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There have been four changes made to the source listing

in the accompanying Owneér's Manual;
The changes have been made to the ROM-

1.1 of Colorforth.

these comprise Version

PACK, and are only included here for your records.

Location

SCBDD
$D@FA
SE59B
SE5AQ

Version 1.1

$84
$31

. $62

$64

If you have any questions on this or the program itself,
you may call Talbot Microsystems at (213) 376-9941.

'P.O. BOX 1110 DEL MAR, CA 82014 714-842-2400
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1.0 INTRODUCTION AND STARTUP

This document describes the COLORFORTH system providéd’in a rom
pack for the RADIO SHACK COLOR COMPUTER. It is an extension of
the FORTH Interest Group (fig) model of the  language FORTH.

1.1 RERQUIREMENTS

SOFTWARE

Rom COLOR BASIC must be_resident in-the Enmputer
in order for COLORFORTH to function. EXTENDED
BASIC is not required. e -

HARDWARE . , 3 L , iy ;
. . The COLDOR COMFUTER must have at least 4k bytes of
memory. COLORFORTH will automatically adjust to
more. it .you have. dit.: To . use.: the cassette
interface, it is necessary that the computer have
control over the motor. : s

1.2 DISCLAIMER

This software is sold as is. It is believed to be free of error,
but as we all know, no large piece of software is ever completely
free of problems, so BEWARE!

1.3 HOWEVER

If you find any errors in the software, please notify the
distributer so that future versions may be corrected.

1.4 STARTUP

To start COLORFORTH:
1. Verify power is off.
xxx NEVER, NEVER INSERT OR REMOVE CARTRIDGES XXX
xxx WITH THE FOWER ON !!! L & 3 3
. Plug the cartridge into the slot on the side.
. ONLY THEN turn on the power.

M

The computer should start up with a message on the screen saying
that COLORFORTH is in control and "BELL" tone should be heard if
you have the sound turned up.

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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1.5 FIRST IMPRESSIONS

After COLORFORTH is started as described previously, the FORTH
operating system is running, with its compiler, interpreter, and
text editor. Several changes from BASIC may. be noted. First, if
the wvolume is turned up on your television, you will notice a
“tick® sound emitted as each key is pressed. This is to help
reduce key errors by providing a positive feedback indication
that a key has been sensed. Second, if vyou use the backwards
arrow key to backspace the cursor and erase characters, vou will
notice that a "BELL" tone is emitted with each key stroke when
the cursor 1is at the beginning of the line. If you do not wish
to hear these tones, simply turn the volume of the _television
down.

1.6 WHAT IS COLORFORTH 7

COLORFORTH is an implementation of fig~FORTH with the addition of
many FORTH-79 words plus many words which provide interfaces to
features specific to the COLOR computer. In FORTH the term
"word" refers to an identifiable function or command, which in
some computer languages is referred to as a subroutine or
procedure. '

If you wish to run FORTH-79 software, youmshould éérefully read
the sections which describe how COLORFORTH differs from FORTH-79.

COLORFORTH contains many' features which are supplements to
fig-FORTH and FORTH-79, You have full control aver the
alchat1dn of memory between dictionary space (for pngrams) and
tﬁé virtual input/ocutput buffers (where., e.g., text —for _source
code is edited). This permits you to optimize the use of memory
for vour specific application.

Binary overlays (compiled programs) are supported. This permits
you to save compiled programs on tape for later use. For a large
application this can save the time to load the program frDm tape
by about a factor of three to four.

Sound output is possible in two forms: single tones (as in BASIC)
and a high speed procedure which permits arbitrary-—wavefaorms—to
be sent.

A Full assembler is not includeds; however, the vocabulary and a
tew . basic words are included which permit an advanced programmer
to insert specially hand coded machine language routines. A
full 4809 FORTH assembler will be available on cassette.

A FORTH DECOMFPILER is included as a learning and debugging tocol.

Copyright 1981,‘T. J. Zimmer and R. J. Talbot, Jr.
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1.7 NEW USER OF FORTH OR A VETERAN 7
Are you a FORTH veteran? If so, skip the next paragraph.

Are vou a newcommer to the FORTH environment? I+ =0, you should
purchase the book STARTING FORTH by L. PBrodie. This is a good
introduction to this new and facinating programming tool known as
FORTH. It is published by Prentice—-Hall and should be available
from bookstores or vyour COLORFORTH distributer.  COLORFORTH
provides a complete programmlng environment which 1in many
respects is far superior to BASIC. As yvou learn how to do FORTH
programming, you will initially find some of the methods of doing
things to  be peculiar. The environment, however. has evolved
over many years by expert programmers who honed  the environment
for efficiency and speed. Once you learn the fundamental methods
of FORTH programming, you too will find that vyou can put vyour
machine to work in sophisticated ways with far less programming
effort than by using other computer languages. You may wish to
skim through Chapter 2 to get an idea of how the COLORFORTH
system is organized, but do not fret over the fact that eeme' of
it may sound obscure —— nothing in there is necessary for one to
use the basic system. Come back to it later after you have
gotten a feel for the way the system werks. ‘

If you are a FORTH veteran, then you may be interested in  the
system cen%igqratioq,whieh is described in Chapter 2.

1.8 WHAT IS THE FORTH INTEREST GROUP ( FIG ) 7

The FORTH INTEREST GRDUP ig"janf*lndependent,’group of FORTH
enthu51asts whose aims are to ~educate others and' to promote

FDRTH.’ They may be contacted at

F O Box 1105
_San Carlos, ,CA 94070 . (415) 962—8653,,

They publlsh a newsletter FDRTH DIMENSIDNS ($1“/yr) and have many
other publlcatlons available. :

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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2.0 COLORFORTH SYSTEM CONFIGURATION

The following describes some of the aspects of how the COLORFORTH
system is organized and how it is similar and/or dissimilar to
other FORTH systems.

NOTICE!'! I1f you are a complete beginner to FORTH, vyou should
probably skip this section for now, and go to the book
STARTING FORTH which you should have purchased. Just
start working through the book. Do not be afraid of
experimenting! The program is in the ROM FACK and can
not be destroyed by any programming error. Just press
the RESET button at the right rear and restart i+
necessary.

ALSO!! Your ROM FACK contains fig—FORTH which is not identical
to the version of the FORTH-72 which is discussed by
the author of the book STARTING FORTH, so refer to the
later section entitled FORTH-79 DIFFERENCES as you go
 through the book.

NOTATION ——

The following symbol terminology is used throughout
this manual.

SYMBOLS MEANING

al or addril 146 bit address

n, ni, n2 16 bit signed number

dli, d2 32 bit signed double number

ul, u? 16 bit unsigned number

bi 8 bit byte — unsigned

c 7 bit ascii character

+ Eoolean flag

tf True boolean flag — 1

+F False boolean flag - O

stringl, t Ascii text string

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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STACK VALUES (b — t ; a)

b

W ocaw

the stack before the word executes

the word being defined
the string which follows the word in some cases
denotes the place where the <ENTER> key would be pressed

the stack after the word exxecutes

STACK FARAMETER DESCRIPTIONS

ni\n2\n3

The value nl was placed on the stack first, then n2., then n3.

The notation is read "nl under n2 under N3 . nl is on top.
E.g.

In the description of a FORTH word called <name>, the following
might appear: ‘

ail\nixn2 — & ;" az

which is interpreted as follows: before the word <name> is
executed there are three items on the stack with n2 being

the last placed on, nl the previous one, and al the earliest
one. Following <name?> in the kevboard input is the text
string t followed by pressing the <{ENTER> key.

Following the execution of the word <name>, the stack is left
with the one item a2 .

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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2.1 MEMORY ALLOCATION

COLORFORTH will run on any RADIO SHACK COLOR COMPUTER with 4k,
16k, or 32k bytes of user read/write memory (RAM). The system is
normally initialized with 8 screen buffers (only 1 on a 4k
machlne)' each butter: 15 1028 bytes in length, and holds one
FORTH SCREEN ( or BLOCK) of 1024 (1k) bytes of data plus 4 bytes
of ‘control  information. The terms ° SCREEN and BLOCK are used
somewhat interchangably; however, SCREEN is more appropriate .in
the case of text (displayed to the televisionscrsenl and RLOCK
is a more abstract term useful in cases where the data is either
té:E; numerical ‘data, or “machine code. The term buffer refers to
orié or more of the sets of machine memory locations dedicated to
holding the SCREENs and ELOCEKs. The existance of 8 buffers means
that a program consisting of B8k of text may be edited or
manipul ated  in memory, without resort to moving text to and from
tape. : ‘ S re

The maximum number of BLOCKS in memory (preset to 8 — or'1 in
tdg case of a 4k machine) 1is held 1n a variable named BMAX . The
FORTH word ERLOCK will not permit you to request a bloc uamber
greater than HEMAX or less than 17 The wvalue of BMAX may be
changed by use of the word called #BLOCKS . This will calusethe
system th change the number of buffers it wuses and the space
reclaimed 15 used for compiled program dictionary space. "E.g..
to change the allocation to 3 buffers, use

2 #BLOCKS <ENTER>

(The notation <{ENTER> is used to ‘denote the place in the input
where the key ‘on the terminal marked "ENTER"” is pressed.
Similarly, <BREAK> would indicate where the key marked "BREAK" is
pressed.) L

The above ‘seqguence 'will @ recover Sk bytes for additional
dictionary space (until a RESET causes it to'go back to default
value). A similar operation could be done toincrease the number
of buffers used{and therefore; of course, reduce the amount of
program storage available). ' ‘ :

Some caution should be taken with the use of the #BLOCKS
command. It _changes not .only the number of buffers, but it also.
moves the user. ram polnter ‘called =DP:. . ANy program-you have -
compil&d up to the time yDu Use #RCOCKS will be destroyed.

The system stacks are located below the lowest screen buffer.
The RETURN STACkK shares a page (of 256 bytes) of memory with the
TERMINAL  INFUT BUFFER, so 1its size 15 limited to about one

hundred lTevels of nesting. ~The~DATA STACE is allocated about 2

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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péges, so it is limited to abEgiﬁgggﬁhundﬂﬁd«datathgﬂs-

B i

Z.2 BLOCK INPUT/OUTRPUT

For those. familiar with. other FORTH implementations, the word
BLOCK is the only fig-FORTH mass—storage word in the system. All
lower words {(those used by BLOCK in a typical +fig-FORTH system)
are omitted, since they are not needed for this cassette
implementation. The function of all of those words is contained
in. the word (BLOCK) to . which BLOCK points. - .The . word BLOCK is
placed into RAM upon. startup, and it consists of . a "hook” =
N : '

e

: BLOCK - (BLOCK) ;

Th15 means that the definition of BLOCK may be changed. E. g., an

enterprising programmer might create an interface fara disk G
and call the new disk word DSKBLK . Then the_EXiggmwggggﬁmggrd

ﬂm\7‘bé patched to point to DSKBLK by

i DSVBLV EFA *BLOCK !

2.% BASiC ROM CALLS

FORTH word calls Function

EMIT [$A002] Send char to output dev.
KEY: e sHA1RY Get char from: keyboard
?TERMINAL [$AOOUJ ‘Test for key pressed
TONE ~ $APS1 : .. Generate tone

WRITE FALSE Open file

WRITE $A29Q Write byte to cassette
WRITE ‘ - $AZA8 : Write rest to . cassette
WRITE . 4 ' +A444 Close the file

READ - v : o BAG29 : Open the file x
READ . +A186 Read a byte of data

CLS $AZ1C Clear screen

JSTH 4A7DE Read joystick wvalues
Note: . the [$XXXX1 " notation used refers to-an:-indirect call

to  the address pointed at by the contents of the-location HXXXX.

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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2.4 CASSETTE INTERFACE

Five  words have been - included. in  the system to permit easy
writing and reading of data to:-and from cassette. - These are: o

READ

( ni - )
READS { ni\xn2 — )
WRITE ( nil - )
WRITES { nI\n2Z — )

In these words, nlis the first SCREEN or BLOCK to read or write.
n2, when present, is the number of sCREENs or BlLOCKs to - read or
»@rite.

DO NOT FORGET TO SET THE RECORDER TG THE FLAY OR RECORD MODE, AS
AFFROPRIATE, BEFORE PRESSING THE <ENTER> KEY.

The fifth word is
CLOADS ( nl - )
q}, screens  will be loaded from cassette, and compiled  or

interpreted. Each SCREEN will be read into buffer 1 and then 1
LOAD is performed. Then the next screen 1s read and loaded,

etc. This procedure was choosen so that only a single buffer
would be required in order to have the system function with
minimal memory. This means that a very large program may be

compiled. The number nl specifies the number of screens to be
read and loaded, and it must match the actual number of screens
on the cassette.

NOTE: For CLOADS to function properly, it must control the %"
cassette motor. So, the motor control wires must be connected.

o

NOTE: In FORTH, spaces are extremely significant. In the use
of the words above, e.g.. 1?2 CLOADS ., 1t is essential that
there be a space between 12 and CLOADS .

2.5 DOWN-LOADED WORDS

Several words are downloaded from ROM into RAM so that parts of
them may be changed. They occupy about 80 bytes and include:

{ARORT) BL OCK
FORTH ASSEMELER EDITOR

(ARORT) is moved to ram so that its run—time behavior may be
changed by the user. RLOCK is moved to ram for the same reason.
FORTH . EDITOR , and ASSEMELER are VOCABULARIES and must be in
RAM in order to function. '

-

Copyright 1981, T. Jd. Zimmer and R. J. Talbot, Jr.
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2.6 WHAT IS MISSING 7

There are several fig~FORTH words which are not'in=”£his ‘system.
For the most: @ part these are words in the fig-FORTH vocabulary
which are used for disk interfaces. They are not needed in this

implementation. They are

BUFFER +RBUF R/W INDEX TRIAD FREV . UsE
FLUSH UFDATE EMPTY-BUFFERG ' :

1f desired, an experienced programmer can add ‘these and change
the hook for BLOCK as described above. ‘ ,

2.7 NEXT

For the interested assembly language programmer, NEXT is at
$C052. - : :

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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2.8 MEMORY MAP
————————————————————————————————— +0000
1 SYSTEM RAM FOR BASIC 1
L - ———— $0400
I I :
I VIDEO DISPLAY RAM 1
1 ' - 1
—————————————————————————— - — $04600
1 DOWN LOADED WORDS : R |
I MOVED FROM ROM ' SR

~USER VARIABLES — TABLE I

I
I
LEILLPILILLII LI P ISP ST AS I AP I7777777
I
I

1
DATA STACK = : i I
- . . ' ) I
I Vv TERMINAL INPUT BUFFER ~{TIB) |
1 I
LILILLILLIFILT I 707777 7777 i 7 PP 77
I I
1 : - RETURN  STACK i o . |
I . (. S (N s O
I : = : : I
I SCREEN BUFFER NUMBER 1 I
I I
L2 PE TIPS 777777 7772 7777777777
I 1
I : SCREEN - BUFFER NUMBER 8 - I
1 : I
I USER DICTIONARY SPACE E |
I s e 1
I

v oo ADDITIONAL RAM - FOR- 32K SYSTEMS

1223 2232222223332 C8es 030388838838 8858383F ¢

1 FORTH NUCLEUS

10K BYTE ROM 1

Copyright 1981, T. J. Zimmer and R.
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$08A0

$092A0

+0DA4

$29C0-
i 167 32K

$3FFF

$7FFF

$C000
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SCREEN
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‘RO/FIRST

(LIMIT
4k
SYSTEM)
(LIMIT
SYSTEM):
16K END

END.
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3.0 EDITOR

3.1 EDITOR COMMENTS

The EDITOR contained in the rom pack is modeled after the editor
described in the introductory book STARTING FORTH by L. Brodie.
The EDITOR here has been extended and improved. The most obvious
change 1is that the screen being edited is always immediately

displayed to the user. The word L is therefore not needed
(although it is present). Owing to limitations with the size of
the television display, only a "window” into the screen is
displayed . at ..any moment. The window is an area of 11 lines,

centered around the cursor position.

The edit buffer is treated as 32 lines of 32 characters. The 11
lines surrounding the cursor position are displayed at the top af
the screen area, and the 12th line is displayed in reverse video
with the current screen number, line number, and cursor position.
Lines 13 to 16 of the display show the user command input.

1+ you have jQSt turned on the computer, any screen to be edited
must first be cleared to blanks by:

nil CLEAR <ENTER>

The number nl is the screen number to clear. Note: For the
examples in the book STARTING FORTH and the discussion in ;@ this
manual, use screens numbered 1 to 8 as that is all you have in
this cassette oriented system. You can now start the: edit
session by i

nl-7 2 EDIT

The television will display the split screen format described
above. At this point the upper section should be blank, with a
black sguare in the upper left corner of the screen, and your
normal blinking cursor in the lower left corner. The black
cursor -“is the pointer into the edit area, and it is the cursor
referred to in the instructions to the editor which follow.

For a complete discussion of the use of the basic: edit commands
you should refer to the book STARTING  FORTH, - although it 1is
similar enough to typical fig-FORTH editors that an experienced
FORTH programmer should be able to use the editor with ® just the
abbreviated discussion presented below. The extensions to the
editor are discussed below also. ' ,

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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3.2 LINE SPREADS

The two commands "SP" and "U" cause the text below the cursor
to be moved down by one line. Since only a part of the edit
buffer can be viewed at a time, there is a possibility that vyou
will +try to spread text off the bottom of the edit buffer. To
prevent this, a protection word "?31" has been installed +for
use inside "SP"  and i ¥ L This word causes a warning to be
sent to the display if data will be lost from:line 31, and:- then
the system waits for your response. You may abort your command
if you do not want to lose line 31.

3.2 EDITOR INTERNALS

This editor has its own interpreter, called @QIT.  ThiS’ word

allows the editor to split the screen into two parts and trap
errors while remaining in the editor vocabulary. This  is

possible because the editor traps all errors by changing the
function of (ABORT) to vector to ERR instead of ABORT. WARNING
is changed to -1 to force all errors to go through (ABORT) to
ERR. The word QUIT is redefined to restore WARNING and {ARORT)
to their former state and then go to the FORTH--QUIT . -So, when
in the EDITOR, to get back into FORTH you should type

QUIT <ENTERZ>

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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3.4 AN EDITOR EXAMPLE:

CLEAR
EDIT

T

THIS IS A LINE OF TEEXT
IFE : :

THIS IS A LINE OF TEXT.
HERE IS ANOTHER ONE

T : ,

EX

DEL

T

THIS IS AANOTHER ONE ONE.
AANOTHER

ANOTHER LINE

ONE

DEL

T

A

ILL ER

T ;

HERE 15 A TEST LIST
LIST s

T
TEST

NEW LINE

T P EXAMFLE OF TWO COMMANDS

OXWHREOMMITOAME T T T T~ TAC TE T -~

UIT
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3.5 EDITOR WORDS

WORD

(b —t ;3 a) FUNCTION

LINE EDITING COMMANDS:
From STARTING FORTH editor:

T

F

(n —— . ) Sets the cursor to start of line n.

{ —— t3) Text following space after P is placed into
line pointed to by cursor.

( — t3) Text following space after U is inserted
’ under the current line and all lower lines
are moved down one.

(ni\nZ — ) Copies current line pointed to by cursor
i ' UNDER line n2 on block nil.

{ — ) Deletes ‘line pointed to by cursor and moves
lower lines up one. Line 31 becomes blank.

Added from fig editors:

( = ) ‘Holds the line pointed at by cursor in PADI.

=) Kills (erases) the line pointed ‘at by cursor.
( —— ) SPreads the lines —— the line pointed at by

cursor and all following lines move down one.
It tests line 31 for potential data loss.
Current line becomes blanky '

( — ) Moves cursor to TOP of edit screen.

( — Moves cursor to BDTtDm of edit screen.

¢ — ) Down arrow: Moves cursor to beginning of next
: lower line. ~ ‘

o ie=) tUp arrow: cMoves cursor cto beginning of
previous ‘line. : :

{ —— )} Double down arrow: Moves cursor to beginning
of Ffourth (4th):1line below current line.

{ —-— ) Double up arrow: Moves cursor to beginning
of fourth (4th) line before current line.
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STRING EDITING COMMANDS:
From STARTING FORTH editor:

{ — t3; ) Finds first occurrence of the text fdllnwing,

the blank after F.

F
5¥u/~i§f9 o position.
%Dﬁ&%

Starts at current cursor

Searchs for the text,stfing Vfollnwing the
command S. Starts on current screen and goes
to screen  n-—1. Stops at each occurrence
of the string and you then may either:
press <BREAK> to stop search and leave
; cursor pointing at string, or
press any other key to continue search.

{nh — t3)

'Erases as 1manykcharacters GOING BACKWARDS

E { —-——
from cursor as are in the buffer FADF.
Typically used after F or 5.

D ( — t3 ) Deletes firét ~occurrence of text following
the command D , searching from cursor
position to end of screen..

TILL { —— t3 ) Deletes all text starting at cursor position
until and including the string following the
cammand TILL . Works on current screen only.
If string not found, no delete occurs.

I ( —— t3 ) Inserts text  following the command I into.
the edit buffer after the current position
of -the cursar.  Text following is pushed off:
the end. of -line, and those at end are lost.

R ( — %3 )’REpIéCES'fhé string juSt-{Dund by, e.g., F)
with the string following the command R .

Additions to editori

+T th — ) Sets cursor to current line plus n.

C/L ( — ) Returns number of characters per line (32).

DEL ~A{n —= ) DELetes - n characters BEFORE the cursor and
caompresses the line to omit the space.

Fills end of line with blanks.

Cc {n —— ) - Cursor movement: moves forward {(or backwards
if n is negative) by n characters.

(R (¢ == ) Text -at PADI replaces the text in the
current line.

(F) { — ) Searches for the string in PADF, starting
with the current cursor position till end of
the screen.

(I { —— ) Inserts the current contents of FADI into
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edit buffer at the location of the cursor.
Any. text pushed off end of line is lost.

EMOV tal —— ) String at PAD is moved to address al.

FADF A Sl ai) Returns address of the Find buffer as al.
PADi” | { — ai)  Returﬁs address Df»the‘lnsert buffer as ai.
PAD { — a1 tRetufﬁs addfess of scrafchPAD area as al.
TEXT (c —— t:) Accepts text Following command TEXT into

into scratchpad area PAD up to the character
with ascii value. c (or up to maximum of C/L
characters or <ENTER>).

GTEXT (al —— )"Accepts text from input screen until a

delimiting -~ is found or the <{ENTER> key
is pressed; text is moved tao address al.

FULL SCREEN ORIENTED COMMANDS:
From STARTING FORTH editor:

WIFE ( - ) Clears the current screen to all blanks."

COPY ni\n2 — ) Copies screen n1 tD scréen nz2.

Added to the editor:

N ( — ) Go tao Next highéf edit screen and reset
cursor to top of screen.

B ‘ ( — ) Go Batk tD‘previDu5'sCréen and reset cursor
‘ _ to top of screen. '

L . ( —= ) Lists thé current scréEn; 'NDt needed with

- o crt screen oriented editor.
EDIT  (nl — ) Sets EDITOR vocabulary, modifies (ABORT) to
: point " to ERR, sets WARNING to -1, and then

executes  QIT.

CLEAR (nl —— ) CLEARs screen nl to all blanks.
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NEW { == ) Permits entry of NEW: lines of text into
: current edit screen, staying in input mode
till a null line is entered. EXAMPLE:

1 EDIT <ENTER> { selects editor )
3T <ENTER> { set cursor to line 3)
NEW <ENTER> ({ start NEW insert mode)

THIS I8 A TEST<KENTRY>
THIS IS8 ANDTHER TEST<ENTRY >
<ENTRY > {anull line )

The two lines of text following NEW will be
placed in 1lines 3 and 4 of screen \1l.
Frevious contents of those lines are lost.
The line with <ENTRY> only is a null line
(i.e. it contains nothing) terminates the
input modes; line \S will be unchanged and
the input mode will be exited back to the
normal edit mode.

MISCELLANEOUS EDITOR WORDS

These are normally not ever directly used by a user . but an
enterprising programmer who wishes to extend the EDITOR might
use them.

~TEXT (al\nl\aE ~— ) Primative string match routine.
Matches string at al against string at aZz,
for a count of nl characters. Flag +f is
returned true ( 1 ) if strings matchj
Otherwise, f is returned false ( 0 ).
Written in assembly.

MATCH (ail\nizaz\n2 —— tf\n3 ) for a match
— £f\n1 ) for no match

Str1ng match routine which starts a search

at al for a count of nl characters. The

string at a2 of length n2 is searched for

as a substring of al.,nl . If the string
az.n2 is found, a true flag (tf = 1) is
returned along with n3 = the number of bytes

_from al to the end of the string match. If
string a2.n2 is not found, a false flag
(£ = Q) isyreturned, and nl is on the stack.

1L INE ( —-—— f) Uses MATCH toc scan the current 1line for a
match to the string in FADF . Returns flag
§ = true if found, Ffalse if not. Updates
cursor position to end of matching string if
found, or to end of line if no match.

-MOVE ( ai\nl —— ) MOVEs C/L characters from address al to
line nl1 of the current edit screen. )

LINE (nl —— al ) Returns the address al of the line nl of
the current edit screen.
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#LOCATE ( — ni\n2) Returns the cursor location in the
current edit screen. n2 is the line number ,
and nl is the character position..

SL# - nl) Returns current line number as nli.

‘#LEADk ( — al\nl) Returns the address of the cursor line
o as al and the position in the line as nl.

#LAG ( —— al\n2) Returns address of the cursor in the
current screen as al, and the number of
characters from the current position to the
line end as nZ2.

SERR ( — ) Issues message "NONE" for no string found.

GIT ( —= ) EDITOR’s INTERPRETER word. Scrolls the lower
4 lines only, views the current window into
the edit buffer, and accepts and interprets
commands from the operator. Is an infinite
loop, terminated only by execution of QUIT .

ERR (nl — ) ERRor handler for the EDITOR; prints the error
indication "<-?" and the error message and
then goes to GIT.

QuIT ( —— ) This 1is EDITOR’s redefinition of the FORTH
word QUIT . It is used to exit the EDITOR.
It restores WARNING to 1, restores (ARORT) to
point to ABORT, restores the condition of the
display screen to its normal state, restores
the vocabulary to FORTH, and then executes
the FORTH QUIT .

SCROL { —— ) SCROLls the lower 4 lines of the display, and
sets the cursor in the lower left corner of
the screen.

RANGE (nl —— n2) System word used to limit screen number ni
to the range 1 to BMAX; limited number is n?2.

1% { —-— ) Calculates the window around the cursor and
digplays it on the screen. Window is the 11
lines surrounding the cursor. Then the

cursor position in the current line is shown.

2?31 ¢ — ) Test 1line 3I1 of current screen for being
empty. I¥f s0, does nothing. If not empty,
prompt operator with notice that data will
be lost; go to @IT if user responds with "y*"
so that no loss will accur.

'CUR (nl — ) Staore ni into variable #R (the cursor
position) after limiting it to a range within
the current edit screen (i.e., nl is limited
ta 0 <= n1 <= 1023 .
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4.0 +ig—-FORTH VOCABUL ARY

The following is a copy of the glossary of the words from the
standard fig—-FORTH Installation Manual. The notation used is
similar to the notation defined earlier for use throughout the
rest of this manual. There are words in this glossary which are
not contained in COLORFORTH; they are indicated with an asterisk
after their names. These are discussed previously in the section
WHAT IS MISSING? They relate to disk input and cutput functions.
COLORFORTH contains other words which are described in the EDITOR
section or 1in the next sections.
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fig~FORTH GLOSSARY

This glossary contains all of the word def-
initions in Release 1 of fig~FORTH. The

definitions are prenented in the order of
their ascii sorte.

The first: llne of ‘each ‘entry ahovs a symbolic
description of the actiom of the proceedure on
the parameter stack. The symbols indicate the
order in which input parameters have been
placed on the stack. - Three dashes "---"
indicate the:execution point; any parameters
left-on the:stack are listed. -In:this
notation, the top of the stack i1s to the
right.

The: symbols include.

addr ,memory address .
b +8:bit:byte-(i.e. hi 8.bits. zero)
e 7 bit ascii character.(hi 9 bits zero)
d 32.bit signed double.. integer,
E most significant portion. vith aign
on top of stack.
£ boolean flag. O=false, non-zero=true
£f boolean. false flag=0 :
n 16 bit signed integer number
u . 16.bit unsigned integer

tf boolean true. flag=non-zero..

‘Unless otherwise noted,
“numbers are for-16 bit-signed integers. On

The capital letters on the right show defin-

/1tion characteristics: -

[ May only be used vithin &8 colon defin-
ition. A digit indicates number
of memory addresses used, 1f other .
than ‘onee. ; L

‘E"7 % Intended for execution only.f

LO Level Zero definition.of .FORTH-78

Ll ‘Level One’“definition of FORTH 78

Has precedence:bit. set.. - Hill execute
even when:compiling..

u A user variable.

all -references to

8 bit - data bus: computers, “the:high-byte of
a“number i8 on top of the“stack, with the sign
in the leftmost bit. For 32 'bic“signed double
numbers, the most significant part (with the

_.algn) 48 on top-

‘All’arithemetic ‘is implicitly 16+bit signed

integer math, ‘with 'error and under flow
indication unspecified. ¢
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1CSP

#s

(;CODE)

‘by:dropping-4d,
.address -and .character .count suitable

n addr -=-=- LO
Store 16 bits of n at address.
Pronounced "store".

Save the stack position in CSP. - ‘Used

as part of the compiler security.

dl ==«".d2 o L0
Generate from a double number dl, the
next ‘ascii character which :is placed
in an output string. ‘Result dZ is

“the 'quotient ‘after ‘division by BASE,

and ‘'1s maintained for further pro~

cessing. Used between <# .and #>.
See #5. i
d '=-=: addr . .count : L0

‘Terminates numeric output conversion
leaving the text

for TYPE.

a1 --=- d2 ' L0
Generates ascii text in the text out-
put:buffer, by-the use of #, until.
a zero double.number n2 results. . .
Used between <f and #>.

addr
Used in the form:
‘ nannn
Leaves the parameter field addreas
of dictionary word nnnn. As a comp-
iler directive, executes in a colon-
definition to compile the address
as a literal. If the word is not
found after a search of CONTEXT and
CURRENT, an appropriate error mess-—
age is given. Pronounced "tick".

P,LO

P,LO

Used in the form:
( ccece)

Ignore s comment that will be
delimited by a right parentheais
on the same line. May occur during
execution or in a colon-definition.
A blank after the leading parenthesis
is required.

Cc+
The run-time proceedure, compiled by
" which transmits the following
in-line text to the selected output
device. See ."

c
The run-time proceedure, compiled by
;CODE, that rewrites the code field
of the most recently defined word to
point to the following machine code
sequence. See ;CODE.

(+LOOP)

(ABORT)

(p0)

(FIND)

(LINE)

(LoOP)

(NUMBER)

*/

® /MOD

4-3

n —e- c2
The run-time proceedure compilled

by +LOOP, which increments the loop
index by n and tests for loop comple-
tion. See +LOO0OP.

Executes after an error when :WARNING
is =1. This word normally‘:executes

ABORT, but may be altered (with care)
to.a user’s-alternative proceedure.

;s . . : c
The ‘run~time proceedure compiled by
DO :which moves the loop control para-
meters to:the return stack. :See DO.

addrl addr2 =~--- pfa b tf (ok)

addrl addr2 ~--- ff (bad)
Searches the dictionary starting-at
the name fleld address addr2, match-
ing to the text at: addrl.-~Returns
parameter field address; - length

‘byteof name:field and boolean true

for a“good ‘matchs: If no'match is
found, only a boolean false is left.

nl N2 ==-<addr *count
Convert the line  number mnl and the
screen n2 to the disc buffer address
contalhing the data. A’ count of 64
indicates the full line text length.

c2
The run~-time proceedure compiled by
LOOP which increments the loop index
and tests for loop completion.
See LOOP.

dl addrl --- d2 addr2
Convert the ascli text beginning at
addrl+l with regard to BASE. The new
value 18 accumulated into double
number dl, being left as d2. Addr2
is the address of the first uncon-
vertable digit. Used by NUMBER.

nl n2 =--- prod LO
Leave the signed product of two

signed numbers.

sl n2 n3 =~~~ n4 LO
Leave the ratio né4 = nl*n2/n3
where all are signed numbers. Ret-
ention of an intermediate 31 bit
product permits greater accuracy than
would be available with the sequence:
nl n2 * @03 /-

nl n2 n3 =-- né4 nd Lo
Leave the quotient n5 and remainder

n4 of the operation nl*n2/n3
A 31 bit intermediate product is

used as for */.

FORTH INTEREST GROUP ----- PO. Box 1105 ----- San Carlos, Ca. 94070



+1

+BUF

+L00P

+0RIGIN

P,LO
Continue interpretation with the
next disc screen. (pronounced
next-screen).

y-9

nl n2 ~-=-~-  s8um ’ L0 -DUP.. nl == nl (1f zero)
Leave the sum of nl+n2. nl =- nl "nl (non~-zero) LO
Reproduce nl only if 1t is non-zero.
This is8 usually used to copy a value
n addr --- Lo just before IF, to eliminate the need
Add n to the value at the address. for an ELSE part to drop it.
Pronounced "plus-store”.
: ~FIND --- pfa b tf (found)
nl n2 --- n3 ——— ff (not found)
Apply the sign of n2 to nl, which Accepts the next text word (delimited
is left as n3. by blanks) in the input strean to
HERE, and searches the CONTEXT and
; . then CURRENT vocabularies for a
addl .---  addr2 f matching entry. If found, the
Advance the disc buffer address addrl dictionary entry’s parameter field
‘to the address of the next buffer address, its length byte, and a
addr2. Boolean f is false when addr2 boolean true i1s left. Otherwise,
is the buffer presently pointed to only a boolean false is left.
by variable PREV. -
: » ~TRAILING . _addr =nl .=-=-- addr n2
nl. .. -== " (run) . Adjusts the character count . nl of a
addr n2 --- (compile) P,C2,LO text string beginning _address to
Used in a colon~definition in the suppress the output of trailing
form: ) blanks. f.e. the characters at
po ... =nl +LOOP addr+nl to addr+n2 are blanks.
At run-time, +LOOP selectively ’ ’ ‘
controls branching back to the cor-
responding DO based on nl, the loop . n =-- L0
index and the loop limit. The signed Print a number from a signed 16 bit
increment nl 1is added to the index two’s complement value, converted
and the total compared to the limit. according to the numeric BASE.
“The branch back .to DO occurs until A trailing blanks follows.
the new index 18 -equal to or greater Pronounced "dot".
than .the .limit (ni>0), or until the
new index is equal to or less than
the 1limit (nl<0). . Upon exiting the Y ] P,LO
loop, the parameters are discarded Used in the form:
and execution continues ahead. ."‘cccc"kk
: Compiles an. in-line string cccec
. (delimited by the trailing ") with an
At compile -time, +LOOP compiles execution proceedure to transmit the
the run-time word (+LOOF) and the text to the selected output device.
branch offset computed from HERE to If executed outside a definition, ."
the address left on the stack by will immediately print the text unril
DO...n2 .18 used for compile time the final ". The maximum number of
error checkinge. : characters may be an installation
' dependent value. See (.").
n ~-- addr
. Leave the memory address relative «LINE line scr ---~
by .n to the origin parameter area. Print on the terminal device, a line
n is the minimum address unit, either of text from the disc by its line and
byte or word. This definition is used screen nuymber. Trailing blanks are
to access or modify the boot-up suppressed.
"parameters at the origin area.
R al n2 ~~-
: . . Print the number nl right aligned in
n . m—- . Lo a field whose width 18 n2. " No
Store n into the next .available dict=- following blank is printed.
ionary memory cell, advancing the Lo
dictionary pointer. (comma)
/ nl n2° ==~ "‘quot - : LO
Leave the signed quotient of nl/n2.
nl 02 --- diff , LO . :
Leave the difference of nl-n2.
/MOD nl n2 ~-- rem quot LO

Leave the remainder and signed
quotient of nl/n2. The remainder has
the sign of -the-dividend.
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01l123

0<

Q=

OBRANCH

1+

2+

;CODE

FORTH

=== n

These small numbers are used so often

.that is is attractive to define then

by name in the dictionary as const-
ants.

n --- f L0
Leave a true flag 1if the number is

less than zero (negative), otherwise
leave a false flag.
n --- °§f Lo

Leave a true flag 1is the number is
equal to zero, otherwise leave a
false flag-. :

PR e : 3 c2
The run-time proceedute to condition-
ally branch. If £ {8 false (zero),
the following in-line parameter is

~added to the interpretive pointer to
‘branch ahead or back.
T1F,.

Compiled by

UNTIL, and WHILE.

nl --- n2 e L1
Increment nl by 1l.

nl -== n2

Leave nl incremented by 2.

P,E,LO
Used in the form called & colon-
definition:

: cccc ves H

Creates a dictionary entry defining
cccc as equivalent to the following
sequence of Forth word definitions
“‘until the next “;° or °;CODE’.

“The compiling process is domne by

the text interpreter as long as
STATE is non-zero. Other details
are that the CONTEXT vocabulary is
set to the CURRENT vocabulary and
that words with the precedence bit
set (P) are executed rather than
being compiled.

, p,C,LO
Terminate a colon-definition and

stop further compilation. Compiles
the run~time ;S. )
: ?,C,LO
Used in the form:
: .ccec «sae ;CODE
assembly mnemonics

Stop compilation and terminate & new
defining word ccecc by compiling
(;CODE).. - Set the CONTEXT vocabulary
to ASSEMBER, assembling to machine
code the following mnemonics.

When ccce later executes in the form:
ccec nann

the vord naonn will be created wvith

its execution proceedure given by

by the machine code following cccce.

That is, wvhen nnnn is executed, it

does 8o by jumping to the code after

nnon. An existing defining word

must exist in cccc prior to ;CODE.

INTEREST GROUP -----

<f

<BUILDS

>R

C0MP

1Ccsp

“‘later executed,

““Jevel rather than ‘in assembler

P,LO
Stop interpretation of a screen.
35S ia also the run-time word compiled
at the end of & colon~definition
which returns execution to the
calling proceedure.

nl n2 --- f LO
Leave a true flag 1f nl 1is leass than
n2; otherwise leave a false flag.

LO
Setup for pictured numeric output
formatting using the words:
<# #° #S SIGN “#>
The conversion is done on a double
number ‘producing text at PAD.
c,LO
Used within a colon-definition:
: cccc <BUILDS ...
c DOES> ses 5
Each time cccc 18 executed, <BUILDS

defines a new word with a high-level
execution proceedure. Executing cccc
in the form:

ceccc - mann
uses” <BUILDS to create a dictionary
entry for nnnn with a ‘call to the
DOES> part for nnnn. When nnnn 1is
it ‘has ‘the address of
its parameter area on the stack and
executes the words after DOES> in
cccc. “¢BUILDS “and DOES> ‘allow run-
time proceedures to written in high-
code

(a8 required by ;CODE).

- f LO
other-

nl n2
Leave a true flag if nl=n2;

‘wise leave a false flag.

nl n2 ‘ee-f L0
Leave a true flag 1if nl-is greater
than n2; otherwise a false flag.

n_=--- Cc,LO
Renove a number from the computation
stack and place as the most access-
able on the return stack. * Use should

be balanced vith R> in the same
definition.

addr -- LO
Print the value contained at the
address in free format according to
the current ‘base.

Issue error message if not compiling.

Issue error message 1f stack position
differs from value saved in CSP.
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?ERROR

7EXEC

?LOADING

?7PAIRS

?STACK

?TERMINAL

£ n

Issue an error message number n, 1if
the boolean flag is true.

Issue an error nessage if not exec-—
uting.

Issue an arror mesaage if not loading

nl N2 ~-- ‘
Issue an error message 1f nl does not
equal n2. The message indicates that
compiled conditionals do not match.

Issue an error message ias the stack
18 out of bounds. This definition
may be installation dependent.

Y . K .
Perform a: test of the terminal key~-
board for actuation ‘of ‘the break kay.

A ‘true ‘flag' indicates ‘actuation.
This definition 1is ‘installation
"dependent.

addr ~--~ Lo

ABORT

ABS

Leave the 16 bit contents of address.

Lo
Clear the stacks and enter the exec~
ution state. Return control to the:
operators terminal,. printing a mess-
age appropriate to the installation.

N me——-y : R LO

‘Leave the ‘abaolute value of n as u.

AGAIN

(At ‘Tun=-time,

addr o (conpiiing)

- P,C2,L0
Used in a colon-definion in the form:
BEGIN ... : AGAIN

AGAIN forces execution

‘to-return to -corresponding BEGIN.

There :is no -effect on the stack.
Execution cannot leave this loop
(unless R> DROP 1s exacuted one

level below)..

ALLOT

‘memMOry.

ARD

At compile time, AGAIN:compiles
BRANRCH with an offset from HERE to
addr. n is used for compile~time
srror checking.

N —-- LO
Add the signed number to the diction-
ary pointer DP. May be used to
reserve dictionary space or re-origin
n - is with:regard to computer
address type (byte or word).

nl:-n2 - e==.-n2 LO
Leave the bitvise logical and of nl
and n2 as n3l.

B/BOP

B/SCR

BACK

BASE

BEGIN

BL

BLANKS

BLK

BLOCK

-== 0

This constant leaves the number of
bytes per disc buffer, the byte count
read from disc by BLOCK.

- n

This constant leaves the number of
blocks per editing screen. By con-
vention, an editing screen 1s 1024

_bytes organized as 16 lines of 64
.characters each.

addr ---
Calculate the backward branch offset
from HERE to addr and compile into
the next avuilsble dictionary memory

address.

addr u,L0

..A user variable contaning the current

number base used for input and out-
put conversilon.

P,LO

- lddr o (compiling)
Occurs in a colon-definition in form:
"'BEGIN ... UNTIL
BEGIN ... AGAIN
BEGIN “ns WHILE sas REPEAT

At run-time, BEGIN marks the start

of & sequence that may be repetitive-
1y executed. It serves as a return
point from the correapoinding UNTIL,
AGAIR or REPEAT: When executing
UNTIL, a return to BEGIN will occur

1f the top of the atack ia falae,
“for AGAIN and REPEAT a retutn to

BEGIN always occurs.

At compile time BEGIN leaves its ret-
urn address and n for compiler error
chncking,

LR
A constant that leaves the ascii
value for "blank". :

addr count B
Fill an area of memory begining at
addr with.-blanks.

——=addr u,LO
A user variable containing the block
number being interpratad. - If rero,
input 18 being taken from the tarm-

inal input buffer.

addr Lo
Leave the memory lddtell of the block
buffer containing block n. If the
block 18 not ‘already in memory, it is
transferred from disc to which ever
buffer was least recently written.

If the block occupying that bhuffer
has been marked as updated; it is re-
written to disc bafore block ' n is
read into the buffer. Sea also
BUPFER, R/W UFDATE FLUSH

n -
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BLOCK-READ

BLOCK-WRITE

BRANCH

BUFFER

cl!

C,

ceé:

CFA

CMOVE

COLD

*

" These are the preferred names

for the installation dependent code
to read and write one block to the

disc.

‘ , c2,L0
The run-time proceedure to uncondit-
ionally branch. An in~line offset
is added to the interpretive pointer
IP to branch ahead or back. BRANCH
is compiled by ELSE, AGAIN, REPEAT.

n addr

Obtain the next memory buffer, ass-
igning it to block m. If the con-
tenta of the buffer is marked as up-
dated, it is written to the disc

The block is not read from the disc.
The address left is the first cell
within the buffer for data storage.

b addr
Store .8 bits at addresa. On word
addressing cqmputérs, further spec-
ification is necessary regarding byte
addressing. . )

b
Store 8 bits of b into the next
available dictionary byte, advancing
the dictionary pointer. This is only
available on byte addressing comp-
uters, and should be used with
caution on.byte addressing mini-
computers.

: addr - . b ‘

Leave the 8 bis contents of memory
address. On word addressing comput-
ers, further specification is needed
regarding byte addressing.

pfa «=« cf=a
Convert the parameter field address
of a definition to ite code field

address.

from to count
Move the specified quantity of bytes
beginning at address from to address
to. The contents of address from
is moved first proceeding toward high
memory. Further specification 1s
necessary on word addressing comp-
uters.

The cold start proceedure to adjust
the dictionary pointer to the min-
{mum standard .and restart via ABORT.
May be called from the terminal to
remove application prograns and
restart.

FORTH INTEREST GROUP -+ PO.

COMPILE

CONSTANT

CONTEXT

COURT

CR

CREATE

CcSsP

D+

D+-

Box

c2
When the word containing COMPILE
executes, the execution address of
the word following COMPILE is copied
(compiled) into the dictionary.
This allowse specific compilation
situations to be handled in additon
to simply compling an execution
address (which the interpreter
already does).

n —-- LO
A defining word used in the form: )
n CONSTANT cccc

to create word ceccc, with 1ts para-
meter field containing n. When ccce
18 .later executed, . it will push

.the valye of n to the stack.

~-- addr u,L0
A user variable containing a pointer
to the vocabulary within which dict-

ionary searches will first begin.

addrl addr2 n LO
Leave the byte address addr2 and byte

~count n of ‘a message text beginning

at address addrl. . .It is presumed
that the first byte at addrl.contains
the ‘text byte .count and the actual
text starts with the second byte.
Typically COUNT is followed by TYPE.

: . : E LO
Transmit a carriage return and line
feed to the selected output device.

A defining word used in the form:
: CREATE <~ cccc s .

by such words as CODE and CONSTANT
to create a dictionary header for

a Forth definition. - -The code field
contains ‘the address of :the words
parameter field. The new word is
created in the CURRENT vocablary.

addr : :

A ‘user “variable temporarily
‘the ‘stack ‘pointer ‘position,
‘compilation ‘error checking.

u

‘storing
for

dl d2 =~=- desum
Leave the double number sum
double ‘numbers.

of two

dl n d2
Apply the sign of n to the double
number dl, leaving it as d2.

d
Print-a signed double number from a
32 bit two’s complement value. The
high-order 16:bits are most access-
able on the stack. Conversion is
performed according to the current
BASE. A blank follows. Pronounced
D=dot.

Ll
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DABS

DECIMAL

d a --- Do
Print a signed double number d right
aligned in a field n characters wide.

.4 === .ud
Leave the absolute value ud of a
double number.

LO
Set the numeric conversion BASE for
decimal input-output.

DEFINITIONS : L1

DIGIT

DLIST

DLITERAL

DMINUS

Used in the form: ;

ccce DEFINITIONS
Set the CURRENT vocabulary to the
CONTEXT vocabulary. In the example,
executing vocabulary name cccc made
it the CONTEXT vocabulary and exec-
uting DEFINITIONS made both specify
vocabulary cccce.

c..nl === _"n2 ¢tf (ok)

¢ nl ~-= ff (bad)
Converts the ascii character c¢ (using
base nl) to its binary aquivalent n2,
accompanied by a true flag. If the
conversion 1is invalid, leaves only
a false flag-. ’

DOES>

List the names of the dictionary
entries in the CONTEXT vocabulary.

d -=='d (executing)

(compiling) P

If compiling, compile a stack double
nuaber into a literal. Later execut-

ion of the definition containing the
literal will push it to the stack. If
executing, the number will remain on : pp

the stacke.

.4l -=- 42
Convert dl to its double numbar two's
complement.

DPL

DRO
DR1

nl n2 =-- (execute)

addr n -~- (compile) P,C27L0
Occurs in a colon~-definition in form:

DO ... LOOP .

DO ... +LOOP

At run time, DO begins a sequence
with repetitive execution controlled
by a loop limit nl and an index with
initial value n2. -.DO removes these
from the stack. . Upon. reaching LOOP
the index 1s incremented by one.
Until the new index equals or exceeds
the limit, execution loops back to
just after :DO;: otherwise the loop
parameters are discarded .and execut-
ion continues ahead. Both nl and n2
are determined at run-time and may be
the ‘result of other operations.
¥ithin a-loop "I’ will copy the

urrent value of the -index to the
stack. .See I, LOOP,. +LOOP, LEAVE.

When compiling within the colon-
definition, DO compiles .(DO), leaves
the -following .address addr and n for
later error checkinge. ‘

LO
A word which defines the run-time
action within a high-level defining
word., DOES> alters the code field
and first parameter of the new word
to execute the saquence of compiled
word addresses following DOES>. Used
in combination with <BUILDS. When the
DOES> part executes it begins with
the address of the first parameter
of the . new word on the stack. This
allows interpretation using this
area or its contents..  Typical uses
include the Forth assembler, multi-
diminsional arrays, and compiler
generation. :

addr

A user variable, the dictionary
pointer, which contains the addresa
of the next free memory above the
dictionary. The value may be read by
HERE and altered by ALLOT.

U,L

addr E u,LO
A user variabie containing the number

‘of digits to the :right of the decimal
‘on:double ‘integer . input.

It may alsoc
be used hold output column location
of a decimal point, 1in user generated
formating. -The .default value on
single number toput:is -l.

Installation dependent commands to
select disc drives, by preseting
OPFSET. The contents of OFFSET 1is
added to the block number in BLOCK
to allow for this 'selection. Offset
{s supreased for error text so that
is may always originate from drive 0.
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DUNMP

110 3

ELSE

EMIT

" EMPTY-BUFFERS

ENCLOSE

n  =e- Lo
Drop the number from the stack.

addr n === Lo

. print the contents of n memory

locations beginning at addr. Both
addresses and contents are shown in
the current numeric base.

| me=— AR LO
Duplicate the value on:.the stack.

addr2 - n2
(compiling) P,C2,L0
a colon-definition

lddrl, nl

Occurs within
in the form:
A IF <.« ELSE “ENDIF

At run~-time, ELSE executes after the
true part following IF. ELSE forces
execution to skip ‘over the following
false part and resumes execution
after the ENDIF. It has ‘no stack
effect. - R

At compile-time ELSE emplaces BRANCH
reserving a branch offset, leaves
the address addr2 ‘and n2 for error
teating. ELSE also resolves the
pending forward branch from IF by
calculating the offset from addrl to

_HERE and storing at addrl.

C w=- : LO
Transmit ascii character ¢ to the
selected output device. OUT ia
incremented for each ‘character

output.

Mark all block=buffers as empty, not
necessarily affecting the contents.
Updated blocks are not written to the
disc. This is also an initialization
proceedure before firat use of the

s disce

addrl ¢
adrl nl 02 nl
The text scanning primitive used by
WORD. From the text -address addrl

‘and an ascii delimiting character c,

is determined the byte offset to the
first non=delimiter character nl,

the offset to the first delimiter
after the text n2, and the offset

to the first character not included.
This proceedure will not:process past
an ascii “null’, treating it as an

unconditional delimiter.

; R pP,C2,L0
This ‘is ‘an “alias’ or duplicate

'definition for UNTIIL.

ERDIF

ERASE

ERROR

EXECUTE

EXPECT

FERCE

FILL

PIRST

P,CO,LO

addr n  ---""(compile)

Occurs in a colon~-definition in form:
1F awe ENDIPFP
1F aes ELSE cve ENDIF

At run-time, ENDIF serves only as the
destination of a forvard branch from
IF or ELSE. It marks the conclusion
of the conditional structure. THEN
is another name for ENDIF. Both
names are supported im fig-FORTH. See
also IF and ELSE. :

At compile-time, ENDIF computes the
forward branch offset from addr to
HERE and stores it at addr. n 1is
used for error tests.

addr n —-—-
Clear a region of memory to zero from
addr over n _addresses.

line =-=-= 1in Dblk
Execute error notification and re-
start of system. WARNING is first
examined. If 1, the text of line n,
relative to screen 4 of drive 0 1is
printed. This line number may be
positive or negative, and beyond jusat
screen 4« If WARNING=0, n 1is just
printed as a message number (non disc
installation). If WARNIRG is -1,
the definition (ABORT) is executed,
which executes the system ABORT. The
user may cautiously modify this
execution by altering (ABORT).
fig-FORTH saves the conteats of IN
and BLK to assist in determining the
location of the error. Final action
is execution of QUIT.

addr. . -~ ,
Execute the definition whose code
field address is on the stack. The
code field address is also called
the compilation ‘address.

addr count === LO
Tranafer characters from the terminal
to address, until a "return" or the
count of characters have been rec-
eived. One or more nulls are added
at the end of the text.

addr 1)
A user variable containing an

address below which FORGETting is
trapped. To forget below this point
the user must alter the comtents of
FENCE.

addr quan b ---
7111 memory at the addresas with the
specified quantity of bytes b.

-—— 0
A constant that leaves the address
of the first (lowest) block buffer.
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FLD

FORGET

FORTH

HERE

HEX

RLD

HOLD

ID.

FORTH

‘output ‘field width.

‘FORTH 18 ‘immediate,

Used within a DO-LOOP to copy the
~1loop ‘index “to ‘the staek:

addr u
A user variable for control of number
Presently un-
used in fig-FORTH.

- E,LO
Executed in the form:

FORGET ccce
Deletes definition’ naned ccce from
the dictionary with all eatries
physically following it. " In fig=-
FORTH, an error message will occur if
the CURRENT and CONTEXT vocabularies
are not currently the sanme.

P,L1
The name of the primary vocabulary.
Execution makes FORTH the CONTEXT
vocabulary. Until additional user
vocabularies are defined, new user
definitions become a part of FORTH.
80 it will exec~
ute during the creation of a colon~-
definition, to select this vocabulary
at conpile time.

=== . addr i L0
Leave the ‘address of ‘the next avail-

able ‘dictionary location.

10
Setthe numeric conversiom base to

‘lixtecn (hqxadecinal).~

addr : Lo
A user variable that holdl the addr-
ess of the latest character of text
during numeric output conversion.

Used between <# and #> to insert
an ascii character into a pictured:
numeric ‘output string.

ewge 2B HOLD i will place a

‘sdecimal point.-

c,LO

Other
use i2 implementation dependent.
See R.

addr  ---
Priat a definition’s name from its
name field address.

INTEREST GROUP ----- PO.

Ir

f - (run-time)
addr n (compile) P,C2,L0
Occurs is a colon-definition in form:

IP (tp) ... ENDIF

IF (tp) ... ELSE (fp) ... ENDIF
At run-time, IF selects execution
based on a boolean flag. 1If f is
true (non-zero), execution continues
ahead ‘thru the true part. If f ig
false (zero), execution skips till
Just after ELSE to execute the false
part. After either part, execution
resumes after ENDIF. ELSRE and its
false part-are optional.; if missing,
false execution skips to Just after
ENDIP.

At compile-time IF compiles OBRANCH
and reserves space: for an offset

at addr. addr and n are used later
for resolution of the offset and

error testing.

IMMEDIATE

IR

IRDEX

INTERPRET

cthe next text will be accepted.
uses: and moves the value of IN.

Mark the most resently made definit~
ion so that when encountered at
compile time, it will be exaeacuted:

~‘rather ‘than ‘being compiled. 1.e. the

precedence bit . in 1te header is set.
This wmethod allows definitions to
handle ‘unusual: compiling sltuations,
rather than build them into the
fundamental compiler. The user may
force compilation of an immediate
definition by preceeding it with
[COHPIL!].

addr LO
A user variable containing the byte
offset within the current input text
buffar (terminal or disc) from which
WORD

fro-' to
Print the first line: of each screen
over the range from, to. This is
used to viev the comment lines of an
area of text: on diac screens.

Th.‘outii'ceit 1ntefprétnr§vhich

. mequantially executes or compiles
.text from the input stream (terminal

or disc) depending on STATE. If the
word name cannot be found after

a search of CONTEXT and then CURRENT
it is converted to a. nunblr according
to the current base. That also fail-
ing, an error message schoing the
name with a " 7" will be given.

Taext input will be taken according to
the. convention for WORD. "If a decimal

. point 1a found as. part ot a number,

a doudble number value will be left.
The decimal point has no other pur-

pose than to force this action.
See NUMBER.

Box 1105 ----- San Carlos, Ca. 94070
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KEY

LATEST

LEAVE

LFA

LIMIT

LIST: -

LIT

LITERAL

LOAD

 Force termination: of:a DO-LOOP at

- [ L0

Leave the ascii value of the next
tervinal- key struck.

addr
Leave the name field address of the
topmoat word in the CURRENT vocabul-

ary-.

c,L0
the
next opportunity by setting the loop
limit equal to the current value of
the index. The index itself remains
unchanged, and execution prodeeds
normally until LOOP or +LOOP is
encountered.

pfa --- '1fa
Convert the parameter field addreas
of a dictionary definition to its,

link field address. ‘

. ————n

A constant leaving the address juat
above the highest memory available
for a disc-buffer.  Usually this 1is
the highest system memory.

. we— : , 10
Display the ascii text of screen n
on the selected output ‘device. SCR
contains the screen number during and

after this process.

c2,L0
LIT 1s

n 5
Within: a"‘colon-definition,

‘automatically compiled: before each

16 bit‘1literal  number encountered in
input text. Later execution of LIT
causes the contents of the next
dictionary address ‘to: be pushed: to

“the stacke. ‘%

(compiling): p,C2,L0
If compiling, then compile the stack
value n as a 16 bit literal. This
definition is immediate so that it

will execute during: a:colon defimn-
“ition.

“The intended use ‘is:

s xxxito:]f caleulate Ji- LITERAL 3
Compilation 1s suspended for the
compile time calculation of a value.

‘Compilation is reusumed ‘and LITERAL

compiles this value.

. n =-- . L0
Begin interpretation of screen n.
Loading will terminate at the end of

.the screen or at 35. ks;e~;s and ==>.

LOOP

M

N/

M /MOD

MAX

MESSAGE

addr n (compiling) P,C2,L0
Occurs in a colon-definition in form:
DO Lo0P
At run-time, LOOP selectively cont-
rols branching back to the correspon-
ding DO based on the loop index and
Jimit. .The loop. index is incremented
by one and compared to the limit. The
branch back to DO occurs until the
index equals or exceeds the limit;
at that time, the parameters are
discarded and executioan continues

.ahead.

At compile-time, LOOP compiles (LOOP)
and uses addr to calculate an offset
to DO. n is used for error testing.

nl n2 --- 4
A mixed magnitude math operation
which. leaves the double number signed

product of two signed number.

d =nl . n2.m3
A mixed magnitude math operator which
leaves the signed remainder n2 and
signed quotient n3, from a double
number dividend and divisor nl. The
remainder takes its sign from the
dividend.

udl . u2 ul . udé
An unsigned mixed magnitude math
operation which leaves a double
quotient ud4 and remainder ul, from
a double dividend udl and single :
divisor ul. . : ‘

nl n2' nnx'“ L0
Leave the greater of two numbers.

) Iy o
Print .on the selected ‘output device
the text of line n relative to screen
4 of drive 0. ‘n: may be ‘positive or
negative. MESSAGE may be used to
print incidental text such as report
headers. If WARNING is zero, the

+v message will simply ‘be ‘printed as

MIN

MINUS

MOD

“a number (disc un-available).

nl n2 -=- =min L0
Leave the smaller of two numbers.

al === m2 . . LO
Leave the two’s complement of a
number.

nl n2 «-- mod LO

Leave the remainder of nl/n2, with
the same sign as al.

Exit to the system monitor, leaving
a re-entry to Porth, if possible.
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MOVE

NEXT

NFA

NUMBER

OFFSET

OR

ouT

OVER

addrl  ‘addr2 '‘n -=- /
Move. the contents of n memory cells
(16:bit contents) bheginning at addrl
into nicells beginning at addr2.
The contents of addrl 1is moved first.
This definition is appropriate on
on word addressing computers.

This is the inner interpreter that
uses the {nterpretive pointer IP to
execute compiled Forth definitions.
It 1s not directly ‘executed but is
the return point ‘for all:code pro=-
ceedures.’ It acts by fetching the
address - ‘pointed by ‘IP, storing ‘this
value “in'register 'W.  It:thenm jumps
to the address pointed to by ‘the
address pointed to by W. W points to.
the code field of a definition which
contains the address of the code
which executes for that definition.

“This usage ‘of indirect threaded code

is a major contributor to the ‘power,
portability, and extensibility of
Forth. Locations of IP and W are
computer specific. '

pfa -~- afa
Convert the parameter field address
of a definition to its name field.

o7 addr ==~ -7d :
Convert 'a character string left at
addr with a preceeding count, to
a signed double number, using the
curreant numeric base. If a decimal
point is encountered in the text, its

‘position will be given in DPL, but

no other effect occurs. If numeric
conversion is not poassible, an error
message will be given.

=== addr : § 4 u

. A user variable Hhich nay contain

a block offset to diac drive.,f The
contents of OFFSET 1s added to the
stack number by BLOCK. Messages

by MESSAGE are independent of OFFSET.

See BLOCK, DRO,:DRl; - MESSAGE.

nl n2 -- or:@ ‘i LO
Leave the bit-wise: logical or of two
16 bit values. : e

~~~ addr ‘ Bl 8
A ‘user variable ‘that contailus a value

incremented by EMIT. The user may
alter and examine OUT to control
display formating.

al n2 ~==""pl @2 “nl Lo
Copy the second stack “value, placing
1: as ‘the new top.

PAD

PFA

POP

PREV

PUSH

PUT

QUERY

QUIT

)

-== addr LO
Leave the address of the text output

‘buffer, which is a fixed offset above

HERE.

nfa «-- .pfa
Convert the name field address of

‘a compiled “definition to:its para-

meter field addreass.

“The ‘code sequence :to remove a stack

value and return to:NEXT. . POP is
not directly executable, but is a
Forth re-entry point after machine
code. ‘

addr :

A variable:containing the address of
the disc buffer most recently ref-
erenced. The UPDATE command marks
thia buffer to be later vtitten to
disc. - Ghd

This code sequence pushes machine
regiaters to the computation stack
and returns to NEXT. It is not
directly ezecutable, but ia a Forth

.re-antry point after machine code.

Thi- code nequence atores machine

register contents over the topmost
‘computation stack value and returns

to NEXT. It is not directly exec-
utable, but is a Porth re-entry point
after machine code.

Input 80 characters of text (or until
a "return") from the operators
terminal. Text is positioned at the
address contained in TIB with IN

set to zero. ‘ i '

Ll
Clear the rcturnynt-ck stop compil-
ation,. and return control to the
operators terminal. 'No message
is given.

Copy the top of the return stack to

the computation stack.

-—- . addr 4]
A user variable which may contlin
the location of .an editing cursor,
or other fille related function.
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RO

REPEAT

ROT

RP!

S0

SCR

SIGN

addr blk £ =--- :

The fi1g-FORTH standard disc read-
write linkage. ‘~addr specifies .the
source or destination block buffer,
blk is the sequential number of

the referenced block; and f is a
flag for f=0 write and f=]l read.
R/W determines the:location on mass

“storage; ‘performs ‘the read-write and

performs any- error checking.

-—= n LO
Remove the top value from the return
stack and leave:it .on the computation
gtack. See:">R:--and R. :

addr U
A user variable containing the
t{nitial location of the.return stack.

Pronounced R-zero.. :See::RPIl:

- addr:-n === . (compiling) P,C2
Used within a colon-definition in the
form:

BEGIN ... WHILE ... REPEAT

At run-time, REPEAT forces an
unconditional branch back. to. just
after the correspoinding BEGIN.

At compile-time, REPEAchbmpiles

BRANCH and the offeet from HERE to
addr. n is used for error testing.

: nl. n2 n3 === mn2 n3 nal LO
Rotate the top. three values on the
stack,: bringing the third to. the top.

A computer déﬁehdent pfdceedure to
initialize the return stack pointer
from user variable RO.

I 1] -F— kdk : .
Sign extend a single number to form
a double number. C

addr : u

A user variable that contains the

initial value for the stack pointer.
Pronounced S-zero. See SP!

—-—— addr U
A user variable containing the screen

number most :e;ent1y reference by

LIST.

a d =--- d LO
Stores an ascii "-"'gign ‘just before
a convqtted numeric output string
in the text output buffer when n is
negatiVe. n is ‘discarded, “but double
pumber 4 is maintained. Must be

used between <f and #>.

SMUDGE

Sp!

Used during word definition to toggle
the "smudge bit" in a definitions”’
name field. -This prevents am un-
completed definition from being found
during dictionary searches, until
compiling is completed without: -error.

A computer dependent proceedure to
initialize the stack pointer from

80

spe

SPACE

SPACES

STATE

SWAP

addr
A computer dependent proceedure: to

.return -the .address of the stack

position to 'the top of the stack,
as . it was before SP@ was executed.

(eeg. 1.2 SPE @-... . N would
type 2 2 1)

. o Lo
Transmit an ascii blank to the output
device.

N - LO

Transmit n ascii blanks to the output
device.

! === addr L0,U
A user variable containg the compil~-
ation state. A non-zerc value
indicates compilation. The value
itself may be implementation depend-
ent. - .

al "n2 n2 ‘nl B Lo

kiExchdnge thé’top’tvo"vgluea on the

““stack.

_ TASK

THEN

TIB

TOGGLE

TRAVERSE

A no-operation word which can mark
the boundary between applications.
By forgetting TASK and re-compiling,

‘an-application “can be ‘discarded in

its ‘entirety.

: ; i p,CcO0,LO
An "alias for ‘ENDIF. v

addr - . ; U
A user variable ‘containing the addr-
esg of the terminal input :buffer.

addr b =~ .
Complement the contents of addr by
the bit pattern b. .

addrl =n addr2
Move across the name field of a
fig~FORTH variable length name field.
addrl is the address of either the
length byte or the last letter.
If n=1, the motion is toward hi mem-
ory; i1if n=-1, the motion is toward
low memory. The addr2 resulting 1s
address of the other end of the nanme,
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TRIAD

TYPE

U*

u/

UNTIL

UPDATE *

USER

scr
Display on the selected output device
the three screens which include that
numbered scr, begining with a screen
evenly divisible by three. Output
18 suitable for source text records,
and includes a reference line at the
bottom taken from line 15 of screené.

addr count L0
Transmit count characters from addr

to the selected output device.

ul u2 ud

Leave the unsigned double number
product of two unsigned numbers.

ud ul u2 ul
Leave the unsigned remainder u2 and
unsigned quotient u3 from the unsign=-
ed double dividend ud and unsigned
divisor ul,

f === (run-time)

addr o (compile) P,C2,L0
Occurs within a colon-definition in
the form:

BEGIN UNTIL
At run-time, UNTIL controls the cond-
itional branch back to the corres-
ponding BEGIN. If f is false, exec~
ution returns to just after BEGIN;
1f true, execution continues ahead.

At compile-time, UNTIL compiles
(OBRANCH) and an offset from HERE
to addr. n 18 used for error tests.

LO
Marks the most recently referenced
block (pointed to by PREV) as
altered. The block will subsequently
be transferred automatically to disc
should its buffer be required for
storage of a different block.

-=~ addr
A variable containing the address of
the block buffer to use next, as the

least recently written.

A defining word used in the form:

n USER ccece
which creates a user variable ccccs
The parameter field of cccc contains
n as a fixed offset relative to
the user pointer register UP for
this user variable. When ccce is
later executed, it places the sum of
its offset and the user area base
address on the stack as the storage
address of that particular variable.

LO

VARIABLE

VOC~-LINK

VOCABULARY

VLIST

WARNING

‘ccec is later executed,

‘In fig-FORTH

.disc 18 present,

E,LuU

A defining word used in the form:
n  VARIABLE cccc

When VARIABLE is executed, it creates
the definition ccce with its para-
meter fileld initialized “‘to n. When
the address
of 1ts parameter field (containing n)
is8 left on the stack, so that a fetch
or ntore may access thia locatione.

addr o U
A user variable containing the addr-
ess of a field in the definition of

.the most recently created vocabulary.

All vocabulary names are linked by

-these filelds. to allow control for
. FORGETting .thru multiple vocabularys.

E,L
A defining word used in the form:
VOCABULARY . ccce
to create:a vocabulary definition
ccece. - Subsequent use of ccce will
make it the CONTEXT" ‘vocabulary which
18 searched first by INTERPRET. The
sequence "ccce DEFINITIONS" will
also make cccc the CURRENT vocabulary
into which new definitions are
placed.

» cccc will 'be so chained
a8 to include all definitions of the
vocabulary in which ccce 18 1tself
defined. “All vocabularys ulitmately
chain'to’ ‘Forth. ' By convention,
vocabulary names are to be declared
IMMEDIATE. See VOC-LINK.

List the names of the definitions in

the coantext vocabulary. "Break" will
terminate the listing.
--- "addr u

A user variable containing a value
conttolling messages.  If = 1
and screen 4 of

~drive 0 1is the base location for

%+ See MESSAGE,

WHILE

messages. If = 0, no disc 1s present
and messages will be presented by
number. If = -1, execute .(ABORT) for
a:ruser specified proceedure.

ERROR.

e £ == (run time)

~adl.nl: === adl nl.ad2 n2 P,C2
Occurs. in a colon-definition in the
form: . o

BEGIN ««. WHILE (tp). ... REPEAT

At run-time, WHILE selects condition-
al execution based on boolean flag f.
If £ i8 true (non-zero), WHILE cont-
intues execution of. the. true part
thru-:to REPEAT, . which then branches
back to BEGIN. 1If f is false (zero),
execution skips to just after REPEAT,
exlting the structure.

At compile time, WHILE emplaces
(OBRANCH) and leaves ad2 of the res-
erved offset. The stack values will
be resolved by REPEAT.

FORTH INTEREST GROUP ----- PO. Box 1105 :+--+ San Carlos Ca. 94070
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WIDTH ~=- addr : i}
In fig~-FORTH, a user variable comt-
aining the maximum number of lettaers
saved in the compilation of a
definitions’ name. It must be 1 thru

31, with a default value of 31. The
name character count and its natural
characters are saved, up to the
value in WIDTH. The value may be
changed at any time within the above

limits.

" WORD ¢ === , : LO
i ‘Read the nmext text characters from

the (nput stream being interpreted,
until s delimiter ¢ is found, storing
the packed character string begining
at the dictionary buffer HERE. WORD
leaves the character count in the
first byte, the characters, and ends
with two or more blanks. Leading
cccurances of:c ‘are ignored. 1If BLK
is zero, text is taken from the
terminal input buffer, othervise from
the .disc block .stored. in-BLK.
See BLK,: IN. :

This is pseudonym for the "null"

or dictionary entry for a name of
.one character: of ascii null. It

i the execution proceedure to term-—
inate interpretation of a line of
text from the terminal or within

a disc buffer, as both buffers always
‘have a null at the end.

XOR nl n2 =-=-- xo0r L1
Leave the bitwise logical exclusive-
or of two values.

{ ' ‘ ' P,L1

Used in a colon-definition in form:
: XXX [ words ] more . ;

Suspend compilation. The words after
[ are executed, not compiled. This
allows calculation or compilation
exceptions ‘before resuming compil-
ation with ]@"‘Seé LITERAL, }.

fCOMPILE) R : P,C
""" 'Used in a colon-definition in form:

! XXX {COMPILE) ‘FORTH ;
[COMPILE] will force the compilation
of an immediate defininition,
that would othervise execute
during compilation. “ The above
example will select the FORTH
vocabulary wvhen xxx executes, rather

than at compile time.
] L1

Resume compilation, to the completion
of a colon-defihition. See {.

FORTH INTEREST GROUP ----- RO. Box 1105 -+--+ San
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5.0 OVERLAYS

5.1 WHAT IS AN OVERLAY?

In COLORFORTH an overlay is a group  of° words which  have - been
compiled into memory. in. a.form which can be saved out to mass
storage, in this case the cassette system.

o. 2 WHY DO 1. .NEED OVERLAYS7

As you:become more famlllar ~with: COLORFORTH, youw will ~ write
longer programs. For code more than a few screens long, the time
to read and load the screens becomes noticably long. One can
easily have programs with souwrce code of dozens of screens, and
these would take several minutes to read and load. What you gain
by. the ~use of overlays is the ability to save already compiled
programs. out on-tape and the ability to load them back ‘in without
recompilation. 'Since ~a +typical FORTH programis several times
smaller in its compiled form, the compiled form occupies  less
tape which means it will take less time to read it in from the
cassette. As an example, a 7k compiled overlay can be loaded in
under two minutes while the source code for that would be over
40k bytes of text and would take over 14 minutes to read and
load. QUITE A SAVINGS (of course you have to do it once!).

5.3 WHEN DO I MAKE AN OVERLAY?

It makes no sense to convert a program of 1 or 2 screens to
overlay form. “The time saved ' will not be significant,; and for " a
1 screen program no 'time will ‘be saved because the complled cade
is saved inTunits: of lk anyway. : L

You  should make ‘overlays: nnly after you have a program fully
debugged! Once compiled, you won’t have the 'source to change.
ALSO, BE SMART “AND “BE SURE: YDU SAVE THE SDURCE CODE TO CHANBE
LATER IF YOU NEED TD"*

If your program is over about & screens and it is working the way
you want, then it is probably time to make an overlay:
5.4 HOW DO I MAKE AND SAVE AN OVERLAY?
Making an overlay is VEry easy. After you have written your
program and have saved the source code on cassette in such a form
that you can CLOADS it, you then type the follow;ng:

COLD <ENTER>

This will empty memory-

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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Now, you may want your program to run with a different number of
screen buffers than 8, so you may optionally select a - different
number of buffers by performing:

n #BL OCKS <ENTER>

where n. is: the number of buffers you wish (minimum is 1). Naw
you. can start the overlay process by typing: s

OVSTART nl CLOADS <ENTRY>

where nl1 is the number of screens of source on the cassette. If
vou have previously gotten all the bugs out, the program should
load ok. :When the 1oading stops (you:get: the 0OK),; terminate-the
overlay by typing , : ‘ : Senn

OVEND: <ENTRY>

Actually, you. - may. .add to the program by typing it in before you
type the OVEND. . The overlay is now complete in memory, and so'it
is  ready to be.  saved on cassette (A DIFFERENT:CASSETTE!).
Prepare:a.new tape for recording, and with the RECORD. switch -on

type
OVSAVE - . <ENTRY>

This will ‘save the compiled code out: on tape. 1If you wish you
can save it several times just to be safe.

xXxkx NOTE %xxXx

In our experience, it is not wise to try to.store more . than -one
set of text or one set of compiled overlay code on a single
cassette tape. While it may seem wasteful of tape to put only
one thing on a tape, it is EXTREMELY easy to mistakenly write
over. a portion. of the tape. that you did not wish to write on when
vou try to use.a tape for more than one thing..- For sure, you may
use. both sides of a tape., and you may place more than-one copy of
something on a tape as assurance that it is recorded properly at
least once. YOU WILL make mistakes! Go be liberal in vyour use
of seperate tapes in order to minimize the loss of code when you
do make them. ' :

5.5 HOW DO I LOAD AN OVERLAY BACK IN?.

Flace the tape with the overlay into the cassette machine, rewind
it, and place it in the PLAYBACK mode. Then type '

COLD OVLOAD <ENTER>

COLD clears out memory, and OVLOAD reads the cassette. #BLOCKS
will be reset to the value it had when the recording was made.

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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3.6 OVERLAY FACILITY GLOSSARY:

OVSTART ( —— ) Signals start of an overlay. It creates an
array of numbers in the beginning of memory
to hold the parameters for the Dverlay. Some
of the parameters held are:

BMAX “DP LATEST
link to last name field in kernel
size of overlay.

OVEND { — ) Completes the overlay setup .in._ memory by
filling in the incomplete array elements at
the beginning of the Dverlay area.

OVLINK ( — ) Not used by the user in a d1rect manner. It
” is used by the system word OVLOAD tD relink
the dictionary after a new Dvelay has been

read in. .

OVSAVE ( —— ) Save to cassette tape as many BLOCKS as
' required tao hold the overlay currently in_
memory  between OVSTART and OVEND. The tape
recorder must have been prepared to record.
OVSAVE uses BLOCK #1 while saving, so its

contents will be lost. o

DVLDQD :( —=) Reads +from cassette tape a full overlay and
, links it into memory. It sets #BLOCKS to the
value . it held when the Dverlay was created.ﬂ
It is suggested that COLD. be executed be{ore
>any Dverlay is loaded. An Dverlay may he Df 
any length which will fit into memnryr

7OV ( — ) Checks the, first definition in memory
o following LIMIT to verify that an overlay is
indeed present. An error message 1s generated

if not. ' :

Conve,: akhds 19099 T 1 F i e e 1 % - - ek s -
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6.0 SOUND WAVES

For those of you interested in creating complex sounds with the
COLOR COMPUTER, COLORFORTH has two words called TONE and WAVE.
The COLOR COMPUTER has within it a Digital-to—Analog Converter
(DAC) with & bit resolution (64 values). The output of the DAC
ie connected to the sound input to the television display, so any
output from it may be heard there. To try an example, turn  up
the volume so you can hear the clicking of the keys very clearly.
Now type: ‘

DECIMAL 49152 12 4000 WAVE <ENTER>

The noise you hear is created by sending the first 4000 bytes of
the COLORFORTH rom starting at memory location 49152 and holding
each value with a duration value of 12 (which corresponds to a
transfer rate of about 8 KHz). '

The first number input to WAVE (492152 in this example) is the
starting address of the table of values to send to the DAC, the
second number is the duration of each hold value for the voltage
(asbout 10 microseconds times the second number), and the last
nwnber is the number of bytes to send. The total duration of the
sound is 10 microseconds times the product of the second and
third numbers. ' ‘

There is a table of values for a sine wave in the BASIC rom from
address $A8SC to $A87F. If this array is sent to WAVE, it will
produce a single cycle of a sine wave. If one were to do that
repeatedly, then a pure tone would be produced, and in fact TONE
is a routine to do just that in an easier fashion. One could use
that table as the basis of building up longer tables in memory.
Some RADIO SHACK ROM games include VOICE! sent from a table in
memory using this or a similar technique. It should be possible
to receive voice through the JOYSTICK port by using a custom
assembly language routine to build a voice array in memory, and
then it may be sent back out by use of WAVE. HOW ABOUT ALL YOU
INDUSTRIOUS EXPERIMENTORS OUT THERE!

6.1 SOUND SYSTEM GLOSSARY:

WAVE (ai\n?\n3 —— ) Custom wave form generation word.
Used with a user prepared table of values.
al is the start of a table of byte values, n2
is the time duration used, and n3 is the
number of bytes in the table.

TONE (ni\n2 —— ) Generates a tone (through the television
speaker) of frequency nl and duration nZ.
This word uses the BASIC ROM routines. The
values of nl and n2 are the same as would be
used in BASIC. TONE uses the system
interrupts for timing, so it cannot be used
with the time word 7?TIME.

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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7.0 GRAPHICS

7:1:6RAPHICS CONTROL:

The COLOR COMPUTER has many interesting graphics modes. There
are several words in COLORFORTH to allow you to control and
select these modes. See the glossary  section © on the ' GRAPHICS
words fDr a’list and de+1n1t1an of the1r funct1on5. i : :

The: fDllleng is a list of the graphlcs modes availiable  on ~ the
ctolor computer and the values to go into the VCR and VDG
registers to get them. For a detailed discussion, vyou should
consult the manufacturer’s specification sheet ‘or see one of the
articles published in various magazines on the details of the
CDLDR CDMPUTER 'e.g.. the MQRCH a1 BYTE magaLlne artlcle.f

HGDE : TR - NMERY VDGt s RESDLUTIDN
' Chex ) 0 s o
Internal Alphanumeric o] Q 64 x 32
Semigraphics b 2 o 64 x 48
Full Graphics 1 color 10 1 64 x 64
PR 1 B/W 12 1 128 x b4
2 color & - 14 2 128 » 44
2 B/W B - 3 128 x 96
'3 color - 18 4 128 % 96
3 B/W 1A "G 128 x 192
& color ~ 1C ) 128 % 192
& B/W 1E & 2586 % 192

Other modes are possible, but the above are the basic ‘ones. _The
ggggqigg;gggutedaf‘~EB&BR~FBR$H~are the Full Graphics 2, 3, and )
color  modes. (The numbers 1, 2, 3, and & refer to the number
of kilobytes of memory requ1red for the dlsplay screen )

To use the Full Graphics modes effectively, you will have to
assign_an array i meEmory to be the graphics screen and plot  all
of _your graphics into that array. Here is a simple way to do
that on 16k or larger machines: PR R - o

DECIMAL S BLOCK S12 / 1+ 512 x \GSCR'! <ENTER>

This sets GSCR to point to an area which is 3k in size located
between buffers S and B, and which is forced to start on a 512
byte page boundry. To determlne the page value FDr use in PG!
do the following:

£

GSCR 9 512 / CONSTANT NEW-FAGE
Now you mayyyselect the Full graph1c5 3 color mode and move the
display to the new dlsplay area by executing  the word VIEW
defined by: : -

: VIEW G3IC NEW-PAGE PG ' ;
This will display the chosen graphics page, and if allowed to

Coovriaht 19891 . T T Zimmer amd B 1 Talhek o e
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continue, the system will immediately issue the OK back on the
normal text display area. If vyou have just COLOR BASIC, the
graphics screen will remain being displayed; however, if you have
the EXTENDED BASIC ROM, then output to the normal  text-page.
causes the display to switch back there. Consequently, in the
latter case, you must prevent the OK while you wish to view the
graphics; this is conveniently done by placing KEY in the
instructions where vyou wish the display to be held. Then, when
you have finished observing the graphics, you can press any KEY
to continue (it is good practice to DROP the character to keep
the stack clean). . So, to hold - the . displayed graphics.  screen,

type .
VIEW KEY DROP

Now, the graphics page will be displayed until you press any key.
If you do not have the EXTENDED BASIC ROM, then vyou cause the
display to switch o back to  the normal page with VNORM . A
completely general form which will behave the same whether vyou
have the EXTENDED BASIC ROM or not is

VIEW KEY DROP VNORM

This will ~ not be useful until you set up code to actually place
something into the graphics page. To do that .you must select a
color and use .the waord SET to plot individual points. Rather
than send the color for every. point plotted, we. set the color
into the FORTH .wvariable COLOR and then we must. send only the x
and y coordinates to SET. E.g., to use the RED color vyou would

say:
RED COLOR. ! .

Fifst you willyQént:tDVcléar the graﬁhics screen. In the case of
using the G3C mode which uses 3k of memory (. HEX  0CO0. bytes),
this would be done with this word CLR:

HEX : CLR GSCR @ OCOO ERASE ;
Erasing the screen is equivalént to setting it to greén.

As an example, lets now define a word which will draw a diagonal
line and then look at it. Define this word DIAG

WEX : DIAG CLR VIEW 40 0
DO 1 1 SET
CBior : KEY DROP VNORM j;

Now type the word DIAG and you should see a line drawn from the
upper left (coordinate ¢ 0 ) to the lower right (coordiate hex
40 . 40 ). The display will stay until you press any key. The
only function of the word KEY in the DIAG definition 1is to hold
the display until you want to continue (and then the value of the
key is DROPped). As soon as DIAG is finished, the system will
send you OK and to do that it returns you to the normal screen.
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THhe COLORFORT word SET will support only the color 2, 3. or &
deEEZ::IEE::ngg;ftﬁxng which changes is the vertical resolution
and_the amgunt GFf —memery—required. o create —another mode
cémmand. kyDu may use thHe GMODE  command as fDllDNS;IE“\_NWPD
ccggte G4B for 6k black and whiter:z—

HEX 1E 0& GMODE G&B <ENTER>

This command gives the highest possible resclution mode, but vyou

will have to write your own version of SET to place the—data in.

B

For,»ihe, .advanced programmer who ‘wants‘ tm play with such
techniques, the source code for the SET CDmmand is in _screen 20
of_the SDuccawcudg&ﬂ_lialswlanEX code which was hand assembled

1n29¥»§w,EQDE definition I£. it were ”rltthW&lﬁkfyll FORTH
ASSEMBL Y -lamguage—(an_ASSEMBLER to do this will be availabre==on

cassette) it be: ..

HEX  CODE SET.

D PuLu,";_‘Lu # LDA e oo MUL, 2 S8TD,
D PULU, COLOR LDA, - LSRB,
CCLR  IF, . ... .LSRA, . LSRA,
ENDIF, .. LSRB,
CCLR IF, -, . LSRA, . LSRA,
LSRA, LSRA,
_ENDIF, - 4 STA, CLRA,
2 ADDD, . _GSCR - ADDD, D X TRF,

X LDA, 4  ORA, X STA, NEXT C3

Copyright 1981, T. J..Zimmer and R. J. Talbot, Jr.
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7.2 GRAFHICS SYSTEM GLOSSARY:

FG! (il — ) Sets the 512 byte page number nl into the
system 6883 chip as the current video display
page. CAUTION: The text output (e.g.. via
EMIT or TYPE) still goes to the same memory
page as hbefore. PG! is used to perform
graphics.

vDG&E! (tnl — ) Sets the graphics mode in the &883 chip to
the value nl. Only the lower three bits of
nl are used. See the chip’s specification
sheet or March 81 BYTE paper ~for programming -
this mode. ' : e : :

VCR! (nl —— ) Sets the graphics mode of the 6847 VDG chip
to the value nl. Only the lower 5 bits of nil
are used for this function. Gee the March
81 Byte article on the color computer for
information on this mode selection.

VNORM ({ — ) This restores the video display‘to the normal
video mode. It is equivalent to
2 PGY 0O VDG! o VCR!
COLOR { — al) A system variable used by SET;'CDntains the

code for the COLOR to be plotted.

GREEN

YELLOW

ELUE

RED { —— nl1) Constants which place on the stack the value
nl which is to be stored into color. E.g.,

RED COLOR !

will set the COLOR to be plotted to be RED.

GSCR { — al) A graphics system variable which holds the
address of the first byte in the GRAPHICS
SCREEN. This variable must be set before the
SET command is executed. See the section on
GRAFHICS CONTROL for further discussion.

GMODE (hi\n? —— ) A Defining word which is used to create
these graphics mode control words:

G2C 3C G&6C

Users would normally not wuse GMODE unless
they are advanced graphics programmers making
use of the modes not otherwise supported by
COLORFORTH .

G2C {( — ) Sets the GRAFHICS 2K BYTE COLOR mode. Sets
the VDB and VCR to give a display of 128 x 64.

G=C « —— ) Sets GRAFPHICS mode to 128 x 6.

G&C ¢ =) Sets GRAFHICS mode to 128 x 192.
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SET (x\y —— ) Set a point 1in the GRAFPHICS SCREEN - which
begins at the location in G5CR. MUST!! have
previogusly set G5CR in order for this word to
wor k. The color of the point set is -the
color held in the variable COLOR, which must
have been set alsao.: The SET word supports

~the . three ‘previously specified graphics
modes. If vyou detine a new mode by using
GMODE, ‘the actlon of SET is unde{lned'

p) Mkj SO W s o3

g<> ‘go g*fl SR T S;jt:  /@%%:?1ﬁJﬁ jﬁ?;}b
Yo 3 s A A /f éfvz/o
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8.0 DEBUGGING AIDS

8.1 FORTH DECOMFILER

A very useful utility included in COLORFORTH is a decompiler. It
allows you to take apart running FORTH code, including COLORFORTH
itselft: OFf course, you have a listing of the:source code for the
whole system, but you will find the decompiler useful, especially
when you forget the definition of some word.

Before explaining what the decompiler does, try it on your
computer. Type in

SOURCE ERASE <ENTER>
You should see the computer type out
: ERASE O FILL ;35

That is the source code definition of ERASE. It fills a section
of code with zeros. You will observe one thing which comprises
one of the inner secrets of how FORTH operates —— the j at the
end of a colon definition inserts the code for ;5 into the
dictionary.

Try
SOURCE HEX <ENTER?>
You will get
: HEX LIT O 146 EASE ! :S
In thizs case the definition has two bytes ( 0 and 16 ) which it
does not recognize as a legitimate FORTH word, so it prints them

out individually. Together they make up the 2 byte literal
constant 16. The definition for HEX is

: HEX 14 BASE ! H

The FORTH compiler recognizes that 16 is not a FORTH word, and it
inserts the word LIT together with the number 16 into the
dictionary-

At this point you might wonder why O appeared in the S0URCE of
ERASE; why wasn®t it LIT 0 0 ? The answer is that O is a
FORTH WORD !

The decompiler looks up each part of the word being decompiled
and tries to locate that part in the dictionary. When it finds
it, the name is printed using .NAME . You can control whether
or not the addresses themselves are printed by using

AON to turn on address printing

or AOFF to turn off address printing.
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Try AON SOURCE HEX <ENTRY>.

The word SOURCE will trace only high level FORTH words, the ones

made with : definitions. If vou trace a CODE word like + you
will just get a list of numbers  —-——— it is a very slow way to get
-a memory dump! Just hold down any key to stop it.

The ‘word ASOURCE is used by SOURCE. Tao use ASOURCE, you give- it
a parameter field:address to start at E.qg.

HEX CB16& ASOURCE . < ENTER>

will also give you:a trace of HEX, because CE16 is the parameter
tield address af HEX.

The sequence SOURCE XXX is exactly equivalent td

* XXX AS0OURCE

Copyright 1981, T. J. Zimmer and R. J. Talbot. Jdr.
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8.2 DEBRBUGGING SYSTEM GLOSS5ARY:

DUMF {ai\n2 —— ) Dumps the contents of memory from al for
a count of n2 characters using the current
base. Prints addresses to left, then - 8

bytes per line.

. NAME (alna2 —— a3%) I+ a2z is the Code Field Address of
some word, the name of the word is printed,
and a3 = al. Otherwise, it prints the high
byte of aZ and sets a3 = al-1.

.5 ( —— ) Nondestructive print of contents of. stack.

AON { — Turns on the printing of addresses by SOURCE.

AOFF { — ) Turns off the printing of addresses by S0URCE.

SOURCE ( —— t3) Decompiles the first word in the text string t .

ASOURCE (al —— ) Decompiles the FORTH word whose PFA is al.

AFLG ( — al) A system variable used to specify whether or

not the address of a word will be printed
during the decompiling action of SOURCE.
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7.0 GLOSSARY OF OTHER WORDS IN COLORFORTH BUT NOT ~IN fig-FORTH

9.1 CASSETTE WORDS:

READ (nl —— ) Reads the first block encountered on cassette
’ starting at the present position of the tape.
It is read into memory buffer number ni.
Bl OCKs numbers are not stored on cassette
with the block data, so they can be read into
any available screen buffer. E.g.

Z READ <ENTER:>

This will read the first block encountered
on the cassette into . screen buffer number 3.
The data is now available to FORTH by using

3. BLOCK

FEADS (ni\n2 -= ) SGimilar to READ, buts reads n2? blocks into
memory buffers nl ... nl+n2-1. E.g.

2 X READS iENTER}

will read 3 screens Df data 1nt0 buffers
2. 2.0 and 4.

WRITE (nl —— ) Block n1 is written out to cassette at the
1 : cposition » where the tape is ‘set. > You must
correctly - position the tape  and s=set the
recorder to the record mode before executing

the command. ‘Eogs £

Z”NRITE <ENTER>

WRITES (NIANZ2 =)o Writes blocks number nl v..  Al+n2~1 to the
SR cassette. ‘SeefREADS -

CLOADS ~{nl:—— ) Reads nil lecPs frDm cassette sequentially,
s : each going into block buffer #1, and after
each is read, 1 LOAD is performed.

MOTOR { — ) Similar to MOTOR in BASIC, but it simply
toggles the motor to the opposite state each
time it is executed; i.e., explicit ON or OFF
is not stated. S v 48 SR
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9.2 LOADING WORDS:
THRU (ni\n2 —— ) BLOCKS nl through n2 are LOADed in sequence.

TRY ( — ) The BLOCK specified in the variable SCR is
LOADed. Since SCR is set when a screen is
edited, after editing a screen one may just
say - : ’

QUIT TRY

to test it.

9.3 MEMORY MANAGEMENT -WORDS:

#EBLOCKE (n1— ) Sets the number of BLOCK BUFFERS to nl and
sets DF to the end of the new buffer limit.
It will not permit you to specify the number
to be greater than the maximum allowed by the
available memary:

size of memory @ - 4k 16k 22k
number of buffers 1 14 29
EMFTY ( —— ) Cleans out all words in the dictionary and

and resets the DP variable to LIMIT.

EMAX o == al) - Places - on the stack the address al which
) contains the maximum valid BLOCK number which
the system will allow. Its value may be

changed to inform the system that it should
reallocate the available memory to give a
different number of BLOCK buffers.

FREE. - { — nl) Returns nl, the number of free bytes of memary
remaining. Computed by subtracting HERE from
the contents of location $74 (which is set by
the  BASIC ROM  upon reset). You can change
the contents of location $74 yourself also.

2.4 STACK MANIPULATIDN WORDS:
50 ( —— al ) Returns al, the address of a system variable
which contains the address of the top of the

data stack.

20VER (di\d? —— di\d2\d1) The second double number di is
duplicated on top of the double number dZ2Z.

2ZSWAF (di\d2 —- d2\d1) The two top double numbers are
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reversed in order.

2DROP . {dl —— ) The top double number (two single numbers)
are dropped from the stack. ;

2DUP - {d1l ——'di\d1) The top  double number is duplicated so
Fam ~that a second copy is on the stack also.

2% (nl —— n2) The top number is doubled (does a left
shifti by one bit). Written in assembly.

2/ - (n1 —— n2) The top number nl is halved (does a right
shift by one bit). Written in assembly.

s ( — al) Leaves the current address of the top of the

‘stack ‘on the stack (thus increasing depth of
stack by one).  Fseudonym for SP?d .

9.5 DISFLAY CONTROL WORDS:.

> {(al —-— ) Prints the contents of the address al to the
current output device using current base.

CUR ( — al) A system variable which returns the address Q¢,

of location in memory which holds the cursor
pointer. - The sequence. .. e

CUR. -
ﬁiil'leavé thewadafESS“ of thepturrent cuwrsor
position in the display on the stack.

CLS  (nl. == ) nl is passed to the EASIC ROM . routine which
does a screen clear. nl specifies the color
the screen is to be set.

u. (nl —— ) Prints number nl1 as a 16 bit unsigned number.

H. {(nl —— ) Prints number ni as a 16 - bit - unsigned
hexadecimal number; useful for addresses in
{MEeMOry .. Co : :

SCREEN = ¢ — al) Returns al, the address of the upper left

corner of. the normal,display;screen (H400) .

CHAN ... - ¢ == .al) lLeaves as .. al. the address $&F which contains
N : the . channel variable. . used by - the BASIC rom
out put routinpes. :. Setting -it.-to -2 will

cause all output to go to the serial printer
wports o ca value of 0 is normal crt ocutput.
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LISTS (ni\n2 —— ) Lists the screen nl through ni+n2-1 to the
current output device (controlled by CHAN).
Each  screen  listed is followed by a @ FORM
command which is recognized by most printers.

FORM . { —— ) Emit a formfeed character (hex %0C) to the
e output device. Moves printer: to start of
next page.

FRINT ( —— t3) Any output caused by the command line t

will go to the serial port for the printer.
EXAMPLE: :

FRINT 1 LIST FORM 23 . <ENTER>

This will . LIST screen #1 to the serial
printer, send a formfeed character, and then
print the number 23 .

After all commands up to the {ENTER> key have
been executed, the serial port will be turned
off and the output res tored to the crt.
Before PRINT may be used, the baud rate must
be set by one of the BRxyux words.

ER110

BRZ00

BRR&QO

BR1200 . :

ERT400 ( —— ) Set the serial port baud rate as specified.

PAGE ( —— ) Equivalent to the sequence 1 CLS . It just
clears the screen to all green and homes the
cursor to the upper left corner.

7CR {( — ) Tests the system variable OUT for a value

greater than 25; if it isy then it does a CR.

9.6 JOYSTICK: WORDS:

JSTK { —— ) Reads all of the joystick values and updates
their respective memory locations. Joystick
values may be retrieved from their locations
by -using the words JO, J1, J2, J3.

J0,J1,J2,J3 ( —— n) Returns the values of the respective
e joystick variable. = Must - first execute JSTK
to read them all. - E.G.
JSTE JO 31 g
Leaves the values of J0 and J1 on the stack.
Later, J3 would leave the value of that
joystick reading as of the last execution of
JSTK.
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?.7 TIMER WORDS:

TIME + — al) Leaves as al the address aof a memory location
’ ' which 1is decremented by “ the system clock.
The location is decremented 2ach 1/60th of

a'second, a “tick": :

TIMEO ¢ —— ) Sets the contents of TIME to $FFFF so that
: : ‘a - subsequent execution of FTIME will be
able  to get ‘the elapsed time in number of
llt:l'cksll. - 5 .
FTIME ( — nl1) Leaves as nl1 the number of "ticks" since the

last<time’ TIMEO" was executed. It does this
by subtracting the current value of TIME -
from $FFFF. EXAMPLE: e
= TEST TIMEO 3000 O DO LOOP 2TIME . H
followed by A
TEST
will print the number of "ticks" of 1/40th
of a second to execute the DO LOooP F0Q0
times. S o
NOTE: The timer uses the system’s &0 hz
Bl interrupts, the same ones used by the
keyboard input routinés.‘“Consequently,
do not da a timing operation on any
which involves keyboard input. ‘

TICKS thl —— ) System delay routine. n1 specifies a number
of 1/60th second "ticks" to wait for. TICKS
must be preceded by TIMEO to set the TIMER.
The word TICKES will pause until n1 "ticks®
‘have elapsed since the last execution’ of

TIMEO % i R S «
EXAMFLES: - Suppose that the words TS and T40

execute. Then . . . iy
TIMEQ TS5 &0 -TICKS

and :
TIMEC T40 &0 TICKS
~will each::take 60 "ticks" to execute. In

the example with ‘TS, 60" TICKS will take
53 "ticks"3; in the case with:T40, &0 TICKS
will take only the remaining 20 "ticks™.
If you were to type .
TIMEO = T40 T340 40 TICKS
, then + TICKS: “would return immediately.
TICES is useful to synchronize parts of programs
so that they take equal amounts of time.
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2.8 ASSEMBLER WORDS:

CODE { — t3; ) SBtarts a .. CODE definition. Creates a
dictionary header with the name t . It then
SMUDGES it, saves the current stack pointer in
CSP, and then selects the ASSEMBLER vaocabulary.

Cs ( — Terminates a CODE definition, verifies that
the current stack pointer is equal to the
value saved in CSP by CODE, unSMUDGEs the
header, and restores the vocabulary te that
prior to when the CODE definition was started.

NEXT ( — ) An ASSEMBLER macro which appends the code for
the NEXT operation to the end of a CODE
definition. E.g-

CODE  XXXX ¥ Y 2 e e NEXT Cs

will define the word XXXX to perform the
ascembler code x y z - - - followed by the
code for NEXT which returns the execution to
the FORTH system, and then C; completes the
definition by restoring pointers and checking
for stack errors. ‘

9.9 MISCELLANEOUS:

MESS (nl —— ) A new definifion af the FORTH MESSAGE word.
This word prints a brief text explanation
instead of Jjust an error number.

SMOVE (al\a2\n3 —— ) Does the same function as CMOVE except
that it translates the data so that it is
displayed properly.

ASCII { — t3 n) Accepts the following string t, takes the
first character and leaves its ASCII numerical
value on- the stack. When compiling, the

numerical value is compiled as an inline
literal E.g..

ASCII A o H.
will print 41, the hex numerical value for A.
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.10 FORTH-79 WORDS:

The. +ollowing . FORTH-79 . words have been added to the COLORFORTH
system:uso-that it ismore. compatible with the version of FGRTH
described . by the book STARTING FORTH.. Th91r deflnltlons may be
found in that book or in.the def1n1t1on of the FORTH-79 - standard
which is available from the - FORTH INTEREST GROUP. - NDtE.;ThQ
FORTH-79 STANDARD is the efforts of that group to eliminate the
previous differences between- various implementations of: FORTH.
The COLORFORTH system has extensions which make it very close to
FORTH-79; however, you.should consult the section which discusses
the differences if you wish to run FORTH-79 standard programs.
For the eupert, the FORTH INTEREST GROUF publishes a document
describing how to convert fig-FORTH into FORTH-79. The +0110w1ng
words in-COLORFORTH do most of that conversion already.

PDUF - NEGATE >IN.. . EXIT . NOT
CONVERT  DNEGATE  DEPTH D- 1-
DO= . D< U< 23 2!

D= Q3 . 2CONSTANT 2VARIAELE DMAX
DMIN = R® 17 d

Any waords wﬁich have different definitidns inLFig—FDRTH;than in
FORTH~72 have been installed as fig—~FORTH. All of the above
words: are in high level forth, except I’ and J. ~
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10.0 FORTH-79 DIFFERENCES

This is a fig-FORTH 1mp1ementat10n of the language. However, to
ease the transition to FORTH-79, many FORTH-7? words have been
added where they do not conflict with fig- —-FORTH. The differences
between COLORFORTH and the STARTING FDRTH bDDP will be covered
here, Dn a Chapter by chapter ba515.

STARTING FORTH : © comments
Chapters 1 & 2 g B No differences noted.
Chapter 3
pg. &0 —— LOAD —— The screens in COLORFORTH are numbered 1 to 8.
pg. &3-88 —— COLORFORTH contains this EDITOR ‘plus many
extensions. ' e .
pg. &8 —— LINE LENGTH —— The line length in COLORFORTH is 32
characters. So, some of the examples in the book will have lines

which are too long. Just break them into two lines. COLORFORTH
has \2 lines instead of 16 11nes.

pg. 76 —— FLUSH —— The word FLUSH is not needed in this cassette
version.

pg. B — HANDY HINTS —— The word DEFTH and .5 already exist in
COLORFORTH.

Chapter 4

pg. 101 —— ABORT" —— COLORFORTH does not support ABORT® . Just

explicitly print out a message with ." and then use ABORT.

Chapter G No differences noted.
Chapter 6
pg. 140 —— U.kE -— COLORFORTH does not have U.R . You can use

.R usually, or if you need an unsigned right Jjustified here is
the definition:
: U.R 0O SWAF D.R 3

Chapter 7
pg. 161 — /LO0OF —— Not supported in COLORFORTH.
pg. 162 —-— OCTAL —— Not used in COLORFORTH. For most computers,

including 6809 systems, HEX is much mare natural to use than
OCTAL.

pg. 164 —— DOUELE NUMBER DELIMITERS —— COLORFORTH recognizes only
the decimal point as a double number delimiter.

— e s o2 a Yy -5 ki 5: . o B Talbot. Jr.
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pg. 173 —— DUL ——_  Not SQpported in COLORFORTH.

pg. 174 — M+ and Mx/ —— Not supported in COLORFORTH.

Chapter 8

pé. 183 =—- VARIARLE —— The definition of VARIABLE wused in

COLORFORTH is the one from fig—FORTH, which requires an initial
value to be on stack before creating the variable. E.g. : :

12 VARIABLE DATE

This will create a variable with an initial value of 1Z. The
defintion of 2VARIABLE also requires an initial value on the
stack, in thls case a dDuble number.

pg. 123 —— ZCONSTANT and ”VARIABLE — Both are‘ suppnrted in
COLORFORTH, but 2VARIAELE requires a double number on the stack
for 1ts 1n1t1a1 value.

pg- 199 —— ERASE —— This is in COLORFORTH.
pg. 204 — DUMP —— This is in CDLDRFDRTH.
pg. 207 -—— CREATE - This word functions differently in

fig—FORTH than in FORTH-79, and COLORFORTH uses - the +fig-FORTH
definition. Use the fullowlng to create the definition of LIMITS
as shown in the book:

20 VARIABLE LIMITS 340 . 170, 100 , 170
The rule of thumb is to use VARIABLE in place of CREATE for
definitions which. . do  NOT-. have DOES>-in them. If the STARTING
FORTH book definition is.of the form

. CREATE wxxy  DOESZ>  soiMxx
then use

.. <BUILDS xxxx DOES> HAMNHH

in COLORFORTH. ThlS confurms tD the nDrmal fig-FORTH useage.

Chapter 9
pg. 216 —— FIND and EXECUTE - COLORFORTH uses the
fig-FORTH word —~FIND in place of FIND. In fig—-FORTH the word

EXECUTE must receive the code field address instead of the
parameter field address. Consequently. on this page of S5TARTING
FORTH, one must change the example to

* BGREET CFA EXECUTE <ENTERZ HELLO I SPEAK FORTH ok
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pg. 217 — VECTORED EXECUTION —— The  techniques will work on
COLORFORTH with the modification that the addresses obtained with
are converted to code field addresses by use of CF4. E.g.,

line & would read * HELLO CFA *alOHA !

pPg. 217 — 8BAY —— The definition of SAY in COLORFDORTH is
: SAY [COMFPILED:-® CFA “ALOHA 1oy

There are two changes here. The word

because in {fig-— FDR H it 1is immediate,

[COMPILE] word. - The secnnd change is
the address for EXECUT F

pg. 2192 — NUMBER —— It is not vectnred in COLORFORTH, so the
e>ample w111 nDt work ' e ; i S E ;

pg. 220 —— NAME LENGTHS —— Names in COLORFORTH wmay be up - to 31
characters in length.

pg. 232 —— RELOAD — ND ﬁeéd.‘éilyﬁode’in rom!

pg. 237 —— H —— 1In CGLDREDRTH tu1=’wa*a ;5 called DP.

'pgf 239’%— DPERATDR —= NDt 1n CDLDRFDRTH o

pg. 240 ;— OFFSET — Not in this Cassette system. ;

pg.- 24% —— ASSEMBLER ——  COLORFORTH has a minimal ASSEMBLER

vocabulary sufficient to hand assemble CODE de%initions.

Pg. 245 —— LOCATE -— COLORFORTH has the ' decompller word SOURCE
which may be used to see how a word dstdefined. Pt o . T

Chapter 10

pg. 2595-7 — UFDATE, FLUSH, SAVE-BUFFERS, EMPTY-BUFFERS.  BUFFER
These wotrds not in cassette based COLDRFDRTH.

pg. 239 —— LABELk—~ In CDLDRFDRTH must change to
: LABEL 8 x 7 "LABEL" 3 + + B TYPE SPACE ;

COLORFORTH does not support [*1 and the word ° serves the éame
functlon 1n a de#lnltlon. e S S & ~

pg. 261 *-”‘TYFE - CDLDRFDRTH does not- need fTYPE. P

pg. 266 — MOVE and <CMOVE —"-Not in COLDRFDRTH.
pg. 272 —— H — Use DF .
pg. 281 —— Note: —-TEXT in COLORFORTH 1is different +rom that

defined in STARTING FORTH; see EDITOR definitions.
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Chapter 11

pg. 291 — VARIABLE CREATE -~ To create the STARTING FORTH
type of definition for VARIABLE, you can do this:

: VARIABLE <{BUILDS 2 ALLOT DOES> 3

To create the COLORFORTH (i.e., fig-FORTH) type of definition for
VARIABLE, you can do this:

: VARIABLE <BUILDS ., DOES> 3

The COLORFORTH word CREATE is used only for creating CODE word
headers.

pg- 292 — DEFINING-WORD —— The definition of a DEFINING—-WORD in
the book must be changed to the following in COLORFORTH:

DEF INING—WORD <BUILDS (compile—time action)
DOES> (run—time action) H

The example for CONSTANT is then

CONSTANT <BUILDS , DOES> ¥ 3
pg. 297 —— ARRAY —— The definition of ARRAY must be changed to

: ARRAY <BUILDS OVER , X ALLOT
DOES> DUFP 2 ROT X + + 2+ 3

pg. 313 —— DOES> —— For most purposes COLORFORTH is the same
as FORTH-79, but for the advanced programmer. see the document
FORTH-79 STANDARD CONVERSION from the FORTH INTEREST GROUF.

pg. 3%2 —— JOB 1FIELD 2FIELD —- Again, these definitions must
be changed to account for the different way CREATE works. Use

20 VARIARLE JOB 24 ,
00 VARIABRLE 1FIELD 30
30 VARIABLE 2FIELD 12 ,

pg- 39 —— SIMPLE FILES —— In screen 240 change the definitions
of SURNAME, GIVEN, JOR, PHONE to the following:

00 VARIABLE SURNAME 16 .,

146 VARIABLE GIVEN 12 ,
28 VARIABLE JOB 249
52 VARIABLE PHONE 12 ,
pg. 339 —— FREE —_ Change the definition of FREE to the

following:

: FREE 1 MAXRECS O
DO 1 OECORD ! RECORD Ca 33 <
IF NOT LEAVE THEN
LOoP
IF .* FILE FULL " ABORT THEN ;

Coovright 1981, T. Jd. Zimmer and R. J. Talbot, Jr.



COLLORFORTH USERS MANUAL 81712714 FAGE 10-5
pg. 339 — i (tick) —— Prefix all occurrences of * with the
word [COMFILE] , e.g.,

: CHANGE [COMRILEl ~ PUT 3

pPg. 347 —— screens 246 and 248 —— The definitions of DENSITY,
THETA, and STRING will need to be prefixed with a ZERO ( O ) .
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11.0 ERRORS, CRASHES, AND OTHER SUCH FROBLEMS

11.1 CRASHES

In the process of writing programs, we all make mistakes now and
then. when  this happens, there is a good chance that we will
"crash" the program.- If this happens, do -not  dispair! Since
COLORFORTH is in rom, it does not get wiped out; it is simple to
recover. : :

DO NOT TURN OFF THE FOWER, as this will cause your source code in
the EBLOCK buffers to be lost. Just press the RESET button on the
right . rear. FORTH will reinitialize with the normal sign on
message. FORTH does NOT clear out any buffer space on
initialization, although it does reset BMAX to 8 (1 on a 4k
system). So, if your program crash did not write over the buffer
area, your praogram is preserved. YQQ can go back to it to figure
out the problem, relocad, and retry it. First list out the source
screens and look for bad code. If you find mistakes, fix them by

editing. You may find that some "garbage"” is in the screens,
presumably because when your program went west, it wrote into the

buffers. In this case, you can edit the errors, and go on.

11.2 ERROR MESSAGES

when COLORFORTH detects an error, it will stop compiling and an
appropriate error message is issued. The following is a list of
the errors and their interpretation.

ERROR MESSAGE MEANING
WHAT FORTH could not f ind the word in the dictionary
STACK EMPTY Some word tried to take something from the stack

after it was empty.

MEM FULL You have used up all available memory.

REDEF : You have just redefined a word with a name which
already exists in the dictionary. This is not
a fatal error, just an informational message.

Sometimes one deliberately redefines a name.
Sometimes this reveals a mistake.

ELK RANGE Attempted to access a BLOCK number outside the
allowed range ( normally 1 — 8 ).
FCOMFILE Tried to execute a word that may be used only

within a definition.

PEXECUTE Tried to compile a word into a definition which
was meant for execution only.
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?FAIRS

NOT DONE
SAVED Vdé
?LOADING
DFFSCREEN‘

SET VOCARB

RAD OVERLAY

A conditional structure such as IF ... ENDIF
or DO ... LOOP was used without the correct
matching terminating word.

Attempted to terminate a definition ‘with a -3

before you finished it.

You “have attemptédf to  FORGET a word’" in .the'
permanent rom area or below FENCE. :

Have attempted to execute a word that applies
applies to loading anly.

“During an edit session the cursor position was
‘found “to ‘point outside ‘of ‘the current screen:

You tried to FORGET a word +from a vocabulary

other than the one vyou are currently in. You
need to" force the vocabulary pointers to the

correct QnE\by "stating :

correct—vocabulary-name  DEFINITIONS 0.

During use of an overlay word, 70V looked at
the program in memory and found it to not be an
overlay.
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12.0 SOME EXAMFLE CODE AND HANDY UTILITIES

12.1 A JOYSTICK EDITOR

This addition to the EDITOR is given in source code form, in the
listings on screens 23 and 24. You can type them in (they may go
into any screen). This editor allows you to use the joystick to
move . “the cursor around in - the screen and then you can manipulate
the text more easily. A very ‘handy addition is the word’  GET
which' picks “up the word under the cursor ‘so that you can INSERT
it later somewhere else. ' E :

The best procedure is to use the regular editor to place this
into some screens, and then save it on cassette tape for later
use. Then you can start it up by typing :

nl EDIT J  <ENTER>
where the number nl is the screen number you wish to edit. You

can now move the JOYSTICK around to move the cursor. CAUTION!'!
Many of the keys ‘on the keyboard:have an immediate function.;-

i.e., you do not have to press <ENTER after each key. Each ~of
the old commands of the regular editor (e.g., P, X, etc.) has
been assigned to a key —— see the source screen for J for the
definitions). Pressing that key alone (no <ENTER>) will cause

that word to be executed. For example, to insert some text at
the  position .pointed  to: by the.cursor, press 1 . The black
cursor stops flashing and you are prompted with:

>

Ybu should -enter the string of text you wish to insert, followed
by <ENTERX. When vou press <ENTER> the text appears at the
position of the cursor and control returns to the JOYSTICK.

Try it! E.g.. insert this somewhere:
THIS IS A TEST

Now, suppose that you wish to move the second word of the above
sentence to the next line. . Position the cursor over the I or &
in the word IS and then press the W button. The word disappears
and the text on the line is compressed. The waord IS is now in
FADI, so we can insert it elsewhere. Move the cursor down one
line, place it in the space just preceding the T in THIS on the-
previous line. Now press the I key, followed by <ENTER> (since
the text to insert is already at PADI). The text will be placed
in the new line! : ‘
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This is only a small sample of what you can - do. - Try: doing: a
sequence of things such as H followed by I . The N and B
keys allow you to move to the next higher or lower screen for
editing. You can do anything you want! You-have the source!

12.2 FRINTING

A couple of useful utilities are-given -in screen 22 of the source-
listing. The words DLIST and LTHRU allow you to print -pairs: of
screens. on a single page as was done . in. the documentation. - DLIST
was used as follows: o : “

< PRINT .. 1 - DLIST.. <ENTER>

This will list screens 1 and 2 to-the serial port to-a printer, -
side by side. The word LTHRU is similar to THRU, except it is
used for printing as e e

PRINT 1 6" LTHRU . <ENTERZ>

Screens 1 through & will be prlnted in «the DLIST fnrmat. Be sure-
torset the BAUD rate :before u51ng PRINT. ; : ,

12,3 -WORD LISTS

The  fig-FORTH word «VLIST: gives ' a‘listing:of the words in the’
system. It types them in the order in which they are found, the
inverse order in which they were entered.

The following word may be typed in and it will give you a listing
sorted accordlng to the ASCII order Df the flrst character 1n the
-name: : : : ~ e '

HEX
: ALIST 80 20 DO
~ CONTEXT 2 @

EEGIN  DUF 1+ C3 7F AND I =
IF CR DUF FFA H. SPACE DUF 1ID.
Ses S ENDIF Y Y PFACLFA TR DUFP 0=
= UNTIL — DROP TTERMINAL IF LEQVE ENDIF '
- LooP s

12.4 ;

ALTERNATE COLORS

The COLOR COMPUTER in one of the high resolution graphicsimodes
can display one of two sets of four colors.  To switch to the
other set, one must change the fourth bit in the location hex
$FF22. A word to do this is

HEX = ALT FF22 8 TOGGLE ;
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13.0 COMMENTS ON THE SOURCE LISTING

This entire FORTH system was generated on a RADIO SHACK COLOR
COMFUTER with 32k bytes of memory.  While 32k may sound 1like a
laot of memory, when you are developing a program which 'is 10k in
length without benefit of disk, 32k is minimal. You will - notice
that the source 1s broken into two seperate types of ‘listings:
the assembly listing and the high level FORTH source code. This
is because it was possible to hold in the computer enough source
for only 5k of machine code. The next step  was to type ' in . a
minimal, very small editor from the keyboard. Once that was in,
it was used to enter a full editor into screens and they were
saved on cassette for later use.

Now with a useful editor, it was easier to work! The rest of the
COLORFORTH  system was gradually developed until a 10k system was
complete. The final step was to patch the bootup dictionary
links at COOE and C010:so that the full COLORFORTH would come up
upon cold start.  That was burned into proms.

We would 1like to apologize +For the lack of comments in the
listing. It was caused by a 1lack of space. There was just
barely room to get the 35Sk of assembly code in, much less
comments.

Some interesting notes about the high level source: There are
several words in the listing which do not appear 1in a VLIST.
This is because their names in the dictionary were overwritten
with a space. The first of these is on screen 1, line 18. The
word *R” was created only to be used to create the words for
doing Baud rate setting. After it was used ta create BR110 —
ER2400, its function was no longer needed, so it was deleted in

line 24. This technigue was used several time throughout the
source. We were not trying to hide anything from you (you have
the source), but rather we were trying to keep the dictionary

from getting cluttered with single character, meaningless names.
We could have given them longer names, but that would just use
up valuable space for things you would never use.

In screen 5, lines 19 to 22, the words °J° and *JJ" appear. We
wanted to put in down arrows, but control characters are not
always visible. So we compiled the words with letter names and
then in lines 21 and 23 they were written over with down arrows
{(Just +try that with a FORTRAN compller! or a BASIC
interpreter!).

It is interesting to note that 19 pages of FORTH creates about Sk
of compiled code, while it took over 30 dense pages of assembly
to create Sk of code. FORTH is much more efficient and much more
easily readable.

Copyright 1981, T. J. Zimmer and R. J. Talbot, Jr.
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We hope that you find this an enjoyable product. We .- enjoyed
doing 1it, and it is our hope that you will find that FORTH is a
useful powerful language for .getting mare out .of vyour . COLOR
COMFUTER. If. you write programs. which run with COLORFORTH,
consider marketing them. FORTH is .an _.excellent language for
writting games -and doing.graphics.  The benchmarks we have done
show that COLORFORTH is much faster than COLOR BASIC, so that you
can do games and such din real time with high level code.

Future prdducts being planned are. DISK versions of . COLORFORTH and
a TINY PASCAL compiler running on COLORFORTH.  What are you going
to write? , ;

The present source code could be adapted for use on other &B09
computers. However , .much .of it is specitic  to. . the  COLOR
COMFUTER, and other parts.are done in. a space-conserving fashion.
50 that we could get a maximum of utility.into a.given space  .of
ROMs. I+ you i have other 68B0%9 systems,: . .contact.  TALBOT
MICROSYSTEMS for information on its:line of tFORTH @ products for
55-50 bus and EXORCISER(tm Motorola) bus systems.

Copyright 19281, T. J. Zimmer and R. J. Talbot, Jr.
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15a7 D4as C453D142CaE FDBE PLUS.CSL.SEMIS
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13515 D422 Ced4ECEZACYL  LIST FOE DOCGL , DEC. CR. DUF . SCR
1516 D42C CeDECEE4 FDE STORE.FDOTGR o
1217 D43 8653435228 FCB 6,75, °C, "R.32, "#.,32
1518 D437 DIZDDIZ2CDL FDE DOT.EBBUF.CSL . SLASH
1519 D43F Cya4Ce3c FDB ZERQ. DO V

1528 D443 C1i2024BCTY LISTZ FDE CRE.I.TWO.DOTR.SPACE
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SCR 1

SCR 2 '
@ ¢ COLORFORTH 1.8 > — @ ¢ COLORFORTH 1.@ 5 DECIMAL -~
1 ¢ READ WRITE WORDS > DECIMAL ! f UNTIL 1 FPAIRS COMFILE @ERAMCH
2 @ FERDS QUER + SWAP , 2 FOBACK : IMMERIATE o ¢
3 DO I . I READ LOOP ; 3 ¢ AGARIM 1 ?PEIRS COMPILE BRAHCH
4 : CLOADE @ 4 EBACK 3 IMMEDIATE LB
5 DO 1 READ 1 LUHD 5 ¢ REPEAT >R »R [COMFILEY AGHIH
& LOoP 5 ~ & R>» R» 2 — [COMFILED
¥ oI WRITES OUER + SWAP - v EMDIF ; IMMERIATE -

8 DO I . I WRITE LOOP 3 & : WHILE [COMPILEY IF 2+ 3
9 @ +LO0OFP 3 PPAIRS COMPILE {+LOCP> 9 IMMEDIATE e

16 BACK 3 IHHEDIHTE 16 = TEWT HERE C-L 1+ BLAHES HHPD'
11 HEM e 11 HERE PAD C-L 1+ CHOUE ;
12 83 COMSTANT CUR LB 2 HEX ; :
13 8D COMSTANT TIME o : 13 = LINE DUF FFES® AHD 1?"EPEUP
14 = TIME® —1 TIME ! : : 14 S OBCR m fLIHE) DROP  :

15 ¢ ?TIME -1 TIME @ - 53 15 @ ZDUF OQUER QUER
16 = THRU 1+ SwAP - : 16 @ ZDROP DROP DRDP';

17 . poI. I LOAD LOCOP 3 : 17 & 25WAP ROT >R ROT R> 3
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