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PREFACE 

MAC /6 5  is a logical upgrade from the OSS product EASMD 
( E d i t/ASs eMble/Debug ) which was itse l f  an outgrowth o f  
the Atari As s embl e r/Ed i tor cartridge . U s e r s  o f  either o f  
thes e  latter two products wi l l  find that MAC /6 5  has a 
very fami l iar  "feel" . Those who have never expe rienced 
prev ious ass prod ucts in thi s  l ine should neverth e l e s s  
f i n d  MAC/6 5  to be an easy-to- u s e , powe r ful , a n d  adaptab l e  
programming envi ronment . Wh i l e  speed was not neces sarily 
the pr imary goal  i n  the production o f  thi s  product , we 
neverthel e s s  f e e l  that the u s e r  wi l l  b e  hard pre s s ed to 
find a fast er  a s s embl e r  sys tem in any home computer 
market . MAC /6 5  i s  an exce l l ent match for the s i z e  and 
fea t u res of the machines it  is intended for . 

MAC /6 5  was conce ived by and compl etely executed by 
Stephen D .  Lawrow, o f  Ch i s elhurst , New Jersey . The 
current vers ion o f  MAC /6 5  i s  only the latest in a series  
of i ncrea s i ngly  more compl ex and faster  assemblers 
wri t t en by Mr . Lawrow fol lowing the l ead and s tyl e o f  
EASM D .  As a measure of our con fidence in thi s  assembler , 
it i s  entrus ted with a s s embl ing itse l f ,  probably a more 
d i f f icult ta sk than that to which mos t users wi l l  put i t . 

TRADEMARKS 

The fol lowi ng trademarked names are  used in various 
places with in th i s  manua l ,  and cred it  i s  hereby given: 

OS /A+ , BAS I C  A+ , MAC /6 5 ,  and C /6 5  are tradema rk s of 
Optimized Systems So ftware , I nc .  

App l e ,  App l e  I I ,  and Appl e  Computer ( s )  are trademarks 
of Appl e Computer , Inc . , Cupertino , C� 

Atari, Atar i  400 , Atari 800, Atari Home Computers , and 
Atari 8 50 I n ter face Modul e are trad emarks of 
Atar i ,  Inc . , Sunnyval e , CA . 
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INTRODUCTION 

Th is manual a s s umes the u se r  i s  fami l i a r  with a s semb ly 
l anguag e . It is not intended to teach a s sembly 
l a nguag e . Th i s  manual is a re fe rence for command s ,  
sta t ements , funct ions , a nd syntax convent ions o f  MAC 65 
It i s  a l s o  a s s umed that the u s e r  i s  famil i ar with the 
scre e n  ed itor o f  the Atari or Appl e  I I  c omputer, as 
appropriate . Con su l t  Atari' s  or App l e' s  Re ference 
Manu a l s  i f  you a re not fami l iar with the screen editor. 

I f  you need a tutor ial  level  manua l ,  we would recommend 
that you a sk your l ocal dealer  or bookstore for 
sugg e s tion s . Two book s that have worked we l l  for many 
of our c u s tomer s  are " Machine Language fo r Beg inne r s "  
by Richard Mans fie ld from COMPUTE! book s and 
" P rogrammi n g  the 6502" by Rodney Zaks. 

Th i s  manu a l  i s  div ided into two major sections; the 
fir s t  two chapt ers  co,ve r the Edi tor commands and 
synt ax , sou rce l i ne entry ,  and execu t i ng source program 
ass embly .  The next three chapters  then cover 
ins t r uction format ,  a s s emb ler directives, functions and 
expressions, M acros, and conditional assembly. 

MAC 65 is a fast and powerful machine language 
development tool . Programs larger than memory can be 
assembled. MAC 65 also contains directives speci fical ly 
designed fo r screen format development. With MAC65's 
l ine entry sy ntax feature, less time is spent 
re-assembling programs due  to assembly sy ntax errors, 
a l l owing more time for actual program development. 
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START UP 

Powe r up the d i sk drive ( s )  and mon i tor , l e ave the 
computer o f f, Insert MAC 6 5  d i sk i n  drive # 1  and boot 
sys t em by tu rning the computer on . Th i s  wi l l  load and 
execute OS /A+ . Now enter MAC 6 5  ( return ) . Th i s  load s 
and e x ecutes  MAC 6 5 ,  the Editor /Mac ro As s embl er . Re fer 
to th e OS/A+ Manual for other capabil it i e s . 

WARM START 

The u s e r  can exit  to OS /A+ by entering the MAC 6 5  
command C P  ( retu r n ) or b y  pre s s ing the System Re s et 
key . To return to MAC 6 5 ,  the u s e r  can u s e  the OS / A+ 
comm and RUN ( return ) .  Th i s  "wa rm starts " MAC65  and 
doe s not c l ear  out any source l i nes in  memory . 

BACK -UP COPY 

P l ease do not work with you r  master d i sk! Make a 
back -up copy wi th OS/ A+ . Cons u l t  the OS/ A+ re ference 
manual for spec i f ic i n struction s . Keep your  ma ster  
copy i n  a sa fe p l ace . 
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SYNTAX 

The following con ven t i ons are 
descriptions in this manual: 

us ed in the syntax 

l. Capital letters d esi gnate command s ,  instructions , 
func t ions , ect . , wh ich mu s t  be entered exactly as shown 
( eg . ENTER, . INCLUDE, . NOT) . 

2 .  Lowe r ca s e  letters sp ec i fy items which may be used . 
The var ious types are as fo llows: 

lno - Line number between 0-65535, inclus ive . 

h xnum 

dcnum 

exp 

string 

strvar 

- A hex number . I t  can be addre s s  or 
data . Hex numbe rs a re treate c1 as 
un signed integers . 

- A pos itive number . Dec ima l numbe r s  
a r e  rounded to the nea rest two byte 
un signed integer; 3 . 5  to 3.9 i s  
rounded t o  4 a nd 100 . 1  to 1 00 . 4  i s  
rounded t o  100 . 

- An a s s embl e r  expr e s sion . 

A s t r i ng o f  A SC I I  characters 
enclosed by double quotes (eg . 
" TH I S  I S  A STRING " ) .  

- A s t r ing representation . Can be a 
s t r i ng ,  as above ,  or a string variable 
wi thin a Macro cal l (eg . %$ 1) . 

fil espec -
OR 

A s t r i ng o f  ASC I I  characters that 
re fe r s  to a pa rticular device . See 
device re ference manua l for more spe
ci fic expl a i nat ion . 

fi l e  

3 .  I tems in  square brackets denote an opt iona l p a r t  o f  
syntax  (eg . [ , lno] ) .  Wh e n  an optiona l item i s  
fol l owed b y  ( . . .  ) the item ( s ) may be repeated a s  many 
times  as needed . 

Exampl e :  . WORD exp [ , exp • . .  ] 

4. Items i n  parentheses indicate tha t  any one o f  the 
items may be used , eg . ( , Q )  ( , A ) . 
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CHAPTER 1 :  THE EDITOR 

The E d i tor a l lows the 
sou r c e  code or ord i na ry 

u s e r  to enter and ed it  MAC / 6 5  
ASC I I  text f i l e s . 

To the Ed i tor ,  there i s  a rea l d i s t inction between the 
two type s of f i l es :  so much so that there are ac tua l ly 
two modes acces s ib l e  to the user , EDIT mode and 
TEXTMODE . However , for either mode , s ource code/text 
mus t  begin  with a l ine number between 0 and 6 5 5 3 5  
inc l us ive , fol l owed b y  one space . 

E x ampl es : 10 LABEL LOA # $ 3 2  
3020 Th i s  i s  v a l id i n  TEXT MODE 

The fir s t  example would be va l id in either EDIT or 
TEXTMODE , wh i l e  the s econd example  would only be val id 
in TEXTMODE . 

The user choos e s  wh ich mode he/she wi she s to use for 
edi t i ng by s e lecting NEW ( wh i ch choos e s  the MAC /6 5 EDIT 
mode ) or TEXT (wh i ch a l low s  gene ral text entry ) . There 
is mo re d i scuss ion o f  the impact o f  the s e  two modes 
below: but , first , there a re several points in  common 
to th e two mode s . 

1 . 1  GENERAL EDI TOR USAGE 

The source fi l e  is manipul ated by Ed itor commands . 
Since  the Edito r recog n i z e s  a command by the abs ence of 
a l in e  number , a l ine  beg inning with a l i ne number is 
assumed to b e  a val id source/text l ine . As s uch , it  is 
merged with , added to , or inserted i nto the source/text 
line s already i n  memory i n  accordance with its  l ine 
numbe r . An entered l i ne wh i ch has the s ame l ine number 
as one a l ready i n  memory wi l l  repl ace the l ine in 
memory . 
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Al so, as a spec i a l  case of 
be deleted from memory by 
only . ( And also see DEL 
of l ines . )  

the above , a source l ine can 
entering its line number 

command for deleting a g roup 

Any l ine that does not start with a l ine number is  
ass umed to be command l ine. The Ed itor wil l examine 
the l ine to determine what function is to be pe r formed. 
If  the l ine is a valid command , the Editor wi l l  execute 
the command . The Editor wil l prompt the u s e r  each time 
a command has been executed or terminated by printing : 

EDIT for syntax ( MAC/ 6 5  source ) mode 
TEXTMODE for text mode 

The cur sor wi l l  appear on the fo l l owi ng l i ne . S i nce 
some commands may take a wh i l e  to execute , the prompt 
si gnals the use r  that more input is al lowed . The u s e r  
can terminate a command before compl etion b y  h i tting 
the break key ( escape key on Appl e  II). 

And one l ast point : 
line or a va l id command . 

WHAT? 

1 . 2 TEXT MODE 

If the l ine is neither a 
The Ed i tor wi l l  print : 

source 

The Ed itor supports a text mode. The text  mode is  
ent e r ed with the command TEXT . Th i s  mode wi ll NOT 
syntax check l ines entered, allowing the u s e r  to enter 
and edit non-as s embly l anguage fi l es. Al l Ed itor 
commands funtion in text mod e . 

Remembe r ,  though , that a l l  text l ines mu st  beg in with a 
line numberi and , even in TEXTMODE , the space fo llowing 
the l i ne number i s  nec e s s ary . 
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1 . 3 EDIT MODE 

MAC/6 5  is nearly unique among assembler/ editor systems 
in tha t  it  a l lows the a s s embly l anguage u s e r  to enter 
sour c e  cod e and have it  IMMEDIATELY checked for syntax 
val i d ity .  O f  course , s ince assembly l anguage syntax is  
fai r l y  flex ibl e  (espe c i a l ly when macros are al lowab l e , 
as th ey are  with MAC /6 5 ) ,  syntax checking wi l l  by no 
mea n s  catch al l errors i n  user source code . For 
exampl e ,  the e x i s tence of and va l id i ty o f  l abe l s  and /or 
zero page l o cations i s  not and can not be checked unt i l  
ass embly time . However , we s t i l l  fee l that th i s  syntax 
che cking wi l l  be a boon to the beg inner and experienced 
prog rammer a l ike . 

Aga i n , remember that source l ines must beg i n  with a 
line number wh i ch mu s t ,  i n  turn , be fo l l owed by one 
spa c e . Then , the second space  after the l ine number i s  
the l abel c o l umn . The label  m u s t  start in th i s  column . 
The third space a fter the l ine number i s  the 
ins t r uction column . I nstructions may e ither start in  
at  l e ast the th ird column after the l ine number or at  
lea s t  one space a fter the l abel . The ope rand may beg i n  
anywh ere a f t e r  the instruct ion , and comment s may beg i n  
anywhere a fter the ope rand o r  i n s truct ion . Re fer to 
As s embler S e c tion for spe c i f i c  instruction syntax . 

A s  noted , the Editor syntax checks each source l ine at 
ent ry . I f  the syntax o f  a l ine i s  in error , the Ed itor 
wi l l  l i st the l i ne with a cursor turned on ( i . e . , by 
using an inver se or blinking character ) at  the point  of 
erro r . 

The sourc e  l i ne s  are tokeni zed and stored in memory , 
sta rt ing at an addre s s  in low memory a nd bu i l d i ng 
towa r d s  h i gh memory . The resul tant tokenized fil e  i s  
6 0 %  t o  80% smal l e r  than i t s  ASC I I  counte rpart , thu s  
a l l owing larger p rog rams t o  be entered and ed ited i n  
memory . 

SPECIAL NOTE: I f , upon entry , a source l ine conta i n s  a 
synt a x error and i s  so f l agged by the Ed itor , the l ine 
is ente red into Ed itor memory anyway . Th i s  feat u r e  
a llows r a w  ASCII t e xt f i les (po s s ibly from othe r  
assemblers  and possibly containing one or s evera l 
synt a x  erro r s  a s  far a s  MAC/65 i s  concerned ) to be 
ENTERed into the Ed i tor without los i ng any l ines . The 
u ser can note the l ines  with e r ror s  and then ed it them 
later . 

--7 - -
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CHAPTER 2 :  EDITOR COMMANDS 

Thi s chapte r  lists  a l l  the va l id Edi tor-leve l  commands, 
in alphabetica l  order, a long with a short description 
of th e purpo se and function of each. 

Aga i n, remember that when the "TEXTMODE " or "EDIT" 
prompt is present any i nput line not preceded by a line 
numb e r  is presumed to be an Editor command. 

I f  in the proce s s  of execut ing a command any error i s  
enco untered , the Editor wi l l  abort execut ion and return 
to th e us e r, d i spl aying the error number and 
descriptive mes s age of the error before re-prompting 
the user. Refer to Append ix for possib l e  causes of 
erro rs. 
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Section 2 .1 

e dit c ommand: ASM 

purpose ASseMble MAC/65 s ource file s 

u s ag e :  ASM [#filelJ,[#file2],[#file3],[#file4] 

ASM wil l as s emb l e  the spec ified source file and 
wil l pr oduce a l is t ing a nd object c ode output; the 
l is t ing may inc l ude a fu l l  c r os s  re fe rence of all 
n on-l oc al l abe l s . Filel is the s ource device, 
file2 i s the list device, file3 is the objec t  
d evic e , and fil e4 i s  a temporary fil e u s e d  to help 
g e nerate th e c r os s  r e f e rence l is t ing. 

Any or a l l  of the four fil espec's may b e  omitted , 
in wh ich c as e  MAC /6 5 as s ume s the fol l owing defau l t  
f il espe c ( s )  a re t o  b e  u s ed: 

fil e l  - u s e r  s ource mem ory . 
f il e 2  - s c reen editor . 
f il e 3  - memory ( CAUT ION: s e e  b e l ow) 
fil e4 - none , th e r e fore no cros s r efe r enc e 

A fil espec ( #fil el,  #fil e 3 , e tc . ) can be omitted 
by s ub s t it u t ing a c omma in which c a s e  the 
re spective d e fa u l t  wil l be u s ed . 

Ex amp l e :  ASM #D 2 : S OURC E , #D: L I ST , #D 2 : 0BJECT 

I n  th is e x amp l e ,  the s ource wil l c ome fr om 
D 2 : S OURC E ,  the a s s embl e r  wil l l is t  to D: L I S T , and 
the object c od e  wil l be written t o  D 2 : 0B JECT . 

Ex amp l e : ASM #D : SOURC E , , #D : OBJECT 

In this e x amp l e , the s ou r ce wil l be read fr om 
D : S OURC E  and the object wil l be wr itten t o  
D : OBJEC T .  Th e a s s embl y  l is t ing wil l be written t o  
th e s c reen . 

Ex amp l e : ASM , #P : , , #D : T EMP 

In this e x ample , the s ource wil l be read f rom 
memor y ,  the object wil l be wr itten to memory ( but 
ONLY if the " . OPT OBJ" d ire c t iv e  is in th e 
s ourc e ) , a nd the a s s embl y  l is t ing wil l be wr it t e n  
to t h e  p r inter a l ong with the c omp l ete l ab e l  c ros s 
r e fe r ence . The file T EM P  on d is k  d r ive 1 wil l be 
c reated and used as  a t emporary f il e  for the c r os s  
r e f e r e nce. 
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Example: ASM #D:SOURCE , #P: 

In this example, the source wil l be read fr om 
D:SOURCE and the assembly listing wil l be wr itten 
t o  the printer. If the ".OPT OBJ" directive h as 
been selected in the source ,  the object code wil l 
be placed in memory. 

Note : If assemb l ing from a " fil espec " , the s ourc e 
MUST have been a SAVEd fil e . 

Not e: Re fer to the 
information on 
output . 

. OPT dir e c t ive for spec ific 
ass emb l e r  l ist ing and obje c t 

Note : The object c ode fil e  wil l h av e  the 
compou nd fil e s  c r e ated by the OS /A+ SAVE 
See th e OS/A+ manual for a dis c u s s ion of 
SAVE fil e formats . 

--1 1 --
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Section 2 . 2  

edit c ommand :  

purpos e : 

usage:  

BLOAD 

a l l ows u s e r  to LOAD Binary (memory image ) 
fil e s  from d is k  int o  memory 

BLOAD #fil e spe c 

The BLOAD c ommand wil l l oad a pre viou s ly BSAVEd 
b inary fil e, an a s s embl ed objec t  fil e,  or a b ina ry 
f il e  created with OS/A+ SAVe c ommand . 

Ex amp l e : BLOAD #D : OBJECT 

This examp l e  wil l l oad the b inary file "OBJECT" t o  
memory at th e ad d r e s s  wh e re it wa s pre viou s ly 
saved from or a s s embl e r  for . 

• 
CAUT ION : it is sugge sted that the u s e r  on ly BLOAD 
fil es which were a s s embl ed int o  MAC/6 5 ' s  fre e  area 
(as sh own by the S I ZE c ommand ) or which wil l l oad 
int o  kn own s a fe a r e a s  of memory . 

Section 2 . 3  

edit c ommand: BSAVE 

purpos e : SAVE a Binary image of a por t ion of 
memory . S ame a s  OS/A+ SAVE c ommand . 

u s age: BSAVE #fil espec < h xnuml , hx num2 

The BSAVE c ommand wil l s a ve the memory addre s s e s  
f r om hx numl through h xnum2 t o  the specifie d 
d e vic e . Th e b inary fil e c r eated is c ompatib l e  
with the OS /A+ SAVe c ommand . 

Example : BSAVE #D : OBJECT<5 0 00, 5 1 00 

Th is e x ampl e  wil l s a ve the memory addre s s e s  from 
$ 5 000 through $ 5 1 00 t o  the fil e "OBJECT" . 
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S e ction 2 . 4 

edit c ommand : BYE 

purpos e :  e x it t o  s ys t em monit or l e ve l 

u s a g e : BYE 

BYE wil l put the u s e r  to th e Atari Memo Pad 
or App l e  I I  m onit or ,  a s  app r opriate . 

S e ct ion 2 . 5  

edit c ommand : C 

purpose: Change m em ory c ontents 

u s ag e : C h x n uml < ( ,  ) ( hxnum ) [ ( ,  ) ( , hxnum )  • . .  J 

A l though MAC/6 5 d oe s  n ot inc l ud e  a debug 
capabil ity ,  the r e  a r e  a few mach ine l evel c ommands 
inc l u d ed for the c on venience of the u s er wh o 
woul d ,  for e x amp l e ,  like t o  change sys tem 
r eg is t er s  and the l ike (s c reen c ol or , marg ins , 
et c .) .  The c c ommand is pr ovided for this 
p u rpos e .  

C a l l ows the u s e r  t o  mod ify m emory . Hxnuml is the 
change s t a r t  addre s s . The remain ing hxnum ( s ) a r e  
th e change bytes . Th e comma wil l skip an addr es s . 

Ex amp l e :  C 5 0 0 0 <2 0 , 0 0, DS , , 5  

The examp l e  wil l change th e memory a ddres s es as  
fol l ows : 50 0 0  t o  2 0 ,  50 01 t o  0 0 ,  500 2  t o  08 , skip 
5 0 0 3 , a nd ch ange 5004 t o 5 .  

Sect ion 2 . 6  

edit command: D 

purpos e: Displ ay c ontents of mem ory l oc a t ion ( s )  

u s a g e: D hxnuml [ , h x num2 ] 

D a ll ows th e us er to ex amine memory . I f  hxnum2 is 
s pecified, th e memory l ocat ion s b etwe en hx numl an d 
h x n um2 wil l be displ ayed, el s e  on l y  hxnuml thr ough 
hxn uml +8 wil l be displ ayed. 
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Se ction 2 . 7 

edit command: DEL 

pu rpos e :  D ELe t e s  a line or gr oup o f  line s from 
the s ource / text in ,me mory . 

u s ag e : D EL ln ol [ , lno2 J 

DEL dele t e s  s ource line s fr om memory . If only one 
lno is e nt e red, only the line will be dele te d .  I f  
two lnos are e nt e r e d, all line s b etwe en and 
inc luding lnol and lno2 will be de le t e d .  

N ot e : lnol mus t  be p r e s e nt in memory for D E L  t o  
e x e cute . 

Se c t ion 2 . 8  

edit command : DOS � or , equivalent ly , CP ] 

pu r pos e : exit f r om MAC/65 to the CP of OS /A+ . 

u s age : DOS 
or 

CP 

Eithe r  DOS or CP returns the u s e r  t o  OS /A+ . 
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Se ction 2 . 9 

edit comma nd : ENTER 

purpose : a l l ow entry o f  ASCI I ( or ATASCI I )  
text files into MAC/65 editor memory 

usa ge: ENTER #:il espec [ ( , M) ( , A) ] 

ENTER wil l cause the Editor to get ASCI I text from 
th e specified device.  ENTER wi l l  cl ear the text 
area be fore entering from the f i lespec. That i s  
any use r program is memory at the t ime the ENTER 
command is g iven wil l be erased. 

The pa rameter "M" (MERGE ) wi l l  cause MAC/65 to NOT 
cl ear the t e xt area befo re entering from the fi l e ,  
t e xt entered wi l l  be merged wi th the text i n  
memory. I f  a l ine i s  entered which has the same 
line number of a l ine in memory , the l ine from the 
d evice wil l overwrite the l ine i n  memory. 

The parameter "A" allows the user to enter 
un-numbered text from the speci fied device. The 
Ed itor wi l l  number the incoming text starting at 
line 1 0 ,  in increments o f  1 0 .  

CAUTION: The "A" option wi l l  always cl ear the text 
a rea before entering from the fil espec. 
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Section 2 .  10  

edit command : FIND 

purpose : to FIND a string of characters somewhere 
in MAC /65 ' s  editor buf fer . 

usage : FIND /string/ [ lnol [ ,lno2 ] ] [ ,A ] 

The FIND command wi l l  search a l l  l ines in memory or the 
spe c ified l ine ( s )  ( lnol through l no2 ) for the "string" 
given between the matching del imiter . The del imiter 
may be any character except a space . If a match is 
found, the l ine containing the match wil l be l isted to 
the s c reen . 

Note : do NOT enclose a string in double quotes. 

Example : FIND /LDX/ 

This examp l e  wil l search for the first occurance 
of  " LDX " . 

Example : FIND\Label\ 2 5 ,80 

This  exampl e  wil l search for the first occurance 
o f  "Label "  in l ines 25 through 80. 

I f  the option "A" is specified, a l l  matches withi n  
the specified l i ne range wil l b e  l i sted t o  the 
s c reen. Remember,  if no l ine numbers are given, 
the range is the entire program. 
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Section 2 . 1 1 

edit command : LIST 

purpose :  to L I ST the contents o f  a l l  or part of  
MAC /6 5 ' s  ed itor buffer in ASC I I  ( ATASCI I )  
form to a d i sk or device . 

usage : LIST [ tfi l espec , ] [ lnol [ ,lno2 ] ] 

L I ST l i sts the source file  to the screen, or 
device when "tfil espec" i s  specified . I f  no lnos 
are speci fied, listing wil l  begin at the first 
l ine in memory and end with the last l ine in 
memory . 

I f  only l nol i s  spec i fi ed, that l i ne wi l l  be 
l i sted i f  it i s  in memory . I f  l nol and lno2 are 
speci f i ed ,  all l ines between and including lnol 
and lno2 wi l l  be l isted . When lnol and lno2 are 
speci f i ed, neither one has to be in memory as LIST 
w i l l  s earch for the first l ine in memory greater 
than or equa l to lnol , and wi l l  stop l i sting when 
the l ine in memory is greater than lno2 . 

E XAMPLE : 

E XAMPLE : 

LIST #P : 
wi l l  l i s t  the current contents 
o f  the ed itor memory to the P :  
( pr inte r )  device . 

LIST #D 2 : TEMP, 1030, 1800 
l i s ts only those l ines lying 
i n  the l ine number range from 
10 30 to 1800, i nc l us ive , to the 
d i sk file named "TEMP "  on disk 
dr i ve 2 .  

NOTE : The second example points out a method o f  
moving o r  dupl icating large portions of text o r  
source v i a  the use of temporary disk files . By 
s uitably RENumbering the in-memory text before and 
a fter the LI ST, and by then us ing ENTER with the 
Merge option, quite complex movements are 
po ssib l e . 
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Section 2. 12 

edit command: LOAD 

purpos e: to reLOAD a pr evious l y  SAVEd MAC/65 token 
fil e from dis k to editor memory. 

us ag e: LOAD #files pec [ , A  ] 

LOAD wil l rel oad a pr evious l y  SAVE d tokenized fil e 
into memory . LOAD wil l c l ear th e us er memory 
b efore l oading fr om the spec ified devic e unl es s  
the ",A" par ameter is appended . 

Th e parameter " A" (for APPEND ) c aus es th e Editor 
to NOT c l ear th e tex t ar ea b efore l oading fr om th e 
fil e. Ins tead, the l oad fil e wil l be appended 
with the c ur r ent fil e in memory. 

Note: The Append option wil l NOT r enumber th e fil e 
after l oading . I t  is pos s ible to h ave DUPLICATE 
LINE NUMBERS . U s e  the REN c ommand if th er e are 
dup l ic ate l ine number s . 

Sec tion 2.13 

edit command: 

purpose: 

us ag e: 

LOMEM 

chang e th e l ower b ound of editor memory 
usab l e  by MAC /6 5 . 

LOMEM h x num 

LOMEM all ows the us er to s elec t  the addre s s  wh ere 
th e s our ce p r og r am beg ins . Ex ec uting LOM EM c l ear s 
out any s our c e  c ur r entl y  in memory: as if the us er 
h ad typed " NEW" . 
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S e ction 2 . 14 

e dit c ommand : NEW 

purpo s e : c l ea r s  out a l l  edito r memory , s e t s  synt a x  
che cking mode . 

u s a g e : NEW 

NEW wil l c l ea r  a l l  u s e r  source code from memory 
a nd r e s e t  the E dito r  to syntax mode . The " ED I T "  
pr ompt appe a r s , r eminding the u s e r  that synt a x  
ch ecking i s  now active . If t h e  u s e r  nee ds to 
de feat the s ynta x  che c king , h e/sh e must u s e  the 
TEXT command . 

Sectio n  2 .15 

edit comma nd :  NUM 

purpose : init iates automatic l ine NUMbe r ing mode 

u s a g e : NUM [ dcnuml [ , dc num2 ] ] 

NUM wil l c a u s e  the E dito r  to auto- number the 
incoming t e x t  from the Screen Editor ( E : ) .  A 
s pace is a u tomat ic a l l y  p r int ed a fter the l ine 
numbe r . I f  no dcnums are specified, NUM wil l 
s t art at the l a s t  l ine number p l u s  10 . NUM dcnuml 
will s t art at the l a s t  l ine number p l u s  " dc numl " 
in incremen t s  of " dcnuml " .  NUM dcnuml , dcnum2 
will s t art a t  " dc numl " in increment s  of " dcnum2 " . 

EXAM PLE : NUM 1000 , 2 0 
wil l c a u s e  th e Editor to prompt th e u s e r  with 
th e numb er " 10 00 " fol lowe d by a space . When 
th e user has entered a l ine, the next prompt 
wil l be " 1020 " , etc . 

Th e NUM mode wil l t e rmina t e  if the l ine number 
wh ich wou l d  be n e x t  in sequence is present in 
memory . 

Th e u s e r  may te rmina t e  NUM mode on th e At ari by 
p r e s s ing the BREAK key o r  by typing a C ONTROL- 3 .  
On th e App l e ,  the u s e r  may t e rmina te the NUM mode 
by pre s s ing C ONTROL-C fol l owed by RETURN. 
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S e ction 2 . 16 

e dit command: PRINT 

purpos e : t o  PRI NT a l l  or pa rt of th e Edit or t e x t  
or s ource to a dis k fil e o r  a de vice . 

us age: PRINT [ #fil espec, ] [ l n ol [ ,l n o2 ] ] 

Pr int is e x a ct l y  l ike L I S T  e x cept that the l ine 
numbers are n ot l is t e d .  I f  a fil e i s  PRI NT e d  t o  a 
dis k, it may be r e ENTERe d into the MAC/65 memory 
u s ing the ENTER command with the Append l ine 
numbe r option . 

Sect ion 2 . 17 

edit command: REN 

purpose: RENumber a l l  l ine s in Editor mem ory . 

usage: REN [ dcnuml [ ,dcnum2 ] J 

REN r enumb e r s  the s ource l ines in memory . I f  n o  
dcnums a r e  spe cified, REN wil l renumber the 
pr og ram starting at l ine 10 in increments of 10. 
REN dcnuml wil l renumber the l in e s  s t a rting at 
line 10 in increments of dcnuml. REN dcnuml, 
dcnum2 wil l renumber s t a rting at dcnuml in 
increments of dcnum2 . 
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Se ction 2 . 1 8 

edit command: REP 

purpos e: REP l aces occurrence ( s )  o f  a g iven string 
with another  given string . 

usage: 
REP /old string / new s t r ing/ [ lnol [ , l no2 ] ] [ ( , A ) ( , Q ) ]  

The REP command wil l  search the speci fied l ines 
( all  o r  lnol through lno2 ) for the " old string" . 

The "A" option wi l l  caus e  a l l  occurrences o f  " old 
string " to be repl aced with " new s tring " . The "Q " 
option wi l l  l is t  the l ine containing the match and 
prompt the user for the change (Y followed by 
RETURN for cha ng e ,  RETURN for skip thi s  
o ccurrance . )  I f  neither " A "  or " Q "  i s  spe c i f i ed , 
only the firs t  occurrence o f  " old string "  wi l l  be 
replaced with " new s tring " . Each t ime a change is 
made , the l ine is l is ted . 

Example: REP /L DY/L DA/ 2 00 , 2 5 0 , Q  

This example wi l l  s ea rch for the str ing "LOY" 
between the l ines 200 and 2 5 0 ,  inclus ive , and 
prompt the user at each occurrence to change or 
skip . 

Note: Hitting BREAK ( ESCape on Appl e  I I )  wi l l  
terminate the REP mode and return to the Editor . 

Note: I f  a change causes a syntax error in the 
l i ne , the REP mode wi l l  be terminated and control 
wi l l  return to the Ed itor . Of course , i f  TEXTMODE 
is s e l ected , there can be no syntax errors . 
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S ection 2 . 19 

edit command: SAVE 

purpose: SAVEs the internal ( tokenized) form of  
the us er ' s  i n-memory text/source to  a 
disk file . 

usag e: SAVE # fi l espec 

SAVE wi l l  s ave the tokeni zed user source file to 
the spe c i f i ed device . The fo rmat o f  a tokenized 
f i l e  is as fo llows: 

F i l e  Header 
Two byte n umber (L S B , MSB) specifies the 
size  o f  the file  in bytes . 

For each l ine in the f i l e: 

Section 2 . 20 

Tw o  byte l ine number (L S B , MSB) 
fo l lowed by 

One byte leng th of l ine ( actua l ly offset 
to  next  line) 

fo l lowed by 
The tokenized line 

edit command: S I Z E  

purpose: determines and d ispl ays the S I Z E  o f  
var ious portions o f  memory us ed by 
the MAC/6 5 E d itor . 

usage: S I Z E  

S I Z E  wi l l  print the us er LOMEM address , the 
h i ghes t  used memory address , a nd the highes t  
us able  memory address , i n  that order , us ing 
hexadecimal notation for the address es . 
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S ection 2.21 

edit command : TEXT 

purpose : a l low entry o f  arbitrary ASC I I  ( ATASC I I ) 
text wi thout syntax checking . 

usage : T EXT 

TEXT wi l l  c l ear a l l  user  source code from memory 
and put the Editor in the text mode . After thi s  
command i s  used, the Editor wi l l  prompt the user 
for new commands and text with the word "TEXTMODE " 
( instead o f  " EDIT " ) ,  i nd icating that no syntax 
checking is  taking pl ace . 

TEXTMODE may be terminated by the NEW command . 
CAUTION : there is no way to go back and forth 
between syntax ( EDIT ) mode and TEXTMODE without 
clearing the Ed itor ' s memory each time . 

Section 2.22 

edit command : ? 

purpose : makes hexadecimal/decimal conversions 

us age : ? ( $hxnum ) ( dcnum )  

? i s  the res ident hex/decimal decima l /hex 
converter . Number s  in the range 0 - 6 5 5 3 5  decimal 
( 0000 to FFFF hex ) may be converted . 

Example : ? $ 1 2 00 
? 8 1 90 

--2 3--

wi l l  print =46 08 
wi l l  print =$ 1FFE 
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---thi s  page intentional ly l eft blank--
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CHAPTER 3 :  THE MACRO ASSEMBLER 

Usua l l y ,  the Ass embler  is entered from MAC/6 5 with the 
command ASM . For ASM command sy ntax ,  refer to s ection 
2 . 1  ( in the Editor commanas ) .  As sembly may be 
term inated by h itting the BREAK key ( ESCape key on the 
App l e  I I ) . 

However , MAC / 6 5  a lso offers the OS/A+ command l ine 
level  an optional abi l i ty to bypass the Editor phase  
ent i rely . This is  especially  use ful when doing 
ass emblies during the process ing o f  an EXeCution f i l e . 
To invoke the ass embl e r  d i rectly , s imply includ e  one or 
more file names on the s ame OS/A+ command l ine as the 
"MAC 6 5 " command . The formal usage is as fol lows : 

MAC65 [ fi l e l  [ fi le2  [ fi l e 3  [ fi l e4 ] ] ] [-A ] [-D ]  ] 

wh ere " fi l e l " ,  " fi l e 2 " ,  " file3 " and " fi l e4 "  are  l egal 
OS/A+ fil e  or d evice names and " -A" and " - D "  are opt ion 
spe c i fi e rs .  Thus the arguments are an optional set o f  
one t o  four f i lenames , construed to b e  the source , 
lis t ing , obj ect , and cross-refe rence fil e s  
( respective l y )  o f  a MAC/6 5 assembly . 

And the options avai l able  are : 
-A source file  i s  Asc i i  
-D a s sembly mus t  be Disk-to-D i sk 

Remember ,  i f  no fil enames are given ,  MAC/6 5 wil l be 
invoked i n  its interactive ( Ed itor ) mode . But , i f  one 
or mor e  fil es are spe c if ied , MAC /6 5  wi l l  be invoked in 
its " batch " mode . That i s ,  i t  wi l l  perform a s ingl e  
ass embly and the n  return t o  OS /A+ . General ly,  thi s  
command line wi l l  perform the assembly i n  a manner 
equi valent to giving the " ASM" command from the MAC/6 5 
Edi tor . That i s , i f  only one filename i s  g iven , i t  i s  
ass umed to be the source fi l e ,  implying that the 
list i ng wi l l  go to the screen and the obj ect code wi l l  
be p l a ced i n  memory ( but only i f  requested by the . OPT 
OBJ direct ive ) .  I f  a s econd f i lename i s  g iven , i t  is  
assumed to  be the name o f  the l isting fil e . Only if 
thre e  or four f i lenames a re given wi l l  the object code 
be d i rected to the f i l e  spe c i fied . And , f inally, if 
the fourth f i l ename i s  given it must be a d i sk f i lename 
and wi l l  b e  used a s  a temporary f i le for the c ro s s  
ref e r ence l isting . 

( continued on next page ) 
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Note : i f  an assemb ly needs no l is ting but does need an 
obj e c t  fi l e ,  the us e r  may spe c i fy " - " as the l is t i ng 
fil e . 

And s ome notes on the options : 

Th e  -A option is us ed to spe c i fy that the source f i l e  
is n o t  a s tand a rd MAC/6 5 SAVEd file  b u t  is ins tead a n  
As c i i  ( or Atasc i i ) f i l e . Th is is equival ent t o  us ing 
the i nteractive Ed itor mode of MAC /6 5 to use the 
sequence o f  commands "ENTER #D • • .  " and " ASM , . . . " . 

The -D opt ion is used to spe c i fy that the ass embly MUST 
proceed from disk to d isk . I f  this option is n� t 
given ,  the source f i l e  is LOADed ( or ENTERed) be fore 
the ass embly,  and then the ass embly proceeds wi th the 
sour ce in memory ( general ly produc ing improved speed o f  
ass embly) .  I f ,  however , the source f i l e  is too large 
to be assembled i n  memory , the us er may us e this option 
to a l low ass embly of even very l arge programs . ( And 
remember ,  even if the source fits , the macro and symbol 
tab l es must res id e  in memory during assembly a lso . )  

NOTE : the -D option c a n  NOT be us ed in con j unction wi th 
the -A option . The source f i l e  ass embled under the -D 
opti on MUST be a properly SAVEd ( tokeni zed) f i l e . 

EXAMPLES : 

MAC6 5 JUNK . M6 5  - J UNK . COM 
wi l l  assemble JUNK . M6 5 , produc ing no 
lis t i ng but send i ng the ob j ect code 
to the fi l e  JUNK . COM 

MAC6 5 TEST . L I S  P :  TEST . OBJ TEST . XRF 
wil l  assemble TEST .L I S ,  wh ich is an 
AS C I I  fil e ,  s end ing the l isting to 
the printer  ( P : ) and the ob j ect to 
the f i l e  TE ST . OBJ . A c ross refe rence 
of a l l lab e ls wi l l  be appended to the 
pri n t er l is ting , and the f i l e  TEST . XRF 
wi l l  be us ed by MAC/6 5 as a temporary 
fil e for th is purpos e . 
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3 . 1  ASSEMBL ER I NPUT 

The As s embl e r  wi l l  get a l ine at a time from the 
spe c i fied device or from memory .  I f  assembling from a 
dev i c e ,  the file must have been previously SAVEd by the 
Editor . Al l d i scuss ions of source l i ne s  and syntax 
wi l l  be at the Editor l ine entry l evel . The tokeni zed 
( SAVEd ) form is discussed in general terms unde r  the 
SAVE comm and , s ection 2 . 19 . 

Source l ines are in the form : 

l ine number + mandatory space + source statement 

The source statement may be in one of the fol lowing 
form s: 

[ labe l ]  [ (6 5 0 2  instruction ) ( directive ) ] [ comment ] 

The following examples are val id source l ines : 

1 0 0  LABEL 
1 2 0  ;Comment l ine 
140 L DA # 5  and then any comment at a l l  
1 50 DEY 
16 0 ASL A doub l e  number in accumulator 
1 70 GETNUM L DA ( ADDRES S ) , Y 
1 80 . PAGE "di rectives are lega l , too " 

I n  general , the format i s  as spe c i fied in the MOS 
Technology 6 50 2  Programing Manua l .  We recommend that 
the user unfamiliar with 6 50 2  a s s embly l anguage 
prog r amm i ng should purchase: 

" Ma ch ine L anguag e  for Beginners " by R .  Mans field 
or  

"Programing the 6 50 2 " by Rodney Zaks 
or 

any other book wh ich seems compatible  with the 
users current knowledge o f  a s s embly l anguag e . 

Special  Note: The a s s embler o f  MAC/6 5 understand s  only 
uppe r case l abe l s , op code s ,  etc . HOWEVER ,  the ed itor 
( see expe c i a l ly sect ion 1 . 3 )  wi l l  convert all lower 
cas e to upper c a s e  ( except in comment s and quoted 
stri ngs ) ,  so the user may feel free to type and ed it in 
wh i chever c a s e  h e / she fee l s  most comfortab l e  with . 
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3.2 INSTRUCTION FORMAT 

A )  Instruction mnemonics a r e  as described i n  the MOS 
Techno logy Programing Manual . 

B )  Immediate operand s  begin with "#" . 

C )  "(operand , X)" and "(operand ) ,  Y "  des ignate indirect 
address ing . 

D )  " operand , X "  
addres s i ng .  

and " operand,Y" des ignate ind ex ed 

E )  Zero page operand s  cannot be forward 
Attempt ing to do so wi l l  usua l ly 
" PHASE ERROR" mes s age . 

re ferenced . 
result i n  a 

F) Forward equates are evaluated within the l imits of 
a two pass  assembl er.  

G )  "* "  designates the current location counter. 

H )  Comment l ines may b eg i n  with ":"  or 

I )  Hex constants begin with " $ " . 

ti* II 

J) The "A" ope ra nd is reserved for accumulator 
address i ng .  
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3 . 3  LABEL S 

L abe l s  mus t  beg in with an Alpha character , "@", or "?". 
The remaini ng characters may be as the first or may be 
" 0" to "9 " or " • " . The characters must be uppercase 
and c annot be broken by a space . The maximum number of 
char a cters i n  a l abel i s  1 27 , and ALL are s ignificant . 

L abels beginn i ng with a question mark ("?") are 
ass umed to be "LOCAL "  labe l s . Such labels are 
"vis ible" only to code encountered within the current 
loca l reg ion . Local regions are del imited by 
suc c ess ive occurrences of the . LOCAL directive, with 
the f i rst region as s umed to s tart at the beginning o f  
the assembly source , whether o r  not a .LOCAL i s  coded 
ther e  or not . There a re a max imum of 6 2  local regions 
in any one ass embly .  O f  cours e ,  if a . LOCAL is not 
enco untered anywhere in the a s sembly ,  then a l l  l abel s  
are access ible a t  a l l  t imes . I n  any case , label s  
beg i n ning wi th a ques t ion mark wi l l  NOT b e  l isted i n  
the symbol t able . 

Th e  fo l lowing are examples o f  valid l abel s: 

TESTl @ . INC LOCATION LOC 2 2A WHAT? 
ADDRE SS l . l  EXP . .  S INE45TAB . 

3 . 4  OPERANDS 

An ope rand can be a l abe l , a Macro parameter , a numeric 
cons tant , the c ur rent program counter ( * ) , " A "  for 
accumulato r address ing , an express ion , or an ASC I I  
char a cter. Th e  fol l owing are examples o f  the various 
typ es of ope rands : 

10 L OA #VALUE l abel 
1 5  ROR A accumul ator addre s s i ng 
2 0  . BYTE 1 2 3 , $ 4 5  numeric constants 
25 . IF %0 Macro parameter 
3 0 CMP # ' A ASC I I  character 
3 5  THISLOC * ' c urrent PC 
4 0  . WORD PMBASE+[PL N0+4 ] * 2 56 : express ion 
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3 .5 OPERATORS 

The fol lowing are the operators currently s upported by 
MAC / 6 5 : 

[ J 
+ 

I 
* 

& 
I 

> 
< 
< >  
>=  
<= 
. OR 
. AND 

. NOT 

. DEF  

. REF 

> 

< 

pseudo parenthes es 
add ition 
subtraction 
divis ion 
mul tipl ication 
binary AND 
binary OR 
binary EOR 

equa l ity , log ical 
greater than , log ical 
less than , logical  
inequal ity , log i c a l  
greater o r  equa l , logical  
less or equa l , logical  
log ical OR 
logical AND 

unary minus 
unary logical . Returns true ( 1) i f  ex
press ion is zero . Returns fals e  ( 0 )  if 
express ion is non- zero. 
unary log ical label definition . Returns 
true i f  l abel is d e fined . 
unary log ical l abel re ferenc e . Re turns 
true if label has been referenced. 
unary . Returns the high byte of the 
express ion . 
unary . Returns the low byte o f  the 
express ion . 

Log ical operators wi l l  always return either TRUE ( 1 )  or 
FAL S E  ( 0) .  However , any non- z e ro value is cons idered 
true when making a conditional tes t . 

Some of thes e operators perhaps need some explanat ion 
as to their usage and purpos e . The operators are thus 
des c r ibed in groups in the fo llowing subsections . 
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3 . 5 . 1  Operators : + - * I 

Thes e  are the fami l iar arithmetic operators . Remember , 
though , tha t  they per form 16 -bit s igned arithmetic and 
igno re any overflows .  Thus , for examp l e ,  the value o f  
$FF00+4096 is $ 0 F 0 0 ,  a nd n o  error is generated . 

3 . 5 . 2  Ope rators : & ! � 

Thes e  are the binary or 
ope rate on val ues as 16 
bit -by-bit ANDS, ORs , or 
bit equival ents o f  the 6 50 2  

"bitwis e "  operators . They 
bit words , per forming 

EXCLUS IVE ORs . They are 16 
opcodes AND , ORA , and EOR . 

EXAMPLES : $FF00 & $ 0 0FF is $ 0000 
$ 0 3  I �0A is $ 00 0B 
$ 0 0 3F $ 0 1 1F is $ 0 1 20 

3 . 5 . 3  Ope rators : = > < < >  >= <= 
---- - - ---- - --------------------------

Thes e  are the famil iar comparison ope rators . They 
per f orm 16 bit unsigned compares on pai rs of operands 
and return a TRUE ( 1 )  or FAL SE ( 0 )  value . 

EXAMPL E S : 3 < 5 
5 < 5 
5 <= 5 

returns 1 
returns 0 
returns 1 

CAUT ION :  Remember , these operators always work on PAI RS 
of operands . The operators " > " and " < "  have quite 
dif f erent meanings wh en us ed as unary operators . 

3 . 5 . 4  Ope rators : . OR . AND . NOT 

Th es e operators a lso perform log ical operations and 
sho u l d  not be con fused with their  bitwise companions . 
Remember , thes e  operators always return only TRUE or 
FAL S E . 

EXAMPLES : 3 . OR 0 
3 . AND 2 
6 . AND 0 
. NOT 7 

--3 1 --

returns 1 
returns l 
returns 0 
returns 0 



3 . 5 . 5 Operator :  ( unary )  
- - ---- - ---------------------------

The minus s ign may be us ed as a unary operator . I t s  
effe c t  is the s ame as i f  a minus s ign h a d  b e e n  used in 
a bin a ry ope ration where the firs t  operator is zero . 

EXAMPLE : -2 is $ FFFE ( s ame as 0-2 )  

3 . 5 .6 Ope rators : < > ( unary ) 

Thes e UNARY operators are extremely us e ful  when it is 
des i red to extract j us t  the high order or low order 
byte o f  an  express ion or l abe l . Probably their  most 
common use wi l l  be that o f  s upplying the high and low 
orde r bytes of an address to be us ed in a "LOA # "  or 
s imi lar  immediate instruction . 

EXAMPL E :  

3 . 5 . 7  Op e rator : 

FLEEP = $ 3 4 56 
LOA #<FL EEP ( s ame as LOA # $ 56 )  
LO A #>FL E EP (s ame as LOA # $ 3 4 ) 

. DEF 

Th is unary operator tests whether the fol lowing label 
has been d e fined yet , r eturning TRUE o r  FAL S E  as 
appr opriat e .  

CAUTION : De f ining a l abel AFTER the use a . DEF which 
refe rences it can be dangerous , particularly i f  the 
. DEF is used in a . IF d irective . 

EXAMPLE : . IF . DEF Z ILK 
. BYT E  " g enerate some bytes " 
. ENDIF 

Z IL K  = $ 311Jf1Jf1J 

In this exampl e ,  the . BYTE s tring wi l l  NOT be generated 
in the firs t  pass but WILL be generated in  the s e cond 
pass . Thus , any following code wi l l  a lmos t  undoubtedly 
gen e r ate a PHASE ERROR . 
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3 . 5 . 8 Operator :  . REF 

This unary operator tests whether the following l abel 
has been re ferenced by any ins truction or d i rect ive in  
the assembl y  yet7 and , in  con j unction wi th the . IF 
dire c t ive , p roduces the e f fect o f  returning a TRUE or 
FALS E  value . 

Obv ious ly ,  the s ame cautions about . DEF being us ed 
befo r e  the l abel definition apply to . REF a lso , but 
here we can obtai n  some advantage from the s ituation . 

EXAMPLE : . IF . REF PRINTMSG 
PRI NTMSG 

• • •  (code to implement 
the PRINTMSG 
routine ) 

. ENDI F  

I n  this exampl e ,  the code implementing PRINTMSG wi l l  
ONL Y  b e  ass embled i f  s ometh ing preced i ng this po int in  
the assembl y  has re ferred to the l abel PRINTMSGI Th is 
is a very powerful way to bui ld  an assembly l anguage 
l ib r a ry and ass emble only the needed routines . Of  
cours e ,  this imp l i es that the l ibrary mus t  be . INCLUDEd 
as th e las t  part of the ass embly , but this s eems l ike a 
not too one rous res triction . I n  fact , OSS h as us ed 
this technique in  wr iting the l ib raries for the C/65 
comp i l er .  

CAUT ION :  note that i n  the des c r iption above i t  was 
impl i ed that . REF only worked properly with a . IF 
dir e ctive . Not only is this r estric tion imposed , but 
attempts to use . REF in any other way c an produce 
biz a r re res u l ts . ALSO , . REF cannot e f fectively be used 
in combinat ion with any other operators . Thus , for 
exampl e ,  

. IF . REF Z AM  . OR . REF BLOOP is ILLEGAL ! 
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The only operator whi ch can l egally combined with . REF 
is . NOT , as in . IF . NOT . REF LABEL . 

Not e  that the i l legal l ine above could be s imul ated 
thu s : 

EXAMPLE: DOIT  .= l1J 
. IF . REF ZAM 

DO I T  .= 1 
. ENDIF 
. IF  . REF BLOOP 

DO I T  .= 1 
. ENDIF 
. IF DOIT  

3 . 5 . 9  Ope rator : [ ] 

MAC / 6 5  s upports the use o f  the square brackets as  
"pse udo parenthe s es " . Ordi nary round parentheses may 
NOT be used for groupi ng express ions , etc . ,  as  they 
must  retain the i r  special  meanings wi th regard s  to the 
var i ous addre s s i ng modes . I n  general , the square 
brackets may be u s ed anywhere in a MAC / 6 5 express ion to 
clar i fy or change the order o f  eva luat ion o f  the 
expr e s s ion . 

EXAMPLES : 
LDA GEORGE+5 * 3  

LDA ( GEORGE +5 ) *3 
LDA [ GEORGE +5 ] * 3  

LDA ( [ GEORGE+5 ] * 3  

Th is i s  l ega l , but 
it multipl i e s  3 * 5  
and adds the 1 5  to 
GEORGE . . .  probably 
not what you wanted . 
Syntax Error I 11 
OK . . .  the add it ion 
is pe r formed be fore 
the multipl ication 

) , Y : See the need 
for both k i nds o f  
"parentheses " ?  

REMEMBER : Ope rators  i n  MAC / 6 5 expre s s ions fo l low 
precedence rules . The square brackets may be used to 
override the s e  r u l es . 
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3 . 6  ASSEMBLER EXPRESS I ONS 

An expres s ion is any v a l id combination of operand s  and 
ope rators wh ich the a s s embl e r  wi l l  eva l uate to a 1 6-bit 
uns i g ned number with any ove r flow ignored . Express ions 
can be ari thmetri c  or  l og i ca l . The fo l l owing are 
examples of valid expres s ions : 

1 0  
5 5  
2 00 
300 
305  
400 
440 

. WORD TABLEBASE+LINE * COLUNM 

. IF . DEF  INTEGER . AND [ VER=l 

. BYTE > EXPLOT-1 ,  > EXDRAW- 1 ,  
LOA # < [ < ADDRESS�- 1 ] + 
CMP # - 1  
CPX # ' A  
I NC % 1 +1 

3 . 7 OPERATOR PRECEDENCE 

. OR VER >=3 ] 
>EXF ILL- 1 

1 

The fo l lowi ng are the precedence leve l s  ( high to low )  
used in eva l uati ng a s s embl e r  express ions : 

[ ] ( p s eudo parenthes i s ) 
> ( high byte ) ,  < ( low byte ) ,  
. NOT 

. DEF , . REF , - ( unary ) 

* I 
+ ,  
& , I ,  
= , > ,  < ,  <= , >= , < >  ( comparison operators ) 
. AND 
. QR 

Operator s  grouped on the same l ine have 
pre c edence a nd wi l l  be executed in l e ft- to- right 
unl e s s  higher precedence operator ( s )  i ntervene . 
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3 . 8  NUMERIC CONSTANTS 

MAC / 6 5  accepts three type s o f  numeric constants : 
dec i ma l ,  hexadec ima l , and charac ters . 

A decimal constant i s  s imply a decima l number in the 
rang e 0 through 6 5 5 3 5 :  an attemp to u s e  a dec imal 
numb e r  beyond these  bounds may or may not work and wi l l  
cert a inly produce unexpected and undes i red results . 

EXA MPLES :  1 2 3 4  6 5 200  3 27 67 
( a s  used : ) . BYTE 2 , 4 , 8 , 16 , 3 2 , 64 

LDA # 1  

A hexadecimal constant consists  o f  a dol lar s ign 
fol l owed by one  to  four legal  hexadecimal d igits  
( 0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , A , B , C , D , E , F ) . Aga i n ,  usage of 
more than four dig its may produce unwanted results . 

EXAM PL ES : $ 1  $EA $FF00 $7FFF 
(as used : ) . WORD $ 1 00 , $ 2 00 , $ 4 00 , $ 800 , $ 1 000  

AND #$7F 

A charac ter constant i s  an apostrophe fo l lowed by any 
pri ntable or d i splayab l e  character . Th e  value of a 
char ac ter constant i s  the ASC I I  ( or ATASC I I ) value o f  
the character fo l lowing the apostrophe . 

EXAMPL ES :  ' A  '* '= 

( as u s ed : ) CMP # ' = 
CMP # ' Z +l : s ame a s  # $SB 

3 . 9  STRINGS 

Strings are of two type s . String l itera l s  ( exampl e :  
"Th i s  is  a string l iteral " ) ,  and string variables  for 
Macros ( ex ampl e :  % $ 5 ) . 

Example : 1 0  

Examp l e :  2 0  

• BYTE "A STRING OF CHARACTERS " 
or 

. SBYTE % $ 1  
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CHAPTER 4:  DIRECTIVE S 

As not e d  in Se ction 3 .1, the ins t r u c t ion f ie ld of an 
a s s e m bl e d  
(ins t e ad 

wil l l is t 
al l the 

l ine may c ontain a n  a s s embl e r  direct ive 
o f  a va l id 6 5 02 ins tr uct ion) . Th is c hapt e r  
and de s c ribe , in roughly a l phabe t i ca l  orde r ,  

d ire c tive s lega l  under M AC/ 65 ( ex cept ing 
dire c t ive s s p e cif ic to macros , wh ich wil l be di s c u s s e d  
sepa ratel y i n  Ch apte r 5). 

Dire ct ive s may be c l a s s if ie d  into thr e e  type s :  ( 1 )  
tho s e  wh ich p roduce object code fo r use by the 
a s s e m bl e d  prog ram (e . g . , . BYTE, . WORD , e t c . ) :  ( 2 ) tho s e  
which dire ct th e as s embl e r  to pe rform some t a s k ,  s uch 
as ch anging wh ere in memory the obje c t  code sho u l d  go 
or g iving a va l u e  to a l abe l ( e . g . , *= , = ,  e t c . ) :  a nd 
(3 ) those wh ich a r e  provided for the convenience o f  the 
prog ramme r ,  g iving him/h e r  control o ve r  l is t ing format ,  
locat ion o f  source ,  e tc .  ( e . g . , . T ITLE , . OPT , 
. INCLUDE) . 

Obvious l y ,  we cou l d  in theory do wi thout the type 3 
d ire c tive s :  but , a s  you rea d  the de s cript ions that 
fo l l ow ,  you wi l l  soon dis cove r that in practic e  the s e  
dire ctives a r e  most u s e ful  i n  h e l ping your 6 5 0 2  
ass embly l a nguage product io n .  I nc identa l ly ,  a ll the 
mac ro- spe c ific directive s cou l d  pres umably be 
clas s ifie d  a s  type 3 .  

Thr e e  o f  th e direct i ve s  wh i ch fo llow ( . PAGE , . TITLE , 
and . ERROR ) a l low the u s e r  to spe c i fy a s t r i ng 
(enc losed in quot e s )  wh i ch wi l l  be printed out . For 
the s e  thre e dir e c t i ve s , th e u s e r  i s  l im i t e d  to a 
max imum s t ring l e ngth o f  7 0  charac t e r s . S t r i ng s  long e r  
tha n  7 0  cha racter s  wi ll be t r uncate d .  
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S ection 4.1 

d i rective : 

purpose: 

usag e : 

*= 

change current origin of the a s s embl e r ' s  
loc a t ion co unter 

[ labe l ] *= express ion 

value o f  the 
The expre s s ion 

wr itten wi th 

The *= d irect ive wi l l  as s ign the 
expr e s s ion to the l ocation counter . 
cannot be foward refe renced . *= must be 
no intervening spaces . 

Example : 50  *= $12 3 4  sets the location 
counter to $1 2 34 

Another common usage o f  *= i s  to reserve space for data 
to be fi l l ed in  or used at run t ime . S i nce the s i ng l e  
character " *" may b e  treated a s  a l abel re fe rencing the 
cur r ent location counter value , the form " *= *+exp" i s  
thu s  the mo s t  common way t o  re serve " exp" bytes for 
lat e r  use . 

Example :  7 0  LOC *= *+ l a s s igns the current 
value o f  the location 
counter to LOC and 
then advance s the 
counte r  by one . 

( Thus LOC may b e  thought of a s  a one byte 
res e rved memory cel l . ) 

CAUT ION :  Because any label as sociated wi th th i s  
dire c t ive i s  a s s igned the value o f  the locat ion counter 
BEFORE the d i rective i s  executed , i t  i s  NOT advisable  
to  g ive a l abel to " *= "  unl e s s , indeed , i t  i s  being 
used as  in the second example ( i . e . , a s  a memory 
res e rver ) . 

NOTE : Some a s s emblers use " ORG " ins tead o f  " *= "  and may 
also have a separate d i rective ( such as  " D S "  or " RMB " ) 
for · " defi n i ng s torage "  or " reserving memory bytes " .  
Use caution when converting from and to s uch 
as s emblers; pay special att ent ion to label usage . When 
in doubt,  move the label to the next preced ing or next 
fol lowing l ine , a s  appropr iate . 
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S ection 4 . 2  

directive : 

purpose : ass igns a value to a labe l 

usage : l abel = express ion 

Th e  d i rective wi l l  equate " labe l "  with the value o f  
the expr e s sion . A " labe l "  can be equated via "= " only 
once within a program . 

Exampl e :  1 0  PLAYER0 PMBASE + $ 2 0 0  

Not e : I f  a " labe l "  i s  equated more than once , " l abe l "  
wi l l  contai n  the value o f  the mos t recent equate . Th i s  
proce s s ,  however , wi l l  res u l t  in a n  a s s embly error . 

Section 4 . 3 

directive : 

purpose : 

usage : 

ass ign a pos s ibly t rans i tory val ue to 
a label  

l abe l . = expres s ion 

The . = directive wi l l  SET " labe l "  with the value of the 
expr ession . Us i ng thi s  d i rective , a " labe l " may be set 
to one or more values  as many t imes as  needed in the 
same program . 

EXAMPLE : 
10 LBL . = 5 
20 LDA #LBL s ame as LDA # 5  
30 LBL . - 3 + ' A  
40 LDA #LBL s ame as  LDA # 6 8  

CAUT ION :  A label  wh ich has  b e e n  equated ( via the "= " 
directive ) or a s s igned a value through usage as an 
ins t r uction label may not then be set to another value 
by ti

. = "
. 
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S e ction 4 . 4  

directive : 

purpose : 

usage : 

. BYTE [ and . SBYTE ]  

spe c i fies the contents o f  individual 
byt es i n  the output ob j ect 

[ labe l ]  . BYTE [ +exp , ] { exp ) ( strvar ) [ , ( exp ) ( strvar ) . . .  ] 
[ label ]  . SBYTE [ +exp , ] ( exp ) ( strva r )  [ , { exp ) ( strvar ) . . .  ] 

The . BYTE and . SBYTE d irectives al low the user to 
gene rate ind ividual byt es o f  memory image in the output 
obj ect . E xpres s ions must eval uate to an 8-bit 
arithmetic res u l t . A strvar wi l l  generate as  many 
byte s  as the l ength o f the s t r i ng . . BYTE s imply 
ass embles the byt e s  a s  entered , wh i l e  . SBYTE wi l l  
convert the byt e s  to Atari s c reen cod e s  ( on th e At a r i ) 
or to characters with the i r  mos t  s igni f icant b i t  on ( on 
the App l e  I I ) . 

Example : 1 0 0  . BYTE " AB C "  , 3 , - 1 

Th i s  e x amp l e  wi l l  produce the fo l l owing output byt e s : 
41 4 2  4 3  0 3 FF . 

Note that the negative expr e s s ion wa s truncated to a 
sing l e  byte value . 

Exampl e : 5 0 . SBYTE " He l lo ! " 

On the Atar i , thi s  e x amp l e  wi l l  produce the fo l l owi ng 
scr e e n  cod e s : 

2 8  6 5  6C 6C 6F 0 1 . 
On th e App l e  I I ,  the s ame e x amp l e  wou l d  prod uce the 
fol l owing bytes : 

C8 E S  EC EC DF Al . 

SPEC IAL NOTE : Both . BYTE and . SBYTE a l low an add i t i v e  
Mod i f ier . A Mod i f i e r  i s  an expr e s s ion wh i ch wi l l  b e  
add e d  t o  a l l  o f  bytes a s s embl ed . Th e a s s embl e r  
reco g n i zes the Mod i fe r  expr e s s ion b y  the pr es ence o f  
the " + "  charac t e r . Th e  Mod i f i e r  expr e s s ion wi l l  not 
its e l f be g enerated as pa rt of the output . 

E x ampl e :  5 . BYTE + $ 80 , " ABC " , - 1  

Th i s  examp l e  wi l l  produce the fo l l owing byt e s :  
Cl C 2  C 3  7 F . 
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Ex ample : 1 00 . BYTE + $ 8 0 , "DEF" , ' G + $ 8 0  

Thi s  exampl e wi l l  produce :  C 4  C S  C6 4 7 . 

( Note e specia l ly the e f fect o f  adding $ 80 via the 
mod i f ier and also  addi ng it to the pa rticular byte . 
Th e  resul t i s  an unchanged byt e ,  s ince we have added a 
tota l of 2 5 6  ( $ 1 00 ) ,  which does not change the lower 
byte o f  a 1 6  bit result . )  

Exampl e :  5 5  . SBYTE + $ 4 0  , " A1 2 "  

Th i s  exampl e  wi l l  produc e : 6 1  5 1  5 2  
0 1 F l  F 2  

Atari 
Appl e I I .  

Example : 80 . SBYTE +$C0,  ' G - $ C 0 , " REEN " 

Th i s  examp l e  wi l l  produce : 2 7  F 2  E S  E S  EE Atari 
C 7  9 2  S S  SS SE Appl e  I I .  

Note : . SBYTE per forms its  conversions 
nume rical a l gorithm and does NOT 
control  characters , includ i ng BELL , 
cha r a cters ARE converted . 

Sec t ion 4 . S  

dire c t ive : . CBYTE 

accord ing to a 
special case any 
TAB , etc . -- these 

purpo se: s ame a s  . BYTE except that the mo s t  
sign i ficant bit o f  the l a s t  byt e o f  a 
str i ng arg ument is inverted 

usag e :  
[ l ab el ]  . CBYTE [ +exp , ] ( exp) ( s t rva r )  [ , ( exp) ( strva r )  . . .  ] 

The . C BYTE d irective may o ften be used to advant age 
when building tab l e s  of strings , etc . ,  wh ere i t  is 
des i rable to i nd icate the end of a s t r ing by some 
meth od other than , for exampl e ,  s toring a fo l lowing 
zero byt e . By i nverting the sense o f  the upper bit  o f  
that last character o f  the string , a routine read ing 
the string s from the table  could ea s i ly do a BM! or BPL 
as it read s each character . 

Examp l e : E RRORS . CBYTE ! , " SYSTEM " 

The l ine shown would produce these ob j ect bytes: 
0 1 S 3  S 9  S 3  S4 4 S  C E  

( cont inued on next pag e )  
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( . CBYTE , continued ) 

And a subroutine might acce s s  the characters thus: 
LDY # 1  

LOOP LDA ERRORS , Y  
BMI ENDOFSTRING 
INY 
BNE LOOP 

ENDOF STRING 

Section 4 . 6 

direct ive: 

purpose: 

usage : 

. DBYTE [ see  a l so . WORD ] 

spe c i f i e s  Dua l  BYTE values to be 
pl aced in the output ob j ect . 

[ l abel ]  . DBYTE exp [ , e xp J 

Both the . WORD and . DBYTE d irectives wi l l  put the value 
of e a ch expr e s s ion into the ob j ect code a s  two bytes . 
However , wh i l e  . WORD wi l l  a s s embl e  the express ion ( s )  i n  
6 5 0 2  address  order ( l east s igni f icant byt e ,  most 
sign i f icant byte ) ,  . DBYTE wi l l  a s s embl e  the 
expr e s s ion ( s ) in the reverse order ( i . e . , most  
sig n i ficant byt e ,  least  s ignificant byte ) . 

. DBYTE h a s  l imited usage in a 6 5 0 2  envi ronment , and i t  
wou l d  mos t  probab ly be used in  bui lding tab l e s  wh ere 
its r eversed order might be more desi rab l e  . 

EXAMPLE: 

Sect ion 4 . 7  

direct ive: 

purpos e : 

• DBYTE $ 1 2 3 4 , 1 , - 1 
produces: 12 34 00 01 FF FF 

. WORD $ 1 2 3 4 , 1 , - 1 
produces: 34  1 2  01 00  FF FF 

. ELSE 

SEE d e s c r ipt ion of . I F for purpose  and u s ag e . 
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S e c t ion 4 . 8 

d i recti v e : . END 

pu rpos e : term i nate an in-memory a s s embly 

u s a g e : [ l abe l ] . END 

The . END d i r ec t ive wi l l  terminate the a s s emb ly ONLY i f  
the source i s  b e i ng read from memory . Oth erwi s e , . END 
wi l l  have no e f f e c t  on a s s embly . 

Th i s  " no e f fect " i s  handy i n  that you may thus . I NCLUDE 
fi l e ( s )  wi thout having to ed i t  out any . END s tat eme nts 
they might conta i n . In tr uth , . END is gene ra l ly not 
need ed at a l l wi th MAC / 6 5 .  

Sect ion 4 .  9 
- - - - - _ _  L _ _  _ 

dire c t ive : . END I F  

purpos e : term i nate a cond i t iona l a s s embl y  b lock 

SEE descr iption of . I F for usage and deta i l s . 

Section 4 .  1 0  

dire c t ive : . ERROR 

purpos e : force an a s s embl e r  error and me s s ag e  

u s a g e :  [ l abe l ]  . ERROR [ s t ring]  

Th e  . ERROR d i rective a l lows the u s e r  to generate a 
pse udo e rror . The s t r i ng spe c i f ied by . ERROR wi l l  be 
sent to the s c reen a s  if it  we re an a s s emb l e r- generated 
erro r . Th e e r ror wi l l  be i n c l ud ed i n  th e count of 
erro r s  given at the end of the a s s embly . 

E x ampl e :  1 00 • ERROR " MI S S I NG PARAMETER ! " 
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Section 4 . 1 1 
- - - · · - - - - - - -

d i rect i ve : . FLOAT 

purpo se :  spe c i f i e s  floating po int constant values 
to be pl aced i n  the output ob j ect . 

usage : 
[ l abe l ]  . FLOAT floating- cons t ant [ , f loat i ng- constant . . .  ] 

Th i s  d i r ective wou l d  norma l ly only be u s ed by the 
prog r ammer wi sh ing to ac c e s s  the b u i l t - i n  float i ng 
point routines  o f  the Ata r i  Ope rat ing Sy stem ROM ' s ( or 
s im i l ar rout ines  a s  s uppl i ed with the BAS I C  XL package 
from OSS for App l e  I I  or equival ent mach i n e s ) .  

Each f l oating po int constant fo l l owi ng the . FLOAT 
d i r e c tive wi l l  produc e 6 byte s  o f  output ob j ec t  code , 
in a fo rmat con s i s tent wi th th e above-mentioned 
floa t i ng po int rout i ne s . I n  pa rt i c u l a r , the f i r s t  byt e 
cont a i n s  the exponent portion o f  the numbe r ,  i n  
exc e s s - 64 notation repr e s e nt i ng powe r s  o f  1 00 . Th e 
upper bit o f  the e xponent byt e d e s ignate s  the s ig n  o f  
the mant i s s a  po rtion . Th e fo l l owi ng 5 byte s  are th e 
mant i s s a , i n  packed BCD form, norma l i zed on a byt e 
boundary ( cons i s tent with the powe r s - o f- 1 00 e xponent ) .  

EXAMPLES : 
. FLOAT 3 . 1 4 1 5 6 2 9 5 , - 2 . 7 1 8 2 8 1 8 2 8  

Th e above examp l e  wou l d  prod uc e the fo l l owi ng byt e s  i n  
the output ob j ect code : 

40 0 3  1 4  1 5  6 2  9 5  
C0  2 7  1 8  2 8  1 8  2 8  

NOTE : On ly f loat i ng po int constants , NOT e xpr es s ion s , 
are l egal as ope rand s to . FLOAT . Genera l l y ,  thi s  i s  
not a prob l em ,  s ince the u s e r  may per form any constant 
arithmeti c  on a c a l c u l ator ( or i n  BAS I C ) be fore pl ac ing 
the r e s u l t  i n  h i s /her MAC/6 5 program . 
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d i rective : . IF 

purpos e : choos e s  to per form or not pe r fo rm some 
port i on o f  an a s s embl y  based on the 
" truth "  o f  an expre s s ion . 

u s ag e : . I F  e x p  
[ . ELSE ] 

. END I F  

u s a g e  not e : there may b e  any number o f  l i nes o f  
ass emb ly l anguag e code or d i rectives 
betwe en . I F and . ELSE o r  . END I F  and 
s im i l a r ly betwe en . ELSE and . END I F  . 

Th e . I F ,  . ELSE , a nd 
cond i t ional a s s emb ly . 

. END I F  d i rectives control 

When a . I F is encountered , the fo l lowi ng expr e s s ion is 
eva l uated . If i t  is non- z e ro ( T RUE ) , the source l i nes  
fol lowing . I F wi l l  be a s s embl ed , cont inuing unt i l  an 
. ELS E  or . END I F  is encounte red . If an . ELS E i s  
enco untered b e fore  a n  . END I F , then a l l  the source l i nes  
between th e . ELSE and the corre spond ing . END I F  wi l l  not 
be a s s emb l ed . I f  th e expr e s s ion eva luates to z e ro 
( fa l s e ) , the source l i nes fo l l owing . I F wi l l  not be 
a s s emb l ed . As sembly wi l l  r e s ume wh en a corre spond ing 
. END I F  or an . ELS E is encounte red . 

Th e  . I F - . ENDIF and . I F- . ELSE - . END I F  constructs  may b e  
nes t e d t o  a d epth o f  1 4  level s .  When ne s t ed , the 
" s e a r ch" for the " corre spond i ng "  . ELSE or . END I F  skips 
ove r  comp l e t e  . I F - . END I F  constructs if  nec e s s a r y . 

Ex ampl e s : 

1 0  
20  
30  
40 

. I F 1 
LDA '# ' ?  
J S R  CHAROUT 
. END I F  

--4 5 --

non- z e ro ,  there fore true 
the se two l i nes wi l l  
be a s s embl ed 



Section 4 . 1 2  ( . IF continued ) 

EXAMPLE : 

1llJ 
1 1  
1 2 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
2 2  
2 3  

. IF 
LOX 
LOY 
. IF 

0 
# >ADDRESS 
# <ADDRESS 
1 

expression is fal s e  
thes e two l ines wi l l  
not b e  a s s embl ed 

. ERROR " can ' t  get here"  
l ikewi s e ,  th is c an ' t  be assembl ed because it  
i s  " ne s t ed "  within  the . IF 0 structure 

. ELSE 

LOX # <ADDRES S  
LOA # >ADDRESS 

the se l ines wi l l  
be a s s embl ed 

. ENDIF 
JSR PRINTSTRING : go pr int the string 

Not e : The a s s embl e r  resets the cond i t iona l stack at the 
beg i n ing o f  each pa s s . M i s s i ng . END I F ( s ) wi l l  NOT be 
flag g ed . 
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dire c t ive : 

purpose : 

usag e :  

us age note : 

. INCLUDE 

a l lows one assembly l anguage program to 
request that another program be inc l ud ed 
and a s s embl ed in- l ine 

. INCLUDE # fi l e spec 

thi s  d i rective should NOT h ave a l abel  

The . INCLUDE d irective causes the a s s embler  to begin 
read i ng source l ines from the spe c i fied " fi l espec " .  
When the end o f  " fil espec " i s  reached , the a s s embl e r  
wi l l  resume read ing source from the previous f i l e  ( or 
memory ) .  

CAUT ION :  The . INCLUDEd file  MUST be a properly SAVEd 
MAC / 6 5  tokenized prog ram . It can NOT be an ASC I I  f i l e . 

Note : A . INCLUDED file  cannot itse l f  contain a . INCLUDE 
dire ctive . 

EXAMPLE : . INCLUDE # D : SYSEQU . M6 5  

Th i s  exampl e l ine wi l l  includ e  the sys tem equates f i l e  
supp l ied b y  oss . 

- -4 7 --
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direct ive : 

purpose : 

usage : 

usage note : 

. LOCAL 

delimits  a loca l  label  reg ion 

. LOCAL 

th i s  d i rective should not be a s soc iated 
with a labe l .  

Th i s  directive serves to end the previous local region 
and begin a new loc a l  reg ion . I t  is  a s s umed that the 
fir s t  loca l region begins at the beg inning o f  the 
ass e mbly, and the las t local region end s  at the end o f  
the a s s embl y .  

Wi thin each local  reg ion , any l ab e l  beg inning wi th a 
que s t ion mark ( " ? " ) i s  a s s umed to be a " local label " .  
As such ,  it  i s  inv i s ib l e  to code , equate s ,  refe rences , 
etc . , outs ide o f  its  own local reg ion . 

Thi s  feature i s  e specia l ly handy when us ing automatic 
code generators or  when several peop l e  are working on a 
sing l e  proj ect . In both the s e  c a s e s , the coder may use  
labe l s  beg i nning with " ? "  and be sure that there wi l l  
be no dupl icate l abel  errors produced . 

EXAMPLE : 1 0  *= $ 4 0 0 0  
11  LDX #3  e s tab l ish a counter 
12  ?LOOP 
1 3  LDA FROM , X  get a byte 
1 4  STA TO , X  put a byte 
15  DEX more to do? 
16 B PL ?LOOP goes to label  on  l ine 1 2  
1 7 
1 8  . LOCAL � another local region ! 
1 9  
20  ?LOOP = 6 
2 1  
2 2  LDY # ?LOOP s ame as LDY # 6  
23 ( etc . ) 

FEATURE : Loc a l  l ab e l s  MAY be forward r e fe renced , j us t  
like any other l abel . 

NOTE : Local l abel s  do not appear in the symbol tab l e  
l is t i ng .  

--48--
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directive : . OPT 

purpos e :  s e l ects various assembly control OPTions 

u s age : . OPT opt ion 
( or )  

. OPT NO opt ion 

usage note s : the val id options are as fol l ows : 
LIST ERR EJECT OBJ 
MLIST CLIST NUM WAIT 

The . OPT d irective al lows the user to  control certa i n  
fun c t ions o f  the a s s embly . Genera l l y ,  coding " . OPT 
opt i o n "  wi l l  invoke a feature or option , wh i l e  " . OPT NO 
option '.' wi l l  " turn o f f "  that same feature . 

The fol lowing are the descriptions o f  the ind ividual 
opt i ons : 

LIST control s the enti re a s s embly l isting . 
NO L I ST turns o f f  al l l i sting except error l ines . 

ERR wi l l  determine i f  errors are returned to the 
u s e r  in the l i sting and/or the screen . 

NO E RR i s  thu s  dangerous . 

EJECT control s the t i t l e  and page l isting . 
NO EJECT on l y  turns o f f  the automatic page 
gen e r ation ; it has no e f fect on . PAGE requests . 

OBJ determines i f  the obj ect code is written to the 
device/memory . 

NO OBJ is u s e fu l  during trial a s s embl ies . 
OBJ i s  NECE S SARY when the ob j ect code is to 
pla c e d  in memory . 

NUM wi l l  auto number the a s s embly l isting instead o f  
u s i ng the u s e r  l i ne numbers . NUM wi l l  beg in at 100  
and  increment by 1 .  

NUM i s  gene ral ly not u s e ful except for final , 
"pretty" a s s embl ies . 

--49- -
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MLIST control s  the l isting of Macro expans ions . NO 
MLIST wi l l  l i s t  only the l ines within a Macro expan
s ion wh ich generate obj ect code . MLIST wi l l  expand 
the entire Macro . 

NO MLI ST i s  extraordinarly useful in produc ing 
read able l i s tings . 

CLIST control s  the l i sting o f  cond itional assembly . 
NO CLIST wi l l  not l i s t  source l ines wh ich are 
not a s sembl ed . 
CLI S T  wi l l  l i s t  a l l  l ines within the 
cond itiona l construc t . 

WAIT wi l l  cause a s s embly to hal t  before pr inting 
the pag e number and t i t l e  string . As s embly wi l l  
r e s ume when the con so l e  START key i s  pressed ( or 
RETURN key on Appl e  I I ) .  

WAIT i s  genera l ly use ful  on ly wi th printers 
not capable  of hand l ing cont inuous paper . 

NOTE : Un l e s s  spe c i fied otherwi se by the user , a l l  o f  
the options wi l l  a s s ume their  default settings . The 
defa u l t  set tings for . OPT are : 

LIST lis t i ng IS produced 
ERR errors are reported 
EJECT page s  are numbered and e j ected 
NO NUM use programmer ' s  l ine numbers 
MLI S T  a l l  macro l ines a r e  l isted 
CLI S T  all f a i l ed conditiona l s  l ist 
NO WAI T  u s e  conti nuous  pape r ,  etc . 
NO OBJ SEE CAUT I ON 11111 

CAUT ION : The OBJ opt ion i s  hand led in a special  way : 
IF a s semb l ing to memory the ob j ect default  i s  NO OBJ . 
IF a s sembl ing to a device the ob j ect option is OBJ . 

NOTE : Macro expansions wi th the NO NUM option wi l l  not 
be l i s ted with l ine number s .  

-- 5 0--
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d irect ive : 

purpose : 

usage : 

us age note : 

. PAGE 

provides page headings and /or moves 
to top of next page o f  l i s ting 

. PAGE [ string ] 

no label  should be used wi th . PAGE 

The . PAGE d i rective a l lows the user  to spe c i fy a page 
head i ng . The page head i ng wi l l  be printed below the 
pag e number and t it l e  heading . 

. PAGE wi l l  e j ect the next page , and prints the mos t  
rec e n t  tit l e  and page headings  . 

Exampl e :  3 0 0  . PAGE " EXECUTE LABEL SEARCH"  

Not e : The assembl e r  wi l l  automatica l ly e j ect and print 
the current tit l e  and page headings a fter 61  l i nes have 
been l i sted . 

Section 4 • 1 7 

dire c t ive : . SBYTE 

purpose : produces " s creen"  bytes  in output ob j ect 

usage : s e e  . BYTE d e s c ription , section 4 . 4  

- - 5 1 --
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directive : . SET 

purpose : controls various a s s embler functions 

usag e :  . SET dcnuml , dcnum2 

The . SET d i rective a l lows the user  to change spec i fic 
var i able pa rameters  o f  the a s s embl er . The dcnuml 
spec i fys the pa rameter to change , and dcnum2 is the 
chang ed va l ue . The fo l l owing tab l e  summarizes  the 
var ious  .SET parameters . Defaults  for each parameter 
are  g iven in parentheses , fo l lowed by the a l lowab l e  
rang e of val ues . 

dcnuml dcnum2 

( 4 )  1 -4 

1 ( 0 )  0 - 3 1 

2 ( 8 0 )  4 0 - 1 3 2  

3 ( 1 2 )  0 , 1 2 

4 ( 6 6 )  any 

- - 5 2 - -

function 

s ets the . BYTE and . SBYTE 
l i st i ng format . 1 to 4 
bytes can be pr inted in 
the obj ect code field  o f  
the l i s t ing . 

sets  the a s s embly l isting 
l e f t  margin . The speci
fied number i s  the number 
o f  spaces wh ich wi l l  be 
pr inted be fore the a s s em
bled source l ine . 

s et width for l i sting ,  
ad j ust for your printer . 

form feed s e l ect . 0 implies  
no  form feed on pr inter- -u s e  
mul t iple l ine feeds . Any 
other used as form feed cha r . 

number of l ines per page for 
l i s ting .  
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direct ive : . TAB 

purpose : sets l i s t ing " tab s tops " for readab i l ity 

usage : . TAB dcnuml , d cnum2 , dcnum3 

The . TAB d irective a l l ows the user  to spe c i fy the 
sta r t ing col umn for the l i s ting of the instruction 
fie l d , the ope rand field , and the comment field  
respe ctive l y . The defau l t s  are 8 , 1 2 , 20 .  

Example : 200 . TAB 1 6 , 3 2 , 5 0  

1 2 0 0  . TAB 8 , 1 2 , 2 0  ; r e s tores defaults 

Section 4 . 2 0 

dire c t ive :  . TITLE 

purpose : spe c i fy a s s embl y  l i s t i ng head ing 

usage : . T ITLE string 

The . TITLE directive a l lows 
assembly t i t l e  head i ng . 
pri n t ed at the top o f  every 
number . 

the 
The 

page 

user to spe c i fy a 
t i t l e  str ing wi l l  be 

fo l lowi ng the page 

Sect ion 4 . 2 1 

dire c t ive : . WORD [ s ee  a l so . DBYTE ] 

purpose : plac e  1 6  b i t  word va l ues i n  output ob j ect 

usage : [ l abe l ]  . WORD exp [ , exp J 

The . WORD and . DBYTE d i rectives both put the value o f  
each fo l lowing expres s ion into the ob j ect code as two 
byte s .  But where . WORD wi l l  assembl e  the express ion ( s )  
in 6 5 0 2  addre s s  order ( least s igni ficant byt e ,  most 
sign i ficant byt e ) ,  . DBYTE wi l l  assembl e  the 
expr e s s ion ( s )  in reverse  order ( most significant byt e , 
lea s t  sign i f icant byte ) .  

Genera l l y ,  for 6 50 2  programs , . WORD i s  the more u s e ful  
of th e two , and  is  more  compatib l e  wi th the code 
prod uced by a s s embl ed 6 502 i ns tructions . 

EXAMPLE : . DBYTE $ 1 2 3 4 , 1 , - 1 
produces : 1 2  3 4  00 01  FF FF 

. WORD $ 1 2 3 4 , 1 , - 1 
prod uces : 3 4  1 2  0 1  0 0  FF FF 
- - 5 3 --
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CHAPTER 5 :  MACRO FAC ILITY 

A MACRO DEFINIT I ON i s  a s e ries o f  source l i nes grouped 
together , given a name , and stored in memory . When the 
assembl e r  encounters the corresponding name in the 
instruc t ion ( opcode , d i rective ) col umn , the s aved l ines 
wi l l  be s ubstituted for the Macro name and a s s embl ed . 
Effectivel y ,  thi s  a l l ows the user  to de fine and then 
use new a s s embl e r  instructions . Depend ing upon the 
code s tored in its  definition , a macro might be thought 
of as either an " extra " directive or a " new" opcode . 

The proce s s  o f  find i ng a macro in the tab l e  when its 
name i s  used , and then assembl ing the code it wa s 
def i n ed with , i s  cal l ed a MACRO EXPANS ION . The unique 
fac i l ity o f  Macro Expans ions is that they may have 
PARAMETERS passed to them . These  parameters wi l l  be 
sub s t ituted for the " formal parameter s "  during the 
expa ns ion of the Macro . 

The use ( expans ion ) o f  a Macro in a program requires 
that the Macro first  be de fined . To the set o f  
dire c tives al ready d i scus sed in chapter 4 ,  then , mus t  
b e  added two new d i rectives used f o r  de fining new 
macros : 

. MAC RO 

. ENDM 

Thi s  chapter wi l l  first  discuss  these  two d i rective s , 
show how to invoke a macro ( cause its  expans ion ) and 
then examine the use of formal and cal l ing parameter s , 
inc l uding s t r ing parameters . 

- - 5 5 --
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d i rective : 

purpose : 

usage : 

usage not e : 

. ENDM 

end the definition of a macro 

. ENDM 

genera l ly ,  the . ENDM d i rective shoul d  
not be  labe l led . 

Th i s  di rective i s  used so l e ly to terminate the 
def i n ition o f  a macro . When invoking a macro , do NOT 
use th i s  d i rective . Basical ly ,  the concept of macros 
requ i res that a l l  source l ines between the . MACRO 
directive and the . ENDM d i rective be stored in a 
spe c i a l  section o f  memory ( the macro tab l e ) . Thus , 
enco untering an improper ly pai red . ENDM d i rective i s  
cons idered a s evere a s s embly error . See the 
des c r iption of . MACRO for further in formation . 

-- 5 6--
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d i rect i v e : 

p u rpo s e : 

u s a g e : 

u s a g e  not e : 

. MACRO 

i n i t i at e s  a mac ro d e f i n i t ion 

. MAC RO ma c roname 

" mac roname " may b e  any v a l id MAC/6 5  
labe l .  I t  MAY b e  th e s ame name a s  
a prog ram l ab e l  ( wi thout con f l i c t). 

Th e . MACRO d i r e c t i v e  wi l l  c a u s e  the l i n e s  fo l l ow i ng to 
be r e a d  and s to r e d  und e r  th e Ma c r o  name of " mac roname " .  
Th e d e f i n i t i o n  i s  t e r m i n a t ed w i th th e . ENDM d i r e c t i v e. 

A l l  i n st r uc t i o n s  e x cept anoth e r  . MAC RO d i r e c t i v e  a r e  
va l i d Ma c ro s o u r c e  l i ne s . A Ma c r o  d e f i n i t ion can NOT 
cont a i n  anoth e r  Macro d e f i n i t ion . 

A s imp l e  e x amp l e  o f  a MAC RO DEF I N I T ION : 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 8  
1 9  

. MACRO PUS HXY Th e name of th i s  Macro i s  " PUS HXY " 
When th i s  Ma c ro i s  u s e d  ( e xpanded ) ,  the fo l l ow i ng 
ins t r uc t i o n s  wi l l  be s ub s t i t uted for " PUSHXY "  
and th e n  a s s emb l ed. 

TXA 
PHA 
TYA 
PHA 
. ENDM Th e t e r m i nator fo r " P USHXY " 

S PE C I A L  NOT E : ALL l ab e l s u s e d  w i th i n  a macro a r e  
a s s umed t o  b e  l o c a l  to that mac ro. MAC / 6 5  ac comp l i sh e s  
thi s  b y  pe r fo rm i n g  a " th i rd pa s s "  o f  th e a s s emb l y  
dur i ng mac r o  expa n s ions. Th u s , a l ab e l  d e f i n e d  with i n  
a ma c ro expan s ion i s  a v a i l ab l e  t o  code wh i ch fo l l ows 
the macro ; b u t  a noth e r  expan s ion of th e same mac r o  w i th 
the s ame l ab e l  w i l l  r e s e t  th e l ab e l s  v a l ue. Th e a c t io n  
is s i m i l a r  to th e " . = "  d i r e c t ive , e x c ept that forwa rd 
re f e r ence s to i n t e rna l macro l ab e l s  ARE l eg a l .  

A n  e x amp l e  fo l l ows , o n  t h e  n e x t  pag e. 

- - 5 7 - -
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. MACRO MOVE 6 
LOX # 5  

EXAMPLE : 
20 
2 1  
2 2  
2 3  
24 
25  
26 
27 

LOOP 
LOA FROM , X  
STA TO , X  
DEX 
B PL LOOP 
. ENDM 

The l abel  " LOOP "  is local to th i s  macro usage , and yet 
it may ( i f needed ) be refe renced out s ide the macro 
expans ion ( a l though not in another macro expan sion ) .  
(No t e  that i f  a macro l abel is  only defined once by a 
sing l e  mac ro u s age , the e ffect i s  the s ame as if the 
labe l were de fined out s id e  any macro . )  Al though the 
. LOCAL-prod uced local reg ions may be used by and with 
macros , the user i s  l imited to a max imum o f  6 2  local 
reg ions . No such res triction app l i e s  to the number o f  
poss ible local  u s ages o f  a l abel in  a macro expansion . 
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5 . 3  MACRO EXPANS ION ,  PART 1 

As s tated above , a macro i s  expanded when it i s  used . 
And the " u s e "  o f  a mac ro i s  s impl ic ity its e l f .  

To invoke ( use , expand-- al l  equival ent word s )  a macro , 
s imply place its  name in the opcode/directive field o f  
a n  a s s embl e r  l ine . Remember , though , that mac ros  MUST 
be de fined b e fore �hey can be used . 

For exampl e ,  to invoke 
exampl es in the previous 
s impl y  type them i n  as  
assemble : 

ALABEL PUSHXY 

the two macros 
section ( 5 .  2 ) ,  
shown and then 

and pushxy generates the code 
TXA PHA TYA PHA 

MOVE 6 
s imi l a r l y ,  MOVE 6 i s  u s ed 

JMP LOOP 

defined i n  
one coul d  

e n t e r  and 

EXAMPLE : 
2 000 
201 0 
202 0 
203 0 
2 040 
2050 
206 0  
2070 
2080 

and LOOP re fers to the l abel 
d e f ined in the MOVE 6 macro 

Note that the use of a l abel on the macro invocat ion i s  
opt i onal . The l abel i s  a s s igned the current value o f  
the location counter and i s  not dependent upon the 
cont ents of the macro at a l l .  

Th ere are many more " tricks " and features  usab l e  with 
mac ros , but we wi l l  continue thi s  d i s c us s ion a fter an 
exam ination of macro pa rameters as  used in a macro 
def i n ition . 
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5 . 4  MACRO PARAMETE RS 

M a c ro pa rame t e r s  can be o f  two type s : e xpr e s s ions 
( wh i ch are eval uated a s  16  bit wo rd s )  or s t r i ng s . Th e 
parameters are pa s s ed via  th e macro e xpan s ion 
( i nvocation , u s e , e t c . ) and are s tacked i n  memory in 
the order o f  occurance . A max imum of  63 parameters can 
be s t a cked by a macro expans ion , i n c l ud ing expan s ions 
w i th i n  e xpan s ions . 

However , be fo re a pa rame ter can be used  i n  an  
expans ion , there must be a way o f  a c c e s s ing i t  i n  the 
MAC RO DEF I N I T I ON .  Paramete r s  are  re fe renced i n  a macro 
def i n i t ion by the cha racter " % "  for expr e s s ions and the 
cha r a cters " % $ " for s t r i ng s . Th e va l ue fo l lowi ng the 
cha r acter re f e r s  to the actual parame ter number . 

S P E C IAL NOTE : The paramete r number can be repr e s ented 
by a d e c ima l number ( e . g . , % 2 ) or may b e  a l ab e l  
enc l o s ed by parenth e s e s  ( e . g . , % $ ( LABEL ) ) .  O f  cour s e , 
str i ngs may be s im i l arly r e f e r enced , a s  i n  % $ ( I NDEX ) or 
% $ 1 . 

Examp l e s : 

1 0  
1 5  
2 0  

LDA 
CMP 
. BYTE 
NOTE : 

2 5  S YMBOL . -
• 3 0  LDX 

# > % 1 : get the h i gh byte o f  pa rameter 1 .  
( % 1 1  , X )  : y e s , that r ea l ly i s  number 1 1 .  
% 2 - 1  : value o f  parameter 2 l e s s  1 • 

th e above i s  NOT equival ent to u s i ng 
p a r amet e r  % 1 . Parameter sub s t i tution 
has h ighe s t  precedenc e ! 

SYMBOL + 1 
# -% ( SYMBOL ) : s ee the powe r avai l ab l e ?  

4 0  . BYTE % $ 1 , % $ 2 , 0  : s t r ing parame t e r s , e nd i ng 0 .  

Rem embe r ,  i n  theory the parame t e r s  are numbered from 1 
to 6 3 . I n  rea l i t y ,  the TOTAL n umbe r  o f  parameters i n  
u s e  b y  a l l  active ( nested ) macro expa n s ions cannot 
exc e e d  6 3 .  Th i s  doe s NOT mean that you can have only 
6 3  pa ramet e r  refe rence s in your macro DEF I N I T I ONS . Th e 
l im i t  only app l i e s  at invocation t ime , a nd even then 
onl y  to n e s ted ( not sequent i a l ) macro u s age s . 
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S PECIAL NOTE : I n  add ition to the " conventiona l "  
parameters ,  re ferred to by number ,  parameter zero ( % 0 )  
has a special  meaning to MAC/6 5 .  Parameter zero 
al lows the user  to access  the actual NUMBER o f  real 
parameters pas sed to a macro EXPANS ION . 

Th i s  feature a l lows the user to set d e faul t parameters 
with i n  the Macro expans ion , or test  for the proper 
numbe r  of parameters in an expans ion , or more . The 
fol l owing exampl e i l lus trates a pos s ib l e  use of % 0  and 
shows usage of ord inary parameters as  we l l .  

EXAMPLE : 

1 0  . MACRO BUMP 
1 1  
1 2  Th i s  macro wi l l  increment the speci fied word 
1 3  
1 4  The cal l ing format i s : 
1 5  BUMP add re s s  [ , increment ] .  
16  If  increment is  not  g iven , 1 i s  a s s umed 
1 7  
18  . IF %0=0 . OR %0 > 2  
1 9  . ERROR " BUMP : Wrong number of  pa rameters " 
2 0  . ELSE 
2 1  
2 2  thi s  i s  only done i f  1 o r  2 parameters 
23  
24 . IF %0 > 1  : did user  spe c i fy " increment " ? 
25  thi s  is  a s s embled i f  user gave two parameters 
26  LOA % 1  add " increment " to " addre ss " .  
27  CLC 
2 8  ADC # < % 2  low byt e of  the inc rement 
29 STA %1 low byte of r e s u l t  
3 0  LOA % 1  +l high byte of l ocation 
3 1  ADC # > % 2  add in high byte o f  increment 
32 STA %1 +l and store rest of r e s u l t  
33  
34 . ELSE 
3 5  thi s  i s  a s s embl ed i f  o n l y  one parameter g iven 
36 INC %1 : j u s t  increment by 1 .  
37  BNE SKIPHI : impl ic itly  local  label  
38  INC % 1  +l mus t  a l so increment high byte 
39 S K I PHI 
40 . ENDIF matches the . IF  %0 > 1  { l ine 24 ) 
41 . ENDI F  matches the . I F o f l ine 1 8  
42 . ENDM t e rminator . 

- -6 1 --



S . S  MACRO EXPANS I ON , PART 2 

We have shown how macro d e f i n i t ions may i n c l ud e  
spe c i ficat ions o f  part i c u l a r  pa rame t e r s  ( the 
spe c i f icat i ons might a l so be cal l ed " forma l 
parameters " ) .  Th i s  s e c t ion wi l l  show how to pa s s  
actu a l  paramete r s  ( equiva l ently " va l ue paramete r s " , 
" ca l l ing pa ramet e r s " , e tc . ) to the d e f i nit ion . 

Th e concept i s  s imp l e : on the s ame l i ne as the macro 
invo c a t ion ( by use o f  its name , o f  cour s e ) and 
fol l owi ng the macro ' s  name , the user may p l a c e  
expr e s s ion s ( or s t r i ngs , see  s e c t ion S . 6 ) . MAC / 6 S 
s imp l y  as s i gns each o f  the s e  v a l u e s  a numbe r ,  from 1 to 
6 3 , and the n ,  d u r i ng the macro e xpan s ion , r epl aces the 
form a l  pa ramete r s  ( % 1 ,  % 2 , % ( l abe l ) ,  e tc . ) with the 
cor r e spond i ng va l ue s . 

Doe s  that sound too compl icated? I nt e rna l l y ,  i t  i s . 
Ex t e rnal l y ,  it i s  a s  easy a s  th i s : 

E XAMPLE : 

As s ume that the BUMP mac ro has been d e fined ( as above , 
sec t i on S . 4 ) , the n  the u s e r  may i nvoke it as needed , 
thu s : 

1 00 ALABEL BUMP A . LOCAT ION 
1 10 INCR . = 7 
1 20 BUMP A . LOCATION , 3 
1 30 BUMP A . LOCAT ION , INCR-2 
1 40 BUMP 
1 S0 BUMP A . LOCAT ION , INCR , 7 
160 A . LOCAT ION . WORD 0 

note : l ine s 140 and 1 S 0 wi l l  each cause the 
BUMP e rror to be invoked and printed 

Of cour s e , you c an a l so do s i l ly thing s , wh ich wi l l  no 
doubt produce some pretty horrib l e  ( and hard to debug ) 
code : 

1 7 0  BUMP INC R, A . LOCATION 
wil l t ry to increment addre s s  7 by something 

180 BUMP PORT S 
assuming that PORT S is some hardware port , 
stra nge and wond e r fu l  thing s  could happen 
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5 . 6  MACRO STRINGS 

String parameters  are repres ented in a ma c ro de f i n i t ion 
by th e characters  " % $ " .  Al l numeric parameters have a 
stri ng coun t e rpa r t , not a l l o f  wh ich are u s e fu l . Al l 
str i n g  pa ramete r s  have a nume r i c  counterpart ( th e i r  
leng th ) . 

As a spe c i a l  c a s e , % $ 0  a lways returns the macro NAME . 

The fo l lowi ng t ab l e  shows the various  s t r i ng and 
num e r i c  va l u e s  r e t urned for a g iven paramete r :  

As appe a r s  i n  
Macro ca l l :  

" A  S t r ing 1 2 3 "  
NUMER I C  SYMBOL 

s t r i ng returned 
( i n quote s ) : 

"A S t r ing 1 2 3 "  
" NUMERI C SYMBOL " 

numeric v a l ue 
returned : 

l e ngth o f  s t r i ng 
val ue o f  l ab e l  

" SYMBOL " value  o f  expr SYMBOL+l 
% $ 4  the s t r i ng o f  parameter 4 value o f  orginal  

( ab ove wo u l d  b e  used by a macro c a l l i ng another macro ) 
-LABEL 
GEORGE *HARRY+PETE 
. DEF C I O 
2 + 2 * 6 5  

" LABEL "  v a l u e  o f  expr 
und e f i ned va l ue of expr 
" C I O "  value o f  e xpr 
und e f i ned value of expr 
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A Macro s t ring examp l e : 

H J  
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
20 
2 1  
2 2  
2 3  
24 
2 5  
2 6  
2 7  
2 8  
2 9  
30  
3 1  
3 2 

. MACRO PRINT 

Th i s  Macro wi l l  print the spec i f i ed str ing , 
parameter 1 ,  but i f  no parameter string i s  
pas s ed ,  only a n  EOL wi l l  b e  pr inted . 

The cal l i ng format i s : PRINT [ string 

. IF %0 = 1 ; i s  there a s t r i ng to pr int? 
JMP PASTSTR ; yes , j ump over str ing s torage 

STRING . BYTE % $ 1 , EOL ; put str ing here . 

PASTS TR 
LOX # > STRING ; get string addre s s  into X&Y 
LOY # < STRING ; for JSR to ' pr int str ing ' 
JSR STRINGOUT 

. ELSE 
no string . . .  j us t  print an EOL 

LOA #EOL 
JSR CHARO UT 

. ENO I F  

. ENOM t e rminator . 

To invoke thi s  macro , then , the fo l lowing cal l s  would  
be appropr iate : 

100  PRINT " th i s  i s  a string " 
1 10 PR INT 
1 2 0  PRINT mes s age 

999 mess age . BYTE " another string " , EOL 
note that , in l ine 1 2 0 ,  only a s ing l e  word ( l abe l ,  
actu a l ly)  i s  al lowed . 
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5 . 7  SOME MACRO HINTS 

Each person wi l l  soon develop h i s /her own sty l e  o f  
wri t i ng mac ros , b u t  there are certa i n  common s e n s e  
rule s  that w e  al l should  heed . 

A .  When a macro i s  defined , its  ent i r e  definition must 
be s tored i n  memory ( in a macro tab l e } .  Si nce memory 
space is obviou s ly finite , it is a good idea to keep 
macr o s  a s  short as po s s ib l e . One way to do th i s  i s  to 
avo i d  putt i ng comment s ( remarks ) wi thin the body of the 
macro . I f  you do document your macros ( and we hope you 
do } , place the comments in the f i l e  BEFORE the . MACRO 
dire c t ive . The assembler wi l l  then do nothing at a l l 
with them and they wi l l  occupy no add it iona l space . 

B .  Don ' t u s e  a c a l l e r ' s  macro parameter un l e s s  you a re 
sure tha t  it i s  there . U s i ng a parameter that the 
cal l e r  l e ft out wi l l  produce a MACRO PARAMETER error . 
Depend ing upon th e mac ro definition , thi s  may or may 
not a l so produce und e s i red re s u l t s . An examp l e  of 
uns a f e  cod i ng : 

. IF %0 > 1  . OR % 2 :0 
. WORD % 1  

. END I F  

Th e  danger here occurs  i f  the c a l l e r  invokes  the macro 
with only one parameter . S i nce %2 is non- existent ( and 
hen c e  unde f ined } ,  the s ub- express ion " % 2 :0 " is indeed 
true and the effect o f  " % 0 > 1 "  is nul l i f i ed . Of cour se , 
the l a ck o f  parameter 2 wi l l  produce a " PARAMETER 
ERRO R " , but it wi l l  a l ready be too late . A better 
cod ing of the above would  be : 

. IF % 0 > 1  
. I F % 2 < > 0  

. WORD % 1  
. ENDIF  

. ENDI F  

C .  Even though l abe l s  d e fi ned within macros are local 
to each invocat ion , they are s t i l l  " v i s ib l e "  out s i d e  
the macro ( s ) . Thu s , i t  might be a good i d e a  t o  have a 
spe c i a l  form for l abel s  def ined in macros and avoid 
that form out s ide  mac ros . Th e mac ro l ibrary s uppl ied 
with MAC/ 6 5  u s e s  l abel s beg inning with " @ "  as  local 
labe l s  to mac ros . 
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5 . 8  A COMPLEX MACRO EXAMPLE 

Th e fo l lowing set of macros is d e s igned to demonstrate 
sev e r a l  o f  the po ints made i n  the pr eced i ng s ections . 
As i d e  from that , though , i t  i s  a good , u sab l e  macro 
set . Study i t  c a r e fu l ly ,  p l ea s e . ( Th e  l ine number s  
are omitted for the s ake o f  brev i ty . Any n umbers wi l l  
do , o f  cour s e . )  

the f i r s t  macro , " @ CH " , i s  d e s igned to load an 
I OC B  pointer  i nto the X r eg i s te r . If pas s ed a 
va l ue from 0 to 7 ,  i t  as s umes i t  to be a cons tant 
( immediat e ) channel number .  I f  pas sed any other 
va l ue ,  i t  a s s umes i t  to be a memory location wh ich 
contains  the channel number . 

NOT E tha t  the s e  comments are out s id e  the body o f  
th e macro , thu s sav i ng valuab l e  tab l e  space . 

. MACRO @CH 

. I F % 1 > 7  
LDA % 1  ; chan n e l  # i s  i n  memory c e l l 
ASLA 
ASLA 
ASLA 
ASLA 
TAX 

t imes 1 6 

. ELSE 
LDX # % 1 * 1 6  
. END I F  
. ENDM 

th i s  next macro , " @ CV " , is d e s igned to load a 
Con s tant o r  Va l ue i nto the A r eg i ste r . I f  
pas s ed a va l ue from 0 t o  2 5 5 ,  i t  as s ume s i t  
to be a c o n s t a n t  ( immed iate ) va l u e . I f  pa s s ed 
any other va l u e , it as sumes i t  to be a memory 
l o c a t ion ( non- z e ro page ) . 

. MAC RO @CV 
. I F % 1 < 2 5 6  
LDA # % 1  
. ELSE 
LDA % 1  
. EN D I F  
. ENDM 
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Th e th i rd ma cro i s  " @ FL " , d e s ignea to estab l i sh 
a f i l espe c . I f  pa s s ed a l i t e r a l  s t r ing , @ FL 
wi l l  gene r a t e  the s t r i ng i n  l i ne , j ump i n g  a round 
i t , and p l ace its add re s s  in th e I OC B  po inted to 
by the X r eg i s t er . I f  pa s s ed a non- z e ro pag e 
labe l ,  @ F L  a s s umes i t  to be th e l ab e l  o f  a va l i d 
f i l e spec s t r i ng ana u s e s  i t  i n s t eaa . 

. MAC RO @ F L  

. I F % 1 < 2 5 6 
JMP * + % 1 +4 

@F . B YTE % $ 1 , 0  
LDA # < @ F  
STA ICBADR , X  
LDA # > @ F 
STA I C BADR+l ,  X 
. EL S E  
LDA # < % 1  
STA I C BADR , X  
LDA # > % 1  
STA I C BADR+l , X 
. END I F  
. ENDM 
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The ma i n  macro here i s  " X I O " , a macro to 
imp l ement a s im u l a t ion o f  BAS I C ' s  X I O  command . 
Th e gene r a l  syntax o f  the usage o f  th i s  macro i s : 

X I O  command , chann e l  [ , auxl , au x 2 ] [ , fi l e spe c ]  

whe r e  cha n n e l  may b e  a con s t a n t  from 0 to 7 
or a memory l o c a t ion . 

wh e r e  command , auxl , and aux2  may b e  a constant 
from 0 to 255  or  a non- z e ro pag e location 

wh e r e f i l e spec may be a l i teral  s t r i ng or 
a non- zero  page locat ion 

if auxl  and  aux2 a r e  omi tted , they are a s s umed 
to be zero ( you may not om i t  aux2 only ) 

i f  the f i l espec i s  om itted , i t  i s  a s s umed to 
be 1 1 8 : 1 1 

. MAC RO X I O  

. IF %0 < 2  . OR % 0 > 5  

. ERROR " X I O : wrong number o f  pa ramete r s "  

. EL S E  
@ C H  % 2  
@ CV % 1  
STA ICCOM , X  command 
. I F % 0 > =4 

@CV % 3  
S TA ICAUXl , X  
@ CV % 4 
STA I CAUX2 , X  

. ELSE  
LDA #0  
STA I CAUX l , X  
STA ICAUX2 , X  

. ENDIF 

. I F %0=2 . OR % 0 =4 
@ FL " S : " 

. ELSE 
@FPTR . - % 0  

@FL % $ ( @ F PTR ) 
. ENDIF 
JSR C I O  

. END I F  

. ENDM 
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Did you fo l low a l l  that ?  Th e t r i ck i s  that , the way 
"XI O "  is spec i f i ed ,  it is l ega l  to pas s  it 2 ,  3 ,  4 ,  o r  
5 arguments � but e ach o f  thos e  numbers  represents  a 
uni q u e  combi nation o f  paramete r s ,  to w i t : 

XIO command , channe l 
XIO command , channel , f i l espec 
XIO command , channe l , auxl , a u x 2  
XIO conunand , channe l , auxl , aux 2 , f i lespec 

Th i s  i s  not a t r i v i a l  macro e x amp l e .  P e rhaps you 
not h a v e  occas ion to wr ite someth i ng so compl ex . 
MAC / 6 5  prov i d e s  the too l s  to do many things i f  yo u 
them . 
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CHAPTER 6 :  COMPAT I B I L I TY 

There a r e  many d i f ferent 6 5 02  a s s embl e r s  ava i l abl e ,  and 
it  seems that each has a few foib l e s , bug s , or wha t ever 
that are  un ique l y  its  own ( and , o f  cour s e ,  they a re 
c a l led " feature s "  by the i r  promoters ) . We l l , MAC / 6 5 i s  
no d i f ferent . 

Th i s  chapter i s  d evoted to t e l l i ng you o f  some o f  th e 
thi n g s  to watch out for when conve r t i ng from anoth e r  
6 5 0 2  a s semb l e r  to MAC /6 5 . W e  wi l l  r e s t r i c t  o u r s e l v e s  
t o  s u ch th ings  as  d i rectives  a n d  ope rato r s . W e  wi l l  
NOT g o  i nto a d i s c u s s ion o f  how t o  convert the actual  
6 5 0 2  opcode s  ( equiva l ent l y :  i n struction s , mnemon i c s , 
etc . ) .  We con s i d e r  i t  mandatory that any good 6 5 0 2  
as s e mbler w i l l  fo l l ow t h e  MOS Techno logy s t a ndard i n  
th i s  regard . 

Ex ampl e :  We know o f  some antique 6 5 0 2  a s semb l e r s  that 
spe c i fy th e v a r ious add res s i ng mode s  via spe c i a l  
opco d e s . Thus  the conventional  " LDA # 3 " become s 
" LDA IMM 3 "  and " LDA ( Z I P ) , Y " becomes " LDA IY Z I P " . 
Un fo rtunat e l y ,  th ere  wa s never any s tandard e s t ab l i shed 
for s u ch d i s tort ions , so we sha l l  ignore them a s  
ant i q ue a n d  outmoded . I n  a n y  cas e , u n l e s s  you a r e  
ent e r i ng a prog ram o u t  o f  a n  older  magazi n e , y o u  a r e  
un l ik e l y  to r u n  i nto o n e  o f  the s e  s trange b e a s t s . 

The r e s t  o f  th i s  chapte r  pays homage to our b i rthr ight . 
MAC / 6 5  i s  a d i rect  d e s c endant o f  the At a r i  
ass e mb ler/ ed itor cartr idge ( via EASMD ) .  A s  much a s  
po s s ible , we h a v e  t r i e d  to k e e p  MAC / 6 5 compatib l e  wi th 
the cartridge . Un fortuna tely , in the interest  o f  
prov id ing a more powe r fu l  too l , a few thi n g s  had t o  be 
cha n g ed .  Th e n e x t  s e ction  o f  th i s  chapter , the n , 
enume rates the s e  chang e s . 

6 . 1  ATARI ' S  ASSEMBLER/EDITOR CART R I DGE 

Th i s  s e c t ion presents  a l l known functiona l d i f ferences  
between  the Ata r i  c a rt id g e  a nd MAC /6 5 .  Obvious l y ,  
MAC / 6 5  al so has many more features not enumerated h e r e , 
but they wi l l  not impact the trans ferrance o f  code 
ori g i nally d es ig ned fo r the cartridge ( o r , for  that 
matt e r ,  EASMD ) .  
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6 . 1 . 1  . OPT OBJ I NOOBJ 

By d e fa ul t ,  the Ata r i  c a r t r idge produc e s  ob j ect cod e , 
even when the d e s t inat ion o f  the ob j ect is RAM memory .  
Th i s  i s  a d ang e rous prac tice , a t  bes t : i t  i s  too easy  
t o  make a m i s take i n  a prog ram and wr ite  over  DOS , the 
user ' s  source , the s c reen memory , or even ( horror o f  
hor r o r s ) some o f  the ha rdwa re reg i ster s . 

MAC /6 5 mak e s  a spe c i a l  c a s e  o f  ob j ect i n  memory : you 
don ' t  get i t  un l e s s  you ask for i t . You MUST have a 
" . OPT OBJ " di rective  be fore the code to be g e nerated or 
the code wi l l  not be produced . 

6 . 1 . 2  OPERATOR PRECEDENCE 

The cartridge a s s igns no precedence to 
ope r a tors . MAC / 6 5  u s e s  a precedence 
BAS I C ' s .  Mos t  of the t ime , th i s  causes no 
but watch o ut for m i x ed expres s ions . 

LOA # LABEL- 3 / 2 5 6  

a r i thmetic 
s im i l a r  to 

prob l ems ; 

Ex ampl e : 
s e e n  a s  
s e e n  a s  

LOA # { LABEL- 3 } / 2 5 6 b y  the cartridge 
LOA #LABEL - f 3 / 2 5 6 } by MAC/6 5 

6 . 1 . 3 THE . I F D I RECT I VE 

The impl ementat ion o f  . I F  i n  the cartr idge i s  c l umsy 
and unusab l e . MAC/ 6 5 ' s  imp l ementation i s  more 
conv entiona l and much more powe r fu l . Rather than try 
to o f fer  a l ong e x amp l e  here , we wi l l  s impl y  r e fe r  you 
to th e appropriate s e c t ions o f  the two manua l s . 
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CHAPTER 7 :  ERROR DESCRIPTIONS 

When an error occurs , the system wi l l  print 
* * *  ERROR -

fo l lowed by the error number ( un less the error wa s 
generated with the . ERROR assembler directive ) and , for 
most error s , a descriptive message about the error . 

Note : The As sembler wi l l  print up to 3 errors per l ine . 

The format used in the l is ting of descriptions wh ich 
fol lows i s  s imply ERROR NUMBER, ERROR MESSAGE , 
desc ription and pos s ib l e  causes . 

1 MEMORY FULL 
A l l  user  memory has been used . I f  issued by the 
Editor , no more source l ines can be entered . I f  
i s sued by the As s embler , n o  more label s  o r  macros 
can be defined . 

NOTE : I f  memory ful l occurs during assembly and 
the source code is located in memory , SAVE the 
sourc e  to d i s k ,  type NEW , and assembl e  from the 
disk instead . Now the assembler can use a l l  of 
the space formerly occupied by your source for 
macro and s ymbol tables , etc . 

2 I NVALID DELETE 
Either the fir s t  l ine number is not present in 
memory , or the second l ine number is l ess  than the 
first l ine number . 

3 BRANCH RANGE 
A relative instruction re ferences  an addres s  
d i splacement greater than 1 2 9  o r  l e s s  than 1 2 6  
from the current addre s s . 

4 NOT Z -PAGE / IMMEDIATE MODE 
An expression for indirect address ing or immed iate 
addres s i ng has resolved to a value greater than 
2 5 5  ( $ FF) . 

5 UNDEF INED 
The As s embler has encountered a unde fined label . 

6 EXPRESS ION TOO COMPLEX 
The As s embl er ' s  operator stack has overflowed . I f  
you must use a n  express ion a s  complex a s  the one 
which g enerated the error , try breaking it down 
u s ing t emporary SET l abe l s  ( i . e . , us ing " . = " ) . 
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7 DUPL I CATE LABEL 
The As s embl e r  has  encountered a l ab e l  i n  the l ab e l  
c o l umn wh ich has a l ready b e e n  d e f i ned . 

8 B UFFER OVERFLOW 
The Ed i tor  syntax b u f f e r  has  ove r f l owe d . Shorten 
the i nput l ine . 

9 COND I T I ONALS NEST ING 
The . IF- . ELSE - . END I F  construct i s  not prope r ly 
n e s ted . S i nce MAC/6 5 cannot detect e x ce s s  
. ENDI F s , the prob l em mus t  be  an  EXT RA . ELSE o r  
. ENDI F  instead . 

1 0  VALUE > 2 5 5  

1 1  

The r e s u l t  o f  a n  expr e s s ion e x ceeded 2 5 5  wh en o n l y  
o n e  byt e wa s need ed a n d  a l lowed . 

COND I T I ONAL STACK 
The . I F - . ELSE- . END I F  n e s t i ng has gone 
n ur.,be r a l l owed . Cond i t iona l s  may be 
m a x imum of 14 level s .  

pa s t  the 
nested a 

1 2  NESTED MAC RO DEF I N I T ION 
The A s s emb l e r  encountered a s econd . MACRO 
d i rec t i ve b e fore the . ENDM d i rective . Th i s  e rror 
w i l l  abort a s s embly . 

1 3  OUT OF PHASE 
Th e addre s s  g ene rated i n  pa s s  2 for a l ab e l  does 
not match the add r e s s  generated in  pa s s  1 .  A 
c ommon c a u s e  o f  thi s  error are  fowa rd re ferenced 
addres s e s . If  u s i ng cond i t iona l a s s embl y  ( wi th or  
w i thout  mac ros ) ,  thi s error can resu l t  from a . I F 
evaluat ing t r ue d u r ing one pa s s  and fa l s e  dur i ng 
the oth e r . 

1 4  *= EXPRES S I ON UNDE F I NE D  
T h e  prog ram counter  wa s forwa rd re ferenced . 

15 SYNTAX OVERFLOW 
The E d i to r  is unab l e  to syntax the source l ine . 
S impl i fy compl ex expr e s s ions or break the l i ne 
i nto m u l t ip l e  l i n e s . 

1 6  DUPL I CATE MACRO NAME 
An attempt wa s made to d e f i n e  more than one M a c ro 
w i th the s ame name . Only the f i r s t  d e f i n i t ion  
wi l l  be va l id . 

1 7  L I NE # > 6 5 5 3 5  
T l-i e  Ed itor cannot accept l ine numbers g r e a t e r  tha n  
�) S 5 3 S . 
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1 8  M I S S ING . ENDM 

1 9  

2 0  

I n  a Macro de f i n i t ion , a n  
the corre spond i ng . ENDM 
d e f i n i t ions cannot c ro s s  
e r ror wi l l  abort a s s embly . 

NO O R I G I N  

E O F  wa s reached be fore 
t e rm i na�or . Macro 

f i l e  boundrys . Th i s  

The * =  d i r ective 
Note : Th i s  e rror 
is wr i t i ng ob j ec t  

i s  m i s s i ng from the prog r am . 
wi l l  only  occur i f  the a s s embl e r  
code . 

NUM / REN OVE RFLOW 
On the REN or NUM command , the 
g enerated wa s g reater than 6 5 5 3 5 . 
the error , enter i ng a va l id REN w i l l  
probl em . I f  NUM i s s ued the 
a u to- n umbe r i ng wi l l  be aborted . 

l ine number 
If R E N  i s sued 

correct the 
error , the 

2 1  NESTED . INCLUDE 

2 2  

A n  i n c l uded f i l e  cannot i t s e l f  cont a i n  an . I NCLUDE 
d i re c t i v e . 

L I ST OVERFLOW 
The l i s t  output b u f fe r  h a s  
charac t e r s . U s e  sma l l e r  numbers  
d i rective . 

e x ceeded 2 5 5  
i n  the . TAB 

2 3  NOT SAVE F I LE 
An attempt was made to load or a s s embl e  a f i l e  not 
c reated with the SAVE command . 

2 4  LOAD TOO B I G  
The l o ad f i l e  cannot f i t  i nto memory . 

25 NOT B I NARY SAVE 
The f i l e  i s  not in a va l id b i nary ( memory imag e ,  
a s s embl e r  ob j ect , e tc . )  format . 

2 7  I NVALI D  . SET 
The f i r s t  d c n um i n  a . SET spec i f ied a non- e x i s tant 
A s semb l e r  system parame ter . 

3 0  UNDE F INED MACRO 
The As s embl e r  encountered a re ference to 
wh ich is not d e fined . Macros must  
d e fined before they c a n  be expanded . 

3 1  MACRO NEST I NG 

a Macro 
f i r s t  be 

The max imum l evel o f  Macro nes t i ng has  ex ceeded 1 4  
l eve l s . 
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3 2  BAD PARAMETER 
In a Macro e xpan s ion , a re ference wa s made to a 
nonex i s tent pa ramete r ,  o r  the pa rameter number 
speci f i ed wa s g reater than  6 3 . 

1 2 8  - 2 5 5  [ opera t i ng sys tem e r ro r s ] 
E r ror numbers  over 1 2 7  are  generated i n  th e 
opera t i ng sys tem . Re fer  to the OS/A+ manual  fo r 
d etai l ed d e s c r iptions o f  such errors  and the i r  
c a u s e s . 
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APPENDIX A 

Actual l y , the bulk o f  this  appendix i s  contained on 
your mas ter MAC/6 5  diskette in the form of a system 
macro fi l e . Th i s  appendi x  i s  here s imply to alert you 
to the existence o f  the file  and to give a brief 
desc r iption of  the macros available . We would suggest 
that you use MAC/6 5  to LOAD and LIST ( to a pr inter or 
the screen ) the file  I OMAC . LIB . 

May we suggest that you adopt a naming convention for 
you MAC/6 5  files , both SAVEd and LISTed , that does not 
con f l ict with anything? We use the following 
extens ions ( though you are obvious ly free to rename our 
file s  to your own preferences ) : 

. M6 5  MAC/6 5  SAVEd files 

. ASM MAC/6 5  LISTed fi les 

. LI B  MAC/6 5  SAVEd l ibraries 
( note that C/6 5  insists on 
its runtime l ibrary being 
named RUNT I ME . LIB , hence this  
conv ention ) 

In any case , the macros available in I OMAC . LIB are : 

OPEN chan , auxl , aux2 , fi lename 
Opens the given fil ename 
channel using auxl and aux2 
specifications . 

PRINT chan [ , buffer [ , length ] ] 

on the given 
as per OS/A+ 

I f  no buf fer g iven , prints j ust a CR on 
chan . I f  no length given , l ength assumed 
to be 2 5 5  or pos ition of CR,  whichever is  
smaller . Buffer may be l iteral string , in 
wh ich case length is  ignored i f  given . 

INPUT chan , buffer [ , l ength] 

BGET 

I f  no length given , defaults to 2 5 5  bytes . 

chan , buffe r , l ength 
Binary read , a la BASIC  
number of bytes into the 
addres s .  

XL , o f  l ength 
g iven buffer 

BPUT chan , buffer , length 
Binary write of l ength number of bytes from 
the given buffer addres s .  

CLOSE chan 
Closes the g iven fi l e . 
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NOTES : 

XIO command , chan [ , auxl , aux2 ] [ , filename] 
As desc ribed in chapter 5 .  

" chan " may be a l iteral channel number ( 0  through 
7 ) or a memory location containing a channel 
number ( 0  through 7 ) . 

" auxl 11 , 11 aux2 11 , 
either literal 
locations . 

" length " , and " command " may a l l  be 
numbers ( 0  to 2 5 5 )  or memory 

" fi l ename " may be either a l iteral string 
" D : FILE l . DAT " ) or a memory location , the 
as sumed to be the addres s  of the start 
fil ename string . 

( e . g .  I 

latter 
of the 

Where memory locations are given instead o f  
l iteral s ,  they must be non-zero page locations 
wh ich are defined BEFORE their usage in the 
macro ( s ) . The following example wi l l  NOT work 
properly I I : 

PRINT 3 , MESSAGE l : WRONG ! 

MESSAGE l . BYTE " This WON ' T  WORK I l l  " 

These macros are useful instruments , but they real ly 
are meant only as exampl es , to show you what you can do 
with MAC/6 5 .  Please feel free to study them and change 
them as you need . 
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PREFACE 

BUG /6 5  is an interactive debugging too l for use in the 
development of a s s embly l anguage programs for the ATARI 
800 or ATARI 400 personal computers . I t ' s  des igned to 
tak e as much o f  the drudgery out o f  a s s embly l anguage 
debugging as pos s ib l e . The des ign ph i l osophy behind 
BUG /6 5  is that the computer should s erve a s  a too l in 
the debuggi ng process as oppos ed to a hindrance . One 
res u l t  of thi s  phi losophy is that BUG/ 6 5  requi res  a 
rel a t ively l arge amount o f  memory when compared to 
s impler  debug moni tors . Th i s  i s  the re s u l t  of a 
trad eoff between memory and functiona l ity , with 
fun c t ion winning out . 

BUG /6 5  i s  a RAM l oaded machine l anguage program 
occ upying B K  o f  memory : i t  i s  se l f  re locatab l e  a s  
shipped a n d  requires a fu l l  4 B K  bytes o f  memory . 
BUG / 6 5  i s  a l so des igned to be f loppy d i sk bas ed it 
isn ' t  intended to be used in cassette-only systems . 
BUG /6 5  was des igned for use  by an experi enced a s s embl y  
lang uage programmer .  

BUG/6 5  i s  a n  original product o f  the McStuff Company , 
whi ch deve l oped the product under the name " McBUG " ,  
which name i s  the i r  trademark . 

For use on the ATARI 800 or 4 0 0  computer with a 
minimum o f  48K o f  RAM and one f loppy d i sk drive . 

TRADEMARKS 

The fol lowing trademarked names are used in various 
pla c e s  with in th i s  manua l , and cred i t  i s  hereby g iven : 

OS /A+ , BUG/6 5 , MAC/ 6 5 ,  and C/ 6 5  are trademark s of  
Opt imized Systems So ftwa re , Inc . 

App l e ,  Appl e  I I ,  and Appl e  Compute r ( s )  are trademarks  
of Apple  Comput e r , I nc . ,  Cupertino , CA 

Ata r i , Atari 4 0 0 ,  Atari 8 0 0 ,  Atari Home Computer s , and 
Ata r i  850 I nterface Modu l e  are trademarks o f  
Atar i ,  Inc . , Sunnyval e ,  CA . 
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* 

* 

SUMMARY OF MAJOR FEATURES OF BUG/6 5 

A ful l set o f  d ebugging command s change 
memo ry, d i s p l ay memory , goto user program with 
break points ,  e t c . 

Binary 
wri t e . 

fi l e  read and write , i nc l ud ing appended 

* A d i sa s s embl er . 

* An instant 
capabi l i ty . 

a s s embler providing l abel ing 

* 

* 

* 

* 

* 

Expanded command addre s s ing capab i l i ty : hex or 
dec i ma l  add resse s ,  + and - operators supported , 
rel o cated addre s s e s  supported . 

Read or wr i t e  d i sk sector ( s ) . 

Mu ltip l e  command s pe rmitted in a command l ine . 
Command l i n e s  c an be repeated with a s i ng l e  
keys t roke or repeated forever with the spe c i a l  
slash operator . 

Suppo rt for relocatab l e  a s s emblers  - the base o f  
a mod u l e  c a n  b e  spe c i fied and then u s e d  t o  
ref e r ence addre s s e s  in  that modul e .  

BUG /6 5  commands can be executed from a command 
filP , and there is a command to create command 
fi l e s .  

* Hex to decimal and decima l to hex convers ions 
prov ided . 

* Memory protection of BUG/ 6 5 ' s  code and data . 

* 

BUG / 6 5  won ' t a l low you to use a BUG / 6 5  command 
that wi l l  d e s troy any part of BUG/6 5 itsel f .  
For exampl e ,  you c an ' t  use  the Fi l l  command to 
ove rwrite BUG/6 5 ' s  code . 

P age z e ro sharing . 
a u s e r  prog ram by 
shar ed pag e  zero 
and one for BUG/6 5 

BUG / 6 5  share s page zero with 
keeping two copies  o f  the 

locations - one for the user  
i t s e l f .  
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SECT ION 1 : COMMAND SUMMARY 

Th i s  section i s  intended to be a handy re ference guide 
and wi l l  probabl y  prove i nd i spensab l e  a fter the u s e r  
h a s  thoroughly read through the rest  o f  thi s  manual . 
For the experienced debug user , might we suggest at 
least a quick perusal  o f  Section s 2 through 6 and 
Sections 8 and 9 .  

The fo l lowing tab l e  i s  s imply a s yntax summary o f  the 
avai l ab l e  command s .  Excepting for the f i r s t  three 
command s ( which are desc ribed i n  Section 8 ) ,  a l l  the 
command s are described in  alphabetical order in  Section 
7 .  

COMMAND 
CODE 

{ RETURN } 

I 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

SYNTAX 

A < ad d r > )S  

B < addr>  

PURPOSE 

Repeat last  command l ine 

When appended to a command 
l ine : repeat l ine forever . 

Di splay l as t  command l i ne 

As c i i  mode memory change 

Ba s e  addre s s  for re locat ion 

C < startaddrl > < endaddrl > < s tartadd r2 > 
Compa re memory b lock s 

D < s tartad d r >  r < endaddr > ]  D i spl ay memory 

E # fi l espec E x e cute a command f i l e  

F < startaddr >  < e ndaddr>  [ < v a l u e > ] 
F i l l  memory block wi th va l u e  

G [ < s tartadd r > ] [ @ <breakpo i n t >  [ Rn• < v a l u e > ] [ ! = < count > ] ] 
Go at addre s s ,  s et optiona l 
breakpoint , with optiona l Reg i s t e r  
v a l u e  breakpo i n t  and pa s s  Counte r .  

H < numberl > <number2 > Hexad e c ima l a r i thmet i c  r e s u l t  

I d i sk I nventory ( d i re c tory l i s t i ng ) 

J # fi l e spec , s tr i ng create command f i l e  

K < n umber >  convert hex to d e c ima l 
--2 --



L L < startaddr>  <endaddr> <bytel > [ <byteN> . . .  ] 
Locate byte string i n  memory 
block 

M M < startaddr> < endaddr> < toaddr>  
Move memory block 

P P r s ] [ P ]  Print output on Screen and/or 
Printer 

Q Q Qu it . . .  go to OS /A+ 

R R r < offset > ] # f i lespec Read a bina ry f i l e  to memory 
with optiona l offset 

R% R% [ < s ectornumber>  [ <bufferaddr> [ < numsectors > ] ] ] 

s S < addr>)S 

Read s ector ( s )  from d i sk to 
memory buffer 

Subst itute memory , 
mode 

numeric 

T T [ S J  [ < count > ] Trace , with optiona l Sk ip 
over subroutine cal l s ,  for 
( optiona l ) count instruc tion s 

U U < addr >  [ <param> ] ca l l  User routine at g iven 
address  and pas s  optional 
parameter in X , Y reg i sters 

V V View user reg i sters 

W W [ : A ]  < s tartaddr>  < endaddr> # fi l espec 
Write a block o f  memory to a 
binary image f i l e , optional ly 
append ing i nstead of creating 
new fi l e . 

W% W% [ < sectornumber >  [ <buf feraddr> [ < numsector s > ] ] ] 
Wr ite sectors from memory 
buffer to d i sk 

X XA or XX or XY or XS or XP or XF 
change user reg i ster value 

Y Y < startaddr >  [ < endaddr > ]  
d i s a s s embl e  memory block 

z Z < addr > )S  instant a s s embler ( at addre s s ) 
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SECTION 2 :  Notat ions Used I n  Th i s  Manua l 

The fo l lowing notations are used in th i s  manual : 

I s  used to indicate a numeri cal  address 
parameter . The address  express ion betwe en the 
two characters  " < "  and " > "  may be any valid  
add r e s s  as  described in Sec tion 3 . For  example , 
<START >  means that you can enter any val id 
add r e s s  expres s ion to spe c i fy the START 
parameter . 

� I s  used to ind icate one and only one bl ank . I n  
most cases , blanks are  i n s igni f icant and any 
number of them may be ente red betwe en command s 
and parameters . Howeve r ,  i n  certain cases , one 
and on ly one blank must be entered - thi s  b l ank 
is ind icated by the " � "  character . 

[ . . .  ] I s  used to spec i fy a n  optional parameter .  For 
examp l e ,  [ <VALUE > ]  would  i ndicate that VALUE i s  
an opt iona l address  parameter . You ' l l  find that 
many parameters are opt iona l ,  and i n  such cases  
log i c a l  de fault values wi l l  be suppl ied by 
BUG /6 5 .  

or I s  used to del imit a l i s t  o f  choices . In such a 

list , one and only one cho ice may be used . For 
examp l e ,  "+ or - " ind i cates that you may enter a 
plu s  s ign or a minus s ig n ,  but not both . 

fil e spec I s  used to indicate a standard OS /A+ f i l espec . 
Th i s  cons i s t s  o f  the device name fo l lowed by a 
colon and the f i l ename . For exampl e ,  
"D : DATAF ILE " i s  a val id f i le spec for a f i l e  
named DATAF I LE on disk drive one . 
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SECTION 3 :  Addre s s  Parameters 

BUG /65  a l lows numerical addre s s e s  to be spec i f ied in a 
var i ety o f  ways . You c an use  hexadecimal or decimal 
notat ion , add and subtract terms , or add a re location 
factor to any addre s s . The fo l l owing Backus-Naur 
defi n ition s  desc r ibe the various address  type s : 

<ADDR > : = 

<TERM > : =  

<NUMBER> : = 

<DECNUM > : = 

<HEXNUM > : =  

+ or - <TERM >  [ + or - <ADDR> ] 

< NUMBER> or X <NUMBER> 

< DECNUM > or < HEXNUM > 

. < DEC IMAL DIGITS > 

<HEXADEC IMAL DIGITS>  

In  the  above , the only i tem not l itera l ly defined is  
the "X"  item in the de finition o f  a TERM . Th i s  is  used 
to ind icate that the fo llowing NUMBER i s  to be 
relocated by add ing the va l ue o f  the current re location 
bas e  to the v a l ue o f  NUMBER .  The cur rent re locat ion 
bas e  is set by the " B "  command . 

Al l address  pa rameters are interpreted as 1 6-bit 
po s i t ive n umber s  in the range of  0 to 6 5 5 3 5 . Over flow 
isn ' t  detected or reported a s  an error . 

Some examp l es wi l l  help ( a l l  of the se are val id addres s  
expr e s sion s ) :  

lFA l 

. 100  

1 000+ . 20  

1+2 -3 +4 

Xl234  

a hexadecimal number . 

a decima l number ( one hundred ) • 

a hexadecimal number plus  a decima l 
n umber . Th i s  eva l uates to 1 0 1 4  hex 
( 4 1 16 decima l ) . 

a l ong express ion . Eva luates to 4 .  

a re located address . I f  the current 
r e locat ion base has the val ue $ 1 000 , 
then th i s  expre s s ion wi l l  eva luate 
to $ 2 2 34 .  
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3 . 1 Spaces  as Parameter De l imiters 

BUG /6 5 uses spaces as  parameter d e l imiters . 
for easier and quicker entry o f  command s .  
does introd uc e some convent ions regard ing 
spa c e s  that you mus t b e  awa r e  o f :  

Th i s  makes 
However , it  

the use o f 

* 

* 

* 

Spaces may not be embedded in a number . For 
example , "1 2 3 4 "  is interpreted as two 
parameters ( $ 1 2  and $ 3 4 )  and not as the s ing l e  
parameter $ 1 2 34 .  

Spaces aren ' t  a l lowed betwe en the " X "  relocat ion 
spe c i fier and it ' s  as sociated relocated addres s .  
For example , "X  1 2 3 4 "  is  interpreted a s  two 
parameters . Th e  fir s t  wi l l  have the va l ue o f  
the c urrent relocat ion base and the se cond i s  
$ 1 2 3 4 .  

Any number o f  spaces  may be 
parameters . For exampl e ,  
per f e ctly v a l id way o f  
parameters $ 1 23 4  and $ 5 6 7 8 . 
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SECTION 4 :  Loading and Running BUG/6 5 

BUG /6 5 i s  shipped on your master d i skette as a 
re loc atable  COMmand f i l e ,  named " BUGG S . COM " . 
There fore , BUG/6 5 functions j ust as does any OS/A+ 
extr insic command : s imply type " BUG6 5 "  when OS/A+ 
prompts wi th Dl : ( or Dn : i f  you have changed default 
dri ves  . . .  see the OS/A+ manual  for more detai l s )  and 
BUG / 6 5  wi l l  load into memory and relocate itse l f  to 
just  above the current value of LOMEM ( contents o f  
$2E 7 - $2E8 ) . 

4 . 1  Spe c i fying BUG /6 5 ' s  Load Address 

If  you need BUG/6 5 to load at �ome location other than 
LOMEM ( which i s  typic a l ly around $ 2 000 with OS/A+ 
ver s i on 2 and around $ 2 C00 w i th vers ion 4 ) , you may 
al so enter a load address  on the OS /A+ command l ine . 
The addre s s  mus t  be in  hex , must be at or be low $ 9A00 , 
and should be above LOMEM . Remember ,  BUG /6 5 occupi es 
8K bytes , wh ich means it  wi l l  occupy memory starting at 
the addres s you g ive and end ing $ 2000 bytes higher . 

EXAMPLE : 
[ D l : ]BUG 6 5  8000 

Th i s  usage wi l l  load BUG/6 5 at $ 8000 , s et its  
re s tart point at $ 8200 , and occupy memory 
from $8000 through $ 9FFF . 
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4 . 2  Creating a Non-Re locatable  Ve r s ion 

In order to a l low itse l f  to be relocated virtua l ly 
anywhere i n  memory , BUG/6 5 a s  shipped inc l udes a 
relo cation bit map and a relocation program . I n  
add i t ion , relocatab l e  BUG/6 5 a lways l oad s in at 
loc a t ions $ 9 800 through $ BC00 . I f  the s e  addre s s e s  are 
"po i son" to you ( e . g . , if you want to use BUG/6 5 with a 
cart r idge p l ugged in ) , you may wi sh to produce a 
non- relocatable vers ion d e s igned to run within an 
add r e s s  range you pick . 

I f  so , US ING A 48K SYSTEM , s impl y  spec i fy the 
load point , as shown in the preced ing section ( e . g ,  v i a  
" BUG G S  7000 " )  a n d  a l low BUG/6 5  to load and relocate . 
Then exit to OS /A+ ( via Qu i t ) and use  the OS/A+ 
int r insic command SAVE to save a non- relocatab l e  
vers ion .  The addres s  range t o  b e  SAVEd may be 
cal c u l ated a s  fo l lows : 

SAVE f i l ename . COM loadpoint+ $ 2 00 loadpoint+ $ 2 000  

Thus , i f  you had spe c fied " BUGG S  7 000 " ,  you could  s ave 
the non-relocatab le  version v i a  

SAVE BUG7 00 0 . COM 7 2 00 9 0 0 0  

thu s  al so giving i t  a name 
wher e  it wi l l  load at . To 
ver s ion ,  s imply type i n  
exampl e  shown ) . 

wh ich wi l l  l ater remind you 
execute thi s  non- relocatab l e  

i t s  name ( BUG7000 i n  the 
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SECTION 5 :  Command Entry 

When you see BUG/6 5 ' s  input prompt ( the " > "  character ) 
in the left-hand co lumn of the screen , then you ' re in 
command entry mode . Any data typed at that point wi l l  
be entered into the command l i ne buffer - the command 
line i sn ' t executed unt i l  you type RETURN . You can 
ent e r  as many commands in one command l ine as wi l l  fit 
in the command l ine buffer ( 1 00 characters ) .  As soon 
as you type the RETURN , you ' l l l eave command entry mode 
and BUG/6 5 wil l  beg in executing the command ( s )  in the 
command line . 

You can tell  the difference between command entry mode 
and command execution mode . In command entry mode , the 
cursor is d i splayed . When a command is executing , the 
cursor is b l anked . I f  you try to enter more than 1 00 
characters in the command l i ne ,  BUG/6 5  wi l l  beep the 
bel l and not allow any more characters to be input . At 
that point , you may e i ther hit RETURN to execute what ' s  
in the command l i ne so far , or edit some characters out 
of the command l i ne wi th the BACKSPACE key . 

5 . 1  Command Line Editing 

When entering commands ,  you may ed it mistake s with the 
BACKS PACE key . The BACKS PACE wi l l  move the cursor one 
col umn to the l e ft and delete whatever character was in 
that column . Un fortunately , the normal sys tem editing 
fac i l ities aren ' t  supported . Thi s  is because of the 
manner in wh ich BUG/6 5 doe s keyboard input . 
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5 . 2  Normal and Immed i ate Type Commands 

BUG /6 5 has two types o f  command s normal and 
immediate . Normal command s are tho se  that don ' t  
requ i re interaction with the ope rator fo r the ir 
exec ution . Immediate command s do require operator 
inte raction . No rma l l y ,  you ' l l never be aware of the 
dis t i nction between the two types command entry 
" fl ows " without any cons ideration of the command type 
requ ired .  The only d i f fe rence is that an immediate 
command mus t  be the first command entered in a command 
line . Onc e  an immed iate command is entered , BUG/6 5 
wil l  begin interacting with the operator fo r further 
inpu t . S i nce thi s  interaction is  requi red for 
compl etion o f  the command , i t  doesn ' t  make sense to 
all ow immediate commands to be " stacked " i n  the middle  
of a command l ine for execution between other command s .  
I f  you try to enter an immed iate command i n  the midd l e  
of  a command l ine , you ' l l g e t  a n  " IMMEDIATE ERROR" 
erro r message and find your sel f  back in the command 
entry mode . 

The immediate command s are the "A"  command ( ASCI I 
memory change ) ,  the " S "  command ( hex memory change ) ,  
the " X "  command ( change user reg i sters ) ,  and the " Z "  
command ( in stant assembler ) .  

5 . 3  Command Execution 

For a normal type command , BUG /6 5  wi l l  beg i n  command 
exec ution as soon as you type RETURN . For immediate 
type commands ,  BUG/6 5 w i l l  beg i n  command execution as 
soon as  you type the command character ( provid ed that 
char acter is the first character in the command l i ne ) . 
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5 . 4 Mu l tiple Command s on a Line 
- -- - - - - --------------- - - - -- - - - -- -

Mu l tipl e command s may be entered on the same command 
line . Normally,  success ive command s in the command 
line don ' t  require command s eparators between them 
oth e r  than at least one space character . Th e  
except ions to thi s  a r e  commands for which a n  optional 
parameter i s  being defaulted . For exampl e ,  the display 
memory command ( "D " ) may have an optional parameter 
spe c i fied a s  the end o f  the area of memory to be 
disp l ayed . If that end ing parameter isn ' t  spec ified , 
BUG / 6 5  wi l l  default the end to the start plus eight 
byt e s . If you wanted to enter two succes s ive display 
commands in the command l i ne without d e faulting the end 
parameters , you could type 

D 1 000 1 0 1 0  D 2000 2 0 1 0  

and n o  command separators would b e  required because 
BUG /6 5 knows that the "D" command only has two 
parameters a nd wi l l  interpret further characters in the 
command l i ne as the beg inning of a new command . 
However , i f  you wanted to d e fault the end i ng addres s  o f  
the fi rst d i splay command , then you ' d  have to insert a 
command separator so that BUG/6 5 knows that the first 
disp l ay command i s  finished . I f  you d idn ' t  do thi s ,  
then the s econd display command " D "  wou l d  be 
inte rpreted as the second parameter o f  the first 
disp l ay command ( the end address would be interpreted 
as $ 0 D .  The command s eparator i s  a comma , so in thi s  
cas e  you wou l d  enter the command s as fo l lows : 

D 1 000 , D 2000 2 0 1 0  

--1 1 --



SECTION 6 :  Command Termination 

This s ection describes  the many ways that a command 
wi l l  stop . 

6 . 1  Normal Termination 

Once a command l ine is g iven to BUG / 6 5  for execution , 
BUG / 6 5  wi l l  execute a l l  of the command s in the l ine to 
conc l usion before returning to command entry mode . 
It ' s  pos s ib l e  to instruct BUG/6 5 to execute a command 
l ine " forever"  ( see Section 8 . 2 ) , in which case BUG/6 5 
wi l l  never come back to command entry mode unti l  you 
manua l ly i ntervene ( wi th ESC or BREAK - see Section 
6 . 4 )  

6 . 2  Error Termination 

If an error occurs in command execution , BUG/6 5 wi l l  
beep the be l l  and display a short error message i n  
Eng l ish ind icating the c a u s e  o f  the error . Command 
exe c ution wi l l  s top and you ' l l  enter the command entry 
mode . Any commands in the command l ine a fter the 
command wh ich caused the error won ' t  be executed . ( You 
sho u l d  also  be aware that BUG /6 5  wi l l  close any f i l e  
that has b e e n  opened us ing I OCB number one when any 
error occurs . )  ( A  complete l i st o f  error mes s ages  i s  
i n  S e ction 1 4 . ) 

6 . 3  Command Suspen s ion 

Once BUG /6 5  begins executing a command l ine , you may 
temporari ly suspend command execution by hitting the 
spa c e  bar . Thi s  wi l l  put BUG/6 5 in a "ho l d "  condition , 
at wh i ch po i nt you have two a l ternatives :  you c an 
res t a rt the command by hitting the space bar again , or  
you can abort the command with ESC or BREAK . 

6 . 4  Command Abort 

You can abort any command that is executing ( except for 
the read and wr ite d i sk command s )  by hitting the ESC or 
BREAK keys . BUG / 6 5  wi l l  s top ex ecuting the command and 
you ' l l ente r  command entry mode . 
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6 . 5  The RESET Key 

BUG / 6 5  traps the RESET key so that hitting RESET wi l l  
bri ng you back t o  BUG/6 5 .  RESET wi l l  stop any command 
that is  executing .  You ' l l see the BUG/6 5 vers ion and 
copy right prompt , and you ' l l be in command entry mode . 
RESE T  wi l l  r eset a l l  o f  BUG /6 5 ' s  internal stuff except 
for any u s e r  de fined or modi fied parameter s .  For 
example , th e user ' s  registers , the current re location 
bas e , etc . ,  aren ' t  c leared on a RESET - they ' l l  retain 
wha t ever va l ues they had be fore the RESET . ( Al l  o f  
thi s  depend s ,  howeve r ,  on the f a c t  that the reset 
vec tors haven ' t  been mod i fied by the user - either by 
using a BUG / 6 5  command or by a user prog ram . I f  you ' ve 
mod i f ied th e reset vectors ,  then the action o f  the 
RES:ET key i s  your respons ib i l ity . ) 

6 . 6  Manua l Re s tart 

S ince BUG /6 5  i s  r e l ocatab l e , the manual restart point 
( co l d start ) depend s upon where it has been relocated 
to . I f  you spe c i f i ed an addre s s  to load BUG/6 5 when 
you gave the OS /A+ command l ine ( e . g . , BUG65  4000 ) ,  
then the co l d start po int i s  $ 2 00 greater than the 
addr e s s  spe c i f i ed , and you may use ' RUN addre s s ' from 
OS/ A+ i f  des ired ( e . g ,  RUN 4200 i f  the original command 
was BUG65 4 0 00 ) . I n  any c a s e , you may inspect location 
$000C ( via the BUG/6 5 command ' D C ' ) to determine the 
cold start point . The 6 5 0 2  word address  in locations 
$0C and $ 0D ( LSB , MSB orde r ) po ints to BUG /6 5 ' s  restart 
poi nt . The resu l t  o f  a manua l restart i s  the same a s  
i f  th e de fault RESET k e y  proc e s s i ng occurred ( s ee 
sec t ion 6 . 5 ) . 
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SECTION 7 :  Command De sc ript ions 

Th roughout the desc ript ions of the command s ,  comments 
are sometimes pre sented i n  the command l ine exampl e s . 
Th e s e  are d enoted by the characters " *  / " . Anyth ing 
appe aring on a l ine a f ter these  characters i s  a comment 
and is NOT part of the command l ine being exemp l i fied . 

The command s are presented in alphabet ical  order . 
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7 . 1  A - Change Memory , ASCI I  mode 

A <ADDR >]6 

The A command a l lows you to replace the contents o f  
memory byte s  beg i nning a t  location <ADDR > with ASC I I  
char a cters . A s  soon as  you type the required space 
char acter a fter the addre s s , BUG/6 5 wi l l  prompt you 
with the c urrent contents of the memory location at 
<ADDR > .  Those content s wi l l  be d i sp l ayed as  an ASC I I  
cha r acter . At that po int , you have the fol lowing 
opt i ons : 

1 .  Typing a SPACE wi l l  cause the current memory 
location to be skipped and the contents of the next 
memory l o cation to be displayed . 

2 .  'fyping an UNDERLINE wi l l  cause the current addre s s  
t o  b e  decremented b y  one . Th e  new addres s  i s  then 
displayed on the next l ine o f  the screen fo l lowed by 
the contents o f  the new memory l ocation . 

3 .  'fyping a 
current 
line o f  
cur rent 

RETURN wi l l  cause 
memory location to be 

the s c reen fol l owed by 
locat ion . 

the address o f  the 
d i sp l ayed on the next 
the contents o f  the 

4 .  Typing ESC wi l l  get you out of the command and back 
into command entry mode . 

5 .  Typi ng any character other than " @ "  wi l l  cause the 
ATASC I I  value o f  that character to be entered into 
memory at the current addre s s . The address  is then 
incremented by one and the contents o f  the new 
memory l ocation are d i sp l ayed . 

6 .  'fyping the character " @ " causes the next character 
typed to be entered into the current memory location 
as its pure ATASC I I  value without any of its control 
character significance . For exampl e ,  typing " @  E S C "  
wi l l  insert the ATASC I I  va lue f o r  ESC i nto memory . 
'l'he addre s s  i s  then incremented by one and operation 
continue s as  i n  5 .  above . 

After you exerc i s e  any option except option 4 . , BUG/6 5 
wi l l  again  prompt you with the contents o f  the current 
locat ion and you may then choos e  from any option again . 
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7 . 2  B - Set Re location Ba s e  

B <ADDR > 

The B command wi l l  set the value of the re locat ion base 
to ADDR . The relocat ion base i s  intended for use  wi th 
relocating assembl ers . I n a re locatab l e env i ronment , 
l i s t i ngs typic a l ly are addressed from location ze ro . 
When a module to be debugged i s  subsequent ly loaded 
into memory , i t  wi l l  have a relocat ion o f fset added to 
the addre s s e s  in the l i sting . The B command al lows you 
to set  the re location base to the load addre s s  of the 
mod u l e  you ' re work i ng on and then to re ference 
add r e s ses with i n  the modul e by s imply pre f i x i ng each 
add r e s s  express ion wi th the relocator symbol " X " .  For 
exampl e ,  suppose that a re locatab l e  modul e  i s  loaded at 
locat ion $ 5 3 80 in memory . Suppose further that we want 
to d i splay the contents of a memory locat ion which i s  
$ 2 3 0  from the beginn i ng of the modu l e . The fo l lowing 
commands would do the j ob :  

B 5 3 80 ,  D X 2 3 0  

The world  isn ' t overrun with relocating a s s embl ers for 
the ATARI . However , unti l it i s , the B command has 
other  useful appl ications . These  take advantage of the 
fact that the relocation base value is a variab l e  wh ich 
can be mod i fied during command execut ion . For example , 
suppo s e  you know that the string of characters " ABCD" 
is stored somewhere on a d i skette and you want to find 
the s ector that contains it . The fo l lowing commands 
wi l l  do the trick : 

B 1 

D X ,  R% X 4000 1 ,  L 4000 407F 4 1  4 2  4 3  4 4 ,  B X+l / 
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This  uses some commands not introduced yet , but this  i s  
what happen s : First , X i s  set  t o  1 with one command 
line . Then a s econd command l ine wi l l  d i splay memory 
at the location X ( so you ' l l know where you ' re at as 
you step through ) ,  read sector number X into memory 
locations $ 4 000- $407F , locate the string " ABCD " in  that 
sector buf fe r ,  then bump X by one for the next sector . 
The s lash at the end o f  the command l i ne means that the 
command line wi l l  execute foreve r . What wi l l  happen i s  
that BUG/6 5 wi l l  continuously read d i skette secto rs .  
For every s ector read , you ' l l see  at l east a memory 
display of eight bytes beg inning at addre s s  X ( which i s  
the s ector number ) .  I f  the Locate instruc tion find s  
the string " ABC D "  i n  the sector buffe r ,  i t  wi l l  display 
the location o f  the str ing . At that point , j ust hit 
ESC to stop the command , and d ispl ay the value o f  X ( "D 
X RETURN" ) .  The sector containing the string wi l l  
eith e r  be the va l ue o f  X o r  one before it , depe nd i ng on 
how fast your ESC was . 

7 . 3  C - Compare Memory Blocks 

C <STARTBLOCKl > <ENDBLOCKl > < STARTBLOCK2 > 

Compare i s  used to compare the contents o f  two blocks 
of memory . The block of memory beg i nning at 
STARTBLOCKl and end ing with ENDBLOCKl is compared to 
the s ame s i ze b lock beginning at STARTBLOCK2 . If both 
blocks are the s ame , then there wi l l  be no output . I f  
any bytes in the b locks d i f fer , then BUG/6 5 wi l l  
display a l i n e  o f  data i n  th e following fo rmat fo r 
every byte that i s  d i f fe rent : 

AAAA BB CCCC DD 

where AAAA = the hex addres s  of 
in th e fir s t  b lock , BB = the hex 
AAAA , CCCC = t h e  hex addr e s s  o f  
i n  the second block , and DD 
locat ion cccc . 

--1 7--

the d i ffering location 
contents of location 
the di f fering location 
the hex contents o f  



7 . 4 D - D i splay Memory 

D < START > [ <END > ] 

Th e  D command d i splays the contents of the memory b lock 
beg inning at START and end i ng at END . If END i sn ' t  
spe c i f ied , then the d e fault value o f  START+7 i s  used . 
The memory block i s  d i splayed i n  the fo llowing format : 

AAAA BB BB BB BB BB BB BB BB cccccccc 

whe re AAAA the hex address o f  the first byte in thi s  
line , BB the hex content s o f  succe s s ive memory 
locat ions beg inning at location AAAA , and C = the ASC I I  
character interpretation o f  the pos itional ly 
correspond ing BB value of the byte . 

7 . 5  E - Execute a Command F i l e  

E # fi l espec 

The E command i s  used to execute a command line from a 
command f i l e . Th e  f i l e  speci fied by f i l espec must 
con s i s t  of a l ine o f  BUG/6 5  commands and parameters and 
must  be ended with an ATAS C I I  EOL character ( $ 9B ) . 
BUG / 6 5  wi l l  only e xecute one command l ine from a 
command fi l e  and then it wi l l  s top read i ng the f i l e . 
Command f i l e s  can be chained however , so that the last 
command in one file can execute another command f i l e . 
An E command should be the last  command i n  a command 
l ine because any commands a fter the E in the l ine won ' t  
be executed . 

7 . 6  F - Fi l l  a Memory B lock with a Va lue 

F <START > <END> [ <VALUE > ] 

The F command wi l l  f i l l  the b lock o f  memory beginning 
with START and endi ng with END with VALUE . I f  VALUE 
i sn ' t  speci fi ed ,  then ze ro wi l l  be used . Note that 
VALUE is a byte value - the least s igni f icant byte o f  
the 1 6 -bit VALUE wi l l  b e  u s e d  f o r  the fi l l . 
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7 . 7  G - Goto a User Program 

G [ < START > ]  [ @ < BRKPOINT > [ RN= <VALUE > ]  [ ! = <COUNT > ]  ] 

The G command wi l l  execute a user program beg inning at 
START . I f  START i sn ' t  spe c i fied , then execution begins 
at th e current value o f  the user ' s  PC reg i s te r . 
BRKPO INT i s  an optional breakpoint . I f  the user ' s  
program trys to execute the instruction at BRKPOI NT , 
the program wi l l  break back to BUG/6 5 and BUG/6 5 wi l l  
disp l ay the contents o f  the user ' s  reg isters  a t  that 
point . Examples : 

G 1 000 / *  go at locat ion $ 1 000 , no breakpo int 

G @4300 / *  go from wherever our PC wa s and 
break at location $ 4 3 00 * /  

A breakpo int may b e  cond itiona l ly qua l i fied b y  a 
requ i red value in a spe c i fied reg i ster . " RN= <VALUE > "  
wi l l  t e l l  BUG/6 5 to break at that po int only i f  the 
val ue of user  reg i ster " N "  equa l s  VALUE . I f  that 
cond i t ion i sn ' t  met , then the user ' s  program i s  a l l owed 
to continue executing at the location of the 
breakpoint . ( The instruc t ion that was at the 
breakpoint l ocation WILL be executed . )  The mnemonic  
names o f  the reg i sters that may be spe c i fied for  "N"  
are : A ,  X ,  Y ,  S ,  and F ,  wh i ch s tand for  the user ' s  A ,  
X ,  Y ,  Stack , and Status ( f lag s )  reg i sters respectivel y . 
( Note that only the least  s ignificant byte o f  VALUE i s  
used for th i s  qua l i fication . )  

Exampl e :  

G 1000 @ 1 4 2 2  RX=3 3  

/ *  go from location $ 1 000 and break at 
location $ 1 4 2 2  only if  register  X 
equa l s  $ 3 3  * /  

A breakpo int may a l so b e  qua l i fied with a n  iteration 
counter . " != <COUNT > " tel l s  BUG/6 5 to al low the 
exec ut ion o f  the instruc tion at the breakpoint COUNT 
times  before breaking . 

Exampl e :  

G 1000 @ 2 300 !=2 

/ *  go from location $ 1 000 and break 
the second time we hit the instruction 
at $ 2 300 */ 
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The reg i s ter and iteration qual i fications may be used 
together . I n  thi s  cas e ,  the reg i ster condition must be 
met before the iteration counter i s  decremented . As in 
the fo l lowing example : 

G 1000 @ 1 2 3 4  RA=5 0  I=3  

/* go from location $ 1 000 and break 
the third time the instruc tion at loc
ation $ 1 2 34 is executed with reg i ster 
A equal to $ 50 */ 

Al l o f  this  flexib i l ity i sn ' t wi thout its  pric e ,  
however . Because BUG/6 5 h a s  t o  d o  quite  a b i t  o f  
eva l uation a t  every breakpoint before deciding i f  the 
break cond ition has been met , don ' t  expect to be ab le  
to  conditional ly pas s  through breakpoint instructions 
at real-time speed . As long as  you never execute the 
instruction at the breakpoint , you ' re OK,  but as soon 
as BUG /6 5  gets the break , expect several hundred 
instructions to be executed be fore your program i s  
given back control a fter the break i sn ' t  met . 

Al so , BUG /6 5 was NOT des igned to a l low breakpoints in 
PROM resident cod e . If you attempt to set such a 
break point , o r  i f  you try to set a breakpo int at a 
non- existent memory l ocation , you ' l l  get a " BREAKPOINT 
ERROR " .  

One other thi ng . BUG/6 5  wi l l  automatical ly r emove 
breakpoint s from your program a fter a break occur s . 
Breakpoints aren ' t  l eft set a fter the break i s  
per fo rmed . 

7 . 8  H - Hexadecima l Ar i thmetic 

H <NUMBER! > <NUMBER2 > 

The H command wi l l  cal culate the s um NUMBER! + NUMBER2 
and the d i f ference NUMBER! - NUMBER2 and display the 
res u l ts on the next l ine of the screen as  two hex 
word s . The sum i s  the first word d i splayed , the 
difference is the second . 
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7 . 9  I - Di splay Di sk Directory 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I 

Th e I command wi l l  d i splay the d i rectory o f  the 
diske tte i n  drive one . Th e  d i splay c an be suspended or 
halted with the S PACE or ESCAPE keys respectively . 

7 . 1 0 J - Create a Command F i l e  

J # fi l espe c , s tring 

The J command a l lows you to create command files  for 
exec ution by the E command . The string i n  the command 
is any string of valid BUG/6 5 command s . The string 
wi l l  be wr itten to the f i l e  spe c i fied by f i lespec in 
the format expected by the E command . Please note the 
comma after the f i l e spec - it ' s  requi red , e l s e  BUG/6 5 
won " t  know where your f i l e spec s tops and your command 
string starts . Al so note that the J command doesn ' t  
allow multiple commands i n  the command l ine to be 
exec uted a fter the J command - everyth i ng in the l ine 
aftE�r  the f i l espec and up to the RETURN is wr itten to 
the fi le ins tead of being executed . 

7 .  ll K - Convert Hex to Dec imal 

K <NUMBER> 

The K command wi l l  convert NUMBER to a decimal number 
and d i splay the result on the next l ine o f  the screen . 
NUMBER can be any val id address  expr e s s ion . 

To convert decimal to hex , j ust  d i splay memory at the 
dec imal location o f  the number you want to convert . 
The hex equival ent o f  the decimal location appears in 
the d i splay output as the hex word on the beg inning o f  
the l i ne . For exampl e ,  to convert 1 000 decimal t o  hex , 
just execute the command " D  . 1 000 " . You ' l l  see the hex 
conversion of 1000 as  the first hex word on the next 
line . 
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7 . 1 2 L - Locate a Hex String 

L < START > < END > < BYTEl >  < BYTE2 > • • •  < BYTEn > 

The L command wi l l  search the block o f  memory beg inning 
at START and end ing at END for a hex stri ng . The hex 
str ing is  defined by BYTEl • . .  BYTEn , which are 
interpreted as the hex bytes  o f  the pattern str i ng . 
( On l y  the l east s igni ficant byte s  o f  the addres s  values 
are u s ed for each byte in the string . ) Wi ldcard bytes  
whi ch wi l l  match any byte in memory may be spe c i fied by 
the character " * "  in the str i ng . BUG/6 5 wi l l  output 
the addre s s e s  of every occurrence of the string found 
in the block . For exampl es : 

7 . 1 3 

L 1 000  1 0FF 4 1  4 2  43  

/ *  w i l l  locate any occur- rence s of  
the string "ABC"  in the memory b lock 
$ 1 000  to $ 1 0FF * /  

L 1000 2000 1 0  * 2 0  

/ * wi l l  locate any occur- rences o f  a 
three- character string which begins 
wi th $ 1 0  and end s with $ 2 0  i n  the 
memory b lock $ 1 000 to $ 2 000 * /  

M - Move a Memory Block 

M < START > <END > <TO>  

Th e  M command wi l l  move the b lock o f  memory beg i nning 
at START and ending at END to TO . BUG/6 5 wi l l  take 
care to hand l e  overlapping moves  correctly , either for 
moves  up or down . 
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7 . 1 4 P - Se lect Output Devices 

P [ S J  [ P ]  

The P command i s  used to sel ect output to either the 
screen ( " S " ) or the pr inter ( "P " )  or to both ( " S P " ) .  

For exampl e :  

p s 

p p 

p s p 

p 

/ *  turns s creen output on , 
pr inter output o f f  * /  

/ *  turns printer output on , 
screen output o f f  * /  

/ *  turns both screen and 
pr i nter output on 

/ *  turns both outputs o f f  
command s wi l l  sti l l  be 
accepted and executed , you 
j us t  won ' t  see their  entry or 
output anywhere . * /  

I n  add ition to allowing you to l i st BUG/6 5 results to 
the printer ,  thi s  command was des igned to al low you to 
debug the generation of intricate screen d i splays 
without having the outputs o f  BUG/6 5 command s scro l l  
your display o f f  the screen . It is a little  crud e ,  and 
might have a few prob l ems depend i ng on what your 
program has done to OS , but is handy to have in 
emergencie s . ( The  LFFLAG and NULFLG bytes in the 
Conf iguration Table can help you here - see section 
1 1 . )  

7 . 1 5 Quit to OS/A+ command 

Q 

The Q command wi l l  coldstart DOS . The results  are 
ess entially the same as when you powe r-up the machine . 
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7 . 16 Read Commands 

7 . 16 . 1  R - Read a F i l e  

R [ <OFFSET > ] # fi lespec 

The R command i s  used to load binary f i l e s . I f  OFFSET 
is specified , then OFFSET is added to the load 
addres s ( es )  spe c i f ied in the fi l e ,  and the data wi l l  be 
loaded at the load ing point ( s )  plus OFFSET . Th i s  
allows you t o  load a f i l e  into a d i f ferent memory 
location than where it is origined at . After the f i l e  
is  loaded , the l oad starting point speci fied in the 
file  i s  pl aced i nto the use r ' s PC reg i ster . 

BUG /6 5 s upports concatenated binary f i l e  sections a s  
desc r ibed i n  the DOS 2 . 0s manual . I f  such a file  i s  
loaded using the OFFSET option , however , ALL f i l e  
sect i ons wi l l  b e  loaded starting at the load addre sses  
spe c i fied i n  the f i l e  plus OFFSET . In addition , the 
user ' s  PC register wi l l  contain the value of the load 
point o f  the l ast file  section loaded ( not plus 
OFFSET ) .  

7 . 1 6 . 2  R% - Read Sector ( s )  

R% [ <SECNO > [ < BUFFER> [ <NOSECS > ] ] ] 

Th e  R% command al lows you to read a sector or a g roup 
of sectors from a d i skette in disk drive number one . 
SECNO spec i fies  the sector number to be read and 
defaults to one . BUFFER spe c i fi e s  the buffer the 
sector is to be read into and defaults to BUG/6 5 ' s  
loadpoint plus $ 2 000 . NOSECS speci fies the number of  
sectors to  read and d e faults to  one . I f  more than one 
sector is speci fied , then consecutive sectors are read 
seque ntial ly i nto memory beginning at BUFFER . 
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7 . 17  S - Change Memory , Numeric mode 

S <ADDR>)S 

The S command al lows you to replace  the contents o f  
memory byte s  beg i nning at location ADDR with numerical 
val ue s . As soon as  you type the requi red space 
character a fter the address , BUG /6 5  wi l l  prompt you 
with the current contents of the memory location at 
ADDR . Those contents wi l l  be d isplayed as  a 
hexadec imal byte value . At that point , you have the 
fol lowing options : 

1 .  Typing SPACE wi l l  cause the current memory 
l ocation to be skipped and the contents o f  
the next memory l ocation t o  be d i splayed . 

2 .  Typing an UNDERLINE wi l l  cause the current 
addre s s  to be decremented by one . The new 
addre s s  is then d ispl ayed on the next l ine 
of the screen followed by the contents o f  
the new memory l ocation . 

3 .  Typi ng a RETURN wi l l  cause the address o f  
the current memory location t o  be d i splayed 
on the next l ine of the screen fo l lowed by 
the contents of the current l ocation . 

4 .  Typing ESC wi l l  get you out o f  the command 
and put you back i nto command entry mode . 

5 .  Typing an address value ( any val id address 
expre s s ion ) wi l l  cause that value to be 
e ntered into memory at the current addre s s . 
The addre s s  i s  then incremented by one and 
the contents of the new memory l ocation are 
d i spl ayed . ( Only the least s ignificant 
byte of the addres s  value wi l l  be entered 
i nto memory . ) 

After you exercise any option except option 4 . , BUG/6 5 
wi l l  again prompt you with the contents o f  the current 
memory address and you may s e lect any o f  these  options 
agai n .  
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7 . 1 8 T - Trace a User  Program 

T [ S J  [ < COUNT > ] 

The T command wi l l  s ing l e- step through user  program 
inst r uctions beg i nning with the instruc tion at the 
cur r ent u s e r  PC r eg i s t e r . The n umber of i n s t r uc t ions 
to be executed are speci f i ed by COUNT , wh ich defaults  
to on e .  If  " S "  i s  spe c i fied , then all  o f  the 
ins t r uctions in a s ubrout ine are counted as one 
inst r uction for trac ing purpo s e s  - the trace i s  turned 
off unt i l  return from the subrout ine ( " S "  stands for 
" sk i p  the s ubroutine " ) .  After every instruct ion 
traced , BUG /6 5 wi l l  d i sp l ay the contents of the use r ' s 
reg i s ters . 

Some examples : 

T 

T 5 

TS 10 

/* wi l l  execute one instruction and then 
disp l ay the reg ister  contents * / 

/ *  wi l l  execute five 
disp l aying reg i sters  

instructions , 
after each 

ins t r uc tion * / 

/ * wi l l  execute 1 6  instructions . I f  
o f  the instruc t ions are JS R ' s ,  then 
tra c e  wi l l  be turned o f f  a fter the 
unt i l  the s ubrout ine executes an RTS 

any 
the 
JSR 
*/ 

Th e  trace command can ' t  b e  use  to trace instruction 
exec ution through PROM r e s ident code . Any attempt to 
do so , or to trace through non- existent memory , wi l l  
res u l t  i n  a " BREAKPOINT ERROR" . 

7 . 1 9 U - Ca l l  a User  Subroutine 

U <ADDR> [ < PARAM > ] 

The U command i s  used to ca l l  a user  subrout ine at 
ADDR . The user routine i s  pa s sed the optional 
parameter PARAM in  the X register ( low byt e ) and Y 
reg i s ter ( h i gh byte ) . The user rout ine should return 
to BUG/6 5 via an RTS i nstruc tion . I f  PARAM i sn ' t  
spe c i fied , then zero i s  used . 
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7 . 20 V - Di splay User ' s Reg i s ters 

v 

The V command wil l  d i splay the contents o f  the user ' s  
reg i s ters i n  the fo llowing format : 

A X Y S P  NV BDI ZC  PC 
HH HH HH HH BBBBBBBB HHHH 

INSTR 
LDA 1 0 00 , X  

Th i s  i s  interpreted a s  fol lows : 

A the hex va lue o f  the A reg 
X the hex value o f  the X reg 
Y the hex value o f  the Y reg 
SP the hex value of  the stackpointer 
N the binary value o f  the negative flag 
V the binary value o f  the overflow flag 

the binary value o f  an unused bit i n  the 
B the binary value o f  the break flag 
D the binary value o f  the decimal flag 
I the binary value o f  the interrupt enab l e  bit 
z the binary value o f  the zero flag 
C the binary value o f  the carry f l ag 
PC the hex value of  the PC reg ( Th i s  i s  a 

pseudo register maintained by BUG /6 5 .  
I t  contains the locat ion o f  the next 
user program instruction to be executed . )  

I NSTR = the i nstruc tion at the current PC 
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7 . 2 1 Wr ite Command s 

7 . 2 1 . 1  W - Write a F i l e  

W [ : A  ] <START > <END > # fi l espec 

Th e  W command i s  used to wr ite a binary f i l e . Memory 
from START to END is written to the f i l e  specified by 
fi l e spec in the s tandard OS /A+ binary f i l e  format . I f  
the " : A" opt ion i sn ' t  spec i fied , then the data wr itten 
wi l l  repl ace the cur rent contents o f  the f i l e  if the 
fil e al ready exists . I f  the " : A"  opt ion is spe c i f i ed , 
then the data i s  appended to any data a l ready i n  the 
file . A load header cons isting of a start and end 
add r e s s  as described in  the OS/A+ manua l wi l l  precede 
the append ed data . 

7 .  2 1 . 2 W% - Write Sector ( s ) 

W% [ < SECNO > [ < BUFFER> [ <NOSECS >  ] ] ] 

Th e W% command is used to wr ite a s ector or a group o f  
sectors t o  a d i skette . SECNO spec i f i e s  the sector 
number to be wr i tten and defaults to one . BUFFER 
spe c i fies the memory location of the s ector data to be 
wri t ten and defaults to the BUG/6 5 loadpoint plus  
$ 2 00 0 . NOSECS spe c i fies the number o f  sectors  to  be  
wri tten and defaults  to  one . If  more than one  sector 
is spec i f i ed , then consecutive sectors are wr itten 
sequ entia l ly from memory beginning at BUFFER . 
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7 . 2 2 X - Change User ' s Reg i s ters 

X REGNAME 

The X command al lows you to change the contents of user 
reg i s ters . REGNAME i s  a one- character reg i ster name 
mnemonic . The a l lowed reg ister names and the i r  
mean ings are : 

A A register 
X X reg i ster 
Y Y reg i ster 
S s tackpointer reg i ster 
P program counter pseudo- reg ister 
F status reg i ster ( f l ags ) 

After you type in the name o f  the 
chang ed , BUG/6 5  wi l l  prompt you 
character fo l lowed by an equa l s  s ign . 
you have the fo l lowing options : 

reg is ter to be 
with that name 

At that po int 

1 .  Enter the new value for the reg ister . The 
new va l ue may be  any val id addre s s  
expres s ion . After the new value , typing 
RETURN wi l l  end the command . Or you can type 
SPACE wh ich wi l l  prompt you with another 
reg i ster name for pos s ib l e  change . The next 
reg i ster name is  d etermined by the order of  
the above l i s t . For  exampl e ,  if  you change 
reg i ster Y then hit a space a fter the new 
val ue , BUG/6 5 wi l l  prompt you fo r po s s ib l e  
change o f  regi ster s .  Th i s  prompt l i st 
continue s through reg i ster F and then wraps 
back to reg i s ter A again . 

2 .  Enter RETURN or ESC 
BUG /6 5 wi l l  d i splay the 
reg isters and then put 
mod e . 
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7 . 2 3 Y - Disas s emble Memory Block 

Y < START > <END > 

The Y command wi l l  disassemble instruc t ions in memory 
beg i nning at START and end i ng at END . The fo llowing 
conv entions are used i n  the d i sas sembly : 

1 .  Standard MOS Technology mnemonics  are used 
for opcodes . 

2 .  I l l egal opcodes are d i splayed as " * * * " .  

3 .  Al l numer i c  operands  
hex adec imal number s .  

are d i splayed as 

4 .  Zero page operands wi l l  d i sp l ay a s  two hex 
dig its , all other non- immediate ope rand s wi l l  
d i s play a s  four hex digits . 

5 .  No operand i s  d i splayed for accumul ator mode 
ope rand s . 
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7 . 24  z - I nstant As s emb ler 

Z < ADDR >j6 

The Z command a l lows you to a s s embl e  instructions to be 
stored in memory at ADDR . Immed iate ly a fter typing the 
SPACE character ( or RETURN , wh ich is al lowed as we l l ) , 
BUG / 6 5  wi l l  prompt you with the current program counter 
value  of  the instant a s s embl er ( which initial ly wi l l  be 
ADDR ) .  At that point you may type in a va l id a s s embly 
lang uage instruct ion . The format for  an instruction 
l ine i s : 

[ <LABEL > ]  <OPCODE > [ <OPERAND > ] 

LABEL may be any l abel in the form " Ln " , where " n" may 
be any dig i t  from zero to nine . OPCODE may be any 
val id MOS Te chno logy i nstruc tion mnemonic or one of two 
pseudo-ops ( desc ribed below ) . OPERAND , i f  al lowed by 
the addres s ing mode of the instruc tion , may be any 
val id  address  expr e s s ion . At l east one space must 
sepa rate a l abel  from an opcode or an opcode from an 
ope r and . 

After typing your instruction , type RETURN and t he 
ins t r uction wi l l  be entered into memory at the current 
PC i f  it doesn ' t  contain any error s . If there are a ny 
erro r s , then BUG /6 5  wi l l  display an error mes s age a nd 
wi l l  reprompt you with the current ( unchanged ) PC . I f  
ther e  are n o  errors , then BUG / 6 5  wi l l  d i sp l ay the 
obj ec t  code created by the instruc tion to the right o f  
the instruc tion o n  the s c reen and wi l l  prompt you with 
the PC o f  the next instruc tion on the next s creen l ine . 
You may exit the instant assembl e r  by typing ESC at any 
time , or by typing RETURN by itsel f in response to the 
PC address prompt . 

The :ins tant a s s embl e r  provides you with two pseudo-ops . 
" / "  fo l lowed by a n  addre s s  wi l l  chang e the PC to that 
addr e s s . It acts l ike an ORG ( " *= " )  pseudo-op . For 
exampl e ,  " / 4000 " wi l l  set  the PC o f  the next 
ins t r uction location to $4000 . " + "  fol lowed by an 
add r e s s  wi l l  ins e rt the val ue o f  that addres s  ( l east 
sign i ficant byt e ) at the current PC and bump the PC by 
one . It acts l ike a DB ( . BYTE ) pseudo-op . For 
exampl e ,  " +3 4 "  wi l l  insert the hex byte 3 4  at the 
curr ent PC . 
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The instant a s s embler provides a s imple  labe l ing 
capab i l ity . You may prefix  an instruction with a two 
char acter label o f  the form " Ln " , where " n "  may be any 
dig i t  from 0-9 .  You may then use that l abel as an 
operand in an instruc t ion , with the fo l lowi ng three 
res t r ictions : 

1 .  Immediate 
lab el s .  

type operand s ( #HH ) can ' t  be 

2 . Indirect type ope rand s can ' t  be l abe l s . 

3 . A l abe l can ' t  be combined with any o f  the 
standard address operators ( + ,  - , X, etc . ) 

Label  re ferences may be forward or backward . BUG/6 5 
wi l l  store unreso lved references and resolve them when 
the l abe l i s  l ater de fined . You may reference 
unde f i ned l abe l s  twenty t imes b e fore BUG/6 5 run s out o f  
room t o  store the unreso lved locations you ' l l  then 
get an error me s sage and the assembly wi l l  be aborted . 
Th e  s ame l abel may be reused more than once . In such 
cas e s , BUG / 6 5  wi l l  use the last de fined addres s  of the 
labe l when i t  i s  r e fe renced . 

I f  any l abel s have been re ferenced but not defined when 
you exit  the instant assemble r ,  BUG /6 5  wi l l  prompt you 
with a mes s ag e  and the l abel name fo llowed by an equal s  
sign . At that point you may either de fine the l abel by 
ent e r ing any v a l id address express ion fo llowed by a 
RETURN , or you may chose not to define it and s imply 
hit RETURN . I f  you don ' t  d e fine the l abe l , then the 
val ue o f  the l abel i s  d e faulted accord ing to the 
fol l owing two rules . 

1 .  I f  an instruction using the unde f ined label 
is a rel ative branch , then the val ue o f  the 
lab e l  for that instruction d e faults to the 
location o f  the instruction plus two . 

2. For a l l  other instructions , the value of the 
lab e l  d e faults to the location of the 
ins truction plus three . 

These  rules  g uarantee that a l l  branching instructions 
using unde fined label s  are e f fectively turned into 
NOP ' S .  Th i s  o f fers some measure of protection against 
a program going into never-never land . ( I f  you 
refe r ence a l abel that i sn ' t  yet de fined , the ob j ect 
code d i spl ayed to the right o f  the ins truc tion on the 
scre e n  wi l l  show addresses generated accord ing to these 
rul e s . Don ' t  worry , when the label is  subsequently 
defi n ed ,  BUG / 6 5  goes back and fixes up all these 
refe rence s . ) 
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SECTION 8 :  Spec ial Command Mod i fiers 

8 . 1  Repeat Last Command Line 

{ RETURN } 

The last command l ine entered 
repeated wi thout typing the who l e  
h i t  RETURN . BUG /6 5  remembers the 
just this purpose . 

8 . 2  Repeat Command Line Forever 

I 

and executed may be 
thi ng in again - j ust 
last l ine entered for 

Appending a s l ash to the end of a command l i ne wi l l  
cau s e  BUG / 6 5  t o  repeat the execution of  that command 
line forever .  The only way to stop such a repeat is to 
suspend or abort the command . 

8 . 3 D i splay Last  Command Line 

If you want to see what your last command l ine wa s ,  
poss ibly because you might want to repeat it , j us t  type 
the " = " character as the first character of the new 
comlliand l ine . BUG/6 5 wi l l  d i splay the last l ine 
entered for you . 
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SECT ION 9 :  BUG/6 5 Memory Protect ion 

BUG /6 5 won ' t  al low you to mod i fy any portion of it ' s  
code or variab l e  storage areas with a BUG/6 5 command . 
Any attempt to do so wi l l  result in a " PROTECTION 
ERROR" . For exampl e ,  i f  we assume that the BUG/6 5 wa s 
load ed via the command " BUGG S  2000 " ,  the fo l lowing 
command wi l l  cause an error because it attempts to move 
a memory b lock i nto BUG/6 5 ' s  area : 

M 4000 40FF 2000 

BUG / 6 5  protects all  memory from loadpo int to 
loadpoint+ $ 1FFF in thi s  manner ,  where loadpoint is that 
spe c i fied i n  the invoking OS/A+ command l ine ( or LOMEM , 
i f  no loadpoint i s  spe c i f i ed ) . ( Th e  memory protection 
feature can be turned off by chang ing a byte in the 
Conf iguration Tab le . )  
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SECTION 1 0 :  BUG/6 5 Memory Usage 

BUG /6 5 uses memory from $80 to $XX and loadpo int to 
loadpoint+ $ 0 1FF for variable  storage . You can 
dete rmine the value of XX by l ooking at the LSTPG0 byte 
in the Configuration Tabl e . It uses memory from 
loadpoint+ $ 2 00 to loadpoint+ $ 1 FFF for code storage . 

10 . l  Page Zero Sharing 

BUG/6 5 wi l l  share the page zero memory that it needs 
with a user  program . I t  does thi s  by keeping two 
cop i e s  of these  page zero locations . When BUG/6 5 i s  
runn ing , the BUG/6 5 page zero locations contain 
BUG /6 5 ' s  stuff . When a Go i s  done to a user program , 
BUG / 6 5  wi l l  save i t ' s  own page zero data and replace it 
with the user ' s  data . I f  a user program breaks back to 
BUG /6 5 ,  the reverse operation i s  performed . 

In addi t ion , BUG /6 5  wi l l  translate any command 
refe rence to these  shared page zero locations so that 
the user may modi fy or inspect h i s  own page zero data . 
It does thi s  by transl ating any command re ference to 
the user ' s page ze ro data to the location where the 
user ' s  copy o f  the data i s  actua l ly being stored . Th i s  
is  a l l  transparent t o  the user . For exampl e ,  you can 
fil l memory from $80 to $FF with zeros without crashing 
BUG /6 5 .  I f  you then d i sp l ay $80 to $ FF ,  you wi l l  see 
zero s . They aren ' t  rea l ly i n  locations $ 80 to $FF of 
cour s e ,  but they wi l l  be when you run your program . 
(Th i s  is the reason it may seem to take an 
extraordinarily long t ime to per form certain command s 
( Fi l l s ,  for exampl e ) . The reason i s  that every memory 
ref.erence has to go through thi s  translat ion process  -
both to translate  zero page re ferences i f  neces sary and 
to check to make sure that BUG/6 5 i sn ' t being 
overwritten . )  
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SECTION 1 1 : Cu stomi zation with the Con figuration Table 

Th e re is a Configurat ion Table located - near the 
beg inning o f  the code segment o f  BUG/6 5 .  By changing 
this data , you can customize some BUG / 6 5  s tuff . In the 
tab l e  wh i ch fo l lows , " + $ x x x "  means that the 
con f i gurat ion v a l ue i s  located $ xxx bytes above the 
loadpoint addre s s , where loadpoint i s the address 
spec i fied in  the invoking OS /A+ command l ine ( or LOMEM , 
if loadpo int i s  not spe c i fied ) .  Exampl e :  i f  the 
invoking command was " BUGG S  6000 " ,  then DISPV wi l l  be 
located at $ 6 209 . 

NAME 

DISPV 

PRINTV 

GETKYV 

TSTKYV 

BEEPV 

CHRCLR 

CHRLUM 
BRDCLR 
EOLBYT 

LOCATION 

+$2 0 9  

+ $ 2 0C 

+ $ 2 0F 

+$ 2 1 2  

+ $ 2 1 5  

+$ 2 1 8  

+ $ 2 1 9  
+ $ 2 1A 
+ $ 2 1 B  

FUNCTION/COMMENTS 

A JMP instruction to BUG/6 5 ' s  
d i spl ay a character routine . Al l 
chars d i sp l ayed on the s c reen go 
through here . The char to be 
d i spl ayed is pas sed in reg A .  

A JMP instruc t ion to BUG/6 5 ' s  print 
a character routine . Al l chars 
sent to the printer go through 
h ere . The char to be pr inted i s  
pas sed in r e g  A .  

A JMP instruction to BUG/6 5 ' s  get a 
keyboard character routine . Al l 
keyboard read s  go through here . 
The key read i s  returned in reg A .  

A JMP instruction t o  BUG/6 5 ' s  test 
for a key waiting routine . Al l 
t ests for key wa iting go through 
here . I f  no key i s  waiting ,  the 
equa l flag is returned set . ( Th e  
k e y  i s  NOT returned b y  thi s  routine 
- GETKYV wi l l  be cal l ed to read the 
key i f  there ' s  one wa iting . )  

A JMP instruction to BUG/6 5 ' s  bel l 
routine . Al l beeps are g enerated 
through here . To e l iminate the 
beeps , j us t  patch thi s  out with an 
RTS . 
Character background color byte 
value . 
Character l uminance byte value . 
Border color byte value . 
Thi s  i s  the byte sent to the 
printer at the end of a l ine . 
Norma l ly set  to 0DH or 9BH . 
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LFFLAG + $2 1C 

NULFLG +$ 2 1D 

PROTFG + $ 2 1 E  

MC BEND + $ 2 1 F  

I f  nonzero , then 
character is sent to 
a fter every EOLBYT . 

a l ine feed 
the pr inter 

If nonzero , then 40 nul l s  wi l l  be 
s ent to the printer a fter every 
l ine . Used to flush the printer 
buff e r  maintained by the ATARI OS 
so  that al l l ines wi l l  print 
immed i ately . 

I f  nonzero , then BUG/6 5 wil l not 
a l low itse l f  to be overwritten with 
a BUG /6 5 command . I f  zero ,  then 
BUG/6 5 wi l l  al low itsel f to be 
mod i f i ed . 

High byte o f  end address o f  
BUG/6 5 ' s code . Normal l y  s e t  to 
h igh byte addres s  o f  
loadpoint+ $ 2 000  ( e . g ,  $ 5 0  i f  the 
i nvoking OS/A+ command were BUG 6 5  
3 0 00 ) . You would change thi s  i f  
you added any u s e r  command handlers  
a fter BUG/6 5 .  The handlers  would 
then be inc luded in BUG/6 5 ' s  memory 
protection features . 

To change anything in the Configuration Table , you must 
fir s t  disab l e  memory protection by writing a sma l l  
prog ram t o  stuff a zero into PROTFG . F o r  exampl e ,  
assuming that the loadpoint i s  $ 2 000 ( command l ine was 
BUG 6 5  2000 ) ,  then us ing the instant assembl e r ,  you 
cou l d  enter " LDA #0 , STA 2 2 1 E ,  RTS "  at location $ 5 000 , 
and then run the program with the "U " command by 
ent e r ing "U 5000 < RETURN > " .  Thi s  wi l l  d i s able  memory 
prot e ction . Then make your changes , reenable  memory 
prote ction i f  you want by s toring $FF into PROTFG,  then 
dump the mod i fi ed BUG/6 5 to d i skette . 

Be careful wh en changing any o f  the JMP i nstruction 
vectors . S i nce BUG/6 5 i s  constantly c a l l ing thes e  
locat ions , the i nstant you change them control wi l l  be 
pas s ed to the new rout ine . Your replacement routines 
had better be i n  place and ready to run or it ' s  ga- ga 
time . Actua l l y ,  you wi l l  probably have to change a l l  
thre e  byt e s  o f  a vector a t  once with a sma l l  user  
prog ram .  

A l s o ,  b e  careful about cal l ing the vectors DISPV ,  
PRINTV, GETKYV , TSTKYV , and BEEPV . S i nce they u s e  
BUG /6 5 ' s  page z e r o  data t o  operate , they c an ' t  b e  
cal l ed from a running u s e r  program without first 
cal l ing the MCBGP 0  routine de fined in  the User Program 
Inte r face s e ction . 
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SECTION 1 2 :  User Command Interface 

It ' s  poss ible to add command s to BUG /6 5 .  The hooks to 
do so have been provided in a group o f  vectors located 
at loadpoint+ $0 2 2 0  cal led the User Command Interface 
Vec tors . These vectors provide most o f  the interfaces 
to BUG /6 5 that you ' l l need to add command s .  

The commands you add may be act ivated by any non
BUG / 6 5  command char . For exampl e ,  you could add the 
numeric  command s " l "  through " 9 " .  When BUG/6 5 
recognizes a non- a lphabet ic command character ,  it wi l l  
cal l the vector USERCMD . I n  it ' s  ·initial state , USRCMD 
is j ust  a 3 -byte s ubroutine that returns the equal f l ag 
res et . BUG /6 5 assumes that the equa l f l ag being reset 
means that a user command hand l e r  considers the command 
illegal . In th i s  cas e ,  BUG/6 5 wi l l  report a " CMD 
ERRO R " . If US RCMD returns the equal f l ag set , then 
BUG /6 5  a s s umes that a user command hand l e r  proces sed 
the command . I n  thi s  case , BUG/6 5 won ' t  gene rate a 
command error , and wi l l  proceed to process  the rest o f  
the command l ine . 

So , to add your own command hand l er , j ust patch a JMP 
to your hand ler at USRCMD . BUG/6 5 wi l l  pas s  you the 
command character that it cons idered i l l egal in reg A .  
On return , you must indicate the status o f  the command 
- equal set means you hand l ed it , equa l reset means you 
didn ' t  l ike i t  either . 
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There are a nwnber o f  other vectors in the User 
Interface g roup which you may use  to process  the 
command . Here ' s the compl ete l i s t  ( and , a s  in the 
prev ious s e ction , the string " + $xxx"  ind icates a 
disp lacement from the loadpoint ) :  

NAME 

USRCMD 

GETCHR 

PUTCHR 

GET lHX 

GE'l� 2HX 

GET 3HX 

LOCATION FUNCTION/COMMENTS 

+ $ 2 20 Subrout ine cal led by BUG/6 5  on 
every non alpha comand char . 
Returns equal set i f  command 
handl ed by use r ,  e l s e  equal reset . 

+ $ 2 2 3  User  hand ler  can t e l l  thi s  to get 
the next char from the command l ine 
in reg A .  

+ $ 2 2 6  U s e r  handler can cal l  th i s  to 
return the last char taken from the 
command l ine . The char itse l f  
doesn ' t  have to b e  pas s ed . Th i s  is  
u s ed to put chars back that you ' ve 
t aken but don ' t  want - l ike an EOL . 

+$2 2 9  

+$2 2 C  

+ $ 2 2 F  

User hand ler can cal l thi s  to 
collect a hex addres s  from the 
c ommand l ine . The address is  
r eturned in  a word at $FE , $FF . I f  
next command l i ne chars are not a 
valid address , zero i s  returned . 

User handler can ca l l  thi s  to 
collect two hex addresses  from the 
command l ine . The first address i s  
returned i n  a word at $FC , $FD,  the 
second at $ FE , $FF . Zero i s  
returned f o r  any inval id address . 

User hand ler 
collect three 
the command 

can call  thi s  to 
hex addre s s e s  from 

l ine . The first 
addres s  i s  returned in a word at 
$ FA , $FB , the second at $FC , $FD , and 
the thi rd at $ FE , $FF . Z e ro i s  
r eturned f o r  any i nva l id addres s .  
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ADRCHK + $ 2 3 2 

ERR PAR +$2 3 5  

DHXBYT +$2 3 8  

DHXWRD +$2 3 B  

CTBPT R +$2 3E 

LST PG0 +$2 40 

U s e r  hand ler can cal l thi s  to 
perform the usual BUG/6 5  addre s s  
checki ng and trans l ation . The 
check i ng refers to not al lowing 
BUG/6 5 to be overwritten . Th e  
t rans l ation re fers to correcting 
user page zero addres ses . The user 
hand l e r  pas ses  the addres s  to check 
i n  reg X ( LO )  and reg Y ( HI ) .  I f  
the addres s  po ints into BUG/6 5 , a 
" PROT ERROR"  wi l l  occur , and the 
user hand ler wi l l  not be returned 
to . I f  the addre s s  r e fe rences a 
user page zero value that i s  being 
s tored somewhere e l s e  by BUG/6 5 ,  
then the addre ss  o f  where the 
actua l user  page z e ro byte i s  
l ocated wi l l  be returned in r e g  X 
( LO )  a nd reg Y ( H I ) . 

The user handler  can JMP to here to 
report a pa rameter error . There i s  
no return back t o  the u s e r  handler . 
BUG/6 5 wi l l  abort command l ine 
proce s s ing . 

The user hand ler can cal l  thi s  to 
d i splay a hex byte . The byte i s  
passed in r e g  A .  

The user hand ler can cal l thi s  to 
d i splay a hex word . The hex word 
i s  pas sed in reg X ( LO )  and reg Y 
( HI ) . 

Thi s  i s  a pointer to BUG/6 5 ' s  j ump 
t able for the alphabetic comand s .  
Every l etter has a word entry in  
thi s  tab l e . The entry i s  the 
addre s s  o f  the hand ler for that 
command minus one . The first word 
in the tab l e  is the addres s  minus 
one for the "A" command , the last 
is the same for the " Z "  command . 
I f  you want , you c an change th i s  
t able t o  point t o  your own comand 
routines , thereby chang ing the 
BUG/6 5 command set . 

Thi s  i s  the address  ( byte value ) o f  
the last  page zero location used by 
BUG/6 5 .  You can use thi s  to locate 
free page zero memory for your own 
use . ( See  the example user command 
l i sting . ) .  
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* * * *  S PEC IAL NOTE * * * *  

Al l of the above routines assume that BUG/6 5 data i s  in 
page zero . THEY WILL NOT WORK i f  cal l ed from a running 
user prog ram for that reason , unless  the user program 
manages pag e zero with the fol lowing two routines : 

MCB GP0 + $ 2 4 1  As sumes BUG/6 5 data is  in page 
zero .  Saves BUG/6 5 page zero and 
repl aces with user page zero . Use 
this  routine from a running user 
prog ram before ca l l ing any o f  the 
above rout ines . 

USERP0 + $ 2 4 4  Assumes user  data i s  in page ze ro . 
Saves user page zero and restores 
BUG/6 5 pag e zero . Use this  routine 
from a running user program after 
cal l ing any of the above routines 
to restore the running prog ram ' s  
page zero d ata . 

1 2 . 1  U s e r  Command Hand l e r  Example 

Here i s  an a s s embly l isting of an example  user comand . 
Th i s  command wi l l  be command " l " .  It wi l l  calculate 
and d i spl ay an exclus ive-or checksum byte on a range of 
memory . Th e syntax of the command i s : 

1 < START > <END > 

NOT E :  It i s  highly recommended that user command s only 
be patched into a non- re locatab l e  vers ion of BUG/6 5 .  
See Section 4 . 2  for instructions on maki ng a 
non- relocatable vers ion wi th a user spec i fied 
load point . 

: * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
EQUATES INTO BUG/6 5 :  

loadpo int = ? ? ? ?  
lp = loadpo int 
MCBEND lp+ $ 2 1F 
DI S PV lp+ $ 2 09 
USRCMD lp+ $ 2 20 
GET 2HX lp+ $ 2 2C 
HEXl $FC 
HEX2 $FE 
ERRPAR lp+ $ 2 35 
DHXBYT lp+ $ 2 38 
LSTPG0 lp+ $ 240 
EOL $9B  

to be  determined by use r ! ! 
j ust an abbreviation 

BUG/6 5 END CODE MSB 
DISPLAY CHAR 
USER COMMAND VECTOR 
GET 2 HEX PARAMS 
HEX PARAM 1 RESULT 
HEX PARAM 2 RESULT 
REPORT PARAM ERROR 
DISPLAY HEX BYTE 
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: * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

USERCl 

CMDOK 

PARMER 

PARM OK 

LOOP 

' 

NXTEOR 

DONE 

*= 

JMP 

*= 
CMP 
BEQ 
RTS 

JSR 
LDA 
ORA 
BEQ 
LDA 
ORA 
BNE 

JMP 

LDX 

LDA 
STA 
TAY 

LDA 
CMP 
BCC 
BNE 
LDA 
CMP 
BCC 

LDA 
EOR 
STA 
INC 

US RCMD 
USERCl 

lp+ $ 2 00 0  
# ' l 
CMDOK 

GET 2HX 
HEX! 
HEXl +l 
PARMER 
HEX2 
HEX2+1 
PARM OK 

E RRPAR 

LSTPG0 

#0 
l , X  

HEX2+1 
HEXl +l 
DONE 
NXTEOR 
HEX2 
HEX! 
DONE 

( HEX! ) ,  Y 
l , X  
l , X  
HEX! 

BNE LOOP 
INC HEXl+l 
JMP LOOP 

LDA 
JSR 
LDX 

#EOL 
DIS PV 
LSTPG0 

LDA l , X  
JSR DHXBYT 
LDA #0 
RTS 

*= MC BEND 
. BYTE > [ *+$FF ] 
. END 

--42 --

PATCH US INTO BUG/6 5 

RIGHT AFTER BUG/6 5 CODE 
COMMAND " l "  ? 
YES 
ELSE RTN EQUAL RESET - ERR 

GET START , END 
MAKE SURE BOTH SPEC IFIED 

OR ELSE ERROR 

REPORT PARAM ERROR 

LAST BUG/6 5 P0 BYTE 
( WE ' LL USE THE NEXT 
FOR OUR ACCUMULATOR ) 

CLEAR ACCUMULATOR 

INIT Y PTR INDEX 

PAST END ADDRESS ? 

YE S 
NO 

YES 

CALC EOR CHKSUM 
EOR WITH ACCUM 
AND SAVE IN ACCUM 
BUMP PTR 

TO NEXT SCREEN LINE 

RESTORE ACCUM ADDRESS 
D I SPLAY HEX RESULT 

RTN OK ( E QUAL SET ) 

CHANGE BUG/6 5 CODE 
END BYTE TO INCLUDE 

THAT ' S  ALL FOLKS 



SECTION 1 3 :  Error Me s sages 

Th e  following i s  a l i s t  o f  al l o f  the error messages 
and a short expl anation o f  each one : 

COMMAND ERROR 
An attempt to execute an i l legal command . A 
lett e r  or number that i sn ' t  a val id command 
mnemonic wa s interpreted as a command character . 
For exampl e ,  t rying to execute the command " N "  
wi l l  cause a command error . 

IMMEDIATE CMD E RROR 
An attempt to execute an immed iate type command 
in th e middle of a command l ine . An immediate 
command ( A ,  S,  X,  or Z )  must  be the first 
command on a command l ine . See section 5 . 2 .  

PROTECT ION ERROR 
An attempt wa s made to modi fy BUG /6 5 ' s  code  or 
vari able memory areas with a BUG/6 5 command . 

PARAM ERROR 
Caused by the usage of any i nva l id command 
parameter . 

REG ISTER ERROR 
An inva l id reg ister name was spe c i fied in either 
the G or X command . 

BREA.KPOINT ERROR 
An attempt wa s made to set  a breakpo int i n  
eith e r  PROM memory space o r  non- exi stent memory . 

PRINTER E RROR 
Any printer error returned to BUG/6 5 by the 
ope rating system . ( BUG/6 5 uses  the ATARI OS to 
pri n t  charac ters . Any error returned by the OS 
on a pr int character cal l wi l l  cause thi s  
erro r . )  

SYN1'AX ERROR 

I /O 

Cau s ed by an error i n  the syntax o f  a command . 

ERROR - NNN 
Any d i sk I /O e rror returned to 
operating system . ( BUG/6 5 uses  
disk I /O .  Any error returned by 
wil l  cause thi s  error . )  NNN 
erro r number returned by the OS . 
OS/ A+ manua l  for the meaning s o f  
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* * *  ERROR - MNEMONIC 
I n  the instant a s s embl er , an inva l id opcode 
mnemonic wa s ente red . 

* * *  ERROR - OPERAND 
In the instant assembler , an inval id instruction 
operand was entered . 

* * *  E RROR - RANGE 
In th e instant assembler ,  a branch out of range 
was attempted . 

* * *  E RROR - TOO MANY LABEL REPS 
In the i n stant assembler , too many refe rences 
have been made to an undefined label . BUG/6 5 
2 . 0  al lows twenty references to undefined l abel s 
befo r e  it ' s l abel buffer overflows . 

* * *  ERROR - UNDEFINE D  - Ln 
In the i nstant a s s emble r ,  a 
referenced but not d e fined , " n "  
number that needs definition . 

- -44 - -
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APPENDIX 

Thi s  section applies  only to thos e  users who own 
vers ion 4 o f  OS/A+ . 

The vers ion of BUG/6 5 
directly compatible  with 
on your d i sk ,  however , i s  
BUG 6 5 . COM f i l e  into a 
vers ion 4 .  Th i s  prog ram , 
program that mod i fies the 

which you rece ived i s  not 
vers ion 4 of OS/A+ . Inc luded 
a program wh ich converts the 
form whi ch wi l l  work under 

BUGV4F IX . COM , is  a binary 
relocatab l e  vers ion of BUG 6 5 . 

The resu l tant vers ion o f  BUG6 5 . COM wi l l  work ONLY with 
ver s ion 4 .  Further , under vers ion 4 ,  the R ( read 
bina ry fi l e )  command wil l  not work proper ly under al l 
cond ition s . We sugges t  instead using the OS /A+ LOAD 
command for load ing binary files  into memory , a l though 
the ERROR 1 3 6  produced by the R command may s imply be 
igno red ,  i f  des i red . On ly locat ion $ 00 i s  improperly 
affec ted by thi s  error . 

HOW TO USE THE PROGRAM : 

1 )  Copy the f i l e s  BUG6 5 . COM and 
BUGV4F I X . COM to a vers ion 4 d i sk us ing 
the COPY24 command ( see the OS/A+ 
manual for deta i l s  on thi s  command ) .  

2 )  At the vers ion 4 " D l : "  prompt , type the 
command : 

BUGV4F IX [ RETURN] 

3 )  The f i l e  BUG6 5 . COM on that d i sk i s  now 
compatib le with vers ion 4 o f  OS/A+ . 

WARN ING :  Do NOT per form the BUGV4F IX command on your 
vers ion 2 master disk ! 
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