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Intr oduction

gpasmis meantto be an opensourcereplacementor the Microchip (TM) product
MPASM, an assembleffor Microchip’s popular PICmicro (TM) line of microcon-
trollers. This manualcoversthe basicsof runninggpasm:for more detailson a mi-
croprocessgronsultthe manualfor the specificPICmicroproductthatyou areusing.

Thedocuments partof gpasm.

gpasmis free software;you canredistrituteit and/ormodify it underthe termsof
the GNU GeneraPublicLicenseaspublishedoy the FreeSoftwareFoundationgither
version2, or (atyouroption)ary laterversion.

gpasmis distributedin the hopethatit will be useful,but WITHOUT ANY WAR-
RANTY; without even the implied warrantyof MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE Seethe GNU GeneralPublic Licensefor more
details.

You shouldhave receved a copy of the GNU GeneralPublic Licensealongwith
gpasmseethefile COPYING.If not,write to theFreeSoftwareFoundation59 Temple
Place- Suite330,Boston,MA 02111-1307USA.
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Chapter 1

Running gpasm

Thegenerakyntaxfor runninggpasms

gpasm <options>  <asm-file>

Whereoptionscanbe oneof:

| Option

Meaning

a<format>

Producehex file in one of threeformats: inhx8m (the default), inhx8s,
inhx32.

d symbol[=\alue]

Equivalentto “#define<symbol><value>".

c

Do notignorecasein sourcecode. By default gpasmgo treat“fooYa”
and“FOQYA’as equal.

p <processor>

Selecttarget processgrwhich may be one of the processordisted in
sectiord. 1.

r <radix> Settheradix, i.e. the numberbasethat gpasmuseswheninterpreting
numbers.<radix>canbe oneof “oct”, “dec” and“hex” for basesight,
ten,andsixteenrespectiely. Defaultis “hex”.

Y Printgpasmversioninformationandexit.

Unlessotherwisespecified,gpasmremovesthe “.asm” suffix from its input file,
replacingt with “.Ist” and“.hex” for thelist andhex outputfilesrespectrely. Onmost
modernoperatingsystemscaseis significantin filenames.For this reasonyou should
ensurghatfilenamesarenamedconsistentlyandthatthe “.asm” suffix on ary source
file is in lower case.

gpasmalways producesa “.Ist” file. If it runswithout errors,it alsoproducesa

“ hex” file.

1.1 Usinggpasmwith “make”

On mostoperatingsystemsyou can build a projectusing the male utility. To use
gpasmwith make, you might have a “makefile” lik e this:
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8 CHAPTER1. RUNNING GFASM

tree.hex: tree.asm treedef.inc
gpasm tree.asm

This will rehuild “tree.hex” whenever either of the “tree.asm”or “treedef.inc” files
change.

1.2 Dealingwith errors

gpasmdoesnt specificallycreatean errorfile. This canbe a problemif you wantto
keepa recordof errors,or if your assemblyproducesso mary errorsthatthey scroll
off the screen. To dealwith this if your shellis “sh”, “bash” or “ksh”, you cando
somethindike:

gpasm tree.asm 2>&1 | tee tree.err

This redirectsstandarcerror to standardbutput(“2>&1"), thenpipesthis outputinto
“tee”, which copiesit inputto “tree.err”,andthendisplaysit.



Chapter 2

Syntax

2.1 File structure

gpasmsourcefiles consistof a seriesof lines. Lines cancontaina label (startingin
columnl) or anoperation(startingin any columnafter1), both,or neither Comments
follow a“;” characterandaretreatedasa newline. Labelsmay be ary seriesof the
lettersA-z, digits 0-9,andtheunderscoré’_"); they maynotbeginwith adigit. Labels
may befollowedby acolon(“:").

An operations a singleidentifier (the samerulesasfor alabelabove) followedby
aspaceanda comma-separatdist of parameterskFor example,the following areall
legal sourcelines:

; Blank line
loop sleep ; Label and operation
incf 6,1 ; Operation with 2 parameters
goto loop ; Operation with 1 parameter

2.2 Expressions

gpasmsupportsa full setof operatorsbasedon the C operatorset. The operators
in the following tablearearrangedn groupsof equalprecedencehut the groupsare
arrangedn orderof increasingprecedenceWhengpasmencountersperatorof equal
precedencdt alwaysevaluatedrom left to right.
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10 CHAPTERZ2. SYNTAX

| Operator] Description |
| = | assignment |
&& logicaland
Il logical or
& bitwiseand
| bitwise or
" bitwise exclusive-or
< lessthan
> greaterthan
== equals
I= notequals
>= greatetthanor equal
<= lessthanor equal
<< left shift
>> right shift
+ addition
- subtraction
* multiplication
/ division
% modulo
HIGH highbyte
LOW low byte
- negation
! logical not
~ bitwisenot

2.3 Numbers

gpasmgivesyou severalwaysof specifyingnumbers.You canusea syntaxthatuses
aninitial characteto indicatethe numbers base.Thefollowing tablesummarizeshe
alternatves.Notethe C-styleoptionfor specifyinghexadecimahumbers.

| base | generabyntax| 21decimalwrittenas |

binary B’ [O1]* B'10101
octal o’[o-71* 025

decimal D’[0-9]* D21
hex H'[0-F]* H'15’
hex 0x[O-FJ* 0x15

Whenyou write a numberwithout a specifyingprefix suchas“45”, gpasmuses
the currentradix (base)to interpretthe number You canchangethis radix with the
RADIX directive,or with the“-r" optionon gpasmscommand-linelf youdonotstart
hexadecimahumberawith a digit, gpasmwill attemptto interpretwhatyou’ve written
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asanidentifier For example,insteadof writing C2, write either0C2,0xC2or H'C2'.
Caseés notsignificantwheninterpretingnumbers:0ca,0CA, h’'CA’ andH'ca’ are
all equivalent.
You canwrite the ASCII codefor acharacteiX using’X’, or A’X'.

2.4 Preprocessor
A line suchas:
include  foo.inc

will make gpasmfetchsourcdinesfrom thefile “foo.inc” until theendof thefile, and

thenreturnto theoriginal sourcefile attheline following theinclude.
Linesbeginningwith a“#” arepreprocessodirectves,andaretreateddifferently

by gpasm.They maycontaina “#define”, or a“#undefine”directive.
Oncegpasmhasprocessed line suchas:

#define XY
every subsequerccurrencef X is replacedwith Y, until theendof file or aline
#undefine X

appears.

The preprocessoin gpasmis only like the C preprocessorits syntaxis rather
differentfrom thatof the C preprocessogpasnusesa simpleinternalpreprocessaio
implement‘include”, “#define” and“#undefine”.
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Chapter 3

Dir ectives

3.1 Codegeneration

To setthe PIC memorylocationwheregpasmwill startassemblingode,usethe ORG
directive. If youdon't specifyanaddressvith ORG, gpasmassumegfx0000.

3.2 Configuration

You canchoosethe fuse settingsfor your PIC implementatiorusingthe _ CONFIG
directive, sothatthe hex file setthe fusesexplicitly. Naturally you shouldmake sure
thatthesesettingsmatchyour PIC hardwaredesign.

The __ MAXRAM and__ BADRAM directivesspecifywhich RAM locationsare
legal. Thesedirectivesaremostly usedin processosspecificconfiguratiorfiles.

3.3 Conditional assembly
ThelF, IFNDEF, IFDEF, ELSE andENDIF directivesenableyou to assembleertain
sectionsof codeonly if a conditionis met. In themseles,they do not causegpasmto
emitary PIC code.Theexamplein section3.4for demonstratesonditionalassembly
3.4 Macros
gpasmsupportsa simplemacroschemeyou candefineandusemacrodik e this:
any macro parm
moviw parm
endm

any 33
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14 CHAPTERS3. DIRECTIVES

A moreusefulexampleof somemacrosn useis:

; Shift  reg left, result  (w or f) in ’dst

sif macro reg,dst
clrc
rif reg,f
endm
; Scale Wby “factor”. Result in “reg”, W unchanged.
scale macro reg, factor
if (factor == 1)
movwf reg ; multiplication by 1 is easy
else
scale reg, (factor / 2) ; reg = W* (factor !/ 2)
sif reg,f ; double reg
if ((factor & 1) == 1) ; if  lo-bit of factor is 1 ..
addwf reg,f ; .. add Wto reg
endif
endif
endm

This recursve macrogeneratesodeto multiply W by a constantfactor”, andstores
theresultin “reg”. Sowriting:

scale tmp,D’'10’

is thesameaswriting:

movwf tmp ; tmp = W

clrc

rif tmp,f ;o tmp =2 * W

clrc

rIf tmp,f ; tmp =4 * W

addwf tmp,f ;o tmp = (4 * W)+ W=5* W
clrc

rif tmp,f ; tmp = 10 * W

3.5 Suggestiondor structuring your code

NestedF operationganquickly becomeconfusing.Indentationis oneway of making
codeclearer Anotherway is to addbraceson IF, ELSEandENDIF, lik e this:

IF  (this) pq
ELSE .

ENDIF )
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After you've donethis, you canuseyour text editor’s shav-matching-bracéo check
matchingpartsof thelF structure.In vi thiscommands “%”, in emacst’'s M-C-f and
M-C-h.

3.6 Directive summary

__BADRAM

__BADRAM<expression> [[ <expression]*

instructsgpasmthatit shouldgeneratean errorif thereis ary useof the given RAM
locations. Specifya rangeof addressewvith <lo>-<hi>. Seeary processospecific
headefile for anexample.

Seealso:  MAXRAM

__CONFIG
___CONFIG <expression>

setsthe PIC processos configuratiorfuses.

_ MAXRAM
__MAXRAM<expression>

instructsgpasnthatanattempto useary RAM locationabovetheonespecifiedshould
betreatedasanerror. Seeary processospecificheadeffile for anexample.
Seealso:_ BADRAM

CBLOCK
CBLOCK<expression>

Marksthebeginningof ablock of constantsgpasmallocates/aluesfor symbolsin the
block startingatthe valuegivento CBLOCK.
Seealso:EQU

DATA

DATA <expression> [, <expression]*

generatethe specifieddata.
Seealso:DT
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DT

DT <expression> [, <expression]*

generatethe specifieddataasbytesin a sequencef RETLW instructions.
Seealso: DATA

ELSE
ELSE

marksthealternatesectionof a conditionalassemblyblock.
Seealso:IF, IFDEF, IFNDEF, ELSE,ENDIF

END
END

marksthe endof the sourcefile.

ENDC
ENDC

markstheendof a CBLOCK.
Seealso:CBLOCK

ENDIF
ENDIF

endsa conditionalassemblyblock.
Seealso:IFDEF, IFNDEF, ELSE,ENDIF

ENDM
ENDM

endsamacrodefinition.
Seealso: MACRO
EQU
<label> EQU <expression>
permanenthassignghe valueobtainedby evaluating<expression>to the symbol<la-

bel>.
Seealso:SET
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IF
IF <expression>

begin a conditionalassemblyblock. If the valueobtainedby evaluating<expression>
is true (i.e. non-zero),codeup to the following ELSE or ENDIF is assembled.If
thevalueis false(i.e. zero),codeis not assembledintil the correspondindeLSE or
ENDIF.

Seealso:IFDEF IFNDEF ELSE,ENDIF

IFDEF
IFDEF <symbol>

begin a conditionalassemblyblock. If <symbol>appearegreviously in a '#define’
directive, gpasmassemblethefollowing code.
Seealso:IF, IFNDEF, ELSE,ENDIF

IFNDEF
IFNDEF <symbol>

begin aconditionalassemblylock. If <symbol>hasiotappearegreviouslyin a’'#de-
fine’ directive, gpasmassemblethefollowing code.
Seealso:IF, IFNDEF, ELSE,ENDIF

LIST
LIST <expression> [ , <expression> ]| *

enableutputto thelist (“.Ist”) file. It mayalsochangehe stateof gpasmin various
surprisingways:

| option | description |
n=<expression> | Setsthenumberof linesperpage
r=[ oct| dec| hex] Setstheradix
st=[ ON | OFF] Symboltabledumpon or off
p = <symbol> Setsthecurrentprocessor

Seealso:NOLIST, RADIX, PROCESSOR

LOCAL
LOCAL <symbol> [ , <symbol> ]

declares<csymbol>aslocal to the macrothat’s currently being defined. This means
thatfurther occurrencesf <symbol>in the macrodefinitionreferto a local variable,
with scopeandlifetime limited to the executionof themacro.

Seealso:MACRO, ENDM
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MACRO
<label> MACRQ <symbol> [ , <symbol> [* ]

declaresa macrowith name<label>. gpasnreplacesary occurrencesf <symbol>in
themacrodefinitionwith the parametergivenat macroinvocation.
Seealso:LOCAL, ENDM

MESSG
MESSG<string>

writes<string>to thelist file, andto the standarcderroroutput.

NOLIST
NOLIST

disabledist file output.
Seealso:LIST

ORG

ORG <expression>

setsthelocationatwhichinstructionswill beplaced.If thesourcefile doesnotspecify
anaddressvith ORG, gpasmassumean ORG of zero.

PAGE
PAGE

causeghelist file to advanceto the next page.
Seealso:LIST

PROCESSOR
PROCESSORssymbol>

selectghetamgetprocessarSeesectiond.1 for moredetails.
Seealso:LIST

RADIX
RADIX <symbol>

selectghe defaultradix from “oct” for octal,“dec” for decimalor “hex” for hexadeci-
mal. gpasnusesthis radix to interpretnumberghatdon’t have anexplicit radix.
Seealso:LIST
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SPACE
SPACE <expression>

setsaside<expression>wordsin the codearea. SFACE doesthis by adwancingthe
codelocationby <expression>.
Seealso:ORG
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Chapter 4

Instructions

4.1 Supportedprocessors

gpasmcurrentlysupportghefollowing processors:

e PIC16C84

Theinstructionsetthatgpasmsupportddepend®n the selectegrocessar

21
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4.2 Instruction setfor PIC16CXX
Syntax | Description
ADDLW <imm8> | Addimmediateto W

ADDWEF <f>,<dst>

Add W to <f>, resultin <dst>

ANDLW <f> <dst>

And W and<f>, resultin <dst>

BCF <f>,<bit>

Clear<bit> of <f>

BSF<f>,<bit>

Set<bit> of <f>

BTFSC<f>,<bit>

Skip next instructionif <bit> of <f> is clear

BTFSS<f>,<bit>

Skip next instructionif <bit> of <f> is set

CALL <addr>

Call subroutine

CLRF<f>,<dst>

Write zeroto <dst>

CLRW

Write zeroto W

CLRWDT

Resetwatchdogimer

COMF <f>,<dst>

Complemenkf>, resultin <dst>

DECF<f>,<dst>

Decremenkf>, resultin <dst>

DECFSZz<f>,<dst>

Decremenkf>, resultin <dst>,skipif zero

GOTO <addr>

Goto <addr>

INCF <f>,<dst>

Incremenkf>, resultin <dst>

INCFSZ<f>,<dst>

Incremenkf>, resultin <dst>,skipif zero

IORLW <f>,<dst>

Or W and<f>, resultin <dst>

MOVF <f>,<dst>

Move <f> to <dst>

MOVLW <imm8> | Moveliteralto W

MOVWF <f> Move W to <f>

NOP No operation

OPTION

RETFIE Returnfrom interrupt

RETLW <imm8> LoadW with immediateandreturn
RETURN Returnfrom subroutine

RLF <f>,<dst>

Rotate<f> left, resultin <dst>

RRF<f><dst>

Rotate<f> right, resultin <dst>

SLEEP

Entersleepmode

SUBLW

SubtractW from literal

SUBWEF<f><dst>

SubtractW from <f>, resultin <dst>

SWAPF <f>,<dst>

Swapnibblesof <f>, resultin <dst>

TRIS

XORLW

Xor W and<f>, resultin <dst>

XORWF

Xor W andimmediate

Therearealsoa numberof standardadditionalmacrosthatgpasmreadsfrom the

file “special.inc”. Consultthatfile for moredetails.Thesemacrosare:




4.2.

INSTRUCTION SETFORPIC16CXX

| Syntax | Description
ADDCF <f>,<dst> | Add carryto <f>, resultin <dst>
B <addr> Branch
BC <addr> Branchon carry
BZ <addr> Branchon zero
BNC <addr> Branchonnocarry
BNZ <addr> Branchonnotzero
CLRC Clearcarry
CLRZz Clearzero
SETC Setcarry
SETZ Setzero
MOVFW <f> Movefile to W
NEGF<f> Negate<f>
SKPC Skipon carry
SKPZ Skipon zero
SKPNC Skiponnocarry
SKPNZ Skiponnotzero

SUBCF<f>,<dst>

Subtractcarryfrom <f>, resultin <dst>

TSTF<f>

Test<f>
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Chapter 5

Err ors

gpasmwritesevery errormessagé¢o two locations:

e thestandarcerroroutput

o thelist file (“.Ist”)
Theformatof errormessages:
Error  <src-file> <line> : <code> <description>
where:

<src-file> is thesourcefile wheregpasmencounteretheerror
<line> istheline number
<code> is the 3-digit codefor theerror, givenin thelist belov

<description> is a shortdescriptionof the error. In somecaseghis containsfurther
informationabouttheerror.

Error messagearesuitablefor parsingby emacs*compilationmode”.
This chapteldiststheerrormessagethatgpasmproduces.

101 ERRORdirective
A usergenerateerror Seethe ERROR directive for moredetails.
102 Outof memory

gpasmhasrun out of memory: checkyour operatingsystems settingsto determine
how muchvirtual memoryis available.If theresplentyof memoryavailable this error
probablymeanghattherewasabugin gpasm.

103 Syntaxerror
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Checkthe sourcecodeat the givenline for syntax. Ensurethatlabelsstartin column
1, parenthesearebalancedandnumberdollow therulesin section2.3.

104 Cant evaluateexpression

gpasmwasunableto determinethe valueof an expression.This usuallymeanghata
labelwasunresolhed.

105 Too few/mary operandgor opcode gxpectedX

If the operationwasa machineinstruction,checkthe opcodein chapterd. If the oper
ationwasa macrodefinition,checkthe macros definitionin the source.

106 Invalid RAM address

A __ MAXRAM or__ BADRAM operationspecifieda RAM addresghatwasout of
range.

107 Unexpected'else"

gpasmencountere@n “else” directive thatdidn’t seemto have a precedind'if . See
thesuggestioni section3.5.

108 Unexpected'endif"

gpasmencounteredn “endif” directive thatdidn’t seemto have a precedind'if ” or
“else”. Seethe suggestion section3.5.

109 Expressiorioo comple

gpasmencounterech complex expressionwhereit expecteda simple one, usuallya
singleidentifier Somedirectivesthat expect simple parametersMACRO, IFDEFR
IFNDEF, LOCAL, LIST, PROCESSORRADIX.

110 Expectedstring
The MESSGdirective only acceptsa singlestringargument.
112 Unknown opcod€e'X"

The opcodeis not a known instructionfor the selectedorocessqgrnor is it a defined
macro. Checkthe spellingof the opcode andthe selectedorocessarlf it's a macro,
checkthemacrodefinition.

113 lllegal characteiX in numericconstant

Legal characterén numberconstantare0-1 for binary, 0-8 for octal,0-9 for decimal,
andO-Ffor hexadecimal.

114 Valueof symbol"X" differsonsecondhass
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gpasmis a two-passassemblerIf the value of a symbolis differenton the first and
secondhassesthereis a problemwith the code.

115 Unableto openfile "X"

The file X could not be found. Checkthatit is in the include path. Filenamesare
case-sensite on mostmodernoperatingsystems.

116 Unexpected'endm”

gpasmencounteredn“endm” directive thatdidn’t seemo have aprecedingmacro”.
Checkthatthemacrowasnt alreadyended.

117 Missingmacrolabel

Macrosmusthave alabel.

118 Attemptto redefinemacro;first definitionatline X

A secondattemptwasmadeto definethe samemacro.

119 Attemptto use"local" outsidemacrodefinition

Thelocal directive is only meaningfulinsidea macrodefinition. Seesection3.4.
120 Duplicatemacroparameter

You cannotusethesamedentifiermorethanonein amacrodefinition’s parametelist.
121 Processoalreadyselected

A processohasalreadybeenselectedYou mustselectthe processoonly once.
122 Unrecognizegbrocessor

The specifiedprocessois not recognizedoy gpasm. Checkthe processordisted in
sectiord.1.

123 Unrecognizedadix

A radix specifiedonthecommand-linerin theRADIX directve wasinvalid. Choices
areOCT, DEC andHEX for octal,decimalandhexadecimakespectiely.

125 Optionshouldbe"OFF" or "ON"
SeetheLIST directivein section3.6.
126 Attemptto useillegal RAM location

The instructionreferenceda RAM location specifiedas illegal in a BADRAM or
MAXRAM directive.

127 Bit addres®ut of range

The instructionspecifieda bit positionthat is out of range. Valid rangeis 0 (least
significantbit) to 7 (mostsignificantbit).
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