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MemoTy ATchivectures of tha T9/3

The 9974 has severasl independant address spaces, which are
through memoriy mapped 170 in the primary (CPU)Y address

fa
)
<
1
3
pil
T

3

Most of th2 RaM within thes consols 1is in the VOP (Video
Disoliay Prgocessor? spac2. This memory 135 accessed through the
VDFE chip, and therefor2 cannot contain S900 code or workspaces.
WoE RAM  is wused Ffor fthe screen i1mage, character pattsrn tables.
2210 tables, etc When using Extended Basic with an Expansion
Rat paripperal, the VDP RamM al30 us2d t9o hold the program’s

is
Mmool table, wvaluz2 stack, and string space. VDPF RA&M is accessed

3y 1

>y writing the target address ts> (CPU address »B8C02 (least-
significant byta first, and then rteading data #rom address 8800
ar  writing da3ta ts address ECOO. The address writtsn to 2B8CO2
showl.d have 2400QC added to it if you wish to write. Access to
VPD RéM is in auto—incremant mode, so that you only need to sand
non2 addrezs to read oF write 3 block of data. VDP R&M consists
of 16K bytas, with addressas 0000 to ZZFFF (or Z-4000 to 7FFF
for write moda}

Th2 Screen is at VYOP RAM locations 0 %£a Z2FF. The first 32
biyt2az are the charscters on the first lin=, the next 32 the
charzcters on the s2cond line, etc

CAUTION

The charactars on the scresn are not 1In fthe

standard ASCII code. Each charactsr has an

offsat o f 656G  added to it. Thus the

character A iz representad by a AL,

instead 2f by a 41, If you want to display

a string 2n the screen, you must add 60 to

2ach byt2 b=fore writing 1t to the screen
Ths character opattern <table be2gins a3t VDF location »400. The
lacations 24CC tc 407 contain the bits for the character SPACE

PRELIMINARY
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ME2MOTyY AT INITACTUTE Or The 9I/4

(ASCII 20 TEQ:. These are initialized to all O-'s.
zini2 a 20 +s display as bilank. iLocations 408 to
TailF dascrid cep 0 (A3CII 21 ov screen 813, etc.

[N
!
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P, e —————————— +
! Static Zymbol Table :
B e i e it +
¢ Dymamic Sym Tab snd FaB’s ¢
—— e e -+
H String Space H
_..:-,., _____________________________ -+
H (fresz: b
e, e, — - ——— +
: Yalue Stack !
o e - +
' Edit-Recall Buffer H
e, e, ————— +
i Crunch Buffer t
e e — +
H Color Tables i
e . —— +
H Sprite Velocity Block 1
o, e ——————— +
H Character Tables :
e ———— e — - +
i GFL Interpreter :
H Roll-2ut Area '
e ———— - +
H BASIC Temporaries ;
e e +
; Sprite aAttribute List :
e . e ————————— +
: Screen H
e, - +
Figure 2.1
VDP RAM Usage by Extended
Basic wh2n Mamory Expansion
is Presa2nt.
Instruments 2-2
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2.2 Intsrnal RaM

The anly dirscily adiressacis CFU RAM inside the console is
a% acdreszas B300 zo B3FF. SEZ00 to ?:SIQ will ©bes wused to
sycgart  2arameftar gasszing £o machine language subprograms. This
wili be discussed latar under CALL LINK. The rest is wused by
Sxtanded Basic for Pointers into VIF R&M (2 g. top—of-stack) and
3123a3! opavramaters {a 3. OPTION BASE O or 1, ON ERRCOR transfer
ajdress, etc. ;.
2.2 Expansian RAaM

@ Memory Expansion periphsral has two blocks of memory, a
ck from address -ACQQ to »FFFF, and an B4 block from 22000

2EFE Extendad Basic us2s the 23K block #for storage of the
rogram, ling number table, and numeric variablss. The 8K
may be us2d +9v machine language subprograms. It is

ible to use a part of the 24K blocwk for machine language as
Easic allacates space to 1itself +from the high end of
0 you may place machine language code and data at the
d. In order £n load code here, it should be assembled in
2 mode (e. g. AQPG  :AD00)! rathe2r fhan reloncaftable. A
to the B
in leocation =

29inning of free (unallocated! memory may be
2284 (RAMFRE).

2 4 Structure of the ALC Dicck

Th2 Rowtina Name Tsble consists of & b;ta entries; & bytes
af zubprogram name fallowed by 2 bytes oF entry address. The
firz%t entry is placed at location BFFb- 3FFF As described below,
thzz2 2niriss ara ftaken from the S- and &- ftags of an  object
fiie The Last Freese Address (LFA3 pointar 1is initialized to
SATC It points st the first ucad byte in the Routine Name
Tatiz when the nams tabls 1s not empty. Th2 First Free Address
(FFa: pointer i3 initialized to the first unused location after
the wtilities and points to the next free bLyte after subprograms
hava been losdead. FFA %2 LFA are loaded into RAM locations 28308
% BR20A (CPU RAM: respectively at the start of a LOAD from a
fila S if abselute code is to change2 the values of FFAa & LFA
1

ot e

nust modify locations 8308 % :E30A.

PRELIMINARY
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o —— e, ———_—— +
! Last Fres Address Fi7 (LFA) b
e ———— - -+
! Constant >AASS !
P e o e = = — - ——— - -+
i Utility BEranch Tabilie H
+ ———————————————————————————————— -
H Name Link Routina H
e e — - +

ALC Routina2 Space

NSNS NS NS NS NS NS NS NS NSNS

ANCSNIN SO SN AN AN AN SN AN AN

Routine Name Table

Figure 2-2
ALC Support Memory Usage
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inTerfac2 witn Zxtandeas Sasic
SECTICN 3
Interfaces with Zxtended 3asic
Four sutorograms ara  included in Extended Basic which
interface bevwe2n Bssic and macaine langwage

21 CALbt INIT

INIT initializes tha #frea space and entry name table
pornrtars, and transfters the standard assambly language support
package from GROM to RAM An exception will woccur 1f INIT is
zatlad with no erpansion FaM attached., or with the 2xpansion RaAM

no% oowered up.

<t
v o

3.2 C&alie PEZK(adarsssz, var—-1, {var-2, . .. 1:
PEEK is us2d to direciiy read bytes of CPU RAM into Basic
varisblesz. Tha2 address is a decimal value from -327V&E to
Z2TsT representing two byte addresses. Addresses above -7FFF
ars wuritt2n as n2gative numbars, treating the two byte gquantity
as 3 two’'s complemant infteg=ar. (1. e. to szcess an sdadrass above
22747, subtract &S534& from it}
CAUTION

Because of the autoincrement addressing of

30me memory mappa2d address sgaces, PEEKing

certain addresse2s will have wunidesirable side

affacts. In particular, trying to read Ffrom

the RDOM containing Extended Basic can cause a

systam crash.
2.2 CALL LOAD(object-1,tobyect-2,... 1)

The LOAD roufine iz usa2d to load an assembly language object
£ilas or dir=2ct data into the RAM expansion for later execution

Tesas Instruments 3-1 FRELIMINARY
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with the LINK routins. Each of the object arguments must be
2:Thar & sftring 2axgre3sion or 3 list of intagers. The string
2:0728310n should evaliuate tto the name of a +file containing a
SSCC ob=ct program. Thz 113t of integers (poke list) should be
a3n sddress bpetween -IZ2TL2 and

3277 (s2e PEEWK), +ollowed by @ list of integers to be used as
on=2 byte of data each. These will b2 loaded into consecutive
lazs%ions, starting st the given addres AN empty string ()
may be uyszed to s2parate the last bgte of one pake list and the
stz2rrting address of the2 next. The address 1n a poke list 1is
apsolute and the data is non-relocatable. If you load a routine
directly with 3 poke list, gou should alse lcad a name table
2NETY, 59 that %hes routine may bs found by CALL LINK described
pbelow. Whan pcking data, spac2 1s not automaticslly reserved

Thz o9o%e 2arocedur? written oy the user can do this by modifying
th2 FFA and LFA p:lﬁtﬂrs Howewvear this cannot be dcne without
r23ding ‘pnﬂk‘ng; the The FEEK routine can be used to read the
pointars before modx+g1ng them.

The file will be opened and resd by the LOAD routine
Felocatable code will be loaded st the first available address.
Room will be reserved for the ALC routine according to the length
spacified in the “C-tag" field in the object Ffile. Absolute code
wiil be loaded =zt the absolute address specified i1n the object
20492

CAUTIOCN

Absclute code will ©be loaded at whatever
agdress 1s specified in *the obgject code.
Space will not be reserved iIin the R&AM
expansisn for that code. Spaze will bhe
reserved at the first available address for
the lengfth specified in the “O—tag" field.
The asszembly language programmer must take
extreme care that absolute <code 1is really
needed and that 1t will work properly

Loading data intn memory already being wuvsead
by Extended Easic can; of coursa2. cause 3
systam crash.

The first ALC module loaded will load starting immediately
aftar the wutilities. The First Fres Space pointer will be
inittalizad tao that address by the CalLl INIT Re2locatable code
will be relocated to the2 starting 1oad address. Whenever a "O-

tag"“ is encountered the starting load address is vupdated from the
Firs%t Free Space pointer and the First Free Space pointer has the

Texas Instruments 3-2 PRELIMINARY
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madsie lermgth added o 1t With this scheme modules are loaded
serizlly from the lzwest agaress. Individual modules cannot be
dslaned from memory. The whole memory may be cleared with a CALL
TIT

The cobyect tags generated by DEF statements (S- and é&—-tags)
are used to defins ALC rowutines which can d2 called by name from
BasSIC. The S~ and &— tags contain the DEFed name and address.
Thes2 names and addresses are placad in th2 Routine Name Table
starting at the highest memory address (U3FFF) and working douwn

-

Thase entries are 8 bytes each.

[ |

Assembly languags code may be loaded from any device which
zuyseaTts sequential display files 0¥ tixed length 80
Principally the 12ad device will b2 a file on the floppy disk,
however, the audio cassetta recorder may b2 used.

In order for the object «code files to load properly the
follawing convenftions must be followed:

Frogram: No secondary referencges (EREF, LOAD? or
segments (PSEG, DEEG, CESEG) are allowed.

Assembly: The 3SYMT (symbol %fable) opticn cannot be used.

Linking: Foilowing 1is the correct form for the Link Editor
Control File:

T4SK task-name
PARTIAL

NOTGLOBAL iabel,..
INCLUDE file—name
INCLUDE file2-name

u " " u

END

If only one #il2 is being uvsed then it do2s not have to be

inkead.

The PARTIAL command rtetains the entry points (S- and &-tags)
whirh are wusad by +the BASIC subprogram LINK as entry points.
Libraries may b2 used in the link edit.

The NOTGLOBAL command <c¢auses the labels 1listed to be
excluyded from the Linked 0Object Fils. They will still be used
during the Link process though. This would include any labels
that wers2 DEFD ©but are not +to be usad as entry points from
Extanded Basic.

68
t
(]
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I+ the LDEFS or REFS macros are wused then all of those labels
wiil have tz 52 includaed i1n a NCTGLOBAL command, otherwise they
wauld D2 placed infto the Routirne MName Tabtls (and be available as
snETy o02ints from Extended Tazic). A skeleton Link Edit Control

ils 15 awvailabiz2 oan File: CHCDEV. ALCLINX whizh contains the
NOTGLOBAL commands for the labels DEFD by DEFS Specifically
file  HCDEV. ALCLINK should contain:

VOPWa, VEFWE, YVDFRD, VEFSTA, FAC, SUBWE, GPLWS
NUMASG, NUMREF., STRASG, STRREF, XMLLNK, KSCAN
NJTGLOZAL VEDRW, VMEW, VEER, YMBR, VWTR, ERR, FALD
HOTGLOEAL FSUB, FMUL, FDIV, SADD, SSUR, Smitt, SCIV, CSN
NOTGLOBAL CFI,FCCMP, NEXT, COMPCT, GETETR, MEMCHK, YPUSH
NOTGLOBAL ASEGHW, CNE ;VPJP CIF, SCROLL, VGWITE, GVWITE
ENE

3.4 Caly LINK(string—2xpression, [parameter—listl)

Tha LINMK subprogram passes control from a 2ASIC program to
an aszsa2mbly languag= subprToagram. The string—-expressicn should
2vaisate %o i—-6 cCcnarv ' is the name of an assembly
language routine. The parameter—list is an opticnal list of
paraneters, passed wsing the same conventions as parameters
passad £o an Extendsd Basic subprogram. The LINK subprogram
parforms the following actions:

'Y
(n}
ot
11
-
N
[
S
«
o

e

Evaluats the ALC subprogram nam2 and its length (1-6),
and push the FAC entry on the wvalwuwe stack

2

Build thes ALT argument list consisting of stack and
identifier table entri=2s.

-

3. Move the sub-name Ffrom string space to the FAC entry
and transfer control over to the wtility code

4 0On return, branch £9 an error routine if an arTOT has

bsen detectad; otherwise, clsar the stack and return
normally

The arguments are2 pass2d to the ALC subpragram through the
stack in VDP RAM and the i1dentifier list in CFU RAM The
identifier list consisfts of the following;

addra2ss

PRELIMINARY
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Teras

{82300 - E3CF ; argument identifiszrs (one byte each,;
maximoum of 1&:

(28219 ; O1d value stack pointer.

(8212 ) Number o# arguments.

(2314 Y Temporary storage spgace for subroutine
name

are A~ types cf arguments supportad.

Mymeric Expression - The identifier will contain a O.
The eight by%te stack entry will contain the value of
the numar:ic 2xpTes3sion. The first byte is the
exponent, in excess—44, radix 1Q0 notation. The other
seven bytes contain O to 99, for rtadix 100 digits. I¢
the number is negative, the first word (two bytes: IS
negated.

String Expression — The identifier will contain a 1.
The string =ntry will contain:

a. Bytes G-1: >00:1¢C

b. Byte 2: A% (the string tagi
c. Bytes 4-5: Pointer to the value of the string in
vPD RAM.

d. Bytes &-7: LLength of the string. Byte & should
always D= 1370, since the maximum string length
is 235 characters.

Numeric wvariable - This ita2m will =2ifther be a numeric
variable or a numeric array 2lement. The 1dentifier
list will contain a 2 for this entry. The string will

comtain:

a. Bytes O-1: PFointar o the wvaraible’'s symbol
table entry in VOP RAmM.

b Byte 2: 12avo

c. Bytes 4-%5: Pointer to the eight obyte2 wvalue of
the variable, in Expansion RAM.

String Variable - This item will =esither be a string
variable 9or a string array slement. The identifier
1ist will contain a 3. The stack =ntry will contain:

=5 PRELIMINARY
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a. Bytes G-1: Fointer €o th2 wvariable’s symbol
tapla entry in VDP RAM,

b, Byte 2 &5

c. Bytes 4-3: Pointer to the string’s value in VDP
RAaM

d. DRytes &-7: String length.

3. Numeric Array - This entry results from an argument of
the form A} ar A, etc. This i35 used so that s
subprogram may manipulate an entire array. The
identirier list will contain 3 4 for this entry. The

string entry will contain:

a. Bytes O-1: Painter to the array’s symbol table
antry in VDF  RAM. The byte pointed to will
conftain the numbar of dimensions of the array in
the least significant three bHits.

b. Byte 2: z18To.

c¢. Bytes 4-%5: Pointer to the array’'s value space 1in
VDP RaM. The value space will have two bytes for
2@ch dimension, indicating the maximum index for
that dimension, and ftwo bytes for a pointer to
the first 2lement’s eight byts value in Expansion
FAaM. The wvalues are stored in row—-major order.
(1. e. the first index varies the fastest.)

ing Array - Similar to the entry for a numeric array
rcept the identifier list will contain a 3 and byte 2
of the stack entry will contain &3 The value space
for a string array will <contain two bytes for each
dimension, indicating th2 maximum index, followed by
two bytes Ffor each array element., which is used as a
pointer to the element’s value string in VDF RAM.

o
L]

ot

-

4ny  argument that can be passed 3as a variable will be passed as
zuyzh rather than 33 an 2xpression

The assembly subprogram is <called ¢through 2 Name Link

Routine written 1n assembly language and loaded with the
ytilities. The Name Link Routine looks wup the name of the
routine to be c¢called in the Routine Nams Table and branches to
the ALC subprogram. The Name2 Table is searched from the lowest
address up s$o that if two routines are LOADed with the same name
than the second one loaded will be used. The name of the routine

to b2 called will b2 placed in FAC blank filled to & <characters.

Texas Instruments 3-6 PRELIMINARY



If *h2 name supplied by the user is greater than & characters
then 3n srrorv will result. This error will b2 detected in GPL
be+tars thes XML I+ the Name Link Routine2 cannot find the name in
ths tabie than 1% will resurn with the GPL condition bit set to
indizate that srror
The Name Link Routine will branch to the ALC routine with a
diract 99CG0C code bHranch. When the ALC routine is cslled fraom the
INK routine ths  workspace will be 3% J23E0 The ALC routine

3

must retsin R11, R1Z, R14, and R1S in that workspace and return
to the GPL interpgreter with an RT instruction. Normally the ALC
rovtines will have theoir own workspaces and will return to GPL
witn a LWPI B3ZED followed by a RT. The macros ENTRY and RETURN
described below arz useful to handle €his

The ALL swubprogram can 3ss3ign n2w wvalwss to numeric or
ing wvariablas or £o 2lements of numeric or string arrays with
ties provided ty the system. These utilities are described
ater section.

ot
-3

)
L

—

= Cow
3 ot

-
[T B

When the ALZ routin2 rteturns to LINK the stack must be
Zlegared. The 2ntries on the stack must b2 individually popped to
ra2l2ase any temporary strings.

Tesas Instruments 2-7 PRELIMINARY
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SECTION 4

Utilities
The utility routines are provided for wuse by assembly
larnguage subprograms to agccess machine resources and to interface

with the BASIC interpreter.

Utility subroutines are providad 1in the RAM expansion so

t
thar ALC subprograms can be shorter and more machine indepandent.
The wtility routines ars called with BLWP instructions and wuse
r23istars to pass arguments.

4.1 VIDP Access Ufilitiss

Several! wutilities are provided +for access to the Video

Display Frocessor. Macros (see below) are also provided when
s3=2d 1% important. Ganerally wsing the vtilities instead of the
macreos will save code space.

All parameters are passed through the calling program’s
workspace registers

VDE Singls Byfe Wrifa. This routine wrifes the single byte value
in fthe most significant bytes of register 1 to the VDP RAM address
indicated i1n register O. The routine is accessed by a BLWP
@VSEW.

YOPE Muyltiole Byte Write This routine writes fthe number of bytes
indicated in. register 2 from the CPU RAM buffer pointed to by
registear 1 to the VDF RAM buffer pointed to by register O The
utility is called with 3 BLWP @GVMBW.

VOE Single Byte Read. This routine reads a singls byte from the
VLP FAM address i1indicated in register O, and placss it in the
most significant byte of re2gister 1. The routine is called with
a BLWP @VSBR.

VOE Multiple Bute Rzad. This routine reads the number of bytes
indicated in register 2 from the VDP RAM buffer pointed to by
register O, and places them in the CPU RAM buffer pointed to by
register 1. The utility is accessed by a BLWP @VMBER.

Texas Instruments 4-1 PRELIMINARY
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WOE Nrite to Registar. This toutine writes the single byte value
in %he le23st significant byte of registar O to the \VDP register
indicatad in the most significan% byfts of rTegister O The
routine 13 called with a BLWP @VWTR.

4 2 Argument passing utilities

Numaric Assignment. A& utility 1s provided to allow a vaiue to be
assigned to a@ numaric variable passed as  an argument. The
fioating point varisble to be assigned will be imn FAC and the
argument number will b2 passad in R1 (full word?}. The utility is
zall=sd with a3 BLWF @NUMASG. I$# the ragquestad argument 1s not a

numeric wvariabla then the routine will r2turn to GPFL with the GPL
condition bit sef

For assignments to 2 simple numeric variable RO must contain

a 12vo0. For an assignment to an array RO will contain the array
2lamant number. The assignment wutility will test for legal
bounas o9n the 2lement number. With DPTIZCN BASE O the element
number must range from O to (maximum number of elements - 1).

With OPTIOM BASE 1 then tha2 elemant number must range from 1 to
maximum number of =2l2ments.

String Assignment. A utility is provided to allow a string to be
assigned to a string wvariable passed as an argument to the
subprogram. The utility does the following:

Allocates space for the string in VDP RAM.

e

Copies the string into VDF RA&AM.

")

()

Assigns tha string to the selected wvaraible

d Fixes up the original argument stack entry to point to
the new s3ftring.

The string to be assigned is constructed by the ALC routine in

the RAM expansion. The first byte of the sftring is the length of
tha string. The assignment utility is «called with the string
address in registar 2 and the argument number in register 1 (full
wordl}. The wtility is «called with a BLWP @STRASG. If the

argument specified is not 3 string variable then the Toutine will
return to GPL with fthe GPL condition bit set

For assignments to a simple string wvariable RO must contain

a z2arvo. For an assignment €o 3n array RO will contain the array
2lement number. The assignment wutility will test for legal

Texas Instruments 4-2 PRELIMINARY



Jrilities

Bounds on  the2 =l2ment numser. With OPTION BASE O the element
numdeT must range From O to {maximum number of elements - 1)
Witn OPTION BDBASE 1 then th2 element numb2r must range from 1 to
Mmayimum number of =2lements

J O
e O h D

A

(v

(RO (I 1)

w0
o

S 8

t‘ynmeric Psramatar. A utility 135 provided to fetch the wvalvue
numeric garamaiear. Register 1 «contains the parameter
If the paramster i3 an array, ragister O contains the
number, otherwisa, registar & conftains O. The value of
eric parametar 1s refygrned in FAC, The utility routine 1is
d by a BLWP @NUMREF.

YR

]

J o
w C 31

® 3 o

[TTR 1}
joo

(]

ring Parameter. This utility is wsed to fetch the value of
rng parameter, Register 1 contains f£ha parameter number.
2 paramsater is an array., rtegister & contains the element
otherwise, register O contains C. Register 2 contains
dress of a CFU RAM buffer. Upon calling the utility, the
yte of the buffer must contain the buffer langth. If the
will not fit in the buffer, an error condition occurs.
2, the string is returned in th2 buffer following the
byte. The length byte will b2 modified to reflect the
angth »¢ the string. This utility is called with a BLWP

g
11
vl
1 1

At
9]
o A T3

e}
RS

(o
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o
eI 1
w
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1

(R TR W YT RN S IS (1)
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3
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M= T E W
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4. Z Extendsd Utilities
Utilities built into the ROM of the 99/4 console and the
RiOMs in Extended BASIC may be accessed as foliows:

BLWP @XMLLNK
DATA <routine—-namel:

Scme Touftine names will BL through the XML tables in Extended

DASIC While others will call various console ROM routinses.
Rotine names are d=2finad in the EQUS macro and srve 11

FALD Floating point add

FSUB Floating point subtract.
MUl Floating point multiply
FOIV Floating point divide.
SACD Floating point stack add

SELDB Floating point stack subtract.
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Sl Floating point stack multiply.
S0V Floating point ctack divide

CSN Convart sftring to number

CFI Convert floating point to integer

FCOMP Floasting point compare.

COMPCT Perform garbage collection.

SETSTR Allocats space from string space.

MEMCHK Allocate memory far PAB.

VPUSH Push a wvalue on the floating point stack.

ASEGNY Assign value to wvariable

CHE Convert numbear to ASCII s¢ring.
YPCP Pop a value from the stacik.
CIF Convert intagar to floating point.

SCROLL Scroll the screen.
VGWITE Transfer WDF memory to expansiaon RAM.

GVWITE Transfar 2xpansion RAM to VDP memory.

Kaybnard Scan. The equivalent of a GPL scan instruction can be
dan2 by a BLWP @KSCAN. The GPL status bit may be tested on
retiern with a3 compare ones corresponding (CS5C) instruction. The

GPL status register is in location 83C7.

fF H /s T /fCOND /CARRY/ OVF v O /» O /7 O /

Bit S5 will ©be set if a key was found pressed, and it was
different from the key found pressad on the last call to KSCAN
The program @ust <sel2ct  kayboard device by placing a byte in

location 8374, The meaning of this byte i3 the same as the key-
uynit in the CALL KEY subprogram. You may read the ASCII value of
the %ey pressed from location »837S. Joystick Y and X positions

ars in locations »B276 and 22377, respectively.
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Macroes-

n

ECTION S
Macros

Assembler macros are provided to make programming in the TI
Fes38 envaironment 23si12v. The ma:cros are wsed in a F900 assembly

’

with a CIPY of the tils giwven 1In Appendix A

(8]

.1 EQUS

This EQUE macro i35 used to d2fine global equates for the ALC
subprogram. Included is the definition of a workspace and
2quates for the various hardware rTesourTc2s. Equates for the
adirasses of the utility branch table =nftries are also provided.

5.2 EQULEEB

8

This macro is similar to EGQUS, buf contains the addresses
appropriate for use from a debugger staftion The addresses of
rostines in consola RCOM are different, since extra code has baen
incivuded there to support breakpoints

3.3 ERREGQU

This macro provides equates for ail the various Extended
BASIC error and warning messages.

5.4 DEFS

The DEFS macro is wused when s2wveral ALC rvoutines will be
linkad together to form one ALC subtprogram. This macro causes
tha definitions in the EQUS macro to be global during the link
edivt.
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. REFS

The REFS mscto 13 U3
linvad ¢tggether tco #Form
rourine to vefarence tha
2.5 ENTRY

The ENTRY macro 13 w
2nfTy point nama cF the r
ncin% with the spacified,
and loads that workspscs
S. 7 RETURN

The RETURN macro 1
o 34SIC. This macra rag
byts wvalue Z2C at the 1
the SFL condition bit baf
sons, falze error ra2porti
S. 2 VDPADR

This Mmacro ioads
workspace register
S 9 VDPWD

The YDPWD macro is v
moz% significant byts of

ysad without other cod2 b

fast for the VIOP.

S$. 1% VDPRD

The VDPRLD macro i
WDF into the most signifi
macras cannot be us=ad

ACC23%823

Texas Instruments

ipill be too fast for the

Macrsos

2d when s2veral aAaLC routines will be
orn2 ALC subprogram. This macro allows a

2guates defined in the DEFS macro

rittan as ENTRY label wher2 label is the

cutine. This macro defines the entry
defines 3 workspaca for the subprogram,

s used to return from the ALC subprogram
gires that thes program contain the one
apel “C20%. Thiz value is wus2d to Teset
oTe returning to BASIC. If this is not
ngj can occur.

[}

the P addr with specified

1"
ur
w

v

sad to write one byte of data from the
3 register. Twa VYDPWD macros cannot be
2tween them or the acrcesses will be too

s usad to read one byte of dzta from the

cant byte of a ragister. Two VDPRD
without other code between tham or the
YLP.
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S i1 CALL Extendsd Utilifties
& macro 1s provided to call viilities built into tha ROM of
the 99749 raonsele and the ROMs in Extended EASIC. The syntax and
z2d42 gensrafted ars:
CaLl <routing—namel’
BLWP 2XMLLNHK
DATA <routine-name.
S.12 SCAN
The SCAN macra2 scans the ?9/3 keyboasrd. The protocol is
idantical to the GPL SCAN instruction. The GPL status bit may be
tested on return with a <compare ones corresponding (COC)
instruction. '

S. 13 SOUND

The SOUND macro can be used to set up for the execution of

auta-sound. The sound listk. as descrtibed in the “GPL
Pragrammer ‘s Guida’, must be placed somewha2rte in VDP RAM. The
YOP  RAM  address must b2 on 3 word boundary, ie. an even value,
and must be in th=2 register used in the macro. In addition the
us2 of this macrc vtequires that the program contain the one byte
valye 01 at the label "COL1". This code does not actually start
the aufto—-sound. It simply initializes all the necessary memorTy
lccations. Autg-sound i3 driven by the VDP interrupt, ftherefore,

tha sound list will not begin exacuting until the interrupt 1is
turnad on.

S. 14 ERRCR

The ERROR may be used to veport errors and warnings. If it
becames necessary +or an ALC progrtam to return to BASIC with an
error condition, the program may use the following macro in place
2f the normsal refurn.

ERROR <symbol or valueX

PRELIMINARY
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CECTION &
Developmsant

The assembly language swupport will be developad using the
hig

GPL debugger hardware. This causes some difficulties since the
deSugger pre2empts RAM expansion at address 2000~ 3FFF. That
space is uvsad by cods and RAM memory for debug puTposes. To
avoid this problem the ALC support will be developed using RAM at
CESQO=-FFFF. Ta achieve this Evxtanded EASIC will be patched (in
GROM: to only wus=2 12K of 4£h2 24K RAM block. Then BASIC will wuse
»aCC0-DFFF for program and data storage and FECOCC-FFFF for ALC
suppoTt. Reassembly for EGROM will change the appropriate
2quates to use the correct address. The debugger EPROMS will be

changed so that ths (ML ftable at 2C00 wiil be moved to »EQO0O.

Ereakpoint czapability for assembly language is being added
2 the debugger *to supporf testing the ALC support and for use
during ALC development

Any ALC code  de2veloped on  the d2bugger will run at a
F Tess than in the real machine due the reasons

rntioned abaova. For relocatable code (the recommended way) this
shsuld b2 transparent wha2n the code 1s writfen.

Texas Instruments b-1 PRELIMINARY



MozTes

~4

7.1 PEEX and PUOKE
The LOAD statsment supports the egquivalent of a POKE

fynction Ldirect memory loadl. Tha wvalues PEEKed or POKEed are
one byte walues in the tang2 O to 253 Larger values are2 put in
this range {i.e. 2S5=0, 257=1 ..., arovided they do not exceed
tha range 232747 to -32768. I+ the addreszs for PEEK or POKE, or
the data for POXE i3 a floating point value than it 1s rounded.
Texas Instruments 7-1
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SECTION 3

Errors

No new error messages were addad far INIT, LTAD, or LINK

511 of the2 eTrrar messagess is3susd arve from Erternded EBasic. This

saction 1ists f£hs2 causes of errors for INIT, LOAD, and LINK that
ara2 uynique to assembly language support

1. Syntax Error

a. Expansion Ram not presant

LBAD

m
fu

i. Syntax Error

a. INIT has not been callad

2. Numeric Overflow
a. Address of POKE out of range +32747 tao —32763
b. Data nof in range
227&7 to -327s8
2. Unrecognized Character
a. Invalid ¢ag field
4. Data Error
a. Check Sum error when rTeading file
S. Memory Full

a. Not enough memory to load relocatadble code into
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m

L

E&AM.
b. Not s=nowugh memory for entry table.

< I/2 Errars

a. #C2 - File not found or is not s data file.
b, #25 - File 135 not Sequential. Display, Fixed
LINK

Syntax Error

s

a. INIT has not been callesd.

)

Subprogram MNot Found

3. Entry name in call to LINK nast found.

m
-
]
[}
3
u

80.

. Bad Argument
a. First paramater is not 3 string or is null.
b. First parameter 13 greater than & characters.
¢. More than 1& parasmetars

PEEX

1. Syntax Error

a. Constant in parameter list, other than as
address.
2. String Number Mismatch
a. String argument in parameter list.
2. Numeric Overflow

a. Address is out of range

Texas Instruments -2
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a.

a.

a.

Instruments
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4yl
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-1
o
=i
n

Z2746T ta —-32748.

SG, STRAZG, NUMREF, STRRPEF

ring Numbavr Mismatch

Requastad argument is no% the proper type (string
vs. numaric)

BEasd Argument

Attempt to do an assignment ts an expression
instead 2% a wvariable.

Array elsment number (RO} is non-:zero value when
doing an assignment or reference with a3 simple,
i.e. nan—-array, 3argument.

Argument number (R1) 1is zero

Argument number (R1) exczeds number of arguments.

Bad Subscript

ment number (RO} is zera when OPTION

ATrray element number (RO} exce22ds number of array
elaments.

Bad dimension information found in symbol table.

String Truncated

In using STRREF. the referenced string exceeds
the length of the provided buffar

8-3 PRELIMINARY



Macro Definiticn Fiie

APPENDIX A

-

Macro Definition F
This appandizx lists the text of the fil
in 3n assembly language praogram (using

define the macrns discusse2d4 in an egarlier

4

=)
tnhat should be included
tha2 COPY directive) to
section.
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* MACROS FGR ~LC SUPPORT
B 3

ECGUCEDR $MACRUO

SN EGU 1

oFF EQU O

DEBUG  EGQU  ON
VEFWA  EQU »BC02
VDFWD EGQU  xBCQo0
VCPRD EGU >»EB0QO
VDPSTA EQU »BB02
cac EQU  E33A
SUBWE BSS 32
GPLWE EQU »E3EC
+

# utility branches
k4

NUMASG EGQU  EOQCE
NUMREF EGQU EQQC
STRASG EQU »EC10
STRREF EGQU EQC14
(MULNK EQU 2EQLE
KSCAN EGU  HEQIC
VEEW EQU EQZC
VMEW EQU  »EO24
VEER EQU XEQZ8
VMER EGU EQZ2C
VWTR EQU  EC3O
ERR EQU EQ34
Fagd EQU »ODE4
FSUB EGU 0DE0
FMuL EQU  >0EEC
FDIWV EGU >10SB
SACD EQU ODEB
SSUE EGU »0DD8
SmMuL EQU O0EFOQ
SCLy EQU »105C

cs EQU 1212
CFI EQU >121C

FCoMP  EQU  ZODYE
NEXT EQU 00S8E
comPrcT EGU 00
GETSTR EQU 02
MEMCHK EQU 04
CNS EQU 06
VPUSH EGU >0E
VPSP EGU >1Q
ASEGKNV EGU 1B
CIF EQU  >2
SCROLL EQU 26
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et imiTlon Fila

-3
(')
']
o]
(o
oy

VGWITE EQU 034

GVWITE ZQU 326
$END

*

EQUS EMACRD

on EQU 1

oF & Ar{UN

CESG  EQU  OFF

VDPWa  EQU #2002

VOPWD  EGY  »2lQ0

VODPRD EQU  BECO

VDPSTA EQU  »EBOZ

FAC EQU  =BT4A

SUEWS BSs =2

GPLWS EQU S3EQ

£ .

#* utility branchas
*

NUMAEG EGU 2008
NUMREF EGU  >200C
STRASG EGQU 2010
STRREF EQU 2014
XMULLNK EQU 2018
KECAN EQU »z20Q1C
VEEW EGU 2020
VMEW EQU 2024
VEER EGU 2028
VMER EGQU >202C
YWTR EGU 2030
ERR EQU 2034
FADD EQU »0DS8O0
FSUB EQu  007C
FMUL EQU OEBE
FOIWV EQU CFF4
SADD EQU >0DB4
SSUB EQU 0D74
SMuL gEQU  »CeERC
SCiv EQU OFFE
CEN EQU >11AE
CFI EQU > 12B8
FCcomMP EQU  >0DGA
NEXT EGQU 0070
COMPCT EQU 00

GETSTR EQU 202

MEMCHK EQU 0%

CNS EQU 06

VPUSH EQU 20t

VPGP EQY  >10

ASSGNV EQU 18

CIF EQU 220
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SCROLL
VGWITE
GWWITE

REEGU

4 % (N

*
EREND
ERESYN
ERRIRS
ERRNGS
ERRNTL
ERASNM
ERRIEE
ERRMUV
ERRIM
ERRMEM
ERRSD
ERBENNWF
ERRFNN
ERRSNS
ERRRSEC
ERRMS
ERRRING
ERRST
ERRKRBE
ERFSEL
ERRLNF
ERKELN
ERRLTL
ERRCC
ERRCIP
ERRCLP
ERRBA
ERRMNPP
ERFDY
ERRIAL
ERRINF
ERRCAT
ERRFE
ERRID
ERRSNF
ERRPY
ERRIVN
WRNND
WRNET
WRMNMNPP
WRNINP
WRNID

Texas

EQU 26
EGQU >G4
EGU 36
$END
FMACRO

ERROR EQUATES

EQU 0200
EQU 0300

EQU 0400
EQU 0500
EGU 0800
EQU x07CO
EQY -0B0O0O
EQU 0200
EQU 0A00
EQU >0BOOC
EQU  0CO0
EQU 0DCO
EQU >0ECO
EQU >0FO00
EGU 21000
EQU 1100
EQU 1200
EGU  x13CQ0
EQU »14C0
EQU 1S0C
EQU 14600
EQU 1700
EGU 1800
EQU »19CO0
EQU 1400
EQGU 1BQG
EQU >1CQ0
EQU »1DOQO
EGQU >1EOQQ
EQU 1FO0O0

EGQU 22000
EQU 2100
EQU 2200
EQU 2400
EGQU 22500
EQU 2700
EQU >280C
EQU 2900
EQU  x2A00
EQU »2B0C0O
EQU >2C00
EQU 2000

Instruments

DO ~0 W L)

30

)
m
[
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14
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3
e
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-
o
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Nuymeric Overflow

Syntax Error

Illegal after subprogram
Unmatched quotes

Name too long
String—-num mismatch
Option base error
Improperly vusad name
Image error

Memory full

Stack overtflow

Next without for

For next nesting

Must be in subprogram
Recursiva subprogram call
Missing subend

Return without gosub
String truncatsad

Bad subscript

Speech string too long
Line not found

Bad line number

Line too long

Can t continue

Command illsgal in program
Only legal in a program
Bad argument

No program presant

Bad wvalue

Incorrect argument list
Input error

Data error

File errar

I/0 error

Subprogram not found
Protection vioclation
Unrecognized‘character
Numeric overflow

String truncated

No program present
Input error

I/0 error

Fiie
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Macro Derfrinition Fila

WRNLNF EQU 2ECC 48 Line2 not found

*
DEFS SMACRO
DEF WVDPWa, VDPWD, VCFRD, VDRSTA, FAC, SUBWS, GPLWS
DEF NUMASG, NUMREF, STRASG, STRREF, ¥MLLNK, KSCAN
DEF VEBW, VMEW, YSBR, YMBR, VVWTR, ERR, FADD
DEF FSUB, FMUL, FDIV: SALD, SSUB, SMUL, SLIV, CSN
DEF CFI,FLOMP, NEXT: COMPCT/ GETSTR, MEMCHK, VPUSH
DEF  ASSGNV, CNS, VPOP, CIF, SCROLL, VGWITE, GVWITE
$END

REFS $MACRD
REF VDPWA: YDPWD, VDFRD. VDPSTA, FAC, SUBWS, GPLWS
REF NUMASG. NUMREF, STRASG, STRREF, XMLLNK, KSCAN
REF WVSBW, YMEW, VSBR, YMBR, VWTR., ERR, FADD
REF FSUB, FMUL, FDIV, SADD., SSUB., SMUL, SDIV., CSN
REF CFI,FCOMP,NEXT, COMPCT, GETSTR, MEMCHK, VPUSH
REF ASSGNV, CNS, VPOP, CIF, SCROLL, VGWITE, GVWITE

$END

%

ENTRY $MACRO P1
DEF :P1

P11 LWPI SUBWS
$END

RETURN $MACRO
SICE @C20.,e:x837C
LWPI GPLWS

B @NEXT
$END
#
VDPALCR $MACRO Pl
SWPB :P1
MoVB :P1:, @VDPWA
SWPB :P1
MOVB :P1:, @VDPWA
SEND

*

VDFWD $MACRO P1
MOVB :P1:, @VDPWD
$END

%

VYDFRD $MACRO P1
MOVEB @VDPRD, : P1
$END

=

CALL $MACRO P1
BLWP 2XMLLNK
DaTA :P1

Texras Instruments a-9 ’ PRELIMINARY



+*
ERROR

SEND

EMACRD
BLWP @KSCAN
SEND

$MACRO P1
MOV (Pl @38
SOCE @CO1, 283FD
MOVB @CO1., @81
SEND

$MACRO P1
LI RG, : P1
BLWP @ERR
$END
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