
Texas Instruments Home Computer 

An expansion module that Increases the memory 
capacity and power of your computer with these 
features: 

Adds 4K bytes of Random Access Memory (RAIII) for 
program and data storage, 4K bytes of Read Only 
Memory (ROlli), and 6K bytes of Graphics Read Only 
Memory (GROIII). 

Contains additional Tl BASIC subprograms and 
utility routines that allow you to load and link BASIC 
programs to assembly language subprograms, to 
access the machine resources of your computer, 
and to address the Memory Expansion unit (sold 
separately) from a Tl BASIC program. 

Has a built-In battery to preserve data or programs 
stored In the module, even when you remove the 
module from the computer or tum the computer off. 

Allows you to troubleshoot your assembly language 
programs by means of the EASY BUG debugging 
program. 

Comes with a cassette-based Line-by-Line Symbolic 
Assembler that makes It possible for you to create 
your own assembly language programs. 

WARNING 
To retain data In Mini Memory Module, turn console power off and 

discharge hand by touching some electrically grounded object 

before Inserting or removing module. 

STATIC DISCHARGE MAY CAUSE DATA LOSSI 
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Mini Memory 

This Solid State Software™ Command Module is designed 
to be used with the Tl Home Computer. It increases the 
memory capacity and power of your computer with these 
features: 

• Adds 4K bytes of Random Access Memory (RAM) for 
program or data storage in the module itself. 

• Has a built-in battery to preserve data or programs 
stored in the module, even when you remove the module 
from the computer or turn the computer off. 

• Contains 4K bytes of Read Only Memory (ROM) and 6K 
bytes of Graphics Read Only Memory (GROM) 

programmed with additional Tl BASIC subprograms that 
allow you to link BASIC programs to assembly language 
subprograms, access the machine resources of your 

computer, and address the Memory Expansion unit (sold 
separately) from a Tl BASIC program. 

• Allows you to troubleshoot your assembly language 

programs by means of the EASY BUG debugging 
program. 

Copyright © 1982 by Texas Instruments Incorporated 
Command Module program and data base contents 
copyright © 1981 by Texas Instruments Incorporated 
See important warranty information at back of book. 
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INTRODUCTION 

The Mini M emory Solid State Software™ Command Modu le  increases 
the versati lity of you r Texas I n struments Tl-99/4 or  TI-99/4A Home 
Computer by providing  additional  memory for you r  system and 
important tools for program development . In  addition ,  the mod u l e  
contains  a bui lt-in battery ,  which permits t h e  programs a n d  data 
stored in  the mod u le 's  Random Access Memory (RAM )  to be retained 
when the computer console is tu rned off, even if the  mod u le is 
removed from the console .  

The feat u res of the Mini M emory mod u l e  inc lude: 

• A tota l  of 1 4K bytes of memory.  This memory consists of 6K bytes 
of G raphics Read On ly  M emory (G ROM), 4K bytes of Read On ly  
Memory (ROM), and 4 K  bytes of RAM .  The  programs resident i n  the  
G RO M  and ROM provide additional  important program deve lopment 
too ls .  The RAM provides additional  memory space for data and 
program storage. 

• A bui lt-in battery in  the mod u l e  to preserve the data or programs 
stored in  the RAM memory.  

• Additional  fi les.  Besides the 4K-byte RAM fi le  in  the Mini Memory 
mod u l e  itself ,  the 24K-byte seg ment of the Memory Expansion u nit , 
if attached, can be used by Tl BASI C  programs.  

• Assembly  lang uage capabi lities.  With the Mini Memory mod u le ,  
assem bly lang uage object prog rams can be loaded into the mod u l e  
itse l f  or  into the Memory Expansion u nit , if  attached. 

• Additional  Tl  BAS IC  s u bprog rams.  With the Mini Memory mod u le ,  
severa l  additional  subprograms can be cal led with T l  BAS IC 
statements .  These s u bprograms inc l ude the abi lity to PEE K  and 
POKE values.  

• Additional  uti lity routines. The Mini Memory mod u l e  inc l udes 
several program routines which permit access to the com puter's 
resou rces; for example ,  interfacing  user prog rams with ROM- and 
G RO M-resident programs,  interfacing  assembly  lang uage p rograms 
with the Tl  BAS IC  i nterpreter, and accessing the Video Disp lay 
Processor (VDP) RAM.  

• A resident debug program. The EASY BUG debug program is a 
usefu l program-development tool wit h which you can access the 
interna l  resou rces of the computer system and t roubleshoot you r  
programs.  
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APPLICATIONS 

You can use the RAM in  the Mini Memory modu le  to store either data 
or  programs.  This memory is "CPU memory ,"  which means it is fast­
access memory.  You can take advantage of t his fast storage and 
retrieva l to store data which is used freq uent ly in an app lication or to 
store assembly  language programs whic h perform rapid computations .  

A Tl  BAS IC program whic h you f req uent ly  use can be stored in  the 
Mini Memory modu le ,  rather  than on a cassette tape or diskette, for  
q uicker loading .  

Genera l ly ,  Random Access M emory (for exam ple ,  the "user" memory 
in the computer console) loses its contents when the console is 
tu rned off .  The battery-activated Mini Memory modu le ,  however, 
retains its contents when you t u rn the console off. Prog rams or data 
can be stored in  the battery-powered RAM ,  the console tu rned off ,  and 
the mod u le removed from the console.  Then ,  when you reinsert the 
modu le.and turn  the console on ,  your data or program is ready to use.  

CAUTION 

When you remove or i nsert the Mini 
M emory mod u le ,  the com puter console 
should be OFF to prevent the possibi l ity of 
any data or prog rams stored in RAM bei ng 
lost or altered . 

An important featu re of the Mini Memory modu le  is its capabi lity of 
imp lementing assembly lang uage programs.  The mod u l e  a l lows you to 
load your own assembly lang uage prog rams for di rect access to the 
prog rammable components i n  the com puter (such as the TMS9900 
microprocessor or the TMS991 8 Video Disp lay Processor). Assembly 
lang uage prog rams can a lso direct ly access devices such as the 
Wi red Remote Contro l lers or cassette tape recorders th rough their 
i nterface ports on the console .  

In  addition,  the  modu le  makes it possib le  for assembly lang uage 
subroutines to be cal led from Tl  BASIC prog rams.  These assem bly 
language subrout i nes can perform funct ions  wh ich  wou ld be 
i nefficient or impossib le  to imp lement i n  BASIC. Prog ram rout i nes 
resident in the modu le's G RO M  and ROM provide a conven ient  
i nterface between Tl BAS IC programs and assembly lang uage 
prog rams.  
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Also inc luded i n  the mod u le is the EASY BUG debugging  prog ram .  
With EASY B U G ,  you c a n  access the memory a n d  programmable 
components i n  the com puter. EASY BUG a lso inc l udes commands for  
loading and storing memory-image data on cassette tape. 

G E N E RAL M EMORY I N FORMATION 

Note: In  this man ua l ,  the  g reater than symbol ( > ) ind icates that the 
fol lowing n u m ber i s  a hexadecimal  (base 1 6) n u m ber.  

The Mini M emory mod u l e  contai n s  a total  of 1 4K bytes of memory,  
consisting of 4K bytes of battery-powered Random Access Memory 
(RAM), 4K  bytes of Read On ly  Memory (ROM), and 6K bytes of 
G raphics Read On ly  Memory (G ROM).  Res ident i n  ROM and G ROM are 
a n u m ber of rout i nes which add additional  ca l lab le  subprog rams to Tl  
BAS IC  and which are usef u l  for interfacing assembly  lang uage 
programs w ith  Tl  BASI C  programs.  

Append ix  A shows the memory organ izat ion  for the computer's entire 
memory space. The 4K bytes of ROM in the Mini Memory mod u l e  
occupy memory add resses > 6000 t h rough > 6FFF (or from 24576 
th rough 28671 ). Appendix B i l l ust rates the detai l s  of the ROM 
organization.  

The 4K bytes of RAM in the mod u l e  occu py memory addresses > 7000 
th rough > ?FFF (or from 28672 t h rough  32767). Appendix C shows the 
detai l s  of the RAM organization when i t  i s  used for Tl  BASI C  fi les .  
Appendix D describes how the RAM i s  organ ized when it is  used for 
assembly lang uage storage. The G RO M  occupies memory space which 
is not di rect ly mapped into the CPU memory add ress space. 
Append ices E and F conta in  i n format ion  about the RAM in the V ideo 
Disp lay Processer (VDP).  
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SOU RCES O F  BACKGROU N D  I N FORMATION 

A n u m ber of references can give you he lpfu l background in formation 
as you begin to use the Mini Memory mod u le .  These are: 

• The Texas I n struments Home Computer User's Reference Guide; 

• The Texas I n stru ments Home Computer Tl Extended BASIC owner's 
manua l ;  

• And,  if  you  are creating assembly language prog rams,  the Texas 
I n stru ments H ome Com puter Editor/Assembler owner's manua l .  
This book (part n u m ber 1 035984·1 )  is a ·comp lete reference g uide to 
the  TMS9900 assembly lang uage and a lso contains  detai l s  about 
the internal  a rchitect u re of the T l -9914 and TI-9914A Home 
Computers. For in formation  on ordering  the Editor/Assembler 
manua l ,  ca l l  to l l -free 800-858-4565 (within the contiguous U nited 
States) or 800-692·4279 (wit hin Texas), or write to: 
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HOW TO USE THIS MANUAL 

This manua l  assumes that you are a l ready experienced in  
p rog ramming with Tl BASIC .  Statements, commands,  and functions 
that are the same as i n  Tl BASIC are on ly  discussed brief ly .  For a 
complete description ,  see the User's Reference Guide inc l uded with 
your T l-99/4 o r  T I-99/4A Home Com puter. 

I f  you intend to use the Mini Memory mod u le for c reating your own 
assembly lang uage p rograms,  it is assu med that you are experienced 
in  TMS9900 assembly lang uage prog ram ming and that you are familiar 
with the interna l  organization of data and fi le st ruct u res used by the 
Home Computer. For a com plete discussion of these topics,  see the 
Editor/Assembler owner's manua l .  

The  remainder of this manua l  exp lains  the various feat u res inc luded in  
the Mini Memory mod u le .  The section entit led "Using the Mod u l e "  
exp lains  the various options that are presented on the selection  
screen when the Mini Memory mod u l e  is first brought into operation  
and exp lains  how to select these options.  

The section on  " Loading  and Saving T l  BASIC Data Fi les" exp lai n s  
h o w  to u s e  the Mini Memory modu le f o r  accessing data fi les,  a n d  t h e  
" Loading  and Saving Tl BASIC Prog rams" section describes h o w  t o  
u s e  the modu le  f o r  loading  a n d  storing prog ram fi les .  

The section on "Additional  Tl BASIC Su bprograms" explains the 
additional  subprograms the Mini Memory modu le  provides to interface 
with assem bly lang uage programs and the com puter system. 

" Loading  Assembly Lang uage Prog rams" discusses the proced u res 
for loading assembly lang uage programs and su bprog rams,  and the 
"System Uti lity Routines"  section describes the Mini Memory mod u l e  
uti lities which access CPU R O M  a n d  G ROM routines.  

The " EASY BUG Debugger" section detai l s  the operation of the EASY 
BUG debugging prog ram ,  and the six appendices contain information 
about the memory organization of the  H ome Computer. 
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USING THE MODULE 

Before i nsert i ng or remov ing  the M i n i  Memory modu le ,  it 's a good 
pract ice to t u rn off the computer console .  Tu rn i ng the console off 
p revents the poss ib i l ity of "contact bou nce" between the modu le  and 
console contacts ,  wh ich  cou ld cause you to lose or a lter the contents 
of the modu le's Random Access Memory. 

Note: Be su re the mod u le is f ree of stat ic  e lectr ic ity before i n sert i n g  it 
i nto the computer. (See "Serv ice and Warranty I nformat ion"  for deta i l s  
about stat i c  e lectr ic ity.) 

1 .  S l ide the mod u le i nto the s l ot on the console .  Then t u rn the 
computer ON,  and wait for the master t it l e  screen to appear. 

2 .  Press any key to make the master select ion l i st appear. Two 
opt ions  for the  M i n i  Memory modu le  appear on th is  l i st: EASY BUG 
and M I N I  M EM ORY. I f  you select EASY BUG,  the EASY BUG 
debugg ing  program is  brought i nto operat ion  and i ts  select ion  
screen appears. (For  deta i led i n format ion  on EASY BUG,  see the 
sect ion  " EASY BUG Debugger. ") I f  you select M I N I  M EM ORY, you 
can choose to load f i l es ,  run prog rams,  or i n it ia l ize the M i n i  
M emory mod u le's Random Access Memory.  Press the key 
correspond i n g  to the n u m ber bes ide the desi red opt ion .  

Note: To remove the mod u le ,  f i rst ret u rn the computer to the master 
t it le  screen by press i ng QUIT. Then tu rn the com puter console O FF, 
and remove the modu le  f rom the s lot . 

I f  you se lect M I N I  M EMORY f rom the master select ion  l i st ,  the 
fo l lowi ng select ions are ava i l ab le .  

1 0  
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* MINI MEMORY * 

PRESS: 
1 TO LOAD AND RUN 
2 RUN 

3 RE- INITIALIZE 

© 1981 TEXAS INSTRUMENTS 

Three opt ions are presented.  To se lect an opt ion ,  p ress the 
appropr iate key for that opt ion .  

LOAD A N D  RUN l oads assembled programs i n  tagged or compressed 
object format (stored on d iskette) i nto memory and runs the prog rams.  
RUN executes prog rams prev ious ly loaded i nto memory,  and 
R E- I N IT IALIZE re-i n it ia l izes the M i n i  Memory modu le  and prepares it 
for load i n g  new prog rams.  These t h ree opt ions are d iscussed i n  the 
fo l lowing parag raphs.  

LOAD A N D  R U N  

The LOAD A N D  R U N  opt ion  a l l ows you to load and execute assembly 
lang uage programs deve loped with the Ed itor/Assembler  package and 
stored on a d iskette.  When you press 1 to select the LOAD A N D  R U N  
opt ion ,  t h e  prom pt " F I LE NAM E? "  appears. T h i s  f i l e  must conta in  an 
assembly language p rogram i n  object format. Type the f i lename and 
then press ENTER; for exam ple ,  typ i ng  

DSKl . DEMO 

and press ing  ENTER loads a f i l e  named DEMO from a d iskette i n  D isk  
Drive 1 .  

After the f i l e  is  loaded, the  f i lename i s  erased from the screen.  The 
computer i s  now ready to accept another  f i lename. You may l oad as 
many f i les as you l i ke u nt i l  the memory is  f u l l .  When you have loaded 
a l l  you r  f i l es ,  press ENTER (without enter ing a f i l ename) to proceed.  

The prompt " PROG RAM NAM E?" appears next . The program name is  
any ent ry po i nt i n  a program wh ich  i s  marked by a labe l  DEF i ned in  
the  DEF  l i st of the program.  Press i n g  ENTER without enter ing  a 
program name creates an error cond it ion .  

1 1  
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R U N  

I f  you  have prev ious ly  loaded an assem bly  lang uage object prog ram,  
choose the R U N  opt ion to ru n the prog ram.  Remem ber, a program 
loaded i nto the M i n i  Memory modu le  i s  retai ned even if the console is 
tu rned off .  Therefore, you can ru n th i s  program without re load ing  it . 

I f  you press 2 when the M i n i  Memory select ion  l i st is on the screen ,  
the p rompt " PROGRAM NAM E? "  is  d isp layed. Enter the  name of the 
program.  The program name must be an entry poi nt in  a program 
which appears in the i nternal  R E F/DEF table .  (For more i n format ion  on 
the REF/D E F  table ,  see " LOAD Su bprogram.") I f  you press ENTER 

without enter ing a program name, the computer locates and ru ns  the 
program most recent ly executed. 

R E·I N ITIALIZE 

If you press 3 to select the R E- I N IT IALIZE opt ion ,  the M i n i  Memory 
modu le 's Random Access Memory i s  i n it ia lized to accept new f i les .  
Any programs or data stored i n  the Random Access Memory are lost . 

When you choose th i s  opt ion ,  the screen goes b lank  momentar i ly ,  and 
then the select ion screen reappears. 

I f  the message M EMORY ALREADY I N ITIALIZED, H IT " PROC'D"  TO 
CON F I R M  is d isp layed ,  press PROC'D if you want to re- i n it ia l ize 
memory.  Re- i n it ia l i z i ng  c lears a l l  exist i n g  program references from the  
memory and prepares for  load ing  new programs. Note: Press PROC'D 

O N LY if you want to load a new program and the rema in i ng  memory 
space i s  too sma l l  to add the new prog ram.  

I f  you  do not want to re-i n it ia l ize, press any other key to return  to the  
se lect ion l i st without re- i n it ia l iz ing memory. 
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LOADING AND SAVING Tl BASIC DATA FILES 

Probably the most common appl icat ion  for the M i n i  M emory mod u l e  is  
fast , tem porary data storage for  use by  Tl BASI C  prog rams.  S i nce it 
reta i n s  its data even if power to the  console is t u rned off,  the  M i n i  
Memory mod u l e  i s  usefu l for preserv ing  smal l amounts o f  data.  

You can estab l i sh  a f i le  of u p  to 4 K  bytes i n  the M i n i  Memory mod u l e  
a lone .  I f  the Memory Expans ion u n it i s  connected to the com puter 
console, the M i n i  Memory mod u l e  also a l lows you to access an 
add it iona l  f i le ,  EXPM EM2 ,  located in the Memory Expans ion u n it .  Th is  
f i le  can have a lengt h  of u p  to 24K bytes. 

ADDITIONAL FILES INTRODUCED TO THE SYSTEM 

The M i n i  Memory mod u l e  i nt roduces two new f i les  to the system.  

1.  M I N I M EM -The 4 K  read/write memory segment located i n  the  M i n i  
M emory modu le  itse l f .  

2 .  EXPM EM2-A 24K memory seg ment located i n  the Memory 
Expans ion u n it .  

T h e  last f i l e  is  ava i lab le  on ly  i f  the  Memory .Expans ion u n it is  
connected to the system and tu rned on .  Refer to the  Memory 
Expans ion  u n it owner's manua l  for more i n format ion  on how to 
connect th is u n it to the system and the proper i n it ia l izat ion procedu re.  
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FILE ACCESS 

The memory in the M i n i  Memory modu le  and the Memory Expans ion  
u n it can  be used for  data f i l e  storage by  Tl  BAS IC at any t i me. 
H owever, i f  you want to use these f i les for data storage together  with 
stor ing assembly  lang uage prog rams,  you must take certa in  
precaut ions to avoid destroying  data and/or assembly  language 
p rog rams.  See " M ix i ng  Assembly  Lang uage Prog rams and Tl  BASI C  
F i les" f o r  more i n format ion  on t h i s  proced u re.  

WAR N I N G  

I f  data f i l es  are stored i n  t h e  t h e  M i n i  
Memory mod u l e  (the f i le ca l l ed M I N I M EM),  
the  assembly  lang uage capab i l it ies cannot 
be used.  

Data F i l e  Specif ications 

The fo l lowi n g  spec i f icat ions  def i ne  data f i les to be stored in the M i n i  
Memory modu le .  

• F i le Organ izat ions-SEQU E NTIAL and RELATIVE.  

• F i l e  types - DISPLAY and I NTERNAL. 

• Record length-VARIABLE and F IXED.  

• Operat ion modes - I N PUT, OUTPUT, U P DATE,  and APPEND.  

• BASIC fu nct ions- EOF. 

The fol lowing restr ict ions  apply to the above spec i f icat ions .  

• The VARIABLE- length record type can be used on ly  with  
SEQUENTIAL f i les.  

• For a f i le with  VARIABLE- length records,  a zero- length  data item i n  
t h e  f i rst record w i l l  b e  stored i ncorrect ly .  To ensure proper f i l e  
operat ion ,  make sure that the f i rst record i n  you r  f i l e  i s  not a n u l l  
st ri ng .  

For  more i n format ion on data f i l e  hand l i ng and access ing  f i les ,  refer 
to the " F i l e  Process i n g "  sect ion of the User's Reference Guide. 
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Setting Up a M i n i  Memory Fi le for Data Storage 

You can t h i n k  of the  f i les i nt roduced to the system by the M i n i  
Memory modu le a s  h igh -speed,  out-of-prog ram storage f i l es ,  j u st a s  a 
cassette or d iskette is an out-of-program storage f i le .  The Tl BASIC 
statements used to set u p  and access f i les i n  the M i n i  Memory 
modu le  are the same as those descri bed i n  the User's Reference 
Guide. 

To access a f i le ,  you m u st open it w it h  an OPEN statement, l i st i n g  the 
f i l e  spec i f i cat ions you want the f i le  to have. 

OPEN #3 : "MINIMEM" , RELATIVE , FIXED , UPDATE , DISPLAY 

Data can be written to the f i l e  with a PR INT statement and read from 
the f i l e  with an I N PUT statement .  The R ESTORE statement repos it ions 
the ' f i l e  at i ts beg i n n i n g  record .  

PRINT #3 : A , B , C , D  
RESTORE #3 
INPUT #3 : A , B , C , D  

You shou ld c lose the f i l e  when you n o  l onger need to access it o r  i f  
you want to re-OPEN i t  to estab l i s h  d i f ferent spec i f i cat ions ( l i ke 
chang ing  it from an OUTPUT f i l e  to an I N PUT f i l e). 

CLOSE #3 
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Setting Up a Memory Expansion Fi le for Data Storage 

Sett i n g  up data f i les in the 24K-byte memory segment of the Memory 
Expans ion u n it requ i res the same proced u re as that descri bed for the 
M i n i  Memory modu le ,  w it h  one except ion .  

To ensure that a f i l e  is  properly opened and c losed,  each OPEN 
statement must be preceded by a CALL LOAD statement specify ing  an 
address and a va l ue.  (See "Addit iona l  T l  BASI C  Subprograms" for f u l l  
i n format ion  about t h e  LOAD s u bprogram.) T h e  address i s  t h e  same for 
each CALL LOAD statement ;  the va lue  that fol l ows t he address 
depends on the f i l e  type and record lengt h .  

F o r  I NTERNAL-type f i les w it h  VARIAB LE- length  records,  the format is  

CALL LOAD (-24574 , 24 )  
OPEN #1 : "EXPMEM2" , SEQUENTIAL 
, VARIABLE J2 , INTERNAL , OUTPUT 

For D ISPLAY-type f i les w ith  VARIABLE- length  records,  the format is  

CALL LOAD (-24574 , 16 )  
OPEN #1 : "EXPMEM2" , SEQUENTIAL 
, VARIABLE J2 , DISPLAY , OUTPUT 

For I NTERNAL-type f i les with F IXED- length  records,  the format is 

CALL LOAD (-24574 , 8 ) 
OPEN #1 : "EXPMEM2" , RELATIVE , F  
IXED , UPDATE , INTERNAL 

For D ISPLAY-type f i l es with F IXED- lengt h  records,  the format is  

CALL LOAD (-24574 , 0 )  
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Reading and Writ ing a Data Fi le 

The fol lowing programs i l l ust rate writ i n g  data to the M I N I M EM and 
EXPM EM2 f i l es and then read i ng the data.  

M I N I M EM Exam ple: 

100 OPEN #5 : "MINIMEM" , SEQUEN 
TIAL , FIXED , OUTPUT , INTERNAL 
110 INPUT X 
120 INPUT Y 
130 INPUT Z 
140 PRINT #5 : X ,  Y ,  Z 
150 CLOSE #5 

This segment opens the M I N I M EM f i l e  (the 4K bytes of 
RAM in the M i n i  Memory modu le) as an output f i l e  i n  
statement number  1 00. L ines 1 1 0 t h rough 1 30 accept the 
data va l u es entered from the keyboard .  L ine  1 40 writes 
t hese values to the M I N I M EM f i le ,  and l i n e  1 50 c l oses 
the M I N I M EM f i le .  

At th is  poi nt ,  the computer console can be tu rned off 
and the  M i n i  Memory modu le  removed f rom the console .  
The data is  preserved j u st as i f  i t  had been stored on a 
cassette or d iskette.  

The fo l lowing seg ment reads the data values stored in 
the M I N I M EM f i le and d isp lays the va l ues on the screen .  

200 OPEN #5 : "MINIMEM" , SEQUEN 
TIAL , FIXED , INPUT , INTERNAL 
210 INPUT #5 : P ,  Q ,  R 
220 PRINT P ,  Q ,  R 
230 CLOSE #5 
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EXPM EM2 Example: 

100 CALL CLEAR 
110 REM OPEN FILE FOR DISPLA 
Y-TYPE , VARIABLE-LENGTH 
120 CALL LOAD (-24574 , 16 )  
130 OPEN #1 : "EXPMEM2" , SEQUEN 
TIAL , VARIABLE , DISPLAY , UPDATE 
140 FOR I=1  TO 20 
150 PRINT #1 : "RECORD #";I; "W 
AS READ . "  
160 NEXT I 
170 RESTORE #1 
180 FOR J=1 TO 20 
190 INPUT #1 : A$ 
200 PRINT A$ 
210 NEXT J 
220 CLOSE #1 

This program opens a f i l e  in EXPM EM2 (the 24K-byte 
memory segment in the Memory Expans ion  u n it), writes 
20 records to the f i le ,  and then reads the records back 
and d isp lays them on the screen .  Note the CALL LOAD 
statement i n  l i ne 1 20, wh ich  precedes the OPEN 
statement i n  l i ne 1 30, and the R ESTORE statement i n  
l i ne 1 70, wh ich  repos it ions f i l e  # 1  at its beg i n n i ng record .  

Note: When t h e  computer console is  tu rned off,  a n y  data 
stored i n  the Memory Expans ion u n it i s  dest royed. 

LOADING AND SAVING Tl BASIC PROGRAMS 

I n  addit ion  to data f i l e  storage, the  M i n i  Memory modu le  is a lso usefu l  
fo r  stor ing short Tl  BAS IC programs or assembly  lang uage prog rams.  
Assembly lang uage prog rams stored on  d is kette are loaded th rough 
the LOAD AND R U N  opt ion on the M i n i  Memory select ion  l i st ,  wh i l e  
T l  BASIC programs can b e  saved and loaded u s i n g  t h e  SAVE and OLD 
commands, respect ively .  For more i n format ion on these commands, 
refer to the "Commands" sect ion  of the User's Reference Guide. 

The M i n i  Memory modu le  can store nearly 4K bytes (exact ly 4088 
bytes) of program data in its RAM . 
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To use f i les for assembly  lang uage prog rams and Tl BASIC f i les 
together, you must take certa in  precaut ions ,  which are descri bed in  
the sect ion  " M ix i n g  Assembly Lang uage Prog rams and T l  BASI C  
F i les ."  

LOADING AN D STO R I N G  A PROG RAM 

The fol lowi ng proced u re shows you how to create a one-statement 
test program,  save it i n  the M i n i  Memory modu le ,  and then load it 
back i nto the console's memory.  

F i rst , select Tl  BASIC and enter the  program.  

100 PRINT "THIS IS A TEST" 

Store the program by enteri ng the com mand 

SAVE MINIMEM 

After the program is stored i n  the modu le,  the  computer console can 
be tu rned off. Then,  even i f  the M i n i  Memory modu le  is  removed from 
the console,  the program is  preserved just as i f  it had been stored on 
a cassette or d iskette.  

As a test ,  i f  you do not want to turn the console off  at th is poi nt ,  enter 
the command 

NEW 

to remove the program from the console memory.  To load the program 
back i nto the console memory, enter the command 

OLD MINIMEM 

N ow, enter the L IST command to see that the p rogram was loaded 
back i nto memory.  

MIXING ASSEM B LY LAN G UAG E P ROG RAMS AND Tl BASIC F I L ES 

Assembly lang uage programs and T l  BASIC f i les cannot be stored 
s i m u ltaneous ly  i n  the M i n i  Memory modu le .  If the  M i n i  Memory 
modu le  and the Memory Expans ion u n it are bot h  ava i lab le ,  however, 
you can mix  assembly  lang uage programs and T l  BAS IC f i l es ,  with the 
fol lowing restr ict ions .  

• The M i n i  Memory modu le  m ust be used for  assem bly lang uage 
storage on ly.  

• You can a lso store assembly lang uage prog rams in the 8K-byte 
segment of the Memory Expans ion u n it .  
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• The 24K-byte segment of the M emory Expans ion u n it must be used 
for you r  Tl BASIC f i les .  

WARN I NG 

I f  data f i les are stored i n  the M i n i  Memory 
modu le  (the f i l e  ca l l ed M I N I M E M), the 
Memory Expansion u n it cannot be used for 
assembly  program storage. 

When you have both the M i n i  Memory modu le  and the Memory 
Expansion u n it and you want to m ix  assembly  lang uage programs and 
Tl BASIC f i l es ,  use the fol lowing steps to avoid destroy ing  data and/or 
p rograms. 

1 .  I n it ia l ize the M i n i  Memory modu le  by fo l lowing one of two 
procedures. One proced u re is  to select the R E- I N ITIALIZE opt ion 
f rom the M i n i  M emory select ion  screen .  A second procedure i s  to  
se lect T l  BASIC from the  master  select ion  l i st and use the CALL 
I N IT com mand.  (See "Addit iona l  T l  BASI C  Subprograms" for a 
descri pt ion  of the I N IT subprogram.) 

2. From Tl BASIC,  use the OPEN statement to reserve the  EXPM EM2 
f i l e  for  data storage. 

3 .  LOAD the assem bly language programs you want to use. (See 
" Load i n g  Assembly Language Programs" for add it iona l  
i n format ion .) 

ADDITIONAL Tl BASIC SU BPROGRAMS 

Severa l subprograms i n c l uded i n  the M i n i  Memory modu le  provide an 
i nterface between assembly  lang uage programs and Tl BAS IC.  These 
subprograms are I N IT, LOAD, L I N K, PEEK, PEEKV, POKEV, and 
CHARPAT. Each subprogram is d iscussed in th is  sect ion .  In these 
d iscuss ions ,  the term "CPU memory" refers to al l  the memory d i rect ly  
access ib le  by  the Central  Process i n g  U n it (CPU).  Th is  i n c l udes the 
memory i n  the modu le  itse l f ,  the  Memory Expans ion u n it ,  i f  attached ,  
and the scratchpad memory i n  the console.  
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I N IT S U B P ROG RAM 

Format: CALL I N IT 

The cal l i ng statement of the I N IT s u bprogram has no arg uments .  We 
recom mend that you genera l ly use CALL I N IT i n  the command or  
i m med iate mode to avoid i nadvertent ly  los i ng  programs or data stored 
i n  memory.  However, i f  the  CALL I N IT statement is used i n  a prog ram,  
i t  m ust appear pr ior  to the LOAD and L I N K  subprograms. 

The I N IT subprogram i n it ia l izes the CPU memory for assembly 
language subrout i n es and re- i n it i a l izes the i nterna l tables i n  the  M i n i  
Memory modu le .  When t h i s  subprogram i s  ru n ,  i t  checks t o  see i f  the 
Memory Expans ion u n it i s  con nected .  I f  so ,  i t  sets the correspond ing  
tab le  va l ues i n  the M in i  Memory modu le  to enab le  access to both  the  
mod u l e  and the Memory Expans ion  u n it .  

WAR N I N G  

CALL I N IT erases a l l  programs and data 
from the M i n i  Memory modu le .  Use it on ly  
to c lear  the memory for load ing  new 
programs or subrout i nes.  A lso, i f  the  
Memory Expans ion u n it is  not properly 
connected or i f  it i s  not tu rned on when 
CALL I N IT is  executed , the I N IT 
subprogram does not recog n ize the  
Memory Expans ion u n it .  I f  th is  happens,  
th is memory cannot be used for load i n g  
programs.  

S i nce the M i n i  Memory Com mand M od u le conta i n s  i ts  own i nternal  
power su pply ,  the modu le  does not have to be i n it ia l ized every t ime  
the ma in  console is  tu rned on .  O n ly i f  you  want to re-i n it ia l ize the 
modu le 's  memory does the I N IT s u bprog ram have to be used.  

CAUTION 

The M i n i  M emory modu le  reta i n s  on ly  the 
data conta i ned i n  the modu le  itse l f .  Any 
data i n  the Memory Expansion u n it i s  lost 
if the system is tu rned off .  
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LOAD S U B PROG RAM 

The LOAD s u bprogram serves two pu rposes. 

• It loads assembly  language object f i les i nto CPU memory.  

• It loads data i nto CPU memory. 

The syntax for the CALL LOAD statement has two forms ,  depend ing  
on the pu rpose of the CALL LOAD statement .  

Loading Object Fi les 

Format: CALL LOAD(obj-filename[,obj-filename, . . .  J) 

Th is  format of the CALL LOAD statement loads an assembly lang uage 
object f i le or  pokes d i rect data i nto memory for later execut ion by the 
CALL L I N K  statement .  

The obi-filename (object f i l ename) can be any val id str i ng  express ion 
and spec i f ies the f i l e  to be opened and read by the LOAD su bprog ram .  
Relocatable object code is  loaded at t h e  f i rst avai lab le  address, wh ich  
depends u pon the system conf ig u rat ion ;  and space is  reserved for  the 
assembly lang uage programs accord i n g  to the length  spec i f ied i n  the 
"0-tag " f ie ld i n  the object f i le .  (For  a descr ipt ion of object program tag 
f ie lds,  see the Editor/Assembler owner's manua l .) Absol ute object 
code is loaded at the absol ute address spec i f ied i n  the object code. 

For example ,  the statement 

CALL LOAD ( "DSKl . DEMO" ) 

l oads the f i l e  DEMO from the  d iskette i n  D isk  Drive 1 .  
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I f  you are us ing  the M i n i  Memory modu le  on ly ,  without the Memory 
Expans ion u n it attached to the console and tu rned on ,  the f i rst 
assembly language program is loaded start i n g  at > 71 1 8, the lowest 
ava i l ab le  address i n  the modu le 's  Random Access Memory (RAM) .  I f  
the  Memory Expans ion u n it is  con nected and turned on ,  the f i rst 
assembly  lang uage program is loaded start i n g  at > AOOO, the start i ng 
address of the h ighest memory seg ment i n  the Memory Expans ion  
u n it .  Su bseq uent programs are  loaded sequent ia l ly ,  beg i n n i ng w i th  the 
lowest address i n  the h ig h  memory area. 

See " Load ing  Assembly  Lang uage Programs" for addit ional  
i n format ion .  

Loading Data Files 

Format: CALL LOAD(address,value[, ... , "",address, value, . . .  ]) 

When the  LOAD subprogram is used to load data i nto CPU memory,  a 
l i st of i ntegers (ca l l ed a poke l i st) shou ld be spec i f i ed .  The poke l i st 
shou ld start wit h  an address between 0 ( >  0000) and 32767 ( >  7FFF) or  
an address between - 1 ( >  FFFF) and - 32768 ( > 8000), fo l l owed by a 
l i st of i ntegers to be used as one-byte data va l ues.  These i nteger 
va l ues are loaded i nto consecut ive locat ions ,  start i ng at the g iven 
address. An empty str i ng  ("' ') separates the last byte of one poke l i st 
and the start i ng address of the next .  The address for a poke l i st is 
absol ute, and the data is not-re locatable .  

For example ,  the statement 

CALL LOAD (-32000 , 25 5 , 21 , "" , 8197 , 85 )  

l oads the val ue > FF1 5 at memory word address > 8300 (byte 
addresses > 8300 and > 8301 )  and the va l ue > 55 at memory byte 
address > 2005. 

23 



TEXAS INSTRUMENTS 
HOME COMPUTER 

I f  an object code p rogram i s  loaded d i rect ly w ith  a poke l i st ,  a name 
entry must a lso be loaded so that the program can be accessed by a 
CALL LI N K  statement (descri bed below). The program name and 
address are added to the R E F/DEF table i n  the modu le 's  memory i n  
the  following  manner. 

F i rst , the F i rst Free Address in the modu le  (FFAM) and the Last F ree 
Address in the mod u l e  (LFAM) must be read from memory by means of  
the PEEK command (descri bed below). The addresses of these two 
var iab les are > 701 C and > 701 E respect ive ly .  After check ing that 
t here is enough  room (8 bytes) to add another  label  to the REF/D E F  
table ,  subt ract 8 f rom the o ld LFA M ,  and poke t h e  n e w  LFAM val u e  t o  
> 71) 1 E u s i n g  the CALL LOAD statement .  Load t h e  program name 
(m ust be exact l y  6 bytes, i n c l ud ing  spaces) and the program address 
(2 bytes) i nto the 8-byte space added to the REF/D E F  tab le .  

For example ,  i f  the  LFAM i s  > 8000, change i t  to > 7 F F8 and load the 
name and then the address of the p rogram.  

L I N K  SUBPROG RAM 

Format :  CALL LINK(program-name [,parameter-list,"", . . .  ]) 

The LINK subprogram passes control and, opt iona l ly ,  a l i st of 
parameters from a Tl  BASI C  p rog ram to an  assembly lang uage 
p rogram. 

The program-name i s  a str i ng  express ion cons ist i ng  of from one 
t h rough s ix  characters and m ust be an entry in  the R E F/DEF table .  
Th is  name m u st be def i ned in  a program which has been loaded 
prev ious ly .  Or,  i f  a program was loaded byte-by-byte by means of a 
poke l i st i n  a CALL LOAD statement ,  the  program name must have 
I:Jeen entered in the R E F/DEF table exp l i c it ly .  See the " LOAD 
Subprogram" sect ion  for more i n format ion .  

The parameter-list i s  opt iona l .  Th is  l i st i s  used when  parameters need 
to be passed between the assembly  lang uage program and Tl BASIC .  
You can pass str ing  or  n umer ic variab les or express ions .  
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Para meter Passing 

Depend i n g  u pon whether  a parameter is  a variab le  or an express ion , 
the parameter is passed by name or by va l ue .  Vari ab les are passed by 
name, and express ions are passed by va lue .  

I f  a variab le  is  passed to an assembly  lang uage p rogram,  i t  can have 
its va l ue  changed in the assembly language prog ram,  thus  chang ing  
the va l u e  o f  the variab le  i n  the ma in  program a lso .  I f  the variab le  i n  a 
parameter l i st has not appeared i n  prev ious Tl BASIC statements ,  the 
i nterpreter  c reates a Symbol  Tab le entry for  the variab le .  

Express ions are passecj by va l ue,  s i n ce they are not d i rect ly  
assoc iated w ith  a variab le .  The va l u e  of an express ion cannot be  
passed back to the cal l i ng prog ram .  

When an array e lement ,  s u c h  a s  A(9), i s  g iven i n  the parameter l i st ,  it 
is passed as a variab le .  An ent i re array can be passed by fo l low i ng the 
parameter name wit h  parentheses. I f  the array has more than one 
d i mension ,  a comma must be p laced i ns ide the parentheses for  each 
addit iona l  d i mens ion .  For exam ple ,  A( ) i nd icates a one-d i mens iona l  
n u mer ic array ca l led A.  EXT$(,) represents a t h ree-d i mensional  st r ing  
array ca l led EXT$. 

To specify that certa in  variables are to be used on ly  for pass i n g  a 
va l ue ,  but not for ret u rn i ng res u lts ,  the var iable can be enc losed i n  
parentheses. For example ,  (S U M I) refers t o  t h e  cu rrent val u e  o f  the  
n u meric variab le SU M I .  (A$(5)) refers to the va l ue of the st r ing  array 
e lement A$(5). N ot ice that com plete arrays cannot be passed by va lue  
but m u st be  passed by  name; thus ,  (A( ) )  wou ld be  i l lega l .  

A max i m u m  o f  1 5  arg u ments c a n  b e  l i sted i n  t h e  parameter l i st .  
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Operation 

The LI N K  subprogram performs the followi n g  act ions .  

• It eva luates the assembly  lang uage p rog ram name and its length  (1 
to 6 characters) and pus hes th is  i n format ion onto the va lue  stack. 

• It bu i lds the arg u ment l i st ,  cons ist i ng of ident i f iers for each 
arg u ment in the parameter l i st ,  and b u i lds a stack entry for eac h 
argument .  

• It moves the program name to the area where the ut i l ity rout ine  can 
access it  and transfers cont ro l  to the ut i l ity prog ram.  

• U pon ret u rn ,  i t  branches to an error rout i ne  i f  an error has  been 
detected.  Otherwise,  it c lears the stack entry used dur ing  L I N K  
execut ion ·and retu rns to the T l  BASI C  ca l l i ng prog ram.  

The  LI N K  subprogram passes i n format ion  about the arg u ments v ia  the 
argument-ident i f ier  l i st i n  CPU RAM and the va l ue stack i n  VDP RAM .  

The argument ident i f iers ,  o ld va l ue  stack poi nter, and t h e  n u m ber  of 
arguments in the l i st are located in the fol lowi ng CPU RAM locat ions .  

Address 
> 7002- > 701 1 
> 83 1 0  
> 83 1 2  

Contents 

Arg u ment ident i f ie r, one byte for each argument .  
Old va lue  stack poi nter of Tl  BAS IC i nterpreter. 
N u m ber of arg u ments in the parameter l i st .  

The argument-ident i f ie r  codes are ·as fol lows. 

0 N u mer ic express ion 
1 St r ing  express ion 
2 N u meric variab le 
3 Str ing  variab le 
4 N u mer ic array 
5 St r ing  array 

M ore i n format ion  on each arg u ment is  stored in an e ig ht-byte va lue  
stack i n  VDP memory. The  structu re of an i nd ividua l  va l ue  stack 
depends u pon the type of arg u ment ,  as descri bed below. 
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Numeric Expression-The stack conta i n s  the va lue  of the n u m eric 
express ion .  The va l u e  is  expressed i n  rad ix  1 00 notat ion .  The f i rst byte 
is the exponent of 1 00. I f  the exponent is pos it ive, it is i n  excess of 64. 
A negat ive exponent is  expressed as a va lue  l ess than 64 in the f i rst 
byte. The abso lute va lue  of the exponent is the d i fference between 
th i s  va l ue and 64. The other seven bytes conta in  0 to 99, for rad ix  1 00 
d ig its .  I f  the n u m ber  is negat ive, the  f i rst word (two bytes) is the two's 
com p lement of the n u m ber. For example ,  

> 3F, > 22, > 00, > 00, > 00, > 00, > 00, > 00 equa ls  0.34 

> BE,  > FB, > 00, > 00, > 00, > 00, > 00, > 00 equa ls  - 500 

String Expression-A str ing  stack entry consists of the fol l owi ng  
i n format ion .  

Bytes 0- 1 
Byte 2 

Bytes 4-5 

Bytes 6-7 

> 001 C. 
> 65 (The str ing  tag used by the Tl  BASIC 
i nterpreter). 
The pointer to the va l u e  of the str ing  in VDP 
memory. 
The lengt h  of the str ing .  Byte 6 shou ld a lways 
be zero s i nce the max i m u m  st r ing length is  
255 characters. 

Numeric Variable-This item is  e ither  a n u meric variab le or a n umeric 
array e lement .  The stack conta ins  the fo l low i ng i n format ion .  

Bytes 0- 1 The poi nte r  to the variab le 's  Sym bol Tab le  
entry i n  VDP memory. 

Byte 2 Zero. 
Bytes 4-5 The poi nter to the e ig ht-byte value  of the 

vari able i n  VDP memory.  

String Variable-This  item is  e ither  a str ing  variab le  or a str ing  array 
e lement .  The stack entry conta ins  the fo l lowi ng i n format ion .  

Bytes 0- 1 The poi nter  to the variab le 's  Symbol Tab le  
entry i n  VDP RAM. 

Byte 2 > 65 (The str ing  tag used by the Tl BASIC 
i nterpreter). 

Bytes 4-5 The poi nter  to the str i ng 's va lue  in VDP 
memory.  

Bytes 6-7 The str ing  length .  
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Numeric Array-This  entry res u lts from an arg u ment of the form A( ) ,  
A(,), etc .  It i s  used to perm it a subprogram to man ipu late an ent i re 
array. The str ing entry conta ins  the fo l low ing i n format ion .  

Bytes 0-1 The poi nter to the array's Symbol Tab le  ent ry 
i n  VDP RAM .  

Byte 2 
Bytes 4-5 

Zero. 
The poi nter to the array's va lue  space in VDP 
RAM .  The  va l u e  space fo r  a n u meric array has 
two bytes for each d i mens ion wh ich  i nd icate 
the max i m u m  i ndex for that d i mens ion .  The 
va lues of the rest of the e lements are stored 
i n  seq uent ia l  order. 

String Array-This entry is  s im i la r  to the ent ry for a n umeric array, 
except that byte 2 conta ins  > 65. The va lue  space for a st r ing array 
conta i n s  two bytes for eac h d i mens ion ,  i nd icat i ng  the max i m u m  i ndex, 
fo l lowed by a poi nter to each array e lement 's va l ue  (str ing va l u e) i n  
V D P  RAM .  Note that ,  with a n u meric array, each array e lement i s  
stored consecut ive ly  i n  the same memory area, wh i l e  the e lements of 
a str ing  array are located in non-cont ig uous memory areas. 

N ame Link Routine 

When an asssembly lang uage subrout i ne  is  cal led from Tl  BASIC by a 
CALL L I N K  statement ,  control passes to the subrout i ne th rough a 
Name L i nk  rout i n e  wh ich  resides i n  the ut i l ity prog ram.  The Name L i nk  
rout i ne f i nds the name of the rout i ne i n  the REF/DEF tab le  located at 
the h igh  end of the M i n i  Memory modu le 's memory. When an 
assembly  language program is  loaded ,  the Loader adds an e ight-byte 
entry to the REF/D E F  table when it sees a R EFed or  D EFed labe l .  Th is  
REF/D EF tab le  starts at  > 7FFF and goes down toward > 71 1 8, the 
F i rst Free Address (FFAM) i n  the modu le.  

The REF/D E F  table is  searched from the  lowest address up .  Therefore, 
i f  two rout i nes are loaded with the same name, the second one l oaded 
is used.  I f  the name you supp ly  is g reater than s ix  characters or if the 
Name L ink rout i ne cannot f i nd the name i n  the table ,  an error resu lts.  
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The Name L ink  rou t i ne  t ransfers contro l  to the assem bly lang uage 
p rog ram wi th  a 9900 branch-and- l i n k  i nstruct ion (BL). When the 
assembly lang uage prog ram is  cal l ed f rom the l i n k  rout ine ,  the  
workspace is  located at > 7088, and the retu rn address i s  i n  R1 1 of  
that workspace. Before retu rn ing ,  your prog ram shou ld c lear the  byte 
at > 837C; otherwise,  an error message may be d isp layed , even though 
the program d id not generate an e rror. 

The assembly lang uage prog ram can ass ign  new values to n u mer ic or 
stri ng var iab les or  to e lements of n u mer ic or  str ing arrays with u t i l i t i es 
provided by the system.  These u t i l i t ies  are descri bed i n  the "System 
U t i l i ty Rout i nes" sect ion .  

En t r ies  on  the va lue  stack wh ich  resu l t  from parameters passed by  the  
CALL LIN K  statement are automat ica l ly  c leared by  the LIN K  
subprogram.  I f  you d i rect ly  man i p u late the val ue  stack, however, you 
m ust restore the stack to i ts or i g i na l  state before retu rn ing  contro l  to 
the LI N K  subprogram.  
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PEEK S U B PROG RAM 

Format: CALL PEEK(address, varf.,var, ... ,"",address, var, . . .  ]) 

The PEEK subprogram is used to read bytes of CPU RAM d i rect ly  i nto 
Tl  BASIC var iables.  

The address parameter m ust be either a numeric express ion  or  a 
n u meric variab le .  The address is a dec ima l  va l ue  from - 32768 to 
32767, represent i n g  a two-byte i nteger value.  Addresses above > 7FFF 
are written as negat ive n u m bers, t reat i ng the  va lue  as  a 
two's-complement i n teger. (For example ,  to access an address above 
32767, subtract 65536 from i t .) 

The variab le  l i st (var parameters) m ust consist  of n u meric variab les .  
Each consecut ive byte read from the memory i s  ass ig ned to eac h 
variab le i n  the order l i sted i n  the variab le  l i st .  A n u l l  str i ng ("") 
separates one PEEK seq uence from the next one so that you can 
repeatedly PEEK severa l locat ions of memory i n  a s i ng le  statement .  

For example ,  the statement 

CALL PEEK ( 8192 , A , B , C ( 8 ) , "" , 24576 , X ) 

reads three bytes from address > 2000 and up ;  ass igns  the val ues to 
the var iables A, B ,  and C(8) , consecut ive ly ;  reads one byte from 
locat ion  > AOOO; and stores the va lue  in variab le X. 

The returned val ue is  a one-byte val ue  and i s  a lways in the range of 0 
th rough 255. 

PEEKV S U B P ROG RAM 

Format: CALL PEEKV(address, varf.,var, ... ,"",address, var, . . . J) 

The PEEKV subprogram is used to read bytes from VDP RAM . It works 
exact ly as PEEK does, except that PEEKV accesses VDP RAM i nstead 
of CPU RAM .  

The address i s  a dec ima l  va l ue  from 0 t o  1 6383, and the variab le l i st  
(var parameters) is a l i st of n u mer ic va r iab les which are to conta i n  the 
va lues read. N ote that the VDP has 1 6K of RAM ,  and t ry ing  to access 
a memory address h i g her than 1 6383 may crash the system. Also, see 
"PEEK Subprogram" for more i n format ion .  
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POKEV S U B PROG RAM 

Format: CALL POKEV(address, var[,var, ... , "",address, var, . . .  ]) 

ThE! POKEV Subprogram a l l ows you to modi fy the val ue  in the VDP 
RAM .  I t  works the  same way as  LOAD works when  LOAD is  used to 
mod i fy CPU memory.  

The address i s  a dec ima l  va l ue  from 0 to 1 6383, and var i s  a n u mer ic 
express ion or n u mer ic  var iab le that conta i ns a va l u e  to be p laced in  
the  VDP memory at the  s pec i f ied address. Each s pec i f ied val ue  i s  
stored consecut ive ly  beg i n n i ng at the g iven address. For  example ,  the  
statement 

CALL POKEV ( 784 , J O , JO , J0 , "" , 2 , V) 

changes color  table 1 6  to color  tab le 1 8  ( > 31 0  to > 31 2  i n  the V D P  
RAM), res u l t i ng i n  a b lack foregrou nd and gray backg round.  I f  t h e  
va lue  o f  V i s  1 61 ,  the  character " A "  appears i n  the t o p  left corner o f  
t h e  screen .  

CHARPAT S U B P ROG RAM 

Format: CALL CHARPAT(char-code, str-var[,char-code,str-var, . . .  ] )  

The CHARPAT subprogram retu rns  a 1 6-c haracter pattern ident i f ie r  
that  spec i f ies the pattern of the character-code. 

The char-code (c haracter code) i s  any character n u m ber  rang i n g  from 
32 th rough 1 59. Character codes 32 th rough 95 (th rough 1 27 on  the 
T I -99/4A) are norma l ly  reserved for ASC I I  characters and are i n i t i a l l y  
def i ned by  the  Tl  BAS IC  i nterpreter. The  str ing express ion (def i n i t i on) 
of the c haracter code i s  read i nto the str-var (str i ng  var iable). Th is  
express ion cons ists of 1 6  characters of hexadec i mal  d ig i ts that 
represent the c haracter. Refer to the CHAR subprogram d iscuss ion in 
the User's Reference Guide for more deta i l s  on def i n i ng a character. 

LOADING ASSEMBLY LANGUAGE PROGRAMS 

The M i n i  Memory modu le  and the Memory Expans ion  u n i t  are a 
powerf u l  team.  However, when they are used together,  some care 
m ust be exerc ised to ensure that you r  re locatab le  object f i les are 
loaded i nto the proper memory areas. 
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If both the M i n i  Memory modu le  and the Memory Expans ion u n i t  are 
be ing  used , re locatab le  programs are loaded i nto the memory space i n  
t h e  fo l lowi ng  sequence. 

1 .  The Memory Expans ion  u n i t 's h i ghest memory seg ment (the 
24K-byte area start i n g  at > AOOO). 

2. The Memory Expans ion u n i t 's  lowest memory seg ment (the 8K-byte 
area start i n g  at > 2000). 

3. The M i n i  Memory modu le 's  memory (the 4K-byte area start i n g  at 
> 71 1 8). 

The f i rst f ree address in h i g h  memory is  i n i t i a l ized to > AOOO by the 
I NIT subprog ram,  and re locatable code i s  rea l located to the start i n g  
load address. Whenever a "0-tag" is  encountered , the start i ng  load 
address is u pdated from the f i rst free address i n  h i g h  memory, and the 
p rogram length is  added to th is  address.  Subsequent programs are 
loaded seq uent ia l ly ,  beg i n n i ng wi th  the lowest address i n  the h i g h  
memory area. (See Appendix  A f o r  a m a p  o f  C P U  memory when both 
the M i n i  Memory mod u l e  and the Memory Expans ion u n i t are u t i l ized.) 

If  you are us i ng  the M i n i  M emory modu le  only,  without the Memory 
Expans ion u n i t attached to the console and tu rned on ,  you r  program 
loads d i rect ly i nto the modu le 's Random Access Memory (RAM). The 
f i rst assem bly  lang uage program is  loaded start i ng at > 71 1 8, the 
lowest ava i lab le  address in the modu le 's RAM .  

A t  t i mes, you may want t o  load a prog ram d i rect ly i nto t h e  M i n i  
Memory modu le  when the Memory Expans ion u n i t is  attached,  
bypass ing  the normal  load i n g  seq uence .  To do so ,  i t  is  necessary to  
make the Memory Expans ion  u n i t temporar i l y  " i nv is ib le"  to the system 
by c leari ng the va lues i n  memory locat ions  > 7022 t h rough > 7029 (see 
Tab le  2, be low). These are the pointer  va l ues that i nd i cate the 
presence of the Memory Expans ion u n i t  (see Table 1 for these va l ues). 

The eas iest way to accom p l i s h  th is  task is  to use a short Tl  BASIC 
p rogram i n c l ud i ng two vers ions of the LOAD su bprog ram,  one w i th  a 
" poke" l i st and one that loads the assembly language prog ram i nto 
the M i n i  Memory modu le .  
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The CALL I N IT command i n i t i a l izes the system,  c leari ng any 
p rev ious ly  loaded data or program poi nters. The f i rst l i ne of the 
program zeroes references to the Memory Expans ion u n i t ,  start i n g  at  
memory locat ion 28706 ( >  7022). L i ne 1 1 0 loads a program named 
D E M O  from a d iskette i n  D isk  Drive 1 ,  and l i ne 1 20 executes DEMO,  
start i n g  at the  entry po int  labeled LI N ES.  

If you want to re-i n form the system of the existence of the Memory 
Expans ion u n i t ,  you can aga i n  use CALL LOAD wi th  a poke l i st of the 
appropr iate dec ima l  values (see Tab le  1 ) . 

Tab le  1 .  M i n i  Memory vari ables,  w i th  
Memory Expans ion un i t  attached and tu rned on .  

Location 

> 7022 
> 7023 
> 7024 
> 7025 
> 7026 
> 7027 
> 7028 
> 7029 

Hex Decimal 
Value Value 

> AO 1 60 
> 00 0 
> FF 255 
> EO 224 
> 20 32 
> 00 0 
> 3F 63 
> FF 255 

Table 2 .  M i n i  Memory variables,  w i th  
Memory Expans ion un i t  u nattached,  t u rned off, 

or " i nv is ib le . "  

Location 

> 7022 
> 7023 
> 7024 
> 7025 
> 7026 
> 7027 
> 7028 
> 7029 

Hex 
Value 

> 00 
> 00 
> 00 
> 00 
> 00 
> 00 
> 00 
> 00 

Decimal 
Value 

0 
0 
0 
0 
0 
0 
0 
0 

You can a lso use the M (Modi fy) command i n  EASY BUG to restore the 
table val ues so that the system aga i n  recog n izes the presence of the 
Memory Expans ion u n i t .  
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Note: When you are creat i n g  assembly language prog rams,  it is  
im portant to know how to use the proper assembly lang uage 
d i rectives to make su re programs and associated data are loaded 
correct ly.  Refer to the Editor/Assembler owner's manua l  for g u ide l i nes 
on  wri t i ng  a program so that i t  w i l l  load properly. 

SYSTEM UTILITY ROUTINES 

The ut i l i ty rout ines res ident i n  the M i n i  Memory mod u le can be cal l ed 
f rom an assembly  lang uage prog ram to access mac h i ne resou rces and 
i n terface w i th  the Tl BASIC i nterpreter. The use of these rout i nes 
req u i res a knowledge of the rout i nes themselves and the organ izat ion  
of data used by  the rout i nes.  Addi t iona l  i n format ion  on these top ics  is  
i n c l uded i n  the Editor/Assembler owner 's  manua l .  

Two types of u t i l i ty prog rams are provided i n  the M i n i  Memory modu le .  

• One prog ram conta ins  a col lect ion of standard system u t i l i t ies with 
wh ich to l i n k  to RO MIG ROM rout i nes,  perform a keyboard scan ,  
access the VDP,  etc. 

• A second prog ram conta ins  Tl BASIC i nterface u t i l i t ies with wh ich  
an assem bly lang uage program can access variab les passed 
th rough a CALL LI N K  statement i n  a Tl BASIC prog ram.  Th is  
program a lso conta i ns  an  error-hand l i ng u t i l i ty to retu rn except ions 
to a Tl  BASIC prog ram .  

STAN DARD UTI LITIES 

A l l  u t i l i ty rout i nes use UTILWS (address > 7092) for u t i l i ty workspace 
reg isters, and a l l  parameters are passed th rough the cal l i ng prog ram's 
workspace reg isters. For your conven ience, USRWSP (address > 70B8) 
is reserved for you r  prog ram's set of workspace reg isters. However, 
any reg ister area you provide can be used to pass parameters. 

The fo l low ing  sect ions descri be the data-pass ing  convent ions and 
cal l i ng-statement syntax for each rout i ne.  
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VDP Single Byte Write - VSBW 

Format: BLWP @ VS BW Eq uates VSBW to > 6024. 

Th is  rout ine  writes a s i ng le-byte val u e  to a specif ied VDP RAM 
address.  

Exam ple :  

RO The VDP RAM address. 
R1 A one-byte va lue  in the most s ign i f icant byte of 

Reg ister 1 .  

LI RO , > 0200 
LI Rl , > 4100 
BLWP @VSBW 

VDP RAM address > 0200. 
Character code for A. 
D isp lay the character. 

Th is  prog ram d isp lays the character "A" on the screen at locat ion  
> 0200. 

VDP M ultiple Byte Write - VM BW 

Format: BLW P ® V M BW Eq uates V M BW to > 6028. 

Th is  rout ine  writes m u l t i p l e  bytes from CPU RAM to VDP RAM .  

Exam ple :  

HI 

RO VDP RAM address.  
R1  Start i ng  address of CPU RAM buffer. 
R2 N u m ber of bytes to write.  

LI RO , > 018E VDP RAM address > 01 8E.  
LI Rl , HI Address of text. 
LI R2 , 5  N u m ber of bytes to write.  
BLWP @VMBW Disp lay the c haracters. 

TEXT 'HELLO' Text to be d isp layed.  

Th is  prog ram d isp lays the word " H ELLO" i n  the m idd le of the screen 
(VDP RAM address > 01 8 E). 
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VDP Single Byte Read - VSB R  

Format: BLWP@ VS B R  Eq uates VSBR to > 602C. 

Th is  rout i n e  reads a s i n g l e  byte from a s peci f ied VDP RAM address. 

Exam ple :  

RO VDP RAM address. 
R1 The va lue  read from VDP RAM in the most 

s i g n i f i cant  byte. 

LI RO , > 0380 VDP RAM address > 0380. 
BLWP @VSBR Read one byte. 

Th is  program reads one byte of the co lor  table ( >  0380) i n to the most 
s i g n i f icant byte of Reg ister 1 .  

VDP M u ltiple Byte Read - V M B R  

Format: BLWP @ VM B R  Eq uates V M B R  t o  > 6030. 

Th is  rout ine  reads m u l t i p l e  bytes from VDP RAM i nto CPU RAM .  

Exam ple :  

BUFF 

RO VDP RAM add ress to read from.  
R1  Start i n g  address of CPU RAM buffer. 
R2 N u m ber of bytes to read . 

LI RO , > 0300 VDP RAM address > 0300 
LI Rl , BUFF Buffer area. 
LI R2 , > 0080 Load n u m ber of bytes to read . 
BLWP @VMBR Read the bytes .  

BSS > 0080 Set u p  buffer for bytes read . 

Th is  program copies the > 0080 bytes of spr i te att r ibute l i st data from 
VDP RAM > 0300 i nto the buffer area ca l led BUFF .  

VDP Write t o  Register - VWTR 

Format: B LW P @ VWTR Eq uates VWTR to > 6034. 

Th is  rou t i ne  writes a s i ng le-byte val ue to any of the  VDP RAM 
reg isters .  
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Keyboard Scan - KSCAN 

Format: BLW P @  KSCAN Eq uates KSCAN to > 6020. 

Th is  rout i n e  scans a specif ied keyboard and ret u rns a keycode and 
status .  The fo l low ing  memory locat ions are used for  commu n i cat ion 
between a user  program and the rout i ne .  

> 8374 Keyboard dev ice number. Th is  one-byte n u m ber 
m ust be spec i f i ed by you r program.  The mean ing  
of th is  byte .is the same as the key-u n i t  i n  the T l  
BAS IC KEY subprogram.  See  the User's 
Reference Guide for more i n format ion  on the 
KEY subprog ram.  

> 8375 ASCI I va l ue  of the key pressed (one byte). 

> 8376 Wi red Remote Contro l le r  Y-pos i t ion  (one byte). 

> 8377 Wi red Remote Control ler  X-pos i t ion  (one byte). 

> 837C G P L  status  reg ister (one byte). 

The G P L  (G raph ic  Programming  Lang uage) status byte may be tested 
on ret u rn before the keycode i s  read . You can do th is  w i th  a Com pare 
Ones Correspond i n g  (COG) i nstruct ion .  (See the Editor/Assembler 
owner's manua l  for more i n format ion on th is  i nstruct ion .) B i t  5 of the 
G PL status byte is  set i f  a key was pressed on the last ca l l  to KSCAN .  
The G P L  status b i ts are ass ig ned a s  fo l lows. 

H 0 0 0 
7 2 0 

See the " Extended Ut i l i t ies" sect ion  for a more comp lete descri pt ion 
of the other  status b i ts .  

EXT E N D E D  UTILITIES 

Extended ut i l i t i es are provided to access rout i nes in the console 
GROMs and ROMs .  These u t i l i t i es are G PLLN K ( l i n k  to GPL rout i nes i n  
G RO M), XM LLN K ( l i n k  t o  rout i nes i n  ROM), and DS RLN K ( l i n k  to 
Dev ice Serv ice Rout i nes). 

S i nce the extended u t i l i t ies  access rout i nes in the console,  extreme 
care should be taken when you use these ut i l i t ies .  You shou ld make 
sure that the GPL  workspace reg isters are not changed, the memory 
space used by the console rou t i ne is set up  proper ly ,  and the rout i ne  
retu rns  correct ly to  your  prog ram .  
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Linking to G RO M-Resident Routines - G P L L N K  

Format: B LWP @ G PLLN K Equates G PLLN K to > 6018 .  
DATA console-routine-address G ives address of G P L  rou t i ne  

to be  executed.  

The G PLLN K rout i ne sets an  i nterna l  f lag to i nd icate that a G P L  
p rog ram h a s  been ca l l ed f rom an assembly  lang uage program, l oads 
the GPL workspace (address > 83EO), branches to the G RO M  code, 
and executes the GPL rout i ne spec i f i ed by the DATA d i rect ive. 

The GPL rout i ne  must retu rn with a RTN statement in order for the 
p rog ram to t ransfer back to the ca l le r. When the RTN statement i s  
encountered i n  the G P L  rout i ne ,  the statement retu rn s  to the system 
rou t i ne .  The system rout i ne checks the i nternal  f lag and, f i nd i ng i t  set,  
retu rns fu rther  back to the assem bly lang uage rout ine .  

Some of the addresses of G PL rout i nes and the i r  ca l l i ng and ret u rn i n g  
convent ions are g iven below. The names FAC, STAC K, a n d  STATUS 
are used in the fo l lowing descri pt ions .  FAC is  equated to > 834A, 
STACK is  equated to > 836E ,  and STATUS is equated to > 837C. 
STATUS is  the GPL status byte. I t  is  organ ized as fo l lows. 
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H ig h  
B i t  7 

B i t  7 H ig h  b i t .  Contro l l ed dur i ng  the execut ion of the GPL 
i nterpreter. 

Bit 6 G reater than b i t .  Contro l led by the GPL i n terpreter du r i ng  
the execut ion  of the G P L  prog ram .  

B i t  5 Cond i t ion  b i t .  Contro l led by the G P L  i nterp reter. The key· 
scan rou t i ne t u rns th i s  b i t  on when a new key i s  
detected. A lso ,  the  DSR rout i ne tu rns  th is  b i t  on to  
i n d i cate that  a f i l e  does not  ex ist .  

B i t  4 Carry b i t .  Contro l led by the G P L  in terpreter. 

Bit 3 Overf low b i t .  Contro l led by the G P L  i nterpreter. 
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The DATA d i rective s pecif ies the address of the G P L  rout i ne  to be 
executed . Each rout i n e  is  descri bed below. 

DATA > 00 1 6  Load Standard Character Set- Loads the standard 
c haracter set i n to VDP RAM .  
I n put :  FAG - Po i nter to the beg i n n i ng address in  

VDP RAM where characters are loaded. 

Output :  VDP RAM at the address spec i f ied i n  FAC 
conta i n s  the standard character set .  

DATA > 001 8 Load Sma l l  Character Set - Loads the sma l l  character 
set (for TEXT mode) i nto VDP RAM .  
I n put :  Same as Load Standard Character Set .  

Output :  Same as Load Standard Character Set.  

DATA > 0020 Execute Power-U p Rou t i ne- Powers u p  and i n i t i a l izes 
the system .  
I n put :  None .  

Output :  The system is  powered up  and i n i t i a l ized . 
The sound and VDP c i rcu i ts  are c leared; 
the defau l t  va l ues for the VDP reg isters, 
character set, color table, and status 
b lock are loaded . The ava i lab le  VDP RAM 
s ize i s  stored at > 8370. 

DATA > 0034 Accept Tone- Issues an accept i ng tone for i n put .  No 
memory setup  is  req u i red pr ior  to cal l i ng the rout i ne .  

DATA > 0036 Bad Response Tone- I ssues a bad-response tone 
warn i n g .  No  memory set u p  i s  req u i red pr ior  to cal l i ng 
the rout i ne.  
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DATA > 0038 Get Str ing Space Rout i ne-Al locates a memory space 
in VDP RAM wi th  a spec i f ied n u mber of bytes. Th is  
rout i ne shou ld  not be used outs ide the Tl  BASIC 
env i ronment .  I f  there is  not  enough space, the rout i n e  
does a "garbage col l ect i o n "  t o  e l i m i nate temporary 
str i ngs and then tr ies agai n .  I f  there is st i l l  not enough 
space, the rout i ne issues the M EM ORY FULL error 
message. 
I n put :  Add resses > 830C and > 830D shou ld  

conta i n  the n u m ber of bytes to be 
a l located. 

Output :  Add ress > 831 C  poi nts to the a l l ocated 
str i ng  s pace and add ress > 83 1 A  po ints 
to the f i rst free add ress in  VDP RAM .  The 
four  bytes at add resses > 8356 th rough  
> 8359 are used by  th is  rout i ne.  The  FAG 
area may be destroyed if a garbage 
co l lect ion is  done.  

Note: Although th is rou t i ne  is  desig ned to a l l ocate a 
str i ng space i n  VDP RAM , it is a lso usefu l  for ass i g n i ng 
s pace for the Peri phera l  Access Block (PAB) and data 
buffer req u i red by a DSR .  See the Editor/Assembler 
owner's manua l  for a descri pt ion of Peri phera l  Access 
B locks. 

DATA > 003B B i t  Reversal Rou t i ne- Provides a m i rror i mage of a byte 
of i n format ion .  I t  is  used most com monly to form a 
m i rror i mage of a character def i n i t ion .  

40 

I n put :  FAG-Add ress of data i n  VDP RAM .  
FAG + 2 - N u m ber o f  bytes to reverse. 

Output :  The spec i f ied n u m ber of bytes i n  the VDP 
RAM are b i t-reversed ; that  is ,  b i ts  0 and 7 ,  
b i ts  1 and 6, b i ts  2 and 5, and b i ts  3 and 4 
are exc hanged.  

S ide Effects: CPU RAM from > 8300 th rough > 8340 i s  
erased . 



DATA > 003D Cassette Device Serv ice Rout i ne-Accesses the 
cassette DSR rout i ne.  
I n put :  The Peri phera l  Access B lock and data 

buffer m ust be set  u p  i n  VDP RAM pr ior  
to the cal l .  The screen offset i s  > 60 for  

Output :  

T l  BAS IC and > 00 outs ide the Tl  BASIC 
env i ronment .  The screen start add ress 
m ust be > 00 for the prompts issued by 
the cassette DSR.  FAC is the device 
name (for example ,  "CS1 "). Address 
> 8356 poi nts to the f i rst character after 
the name i n  the PA B. Addresses > 8354 
and > 8355 are the length of the name (for 
exam ple ,  > 0003 for "CS1 "). The word at 
add ress > 83DO shou ld  be set to > 0000. 
Address > 836D m ust be set to > 08 to 
i nd i cate a DSR cal l .  The STATUS byte 
m ust be > 00. 

The cassette DSR prom pts for the 
operat ion of the cassette. 

DATA > 004A Load Lower Case Character Set - Loads the lower-case 
c haracter set i nto VDP RAM. I n put and Output  are the 
same as those i n  load i ng other character sets .  

Note: This  rout i ne appl ies on ly  to the TI -99/4A console .  

O ne of the uses for the GPL l i n k  rout ine  is  to cal l the f loat i ng-po i n t  
rout i nes wri tten i n  G P L  from an assembly lang uage prog ram .  When 
these f loat i ng-po in t  rout i nes are cal led ,  the contents of CPU RAM 
locat ions > 834A th rough > 836F may be used , and VDP RAM 
locat ions > 03CO t h rough  > 03DF are used as a buffer area.  

The GPL status byte ref lects the cond i t ion  of the ca lcu lat ion .  Al l  of 
the i n put  and output  data va l ues are in f loat i ng-po in t  format. 
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When errors occur  du r i ng  the execut ion  of f loat i ng-poi nt  rout ines ,  they 
are i nd i cated i n  CPU RAM locat ion > 8354. The error codes are g iven 
be low. 

Code Error Description 

01 Overf low error. 
02 Syntax error. 
03 I nteger overf low on convers ion .  
04 Sq uare root of negative number. 
05 N egat ive n u m ber ra ised to non- i n teger power. 
06 Log of negat ive n u m ber  or zero. 
07 I nval i d  arg u ment in t r ig  funct ion .  

The f loat i n g-po i nt rout i nes are descri bed below. 

DATA > 00 1 4  Convert N u m ber to Str i ng (CNS)-Converts a f loat i ng­
po int  n u m ber to an ASC I I  str i ng .  
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I n put :  FAC-8-byte f loat i ng-po i nt va l ue. 

Output :  

FAC + 1 1 - l f  set  to zero, the  output  str i ng  
i s  i n  BAS IC  format. Otherwise,  the output  
i s  i n  FIX mode,  wh ich  req u i res data in  
FAC + 12  and FAC + 1 3. 
FAC + 1 2- l f  one,  it expresses overf low 
from the ca lcu lat ion range by ± E E  . . .  E .  
U nderf low is  expressed as zero. 
FAC + 1 3-The n u mber of d i g i ts to fix to 
the r ight of the dec ima l  po int .  A negative 
va lue  d i sables the F IX mode. 

FAG-Mod i f ied .  
FAC + 1 1 -The least s i g n i f icant byte of  
the add ress where the resu l t  st r i ng  i s  
located. The  va lue  > 8300 m ust be  added 
to obta i n  the rea l add ress. 
FAC + 1 2-The length of the str i ng  i n  
bytes. 
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DATA > 0022 G reatest I nteger Fu nct ion ( I NT)-Com putes the g reatest 
i n teger conta i ned in the va l ue.  
I n put :  FAC-The f loat i ng-po in t  va l ue.  

Output :  FAC-The resu l t .  For pos i t i ve n u m bers, 
the i nteger is  the tru ncated val ue.  For 
negat ive n u m bers, the i nteger i s  the 
tru ncated val u e  p l u s  one. 

STATUS-Set accord i n g  to resu l t .  

DATA > 0024 I nvo l u t ion  Rout i ne  (PWR)- Raises a n u m ber  to a 
s pec i f ied power. 
I n put :  FAC-The exponent va l ue. 

STAC K-The po in te r  to the stack in VDP 
RAM wh ich  conta i n s  the 8-byte val ue.  

Output :  FAC-The resu l t  i n  f loat i ng-po i nt  format. 
This i s  computed as EXP (exponent va l ue) 
* LOG (ABS(base)). 
STATUS-Set accord i n g  to res u l t .  E rror 
cond i t ions :  Negat ive n u mber ra i sed to a 
non- i n teger power, and zero ra ised to a 
negat ive power. 

S ide Effects: Locat ions > 8375 and > 8376 are 
destroyed, and the one-word content of 
> 836E i s  decremented by 8. Also, the 
addresses FAC + 12 th rough FAC + 19 are 
destroyed . 

DATA > 0026 Square Root Rou t i ne (SQR)-Com putes the square root 
of a n u m ber. 
I n put :  FAC-The i nput  va l ue.  

Output :  FAC-The square root of the i n pu t  va l ue. 
STATUS-Set accord i n g  to resu l t .  

S ide Effects: Add resses > 8375 and > 8376 are 
dest royed . 
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DATA > 0028 Exponent Rou t i ne (EXP)-Computes the i nverse natura l  
l ogari thm of the i n put  va lue .  
I n put: FAC-The i n put  va l ue.  

Output :  FAC-The resu l t i ng va l ue .  
STATUS-Set accord i n g  to resu l t .  

S ide Effects :  Add resses > 8375 and  > 8376 are 
destroyed . 

DATA > 002A Natural  Logari thm Rou t i ne (LOG)-Com putes the 
natu ral  log of a number. 
I n put :  FAC-The i n put  va l ue.  

Output :  FAC-The natura l  log of the i n put va l ue .  
STATUS - Set accord i n g  to resu l t .  

S ide Effects :  Add resses > 8375 and  > 8376 are 
destroyed . 

DATA > 002C Cos ine  Rout i ne  (COS)-Com putes the cos i ne  of a 
n u m ber. 
I n put :  FAC-The i n put  va l ue.  

Output :  FAC-The cos i ne of the i n put  va l ue.  
STATUS-Set accord i n g  to resu l t .  

S ide Effects :  Locat ions > 8375 and > 8376 are 
dest royed . 

DATA > 002E S i ne Rout i ne  (S I N)-Computes the s i ne of a n u m ber. 
I n put :  FAC-The i n put  va l ue.  

Output :  FAC-The s i ne of the i n put  va l ue.  
STATUS-Set accord i n g  to resu l t .  

S ide Effects :  Locat ions > 8375 and  > 8376 are 
destroyed . 

DATA > 0030 Tangent Rout i ne  (TAN)-Com putes the tangent of a 
n u m ber. 
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I n put :  FAC-The i n put  va l ue.  

O utput :  FAC-The tangent of the i n put  va l ue.  
STATUS-Set accord i n g  to resu l t .  

S ide Effects :  Locat ions > 8375 and  > 8376 are 
destroyed . 
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DATA > 0032 Arctangent Rout i ne  (ATN)-Computes the arctangent of 
a n u m ber. 
I n put :  FAC-The i n put  va l ue .  

O utput :  FAC -The arctangent of the i n put  va l ue. 
STATUS-Set accord i n g  to resu l t .  

S ide Effects: Locat ions > 8375 and > 8376 are 
destroyed . 

Before cal l i n g  a G P L  rout i ne,  check to see if any memory used by your 
program is  accessed and mod i f i ed in the rout i ne.  (Refer to the "Side 
Effects " descri bed above.) S i nce CPU RAM is  used by many system 
prog rams,  it 's easy to overlook i n format ion stored there.  Also, some of 
these rout i nes use up to 26 bytes of the BASI C  i n terpreter ro l lout  area 
beg i n n i n g  at locat ion  > 03CO in VDP RAM .  Therefore, exerc ise caut ion  
when you cal l a G P L  rout i ne.  

Lin king to RO M -Resident Routines - X M L L N K 

Format: BLWP @ XM LLN K Eq uates XM LLN K to > 601 C. 
DATA console-routine-code Def i nes I D  code of ROM 

rout i ne  to be executed.  
or 

DATA console-routine-address G ives add ress of ROM 
rout i n e  to be executed.  

Rout ines in the console ROM can be accessed th rough the XM LLN K 
rout i ne.  You can access a rout i ne i n  console ROM i n  one of two ways. 

One way is  to specify the rout i ne's code in a DATA statement .  The 
low byte of the DATA statement shou ld  be set to zero. For example ,  

BLWP @XMLLNK 
DATA > 1200 

branches to the rou t i ne  CFI (convert f loat i n g  po in t  to i nteger) in the 
console .  
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A l i st of XM L rout ine  codes that can be cal led from an assembly 
lang uage program are g i ven  in  the fo l lowing table .  

Routine 
Code 

06 
07 
08 
09 
OA 
OB 
oc 

OD 
O E  
O F  
1 0  
1 2  
1 7  
1 8  
23 

Name 

FAD D  
FSU B  
F M U LT 
FDIV 
FCO M P  
SAD D  
SSU B  
SM U LT 
SDIV 
SCO M P  
CS N 
CFI  
VPUSH G  
VPOP 
C I F  

Function 

Float i ng-po i n t  add i t ion  
F loat i ng-po i n t  subtract ion  
F loat i n g-po in t  m u l t i p l i cat ion  
F loat i ng-po in t  d iv is ion  
F loat i n g-po in t  com pare operat ion 
F loat i ng-po in t  stack add i t ion  
F loat i ng-po in t  stack subtract ion  
F loat i ng-po i nt stack m u l t i p l i cat ion 
F loat i ng-po i n t  stack d iv is ion  
Float i ng-po in t  stack com pare 
Convert str i ng  to n u m ber  
Convert f loat i ng-po in t  format to i nteger 
Push a va lue  i nto va l ue  stack 
Pop a va lue  from val ue stack 
Convert i nteger to f loat i n g  po int  

The XML code, wh ich  i s  a s ing le  byte, i s  sp l i t  i nto a h igh nybble,  
conta i n i ng the XML table address, and a low nybble,  conta i n i ng the 
i ndex i nto that table.  There are 16 tab le add resses def i ned i n  the CPU 
add ress space. The h igh nybble spec i f ies f rom wh ich  of the 16 tab les 
to get the branch address, and the low nybble determ i nes wh ich  of the 
1 6  add resses in  the table i s  to be used .  Each tab le  can conta i n  u p  to 
16 two-byte entry poi nt  add resses. 
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Another way to access a rout i n e  i n  the console ROM is  to s pec i fy i ts 
add ress i n  the DATA statement .  N ote that the h igh b i t  of the DATA 
word m ust be set so that the system program recog n izes th i s  data as 
an add ress i nstead of an X M L  code. For examp le ,  

BLWP @XMLLNK 
DATA > 8DJA 

b ranches to the console ROM address > OD3A, wh ich  i s  a f loat i ng­
po in t  compare rout i ne. 

WARN I NG 

U s i n g  d i rect memory addresses of console 
ROM rout i nes makes the assembly  
lang uage program cal l i ng the rout i ne  
com p lete ly mac h i ne dependent .  S i nce the  
memory add resses of console ROM 
rou t i nes may change wi th  fu ture 
mod i f i cat ions ,  use of th is  method of 
access shou ld  be restr icted to cases where 
t here i s  no other reasonable way to ach ieve 
the req u i red res u l t .  

FAC (t he Float i n g  Poin t  Acc u m u l ator) starts at address > 834A, ARG 
(wh ich  conta ins  arg u ments) starts at add ress > 835C, and STACK is  at 
address > 836E. The STATUS byte is  at address > 837C. A l l  overf low 
errors , except in Convert F loat i ng Poi nt to I nteger (C FI) ,  retu rn  > 01 at 
address > 8354. 

DATA > 0600 F loat i ng Poi n t  Add i t ion  (FADD)-Adds two va l ues. 
I n put :  FAC - F i rst va l ue.  

A RG -Second value. 

Output :  FAC- Resu l t  of the add i t ion .  

DATA > 0700 F loat i ng Poin t  Subtract ion (FSU B)-Subtracts two 
va l u es.  
I n put :  FAC-Value  to be su btracted.  

Output :  

ARG-Value f rom wh ich  FAC is  
su bt racted . 

FAC- Resu lt  of the su btract ion . 
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DATA > 0800 F loat i ng Po i nt M u l t i p l i cat ion (FM U LT)- M u l t i p l ies two 
values .  
I n put :  FAG- M u lt i p l ie r. 

ARG - M u l t i p l icand .  

Output :  FAG- Resu l t  of the m u l t i p l icat ion .  

DATA > 0900 F loat i ng Po i nt D iv i s ion  (FD IV)-D ivides two va l ues. 
I n put :  FAG - D iv isor. 

ARG - D iv idend .  

Output :  FAG- Resu l t  of the d iv is ion .  

DATA > OAOO F loat i ng Po int  Compare (FCO M)-Com pares two 
f loati ng-po in t  numbers. 
I n put :  ARG - F i rst arg u ment .  

FAG-Second arg u ment .  

Output :  STATUS-Set accord i n g  to resu l t .  The 
h igh b i t  i s  set i f  ARG is  log ica l l y  h i gher 
than FAC. The g reater than b i t  is  set i f  
ARG is  ar i thmet ica l ly  g reater than FAC. 
The equa l  bit is  set i f  ARG and FAC are eq ua l .  

DATA > 0800 Va lue  Stack Add i t ion  (SADD)-Subtracts u s i ng a stack 
in VDP RAM .  
I n put :  

Output :  

STAC K-Address in VDP RAM where the 
left-hand term is  located . 
FAC - R i g ht-hand va lue .  

FAG - Resu l t  of the add i t ion .  

DATA > OCOO Va l ue Stack Subtract ion  (SSU B)-Subtracts u s i ng a 
stack i n  VDP RAM .  
I n put :  

Output :  

STAC K-VDP RAM address that conta ins  
the  left-hand term. 
FAC-Value  to be subtracted . 

FAG- Resu l t  of the subtract ion .  

DATA > ODOO Va lue  Stack M u l t i p l i cat ion  (SM U Ln- M u l t i p l ies us ing  a 
stack i n  VDP RAM .  
I n put:  

Output :  
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STAC K-VDP RAM add ress that conta i n s  
the m u l t i p l icand .  
FAG- M u l t i p l ier  va l ue.  

FAG - Resu l t  of the m u l t i p l i cat ion .  
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DATA > OEOO Va l u e  Stack D iv is ion  (SDIV) - D iv ides us i ng  a stack i n  
VDP RAM .  
I n put :  

Output :  

STACK-VDP RAM add ress that conta ins  
the  d iv idend.  
FAC - D ivisor va l ue.  

FAC- Resu l t  of the d iv is ion .  

DATA > OFOO Va l ue Stack Com pare (SCOM P)-Com pares a va l ue in  
t he  VDP RAM stack to the va l u e  i n  FAC. 
I n put :  STAC K-VDP RAM add ress that conta ins  

the  va lue  to be  com pared. 
FAC-The other va l ue in the comparison.  

O utput :  STATUS-Set accord i ng to resu l t .  The 
h i g h  b i t  is  set  i f  the value  poi nted to by 
STAC K is log i ca l l y  h i g her than FAC. The 
g reater than b i t  i s  set i f  the val u e  po inted 
to by STAC K is  ar i thmet ica l ly  g reater 
than  FAC. The eq ua l  bit is  set i f  the 
va l ues po inted to by STAC K and FAC are 
equa l .  

DATA > 1 000 Convert St r ing  to N u mber  (CS N)-Coverts an  ASC I I  
str i ng  t o  a f loat i n g-po in t  n u m ber. 
I n put :  FAC + 1 2-Address of the str i ng  i n  VDP 

RAM. 

Output :  FAC- Resu l t  of the convers ion  in  
f l oat i ng-po in t  format. 

DATA > 1 200 Convert F loat i n g  Po i nt to I nteger (C FI)-Converts a 
f loat i ng-po in t  n u m ber to an i n teger. 
I n put :  FAG- Float i ng-po i nt n u m ber to be 

converted . 

Output :  FAC-The one-word i nteger va lue.  The 
max i m u m  va lue  i s  > FFFF.  I f  an overf low 
occurs ,  FAC + 1 0  ( > 8354) i s  set to the 
overf low error code, > 03. 

DATA > 1 700 Push Value  onto Va lue  Stack (VPUSHG)- Pushes a 
val ue  from FAC o nto the va lue  stack. 

DATA > 1 800 Pop Va l ue from Val ue Stack (VPOP)- Pops a va l ue from 
the val ue stack and p laces i t  in FAC. 
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DATA > 2300 Convert I nteger to F loat i n g  Poi nt (C I F)-Converts an 
i n teger to a f loat i ng-po in t  n u m ber. 
I n put :  FAG-The one-word i nteger va l ue  to be 

converted. 

Output :  FAG- Float i n g-po in t  resu l t .  

Linking t o  Device Service Rout ines - DS R L N K 

Format: B LWP @ DSRLN K Equates DSRLN K to > 6038. 
DATA console-routine-code Def i nes code of DSR rou t i ne  

to be  executed.  

DSRLN K l i n ks an assemb ly lang uage program to any Device Serv ice 
Rout i ne (DSR) or  subprog ram i n  ROM .  The data g iven i s  > 8 for  l i n kage 
to a Device Serv ice Rout i ne  and > 10 for l i n kage to a s ubprog ram .  
Before t h i s  rou t i ne i s  ca l l ed ,  a Peri phera l  Access Block (PAB) m ust be 
set up in VDP RAM .  A PAB is a b lock of memory that conta ins  
i n format ion about the  f i l e  to be  accessed . I n  add i t ion ,  CPU RAM 
addresses > 8356 th rough  > 8357 m ust conta i n  a pointer to the dev ice 
or  subprogram name length i n  the PAB.  

After  the rou t i ne  i s  executed, i n format ion  i s  passed back to your  
assembly  lang uage prog ram i n  the UTLTAB area. For example ,  
suppose that the  fol lowing i nstruct ions  are executed. 

REF DSRLNK 

BLWP @DSRLNK 
DATA > 8  

I f  n o  error occurs ,  the equa l  b i t  i n  the Status  Reg ister i s  reset on 
retu rn from DSRLN K. I f  an 1 /0 error occu rs ,  the eq ua l  b i t  i s  set, and the 
error code i s  stored in the most s i g n i f icant  byte of Reg ister 0 of  the 
cal l i ng prog ram's workspace. 
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I f  ca l l i n g  the RS232 Device Serv ice Rout i ne,  your program m ust 
preserve and then restore the va l ues stored in the G RO M-Read and 
G ROM-Write add resses. The fo l lowing program segment shows how to 
adj ust these va l ues. 

SAVEG 

REF GRMRA 
REF GRMWA 

BSS 2 

MOVB @GRMRA , @SAVEG 
MOVB @GRMRA , @SAVEG+l 
DEC @SAVEG 

BLWP @DRSLNK 
DATA > 8  

MOVB @SAVEG , @GRMWA 
MOVB @SAVEG+l , @GRMWA 

Note: Si nce the cassette DSR is i n  the G RO M ,  it m ust be accessed 
th rough  G PLLN K, rather than DS RLN K. To access a cassette, use 
BLWP ® G PLLN K wi th  DATA > 003D. 
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Tl BASIC I NTERFACE UTILITIES 

These ut i l i t i es a l l ow an assembly lang uage program to read or  ass i g n  
va l ues t o  var iab les passed i n  a parameter l ist from a CALL LI N K  
statement i n  a T l  BASIC program.  These u t i l i ty rout i nes i nc l ude 
arg u ment-pass i n g  u t i l i t i es and an error-report i ng  u t i l i ty.  

Al l  of the arg u ment-pass ing  rout i nes use their own workspace area, 
located at > 7092. However, a l l  the parameters are passed th rough  the 
cal l i n g  program's workspace. 

The fo l lowi ng  sect ions  descri be the data-pass ing  convent ions and the 
cal l i ng -statement syntax for each rout i ne .  

N umeric Assignment - N U MASG 

Format: BLWP @ N U MASG Equates N U MASG to > 6040. 

Th is  rout i ne ass igns  a n u mer ic va l ue  to a n u meric var iab le passed as 
an arg u ment .  

RO 

R 1  

> 834A 

Zero if a s i m p l e  n u mer ic var iab le is used, or  
an  array e lement  n u mber i f  an ass ig nment is  
made to an array e lement .  The ass ig nment 
u t i l i ty tests for legal  bounds on the e lement 
n u m ber. With O PTION BASE 0, the e lement 
n u m ber m ust range from 0 to (max i m u m  
n u m ber of e lements - 1 ) . W i t h  OPTI ON BAS E 
1 ,  the e lement n u m ber must range from 1 to  
the max i m u m  n u m ber of e lements .  

Arg u ment n u m ber (fu l l  word) as i t  appears in  
the  arg u ment l i s t  of the CALL LI N K  
statement .  

FAG area. Conta i ns an 8-byte f loat i ng-po in t  
va lue  to be  ass ig ned to the variab le .  

I f  the requested arg u ment is  not  a n umer ic variable or  a n u meric array 
e lement ,  an error message is issued.  
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String Assignment - STRASG 

Format: B LWP @ STRASG Eq uates STRASG to > 6048. 

Th is  rout ine  ass igns  a str i ng  to a str i ng  variab le  passed as an 
arg u ment to you r  assem bly lang uage program.  The u t i l i ty does the 
fo l low ing .  

• A l l ocates space for  the st r ing  i n  VDP RAM .  

• Copies the st r ing  i nto the a l l ocated V D P  RAM .  

• Ass igns  the st r ing  t o  the selected var iab le .  

• Modi f ies the ori g i na l  arg u ment stack entry to poi nt to the  new 
str i ng .  The str i ng  to be ass i g n ed must be c reated i n  RAM by your 
assem bly lang uage program.  The f i rst byte of the str i ng  conta i ns 
the  length of the  str i ng .  

The reg isters are ass ig ned the fo l l ow i n g  values.  

RO Zero i f  a str i ng  i s  ass ig ned to a s i m p le str i ng  
vari ab le ,  o r  an array e lement n u m ber i f  
ass ig ned t o  an array e lement .  W i t h  O PTION 
BAS E 0, the e lement n u m ber m ust range from 
0 to (max i m u m  n u m ber of e lements - 1 ). 
With  O PTION BASE 1 ,  the e lement n u m ber 
m ust range from 1 to the max i m u m  n u m ber of 
e lements .  

R1  Arg u ment n u mber as i t  appears i n  the 
arg u ment l i st of the CALL LI N K  statement 
(one fu l l  word). 

R2 Add ress of the str i ng  to be ass ig ned .  The 
str i ng m ust be in RAM .  

I f  t h e  arg ument specif ied i s  not a str i ng vari ab le or  a n  e lement o f  a 
st r ing  array, an error message i s  i ssued.  
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Get Numeric Parameter - N U M R E F  

Format: BLWP @ N U M R E F  Eq uates N U M REF to > 6044. 

Th is  u t i l i ty retr ieves the val u e  of a n u m eric parameter. 

RO Array e lement n u m ber if the arg ument is a 
n u mer ic array; otherwise, zero. 

R 1  Parameter n u m ber  a s  i t  appears i n  the 
arg u ment l i st of the CALL L I N K  statement .  

> 834A FAC area. The beg i n n i n g  address of an 8-byte 
va lue  of the n u meric parameter, retu rned by 
the  ut i l i ty rout i ne .  

Get String Parameter - STR R E F  

Format: BLWP @ STRREF Equates STRR E F  to > 604C. 

Th is  rou t i ne  retr ieves the va l u e  of a str i ng  parameter. Your program 
must a l l ocate space in RAM memory before cal l i ng th i s  rout i ne,  and 
the  f i rst byte of th is  a l located buffer  m ust conta i n  the max i m u m  
buffer length .  I f  t h e  str ing does not f i t  i n  t h e  buffer, an error cond i t ion  
occurs .  

RO Array e lement n u m ber if the arg u ment is a 
str ing array; otherwise, zero. 

R 1  Parameter n u m ber  a s  i t  appears i n  the 
arg u ment l i st of the CALL L I N K  statement .  

R2 Add ress of the buffer you ass ign . 

I f  the str i ng  f i ts  i n  the buffer, the str i n g  is copied i nto the buffer 
fo l low ing  the length byte ,  and the length byte is  mod i f ied to ref lect the 
actua l  length of the str i ng .  

Error Reporting - ERR 

Format: BLWP @ E RR Equates ERR to > 6050. 

Th is  rout i ne  transfers contro l  to the error-report i n g  rout i n e  in the Tl 
BAS IC  i n terpreter. The assembly  lang uage program may report any 
exist i ng  Tl  BAS IC error or  warn i ng  message u pon ret u rn i n g  to Tl  
BASIC.  
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The error messages that can be issued from your program are l i sted i n  
the fo l low ing table .  

Code 
00 
01  
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
o c  

O D  
O E  
O F 
1 0  
1 1  
1 2  
1 3  

CAUTION 

Error codes sma l le r  than > 10 are reserved 
for the M i n i  Memory modu le .  Therefore, 
us i ng  these codes in your program can 
cause u n pred ictable s ide-effects. 

Error Message 
DSR error- Bad Name 
DSR error-Write Protected 
DSR error- Bad Att r ibute 
DSR error- I l legal  Operat ion  
DS R error- Buffer F u l l  
DSR error- Read Past E O F  
DSR error- Device Error 
DSR error- F i l e  Error 
Memory F u l l  (c loses f i l e) 
I ncorrect Statement (N/A) 
Bad Tag 
Checks u m  Error 
Dup l icate Defi n i t ion  
U n resolved References 
I ncorrect Statement (N/A) 
Program Not Found 
I ncorrect Statement 
Bad Name 
Can't Cont i n ue 
Bad Val u e  

Code 
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
1 A  
1 B  
1 C  

1 D  
1 E  
1 F  
20 
21 

22 
23 
24 
25 

26- FF 

Error Message 
N u m ber  Too B ig  
Str i ng-N u m ber  M ismatch 
Bad Arg u ment 
Bad Subscr ipt  
Name Conf l ict  
Can' t  Do That 
Bad Line N u m ber  
For-Next E rror 
1/0 Error (assumes PAB 
address in > 8304) 
F i l e  Error 
I nput  E rror 
Data Error 
Line Too Long 
Memory F u l l  (does not 
c lose f i l e) 
Syntax Error 
N u meric Overf low 
U n recog n ized Character 
Stri ng  Tru ncated 
U n known Error 
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SAM PLE P ROG RAM 

The fo l lowing program is  s i m i lar  to the  D ISPLAY . . .  AT rout i ne  i n  
Tl  Extended BASIC.  I t  i l l ust rates t h e  system u t i l i t i es wh ich  in terface 
wi th  the mach ine  resou rces and the Tl  BASIC I nterpreter. 

The program l i s t ing  fo l l ows the convent ions req u i red by the L ine-by­
L ine Assembler,  wh ich  is  stored on the cassette tape i nc l uded wi th  
the M i n i  Memory mod u le .  To enter  the program v ia the Editor/ 
Assembler  program,  you m ust fo l low the convent ions descri bed i n  the 
Editor/Assembler owner's manua l .  For your conven ience, the REFs 
that  are app l i cable to the Ed i tor/Assembler  prog ram are g iven below. 

************************************************************** 
* THESE REFS ALLOW PROGRAM ENTRY VIA THE EDITOR/ASSEMBLER 
************************************************************** 

FC 

REF VSBW 
REF VMBR 
REF VMBW 
REF NUMREF 
REF XMLLNK 
REF STRREF 
REF ERR 
EQU > 834A 
DEF DISP$ 

VDP SINGL BYTE WRITE 
VDP MULT BYTE READ 
VDP MULT BYTE WRITE 
GET NUMERIC  PARAM . 
EXECUTE ROM ROUTINE 
GET STRING PARAM . 
EXECUTE ERR RPT ROUTINE 
FLOATING ACCUM 

************************************************************** 
* THESE EQUATES ALLOW PROGRAM ENTRY 
* VIA THE LINE-BY-LINE ASSEMBLER 
************************************************************** 

FC 
sw 
MR 
MW 
NR 
SR 
XM 
ER 

EQU > 834A 
EQU > 6024 
EQU > 6030 
EQU > 6028 
EQU > 6044 
EQU > 604C 
EQU > 601C 
EQU > 6050 

FLOATING ACCUM 
VDP SINGL BYTE WRITE 
VDP MULT BYTE READ 
VDP MULT BYTE WRITE 
GET NUMERIC  PARAM . 
GET STRING PARAM . 
EXECUTE ROM ROUTINE 
EXECUTE ERR RPT ROUTINE 

************************************************************** 
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7DOO 

7DOO 
7EOO 

Bl 
B2 

AORG > 7DOO 

BSS 256 
BSS 32 

STRING BUFFER 
LINE BUFFER ( FOR SCROLLING) 

************************************************* 

* REGISTER USAGE 
* 
* RO - TEMP VAR VDP ADDR ERR # ( MSBY) 
* Rl - TEMP VAR VDP DATA (MSBY) CPU BUFF ADDR 
* R2 - TEMP VAR BYTE COUNT STR BUFF PTR 
* RJ - STRING BUFF PTR 
* R4 - VDP SCREEN ADDR OF CHAR 
* R5 COUNT OF BYTES LEFT TO PRINT 
* R6 - SCREEN OFFSET CONST FOR BASIC 
* R7 EDGE OF SCREEN LIMIT VARIABLE 
* R8 -
* R9 - 2ND LEVEL LINKAGE 
* RlO - BASIC RETURN LINKAGE 
* Rll - SUBROUTINE LINK FOR BL 
* R12 - CRU BASE ADDR ( UNUSED) 
* R13 - TEMP VARIABLE FOR SCROLL 
* R14 - TEMP VARIABLE FOR SCROLL 
* R15 - TEMP VARIABLE FOR SCROLL 
************************************************* 
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7E20 C28B 
7E22 04CO 
7E24 0201 
7E26 0001 
7E28 06AO 
7E2A 7E6C 
7E2C 06AO 
7E2E 7E78 
7E30 0001 
7E32 0018 
7EJ4 C120 
7EJ6 8J4A 
7E38 0604 
7EJA OA54 
7EJC C1C4 
7EJE 0581 
7E40 06AO 
7E42 7E6C 
7E44 06AO 
7E46 7E78 
7E48 0001 
7E4A 001C 
7E4C A120 
7E4E 8J4A 
7E50 0584 
7E52 0581 
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************************************************* 
* MINIMAL IMPLEMENTATION (DISPLAY • • .  AT) 
* 

* THE SYNTAX FOR THE BASIC STATEMENT IS : 
* CALL LINK ( "DISP$" , ROW , COL , STRING) 
* 

* NOTE THAT ONLY STRINGS MAY BE DISPLAYED , 
* AND ONLY ONE STRING PER CALL STATEMENT 
* IS ALLOWED . THERE IS LIMIT CHECKING ON 
* ROW & COLUMN VALUES . 
************************************************* 

DS MOV R11 , R10 SAVE LINK TO BASIC 
CLR RO CLR TO GET VALUE 
LI R1 , 1 INITIALIZE PARAM PNTR 

BL @GN GET ROW NUMBER 

BL @LC CHECK FOR IN LIMITS 

DATA 1 MIN ROW VALUE 
DATA 24 MAX ROW VALUE 
MOV @FC , R4 GET ROW VALUE 

DEC R4 ADJUST FOR MACH LANG 
SLA R4 , 5  MPY ROW BY 32 
MOV R4 , R7 MAKE COPY OF ROW ADDR 
INC R1 !NCR PARAM PNTR 
BL @GN GET" COL NUMBER 

BL @LC CHECK LIMITS 

DATA 1 MIN COL=1 
DATA 28 MAX COL=28 
A @FC , R4 ADD IN ROW VAL 

INC R4 ADJ FOR BASIC 
INC R1 !NCR PARAM PNTR 
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7E54 0202 
7E56 7DOO 
7E58 0712 
7E5A 0420 
7E5C 604C 
7E5E 04C5 
7E60 COC2 
7E62 D173 
7E64 06C5 
7E66 06AO 
7E68 7E8E 
7E6A 045A 

7E6C 0420 
7E6E 6044 
7E70 0420 
7E72 601C 
7E74 1200 
7E76 045B 

LI R2 , B1 

SETO *R2 
BLWP @SR 

CLR R5 
MOVE R2 , RJ 
MOVB *RJ+ , R5 
SWPB R5 
BL @PR 

B *R10 

LOAD FIRST BUFFR PNTR 

MAX STR LEN = 255  
GET BASIC STRING 

CLR BYTE COUNT 
COPY BUFFR PNTR 
GET LENGTH BYTE 
LEFT ADJ BYTE 

RETURN BASIG 

************************************************* 
* 
* 

GN - GET NUMERIC  PARAMETER 

* GETS THE BASIC NUMERIC  PARAMETER , 
* CONVERTS IT TO INTEGER , AND LEAVES THE 
* RESULT IN FC ( FLOATING ACC > 834A )  
************************************************* 

GN BLWP @NR GET BASIC NUMB . 

BLWP @XM GO TO ROM CODE 

DATA > 1200 FLTPT-TO-INTGR 
B *Rll RETURN 
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7E78 8EEO 
7E7A 8J4A 
7E7C 1104 
7E7E 8EEO 
7E80 8J4A 
7E82 1501 
7E84 045B 
7E86 1.300 
7E88 1.300 
7E8A 0420 
7E8C 6050 

60 

************************************************* 
* LC - LIMIT CHECK ON SIGNED INTEGER 
* 

* CHECKS THE WORD VALUE IN FC AGAINST THE 
* UPPER AND LOWER LIMITS WHICH FOLLOW THE 
* BL CALL . IF THE VALUE IS OUTSIDE 
* LIMITS , THE ERROR ROUTINE IS CALLED 
* WITH THE CODE FOR 'BAD VALUE' . 
* OTHERWISE , CONTROL RETURNS TO THE 
* CALLING PROGRAM . 
************************************************* 

LC 

EC 

C @FC , *Rll+ 

JLT EC 
C @FC , *Rll+ 

JGT EC 
B *R11 
LI RO , > 1.300 

BLWP @ER 

CHK LOWER LIM . 

IF LESS , ERROR 
CHK UPPER LIM . 

IF MORE , ERROR 
RETURN 
LOAD ERROR CODE 

GO TO ERR ROUTN 
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************************************************* 
* PRINT STRING FROM CPU BUFFER 
* 

* SINCE THIS PROGRAM IS CALLED FROM BASIC , 
* THERE IS A SCREEN BIAS OF > 60 ( I . E . , 
* SCREEN VAL=ASCII  VAL + > 60 )  
* 

* UPON ENTRY TO THIS ROUTINE , THE 
* FOLLOWING REGISTERS ARE INITIALIZED 
* 

* R3 - POINTER TO START OF STRING 
* IN CPU RAM 
* R4 - BEGINNING SCREEN ( VDP ) ADDR 
* R5 - LENGTH OF STRING 
* R7 - START-OF-ROW ADDR ( ROW*J2)  
************************************************* 

7E8E C24B PR MOV Rll , R9 SAVE SUBROUTINE LINKAGE 
7E90 0227 AI R7 , JO ADD EOL OFFSET 
7E92 001E 
7E94 0206 LI R6 , > 6000 ASCII  OFF CONST 
7E96 6000 
7E98 C004 RE MOV R4 , RO MOV VDP ADDR 
7E9A D073 MOVB *RJ+ , R1 GET LEN BYTE 
7E9C B046 AB R6 , R1 ADD ASC I  OFFST 
7E9E 0420 BLWP @SW WRITE ONE BYTE 
7EAO 6024 
7EA2 0584 INC R4 POINT TO NEXT 
7EA4 0605 DEC R5 DEC CHAR COUNT 
7EA6 1601 JNE L1 JUMP IF NOT DONE 
7EA8 0459 B *R9 RET TO MAIN PRG 
7EAA 81C4 L1 C R4 , R7 IS NEXT POSITION OFF THE EDGE 
7EAC 1AF5 JL RE IF OK , JUMP & MOVE BYTE 
7EAE 0227 AI R7 , 32 INCR CHEK LIM 
7EBO 0020 
7EB2 0224 AI R4 , 4  ADDR PNTR TO NEXT LINE 
7EB4 0004 
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7EB6 C007 
7EB8 0950 
7EBA 0280 
7EBC 0018 
7EBE lAEC 

7ECO 06AO 
7EC2 7ECE 
7EC4 0227 
7EC6 FFEO 
7EC8 0224 
7ECA FFEO 
7ECC 10E5 

MOV R7 , RO 
SRL R0 , 5  
C I  R0 , 24 

JL RE 

BL @SC 

A! R7 , -32 

A! R4 , -32 

JMP RE 

COPY LINEND LIM 
DIVIDE ADDR BY 32 
IS IT OUT OF LIMITS 

IF IN LIMITS , 
JMP & SET UP ADDR 
SCROLL THE SCREEN 

BRING LIMIT ON SCREEN 

BRING ADDR ON SCREEN 

SET UP NEW ADDR 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

* SCROLL - SCROLL THE SCREEN UP AND FILL 
* THE BOTTOM LINE WITH SPACES 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

7ECE 0200 SC LI R0 , -32 SET UP SCREEN 
7EDO FFEO 
7ED2 0201 
7ED4 7EOO 
7ED6 0202 
7ED8 0020 
7EDA 0220 L4 
7EDC 0040 
7EDE 0420 
7EEO 6030 
7EE2 0220 
7EE4 FFEO 
7EE6 0280 
7EE8 02EO 

62 

LI R1, B2 

LI R2 , 32 

AI R0 , 64 

BLWP @MR 

AI R0 , -32 

CI R0 , > 2EO 

SET UP BUFFR PNTR 

SET UP BUFFR LEN 

MOV DOWN ONE LINE 

READ A LINE INTO BUFFR 

ADJUST ADDR FOR ONE LINE UP 

IS THIS LAST 
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7EEA 1109 JLT NP IF NOT , STORE LINE 
7EEC 1301 JEQ Sl JUMP IF  LAST LINE 
7EEE 045B B *Rll SCROLL IS DONE 
7EFO C341 Sl MOV Rl , R13 COPY BUFFR PNTR 
7EF2 C382 MOV R2 , R14 COPY BUFFER LEN 
7EF4 020F LI R15 , > 2020 LOAD 2 SPACE DATA 
7EF6 2020 
7EF8 CF4F L3 MOV R15 , *R13+ MOV ONE BYTE 
7EFA 064E DECT R14 DEC BYTE COUNT 
7EFC 16FD JNE L3 PAD NEXT WORD 
7EFE 0420 NP BLWP @MW MULT BYTE WRITE 
7FOO 6028 
7F02 lOEB JMP L4 

END 
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EASY BUG DEBUGGER 

EASY BUG i s  a usefu l  prog ram deve lopment tool w i th  wh ich  you can 
debug you r  assembly  language programs and access the memory 
i n p ut/output  ( 1/0) ports of the com puter. With  EASY BUG,  you can :  

• I ns pect and ,  opt iona l ly ,  mod i fy the contents of CPU and VDP 
memory .  

• Disp lay the contents of GROM.  

• Execute assembly  lang uage programs from EASY BUG.  

• D i rect ly access the peri pheral devices which are connected to the 
computer v ia the TMS9900 m i c roprocessor's seria l  1 /0 port, the  
Com m u n icat ions Reg i ster U n i t  (CR U). 

• Save and load prog rams on casssette. 

OPERATION 

When the EASY BUG opt ion  i s  selected from the  master  select ion  l i st ,  
the fo l low i ng screen i s  d i sp layed . 

= = =COMMAND TYPES ARE = = =  

MXXXX MODI FY C P U  MEMORY 
GXXXX DISPLAY GROM MEMORY 
VXXXX MODI FY VDP MEMORY 
EXXXX EXEC . ASSEMBLY PROGRAM 
CXXXX CRU SINGLE-BIT I/0 
SXXXX SAVE CPU MEMORY TO CSl 

( STARTING AT XXXX) 
L LOAD STORAGE FROM CS1 

= ==SPEC IAL FUNCTION KEYS ARE = = =  

'AID' DISPLAY THIS SCREEN 
PERIOD ABORT A COMMAND 
ENTER ENTER COMMAND/DATA 
MINUS DISPLAY LAST MEMORY 

( CURRENT UNCHANGED) 
SPACE DISPLAY NEXT MEMORY 

( CURRENT UNCHANGED) 

*NOTE* CPU RAM 8370-BJFF IS 
RESERVED FOR EASY BUG 

Th is  screen sum marizes the com mands and spec ia l  f unct ion  keys 
u sed w i th  EASY BUG.  The "X's" fo l lowing the letter commands 
i nd icate a hexadec ima l  add ress that you enter. 
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Press any key except QUIT to c lear  the screen and receive a q uest ion  
mark  (?) p rompt ,  ask ing for  a command entry.  

COM MAN DS AN D SPECIAL F U N CTION KEYS 

A s i n g l e  letter command is used to execute each rout i n e  of EASY 
BUG.  Each command (wi th  the except ion of the Load Storage 
command) shou ld  be fo l lowed by up to four hexadec ima l  d i g i ts 
i nd icat i ng  an address. I f  you enter more than fou r  d i g i ts ,  on ly the last 
four  are used. I f  less than four  d i g i ts are entered,  they are t reated as 
the last d i g its of a fou r-d i g i t  va l ue ,  w i th  the f i rst d i g its be i n g  zero. 
After typ i ng  a command and an  address, p ress ENTER to execute the 
command.  

M (Modi fy CPU Memory) 

G (D isp lay G RO M  Memory) 

V (M od i fy VDP Memory) 

A l l ows you to i nspect and ,  opt iona l ly ,  
change the contents of CPU memory. 

A l l ows you to d i sp lay the contents of 
G RO M  memory .  

A l l ows you to i nspect and ,  opt iona l ly ,  
c hange the contents of VDP memory.  

E (Execute Assembly  Program) A l lows you to ru n an assembly  

C (C RU S ing le-Bit  1/0) 

S (Save CPU Memory) 

L (Load Storage) 

lang uage program i n  CPU RAM . 

A l l ows you to i nspect and,  opt iona l ly ,  
c hange i nd iv idua l  1 /0 bits .  

A l lows you to t ransfer the contents of 
CPU memory to an audio cassette. 

A l l ows you to load an assembly  
lang uage program f rom cassette i nto 
CPU memory.  

To stop a command's operat ion ,  p ress the PERIOD ( . )  key.  The 
q uest ion-mark prompt reappears. 

The ENTER, M INUS, and SPACE fu nct ion keys are used with the M od i fy 
CPU Memory (M), D isp lay G ROM Memory (G), M od i fy VDP Memory (V) , 
and CRU S ing le-B i t  110 (C) commands.  The funct ions of these keys are 
i n c l u ded i n  the descr i pt ions of these commands.  

Press A I D  to retu rn to the EASY BUG d isp lay screen after  the  screen 
has been c leared . This key works only when i t  i s  entered i m med iately 
after a q uest ion-m ark prompt from EASY BUG. 

Each of the EASY BUG commands is  descri bed i n  the fol lowing  sect ions.  
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Modify CPU Memory - M 

Format: M xxxx (where xxxx is  a hexadec ima l  va l u e) 

Th is  command d isp lays the contents of a selected CPU memory 
locat ion and g ives you the opt ion of chang i ng the data i n  that 
locat ion .  I f  a memory locat ion  is  not spec i f ied with the com mand,  
> 0000 is  used.  

After  you type the com mand and address and press ENTER, the 
spec i f i ed memory add ress and i ts contents  are d isp layed . 

To change the contents of the d isp layed memory add ress, type a two­
d i g i t  hexadec ima l  va l u e  and press ENTER. The last two d i g i ts you type 
are the val u e  used; thus ,  if you make a m i stake when enter i ng  a va lue ,  
s i mp ly  keep typ i ng unt i l  the last two d i g i ts are correct .  Not i ce that  the 
left- and r ig ht-arrow keys do not  work wi th  EASY BUG.  

After a memory locat ion  and i ts contents  are d isp layed, you can press 
the SPACE bar to cause the next locat ion and i ts contents to be 
d isp layed , or  the MINUS ( - )  key to d i sp lay the prev ious locat ion  and 
its contents.  

N ot ice that i f  you type a val u e  fo l l owed by a SPACE or MINUS, the 
content of the memory locat ion is  not mod i f ied .  Only when you press 
ENTER d i rect ly after typ i ng  a val ue  i s  the content changed. 

Typ i n g  a PERIOD ( . )  term i n ates the command and d isp lays the 
quest ion-mark prom pt.  

C PU RAM res ides in the console ,  the  M i n i  Memory modu le ,  and the 
Memory Expans ion  u n i t ,  i f  attached .  I t  i s  d i rect ly add ressab le from a 
TMS9900 assembly lang uage program.  

The fo l l ow ing  exam ple  i nspects the contents of memory locat ions  
> 8300, > 8301 , and > 8302; changes the contents of > 8302 to > F7 ;  
changes the contents of > 8303 to > 1 2; and red isp lays the contents of  
> 8302 and > 8303. F i na l ly ,  the content of > 8304 i s  i nspected but i s  
n o t  changed, s i nce t h e  va lue  entered ( >  3C) was not fo l lowed by 
press i ng ENTER. Typ i ng a PERIOD term i n ates the command and retu rns 
to the q uest ion-mark prompt .  
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Display 

? 
M8300 = 00 - > 

M8301 = 00 - >  

M8302 = 00 - >  

M8303 = 00 - > 

M8304 = 00 - >  

M8303 = 1 2 - >  

M8302 = F7 - >  

M8303 = 1 2  - >  

M8304 = 00 - > 

M8305 = 00 - >  

? 

Entries 
M8300 < ENTER > 

< ENTER > 

< SPACE > 

F7 < ENTER > 

8A1 2 < ENTER > 

< MINUS > 

< MINUS > 

< SPACE > 

< SPACE > 

3C < SPACE > 

< PERIOD > 

CAUTION 

Do not  mod i fy the contents of CPU memory 
add resses > 8370 t h rough  > 83F F  s i nce 
th i s  area of memory i s  used by EASY BUG. 

Modify VDP Memory - V 

Format: Vxxxx (where xxxx is a hexadec ima l  va l ue) 

Th is  command d isp lays the contents of a selected VDP memory 
add ress and g i ves you the opt ion  of chang i n g  the data at that 
address. I f  a memory locat ion  is  not spec i f ied ,  > 0000 i s  used. 

Note: S i nce VDP RAM does not extend beyond > 3FFF,  th is is 
norma l ly the largest add ress you enter for the M od i fy VDP Memory 
command.  I f  you select a larger address, a val u e  is d i sp layed , but  th is  
" phantom " locat ion can not be a l tered . Otherwise,  th is  command 
works l i ke the Mod i fy CPU RAM (M) command.  

VDP RAM consists of 1 6K bytes of memory at addresses > 0000 
th rough  > 3FFF.  It norma l ly  conta ins  screen-re lated i n format ion  used 
by the Video D isp lay Processor, such  as screen i mage, spr i te 
def i n i t ion ,  co lor  tab les ,  and character pattern tab les .  I t  i s  a lso used, in  
genera l ,  as a storage space by app l i cat ions p rograms.  In  part i cu lar, 
h i g her memory is used by DS Rs (Device Serv ice Rout i nes) to pass 1/0 
i n format ion .  App l i cat ion  programs a lso use part of VDP RAM as a 
buffer for DSRs and as a PAB (Peri phera l  Access B lock) to pass 
i n format ion  on a f i l e  to the appropr iate DSR.  See Appendix E for more 
deta i led i n format ion  on the organ izat ion of VDP RAM .  
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When the Tl BAS IC lang uage i s  i n  use,  the VDP RAM a lso ho lds the 
BAS IC  p rog ram,  the program symbol  tab le ,  the va l ue stack,  the str i ng 
space, etc .  Do not  a l ter  the VDP RAM without  suff ic ient  knowledge of  
the BAS IC  i n terpreter s i nce the i nterpreter uses the VDP RAM i n  a 
spec ia l  order. A deta i l ed confi g u rat ion of VDP RAM w h i l e  Tl BAS IC is  
i n  use is  shown i n  Append ix  F.  

S i nce VDP RAM is  not d i rect ly addressable by the CPU,  TMS9900 
assem bly  lang uage code (i nc l ud ing  i nstruct ions and workspace) 
can not be executed i n  VDP RAM .  

D isplay G ROM Memory - G 

Format: Gxxxx (where xxxx is  a hexadec imal  va l u e) 

Th is  command is used to d isp lay the contents of se lected G RO M  
memory locat ions .  I f  a memory locat ion is  not spec i f i ed with the 
command,  > 0000 i s  used.  

S i nce G RO M  is  read-on ly memory,  i t  i s  not poss ib le  to a l ter the 
contents of these locat ions .  Otherwise ,  th i s  command works l i ke the 
Mod ify CPU Memory (M) command.  

The com puter  can address u p  to e ight  G ROMs.  Three G ROMs i n  the 
conso le  contro l  part of the computer  operat ing  system and the T l  
BAS IC i nterpreter. U p  to f ive add i t iona l  G ROMs may be located i n  a 
Command M odu le .  The n u mber of G RO M s  i n  a Command M od u l e  
depends u pon t h e  s ize of the program i n  t h e  modu le .  

G RO M  addresses range from > 0000 t h rough  > F7FF .  Each G RO M  has 
6K bytes of memory,  start i ng from an address with an even-n u m bered 
first d ig i t .  For exam ple ,  G RO M  0 starts at address > 0000 and 
occup ies add ress space th rough > 1 7FF ;  G RO M  1 starts at add ress 
> 2000 and occupies address space th rough  > 37FF.  

The fo l lowing is  a layout of the G RO M  memory s pace. 
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G RO M  0 Locat ions > 0000 t h rough  > 1 7F F  ( 
GROM 1 Locat ions > 2000 t h rough  > 37FF 
G RO M  2 Locat ions > 4000 t h rough  > 57F F  
G RO M  3 Locat ions > 6000 t h rough  > 7 7 F F  � 
G RO M  4 Locat ions > 8000 t h rough  > 97FF 
G RO M  5 Locat ions > AOOO t h rough > B?FF 
G RO M  6 Locat ions > COOO t h rough > D?FF 
G RO M  7 Locat ions > EOOO t h rough  > F7FF 

Conta i n ed 
i n  the 

console 

Conta i n ed 
i n  a 

Com mand 
Modu le 
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Execute Assembly Program - E 

Format: Exxxx (where xxxx is a hexadec ima l  n u m ber) 

Th is  command is used to ru n an  assembly lang uage program located 
in CPU RAM .  

Prog ram control i s  passed t o  t h e  locat ion spec if ied .  Th is  address 
shou ld  be an entry point  in an assem bly lang uage program .  If a 
memory locat ion i s  not spec i f ied wi th  the command,  > 0000 i s  used. 

CRU Single-Bit 1/0 - C 

Format: Cxxx (where xxxx is a hexadec ima l  n u m ber) 

Th is  com mand is used to d isp lay and ,  opt iona l ly ,  change the CRU bit  
at the spec i f ied l ocat ion .  I f  a locat ion is  not spec i f ied with the 
command,  > 0000 is  used.  

After  you type the command and add ress and press ENTER, the 
spec i f ied add ress is  d isp layed , a long with the state of the b i t  at  that 
l ocat ion  (e i ther zero or one). The state of the b i t  i s  i nd icated by the 
least s ign i f i cant d i g it of the two-d ig i t  va l ue. The left d ig i t  i s  zero. 

For exam ple ,  a d isp lay of 

C0201 = 00 - >  

i n d icates the b i t  at add ress > 0201 i s  a zero (the least s i g n i f icant d i g i t 
of the two-d ig i t  va l u e  is zero); whereas a d isp lay of 

C0202 = 01 - >  

i nd icates that the b i t  at address > 0202 is  one.  

To change the state of a b i t ,  enter a zero or a one. 

Save CPU Memory to CS1 - S 

Format: Sxxxx (where xxxx is  a hexadec imal  va l ue) 

Th is  command d u m ps the contents of CPU memory to cassette u n i t  
n u m ber  1 ,  start i ng  a t  t h e  spec i f ied memory locat ion .  T h i s  command i s  
used t o  save t h e  contents of a program and/or data on a cassette tape 
so that i t  can be loaded aga in  later .  

I f  no address is  spec i f ied,  the contents of memory are d u m ped, 
start i ng  f rom > 0000. 
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After you type the start i n g  address and press ENTER, the prompt 

TO? 

i s  d isp layed . Enter the address of the last memory locat ion you want 
to dump to cassette tape. 

After you enter this address and press the ENTER key, the contents of 
the memory range are d u m ped to the cassette tape on cassette u n i t  
n u m ber (CS 1 ). 

Note: To save a l l  of the contents of the M i n i  Memory modu le ,  
i nc l ud i ng  references and pointers, enter  a start i ng  add ress of > 7000 
and an end ing  address of > 7FFF.  

Load Storage from CS1 - L  

Format: L 

Th is  command loads a program from a cassette tape i n  a cassette 
recorder/p layer. The program is  loaded i nto the same memory space it 
occu p ied when i t  was saved wi th  the S command (see above). 

When the quest ion-mark prom pt (?) is on the screen ,  press L to load a 
program from cassette. The computer pr i nts i nstruct ions on the 
screen to he lp  you th rough the proced u re. Fol low the d i rect ions as 
they appear on the screen .  (Be su re you have con nected the recorder 
and i nserted the appropr iate cassette tape i nto the recorder.) 

See the User's Reference Guide for add i t iona l  i n format ion on load i n g  
cassettes. 
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C PU Memory Map 

> 0000 0000 
Console ROM 

> 1 FFF 8 1 91 

> 2000 8 1 92 
Memory Expans ion - 8K-byte segment 

(Low Memory) 
> 3FFF 1 6383 

> 4000 1 6384 
Peri pheral ROMs (mapped) 
for device service rout i nes 

> 5FFF 24575 

> 6000 24576 
M i n i  Memory - 4K-byte ROM seg ment 

> 6FFF 28671 

> 7000 28672 
M i n i  Memory - 4K-byte RAM seg ment 

(Med i u m  Memory) 
> 7FFF 32767 

> 8000 - 32768 
Memory Mapped Devi ces for 

VDP, G RO M ,  Sound and Speech 
CPU RAM at > 8300 - > 83FF 

> 9FFF - 24577 

> AOOO - 24576 
Memory Expans ion - 24K-byte segment 

(H igh  Memory) 
> FFFF - 1 
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> 6000 
> 60 1 0  
> 601 2 
> 60 1 4  
> 60 1 6  
> 60 1 8  
> 601 C 
> 6020 
> 6024 
> 6028 
> 602C 
> 6030 
> 6034 
> 6038 
> 603C 
> 6040 
> 6044 
> 6048 
> 604C 
> 6050 
> 6054 

> 6F38 

> 6FFF 
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M in i  Memory ROM Organization 

X M L  > 70 
XM L > 71 
XM L > 72 

BLWP @ G PLLN K 
BLWP @ XM LLN K 
BLWP @ KSCAN 
BLWP @ VS BW 
BLWP @ V M BW 
BLWP @ VS B R  
BLWP @ V M B R  
B LWP @ VWTR 
BLWP @ DSRLN K 
BLWP @ LOAD E R  
BLWP @ N U MASG 
BLWP @ N U M REF 
B LWP @ STRASG 
BLWP @ STRREF 
BLWP @ ER R  

Standard ROM/G ROM Header 
NAM LN K - Name L i n k  Rout i ne  
TGOBLD - Tagged Object Loader  
C I F  - Convert I nteger to F loat i n g  
U n used 
L i n k  to G ROM Rout i n e  
L i nk  t o  R O M  Rout i ne  
Keyboard Scan 
VDP S i n g le Byte Write 
VDP M u lt i p le  Byte Write 
VDP S i n g le Byte Read 
VDP M u lt i p le  Byte Read 
VDP Write to Reg ister 
L ink to Device Serv ice Rout ine  
Tagged Object Loader  
N u mer ic Ass i g n ment Rout i ne 
Get N u meric Parameter 
Str i ng  Ass i g n ment Rout i ne  
Get  Str i ng  Parameter 
Error Report i n g  Rout i n e  
Start of R O M  program Area 

Start of Pre-Def i ned R E F/DEF Tab le  

End of Pre-Def i ned R E F/DEF Tab le  
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A PPENDIX C 

RAM Organization -Tl BASIC Files 

M I N I M  EM 28672 > 7000 10 Word > 5AA5 
(the 4K-byte 28674 > 7002 F i l e  I nformat ion -Status 
segment i n  the I n format ion 
M i n i  Memory 286i5 > 7003 Log ica l  Record Length 
modu le) 28676 > 7004 End-of-F i le  Poi nter 

28678 > 7006 Cu rrent F i l e  Entry Poin t  
286GO > 7008 Start of F i l e  Space 

32767 > 7FFF End of F i l e  Space 

EXP M E M 2  - 24576 > AOOO I D Word > 5AA5 
(the 24K-byte - 24574 > A002 F i l e  I n format ion-Status 
seg ment i n  the I n formation 
Memory Expans ion  - 24573 > A003 Log ica l  Record Length 
u n i t) - 24572 > A004 End-of-F i le  Poi nter 

- 24570 > A006 Cu rrent F i l e  Entry Poin t  
- 24568 > A008 Start of F i l e  Space 

- 1  > FFFF End of F i l e  Space 
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A PPENDIX D 

Mini  Memory RAM Organization -Assem bly Language Storage 

28672 > 7000 I D  Word > A55A 
28674 > 7002 Ident i f iers for Arg u ments 

> 701 2 
28700 > 701 C 
28702 > 701 E 
28704 > 7020 
28706 > 7022 
28708 > 7024 
287 1 0  > 7026 
2871 2 > 7028 
2871 4 > 702A 
287 1 6  > 702C 
2871 8  > 702E 
28720 > 7030 
28724 > 7034 
28726 > 7036 
28728 > 7038 

28730 > 703A 

288 1 0  > 708A 

288 1 8  > 7092 

28824 > 7098 

28856 > 70B8 

28888 > 70D8 

28920 > 70 F8 

28952 > 71 1 8  

32767 > 7FFF 
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F i rst F ree Add ress i n  Med i u m  Memory ( >  7000- > 7FFF) 
Last Free Add ress i n  M ed i u m  Memory 
Defau l t  Entry Add ress ( >  0000) 
F i rst F ree Add ress in H ig h  Memory ( > AOOO- > FFEO) 
Last Free Add ress in H ig h  Memory 
Fi rst Free Add ress i n  Low Memory ( > 2000- > 3FFF) 
Last Free Add ress i n  Low Memory 
Checks u m  Value  
Poi nter to F lag  Byte i n  PAB 
G P L  Return Add ress 
CRU Add ress of Per ipheral 
Device Name Length 
Po i nter to Device N ame i n  PAB 
Vers ion N u m ber of DSR 

80-byte Record Buffer for Loader 

NAM E Buffer 

UTI LWS Ut i l i ty Workspace 

Used by 
Tagged 
Object 
Loader 

DSR L i n k  Rout i ne  Workspace (Over laps wi th  UTI LWS) 

USRWSP User Program Workspace Reg isters 

Li n k i n g  Loader Workspace Reg isters 

I nternal  Data Storage 

Free Space 

Start of User Def i ned R E F/D E F  Tables 
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A PPENDIX E 

VD P RAM Memory Map 

> 0000 0000 
Pattern Name Tab le  

( >  0300 bytes) 
> 02 F F  767 

> 0300 768 
Sprite Att ri bute List 

> 037F 895 

> 0380 896 
Pattern Color Tab le  ( >  0380 - > 3FFF) 

and Free Space 
> 03 F F  1 023 

> 0400 1 024 
Sprite Descr i ptor B locks 

> 077F 1 9 1 9  

> 0780 1 920 

Spr ite Ve loc i ty Table 
> 07 F F  2047 

> 0800 2048 
Pattern Generator Area 

Defau l t  Characters > 0900 - > OAFF 
A lso used for  PAB Area 

> OFFF 4095 

> 1 000 4096 

Free Memory Space 
Used a lso for PABs and Buffers 

> 1 37 F  4991 

> 1 380 4992 

Used as Buffer for Program F i le  Load 
> 34FF 1 3567 
> 3500 1 3568 

B locks Reserved for D isk  DSR 
> 3FFF 1 6383 
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A PPENDIX F 

VD P RAM with BASIC Interpreter 

> 0000 0 
Screen 

> 02FF 767 

> 0300 768 
Color and Sprite Table 

> 031 F 799 

> 0320 800 
Crunch Buffer 

> 03BD 957 

> 03BE 958 
BASIC Tem poraries 

and I n terpreter Rol l -Out Area 
> 03FF 1 023 

> 0400 1 024 
Character Tables 

> 05FF 1 535 

> 0600 1 536 
Va lue  Stack 

Str i ng Space 

Dynam ic Symbol Table and PABs 

Stat ic  Sym bol Table 

Line N u m ber Table 

C ru nched Program 
> 37FF 1 6383 
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A RG 47 
Assembler  56 

B 

Battery 5, 6, 81 

c 

CHARPAT subprogram 31  
CRU S ing le-bit  1 /0 command 64, 

65, 69 

D 

Debugger 5, 64-70 
D isp lay G ROM memory 

command 64, 65, 68 
DS RLN K 37, 50-51 

E 

EASY BUG debugger 5, 64-70 
E R R  54-55 
E rror messages 42, 55 
Execute assembly  program 

command 64, 65, 69 

F 

FAC 38, 47 
F i les (genera l )  5 ,  1 3-1 8 

Access 1 4-1 8 
EXPM EM2 1 3 , 1 6 , 1 8 , 73 
Load ing  and sav ing  1 5-1 8 
M I N I M EM 1 3, 1 5, 1 6, 73 
Organ izat ion  1 4  
Spec i f icat ions 1 4  

G·H 

GPL status byte 37, 38 
G PLLN K 37, 38-45 

I ·J 

I N IT subprogram 21  

K 

KSCAN 37 

L 

LI N K  s u bprogram 24-29 
LOAD A N D  RUN opt ion  1 1  
Load storage command 64, 65, 

70 
LOAD subprogram 22-24 

M 

Memory 
CPU memory 6, 7, 20, 22, 26, 

30, 32, 35, 36, 37, 4 1 , 45, 
50, 64-70, 71 -76 

G raph ics  Read O n ly M emory 
(G ROM) 5, 7, 34, 37-45, 64, 
65, 68 

Memory expans ion u n i t  5, 1 3, 
1 4, 1 6, 1 8, 1 9-20, 21 , 3 1 -33, 
66, 71 , 73 

M i n i  M emory mod u l e  5,  6-7, 
1 3, 1 5, 20, 21 , 23, 24, 28, 
32-33,  66, 70, 7 1 ' 74 

Random Access Memory 
(RAM) 5, 6, 7, 20, 30-3 1 , 
32-33, 35-37, 39-45, 48-50, 
67-68, 71 , 73-76 

Read On ly  Memory (ROM) 5, 
7,  37, 45-50, 52-55, 71 -72 

VDP memory 5,  6 ,  26-28, 
30-3 1 ,  34-37, 38-4 1 , 45, 
48-49, 53, 64 , 65, 67-68, 71 ' 
75-76 

M ix i ng assembly lang uage 
prog rams and T l  BAS IC 
f i les 1 4 , 1 9-20 

Modi fy CPU memory command 
64,  65,  66-67 

Modi fy VDP memory command 
64,  65,  67-68 
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N 

N U MASG 52, 72 
N U M REF 54, 72 

O·P 

PAB (Peri pheral Access B lock) 
40, 41 , 50, 75 

PEEK subprogram 30 
PEEKV subprogram 30 
PO KEV subprogram 31  

Q-R 

REF/D E F  table 1 2, 24, 28·29 
RE· I N ITIALIZE opt ion 1 1 ,  1 2  
R U N  opt ion  1 1 ,  1 2  

s 

Save CPU memory com mand 64, 
65, 69-70 

STACK 38, 43, 47, 48-49 
STATUS 38, 43-45, 47, 48-49 
STRASG 53 
STRREF 54 

T 

Tl BAS IC i nterface ut i l i t ies  52-63 
Tl BAS IC  subprograms 20-31 

u 

UTI LWS 34 
USRWSP 34 

v 

Video d isp lay processor (VD P) 5 ,  
6 

V M B R  36 
V M BW 35 
VS BR 36 
VSBW 35 
VWTR 36 
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W·X·Y·Z 

X M L  rout ine  codes 46, 72 
X M LLN K 37, 45-50 
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SERVICE AND WARRANTY IN FORMATION 

These modu les are du rab le devices, but they s hou ld be hand led wi th  
the same care you wou l d  g i ve any other  p iece of e lectron ic  equ i pment .  
Keep the mod u l e  c lean and d ry ,  and don 't touch the recessed 
contacts. 

CAUTION:  

The contents of a Com mand Modu le  can  be  
damaged by  stat ic  e lect r ic i ty d ischarges. 

Stat ic  electr icity b u i l d-ups are more l i ke ly to occur  when the natu ra l  
h u m i d ity o f  the  a i r  i s  low (du ri n g  w i nter or i n  areas with  d ry c l imates). 
To avoid damag i n g  the modu le ,  j ust touch any metal object (a 
doorknob, a desk lamp,  etc .) before hand l i ng the modu le .  

I f  stat i c  e lectr ic ity i s  a prob lem where you  l i ve, you  may want  to  buy  a 
spec ia l  carpet t reatment that reduces stat ic  b u i ld-up.  These 
commerc ia l  preparat ions are usua l l y  ava i lab le  from local hardware 
and off ice supp ly  stores. 

In  Case of Diff iculty 

I f  the mod u le does not appear to be operat i n g  properly, ret u rn to the 
master t it le screen by press i n g  QUIT. Turn the computer OFF ,  
w i thdraw the mod u le ,  a l i g n  i t  w i th  the mod u l e  open ing ,  and re i nsert i t  
carefu l ly. Then tu rn the computer  on ,  and press any key to make the 
master select ion  l i st appear. 

If the modu le  is  accidenta l l y  removed from the slot wh i le  the modu le  
contents are be i n g  used , the com puter may behave errat ica l ly .  To 
restore the computer to normal operat ion ,  t u rn the computer console 
off ,  and wa it  a few seconds.  Then tu rn the computer on aga i n .  

I f  y o u  have a n y  d i f f icu lty w i t h  you r  computer or t h e  M i n i  Memory 
mod u l e , p lease contact the dealer from whom you purchased the u n i t 
and/or modu le  for service d i rect ions ,  or see the warranty at the back 
of this book. 

Add i t iona l  i n format ion  concern i n g  use and serv ice can be found in 
you r  User's Reference Guide. 
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Exchange Center Information 

If your modu le  req u i res serv ice,  i nstead of retu rn i n g  i t  to you r  dealer 
or to a service fac i l i ty for repa i r  or rep lacement,  you may e lect to 
exchange it  for a factory-recond i t ioned modu le  of the same model (or 
equ iva lent  model spec i f ied by Tl)  by br i ng i ng  it i n  person to one of the 
exchange centers which have been establ i shed across the U n ited 
States . A hand l i ng fee wi l l  be charged by the exchange center for i n ­
warranty exchanges.  Out-of-warranty exchanges w i l l  be  charged a t  the  
rates i n  effect a t  the  t ime  of the  exchange.  

To determ ine  i f  there is  an exchange center  i n  you r area, look for  
Texas I nstruments Exchange Center  i n  the wh i te pages of you r  
te lephone d i rectory, o r  look u nder t h e  Calcu lator a n d  Add i n g  M ac h i n e  
head ing  i n  t h e  ye l low pages. P lease ca l l  t h e  exchange center for 
ava i lab i l i ty and exchange fee i n format ion .  Write our  Consumer 
Re lat ions Department for f u rther deta i l s  and the locat ion of the 
nearest exchange center. 
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Battery Information 

The battery i n  the M i n i  Memory modu le  shou ld  remai n active for 
approx i mate ly  two years with p roper care .  For best resu l ts ,  store the 
m od u l e  on ly  at normal  room tem peratu res. AVO I D  PROLO N G E D  
EXPOSURE OF T H E  M O D U L E  T O  TEMPERATU R ES ABOVE 1 00 °F ,  as 
h i g h  tem peratu res can shorten battery and com ponent l i fe .  

When the battery is  no longer act ive ,  the mod u l e  w i l l  cont i n ue to 
perform properly w h i le i nserted i n  the console with the power on ;  
however, the memory contents w i l l  not  be  reta ined i f  the console is  
tu rned off. 

To check for proper operat ion  of the battery,  fol low these steps. 

1 .  With the mod u l e  in p l ace in the console ,  store a short Tl  BASIC 
p rogram i n  the mod u l e  memory by  means of the SAVE M I N I M EM 
command,  and tu rn t�1e  console off.  

2 .  Wait severa l seconds,  and t u rn the console  on aga i n .  Then select T l  
BASIC and load the prog ram from the mod u l e  memory by us ing the 
OLD M I N I M EM command. 

3 .  L IST the program to be su re that the program has been loaded into 
console memory.  

When the battery is  no longer fu nct ion i ng ,  retu rn the M i n i  Memory 
mod u l e  to a Texas I nstruments Service Fac i l i ty or the Exchange 
Center  nearest you for  rep lacement with a new or recond i t ioned 
mod u l e  (at Tl 's opt ion). A serv ice fee w i l l  be charged for rep lacement i f  
t h e  modu le  is  no  longer i n  warranty. 
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T H REE-MONTH L I M ITED WARRANTY 
HOME COMPUTER SOFTWARE M O D U L E  
Texas I n struments I ncorporated extends th is  consumer warranty on ly  to  
the ori g i na l  consumer  pu rchaser. 

WARRANTY COVERAG E 
This  warranty covers the e lectron ic  and case components of the software 
mod u l e  and cassette. These components i n c l ude a l l  semicond uctor ch ips  
and devices, p last ics ,  boards,  w i r i ng  and a l l  other hardware conta ined in  
th is  mod u l e  and cassette ( " the  Hardware"). Th is  l i m ited warranty does 
not extend to the prog rams conta i ned in the software modu le  and 
cassette and in the accompanyi n g  book materia ls  ("the Programs") .  

The Hardware is  warranted agai nst ma l fu nct ion due to defect ive 
materia l s  or construct ion .  THIS WARRANTY IS VOID IF THE HARDWARE HAS 

BEEN DAMAGED BY ACCIDENT, UNREASONABLE USE, NEG LECT, I M PROPER 

SERVICE OR OTHER CAUSES NOT ARISING OUT OF DEFECTS IN MATERIALS 

OR WORKMANSHIP. 

WARRANTY DU RATION 
The Hardware is  warranted for a per iod of th ree months from the date of 
the ori g i na l  purchase by the consu mer. 

WARRANTY DISCLAIM ERS 
ANY I M PLIED WARRANTIES ARISING OUT OF THIS SALE, INCLUDING BUT NOT 

LIMITED TO THE IM PLIED WARRANTIES OF M ERCHANTABILITY AND FITNESS 

FOR A PARTICULAR PURPOSE, ARE LIMITED IN DURATION TO THE ABOVE 

THREE-M ONTH PERIOD. TEXAS INSTRUMENTS SHALL NOT BE LIA BLE FOR 

LOSS OF USE OF THE HARDWARE OR OTHER INCIDENTAL OR 

CONSEQUENTIAL COSTS, EXPENSES, OR DAMAGES I NCURRED BY THE 

CONSUMER OR ANY OTH ER USER. 

Some states do not a l l ow the exc lus ion  or l i m itat ion  of imp l ied 
warrant ies or conseq uent ia l  damages, so the above l i m itat ions or 
exc l us ions may not apply to you in those states. 

L EGAL R E M E D I ES 
This  warranty g i ves you spec i f i c  legal  r ig hts,  and you may a lso have 
other r ig hts that vary from state to state. 

P E R FORMANCE BY Tl U N D E R  WAR RANTY 
Dur ing  the above th ree month warranty per iod , defect ive Hardware w i l l  
b e  rep laced when i t  is  retu rned postage prepaid t o  a Texas I n stru ments 
Serv ice Fac i l i ty l i sted below. The rep lacement Hardware wi l l  be 
warranted for th ree months from date of rep lacement.  Other than the 
postage req u i rement ,  no charge w i l l  be made for rep lacement.  
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Tl strong ly  recom mends that you i nsure the Hardware for val u e  pr ior  to 
mai l i n g .  

TEXAS INST R U M ENTS CONSU M E R  SERVI C E  FACI LITIES 

Texas I n struments Service Fac i l ity 

P.O. Box 2500 

Lubbock, Texas 79408 

G eophys ical Services I n corporated 

41 Shel ley Road 

R ichmond H i l l ,  Ontario, Canada L4C5G4 

Consumers i n  Cal i forn ia and Oregon may contact the fo l lowing Texas 
I nstruments off ices for add i t iona l  ass istance or i nformat ion .  

Texas I n struments Consumer Service 

831 South Douglas Street 

El Seg u ndo, Cal ifornia 90245 

(2 1 3)973-1803 

Texas I n struments Consumer Service 

6700 Southwest 1 05th 

Krist i n  Square, Su ite 1 1 0 

Beaverton , Oregon 97005 

(503)643-6 758 

I M PORTANT N OTICE OF DISCLAIM ER REGARD I N G  T H E  PROG RAMS 

The fol l owin g  shou ld  be read and u nderstood before p u rchas ing  and/or 
us ing  the software mod u l e  and cassette. 

T l  does not warrant that the Programs w i l l  be f ree from error or w i l l  meet 
the spec i f ic  req u i rements of the consu mer. The consu mer  assumes 
complete respons i b i l i ty for any dec is ion  made or act ions taken based on  
i n format ion obtai ned us ing  the  Programs.  Any statements made 
concern i n g  the u t i l i ty of the Programs are not to be construed as express 
or  imp l ied warrant ies. 

T EXAS INSTRUM ENTS MAKES NO WARRANTY, EITHER EXPRESS O R  I M PLIED, 

INCLUDING BUT NOT L I M ITED TO ANY I M P L I E D  WARRANTI ES OF 

M ERCHANTABI L ITY AND FITN ESS FOR A PARTICULAR P U RPOSE, REGAR DING 

THE PROGRAMS A N D  MAKES ALL PROG RAMS AVAILABLE SOLELY ON AN "AS 

IS" BASIS. IN NO EVENT SHALL TEXAS INSTRUM ENTS BE LIABLE TO ANYO N E  

FOR SPECIAL, COLLATERAL, I N C I DENTAL, OR CONSEQU ENTIAL DAMAG ES I N  

CON N ECTION WITH OR ARISI N G  O U T  OF T H E  PURCHA$E O R  U S E  OF T H E  

PROGRAMS A N D  THE S O L E  A N D  EXCLUSIVE LIABI LITY OF TEXAS 

I N STRUMENTS, REGARDLESS OF T H E  FORM OF ACTION, SHALL NOT EXCEED 

THE PU RCHASE PRICE OF THE SOFTWARE M E DIA. MOREOVER, TEXAS 

I N STRUM ENTS SHALL NOT BE LIABLE FOR ANY CLAIM OF ANY K I N D  

WHATSOEVER B Y  A N Y  OTH E R  PARTY AGAINST T H E  USER OF THE PROGRAMS. 

Some states do  not a l l ow the exc l us ion  or  l i m itat ion  of i m p l ied 
warrant ies or  consequent ia l  damages, so the above l i m i tat ions or 
exc l us ions may not apply to you in those states. 
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Texas Instuments invented the integrated circuit, 
the microprocessor, and the microcomputer. 

Being first is our tradition. 

TEXA S  I N S T R U M E N T S  
I N C O R P O R A T E D  

DALLAS, TEXAS 

Pri nted in  U .S .A.  1 0371 09-58 
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