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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
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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

&
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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)
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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
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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
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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
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. 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
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. 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)
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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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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
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$+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
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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.
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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
~
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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
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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
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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.



