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Intr oduction

gpasmis meantto be an opensourcereplacementfor the Microchip (TM) product
MPASM, an assemblerfor Microchip’s popularPICmicro (TM) line of microcon-
trollers. This manualcoversthe basicsof runninggpasm:for moredetailson a mi-
croprocessor, consultthemanualfor thespecificPICmicroproductthatyou areusing.

Thedocumentis partof gpasm.
gpasmis freesoftware;you canredistributeit and/ormodify it underthetermsof

theGNU GeneralPublicLicenseaspublishedby theFreeSoftwareFoundation;either
version2, or (at youroption)any laterversion.

gpasmis distributedin thehopethat it will beuseful,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 receiveda copy of theGNU GeneralPublicLicensealongwith
gpasm;seethefile COPYING.If not,write to theFreeSoftwareFoundation,59Temple
Place- Suite330,Boston,MA 02111-1307,USA.
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Chapter 1

Running gpasm

Thegeneralsyntaxfor runninggpasmis

gpasm <options> <asm-file>

Whereoptionscanbeoneof:

Option Meaning

a <format> Producehex file in oneof threeformats: inhx8m(thedefault), inhx8s,
inhx32.

d symbol[=value] Equivalentto “#define<symbol><value>”.
c

Do not ignorecasein sourcecode. By default gpasmsto treat“fooYa”
and“FOOYA”asequal.

p <processor> Selecttarget processor, which may be one of the processorslisted in
section4.1.

r <radix> Set the radix, i.e. the numberbasethat gpasmuseswheninterpreting
numbers.<radix>canbeoneof “oct”, “dec” and“hex” for baseseight,
ten,andsixteenrespectively. Default is “hex”.

v Printgpasmversioninformationandexit.

Unlessotherwisespecified,gpasmremovesthe “.asm” suffix from its input file,
replacingit with “.lst” and“.hex” for thelist andhex outputfilesrespectively. Onmost
modernoperatingsystemscaseis significantin filenames.For this reasonyou should
ensurethatfilenamesarenamedconsistently, andthatthe“.asm” suffix on any source
file is in lowercase.

gpasmalwaysproducesa “.lst” file. If it runswithout errors,it alsoproducesa
“.hex” file.

1.1 Usinggpasmwith “mak e”

On mostoperatingsystems,you can build a projectusing the make utility. To use
gpasmwith make,youmighthavea “makefile” like this:
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tree.hex: tree.asm treedef.inc
gpasm tree.asm

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

1.2 Dealingwith errors

gpasmdoesn’t specificallycreatean errorfile. This canbe a problemif you want to
keepa recordof errors,or if your assemblyproducesso many errorsthat they scroll
off the screen. To dealwith this if your shell is “sh”, “bash” or “ksh”, you cando
somethinglike:

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

This redirectsstandarderror to standardoutput(“2>&1”), thenpipesthis outputinto
“tee”, whichcopiesit input to “tree.err”,andthendisplaysit.



Chapter 2

Syntax

2.1 File structure

gpasmsourcefiles consistof a seriesof lines. Lines cancontaina label (startingin
column1) or anoperation(startingin any columnafter1), both,or neither. Comments
follow a “;” character, andaretreatedasa newline. Labelsmaybe any seriesof the
lettersA-z, digits0-9,andtheunderscore(“_”); they maynotbeginwith adigit. Labels
maybefollowedby a colon(“:”).

An operationis a singleidentifier(thesamerulesasfor a labelabove)followedby
a space,anda comma-separatedlist of parameters.For example,thefollowing areall
legalsourcelines:

; 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 set of operators,basedon the C operatorset. The operators
in the following tablearearrangedin groupsof equalprecedence,but thegroupsare
arrangedin orderof increasingprecedence.Whengpasmencountersoperatorsof equal
precedence,it alwaysevaluatesfrom left to right.
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Operator Description

= assignment

&& logicaland
|| logicalor

& bitwiseand
| bitwiseor
ˆ bitwiseexclusive-or

< lessthan
> greaterthan
== equals
!= notequals
>= greaterthanor equal
<= lessthanor equal

<< left shift
>> right shift

+ addition
- subtraction

* multiplication
/ division
% modulo

HIGH highbyte
LOW low byte

- negation
! logicalnot
˜ bitwisenot

2.3 Numbers

gpasmgivesyou severalwaysof specifyingnumbers.You canusea syntaxthatuses
aninitial characterto indicatethenumber’sbase.Thefollowing tablesummarizesthe
alternatives.NotetheC-styleoptionfor specifyinghexadecimalnumbers.

base generalsyntax 21decimalwrittenas

binary B’[01]*’ B’10101’
octal O’[0-7]*’ O’25’

decimal D’[0-9]*’ D’21’
hex H’[0-F]*’ H’15’
hex 0x[0-F]* 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” optionongpasm’scommand-line.If youdonotstart
hexadecimalnumberswith adigit, gpasmwill attemptto interpretwhatyou’vewritten
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asanidentifier. For example,insteadof writing C2,write either0C2,0xC2or H’C2’.
Caseis not significantwheninterpretingnumbers:0ca,0CA, h’CA’ andH’ca’ are

all equivalent.
Youcanwrite theASCII codefor acharacterX using’X’, or A’X’.

2.4 Preprocessor

A line suchas:

include foo.inc

will makegpasmfetchsourcelinesfrom thefile “foo.inc” until theendof thefile, and
thenreturnto theoriginalsourcefile at theline following theinclude.

Linesbeginningwith a “#” arepreprocessordirectives,andaretreateddifferently
by gpasm.They maycontaina “#define”,or a “#undefine”directive.

Oncegpasmhasprocesseda line suchas:

#define X Y

everysubsequentoccurrenceof X is replacedwith Y, until theendof file or a line

#undefine X

appears.
The preprocessorin gpasmis only like the C preprocessor;its syntax is rather

differentfrom thatof theC preprocessor. gpasmusesasimpleinternalpreprocessorto
implement“include”, “#define”and“#undefine”.
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Chapter 3

Dir ectives

3.1 Codegeneration

To setthePICmemorylocationwheregpasmwill startassemblingcode,usetheORG
directive. If you don’t specifyanaddresswith ORG,gpasmassumes0x0000.

3.2 Configuration

You canchoosethe fusesettingsfor your PIC implementationusingthe __CONFIG
directive, so that thehex file setthe fusesexplicitly. Naturallyyou shouldmake sure
thatthesesettingsmatchyourPIChardwaredesign.

The__MAXRAM and__BADRAM directivesspecifywhich RAM locationsare
legal. Thesedirectivesaremostlyusedin processor-specificconfigurationfiles.

3.3 Conditional assembly

TheIF, IFNDEF, IFDEF, ELSEandENDIF directivesenableyou to assemblecertain
sectionsof codeonly if a conditionis met. In themselves,they do not causegpasmto
emitany PICcode.Theexamplein section3.4for demonstratesconditionalassembly.

3.4 Macros

gpasmsupportsa simplemacroscheme;youcandefineandusemacroslike this:

any macro parm
movlw parm
endm

...
any 33
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A moreusefulexampleof somemacrosin useis:

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

clrc
rlf reg,f
endm

; Scale W by “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)
slf reg,f ; double reg
if ((factor & 1) == 1) ; if lo-bit of factor is 1 ..

addwf reg,f ; .. add W to reg
endif

endif
endm

This recursive macrogeneratescodeto multiply W by a constant“f actor”, andstores
theresultin “reg”. Sowriting:

scale tmp,D’10’

is thesameaswriting:

movwf tmp ; tmp = W
clrc
rlf tmp,f ; tmp = 2 * W
clrc
rlf tmp,f ; tmp = 4 * W
addwf tmp,f ; tmp = (4 * W) + W = 5 * W
clrc
rlf tmp,f ; tmp = 10 * W

3.5 Suggestionsfor structuring your code

NestedIF operationscanquickly becomeconfusing.Indentationis onewayof making
codeclearer. Anotherway is to addbraceson IF, ELSEandENDIF, like this:

IF (this) ; {
...

ELSE ; }{
...

ENDIF ; }
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After you’ve donethis, you canuseyour text editor’s show-matching-braceto check
matchingpartsof theIF structure.In vi thiscommandis “%”, in emacsit’sM-C-f and
M-C-b.

3.6 Dir ectivesummary

__BADRAM

__BADRAM<expression> [, <expression]*

instructsgpasmthat it shouldgenerateanerror if thereis any useof thegivenRAM
locations. Specifya rangeof addresseswith <lo>-<hi>. Seeany processor-specific
headerfile for anexample.

Seealso:__MAXRAM

__CONFIG

__CONFIG <expression>

setsthePICprocessor’sconfigurationfuses.

__MAXRAM

__MAXRAM<expression>

instructsgpasmthatanattempttouseany RAM locationabovetheonespecifiedshould
betreatedasanerror. Seeany processorspecificheaderfile for anexample.

Seealso:__BADRAM

CBLOCK

CBLOCK<expression>

Marksthebeginningof ablockof constants.gpasmallocatesvaluesfor symbolsin the
blockstartingat thevaluegivento CBLOCK.

Seealso:EQU

DATA

DATA <expression> [, <expression]*

generatesthespecifieddata.
Seealso:DT
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DT

DT <expression> [, <expression]*

generatesthespecifieddataasbytesin asequenceof RETLW instructions.
Seealso:DATA

ELSE

ELSE

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

END

END

markstheendof thesourcefile.

ENDC

ENDC

markstheendof a CBLOCK.
Seealso:CBLOCK

ENDIF

ENDIF

endsaconditionalassemblyblock.
Seealso:IFDEF, IFNDEF, ELSE,ENDIF

ENDM

ENDM

endsamacrodefinition.
Seealso:MACRO

EQU

<label> EQU <expression>

permanentlyassignsthevalueobtainedby evaluating<expression>to thesymbol<la-
bel>.

Seealso:SET
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IF

IF <expression>

begin a conditionalassemblyblock. If thevalueobtainedby evaluating<expression>
is true (i.e. non-zero),codeup to the following ELSE or ENDIF is assembled.If
the valueis false(i.e. zero),codeis not assembleduntil the correspondingELSE or
ENDIF.

Seealso:IFDEF, IFNDEF, ELSE,ENDIF

IFDEF

IFDEF <symbol>

begin a conditionalassemblyblock. If <symbol>appearedpreviously in a ’#define’
directive,gpasmassemblesthefollowing code.

Seealso:IF, IFNDEF, ELSE,ENDIF

IFNDEF

IFNDEF <symbol>

begin aconditionalassemblyblock. If <symbol>hasnotappearedpreviouslyin a’#de-
fine’ directive,gpasmassemblesthefollowing code.

Seealso:IF, IFNDEF, ELSE,ENDIF

LIST

LIST <expression> [ , <expression> ] *

enablesoutputto thelist (“.lst”) file. It mayalsochangethestateof gpasmin various
surprisingways:

option description

n=<expression> Setsthenumberof linesperpage
r= [ oct | dec| hex ] Setstheradix
st= [ ON | OFF] Symboltabledumponor off

p = <symbol> Setsthecurrentprocessor

Seealso:NOLIST, RADIX, PROCESSOR

LOCAL

LOCAL <symbol> [ , <symbol> ]

declares<symbol>aslocal to the macrothat’s currentlybeingdefined. This means
that furtheroccurrencesof <symbol>in themacrodefinitionrefer to a local variable,
with scopeandlifetime limited to theexecutionof themacro.

Seealso:MACRO, ENDM
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MACRO

<label> MACRO[ <symbol> [ , <symbol> ]* ]

declaresa macrowith name<label>.gpasmreplacesany occurrencesof <symbol>in
themacrodefinitionwith theparametersgivenatmacroinvocation.

Seealso:LOCAL, ENDM

MESSG

MESSG<string>

writes<string>to thelist file, andto thestandarderroroutput.

NOLIST

NOLIST

disableslist file output.
Seealso:LIST

ORG

ORG<expression>

setsthelocationatwhich instructionswill beplaced.If thesourcefile doesnotspecify
anaddresswith ORG,gpasmassumesanORGof zero.

PAGE

PAGE

causesthelist file to advanceto thenext page.
Seealso:LIST

PROCESSOR

PROCESSOR<symbol>

selectsthetargetprocessor. Seesection4.1for moredetails.
Seealso:LIST

RADIX

RADIX <symbol>

selectsthedefault radix from “oct” for octal,“dec” for decimalor “hex” for hexadeci-
mal. gpasmusesthis radix to interpretnumbersthatdon’t haveanexplicit radix.

Seealso:LIST
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SPACE

SPACE <expression>

setsaside<expression>words in the codearea. SPACE doesthis by advancingthe
codelocationby <expression>.

Seealso:ORG
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Chapter 4

Instructions

4.1 Supportedprocessors

gpasmcurrentlysupportsthefollowing processors:

� PIC16C84

Theinstructionsetthatgpasmsupportsdependson theselectedprocessor.
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4.2 Instruction setfor PIC16CXX

Syntax Description

ADDLW <imm8> Add immediateto W
ADDWF <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> Skipnext instructionif <bit> of <f> is clear
BTFSS<f>,<bit> Skipnext instructionif <bit> of <f> is set
CALL <addr> Call subroutine
CLRF<f>,<dst> Write zeroto <dst>
CLRW Write zeroto W
CLRWDT Resetwatchdogtimer
COMF<f>,<dst> Complement<f>, resultin <dst>
DECF<f>,<dst> Decrement<f>, resultin <dst>
DECFSZ<f>,<dst> Decrement<f>, resultin <dst>,skip if zero
GOTO <addr> Goto <addr>
INCF <f>,<dst> Increment<f>, resultin <dst>
INCFSZ<f>,<dst> Increment<f>, resultin <dst>,skip if zero
IORLW <f>,<dst> Or W and<f>, resultin <dst>
MOVF <f>,<dst> Move<f> to <dst>
MOVLW <imm8> Moveliteral to W
MOVWF <f> MoveW 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
SUBWF<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:
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Syntax Description

ADDCF <f>,<dst> Add carryto <f>, resultin <dst>
B <addr> Branch
BC <addr> Branchoncarry
BZ <addr> Branchonzero
BNC <addr> Branchonnocarry
BNZ <addr> Branchonnotzero
CLRC Clearcarry
CLRZ Clearzero
SETC Setcarry
SETZ Setzero
MOVFW <f> Movefile to W
NEGF<f> Negate<f>
SKPC Skiponcarry
SKPZ Skiponzero
SKPNC Skiponnocarry
SKPNZ Skiponnotzero
SUBCF<f>,<dst> Subtractcarryfrom <f>, resultin <dst>
TSTF<f> Test<f>
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Chapter 5

Err ors

gpasmwriteseveryerrormessageto two locations:

� thestandarderroroutput

� thelist file (“.lst”)

Theformatof errormessagesis:

Error <src-file> <line> : <code> <description>

where:

<src-file> is thesourcefile wheregpasmencounteredtheerror

<line> is theline number

<code> is the3-digit codefor theerror, givenin thelist below

<description> is a shortdescriptionof theerror. In somecasesthis containsfurther
informationabouttheerror.

Errormessagesaresuitablefor parsingby emacs’“compilationmode”.
Thischapterlists theerrormessagesthatgpasmproduces.

101 ERRORdirective

A user-generatederror. SeetheERRORdirective for moredetails.

102 Outof memory

gpasmhasrun out of memory: checkyour operatingsystem’s settingsto determine
how muchvirtual memoryis available.If there’splentyof memoryavailable,thiserror
probablymeansthattherewasa bug in gpasm.

103 Syntaxerror

25
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Checkthesourcecodeat thegivenline for syntax.Ensurethat labelsstartin column
1, parenthesesarebalanced,andnumbersfollow therulesin section2.3.

104 Can’t evaluateexpression

gpasmwasunableto determinethevalueof anexpression.This usuallymeansthata
labelwasunresolved.

105 Too few/many operandsfor opcode,expectedX

If theoperationwasa machineinstruction,checktheopcodein chapter4. If theoper-
ationwasamacrodefinition,checkthemacro’sdefinitionin thesource.

106 Invalid RAM address

A __MAXRAM or __BADRAM operationspecifieda RAM addressthatwasout of
range.

107 Unexpected"else"

gpasmencounteredan“else” directive thatdidn’t seemto have a preceding“if ”. See
thesuggestionsin section3.5.

108 Unexpected"endif"

gpasmencounteredan “endif” directive that didn’t seemto have a preceding“if ” or
“else”. Seethesuggestionsin section3.5.

109 Expressiontoocomplex

gpasmencountereda complex expressionwhereit expecteda simpleone,usuallya
single identifier. Somedirectives that expect simple parameters:MACRO, IFDEF,
IFNDEF, LOCAL, LIST, PROCESSOR,RADIX.

110 Expectedstring

TheMESSGdirectiveonly acceptsasinglestringargument.

112 Unknown opcode"X"

The opcodeis not a known instructionfor the selectedprocessor, nor is it a defined
macro. Checkthespellingof theopcode,andtheselectedprocessor. If it’s a macro,
checkthemacrodefinition.

113 IllegalcharacterX in numericconstant

Legalcharactersin numberconstantsare0-1 for binary, 0-8 for octal,0-9 for decimal,
and0-F for hexadecimal.

114 Valueof symbol"X" differsonsecondpass
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gpasmis a two-passassembler. If the valueof a symbol is differenton the first and
secondpasses,thereis a problemwith thecode.

115 Unableto openfile "X"

The file X could not be found. Checkthat it is in the includepath. Filenamesare
case-sensitiveonmostmodernoperatingsystems.

116 Unexpected“endm”

gpasmencounteredan“endm” directivethatdidn’t seemto haveapreceding“macro”.
Checkthatthemacrowasn’t alreadyended.

117 Missingmacrolabel

Macrosmusthavea label.

118 Attemptto redefinemacro;first definitionat line X

A secondattemptwasmadeto definethesamemacro.

119 Attemptto use"local" outsidemacrodefinition

Thelocal directive is only meaningfulinsidea macrodefinition.Seesection3.4.

120 Duplicatemacroparameter

Youcannotusethesameidentifiermorethanonein amacrodefinition’sparameterlist.

121 Processoralreadyselected

A processorhasalreadybeenselected.Youmustselecttheprocessoronly once.

122 Unrecognizedprocessor

The specifiedprocessoris not recognizedby gpasm. Checkthe processorslisted in
section4.1.

123 Unrecognizedradix

A radixspecifiedonthecommand-lineor in theRADIX directivewasinvalid. Choices
areOCT, DECandHEX for octal,decimalandhexadecimalrespectively.

125 Optionshouldbe"OFF" or "ON"

SeetheLIST directive in section3.6.

126 Attemptto useillegalRAM location

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

127 Bit addressoutof range

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