


The Cross Assembler data base which 1s assigned to PUNIT, is read by the FORTRAN
program as the firs! file at execulion time. It s the actual Cross Assembler program written in
internal code, and it is suggested that 1t be assigned to a permanent disk file

Il - C - DEVICE
.o TYPE FLNCTION
\UNIT 5 CR.CS 80 TMS 8900 Source Input

MT.DF

LUNIT 6 CsMT 80 Listing Cutput
OUNIT 7 CSMT 80 TMS9900 Object Dutput
SUNIT 0 MT DF 80 Assembly Scratch
PUNIT 1 CR,Cs 80 Data Base INPUT

CR—CARD READER, CS—(
CARD PUNCH, LP—LINE P

E TAPE, MT—-MAGNETIC TAPE, DF—DISKFILE, CP—
CROSS ASSEMBLER SYSTEM FILES

AORG places the expression value in the location counter, and defines the succeeding
locations as absolute

ABSOLUTE ORIGIN AORG
Syntax Definition
[ label - B ACRGp - wd-exp -p [ comment -]

RORG places the expression value in the location counter and detines the sueceeaing
iocations as relocatable

RELOCATABLE ORIGIN RORG
Syntax Oetinition
[<label>p  RORGE [<exp>1B [<comment>]

DORG places the expression value in the location counter, and defines the succeeding
locations as a dummy section No object code is generated in a dummy section

DUMMY ORIGIN DORG
Syntax Defintion
<labei>p . DORGH . <exp>§ [<comment>]

BSS first assigns the label, if present, and increments the location counter by the vatue of the
expresston

BLOCK STARTING WITH SYMBOL BSS
Syntax Definttion
(<label>]p .BSSp <wd-exp>p  [<comment>]
BSS first increments the location counter by the value of the expression, and then assigns
the label. if present
BLOCK ENDING WITH SYMBOL BES
Syntax Definstion
[<label> BESp <wd-exp>p  [< comment]
EQU assigns an assembly-time constant to the label
DEFINE ASSEMBLY-TIME CONSTANT EQU
Syntax Definition
<label>g  EQUP <exp>P  [<comment>]

EVEN first assigns the label. if present, and then aligns the locatson counter on a word
boundary {even address)

WORD BOUNDARY EVEN
Syntax Defintion
[<tabel>p EVENp  [<comment>]

OPTIONS allows cross referencing when XREF is specified, and allows printing of the
symbol tabie when SYMT s present
OPTION

OUTPUT OPTIONS
Syntax Definitron
p OPTIONp <keyword>[.<keyword>] '3 [<commeni>]

10T assigns a name to the program, and must precede any code-generating directive or
instruction

PROGRAM IDENTIFIER IDT
Syntax Definition:
[<tabel>]g.. IDTp <sting>pP (< comment>]
TITL supplies a siring to be printed at the top of each subsequent source listing page
PAGE TITLE
Syntax Definition.
[<label> ] TITLB
LIST restores printing of the source histing
LIST SOURCE LIST
Syntax Definition.

<sinng>p [<comment>]

(<labet> g LISTh (< comment>)
UNL inhibits printing of the source listing
NO SOURCE LIST UNL
Syntax Definition.
[<label>)p. .UNLB...(<comment>]
PAGE directs the assembler to continue the source listing on the next page
PAGE EJECT PAGE
Syntax Defirition
[ 1abel -% PAGEP comment -]

BYTE places expressions in successive bytes, optionally assigning the labe! the aodress of
the first byte

INITIALIZE BYTE BYTE

Syntax Definition
[<label>]p...BYTER. . <exp>[<exp>] P [<commesnt>]

DATA places expressions in successive words, optionally assigning the label the address
of the first word

INITIALIZE WORD DATA
Syntax Definition
[<label> 8 DATAP <exp>[,<exp>] [ [<comment>>]

TEXT places characters in successive bytes, anthmetically negating the last character, and
oplionally assigns the label the address of the first character

INITIALIZE TEXT TEXT
Syntax Definition
(<label>]p TEXTp [~ )<sting>p [<comment=>]
DEF makes symbols available to other programs as external references
EXTERNAL DEFINITION DEF
Syntax Definition
(<label> ¥ DEFp <symbol>[.<symbol>] .} [<comment>]
REF directs the assembler to look externally for symbols
EXTERNAL REFERENCE REF
Syntax Definttion
[<label> B REFP < symbol>[,<symbol>] [] (<comment>]
DXOP assigns an extended operation to a symbol

DEFINE EXTENDED OPERATIONS DXOP
Syntax Dehinition
[- label -4 DXOPY = symbol term - [+ comment |
END terminates the assembly
PROGRAM END END
Sy ntax Defintion
[<1abet.> Jp ENDp [<symbol > jip (=<commeni.>]
NOP places a no-operation code In the object file
NO OPERATION NOP

Syntax Definition.
(<labet>]p NOPp (< comment>]
RT assembles as a return from subroutine by substituting a branch through register 11
RETURN
Syntax Definition
[<labei>)p RTg [<comment>]

SIMULATOR FILES

INTERNAL DEFAULT ~ DEVICE | FUNCTION .-
NAME UNIT TYPE .

INCOPY 4 MT.DF ou Batch copy filte %
INCOM 5 TE.CR 80 Simulation command Cc

MT DF
QUIPRT 6 MT.DF 80 or bisting output LOR
QUITRC TE.CR 136
INLOD 10 TE.CR 80 Linker commands L

MT.DF
OUTCOM 11 TE,LP 80 or Prompts and errormsg L

136 for linker output

QuTSAV 17 llsﬂg.CP 80 Absolute object LS
INSCR 20 MT.DF 136 input scratch file CRS
QOUTSCR 21 MT,DF 136 Output scratch file LCR

Device type legend
TE—terminal, CR—card reader. MT—magnetic tape, DF —disk file, CP—card punch

Where used legend
L—link processos, C—command processor; R—run processor, S-save processor

In to the above unit number assignments, the user must also assign unique
FC logical unit numbers to each TMS3900 object code module 10 be included in
the rocessor

SIMULATOR DIRECTIVES

ORIGIN COMMAND The "ORIGIN'"* command can be used to specify where relocatable
code is 1o be loaded.
ORIGIN hex-number
INCLUDE COMMAND The "INCLUDE" command directs the loader to load an object
madila frnm 3 dala set (e.g . card reader. disc, tape) The data set must be a sequential
3 may contain one or more object modules At least one "INCLUDE"
hould be used in the LINK processor command stream The formal for the
5 as follows
WLLUUE N
ENTRY COMMAND The “ENTRY" command specifies the program entry point to the
loader. The format for the command is as follows
ENTRY name



SUMMARY OF CONTROL LANGUAGE STATEMENTS MONITOR COMPLETION CODES

The formats of the control statements for the "COMMAND"" processor are shown below, with The simulator signals completion by executing and writing an appropriate STOP |
a bnef description foliowing statement, where | takes on one of the foliowing vaiues
(label] {EUN% (*1 {;OR} n [“ EEOM% ;1][“0:]:? (tabel] CODE _MEANING
0 Normal completion
Specifies where to start and stop simulation 1 Abnormal completion from LNKPRC
Control passes to statement at tabet operand 2 Premature EOF
when a breakpoint occurs )
T S ~—If this error occurs it indicates that a premature EOF was encountered while
ltabel) {THACE } list] pecifies locations to be traced attempting to reposition the BATCH command file
NOT . 3 Internal error; invald labe! value
[label) {NOTRACE} [st) Disables trace for specified locations 4 Roll memory overflow
RE " 5 Loader error
[labef) ‘REFER j [hst) Specifies locations for reference breakpoint —If this error occurs it means an attempt was made 1o load an object file into
' stmulated memory and it failed causing termination of the link processor
flabel) = pgy [ist) Disables reference breakpoint at specified 8 Abnormal completion from LOADER
a locations g Abnormat completion from CMDPRG
[iabei) f ALTER ; [ist) Specifies locations for alteration breakpoint 99 Internal error
NOA —lilegal completion from CMDPRC
[fabel] %NOALTER} [hst] Disables alteration breakpoint at specified {nternal error
P locations 999  Internat error
[tabel] lPROTECT% [ist) Specifies areas for memory protection. —lllegal parameter passed to WRITER
[fabe!] IF (togicat expression) label Congitiona transfer of control program it an error of 99 or 999 results, an mternal error has occurred and the error should be
(label] ‘jUMP} fabe! Unconditiona! transfer of controi program reported to TEXAS INSTRUMENTS ING
" [label] H:ME: [n) Prints the value of 9800 time and optionaliy sets LINK PROCESSOR ERRORS
a new value -
[!abei] {SISPLAV} )] :ggU$ [register iist] Prints contents of registers CODE MESSAGE
D D} (M
[iabel) [] st Prnts contents of memory Lot Load not completed
{D|SPLAV} C {MEMORY} Lo2 Multiply defined external symbai (name)
$ 103 Empty object tile on unit
[tabet 10 S symbo! Prints values from symbol table L04 Attempt to load undefined memory
! 'DlSPLAY} {SVMBOJ nﬁmbey Y LOS Tag D follows tag O
{ L06 Invalid tag character
D I {CR INPUT L09 Undefined external memory
[label] {DISPLA\‘\ SRl $0 list Prints CRU values 03 Emply memory on save
QUTPU L14 (name) not in external Sympol table
S C L18 Maximum memory size exceeded
tabe! register-value list Places vall 1
[tabe!] ‘SET CPUE egister-value Iis laces values into registers U9 Missing end
tabel] 1St M location-value hst Places values into memor L2t Checksum error (Computed value)
l1abe] 'SET% {MEMORYs vau Y L22 0dd ongin value specfied—even vaiue used
1S p (24 Ref chain loop
label level, m [,nz.0 1
L ) ISETY ;‘NT}  Lna.os) Sets up one or mare snterrupts L25 Object module does not start with tag 0
[iabel] {ENDl Disables breakpoints and traces, and imhahizes L26 0Odd vaiue (value) specified for tag (1ag) even vaiue used
simulation Passes control to next controt 127 Missing F tag in record (number)
statement L28 Bad REF chain for (name)
F 129 Bad object tormat 1n object module
a FIRST L30 {llega! hex digit 1 held (digi)
[tabei ”NPUT% gm T0 n;: L [data] Defines input lines and fieids, and supplies data
LAST for pragram being simulated
QLL COMMAND PROCESSOR ERRORS
10 ! a
[labef] 10UTPUTS :m T0 n,} Defines output iines and lields, or pnnts output ot CODE CODE
program being simuiated NUMBER NAME MESSAGE NUMBER NAME MESSAGE
['abel] " :CT: hist Connects nput CRU fines to autput CRU lines 1 BADCHR Bad character 18 RANGE Range error
: 2 BADCMD  Unrecognizabie command 18 SYNTAX Syntax error
TOOMNY  Too many values
label] ]S | expression st Evaluates and prints values of n 3 BaDIGT Bad digt 20
tabel) {€ gy | expresson i Gomimal ang nexatooma form bressions | 4 BADMOD  Bad module name 21 UNDEF  Undefined symbol
5 BADREG Bad reqgister mnemonic
18 '
1BATCH Specihus bater made 6 BADVAL Bad value
. 7 CRUSPC CRU specificaton error
[label] :LDAD; Loads Wp and PC ltoin loeahons FFFCyg and 8 FLUCNI Too tew/many fields
1L FFFEi, 9 HITEDF Hit EOF
[iabei] IGrock % t Specify clock period 10 HITEOL Hit end-of-line
RA T MEMDET Undefhned
i ' FAM} s | W f 12 MIS6EQ Missing equat sign
label] ievory 1 YR0. ( 1READY =™ [IWHHtI ) ”‘]“5‘ 13 NODAIA o data found
ROM ’ 14 NORDL No data rofls available
Define avatiable memory Defauit 1s 32K RAM 16 NOSET Set not performed
SA 1 . 16 NOTIMP Cominand not simplementet)
(1abet] ISAVES Creale absolute object module 17 ORDER Command out of order
(labet] ‘W tn Specifies number of columns available for
WIDTH printing

RUN PROCESSOR ERRORS

CODE MESSAGH

PC interrupt vector entry in undelined memory

1
2 WP interrupt vector entry in undefined memory
3 Register out of address space (WP 65502)
4 Registers 1n undefined memary
5 Regsters in ROM
6 PC interrupt vector refer breakpoint
7 WP interrupt vector refer breakpon -t
8 Register alter breakpomt
it} Reqister protect breakpoint
10 Register refer breakpoint
11 Undefined opcade
e Undefined memary reference
1314 Unused
t PC refer breakpont
16 Unimpiemented opcode
17,1819 Unused
20 Destination address i undetined memory
21 Destination refer breakpoint
22 Destination alter breakpoint
23 Destination ROM breakpoint
24 Unused
25 Source address 1n undefined memory
26 Source refer breakpont
27 Source alter breakpont

4 28 Sourc e ROM breakpoint 5



TMSUTL

CONCEPT

TMSUTL s a general purpose ultiity program that accepts as input Tl microprocessor
object format, PROM manufacturing formats, or ROM manutactunng formats This data is
syntax checked, output options are gathered, the 1nput data converted and an output file

1s produced
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INPUT, OUTPUT CONTROL CARD FORMATS

GENERAL DESCRIPTION

TEXAS
INSTRUMENTS.
MFG

INPUT frmt [addr! addr2] [WIDTH=x] [PARTITION =y]
frmt — 15 ine format number (integer 1-12)
addr1 — 15 the starting address where nput data (s fo be stored
addr2 ~— Is the maximum address where data is 1o be stored
X — 15 the bit widih of the input words
y — 15 the number of iNput data set partitons 1Y 4
OUTPUT num addr! addr2 WIDTH=x PARTITION =y
num — 15 the format number (integer 1-12)
addr1 — 18 the mrurnum address to be output
addr2 — s the maximum address to be output
X — 15 the bit width of an output word
y -
EOF—End of COMMAND FILE indicator

AVAILABLE FORMATS

TMSUTL FORMAT PATHS

FORMAT # FORMAT INPUT OUTPUT
1 Hexadecima! 1 (PROM) X X
2 Hexadecimal * 2 (ROM) X X
3 BNPF X X
4 271 & 371 ROM/HILO of prototyping System X X
5 TME \bsolute Object from X X

3IM1 ader/Simulator
6 TMo 1uuu Absolute HOM Object from Assembier X X
7 TMS1000 Listed Absolute Object X X
8 TMS1000 OPLA Data X
9 TMS9800 Standard Absolute Object of Cross X X
Support System (Assembler or Loader/Stmutator) &
Prototyping System
10 TMS9900 Compressed Absolute Object of X X
Prototypiriq System
Bl T14700 ROM X X
12 T14800 RDM X X

Output Format —s 1 2 3 4 6§

6 7 8 9 10 N

12

1) Hexadecmal ®2  YES YES YES YES NO
(PROM)

NO YES NO NO NO YES YES

2) lacimal 2 YES YES YES YES NO NO YES NO NO NO YES YES
IE) YES YES YES YES YES YES YES NO YES YES YES YES
4) 271 & 371 ROM/ YES YES YES YES NO NO YES NO NO NO YES YES
HILO of Prototyping
|
75) TMS1000 / TMSB0BO YES YES YES YES YES YES YES NO NO NO YES YES
Ahsnluta Object from
L¢ wlator
6) T+ A\bsolute YES YES YES YES YES YES YES NO NO NO YES YES
Reie wupects from
4ssembler for
18
nT Listad YES YES YES YES YES YES YES NO NO NO YES YES
A
8) T «Data YES YES YES NO NO NO NO NO NO NO NO NO
9) TMS9900 Standard  YES YES YES YES NO NO NO NO YES YES YES YES
Absolute Object of
Crass Suppoert Sysiem
tAssembler or
Loader/Simulator) &
Prototyping System
10) TMSG800 YES YES YES YES NO NO NO NO YES YES YES YES
Compressed Absolute
Ohiect of Protloyping
m iOM YES YES YES YES YES NO YES NO NO NO YES YES
12) TI4800 ROM YES YES YES YES YES NO YES NO NO NO YES YES

DATA DELIMITERS

The following Is a table of data delimiters or end-of-module records for Input Data

FORMAT # TYPES
1. Hex format 1 End of tile record (:00)
2. Hex format 2 Trailer record — “END OF TEXT"

w

BNPF

271/371 ROM and HILO of Prototyping System
TMS8080/ TMS1000 Absolute Obiject from
Loader/Simulator

TMS1000 Absoiule ROM Object

TMS1000 Listed Absolute Dbject

TMS1000 OPLA Data

TMS9900 Standard Absolute Object

10 TMS9800 Binary Compressed Absolute Object
11 Ti4700 ROM

12 TI4800 ROM

oo~

@~ o

®

ADDRESS RANGES FOR FORMATS

FORMAT= FORMAT

{hollerith code 12-9-3) charactsr
followed by 79 non-blank characters

{without asterisks)

End of file record ($ in column 1)

End of file record (SEND)
£nd record (+ END)

End of tile record ($END)
End of file record ( $END)
End of file record ( $END)
End of modute record ()

End of file record ($END)
End of file record ($END)
End of file record (SEND)

ADDRESS RANGE

1 Hexadecimal = 1 (PROM) (O-FFFF),

2 Hexadecimal = 2 (ROM) None

3  BNPF None

4 271 & 371 ROM/HILO of Protolyping System None

5 TMSB080/TMS1000 Absolute Object from Loader/ (0-255)

Simulator

6  TMS1000 Absolute ROM Object (0-800)

7 TMS1000 Listed Absolute Object {0-1 Chapiter 0-15 page 0-3F

location)y

8 TMS1000 OPLA Data (0-1F)

9 TMS8900 Standard Absclute Object (O-FFFF)y
10 TMS8900 Compressed Absolute Object (O-FFFF)
1 TI4700 ROM (0-400)m
12 TI4800 ROM (0-400)m
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