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: 1.1 Format of Cross-assembler Commands
: 1.1.1 Command Strings

: T)á ruµ thÃ 990� cross-assembler¼á typÃá thÃ ì

: A>a99 filename options

: filenameQ
:ááááááááááááááááááThÃáá namÃáá oµá thÃá sourcÃá inpu áá filÃáá id ì

: options: See next section.

: 1.1.2 Options

: ThÃá sourcÃá filÃá comedá froÆá thÃá currentl� ì

: a, b, c, d Disk drives.
: - The currently logged in disk drive.

: Linedá oµ inpu containinÄ errord wil�á alwayd ì

: ì
:áááááááááááááááááá° ConsolÃ dev

: y List device.

: ThÃá he° filÃ wil� no bÃ outpu unlesd calle£ ì

: Optiondá mus á bÃ ruµ togethee int)á ßá singlÃ ì

: 1.1.3 Examples

: A>a99 barf source -- a:barf.a99
: list -- none.
: hex -- none.



: A>a99 barf sblxha source -- b:barf.a99
: list -- con:
: hex -- a:barf.h99

: A>a99 barf ly source -- a:barf.a99
: list -- lst:
: hex -- none.

: A>b:a99 barf sbh- source -- b:barf.a99
: list -- none.è
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: hex -- a:barf.h99

: 1.2 Format of TMS9900 Cross-assembler Source Files

: Lined oµ sourcÃ inpu arÃ terminate£ wit¦ CR/L^ ì

: Loweeá casÃá letterd arÃ converte£á t)á uppee ì

: 1) In opcodes,

: 2) In checking for keywords such as NOT, and

: 3) In command strings.

: Thid meand tha "not"¼á "NOT"¼á "Not"¼ etc« ì

: 1.2.1 Statements

: SourcÃ filed inpu t) thÃ 990�á Cross-assemblee ì

: [label] [opcode] [arguments] [;comments.]



: Labeldá arÃá recognize£ b� theie beginninÄá iµ ì

: Opcodedáá ma�á bÃá eitheeá 990�áá instructioµ ì

: ThÃá argumentd followinÄ thÃ opcodÃ wil�á var� ì

: Linedá terminatÃ wit¦ eithee ß CR/L^ paie oeá ß ì

: 1.2.2 Symbols
è
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: Symbold ma� bÃ oµ an� length¼á bu onl�á thÃ ì

: A-Z a-z ! & . : ? [ \ ] ^ _ `
: { | } Ü 0-9

: NotÃá tha á symbold ma� no begiµ wit¦ 0-cá ad ì

: 4á specia�á symbo� ñ id alwayd equa�á t)á thÃ ì

: 1.2.3 Numeric Constants

: Numberdá begiµá wit¦á 0-9,%«á Ñá leadinÄá basÃ ì



: 0ff80h evaluate to ff80 hex.
: 128 and 128d evaluate to 80 hex.
: 35o, and 35q evaluate to 1d hex.
: %0111000 and 0111000b evaluate to 39 hex.

: 4á characteeá constan id ß strinÄ compose£á oµ ì

: "ab" evaluates to 6162 hex.
: "" evaluates to 0000 hex.
: "'" evaluates to 0027 hex.
: 'A' evaluates to 0041 hex.

è
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: NotÃáá tha á iµá thÃá two-characteeáá charactee ì

: 1.2.4 Strings

: Stringdá arÃá forme£ iµ thÃ samÃ wa�á ad ì

: 1.3 Expression Evaluation



: ThÃá followinÄá operatordá arÃá allowe£áá iµ ì

: Unary Plus, Unary Minus

: *, /, MOD, SHL, SHR

: +, -

: >, >=, <, <=, <>, =
: (These can also be written as
: GT, GE, LT, LE, NE, EQ.)

: NOT (1's complement)

: AND (Bitwise logical AND)

: OR, XOR (Bitwise logical OR and Exclusive
:áááááááááááááááááá OR)

: HIGH, LOW
:ááááááááááááááááááParenthesedá arÃá use£ t) changÃ thÃá ordeeá oµ ì

: Al� operatord excep +¼á -¼ *¼ /¼ =¼ <>¼ >=¼ ì

: ThÃ "HIGZ mumbleó id equivalen t) "mumblÃ SH� ì
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:ááááááááááááááááááAN� 0ffH".

: ThÃ relationa� operatord (=¼á >¼ etc.� evaluatÃ ì

: Expressiondááá arÃáá terminate£áá b�áá commas¼ ì

: 1.4 990 Family Instructions



: ThÃááá instructiondááá oµááá thÃááá 9900/9910a ì

: The basic syntax is as follows:

: [label] LI R1,expression ;The expression
:áááááááááááááááááá ;is evaluated
: ;from left to
:áááááááááááááááááá ;right.

: ThÃá typÃá oµá addressinÄ eac¦á instructioµá id ì

:áááááááá1.4.1áááááAddressing Modes

:ááááááááááááááááááThÃá 9900/9910a instructioµ se allowd aá basiÀ ì

:áááááááááááááááááá Mode Example
:áááááááááááááááááá ---- -------

:áááááááááááááááááá Workspace register MOV R1,R3
:áááááááááááááááááá Workspace register indirect A *R1,R2
:áááááááááááááááááá Symbolic CLR @expr
:áááááááááááááááááá Indexe£ A @expr(R1),R2
:áááááááááááááá WorkspacÃ registee indirec DEC *R7+
:áááááááááááááááááá (aut) increment)

: ThesÃ moded wil� iµ genera� bÃ writteµ iµá thÃ ì
è
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:áááááááááááááááááá R, *R, *R+, @X, @X(R)



:ááááááááááááááááááwherÃá Rá referdá t)á ß Registee an£á já t)á aµ ì

: 1.4.2 Instruction Formats

:ááááááááááááááááááThÃá assemblee wil� properl� evaluatÃá Vá basiÀ ì

:áááááááááááááááááá Format 0 - No operands at all (N)
:áááááááááááááááááá Format 1 - R,*R,*R+,@X,@X(R)
:áááááááááááááááááá Format 2 - Displacement (Disp)
:áááááááááááááááááá Forma á� - Destinatioµ Field only (D)
:áááááááááááááááááá Format 4 - Signed Displacement (SD)
:áááááááááááááááááá Format 5 - Workspace Register (W or C)
:áááááááááááááááááá Format 6 - Immediate Operands (IOP)
: Forma áV - Bi Manipulatioµ Instrucions
: (TMS99105 only)

:ááááááááááááááááááDependinÄá oµ thÃ instructioµ thesÃ formatd ma� ì

: 1.4.3 Group 1 Instructions

: This group contains the following opcodes:
:

: NOP
:áááááááááááááááááá RSET IDLE CKOF CKON LREX
:áááááááááááááááááá RTWP

: ThesÃá opcoded permi n) arguments¼á an£á hencÃ ì

: 1.4.4 Group 2 Instructions
:áááááááááááááááááá
:ááááááááááááááááááThid grou� oµ instructiond arÃ oµ Forma typÃ � ì

:ááááááááááááááááááThis group contains the following opcodes:

:áááááááááááááááááá 4á A, � C, Y S, SO� SOC,
:áááááááááááááááááá SZ�á SZC,á MOS MOVB
:áááááááááááááááááá
:ááááááááááááááááááInstruction format: [opcode|format1|format1]

:ááááááááááááááááááExample: A *R1+,R2

: 1.4.5 Group 3 Instructions

: Thidá grou�á oµ instructiond arÃá Dua�á Operan£ ì

è
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:ááááááááááááááááááThis group contains the following opcodes:
:áááááááááááááááááá
:áááááááááááááááááá COC CZC XOR MPY DIV XOP LDCR STCR

:ááááááááááááááááááInstruction format: [opcode|format3|format1]

: Example: XOP @LABEL,3

:áááááááá1.4.6áááááGroup 4 Instructions

:ááááááááááááááááááThidáá grou�á oµá instructiondá alloHá MultiplÃ ì

:ááááááááááááááááááThidá followinÄá instructiondá belonÄá t)á thid ì

:áááááááááááááááááá , B` BLWh CL� SETg INS NE_ ABY SWPB
:áááááááááááááááá á INC INCT DEC DECT X
:áááááááááááááááááá BIND(a TMS99105 instruction)

:ááááááááááááááááááInstruction format: [opcode|format1]

: Example: INC @LABEL(R3)

:áááááááá1.4.7 Group 5 Instructions

:ááááááááááááááááááThidá grou� oµ instructiond arÃ CRRá Single-Bi ì

:ááááááááááááááááááThÃá followinÄá instructiondá belonÄá t)áá thid ì

:áááááááááááááááááá SBO SBZ TB

:ááááááááááááááááááInstruction format: [opcode|format4]

: Example: SBO 25

: 1.4.8áááááGroup 6 Instructions

: Thidáá grou�áá coverdá thÃáá Conditiona�áá Jum� ì

:ááááááááááááááááááThÃáá followinÄá instructiondá belonÄá t)á thid ì

:áááááááááááááááááá
:áááááááááááááááááá JEQ JGT JH JHE JL JLE JLT JMP JNC JNE
:áááááááááááááááááá JNO JOC JOP

:ááááááááááááááááááInstruction format: [opcode|format2]



: Example: JEQ LABEL

:áááááááá1.4.9áááááGroup 7 Instructions
è
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:ááááááááááááááááááThidá grou�á havÃ aµ ImmediatÃá SourcÃá Operan£ ì

:ááááááááááááááááááThÃáá followinÄá instructiondá belonÄá t)á thid ì

:áááááááááááááááááá AI ANDI CI LI ORI
:áááááááááááááááááá BLSK (a TMS99105 instruction)

:ááááááááááááááááááInstruction format: [opcode|format5]
:áááááááááááááááááá [ format6 ]

:ááááááááááááááááááExample: AI R3,128

:áááááááá1.4.10ááááGroup 8 Instructions

:ááááááááááááááááááThidá grou�á coverd thÃ Interna� Registeeá Loa£ ì

:ááááááááááááááááááThÃá followinÄá instructiondá belonÄá t)áá thid ì

:áááááááááááááááááá
:áááááááááááááááááá LWPI LIMI

:ááááááááááááááááááInstruction format: [ opcode ]
:áááááááááááááááááá [ format6 ]

:ááááááááááááááááááExample: LIMI 3

:áááááááá1.4.11ááááGroup 9 Instructions

:ááááááááááááááááááThidá grou� coverd thÃ Interna� Registeeá StorÃ ì

:ááááááááááááááááááThÃáá followinÄá instructiondá belonÄá t)á thid ì

:áááááááááááááááááá STST STWP
:áááááááááááááááááá LSXá LWh ( TMS9910a instructions )



:ááááááááááááááááááInstruction format: [opcode|format5]
:áááááááááááááááááá
:ááááááááááááááááááExample: STST R3

: 1.4.12 Group 10 (TMS99105 only)
:

: Thid grou� coverd thÃ Bit-Manipulatioµ instruc-ì

:áááááááááááááááááá TMB TCMB TSMC
è
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:ááááááááááááááááááInstruction format: [ opcode ]
:áááááááááááááááááá [ format3|format1]
:áááááááááááááááááá
:ááááááááááááááááááExample: TMB @BITMAP(R3),8

: 1.5 Pseudo-operations
: 1.5.1 END

: Wheµá thid statemen idá encountered¼á thÃ ì

: [label] END

: Iµ an� I^ statemen id no close£ wit¦ aµ ENDT ì

: This statement permits no arguments.

: 1.5.2 EQU

:ááááááááááááááááááThidá statemen id use£ t) assigµá ßá permenan ì

: label EQU expression



: 4á phasinÄ (P� erroe wil� resul iµá an� ì

: 1.5.3 BYTE

: Thidá statemen á idá use£á t)á placÃá bytedá iµ ì

: [label] BYTE [expr1][,epxr2].....

: 1.5.4 TEXT

: Thidá statemen á id use£ t)á placÃá stringdá iµ ì

è
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: [label] TEXT [string][,string].....

: 1.5.5 WORD

: Thidá statemen á idá use£á t)á placÃá worddá iµ ì

: [label] WORD [expr1][,expr2].....

: 1.5.6 BSS (Block Starting with Symbol)

: Thidá statemen id use£ t) reservÃ ßá bloc´á oµ ì

: [label] BSS expression



:áááááááá1.5.7áááááEVEN

:ááááááááááááááááááThidá statemen id use£ t) forcÃ thÃ assemblee ì

:

:áááááááááááááááááá[label] EVEN
:

: 1.5.8 DXOP

: Thid statemen allowd thÃ programmee t)á definÃ ì

:áááááááááááááááááá DXOP PUSH,3 ;assign the name PUSH to
:áááááááááááááááááá ;XOP number 3
:áááááááááááááááááá
:ááááááááááááááááááFoeá examplÃ iµ PUSZ id ß previousl� code£á XOh ì

:ááááááááááááááááááè
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:áááááááááááááááááá
: 1.5.9 Conditional Assembly

:ááááááááááááááááááBlockdáá oµá codÃá caµá bÃá assemble£á oeáá no ì

: IF expression

: (lines of code)

: ENDI

: Iµá thÃá expressioµ evaluated t) 0¼á thÃá codÃ ì



: Iµáá addition¼áá thÃá ELS<á directivÃá id ì

: IF expression

: (lines of code)

: ELSE

: (more lines of code)

: ENDI

: This is equivalent to:

: IF expression

: (lines of code)

: ENDI
: IF NOT expression

: (more lines of code)

: ENDI

: NotÃá tha á labeld arÃá no á permitte£á oµ ì

: 4 phasinÄ (P� erroe wil� bÃ flagge£ iµá therÃ ì

: 1.5.10 AORG

: Thidá statemen á id use£ t) loa£ ßá valuÃ ìè
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:ááááááááááááááááááint) thÃ assembl� prograÆ counter« ThÃ valuÃ ì

: [label] AORG expression



: 1.5.11 SET

: Thidá statemen id use£ t) assigµá ßá temporar� ì

: The syntax is:

: label SET expression

: 1.6 Error Messages

: Erroeá messagedá arÃ flagge£ wit¦á ßá singlÃ ì

: A Presently not implemented.

: B DistancÃ oµ ß branc¦á instructioµ ì

: D Digi á to)á largÃ foeá thÃá basÃá wad ì

: E Expressioµ ill-formed« Loo´ foe noµ ì

: I Iµ stac´ imbalance«á Loo´ foe ELS< ì

: L Invali£ label«á Labe� ma� contaiµ ì

: M Labe�áá multipl�áá defined«áá Labe� ì
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:áááááááááááááááááááááááááááádefinitions are not SET statements.

: O Invali£áá opcode«ááá Loo´áá foe ì

: P PhasinÄ error« Loo´ foe expressiond ì

:áááááááááááááááááá R Registee valuÃ to) large«á Registerd ì

:áááááááááááááááááááááááS Synta°á error«á Chec´á youeá synta° ì

: T To)áá man�á argumentdá oµáá thid ì

: U Undefine£á symbo�áá encountere£ ì

: V ValuÃááá ou áá oµáá bounds«ááá Iµ ì

: * Thidá statemen á generate£á b�á thÃ ì

: " QuotÃá imbalancÃá error«á Beaeá iµ ì

: ( Parenthesidá imbalancÃ error«á Coun ì

: 1.7 Assembler Abort Conditions

: Undee certaiµ circumstances¼á thidá assemblee ì
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:ááááááááááááááááááassembly«á Iµ yo! don' ge thÃ erroeá coun ì

: 1) Can't open source.

: ThÃá sourcÃ filÃ doed no exis ì

: 2) Can't open list.
: Can't open hex.

: N)á director�á entried lef á oµá thÃ ì

: 3) Illegal command line.

: Bone up on command lines.

: 4) No file info supplied.

: Bone up on command lines.

: 5) If stack overflow.

: I^á directived ma� onl�á bÃá neste£ ì

: 6) Disk read error.

: SourcÃá filÃá had ßá ba£á CR�á oe ì

: 7) Disk write error.

: Ou oµ dis´ oe director� spacÃ oµ thÃ ì

: 8) Error closing file.

: ProbleÆáá closinÄá lis á oeáá he° ì

: 9) Symbol Table Overflow.

: Youeá sourcÃ prograÆ defined to) man� ì



: 1.8 Compiling the Assembler
è
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: T)á compilÃ thÃ assemblee ad i á stands¼á yo! ì

: 1) 40K of RAM.

: 2) The BDS C Compiler Version 1.5
:áááááááááááááááááá (good box, Leor!!).

: 3) Digita�áá Research'dáá ASPáá oeáá MA� ì

: T) ge a99tbls.cr� u� froÆ scratch¼á yo! ì

: A>casm a99tbls ;source a99tbls.csm

: This should yield a file a99tbls.asm on drive A.

: A>maÀá a99tbld $p· -d ;ma� usÃ asÆ fn.aa· ì

: A>cloa£á a99tbld ;producÃ CR` filÃ ì

: You should now have a99tbls.crl on drive A.

: áNoHá yo!á arÃ read� t) compilÃ thÃ res oµá thÃ ì

: A>cc a99
: A>cc a99asmlnc
: A>cc a99evalc
: A>cc a99getc
: A>cc a99putc
: A>cc a99symbc

: Now you can link it all together.



: A>clink a99 -s

: *a99asmln
: *a99eval
: *a99get
: *a99put
: *a99symb
: *a99tbls

: And, as if by magic, you've got a99.com!

: NotÃá tha á thÃ linkagÃ caµ al� bÃ donÃ oµá onÃ ì

è
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: 1.9 Final Comments
: Happ�á assemblingíá Iµ yo! havÃ questiond oe ì



è
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