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© TMS9900/99105 Cross-assembler Rev. 1.0 Page

© 1.1 Format of Cross-assembler Commands

© 1.1.1 Command Strings

© TN4 rue tho 990:: cross-assembler¥%4d typod tho 1
© A>a99 filename options

© filenamel||

//////////////////

© options: See next section.
© 1.1.2 Options
© Thod sourcocd filocd come<d froepd thod currentl- 1
© a, b, ¢, d Disk drives.
© - The currently logged in disk drive.
© Line<d op inpu| containint error< wiled alway< 1
© 1

©addaaaaddaaadsaaas® Consolo dev
© y List device.
© Thod he® filo wile no|[ bo outpu[ unles< callef 1
© Option<d mus[& bo rue togethe> intnNa R4 singlo 1
© 1.1.3 Examples
© A>a99 barf source -- a:barf.a99
© list —-— none.
© hex —-— none.



OO0 0006

© O

A>a99 barf sblxha source -- b:barf.ad99

list -—- con:
hex -— a:barf.hd99

A>a99 barf ly source -- a:barf.a99
list -- 1lst:
hex —-— none.

A>b:a99 barf sbh- source -- b:barf.ad%9
list —-—- none.
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hex -— a:barf.hd99

Format of TMS9900 Cross-assembler Source Files

Line< op sourco inpu| aro terminate® wit® CR/LE 1

Lowe>d casocd letter< arc converteXd tNa uppe> 1

1) In opcodes,
2) In checking for keywords such as NOT, and
3) In command strings.
Thi< mean< tha[ "not"%& "NOT"4& "Not"%4 etc« 1
Statements

Sourco file< inpuf tN tho 990::4 Cross-assemble> i

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



Label<d arocd recognizei b- thei> beginnintd i¢ 1

Opcode<dd ma-4& bod eithe>d 990::44 instructioe i

Thod argument< followint tho opcodoc wil«d var- 1

Line<d terminato wit® eithe> 8 CR/LF pai> o4 $ 1

1.2.2 Symbols
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Symbol< ma- bo op an- length“4d bu[ onl-4 tho 1

A-7 a-z ! & . 0?2 L N 1 ~
¢ | 3y - o0-9

Notod tha[& symbol< ma- no[ begis wit® 0-44 a< 1

1la speciawd symbow fi i< alway< equa~d tN& tho i

1.2.3 Numeric Constants

Number<a begicd witd®d 0-9,%«& N& leadintd basoc 1



© ©0006

©©0O0

0f£80h evaluate

128 and 128d evaluate
350, and 35g evaluate
%$0111000 and 0111000b evaluate

to
to
to
to

f£80 hex.

80 hex.
1d hex.
39 hex.

13 characte>3 constan| i< 8 strint composezZd op i

"ab" evaluates to
nn evaluates to
mrw evaluates to
AT evaluates to
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1.2.4

6162
0000
0027
0041

hex.
hex.
hex.
hex.

Notcdd thal[d i¢d thod two-characte>dd characte>

Strings

String<d arcd forme¥X ie¢ tho

Expression Evaluation

samo

Page



© Thod followintd operator<d arcd alloweXdad ie¢ 1

© 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
©44d844484448444444444 OR)

© HIGH, LOW

//////////////////

© Alew operator< excep| +4a -4 *u /U =Y <SU >=4 1
) Tho "HIGL mumbleé i< equivalen| tN "mumblo SHy 1
© TMS9900/99105 Cross-assembler Rev. 1.0 Page

//////////////////

© Tho relationae« operator< (=%4a& >4 etc.~ evaluato 1

© Expression<ddd arcdd terminaterdd b-44 commas¥% 1

© 1.4 990 Family Instructions
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i< 1

tructiocd

2

4 1ins

ddressint eacd

4 opa a

typo

Thoéa

1.4.143444Addressing Modes

Thod 9900/99104 instructioe se| allow< 44 basim i

Example

T \©
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
N(VA(M)
N(VA(M)
N(VA()
N(VA()
N(VA(M)
T \©
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
NI
o0

A @expr (R1l),R2
*R7+

MOV R1,R3
DEC

A *R1,R2
CLR (@expr
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@ MO \T VT O \©
@ MO MC \C O \©
@ MO \T \C O \©
@ MO \T T O \©
@ \C \C \C O \©
@ MO \T \C G \©
@ MO \C G G \©
(ONONONONONG)

Theso mode< wile i¢ generaw bo writtee ic¢d tho 1
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*R, *R+, @X, @X(R)

R,



i

whercd R4 refer<d tNa B Registe> anXd $4& tNa as

Instruction Formats

1.4.2

a qa basin 1

2

evaluato

Thod assemble> wile properl-
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N(V IV IN(VIR(VI(VIRIVIRI(Y
N(V(VIN(VIR(VI(VIRI(VIRI(Y
N(V(VIN(VIN(VI(VIRIVIRI(Y
N(V(VEN(VIN(VI(VIRIVIRI(Y
N(V(VIN(VIN(VI(VIRIVIRI(Y
N(V(VIN(VIN(VI(VIR(VIRI(Y
N(V(VIN(VIN(VI(VIRIVIRI(Y
N(V(VIN(VIN(VI(VIRI(VIRI(Y
N(V(VIN(VIN(VI(VIRIVIRI(Y
N(V(VIN(VIN(VI(VIRI(VIRI(Y
N(V(VIN(VIN(VI(VIRVIRI(Y
N(V(VEN(VIN(VI(VIRI(VIRI(Y
N(V(VIN(VIN(VI(VIR(VIRI(Y
N(V(VIN(VIN(VI(VIRIVIRI(Y
N(V(VEN(VIN(VI(VIRI(VIRI(Y
N(V(VIN(VIN(VI(VIRI(VIRI(Y
N(V(VIN(VIN(VI(VIRI(VIRI(Y
NIV IN(VIN(VIN(VIN(VIN(Y
(ONONONONONORONONE)

tho instructios theso format< ma- 1

a o0¢&

2

4Dependint

Group 1 Instructions

1.4.3

RSET IDLE CKOF CKON LREX

RTWP

This group contains the following opcodes
NOP

NV

N(VA(M)
N(VA()
N(VA(M)
T \©
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
N(VA(M)
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
NI
O00000

Thescd opcode< permi[ nN arguments¥“4d anXd henco 1

op instruction< arc op Forma| typo # i

Group 2 Instructions

O
N
(Y
N(VA()
N(VA(M)
N(VA(M)
N(VA(M)
N(VA()
N(VA()
N(VA(M)
T \©
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
NI
(ONONO

444aThi< grou

1.4.4

This group contains the following opcodes

[opcode|formatl|formatl]

1a A+ F ¢4 L s+ so} socy

SZ}a szCcta MOy MOVB

Instruction format

N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VINI(Y
N(V(VIN(VINI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VINI(Y
N(V(VIN(VII(Y
N(V(VIN(VINI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIN(Y
N(V(VIN(VIRI(Y
N(V(VIN(VINI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VINI(Y
N(V(VIN(VINI(Y
NIV IN(VIN(Y
O 000

A *R1+,R2

Group 3 Instructions

1.4.5

i

4 Duawd OperanZ®

op instruction< aroc

=3

Thi<a grou
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This group contains the following opcodes
COC CzC XOR MPY DIV XOP LDCR STCR

NV
NV
NV
NV
NIV
NV
NIV
NV
NV
NV
NIV
NV
NV
NIV
NIV
NV
NV
MO NT MO
(ONONE)

[opcode|format3|formatl]

4dInstruction format

XOP @LABEL, 3

Example

1.4.643444Group 4 Instructions

i

4 alloxd Multiplo

<a a

truction

grou=4a opéa ins

a

N

thi< 1

tNna

followintd instruction<éd belonté

aThi<a

INC INCT DEC DECT X

+ Bl BLwl CLy SETL INp NE| ABL SwpB
BIND (a TMS99105 instruction)

: [opcode|formatl]

dInstruction format

INC QLABEL (R3)

Example

Group 5 Instructions

4 Single-Bi[ 1

op instruction< aroc CRFf

i

thi<

aa

tN

followintd instruction<éd belonté

Thoéa

SBO SBZ TB

: [opcode|format4]

4dInstruction format

SBO 25

Example

1.4.8443444Group 6 Instructions

Jum= 1

aa

Conditiona=é

thoda

<a

2

aa cover

2

grou

Thi<aa

thi< 1

tna

belonté

followintd instruction<é

s

Thoééa

JEQ JGT JH JHE JL JLE JLT JMP JNC JNE

JNO JOC JOP

NV
NV
NV
NV
NIV
NV
NV
NV
NIV
NV
NIV
NV
NV
NV
NIV
NV
NV
MG T MO
(ONONO

: [opcode|format2]

4dInstruction format



JEQ LABEL

Example

1.4.943444Group 7 Instructions
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i

Operani

Sourcoa

havo as¢ Immediatocé

a

thi< 1

tNna

belonté

followintd instruction<é

s

Thoééa

AT ANDI CI LI ORI
(a TMS99105 instruction)

BLSK

N(VA(M)
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
T \©
N(VA(M)
N(VA()
N(VA()
N(VA(M)
N(VA(M)
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
NI
o0

format6 ]

[opcode|format5]

[

Instruction format

AI R3,128

1.4.108444Group 8 Instructions

Loay 1

>34

cover< tho Interna« Registe

=3

i

thi<

tNaa

followintd instruction<éd belonté

Thoéa

LWPTI LIMI

T \©
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
T \©
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
NI
o0

]
]

[ opcode
[ formato6

4dInstruction format

O
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
NI
o0

LIMI 3

1.4.113444Group 9 Instructions

Storo 1

>34

cover< tho Interna« Registe

thi< 1

tna

belonté

followintd instruction<é

aa

2

Tho

Lska Lwl ( TMS99104 instructions )

STST STWP

T \©
N(VA(M)
N(VA(M)
N(VA()
N(VA(M)
N(VA()
T \©
N(VA(M)
N(VA()
N(VA()
N(VA(M)
T \©
N(VA(M)
N(VA(M)
N(VA(M)
N(VA(M)
N(VA()
NI
o0



©84444484444848444484Instruction format: [opcode|format5]

//////////////////

©adddaasddaaaddsaadExample: STST R3

© 1.4.12 Group 10 (TMS99105 only)

©

© Thi< grou= cover< tho Bit-Manipulatioe instruc-1i
©adddaaaddaaadidaaaa TMB TCMB TSMC

© TMS9900/99105 Cross-assembler Rev. 1.0 Page
©8444448444484844448Instruction format: [ opcode ]
©a444484844444444444 [ format3|formatl]
©addaaaaddaaadidaaaa

©adddaasddaasddsaadExample: TMB @BITMAP (R3),8

© 1.5 Pseudo-operations

©) 1.5.1 END

© Wheed thi< statemen| 1<& encountered4“4d tho 1
© [label] END

© In an- IF statemen| i< no[ closeX wit® as ENDf 1
© This statement permits no arguments.

©) 1.5.2 EQU

//////////////////

©4d448448448444444444Thi<a statemen| 1< useX tN assiged RA permenan| 1

© label EQU expression



13 phasint (P~ erro> wile resul|[ ipd an- 1

1.5.3 BYTE

Thi<d statemen[d i<4d useXd tNé& placcad byte<d ic¢ 1

[label] BYTE [exprl] [,epxr2].....
1.5.4 TEXT

Thi<d statemen[&d i< usel tNa placcd string<d ie 1

TMS9900/99105 Cross-assembler Rev. 1.0 Page
[label] TEXT [string] [, string].....
1.5.5 WORD

Thi<ad statemen[d i<4d useXd tNéd placcd word<4 iec 1

[label] WORD [exprl] [,expr2].....
1.5.6 BSS (Block Starting with Symbol)

Thi<ad statemen| i< useX tN reservo Ha& blocdd op 1

[label] BSS expression



EVEN

i

i< useZ tN forco tho assemble>

4Thi<ad statemen|

DXOP

a
1.5.8

Thi< statemen|[ allow< tho programme> tNa defino 1

assign the name PUSH to
XOP number 3

’
’

DXOP PUSH, 3
Fo>4 examploc ip PUSL i< f previousl- codezd xOL i

N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VINI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VII(Y
N(V(VIN(VINI(Y
N(V(VIN(VINI(Y
N(V(VIN(VINI(Y
N(V(VIN(VIRI(Y
N(V(VIN(VII(Y
N(V(VIN(VIN(Y
N(V(VIN(VINI(Y
N(V(VIN(VINI(Y
NIV IN(VIN(Y
O 000

Page

1.0

Rev.

TMS9900/99105 Cross-assembler

Conditional Assembly

a
1.5.9

i

[

no

0>4éa

bocd assembleXéd

4 cacéd

do

opad co

expression

IF

(lines of code)

ENDI

i

thod codo

Ipnd thod expressioes evaluate< tNn 04%a



© Itda addition%4aa thod ELS+4 directivod i< 1

© IF expression

© (lines of code)

© ELSE

© (more lines of code)

© ENDT

© This is equivalent to:

© IF expression

© (lines of code)

© ENDT

© IF NOT expression

© (more lines of code)

© ENDT

© Notocd tha[d label< arcd nol[d permitteXd oe 1
© 1 phasint (P erro> wile bo flagge® ipd thero i
©) 1.5.10 AORG

© Thi<d statemen[a 1< useX tN loaX Ra& wvaluo 1ie
© TMS9900/99105 Cross-assembler Rev. 1.0 Page
©4d44444444444444444intN  tho assembl- prograp counter« Tho valuoc 1

© [label] AORG expression



© 6 e 0

1.5.11 SET

Thi<d statemen|[ i< useX tN assigecd RA temporar-

The syntax is:
label SET expression
1.6 Error Messages

Erro>4 message<d aroc flaggeX witd®ad B4 singlo

A Presently not implemented.

B Distanco o0& 8 Dbrancd®d instructioe
D Digif[& toNd largo fo>ad thoid bascid wa<
E Expressioe ill-formed« Lood fo> nocs
I In stacd imbalance«d  Lood fo> ELS+
L Invali¥ label«a Labew ma- contaice
M Labewdd multipl-4d4d defined«aa Labew

TMS9900/99105 Cross-assembler Rev. 1.0
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©addaaaaaasssidsddsssaaaaaaaaadefinitions are not SE

0] InvaliZzdé opcode«adé

P Phasint error« Lood

R Registe> valuoc toNn lar

©addaaaaasaassidssssaaaaaas Synta®a error«a Chec

T ToNnaa man-& argumen

U UndefineXa symbo«~3da
v Valucddad ouf[da opda
* Thi<ad statemen[a gene

" Quotocd imbalancocd err

( Parenthesi<d imbalanco

Assembler Abort Conditions

Unde> certais circumstanceskéa

T statements.

Loodadad fo>

fo> expression<

ge«d Register<

64 you>4 synta®

t<a o0gda thik

encounterel

bounds«&éa I¢

rateXd b-4 tho

or«éa Bea>a 1ic¢

error«d Coun|

thi<d assemble>

|_l/

|_l/

|_l/

|_l/
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//////////////////

©) 1)
©)
©) 2)
©)
©)
@) 3)
@)
©) 4)
@)
©) 5)
@)
©) 6)
@)
©) 7)
@)
©) 8)
@)
©) 9)
@)

In yo) don'[ ge[ tho erro>d coun| 1

Can't open source.

Thoéa sourco filoc doe< no[ exis|[ 1
Can't open list.

Can't open hex.

NN& director-4 entrie< lef[4d oc¢d tho 1

Illegal command line.
Bone up on command lines.
No file info supplied.
Bone up on command lines.
If stack overflow.

IFA directive< ma- onl-& bod nesterX 1

Disk read error.

Sourcod filcad ha< $4 ba¥a CR}a o> 1

Disk write error.

Ouf[ op disd o> director- spaco oe tho 1

Error closing file.

Problepdad closintd lis[& 0234 he° 1

Symbol Table Overflow.

You>a sourco progra@ define< toN man- 1



© 1.8 Compiling the Assembler

© TMS9900/99105 Cross-assembler Rev. 1.0 Page
© TNa compiloc tho assemble> a< i[& stands%“4ad vyo] 1
© 1) 40K of RAM.

© 2) The BDS C Compiler Version 1.5
©adddaaaddaaadidaaaa (good box, Leor!!).

©) 3) Digita=da Research'<da AS=44 o>4a& MA} 1
© TN ge[ a99%tbls.cre u= froe scratch%4a yo)J 1
© A>casm a99tbls ; source a9%9tbls.csm

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

©) A>mand a99tbl< S$p- -< ;ma- uso ase fn.aa- 1
© A>cloard a99tbl< ;jproduco CR filo 1

© You should now have a99%tbls.crl on drive A.

© a4Nox4a yo]é& aroc read- tN compilc tho res|[ opd tho 1

A>cc a9%9

A>cc a99%asmlnc
A>cc a99evalc
A>cc a99getc
A>cc a99%putc
A>cc a99symbc

©O0O00O0

©

Now you can link it all together.



© O 000666 6

A>clink a99 -s

*a99%asmln
*a99%eval
*a99get
*a99%put
*a99symb
*a99tbls

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

Notocd thaf[d tho linkago cae alew bo donoc ogd onoc 1

TMS9900/99105 Cross-assembler Rev. 1.0 Page

1.9 Final Comments
Happ-& assemblingia In yo| havo question< o> 1
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