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PR EFAC E 

MAC/n5 is a logical upg rade from the OSS product EASMD 
(Edit/ASseMble/D ebug ) which was itself an outg rowth of 

the Atari Assembler/Editor cartridg e .  Users of either of 
these latter two products will find that MAC/65 has a 
ver;y familiar " feel" . Those who have never experienced 
previous oss products in this line should nevertheless 
find MAC/65 to be an easy-to-use , powerful , and adaptable 
prog ramming environment . While speed was not necessarily 
the primary g oal in the production of this product ,  we 
nevertheless feel that the user will be hard pressed to 
find a faster assembler system in any home computer 
market . MAC/65 is an excellent match for the size and 
features of the machines it is intended for . 

MAC/65 was conceived by and completely executed by 
Stephen D .  Lawrow , of Chiselhurst , New Jersey . The 
current version of MAC/65 is only the latest in a series 
of increasing ly more complex and faster assemblers 
written by Mr . Lawrow following the lead and style of 
EASMD . As a measure of our confidence in this assembler , 
it is entrusted with assembling itself , probably a more 
difficult task than that to which most users will put it . 

TRADEMARKS 

The following trademarked names are used in various 
places within this manual , and credit is hereby g iven: 

OS/A+ , BASIC A+ , MAC/65 , and C/65 are trademarks of 
Optimized Systems Software , Inc . 

Apple , Apple I I , and Apple Cornputer ( s) are trademarks 
of Apple Computer , Inc . , Cupertino , CA 

Atari , Atari 4 0 0 , Atari 8 0 0 ,  Atari Horne Computers , and 
Atari 8 5 0  Interface Module are trademarks of 
Atari , Inc . , Sunnyvale , C A .  
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INTRODUCTION 

This manual assumes the user is familiar with assembly 
language . It is not intended to teach assembly 
language . This manual is a reference for commands , 
statements , functions , and syntax conventions of MAC 65 
It is also assumed that the user is familiar with the 
screen editor of the Atari or Apple II computer, as 
appropriate . Consult Atari ' s  or Apple ' s Reference 
Manuals if you are not familiar with the screen editor . 

If you need a tutorial level manual , we would recommend 
that you ask your local dealer or bookstore for 
suggestions . Two books that have worked well for many 
of our customers are " The Atari Assembler" by Don Inman 
and Kurt Inman and " Programming the 65 0 2 "  by Rodney 
Zaks . 

This manual is divided into two maj or sections; the 
first two chapters cover the Editor commands and 
syntax, source line entry , and executing source program 
assembly . The next three chapters then cover 
instruction format , assembler directives , functions and 
expressions ,  Macros ,  and conditional assembly . 

MAC 65 is a fast and powerful machine language 
development tool . Programs larger than memory can be 
assembled . MAC55 also contains directives specifically 
designed for screen format development . With MAC 6 5 's 
line entry syntax feature , less time is spent 
re-assembling programs due to assembly syntax errors , 
allowing more time for actual program development . 
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ST/\RT UP 

Power up the rlisk drivels\ and monitor, leave the 
computer off. Insert �AC65 disk in drive # 1  and boot 
system by turnin1 the computer on. This wi11 load and 
execute OS/A+. Now enter .'1AC65 (return). This loads 
and executes MAC�5, the Editor/�acro /\ssembler. Refer 
to the OS/A+ Manual for other capabilities. 

W/\.RM START 

The user can �xit to OS/A+ by entering the MAC65 
command CP (return) or by pressing the Sy stem Reset 
key . To return to MAC65, the user can use the OS/A+ 
command RUN (return). This "warm starts" MAC65 and 
does not clear out any source lines in memory. 

BACK-UP COPY 

Please do not work with y our master disk! Make a 
back-up copy with OS/A+. Consult the OS/A+ reference 
manual for specific instructions. K eep your master 
copy in a safe place. 
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SYNTAX 

The following conventions are 
descriptions in this manual: 

used in the syntax 

1. Capital letters desig nate commands , instructions ,  
functions , ect . , which must b e  entered exactly a s  shown 
( eg .  ENTER , . INC LUDE , . NOT ) . 

2 .  Lower case letters specify items which may be used . 
The various types are as 

·
follows: 

lno 

hxnum 

dcnum 

exp 

string 

strvar 

filespec 
OR 

file 

- Line number between 0-65535 , inclusive . 

- A hex number . It can be address or 
data . Hex numbers are treated as 
unsigned integ ers . 

- A positive number . Decimal numbers 
are rounded to the nearest two byte 
unsigned integ er; 3. 5 is rounded to 4 
and 100. l is rounded to 100. 

- An assembler expression . 

- A string of ASC I I  characters 
enclosed by double quotes (eg . 
" THIS rs A STR ING" ) .  

- A string representation . Can be a 
string , as above , or a string variable 
within a Macro call ( eg . %$1). 

A string of ASC II characters that 
refers to a particular device . See 
device reference manual for more spe­
cific explaination . 

3. Items in square brackets denote an optional part of 
syntax (eg . [ , lno] ) .  When an optional item is 
followed by ( • • •  ) the i tern ( s) may be repeated as many 
times as needed . 

Example: . WORD exp [ , exp • • •  ] 

4 .  Items in parathesis indicate that any one of the 
i terns may be used , eg . ( ,  Q )  ( , A ) . 

--3--



+ 

---this page in' entionHlly left blank--
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CHAPT ER 1: 

The Ed itor allows the 
source code or ordinary 

THE: F:DITOR 

user to en t er and edit MAC/65 
ASCII text files. 

To the P.ditor, there is
.

a real d istinction between the 
two types of files; so much so that there are actually 
two modes accessible to the user, P.DIT mode and 
TEXTMODE. However, for either mode, source code/text 
must beg in with a line number between 0 and �5535 
inclusive, followed by one space. 

Examples: 10 LARE L LDA #$1?. 
3020 This is val id in TEXT MODE 

The first example would be valid in either EDIT or 
TEXTMODE, whil e the second example would only be valid 
in TEXTMODE. 

The user chooses which mode he/she wishes to use for 
editing by selecting NEW (which chooses the MAC/GS P.DI T 
mode) or TEXT (which allows g enernl text entry). There 
is more discussion of the impact of these two modes 
below; but, first, there are sever�l points in common 
to the two modes. 

1.1 GENERAL P.DITOR USAGE 

The source file is manipulated hy fditor commands. 
Since the P.ditor recog ni zes a command hy the absence of 
a line number, a line beg inning with a l ine number is 
assumed to be a valid source/text line. As such, it is 
merged with, ad d ed to, or inserted into the source/text 
lines alread y in memory in accordance with its line 
number. An entered line which has the same line number 
as one already in memory w i l l replace the iine in 
memory. 

--5--



Also, �s a speci�l ca�� of 
be deleted from memory by 

only. (And Al3o see DEL 
of lines.) 

tt1P nhove, a s 0 ur ce line can 
enterin1 its line number 

command for deleting a 1roup 

Any line that does not start wi th a line number is 
assumed to be command line. The Eaitor will examine 
the line to determine what function is to be performed. 
If the line is a va1irl command, the Editor will execute 
the command. The Editor will prompt the user eilch time 
a command has be�n executed or termi nated by printing : 

EDIT for syn t ax (MAC/65 source) mod e 
TEXTMODE for text mode 

The cursor will �ppear on the following line. Since 
some command s 1oay ta ke a while to execute, the prompt 
signals the user that more input is al lowed . The user 
can terminate a com mand before completion by hitting 
the break key (escape key on Apple II). 

And one last point: 
line or a valid command. 

Wl!AT? 

If the line is neither a source 
The Editor will print: 

-- 6 --



1.2 TEXT MODE 

The Ed i t o r  su ppo r t s  a t e x t m od e . T h e  t e x t  m od e  i s  
en te red wi t h  t h e  command TEXT . Th i s  m od e  wi l l  NOT 
syn t a x  c he ck l i n e s  en t e r ed, a l l owi ng the u s e r to e n t e r  
and ed i t  n o n- a s s embly l anguage f i l e s .  Al l Ed i t o r  
c ommand s fu n t i on i n  t e xt m od e .  

Remembe r, t houg h ,  t h a t a l l  t e x t l i n e s  mu s t  b eg i n wi t h  a 
1 ine num b e r; a nd 1 e v e n  in T E XTMODE , t h e  space fo l l o wi ng 
t he l in e  num b e r  i s  n e c e s s a ry . 

1 . 3 E D I T  M ODE 

MAC/65 i s  n e a r l y  u n i qu e  among a s s e m b l e r/ ed i to r  s ys t em s 
i n  th a t  i t  a l l ows t h e  a s s em b l y  l angu a g e u s e r  to e n t e r  
sou r,ce c o d e  a nd h a v e  i t  I M M E D I A TE LY c h e c k ed fo r s yn t ax 
v a l id i t y .  Of c ou r se , s i nc e  a s s e m b l y  l ang u a g e s yn tax i s  
f a i r l y  fl ex i b l e  ( e s pe c iall y wh e n  mac r o s  a r e  allowa bl e , 
a s  t h e y  a r e wi t h  M AC/65) , s yn t ax c h ec k i ng w i ll by n o  
m e a ns c a t c h  a l l  e r r o r s  i n  u s e r sou rce cod e .  Fo r 
ex amp l e, t h e  e x i s t e n c e  o f  a nd v al i d i t y o f  l a b el s  a nd/o r 
z e r o  pag e l oc a t i o n s  i s  n o t  a nd � a n  n o t  be c h ec k ed un t il 
a s s emb l y  t i m e . Howe v e r ,  we s t i l l  f e e l  t h a t t h i s  s yn tax 
c h e ck i ng w i l l  be a b o o n  to t h e  beg i nn e r  a nd ex pe r i e nc ed 
programm e r  al i k e .  

Ag a i n, r em em b e r  t h a t  sou rce l i n e s  m u s t  beg in w i th a 
l i n e  num b e r  whic h m u s t , i n  tu rn , be followed by one 
s pa c e . Th e n , the s econd s pa c e  a f t e r  t h e  l i n e num be r i s  
t h e  l a b e l  colum n .  T h e  la b el m u s t  s t a r t  i n  th i s  col um n . 
Th e t h i rd s pac e a f t e r  t h e  l i n e num b e r  i s  t h e  
i n s truc t i o n  col um n . I n s t r uc t i o n s  m a y  e i t h e r  s ta r t  i n  
a t  l e a s t  t h e  th i rd c o l umn a f t e r  t h e  l in e  n um b e r  o r  a t  
l e a st o n e  s p a c e  a f t e r  t h e  l a b e l . Th e o pe r a nd ma y begin 
a n ywh e r e  a f t e r  t h e  i n s t r uc t i o n , and commen t s  may begin 
a n ywh e r e  a f t e r  t h e  o pe ra nd o r  i n s t r uc t i on . R e f er to 
A s s e m ble r S ec t i on fo r spec i f ic i n s t r uc t i o n sy n tax . 
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.7\s not: cd, t:-hP F 
<>ntry . If the 
·,.,;11 list »ho 
using rin inv1�rs( 
error. 

The source l i r. 
starting at .,n 

.tor r;ynt.c1x -:t1+:.cks ··ari1 sour1,P 1 inP ,1t 
·nt"'lx 0f a ine js in 1.•rror, t�1e E:iitor 

1 i n c w j th (, u r so r t u r- n e rl on r i . e . , h y 
or bl inf:i n" chArilc:t.erl at thP poi cit of 

·s are t () k( 
Hld ress in 

towards hi') h I'' ' mory . The 

nize<i a:i.d :;ta re d in memory, 
Jow "l"mory and building 

r e su l tA�t tokenized file is 
ASCII counterpart, thus 

programs to be P n te r ed and edited in 

fi0% to 8 0 %  
allowing 
memory. 

s·nal t . r than it•; 
larg e r  

SPECIAL NOT2: ·, upon entry, a so urce line contilins a 
syntax error and is so flagg ed by the fditor, the line 
is entered int' Editor memory anyway. This fe ature 
allows raw ASC text files (possibly trom other 
asse mblers and possibly c ontaining one or seve ral 
syntax errors as far as MPC/'15 is concerned) to be 
ENTERed into th Ed itor without losin g any lines. The 
user can note th" lines with errors and then ed it them 
later. 
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CHAPTF.R 7: EDITOR COMMANDS 

This chap t er lis t s  all t he valid fdit or-level commands, 
in alphabet ical ord er, along wi th a short descript ion 
of the purpose and function of each. 

Again, remember tha t when t he "TEXTMODE" or "EDIT" 

prompt is present any inpu t line no t preceded by a line 
number is presumed to be an Fd itor command. 

If in the process of execu ting a command any error is 
encountered , t he Ed itor will abort execu tion and ret urn 
to the user, d isplaying the error number and 
d escript ive message o f  t he error before re-prompting 
the user. Refer t

'
o Appendix for possible causes of 

errors. 

--9--



purpos0 

/\�M r1fi1e�;pr�r-J 1, r#fi1 .. �;pi:r.?l, r•fi 1".'>P(-'�ll 

ASM wi i l 1:.�-;1�mhl0 th" ;;pc-·,�i fied :;.'>Ur �f..' fi li:.• Anrl 
wilt pr<)dtir·· n iisti n<J a·H� o\1iec:t �od•� •)utp11t. 
Pi1especl s thP "our'e rlevi-e, Fi1espec2 is the 
list ·levi�e, �nct fi1eSflecl is t:he ohjc�t ,Jevive . 
Any nr �11 ,f the three f i 1espnc•s m�y be nmitterl, 
in whi·�h cil:;e MAC/Ii� assumes t!1e following rlefa ul t 
f i 1 es pe c ( s) "re t 0 he "" ecl : 

filespecl - user source memory. 
f i les pe c2 - screen erlitor. 
fi1espe·') - memory (CAUTION: see below) 

A "fi1esp ec" can be omitted by substituting a 
comma in wh ' c h case the re spectiv e rlefault wi l l  be 
userl. 

Ex a mp l e :  ASM �D 2:SOURCE,#D:LIST,#D 2:0BJECT 

In this example, the source wil l come from 
D 2:SOURCE, the Assembler wil l list to D:LIST, and 
the object ,,ode will be wr itten to D2:0BJECT. 

Example: ASM #D:SOURCE , , #D:OBJECT 

Tn this example, the sour ce will be r ead from 
D:SOURCE anrl the object will be wr itten to 
D:OBJECT. Th e assembly listing will be written to 
the screen. 

Example: ASM , #P: 

In this example, the sour ce will be read from memory, 
the object will be wr itten to memor y (but ONLY if t h e  
".OPT OBJ" dir ective is in the sour ce), and the 
assembly listing will he written to the printer. 

-- 1 0 --



Ex ampl e : ASM # D : SOUR C E  , t P :  

In th i s  ex a m pl e , t h e  s ou r c e  w i l l  b e  r e a d  f r om 
D : S O U RC E and the a s s emb l y  l i s t i ng wi l l  be w r i t t en 
to the pr i n t e r . I f  t h e  " . OPT O B J "  d i r e c t i v e ha s 
b een s e l e c t e d  in t h e  sou r c e , t h e  o b j ec t c o d e wi l l  
b e  pl a c e d  i n  memor y . 

No t e : I f  a s s em b l ing f r om a " f i l e spe c " , t h e  so ur c e  
M U S T  h a v e  b e en a SAV Ed f i l e  • 

No t e : R e f er to the 
in fo rma t i on on 
o u t pu t . 

• OPT d i r e c t i v e  for s p e c i f i c  
a s s em b l e r  l i s t i ng and o b j e ct 

No t e : Th e o b j e c t  c o d e  f i l e  w i l l  hav e  t h e  forma t o f  
c om poun d f i l e s crea t ed b y  t h e  OS/A + SAVE c o mmand . 
S e e  t h e  OS/A + m an ual for a d i s cu s s i o n  o f  L OAD a nd 
SAVE f i l e  form a t s . 

-- 1 1 --



Section 2 . 2 

edit command : BLOAD 

purpose: allows user to LOAD Binary (memory imag e) 
files f rom disk into memory 

usag e: BLOAD #fil espec 

The BLOAD command wiil load il previously BSAVEd 
binary file, an assembled object fil e, or a binary 
file cre;ited with OS/A+ SAVe command . 

Example: BLOAD #D:OBJEC T 

This example will load the binary fil e "OBJEC T" to 
memory at the ad dress where it was previously 
saved from or assembler for. 

CA UTION: it is sug g ested that the user only BLOAD 
files which were assembled into MAC/65's f ree area 
(as shown by the SIZE command ) or which will load 

into known safe areas of memory. 

Section 2. 3 

edit comma n d : BSAVE 

purpose: SAVE a Binary imag e of a portion of 
memory. Same as OS/A+ SAVE command. 

usage: BSAVE #filesp ec < hxnuml , hxnum2 

The BSAVE command will save the memory add resses 
from hxnum1 throug h hxnum2 to the specifie d  
device. The binary file created i s  compatible 
with the OS/A+ SAVe command. 

ExampJ e :  BSAVE ID:OBJECT<S 0 00, 51 0 0  

This example wil l save the memory ad d resses from 
$5000 through $5100 to the file "OBJEC T ". 

--12--



Section. 2.� 

edit command : BYE 

purpose: exit to system monitor level 

usage: BYE 

BYE will put the user to the Atari Memo Pad 
or Apple II monitor , as appropriate. 

Section 2.5 

edit command : C 

purpose: Change memory contents 

usage: C hxnuml < ( , ) ( hxnum) [(,) ( , hxnum) • • •  1 

Although MAC /fi5 does not include a d ebug 
capability , there are a few machine leve1 commands 
included for the convenience of the user who 
would , for example , like to change system 
reg isters and the like (screen color , margins , 
etc.). The C command is provided for this 
purpose. 

C allows the user to modify memory. Hxnuml is the 
change start address. The remaining hxnum ( s) are 
the chang e bytes. The comma will skip an ad dress. 

Example: C 5000 <20,00,DB,,5 

The example will change the memory addresses as 
follows: 5000 to 20, 5001 to 00, 5002 to DB, skip 
50 0 3 ,  and chang e 500� to 5. 

--1 3 --



Sec t i on 2.Fi 

ed i t  c o m m and: r 

purpo se : Di sp1a y contPn t s  of memory 1oca t ion( s) 

usa g e: D h x num l ,hxnum7. 

D allows thP u s e r  to exrim i ne m emory. If hxnum2 i s  
spec i fied , • h e  m em ory 1aca t i o ns be t w e en hxnuml and 
hxnum2 w ii l  be d i sp1ayed , ei s e  on1y h x num l through 
hxnuml +R w i 1 l be d i sp1ayed. 

Secti o n  2 . 7  

edit command: DF.L 

purpo s e : D�Letes a line or group of lines from 
the source/text in m em ory. 

usage: DEL inol [ , lno2 ] 

DEL deletes source lines from memory . If only one 
lno is e ntered, only the line will be deleted . If 
two lnos are entered , all lines between and 
including lnol and lno2 will be deleted . 

Note: lnol must be present in memory for D E L  to 
execute . 

Section 2 . 8 

edit command: DOS or , equivalently , C P  ] 

purpose: exit from MA C/n5 to the C P  of OS/ A+ .  

usage: DOS 
or 

CP 

Either DOS or CP returns the user to OS/ A+ .  

- - 1 4 --



Section 2.9 

edit command: ENT E R  

purpose: allow entry of ASC II (or ATASCII) 
text files into MAC/65 editor memory 

usage: ENTER #filespec [ ( ,M ) ( ,A )  ] 

ENT E R  will cause the Editor to get ASC I I  text from 
the specified device . ENT E R  will clear the text 
area before en tering from the filespec . 

The parameter " M" (MERG E )  will cause MAC/65 to NOT 
clear the text area before entering from the file, 
text entered will be merged with the text in 
memory . If a line is entered which has the same 
line number of a line in memory, the line from the 
device will overwrite the line in memory . 

The parameter " A" allows the user to enter 
un- n�mbered text from the specified device. The 
Editor will number the incoming text starting at 
line 1 0 ,  in increments of 1 0 .  C AUTION: The "A " 
option will always clear the user memory before 
en tering from the filespec . 

--15 --



Section 2.10 

edit commanrl: IND 

purpose: •o FIND a string of characters somewhere 
n MAC/fiS's �ditor buffer. 

USilge: VIND /string/ f lnol f ,lno2 ] ] f ,A ] 

The FIND comman'' will search all lines in memory or the 
specified line; s) (lnol through lno2) for the "string" 
given between the matching delimiter. The delimiter 
may be any c�aracter except a space. If a match is 
found, the line containing �he match will be listed to 
the screen. 

�ate: do NVT enclose a string in double quotes. 

Example: FIND/LDX/ 

This examp10 will search for the first occurance 
of "LDX". 

8xample: FIND\Label\25,RO 

This examp1e 
of "Label" jn 

will search for the first occurance 
lines 25 through 80. 

If the opti0n "A" is specified, all matches within 
the specifi0d line range will be listed to the 
screen. R0member, if no line numbers are given, 
the range i� the entire program. 

-- 1 6--



Section 2.11 

edit command: LIST 

purpose: to LIST the contents of all or part of 
MAC/65's editor buffer in ASCII (ATASCII) 
form to a disk or device. 

usage : LIST I ffilespec, lnol I ,lno2 ] I 

LIST lists the source file to the screen, or 
device when "ffilespec• is specified. If no !nos 
are specified, listing will begin at the first 
line in memory and end with the last line in 
memory. 

If only lno l  Is specified, that line will be 
listed if It Is In memory. If lnol and lno 2 are 
specified, all lines between and Including lnol 
and lno 2 will be listed .  When lnol and lno 2 are 
specified, neither one has to be In memory as LIST 
will search for the first line In memory greater 
than or equal to l nol, and will stop listing when 
the line in memory ls greater than lno2. 

EXAMPLE: 

EXAMPLE: 

LIST fP: 
will I !st the current contents 
of the ed i to r memory to the P: 
(printer) device. 

LIST ID2:TEMP, 1030, 1800 
lists only those lines lying 
In the line numher ran9e from 
1030 to 1800, inclusive, to the 
disk file named "TEMP" on disk 
drive 2.  

NOTE: The second ex amp l e points out a method of 
moving or duplicating large portions of tex t or 
source via the use of temporary disk files. By 
s u i tably RF.Numbering the In-memory text before and 
after the LIST, and hy then us i ng ENTER wi th the 
Merge option, quite complex movements a re 
poss ible . 

--17--



Section 2.12 

pu r po s e: 

usage: 

to reLOAD il pr»viously sr•JF>I Mf,1'/(,S tok••n 
Fite frnm disk tn .-..·lit >r ne1•1f1ry. 

Lo:.o •filesper ,A 

LOAD will reloild a previ'1usly SA'JEc� tokPni?f'·l file· 
into memory. LOAD will clei!r tl1" "';er "'""'Ot/ 
before loa1.ling from tl-ie specifi(,I d,-.·1i1"'P 1111,•:.•.; 
the " ,A" pnr 1mPter is arp0n<led. 

The pari!meter "A" ( for APPF:ND) raw:es th e Editor 
to NOT clear the text area hefore toailing from the 
file. Jnst.•ad, the l0arl file will he i!ppen.J.,,J 
with the current file In memory. 

Note: The Append op t io n wl l l NOT r"numher thf' file 
after Joilrlin•1. It is po!i•dhle t" have DlJPLICATF' 
LINE NUMBFP:;. Use the Hr:N cu01m.111d if there are 
duplicate line numbers. 

Secti o n  /.13 

erl it command: 

pu rpose : 

usage: 

L0"1EM 

ch �nq e the lower bound of editor memo ry 
us�ble by MAC/65. 

LOMEM hxnum 

LOMrM allows the user to select the address where 
the so ur ce program begins. Executing LOMEM clears 
out any source currently In memory; as i f  the user 
had typed "NEW" . 

--18--



Se c t i o n 2 . 1 4  

ed i t  c o m m a nd : N EW 

p u r po s e : c l e a r s  o u t  a l l  e d i t o r  m e m o r y ,  s e t s  s yn t a x  
c h ec k i ng m o d e .  

u s a g e :  N EW 

N EW wil l c l e a r  a l l  u s e r so u r c e c o d e  from m em o r y  
a n d  re s e t  t h e  Ed i t o r  t o  s yn t a x  m od e .  Th e " ED I T "  
p r o m pt a ppe a r s , remind i ng t h e  u s e r  t h a t s yn t a x  
c h e c k in g  i s  n o w  a c t i v e . I f  t h e  u s e r  n e e d s  t o  
d e f e a t  t h e  s yn t a x  c h e c k i n g ,  h e / s h e  m u s t  u s e  t h e  
TE XT c o m m a n d . 

S e c t i o n 2.15 

ed i t  c o m m a n d : NUM 

p u r po s e : i n i t i a t e s  a u t o m a t i c  l i n e  N UMbe r i ng m o d e  

u s a g e : NUM [ d c n um l  [ , d c n um 2  ] ] 

N U M  w i l l  c a u s e  t h e  Ed i t o r  to a u t o - n um ber t h e  
i n c oming t e x t f r om t h e  Sc r e e n  E d i t o r  ( E : ) .  A 
s p a c e  i s  a u t om a t i c a l l y  prin t e d  a f t e r  t h e  l i n e  
n um b e r . I f  n o  d c n um s  a r e  s p e c ified , NUM w i l l  
s t a r t  a t  t h e  la s t  lin e n um ber plus 10. N UM d c n um l  
w-i l l  s t a r t  a t  t h e  las t l i n e  n um b e r  pl u s  "dc n um l "  
in i nc r e m e n t s  o f  "d cnum l " . NUM d c n um l ,  d cn um 2  
w i l l  st a rt a t  " d c n um l "  i n  i n c r em e n t s  o f  "d c n u m 2 " . 

E XAM PLE : NUM 1000, 20 
wi l l  c a u s e  t h e  Ed ito r to prom p t  t h e  u s e r w i t h  
t h e  n um b e r  "10 0 0 "  fo l l o we d  b y  a s p a c e . Wh e n  
t h e  u s e r h a s  e n t e r e d  a li n e , t h e  n e x t pro m p t  
wi l l  b e  "1020 " ,  e t c . 

Th e NUM m o d e w i l l  t e r m i n a t e if t h e  l i n e  n um b er 
wh i c h  wo uld be n e x t i n  se q u e n c e  i s  p r e s e n t  in 
m em ory . 

Th e use r m a y  t ermi n a t e  N UM m o d e  o n  t h e  A t a ri b y  
pre ssing t h e  B R E A K  ke y o r  b y  t y p i n g a CONTROL-3. 
On t h e  App l e ,  t h e  u s e r  m a y  t erm i n a t e  t h e  N UM m o d e 
by pre ss i ng CONTROL-Z f o l l o we d  by RET URN . 
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Section 2. ln 

edit command: PRJNT 

purpose: to PRINT ril t or prirt of th" F:litor text 
,)r source to n <lisk file or a clevice. 

usage: PRINT [ •filespec, 1 [ lnol , lno2 

P r i n t  is exactly like LIST except that the line 
numbers ar� not listed. If a f il e is PRINTed to a 
d i s� , it m a y  be reENTERed into the MAC/65 m emor y 
using the f.NTER command wi th the Append line 
number option. 

Section 2 . 17 

edit command: REN 

purpose: RENumber all l i n e s  in Ed i t o r  m em o r y . 

us a g e: REN [ d c n um l  r , d c n um 2  ] ) 

REN r e n um be r s  t h e  so u r c e  l i n e s  i n  m em o r y .  I f  n o  
d c n um s  a r e  s pe c i f i ed ,  REN w i l l  r e n u m b e r  t h e  
p r og r a m  s ta r t i n g a t  line 1 0  i n  i n c r em e n t s  o f  1 0 .  
REN d c n uml w i l l  r e n u m b e r  t h e  l i n e s  s t a r t i ng a t  
line JO i n  i n c r em e n t s  o f  dc n uml . REN d c n uml , 
dcnum2 wi l l r e n um b e r  s t a r t i ng a t  d c n uml i n  
i n c r e m e n t s  o f  d c n um 2 . 

- - 20--



Sc(�tion 7.J:� 

2.:i it c;ommand: 

purpoc;e: 

11sa(3e: 

RPP1acPs ch'·:ur-·rence(s) of r.i y-iv0n strinq 
with �nother given string. 

REP /old strin g /new str inq' f lnnl r ,lno7 [ (,A) ( ,Q)] 

The 
(all 

REP commiln.'.l will search the specifier'! lines 
or lnnl throug h lno/) for the " old strin'J" . 

The "A'' option will cause all occurrences of ''old 
string " to be replaced with " new string " .  The 11Q" 

option will list the line containing the match ann 
prompt the user for the chang e (Y followed by 
RET URN for change, RET URN for s kip this 
occurrance. ) If neither "A" or '' Q " is specified, 
only the first occurrence of " old string " will be 
replaced with " new string " .  Each tim e a chang e is 
made, the line is listed. 

Example: REP/LDY/LDA/20 0, 25 0, Q 

This example will search for the string "LDY" 
between the lines 2 0 0  and 25 0, inclusive, and 
prompt the user at each occurrence to chang e or 
skip. 

Note: Hitting BREAK (ESCape on Apple II) will 
terminate the .REP mode and return to the Editor. 

Note: If a chang e causes a syntax error in the 
line , the REP mode will be terminated and control 
will return to the Ed itor. Of course , if TEXTMODE 
is selected , there can be no syntax errors. 
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Sectinn ::>.J9 

cclit com1nand: S!:Vf: 

purpose: 

usage: 

S/\VEs the int,>rnnl (t·0kre'1izoc1) form o f  
the user's in-me11ory text/s0ur(:-e to a 
disk file. 

S·\VF: # f ilespec 

Sl\VF: will s .1 v e t.hf' tokf'nizecl u�;i>r source file to 
th e  specified device . Th e format o f  a to ken izecl 
f ile is as follows: 

F i le He a d e r  
Two byte number (LSB,MSB) specifies t h e  
size o f  the f i l e  i n by te s. 

For enc h l i n e  i n  t h e  f i l e :  

Se c t i o n  2.20 

Two b y t e line n um b e r  (LSB,MSB) 
followed by 

One b y t e leng t h  o f  l i n e  ( a c t u a l l y  o f f s e t  
t o  n e x t  l i n e )  

fo l l o wecl b y  
The t o k e n i ze d  l i n e 

edi t c om m a n d : STZE 

purpose: ne t e r m i n e s  and displays t h e  S IZ E o f  
var i o u s po r t i o n s  o f  m em o r y  u s ed b y  
t h e  MAC/fi5 Ed i t o r .  

usage: S IZE 

SIZE w i l l  p r i n t  t h e  u s e r LOM EM a d d r e s s , t h e  
h i g h e s t  used m em o r y  a d d r e s s , a nd t h e  h i g h e s t  
usable m em o r y  a d d r e s s , i n  t h a t  o rd e r , u s i ng 
h e x a d e c i m a l  n o t a t i o n  fo r t h e  a d d r e s s e s .  

--22--



S e c t i o n  2 .2 1  

edit command: TEXT 

p u r po s e : a l l o w e n t r y  o f  a r b i t r a r y  ASC I I  (ATA S C I I )  
t ex t  w i t h o u t  s yn ta x  c h ec k i ng . 

u s a g e :  T E XT 

T EXT w i l l  C LE A R  A L L  u s e r  so u r c e  f r om m e m o r y  a n d  
p u t  t h e  Ed i t o r  i n  t h e  t e x t m od e .  Aft e r  t h i s  
c o mm a n d  i s  u s e d , the Ed i t o r  w i l l  p r o m p t  t h e  u s e r 
fo r r. e w  c o m m a n d s a n d  t e x t w i t h  t h e  wo r d  " TEXTM ODE " 
( i n s t e a d  o f  " ED I T" ) , i nd i c a t i ng t h a t n o  s yn t a x  
c h ec k i ng i s  t a k i ng pl a c e . 

TEXT MODE m a y  b e  t e rm i n a t e d  b y  t h e  NEW c om m a n d . 
CAUT I ON :  t h e r e  i s  n o  wa y to g o  b a c k  a nd f o r t h  
b e twe e n  s yn t a x  ( E D I T )  m o d e a n d  T EXTM ODE w i t h o u t  
c l e a r i ng t h e  Ed i t o r ' s m em o r y  e a c h  t i m e . 

S e c t i o n  2.22 

ed i t  c om ma n d : ? 

p u r po s e : m a k e s  h exad ec i m a l / d ec i m a l  c o n v e r s i o n s  

us a g e: ? ( $ hxn um ) ( d c n um )  

? i s  t h e  r e s i d e n t  h e x/ d e c i m a l  d ec i m a l / h e x  
c o nv e r t e r . Num b e r s  i n  t h e  r a n g e  0 - 55 5 35 d e c i m a l  
(0000 t o  F F F F  h e x ) m a y  b e  c o n v e r t ed . 

Ex a m p l e :  ? $ 1 2 0 0  
? 81 90 

--2 3--

w i l l  p r i n t  = 4 6 0 8  
w i l l  p r i n t  = $ 1F F E  



+ 

+ 

---t h i s  pa g e  i n t e n t i o n a l l y  le f t  bla nk--

+ 

+ 

-- 2 4 --



CHAPTER 3: THF MACRO l\SSEMRLER 

Usually, the Assembler Is entered from MAC/65 
command l\SM. For ASM command syntax, refer to 
2 . 1 (in the Editor commands). Assembly 
terminated by hitting the RREAK key (ESCape key 
Ap p l e II). 

with the 
section 
may be 
on the 

However, MAC/65 a lso offers the OS/A+ command line 
level an optional ability to bypass the Editor phase 
entirely. This is especially useful when do i ng 
assemb l ies d uring the _processing of an EXeCution file. 
To i n v o k e  th e assemb l er d i re c tly, sim ply include one o r  
m o r e  f i l e  n a m e s  o n  the same OS/A+ command line as the 
" MA C 6 5 "  comm a n d . Th e form a l usage is as follows: 

M AC 6 5  f f i l e l  f f i l e 2  f f i l e 3  ) ] f-A] f-D) l 

wh e r e  " f i l e l " , " f i l e 2 '' , a nd '' f i le 2 "  a r e l eg a l  OS/A+ 
f i l e  o r  d ev i c e  n a m e s  and "-A" a n d  " - D "  are option 
s p e c i f i e r s .  Th u s  t h e  arguments are a n  o pt i ona l s e t  o f  
o n e  t o  t h r e e  f i l en a m e s , c o n s t r ue d  to b e  t h e  s o u r c e , 
l i s t i ng ,  a nd o bje c t  f i l e s ( r e s p e c t i v e!y ) o f  a MAC/ 6 5  
a s s em b l y .  

And t h e  o pt i o n s  a v a i l a b l e  a r e :  
-A s o u r c e  f i l e  i s  A s c i i  
-D a s s em b l y m u s t  b e  D i s k - t o - D i s k  

R e m e m b e r ,  i f  n o  f i l e n a m e s  a r e  g i v e n , MAC/ 6 5  w i l l  b e  
i n vo k e d  i n  i t s i n t e r a c t i v e  ( Ed i t o r )  m od e .  B u t , i f  o n e  
o r  m o r e  f i l e s a r e s p e c i f i e d ,  MAC/ 6 5  w i l l  b e  i n v o k ed i n  
i t s " ba t c h "  m od e .  Th a t  i s ,  i t  w i l l  pe r fo rm a s i ng l e  
a s s em b l y  a n d  t h e n  r e t u r n  t o  OS/A+ . G e n e r a l l y ,  t h i s  
c o m m a n d  l i n e  w i l l  pe r form t h e  a s s e m b l y i n  a m a n n e r  
equ i va l en t  t o  g i v i ng t h e  " AS M" c o m m a n d  f r om t h e  MAC/ 6 5 
Ed i t o r .  Th a t  i s ,  i f  o n l y  o n e  f i l en a m e  i s  g i v e n , i t  i s  
a s s um ed t o  b e  t h e  s o u r c e  f i l e ,  i m pl y i ng tha t t h e  
l i s t i ng wi l l  g o  t o  t h e  s c r e e n  a n d  t h e  o b j e c t c o d e w i l l  
be p l a c e d  i n  m em o r y  ( b u t  o n l y  i f  r e q u e s t ed b y  t h e  . O PT 
OBJ d i r ec t i ve ) . I f  a s e c o n d  f i l e n a m e  i s  g i v e n , i t  i s  
a s s um ed t o  b e  t h e  n a m e  o f  t h e  l i s ting f i l e .  On l y  i f  
a l l  t h r e e  f i l en a m e s  a r e  g i v e n  w i l l  t h e  o bjec t co d e  he 
d i r e c t e d  t o  the f i l e  s p e c i f i ed .  
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Note: if ;in .1�:;�c·:nb1 y ner·ds 11·) Ji st- i rl'J �-·1t do�"!:-:: rtf?r�d an 
ohiect file, t�1e 11s0r �n(I'/ �;pe�i•y F: ,1:; t·J1f� tistinq 
file, thus !=H�nriing t:•1P. ti�tinr! tr> t�1P ��·�r.:1:n . 

The -A option is used ta spo�ify th�t the sour�" file 
is not ,, sti'ln<l ir<l M.\C/<>S '--'VF.<l fl 1" h11t is i nst»01rl i'ln 
Asr.i i (or At.-sci i) fi l<>. Th is is po11iv,.l<>nt t'.l usin1 
the inten1etive Frlit ::>r mo•le of !'olAC'/fiS t0 •Jse the 
sequence of comm�nr1s "FNT�R-!l • . .  " and "ASM , ... " . 

The -D option is use<l t0 sper. i fy th.- t the ass,,mhl y MUST 
proceed from disk to <lisk. Tf this o pt io n is not 
given, the source file i s  LOADed (or �NTF.Ae d )  hefore 
the assemhly, .-nd the n  the i'lssemhly procee<ls with the 
sourc e in memory lgen eri'!lly producing i m p ro v ed spee<l of 
<1ssembly). If, however, the sourr.e file is too lar1e 
to be assembled in memory, the user may use this option 
to i'!llow <1ssembly of e v en v e r y large programs. (And 
remember, e v en if the source fits, the m a cro and symbo l 
tables must reside in memory during i'lssembly also.) 

NOT�: the -D option ci'ln N OT be used in conjunction wi th 
the -A option. The source file assembled under t h e  -D 
opt ion MUS T be a properly SAVr;;d (tokenized) file. 
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3 . 1 ASS EMB LER IN PUT 

The Assembler will get a line at a time from the 
s p e c i f i ed d ev i c e  o r  f r om m e m o r y .  If a s s embl i ng f r o m  a 
d ev i ce, th e f i l e  m us t  h a v e  b e e n  p r e v i o u s l y SAVEd by th e 
Ed i to r .  A l l d i sc us s i o n s  o f  s o u r c e  l i n e s  a n d  syn t a x  
w i l l  b e  a t  th e Ed i to r  l i n e e n t r y  l ev e l . Th e to k e n i ze d  
( SAVEd) fo r m  i s  d i scu s s e d  i n  g e n e r a l  t e r m s  un d e r  t h e  
SAVE c om m a n d , s ec t i o n 2 . 1 9 .  

So u r c e  l i n e s  a r e  i n  th e f o r m : 

l i n e  n um b e r  + m a n d a to r y  s pa c e  + s o u r ce s t a t em e n t  

Th e s o u r c e  sta t e m e n t  m a y  b e  i n  o n e  o f  t h e  fo l l o w i ng 
f o r m s : 

[l a b e l ]  r ( 6 5 0 2  i n s t r uc ti o n) (d i r e c t i v e) [comm entl 

T h e  fol l o wi ng e x a m p l e s  a r e  v a l i d  s o u r c e  l i n e s : 

1 0 0  L AB E L  
1 2 0 ; Co m m ent l i n e  
140 LOA #5 a n d  t h e n  a n y  c om m e n t  a t  al l 
1 5 0 D E Y  
1 60 A S L  A d o ubl e n um b e r  i n  a cc um u l a to r 
170 G E TN UM LOA (ADD R E S S ) , Y  
1 8 0  . PAGE " d i r e c t i v e s  a r e l eg a l , to o "  

I n  g en e r a l , the fo r m a t  i s  a s  
T e c h n o lo g y 6 5 0 2  P r o g ra m i ng M a n ua l . 
th e u s e r  un f am i l i a r  w i t h  6 5 0 2  
p r o g r a m i ng s h o u l d  pu r c h a s e : 

s p e c i f i ed i n  MOS 
We r e commend t h a t 

a s s e m b l y  l a ng uag e 

" Th e  Ata r i  As s e m b l e r "  by Do n Inm a n  & Ku r t  Inm a n  
o r  

" P r og r am i ng th e 6 5 0 2 "  b y  Ro d ne y  Za k s  
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3.2 INSTRUCTION FORMAT 

A) I n s t ruc ti on mnemoni c s  a r e a s  d e s c ri be d  in the MOS 
Te c hno iog y  P r og r aming Ma n u al. 

P.) I mmedi a t e  o >e r ands begin wit h "t". 

C) " ( o pe r and , X" "  a nd "(o pe r a nd) , Y" d e signa te indirec t 
ndd r e s s i ng .  

D) " o pe r and, X "  
acld r e s s  i ng . 

a nd " o pera nd , Y" d e s i gna te indexed 

E) Z e r o  pa ge o · e r a nd s  cn nn o t  b e  fo r w a rd 
A t t empt i ng to do so will u sually 
"PHASE E RRO " me s s a g e .  

referenced . 
r e sul t in a 

F) Fo r wa rd equ 1t e s  a r e evciluated within t h e  l i m i t s of 
a t wo pa s s  s s embl e r . 

G) " * "  d e s igna e s  th e cu rre n t  lo cnt i on cou nter . 

H) Co mmen t lin· s m a y  b egin w i th " ; " o r " * "  

I) Hex consta n  s b eg in with •s• . 

• J) T h e  "A" perand i s  r e s e rved f o r a c cu muln t o r  
;id d r e s s i ng .  

--28-



3 . 3  LAB E L S  

L a be l s  m u s t  begin with a n  Alph a c h a r.acte r , " @" , o r " ? " . 
Th e r e m aining c h a r a c te r s  m a y  be a s  th e fi r st o r  m a y  b e  
"O" t o  "9" o r  " . " .  Th e c h a r a c te r s  m ust b e  u p pe r c a s e  
a n d  c a n n o t  b e  b r o k e n  b y  a s p a c e . Th e m a x im um n umb e r  o f  
c h a r a c te r s  i n  a l a b e l  i s  1 2 7 , a n d  A L L  a r e sig nific a n t .  

L a be l s b eg inning with a que stio n m a r k  ( " ? " )  a r e 
a s s u m ed to be " LOCA L "  l a b el s .  Su c h  l a b e l s a r e 
" v isib l e "  o n l y  to c o d e e n co unte r ed within th e c u r r e n t  
l o c a l  r e g io n . Lo c a l  r e g ion s a r e d e l imited b y  
s u c c e s sive o c c u r r e n c e s  o f  t h e  . LOCA L  d ir ec tiv e , wi t h  
th e f i r s t  r eg io n  a s s um ed t o  sta r t  a t  th e beginning o f  
th e a s s em b l y s o ur c e , wh eth e r  o r  n o t  a . LOCA L is c o d ed 
th e r e  o r  n o t . Th e r e  a r e  a m a x im um o f  62 lo cal r eg io n s  
i n  a n y  o n e  a s s em b l y .  Of c o u r se , i f  a . LOCAL i s  n o t 
e n c o unte r ed a n ywh e r e  in th e a s s em b l y ,  th e n  a l l  l a b e l s 
a r e a c c e s s ib l e  at a l l  tim e s . In a n y  c a s e , l a b e l s 
b e g in ning with a q u e stio n m a r k  wil l NOT be l isted in 
th e symbo l ta b l e .  

Th e f o l l o wing a r e  e x a m p l e s  o f  v a l id l a b e l s :  

T E S T l @ . INC LOCAT ION LOC 2 2A WHAT? 
A DDR E S S l .  l EXP . . S IN E 4 5TAB . 

3 .  4 O PE RANDS 

An o pe r a n d  can b e  a l a b e l , a Ma c r o  pa r a m ete r , a n um e r ic 
c o n s ta n t , th e c u r r en t  p r og r a m  c o u n te r  ( *) , " A" f o r 
a c c um u l ato r a d d r e s sing , a n  e x p r e s s io n , o r  a n  ASC I I  
c h a r a c te r .  Th e foll o wing a r e  e x a m p l e s  o f  th e v a rio u s  
type s o f  o pe r a nd s :  

1 0  LOA # VA LU E  l a b e l  
1 5  ROR A a c c um ulate r a d d r e s s ing 
20 . BYTE 1 2 3 , $ 4 5 n um e ric c o n sta nts 
25 • IF % 0  M a c ro pa r a m ete r 
3 0  C M P  # ' A A S C I I  c h a r a c te r 
3 5  T H I S LOC * . c u r r e nt PC 
4 0  . WORD PMBA S E + [P LN0+4 ] * 2 56 ; e x p r e s sion 
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3 . 5  OPE RATORS 

The following are the operators c u r r e n t l y  supported b y  
MAC/65: 

+ 

I 
* 
& 

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

.NOT 

. DE F  

. REF 

> 

< 

ps e ud o  pa r e n t h e s e s  
addition 
subtraction 
division 
multiplication 
binary AND 
bin ar y OR 
binary EOR 

equality, log ical 
g reater t h a n , log ical 
less than, log ical 
inequality, log ical 
g reater or equal, log ical 
less or equal, log ical 
log ical OR 
logir.ill AND 

unary minus 
unary log ical . Returns true ( 1) if ex­
pression is zero . Returns fillse (n) if 
expression is non-zero . 
unnry log ical label definition . Returns 
true if label is defined. 
unary logical label reference . Returns 
true if label has been referenced . 
unary. Returns the high byte of the 
expression. 
unary . Returns the low byte of the 
expression . 

Logical operators will always return either TRUE (1)  or 
FALSE (0 ). 

Some o f  these operators perhaps need some explanation 
as to their usage and purpose. The opera tors a re thus 
described in groups in the following subsections . 
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3.5.1 Operators: + - * I 

�h e s e  a r e t h e  f a m i l i a r  a r i t h m e t i c  o pe r a t o r s . Rem e m b e r ,  
t h o ug h ,  t h a t  th e y  pe r fo rm 1 6- b i t  s i g n ed a r i t hm e t i c  a n d  
i g n o r e  a n y  o v e r flows . Th u s , f o r e x a m pl e ,  t h e  v a l ue o f  
$FF00+4096 i s  $0FOO, a n d  no e r r o r  i s  g e n e r a t ed . 

3.5.2 Operators: & ! A 

Th e s e  a r e  t h e  b i n a r y  o r  " b i t w i s e "  o pe r a t o r s . Th e y  
o pe r ate o n  v alu e s  a s  1 6  b i t  wo r d s ,  pe r fo rm i ng 
b i t - by- b i t ANDs , ORs , o r  EXC LUS I VE ORs . Th ey a r e 1 6  
b i t  equ i v a l en t s  o f  t h e  6 5 0 2  o pc o d e s  AND , ORA , a nd EOR .  

E XA M PL E S : S F FOO & $ DO F F  i s  soooo 
$ 0 3  ! $ DA i s  $ 0 0 08 
$ 0 0 3 F  A $ 0 1 1 F  i s  $ 0 1 2 0 

3 .  5 .  3 Ope r a t o r s : = > < < >  > =  < =  
- - - - -- - -- - - - - -- - - - - - - - - - - -- - - - - - - - - - -

Th e s e  a r e  t h e  f a m i li a r  c o m pa r i s o n  o pe r a t o r s .  Th e y  
pe r fo rm 16 b i t  un s i g ne d  c o m pa r e s  o n  pa i r s o f  o pe r a n d s 
a n d  r et u r n  a TRU E  ( 1 )  o r  FA L S E  ( 0 )  v a l ue . 

E XAM P L E S : 3 < 5 
5 < 5 
5 <= 5 

r e t u r n s  l 
r e t u r n s  O 
r e t u r n s  1 

CAUT ION : R e m e m be r , t h e s e  o pe r a t o r s  a l wa ys wo r k  o n  PA I R S  
o f  o pe r a nd s .  Th e o pe r a t o r s  " > "  a n d  " < "  h a v e  q u i t e  
d iffere n t  me a n i ng s  wh e n  u s e d  a s  u n a r y  o pe r a t o r s .  

3 . 5 . 4  Ope r a t o r s : • OR • AND • NOT 

Th e s e  o pe r a t o r s  a l so pe r fo rm l o g i c a l  o pe r a t i o n s  a n d  
s h o u l d  n o t  b e  c o n f u s e d  w i t h  t h e i r  b i t w i s e  c o m pa n i o n s . 
Remembe r , t h e s e  o pe r a t o r s  a l wa ys r et u r n  o n l y  TRUE o r  
FALS E .  

E XAM P L E S : 3 • OR 0 
3 . AND 2 
6 . AND 0 
. NOT 7 

- - 31 - -
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3 . 5. 5  O per at or : ( u n ar y) 

Th e mi nu s sig n may b e  u s ed a s  a u n ar y  o per a t or. I t s  
eff ec t i s  th e sa� e a s  if a mi nu s sig n had b ee n  u sed i n  
a bi n a r y  o pera tion whe r e  t h e  fi r s t  op e ra t o r i s  ze ro. 

EXAM PLE : -2 i s  $ F FFE ( same a s  0-2) 

3. 5. 6 O p er a tor s: < > (u n ar y) 

Th e s e  UNARY o per a tor s ar e ex tr em ely us e ful wh e n  i t  i s  
desired t o  extr act ju s t  t h e  hig h orde r o r  l ow o rde r 
b y t e  of an expr e s si o n  or label. P r o b a b l y  t he i r mo s t  
common u s e  will b e  t h a t  of su pplying the hig h  a nd low 
order byt e s  of an add r e s s  to be u sed i n  a "LOA I" o r  
si m ila r immedi ate i n s truc ti o n. 

EXAM PLE : 

3. 5. 7 O p er a t or : 

FLEE P = $ 34 Sn 
LOA # < FL E E P  ( s am e  a s  LOA 1$56) 
LO A #> FL E E P  ( s am e a s  LOA 1$34) 

. DE F  

Thi s u n ar y  o pera tor t e s t s  wh e t h er t h e  fol l o w i ng l a be l  
h a s  b e e n  d e fi n ed ye t , retur ni ng TR U E  o r  FALSE a s  
a ppr o pri a t e. 

CAUT IO N :  Defi ning a l a b el AFTER t h e  u se a . DE F  wh ieh 
r e f er e nc e s  it c an be d a n g erou s , pa r t i cu l a r l y  if t he 
. DE F  i s  u s ed in a . I F directi v e  • 

EXAM PLE : • I F  . DE F  ZILK 
. BYT E • gener a t e  some byt e s •  

• END I F  
Z ILK = $3 000 

I n  th i s  e x ample , t h e  . BY T E  stri ng w i l l  NOT be gene r a ted 
in t h e  f i r s t  pa ss bu t W ILL be genera ted in the sec o nd 
pa s s. Thu s , a n y  f ol l o w i ng c od e  w i ll alm o s t  u nd ou b t ed l y  
gener a t e  a PHAS E ERROR . 
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3 . 5 . 8  Ope r a t o r : . RE F  

This u n a r y  o pe rato r t e s t s  whe t h e r  the fo l l owing l a b e l  
h a s  b e e n  r e f e r e n c ed b y  a n y  in s t r uct i o n  o r  d i r e c tiv e i n  
t h e  a s s e mbly y e t ; a n d ,  i n  c o n j u n c tio n wit h  t h e  . I F 
d i r e c tiv e , p r o d uc e s  the e f f e c t  o f  r e t u r ning a TRUE o r  
FALSE v a lue . 

Obvio u s ly ,  the s a m e  c a u t io n s  a b o u t  . DE F  being u s e d  
b e f o r e  t h e  l a b e l  d e f i nitio n a pply t o  . R E F  a l s o , b u t  
h e r e  w e  c a n  o b t ain s o m e  a d v a n t a g e  f r om t h e  situatio n • 

E XA M P L E :  . I F  . RE F  PR INTMSG 
PR INTMSG 

( c o d e  to im plem e n t  
the PRI N TMSG 
r o u tin e )  

. EN D I F  

I n  this exam ple , t h e  c o d e im plem e n ting P R I NTMSG wi l l  
ON L Y  b e  a s s e m bled i f  s o m e thing p r e c e d ing this po i n t  in 
the as s e m bly ha s r e f e r r e d  to the lab el PR INTMSG ! This 
is a v e r y  powe rfu l wa y to build an a s s em bly l a n g u a g e 
lib r a r y  a nd a s s e m ble o n l y  t he n e e d ed r o u tin e s . Of 
c o u r s e , t his im p l ie s  t h a t  the l i b r a r y  m u s t  b e  . I NC LUDE d 
a s  the la s t  pa r t  o f  the a s s e m b l y ,  b u t  this s e e m s  like a 
n o t  t o o  o n e r o us r e s t ric tio n . I n  fac t ,  O S S  ha s u s e d  
this t e c h niqu e  i n  w r i t i n g t h e  libr a r i e s fo r t h e  C/ 6 5  
c o m pi l e r . 

C A UT I ON : n o t e t h a t  in th e d e s c r i ptio n a b o ve i t  wa s 
im plied tha t . RE F  o n ly wo r k e d  p r ope r l y  wit h  a . I F 
d i r e c t i v e . No t o n ly is t h i s r e s t r ic tio n im pos ed , b u t  
a t t em p t s  t o  u s e  . R E F  in a n y  o the r wa y c a n  p r o d u c e  
biza r r e  r e s ults . A LS O ,  . REF c a n n o t e f f e c t i v e ly b e  u s e d  
in c o m bin a tio n wit h  a n y  o the r o pe r a t o r s .  Thu s , fo r 
exam ple , 

. I F . R E F  ZAM . OR . RE F  B LOOP is I L L EGA L ! 
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Th e o n l y  o pe r a t o r  whi c h  c a n  leg a lly c om b i ned wi t h  . REF 
i s  . NOT , as i n  . I F , NOT . R E F  LA B E L .  

No t e  t h a t  t h e  i l l eg al l i n e  a b o v e  c ould be si mu l a t ed 
t h u s : 

E XAM P L E : 

3 . s . o  Ope r a to r :  

DO I T  . =  0 
• I F  , R E F  Z AM 

DO I T  . =  l 
• END I F  
. I F . R E F  B LO O P  

D O I T  . =  l 
• END I F  
. T F D O I T  

M AC / � 5 s u p po r t s  t h e  u s e  o f  t h e  s q u a r e  b r a c k e t s  a s  
" ps e u d o  pa r e n t h e s e s " . 0 r d i n a r y r o u n d  pa r e n t h e s e s  m a y  
� O T  b e  u s e d  f o r g r o u p i n g  e x p r e s s i o n s , e t c . ,  a s  t h e y  
m u s t  r e t a i n  t h e i r s p e c i a l  m e � n i n g s  w i t h  r eg a rd s  t o  t h e  
va r i o u s a d d r e s s i n g n o d e s . In g e n e r a l , t h e  s q u a r e  
b r a c k e t s  M a y  b e  u s e d  a nywh e r e  i n  a M � C / � 5 expr e s s i o n to 
c l a r i f y o r  � h ang e the o r d e r  o f  e v a l � a t i o n  o f  t h e 
e x p r e s s i o n . 

E XA M P L E S :  
LCA G E O R G E + 5 * 3 

L r A  r � E O R G E + 5 1 * 3 
LC A ' G E O R G E + 5 1 * 3 

L � A r � E O R G E + 5 1 * 3 

T h i s  i s  l eg a l , b u t  
i t  M ul t i pl i e s  3 * 5 

a n d  a d d s  t h e  ' 5  t o  
� � OR G E • • •  p r o b a b l y 
n o t  wh a t  yo u wa n t e d . 
? y n tax E r r o r ! ! !  
c v  • • •  t h e � d d i t i o n 
'. 3  pe r fo r M e d  b e fo r e 
t , e  M u l t i p l i c a t i on 

) , Y  ; See t h e  n e e d  
' ) r b o th k i � d s  o f  
" r a r e n t h e s e s " ? 

R EM EM B E R : �p e r ! t o r s  
p r e c e d e n c e  r Ll l e s . Th e 
o v e r r i d e  the s e  r � 1 � s .  

i �  �AC/ � 5 e x r r e s s i� n s  ! � ! l o w 
s q � a r e  b r 3 c � � � s  n ay b e  u s e ·� t o  
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3 . 6  ASS EMB LER E XP R E S S I ON S  

An e x p r e s s i o n  i s  a n y  v a l i d  c o mb i n a t i o n  o f  o pe r a n d s a n d  
o pe r a t o r s  wh i c h  t h e  a s s embl e r  w i l l  ev a l u a t e t o  a 1 6 - b i t  
un s i g n ed n u m b e r  w i t h  a n y  o v e r f l o w i g no r e d . Ex p r e s s i o n s  
c a n  b e  a r i t h m e t r i c  o r  l og i c a l . Th e fo l l o wi ng a r e  
ex ampl e s  o f  v a l i d  ex p r e s s i o n s : 

1 0  
5 5  
20 0 
3 0 0  
3 0 5  
4 0 0  
4 4 0  

. WORD TAB LE B A S E + L I N E * C OLUNM 

. I F . DE F  I N T E G E R  . AND r VER=l 

. BYT E > E XPLOT- 1 ,  > E XDRAW- 1 ,  
LDA # < [ < A DDR E S S " - 1 ] + 
C M P  ii - 1 
C PX # ' A  
I N C  % 1 + 1  

3 . 7 O P E RATOR PREC E DENC E 

. OR VE R > = 3  
> E XF I L L - 1  

1 

T h e  f o l l o w i ng a r e t h e  p r e c e d e n c e  l ev e l s ( h i g h  to l o w )  
u s e d  i n  e v a l ua t i ng a s s e m b l e r  e x p r e s s i o n s : 

[ ] ( ps e ud o  pa r e n t h e s i s )  
> ( h i g h  b yt e ) , < ( l o w  b yt e ) , 
. NOT 
* , I 
+ ,  
& , ! , 
= ,  > ,  < ,  < = ,  > = ,  < >  
. AN D  
• OR 

. DE F , . R E F , - ( u n a r y )  

( c ompa r i s o n  o pe r a t o r s )  
i�'. 

Ope r a t o r s  g ro uped o n  t h e  s a m e  l i n e  h a v e  e q u a l  
p r e c e d e n c e  a n d  w i l l  b e  e x e c u t e d  i n  l e f t - t o - r i g h t  o r d e r  
u n l e s s  h i g he r  pr e c e d e n c e  o pe r a to r ( s ) i n te r v e n e . 
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3 .  R S TR I N G S  

S t r i ng s  a r e  o f  t wo t y pe s . St r i n g  l i t er a l s  ( ex am pl e : 
" Th i s  i s  a s t r ' ng l i t e r a l " ) ,  a n d  s t r i ng v ari a b l e s  fo r 
M a c r o s  ( ex am p l e :  � $ 5 ) • 

Ex a m p l e :  11 

E x a m p l e :  2 C 

• BYT E " A  S T R I NG OF C HARACTERS"  
o r  

• SB YT E % $ 1  
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C HA PT E R  4 :  D I R E C T I VE S  

A s  no t e d  i n  Se c t i o n  3 . 1 ,  t h e  i n s t r u c t i o n f i e l d  o f  a n  
a s s e m b l e d  l i n e  m a y  c o n t a i n  a n  a s s e m b l e r  d i r e c t i v e  
( i n s t e a d  o f  a v a l i d  li 5 0 2  i n s t r u c t i o n ) . Th i s  c h a pt e r  

w i l l  l i s t ,  i n  r o ug h l y  a l ph a b e t i c a l  o r d e r ,  a nd d e sc r i b e 
a l l  t h e  d i r e c t i v e s  l eg a l  u n d e r  MAC/ li 5  ( e x c e pt i n g 
d i r e c t i v e s  s pe c i f i c  to m a c r o s ,  wh i c h  w i l l  b e  d i sc u s s e d  
s e pa r a t e l y  i n  Ch a pt e r  5 ) . 

D i r e c t i v e s  m a y  b e  c l a s s i f i e d i n t o  t h r e e t y pe s : (1) 
t h o s e  wh i c h  p r o d uc e o b j e c t  c o d e fo r u s e  b y  t h e  
a s s e m b l ed  p r og r a m  ( e . g ., . B YT E ,  . W OR D ,  e t c .) ; (2) t h o s e  
wh i c h  d i r e c t t h e  a s s e m b l e r  t o  pe r fo r m s o m e  t � s k ,  s u c h  
a s  c h a ng i ng wh e r e  i n  m em o r y  t h e  o b j e c t  c o d e s h o u l d  g o  
o r  g i v i ng a v a l u e t o  a l a b e l  ( e . g . ,  * = ,  = ,  e t c .) ; a n d  
( 3 ) t h o s e  wh i c h  a r e p r o v i d ed f o r t h e  c o n v e n i e n c e  o f  t h e  
p r o g r a mm e r ,  g i v i n g h i m/ h e r c o n t r o l  o v e r  l i s t i n g f o rm a t ,  
l o c a t i o n  o f  s o u r c e ,  e t c .  ( e .g . , . TI TLE , . O PT , 
. INC LUDE) . 

Obv i o u s l y, we c o u l d  i n  t h e o r y  d o  w i t h o u t  t h e  t y pe 1 
d i r e c t i v e s ; b u t ,  a s  yo u r e a d  t h e  d e sc r i p t i o n s  t h a t  
f o l l ow, y o u w i l l  so o n  d i s c o v e r  t h a t  i n  p r a c t i c e  t h e s e  
d i r e c t i v e s  a r e m o s t  u s e f u l  i n  h e l p i n g yo u r  li 5 0 2  
a s s em b l y l a ng u a g e p r o d uc t i o n . I n c i d e n t a l l y , a l l  t h e  
m a c r o - s p e c i f i c  d i r e c t i v e s  c o u l d  p r e s um a b l y b e  
c l a s s i f i e d a s  t ype 3 .  

Th r e e  o f  t h e  d i r e ct i v e s wh i c h  f o l l o w ( . PA G E , . T I T LE , 
a n d  . E R R OR ) a l l o w  t h e  u s e r  to s p e c i f y a s t r i n g 
( e n c l o s e d  i n  q u o t e s) wh i c h  w i l l  b e  p r i n t e d o u t . Fo r 
t h e s e  t h r e e  d i r e c t i v e s ,  t h e  u s e r i s  l i m i t e d  t o  a 
m a x i m um s t r i ng l e ng t h  o f  7 0  c h a r a c t e r s . S t r i n g s l o ng e r  
t h a n  7 0  c h a r a c t e r s  w i l l  b e  t r un c a t e d . 

-- 3 7 - -



S e c t i o n  4 . 1  

d i r e c t i v e : 

pu r po se :  

* =  

c h a ng e c u r r e n t  o r i g i n  o f  t h e  a s s e m bl e r ' s 
l o c a t i o n  c o u n t e r  

v a l u e  o f  t h e  
Th e ex p r e s s i o n  

wr i t t e n  wi t h  

Th e * =  d i r e c t i v e  w i l l  a s s i g n t h e  
ex pr e s s i o n t o  t h e  l o c a t i o n c o u n t e r . 
ca n n o t  b e  f o wa r 1  r e f e r e n c ed . * = m u s t  b e  
n o  i n t e r v e n i n g s pa c e s .  

E x a m p l e : 5 0  *=  $ 1 2 3 4 s e t s  t h e  l o c a t i o n  
c o un t e r  t o  $ 1 23 4 

Ano t h e r  c o m m o n  u sa g e o f  * =  i s  to r e s e r v e  s pa c e  fo r d a t a 
to be f i l l e d i n  � r  u s e d  a t  r u n t i m e . S i n c e  t h e  s i n g l e  
c h a r a c t e r  " * "  ma y b e  t r e a t ed a s  a l a b e l  r e f e r e n c i n g t h e  
c u r r e n t  l o c a t i o n c o u n t e r  v a l u e , t h e  fo rm " * =  * + e x p •  is 
t h u s  t h e  m o s t  � om m o n  way t o  r e se rv e  " e x p" byt e s  f o r 
l a t e r  u s e . 

E x a m p l e : 7 0  LDC * =  * + l a s s i 1 n s t h e  c u r r e n t  
v a l u e  o f  th e l o c a t i o n  
c o u n t e r  t o  LOC a n d  
t h e n  adva n ces th e 
c o u n t e r  by o n e . 

( Th u s  LOC � a y  be t h o ug h t  o f  a s  a o n e b y te 
rese rv ed n emo ry c e l l . )  

CA UT I ON :  B e c a u s e  a n y  l a b e l  a s s o c i a t e d  w i t h  th i s 
d i r e c t i v e i s  a s s i 1 n e d t h e  v a l u e o f  t h e  l o c a t i o n  c o u n t er 
B E F O R E  t h e  d i r e � ti v e i s  e x e c u t e d , I t  i s  N O T  a 1 v i s a h l e  
t o  g i v e  a i a b e l  t '  " * = "  u n l e s :, , i nd ·= � n , i t  i s  h e i n g 
u sed as i n  t h e  '"� c o n d  e x a M p l e '. i · "' . ,  � s  ·• ri e m o ry 
r e s e r v e r ) . 

NOT E : S o m e a R s e m h � e r s  L J S �  " O R G " i n s t � � � o f  '' * = "  a n d  m a y  
a l s o h a v e  a s e p a r • t e d i r e c t i v e ( s u c h  • s  " D S "  o r  " A M R " ) 
f o r " d e f i n j n -;:1 s •  �) r 1 g e- 11 o r  " r e s i� r  · i :i g  n eri 0 r y  : � y t:. e s " . 

U s e  c a u ti o n wh e · 1  ,, o n v "! r t i n g f r o rc 3n . . i t -:i  s u c h 
Et ss e m b l e rs; p a y s p e c i a l  � t t e n � i a n  t o  1 3 h 0 1  · J S ,, J ,? .  tVh e n  
i n  d o u b t ,  m o v e  t h �  1 .=, b e l  t �  t � e  n t:? x '· p r P c o? d i n "J o r  n P. x t 
f o l l o w i n g  l i n e ,  a s  a p p r � p r i a t e . 

- - 3 ? - -



S ec t i o n  4 .  2 

d ir ec t i v e : 

pu r po se :  a s s i g n s a v a lu e  t o  a l ab e l  

u s ag e : l a b e l  = e x pr e s s i o n  

Th e d ir ec t i v e  w i l l  e qu a t e  " l ab e l " wi th t h e  v a l ue of 
the ex pr e ss i o n. A " l ab e l " c a n  b e  e qu a t ed v i a  " = "  o n l y  
o n c e  w i t h i n  a pr ogram . 

Ex ampl e :  10 P L A Y E R O  PM BAS E + $ 2 00 

No t e : I f  a " l ab e l " i s  e qu a t ed m or e  t h a n  o n c e , " l a b e l " 
w i l l  c o n t a i n  t h e  v a lu e  o f  t h e  m o s t  r e c e n t  e qu a t e . Th i s  
pr o c e s s , h o we v er , w i l l  r e su l t  i n  a n  a s s e m b l y error . 

S e c t i on 4. 3 

d ir e c t i v e : 

pur po se : 

u s ag e : 

. = 

a s s i g n  a po s s i b l y  tr a n s i tory v a lue to 
a l ab e l  

l a b e l  . =  ex pr e s s i o n  

Th e . =  d ir e c t i v e  w i l l  S E T  " l a b e l " w i t h  t h e  v a lu e  o f  t h e  
ex pr e s s i o n. Us i ng th i s  d ir ec t i v e , a " l ab e l " m a y  b e  s e t  
t o  o n e  o r  m or e  v a lu e s  a s  m a n y  t i m e s  a s  n e ed ed i n  t h e  
s a m e  pr ogram . 

E XAM PL E : 
1 0  LB L . - 5 
20 L DA f L B L  s a m e  a s  LDA t s 
3 0  LB L . = 3 + ' A  
4 0 

CAUT I ON :  A 
d i  r e c  t i  v e) 
i n s truc t i o n  
b y  • •  =" .  

LDA t L B L  s am e  a s  LDA #6B 

l ab e l  wh i c h  h a s  been e qu a t ed ( v i a  t h e  " = "  
o r  a s s i g n ed a v a lu e  t hr oug h u s a g e  a s  a n  
l ab e l  m a y  n o t  t h e n  b e  s e t  t o  a n o ther v a lu e  

-- 3 9 --



S e c t i o n 4 . 4  

d i r e c t i v e : [ a nd • SBYT E 1 

pu r po s e : s > e c i f i e s t h e  c o n t e n t s  o f  ind iv id u a l  
� · t e s  i n  t h e  o u t p u t  o b j e c t  

u s a g e : 
[ l a b e l ] 
[ l a b e l ] 

. B YT f: · e x p , ]  

. S B YT E  r ex p , ]  
( e x p )  ( s t r v a r )  
( e x p )  ( s t r v a r )  

[ , ( e x p ) ( s t r v a r )  
r ' ( e x p )  ( s t r v a r )  

• • •  J 
. . .  ) 

Th e . BYT F: a n d  . S B Y T E  d i r e c t i v e s  a l l o w  t h e  u s e r to 
g e n e r a t e  i n d i v i d  1 111 b y t e s  o f  m em o r y  i m a g e  in  t h e  o u t pu t  
o b j e c t . Ex p r e s  i o n s  m u s t  e v a l ua t e  to a n  A - b i t  
a r i t h m e t i c  r e s u · t . A s t r v a r  wi l l  g e n e r a t e  a s  m a n y  
b y t e s  a s  t h e  ng t h  o f  t h e  s t r i ng . . B YT E s im p l y  
a s s e m b l e s  t h e  • yt e s  a s  e n t e r ed , wh i l e  . S B YTE w i l l  
c o n v e r t  t h e  h y t e  t o  A t a r i  s c r e e n  c o d e s  ( o n t h e  At a r i )  
o r  t o  c h a r a c t e r s w i t h  t h e i r  m o s t  s i g n i f i c a n t  b i t  o n  ( o n 
t h e  Ap p l e  II l .  

Ex a m  p l  

Th i s  e x am pl e w i  1 
� 

1 0 0  . e YTE " AB C "  , 3 , - 1  

p r o d u c e  t h e  f o l l o w i n g o u t p u t  b y t e s : 
4 2  � 3  0 3  F F .  

No t e  t h a t t h P  n P  a t i v e  e x p r e s s i o n  w� s t r un c a t e d  t o  a 
s i n g l e  byt e v a l u 

Ex a p l e :  s o  . SBYTE " He l l o ! " 

On t h e  A t a r i , h i s  e x a m p l e w i l l  p r o d u c e  t h e  fo l l o w i ng 
s c r e e n  c a ri e s : 

G 5 fiC fi C  Fro' 0 l • 
On t h e  .l\p p l e I I , t h e  s a rn P  · ' x a m p l e wo u l d  pr 0 ,� u c e t h e  
f o l l o w i n g  b y t e s : 

r E S  E C  E r r �  A l . 

S P E C i l\L N OT S : 
Mo d i f i e r . 
a rl d ed t n  

A M o d  
a l l 

r e cog n i Z <' S  t h e  r, 
t h e  " + "  c h �r a c ' 
i t s e l f he g e n e r "  

J t h  . B Y T !:� �1 · >-1 . S R Y l' r� ii l l 0 w  a :1 ,1 d d i t i v e  
' i e r i s 'l l1 · • x p r  P s s ' ) n wh i c h w i l 1 h e  
i f  h y t e s  1 s s e m h J �· � .  Th e � -1 � 0 :� h l e r  
� i f "'  r P x ;"". r e  - � s i ,, n h . ,._ ' 1  e r r e s '? :1 .: t-_' 0 f 
� r . Th e � ' d i f i e r ) x F r  t� �• s i ) n w i l l ri n t 
�d a s  p :=i r t  l f  t h e  - 1 . 1 t r 1 1 t . 

- - -1 0 - -



Exam pl e : 5 . B YT E + $ 8 0  , " AB C "  , - 1 

Th i s  exam p l e w i l l  p r o d uc e t h e  fo l l o w i ng b y t e s : 
C l  C 2  C 3  7F . 

Ex ampl e :  1 0 0  . BYT E  +$ 8 0 , " D E F " , ' G + $ 8 0  

Th i s  exam p l e w i l l  p r o d uc e : C 4  C S  C n  d 7 .  

( N o t e  e s p e c i a l l y  t h e  e f f e c t o f  a d d i ng $ 8 0  v i a  t h e  
m od i f i e r  a n d  a l s o a d d i ng i t  t o  t h e  pa r t i c u l a r  h y t e . 
Th e r e s u l t i s  a n  u n c h a ng ed b yt e , s i n c e  we h a v e  a d d ed a 
t o t a l  o f  2 5 6 ( $ 1 0 0 ) , wh i c h  d o e s  n o t  c h a n g e  t h e  l o we r 
b y t e  o f  a 16 b i t  r e s u l t .) 

E xa m p l e :  5 5  . S B YT E  + $ 4 0 , " A l 2 "  

Th i s  exam p l e w i l l  p r o d uc e : 6 1  5 1  5 2  A t a r i  
0 1  F l  F 2  A p p l e I I  • 

Exa m p l e :  8 0  . S B Y T E  + $ C O , ' G - S C O , " R E E N "  

Th i s  exam p l e w i l l  p r o d u c e : 2 7  F 2  E S  E S  E E  At a r i  
C 7  9 2  8 5  8 5  S E  A p p l e I I .  

No t e : . SB YT E  p e r fo rm s  i t s c o n v e r s i o n s  a c c o r d i ng t o  a 
n um e r i c a l  a l g o r i t h m  a n d  d o e s  NOT s pe c i a l  c a s e  a n y  
c o n t r o l  c h a r a c t e r s ,  i n c l c ud i ng CR , TAB , e tc . 

- - 4 1 --



S e c t i o n •1 .  5 

cl i r e c t i v e : 

p u r p0 s e : 

u s a g e : 

. D B Y T E  [ s e e  a l so . WORD 

s p e c i f i e s Du a l  B YT E  v a l u e s  to be 
p l a c e d  i n  t h e  o u t pu t  o b j e c t . 

f 1 a b e l ] . DB YT E  e x p  r , e x p  

Bo t h  t h e  . WOR D A n d  . DB YT E  cl i r e c t i v e s w i l l  p u t  t h e  v a l u e 
o f  e a c h  e x p r e s ; i o n  i n t o t h e o b j e c t c o d e a s  t wo b yt e s . 
H ci we v e r , wh i l e  . W O R D  w i l l  a s s e m b l e t h e  e x p r e s s i o n ( s ) i n  
G 5 0 2  a d d r e s s  o r d e r  ( l e a s t  s i g n i f i c a n t  b y t e , m o s t  

s i g n i f i c a n t  h y t e ) , . DR YT E  w i l l  a s s e m bl e t h e  
e x p r e s s i o n f s ) i �  t h e  r e v e r s e o r d e r  ( i . e . ,  m o s t  
s i g n i f i c a n t b y t e , l e a s t  s i g n i f i c a n t  b yt e }  • 

. DB YT E  h a s  l i m i r e d u s a g e  i n  a n 5 0 2  e n v i r o n m e n t , a n d  i t  
wo u l d  m o s t  p r o b a h l y  b e  u s e d  i n  b u i l d i ng t a b l e s  wh e r e  
i t s r e v e r s e d  o r d e r  m i g h t  b e  m o r e  d e s i r a b l e  • 

E XA M P L E : 

S e c t i o n  /1 .  h 

d i r e c t i v e : 

p u r po s e : 

S e c t i o n  � .  7 

d i r e c t i v e : 

p u r po s ·? :  

. D B Y T E  $ 1 2 3 4 , 1 , - 1 
p r o d u c e s : 1 2  3 4 0 0  0 1 F F  F F  

. WOR D � 1 2 3 4 , 1 , - 1 
p r o d u c e s : 3 �  1 2  0 1  0 0  F F  F F  

• f.' LS F: 

S f E  d e s c r i p t i o n  o f  . I F f o r p u r po s e , e t c . 

• •·· N e  

t �' r rn i n a t <->  A n  i ri - rn e;n o r 1  3 :; s e rn b l y  

Tl1 e . E N D  r1 i r c c t i  e w i 1 1  t e r 1n i n ;:i t �  t-. h r�  � s s r� r'l h l y C'N LY i. f  
t h e  s o u r c e  i s  h P i rl :J r 2 n d  f r o ri f'l e r1 J ·- y .  0 t h e r w i s c , . F' N f)  
w i l l  h n v e  n o  1? f f � c t  , n  a s s e m � l y .  

Th i s  11 n o  0 f f e c; t "  i s h (1 :1 .i y i :i t '.l n t y �1 : 1  1'T1 ·1 Y t h u .":; • I N ::-- LI J T) �= 
f i l e ( s ) ·,..,,-. i t :i n u t  �1 n v i rq  t -\  f".' : i r_  o u �  1 n y  . F \J I �  .'::; •- ,:i t •"? :-'l �"' n t s  
t h e y m i ·3 h t  (� n 11 t :::i : 1. .  T n  t r u t. : : , . l? N f'\  i s  J t? ·H� r :i 1 1 y  n o t  
ri. e e cl e J n t  ?. 1 1  w i ' h  MAC:/ >; � .  

- - �  ') _ _  



S e c t i on 4 .  8 

d i r ec t i v e : • END I F  

pu r po s e : t e rm i n a t e a c o n d i t i o n a l  a s s e m bl y b l o c k  

S E E  d e s c r i pt i o n  o f  . I F f o r  u s a g e a n d  d e t a i l s .  

S ec t i o n  4 . 9  

d i r e c t i v e : . ERROR 

p u r po se : f o r c e  a n  a s s em b l e r  e r r o r  a n d  m e s s a g e  

u s a g e : f l a b e l  J • ERROR [ s t r i ng ]  

Th e . ERROR d i r ec t i v e  a l l o ws t h e  u s e r  to g en e r a t e  a 
ps e ud o  e r r o r .  Th e s t r i ng s p e c i f i ed by . ERROR w i l l  b e  
s e n t  to t h e  s c r e e n  a s  i f  i t  we r e  a n  a s s e m bl e r - g en e r a t e d  
e r ro r .  Th e e r r o r  w i l l  b e  i nc l ud ed i n  t h e  c o un t  o f  
e r r o r s  g i v en a t  t h e  e n d  o f  t h e  a s s em b l y • 

Ex a m p l e :  1 0 0  • ERROR " M I S S ING PARAM ETER ! " 

--43 --



S e c t i o n 4 . 1 0 

d irective: . T F 

purpo se: c h o oses t o  pe rfo rm or n o t pe r fo rm s o m e  
port i on o f  an a ssem b l y  b a s e d  o n  t h e  
" t r u t h "  of an exp r ess i o n  . 

1Jsag e: . I F  exp 
f .  E L S E ]  

. E N D I F  

usag e no t e: t h e r e  m a y  he a n y  n um b e r  o f  l i n e s  o f  
a ssem b l y l a ng u a g e c o d e o r  d i r e c t i v e s  
b e t we e n  . I F a nd . E LS E o r  . EN D I F  a n d  
s i m i l a r l y  b e t we e n  . E LS E a n d  . EN D I F  • 

The . I F ,  . E LS E , a n d 
cond i t i onal � ssemb l y .  

. END I F  d i r e c t i v e s  c o n t r o l  

Wh e n  a . I F i s  enco un t ered, t he fo l l o w i ng ex p r e s s i o n  i s  
eva l ua t e d . I f  i t  i s  n o n - z ero ( TR UE ) , t he s o u r c e  l i n e s  
fo l lo wing . I F w i l l  b e  a s s e m b .i ed ,  c o n t i n u i ng u n t i l  a n  
. E L S E  or . EN D I F i s  e n c o un t e r ed . I f  a n  . E LS E i s  

encoun t ered before a n  . EN D I F ,  t h e n  a l l t h e  s o u r c e  l i n e s  
bet ween t h e  . E LS E a nd t he c o r r e s po nd i ng . EN D I F w i l l  n o t 
be a s s em b l e d . I f  t h e  exp r ess i o n  e v a l ua t e s  t o  ze r o  
( f a l s e ) , t h e  so u r c e  l i n e s  f o l l o w i n g  . I F w i l l  n o t b e  
a s s e m b l e d . Ass e m bly w i l l  re sume wh e n  a c o r r e s po n d i ng 
. EN D I F o r  a n  . E LS E i s e n c o un t e r ed .  

The . I F - . EN D I F  a n d  . I F - . E L S E - . EN D I F  c o n s t r uc t s m a y  b e  
n e s t ed t o  a d ep t h  o f  1 4  l e v e l s .  Wh e n  n e s t e d , t h e 
" sea rc h "  for t he " c o r r e s po n d i ng "  . E LS E or . EN D I F s k i ps 
over c o m p l e t e  . I F-. END I F  c o n s t r uc t s i f  n e c e s s a r y .  

Exa m pl es: 

1 0  
2 0  
3 0  
4 0  

• I F  1 
L DA JI I ?  
J S R  C HAR O U T  
• EN D I F 

--4 4 - -

n o n -z e r o , t he r e fo r e t r ue 
t h e se t wo l i n e s  w i l l  
be a s s em b l ed 



S ec t i o n  4 . 1 0 ( . I F c o n t i n ue d  ) 

E XAM PL E : 

1 0  
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 

. I F 0 
LOX t >A DDR ES S  
L O Y  # <ADDR ESS  
. I F 1 

e x p r e s s i o n  i s  f a l se 
t h e se t wo l i n e s  wi l l  
n o t  b e  a s s em b l ed 

. ERROR " ca n ' t g e t  h e r e "  
l i k e w i s e , t h i s c an ' t b e  a s s e m b l ed b ec a u s e  i t  
i s  " n e s t ed " w i t h i n  t h e  . I F 0 s t r uc t u r e  

• E L S E  

L O X  # 
LOA i 
• END I F  
J S R  

< A DD R E S S  
> A DDR E S S  

t h e s e  l i n e s  w i l l  
be a s s e m b l ed 

PR I N T S T R  I N G  ; g o  pr i n t  t h e  s t r i ng 

N o t e : Th e a s s e m b l e r  r e s e t s  t h e  c o nd i t i o n a l  s t a c k a t  t h e  
b e g i n i ng o f  e a c h  pa s s . M i s s i ng . EN D I F ( s ) w i l l  N O T  b e  
f l ag g ed . 

-- 4 5 - -



S e c t i o n  4 . 1 1 

d i r e c t i v e : 

p u r po s e : 

u s a g e :  

u s a g e  n o t e : 

• I N C LUDE 

a l l o ws one a s s e m b l y l ang uag e pr og ram to 
r e qu e s t  t h a t  a n o t h e r  prog r a m  b e  i n c l ud ed 
a n d  a s s e m b l ed i n - l i n e  

. I NC LUDE # f i l e s p e c  

t h i s  d i r e c t i v e  s h o ul d NOT h a v e  a l a b e l  

Th e . IN C LUDE d i r e c t i v e  c a u s e s  t h e  a s s e m b l e r  to beg i n  
r e a d i ng so u r c e  l i n e s  f r om t h e  s p e c i f i ed " f i l e spe c " . 
Wh e n  t h e  end o f  " f i l e s pe c "  i s  r e a c hed , t h e  a s s e m bl e r  
w i l l  r e s u m e  r e a d i ng so u r c e  f r om t h e  p r ev i o u s f i l e  ( o r  
m em o r y )  • 

C A UT I ON : Th e . INC LUDEd f i l e  M U S T  be a pr o pe r l y  SAVEd 
MAC/ h 5 t o k e n i z e d  p r o g r a m . I t  c a n  NOT b e  a n  A S C I I  f i l e .  

No t e : A . INC L UD E D  f i l e  c a n n o t i t s e l f c o n t a i n  a . I NC LUDE 
d i r e c t i v e . 

E XAM P L E : . I NC L U D E  # D : S YS E QU . M 6 5  

Th i s  ex a m p l e l i n e  w i l l  i n c l ud e  t h e  s ys t em e q u a t e s  f i l e  
s u p p l i e d by os s .  

- - � 6 - -



S e c t i o n  4 . 12 

d i r ec t i v e : 

p u r po s e : 

u s a g e : 

u s a g e n o t e : 

. LOCA L  

d e l i m i t s a l o c a l  l a b e l  r eg i o n  

• LOC A L  

t h i s  d i r ec t i v e  s h o u l d  no t b e  a s s o c i a t e d  
w i t h  a l ab e l . 

Th i s  d i r e c t i v e s e r v e s  to e n d  t h e  p r ev i o u s l oc a l  r eg i o n  
a n d  b eg i n a n e w  l o c a l  r eg i o n . I t  i s  a s s um ed t h a t t h e  
f i r s t  l o c a l  r eg i o n  beg i n s  a t  t h e  b eg i nn i ng o f  t h e  
a s s e m b l y ,  a n d  t h e  l a s t  l o c a l  r e g i o n  e n d s a t  t h e  e n d  o f  
t h e  a s s em b l y .  

W i t h i n  e a c h  l oc a l  r eg i o n , a n y  l ab e l  beg i nn i ng wi t h  a 
q u e s t i o n m a r k  ( " ? " )  i s  a s s um ed t o  b e  a " l o c a l  l a b e l " . 
As s u c h , i t  i s i nv i s i b l e  to c o d e , e qu a t e s , r e fe r e n c e s , 
e tc . ,  o ut s i d e  o f  i t s o wn l o c a l  r eg i o n . 

Th i s  f e a t u r e  i s  e s pe c i a l l y  h a nd y  wh e n  u s i ng a u t o m a t i c  
c o d e  g e n e r a to r s  o r  wh e n  se v e r a l  pe o pl e a r e  wo r k i ng o n  a 
s i ng l e  p r o j e c t .  I n  b o t h  t h e s e  c a s e s , t h e  c o d e r  m a y  u s e  
l a b e l s b eg i n n i ng w i t h  " ? "  a n d  b e  s u r e  t h a t t h e r e  wi l l  
b e  no d up l i c a t e  l ab e l  e r r o r s  p r o d uc ed . 

E XAM P L E : 10 *= $ 4  0 0 0  
1 1  L D X  113 e s t a b l i s h a c o u n t e r  
12 ? L OO P  
1 3  LDA F R OM , X g e t  a b y t e  
1 4  S TA TO , X  p u t  a b y t e  
1 5 D E X  ; m o r e  to d o ?  
1 6  B PL ? L O O P  g o e s  t o  l ab e l  o n  l i n e  12 
1 7  
18 . LOC A L  ; a no th e r l o c a l  r eg i o n !  
1 9  
20 ? L O O P  = 6 
21 
22 L DY i ? L O O P  s am e  a s  LDY # fi  
23 ( e t c . )  

FEATUR E :  Lo c a l  l ab e l s MAY b e  fo r wa r d  r e f e r e n c ed , j us t  
l i k e a n y o t h e r  l a b e l . 

NOTE : Lo c a l  l a b e l s d o  n o t a ppe a r  i n  t h e  s ym b o l  t a b l e 
l i s t i ng .  
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S e c t i o n  4 . 1 3  

d i r e c t i v e : • <· PT 

pu r po s e : s d ec t s v a r i o u s a ss e m b l y c o n t r o l  OPT i o n s  

u s a g e :  • c PT o pt i o n 
r � r )  

J PT N O  o pt i o n 

u s a g e  n o t e s : t h e  v a l i d  o pt i o n s  a r e  a s  fo l l o ws : 
L I S T E R R  E J E C T  O B J  
M ! I S T  C L I S T  N UM WA I T  

Th e . O PT d i r e c t i v e  a l l o ws t h e  u s e r to c o n t r o l  c e r ta i n  
f u n c t i o n s  o f  t h e  a s s e m bl y .  Ge n e r a l l y , c o d i ng " . OPT 
o pt i o n "  w i l l  i n v c k e  a f e a t u r e  o r  o pt i o n , wh i l e  " . O PT N O  
o pt i o n "  w i l l  " t u r n o f f " t h a t s a m e  f e a t u r e . 

Th e fo l l o w i n g  · r e t h e  d e s c r i pt i o n s  o f  t h e  i n d i v i d ua l  
o pt i o n s : 

L I S T  c o n t r o l s  t h e e n t i r e  a s s e m b l y l i s t i n g .  
NO L I S T t 1  r n s  o f f  a l l  l i s t i n g ex c e pt e r r o r  l i n e s . 

F R R  w i l l  d e t e r c  i n e i f  e r r o r s  a r e  r e t u r n ed to t h e  
u s e r i n  t h e  l i c t i n g a n d / o r  t h e  s c r e e n . 

NO E R R  i s  t h u s  d a ng e r o u s . 

E J E C T  c o n t r o l s t h e  t i t l e  a n d  pag e l i s t i ng .  
N O E J E C T  c n l y  t ur ns o F f  t h e  a u t o ".l a t i c  pag e 
g en e r a t i o 1  i t  h a s  n n  e f f e c t  o n  . PA G E  r e q u e s t s . 

O B J  d e t e r m i n e s  
d ev i c e/ m e m o r y .  

N O  O B J  i s  
O B J  i s  NE <  
p l a c e d  i n  

NUM w i l l  a u t o  1 
us i n g t '"I e  u s e r 
a n d  i n c r em e n  t ! 

N U M  i s  g 1> : 
" pr e t t y " 

i f  t h e  o h j e � t  c o d e i s  wr i t t e n  to t h e  

' ' s e f u l  d u r i n g t r i a l  a s ·> e m b l i e s . 
� S S A R Y  wh e n  t h e o b j e c t  � o d e  i s  t o  
q em o r y . 

um b e r  t h e  a � s e m b l y 1 i s � i n g i n s t e a d  o f  
t i n e  n um b e r � .  N UM w i l l  beg i n  a t  1 0 0  

)' 1 . 
� r a l l y  n o t  1 1 s 1.� f u l  e x c e r t  f o r f i n n l , 
; s e m h l i e s . 

- - 4  fl - . 



S ec t i o n  4 . 13 ( . OPT c o n t i n ue d ) 

M LI S T  c o n t r o l s  t h e  l i s t i ng o f  Ma c r o e x pa n s i o n s . NO 
M L I S T  w i l l  l i s t o n l y  the l i n e s  w i t h i n  a Ma c r o  ex pa n ­
s i o n  wh i c h  g en e r a t e  o b j e c t c o d e .  M L I S T  w i l l  ex p a n d  
t h e  e n t i r e Ma c r o . 

NO M L I S T  i s  e x t r a o r d i n a r l y  u s e f u l  i n  p r o d u c i ng 
r e a d a b l e l i s t i ng s .  

C L I S T  c o n t r o l s t h e  l i s t i ng o f  c o nd i t i o n a l  a s s e m bl y .  
N O  C L I S T  w i l l  no t l i s t  so u r c e  l i n e s  wh i c h  a r e  
n o t  a s s em b l ed . 
C L I ST w i l l  l i s t a l l  l i n e s  wi th i n  t h e  
c o nd i t i o n a l  c o n s t r uc t .  

WA I T  w i l l  c a u s e  a s s e m b l y  t o  h a l t  b e fo r e p r i n t i ng 
t h e  pag e n um b e r  a n d  t i t l e  s t r i ng . As s e m b l y w i l l  
r e s um e  wh e n  t h e  c o n so l e  START k e y  i s  p r e s s e d  ( o r  
RETURN k e y  o n  App l e I I ) . 

WA I T  i s  g en e r a l l y  u s e f u l  o n l y  w i th p r i n t e r s  
n o t c a pa b l e o f  h a n d l i ng c o n t i n uo u s pa pe r . 

N OT E : Un l e s s  s pe c i f i ed o t h e r w i se b y  t h e  u s e r , a l l  o f  
t h e  o pt i o n s  w i l l  a s s um e  t h e i r  d e fa u l t  s e t t i ng s .  Th e 
d e fa u l t s e t t i ng s  f o r . O PT a r e : 

L I S T l i s t i ng I S  p r o d u c e d  
E R R  e r r o r s  a r e  r e po r t e d  
EJECT p a g e s  a r e  n um b e r e d  a n d  e j e c t e d  
N O  NUM use p r o g r amm e r ' s  l i n e  n um b e r s  
M L I S T  a l l  m a c r o  l i n e s  a r e  l i s t e d  
C L I S T  a l l  f a i l ed c o n d i t i o n a l s  l i s t  
N O  WA I T  
N O  OBJ 

use c o n t i n uo u s pa pe r ,  � t c . 
S E E  C A UT I O N  ! ! ! ! !  

CA UT I ON :  Th e O B J  o pt i o n  i s  h a n d l ed i n  a s p e c i a l  wa y :  
I F  a s se m b l i ng to m em o r y  t h e  o b j e c t  d e fa u l t i s  N O  O B J . 
I F  a s s e m b l i ng to a d ev i c e  t h e  o b j e c t  o pt i o n  i s  OBJ . 

NOTE : M a c r o  e x pa n s i o n s  w i t h  t h e  NO N UM o pt i o n wi l l  no t 
be l i s t e d  wi t h  l i n e  n um b e r s .  
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S e c t i o n  4 . 1 4 

d i r e c t i v e : 

p u r po s e : 

u s a g e : 

u s a g e n o t e : 

• P l'\ G E  

p r ov i d e s  pa g e  h e a d i ng s a n d / o r m o v e s  
t o  t o p  o f  n e x t pa g e  o f  l i s t i ng 

. P l'\ G E  r s t r i ng 

no l a b e l  s h o u l d be u s e d  w i t h  . PAG E 

Th e . PAGE d i r e c t i v e  a l l o ws t h e  u s e r to s p e c i f y a pa g e  
h e a d i ng . Th e pag e h e a d i ng w i l l  b e  p r i n t ed b e l o w  t h e  
pag e n um b e r  a n d  t i t l e  h e a d i ng • 

. PAGE w i l l  e j e c t  t h e  n e x t pa g e ,  a nd p r i n t s  t h e  m o s t  
r e c e n t  t i t l e  a n d  pag e h e a d i ng s  • 

Ex a m p l e :  < oo • PAGE " E XEC UT E  LA B E L  S EA R C H "  

No t e : Th e a s s e m b l e r  wi l l  a u t o m a t i c a l l y  e j ec t  a n d  p r i n t  
t h e  c u r r e n t  t i t l e  a n d  pag e h e a d i ng s  a f t e r  6 1  l i n e s  h a v e  
b e e n  l i s t ed . 

S e c t i o n  4 . 1 5 

d i r e c t i v e : • � B Y T E  

p u r po se : p r � 0 uc e s  " sc r e e n "  byt e s  i n  o u t pu t  o b j e c t  

u s a g e : s 1 e . B YT E d e s c r i pt i o n , s e c t i o n 4 . 4  
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S e c t i o n  4. li'i 

d i r ec t i v e : . S ET 

p u r po se : c o n t r o l s  v a r i o u s a s s e m b l e r  f u n c t i o n s  

u s a g e : . S ET d c n um l  , d c n um /  

T h e  . S ET d i r ec t i v e a l l o ws t h e  u s e r t o  c h a ng e  s p e c i f i c  
v a r i a b l e  pa r am e t e r s  o f  t h e  a s s e m bl e r . Th e d c n um l  
s p e c i fy s  t h e  pa r a m e t e r t o  c h a ng e ,  a nd d c n um /  i s  t h e  
c ha n g ed v a l ue . Th e fo l l o w i ng t a b l e  s um m a r i ze s  t h e  
v a r i o us . S ET pa r a m e t e r s . De f a u l t s  f o r e a c h  pa r a m e t e r  
a r e  g i v en i n  pa r e n t h e se s , f o l l owed b y  t h e  a l l o wa b l e 
r a ng e o f  v a l u e s . 

d c n um l  

0 

1 

d c n u m 2  

( 4 ) 1 -4 

( 0 ) 0 - 3 1  

- - 5 1 --

f un c t i o n  

s e t s  t h e  . B YTE a n d  . SB YT E  
l i s t i ng fo rm a t . 1 t o  4 
byt e s  c a n  b e  p r i n t ed i n  
t h e  o b j ec t f i e l d  o f  t h e  
l i s t i ng . 

s e t s  t h e  a s s em b l y l i s t i ng 
l e f t m a rg i n .  Th e s p e c i ­
f i ed n u m b e r  i s  t h e  n um b e r  
o f  s pa c e s  wh i c h  w i l l  b e  
p r i n t e d  b e fo r e  t h e  a s s e m ­
b l ed so u r c e  l i n e . 



S e c t i o n  4 . 1 7 

d i r ec t i v e : . '!'AB  

pu r po se : s e t s  l i s t i ng • t a b  s t o ps • fo r r e a d ab i l i t y 

u s a g e : . '!'AB d c n u m l  , d c n u m 2  , d c n um 3  

'!'h e . '!'AB  d i r e c t i v e a l l o ws t h e  u s e r t o  spec i f y t h e  
s t a r t i ng c o l umn fo r t h e  l i s t i ng o f  t h e  i n s t r uc t i o n  
f i e l d , t h e  o pe r a nd f i e l d , a nd t h e  comme n t  f i e l d  
r e s pe c t i v e l y .  '!'h e d e fa u l t s  a r e 8 , 1 2 , 2 0 .  

Ex a m pl e : 2 0 0  . TAB  1 6 , 3 2 , 5 0  

S e c t i o n  4 . l P 

d i r e c t i v e : 

pu r po se : 

us a g e : 

1 2 0 0  . '!'AB 8 , 1 2 , 2 0 ; r e s to r e s  d e f a u l t s  

• 1' I 1'  L E  

s pe c i f y a s s e m bl y l i s t i ng h e a d i ng 

. T I 'l' L F.  s t r i ng 

'!'h e . 'l' I T LF. d i r e c t i v e  a l l o ws t h e  u s e r  to s pe c i f y a 
a s s e m b l y t i t l e  h e a d i ng . '!'h e t i t l e  s t r i ng wi l l  b e  
pr i n t e d  a t  t h e  t o p  o f  e v e r y  pa g e  fo l l o w i ng t h e  pa g e  
n um be r . 

- - 5 2 - -



S e c t i o n 4 . 1 9 

d i  r e c  t i  v e : . WOR D [ se e  a lso . D B YT E l  

pu r po s e : p l a c e  1 6  b i t  wo r d  v a l u e s  i n  o u t p u t  o b j e c t 

u s ag e : [ l a b e l ] . WORD e x p  [ , e x p  • • •  

Th e . WOR D a nd . DB YT E  d i r ec t i v e s  b o t h  p u t  t h e  v a l ue o f  
e a c h  fo l l o w i ng e x p r e s s i o n  i n t o  t h e  o b j e c t  c o d e a s  t wo 
b yt e s . B u t  wh e r e  . WO R D  w i l l  a s s e m bl e t h e  e x p r e s s i o n ( s ) 
i n  6 5 0 2  a d d r e s s  o r d e r  ( l e a s t  s i g n i f i c a n t  b y t e ,  m o s t  
s i g n i f i c a n t  b yt e ) , . DB YT E  w i l l  a s s e m bl e t h e  
e x pr e s s i o n ( s ) i n  r e v e r s e  o r d e r  ( mo s t  s i g n i f i c a n t  b yt e , 
l e a s t  s i g n i f i c a n t  b yt e ) . 

G e n e r a l l y ,  f o r  � 5 0 2  p r o g r a m s , . WORD i s  t h e  m o r e  u s e f u l  
o f  t h e  t wo , a n d  i s  m o r e  c o m pa t i b l e  w i t h  t h e  c o d e 
p r o d u c e d  by a s s e m b l ed 6 5 0 2  i n s t r uc t i o n s . 

E XAM PLE : . DB YT E  $ 1 2 3 4 , 1 , - 1 
p r o d uc e s : 1 2  3 4  0 0  0 1  F F  F F  

. WORD $ 1 2 3 4 , 1 , - 1 
p r o d u c e s : 3 4  1 2  0 1  0 0  F F  F F  
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- - - t h i s  pag e i n t e n t i o n a l l y  l e f t  b l a n k --

+ 

+ 
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CHAPTER 5 :  MACRO FAC I L I T Y  

A MAC RO D E F IN I T I ON i s  a s e r i e s o f  s o u r c e  l i n e s  g ro uped 
t o g e t h e r , g i v en a n a m e , a n d  s t o r e d  in  m em o r y .  Wh e n  t h e  
a s s e mb l e r  e n c o u n t e r s  t h e  c o r r e s p o n d i ng n a m e  i n  t h e  
i n s t r u c t i o n ( o pc o d e ,  d i r e c t i v e )  c o l umn , t h e  S i'i v ed l i n e s  
w i l l  b e  s u b s t i t u t ed fo r t h e  Ma c r o n a m e  a n d  a s s e m b l ed . 
E f f e c t i v e l y ,  t h i s  a l l o ws t h e  u s e r to d e f i n e a n d  t h e n  
u s e  n e w  a s s e m b l e r  i n s t r uc t i o n s . De p e n d i ng u p o n  t h e  
c o d e  s t o r ed i n  i t s  d e f i n i t i o n , a m a c r o  m i g h t  b e  t h o ug h t  
o f  a s  e i t h e r a n  " ex t r a "  d i r e c t i v e  o r  a " n ew"  o pc od e .  

Th e p r o c e s s  o f  f i nd i ng a m a c r o  i n  t h e  t <i b l e wh e n  i t s 
n a m e  i s  u s e d , a n d  t h e n  a s s e m b l i ng t h e  c o d e  i t  wa s 
d e f i n e d  w i t h , i s  c a l l ed a MAC R O  B X PANS I ON .  Th e un i q u e  
f a c i l i t y o f  Ma c r o  E x pa n s i o n s  i s  t h a t t h e y  m a y  h a v e  
PARAM ET E R S  p a s s e d  t o  t h e m . Th e s e  pa r a m e t e r s  w i l l  b e  
s u b s t i t u t ed f o r t h e  " fo rm a l  pa r am e t e r s "  d u r i ng t h e  
e x pa n s i o n o f  t h e  M a c r o . 

Th e u s e  ( ex pa n s i o n )  o f  a Ma c r o  i n  a p r og r a m  r e qu i r e s  
t h a t t h e  Ma c r o  f i r s t  b e  d e f i n e d . T o  t h e  s e t  o f  
d i r e c t i v e s  a l r e a d y d i s c u s s e d  i n  c h a pt e r  4 ,  t h e n , m u s t  
b e  a d d ed t wo n e w  d i r e c t i v e s  u s ed fo r d e f i n i ng n e w  
m a c r o s : 

. MACRO 

. EN DM 

Th i s  c h a pt e r  w i l l  f i r s t  d i s c u s s  t h e s e  t wo d i r e c t i v e s , 
s h o w  h o w  t o  i n v o k e  a m a c r o  ( c a u s e  i t s e x pa n s i o n )  a n d  
t h e n  e x am i n e  t h e  u s e  o f  f o r m a l  a n d  c a l l i ng pa r am e t e r s , 
i n c l ud i ng s t r i ng pa r a m e t e r s .  

- - 5 5 - -



S e c t i o n 5 . 1  

d i r e c t i v e : 

pu r po s e : 

u s a g e : 

u s a g e n o t e : 

. ENDM 

end the d e f i n i t i o n  o f  a m a c r o  

. ENDM 

g e n e r a l l y ,  the . ENDM d i r e c t i v e  s h o u l d  
n o t  b e  l a b e l l ed . 

Th i s  d i r e c t i v e i s  u s e d  s o l e l y  t o  t e r m i n a t e  t h e  
d e f i n i t i o n  o f  a m a c r o . Wh e n  i n v o k i ng a m a c r o , d o  NOT 
u s e  t h i s  d i r e c t i v e . Ba s i c a l l y ,  t h e  c o n c e pt o f  m a c r o s  
r e qu i r e s  t h a t  a l l  so u r c e  l i n e s  b e t we e n  t h e  . MACRO 
d i r e c t i v e  and t h e  . EN D M  d i r e c t i v e  b e  s t o r e d  in  a 
s p e c i a l  s e c t i o n  o f  m em o r y ( th e  m a c r o  t a b l e ) . Th u s , 
e n c o un t e r i ng an i m p r o pe r l y  pa i r ed . ENDM d i r e c t i v e i s  
c o n s i d e r e d  a s e v e r e  a s s em b l y e r r o r . Se e t h e  
d e s c r i pt i o n o f  . MA C R O  f o r f u r th e r  i n fo rm a t i o n . 

- - 56- -



Sec t i o n 5 . 2  

d i r e c t i v e : 

pu r po se : 

u s a g e : 

u s a g e n o t e : 

. MACRO 

i n i t i a t e s  a m a c r o  d e f i n i t i o n 

. MACRO m a c r o n a m e  

" m a c r o n a m e "  m a y  b e  a n y  v a l i d  MAC/ 6 5  
l a b e l . I t  MAY be t h e  s a m e  n a m e  a s  
a p r og r a m  l a b e l  ( wi t h o u t  c o n f l i c t ) . 

Th e . MACRO d i r ec t i v e  w i l l  c a us e  t h e  l i n e s  f o l l o w i ng to 
be r e a d  and s t o r e d  u n d e r  t h e  Ma c r o  n a m e  o f  " m a c r o n a m e " . 
Th e d e f i n i t i o n i s  t e r m i n a t e d  w i t h  t h e  . ENDM d i r e c t i v e . 

A l l  i n s t r uc t i o n s  e x c e pt a n o t h e r  . MAC R O  d i r ec t i v e  a r e  
v a l i d  M a c r o so u r c e  l i n e s . A Ma c r o d e f i n i t i o n c a n  NOT 
c o n t a i n  a n o th e r  Ma c r o  d e f i n i t i o n . 

A s i m p l e ex a m p l e o f  a MAC R O  D E F I N I T I ON : 

1 0  . MA C R O  PUS H XY T h e  n a m e  o f  t h i s  Ma c r o i s  " P US H XY "  
1 1  Wh e n  t h i s  Ma c r o  i s  u s e d  ( ex pa n d ed ) , t h e  fo l l o w i n g  
1 2  i n s t r uc t i o n s  w i l l  b e  s u b s t i t u t e d  f o r " P U S H XY "  
1 3  a u d  t h e n  a s s e m b l ed . 
1 4  T XA 
1 5  PHA 
1 15  T YA 
18 PHA 
19 . ENDM Th e t e r m i n a t o r  fo r " P U S H XY " 

S P E C I A L  N OT E : A L L  l a b e l s u s e d  w i t h i n  a m a c r o  a r e 
a s s u m ed to b e  l o c a l  to t h a t m a c r o . MAC/ n 5 a c c o m p l i s h e s  
t h i s b y  p e r fo rm i ng a " t h i r d  pa s s "  o f  t h e  a s s em b l y 
d u r i ng m a c r o  e x pa n s i o n s . Th u s , a l a b e l  d e f i n ed w i t h i n  
a m a c r o  e x pa n s i o n i s  a v a i l a b l e  t o  c o d e wh i c h  f o l l o ws 
t h e  m a c r o ; b u t  a n o t h e r  e x pa n s i o n  o f  t h e  s a m e  m a c r o  w i t h  
t h e  s a m e  l a b e l  w i l l  r e s e t  t h e  l a b e l s v a l u e . Th e a c t i o n  
i s  s i m i l a r  t o  t h e  " . = " d i r e c t i v e , e x c e p t t h a t  f o r wa r d 
r e f e r e n c e s  t o  i n t e r n a l  m a c r o  l a b e l s ARE l e ga l . 

An e x a m p l e fo l l o ws , o n  t h e  n e x t  pag e .  
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S e c t i on 5 . 2  ( . MA C R O  c on t i n u e d ) 

. M AC' R O  M OVE fi 
L D X  , 5  

E XAM PL E : 
2 0  
2 1  
2 2  

2 3  
2 4  
2 5  
2 fi  

2 7  

L O O P  
LDA F R OM , X  
S TA TO , X  
D E X  
B PL L O O P  
. ENDM 

Th e l a b e l  " LO O P "  i s  l o c a l  to t h i s  m a c r o  u s a g e , a nd ye t 
i t  m a y  ( i f n e ed ed ) be r e f e r en c ed o u t s i d e  t h e  ma c r o 
e x pa ns i on .  ( N o t e  t h a t  i f  a m a c r o  l a b e l  i s  o n l y  d e f i n ed 
o n c e  by a s i n g l e  � a e r o  u s a g e ,  t h e  e f f e c t  i s  t h e  s a m e  a s  
i f  t h e  l a b e !  we r e  d e f i n ed o u t s i d e  an y m a c r o . )  A l tho ug h 
the . LOCA L - p r o d u a ed l o c a l  r eg i on s  m a y  b e  u s e d  by a nd 
w i t h  m a c r o s , t � e  u s e r i s  l i m i t e d  to a m a x i m um o f  fi 2  
l o c a l  r eg i on s .  N o  s uc h  r e s t r i c t i on a pp l i e s  t o  t h e  
n um be r  o f  pos s l b l � l o c a l  u s a g e s  o f  a l a b e l  i n  a m a c r o  
e xpans ion . 
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5 . 3 MACRO E XPANS I ON , PART 1 

As s t a t e d  a b o v e , a m a c r o  i s  e x pa n d ed wh e n  i t  i s  u s e d . 
An d t h e  " u s e "  o f  a m a c r o  i s  s i m pl i c i t y i t s e l f .  

To i n v o k e  ( us e , e x pa n d - - a l l  e q u i v a l e n t  wo r d s )  a m a c r o , 
s i m pl y p l a c e  i t s  n a m e  i n  t h e  o pc o d e / d i r e c t i v e  f i e l d  o f  
a n  a s s em b l e r  l i n e . R e m e m b e r ,  t h o ug h , t h a t  m a c r o s  M U S T  
b e  d e f i n ed b e fo r e  t h e y  c a n  b e  u s e d . 

Fo r  e x a m p l e ,  t o  i nv o k e  
e x a m p l e s  i n  t h e  pr ev i o u s 
s i m pl y t ype t h e m  i n  a s  
a s s em b l e : 

t h e  t wo m a c r o s 
s e c t i o n  ( 5 .  2 ) , 
s h o wn a n d  t h e n  

E XAM PL E : 
2 0 0 0  
2 0 1 0  
2 0 2 0  
2 0 3 0  
2 0 4 0  
2 0 5 0  
2 0 6 0  
2 0 7 0  
2 0 8 0  

A LA B E L  PUS H XY 
a n d  pu s h x y  g en e r a t e s  t h e  c o d e 

T XA PHA TYA PHA 

M OVE 6 
s i m i l a r l y ,  MOVE 6 i s  u s e d 

J M P L O O P  
a n d  LOO P r e f e r s  t o  t h e  l a b e l  
d e f i n ed i n  t h e  M OVE 6 m a c r o  

d e f i n e d  i n  
o n e  c o u l d  

e n t e r a n d  

No t e  t h a t t h e  u s e  o f  a l a b e l  o n  t h e  m a c r o  i n v oc a t i o n  i s  
o pt i o n a l . Th e l a b e l  i s  a s s i g ne d  t h e  c u r r e n t  v a l u e o f  
t h e  l o c a t i o n c o un t e r  a n d  i s  n o t d e pe n d e n t upo n t h e  
c o n t e n t s  o f  t h e  m a c r o  a t  a l l . 

Th e r e  a r e  m a n y  m o r e  " t r i c k s "  a n d  f e a t u r e s  u s a b l e  w i t h  
m a c r o s , b ut w e  w i l l  c o n t i n u e t h i s  d i s c u s s i o n  a f t e r  a n  
e x am i n a t i o n o f  m a c r o  pa r a m e t e r s  a s  u s e d  i n  a m a c r o  
d e f i n i t i o n . 
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5 . 4  MAC R O  PARAM ETERS 

M a c r o  pa r am e t e r s  c a n  b e  of  t wo t ype s : e x p r e s s i o n s  o r  
s t r i ng s .  Th e pa r a m e t e r s  a r e pa s s e d  v i a  t h e  m a c r o  
ex pa n s i o n  ( i n v oc a t i o n , u s e , <? t c  . • ) a n n  a r e s t a c k e il i n  
m em o r y  i n  t h e  o r d e r  o f  o c c u r a n c e . A m ax i m um o f  6 1  
pa r am e t e r s  c a n  b e  s t a c k e d  b y  a m a c r o  e x p11 n s i o n , 
i nc l ud i ng ex p a n s i o n s  w i t h i n  P x pa n s i o n s . 

H o wev e r , b e fo r e a pa r a m 0 t e r c a n  h e  u s e d  i n  a n  
e x pa n s i o n , t h e r e  m u s t  b e  a . w� y  o f  a c c e s s i ng i t  i n  t h e  
MACRO D E F I N I T I ON .  Pa r a m e t e r s  a r e  r e fe r e n c e d  i n  a m a c r o  
d e f i n i t i o n b y  t h e  c h a r a c t e r  " % "  fo r ex p r e s s i o n s  11 n n t h e  
c ha r a c t e r s  " % $ "  fo r s t r i ng s .  Th e v a l u e  fo l l o w i ng t h e  
c h a r a c t e r  r e f e r s  t o  t h e  a c t u a l pa r am e t e r  n um be r . 

S PEC I A L  N O T E : Th e pa r a m e t e r n um be r  c 11 n  be r e pr e s e n t e il  
b y  a d ec i m a l  n u m b e r  ( e . g . ,  % 2 ) o r  m a y  b e  11 l <' b e l  
e n c l o s e d  b y  p il r e n t h e s e s  ( e . g . ,  % $ ( LA B E L )  ) • O f  c o u r s e , 
s t r i ng s  m a y  be s i m i l a r l y  r e f � r e n c ed , a s  i n  � S I I N D E X )  o r  
% $ 1 .  

Ex a m p l e s : 

1 0  
1 5  
2 0  

LDA 
C M P  
. B Y T E  
NOT E : 

2 5  S YM B O L  • = 
30 LDX 

# > % 1 ; g e t  t h e  h i g h  b y t e  of pa r a m e t e r  1 .  
( % 1 1  , X ) ; y e s , t h a t r e a l l y  i s  n um b e r  1 1 .  
% 2 - 1 ; v a l u e o f  pa r a m e t e r ? l e s s  l .  

t h e  a b o v e  i s  NOT e qu i v a l en t  t o  u s i ng 
pa r a m e t e r % 1 . Pa r a m e t e r s u b s t i t u t i o n  
h a s  h i g h e s t  p r e c e d e n c e ! 

S YM B O L  + l 
# - % ( S YM B O L )  ; s e e  t h e  powe r a v a  i l a  b l  e ?  

4 0 . B YT E % $ 1 , % $ 2 , 0  ; s t r i ng pa r a m e t e r s ,  e n il i ng n .  

Remembe r ,  i n  t h e o r y  t h e  pa r • m e t e r s  il r e  n um b e r ed f r om l 
to fi 3. In r e a l i t y ,  t h e  TOTA L n um b e r  o f  pa r am e t e r s  i n  
u s e  b y  a l l  a c t i v e  ( n e s t e � ) m a c r o  e x pa n s i o n s  c a n n o t 
e x c e e d  fi 3 .  Th i s  <l o e s  NOT m e .1 n  t h a t yo u c a n  h a v e  o n l y  
6 3 p a r a m e t e r  r e f e r e n c e s  i n  y.1 u r  m a c r o  D E F I N I T I ON S . Th e 
l i m i t  o � 1 y a pp l i e s  a t  i n v oc a t i o n  t i m e , a nd e v e n  t h e n  
o n l y  t o  n e s t e d  ( no t  s e q u e n t i a l )  m a c r o  u s a g e s . 
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S PE C I A L  N O T E : I n  a d d i t i o n  to t h e  " co n v e n t i o n a l "  
pa r a m e t e r s , r e f e r r ed to b y  n um be r , pa r a m e t e r  z e r o  ( % 0 )  
h a s  a s pe c i a l  m e a n i ng t o  MAC/6 5 .  Pa r am e t e r  z e r o  
a l l o ws t h e  u s e r  t o  a c c e s s  t h e  a c t u a l  N UM B E R  o f  r e a l  
pa r a m e t e r s  pa s s e d  t o  a m a c r o  E XPANS I O N . 

Th i s  f e a t u r e  a l l o ws t h e  u s e r to s e t  d e fa u l t  pa r a m e t e r s  
w i t h i n  t h e  M a c r o ex pa n s i o n , o r  t e s t  f o r t h e  p r o pe r  
n umbe r o f  pa r a m e t e r s  i n  a n  e x pa n s i o n , o r  m o r e . Th e 
f o l l o w i n g  e x a m p l e i l l us t r a t e s  a po s s i b l e  u s e  o f  % 0  a n d  
s h o ws u s a g e  o f  o rd i n a r y  pa r a m e t e r s  a s  we l l . 

E XA M P L E : 

1 0  . MA C R O  R UM P  
11 
1 2  Th i s  m a c r o  w i l l  i n c r em e n t t h e  s pe c i f i ed wo rd 
1 3  
1 4  T h e  c a l l i n g fo rm a t  i s :  
1 5  B UM P  a d d r e s s  [ , i n c r em e n t  ] • 
1 6  I f  i n c r e m e n t  i s  n o t  g i v e n , 1 i s  a s s um ed 
1 7  
1 8  . I F % 0 = 0 . OR % 0 > 2  
1 9  . ER R O R  " B UM P :  W r o n g  n um b e r  o f  pa r am e t e r s "  
2 0  • E LS E  
2 1 
2 2  t h i s  i s  o n l y  d o n e  i f  1 o r  2 p a r am e t e r s  
2 3  
2 4  . I F % 0 > 1  ; d i d u s e r s p e c i f y " i n c r e m e n t "  ? 
2 5  t h i s  i s  a s s e m b l ed i f  u s e r g a v e  t wo pa r am e t e r s  
2 6  L D A  % 1  a d d  " i n c r em e n t "  to " a d d r e s s " . 
2 7  C LC 
2 8  A DC # < % 2  l o w  b y t e  o f  t h e  i n c r e m e n t  
2 9  S TA % 1  l o w  b y t e  o f  r e s u l t 
3 0  L DA % 1  + l  h i g h  b y t e  o f  l o c a t i o n  
3 1  A DC # > % 2  a d d  i n  h i g h  b y t e  o f  i n c r e m e n t  
3 2  S T A  % 1  + l  a nd s t o r e  r e s t  o f  r e s u l t 
3 3  
3 4  • E LS E  
3 5  t h i s  i s  a s s e m b l e d  i f  o n l y  o n e  pa r a m e t e r g i v e n  
3 6  I NC % 1  ; j u s t  i n c r em e n t  b y  1 .  
3 7  B N E  S K I PH I  ; i m pl i c i t l y  l o c a l  l ab e l  
3 �  I N C  % 1  + l  m u s t  a l s o i n c r em e n t  h i g h  b y t e  
3 9  S K I PH I  
4 0  • END I F  m a t c h e s  t h e  • I F  % 0 > 1  ( l i n e  2 4 ) 
4 1  . END I F  m a t c h e s  t h e  . I F o f  l i n e  1 8  
4 2  . ENDM t e rm i n a t o r .  

-- 6 1 --



5 . 5 MAC R C  E X PA N S I ON ,  P A R T  2 

We h a v e  s h o wn h o w  m a c r o  d e f i n i t i o n s  m a y i n c l ud e  
s pe c i f i c a t i o n s o f  pa r t i c u l a r pa r a m e t e r s  I t h e  
s pe c i f i c n t i o n s  m i g h t a l s o  b e  c a l l ed " f o r m a l  
pa r a m e t e r s " ) .  Th i s  s e c t i o n w i l l  s h o w  h o w  t o p,, s s  
a c t u a l pa r a m e t e r s  ( e q u i v a l e n t l y  " v a l u e pa r a m e t e r s " , 
" c a l l i n g  pa r a m e t e r s " , e t � . )  �o t h e  d e f i n i t i o n . 

Th e c o n c 0 p t i s  s i m p l � :  o n  t h e  s a 1n e  l i n e  � s  t h e  m a c r ·J 
i n v o c a t i o n ( b y u s e  o f  i t ,; rlilnH', o f  c o u r s e )  a n cl  
f o l l o w i n g  t h e  m a c r o ' s n a m e , t h e  u s e r m a y  p l a c e  
e x pr e s s i o n s  ( o r  s t r i n 1J s ,  s · � e  s e c t i o n  t:; . h ) . MAC/ '-i r;  
s i m p l y  a s s i g n s  e a c h o f  t h e s e ' a l lt e s  a n um b e r , f r o m 1 t o  
G 3 ,  a n d  t h e n , cl u r i n g t h e  m a c r · >  e x pi rn s i o n , r e pl a c e s  t h e  
f o r m a l pa r a m e t e r s  ( % 1 ,  % ? ,  % ! l a b e l ) , e t c . ) w i t h  t h e  
c o r r e s p o n d i n g v a l u e s . 

Do e s  t h a t  s o u n d  t o o c o m p l i c a t � d ? I n t e r n a l l y , i t  i s .  
E x t e r n a l l y ,  i t  i s  a s  e a s y  a s  t h i s : 

E XA M P L E : 

As s u m e  t h a t t h e B UM P  m a c r o  h a s b e e n  d e f i n e d  
s e c t i o n 5 . 4 ) , t h e n  t h e u s e r m ay i n v o k e  i t  
t h u s : 

( a s a b o v e , 
a s  n e e d e d , 

1 0 0  A LA B E L  B UM P  A . LOC A T I O N  

1 1 0  I N C P  . = 7 
1 2 0 B UM P  A . LOC A T I O N , 3 
1 3 0  B UM P  A . L O C AT I O N , I N C R - 7  
1 4 0  B UM P  
1 5 0 B UM P  A . LOC A T I ON , I N C R , 7  
l � O  A . LOC AT I O N  . WO R n  0 

n o t e : l i n e s 1 4 0  a n d  1 ' 0 w i l l  e a c h  c a u s e t h e  
B UM P  e r r o r  t o  b e  i n v o k e d  a n d  p r i n t e d 

Of c o u r s e , J O U c a n a l s o d o  s i l l y  t h i n g s ,  wh i c h  w i l l  n o  
d o u b t p r o d u c e  s o m e  p r e t t y  h o r r i b l e  ( a n d  h a r d  t o  d e b u g ) 
c o d e : 

1 7 0  B UM P  I N C R , A . L OC A T I O N  

w i l l  t r y  t o  i n c r e m e n t  a d d r e s s  7 b y  s o m e t h i n g 
1 8 0 B UM P  P O R T S 

a s s um i n g t h a t P OR T S  i s  s o m e  h a r � wa r e  po r t , 
s t r a ng e  a n d wo n d e r f u l t h i n g s  c o u l d  h a ppe n 
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5 . 6  M A C R O  S T R I N G S  

S t r i ng pa r a m e t e r s  a r e r e pr e s e n t e d  in  a m a c r o  d e f i n i t i o n  
b y  t h e  c h a r A c t e r s  " % $ " . Al l  n u m e r i c  pa r a m e t e r s  h a v e  a 
s t r i ng c o u n t e r pa r t , n o t  a l l  o f  wh i c h  a r e  u s e f u l . A l l 
s t r i ng pa r a m e t e r s  h a v e  a n um e r i c  c o u n t e r pa r t  ( t h e i r  
l en g t h ) . 

As a s pe c i a l  c a s e , % $ 0  a l wa ys r e t u r n s  t h e  m a c r o  NAM E .  

Th e f o l l o w i n g  t a b l e  s h o ws t h e  v a r i o u s s t r i ng a n d  
n um e r i c  v a l u e s  r e t u r n e d  fo r a g i v e n  pa r am e t e r : 

As a ppe a r s  i n  s t r i ng r e t u r n e r'!  n um e r i c  v a l u e  
Ma c r o c a l l : ( i n q u o te s ) : r e t u r ned : 

" A  S t r i ng 1 2 3 "  " A  S t r i n g  1 2 3 "  l en g t h o f  s t r i ng 
NUM E R I C  S YM B O L  " N UM ER I C S YM B O L "  v a l u e  o f  l a b e l  
S YM B O L + l  " S YM B O L "  v a l u e  o f  e x  p r  
% $ 4  t h e  s t r i ng o f  pa r a m e t e r 4 va l u e o f  o rg i n a l  
- L A B E L  II LA B E L " v a l u e  o f  e x  p r  
G E OR G E * H A R R Y + P E T E  u n d e f i n e d  v a l u e  o f ex p r  
. DE F  C I D  " C I O " v a l u e  o f e x  p r  
2 + 2 * 6 5  u n d e f i n e d  v a l u e  o f e x  p r  
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A Ma c ro s t r i ng ex ampl e : 

1 0  

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  

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

. MACRO PR INT 

Th i s  Ma c ro w i l l  pr i n t  t h e  s p e c i f i ed s t r i ng , 
pa r am e t e r 1 ,  b u t  i f  no pa r am e t e r  s t r i ng i s  
pa s s e d , o n l y  a n  EOL w i l l  b e  pr i n t ed . 

The c a l l i ng fo rm a t  i s :  PR INT r s t r i ng 

. I F %0 = l ; i s  t h e r e  a s t r i ng to pr i n t ?  
J M P  PASTSTR ; y e s , j um p  o v e r  s t r i ng s t o r a g e  

S T R I N G  . B YTE % $ 1 , EOL ; p u t  s t r i ng h e r e . 

PASTS TR 
LDX # > S TR I NG ; g e t  s t r i ng a d d r e s s  i n to X & Y  
LDY # <S T R ING ; f o r JS R t o  ' pr i n t  s t r i ng '  
J S R  STR I NG O UT 

• ELS E 
no s t r i ng • • •  j u s t  p r i n t  a n  EOL 

LDA # E O L  
J S R  C HAROUT 

• END I F  
• ENDM t e rm i n a to r .  

To i n v o k e  t h i s  m ac r o ,  t h e n , t h e  fo l l o wi ng c a l l s  wo u l d  
b e  a pp r o p r i a t e : 

1 0 0  P R INT " th i s  i s  a s t r i ng •  
1 1 0  P R INT 
1 2 0  P R INT m e s s a g e  

n o t e  t h a t , i n  l i n e  1 2 (1 , o n l y  a s i n g l e  wo rd ( l a b e l , 
a c t ua l l y ) i s  a l l o we d . 
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5 . 7 S OM E  MACRO H I NT S  

E a c h  pe r s o n  w i l l  s o o n  d e v e l o p  h i s / h e r  o wn s t y l e o f  
w r i t i ng m a c r o s , b u t  t h e r e  a r e  c e r t a i n  c o m m o n  s e n s e  
r u l e s  t h a t  w e  a l l  s h o u l d  h e e d . 

A .  Wh e n  a m a c r o  i s  d e f i n e d , i t s e n t i r e  d e f i n i t i o n  m u s t  
b e  s t o r e d  i n  m em o r y  ( i n a m a c r o  t a b l e ) . S i n c e  m em o r y  
s pa c e  i s  o bv i o u s l y  f i n i t e ,  i t  i s  a g o o d  i d e a t o  k e e p  
m a c r o s  a s  s h o r t  a s  po s s i b i e .  On e wa y t o  d o  t h i s  i s  t o  
a v o i d  pu t t i ng c om m e n t s  ( r e m a r k s )  w i t h i n  t h e  bo d y  o f  t h e  
m a c r o . I f  yo u d o  d o c um e n t  yo u r  m a c r o s  ( a nd we h o pe yo u 
d o ) , p l a c e  t h e  c o mm e n t s  i n  t h e  f i l e  B E F O R E  t h e  . MAC RO 
d i r e c t i v e .  Th e a s s em b l e r  w i l l  then do n o th i ng at  a l l  
w i t h  t h e m  a n d  t h e y  w i l l  o c c u py n o  a d d i t i o n a l  spa c e . 

B .  Do n ' t  u s e  a c a l l e r ' s  m a c r o  pa r a m e t e r  u n l e s s  yo u a r e 
s u r e  t h a t i t  i s  t h e r e . Us i ng a pa r a m e t e r  t h a t  t h e  
c a l l e r  l e f t o u t w i l l  p r o d uc e a MAC R O  PARAM E T E R  e r r o r . 
D e p e n d i ng u p o n  t h e  m a c r o  d e f i n i t i o n , t h i s  m a y  o r  m a y  
n o t  a l s o p r o ci u c e  u n d e s i r e d  r e s u l t s . A n  e x a m p l e o f  
u n s a f e  c o d i ng :  

. I F % 0 > 1  . OR % 2 = 0  
. WORD % 1  

. EN D I F  
Th e d a ng e r  h e r e  o c c u r s  i f  t h e  c a l l e r  i n v o k e s  t h e  m a c r o  
w i t h  o n l y  o n e  p a r a m e t e r . S i n c e  % 2  i s  n o n - ex i s t e n t  ( a nd 
h e n c e  un d e f i n e d ) , the s u b - e x p r e s s i o n  " % 2 = 0 "  i s  i n d ee d  
t r ue a n d  t h e  e f f ec t o f  " % 0 > 1 "  i s  n u l l i f i ed .  Of  c o u r s e , 
t h e  l a c k  o f  pa r a m e t e r  2 w i l l  p r o d u c e  a " PARAM E T E R  
E R R O R " , b u t  i t  w i l l  a l r e a d y  b e  t o o  l a t e . A b e t t e r  
c o d i ng o f  t h e  a bo v e  wo u l d  b e : 

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

. WORD % 1  
. EN D I F  

. EN D I F  

C .  Ev e n  t h o ug h  l a b e l s  d e f i n e d  w i t h i n  m a c r o s  a r e l o c a l  
t o  e a c h  i n v o c a t i o n , t h e y  a r e s t i l l  " v i s i b l e "  o u t s i d e  
t h e  m a c r o ( s ) . Th u s , i t  m i g h t  b e  a g o o d  i d e a t o  h a v e  a 
s p e c 1 a 1  fo r m  fo r l a b e l s d e f i n e d  i n  m a c r o s  a n d  a v o i d  
t h a t  f o r m  o u t s i d e  m a c r o s . Th e m a c r o  l i b r a r y  s u p p l i ed 
w i t h  MAC/ 6 5  u s e s  l a b e l s  b e g i n n i ng w i t h  " @ "  a s  l o c a l  
l a b e l s  to m a c r o s .  
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5 . 8  A COM P L E X  M A C R O  E XA M P L E  

Th e fo l l o w i n g s e t  o f  m ac r o s  i s  d e s i g n e d  t o  d em o n s t r a t e  
s ev e r a l  o f  t h e  po i n t s  m a d e  i n  t h e  p r e c e d i n g s e c t i o n s . 
As i d e  f r om th a t , t h o ug h ,  i t  i s  a g oo d , u s a b l e m a c r o  
s e t . S t ud y  i t  c a r e f u l l y ,  p l e a s e . ( T h e  l i n e  n um b e r s  
a r e o m i t t e d f o r t h e  s a k e  o f  b r e v i t y .  An y n um b e r s  w i l l  
d o , o f  c o u r s e . )  

t h e  f i r s t  m a c r o , " @ C H " , i s  d e s i g n ed to l o a d  a n  
I O C B  po i n t e r  i n t o  t h e  X r e g i s t e r .  If pa s s e d  a 
v a l u e  f r om 0 t o  7 ,  i t  a s s u M e s  i t  to be a c o n s t a n t  
( i mm e d i a t e )  c h a n n e l  n um be r . I f  pa s s e d  a n y  o t h e r  
v a l u e , i t  a s s um e s  i t  t o  b e  a m em o r y  l o c a t i o n wh i c h  
c o n t a i n s  t h e  c h a n n e l  n u m be r . 

N O T E  t h a t t h e s e  c o m m e n t s  a r e  o u t s i d e  t h e  b o d y o f  
t h e  m a c r o , t h u s  s a v i ng v a l � a b l e t a b l e  s pa c e  • 

• MAC R O  (<! CH 
. T F % 1 > 7 

L D A  % 1  ; c h a n n e l  ! i s  i n  m em o r y  c e l l 
A S LA 
A S LA 
A S L.&, 
AS LA t i m e s  1 6  

TAX 
. E L S E  
L D X  H l * l 6  

• END I F  
. ENDM 

t h i s  n e x t m a c r o , " @ CV" , i s  d e s i g n ed t o  l o a d  a 
Co n s t a n t  o r  Va l u e i n t o  t h e  &, r eg i s t e r . I f  
p a s s e d  a v a l ue f r om 0 t o  2 5 5 , i t  a s s um e s  i t  
t o  b e  a c o n s t a n t  ( i mm e d i a t e )  v a l u e . I f  pa s s e d 
a n y  o t h e r  v a l u e , i t  a s s um e s  i t  to be a m em o r y  
l o c a t i o n ( n o n - z e r o p a g e )  • 

• MA C R O  ia c v 
. I F % 1 < 2 5 6  

LDA # % 1  

. E L S E  

L OA % 1  

• END I F  
• ENDM 
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Th e t h i r d m a c r o  i s  " @ F L " , d e s i g n e d  to e s t a b l i s h 
a f i l e s p e c . I f  pa s s e d  a l i t e r a l  s t r i ng , @ F L 
w i l l  g e n e r a t e  t h e  s t r i ng i n  l i n e , j um p i ng a r o un d  
i t ,  a n d  pl a c e  i t s a d d r e s s  i n  t h e  I OC B  po i n t e d  to 
b y  t h e  X r eg i s t e r . If  pa s s e d  a n o n - z e r o pag e 
l a b e l , @ F L a s s um e s  i t  to b e  t h e  l a b e l  o f  a v a l i d  
f i l e s pe c  s t r i ng a n d  u s e s  i t  i n s t e a d  • 

• MACRO ta F L  
. I F % 1 < 2 5 6  
JM P * + % 1 +4 

@ F  . B YT E % $ 1 , 0  
L DA # < @ F  
STA IC BADR , X 
LDA t > @ F  
S TA I C BADR + l , X  
. E LS E 
LDA 11 < % 1  
S TA I C BADR , X  
LDA 11 > % 1  
STA IC BADR + l , X  
• END I F  
. EN DM 
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Th e m a i n  m a c r o  h e r e  i s  " X I 0 " , a m a c r o  t o  
i m p l e m en t a s i m u l a t i o n  o f  B A S I C ' s  X I O  c o m m a n d . 
Th e g e n e r a l  s yn t a x  o f  t h e  u s a g e  o f  t h i s  m a c r o  i s :  

X I O  c o m m a n d , c h a n n e l  r , a u >: l ,, a ux 2 ]  r , f i l e s pe c l 

wh e r e  c h a n n e l  m a y  b e  a c o n s t a n t  f r om O t o  7 
o r  a m em o r y  l o c a t i o n . 

wh e r e c o m m a n d , a u x l ,  a n d  a u x 2  m a y  b e  a c o n s t a n t  
f r o m  0 t o  2 5 5  o r  a n o n - z e r o  pa g e  l o c a t i o n 

wh e r e  f i l e s p e c  m a y  be a l i t e r a l  s t r i ng o r  
a n o n - z e r o  pa g e  l o c a t i o n  

i f  a ux l  a n d a ux 2  a r e o m i t t e d , t h e y  a r e a s s um ed 
to be z e r o  ( yo u  m a y  n o t  o m i. t  a u x 2  o n l y )  

i f  t h e  f i l e s pe c  i s  o m i t t ed , i t  i s  a s s u m ed t o  
be " S : "  

. MA C R O  X I O  
• I F  % 0 < 2 • O R  % 0 > 5  
. ER R O R  " X I O :  w r o n g  n um b e r  o f  pa r a m e t e r s "  
• E L S E  

@ C H  % 2  
@ C V  % 1  
S TA I C C OM , X  c omm a n d  
. I F % 0 > = 4 

@ C V  % 3  
S TA I C A U X l , X  
@ C V  % 4  
S TA I C A U X 2 , X  

• E LS E  
LOA # 0  
S TA I C A U X l , X  
S TA I C A U X 2 , X  

• EN D I F  
• I F  % 0 = 2  • O R  % 0 = 4 

@ F L  " S : "  
. E LS E 

@ F PTR • = % 0  
@ F L  % S l @ F PTR ) 

. EN D I F  
J S R  e r a 

• END I F  
• ENDM 
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D i rl  yo u f o l l o w  a l l t h a t ?  Th e t r i c k  i s  t h a t , t h e  wa y 
" X I O "  i s  s p e r i f i e rl ,  i t  i s  l eg a l  to p;, s s  i t  2, 3, 4 ,  o r  
� ;i r g um e n t s ; 1 . u t  e ;i c h  o f  t h o s e  n um b e r s  r e p r e s e n t s  a 
u n i a u e  c o m h i n . 1 t i o n o f  pa r ,, m e t e r s ,  t n  w i t :  

x r n  c o m m a n rl , c h a n n e l  
X T O  c o m m ;i n rl , c h ;i n n e l , f i l e s p e c  
X I O  c o m m il n rl , c h a n n e 1 , a u x l , a u x 2  
X I O  c o m m a n rl , c h a n n e l , a u x l , a u x 2 , f i l e s pe c  

Th i s  i s  n o t  � t r i v i a l  m a c r o  e x a m p l e .  Pe r h a ps yo u w i l l  
n o t  h a v e  o c c a s i o n t o  w r i t e s o m e t h i n g s o  c o m p l e x . B u t 
MAC/ n 5  p r o v i d e s t h e  t o o l s  t o  rl o  m a n y  t h i ng s  i f  yo u n e e d  
t h e m . 
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CHAPTE R  6 :  COMPAT I B I L I TY 

There are many d i fferent 6 50 2  a s s embl e r s  ava i l abl e ,  and 
i t  seems tha t  each has a few fo ib l e s , bug s ,  or whatever 
that are un ique ly i t s  own ( and , o f  cour se , they are 
c a l l ed " features " by the i r  promote r s ) . We l l ,  MAC/6 5  i s  
n o  d i f ferent . 

Th i s  chapt e r  i s  devoted to te l l ing you o f  some o f  the 
thi ng s  to watch out for when convert i ng from anoth e r  
6 5 0 2  a s s embl 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  
to s u c h  th ings as  d i rectives  a n d  ope rators . We wi l l  
NOT go into a d i sc u s s ion o f  how t o  convert the actual  
6 5 0 2  opcodes ( equ i v a l e nt ly :  instruction s , mnemon i c s , 
etc . ) . We con s ider it mand atory that any good 6 50 2  
a s s emb l e r  w i l l  fo l l ow the MOS Technol ogy s tandard i n  
th i s  reg a rd . 

E x ample : We know o f  some ant ique 6 5 0 2  a s s embl e r s  that 
speci fy the various  addr e s s ing mod es v i a  spe c i a l  
opcodes . Thu s  the convent ional " LDA # 3 "  become s 
" LDAIMM 3 "  and " LDA ( Z I P ) . Y " become s " LDA IY Z I P " . 
Unfortunate l y ,  the re wa s never any s t and a rd e s t ab l i shed 
for s uch d i stortions , so we sha l l  ignore them as  
antique and outmoded . I n  any c as e ,  unless  you a r e  
entering a prog r am out o f  an  o l d e r  magaz i n e , y o u  a r e  
un l ik e l y  to run into one o f  the s e  s t range beasts . 

Th e r e s t  o f  th i s  chapter pays homage to our  b i r thr ight . 
MAC / 6 5  i s  a d i re c t  d e s c endant o f  the At a r i  
a s s emb l e r / ed i to r  c a r t r i d g e  ( via EASMD ) .  A s  much a s  
po s s ib l e , w e  h a v e  t r i ed to keep MAC / 6 5  compat i b l e  wi th 
the c a r t r idge . U n fortunat e l y ,  in th e i n t e r e s t  o f  
provid ing a more powe r f u l  too l , a few things had t o  be 
changed . Th e next s e c t ion of th i s  chapt e r , then , 
enumerates  th e s e  chang e s . 
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6 . 1  ATl\ R I  ' S  l\SSEMBLER / E D I 'ro 1 :  CART R i llG f': 

Th i s  s e c t i , � n  p r e s e n t s  a l l  k : i own f u n c t i o n a l 1� i f f" C ' n� n c e s  
b e t w e e n  t h <'  l\ t a r i  c a r t i <l g e  a rv1 Mi\C / 6 5 .  Obv i o 1 1 s l y , 
MAC / 6 5  a l so h a ·_• m a n y  more f e . 1 t 11 r e s  n o t  e n um e r a t e d  h t� l- t� , 
b u t  th t..� y  w i  1 1  n o t  impac t t h e  t r 1 n s f e r r a n c 1"! n f  c n 1 l e  
or i g i n a 1 1 y  1 c s i g ned fo r  t h e  " a r t r i d g e  ( o r ,  fo r t h t1 t  
m a t t e r , i .�.1\ �:,M D �  • 

6 . 1 .  1 . CJ!' � , Ji',, r ,I NOO B J  

By d e f a u l t ,  t h e  A t a r i  c a r t 1 - i (l g e  p r oct u c e s  ob j t� c t  c o ( l e ,  
e v e n  wh e n  t h e · l e s t i n a t i o n  o f  th e ob j e c t  i s  R1'\M m i :'mo r y . 
Th i s  i s  a . 1 .·1 n g e ro u s  p r ac t i ··· ,, , a t  be s t : i t  i s  t o o  e a s y  
t o  make - 1  rn l s t ,· l k e  i n  a p r og r · 1 n  a n d  wr i t e  o v e r  DOS , t h e  
u s e r 1 s  � iJ u r .; e , the s c r e e n  .nemo r y , o r  e v e 11 ( h o r � o r  ( J f  
h o r r o r s ) S O P H� c'l f th e h a rdwa r r e g i s t e r s . 

�AC l 6 5  1 • 1 , ,k 2 s  .-1 s p e c i a l  c a s e  i f  1Jb j e c t  i n  memo r y : y o u  
· 1 o n ' t  "' t i t  u n l e s s  y o u  a d;  f o r  i t . Yo u M U S T  ci a v e ·'I 
1 1  . OPT Q D , T " ,J i :. '� c t i v e  b e f o r e  : : 1 e  cod e to b e  g e n e r ,-1 t erl or 
the cod " w i  1 l : 1 o t  b e  p r od u c e  . .  

Th e c a r t r i r � g e  a s s i g n s  n o  p r e c e d e n c e  t o  
ope r a t o r s . MAC / 6 5  u s e s  � p r e c e rl e n c e  
81\S I C ' s .  M o s t  o f  t h e  t i m e , • h i s  c a u s e s  n o  
b u t  wa t c h  O d t  f o r  m i x ed e x p r , , s s i o n s . 

LDA # LA ll E L- 3 / '' 5 6 

a r i t hm e t i c  
s i :n i l .1 r  t o  

p r ob l em s ; 

E x amp l e : 
s e e n  -:1 -::; 
s e e n  1 ';  

LDA # [ LAll f': L - 3  1 ,I 2 5 6  by t h e  c a r  t r  i , 1 g e  
LDA # L.l\ B E L  - 1 3 / 2 5 6 J b y  �ll\C .1 6 5  

6 '  1 .  3 ' "  � F  D I RECT I VE 

Th e i rr � � 1 ·::' ''- t i o n  o f  • I F  i n  t h e  c a r t t� i.. r l g e  i s  r.:- l urri s y  
a n d  u · 1 � E ; n_ : �.Z\C / 6 5 ' s  ; ,np l em e n t ri t i o n  i s  J'Tl o r e  
c o n v e n t i o n u ' nd T'l ll <: h  m o r e  �1owe r fu l . R a th e r  th , 1 n  t r y  
t o  o f f e r  a : .J n - 1  e x amp l e  h .=� r e , . .., e  w i l l  s im p l y  r e f 1� c  y o u  
t o  t11 e n. p p r :J p r  1 -3. t e  s e c t i o n s  f t h e  two m a n u a l s . 
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C H /\ PT E R  7 :  E RR O R  DESC R I PT I ONS 

When an e r r o r  occ u r s , the s y s t em w i l l  pr i n t  
* * *  E l<ROR -

fo l l owed by the e r r o r  n umbe r ( u n l e s s  the e r ro r  wa s 
g e ne r a t e rl  w i th t h e  . E R H O R  a s s emb l e r  d i re c t i v e ) a n d , fo r 
mo s t  e r r o r s ,  � cl e s c r i p t i v e m e s s a g e  abo u t  the e r ro r . 

Not e : Th e A s s e m b l e r  wi l l  p r i n t  up to 3 e r r o r s  pe r l i ne .  

Th e format 
fo l l ows i s  
d e s c r i pt·i o n  

u s ed i n  th e l i s t i ng o f  d e s c r i pt i o n s  wh i ch 
s i m p l y  E R R O R  NUM B E R ,  E R R O R  M E S S AGE , 

a n l po s s i b l e c a u s e s . 

M EMORY F U L L  

A l l  u s e r  � e m o r y  h a s  b e e n  u s e d . I f  i s s ued by the 
Ed i t o r , no more s o u r c e  l i n e s  can be e n t e r ed . I f  
i s s u e d  by the As s embl e r , n o  more l abe l s  o r  macros 
c a n  be d e f i n e d . 

NOT E : I f  memory f u l l  oc c u r s  cl u r i ng a s semb l y  a nd 
the s o u r c e  c o d e  i s  l o c a t ed i n  memo r y , SAVE the 
s o u r c e  to d i s k ,  t ype NEW , a nd a s s emble f r om the 
d i s k  i n s tead . Now the a s s embl e r  c a n  u s e  a l l  o f  
the spa � e  forme r l y  o c c u p i e d  b y  y o u r  s o u r c e  fo r 
macro a n d  s ymbo l t ab l e s , e t c . 

2 I NVA L I D D E L E T E  

E i th e r  the f i r s t  l i n e  n umbe r  is n o t  p r e s e n t  in 
memory , o r  the s e cond l i ne n umbe r  is l e s s  than the 
f i r s t  l i n e  n umbe r . 

3 BRANCH Rl\NGC 
A r e l a t i v e  i n s t r uc t i o n  r e f e r e n c e s  a n  addre s s  
d i s p l a c e m e n t  g r e a t e r  than 1 2 9  o r  l e s s  than 1 2 6  
from t h e  c u r r e n t  a d d r e s s .  

4 NOT Z - PAGE / I MM E D I A TE MODE 

An e x p r e s s i o n  fo r i nd i r e c t  a d d re s s i n g  or i mmed i at e  
a d d r e s s i ng h a s  r e s o l v ed to a v a l u e  g re a t e r  than 
2 5 5  ( $ F F ) . 

5 U N DE F I N E D  

T h e  A s s emb l e r  h a s  e n c o u n t e r e d  a un d e f i ned l abe l . 
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6 E XPRES S I ON TOO COMPLEX 
The As s e - h l e r ' s  ope r a to 1� s t a ck l1 A s o v e r f l owe . l . I f  

yo u m u s t  u s e  a n  e x p r e s s in n  a s  c om p l e x  a s  t l1 e  0 1 1 e  
wh i c � 1  (_J e n 1.� r a t e d  the e r ro r ,  try b r e a 1: i ng i t  1l own 
u s c ng t '""·po r a r y  SET l ab<:' l s  ( i . e . , u s c ng " . = " ) .  

7 DUPL I <: l\TE LA B E L  

Th e .�s s embl e r  h a s  e n c o u n t e r e d  a 1 .-:ib e l  in  th e l a b e l  

co l l1:c. : 1  w'1 i ch h a s  a l re a d y  b e e n  ,] e f i n e<l . 

8 B U f F E R  OVERF LOW 
Th e Eci i to r  syn t a x  b u f f <e r  h a s  o v e r f l owe<l . S h o r t e n  
the i '1 p u t  l i n e . 

9 COND I T I O NALS NE S T I NG 
The . I P - . EL S E - . END I F  c on s t r uc t  i s  n o t  p r ope r l y  
n e s t e rl . S i n c e  MAC / 6 5  c a n n o t  a e t e c t  e x c e s s  
. El\ID P' s , the p r ob l em m u s t  b e  a n  EX".' RA . ELS E o r  
. El\ID I P i n s t ead . 

1 0  VALUE > 2 5 5  
The re s u l '.:  o f  a n  e x p r e s s i o n  e x ceeded 2 5 5  wh e n  o n l y  
o n e  byte wa s n e e d e d . 

1 1  C O N D I T I O NA L  S T Z\C K  

The . l �- . ELSE - . EN D I F  n e s t i ng has gone 
n umb e r  a l l owed . Cond i t io n a l s  may b e  
m a x �num o f  1 4  l ev e l s . 

1 2  N E S r E D  MAC RO DEF I N I T I O N  

pa s t  t h e  
n e s t e r� a 

The As s embl e r  e n c o u n t <� r ed a s <e co nd . MACRO 
d i r e c t i v e  be fore the . ENDM d i r e c t i v e . Th i s  e r r o r  
wi l l  abo r t  a s s emb l y .  

1 3  OUT O F  PHASE 
The 2 i d r e s s  g e n e r a ted in p� s s  2 f o r a l � h e l 1io e s  
not m a t ch t h e  a d d r e s s  g e n e r a t ed i n  pa s s l .  " 
commo n c a u s e  o f  th i s  e r r o r  a r e  fowa r 1 re f e r e n c e d  
add r e s s e s . I f u s i ng con , l i t i o n a l  a s s e mb l y  ( wi th o r  
w i thout m a c r o s ) , th i s  e r ro r  c a n  r e s u l t  f r om a . I F 
eva l 1 r n t  i ng t r u e  d u r i ng one pa s s  and f a  1 s e  < l  Li r L ncJ 
the oth e r . 

1 4  *= i::XPRES S I ON UNDl'.:F I N E : J  
T h e  progr3m coun t e r  wa s F o rwa rd re f e r e n c e d . 
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1 5  S YNTAX 'JVE RF LOW 

The E n i + '.l r  i s  unilh l e  to s ;n t i x  t h e  s c, 1 1 r c e  l i n e .  
S i mp l i fy comp l ex e x p r e s s i o n s  o r  b r e a k  t h e  l i n e  
i n t o  m u l t i p l e  l i n e s . 

1 6  D U P L I Cl\TE MACRO '�l\ : 1 E  
An a t t e m pt wa s made t o 1 l e f i ne more than o n e  Ma c r o  
wi th t h e  s a m e  n a m e . On l y  t he f i r s t  · l e f i n i t i o n  
wi l l  be v a l i<'I . 

1 7  L I NE # > 6 5 5 3 5  
The Ed i t o r  c a n not a c c e pt l i ne n umbe r s  g re a t e r  th a n 
6 5 5 3 5 . 

1 8  M I S S ING . ENDM 
In a Macro d e f i n i t i o n , a n  
the c o r r e spond i ng . ENDM 
d e f i n i t io n s  c a nnot c r o s s  
e r ror  wi l l  abo rt a s s emb l y . 

EOF w a s  r e a ched be fo re 
terminator . Macro 

f i l e  boun<'l rys . Th i s  

1 9  NO O R I G I N  
The * =  d i r e c t i v e  i s  m i s s i n g  f r om the prog r 3m .  
Not e : Th i s  e r ror wi l l  o n l y  occur i f  the a s s embl er 
i s  wr i t i ng ob j ect  cod e . 

NUM / REN O VE RFLOW 
On t h e  REN or NUM comma nn , the 
g ene.ra t ed wa s grea t e r  tha n  6 5 5 3 5 . 
the e r ror , e n t e r i ng a va l id REN w i l l  
prob l em .  I f  NUM i s s ued the 
auto-numbe r i ng wi l l  be abo r t ed . 

2 1 NESTED . I NCLUDE 

l i ne n umbe r  
I f R E N  i s sued 

correct the 
e r ror , the 

An i n c l ud ed f i l e  cannot i t s e l f  cont a i n  an . INCLUDE 
d i r e c t i v e . 

2 2  L I S T  OVERFLOW 
Th e l i s t  
cha r a c te r s . 
d i re c t i v e . 

output b u f f e r  h a s  
U s e  sma l ler  n umber s  

2 3  NOT SAVE F I LE 

exceeded 
i n  the 

2 5 5  
. TAB 

An a t t empt wa s made to load or  a s s emb l e  a f i l e  not 
created w i th the SAVE command . 
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24 LOAD TOO B I G  
T h e  load f i l e  cannot f i t  i n t o  memory . 

2 5  NOT B I NARY S AVE 
The f i l e  is not in a v a l id b inary ( memory imag e , 
a s s embl e r  ob j e ct , e t c . ) forma t . 

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 ta n t  
Assemb l e r  sys tem parame te r . 

30 UNDE F I NE D  MACRO 
The Ass embl e r  encoun t e r ed a re ference  to a Macro 
wh i ch is not d e f i ned . Macros m u s t  f i r s t  be 
d e f i ned be fore they can be e xpanded . 

3 1  MACRO NEST I NG 
The max imum leve l o f  Macro n e s t i ng has e x ceeded 1 4  
l e ve l s . 

3 2  BAD PARAMETER 
I n  a Macro e x pan s i o n , a re ference wa s made to a 
none x i s t e n t  paramete r ,  or the paramet e r  n umbe r 
spe c i f i ed wa s g re a t e r  tha n  6 3 . 

1 2 8  - 2 5 5  [ opera t i ng s y s t em errors ] 
E r ror n umber s  ove r 1 2 7  a r e  generated i n  the 
ope r a t i ng system . Re fer to the OS/ A+ man ua l for 
d e t a i l ed d e s c r iptions of s u ch errors and the i r  
c a u s e s . 
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APPEND I X  .?\ 

Actua l l y ,  t h e  b u l k  o f  th i s  append i x  i s  con t a i n e d  on  
your mas t e r  '. IAC / 6 5  d i s k e t t e  i n  t.he  form o f  a s y s t em 
macro f i l e . Th i s  appen•l i x  i s  h e r e  s imp l y  to a l e r t  you 
to the e x i s t · · n c e  of che f i l e  and to g i v e a b r i e f  
d e s c r ipt i o n  o f  the m a c r o s  a v a i l ab l e .  We wo u l d s ugg e s c  
that you u s e  MAC / 6 5  t o  LnA D a n d  L I S T  ( to a p r i n t e r  or 
the s c re e n ) • he f i l e  I OMAC . L I R .  

May we s ug • i e s t  th a t  you adopt a n ·>m i ng conv e n t ion fo r 

you MAC / 6 5  f i l e s ,  both S!\VEd a n d  L I <.; T e d , t h a t  •4 o e s  n o t  
con f l i c t  w .i  t h  anyth i ng ?  1 / e  u s e  th e fo l l ow i ng 
e x t e n s i o n s  ( t hough you a r e  obv i o u s l y  f r e e  to re name o u r  
f i l e s  to yo u •  own p r e f e r e n c e s ) : 

. M 6 5  MAC / 6 5 SAVEd f i l e s  

. ASM  MAC / 6 5  L I S T e d  f i l e s 

. L I R  MAC / 6 5  SAVEd l ib r a r i e s  
( not e t h a t  C / 6 5 i n s i s t s  o n  
i t s  r u n t i m e l i b r a r y  b e i ng 
n amed RUNT I M E . L I B ,  h en c e  th i s  
convent i o n ) 

I n  any c a s e , the m a c r o s  � v a i l ab l e  i n  I OMAC . L I B  a r e : 

O P E N  r · h a n , a u x l , a u x 2 , f i l e name 
( 'p e n s  the c_J i v e n  f i l e name 
c · h an n e l  u s i ng a u x l  and a u x 2  
:::� pec i f i c a t  i o n s . 

P R I NT chan [ , b u f fe r  [ , l e n g th ]  

on th e g i v e n  
a s  pe r OS / A +  

: f  no b u f f e r  g i v e n ,  p r i n t s  j u s t  a C R  on  
r h a n . If  no l e ng th g iv e n ,  l e ng th a s s umed 
t �  be 2 5 5  o r  po s i t i o n  of CR, wh ichev e r  i s  
s ma l l e r . Bu f f e r  may b e  l i t e r a l s t r i ng ,  i n  
�h ich c a s e  l e ngth i s  ig nored i f  g iv e n . 

I � PU T  chan , bu f fe r  [ , l ength] 
c f  no l e n g th g i v e n , d e f a u l t s  to 2 5 5  byt e s . 

B G C T  chan , bu f fe r , l ength 
R i na r y  read , a la BAS I C  A+, of l ength byt e s  
i nto t h e  g i v e n  b u f f e r  addre s s . 
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NOTES : 

BPUT chan , bu f f e r , l eng th 
B i nary wr i t e  of l ength bytes from the g i ven 
buffer addre s s . 

CLOSE chan 
C l o s e s  the g iv e n  f i l e . 

X I O  command , chan [ , a ux l , aux 2 ] [ , f i l ename ] 
As d e s c r ibed i n  chapt e r  5 .  

" chan " may be a l i te r a l  <ohan n e l  n umber ( 'l  th rough 
7 )  or a memory locat ion cont a i n i ng a channe l 
number ( 0  through 7 ) .  

11 a u x l  11 , " au x 2 " ,  
e i th e r  l i tera l 
locations . 

" l ength" , 
numbers 

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

" fi l ename " may be e i ther a l i tera l s t r i ng ( e . g . ,  
" D : F I LE l  . DAT " ) or a memory loca t ion , the l at t e r  
a s s umed to be the a d ci r e s s  o f  t h e  s t a r t  o f  the 
f i l ename s t r i ng . 

Wh e r e  memory l o c a t i o n s  a r e  g i v e n  i n s tead o f  
l i tera l s , they mu s t  be  non-zero page l oc a t ions 
wh ich a r e  d e f ined BEFORE the i r  usage i n  the 
macro ( s ) . Th e fo l lowi ng e x amp l e  wi l l  NOT wo rk 
prope r l y  ! 1 

PRINT 3 , MESSAGE l ; WRONG ! 

MESSAGE l . BYTE " Th i s  WON ' T  WORK 1 1  ! 

Th e s e  macros a r e  u s e f u l  i n s t r ument s , but they rea l ly 
are meant o n l y  a s  e x amp l es , to show you wha t  you c a n  do 
with MAC / 6 5 .  P l e a s e  fe e l  free to s t udy them and change 
them as you need . 
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a r e f e r e n c e  manua l for 

B U G / 6 5 

an A s s c b l y  La n g u a g e  Debug g i n <J  prog r am fo r 
u s e  w c th 6 50 2 -bas ed compu t e r s  b u i l t  by 

App l e Compu t e r , I nc . , a nd A t a r i ,  I n c . 

Th e pro.i rams , d i sk s , and m a n ui'll S compr i s i ng 
BUG / 6 5  a r e  Copy r i gh t  ( c ) 1 9 8 2  by 

Mc S t u f f  Company 
a nd 

Op : im i zed S y s t em s  So ftwa r e , I n c . 

Th i s  manua l i s  Copy r i g h t  ( c )  1 98 2  by  
Op t i � i ze d  S y s tems  So ftwa re ,  I nc . , o f  
1 0 3 7 0  L a n sd a l e  Avenue , Cupe r t ino , CA 

A l l  r i ghts r · · s e r v ed . Reprod u c t io n  o r  t r a n s l a t i o n  o f  
a n y  pa r t  o f  th i s  work beyond tha t  p e rm i t ted b y  s e c t io n s  
1 0 7  a nd 1 0 8  o f  the Un i t e d  S t a t e s  Copy r ight Act w i thout 

the pe rm i s s i on of  the copyr ight  own er is  u n l aw fu l . 





P R E F T>. C E  

B l lG / 6 5  i s  a n  i n t e r a c t i v e d eb u g g i ng too l f o r  u s e  i n  
t h e  d ev e l opme n t  o f  a s s e m b l y  l a n g u a g e p r og r a m s  f o r  t h e  ATA R I  
8 0 0  o r  ATA R I  4 0 0  p e r so n a l comp u t e r s . I t ' s  d e s i g n ed t o  t a k e  
a e  m uch o f  th e d r ud g e r y o u t  o f  a s s e m b l y  l a n g u a g e  d e b u g g i ng 
a s  po s s i b l e . Th e  d e s i g n  ph i l o s oph y b eh i nd B UG / 6 5  i s  t h a t  
t h e  compu t e r  shou l d  s e r v e  a e  a too l i n  t h e  d eb u g g i ng proce s s  
a s  oppo s e d  t o  a h i nd r i'l n ce . O n e  r e s u l t o f  t h i s  ph i l o s o p h y  i s  
t h a t D l � / 6 5  r e q u i r e s  a r e l a t i ve l y l a r g e  a mo u n t o f  memo r y  
wh e n  compa r ed t o  s i mp l e r d eb u g  mon i t o r s . , Th i s  i s  t h e  r e s u l t  
o f  a t r a d e o f f b e t w e e n  m e mor y a n d  f u n c t i o n a l i t y , w i t h 
f u n c t i o n  w i n n i n g o u t . 

B UG / 6 5  i s  a RAM l oa d ed m a ch i n e  l a n g u a g e  
oc c upy i ng B K  o f  m e m o r y ; i t  i s  s e l f  r e l oc a t a b l e  a s  
a n d  r e q u i r e s  a f u l l  4 8 K  by t e s  o f  m e mo r y . BUG / 6 5  
d e s i g n e d  t o  be f l oppy d i s k b a s e d  - i t  i s n ' t  i n t e nd e d  
u s ed i n  c a s s e t t e - on l y  s y s t e m s . B l lG / 6 5 w a s  d e s i g n e d  
b y  a n  e x pe r i e n c e d  a s s e m b l y  l a n g u a g e  p r og r a mme r .  

p r og r a m  
s h i pp e d  
i s  a l s o 

t o  b e  
f o r  u s e  

B UG / 6 5  i s a n  o r i g i n a l  p r od u c t  o f  th e  McS t u f f  
Compa n y ,  wh i c h  d ev e l oped t h e  p r od uct  u n d e r  the n a m e  " Mc D UG " , 
wh ich n a m e  i s  t h e i r  t r a d ema rk . 

Fo r u s e  on t h e  1\TA R I  8 0 0  o r  4 0 0  com p u t e r  w i th a 
m i n i m um o f  4 B K  o f  HAM a nd o n e  f l oppy d i s k d r i v e . 

T RA DE M A R K S  

Th e fo l l ow i ng t r a d em a r k ed n a me s a r e  u s ed i n  v a r i o u s  
p l a c e s  w i t h i n  t h i s  m a n u a l ,  and c r ed i t  i s  h e r e b y  g i v e n : 

OS / A + ,  BUG / 6 5 ,  MAC / 6 5 ,  a n d  C / 6 5  a r e  t r a d em a rk s  o f  
O p t i m i z e d  S y s t em s  S o f t wa r e , I n c .  

A pp l e , 1>.pp l e I I ,  a n d  App l e  Compu t e r ( s )  a r e  t r a d e m a r k s  
o f  App l e Compu t e r , I n c . ,  C u pe r t i n o ,  C T\  

A t a r i , A t a r i  4 0 0 , At a r i  8 0 0 , At a r i  H o m e  Compu t e r s ,  a nd 
1>. t a r i  8 5 0 I n t e r f a c e  Mod u l e  a r e  t r a d e m a rk s  o f  
A t a r i ,  I n c . , S u n n y v a l e ,  CA . 
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A f u l 1 s e t  o f  • l e b u q g  L n g  r.omiri a n d. s  - chd n g e  m ern ,J r y ,  
1 l i s p l  a y  mem o r y , g o t o u s e r  p r og r ci m  w i th h r 1_� ci. k  
� )o i n t s , 1:- t c . 

B i n u r y  f i l e  r e .-1 d  
wr i t e . 

a. n rl w r i t f--� ,  i n c l u� i ng appended 

l\ d i s a �� s e mb l e r . 

An i n s t 'l n t  a s s e mb l e r  p r o v i d i ng l abe l i ng capabi l i ty . 

E x p a n d 0 d  command a d d r e s s i ng capab i l i ty : hex  or 
d e c i m a l ad d r e s s e s , + a n d  - opera tors 
s uppo r t ed , r e l o c a t e d  addre s s e s  s uppo rted . 

R e a d  or w r i t e  d i sk  s e c to r ( s ) . 

Mu l t i p l e comma nd s pe rm i t t eO i n  a c ommand l i ne . 
Command l i n e s  c a n  be r e pe a t e d  w i th a s i ng l e  
k e y s t roke or repeated foreve r  w i th the 
spe c i a l  s l ash ope rator . 

S uppo rt for r e l oc a t ab l e  a s s emb l e r s  - the b a s e  o f  a 
mod u l e  c a n  be spe c i f ied and th en u s ed to 
re ference  addre s s e s  in  that mod u l e .  

BUG / 6 5  command s c a n  b e  e x e cuted from a command f i l e , 
a nd the r e  i s  a command to c r eate command 
f i l e s . 

Hex  to d e c ima l 
prov i d ed . 

and d e c ima l to hex conv e r s ions 

Memory prot e c t ion o f  BUG / 6 5 ' s  code and data . BUG /6 5  
won ' t  a l low you t o  u s e  a BUG /6 5  command that 
wi l l  d e s t roy any pa r t  o f  BUG/6 5  its e l f .  For 
e x amp l e ,  you c an ' t  use the Fi l l  command to 
ov e rwr i t e  BUG /6 5 ' s  cod e . 

Page z e ro sha r i ng . BUG / 6 5  sha r e s  pag e zero with a 
u s e r  prog ram by k e ep i ng two copies o f  the 
shared page ze ro l o c a t i o n s  - one for the user 
and one for BUG /6 5  i t s e l f .  
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SECT ION 1 : COMMAND SUMMARY 

Th i s  s e c t ion is i n t ended to be a handy r e fe r e n c e  
g u i d e  a n d  wi l l  probab ly prove i nd i spe n s ab l e  a f ter t h e  u s e r  
has thoroughly r e a d  through the r e s t  o f  th i s  manua l .  For 
the expe r i enced d ebug us e r ,  might we s ugge s t  a t  l e a s t  a 
quick per u s a l  of Sections  2 through 6 and S e c t i o n s  8 and q ,  

The fo l l owi ng t ab l e  i s  s imp l y  a s y n t a x  s nmma ry o f  
the avai l ab l e  command s .  Exc ept i ng for th e f i r s t  th r e e  
command s ( wh i ch a r e  d e s c r ibed i n  Section 8 ) ,  a l l  the 
command s are d e s c r ibed in a l phabet i c a l  ord er  in S e c t ion 7 .  

COMMAND 
CODE 

{ RETURN } 

I 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

SYNTAX 

A < add r > � 

B < ad d r >  

PURPOSE 

Repeat last command l i ne 

When appended to a comma nd 
l i ne : r epe at l i ne fo reve r .  

D i sp l a y  l as t  command l i ne 

As c i i  mod e memory change 

Ba s e  addr e s s  for r e locat ion 

C < s tartadd r l > < endadd r l > < s tar tadd r 2 > 
Compare memory b l ock s 

D < startaddr >  [ < endadd r > ] D i splay memory 

E # f i l e spec E x ec u t e  a command f i l e  

F < s tartadd r >  < endad d r >  [ < va l ue > ] 
F i l l  memory b lock w i th v a l ue 

G [ < sta rtadd r > ] [ @ <breakpo i n t >  [ Rn= < va l ue > ] [ I = < coun t > ] 
Go at add r e s s , s e t  opt iona l 
breakpo i n t , w i th opt iona l Reg i s t •  
v a l u e  breakpo i n t  and pa s s  Counte 

H < numberl > < number2 > Hexadec ima l a r i thme t i c  res u l t  

I d i sk I n ventory ( d i rectory l i s t i n  

J # fi l espec , s t r i ng c r e a t e  command f i l e  

K < numbe r >  conv ert h e x  to d e c ima l 



L 

M 

p 

Q 

R 

L < startaddr >  < endadd r >  <byte l >  [ < byteN > . . .  ] 
Locate byt e s t r i ng i n  memory b l ocK 

M < startadd r >  < endaddr >  < toadd r >  
Move memory b l ock 

P [ S J  [ P ]  Print  output o n  S c re e n a n d / o r  
P r i n t e r  

Q Qu i t  • . .  go to O S / A+ 

R [ < o f f s et > ] # fi l e spec Read a b i nary f i l e  to memo ry 
with opt i on a l  o f f s e t 

R% R% [ < sectornumbe r >  [ < bu ffe radd r >  [ < num s e c t o r s > ]  ] ] 

s 

T 

u 

v 

w 

S < add r > )!\  

T [ S )  [ < coun t > ]  

U < add r >  [ <param> ] 

v 

Re ad s ector ( s ) from d i sk t o  
memory bu f fe r  

Subs t i t ut e  memory , n u �e r i c  mod e 

Trace , w i th opt i ona l Sk ip ove r 
s ubrou t i ne c a l l s ,  for ( opt iona l )  
coun t i n t s t r u c t i o n s . 

ca l l  U s e r  r ou t i n e  at g i v e n  
add r e s s  and pa s s  opt i o n a l 
parame t e r  i n  X , Y r eg i s t e r s 

V i ew u s e r  reg i s t e r s  

W [ : A ]  < sta r t ad d r >  < endadd r >  # f i l e spec 
Wr i t e  a b l ock of  memo r y  t o  a 
b i n a r y  image f i l e ,  o p t i ona l l y 
append i n g  i n s t ead o f  c r e a t i ng 
n ew f i l e . 

W% W %  [ < sectorn umber >  [ < b u f feraddr > [ < nums e c t o r s > ]  
Wr i t e  s e c tors  from memory 
b u f fe r to d i s k 

X XA or XX or XY or XS o r  XP o r  XF 
chang e u s e r  reg i s t e r  v a l u e  

Y Y < sta rtadd r > [ < endaddr > ]  
cl i s s a s embl e �emery b l ock 

z Z < add r > j6  i ns t a n t  a s s emb l e r  ( a t a d d r e s s ) 
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< • • •  > 

[ . . .  ] 

or 

f i lespec 

SECT I ON 2 :  Notations U s ed I n  Th i s  Manual 

The fo l l owing notat ions are u s ed i n  th i s  manua l : 

I s  u s ed to i nd i cate a numerical  addre s s  paramet er . 
The addre s s  expre s s ion between the two 
characters '1 < 11 and 11 > 11 may be any v a l i d  
addr e s s  a s  d e s c r ibed i n  Section 3 .  For 
e x amp l e , < S TART > mean s that you can enter any 
v a l i d  add r e s s  expre s s ion to spec i fy the START 
parameter . 

I s  used to i nd icate one and o n l y  one b l ank . I n  
mos t  c a s e s , b l anks are i n s i g n i f i cant a n d  any 
n umbe r  o f  them may be entered between 
command s and paramete r s . However , i n  certa i n  
c a s e s , one a n d  on l y  one b l ank m u s t  b e  ente red 
- thi s  b l ank is indicated by the " » " 
characte r .  

I s  u s ed t o  spe c i fy a n  opt iona l parameter . For 
e x amp l e ,  [ <VALUE > ]  would  i nd icate that VALUE 
i s  an optiona l addr e s s  pa ramete r .  You ' l l  f i nd 
that many pa ramete r s  are opt iona l ,  and i n  
such c a s e s  l og i c a l  defaul t  v a l u e s  wi l l  b e  
s upp l ied b y  BUG / 6 5 . 

I s  u s ed to del imi t a l i s t  o f  cho ic e s . In s uch a 
l i s t ,  one and on l y  one cho ice may be u s ed . 
For e x amp l e ,  " + or - "  indicates that you may 
enter a p l u s  s ig n  or  a m i n u s  s i g n ,  b ut not 
both . 

I s  u s ed to i nd icate a s tandard OS/A+ f i l e spec . 
Th i s  con s i s t s  of th e device name fo l lowed by 
a colon and the f i l ename . For e x amp l e ,  
" D : DATAF I LE "  i s  a v a l id fi l e spec for a f i l e  
named DATAF I LE on d i sk d r i ve one . 
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S E C T I O N  J :  l\ <l d r e s s  P .-1 r an c t e r s  

D tJG / 6 5 a l l o w s  r 1 u m e r i c � J  a d ct r e s s e s  t o  b e  s p � r i f i e �  
i n  a va r i e t y  o f  wa y s . Yo u c a 11 u s e  h e x a � e c i m a l o r  r] e c i m a l 
n o t a t i o n , a d d  a n d s ub t r a c t t e r m s , o r  a d �  a r e l o c a t i o n  f a c t o r  
t o  a n y  ad d r e s s .  Th e fo l l ow i ng B a c k u s - N a u r  d e f i n i t i o n s  

d e s c r i be t h e  v a r i o u s  a d d r e s s  t ype s : 

< ADDR > : :;:;  

< T E RM > : =  

< NUMB E R >  : =  

< DECNUM > : =  

< HEXNUM > : =:  

+ o r  - < T E RM > [ + o r  - < A DDR > ] 

<NUM B E R > o r  X < NUM B E R >  

< D ECNUM > o r  < HEXNUM > 

. < DEC I MAL D I G I T S > 

< H E XADEC IMAL D I G I T S > 

I n  th e above , the o n l y  i t em not l i t e r a l l y  d e f i ned 
i s  the " X "  i t em i n  the d e f i n i t ion of  a TERM . Th i s  i s  used to 
i n d i c a t e  th a t  th e fo l l ow i ng NUMBER is to be r e located by 
add i ng the va l ue of the c u r r e n t  r e locat ion base to the v a l u e  
o f  NUMBER . Th e c u r rent r e l oc a t ion ba s e  i s  set  b y  t h e  " B "  
command . 

Al l add r e s s  pa r amet e r s  a r e  inte rpreted a s  1 6-bit 
pos i t i v e  n umb e r s  in  th e range o f  0 to 6 5 5 3 5 . Over f l ow i s n ' t 
d e t e c t ed or r eported as an e r ro r . 

Some e x amp l e s  wi l l  h e l p  ( a l l  o f  the s e  a r e  va l id 
add r e s s  expr e s s i o n s ) : 

lFAl 

. 100 

1000+ . 20 

1 + 2 - 3 +4 

Xl 2 3 4  

a h e x adec ima l number .  

a dec ima l number ( one hundred ) • 

a hexad e c imal numbe r  p l u s  a decima l 
number . Th i s  evaluates  to 1 0 1 4  h ex 
( 4 1 1 6  decima l ) . 

a l ong expre s s ion . Eval uates to 4 .  

a r e l ocated addres s .  I f  the current 
re location base  has the 
$ 1 000 , then th i s  expres s ion 
eva l uate to $ 2 2 3 4 . 

value 
wi l l  



3 . 1 Spa c e s  as Parameter De l imi t e r s  

BUG / 6 5  u s e s  space s a s  parame t e r  d e l i m i t e r s . Th i s  
makes  for e a s i e r  and qu i ck e r  e n t ry o f  comma nd s .  Howe v e r ,  i t  
does int rod uce some conven t ions r eg a rd i ng the us e o f  s p a c e s  
t h a t  y o u  m u s t be awa re o f :  

* 

* 

* 

Spa c e s  may not be embe,J d ed i n  a n umbt> r . Fo r e xamp l e , 
" 1 2  3 4 " i s  i n t t> r pr e t ed a s  two pa rame t e r s ( $ 1 2  
a n d  $ 3 4 )  and n o t  a s  the s i ng l e pa rame t e r  
$ 1 2 3 4 .  

Spac e s  a ren ' t a l  lowecl between t h e  " X "  r e l oca t i o n 
spe c i f i e r  and i t ' s  a s sociated  r e l ocated  
addre s s . For  e x a mp l e , " X  1 2 3 4 " i s  i n t e rp r e t e d  
a s  two pa ramete r s . Th e f i r s t  wi l l  have t h e  
v a l ue o f  the c u r re n t ' re l oc a t i o n  b a s e  a n , J  t h P.  
s econd is $ 1 2 3 4 . 

Any n umber o f  spaces may be u s e d  t o  s e pa r a t e  t wo 
pa ramet e r s . For e x amp l e ,  " 1 2 3 4  5 6 7 8 "  i s  
a pe r fe c t l y  va l id way o f  e n t e r i ng the t wo 
pa r ame t e r s  $ 1 2 3 4 a nd $ 5 6 7 8 .  



SECT I ON 4 :  Load i ng and Running BUG / 6 5  

BUG / 6 5  i s  shipped o n  your m a s t e r  d i skette as  a 
relocatab l e  COMmand f i l e ,  named " BUG6 5 .  COM " . There fore , 
BUG / 6 5  funct ions j u s t  a s  doe s any OS / A+ extrinsic  command : 
s impl y  type " !3 UG6 5 "  wh en OS/A+ prompts with D l : ( or Dn : i f  
you have chang e<l d e fa u l t  d r i v e s  . . .  s e e  the OS /A+ manua l for 
more deta i l s )  and BUG / 6 5  w i l l  load into memory and re locate 
i ts e l f  to j u s t  a bove the cur rent va l ue o f  LOMEM ( contents of 
$ 2 E 7 - $ 2E B ) . 

4 . 1 Spe c i fy i ng BUG / 6 5 ' s  Load Addre s s  

I f  you need BUG / 6 5  t o  load a t  some location other 
than LOMEM ( wh i ch is typi c a l l y  a round $ 2 000 with OS/A+ 
vers ion 2 and around $ 2C00 w i th v e r s ion 4 ) ,  you may a l so 
enter a load add r e s s  on the OS/A+ command l ine . The address 
mus t  be i n  h e x , must  be at  or b e l ow $ 9A00,  a nd should be 
above LOMEM . Remember ,  BUG / 6 5  occ upi e s  B K  bytes , wh ich 
means it wi l l  occupy memory s t a r t i ng a t  the add ress you g ive 
and end i ng $ 2 000 byte s  h i gher . 

EXAMPLE :  
[ D l : ] BUG6 5  8000 

Th i s  usage  wi l l  load BUG / 6 5 a t  $ 8000 , set  its 
r e s t: a r t  po int a t  $ 8 200 , and occupy memory from 
$ 8 0 fl0 through $ 9FFF . 
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4 . 2 Crea t i ng a Non-Relocatab l e  Ve rs ion 

In ord e r  to a l low i t s e l f  to be re located v i rtua l l y 
anywhere in memory , B UG / 6 5  as shipper! inc l ud e s  a re location 
bit map and a re locat ion prog r �m .  I n  addition , r e l ocatab l e  
BUG / 6 5  a lways load s in a t  l oc a t ions $ 9800 through $ BC00 . I f  
thes e  add r e s s e s  a r e  " poison " to yo u ( e . g . ,  i f  you wa nt to 
Ufile BUG / 6 5  with a cartridge p l ugged i n ) , you may wi sh to 
prod uce a non-relocatab l e  vers ion d e s ig ned to run within an  
address range you p.ick . 

I f  so , US I NG A 48K SYSTEM , s imp ly spec i fy the 
loadpoint , as  shown in th e preced i ng s ec t ion ( e . g ,  v ia 
" BUG G S  7000 " )  and a l low BUG / 6 5 to load and relocat e . Then 
exit to OS /A+ ( via Quit ) and u s e  the OS/A+ intrins i c  command 
SAVE to save a non-re locatab l e  v e r s ion . Th e add r e s s  range 
to be SAVEd may be c a l c u l ated a s  fo l l ows : 

SAVE f i l ename . COM load2o int+ $ 2 11J0 loadpoint+ $ 2 0011J 

Thu s , .i f  you had spe c f .ied " B UG 6 5  7 111 00 " ,  you could save the 
non- relocatab l e  vers ion v i a  

SAVE BUG7011J0 . COM 7 2 0111 9000 

thus a l s o  g i v ing i t  a name wh i ch wi l l  l ater rem i nd you wh ere 
it wi l l  load at . To ex ecute th i s  non- relocatab l e  vers ion , 
simply type in i t s  name ( BUG 7 0 11J 0  .i n the examp l e  shown ) . 
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SECT I ON 5 :  Command Entry 

When you s e e  BUG/ 6 5 ' s  i nput prompt ( the " > " 
charact e r )  in th e l e ft-hand co l umn o f  the s c ree n ,  then 
you ' re i n  command entry mode . Any data typed at that point 
w i l l  be entered into th e command l i ne buffer - the command 
l i ne i s n ' t  e x e c uted unt i l  you type RETURN . You can enter as 
many command s in one command l ine as wi l l  fit  in the command 
l ine buffer  ( 1 00  cha racte rs ) . As soon as you t ype the 
RETURN , you ' l l l eave command entry mode and BUG / 6 5  wi l l  
beg in execut i ng the command ( s ) i n  the command l ine . 

You can t e l l  the d i f fe rence between command entry 
mode and command ex ecution mode . I n  command entry mode , the 
cursor is  d i sp l ayed . When a command is e x e cuting , the cursor 
i s  bl anked . 

I f  you try to enter mor e  than 1 0 0  characters  i n  
t h e  command l ine , BUG/6 5 wi l l  beep the b e l l  and not a l low 
any more cha racters  to be i nput . At that point , you may 
e i ther hit RETURN to ex ecute what ' s  in the command l ine so 
far , or ed i t  some characters  out o f  the command l ine with 
the BACKS PACE k e y . 

5 . 1  Command Line Ed it ing 

When ent e r i ng command s ,  you may edit m i s takes with 
the BACKS PACE key . The BACKS PACE wi l l  move the cursor one 
col umn to the l e ft and d e l e t e  whatever character wa s in that 
col umn . Unfortunat e l y ,  the normal sys t em e d i t i ng fac i l it i e s  
aren ' t s upported . Th i s  i s  becau s e  o f  the manne r in wh ich 
BUG / 6 5  does keyboard i nput . 
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5 . 2  Normal and Immed iate Type Command s 

BUG / 6 5  has two type s of command s - normal  and 
immed i a te . Normal  command s :'Ire tho se tha t  <lon ' t requ i r e  
intera c t ion with the ope rator f o r  the i r  execution . Imme<l i:'lte 
command s <lo requ i re operator i nteract ion . No rma l l y ,  you ' l l  
never be awa re o f  the d i s t i nc t ion betwe en the two type s 
command entry " f lows " without any con s iderat ion o f  the 
command type requi red . Th e on l y  d i fference is that an 
immed iate command must be the f i r s t  command entered i n  a 
command l i ne . Once an immed iate  command i s  ente red , BUG / 6 5  
wi l l  beg in interac t i ng with t h e  operator fo r further input . 
Since th i s  interaction i s  requi red fo r comp l et ion o f  the  
command , it doP s n ' t make s e n s e  to a l l ow immed iate comma nd s 
to be " s tacked " in the midd l e  of a command l i ne for 
execution between oth e r  command s .  I f  you try to enter an 
immed iate command i n  the midd l e  of a command l ine , yo u ' l l  
get an " IMME DIATE ERROR " error me s s age a nd f i nd your se l f  
back i n  the command entry mode . 

The immed iate command s are the " A "  command 
memory charig e ) , the " S "  command ( h ex memory change ) ,  
command ( change u s e r  reg i s t e r s ) , and the " Z "  
( instant a s s embl e r ) .  

5 . 3 Command E x ecut ion 

( AS C I I 
the 1 1 X 11 
command 

For a norma l type command , BUG / 6 5  wi l l  beg i n  
command execution a s  soon as  you type RETURN . F o r  imme d i ate 
type Command s ,  BUG / 6 5  wi l l  beg i n  command execution a s  soon 
as  you type the command character ( prov ided that cha racter  
i s  the f i r s t  character i n  the command l i ne ) . 
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5 . 4  Mu l t i p l e  Commands on a Line 

Mu l t i p l e  command s may be ente red on the s ame 
command l i ne . Norma l l y ,  s uc c e s s ive command s i n  the command 
l i ne don ' t  r e q u i r e  c ommand sepa ra tors between them other 
t h a n  at l e a s t  one s p a c e  ch a r a c t e r .  Th e e x cept ion s t o  th i s  
a r e  comma nd s for wh i ch a n  optiona l parameter i s  b e i nc:; 
d e f a u l ted . For examp l e ,  the d i sp l ay memory command ( " D " ) may 
have an opt iona l paramet e r  spe c i f i ed a s  the end of the a r e a  
o f  memory to b e  d i sp l ayed . If  that end i ng parameter i s n ' t  
spec i f i ed , BUG / 6 5 wi l l  d e fa u l t  the end to the s t a r t  p l u s  
e i ght byt e s . I f  yo u wanted to e n t e r  two succe s s i v e  d i s p l ay 
command s i n  th e command l i ne wi thout d e fa u l t ing the em d 
parame t e r s , you could  type 

D 1 00 0  1 0 1 0  D 2 0 0 0  2 0 1 0  

and n o  command separators wo u l d  b e  requi red because BUG / 6 5  
knows tha t  the " D "  comman<l o n l y  h a s  two parame t e r s  and w i l  1 
i n t e rpret f u r th e r  cha r a c t e r s  i n  the command l ine a s  th e 
beg inn i ng o f  a new command . Howeve r ,  i f  you wanted t o  
d e f au l t  the e n d i ng addr e s s  o f  the f i r s t  d i sp l ay comma n d , 
then you ' d  have to i n s e r t  a command separator so that BUG / Ci 5  
knows tha t  the f i r s t  d i sp l ay comma nd i s  f i n i shed . I f  you 
d id n ' t  do th i s ,  then the se cond d i s p l ay c ommand " D "  wo u l d  be 
i n terpreted as the s econd parame t e r  of th e f i r s t  d i s p l ay 
command ( the end add r e s s  wou l d  be i n t e rpreted as $ 0D .  Th e; 
command s eparator i s  a comma , so i n  th i s  c a s e  you wo u l d  
enter the commands a s  fo l l ows : 

D 1 00 0 , D 2 00 0 2 0 1 0  
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SECT I ON 6 :  Command T e rmi nat ion 

Th i s  a e c t ion d e s c r ibes th e many wa ys that a 
command wi l l  a top . 

6 . 1  Norma l T e rm i n a t ion 

Once a command l i ne i s  given to BUG / 6 5  for 
e x e c u t i on , BUG / 6 5  wi l l  execute a l l  o f  the comma nd s i n  the 
l i ne to con c l u s i o n  be fore r e t u r n i ng to command entry mod e . 
I t ' s  pos s ib l e  to i n s t r u c t  BUG /6 5  to e x ecute a command l i ne 
" forever " ( a ee S e c t i o n  8 . 2 ) , i n  wh i ch c a s e  BUG / 6 5  wi l l  never 
come back to command entry mod e un t i l  you manua l l y  i nt e rvene 
( wi th ESC or BREAK - s e e  S e c t ion 6 . 4 ) 

6 . 2  Error T e rminat ion 

If an e r ror occur s i n  command execut i on , BUG / 6 5  
wi l l  beep the be l l  and d i sp l ay a aho rt e r ror m e a a a g e  i n  
Eng l i ah i n d i c a t i ng t h e  c a u a e  o f  t h e  e r ror . Command execut ion 
wi l l  atop and you ' l l  ent e r  the command entry mod e . Any 
command a i n  the command l i ne a ft e r  the command wh ich c a u s e d  
t h e  error won ' t  be e x e c uted . ( Yo u  sho u l d  a l so be awa re that 
BUG / 6 5  w i l l  close any f i l e  that h a s  been ope ned u a i ng IOCB 
number one whe n  any e rror o c c u r a . )  (A comp l ete l i s t  of 
error me s s ag e s  i s  i n  S e c t i on 1 4 . )  

6 . 3  Command S u spe n s ion 

Once BUG / 6 5  beg i n s  e x e c u t i ng a command l i ne ,  you 
may tempora r i l y  s u spend command ex ecution by h i t t i ng the 
space bar . Th i a  wi l l  put BUG /6 5  i n  a " ho l d "  cond i t ion , at 
wh i ch po i n t  you have two a l t e rnat i ve s : you can r e s t a r t  the 
command by h i t t i ng the apace bar ag a i n , or you can abort the 
command with ESC or BREAK . 

6 . 4  Command Abort 

You can abort any command that i s  e x e c u t i ng 
( except for the read and wr i t e  d i sk command s )  by h i t t ing the 

ESC or BREAK keys . BUG / 6 5  w i l l  a top e x e c u t i ng the command 
and you ' l l enter command entry mod e . 
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6 . 5  The RE SET ' e y  

BUG /6 5  traps the RESET k e y  so  tha t  h i t t ing RESET 
wi l l  b r i ng you b lck to BUG /6 5 .  RESET w i l l  s top any command 
that is e x e c ut i ,g .  Yo u ' l l see the BUG / 6 5  v e r s ion and 
copy r i ght prompt , and you ' l l be i n  command entry mode . RESET 
wi l l  r e s e t  a l l  of BUG /6 5 ' s  i n t e rna l s t u f f  e x cept f o r  any 
user d e f i ned or mod i f i e d  paramete r s . For e x amp l e ,  the 
u s e r 1 s  reg i s t e r s , the c u r re n t  re l o c a t i o n  ba s e , e tc . , a r e n ' t  
c l e a r ed on a RES :T - they ' l l  r e t a i n  wha t e v e r  v a l u e s  they had 
before th e RE S ·: T . ( Al 1 o f  th i s  d epend s ,  howeve r ,  on the 
fact that the r e s e t  vectors haven ' t  been mod i f i e d  by the 
u s e r  e i th e r  by u s i ng a BUG /6 5  command o r  by a u s e r  
program . I f  you ' ve mod i f i e d  the r e s e t  vecto r s , then th e  
action  o f  th e RE SET k e y  i s  your  re spon s ibi l ity . )  

6 . 6  Manua l Re s �art 

S i nc e  3UG /6 5  i s  r e l ocatabl e ,  the manual  r e s t a r t  
po i n t  ( co l d s ta r � )  depend s upon wh e r e  i t  has  been  re located  
to . If  yo u s pe c i f i e d  an ad d r e s s  to load BUG / 6 5  when you 
gave the O S / A+ command l i ne ( e . g . , BUG6 5 4 0 0 0 ) ,  then the 
c o l d s t a r t  po i nt i s  $ 2 0 0  g r e a t e r  than th e addre s s  spec i f i ed , 
and you may u s e  ' RUN addr e s s ' f rom OS / A+ i f  d e s i red ( e . g ,  
RUN 4 2 0 0  i f  the ' ) r i g i n a l  command was Bl'G6 5 4000 ) . I n  any 
case , you may i n .spe c t  l oc a t i o n  $ 000C ( v i a  the BUG / 6 5  command 
' D  C ' ) to d e t ·,rmine the co l d s t a rt point . Th e 6 5 0 2  word 
add r e s s i n  l o c a t i on s $ 0C and $ 00 ( LS B ,  MSB order ) poi n t s  to 
BUG / 6 5 ' s  r e s ta r c  point . Th e r e s u l t  of a manua l r e s t a r t  i s  
the same a s  i f  t�e d e fa u l t  RESET key proc e s s ing occur red 
( s ee s e c t ion 6 . 5 ) . 
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SECTION 7 :  Command D e s c r i p t i o n s  

Throughout th e d e s c r i p t i o n s  o f  the comma nd s ,  
comments a r e  s ome t im e s  p r e s e n t ed i n  the c omma nd l i ne 
examples . The s e  a r e  d e noted by t h e  ch a r a c t e r s  " * / " . Anyth i ng 
appearing on a l i ne a ft e r  th e s e  ch a r a c t e r s  i s  a comme nt a n d  
i s  NOT part o f  t h e  command l i n e  be i ng e x emp l i f i e d . 

Th e command s a r e  pr e s e n tea i n  a l phabet i c a l  o r d e r . 
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7 . 1  A - Chang e Memory , ASC I I  mode 

A <ADDR > J6 

The A command a l l ows you to rep l a c e  the contents of 
memory bytes beg i n n i ng at loca t i on <ADDR > wi th ASC I I  cha ract e r s . 

As soon as you type the requi red space character a fter  the 
add re s s , BUG /6 5  wi l l  prompt yo u with the current contents o f  the 
memory locat ion at < ADDR > . Those contents wi l l  be d i sp l ayed a s  
an ASC I I cha racter . A t  that point , you have the fol lowing 
opt ion s : 

1 .  Typing a S PACE wi l l  cause  the c urrent memory 
loca t i on to be skipped and the content s o f  
the n e x t  memory locat ion to b e  d i sp l ayed . 

2 .  Typing an UNDERLINE wi l l  cause the current addre s s  
t o  b e  dec remented b y  one . Th e new addre s s  i s  
then d i s p l ayed o n  the next l i ne o f  the s c reen 
fo l l owed by the contents o f  the new memory 
locat ion . 

3 .  Typing a RETURN wi l l  cause  the addre s s  o f  the 
current memory locat ion to be d i sp l ayed on 
the next l i ne of the s c reen fo l lowed by the 
contents o f  the c urrent locat ion . 

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

5 .  Typing any cha racter other than " @ "  wi l l  cause the 
ATASC I I  v a l ue of tha t  character to be entered 
into memory at  the current addres s .  The 
addre s s  i s  then incremented by one and the 
contents of the new memory locat ion are 
d i s p l ayed . 

6 .  Typing the character " @ "  causes  the next character 
typed to be ente red i nto the current memory 
location as  i t s  pure ATAS C I I  v a l ue without 
any of its contro l character s ig n i f i c ance . 
For e x ample , typing " @  ESC " wi l l  i n sert the 
ATAS C I I  v a l ue for ESC i nto memory . The 
addr e s s  i s  then incremented by one and 
ope ration cont inue s a s  i n  5 .  above . 

After you exerc i s e  any opt ion except opt ion 4 . ,  BUG / 6 5  
wi l l  aga i n  prompt you with the contents o f  the cur rent locat ion 
and you may then choose from any option aga in . 
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7 . 2 B - Set Re locat ion Base 

B <ADDR > 

The B command wi l l  set the value o f  the re location 
bas e  to ADDR . The re location ba s e  i s  intended fo r use wi th 
relocat ing a s s embl ers . In a re loca tab l e  envi ronment , l i stings  
typica l l y  are add r e s s ed from locat ion zero . Wh en a mo<1 u l e  to  be  
debugged i s  subs equently loaded into memory , i t  wi l l  have  a 
relocation offset added to the add res s e s  in the l i st i ng . The B 
command a l lows you to set the re locat ion base to the loa<1 
add r e s s  o f  the modul e  you ' re wo rki ng on and then to re fe rence 
add re s s e s  with i n  the mod u l e  by s impl y  pre f i x i ng each addre s s  
expr e s s ion with the r e l ocator s ymbol " X " . 

For examp l e , s uppose that a reloca tab l e  mod u l e  i s  
loaded a t  location $ 5 3 8 0  i n  memory . Suppo se further that we 
want to d i s p l ay the contents o f  a memory locat i on wh ich is $ 2 3 0 
from the beg i nn i ng of the mod u l e . The fo l low i ng �ommand s wou l d  
d o  the j ob :  

B 5 3 80 ,  D X2 3 0  

T h e  wor ld isn ' t  overrun with re locat i ng a s s embl e r s  for 
the ATARI . However , unt i l  it i s ,  the B command has other u s e f u l  
app l ication s . The s e  t a k e  adva n t a g e  o f  the f a c t  that the 
relocation base va l ue i s  a variab l e  wh ich can be mod i f ied dur i ng 
command execution . For examp l e , s uppose you know that the 
string of characters " ABCD" is sto red somewhere on a <1 i skette 
and you want to f i nd the s ector that cont a i n s  it . Th e fo l l owing 
command s wi l l  do the t r ick : 

B 1 

D X ,  R% X 4000 1 ,  L 4000 407F  4 1  4 2  4 3  44 , 
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Th i s  u s e s  s o m e  comma nd s n o t  i n t r od u c ed y e t , b u t  th i s  
i s  wh '1 t  h il ppe n s : F i r s t , X i s  s e t  t o  l w i th o n e  comma nd l i ne .  
T h e n  il s e c rn v l  c o m m n n cl  l i n e  w i l l  cl i s p l i'1 y memory a t  t h e  l o c a t ion X 
( s o yo u ' l l  k n ow wh e r e  yo u ' r e a t  a s  you s t ep t h r o ugh ) ,  r e a d  
s e c t o r  n u mha r X i n t o  m e m o r y  l oc a t i o n s  $ 4 0 0 0 - $ 4 0 7 F ,  l o c a t e  the 
s t r i n9 " !\B C D "  in th il t  s e c t o r  b u f f e r ,  t h e n  bump X by o n e  for t h e  
n e x t  s c• r t o r . Th e s l a s h  at t h e  e n d o f  t h e  command l i ne  m e a n s  
t h M. the rommi\ n,J l i n e  w i  1 1  e x e c u t e  fo reve r .  Wh a t  w i l l  ha ppe n  i s  
t h a t B l lG  ' 6 5  w i l l  c o n t i n uo u s l y  r e a cl d i s k e t t e  s e c t o r s . F o r  e v e r y  
s e c t o r r e il cl , y o u ' 1 1  s e e  a t  l e a s t  a m e m o r y  d i s p l a y o f  e i g h t  byt e s  
be g i n n i n <J a t  a cl d r ·., s s  X ( wh i ch i s  th e s e c t o r  n umbe r ) .  I f  the 
L o c .3 t e  i n s t r u c t i o n  f i nd s  t h e  s t r i n g " ABC D "  in t h e  s e c t o r  b u f f e r , 
i t  w i l l  <i i s p l il y t h e  l o c a t i o n  o f  t h e  s t r i n g . At th a t  po i n t , j u s t  
h i t  E S C  t o  s t o p  t h e  comm a n d , a n d  d i s p l a y  t h e  v a l u e  o f  X ( " D X 
R ET U R N " ) .  Th e s e c t o r  co n t a i n i n g t h e  s t r i ng w i l l  e i th e r  be the 
va l u e o f  X or o n e  be f o r e  i t ,  d e p e n d i ng on how f a s t  yo u r  ESC wa s .  

7 . 3  c - Compa r e  � e m e r y  B l o c k s  

C < S T .l\ R T B LOC K l  > < E N D 13 L OC K 1 > < S TART B LOC K 2 > 

Compa r e  i s  u s ed to compa r e  t h e  c o n t e n t s  o f  two b l oc k s  
o f  memo r y . Th e b l o c k  o f  m e m o r y  b e g i nn i ng a t  STARTB LOC K l  a n d  
e n d i n g  w i t h E N D B LOC K l  i s  comp a r e d  t o  t h e  s ame s i z e b l ock 
beg i n n i n g at ST1\ R T !3 LOC K 2 . I f  both b l oc k s  are the s ame , t h e n  
t h e r e  w i l l  h e  n o  o u t p u t . I f  a n y  b y t e s  i n  t h e  b l oc k s  d i f fe r , 
t h e n  B l � / 6 5 w i l l  rl i sp l a y a l i n e  o f  d a t a  i n  t h e  fo l l ow i ng fo rma t 
f o r  e v e r y  b y t e  th a t  i s  d i f f e r e n t : 

f\l\l\/\ 13 13  cccc DD 

wh e r e  llA'I/\ = the h e x  a d d r e s s  o f  th e d i f f e r i ng l o c a t ion 
in t h e  f i r s t  b l o ck , BB = t h e  h e x  c o n t e n t s  of l oc a t i o n  AAA.A , CCCC 

= t h e  hex a d cl r e s s  of t h e  d i f fe r i n g l o c a t i o n  in t h e  s e cond b l ock , 
a n d DD = t h e  h e x  c o n t e n t s  o f  l oc a t i o n  CCCC . 
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7 . 4  D - Display �emory 

D <START > [ < END > 

The D command d i sp l ays the 
block beg inning  a t  START a nd end i ng at 
spec i f ied , then the d e fa u l t  value o f  
memory block i s  d i spl ayed i n  t h e  fo l lowing 

contents  of the memory 
END . I f  END i s n ' t  
START + 7  i s  used . Th e 
format : 

AAAA = BB BB BB BB BB BB BB B B  cccccccc 

wh ere 
l ine , B B  = the 
beg i nn i ng at  
interpretat ion 
byte . 

AAAA = the hex add r e s s  of the fi r s t  byt e in th i s  
h e x  cont ents o f  succe s s i v e  memory locat ions  

locat ion AAAA , and C the ASC I I  cha racter 
o f  the po s i t iona l ly corre spond ing B B  value of the 

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

E # fi l espec 

The E command i s  u s ed to e x ecute a comma nd l i ne from a 
command f i l e . Th e f i l e  spe c i f ied by f i l e spec must con s i s t  o f  a 
l ine o f  B UG / 6 5  command s and param e t e r s  and must be ended with a n  
ATASC I I  E O L  cha racter ( $ 9B ) . BUG / 6 5  w i l l  only e x ecute one 
command l i ne from a command file and then i t  �i l l  s top r ead ing 
the f i l e . Command f i l e s  can be cha i n ed howeve r ,  so that the 
last command i n  one fi l e  can execute another command f i l e . An E 
command should be the l a s t  command in a command l i ne because any 
commands a fter  the E i n  the l i ne won ' t  be e x e cuted . 

7 . 6  F - F i l l  a Memory Bl ock w i th a Va lue 

F < START > <END > [ <VALUE > 

The F command wi l l  f i l l  the 
with START and end ing w i th END wi th 
spe c i f i ed , then zero wi l l  be used . 
value - the least  s i g n i f i cant byt e of 
used for the fi l l .  
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7 . 7  G - Goto a U s e r  P rogr am 

G [ < START > ]  [ @ < BRKPO I NT > [ RN= <VALUE > )  [ ! = <COUNT > )  ) 

The G command wi l l  e x ecute a u s e r  prog r am beg inning at 
START . I f  START i s n ' t  spec i f ied , then execut ion beg ins at the 
c urrent v a l ue of the u s e r ' s  PC r eg i s t e r . BRKPO I NT is an 
opt iona l breakpo i n t . I f  the u s e r ' s  prog ram trys to e xecute the 
i n s t ruction at BRKPO I NT ,  the prog ram wi l l  break back to BUG / 6 5  
and BUG / 6 5  wi l l  d i sp l ay the contents o f  the user ' s  registers  at 
tha t  po int . Examp l e s : 

G 1 000 / *  go a t  location $ 1 000 , no breakpo i nt 

G @ 4 3 0 0  / *  go f r om wherever our PC was and break 
/ *  at l oc a t ion $ 4 3 0 0  

A breakpo i n t  m a y  be cond i t iona l l y  qua l i fi ed by a 
requ i red v a l u e  i n  a spe c i f i ed reg i st e r . " RN= <VALUE > "  wi l l  t e l l  
BUG /6 5 to break a t  tha t  po i n t  o n l y  i f  t h e  v a l ue o f  u s e r  reg i ster 
"N" equa l s  VALUE . I f  tha t  cond i t ion i s n ' t  met , then the u s e r ' s  
prog ram i s  a l l owed to cont i n ue e x ecuting a t  the location o f  the 
breakpo int . ( Th e  i n s t r uc t i on that wa s at the breakpo int 
location WILL be e x ecuted . )  The mnemoni c  nam e s  of the registers 
that may be spe c i f i ed for " N" are : A ,  X ,  Y ,  S,  a nd F ,  which 
stand for the u s e r ' s  A ,  X ,  Y, Stack , and Status ( flag s )  
reg i s t e r s  r e spe ctive l y .  ( Note that on l y  the l e a s t  s ig n i f ic ant 
byte of VALUE is u s ed for thi s  qua l i f i c a t i on . )  

E x amp l e : 

G 1 000 @ 1 4 2 2  RX=3 3 / *  go from location $ 1 000 and 
/* break at locat ion $ 1 4 2 2  
/ *  o n l y  i f  reg i st e r  X equa l s  
/ *  $ 3 3  

A breakpoint may a l so b e  qua l i fi ed with a n  iteration 
count e r . " ! = <COUNT > "  te l l s  BUG / 6 5 to a l l ow the e x ecution o f  the 
i n s t r uc t ion at the breakpo int COUNT t im e s  be fore breaking . 

E x amp l e :  

G 1000  @ 2 3 0 0  1 = 2  / *  go from l ocation  $ 1 000 and 
/* break the s e cond t ime we h i t  
/ *  the i n s t r uc t io n  a t  $ 2 3 00 
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r e 1 i • • e r and ite ra t i on q ua l i f i c a t i ons  m a y  b e Th e 
t og ethe r . I n  
b<>fore t h e  
fo l l owing e x "  

t �  · 1 se , the reg i •t e r  cond i t i on m u s �  b e  

l i210 0  @ 1 2 3 1  

� �� ,� 1  i on co un te r i. s  <l ec remen t erl . .1\ s  i n  

I = 3  ' *  g o  from loca t ion $ 1 9 0 0  
j•  an l break the th i r i  t i �e  
I *  th e i n s t r uc t i o n  a t  l o c ­

/ *  a t ion $ 1 2 3 4  i s e x ec u t e l 
I *  w i �h r e g i s t e r  A equa l 
I *  tc $ 5 0 

used 
m e t 
the 

A l l  o f  i s  f l ex ib i l i t y  i sn ' t  w i t ho u t  i t s  p r i c e , 
1 1owev e r . B e r_· u u :--; • .' 1 �8 / 6 5  h a s to i l o  q u i t e  a b i t  o f  e v a 1 uat i () n  a t  
•e v e r y  b r eak ;-> "  i 1 t  he · i r e · 1 e c  i d  i ng i E the break cond i t i o n  h a s  b e e n 
n e t , don ' t  e x r>ect t bf.:? ab l e t( - cond i t i ona l l y pa �> s  th ro ugh 
'. ) re akpo int i · i s ·· r •1c _ · ons ,, t  re a :  - t ime speed . As l ·ong a s  yo u 

n e v e r  e x e c u t ·� : � i u: i_ 1 s t  r u c t ion a t  t : le  b r e a k po i n t , you 1 r ._� O K ,  b ut 
d S  soon a s  ' '>! J r  ; 'i 5  g e t 3  the r c e a k , e x pec t sev e r -i l. h un•l re•I  
i n s t r uc t i o n s  ' _ ,J 1- � x e c u t � d  b� fo r e your pr og ram is CJ i v e n b a c k  

con t r o l  a ft e r t' 1 e  b eak i s n ' t  met . 

Al srJ ,  P, : I 
PROM re s ident c i < i • 1 . 
or i f  you t r y  to s e · 
location , you ' l l g e '  

6 5  was NOT de s i g ne d  t o  a l l ow b r e a k po i n t s i n  
I f  you a t temp � t o  s e t  s uch a b r e a k  po i n t , 

a br eakpo i n t a t  a non - e x i s te n t  memo r y  
a " BREAKPO INT SRROR " . 

One oth e >: th ing . BUG / 6 5  w i l l  a utoma t i c a l l y r emove 
breakpo i nt s  from Y'' : r  prog ram a f t P c a break occur s . B reakpo i n t s 
aren ' t  l e ft s e t  a f t e r  the break i s  pe r fo rmed . 

7 . 8  H - H e x a 1 e c i m a l Ar ithme t i c  

ll <NUM B F: R l  > < :WMBER2 > 

The fl r:orn:-i :md wi l l c a l c u l ate the sum NU!'I B E R l  + N"UM B E R 2  
and the d i ffe re n c e  ·wMBERl  - NUMBF. R 2  and d i sp l ny the r •! s u l  t s  o n  
the next l i ne o f  t h e  sc ree n as  two hex word s .  Th e s um i s  the 
f i r s t  word d i sp l ayec'I , the d i f fe rence i s  the s e cond . 
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7 . 9  I - Di s p l a y  D i sk Di rectory 

I 

The I command wi l l  d i sp l ay the d i re c tory o f  the 
d i s kette i n  d r i v e  one . The d i sp l ay can be s u spended or hal ted 
w i th the S PACE or  ESCAPE keys r e s pe c t i v e l y . 

7 .  H J  J - C r e a t e  a Command F i l e  

J # f i l e s pe c ,  s t r i ng 

Th e J command a l lows you to create command f i l e s  for 
e x e c u t i o n  by the E command . Th e s t r i ng in the command i s  any 
s t r i ng of v a l i d  BUG / 6 5  command s .  Th e  s t r i ng wi l l  be wr i tt en to 
the f i l e  spe c i f i e d  by f i l e spe c i n  th e format expected by the E 
command . P l e a s e  note the comma a ft e r  the f i l e spec it ' s  
requ i red , e l s e BUG / 6 5  won ' t  know wh ere your f i l e spec stops and 
your comma nd s t r ing s t a r t s . Al so note tha t  the J command 
doesn ' t  a l low mu l t i p l e  command s in the command l ine to be 
e x e c uted a ft e r  the J command - eve ryth ing in the l i ne a fter the 
f i l e spe c a nd up to the RETURN is wr i t t e n  to the f i l e  i n s t ead o f  
be i n g  e x e c uted . 

7 . 1 1 K - Conv e r t  Hex to De c i m a l  

K <NUM B E R >  

T h e  K command wi l l  c o n v e r t  NUMBER to a d e c imal n umbe r  
a n d  d i sp l ay t h e  r e s u l t  on  t h e  n e x t  l i ne o f  t h e  sc reen . NUMBER 
can be any v a l id ad d r e s s  e x p r e s s ion . 

To conv e r t  d e c ima l to hex , j us t  d i sp l ay memory at the 
dec im a l  l o c a t i on o f  the n umbe r yo u want to conve r t . The hex 
equ i v a l en t  o f  the d e c im a l  location appe a r s  i n  the d i spl ay output 
as the hex word on the beg i n n i ng of the l i ne . For e x amp l e , to  
convert 1000  dec ima l to h e x , j u s t  e x e c u t e  th e command " D  . 1 000 " . 
You ' l l  s e e  the h e x  conv e r s ion o f  1 00 0  a s  the f i r st h e x  word on 
the n e x t  l i ne . 

- - 2 1 - -



7 . 1 2 L - Locate a He x S t r i ng 

L < START > < END > < BYT E l > < BYTE 2 >  . . .  < BYT E n >  

The L c ommand wi l l  s e a r ch t h e  b l o ck o f  memo r y  
beg i n n i ng at START and end i ng a t  END for a h e x  s t r i n g . Th e 
hex s t r i ng i s  d e f i ned hy BYT E l  . . .  BY'l' E n , wh i ch i'l r e  
inte rpre t e d  a s  the h e x  byt e s  o f  the pa t t e r n  s t r i ng . ( �n l y  
the l e a s t  s i g n i f i c a n t  byt e s  •J f the a d d r e s s  v a l u e s  a r e  Ll S e 'l 
for each byt e  i n  th e s t r i ng . )  W i l d c a rd byt e s  wh ich w i l l  
match any byte i n  memory may be s pe c i f i ed hy the cha r a c t e r  
" * " i n  the s t r i ng . BUG / 6 5  w i l l  o u tput the a d d r e s s e s  o f  
every oc c u r r e n c e  o f  the s t c i n g  found i n  t h e  b l ock . F o r  
e x ampl e s :  

L 1 0 0 0  1 0 F F 4 1  4 2  4 3 / * wi l l  l o c a t e  any o c c u r -
/ * re n c e s  o f  t h e  s t r i ng " ABC " 
/ * i n  t h e  memory b lock 
/ * $ 1 0 0 0  t o  $ 1 0 F F  

L 1 0 0 0  2 0 0 0  1 0  * 2 0  / * wi l l  l o c a t e  any o c c u r -
/ * re n c e s  o f  a th r e e - cha r a c t e r  
/ * s t r i ng wh i ch beg i n s  w i th 
/ * $ 1 0  and e n d s  wi th $ 2 0  i n  
/ * the memory b lock $ 1 0 0 0  
/ * to � 2 0 0 0  

7 .  1 3  M - Mov e a Memory B l ock 

M < START > < END > < T O >  

Th e M c ommand wi l l  move t h e  b l ock 
beg i n n i ng a t  START and end t ng at END t o  TO . 
take c a r e  to hand l e  ov e r l app i n g  mov e s  c o r r e c t l y ,  
move s  u p  o r  down . 
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7 . 14 P - S e l e c t  Output De vice s 

P [ S J  [ P ]  

The P command i s  used t o  se lect output to either 
the screen  ( " S " ) or the pr i n t e r  ( " P " ) or to both ( " SP " ) . 
For examp l e : 

p s / * turns  s c re e n  output on , printer output o f f  
p p / * t u r n s  pr i nt e r  output on , s c reen output o f f  
p s p / * turns  both s c reen  and pr inter  o utput on 
p / * turns  both outpu t s  o f f  - command s wi l l  

/ * st i l l  be accepted and ex ecuted , you j ust 
/ * won ' t  s e e  the i r  entry or output anywh ere . 

I n  add i t ion to a l l owing you to l i st BUG / 6 5  r e s u l t s  
to the printe r ,  thi s command wa s d e s i g ned to a l l ow y o u  t o  
debug the generat ion o f  i n t r i cate s c reen d i sp l ays wi thout 
hav ing the outpu t s  of BUG / 6 5  command s s c ro l l your d i sp l ay 
off  the s c r e e n . I t  i s  a l i tt l e  c r ude , and m i ght have a few 
prob l ems depend i ng on what your program has done to OS , but 
is handy to have in eme rgenc i e s . ( Th e  LFFLAG and NULFLG 
byt e s  in the Con figuration Tab l e  can h e l p  you here - s e e  
section 1 1 . )  

7 . 1 5 Q u i t  to OS /A+ command 

Q 

The Q command wi l l  c o l d s tart  DOS . Th e r e s u l t s  a r e  
e s s ent i a l l y  the same a s  wh en you powe r- up the machine . 
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7 . 1 6 Read Command s 

7 . 1 6 . 1  R - Read a F i l e  

R < OFFSET > # fi l e s p e c  

The R command i s  use , l  to l o a ' l  b i nary f i l e s . I f  
OFFSET i s  spe c i f i ed , then OFFSET i s  added t G  the l oad 
addre s s ( e s )  spe c i f i ed in the f i l e ,  a n l  the d a t a  wi l l  be 
loaded at the l oad i ng po i n t ( s )  p l us OF l,'SET . Th i s  ,-, 1 1 ows you 
to load a f i l e  into a d i f fe r ent  memo i·y l ocat ion than where 
i t  i s  ori g i ned a t . A f t e r  the f i l e  is  loaded , the load 
s t a rt i ng po int spe c i f i ed i n  the f i l e  is p l ace� i nto the 
u s e r ' s  PC reg i s ter . 

BUG / 6 5  s uppo r t s  conc�tenated b i nary f i l e  s e c t ion s 
as d e s c r ibed in the DOS 2 . 0 S manua l . I f  s u c h  a f i l e  i s  
loaded u s i ng the OFFSET opt ion , howe ve r ,  ALL f i l e  s e c t ion s 
wi l l  be loaded s t a r t i ng a t  the load Rddre s s e s  spe c i f i ed i n  
the f i l e  p l u s  OFFSET . I n  add i � ion , the u s e r ' s  PC r eg i st e r  
wi l l  con t a i n  t h e  v a l ue o f  t h e  l o a d  po int o f  t h e  l a s t  f i l e  
sect ion loaded ( no t  p l u s  OFFSET ) .  

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

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

The R% command a l  l ows you to read a s c. c tor or a 
g roup o f  sectors  from a d i ske t t e  i n  d i sk d r i v e n umbe r  one . 
SECNO spe c i f i e s the s e c tor n um'Jer to be re ad and d e fa u l t s  to 
one . BUFFER spec i fi e s  the b u f fe r  th e s e c tor i s  to be read 
into and de fa u l t s  to BUG / 6 5 ' s  l oadpo i n t  p l u s  $ 2 0 0 0 . NOS ECS 
spe c i f i e s  the n umber of s e c tor s to rea,] and d e fau l t s  t o  one . 
I f  mor e  than one s e c tor i s  spe c i f i ed , then con s e c u t i v e  
s e c t o r s  are r e a d  s equent i a l l y  i nt o  memory beg i nn i ng a t  
BUFFER . 
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7 . 1 7  s - Cha ng e  Memory , Nume r i c  mode 

S <ADD R > )) 

The S command a l lows you to replac e  the contents 
of memory by t e s  beg i nn i ng a t  loca t i on ADDR w i th numerical 
val ue s . As soon a s  you type the requi red space character 
a ft e r  the a d d r e s s , BUG /6 5  wi l l  prompt you wi th the cur rent 
contents of the memory location at ADDR . Those contents 
wi l l  be d i s p l ayed a s  a he x a d ecima l  byte va l ue . At that 
poi n t , you have the fo l lowing opt ion s : 

1 .  Typing S PACE wi l l  c a u s e  the c u r rent memory 
location to be skipped and the contents o f  the next memory 
locat ion to be d i s p l ayed . 

2 .  Typing an UNDE RLINE w i l l  c a u s e  the c u rrent 
addre s s  t o  be d e c reme nted by one . The new add r e s s  is then 
d i s p l ayed on t h e  n e x t  l i ne of the s c reen fo l lowed by the 
contents of tl' e new memory locat ion . 

3 .  Typi ng a RETURN w i l l  c a u s e  the address o f  the 
current memory l o c a t ion to be d i sp l ayed on the n e x t  l ine o f  
the screen fo l lowe d  b y  the con t e n t s  o f  the c u r rent loca t ion . 

4 .  Typi ng ESC wi l l  get  you out o f  the cotnmand and 
put you ba ck j nto command entry mode . 

5 .  Typing an addre s s  v a l u e  ( any v a l id addre s s  
expres s ion ) wj l l  c a u s e  that va l ue to be entered i nto memory 
at the c u r r e c t addre s s . The addre s s  is the n  incremented by 
one and the cont e n t s  of the new memory location are 
d i s p l ayed . ( 0n l y  the least s i g n i f i c ant byte o f  the address  
v a l ue wi l l  be e n t ered into memory . )  

Aft r r  you e x e r c i s e  any opt i on e x cept option 4 . , 
BUG /6 5  w i l l  aga i n  prompt you wi th the contents o f  the 
current memo r }  add r e s s  and you may s e l e c t  any of the se 
opt ions agai n . 
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7 . 18 T - T race a User Program 

T [ S J  [ < COUNT > ] 

The T command wi l l  s in g l e - s tep through u s e r  
program i n s t ructions beg i nn i ng with t h e  i n s truc t i on at the 
current u s e r  PC reg i ste r . The n umber of i n struction s to be 
executed are speci f i ed by COUNT , wh ich d e fa u l t s  to one . I f  
" S "  i s  spe c i f i ed , then a l l  o f  the i n structions i n  a 
s ubroutine  are counted as one i n struc t ion for trac ing 
purpo s e s  the trace i s  turned o f f  unti l return from the 
s ubroutine ( " S "  stand s for " sk i p  the s ubroutine " ) .  After 
every inst ruct ion traced , BUG / 6 5 wi l l  d i splay the content s 
o f  the u s e r ' s  reg i s te r s . Some exampl es : 

T / * wi l l  ex ecute one i n struct ion and then 
/ * d i s p l ay the reg i ster cont ents  

T 5 / * wi l l  ex ecute five i n s t r uc t ions , d i s p l ay i ng 
/ * reg i s t e r s  a fter each i n s t r uct ion 

TS 10 / * wi l l  execute 1 6 ins truc tion s . I f  any o f  
/ * the i n struc tions are 
/ * trace wi l l  be turned 
/ * unt i l  the subro u t i n e  

The trace command can ' t  
instruction execution through PROM 
attempt to do so , or to trace through 
wi l l  re s u l t  i n  a " BREAKPO I NT E RROR" . 

7 . 1 9 U - C a l l  a User Subrout i n e  

U <ADDR > [ < PARAM > ] 

JSR ' s ,  then the 
o f f  a fter the ,JSR 
executes an RTS 

be use  to trace 
r e s ident code . Any 
non-ex i s tent memory , 

The U command i s  used to cal l a user  s ubrou ti ne at 
ADDR . The user routine  i s  pa s sed the optiona l pa rameter 
PARAM in the X reg i ster  ( low byt e ) and Y reg i ster ( high 
byte ) .  The user routine sho u l d  return to BUG / 6 5 v i a  a n  RTS 
instruction . I f  PARAM i sn ' t  spec i fied , then zero i s  u sed . 
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7 . 2 0 V - D i s 1 • l ay U s er ' s  Reg i s t e r s  

v 

The '· ' command wi 1 1  d i sp l ay the cont ents  o f  the 
u s e r ' s  reg i s t e r s  i n  the fo l l owing format : 

A X Y S P  NV B D I Z C  PC 
HH HH I i ll HH B BBB B B B B  HHHII 

I NS T R  
L D A  1 0 00 , X  

Th i s  i s  i nt e rpreted as fo l lows : 
A the h e v  v a l ue o f  the A reg 
x the h e •: v a l ue o f  the x reg 
y the h e x  v a l ue o f  the y reg 
S P  the h e Y  v a l ue o f  the s tackpo i nt e r  
N the b i '1 ary v a l ue o f  the neg a t i v e  f l ag 
v the b i > 1 a ry v a l ue o f  the over f l ow f l ag 

the b i nary v a l ue o f  an unused b i t  i n  the 
s t a t 1 1 s reg 

B the b i n a ry v a l ue o f  the break f l ag 
D the b i n a r y  v a l ue o f  the d e c ima l fl ag 
I the b i n a r y  v a l ue o f  the i n t e r r upt enab l e  b i t  
z the b i ,,ary v a l u e  o f  the ze ro f l ag 
c the b i n a r y  v a l u e  o f  the c a r ry f l ag 
P C  the h e x  v a l ue o f  the PC reg ( Th i s  i s  a 

pseudo reg i st e r  m a i n t a i ned by BUG /6 5 .  
I t c o 1 i t a i n s  the locat ion o f  the n e x t  
u s e r  J > r og ram i n s t ruc tion to be e x e c uted . )  

I NSTR = the i n s t r u c t ion a t  the c u r rent PC 
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7 . 2 1 Write Command s 

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

W [ : A  <START > < EN D >  # fi l e spec 

The W command i s  used to wr ite a binary fi l e .  
Memory from START t o  END i s  wr itten to the f i l e  spe c i fied by 
f i l e spec in the standard OS / A+ binary f i l e  format . I f  the 
" : A "  opt ion i sn ' t  s pe c i fied , then the data wr i t ten wi l l  
replace the current contents o f  the f i l e  i f  the f i l e  a l ready 
e x i s t s . If the " : A "  option i s  spec i f ied , then the data is 
appendec'I to any data a l r eady i n  the fi l e . A load header 
con s i s t ing o f  a start  a nd end .1ddre s s  a s  d e s c ribed i n  the 
OS/ A+ manua l wi l l  precede the 01ppended data . 

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

W% [ < SECNO > < BUFFER>  < NOSEC S >  ] ] ] 

The W% command i s  used to wr ite a se ctor or a 
group of sectors to a d i skette . SECNO spec i f i e s  the sector 
number to be wr i t ten and d e fa u l t s  to one . BUFFER spec i f i e s  
the memory locat ion o f  t h e  s e c tor d a t a  t o  be wr i tten and 
defa u l t s  to the BUG/ 6 5  loadpoint p l u s  $ 2 000 . NOS ECS 
speci fi e s  the n umber o f  s e ctor s to be wr itten and c'l e fa u l t s  
to one . I f  more than o n e  se ctor i s  spec i f ied , the n 
consecutive sectors are wr i t t e n  seque n t i a l ly from memory 
beg inning at BUFFER . 
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7 . 2 2 X - Change tfs er ' s  Reg i s t e r s  

X REGNAME 

The X command a l lows you to change the conte n t s  o f  
u s e r  reg i s t e r s . REGNAME i s  a o n e - cha r a c t e r  reg i s t e r  name 
mnemon i c . The a l lowed reg i s t e r  n ame s and the i r  mean i n g s  
a r e : 

A A r eg i s t e r  
X X r eg i s t e r  
Y Y r eg i s t e r  
S stackpo in t e r  reg i s t e r  
P program count e r  pse udo- reg i st e r  
F s t a t u s  reg i st e r  ( f l ag s )  

chang ed , 
fo l lowed 
fo l lowing 

A f t e r  you type in th e name of the reg i st e r  to be 
BUG / 6 5  w i l l  prompt you w i th that name cha racter 

by a n  equa l s  s i g n . At that po i n t  yo u have the 
opt io n s : 

1 .  E n t e r  the new v a l ue for the reg i st e r . The new 
va l ue may be any v a l id  add r e s s  e x p r e s s ion . After the new 
v a l ue , typ i ng RETURN wi l l  end the command . Or you can  type 
S PACE wh i ch wi l l  prompt you wi th another reg i st e r  name for 
pos s i b l e  chang e . Th e n e x t  reg i st e r  name is d eterm i ned by 
th e  order of the above l i s t . For e x ampl e ,  i f  you change 
reg i st e r  Y then h i t  a spa c e  a ft e r  the new v a l ue , BUG / 6 5  w i l l  
prompt you for po s s ib l e  change o f  reg i st e r  s .  Th i s  prompt 
l i s t  con t i n u e s  through r eg i ster F a nd then wraps back to 
reg i s t e r  A aga i n . 

2 . Enter RETURN or ESC 
BUG / 6 5  w i l l  d i s p l ay the n ew con t e n t s  o f  
then put you back i nto command mode . 
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7 . 2 3 Y - D i s a s s embl e  Memory B l ock 

Y < START > < END > 

The Y command wi l l  d i sa s s embl e i n s t ructions  i n  
memory beg inni ng a t  START a n d  end i ng a t  END . Th e fol lowing 
conventions are used i n  the d i sa s s embl y :  

1 .  Standa rd MOS T e chnology mnemoni c s  a r e  u sed for opcod e s . 

2 .  I l l e g a l  opcod e s  a re d i sp l ayed a s  " * * * " .  

3 .  A l l  numer i c  ope rand s are  d i sp l ayed a s  hexadec ima l 
numbe r s . 

4 .  Zero page ope rands wi l l  d i s p l ay a s  two hex d i g i t s , a l l  
oth e r  non- immed i a t e  ope rand s wi l l  d i s p l ay a s  four hex 
d i g i t s . 

5 .  No operand i s  d i spl ayed for a c c umu l ator mode ope rand s .  
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7 . 24 

Z < ADDR > \6  

Th e Z comma nd a l lows you t o  a s sembl e i n s t r uc t i o n s  
to b e  s t o r e ct  i n  memory at J\DDR . I mmed i a t e l y  a ft e r  typing 
the S PACE chi ! r a c t e r  ( or RETUR N ,  wh i ch is a l l owed a s  we l l ) ,  
BUG / 6 5  wi l l  pr o:npt you wi th the c u r rent prog r am coun ter 
val ue o f  the instant a s s emb l e r  (.,h i ch i n i t i a l ly wi l l  be 
J\DDR ) . At tha + po i n t  you may type i n  a va l i d  a s s embly 
language i n s t r uc t i o n . T'i e format for a n  i n s t r uc t i o n  l i ne 
i s : 

[ < LA l  EL> ] < O PCODE > [ < OPE Rl\ND > ] 

LAB E L  may be any l ab e l  i n  the  form " Ln " , where " n "  
may be any d ig ' t from z e ro t o  n i n e . O PCODE may be any v a l id 
MOS Techn o l ogy i n s t r u c t ion mn emon i c  or  one of two pse udo-ops 
( de s c r ibed be l o w ) . OPE RAND , if a l l owed by the addr e s s ing 
mode of the i n s t r uc t i o n , may be any v a l id add r e s s  
expre s s ion . A t  l ea s t  o n e  s p a c e  m u s t  sepa r a t e  a l abe l from 
an opcod e or a �  opc ode from an ope rand . 

A f t e r  typi ng your i n s t r uc t ion , t ype RETURN and the 
i n s t ruction wi l l be e n t e r e<1 into memory a t  the c u r rent PC i f  
i t  doe s n ' t  C <  nta i n  any error s . I f  the r e  a r e  any e rrors , 
then BUG /6 5 wi l l d i sp l ay a n  e r ror me s s age and wi l l  reprompt 
you with the current  ( unchang ed ) PC . I f  the r e  are no 
error s , the n  Bi " 'J/6 5 wi l l  d i s p l ay the ob j ect code created by 
the i n s t r u c t i c n to the r i ght o f  the i n s t r uc tion on the 
screen and w i l l  prompt you wi th the PC o f  the next 
i n s t r uc t i on or  the n e x t  screen l i ne . You may exit  the 
instant a s s embl e r  by typi ng ESC at any t ime , or by typing 
RETURN by i t s e 1 f i n  r e spo n s e  to the p :  add r e s s  prompt . 

The i n stant a s s emb l e r  prov i d e s  you wi th two 
pse udo-ops . " " fo l lowed by an addre s s  wi l l  change the PC 
to that addre s s . I t  a c t s  l ike an ORG ( " * = " )  pse udo-op . For  
e x amp l e , " / 4 0F � "  wi l l  set the PC o f  the n e x t  i n s t r u c t ion 
locat i on to $ 4 C. 0 0 . " + "  fo l l owed by a n  addre s s  wi l l  i n s e r t  
the va l ue o f  that addre s s  ( l e a s t  s i g n i f i cant byte ) at the 
current PC and bump the PC by one . I t  a c t s  l ike a DB 
( . BYTE ) pseudo - op . For e x amp l e ,  " + 3 4 " wi l l  i n sert the hex  
byt e  3 4 at the current PC . 
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The instant as semb l e r  pr ov ide s a s impl e  l abe l ing 
capab i l ity . You may pre f i x  an instruc t ion w i th a two 
character labe l o f  the form " Ln " , wh ere " n "  may be any i! ig i t  
from 0-9 . You may then use tha t  l abe l as an ope rand i n  an 
instruction , w i th the fo l lowing three r e s t r i c t ion s : 

1 . ) Immed iate type operand s  ( # HH ) can ' t  be l abe l s . 

2 . ) I nd i rect type operand s can ' t  be labe l s . 

3 . ) A labe l can ' t  be combi ned with any o f  the standard 
addres s  operator s ( + ,  - ,  X ,  etc . ) 

Labe l re ferences may be forwa rd or backwa rd . 
BUG / 6 5  w i l l  store unresolved re ference s and r e so l ve them 
when the l abe l is later de fined . You may re fe rence 
unde fined labe l s  twenty t im e s  be fore BUG / 6 5 runs out o f  room 
to store the unre so l ved locat ions - you ' l l  then get an error 
mes sage and the a s s embl y  wi l l  be aborted . The s ame l abel 
may be reused more than once . In  s uch case s ,  BUG / 6 5 wi l l  
u s e  the last  de fined addre s s  o f  the l abel when i t  i s  
re ferenced . 

I f  any l abe l s  have been re ferenced but not d e fi ned 
whe n  you e x i t  the i n s tant a s s embl er , BUG / 6 5  wi l l  prompt you 
with a mes sage and the l abel name fo llowed by an equa l s  
s ign . At that po int you may e i ther define  the l abel by 
entering any val id addre s s  expre s s ion fo l l owed by a RETURN , 
or you may chose  not to d e f i ne it and s imply h i t  RETURN . I f  
you don ' t  d e fine the labe l , then the v a l ue o f  the l ab e l  i s  
defaulted accord i ng t o  the fo l lowi ng two r u l e s . 

1 . )  I f  an i n s t r uction u s i ng the und e f i ned labe l is a 
relat ive branch ,  then the v a l ue o f  the label for 
tha t  inst ruction d e fa u l t s  to the loca t ion of the 
i n s t r uc t ion p l us two . 

2 . ) For a l l  other i nstruction s ,  the va l ue o f  the l abe l 
de fa u l t s  to the locat ion o f  the i nstruct ion p l u s  
three . 

The s e  r u l e s  guarantee that a l l  branch i ng 
instructions u s ing unde fined labe l s  are e f fectively t urned 
into NOP ' S .  Th i s  o f fe r s  some measure  of protectio n  aga inst  
a program going into never-never l and . ( I f  you r e ference a 
labe l that i sn ' t  ye t de fined , the obj ect code d i splayed to 
the r i ght o f  the i n s truction on the s c reen wi l l  show 
addres s e s  generated accord i ng to the s e  rules . Don ' t  worry , 
whe n  the l abel i s  subsequently d e f ined , BUG / 6 5  goe s back a nd 
fixes  up a l l  these re ference s . )  
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SECT I O N  8 :  Spe c i a l  Cormnand Mod i f i e r s  

8 . 1 Repeat La s t  Cormnand L i ne 

{ RETU RN } 

The l a s t  command l i n e  ente red and e x e cuted may be 
repe a t e d  without typing the who l e  th i ng i n  a g a i n  - j u s t  h i t  
RETURN . B UG / G S remembe r s  t h e  l a s t  l i ne ente red for j ust 
th i s  purpo s e . 

8 . 2  Re peat Command L i n e  Fo rever 

I 

App e n d i ng a s l a sh to th e end o f  a comma nd l ine 
w i l l  ca u s e  Bl lG / 6 5  to r e p e a t  t h e  e x e c u t i o n  o f  tha t  command 
l i n e  fo r e v e r . Th e o n l y way to  s top s u ch a repe a t  is to 
s u spend or abo r t  the comma nd . 

8 .  3 D i  s p  1 a.y T.a s t  Commnnd L i n e  

I f  yo u W3 n t  to s e e  wh n t yo u r  l a s t command l i ne 
wa s ,  po s s ib l y  beca u s e  you m i ght w a n t  to r e p e a t  i t ,  j us t  type 
the 1 1 : 1 1  ch a r a ( ' t e r  :=ts the f i r s t  cha r :=t c t e r  o f  the new comma nd 
l i n e . BUG / 6 5  • · i l l  d i s p l a y the l a s t  l i n e  e n t e red for you . 

- - J J - -



SECTI ON 9 :  BUG / 6 5 Memory Prot e c t ion 

BUG / 6 5 won ' t  a l l ow you to mod i fy any �or t ion of 
i t ' s  code or v a r i a b l e  s to rage areas wi th a BUG / 6 5 command . 
Any attempt to do so wi l l  re s u l t i n  a " P ROTECT ION ERRO R " . 
For examp l e , i f  we a s s ume that the BUG / 6 5  was loaded v i a  the 
command " BUG G S  2000 " ,  the fo l l owi ng command wi l l  cause  an 
error because it attempts to move a memory block i nt o  
BUG /6 5 ' s  area : 

M 4000 40FF 2000 

BUG / 6 5 protects  a l l  memory from loadpoint t o  
loadpoi nt+ $ 1 FFF i n  thi s  manne r ,  wh ere loadpo i n t  is that 
spe c i fied in the i nvok i ng OS / A+ command l i ne ( or LOMEM , i f  
n o  loadpoint i s  spe c i f ied ) .  ( The memory protect ion f�ature 
can be turned off by chang i ng a byte i n  the Con f i g u r a t i o n  
Table . )  
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SECT 1 0N 1 0 : BUG / 6 5  Memory U s a g e  

BUG / 6 5  u s e s  memory from $ 8 0 t o  $ XX a n d  l o a d po i n t  
to loadpo i n t+ $ 0 1 F F  f<  • r  v a r i a b l e  storag e . Y 0 u  c a n  d e tero1 i ne 
the value  o f  XX by : ook i n g  at the L S T P G 0  byt e i n  the 
Con f i g urat i on Tab l e . I t  u s e s  memo r y  f r om l oadpo i n t + $ 2 0 0  t o  
loadpoint+ $ 1 FFF f o r  cc,r'!e storag e . 

1 0 . 1  Page Z e ro Sha r i ng 

BUG / 6 5  wi l l  sha re th e page ze ro memory tha t  i t  
needs  with a u s e r  prog ram . I t  does  th i s  b y  keepi ng two 
copie s  of the s e  pa<1 e z e ro l o c a t i on s . Wh en GUG / 6 5  i s  
running , t h e  BUG / 6 5  p a g e  z e ro lo c a t i o n s  con t a i n  BUG / 6 5 ' s  
stu f f . Whe n  a Go i s  <l one to a u s e r  prog ram , BUG / 6  5 wi 1 1  
save i t ' s  own pag e  Z <' ro data and r e p l a c e  i t  w i th the u s e r ' s 
data . I f  a u s e r  prog r am breaks back to BUG / 6 5 ,  the r e v e r s e  
operat ion i s  pe r forme0 . 

I n  addition , BUG / 6 5 wi l l  t r a n s late any c omma nd 
reference to the s e  sha red pag e ze ro loca t i o n s  so tha t  the 
user may mod i fy or  i n spe c t  h i s  own page zero d at a . It d oe s  
thi s  b y  t r a n s l a t i ng a r. y  command re fe rence t o  the u s e r ' s  pag e  
z e r o  data to the l o c a t ion where the u s e r ' s c opy of the • la  t a  
i s  actua l l y  being F tored . Th i s  i s  a l  1 t r a n spa r e n t  t o  th e  
u s e r . For e x amp l e , you c a n  fi l l  memory from $ 8 0 t o  $ F F  wi th 
zeros without crashi nci BUG /6 5 .  I f  you then d i sp l ay $ 8 0  t o  
$ FF ,  you wi l l  s e e  z e ro s . Th ey a r e n ' t  rea l l y i n  l o c a t ions  
$ 80 to  $ F F  o f  cour se , but they wi l l  be when you r u n  your 
program . ( Th i s  is the reason i t  may s e em t �o take an 
extraord i n a r i ly long t ime to per form c e r t a i n  comma nd s 
( Fi l l s ,  for exampl e ) . Th e  r e a s o n  i s  that eve ry memory 
r e ference has to go through th i s  tran s l a t i o n  proc e s s  - both 
to tran s l at e  z e ro pan e r e fe r e n c e s  i f  n e c e s s ary a nd to check 
to make sure that BUG 1 6 5  i sn ' t  be i ng ove rwr i t t e n . )  
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SECT I ON 1 1 : Cu stomi zation w i th the Con figuration Tab l e  

There i s  a Con figuration Table l ocated n e a r  the 
beg inn i ng of the code s egment of BUG / 6 5 .  By chang i ng th i s  
data , you c a n  c ustom i ze some BUG/6 5 s t u f f , I n  the tab l e  
whi ch fol lows , " + $ xx x "  mean s t h a t  t h e  con figuration v a l ue i s  
located $ xxx  byt e s  above t h e  l oadpoint addre s s , where 
loadpoint is the addres s  spe c i fied i n  the i nvoki ng OS/A+ 
command l ine ( or LOMEM , i f  loadpoint 1 1  not 1pec i f itd ) ,  
Example : i f  the i nvoking command was " BUGG S  60121121 " ,  then 
D I S PV w i l l  be located at $ 62 121 9 . 

NAME 

PRINTV 

GETKYV 

TSTKYV 

BEEPV 

CHRCLR 
CHRLUM 
BRDCLR 

EOLBYT 

LOCATI ON 

+$ 2 121 9  

+ $ 2 121C 

+ $ 2 121F 

+$ 2 1 2  

+ $ 2 1 5  

+$ 2 1 8  
+$ 2 1 9  
+$ 2 1A 

+ $ 2 1 B  

FUNCTION/COMMENTS 

A JMP instruc tion to BUG/6 5 1 s  displ ay a 
character routi ne . Al l chars d i spl ayed 
on the sc reen go through here . The char 
to be d i sp l ayed i s  pa s sed i n  reg A .  

A JMP i n s tr uc t i on t o  BUG/6 5 ' s  print a 
character routi n e . Al l chars  sent to the 
printer go through here . The char to be 
p r i nted is pa s sed i n  reg A .  

A JMP i n s truction t o  BUG /6 5 ' s  get a 
keyboard character routi n e . Al l keyboard 
read s go through here . The key read i s  
returned i n  reg A .  

A JMP i n s t r uc tion t o  BUG /6 5 ' s  t e s t  for a 
key wai t i ng routine . Al l tests  for key 
wai t i ng go through here . I f  no key i s  
wa i t i ng ,  the equa l f l ag i s  ret urned set . 
( The key i s  NOT returned by thi s routine 
- GETKYV w i l l  be c a l l ed to read the key 
if  there ' s  one  wa i t i ng . )  

A JMP i ns t r uction to BUG/6 5 ' s  be l l  
routine . Al l beeps are generated through 
here . To e l iminate the beeps , j ust  patch 
thi s  out w i th an RTS . 

Character backg round color byte value . 
Character l uminance byte v a l ue . 
Border color byte v a l ue . 

Thi s  i s  the byte sent to the pr inter at 
the end o f  a l ine . Norma l l y  s e t  to 121DH 
or 9BH . 
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LFFLAG + $ 2 1 C  

NULFLG + $ 2 1 D  

PROTF G + $ 2 1 E  

MC BEND + $ 2 1 E'  

I f  nonzero , then a l i ne feed character i s  
sent to the printer a fter every EOLBYT . 

I f  nonzero , then 40 nul l s  wi l l  be sent 
to the printer after every l ine . Used to 
f l ush the pr inter buffer ma intained by the 
ATARI OS so tha t  a l l  l ines wi l l  print 
immed iate l y . 

I f  non ze ro , then BUG / 6 5 wi l l  not 
i t s e l f  to be overwr itten with a 
comma nd . I f  z e ro , then BUG/6 5 wi l l  
i t s e l f t o  be mod i f ied . 

a l low 
BUG/6 5 

a l low 

High byt e o f  end addre s s  o f  BUG/6 5 ' s  
cod e . Norma l ly s e t  to high byte addre s s  
o f  l oadpo i nt+ $ 2 000 ( e . g ,  $ 5 0  i f  the 
invok i ng OS /A+ command were BUG 6 5  3 0 00 ) . 
You wou l d  change th i s  i f  you added any 
u s e r  command hand l e r s  a fter  BUG / 6 5 .  The 
hand l e r s  wou l d  then be i n c l ud ed i n  
BUG / 6 5 ' s memory prote c t ion featur e s . 

To change anyth i ng i n  the Con figurat ion Tabl e ,  you 
must f i r s t  d i s ab l e  memory protect ion by wr i t ing a sma l l  
program t o  s t u f f  a z e ro into P RO T F G . For e x amp l e , a s s uming 
tha t  the l oadpo int  i s  $ 2 0 0 0  ( command l i ne wa s BUG 6 5  2 0 00 ) ,  
then u s i ng the i n s tant a s s embl er , you cou l d  ente r " LDA # 0 ,  
STA 2 2 1 E ,  RT S "  at l o c a t i o n  $ 5 000 , and the n  r u n  the program 
w i th the " U "  command by e n t e r i ng " U 5 00 0  < RETURN > " .  Th i s  
wi l l  d i sab l e  memory protec t i o n . Th e n  make your change s , 
r e e n ab l e  m emo r y  p r o t e c t i o n  i f  you w a n t  by s t o r ing $FF  i nto 
PROT F G ,  th e n  d ump the mod i f i e d  BUG / 6 5  t o  d i s k e t t e . 

Be c a r e fu l wh e n  chang i ng any o f  the JMP 
i n s t r uct ion v � c tor s . S i n c e  BUG / 6 5 is c o n s t ant l y  c a l l i ng 
the s e  loc a t i on s , the i n s ta n t  you chang e them control wi l l  be 
pa s s ed to the new routi ne . Your rep l a c ement rout i n e s  had 
bet te r  be in p l ac e  a nd r e a d y  to run or  i t ' s  ga-ga t ime . 
Actua l l y ,  you wi l l  p r obab l y  have to change a l l  thre e  byte s 
o f  a vector at once w i th a sma l l  u s e r  prog ram . 

� l so ,  be c a r e fu l ahou t  c a l l i n g  the v e c t o r s  D I S PV ,  
P R I NTV , GET KYV , TST KYV , and B E E PV . S i nc e  they u s e  BUG / 6 5 ' s  
page z e r o  d a ta to ope r a t e , they c an ' t  be c a l l ed f rom a 
r un n i n g  u s e r  prog ram w i th o u t  f i r s t  c a l l ing the MCBGPO 
ro u t i n e  Cl e f i n e ( 1  i n  t h e  U s e r  P r og r 3111 I n t e r fa c e  s e c t i o n . 
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S E C 'r I O tl  1 2 :  U s e r  Command I nter face 

I t ' s  po s s i b l e  t o  a d d  command s t o  BUG / 6 5 .  Th e 
hooks to <'lo so have bee n prov i d ed i n  a g r oup o f  vecto r s  
located at l oa d po i n t + $ 0 2 2 Cl  ca l l ed the U s e r  Command I n ter face 
Vecto r s . The s e  vectors prov id e most of the i n t e r fac e s  to 
BUG / 6 5  that you ' l l  need to add comma nd s .  

The command s you add may be a c t ivated by any non­
BUG / 6 5  command cha r . For examp l e ,  you cou ld and the n umer i c  
command s " l "  through " 9 " . Wh e n  BUG / 6 5 r ecog n i ze s a n o n ­
a l phabe t i c comrr.ann characte r ,  i t  wi l l  ca l l  the v e c t o r  
USERCMD . I n  i t ' s i n i t i a l  state , U S RCMD i s  j u s t  a 3 -byte 
s ubrout ine that returns the equa l f l ag reset . BUG /6 5 
a s s umes that the equa l f l ag being r e s e t  mean s that '' u s e r  
command hand l e r  con s id e r s  the command i l l e g a l . I n  th i s 
case , BUG / 6 5  wi l l  report a " CMD E RROR " . I f  U S RCMD r e t ur n s 
the equa l  f l ag set , then BUG / 6 5 �·s s,um� s that a u s e r command 
hand l e r  proc e s sed the command . In th i s c a s e , BUG / 6 5 won ' t 
generate a command error , a nd wi l l  proceed to proce s s  the 
rest of  the command l ine . 

So , to add your own command hand l er , j u s t  p a t ch a 
JMP to your hand ler  at USRCMD . BUG / 6 5  wi l l  pa s s  yo u the 
command character tha t  i t  con s id e red i l lega l in reg A .  On 
return , you must indicate th e s t a t u s  of the command - equa l 
set mean s you hand l ed i t ,  equa l r e s e t  mean s you d id n ' t l ike 
it e i ther . 
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The r e  a r e  a n umbe r  CJ f  o th e r  v e c t o r s  i n  the U s e r  
I n t e r face g roup wh i ch yo u m a y  u s e  to proc e s s  t h e  comma nd . 
Here ' s  the comp l e t e  l i s t ( a nd , a s  i n  the p r e v i o u s  s e c t i o n , 
the s t r i ng " + $ x x x "  i n d i c a t e s  a d i sp l a c ement f r om th e 
l oa d  po i n t ) : 

NAM E 

U S RCMD 

GETCHR 

PUTC HR 

GET lHX 

GET 2 H X  

GET 3HX 

LOCAT ION FUNC T I ON / COMMENT S 

+ $ 2 20-- Subro ut i n e -ca l l ee'! by-13UG / 6S-on -e very non 
a l pha comann char . Re t u r n s  equa l set i f  
c ommand h a n d l ed by u s e r ,  e l s e  equa l 
r e s e t . 

+ $ 2 2 3  

+ $ 2 2 6  

+ $ 2 2 9  

+ $ 2 2 C 

+ $ 2 2 F 

U s e r  
n e x t  
A .  

hand l e r  c a n  c a l l th i s  to g e t  
char from t h e  comma nd l i ne i n  

the 
r e g  

U s e r  hand l e r c a n  ca l l  t h i s to r e t u r n  t h e  
l a s t  char t a k e n  f r om the command l i ne .  
Th e c h a r  i t s e l f  doe s n ' t  have to be 
pa s sed . Th i s  is u s ed to put cha r s  b a ck 
t h a t  yo u ' v e t a k e n  b u t  d on ' t  wa n t  - l i k e  
a n  EOL . 

U s e r hand l e r  c a n  c a l l  th i s  to co l l e c t  a 
h e x  a d d r e s s  f r om the command l i ne .  Th e 
addre s s  i s  r e t u r ned i n  a word at 
$ F E , $ F F . I f  n e x t  comma nd l i ne cha r s  a r e  
n o t  a v a l i d  n.<idr e s s , z e ro i s  r e t u r ned . 

U s e r  han, l l e r  c a n  c a l l  th i s  to co l l ec t  
two h e x  a d d r e s s e s  f r om the command l i ne . 
The f i r s t  a d d r e s s  i s  r e t u r ned i n  a word 
at $ F C , $ F D ,  the s e cond a t  $ F E , $ F F . Z e r o  
i s  r e t u r n e d  for a n y  i nv a l i n a d d r e s s . 

U s e r  h a n d l e r  c a n  c a l l  th i s  to co l l e c t  
th r e e  h e x  a d d r e s s e s  f r om the command 
l i ne .  Th e f i r s t  a d d r e s s  is r e t u r n e d  in a 
word a t  $ F A , $ F B , the s e cond at $ F C , $ F D ,  
a n d  the th i rd a t  $ FE , $ F F . Z e r o  i s  
r e t u r ned f o r  a n y  i nv a l i d  a d n r e s s . 
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ADRCH K  + $ 2 3 2  

ERR PAR + $ 2 3 5  

DHXBYT + $ 2 3 8  

DHXWRD + $ 2 3 B  

CTB PTR + $ 2 3 E  

LSTPGfil + $ 2 40 

U s e r  hand l e r  can ca l l  thi s  to per form 
the u s u a l  BUG / 6 5 addre s s  checki ng a nd 
tran s l at ion . Th e check i ng r e fe r s  to not 
a l lowing BUG / 6 5  t o  be overwr it t e n . The 
tran s l at i on r e fe r s  to correcting u s e r  
p a g e  z e ro addre s se s . The u s e r  hand l e r  
pas s e s  t h e  addre s s  to check i n  reg X 
( LO )  and reg Y ( H I ) .  I f  the addre s s  
poi n t s  i nto BUG / 6 5 ,  a " PROT ERROR " wi l l  
occur , and the u s e r  hand l e r  wi l l  not be 
r e t urned to . If the addre s s  r e fe r e n c e s  a 
u s e r  page ze,ro v a l u e  that i s  b e i ng 
stored somewhere e l s e  by BUG / 6 5 ,  then the 
addre s s  of whe r e  the a c t ua l u s e r  page 
z e ro byte is located wi l l  be ret urned in 
reg X ( LO )  and reg Y ( H I ) . 

The u s e r  hand l e r  can JMP to here to 
report a parame t e r  e r ror . Th ere is no 
return back to the user hand l e r . BUG / 6 5  
w i l l  abort command l i ne proce s s i ng . 

The u s e r  hand l e r can c a l l  thi s  to 
d i sp l ay a h e x  byte . The byte i s  pa s s ed 
i n  reg !\ .  

The u s e r  hand l e r  c a n  c a l l  thi s  to 
d i sp l ay a h e x  word . Th e h e x  word i s  
passed i n  r e g  X ( LO )  and reg Y ( H I ) .  

Th i s  i s  a po i n t e r  to BUG / 6 5 ' s  j ump tab l e  
for the a l phabet i c  comand s . Every l e t t e r  
has a word e n t r y  i n  th i s  tabl e .  The 
entry is  the addre s s  o f  the hand l e r  for 
that command m i n u s  one . The f i r s t  word 
in the tab l e  is the addre s s  m i n u s  one 
for th e "A" command , the last is the 
s ame for the " Z "  command . If you want , 
you c a n  change th i s  tab l e  to po int to 
your own comand rout i ne s ,  thereby 
chang i ng the BUG / 6 5 command set . 

Th i s  i s  the add r e s s  ( byte v a l ue ) o f  the 
l a s t  page ze ro location used by BUG / 6 5 .  
You c a n  u s e  th i s  to locate free page 
z e ro memory for yo ur own u s e . ( S e e  the 
e x amp l e  u s e r  command l i s t i ng . ) .  
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* * * *  S PEC I A L NOT E * * * *  

A l l o f  the i b o v e  r o u t i n e s  a s s u m e  t h a t  BUG / 6 5  d a t a  i s  i n  
p a g e  z e r o . THEY W I LL NOT WORK i f  c a l l e d  f r om a r u n n i ng u s e r  
prog r a m  f o r  t h a t  r e a s o n , u n l e s s  t h e  u s e r  p r o g r a m  m a n a g e s  p a g e  
z e ro w i th th e fo l l owi ng two r o u t i n e s : 

MCB GP 0 

U S E R P 0 

+ $ 2 4 1  

+ $ 2 4 4 

A s s um e s  BUG / 6 5 d a t a  i s  i n  pa g e  z e r o . 
S a v e s  BUG / 6 5 p a g e  z e ro a n d  r e p l a c e s  w i th 
u s e r  p a g e  z e ro . U s e  th i s  r o u t i n e f r om a 
r un n i ng u s e r  p r o g r a m  be fo r e  c a l l i ng a n y  
o f  the a b o v e  r o u t i n e s . 

As s um e s  u s e r  d a t a  i s  i n  pa g e  z e r o . S a v e s  
u s e r  p a g e  z e ro a n d  r e s to r e s  BUG / 6 5 p a g e  
z e ro . U s e  th i s  r o u t i n e  f r om a r u n n i ng 
u s e r  p r o g r a m  a f t e r  c a l l i ng a n y  o f  the 
above r o u t i n e s  t o  r e s t o r e  the r u n n i ng 
prog r a m ' s  p a g e  z e ro d a t a . 

1 2 .  1 U s e r  Comma 1d Hand l e r  E x amp l e  

H e r e  i s  a n  a s s e mb l y  l i s t i n g  o f  a n  e x amp l e  u s e r  
comand . Th i s  c ommand wi 1 1  be c omma n d  " l " .  I t  wi 1 1  
c a l c u l a t e  a n d  d i s � l a y a n  e x c l u s i v e - o r  c h e ck s um by t e  o n  a 
r a n g e  o f  memory . Th e s y n t a x  o f  the c ommand i s : 

1 < ST A RT > < E : !D >  

NOT E : I t  i s  h i gh l /  r e comme nd e d  t h a t  u s e r  comma nd s o n l y  b e  
p a t c h e d  i n to a n on - r e l o c a t �b l e  v e r s i o n  o f  BUG / 6 5 .  S e e  
S e c t i o n  4 . 2  f o r  c n s t r u c t i o n s  o n  mak i ng a n o n - r e l oc a t ab l e  
v e r s i o n  w i t h  a u s · f f  s pe c i f i e d l o a d po i n t . 

; * * * * * * * * * * * * * * * * k * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

EQUATES I NT O  B ' lG / 6 5 :  

l oa d po i n t  = ? ? ? ?  
l p  = l o a d po i nt 

MC BEN D l p+ $ " 1 F 
D I S PV l p+ $ , 0 9  
U S RCMD l p+ $ ., 2 0  
GET 2 H X l p+ $ '. 2 C 
H E X l  $ F C  
HE X 2 $ FE 
ERR PAR l p+ $ 2 3 5  
D H X B YT  l p+ $ 2 3 8  
LST PG O l p+ $ ! 4 0 

EOL $ 9 B 

- - 4 1 - -

t o  b e  d e t e r � i ne d  by u s e r ! ! 
j u s t  an abb r e v i a t i o n  

BUG / 6 5 END CODE MSB 
D I S P LAY C HA �  
U S E R  COMMAND VECTOR 
GET 2 HEX PARAMS 
HEX P A RAM l RESULT 
HEX P .'\ RAM 2 RESULT 
RE P O RT P A RA M  ERROR 
D I S P LAY HE X B YT E  
LAST B UG / 6 5 P 0  BYT E  U S E D  

E N D  OF L I N E  C H A R  



; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

U S E RC l  

CM DOK 

PARM E R  

PARM OK 

LOOP 

NXTEOR 

DONE 

*= 
JMP 

*= 
CMP 
BEQ 
RTS 

JSR 
LDA 
ORA 
BEQ 
LDA 
O RA 

U S RCMD 
US ERC l 

l p+ $ 2 000 
# ' l  
C M  DOK 

GET2HX 
HEXl 
HF.Xl+l 
PARM E R  
H E X 2  
HEX2 + 1  

BNE PARMOI< 

JMP 

LDX 

LDA 
STA 
TAY 

LDA 
CMP 
BCC 
BNE 
LDA 
CMP 
BCC 

LDA 
EOR 
STA 
I NC 

E RRPAR 

L S TPG0 

#3 
1 ,  x 

HEX2 + 1  
H E X l + l  
DONE 
NXTEOR 
HEX2 
H C X l  
DON E  

( ; IEXl ) , Y 
l ,  x 
1 ,  x 
HEX!  

BNE LOOP 
I NC H E X l + l  
J M P  LOOP 

LDA 
JSR 
LDX 
LDA 
J S R  
LDA 
RTS 

*= 
. BYTE 
. END 

# EOL 
D I S PV 
LSTPG0 
l , X  
Df!XBYT 
ji'J 

M C  B END 
> [ * + $ F F ] 

- - 4 2 - -

PATC I !  U S  INTO BUG / 6 5  

R I GHT A FTER BUG / 6 5  CODE 
coMMANr1 11 i " ? 
YE S 
ELS E RT '< EQUAL RESET - E RR 

GET STJI RT , END 
MAKE S L RE BOTH S PEC I F I ED 

OR ELSF ERROR 

REPORT DARAM E RROR 

LAST B l G / 6 5 PO BYT E  
( WE ' L L U S E  T H E  NEXT 
FOR C U R ACCUMULATO R )  

C LEAR 1\CCUMULATOR 

! N I T  Y PT R INDEX 

PAST F�D ADDRESS ? 

YE S 
NO 

YE S 

CALC F : ) R  CHI<SUM 
EOR Wl TH ACCUM 
AND S A, 'JE I N  ACCUM 
BUMP r r R  

T O  NEX1 SC REEN L I N E  

RESTORF ACCUM ADDRESS 
D I S PLAY HEX RESULT 

RTN OK ( E QUAL SET ) 

CHANGE B UG / 6 5 CODE 
END BY r E  T O  I NCLUDE 

THAT ' S  A � L FOLKS 



S E ::T I <1N 1 3 :  :;; r r o r  M e s s a q <• s  

T !1 e  fo l l ow i. ?1g i o;  .1 l i s t  ·� f .:i t l o f  t. h e  e r ro r 
! n •J s s .1 3 e �1 � 11 d  a sho r t  e x ;> J  . .  1 n � t i on o f  e a cl1  1J n e : 

::.'JM ' l .\ N �J F: R :m R  • • •  an a t t empt t•:l e x e .:: u t e  <i n i l  l eg ;i l  command . A. 
l 0 t t. e r  o r  n umbe r  t h a t  i 'l n ' t a v a l i :'I  comma nd 

mnemon i c  wa s i n t e r pr e t ed as .-i <� omm a n•1 cha r a c te r . 
F o r  e x am p l e ,  t r y i ng to e x e c u t e  the command " W' 
wi l l  c a u s e  a comman•'I e r r o r . 

I MMED I A.TE CMD ERROR . . •  an a t t empt to e x e c u t e  a n  i mmed iate 
type command i n  the m i d d l e of .:i command l i ne . An 
immed i a t e  command ( .'\ , S ,  X ,  o r  Z )  must be the 
f i r s t  command on a command l i ne . See s e c t i o n  5 . 2 . 

P RO'r E C T I O N  ERROR . . .  an a t tempt wa s made to mod i fy BUG /6 5 '  s 
code or v a r i ab l e  memo.ry a r e a s  wi th a BUG / 6 5 
command . 

PARAM ERROR . . . c a u s e d  by the u s a g e  o f  any i nva l id comma nd 
paramete r .  

- - REG I STER E RRO R . . .  a n  i n v a l id r eg i !'l t e r  name wa s s pe c i f i e d  i n  
e i th e r  t h e  G or X command . 

BREAKPO I NT E RROR . . .  a n  a t tempt wa s mad e to s e t  a breakpo i n t  
i n  e i th e r  PROM memory space o r  non-e x i s t e n t  
m emory . 

P R I NT E R  ERROR . . •  any pr i n t e r  e r r o r  r e t urned to BUG / 6 5  by the 
ope r a t i ng sys tem . ( BUG / 6 5  u s e s  the ATA R I  O S  to 
pr i n t  cha r a c t e r s . Any e r ror r e t u rned by t h e  OS on 
a print cha r a c t e r  ca l l  wi l l  cause th i s  e r ro r . ) 

SYNTAX E R ROR • • •  c a u s ed by an e r r o r  i n  the s y n t a x o f  a 
command . 

� I /O ERROR - NNN . • •  a n y  d i s k  I /O e r ror r e t urned to BUG / 6 5 by 
the opera t i ng sys t em . ( BUG/6 5 u s e s  the OS / A+ t o  
do d i sk I /O . Any e rror r e t ur ned by t h e  OS / A+ ca l l  
wi l l  ca u s e  th i s  e r ror . )  NNN i s  the d e c imal e r r o r  
n umbe r r e t urned by the OS . R e f e r  to your OS/A+ 
manual fo r the mean i n g s  of th e s e  n umbe r s . 

- -4 3 --



* * * ERROR - mlEMON IC • • •  i n  the i n s t a n t  a s s emb l e r , a n  i nva l i rl 
opcod e m n emo n i c  wa s e n t e red . 

* * * ERROR - OPERAND . . •  i n  t h e  i n s t a n t  a s s e mbl e r , a n  i nva l i rl 
i n s t r uction ope rand wa s e n t e red . 

* * * ERROR - RANGE . . . in th e i n s ta nt a s sembl e r , a branch o u t  
o f  r a n g e  wa s a t t empted . 

* * * ERROR - TOO M /\NY LABEL R E F S  • • . i n  the i n s t a n t  a s s embl er , 
too many re ference s have been made to an und e f i n e d  
l a be l . BUG / 6 5  2 . 0  a l l ows twenty r e fe rences to 
unde f ined l abe l s  be fore it ' s  l abe l buffer 
ove r f l ows . 

* * * ERROR - UNDEF I NED - Ln . • .  i n  the ,  i n s tant a s s embl er , a 
l abe l has been re ferenced but not d e fined . " n " i s  
the l abe l number that needs  d e fi n i tion . 
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