


AT

obligation to not
revisions, =

i A9
6809 OPTIMIZING ASSEMBLER
~ VERSION 3,2

USER'S GUIDE

~ IMPORTANT NOTE

Although every effort has been made to make the supplied
- software and its documentation as accurate and functional
@ possible,. Southw al ' s
- specifical 1y disclaims any responsibilfty for any ‘damages
enerated by such materfal. Southwest
Corporation reserves the right to
change or revise this materfal at any time without

vest Technical Products Corporation

incurred  or
Technical Proc

iy any person of such changes or

| ASWO3 Copyright1s7s
Southwest Technical Products Corporation
| ALLRIGHTS RESERVED




Tab!e of Contents
Preface - L] * . - * * L ] - L ] L . E ] L ] - » * L ] * * - L ] L] . L] * lk * -« ‘. ‘ iv

1;0 SHTPCASSEMU‘GT‘-.....‘........‘.......k.l-l

1-1 Requ'h“éﬂ EﬂViY‘O!mﬂt ¢ se e e e e B e m & w e w % e w s 1"1
102 ASS@%‘&Y‘ ﬁistf‘fbutim e 8 % e 8 8 8 & 8w e 8 W e e P 1"1
103 Cm&ﬂd Sy"tax S e 6 w0 ee se & 8 B e w6 & o wiw 6. & 1"’2
104 Options . e d e & B e e & @ o' s w8 s s & & ¥ 8 ¥ e 1“2
1.5 COﬂVEY‘S iOﬂ P?‘Og‘f‘ams o s sa s e B e e S F & & e & 6 & % 1"4 :
2‘0 Iﬂput Laﬂguage Sy“tax . 8 e s w e & & e s 6 ¢ s e & 5. e & @ 2"1
2.1  Character Classification . . . . . .+ v 0o v v v vu . 21
202 IdentifiErs 28 8 8. e s e 6 e 8 & 8 6 8 & % 6 8 & & e @ 2“‘1

203 Iﬂp?fﬁit'fy BEfiHEd Ideﬂtffiers N ‘o * o e b s & 6 o o @ 2“'2 :
204 Iﬂplﬂ: Statmts ‘e & % sE e e @ s 4 6 e e s e e o & 2“'3
2n5 Cmnt Stamﬂts o 8. 8 ¢ B .8 & ® b o F s e W @ e & & @ 2"3
2.6 SOU?'CQ Stamts S e ¢ e s s s .8 6 8 s e s b e & e @ .. 2"3
2-7 ASS&ﬂbTEY‘ Dﬂ"ectives ® s e e 6 6 & w e 5 8 % e 4w s s s 2“6
Tab?ﬁ 2-1 8 8 & B & e 6 & 6 e e s 8t & T & b " W s 2‘7

Tab]e 202 s o s s » " S 8 6 8 S & 5 8 e e & % & & w. s 2“8 .
Tab]e 2-3 ® s e s e 6 8 W 8 8 & e & ¢ e o e o 'o ¢« o o 8 @ 2‘9
Tab]e 2-4 . . %8 B 8 6 8 s & 6 & & 4 8 b 6 S S8 4 6. 8 & 2‘9
300' 6809 SOftﬁPe Amhftectufe $i6 4 o &8 e a e [IRE TN SR SN S RO 3"1
3c1 Arithmtfc Registers e e e e ¢ ¢80 b e 8 e e s8-8 @ &6 e 3’1
3:2 pafﬂtel” Régfﬁters LI R T IR 200 U DO O R JERT TR RN JRNY S R RN SR 3"1
3.3 ngf‘am Cﬁﬁﬁtéf s 0 s e s S0 6 & o & . a o e s ',o o e 3"2
304 CMdfthYI ang Registéf‘ s & E e 8 » e 4 s e e & e ® .. 3“'2
365 ﬂf?‘éct page R&gfster 8 8 0 6. 4TS 8 e & & ¥ s B e & & e 3"4
. 3-6 Address i“g ms ® s 8 8 s ¢ ® & s b s e e s .8 e W E e e 3“‘4
400 Assem.'er EXPP&SSfOﬂS ® 6 S 8 B 8 8 6 8 .4 8 6 & B & ' 8 e 4"‘1
401 Tems in EXpTESSiOﬂS 2 e . B & E.e s B ¥ 6 S e s e w8 4"1
4.2 Operators in Assembler Expressfons . . . .. ... ... 43
4.3 Grouping Operators . . . . o ¢ o o ¢ o s o o o o o s o« o 84
4.5 Truth Value Operators . . . o v v v v v o 0o s o s s s o G4
4.6 Relational Operators . . . v ¢ ¢ o o v o s 0 v o o o o o 45
4.7 Bitwfse Logica‘ Operators . . * L S L * L] [ ] L2 L] . » [ * * ‘-5
408 S"ift Opef'atOY‘S e e 8 8 8 6 8.8 e & & 8 s 8 8 e @ o & %9 4"6
4.9 Logical Connectives « . o o v ¢ v v v v v v v v v v 0o o 87
T&b]é@loo LN R S A T B TR O T T PR DR U N N A NN 04‘8‘

5.0 6809 Operation Mnemonics . . « « « « » . e . . Bed

L
-
-
L
*
L4

501 COﬂdﬁ:‘iOﬂ F]ags . '. " e s s ’6 ¢ s @ & s 5. e e e 6. 6 5 & 5“1 ’
5.2 ExteﬂdEﬂ mm iCS . ™ ¢ o » ' s & @ 0. # 6 6 & & & €& W e 5‘1
5 3 6899 Flﬂﬂy mm’cs ® 4 6 6 + s e 8 88 & & 8.8 & s b ¢ 5"‘

»

’m

-1i-




6.0  Assembler Directfves e i e e e e 6-1

»
L]
L]
*
.
*
.
»
.
»
L.

6-1
6-1
6-1

BSZ -- Block Storage of Zeros . . .
END == End of Block « & o« o o ¢ o« &
EQU -~ Equate Symbol to Expression
ERR -- Generate an Error . , .
ERRIF -- Generate a Conditional Erre
FAIL -- Generate an Error . . . .
_FCB -~ Form Constant Bytes . .
- FCC =- Form oustang Characters

. & & .

6-2
6-2
6-2
6-4
6-4
6-4
6-4
6-5
6-5

-

- N
6 ad o D O QY OT P G N

et

, : 1 :‘,aytes :
tLls - Library Inclusfon . . .
“NAM -~ Provide Noéu?e Name . .
6.13 OPT -~ Specify | am Opt for
6.14 ORG -~ Set Prﬁgram Counter Grigiﬂ
g’ 6615 Pﬁﬁ - Sﬁf‘t a sﬁﬂ Page * 8w e @
 6.16 PROC -- Begin a Procedure Block .
6.17 PUBLIC - egin a Public Dictionary
6.18 Qu egi ~a Qualified Data Block
6‘1? ‘ 2ary mry Bytes L T
6. 2§f13£TDP -- Set Direct Page Pseudo ﬁegister
5.213’{3 - spQCQ L‘ist‘fng « e e 8 e ® @ .
6‘22 m Tfth’.‘ .'0‘0.-,.6oo.pou
6.23;;“3£ -- Use Program Counter Section . . .

N S

mmmmagmmmmaa 

L]
. 2 e N &

6-6

»
.
L4
*
»
£ d
+
*
-
]
L]

opb.oliod'a'o‘~1n~ooa

o7
6-8
6-8

ofoo'-,'oo‘nnccooo“c,o'o
u,"oq,u-ou"oo-f"-‘ooétot

o o & 5 8 8 o & ¢ & . 6 ¢ ® s.e -8 & &0 ¢ 8

6-9
06"10

. 7-1

e e e e e &e. e e e e e ¥ wle .. w 6w b b
e . e e e e PO s e & e e e e e e e
a6 e e e e . o & e iw e as ¢ e e v e s w
L 3 .\’ [ ] [ ] L L 4 » . » » * * [ - ¥ e L 3 “ * .‘ L ] L 3 .'
S A S -' o e e e e 8 e @ e e el e e e e e &
‘.‘ “ s o @ - e e e . o‘t PRI WS o b e e e W
¢ 0 e e 0 e e s 0 v e s e e . ‘n s8 ele e e e

»
L
»
»
-
»
-
-

/‘“\ 70 f"fﬁﬂ?@s-.-..; o’ooaoo‘-dio‘o',‘
- B0 Asmwrzrrornessages

-
-~
£ d
L4
L 4
-*
*
L]

8.1 'M395§ge Favnat 8»1?'-

3«2 ﬁ@t&s e e e e :V‘c PeE e e e eE e el e e e o I 8"1
803 Cim*@ﬂ mssaﬁes A N R T T R ¢ . t e w e e 8'1 .

. 8*# “‘ﬁ’(fﬁg ms33§es Tele e e e s & e e ‘. - ‘o e 6 e e 6wl e  ,0 8"1

815 E!‘N!‘ *ssms . el * e & & e .8 o‘ s 6 e 6w % o8 e e 8"2

8.6 Bisaster Msages

-iii-

6-2

6-6
6-6

6-8
6-9

8-1

8‘2  ;’, -



PREFACE

This publication was designed as a reference manual for
~the SWTPC 6809 Optimizing Assembler, Version 3. It is not
intended as a tutorial on assembly language programming,
nor is it intended as a reference on the 6809
microprocessor, Although detailed descriptions are
provided for the native 6809 instructions, these
descriptions should not be considered exhaustive. The
Motorola MC6809 Programming Manual should be consulted for

‘more information on the 6809 wmicroprocessor. For a

the book COMPUTER ORGANIZATION AND PROGRAMMING by W. Gear
is an excelTent choice. o

tutorial introduction to _assembly language programming,

u‘fv—
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1.0 « Southwest Technicél Products Assembler:

The SWTPC 6809 resident assembler is a very gowerful disk assemblerj
designed to provide a versatile programming tool. It has many special
features added to support structured programming techniques and enhance
code modularity and readability. In addition, the assembler provides a

;~multi-pass optimizer that attempts to reduce the size and execution time ,
~ of assembled object code. Two options are provided to selectively
- disable certain types of optimization in order to reduce the time~

R requited for an assembly. g B : :

: 1 1 - Required Environmant

“(;, The a&aeﬁﬁler runs on a Southwest Tbchnical Producté 6809
microcomgutet system running the FLEX operating system. A minimum of

16K of user memory is required (implying 24K total memory) and provides

approximately 4.8K of symbol table space. The assembler does not
suppott a virtual symb@l table, so that in systems with limited memory,
it is possible to overflow the symbol table with very large programs.
The assembler requires approximately (8.4 + Ls) * Ns bytes of symbol

- table Space, where 1s is the average number of characters in a symbol :

and us is the total nnmber of symbols to be kept in the dictionary.

kath qualified é‘” yistructures and procedures require 1&rger,‘
(48 byte) entries in ¢

ymbol table, so that the use of many

 structures and procedures will somewhat reduce the &ueuat of available
~ symbol table space. Similarly, each level of library inclusion requires;~

a buffer area (336 bytes) in the symbol table, and will also reduce the
amount of availabie ~symbol

procesaed-

1.2 = Assembler Distributian

The ABMODY program is disttibuted on Flex foruat S-dnch and Sminch»
floppy disk. The disk contains the Flex operating system, the "CAT",

- "copy", "NEWDISK", and “LINK" utility programs (to enable duplicatian of -
the disk), and the four suppliea asseﬁbler files: .

'Z"&SMQ%C?&D" 'I‘he ‘main assembler cmmand file- L
"ASMO9.CMV"  The assembler symbol table overlay.
"MIRCV.CMD"  The binary file to Mikbug format converter.
"~~"BINCV.CHB“T LThe Mikbug format to binary file couverter.

The assembler eammand file and averlay may be renamed as’ 10ng an N

'1V_jthef~caﬁﬁand ‘file and the overlay file are given the same name. For
example, if the command file were named "ASM.CMD", the overlay name
would then be "ASM.CMV". If the overlay file 1is not renamed, the

assembler will be uﬁable to produce an address file or a symbol table_

= 1isting.

a 1-1 a

table space. Note that this space is
‘required for each level of inclusion, not for each inclusion file
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1.3 ~ Assembler Command Syntax
The general syntéx of the ASM09 command is:
+-+ASMO9 <input file#*{,<output f11e>} [;+<option list>]

The first file specification is the name of the file to be assembled.
This file 3pecification is required. The second file specification is

the name of the binary file to be generated by the assembler._ If no

output file is specified, its name defaults to that of the input file.
1f the output file extension is not specified, it defaults to ".BIN".

If the specified output file already exists on disk, the old file w111 _

be automatically deleted and replaced by the new file. Assembler

options are specified on the command line by placing them after a . plus

sign, to separate them from file specifications.

1.4 -~ Assembler Options

The option list consists of single characters, optionally separated

by commas, and terminated by a carriage return or FLEX end of 1line
character. The options that may be specified are l1isted below:

A - Generate Addréés File. The "A" option will cause ;the
assembler symbol table overlay to generate an external symbol

address file. Only those symbols defined as entry points “to.

the global dicticnary will be included,

B - Suppress binmary output. The "B option wili svbpfeéé

generation of a binary output file. If the binary file
already exists on disk, it will not be deleted.

C - Suppress Cautions. = The "C" option will supptess all cautian-

messages produced by the assembler.

E -~ Suppress Error Messages. The “E“,optian will supp:esé all
error, warning, '~ and caution messages produced by the

assembler. Since all diagnostic messages produced by the

assembler .are suppressed, it 1s possible that errors in the '
source gtogram being assesbled will go undetected by the users

F - Optimize Assembly Time. The "F" option will cause the"

assembler to suppress any optimization of object code.

Foreward references will be assembled ‘using  the ' least &
restrictive addressing modes. . This option will force the

assembler to complete in two passes, but object code may be

considerably larger than required. This option is especially
useful while debugging a program which will later be
optimized. Note that the "R" option takes priority over this‘

option in the determinaticn of branch lengths.

G - Enable genersted “code eutpnt. The "G"-a?tibn will cause the

: assembler to print all generated binary object code. If this
option 1is not specified, the assembler will print up to eight
bytes of object code on the game line as the source statement'
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and - then supptess any additional printed output. Note that
this option does not affect the binary file produced. : :

Suppress liating.~ The "L" option will suppress any ptinted
ocutput from the assembler, except for lines -containing errors
detect&d hy the assembler. : e

'Specify Mo:orola Compatability. Thé "y bption will supress_'

nop-Motorola  extended pracessing. , Index  ‘address1ngj

¥ aptinization is auyptessed and branch _range checking ds.

selected.  All  labels ‘are internally truncated to six

‘_,chatac:ers of significance. Arithmetic  expressions afe"

evaluated aaing\‘a strict left-to-right order. Character
constants revert to
Mikbug format object code is desired, the assemblers binary
output may be canverted using the MIKCV utility program.,l

Suppress Line Numbers. The "N" option will cause ~the
assembler to suppress line number output. This option can “be

used to reduce the size of the assem&ler listing.,4, %

- Fotmat Page Output. The "P" option will cause assemblerk
~output to be formatted for a printer. The assembler will ask

for a heading for the assembly, and perform page counting and

title functions. If this option is not specified, the PAGE‘k' ’
“and TITLE mnemonics are ignored by the assembler. ; e

Suppreas Branch Range. The MRM option will cause theff‘i

assembler - te auppress hranch/lﬁng branch optimization., Ths f5 
assembler ‘normally treats branch and long branch mnemonics as
 identical, and camputes which type of branch is required. If'

this feature 1is suppressed, branches are limited

'~appreximately 127 ‘bytes range, and an error message will . be‘f~'
- produced if a range error is detected. This ‘option will

o narmally reduce the number of optimization passes required.,‘ e

Suppress symﬁoi table. Whenever the assembler praduces an‘;~¢j
object code listing, it normally produces a sorted, formatted -
 listing of its symbol table. The "S" option supptesses this
output. It is not possible to produce a symbol table 1isting7 o
”‘without pro&ucing an object code listing. : S b

Truncate Print Output. The "T" aptian will reduce the number“"

of bytes of ‘object code per line in order to decrease the i
‘ wi&th of the output 1listing. Together with the "N" option, =
 the output width is decreased sufficiently to obtain printouts   g

on an eighty column printer.

Priﬁt Gnnama& Bictionaries. The "U" ogtion will cause thej~fs'
laasembler to print unnamed procedures (1.e., procedures with a =
name of "*Pknnﬂn") found in the symbol table. Unnamed
procedures are normally pracedures included from system 5o
‘1£hraty files and are of marginal valne in the symbal table

=13 -

‘the single quote only Motorola format. If
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W *: Suppress Warnings. The "W" option will suppress all wurning
: and caution messages produced by the assembler.

1.5 = Conversion~Prcgrams

The output of the assembler program is a binary file in a format
suitable for the system loader. This format is compact and efficient,
but it is not compatable with the Mikbug paper tape format object code
required by several prom monitors and cassette tape interfaces. Two
utility programs haveé been provided to convert from binary format to
Mikbug format and conversly.

The HIKCV program converts a binary file (such as 1is output from
the assembler) into a text file in Mikbug format. Similarly, the BINCV
program will convert a Mikbug format text file into a binary file, at a
significant savings in disk space and execution time. The syntax of the
two commands is as follows: ‘

- HHHMIRCYV <input file>, <output file>
.+++BINdV <input file>, <output file>

In each case, both the input file specification and the output file
specification are required. For MIKCY, the input file must be a binary
file (an extension of .BIN is assumed) and the output file must be a
text file (a .TXT extension is assumed). F¥or the BINCV program, the
input  file must be a text file (a .TXT extension is assumed) and the
output file must be a binary file (vith an assumed extension of JBIN).
~If the output file exists on disk it will automatically be deleted and
, replaced with the new output file. ,

In general Mikbug format files will be approximately 2‘7 times

larger than the equivalent binary file. Mikbug format files output

records  of 16 bytes maxinam, ‘and include a transfer address in the
header block. The name of the output file is used as the name placed in
the Mikbug header by MIKCV. The name placed in the Mikbug header 1is
ignored by the BINCV program. :

- 1=4 -
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2.0 - Input Laﬁguage‘SyntaX'

' Input ta - the assembler ccnsists of one or more disk files. These
files are expected to be in 8-bit ASCII code, with the sign bit always
set to zero. These files may be space compressed, and may contain
control characters. The ‘assembler treats carrlage returns, form feeds,

~and rubouts as input line delimiters. The horizontal tab character 1is .

treated as a white noise character (same as a blank). All other control_?
charactete are 1gnored by the assembler- SR Tl e

2.1 - Character Classiiicatians

Each ‘character 1n the input stream is. classified into one of four. s

'grouys' alphabetic type characters, numeric type charactets,‘ specia1 .

characters, and separatot characters (white noise).~ .

~ Alphabetic type characters consist of both upper ’and lower case Ve

letters, the underbar character, and the baeckslash character. In
general, the assembler will make a distinction between upper and lower

‘case letters 1in symbols defined by the user, but will not make that
distinction for symbols defined internally to the assembler. For -

example, user labels "label" and "LABEL" are separate and distinct,
while the register name "IX" is identical to "iz", or for that matter,
"Ix" or "iX". This permits the assembler to be used in either upper or
1ower case envirenments with a maximum of compatability.

, Numeric type characters consist of the digits zero thtough nine,
the crosshatch "#", the dollor sign "§", the question mark "?", and the

- at sign "@". It is important to realize that numeric type characters
are not necessatily digits. When the assembler is recognising a number,
the digits in the number start at zero and continue to one'less than the
number’s radixs In the case of hexadecimal numbers, the letters A -

through F are considered digits, even though thay are alphabetic type’”'k
characters. , ‘ :

Special characters are used by the aasenbler as comment or

‘conditional assembly ‘designators, quoted string delimiters, and as
operators. Since the function of special characters éepeuds heavily upon
the context in vwhich they are encountered, they are best documented*,‘f‘
along with the functiens they perform.

Separator characters consist of the horizontal tab character, the“*

carriage = return character, ‘the rubout character, and the space
character. These characters serve to separate assembler tokens and in

general, have no significance themselves. A special separator character*-j :
is the semicolon, ";", which besides being a white noise character, is

used to denote ehe praaence of secondary &ssambler soarce statements.

262 - Identifiers

Identifiers cansist of a leading alphabetic type character,

followed by one or more alphabetic ot nuneric type characters. The -

maximum length of an identifier permitted by the assembler is 127,ﬁ:
characters, while the minimam length is two characters-~ Note that while

- Pl e
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single-character identifiers are not expressly prohibited, defining

identifiers with names like "A" or "B" can lead to unexpected results

when using indexed addwessing modes. In general, it is considered good
coding practice to use identifiers with names that are contextually

meaningful instead of identifiers with arbitrary and‘meaningleés nanes.

In certain cases, special téiminating'charactets may be uséd“tnf‘
denote the end of an identifier, for example, the qualified reference
"EMPLOYEE. PENSION" contains the period character as a terminator of the

identifier "E&?LGYEE";j“~The»terminating character is not considered as

part of the identifier; it is considered as part of the qualified
reference. It is important to understand that characters like the -
underbar and the backslash are valid identifier characters and are not

equivalent to special purpose terminator characters. The assembler
treats all characters of an identifier as significant.

Some examples of'vélid'identifiers are:

MONTH :

THIS_IS A VERY LONG_IDENTIFIER
\Break\ } :

lower case identifer

task done? =
PLM$STYLESIDENTIFIER

If the Motorola compatability option has been selected, the

assembler will d{nternally truncate all identifiers to six characters.

If the identifier was originally longer than six characters, the excess
is simply discarded. No warning is issued unless the truncation process

results in multiple definitnions of a single identifier.

2.3 - Implicitly Defined Identifiers

Assembler 1nitializatién~p1acesVSeveral identifers in the,,globéilﬂ
dictionary and assigns their values prior to beginning the first pass on
the input source file. These identifiers are protected symbols, d.ev,

any attempt to redefine their value will result in an error message,

with no change in in the identifier value. These implicitly ‘defined

identifiers are as follows: ’

DAY - The current day of the month, as two ASCII characters [ih7‘

a sixteen bit value with the star attribute set.

FALSE == The truth value "FALSE".

MONTH — The current month of the year, as two ASCII characters in

a sixteen bit value with the star attribute set.
TRUE The truth value YIRUEY, ,
YEAR -~ The last two digits of the current year, as two ASCII

set.

characters in a sixteen bit value with the star attribute

AN
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with a colon are de , Aterd rrent
dictionary and represent explicitly declared entry addresses. Labels
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2.4 - Input'Statemants

‘The assembler input consists of one or more files containing

' assembler language source statements, assembler directives, and comment

statements.  Source statements assemble into actual machine  code
instructions, and in general have a one to one corespondence with

machine operations. Assembler directives set ~envirommental parameters .
affecting machine code generation, listing format, and dictionary

structure. Comment statements are used ,tu“document‘\and' format an
asgembler program  listing but are otherwise. unprocessed by the
assembler. T S e g e

2.5 - Comment Statements >

P .

plus sign and asterisk. type comments assume a special gignificance.
Those comments beginning with a plus sign force the assembler to a new
page, as 1if a PACE  mmemonic had immediately preceded the comment.
Comments beginning an asterisk cause the assembler to force a new

_ character. If pagination is selected via the assembler "P" option, the

~ page if fewer than 14 lines remain on the current page. This fatility7“"

is éxttémely*convéﬁiéﬁﬁifar-p:éventing logically connected sectionsx‘of;f:

source code ftam;av%rf §wing,pagefbouhdaries. o

2.6 - Source Statements

The assembler classifies source statements into primary and

secondary statements according to their position in an dimput lime.
Primary statements begin in column one of the input line, and are
terminated by a carriage return or a semicolon. If the primary
statement was terminated with a semicolon, _one or more secondary

statements may follow it on the 'same line, each terminated by a

semicolon or carriage return. The only restriction cn;statémentkfﬁtmat ;,‘;}

; : ; ,E?; if;ptesent,,must start ,by,rcolumn, 30,yo£~,the-;'jf',~

- input record, or be separated from the preceeding field by only one
space. SRR e . e [ A s i

is that optional £

2.6.1 - Primary Statements

_ Primary statements consist of an label field, an mnemonic operation =
code field, an operand field, and an comment field. All statement

fields are optional however, an operation code‘f1EId7must‘be‘present  1f3"; *4 ~
anAkpperand_‘fial&:sisltafbeluaed.; Some operations have teSt:ictiéﬁs~onf7i; e
label and/or operand fields. Notice that a aull line is a valid primary

statement, as 1s a line withonlya comment (which must:beginjaf:exf :

1nput]coluwﬂ~30§;f,7;;

 Labels, if present, must begin in column one of a primary
statemerit, and consist of a valid “assembler identifier. The label =
should terminate with a space, a period, or a colon. Labels terminating =
ed  in the parent dictibnary of the current

w243 -

‘“”ts;Beginfﬁith‘either a piﬁs»sign{"+“, ,an,'aStef£Sk;? f
or a pertod ".", and are terminated with a carriage return

terminating with a peried are defined in the global 'dictionafy«’and jf,f"‘
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represent global definitions. The value of a primary source statement
label is the value of the program counter at the beginning of statement
evaluation, and has the relocation attributes of the»currently\activek
program counter. FE T : R

~In order to clear up some of the details of the previous
paragraphs, an example of assembly source statements is provided. - This
.. section of code is a subroutine to perform a single bit right arithmetic

shift on a multi-byte field. C e 8

1. ® . . S
2. .  SUBROUTINE TO SHIFT A FIELD ONE BIT RIGHT
4 . ENTER WITH X => FIELD TO SHIFT
5. : B = BYTE COUNT OF FIELD
6. 4 R ‘
\ , 7. ; PROC R
0000 A6 84 8. SHIFT: LDA 0,X GET FIRST BYTE B
0002 47 9. ASRA SHIFT RIGHT ARITHMETIC
0003 A7 80 10. ~ STA  0,%+ PUT BACK IN MEMORY
0005 5A 11. DECB DECREMENT THE BYTE COUNT
0006 A6 84 12. ROTATE = LDA 0,X GET NEXT BYTE e
0008 46 13. - RORA ROTATE RIGHT ONE BIT
0009 A7 80 4. STA  0,X+ PUT BACK IN MEMORY
~000B 54 - s, DECB DECREMENT BYTE COUNT
000C 26 F8 16. BNE  ROTATE CONTINUE TILL DONE
000E 39 17. .~ RrTS f , :
o . 18. END

Lines 1-6 of the above subroutine are commentskexﬁlaiuihg'whatfthe'“

routine does and how it is to be ‘parameterized.  Such comments are, .
strictly speaking, unnecessary in that the aasembler~igno:es them. They -

are provided to benefi programmers (perhaps yourself) attempting to

- understand the code. It is always considered gobé'cddiﬂg(practice;to  :
type a few extra lines to tha:dughly document subroutines. Notice that

line 1 is an asterisk-type comment. This line helps to assure that this =

routine will not cross over a page fold in a printed listing.

Lines 8-17 are assembler source statements ahd~fepre3ent‘éctual»

| :f6§09‘machine instructions. The object code generated by the assembler
. appears to the left of the line number. The label "SHIFT:" on line 8 is
an explicitly declared entry point to the subroutine and has the value

0000 (Hex).  The "LDA" in 1ine 8 is an assembler mnemomic for "Load

Accumulator". The "0,X" is the operand and signifies indexed addressing*lﬂ“f
~ mode (see addressing modes) . The label "ROTATE" on311ne-12sis.aﬁlocalj,3;
label and has the value 0006 (Hex). It is not defined anywhere outside

labels..

Lines 7 and 18 are assembler directives and are;uséd.tOfdeliﬁit“the ;V

of the subroutine and will not conflict with other similarly named l7‘ ‘

subroutine. For more details on their function, conSult_thelchspterlnon’iV o

: assembler_directiVES.
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2.6.2 - Secondary Statements

. Secondary statements begin after the_fsemicolon terminating a
primary statement, and consist of a mnemonic operation code field, an

operand field, and a comment field. Labels may not be defined in a
- secondary statement. As before, operand and comment fields are

optional. = Note that operation codes are required in secondary

statements. If the Motorola compatability option has been selected, no =

secondary statements will be recognised. A short segment of code

containiﬁg'secoﬁdafyfstatements,vill serve tO'illust:ate their utility:

LDD  CHERSUM Pick up the Checksum
LSRA; ROLBE ‘Shift it Left one Bit
 ADDD  NEWORD = Add in the Next Word
~ STD  CHERSUM Stuff Back in Sum
2.6.3 - Mnemonic Operation Codes |

~ Assembler sourcélétste&ént mnemonic operation codes may be 6809

~operation mnemonics  listed Table 2.1, 6800 Family compatability o
mnemonics, listed in table 2.2, or 6809 extended mnemonics, listed in L
table 2.3, The 6809 and 6800 Pamily mnemonics are identical to those

defined by Motorola in the 6809 Programming and Macro Assemblers manual,

publication M68MASR. The 6800 Family compatability mnemonics are

provided to simplify the process of upgrading previously written 6800

software to run on the 6809. Note that not all 6800 Family operations
have equivalent 6809 operations, and;thatftﬁe*;asseﬁblerw will generate
~instruction  'sequences that emulate the 6800 operations.  Several

to simplify syntax for several types of operations.

extended mnemonics are provided as an aid to structured programming; and  L

: ‘be_ﬁfiﬁ&f? 5féféﬁé#f3;the muemonic muét;5b6~ séparated;'frdm:‘theui; f7'
~label (if any) by at least one separator character. No distinction is
- made between upper case and lower case mnemonics, so that the mnemonic

for a 6809 no-operation can be either "NOP" or "mop", or for that

. matter, "Nop" or "n0p", ete. In general, each“mnemanic,codé‘_corespOnds‘“
with a 6809 machine instruction. This assembler also recognises 6800

Family mnemonics, and performs a cross-assembly into £ﬁnctiénélly73‘

: equivaleﬁtj58@9;1ﬁ§tfuctioné; 

k "“Theﬂ6890 Fémi1yiéﬁéf&fibﬁs have been. iﬁéfud&df to prdVide"fdff‘a~‘V

_simple and ~rapid upgtade to 6809 from other members of the family. In

most cases, the code can simply be reassembled for the 6809. There are

certain functional differences that may create problems. In particular,

the use of comstructs like "BNE #+12" are likely to be troublesome. In
any eVeht,kthe,éross,aésémblé&‘code is likely to be much less effecient,
both in terms of time and code space, than code rewritten for the 6809. =

2.604 - Operands

Source statement operand fields are req&ireé with'many;of‘the,‘6809,“r”
~mnemonic operations. If  present, the operand field must begin before
~-column 30 of the input statement, or be separated from the mnemonic
field by exactly one space. Operands can consist of register or flag

- 2a§ <
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designators, addressing mode indicators, and expressions. The exact
format of an operand varies with the addressing mode capabilities of the
particular instruction. A detailed functional description of the
various 6809 addressing modes 1is covered in a later chapter of this :
- publication. Any information in the operand field of instructions that
do not have operands is treated as statement comments. ‘ '

2.6.5 - Statement Cqﬁments

Statement yéoﬁmehts sféiloﬁ the operand ‘fieié '(if' breséht) and

~ continue until the end of statement is encountered. The end o£f 
 statement may be the carriage return at the end of a line, or it may be

a semicolon character. A semicolon indicates that secondary statements

will follow on the same source. input line.

One complication cahéed by the ability to have multiple statements

per line is that statement comments (as opposed to comment statements)
may not contain the semicolon character unless certain restrictions are

noted. First, the semicolon should appear after column 30 on the input

line, and second, the semicolon should be followed by at least two “;:L
spaces. This will inform the assembler that no more statements may be

found on this line.

Another consideration that must be noted when using multiple =

~ Statements per line is that it is possible to make the assembler think
~ that the first statement comment on a line should be treated as a

secondary statement. In order to avoid this difficulty, it is suggestedf “  _' 
that the 1last secondary statement on a line be terminated with a space

instead of a semicolon. Some examples of this technique are shown:

FILL STA 0,X+; DECB; BNE FILL Fill a fleld
- ASRA; RORB e Shift D-Register Right

2.7 < Assembler DiréétiVeS:

Assembler directives must always be encountered in the conmtext of a0
primary statement, i.e., they must be the only operation appearing onag
line of dnput text. Several directives ~have restrictions on the =
~presence of label fields and will generate an error message if these

restrictions are not mets Similarly, several directives ~have
restrictions on the presence of operand fields. Assembler directives

‘vary widely in function and are discussed in a separate chapter of thisﬁL;‘

document. Valid assembler directives are listed in table 2.4.

- 2;5 -
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ASL = ASLA ASLB

 BITA BITB
 BLT  LBLT
"BMI  LBMI
BNE  LBNE
“BRN  LERN
N BVC . LBVC
BZC  LBZC

CLR.

DEC  DECA DECB
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NEG NECA NEGB .
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Add B to IXR

‘Add with Carry

 Add without Carry
‘Logical And iy
':‘Arithmetic Shift left
Arithmetic SHift Right
- Branch on Carry Clear
‘Branch on Carry Set
Branch on Equal

ADDA ADDB ADDD

»
.
»

.
.
»

. e
.
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Branch on Greater
~ Branch on Higher s
- Branch on Higher or Same T
‘Bit Test S
~Branch on Less or Equal
- Branch on Less
Branch on Minus
 ‘Branch on Not Equal
- Branch on Plus
_ Branch
- Branch Never : s
Branch to throatine, o
Branch on Overflow Clear
Branch on Overflow Set
~ Branch on Zero Clear
‘Branch on Zero Set
- Clear doul
- Compare
3Camplimént Ui
- Conditioned W&it
Decimal Adjust
'Decrement
 Exclusive Or
_ Exchange Registers
f_Increment ; LR
Jump '
 Jump to Subroutine
 Load Register
~ Load Effective Address
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~ Multiply ~
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. No-Operation
 Inclusive Or
- Push Begisters
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RTL
RTS

SBCA.

- SEX
STA
SuUBA
SWI.

SYNC
TFR

TST

ABA
ASLD
CBA
CLC
- CLI

CLV

CPX
'DES
DEX
-INS

INX

 LDAA

~ LSRD

" PSHA
PULA
'SEC
- SEI

- SEV
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ey
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g . - *
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* » .
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- Transfer Accumulators =

Add B to A ;
Arithmetic Left Shift
Compare B to A

Clear Carry

Clear Interrupt Hhsk ,
Clear Overflow
Compare to Index
Decrement Stack Pointer
Decrement Index Pointer
Increment Stack Pointer
Increment Index

Load Accumulator
Logical Right Shift e
Inclusive Or Accumulatot¢]~"l i
Push on System Stack e
Pull from System Stack
Set Carry

Set Interrupt Mask

Set Overflow

Store Accumulator

Transfer Condition Flags
Transfer Stack and Index
Whit for Interrupt T
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Mnemonic Operation COdéS‘

Clear ‘Condition Codes
Enable and Wait

“Exit from Procedure

Mark Stack fotr Procedure.

~ Return with Registers

Set Condition Codes

Assembler Directives
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- Block Storage of Zeros
“End of Segment

End of File (Generated)
Equate Value
Generate Error Message

~ Conditional Error ‘Message
- Form Constant Bytes
_Form Constant Characters

. Form Double Bytes . b
 Form Multiple Bytes

Include Library File =
Name Module D
Set: Assembler Options

- Begin Program Counter

Begin New Page

Begin Procedure .

Begin Public Library :
Begin Qualified Structure

‘Reserve Memory Bytes S
Set Direct Page Addressing
- Space Listing :

Provide Title

‘ ~Usge Ptogram Counter
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30 6809 software  Architecture

~~Th - . -
_ ¢ 6809 microprocessor is »  stack-oriented, one-address
microprocessor containing two accumulators, four pointer Yegisters, a ve

direct page  register, anda condition flag register. With the addition

of more pointer registers and = powerful  complement of addressing modes,

the 6809~ is a major Improvemerseer  previous 6800 Family processors.
Figure 3-1 1s = programming model of the 6809 microprocessor. The
following paragraphs  give = prief description  of each register andof

how i referenced the  programmer when  writin
L9 & byde » g assembler source

3s] = ArithmetiRegisters

: The 6809 hes  two eight  bit accumulatogsalledthe Aand B
- accumulators) that are used ©o perform  arithmetic  and logic operations.

For matt\operations the A. and Baccumulators can be treated like a

Single _SiX gen bit  accumulator (called the D accumulator), providing.

O much improved performance in  multiple-precision operations.  The 6809
performs  all - arithmetic operations in two's  complement format.  The 6809.

S a\x/lr')[hmetlc tegisters e refered © by the single letters "A", "B", or

| 362 PointRegisters
The680Nasfousixteenpjtpointeregistersthat can be used as.

- base addresa registers for indexed 'mode addressing.  There are two index
UE‘FS?IrS]tteerSrlre_'_reel"ngfdo as the XUV?’réd "Y" registers,  the user  Stac

5 to as the "Uwegister, ad the sygem stack pojnter,
prefered ‘o ap the “S" reg|5ter_ The various ‘eorﬁsblhae%io%é cary

~Andexed ?dﬁaddressingllows_all four  pointer  registers o peused a5
explictt  staCk pointers. Inaddition, the two stack registers have a

% ries -Of PUSH and PULLinstructions . to facilitate zero  gddres i (stack).
rograming. [ implicitly  ysed by the 6809.
mICI’OpI'OCIWSSU eI’Ou Iaﬁ%@}':s)mtagdrs interrupts.



