and 
the  resu l t  w i l l  not  be  immediat e ly obvi ous as a p iece  o f  text.  Carry 
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out  the  same process  aga i n  with t h e  same e n c rypt ion  key, i e  t h e  
s a m e  EOR mask, and the or ig inal  text w i l l  be  produc e d .  Get  t h e  key 
wrong and it won't !  

My i n it ia l  CU/She l l  examples  pe rform s i m i lar processes .  Each asks 
t h e  u s e r  to type i n  a str ing,  and t h e n  ca l ls  a n  asse mbly language 
ro u t i n e  c a l l e d  C o n v e r t ( ) .  T h e  a s s e mb l e r  r o u t i n e  p e r f o r m s  a n  
Exc l u sive-ORing (EOR) o f  a l l  bytes i n  t h e  str ing which  are ne i ther  
t h e  N U L L  t e r m i n at o r  n o r  e qu a l  t o  the  mask v a l u e  i t s e l f, t h u s  
p r o 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 n g  b y  e n s u r i n g  t h a t  w e  d o n ' t  
p r o d u c e  a n y  N U LL val u e s  wi t h i n  t h e  body o f  t h e  s t r i n g .  Having 
d o n e  t h a t  the  p rogram p r i n t s  the  m o d i fi e d  s t r i n g ,  r e p e a t s  t h e  
Co nvert()  process a n d  p r i n ts i t  aga i n .  T h e  second EORing process  
does  of  cou rse resu l t  i n  t h e  or ig inal  i np u t  str i ng be ing p ro d u c e d .  

Where the  cod ing  d i ffe rs i s  t h a t  i n  the  f irst exampl e  t h e  assembler  
rout ine i s  d i rect ly ac cess ing the  global  variab les  g_input_str ing and 
g_EOR_mask present  i n  t h e  C source  code .  In  the  second example  
these  variab les  are  not  global , and both the  start o f  the  str 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  to t h e  a s s e m b l e r  r o u t i n e  a s  
parame ters ,  i e  t h e  val u e s  are prov i d e d  a s  a rgu ments  d u ri ng t h e  
Convert()  cal l .  Th is  means that i n  t h e  second exampl e  we have t o  
g e t  t h o s e  arguments from the stack .  H ere 's the  ru n d own o n  what 
has happe n e d  j u s t  pr ior  to e n te r i ng o u r  asse mbly l anguage patch .  
T h e  argu ments wi l l  have been  pu s h e d  o n to the  s tac k fol lowed by 
t h e  return address .  My s e c o n d  assembler  patch uses  a L I N K  a S ,#0 
i nstruct ion wh i c h  pushes  the  contents of as o nto the  stac k as wel l . 
T h e  resu l t? To access t h e  two arguments of  the  C fu n c t i o n  we've 
had to use pos i t ive o ffsets  of 8 and 1 2  respect ive ly .  See Chapter  
Fou r fo r d etai l s  of  l i nk/u n l k  i nstruct ion  u sage . 

B e fo re you exa m i n e  t h e  s o u r c e  l i s t i ngs  s o m e  p o i n t s  s h o u l d  b e  
mad e .  T o  start with y o u  w i l l  not ice  i n  t h e  p ieces  of  assembler  c o d e  
provided that o n l y  t h e  s c ratch registers a O  a n d  d O  a re u s e d .  Th is  
m e a n s  that ,  f o r  the  exa m p l e s ,  i t  i s  not  n e c e s s a ry t o  p r e s e rv e  
register  contents  on  the  stac k. Desp i te t h i s ,  i n  the  s e c o n d  o f  t h e  
as s e mb l e r  patc h e s  I h a v e  i n c lu d e d  s o m e  m o v e m  i n stru c t i o n s  to 
save and restore data registers  d2-d 7 .  Why? I t's  just  so that you can 
see exac t ly  whereabouts  in  t h e  c o d e  those p u s h/pu l l  o p e ra t i o n s  
wou l d  be carr ied out had registe rs d 2 -d 7 actu

'
a l ly been  i n  u s e .  
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/ * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * / 

/ * E xa m p l e  1 6 · 1 . c · u s e s  E x c lu s i v e  ORing patch  v ia GLO BAL 
v a r ia b les * / 

# i n c lu d e  < e x e c / typ e s . h> 

# i n c lu d e  < s tdio . h> 

# d e f in e  ME SSAGE 1 " P lea s e  en ter  a s t r in g \ n " 

# d e f in e  ME SSAGE2 " Co n v e r t ed s t ring 1 5  • • • • • • • • • • •  " 

# d e f in e  ME SSAG E 3  " St ring after  2 n d  c o n v er sion . . .  • 

# d e f in e  LI N E F E E D  1 0  

# d e f in e  MAX C HARS 80 

# d e f in e  E O R  MASK Ox1 F 

TEXT g_input_st ring [ MAX_CHARS + 1 ] ;  / * s p a c e  f o r  the u se r ' s  
s t r ing * / 

U BYTE g_EOR_m a s k= E O R_MASK ;  / * E x c lu s iv e - O Ring c o n v e r s i o n  m a s k  * / 

m a i n ( )  

{ 
WOR D  k ey b o a r d_ch a r a c te r ;  UBYTE c o u nt=O ; 

p rintf ( MESSAGE 1 ) ;  

w h i l e  ( ( k e y b o a r d_c h a r a ct e r = g e t c h a r ( ) ) ! = L I N E F E E D )  

{ 
if ( c o u n t <=MAX_C HAR S )  g_input_s t r in g [ c o unt++ ] = 

key b o a r d_cha ra c te r ;  

} ; 
g_input_ s t r in g [ c o u nt ] = N U L L ;  / * a d d  terminal  N U LL * / 

C o n v e r t ( ) ;  / * EOR t h e  s t r i n g * / 

p ri n tf ( " %s %s \ n " , ME SSAGE 2 , g_input_s tring ) ; / * s h ow u s e r  
c o n v e r t e d  s t r i n g  * / 

C o n v e r t ( ) ; / * 2 n d  E O R  o p e r a t i o n * / 

p r i n tf ( " %s %s \ n " , ME SSAG E 3 ,  g_inp u t_strin g ) ; / * s h ow s t ri n g  
a g a in * / 

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

* - - - - - - - · - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

* E x ample 1 6 - 1 . s  a s s em b l e r  p a t c h  without a r gument  p a s s ing * 

* - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

* aO is l o a d e d  with  t h e  s t a r t ing a d d r e s s  of the  input  s t ri n g  

XDE F C o n v e r t  
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X R E F  _g_inp ut_string 

X R E F  _g_EOR_m a s k  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

_Co n v e r t  move . l  

move . b  

subq . l  

#_g_input_strin g , a O  start  of s t r ing 

_g_EOR_m a s k , dO get m a sk v a l u e  

# 1 , aO 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

CON V E R T_LOO P : a d d q . l  # 1 , aO m o v e  t o  next byte 

t s t . b  ( aO )  check it 

b e q  F I N ISH quit  if NULL termin a t o r  

cmp . b  ( aO )  , do w i l l  it EOR to NULL  ? 

b e q  CONVE R T  LOOP if YES d o n ' t  EOR it 

e o r . b  dO , ( aO )  safe t o  convert 

b r a  CONVERT LOOP k eep going 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

F I N I SH r t s  b a c k  t o  C 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

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

/ * E xamp le 1 6 · 2 . c  · with pa rameter d riven Exclusive ORing patch * / 

# i n c l u d e  <ex e c / types . h > 

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

# d efine MESSAGE 1 " P lea s e  enter a s t r ing \ n "  

#define MESSAGE 2  " Co n v e r t ed s t ring i s  . . . . . . . . . . .  " 

#define MESSAGE 3  " St r ing after  2 n d  c o nv e r si o n  . . .  " 

#define L I N E F E E D  1 0  

#define MAX CHARS 80 

#define EOR  MASK O x 1 F 

m a in ( )  

{ 
TEXT input_s t rin g [ MAX_CHARS+ 1 ] ;  / * s p a ce f o r  the u s e r ' s  s tring * / 

UBYTE E OR_m a s k = E O R_MASK ; / * E x c lu s iv e - O Ring conversion m a sk * / 

WOR D  k ey b o a rd_ch a r acter ; UBYTE c o u n t = O ; 

p r i n t f ( MESSAGE 1 ) ;  

while ( ( k e y b o a rd_c h a r ac t e r = getch a r ( ) ) ! = L I N E F E E D )  
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{ 
if ( c ou n t < = MAX_CHARS )  inp u t_strin g ( c o u n t+ + ] =  

k ey b o a r d_cha r a c te r ;  

} ; 
input_st rin g ( co u n t ] = N U LL ; / *  a d d  termin a l  N U LL  * /  

Convert ( input_s t r in g , EOR_m a sk ) ; / *  E O R  the s t r i n g * /  

p rintf ( " %s %s \ n " , ME SSAG E 2 , input_s t r in g ) ; / * show u s e r  
c o n v e rted s t ring * /  

C o n v er t ( input_s tring , EOR_m a s k ) ; / *  2 n d  EOR o p e r a t i o n * /  

printf ( " %s %s \ n " , MESSAGE3 , input_string ) ;  / * s h ow string again * /  

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

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

* Example 1 6 - 2 . s  a s sembler  p a t c h  with arg ument p a s sing  

XDE F C o n v e r t  

* 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* 

-Convert link a5 , #0 don ' t  need any w o r k s p a c e  

movem . l  d2 · d7 , · ( s p )  n o r m a l ly where  we s a v e  

m o v e . l  1 2 ( a5 ) , d0 retrieve m a s k  v a l u e  

m o v e . l  8 ( a 5 ) , a0 retr ieve string  p o i n t e r  

s u b q . l  #1 , ao 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

CONV E R T  LOO P :  addq . l  #1 , ao move  t o  n e x t  b y t e  

t s t . b  ( aO )  c h e c k  i t  

b e q  FI N ISH  quit if N U LL t e rm i n a t o r 

cmp . b  ( aO ) , dO will  it E O R  t o  N U L L  ? 

b e q  CO NVERT LOO P if YES d o n ' t  E O R  i t  -

e o r . b  dO , ( a O) s afe t o  c onvert  

b r a  CONVERT LOO P keep g o i n g  

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 

F I N ISH  movem . l  ( sp ) + , d2 - d7 

u n lk as 

n o rm a l ly where w e  r e s t o r e  

r t s  b a c k  t o  C 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * 
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A Flashy Example 

T h i s  l a s t  exam p l e  is  m o r e  a d va n c e d  a n d  has r e a l l y o n l y  b e e n  
i n c l u d e d  s o  that you can see  someth ing  o f  the  t r i cks that  can b e  
d o n e  w i t h  mixed code  programming .  I t  i nvo lves creat ing a pai r o f  
6 8 0 0 0  p a t c h e s  t o  c r eate  m e s sages  w h i c h  fl a s h ,  l i ke t h e  fam o u s  
A m i ga G u r u  a lert .  C reati ng  flas h i ng text o n  t h e  Amiga i s  a re lat ively 
s i m p l e  j o b  becau s e  o f  t h e  Amiga's c o l o u r  i n d i re c t i o n  s c h e m e .  As 
you al ready pro bably know the  screen colours prese nt  on a d i sp lay 
aren ' t  c o l o u rs at al l ,  they are refe rences  to c o l o u r  reg isters ,  w h i c h  i s  
w h e re t h e  indirection co m e s  i n .  B y  chang ing  t h e  val u e s  i n  t h e s e  
reg is ters  t h e  e ffe ct ive ,  i e  v i s i b l e ,  co lou rs pre sent  o n  t h e  d i s play can 
b e  c hanged without  any ad d i ti o nal screen  man i pu lat ion  e ffo rt .  What 
we n e e d  t o  do  the refore to create a flas h i ng c o l o u r  i s  t o  arrange to 
a l te rnate  the va l u e  i n  some part i c u lar  co lou r register .  

Now a p rogram u s i ng such flas h i ng fac i l i t i e s  wo u l d  not ,  o r  c e rtai n ly 
s h o u l d  n o t ,  wa nt t o  g e t  i n v o l v e d  w i t h  t h e  task o f  c o n t i n u o u s l y  
c h a n g i n g  val u e s  i n  a co lou r register  i t s e l f. T h e  b e s t  i d e a, s i n c e  i t  i s  
n o t  a part icu larly t i m e  c o n s u m i n g  task, i s  to  c re ate a p i e c e  o f  c o d e  
wh i c h  i s  executed automatical ly and o n e  way o f  d o i n g  t h i s  i s  v ia t h e  
i nterrupts .  

I n terrupt  p rocess ing  on the  Amiga i s  a b i t  o f  a grey  area  e s p e c ia l ly  
s i n c e  a lot  of  the early Amiga tec h n i cal  i n format ion verged o n  the  
m i s l e a d i ng.  At  the Exe c sys tem l eve l ,  two types  o f  arrangements  are  
ava i l ab l e :  i n terru pt ha nd l e r s ,  and i n t e rrupt  s e rv e r s .  Exe c s e rve rs 
a l l o w  part i cu lar i n terrupt s ignals  to be s hared,  so a number  of qu i te 
i n d e p e n d e n t  rou t i n e s  can be t i e d  to the same i n terrupt .  I n  the  case 
o f  m y  a s s e m b l e r  c o d e  e x a m p l e ,  I am u s i n g t h e  E x e c s e r v e r  
m e c h a n i s m  t o  m o d i fy a c o l o u r  r e g i s t e r  va l u e  d u r i n g s e l e c t e d  
vert i cal  b l ank ing i n terva l s .  

T h e  E x e c  l i b r a r y  o f f e r s  a c o u p l e  o f  s y s t e m  r o u t i n e s ,  c a l l e d  
Ad d l ntServe r() and Reml ntServe r() ,  wh i c h  a l low s e c t i o n s  o f  c o d e  to 
b e  a d d e d  or  r e m o v e d  fr o m  t h e  i n t e r r u p t  c h a i n  i n  a s y s t e m  
c o m p at i b l e  fa s h i o n .  These  r o u t i n e s ,  wh i c h  are d o cu mented i n  the  
Ad d i s o n  Wes ley Includes and Autodocs RKM manu al , take th is  fo r m :  

Ad d i n t S e r v e r ( int e r rupt_numbe r ,  i n t e r ru pt_po int e r )  

R e m i n t S e r v e r ( int e r rupt_n umbe r , interrupt_po int e r )  

r e g i s t e r  u s age dO ao 

T h e  i n te rru pt number fo r the vert i ca l  b lank i nterrupt  i s  5 ,  b u t  for 
c l a r i t y  i t ' s  b e s t  to u s e  t h e  i n c l u d e  f i l e  s y m b o l i c  v a l u e  
l N T B _V E RT B . T h e  s e c o n d  p a r a m e t e r  i s  a p o i n t e r  t o  a s y s t e m  
I n terrupt  structure ,  wh i c h  to a C programmer looks l i ke t h i s :  
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s t ruct  I nt errupt 

{ 
s t r u c t  Node  i s_N o d e ; 

i s_D at a ; APTR 

VO I D  ( * i s_Co d e ) ( ) ; 
} ; 

T h e  equ ival e n t  assemb l e r  i n c l u d e  fi l e  d e fi n i t i o n  u s e s  a val u e  LN_S I Z E  
t o  provide an o ffse t  equ iva lent  to a n  Exec  N o d e  structure :  

STRUCTURE 

APTR 

APTR 

LAB E L  

I S , LN_S IZE  

I S  DATA 

I S  CODE 

I S  S I Z E 

Exec u s e s  these  typ e s  o f  data b l o c ks to prov ide  a l i s t  o f  j o b s  wh i c h  
m u s t  b e  d o n e  whe n the i n terrupt o c c u r s .  As c a n  b e  s e e n  fro m t h e  
above  frag m e n t s ,  part o f  t h e  I n t e r r u p t  s t r u c tu re i nc l u d e s  a N o d e  
structure .  I n  C t h i s  l o o ks l i ke th i s :  

s t ruct Node 

{ 
s t r u c t  

s t r u c t  

UBYTE 

BYTE 

c h a r  

} j 

Node * ln_Su cc ; 

Node * ln_Pred ; 

ln_Typ e ;  

ln_Pri ; 

* ln_Name ; 

/ *  pointer t o  s u c c e s s o r  n o de * / 

/ * pointer  t o  prede c e s s o r  n o de * / 

/ * set this to N T_I NTE R R U P T  * / 

/ *  can  be s e t  from  + 1 28 t o  - 1 27 * / 

/ * N U L L  terminated s t r ing p o in t e r  * / 

Bu t for  t h e  a s s e m b l e r  programmer  t h e  syste m ST R U CT U R E  mac r o  
aga i n  c o m e s  to t h e  r e s c u e  a n d  a l l ows th i s  d e fi n i t i o n  to be  c reate d :  

STRUCTU R E  LN , O  

APTR LN  SUCC 

APTR LN  P R E D  

UBYTE LN  TYPE 

BYTE LN P R I  

APTR LN NAME 

LAB E L  L N  S I Z E  
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S e v e r a l  p o i n t s  a r e  w o rth  m e n t i o n i n g .  F i r s t l y ,  t h e  N o d e 's ty p e ,  
p r i o r i ty a n d  n a m e  f i e l d s h a v e  t o  b e  p r o v i d e d .  S e c o n d l y ,  t h e  
I S_ C O D E  p o i n t e r  m u s t  c o n t a i n  t h e  a d d r e s s  o f  y o u r  i n t e r r u p t  
rou t i n e .  Another rather i m po rtant po i nt i s  that you d o  not u s e  rte 
i nstruct ions  at  the end of the rou t i n e  - server cha in  i nterrupt c o d e  
s e c t i o n s  n e e d  to  b e  written as subrout ines e nd ing i n  a rts! One  l a s t  
p o i nt c oncerns  the  I S_DATA fie l d ;  t h i s  i s  ava i labl e  f o r  c o nve n i e n c e  
a n d  Exec w i l l  pass a nyth i ng y o u  p l a c e  i n  t h i s  fie l d  d i rect ly to t h e  
i nt e r r u pt r o u t i n e .  H o w? I t  c o p i e s  t h e  f i e l d  i n t o  t h e  6 8 0 00 ' s  a l  
a d d r e s s  register s o  i t  i s  ready and wait ing as  the i nterrupt c o d e  i s  
entered .  

G iven  a su i tab le  p i e c e  o f  code ,  and the  properly i n i tia l i s e d  I nterrupt 
n o d e  s t ru c t u r e ,  t h e  i n s t a l l a t i o n  is  s u r p r i s i ng l y  e a s y  a n d  j u s t  
i n v o l v e s  u s i n g  t h e  A d d i n tS e rv e r ( )  r o u t i n e .  B e fo r e  e x i t i n g  t h e  
p ro gram can u s e  a Re m i ntServer()  c a l l  t o  take t h e  j o b  o u t  o f  the  
vert ica l  b lanki ng server c ha i n .  

F o r  t h i s  example  I 've put three p i ec e s  o f  code  o n  d is k. F i rst ly ,  there 
i s  t h e  a s s e m b l e r  s o u r c e  c o d e  wh i c h  h an d l e s  t h e  set t i n g  u p  a n d  
c l o s i n g  d o w n  o f  t h e  flas h i ng i nterru pt.  Th i s  i s  j u s t  a s ho rt example  
w h i c h  m o d i fi e s  t h e  co nte nts  o f  co lour  reg ister  7 .  De p e n d i ng on  
your  n e e d s ,  i t  s h o u l d n't b e  too d i ff icu l t  to mod i fy the  rou t i n e  to  
s u i t  your  own purposes .  Secondly,  I 've i nc lu d e d  the  source c o d e  for 
a s k e l e t o n  C p r ogram w h i c h  h a n d l e s a l l  the m u n d a n e  I n tu i t i o n 
s c r e e n/window o p e n ing,  menu creat i o n  etc .  Wi th in  th is  code  you' l l  
s e e  a couple  o f  cal l s  to my assembly language routin e s .  F lashOn() 
i ns ta l l s  my i nterru pt j o b  i n  the s e rver  c h a i n ,  F lashOffO d o e s  t h e  
o p p o site ,  i e  i t  re moves i t .  Lastly,  I have i nc lu d e d  a Workb e n ch/CL! 
ru nabl e example w h i c h  a l l ows you to turn a flashing text d i s p l ay o n  
a n d  o ff v i a  a menu . 

Here  t o  fi n i s h  with i s  a l i st ing of  the assembler  code .  S i n c e  i t  was 
wri tten us ing  H iSoft's Devpac ass e mbler  I 've l e ft i t  in Devpac fo rm 
to i l l u s t r a t e  t h e  u s e  of  t h e  CALLEXEC a n d  C A L L G R A F  ( D ev p a c  
s p e c i fi c) macros.  Users without Devpac w i l l  n e e d  to convert those 
m a c r o  c a l l s by i n s e r t i n g  t h e  e q u i v a l e n t  C A LL S Y S  m a c r o  a n d  
s p e c i fy i ng t h e  a p p r o p r i ate l i b ra ry b a s e .  F o r  i n stan c e  t h e  macro 
e x p r e s s i o n  CALLGRAF S e tR GB 4 ,  s h o u l d  be  c h a n g e d  to  CALLSYS 
SetRG B 4 ,  G fxBase :  
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* --- --------- -------------------------------- -- - -- --- - -- - ---- - - - - - - - -

* Example CH1 6 - 3 . s  Flas hing assembler patch (written with Devpac ) 

* - - ------ --------------- - -------- ---- --- ---- - -- - ---------------- - - - - -

include exec / types . i  

include exec / exec_lib . i  

include exec/ interrupts . !  

include hardware/ intbits . i  

include graphic s / graphics_lib . i  

DELAY EQU 8 

PRIORITY EQU 0 

XDEF  FlashOn -

XDEF FlashOff -

XREF GfxBase -

XREF _g_viewport_p 

XREF colourtable -

* - ---------- - - - ----------------------------- ------ - - - - - - - - - - - - - - - - - - -

* Preserve a6 , get colours and then set up the interrupt server 

* node before adding to existing vertical blanking j obs . 

* Structure is already defined in include files , so we can use  

* the pre- calculated offsets . . .  

_Fla shOn : movem . l  a6 , - ( a7)  

move . I  

mov e . w  

mov e . w  

andi . w  

ls r . w  

move . b  

move . b  

andi . b  

lsr . b  

#_colourtable , a 1  

1 4 ( a 1 ) , d0 

d0 , d 1 

#$0FOO , d 1 

#8 , d 1 

d1 , red 

d0 , d 1 

#$00FO , d 1 

#4 , d 1 

move . b  d 1 , green 

move . b dO , d 1  

andi . b  #$OOOF , d 1 

move . b  d 1  , blue 

move . I  #server_node , a1 

preserve 

get colour 

copy colour 

isolate red 

copy colour 

isolate green 

copy colour 

isolate blue 

base address 
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m o v e . b  #NT_I N T E R R U PT , LN_TYP E ( a 1 ) 

m o v e . b  # P R I O R I TY , LN_P R I ( a 1 ) 

m o v e . l  #_co l o u r t a b le , I S_DATA ( a 1 ) 

m o v e . l  # F LASH_CODE , I S_CODE ( a 1 ) 

m o v e q . l  # I N T B_VE RTB , dO s e r v e r  n o d e  a l ready  i n  a 1  

CALLEXEC Ad d i nt S e r v e r  i n s tall 

movem . l  ( a7 ) + , a 6 r e s t o r e  

r t s  quit  
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

c n op 0 , 4  

-F la shOff : m o v e m . l  a6 , - ( a7 )  p r e se r v e  

m o v e . l  # s e r v e r_n o d e , a 1 

m o v e q . l  # I N T B_VE RTB , d O 

CALLEXEC  RemintServer  

movem . l  ( a7 ) + , a 6 r e s t o r e  

r t s  q u it 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

F LASH CODE : movem . l  d2 - d3 / a6 , - ( a7 )  p re se r v e  r eg i s te r s  

s u b q . b  # 1 , c o u n t  

b n e  FC 1 

m o v e . b  #DELAY , c o u n t  

bchg  #0 , switch a l t e r na t e  v a l u e  

b e q  CLEAR R E G  

SET REG : m o v e . b  red , d 1 p r ep a r e  c o lo u r s  

m o v e . b  g r e e n , d2 f o r  RGB4 ( )  c all 

m o v e . b  blue , d3 

b r a  FCO 

C LEAR R E G : c l r  d 1  c le a r  c o l o u r s  

c l r  d2 f o r  RGB4 ( ) c a l l  

c l r  d 3  

FCO :  m o v e . l  #7 , dO c o lo u r  r e g  7 

move . l  _g_v iewp o r t_p , aO 

CAL LG RAF SetRGB4 r e s e t  c ol o u r  

FC 1 : movem . l  ( a7 ) + , d 2 - d3 / a6 r e s t o r e  r e gi st e r s  
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moveq . l  #0 , dO 

rts 

set z flag 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

server_node ds . l  IS_SIZE static declaration 

c ount dc . b  DELAY 

red ds . b  space for storing 

g reen ds . b  separated colour 

b lue ds . b  values 

switch ds . b  boolean flash switch 
* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Complexity Threshold 

By the t i me you have  got to t h i s  part of the book you w i l l  doubt less  
have had qu i te a b i t  of  Amiga p rogramming exper i e n c e  a n d ,  i f  you 
are  a n y t h i n g  l i k e  t h e  r e s t  of  u s ,  y o u  m a y  be  f e e l i n g a l i t t l e  
techno logical ly punch drunk. This  i sn ' t  that s u rp r i s i ng because the  
Amiga system a n d  i ts d o c u m e n tat i o n ,  b o t h  in  phys i cal  s ize  a n d  
complexity,  s t o p s  many wou ld-be Amiga p rogrammers d e a d  i n  t h e i r  
trac ks.  T h e  fac t  o f  t h e  matte r i s  t h a t  compl exi ty-w i s e  t h e  Amiga 
p re s ents  a whole  new bal l game and one  look  at the conte nts o f  the  
o ffi c i al A d d i s o n  W e s l ey A m i ga r e f e r e n c e  man u a l s  i s  more  t h a n  
enough to t e l l  you that th i ngs have c hanged c o n s i d e rably from t h e  
good o l d  eight bit days. 

Coping with thousands of  pages of  d ocu me ntati o n ,  espec ia l ly  s i n c e  
they a r e  c o u p l e d  t o  complex hardware a n d  ve ry soph i st icated O/S 
i d eas ,  is qu i te  a daunt ing prospect  even to the pros .  The i mpo rtant 
po int to bear in mind  is,  of  cours e ,  that you d o  not h ave to l earn 
about everyth i ng at once !  

The best  idea  is  to adopt the same pr inc i p l e s  as the  p rogrammers 
who work with mai n frames - they don 't memorise everyth i ng, they 
j u st d e v e l o p  an u nd e rstan d i n g  o f  (some wou l d  say a sympathy 
with)  the system they u s e .  Havi ng said that, most  wi l l  s t i l l  s p e n d  as  
mu c h  t i me as t h e y  c a n  read i ng t h e  manu a l s ,  but  what  t h e y  are  
p ri mari ly try i ng to d o  i s  b u i l d  u p  an ove rvi ew, i e  a g e n e ral  p icture ,  
of  the  system as a who l e .  I t  i s  th is  fami l iarity with both  the g e n e ral  
worki ng of  t h e  system as a who l e ,  and with the docu mentat ion ,  that  
makes i t  easy for them to get hold o f  i nfo rmat ion as a n d  when they 
n e e d  i t .  

I f  you ask  t h e  ave rage p ro fe s s i o nal  Amiga program m e r  what a n  
AmigaDOS Process  structure looks l i k e ,  or  what nume rical  val u e  i s  
assign e d  t o  I n tu it io n's GADGETUP flag, they a r e  u n l i ke ly  t o  know, o r  
part i cu lar ly care i n  t h e  latter case .  But  o n e  t h i n g  i s  c e rtai n :  t h ey will 
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k n o w  w h e r e  t o  f i n d  o u t !  M a n y  p r o g r a m m e r s  wi l l  s p e c i a l i s e  i n  
graph i c s ,  s o u n d ,  c o m ms etc .  and i f  you ask a gra p h i c s  s p e c i a l i st 
h o w  y o u  s e t  u p  t h e  A m i ga ' s  s e r i a l  p o r t f o r  h i g h - s p e e d  M I D I  
transmiss ion  t h e  c hances  are odds o n  that they won't  be able  to te l l  
you .  G iven s o me t i me a n d  t h e  n e c e ssary docu me ntat i o n  h owever 
t h ey wi l l  c o me across with the  good s .  Expe r ience  with the  mac h i n e  
i s  i mp o rtant b u t  a l l  profess ional  Amiga programmers w i l l  t e l l  you 
t h e  same th i ng,  that access to decent  techni cal i n formati o n  comes 
extre mely h igh on t h e  l ist  of  pr ior i t ies .  The f irst  piece o f  part i n g  
advice i s  s i mply th i s :  Do n o t  eve n t h i n k  abo u t  try ing to enter  the 
world  o f  s e r i o u s  A mi ga programmi n g  witho u t  gett ing the o ffi c i al 
documentati o n  - i t  real ly i s  worth i t s  weight i n  gol d .  What you may 
a l s o  n e e d ,  b e cause  t h e  o ffi c ia l  manuals  are wri t t e n  pr imari l y  for 
profess ional  programmers,  are other books (such as this one)  w h i c h  
attempt to expl a i n  some o f  the  i ssues  u s i ng a s ofter ,  tutorial  s ty le ,  
ap proach .  

I 've had the  chance t o  see a l o t  of  Amiga code that has been  wri t ten  
by progra mmers in  t h e i r  early Amiga system days, and o f  cours e  I 
a l s o  have wal k e d  i nt o  many tech n ical snags as  I b e ca m e  A m i ga 
system l i terate . As far as commo n p i t fal ls  are concerned h owever, 
two t h i ngs h ave stu ck in my m i n d .  

F i rst ly,  a l o t  o f  programmers h ave c ome u p  v ia  t h e  route  w h i c h  
i nvolved hacking t h e  e ight  b i t  Co mmodore 6 4 ,  S inc la i r  ZX8 1 a n d  
t h e  l i ke and have tr ie d  to a d o p t  t h e  same suck i t  and see whilst you 
type approach on the  Ami ga. Bas ical ly i t 's n o t  poss ib le  to j u st s i t  
d own at the  keyboard a n d  start writ i ng Ami ga programs b e cause  
they tend to b e  too large and too complex to tackle  in  that  way. You 
h ave to d e c i d e  what you want to do, plan, des ign ,  c o d e  and t h e n  
test  y o u r  program carefu l ly .  Y o u  a l s o  have to i m p l e m e n t  you r ideas 
i n  a way wh i c h  fo l l ows t h e  ru l e s  w h i c h  t h e  m u l t i - t as k i n g  Exec  
i mposes o n  a l l  Amiga programs, exce p t  those which  take over the  
mac h i n e  comple tely.  Th is  means you wi l l  need to take an i nterest  in  
program d e s i g n  as a n  i n tegral part o f  c o d e  p r e parat i o n .  F o r  t h e  
Amiga programmer s u c h  i deas a r e  n o t  usefu l  extras - a systematic 
ap proach i s  a necess i ty .  This book was not the place to deal  with  
program design issues  but  I was at l east able to outl i n e  the  sort  of  
techn iques  I use .  

Secondly ,  the  c o mp l exity i ssues  themselves ,  as always , are  relat ive 
n o t  abs o l u t e .  I f  y o u  h ave s tu d i e d  c o m p u te r  s c i e nc e  at s c h o o l  o r  
c o l l e g e ,  o r  h a v e  w o r k e d  w i t h  a m u l t i - task i n g  c o m p u t e r  s y s t e m  
b e fore,  t h e n  you w i l l  have l e s s  to learn becau se many c o nc epts wi l l  
already be  fam i l iar .  S imi larly, i f  you 've u s e d  languages l i ke Pascal 
( w h i c h  u s e s  r e c o r d s  i n  m u c h  t h e  same s o rt  of way t h at C u s e s  
s t r u c t u r e s )  s o m e  l a n g u a g e  t r a n s i t i o n  p r o b l e m s  w i l l  b e  l e s s  
troublesome.  I f, because o f  pr ior  exper ience ,  the  Amiga road seems 
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r e l a t i v e l y  s t r a i g h t f o r w a r d  t h e n  b e  t h a n k fu l .  I f  yo u a r e  s t i l l  
struggl i n g  t h e n  be pat ient  and don 't worry - a l most  eve ryo ne  who 
has  ever  sat  d o wn to l e arn about the Amiga system w i l l  have had,  at  
s o me t i me o r  other ,  to  c o pe wi th  exact ly the  same d i fficu l ti e s .  

W i t h  a system a s  c o mp l ex a s  t h e  Am iga w e  are gett ing t o  t h e  p o i n t  
where even t h e  profess i o n als wi l l  ad mit  that they' l l  never l e ar n  a l l  
there i s  to  know about t h e  Amiga. M y  advice? Don't  worry a b o u t  the 
amount  o f  mate r ia l  that  needs to be understood - at any o n e  t ime 
conce ntrate on ly  o n  those aspects re lated to the  proj ect wh i c h  you 
are cu rrent ly  i nvolved with .  I n  other  words adopt  a need to know 
p o l i c y to g u i d e  y o u r  path  t h r o u gh t h e  sys te m d o c u m e n ta t i o n .  
Ab ove a l l ,  e nj o y t h e  c h a l l e nge becau s e ,  a s  I 've sa id  b e fo r e ,  i t  i s  
u n doubtedly  good fo r the sou l !  



1 7: 

The 68000 

I nstruction 

Set 

T h e  c o m p l ete  range o f  6 8 0 0 0  
i n s t ru c t i o n s  c a n  b e  r o u g h l y  
d i v i d e d  i n t o  t h e  f o l l o w i n g  
c lass e s :  

• Data M ovement i nstru ct i o n s  

• F l ow C ontrol  (Ju mp,  b ranch 
type )  i nstruct ions  

• Logi cal ,  s h i ft and ro tate 
type i nstruct ions  

• B i t  man i pu lat ion  
i n stru ct ions 

• Arithmet ic  i nstru ct i o n s .  

I m e n t i o n e d  r i g h t  a t  t h e  
b e g i n n i n g o f  t h e  b o o k  t h a t  
j u s t  t o  l i s t  t h e  fu l l  d e ta i l s  o f  
t h e  6 8 0 0 0  i n s t r u c t i o n  s e t  
wo u l d  t a k e  a b o o k  i n  i t s e l f. 
Th is  b e i n g  so  t h e  d e ta i l s  that 
fo l l o w  are j u s t  a s u m mary o f  
t h e  m a i n  i ns tru c t i o n s  w i t h  a 
f e w  n o t e s  a b o u t  t h e i r  u s e s ,  
t h e  a d d r e s s i n g m o d e  
r e s t r i c t i o n s ,  f lag e ff e c t s  a n d  
s o  o n .  S o m e  e x a m p l e s  a r e  
p r ov i d e d  b u t  i n  m o s t  c a s e s  
y o u  w i l l  f i n d  t h e  m o s t  
c o mplete  d i scuss ions  o f  u sage 
in the mai n  text of the book .  

Many 6 8 0 0 0  i ns t ru c t i o n s  can 
work with byte ,  word and l o ng 
w o r d o p e r a n d s .  B y t e  s i z e  
va l u e s  w i l l  n o t  h o w e v e r b e  
a l l ow e d  i f  t h e  d e s t i n a t i o n  o r  
s o u rc e  o perand i s  a n  address  
register .  T h e re are  i n c i de ntal ly 
a n u m b e r  o f  i n s t r u c t i o n s  
w h i c h  c a n  o n l y b e  u s e d  i n  
68000 Superv isor  m o d e .  You' l l  
s e e  a n u m b e r  o f  t h e s e  
m e n t i o n e d  ( m a i n l y f o r 
c o m p l e t e n e s s )  b u t  f o r  f u l l  
d e ta i l s  o f  t h e s e  i n stru c t i o n s ,  
a n d  d i s c u s s i o n s  o f  o t h e r  
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i s s u e s  s u c h  as 68000 trap hand l i ng wh ich  have n o t  b e e n  deal t  wi t h  
i n  t h i s  b o o k ,  y o u  a r e  r e fe r r e d  t o  t h e  r e fe r e n c e s  g i v e n i n  t h e  
b ib l i ography. 

Effective Address 

M o t o ro la  68000 l i terature uses  the term effective address to refe r  t o  
t h e  a d d r e s s  that  t h e  pro c e s s o r  u l t i mate l y  u s e s  and o f  c o u r s e  for  
i n s t r u c t i o n s  w h i c h  i d e n t i fy an o p e r a n d ,  d o  s o m e t h i ng ,  and t h e n  
s t o r e a r e s u l t ,  t h e r e  wi l l  be  a n  e ffect ive s o u r c e  ad d re s s  a n d  a n  
e ffect ive d e s t i nat i o n  address .  Usual ly  the context  o f  t h e  i nstruc t i o n  
wi l l  make i t  easy to i d e n t i fy t h e s e  se parate e n t i t i es .  W h e n  a g e n e ra l  
e ffe c t i ve ad d r e s s  n e e d s  t o  b e  sta t e d ,  as  o p p o s e d  t o  a s p e c i f i c  
add ress i ng m o d e  descr i pti o n ,  i t  i s  c o m m o n  prac t i c e  t o  u s e  t h e  term 
<ea> . 

Op-Codes 

The part o f  the b i nary mac h i n e  code  i n stru c t i o ns which h o l d s  t h e  
r e a l  68000 understandable i n fo rmat i o n  a s  to what o p e rat i o n  t h e  
p r o c e s s o r  s h o u l d  p e r f o r m ,  i s  k n o w n as t h e  o p e ra t i o n  c o d e  o r  
op-code part o f  the  i n struct i o n .  

Sign Extension 

Some 68000 i n s t ru c t i o n s  s i gn - e x t e n d  byte o r  word data ,  ie  t h e y  
pro pagate t h e  s i gn b i t  ( b i t  7 i n  the case o f  byte data o r  b i t  1 5  fo r 
word s i z e d  o p e rands)  to prod u c e  a 3 2  bi t  val u e .  

Notes on An/Dn Name Conventions 

When tal k i ng gen era l ly  about address reg isters and data reg isters  i t  
i s  c o m m o n  p ra c t i c e  to  u s e  t h e  terms An a n d  O n  t o  i n d i c ate a n y  
ad d ress  regi ste r or  a n y  data regi s t e r .  

68000 Addressing Modes 

One of the most powerfu l  fe atures of the M o toro la  6 8000 dev ice  i s  
t h e  r i c h  va r i e ty o f  a d d r e s s i n g m o d e s  t h a t  i s  av a i l a b l e .  M o s t  
pro c e s s o r  ins t ru c t i o n s  work o n  a p i e c e  o f  data, ca l l ed  the  o pe ra n d ,  
and th is  data h a s  t o  b e  s t o r e d  somewhere .  M a n y  i n struc t i o ns wi l l  
u s e  s o m e r e a l  o r  i m p l i e d  s o u r c e  a d d r e s s  ( t h e  e ffe c t i ve s o u rc e  
ad d re s s ) ,  d o  s o m e t h i n g ,  a n d  t h e n  t r a n s f e r  t h e  re s u l t  t o  s o m e  
d e s t i nat ion  ad d ress  ( the e ffe ct ive d e s t i n at ion address ) .  I n  sh ort ,  t h e  
pro c e s s o r's add ress i n g m o d e s  enab l e  these s o u rce  and dest inat i o n  
addresses  t o  be  spe c i fi ed . Here 's  the  rundown o n  t h e  bas ic  68000 
add re s s i ng s c h e m e s .  
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Inherent Addressing 

This  i s  o n e  of t h e  address ing  m o d e s  w h i c h  d o e s  n o t  i nvolve t h e  
s p e c i fy i ng o f  m e m o ry l ocat i o n s  because  t h e  processor  wi l l  know 
fro m  t h e  i nstru c t i o n  o p- c o d e  wh i c h  addresses  i t  s ho u l d  use .  The  
6 8 0 0 0 ' s  r e t u r n - f r o m- s u b r o u t i n e ,  r ts ,  i n s t ru c t i o n  f o r  i n s t a n c e  
in herently knows that  t h e  s tack  p o i n t e r  regi s t e r  i s  t o  b e  u s e d  t o  
move d a t a  t o  a n d  fro m m e m o ry .  T h e  d e ta i l s  are  b u i l t  i n t o  t h e  
i n s t ru c t io n  i t s e l f. T h i s  i s  why t h e  progra m m e r  d o e s  n o t  n e e d  t o  
spec i fy an address ing m o d e  for rts,  and why n o n e  are l i s ted .  

Register Addressing 

T h i s  i s  p e rf e c t l y  s t ra ig h t fo rward to e x p l a i n .  R e g i s t e r  a d d r e s s i n g  
s i mply  means t hat t h e  o perands r e s i d e  i n  t h e  processor's regi s ter  
a n d  s o  n o  m e m o ry address  i n format i o n  i s  n e e d e d .  The  6 8 0 00 ' s  
exchange ,  EXG, i n stru c t i o n  i s  o n e  e xamp l e  o f  regi ster  address i ng.  
The o ffi c ia l  d o c u m e n tat i o n  spl i ts  register  address ing i nt o  data and 
a d d r e s s  r e g i s t e r  a d d r e s s i n g  but  fo r most  pract i ca l  p u rp o s e s  t h e  
d is ti n ct i o n  i s  n e i t h e r  here  nor  there .  

Immediate Addressing 

Ano t h e r  stra ightfo rward m o d e  where t h e  data i n  q u e s t i o n ,  i e  t h e  
operand i tse l f, i s  p laced i m med iate ly aft e r  t h e  i nstru c t i o n  op-c o d e  
i n  me mory.  I n  o t h e r  words the  e ffec t ive address w i l l  b e  t h e  val u e  o f  
t h e  program counter  after t h e  op-code part o f  t h e  i nstru c t i o n  has 
been fet c h e d .  The  M o torola 68000 has l o ng word, word and byte 
o r i e n t a t e d  i m m e d i a t e  i n s t r u c t i o n s  b u t  i n  t h e  l a t t e r  c a s e  t h e  
i mm e d i at e  d ata s t i l l  gets sto re d  as a word.  The  byte data i s  p laced  
i n  t h e  l o w-order  part  o f  t h e  word and t h e  u p p e r  byte  i s  s e t  t o  a l l  
zero s .  

Absolute Addressing 

This  m o d e  i s  a lso  cal l e d  d i rect  address ing and actual ly c o n s i sts  o f  
two s c h e m e s .  W i t h  abso lute  l o ng address ing t h e  e ffe c t ive address  
used by t h e  processor  i s  t h e  address  c ontai n e d  in  t h e  fou r  bytes  ( i e  
the  l o ng word)  w h i c h  fo l l ows t h e  o p-code  a n d  so t h i s  s c h e m e  c a n  b e  
u s e d  t o  add ress  a ny me mory locat ion  wi t h i n  a 3 2  b i t  a d d r e s s i n g  
range . 

A wo r d  ( two-byte ) a d d r e s s i n g  s c h e m e k n own as  ab s o l u t e  s h o r t  
addre s s i ng i s  a lso  avai lable  and h e re o n l y  t h e  lower 1 6  b i ts  o f  a n  
a d d r e s s  n e e d  b e  s p e c i f i e d  - t h e u p p e r  h a l f o f  t h e  a d d r e s s  i s  
obta i n e d  b y  s ign-exten d i ng b i t  1 5  o f  t h e  spe c i fi e d  s hort  address .  
Th i s  m o d e  i s  qu i c ke r  and more  m emory e ffi c i e n t  than abso lute  l o ng 
addre s s i n g  b u t  o f  c o u rse  o n l y  addresses  i n  t h e  l o w e r  and u p p e r  
3 2 K  o f  address  space (0000000 h ex t o  0000 7FFF h ex and FFFF8000 
hex t o  FFFFFFFF h ex)  can b e  spe c i fi e d  i n  th is  way .  
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Address Register Indirect Addressing 

Here the address  of the operan d i s  h e l d  i n  an addre s s  register and 
s o  this  scheme is  not  the same as c onvent ional  indirect addressing, 
where t h e  a d d r e s s  o f  the  o p e rand i s  h e l d  i n  a me mory l ocat ion .  
R eg i s t e r  i n d i r e c t  a d d r e s s i n g  is  n e v e r t h e l e s s  a v e ry p o we r fu l 
a d d res s i n g  mode  and i s  i nd i cated by placi ng parentheses  aro u n d  
t h e  register  name.  For  example t h e  i nstruct i o n  move.b (a2) ,  d O  wi l l  
copy t h e  c o nte nts of  the byte whose add re s s  i s  i n  register a 2  i nto 
register dO .  

Address Register Indirect with Displacement 

This  mode a l lows a fixed ,  but programmer d e fi ne d ,  c onstant val u e  
to be  add e d  to the  i n d i re ctly s p e c i f i e d  address .  The d i s placement 
i tse l f  gets store d immed iate ly a fter the  o p-code in me mory and the 
effect ive  a d d r e s s  u s e d  by the p r o c e s s o r  wi l l  b e  the s u m  o f  t h e  
contents o f  t h e  addre ss regi ste r and t h e  spec i fi e d  d isp lacement. F o r  
example the  i nstruct ion move . b  2 0(a2) ,  d O  wi l l  copy t h e  c o nte nts of  
the byte whose  address  i s  formed by adding 20 to the address in 
register a2 i nto register d O.You wi l l  fin d  a great many examples  of  
t h i s  address i n g  mode wi t h i n  t h i s  book espec ia l ly  for sto r ing and 
retr iev i n g  i tems from Amiga syste m def ined  struc tures .  

Address Register Indirect with Postincrement 

This  mode provides  fo r the automat ic  i ncreme n t i ng o f  a spec i fi e d  
a d d r e s s  after i t  h a s  been  used .  Byte,  word and l o n g  w o r d  s i z e s  may 
be spec i fi e d  and the processor wi l l  i ncrement the  address by 1 ,  2 or  
4 accordi ngly. T h e  mode i s  s p e c i fi e d  by p l ac i n g  a p lus  s ign  after 
t h e  n o r m a l  i n d i r e c t  a d d r e s s i n g  s c h e m e .  F o r  e x a m p l e ,  t h e  
i nstru ct i o n  move .b  ( a 2 )+,  d O  wi l l  c o py t h e  co n t e n t s  o f  t h e  byte 
whose address is in register a2 i nto register dO a n d ,  having done 
that ,  the  c o n te n t s  of  a d d r e s s  reg i s t e r  a 2  wi l l  a u t o m at i c a l l y  be 
i ncremented  by 1 .  This  mode  i s  c o nve n i e nt for han d l i ng l ists of  
byte, word and long word val u e s .  

Address Register Indirect with Predecrement 

This  mode i s  s i mi lar  to the above but it provides  for the automatic 
d e c reme nt ing of a spec if ied ad d ress  before i t  h as been  u s e d .  Again  
byte, word and long word s i z e s  may be spec i fi e d  and the  processor 
wi l l  decrement the address by 1 ,  2 o r  4 ac cord i ngly.  The mode i s  
s p e c i f i e d  b y  p l a c i ng a m i n u s  s i gn b e fo r e  the  n o r m a l  i n d i r e c t 
address ing scheme.  For  examp l e ,  the i nstru c t i o n  move .b  - (a2) ,  dO 
wi l l  copy the contents of  the byte whose ad dress  i s  in  register  a2 
i nto  reg i s t e r  dO a n d ,  h av i n g  d o n e  that ,  t h e  c o n te nts  o f  a d d r e s s  
reg i ste r a 2  w i l l  automati ca l l y  b e  d e c re a s e d  by 1 .  T h i s  m o d e  i s  
c o nven ient  f o r  han d l i ng l i sts o f  byte , word and l o ng word val ues .  
C h a p t e r  F o u r o u t l i n e s  t h e  r e a s o n s  why t h e  a d d r e s s e s  a r e  
d e c r e m e n t e d  b e fore  u s e  a n d ,  i n  t h e  case  o f  t h e  prev ious  m o d e ,  
i ncremented after u s e .  
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Address Register Indirect with Index and Displacement 

T h i s  is a n o t h e r  u s e fu l ,  b u t  i n i t i a l l y  c o n fu s i ng,  68000 a d d r e s s i n g  
mo d e .  The  e ffect ive ad d ress  is  t h e  s u m  o f  t h r e e  s e parate addresses .  
An address  reg is ter  spec i fi e d  i n d i rect  address ,  a n  index val u e  h e l d  
i n  a n  a d d r e s s  o r  d a t a  r e g i s t e r ( l o n g  o r  w o r d  va l u e s  m a y  b e  
s p e c i fi e d ) ,  and a programmer  d e fi ned  co n s tant  d i s p laceme n t .  Th e 
M o t o r o l a  a s s e m b l y  l a n g u a g e  s y n tax f o r  t h i s  ad d r e s s i n g  m o d e  
r e q u i r e s  t h a t  t h e  d i s p l a c e m e n t i s  s p e c i f i e d  a s  w i t h  t h e  bas i c  
regi s ter  i n d i r e c t  addre ss i ng s c h e m e  but  that the  address  regi s ter  
i tse l f, and the  i nd e x  regi s ter , be  enc losed  wi t h i n  pare ntheses .  Th e 
a d d r e s s  regi s t e r  s h o u l d  be  s p e c i fi e d  fi rs t ,  a n d  t h e  two e n c l o s e d  
i t e m s  m u s t  be  co m ma d e l i m i ted .  Th i s  i s  b e s t  i l l u s trated b y  example  
and t h e  i n stru ct i o n : 

m o v e . !  20 ( a0 , d0 . l ) , d2 

fo r i n s t a n c e ,  f o r m s  a n  e ff e c t i v e  s o u r c e  a d d r e s s  b y  tak i n g  t h e  
contents  o f  reg ister  aO ,  ad d i n g  the fu l l  3 2  b i t  co ntents o f  regi ster  
dO ,  and t h e n  adding 20 to the resu l t i n g  address .  I n  the  case  o f  the  
example  state ment  the o perand i s  retr ieved fro m that address and 
p laced in  register  d 2 .  

Progra m  Counter Relative with Displacement 

Ad d re s s i ng m o d e s  that u s e  o ffsets from the  program c o u n t e r ,  as 
o p p o s e d  to abso l u te a d d r e s s e s  are known as re lat ive ad d re s s i ng 
m o d e s .  I t 's  the  microprocessor  equ ival e n t  o f  you givi n g  someone  a 
fri e nd 's  address  by say ing they live six doors further up rather  than 
say i ng t h ey l ive a t  n u mber  2 30.  T h e  6 8 000 b r a n c h  i n s t ru c t i o n s  
automatical ly  u s e  relat ive ad d re s s i ng b u t  many i n struc t i o n s  a l low 
ex p l i c i t  u s e  o f  r e l a t i v e  a d d r e s s i n g w i t h  t h e  o p t i o n  t o  i n c l u d e  a 
d i s p l a c e m e n t  v a l u e .  T h i s  m o d e , w h i c h  w e ' v e  n o t  b e e n  t o o  
c o n c e r n ed with i n  t h i s  book ,  i s  equ ival e n t  to the  address register 
i n d i re c t  with displa ce m e n t  m o d e  e x c e p t  fo r t h e  fa c t  t h a t  t h e  
pro gram c o u n t e r  i s  u s e d  a s  the base  reg i s t e r .  I t  b e c o m e s  u s e fu l  
wh e n  i t  i s  n e c e s s ary to w r i t e  tru ly  p o s i t i o n - i n d e p e n d e n t  6 8 0 0 0  
c o d e .  

Program Counter Relative with Index and Displacement 

An othe r address ing  mode that has n o t  c o n c e r n e d  u s  i n  th i s  book. I n  
t h i s  case t h e  bas i c  re lative ad d res s i ng s c h e m e  i s  s u p p l e m e n te d  by 
b o t h  a n  a d d r e s s  r e g i s t e r  o r  d a t a  r e g i s t e r  i n d e x va l u e  a n d  a 
p r o g r a m m e r - s p e c i f i e d  c o n s t a n t  d i s p l a c e m e n t .  T h i s  m o d e  i s  
e q u i v a l e n t  t o  t h e  a dd re s s  reg is t e r  i n d i r e c t  w i t h  i n d e x  a n d  
displacement  mode except  fo r the  fact that the program c o u n te r  i s  
u s e d  a s  t h e  b a s e  r e g i s t e r .  Aga i n  i t  b e c o m e s  u s e fu l  wh e n  i t  i s  
n e c e s sary to w r i t e  truly po s i t i o n - i n d e p e n d e n t  68000 c o d e .  
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Data Movement Ins tructions 

Mnemonic: EXG - Ex change Registers 

Pu rpo s e :  Exc hange s the c o nte nts o f  two regi sters 

Addre s s i ng M o d e s :  Source Dest inat i o n  

Data register d i rect  x x 

Addre s s  register d i rec  t x x 

F lags affected : x N Z V C 
-

Notes :  This  i n struct ion  d o e s  exactly what  you'd  expect  - i t  swa p s  
te rs.  the contents of two regis 

Exampl e :  
B efo re After 

d 1 =44445555 

d 1 =0000001 

exg a1 , d2 d 1 = 

a1 = 

00000001 

44445555 

Mnemonic: LINK - L ink and Allocate 

Purpo s e :  Creates t emporary space o n  the stack 

Flags affected : x N Z V C 
-

Notes :  The  source  addr  
stack-po i nte r (a7)  i s  cop 

e ss reg ister  is  p u s h e d  o n to the  stack ,  the  
ied i nto the sourc e  and the d e st inat ion is  
t e r . The  d e st i nat i o n - o p e rand n e e d s  to  b e  added to  t h e  s tac k- p a i n  

negative because the 68 
i nstruct ion  i s  dealt  with 

Mnemonic: UNLK -

O OO-stac k grows do wnward i n  memory. Th is  
i n  Chapte r 4 .  

Unlink 

Purpose :  This  rev erses  the l i n k  process  

Flags affecte d :  x N Z V C 

-

N o t e s :  S e e  C h a p t e r  F o u r  fo r a d i s c u s s i o n  o f  h o w  t h e  u n l k  
i nstruct ion  i s  u s e d .  
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Mnemonic: LEA - Load Effective Address 

Purpose :  Loads an address  register with  a p rocessor  
d e te r m i n e d  e ffective address .  

Addre s s i ng M o d e s :  Sou rce Dest inat ion  

Data register  d i rect  

Address registe r d i re c t  x 

Address registe r i n d i rect  x 

Post i n c re m e nt register  i n d i rect 

Pre d e c re me n t  register i n d i rect  

Register  i n d i rect  with d i s p lace ment  x 

Register  i n d i rect  with i nd e x  x 

Absolute  Short x 

Abs o l u te Lo ng x 

PC re l at ive with d i sp lacement x 

PC re lat ive with i n d ex x 

I m m e d iate 

F lags a ffected : x N z v c 
- - - - -

Note s :  This  i n stru c tio n a l l ows you to load an address  register with 
an e ffect ive s o u r c e  a d d r e s s ,  i e  the s o u r c e  a d d r e s s  s p e c i fi e d  by 
virtue  o f  a c hosen address ing mode . 

Exampl e :  The e ffe ctive source add ress for th e i nstruct i o n :  

lea new_window , aO 

i s  the address  o f  th e locat ion whi c h  has b e e n  labe l l e d  new_wi n dow. 
Th i s  i s  an example  o f  abs o l u te address ing .  
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Mnemonic: MOVE - Move Data from Source to Destination 

Purpose:  Copies  a sourc e  o pe rand to s p e c i fi e d  dest inat ion  

Addre s s i ng Modes :  Sou rce Dest inat i o n  

Data register d i rect  x x 

Address register  d i rect  X*  

Address  regi ster  i nd irect  x x 

Posti ncreme nt  register  i n d i rect  x x 

Pre d ecrement regi ster i n d i rect  x x 

Register i n d i rect  with d i s pl acement  x x 

Register i n d i rect  with  i n dex x x 

Absolute Short x x 

Absolute Long x x 

PC re lative with d i splacement 

PC re lative wi th  i nd ex 

I mmed iate x 

F lags affected : x N z v c 
- y y 0 0 

Note s :  You wi l l  f ind p l e nty of  examples of  move i nstru c t i o n s  w i th i n  
t h e  c h a p t e r s  o f  t h i s  b o o k .  S e e  t h e  n o t e s  a b o u t  t h e  m o v e a  
i n s t r u c t i o n  a n d  a l s o  b e  a w a r e  t h a t  a d d r e s s  r e g i s t e r  d i r e c t  
address ing i s  not al l owed i f  spec i fi e d  data s ize  i s  byte !  

There  are a n u mber o f  spec ia l i s e d  move i nstru c t i o ns w h i c h  a l l o w  
readi n g  from and wri t ing data t o  t h e  who l e  statu s register o r  j u s t  
t h e  l o w e r  b y t e  that h o l d s  t h e  c o n d i t i o n  c o d e s , a l l ow i n g  y o u  t o  
f o r c i b l y  c l e a r/s e t  t h e  N ,  Z ,  V ,  C a n d  X f l a g s . S o m e  o f  t h e s e  
i nstru cti o ns are priv i leged i n  o n e  o r  more members o f  t h e  6 8 0x0 
fami ly and you should consul t  the  offic ia l  6 8 0x0 d ocu mentat i o n  fo r 
deta i l s .  
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M nemonic: MOVEA - Move Address 

Purpose :  Loads a n  address  register  with  a val u e  

A d d re s s i ng M o d e s :  Sou rce Dest ination 

Data register d irect  x 

Address  regi ste r d i re c t  x x 

A d d re s s  register  i n d i rect  x 

Post incre m e nt register  i n d i rect  x 

P re d e c re me nt register  i n d irect  x 

Register  i n d i rect  with  d i s p lace ment  x 

Register  i n d i re ct with  i nd e x  x 

Absolute  Short x 

Absolute  Long x 

PC re lative with d i splacement  x 

PC re lat ive with i n d ex x 

I mmediate x 

F l ags affected :  x N z v c 
- - - - -

N o te s :  O n ly word o r  l o ng word o p e rands can b e  spec i fi e d  and i f  the  
o p e ra t i o n  i s  word - s i z e d  t h e n  t h e  address  i s  s ig n-exte n d e d .  M o st 
6 8 000 assemble rs wi l l  ac c e pt move <ea>,An as  wel l  and the latt e r  
convent ion  h a s  b e e n  adopted i n  th is  book. You do h owever n e ed to 
r e m e mb e r  that when move is u s e d  to load an address  registe r i t  i s  
r e a l l y  a movea i n struct ion  a n d  the  flags are not affected .  
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Mnemonic: MOVEM - Move Multiple Registers to Memory 

Purpose:  Copies  mul t ip le  registers to memo ry 

Addressing M odes :  Sou rce Dest inat i on  

Data register d irect 

Address regi ster  d irect  

Address regi ster  i n d irect  x 

Post incre me nt  regi ster  i n direct  

Pre d ecre me n t  register  i n d irect  x 

Register i n d i rect  with d isplacement x 

Register i n d i rect  with i ndex x 

Absolute  Short x 

Absolute  Long x 

PC re lative with d isplacement 

PC re lative with i n d ex 

Imme d iate 

F lags affected : x N z v c 
- - - - -

Notes :  The main use  o f  the  i nstruct ion in  th is  b o o k  has been for 
storing registers on  the stack. For examp l e :  

movem . l  d0 - d7 / a0 - a6 , - ( a7 )  push  a l l  r e g i s t e r s  onto t h e  s t a ck . 
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Mnemonic: MOVEM - Move Multiple Registers From Memory 

Purpos e :  C o p i e s  m u l t i p l e  regi sters  fro m  me mory 

Address ing M od e s :  Sou rce Dest inat i o n  

Data register  d i re c t  

A d d r e s s  regis t e r  d i re c t  

Addre s s  regis t e r  ind i rect  x 

Post i ncre m e n t  reg is ter  i n d i rect  x 

Pre d ecrement  regis ter  i nd i rect  

Register  i n d i re c t  with d i spl ace m e n t  x 

Register  i n d i re c t  wi th  i ndex x 

Abso l u t e  Short  x 

Abso l u t e  Long x 

P C  r e l at ive with d i splace m e n t  

PC re l at ive w i t h  i n d ex 

I m m e d iate 

F lags a ffected : x N z v c 
- - - - -

N o t e s :  T h e  mai n u s e  o f  t h e  i nstru c t i o n  i n  t h i s  b o o k  has b e e n  fo r 
retri evi ng regi s ters fro m s tack. For  examp l e :  

movem . l  ( a7 ) + , dO - d7/ aO- a6 pull all  registers f rom the stack . 

Mnemonic: MOVEP - Move Peripheral Data 

Purpose :  To trans fer  data  to  o r  fro m  a per i p h e ral 

F lags affected : X N Z V C 

N o t e s :  T h i s  i n s t r u c t i o n  h a s  b e e n  s p e c i a l l y  d e s i g n e d  f o r 
c o m m u n i cat ion with  dev ices  w h i c h  have b e e n  or ig ina l ly d e s igned 
t o  work wit h  8-b i t  microprocessors .  
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Mnemonic: MOVEQ - Move Quick 

Purpose :  Copies  immed iate data to a spec ifi e d  data register 

F lags affecte d :  X N Z V C 

y y 0 0 

Notes :  This i nstru ct ion  provides  a qu ick  (effic i e nt)  way to  s e t  a data 
r e g i s t e r  to  a part i c u l a r  val u e  wh i c h  can be f r o m  - 1 2 8 to + 1 2 7  
dec i ma l .  M o s t  68000 as s e m b l e rs ,  g ive n a n  i mm e d iate addre s s i ng 
move instruct ion ,  wi l l  generate moveq i nstruct i o n s  whe re poss ib l e .  
F o r  exampl e :  

moveq #$58 , dO 

B e fore 

d O=ffffffff 

After  

d0=00000058 

Mnemonic: PEA - Push Effective Address 

Purpose :  Pushes  an address onto the stack 

Ad d re s s i ng M o d e s :  Source Destinat ion 

Data register d i rect  

Address register d i rect  x 

Address register i n d i rect  

Posti ncre ment  register i nd irect  

Pred ecre ment  regi ster  i nd irect  

Register i n d irect  with d i s placement  x 

Register i n d irect  with i n dex x 

Abso lute Short x 

Abso lute Long x 

PC re lative with d i splacement  x 

PC re lative with i ndex x 

I mmed iate 

F lags affected : x N z v c 
- - - - -
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N o te s :  This  i nstru ct ion  i s  often u s e d  to write pos i t ion  i ndependent  
code .  I t  p rovi des  a fu nct ion s i m i l ar to move . I  <ea>, -(a7) .  

For exampl e :  

pea ( a6 )  

Before 

a6=1 2345678 

a7=44444444 

After 

a6= 1 2345678 

a7=44444448 

Mnemonic: SWAP - Swap Register Halves 

Pu rpose :  Exchanges upper  and lower halve s o f  a data register 

F lags affected :  x N z v c 
y y 0 0 

N o t e s :  T h i s  i n s t ru c t i o n  d o e s  e x a c t l y  
exampl e :  

swap dO 

Before 

d0=1 2345678 

Flow Control Instructions 

w h  a t  y o u ' d  e x p e c t .  F o r  

After  

d0=5678 1 234 

These  i ns t r u c t i o n s ,  as y o u  wi l l  s e e  fro m the mai n text,  e nable  a 
p r o g ra m m e r  t o  c r e a t e  l o o p s ,  i f- t h e n - e l s e  a n d  c a s e  s t r u c t u re 
dec is ions  and subrou t i n e s .  They work by a l ter ing the contents of 
the program counter .  

Mnemonic: Bee - Branch Conditionally 

Pu rpose :  Transfers program con trol us ing re lat ive address ing 

Flags affected : X N Z V C 

N o t e s :  T h e  b ra n c h  d a t a  s i z e s  m a y  b e  b y t e  o r  w o r d  s o  t h e s e 
i n stru c t i o n s  can branch i n  an area o f  3 2 K . W h e n  u s i n g  a b ran c h  
w i t h  a byte offset  you c a n  i n  fact put  a . s  (for sh ort) su ffix beh ind 
the i nstru c t i o n  (eg  beq .s  H ERE). S imi larly when u s i ng a branch  with 
a w o r d  o ff s e t  y o u  can u s e  a .w s u ff ix  ( e g  b e q . w  H E R E ) .  M o s t  
as s e m b l e r s  wi l l  d e t e rm i n e  i f  t h e  s h o r t  o r  wo rd fo rm i s  n e e d ed 
automat i c a l l y  and wi l l  o p t i m i s e  word-bran c h e s  to byte-branches  
whenever i t  i s  poss ibl e .  
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T h e s e  i ns t r u c t i o n s  t e s t  a c o m b i na t i o n  o f  t h e  N ZVC flags i n  t h e  
s ta t u s  re g i s t e r  a n d  c o n d i t i o na l l y  p e r f o r m  a b r a n c h  t o  a n o t h e r  
a d d r e s s .  I f  t h e  t e s t i n g  o f  t h e  c o nd i t i o n  c o d e s  i s  t r u e ,  t h e n  t h e  
b ra n c h  i s  take n ,  o t h e rwise  t h e  i nstru ct io n i m m e d iate ly  fol lowing 
the bee  i nstruct ion  i s  execut e d .  

Fourteen variat i o n s  o f  t h i s  i n stru c t i o n  a r e  avai lable  and a re lated 
b r a  ( b ra n c h  a l way s )  i n s t r u c t i o n  a d d s  a n o t h e r  c o n d i t i o n  to  t h e  
testab l e  set  : 

bee: where cc s tands  for carry c lear .  The branc h  is take n i f  t h e  
c a r ry (C )  b i t  i s  0 .  T h i s  i n s t r u c t i o n  i s  o ft e n  u s e d  i n  
comb i nat ion with s h i ft and rotate o pe rat ions .  

bes: where cs  stands for carry s e t .  The b ra n c h  is take n if t h e  
carry (C )  b i t  i s  1 .  

beq: where eq stand for e qua l .  The branch is taken if the z e ro 
(Z)  b i t  i s  1 .  Th is  i nstru c t i o n ,  as  we've s e e n  many t i m e s  
wi t h i n  t h i s  b o o k, i s  fre q u e n t l y  u s e d  a f t e r  t s t  a n d  c m p  
type i nstru c t i o n s .  

bne: where ne stands fo r n o t  equal .  The b ra nc h  is taken if t h e  
z e r o  (Z)  bit  i s  0 .  This  i nstruct ion i s  of  c o u rs e  the  oppos i te  
o f  beq .  

bpi: w h e r e  p i  s t a n d s  f o r  p l u s .  T h e  b ra n c h  i s  t a k e n i f  t h e  
negative (N)  b i t  i s  0 .  

bmi: where  mi  s ta n d s  for m i n u s .  The b ra n c h  is  take n i f  t h e  
negative (N)  b i t  i s  1 .  

bve: where vc stand s  for overflow c lear .  The b ranch is taken i f  
t h e  ove rflow (V) b i t  i s  0 .  T h i s  i nstruct ion i s  o ft e n  u sed i n  
c o nj u n c t i o n  w i t h  a r i t h me t i c  i ns t ru c t i o n s  l i ke ad d ,  m u ! ,  
a n d  so o n .  

bvs: where vs stands fo r ove rfl o w  set .  The b ranch  is taken i f  
t h e  overfl o w  (V) b i t  i s  1 .  

bge: where ge stand s  fo r greater or e qua l .  T h e  branch is tak e n  
when the  negat ive (N)  and overf low (V) b i ts c o n tai n t h e  
same valu e .  

hgt: where gt stand s  for greate r than.  The b ranc h is take n i n  
cases where e i ther  N= l ,  V=l a n d  Z=O or  N=V=Z=O. 

hie: where le s tands fo r l owe r or  e qu a l .  Th i s  branch i s  take n i n  
c a s e s  w h e r e  Z= l o r  t h e  N a n d  V b i t s c o n ta i n  d i ffe re n t  
val u e s .  

bit: where It stan ds fo r l e s s  than.  This  branch is take n if t h e  
n e ga t i v e  (N )  a n d  o v e r f l o w  (V)  b i t s c o n t a i n d i ffe r e n t  
val u e s .  
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bhi: where  hi s tands  for h ig h e r .  T h i s  branch i s  take n i f  t h e  
n e gative (N)  a n d  overflow (V) b i ts co ntai n t h e  same valu e . 

bis: where ls stands  for lower  or same.  This  branch is take n i f  
t h e  carry ( C )  a n d  z e z o  (Z) bits  c o ntai n  d i fferent values .  

bra: branch always - t h i s  i nstru cti o n  i s  c o mmonly s e e n  at the  
end o f  a loop to force c o ntrol  back to  the  top of  the loop .  

Mnemonic: DBcc - Test Condition, Decrement and Branch 

Purpos e :  A n  automated dec r e m e nt and b ranch l o o p  
i n stru ct ion  

Flags affe cted : X N Z V C 

Note s :  F i rst  the  cond i t ion  i s  tested and i f  satis fi e d  the  branch i s  not  
take n .  Otherwise  the spec i f ied data reg ister  i s  d e cr e m e nted and the 
b ranch  o n ly taken i f  Dn i s  - 1 .  Data s izes may b e  byte o r  word so  the 
i nstruct ions  wi l l  branch in  a n  area o f  up to  3 2 K ,  thu s  p rovid ing an 
e f fi c i e n t  way of c re a t i n g  m a n y  l o o p s .  T h e r e  are 1 6  p o s s i b l e 
condi t i o n  var iat ions  o f  th is  i nstruc t i o n  and these are as p e r  the bee 
i nstruct ions  except fo r t h e  fo l l owing two add i t ions .  

dbf o r  dbra: 
An u n s at i s fi a b l e  c o n d i t i o n  a l l ows t h e  p ro g r a m m e r  to  
fo rce a l o o p  to o n ly be terminated when t h e  count val u e  
reac h e s  - 1 .  

dbt: Only pe rforms a decrement  on the  spec i fi e d  data register.  
I t  never bran c h e s .  

Chapter Three co ntai ns  a d i scu s s i o n  o f  th is  gro u p  o f  i nstruct ions .  

Mnemonic: BSR - Branch to Subroutine 

Purpose : Tran s fers program contro l  to a s u brout ine  

Flags affected : X N Z V C 

Note s :  See  j s r  notes  b e l o w  
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Mnemonic: JSR - Jump to Subroutine 

Purpose :  Transfers program con trol  to a subrout ine  

Ad dre s s i ng M o d e s :  Source Dest inat ion  

Data register d i rect  

Addre s s  registe r d i rect  

Addre s s  register ind i rect  x 

Postincreme nt  register i n d i rect 

Pre decrement register i nd irect  

Register i n d i rect  with d i splaceme nt x 

Register i n d i rect  with i n de x  x 

Absolute  Short x 

Absolute  Long x 

PC re lative with d i sp lacement  x 

PC re lative with i ndex x 

Immed iate 

F lags affected : x N z v c 
- - - - -

Notes :  The bsr (branch to su bro u t i n e )  and j s r  U u mp to  subrou t ine )  
i n s truct i o n s  are  used  fo r cal l i n g  s u b r o u t i n e s .  T h e  b s r  fo rm i s  a 
re lative b ranch with a range o f  3 2 K . For  subrout ine  cal l s  beyond 
th is  range the  j s r  i nstruct ion  shou ld  be  u s e d  but ,  having sai d that,  
most assembl ers would  opt imise  jsr  to bsr  when poss ib le  b e cause  
b s r  i s  more e ff i c i e n t .  W h e n  exe c u t i n g a b s r/j s r  i n s t ru c t i o n ,  the  
68 000 pushes  the program counth o n  the stac k and t h e n  re loads i t  
with the target address .  
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Mnemonic: RTS - Return From Subroutine 

Pu rpos e :  Transfers c ontrol  to a stack-retrieved address 

F lags affected :  X N Z V C 

Notes :  I n  a sense  th is  is the  cou nterpart o f  the  bsr/j s r  i nstruct ions 
because i t  re loads the  program counter  register  with the valu e  on 
top o f  the stack. This  val ue  wi l l  u sua l ly  have been put there by a 
bsr  o r  j s r  i n structi o n .  

Mnemonic: JMP - Jump 

Pu rpose :  Tran s fers program co ntrol  to a spec i fi e d  address 

Addre ss i ng M od e s :  Source Desti natio n  

Data register d irect  

Address register  d i rect  

Address  regi ster  i n direct  x 

Posti ncre m e n t  register i n d irect  

Pre d ecrement register i n d irect  

Register i nd irect  with d isp lace ment x 

Register ind i rect  with i ndex x 

Absolute Short x 

Absolute Lo ng x 

PC re lative with d i s p lacement x 

PC re lative with i n d ex x 

I m me diate 

F lags affec ted : x N z v c 
- - - - -

Note s :  Th is  i nstruct i o n  i s  a variant o f  the move instruct ion but  in  
th is  case  the dest inat ion  regi ster ,  namely the program cou nter, is  
in herent ly d e fi n e d .  You could there fore just  as  eas i ly use move . I  
(ea> ,PC in stead o f  j mp <ea> .  
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Mnemonic: RTR - Return and Restore Condition Codes 

Pu rpo s e :  Retr ieves c o n d i t i o n  c o d e s  f r o m  s tack and t h e n  

tra nsfers c o ntrol  t o  a s tac k-retr ieved address 

Flags affe c t e d :  X N Z V C 

y y y y y 

Notes :  S i m i lar  to  RTS b u t  wi t h  rtr t h e  c o n d i t i o n  c o d e s  are re loaded 
f r o m t h e  s t a c k . T h i s  i n s t r u c t i o n  c o m e s  i n  h a n d y w h e n  t h e  
program mer doesn ' t  wan t a subro u t i ne t o  i n fl u e n c e  t h e  c o n d i t i o n  
codes .  B e fore t h e  j s r  i nstru c t i o n  y o u  n e e d  to  d o  a m ove. b  c c r, - (a7)  
wh i c h  pushes the  ccr  o n  the  s tack. 

Logical  Operations 

Mnemonic: AND - AND Logical 

Purpose :  Performs a b o o lean b i twise  A N D  fro m source  to  

d e s t i nat ion  and stores  resu l t  in  d e s t i nat i o n  

Address ing M od e s :  Source  D e s t i nat ion  

Data reg is ter  d i re c t  x x 

Address reg ister  d i re c t  

Address regi s ter  i n d i re c t  x 

Post i ncre ment  reg ister  i n d i re c t  x 

Pre decre m e n t  regi s ter  i n d i re c t  x 

Register  i n d i re c t  wi th  d i s p lacement  x 

Register  i n d i rect  w i th  i n dex x 

Abs o l u te Short  x 

Ab solute  Long x 

PC re lat ive with d i sp lacement  x 

PC re lat ive with i ndex x 

Immed iate x 

F lags affec t e d :  x N z v c 
- y y 0 0 
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Note s :  T h e re are two forms o f  th is  i n stru c t i o n .  The above vers ion 
u ses  a data reg ister  as t h e  d es t i na t i o n  and a l l  address ing m o d e s  
e x c e p t  a d d r e s s  r e g i s t e r  d i re c t  a r e  a l l o w e d  fo r t h e  s o u r c e .  T h e  
s e c o n d  f o r m  u s e s  a data regi ster  a s  t h e  sou rce . For  example :  

and . b  dO , d 1 

Mnemonic: 

B e fore  After 

d0=33333333 

d 1 =ffffffff 

AND - AND Logical 

d0=33333333 

d 1 =ffffffcc 

Purpose :  Perfo rms b i twise  A N D  from a data  register t o  a 

d e st i nat i o n  s tor ing  resu l t  i n  t h e  dest inati o n  

Ad d re s s ing M o d e s :  Sou rce Dest inat ion 

Data reg ister  d i rect  x x 

Ad d re s s  reg ister  d i rect  

Address  reg ister  i nd i rect  x 

Post increment  reg ister  i nd i rect  x 

Pre d e c re m e nt reg ister  i nd i re c t  x 

Reg is ter  i n d i re c t  wi th  d i s place ment  x 

Register  i n d i re c t  with i ndex x 

Abs o l u t e  Short x 

Ab sol ute  Long x 

PC re lat ive with d i sp l acement  

PC re lative wi th i n dex 

Immed iate  

F lags affected : x N z y c 
- y y 0 0 
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Mnemonic: ANDI - AND Immediate 

Purpose :  B i twise  A N D  o f  i mmed iate data source  with  

d e s t i nat ion  

Addre s s i ng M o d e s :  Source Dest inat ion 

Data register  d i rect  x 

Address regi s ter  d i rec t  

Address regi s ter  i nd i rect  x 

Post i ncrement  regis ter  i nd i re c t  x 

Pre d e c re me nt reg is ter  i nd i rect  x 

Regi ster  i n d i re c t  wi th  d i s p lacement  x 

Regi ster  i n d i re c t  w i th  i n dex x 

Absolute  Short x 

Absolute  Long x 

PC re lative wi th  d i s plac e m e n t  

PC re lative w i t h  i ndex 

I mmed iate x 

Status regi s ter  x 

Flags affe c t e d :  x N z v c 
- y y 0 0 

N o t e s :  I n  add i ti o n to  t h e  m o re c o nvent i onal  reg ister  and m e m o ry 
usage the dest inat ion  may be  the  c o n d i t i o n  c o d e s  o r  t h e  whole  o f  
t h e  6 8 0 0 0  s t a t u s  r e g i s t e r .  I n  t h e  l a t t e r  c a s e  t h e  i n s t r u c t i o n  i s  
pr iv i l eged.  For exampl e :  

and i .  b #7 , d O  

B e fore After  

d0 =9999aaaa d0=9999aaao 
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Mnemonic: EOR - Exclusive OR Logical 

Purp o s e :  Performs b i twise  Exc lu s ive-OR fro m  a data register  

to  a d e s t i nat ion  s tor ing result  i n  t h e  d e st inati o n  

A d d re s s i ng M od e s :  Source Dest inat ion  

Data reg is ter  d i re c t  x x 

Address  regi s t e r  d i rec t  

Address  regist e r  i nd i rect  x 

Post incre ment  regi s ter  i n d i rect  x 

Pre d e c re m e n t  regi s ter  i n d i re c t  x 

Register  i n d i re c t  with d i s p lace ment  x 

Register  i n d i re c t  wi th  i ndex x 

Absolute  Short x 

Absolute  Long x 

P C  re lative with d i s p lacement  

PC re lat ive with i n dex 

I m mediate  

F lags affected : x N z v c 
- y y 0 0 

N o t e s :  T h i s  i n stru c t i o n ,  u n l i ke t h e  AND and O R  i n struc t i o n s ,  can 
only take a data regi s ter  as the source .  For  exa m p l e :  

e o r . l  d4 , d5 

B e fo re Aft e r  

d4= ffffffff 

d5=f0f0f0f0 

d4=ffffffff 

d5=0f0f0f0f 
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Mnemonic: EORI - Exclusive OR Immediate 

Purp o s e :  B i twise  Exc l u s ive-OR o f  i mm e d iate data s o u r c e  

w i t h  d e s ti nati o n  

Addre s s i ng M o d e s :  Source  De st i nat ion  

Data reg is ter  d i rect  x 

Address  reg ister  d i rect  

Address  reg ister  i nd i rect  x 

Post i ncre m e n t  regi ster  i n d i re c t  x 

Pre d ec r e m e n t  regi s ter  i nd i rect  x 

Register  i n d i re c t  with d i sp lac e m e n t  x 

Register  i n d i re c t  with i ndex x 

Ab so lute  Short  x 

Abso l u t e  Long x 

PC re lat ive with d i s p lac e m e n t  

PC re lat ive wi th i n dex 

I m m e d i ate x 

Status reg ister  x 

F lags affected : x N z y c 
- y y 0 0 

N o t e s :  D e s t i n a t i o n  may be  c o n d i t i o n  c o d e s  o r  t h e  wh o l e  o f  t h e  
6 8 0 0 0  s t a t u s r e g i s t e r .  I n  t h e  l a t t e r  c a s e  t h e  i n s t r u c t i o n  i s  
pr iv i leged.  For  exampl e :  

eori . b #$ff , d6 

B e fore 

d6=eeee ee30 

Afte r 

d6=eeeeeecf 
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Mnemonic: NOT - Logical Complement 

Purpose :  Performs a b i twi s e  c o m p l e m e n t  o f  an o p e rand 

Addre s s i ng M od e s :  Sou rce Dest inat ion  

Data  reg ister  d i rect  

Address  regi s t e r  d i rec t  

Ad dress  regi s t e r  i nd i rect  

Post i ncre ment  regi s t e r  i n d i rect  

Pre d ecrement  regi s ter  i n d i rect  

Reg ister  i n d i re c t  wi th  d i s p lace m e n t  

R e g i s t e r  i n d i re c t  w i t h  i ndex 

Abso lute  Short 

Ab so lute  Long 

PC re lat ive wi th  d i s p lacement  

PC re lative wi th  i n dex 

I mmediate  

F lags affected : x N z v c 
- y y 0 0 

N o te s :  The i n stru c t i o n  not .w An has t h e  same e ffe c t  a s :  

eori . w  #$ffff , An .  

x 

x 

x 

x 

x 

x 

x 

x 
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Mnemonic: OR - Inclusive OR Logical 

Purpose :  Performs b i twise  OR from s o u rc e  to  a d ata register 

Addre ss i ng M o d e s :  Source Dest inat i o n  

Data regi ster d i re c t  x x 

Addre ss regi ster  d i re c t  

Addre s s  regi ster  i nd i rect  x 

Post increment  regi ster  i nd irect  x 

Pre d ec re m e n t  regi ster  i nd i re c t  x 

Register  i n d irect  with d i sp lac e m e nt x 

Register  i n d i re c t  with i ndex x 

Absolute  Short x 

Abso l u te Long x 

PC re lat ive with d i sp lacement  x 

PC re lative with i ndex x 

I m m e d iate x 

F lags affected : x N z y c 
- y y 0 0 

N ot e s :  There are two forms o f  th is  i n struct ion .  The  above vers ion 
u s e s  a data register  as the  d e st i nati o n  a n d  a l l  a d d r e s s i n g  m o d e s  
e x c e p t  a d d r e s s  r e g i s t e r d i re c t  a r e  a l l o w e d  f o r  t h e  s o u r c e .  F o r  
exampl e :  

o r . I  d0 , d 1 

B e fore 

dO=ffffffff 

d 1 =33333333 

After  

dO=fffffff f 

d 1 =ffffffff 
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Mnemonic: OR - Inclusive OR Logical 

Purpose :  Performs bi twise  O R  from data reg is ter  t o  

d e st inat ion 

Addre s s i ng M o d e s :  Sou rce Dest inat ion 

Data register  d i rect  x x 

Address  regi s ter  d i rect 

Address  regi s ter  i n d i rect  x 

Post increment  regi s t e r  i n d irect  x 

Pre d e c re me n t  regis ter  i nd i rect  x 

Register  i n d i rect with d i s p lac e m e n t  x 

Register  i n d i rect with i ndex x 

Ab so lu te Short x 

Abs o l u te Long x 

PC re lative with d i sp lacement  

PC re lative with i n dex 

I m m e d iate 

F lags affe c t e d :  x N z v c 

- y y 0 0 
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Mnemonic: ORI - Inclusive OR Immediate 

Purpose :  Performs b i twise  O R  u s ing i m m e d i at e  data source  

Addre s s i ng M o d e s :  Source Dest inat i o n  

Data reg is ter  d i re c t  x 

Address register  d i re c t  

Addre s s  regist e r  i nd i rect  x 

Post i ncre m e n t  regi ster  i nd i rect  x 

Pre d e c re m e n t  regi ster  i nd i rect  x 

Register  i n d i re c t  with d i sp laceme n t  x 

Register  i n d i re c t  wi th  i n dex x 

Abs o l u te Short x 

Absolute  Long x 

PC re lat ive wit h  d i sp lacement  

PC re lat ive wi th  i ndex 

I m m e d iate x 

S tatus regi s ter  x 

F lags affected : x N z v c 

- y y 0 0 

N o te s :  D e s t i n a t i o n  may b e  c o n d i t i o n  c o d e s  o r  t h e  wh o l e  o f  t h e  
6 8 0 0 0  s t a t u s r e g i s t e r .  I n  t h e  l a t t e r  c a s e  t h e  i n s t r u c t i o n  i s  
privi l eged .  For exam p l e :  

o r i . b #ff , d O  

B e f o r e  

dO=ef e f  e f  e f  

Aft e r  

dO=efef efff 
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Shift and Rotate Operations 

A w h o l e  r a n g e  o f  l o g i c a l  a n d  a r i t h m e t i c  s h i ft s  a n d  r o t a t e  
i n s t ru c t i o n s  are ava i l ab l e  o n  the  68 000 processor .  T h e  fo l l owing 
examples  are  j u s t  a se l ec t ion .  

Mnemonic: ASL - Arithmetic Shift Left in Data Register 

Pu rpo s e : Le ft s h i fts the  co ntents of a data register  

F lags affe cte d :  X N Z V C 
y y y y y 

N o te s :  Th is  i n stru ct ion ar ithmet ica l ly l e ft s h i fts the conte nts o f  the  
data  register  so that the carry (C)  and extend (X )  flags rece ive t h e  
last  b i t  s h i ft e d  o u t .  T h e  s h i ft c o u n t  m a y  b e  s p e c i fi e d  e i t h e r  b y  
anoth e r  data register  or  b y  i m med iate data a n d ,  i n  the  latt e r  case ,  a 
s h i ft c o u n t  i n  the range 1 -8 may b e  s p e c i fi e d .  When a data register  
i s  used ,  cou nts i n  the  range 0-63 are a l lowed .  

ASL i n s tr u c t i o n s c a n  b e  u s e d  as  a fas t  f o r m  of  m u l t i p l y i n g  an  
o p e r a n d  by a power  o f  two . T h e  lower  b i t  o f  t h e  d e s t i na t i o n  i s  
a lways s e t  to zero .  For  example :  

a s l . l  #4 , d 1 

B e fore After  

d 1 = 0000000f d 1 =000000f0 
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Mnemonic: ASL - Arithmetic Shift Left in Memory 

Purpose :  Le ft s h i fts  t h e  contents o f  a me mory l ocat i o n  

Addre s s i ng M od e s :  Sourc e  D e s t i n a t i o n  

Data r e g i s t e r  d i re c t  

Address  reg is ter  d i re c t  

Ad dress  r e g i s t e r  i n d i re c t  x 

Post increment  reg ister  i n d i re c t  x 

Pre d e crement  reg ister  i nd i re c t  x 

Register  i n d i re c t  wi th  d i splac e m e n t  x 

Register  i n d i re c t  w i th  i n dex x 

Ab s o l u te Short  x 

Abso l u t e  Long x 

PC re lat ive with d i splac e m e n t  

PC re lat ive wi th  i n dex 

I m m e d iate  

F lags affected : x N z y c 
y y y y y 

N o t e s :  Th is  form o f  the  i n stru c t i o n  i s  restr ic ted  to  a o n e - b i t  s h i ft 
and can only  b e  used  fo r word s i zed operands .  

Mnemonic : ASR - Arithmetic Shift Right 

Purpo s e :  R ight  s h i ft contents  of data regi s ter  or me mory 

Address ing M o d e s :  Two vers i o n s  as p e r  ASL 

Flags affe c t e d :  X N Z Y C 

y y y y y 

N o t e s :  Th i s  i n stru c t i o n ari t h m e t i cal l y  s h i fts  the  b i ts o f  the  o p e rand 
to  the r ight and , as w i th the ASL i n stru c t i o n ,  two fo rms ex is t .  One 
vers ion  al l ows an o p e rand in a data reg ister  to b e  s h i ft e d  by a c o u nt 
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val u e  s p e c i fi e d  e i ther  i n  a data register  o r  as i m m e d iate data, t h e  
second vers i o n  a l l ows a one-b i t  s h i ft o f  a w o r d  operand c o nta ined 
i n  me mory.Th e s h i fted o u t  l ow-order  b i t  goes  i nto t h e  carry (C)  and 
extend (X )  flags and ,  at t h e  o t h e r  e n d  o f  t h e  operand ,  t h e  s ign b i t  i s  
a lways r e p e a t e d .  ASR can b e  u s e d  as a fas t  fo rm of  d iv i d i n g  a n  
operand b y  a p o w e r  o f  two.  

Mnemonic: LSL - Logical Shift Left 

Pu rpos e :  Left s h i ft c o ntents o f  data regi ster  o r  m e m o ry 

Addre s s i ng M o d e s :  Two vers i o n s  as p e r  ASL 

Flags affe c te d :  X N Z V C 

y y y y y 

N o te s :  Th is  i nstruct ion  i s  i d e nt ical  t o  ASL and l i kewise  ex ists  i n  two 
fo rms.  

Mnemonic: LSR - Logical Shift Right 

Purpose :  R ight  s h i ft c o ntents  o f  data regi ster  o r  memory 

Addre s s i n g  M o d e s :  Two ve r s i o n s  as p e r  ASL 

Flags affected : X N Z V C 

y y y y y 

N ot e s :  T h i s  i n s tru ct ion a lso  exists  and i s  s i m i lar to ASR exce pt for 
the  fact  t hat the  h igh-order  b i t  i s  always c l eare d ,  s o  zeros  are fed i n  
rather  than t h e  s ign  b i t  be ing  d u p l icat e d .  
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Bit Manipulation Instructions 

Mnemonic: BTST - Test a Bit 

Pu rpose :  Tests an operand bit  and sets  zero flag accordingly 

Addre s s i ng M o d e s  Sou rce Dest inat io n  

Data register  d i re c t  x x 

Address regi ster  d irect  

Address  register  i nd i re c t  x 

Post increment  register i n d i re c t  x 

Pre decrement  regis ter  i nd i re c t  x 

Register  i n d irect  wi th  d isplacement  x 

Register i n d i re c t  wi th  i ndex x 

Absolute  Short x 

Absolute  Long x 

PC relat ive with d i splacement  x 

PC relat ive with i n d ex x 

Immediate x 

F lags affected : x N z v c 

- - y - -



The 68000 Instruction Set 

Mnemonic: BCLR - Test a Bit and Clear 

Purp o s e :  T e s t s  b i t ,  se ts  Z flag accordi ngly, and t h e n  c lears 

b i t  

A d d re s s i ng M o d e s :  Source  Dest i nat i o n  

Data register  d i rect  x x 

Address  regi s ter  d i re c t  

Addre s s  register  i nd irect  x 

Post incre ment  reg ister  i n d irect  x 

Pre decrement  register  i nd i rect x 

Register  i n d i rect  with d i s p lace m e n t  x 

Register  i n d irect  with i ndex x 

Abs o l u t e  Short x 

Abs o l u te Lo ng x 

PC re lat ive with d i s p lacement 

PC re lat ive with i n d ex 

I m m e d i ate x 

Flags affected : x N z y c 

- - y - -
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Mnemonic: BSET - Test a Bit and Set 

Pu rpose :  Te s ts b i t ,  s e ts Z flag acc ordi ngly, and then sets  b i t  

Address i ng M o d e s :  Source Dest inat ion  

Data reg is ter  d i rect  x x 

Address register  d i rect  

Address  reg is ter  i nd i re c t  x 

Po st i ncre m e n t  regi ster  i nd i rect  x 

Pre d ecre me n t  reg is ter  i nd i re c t  x 

Register  i n d irect  wi th  d i splac e m e n t  x 

Register  i n d i rect  wi th  i n dex x 

Abso lute  Short  x 

Abso lute  Long x 

PC re lat ive with d i splac e m e n t  

P C  re lat ive wi th  i ndex 

I m m e d iate x 

F lags affected : x N z v c 

- - y - -
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Mnemonic: BCHG - Test a Bit and Change 

Purpose :  Tests  b i t ,  s e ts Z flag accord i ngly, then  i nve rts b i t  

Addre s s i ng M od e s :  Source  Dest inat ion 

Data reg ister  d i re c t  x x 

Address  register  d i rect  

Address  reg is ter  i nd i rect  x 

Post i ncrement  reg ister  i n d i rect  x 

Pre d ec re m e n t  regi ster  i n d i rect  x 

Register  i n d irect  with d i s p lace m e n t  x 

Register  i n d i rect  with i ndex x 

Absolute  Short  x 

Ab so lute  Long x 

PC re lat ive wi th d i splac e m e nt 

PC re lat ive with i n d ex 

I mmediate  x 

F lags affected : x N z y c 

- - y - -
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Arithmetic Instructions 

Mnemonic: ADD - Add Binary 

Purpose :  Ad d source  o p e rand to  data regi s t e r  dest inat ion  

A d d re s s i ng M od e s :  Source  D e s t i n a t i o n  

Data regi s t e r  d i re c t  x x 

A d d re s s  reg i s t e r  d i re c t  X* 

A d d re s s  regi s t e r  i n d i re c t  x 

P o s t i ncrement  regi s t e r  i n d i re c t  x 

P re d ec re m e n t  regi s t e r  i n d i re c t  x 

Reg is ter  i n d i re c t  w i th  d i s p l ac e m e n t  x 

Regis ter  i n d i re c t  wi th i n dex x 

Abso lu te  Short x 

Abso lute  Long x 

P C  re lat ive with d i s p l acement  x 

P C  re lat ive wi th  i n dex x 

I m med i ate x 

F lags affe c t e d :  x N z v c 
y y y y y 

N o t e s :  Address  reg is te r d i re c t  addre s s i ng i s  n o t  a l lowed fo r byte 
s i z e  o p e rat i o n s .  Two fo rms o f  the i n s t ru c t i o n  are  ava i l ab l e .  F o r  
exa m p l e :  

a d d . w  d0 , d2 

B e fore 

d0 =000000 1 1  

d2=0000 F F FA 

XN ZVC=OOOOO 

Afte r 

d0=000000 1 1 

d 2=0000000B 

XNZVC = 1 1 00 1  
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Mnemonic: ADD - Add Binary 

Purpose :  Add data regi ster  to d e s t i na t i o n  o p e rand 

Addre s s i ng M od e s :  Sou rce Dest inat ion  

Data reg ister  d i rect  x x 

Addre s s  regi s ter  d i re c t  

Ad d re s s  regi s ter  i nd i rect  x 

Post increment  reg ister  i n d i rect  x 

Pre d ecrement  regi s ter  i nd i re c t  x 

Register  i n d i re c t  with d i s p lace m e n t  x 

Register  i n d i re c t  wi th  i nd e x  x 

Ab so lute  Short  x 

Absolute  Long x 

PC re lat ive with d i s p lacement  

PC re lat ive with i n dex 

I m m e d i ate 

F l ags affected : x N z y c 

y y y y y 
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Mnemonic: ADDA - Add Address 

Purpose :  Add source operand to an add ress  register 

Addre s s i ng M odes :  Sou rce Dest inat ion 

Data regi ster  d i rect  x 

Address register d i rect x x 

Address register i n d i rect  x 

Post increment regi ster  i nd i re c t  x 

Pre d ec reme nt regi ster  i n d i re c t  x 

Register i n d irect with d i splacement x 

Register i n d irect with i n dex x 

Ab so lute Short x 

Ab solute Long x 

PC re lative with d i s placement x 

PC rel ative with i n dex x 

Immed iate x 

Flags affected :  x N z v c 

- - - - -

Notes :  Th is  operat ion does  not  c hange any o f  the c o n d i t i o n  code  
val u e s .  For examp l e :  

adda . l  a3 , a3 

B e fore 

a3=00000002 

Mnemonic: ADDI - Add Immediate 

Afte r 

a3=00000004 

Purpo s e :  Add i mmed iate data to spec i fi e d  o pe rand 

F lags affected : X N Z V C 

y y y y y 

Notes :  This  instru ct ion  has exactly the  same c haracte r ist ics  as the 
ADD using a data regi ster  source i nstructi o n ,  exc e p t  that immed iate 
address ing i s  u sed to spec i fy the source (ie the sou rce mu st b e  a 
constant) .  
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Pu rpos e :  A d d  data spec i fi e d  i n  instruct ion c o d e  to operand 

F lags affected : X N Z V C 

y y y y y 

N o t e s :  S i m i l a r  i n  e ffe c t  t o  A D D I  b u t  t h e  va l u e  i s  b u i l t  i n t o  t h e  
instruct ion c ode i tse l f. T h e  i mmediate valu e s  i n  the  source fie l d  are 
restr icted to the range 1 to 8. This i nstruct ion is the fastest  way to 
add a n u mb e r b e tween 1 to 8 to a d e st inat ion operand.  

A d d i t i o n a l  n o t e s  on A D D ,  A D D I ,  A D D Q: M o s t  a s s e mb l e r s w i l l  
opt imise  you r c o d e  automatical l y  and s o  i f, fo r example ,  you write : 

add #1 , Dn 

t h e  assembl e r  wi l l  trans late i t  au tomatica l ly  to :  

a d d q  #1 , Dn 

thus  reduc ing t h e  s i z e  o f  t h e  obj e c t  c o d e  and savin g  a fe w c lock 
cycl e s  o f  exe cut ion t ime.  
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Mnemonic: CLR - Clear and Operand 

Purpo se :  Sets  spec i fied register o r  memory l o cati o n  to zero  

Addre s s i ng M od e s :  Sou rce Dest inat ion 

Data register  d i rect  x 

Address regi ster  d i rect  

Address  regi ster  i n d i rect  x 

Post increment regi ster  i nd i rect  x 

Pre d ecrement regi ster  i nd i rect  x 

Register i n d i rect with d isp lacement x 

Register i n d i rect with i n dex x 

Ab solute  Short x 

Absolute Lo ng x 

PC re lat ive with d i splacement 

PC re lative with i ndex 

Immed iate 

F lags affecte d :  x N z v c 

- 0 1 0 0 

Notes : You cannot  u s e c i r  to c l ear  a n  a d d r e s s  regi ste r b u t  most  
as semb l ers a l low i n stru c t i o n s  l i ke c i r  aO to b e  wr i t ten  a n d  then 
substitute a s u b . I  i nstruct i o n  which has  the same e ffect (su b . I  aO,aO 
i n  the case of  c ir  aO) .  For exampl e :  

c lr . w  d O  

B e fore 

dO= bbbbbbbb 

NZVC=1 0 1 1 

Afte r 

dO=OOOOOOOO 

NZVC=01 00 
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Mnemonic: CMP - Compare 

Purpose :  C ompares operand with a data register and sets 

flags 

Addre s s i ng M od e s :  Sou rce Dest inat i o n  

Data register  d i rect  x x 

Address  regi ster  d i rect x 

Address  regi ster  i n d i rect  x 

Post increment regi ster  i n d i rect x 

Pre d ec re me n t  regi ster  i n d i rect x 

Register  i n d i rect  with d i sp lace ment x 

Register i n d i rect  with i n d e x  x 

Ab solute  Short  x 

Absolute Long x 

PC re lat ive with d i sp lacement x 

PC re lative with i n dex x 

Immed iate x 

F lags a ffecte d :  x N z v c 

- y y y y 

N o te s :  C M P  i s  a s u b tra c t i o n  i n s t ru c t i o n  w h i c h  affe c t s  o n l y  t h e  
cond i t i o n  codes .  F o r  example :  

cmp . l  d 2 , d3 

Before After  

d 2= 0000000 1  

d3= 00000002 

NZVC= 1 1 1 1  

d 2=00000001 

d3=00000002 

NZVC=OOOO 
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Mnemonic: CMPA - Compare Address 

Pu rpo se :  As CMP b ut u s es an address regi ster as  de st inat ion 

Flags affected :  x 

-

Notes :  Th is  i n stru c t i o n  
o pe rand i s  an address  
byte. 

N Z V C 

y y y y 

d i ffe rs o n l y  from C M P  i n  that t h e  s e c o n d  
r e g i s t e r  and t h a t  t h e  d a t a  s i z e  c a n n o t  b e  

Mnemonic: CMPI - C  ompare Immediate 

Purpo se :  As CMP b ut  co mpares against  immed iate data 

Flags affe ct e d :  x 

-

Mnemonic: CMPM -

N Z V C 

y y y y 

Compare Memory 

Pu rpo se :  Co mpare s c o ntents of two memory locat i o n s  

Flags affecte d :  x 

-

N Z V C 

y y y y 

N o t e s : S i m i l a r  t o  C M P  , b u t  b o t h  t h e  s o u r c e  a n d  d e s t i n a t i o n  
i ncrement  address i n g. T h i s  i n stru c t i o n  i s  
me mory. 

operands must use post  
used to  compare areas of  

Ad d i t i o na l  n o te on a l l  C M Px i n stru c t i o ns .  M ost  assemblers accept 
i nstruct ions  l i k e :  

cmp . w  ( ao ) + , ( a  1 ) + 

and:  

cmp . l  #3 , d O 

Mnemonic: DIVS - Si gned Divide 

Purpo se :  D iv ides  a 3 2  b i t  de st inat ion by a 1 6  b i t  sou rce 

Fl ags affected : x 

-

N Z V C 

y y y 0 

N o te s :  T h i s  i n s tru c t i o n  
numbers .  T h e  dest inat io  
source operand is  al ways 

p e rforms a d i v i s i o n  b e t w e e n  two s i g n e d  
n reg is ter  i s  a lways a l o ng w o r d  and t h e  
a word.  After t h e  d i v i s i o n ,  t h e  d est inat ion 
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o p e ra n d  conta ins  the  resu l t .  The  q u o t i e n t  
w o r d  and t h e  remai n d e r  i s  a lways i n  t h e  h 
data register !  

is  a l ways in the  l ower 

Mnemonic: DIVU - Unsigned Divide 

Pu rpo s e :  Divides a 3 2  b i t  d e s t i nation b 

F lags affected :  X N 

y 

z v c 

y y 0 

N o t e s :  N e a r l y  e x a c t l y  t h e  s a m e  a s  D I V S ,  
operands are assumed t o  b e  u nsigne d .  

Mnemonic : EXT - Sign Extend 

igh o rd e r  word o f  the  

y a 16  b i t  sou rce 

o n l y  t h i s  t i m e b o t h  

Purpose :  Propagates the u p per b i t  of a by te , word or long word 

Flags affe cte d :  X N Z V C 

y y y 0 

nt  way to turn a word N o te s :  This instruct ion provides  a c o nvenie  
into a l o ng word . I f  the h igh order b i t  of  th 
the  data register i s  p o s itive , zeros are padd 

e data register is  0,  so 
e d  in ,  otherwise  o n e s  

a r e  pad d e d  i n .  For  example :  

ext . w  d 5  

B e fore 

d5= 000000ff 

fte r  A 

d 5=0000f ff f 

Mnemonic: MULS - Signed Multiply 

Purpose : M u l t ip l ies  two 1 6  bi t  o p e rand 

Flags affected : X N Z V C 

y y 0 0 

Note s :  Th is  i n stru ct ion performs a mu lt ip l i ca 
dest inat ion operand,  putt ing t h e  resu l t  i n  the 

s 

t ion  o f  the sou rc e  and 
d e st inati o n  o pe rand.  

Mnemonic: MULU - Unsigned Multiply 

Pu rpos e :  M u l t ip l ies  two 1 6  b i t  o pe rand s 

F lags affected : X N Z 

y y 

v c 

0 0 



Mastering Amiga Assembler 

N o t e s :  S i m i l a r  to M U LS,  o n l y  b o th o p e ra n d s  a r e  a s s u m e d  t o  b e  
u n s igne d .  

Mnemonic: NEG - Negate 

Pu rpo se :  Subtract from z e ro u s i n g  two's complement  

ar ithmetic  

F lags affected :  X N Z V C 

y y y y y 

Notes :  Negate an e ffective address o p e rand.  I n  a h igh level  langu age 
th is  might look l i ke t h i s :  

X = - X .  

For examp l e :  

neg . !  d S  

B e fore 

d5=00000001 

Mnemonic: SUBQ - Subtract Quick 

Afte r 

dS=ffffffff 

Pu rpose :  Subtract data spec i fi e d  in  i n stru ct ion  code 

Flags affected : X N Z V C 

y y y y y 

N o t e s :  S i m i l a r  i n  e ffect  to S U B I  b u t  t h e  v a l u e  i s  b u i l t  i n to t h e  
instruct ion c o d e  i tse l f.  T h e  immediate values  i n  t h e  source  fi e l d  are 
restr icted to the range 1 to 8.  Th i s  i nstruct ion is the  fastest  way to 
su btract a number  betwe e n  1 to 8 fro m a dest i nat i o n  o p e ra n d .  

Add i t i onal notes on  S U B ,  S U B ! ,  SU BQ: Most  assemblers wi l l  opt imise  
you r code automatica l ly  and i f, fo r exam ple ,  you write : 

s u b  # 1 , Dn 

the assemb l e r  w i l l  transl ate i t  automati cal ly to :  

subq  # 1 , Dn 

thus redu c i ng the  s i ze o f  the  obj e c t  code  and savi ng a few c lock 
cycles of  execu t ion  t i m e .  
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Mnemonic: SUB - Subtract Binary 

Purpose :  Su btract s o u rc e  o pe rand from data  register 

d e st ination 

Addre s s i ng M od e s :  Sou rce Dest inat i o n  

Data register d i rect  x x 

Addre s s  register  d irect  X* 

Address  register  i n d i rect  x 

Post increment register  i n d i rect  x 

Pre d ecrement register  i n d i rect  x 

Register i n direct  with  d is place ment  x 

Register i n direct  with  i n d ex x 

Absolute  Short  x 

Absolute Long x 

PC re lative with  d i s p lacement x 

PC re lative with i n d ex x 

I m me diate x 

F l ags affected : x N z v c 

y y y y y 

Notes : Address  regi ster  d i rect address ing  is n o t  a l l o w e d  fo r byte 
s ize  operati ons .  Two forms o f  this i n stru ct ion exist .  
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Mnemonic: SUB - Subtract Binary 

Purpose :  Subtract data regi ster  from dest inati o n  operand 

Address ing M od e s :  Sou rce 

Data regi ster d i rect x 

Address regi ster d i rect 

Address register i n d i rect  

Post increment regi ster  i n d i rect 

Predecrement regis ter  i n d i rect 

Register i n d i rect  with d i sp lacement 

Register i n d i rect  with i n dex 

Ab solute Short 

Absolute Long 

PC relative with d i splacement 

PC re lative with i ndex 

Immed iate 

F lags affecte d :  x N z v c 

y y y y y 

Mnemonic : SUBI - Subtract Immediate 

Dest i n at ion  

x 

x 

x 

x 

x 

x 

x 

Pu rpose :  Sub tract im medi ate data fro m spe c i fi e d  o p e rand 

Flags affected : X N Z V C 

y y y y y 

N o t e s :  T h i s  i n stru c t i o n ,  ex c e p t  for t h e  fa ct  t h a t  s u b tra c t i o n  i s  
i n v o l v e d ,  h a s  e x a c t l y  t h e  s a m e  c h a r a c t e r i s t i c s  a s  t h e  A D D I  
i nstruct ion .  
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Mnemonic: SUBA - Subtract Address 

Purpose :  Su btract sou rce o p e rand fro m an ad dre s s  registe r 

Addre s s i ng M od e s :  Source Dest inat ion 

Data regi ster  d i rect x 

Address  regi ster  d i rect  x x 

Address regi ster  i n d i rect x 

Post increment  reg ister  i n d i rect x 

Pre d ecrement register  i n d i rect  x 

Register i n d irect  wi th  d i s p lace ment x 

Register i n d i rect with i ndex x 

Ab solute Short x 

Abso lute Long x 

PC relat ive with d isp lacement x 

PC re lative with i n d ex x 

Immed iate x 

F lags affected :  x N z v c 

- - - - -

Note s :  Th is  o p e rat ion does  not cha nge any o f  the cond i t ion  code  
va lues .  

Mnemonic: T AS - Indivisible Test and Set 

Pu rpose : Test o p e rand,  set flags,  then set the h i gh-order  b i t  

F lags affected : X N Z V C 

y y 0 0 

N o t e s : T h i s  i n stru c t i o n  s h o u l d  n o t  b e  u s e d  i n  A m i ga programs 
b e c a u s e  i t  c a n  c o n f l i c t with  the  A m i ga 's  O M A ( d i r e c t  m e m o ry 
ac cess )  operati o n s .  
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Mnemonic: TST - Test an Operand 

Purpose :  Test an o p e rand and set  statu s flags accordi ngly 

Addre s s i ng M o d e s :  Sou rce Dest inat ion 

Data regi ster  d i rect  x 

Ad d re ss reg is ter  d i rect 

Ad d ress regis ter  i n d i rect x 

Post i ncreme nt reg ister  i n d i rect  x 

Predecrement reg is ter  i n d i rect  x 

Regi ster  i n d i rect  with d i sp laceme nt  x 

Regi ster  i n d i rect  wi th  i n d e x  x 

Absolute Short  x 

Abso lute Long x 

PC re lative with d i s p lacement  

PC re lative with i nd ex 

Immed iate 

F lags affected : x N z y c 

- y y 0 0 

Other I nstructions 

I n  add i t ion  to the i n stru c t i o n s out l i n ed i n  this  c hapter  the  6 8000 
i n c l udes many other spec ia l i s t  i n stru c t i o n s  i nc l u d i ng b i nary coded 
d e c i m a l  ( B C D ) o p e r a t i o n s ,  a r a n g e o f  s u p e r v i s o r - m o d e - o n l y  
c o m m a n d s ( p r i v i l e g e d  i n s t r u c t i o n s )  a n d  t r a p  g e n e ra t i n g  a n d  
hand l i ng i n stru c t i o n s .  P lease  c o n s u l t  the  o ffi c i a l  68000 l i te rature 
fo r detai l s .  



A: 
The C 

Language 

C i s  a n  important language o n  
t h e  Amiga a n d  i n  fact  mu ch o f  
t h e  Amiga's opera t i ng syste m 
has been  writte n i n  C .  Perhaps 
m o r e i m p o r t a n t  f r o m t h e  
a s s e m b l e r  p r o g r a m m e r ' s  
v i e w p o i n t i s  t h a t ,  b e c a u s e  
m u c h  o f  t h e  o ff i c i a l A m i ga 
d o c u m e n t a t i o n  h a s b e e n  
w r i t t e n  w i t h  t h e  C 
p r o g r a m m e r  i n  m i n d ,  i t  i s  
a l most i m poss ib le  to get by on 
t h e  A m i g a  w i t h o u t  s o m e  
k n o w l e d ge o f  t h e  l a n g u age . 
Th is  appendix  i s  n o t  meant to 
teach you C but i t  i s  h o wever 
m e a n t  t o  c o v e r  c o n t r o l  
c onstructs and c h aracter ist ics  
o f  the language so ,  i f  you are 
n o t  yet a C programmer, you' l l  
s t i l l  be a b l e  to a p p r e c i a t e  
someth ing o f  the  fac i l i t ies  that 
t h e  l a n g u a g e  o f f e r s .  Y o u  
s h o u l d  n o t e t h a t  i n  r e c e n t  
years C has u n d ergone some 
s i g n i fi c a n t  c ha ng e s  a n d  that  
an A N S I  s t a n d a r d  f o r m  n o w  
e x i s t s  ( t h i s  i s  t h e  fo r m  
d i s c u s s e d  i n  t h i s  a p pe n d i x) .  
You should h owever be aware 
t h a t  t h e  o l d e r  s t y l e  c o d e ,  
ca l l ed  K&R C ,  a l so  exi sts  and 
i s  sti l l  u s e d .  D etai l s  on  C and 
A N SI/K& R d i ffere n c e s  c a n  be 
fou nd i n  most recently writte n 
C books! 

Functions 

F u nct ions  are t h e  subprogram 
u n i ts whi c h  fo rm the esse ntial 
b u i l d i n g b l o c k s o f  a l l  C 
p rogra m s .  You d o n 't have to 
write fu nct ions  for everyth i ng 
y o u  n e e d  to d o  i n  C - many 
f u n c t i o n s  c o m e  p r e - w r i t t e n  
with the compi ler  o r  a s  part o f  
t h e  c o m p u t e r ' s  o p e r a t i n g 
syste m. 
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C funct ions ,  when pro perly wri tten ,  make ideal p rogram b u i l d i n g  
b locks .  They b e have i n  many ways j u s t  l i ke a black b o x  - t h e  u s e r  
p r o v i d e s  s o m e  i n pu t ,  c a l l e d  param e t e r s  o r  a rgu m e n t s ,  a n d  t h e  
fu n c t i o n  carr ies  o u t  i t s  job ,  poss ib ly return ing  s ome i n fo rmat i o n .  
The  basic  C syntax fo r a fu nct ion c a l l  l oo ks l i ke t h i s :  

ret u rn - t ype f u n c t ion - name ( paramet er list ) 

{ 
variable dec larat ions 

C stat ement s which specify what t h e  function does 

} 
H e re 's  a s imple  example  which calcu lates the area o f  a rectangular 
box:  

int BoxArea ( int widt h , int len gth ) 

{ 
int result ; 

resu lt =width * leng t h ; 

ret u rn ( result ) ;  

} 

You wou l d n't n o rmally write such a tr ivial  ca lculat i o n  as  a fu nct ion ,  
b u t  i f  you were go ing  to ,  th is  shortcut form wou l d  a lso  b e  a l lowed : 

int BoxArea ( int widt h , int len gt h )  

{ 
ret u rn (width * lengt h )  

} 
F u n c tions  can cal l  other  fu nct ions  and , i f  su i tably writte n ,  can also 
ca l l  themselves .  I n  other words,  C supports recu rs ion !  

Decisions Using If Statements 

I n  C if condi t ional test ing takes th i s  fo rm: 

if ( expression)  

statement 

T h e  s t a t e m e n t  w h i c h  g e t s  e x e c u t e d  c a n  e i t h e r  be a s i n g l e  C 
statement or a gro u p  o f  statements enc lo sed with in  braces l i ke th i s :  

i f  ( expression)  

{ 
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a n y  n umber o f  s t at emen t s  

} 
B o t h  s y n tax f o r m s  o p e ra t e  i n  t h e  s a m e  way - t h e  e x p re s s i o n  
enc losed  i n  pare nthes is  i s  evaluate d and ,  i f  it 's tru e ,  the statement 
or  s t a t e m e n t s w h i c h  fo l l o w  a r e  e x e c u t e d .  F o r  e x a m p l e  t h e  
state ment :  

if ( ex it_f lag==TRU E )  c lo s e d own ( ) ; 

has th is  e ffec t .  The variab le  exit_flag i s  teste d and i f  the condit ion  
i s  tru e ,  wh ich  i n  C means i t  has evaluated  to  a n o n-zero val u e ,  then  
the fu nct ion  c l o sed own() i s  cal l e d .  

C a l s o  provi des  an if-else ext e n s i o n  w h o s e  formal syntax i s :  

if ( ex p re s sio n )  

s t at ement  1 

e l s e  

s t at ement  2 

Aga i n  the  state ment  parts may be e i ther  s i ngle  statements or b l o c ks 
of statements p laced i n  b races ,  for examp l e :  

if ( k eypres s = = ESCAP E )  / * u s e r  wan t s  s ome h e lp * / 

{ 

} 
els e  

P r e s e rveScreen ( ) ; D i s p layMe s a g e ( ) ;  

GetCharac t er ( ) ; R e s t o reSc reen ( ) ;  

{ 
H a n dleCharact er ( keypre s s ) ; 

} 

C's switch Statement 

C provi d e s  the case stru c ture construct ,  a lthough it  ca l ls  i t  a switch 
state ment .  This  al l o ws you to test an express ion  and then,  on  t h e  
bas i s  o f  t h e  resu l t ,  ca rry o u t  a n y  n u mb e r  o f  c o d e  s e c t i o n s .  T h e  
general fo rm looks  l i ke t h i s :  

swit c h  ( ex p r e s s i o n ) 

{ 
c a s e 1  c o n st an t - e xpre s s i o n : s t at ement  
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} 

case2 c o n s t ant - expres s io n : s t at ement  

case3 c o n s t an t - e xpression : s t at ement 

caseN  c o n s t ant - ex p r e s s i o n : s t at ement 

default : s t at ement 

Agai n  the  s e c t i o n s  of code can be e i t h e r  a s i n g l e  s tate m e n t  or a 
b rac k e t e d  b l o c k  o f  s tat e m e n t s .  T h e  o n ly l i m i ta t i o n  i s  that  t h e  
express ions  u s e d  to i d e n t i fy the ind iv idual  cases must  b e  i n tege rs .  

As writte n the  switch  state me n t  does  not  execute a part icu l ar s e t  o f  
state ments and then retu rn co ntrol  t o  the  program,  execut ion  fal l s  
through to other  case sets .  T h e  way t o  avo i d  t h i s  i s  t o  u s e  C ' s  break 
s t a t e m e n t  w h i c h  e f f e c t s  a n  i m m e d i a t e  e x i t  f r o m t h e  s w i t c h  
statement.  So,  a l though not  spec i fied i n  the syn tax, the  most  u s e fu l  
descr ipt ion o f  t h e  switch co nstruct i s  th is :  

swit c h  ( expre s s io n )  

{ 

} 

case1  c o n s t ant - ex p r e s s io n : s t at ement  

break ; 

case2 c o n s t ant - ex p r e s s io n : s t at em e n t  

break ; 

case3 c o n s t ant - expression : s t at em e n t  

break ; 

caseN c o n s t ant - ex p r e s s io n : s t at em e n t  

break ; 

default : st at ement 

break ; 
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While and For Loops 

T h e  w h i l e  l o o p  u s e s  t h i s  type of fo rmat: 

wh i le ( expre s s io n ) 

statement 

A s  b e fore  t h e  s ta t e m e n t  p a rt may c o n s i s t  of e i t h e r  a s i ng l e  C 
s tatement  o r  a b l o c k  o f  s tatements enc losed  i n  b rac es :  

wh i le ( expre s s io n ) 

{ 
any number of s t at ement s 

} 

C ' s  e q u i v a l e n t  o f  t h e  c o m mo n  for loop a d o p t s  a m o s t  u s e fu l  
arrangeme nt :  

for (ent ry - expression ; exit -expression ; continuation- expression)  

state11ent 

Aga i n  the statement part may cons ist  of e i ther  a s i ngle  C state ment  
o r  a b l o c k  o f  stat e m e n t s  e n c l o s e d  i n  b rac e s .  Th e pare n t h e s i s e d  
c o n d i ti o n s  are most u s ual ly  ass ignment statements and condi t ional 
t e s t s .  T h e  f i r s t  part  s p e c i f i e s  t h e  e n t ry c o n d i t i o n s ,  t h e  s e c o n d  
( c o m m o n l y  a c o n d i t i o n a l  t e s t )  i s  e va l u a t e d b e fo r e  t h e  b o d y  
s t a t e m e n t s  a r e  e x e c u t e d ,  a n d  t h e  t h i r d p a r t  i s  u s u a l l y a n  
a s s i g n m e n t  w h i c h  c o n t ro l s  ( i n c re m e n t s  o r  d e c r e m e n t s )  a l o o p  
variab l e .  

An a l tern ative C c onstruct ,  a do-while loop ,  is  a lso sup porte d .  H e re 
t h e  c o nd it i o n  test i s  made at the e n d  of  the l o o p .  As befo re brac e s  
a r e  u nnec essary for the  s i ng l e  state ment fo rm, so the  fo l l o wing two 
vers ions  are acce ptab l e :  

d o  

s t at ement 

while ( expression ) ;  

a n d :  

d o  

{ 
a n y  number of s t at ement s 

} wh i le ( expres s io n ) ;  
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N o t i c e  t h a t ,  u n l i k e  t h e  c o n t r o l  state m e n t s  m e n t i o n e d  e a r l i e r , a 
semico lon mu st fo l low the pare nthes ised express ion .  

Data Items 

Data i te ms u s e d  wi th in  a C program fal l  i nto two bas i c  categori e s  -
constants and variab l e s .  C a l l o ws fou r fu n dame ntal type spec i f iers :  

c har a s i ngle  byte capabl e  of h o l d i n g  o n e  c haracter.  

i n t  a n  i nteger, u s u a l l y  r e fl e c t i ng t h e  natural  s i z e  o f  a n  
i nteger o n  a given computer/processor .  

float a s i ngle  pre c i s i o n  f loat ing p o i n t  number .  

double  a double  pre c i s i o n  float i n g  po int  nu mber.  

And to these a n u mber  o f  q u a l i fi e rs can be appl i e d :  

short 

long 

appl ies  to i nt type on ly .  

appl ies  to i nt type on ly .  

u nsigned appl ies  to int  o r  char types .  

s igned appl ies  to i nt o r  char type .  

T h e  e x a c t  n u m b e r  o f  b i t s w h i c h  m u s t  b e  u s e d  t o  r e p r e s e n t  
part i c u l a r  d ata t y p e s  a r e n ' t  s pe c i fi e d  b y  t h e  l a nguage ,  t h e y  a r e  
d e te r m i n e d  b y  t h e  u n d e r l y i n g  hardware o f  t h e  mac h i n e  and are  
there fore hardware depende nt .  On the Amiga fo r i n stance a l o ng i nt 
i s  a 3 2 -b i t  number ,  a s h o rt o n l y  1 6-b i ts .  C haracter  char variab les  
contain 8-bits .  

The intent ion i s  that these  qua l i fi e rs o ffer addi t ional flex i b i l i ty .  I f, 
for i nstance,  we we re deal i n g  with a variable that we were certain 
wou l d  n ever hold val u es greater than 2 5 5  we could d e clare i t  as an 
u ns igned  c har  and t h e  c o m p i l e r  wou l d real i s e  that the i t e m  w i l l  
n e v e r  re q u i r e m o r e  t h a n  8 b i t s o f  s t o rage a n d  w o u l d  a l l o c a t e  
memory accord i ngly.  

Integer Constants 

An i nteger co nstant is a whole  number whi c h  may be pos i tive ,  zero 
o r  negat i ve . In C t h e y  may be s p e c i fi e d  u s i ng d e c i ma l ,  octal  o r  
hexade c i mal  (hex)  notat ion .  

The only restri ct ion  which  C places o n  d e c i mal  i n teger con stants i s  
that they mu st not  start with a 0 (zero) .  999  and - 1 2 6 are dec imal 
c o nsta n t s .  0 1 6  i s  n o t! Why t h e  restr i c t i o n ?  I t 's becau se n u mb e rs 
which  start w i t h  z e ro s  are regard e d  as octal  n u mbers ,  i e  th ey're 
assumed to be base 8 n u mbers .  Octal n u mb e rs must o f  course o n ly 
contai n the d ig i ts 0-7 .  
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N u m b e r s w h i c h  s t a r t  w i t h  t h e  c ha r a c t e r s  Ox  ( o r  OX) s i gn i fy a 
hexad e c i mal ,  i e  base 1 6 , n u mber .  These may c o ns i st o f  t h e  d igits  0-
9 and the l etters A-F (or  a-f) i nc l u s ive.  Hex n u mbers are very u s e fu l  
a s  a c o n c i s e  way o f  r e p r e s e n t i n g  b i t  patt e r n s ,  masks fo r l og i cal  
operati o n s  etc .  

I nteger con stants can be writte n with a qual i fier .  A d e c i ma l ,  octa l  or  
hex n u mber  fo l l owed by L, i nd icates a l o ng i n teger, U i n d i cates an 
u ns igned i n t .  

Floating Point Constants 

In C fl oati ng po int  co nstants can be wri tte n i n  one o f  two ways - as 
d e c i ma l s  o r  i n  s c i e n t i fi c ,  exp o n e n t i a l ,  fo rm.  T h e  l a t t e r  s c he me 
i nvolves writ ing the nu mbe r  as e i ther  a floati ng po int  number  o r  
i nteger,  a d d i n g  the  l e tter  E ,  a n d  then fol l o wi ng that w i t h  an i nteger 
represent ing the  appropriate power o f  1 0 . 

Character Constants 

Character co nsta nts in C are s ing le  characters wri tten wi th in  s i ng le  
q u o t e  marks , 'B ' ,  ' d ' ,  ' ? ' , '% ' e t c .  T h e  val u e  o f  t h e  c o nstant  i s  the  
nu meric val u e  o f  the character i n  the  mac h i ne 's  c haracte r set .  These  
are  n o t  to b e  c o n fu s e d  with the  e qu ival e n t  i n teger n u mbers .  T h e  
AS C I I  character 0 ( z e r o )  fo r i nstanc e ,  wh ich  c a n  b e  written as as the  
consta nt  'O ' ,  i s  represented i nternal ly by the  n u merica l  val u e  4 8 ,  
not  b y  a zero val u e .  Equal ly important i s  the  fact  that,  o n  a mach i n e  
w h i c h  u s e d  a d i f fe re n t  c h aracter  s e t ,  'O '  wo u l d  ( a s  r e p r e s e n t e d  
i n ternal ly)  b e  y e t  a d i ffe rent val u e  aga i n .  

C a l l ows a n u mber  o f  escape sequences to b e  u s e d :  

\ a  alert ( bell)  

\ b  bac k space 

\ f  f o rmfeed 

\ n  n ewline 

\ r  carriage ret urn 

\ t  h o rizon t al t ab 

\ v  vertical  t ab 

\ \  bac k s la s h  

\ ?  q u e st ion  mark 

\ I s in g le q u o t e  

\ II d o u ble q u o t e  
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As w e l l  as the above sequences ,  byte- s i zed b i t  patterns can a lso  b e  
s p e c i f i e d ,  \ o o o ,  w h e r e o o o  i s  a n  o c t a l  n u m b e r  x\ h h  i s  t h e  
hexad e c i ma l  equ ival ent .  The ASC I I  space c harac ter  c o u l d  there fore  
b e  d e fi ne d  u si ng t h e  d e fi n i t i o n :  

#define B E L L  ' \ x20 ' 

One c onstant that crops u p  very fre q u e nt ly  i s  t h e  '\O' c haracter.  I ts  
i nternal  numerical  val u e  i s  zero and i t  i s  c ommo nly known as the  
n u l l  character .  

String Constants 

A stri n g  constant is writt e n  as a sequence  of characters e nc lo s e d  i n  
d o u b l e  quotes thu s :  

" some s t rin g "  

S u c h  c o nstants  can b e  c o n cate nated a t  t h e  t i m e  t h e  program i s  
compi led  s o  i t  i s  l egal t o  spread s u c h  str i ngs ove r a n u mber  o f  l i n e s  
i f  necessary. I n te rnal ly  a l l  stri ngs termi nate w i t h  a n u l l  c haracter ,  i e  
with '\O' .  T h i s  i s  a C language requ i rement  a n d  i t  means that  i f, fo r 
i nstance ,  you write a n  e leven c h aracter  str ing "some str i ng" i t  w i l l  
b e  store d u s i ng 1 2  l ocatio n s .  

Identifiers 

C requ i res that vario u s  quant it i e s ,  s u c h  as variab les  and co nstants ,  
are g iven names i n  o rd e r  t hat t h ey can b e  refe re n c e d  w i t h i n  t h e  
p rogram. T h e s e  name s ,  w h i c h  a r e  cal l e d  i d e n t i fiers ,  can b e  made u p  
o f  l etters ,  d igits  and _ the  u n derscore c haracter.  The o n l y  proviso  i s  
that the  n ame m u s t  not start w i t h  a number .  I d e n t i fi e rs a r e  case  
s e n s i t i v e  a n d  C p r o g ra m m e r s ,  b e c a u s e  of  a l o n g  e s tab l i s h e d  
convent ion ,  tend to write a l l  symb o l i c  co nstants i n  u p percase .  I t  i s  
wo rthwhi l e  mainta i n i ng th is  convent ion .  

Arithmetic Operators 

C s u p p o rts a l l  o f  t h e  normal  ar i thmet ic  o p e rat i o n s ,  a d d i t i o n  (+) , 
subtract ion  ( - ) ,  mu l t i p l icat ion (* ) and d ivi s i o n  (/). C a lso  provide  
the % o perator which  i s  a mod u l u s  fu nct ion .  The expre s s i o n  x % z 
fo r i nstance gives the re mai nder  after x has b e e n  d iv i d e d  by z .  

Relational Operators 

C o ffers the  fo l lowing re lat ional  o p e rato rs :  

> g reater t han 

> = g reater t han o r  e q u al t o  

< le s s  t h an 
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-- equa l  t o  

! =  n o t  equal  t o  

N o t i c e  that equal ity u ses a d ou b l e  == s ign .  

Assignment and the Assignment Operators 

Ass i g n me n t  i t s e l f, as we 've j u s t  m e n t i o n e d ,  u ses a s i ngle  = s ign.  I ts 
s i m p l e s t  u s e  i s  i n  stat e me nts which take the  fo l l owing for m :  

variable = s o m e  expre s s i o n  or  value 

F o r  a s s ignme nts such as : 

area = area + 40 ; 
C a l l o ws a s h o rtcut  . The above expres s i o n  can be written as : 

area += 40 ; 

M o s t  b i nary o p e rands ,  namely +, - , * ,  /, %, <<, >>, &, I\ and I can be  
used in  th is  way. 

C's Increment and Decrement Operators 

C p r o v i d e s  t w o  v e ry u s e fu l  o p e r a t o r s  fo r i n c r e m e n t i n g  a n d  
d e c r e m e nt i ng va r iab l e s .  Ope rati o ns s u c h  a s  y = y + 1 can b e  written 
as :  

y + + ; / * t h i s  means  add  1 to the value of  y * / 

S i mi l a r l y  y = y - 1 can be  wri tte n :  

y- ; 

I t ' s  a l s o  p o s s i b l e  t o  c o n t r o l  w h e n t h e  i n c r e m e n t/ d e c r e m e n t  
o p e ra t i o n  w i l l  occur .  T h e re are post - increment  and pre- i ncrement 
mod e s  ava i lab l e :  

y = x++ ; 

y = ++x ; 

x i s  incremen t e d  after  t h e  righthan d  
s i d e  expre s s io n  i s  evalu at e d  a n d  
a s s igne d . 

x is  incremented  before t h e  righth an d  
s i d e  expre s s io n  i s  evaluated  and  
a s s igne d . 

Type Conversions 

I f  a n  o p e rator l i ke '� or + i s  used with o p e rands  of d i ffe rent  types 
then  t h e  less  precise o p e rand wi l l  usual ly be  promoted to t h e  same 
type as  the most exact operand fo r the pu rposes o f  the cal cu lat ion .  
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The above type o f  convers ion i s  ca l led  impl ic i t  type  c o nvers i o n .  C 
a lso a l l ows the  p rogrammer to expl ic it ly change types ,  p rovi d i ng o f  
cou rse that i t  i s  s e n s i b l e  to d o  s o .  

Bit Manipulation Operators 

C was or ig inal ly  d e s igned as a systems p rogramming langu age and 
b ecause o f  t h i s ,  i t  was  g iven quite  a few operators that can act on  
the  i n d ividual  b its o f  an i nteger operand.  

Category Symbol 

Bitwise Operat o r s  

& 

S h ift Operat o r s  

< <  

> >  

Name 

unary one ' s  comp lement 

bitwise AND 

bitwise inclusive OR 

bitwise exclusive OR 

left s h ift 

right s h ift 

The u nary one 's  complement operator wi l l  turn a l l  the 1 s present i n  
the b in ary form o f  a n  i nteger i nto O s ,  and a l l  p o s i t i o n s  that were 
or ig inal ly  O s  are co nverted to 1 s. 

B itwis e  AND is most o fte n used to mas k  out a part icu lar bit patte rn ,  
ie  to tu rn off c e rtain b its o f  the n u mber .  I f, for i nstance , the #d e fi n e  
statement d e fi ne s  a c o nstant ca l led BITMAS K  a s :  

#define B I TMASK Ox7FFF 

then the expre s s i o n :  

x = x & B I TMAS K ;  

resu l ts i n  t h e  m o s t  s igni ficant b i t  of  the x variab l e  b e i ng set  t o  zero .  

S imi lar ly b itwi se OR can be used to  turn bits  o n .  For  i nstan ce ,  the  
expre s s i o n :  

x = x I BITMAS K ;  

i s  an ass ignment  w h i c h  w i l l  s e t  t o  1 a l l  o f  the  b i t  p o s i t i o n s  i n  x 
whi c h  are set to o n e  i n  the con stant ca l led  B IT MASK. 

These types o f  o p e rati o n s ,  part icu larly in systems p rogrammi ng, 
are very co mmon so the s h o rtcut notat i o n  w h i c h  C's ass ignment 
operators p rovi d e  a re v e ry u s e fu l .  The express i o n  x = x & B ITMASK 
for i nstance  can s i mply be written more conc ise ly  as : 

x & = B I TMAS K ;  
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T h e b i t w i s e  e x c l u s i v e  O R  o p e r a t o r " p e r f o r m s  t h e  s t a n d a r d  
exc l u s ive O R  operat ion .  Every b i t  pos i t ion  where t h e  two o pe rands 
have d i fferent val u e s  wi l l  be set  to 1 ,  bits  i n  other  posit ions are set  
to zero .  

S h i ft o p e ra t o r s  p e r f o r m  l e ft and r ight  s h i ft s  of  t h e i r  s p e c i fi e d  
operands b y  a nu mber o f  b i ts  spec i fi e d  o n  the  r ight o f  t h e  o p e rand ,  
The expre s s i o n :  

x = x < <  4 ; 
s h i fts the  c o ntents o f  x fou r  pos i t ions  to the l e ft. 

Logical Operators 

T h e  o p e ra t o r s  && a n d  I I  a r e  k n o w n  as  C ' s  A N D  a n d  O R  l o g i c a l  
operators.  Express ions  connected b y  these operators are evaluated 
fro m  l e ft to r ight  to see whether  they are tru e or  not .  By d e fi n it ion  
the  numer ic  val u e  o f  a re lat ional  or  log ica l  expre s s i o n  i s  u nity i f  the  
express ion  i s  tru e ,  and zero i f  i t  i s  fal s e .  A u nary negat ion operato r 
! i s  a lso  ava i lab le  which  c o nverts a non-zero operan d i nto a zero 
operan d and v ice  versa. 

Precedence 

The C l anguage gives operators a precedence  and i n  cases where  
o p e r a t o r s  of  e q u a l  pr e c e d e n c e  h ave t o  be  r e s o l v e d  i t  d e f i n e s  
whether  eval uati on  occurs on  a l e ft t o  r ight o r  a r ight t o  l e ft bas is .  
The fo l l o wi n g  tab l e  g ives  the  d etai l s  o f  a l l  o f  the  C operators : 

Operato r s  

( ) [ ]  - >  

PRECEDENCE TABLE 

- ++ - + - * & ( type )  sizeof 
* % 

+ 

<< 

< 

- -

& 

&& 

1 1  

>> 

<= 

, _  . -

> >= 

As so ciativity 

left to right 

right to left 

left to right 

left to right 

left to right 

left to right 

left to right 

left to right 

left to right 

left to right 

left to right 

left to right 
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? 

= += *= != %= &= 

The C Preprocessor 

"= I =  <<= >>= 
right to  left 

right to  left 

left to  righ t 

One o f  C's greatest strengths i s  that i t  o ffers a u s e r  programmabl e  
p re-pro cess ing  s tage . Pr ior t o  the  start o f  compi lat ion  proper t h e  
source fi l e  i s  scanned for spec ial  preprocessor  d i rect ives and these  
can b e  u s e d  to m o d i fy the  source code .  I n  general  the  preprocessor  
can p erform three basic  jobs :  fi l e  i nc lus ion ,  macro s ubst i tut ion  and 
c o n d i t i o n a l  c o m p i lat i o n .  T h e  syntax o f  t h e  pre p ro c e s s o r  i s  q u i t e  
s e pa ra t e  f r o m  C .  T o  s ta r t  w i t h ,  a l l  p r e p r o c e s s o r  d i r e c t i v e s  ( i e  
p r e p ro c e s s o r  c o m m a n d s )  mu s t  s t a rt w i t h  a h a s h  # s i g n .  T h e  
r e s t r i c t i o n s  o n  t h e  l ay ou t  are a l s o  s t r i c t e r  t h a n  t h e  C l a nguage 
i tse l f. 

Pointers and Address Related Operators 

C a l l o w s  y o u  t o  w o r k  w i t h  p o i n t e rs w h i c h  r e p re s e n t  m e m o ry 
addresses .  The d e claratio n :  

c h a r  * b uf fe r_p ; 

d e clares a variable ca l led  bu ffe r_p as b e i ng a p o i nter  to a char typ e 
i tem.  An address o f  ope rator & i s  a lso  avai lab l e .  

Complex Variables 

The C langu age s u p po rts arrays o f  a l l  types u s i n g  s eparate square 
b ra c k e t s  fo r i n d i v i d u a l  d i m e n s i o n s .  I t  a l s o  a l l o ws var iab l e s  o f  
d i ffe r e n t  ty p e s  to b e  c o l l e c t e d  t o ge t h e r  i nto a u n i t  known as a 
structu re . For i nstan c e :  

s t ruct  Date { 

} ; 

l o n g  int  Day ; 

l o n g  int  M o nt h ; 

l o n g  int  Year ; 

Such stru ctures may be cop ied  o r  assigned as comp lete  u ni ts ,  the i r  
a d d r e s s e s  may b e  t a k e n  a n d  t h e i r  i n d i v i d u a l  m e mb e rs can b e  
accesse d ,  c o p i e d  and ass ign e d .  AN S I !  C a l l o ws a s tru c tu re t o  b e  
passed t o  a fu nct ion a s  a complete u n it ,  and i t  a l l ows the  fu nct ion  
to return a compl e te structure .  

C has a spec ia l  notati o n  for  working with structure po i nters ,  the -> 
operator.  
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I f  p i s  a p o i n t e r  t o  a s tructu re t h e n  o n e  o f  i t s  m e m b e r s  c a n  b e  
a c c e s s e d  w i t h  th is  type of  state ment :  

p - >MemberName ; 

I f  d at e_p i s  a p o i nter  which has b e e n  d e c lared as a po inter  to the  
Date  structu re desc r ibed earl ie r, ie  as : 

st ruct Date * date_p ; 

t h e n  t h e  i n d i v i d u a l  s t r u c t u r e  m e m b e r s  c o u l d  b e  i n i t i a l i s e d  t o  
represent  1 st  January 1 99 2  u s i ng t h e  state ments :  

dat e_p - > Day= 1 ; 

date_p - >Month= 1 ; 

date_p - >Year=92 ; 

Standard Input and Output ( 1/0) Functions 

The C l anguage itse l f  does n't  actua l ly  h ave any i nb u i l t  1/0 faci l i t i es .  
What  i t  does  have  i s  a standard l i b rary which  provi d e s  a s e t  o f  
fu n c t i o ns that,  amongst other  th i ngs,  o ffer I/O a n d  str ing han d l i ng.  
N o wadays ANSI  C d ef ines this l ibrary q u i te prec ise ly  s o  n o  matter 
what c o m p i l e r, mac h i n e  o r  operat ing system you are u s i ng y o u ' l l  
fi n d  these  fu nct ions  avai labl e .  

As far as  1/0 go e s ,  t h e  C l i b rary adopts  a very s i m p l e  m o d e l  fo r 
c haracte r 1/0 based on the idea  o f  a text stream. A text stream i s  
esse nt ia l ly a sequence  of  text l i ne s ,  eac h o f  wh i c h  e n d s  i n  a newl i n e  
c haracter.  I f  t h e  system u s e s  some other  e nd-of- l i n e  c haracter  then ,  
d u r i n g  I /O o p e rat i o n s ,  the  a p p r o p r i at e  c o n v e r s i o n s  a r e  m a d e  
t rans pare ntly.  

Associated with such operat ions i s  the  i d ea o f  a stan dard i nput  and 
s t a n d a r d  o u t p u t ,  p l a c e s  fro m  w h i c h  i n pu t  can be r ec e iv e d  a n d  
o u tp u t  s e n t .  O n  t h e  A m i ga f o r  i n s t a n c e  a C LI p r o g ra m ,  u n l e s s  
o t h e r w i s e  d i re c t e d ,  r e c e i v e s  i t s  i n p u t  fr o m  t h e  key b o a r d  a n d  
r e t u r n s  i t s o u t p u t  b a c k  t o  t h e  C L ! .  T h i s  h a p p e n s  b e c a u s e  C ' s  
standard I/O handles ,  cal l e d  std in  a n d  stdout ,  have b e e n  s e t  u p  to 
a c hieve t h i s .  

get char() 

This rout ine reads o n e  c haracter  from the standard i np u t  devi c e .  
S i n c e  i t  c o l l ects  s i ngle  c h aracte rs you m i g h t  expect  i t  to b e  u s e d  
l i ke t h i s :  

u n s igned c h a r  keypres s ;  / * DON ' T  COPY - TH I S  I S  WRONG * / 

keypres s=get char ( ) ;  
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Somewhat surpr is i ngly th is  isn 't  the case.  As w e l l  as retu r n i ng a l l  
2 5 6  p o s s i b l e  e i g h t  b i t  characte rs getchar() ,  s ince  i t  may be read i ng 
f r o m  a f i l e ,  a l s o  h a s  t o  b e  a b l e  t o  r e t u r n  a n  e n d - o f- fi l e  ( E O F )  
i n d i cator.  On t h e  Amiga th is  i s  d e fined  l i ke t h i s :  

#define  E O F  ( · 1 ) .  

The net  resu l t  i s  that we need a type larger than c har and s o  i nt i s  
u s e d .  T h e  prototype fo r getchar() i s  therefore :  

i nt  g e t c h ar ( vo id ) ; 

which just  says that the  fu nct ion works without you spec i fy ing  a ny 
parameters and that i t  provi d e s  you with  a n  i n t  s i z e d  o bj ect .  I ts  
correct u s e  therefore wou l d  be as i n :  

i n t  keypres s ;  

keypre s s= g e t c h ar ( ) ; 

I n  many environments ,  i n c l u d i ng t h e  Am i ga,  i t  i s  p o s s i b l e  to  re
d i re c t  t h e s e  1/0 s treams.  If  a program is gett i ng i t s  d a ta u s i n g  
getc har() then typ i ng something l i ke :  

t e s t  < RAM : i n p u t f i le 

wi l l  te l l  the te st  program to c o l l ect  i ts i n p u t  from a ram fi l e  ca l led  
i n p u t fi l e .  T h i s  s w i t c h i n g o c c u r s v i a  A m i g a D O S ' s  r e - d i r e c t i o n  
opt ions and i s  total ly trans pare nt to the  program i t s e l f. 

Although getc har() i s  always cal l e d  a fu nct ion i t  i s ,  l i ke many l i b rary 
functions actual ly  a macro. The compi ler  i nserts th e ne cessary code 
in- l ine  rather than ge nerating conve ntional  fu nct ion  ca l l  code.  The 
getchar( )  i m p l e m e n tati o n ,  wh i c h  we are n o t  g o i n g  to d i s c u s s ,  is  
actual ly made in terms of  a lower-l eve l macro ca l l ed  getc( ) .  

putchar( )  

This  i s  the  co rrespo n d i ng s i ngle charac ter standard output  routi n e .  
I t 's  a n o t h e r  macro and ,  l i ke getchar() ,  i s  d e fi ne d  i n  te rms o f  a lower
level  fu ncti o n .  The fu nct ion prototype looks l i ke t h i s :  

i nt  p u t c h ar ( in t ) ;  

so you have to supply  an int  val u e .  I f  you d o n 't you wi l l  fi nd  that 
the compi ler  compla ins  bitterly .  

Programs us ing getc har() can,  i n c id enta l ly,  a lso u s e  re-d i recti o n .  
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printf( )  

We have already come across a pr intfO type fu nct ion i n  Chapter  1 2  
so now we can fi l l  i n  some extra detai l s .  To start with t h e  fu n c t i o n  
uses  th is  ge neral  arrange ment :  

p r in t f ( po i n t e r - t o - f o rmat - st rin g , a r gu m e n t 1 ,  a r g u m e nt 2 ,  • • •  

a r g u men t N )  

T h e  f o r mat  s t r i n g  c a n  c o n ta i n  two t y p e s  o f  o bj e c ts :  o r d i na ry 
charac ters ,  which are sent  to the standard o u tpu t u nc hanged,  and 
specia l  control  fie l d s  whi c h  are groups  o f  c haracters s ta rti n g  with  
the % s ign .  

This  arrange ment means that  i f  there are  no contro l  gro u p s  prese n t  
t h e  fo rmat str ing wi l l  b e  pr inted as j u s t  an ordi nary str ing.  T h i s  i s  
w h y  i t  i s  p o s s i b l e  to u s e :  

p r i ntf ( " j u s t  an  e x am p le " ) ;  

instead of :  

p rintf ( " %s " , " j u s t  an e xam p le " ) ;  

One word o f  warning here .  With str ing l i teral s ,  s u c h  as t h e  above,  
you w i l l  know what t h e  str ing c o nt e n ts are .  Y o u  s o m e t i m e s  s e e  
programmers u s i ng the  s h o rtcut vers i o n  with ordi nary str ings ,  i e  
writ ing :  

p rintf ( t e xt_p ) ; 

i nstead o f: 

p r in t f ( " %s " , t ext_p ) ; 

Don 't do it, u n l e s s  y o u  c a n  b e  1 0 0% s u r e  that  t h e  s t r i n g  b e i n g  
poi nted t o  w i l l  neve r  contain a %  percent c haracter. 

A c o n v e rs i o n  c o m m a n d  w i l l  e n d  w i t h  any o n e  o f  a n u mb e r  o f  
c h arac ters w h i c h ,  fo r pri ntf( ) ,  have spec ia l  s i gn i fi cance .  Here  are 
some exampl e s :  

d , i  prints  an int decimal number 

0 p rints  an int u nsigned octal number ( no leading zero ) 

x , X  prints  an  int unsigned hex number 

u prints  an  int u n signed decimal numb e r  

c prints  a sing le int c haracter 

s c h a r  * p rints  s string  

f p rints  a d ouble  numb e r  

e , E prints  a d ou b le in exponential form 

% prints  a % sign  

Em 
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A n u mber  o f  other  charac ters can be i nc lu d e d  betwe e n  t h e  % s ign 
and the group termi nator.  A minus  sign i n d i cates l e ft adjustment of  
the  argu m e n t .  A n u m b e r  s p e c i fi e s  the  m i n i m u m  fi e l d  w i d t h .  A 
p e r i o d  i s  u s e d  t o  s e parate the  f i e l d  w i d t h  from a n u m b e r  w h i c h  
s p e c i fi e s  t h e  max i m u m  n u mb e r  o f  c haracters  t o  b e  p r i n t e d ,  t h e  
nu mber o f  d igits  after t h e  dec imal po int o f  a f loat ing p o i nt nu mber ,  
or  the  m i n i mu m  n u mber  o f  d igits fo r an i nteger.  

One  useful  pr intf{ )  c haracterist ic  i s  that the  width o r  prec is ion  can 
b e  speci fi e d  as an argu ment i tse l f  (of  type int )  by u si ng an asteris k  
(*) . The looped exampl e :  

f o r  ( le ng t h = 1 ; leng t h<=4 ; le n g t h + + )  

{ 
p r i n t f ( " %* s \ n " , l e n gt h , " te st " ) ; 

} 
wou l d  p ro d u ce the output :  

t 

t e  

t e s  

t es t  

A s  you' l l  probably real i s e ,  pr intf{ )  uses  i ts  f irst argu ment  t o  d e c i d e  
how it  m u s t  handle  t h e  other  argu ments i t  e ncou nters .  I t  wi i l  fai l  
m i s e rab l y  i f  y o u  m i s l e ad i t  by  p r o v i d i n g  a n  i n a p p ro p r i a t e ,  o r  
otherwise incorrect,  fo rmat string.  Anothe r po int  worth mentio n i n g  
is  that, a l though ra re ly u s e d ,  pr intf{) does  return i n fo rmation t o  t h e  
u s e r  - a n  i n t  va lue  represent ing t h e  nu mber o f  characters generat e d  
by t h e  fu nct i o n .  

T h e  pr intf{) fu nct ion has many other opt ions .  Y o u  wi l l  f i n d  detai l e d  
d i s c u s s i o n s  i n  yo u r  c o m p i l e r  manu a l  a l o n g  w i t h  o t h e r  r e l a t e d  
fu nct ions  s u c h  a s  sprin tf( ) .  

Warn ing :  The above d i s c u ss i o n  o u t l i n e s  C's pr intf{) fu nct ion .  You 
shou ld  be awa re that  the  vers i o n  provided in  the  amiga . l i b  l i nker  
l i b rary, i e  that u sed in  C hapter 1 2  is  not  as sop hist icated .  The mai n 
d i ffe re n c e  i s  that  i t  d o e s  not s u p p o r t  t h e  u s e  o f  f l o a t i n g  p o i n t  
n u mbers!  

scant() 

J u st as putc har() had a compleme ntary getchar() rou t i n e ,  so pr int f{ )  
has a corre s ponding data c o l l e ct ion fu ncti o n .  I t 's  cal led scanf() and 
i t  ado pts s i mi lar  convent ions to pri ntf{) fo r i ts fo rmat d e scripti o n s  
and has th is  arrangement :  
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int s c an f ( char *f o rmat - st ring , list of pointer argument s )  

scanf()  reads characters from the  standard i n put.  As i t  does  s o  i t  
t ra n s l a t e s  them a c c o r d i ng to  t h e  fo r mat str ing  which  h a s  b e e n  
provid e d .  T h e  b i g  d iffe rence  t o  watch fo r i s  that scanf() expects not 
the  argu ments  t h e mse lves but  p o i nters to them. W hy? I t 's  b e cau s e  
scan f( )  i sn't  interested i n  the i r  values .  I t  wants to k n o w  where they 
are so it  can s t o re data in t h e m .  s c a n f( )  s t o p s  pre matu r e l y  if  it  
e n c o u nters  errors retu rn ing  a z e ro value to the  ca l ler .  If  al l  goes  
we l l  s ca n f() w i l l  return  a pos itive number i n d i cating the  number of  
i n put  i t e ms successfu l ly matc h e d .  

The  format s t r i n g  c a n  c onta in  pri ntab l e  c haracters  and these  a r e  
then e x p e c t e d  to  match the  n ext i tem i n  the i nput  stream. I t  c a n  
a lso c on ta i n  co nve rsi o n  c h arac ters which  aga i n  w i l l  be d etai l e d  i n  
your c o m p i l e r  manual  a l o ng with o t h e r  related fu ncti o n s  s u c h  a s  
s c a n f( ) .  F o r mat s t r i n g  o p t i o n s  w h i c h  a r e  avai l ab l e  i n c l u d e  t h e  
fo l l o w i ng :  

d pointer t o  a n  int decimal number 

i pointer t o  a n  int octal o r  hex  number 

u pointer to  an unsigned int  d ecimal number 

s pointer to  a char character  

e , f , g  pointer to  a f loat ing  po int number 

Examples 

Here are  a c o u p l e  of  vers i o n s  of  a s h o rt program wh i c h  asks the  
user  to type s omethi ng and then pr ints  their  response bac k at  the 
C U .  F i rst  the quick and dirty versi o n :  

#include <stdio . h> 

main ( )  

{ 
char user_input [ 1 29 ] ; / * Allow for  1 28 characters plus  a NULL * /  

printf ( " Please type something \ n ) ; 

scanf ( " %1 28s " ,  user_input ) ;  

printf ( " You typed . . .  %s \ n " ,  user_input) ; 

} 
There i s  noth ing ser ious ly  wro ng with th is  code - at l east  a c heck 
has been made to e nsure that  scanf( )  does  not exc e e d  the space set 
as i d e  fo r the u se r's  respon s e .  A few improvements could however 
be made by u s ing #defi nes  to re move the embedded nu meric and 
str ing c o nstants l i ke th i s :  
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# i n c lude < s t d i o . h> 

#def ine MAX_SIZE  1 28 

#def ine I N PUT_FORMAT_STR I N G  " %1 285 "  

#define I N P U T_MESSAGE " P lease t ype  somet h in g \ n "  

#define OUTPUT_FORMAT_STR I N G  " You t yped . . .  %s \ n "  

main ( )  

{ 
c har u s e r_input [ MAX_S IZE+ 1 ] ;  

p r intf ( IN PUT_M ESSAGE ) ;  

s c anf ( I N PUT_FORMAT_STR I N G , u s e r_input ) ;  

p rintf ( OUTPUT_FORMAT_STR I NG , u s er_input ) ;  

} 

Last Words 

As you have pro bab ly real i s e d ,  C i s  both a powerfu l  and fle x i b l e  
h igh- level  language. T o  start wri t i ng C programs on t h e  Amiga y o u  
w i l l  of  c o u rse need a C c o m p i l e r  but  the  goo d  n e w s  h e re i s  that a 
n u mber  o f  reasonab l e  pub l i c  d o ma i n  C c o mp i lers  exist  so nowaday s  
y o u  c a n  start C programming for j u s t  a few pounds .  You ' l l  f ind a 
n u mber  of  C b o o ks l i sted i n  th e b i b l i ography.  
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Library 

Function 

Tables 

T h e  ta b l e s  i n  t h i s  a p p e n d i x 
p r o v i d e  l i b rary v e c t o r  o ffs e t  
v a l u e s  a n d  r e g i s t e r  u s a g e  
d e ta i l s  fo r s o m e c o m m o n l y  
u se d  Amiga l i b rary fu nct ions ,  
many of  which  have been u s e d  
i n  t h e  programs o f  th is  b oo k. 
T h e  t e rm void i n  t h e  fo l l owing 
d e s cr ipt ions  i nd icates that no  
return  val u e  i s  s u p p l i e d .  For  
fu l l  d etai l s  of  a l l  l ib rarie s  and 
t h e i r  avai l ab l e  fu n c t i o n s  y o u  
s h o u l d  c o n s u l t  t h e  o f f i c i a l  
Amiga docu mentat ion .  
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DOS Functions LVO offset 

_LVOOpen -30 fi le(dO) = Ope n(name,mode)  (dl ,d2 )  

_LVOClose -36 void() = C lose(fi le) (d l )  

_LVORead -42 col lected(dO) = 
Read(fi le ,buffe r, length) ( d l  ,d2 ,d3)  

_LVOWrite -48 written(dO) = Write( fi le , bu ffer, le ngth) 
( d l  ,d2 ,d3)  

_LVOLock -84 lock(dO) = Lock(name,type) ( d l ,d2)  

_LVOUnLock -90 vo id() = Unlock(lock) (d l )  

_LVOExamine - 1 02 success(dO) = 
Exami ne(lock,i nfo_b lock) ( d l  ,d2)  

_LVOExNext - 1 08 success(dO) = ExNext( lock, info_b lock) 
( d l  ,d2 )  

_LVODe lay - 1 98 voi d() = Delay(t i me) (d l )  

Exec Functions 

_LVODisab le - 1 2 0 void() = D isable() ( )  

_LVOEnable - 1 2 6 void()  = Enable() O 

_LVOFo rbid - 1 3 2 void() = Forb id() () 

_LVOPe rmit - 1 3 8 vo id() = Permit() () 

_LVOAddl ntServer - 1 68 void() = 
Addl ntSe rve r(number, i nterrupt) (dO,a 1 )  

_LVOReml ntServer - 1  74 vo id() = RemlntServer(nu mber, i nterrupt) 
(dO,a l )  

_LVOAl locMem - 1 98 block(dO) = Al locMem(size ,type) (dO,d I )  

_LVOFree Mem -2 1 0  void() = FreeMe m(block,s ize)  (a l ,dO) 

_LVOWait -3 1 8  s ignals(dO) = Wait(signals) (dO) 

_LVOGe tMsg - 3 72 me ssage(dO) = GetMsg(port) (aO) 

_LVOReplyMsg -3 78 void() = Re p lyMsg( message) (a l )  

_LVOWaitPort -384 me ssage(dO) = WaitPort(port) (aO) 

_LVOCloseLibrary -4 1 4  vo id() = CloseLibrary{ l ibrary) (a l )  

_LVOOpen Library - 5  5 2  base(dO) = OpenLibrary( name,  version) 
(a l ,dO) 



Graphics Functions 

_LVORectFi l l  -306 

_LVOSetAPe n 

_LVOSetBPe n 

-342 

-348 

Intuition Functions 

_LVOClearMenuStrip - 54 

_LVOCloseScreen -66 

_LVOCloseWindow -72 

_LVODisplayBeep 

_LVODrawBorder 

_LVODrawl mage 

_LVOOpe nScreen 

_LVOOpe nWi ndow 

_LVOPrintIText 

_LVOSetMenuStrip 

Usage Notes 

-96 

- 1 08 

- 1 1 4  

- 1 98 

-204 

-2 1 6  

- 264 

Library Function Tables 

void() = RectFi l l(rastport,x l ,yl ,x2 ,y2) 
(al ,dO ,dl  ,d2 ,d3)  

vo id() = SetAPen(rastport ,pe n) (aO ,dO) 

void() = SetBPen(rastport,pe n) (aO,dO) 

void() = ClearMe nuStrip(wi ndow) (aO) 

vo id() = C loseScreen(screen) (aO) 

vo id() = C loseWindow(window) (aO) 

void() = DisplayBeep(screen) (aO) 

void() = 
DrawBoarder(rastport,border ,x, y) 
(aO,al ,dO ,d l )  

void() = Drawlmage(rastport, image ,x,y) 
(aO,a l , dO,d l )  

screen(dO) = OpenScree n(new_scre e n) 
(aO) 

window(dO) = 
OpenWindow(new_window) (aO) 

vo id() = Pri ntIText(rastport, itext,x ,y) 
(aO,al ,dO,d l )  

success(dO) = 
SetMenuStrip(wi ndow,me nu) (aO,al ) 

The system mac ro LI NKLIB  i s  u s e d  to generate fu nct ion  ca l l  code  i n  
a n  easy-to-read ,  and conceptual ly  t idy,  fas h i o n .  An Intu i ti o n  l i b rary 
Ope nScree n() call fo r i nstance migh t take th is  form:  

L I NKLIB _LVOOpenScre e n , _Intuit ionBase 

and t h e  i n stru ct ions  ge n erated wou l d  b e :  

move . l  a6 , - ( sp )  

move . l  _Int u it ionBas e , a6 

j sr _LVOOpenScreen ( a6 )  

move . l  ( sp ) + , a6 

To c reate  an e x e c u tab le  p rogram t h e  _LVOOp e n Sc re e n  r e fe r e n c e  
m u s t  at s o me stage b e  r e s o l ve d ,  i e  t h e  r e a l  val u e  fo r i t  m u s t  b e  
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fou n d .  T h i s  may b e  d o n e  e i t h e r  at  l i n k  t i m e ,  v ia  t h e  LYO val u e s  
p r e s e n t  i n  amiga . l i b ,  b y  u s i ng a n  i n c l u d e  fi l e  w h i c h  c o n ta ins  t h e  
appropriate LYO val u e ,  or b y  t h e  p rogrammer i nsert ing a s uitabl e  
EQUate wi t h i n  t h e i r  program. S i n c e  the  n u me rical  LYO val u e s  are 
av a i l a b l e  f r o m t h e  s y s t e m  d o c u m e n t a t i o n ,  p r o g ra m m e rs a r e  
s o met imes tempted to use  the n u merical  e qu ival e n ts d i rectl y. F o r  
i n s ta n c e ,  k n o w i n g  that  t h e  _LV O O p e n Sc r e e n  re fe r e n c e  i s  - 1 9 8 ,  a 
p r o g ra m m e r c o u l d  d e c i d e  t o  c o d e  t h e  a b o v e  l i b ra ry o p e n i n g  
fragment i n  o n e  o f  these ways:  

1 )  L I N KL I B  

2 )  mo v e . I  

mo v e . I  

j s r  

mo v e . I  

3 )  L I NKLIB  

4 ) mo v e . I  

m o v e . I  

j s r 

m o v e . I  

_LVOOpenScreen , I n t u it ionBase 

a6 , - ( sp )  

_I n t u it i o n B ase , a6 

_LVOOpen Lib rary ( a6 )  

( sp ) + , a6 

- 1 98 ' - I nt uitionBase 

a6 , - ( s p )  

_Int u it ionBas e , a6 

- 1 98 ( a6 ) 

( sp ) + , a6 

T h e  p r e fe r r e d  a p p r o a c h  i s  t o  u s e  t h e  L I N K L I B  m a c r o , o r  a n  
equ ival e n t  mac ro , but  i f  you d o  write the code manua l ly  you shou l d  
al ways u s e  the  LYO name and not the numerica l  val u e .  There  are 
two reasons  for th is .  F irst ly ,  the  LVO name approac h provides  more 
readab l e  code.  Secondly ,  i f  Commodore-Amiga d o  ever c hange the 
exist ing  fu nct ion arrangements i n  a l ibrary then,  p rovi d i ng you've 
u s e d  t h e  LVO s y m b o l i c  n a m e s ,  i t  w o u l d  be p o s s i b l e  t o  r e 
assemble/re - l i n k  your program with  the new LVO data and i t  wou l d  
wo rk. This  would  not b e  poss i b l e  i f  you had u s e d  n u me rica l  LVO 
equ ival e n ts in your  cod e .  In short  you shou l d  avo i d  the sty l e  o f  t h e  
last two examples  shown above! 
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The A68K 

Assembler 

B e t w e e n  Apr i l  a n d  J u n e  1 98 6  
t h e  D r  Dobbs Jou r n a l  
p u b l i s h e d  t h e  s o u r c e  fo r a 
6 8 00 0  cross assembler  writte n 
i n  M o d u l a 2 b y  B r i a n  
A n d e rs o n .  C ha r l i e  G ibbs  to o k  
t h e s e  i d e a s ,  t ra n s l a t e d  t h e m  
i nto C .  and u s e d  t h e m  as the  
basis  fo r a n  Amiga assembler .  
A ft e r  a d d i n g a g r e a t  m a n y  
e n h a n c e m e n t s ,  t h e  p a c kage 
we n o w  k n o w  a s  A 6 8 K  w a s  
b orn!  

A6 8 K  i s  a fre e l y  d istr ibutab l e  
a s s e m b l e r  t h a t i s  a v a i l a b l e  
from almost  a l l  publ ic  d omai n  
l i b rar ies .  I t  is  fou n d  b o t h  a s  a 
s e p a r a t e  p a c k a g e  a n d  a s  a 
c o m p o n e n t  o f  a v a r i e t y o f  
p u b l i c  d o m a i n  h i g h - l e v e l  
la nguages.  I f, for examp l e ,  you 
have a c o py of  Steve Hawtin's 
N o r t h C  c o m p i l e r  t h e n  y o u ' l l  
fi n d  t h at you h ave A6 8 K  a n d  
B l i n k  ( a n d  d o c u m e n t a t i o n  
f i l e s )  i n  t h e  bin d i re c t o ry o f  
t h e  mai n  c o m p i l i ng di sk. 

T h e  c o d e  e x a m p l e s  i n  t h i s  
b o o k  w e r e  c r e a t e d  i n i t i a l l y  
u s i n g  D e v p a c  b u t  t h e  g o o d  
n e w s i s  t h a t  a l l  o f  t h e  
p ro g ra ms c a n  b e  as s e mb l e d  
u s i n g o t h e r  a s s e mb l e rs w i t h  
l i t t l e  o r  n o  c h a n g e .  A 6 8 K 
h o w e v e r d o e s  r e q u i r e  t h a t  
s o u rc e  fi l e s  conta i n  a n  expl ic i t  
END state m e n t  at  t h e  end of  
t h e  s o u r c e  c o d e  so  a s m a l l  
c hange i s  necessary b e fore the 
e xa m p l e s  l i s t e d  in  t h i s  b o o k  
c a n  b e  assembled u s i ng A68K.  

This i s  eas i ly  done  and i f  you 
read the s o u rc e  fi l e  into any 
avai l ab l e  AS C I I  text e d itor  (ED 
or M e macs  w i l l  d o ) ,  move to 
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the  e n d  o f  the text fi l e  and i n sert a terminal  E N D  state ment as t h e  
last  l i ne  o f  t h e  s o u r c e  c o d e  you w i l l  t h e n  f i n d  t h at m o s t  o f  t h e  
examp l e s  wi l l  assemble without problem.  

W i th one o r  two exam p l e s ,  name l y  t h o s e  that  u s e  the SECT I O N  
d i rective t o  ensure  that graphics data gets p laced i n  c h i p  memory,  
another  smal l  c h ange w i l l  b e  nece ssary. For  A6 8 K  u s e rs t h e  source  
code l i n e :  

SECTION IMAG E , DATA_C 

which appears j u st b e fore the graphics  data i ts e l f  w i l l  n e e d  to b e  
changed to :  

SECTION IMAGE , DATA , C H I P  

T h e  A68K a n d  B l i n k  usage opt ions themselves are we l l  expla ined i n  
t h e  associated d o c u me n t  fi l e s  (whi c h  a re a lways d i stri b u t e d  along 
with these p rograms) and fo r the examples i n  th is  book only s i m p l e  
command l i n e s  w i l l  b e  needed .  I f, fo r exam p l e ,  a source  fi l e  cal l e d  
test.s is  present  i n  t h e  RAM D i s k  a n d  y o u r  i n c l u d e  f i l e s  are present  
in  the i n c l u d e  d i r e c t o ry of  the d i s k  i n  dfO t h e n  t h e  C LI/S h e l l  
command l i n e  t o  assemble the program test .s  wou l d  b e :  

a68k ram : test . s  - oram : test . o  - idfO : i n c lu d e  

T h i s  w o u l d  produce  i n  t h e  RAM D i s k  an o bj ec t  f i l e ,  test. a, w h i c h  
cou ld  subsequent ly  be l i n ked u s i ng B l i nk.  I n  t h e  s imple  c a s e  where 
no  Startup code or  l i nker l i b rar ies were b e i n g  s p e c i fi e d  t h e  B l i n k  
command l i n e :  

b l i n k  ram : test . o  t o  ram : test  

wou l d  resu l t  i n  an executab l e  (ru nabl e)  p rogram cal l e d  test bei ng 
placed i n  t h e  Ram Disk. 

The Official  Amiga Include Files 

One th ing that A6 8 K  users d o  need to be aware of i s  the  fact that 
they wi l l  not g e t  t h e  o ffi c ia l  Commodore i n c l u d e  fi l e s  with t h e i r  
assemb l e r . I t  i s  p o s s i b l e  however t h a t  s o m e  h i gh- leve l l angu age 
u s e rs w i l l  a l re ady h av e  s u i tab le  i n c l u d e  fi l e s ,  Lat t i c e/SAS C f o r  
i nstance p rovi d e s  these  a s  part o f  the compi l e r  package , b u t  i f  n o t  
two o p t i o n s  a r e  avai lab le .  

F i rs t ly ,  the  d e ta i l s  o f  the appropriate parts of  the inc lude  fi l e s  can 
be typed i n  from the RKM Includes & Autodocs man ual . Seco n d ly , the  
fi l e s  can be o btai ned by send ing a writte n order  fo r the  Amiga 2. 0 
Na tive De veloper Update d i sk s e t  (ac c o m p a n i e d  by a c he q u e  for  
£ 2 5 )  to :  

Mrs S .  A .  McGuflie 

Developer Liaison Manager 

Commodore Business Machines UK Ltd. 

Commodore House, The Switchback, Gardner Road, Maidenhead, Berks, SL6 7XA 
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ISBN: 1 - 8 7 3 3 08-28-0 ,  Price £ 1 4 . 9 5 ,  pages TBA. Available April '94. 
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ISBN:  1 - 8 7 3 308- 1 7- 5 ,  Pri ce £ 1 9 . 9 5 ,  320  page s .  FREE Games d isk*.  

Mastering A m iga Beginn ers i s  the book fo r the growi ng n u m ber  of  novi c e  
c o m p u t e r  u sers who t u rn t o  t h e  Amiga as t h e  natural c o m p u t e r  f o r  home 
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ISBN: 1 - 8 7 3 3 08-05- 1 ,  Price £ 1 9 . 9 5 ,  3 3 6  page s .  FREE Programs d isk"'. 

Next  to the Amiga  i t s e l f, y o u r  pri n t e r  is the larges t  and m o s t  i mportant  
purchase you' l l  make. This  book explain s  the d i fferent types ,  gives guidance on 
the best one for you and how to set i t  u p  and use i t  properly once you get i t  
home. 

Mastering Amiga AMOS by Phil South 

ISBN:  1 - 8 7 3 308- 1 2-4,  Price £ 1 9 . 9 5 ,  320 pages .  

AMOS has revolu tionised all  forms of programming on the Amiga .  Whether you 
have EasyAMOS, AMOS, or AMOS Pro, create stunning sound and graphics with 
the absol ute mini mum of fu s s .  
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Mastering AmigaDOS 3 Volume One - Tutorial 
by Bruce Smith and Mark Smiddy 

ISBN: 1 -873308-20-5 ,  Price £2 1 .9 5 ,  384 pages .  FREE U t i l i ties  d i s k* .  

The complete t u torial to  AmigaDOS 2 .04 , 2 . 1  and 3 ,  fol lowing the same bri l l ia n t  
format as Mastering AmigaDOS 2. 

Mastering AmigaDOS 3 Volume Two - Reference 

by Bruce Smith and Mark S middy 

ISBN: 1 -873308- 1 8- 3 ,  Price £2 1 .9 5 ,  4 1 6  page s .  

Fol lowing the same bri l l iant format as Mastering AmigaDOS 2 volume two, this  
i s  the complete A to Z reference to DOS 2 .04 , 2 . 1  and 3 commands .  

Mastering AmigaDOS 2 Volume One - Revised Ed 
by Bruce Smith and Mark Smiddy 

ISBN:  1 - 873308- 1 0-8 ,  Price £2 1 . 9 5 ,  4 1 6  page s .  FREE Uti l i t ies  d isk* .  

The complete tutorial to AmigaDOS, des igned to help the beginner become the 
expert. From formatt ing a disk to mult i -user  operation,  over  400 pages spans 
every aspect of  the Amiga's  operation.  The book i s  packed with DOS one-l iners 
and scripts . 

Mastering AmigaDOS 2 Volume Two - Revised Ed 
by Bruce Smith and Mark Smiddy 

ISBN:  1 -873308-09-4 , Price £ 1 9 . 9 5 ,  368 page s .  

The complete A t o  Z refere nce t o  DOS commands up t o  version  2 . 0 4 .  The act ion 
of each command i s  explai ned and examples to t ry are provi d ed . I n c l u d e s  
c hapters o n  AmigaDOS error codes,  viruses ,  t h e  I n terchange F i l e  Format ( JFF) 
and the Mountl i s t .  

Mastering Amiga System by Paul Overaa 

ISBN: 1 -873 308-06-X, Price £2 9 . 9 5 ,  398 pages .  FREE di sk<-. 

Serious Amiga programme rs need to use the Amiga's operating system to wri te  
legal , portable and e ffic ient programs. This book assumes a knowledge of the  C 
language and i s  the complete guide .  

Mastering Amiga C by Paul Overaa 

ISBN:  1 - 8 7 3 3 0 8 - 0 4 - 6 ,  Price £ 1 9 . 9 5 ,  3 2 0  page s .  FREE Programs Disk and NorthC 
Public Domain compi l er<-. 

C i s  one of the most powerful program ming languages created with much of 
the Amiga's opera t i ng sys tem wri t ten u s i ng C and a l mo s t  all of  the Amiga 
t e c h n i cal reference books a s s u me some profi c i e n cy in the language . Thi s 
i n troductory text assu mes no prior knowledge of C and covers al l  of the maj o r  
compilers , inc luding t h e  NorthC compiler su ppl ied wi th th is  book. 

N ote: Di sks where i nd icated (<-) are suppl ied free only when ordered d i rect 
from Bruce Smith Books.  Otherwise ,  charge for p&p appl ies .  

E&OE.  
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