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~ FORTH LANGUAGE

WORD -— a sound or a combinathon of sounds,

or its representation in wrihng,

Hat sywbol»‘%es and communicates
a w\eam'ua v« @ command op
an order.

( from the Awerican Herihae Dl’c'h'onary)

FORTH SINTAX:

a sequence of Words,
-~ seporated by spaces |
| possik\y terminated by a COV‘N\’C Retvrn

v A Word may contain any ASCIT characters

f‘“ﬁj except spaces, Carro‘age Retvrn, or
\m{«ﬂ"" Back Space ( whch erases previovs character
we entered, except Carriage Retvrn).
I |l
T Uniqueness:
Lt %

Words are dn‘sﬁnaw‘sl«ed from all others by
Iena'l'k (I'e, nuwmber ot cl\arad»ers)

and fvst 31 characters.
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hh2. (a' ?2),

- EXECUTING o FORTH WORD

input
data

eyecuvte

wovrd

ouvtput
data
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examphs o'F words:

| FORTH 123 €@ o«
——— Nt ,

wovrd executed  word converted reply iwdrcates all
to binary and word $ success.pun’
S+°red Prowssed

© 123 oK [ﬁ R 7t P {. { J
R g Cqumt I O ‘ n
comwmand +o : U™ sl
& ‘)m}/l A, 5

Pv‘l'wl- ovt and drscard
wmost availa hle wnvwmber

Stack vseaqe:

nombers entered are Pusked onto a stack.

iy

f 2 3 oK 3 | 4op of stack
2
1

: 3 oK

. 2 oK

o 1 OK

. sTACK EMPTY



SIGNED INTEGERS !

16 bit, ranqe: s:'aued -32768 +o 32767
uhs:‘sued lo) to 65S35

-i00 . -100 ©K
-1 U\, 655395 OK

e 32767 ©CK

32768 . -32768 ©OK

32768 u.. 32768 ©K

65535 . -1 oK

(5535 u. 65535 OK



L2.2
Operators § Operands

OPBY‘QV\AS ( data ) are on the stack.

6Pera‘|'or's +a ke +heir FU+S From Hie stack
amd leave Herr ouf‘rd‘l-s on vhe stack.

mput process ovtpvt

6| >
3/'+\)-q

*\‘514 o
1|~ T

NS
\




L R 2 N DA
B .

AriPamethe :
stack vseage leads 4o postfix order of

operands and operators (RPN, Reverse
Polish No+ation).

L2 O - ©® 3 o
7@%..1'50«
3& . D 1 ok

Notational conventhon;

word mput stack parameters === ovtpot stack
—_ pgrameurs
+op of stack

|\$'l'€d last
lns+ed last

wmdicates the
~ execvhon of

: word
example:

+ nA nl === sum

—
top of stack -

L3



ARITHMETIC OPERATORS:
~ 16 bit so‘aned in-l'eaer (nmae -32,768
+

- nl n2  ---
» .
/ ‘ numerator dewowminatov: --=

 MOD  wuwerator devowminater ---
/MeD numerator dewominator ---

MINVS n e
ABS h .
¢+ §- 2+ 2-

. MAX ni w2 ==
MIN ni n2 --
*/ nL An2 W3 -

(32 bit iwtermediate prodvet )

v
*/ MDD nlL’ na Y. J—_—

16 b+ uus»‘av\ed u‘w}eger (nu%e (oI
AND
OR

XOR

4

to 32,767)

(ni-n2)

%oo‘h‘ ent
rewmainder
rew, «Buoi-.

-n
Inl
gvea-l'er;
smaller

Qvo*h‘ewl- of
nl * nad

n3
rem. %uo‘h

65,535 )




Exaw\f'es of arithwet'c operators:

3 MINVS . -3 oK
17 4 MAX 17 oK

O -1 MIN . -1 oK

T he cowposn"l-e oferaiws "/ and *'/Mé,D

Lé

are useful for scaled, fixed point calevlahons:

5% of 20000

20000 5 400 */ . 1000 OK

S5 J—;'_ YA O'F 20000

20000 55 1000 * . di00 oK



o o _ T A
32 bt su’ﬂnecl integers . F.?;'

Each +akes 2 stack cells

) d --- nlow nlm‘gk
En*eﬂ'nj ' dvg i+s
Punlc.'l'ua hon characters:
Display: D.
| exaw,oles .
12.3 D. 123 OK
_~



32 bit si'g ned |'a+ege€7\““ SKTended g 1 s

(E)&/iu_ o 7 s
(range -2,147, 483,648 4o s

A 2,147 483,647 )
D+ d1 42 --- (41442
PMINUVS d --- -
FL)&J‘”{H
f\O
: l;k’ N
. N
M+ dn --- dsum
d avot.)
M/ d n --- (% qver
M/MOD d wn =--- d(_:- %vd’-) "-"‘-
~— Uy q/ ect
N\* N N —— = 22 it fs 4.
/ i{\ eo-th
N shds [N P ket
i M x/ d nony = - - i;_:i_
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The collechon of defined FORTH words s
called a dichonary.

( from the Awmericen Heri*l'aae Dichonary . )

DICTIGNARY — a h'S'h'na of words ...
with sFecfalu‘ted in€orma-hon
abovt them.

FGRTHYS dichonary contains words ' hames
and a comfu'/ed Lrm of Heir defyni’'hons

n the order +hef were defned .

Defining a new word

¢ new-word definition ’

Prev»'ousl)/ defined
words or nuwmbers

e

cxavuples

definihon vseag €
P 8% 2% ¥ L¥ § 7 gx . B S6 OK
% wo */ 200 5 % .€R) 10 OK

o

LG



USING A FORTH

COMPILER
|
|
|
sovree ,
definihon :
| n
execute :
3| | input
comprier | data
y ! |
'. execvte
dictionary
de€ tnihon wonrd
0 l
' ouvtput
: data
Execvte the : F xeevte e
compr'ler ; I new word,
Compile a new |
word. '



16 bit STACK MANIPULATION

DROP

DUP

SWAP

ROT

o

N

>

A_A

YT

[

»

»

OPERATORS
T S
oA pood

1 pork o
,zufﬂ@w
A<t

1 Mtwbofﬂ/

2

p |

y |

|

i

3

2




\

exawples of stack wman it pu lahon
3 DUP * . q oK
T SQUARFE bup * 3

2 SQVARE . q9 oK

oK

Lé
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GYMBOL(C _CONSTANTS
De#fm'ug a 16 bit constant bl (/@fﬂﬁ

| e ashrd
number  CONSTANT  hame foom'
exawmples
definitions vseage
10 CONSTANT TEN TEN . 10 @K

1430 CONSTANT™ My-2IP Mrzp . € 430 OK

A CONSTANT's name way be vsed
anywhere a nwmber ( literal ) can
- be used.

My-21P  TEN 3 ¥+ + 94e0 ok

&



4t
VARIABLES 3

— a symbol whose valve can be chaunged.
de-ﬁ'nfuﬁ & varia ble

valve VARIABLE name
ndhaie

inihal valve

exawmples
| O VARIABLE X
9876 VARIABLE 2IP

opera'lw"ons on varrables
fetch the valve

Variable-hame @
( pronovnced fetel )

change Hhe wvalve

hew-valve variable ~name .
| ( pronovn ced store)



LIf

examples of us\‘na',lvam’ables
1 o x ! OK
x @ . 1 oK
MY-2IP  zIp ! oK
zip @ . 9430 oK
TEN. 3 + X ! oK
X @ . 13 oK
define addritonal, vseful operators

fetch and display Useaqe
27T @ .y X 7 @ 13 ok

increment contents of a varrable
.: "'! ( increment variable_name --- )

bup @ ROT + swAP !

X +! €@ o«

X 7 @@ 15 oK
..5X.|.!0K

X 7 @ 10 oK



L1d

Base conversion of numbers
the conversion to and from the nternal
(bu\ar ) valve and the external,
JnsPlayed form can be per-cormed
according to any base ( radix).

examples
16 HEX 10 oK
TFFF  DECIMAL . 32767 oK
403 % 7 4+ DUP . HEX . ® 127 7¢F ok

this conversion is controlled by +ke contents
of varivable BASFE

¢ HEX 16 BASE !
* DECIMAL. 10 BASE !

e v.

covld also define

defin'hion | + Useage
OCTAL 8 BASE ! 3 TEN OCTAL . 12 oK
BINARY 2 BASE ! 5 BINARY too111 OCTAL .
47 OK



.'> |

L1

What is

BASE 7
6CTAL BASE ?
BINARY 8ASE
Define a word v dn‘sPhy +he Valve o f

BASE 'n decimal, regardless of BASE's
cvrrent valve,

¢ 7BASE BASE @
PUP DECIMAL .
BAsSE ¥ 3
useaae. '
DECIMAL  7BASE 10 6K
HEX 18asE. @ 16 oK

BINARY 1BASE 2 oK



414
. 31'3
How VARIABLEs work

variable.name =--- address

examples :
BASE . 10244 oK

X o 7920 oK
Z2IP . € 17930 oK

OO

address operators

address @ === contents

valve address ! ===

examples
BASE . D 10294 ok

10294 @ .@® 10 oK
8 10294 ! @ oK
TEN . 12 OK

This is a very siwple and general capabrhiy.

(3

example’ ( indirect addressfns)

O VARIABLE VALVE [___]
© \VARIABLE POINTER

MY-21P VAWE [
VALUE POINTER !

POINTER @ @ . @ 49430 ©OK
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DICTIONARY ALLOCATION

| 4
I
HERE --- address of ad?:ess
top of dictionary|DICTIONARY
Stack
high
address



D‘lC‘l‘IONAR\( ALLOCATION

RERE --- address of
top of dictionary[DICTIONARY
Stack
%
VARIABLE X __head
| data cell

«\

low
address

(09—

high
address



D'ICTIONARY ALLOCATION

HERE --- address of
‘op of dictionary

Stack

VARIABLE X

10 ALLOT

DICTIONARY

X
head

data cell

4\

low
address

? Bytes
10  data

cadres
w ;



DICTIONARY  ALLOCATION

&

| | lot:
BERE --~ address of | address
 4op of dictionary [PICTIONARY
Stack |
@—
K
VARIABLE X head
.| data cell
? Bytes
10 ALLOT 0 gota
' k.
300 o 300 a‘f‘y




 DICTIONARY  ALLOCATION

| lofu
BERE --- address of “dd'el
top of dictionary DICTIONARY |
Stack ;
,‘ 7~ |
D |

VARIABLE X head.-
_rdata’cell :
- T eyte
10 ALLOT lo va «
200 . 200 ", ad J,re

' ¥
\
FORGET X

1 ass
d




eI e e e s T oo T T Lis

. Exawple of address manipulation: psevdo variable £k
arrays

~ Defining a variable array
O VARIABLE 'TABLE & aLLoT  (size 4-cells)

Im‘-h‘a\itiua the array

1 "TABLE ! ( 15+ cell)
2 "TABLE 2 + ] (2wd * )
3 "TABLE 4 + ! (3vd )
4 'TABLE 6 + ] (4th o)
Accessing cells of the array
"TABLE @ . 1 OK ( st cell)

'TaBLE 4 + @ . 3 ok  (3rd cell)

To simplify cell selection and o improve
readabil'ty, define

s TABLE ( solbscripy  ~— ao@dr—-op-ce”)
2% VYTABLE +
then | _
0 TABLE @ . 1 oK (st cell)
2 TABLE @ . 3 oK ( 3¢d cell)



\

L4

o €
or ,; yov prefer svbsempfs Jo start at 4, rd
de fine

. TABLE ( subsornpi- ——= addvr-of_-cell )

1- 2% "TABLE +

then |
1 TABLE @ . € 1 6Kk (1t cel)
2 TABLE @ ., @) 2 0K  (2nd cell)

Another way to creq-l-e. an inrtialieed
varaalole array

1 VARIABLE "TABLE 2 ¢ 3 4 4
( size is 4 cells) t
"Comfl"es‘; tep stazk
valve into d:'C'l'ﬁsaMV‘)f

Access s +the same as before

2 TABLE @ . E® 2 ok (2md cell)

-45 2 TABLF 4 oK (2und cell)

'7ALE 2 + T @ -15 oK (2md cell)

&



Seavcl’n’ns Yhe A:'C‘h'ona ry.'-

FFA
v hame —-- £ Lond, returns Yhe address
op H's name 'w Hue

'dI‘C-'h.a'Y\arY
else, name ¢ (-abort)
( Pronowced '_"Hc.k")

U(SQ'FUI 'Qr .
de,-l—erml'm'ua £ a word 15 In the d:'c#onary

withovt executhng i+,

CIQ"’QY‘MI'Mfuj' n"(" a new naw @ "Co”fdes" wit
om QKIS ‘Hnj word,

o'o'f'afm'u_j the C!I‘CHG‘AQPX address of a wo,;J.

EXQMF’Q_S'.‘ _ |
FORTH '%5'34- ok
" Scrus . SCRUB ?

L1
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L1
pllﬁ

Execu%'ﬁlj a worJ 1R +he dre -{v’aﬂay-r:

name " fn'l‘erpre+ state, seerches Hhe
dichonary oamd erecwtes e word

or cam execwte a wovd 31'V€’M s dr'C’h'duarf address?

/

d.‘c-!-\‘omary__a&dre:s CFA EXECUTE

cavses Hue word at Huat address +o be
exewted.

'Exawple: deferred evecuhon

. G-REET " How are you? /
O VARIABLE DEFER

' creeT pereR | & umd for

DEFER @ _CFA EXECU‘TE. How are you? ok-
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STRUCTURED PROGRAMMING
svccessive vefine ment
hierarchical decomposi'h'o» of a problem

top - down start at entire
| app lication 's function

bottowm - vp start at primitive,
funda mental operahons

| examP\é: mMUSY e P‘ayfv\a proaram

s0ong PLAY
—_

mstrument on

(I

sound wnext note

instroment ofF
end



instroment on
1

set tewmpo

set scale

end

Instrowment ofF

]
$Ul'e.+
end

L19

soond next+ uete
|}

set freguency
start sound

wat for
note's dvrahon

stop sound
end

wait €or note's
dvrah'on

end



Structured

proaramm:‘uj fnvo'des a um‘ﬁfm

way fo break a complicated gstructure iuto
simple parts. |

PY‘OQM m
A
Nec Fion

end

QULE: 1 control path in; A control pethost

data date

Go



-~

$+ruc+ured Proarammfug PWW.des a um"Fom
way Jo break a complicated strocture juto

simple parts.

PV’OSMIM

AN ‘
N“f How

Va7 2N

i
s

P ~

\/

|

-

7 ==

loop
loop

- —

end

e b

RULE: 1 control path in ; A control Pq"kog}"

data

data



Lag

D-CHARTS .
- seq>ueh+u'a| operah'ous: step one
| step two
step three
selection:
test
false part. froe part
)
loop:
P é +est
_ A |
\\ loop body
\\ ‘
( finished )
onr
Calways)

- .

|
loop body

( never )




FORTH compiler control structure -Péw L2

SELECTION

valve TF — rest S
+ru_e 'far'l' \ I/‘\

EWSE
l |
False part —s false part

THEN

Valoe = O weans $alse

valve # O weans +rue

examople!
definrhon
. TEST TIF .* TRVE " ELSE ." FALSE )
THEN

véeage

1 TEST TRVE OK
O TEST FALSE OK
-1S TEST TRVE OWK

NCTE: IF, ELSE ond THEN can be vsed
9.‘1!7 Cwithin a s definhon.



L2,

COMPARISEN OPERATORS
g [ bt sl'aued integer:

o= n --- { O ¥ n#o
L ¥ n=o0
(024 N =—- O if n20
' 1 ¢ n¢co
= nl a2 --- o it nL #n2

4 § ni2 = n2

- nld n2 =--- i O 4 nil =ne
= ' $0 & nL ¥ n2
4 nl ad --- {0 6wl 2 ne
k § )‘-F ng <€ ne
> ni n2 --- { O & nl £n2
_ L & wnil o> na
~



o

Comparison erxawmples

0 o= vst TRVE OK

4 oO= TEST Er) FALSE ok
-4 O¢ TEST @ TRVE OK

4 3 = TesT ((R) FALSE ok
-4 -3 < TEST ((R) TRVE oK

1 10 > TesT(R) FALSE °F

Las



Nes'h'ng IF <trvctures | a

¢l IF

s

e2 IF

S2
ELSE
C3 IF
$3
THEN

THEN

THEN




R U PR

DG LoGEPS F‘a
9
final imkal DO é
loop bedy I
bed y
LEOP
or |
ine +LOGP . A i
i ek
<<’ Fa re?t“ riﬂ“’“}”f X
/ g(-,bw

fonehon:
DO yewmoves 2 parame.‘l'erS, sets InJexéom'ha‘

loop body dlwm[s execuvted once

LOOP adds 1 Ho index,
exits (oop £ mdel-— €inal

olerwise, branches back to 914

+LOGP rewows Ine, .adds i+ 4o index
exit condion! In€ >0 extt i index 2 final

.“t {0 et} I‘F IIAQX s_ #'“ﬂl

withim loop boa!'-’ if“’

r --- current loop index . U-w\TI/

LEAVE  cets limit &« current |ooP index
co will ex't+ next hwe at
LOGP or +LOGP

NOTE:

D&, LO6P, +BOFP,¢ LEAVE
can be vsed 0h|y within 2 defryviyhlons.



examples of DO loops: | )

: COWNT D6 T . LOGP ;
4 O c&unr0123 oK

o 4 cowrr 4 OK

-6 -20 cowrT -20 -11 -18 -17 OK

‘,“\

* 2+CoUNT DO T . 2 *HooP ;

- 10 O 2+Cou~r'oz4-ea OK
Q9 O 1}CWNT@024~68 oK

SO0 100 10-c0«mr@ joo 90 80 70 GO (v ] 4

* INC-COUNT DO

) T . DuUP
+LOOP
| : PROP :
1 § O TINC-COUNT oL 2 3 & BK
- 2 § O INC-COUNT @ o 2 & OK

-3 =10 S INC-COUNT s 2 -1 -4 -7  OK

@



Lt

* +COUNT D6

T . I O= IF
LEAVE
THEN

LOOP ;

s 1 *co‘mr 1 2 3 &4 @K
s 3 +CBUNT @ -3 2 -4 o OK



Las

now-destroctive stack erint i
with ¢op ¢o the m‘sld'
for fiq FORTH |
' data .OW
' stack "
SP@® --- valve of sP \> o add
= d‘res Q'P
+°P stack cell
‘\"Q'A
S0 @ — oddr
nuwmw ber ot cells on Hhe stack:
* DEPTH so@ sP@ - 2/ 1-
stack dump
e ¢S

PR 2- SO@ 2-
o TR . -2 +LooP

1 2 3 .S 1 2 3 OK



for fiq FORTH
| da'l'ak
stac
SP@ --- valve of sP .
> addres \a top
Top stack cell |
So @ —
number of cells on the stack:
* DEPTH SO@ SP@ - 2/ 4-
stack dUMP :
. .S DEPTH IF
SPE 2 - SO @ 2 -
6 T @ . -2 tlooP
: ELSE ." Ewmpty " THEN
)
vsage . |
£33 ° .5 12 3 oK
LPCK (n— R
7 ¢ Sf® t+ @ ’}

L z
- D L

non-destructive stack print
with ¢op ¢o the rt'aln‘!'

L2f
fi

low
odér

h igh
Mdr



L3¢
ol
'Fa'g

conditional loops
l[oop UNTIL a condihon becomes trve

BEGIN
loop body I

\oop body

v UNTIL %

Luneh'on:
loop boAy IS always execvted once

UNTIL rewmoves V
ex(+ loop F vE o0 ( tree)
bramds o BEGIN F v=0 ( False)

'NOTE: BEGIN & UNTIL can be used

ownl witin ¢ defnihlous u:»
yse

| “pup
e~
exomples: 7

L
o1

* COUNT-DOWN BEGIN | ﬁ“?
v ,P(/

DUP . i-( DUP 0=/ |-

UNTIL
PSS S oK
S COUNT-DOWN (R) S 4 3 2 ]

. ES BEGIN G
& B pvp . 2/ (DVP ©O=

UNTIL pgapj—
16 HALVES @ 1, 8 4 2 L oK

B




conditional loops ' f;‘;d
|
loop WRILE a cowdihon vemains #rve T
\Jor) Qﬂ‘ O head-
- OV

RO s
Y, wHILeP" et it part (s
bt e bedy | 28

L e

funethon: | oS

1¢¢% Par'!' IooP b”\y afwat/s execuoted ounce

WHILE rewoves Vv
ex '} loop £ vs O (false)
( ve, braunch to REPEAT)
otherwise, execvte 2wnd part
them brawch 4o BEGIN

N&6TE: BEGIN, WHILE, { REPEAT
can be vsed on'y withinw ¢ defur’bons

Thi's strvetvre s v&r‘a ‘3eMe,r~a [.

Either [oop bodr part may be owmi Hed,

ITf the 1st Par-’- 1S own'-H-ed, Hheuw Hhis i's @
loop with a pre-test.
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FORTH EDITOR -
App“ca.h'on < -':"-;’f

Layers
/Devices

/ Extensible
/ Interactive

.\ \

()
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-FC1 FOKTH Editor: Boo'!'S‘h‘AP é Extensions

HEX

. -MOVE LINE C/L CMOVE UPDATE ;
P 1 TEXT PAD 1+ SWAP -MOVE ;

DECIMAL

. TEXT HERE C/L 1+ BLANKS WORD HERE PAD C/L 1+ CMOVE
LINE DUP FFF0 AND 17 ?ERROR SCR @ (LINE) DROP

?

Tﬁese words define the elementary editing command "P"

which places a line of text on a’

significant.
entered. The syntax for its use 1is:

line-number P text-~to-be-entered-on~the-line
For example, to enter line one of screen 87 type:

1 P FORTH DEFINITIONS HEX

~and type return. FORTH should respond "OK". If you

type:
screen-number LIST

vou should see that text-at line number 1.

screen. Blanks

16 LIST
SCR # 16

0 { Soresn Editor,.. CLEAR  CORPY

1 CLEAR { CLEAR screen Dy rnumber-1o #)

2 SCR ! 10 O DO FOoRTH I ERITOR E LOOE ; '

3

= CORY ( durlicate screen-2 oanito scrasn-1 #)

o - B/BCR # UFFSET @ + Skar B/ABELR # R/SCR OUVER + SWAR

& D0 DURP FORTH I BLGCK 2 - ! 1+ IFEDATE LOOR

7 DROF FLUSH

H EDITOR )

9 i+ WIFE ( 1stScr# jastScr# —--- C hilanks ranse of scresns )

5] 1+ BWAF 0 FORTH I EDLTOR CLiEAR LGOF 3

-1

12 ¢+ RIGHT ( 1stScr# jastBor$d -~ )

13 { cories range of screens from DRO to OR1 )

1 1+ SWaAF D0 FUORTH 1 I Fa + FELDUTOR Cilry LOOF

15 %
0K Hex @
17 LIST
SCR # 1/

O | EDITOR: NEW )
1 DECIMAL

2 NEW ( VTine# —-- replaces text firrom lined unti) nwil
3 FORTH 16 O [0 CR I 3 .R sPALE 1 VIR =

b IF BUERY 1 TEXT FAall 1 L

5 IF ¢ not null Jine ) I EDITOR R FORTH 1+
) ELSE 08 EMIT ( BS ) I BCRo® + LINE

7 THEN

8 ELSE I SCR @ y LINE
3 THEN LOOF OROF ;
10
il

i)

then

are
FORTH should respond "OK" after each line is



w
o .
&3

# 148
0 ( double number support WFR-80APR24 )
1 ( operates on 32 bit double numbers or two l6é-bit integers )
2
3 : 2DROP - DROP DROP ; ( drop double number )
4 -,
5 : 2DUP OVER OVER ; ( duplicate a double number )
6 .
7 ¢ 2SWAP - ROT >R ROT-R> 3 . .
8§ ~ ( bring second double to top of stack ) :
9 3
10
-
12 XXX ‘
13 i
14
15
SCR # 149
0 ( String MATCH for editor PM-WFR-80APR25 )
1 : (MATCH) ’ ( address-3, address-2, count=l === )
2 . ( leave boolean matched=non-zero, nope=zero )
3 -DUP IF OVER + SWAP ( neither address may be zero ! )
4 DO DUP C@ FORTH I C@ -
5 IF 0= LEAVE -ELSE: 1+ THEN LOOP
6 ELSE DROP O= THEN ;
7 : MATCH ( cursor address-4, bytes left-3, string: address=-2, )
8 ( string count-1, =~= boolean-2, cursor movement-l )
9 >R >R 2DUP R> R> 2SWAP OVER + SWAP

10 ( caddr-6, bleft-5, Saddr-4, $len=-3, caddr+bleft-2, caddr~1 )
11 DO - 2DUP FORTH I SWAP (MATCH)

12 IF'R2DROP BEE®P FORTH I SWAP - O SWAP 0 O LEAVE
13 ( caddr pTeft $addr $len or else O offset 0 .0 )

14 THEN ~L0OOP - 2DROP ( caddr-2, bleft-l, or 0-2, offset-1 )
15 AR~ 0= SWAP ;
(0):¢

MATCH ﬁ,’nés oKk b corson /.»Jvmcewrv/'
mosk  step over e 14:”\:‘ s#f,m. Wm-muck"

redeun  mott b 1A cremented ”‘p s:/’—mj Loy #.1

This  pateh 1 undested !
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T C (=R~
S Ji(mr Aok ons at e “I % jm—u)
64 chan's
e =
£1gFORTH EDITOR GLOSSARY © /
*LAG ——= addr n 88
Leave address of start of current line in a disk buffer. 15
Also leave n, the # characters following the current
cursor position.
#LEAD -—= addr offset 88
Leave the address of the start of the current line and
the offset to the current cursor position.
#LOCATE -— offset line# 88 ‘ Us=
Leave the current cursor offset relative to start of line oD
and current line#. Uses contents of R# . Zicj’a;D

=-MOVE addr line# ——- 88
Move C/L characters from addr to line# of the current ; ] >~fz S
Y

screen on the disk. gngj b
a bA

— CLEAR screen¥® -——-—
Erase the designated screem with blanks.

COPY source# dest# ——-—
Copy contents of screecn from source# to dest# .
D line# —-—-— 89

Copy line# of current screcen to PAD. Delete it by
copying lower lines up one line and erase line 13.

E line# ——-— 89
Erase line# of current screen with blanks.

H line® ——- 89 , 5 hﬁbkfftj
Copy line# of current screen to PAD. x”“'ka'i

I line#® ——-— 21
Insert the contents of PAD after line# of current screen.
Lines below line# are moved down omne line; the contents

on line 15 is lost.

L Fr 90
Relist the current screen then the current line followed by
the current liune nwnber. Uses the contents of SCR .

LINE line# —=-— addr 87

Leave the address of line# of the current screen.
M n --—-— 29

Move the cursor by the signed number or characters, n .

Print the current line followed by its line number.

REW line# ——-—
Print the current screemn down to line# . Replace lines
with entered text until a null line is entered (ie, (CR) omnly)
then print the remalnder of the screen.

P line# ——— 21 b’f%ﬁd\
Y Vil Put text following P in line# of current screen. Wz davot
+ + Previous contents of this line is lost. ey A / ove, f
j {Ceg __.4¢

| )( ﬁfxf?‘f‘ Tes g g o 5] o oo S( AL Ol BR A ;
R e e U )
e » W pight end of lCre |

[

hal € cheecr an—o
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WHERE

S

line# ——-— 21
Copy line atf PAD to current screen at line#® .

line# --—- 89
Spread lines of the current screen. line# becomes blank,
the previous contents of this line is moved down one line
as are lower lines. Line 15 is lost.

line# —-- 20
Make line# the current line of the current screen.
Move the cursor to the beginning of this line, copy it
to PAD , then print the line followed by its line number.

delim =-—- 87
Move text from TIB to PAD until delim character
is encountered.

-— 91
Move cursor to the beginning of the current screen.

in blk# -—- 83
List the screen corresponding to blk# and type the line
where in 1is pointing ( the contents of IN ) inside the
screen. Used after a compilation error from mass storage

(ie, a LOAD ).

.T‘QWJ_ mf,wggt(\gvigl IQ/\,,N wa 2 v ‘J/f ; f’/ld(-"wz \,7 ]VLV /i,
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Appll’co.{"fon
Layers
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MASS STORAGE ri
a 3enera\i%ec{ inter fa ce
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q *\F :
“single deng) XA

0 coble dens; hand

= HOPPY 8" £Llo winchester \T‘M

256 K bytes
' yte S42K bytes LGN Tytes
Spbepl
L/{ \) 228M byte
blocks O . 2419 250.. 749 750 .. 10 500 10 SO .. 3L 767

= WW/TS \{‘

block # mass storagqe addnss
of 1024 byte "block” v C“Vm

A 16 bit block# addresses 335 M bytes
A 32 bit block# addresses 2.2 fera bytes

—

to a program +o a device

logieal mapping physcal

b\aock# process e blocK#
/—--—-.«"““«'-""""" !

eFESET @ *+

o 7 .\ . ) = 11
."_‘ //._". I [ Copals f ! ,"'i—--'. éb'\f'{c N
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LIk# BLEOCK
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Llk# BLOCK ---
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DISK

ACCESS

LIk# BLOCK --- addr

\

UP ?\\A TE wa
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disk
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DISK ACCESS
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DISK ACCESS

bl eek

write Opdate

disk
buffers

o 100
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DISK ACCESS

{01
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BLOCK - addr

bleoek

disk
buffers

o| 100

200




disk operahons:

ELusH  forces

can

EMPTY -BUFFERS

Buffers are

screen¥: LIST

. geveen LOAD

( L6AD SCREEN )
ioo LEAD

200 LGAD -

within Q - soreen

all UPDATEd boffers
1o be writen to wmass storage

MUST be execuvted:

be fore cl«\ana iv\ﬂ

be fove powe.m'na

drsks

down

be fore restarting system

be execuvyed:
after edi‘Hng

writes O's nwho 3_‘_’_ disk
bolfers withovt writing

GV\Y

displays sereen at terminal

shared by all vsers.

( o other deyice D

inter prets § compiles screen gﬁ{ckm

nestable:

T, ioo

101 LOAD-
pd
Lo2. L6AD |

. 200

'S terwminqfes

7

Zfoa

LOAD.

it@\f' $C s Q N
Vassa —c{ S Chmin N ._:«ND Ex L '%‘.1/{‘;;4 ug,\j" &_)/v;'% O

85
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UPDATEd boffers o disk
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STRING HANDLING

L nput

COY\V&TSI‘oy\
Numerte s#ina &> b\'narr
Copying
Forwatting

Compam‘sw

50+?u+

STRING INPUT

Read a S‘H‘I'AJ of characters Lrom

your t+erminal
commuonrcathons chaune_’)

sA

( or a
2 /3 (G 3 /tL\M/{/?"
o ag ffrf?:
m e
dest_ addr wmax # chars EXP‘ECT S
tn  FORTH e,
. . | l | g..”sv‘“*’(‘ it ’
PQT‘ 'FOY‘W\S BQCk S PQCQ_ ed 1 +].h3 l*’?r‘@rt—cwﬁﬂf
# gy
terwminates when 31 wmay ¥ chars  enteved 'S 4 sxpecT

or -
entered
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message  boffer

S /"
TIBE@ ¥ new text line @

ThE. | Tnoll pot by (cg)
1IN,
| T{-U..‘)m *"’Jm ., dictionary
o ‘%‘“ | A
f S _ od

b ﬁm “ WORD
T WERD'S
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AZ}M/ stack
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message  boffer
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WIRD

new text IimeQD
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32 WORD |
il
(ssexT blank ) dictionary
Jastvl
2new bbb
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- message  boffer
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Capy!'n@ s‘%'m'wgs Ml
~ fromeaddr  to-addr | #bytes MOVE |
from-addr - | @ bed - Xy2

~°'j/,>;/ g

to-addy > |abe d RY 2

Rewrove ‘%V’fm‘“&eg.blw ke |

addv* be{‘om#b‘,{&s. ~TRAILING =-- a'cldr 'a-m.@r#l&-ks

" . /
Leoazzsw$4‘wwwaécéc .
;A \w-——w.,ﬁ‘“w -
Im’%\ah%& S‘FPmas (ov‘ errays)
addr F#Hbyles BLANKS stores blanks
addvr #byles ERASE stores 3eres
addr #bytes  character FILL stores 'character”
. shp{,‘ng at "Q.JJP”
6\’ “#L("K.Sﬂ'
-
W,
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STRING- G VTPRUT _ E;f;
Werke characters 4o
your terwinal s
[
(or a commonitahons line ) MW,.
1:_‘,..ior
F-cp_w?f“-

t'_// i T ,p-ﬁ‘ 53 :
addy  #bytes TYPE  wrik sfrms S e
| jORTH INC: 4 TrpE

chr-valve EMIT 7 wnk S!'n& le charactesr
- CR write  Carriage Redurn ( Liue Feed)
SPACE wr'R sn'nﬂ le blank

Spaces SPACES write several blawks

°“ WOwW W write string

'—wL—- o o cald QUERY

E%/WM[‘J\Q EL( /{\, f/rflfT’rJJ \

i s
ECHO /1 IR o 50 EXPECT

O IN /__ )
b e o D
T Te ><7 bt LW R i |
Hewre Coon T TP © END s
2R
Qui™
5 R
a 7| vTERPRET
HOR ol



STRING CONVERSICN

ASCTIL character +o wnumerie valve :

S

use.: )
ASCIIT chr =-- chr_valve f fn+erpre+:'u3
| else comrl"f}sj, +hen
chrovalve s campr"ed
as a 46 b+ Lteral
definition: G %
+ ASCLL BL WORD HERE 1+ C®@ ﬁ;’t“";jaj

. TATE Joamdd?
LITERAL ; IMMEDIA fo

Sp COMPY S s
Mh\{l{(@m whe —/—

2 why A g ¢ : >
| 77 He seph byte i (uaken )
On 2o ) h\mtcﬁ__‘

f N \ JZ/. (v CRDS
? ?/ —5 Jrc 5-.5:‘” M{"L
T~ ":K’quﬂq) fﬁlf\hahﬂ s
N umeri ¢ s+m'na Yo b lnany cenvers ron

addr- string NUMBER --~ dvalve

and 1Co”ow1'n3 conversion,

variable DPL contains

-4 F numeric ¢tring was not
Punc+uq+ed ( converted valve
is n the 16 Lbit signed integer
range )

else. the num bor of J:'ﬂ:'{- characters

following the last punctvahon )
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Pictured numeric outpud conversion:
— Cowver t 12% +o0 & nowmeric S'hm'ug ¢
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addvresse:

high

- &ddresses
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" hasle
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/
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shared /
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Dictionary Definition

N'a wé Fleld
.LMkFde
Code Fl'eld

Parameteyr
Field

Format

DICTIONARY

prev lou %
defnihon




Dictionary Definition

Format
Rl P .+ 3
0 DICTIONARY
Lt
U (KR
[
/ ..\\
;g\ Yx“j@}
ek
/o @ | previeus
( (/\‘) RO definihen
e R
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Nawe Field ' 2
L e e, S *
Link Field
Code Field L addr  vron e |
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Eield | eddr cf +
addvr cf 3S
DP =
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TEXT INTERPRETATION
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Layers

Exftensible

wEeractioin,
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TEXT INTERPRETATION . |
’f\m‘(S&wTW' T

- ;»Ierv“/"“"?%
Fchrs EXPECT ( reads linve indo message bo ffer)
F—roll ot &®
message | 77 »
bv#‘eg 8-}(‘ > ¢
- IN .
&______\‘_
WERD Aich’omrr
data |
stack g

e I Y
WORD's boffer




TEXKT INTERPRETATION

- . |
| #‘c!«rs. EXPECT ( reads ive indo message bo &er)
| ~5~-.\no|| at
message ! '
bu#e.s 7 8 . ﬁ
IN >\
W(‘TRD Aich'onarr
data
stack
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TEXT INTERPRETER

INTERPRET

umh ! end of |ine

@

v (+ick search for next
word In diet )
/L\I-Foand
NUMBER |

eyvovy '
EXECUTE

7
(0ot i
lw . C“’

veturn



TEXT INTERPRETER Fe
and COMPTLER

~N

INTERPRET

unhl end of |line

@

V  (+ick search for next
werd ih dich )

found

| mier re-!-mg or
NVMBE R -.r// \\INMEDIATE'

Sy e ExEeuTE

return
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HEX
QUE |
RY TIe @ 50 EXPECT ( vead line
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CQUIT MUW
- 1 / -
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é forever

RP!  ( reset RP fo ewmpty)
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USING COMPILING WORDS I

sovrce

l
l
|
definihon : .
| |
execvte : ,

Cowmprling | in put
wovd | data
yoo |

- eyecute
- dictionary

def inihon word
. |
' ovtput
: da+ta
i
\



USING COMPILING WORDS

worJ .

—
Time B
| Se%uence: @ | @ | @
| | A
| | ! A R )//_‘[H !J
Comp:'!n'nﬁ '| : N\‘;WHQ f/
word ‘ -
- Source | | mt&g / {A_ma
definrhon ' ' § g ~a¢#l/
i | E
Y | |-
execufe | ;
| ex;sﬁmg | souree ,
. COMPl ler | de‘F‘.ﬁ Jhon .
I | l i
p— COMP“"NS er exe; vie : )
dichonary new | nout
Cowmpilrn P
~ defnrhon wzwg 3 | data
I
| .
| - Qrecvte
/ | - dictionary
o &fk vy oo | : de€inihon wovrd
e quibss ‘ l
o tCeN "b"* '
: ' ovtput
! data
' |
' :
) O |
™~ ~Comprle a new |  Execte %'luec{nay‘ Execvte He
| - comp [ (iM word. Compr ling word ; new
?\ 7 et ' Comprle a new ,  word.
S$-g- , Ve gwovera '



- DU‘"ina campilah'-an,

(X )

by 's+or|‘n3 each QCOIQ/’E;U “id re S;D

in the wext cell of e dicthonary.

'coufn’ls‘na word s are execb-&-eé
at compile -hwme.  The contents of
#e dichonary way or way not be
affected.
Compl'(:‘ng words are defned using
“amy defining word (eq, 3 VOCABULARY )

then vse e word IMMEDIATE
Lllowing e defuthom. This sets e

Precedence b f‘" o‘F | e pre vv‘ousl; “
defned werd ' s dichoua ry de f'urhon.

Some comrfb‘nj words may be u.red
on(y within ¢ defuitoms; others

may be vsed either insrde or out.

normal word s” are comPf !eJ - C F/ﬁf |
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E)(ample )

 VOCABULARY FILES

defines a won- lmmedrate word.

Using FILES ovtside of 2 :  defimrbom,
cavses 1+ to be executed, sw:'-l-clu'nJ e
accessible vocabolary. |

Ucin it fuside a 2 defwrh'om, as fa
‘ 3 J

: ENTER FILES  get put

cavseS FILES 4o be cwufl'/ec/ rn e
debinrton of ENTER. No vocabolary
 aceess s aflected.

wWhew ENTER /s execvied, Fr;.é:S‘ wi'lf

be exew-l-ed, -fwl""dl'nj Voca éo/otr;'es.

e
T ory



VOCABULARY FILES IMMEDIATE

defines aq compih'ua word.

»USt'ua FILES vootside a ¢ JQ*F!‘MH‘»'N.

s the same as HMie nom-rwumedrate version.

However, un'u3 FILES fuside a 3 dedhuithm

cavses vocabularies + be switched dvrt’ng

CovA fl' lation.

+ ENTER FILES get put

3

The words get  and  poF  wmost be

In the FILES vocabolary.

TAI‘S vVersion O'P FILES /3‘ an cxmf/e ,-P an

IMMEDIATE word which has a  valid vse

-bo% wmside amd ovutside a 1 de f'urbon.

'c3

ri
4.‘3
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rd
53/367‘1.'1‘7 , ‘omf/./d‘/)b" or Fext n fer/omr‘a%a‘an.‘ f'q

_

= terminates comprlation STATE @

begins  text luter pretntfion - o
?73 ‘-l-ermfua{-ek 'l‘u'}'CrPre'*ﬂ‘h‘O" STATE @
/ begins comprlathion # 0

I Used l'nfernalfy withiy i ad § P
L | start anmd stop C&mpl.ll'ltj.

l& .

i

May also be uvsed Lpr Compl'/e -Hme
ar’thme h'c aMJ oer opera hons
wtthin a ¢ defiwi'Hon. |

[CREN L‘iﬁ b lo wn MMEDIATE wid!
L5 an waadede § ek
r
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The comfz'laﬁ‘on of [iteral valves: K

a hteral s a nomerre character - string
example: ~ 123
While interprehing, a literal 155 converied
fo  bikary valve amd pushed onto Hee
data stack,

When encwuntered msrde a ' defonrhisn,

a /n'Mal may be converded fo i
binary valve, but fhe poching of He
valve mto Hhe stack wvst be
defered unhl the defiurthon s exected.

: def A 123 —~ 3
h g S
1s comprled as

/- N — TN
dichona ry ‘i’-‘ 1':7_ code feld bfa;;;/ smlue

/[.2 bcr'QS 2 loy+€$
when execvted, pushes Hhe

contents of e cell 'po"ow:'h"
" ('m the dichona ry) onto
H\_e da‘('q stack .
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o A
Per‘farm:‘n_a compile - hme arrthmethe i'g

 The expression 1024 16 /
has a constant valve. The definthion
¢ slow ~~ j024 16 / ~
will perform the divide w&w“ e definrhon
s executed amd will take vp 10 bytes oF

dichonary space.
If instead, the A//owr‘ny de@’n':"hbn 15 used,

s fast ~ [ 1024 16 /] LITERAL

NS [

’
e divide s done when "ﬂas"l" V'S Compc‘feJ;
Cad wly G bytes of Space 1S used.

Dfé-h'mavy Jevﬁ’m’%‘ow of ‘-P-as‘)"

oo addr cf binary vale
LIT 64
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At interpretation - Hme,

' pup
pushes fﬁe parameter fHeld address of pUP
onto the stack.

Us'ing the same fhra.re moa g defini'hion,
¢ ADR-pUP Y DUP

vesults in the address of  DUP  being

compyled., when ADR-DUP s

execoted, the parameter field address

of DUP s pushed onto the stack.

Tn £y-FoRTH ' s aw  TMMEDIATE  word.



Deferred cow\"pi!a-l'fom: Q

A non- fmmedrate word in a : def'urbon I's

-~

e
®

®

cg
ri

-F'l'g

comprled when 1+ s encountered (e, not

deferred ). '

: wdt-deferred o s

«w»e

dictonary ... | addvess code feld| |
9

Whew this defiuition s exeewted, 9 s
execvted r‘esul'h‘ng in the top of e
. stack b the dictionary.

A compiling word may need 4 force a word 4o

be comprled whem Jhe C_OMPI‘!fnj word s
exected.

addy c¢f [addr cf Ves
COMPILE 9

(% X )

dichonary

When s deRnrhon s exeeqted, COMPILE s
execvted.  Thys +akes e 4L bF valve
whith Jfollows w the dehurhon be (ng execwted
and Cowpl'\e-s Mat valve wnio +he J.‘c.'h‘onar/.

Thi's fed\m‘gve Cannot be used o compr'/e an

ITMMEDTATE word. \
; N K ] 0 "
(\‘i/f/C\N\/){ Ha ell\‘q"(U\i UKL x\ﬂ'\"’l L dlrw(’ﬂ\

geer wpwry



E)(amp|e.5‘.
D g ?Csp

None of e words

are. TMMEDIATE,

norma lly.
when § s exect
sige IS checked

COMPILE ;s sMuoece [

within e defnrbon of

so each s compl'/ed

ed ,
by

J v

°

IMMEDTATE
3

the comprle —-hme stack
2¢sP

1S is  compiled juto e deburbon which s

being com pr'led

whem

; IS exe coted (at sequence

2)

SMUDGE wakes e sequence 2 word name

findable, and

U Yerwinates campf(d'hbn .

¢ LITERAL . STATE @ IF

COMPTLE

LIT

None of the words wi'thin the defrnibon are

TMH EDIATE,

whenw LITERAL
de fimrh'on,
(s compiled

fo

IS e
he
I'nto

each s Campl'led morma”{,.

xeewded Lrom within a @
code Held address £ LIT
the seqvence 2 definihim,

then e 7“’)’ of e stack (a+ Seauence 2

corn P:'Ie. - +h'me ) 'S

whew LITERAL
definryhion,

cam;:r'lec/ 'pa//ow/ny LTT.

)s exeevied oufside of a 8
'+ does no'ﬁn'ng.
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Cowpflu‘na IMMEDTATE werds:

Compll

‘g words somehimes need 4 foree

com p!"a Hon of IMMEDIATE words.

Hee

For eram,ole, the word v y's THMEDIATE irnw
6‘3-F0RTH. wWords ['ke FORGET wmoust

per form a  dichomary Search at interpret-hime,
This covld be done 67 switeh g fo iuterpret state

within  the defrurhlon of FORGET, as

Th;;s fomeh'on s fer‘formed b?

F fin E\G f'an(inl

3
"

FORGET -~ } 5_\[’; ﬁl LITERAL —

ant ??tWAfI ':. fewnter
¢ mf\h-b Tiew P *?"TA“"J

which ‘)&V‘CCS‘ the comff(a'h'on of #e word

Q/Iawt'ng 't wnoa § defruihon,

that word 7¢  IHMHEDIATE.

ForeeT ~ LCOMPrLE] ¥~
\

evewn ("'p

(4

b

dictionary. addr ;Ode field

~

3

LcomMmPpPILE]



_ CONTROL STRUCTURES : f

¢
rl

The contro! strvetvres IF THEN , BES/IN UNTIL

and ajl others ape 60;/7" Bom Fwo branch
fm'm ’hves:

Unconditional branch:

3! .o addr C'P~
dichonary BRANCH 353??5“5

When execu-l-ed BRANCH cavses “he
nexd word o Le exeevied +o be the

word m the dichonary at the branch
add ress.

Deremclv'ug on Hhe 1'mplemeu+a'h'on ot the

addvess “interpreter, the branch may
be

absolvte then #e branch addr
/£ a 2 b fe absolote
machne addre.cs
When the branch is
. or execu-F-eJ #hi's address
< s s+orea' m FORTH
In+€#‘rre+€r Porn tev.

relahve then the braneh addr
1S e)thera Lor 2 byte
signed valve uksc{
added +o fhe contents
of Hhe I'n+e/rf:re*er
Pointer when #he branch
IS executed.

@



gl
ri

Condrhonal branch:

dictionary addr ct branch
: OBRANCH address

When execoted | OBRANCH

pops the top of the data shack,
{alac )

£ s ?"\Q\\(\k\&»\ %w performs
e bramch ( same ar vnemdrhonal
branch)
Coue )

other wy'se ('#h‘é‘} ~sk:'Ps over
branch addr awnd execvuies H.e
word -paNowv'ns tnw the dichonary.

Calecvlahing - branch addresses:
| T‘hev S compiler vses the data stack
dum‘ng ;omp"le—h'me to  compute Hee
branch addresses. Thrs permits [ndefrn’te
'uesh'ng‘ of contrel strvctures.
HERE vreturns the address of e

next avarlable locahon r/a the diehonary.
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Exa&ple: 2 byte relative branch addresses a
¢ BEGIN HERE § IMMEDIATE

¢ UNTIL COMPILE OBRANCH HERE - 4 ;
TMMEDPIATE . - — |
. calevlate backward
branch
eee BEGIN s\ o= UNTIL S2  eee
BEGIN-HERE
. SL O: | a0

: TIF COMPILE OBRANCH HERE O 4 § IMMEDIATE

THEN HERE OovER — sSwAP | § IMMEDIATE
caleviate orward branch

L X J

et TF st s2 THEN $3 e
IF ~HERE
oBRANCH| © e




ct3

rd
| | Y
Example: 2 byte relative branch addresses 2k
‘H .
¢ BEGIN HERE § TIMMEDIATE
t UNTIL COMPILE OBRANCH HERE - 4 ;
IMMEDIATE — ——t
| . calezlybe hackivand
' o branedy
see BEGIN si o= UNTIL S2  ees
| UNTIL- HERE
BEGIN-HERE
es - B"ERE_ ° . g 8
. Sy O= [OBRANCH| e s2
: + TF COMPILE OBRANCH HERE ©O o § IMMEDIATE
-—
" THEN HERE OVER — SwaP | § IMMEDIATE
calenlate Lvward brguch
°** TF st sz THEN $3
THEN~ HERE
TF - HERE )
Z 52 53
N OBRANCH | ryere — 54 RN
. ﬁ“m\/
-
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i ELSE  COMPILE BRANCH  HERE O , -
~ :
| SwAP  [COMPILE] THEN § <IMMEDIATE
© IF s1 ELSE 2 THEN s3--
IF-HERE
~|osrANcH| © ' ...
¢ WHILE  [COMPILE] TF 3 ZIMMEDIATE
o~
: REPEAT >R COMPILE BRANCH RERE -
R> [ceMPILE] THEN 3 IMMEDIATE
~- BEGIN® Sy WHILE s2  REPEAT <3
~ BEGIN-HERE
sy




e

rd
i
! ELSE  COMPILE BRANCH HERE © , af
/- ;
SwAP  [COMPILE] THEN § IMMEDIATE
|
. IF s1 ELSE $2 THEN s3 -
| 2ELSE-HERE
‘IF“HERE JELSE-HERE
- | OBRANCH zs?‘s;gs- s BRANCH © S2 :  ae.
IF-HERE
: WHILE [COMPILE] IF 3 IMMEDIATE f
-~ | |

REPEAT >R COMPILE BRANCH HERE -

R>  [ceMPILE] THEN 3 TMMEDIATE

-*- BEGIN 31 WHILE s2  REPEAT <3

wHILE~- HERE
_ BEGIN-HERE '

SA OBRANCH

(o]
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: ELSE  COMPILE BRANCH HERE O ,
- |
SwAP  [cOMPILE] THEN § TIMMEDIATE
- IF 'Sa ELSE $2 THEN s3--
TREN-HERE
: | 2ELSE-HERE
TF-HERE - dELSE-HERE
~|oBRANCH [25Rere =| st | Beaneh |12 | s2 s3 |..
IF-HERE 1€.HERE
¢ WHILE  [COMPILE] IF 3 ZIMMEDIATE
(-
¢ REPEAT >R COMPILE BRANCH HERE - ,
R> [ceMPILE] THEN 3 IMMEDIATE
-~ BEGIN S WHILE <2 REPEAT <3
2REP-HERE
WHILE~ HERE LREPMERE
. BEGIN-HERE
<l < B'HERE =~
31 OBRANCH 2REP Here - 2 BRANCH | ocouere| S3

Fiy

abe
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fisFORTH control structure comepilins word definitions )
No comPiler security )

{-BRANCH HERE - H ( BACK in Installation Marnual )
- )>BRANC!4 HERE OVER - SWAF | ;

IF COMFILE OBRANCH HERE © , ; IMMEDIATE
THEN - YBRANCH ; IMMEDIATE
ELSE CUMPILE BRANCH HERE © ,

SWAF (COMPILE]J THEN ; IMMEDIATE

BEGIN HERE ; IMMEDIATE

UNTIL COMPILE OBRANCH { -BRANCH ; IMMEDIATE
AGAIN COMFILE BRANCH (-BRANCH ; IMMEDIATE
WHILE CCOMHTLED IF ; IMMEDIATE

REFEAT ’R COMFILE BRANCH { ~-BRANCH

R> [COMFILE]J THEN ; IMMEDIATE

fisFORTH compiling wordss part 2 )

o COMFILE ¢00) . HERE ; IMMEDIATE
LOOF COMFILE (LOOF) {-BRANCH ; IMMEDIATE
+LOO0OF COMFILE (+LOOP) { -BRANCH ; IMMEDIATE

tisFORTH control structure compilins wordss part 3 )
redefinitions to add compiler security )
IF TCOMF [COMPILE] IF 2 ; IMMELOIATE
THEN YCOMF 2 ?PAIRS {COMFILE] THEN ; IMMEDIATE
ELSE ?COMF 2 ?FAIRS COMFILE EBRANCH HERE O
SWAF 2 CCOMFPILE] THEN 2 ; IMMERIATE
REGIN 7COMP [COMPILE] EBEGIN 1 H IMMEDIATE
UNTIL TCOMF 1 ?PAIRS CCOMFILE] UNTIL ; IMMEDIATE
AGAIN ?COmMP 1 ?PAIRS [COMFILE] AGAIN ; IMMEDIATE
WHILE TCOMF [CCOMRILE] IF 2+ ; IMMEDIATE
REFEAT YCOMP YR DR LCOMFILE] AGAIN

RY R 2 - CCOMFILE] THEN ; IMMEDIATE
Lo ?COMF [COMFILE] DO 3 ; IMMEDIATE
LOGF TIZOMF 3 ?PAIRS ECOMFILE] LOOFP ; IMMEDIATE
+LOOP TCOMF 3 ?PAIRS [COMPILE] +LOOF ; IMMEDIATE
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£iq9- FORTH Cowmpiler Security s

detects and aborts on wost errors anolV)'ng
control struvetures:

mr'ss ing
incorr

parts of a control strvcivre,
ct nes'Hna

use of comp:'h’nj u:orJS outside a 3 def.

Securs'-ly words
TEXEC if execvted /n EXECuh'on state

(ve, text interpretation sta te )
then does nothin

otherwirse, an  ABORT rs execvted.

COMP - opposite above, aborts € not
exewted whi'le

compr'lin 9
lcsp stores contents of SP in vser
vartable CSP
CSP aborts ¥ contemts of SP #
contents of CSP
7PAIRS

aborts ¢ +op fwo stack valves
are  NOT e&val
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Use of security words in umpl'll'ny word s:

compiling security acthon
wonrd

e { EXEC lesp

3 | fcsp

BEGIN 1

UNTIL 1 ?2PAIRS

TF 2

ELSE 2 7?PAIRS 2
THEN 2 ?7PAIRS

bé 3

{L&&P } 3 7PAIRS
+LOOP

BEGTIN 1

WHILE 4

REPEAT 1  2PAIRS 2 - 2 ?pAIRS
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ADDRESS INTERPRETER

-
Appll'ca.f'fon
Layers
Extensible
Interactive
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Applfcaﬂon
Layers

Extensibla
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Link
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Lf

At

(k. Gypr 44 V2
VOCABULARTIES fa

q1ve definiHon wnames scope by V*es+m'c+1'u3

dichonary sea rches 4o a suvbset of Hie
drchlona ry . Th's subset may be a q eneral
$ree structure.

o

FORTH

FORTH



VOCABULARTIES

-~ give definiHon names scope by restrichng
dichonary searches 4o a suvbset of Hee
dichonary . This subset wmay be a 3eme.r~al
+ree structure. ' |

Link @)
c'c:u o |
I
E— FERTH
A 1T
FORTH ASM
-~ €D

4

ASSEM BLER EDITER

V.2
ab

fig
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VOCA B‘ULARIES  fiy

—~ qive definihon nawmes scope by res+rn'c+)'n3
j)‘c:‘onary searches 4o a suvbse+ of +he
rehlonary . Th's svbset wmay be en
$ree s'}Zvcﬁ)re. 4 . eral

Link 0
£ield o
$|—
FORTH
) S —
CoRTH ASM APPLICATION
X
-~ ED -
- 1 2 Y
Pe I ~
ASSEM BLER EDITER )
APPLICATION
f—
. A / 1




V.3

Tmplementa hon reiuire ments:
-~

The dichonary 1s one memory area.
Space is allocated and deallocated Iike
a stack.
Definithons wmay be added +o any vocabolary
at any Hwme.

@ Need a pointer to the [|ast defrnrhon v
each vocabolary. Thi's pointer wmust
be d‘lanaed each fHwme a defrurhon s
added $o the vYocabulary.

@ Must be abl 4o charn the Lrrst deflnibon
of a "leaf" vocabulary 4o the last
-~ defnrtion of rts parent vocabulary.

@ Must be able ;‘Je,m'ﬁc/ the svbhree
whith will be searched.

@ Must be able fo rdent’fy e vead awnd
write vocabularies se.parq-/-e/y.

I3/
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a
. . #
= -f-’:g' FORTH mpleme.wl'a%'on tech m'%ue‘. !
@)
FORTH
DEFINITIENS
FEGRTH
-—/: ‘\
CONTEXT CURRENT
Idenhfes 1Lor more rden hhes 1
voca bularies +o be voca b«)/ary
" searched where Hhe
next defurhon
will be
appended.
—



s
4’:’3- FORTH implementaton +ech hrque: b
-~ .
(@)
+
FORTH ‘ ,
DEFINITIONS : z’ﬁj%‘;f»‘}f A’:::;
CONTEXT CURRENT
Idenhfes Lor more ASSEMBLER @ rden bhes 1
voca buleries #o be voea bolary
-~ searched where Hhe
| : next defulhon
will be
appended.
ASSEMBLER
DEF INITIONS
ot
AT
- RE \w
e %O ™
{\ w MW
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De-Fs‘m‘ns a vocabulary

VOCABULARY nawme

VOCABULARY FORTH

VOCABULARY ASSEMBLER
VOCABULARY EDITOR |

Using vocabbuvlaries

voca bulary_nawme  stores pointer to named vocabvlary
m CONTEXT.
idenh'fies vocabulary svbitree
which may be svbseguently
searched.

DEFINITIONS sets CURRENT $Hom CONTEXT
CONTEXT CURRENT

- pvt new
de £inihons
in First ——
CONTEXRT .

Yoca bulary

o ( c,olov.) sets CONTEXT from CURRENT

- search
CURRENT &
veca bulary ‘
f'rst+

124



Reference definrhous in the CONTEXT vocabolarses. °

AAPPSV‘J new defrnrtions to the CURRENT vocabo'dry.

Examp‘et
Assume FORTH s both e CONTEXT awd CURRENT vecabolay
®
ASSEMBLER ForTH /] aswa
changes the 4 CONTEXT
CONTE XT vocabolary CURRENT —» vecabolary
veca bulary

CODE NEP  NEXT



-

restores tie CONTEXT
voca bolary |

. CONTEXT
¢ CURRENT
veea bolary

T STUB NOP

/3¢
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ASSEMBLER DEFINITIONS
c\r\anaes both CAONTEXT

éwRRENT' voca bolaries
o assewmbler

FORTH asm
: CONTEXRT =
&l € corRRENT
z vecabolaries
y
COPE NEW-NOP  NEXT 2
2
J
<
=

e« MACRO NEW-NOP  NEw-NOP ;

®

e §VOC CINTEXT ® 4 - [ ComdTizxT 4-
NFA T7D. ;
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DEFINING WORDS

(or how o write a camr:'ler fh L5 words or less )

-
App lication
Layers
Devices
~Extensible
ITnteractive
~
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)

~ Comprle a new

definrn 9 word .

USING DEFINING WORDS

Execu+e +he new
defin l'hj werd ]
Cemptrle a new

EX'QC.U','Q #!e
new weém ber
word .

' Time
S equence: fj_\ j | G/) | @
| ]
defin fng |
WOM i |
Sovree l '
defin'ton | '
Y : |
execuvte , mem bf" |
> 1SH' | wonr 1
extsTing source
Compiler ' definthon :
|
! [ |
™ 1 dedin ing word execute :
drehonary hew ' Py
def'nhon comptler ' Anta
L |
' \ 4
| member word . execvte
I dictionary new member
| de€ tnihon word
- ' ‘L
|
N output
| data
|
|
|
|
|

{
\
|
I
!
\
(
|
l
n

member word.,
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DEFINING WORDS
are FORTH definrh'ons whith, when execvted,
create enhre new de-F;';\i"b’ous .)'»\ “Hhe
dichonary. |

Pre de fined 'de-G‘m'aj words *

CONSTAN T

VARIABLE
USER

VOCABULARY
CODE

I+ is possible o create new defnring words
(le, specialized compilers ) which can
subse uenHy be vsed 4o create q
new - fam) ly of wmember words .
Defrning words are useful fr creahng
data strvctures amd  procedvres-

which share a common execvhon- Ame

be havp)r.

Pr‘épw vie can sobstanhially
reduce  Software development Hime,
reduce  program size,
and iwiprove veadability

with no execufw'on-' Hme /’9"4,7‘/‘
' /140



D2

;
-~ To defrne a wnew de#:.‘m'nj word
an ex:'sh’»:g de-ﬁ,'m‘nj word (eg, ¢ ) 5 usd.
Thy's ocecurs at sezuencé @
The definihon specrfies +he
compile - ime 4c1‘;’w';’:;/' @
and the |
execw b —hime  achv’ly @

of each wmember of He -!’mm'//.

The fvrm of a new a’e'bt;'h:'nj wovds deburbon s
¢  new-defin Ma ~wovd

{BVLLDS Compc'le-+:'me word s

®

DEES> execution- 4me  words
or

;CODE  assembly lamguage

©

)
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Example of a high-/eve/ defini’hon of a
-~ de-F:‘m‘nj word: VARIABLE
@ 3 VARIABLE X
member :
creahon -
Hime
dictionary X , 3 L2 Lydes
he of  cf L P AN
code Haat Pusl«es Hhe
address of Hhe cell -po”ow:‘na
: 3 X!
~mem ber
execvhon- ?
-h'meo | X 1 3 ok.
. ctdf““/(/{‘))
(6 wies
s+ VARIABLE s FIG wi
de'Pl;‘vahs / ;C@pl;‘
wo ; ]
o - <BUILDS . DOES>  § 7 fasped
time LEATE .
1 rons " CR;\A-“:‘T(G
dictionary | VARIABLE {BUILDS . pees>| 35
- e ¥ <f |
’A@ chh‘omry
resvlt : '

~ CoNSTANT <evids
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, rd
. \ il
Create a L Dimeusional byte array
A~ . _
Determine the compile-hime achon of wmember words:
| £ new de-F:'m‘ug wo rd |
® o cveron wme
vse - A A
defining #'5)’%35 : array wawe.
wory
Determine Hie exetuhon- Hwme achon of member words:
@ 3 LINE C@
vse A N veturns address of
W\&’\:’&w fSubScr“\‘F'l" selected by te
Define the new deG‘un'u3 word !
Yo, A
-~
@- e« CVECTER
. ereqit {BUILDS ALLOT DOES> + ;
de&‘m‘ua
word _
Cvung
—
dictionary | CVECTOR | ° |{BUILDS | ALLEOT |DOESY| + 23
e ~ T .
@ dc’ch‘onary LINE 5 bytes Z"\ MNMM
Bovf \ ~RrTRAN 2t
esv nf AE cf wse * g+ fo
ingsC v [k
':\ 7 e o ,

VEC ToR - BuiLbs 2% /’\[{(,JT DOESS Sunp 24 t )
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£
Examples ot Usfnj LINFE : , !

FILL-LINE 5§ 0o D6 65 I+ I Line c!

LOCP ;

PRINT-LINE 5 0 D& I LINE C@® EMIT
SPACE LOGP

J
FITLL-LINE ok

PRINT-LINE ABC .D E ok

Varrations on CVECTOR:
Subsc-r:'ff’s S*GP‘f'lhj from i (n'nS‘fGQJ of 0)

¢ CVECTCR {BUILDS ALLOT
DEES> + i-

ve

In'halize member arrays fo blanks when
they are created

BLANK & ALLOT  ( #bytes --- )

HERE OVER BLANKS

ALLCT 3

CVECTGR  {BUILDS  BLANKSALLOT

DCES?> + 3



De
ra
Fn's

Checek suéscm"of‘ range on each referesnce
to all member words

‘Must store array s:'%i fh wmembers defimihion

| B M S |

dictionary LINE \ )

\ DOES?

¢ CVECTOR {BUILDS DUP 4 ALLOT
OVER o/ER

DEES? 2DUP (923 o
@ A checks for _ < k_@ck

+ve siqned
IF + 2+ negaTive o 2L
F 2 su»scmp{'s Vs’
ELSE @ ,

N Range error’ ABGRT

THEN

Definihon 'n ROM, data in RAM ( writable

mewmory )
ROM RAM
LINE e e N :
ne At c#\ pt | :
DOES> .

- aaM
(N N

Lwﬂh‘ /
e« CVYECTOR ¢BurLps THERE 4 ALLOT

DeES> @ +



Virtval array: definition n the dictionary,
- data on mass storage

start
block ¥

svbseript
B/BVF

subscript M&D WFJ

M JAhs

— —

¢ CVECTOR 4LBUILDS start-block# o4  DROP
DEES> (@ SWAP
B/BUF /MOD ROT +

BLock + UPDATE




De

ri
fq
De-Fa'nin’ word example: CASE: execution
P vector
Define some cases -
t oPET ." DO " to4PeT " AT "
¢ 2PET ." RAT "3 ¢ 3PET " SNAKE " ;
Using de'Fc'm‘nJ word
@ CASE: ANIMAL  oOfer 4PeT 2PET 3PET
ds;urce. .
efinthon 25 v
- e el
Cl‘ﬁd'*'l.ﬂa Ae-mes worJ ' /W WM(NLMM%W\;W

¢ CAse:  <surps ]

SMUDGE
D ‘

DOES> SwAP 2% + @

EXECUTE 3
dictionary [CASE ¢ [run:[4BUTLDS | ] | SMUDGE | DOES> | swaP| -~
né 2§ cf /
dictionary | ANIMA L opeT | Lper | 2767 | 3PET | 35
resvlt ’\‘P T of
Using mewker word - Py Kmw
3 é MS%’\W -f*'/\«
‘ ' O ANIMAL @ DEG ok a FM{MPW
:é) L antmaL (R caT ok PR,
3 ANIMAL (R SMAKE ok o
: SOFTAPE -
I Luips , DRFV
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FORTH ASSEMBLER

- App“co.{'{on
Layets
Extensible
In f'era.c.'l':'ve.‘\
0 \
\_"//
~
\\/,
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FORTH ASSEMBLER

ATTRIBUTES:

" "

"CODE" words interface e.Ka:c.Hg l'ke 8 words
universal refereunce

stack arqumen +s

Allows '(:\AH waclu'ué. sFeed'
omd  Gull access fo hardware detarls
carry , over flow \01435

fv\‘l»?.rrUf-)'s

Resrident VoCaboIar/
Source from keyboard or disk,
Object code + novmal memory C vormal wode)
ov to disk amd alternat wemory space
( target comru'l:’nj mode )
Macro cafab;'l:“}/

Struvctured Froav‘amm:'xj contro] strvctvres
“Meta gssembler” ( table driven) gllows
fall contro| over 4;5%6[7 process
A” capa byl 'hes of TFORTH Sy st m ava)lable a'um‘ug

asswb'7, €g- 4ssew\bl=}—-ﬁm€. calcu latkious,

dichona ry sea reh,

edl“}'l'v\a ‘

@



A

=

' USEAGE:

CODE name 'oody e,ndiuj

C e—— — — ,
CREATEs drchonary assembler words Jump Fo address.

; Wead for "pame" Ir'ferals inkrpreder or
omd Twvokes ) FORTH words - wulhtasker

vadinﬂsl

Assembler words:

L o?e/raw:l in struchons :

ASSEMBLER vocabolar)/
(as the CONTEXT vocabvlar/) '

t
b
i
]

Exawples are for LSINM  poly FORTH

NEXT ( waero) jump -t address \'u%rpre.@

POP TMP ' discard top of stack,
: jump o NEXT :

PUSH TMP push weafs‘n‘e»r O onto shck)f
J'uup too NEXT

PUT JIMP sthre vegisier O into top of
stack, jump fo NEXT

WAIT (macre) juwp Jo mulhtasker |
( \ike PAUSE ) |

opera wnd wmne wmon'rc

3. CLR

4

NEG, AsL

| 2 orezmno\ instruchons:

deshnahon- oPe,Y‘a nd source -oPeM MJ MR M OoY Ie
| eg. ADD MoV  XOR

( Note: operand oxdir s opposie om €080, )
/50
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t
N
NarIONA

-~

Operamds way be regisiers, nomeric valves
(eﬂ, immediale data, addresses), aud

addres s:‘na wmode wodi'Bers.

Re3 tsters

nowm ber name ( QSSI'OV\meu‘f-)
o) - serateh
i scva tch
2 w
3 U User variables base
4 I Inﬂrfrekm
S S Stack po\'er
3 R Return stack poiuter
7 PC rroce.ssor':a‘ Program Counter

Twmwediade data, addresses:

walve 3

§r~,"

eq. CODE SNE O 1 # MOV  PUSH TMP

( Tradidonal assembler sywtax: MOV #,0 )
Addressing wode wodr Gers:

Relat've address 'ng reg )
ey- CODE MINVS S ) NE& NEXT
( T'radl'ﬁbwﬁe syntax NEG (S) )
Relative, post inevem awnt req. "+
e.  CO6DE DROP S )+ TST  NEXT
( Tvad/heonal syntax TST  (S)t+ )
" Relatve, pre decrewemt veq =)

eq-  LABEL PusH = ) 0 MOV NEXT
( Tradfonal Syntax: Mev 03(5') )

sV



A4

Indexed displacement re.g,}
eq. CSDE SwAP (o} 2 5 MeV
2 s) s ) MoV
PUT TMP
Cond rhona| control struvctures :

resvlt- Plaﬁ IF

BEGIN

troe-phrase  ELSE -Calse-thse
Of‘h'anal‘
loo[)-bad)/ resvH"HAS END

' resul+ -Plags :

(@RS
0>

O=
Cs

Vs

Neﬁa-h've \claa set
Nega hve -Plaﬂ clear

Zexo ﬂaj set
Carry ‘0‘“3 Set
oVer flow “:las Se t

THEM

e
/S



i i

AS

A
e
NATIONAL

‘)

Macros: bum " ﬁf%ff?'bfﬂ DEFIACHONS
. |
+ Wmacro-name assewm bler werds ,
eq.
NEX T W T Y+ MoV
w W ) TMP ;

Tw¥qyre i?"}‘?. :
address - ikmopt ek adiress - nmgtveckn | INTERRUPT
ins s indermopt |
|‘V\‘k‘/W‘b',"+"CCr€Q wmust be CPU ke (uet code f5l& asdr
Twlerrvet rou-iv‘né Lorm:
LABEL. A/D RTI

7o install Hs code ot addvess 177777,

A/D 177117117  INTERUPT

/53



O ( Solution: Multiexit icoP structurs )
1
2 ¢+ (~-BRANCH HERE - H
3 :+ ~-)BRANCH HERE OVER -~ SWaF ! ;
4
S ¢+ COMMENCE HERE Q H IMMEDIATE
é& ¢+ KRWHILE COMPILE OQBRANCH HERE O » ; IMMEDIATE
7 ¢ CYCLE COMPILE BRANCH Q
8 BEGIN -DUP WHILE - YBRANCH ?STACK REPEAT
9 -2 ALLOT { -BRANCH H IMMEDIATE
10
1i ¢+ MULTI-TEST COMMENCE DUP 1 - DUF &WHILE
12 DuFr . 1 - DUF &WHILE DuUr 1 - DUF RAWHILE
13 CR CYCLE DROP P
14
10 MULTI-TEST 10 @ 8
7 65
4 3 2
i OK
9 MULTI-TEST 9 8 7
b5 4
32 10K
6 MULTI-TEST 6 S 4
3 21 0K
2 MULTI-TEST 2 1 OK
v 46 +? EmpPty Stack
O ( Multi-exit seausnce structurs )
1
2 ¢« &IF {COMFILEY &WHILE ; IMMEDIATE
3 :+ FIN BEGIN ~-OUF WHILE - »BRANCH ?78TACK REFPEAT
4 ROP ; IMMEDIATE
S
&
7 ¢+ SEQ-TEST COMMENCE DurF i - DUF &IF
8 DUF 1 - DUP &IF ourF 1 - DUP &IF
@ our . FIN DROF :
10
11
12
i3
14
15
OK
10 SER-TEST 10 9 8 7 OK
4 SEQ-TEST 4 3 2 1 OK
3 SER-TEST 3 2 1 OK
2 SEG-TEST 2 1 OK
1 SER-TEST 1 OK
Q SEQ-TEST O -1 -2 -3 OK

46 .7 EmpPty Stack

pPS-EC



7 5/ so

A

& HERE”
S

=

PN Wl ce.  WHILE CYcLE




@ [6

C'\/EZTOQ #’L fa c-um«:n?/

Sterd bleh i — Aeuctd

Ut FF}SED

BASED, M,
wr s
N =e - Tirae, Al
J-) L. EA-S‘:

2) b gasE o volox
3) '\.:Lﬁwe,

LA !‘{‘bl'-i]

M A il,ue,%
CMarp /@y A
VeNiadrtz
DISk-HERE
A0 e o paned
Dis—AriteT




A [
- Ca 7(’(( ('C)NS
2 NN \,) 5 L
_L-'
' = _—

. DOESY
<Buj LD5 o
ED-EY. (S
™ | OoADED

@ LopD j

Do 35 >
g/ . ﬁr. LBotlps

(16" FRTH ol dyn

The

L






