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ffiAGON FORTH by Stuart Smith 

FORTH is an extraordinary a:xnputer language developed originally for the 
control of Radio Telescopes by an Arrerican narred Charles Moore. 

FDRI'H is neither an interpreter nor a =npiler, rut combines the best 
features of both to produce a super-fast high level language incorporating 
the facilities offered by an interacti~ interpreter and the speed of 
execution close to that of ll'Bchine-rode. In order to achieve these 
fantastic speeds, FDRTH anploys the use of a data or ocmputation stack on 
which to hold the data or the operations to be perforoed coupled with the 
use of Reverse Polish Notation. This ll'BY be quite a rrouthful, tut RPN is 
very EEsy to use and understand with only a little practice C in fact, 
Hewlett Packard use RPN on ll'Bny of their calculators). 

All standard FORTHs use integer arithrretic for their operations and 
can handle up to 32 bit precision if required - floating p::,int rrethematics 
routines oould be incorporated tut with a reduction in the execution 
speeds of a program. 

OOAGON FOR:l'H ocnsists of a standard Fig-FORTH rrodel, b.Jt with several 
extensions to the standard vocatulary of FDRTH ...ords. By far the rrost 
important extension to CRAGON FDR:rH is the ability to access alrrost ALL of 
the Dragon's c:wn BASIC c:xxmands just as you ...ould when writing a BASIC 
program, and the addition of rreny of the high resolution graphics a:mrands 
as standard OOAGON FDITTH ...ords to speed up even further those programs 
requiring graphics. There is treirendous scope for writing programs 
harnessing the p:,wer of the graphics a:mrands (CIRCLE, OOAW, PAIN!', PLAY 
etc.) with the incredible execution speeds of DRAGON FDRTH - t.'1e 
possibilities are limitless. 

In addition to the basic l.'Xab.Jlary of CRAGON FORTH ...ords, the user 
can very EEsily ADD his c:wn NEW 1-.0RDS using previously defined ...ords, thus 
extending the =atulary and b.Jilding up as complex a ...ord as is necessary 
to do the task in hand - try doing that in BASIC!! ! 

Fully structured prograrrming rrethods are also ~loyed as a 
fundarrental feature of CRAGON FORTH through the use of structured ocntrol 
sequences included, such as: 

IF .•..• EI.SE .. •.• ENDIF 
CO ••••••• WI'IL 

OOAGON FOR:ffi is specifically ocnfigured to rrake rraximum use of the 
capabilities of the Dragon. It is situated in the upper half of rrerrory 
( $3600 onwards> in order to allow you to use the extra HIRES graphics 
pages <SlEXXl to $3600) or indeed to write a. small ell.SIC program. 

A line e::Htor is included in OOAGON FORTH to enable you to write your 
c:wn rnAGON FOR:l'H source oode for later ccrnpilation. Do not allow lines to 
exeed 32 characters, any characters 'wrapping round' are ignored . This 
source oode is stored in rrerrory at S2200 onwards and can be looded or 
saved to tape as and when required. Once the source oode is ocrrplete, it 
ll'BY then be ocpiled into the DRAGON FOR:rn dictionary for later execution . 
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Included in this cbcurrentation is a glossary of Fig-FOHTH terms 
( courtesy of the FURTH INI'EREsr Ql.OUP, FO rox ll05, SAN CAF.LOS, CA 
94070 l. 

The program ' Dragon Forth' 1,0s written by Stuart Smith and is an 
enhancerrent oE a program written by the Forth interest group to lolhan we 
offer our thanks . 

At the tirre oE writing discs are not readily available for the 
'Dragon' and instructions reEering to discs should be interpreted as 
accessing RA.'!. 

Operating Instructions 

1 SWi tch on the computer. 

2 Rewind tape to the beginning. 

3 Key in 0:,01'.IX-1" FORTH " 
press play on the ta~ and 1,0it for the load to a:xra;ilete. 

4 If you CO NOT wish to load in the demonstration,then stop the tape and 
key in EXEC to run ffiAGON FORTH. 

5 If you DO wish to load the demonstration, turn the tape over rewind to 
the start of ' OEM:) ' then key in CLOACM"DEM'.)" and 1,0it for the load to be 
completed. Key in EXEC to run DRAGON FORTH and the words ' DRAG)N FORTH 
VERS 2 .1 ' wi 11 appear. 
NOH to run the demonstration key in 4 101\D and the words 

"PAGE l" 
"PAGE 2 Of DEMJ " 

"FINAL PAGE" 

will appear, and the demonstration will rcM run. 

During the cnmpiling an error rressage will be displayed. Do rot worry this 
is rue to a redeE ini tion of a FORTH word in lolhich case the previous 
Oc!finition i s igncred until the re,; definition is ' Forgotten '. 

In order to stop the demonstration, press the "BREAK " key lo/hen t he words 
"CRAGON FORfH " are being pr i nted on the screen. If you wi sh to resurre the 
derronstration, key in OEM'.) . 

NOTE 

If you have rot loaded the derronstration or havC? not created ymrr o,m 
Forth source code using the editer then DO NOT use the word Wtill since the 
computer nay hang up. 
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IN'l'HODLCT ION '10 ffiAGON FORTH 

Thi s introductio n does not set out to teach FORTH proqramninq but 
rather to serve as a supplement to available t e xts on the subject, 
refe rences include :-

' Star ting For th ' by Brcxlie p..1blish8d by Prentice Hall 

'I:,~_r:oduction to Forth' by K~cht p.1blished by Prentice Hall 

' Di scover Forth' by Hegan p.1blished by McCraw Hill 

OOAGON FORTH syntax ronsists of FORTH -.ords or literals separated by 
spaces and tenninated by a carriage r e turn. A valid narre must not contain 
any enl:edded spaces si nee this will te interpr e ted as two distinct -.ords , 
and rm.ist te l es~ than 31 characters in length. If a -.ord i s entered which 
does not exi st or has teen spelled wro ng l y , or the numter entered is not 
valid in the current base , then an error rressage will te displayed: 

e . g . -FI ~'E will generate an error rressage O since 
the -.ord does not exist . 

HEX l 7FZ will generate an error rressage O since Z 
is not valid in hexadec irral base. 

Other error rres sage s include : 

SfACK EMPI'Y 
SfACK FULL 
DICTIONARY FULL 

In order to program in IBAGON FORTH it i s necessary to define new 
-.ords based on the -.ords already in the vocal::ulary . Values to te passed to 
these -.ords are p.ished onto the stack and if required , the -.ord will p.ill 
these values fran the stack , operate on them, and p.1sh the result onto the 
stack for use by another OOAGON FORrH -.ord . As rrentioned tefore , OOAGON 
FORTH (as do all FORI'Hs) uses Reverse Polish Notation and i nteger numters, 
therefor e no precedence of operators is available, thus all operations are 
perforfl'P-<l in the sequence in which they are found on the stack. 

e . g . 1 2 + 3 * is equivalent to 3*(1+2) 

As can te seen , in RPN the operators are input after the numters on 
which they have to operate have teen input. 

We will now discuss sare of the -.ords in greater depth. 

1. INPITT/OVl'PLII' Operator s . 

this will take the number he ld on the top of 
the stack and di splay it on the tenninal , as its origina l ASCII character. 

e . a . HEX 41 E:'IIT 
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will instruct the FQRrt-l =puter to l!Ove into hexadecimal rrode , pish $41 
onto the stack, a11d then take that nwnber and dislay it on the t ermincl -
in this example the character displayed will be will be an "A". The 
actual character displyed may be any oE the recognisable ASCII ctiaracters, 
a Dragon graphic character, or a oontrol code de~ncting on the value oE 
the number on the stack . 

KEY this will poll the keyboard, wait for a key to be pr essed 
and then p,.1sh the ASCII axle for that key onto the stack without 
displaying it on the terminal. 

e.g. KEY press "A" on the keyboard 

will instruct the =puter to ""3.it for a key to be pr essed (press the "A"l 
and then p,.1sh the ASCII value of this key , in this case $41 (where the ' $ ' 
.implies Hexadecimal 41 ie 65 decimal l onto the top of the stack. In 
order to display this character try the following exa11ple: 

KE.'Y (you will need to press a key ) DI.IT 

rn This will transmit a carriage return and a line Eeed to the 
d i splay . 

Convert the rn.imber held on the stack using the current Bt\SE and 
print i t on the screen with a trailing space. 

e . g. Suppose the stack rontains 16 and BASE i s decimal ( 10 l, then . 
wi l l pr int 22 (16 + 6); if BASE were hexadecimal (16) , then . w::iuld print 
16. 

In order to see this working we will alter the BASF.: and pish num.':::ers onto 
the stack - remem.ter that just by tyoing in a valid numter will 1oesult in 
it being p,.1shed onto the stack . There are two w::irds to alter the Bt\SE: 

HEX 
DECIMAL 

Try: 

Use hexadecimal base 
Use decimal base 

(i) HEX 1F7 . <ffi> (Where <ffi> rreans press carriage return) 
~,is wil l print 1F7 

(iil DECIMAL 2048 . <ffi> 
will print 2048 

(iii) DECIMAL 2048 HEX . <ffi> 
wi ll pr int 800, since this is the HEX B:11Jivalent of 2048 . Rar,er.,l:;e r that 

will rerrove the nwnber fron the stack that it i s printing . 

? print the value rontained at the address on top ot the stack 
using the current base. 

Suppose the top oE the stack oontains FF40 , location FF40/ 41, oontains 
0014 , and current BASE is 10 (DEX:IMAL), then? will print 20 which is the 
decimal B:11Jivalent of 14 Hex. 
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TYPE : This u5es the top 'lWJ rrumbers held on the stack and will print a 
selected nurnber of characters starting at a specific address onto the 
screen. The top rrumber on the stack is the character count and the second 
number is the address to start at. 

e.g. HEX 364F 20 TYPE 
(Note that $364F is p.1shed onto the stack and $20 is i:;ushed on top of it 
$20 = 'IDP; $364F = second). This will print $20 (32) ASCII characters 
corresponding to the data starting at address $364F (Note that much oE 
the output will te unrecognisable unless the data contains correct ASCII 
codes such as for numbers and letters) • 

OOMP This takes its values fron the stack in the same .ay as for TYPE, 
i.e. top = character count, second = starting address. The ootput this 
tirre will ronsist of a dwrp in Hexadecirral of the required area in groups 
of 16 bytes, foll~ by the ASCII character equivalents. 

e.g. HEX 354~ 20 OOMP 
will produce 

37 06 ED 84 20 22 a: 84 . . . . . . followed by characters represented by these 
codes. 

This is used in the form . " character string " and will display 
the string rontained within " " on the screen. 

e.g. . " 'IBIS IS A OiARACTER SrRINS " 
will p.1t 'IBIS IS A QlARACI'ER SIRIN:; on the screen. Note the spaces tetween 
the string and the quotes. 

SPACE : This will display a single blank/ space on the screen. 

SPACES: This will display n spaces on the screen where n is the number on 
the top of the stack. 

e.g. DECIMAL 10 SPACES 
will print 10 spaces on the screen. 

2. M.l\THE.'IATICAL OPERATORS 

+ This will add the top two nurnbers on the stack and leave the 
result as a single nurnber. 

e.g. 1 2 + • 
will print the value of 1 + 2 = 3 oo the screen. Note that the two top 
numbers are removed fron the stack and replaced by a single number - this 
is true of 1TOst FORTH o::mnands in that they remove the values which they 
require to u5e fron the stack and p.1sh the result onto the stack. 

For the p.1rposes of the next examples let us refer to the numbers on the 
stacks as follows: 

Nl top nurnber oo stack ( i.e. first to te rerroved) 
N2 second nurnber on stack (i.e. second to re removed) 
N3 third number on stack (i . e. third to te remosred) 
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To derronstrate this, let us p.1sh three nurnl::ers onto the stack by typing: 

0lFA 0019 1F47 

The stack will look like this: 

1F47 (- Tq:, of stack 
0019 
0lFA 

Note that this illustrates the property of the stack that it is Last In 
First out or LIFO; therefore - have 

Nl 1F47 
N2 0019 
N3 0lFA 

So if - type 

<OD . <rn > • <rn > 

- get 1F47 
19 

lFA 

We will row reswre our explanation of the ll'Bthematical operators. 

This will subtract the se=nd number on the stack fran the top 
number on the stack and leave the result as the top numter. 

i.e. Nl = N2 - Nl 

e.g . 7 11 - . 
will print -4, since the stack ~uld oontain 

Nl lH- 'IDS (Tq:, of stack) 
N2 7 

t:efore the subtraction, and 

-4 f- 'IDS 

after the subtraction. 

• 
result. 

This will rrultiply the top _two nurnl::ers on the stack and leave the 

i.e. Nl = Nl x N2 

e.g. WCIMAL 140 20 * 
~uld print 2800 

/ This will divide the se=nd number on the stack by the first 
nurnl::er and leave the result on the top of the stack. 

i.e. Nl = N2/Nl 

e.g. WCIMAL 1000 500 / . 
will print 2 
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MAX This will leave the greater of the number at the top of the stack 
and the second rumber on the stack . 

e.g. 371 309 M!'.X 
will print 371 

MIN This will leave the snaller of the two numbers on the stack 

e.g. 371 309 MIN 
will print 309 

ABS : This will leave the absolute value of the top rumber on the stack 
as an unsigned rumber. 

Nl = abs(Nl) 

e.g. 47 ABS 
will print 47 

-47 ABS 
will print 47 

MINUS : This will negate the top number on the stack. 
Nl = -Nl 

e.g. 418 MINUS 
will print -418 

-418 MINUS 
will print 418 

l+ add 1 to the 
Nl = Nl + 

2+ add 2 to the 
Nl = Nl + 

top nu.mber on the stack 
1 

top number on the stack 
2 

1- subtract 1 fran the top rumber on the stack 
Nl = Nl - 1 

2- subtract 2 fran the top number on the stack 
Nl Nl - 2 

e.g. 196 2-
will print 194 

M:>D : This will leave the remainder of N2/Nl en the top of the stack 
with the sarre sign as N2 

e.g. 17 
will print 2 

3 M:>D 
( 17/ 3 5 remainder 2) 

/ MJD This will leave the remainder and the quotient on the st.ack of 
N2/ Nl such that the quotient l::ecanes the top number on the stack and the 
remainder l::ecores the second. 
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e.g. 17 
will print 5 

2 

3 /l-0D • rn 
(quotient) 
(remainder) 

3. srACK OPERA'IORS 

DUP This will duplicate the top rumber on the stack. 

e.g. 719 CUP 
will print 719 719 

CROP This will drop the number fran the top of the stack. 

e.g. 111 222 mop 
will print 111 

S,,AP This will swap the top o.u numbers on the stack. 

e . g. 111 222 9,;AP 
will print 111 222 

OVER : This will a:,py the second rumber on the stack, naking it a new 
number at the top of the stack without destroying the other numbers . 

e.g. 111 222 OVER rn 
will print 111 

222 
111 

since the stack before OVER was 

and after OVER is 

copy 

222 r 'IOS 
111 

[ 
lllr-
222 
111 

'IOS 

rn 

IOI' This will rotate the top three numbers on the stack, bringing the 
thi rd rumber to the top of the stack. 

e.g. 1 2 3 IOI' rn rn 
will print 1 

3 
2 

since the stack before IOI' is: 
H- 'IOS 
2 
1 

and after IOI' 
1 r- 'IOS 
3 
2 
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4. OfHER OPERATIONS 

This will store the second number on the stack at the address 
held on the top of the stack. (pronounced "store"). 

e.g. Suppose the stack is as follows: 

3000f-- ms 
E'Fl::E 

This will store FFEE at address 3000/3001 
i.e. FF at 3000 

EE at 3001 

If we key in FF00 2222 ! 
this will store FF00 at 2222/2223 
i.e. 2222 contains high byte FF 
2223 rontains low byte 00 

Renenber that each 16 bit numl:.er takes up 2 bytes. 

@ This will replace the addre ss held on the top of the stack with 
the 16 bit contents of that address. (Pronounced "at") 

Suppose the rrerrory contents are as follows: 

Address: 
Contents: 

then 3600 @ 
will print 1601 

3600 
16 

3601 
01 

3602 
3F 

3603 
16 

3604 
01 

3605 
SE 

If we wish to deal with single bytes then a variation of the above will be 
used. 

C ! will store a singl~ byte held in the second rumber on the stack 
at the address held on the top of the stack. 
~.g. FF 3600 C! 
will store a single byte FF at address 3600. 

C@ This will fetch the single byte held at the address at the top of 
the stack - this single byte will be p.ished on the stack as a 16 bit 
number b.lt with the high byte set to zero. 

e.g. refer to rrerrory rontents shown previously. 
If we key-in 

3600 C@. 
this will print FF (and not FF0l as with @l 

+ 1 This will add the numl:.er held in the second rumber of the stack 
to the value held at the address on the top of the stack (Pronounced 
"Plus-store">. 

e.g. 4 3600 +! 
will add 4 to the value at 3600/3601 
As will be shown latei:, this is of use ..tlen using variables in rnAGON 
f'ORrH. 

- 10 -



5. O)LON IEFINITIONS 

These are the 1IDst powerful and IIDst used forms of data structures in 
IlU'JX)N FORTH, and are so called tecause they tegin with a colon 

Colon definitions allow the creation of new FORTH ..ords based on 
previously defined ..ords. They can be of any length although carriage 
return must te pressed tefore a particular section exceeds 90 characters . 

The general fonnat is : 

new-..ord ..ordl ..ord2 •.•• . ..ordn 

All colon definitions end with a semi-a:ilon 

If , during a a:ilon definition, a ..ord has rot teen previously defined , 
then an error will result. 

The new-..ord is executed simply by typing in its narre and pressing 
return. 

e.g. Suppose 1..ie wish to define a new ..ord to calculate the square of a 
given nurnter. 

We a:iuld oo this by : 

SQUARE DEX:IMAL rn . " THE s:;:)UARE CF " CUP • • " IS " CUP * 

Here - have defined a new w::,rd called SQUARE which will te called by 

nwnber SQUARE CCR) 

e.g. 9 s:)UARE 

will result in 

THE s:)UARE OF 9 IS 81 

If - follow the operation of the ..ord, - see the changes in the stack: 

TOS OPEAATION RESULT 
.j, 

empty 
9 9 s:;:)UARE 
9 rn carriage return 
9 THE SQUARE OF 

9 9 CUP 
9 9 
9 IS 

9 9 OOP 
81 • 

empty 81 

and execution of SQUARE ends at the semi-a:ilon . 

If 1..ie row wished 1..ie a:iuld define a new w::,rd using our w::,rn SQUARE. 
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we are row going tc discuss oontrol structures. It must be realised that 
the control structures can only be inoorporated in oolon definitions else 
an error will be displayed. 

mNrROL srnt.rrURES 

There are essentially t'NO forms of loop operation: 

(i) co 

( ii) IX) 

LCX)p 

+LCX)P 

The first loop structure is used as follows: 

limit start IX) • • • 'FORTH ..ords' • • . LCX)P 

The FORTH ..ords within the loop are executed until start = limit, 
incrarenting the start (or index) by one each time. 

: TESTl 5 0 CO . "FORTH" CR LCX)P; 
Typing in TESTl <CR> 
will print FORTH 

FORTH 
FORTH 
FURTH 
FORTH 

The seoond loop structure is used as follows: 

limit start CO ... 'FORTH ..ords' incrarent +LCX)P 

The FORTH ..ords within the loop are executed fran start to limit with the 
index being incrarented or decremented by the value increment. 

: TESf2 5 0 IX) • "HELLO" 2 +LCX)P 
and executing TEsr2 will print HELLO HELLO HELLO 

Since the limit and the index are held on the return stack, it ..ould be 
useful if we could examine the index. Well, there is a ..ord to do this: 

I This will copy the loop index fran the return stack onto the data 
stack. 

: TEST3 0 10 co I -2 +LCX)P 
will print 
10 8 6 4 2 

ffiNDITIONAL BRAOCHI~ 

Conditional branching must again be used only within a colon definition 
and uses the form: 

IF ( true p:u-t) 
ff ( true part) 
••• ENDIE' 

(FORTH l'l:JRDS) 
( FORTH vlJRDS) 

ENDIE' 
ELSE (false part) ... (FORrH vlJRDS) 
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These oonditional statements rely on testing the top numter on the stack 
to decide whether to execute the 'ffiUE part or the FALSE part of the 
condition. 

If the top item on the stack is true (non-zero> then the true part will te 
executed. If the top item is false ( zero l then the true part will be 
skipped and execution of the false part will take place. If the ELSE part 
is missing then execution skips to just after the ENDIF statement. 

There are several 1rathematical operators which will leave either a true 
( ron-zero l flag or a false ( zero l flag oo the stack to be tested for by 
IF. 

These are: 

0< : This will leave a true flag oo the stack if the number on the top 
of the stack is less than zero, otherwise it leaves a false flag. 

e.g. -4 0< 
will leave a true flag (non-zero}. 

To see this, type 

to print the top number on the stack, which is the flag. This will print 
1 

to show a true flag. 

914 0< • 
will print O (false flag). 

O= : This will leave a true flag on the top of the stack if the number 
on the top of the stack is equal to zero, otherwise it will leave a false 
flag. 

< This will leave a true flag if the second number on the stack is 
less than the top rumber, otherwise it will leave a false flag. 

e.g. 40 25 < 
will print O (false flag). 

If <..e look at the stack during this operation <..e see: 

Operation 

40 
25 
< 

'IDS 
.J, 
40 

40 25 
0 

empty 

> : This will leave a true flag if the second rumber on the stack is 
greater than the top number, else a false flag will be left. 

e.g. 40 25 
will print 1 

> 
( true flag l • 

: This will leave a true flag if the true top rumbers are a:iual, 
otherwise it will lea~ a false flag. 
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No,, for sore examples using the conditional branching structures : 

: TES!'= IF " EPI'H ARE EX:)UAL " ENDIF • " FINISHED " ; 

No,, key in 2 numbers followed by TEST= and a carriage return. 

e.g. 11 119 TES!'= 
This will print FINISHED 

119 119 TEST= 
will print EPTH ARE EX:)UAL FINISHED 

: TES'rl= = IF " EX:)UAL " ELSE " UNEQUAL " ENDII'' CR "FINISf!ED" 

No,, key in 
249 249 TESrl= 
this will print EX:)UAL 

FINISHED 

Try 249 248 TEsrl= 
this will print rnEQUAL 

FINISHED 

Notice how the part after ENDIF 11,0.s executed in roth cases. 

Tuo nore loop structures will OCM be discussed: 

BEGIN 

BEGIN 
REPEAT 

(ffiRTH i'llRDS) 

( ffiRTH i'llRDS ) 

UNI'IL 

1-.ttILE ( FORI'H i'llRC6 l 

Using the BEGIN • • • • UNI'IL the value at the top of the stack is tested 
upon reaching UNTIL. If the flag is false ( 0) then the loop starting fran 
BEGIN is repeated. If the value is true (non-zero) then an exit fran the 
loop occurs. 

Try the following example: 

: illUNI'-COWN ca::IMAL 

100 BEX;IN 1- 00P DUP • CR 
0= UNI' IL • " [X)NE " 

This will print: 
100 

99 
98 

3 
2 
1 
0 
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OONE 

The BEGIN .•. v.llILE .•• REPEA'r structure uses the WHILE condition to abol'.t 
a loop in the middle of that loop. WHILE will test the flag left on the 
top of the stack and if that flag is true, then will continue with the 
execution of words up to REPEAT, which then branches always 
(unconditionally) back to BEGIN. If the flag is false, then WHILE will 
cause execution to skip the words up to REPEAT and thus exit fran the 
loop. 

We will OCM cnnstruct a program to print oot the cubes of numbers fran 1 
upwards until the cube is greater than 3000. 

The cnlon definition cnuld be as follows: 

: CUBE ca::IMAL 0 BEX;IN l+ CUP 
CUP 00P 00P * * 
CUP 3000 < 
WHILE " 'IBE aJBE CF " 
SWAP " IS " CR 
REPEAT 
rROP rROP rROP 

" ALL [X)NE n CR 

You rray get an error rressage "err#4" appearing on the screen; this rreans 
that the word you have just created already exists . This is not a problen 
since the new wol'.d will still be created and all actions referencino the 
word CUBE will be directed to the latest definition using that name: 
New run this by keying-in 

CUBE 

and s.atch the results. 

Try to follO'N l<.'hat is happening by Wl'.iting oown the values on the stack at 
each operation. If you are having any difficulty in cbing this, the stack 
values are shO'Nn belO'N: 

STACK 

'IOS 
-1, 
enpty 
0 
0 
1 

OPERATION 

DEx::IMAL 
0 
BEX;IN 

l+ 

CUI'PlJI' < if any l 

( let us ro,., refer to the nwnber on the stack as N) 

N N 
N N N 

N N N N 
N N N N N 

N N N N• 
N N N' 

CUP 
CUP 
CUP 
CUP 
* 
• 

N N N'N' CIJP 
N N W N3 3000 3000 

N N N'flag (1 or 0) < 
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If '!RUE: 

N N Nl 

N N>N 
N N1 

N 
N 
t,; 

If FALSE: 

N N 
N 

enpty 

WHILE 
• " 'niE QJBt,; OF " 
s.-lAP 

" IS " 

rn 
REPEAT 

CROP 
OOP 
CROP 

" ALL [l)NE " 
Cl. 

THE OJBE OF 

N 
IS 
N3 
carriage return 
(branch back to BEGIN) 

ALL [l)NE 

In fact, it is a good idea to check the stack cx:mtents during the 
execution of any' new CRAG'.)N FORTH =rd to nake sure that it is =rlcing 
correctly. 

CDNSTANJ.'S AND VARIABLES 

[lUIG)N FOR'lli also allows you to define }'Our o.m oonstants and variables 
using the FORTH =rds: 

CDNSTANI' 
VARIABLF.: 

When a oonstant is called up this causes its VALUE to be p.1shed onto the 
stack, however, lot!en a variable is called up this causes its ADDRESS to be 
pushed onto the stack and the ll<AGON FORTH 1"1tJrds ! and@ are used to 
nodify the contents of the variable. 

A. oonstant is defined by using the form: 

value CDNSTANI' name 

and any reference to the name will cause the value n to be r,ut on the 
stack. 

A. variable is defined using the form: 

value VARIABLE name 

and any reference to the nall'e will result in the address of that variable 
to be p.Jt on the stack for further IIBnipulation using ! and @. It is 
essential that you realise the difference, between the oontents and the 
address of a variable. 
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No-/ for sore examples: 

64 CDNSTANI' P 
1000 ffiNS'I'AN'I' Q 

256 VARIABLE X 
0 VARIABLE Y 

p Q + will print the 
X will print the 

X @ will print the 
p y will store the 
y X will store the 

value of P + Q i.e. 1064 
address of X, not its value 
value of X i.e. 256 
V'alue of Pin the variable Y 
address of Yin the variable 

orHER CDMMJNLY lSED CRAGON FDRI'H 1--l:)Rffi 

X 

Lisr : this will list the a:mtents of the screen ruml:er held on the top 
of the stack. 

e.g. 5 Lisr will list screen 5 on the screen. At the rranent the screens 8 
and upwards will a:mtain garbage since oo editing has been carried oot. 
If you have already run the <Bronstration progra.-n then screens 4-7 will 
contain the source code for this, otherwise they too will amtain 
garbage. 

FDRGEI' : this is used to delete part of the f.Rl\GON FURTH dictionary. Not 
only will the -.ord following FURGEI' l:e erased, bJt so will every -.ord 
defined after it! 
e.g. FORGE!' EXAMPLE will delete the -.ord EXA.'IPLE (if it exists) along with 
any other -.ords defined after it. 

VLisr : this is just typed in as a single -.ord with no [Eracneters. It. 
will cause a list of all the -.ords defined so far; pressing the ffiEAK key 
will stop the listing. 

Note: DLl, DL0,Q'.), BL, 81.CCK-READ, 81.CCK-WRITE, DLisr, INDEX and TIUAD oo not 
apply to !FAQ'.)NFORrn and should not l:e used. 

WAD : this will cx:xnpile the source code that you have created using the 
editor into the I:RJIGON FDRTH dictionnary to tecare new [RIIG)N FDRTH -.ords. 
Loading will terminate at the end of a screen or at the ffi/\GON FURTH -.ord 
;S, unless the "cxmtinue loading" -.ord -> is used at the end of a screen. 
The idea of the screen will l:ecare obvious in the next section on editing. 
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lE INS 'IH i,; ill rIDR 

Included in this version of OOAGON FDRTH is a line e::litor to enable you to 
create source or text files. To facilitate text e::liting, the text is 
organised into blocks of 256 bytes, divided into B lines of 32 characters 
to enable it to fit neatly onto a single CRAGON display screen. Once the 
text has been edited, it rray then be cx:xnpiled into the DRAGON FORTH 
dictionary and the text can be saved to tape. The text is stored in 
rrem:,ry in the extra graphics i;:ages at $2200 and $3600 therefore you can 
edit into screens 4 to 27. If d.ldng a program the extra graphics i;:ages 
are going to l::e needed for graphics or for storing BASIC variables such as 
large arrays, then the text will need to be saved to tape otherwise it 
will be overwritten and lost. 

Here is a list of the e::litor a:mnands and their descriptions: 

H This will OOLD the text pointed to by the top nurnl:er on the stack of 
the current screen in a temporary area kn=n as PAD. 
e.g. 4 H will hold line 4 of the current screen in PAD. 

S Fill (SPREAD) the line number at the top of the stack with blanks, 
and shift d:Jwn all subsequent lines by 1, with the last line being lost. 

e.g. 6 S will fill line 6 with blanks, rove all the other lines d:Jwn by 1 
pushing the last line off the screen. 

D Delete the line number held oo the stack. All other lines are roved 
up by 1. The line is held in PM in case it is still needed. 

E Erase the line number at the top of t.'ie stack by filling it with 
spaCP.S. 

RE : Replace the line number at the top of the stack with the line 
currently held in PAD. 

P Put the following text at the line !Umber held on the stack by 
overwriting its present rontents. 

INS : Insert the text fran the PAD to the line number held oo the stack. 
The original and subsequent lines are roved cbwn by 1 with the last line 
l::eing lost. 

CLEAR Clear the screen number held on the stack, and rrake it the current 
screen. 

~ : If an error oc=s during the loading of mAGON FDRTH text 
screens, then keying in 'IHERE will result in the screen number and the 
offending line l::eing displayed. You can re,, use the other editing cx:mrands 
to e::lit this screen or you rray rove to another screen by either listing or 
clearing it. 

e.g. 15 Lisr will ro,, rrake screen 15 the current screen, and will list the 
rontents. 

In order to a::rnpile this screen into the dictionary, it is necessary to 
use the "'°rd LOAD. 
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IDAD 

This will start loading at the screen number held on top of the stack and 
will stop at the end of the screen. 

If you wish to rontinue and load the next screen, the current screen must 
end with-> 

-> 

This l!Eans "rontinue loading and interpreting". 

If you wish to stop the loading anywhere in a screen then use ;S 

;S 

This nea.ns "stop loading and interpreting". 

At the end of every editing session, t:efore saving your text, it is 
necessary to FLCSH the rrarory bJffers into the text area. To do this just 
key in Flush 

FLCSH 

This allows you to save your text on tape using 

B[ CSAIJE.'1 "filenarre", &H2200, &H3600, &H3742] 

There OCM follows an example on tv,., to edit a text file: 

The first s tep is either to LISr or a.EAR the screen al::out to be "°rked 
on: 

9 a.EAR 

This sets the current screen to 9. To insert text into this screen we use 
the ..ord P: 

0 P 'IBIS IS HO\~ TO RJ'l' <CR> 
l P TEXT 00 LINE 1 <CR> 
2 P LINE 2 <CR> 
3 P AND LINE 3 CF IBIS s::REEN <CR> 

9 LIST will produce 

s:::R # 9 
0 IBIS IS fo-1 TO RJ'l' 
l 'IBXT 00 LI NE l 
2 LINE 2 
3 AND LINE 3 OF IBIS s:::REEN 
4 
5 
6 
7 

- 19 -



PCCESSI~ BASIC 

OOAGON FORTH is even oore powerful than standard Forths in that it allows 
you to access nearly all the BASIC crmnands (except those which require 
line numters such as roro GJSUB - see list further on) 

Variables rray be used as space is reserved for them in the extra graphics 
pages and string variables have 2K reserved for them at the top of 
rrerory. 

The BASIC -.ords are accessed in the following rranner: 

B[ .... Basic statements •••• ] 
with the BASIC -.ords in between [and J 
( [ is shift Carrow cbwnl and J is shift (right arrow) l. 
e.g. B[ PRINT 12345] 

Multiple statements rray be p.it between the [ and J if required. 

The text data will be saved and loaded using the rrachine oode save and 
load crmnands in BASIC: 

To SZ\VE a text file use 
B [ CSAVEM " filename ". &H2200, &H3600, &H3742] 

To WAD a text file use 
B [ a.o~ " filename " J 

When handling strings in BASIC via the B[ -.ord it i s necassary to take the 
following steps if handling strings in the 'Imnediate ' rrode (i.e. outside 
a colon definition): 

The string must be defined with a lVLL string added in order to preserve 
it. 

e.g. try :-

B[ AS="IBAGONFDRTH" ] 
B[ PRINT AS ] 

and you will see that the string has teen lost. 

Now T_ry 

B[ AS="IBAGONFORTH"+""] 
B[ PRINT AS ] 

and you will see that this t.irre the string has been preserved. 

The addition of the WLL string is only necessary if using strings outside 
colon defenitions. 

Try :-

: STRi i'G B[ BS="ffiAGONFORTH" ]; 
STRii'G 
B[ PR II-IT 9S ] 

and the string is OK. 
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Run the derronstration program and l i st screens 4-18 to see rrore exampl~s 
of ffiAGON FORTH . 

It is [X)Ssible to execute BASIC a::mrands irrmediately or to place then 
within oolon definitions: 

e.g . B[ PRINI' " HELLO " ] 

will i.mrediately execute and print HELLO, 

: TEST B[ PRINI' " HELLO " ] ; 

will compile a =rd called TEsr which can be executed by keying in 

TESr 

•..mich will again print HE.'LLO . 

When inputting text in the "i.mneniate" rrode, you rray type in up to 90 
characters before pressing carriage return. 

If an error is detected during the execution of a BASIC a:mrand then an 
error rressage (as in BASIC) will be output and control will return to the 
"i.mrediate" rrode of ffiAGON FOR'l'H. 

If you are using the high-resolution graphics rrode, it is necessary to 
issue a BASIC 'PRINT' carrrand in order to return to the text inp.1t rrode, 
in fact it rray well l::e =rthwhile to define a ffiAGON FDITTH 1,,Qrd to do 
this. 

: TEXT B[ PRINI' ] 

Another use ful 1,,Qrd to define is a 1,,Qrd to enter the graphics rrode. For 
example, to enter rrode 3 -

: ffi B[ Pr-ODE3 : SCREENl,0 

Try this example: 

K'.LS J 

Firstly, define the 1,,Qrds TEXT and rn as above Can error rressage 4 will be 
printed in relation to TEXT rut this will not cause problems). 

Then 

ffi B[ CIRCLE (100,100), 75, 3: PAIN!' (100,100)) , 3, 3 PAIN!' (1,1), 2 , 3] 

Since you are rvw in the high-resolution graphics rrode you cannot see what 
you are keying in, so carefully key in 

'lliXT 

to return to the text input rrode. 

Although the power and ll"!rsatility of ffiAGON FDRTH i s enhanced by the 
ability to interface to BASIC , there are some lirnit~tions invol ved in this 
interfa~: 
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LIMI'l'A'fION 'ID BASIC INI'ERFACE 

In general, any oomnands which involve line numbers or cannot be used in 
the i.rrrnediate node of BASIC will generate errors in OOAGON FDRI'H. 

The following a::,urnands require line numbers and therefore cannot be used: 

roro 
OJSUB 
ON ••• roro 
ON ••• OJSUB 
RETURN 

The following amnands give errors CID) when executed in the imrediate 
rrode and therefore cannot be used: 

INPtJI' 
OEF 
READ 
DM'A 

This next list of amnands are SYSfEM amnands which require a BASIC 
program to cperate on, and therefore cannot be used in CRAGON FDR'lli 

LIST 
EDIT 
CON!' 
Nt"W 
RENUM 
RUN 
DEL 
TRON 
TROFF 

Other oomnands to be avoided are: 

SIDP and END - since these return a::,ntrol to BASIC 

FDR ••• NElCT' - this will execute mrrectly, rut returns with a ~AX 
error on a:rnpletion. 

DIM should be used with great care as there is only limited space 
avail~ble for variables in BASIC 

lK for nurreric variables 
2K for string variables 

However, it is perfectly safe to use all the GlAPHICS amnands and all the 
MU3IC/ 9JUNO amnands. 
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FDR'fH GRAPHICS (l)W1AN[)S 

In addition to the BASIC graphic a:iuvnands which can be accessed via the 
BASIC interface, 11\3.ny of the high-resoluution graphics a:mnands have been 
implemented as standard mAGJN FDR'Ili =rds to enable even faster 
11\3.nipulation of the grpahics screens. 

FOR'rH w::JRD 

PPOIITT' 
ffiESET 
PSET 
LINE,S 
LINE,S,B 
LINE,S,BF 
LINE,R 
LINE,R,B 
LINE,R,BF 
PUT 
GET 
GET,G 
PlJr, S 
ror,R 
PITT,AND 
PlJI',OR 
PUT,~ 
GE:l'KEY 

EA.SIC EX)UIVALEITT' 

PPOINI' 
PRESET 
PSEr 
LINE,PSEI' 
LI~,PSEI',B 
LINE, PSEI', BF 
LINE,PRESEI' 
LINE,PRESEI',B 
LINE,PRESEf,BF 
PUT 
GEl' 
GE:f(X ,Y )-(X ,Y ),array,G 
PITT( )-( ), ,PSEI' 
PUT( )-( ), ,PRESET 
PITT( )-( ), ,AND 
PUT( )-( ), ,OR 
ror< >-< >, .N:11' 
INKE'i$ 

There is an additional =rd called SHAPE defined in ffil\GJN FORTH which 
allows the user to 11\3.nipulate graphics shapes by a name via the PUI' and 
GEr cx:mnands and their options. 

There row follo,;s a l!Dre detailed aca:Junt of the ffil\GJN FOR'I'H graphics 
=rds. 

SHAPE: this =rd allo,;s you to reserve space for a shape to be 
rra.nipulated using PUT and GE!' (with options) in much the sarre .ay as an 
array is used in BASIC. The length and height of the area to be saved are 
used to reserve the space . 

The general form is: 

length (x 2 -x,) height Cy, -Y. J SHAPE shape-narre 

e.g. 20 10 SHAPE RCCKET 

will reserve a space for a shape named RXKEI' which has a length of 20 and 
a height of 10. 

The SHAPE cx:mnand rrust be used to define a shape and reserve S!Jilce for it, 
before it can be 11\3.nipulated by PUT and GEl'. 

GE:r: this allo,;s you to get an area of screen rrarory into the area 
defined by SHAPE. 

The general form i s: 

X-OJOrdinate Y-OJOrdinate shape-name GET 
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..-here x-coordinate and Y-O'.lOrdinate are at the top left had corner of the 
screem area to be cpt. 

Shape-!1cllre is the name of a previously defined shape using SHAPE . 

It is not necessary to specify the oottom right corner since this is 
cala.ilated by CRAGON FDRrH fron the length and height used in defining the 
shape by SHAPE. 

ALL the Pl1I' and GF.."r a:mrands, including their various options , i.e. PlJT,OR 
; PUT, PSl'."T etc., use the form: 

X-coordinate Y-=rdinate shape-name 

where -- are any of the ror/G!IT a:mrands. 

PU1': allows you to plt data onto the screen fran a previously defined 
s.'1ape. This can be used only if GET was previously used. 

e.g. 20 10 SHAPE RCCKE:I' 
100 100 RXl<E1' GET 
150 150 RXl<El' PUI' 

will reserve space for a shape called rocket .ihich will be of length 20 
and height 10. Data will be cpt from the area of the screen 
(100,100)-(120,110) into the area reserved for RCCKIT. 

This data will then be put back on the screen at O'.lOrdinates 
(150,150)-(170,160). 

GET, G: this <:bes the saire as GET except that it allows the use of the 
"PUr, q:ition" form of the PUT comand. 

PITT, S 
PITT, R 
PU1',AND 
PITT,OR 
PlJT, tiO'I' 
with the 

these can only be used if the GET,G q:ition was previouslyy 
shape. 

e.g. 20 10 SHAPE MISSILE 
50 50 MISSILE Q:.""T, G 

100 100 MISSILE Pur,s 

This will reserve space for a shape called MISSILE. 

Get data fron screen ( 50, 50 )-( 70, 60) into the shape and allow use of PUI' 
options. 

Put data onto the screen fron the shape in the saire way as it was taken 
from the screen. 

PUI',S; PUT,R; PUI',AND; PUI',OR; PU1',ti0'1' q:ierate on the screen data in the 
saire way as their BASIC e::iui valents. 
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PSE:r: this will set a specific p:,int to a specified colour. 

X Y C PSIT 

e.q. 100 150 3 PSE:r 

will set paint (100,150) to colour 3. 

PRJ:::SE:r: will reset a particular [X)int to the background rolour, i.e. 
turn it off. 

X Y PRESE:r 

e.g. 150 75 PRESl,.'l' 

will reset the [X)int (150,75). 

PPOINI': this tests a specific high resolution [X)int and returns the 
colour rode of that p:,int if it is on, if it is off. 

The colour rode will re returned to the top of the stack. 

X Y PPOINI' 

e.g. 100 150 PPOINI'. 

will print 3 if the example shown in PSE:T was carried a.it. 

G'c.--rl<EY: this will test the keytoard and leave the ASCII value of the key 
pressed on the stack or zero on the stack if no key is pressed. This will 
not .ait for a key to te pressed as in KEY. 

All the various forms of the LINE a:mnand use the general form of: 

X Y X Y 

where X Y are the start roordinates of the line and X Y are the end 
roordinates of the line. 

e.g. 100 100 150 150 LINE,S 

will draw a line in the current foreground colour fron <100, 100) to 
(150,150). 

If X and Y are entered as negative numl::ers (any negative numl::ers will 
d::>), then the start [X)int is taken as the last end [X)int of the LINE 
conmand. 

e.g. -1 -1 200 180 LINE,S 

will draw a line fran cisn,150) to (200,180) if the previous example .as 
used. 

Again, the CRAG)N FORTH -.ords operate in the sarre rranner as their BASIC 
equivalents 
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FORTH ERROR MESSAGES 

The following error iressages 110y occuur, and they will be printed oot 
using the appropriate error number: 

err - this J1Eans a =rd a:iuld not be found or that a nUJ1Eric conversion 
could not take place. 

e.g. 109Z 

err 1 - this indicates an empty stack, andd will be encountered when 
trying t.o take ITOre values fran the stack than exist. 

Try: TESTl 1000 0 00 ? srACK IF.OP LJX>P ; 
TESTl 

?SrACK is a i.ord which tests the stack for oot of t:ounds. 

err 2 - this indicates that either the dictionary has grown I.IP to J1Eet the 
stack ( dictionary full) or the stack has grown cbwn to J1Eet the 
dictionary. 

Try: TESr2 1000 0 00 ?SrN:K. 0 0 0 0 0 I.(X)p ; 
TEST2 

err 4 - this rreans that you have redefined an existing =rd using a new 
a:ilon cefinition 

: TEXT B[ ? ] ; 

this is not really an error sincee the new i.ord is still valid, b.lt the 
old definition cannot be accessed unless you FORGE!' the new one. 

err 17 - this will occur if you try to use a i.ord in the 'i.rnrediate' rrode 
which should only be used during a:mpilation, i.e. during a:ilon 
cefinitions. For a list of such i.ords see the glossary (words with "C" in 
the top right hand a:irner of cescription). 

Try: [l) 

IF 

err 18 - this occurs if a i.ord creant for execution only is p_1t within a 
colon cefinition. 

err 19 - this creans that a a:ilon cefinition oontains a:inditionals that 
have not been pc1ired. 

e.g. a LJX>P without a 00 
an END IF without an IF 

Try: TEST3 ELSE • " ~Ot-G " 

err 20 - this occurs if a oolon cefinition has not been properly 
finished. 

Try: TEST 4 IF II OK II 
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err 21 - this rreans that you have tried to delete so:rething in the 
protected part of the mAGJN FDRTH dictionary. 

FORGEr ro 

err 22 - this implies the illegal use of -> when not loading text 
screens. 

-> 

err 23 - this happens when you try to edit a non-existant line of screen 
data. 

Try: 12 D 

There are a further b,,,o errors which occur when editing or loading OI 

listing screens of data. 

Range? - this rreans that you are trying to access a screen which is a.it of 
rounds of the rremory. The screens must be in the range 4 to 23 
inclusive. 

Try 25 Lisr 

Drive? - this occurs when you try to access a ron-existant disc drive. 
Again, rote that mAGJN FDRTH uses a simulation of disk in rremory Eron 
$2200-$3600, and therefore rx:, use should be trade of the carmands w'iich 
specifically apply to disk. D::l rot use CR0, au or GJ. 
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Fig-FORTH GrDSSARY 

This glossary contains all of the =rd definitions in Release 1 of 
fig-FORTH. The definitions are presented in the order of their asc11 sort 
and are reproduced courtesy of the FOITTH INI'ERESr GROUP, ro rox 1105, SAN 
CARLOS, CA 94070. 

The first line of each entry shows a sym!::olic description of each action 
of the procedure on the parameter stack. The symt:ols indicate the order 
in which input parameters have reen placed on the stack. Three dashes 
•--" indicate the execution point; any parameters left on the stack are 
listed. In this rotation, the top of the stack is to the right . 

The symt:ols include: 

addr 
b 
C 

d 
on top 
f 
ff 
n 
u 
tf 

rrerrory address 
8 bit byte (i.e. hi 8 bits zero) 
7 bit ascii character (hi 9 bits zero) 
32 bit signed oouble integer, ITDst significant portion with sign 

of stack. 
boclean flag. 0 = false, oon-zero = true. 
boclean false flag= 0. 
16 bit signed integer rrumber. 
16 bit unsigned integer. 
boclean true flag= oon-zero. 

The capital letters on the right show definition characteristics: 

C "1.ay only t:e used within a colon definition. A digit indicates 
numter of ITE!TOty addresses used, if other than one. 

E Intended for execution only. 
W Level zero definition of FORTH-78. 
LI Level one definition of FORTH-78. 
P Has precedence bit set. Will execute even when oompiling. 
U A user variable. 

Unless other..,ise ooted all references to numl::ers are for 16 bit signed 
integers. On 8 bit data b.ls a:rnputers, the high byte of a numter is on 
top of the stack, with the sign on the leftrrost bit. For 32 bit signed 
rouble numl:ers, the ITDSt significant bit (with the sign) is on top. 

All arithrretic is implicitly 16 bit signed integer rrath, with error and 
underflow indication unspecified. 

n addr -- ID 

Store 16 bits of n at address. Pronounced "store". 

!CSP 

Sal,,'P, the stack position in CSP. Used as part of the oompiler security. 
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dl -- d2 ID 

Generate Eron a double number dl, the next ascii character which is placed 
in an output string. Result d2 is the quotient after division by BASE, 
and is maintained for further processing. Used between <~ and #>. See 
#S. 

#> d -- addr a:iunt w 

Terminates nwreric ootput oonversion by dropping d, leaving the text 
address and character count suitable for TYPE. 

addr 

Used in the form: 

P,LO 

nnnn 

Leaves the parameter field address of dictionary =rd nnnn. As a compiler 
directive, executes in a:ilon definition to compile the address as a 
literal. If the =rd is oot found after a search of a)ITTEXT and OJRREITT , 
an appropriate error rressage is given. Pronounced "tick". 

Used in the form: 

P,LO 

cccc) 

Ignore a coment that will be delimited by a right parenthesis on the same 
line. May occur d\Jring execution or in a oolon-definition. A blank after 
the leading parenthesis is required. 

(.") C+ 

The run-time procedure, a:mpiled by • " which transmits the following 
in-line text to the selected ootput device. See • " 

( ;ffiDE) C 

The run-tirre procedure, ca:npiled by ;ffiDE, that re-writes the code field 
of the ITDSt recently defined =rd to point to the following machine code 
sequence. See ;Cx:JDE. 

C+LOJP) n -- C2 

The run-tirre procedure a:xnpiled by +LCOP, which increments the l oop indP..x 
by n and tests for loop ca:npletion. See +lCOP. 

CAOORT ) 

Executes a f t e r an erro r when M'IRNIN::; is - 1. Thi s v.0rd normally execute s 
AOORT , bJt rray be alte red (·.,ith care ) to a user ' s alternative procedure. 
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The run-time procedure cnnpiled by ro which llDves the l=P rontrol 
pararreters to the return stack. See CO. 

(FIND) addr 1 addr 2 
ad:ir 1 addr 2 

pfa b tf (okl 
ff (bad) 

Searches the dictionary starting at the name field address addr 2, 
matching to the text at addr 1. Returns pararreter field address, length 
byte of name field and boolean true for a good match. If no natch is 
found, only a boolean false is left. 

(LINE) nl n2 addr rount 

Convert ttie line number' nl and the screen n2 to the disc ruffer address 
cont aining the data. A rount of 32 indicates the full line text length. 

(UXlP) C2 

The run-time procedure cnnpiled by UXlP which increrrents the loop index 
and tests for loop cnnpletion. See IOOP. 

(NUMBEHl dl addr 1 d2 addr 2 

Convert the ascii t:P..xt t:eginning at addrl + 1 wi th regard to BASE. 
new value is accumulated into cxmble number dl, being left as d2. 
is the address of the first unconvertible digit. Used by t>UMBER. 

* nl n2 -- prod LO 

Leave the signed product of two signed numbers. 

*/ nl n2 n3 n4 LO 

The 
Addr2 

Leave the ratio at n4 - nl *n2/n3 where all are signed numbers. Retention 
of an intenrediate 31 bit product permits greater accuracy than would be 
available with the sequence nl n2 * n3 / 

* / !-OD nl n2 n3 -- n4 n5 LO 
Leave the quotient n5 and remainder n4 of the operation nl*n2/n3. A 31 
bit intenrediate product is used as for*/ . 

+ nl n2 -- sum LO 

LeaVP. the sum of nl+n2. 
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n addr ID 

Adi n to the value at the address. Pronounced "plus-store". 

nl n2 n3 

Awly the sign of n2 to nl, which is left as n3. 

+BUF addrl -- addr2 f 

Advance the disc b.lffer address addrl to the address of the next b.lffer 
acldr2. Boolean f is false when addr2 is the b.lffer presently p:,inted to 
by variable PREV. 

+I.JXlP nl 
addr n2 

Crunl 
Ccanpilel P,C2,LO 

Used in a rolon-definition in the form: 
CO nl +IDCP 

At run-time, +IDCP selectively rontrols branching back to the 
rorresponding CO based on nl, the loop index and the loop limit. The 
signed increrrent nl is added to the index and the total cx:rnpared to the 
limit. The branch back to CO occurs until the new index is equal to or 
greater than the limit Cnl>Ol, or until the new index is equal to or less 
than the limit Cnl<Ol . Upon exiting the loop, t.~e parameters are 
discarded and the execution rontinues ahead. 

At conpile time, +I.JXlP a:rnpiles the run-time =rd ( +IDCP l and the branch 
offset conputed fran HERE to the address left on the stack by CO. n2 is 
used for a:xnpile time error dlecking. 

+ffiIGIN n -- addr 

Leave the rrerrory address relative by n to the origin parameter area. n is 
the minimum address unit, either byte or =rd. This definition is used to 
access or m::xl.ify the boot-up par~ters at t.~e origin area. 

n -- ID 

Store n into the next available dictionary rremory cell. Advancing the 
dictionary p:iinter. Ccomna). 

nl n2 -- diff 

Leave the dif ference of nl-n2. 

- > 

ID 

P,LO 

Continue interpretation with the next disc screen. (Pronounced 
next-screen). 
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-DUP nl 
nl 

nl (if zero) 
nl nl (non-zero) LO 

Reproduce nl only if it is non-zero. This is usually used to copy a value 
just befor e IF, to eliminate the need for an ELSE part t o drop it. 

- FIND pfa b tf 
ff 

(found) 
(not found) 

Accepts the next text ..ord (delimited by blanks) in the input stream to 
HERE, and searches the <XJNI'EXT and then OJRRENI' vocab.llaries for a 
rratching entry . If found, the dictionary entry's parameter field address, 
its l er.gth byte, and a boolean true is left. Otherwi se , only a boolean 
false i s l eft. 

- 'ffiAILif'X:; addr nl addr n2 

Adjusts the dlaracte r munt nl of a text string beginning address to 
suppr ess the output of trailing bla~ks . i.e. the dlaracters at addr+nl to 
addr+n2 are blanks. 

n -- LO 

Print a numl::er from a signed 16 bit two ' s a:roplement value, mnverted 
according to the nurreric BASE . A trai 1 ing blank follaws . Pronounced 
"(X)t " a 

P,LO 

Used i n the fonn : . " cccc" 

Canpiles an in-line string cccc (delimited by the trailing ") with an 
execution procedure to transmit the text to the selected output device . 
If executed outside a definition, " will imrrediately print the text until 
the final ". See ( • ") . 

.LINE line scr --

Print on the t enninal device, a line of text fran the di sc by its line and 
screen number . Trailing blanks are suppressed. 

.R nl n2 

Print the numl::er nl right aligned in a fi e l d whose width is n2. No 
follawing blanks printed . 

I nl n2 quot LO 

Leave the signed quotient of nl/n2. 
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Jl,OD nl n2 -- rem quot IJJ 

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

0 1 2 3 -- n 

These snall numl:::ers are used oo often that it is attractive to define them 
by narre in the dictionary as oonstants. 

O< n f IJJ 

Leave a true flag if the number is less than zero (negative), otherwise 
leave a flase flag. 

O= n f IJJ 

Leave a true flag if the number is equal to zero, otherwise leave a false 
flag. 

OBIWOl f C2 

·rhe run-time procedure to oonditionally branch. If f is false (zero), the 
following in-line i:arameter is added to the interpretive pointer to branch 
ahead or back. Canpiled by IF, UNI'IL and WHILE . 

l+ nl n2 Ll 

Increment nl by 1. 

2+ nl -- n2 Ll 

Leave nl incremented by 2. 

P,E,IJJ 

Used in the form called a rolon-definition: 
: cccc 

Creates a dictionary entry defining cccc as e:.uivalent to the following 
sequence of Forth word clef ini tions ' ... ' until the next ' ; ' or ' ;CXlDE' . 
The conpiling process is done by the text interpreter as long as srATE is 
oon-zero. Other details are that the CXlITTEXT vocabJlary is set to the 
CURREN!' vocabJlary and that words with the precedence bit set (P) are 
execut~ rather than being conpiled . 

P,C,LO 

Terminate a rolon- def i nition and stop further axnpilation . Canpiles the 
run-time ;S. 

- 33 -



;(X)D€ P,C,LO 

Used in the form: 
cccc ;(X)DE 

assembly mnerronics 
Stop a:rnpilation and terminate a new defining -.ord = by compi ling 
c ;(X)D£). Set the cnNrEXT 1.0earulary to ASSEMBLER, assembling to rrachine 
code the following mnerronics. This facilty is included for those users who 
may wish to write a 6809 Assembler in FORTH. 

When cccc later executes in the form: 
cccc nnnn 

the w:>rd nnnn will be created with 
rrachine code following =· That 
by jurping to the code after nnnn. 
in =c prior to ;(X)DE. 

;S 

its execution procedure given by the 
is, when nnnn is executed, it cbes so 
An existing defining w:>rd must exist 

P,LO 

Stop interpretation of a screen. ;S is also the run-tirre -.ord a::rrpiled at 
the end of a oolon-definition which returns execution to the calling 
procedure. 

< nl n2 -- f ID 

Leave a true flag if nl is less than n2; other.,lise leave a false flRg . 

<# ID 

Setup for pictured rurreric ootput forrratting using the w:>rds: 
<# # #5 SIGN #> 

The oonversion is done on a d::Juble numter producing text at PAD. 

<BUILC6 

Used within a rolon-definition: 
cccc <BUILC6 

COES> 

C<W 

Each tirre = is executed, <BUILC6 defines a new w:>rd with a high level 
execution procedure. Executing cccc in the form: = nnnn 
uses <BUILC6 to create a dictionary entry for nnnn with a call to the COES 
part for nnnn. When nnnn is later executed, it has the address of its 
pararreter area on the stack and executes the w:>rds after [X)ES> in cccc. 
<BUILC6 and COES> allow run-tirre procedures to l::e written in high level 
rather than in assembler rode (as required by ;(X)DE>. 

nl n2 f ID 

Leave a true flag if nl=n2; otherwise lea~ a false flag. 
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> nl n2 f LO 

Leave a true flag if nl is greater than n2; otherwise leave a false flag 

>R n c,LO 

Rarove a number fran the computation stack and place as the rrost 
accessible on the return stack. Use should be balanced with R> in the 
same definition. 

? addr LO 

Print the value amtained at the address in free format according to the 
current base. 

Issue error message if oot cxrnpiling. 

?CSP 

Issue error message if stack p:,sition differs fran value saved in CSP. 

?ERROR f n --

Issue an error message number n, if the l:oolean flag is true. 

?EXEX: 

Issue an error message if oot executing. 

?LOADit,{; 

Issue an error message if oot loading. 

?PAIRS nl n2 

Issue an error message if nl does oot e:iuaJ. n2. The message indicates 
that CD11piled amditionals cb oot rratch. 

?srACK 

Issue an error rressage if the stack is a.it of rounds. 

?I'ERMINAL f 

Perform a test of the terminal ~yboard for actuation of the break key. A 
true flag indicates actuation. 
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addr -- n LO 

Leave the 16 bit oontents of address. 

AOORT L'.) 

Clear the stacks and enter the execution state. Return control to the 
operator's terminal, printing a rressage approprite to the installation. 

ABS n -- U LO 

Leave the absolute value of n as u. 

N:;AJ.N addr n -- (oompiling) P,C2,LO 

Used in colon-definition in the for.n: 
BEGIN JIGAIN 

At run-tirre, ;.GAIN forces execution to return to corresponding BEGIN. 
There is ro effect on the stack. Execution cannot leave this loop (unless 
R> is executed one level below). 

At cnnpile time, PGAIN a:rnpiles !:RANCH with an offset fran HERE to addr. 
n is used for oompile-tirre error diecking. 

ALI.Or n -- LO 

Add the signed number to the dictionary p:,inter DP. May be used to 
reserve dictionary space or re-origin rrarory. n is with regard to 
computer address type (byte or =rd). 

AND nl n2 n2 LO 

Leave the bitwise logical and of nl and n2 as n3. 

B/ BUF n 

This oonstant leaves the number of bytes per disc b.lffer, the byte count 
read fran disc by BLOCK. 

B/g:R -- n 

This cr.mponent leaves the number of blocks per editing screen. By 
convention, an editing screen is 1024 bytes organised as 16 li nes of 64 
diaracters each. 

However in Dragonforth, an editing screen is 256 bytes organised as 8 
lines of 32 characters each. 

BACK aa::lr 

Calculate the backward branch offset Eron HERE to addr and a:rnpile into 
the next available dictionary rrerrory addr'c!Ss. 
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BASE addr 

A use r variabl e rontaning the current nwnber base used for input and 
output conver sion. 

BEGIN addr n (compilation) P,LO 

Occurs in a rolon-def i ni tion in form: 
BEGIN UNTIL 
BEG IN P£;AI N 
BEGIN 1-liILE REPEAT 

At run- time , BEGIN rrarks the start of a sequence that nay be repetetively 
executed . It serves as a r e turn p'.)int Eron the rorresponding UNTIL, J'GAIN 
or REPEAT . When executing UNTIL, a return to BEGIN will occur if the top 
of the stack is false ; for N;AIN and REPEAT a return to BEX;IN always 
occurs. 

A compile time BEGIN l eaves its r e turn address and n for o:::rnpiler error 
checking . 

BL - C 

A cxmstant that l eaves the asc ii value for blank. 

BIANKS addr oount --

Fil l in an area of rrem:iry beginning at addr with blanks. 

BLK addr LO 

A user variable rontai ning the block nwnber being interpreted. If zero, 
input is being taken Eron the terminal input l::uffer. 

BlOCK n -- addr LO 
Leave the rrem:iry address of the block l::u.ffe r rontaining block n. If the 
block is rot already in rrem:iry, it is transfered Eron disc to which ever 
buffer .as l east recently wr i tten. If the block occupying that buffer has 
been nariced as updated , it .is re-written to disc before block n is read 
into the buffer. See also BUFFER , R/ W UPDA'I'.E FLlEH . 

BRAN:H C2,LC 

The run- time procedure fo r uncondit i onally branch. An in-line offset is 
added to the inte rpr et i ve p:>inter IP to branch ahead or back. !FAfOi is 
oompiled by ELSP. , /lGA.I N, REPEAT . 

BUFFER n addr 

Obtain the next rrerrory l::uffer , ass i gning it to bl ock n. If the oonte nts 
of the bu ffe r i s m3.r1<ed up as updated , it is wr i tten to the di sc . The 
block i s rot read fron the disc . The address l e ft i s the fir s t cell within 
the l::uffe r fo r data storage . 
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C! b addr --

Store 8 bits at address. 

c, b --

Store 8 bits of b into the next available dictionary byte, advancing the 
dictionary pointer. 

C@ addr -- b 

Leave the 8 bit contents of rrerrory address. 

CFA pfa -- cfa 

Convert the p:i.rameter field address of a definition to its code field 
address. 

OOVE fran to count 

Move the specified quantity of bytes beginning at address ' fran' to 
address 'to' . Tre contents of address fran is 11Dved first proceeding 
toward high rrarory. 

CXlLD 

The cold start procedure to adjust the the dictionary i:ointer to the 
minimum standard and restart via ABJRI'. May be called fran the terminal 
to rerove application programs and restart. 

CXlMPILE C2 

When the =rd oontaining CXJMPILE executes, the execution address of the 
=rd foll0wing cn-\PILE is oopied (oorrq;,iled) into the dictionary . This 
allows specific canpilation situations to be handled in addition to simply 
canpiling an execution address (which the interpreter already cbes). 

CXlNSTANI' n 

A defining =rd used in the form: 
n CXlNSTANI' oc= 

LO 

to create =rd ==. with its p:i.rarreter field oontaining n. When cc= is 
later executed, it will p.1sh the value of n to the stack. 

ffiITTEXr addr U,LO 

A user variable oontaining a i:ointer to the =abJlary within which 
dictionary searches will first begin. 
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CX)UITT addr 1 -- addr 2 LO 

Leave the byte address addr2 and byte count n of a iressage text beginning 
at address addrl. It is presurred that the first byte at addrl contains 
the text byte count and the actual text starts with the second byte. 
Typically CX)UITT is followed Of TYPE. 

rn w 

'l'ransmit a carriage return and line feed to the selected ootput device. 

CR.E'ATE 

A defining word used in the form: 
rnEATE= 

Of such words as CX)DE and CX)NSTANI' to create a dictionary header for a 
Forth definition. Tre code field rontains the address of the words 
parameter field. A rew word is created in the CURREITT vocab.llary. 

CSP addr u 

A user variable temporarily storing the stack pointer position, for 
canpilation error checking. 

Dt dl d2 -- dsum 

Leave the oouble number sum of two double numbers. 

D+- dl n -- d2 

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

D. d -- LI 

Print a signed oouble number fran a 32 bit two's a:rnplement value. The 
high-order 16 bits are 110st accessible on the stack. Conversion is 
perforired according to the =rent base. A blank follows . Pronounced 
D-dot. 

D.R d n -- [X) 

Print a signed oouble number d right aligned in a field n characters 
wide. 

lY\BS d -- ud 

Lea~ the absolute value ud of a oouble number. 
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a:x:IMAL w 

Set the nurreric conversion BASE for decimal input-a.itput. 

DEFINITIONS LI 

Used in the form: 
cccc DEFINITIONS 

Set the OJRR£Nr vocal::ulary to the O)Nrl':X'r vocabulary. In the example, 
executing vocal::ulary name cccc made it in the O)NTEXT vocal::ulary and 
executing DEFINITIONS rrade toth specify vocabulary =· 

DIGIT C nl 
c nl 

n2 tf 
ff 

(Ok) 
(bad) 

Converts the ascii characters c 
n2, accunpanied by a true flag. 
a false flag. 

(using base nl) to its binary e:,uivalent 
If the conversion is invalid, leaves only 

DLITERAL d -- d (executing) 
d (cnnpiling) P 

If cnnpiling, cnnpile a stack cbuble number into a literal. Later 
execution of the definition containing the literal will p,.1sh it to the 
stack. If executing, the number will reirain on the stack. 

DMINUS dl d2 

Convert dl to its cbuble number t:-NO' s conplement. 

[X) nl n2 
addr n 

(execute) 
(canpile) 

Occurs in a colon-definition in form: 
[X) LOOP 
ro +LOOP 

P,C2,LO 

At run time, ro l::egins a sequence with repetitive execution controlled by 
a loop limit nl and an index with initial value n2. ro reroVP--5 these fran 
the stack. Upon reaching LOOP the index is increnemted by one. Until the 
new index e:,uals or exceeds the limit. execution loops back to just after 
[X); otherwise the loop P3-rarreters are discarded and execution continues 
ahead. Both nl and n2 are deter.ni.ned at run-time an<l may l:e the result of 
other operations. Within a loop 'I' will CO'fY'/ the current vall):'! of the 
index to the stack. See I, LOOP, +I.COP, IEAVE. 

When compiling within the colon-definition, ro o:::,mpiles (DO), leaves the 
follo.ring address addr and n for later errnr checking. 

- 40 -



COES> ID 

A v.0rd which defines the run-tirre action within a high level defining 
v.0rd. COES> alte rs the code field and first i:arameter of the ne.. v.0rd to 
execute the sequence of a:xnpiled v.0rd addresses following COES>. Used in 
a:xnbination with BUILC6>. When the IX)ES> i:art executes it regins with the 
address of the first parameter of the ne.. v.0rd on the stack. This allows 
interpretation using this area or its contents. Typical uses include the 
Forth assembler, multi-dirrensional arrays, and a::mpiler generation. 

DP addr U,L 

A user variable , the dictionary i:ointer, which oontains the address of the 
next free rrerrory above the dictionary. The value ITl3.Y t:e read by HERE and 
altered by ALLCTr. 

DPL addr U,LO 

A user variable oontaining the number of digits to the right of the 
decimal on double integer input. It ITl3.Y also l::e used to hold output 
column location of a recimal i:oint , in user generated formatting . The 
default value on s i ngle number input is -1. 

CROP n ID 

Drop the number fran the stack . 

OOMP addr n LO 

Print the oontents of n rrerrory locations reginning at addr . Both addresses 
and oontents are shown in the arrrent nurreric base. 

00P n n n LO 

Duplicate the value on the stack . 

ELSE addr 1 nl addr 2 n2 
(ccmpiling) P , C2,LO 

Oa:urs within a oolon-definition within the fonn: 
IF ELSE END IF 

At run tirres ELSE executes after the true 93rt followi!'lg IF. ELSE forces 
the execution to skip aver the following false i:art and resurres execution 
after the ENDIF. It has ro stack effect . 

At cx::mpile time ELSE enplaces branch reserving a branch offset, leaves the 
address addr2 and n2 for error treating. ELSE also resolves the ,::ending 
forward branch fran IF by calculating the offset fran addrl to HERE and 
storing at addr l . 
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EMIT C -- w 

Transmit ascii character c to the selected output device. oor is 
increnented for rech character output. 

EMPTY-BUFFERS w 

Make all block-bJffers as anpty, not necessarily affecting the a:mtents. 
Uo::l.ated blocks are not written to the disc. This is also an 
i~itialization procedure before first use of the disc. 

El'CWSE addrl c 
addrl nl n2 n3 

The text scanning primitive used by IDRD. Fran the text address addrl and 
an asc11 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 
procedure will not proc:ess past an ascii ' null', treating it as an 
unconditional delimiter. 

END P,C2,LO 

This is an 'alias' or duplicate definition for T.NI'IL. 

ENDff addr n (ccmpilel P,OJ,W 

At run tirre , ENDIF serves only as the destination of a forward branch fran 
IF or ELSE. It rrarks the ronclusion of the ronditional structure . 'IBEN 
is another naire for ENDIF . Both narres are supported in fig-FDRTI-1. See 
also IF and ELSE. 

At ccmpile-time, ENDIF cnnputes the forward branch offset Eron addr to 
HER£ and stores it at addr. n is used for error tests. 

IBASE addr n 

Clear a region of rrerory fran zero to addr over n addresses. 

ERROR line in bli< 

Execute error notification and restart of system. WARNil'l; is first 
examined. If 1, the test of line n, relative to screen 4 and drive O is 
printed. This line number rray be p::>sitive or negative , and beyond just 
screen 4. If WARNING- 0, n is just printed a5 a rressage number Coon disc 
installation). If s.arning is -1, the definition AOORT is executed, which 
executes the system AOORT. The user rray cautiously m:xlify this by 
altering (ABJRT) . Fig-FORTH saves the contents of in and BLK to assist in 
determining the location of the error. Final action is execution of QUIT . 
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EXEX::Ul'E addr --

Execute the definition whose ODde field address is on the stack. The code 
field adddess is also called the canpilation address. 

EXPECT addr oount --
Transfer characters fro:n the terminal 
count of characters has teen received. 
end of the text. 

FEOCE -- addr 

LO 
to address, until a return or the 

One or 1TOre nulls are added at the 

u 

A user variable oontaining an address l:.elc:<'1 which FORGE:I'ting is trapped. 
To forget belc:<'1 this EXJint the user must alter the contents of the FEN:E. 

FILL addr quan b --

Fill rrem:::iry at the address with the specified quantity of l::,ytes b. 

FIRST n 

A constant that leaves the address of the first (lowest) block l::uffer. 

FLD addr u 

A user variable for oontrol of ruml:er ootput field width. Presently unused 
in Fig-FORI'H. 

FDRGEI' E,LO 

Deletes definition narred = fran the dictionary with all entries 
physically fol1C<11ing it. In fig-FORI'H, an error rressage will occur if the 
CURREN!' and (l)N!""...JIT vocal:ul.aries are not currently the same. 

FDRI'H P,LI 

The narre of the pr :imary vocal:ul.ary. Execution rrakes FORTH the (l)NI'EXT 
vocal:ul.ary. Until additional user 1.<:>Cal:ularies are defined, new user 
definitions becane a part of FORTH. FORTH is imrediate, so it will 
execute cfuring the creation of a colon-definition, to select this 
voca b.ll.ary at o::rnp ile-time. 

HERE -- addr LO 

Leave the address of the next available dictionary location. 

HEX LO 

Set the nurreric oonversion base to sixteen (hexadecimal). 
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HLD addr LO 

A user variable that holds the address of the latest character of text 
during nwreric ootput ronversion. 

HOLD C LO 

Used between <# and# > to insert an asci i character i nto a pictured 
nwreric output string . 
e.g. 2fs HOLD will place a deci mal point. 

I n C,LO 

Used within a ID-I.COP to ropy the loop index to the stack. Other use is 
impleme ntation dependent. See R. 

ID. addr 

Print a definition's narre fron its narre fi e l d address . 

IF f (run-time) 
addr n ( ccrnpile l 

Occurs in a rolon-definition in the form: 
IT (tpl ENDIF 

P, C2 ,LO 

IF ( tp l ELSE ( fp l ENDIF 
At run-titre, IF selects execution based on a boolean flag . If f is a true 
( oon-zero l , execution ronti nues ahead through the true par t. If f is 
false (zero), execution skips till just after ELSE to execut e the false 
part. After either part, execution reswres after ENDIF . ELSE and its 
false part are optional; if missing, false execution ski ps to just after 
ENDIF. 

At CX1npile time, IF =piles OEJRP.N:H and reserves s pace fo r an offset at 
addr. addr and n are used later for 1esolution of the offset and error 
testing. 

TI-Y-IED !ATE 

Mark the rrost recently rrade c:Efinition so that whe n encounter ed a t ccrnpile 
time, it will be executed rather than being rompiled. i. e. the precedence 
bit in its header is set. This tiethod allows def initions to handle unusual 
=piling situations, r a ther than tuild them into the f undamental 
ccrnpiler. The use r rray force conpilatio n of an imrediate definition by 
preceeding it with (COMFli,i;). 

IN addr LO 

A user variable ronta ining the byte offset within the current i nput text 
tuffer (termi nal or di sc) fra n which the next text will be accept ed . w::)RD 
uses and rroves t,e va l ue of IN . 
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INI'ERPREr 

The outer text interpreter which sequentially executes or O'.Jll1f)iles text 
fran the input stream (terminal or disc) depending on STATE. If the word 
naire cannot be found after a search of ffiNI'EX'f and then CURREN!' it is 
converted to a number according to the current base. That also failing, 
an error nessage echoing the name with a "7" will be given. Text in!?llt 
will be taken according to the convention for w::>RD. If a decimal point is 
found as part of a number, a cbuble number value will be left. The 
decimal point has no other p.irpose than to force this action. See 
WMBER. 

KEY - - cc LO 

Leave the ascii value of the next terminal key struck. 

IATESr -- addr 

Leave the name field address of the tor:rrost w::ird in the current 
YC>Cab.llary. 

LEAVE C,LO 

Force termination of a ro-rroP at the next opportunity by setting the loc,p 
limit equal to the current value of the index. The index itself reirains 
unchanged, and execution proceeds normally until IroP or +LCX)P is 
encountered. 

LFA pfa -- lfa 

Convert the parameter field address of a dictionary definition to its link 
field address. 

LIMIT n 

A oonstant leaving the addrtss just above the highest rrerrory available for 
a disc b.lffer. Usually this is the highest system rrerrory. 

LIST n -- ID 

Display the ascii text of screen non the selected output device. S:::R 
contains the screen number during and after this process. 

LIT n C2,IJJ 
Within a colon-definition, LIT is autaMtically cnnpiled before each 16 
bit literal number encountered in input text. Later execution of LIT 
causes the contents of the next dictionary address to be p.ished to the 
stack. 
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LITERAL n -- (ccmpiling) P,C2,LO 

If canpiling, then rompile the stack value n as a 16 bit literal. This 
definition is imnediate so that it will execute during a colon-definition. 
The intended use is: 

xxx (calculate) LITERAL 
Canpilation is suspended for the conpile time calculation of a value. 
Canpilation is reswred and LITERAL rompiles this value. 

WAD n -- w 

Begin interpretation of screen n. Loading will terminate at the end of 
the screen or at ;S. See ;S and ->. 

I.COP addr n -- (conpiling) P,C2,LO 

Occurs in a colon-definition in fonn: 
[l) I.COP 

At run-time, I.COP selectively controls branching back to the corresponding 
CO based on the loop index and limit . The loop index is increnented ~ 
one and <nnpMed to the limit. The branch back to CO occurs until the 
index e:,uals or exceeds the limit; at that time, the parameters are 
discarded and execution continues ahead. 

At canpile time, I.COP cx:rnpiles (I.COP) and uses addr to calculate an offset 
to ro. n is used for error testing. 

M* nl n2 -- d 

A mixed rragnitude rrath operation ~ich leaves the double number signed 
product of two signed numbers. 

M/ d nl n2 n3 

A mixed rragnitude rrath q)erator ~ich leaves the signed remainder n2 and 
signed quotient n3, fran a cbuble number dividend and divisor nl. The 
remainder takes its sign fron the dividend. 

M/M.)O udl u2 -- u3 ud4 

An unsigned mixed rragnitude rrath qJeration ~ich leaves a cbuble quotient 
ud4 and remainder u3, fron a double dividend udl and single divisor u2. 

Ml'.X nl n2 -- rrax LO 
Leave the greater of two numbers. 

MESSAGE n --

Print on the selected output device the text of linen relative to screen 
4 of drive 0. n 110y be p::,sitiVP. or negative. MESSAGE: rray be used to 
print incidental text such as report headers. If WARNI~ is zero, the 
message will simply be printed as a number (disc un-available). 
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MIN nl n2 -- min LO 

Leave the sraller of two numbers. 

MINUS nl n2 LO 

Leave the two's a:implement of a number. 

t-0D nl n2 -- rrod LO 

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

I-ON 

Exit to the system ronitor, leaving a re-entry to Forth, if p:issible. 

NElIT 

This is the inner interpreter that uses the interpretive IP to execute 
con-piled Forth definitions. It is oot directly executed rut is the return 
p:iint for all o:xle procedures. It acts by fetching the address p:iinted by 
IP, storing this value in register W. It then jlJ!1llS to the address 
p:iinted to by the address p:iinted to by W. W points to the code field of 
a definition which rontains the address of the o:xle .J.iich executes for 
that definition . This usage of indirect threaded code is a rrajor 
contributor to the pc,wer , ~rtability and extensibility of Forth. 

NFA pfa nfa 

Convert the P3,ra-neter field address of a definition to its nacre field. 

NUMBER addr d 

Convert a character string left at addr •,.rj_th a preceeding rount, to a 
signed double number, using the current nurreric base. If a decimal point 
is encountered in the text, its p:isition will be given in DPL, rut oo 
other effect oc=s. If nurreric ronversion is oot possible, an error 
rressage will be given. 

OFFSET addr u 

A user variable which rray rontain a block offset to disc drives. The 
a:intents of CFFSET is added to the stack number by BLIXK. Messages by 
MESSAGE are independent of OE"FSET. See B1JXK, DRO, an, ,'1ESSAGE . 

OR nl n2 or LO 

Leave the bit-wise logical OR of two lry bit values. 
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our addr u 

A user variable that a:,ntains a value incrercented by EMIT. The user rray 
alter and examine our to a:,ntrol display fornatting. 

OVER nl n2 nl n2 nl 

CqJy the second stack value, placing it as the new top. 

PAO addr ID 

Loove the address of the text output b..lffer, ...tiich is a fixed offset above 
HERE. 

PFA nfa pfa 

Convert the narre field address of ·a compiled definition to its paraireter 
field address. 

POP 

The rode sequence to rerrove a stack value and return to NEXT. POP is not 
directly executable, tut is a Forth re-entry point after rrachine code. 

PREV addr 

A variable rontaininq the address of the disc tuffer rrost recently 
referenced. The UPDATE cx::mnand rrarks this tuffer to be later written to 
disc. 

PUSH 

This code sequence p.1shes rrechine registers to the CD~utation stack and 
returns to NEXT. It is rot directly executable, tut is a Forth re-entry 
point after rrachine rode. 

PUT 

This rode sequence stores mchine register rontents Oller the to,xrost 
ccrnputation value and returns ro NEXT. It is not directly executable, tut 
is a Forth re-entry point after rrachine code. 

QUERY 

Input 80 characters of text (or until a "return") frcrn the o~rators 
terminal. Text is positioned at the address rontained in TI8 with IN set 
to zero. 
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ourr LI 

Clear the return stack, stop a:impilation, and return oontrol to the 
operators terminal. No rressage is given. 

R -- n 

Copy the top of the return stack to the computation stack. 

Rll -- addr u 

A user variable which IIBY oontain the location of an editing cursor, or 
other file related function. 

R/W addr blk 

The fig-FORrH standard read-write linkage. addr specifies the source or 
destination block b.iffer. blk is the sequential number of the referenced 
block; and f is a flag for f-0 write and f-1 read. R/W determines the 
location on IIBSS storage, perfonns the read-write and perfonns any error 
checking. 

R> n LO 

Rerove the top value fron the return stack and leave it on the rorrputation 
stack. See >Rand R. 

RO addr u 

A user variable rontaining the initi~l location of the return stack. 
Pronounced R-zero. See RP! 

REPEAT addr n -- (compiling) P,C2 

Used within a rolon-definition in the form: 
BSSIN • • • 'WHILE REPEAT 

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

At rompile-tirre, REPEAT rompiles BRA.~ and the offset from HERE to addr. 
n is used for error testing. 

ROI' nl n2 n3 n2 n3 nl LO 

Rotate the top three values on the stack, bringing the thid to the top. 

RP! 

A romputer dependent procedure to initialise the return stack i:ointer from 
user variable FO. 
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S->D n d 

Siqn extend a single number to form a double number. 

so addr u 

A user variable that contains the initial value for the stack p:iinter. 
Pronounced S-zero . See SP! 

OCR addr u 

A user variable cnntaining the screen number rrost recently referenced by 
LIST. 

SIGN n d d LO 

Stores an ascii "-" sign just before a converted nurredc ootput string in 
the text output b.lffer lo/hen n is negative. n is discarded, rut double 
number d is ITBintained. Must be used between <# and #>. 

SMUCGE 

Used during .crd definition to toggle the "smudge bit" in a definition's 
naire field. This prevents an unccrnpleted definition frcrn being found 
during dictionary searches , until o:xnoilinq is a:impleted without error. 

SP! 

A a::,mputer dependent procedure to initialise the stack p:iinter frcrn SO . 

SP@ addr 

A a:rnputer dependent procedure to return the address of the stack position 
to the top of the stack, as it 1.es before SP@ was executed. 
(e.g. 1 2 gp,~ @ • • • .culd type 2 2 1) . 

SPN:.E ID 

Transmit an ascii blank to the output device. 

SPACES n ID 

Transmit n ascii blarlks to the output device. 

srA"rF: addr l.O , U 

A use r variable cnntaining the cnmpilation state. A non-zero indicntes 
compilntion. The value itself llBY be implementation dependent. 
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5'-lAP nl n2 -- n2 nl LO 

Exchange the top two values on the stack. 

TASK 

Aro-operation word which can 1T0.rk the toundary between applications. By 
forgetting TASK and re-rompiling, an application can be discarded in its 
entirety. 

'IBEN P,CD,LO 

An alias for ENDIF. 

TIB addr u 

A user variable rontaining the addresses of the terminal inp.1t b.lffer. 

'ICGGLE addr b --

Ccrnpleirent the rontents of addr by the bit pattern b. 

'IBA VERSE addr 1 n addr2 

Move across the narre 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 110tion is toward low rrerrory. The addr2 resulting is address of 
the other end of the narre. 

TYPE addr rount -- LO 

Transmit rount characters fran addr to the selected a.itput device. 

U* ul u2 ud 

Leave the unsigned cbuble nwnber product of two unsigned numbers. 

U/ ud ul -- u2 u3 

Leave the unsigned rerrainder u2 and unsigned quotient u3 fran the unsigned 
double dividend ud and unsigned divisor ul. 
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UNI'IL f 
addr n 

(run-tirrel 
(con.pile) 

Occurs within a oolon-definition in the form: 
BEGIN Ul\'l'IL 

P,C2,LO 

At run-tirre, UNrIL oontrols the ronditional branch back to the 
oorresponding BF.GIN. If f is false, execution returns to just after 
BF.GIN; if true, execution rontinues ahead. 

At a:mpile-tirre, UNI'IL a:impiles (OBRA!0-1) and an offset from HERE to addr. 
n is used for error tests. 

AOOITIONAL GLOSSAAY 

B[ 

Used in the form B[ Basic staterrents ] 

Will allow the user to execute a string of BASIC statenents (delimited by 
a trailing J ) . If executed ootside a definition, then the staterrents will 
be executed imrediately. If placed within a definition then the staterrents 
will be a:,rnpiled in-line for later execution. (uses the words (EX) and 
('IOKENIZE)). 

Columns - addr 

A variable oontaining t.'1e number of characters t=er line ( 32). 

SHAPE 

Used to define a shape (area of screen ITEITOry) and reserve soace for it in 
the dictionary for subsequent 11,mi!;)Ulation by put and get. Used in the 
form : 

nl n2 SHAPE = 
where nl is the length of the shape 

n2 is the height of the shape 
and cccc is the name of the shape. 

JOYSTK nl -- n2 

Returns the joystick position (0-63) on the top of the stack and must be 
scaled to fit the screen. nl must be between O and 3 to indicate the 
joystick rreasurerrent required. 

nl=O ••• Horizontal left joystick 
! ... Vertical left joystick 
2 ••• Horizontal right joystick 
3 •.. Vertical right joystick 
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1- nl -- n2 

Decrement nl by 1. 

2- nl -- n2 

Decrement rtl by 2. 

JSR addr -

Jurrps to subroutine at address on stack t..tiich lll.lSt end with a 'return fran 
subroutine' instruction. 

J -- n 

Used within nested CO ••• IOOP's to copy the second loop index onto the 
stack. 

K --- n 

Used within nested CO . . • IOOP' s to copy the third loop index onto the 
stack. 

WAAM 

This will ,:.erform a 1'Brm--start. 

NXlP 

This will perform a no-qieration, i.e. do nothing. 

N'.Jl'E: All references to disc in this docurrentation can be read as 
references to the disc simulation are.a in rrerrory fran $2200 to $3600 whicli 
are treated as a very limited disc capacity by OOAGON FORTH and oo not in 
any 1'BY change the qieration or description of any of the FORTH words 
defined in this docurrentation. Do not use CR0, CRl or en . 

It is, oowever, necessary to load any data into this are.a using the BASIC 
interface 

B [ O.OA0-1 " narre " ] 

before anything can be d:::me with it; and it is necessary to save this are.a 
to tape at the end of a session in order to obtain a permanent copy of the 
text (source code) using 

FLUSH B[ CSAVE " narre ", &H2200, &H3600, &H8000 ] 

-see the section on the F.DI'fQH foor the editing corrmands. 
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EXAl"IPLE PR(X;RAM 

We shall OCM write a small program to illustrate the use of CRAGO~ FORTH. 
We shall start writing the program starting at screen 19. 

This progra~ will 1IDve a shape around the screen and b::>unCP. off the sides 
of the screen. 

In order to write this program we need the following: 

( i) 

(ii) 

(iii) 

a \o.Ord to plot the shape on the screen, 

a \o.Ord to erase the shape, 

a \o.Ord to check for rrovement oot of rounds of the screen. 

Let us first draw and define the shape to te rroved as a square b::>x on the 
screen, using the editor. 

19 a.EAR 

0 P (PAGE l CF PRCGRA'I) 

1 P 10 10 SHAPE B)X B PM)DES 

2 P 100 100 110 110 LINE,S,BF 

3 P 100 100 rox GET,G 

4 P 125 VARIABLE B)X-X 

5 P 95 VARIABLE B)X ·Y 

6 P 4 VARIABLE X-OFFSET 

7 P 2 VARIABLE. Y--OFFSET -> 

No,; key in 

19 LIST 

and meek the mntents of the screen. We will OCM go through the screen 
line by line explaining what is happening -

line - comnent, identifying the screen. 

line 1 - defines and reserves space for a sha,:,e called OOX which is to 
have a length and height of 10. Then, &Uts high resolution graphics into 
rrode 3. 

line 2 - draw and fill in a tox from (100,100 ) to (110,110). 

line 3 - get the tox into the shape narred B)X. 

line 4 - set up the ini tic1l X mordinate of the sha~ t o be rroved. 

line 5 - set up the initial Y mordinate of the shape to be rroved. 
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line 6 - set up the variable oontaining the distance the shape is to te 
noved in the X direction. 

line 7 - set up tl-ie distance to te l!Dved in the Y direction. Inform the 
conputer to oontinue to the next screen. 

So far, oone of this text lr.ts been executed since we are still in the 
process of editing it. 

We row need to erlit the next screen. 

20 a.EAR 

0 P (PAGE 2 CF PRffiRAM) 

1 P: ERASE-BJX BJX-X@ BJX-Y@ 

2 P rox ror,R; 

3 P: PLACE-OOX BJX-X@ BJX-Y@ 

4 P BJX PUT,S; 

5 P: UPDATE-FOSITION OOX-X@ 

6 P X-OFF8Br@ + OOX-X BJX-Y@ 

7 P Y--OFFSBr@ + BJX-Y ; -> 

Again we will go through it line by line. 

line 1/2 - this defines a =rd ..ttich will blank out the space at the X and 
Y ooordinates given by rox-x and OOX-Y. 

line 3/4 - this defines a =rd to place a shape (defined by OOX) at the 
X,Y ooordinates given by rox-x and OOX-Y . 

line 5/6/7 - this defines a =rd ..tiich will update the ooordinates of the 
shape by adding the X offset to X and the Y offset to the Y ooordinate. 
Then proceed to the next page. 

Remember that if you call up a variable by its narre, that its ADDRESS is 
p.ished onto the stack and rot its value. The value is 1T0.nipulated by @ 
and ! . Note that this program has rot been q:,timised for speed or size 
but has been written as simply as possible, 

New onto the next screen. 

21 CLEAR 

0 P (PAGE 3 CF PR(X;RAM) 

l P OiOCK-X OOX-X@ X-OFFSET@ 

2 P + D'.JP 5 < CNER 240 > OR StlAP 

3 P DROP IF X-OFFSCT@ MINUS 



4 PX-OFFSET ENDIF 

5 -> 

Do the next screen. 

22 CLEAR 

0 P (PAGE 4 OF PRCGRA.'1) 

1 P OID:K-Y BJX-Y@ Y- OFFS!IT@ 

2 P + DUP 5 < OVER 180 > OR s,IAP 

3 P ffiOP IF Y-OFFS!IT @ MINUS 

4 P Y-OFFSt'I' ! ENDIF 

5 p - > 

These two screens have defined =rds to c:heclc if the next X or Y 
coordinate will te out of rounds and if so will negate the offset to te 
added so that shape travels in the opi;:osite direction . 

We will discuss oro:::K-Y in greater detail and look at its effect on the 
stack . 

STACK ACTION RESULT 

TOS 
j, 
addr BJX-X p..1t address of rox-x 

on the stack. 

value @ p.1t value on stack. 

value addr X-OffSET p..!t address of X-OFFSE:r 
on staclc 

value value @ p.lt value on stack . 

swn + add offset to X and 
leave swn on stack. 

swn sum DUP duplicate it. 

swn sum 5 5 push 5 on staclc . 

s wn flag < check if sum < 5. 

swn flag swn OVER ropy swn to TOS. 

swn flag swn 240 240 push 240 on stack . 

sum flag flag > c1ieck if sum > 24 0 i. e. 
off t.,e screen. 
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swn flnq OR 

flag swn St/AP 

flag !FOP 

anpty IF 

OR the two flags on the 
stack and leave the 
result. 
i . e . if either X < 5 

or X > 240 
then leave a single 
true flag else leave a 
false flag. 

swap top two values 

drop the unwanted sum. 

test the flag left at 
top of stack . 

If the flag is a 1 (true) then the following will te carried out, 
othe rwise if the nag is a O (false) it will te skipped over 

True Part: 

addr X-OffSE:l' p.it address on stack 

value @ get value 

-value MINUS negate it 

-value addr X-OFFSET p.it addres s on stack 

anpt y ENDIF all done 

By checking the stack during the execution of a v.0rd we can see if it does 
as i s required. 

Note that a-m:::K-Y v.0rks in exactly t he sa:re wa y . 

We re,, have all the v.0rds we require and so can define a v.0rd to link them 
all together. 

23 a.EAR 

0 P (P,t>l;E 5 OF PRCGRA.'1) 

1 P : ffi B[ ?.-ODE3 : FCLS 

2 P S:::REEN 1, 1 ] ; 

3 P START GR 2000 0 DO 

4 P ERASE- OOX OiEX:K-X CiEX:K-Y 

5 P UPDATE- POSITION PLACF.:- OCIX 

6 p LCX)p 

7 P ;S 
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This find screen defines a word to get into high resolution graphics and 
then defines a word which will go round in a loop 1000 tin-es noving the 
shape around the screen. 

Naw all that remains is to compile these screens into the dictionary for 
execution. 

Type in 

19 LOAD 

and .ai t for the "OK" to appear, then to run the program type 

Sl'ART 

and sit back and .etch. To get back to the text node, key in B[print] 

If an error occurs during the IDAD .:nase , key in 

WHERE 

to see where the error is and oor:-rect it and try again. 

Naw try changing the source oode and see what happens. Key in the 
following: 

FORGEI' TASK : TASK; 

to delete the cnnpiled version. 

We are just going to change line 4 of screen 20 . 

20 LISr 

4 P B)X PUT, ITTr 

Naw key in 

FLUSH 
19 IDAD 

when the IDAD is completed and the OK appears, type 

Sl'AR'r 

and .etch the results. 

HAPPY FORTH II'(;!! ! 
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