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The aim of this manual is to give the new user a basie introduction te FORTH. It is rot a complete
teaching aid, as There are many books on the market which can do this better than I. The manual is
divided into three parts.The first part describes the Fig-FORTH words -a word in FORTH is the nama of
any definition.It is not to be confused with its meaning in machine code for a sixteen bit value.

The second section is devoted to the MTX extensions and the final part is devobed to the screen editer.

FORTH is a strange language,but it is Fast,compact and efficient.T hope you have Fun wsing it.At
present work is commencing on a cross compiler so that your definitions can run independently of the
main body.I wlll be pleased to answer any questions or enquires about this program,or FORTH in
general.All mail should be addressed to me cfo GENPAT,

Next to each word you will see symbols e.g. next to FILL are the symbols addr quan b --- .Anything to
the left of the three dashes is expected to be on the stack for the word to execute.Symbols to the
right of the dashes,if any,are values left on the stack after the word has been executed.All the
symbols are explained in the key before the definitions.

NUMBERS

FORTH deals with numerical values in four different ways.It will accept signed integers in the range
of -32,768 to +32,767.Unsigned integers (0 to 65,535) are accepted and both of these types of numbers
are called single length values.Double length numbers are either signed (-2,147,483,668  to
+2,147,483,647) or unsigned (0 to 4,2924,957,295).

MATHS

FORTH uses post-fix maths,also known as Reverse Polish Netation.It is worth working with the maths
until you are fully aware of its operation.

To use post-fix you first place the wvalues on the stack and then supply the maths operator sEaga 442"
would be "4 2 +","/2" would be ™ 2 /".A space must be typed betwesn each number and all operations.
It may take some fime to get used to this way of working,but it is faster as computers use post-fix
within their own floating point maths.

The above examples were sasy,but what about an expression like "(({10+3)#5)/2".This is just as easy as
the abouve,it just involves more operators ! The stack is a last in first out stack which grows

down in memory,so if you type 3 <RET> & <RET> the stack has 4 at the top and 3 below it.When you type +
¢RET> the maths interpreter takes 4 and 3 off the stack,adds them together and leaves the result ,7, on
top of the stack.5o0 now to our more complex equation you would type 10 <RET> 3 <RET> + <RET> 5 <RET> *
¢RET> 2 <RET» / <RET> and this would leawe the result on top of the stack.You don't need to type all
the <RET:'s in of course,10 3 + 5 % 2 / <AET> would leave the same result on the stack.Dont't forget
that FORTH is integer only maths. Floating point can be done in FORTH,but it slows everything down.
FORTH does provide MDD operations,which are explained in the FORTH definitions section of this manual.
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CASE CONSTRUCT

An additional feature of MITX-FORTH is the CASE statement.This replaces multiple

IF...ELSE...THEN statements and makes the listing easier to follow.
For instance 2

1 EXAMPLE

DUP D=IF ." ZERO " ELSE

DuP 1=IF ." OMNE ™ ELSE

DUP 2=IF ." TWO " ELSE

DUP 3=IF ." THREE ™ ELSE

THEN THEN THEN THEN DROP
Can be replaced by %

E

o

AMPLE
OF ." ZERD " ENDOF
OF ." ONE ™ ENDOF
oF ." Two " ENDOF
OF ." THREE " ENDOF
ENDCASE 3

1
0
1
2
3

As you can see,this is much more compact and easier to follow.If it falls all tests then 1t will not
execute any of the statements.

SYNTAX

Syntax in FORTH will seem curlous at first.Having to type & US rather than U5 4 seems ailly and
unnecessary,but  this is not so. Some commands need a value on the stack before they can operate,bence
the number must come first.

The same syntax applies to conditional statements e.g.the BASIC statement IF A=1 THEN "conditionmi™ ELSE
"condition2" translates in FORTH to A 1 = IF "condition1™ else "condition2™ THEM. THEN in FDRTH can
also be called ENDIF.

ERROR MESSAGES

Should the compiler find an error at any pnint then it clears all stacks and returns an error message
with a numerical value.These valuess meang

MSGH Meaning

0 Bord does not exist.

1 Stack iz empty.

2 Dictionary full.

3 Incorrect address mode.

L] Definition for this word already exists.
] Dutside disc range (Pages 0O-4).
7 Stack full.

17 Use in a colon word only.

18 Execution only.

19 Condition not paired.

20 Definition not finished.

21 In protected dictionary.

22 Use only when LOADING.

23 Off current editing screen.



24 Declare vocabulary.
! n addr --- Lo
Store 16 bits of n at address.Pronounced "store”.
IC5P
Save the stack position in CSP.Used as part of the compiler security
¥ dl --- d2 LO
Gererate from a double number d1,the next ascii character which is placed in an output
gtring.Result d2 is the quotient after division by BASE,and is maintained for further
processing.Used between <f and §>. See #s
> d --- addr count LD
Terminates numeric output conversion by dropping d,leaving the text address and character count
suitable for TYPE.
#EUF -——=n
A constant which leaves the number of buffers on the stack.
#5 dl --- d2
Gererates ascii text in the text output buffer,by the use of #,until a zero double number n2
results.lsed between <f and §>.
! --— addr P,LO
Leaves the parameter field address of dictionary word nnon.As a compiler 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 message is given.Pronounced "tick".
( p,LO
Used in the form { ccece)
Ignore a comment that will be delimited by a right parenthesis on the same line.May occur
during execution or in a eolon definition.A blank after the leading paranthesis is required.
(.") C+
The run-time procedure,compiled by ." which transmits the following in-line text to the seleted
putput device.Ses ."
(sCODE) C
The run-time procedure,compiled by jCODE,that rewrites the code field of the most recently
defined word to point to the following machine code seguence.See jCODE.
(+L0O0P) [ Cz?
The run-time procedure compiled by +L0O0P ,which increments the loop index by m and test for
loop completion.See +L0O0P.
{ABORT ) e
Executes after an error when WARNING is -1.This word normally executes ABORT,but may be altered
{with cere) to a user's alternative procedure.
(Do) I
The run-time procedure compiled by D0 which moves the loop control parameters to the return
stack.5ee DO
(FIND) addr1 addr2 --- pfa b tf (ak)
addr1 addr?2 -—- fF {bad)

Searches the dictionary starting at the name field address addrZ,matching to the text at
addrl.Returns parameter field address,length byte of name field and boolean true for a good
match.If no mateh is found,only a boolean false is left.



(LINE) nl n2 —— addr count
Convert the line number nl and the screen nZ to the disc buffer address containing the data.n
count of 64 indicates the full line text length.

(Looe) cz
The run-time procedure compiled by LOOP which increments the loop index and tests for loop
completion.5ee LOOA.

{ NUMBER) dl addrl --- d2 addr2
Convert the ascii text beginning at addr1+41 with regard to BASE. The mew value is accumulated
into double rmumber dl,being left as d2.Addr? is the address of the first unconvertable
digit.Used by NUMBER.

* nl nZ --- prod Lo
Leaves the signed product of two signed numbers.

®f nl nZ N3 === nd Lo
Leaves the ratio nd=n1*n2/n3 where all are signed numbers. Retention of an intermediate 31 bit
product permits greater accuracy than would be available with the seqguence:
nl nZ2 * n3 f

*/mon nl nZ2 N} --—— nd N5 Lo
Leave the guotient n5 and remainder n4 of the operation n1*n2/n3. A 31 bit intermediate product
is used as for */.

4 nl NZ === sum LO
Leave the sum of ni1 and n2.

+! n addr =-- LO
Add n to the value at address.Pronounced "plus store".

= nl nZ === n3
Apply the sign of n2 to nl,which is left in ni.

+BUF addr1 --- addrZ
Advance the disc buffer address addrl to the address of the next buffer addrZ.Boolean f is
false when addr? is the buffer presently pointed to by variable PREV.

+Looe nl ——- (run)
addr n2 --- (compile) P,C2,L0
Used in a colon-definition in the form:
00 ... nl +LOOP

At run-time,+L00P selectively controls branching back to the corresponding DO based on nl,the
loop index and the total compared to the limit.The branch back to D0 occurs until the new index
iz egual to or greater than the limit (n1>0),or until the new index is egual to or less than
the limit (n1<0).Upon exiting the loop,the parameters are discarded and execution continues
ahead. "

At compile time,:L00P compiles the run-time word (+L00P) and the branch offset computed From
HERE to the address left on the stack by DO.nZ iz used for compile time error checking.

+DRIGIN n --- addr
Leave the memory address relative by n to the origin parameter area.n is the minimum address
unit,either byte or word.This definition is used to access or modify the boot-up parameters at
the origin area.

4 n--- L0
Store n into the next available dictiomary memory cell,advancing the dictionary
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pointer.(comma).

nl n2 --- diff Lo
Leave the difference of nl-n2.

- P.LO
Continue interpretation with the mext disc screen.(pronounced next-screen).
-oup nl —— n1 (if zero)
m --- ol nl (non-zero)
Reproduce nl only if it is npon-zero.This is wsually used to copy a value just before IF,to
eliminate the need for am ELSE part to drop it.
~FIND --— pfa b tf (found)
-—= ff (not found)
Accepts the next text word (delimited by blanks) in the input stream to HERE,and searches the
CONTEXT and then CURRENT wocabularies for a matching enmtry.If found,the dictionary entry's
parameter field address,its length byte,and a boolean true is left.Otherwise,only a boolean
false is left.
~TRAILING addr n1 --- addr n2
Adjusts the character count n1 of a text string beginning address to suppress the output of
trailing blanks. i.e. the characters at addr+nl to addr+nZ are blanks.
. n--- LD
Print a number from a signed 16-bit two's complement value,converted according to the numeric
BASE.A trailing blank follows. Pronounced "dot"
a P,LO
Used in the form:
." ceoc”
Compiles an in-line string ccec (delimited by a trailing ") with an execution procedure to
transmit the text to the selected output device.If executed outside a definition,." will
immediately print the text until the final ".The maximum number of characters may be an
installation dependent walue. See (.").
«LINE line sCr =--
Print on the terminal device;a line of text from the disc by its line and screen
mumber.Trailing blanks are suppressed.
R n ng -—
Print the number nl right aligned in a field whose width is n2. Mo following blank is printed.
/! nl nZ2 --- guot L0
Leave the signed guotient of nil/n2
Mmoo nl N2 === rem quot L0
Leauve the remainder and signed quotient of n1/n2.The remaincer has the sign of the dividend.
D123 === 1
These small numbers are used =o often that it is attractive to define them by name in the
dictionary as constants.
0< n---f LO
Leave a true flag if the number is less than 0 {negative),otherwise leave a false flag.
0= n--—-f LD

Leave a true flag if the mumber iz equal to zero,otherwise leave a false flag.



DBRANCH = c2

1+

24

21

28

Z0R0OP

20uUP

25uAp

sCODE
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The run-time procedure to conditionally bramch ,If f is false (zero),the following in-line
parameter is added to the interprative pointer to branch ahead or back.Compiled by IF, UNTIL,
and WHILE.

nl --- n2 L1
Increment nl by 1.

nl --- n2
Leave nl incremented by 2.

d addr ---
Stores 32 hits of d at addr.d is split into two 16-bit values (nlow and nhigh) with nhigh
stored at addr and nlow stored at addr+2.

addr --- d
Fetches 32-bit value from addr.d is placed on the stack as two 16-bit values (nlow and nhigh).

e
Drops a 32-bit wvalue From the stack.

d=---dd
Duplicates a 32-bit wvalue.

dl d2 --- d2
Will swap two 32-bit walues when on the stack.

P,E,LO
Used in the form called a colon-definition:
i coccc X H

Creates a dictionary entry defining ccoce as equivalent to the following sequence of FORTH word
definitions '...' until the next '§' or ';CODE'.The compiling process is done by the text
interpreter as long as STATE is non-zero.Dther 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 §3.

P,C,LO

Used in the form:

£ ECEC  wiwe JCODE

assembly mnemonics

Stop compilation and terminate a new defining word cecc by compiling (3CODE).Set the CONTEXT
vocabulary to ASSEMBLER, assembling to machine code the following mnemonics.When cccc  later
executes in the form:

CCCE  mnnn
the word nnnn will be created with its execution procedure given by the machine code following
cece.That  is,when nnnn is executed,it does so by jumping to the code after nonn.An  existing
defining word must exist in cccc prior to CODE.

P,LO
Stop interpretation of a screen.3S is also the run-time word compiled at the end of a colon-
definition which returns execution to the calling procedure.

nl nZ -—— f LD
Leave a true flag if nl is less than n2; otherwise leave a false flag.



<

Lo
Setup for pictured mumeric output formatting using the words:
¥ # #5 SIGN #>
The conversion is done on a double number producing text at PAD.

<BUILDS C,L0

Used within a colon-definition:
t ccoe <BUILDS ...

DOES> ... 2
Each time ccoc is executed,<BUTLDS defines a new word with a high-level execution procedure
Executing cooe in the forme

CCCC mnnn
uses <BUILDS to create a dictionary entry for moon with a eall te the DOES» part for  nonnulhen
nnon is later executed,it has the address of its parameter area on the stack and executes the
words after DOES» in ceec. <BUILDS and DDES: allow run-time procedures to be written in high
level rather than in assembler code (as required by $CODE).

nn2 —— F Lo
Leave a Lrue llag if nl=n2 jotherwise leave a false flag.

> n n2 —— T Lo
Leave a true flag if nl is greater than n23otherwise a false flag.
SR e C,L0
Remowe a mumber from the computation stack and place as the most accessable on the  return
stack.Use should be balanced with B> in the same definition.
7 addr --- L0
Print the walue contained at the address in free format according to the current base,
FLOMP
Issue error message if not compiling.
TSP
Issue error message if stack position differs from value saved in CSP.
TERROR fn-—
Is=ue error message number n,if the boolean flag is true.
TEXEC
Issue an error message if nob executing.
TLOADTING
Issue an error message if not loading.
TPATIRS nl n2 ---
Iz=uo an errpr message if nl does not equal n2.The message indicates thal compiled conditionals
do ot mateh.
PSTACK
Issue an error message iF the stack is out of bounds.This definition may be installation
dependant.
a addr ---n Lo
Leave the 16 bit eontents of address.
ABORT Lo

Clear the stacks and enter the execution state.Return contrel to the operators
terminal,printing a message appropriate to the installation.



ABS

AGATIN

ALLOT

AND

B/BUF

B/SCR

BACK

BASE

BEGIN

BLANKS

BLK

BLOCK

n-———u Lo
Leave the absolute value of n as u.

addr n --- (compiling) P,C2,L0
Used in a colon-definition in the forms
BEGIN ... AGAIN
At run-time ,AGAIN forces execution to return to corresponding BEGIN.There is no effect on the
stack.Execution cannot leave this loop (unless R> DROP is executed one level below).
At compile time,AGAIN compiles BRANCH with an offset from HERE to addr.n 1is used for
compile-time error checking.

M --- LD
Add the signed number to the dictionary pointer DP.May be ysed to reserve dictionary space oOr
re-origin memory.n is with regard to computer address type (byte or word) .

nl n2 --- n2 LO
Leave the bitwise legical and of n1 and n2 as ni.

-—=n
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 convention,an editing screen
is 1024 bytes organized as 16 lines of B& characters each

addr -—-
Calculate the backward branch offset from HERE to addr and compile into the next available
dictionary memory address.

--- addr u,Lo
A user variable containing the current number base used for input and output conversion.

--- addr n (compiling) P,LO
Occurs in a colon-definition in form:
BEGIN ... UNTIL
BEGIN ... AGAIN
BEGIM ... WHILE ... REPEAT

At run-time,BEGIN marks the start of a sequence that may be repetitively executed.It serves as
a return point from the corresponding UNTIL,AGRIN or REPEAT .When executing UNTIL, a return or
BEGIN will occur if the top of the stack is false; for AGAIN and REPEAT a return to BEGIN will
always 'OoCCUT .«

At compile time BEGIN leaves its return address and n for compiler error checking.

-l
A constant that leaves the ascii value for "hlank" .

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

--- addr u,Lo
A user variable containing the block number being interpreted. If zero,input is being taken
from the terminal input buffer.

n --- addr L0
Leave the memory address of the block buffer containing block n.If the block is mot already in
memory,it is transferred from disc to which ever buffer was least recertly written. If the
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block occupying that buffer has been marked as updated,it is rewritten to disc before block n
is read into the buffer. See also BUFFER,R/W UPDATE FLUSH.

BRANCH c2,L0
The run-time procedure to unconditionally branch.An in-line offset is added to the interpretive
pointer IP to branch ahead or back.BRANCH is compiled by ELSE,AGAIN and REPEAT.

BUFFER n -—- addr
Obtain the next memory buffer,assigning it to bleck n.If the contents of the buffer is marked
as updated,it is written to the disc.The block is not read from disc.The address left is the
first cell within the buffer for data storage

Cl b addr ---
Store B bits at address.

C/L -m= N
Constant which leaves the number of characters per line on the stack.By FORTH convention this
is G4

Cs b -—
Store B bits of b into the next available dictionary byte,advancing the dictiomary pointer.

ca addr --- b
Leave the 8 bit contents of memory address

CASE -——n
Must be used within a colon definition.For use see introduction. The value on the stack is for
compiler error checking.

CFA pfa --- cfa
Convert the parameter field address of a definition into its code field address

CMOVE from to count ---
Move the specified number of bytes beginning at address from to address to.The contents of
address from is moved first preceding toward high memory.

COLD
The cold start procedure to adjust the dictionary pointer to the minimum standard and restart
via ABORT.

COMPILE C2
When the word containing compile executes,the execution address of the word following COMPILE
is copied (compiled) into the dictionary.This allows specific compilation situations to be
handled in addition to simply compiling an execution address (which the interpreter already
does).

CONSTAMT Nz Lo
A defining word used in the form:

n CONSTANT cccc

to create word ccco,with its parameter field containing n.lWhen ccocc is later executed it will
push the value of n onto the stack.

CONTEXT -—- addr u,Lo
A user variable containing a pointer to the vocabulary within which dictionary searches will
first begin.

COUNT addr1 ——- addr2 n Lo

Leave the byte address addr? and byte count n for a message text beginning at address addr1. It
is preassumed that the first byte at addrl contains the text byte count and the actual text
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starts with the second byte.Typically COUNT is followed by TYPE.

CR LD
Transmit a carriage return and line feed to the selected sutput devieca.

CREATE
A defining word used in the form:
CREATE ccec
by such words as CODE and CONSTANT to create a dictionary header for a FORTH definition.The
code field eontains the address of the words parameter field.The new word is created in the
CURRENT wvocabulary.

csp === addr u
A user variable temporarily storing the stack pointer position,for compilatiom error checking.

D+ dl d2 --- dsum
Leave the deuble number sum of two double mumbers.

D4 dl n -—- d?
Apply the sign of n te the deouble number di,leaving it as d2.

0. d -— L1 )
Print a signed double rumber from a 32-bit two's complememt value.The high-order 16 bits are
most accessable on the stack. Conversion is performed according to the eurrent BASE.A  blank
follows.Pronounced d-dot.

0.R dn ===
Print a signed double number d right aligned in a field n characters wide.

DABS d -—— ud
Leave the absolute value ud of a double number.

DECIMAL L0
Set the rnumeric conversion BASE for decimal input-output.

DEF INITIONS L1
Used in the forms:
ccee DEFINITIONS
Set the CURRENT vocabulary to the CONTEXT wocabulary.In the example ,executing vocabulary name
ccce made it the CONTEXT wocabulary and executing DEFINITIONS made both specify wvocabulary
CECC.

DIGIT c nl -—— n2 tF (ok)
cnl -— Ff (bad)

Converts the ascii character ¢ (using base n1) to its binary equivalent n2,accompenied by a

true flag.If the conversion is invalid,leaves only a false flaag. '

DLITERAL d---d (exsecuting)
d --- (eompiling) p
If compiling,compile a stack double number into a literal.Later execution of the definition
containing the literal will push it to the stack.If executing,the mumber will remain on the
stack.

DMINUS dl --- d2
Convert d1 to its double number two's complement.
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oo nl n2 ---  (execute)
addr n --- (compile) P,C2,L0
Oeccurs in a colon-definition in form:

00 ... LOOP

00 ... +L0OOP
At run-time,00 begins a sequence with repetitive execution contrelled by a leop limit nl and an
index with initial walue n2.D00 removes these frem the stack.Upon reaching LOOP the index is
incremented by one.Until the new index equals or exceeds the limit,execution loops back to just
after the D0jotherwise the loop parameters are discarded and execution continues ahead. Both nl
and n2 are determined at run-time and may be the result of other operations.Within a loop 'I'
will copy the current value of the index to the stack.See I,L00P,+L00P,LEAVE.

When compiling within the colon-definition,D0 compiles (DO),leaves the following address
addr and n for later error checking.

DOES> LD
A word which defimes 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 seguence 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-
dimensional arrays,and compiler generation.

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

oPL -=-= addr u,LO
A user variable containing the number of digits to the right of the decimal on double integer
input.It may also be wused to hold the cutput column location of a decimal point,in user
generated formatting.The default value on single number imput is -1.

DROP n =--
Drop the rumber from the stack

ouP n---nn Lo
Duplicate the value on the stack.

EDITOR
Make current vocabulary EDITOR,for sereen editing see section 3

ELSE addr1 nl --- addr2 n2

(compiling) P,C2,L0

ODcocurs within a celon-definition in the form:

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.

At compile time ELSE emplaces BRAMCH reserving a branch offset,leaves the address addr2
and n2 for error testing.ELSE also resocluves the pending forward branch from IF by calculating
the offset from addri to HERE and storing at addcl

EMIT c ——- LO
Transmit ascii character ¢ to the selected output device.OUT i=s incremented for each character
output.

EMPTY-BUFFERS Lo

Mark all block-buffers as empty,not necessarily affecting the contents.Updated blocks are not
written to the disc.This is also an initialization procedure before first use of the disc.
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ENCLOSE addr1 ¢ --- addr1 n1 n2 n3
The text scanning primitive used by WORD.From the text address addr! 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 mot included.This
procedure will not process past an ascii 'mull',treating it as an unconditional delimiter.

END P,C2,L0
This is an 'alias' or duplicate definition for UNTIL.

EMDCASE addr n --=-
Must be used within a colon-definitipn.For use see introduction. The values on the stack are
for compiler error checking.

ENDIF addr m --- (compile) P,CO,LD
Dccurs in a colon definition in form:
IF ... ENDIF

IF ... ELSE ... ENDIF
At run-time,ENDIF serves only as the destination of a forward branch from IF or ELSE.It marks
the conclusion of the conditional structure.THEM is another mame for ENDIF.Both names are
supported in fig-FORTH.S5ee also IF and ELSE.

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

ENDOF addr n ---
Must be used within a colon-definition.For use see introduction. The values on the stack are
for compiler error checking.

ERASE addr m ---
Clear a region of memory te zero from addr over n addresses.

ERROR line --- in blk

Execute error notification and restart os systemJUARNING is first examined.If 1,the text of
line n,relative to screen 4 of drive 0 is printed.This line number may be positive or
negative,and beyond just screen 4.IF WARNING=0,n is just printed as a message number (non disc
inetallation).If WARNING 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
eontents of 1IN and BLK to assist in determining the lecation of the error.Final action is
execution af OQUIT

EXECUTE addr ---
Execute the defition whose ecode field address is on the stack. The code field address is also
called the compilation address.

EXPECT addr coumt —-- Lo
Tranafer characters Ffrom the terminal to address,until a 'return' or the count of charaters
have been received.One or more mulls are added to the end of the text.
.

FENCE --- addr u
A user variable containing an address below which FORGETting is trapped.To forget below this
point the user must alter the contents of FENCE.

FILL addr guan b ----
Fill memory at the addrese with the specified quantity of bytes b.

FIRST —n
i constant that leaves the address of the first (lowest) block buffer
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FLD

--- addr
A user variable for control of number output field width. Presently unused in fig-FORTH.

FLUSH
Will write all screens to RAM-DISC area.Must be used before SAVET.It is recomended that FLUSH
is used after every EDITOR session.
FORGET E,LO
Expected in the form:
FORGET cccc
Deletes definition marked cccc from the dictionary with all entries physically following it.Im
fig-FORTH,an error message will occur if the CURRENT and CONTEXT vocabularies are not currently
the same.
FORTH P,L1
The name of the primary vocabulary .Execution makes FORTH the CONTEXT wvocabulary.Until
additional user vocabularies are defined,new user definitions become a part of FORTH.FORTH is
immediate,so it will execute during the creation of a colon-definition,to select this
vocabulary at compile time.
HERE --- addr Lo
Leave the address of the next available dictionary location.
HEX LO
Set the mumeric conversion base to sixteen (hexadecimal).
HLD -== addr LO
A user variable that holds the addresses of the latest character of text during mumeric output
eonversion.
HOLD £ --- LO
Used between < and §> to insert an ascii character into a pictured mumeric output string. e.g.
will place a decimal point.
I === 0 C,LO
Used within a OO-LOOF =s zopy the loop inder to the stack,Other use is  implementation
dependent.S5ee H.
1D. addr ---
Print a definition's name from its name field address.
IF F - (run-time)
--- addr n (compile) P,C2,L0
Deeurs in a colon-definition in forms:
IF (tp) ... ENDIF
IF (tp) ... ELSE (fp) ... ENDIF
At run-time,IF  =elects expcution based on & boolean flag.If f is true (non-zero),execution
econtinues ahead through the true part.If f is false (zero),execution skips till just after the
ELSE to execute the false part.After either part,execution recumes after ENDIF. ELSE and its
false part are'nptimal.:if missing,false execution skips to just after ENDIF.
At ecompile time,IF compiles DBRANCH and reserves space for an offset at addr.addr and n
are used later for resolution of the offset and error testing.
IMMEDIATE

Mark the most recently made definition so that when encountered at compile time,it will be
executed rather than being compiled. i.e. the precedence bit in its header is set.This method
allows definitions to handle unusual compiling situations ,rather than build them finto  the
fundamental compiler.The user may force compilation of an immediate definition by preceding it

with [COMPILE].
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IN === addr L0
A user variable containing the byte offset within the current input text buffer (terminal or
disc) from which the next text will be accepted.WORD uses and moves the value of IN.

INDEX from to ---
Print the first line of each screen over the range from,to. This is used to uiew the comment
lines of an area of text on disc screens.

INTERPRET
The outer text interpreter which sequentially executes or compiles text from the input stream
(terminal or disc) depending on STATE.If the word name camnot be found after a search of
CONTEXT and then CURRENT it is converted te a number according to the currenmt BASE.That alse
failing,an error message echoing the name with a " 7" will be given.Text imput will be taken
according to the convention for WORD.If a decimal point is found as part of a number,a double
number value will be left, The decimal point has no other purpose than to force this action.See
NLMBER.

KEY ---C L0
Leave the ascii value of the next terminal key pressed.

LATEST === addr
Leave the name field address of the top most word in the CURRENT wocabulary.

LEAVE c,LO
Force termination of a DD-LOOP at the next opportunity by setting the loop limit equal to the
current value of the index. The index itself remains unchanged,and execution proceeds normally
until LOOP or +L00P is encountered.

LFA pfa -—- 1fa
Convert the parameter field address of a dictionary definition to its link field address.

LIMIT ——=n
A constant leaving the address just above the highest memory available for a disec
buffer.Usually this is the highest system memory.

L INK n ---
If n»0 then anything which is printed on the screen will also be sent to the printer attached
to the centronics interface,

LIST n--— L0
Display the ascii text of a screem n on the selected output device.5CR containa the screen
number during and after this process.

LIT -—'n £z2,L0
Within a colon-definition,LIT is 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 stack.

LITERAL n --- {compiling) P,C2,L0
If compiling,then compile the stack value of n as a 16-bit literal.This definition is immediate
zo that it will execute during a colon definition.The intended use is:

t xxx [calculate] LITERAL 3

Compilation is suspended for the compile time calculation of & value.Compilation is resumed and
LITERAL compiles this walue.

LOAD n =-= L0

Begin interpretation of screen n.loading will terminate at the end of the screen or at js. See

15 and —->. 14



Loop addr n --- (compiling) F,C2,LO0

Occurs in a colon definition in form:
0o ... LOOP
At run-time LOOP selectively controls branching back to the corresponding 00 based on the loop
index and limit.The loop index is incremented by one and compared to the limit. The branch back
to D0 occurs until the index eguals or exceeds the limit;at that time,the parameters are
discarded and execution continues ahead.
At compile-time,LO0P compiles (LOODP) and uses addr to calculate an offset to DO.n is used

for error testing.

m* n n2 — d
A mixed magnitude math operation which leaves the double number signed product of two signed
numbers.

m/ dnl --- n2 n3
A mixed magnitude math operator which leaves the signed remainder n2 and signed guotient
nd,from a double number dividend and dividor nl.The remainder takes its sign from the dividend.

m/moo udl U2 =-- ud udh
An unsigned mixed magnitude math operation which leaves a double quotient ud4 and remainder
ud,from a double dividend udl and single divisor u2.

MAX nl n2 --- max Lo
Leave the greater of two numbers.

MESSAGE n =—--
Print on the selected output deuvice the text of line n relative te screen 4 of drive O.n may be
positive or negative .MESSAGE may be used to print incidental text such as report headers. If
WARNING is zero,the message will simply be printed as a number (disc un-available).

MIN nl N2 —- min LD
Leave the smaller of two numbers.

MINUS nl --- n2 LD
Leave the tun's complement of a number.

moD nl nZ -—- mod Lo
Leave the remainder of nl1/n2,with the same sign as nl.

MF 8 pfa --- nfa
Convert the parameter field address of a definition to its field name.

NDOP
A FORTH no operation.Basically does nothing !

NUMBE R addr --- d
Convert a chatacter string left at addr with a preceding count,to a signed double number,using
the current numeric base.lf a decimal point is encountered in the text,its position will be in
DPL,but no other effect occurs.If numeric conversion is not possible,an error message will be
given.

13 n--—F
Used within a colon-definition.The walue n is supplied by the user and leaves a flag on the
stack for conditional branching.

O0FF

Turns the cursor off
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OFFSET

out

OVER

P!

PAD

PFA

FREVY

OUERY

ouIT

R

R/W

R>

=== addr
A user wariable which may contain a block offset to disc drives. The contents of OFFSET is
added to the stack number by BLOCK. Messages by MESSACE are independent of OFFSET.See
BLOCK ,MESSAGE .

Turns the cursor on

nl n2 --- or LO
Leave the bit-wise logical or of two 16 bit values.

--- addr u
A user variable that contains a value incremented by EMIT.The user may alter and examine OUT to
control display formatting.

nl n2 -— nl n2 ni LD
Copy the second stack value,placing it as the new top.

b portf ---
Outputs byte b to portf.So 255 2 P! is equivalent to OUT (2),255

portf --- b
Equivalent to IN (port#).

--- addr Lo
Leave the address of the text ocutput buffer,which is a fixed offset above HERE.

nfa --- pfa
Convert the name field address of a compiled definition to its parameter field address.

=== addr
B wvariable econtaining the address of the disc buffer most recently referenced.The UPDATE
command marks this buffer to be later written to disc.

Input B0 characters of text (or until a "return") from the operators terminal.Text Iis
positioned at the address contained in TIB with IN set to zero.

L1
Clear the return stack,stop compilation,and return control to the cperators terminal.No message
is given.

-=-n
Copy the top of the return stack to the computation stack.

. === addr 1
A user wvariable which may contain the location of an editing curser,or other file related
function. .«

addr blk f ---
The fig-FORTH standard disc read-urite linkage.addr specifies the source or destimation block
buffer,blk is the sequential rumber of the referenced blocks and f is a flag for f=0 write and
f=1 read.R/W determines the location on mass storage,performs the read-write and performs all
error checking.

-—=n Lo
Remove the top value from the return stack and leave it on the computation stack. See >R and R.
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RO

REPERT

ROT

RP@

RP1

5=20

SAVET

SCR

SIGN

SMUDCE

sP!

SPa

SPACE

SPACES

STATE

—-—- addr u
A user variable containing the initial location of the return stack.Pronounced R-zero .See RP!

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 corresponding BEGIN.

At compile-time,REPEAT compiles BRANCH and the offset from HERE to addr.nm is used for error
testing.

nl N2 N3 === n2 n3 ni LO
Rotate the top three values on the stack,bringing the third to the top

=== addr
Leaves the current wvalue in the return stack register.

Initializes the return stack pointer from user variable RO.

N === d
Sign extend a single number to form a double number.

=== addr u
A user variable that contains the initial value for the stack poinmter.Pronounced S-zero. See
SP1

Will output to tape the contents of the RAM-DISC area. N.B. MNever press BRK whilst
SAVEing.Always FLUSH before using SAVET.

--- gddr u
A user variable containing the screen number most recently referenced by LIST.

nd--—-d LO
Storezs an ascii "-" =ign just before a converted numerie output strimg in the text output
buffer when n is negative.n is discarded ,but double number d is maintained.Must be used

between <§ and ff>.

Used during a word definition to toggle the "smudge bit" in a definitions' mame field.This
prevents an un-completed definition from being found durinmg dictionmary searches,until compiling
is completed without error.

A computer dependant procedure to initialize the stack pointer from S0.

—-~ addr
A computer dependant procedure to return the address of the stack position to the top of the
staclk,as it was before SP@ was executed.(e.q. 1 2 5P@ @ ...would type 2 2 1)

La
Transmit an ascii blank to the output device.

n --- LO
Transmit n ascii blarks to the output device.

-—- addr Lo,u
B wuser wvariable containing the compilation state.A non-zero value indicates compilation.The
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value ftself may be implementation dependent.

SwAP nl N2 === n2 nl LD
Exchange the top two wvalues on the stack.
TASK
A no-operation word which can mark the boundary between applications.By forgetting TASK and re-
compiling,an application can be discarded in its emtirety.
THEN P,CO,LO
An alias for ENDIF.
TIB --- addr u
A user variable containing the address of the termimal input buffer.
TOGGLE addr b ---
Complement the contents of addr by the bit pattern b.
TRAVERSE addr1 n --- addr?
Move across the nmame field of a fig-FORTH variable length field. addri is the address of either
the length byte or the last letter.If n=1,the motion is toward hi memoryj if n=-1,the motion is
toward low memory.The addr? resulting is the address of the other end of the name.
TRIAD SCT ---
Display on the selected output device the three screens which include that numbered
scr,beginning with a screen evenly divisable by three.Output is suitable for source text
records, and includes a reference line at the bottom taken from lime 15 of screen &4 .
TYPE addr count --- La
Transmit count characters from addr to the selected output device.
U< ul w2 —— f
Will leave a true flag if ul is less than u2.An unsigned "less-than" operation.
u# ul W2 -—- ud
Leave the unsigned double number product of two unsigned numbers.
UI U e
Will print the unsigned 16-bit value at the top of the stack.
u/ ud ul === w2 u3
Leave the unsigned remainder u2 and unsigned guotient u3 from the unsigned double dividend ud
and unsigned divisor ul.
LUNTIL f —— (run-time)
addr n --—- (compile) p,C2,L0
Occurs within 8 colon-definition in the form:
BEGIN ... UNTIL
At run-time,UNTIL controls the conditional bramch back to the corresponding begin.If f is
false,execution returns to just after BEGIN;if true,execution continues ahead.
At compile-time,UNTIL compiles (OBRANCH) and an offset from HERE to addr.n is used for error
tests.
UPDATE Lo

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



LISE --- addr
A wvarisble containing the address of the block buffer to use next,as the least recently
written.

USER n-— LO
A defining word used in the form:
n USER cccoc
which creates a user variable cccc.The parameter field of cccc contains mas a fixed offset
relative to the user pointer register UP for this user variable.lWhen ccee is later exscuted, it
places the sum of its offset and the user area base address on the stack as the storage address
of that particular variable.

VARTABLE E,LO
A defining word used in the forms:
n WARIABLE ccco
When VARIABLE is executed,it creates the definition cccc with its parameter fleld initialized
to n.When cccc is later executed,the address of its parameter field (containing n) is left on
the stack,so that a fetch or store may access this location.

VOC-L INK === addr u
A user wvariable econtaining the address of a field in the defimition of the most recently
created wvocabulary.All vocabulary names are linked by these fields to sallow control for
FORGETting through multiple vocsbularies.

VOCABULARY E,L
A defining word used in the form:
VOCABULARY cccc

to create a vocabulary definition cccc.Subsequent use of cccc will make it the CONTEXT
vocabulary which is searched first by INTERPRET.The sequence "cccc DEFINITIONS" will also make
ccce the CURRENT wocabulary into which new definitions are placed.

In fig-FORTH,cccc will be so chained as to include all definitions of the wvocabulary in
which cecece is itself defined. All vocabularies ultimately chain to Forth.By convention,
vocabulary names are to be declared IMMEDIATE.See VOC-LINK.

WLIST
List the names of the definitions in the context vocabulary. "BREAK" will terminate this
listing.
WARNING --- addr u
A user wariable containing a value controlling messages.If = 1 disc is present,and screen 4 of
drive 0 is the base location for messages.If = O,no disc is present and messages will be
presented by number.If = -1 ,execute (ABORT) for a user specified procedure.See MESSAGE,ERROR.
WHERE nl n2 -——
When attempting to LOAD a screen if an ERAOR is detected then nl and n2 are left on the
stack.WHERE wuses these values to print the line and an indication of the error.It then makes,
EDITOR the current vocabulary.
._‘,.\,-'
UHILE f === (run-time)

adl 01 =-- adl nl adZ n2 P,C2

Occurs in 2 colon-definition in the form:

BEGIN ... WHILE (tp) ... REPEAT
At run-time,WHILE selects conditional execution based on a Boolean flag f.If f is true (non-
zero) ,WHILE continues exscution of the true part through to REPEAT,which then branches back to
BEGIN.If f is false (zero),execution skips to just after REPEAT, exitinmg the structure.
At compile-time,UHILE emplaces (DBRANCH) and leaves ad2 of the reserved offset.The stack values
will be resolved by REPEAT.



WIDTH

--- addr u
In fig-FORTH,a wuser variable containing the maximimsm number of letters saved in the
compilation of a definition name.It must be between 1 and 31,with a default value of 3.The
name character count and its natural characters are saved,up to the value of WIDTH .The wvalue
may be changed at any time within the above limits.

WORD c --—- LD
Read the next text characters from the input stream being interpreted,until a delimiter
character ¢ is found,storing the packed character string beginning at the dictionary buffer
HERE. WORD leawes the character count in the first byte,the characters,and ends with two or
more blanks.Leading occurances of c are ignored.If BLK is zero,text is taken from the terminal
input buffer,otherwise from the disc block stored in BLK. See BLK,IN.

XOR nl N2 --- xor L1
Leave the bitwise logical exclusive-or of twe values.

[ P,L1
Used in a colon-definition in the form:

t xix [ words ] more ;

Suspend compilation.The words after [ are executed,not compiled. This allows calculation or
compilation exceptions before resuming compilation with ].See LITERAL,].

[ COMPILE ] P,C

Used in a colon-definition in the forms:

¢ xxx [COMPILE] FORTH 3
[COMPILE] will force the compilation of an immediate definition, that would otherwise execute
during compilation.The above example will select the FORTH vocabulary when xxx executes,rather
than at compile-time.

L1
Resume compilation,to the completion of a colon-definition. See [.

MEMOTECH SPECTIFIC COMMANDS

All symbols used are the same as in the MEMOTECH manual,reference section,as are the results of the

command

ADISPR pnv-—

ATTR p state —-—-

CLS

COLOUR pn—

CRYS sl‘?wf;tn———

CSR ) e

CTLSPR Pl

GENPAT dl d2 d3 d4 d5 dE 7 B n p ——-
GR xyp---Ff

This is an eguivalent of the MTX GR$.The flag will be 1 if the pixel at x y is on,and O if off.
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TN colour ---

INKEY -—
Will leave the ascii value of any key pressed during the execution of the word.If no key
pressed will leave a value of 0. N.B. This word has an extremely fast read time.

LINE wl oyl x2 y2 -—-

MISPR pnd-—

PAPER colour ---

PLOT Xy ——

SOUND channel freg volume --—-
SPK -— C

Equivalent to SPK$:Will read the characters at the cursor location,and leave this as an ascii
value.50 its format is 1-

x y CS5R SPK.
SPRITE n pat xp yp xs y= col ---
VIEW dir dis --—-
V5 n--—-

MTX FORTH only uses VS 4 and VS 5.All others may be redefined.

SECTION 3. SCREEN EDITOR,

TEXT C ===
Accept following text to PAD.c is delimiter.

TLINE n --- addr
Will leave address of line n of current screen.
R# --- addr
A user variable which contains the offset of the editing cursor from the start of the screen.
#LOCATE -——-nl n2 4
From the cursor position leave the line number (n2),and the offset into the line (n1).
#LEAD — iinsr-addr of fset
#LAG --- gursor-addr till EOL
-MOVE addr n ---

Move a line of text from addr to line n of current screen.

H n =--
Hold numbered line at PAD.

E i —
Erase line with n blanks. 21



REP

INS

ToP

CLEAR

FLUSH

copy

=TEXT

MATCH

1LINE

FIND

DELETE

N ===
Spread at line n.Line n and following lines move down one.Line n becomes blank.

n ——
Delete line n but hold in PAD.

Mn ===
Move cursor by a signed amount and then print it. N.B. The cursor i= represented by the
underline character _.

N =———
Type line n and save it in PAD

List current screen

Replace line n with text im PAD.

N ===
Put the following text on line n.

n-—=
Spread at line n and INSert text from PAD.

Position cursor at top of current screen.
N ===
Clear current screen.Can be used to select screen n for editing.

Sea section 1 for definition.

m n2 ---
Copy screen n1 to screenm n2.

addr1 count addr? --- flag
True flag if text at addrl matches text at addr2.Count is the number of characters to search
from starting at addrZ.

cursor-addr till-EQOL str-addr str-coumt --- tf
cursor-count-till-end-of-matching-text

Match the text at str-addr with all strings on the cursor line forward from the cursor.The
values left allow the cursor to be updated either to the end of the matching text er to the

start of the next line.

-—-f

Scan the cursor line for a match to PAD text.f represents boolean flag.If true then the cursor
will be placed at text,if false then cursor will be placed at start of next line.

Search for match of text im PAD ,from the cursor position to the end of the screen.If no match
is found then cursor is positioned at top of screen and an error message is given.

r| -
Delete n characters prior to the cursor.
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TILL

Find next eccurance of PAD text.

Input following text to PAD and search for a match from the cursor position to the end of the

SCTEEN,

Back up cursor by text in PAD.
Delete next occurance of following text.
Delete on cursor line wntil end of following text.

Spread at cursor and copy the following text at the cursor line.

PROCGRAMMED BY KEITH JOMES.
PRODUCED BY SYNTAXSOFT.
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.-nl5
The  coxde
save program is therefore:-

LD L #4100 ;SIART OF BLOCK.
P03 L 2000 ;LENGIT OF BLOCE
HOR A

LD (#FDG7) . 1A

LD (#FDG8),A

CALL #0ANE

RET

N.B.

clear V5 0.

for FORTH is located between FA00 and

FG100, Thes

Should you exilt from FORTH then Lype <«CIRL> L in order ko
You may then list the program, where two

lines are

contained which will permit a jump to WARM or COLD start. Do not

Ey e
coxle.,

In Lhe section on Momobech Cotmencd

caomankd has been changed to
CRYS Ntxywhs ===

as per the Memolbech manual.

CRET? straight away as this may overwrite scuwe of Lhoe

5, the syntax for

RN

Lhe Ovs

fig-FORTH GLOSSARY

This glossary contains all of the word del-
Inttiane Iln Reloane | of f1g-FORTH. The

definitions are presented In the order of
thelr maci! mort.

The firac llnm nof
demcciption of
Lhe parameter
order In which
placed on the

aach entry shova 8 aymbolle
the actfaon af the procendure onp
atack. The sysbols indicate the

Input paramecers have been
stack. Three dashss “==-"
Iandicate the executian polat; mny parameters
left an the stnek are listed. In thia
untation, the top of the ftack 1ls to the
riphe.

The aymbolas i{nclude:

Addr neanry addrenms
b B bit byte (Mte. hi B bitas zern)
z ? bie ascit character (hi % bits rera)
d 32 bit signed double integer,
most algnificanmt portien with aign
on top of stacks
I honlean flag. O=falae, non=zero=fruns
Ir bonlean falne Flag=0
16 hit migned inteper number
] I6 bit unmigned integer
LA § boclean true flag=nan-zern

The capital lettern on the
ltion characterinticnt

righe shov dafin-

Cc Hay only be vaed within a colon deffn-
ftion. A digit indicates numher
¢f memory addresses uned, [f ather
than eng.

E Intended for executlon anly.
Level Zero definition of FORTH- 7R
L1 Level One definftion of FORTH=7R

fisan precedence bit met.
even when compiling.
u A uner vartahle.

Hill aRACUE e

Unless stherwise noted, nll teflecencen tan
nunbera are for 16 blt signed intepera. fn

A bhit data hun computerns, the high byte of

a number (m on tep of the Rtack, with the aipn
Iin the leftmost bic. For 12 bit migned dauble
numbers, the most mignificanc part (uwlth. the
algn} is on top.

AlL ardthemetic im Impliciely 16 hit migned
integer math, with error and under=f1lov
indication unmpecfified.
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