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INTRODUCTION

The FORTH language was invented in 1969 by Charles
Mocre and has continually gained acceptance. The last
sevaral years have shown a dramatic increase in this
language’s followiag due to the excallen: aompatabilicy
between FORTH and minmi~ and microcecmputers. FORTI is a
threaded interprecive language that occupies little memors
yat, maintains an execution speed within a facter of two cf
assembly language for most applications. 1I: has been usad

for such diverse apolications a3 radio telescove concrol to

an

he creation of word processing systems. Tha TORTE IsteTest
Group (FIG) is dedicazed to the standardizacion and
srolifaration of the FORTHE language. TI TORTE is an
extzasion of che f£iz-FORTHE dialecc ¢f the languaga. The
£ig=FORTH language 1s in che public domain. YNearly avary
currently available mini~ and alcrocomputar 22s a FORTE
systam gvailable om iz, alchough some of cthese ara not
similar o the FIC varsicn of the language.
The address for che TORTE Iaceress Group is:

FORTE lnrarest Graup

P.0. 20X 1105
San Carios, Ca 94070

CEAPTIR | 2AGE INTR0IUCTION
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This document will cover some of the fundazentcals of
FORTH and then show how the language has been extended to
provide easy access o the diverse £faatures of zhe TI-39/44
Computer. The novice FORTH programmer is advised to sesgk
additional information from such publicatcions as:

Starting FORTHE
by Ls2o 3rodie
published by Prentice Hall

Usiang FORTH
by FORTH Inc.

Invitacion to FORTH

by Raczan

published by Patrocalli Zooks

Iz order to utilize 21l the capabiliciass ol the

TI-89/44 iz is zecsssazy
is recommended that the user vho wacss =0 use FORTE for
graphics, zusic, access to Disk Manager funczions or Ziles
' 3 : wladg=2 of cThi rznisactura, Tais
have a working knmowladge of this arzhi c a
{aformation is available in the aanual accompanying zhe

Editor/Assembler Ccmmand Modula. ALL the capabilizi

{

3
addressed in that document are possible fn FIRTYE aznd =os:
have been provided dy easy 5 use TORTIE words that ars
documentad In this wmacual.

FORTE is desigmed arsund a wiztual =machize with 3 stack

architaczura. Thaers ar
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3 variously is the Jacz Scaca, rFaramecsr 3izcik ST Stack.
The second is the Recuzm Szack. 7The act of progzamming iz

TCRTH is cthe act of defining "words'" or rTacadurass wnish zTa

COAPT=ER & JAGE 2 IITRODTCTICN



defined in taras of other mors basic words. The FORTE
programmer continues to do this until a singls word beccues
the application desired. Since a FORTE word zust exist
before it can be referenced, a bottom up programing
discipline is enforced. The language is s:tructured and
contains no GQTO stataments., Successiul FCRTE programming
is best achieved by designing top down and programming
bottom up.

Bottom up programming is izconvenian:z in zost languages
due to the difficulcy in generating drivars :o adequataly
rast éach of the routines as they ars crsacsd., This

difficulty is sc sever= thart bdottom up oragrammiag is

Y

usually z2bandoned. In FORTZ each routina can be tastead
interactively Zrocm che console and iz will axecuta
identically to che envircomment of being callad by ancther
Toutine., Words take their parzmetars ITom che stack and
place che resultis on the stack. 7o zast a2 word, ~<he
Drogrammer can {ype qumbers at the conselsa. Thase are ut
on the stack by the TORTH system. Typing :zhe word 23 be

tha szack

tastad causes it o te execucad zand whea czmpl

n
n
(U]

coutents can de examined. 3y wrizing only salacively small
routines (words) all the boundary condiczions of :the roucine
can easily be tasted. Cnees zhe wwovd i3 zaszad (dahbuggzed) 2

<En je usaqd comfidentlv in subsaquent wovi 4afinicisms.,
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The FORTE stack is 15 bits wids, Wnen mulci-pracision
values are scored om the stack they are always stored wicl
the most significa;: part most accessable. The widch of the
Return stack is implementation dapendent as it aust centain
addresses so that words can be nesced to many lavels., The

Return stack in TI FORTH is 16 bics wide.

STARTING FORTH

To operate the TI FORIH Systaem, vou must have che

following equipment:

99/4A CONSOL=

HMONITOR

MEMCRY TX2AMSICH

DISX CONTROLLZR

1 ( or ncre ) UISA DRIVES
EDI-GQ/ 3 LER MODULE
RS232 &_h_aC“ { optional ;
PR :m ‘-/. O-DC.A.un&l )

See the manuyals zceompamying each item for sroper

assembly of che 39/4A syscem

o1

To begia, power up the systam. The IT Cslar-3ar scraen
should appear on your meunitor. ( IZ it does not, stowar cown
and recheck 21l conmeczions. ) 2Tess any <&y Iy zsaciznus, A
new scraen will appear displaying a choics zecween TL 3a5IC

and the EDITOR/ASSITM3BLIR. To use FORTE, selscs the

IDITOR/ ASSEMBLER.

LD e S et e e s
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On the nex: scrsen, choose the L2AD 2D 20V opction.
The ccmputaer will ask for a FILE NAME. After placing your

71 FORTH System Disk in DSXl, tvoe "DSXL.TORTE" and prass

The TI FORTH weleome screen will display a list ol Load

112

Options ( or Elective 3Blocks ). Each onticm loads

M

routines anecessary to perforn a particular group of tasks:

Load Option Loads Routines Necessary to: ' Chapter
-STNONYMS Perform VDP reads and writes. Randoeam 5

number zenarators and zhe disk
formatceing routine ars a2lso loadad,

-ZDITCR Run the regular TI FORTH 2dicor., 3

=-COPY Copy FORIE screens and FORTE disks., 5
String score rouzizaes aras also ilgacded.

-DUMP ' Executa.DUM® and VLIST. 5

-TRACE Trace the exacution of TORTE words., 3

-FLOAT Use floating point ariczhmecicz. 7

~TOPMODES Charge display seTzen 0 znv of che § )
svailable VTP =odes.

-TZXT Caange display screen to TZXT =zode. ]

~GRAFH] Change display serzen to GRAPHICS zode, )

-MULTI Caange display sersen to MULTI-COLCR mode. 8

~GRAFH2Z Change display sc-een o GRAPHICSI (biz-map) 8
zode .

=SPLIT Change display screen co 2ither of the two ]
SPLIT modes.

~FILE Jtilize the file 1/Q capabiliziss of che 3
99/64A.

=PRINT Send cuctput o0 an RS232 devica. 3

-84 SUPPORT Run the 84 czolumn TI FORTE 24izor. 3

—CCDE Wrice assembly code in HEX. e

-ASSTMBLIR Write routines ia TI FORTHE assemolsr ¢

-GRAPHE Utilize the graphics capabilizias of the 5
99/44.

~3SAVE Save diczionarvy ovarlays co diskaszza, il

-CRU Access fthe FORTE asguivalanes 37 T2CR. vl

STCR, S30C, S3Z, and T3,

(93]
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To load a particular packags, sizply type its name
exactly as it appears in the list. For example, to load the
graphics package, type -GRAPY and press ENTER. You may load
more than one package at 2 time.

The list of load options may be displayed at any time

by typing the word MENU and pressiag EZINTZR. See APPENDIX T

3

for a detailed list of what =zach option loads.
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CEAPTZIR 2

GETTING STARTED

This chapcer will familiarize you with the mostc cczmon
words (instzructions) ia the FORTH Interest Group versioa of
FORTR (£4{3-FORTH). The purpose is to permit those usars
that have at least an elementary knowladge of some FORTE
Dialect to easily begin to use TI FORTA. Those with 2o
FORTH experience shoﬁld begin by reading a bocok such as
"Srarting FORTH" by 3Brodie. Appendix C is designed to bte
used wich this particular text and lis:s‘aifferences detwean
the FORTH language described iz the book ( 20lv=FCRTH ) and
71 TORTR.

A word in FCRTE is any sequence of charactars delimited
by blan%s or a3 RWETURN. The following convanuicn will Be

usad when rvefarring o the sztack in TORTH:

(a9 === z)

This diagrzam shows the stack csatents defcrz and aftar cthe sxacution

of a word, 13 this case the stack contains two values, a and b5,

Yefors axecuction of a word. The 2=xacution i3 danotad HY -

stack countanszs after exacution s <. The “20st accessibla’ sctack
element is always on the right, e.3. b is ‘zora accessible’ thaa a.

Thers 23y “e wvalues ~n "ha stack =har 372 lass iczessitls  <hzao s

dut these ara maffaczad Sv the avacurd mrd o tusstion.

i2 acdi:zion tne following sv=bols aTrs usec z2s coterands or <

CaA?T=R T PAGZ : GCTTING STARTIC
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STMBOLS USED IN TEIS DOCUMENT

2, Al ees 16=biz signed numbers

d, dl, «se 32-bit signed numbers

u 16-bit wmsigned aumber

ud 32-bit unsigned number

addr, addrl ... addrasses

b 8=-tit byte ( in right half of word )

c 7-bit character ( in rvight end of word )
£ boolean flag ( O=false, non=-O=true )

STACK MANTPULATION

The following are the :ost common stack =aaipulztion

words:

ol i (8 === nan) Duplicace cop of sctack N
DROP (a8 =) Sisecard tov of stack v
SWaPp ( al 82 === 22 nl ) Ixchange 9P Iwo stack izams

QVER ( al 22 = 1] 12 2l ) Make copy of second item on :op
ROT ( al a2 83 == 22 23 2l ) Rocace third itcem =0 op

-DuU? (n === n (3) ) Duplicaza oaly if zon=zers

>R (8 =) Move top ¢ Raturn stack Zor szorage
R ( ~=—n ) ‘ Recriave iczz frem Returm scack

R ( =) Copy wop of Zaczurn sztack co stack

Yotce: DR apd R> zust be used with cauyticn as they zavy
ingariszre wizh the normal addrass stacking =echanism of
FORTH. Maxke sura that =2ach >R iz your program has an o 20

macch iz {a the same word defizicion.

ARITHEMETIC AND LOGICAL CPERATICNS

The following are zhe Tost common arith=ecic and

logical operations:

CEAPTZR 2 FAGZ 2 GZTTING STARTZD
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- ( nl 232 — sum ) Add
D+ ( él 42 =— dsum ) Add double precision aumbers
- ( ol 02 = diff ) Subtract ( al-n2 )
B 1+ (g == o+l ) Increment by |
i 2+ {(ne— n+2 ) Increament by 2
1= (o = n=1) Decrement by |
- 2- (n f;#/n-z ) Decrement by 2
- * ( al 82 = prod ) Multiply
/ ( al 22 == quot ) Divide ( nl/n2 )
) MOD ( al 02 == rem ) Modulo ( remainder frem z2l/22 )
, /MOD ( nl a2 = rem quot ) Divide giving remainder and quotient
*/MOD ( nl 82 a3 = rem quot ) nal*n2/al with 32-bit incermediate
' */ ( al a2 a3 = quot ) Like */MOD but giving quot ouly
- U* (ul u2 = ud ) Unsigned * wich double product
U/ ( ud ul == urem uquoct ) Unsigned / wich rsmainder
- MAY ( nl 02 = max ) Maximum
. MIN ( ol 22 == min ) Minimum
‘ ABS ( n == absoluca ) Absolutre value
- DA3S ( d == dabsoluta ) Absolute values of 32-bic number
MINUS (g ==— =n) Laave two’'s ccaplement
e DMINTS ( 4 === =d ) Leave tTwo’'s ccaplamenz of 32-bizs
B AND ( nl a2 == and ) Birwise logical AD R
e CR ( al a2 == or ) 3itwise logical CR
o ZCR ( nl a2 - xor ) Bitwisa logizal axclusive=OR
wP3 ( ol = n2 ) Swap the dytas of al psroduciag 2
= SRC ( nl 02 = a3 ) Shift al wighe cirzular 22 Si:zs
- giviag o3
: SRL ( al a2 =— 23 ) Shift al zight legical a2 bics
s giving o3
- SRA (ol n2 == 03 ) Shift nl right arithmecic al bics
r : giving a3
L SLA ( al a2 = a3 ) Shifc al laf:z arichmesic 22 Hizs
- ziving o3
= COMPARISON OPTRATIONS
The following are the 2ost common csmoarisons.
h < (al a2 — &) True if al less than al {sigaed)
_i = ( al a3 =— £ ) True il Zop two cucsiars are equal
, > ( al 22 — ) True if nl. greatar :then al
Rl Q< (a =— ) True i cop number 1s negazive
' = Ta m— Trus L2 137 aumber 13 1 . 2.2. NCT
- < [l nd e— Jasizzmesc inzagar Itmeoar:
- CAAPTTR 2 ZAGE 3 SERTTING TARTID
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MEMORY ACCESS OPERATIONS

The following operations are used to inspect and modify

nemory locations anywhers in the ccmputer.,

@ ( addr ==— n ) Replace word address by its conteats

! ( o addr == ) Store n at address ( store a word )

ce ( addr == b ) Fetch the byte ar addr

c! ( b addr =— ) Store b at address ( store a byta )

? ( addr =— ) Print the contents of addreass

+1 ( o addr -—— ) Add n to contents of address

CUCVE ( frem to y == ) Block move u bytas., FROM & TO = addr

FILL ( addr ¢ b = ) Fill u bytes with b beginmning at addr

ERASE ( addr g = ) F11l u bytes beginming at addr wich 0’s

BLANKS ( addr 0 -— ) Fill u bytes with blanks beginning at
addr .

CONTROL STRUCTURES

The follewing sets of words are used o implement
contral scructures in FORTHA. They are used zo create all
looping and conditional scTuctures. these structuTres 32y be
nested to any depth. I£ thev are nested improperly an arror
message will be generated at compile time and cthe word
definition will be aborted.

0O ».. LOQP DO sets up a loop with a loop counter.
do: { and+] scarg <= ) The stack contains che firsec and final
values of che loop counter. The looo
is axecutad at least ounce. LCCP? causes
4 return o the word fsllowiag 20

uriless terminacion is reached.

T ( = 1) Used betwesen DO and LOOP. Placas valus
) of loop countar on stack.

.

{ =——n ) Used when DO LOOPs are aastad. Places
value of aext outar leep countar on

P

cuE 3T3CR.

LEAVE ( —) Causes loop 2 z2r=izacte a2t zemz LICP
or +LCOP.
CAAPTIR 1 J7AGE 4 GZTTING STARTED
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ids 20D sTack

a3 < a
do: ( end+l start -— ) value to loop countar (index)

I ... IDIT I7 zests the zop of stack and if
ig: ( £ ~—) non~-zaro (:true), :he words berween IT
and ITHDIT arz axecuzed. Odherwise, chey
are skipped znd execuzion reswmes aiter
ENDIT.
IF ..+ ZL3SE ... EJDIT IF tests the top of stack and if
if: ( 8 =) nocu-zero (zTve), the words between IT
and ELSZ are executed, I the top of
the stack is zsrc (false), the words
between EIL3T and ENDIF are exacuted.
Ixecuticn then coniinues aftar ZNMDIF,
TEE May bte used as a synonva for EINDIT.
SEGIN¥ ... TNTIL Loop whilch executes the words between
uncil: £ == ) BEZGIY and UVWTIL until zhe top of stack
when tascad by UNTIL s non-z2ro (:Irue).
=D . May be used as a syvueaym Sor MTTL.
BEGIN ... AGAIN Creataes an infiaice loop continuallw
re~executiag :the words Ddetween 3EGILT
and AGAIM. ( Wocz: :nis loop z:ay e -
exitad by exscutizng > DROP cne level’
below )
3EGIN ... WEILZ ... REPTAT Exacutas words between 3EGTY and WRILZ
while: ( £ o= ) leaving a flag wihich is cascad SHv WaIlI.

IS the flag is non-zaro (zIrua) axacuta
words bdetwesan WHILZ and RTPSAT, chen
jump back to BEGIN. If Zlag is zero
(£alse), continue axecuticn afcar :he
REZESAT

IYPUT AND QUTPUT 7O/ TRCM TEE TERMINAL e

The most commen type of terminal input is simply to

anter a mmber at the terminal. This aumber will %e =lacad

b - - Bt ™ . PR - D ey s it '
M 3& 3C83Ck.  Toe sumoer whicn L3 Lapul wnil & couwvertag
- - - z - - " P 2 = Fedhond o Nl -
IC2TTILID LD IDw tumber Tase 3marsae 2t 3880, 3Aa3D Ls also
used duriag Qumleric outjul.
\ = m— - - CETmE STARTTS
C3a27T=R 2 Zaan > e o 010 DL Na )
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DECTMAL
HEX
BASE

g.
R

D.
D.R

R
SPACE
SPACES

11
TIPE
COUNT
TTERMINAL
TREY

Y

ST
/g S

EXPECT

WORD

3%

NN N

ra Y atea

NN

N TN NN N ST SN N

u )

al a2 - )
d = )

d n )
-_)

—_)

o — )
— )

addr o =—— )
addr = addx+l 1 )
— f )

—_— )
—_c )

¢ — )
addr a —— )
e - )

NUMERIC FORMATTING

Advanced aumeric formatsing

the following words.,

NEBER

<#

#

#s
IGN

#

201D

SN N SN SN N N
(RIS = B2

addr -—— 4 )
—_)

dl = 42 )

-— 00 )
d =—— 4 )

— addr 1)

\
/

CAAPTZR
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Sets the base to Decimal ( Base 10 )

Secs the base to Hexadecizmal ( Base 16 )

System variable contaizing number base.
To set scme base ( e.g. Octal ) use
the following sequence 8§ BASE !

Princ a signed number

Print an unsigned aumber

Print nl right-justified in field of
width o2

?rint double-precision aumber

Print double-precision number
juscified in field of widcth

Perform a Carriage Return/Lice Feed

Type 1 space

Type n spaces

Print a string terminated by

Type n characters from addr to terminmal

Move string length from addr to stack

Test 1f BREARK ( CLEAR om 99/4 )

Read keyboard. If no key pressed o=Q
else n is ASCII keycode. )

Wait for a keystroke and put its ASTIL
value on the stack. : _

Type characcer from sctack $o Zerminal

Read 1 characters ( or until CR ) frcm
tarmiznal zo addr

Read one wecrd Ir
by ¢

1

ight-

= I o

coantrol is rpossible with

Convart striag at addr o d aumber

Start output string counversion

Convert next digitc of dl leaving &2

Convert all significanc digics

Inser= sign of n into number

Tarminaca conversiom, tTeady ZIor TYPS
3T

- L :
~1S8TT aSLil QRaragctsar Laco

3 GZTTIIG STAXRTZED

igput stTeam delimicad”

-



DISX RELATED WCRDS

e following

14

on disk as well as

o capabilicy.

LIST
LOAD
BLCCK
3/BU7F

TN SN N N
o

BER

BLK (
SR (
UPDATE

ol FLUSHE
2PTY-30TTERS

NS NN

\
e DEFTINING WCRDS

words assist in =zaintaining source code

implementing the FORIR virtual menmory

addr

addr

addr

~—

List screen a to terainal

Compile or axecuta screen o

Read disk bdlock zo =emory at addr

Comstant giving disk Bdleeck size in
bytes

Jser variable containing current bdlock
aumber

Usar variabls containing currvent screen
Jumber

Mark last buf

Wrice all up

Erasas all

Ze as updatcad
pdaced Huffers o disk
Ze

e

r The following are defining words., <hev ara used not
L
. only %0 creata new FORTE words but in the case of
-
L <3UTLDS ... DOESY> and ;CODEZ <o creatz zew defiaing wortds.
~ : x=x ( — ) 3egia zolcm defiaizicn of
) ; ( = ) nd colom <defiai:zion
S TARIABLE ©=x ( o = ) Create variapble wizh iaiczial value 2
xx: ( - addr ) Recurns address wnen exacutad
- CONSTANT ez ( 3 = ) Create camscant with value 2
i =x: ( — ) Returas a1 wnen executad
CODE =xx ( — ) 3egin defianicion 2f assembly lazguaze
- srimiiive azmed ¢
. ; CODE ¢ — ) Creata zaw definizr word with axecuzion=-
o tine code=rvautine
L <30ILDS ... DOES>’ Create aew defiaing word usizg auzh
. does: ( - addr ) level FORTE.
o
- CRAPTE= 2 2a6T 7 STTTING STARTID



MISCELLANZOUS WORES

The followiag words are relatively common but don’t £i:

well in any of the

above categories.

CONTEXT ( == addr ) Return address of pointer to concext
vocabulary ( searched first )

CURRENT ( = addr ) Return address of pecinter to current
vocabulary ( new def’as placed there )

FORTH ( —_— ) Set context to main FCRTE vocabulary

DEFINITIONS ( — ) Set curreant Lo context

VOCABULARY == ( — ) Define new vocabulary

( ( - ) Begin comment. Terminated by )

FORGET xxx ( ) Forget all definicions bdack to and
including w=xx

ABORT ( —_— ) Zrror termianation

‘ xxx ( == addr ) Return address of xxx. If compiling
campile address ( apostrophe )

HERE ( == addr ) Recurns addr of next unused byts in
the dictiomary

PAD ( =— addr ) Returns address of scracch area e

v ( - addr ) Usar variable concaiaing offset iaco
input buffer

spé ( == addr ) Returns address of top stack iz

ALLOT (a = ) Leave o byte gzap in dictiomary

(3 = ) Compile n into the dizcionary

Several SCREINS on the

purposes.

usad by several FORTH words. aAnvy

FORTE kermel.

SCREEN Q =ay not

APPENDIX D), and SCREENS

SCREZXN 3

4 and

{ comma')

FORTE Svstem Disk serve special

iz is used

be modified because

disk Device Service Routine zo locate the obiect code

is the 20QT SCREIN (see 300T
3 contain erwor messages

disk placed in DSK! ause

-

contain a copy of SCREZNS 4 and 3.
¥Many additiocval words aras availabls in TI FORTZE. The
uSer shouid consul: 2he ramaizning znzttaess ‘o this =znusl ozs
well as th2 zilossary anc APPEITIN 7 odzr a2 zomplaczz
descripcion. st of zhesa words are 4isk Tasifant and zuss
C3ap7T=]3 2 PAGE 2 SITTING STARTID
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HOW TO USE THE FORTE ZDITCE

WOPDS INTRODUCED IN THIS CEAPTIC

CLEAR
ED@
EDIT
FLUSE
TEXT
WHERE
In the FORTH language, programs are divided iarco
SCREZNS. Each SCREZYN is 18 lines of 64 charactaers and has a
number associatad with f{c. A TI 99/4A disk nolds 30 SCREIVS
( numbered 0 - 89 ), however, SCREIN O is special and is
usually 7ot used. A program 2ay occupy as zmany SCREZUS
zecessary.
** NOTZ: The word "SCREZYN'" in upper cass will rafar :2
a FORTH SCREZN whils "screen" will rafer co che amoz=izor
scraen,
7ou zust read the chaptar zizlad "SYSTDM SYNONYMS" and
correctly format your data disk before using che ZDITOR.

Disks initialized by the Disk Manager are accaptabla, aAlzar

]

loadiag FORTHA Ircm the System Disk, place the 3Systam Dist

-

P
)
'

DSTY and your TORTH disk in DSXI. 1t is aecessary o copy
SCREENS 4 and 3 from the $Svstem Disk onto 7eur TORTH disk.

Taese SCREIZIVS <o

o

tain zhe arrvecr messagzs. "I ey haEvae 3 too

1Tn7e §7sctam, see {le lascfucrians Zor SCOPY apc TOVE Co

CLETTET LT Jdla8glLonls g oW D Qo CaLs.

—

C2APT=R 3 R IZ.TCR
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h this procedure

If you have a one drive system, however,

is more ccmplicated. The following diagram illustrates the

process used to copy parts of a FORTH disk or an entire

FORTE disk with a one drive systaa.

START: With original diskette in your drive and Cype
FLUSE
LOOP:  Type these lines -

scr# BLOCK DRCOP UPDATE \

the system has 5 disk
buffers
ser# BLOCX DROP UPDATE / &

I
\ up o 5 SCREENS because
. /
|
Switch to backup diskecte and z7pe
FLusd
12 you nzed to copy zora SCREEY

Go back o LOOE i3

Yow you are rteady to degin editing your FORTZE disk.

CAUTION: DO NOT EZDIT your system disk. It is a3 =7

disk containing boch 99/4aA files and FORTH SCREINS. 2Zditing

the disk may destrovy its Izcagrizv!

TEE TWO TI FORTZ EDITORS

There ars two TORTE editors available om the TI FTORTA
system disk., The Zizst, whizh is
gperates in TEXT acde. LT wiLl

dQ0=column edicor. Zacn SCREZN is displayed in IwWo nalvss

eft and rignt) in nermal sizad charac:iars.

[

(
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Tae second, which is loaded 5v =34S5UPPO

bit-map mode. It allows you to view an entire FORTH SCREIIU

v 11
Vo

at once, however, the charactars ares wverv small

[
*
-
ct
3

i

referred te as the 64-column editor.
Cnly ome editor may be in memory at any time. Load
whichever you prefer. ESditing instructiouns are identical

for each.

EDITING INSTRUCTIONS

Initializacion £ills each SCRIZV wizh non-priantables

s -

characterse These chavracters aprear as sclid wini

P
sl
[{1]
"
0
[
[}
r
W

cn the tarminal when you are usizng cthe 4Q-columna ediczor an

as unidenzifiable characzars iz zhe 34=-

'y

. .
Qaumnl =2<C

e
[y
O
]

SCREEN zusz pe filled with blacks heforz iz can be usad.

Typing a SCREZN oumber and CLIAR will 111 a SCREZN wich

blanks.
1 CLEAR

will prepare SCREEZN ! for use by zhe IDITCR.

te

Tou may vegin writiag on SCREZYV | or on amy SCAEZIN vou

wish. 7o brizg a SCREEN Zzem che disk ines the IDITCR, tvse

the SCREIN aumber followed bv the word IDIT

-~

CHAPTR 216 2 ToITCR



The above instructicnm will bring the contents of SCREEN
l into view, If you did not CLEIAR the SCREEN before
entering the EDITOR, the SCREEN will appear to be a block of
undefined characters. You must exit the EDITOR temporarily
and clear the SCREEN on the disk before you can write to
it. To exit the EDITOR, press the BACX func:tion ey on your
keyboard. 7o clear the SCREEN, type the SCREZIYN aumber and
the word CLEAR.

To reenter the EDITOR, you do NOT have =0 type | EDIT

again. A special FORTH word,
. e Hes

will cesurn you to the last SCREXDN you were aditiag.

Upon entaring cthe ZDITCR, tha curser 15 locaced in
column | of lizne O. It is cﬁs:cmary to usa LINE O for e
comment describing the contants of chat SCREZN. 7Tyre a
comment Fhat says "PRACTICZ SCREZIN" cor something to that
effect. Do not forget that all commentcs mus: begia wizh a
"( " and end with a ")". Yota: The laft paranthesis MUST be
followed by at leastc | spaca. ?rass INTIR zo zove 0 :he
aext lirze.

If you are using cthe 40-column adizo

"

, 7oy hava

probadly =oticad that onmly 335 columas { of the 44 availatle

,

columms ) ars wvisible con wour zarmizal.

7> 322 the Tast af
- s - 2 ¥
the SCREEN, c7yme any chavaczars sa LINDI 1 uacsil Fou r2ach
The TL3nf 2ATILn. WO TTe = 8w 2were hatiotFti. lot.ee

[4
0
i
la¢]
3
i
Lo
Y]
"‘
)
rd
]
g
t
i)
(B
)
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(3]
a1l

that the sereen is now displayiang columns 30 - &4,

-

ENTER tc move to the beginming of the next lizne.

The function kays on your

«2yboard zach pericr= a

bV

special editing function.

kay function
LEFT ARROW - moves the cursor one posizion Zo the LIFT,
RIGET ARROW - moves the cursor one positicn o the RIGET.
U7 ARROW - movas the cursor U? one fosi:tion.
TOWN ARROW - moves the cursor DCWY one positicn.
DELZTE - deletes the character on which tha cursor is
placed.
INSERT - inserts a space to the left of zhe cursor
moving the rest of tche lize rizh:z one space,
Characters may te lost oif cthe 2nd of the lin
AZD - erases from the cursor zo the end ¢ a liae a
saves the erased zharactars iz 2iD Taey aay
be placed at the anL“.*ng ol a new Lins v
prassing REDO. 32ZI0 iasarts a3 line jus:t above
where the curser is and placss cthe contents of
PAD thers.
3EGIN - 40=column adicor:
2oves the cursor 23 tosizisns o the RIGET L2
the cursor is on the LITT hall of a SCREZN.
Otherwise, it moves che cursor 28 positious
to the left, This %ey can %e usad 3 toggle
betwesn the LIFT and RIGET 2ali af a serasn.
§4~column edicoar:
places the cursor ia cthe ucper left carmner
ZRASE
REDO - are used in combination =2 "pick up" lines
and move them alsewher2 on zhe scrssa. ZRASI
"picks up” ome line whila 2rasing it fro
view. RETO inserts :hi* 1lae just abdbove zIRh=2
line on which the curs i3 2laced., 320zh
ZRASE and REDO may be usad rapesztadly o
erase several lines f{rom visw or =o inserct
‘multiple copies of a lize.
** -3 - will insert a blank line iust above the line
the cursor is on.
il - il LD Gaee Z
fokal-E = 7ill TiR sl DT s Tad .
"” TolumanLoe
¢ = concrol
CIAZTIR 3 PiGE oITeR ‘
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Experiment with these fesatures until you feel you
underscand'each of their functions. Erase the line you
typed from the SCREﬁN and type a szmple program for
practice.

The FORTH EDITOR allows you to move forward or backward
a SCREEN without leaving the editor. Pressing CLEAR will
read in the succeeding SCREIN. Pressing PROCIED will read
in the preceeding SCREIN.

Iz aﬁ error occurs during a LOAD command, typing the
word WHERE will bring you b;ck into the IDITCR and place the

cursor at the exact point the error occurad.

The word FLUSE is used %0 Zorce the disk buffers :chat

contain data no longer consistzant with the copy on disk zo

word at the end of an

(7]

<+
&

Se izten to the disk. Use

(2]

editiag session to be certa#n your changes are wriszan o
the disk.

** NOTZ: The 40=column IORTE IZditor may only Se usad
when the computer is in TEXT aode (see chapcar §5). TFor
example, L{f the 4Q0-column edictor is loaded, don’tc cype IDIT

while you are in SPLIT or SPLITZ zode.

Caa?T=® 3 JAGE 3 ZDITOR



The following diagrams illustrate the memory allocation
in the 99/4A system. For more detailed information, see the
EDITOR/ ASSEMBLER manual.

The VDP memory can be configured {n =many ways by the
user, The TI FORTH syvstem provides the abilizy %o set up
this memory Zfor each- of the VDP'3 4 modes of operation

( TEXT, GRAPHICS, MULTI-COLCR and GRAPHICS2 ). The

location of memory for thess zcdes i{s shown cn che

' s

J
rd

MEMCRY MA?, The firsc threse mnodes are shown on zhe lafc
nall of this figure, the GRAPHICSZ z=ode cn zhe right nall, o

The ar=a at >(03C0 is used Dy the transcsandsnta

,-4
LA
[
33
n
I3
‘L
o
b
e
18]

-

all modes for a Tollouf arsa. If tramscandencals a

"
w
&
[
n.

duriag GRAPHICSZ (H»it-map) =cde, tais porticn o zhe color
table nust be saved by the user tefors usiang =he

~a

transcendencal function and rastorsd aftarward. YNora :that

the VDP RaM is accassed It the 99C0 only hrough a zemorw
aapped port and is not dirsczly in zhe processor’s address

space.
The only C2U RAM on a zrue [5-biz daza bus iLs in the
cousole at >8300. Because this is the faszasc RAM in che

system, the ITORTH Workspace and the nost Iraquancly exscucad

- - PR d - - - - - - .o . e R ~ - W oemmm e~ v en
2da HX T2 aareraiar 1T SR a1 o A S oA VN mrma v .
LaE lemsEn T a3 D e lemah Tl P e A SR u e R I
z ot - 1 - - -

- - vy .- PP - . .. B N T oo
SR Sl e L a3 ad damewEoIU =T 02 Yown 3 I23SLL=200

CEAPTER 2iGZ VENORY MasS

s — et -



The 32X byte memory expansion is divided inzo an 8K
piece at SZOOO and a 24K piece at >A000. The small piece
contains BIOS and ﬁ:ility support for TI FORTH as well as 5k
of disk buffers, the Return Stack, and the User Variable
area. The large piece of this RAM contains the dictiomnary,

the Parameter Stack, and the Terminal Input Buffer.

Sewa

CEAPTIR & 2aGE 2 MEMORY MA2S -
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ADDR
>0000

>02FF
>0300
>037F
>0280
- >039F
>0340
>038F
o >03¢0
B >Q3DF
>03E0
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>077F
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>0800
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SCREEN DMAGE
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+{0DE

LMAGE

LIST >80 TABLE

COLCR TAZLZ
>20

>3C0

!
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!

|
SZRITE ATTR |
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|

I
UNWUSED >20 I
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SCREEN

VDP ROLLOUT AREA >20
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BIT MA?
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TABLE
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VN & O

>00C0

>IFTF
>2000

>3FFTF
»4000

>S5FFY
>6000

>ITFF
>8000

D>9FTF
>A000

CPU MEMORY

CONSQLE ROM

LOW MEMORY EXPANSION
LOADER, YOUR PROGRAM, REF/DEF TABLE

PERIPHERAL ROMs FOR DSRs

UNAVAILABLE - ROM IN COMMAND MODULZS

MEMCRY MAPPED DEVICZS FOR VDP, GROM, SOUWD,
SPEZECH. CPU RaM AT >8300-83FF.

HIGE MEMORY EXPANSION
YOUR PRCGRAM

CH."\P T=X &

PAGZ s YEMORY MaPS
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(&8 |

(2]

T

»

R

ZEX

aDDR
>83C0
>831F
>832E
>8347
>834A
>8351
>8356
>8357
>835C
>8363
>8370
>8371
>8372
>8373
>8374
>8375
28376
>8377
28379
>837A
>8373

>837C

>8380
>83a0
>83C0
>83C2

>83C4
>83D4
>83E0

S e

=

C2U RAM PAD

FORTE'S WORKS?PACT

FORTH S INNER INTZRPRITER EIC.

FAC ( floating point accuwmulatoer )

SUZROUTINE POINTEZR FOR DSR's

ating poinc argument register )

"h

ARG (

HIGHEST AVAILABLS ADDRESS OF VDP RaM

LEAST SISUWIFICANT 3YTT OF DATA STACK PTF

_LEAST SISNIFICANT BYTI OF SU3R STACK PTR

"XEYSOARD NUMBER 1O BE SCANNED

‘”"II LZYCODE TETECTED 3Y SCAN ROUTINZ

<o¥STICTN Y-STATUS

JOESTIZX X-STATUS

WetEIR JF SPRITES TAAT CaN 3@ IN AUTOMOTION

YOP 3TATUS 3YZ
=~ 3IT 0 CN DURING VTP INTZRRU?PT
31T 1 ON WHEN 5 SPRITZS ON A LINE
31T 2 CN WHEN SPRITZ COINCIDENCZ
BIT 3=7 Y4O. OF 5TH SPRITT ON A LINE

GPL STATUS B8YIZ
3IT O HIGA 3IT
317 1 GREATZR THAN 317
31T 2 ON WHEN XZZSTRCKI DETEZCTID (CCND)i
BIT 3 CARRY 31T
BIT &4 QVERFLOW 31T

TAE DEFAULT SU3ROUTINE STACX ADDRESS

THE DEFAULT DATA ST.ACXK ADDRISS

RANDOM NO. SEZD (ZEGLN LVTZIRUPT WORXSPACE)
317 0 DISABLE ALL OF T FOLLCWING
3IT | DISABLE SPRITT XOTTION
3IT 2 DISABLE AUTO sown
3IT 3 DISABLE SYSTEM RESZT Y (QUIT)
LINK TO ISR HOOK
CONTZNTS OF ¥DP REGISTIR !

{
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| BEGIN GZL WORXSPACZ
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>2000

>200F
>2010

23423
23424

>397F
23980

>39FF |

>3400

>3CD9
>3CbA

D3FrT

>a000

>3C7F
>3C80

>FFSF
>FFAQ

PFFTL

I
|
I
i
|
!
!
l
|
I
!
1
!
!
f
|
!
{

LOW MEMORY EXZANSIOH

2L VECTCRS

l

>0010 l

!

DISK BUTTERS J

1414 l

!

99/4 SUPPORT FOR FORTHA ]

>055C |

I

USER VARIABLE AREA |

>0080 !

|

ASSEMBLER SUPPCRT !

>020A l

|

T |

| i

RETURN STACX 20326 |
HIGE MEMCRY EXPANSION

RESIDENT TORTHZ VOCABULARY !

: >1C80 !

|

USER DICTIONARY SPACE !

i I

Y I

>4320 |

i l

! l

PARAMETZER. STACK |

TERMINAL INPUT 3UTEER !

>C0s2 I

I
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CEAPTER S
SYSTEM STNONYMS AND MISCELLANEOUS UTILITIES
WORDS INTRODUCEZD IN THIS CHEAPTIR

1n MYSELF UNTRACE
«S RANDOMIZE VAND
: (alternate) RMD VFILL
CLS RDW TLIST
DISR-HEAD SCCPY TMBR
DSRLNK SEED NV
DTEST SMOVE TOR
joiip 0 . TRACZ VSBR
FORMAT-DISX TRIAD VS3W
FORTE-COPY TRIADS VWTR
GPLLNK TROFT TX0R
INDEX TRON ALK

STSTIM STUCHNTMS

Several utilizias are availabl

acesess %o many resourcas of the TT

2 to zgive you

s
<-
sizpl

99/44 EOME CCMPUTZER.

These uytilicies allow vou o change zhe display, access tha

Device Servics Routinas
RS23%s and disk drives,
ASSZIBLER rouctines, and
locacions.

Also included in this chaptar

utilicies, spevial trace routines,

and a2 special routine which allows

The firsec zroup of ‘nstructisns nahlas o
1T &Ng WTLI2 I Y0P iad. IZzen A ns nllowinz
e . o s e .- . .
WOIos Lnp.smencs e IDLTOE/ ASZEIMBLIE uwziiitv Wil
2ana,
- < o . op o e
CE'JXP h:—bl 2 ?.“‘.Ui.. 1 S i I

sra saveral di

random aumber

recursion.

for perinneral devices such as
liak your program <o GPL and

perlorma operations cn VOP 2emcry

.
S

generstors,

SINT AN
SiaGa ..5



YSBW - Writes a single byte to VDP RAM. I: requires 2
parameters on the stack; a byte to be written and a
and a VDP address.

base byte wvaddr iascr

HEX Al 380  VSEW

places the value HEX A3 into VDP address HEX 380.

NEW - Writes amultiple bytes to VDP RAM. You aust firs:
place on the stack a source address at which the bytes

to be written are located. This must be followed by a VDP
address, ( or destination ), and the number of bytes to

be wribten. ;

base addr vaddr c¢at iascr

HEX PAD 808 4 -TMBW
reads 4 bDytes from PaD and writes them ano VOP RAM
beginning at HEX 808.
YSBR - Reads a single byte from VDP RAM and places ic on

tha stack. A VDP address is the dnly parametar requirad.

hase vaddr iaszz

EEX 781 YSER
places the contents of VDP address HEX 781 on the stack.
VMER - Reads multiple bytes from VDP and places them ac a
specified address. You amusc specify the TDP source address,

a destinacion address and a byts counc.

base vaddr addr c¢nt inseT

EEZ 300 PAD 20 THMBR

r2ads 32 bytes beginniag at HEX 3C0 and scores them inco PAD.

CAPT=R 5 ZAGE 1 SYSTZM STUIONSS
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The next group of imstructions allows you to implement
the EDITOR/ASSEZMBLER iastructions GPLLNK, XILLNK, and
DSRLNK. 7To assist the user, the FORTH instructicns have the

same names as the EDITOR/ASSEMBLZIR utilicies, Consul: the

EDITCR/ASSEMBLER manual for more details.

GPLLYK - Allows you to link your program to Graphies
Programming language routines. You mus:t placs on the

stack the address of the GPL routine to which you wish
to link.

base addr insey

LEX 18 GPLLIK

branches to the GPL routize located at 4EX 15 wniech loads
the standard character set into VD? RAM. Iz
Lo your program.

then ressur=s

TMINK - Allows you o link a FORTH program to a routine
in ROM or ¢to branch to a routine located ia the MEMCRY
EXPANSION wmiz. The inscruecsion sxvtects 22 find 3 IC¥
address on the stack.

base addr iascr

EEX 300 DOLXK

accesses the Floating Point aultiplication routine,
locazed {n RCM ac TEX 800, and recuras Co your program.

DSRLNK -~ Links a FORTZ program o any Device Service
Roytine in RCM., 3efore chis inscruction {s used, a
Peripheral Access 3lock 2ust te set up ia TOP RAM.

A PAB coutainsg i{nformaticn about the {ile 20 te
accessed, See the ZDITOR/ASSZMBLIR aanual amd Chaptar
9 of this manual for addizional setup inforaatiocua.

DSALNR aseds =o parametars.

5
i
'y
B

SISTIM STINCITHS

~
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The ‘_TDP contains 8 special writa=only registers. In
the EDITOR/ASSEMBLZR, a VWTR instruction is used to write
values into these registers. The FORTHE word VWTR implements
this instruction, VWIR requires 2 parametars; a byte to be

written and a VDP register number.

base Dbyte reg ilastr

HEX F5 7 VWIR

The ahove; inst:ruc.tion writes a HEX 7S into VDP write
only register number 7. This particular ragister controls
the foreground amd background colors in TEIIT  MODE.

Executing the above instructicn will change the Zoreground
coler to white and the backgzround colsr o l:z. blue, R

The FORTH imstructions VAMD, VCR, a d VICR greatly
sinplify =he task of performing a logiczl overacion om a
single byta in VDP RaM. Nomally, 3 programuing staps would
be required: a r=ad from VDP RAM, an operation, and a wri:ca
back into VDP RAM. The above instructions get the job done
in a single step. Zach of these words raquire 2 parametars;
Aa byte to be used as the second operand and the VDP address
at which the operation is o Se performed, The rasult of

tha overation is placasd bacl into this addrass.

base byce vaddr instr

53008 70 304 TAND
ZEI ™0 304 7CR
=T 70 04 TICR
Ca LS 5 ?AG}“: & SYS Tt SY .\IONY:‘.S



Zach of the above instcructions rsads the dyte storad at HE=X
804 in VDP RAM, performs an AND, OR, or XCR on that byte and
HEX 70, and placsas the result back into VDP RAM at HEX ECé.
1f you wish to £ill & group of consecutive VDP nemory
locations wich a particular byte, a VFILL iastruction is
available. You must specify a beginaningz VDP addrass, a

I .

count, and tle byte you wish to write izto esach locationm.

base vaddr cac byte  iastcrT
P, A

EEX 300 20 0 UFILL

fills 32 locatiocms, starting at I=X 300, wizh ‘zercs.

DISX CTILITIZES \

Any disk that you +wishh %o use witl the TORTZ svystam
aust first Ze properly Zormacctad., 2Place the disk in a disk
drive and place the aumber of that disk drive on the stack.
TL FORTE aumbers disk drivés beginning wizh 0, therafore, i1

the z=ew disk is ia D8X1, put a 0 on the stack, 2cz. Yext,

type SORMAT-DISK.

0 FORMAT-DISK

wiil iniczialize the disk im DSX1, :thus preparing it Zor use >V

the 7ORTH system. Disks initialized Sv zhe DISX MANAGER are

o e m et C o - e e . - g -

P ehe] =Sl <Y 2T3C alll L& 8B isad.,
-— -~ = - - - o tanamal B et b Sara Y 1
C:.LA.? Q_-.{ ] 2sG2 s TS ales D hetiont Lo



The TI FORTH System Disk, or any disk wnich contains a
copy of SCREENS 0 thru 19 of the System Disk, may bte copi;d
with the Disk Manager, Any other disk may be copied with
the Disk Manager only after a special header has been
wricten on it by the TI FORTE instructica DISK-EEAD.

Any disk which can be copied by the Disk Manager can
also be accessed from TI BASIC. If you access a TORTH disk
which contains the FORTH kermel, record 0 of the f£ile will
be located on line 4 ofiSCREEN 19, Records of length i28
bytes will proceed thru record 565 which is'located ou line
14 of SCREEN 89. Record 566 then wraps to line & of SCREIN
l. The file ends with record 823 locatad ca line & of

SCREZV 8.

A FORTH disk which does not contain the kerzel zay aiso

be accessed by basic, bur the locatiom of ke racords will

be different., The file will btegin on line & of SCRIZV 3§ and

continus zhru record 8§31 located on line [4 of SCIEIN §9.
Record 652 begins on line 12 of SCREEY Q and the Zile ends
wizh record 713 on line 5 of SCREZY 8.

To copy an entire FORTH disk withouz using che Disk
Manager, you aust place the naw disk iz DSK1 and the sourse
disk iz DSR2. Typing TORTE~COPY will copy the entire
contents of the disk in DSR2 onto the disk in DSRI. NOTZ:
Tou zust rasef the value of che user variagls DISK_LO <o
zers ZETORE using FARTE-IITY. Thos will 3llow vou o 2oy

SCREEY 0. This i3 aceomoplished Yv exacutiag czhs Zollcwing

CEAPT=R 3 PAGZ 8 FISTEM STHCNTS



instruction.

————e

7ou can copy the contents of 3 single SCRIIN Irom one

-

SCREZN location to another without destroyiag the origizal

copy by using the SCOPY instruction. A sourcs SCREIN number

tn

l2d.

and a destination SCREEN number aust Se speci

base source destcia iascT

DECIMAL 5 L7 SCCPY

The above iastzuczions will wrize the contancs of
SCREIY 5 over the conta2nes ¢f SCREZV 17 wizhousz 2rasin

SCREZ 3. The old contcanes of SCREI 17 wilil

[§
[
6.
13
(')
(3]
1)
(¢
4
4]
o

The SMOVZE instruction accs as a zmultiple 3CTPY. It
3llows vou to copy 3 group of SCREINS wich a singl
instzuczion. You aust designata a deginning sourca 3SCRZZY,

. By

a degirning dascination SCREZ, and zhe number of 3SCRIINS
7ou wish to ccpy. Waen using SMOVE, overlaping SCREZD
ranges n1ay Se used without user concera. The order of zhe

copy is adjustad so that the antire group of SCRZIVS is

aoved iazac:t.

base source destin <az  iascr

DECIMAL

—
b—
I
[e 2
~4

SMOVZ



These instructions will copy SCREINS 1l - 17 over
SCREENS 35 - 42 without erasiang SCREZMS 1l - 17.

Both the SCOP? and SMOVE instructions can be used o
copy SCREENS from one disk drive to anocher. Assuming thaz
DISK-SIZE ( a user variable which contains the aumber of
SCREENS per disk ) is at its default value of 90, SCREZNS
0 - 89 are containad on the disk in DSX), SCREZNS %0 - 179
are located on the disk in DSR2, 2tc. NOTZ: To copy SCREEZNS
from ome disk.drive to another, yocu must raset the user
variable DISK_EI. If you are using two disk drives, icts
value must bBe 180 (2x90). This is accomplisﬁed by executing

the following instruvction:

LW

180 DISX I ! :

Therefcrz, %0 copy SCREEN & on DSX! =o SCREZN 20 on DSKI, 7ou

would type:

o

base scurce destin inscr

DECIMAL 8 110 sCopY

The SMCVE iastruction is nandlad in zhe same agnner.,
Simply use an ofiset of DISK=-SIZE 2o specify which disx

drives you wish o copy o and Zzom.

If you have reason &o suspecz thaz a disk tas a bad

('Y}

sector or is in scma wav damaged, 2 non=descTruciive 4isk
tast is available. The DTI3T izstruczicn <ill zozampo 23

read each SCIEZN frem che disk iz DSXI. A SCREZY aumber

CBAPTRR 5
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43

)
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i

11l be dis

g

layed on vour zonitor as 2ach 3CREZN is

Q)
"t

azad.

1f{ execution szops tefers SCREZ 89 is reached, the pro

[en

b

23

lies in the last SCREZIN displayed., To corract the problem,
CLEZAR that SCREZIN and write to it again., 7This csrrectiom
will work i{f the disk surface is intact and if the

formatzing iaformacicn has not been damagad.

LISTING UTILITIES

There are three words on the TI FORTH Sysctam Disk

(loaded 3y cthe =?RINT option) which maxe listizg inforzacion

irom a FORTH disk wvery siacle. The £

3
-

requires a SCREZY number on the scack. when axecutad
will princ to an S232 devics the three SCRTZINS which
contain the specifisd SCRAEZV, bdeginming with a SCREIZY aumber
evenly divisible by thrae. SCREEZNS wnich c¢onzain
acn=-priancabla iaformaczion will te skipped. [Z your RS232
srincer is a0t on Por= L and set at 9600 3aud, 7ou ausc
modiiy the wozrd SWCZ on your System Disk.

The second instruction, called TRIADS, z2ay be thoughe

of as a aulgiple TRIAD. If expects a degianing and an

ending SCAEZY aumber sn zhe stack. TRIADS zerlform

[
m
w
B
o]

]

TRIADS as necsssary ta cover the specified range

sl

o
(XN

SCREZYS.

Aesy mmee— 2 - e 2 Rt ablaaad W] FataldatN ol W
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The INDEX instruction allows you to lisc to your
terminal the comment line 0’s of a specified range of
SCREENS. INDEX expects a beginniag and and ending SCREZN
nuzber on the stack., If you wish to temporarily stop the
flow of output in order co read it before it scrolls off che
screen, simply press any key. Press any key to start up
again. Press BREAK to exit execution prematurely.

The FORTH word VLIST lists to your terminal the cames
of all words currently deéined in the CONTEXT vocabulary.
This instruction requires no parameters ard 23y te halced

and started again as in INDEX above.

DEBUGGING ’
The DUMP instruction allows vou ¢ lisc morctioms of
memory to your terminal. DUMP raquires twWo paramecars: an

address and a byte count, For example,

base addr anc inst:
EX 2726 100 DUM?

will list 256 ( >100) bycas of =emory beginninz ac addrass
>2F26 to your tarminal, 2ress any ey 20 tamporazily scop

execution in order to raad the informacion before iz scrolls

(2]

this

3

off the screen. ?Prass any key to continue. To ex

routine zramaturaly, srass IRZaX.

‘Ul
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The FORTH word .5 allows you o view the parzmectar
stack contants. It may be placed inside a colon defini:tion
or executad direczly freom :he xeyboard. The word S$?! should
e typed before exacuting a routine that contains .S . Thais

will clear any '"garbage"

from the stack. The | symbol is
princed to represent the bottom of the stack. The number
appeariag farthest frem the | 1s the most accessibla stack
element.

A special set of iastruccions alléws you to trace the
execution of any colon definition. Zxecuting the TRACT
instruction will cause all Zollowing colon deiinizions zo he
sompiled iz such & way zhat zhev can be zZraced. 1z ozher
words, the TORTE word : ctakas cn 3 z2w 2eaniag. 7o sSTop
ccupiling under the TRACZE optiom, type TNIRACZ. 'When vaou
nave finished debugging, raccmpile the Tousiae umdar zhe
UNTRACZE optiom.

Aftar instructions have Seen zempilad wmdar the TRAZZ
option, you can &trace their sxecuticm by zy3ing the word
TRON Dbefores using the iastruction. TROYN acctivazas the
trace. I1f vou wish fo execute :the same instTuczicn without
the zrace, Ctype TROFT before using txe iascTuction.

The actual tTace will princ the word being craced,

along wich the stack contants, =2ach cize the word is

oo v - e - s e ymm s . - - - - e
reluniaEreg ., e 2GS LU FGES Pt 072 it S Wi S 5 caaE Gl
daqes o agy o - - b - n oy od — v P g e g -~ - o~ -
3T I8IITE Taa LTacdzd warmo S EEegUlac - pode z

T AT G

=y rrrm— - .. vy ——
CaA?T=X AGS - SIZTTZM SJTUCHTIUS

LW}
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T ST CXRTE
printed closest to the | 1s the least accessible while the
aumber fazrthest from the { is the most accessible aumber
on the staek., Eere is a sample TRACE session:
DECIMAL
TRACE (0) 4 ( COMPILE NEXT DEFINITION WITH TRACE OPTION )

: CUO3E DUP DUP * * OR  ( ROUTINE TO BE TRACZD )

UNTRACE OK  ( DON’T COMPILE NEXT DEF. WITH TRACE OQPTICN )

: TEST CUBE ROT CUBE ROT CUSE ; OK

TRON 0K ( WANT TO EXECUTE WITHE A TRACE )

5 6 7 TEST ( PUT PARAMETERS ON STACK AMD EXZC. TEST )
CUBE  ( TRACT 3EGINS )

i3 6 7 ( STACR CONTENTS UPON INTIRING CURE )

CU3E

| & 343 5 { STACR CONTZVTS UPON IWTIRING CU3E )

CUSE |

[ 343 125 &8 X

A more ccmplex TRACZ example involves a racursive

routine, Normally, a FORTE word can not call itsels befora

the definition nas bdeen ccmpilad through %o a ; because

the QUUDGE bit is set, To allow recursiomn, T2 FCRTE

ineludes the special word MYSZLZ. The MYSELT

iascruccion

places the C7A of the word curtantly being ccomoiled izs

iaco

own definition thus allowiag 3 word 2o call ifsel?, The

Isilowing exampia uses a racursive facioTial

L..ustracion:




o
C

N O

DECIMAL C

-
bl

TRACE oxX ( COMPILE FOLLOWING DEF. UNDER TRACE 0OPTION )

t FACT DU L > 17 202 | = MYSELI * ZMWDIT
UNTRACE 14

TRON CK ( ACTIVATE TRACT

St

-

w

FACT ( TRACZ BEGINS )

FACT

FACT

wn
©
wd

%1
u-
2!

LS 4 3 2 1 X
oS ( CHECX 71X STACK CONTEYTS )

[ 120 CK

; 0} 4

FACT  ( PUT PARAMETER ON STACK AND IXICUTT FACT )

- -

Sach time the tTaced FACT rvoutize calls izself, a trace is

-y

exacuted.

ANDOM NUMEZIRS

Two diffzrent randcm zumber functions are avail

abnla in

e Zannd ey S e =2V ~aprs mem a4 4 memiad e e et e S oy

e - - b . [T R R e ¢ 3w - ol .o ek - P

. - ey - - e an -~ - -

RSP TS ol JEee] FOE L. S L -l i— R AR Itel -

g gy vy 2 e oy - X e e PR -

Fenaracas i TRZgIQ Tel - _":v: , o JANER e SYBTLLLSS

L DT z Y e E IIQTT ST AN

CaA2T=X 3 26 L2 STYSTIZN STy



for RNDW.

base range instr

DECIMAL 13 RND

will place on the stack an integer greater than or equal fo 0

and less than 13,

RNDW

will place on the stack a number from O to HEX FFFF.
To gaurantee a different sequence of randem mumbers

each time a program is rum, the RANDOMIZE inscruction aust

iR
#
¥

be used. RANDCMIZE places an unknown seed into the randcm

numper zZanerator,

To place a known seed into the randem number generatar,

the SEZD imstruction is used. You must speciiy the seed

.

value.
& SEED

wi.l place the value 4 into cthe random number gemearator seed

leocation.

MISCILLANEOUS INSTRUGTIONS o

T0 stoTa a striag at a specified address, zhe |
IR} ]

iaszTucsion I3 uased. " =mpeazs 1o find sn addrass oo zhe

stack and oust be Zollowed by a string terminated with

a " . The following iastruction places the scrizng "EOW ARE

CEAPTER 3 PAGE L4 STSTZM STAICYTMS




"
[69)
w
(8]
HM

70U?" ar address PAD.

base

addr instr string
a=X PaD [ HCW ARZ voU?"

To clear the display scrzen, the word CLS is used.
This may be used iaside a colon definizion or direczly frcm
the keyboard. CLS will not clear bit-mzp displawvs oz

SPRITTS.
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C4dAPTER 6

AN INTRODUCTICN TO GRAPHICS

WORDS INTRODUCED IN THIS CHAPTIR:

#MOTION GCEAR SPCHAR
BEE?P GRAPHICS SPLIT
CEAR GRAPEICS?2 SPLIT2
CZARPAT HCHAR SPRCOL
COINC HONK SPRDIST
COINCALL JOYST SPRDISTY
COINCXY LINE SPRGET
COLCR MAGNIFY SPRITI=
DELALL MCHAR SPRPAT
DELSPR MINIT STRPUT
DOT MOTION SSDT
DRAW MULTI TEXT
DTCG SCREEN UNDRAW
VCEAR
GRAPHICS MODES . oo
Tae TI IOME COMPUTER posesses a dvead razage of graphies

capabilicies.

L

2)

3)

-

Four scraen modes ars availabls o the user

TEXT MODE - Standard ascii charactars are
available, and new characctcers aay bte definad., ALl
charactars have the same foreground and background
color, The scraem (s 40 columns by 24 lines, TZXT
MODE is used by the FORTH 40=coclumn scrzenm =dicor.

GRAPHICS MODE - Standard ascii characcters are
available, and new charactars may be defined,
charactar set may have its own foreground and
background colar.

Zach

TICOLOR MODE - The serezen is 44 columns By 48
rows. Zach standard charactser posizion is aow 4
smaller boxes which can each have a differenc color.
ASCII characrars are net available and new characters
c¢an not ba defined.

qerem g am gy  yapges o ey - . . A

SLT-vaP Z0DE (GRAPHICII! - Thais zods 12 svailabla” snliwr
- /s el < IR - . .

oG e 39/ &a. IT=+a3 HODE 3llows reu 3 3arn znw 2izs

hived 90t ] Aaaen oo o} LLaman AP e e B 22

SELIRLUL2d 0y <ne 7Y918a4. he screen 1s 2356 <olumns ov

182 wows . GRAPVICSD =odz sz gad v tha teeaslimn
edizor.
C3APTER 4 PAGE y GRAPEICS



SPRITES (moving graphics) are available in 21l zedas except
TEXT. The SPRITE AUTOMOTION feature is not available in
GRAPHICS2, SPLIT or SPLIT2 modes.

Two unique graphics modes have been craated by using
GRAPHICS2 mode in a nom=-standard wav. SPLIT and SPLIT2 aode
allow you to display text while creating bit-map graphics.
SPLIT mede sets the top twe thirds of the screen ia
GRAPBICSZ mode and places text on the last third. SPLIT2
sats tha top ome sixth of the screenm as a text window and
the rest in GRAPHICSZ moda. Thesa zodes provide an
interaczive bit =ap graphics sectiag. That is, you can type
51z map iasctructions and wateh them executa wizhout changing
zodes .

Tou may place the computaer in the apove modes o7
executing ome of the followizg iascruccioms: TEXT, GRAPTICS,

MOLTI, GRAPHICSZ, SPLIT, or SPLITZ.

FORTH GRAPHICS WORDS

Many FORTE words have been defined to =akes graphics
handling much easier for tha user. 4As zhess words are
menticned, an annotation will apvear umderzmeacth them
denoting wnich of* the aocdes they aay e used in

————p— — Ly~ . 3 —— o
{ ST

~ N - ; - - A R
(O S T ~a2828 23n0t2 LLa., arkillo, UULTIICLIR znd

ITT-MAPDPED (SGRAPHICS2, SPLIT, SPLIT2) raspaczivalr,

CEAPTEX 5 PAGE 2 GRAPEZICS



rl

y
O
"
ri
0

In several instruction sxamples, a basz ( ¥IX or
DECIMAL ) is specified. This does not mean that you must be
in a particular base.in order to use the imstruction., It

merely illustrates that scme instructions are more easily

written in HEX than im DECIMAL.

COLOR CHANGES

The simplest graphics operations involve altering the
calor of the screen and of character sets. Thers are 32
character sets ( 0=31 ) each containing 3 charactars. For
exampla, charactser set 0 consists of characzers 0 - 7, se:
one countaias 8§ -~ 15, ete., Sixtaer colors are available on

the TI HOME COMPUTZER.

nex nex
eolor value coler value
TRANSPARENT 8] YED. RED 3
3LACK i LT. RED 9
MED, GREZN 2 DK. 7ELLOW A
LT. GREEN 3 LT. YELLCOW 3
UK. 3LUE A DR. GREEM c
LT. BLCE 5 MAGENTA D
DK. RED 8 GRAT 3
CTAN 7 WHITE ¥

The FORTI word SCREZN following one of zhe above zable
values will change the sqresen color to that value. The

following example changes the sarsen 7o Lizhe 7eallow -

=X 3 SCREEN A
DECIMAL L1 SCREX

CEAPTER 5 JAGE 3 SRAFEICE
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‘The foreground and background colors of a character set

may also be easily changed -

base fg bg charset instr
EEX 4 D 1A COLOR or
DECIMAL & 13 26 COLOR
(G

The above instructions will change charactar set 26
( charactars 208 - 215 ) to have a foreground color of dk.

blue and a background color of magenta.

PLACING CHARACTERS ON TEE SCREZN

To orint a charactar anvwhere on the scrsen and
optionrally repeat it Rorizontally, the ICZAR iastruction Iis
used. You zmust specify a3 starting colump and Tow josizionm
as well as the number of repiticions amd the ASCII code of

the charactar you wish to princ.

*% TEZP IN MIND THAT B30TH ROWS AND COLUMNS ARZ NUMBERZD
TROM ZERO !!!

ror example,

base col row eat char# inscr

ZEX A 11 33 24 3CHAR or
DECIMAL 10 17 51 42 AC3AR

-

will orint a scream of 91 *'s, scarting ac colu=n !0 and =ow

tha: will wrap Zzom right o l2f= onm the scraen,

CaAZTR ¢ FAGT 4 GRAZIICS
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To print a vertical str2am of characzers, the word
VCEAR 1is used in the same format as HCHAR., Thesa characters
will wrap from the bottecm of the screen to the op.

The FORTH word GCAAR will return on the stack the ASCLI
code of the character currently at any posizion on the
screen, I the above HCHAR instructicn wers executad and

followed by

base ol row instT

=X F 11 GCZEAR or

DECTIMAL 13 17 GCHAR
(rag)

a2 2A HEX or 42 DECIMAL would te la2ft on zhe sZack.

DETINING NEW CIARACTERS

Zach ctaracter in GRAPHICS MODE is 3 z 8 pnixzals in
size. Zach rtow makes up one byta of the & byte charactar
definicion. Zach set bic (1) zakes om the foraground color
wiile the others remain c¢he backzround coior.

Iz TEXT MOLE, charactars 4re defined in che same way,
dut only the left § bits of =2ach row ar2 displavad cm :the
sgreen,

For example, .

R I = R
SR g RN

&
A

by
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|{— DISPLAYED IN TEXT
I
l [{== DISPLAYIZD

0 1 2 3 & 5 6 1 . TIN GRAPHICS

I O T L I O R N B
O O T T D O A B B T
N L R N N
3 1R R x| | | x| % | % | EaCH "M

, REPRESENTS
4 | * | x| %) | | % & | % | 4 §ET 31IT.
SR N R L
I N B O B
A R A R A R e

this character is defined =

3Cs6 DBE? 2708 663C
Tows =1 2=3 4=3 &=7

The FORTH word CBAR is used to craacts new characters.

To assign the above pactern to characcar aumber 123, 7ou

would cype -
base al a2 w3 7 char# Linscz
EEX 3C8%6 DBE? =7DB 663¢C 73 CEAR or
DECIMAL 15462 56295 39353 258172 123 C3AR

(1T6)
AS you can sea, it is zoTe natural to usae thils ianstruccion in ==X
than it is in DECIMAL.
T0 define ano;her character o look like character 45
("a'"y, for examplé, 7ou aust first fizd out what the jagzarm

1
S

2ode 3Ior is. To iczcmolish zhis, use zhe CEARPAT

instruction. .This Iinstruction leaves cthe character

-

definizion on the sctack iz tha proper ordar for a CEAR

e

C3A2TR 5 PACE 3 GRAZEICS



instruction., Study cthis line of code =-
EEX 41 C4iRPAT 72 CHAR  or
DECTMAL 553 CEARP AT 126 CEaR
(T3G)

The above instructioms place oo the stack the character pattern

for "A" and assign the patcarn to charactar 126. Now both charactar

85 and 126 have the same shave,

SPRITE
SPRITES are moving graphics that can te displayed cn
the screen iadependently and/or om zop of other charactars.

Tairty-two SPRITES ars availabls,

MAGNITICATION

SPRITIS dHay e defined in 4 diffarsac sizas or

magnifications.

Ry
’

i
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magnification
factor
0 Causes all SPRITES to be single size and

umiagnified. Tach SPRITE is defined only
by the character specified and occupies
cne character position on the screen.

1 Causes all SPRITES to be single size and
magnified. Each SPRITE is defined only by
the character specified, but this character
expands to fill 4 screen positions.

2 Causes all SPRITES to be double size and
umnagnified. ETach SPRITE is defined by the
character specified along with the next 3
characters. The first character number amust
be divisible by 4. This character becomes
the upper lef:t quarter of the SPRITE, the next
characters are the lower laft, upper righe,
lower right, respectively. The SPRITE £ills
4 screen positiouns. &

3 Causes all SPRITZIS to be double sizs and
magnified. Zach SPRITE is defined bv 4
charactcers as above, but each characcar is
expanded to occupy 4 screen positions. The
The SPRITE <¢ills 16 positioums.

The defaul: magnificacion is 0. To alter SPRITE

magnification, usa the FORTH word MYAGNIFY.

mag imstrz

2 MYAGNITY
(G ¥3)

will change all SPRITES to double size and ummagnified.

SPRITE INITIALIZATION

3efore you begin defining SPRITES, you must execuzz the

FORTL word 3SDT waleh roughly cramslatas “set SPRITE

JDeseripcor Tasla.," 3efora asxecucging :Ris lastTucsica, whns

i

cocmputear aust be set iato the VDP mode you wish 2o use with

CEAPTER 3 PAGE 3 GRAPHICS



SPRITES. Recall that SZRITIS are net available in

noce .

You have a choice of overlapping weur SPRITI character

de

th

inicions with the standard charvaccers iz the pPattern

Descriptor Table ( see VDP Memory Map in Ch. 4 ) or moving

the SPRITE Descriptor Tabla aslsewhersz in zsmorv., This nove

is highly recommended to avoid csmfusion. ==X 2000 is

usually a good location, but any available 2% ( >800 )

toundary will do.

tase addr iascr
=X D7 or

— O
W0 O
O
vy W

GO 82

NTOTN
SECTM

O r3or)
€<
(V3]
N

will =ove ctha SPRIIE Descripecor Table 23 22CC ==X,

"

tae value =ZEX &00 with zhe SSD

(2]

want 2o move the Descriptor Table,

Use

instructica i you do not

** NCTZ: Wnether or aot you choesa 23 =ove the fable,

70u MUST execute this instruction belfors you can use SPRITES

in your program!!!

USING SPRITZS T 3IT-MAP MCDE

When usizg SPRITES in any of the 3IT-MAP =odes

24< . ~ " Shutrd 2 e Tao ST amas Ep—.
- vy v o - R, cu - - Yo e 2i e
z Pt S S U A 2 Enm: Ll
- M -
21llowus
T Laatn- T 5 4 3 vy
IA S e 2 Iauss P [EENNE Wl e

i1

e
N ke g e b



HEX 3800 ~ SAIR
The b#se address of the SPRITE Descriptor Table nust
alsc te changed usiﬁg the SSDT imstruection. It will be
based at the same address as the SPRITE actribute Lisc
(>3800), but only a few character numbers will be available
for SPRITE pattarns. SPCHAR may only be used to defize

pacterns 16-58. (See following section for information cn

SPCHAR.)
>3800 | SPRITE ATTRIZUTE LIST |
| |
| >0080 \
| - | N
>3880 | SPRITE PATTERNS 16-58 | et
| { basad at >38C0 ) !
>39D9 | >3154a |

CREATING SPRITES

The firstc task iovolved in cfeacing SPRITZS is to
define cthe characters you will use to make them. Thase
definicions will be stored in the SPRITE Descripcor Table
mentioned in the above secticn.

A word idencical {n formar o THAR 1s used t©o stora

[N

SPRITE character patZferas. 12 you are using a zagnilfication
faczor of 2 or 3, do not forget that you aust define &
consecutive charactiers for EZACI SPRITE. Ia this casea, the

characzer # of the first characczr must be a zulziple of 4,

hase 21 22 73 w4 aRard faser
HEX QFQF 24624 FOFQ 4242 0 SPCE:R  or
CEAPTZR 5 2AGE 10 GRATEICS
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DECIMAL 38

(W1
s
D
(g8}
w
~

618630 8770

defines character Q in the SPRITE Descriptor

J SPCEAR

Table. I your

PATTZRN and SPRITEZ Descriptor Tables overlap, use characcter

aumbers below 127 with cauticn.

To define a SPRITEZ, you must specify the dot column and

dot row at which its upper lefc cormer will be located, its

color, a characcer gumber and a SPRITE oumber (0 =-231).

base de dr c¢ol char spr# imsctr
HEX 63 4C 5 10 1 SPRITE ar
DECIMAL 107 7% 5 1% 1 SPRITE

(G M3)

defines SPRITE #1 to bte locatad an column 107

lt, blue and co begid with charactar 1l6. I

o
7]

ocn the nagnificacion facgtor.
Cace a SPRITE has bteen craazad, chaaging

color or locatiom is trivial.

base char? spr# iascr

dEX 14 l SPRPAT or

DECIMAL 20 1 SPRPAT
(G4 3)

and row 76, to be

size will depend

will change che patctern of SPRITE #1 to charactar aumber 20.

1

base col

FEX - C 2 SPRCOL or
DECIMAL 12 2 S?RCOL
wL0 shange ne ocolon o0 O ITDUTD T k. g¥zen,
PRoSeY] el - Favla ——
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X 28 4F 1 SPRFUT or
DECIMAL 40 79 1 SPRPUT
(G MB8)

will place SPRITE #1 at column 40 and row 79,

SPRITE AUTOMOTION

In GRAPHICS or MULTI-COLOR moda, SPRITES may Se set in

AUOTOMOTICN. That is, having assigned them horizootal and

vertical velocities and set them in motion, they will

continue moving with no further imscruction.. SPRITE

autcmotion is only available ia GRAPHICS and MULTICOLOR

modes . ‘ s
Velccities Srom HEX O to 7F ars positive velocities

(down for vertical and right for horizonczal), and from FF to

80 ars taken as two’s complement negacive velocities.

base v .yv spr# inscr
HEX £C A l MOTION or

DECIMAL =4 8 1 MOTION
(G ¥)

will assize SPRITE #1 a norizontal velocity of ~4 and a
vertical veloeicy of &, but will not actually sat them inzo
moticn.

Aftsr you assign each SPRITI vou want to use a
velocity, vou must executs the word #MOTION to sat the

SPRITES in =otion. AMOTION sxvtec=s 2o find on zhe stack the

ailzhest PPITE fumper Tou iR oIsuaz -
. .-
CAL?T=R 5 2acz 12 GRAPYICS



R

[ ]

i
O
w
)
i

no iascr
6 #MOTION
(G M)

will set SPRITES #0 - #5 in =motion.

no lastr

will stop all SPRITE AUTbﬁOTION, but motion will resume when
another #MOTION instructziocn is executad.

Coce a SPRITE is in =motiom, vou 2ay 2155 to find oucz
izs horizoumtal and vertical cosizion on cthae scrsen at a
given gine.

spr# iascr

2 SPRGET
(G M3)
will rveturn on the scack the horizouncal posicion of SPRITE #2

. -

underneach the vertical posizion. The SPRITE doss JOT hava t©o

o s

be In AUTOMOTICN co use this inscruction.

DISTANCZ AND COINCIDENCIS 3EZTWZZN SERITZ

Iz is possible to detcermine che discances GCecwesn Iwo
SPRITES or between a 3PRITE and a point om the scraen., Tuais

eanapllizv z2cmes in handv -men wwitinz Izme AwrsgTama.

B ~ o oadh

ra2turls on the stack the SQUARE of che disctances etwesr
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SPRITE #2 and SPRITE #4.

base de dr spr# iascr

DECIMAL 65 21 5  SPRDISTXY
(G MB)

returns the SQUARE of the distance between SPRITE #5 and
the poinc ( 63,21 ).

A coincidence occurs when two SPRITES beccme zositioned
directly on top of ome anocher. That i{s, their upper left
corners reside at the same point. Beczuse this condition
rarely cccurs when SPRITES are in AUTOMOTION you can set a
tolerance limit Zor coincidence decaction. For example, a
tolerance of 3 would raport a coincidence whnenever che two
sprites upper laft cor=ers came wizhin 3 dot ﬁositions of
2ach ochar.

70 £ind a coincidence besween two SPRITES, the FORTH

word COINC is used.

spr# sprd col iascr

7 9 2 COING
(6 ¥ 3)

will detect a2 coincidencs bdecween SPRITIS #7 and #9 if ctheir
upper left corners passed within 2 dot sositions of 2ach other.

2 a coincidence is found, a txue flag is laft on the stack.

T2 2ot, 3 fzlse flag is left,

C3arPT=]R 3 PAGE le CRAPHICS



base dc 2ol insctr

n.
3 ]
[
g
2]
=i
€

DECTIIAL 53

1~
O
o
w

COINCTY
(G M 3)

will detsct 2 coincidence between SPRITE #8 and the point
( 83,29 ) with a tolarance of 3. 4 true or false flag will
againa te left om the stack.

3oth of the zbove instrucctions will degzcc a
coincidence between non-visible parts of the SPRITES. That
is, vou may not be able :o.SEE the coincidencs=.,

Anotner ianstruction is wusad o dazeac

"
o]
3
~
<3
[
[€2]
[
u
£

1

coincidencas. 1It, however, will aez

n
®
(i
({1

¢t colncidencss

[y

cecween 3 selacz two SPRITES, Suz will

(a
[0}
Q
|
@

i
t
!

i
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when ANY two SPRITES c¢ollide. This izoscm

g
o
‘A
o
o
4o
()
Q
)
H
¥
4
0
r‘_
‘
-

(e

DELZTING SPRITZS

AS you mignht have noticed, SPRITES do 20t go away when
yeu claar cthe rast oI zhe scrzen with CLS. Special
instTuctions 2ust be used o ramove SPRITEZS from the

disvlav.

spr¥ imscts

24?1 mamarra ITIDT PN 2. ~ - mer 21 o
- y P, e 2l = - {-a
em= TIWOTE O aL.l Fo ITT@ TOE 38T=2ETL TV o2olarLig LIS
: Sy - — ; -
Lo mmeme - o - o' - [P - - - - 2= 1y = Vea -
283QTLolicn o the STPRAITE Actrilwezs Liscs 3e2 VO? lemonr
e TN p— - - - P I )
34 DT A ; 3 =
Lol LA T Iavs . [N S e |



Map in Ch. 4 ). It does not ramove the velocity of SPRITE #2

bk Bt e BOB it e o e o eE -

from the SPRITE Motion Table, nor does it alter the number of

SPRITES the computer thinks it is dealing with. In other
words, 1f you were to redefine SPRITE #2, it would
immediately begin moving with whatevar speed the old SPRITZ
#2 had.
DELALL
(G X3B)

on the other hand, will remove all SPRITES from the screen,

and from memory. DELALL needs no parametars, Only the SPRITE

Descriptor Table will remaiz intaet afzer 2his instruction is

exacusad.

*T..TICOLOR GRAPHICS

MULTICOLOR MODE allows you =zo display waleidoscopic

"graphics. Each character position on the screen consists of

§ smaller squaras which can each Se 3 diffsrenc color. A
cluster of chese characters produces a kaleidoscope when Gthas
colors are chaﬁged rapidly.

Aftar entaring WULTICOLOR MODE, it is necessary <o
inizialize cthe seraem. The MINIT iascructiom will
accomplish this. ;I: needs no parametars.

“hea iz WULTICOLCR MODE, :he columns arz aumberad 0-43

O

and T™Ws 3ra ~umberad T-47 . L 2unl

izslor zharaczar s /4
the size of a standard characcer; cherafors z=orz of chem fi:

across and down the s

n

Taan.
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Tc dafize a multicolor charactar, you aust specify a
color and 3 position ( coluwmm, row ), and thea exscute the

word MCHaR.

base color col row iascr

O

MCE:
MCEAR

+
.o
&
—
—
"~
o
[
'S

[
(Rl

Tne above instruction will place a . vallow squarcz az

( 26,64 ).

To changs a charactar’s cclor, sizgly Zdefine =
difsrant color MCHAR wich the samz2 scsizica. Ia other

words, cover :he existing charzczar,

TSING JCYSTICKS

The JOYST instruction allows vou to use Joysticks in
your FORTE progTam. JOYST requires only one jarzmetar; a
{avboard aumper. The Reyboard aumber zells zhes cocmputar
which Jovstick or which side of zhe ¥eyboard 7o scan Zor
input. 'Waen Ravboard #l is specifiad, boch Joyscick #1 and
zhe laf:t side of zhe Rayboarzd ars scanned. When Xavboard #2
is speciiied, Joystick #2 and the right side of zha Raeyooard

ara scanned. A ''"Ray Pad” exists on 2ach side af the

anan Jovscici #1 i3 srveciiiad:
vy m—— o= - PR .
SEARTER S FAGD L SRAZRICS
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W = R
diag. wup diag.

S D
lefr right

Z X C
diag. down diag.

When Jovstick #2 is specified:

b4

fire

§) I 0
diag. wup diag.

J X
left rigzhe

N ot ,
diag. down diag,

The JOTST iascruction razurns 3

an ASCII code ( onm =ha BSotzom of

the

status, and 3 ¥ Joystick status ( on

stack ).

fcllowing diagram.

CaAPT=2 3 EE

The Joystick positicms are

Legal input xevs on
the LEFT side of the
Kayboard. @ is used
as the FIRE buton.

Legal 1anuz keys cn
the RIGHT side of the
Reyboard. Y is used
as the FIRE button.

numbers on the sctack:
stack ), an X Joysctick
the top of the

illustraced ia che

GRAPEICS

Er s
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E,I
(0,4
|
w_,g ‘ Rlo
{BC,8) ! (4,8)
: {
. !
. !
S-)J‘ . : i DyK
S - ]
|
I
l
(FC,7C) ! (4,FC)
z's i C‘l‘
| .
(0,%FC)
LM

Hex FC equals decimal 252.

The capital latters indicata which keys omn the
lefr and righc side of the keydoard rztura these
valuves.

*REANOTE***¥ The azscii valus of all FIRE buttsas
is 18.

If no Xeyboard key {s pressed, che raturned values will
be an ascii code 253, and the current ¥ and Y Joystick
posicions. If a Reyboard key was pressed, the ascii value
of that key will be raturmed along with izs cranslatad
direccional meaning ( see 2bove diagram ).

1f an iilegal Rayboard kay is pressed, thres 0’s will
be returmed. If the FIRE buttoun is pressed, an ascii 18

along with wwe A3 M1 e venummuad

PADesL A

"I otonw ars usLee 0TS s 5 Leom.

e g3 Yen smen o . SR v
- N . o,

ST CiRerwise use Cne chrese numpers laf

3]

on the stack before
calling JOYST again. 4 stack overflow will wasulc if 7ou do

not.

CIAPTIR 6 PAGE 19 GRAZEICS

.-



50T GRAPHICS

High resolutiomn (dot) graphics are available in

SRAPHICS2, SPLIT, and SPLIT2 medes. In GRAPHICS2 mode, 1t

is possible to independently define each of che 49152 pixels

on the sgreen, SPLIT and SPLIT2 modes allow you oo d2fine

the upper two thirds or the lower five sixths of the

oixels,

Three dot drawiang modes are available:

1) DRAW = plots docts in the ‘on’ state
2) UNDRAW - plots dots in the ‘off’ sczata

3) DTCG -~ toggles dots between che ‘on’ and
"o0ff’ state., If zhe dot is ‘om’, DTCG will

turn iz ‘off

’
’

and vige~versa.

The value of a variadle callad DMODE contrals which

drawing mode vou ara in. 1f DMODE=Q, you are in DRAW acde.

If DMODE={, wou are in UNDRAW mode, and Zif DOMCDE=2, 7ou are

ia DTCG aode.

To actually nlot a dot on the screen, the -D0T

aruczion i3 used.

[

< -
-

[a}
o

IS
ot

3w 2t the pixal

CEAPT=R 4

You aust specify che dot column and

7eu wish co ploc.

basa de¢ dr 4imscr
PIOtODALEY ST R plem
izcending om ne Talus 2f IMODE, 3 dox oac

"
W
3

20 GRAZEICS

Nohwr



The default color for dots is white on transparant,
The screen color default is black. 7To altar the Zoreground
and background color of the dots you plot, you must modify
the value of the variable DCOLCR. The value of DCOLOR
snould be two HEX digits where che first digit specifies the
foraground color and the secound specifiess a background
color. Why do you need ; background color for a dot? There
is a simple explanation. Zach dot represents ome bdit of a
oyte in memory. Any bit in the byte thart is turmed ‘on’
displays the foreground color while the ochers take on the
sacsground cslor. Usually, vou would specily the background
color to be tramsparect,

The FORTH ilostructionm LINE allows you 2o easily zlcot a
iire Dbetween ANY two points on the 3IT-MAP? portion of che
scre2en. Tou zust sveciiy a dot column and a dot row fov

2ach of the two points.

base del dr

pa—

de2 dr2 iast

]

DECTIMAL 23

,M
to
(¥
O
~4
o
[
)
bl

The abeve instruction will plot a line frem
P

b
[
(20
t
"
Q

right becween ( 23,12 ) and ( 56,78 ). The LINE imstruction
calls TCT 20 plot each ngiaz thersicra. 7ou Tust ~raszar

Il B2 e he ot P Neseats ea . [P = - ag
emmie il 2T Levwewdh R0 0E W3LAY

CRAPTER 4 PAGZ 21 GRAPHICS
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SPECTAL SCUNDS

Two special sounds can be used to enhaznce your graphics
application. The first is called BEZP? and preduces a
pleasant high pitched sound. The ocher; called HONX,
procduces 3 less pleasant low tone. To use these noises ia
your program, simply type;che name of the sound you want to

near. No parameters are aeeded.

CONSTANTS AND VARTASLES USED IM GRAPHICS ZRCGRAMMING

The following constants and variables are defiped in
the GRAPIICS routines. The values of COLTA3, 2?07, SATIR,
SN, and SPDTAB zust bde changed LZ you ars cperating in

GRAPHICS2, SPLIT, cor SPLIT2 aode. See the VTP Meory Map iz

Chaptar &.
came type description defaulc
COLTAB C  YDP address of Color Table I=X 380
DMODE ¢ Dot graphics drawing mcde 0
70T C VDP address of Patctarm Desc. Table #X 300
SATR C VDP addrass of Sprirs Actrzib. Taole EHEX 200
SMTY C VDP address of Sprizz Macion Table 4EX 780
SPDTAB c TDP address of Sprita Desc. Table FEX 30C
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THE FLOATING POINT STUPPORT PACKAGE

WORDS INTRODUCED IN THIS CHAPTIR

. >ARG F0O< FMUL
>F FO= FOVER
>Fa < FSUB

, 7FLERR Fa TSWAP
ATY ™ INT
cos ‘ T LCG
EXP FAC->S Pl

, E
F! FACS S=>F
> FACDARG S=>FAC
e FADD SETTL
g F- I sS4
F->8 ToUP 3QR
F. F¥. TA
; 7.2 FT.R 7aL
1 ¥/ FLERR
1 The floating poiat package 1is designed o aake it =asy
- ° to use the Radix 100 floating poinz nsackages availabls in RCM
-1 in che TI-99/44A cousole, Normal use of these routines does
- oot require the user to understaad the implemencacion. Teor
, those users desiring o improve the affaciancy of these
: operations by optimizing the code Zorv this implamencation
—i
- the details are given i{n the lactar portiom of cais
- . chaptar,
: The floacing poizt zumbers ia the 99/44 occupy 4 words
~A Y
- (8 bytes) each. In order to simplify stack zanipulations
Loa Thas —mkars a fS.f.,..DWlx ATSRL WWnIiTHLLNLUT 2wl
T2 STasartsd s TRIR NRSSOAE T LTD TG i
—— peint aumbers can e storad and Z27ched v using the T oand

7€ words., The user aust ensur2 thar idequaza sSI0TagE L3

alloc

i

s 2 . e A ey me = s = e e
tad ot these numbers (2.3, O TARIASLI annn 4 ALLCT

pe s

- . C‘JA.:M._‘.-P! -~ ? [Wae '_ T—; A LTI o T e
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could be used. VARIABLE allots 2 bytes. )

The following words put floating point aumbers on the
stack so that the above operations can be used. A ld-bit
number can be converted to f£locating point by using cthe S=>F
word., It functions by replaciag the l6-bit aumber on the
stack by a floating point number of equal value. Izs
inverse is F->S which starts with a flcating point number on
the stack and leaves a3 '|é=bit integer., In addition the word
>F can be used frcm the console or in a c¢olon-definizion to

convert a string of characters to a floating point number.

ag
-

Note rhat > 3 independent of the current value of 3ASE.
The string is always cerzizated by a tlaok or cartiage

rarurn. The following are examples:

FLOATING 2QINT NUMBER EINTRY

>F 123 or 123 S=D>F
>F 123.4396

>F =123.436789

>F l.234E-8

>F 9876E838

>T 0 or ¢ S=>F

Floating poiac arithmectic can 10w be zeriormed on the
stack just as it i3 with integers. The Iour arithmecic

operators are: ™ , = , F* and ¥/ . The word PI is

-

available :o place 3.141392653590 on the stack.

I3

Comparisons becween Iloacing zeoint 2umbars and fasting

— Ay~ e ]
e . ?J L}l-

()
:
[]

i
J
'E>
i
2

[



TORTH

TLOATING 20INT COMPARISON WORDS

FO< True if £1 on stack is negacive

FQ= True if f1 on stack is zearo

» ( f1] £12 — £ ) £ is true 1if f1l > £f12
F= ( £11 £12 — £ ) £ is true {f £11 = £12
F< ( £1] £12 ~— £ ) f is true if £fl] < £12

The word F. is used te priat the floating point aumber

on the top to the stack to the terminal. The format used is

identical to that used by B3ASIC:

1) Integers representable exactly are primced wicthout

a trailing decimai,
2) Tized poiat format i{s used for mumbers in Tange

Expounential (scientific) format is usad for very

large or very small aumbers.

15 the flcating point aumbers ars to be output in a

table the word F.R can be used =0 right justify {c in a

£ield of width R whera R is a l&-bic word addad to che to

of the stack Zfor zhis purposae.

Two additiomal words are usad Zfor amcrza speciiic
formating. They ars FT. and TF.2 . FTT. raquiras wo
intagars on the stack above the floacing poiac aumber.

control the Raximem numper of digits to convert and the

aumber of digits following the decimal point. FF.R adds the

printing field width o this to make a total of thrae

ZJrazars

e - oy mmarm o
CZAPTR 7 2AGE 3 TLCATING T
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The following transcendental functions are also

avallable:
TRANSCENDENTAL FUNCTIONS
o fll — £12 Returns largest intager not larger then the inpuc
- £11 £12 —— £13 Fl3 1is fll raised to the £12 power
SQR 1] — 12 F12 is cthe squars root of £ll
EX® £fl11 — fl2 F12 is e (2.718281828...) raised co the fll power
LCG £1] — £12 F1l2 is the natuzal log of {1l
cos f1l — f£12 ¥12 is che cosine of £11l (ia radians )
SIN £11 — £12 F12 is che sin of fll (in radians)
TAN £11 — f12 F12 is the tangent of f1l (in radians)
ATY fll -— £12 F12 1is che arctangent (in radians) of fIll.
CAUTION! & confliet exists when using transcendentals
and floating point prints while in tit-map mode. The e

contents oi the VDP 2ollout Area ( >3C0 - >3DF 5 aust e
saved tefore a rramscendencal or iloacidg soint priat is
axacutad, and rastorad upon ccmplgcion.

** NOTS: The ctranscendancals also use the area '‘@own as
the stack for VSPTR (See VYDP Memory Map in Ch. 4). This
arsa is pointed co}by >836E.

The remainder of rthe chapter will address the iazerZacs
to the floating point roucines 12 the coasola i greatar
detail and is 1ot necessary Zor cmosz Zloating poiat usa.

s

The floating point routines use Two zemory locatioms in
the console C2U0 ram as floacing ~oint ragisters. They are
called FAC (for floating point accumulator) acd ARG (for
argument ragiscar;. JORTZ aas Two coumsctancs Wizl these sace

\r
2BCIaT.

Izmes 193t 23l D8 us_ee 1o acs2ss Inesa Locacicns d

n

The wotds >TAC and DaRG 2ove Flcacing soint daza it

CAZTIR 7

o

i
o
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stack to these two locations. TFACY is usad to move data
frem FAC to the stack. Each of the binary floating poiat
operations raquira tha: two numoers be zmoved Ifrom :the stack

to FAC and ARG. SETTL does this by callicg >FAC and >ARG

The words FADD

(25 ]

SUB , MUL and FDIV each use the valuees in

-

»

FAC and ARG and leave the resulc in FAC as they pericrm the

floating point arithmetic functious.
When couversion from lé-bit integer co floating point

is performed, it is done in the FAC . If the usar desires

the rasult to remain there rather than to Se Brought back o

i3e stack the word S->FAC can be used. 4
Several ziscellanecus words izclude FAC->3 o convers

the contants of FAC to & l&-bit integer om the stack.

FACOD ARG moves the con:én:s of FAC ro ARG . VAL is used to

convert a string at PAD to a Iloating point number, FLERR
is used to fetch the contents of the floatcing poizt =rror
regiscar (see Iditor/Assembler =anual) o the stack. 12

thera 1s a possibiliry of a floating poiar ervor condizion

?FLEZRR can be used o tast for and Zlag such a condicd

a QAL2LC0.

wn

C3APTIR 7 PAGT TLIATING PO /
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ACCESS TO FILEI 1/0 TS

CZAPTZR 8

ING 69/44 DEVICE SERVICZ RCUTINES

- WORDS INTRODUCEZD IN TEHIS CHAPTER

1/0MD

APPND REC-NO
CHAR-CNT! NPT RLTV
CEAR-CTE DITRIL ASTR
CEX-STAT LD SCRTICH
CLR-STAT A=-LZN! SET-PA3
CLSE OPN SQNTL
DLT ouT?T STAT
DOI/0 PA3-ADDR sV
DSPLY PABR-BUT SWcCa
F=-D" PAB-VBUT UNSWCE

. FILZ PUT-TLAG CFDT

o xes) D IRSL
GET-TLAG REC-LZY WRT

This chapter will explain the =2eans by which diffarent

T2 accassad wizh

types of data files native to the 99/44

w

TI-7CRTE. 7To¢ further {lluscraca :ths mazerial, twec commentsd
examples nave been included on the last pages o this
chaptar, The first demonscracas the use of 3 Relacive disk
£ile, and che other a Sequencial RS232 Zile.

A grToup of FORTH words nas bdeen izcluded iz this

varsicn of TI FORTH to permicz a FTORTE program ©

-
TIIRrance

[¢]
"

common <ata with 3ASIC or Assemply Language programs. Thesa
words implement zhe fils system described ia zhe TI 3ASIC

-

and EDITOR/ASSEMBLER manuals. Yote that the diskecce on

which you received your TT FORTH syscem is QT a scandard

W xeerat . a - ne e r e e S e, e P
e 3ERTLL AL LNED TN SiDULL ZEIZITIZ Jaaz= o J S/ ITnR

contain TORTE SCREENS.

CEAPTZR 3 2AGE

e
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Beforz any file access can be achieved, a Peripheral
Access Block (PAB) must be ser up which describes the device
and file to be accessed. Most of the words in this chapter
are designed to make manipulaticn of the PAB &s easy as
possible.

A PAB comsists of lQ bytes of YDP RAM plus as many
bytes as the device name to be ;c;essed. An area of VDP RAM
has been faserved for this purposa (consult the VDP Memory
Map in Chapter 4) The user variable P23S poiats te the
segining of this regien. DO MOT use cthe first 2 bytes of
this area as they are used by 7CRTZ ia igs FORTE=scyls disk
access, Adequate spaca is providad Zor =many PA3s in this
arsa. The Iollowing diagram illustratas the structurs of z

243.

3yta Q j 3yt2 |
1/0 Qp=code l Tlag/Status

3ytas 2 & 3

-

5

!

|

|

|

| Data Buffer JAddress

|

| Byta 4 | 3yta 3

| Logical Record Langth) Chazraczar Count

|

| 3yca & & 7 i
} Record Number [
| l
| 3yta 8 | 3yte 9 |
| Screen Qffser | Name Lecagth !
l i
| 3vta O+ |
| File Descripcor . !

Wy
K]
)
L

- o - o mm— = o
ACC2Ss TC FIZ UG
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All Device
to perfora daca

- is using CPU RAaM

Service Reutines (DSRs) on the 29/4A expect

transfers to/from the VDP RaM. Sizmce TORTH

it means thac the data will be zmoved twice

in the process of reading or writing 2 file. Three

variables are defined in the FILE I/0 words to keep track of

these memory areas.

YARIABLES USED 3Y FILE I/O

PAB-ADDR

PaB-3UT

T

PAB-V3UT

B

Points into VDP RAM to first bdyte of che 243

Points into C2Y RaM ro Iirst bwte in
FORTA’S amemory wnere allocation has seen
made for this buffar

Points into WDP WAM z2 first byzz of 2 i
region of adequazz lLangrth o scors daca
temporally while iz is transiesrad Yezwaen
the £ila apd FORTE. The area of VYDP which
is used for this purgose 1

on the YLP Memory Map in Chaptesr 4, I
woTking in bit-map mode, be caucisus as 1o
where PAB-V3UT is placed.

The word F1LZ 1is a defiaing +ord and rermics you =3

create 3 word which is the name by which cthe fila will be

-

of the above bHuif

-y

stack in the above order followed 5y TILI ard :the

" (not necessarily

values ©o Se used

known. A decisicno must be made as o che locacicn of =2ach

ars serforz the word 7ILZ may e usad., The
Insr zhe above variables ar= pnlaczd 2n :hs

—4
e

r

the device name)., For Zxample:

Sl ) sLar 2 hTIS TA TTTT T e
AT el O Sk - ALLeSs L0 flas LS
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USING THE DEFINING WORD “FILE’

0 VARIABLZ MY-BUT 73 ALLOT ( Creatz 80 charactar buffer )
paRs @ 10 + ( PAB starts 10 bytes into )

( region for PABS [ PAB=ADDR ]
MY-BUT ( Location of PAB=-3UF )
6C00 ( A free arza for PA3=-VBUT )
FILZ JCE { Whenever the word JCE is )

" ( execuzed, the FILZ I/0 variables
- ( w1ll be set as defined here.)

JOE ( Use the word before using any )

( other FILE I/0 words )

The word that creatas the PA3 skeleton is SET-PA3., It
craatas a PAB at the addrass shown in PAB-ADDR and zeros it
axcept Jor the buifar address slot. Iaco this iz places che
contants of the variabls 243-73UT.

Tilas on the 39/4A have various charactistics which are
indicarad by keywords. The Icllowing table dascribes the
available options. ,The example iz the back of the chapcer
will be nelpful in chat it shows at what time ia che
procedure these words ars used. Use only the actoibutas
which apply co your £ilas and ignors che others. Rememper,

i you are using auwliipls Zilas chen the one rafarenced is

tle cone =ost racesatly azmed.

Caar™xR 32

)
o
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FILZ ATTRIZUTE WORDS

| Options
!
Actribute Type| From BASIC Frem TORTH Description

File Type SEQUENTIAL SQNTL * Racords may ouly be accessad
in sequenzial order

RELATIVE LTV Accessed in sequential or
randecm order. Recoris aust
be of fizad length

Record Type FIXED XD * A1l records in the £fils are
the same lengta
VARIABLE TR3L Records in the same fils a=av

have diffarant leng:clas

Daca Type | DISPLAY DS?LY * Tile conctaizns princasls or
| disvlavabla charzczers
| INTZINAL LITRNL Tilae conrtaizs dasz iz
i machine Zsmazs

Mode of i I3IPUT 2T Tile concents can te rzad

Nperation ! irem Sut not wrizten o

| QUT2UT QUT2T Tilas comiancs can ta writtan
| 0 But 20C T=2a3d ITom
| JPDATZ G207 * Tila conzaaIs <3n be wriztan
| to and r=zad Ircm
| APPEND AZPND Data may be added 2o end of
! Zils but <cznmot 32 T=2ad

* Defaulc if accribute is zct specifiad

To specify the r2eord length for a Zila, the desized
length should te on the stack when zhe word REC-LIT is
axacuced. The length will e placed in the 2A3, Ivery ZIila
@UST have a came.:o specify the device and $ilsz o e

P

accessed., This is perfommed with the the 7=D" werd which

- pmm e -z - - m e - Dm el o Pt L
200273 38 - L.2 CJAascrloiLcoo o 2 e = Sy 2
P R v smoy 4 giispm e Fmy vare = o U o .
SSenOWaL IV o 3UTLAG 188CINLoLNZ D8 Tl nNL O BTImLLAILNEL Ss
IR T e - - [ - - s
[P - - s - P L D gt} - - © eawm - o’ ~ -
- -  \ 2 L m o e meme e
SAPTZR 3 2AG2 3 ACCZ33 7C TTLI LS
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FORTEH

F-D" RS232.3a=%600"
F-D" DSKX2.FILE-A3C"

The actual I/0 operacions are performed by the
following words. The table gives the usual BASIC keayword
associatad with the correspondiang FORTH word. Hare, as in
the previous table, the FORTH words ara spelled d
than the 3ASIC words to avoid a conflict with ome or cors

existing rORT3 words.

WORDS THAT PERFORM FILI I/0

Trom BASIC From FORTH DSR Opcode
OPEN 0PN 0 -
CLCSZ CLSE i
READ b 2
WRITZ WRT 3
RESTORE STR 4
LOAD LD 5
SAVE sV 6
DELETE DLT 7
SCRATCE scrTcd 3
STATUS STAT 9

QPN opeuns the fila specifisd by the curresacly selected
PA3, (LSE works similarly for closing a fila.

3efora using che RD, WRT, and SCRTCA instructions with
a Relative fila, you musc place the desirad ra2cord mmper
into the PAB. To do chis, placs the record aoumber on the
stack and sxecuta the word REC-NQ. If your files is
Sequenclial, you ze=d 20C <3 shis,

The 3D izsctTuction il srzmsfar ihe scucancs of zhe
T2cord lato 7our PAB-3UT and laave 31 charactar ccunt on zhe

stack. WRT takas a charzczar count STom the stack and ooves

0O

CAAPT=R 3 PAGE 3 ACCZSS 0 FIiE I/0
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that number of characters {rom the PAR-3UT to the desirsd
file., RSTR takes a record numter Irem the stack and

rescores a ralacive file to that receord. LD and SV ars used

to read and writs program files respectively. They each
require a byte count on the stack. For 8V this is the
aumber of bytaes to save; for LD it is the maximum number of
bytes to read. 32oth of these commands expect or place the

et

data in the VDP RAM at the address specifisd in PAR-V3UT.

QPN and CLSZE need not be used wizh LD and SV . DLT is used

o delets a f£ila., SCRICH is used to remove a ralative

Tecord. II Tagquires a rtecord aumzer onm ke stack.  STAT

The words GET-TLAG , PUT-FLAG , CLR-3TAT , CEK-STAT
/oM , CEar-CNT! , caar-Cmr?
available f£or tha advanced user and cheir ugilizy will za

ocvious cto that usar wnen the definizions onm disk z

"
(1]

examined.

Examples of File I/0 in use are availablz on the
SCREEZNS cthac defire the Altermate 1/0 capabilitias for -

orinciag co che RS232.

ALTERNATE INPUT AND QUTZUT

e et i PCTTATE an fm amm it
e words SWIE ind TISWCE zake (i ross

- o E— . Y M ~ ~ .

PP 2 dew R D . ~ L s - - e
PO PP, [N -y v e - v - e 7 qroucs
e S PR e i WM v - e mwie SOTIEN - JUT UL
- wm 2 e ol -y -
3 txe =menizcT. 3y oLweing

1
T,
1]
|
¢
y
n-
£d
i
o)
(9
(@)
4
[ €3]
13
)
3
4§
§
]
b
[}
[@:
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F-D" RS232.3a=9600"
F-D" DSK2.FILE-A3C"

The actual I/0 operations are performed by the
following words. The table gives the usual BASIC keyword
associated with the correspondiag FORTH word. EHere, as in
the previcus table, the FORTH words arz spelled differesnily
than the BASIQ words to avoid a coanflict with ome or more

existing FORTI words.

WORDS THAT PERFTORM FILE I/0

From 3ASIC From FORTH DSR Opcode
QPEY oPN 0
CLCSE CL3E 1
READ D 2
WRITZ WRT 3
RESTORE [STR 4
LOAD i) 5
SAVE SV 6
DELETE DLT 7
SCRATCE scaTCa 8
STATUS TAT 9

0PN opens the £ila specified by the currencly selacted
PAB. CLSE works similarly Zor closing a fila.

Before using che RD, WRT, and SCRTCI instruccioms wich
a Relative 2ila, you nust place the desired racord aumber
into the PA3. To do this, place the record oumper on the
stack and =xecuta tle word REC-NO0. Lf your file is
Jeguenctizl, rFou z2ged 20T 8 Ihis.

Twa2 D insctruccion ALl

.
-
e
i
[t
i
w
i
w
1}
it
1)
i
(i
O
9]
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I
3
“
17
i
ra
i
)
o

z2cord iztoe your ?:3-3U0T and lazve a charactar <csunt on zde

stacik. WRT zakas a charzczar csunt ITom cha stack anmd zoves

Caa?TR 3 ZAGZ 3 ACCISS 70 Fll= V0
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FILE I/0 EXAMPLE #1:

Instruction

Relative Disk File

Ccrmentc

HEX
0 VARIABLE BUTR 3E ALLOT

PABS @ A + PAB scarts 10 bytas into PABS.
Tnis will be che PA3-ADDR

BUTR 1700 Place the 243-3UF and 2AB-V3UT on
stack in preparation feor FILE

FILE . TESTFIL Associates the name TESTFIL wich
these thrze parametears

TESTFIL File pame aust be exacutesd before
using any other File 1/0 words

SET-PAB Creats PAB skalecton

RLTV dake TESTFIL a2 Relacive fila

FXD Records will bte of Fixed langta

bSZLY Records will contaia princables
informacion o

40 REC-LZEN Record langeth is 84 ( >4Q) Sytes

7-0" DSXR2.TEST" Will creac2 3 disk 2ils called TIST

oM Cpen the Zfile

. . . . . . » . ¢ - . . . . . . . L] . .

To writa more than one rtacord zo tha Iils, it is necessary 2o

writa a procedure. This routize may se ccmposad on a FORTE

SCREZN beforshand and loaded 2t this tize.

¢ FIL-WRT TESTDATA TESTDATA is ASSUMED to Ge :the
beginning zemory addrass of zhe
informacion 2z be wrictan o
the f{ile

10 0 D@
jpleg2
30TR 40 QIOVE

7 REC-YO
40 WRT

40 +
LOCP DROP

:

¢
k
x.
i
o

Change number base to Hexadecimal
Create space for a 64 Dbyte bufier
which will be the PAB-3CT

Waac to wrize 186 ( >10) records

Duplicate address

Hove 54 dytas of che informaticn
into zhe ?A3-30F

?lace record aumber inco 243

Write ome 84 byta racord to
disk

Increment addrass

Claar stack

the

for next rTacord

. vy e m e e
el W28l il ceell

J
te

i
Lxy
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SUTR 40 DUMP

CLSE

XV}

o

)
i
NS
l"
O
)
)
(D]
«

4

C

Ixecuta writiag procedure
Choose a record aumber to read
{ 4 is chosen here ) o
verify ccrrect output., A byte
count will be laft on the stack
and the read information will be
in BUFR
Print out the read iaformation
to the =monitor.
( DUMP routines aust be loaded )
Close the file

ol e T o d~ T SN
- -~




Iascruccion

=X
0 VARIABLE MY-3UT 4E ALLO
PA3S @ 30 +

w-3U7 19400

()
o

il PRNTR

PRNTR

a, A file=-wriczs rcouczi
nrahand and loadad zac

MZ-3UT 0 CQweve
30 WBZ

LCO?P DROP

T

O bt vt bn

Py m— 2
AT L2 D

ol

rocedure is necassary o wriI2 JoT2 Ihza one racord 9 a
e mav te comrosad on a IORTE SCREZY

Change aumber Ddasa t

Creace a 80 characcer PA3-3UF

Skip over pravious P
will be the 24AR-ADDR

Place the PAB-3UT and 243-V3UT
stack in preparacion Iar FLLZ

Associaces the name PRNTR with
these threse parameters

File name musc be axacucad jeiore
using any ocher Fils 1L/0Q words

Creacte a 243 skalecon

PRNTR will contain priacabls
infor=aczion

PRNTR 2ay ze accasad only in
Sequenzial ordar

Records 2av nave variadla lsangins

Maxiawm racord langsh is 30 chaz, U

PRNTR will art 28237 Zila. Zaud

se
Tate = 95800.
Open the ZIila

”~
a =
TR S - -~ -t -t { -~ -
thils zizme. The Zollowing s & sizple
>rT A Vel S - i - ~ P
STLZ-INE0 i1s assumec 0 52 tha

S\ "' e S )

beginnicg addrass ia aemorv o
the informacion o %e sent 5 ks

el LI LLL LT
_ -~ - - -
agut2 LwTLli2 orocecurls

- - - ~ lad m_—2
Le2%8 08 IuLL2 J32..2C JRLLA
| - RN L e A e e =l
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CHAPTER 2

TEE TI FORTH 9900 ASSEMBLEIR

The assembler supplied with your TI FORTH system is
typical of assemblers supplied with fig-FORTH systems. It
provides the capability of using all of the opccdes of the
9900 as well as the ability to use structured assembly
instructions. It uses no labels. The complate FORTH
language is available to the user to asgist in macro cype
assembly, iZ desired. The assembler uses the standard TORTI
convention of Reverse Polisn Notation Zor sach instruciion.

S ~
1iscar ¢

for =2xample the instzuction t0 add wagiszar | o r=

uq

[
n
e

1 24,

AS can be seen ia the above axample, zhe “add’
inscruction mnemonic 1is fSollowed by 3 comma. Zvery aoveoda
in this FORTHZ assemblar is followed by a c¢cmaa. The
significance is that when the opcode is reached during th
assembly process, the instruction is ccmpiled iz2o the
dictionary. Ihe‘ccmma 1s a raminder of this compile
operaction. It also serves to assist in differentciacing

assembler words frcm the vest af the words ia =he 7T TORTHE

T - - Tl aw  aw Nrryrrwsy . ' P N
-3nghiag3, . tTmpletz LLl3T 3r SORTE suTae LosdTucTLon
INMEMORIII L3 FLTER LD N2 I0LLUWLDD SBTL3.

CEAPTIR 9 JAGE ! TORTE ASZZMRBLER

R
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9900 ASSEM3LY MNE{ONICS

A, JEQ, RSET,
AB, JGT, RTWP,
ABS, JE, 5,
AT, JHE, SB,
ANDI, JL, SBO,
B, JLE, SBZ,
BL, JLT, SETQ,
3LWP, MP, SLA,
c, JNC, sec,
C3, INE, SOCB,
cI, JNo, SRA,
CKOF, , Joc, SRC,
CXON, JOP, SRL,

. CLR, LDCR, STCR,
coc, LI, STST,
czc, LIMI, STWP,
DEC, LREY, SWPB,
DECT, LWPI, szc,
DIV, MOV, SZCB,
IDLZ, MOV, TB,
INC, oy, X,
INCT, VEG, xop,
INV, ORI, XOR,

These words ara all availablz when the assembler is
loaded. <¢Cnly the word C, conflicts with the existing FORTH
vocabulary,

Most assembly code ia FORTH will probably use FORTH's
workspace registers. The following table describes the
register allocation. The user may use registers Q0 through 7
for any purpose. They ars usad as temporary regiscars ounly
within FORTH words which are themselves writcen in 9900

assembly code.

CEA?TZR S PACGT z SCRTH ASSEMBLER



N

s}
O
2V
3
8 ¥

FORTH’S WORXSPACEZ RTGISTIRS

Reg Name Usage

These tegiscers are availakble.
They are used only wizhia FORTH

| words wrictan in CODE.

I
/
Points to base oI USEZRX VARIASLE acaa
Parameter Stack Pointer
Inner Intarpreter curranZ wWord polater
LINRage for subroutines in CODE routines
Used for CRU iastructious
Iacerpracive Poiatar
Ratura stack Poiatar

~NOoOrWn W~ O
\\/-—-.—_‘

E

&

w
g

EH

RIS S

NEXT Points o MEXT imscruction fegch routine
«ten tha assemblar is loadad, Iz i3 loaded inzo the

ASSEMBLIER wocabulary., 7To use :the assembler, tvoe ASSETMBLIR
o nakea it ﬁhe conteaxt voceztulary., Assembly defiaisions
begin with either the word CODT or ;CODE Thase ars used ia
the following wav:

ASSEMBLIR
CODE IZAMPTE

This begins zhe dafiniczion

O
[}

3 zodée routine named
ZXAMPLE. The above words would se Zollswed by assemply
amemonics 3s desired. ;CCDE i1s usad as very auch lika i

word DOCES>

ey -~ P N o mmmoy | A e e -
s ) z < N T 3 JATVTY T
(PR Phgiiit Y Jald 2 SUNLN AaSS.DL A
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ASSZMBLER
:  DEF=-WRD

o an existing defining word must be included
. here to create the dictionary header.
»

; CODE

assembly mnemonics

Later when the newly creatad defining word DEF=wRD is

axecuted in the following form, a new word is defimed.
DEF=-WRD TZST

This will create the word TEST whica has as its
axecucion procedurs the code following ;CODE .

we will pow {ntroduce those words that sermisz chis
assemblar o perforz the various addressing =modes of which
ih2 3900 is capabla, Zach of the ramaizing examples will
show both the FORTA assembler ccde for various i{zastructiomns

and the gors cogventional =ethod of coding the same

WORKSPACT RECISTZR ADDRESSING

Forth Conventional Assamblar

CCDE ZX1 DETX ZX1

L 2 4, . X1 A R1,22

3 INC, INC 33

3 FTFC ANDI, ANDI R3,>F7FIC

MEXT, 3 *R1S
Svabolic zddzzssing L3 iomae winh ks (Y word. I is

0 e

WERD LS. T i

"
i
3
-

TORTE ASSTMBWIR
i

=
Notn

-




Forth

STABOLIC

MEMORY

ADDRESSIY

Couven

tional

3

Assambler

0 VARIABLE VARL

5 VARIAZLE

TaR2

CODE =X

VaR2 @() 1

MoV,

1 2 SRC,

l VAR
TAR2
NELT,

Workspace Reg

x? gord,

pertains.

-

orth

1 @(> s,
() varl 3O

It is used

JORKSP ACE

Sa¢C,

{ster Indirect

afzcer the

REGISTER

TARL
VAR2

X2

oot
-Tn -

istar

A =y e
PO RISl PR

38S
DATA
DEF
Hov
SRC
S
Soc

3

addrassing is

ADDRZESS

dona wizh the

~ sy

Lol

Conventional Assemt

2000
CODE

!
1 *?

Work
done wizh

22 which

CONSTANT X2aM
I3

T34 LI,

space Regista
the *7+ yord

it zertains.

WORRSPACZ REGISTIR

Torza .

2]
—
[9)
n.
‘A
n

. e n

DX

T

— A

Conve

TRAM IiQU
DEZ
et LI
MoV
3
acs Autolacrament
is also used af:ar

ACTOINCRIENT

tional

>2000
L, R
*}1,32

*315

ADDRESSTY

Assemblar

2000
CODE

e

[ e N

N ‘o vy

CONSTANT XRAM
B4

AT

LRV LS
w Y

TRAM

iy
e
(9]
I
in

>2000

.

PRE

e 7<-o~.‘.°

PR e
Toe ™ soem

e
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FORTHEH

The final addressing type is Indexed Memory
addressing. This is performed with the @(?) word used after

the Index and register as shown below:

INDEXED MEMORY ADDRESSING

Forth Conventional Assembler
2000 CONSTANT XRAM XRAM EQU  >2000
CODE EXS DEF EXS
TRAM 1 @(?) 2 Mov, EXS MOV  @XRAM(RL),R2
IRAM 22 + 2 @) MOV XRAM#F22@(2) ,XRAM+26Q(2)
XRAM 26 + 2 @(?7) MoV,
NEXT, NEXT,

In order to make addressing modes easier for the W, RP,

.IP, SP, UP and NEXT registers, the following words are

available and eliminate the need to enter the register name

separately.

ADDRESSING MODE WORDS FOR SPECIAL REGISTERS

Register Addr Indirect Indexed = Indirect Autoincrement
W *W @(w) * W+
RP *RP @(RP) *RP+
I? *1P &(1?) * [P+
SP *SP - @(se) *SP+
P *Ur a(up) *UP+
NEXX *NEXT @(NEXT) *NFXT+

This assembler also permits the user to write

SARTuetEr2g  Lales~Les=2g; o . LIS LLodoms L L lanugr ety

——

N o - N
B e R B M e P Shleandd ¢ o :
e ar T R ovRT 2o ‘ -

P e T e R T e
A s AR O

dhooian e A7 s [ vt ee sn e e hhe ol

constructs. The major difference 1s that rather than taking
a value from the stack and using it as a true/false flag,

the processor’s condition register is used to detarmine

CHAPTER O PALTE A TOART™I ASCTMRI &N

)

~L.
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whether or not to juwmp. The following structurad constIucts

are implementad:

STRUCTURED ASSEMBLZIR CONSTRUCTS

IF, ... ENDIF,

T, ... ELSE, ...
BEGIN, ... UNTIL,
BEGIN, ... AGAIN,
BEGIN, ... WHILE, ... REDEAT,

I
gj
i
)

L1y

The chree condizional words in the pravious lisz ( IF,

UNTIL, WHILZ, ) =must each Be precaeded by one of the

following jump tokens:

ASSEMBLER JUMP TTXEIS

Token Corment

=Q True i = ( uses IMZ )

Gt True 1f signed > ( uses JGT s+l @)
GT= True if signed > or = ( uses JLT )

g True if umsizned > ( uses JLE )

HE True if unsigned > or = ( uses JL )

L True 1if uwmsigned < ( uses JE= )

z True if unsigned < or = ( uses J2 )

LT True if signed < ( uses JLT s+l M2 )
L= True if signed < or = ( uses JGT )

NC True if Yo Carty ( uses JOC )

NE True 1 equal b»it noc sec ( uses JEQ )

N(o] True 1 Yo Overflow ( uses JNO §+~1 @)
NI True if Yot odd Paritcy ( uses JOP )

ol True 1f Carry b®ic is set ( uses JNC )

olo) True if OQverilow ( uses JNO )

0) True 1Z'0dd Paricy ( uses JOP $+! M2 )

The following example 1is designed 2o show "ow =thasa

o P

SLT3 4T LSed.

3
i
3

IOy D’"-? A - SAmAms s amyTmT T
CRAPT= 9 PAGS ’ SV A LAX
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ASSEMBLY EXAMPLE

Forzh

FOR STRUCTURZD CONSTRUCTS

Coaventional Asseabler

( GENERALIZED SKRIFTER )

CODE SHIFT
*SP+ 0 MOV,
NE IF,

*Sp | MOV,

0 A3S,

GTE IF

T IF,

L 0 sSL4,

ELSE,

1 0 SRL

ENDIT,
1 *SP MOV,
ENDIF,

One word of caution is
constructs shown above do not check oo

target is wichin range ( +127, =123 words ). This

* GENERALIZED SAIFTZIR

SHIFT

Ll

L2

L3

in order.

DEF
“ov
JEQ
MOV
ABS
JLT
stA
e
SRL

MoV

B

The

SAIrT
*3P+,R0O
L3
*S?,R1
RO

Ll

1,0

L2

R1,0
R1,*SP

*NEXT

structured

ansyra that :he

oroblem only with very large assembly language deliailious

and will violate the FORTE philosophy of small, easily

tmderscood words.

3

TORTE ASSZM3
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INTZARUZT SERVICZ RCUTINZS ( ISR's )

.

The TI-99/4A nas a built-iz abilizy to executs an
incerrupt routine zvary 1/60 second. This facilitw has besn
axtanded by the TI TORTH systam so that zhe routine o >e

axacutad a: each inzerTupt perd

4
(o]

d mav be wriczen i1a FTORTH
ther than in assembly language, 7This is an advanced

bl

programming concept and iIs use depands on zhe user’s

Tne [ser. Variadbles 1SR and IMTLIK ars providsd %o
i35.5C 1Rz user iz usiag ISR7s. Ixnicially, they each
coazzin the addrass of zhe link 2o zhe TORTH 1SR handlar.

o~

3 acrTaccly use (sar Variable ISR zhe Iollowing sctaos

marQewm .

INSTALLTNG A TCRTH LANGUAGE INTZIRRIUPT SERVICI R0UTTNZ

-t .

L) Cra2ata and :2s% a TORTH routine o perfora the Suncrtion

) Jeczrmune the Code Tiald Address {(CTA) o zhe rouctize in |}
3) “rice cha CTA IT 2 into ISR

By WTizz2 zhe concents of INTIMNR inco (nex) R3C4 (daciz=al) 337132

v
T 1 -

Tha I3R lizkage 2echanism is designed so zhat 7our
iaterrudc sazvica2 routiane will be allowad to axascuca

immediazaly afzar 2ach tims the TORTE system sxacutas z NEXT
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- m -~ .- -l PR - 5 - o
- SR Sl S =3 - o P RS 32 . . RN, D23 3 .
o Sansmind 4 .
et e - . ey v e o o g e By ~ - —~
EX salabitiel o3 2 L. TULLOE LS 2L JSLE24 « LILLT - -
— e -
e n - - . - . B .
WA . S G Al e X2 JRC )
PRI B >2l
ee - ~ -
. -y N e pvem e mmem come s s e e
o - 2LTT e > =T = T2
el el L T o - mel eI T . LN awl NG Lo il



et

3

Before installing an ISR you should have some idea of
how long it takes to execute, keeping in mind that for
normal behavior it should exacute in less than 15
milliseconds., ISRs that take longer than that may cause
erratic sprite motion and sound because of missed

interrupts. In additiom it is possibla to bring the FORTE

gystem to a slow crawl by using about 99% of the processor’s

time for the ISR.

The ISR capability has obvious applications in gaoe
software as well as for playing backgzroumd amausic or for
spooling screens from disk o priacer while ocher activicies
are taking place. This £iaal application will raquirs zhat
disk buffars and user variables for the spocl =ask e
saparata from tChe main FTORTE cask,or a very undesirable
cross=fertilization of buffars =ay resulz. Ia additien it
should be mentiomed chat disk activicy causes all iatcsrTupc
service accivicy to halz.

ISRs _in FORTE can be written as either colon
definicions or as CODE definitions. The former permiis very
easy routine creaction, and the latter perzmics the same speed
capabilities as routines creatad by the Zditor/Assembler.
3oth types can be used in a single routine to gain the
advancagss of “oth,

An example of 3 simpla I3R is

uq

. ! < -
iven telow. This

example also illustrzces some 93 zile proplems associated

wicth ISRs and how they can be circumvenzad., The jroblams

CaAPTZ2 10 PAGE A INTZRRUPT SZIVICE

ke

—
UTZYES

-
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1) A contenction for PAD betwesn a normal FORTE
command and the ISR routine.

2) Long execution time for the ISR routine.
( ETvea simple routines, especially
if they include output conversion routizes
or other words that nest FORTE routiaas
very deeply, will noc complate execuzicn in
1/80 secord. )

These problems are overccme by moving PAD ia the
interrupt routine zo eliminace the interfersnce Dbetween Ihe
foregzound and the 3ackground 2ask. The duilli-ia aumder

formactiag vToutines ara guite general and neoc

14

-y

3

<

azlzy., This =xample perfcras this conversion

(9]
()
N
X
a
il
B
[¢)
w
'ﬁ:

’

rather crudaly, ous fast 2nough that cthere i1s zdequata tize

ramaining in sach 1/80th second o <o =z=eaningiul ccaputizg,

AN EZXAMPLI QF AN INTE2RT?PT SIRAVICE ROUTINZ

PRI Py

0 VARIASLE TIMER (

GP 100 ALLQT ; ( WOVE EERZ AND T=US PAD $P LQQ BYTIS
TOWN =100 ALLOT ; ( RESTORE PAD TO ITS CRIGIMNAL LCCATICY |

DEMO UP ( MOVE PAD TO AVOID CONFLICT )

I TIMER +! TIMER & ( INC TIMER, LZAVE CON STACX )

PAD DUP S + ( READY TO LOOP TROM PAD+35 DOWW TO 2al+l ) o
jole)

TIMER WILL d0LD TEZ CURRENT COUNT )

»

.o

0 10 9/ ( MAXE P0S8ITIVEI COUBLI, GET 1ST DIGIT )
SWAP 48 + ( GENEZRATE ASCII DIGIT
IC!. ( STORE TO 24D )

-1 +L00P ( DECREMENT LOQP COWNTER )

?AD 1+ SCRN_START 2 5 MBW ( WRITEZ TO SCREIN )

-
DOWN ( RESTCRE 2aD LCOCATICN )

e
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@ e B s awar vl e aww A eld jogog] rooca
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o ee— = R e T R O
e A T PEP AN 20 v el A S e SEN e AU e e LS



INSTALLING TEE ISR

INTLNK @ ( GET TE= ISR 'E00R" TO THEE STACKR )
‘ DEMO CTA ( GET CFA OF TEE= WORD TO 3E INSTALLED AS ISR )
ISR ! ( PLACE IT IN USER VARIABLE ISR )
83C4 ! ( PUT ISR HCOK INTO CONSOLE INTERRUPT ROUTIMNE )
( NOTE: THE CFA MUST BE IN USER VARIABLE ISR )
( BEFORZ WRITING TO 83C4 )
To reverse the installacion of the ISR one can either

writce a

instruce

O to 83C4 or place the CFA of NOP ( a do noching

ion ) . in User Variable ISR.

Scme additiomal choughts comcerning the use of ISRs:

1)

2)

3)

ISRs are wmiaterruptable. Incarrupcs ars disabled by
the cocde that branches ts your ISR routime and they

are not enablad wmetil just befors braaching =ack to i

the foreground routine. Do 2ot emabla interrupcs ia
your incerzupt routine.

Caution must be exarzised when using PAD, changing usar
variables, or using disk buffers in an ISR, as these
activities will likely interfers with che foraground
task unless duplicats copies ars used in the <o
procasses. '

An ISR ausc never expect nor leave anything on the
stacks. It may however use them in the aormal manner
during execution.

Disk activity stops interrupcs as do =most of the ocher
DSRs in the 99/4A. 4an ISR chat is inscallad will aoc
execute during the time incerval ia which disk data
transier is accive., It will resume after che disk

is finished. Nota chaz {t is possible zo LDAD ZIt

disk while the ISR is active, 1= will wair fotT about
a2 second each time the disk is accessed. The
dieziomary will grow wich the rasultant zovemenz of
PAD without difiicul:zy.

C3APT=R 10 JAGS &) INTIRRUZPT SERVICZ RCUTINES
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Your TI FORTHE system has a number of additiomnal
features chat will be discussed in this chapter. These
include a Zzcilicy o save and load dizary images of =zhe
dictionary so that applications nsed not be recompiled each
time they are used. Alsé available ara a group of CRIU
(Communications Regiscer Unit) iastructions and a version of
MESSAGE chat does not require a disk to display che standard

error messages.

-

3L0AD and 3SAVE

The <word 3SAVE is used tc save binarv inages of the
dictionmary. 3SAVE requires two enctries on the scack:
1) The lowest =memory addrass in the dicticnary
image to be saved o disk.
2) The SCREEN aumber o which the saved
image will be written.
3SAVE will use as zany SCREINS as necessarv to save the
dictionary contents from the address givem on the stack o
HERE. These are saved with (000 bytas per SCREZN cncil che

entira image is saved, 3SAVEZ recurns on the stack the

mqgmamm e s d g TN me oo s d PN S R lerehaedy) R P

PR A ~ no o R o N s s & o w e ~nals et m S 2
oz ‘)’“'.'2 1 [ edry : —— e
UA“&“ © ha ?.’:u'l_, - ?O aa C’Ui’\i’s-
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Zach STREZY o tk= imags has the

Contents

following

o
[
—

Addr=ss at whieh tha first
scrzen will be placead.

2 - 3 DP far this nmamery image.
4 - S Contants of CURRENT.

6 - 7 Contents of CURREMNT & .

8§ - 9 Contancs of COWNTZXT.

10 - 1 Countants of CONTEXT @ .
12 - 13 Contents of VOC-LINR.

14 The lattar "7,

15 T™he latzer "i",

16 - 23 Mot used.

[
P
]
[y
(@]
(24
(%)

Jp to 1000 bytas of

3L0AD is pazt o0 72wz TI TORTH kammal

* -

ts be lpadad peZzra Tou Qa1 uwsa iz, Ik

~ -

inage byte of this

the memery image.

and does not have

ravarsas GShe 3SAVE

ia an entirz

application im sasends. 3LCAD 2msects 2 SCREZY aumber on

the stack.

and 15th bytes arz chackad to ses that they

-2

laczars "wi"., 1If zkey do,

3efors periorming the 3L0AD funcetion che lita

contain tha

the load proceeds and BLOAD

returns a 0 om :ha szack signifying a sucgessful load. 1I£

the letzars "2i” az2 zon Zouxnd,
serdormed and 2 | is recuzmed.  This
coundizional

cerformed and

(wreong disk efz.)

addzass, a ccmplaza MrwarlizTh

then the 3LCAD is et

faeilizy zermizs a

&

if ic fails

achezr zczions can e gariormed.
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brought in, the remaincer of the <dictionary ( clder part )

is idenrical to that which exisced when the imzze was

I3

saved.

- e

To save an entire application fo the disk scarting witk

screen 30, the usar would entar the following into che TI

b dn

FORTH system:

TASX 30 BSAVE

P The number of the next available screen will be printad.

Te reload chis applicacion you would places om Scraem 3

-

-
‘ (=ha auto bSoot scresen):
30 3LOAD
r CONDITICNAL LOADRS
'“ The word CLCAD has been inecluded In your systam Lo
f assist in easily managing the process of loading the proper
i
- support routines for an applicacion without compiling
N duplicatas of support routines into the dictionary.
) CLOAD calls the words <CLQAD>, WLITZRAL, and SLIT.
o Their Zunctions are described drisfly as Zollows:
- {CLOAD> periorms zhe primary CLOAD functiom and is
) executad or compiled by CLOAD depending oo STATZ.
-t
SLLT 1s & word <esigmed 2
= durlag avecafisn. LI3 u
Ascrass oF tna o<nTinZ m
. " FORTE Instruczion 2oiatar
WLITZRAL Ls usad 2o ccampila
charactar stTing iais :Ine
- definicion.
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To use CLOAD there aust always be a SCRZIN aumber on
the stack. The word CLQAD must be followed by the word
whose conditional presence im zhe dicticnary will determine

whether or not the SCREEN aumber on the stack is loaded.

27 CLOAD T00
This instruction, for example, will load SCREZN 27 only i a
dictionary search, (FILMD), £fails to find FOO . F00 should b%e

the last word loaded by the command 27 LOAD .

It is also possible to use CLOAD to abort the LQADing

o]
h

a screen., This is dome by using the command:

Q0 CLOAD TZSTWORD
IZ this lize of code was loczatad on scereen 30, and zhe
word TESTWORD was in the present dictiomarwv, the lsad

would abort just as if a ;3 had Dbeen enccunterad.

Caution must e exercisad wmen using BASZ-~>R and
R=DBASE with CLJAD as these will causa che rezura stack to

be pollurad if a LOAD is aborted and che B3ASZ=-D>R is not

lll

balanced By a R->3ASEZ a: axscucion Iize.

VEMORY RESIDENT MESSAGES

S the usar desisas, L2 23y 2iacT 2 2se & versicn 3%
R W aar - - - < - - ’ EFaa 2 N
TSSACGIZ wnigh L3 trovided o othe 3T 3L

.
H
i
o

This version i{s spelle lower case ''zessage

.
[}

vy
1)

surztose of chis varsicn is 12 avoid having o place the

CEAPTZR UL ?AGE -

J
(@]

TPOURRI
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APPENDIX A

ASCII REVCODES

( Mapping of keystrokes to ASCII sequential order )

| ascii code | | asecii code |
|

charactar | hex | decimal charactear | hex | decimal |
NUL (e-,) [ Q0 | o0 it 82 | 20 | 32
SCH (e=A) £-7 | 0l ! 1 1! 1 21 | 33 |
STX (ec=3) -4 | 02 ! 2 " £-p | 22 1 34 l
ETX (e=C) £-1. 03 | 3 1# r 23 | 35 :
EOT (c-D) £-2 1| : Q4 ! 4 s | 24 | 36 |
ENQ (e=E) fw=m | 0s ! 5 4 ! 25 s 37 1
ACR (c=F) £-8 | 06 I 6 & | 25 ( 18 |
BEL (e=G) £=3 | 07 l 7 I £=0 |27 ! 39 |
BS (c-8) £-3 | oF:| I 8 G ! 28 ! 40 a
g7 " (e=1) £-D | 09 i 9 b)) | 29 | 41 1
LF (c=J) £-X | 0A | 10 jlo* | 2A t 42 |
YT (e=X) £-2 | OB | I+ P23 33
FFP (e=L) £=5 | o] | 12 o, 1 2¢ | 85
R (e=M) | oD [ 13 b - a 2D | 43 |
SO (e=¥) £-3 | OE ! 14 bl r 2= | 49 |
SI (e=Q) £=-9 | oF | 15 b/ | 2x | 37 |
DLE (<e=3) 1 10 | 16 [l 3 <=0 i 30 ! i3 !
DCl (e=Q) | 11 ! 17 L el ( 31 1 i3 i
DC2 (e=R) | 12 | . 18 Il 2 e=2 l 32 i 30 !
DC3 (e=3) . | 13 z 19 1 3 e=3 | i3 4 51 a
DCs: (e-T) ! 14 | 20 Il & ec=4 i 34 1 32
Mak (e=0) ( 15 : 21 It 3 ¢=5 | 33 i 33 |
| ST (e=7) | 16 ! 22 I & <=5 ! 36 z 34
ET3 (e=W) | 17 ! 23 b7 e=7 i 37 i 52 1
CaN (e=X) | 18 ! 24 i) 8 ! 38 i 36 :
M (e=Y) j 19 | 25 11 9 f=Q £-. ‘ 3s [ 37 |
SUB (e¢=2) 1 1A | 2% {2 £=/ | 34| 33
ESC (e=.) | 13 | 27 Py e=/ | 13 i 9 !
FS  (e=3) 1 1c | 28 1 < £=0 z kTl 40 !
GS (c-=) | 1D | 29 1= Fe | 3 l 3 !
RS (c~-3) l 1= ! 30 t1 > £=3 ! 3E ! 32 z
gs  (e=9) - | 17 31 Il 7 E-8] z 3F | 63 :

¢ontizuae on nexs cabla

APPEUDIX A PAGE . ASCIL ZZTZCODES
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AL -h
T T YT o i siasafoinbrs DI 2 5o o B -] - N T amm  mmeem Ay e il [ Load ™~ e
DIFFZREINCIS RETWZIZI THEE TORTH IN ""STARTING FCORTE' AND TI FORTEH

PAGE  WCRD CHANGES RETQUIRED

10 3ACXSPACET  Function-35 produces a BACKSPACE on che TI 99/44A.

10 CX T1 FORTH automatically priocts a space bvefore CX.

,_
o
-3

ne *I TORTE dictionary .can stors names up to 31
actars

cha
18 " Yot a special character in TI FCRTH.

18 o Will executze inside or outside a colon dafinictio
in TI FORTH.

o’

42 /MOD Uses signed numbers in TI FCRTHE. Remainder has sign of
ividend.

22 MCD Uses signed aumbers in TI FCRTH. Ramainder has siFa of
dividsnd,

:C oS This word is availabla en the TT FORTE disk. The TI FO0RT2
version jrints a verzical bar ( | ) followed 3y tha scack
contaals. Thes stack sonctants will te priacad as msignad

numters., To use cthe definicion shown yYou 3usT aake the
Jollowinz change =ecause of wveeszstulary diffsrancas: in
nlace of 'S use SP@ 2- .

(W1}
(3%
~2
4
-4
2-
L4V

Thig word is noc in TI FORTH buz canm te ¢
following definicion:
¢ 2SWaAZ VT DR RWOT D

14}
{©
[0
rs
1
a9
ol
"
Vi
o
'
{0

32 2002 This word is not im TI TORTE bur can te c<raatad wwizh the
followiag definizion:
¢ 20072 OVER QVER

52 20VIR This word is not inm TT ICORTE bdusf 2zn e sT2atad wiid e
following definicion:
1 20VER SP@ 6 + @ s57@ 5 « 3 .

52 JDRCP This wocd is not in 7I TORTE tur cza oe cTeatsd wizh the
° ~

7 =087, Chyy TERazIlllz SOYTLOLLTE LE 2LlZEmavw ol SE oL LLansTY
TI FCRTE will issue 2 1essaze saving "WORD isn’: unigue
ILoinis :A;::;;, 4 Le@ssage sayLng  SREIT isn I ounigue
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60

53-82

83

84

84=85

0
O
h
rh

91

91

131

101L3

102

107

108

&
v
+3

DEPTH

COPY

THEX

>

NOT

7002

ABORT"

2STACK

2/

NEGATZ

€9

TI FORTH supports 90 screens per disk. (aumbered 0-29)

The TI FORTE Editor is different ( =uch becter ) than the
editor described im this section. Read the section of your
TI TORTH manuzl describing the Tditer.

See comments for page 50.

TI FORTE has a disk based word SCOPY ( screen copy ) which
is exactly like COPY ; e.g.
: COPY  SCOPY ;

Ignore Editor words,

THEN is in.the TI FORTH vocabulary and is a syncaym for the
word ENDIF . Many people find ENDIF less confusing than
m L]

This word i{s not in TI FORTE bdut can be created wi:zh the
following definizion:
)4 0> ;

This word is not in TI FORTH, but can be cr=2ated with the
following definiczion: .
: NOT O=

This word is idencical to -DUP ia TI FORTH. Use the
following dsfinizion iZ zecessary:
¢ 7DUP -QU0P

As with the FORTH~79 Standard, TI FORTH provides A3SORT
instead of ABORT" .

In 71 FORTE this word automatically calls A30RT and princs
the appropriates error aessage.

This word is nmoc in 71 FORTH, bSuc can %e craatad witx the
following definition:
¢ 2% DUP +

This word is noc iz TI TORTE, Suz can be crzatad with the
following definiticm:
t 2/ 1 3RA

Tais word is not in TI FORTH, Sut can be creatad w«ith cthe
following definizion:

A ol Ranned TP .

.rEqn..._. .i«s - )
ed v - v (R 3 —— m Ty vy, ) = ‘- 3 -~
Thais word awiscs n TZ TORTE Sut zlse zas 2 dunlizz:za
gxiaizisn, Al Toinz L oaga ldanticzl o lumoZian.
[l S - ‘ < - - - and el heeds oo bd N - - - - - = ] -
Tnis word Lz onoz o ln TIOTCRTE, dul o c3En e Irs3alag wWIIn e
= 1 : : 3 : : T H 2 r>
following Zafinicicn: (NCTZ: R is svrouva 3ot 1D

’ - ey
I R> R> R SWAZ DR SwWAP >R

APPEINDIT C JAGE - NCTIS CN "Starztiag TIRTEY
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112

112

131

132

134

142 PAGE

161 u/MoD

16l /LO0P

162 CCTAL

164~165

If you will aotice, thers is a , (print) =issing iIn che
QUADRATIC cexlul:;an. You must add a . after the last -
to make QUADRATIC wotk correctly.

Ignore %he last two paragraphs.

v

They do not apply.

Just a reminder ! Vou must define 2DU?P and 2DRCP before
the COMPOUND example may be used.
There is a miscake ia the second defizizion of TAZLE.
It should lcok like c¢his:
: TABLE CR 11 1 2C

11 10 I J* 5 U.R LOOP SR LCCP ;
he DOUBLING example, an 2xtra aumber
tar 16384. This is because +L0OC?
ifZerenczly im TIL FORTIZE.

When you execute =
will be printed af
behaves a licctle d

Ia che definicicn of
SWAP iastcead of LCOP.

When an 2rror is dat
Sut then zhe contant
to assist in locatin
eompletaly clzared wizh cthe

setad in TI FORTE, the stacxk ig claa:
5 of 31X and IV are save ‘
g the arTor. Thae
word S?2! .

This word is oot iz TT FCRTH, bur can 22 crzatsd wish thel
following defiai:ion:

¢ PAGE CLS 0 0 GOTOXY ;

This word is noz in TL FORTE, but can e craaced
following definicion:

: U/MOD U/

alng

-aa—

X
-
)
»

.

——

This word ls not ia TI TCRTE.

0CTAL does not axistc ia TI FORTH. 3See £2 om pg. 183 Inr
definition.

Yumbers in TI FORTE zav only te zunciuacad wicth ceriods.
Commas, slashes, and other zarks ar=2 uot par=izzad. any
nunmber c¢ontaining a seriod ( . ) is cousiderad doubla-
length. In latcer examples usizg D. and UD., Teplace

all punccuacion in the inputs with decimal poiats.

is Tacarmendad zhiat wvou a0t nlace acre shan gne 4
m.ace. in each numpoer L2 TOUW wail

Iz
agimal

va..d OutIul.

e T LD LW TEAL el e
Ml s aemwms da mam fe o mAm e mvie amm m eawmmmoA e e alg
P PR ez b - AP, PR e PR PG AE RS DR N
S’ T mped e R
a0LLIdWLAE ISJL01°1C0
S SagTimea S
1 el - y
LTy ey - - - v P P m e o mm e - —- o~ ———
AT LaUbs A 2 eSS v STATTLNZ rox-=
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1

it

173

»—
~t

)

173

ty

(@]

NEGATE

DMAX

DMIN

D=

DO=

<

u<

(W)

M/

This word is not iz TI FORTHE, but can be created with

following definiiion:
¢ DNEGATE DMINUS

This word is noc iz TI FORTH, but can be creatad «wiid

following definition:

: DMaX 20VER 20VER D- SWA? DROP
IF 2SWAP ENDIF
2DROP

o<

This word is not in TI FORTH, but camn be created with

following definition:

: DMIN
IF 2SWAP ENDIT
2DRCP

This word is not in TI FORTH, but
following definition:
1 D= D~ O= SWAP Q0= AND

This word is not in TI FORTH, but
following definicien:
: DO= 0. D= ;

This word Is nec ia TI FORTZE, but
following definicion:
-4 D= SW&AP DROP 0<

This word is not in TI TORTH, bdut
following definizioun:
U< ROT SWaP OVER OVZIR
g<

DRCP DRCP DROP DROP 1

ZLSE ( TEST IF HIGE HALVES
IF ( EQUAL SO JUsT T=sST

U<
ELSE ( TZST Falls )
DRCP DRCP O
ENDIF
ENDIF

can

can

T
-l

T ( DETEZRMINED LZSS (STt

20VER 20VER 23WAP D- SWAP DROP 0K

be creazed with

be creatad wizh

Ya e¢resacad wicth

he cra2aged wizh

dIGA CRDER HalVss

This word is not in TT FORTH, buc can bYe creaced wiszh
b

following definitiom:
H Q D+

This word is Zilfarsne i T OTORTE ain
tollowing defizizicn:

oM/ M/ TWAP R0P

APPINDIX C TAGET - NCTIS g

the

the

the

the
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174
18342

193

(932

133

ik
oS

2VARIABLE

2CONSTANT

Dlists:

CREATZ

o vr——
— et o

Hot available in 71 FORTE because no :tripl racision
arithmetic has been iacluded. d be c¢reated using
either a relatively complicatad colon defil
using che Assembtler included with TI FORTH.

[
i)

vl
o
™
(71}
0
(6]
[
= bt

Variables im TT FORTHE are required to be imitiall
creation, thus che word variable takes the top it
stack and places it into the variable as ics initial valce
e.g. 12 VARIABLE DATZ boch cresates the variable DATE arnd
inicializes iz to 12 . 1If desired, the advanced user can
use the words <{BUILDS and DOESY> to create a rnew defining
word, VARIABLE which nas exaczly the bSenavier of VARIAZLZ
2s used in cthis seczicn., 7The code o do this is:
t VARTA3LE <3UILDS ¢ , COES>

This word is not in TI FORTH, but can 52 creztad with the
following definicion:

¢ 2VARTABLE <3UILDS 9. , , DQESY> ;

This definition does NOT require a aumber =2 ba on the
scack when it is =sx=cutsd,

This word is noct in 7T TORTYE, Hut can & cr2acad wiih ihe
following definiczicn: P
: 2! QRR VD 2+ 1y

This word is noc in
follewing definiczion
: 2@ PRR 2+ 3

ot

71 TORTE, but caax be cTa2atsd wizh

This word is not ia TT FORTH, but can ba craatad wizth o
following definizion:

: 2CONSTANT <3UILDS , , DOES>
This definicion does NOT raqui

TS
(75

’
2 a numbDer on she stack.

fou musc place a 0 on the stack befors sxecuting

VARTASLE COUNTS 10 ALLCT. This, however, inicializes cnly
the first elament of zhe array CCUNTS to 0. You ausc
aexecuta either the FILL or SRASE inscruction at the

bocttem of the page o groperly inizialize :he arr
TI TORTHE alr=ady nas a dump iascruccicn wiic

loaded Iz the disk, OTUMPS ars always oriacad ia ==X
See APPENDIY D Zor lLocation of DULMP.

The CREATE word of TI FOXR
Hackars should zonsulsz 541

i
lll!

CGad 8200
T Tare——

R R S i \ —— = \e . aze Ut L -y —— 1
AP2INDIX I A5G0 P WL oot Jwassail exX.a
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220

NUMBER

MUMBER

Xz

i

RZL0AD

g
-
3
>
LICATE

carY

N rry—

The example illustrating indirect execution oust te
medified to work in TI FORTH:
* GREET CFA POINTER ! POINTER EXECUTE

In TI FORTH chis word is unnescessary as the word * will
take the following word of a definition when used in a
definition.

In TI FORTH NUMBER is alwavs able to convart double
precision aoumbers,

TI FORTH does not use "NUYBER to locatz the NIMBER
routine.,

In TI FORTH the name field is variable length and contains
up to 31 characters. Alss, the link field precedes the
aame field in TI FORTH.

This word is ;S in TI FORTH. ;S is the word ccmpilad v
SQ to create IXIT we migzht use:

1

: EXIT (COMPILZ] ;S ; IMMEDIATE 5
In TT FORTH, :he '"inzarpratar soizzaer! is callad 23, -
not I.

See Crapter . iz che 7T TORTH zanual Zor ifasszuczicas
{or loadizg eisczive dlccks.

This imscruecion is not availabla in TI FCRTH.
This word is D?P ( dicziomary pointar iz 7T TORTH.

In TI FTORTZE, SPQ is used instaad of

(V21

[©]

See APPEVDIX Z ia the TIL 7CRTA zaznual for a ccamplecs
of user variaoles.

s
‘n
in
it

This word is IN in TI FCRTE.
7. TORTE Zoes zoc susport LOCATE.

In’ 71 FORTH, =his word iLs SCOPY. SCOPY is disk
residenc. Sz2e APPENDIX D for 1

’ ) - - - - - -l
Change the [7] to in the Sottcm aexamzle. In TI FORTHE,
Gill 2omgile the zdarass of hz oa1eT woTi i tns solon

N oy oy R v v Y . Nammen v may '] . ————— e

"



4
v
O
J
]
H #]

285 XD TI FORTH has two disk rasident randcm number generators:
RND and RDW. See APPENDIX D fo locations and
descripticns. See also defiaitioms for SZID and
RANDCMIZE.

266 MQUZ Ia TI FORTH, !OVE moves u werds in =emory, 20T u bvtes.
MOVE can be redefined to coniora o "Starting TORTH":

: MOVE 2/ MOVE;

266 <QHOVE Yot presenc in T1 FORTH. Must be created «with the
assembd {f requirsd. This word is used cnly when the
source a1d destination regions of a zmovs aovarlap and the
destination is higher tham the source.

27G WCRD In II FORTH, the word WORD does not leave an address on
the stack.

270 TEXT . This word is not available ian TTI FORTH, but can be defined
as follows: ‘

: TZI PAD 72 3LANKS 2aD £©=RE - L=

DUP ALLCT MINUS 3wa? WCORD ALLOT
If you want the count o also be storad at zad, rampve
the 1= from the definiczion. e

277 >3INARY This is named (JIUMBER) iz TI FORTH.

277 Recause WORD does not l2ave an addrass on the stack, it
is necessary o radefine PL0S as faollows:

: PLUS 32 WCRD DROP NUMBER = ." = " .,

276 MCHMRER This definition of NUMEER is noct compatibla wicth TI FORTH,

281 =237 Noc in TI FORTH. Use the delinizion omn pagz 283,

92 TI FORTH uses :he word pair <3UILDS ... D0ESY 2o daifine a
new defining word. <3UILDS calls (REATE as pgart of its
funczion.

297 To create a byte ARRAY in TI FCRTE:
¢ ARRAY <3UILDS OVEIR , ~ ALLOT

DCES> D2 ¥ 20T * = = 2+

298 Just a reminder ! Don’t Zorgat co delize 2* Sefora
trying the exazmple at the bottom of che page. aAlso,
replace che word CREATE wizh <{BUILIS .

Q1 ied! This is the Tuntiza sebfawiar of 20 Gusc s Llztad, TR s
et used, Towavar

301 20 The giwen delfizi:zi noT ccmpacisia wizh T
TORTEL T OInTT s 22 L0 .3 Iuta aorE o lUoTosx

becausa of ccapila

[ ek =R-1 S nlakhed -~ 5~ - e tens ke P R B
AL T - [ Ialeo OU L3 v o






APPEMNDIX D

TEE TI FORTH GLOSSARY

EXPLANATION OF A3BREVIATIONS

ABER

addr, addrl, ...
-}

¢

cece

¢h

(.34

d, 41, 42, ...
de, del, de2, ...
dr, drl, d4dz2, ...
dsk

(a1}

(o

—
-

n

-4
-

.

L

— tn b rh

L2788 i 2 1}

2 o

- 0
e

s )

-

B

rem
seri

MEANING

menory addrass

byte

column sosicion

string zaprasentacion

code £iald address

ascii character code

count { langch )

double ‘pracision number

dot c¢column posicion

dot row posiziom

rafers to DSK1, D0SX2, or DSK3
boolean Ilag

boolean false Ilag

£loaciag point aumber

link field address

acdulo

singlas precision signed aumber
name fiald address

string rapresentation
paramecsr Ziald address

row posicopn

remainder

s¢rT2en mmper

sprice numper

boolean crue Ilag

tolerancs liaic
unsigned single pracision numper
unsizned ‘oubla ic

707 addrass

L2D0W\TITY N

~—
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1Csp - — RESIDENT
Save the stack position in CSP. Used as part of the
compiler security.
# dl — 42 RESIDENT
Generate frcm a doubla number dl, the next ASCII charactar B
wnich is placed in an ocutput string. Result dZ is the . )
quotient after division by BASE, and is maintaired for
further processing. Usad between <# and #>. Sees #S.
£ d - addr eanc RESTIDENT
Tarminates numeric output conversion by droping d, leaving
the taxt address and character count suizabla for TYPE.
#MOTION a  — SC 59 AZE
Sets SPRITES number Q) to n-l iz ADTOMQOTION.
#S dl — 42 RESIDENT

n addr -— RESIDENT

Store 14 bits of n at address. Pronounced '""STORE".

addr  —- SCR 39 -COPY

A string terminated with a " must follow cthis word. This
string will be stored at the specified address, however, the
character count is not scored.

Generactes ASCII text in the text output duifar, by the use
of #, until a zero double mumber d2 results. Used becwesn
K# and #>.

-



o™

—— pfa RESIDENT

Leaves the parameter field address of dizticnary word nnnn.
As a compiler directive, =xecutes in a colon definition o

complle the address of a literal. If the word is not found
after a search of CONTEXT and CURRENT, zn zappropriate arvor
message is given. Pronouncad "TICX".

-_ RESTDENT
Used in the form:

( cees)
Ignore a ccmment that will be delimited by a rizht
parenthesis on the same scresn. May oczur du:lng axecuticn

or iz a colon-defiaition. A blank arftar che lezding .
paranthesis is required. e

The run~ctime procedura, ccmpilad dy ." which trzasmizs ¢
gollowiﬁg in~-line text to the sels c:ad output davica., Ses

(1CCDE) — RESIDENT

=1002) 0 —— ZSIDENT

The run-tize procedure, ccmpiled >y ;CITE, that 2
code field of cthe most recently defined word to zoin
following machine code saquence. Se= ;CCDE.

The run~-time ‘procedurs compiled by +LJCP, which Lncrsmencts
the locp index by o and ctascts Zor loop complazicn. 3Zae
+L0QP.

HIR E [ ‘- Al ey (- - - . - -
acrmal.v axacutas L30RT, Sus =av ca zlzarvas {(wiIl 2ars; 0 =2
IS8T 3 2LlIETTMATLTES ITTITL U2,

t"t
)
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3
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(D0) - — RESIDENT

The run-time procedure ccmpiled by DO which moves the loogp
control parameters to the return stack. See DO.

(DOES>) e RESIDENT
The run time procedure compiled by DOESD.
(FIND) addrl addr2 -— pfa b 2f (ok) RESIDENT
addrl addr2 —- £f (bad)
Searches the dictiomary starting at the name field address
addr2, matching to the text at addr!. Returns parameter
field address, length byte of name field, and boolean true

for a good match. If oo match is found, only a boolean
false is left.

(LINE) n scrf —— addr cnt RESIDENT &
Comvert the linme number n and che screem scr# to the disk s
buffer address containing the data. A count of A4 indicatss
the full line text length.

(LooP) — : RESIDENT
The run=-time procsdure ccmpiled 5y LOQOP which increments the
loop index and tests for loop complacion. See LOCP.

( NUMBER) dl addrl =— d2 addr2 RESIDENT
Convert the ASCII taxt beginning at addrl+l with ragard co
BASE. The new value is accumulaced into double anumber 41,

being laft as d2. addr2 is the address of the first
unconvertable digit. Used by NUMBER.

(oF) — RESIDENT

The run time procedurs ccmpiled by OF.

Leave the sigmed osraeduct of zwo signed aumbers.



*/ ni n2 n3 —— 4 RESIDENT

Leave the ratio n4é=nl*n2/n3 whers all ars signed numbers.
Retention of ac intermadiace 3] bDit product per=its greater

=
accuracy than would ke available wich the sequencs :
al a2 * a3 /
*/MOD nl 22 a3 -— a4 a5 RESIDENT
Lzave che quoctient nd aad remainder o4 of the operacion
al*n2/a3 . A 31 bit intermediate product is used as for
%/,
+ a1l 22 — a3 RESIDENT
La2ave the sum of al + a2.
+! 1 addr —— RETSIDENT
e Add n to the value at the addTass. Proncunced "PLUS
STCRE".
- 2l n2 ——== a3 RESIDENT
- Apply the sign of n2 to al, which is left as al.
-3UT addr] === addr2 I RESIDENT
- advancs the disk buffer address addrl to the address of the
= 1)

o
next duff
or

er addr2. 3colz2an ¢ is false whenm 2ddr? is zhe
‘ oufier 8

santly poinctad to bv variabls PREV.

VTN TG - = -y - - — o m o  w wy



+L00?

e

gl == ()
addr a2 -—— (ccmpile)

Used in a colon=definiticn in the ZIorz:
PO ... 1l -+LCCP

At run time, +LOOQP selectively controls branching back to
the corresponding DO based on al, the loop index and the
loop limit., The sigred increment nl is added to the index
and the toctal ccapared to the limit, The branch back to DO
occurs wmtil the new index is equal to c¢r greatar than the
limit (nl>Q), or until the new index is z2qual to or less
than the limiz (nl<0). Upon axiting the loop, the
parameters are discarded and execution continues ahead.

At compile time, +LOOP ccmpiles the run-time word (+LOCP?)
and the branch offset cemputad from HERE co che addrass lait

on the stack by DO. n2 is used for compile time error
checkirg.

o RESIDENT
Store n into the next available dictionary memory cell,
advancing the diczionmary poizcar. (comma)

al a2 -— 23 RESIDENT

Leave the difference of al - n2.

———— RESIDENT

Continue intarpretation witli cthe next disk screen.
Pronounced "NEXT SCREEN".

nl —— ozl (if zero) RESIDENT
al =-—— al al (non=-zero)
Raproduce nl only if iz is non-zero. This is usuwally used

to copy a value just befors IF, %o eliminate the need for an
ZLSE part to drop it.

APPEIDIX © JAG8 3 L083aRY
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l[]
O

-TRa

JLINE a  SETY =

1LING ) addr al =—- addr 2

(3}
[6¥

129

(Zaund)
(not found)

RESIDENT

g
th th
o
%)
8]
o
(4]

iniced %y »blacks) ian che
res the CCNTEZXT and then
e

Accepts the next text word (ds

rene

hiag enctry. IZ Zfound, the
1
h

1
input stream to HERE, and searc
CURREVT vocabularies for a amatc
dictionary entry’s parameter fi
and a booclean true are laft., O
false is left.

tharwise, only a booleaz

RESIDENT

Adjusts the character count nl of a taxt string beginning at

addr to suppress the ocutput of trailing blaoks., i.e. the
characters at addr+nl to addr+n2 are blanks.

a RESIDENT

Print a number frzm a sigred 16 bit two's complzment value,
converted according to the nume trailing blank
follows. Pronounced "DOT".

Usaed in :zhe form:

Compiles an in=-line string cece (delimictad by che trailing

" ) with an executisn procedurs o transmic zhe taxt 0 the

selacted output device., IZ executad outside a definicion,
<1 e =

' will mmediataly print the text until cthe Zimal ", See
(.H) .

RESIDENT
Print cn the taerminal devics, a lize of waxt frocm the disk
{=

oy izs line (7) and sereen aumber. Trailing bdlanks are
suprassed.

T Lz . . cm R e e L OE Tlacil L3
- - o i Awer CFopmes e e em e
e . L8 IDLLSWLAE  LLlnK LD TILLIIaL.
LD ey o= 5 A - - ~ AR\ DT
APPEIDIY JaGa TLOSSARY

d addrass, its length byte,

- .



TORTH

.S — SCR 43 =D P

Princs the entire contents of the parametar stack as
umsigned numbers in the current BASE.

/ nl 82 =-— o3 RESIDENT

Leave the sigred quotient of al/n2.

/MOD nl 82 =— vrem 13 RESIDENT
Leave the remainder and signed quotient of nl/n2. The
remainder has the sign of the dividend.

0123 -— 1 - RESIDENT
These small numbers are used so often that it is attractive
to define them by name in the dictiomary as constaats.

o< R - f RESTDENT
Leave a true flag if the number is less than zero

(negative), otherwise leave a false flag.

O= a — £

”

STDENT

Leave a true flag if the number is equal :o z=2rc, otherwise
leave a false flag.

0BRANCH £ - RESID

4

Q)

NI

z is

dded to
Cempilad

i

The run-~time procedure to conditionally branch. I
£alse (zero), the following in-line parametsr is 2
tha interpretive pointer to branch ahead or back.
by IF, UNTIL, and WBILZ.

1+ nl -—— a2 RESIDEYWT

Incrament nl by 1.

= al —=— nl RESIDENT

Decrament al 5y 1.

APRPEYMITYT M BLAOT 2 (AR AR
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(43
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al =— n2 RESIDENT

Leave ol incremented 2y 2.

nl — 2 RESIDENT
Leave nl decremented by 2.
—_— RESIDENT

3CR 44 -TRACE
Used in the form called a colon-definition:

! cece .o ;

Creates a dicticnary encry defining ccce as squivalent to
the following sequence of FORTH word definizions “...  uncil
the next ";° or ";CODE’. The compiling process is done by
the text incerpreter as long as STATE is non-zero. Other
details ara that the CONIEYT vocabulary is set to the
CURRENT vocabulary and that words with thae pracedence di:z
set (P) ara executad racher than being cocmpilad.

When colon definicions are compilad undar the TRACZ option,
: takses on an alcermnaces derfinizion which allcws the colon
definicion o be traced.

Terainatas a colon-definicz s
ccmpilation. Compiles the run—-tize

-

PR
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; CODE

o
w

<#

)
3
e¥]

-_— SCR 74 ~CODE
ﬁsed in the férm:

1 ecce N ; CCDE
assembly =nemonics

Stop compilation and terminate a new defining word ccece by
ccmpiling (;CODE). Set the CONIEXT vocabulary to ASSEMBLER,
assembling to machirne code the following mnemonics.

Wnen cccc later executes in cthe form:

ccce annn

the word annn will be creatad with its execution procedure
given by the machine code following cecce. That is, when
nnnn is executed, it does sao by jumping to the code after
oam. An existing defining word must exist in cece prior to
;CODE.

_— RESIDENT
Stop incerpretation of a screen. ;S is also the run=-time
word ccmpiled at the end of a colom-definicion =which redfuras
exacution Co the calling procedurs.

al 22 — I RESTIDENT
Leave a true flag i{f nl is less than n2; otherwise leave a3
false flag.

— RESIDENT

Setup for piectursd numeric output formactting using the
words:

& 4 #S  SIGN

The conversion is dome on a deubls number producing text ac
PAD.

SSARY

'd
]
L.

s

4
R
et}
3
'y
e
3
o
¢

2
O
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<3UILDS — RESIDENT
Used wizhin a colon-definizion:

i ccce C3UILDS e
DOES> een

-e

fach time ccce is exacuted, <BUILDS defines a new word with
a nigh lavel execution procedure., Executing ccce in the
form:

cccc annn

uses <BUILD to create a dictionary entry for annn. Wheno
an=n is lacer executed, {t has the addrass of its parameter
area on the stack and exscutes the words afzer DOESD in
ccece. <3UILDS and DOES> allow run=-time proceduras to be
written in high=level racher than in assemblar code (as
raquired by ;CODE).

{ILCADS -— SCR 21 300T sSCR

-

The zun-zize procsdura ccmpiled by CLOAD.
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herwisa leave a Zzlsa Ilag.

o
A

Laave a zrue flag (I al=nl;

=CZLL3 addr —— a2 RESIDENT

This instruction expects an address or zn ofiset o 22 on
the stack. If tiais mumber is odd, iz is incrsmentad bdy 1 =o
put it om cthe next aven word Soundary. Otherwisa, it
ramains unchangsd.

> al a2 — RESIDENT
Leave a true £lag iZ al is zreacer zaan n2; otherwise leave
a false flag.
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7C3?

733

— E1 SCR 48 -TLOAT

This instruction expectzs to be followed by a string
reprasenting a legitimate floating point number terminated
by a space, This string is converted i{nto floating point
and placed on the stack. 7This instruction can be used in
colon definitions or directly frem the keyboarzd.

£l = SCR 453 -FLOAT

Moves a floating point number from ths szack into the FAC
registar,

n e— RESIDENT

Remove a number from the computation stack and place as the
most accessable on the retura stack. Use sthould be balanced
with R> in the same definiziom,

addr = RESIDENT
Print the value contained at the address in free format
accordiag to the current BASEZ. This word zusc praceed the
address. o

bt ——— RESIDENT

Issue error message if not cempiling.

_— RESIDENT
Issue error message iI stack position differs from value
saved in C37. '

OR f 1 - RESIDENT

Issue an error aessage zumper a, 1f the boolean ilag is
true.

TIXEC — RESIDENT

s

Issue zn_erTor zessage (S o aoC executing.
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Determines if the previous floating point op
s i

P in an ervor.
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Scans the keyboard for input. If no key is

left on the stack. Else, the ascii code of
S is left on the stack.
' 7%XEY3 —

Scans the keyboard for iaput, I no kay is
. left on cthe stack., Else, cthe 8-bit code of

is left on the stack.

7LCADING -_—
Issue an error message iI not loading.
7PAIRS nl n2 —

Issue an error aessage 1 al does not =qual
indicates that compiled conditiomnals do not

7 STACK -—

Issue an srror message LI the stack is out ©

TTERMINAL - f
- Perform a cast of cthe terminal keyboard Zor

break k2?7, A true £lag indicacaes actuazion.

RESIDENT

pressed, a 0 is
the kxey pressed

RESIDENT

pressed, a2 0 is
the key prassed
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DENT
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RIS IDENT

RESIDENT

acruacion of
Cn the TI

99/44, che CLZAR %ev is used as che 3REAX kav.
@ addr -— 2 RESIDENT
-2AVe Ile .5 J1I <onEsEnts oI ZecT.
asddd — FIOR
Tais word is compilaed inzo the FORTE voczbulary ind aariks
- the end of tha ASSEMBLIR voczzularr. It is used tv CLCAD.
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ABORT _— . RESIDENT
Clear the stacks and enzar the 2axecution stacze, Regurnm
control to the operators terminal, printing an appropriate
zessage.

A3S al == 12 RESIDENT

Leave the absoclute value of al as n2.

AGAIN addr n =-- (compiling) RESIDENT
Usad in a colon=definition in the form:
BEGIN oo AGAIN
At run-time, AGAD! forces execution to return to
corresponding BeEGIN. There is no effecz on the stack.
Execution cannot leave this loop (unless R> DROP is executed
one level below).,
At compile tima, AGAIN compiles BRANCH with an offset frem
HERE o addr. n is used for compile-time error checking.
ALLGT Q  — RESIDENT
Add che sizned number to the dictiomary pointer DP. May be
used to ra2sarve dictionary space or.rz—origin memory.
ALTTY —_—  addr RESIDENT
A user wvariabla whose wvalue is O if ilaput is coming Irom the
kayboard else its value is a pointer to the VDP address
whare tha PAB for the alcermats input device is located.
ALTOUT -—— addr RESIDEVT
A usar variable wnose wvalue is O if ocuctpur is going co che

acnicor else its value is a pointar cto the VDP address whers
the PAR for the altermace output devices is loccated.
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APPND -_— SCR 69 -FIL%
Assigns the APPEND acztribuycte to the fils whose 2a3 is
poincad zo by PAB-ADDR.

ARG ——= addr SCR 43 -FLOAT

A counstant wnich contains the address of the ARG register.

rn

AT fll] —

Performs the arctangent function leaving a floating poinc
result on the stack.

3/ 3UF -— 1 RESIDENT
This counstant leaves the number of bytes per disk buffer,
the byte cocunt read Irom disk by 2LCCXK.

3/307T3S -—= addr RISIDENT

A usar variazble which contains the number of bytss per

builar,

3/sSCR —_— RESIDENT
This constant leaves che number of bloccks per aditing
scrzen, 3y couvention, an =2diting scrsen is (024 bytas
organized as 16 lines of 64 characctars esach.

3/3CRS - addr RESIDENT
A user variable wnich contains :the aumber of bSlocks par
SCREEY.

3ACK addr —— RESIDENT
rmalIianz laz caolnTavs oL Lo
compila inmgn tha zaws :ddrass.

3a3Z - 2addT RESTDENT

A user variable concaining zhe cusTent 2uxmber base used IoT

impus 2nd Jutpuz <saversion.

12 SCR 30 =FLoAT
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3ASZ-D>R _— RESTDENT

Place zhe current base on the rezurn scack. See X-D>3ASE.

3ez? -_— SCR 60 =GRATH

?roduces the sound asscciated with correct inpuc or
prompting.

BEGT — addr a (cempiling) RESIDENT
Qczurs in a colon=definicion in che formm:

BEGIY ... UNTIL
BEGIN ... AGAIN
BEGIN ... WHILE ... REPEAT

At run~tize, 3EGIY marks the start of a sequence that =3y ope
repecicively executad. [t serves as a recurn peinc from zhe
correspouding UMMTTL, AGALN, or REFEAT. When exacutinag

&
o . - - N wel..

CNTIL, a veturn to 3EGIN will occur if the top of the stack

is false; for AGATN and REPEAT a ragurn to 3ZGTN alwavs ’ -

Qcours.

At cempile time, BECIN lzaves 1its rzcurn address and n for
ccapilar 2rror checking.

3L ~e— <h RESLoENT

constant that lsaves the ascili value Zoatr '"dHlagk".

"

3TANKS adiit nL - RZSTITEINT

271

{1l an ars=a of nemory bteginning at addr with cat Hlanks.

\\‘ '
3L . - addr REZSITTENT
A user variaple conctaining the block aumter veing
interpracad. If zero, inpus i{s being zaken Zfrom cha
tarainal input buffer,
304D seTt = S TEZNIIIT
Lcads zhe Ddizary image ai sery whizh was crTeaged 5 ZZAVIL.
SLCAD rEoulTo - ITeE ILag L, oI ine .oac Was LG0T osuszessIos
ine 3 Iazlse Ilag (J) LI e load WAS suczessiul,
L3I Y 27T - PN

1



2LCCR a =-—- addr REJIDENT
Laave the =zemory address of the block duffer containing
bloex 1. 1IZ the block is not alresady in =memory, 1t is
- transfarrad from disk o whichever dbuffer was lsast recen
written., IZ the block occupying that buifer has been mar
as updated, it is rewritten to disk before block n is read
. into the buffer. See alse BUFFER, R/W, UPDATE, and FLUSH.

tly
ked

20CT — RESIDENT
Examines the SCREEN designaced as che booting SCRE (SCr

t =M
- 3). 1f it contains only displayabla charactars (32-127) itz
. performs a LOAD on that SCRIZN.

3RANCE —_— RISIDENT

The run-time procsdurz to unconditicnally brzach. an
in=line ofisat is added to che ‘acarare:zve poiater I? o
oranch ahead or back. BRANCH is cozmpilad by ILSEZ, AGAIY,
aod REPTAT

BSAVE addr seT¥ —— scTi# SCR 83 -3SAVE
- Plazces ia 2 Dizary image (starszing at scr?t and going as far -
as 2scessary) all dictionary contants becween addr and
- - AZRZ. The next available SCREZN number is recurzed on the

i Stack. Sees 2L0AD.

3UFTER n == addr RESIDENT
Obtain the nex: memory dufiar, assigning iz co bleck =. IF

the contants of the buffsr is marked as updacad,
wricten 2o the disk. The block is not vaad Iz

z isk.
f The address laf:i is the firsc cell within che buller fov
data scorage
c! b addr e— RTSTDEVT
Storz 2 tiss at =244z, 3v<ezs :1lwawvs tgoeisv o th: LW trdar
Si1s Mmen n the snaall
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c, D e—

Store 8 bits of b into the next available
advancing the dictiomary pointer,

be used with cauticn on byte

RESID

dicrtionary byte,
This instruccion should
addressing, word orientad

computers such as the TIL 9500.

!
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RESIDENT

Returns con the stack the number of characters per line,

C/Ls ___ adér

RESIDENT

A user variable whose value is the oumber of charactars ger

line.

ca addr ——

o

n

the 8 bit contents o

w»
R
N
n
)
[ ]

CASE N

Tniciatas the construct:

RESIDENT

the memory address on tha

CASE...QF .. .ZNDOF...ENDCASE

CTA pfa =-— cfa

Convart the parameter fisld addrass of a definicicm to i:ts

code fiald address.

CZAR al a2 a3 o

Defines charactar # ch 9 have the sacttarn spaciliad
The de“ '

4 words on the stack.
defaulc resides at HEYX 800.
bytes long.

CTELR-TNT L m——
Tsed iz Zils T)T iz sascTm oz
be tramsmictad.
APPENDIX D 2AGE
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T I 0= T H
Craz-Cuzad — 0 SCR 29
Usaed in fila I/0 to vatriave the charactar count of a
that has been read.
CTHARDAT ¢h === 2l a2 n3 nd SCR 57
Places the 4 word pattern of a specified character (c

the stack.
resides at

C&X-35TAT -— SCR &3 ~FILE
Checks for errvors following an I/0 operatien. IZ an error
tas occurred, an appropriate message is printed.
CLEA serid  e——— RESIDENT
Fllis the designacted scrzaen with blanks. s
LINE addr cat . =—— SR 39 -54SUPPORT
?rincs one line of timy characcters. CLINE axcects on the
- stack the address of the line Co e wriztan in zemorvy, Zhe
Jrunmber of characcters iz thaz lime, 2nd the line zumber onm
wnich iz is to be wrizzan on the outyer scrz=en. CLINE calls
o SHASH t£o do the actual work. Ses SMASH amd CLIST.
] CLIsST seri - SR 69 -54SUPP0RT
- wists the specifiad SCREZN iz Tiay CHARac:irs o fthe
aonitor. CLIST execuctas a zultiple call to CLIME. See
CLINE and TCHAR.
CLoAD ser#  —— 5CR 2 3C0T 3CR
et Used in the form:
3T LOAD
oA TLLL Llae o TEen iart T T L i o Duababt iLLST
) SUL LraZac T LIt L atn i Wna JJUTIUD rnossivasiT. s
B scrz2en aumber of O will suoorass loadiag of the curTant
serzen if Ine speciiisq wWOTL nas alT2aE4y Sesn csmtilad.
APENDITT D TAST L3

dafi

do

-
j=yod

3y defaulc, e nicion Zor characte

E=X 800.
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CLR-STAT -— SCR 48 ~FILE

Zeroes the status field of the PAR pointed to by PAB-ADDR.

CLS — SCR 33 ~SYNONYMS
Clears display screen by filling the screen image table with

blanks. The screen image table runs from SCRN_START to
SCRN_END.

CLSE — SCR 71 -FILE

Closes the file whose PAB is pointed to by PAB-ADDR.

QIOVE addrl addr2 cat --- RESIDENT

Move the specified quantity of bytes beginning at addrl to
addr2. The contents of addrl is moved first proceeding
toward high memory.

CODE -— SCR 74 ~CODE
A defining word initcializing the definicion of a code
(assembly) word.

COINC spri#  spr# Lol ~—— § SCR 61 ~GRAPH
Detects a coincidence between two given SPRITES wichin a
specified tolerance limit. A true flag indicates a
coincidence.

COINCALL - £ SCR 6l -GRAPH
Detects a coincidence between the visible portions of any
two SPRITES on the screen. A true flag indicates a
coincidence.

COINCYY de dr sor# tol e== € SCR AT ~CRAPY

- - I T PN - iy v | ey v e . 5 .
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vyt 4 e C e C e ey “. e .- o
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RESIDENT
The COLD start procedurs to adjust the dicticmary pointer Lo
the aianinum scandazd and vestart via ABORT. May be called
frem the tarminal to remove appligation programs and
restart, COLD calls 200T prior to calliag ABORT,

COLCR al 82 a3 -— SCR 38 -GRAPH
Causes 2 specified character set (n3d) to have the given
foreground (al) and backzrouzd (n2) colors.

COLTAB —= vaddr SCR 57 ~GRAFH

A constant whose value is the beginniag VDP address of the
color tabla. The default value is EEX 380.

CaHPiLE —— RESIDEYN
Whea the word coataining COMPILE exacutas, cthe sxecucion e
address of the word following COMPILE is copiad (ccmpilad)
into the dictionary. This allows specific compilzcion
situations to be handlad in addizion 2o sizmply ecmpiling an
axecution address (which the imcarpretar alr=ady does).

CONSTANT a — RESIDENT
A defining word used ia che Zora:
o CONSTANT cccc

o c¢reata word coce, with its paramegsar fiald containing a.

When ccce is lacer exacuted, iz will push the value of a o
tie stack.

CNTIXT == addx REZSIDENT

4 user variabla coutainizg a pointz2r <o che vocabulary
nichia which dictionary searches will firsc begin.
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COUNT - addrl —- addr2 n RESIDENT

Leave the byte address (addr2) and byte count (n) of a
zessage text beginning at addrl., It is presumed that the
first byte at addrl contains cthe text byte count and the
actual text starts with with cthe second byte., Typically,
COUNT 1is followad by TYPE.

CR -_— RESIDEY

Transaic 2 carriage recurm and a line feed to the selectad
output device.

CREATZE ‘ RESID

vrve

1
s
-

4 defining word used in the form:
CREATE cccc

by such words as CODE and CONSTANT to create a dictionary
neader Ior a TORTH definicion. The code f£iald contains the
address of the word’s paramecer field. The new word is
creatad in the CURRENT wvocabulary.

cs? —=  addr RESIDENT

g

A user variable temporarily storing the stack pointar
position, Zor compilation error checking.

CURPAS - addr RESIDENT
A user variable thatz stores the current VDP cursor
position.

CURRENT ~—— addr RESIDENT

A user variable pointing to the vocabulary into which new
definizions will be compiled.

o+ dl d2 — d3 RESIDENT

Leave the double number sum oI <wc deuble aumbers.

APPENDIXZ D 2adzs 2 GLCSSaRY
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Dheeme 4l 1 === < =S

coly the sign of n to the doubls number 41, lezving it as

o e
3 0)

o, d == RESIDENT

Print a signed double aumber frem a 32 bis two's ccaplement
7alue, The high—order 15 bits are meost accessable on the
stack. Cooversicn Iis pariormed according to zhe current
2ASE. A blank follows. Premounced "D COT".

D.2 . d 1 — RESIDENT

Princ a signed double number d right aligned ip a3 £ield 2
characcers wide.

DA3S dl e~ 42 RESIDENT
L2ave the absolutz 7alus of 2 doudbls aumzer. -

2COLCR —  addr SCR 83 -GRaZHE
A warizbla wnich conzains the cot color informacicn used oy
20T, Its value z:ay te a2 Two digit HEX aumber which delizes
zhe Ioragvound and tackground color, or ic may ke -i which
=eans 1o c<olor informacicn is changed in the VDZ.

oDoT de dr == vaddr SR &3 -GRaPY
The assembly code rouzize callad by I2CT. It exceczs a dot
column and a dot row on Iha stacx and raturas a TL?
addrass.

—~
SEITMAL —_— IESTDENT

Ser the aumeriz coaversion 3aAST Zor deeimal izput/outpyuc.
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Usad in ths

o
ccee  REFINITIONS

Ser the CURRENT vocabulary zo the CONIEZXT vocabulary.
the example, executing vocabulary name ccec made it the

CONTEXT vocazbulary and executing DEFINITIONS made beth
speciiy vocabulary ccce.

DELALL —_ SCR 8l -GRAPH

Deleta all SPRITES.

DELSPR sprd  — SCR 61 ~GRAZH

Delete tha specifisd SPRITE.

DIGIT eh ol —= 22 zZ (ok) ESIDENT
¢ nl == £Z {9zd)

Convers che ascii charactzar ch (using 3ASE al) to its dinary

equivalent u2, acacmpaaied By a ¢
counvarsion is iovalid

2

5=

S% 3UT = addr RESIDENT

A user variabla zhat points
the 1X disk bullar,
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DISR~HELD -— SCR 40 -CoPY

akas zhe disk

Writas a disk-tnead om SICRZEVN O oz a
2 T MANACGER ane wicsh TT

compatabls wich cthe TI
3a8IC.

DISX Al -— 3ddrz RESTDENT

T
b
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DI3X L0 — ddr
—

£

'

A user variable which conctains the firsc
the range wherain disk writes are permictted.

| indicates UNDRAW mode,
o TCGGLE node.
OTCG iastruceious.

and a value of 2

\ s e ke e I Waed N g ~ (=
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SCREZIN number of

DISX SIZz - addr RESIDENT

' A user variable whose value is the ouzber of SCREINS

logically assigned to a diskestca.

DLITERAL d =— d {exacutiag) RESIDENT
d — (eccmpiling)

1£ ccmpiling, compile 'a stack double number inte a literal.
‘ Later executicn of the definitiocn containing the literal
e will push it to the stack. If execuzing, the number will
{ remain on the stack.
]
L.
[ DLT —— SCR 71 -FILZ
i

The FTILE I/0 routine which dalatfes the fila whose 243 is
fﬁf sointad o by PAR-ADDR.
!
- IMINTS dl = dZ2 RESIDENT
— Ceuvers dl to its double number twe’s complement.
i OMCLE ——  a3ddr SCR 83 -GRAZE
r A variable which dacarmines which dot 20ds is currenzly ia
_ affzcc. A DMODE walue of O indicaras DRAW mode, a value of

indicaces DOT
This varzable is setc by che DRAW, UNDRAW, and



DO

0QES

00T

Dp

nl n2 —- (axecute) RESIDENT
addr n =-— (zcmpile)

Occurs iz a colon-c=2Zinition ia zha Zorm:

D ves LoGC?
Do ces +LCOP

AC run time, DO begins a sequence with rapetitive execution
controlled by a loop limit nl and an index with imicial
value n2. DO removes these from the stack. Upon r=2aching
LOOP, the index is incremented by one. Uncil cthe new index
aquals or exceeds the limit, execution loops back zo just
after DO; otherwise the loop parametars arzs discarded and
executlion continues ahead. Both nl and n2 ars detarmined at
Tun-tize and may be the rasult of other cperatioms. Within
a loop, 1 will copy the current value of the index to the
stack. See I, LCOP, +LCOOP and LEAVE.

When compiling within the colon-definition, TC ccmpiles
(DO), l2aving the following address (addr) azd a for later
error checking.
o
—— AESIDENT
A word which defines the run—ctize ac=ion wizhin a high=lavel
defining word. ©DOESY> alters the code field and Zirsc
parameter of the new word to execute the sequence of

cempilad word addresses following DOES>. It is always used
in combination with <3UILDS. When the DOES> parc
T cer

iz begins with the addrsss of the firsc pgaraze of zhe zew
word on the stack. This allows incarprecation using :ails
area or its contents. Iypical uses iaclude the FORTH
assembler, aulcti-dimensional arravs, and comoiler
ganeration.

de dr —- SCR 83 -GRAPY
Plocs a dot at ( de,dr ) in whatavar acde is selsctad o7
DMODE and iz whatsever coler is selsctad %y DCOLOR.

—— addr RESIDENT
A user variable, the dizcionars zoinzar, wnizh zsozzizs the
address of zhe next frz3e nezorT z2ove the diciicnary The
ralee z=av e read v IZTI :ine dizarze v ALlLIT

APPEYDIX D PAaCZ 25 GLIS3ART
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TCRTE

D?L -— addr RESIDENT
A user varizble contzining the aumber of digics to the right
of the decizzl cn double integer input. It 2ay also he usad
to hold output column location of 2 decimal poinz, in user
zenerated formzting, The defaulc value on single number
input is =-1. ‘ \

DRO -_— RESIDENT

DRI

DR2
Command to select disk drives by presetting OFFSET. The
contents of QOFFSET Is added to the blcek number in 3LOCK to
allow for this selaction. CQFFSET is supressed for error
text so that it may always originate from drive Q.

DR—A}: i SCR 63 "’C/R—i\.?a
Sets DMODE equal to Q0. This =eans that dots are plotted ia i
tha ‘on’ staca. » -

IRI7TZ o e— RESIDENT
idiuscs OFTSET so that the drive aumber on the stack seccmas
the Zirse drive in the systam.

nrOoP 2 — RESTDENT
Drop the top oumber from the stack.

psS?LY o SCR &89 -7z
Assigns the attribuce DISPLAY o the file poilntad 3 by
ZA3-ADDR.

DSRLAR — SCR 33 -STACNTYS
Links a FORTH progr to any Device Servige Rwoutine in ROM.
Fafzsre thiz fzstrTusTion Tov o ta oZad, v T2 musT e oiaz iz o
T2 M.
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SCR 39 -CoPY
Perforas 2 non=-destructive test of the disk in DSX1l by
actempting to read eazch SCREZN.

DTCG — SR 83 -GRAPH
Sets DMODE equal to 2. This means that each doc ploctted
takas on the opposite state as the dot currently at that
locatiou.

o addr o —— ‘ SCR 43 -DUP
Print the contents of n memory locations beginning at addr.
Both addresses and contents are shown in hexadecimal. See
PAUSE.

oU? n -— 1 o RESIDENT

Duplicate the value on the stack.

o) erd del drl de2 dr2 — al =2 SCR 39 -GRAPH
Places the square of the x distances (nl) and the square oI
the y distance (n2) between -the points (del,drl) and
(de2,dr2) on the stack.

zCouNT — addr RESTDENT
A usar variable which contains an error couat. This is used

Co preveni 2ITOr recursion.

@ — SCR 38 -ZDITOR

SCR 29 -84 STPPCRT

3rings you nack into the EDITOR cn the last SCREZN you
edicad., This SCREEN is zointad to 2y SCR.

——r— R PR ——
DI seT — 3CR I8 -Z0ITCR
-~ PS04
SCR 29 -3450PY
2. - - habre b d e hol - - - - s - - o ST
ITLAZS T LAND D OTIR D Ll s N T8 3TESCLIIZ2Y SulLiir e
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"
i
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Ly
(92]
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Occurs within a colen-

A run-tizs, ILSE exec
1T, ©ZLSE forces =xecu
part aad rasume execut
affect,

Al ccmpile-time, ELSE
cffser and leaves the
tasting. ELSE also re

it at addrl.

2417 ¢h =

Transmit ascii charact
QUT {3 igerementad Zor

T

NSRS N

Traasaiz azn 3-hi
QUT is iacramen=®

Mazrk all block-bufiars
the contants. Updaczad

the disk.

CLESE addrl ch —
The gtext scannizng priz
addrass adérl and an a

characcar al, the offs

ind the gffset to che
Jrscezur: wWi.l oot TS
35 3n UNIConelLILonas a=

- - -
nl === zadrl a?

a

(cempiliagz)

cdefiniction in the Zorz:

|

SE * e s z:l

ucas afrer the true

ticn to skip over the
ion aiter ZNDIF. It

-
<

emplacas 3RMCHE reservizg a bdrzneh

address addr?2 and a2

for arvor

solves the pending forward bramnch from
1T Yy calculating the cffset frem addsl to EZRE and storing

ar ch to the salacrad
2agh cnaractar JutD

as empty, 20T 218cas

blocks ar= noz wristen <o =
This is also an imicialization procadurs ceforz £irst use o

addrl al 22 =32

izive usad 37 WCRD.

seii dalimiting chatacts

.
sarily a

(A1)

et to the delimiter afcsr che taxt nl,
first character not inmcludaed. This
<255 2ast Im 233LL 2ull , IT=2acliag 12
Limzzac,
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FORTH
EJD £

This is an ‘alias’

ENDCASE

RESIDENT

or duplicate definition for UNTIL.

RESIDENT

Terminates the CASE coustruct.

Occurs in a colon-definition in

IF
IF

addr =n

(ccmpile)
the form:

ENDIT
ELSE e

ENDIT

AC run-time, ENDIF serves oanly as the destination of a

forward branch from IF or ELSE.
the conditicnmal structure.
Both names are supportad in

ZLSE.

AL compile-tine, ENDIT computes

from addr to HERE
error tasts.

It marks the conclusion of
THEY is another aame for ENDIF.

fig-FORTE. See also IF and
W
cthe forward branch offset .
and storas i at addr. =2 is usad Sor <

ENDCF — ESTIENT
Terminaces the OF constTucs within zhe CAST conscrucs.
ERASE addr o =— RESTDENT

Clear a region of memory o

ERROR al

is first examined.

screen 4 of drive 0 is princed.
posicive or aegative, and beyond

Execute error aotification and rastart of systam.

zero frcm addr over n byres.

— a2 a3l RESTDENT
WAR2IING
If |, cthe taxz of linme nl, ralazive o
This line cumber 23y be
just sereen 4. 1f

WARNING=Q, 2l is just printed as a message number (non-disk

instzllacion).
axacuctead,
cautiously acdily

o - gy . oy p— -y

APPENDIY

33ves 2he

— . ——-‘dd-'..—.a:”

If WARNING is =1, the definicicn (ABORT) is
which 2xsculas

ing syscem AaBORT. The usar zav
ois exacuzion 9y al:iaring (A3CET).

- e . an

axecution of CUIT.
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P O )

e
v
EXPE
=
-
]
e
T
-
T
¥

sra ==
Lxgeute che defiunizion whose code fi
staczk., The cody fizld addrass is al
cempilacion addrass.
Fll == £12
Ralses e to the powar specilied b
on the stack z2nd lszaves the raselI 2o
addr  cnt e—

cT

Transfer characrars
or the

ENTER
or 20Te nulls

Stores 3 floa

are

LLng

degiaping with the

“ul
and

-l
juioiys
le

Adds the top mws Zloating oiat aumbers on

lies the
avas the

2wt

frem
sf charactars has been
added at

the terzina

the ond o

=1

-y

iad addTass

k-d

places the result on the stack.

i
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ting point aumbders on ihe

vy e s
RIS I
d addrzasz Lz con the
callad che
SCR A0 =TLCAT
floacing zeoizt ausnter
g 7
the szzack,
RESLDEWT
to addr, wmetil a
razaived, QOne
the taxe,
S 43 -ITLOAT
tne 4 wards
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3CR 44 - LOAT
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FORTH

F.R

F/

FO<

F<

F=

0

fl —= SCR 48 =FLOAT

Prints a floating point number in BASIC format to the output
device.

fl n == SCR 48 =FLOAT

Prints the floating point number in BASIC format right
justified in a field of width n.

f11 £12 — f13 SR 46 =FLOAT

Divides £ll by f12 and leaves the floating point quotient on
the stack.

fl — ¢ SCR 49 -FLOAT

Comparez the floating point number oz the stack to 0. If it
1s less than 0, a true flag is left on the stack, else a
false flag i{s laft.

fl —— £ SCR 49 -FLOAT

Compares the floating point number on the stack to 0. If it
is equal to 0, a true flag is left on ths stack, else a
false flag is left.

f11 £f12 === ¢ SCR 49 ~FLOAT

Leaves a true flag if fll < £12., Else leavaes a false flag.

fll £fl12 == ¢ SCR 49 ~FLOAT

Leaves a true flag if fll = £12, Else leaves a false flag.

f1l £12 — f SCR 49 ~FLOAT

el

Leaves a ctrue flag if £f11 > £12., Else leaves a false flag.

addr == f1l SCR 45 -FLOAZ

Retrieves the floating point comtents of the given address
(4 words) and places it on the stack.

-

APPENDIX D PAGE 32 GLOSSARY

P




A conscant

FAC->S

-——  3ddr

which contzins

.-t-n

Converts a floating point aumber iz FAC

pracisicn

FACD ARG

Moves a floacing peinc number Zrem FalC i

number and places

1

(1Y

Adds the Ifloating poizt. numper iz FAC =0

number iz

ARG arnd lezwves :zhe

to a single
ameter stack.
SR 45 «~FLOAT

=TL0AaT

the Ilsatiag zciac

. U
resuls in FAC.

Oividas the floating poinc aumber in 73
soiac aumpber iz ARG lsaving

)

TRO?

Drops the zop floating soing

07

Duplicates the wop Zloacing
TEACZ — addr

no LR TATILICOLE IZUTNIALILID

i3 "Tzcwmed.  To TGRCET el

“a mem e i —

L4 1)

1 p——

che gquotienc

aumser froom

SCR a3 =T LOAT
9y ctie floacing
in FAC.

3CR 63 =7 LOAT
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e
r
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£l nl w2 - SCR &8 ~FLOAT

Le)
L3
.

Prints the flcating point number wich n2 digits following
the decimal point and a2 zaxizmum of nl digits,

i
Fo

fl nl 02 a3 — SR 48 -FLOAT

Prints che floating point number, with n2 digits following

the decimal point, right justified in a field of width n3

with a maximum of nl digizs.

F-D" — SR 70 ~FILE
Expects a file descriptor ending with a " to follow. This
instruction places the file deseriptor in cthe PAB pointed to
by PAB-ADDR.

FILE ' addrl addr2 vaddr -— SCR 48 -FILE
A defining word which per=its vou to creatz a word by which
a file will be known. You must place on the stack the
PAB~ADDR, PAB-BUF, and PAB-YBUF addressas you wish co be
asgoclaced with the file,

Used in the form:

addrl addrl wvaddr FILZ cece
When cccc execuces, PA3-3DDR, PAB-3UT, and PAB-V3UT ars sat
addrl, addr2, and vaddr, resspectively.

TILL addr c¢nz b —— RESIDENT
‘F1ll memory beginning ac addr with the specified number
(cnt) of bytas b,

FIRST ¢ = addr RESIDENT

the firsc (lowesc)

"

A constant that leaves the address o
block huffar.

- e -
- N I S, I

A eSer wvarizoie wWnlLoa IooTElns ITne I1D3T wsz2 sI he lisw

bufiar arsa.
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o number aguzput £
72 and T1 FORTH.
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(2%
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A user variable for cont
Presently wused iz £ig
FLERR —_— SCR 4S8 =TLCAT

Raturns on the szack the contents of the floating poincs
status registar,

FLUSH — RESIDENT
Rewrites to the disk all disk buffers that have been

updated.

Epst — SCR 4

=ZLOAT

(9]}

Multiplies the f£loating poinc aumber in FAC with the
floacting point oumber in ARG leaving the zroduct im Tal

TORGET —— RESIDENT
Ixecuted iz the Zora:
FORGET cezz
Deletes definicion named ccce Zrom che diceionary wizh all

eatries physically following ic.

FORMAT-DISY dsk == SCR 33 - -STNCNTMS

Inizializes cthe disk in DRO, DRl, or DR2 for use wizh the
Forth systam. AUTION: all dacwa om ctha disk (if any) will
he destroyed. Also, disks initialized by che DISK MANAGER
23y be usad without any changes., DSX aumper aust e J, | or
2.

PuerEiita SOEIE SN ERA] .: AR INCR
3f a co.on-dafinizion 5 select zhis wvocabularvy at ccmnila




e e o} e e s

FORTE~COPY — SCR 39 -COPY

Copies the entire disk im DSX2 onto the disk in DSXKI.

FORTE~LINK -— addr RESIDENT

A user variable used for vocabulary linkage.

FOVER f11l £12 —-= 11 .£12 £11 SCR 45 -FLCAT

Coples the second f£loating point number on the sctack to the
top of the stack.

FRAND —_ £l SCR 46 ~-FLOAT

Generates 2 floatingz poinc anumber greater :than or esqual to O
and lass than 1. ’

FSUB — SCR 45 -FLOAT

Subtracts the floating zoint aumber in ARG from the number
in FAC and leaves the.ressult in FAC.

FSWAP ) £i1 fl2 -— I12 1! SR 45 -FLCAT

Swaps the top two floating peinc numbers on the stack.

4
4]

XD — SR 88 =-Fl

i

Assigns the aztribuce FIXED to the file whose P2A3 is pointad
to by PAB-ADDR.

GC3AR ¢ r === ch SCR 38 -GRaH
e Returns on che sctack the ascii code of Zhe characctar
) currently at (¢, r)., NOTEZ: Rows and columns ars umbered
rtom Q.
GET-FLAG —_— b SCR 58 ~-F7ILE

curvent 243 and places it

L
[
]

Recriaves the flag byta Irom
on the stack.
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GOTOoXY ¢

1y .

Places the cursor at the des

RESIDENT

gznated column and row

1
posizion. NCTE: Rows and coluimns are numberad frca 0.

GPLLNK addr —

Links a FORTH program to the
routine located at the given
GRAPHICS —

Converts from prasent screen
mode configuracion,

GRAPHICSZ o

Couverts from present scrzen
mode configuracion.

3CHAR ¢ r euz ah

?rincs 3 norizoneal strsam of
beginniag ac (c,r) and having
columns are numbered from 0.

A
:

e  3ddr

Leave the address of ths nexc
locacion.

Ser the auneric conversiocn ba

addzr

SR 33
Grapnics Programming Language
address.

SCR s2

aode {ate scandard GRAPEICS

SCR 54

mode inte standard GRAPYICS2

— SCR 37 ~GRATE

Py

a spacified character
a length enz. NOTZ: Rows and

RESTDENT

available dictionary

se £o sixteen (hexadecizal).

A user variable that holds zhe addrass of the lactasc

perne

sseq Jerwean s and F> 10 s

Jiczursd aumeric gucpuf STTINC

decizmal zoin:z.

S maw v

e e S{rrmemea
LLoUL -

271 33 as¢li cnarzcIar ilatc 2
- I eeg 10 Y. 2
z. a.z. 2% 3CLD will 2l3c=2 2

= STIONYMS
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HONK

—
ta

>3
[ |
58]

-_ SCR 60 ~GRAPH

Produces the svund associated with incorract inpuc.

— RESIDENT

Used within a DO-LOOP to copy the loop index to thes stack.
Other use is implamencacion dependenz, See R .

» afa -— RESIDENT

Princ a definition’s name from ics name field address.

£ -— (run-cime) =~ RESIDENT
~—= addr a (compile)

Occurs in a colon=definizion in the form:

IF ( CD) e oo ED‘—DIF - -
I (ep) e ELSE (Zp) case ENDIF

AC Tun~time, IF selects axecution based on a boolean flag,
If £ is true (non-zero), execution continues ahead thru cha
tzue part. If £ is false (zaro), axecution skips to juse
after ELSE cto executa che f{alse part., Afcer.ei:her paret,
execution rasumes aftar ZNDIF. £LSE and its false parc ars
optional; 1f missing, false axecution skigs to just afrar
NDIT.

At compile time, IF compiles QBRANCE and reserves space Zor
an offser at addr. addr amd 2 are usad lacar f{or resolution
of the offset and erwsr testing.

IMMEDIATE _ RESIDENT

Mark che mostc racently aade definition so thisc when
encouncersd at cempile time, it will be execucad racher than
being compilad. 1.e. the precadence bi: in ics header is
set, This method allows definicioas to handle unusual
cempiling sicuacioms, racher than build them into the
fundamentzl acmpilar., Tha usa 3 :

2

7 o Izre2 cilzzicr
i=mediata definition by siac

o
il
f
)
LN
3
0
s
)
9
[N
)
[}
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N —— addr , RZSIDENT

A user variable containiag the byte offset withio tne
current inpul cext bulfer (cterminal or disk) frem wnich the
cext taxt will Se accepted. WORD uses and moves the value
of IN,

INDEX al 212 — SCR 73 ~PRINT
Prints fo the terminal a list of the line #0 corments from
SCREIN al cthru SCREEN a2. Sees PAUSE.

INPT —_— SR 69 -FILE

Assigns the atribuca INPUT to the file whose PAB is pointed
to by PAB-ADDR.

I . £1]  =— E£12 SCR 50 =TLOAT
Leaves the *ngeger Portion of a floating point zuzber on tha A
::ac.<c ‘

INTERPRET —— RESIDENT

The outar text ingarpratar which saquentially axacutas or
compilas ta2xt from the iaput str2am (carminal or disk)
devending on STATEZ. 1I1f the word name cannot 3e Zfound aftar
a search of CONTEZXT and then CURRENT it is comverted imto a
aumber according to the current hase. That alse Zfailiag, an
2rror message eschoing the name wicth a "?7" will be given.
Text impuc will be taken according o the conventicn forv
WORD. If a decimal point is found as part of a number, a
double aumber value will be left. The decimal point has oo
other purpose tham o force Inis action. See NUMBER.

NTLUR ~— addr ZSIDETT

A user variable which is a3 goiacer =5 the Iacsrrupt Service
Llinkag=s.

TR v YRS
[ RRIRC e P — pAS

.- N L etee ey

po:.:zcac 0 2y PA3-aDDR.

TATR T A
,--?—.. 12w -~

‘d
-
Wl
¥
1.0
L0
[
"i
C)
L)
(9]}
D
r
%
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)]

ISR

v
3
fe ¥

- addr RESIDENT

A user variable that Initially contains the address of the
incerrupt service linkage code to install an Interrupt
Service Routine. The user zust medify ISR te contain the
CFA of the routine to be executed each 1/60 secoand. Next,
the contents of HEX 83C4 must be modified to poiant to this
address. Note, the interrupt service linkage code address
is also available im INTLMK.

— 1 RESIDENT

Copies the loop index of the second innermost leop to the
stack. , -

JOIST al == c¢h n2 a3 SCR &0 ~GRAPH

Allows you to accept input from JOYSTICX #1 cr #2 (nl) or
from tha lefc and right sides of the keyboard,

respectively. Values recurmed arz the ascii value of the : .
key pressed (ch), the x status (n2) and the y status (a3). )

4

%

= ch : RESIDENWT

Leave the ascii value of the next tarminal key struck.

- ch RESIDENT

Leave the 8-bit valuas of the next rerminal key struck.

L/SCR — 0 RESIDENT

w2

Returns on the stack the number of linas per SCREZY.

T  -—— afa RESIDENT

Leave the name fieald address of the zopmost word ia che
CURRENT vocabulary.

o~ -1 ————
o - Lo 2 -

- S8y Tememem 3 s mip 1
TER TL.2 IT7C32 2 1.3L LTS

the =axiaum sumber of

Tha Zile I/Q 2rocsss 5 lsad
VDP RAlf. Tha paramatar n spec
Jytas (o oe ioaded,

g

ADOE\MTY N A0 L0 ~AQQ ARV I
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LOCR a!l a2 addr == SCR 388

Perforas a 9900 LDCR inscruczion. The CRU base (addr) wili
ve shifted leit one bit by zhe LDCR izmscrucs s
value co be traansfesrrad to the CRU and 22 is zhe
of nl (in bits).

LEAVE — RESIDENT

PO PN

Force termination of a DO-LCOP at the next opporzuaity by
setting the loop limit equal to the curreat value of the
index, The index itself remains unchanged, and execution
proceeds aormally wmeil LOOP or +LOOP is encountazrad.

LFA pfa -—— 1lfa RESIDENT

Convert the parameter £ield address of a dictionary
definition to its link Ziald address.

ZZSIDENT ek

A constant which leaves the addr
£z

ss just asove :thie nizhest
memotry available Ior a disk bu r.

oM1Ts - addr RESTDENT
A user variable which concains che addrass just above che
nighest memory available for a disk bulilar.

LINE del drl del dzl o= SCR 44 ~GRADE
The hizh resolution ygraphics routine which plots a line from

(del,dzl) to (de2,dr2). DCOLOR and DMODE aust 2e sac hefors
this iastruction is used.

LIST SCTHE  ——— IETSTDENT
Liscts the specified STREZM o the output device. Ses
PAUSE.

rexz. TLataer axaculion of LIT czuses
i ; o



£ 0 7\ 1: o4
LITERAL a -— (compiling) RESIDENT

LOAD

ncorp

If ccapiling, then compile the stack value n as a 16 bit
literal. 7This will execute during a colon~defimiticn, The
intended use is:

: xxxt  [ealculate] LITERAL
Compilation is suspended f{or the ccmpile~tizme calculation cf

a value. Compilacion is rasumed and LITEIRAL compiles cthis
value.

0 — RESTIDENT
Begin interprecation of SCREEN n., Loading will tarminate at

the end of - the SCREEN or at ;S. See ;S and ==>.

fl11 — 112 SR 30 -FLOAT

(a1

The floating voint operacion which raturns the LOG of th .
loating point number on the stack. -

rn

addr a =-—  (compiling) RESTDENT
Occurs in a colon-definition in the form:
Do ves LOO?
AL Tun—-time, LOCP salactively controls branchiag back to the

corraspondiaz DO based on the lcop index and limit. The
loop index is incremenced by one and comparsd to the limic,

' The branch bSack to DO occurs until the index equals oT

£ 4
%

exceeds the limic; at chat time, the parameters are
discarded and execution continues ahead.

At cempile~cime, LOOP compiles (LOOP) and uses addr 2
calculace an offser to DO. a0 is used for arror tescing.
ol ©2 -— d RESIDENT

A @ixed nmagnicude zach operaticn wiaich 1
! 4 =

& avas che couble
aumper gigned jroduc:t of Two sizneg z
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N

73]
C
p28)
3
N

M/ d al == 22 a2 o

3 RESIDEYNT
A nixed zmagnitude. math operator which leaves che signad
renzinder n2 and sigmed quoctient n3, Irom a dcuble number
dividend and divisor, al. The rsmainder takes its sign Irom
the dividend.
M/MOD udl w2 =—— u3 udd RESIDENT

An unsigned mixed magnitude aath operation which leaves a
double quotient udé and remaindar ul, frecm 2 double dividend
udl and a siagle diviscr ul.

MAGNIFY nl - SCR &0 -GRAPH

Alters the SPRITE maguification factor to be nl. The value
of ol sust be 0 , 1 , 2, or 3.

MAX al n2 -—— ujl RESTDENT
Leave cthe grzatar of cthe two numbers.

MCEAR 8 ¢ T -— ' SR 62 -GRAPH
Places a squars of color 2 at ( ¢,z ). Usad i MULTTICOLOR
gode s

YENU —— SCR 20 3007 SCR

Displays the available Load QOptions.

MESSAGE 0 RESTIENT

?rint on the salectad output device thes taxt of line 1
relative o scraem 4 of drive 0. o 2ay Se sosizive aor

negative, MESSAGE may be used 2o orint incidental zaxt such

as ra2port
siaply be

TN

- o
J23Ve 2

neaders. If WARMNING is zaros, Che nessage will
printaed as a number (dis¥ un-availablie).

2l n2 =—— a3 AESTDENT
smallar 37 ks o iumizacs,
AZOTNDIT D PAGE 43 TLIS3ARY
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FORTE
MIMIT -_ SCR &2 -GRAPY
Inicializes the SCREIEN for use wizh MCHAR.
MINUS tl = al RESIDENT
Leave the two’s complement of a number.
MOD nl a2 — mod RESTDENT

Leave che remainder of nl/al2, wich che same sign as al.

MON — SCR 33 -STNGWDMS

Exitc co the TI 99/4A color bar screen.

MOTION nl a2 sprd —— SCR 39 @ -GRAPH
Assigns a horizoacal (nl) and verzical (a2) velociczy %o a _
spacified SPRITE. o
MOVE addzrl addrl o --- RESIZENT

Move the contants of 2 aemory cells (lé Bi: contencs)
baginning at addrl Llago n cells beginning ac addr2. The
contents of addrl is amovaed firsc.

MULII —— SCR 33 -GRAPY
Converts from present scraen 20de iago sgandard MULTICOLOR
zode configuracion.

MYSELT —— RESICENT
Used in a colon definitiom. ?Places the C7A of a routine

into icself. 7This perzits rscursiom.

NTA pfa -— afa RESIDEYT

Convert che paramecar [iald addrass of a defipnizicn o L:is
aama Ileld address.

A

gy
*d
M ]

{
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P

BRI

P

£

ny

A do nothing inscrucction. 0P is useiul for patching as iz
assembly code.

NOM3ER addr e—— d RESIDENT

Convert a character string left at addr with a preceedin
count, to a signed double number, using the curraat numeric
base. 1f a decimal point is encountered in the taxt, its
position will be given in DPL, but no other efis=ct ogcurs.
IZ aumeric comversion is not possible, an error asssage will
be given.

g ——— RZSIDENT

Taiciates the OF ... ENDOF coastruct inside of the CASE
construct. 0 is compared to the value wnich was on top of
the stack when CASE was exacuted. If the numbers are
identical, the words between Of and ENDOF will te =axecuted.

QFFSET s addr RESIDENT

oPN

CR

8100y

.

f

A user wvarianle which m:ay contain a block offsesc o disk
drives. The contents of OFFSET is added to =he stack znumber
by BLOCX. Messages issuasd by MESSAGE ars ludeceude e of
OFFSEI. See 3LOCX, DRO, YZSSAGE.

Qoens the £ils whose 2A3 is pointed 0 by P2A3-aADDR.

al a2 === a3 RESTDENT

Laave che bic-wise logical OR of ctwo {6 bit values.

<=  addr RESIDENT

A user defined variablas that comtains a value incrementad by
2MIT and =MIT8. The user mav alter and examine CUT zo

~anzrol disnlav farmaning

e T a0l
X7 - GLUSEARY
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FORTH

CUT?T _— SCR 89 -rILz
Assigns the attributa OUTIPUT to the file whose 243 is
pointed to by PA3-ALDR,

OVER al nd =— 12l a2 al RESIDENT
Copy the second stack value, placing it as che new ctep.

PAB-ADDR ~—— addr : SCR 53 -FILE
A variable contaiming the VDP address of che first byte of
the current PA3.

PAB=-BUF —= addr SCR 68 -FIL=
A variable which holds the address of Zzhe area in CPU RAM
used as the source or destinatiom of the daza zo be
transferred, This is a file I1/0 word.

h o

PAB-VBUF - addr SCR 68 -FILE : ..
A variable pointing to a VDP RAM buffer which servas as a
tamporary buffer when- transferring daca.

PABS - addr RESIDENT
A user variable waich poincs o a ragiocn in VDP RAM which
has been set aside Zor cr=ating PalZs.

PAD -~ addr RESIDENT
Leave the addrsss of the texz output pulfar, which is a
fixed offser above dERE.

‘\\‘4
.
PA0SE — F RESIDINT

The words LIST, INDEX, DUMP and VLIST all call the word
PAUSE. ©Pause allows the user to tamporarily nalt the outpuc
Wy 2rassing ny kav., 2 ;i illaw

by izg zncthar way Wwill 1110%
continuation. To exit one 5I thasse tzuzines pramacursLly,
sraess 3REaX.

1
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vaddr 3CR 57 -GRAPE
A constant which contains the VDP address
Descriptor Table. Defaulc wvalue is »3CC.
PFA nfa -— piz RSSIDENT

Convert the name Zield address of a compiled definition o
its parameter f£ield address.

1

g
4

w

CR

in

C =TLQAT

A floating point approximation of PI to 14 decimal places.
( 3.1415926353590 )

PREV —= addr . RESIDENT

A variable coutaining the address of the disk buffaer costc
vecently refarsncad.,. The UPDATZ command =arks chis buifar

1

to be latar wriztan to disk.

PUT-ILAG b _ SCR 58 ~TILE

Writes the f£lag byte iaco the approgriace Pa3 vaefsr=anced by
PAB-ADCR.

QUERY o RESTDENT

Input 8Q characters of texz (or uatil a "encar’) from ch
operator’s cermimal, Taxt is posizionad at che addrass
contained in TI3 wich I set o zero.

QUIT — RESTREYNT

and ragura conszwrol

)
i3 givino,

Clear the raturn stack, stap ccmpilacion
to the operaror’s terminal. Yo message

(TS

R — RESTDEYNT
= .-—— - - - T - e N -— e w - o - [
-~ SLE ST 22 L3 JEULAYT O 3LACMl L8 lhe ZaJdEzmi=2lz2l scalwa

-y .- L - i ~ AL T
?E.TDI. o 2AGo = JL_US:}:“_-
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R — addr RESIDENT

A user variable which may contain the location of an editing
cursor, or other file related function.

R~>BASE RESIDENT
Restore the current base from the return stack. See
BASZ~>R.

/W addr nl § o= RESIDENT

The fig-FORTE standard disk read-write linkage. addr
specifies the source or descination block buffer, nl is the
sequential number of the referenced block; and £ is a flag
for f=0 write and f=] read. R/W determines the location on
mass storage, performs the read-write and performs error
checking.

R> - 1 RESIDENT

Remeove the top value frcm the return stack and leave it ou
the parameter stack. See DR and R.

RQ -—— addr ‘ RESIDENT

A user wvariable containing che initcial locazicm of the
return scack. Pronounced "R zere". See RP!

RANDOMIZE — SCR 33 =STIONYMS

Creatss an unpredictable seed for the randem aumber
generator.

3D -— cat SCR 71 -FilZ

The file I/0 instruction that reads from the current 2A3.
This instruczion uses PA3-3U7 and PA3-V3UT.

ADI3X addr ol al === a3 3ZE3T

és. acdT L3 Ine
in C2U RAM., a2l is
cer block, and

Tae rimacive rocucins chat feriorss
address wheras the block is %o bte wr
the block number, a2 is the number

a3 is che raturmed arTor ccda.

thy
N
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REC-LEY b - SCR 439 -7ILE
Storss the length of the record for the upecming write inco

the appropriate byte in the current PAR,

REC-XNO o — SR 89 -7IL=
Writes a racord number n into the appropriate location in

the current PAB,.

REPTAT addr o -— (eompiling) RISIDENT
Used wichia a colon-definition in che fomm:
BEGIN e WHILE e REZEAT

AT run-tize, RTPEAT forces an unconditiomal branch back to
S he corresponding B3EGIN.

fu
(4.1
1
a
Tt~

AC cempile=cizme, XEPEAT czmpiles 3RANCH and the offset from
"HERE %o addr. a is used for error ctascing. ]
v — SR 39 -FILE
Assigns the azsvibute RELATIVE 2o the file whose 2A3 is
poiatad o oy 7AB-4ADDR. '
WD al = a2 SCR 33 -3TIONTHE

Generacas 3 positive randeom inceger (a2) grsacar than or
equal to O and less than nl.

RWDW -_— g SCR 33 =3TNONTHMS

Generatas 2 randem word. The value of zhe word may de

posizive or negative dependizz on wmether the sign bic is
sat.

20T al a2 ad — a2z 23 al RESIDENT
Jozazz thz tzp thrae ralees otn o theE Icack. tringizmg ohe hizd
Iz e =20 ‘
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RP! —_ RESIDENT
A procedure to initialize the return stack pointer {rom user
variable RO.

RSTR n - ' SCR 71 -7ILE

Restores the file whose PAB is poin:ed':o bv the current PASB
to the specified record number, n.

5->D a — d RISIDENT

Sign extend a single number to form a double number.

S=>F a - fl SQR 46 ~-FLOAT
Converts a single precision number on the stack to a
floating point number.

$=>FAC n — SCR 40 -FLOAT
‘Takes a single precisicn number from the stack, convercs it
2o floating point, and leaves it in TFAC.

SO —— addr A RESIDELT

Pronounced "S zero. Seae SP!.

SATR — vaddr SR 57 -GRAPE
A coustant whose value is the VDP address of czhe SPRITZ
Artributa List. Defaul: value is >300.

SBC addr —- SCR 33 -CRU
This word expects to find on the stack the CRU addrass

(addr) of the bic to be set to l. YVota that the SBO
instructicn will itself shift che addrass before usiag Xi2.

3BT iddy - LR 33 A
This word axpects zo find on the stack zthe CRL addrass
(aadr) oL Cae-9Jl:z 0 -2 sag co ), Noga :zInac :the 332
instruction will izsell shift the addrass »efors using R1UZ.

A2PINDIX O FAGE 20 GLOSSARY
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FORTH

SCOPY scr#l scr#2 --- SCR 39 -COPY
Copies the source SCREEN (scr#l) to the destination SCREEN
(scr#2). Does not destroy the source SCREEN.

SCR ~-——- addr RESIDENT
A user variable containing the screen number most recently

referenced by LIST or EDIT.

SCREEN n --- SCR 58 -GRAPH

Changes the screen color to the color specified (n).

SCRN_END -~-~ addr RESIDENT
A user variable containing the address of the byte
immediately following the last byte of the screen image
table to be used as the logical screen.

SCRN_START -—- addr RESIDENT

A user variable containing the address of the first byte of
the screen image table to be used as the logical screen.

SCRN_WIDTH - addr RESIDENT
A user variable which contains the number of characters
which will fit accross the screen. ( 32 or 40 ) Used by the
screen scroller.

SCRTCH n --—- SCR 71 ~FILE
Removes the specified record from the RELATIVE file whose
PAB is pointed to by PAB-ADDR.

SEED n --- SCR 33 ~SYNONYMS

Places a new seed n into the random number generator.

APPENDIX D PAGE 51 GLOSSARY



I

FORTH

SET-PAB —-——— SCR 68 -FILE

This instruction assumes that PAB-ADDR is set. It then
zeroes out the PAB pointed to by PAB-ADDR and places the
contents of PAB-VBUF into the appropriate word of the PAB.
This initializes the PAB.

SETFL , f11 £f12 --- SCR 45 -FLOAT

Performs a >FAC on f12 and a >ARG on fll.

SIGN n d --- d RESIDENT

Stores an ascii "-" sign at the current location in a
converted numeric output string in the text output buffer
when n is negative. n is discarded, but double number 4 is
maintained. Must be used between <# and #>.

SIN f11 --- f12 SCR 50 -FLOAT

Finds the SIN of the floating point number on the stack and
leaves the result on the stack.

SLA nl c¢cnt --- n2 RESIDENT

Arithmetically shifts the number on the stack cnt bits to
the left, leaving the result on the stack.

SLIT --- addr SCR 20 BOOT SCR

SLIT is similar to LIT but acts on strings instead of
numbers. SLIT places the address of the string following it
on the stack. It modifies the top of the return stack to
point to just after the string.

SMASH addr cnt n --- addr vaddr c¢cnt SCR 65 -64SUPPORT

The assembly code routine which formats a line of tiny
characters. It expects the address of the line in memory,
the number of characters per line, and the line number to
which it is to be written. It returns on the stack the line
buffer address, a VDP adddress, and a character count. See
CLIST and CLINE.
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SHOVE seti#l ser#l cnc  --- SCR 39 -CoPY
Copies cnt SCREENS beginning with the source SCREIIN (ser#l)
to the destinacion SCREZN (ser#2). Overlapping SCREZN
ranges may be specified without detrimental effects.

SMUDGE — RESIDENWT
Used during word defimizion to toggle the "smudze bit'" ia a
definition’s name £ield. This prevents an uncomplercsd
definition frem being found during dictionary searches,
wmeil compiling is completed without error.

SMTY ~=  vaddr , 5 57 -GRAZPH
A comstant whose value is the VDP address of the SPRITE

MOTION TABLE. Default value is >780.

SP! e RESIDENT

i
n
(%8
:
3
[
(4]

A procedura Lo 1e stack poiacer Zzam SO.

5pd =  addr RESTDENT
A procedure to return the address of the scack gosicion 2o

c
the cop of the stack, 3s it was 2efors SP? was axecucad.
(eeg. 1 252@ @, ., ., would tyve 2 2 1)

SPACE e RETSTTENT

Transmic an ascii blank to zhe output davicse.,

SPACES Qo ESTHENT

Tansmit n ascii blanks to the output device.

ch we— SCR 38 -GRAPH
SPPITE DasarTizoor Tikla o
2 L oramdl o osm TR oTeooll.

i —— ~—— - ~— AQ QT
.“-P?-..HJL.{ 3 ?A.Ln.. - Fiaew DS AN -



SPDTA3 —— vaddr SCR 57 -GRAZH

A constant wnose value 1s the VDP address of ¢ z
Descriptor Table, Default value is >800. Yotice that this
coincides with the Pattern Descriptor Table.

SPLIT — SCR 55 -SPLIT
Converts from present screen mode into standard SPLIT mode
configuration.

SPLIT2 — SCR 33 -3PLIT

Converts from prasent screen aode into standard SPLIT2 mods
coufiguration.

SPRCCL V-0 J— - SCR 58 ~GRAPH

Changes the given SPRITE to the color (a) specifiad.

SPRDIST spr#l spr#2 — 1 SCR 40 -GRAZE
Returns on the stack’™ the square o the distazance (n) btetween
two speciiied SPRITES. Distance is measurad ia pixels and
the maximum discance cthat can be detacced accurataly is 181
oixels.

SPROISTXY de dr spr# -—— 1 SCR 80 -GRADY

2laces on the stack the square of the distance betwesn the
point (de,dr) and a givem SPRITE. Discance is =2easurad in
pixels and the maximum distance that can be deteactad
accurataly is 181 pixels.

SPRGET spr# —— do  ds SCR 59 T~GRAPH

Returns the dor column and dot row posicion of a S2RITE.

SPRITZ de dr = ch spr# — SCR 39 -GRAPH
Defines SPRITZ number sgr# 25 have zhe specified lscacien
(de,dr), ~olor (n), and characzar pnatzarn (zh)., The sizs of
tha IFP9ITE vill Zamamd sz oin2 zagmiilizacdizsa Jfzes:r.
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SPRZAT ch  spr¥  ——— SCR 39 -GRAPE
Changes the character jpattern o a given SPRITEZ to ch.

SPRPUT de dr spr#  e—- SCR 39 -GRAPH
Places a given SPRITE at locatiom (de,dr).

SQUTL ——— SCR 69 -F1LE
Assigns the atcribute SEQUENTIAL to the file whose PA3 is
pointed to by PA3-ADDR.

3QR fll =  £12 SCR 30 =TLOAT
Tinds the squars root of a floating point number and leaves
the result ocu the stack.

SRA nl eng === a2l RESIDENT P

.
Arithmecically shifcs al ezt bits to the right and leaves
the =zesult on the stack. c¢nt will be modulc 6, except when
enc=Q, when 16 bitcs will be shifted. To craate a word which
permits shifcs when cnt could bhe z2ro, use the following
defimition: : SRAD -DUP IF SLA ENDIT

SRC 2l emg === n2 RESIDENT
Performs a cireular right shift of cnt bits on unl leaving
che rasult on the stack.

SRL nl ceng == 12 RESTDENT

erforms a logical rvight shifz of cmt bits and leaves the
Tesult on the stack. cnt will be module 1§, axcepc when
cae=(, when 16 bits will be shifted. To create a word which

permits shifts when cac could be zaro usa the followin
’
SRLO =-DUP I=

definmition: : SLA ZWDIT

2 d

be an evan 2%

pA 4
= g e o Gy e e——y
ASCULED JEIJTE O e wama .
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STATZ

-t

STCR

STR

STR.

SV

“w— b SCR 71 -FILZ
Reads the status.of the current ?PA2 and returns the status

byte to the stack. Sse the FDITOR/ASSEMBLER manual for the
meaning of each bit of che status bryta.

—— addr RESIDENT
A user variable containing the ccampilation staze. A
non-zero value indicates compilation, The value itself may
be implementation dependent.

nl addr === 12 . SCR 38
Perfoms the 9900 STQR instruction. nl is che fisld width,
addr 1is the CRU base address, and n2 is the returned value,
CRU base will be shifted leftz by the STCR inscruction.

-— SCR 47 -TLOAT
Couverts the number in FAC o a string wnich &s placaé in

PAD., The string is in BASIC fomat.

al n2 SCX 47 -FLOAT

B
l

Ses the STR function in the ZIDITOR/ASSTMBLEIR zanual. =
corresponds to the byta ac FaC+13, a2 corraspornds o the
byce at FAC+l2, and nd cocvrasponds o the byte it T

cng  —— SR 71 -71l2

Performs the file I/0 save operation. cn:t equals the number
of bytes to be saved.

al 02 — 1l al RESIDENT
Zxchange the top Iwo values on Ihe stack.

— SCR 72 -PRINT
A specizl jurtose word wnica germiis IITT Do ouzguc
ihaTacnar: ¢ om S237 dawezz tzthar than t2 1n2 saTEen
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Raversas the order of che two dyctes in ul and lezves the new
2umber as 02,
~— addr RESIDENT

A user variable that contains the address of the system
. |
support eatry point,

SUSTEH o =— RESIDENY

TAN

TCEAZ

Calls the system syncuyms. You must specify an offset o
iaco & juwmp table for the routine you wish to call, n aust
be cne of the predafined evan numbers.

£l — f1l2 “8CR 50 ~FLOAT
Finds the Talgent ?f‘:be £loating point aumber on the stack
aud leaves the resulz,

— RESTDENT .
A no—operation word which can mark the boundary bacween
applicacions. 3y forgestcing TASK and ra=compiling, an
spolication =an be discarded in ics entirecv,

addr === 2 SC2 88 =CRI
Tte addrass addr is tastad by this iastructicn. The value
( L or Q0 ) is raturimed to che stack. Yotz cthac cthe T3
. N . . | g » v o= 3 < .
insczuczion will icself shilt the addrsss defors usizng R12.

w—=  addr SCR 87 -563UPPORT

The arrav chat holds the Tiny CZsRactar dafizicions. Sas
~isT. S

o SCR 51 -TEZXT
Caonver Irom presant scraen zcde Lazs sczadard TEXT =cde
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FCRTH
TEEY -—_ RZSIDENT

TI3 ' — addr RESIDENT
A user variable containing the address of the terminal input
buffer.

TOGGLZ addr b — RESIDENT

Complement the contents of the byts at addr by the bit
pattera b,

TRACE — SCR 44 -TRACZ
Forces the following colon deafinitions to be ccapiled in

such a way that they can be traced. See TRON, TROFF, and
UNTRACE.

TRAVERSZ addrl o =-—- addr2 RZSIDENT

ol
3
1

Move accross the aazme fiald of a fig-FCRTE variable length
name Iiald. addrl is the address of either the langzh byts .
or the last letter. 1If o=l, the motion is zowarzd nizh
zemory; if ao==1, the motion is toward low memery. The add=2
resulcing is the address of the ocher 2nd of the nace.

TIAD seTH  ——— SCR 72 =PRINT

Display on the RS232 zhe three SCREZNS which include thac
number scr#, beginning with a SCREIN evenly divisible by
three. Output is suicable for sourse taxz racords, and
includes a reference line at cthe boc:t taken frecm lizme I3
of screen 4, '

TRIADS sett  serd  — SCR 73 -?RINT
May be thought of as 2 zaulciple TRIAD. 7You aust speciliy a

SCREEN range, TRIADS will nerfora as manv TRIAD s as
aecassary to0 cover :Inac rzng=.

S - = — Ac s
APPEMNDIT 2iG =8 CLIS3aRY
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— TROFT

: TRON
—r T T
B odode wd

.
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[
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) Rl
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il v
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-

<3
&
53

SCR &4

o
"‘.R:x\.,:.

Onece a routine has been ccmpiled with the TRACZ option, it
may be executad with or without & trace. 7o implament e
tracz, type IRON befors axecuticn. 7To axecute without a
trace, tyze TRCFY.

-_— SCR 44 -TRACE
Sea TROFT.

Transmit
device.

Laava the
AuUmbers.

Prints an

Prints an
widch na.

addr conz

count chzracters

—nwrco n

ul w2

wasigned double

164 acasew

unsigned aumber

1S - O

unsigned aumber

ud  ul

L1

T
O
1]
™
n.
n
2}

RESIDENT

to the selaczed output

RESTDENT

registar U on the stack. Ragister U
2 cthe usar variabla area.
—— ud RESIDENT
aumber sraduct of Two umsigned
RESIDEYT
o the output devica.

zight justiiiad iz a Iiald of
— 2 ul RESTDENT

L2ave the unsigned remainder w2 and unsigned quotient ul
Irom tha 'msigzned dzubla diviiand 4 snd magizned AloCanr
2l

APPEIRIX S TAGZ S SLIOSSARY
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U0 — addr RESIDENT
A user variable that points to the junction between the user
variable area and the retura stack.

U< ul u2 =-— £ RESIDENT
Leaves a true flag 1f ul is less than u2, else lszaves a
false flag.

UCONSS - addr RESIDENT
A user variable whieh contains the base address of the user

variabla default area which is used to initialize the user
variables at COLD.

UB. ud — RESIDENT
Prints an unsigned double number to the output davics. o5 s

UD.3 ud n =— XESIDENT

Prints. an unsigned double aw=mter right justified in a Iield
of lemgth n.
UNDRAW . — SCR 43 -GRaA%H

Sets DMODE to 1. This z=eans that dots are plotied in che
"0ff’ mode.

UNFORGETA3LZE addz =—— % RESIDENT
Decides whether or not a word can oe forgotzen. & tTue Ilag

is returned 1f the address is not located betwesan ZFZUCE and
HERE.

gNsSwCa — SCR 72 =PRINT
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ey
Lall il

addr

Occurs within

0

o

a colon~4d

3EGILN

At run-tizme, UNTIL controls the conditional branch
ssponding BEGIN. If
to just after 3EGIN;

the corz

At compile-tizme,
Z=ZRE to addr.

C'-
~4. P8

iz

USTIL cemzi
2 is used £

efinicion iz the focrm:

true,

QT

CNTT

£ is Zfalse,

axecuticn
axecution cont

back

inues ahead.

to

Teturns

las (Q3RANCH) and an offset frem
aTTor tests.
SR 44 ~TRACZ

Colon definitions that have b%een compilaed under the TRACE

option aust be reccompiled under the UNTRACT option fo ramove .
UNTRACZ can be used

the tracing c¢apabil
alzarzmacel

icy.

T3ACZ and
¥ to select words to be traced.

RESTDENT

Marks the most receantly weferanced block (pointed to oy

PREV) as alcarad.
transfarved auctcoma
raquirad Zor

The block «will subsequents
tically to disk should it
storage of a di

CeDT e
assizns cthe tribuce UPDATE
paintad to by PAB-ADDR.

sz o

the laasc

A wvariabla containing the addrsss
recently wrict

zext, as

addr

ffarantc

--Te =

vlock.

ly te

3 buffar be

SR 89

whosa 2A3 is

2lock bBuiflzr o

use
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VAL — SCR 47 -FLOAT
Causes the string at PAD to be converted into a floating
point number and put imco FAC.

TAND b vaddr -— SCR 33 ~STNCYYMS
Perfoms a logical AND on the contents of the specifiad VDP
location and the given byta, The rasulz is storsd hack in:
the VDP address.

VARITABLE 0 — RESIDENT
A defining word used in the form:

n  VARIABLE ccgc
When VARIA3LE is executad, it creatss the definition ccec
with icts parameter field ini:'aleed Q0 n. When ccec is
later executed, the address of i:s parameter field
(containing a) is left on the stack, so that a fatch or
store may accass this location.

TCAAR ¢ T cat ch e SCR 57 -GRAPE
Priants a vertical stream of lengtl cat of the speciiiad
characcer. The first character ¢f the strsam 1is locatad it
(eyz). NOTZ: Rows and columns are numbered frcom 0.

FILL vadds zImc % -— ICR 2 -3ITIONTES
FLi1s =i loczagisas degianning 2t olne LvaEn TUP iodrass suIin
the speciiied Ddvte

Aa2PEIDIZ 2 241G 22 GLCSSaRY

a - RESIDENT
A defining word used in the form:
n USER cccz

which creates a user variable ccce. The parameter field of
ccee contains n as a fixed offset relative to the user
pointer register UP for cthis user variable. Wnen ccce is
later executed, it places cthe sum of its offser and the user
area base address on the stack as the storage address of
that particular variable,

Ak



VLIST -— SCR 43 -

PREY-S

Prinzs the names oI all words defined in the CONTEZXT
vocabulary., See PAUSZ.

vaddr addr cnt e-- SCR 33 ~-STNONTIS

R2ads cnt bytes beginning at the given VDP address and
places them at addr.

addr vaddr cnt -—- SCR 33 =SYNONTMS

Writes cnt bytes from addr into VDP beginring at the given
VDP address.

VOC-LIMK — addr RESTIDENT

A user variable containing the address of a field in the
definition of the most racently created vocabulary. ALl
vocabulary names are linkad by these fields to allow concrol
for FORGETting thru =multiple vocabularies. 3

VOCARULARY —— RESIDENT

VOR

A definizng word used in che form:
VOCABULARY cgcc

o cresata a vocabulary definicion czee., Subsequant usa of
ccee will make it the CONTEXT vocabulary winieh is searched
Zirst by ILUTERPRET. The saquence "ccce DETINITIONS" will
also make ccec the CURRENT vocabulary inco which new
definicions are placed.

ccee will be so chained as co include all definicions of the
vocabulary in which ccees is itsel? defined. aAll
vocabularies ulcimately chain o FORTH. 3y convantion,
vocabulary names ars co be declarsd IMMEDTATI. Se=
JOC-LINK.

s ot
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YR3L

YSER

7S3W

VWIR

TLO0R

WARNT

WDISK

Assigns the attribute VARIAZELE to the file whose PAZ is
pointed to by PA3-ADDR.
vaddr --—— b SCR 33 -STONYTMS
Reads a single byte from cthe given VDP address and places it
on the stack.
b vaddr -— SCR 33 -STICNTS

Writas a single byte inco the given VDP address.

b n -— SCR 33 =STNONYS

Writes the given byte inco the specifisd VDP write—-oculy
registar (a).

b vaddr -— SCR 33 -STNONTNS ..

Peviorms a logical XCR on the coaceats of the specifiad VTP
address and the givea byte. The rasul: is storad tack izto
the VDP address.

% ——  addr ' RESTDENT

A user variable containing a value controiling messages. I3
=] disk 1is presentc, and screen &4 of drive 0 is the base
location for messages, IS =0, no disk is present and
messages will be presented by aumber. If =-l, execute
(ABQORT) for a user specified procadura. 3See MESSAGE,

ERROR.

addr al a2 —= 23 RE3SIDENT

The primative routine wnich perfomas a disk wTiza, addr is

the CPU RAM location of the block %o te writtazm. al is the

block number, a2 is the aumber of dytas per dlcck, and ol is
the resturmed erzor code.

-9 — oy ~TAT™AD

-l -~ o L

oY aloland

et Jd e

. Ay - . . . “ -

NQefl En 2XTOr OCSUrs on &4 LJaAD lastTucTica, Ivping WEI3E
1l 5ring 7ou iacto zZhe IDITAR and place :he cursor at zhe
exact location of the arzor,
APPENDIX D P3G 94 SLOSSARY



T I 02T ZE
R WHILE f == (run-tize) RESIDENT
ad al =— addrl al addr? n2 (ccmpile)
. Cecurs in & colon-definicion in the Zforzm:
BEGIN Ve WHEILE(cp) ves REPEAT
— AT run-tizme, WHILE selects conditional exscution basad on

boolean f£lag £. If £ is truve (noa-zero), WHILZ continues
execution of the true part thru to REPEAT, which then

. branches back to BEGIN,., If f is false (zero), execution
skips to just after REPIAT, axiting the structura.

. At compile time, WHILS emplaces (QBRANCH) and leaaves addér2
- of the reserved offsetc., The stack values will be resolved _
- by REPEAT.
~
% WIDTH - addr RESTDENT
~ A user variable containing the maximum aumber of letters
e saved In the compilation of a2 definicion’s name., Iz must be i
e Ll chru 31, with a default value of 31. The name characcts
- count and its natural charactars are saved, up o the value
. in WIDTH. The value may be changsed at any tize withia the
- apove limics.
. WLITERSL — : SCR 20 300T SCR
~ - Used in the form: WLITERAL cceo
Y .
i ;
i i
- A compiling word which compiles SLIT and che string which
o follows WLITIRAL imco the diccionary.

“ORD - ch - RESIDEST
- Bead cthe taxt charactars from the input sCream deing
- incerpretad, wmeil 2 delimiter ch is Zound, storing :zhe
r packad character siring beginning at :he dictiomary buffar
L BERXE. WORD laaves the charactar count in che first byte,

the charactars, and ends with two or z2ore blanks. Leaading

- ' occurancas of ch are ignecred. If 3LX is zero, text is taken

rom the terainal iaput ouffer, otherwise from the disk

AUCK STCC3C . Dlie. o222 L,

O

-t

y)
"
.
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251

WrT

o
vl
i

ent  =—— S3CR 71 -FILE
Perforas the file 1/0 writa cperacticn. -You mus: specify the
numper of bytes to be wrictccten,

TILLNE addr — SCR 33 -SYNONYILS

ZCR

Links a FORTH program to a routine in RCM or to a routine
located in the memory expansion. A R0M address or 0L
vector must be specified as in the Ecizor/assemblar.

nl n2 — al RESIDENY

Leave che bitwise logical EXCLUSIVE OR of two valuas.

_— . RESIDEUT

- . .

Used in a colon-definition in zhe Zomm:

¢+ xoex { words | zora

Susvead compilacion. The words aftar [ ara axacucszd, no:z
ccempiled. This allows calculaczicn or ceompil on exceptious
before rasuming ccmpilaction with . See LITIRAL,

e

fCOMPILE] —— : RTITTENT
Usad in a colon definizion ia zha Icr=:
: oeooe (COMPILE]  FORTE

(COMPTILE] will force the compilazion of an immediaca
defipition, that would otherwise executa during
compilation. The above =axample will saizct che ICR
vocabulary when oo aXecutas, raller chan at cmapi

Resume ccmpilaticn, 2o che ccmplecicn of 2
colon=definizica. See

o . J ——a -
- - - — - PRI - DT
- - - == e e mtmm 2T amenam -
ReTUrTs o0 tne sTaEgk 1Ll Tzisas iz oth2 - tovar ne
TITRTITC3 LUsST 2 TllallnI o TolmT o TLamtzlZ

. mmy e _ o . s - —~nozmey
AZ2ZUDIT S TAGT *C [E I



message

- A replacement for
in memeory iastsad

loaded,

i

a2

'd
17

N

al

)

i

C

the error
forzmerly occupied

)

r

o
of on <
2

messag
by the

.

£l
vl

¢ch concains

~l

k
ccmpiled
d

isk puffer,
0 aessage.

SCR 84

the error zessages
. Wnen screen #84 1is
into the space

(ESSAGE is
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ooind

Tariables in TI FORTHE to assist in their us

i
m
o ]
L
o
(8]

crovide
the necessary informazion co change or add to this list as
necessary. A more complete description of each of thesa

variables is provided in Aﬁpendix D. The table is located

ou the following page.

(3]

The user may use even numbers >63 through >7Z 0 crea

In

his cown user variadlas. See rthe definizien of USER ir

Aprendix .
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- b DO O OO0 20O o O

VOV VYV VYV VY VY VY VYV WV

S S RO B P IR O IS N OV YUV DU DY I DV RIS I RS I IS B 06 1Y 56 3 SO
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AR VAR Vi
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2ase of User Var inigial value tadle
Base of Scack

Base of Racura Stack

Base of User Variables

Terminal Input 3uifar addr

Mame length in diccionary
Dictionarvy Poincer

Addr of Svstem Support

Cursor location in VD2 RAM

Poincer to Iacsrzupt Service lizkaga
Message Control

Characters per Line

Beginning oI Disk 3duflers

Znd of Disk Buifers

3vtes per Buller

3locks per Screen

Low end Disk rTence

Zigh end Disk Fence

Logical Disk Size in Screens a2
VDP locazion of iX Builar
YTP? location for 2i3s

a

~ 175 A4 ==
cT28d ~ldd

0
o
N
3}
w
0
(o)
1]

iy v
e
n

3

Seseen Izagea T ia

Scraen Izage Iad ia VOP
Iazerrupt Serrica Folinzar
Alzarnacs Iaput 2ciacar
alzerumace Culput Foiazar
Jictionary rancse

3lcck being <imcazorazaed

3vza offser in czawz sellar
lncTamencad =y TMIT

Last Screen relfaranced

3lock ofisat to disks

290intar to Comcax: Vocabulary
Pniatar co Current Yocacularw
Ccmpilation Scaca

wumber 3ase ot Coaversicas
Decinal Poian: Locaticn

Tiald Widch (unused)

Stacik Yoiactar fcor arTor checking
gdizing Cursor lccation

4oids addr during awmeric comvarsicn
Wexz 3lser 2wiiar o0 Use

2s3c ragancly ictessec Jlsk sulisT
lcalt ise

Ton T oisa
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Y]

L0AD QPTIOY

The Load Qptioms a

scraen

The locad optioms allow
vou wish 70 use.
You will notice,

also loads =-STNONTMS.
Prerequisites for

chance, the =STNHONYISS w

at the Cizme vou Tyge

again. 7This is called
JPTIOU: ~-3NCWNRs
Startizg Scraen: 33
Loads:

RANDOQMIZE

PN, LT
O?~«U.‘r: Tt o

Starting Scraen: 34
Loads: =-SYMONYMS and

T -
-

re displayed

vyou

-

The words loaded bdv

ords

~ZDITCR,

~

3 Condizi

BW
THTR
DS hd \'-n
VEILL
TIO%
2D

MR

- -

wersa

and mavy subsequently %e displaved by

to load only the FCORTH

for example,

the words loaded By -2

that che -ZD17T

-
el

lready 12 the diccio
thev would not %e leaded
onal Load.

T3BR

GELLIK
CL3
TAN

MoN
SEZD

Phopake iy

NELDS

PEPSEN
T

Amem Ay

WD m et

axcansions

-SYNQNTYS ara

L e - vy

-t

P e
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GZTICH: -GRaPHEL

Startiag Scrsen: 32
Loads: =STNOYIMS and

wn
Pa)
[}
"I
(2
[N
18]
(114
wy
(2]
2
1]
o
[J
wun
(98]

QP -gvu H 'GR,:LP?.:

Starting Scresen: 34
Loads: -STNONYMS and

QPTION: =S?LIT

Starziag Scresn: 355
Loads: =3TNONYMS,

QPTION: =-VDPMODES

Scartizng Screen: 351

Loads: =-SYIONYTHS, -,

~GRAPH

-J‘c. k

Starting Scresn: 37

Loads: -37NONTMS, -CCDE

5&
.El-c
B

Uy L W O
td g ¢
P
(9]
(@]
A

$PRDISTYY
CoINC
SELSER

R et
Ll

-~

PR

AN B
GoaarnlLe

TTT T

R

GRAPHRICS2

=GRAPE2 and

§PLITe

ke n

~GRAPHEL, -MULTI, ~GRAPE2 and

and

CEARP AT VCEr2
COLCR ITREEZY
SSDT SPCAAR
SERP AT SPRPUT
MOTICN SMOTICN

DIz SPRDIST
MAGNTIZY JCYST
CoINCKE COTNCALL

NELALL NN
nlall UBS
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FILE TT-FLAG PUT-TLAG
SET-3. CLR-STAT CEm~STAT
o) VRSL DSPLY
INTRNL /00 INPT
ouTeT UPDT APPYD
SQNTL LTV REC-LIN
CEAR-CNT! CEAR-CYT] EC-NG
N-LEN! F-p" 201/C
oeN CLSE 20

WRT RSTR LD

3V DLT SCRTICH

AT Ay <\
CPTULON: ‘?Ra..l;

W

artizg Sereen: 72

-
oads: =STNCWNS, -FIL= and

N
ey

SWCH UNSWCE TASCIT
TRIAD TRIADS PRTHIONS
TPTIOYM: -CCDE

Starzing Scrszen:

Loacs:

OPTICY: =-ASSZMBLIR
Stazstiaz Screan: 75

Loads: ~CCDI and Zatire Assemblar 7ocadbuiary. See (Chascar 9.
JPTICN: =4uSUPPCRT ( 44 Column Idicsr )

Starzing Scrzen: 22
Loads: =-SYNONTMS, -GRAPH, =137, -GRAPH2Z, -37LIT and

- - o Py
DT _33 AL
.- o —
CLIST TLINT
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e - oe B
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T T X TE
APPIIDIN G
ST ASSEMBLY SCURCZ FCR CODZID WCORDS

| Sevaral words on the FORTH System Disk nave been
: writcen in 99C0 code co incrz2ase cheir execution speeds

{ and/or decraase their size. They includes the werds:

S20 - a CRU iascruction
S32 - a CRY instruction
- by - a CRU instruction
[, IDQR = a CRU imstruction
- TCR = a CRU instruction
.- DDCT - used by the dot nlocting routine
SMASH - used by CLINE and CLIST:
TCHAR - definiticns Zor the tiay characzars
MON = returms 20 99/%:4 color nar seraa:n
| i
L, .
- These words have been ccded in Z=Xadecimal cn vour
. .
Svstam Jisx, cthus chev do mot requirs thaz zhe TI TORTE
s
- Assembler be in zemorw telora thev can %e loaced., Their
Lo assemibly source code ( written in FORTE assembler ) is
~istzd cnm :the Zollowing pagas.
()
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Y
LIV
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L
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n
by
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L
13
J
1
o



SCR

(@]

& G 1O e

-4 O Wn

— — =
L2 9 — O WO X

L4

wm
— — —
COD OO D W — O [V,

(923
0

.
o g o= O A0 €0 ~e a3 st k- L 9 — O

L

#40
( SOURCE FOR
CCDE S30
*Sp— OC
a
C0Dz S32

*S2 C

CODE T3

=Q IF,

MoV,
s2¢,

[y
SOV,

S32,

MoV,
CLR,

A
0C CC
g

Vi dad y

ool
YEXT,

CcC cC

3

\
Sy

*Sp IXC,
E¥DIT,
NEXT,

R->BASE —>

#al
( SOQURCE TOR CRL WORDS )
$C CONSTANT CRU
CODE LDCR
*SP+ CRU MOV, CQRU CRU
*3p~ (0 MOV, Jl 0OF
e 1T,
QL ¢8 CI,
L= IF,
0 SwW?3,
oND1T,
ZND1T,
21 06 SLa,
T

ol ey

X=>3a4SET -—=>

#4 7
( SQURCZ FOR CRU WCRDS )
CcopE STQR
*SP=+ CRC MOV, QRU QRU
§ CLR, Ql COOF aANDI,

Gl 3000 CRI, It

3a52->2  EX

3ASE-DR HED

A, ®SP+ L MOV,
ANDI,

el

3A3E-> EED

A, TS$2? 0l MoV,
01 22 “ov,

J1 C¢6 sSiaA, Ol 3400 0QRI, 21 %,

32 27 Mo,

\—
Gl LDy

|~y
I PR Y

TS Zae s

I R Py
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CEARACTERS CONTINUED )

CEARACTZIRS CONCLLDED )

( DEFINITIONS

ZET YARIASLS
€000 , CQ0Q0
08AE , AFA2
06AC , 5486
0842 , 2248
cooC , Q048
0224 , 4488
04A2 , 483E
QE3C , 222C
Qbad , bAard
0004 , 0043
C08s , 2430
04Ad , EAMA
0CAA |, aaAC
-

#66

TINE

04A8 , 8iM6
Q222 , 2244,
SAEE , AASA
2CaA , Cs88 ,
1688 , 422C ,
SAAA |, AALL
QAss , Taad
J82L | 4422
500C , QO0QF
Q00C , acac
00T , 3CS8T
000A , AEaA
- 30C Claa
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-_

#47

( Ty

0CQE , AAZC
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0004 , AEZA
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3->3433
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APPINDIX 3
T. TORTH IRRCI MISSAGE EXPLANATIONS
errorc# zessage probable causes

1 empty scack ?rocedurs being executed accempes
to ‘pop’ a number off the
parametar stack when there is no
number on the parametar stack.
The error may have occurrad long
before it is detacted as FCRTH
checks for chis condicion only
when control rsturns o che outer
interpretar.,

2 dictionary full The user diczionary space is ZIull,
Too many defini:zions hava heen
campiled.

- S

: nas iacorvac: Yot usad by TI TORTE. Soze

address =oda fi3=-FORTZ assaemhlars use Z=his
nessage.

& isa’2 unique This message is zor2 3 warnizng
than an error. I: inforas cthe
usar that a wori wizh zhe saze
dame as the one jusz ccmpiled is
already in the CURREINT or CONTZIT
vocabulary.

A cisk arror This has sevaral possiblas causes:
Vo disk in disk drive,

Disk moc inicizalized,

Disk drive or ccrmorollar aot
coannectad araperly,

Disk drive aor ;oagro‘?=* aot
plugged ia. The diskact zayv he
dawmaged with scme sacior having a
hard error.

- full stack The proceedure being exzcutzad i3
leaving axtra mwanzad numbers oo
ine zaramecter sgacy ESULILNT LD
2 3Tzck verIlow.

Y TINTT T e T .~ bouhdies B Jhe BN sondl aditadil B B hondad



Iile i/¢ ervor

any £ile i/¢ operation wtich
resulcs in an errcr will return
this =essage., Tas GIT-TLAG

“y oz

byte. An error code of O
indicates no error oniy if cthe
COND bit (bic 2) of the STATUS
byte located at >837C is NOT
set.

code deaning

00 Bad device name

0l Device is write procected

02 Bad open attribdbute

03 Illegal operation

04 Out of table or buifler
space on the device

05 Attempt to read past ECF

06 Device error

oy File error. YNon-existing

file opened, etc.

12 Zloating point This error message will e issued
error only when ?FLZIRR is executed and
a true £f£lag is returned. FLIR2
may be executad =o feech the
floating peintc status bdyta.
code meaning
al Qverilow
02 Syntax
03 Inceger overilow on
conversion
04 Square root of negativsa
Q5 Negative numbper to non-
inceger power
06 Legarichm of & noa-nositive
3 dumper
o7 Invalid arzwmert in a
trignemetric function
1l disk ferce An attampt has Seen made zo writa
violation to a SCREEYM cucside the disk fznos

area, The values of DISX LO and
and DISK HI oust be changad o
—— -

include this SCRIZYN befor

pe Writzen Io.

i =27

~ a TTIAD YToL AT
Az - ~ahah e S — e\ e aa



]

12 caa’t load from Self explanmazorv. Lecading from
screen O SCRZZY 0 is FC0RTE’s indicacion
for loading ZIrcm tha keyboard.

17 ccmpilaticen only, Oczurs wnen condizional constructs

use in definicion such as 0O ... LOCP or IF ... THEN
are executad outside a colon
definicion.

18 exscution oaly Cccurs whan vou attempt to ccmpile
a compiling word izts a colon
defiaicion.

19 condicionalls not A DO has been lsic withour a LOQP,

paired ' an IF has no corrsspondiag TEE,
ete.

20 definizion noc A 3 was encounzarad and the

£inished parameter stack was oot at the
same halght as when :zlie pracseding
1738 zpceuntdzedaxangie, =-—>
i
23 0fZ cuzraent adizing Yot used in TL FORTE.
sczaen

24 declare vocabulary Yot used in TI FCRTE 2dvws T2 the
the way TI TORTE's FCRGET is
configured.

23 zad jwmp okan Inprogper use sf iwmp togens or
condiciomals in che 71 TORT3
assemblar.

- APPINDIX F 24GE : IRECR MEESZAGES
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SCR #<C

-9 TI1 FO=2TH
2 THIS VERSION OF THI FORTH LAMNGUAGE
3 IS 3ASED ON THI £ig-FORTH MODEL
a
s THE ADDREISS OF THE FORTH INTERIST GROUP I3:
~. s
2 FORTH INTEREST GR0OU?
8 P.0. BOX L10S
. 9 SAN CARLOS, Ca 94070
L0
P
11 TEXAS INSTRUMENTS PERSOMMEL WITH SIGNIFICAHT
22 INPUT TO THIS VEIRSION INCLUDEZ:
T 13 LEON TIZTZ
14 LESLIZ O’HAGAN
LS EDKARD Z. FEZRGUSON
-
|
:
4
]
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Dde
o
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e ;

b=

-
e

( WELCOMZ sC2=I=N 0 0 GCTOXY S 2C0TING. .. CE

BASZ-D>R HZIX L0 23CZ2 C! ( QUIT QarFrFT!'

DECIMAL « g4 LOAD ) 20 LOA L6 S73537TEH MEINU

HEX 43 USEZR VDPMDEI 1 VDPMDZT ' DICIMAL

PO =STHONYMS 33 LOAD ¢ =ZDITOR 34 LCAD i =CORY 37 LQOAD
¢ -DUMP 42 LOAD ; ¢ =-TRACZ 43 LCAD ¢ =FLQAT &S LOATD
¢ -TEXT S1 LCAD ; tO=@RARPHL T L2ald P =MULTI ST L2AD
' =GRAPH2 24 LOAD ; P =~3PLIT S5 LQald P =GZAPH ST LOAD
v =FILZE 68 LOAD ; ¢ =PRINT 72 LCAD ; ! =CCDE 7% LOALD
! =ASSEMBLZE 75 LOAD ; P =543UPPORT 22 LOAD ;

¢ =-VDPMODES -TEXT -GRAPHL -MULTI =-GRAPHZ -SPLIT ;

i =BSAVE 83 LOAD ; i =CRU €3 LGCAD ;

R=>BASE

Y ;

{ ERRAOCR MESSAGES )

2mpty stack -
dictionary full ’ b
has incorrect adirass mods L
isn'’t uniqu=.

disk arror
full stack

2ila i/a @2rror
2loating poeint 2rrov : -
digk ZIenege viocla<ion

can’'®t load 2ram seresn zare

[

Tl FQRTH ~-~ 2 2ig=FORTH ex*t2nsiocn

235

( ERROR MESSAGES )
compilatisn only, usa in d=2iinitian
ex2cution 2nly
conditionals not paired
definition no% finiszhed

in prota2ciad dicticnary
us2 only whan laading

a22 curra2nt ¥4iting screa2n
declare vecadulary

bad jump ftoken

g
O
td
=]

¢

]

]
i
(X3
¢
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e ]
u
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220

( CONDITIGQNAL LQ0AD )

0 MINU CR 272 248 DO I HEZZ5AGZ CR2

5. SLIT ( =-=-- ADD3 OF ST2INHG LITEIR
R> DUP C2 1+ =CZILLS QUVER + 2

OWLITEZRAL ( KLITERAL werd )

3L STa%= @

IF COMPILZ SLIT WNQRD HEZRE

ELSE WQRD HEREZ ENDIF ; IMH
-STNONYNS -EDITOR -COP1
=-DUM? -TRACE ~FLQOAT
-TEXT -GRAPHL -MULT?I
-GRAPHZ =3PLIT -VDPHODZzS
“GRAPH -FILE =PRINT
-C0D= ~A488ZM3LEZR  -53SUPPCRT
~35AVE -C2U

.
P 2T AOD=ELCN

£
O
jo 4}
i
'
]
)
w
T
]
('8}
1
o
(@]
H

3~
(‘.
'1
Oy
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$21
{ CONDITIONAL LOAD )
¢ CCLOAD> ( SCREEN ST2ING.ADDE =--- )
CONTEXT @ @ (FIND)
IF CRO? DROP 0=

I¥ BLX @
IF R> DRO? R> DRQ?
ENDIF
ENDBIF
ELSE -DUP
IF LOAD
ENDIF
ENDIF ;

CLQAD ( scr_no CLOAD name2 )

{COMPILZ] WLITZRAL STATE ?

IF COMPILE <CLOAD> ELSZ <CLQOAD> ENDIT
IMMEDIATE

~e

#22 :
( A4 COLUMN EDITOR ) 0 CLOAD E=ZD@

BASE->R DECIMAL 37 RB->BASE CLOAD LINE BASE->R DECIMAL 51 2->3ASE
CLOAD TEXT BASE->R DECIMAL S+ R-VBASE CLOAD GRAPHICSZ ZASE->R
DECIMAL 5SS R->34SE CLOAD SPLIT
BASE~-D>R DECIMAL A5 R~J>BASZT CLOAD CLIST
BASE-D>R HEX 3800 ' SATZ !
VOCASULARY EDITQRZ IMMEDIATZE TDITORZ DIFINITIONS
0 VARIAZLE CUZR
! !CUR 0 MAX B/SCR 2/3UF # 1- MIN CUZ !
t +CUR CUZ @ + ICUR ;
t +LIN CUR @ C/L /7 + C/L # !CUR ; DECIMAL
: LIMNE., DO I SCR @ (LINE) I CLINEZT LQQ? ;
! BCX 0 & GCTOXY QUIT ‘
t PTR SCR @ 3/SCR + CUR @ 3/3UF /40D RQT =~ 3LOCK =+
t R/C CUR 2 C/L /7¥QD § ( === CQL R0W 2~>3A8E -~
$23
{ 54 COLUMNMN EDITOR ) 3BASZ->R HEX
: CIMIT 3800 DU?P ' SPDTAB ! 300 7/ 5 VWTR
SATR 2 0 DO DU? >2 DOOO SP2@ R> 2 WMEN DRC? <+ » LOQOPF DZO?
00600 0000 0000 0000 S SPCHAR 0o cUuz !
0000 0000 0000 QO0F0.5 SPCHAR 0 L 7 5 0 SPRITZ ; DECIHAL
t PLAGE CUR 8 A4 /MOD 8 # L+ SWA? 4 + L=~ DUP 0< IF DEOP 0 ENDIT

SWAP 0 SPRPUT ;
: UP =-h4 +CUR PLACT
: DOWN A4 +CUZ PLACE

TETS a0 LA™ 9T AnT
TCORIGHT L sQUR PLACT
CEOTOXT ( COL 30W --- ) 33 ¢ - VCZUR PLACI

FORTH =-== 3 £ig~F2RTH =x==2nsicn

e



$7E 224

N ( b4 COLUMM IDITOR ) 2A3Z->3
1
2 DECIMAL
3
$ ¢ ,CUR CUR @ C/L /MCD CGOTOXY ;
5 : DELHALTF PAD &4 EBLANKS PTR P&D C/L R/C D2C? - CHOVE ;
Y~
L7 : DELLIN R/C SWAP MINUS +CUR 2T2 Pal C/L CMOVE DUP L/3CR SWka?
8 DO PTR 1 +LIN PTR SWAP C/L CMOVE LOOP
B 0 +LIN PTR C/L 32 FILL C/L #*# !CUR ;
.0 : INSLIN R/C SWAP MINUS +CUR L/SCR +LIN DU? 1+ L.SCR 0 +LIN
L1 DO PTR =1 +LIN PTR SWaP? C/L CMOVE -1 +L0OP®
12 PAD PTR C/L CMOVE C/L + !CUR ;

: RELINE 2/C SWAP DROP DUP LINEZ. UPDATI .CUR
. : +.CUR +CUR .CUR ;
15 2->3A5% -->

N

23 #25

.0 ¢ &4 COLUMN EDITOR ) 3ASE->2 DECIMAL
| 2 ¢ -TAR PTR DUP C& 3L >
ki 2 IF BEGIN 1- DUP -t +CU2 C@ BL =
-1 UNTIL
" &  ENDIF
‘.3 BEGIN CUR @ IF i- DU? -1 +CUR €@ 3L > EZLSZT .CUI 1t ITMII® UNTIL
.45 BEGIN CUR @ I7 L- DUP? -t +CUR C2 3L = DUP IF L -.2UR ENDIT
o ELSZ .CU2 1L ENDIT
}d 3  UMNTIL DROP ;

7 ¢ TAR PTR DUP €@ 3L = 0=
Tag IF BEGIN 4+ DU® ¢ +CU2 C2 3L =
St UNTIL
.z EMDIF
-43 CUR @ 1023 = IF ,CU3 1
Ca ELSE BEGIN L- DUP L +CUZ C& 3L > UNTIL .CUR
.S INDIF DROP ; E2-2TASE ~=>
L51A¢2&

6 ( &% COLUMN EZDITO2 ) 34SE->3
™4 DECIMAL

2 : 'BLK ?TT C! UPDATE
— 3 : BLNKS PT2 R/C DROP C/L SWaP? - 32 FILL ;
~=% 3 HQME 0 0 CGOTOXT ;
. S : REDRAN SC2E 3 CLIST UPDATT .CUZ
& : SCRNO CLS 0 0 GQTOXY ." SCR %" SC2 @ 3A432-0% DISCIvaL U
-7  2->BASE C2 ;

8 : +#SCR SC2 @ 1+ DUP SC2 ! SC2NQ CLIST

9t -SCR $C2 @ .- 0 MAX DUP 3C2 ' SCIANO CLIST
0 :2; BTR DUT L- 3WAP 2/C DROF CSL 3KaF - CMOVE Iz
T TR /¢ 2207 ISL . Le 3ty

. R T semem e - |y e 2 s T ~
-3 I 03 LSCF RSP FTR SUT 3,0 JRCE CUL 3WaP = v 1= 3WAF L= Seal
STa MO T Ay et <nnn3 I-%243% -~

5
= FRQRATH -=-= 3 ZLg-FLETH 2x=ens.on
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U #F N PO 0w~ U G- o ity

[ Sl Rl i

SCR

n

. 0 SR a8 A
S Q@ B F LN o Rl MPpLNI>*O 0Mm-~40WU FUNK*O

i Rl N Al

i
L4 TP O B AP

5

{ &4 CCLUMM =DITOR LSJULSZ LaQ ) 3ASZ->2 DECIMAL
O VARIABLE 2LINK O VARIAZLZI QX=7
10 CONSTANT 2L 130 CONSTANT RF 0 VARIABLE KI RE VARIAZLZI 2LO
! RKEY BEGIN 7XEY -DUP 4 BLINKX +! BLINK 2 DU® &9 < IF & 0 §P32
BLSE 5 0 SP2PAT EINDIT 120 = IF ¢ BLINKX ! EZNUDIT '
IF ( SOME KEY 18 PREESSZD ) KC @ 1 K +! 0 3LINX
IF ( WAITING TO REPEAT ) RLCG @ FrC @
IF ¢ LONG EMOUGH ) 2L RLQG ! L KC ! i ( FORCE =XT
ELSE OKEY @ QVEZER = ‘
IF DROP 0O { MEED TQ WAIT MORE ) )
ELSE L ( FORCE EXIT ) ng? xXC ! ENDIF
ENDIF
ELSE ( NEW K27 ) 1 ( FQRCE LOQOP EZXIT ) ENTIF
ELSE ( NO KEY PRESSZED) RH RLOG ' 0o XC ! 0
ENDIF
UNTIL DUP OKEY ! ; R-2>BASZ -~
*22
{ 54 COLUMN EDITO2 ) BASE->2 H=X
v EDT VDPMDE 3 S = 0= IF S2LIT CINIT EVDI?,!CUR RSC CGQTCXY
DUP? DUP SCR ! SCRNQ CLIST B=GIN RKE
CASE 08 QF LEFT GZNDOF 0C QF -sC? SNDQF
0a QF DOWN =NDOF 03 OF DEIL RELINZ NDQF
08 QF U? ZNDOF 04 QF INS RELINE ADQ3
09 OF RIGHT ENDOF 07 QF DzLLIN 2=DRa. ENIDCT
Q0E QF HOME ENDOF 05 QOF INSLIN 2EDR AW ZNDCE
02 QF +»S8CR EZMNDOF L6 QF TaAR =MOCF
0D QF L +LIN .CQUR PLACEI ZNDQF 7F QF ~-TAS3 ZMDRCT
0L QF DELHALF BLNRS 2ZILINE =MDOF :
OF QF £ 0 SPR®AT CLS SCRHNO DRO? QUIT =MDOT
LZ OF INSLIN 3LNKS ZEDRAW =NDCT "
DUP 4F > QUER 7F < AMND IF DUP (3LK &/4 SWaAP 2207 Du? sSCR 2
(LINZ) 2CT CLINE &1 +».CUR EL3Z 7 =MIT ZMUDIF ZINDCASZ AgaldM
R-5BA3ZE --2
*29
( &4 COLUMY EDITOR ) BAS=E->2 HEY
FORTH DEFINITIONS
¢ ZDIT EDITORZ 0 ZIT ;
¢ WHEZE =ZDITO=22 3/8CR /MQD SWA2 2/73UF. » 20T + Z- ZIT
ZD@ =DITO2Z SC2 @ SCRMQ EDIT ;
R2=-D2BA3Z -
FRRATH --- 3 2ig-FIRTH extans.cn
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SCR #34%

( SCREEN EDITOR L27UL22 LCT) ZASE->R  DIZCIMal
¢ LCUR CUR @ C/L /MOD 3 + SWAP 4 =+ DU? 3.4 2
IF 32 > IF 29 - ELSZ SCR & LISTL ENDIF
ELSE 39 ¢ 0= IF 8CR @ LI3TR 2% - ENDIT
ENDIT SHAP GQTOXY 4
¢ DELLIN R/C SWA? MINUS +CUR LOCHQYIZ TUP L/SCR OZWAR

w O g
XA
Qs
<
{2 BT

X
1™t

DO PTR 1 +LIM P2T2 SWAP C/L
-0 +LIN PTR C/L 32 FILL Z/L 'CUR

INSLIMN R/C SWAP MINUS +CUR L/SCR +L N DU? L1+ L/2CR 0 -LId

DO PTR -1 +LIN PTR SWA? C/L CMOVE -1 +L0O0O2

PAD PTR C/L CHOVE C/L * !CUR ;

: RELINE R/C SWAP D202 DU? 13 EMIT LINZ. UPDATEZ .CUR ;
+.CUR +CUR ,CUE

]
N PIPOo VO YJ U o

e
1

e s

3 TAB PTR DUP @ 32 = Q= IF BEGIM L+ DU? 1 +CUR €3 32 = UMTIL
1% ENDIF CUR @ 1023 = IF .CUR ! ELSE 3EGIY 41+ DU? 1 ~CUZ C3 32
15 UNTIL .CUR ENDIF ; R=->ZASE ~->

SCR #37
0 ( SCREEN EDITOR L2JUL32 LCT) Z2ASE->3 DECIMAL
L ¢+ -TA3 P2T2 DUP C@ 32 > IF BEGIN l- DUP -1 +CUR C2 3 = UNTIL
2 ENDIF BEGIN CUR @ IF 4~ DU? -1 *+CU2 C@ 32 > EL3ZT .CyY2 i =zMNDIF
3 UNTIL BEGIN CUR @ IF 1- DU? -1 ~CUR C2 32 = DUT I7 L +.CU3
4 ENDIF ELSEZ .CUR & ENDIF UMNTIL ; : !3LK PTR C! URDATZI L +,CC=
§ ¢ BLNKS PTR 2/C DROP C/L SWA? - 32 FILL ;
& ¢ FLI? S.H @ IF -29 EL3E 29 ENDIF ».CUR ;
7 ¢ REDRAW sCz A S-H @ IF LISTR =2LS8T LISTL ZNDIF U2IDATI .CUR
3 : NEW3CA 0 SWa2 LISTL !cuz ,CUZ ;
g ¢+ +SCR SCE 3 L1+ NENICR ;
19 @ ~SCR SCR 3 1- 0 MAX MNEWECZ
1L ¢ DEL PTE DU? 1+ SWaAP? 2/C D207 C/_ SWa? - CHovz 3Z
12 ’*3 2/C DRO?P - C/L + L= 2!
L3 ¢ INS 32 FTR RUZ2 Z/C D202 C/L SWa? - + Sda? ¢
L& I €2 LCO®? DRQ? PTZ DU? ?’C DRQF /L SWAP - = L- 3NaP L- IRA?
13 DQ I C! -1 +LOQP ; 2-DZASZ -->
SCR #33
¢ ( SCREIN :=DITOR Ll2JUL3Z LCT) 2A8E-3R HEX
L ¢ VED BQX SWaP CL3 LISTL !CUR .CUR 3E5Id KZ7 CasZ
< OF QF BCX ENDOF 01 OF DELHALF 3LMNRE ZILINZT zZNICTF
3 ¢8 QOF -1 +.CUZR ; INDCF 32 QF +3C2 INDOT
% QA QF C/L +.CU2 EMDQF 0QC CF =-sCz2 ZNDQT
s 0B OF C/L MIMUS +.CUZR ZNMDOF 03 OF DEL RILINEZ IN2CTF
s 09 QF L+ +.CUB ENDOF 04 OF ITNE 2RZLINE IHDOT
7 0D QOF & +LIN .CUZ ENDQF 07 QF JELLIN REIDRaV IMDOF
g 0E QF FLI?P ENDOF 046 QF INSLIN RIURAW ZNDOF
3 LEZ OF INSLIN 3LNKS REDRAR ZINIDQF 15 CF TA:Z =NDCTF
L0 7F QF -TaA® ENDOF
i ¥ IUIT JUT LR 2Lz ToEEIT o zuZs
Lz ZHE
4 =

T
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7
STEING STORE AMND &CE
CLOAD DISK-HZaD
(!*) R COUNT DUP i+
tt22 STATZ @ ( 8790
IF COMPILE (!™) RO
1+ =CELLS ALLCT
ZLSE KQRD HZZE CoU
ENDIF ; IMMEDIATE
DTZST 90 0 DO I DU?
SCOPY QFFSZET @ + 3WA-
SMOVE 22 QVER QVEZR -
QVER OQOVER SWa? 2 + L
ZNDIF 2> 06 20 OVER ¢

DROP
FORTH-CO2Y 96 ¢ DG I

R-32AS2  -->

e

WRITE A HZAD CCMPATAEL
2

K=-HEAD O CLZAR 0 EBLOCK
DUP? '* FORTH * DU? A
DU? C » J4a 3Wa? | DU?P
DU? 10 +» 2000 SWaA? !
DU? 33 +» C3 FF FILL
DU? 2 SWa? ! 2JUZ 2+
<02 +» ( 3TART SECTOR
gu® !* SCZIZENS * Du?
DU® C =+ 2 sS¥daP ! DJU? =
pu? Lo - 30 SWAP ! TU?
puU? L+ + 3 0 FILL DQUP
SUP L2 » 1203 SWAP !
FLUSH
I=034GZ
TH o e== 2 I.3-F22TE s

3

t
[0)]

A4
)
U

[T ]
L1 I
O o v
w

U N}
w
a2
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-
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i
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i

L

FL2
( DUMP RCUTINZS L2JUL22 LCT)
¢ CLOAD VLIET Z258E-0% HEX
¢ DUMPS -DU?
I7
3ASE-D>R HEX o QUT ! SPACZT QVI=E 4 U.R2
OQVER QVER ¢ DO
DU? @ 0 <% &% % & & BL =0LD ZL HJILD #> TY?:= 2+ 2
+LOQP DROP LF QUT @& - 3PACES

DU? C@ DUP 20 < QVER 7
IF DRQ? 2E ENDIF
EMIT 1+

Loo?

i
v
O
Y]

#43 -
( DUMP ROUTINSS 12JULS2 LCT)
: DUMP C2 00 § U/ >R SNA® R> -DU?
IF 0 )
DC 8 DUM®S PAUSZ IF SWA® DROP 0 3NAF LIAVE EMDIF LOOD
ENDIF SWAP DUMP3 1D20P ;
.3 CR SP@ 2- 580 @ 2~ .* | * QVER CVE2 = 0
DO I @ U, -2 +#L0OP ZL3Z DRO? 0320F =NDI
i VLIST 80 OUT ! COMNTEXT a ~
REGIN DUP CR 3IF AND GQUT 2@ s 25
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SCR #54 _
0 ( CONVERT TC GRAPHICSZ MODE CONFIG 14SEP22 LaQ)
1 0 CLOAD GRAPHICSZ 3A3SE->2 DECIMAL Ss 2-2EAST CLOAD WDPSET2 -
2 BASE-DR HEX : GRAPHIC32 040 1 UNTR
3 -1 4B00 1800-DO 4+ DUP OFF AND I YSBW LOO® DROP -
4 4 PABS @ VSEH 156 PAES @ 1+ VSIW 1 ( #FILE) g34C C! PARE 2 23%46 !
S O0A OE SYSTEM ( SUBROQUTINE TYPE DSRLNK TO SET 2 DISY EBUTTIRC )
A 0 1800 OF0 VFILL ( IMIT COLCR TAELE ) .
7 2000 1800 0 VFILL ( INIT 3IT MAP ) :
8 20 SCRN.WIDTH ! 1800 SCRM_START ' 1300 SCRN_IND ' 1B00 3422 !
9 1C00 DISK.BUF ! ( USER VARIABLES NOW SET UP )
10 2 0 VWTR A 2 VWTR ( SET vDP REGISTERS ) j
14 07F 3 VWTR OFF & VNTR _
12 70 S5 VWTR 7 b UNTR ,
13 0F1 7 VWTR 0Z0 DUP 83D4 C!' 41 VWTR ABCO 8355 ! ( VSPTR ) |
14 0 O GOTOXY &4 VDPMDE ' 0 8374 C! ’
1S R->BASE | o
I
SCR #55
0 ( CONVERT TO SFLIT MODE CONFIG 14SEP82 LAO) !
1 0 CLOAD SPLIT 3SASE->R DECIMAL S6 R-32ASE CLCAD VDPEETZ : |
2 BASE-DR DECINAL S4 2-3BASE CLOAD GRAPHICSZ .
3 BASE->R HE i
4 : SPLIT GRAPHICS? 1A00 SCRH_START ! 0AO0 1 VHTR 3000 300 OFFT -}
S  VYFILL 3100 834A ! 18 GPLLNX 3300 8334 ! 4a GPLLNK ~
5  1A00 100 20 VFILL 1000 800 O0F4 VUFILL 0 0 GOTOX? 0Z0 1 VHTR ‘
7 S VDPMDE ! 0 8374 C! !
g )
9 : SPLIT2 GRAPHICS2 ‘aao SCRN_END ! 2000 400 0FF VFILL -
10 2100 8344 ! 12 GPLLNK 2300 2344 ' 4A GPLLNX i
1t 4800 80 20 VFILL © 4oo 0F4 VFILL 0 0 GOTOXY & VDPHDE ! J
12 0 8374 C! ;
13
A5 R=->BASE N
SCR #56k -
0 ( VDPMODES 145EP32 LAC ) 0 CLOAD SETVDP2 2ASE->R DECIMAL 33 -
! R->BASE CLOAD 2ANDOMIZZ EASE->R HEX
2 SETVDPL OBO & VHWTR ( B3LANK THE SC2ITEYN ) B
3 800 800 OFF VFILL ( INIT 254 CHAR PATTEZRNS TO FT ) ,
4 900 8344 ' 18 GPLLNX ( LOAD CAPITAL LETTERS )
5 BOO 8344 ' 4A GPLLNK ( LOAD LOWER CASE - QN 992r4A ONLY? ) ;
& ¢ SETVDP2 ( n === ) 4b0 PABS ! e
7 1000 DISK_ZUF ! ({ RESTORE USSR VARIABLIS
8 ( SET VDP REGISTERS )
9 0 0 VHTR & 2 VWTR 0 3 VWTR .
10 1 & VWTR & 5 VHTX
11 3EN 83KE ! ( VSPTR
12 % PABS @ VS3W 15 PABES 2 1+ VSTW 3 ( #FILE) 833C C! PARBS 2 3355 J
13 0A OE SYSTE! ( SUB T?PE DSRLNX TQ S2T 3 DISK IUF ) .
14 0 0 GOTOXY 0 837a C!
1 DUP 83D4 C' % VKTR ; 2->3ASE }
Tl FCRTH =-=-- 2 2ig-FORTH ex=ensizcn




3C2 %57
"0 ( GRAPHICS PRIMITIVES L27UL232 LI7T) 9 CLOAD CHAR ZAZZ-02
33 2->Z433 CLOAD RANDCMIZIT ZASEZ-23 DECIMAL 7& 2-334SE
,coo= 3A4SZ->2 HEX
80 CONSTANT COLTAZ 300 CONSTAMT ZATZ 720 CaN3TaNT SMTS
300 CONSTANT DT 800 CONETANT $PDTAS
i CHAR ( WL W2 W3 W& CH =--- o
. 3 ¢ PDT *» D2 =2 &6 DO PaD I + ! -2 +LOG?® Fad 23 2 YMEIW

.'

CHAERPAT ( CH === ULl WZ W3 Wa
2 *+ PDT + PAD 3 VM32Z 8 0 IO PaD
VYCHAR ( X ¥ CNT CH ==-- )

2R DR SCEN.NIDTH @ # + SCAN_ZMD @ SC=aN.

i+ 3

Sy
.o

F

? + ROT QVER QVER /MOD IF 1+
DROP ENDIF ZEMDIF ROT

SCRN_WIDTH

T §
U OGP Q0 g O U Gy O

I
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{

GRAPHICS PRIMITIVES 200CTA33 LAQ)
HCHAR ( X ¢ CNT CH === )

1
¥

L > QW ~J o U = Gl Oty

- >R >R SCRN.WIDTH @ + + SCIN.START & + 2>
: COLOR ( FG 3G CHSET === ) >R 3WaP 10 +

. ¢ 8CREEIN ( COLQR === ) 7 VWT2 ;

_ ? GCHARX ( X ¥ =-- ASCII ) ( COLUMMS aAMD 20
SCEN_WIDTH @ # +» SCRN_STAZT @ +» V3R ;

-7 ¢+ S8DT ( ADDE =--- ) ( SET S22ITE DE3L2:I3T
DU? ' SPDTAZ ! 800 / 5 VWTR ( 23T VO3
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i
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o2+ SPCHAZ ( 4t 52 4% W4 CHE oo
-~ 3 #+ SPDTAB + 32 =2 & DO 2aD I + ' =2 .20
$ : SPRCOL ( COL % --= ) 4 % SAT2Z 3 - + DU
.S B> VSBW ; R=->BA3S -~
.3 259
T8 ( GRAPHICS PRIMITIVES 200CT33 LCT)
e BA5E-D>R HEYX .
2 1 SPRPAT ( CH % --= ) & * SATR 2+ + Y33 ;
— 3 ¢ SPEPUT ( DX DY & === )
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So¢ §PRGIT ¢ o# --- 0X D7 )
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GRAPHICS 2PRIMIT
SZ->R HEX : ZZ==
SPRDIST ( #41 32
SPRGET ROT SP2RG
+ DUP >E OR OR

SPEDISTXY ( X ¥
+ DU? >R 02 G2

HAGNITT ( MaAG-T
83D4 C@ OFC aND

JOYST ( KEYZ2NO
7KEY DRQZ? 837°
IF 8377 C23 8374
CASE & OF OFC &
2 QF 0FC O
OF QF OFC 0
ENDCASZE ZNDIF =

4
e

GRAPHICS PRIMIT
COINC ( %1 %2 T
pu? + DU? + OR

COINCX?Y ( DX DY
DUP * DUP + DR

COINCALL
g§802 CQ 20 AND
DZLSPR ( #

( ===

4 + DUP SaT + OR
SMTH + >R 0 0 828 2> &

DELALL [ ===
0 #MOTIOH SATZ
SMTN 30 ¢ VFILL

2

NDIF &

IVES L27UL32 LIT)
? 34 GALLNK ; HOMX Is GPLLNE
=== DIST*2 ) ( DISTAMCET ZITWIZIN
=T DX? OYES2 OVZIR
8000 AND IF R> DROP TFFF IL3D 2
$ --~- DISTA2 ) 2F23ZIT DXT OVIZ 0
8000 AND IF B> DIOP TFFF LI 2o
ACTOR === )
+ DUP 23Da C! 1 UNT2 |
--- ASCII XSTAT 75TAT ) 5373 C!
Ca DUP DUP 12 = [F D202 0 0 ESLEE
€@ ELSE 8375 C&
ENDCF S OF 0 % ENDOF 3

ENDOF 3 OF & 0 ENDOF

IVES 127ULSZ LCT) 3ZaAS
QL === F ) ( 0= NO CC
SPADIST R> >
# TOL F
SPRDISTXY RS> > 0=
F)y 21T 83 z
20 =

)

0 Co0L 5?22 R> 2 -0
YMZW D=

2% 0 DQ DU? DO 3wWa?

.
H

GRAPHICS PRIMITIVIS 25M0Y3Z La0) ZASEZ->2 HZX 0
MINIT 48 0 DO 0 I & / 20 # DU? 20 + SWAP
DO DUP & L I HCHAR i+ LOGP DRQ? LOOZ

MCHAR ( COLOR < R =-=-- ) DU? >2 2 7/ 3H&ZF DU? >3 2
DUP >R GCHAR DUP 20 / 400 U+ DBC2 300 + >2 20
8 « B> » 2> 4 MOD 2 # + ADR ! 2D 2 ¥CD 2> 2 ¥OD
I IF 3 ELSE & EMNDIF =L3Z IF 2 ZL3Z 9 zZus:iT
DUP 2 MOD 0= IF SWAP 10 # SWAP SMNDIT
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VARIAZLI DHMODE -L VARIA2LZ ZCCLlz
D344 O IMCII @ ¢t UNMD2AWN L TNCTE it
FZ ., &§0%0 , I04L¢ , d0+ , 0L, Am. a3 -~

FORTH == 3 Zig3-F0ETHE 2:¢t2as::5a

")y ==
)
a
-4
8 |
t
(O]

»
«

(Y]
.
P
-4
“w

[1}]

-4

~

t
[SRIN]

TR

[®]
1t
MY
(’ .
*
w

&2

ul
(@]
iV

X
H
-
3-

T
¥
B

ﬁ|j

1) b S~ me
O
"y

-4
Py

o3
¢
3]

~—



)
1+
]

o
(TN

s

131
M

ne

i
o
“r,
™

m
11

o~

- .

| &
- O~
bR
-1 O
nt O
o,

)
(& &
O
o m ]
Ny
..-..
(AN $Y
O 1
(e
~— ﬁl-

<4

0007

00
A0a2

=
-
>

O 1M1

u

AQas
D

!

Uy

2]

(2]

i )
n

!

<t

4

05Cs

2000

X1 -

0OT

(ay)

DDOT DUP

tv

T,
n

(O]

UNDRANW

4.
-l

o~
rt

n,
-t
X
wm
L]

[ |
O

(@]

0]
wy

m

Q
20

Q
DCQLOR

19 o

ot 4f -

w
[43]

i
o §t)

bald

4+ 0O

[ 8B () BN
*

LeT)
Loz

? ah

MNDIF

-
-
3

W

l2ULs8z
N
SWa?

fre § ¢

o~ o
-t O

[SC0 LN

. I v
- ng

(SR - ]

-4 o3 €

fe il @ |

Ny 1 0%

&£ < i

e O O
%cusruo

Mo e e

MO at 11

7N
(111

uwy
(]

e

0P 30T AvVET

-
-
o

3
-
~e

M/ SUWA?

00 I QVZZR ¢ 1oo

A

e
[ 8]

[}

2> DRO?

R0

ELSZ

o -1

LA ]

“C
X
[0

o
-+

Q2

00 M/ SwWa? IE

i

G DU? o

i .

o

om

n.
LS ]
ng
L)

1)

'y
i

(o]

o

b
(44
-4

—

lal

1 O

[0}
[ I,
-0

i

8]
(DR8I
wy It
<« ¥

i =
i T
"

f~
-

¥ O .

SR

2

]
1,
h SLLL
w
=]
-1

fo§

(44
-1
n
[

2

b-§

N7

[

)
7ADDR

R [}
—

0
A

£y
'1‘

Z03

coz27 , CQD9 Q

’
!

co7v

f,

<t
«!

L4

- S

)

cQ0

-
-

.-
Vo -

“

(&)
(@]
IS
-t

-3
«
[D]
-8

-~
o

oy

o -

"t

18]

m

28]
(5]
r,



SCR #5455
( COMPACT LIST ) 3ASZ->R DECIMaL
¢ CLINZ L3 169 ZIA8Z SMasH VHIHW i
¢ CLQOC? DQ I 534 2 OVER + 6% I CZLINT LICF DRO?

~e

CLIST
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SCR #4638

( FILZ I/0 Z2QUTINES L2JUL22 LCT)H
0O CLQAD STAT 5aASEZ->R DECIMAL 33 R~ BaSZ CLOCAD

BASE->R HEX .

VARIABLE PA3-aADDZ

VARIABLE 7Pa3-2UF

VARIA3LE 2a3-V3U?

FILE <2UILDSs , , , DOES> 2JU? @ Pas~-VIUF ! T+
1+ @ FAaZ-aADDR ! ;

OO0 o

! GET-FLAG PAZ-aD2R @ L+ V3Z2E

¢t PUT-FLAG PaA3-ADDR @ L+ V3I3W

! SET-PA3 PAZ-ADD2 @ DUP 0a O VFILL I+ PA3-VIU
¢ CLR~STAT GET-FLAG L7 AND 2UT-FLAG

¢ CH

MFLDPOCOW YO U & 6l 1O

1

L S

1 X-STAT GEZT-FLAG 0Z0 aAlD

L 837C €2 22 AND QR ¢ 7322232 |

lea ¢+ FUD GEZT-FLAG 0OZIF AND PUT-FLAG

LS ¢ YRIL GET-FLAG 10 QR 7UT-7LaC R=02A32 -~
T FORTH =~--- 3 2i5-7G5237H =2xcteznsicn
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