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hapter 1

INTROIUCT [ON.

His manual 15 not intended to 5e 3 tutorial af FORTH, there ars2 many books
wallable on the market Lthat do this more than  adeguately, Dowever ail
sadit:ons to the standard are descrided wrth examoles, so- that they mavy  Se

ised in vour cowhA definitions. For the becirner to the language, & good book
& Starting Forth’ by Lep Brodie, even though this describes FIORTH-7T rather
han +{ig=FORTH. For the more advanced user, a useful reterence 1z T The

wetems ouide £ +19-FORTH™ hy C.H.Ting.

‘ORTH 15 a langquage which combines the features of high level larguages with
the =peed of machine code. The FORTH interoreter 1nterprets esach line ot
ommancds 0Oy searching througn &n internal dictionary of words which 1t
ingerstands. It then acts on these wordse. Some of the wards allow creation
ot mew words, which 1n turm form the basis for even higher level words,
“ventually a whole program comes tagether. and 1s called by a single word.
13 aradual deveiopment allows for betier checking of sections of a gpragras
nan SRSIC does.

7 oinsia.l the basic svsiem anm wowr Soectrum, tvpe =1ther

La0 "FORTH"

s

wgu have a3 Micro=Dirive version. just AUN atter MEW.
shern the compilesr kas loaded. vaou will be grsetad oy the nessaga:=-
+3k FrzCTRUM fio-FCRTH nm.nny where n.nn 1% the Ye2rsion nurber ! Sbersoft: 1984

nd a =lashirg C as a cursor. All commands may £ 2ntered 1N upper cCase ar
ower cas2 depending on how the words sere definea  it.e. TEST. Test anc test
oJe all gifferent wWwords and are trested as such by the compiier... Lpper anag
ower case are toogled inm the normal Spectrum manner as 1S the Graphics mode.
he curscr chapges to a ,L or B respectively. FCARTH rCoes not use the
gv-word svystem of Zinclasir 2ASIC and all commands must oe input :n thelr
‘ntirety. fAll kEhe revboard svmbols are available by using just tne symool
clftii.2. L' which normaliy neegs edxtenzed mode ¥ -ust  reguires  svmbal



‘nist Y). The onlv character npt availabie bv this method is the copyright
wmoel .

here are neow  two ZREAR  keys avarlable im this svsiem. She standard aw
«1igh Can te Gangerous wien doing cassette or printer [S0. or the Laos Shife @

WL Ch can be safelvy trapped by TTEIMINAL.

o test that tie aveETEm 313 runhing, ust Fit the ENTER key &ano the svstem
ouid respend

ik

‘ou are now fEadv to beoin programming in FORTH.




‘hapter 2

USING SPECTRUM FORTH

3t The Stack

re of the majicr Jlttersncas Detween FURTH and  nast  Sthar nhign-—.awvel
anouages is that FCORTH usee Reverse Follsh Motation (RFMIL. Mormalily, the
peratdr -7 ComBes Detween The nulbers +0u wlsh Lo add Jie.o. 4 + 7. In APN,
ne operator comes atter the numbers (1.&8. 4 7 =) 1nstead. MNote that yvoOu nNeend
o insert spaces between the 4, 7 and +). This i1s because a3 stack 15 used 15
-tore numbers when evaluating expressiLons, 1In case you dont bnow what a
tack 1s, l1magine a pile of alates, The last glate put on the pile, bewng om
op, 1s the first to come off againl). When FORTH finds a number. 1t puts 1t
imto the stack. When it fthde an ooerator. 1t takes the reguired numbers a+rf
he stack, thnen puts the result Racke anto the stack. The word dot *.°
without the gquotes) takes a number ot the top of the stack ana prints 1t.

he BASIC prooram line 'FPRINT (Z2+7)x{(B+2)° 15, 1n FORTH, "2 7 =+ 8 = +« %
"inaote the spactes ares impaortant!.

itter saecuting: The sTath Lecomes:
3 = op of stack an Lthis sige
=, 7
+ i}
i 10,31
2 R g L
LY, A LE)
t 1O
L0 is printed.

ractice is the onlv wav to get tamiliar witn FPN. Similar words =uplalned
n the slossaries ara:

= f & L/MOD FMOD MOD #MAXd MIN AND O X0 MINUG -— 1+ Z+.

here ars some words which shus+le the numbers on the stack
P duolicates the Ltop number

WROF discards the top number

WAF swaps the two top nuomtSers

D FOr EHample:

DUF &« . prints 1 1 ok

2°DROP . grints 1 ok

2 BWAF . . prints 1 2 ok
imilar words: ROT OVER
Jee alsoi 20 SFa

2.2 arrahlee apd Constants

sariatlz in FORTH must 5@ suplicitiv creatsd betore 1t 1s used. using thne

3
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wrd CYARTABL
VARLABLE Al

will create 3 variable "Al7 with initial wvalus
-naracters wi1ll work as a name.

T ARy SEQUEencE® of non—hbiank

, Al !

Tares & LN Al ance Al has been detined as a varilaole.

(1 3 . (can alsp be written as Al )

will fetch the contents of "Al" and print ik. The word "Al° actually puts
e adoress 3t AlT on the stack. 7!'7 takes an address cff the stack then
rakes a number a2+ the stack and stores it at that addresz. The ward 37 takes

i adbdress o+f the stack ang ~epiaces 1t with the contents of memory At That
gdress, The worg "77 18 the squlivalent of '3 .7 for those who are iazy. GSee
I8 the worg =)’

i constant 1n FORTH i3 a ri1xed number which 1s given a name. using the ward,
TOHSTANT .

£ CONSTANT TEM

reates a3 constant. "TEN', with the wvalue 1. From now on, sach time Lthe
wra *TEN' s found. i) will De pushed onto the stack, so

iote that "!? ang ' ara not nesded with constants.

weng the predesinen svystem variables there 15 "BASET. "BASE' cantains the
Yrrent runber Sase used +for input and output. THEXT stores l5ibase 1) 1m
TA8EY . set-ing newadecimal moads.  CDECIMAL' stares  ifthase 100 in TBASCS',

iBTTINg gecimal mode.

s yDEE Of Rusber

ORTH 1= & tvoeless lanousge. There 13z no distinction beEtwean a nusher and

grnaracter For examosle. Thimg=s or +tns stack are tasen by & wor ano
Nie-ODrelec as that we-d see:z <it. Some of the more comman intisrpretatiocns,
ither thar the nermal le ot signed numbers (range -J27V6B £ Z27487) which have
Een used, are:

Lnglonet:

- - | S -
ange . L I = P Y 9

ne word “U. " acts like *.' put it assumes Lhal the number
T urslared rather than sigred.

oukble precision:

he top two numbers pn the stack are intergreted as & 52 bit number, sither
1dnen or unsignec. INE  Top number 12 taven st the high 1& bits. The ssecond
wmber is taken as the low & bits., To put a 32 b1t number onto Ehe stagii.
voe the number with a ceciral point somewhere in the nwmber. The system

4



wariaple DFL contains the number 0+f digite followirg the decimal point. 1P
case it 1= important.

G 000 . . BPL & .

will prant 1 44&4 T okl The X2 bit number 70000 {not 70} is put onto the
stack as two numbers. The first .7 orints the top hald as & =igned number.
the bottom hal+ 1s then printed (note 70000 = 1 2 2716 + 4464). The contents

-

+ DFL are 7 since there are J oioite atter the decimal point.

fe words U UsHOD mE M oand MMED are mixed moce versions of £ ¢ ang JMID
shere Lhe Doerahds anc resualts are of dif+terent CYDES.

wies
wmetimes prly E b1t numbe-=z  are reaulred, fo-  1nstance Lo represent &
neracter. Thev are representec o the stack bv 1& b1t numbers wits the £
1tghest tite Tere. Meg! camdt PRI fptehoand stere aniivos singie byeesaatea
T1mE.
1 z
laps:
1o malke decisione., the values true and ialse are neeged. focr 1nstances:
winIs o italsel ., whereas:
= . grinte 1 (truel. ln $agt any non-2erg number 15 trested as true.
S5c. "=" can be used for LY, sinte s—v=0 ifalse) pnly 1F wEvl Cther
ompar 1 s0ns are:
g ¢ tpguivalent to o 11 and uv= ifouivalent toc O =1,
NOT® ©rchanges & rrie flag =o +alse ang 4i1ce wversa. (Ihis 23 actually
quivalen:t to U=.1
=3 _CORTH modes
“ORTH hag two ci:ffersnt wavs ot working., Jne :s tha interprative  moge  and

n@ other s Ethe detining {or zompilingl mode.

i+ the .nteroretive mgde, FORTH takes «hatever 13 input and frigs to SYMBCULE

¢ Lmmedlately. if vou type

e computer will give an immedizte answer or

I ak

‘owever in complling moce, FORTH takes what 1s 1nput and stores LE deay i
ts dictionary and uses it later. Az an example, 1¥ vou wanted to ingut the
um abave. but anly see the result later {a rather sirange <hing Yo want ta
io} vyou could define a new word, thuss:

=TRANGE 4 7 + . 1

: 15 the word used by FORTH ko mean oegin compiling, the word for

e
[1]]
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tnish compilingl. If wou then typs
S TRANGE
ang "anter’, the computer «~1li them gJive yoo
11 ok
mceE a Wword is defined in this wav, it can be wused 1n other derinaticns:
(DOETRANGE STRANGE STRANGE ; TODSTRANGE

.ompiles a worg TTOOSTRANGE® which will per<orm STRANGE twice, then szscutes
ne word, printing

ke FORTH structure IF.....=MDLF .or IF,,..ELBE....ENDIF! allows conditicrnal
miecution fanly!) within a defimition. The eguivalent af BASIC s " IF A<D THEN

RINT "TOC BIE"" :s

FEST & @ I [F ." 700 BIE" ENDIFE i

a2 ' pur' s flag on the stark =tatipg whether AZ. IF removes the
iag. I+ the #iag := true (non-zerc! then the +foilowino code 1= executed.
he word "."° prints everveEhing Up T@ The N2kt douwble Quots . ihote that
nere hat to be & space 2fter 7. ' 4fpr 1t to beE recocnaised properivi. It Lhe
lag 12 False izero' then the cooe up to EWNDIF 18 skipoed. In the case of IF
v ELBE ... ENDIF, if the fiag 1s true the code tetween IF and ELSE is
svecuted anc the code between ELSE amd ENDIF 1= skipped. 1+ the flag as
aise, oniy the ELSE ... ENDIF geas land tnat which folliows ENDIF as uvswall is
speuten. Inside ans IF .+s ENDIF clause vouy can nave angther one.

ASIC e "FOR A= | TOQ 10 : PRINT A: NEXT A" ‘i FORTH's ‘¢ TEBT 11 1 DOD'J .

dnen "TE3TT 118 esecuted. ‘0O takes two numbers o¥t the stack. The taop
wmoes L] here! 12 the starting waiue. The second number (11 is the limit.
~optes tne locec ingex (A 1R the BASIC program! pnto the stack, whese it is
srinted By V.t LOGEY increments the loop indey Sy 1 o 1 the limit 1s
reached nr encepded. execution continues as naormal, otherwise 1t lacps back to
he "DC°. Hence the limit beino 11 in order to count to 10. Note that the lodp
s gohe &l leagt once ne matter what the Tiet is. T +L00FT instead of
OO 1= FORTH & eguiwvalent ot "STEF n’ 1n BARHIL, 1f the loop=s are nester,
returne the 1nder ot the outer loog. 17 returns the limit o the inner
oon. LEAYES charges the limii so that the lpop will be left as scan as

JOF” is reached.
wnother tvoe of loop is BEBIN ... flag UNTIL.

{EST BEBIN .. & 2 2 LINTIL 3
T the egquivalent D+
& REM BEGIN
G IF NOT(ARYZ) THEN GCTD 14
EB. .. Will bEe executed over and over until A5 L.

()]



See also: BEBIN ... ABAIN and BEGIN ... Fiac WHILE ... REFEAT,
ine of the most usetul commance in & lancuaoe such &= Fasca.. 1c tne CRSE
statement. Thics allows for the zesting of a number for many oifierent valiss
and exesdtine ditterent orocedures: on sack vaiue. ThRis 1z available Gn
tandard FORTH only by wusinge many nested IF ... I8 ... IF ENOIF EMODIF
WDIF and can be very tedious. & NBW STIFUCTUre 17 Abersoés FIORTH 1S naturally
alled the CASE structure. s use 15 -

.- iinstructions lEavino & single vaiue on tne stach

ESE
- 0F .M This. is BY CR ENDOF
£-dF " This ys 2" CRF ENDOE
2.-0F .Y This 1= 92¢% CF ENDIF
MNOCAZE
his structure provides & much more readable and iess error orons  way  OF
n&1MG MUiLLDIE DBCISLORS. LM the anpve exzample. 19 9% wWa: ie<: 0 tne STaci:

-

s 15 99 iwould be printed. ASnv value other than 3. 12 or 3% wou.g oroducs
D CUutput at ali.

~eu tevboarg and Sgreen [0
oy have met the word '." ! ahich prints a tiied mESSage on IhE SCrEen.
EMET" expecks the ASCII code for a4 characrer on the stack. It *hen grints

Al Charactier.

o EMIT
elll prant Tho lettes "W AABELD code 33, “TYPET i ussdifor ortntisg
Trinds. The variable *TIB' Ccontains the agddress ot the Terninal Insut Buffer

=

sneEre wnat  owvou tyvpe 15 stored. o tyvpe out the first 1 charactagrs in tho
iurfer. vou need to supply "TYPFE' with the starting acdress, ang the numoer of
naracters to be printed:

FiB & 10 TYPE

21l]l print

I3 31407

SFACES’ takes & number n from the stacs anmg prints out n sDaces.

KEY® waits for a wev o be gressed. then outs the ASCII cote of that ey

nto the stack. "EXPECT' requires an agdress and a count. sust like TIVRE'.
towewver, ‘EAPELCT’ takes —he speci1fi1ed number of charactesrs from the kevbhoard
gr all the characters up to ‘enter’) and tacks one or two nuils (ASCIT 9 aon

Fe anc. The word "HUERY" 15 detinec as "7TIZ 0 80 EXFECT .
INEEY
¢11]1 weturn the ASCI] code cr the kev currerntly being pressec, [f ng <y is

1e1ng pressed, the value 225 13 raturmed. This word is not stangdard FORTH,
Wt 15 1ncluded ror Abersoft FORTH users,

grints out all known w@grds in The current vyooabul ary. v wocabwl ar

7



= & sucsecticn of the whole Jictigrary, Thne normal  vocabuwiary is callzd
‘URTH and 15 selescted using the ward "FORTH ..

‘ORGET worc will forget all words defined from “word® Onwards. & handy
Rino to do is to compile the wWood "TASE' as the first new word

ARE

her. t+ afte” compiling mare worde. woo declce to get rad of thes all.

FORGET TASH
w111 do the 1job. The svstem wvsmiable "FENCET zomtalne an address.

&
WhiEn vou capnot FORBET a2 word. To orotect tne wsords
wpe "HERE SENCE

bel ow
wOL fhave LSt compalerd

O CFEATE & Rew vooabulary S MYWORDE”

tyYoe

DCARULARY MYUWOREE IMMELIATE

"MYWORDS® will nowm Cause Thl:s nNew vocabulary 1o be zearchec when
OWTEAT™ 1= set 1o MYWORDE!.  New
_________ ne will. nowever., be addec to the o:d wocabulary (the svetem variacle
TUSEEMNT® 1= sti1ll pointing to FCRTHD. To celect the new vocatulary
ado new definitions to. fype:

c 1
1n0 worcs (the system variadle "0

as the one

WLCRDE DEFINITINNS

'hMi% SetE the current vocabdlary o the context vocabulary imaoge MYWORDS Dy
MYRORDE' ). Te oo back to sdding defimitions to tne FORTH vozabuiary. tvpe

-+

ORTH DEFINITIONE

;ome words, such as  CFORTH’, are 1mmediate. Thig means that tney wil! be
MBCUTBD. BVEN 1N COmMGilE mMOUe. Tnese worcs can be distinouished in the
1:oss5ary oy the ietter P at the top of the definitior.

me of the problemsz with uzing ~0RTH or & mon-dist svetem 15 that oOnce &
«org has been cetfired, Sihe oOriginel sourde 0 that gefinition 1e [9si. Tor &
arge definition. thie 12 an obvicus nuksance iF 11 18 4punc that 311 does not
uDSeouBertiv do what wee expectec of it in Spectrum FORT- 'cassette veErsion!
MiE nat been Ccircumnavicated by using the tos of store as & tmall, pretens
i1sc oF 11} oytes 10 tota: size. Thls meay seem like & smMail ampunt. but given
OhTH's COMDACTINES=S, & SUrTCrisingly large applacatior canm S writTen. AS:E &n
~wample, tne ecitor described later. tooy up aniy E pages 9+ this dice (s pabE
= 19Z4 pytez long arranged as  le (iNBE OF A& Chardttera. & SLrange
rrangement +0r  the Spectrur gispiay. Ouf tnis is what 1s reguirec by the
‘ORTH standard! anc that incluged copicous comments. [hie also means that whers
ne uparaoe to MICRO-DRIVES 15 available. the changes to your way of worbking

cnould boE almost umnoTlceable, e:cept for the seeminc vast i1rcrease 1n stare!

ne pages o~ the disc are nuamberesd from O to 1, page O bexng reserved far
pmments, TEYL 15 ther 1Nput Lo the dis:t by means o the editor describec

3



ater. To compile s program from RAM-disc. se
| LOAaD twnere n o 1s the page number of the rirst defimition.

¢t the cefinition or detinmitions. spread over more than gne cagé,. the final
«org on L& page should be

= Sronaur 2ed next-screen)
o ocrepars the nAM cise For wrltlng, The Comnrand
INIT-RISC

nould e ased. Fi1s simpiv clears the ares with olanks.
Grrent CoNTEnts of thEe DlSC PAQES., WSe

v 15T awbhere f-1s the page o o listed) .

dhen = gisc has been +ilied, 17 can te saved to tape with the command

i
n
Qa
e |
i
il

s0 be veriftied subsesuentlv by using
JERTEY

f at anv time durinag these operations, an error  Occurs, sSéncing the
pectrum fack tntg PASIC, vwou can r2turn to the FORTH syetem where wou lefht it

¥ Typang G000 7 ithls performs 5 Warm startt.

A oreioad & d1=5c area created opreviousiy, use
JapT

wt ramemser, thiz overwselites whatever 1s alrg2ady thers.

7 Micro=grives

diem wgrsion .8, the micrg-drive version; there 115 no need to hHave: -a
AF-gisc., as streens  are  stgreg on the Migro-Irive sutomaticaily. The tape
&

aor *he TORTH screens nusi have teen formattag previgusly fram ZASIC. I+ vou
1n@d ¢0OL nave no free Cartricge, ieave FORTH witn MON and format a4 cartrioge
5 normal. =eturning ta rORTH with GOTD 3T, Streens can De numbergg from i =0
o But ooviausly a maxlmum of between B8 and 190 will f1t an an emoly
F1dge. Eath screen 13 sawed as ik <1le 41th a name ot SCAARR. whara aen

a
the screen nunber. Thais sllows vhe 2asv transport of RaM-—diszz rfiles &g

[ |

g
L&r

Wi

9 CLEAR 53247:L0AD "DISC" CODE
20 LET A€="gSCR"

‘O INPLT "FILE RAMNGE (1-988)"3F
i IF Rl OR FRREF THEN GOTO X0
0 FOR I=35724E TO #4511 STER 1024
W LET Be="00C"+STRE (7]

70 LET Ce=A%+Bs{LENDE!I-2 T

- OPEN £43PM i CS

O FOR J=0 TR 1023:PRINT £4:CHRIPEEK{E+J) Iz rNEYT J
Q0 NEXT J :
110 CLOSE £4:LET F=F+]

20 MEAT 1



=:st _The Graphlcs Routines

These routines are the major ertensione to the FORTH standard. and allow use
+ all the OSpectrum’s Hi-Res graprics rootines, which with tne cpeed of
spectrum FORTH sliow fast-action arcade-type games 1o be written without the
need to resgrt to machine code.

1l nZ SCREEN '
11 nZ AT

11 n2 ATTR

whnere n. = line number and nZ = coiumn?

‘CREEN returns the ASCI] code pf the crheracter at screen location nl,nZ.

T Dositione the cursor at hl,.nZ.
ITTR returns the attributes of the screen at nl,n? 10 standard

SpEctrul format

INE
~APEFR
Whnere n eSuals 2 Spectrum colour vaiue from U=9:
s0ORDEF
wnere n equals a Spectrum colour value $rom Q=7
nese COMMANOS: &°B Ziredtly Eguivaient to there Spectrum cousins.

v FPLOT
¥ UR A
wnerg x» and vy are Spectrum screen co-ordirates »=0-200. y=U0-L17030

Jnlike the Spectrum command FPLOT. the FORTH FPLOT samply 10nores values that
e or+ the screen and LDRAW uses apsolute values. 5o the BARSIL commands

OT (100, 100!
JHAW (=20, 200
wouid 1n FORTH be
100 100 FLOT
it 120 DRAK

£ you DRGW oft the screern., the next DRAW will DRAW +-om the last wvisible
1807 on SCrEEn.

wseful definition that vou can add co your own system 1s the one that will

iraw & line from pne positich to anpther. This can pe gerined in FORTH &3 -

URAWL PLOT DRAW ;

ind has a definiktion of:-

o %1 wl =—=

lozic2 with thiz thnat the T0 cositizn comes terore the FROM positian.

i snreresting compariscn ot the speed of FORTH compared with BASIC can be
gen by the trivial program that f:lls the screen by alotting each dot im
L, in ~ORTH det:ine a new word TEST:=-

TEST 256 ¢ OO
76 0 0O
ol
Jce L0OP

7
o ran tvoe TEST.



n 2A5IC, the line:-

FOR J=00 70 235: FOR I=0 TO 175: P

P

OT 4.1 NEAT 1: HEXT 3

Jurte a difrerence!

Mote also the final value in a2 FORTH DO statement is not used.)

"he following program uses FLOT and DREW tg draw a pstiern on the scr2enz -
TEST1

1
= {75 ~L0OT7 I 5B DRAN

im1s definition can also be us=d to show the extensibilizy of FORTH wusing
previcusiy detined worcds, of 1% is decided that shat 1s wanted 15 &

e
O oe repaests2d 1t all Colowrs, a mew word can ce definec usimg TESTiz-
2 ol
INE EL= TEST1
Q000 G 30 LOOR
gor
¢ FOINT

is i1h the standard Spectrum roctines, this command reaturns aither a true or
alse +tlao, depemcing on whather the goimt 1s set or not.

FLASH

BRIGHT

GOVER

INVERSE

nese Commands are agaln., directl rslates to the Spectrusm commands. with &
alse wvalue turninc them off. ahkt & true (.00 valus twrning them an. tThe

easan for BOVER rather than OVEF +or overprint 1s because of the clash with
he standearce FORTH word OVER., whith Coec sOmEithing enLtirely difrerent, !

‘mere i1s anly one sounc command  in Spectrum FORTHE  and that works in &
itfterent wav +ron the BASIC command EBEEF. nence the new name BLEEZP!

LbEed 1n the +ormat:-—

vions BLEEF

HFis produces & tone of duration nl  and pitch RZ. These numbers are
jirectly related to mactine code cycies and as such are both more cifficul® to

i successtully, ant also capable of areducing sounds only heard until pow 3T
ne commercial software thnat i1s avallanle.

LAZ The Outside worlco

WD Ccomnands are available for communication throuoh the stangard 70 ports

1



s+ the Spectrum. These are:-

vy INF

1. r.: DU?F

NP returns a valug to the stack 4rom port nl and will be wuseful when
Writilng programs that requlre the 1nterpretation or mOre than ORE  KEBY &L &

ime. OUTP puts:the value nl out onto port nd.

“he +1nal changes to the stansard are :-

~REE

the =staci o0f the amount o+ store remaltinc il

miE returne & velue or
wtes, For examole: -

BYTES FREE . ." bytes remaining" CR j

when bytes 13 tvped, the message " 1B919 bvies remaining’ or similar w1il be
arinted.

S1iE

his returns a value on the stack of the current size of the cictianary.

LINK

his command fwiere ¢ :s5 a <lag? lirks the printer arnd the screen tcgether
a trat anvthing outbut to the screen will also be prirted on the ZXPrinter.
his 13 one of Lthe CCCESI0NS <Nl using the stancard BREAR »2y  May Cause

sraplems’  ALWAYE use Caps Shirtt 1 to bBreak a3 nrogram.

DG

i)G returns the posltlon 1o shore g4 the user-detina2g graghlcs. Braphics—FA
s 1n UDB+0 to UDG+7, Sraphics—B 1s in UDG+A to UDG+1S etc. 4 useful command

‘o cefine the granhics can b2 zompilec as follows:

OEFINE @ *take 2 nunbers <ollowed by a character number
-1 ang use to redetine a character .
] £ U0G + DUP B + SHWHaEF
¢ take top wvalue on stack and use as index
ar D0 LOOP ¥
0 LOOR
Store the next 2 numbers from the stack
ntc the users graphic !

finish definition
Mis command can then be used as rollows:-

a define Graghic-0C as a hollow square:-—

HE X
F 3i 8L Bl 81 81 Bl FFr & DERINE



-

hapter 3

ADVANCED FEATUREE OF FORTH

—:i_Baving an eutendec Diciionary

‘s it Can oE seen from any work on FORTH. & zonmpleted FORTH application is
imoly an extension of the dictionary. In Spectrum FORTH. 1% wyou have &
‘ompleted program and do not wisk to compile +rom RAM-disc or Micro-Drive each
to use it, oOr vbu have & SET DY stardard routines that vou wigh

ime VoL walT
by the foilbw:ng

to uEE ewvery time vou enter FORTH, these mav 0OF GaAVED
nethod: -

I Fand put the new total length of your progras by typing:-

SLIE .
Change the CILD START parameters by tvping the follawing:-

ORTH DeFINITIONS DECIMAL
ATEST 12 +DRIGIN !
{ERE 2B +ORIGIM !
[ERE Zi +ORIGIM !
{ERE FENCE !
FORTH 8 + 3Z2°+0RIGIN !
¢ using a difterent vocabulary than FORTH use ™ vocab & * ...

-+

TvpEer -
2

o return to BASIL.

ling & ot the BASIC iocader crogram to nave & +ti1nal code length valde

it
i the number given 1n L. + lu.

i} RLK = tp save vour new extended version of FORTH %o Tane. iUse wour own
2o to do thie on. MCOT the master 0BT+ tane.. Thie new tape 1= of CoOurse

or vour owh usE only and nol for re-sale. Tire o° GERCINC BUFpDOBEE,

who wisnes toc use machine code rautines  fuzing CZREATE  ar

e OroQrarmer
reqlater usage of SPECTRUM FORTH,

LODE) or mssemblier in L.iB wlil reguire the
hese are as tallows:-—

iIEGISTERS
‘ORTH I8g
i e Must be preserved acrass wards.,
] oE input only when PUSHDE 13 used.

3



]

=] S oata Stack.

P 13 {iser area pointer. Must be
sFeservea across words.

iL input only wher PUSHHL used.
o uhderstanc this area fullvy Wwill require Ting's book as mentioned =arlier.



hapter 4

FORTH ASSEMBLER

Y, Hesembier

iicro-Drive versione of FORTH nawve a built-in FORTH 2840 fAssembler. Thas
:l.Dws eacsy construction of eirther full wards wsing:-

BT ... iassembiv mnemonicsl ... L3
w new gefining words usingi-—

sanas JEODE ... Tasssmhly mnemonics) .. D3

el
00z DOUBLE L take top word ot siacl ano gdouble 1t

L FOF { pup top ward!

i DAD ¢ ADEY RE.HL)

ie FPUSH { push word back an too of stack]

NEXT v COompiie jump back to nest)

wpbroutines that meyv be reguired 10 & FERTH low—level word mav be
je+1ned thus:=

i gecrement AL

JDE DECREMENT

. FOF

BT CAL:

‘WUSHHC ioalternate return to nest which oushes HL <irst!

is Ccan be seen +rom the above esample. FORTH Assenblers are siructured 1m
ieverse Folistr &k 15 the rect of the larguade. PBelow 15 the complete FORTH
isesembler. with standara IE8U mnembDnice as reference:—

dnere: -

p & B DLEsHSE o iE

¢ =2 congi1tion (I NE etcl

n = register pa:r

= |pgex register LY or LX

=B ot the 1ndex reglstars iz thus: -

(IXy B 1.D¥ = Ld By LIf+n)



JRTH =] FORTH 230 FORTH 280
CF CLF Dl Bl LRA iR A
- { 1 AL EPE HEL T =ALT
(218 ARG NOP HOF SCF SCF
RAF Ex ~F.aF° RET RET EXX Eil
ADEHL EX DE HL +DADE L0 A, LDE) LOABC LD &. .20
TADE v aDEY LA STABC LD ¢BCYl.h iMn 1Mn
“ER MEG ORI LD Al LDRRH LD AR
ET] RET] RETM RETM LaRA LD R.A
LIA LD LA el p2aNay ED e 2orl o P EDir .
rgokxl LB rp.nn ro n SR LD tn).ro nrp LIR LD rp, (N)
(R ING: & A AST RST n ro FOF FOF ro
a PUSH FUSH =z rp INZ ING rp r DCK DEC r
p OCX DEC rp ro DAD A00 HL,rp r ADD AbD A, r
1 HDI ADD 2. r ADC ALC A.r n ACI 4OC &, n
=UE SUB r n ol SLE n ¥ SBC SBE r
i 50T SBE N r AND AaND N ANI AMND o
L0OR 10R r n XR1 X0OR n r OR ORrR r
: URI OR m r CME CHP = n ORI CHMP ‘i
1IN IM A, il n OUT BUT A, inl DADX ADD ILX,IX
ADY ADD LY, LY ro tr DAT: ADD ir,rp rp CDADC ADC HL.rop
a7 -DSRC 8BC Wh.rp R JMP n CaLL GALL. n
1 STA LR ) 8 n LCA BB 4, i) Ex i EF EX {SF),HL
riHL JFI JF SHL L Cir) SR LD SP HL rioLE RCir
RL RLr r RRC RRC = r =R RAH
=LA SLA r i 'SAL SRL r r ZRA SHA -
WHCA RECA RELA RLG mRA SRR
n BIT BlF n.r r 1 REE RES n.r rin SET SET #fier
i Lol ErP1 cl gl M
LIT 1 guTi Lob LDD CPD iLPL
{MD iND SUTD aurTo LDIA IR
F1iR CELR INIR INIF OT iR aTiR
DDR LDDR CPIR CFDR IMNBR INDR
i OR 270 r IN{C) TR o 3y r OUTAE] BUT r, iCl
£ CALLE EBLL ‘ervn 0 cg REJE HET BE.0 A g2 dPE JE S
=gy | | A B A Ji JE f o DI DINZ =
‘Jdnds 3nc [oobs CaAn DR used &8 in Aarmal sssembly language., Sut this can Be
rfticult FORTH assembler allows similar looping structures o normal FORTH.
hese areis
E5IN « AGAIN i Infinite loop)
EGIN ... cc UNTIL
*his 18 the sguivalent of
L1l mhemonice
IR e, L3 £ oe i3 Brarnch 1.2 dF-ec.Lt)
EGIN ... £z WHILE ... REFEAT
B e ERDIE
£ I e ECSE v ENDLE
Tnere 1s alsc & DT ... LOOF. which uses the [NMNI instruction.
LB
o DO & INF LOOF



Jounic sssemble

D B,S
1 INC &
ANZ LA

iecause the register names ALB, L eBtec.  are easily contfused with the HER
wmbers, ant alsn Thai most pEOple preter 1D write assembier inm HEXR, renember
g specity hes numbers with & leading 0. 1.8 06, OB etr.

The FORTH assembler ooes not have many checks on the way vyou wrilte your
ode, and can easily allow illegal instructions tc oe used. LChegcks are  made
&t the end o¥ assembly that +the stachk 1s clear, but the onus 25 on YOU for
I0ST error Checsing.

O Dass valuss bDact to the stack., and to return to the next FORTRH ward. the

reglsterse stdted must be preserved. lc return without any values., MNEAT
sesembles & umc to the FORTH HNEXT, 1.e. uee WELT nmot MNEXT JMF at the end of
issemoly. 14 wou have one value, pass tf  1rn the Ho register and use FUSHHL,

¢ vou have twc values pas tnem 1n the Ho anc DE registers and wuse FUSHDE.
Fiiz wili iE8vE the stath &8:i-

IE R tosl.
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hapter 3

HE DISC EDITOR

“OFTH organises all mass storscs s1irer AaM-disc or MICRO-CRIVE) as screens
i 1024 characters. The RAM=zisc has LIk and 1tS SCreens are numpersd 7 o
ks

“arh SCreen 15 arganlses oy The System 1nto i1éa iines of o characters per
.ne. The FORYH screens sre an ar-anaement or  @irtual memory ang dao  not
"Srrespongo To the Spectrum screEen tormat.

o start an editing session, type EDITOR. This invakes the zZDITOR wvocabulary
N0 allows text to bOe input.

e screeEn Lo be edited 1s selzcied, using 2lrther:-

ST (list screen n and seisct ror editing! IR
y CLEAR iClear screen n and ssi=ct ror sditingl

e -~ -
1

g ihplt taxr atker LIST o Lizek, e P oipgutl commana 15 used.

CaMELE;

L

"his 15 hiowW
Lo ANpUT Test
znta lines o, 1. and 2 or the selecisd screen.

o

ring tris descrigtian of the sgitor, retererce 15 made tg PAD. This is the
2t butter. It may hoid a line of text useac oy or saved with a linme editing

ommand. or & Tert strang to B founc or deletec by a string editing command.

e AL can be ussed o transt+es a li:ne from nne screen *0 ancther, ac aell

5 o pertorm edit pperations within a s1ngle screesd.

c—-+ Line Editor Lommands

i H Hold line n oin PAD (used by svstem mdre often than Dy user).

Delete line n but hold 3t in PAD. Line 15 becomes blany a=
ines n+l tald move up | ling,

9



I Tvpe line n ang save it 1 FAL.

i | insert the text fror pac &t iine n, moving the pid iine n
.nc follpowing lihes cown. o1hke 1S 1z lost,

- Erase line n with bBlanke.

Soread at line 0. 1 oand subseguent lines move down 1 line.
ing n becomes blank., Line 12 1% lost.

(i

he screen of text beina edited rezioes 1n a bu‘fer ares of storage. The
‘oitint cursor 1= & variable tholding an oftset into this buffer area.
‘ommanos are proviaded for the user to position the cursor, elther directly or
1y searching for a string of buffer text, and to insert or delepte text at the
Ursor position.

“aed.l Commands to Positiorn the Cursor

OF Fositipn the curspr at the start of the scresEn.

B Move the curscr bv a signed amount f oanag print tne
WP S0 UNODET SCOrE,

@7 List ccreen noand select 1t for editing.
CLEAR Clear =creen n with tlanks and select :t for eciting.

1 onZ2 COPY Cooy screen nl to scresn n2.

5T TNE Current screer. Ihe cursdr line is relisted

18T
atrter the screen listing, to show the Cursor position.

L
n
=

ri

Search forward from the current zursor position until
Ttring "text" 15 tound. Tne cursor 1s ieft at the eng cr
he text string. and the cursor line i1s printed. [f the
tring :5 Aot found, an error message 13 glven and the
SrEQF 18 reEposltioned at TRE Rop of ThE sereen.

i

jgsed atter F to back ud the cursor by the isngih of Lhe
nOsSt recent text.

i Find the next occurence of the string found Sy an ¢

cmmanc,
text Fimd and delete thz string "text".
text ccpy 1n text ta the Cursor line at the cursor position.
IEL et detete on the cursar line <rom the cursor till the end
it he tExt string "text",

JOTE: Twping T with no text w«11l copy a null 1nto the text at fthe cursor
wgsition. this #1111 apruptlv stop later compriing! To delete this error tvpe
grF X ‘enter:.
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-RROR MESSAGES

compiler finds an error &t apy point, it

s

m

and Oives an error mMEeESalde With & numeEriz
EFXTar messSades 1507

Heaning

yord not found.

otacy enpty.

hctionary full.

@5 incorrect address mode.
iz not unigue.

rE®™ Disc Ranoge?inot pages @
Full Stack.

Trying to load from page (&,
Compiriation only wse in a definition.
Exarution only.

Conditiorai=s nol pairec.

Definition not +inished.

ln protected dictionarcv.

Use only wher loading.

O+ current editing screen,

Declare wvocabulary.

o G 44
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Jdapter 7

‘ORTH % EDITOR GLOSSARIEE

ions  in this reiease  of

ne oloscary cabtains all of the word gefimis
Cpectrumi. The det:initions are DYESERIES 10

1c-FORTH iwitn eutersiocns for the
£ orge” o thelr AS007 sori.

ne ti1rst lime ot each entrv shows & Symbolic description of the action of
h&e argofedUe 0N tneE Derameter =tack. The symboles indicate the orger 1n whilch
noutl perameters have Leer plscec on the staci. Three csshes '---% inzicate
he executlon poLnt; any parameters lett on the stacey are z:sied. In &nis
ioration.: the ton of thne srack 1=te the right.

ne svmbpls inzlude:
00T mamsr y adoress
: & bit byteii.e. high & bits zero!

bit RECLI cheracter.
d 2 £it si1gned couble integer.
hoolean flag. U=falsE, NON-IErD=TTUE.
boolean +alse flag=d.
; 1 Bit sigrned integer number.

15 B1t unsigned i1nteger aumber,

+ bagiean true ilag = non—zerc.

=+

‘he capital letters oo the right show detinition characters.

C May Dniy be used within a colon definition. A Glolt indicstes
iAMDEr D7 MEMDry a0O0FBSSS: LSEL.
iatended +o0r exECcUtlOn Gnly.
HMas orecedence bit set. dili execute even when comoiling.
& * user varilable.
rieg: GinerWise npted. al. refersnges to numbers are for  is o1t signed
ntogers. 1ne high bvie i1s on top of the tack. with the sign in the letimpost

s gr 22 L.t numbers the most sioniticant parl i= o0 LOR.

iltT

"

i carathmeiic s Amplicitiy b
ngar—tiow 1adication UMEpECLTIED.

T

1t sighecd integer., with erropr and

whknpwsedgements are culy made fo tne FGRT- INTEREST GROUS for parts of Lhis
ampiles aro Manda. .

n  addr -——
tore 16 bits of n at address. Fronounced "stora”
CSF

:ave the stack posi1tion in CS5F. Used as part of the compiler
~ecurity.

g} —— dd

senerate from & double number ol, the next asCil character which
s placed in an output strang. Result d2 1s the guotient after division by

&



WMEE. and it maintained for furtber processing. Used between < and €2,
Lee #5,

§ > d -—— addr count

erminates numeric outout conversion by dropping d, leaving the
ext address and character count suitable for TYPE.

‘BLIF it |
Y constant returning the numsber of disc buffers allocated.
IS gl: — g2

senprates accii  text in the text output buffer, by the use of #,
ntil & zerc double number resulis. Used between <% and #-.

— gddr
ised in the form:

44

annh

eaves the parameter field address of dictionary word nnnn. 8s a
pmoiier directive, executes in a colon definition to rompile the address

5 a l1iteral. If the word 15 not found after & search of CONTEXT and
‘URRENT. an appropriate error aessage is given. Pronounced “tick".

{
leed 1n the {orm:
ccce)

ghore a Comment that will be delimited by a right parenthesis on
he same line. May occur during execution or 1 a colon—definition. A
1lank after the leadino parenthesis is required.

="

"he run—time procedure, compliled by .Y which transmits the
ollowing in-line text to the selected output device. See ."

: CODE:

he run—time orocedure, compiled by ;CODE, that rewrites the code
ield of the most recently defined word to point to the following machine
.ode sequence. See ; CODE.

+L00P! n -—

he run-time procedure compiled by A O0OF, which increments the
oop index by n and tests for loop comple— tion. See +L{IGP.

ABDRT!
x@cutes after an error when WARNIMG iz -1. This word normally
v¥ecutes ABORT., but may be altered (with carel to a user’'s alternative

procedure.

ool



ha run-tise orocedure compiled by D0 which moves the loop contraol
parameters to the return stack. See DO,

FIND) agdr]l addrZ —-— pfa b tf (ok!
addrl addrZ -— % (bad)

‘earches the dictionary starting at the name field address addr2,
satching to the text at addr!. Returns paraseter field address, length

wite of pame field and boolean true for a good match. If no match is
ound. only a bonlean false is left.

LINE) nl! n2 -—— addr count

ohvert the [ine nuasber nl and the screen n2 to the disc buffer

wdress containing the data. A count of 40 indicates the full line text
ength.

LOOP}

'he run-time procedure compiled by LOOP which increments the loop
noex and tests for loop completion. See LOOP

NUMEER? dl  &ddrl ~-— d2 addrz

Canvert the ascii text becinning at addri+l with regard to BASE.
he néw valug is accumulated into double number dl, being left as d2Zz.
addr? is the address of the first unconvertable dioit. Used by NUMBER.
ni n2 =— prod

gave the sioned product of two signed numbers.

s/ nl 2 N3 —— nd

eave the ratic nd = nlinZ/n3 where all are signed numbers.
Retention of an intermediate 31 bit product permits greater accuracy than
wouid be available with the sequence: al nZ2 & nl /

Jmap nl nZ nd — n& nS

eaveé the puotient nS and remainder n4 of the pperation nlenZ/nZ A
Bit 1ntermediate product ie used as for 1),

s

nl n2 =--— sum
eave the sum of nl+ni.
reooaddr o—
wd n to the value at the address. Fronounced “plus-store”.
ni n2 — n3
wply the sign of nd to nl, which is left as n3.
HLF addrl -—— addr? f

‘dvance the diec buffer addrese addrl to the addreszs of the next
wffer addr?2. Boolean ¥ i false when addriZ is the buffer

present]ly
winted to by variakle PREV.

L DOF ni — d{run?



Soar nd — lcoapile}
Ised 1n & colon-definition in the form:

o ... nl +«LDOP

it run-time. +LD0OF selectivelv controlse branching back toc the
corresppnoing DD based on nl, the loop 1ndex and the loop limit. The
igned increment nl is added to the index and the total compared to the
imit. The branch back to D0 occurs until the new index 1= equal to or
weater than the limit (nl»), or unti]l the new 1ndex is epual to or less

han the limit (ni<0}. Upon exiting the logp, the paraseters are discarded
:ho execution tontinues ahear.

Wt compile time, +LDOF compiles the run-time woryd (+LODP! ang the
iranch of+set computed +rom MERE to the addresc leét on the stack by DO
1l 1= used for compile time error checking.

NRIGIN rn - addgr

eave the memorv address relative by n to the origin paraseter
.rea. N 15 the minimum address unit. sither byte or word. This definitior
& used to access or eodifv the boot—-up parameters at the origin area.

cru

“rints the message "COMMODORE 454°.

tore n ointo the next available dictionary asemory cell, advancing
he dictionary pointer. (Coamal

a1 N2 --- difd

eave the difference of nl-nZ.

Tontinue interpretation with the next disc screen., (pronounced
IBXL=SCreen!.

WP ni -— ni (if zero)
11 — 0l nl (if non-zero)

soroguce nl only if it 15 non—zero. This is usuwally used to copy
= value iust before IF, to eliminate the need for an ELSE part to drop it.

= IMD - nfa b tf (found
e £+ inot found)

wcepts the next text word (delimited by blanks) in the input
:tream to HERE. and searches the CONTEXT and then CURRENT vocabularies for
= matching entry. If +ound, the dictionary entry’s parameter §ield

:odress. its length byte, and a boclean true 1s left. Otherwise, only a
woalean false is  left,

‘RAILING agdr ni -—— addr n2

idiusts the character count nl of a text string beginning address
o suppress the output of trailing blanks.

6



~int a number from a signed 14 bit two’s complement value,
onverted according top the numeric BASBE. A trailing bDlank +follows.
‘ronounced “dot".

Ised ia the fora:
g -
.ompiles an in-line string ccce {delimited by the trailing ") with
an execution orocedure to transmit the text to the selected output device.

¥ executed outzside a definition. ." will immediately print the text until
he final *. Sea (."}).

wiNE line scr ——

frint on the screen, a line of text from the HAM disc by its line
ano screen number. Trailino blanks are suppressed.

R il pe ==

'rint the npumber n! right aligned a field whose width i1s nl. No
pilowing blan¥ is printed.

nl nd — guot
| eave the signed guotient of ni/nZ.
MOL nl nZ — rem gubdt

eave the remainder and signed oguctient of ni/nd. The resainder
1ias the sign bf the dividend.

s [ o —

hese small numbers are used soc often that it 1s attractive to
efine them by name 1n the dictionary az constants.

< n —— ¢

2ave a true +lag 1f the number is less than zerc
‘negat:ve) ,otherwise leave a false flag.

= n — #

eave a true flag if the nusher is equal to zerp, otherwise leave
- talse flag.

YERANCH § m——

‘he rur-time procedurs to conditionally branch. If § 15 false
zero), the following in-line paraseter 1= added to the interpretive
wminter to branch ahead or back. Compiled by IF, UNTIL, and WHILE.

+ ni === nZ

ncrement ni by L.

+ nl —— ni



ncrement nl by Z,

nlow nhigh agdr ——

.2 bit store. nhigh is stored at addr: nlow is stored at addr+Z.

Za addr —- nlow nhigh

2 bit fetch. nhioch is fetcnhned from addr; nlow is fetched from
adr+2.

CONSTENT [ R
i defining word used in the form:
i ZCONSTANT cceco

o create word cccc, with its para—- meter field containing 4. 4hen
rcc 15 later executed. it will push the couble value of d to the stack.

‘DROF B

rop the doubhlis number from the stack.

“DUF n2 nl ~—= n2 ni n2 nl
wplicates the top two wvalues on the stack. Eguivalent to OVER
WER,
OVER dl d2 — dl d2 dl
‘opy the first double value dl to the top of the stack.
SWAP di d2 — d2 d1
~schange the top two double numbers on the stack.
YARIABLE

t detining word used in the form:

i VARIABLE rccco

dhen VARIABLE is pxecuted, it creates the definibtion ccocc with its
rarameter field fiesld initialized to d. When coccc is later executed, the
:goress of its parameter +i1eld (containing d) is left on the stack, so
hat a double fetch or store mav access this location.

re

'sed in the form called a cplon definition:

cCCC P

reates a dictiohary entry defining cccc as equivalent to the
ol lowina sequence of Forth word definitions “..." until the next ":" or
:COBE". The compiling process is done by the text interpreter as long as
TATE 15 non-zero. UOther details are that the CONTEAT wvocahulary is set to
he CURRENT vocabul arv and that words with the precedence bit set {P)

are
xecuted rather than beino compiled.

'8



erminate a colon-definitien and stoo further compilation.
oebiles the run-time ;5.

: CODE
‘Ised 1 the +orm:

o o SR s CODE
Js5embly mnemonics

*too compilation and terminate a nhew defining word coccoco by
cempilang (3CODE). Set the CONTEXT wocabulary to ASSEMELER, assembling to
macnine code the Ffolliowing mnemonics. If the ASSEMBLER i1s not loaded,
‘o0& values mav be campiled uwsing , and C, .

then ccce later executes 1n the form:
CEC nnnn
he word nnnn will be created with its execution procedure given
by the machine code following cccc. That is when nnnn is evecuted, it does

o oy jumping to the code after nonn. An existing defining word sust exist
n ccce prior to (CODE.

i}

‘too interpretation of a screen. 35 is also the run-time word
ompolied at the end of a colon-definition which returns execution to the
allino procedure.

pi wd —— 7

eave a4 true flag if nl is less than nZ; otherwise leave a false

lag.
#
otupn for pictured numeric output formatting using the worgs:
# B #5 SIBN #:
The conversion is done on a double nueber oroducing text at PAL.
BUYILDS

liged within a colon—definm tion:

ccer SBUILDS ...
JOES > e

ach time cccc is executed, <BUILDS defines a new word with a
itah~level execution procedure. Executing cccc in the form:

ccc nnnn
igps < BUILDS to create a dictionary entry for nnnn with a rcall to
he DOES> part for nnnn. When nnnn is later executed, 1t has the address

+ i1ts paramseter area on the stack and executes the words after DODES? 1n
ccc. SBUILDS and DOES» allows run-time procedures to be written in high-
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evel rather than 1n assembler code (as required by jCOGE).

lag.

ok nd o #

eave 3 trus flang if nl=n2; otherwise leave a false flag.

4 N2 -— f

gave a true +Flag 1f ni i1s greatsr than n2; otherwise a false

n e

erove a number from the comoutation stack and place as the most
iccessacle on the return stack. Use should be balanced with R> in the sase
wFinition,

*rint

addr ——

the value contained at the address in free format according

o the current base.

ToMP

‘Cee

~oP.

ERROR

EXEC

! DAD ING

FRAIRS

55U8

=10 =)

.SEu8

‘ssuUe

. S5UB

issup

error message if not compiliing.

error message it stack position differs from value zsaved in

an errcr messade nuaber n, 1f the boolean flag is true,

an error message 1f not execuuting.

dan error messaue 1f oot loading

ni n2 ——

an error message if nl does not equal nZ. The message

noicates that compiled conditionals do not match.

"STACK

ssue an error message 1f the stack is out of bounds.

TERMINAL

‘srform 2 test of the terminal keybopard for actuation of the break
wey. & true flag indicates actuation.

_eave

addr =—— n

the 15 bit contents of address.

;0



WBORT

Tlear the stacke and enter the execution state. Return control to
ne ooperators termiral, printing a mESSA0E  appropriate to  the
nstallation.
tBS n o U

pave the absplute value of n as u.
R IN agdr n -— (compiling)

ised in a colpn-definition in the fora:
EGIN ... ABAIN

. run—tise. AGAIN forces execution to return to corresponding

EGIN. There 15 no effect on the stack. Execution cannot leave this loop

unlesz R> DROF iz executed one level below).

it compile time, AGAIN comgiles BRANCH with an offset +rom HERE to
aofdr. n is used for Ccompile-ti1me error checking,

AL OT n —

wWdd the signed number to the dictionary pointer DF. Mav be used to
eserve olctipnary space or re-origin memory. T 1% with regard to computer
s0dress tvpe (byvite or word).
NE nl n2 =—— nZ

eave the bitwise logical and of nl and nZ as ni.
WBSEMBLER

he vocabulary that holds the FORTH assembler.

AT nl nZ ===

woves the cursor position to line niycolusn nl.
4BUF m—— T}

"his constant leaves the number of bytes per disc buffer, the byte
ount read from disc by BLOCK.

3/5CR ——

'his constant leaves the number ot blocks oer sditing screen. By
onvention, an editing screen is 1024 bytes organissed as 14 lines of &4
nararters sach. however for the Cossndore 44, this hecomes 24 lines of 40
haracters.

YBEE. addr ——

.alculate the backward branch offset from HERE to addr and compile
nto the next available dictionary memory address.

IBSE —  addr

* user wvariable containina the current number base used for i1nput
-nd output conversion.



SEGIN == addr n f{compiling)
lccurs in a colon-definition in form:
JEBIN ... UNTIL BEGIN ... AGAIN BEGIN ... WHILE ... REPEAT
* run-time, BEGIN marks the start of a sagquenca that may be
epetitively expcuted, It serves as a return point from the corresponding
INTIL. ABAIN or REPEAT, Whem executing UNTIL, a return to BEGIN will occur

+ the top of the stack is false: for ABAIN and REPEAT a return to BEGIN
:lways occurs.

it comoile time BEGIN leaves its return address and n for comgirler
fFrOF CRBECK1NG.

il _——

! constant that leaves the ascii wvalues far “"hlank".
ILANES addr count -—-—

Fill an area of memory begining at addr with blanks.
LK — aeidr

1 user variable containing the block number being interpreted. [f
2ro, input 1s being taken from the terminal input butfer.

ALK n —— addr

eave the memory address of the block buffer containing biock n.
+ the bhlock 15 not already 1n semory, it s transferred +from gisc to
wnich ewver buffer was least recently written, If the block occupying that

witer has been marked as updated, 1t 1s re— written to disc before bDlock
1 1@ read into the buffer. See alsc BUFFER, R/W UPDATE FLUSH

THANCH
he run—-time procecures to uwunconditionally branch. An ih-line

ot4set is added to the interpretive ppinter IF to branch ahead or back,
IRANCH ies comoiled by ELSE, ABAIN, REPEAT.

ORDER [ —
Set the border to colour n.

QUFFER n —— addr

iIbtain the next w»sesorv buffer, assigning it to bilock n. I+ the
ontents of the buffer 15 marked as updated, 1t is written to the disc The
(lock is not read from the disc. The address left 15 the first cell within
the bufter for data storage.

o b addr —-
“tore 8 bits at address.

o B - n

-onstant leavina the nusber of characters per line; used by the
=gitor.



&R B —

tore B bits of b intc the next available dictionarv byte,
«Gavancing the dictionary pointer.

-3
erminate an assesbler definition.

) addr — b

‘eave the B bit contenis ot membDry address.

ASE —— n icompiling)

lIccurs in a colon definition in the form:

W run-time. CASE wmarks the start of a seguence of OF...ENDOF
czatements.

t comoile—time CASE leaves n for compller error checking.
LCFA pfa -— cfa

lonvert the parameter field address of a definition ko its code
ield address.

L5 ———
'‘erforms the clear screen-home cursor funcition.

ROVE from to count ---
“ove the specified guantity of bytes beginning at address from to

.odress to. The contents of address from 1s moved first proceding toward
1igh MEmory.

‘0DE

reates a new word., and sets the current wocabulary to ASSEMBLER,
r2aay for code definitions.

LD

he cold start orocedure to adjust the dictionary pointer to the
ainlmus Standard and restart via ABORT. May be called from the terminal to
EROYE appllcation prograas and restart.

"OMPILE

shen the word containing COMPILE executss, the execution address
i+ the word foliowino COMPILE is copied {compiled) into the dictionary.
his allows specific compilation situations to he handled in addition to
1moiy compiling an execution address i{whichh the interpreter already
oes) .



DNSTANT n =-—
% defining word used in tha foras:
1 CONSTAMT cccc

a create word cccc. with 1ts parameter field containing n. When
cic 15 later executed. :t will push the value of n to the stack.

"ONTEXT e, P

i} user variable containina a pointer to the vocabulary within
wnich dictionary searches will first begin.

OUNT addrl -—-— addr2 n
.eave the byte aduress addrZ and byte count n of & message text

eginning at address addri. It is presumed that the first byte and addr]

ontains the text dvte count and the actual text starts with the second
wite., Tvpically COUNT is follawed by TYPE.

R

ransmit a carriage return and line feed to the selected output
ievice, :

‘REATE
t gefining word upsed in the form:
BEATE «cerc
1w such words as CODE and CONSTANT to create a dictionary header
or a Forth definition. The code field eontains the address of the words

aramerar figeld. The new word is created in the CURRENT wvocabulary.

5P ———— addr

' user variable temoorarily storing the stack pointer ppsition,
‘or ¢ompilation error checking.

O+ il d2 -—— dsum
eave the double number sum of two double numbers.
TH— [~ S T R«
wply the sign of n to the double nueber dl, leaving it as dZ.
g g e
rint a sioned double number from a I b1t two's complement value.

‘he high-order 14 bits are most accessable on the stack. Conversion 1s

ertormed according to the current BASE. A blank #ollows. Fronounced
—got,

I.E d n -—

'rint a sioned double number d right aligned i1n a field n
‘haracters wide.



WIBE g — s

eave the absoclute value ud of a double number.

DECIMAL

et the numeric conversion BASE for decimal input-ocutput.

EFIMNITIONS
sed in the form:

ccce UEFINITIONS

et the CURRENT wvocabulary tao the CONTEAT vocabulary. In the

xample, expcuting vocabulary name ccce made 1t the CONTEXT vocabulary and
swecuring DEFINITIONS made both specify vocabulary cccc.

MMGIT r ni =-—— nl tf l(ok
nlk -— ++ tbad?}

:wonverts the ascii character c  f{usind bLase nll to its binary

-quivalent nZ, accompanied by & true flag. !f the conversion 15 1nwval:id,
eaves onlv a false flag.

OLITERAL g — o lexecuting)
i —— lcomol lingl

fF compiling, compile a =tack double number into a literal. Later
execution of the detinttion contaimino the iiteral =111 push 1t ta the
tack. [f executing, the nuaber will resain on the stack.

OMINLUS 41 — o2

onvert dl to its double number twoc’s complement.

1 nt n2 —— lexecute)
w@wdr n ===  icompile!

iccurs in a colon-definition 1n form:

0 ... LODOP DO ... H00P &t run time. DO begins a sequence with
epetitive execution controlled by a locop limt nl and an index with
nitial values n2. D removes these from the stack. Upon reaching LOOP the
.ndex 15 incremented bv pne. Until the new i1ndex equals or exceeds the
imit, execution loeops hack to just after DO} ogtherwise the Loop
narameters are discarded and eaxerutionh continues ahead. HSoth nl and n2 are
ietermined at run—time and may be the result of other operations. Within a

oot "17 will copy the current value of the :ndex to the stack. See I,
DOoP. +L00F, LEAVE.

shen comoiling within the colan definition, DD compiles (D02,
gaves the follaowinoc address addr and n for later error checking.

DOES >

i word which defines the run-time action within a high-level
vefining word. DOES>» alters the code field and first parameter ocf the new
worgda to execute the seguence of compiled word addresses following DOES:.
lsed in combination with <BUILDS. When the DOES: part executes it begins
«1th the address of the first parameter of the new word on the stack. This

ilows 1interpretation using this area or its contents. Typical uses

e



nciude the Forth ascembler. sulti-dimensional arravs, and compiles
jeneration.

F ===— addr

% user wvartable., the dictipnary pointer, which rcontains the
.odress of the next free memory above the dictionary. The walue may be
eac by HERE and altered by ALLOT.

oPL wmem  addr

i user variable containing the number of digits to the right of
he decimal on double integer input. 1t may also be used to hold output
clumn location of a gecimal point, 1n user generated formating. The
iefault value on single number 1nput 15 -1,

JROF N —-——

uplicate the value on the starck.
‘LLSE addrl nl =-—- addr?2 n2 (compiling)
iccurs within & colon—definition in the form:
F .. ELSE ... EMDIF

ot run-time., FLSF executes after the true part following IF. ELSE
‘orces execution to skip over the following +alse part and resumes
xecution after the ENDIF. It has no stack effect.

it compile-time ELSE emplaces BRANCH reserving a branch offset,
leaves the address addr2 and n2 for error testing., ELSE also resolves the
ienging forward branch 4rom  IF by calculating the off+set from agdrl to
IERE and storing at adaorl.

EMIT L

ransmit ascil rcharacter © to the selected output device. OUT 1s
ncremented for each character output.

cMPTY-BUFFERS

Mark all block-buffers as emoty, not necessarily atfecting the
ontents. Updated blocks are not written to the disc. This is also an
nitialization procegure before first use of the disc.

NCLOSE addrl c©c =-- addrl nl n2Z2 n3

he text =scanning primitive used by WORD. From the text address
.odrl anc an ascil delimtinog character c, is determined the byte offset

o the first non—delimiter character ni, the offset Lo the first delimiter
tter the ‘text nZ, and the offset to the first character not included.
his procedure will not process past an ascii “mull?, treating 1f as an
inconoitional delimiter.

ND

his is an "alias® or duplicate detinition for UMTIL.
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NDCASE agdr n — {compile’
lccurs 10 a colon definition in a  form:
JASE n OF ..... ENDOF ..... ENDCASE
it run—time ENDCASE sarkés the conclusion of a CASE statement.
it compile-time, ENDCASE computes forward branch offsets.
ENDIF addr n -—— icompile)
lccurs in a colondefinitioch tn form:

IF ... ENDIF
F asse ELBE ... EMDIF

¥ run-time. ENDIF serves only as the destination of a forward
aranch from IF or ELSE. It marks the conclusion of the conditional
‘tructure. THEM is another name for EMDIF. Both names are supported in
ig-FORTH. See also IF and ELSE.

it compile—time, ENDIF computes the forward branch offset from
:gdr tp HERE and stores it at addr. n is used for erraor fests,

“NDOF addr n -— icompile)
Ised as ENDIF but in CASE statements.
“RASE addr n ——

lear a reqgion af memory to zero from addr over n addresses.

_RROR line =-— ain blk

Txecute error notification and restart of systems. WARMING :s
irst examined. I[¥ I. the text of line n, relative to screen 4 of crive 0O
5 printed. This line number may be pasitive or negative, and beyond just
creen 4, If WARMING=D, n 15 just printed as a message number (RAM disc
nstaliation). If WARNING 15 -i. the definition (ABORT) is executed, which
executes the svstem ABORT. The user may cautiously modify this executitn
w altering (RBCRT!. fig-FORTH saves the contents of IN and BLK to assist
n getermining the location of the error. Final action is execution of
WUIT.

= XECUTE agdr -

xecute the definition whose code field address is on the stack.
The code field address 15 also called the coapilation agdress,

YPECT addr count ———

ransfer characters fros the terminal to address, wnt:il a "return®
» the count of characters have been recelved. Une or mare nuils are added

3t the end of the texti.

"ENCE —— addr

t user variable containing an address below which FORGETting is

rapped. To forget below this point the user must alter the contents of
ENCE.

7



addr quan b —

ILL

il memorvy at the address with the specified gquantity of bytes b.
IRET —

' constant that leaves the address of the first {(lowmest! block
wffer.
LD —= agdr

! umer wvariable +or contrel of npumber output $ield width.

“resentlyv unused in fig—-FORTH.

“LLUSH
rite all updated disc buffers to AAM disc.

ORGET

secuted 1n the form:

ORGET ccec

eletes definition named ccce from the gictionary with all entries

mnysically Following it. In fig-FORTH, an error message will occur if the
AURRENT and CONTEXT vocabularies are not currently the same.

ORTH
vocabulary. Execution makes FORTH the

ONTEXT wocabularv. Until additional user wocabularies are defined, new
1iser ogetinitions bhecome a part of FORTH. FORTH i1s immediate, S0 it will

wecyrte during the cresation of & colon definition to select this

socabulary at compile time.

he name of *the primary

sl 1 3 L

HERE

Leave the address of the next available dictionary location.
EX

‘at the nuaaric conversi:on base to sixteen (hexadecimal).
HLD = addF

i)
H

user wvarliable that holds the address of the latest character of
=xt during numeric output conversion.

C . -

ioLD
Ised hetween <% and #> to insert an ascil character into a
nctured nuseric ocutput string. 2.g. JE HAD wall place a decimal point.

—_— N
'sed within a DO-LDOP to copy the loop index to the stack. See R.
bl |

Lopies the last hut one value from the return stack.

18



D. addr ———

rint a definition’s nase from its name field address.

n
e

——— (run—time}
== apndr n f(compile!

lccurs 1s a colon—definition in form:

F {tp) ... ENDIF
IF (tp)} ... ELSE (fp} ... EMDIF

it run-time. IF selects execution hased on a boclean flag. If ¢ 1s
rue [(noa-zero),. sxecution continues ahead thru the true part. If £ 18
ust after ELS5E toc execute the false part. After either part, execution
esumes atter EMDIF. ELSE and 1ts false part are opticnal. if missing,
aise =xecution szkips to just after ENDIF,

it compile-time IF compiles OBRANCH and reserves space for an
+fset at addr. addr and n are used later for resolution of the offsat and
SFror testing.

MMEDIATE

Hark the most resently made definition sp that when encountered at
ompile time, 1t will be executed rather than being compiled. 1.e. the
gsrecegence bit in its header is set. This method allows definitions to
iandle wnusuwal compiling situations, rather than build then into the
undamental compiler. The user may force compilation of an  immediate

iefinition by preceeding it with [COMPILE],

N - agdr
! user wvariable containing the byte offset within the current

nout text buffer (terminal or disc) from which the next teszt will bBe
.ccepted. WORD vses and moves the value of INM.

NLE X from tg —-

“rint the first line of each screen over the ranoe from, to. This
s used to view the comment lines of an area of text on disc screens.

NIT-DISC
iapes all ipformation off the RAM disc prior to first use.
MK [ —

wts the ink colour to n{0-15%)

NTERPRET

he outer text interpreter which sequentially executes or coapiles
ext from the input streas (terminal or dist) depending on STATE. 14 the
word name cannot be found aftter a search of CONTEXT and then CURRENT it is
onverted to a number according to the current base. That also failing, an
ror messace echoing the name with a " 7" will; be given. Text input
1111 be taken according & the convention for WORD. I+ a decimal point 1s
ound as part of a number, a double number value will be left. The decimal
wmint has no other purpose than to force thiz action. See NUMEER.
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NVERSE

.F___-
«ts the screen to i1nverse if true else sets to normal.
B ri
llsed within nested DD loobs. Returns the 1ndex value of the ocuter
loop.
EY — iy
#ave the ascii value of the next terminal key struck.
ATEST = addr
gave the name +ield address of the topmost word in the CURRENT
DCapuiary.
EAVE

orce termination of a DU-LDOP at the next ooportunity by setting
he loop Limit equal

to the current value of the i1ndex. The
emains unchanoed,
NCOUNT e ed.

index itself
and execution proceds normaally wntil LOOP or +LOOP 1s

FA

pfa =-—= l4a
“anyert

the parameter field address of 2 dicticnary definition to
ts link field address.

IMIT e 1)

1 constant leaving the address just above the highest semory
wallable for a disc puffer. Uswaliv this 15 the highest system memory.
INE n -—— addr

eave address of [ine n pf current screen.
he disc buffer area.

This address will be in
ST e
lisnlay

the ascii text of screen n on the selected output device.
LR contains the screen numper during and after this process.
LIT

—
within a colon—-definition.

LIT is automatically compiled before
:ach 16 bit literal number encountered in input text. Later execution of
17 rauses the contents of the next dictianary address to be pushed to the
‘Tack.

-ITERAL

n —— ({compiling)

‘¥ compiling, the compile the stack value n as a 14 bit literal.
his definition is 1mmediate so  that

it will execute during a colom
igfinition. The intended use is: 7 xxx [ calculate ] LITERAL ; Compilation
5 suspended for the compile time calculation of a value. Compilation is
‘esumed and LITERAL compiles this value.
-BAD n
deain

interpretation of

screen n, Loading will terminate at the

0



nd of the screen or at ;5. See ;5 and —>.

L OADR fY =

pads the information of a RAM disc area oreviously saved with
AVEHR. n 15 a number from 1 to 25.

cor addr n -—— (compiling)
lccurs in a colon—defimtion in form:

DO ... LOOP

%t run-time, LODOF seiectively controls branching back to the
.orresponding DO based on the loop index and limit. The loop 1ndex is
ncremented by one and compared to the limit, The branch back to DD gocurs
intil the inde: eaquals or exceeds the limit; at that time, the parameters
ore giscarded and execution continues ahead.

't compile-time, LUDF compiles (LOOF) and wsed addr to calculate
-n ptfset to B. n is used for error testing.

iy ni nZ —— o

Y mixed magnitude math operation which leaves the double number
1gneg product of two signed number.

T d nil — n2 n3
& mixed maanitude eath operator which leaves the signed remainder

12 and sianed qucotient nI, fros a8 double number dividend and divisor ni.
he remainder takes its sign from the divioend.

i/ MaD udl wd —— ud udd
it unsioned m@mixed sagnitude math operation which leaves a double

wotient udd4d and resainder u3, from 3 double dividend udi and single
arvisor uZ.

HAY nl n2 = may

eave the greater of two numbers.
HESSABE B e

Print on the seiected putput gevice the text of line n relative 1o
:creen & of drive 0. n mav be positive or negative. MESSAGE may be used to

wrint incidental text such as report headerts. 14 WARNING 1= zero, the
=ec5age will simply be printed as a number (RAM disc systeml.

HIN nl n2 —— min

eave the smaller of two numbers.
J1NUS nl = nZ

®#ave the two's complement of a number.
g HY nl nZ -— od

eave the remainder of nl/nZ. with the same s1gn as ni.

3



txit to Basic.

EXT

his i1s the i1nner interoreter that uses the interpretive pointer
[P to execute complled Forth defipitions. It 1s not cirectlty sxecuted but
1s the return point for all code pro—- ceedures. It acts by fetching the
address pointed oy IP, storing this value in register W. It them jumps ta
the address pointed to by the address pointed to by W, W points to the
coge +iegld of a definition which contains the address of the code which
excecutes for that defimition. This usage of 1ndirect threaded code 15 a
major contributor to the power, portability, and pxtensibility of Forth.
Locations of TP and W are comouter specifirc. (Spe earlier note on
FORTH convention).

NEF A ofa -—— nfa

Convert the parameter field address of a definition to 1ts5 name

field.
NOOP

A FORTH nocoperation.
NOT £ — ¢

Leaves a talse flao 14 a true flag is on the stack, else leaves a
true flag. fActually executes 0=)

“UMBER addr — d

‘onvert & character string left at addr with a preceeding count,
0 a signed double numoer, using the current numeric hase. [f a decimal
wint is enchuntered in the text, its position will be given in DPL, bhut

0 pther effect occurs. [f numeric conhversion is not oossible, an error
sESSa02 Wikl be given.

iFFSET -— agdr

i user variable which mav contain a block offset to dise drives,
he contents of OFFSET 1s added to the stack number by BLOCK., Messages by
ESSAGE are independent of OFFSET. See BLOCK, MESSAGE.

0R ni nZ — or
eave the bit-value logical or of two 1& bit values.
T -—= addr

3 user wvaritahle that contains a value incremented by EMIT. The
1ser may albter and examine OUT to contrcl display formating.

WER nt n2 — nl n2 ni
‘o0y the second stack value, placing it as the new top.

A0 -— addr

eaves the address of the text output buffer, wich is a fixed
w+fset above HERE.

12



‘Fa nfa —— pita

onvert the name +ield address of a compiled definition to its
parameter field address.

'REV ==== addr
it variahle containinn the address of the disc buffer most recently

eterenced. The UPDATE command marks this butfer to be later written to
i1sC.

JUERY
Input B89 characters of text <{or uwntil & “return™) from the

merators terminal. Text 1s positioned &t the address contained in TIE
=itk IN spt to zero.

WIT

lear the return =stark. stop compilation, and return control to
he operators terminal. Mo BessagE 18 given.

-4

i
ooy the top of the return stack to the computatiorn stack.
i —— agdr

i user wvariable which savy contain the location of an editing
ursaor. or other file reiated function.

LW addr b1k + —-

he +1p-FORTH standard disc read— write linkage. addr specifies
he source or destination block buffer. bl 1s the seouential number of
he reterenced block; and f is a fiag for +=0 write and ¥=1 read. R/W

ietermines the location on mass storaoe, pertores the read-write and
wertarms any error checking.

5] - 7

emove the top wvalue +rom the return stack and leave 1t on the
ompoutatior stack, See *R and R,

L -—=  agdr

7 uwser wvariable containing the 1nitial location of the return
tack. FPronounced R-zero. See RP!

TEFEAT addr n -——— lcomoiling?
l'=ed within & colon-definition in the fara:
EGIN ... WHILE ... REFEAT

it rup—time, REPEAT forces an unconditional bramch bDack to just
+ter the corresoonding BEGIN.

it compyle-time, REFEAT complles BRANCH and the offset from HERE
o addr. n 1% used tor error testing.

13



T ni n2 o3 —— 2 n3 nl

iotate the too three values on the stack, bringing the third to

‘he top.
P3 addr

eaves the current value in the return stack pointer register.
P!

1 comouter dependent procedure to initialize the return stack
pointer from user variable RO.

f= 3T} A — d
dian extend a single nusher to form a double number.
20 -——  addr

1 user variable that rcontains the 1nitial wvalue for the stack
soanter. Pronounced S-zero. See SP!

“AVER i ——

:ave a RAM disc area to tape or disc with the name aDISCn. Can bhe
rejpaded with LDADR. n is a numer from | to Zb.

:CR —  addr

T user variable containina the screen number moast recently
eterence by LIST,

(IGN n d — :d

wm__a

‘tores an ascii =" sign just before a converted numeric output
tring in the next ocutput buffer when n is negative. n is discarded, but
puble number d is maintained., Must be used betwesn <# and #:.

MLDGE
sed durina word definition to toggle the “smudge bit" in a
w@finittione’ name field. This prevents an uncompleted definition from

seina  found during dictionary searches, wuntil comp:ling is completed
nithout error.

Tk

Y comouter dependent procedure to initialize the stack pointer
rom SC.

CFa = agdgr
% combuter dependent procedure to return the address of the stack

position to the top of the stack, as 1t was petore SPY was executed. (e.qQ.
25P8 @ . . . would type 2 2 1)

FACE

ransmit an ascii blank to the output device.
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SPACES n o —
iransmit n astii blanks to the output device.

=TATE =-——  addr

4 user wvariable containinog the compilation state. A non-zero value
naicates compilation.

WA nl A2 — nZ2 mnl
xchange the top two values on the stack.

TASK

Y no—operation worc which can mark the boundary bBetween
:pplications. By forgetting TASK and re-compiling, am application can  be
wscarded 1n its entirety.

EXT - G

iccept following test to PAD. € is the text delimeter.

HEN
i alias for ENDIF.
IB === afddr
i user variable containing the address ©of the terminal i1nput
wffer.,
'O6GLE addr b ===
omplement the contents of addr by the b1t pattern b.
"RAVERSE addr! n — addrZ

jove  across the name field of a fig-FORTH variable length name
ieid. addi 15 the address ot either the lenath byte or the last letter.
f n=l. the motion 15 toward hi memory; 1t n=-1, the motion is toward low
wemory. 'ha ador resulting 15 address of the pther end of the name.

RIAD o

isolay on the selected output device the thra2e screens which
nciude that numbered s¢cr, begining with a screen evenly divisihle by
hree. Jutput is sultablie for spurce feit records.
TYPE addr cpunt —

ransmit count characters from addr to the selected output device.

- Ul b2 =

eave the boolean value of an unsianed less—than comparison.
gaves f=1 for ul < u2; otherwise leaves 0. this function should be used
men coabaring memcry addresses.

1% gl R — ud

l.eave the unsigned doubls nuaber product of two unsigned sumbers.
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i, b

rints an unsigned 15-bit number converted according to BASE. A
‘railina blank follows.

I.R Uun—

‘rint the unsigned number u right aligned 1n a field whose width
s n. Mo following blank is printed.

1#MoD ug ul — w2 ul

-eave Lhe unsigned remalnder uZ and unsigned quotient ul from the
msiogned double dividend ud and unsigned divisor ul.

INTIL £ =  {run-time)
:gdr n —— {campile)

eurs within a colon-detinition 1n the form:
JEGIN ... LUNTIL
"t run-time. UMTIL controls the conditional branch back to the
‘orresponging BEGIN. [f + is false, execution returns to just after BEGIN;

f trup. execution continues ahead.

At compile-time, UMTIL compiies (OBRANCH) and an offset from HERE
a addr. n 15 used for error tests.

LIPDATE

iarks the most recently referenced biock (pointed to by PREVY as
«itered. The block will subsegusntly be transterred automatically to disc
nould its buffer be reocuired for storage of a diferent block.

ISE === addr

t variable containing the address of the block putfer to use next,
= the least recently wratten.

ISER . ——
Y defining word used in the form:
t USER ccce
he parameter field of cccc contains n as a4 fixed offset relative
o the user pointer register UF for this user variable. When cccc 1s later

wecuted. it places the sum of its offset and the user area Dase address
n the stack as the storage address o+ that particular variable.

‘AR IABLE
i getining word used in the form:
1 VARIABLE crCcc
| ‘hen VARIABLE is erecuted, it creates the definition ccec with 1tz
| ;arameter tield initialized to n. When cccc is later executed, the address

+ itz parameter +field licontaining n) ics left on the stark, so that a
‘etch or store may access this location.
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LIST

ist the names of the definitions in the context vocatulary.
‘Treal” will terminate the listing.

OC-LINK -—= addr

* user variable containing the address of & field in the
wetinition of the most recently created vocabulary. Al1  vocabulary names
re linked by these fields to aliow control bv FORBETLing thru multiple
roCcanul arvs,

YOCABULARY

Y defining word used in the form:

OCARILARY crcc

C Create a vocabulary definition cocc. Subsequent use of cooc
s1l] make it the CONTEXT vocabularv which i1s searched first by INTERFRET.

he sequence "ccce DEFINITIONS" will alsc make cccc the CURREMT vocabulary
nto which new definitions are placed.

n +i0-FORTH, c¢ccc will be so chained so to include all
wifimtions of the wocabulary 1n which coccc is itself defined. ALl
rgcagulary uwltimately chain to Forth. By convention, vocabulary names are
0 he declared [MMEDIATE. See YOC-LINK.

FARM I NG === agdr

! usmer varlable containing a value controlling messages, If = !
ii5C 15 present, and screen 4 of drive O 15 the base location for
nessaages. f = 0, no disc 15 present and messages will be presented by
wmoer. [f = -i. execute (ABORT) +for user defined procedure. See MESSAGE,
-RROR.
SILE f — drun-time!

@]l nl — adi nl adl n2

iccurs in a colon—-definition in the form:
ELIN ... WHILE {tp} ... REPEAT

it run—time, WHILE selects ronditional execution based on hoolean
lag f. If ¥ is true {non-zerol), WHILE continues execution of the true

iart  thru to REPEAT, which then branches back to BEGIM. I f is false
zerol . execution skips to just after REPEAT, exiting the structurs.

W compile time, WHILE emplaces (OBRGMCH) and leaves ad? of the
eserveg offset. The stark values will be resplved by REPEAT.

410TH ——  addr

rn fio-FORTH, & wuser wvariable containing the maximue number of
etters saved 1n the complication of a definitions® name. It must he |
bru 31. with a default wvalue of 3{. the name character count and its
latural characters are saved. Jdp t0 the value in WIDTH. The value may be
nanged at any time within the zbove limits.

HORD g ==

bead the next text characters from the inout stream being
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nierpreted, until a delimiter ¢ is found, storing the packed character

tring begining at the gictignary buffer HERE, WORD leaves the character
ount in the first bvte, the characters, and ends with two or more blanks.
2ad:no occurances of € are 1gnored, [f BLE is zero,
he terminal i1npout bBoffer, atherwise from the
Zee BLE, INM.

text 15 taken from
disc block stored 1n BLE.

1

'his is psuedonym for the "null” or dictionary entry for a name of
g chnaracter of ascii null. [t is the execution procedure to terminate
nterpretation of a line of text From the terminal or within a disc
wffer, as both buffers always have a null at the end.

(OR nt n2 -— xor

eave the bitwise logical exclusive- or of two values.

r4

iced in & colon—definition in form:

H¥¥ L words 1 more
uspend compilations. The words after [ are axecuted, not

comolied. This alloms calculations or compllation exceptions before
resuming tompilation with 1. See LITERAL, 1.

COMPILE]

ised in a colon-definition in +orm:

¥xx [COMPILE] FORTH :

ICOMPILE] will Fforce the compilation of an immediate definition,
hat would otherwise exepcute durino compilation. The gabove example will

-elect the FDRTH wocabulary when xxx executed, rather than at compile
Time.

esume compilation, to the completion of a colon—definition. See
’









