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FOREWORD

This v€rÊion of FoRTH for th€ Amstrad cPc-46,l compuid i! a compl.lc and crtcndcd wrsion of ihc
FIG-FORTH sùndârd a! dcnnêd by thc FORTH lnter.st Group. Thc cxtcnsiors arc ûl th. form of
WORDS not dcfin.d in FIG-FORTH bur ncv€r th€ lc33 rê8rrd.d as trcclssârv rcqui.mcDts to th. languagc

ând spccial €xtcnsions to cover thc spêcial facilitics offcr.d by thc AMSTR^D CPC-461 computcr.

Thc manual is divid.d iûto s.vcr.l s€ctions Scctioos I aûd 2 ar. common lo all ulcrs, wbcrcas s€ction 3

catcrs for thc ulcr who has bad pr.vious crPosur. to tbê FORTH languaE. S.ction 4 is ar in@ductorv
ruidc to FORTH for ùe u,scr wlù no prcvious cxp.ricncG in th. u!. of thc hn8ù49.. This s.ction is not
inrênded to b. a ful tutoriâl on ûe subjêct. I! is int€ndcd to givc ân ovêrvicw of FORTH a to alow the

us€r to bcgiD u3in8 thc systcrn Â5 quickly a! pocsiblc. For a complctc iddoctrioation on thc aubj€ct thæ âr€

mâDy €rcabnr bôots a!?ilablc ând appêûdix 5 should b€ consult€d for r.comm.nd.d rcâding on this

At âll tim.s th€ âssumption i5 nade whcrc rêquir€d, thât lhc uscr i! fâmiliar uù thc op€ratiotal
âsp.cts of thc AMSTRAD CPC-4tt and its EASIC languagc.
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INTRODUCTION

FORTH is not a n.w languagê. It was originâlly d.vclop€d in thc lÂtc aixtics by Charlca H. Moor.,
$,orkirlg on an IBM ll30 a "third SEnerÂdon" computcr. Thc rêsùl.s hc bcli.vcd to bc so pow€rful lhât he

consid.rcd it â 'fourth gêncration' conputcr lâû8uâ8c. The computcr how€vcr would only allow fiv.
chÂrâct.r idcDtificrs so FOURTH bccâmc FORTH.

Sim. thar timc FORTH has Srown in pogrlârity both in th. prof€ssional cnvironcnt and io th€ arca of
thc computcr hobbyist.

Many so callcd 'computcr-bulIs' shy away at thc very rnêndon of thc word FORTH utt.rinS crys of
.REVERSE POLTSH NOTATION", "LÀCK OF ERROR TRAPPINC", "STACKS", "COME BACK
BASIC, ALL tS FORGMN" .tc. In css.dc., thcir problcrn is .hcy havc cith€r n.ver u!.d FORTH or lhcy
will not u!. it bccâus. of fcâr of its unusual diâlect. WhÂt srill rênains howêv.r is thc undisputablc fact that
FORTH us.n arc on !h€ incr.â!. both in indùstry ând in thê homc.

Th. author \rrBs introducêd to FORTH €omc two ycârs ago whiL rcading Ân aniclc on thê subjcct. His
iît.r.st grÊw âftcr s..ing a d€monstrâtion of FORTH bcing us.d to codtrol a robot arm. Th. spccd and
flcxibility of FoRTH showld it to bc an idcal languÂ8. for th€ tird of work h. wâs involv.d in (conirol
cnginc.ring). Sincc that rim. h. has us.d FORTH encnsivcly in many proj.cts thât involvêd rcal tim.

FORTH is ân unusuâl langlag€. ll cu sts asidc rDany of tbc gold€n rulês of programming. Howevcr âs
yoo bcSin to ù!. it you will morê than litaly bcSin !o scê its pow€r, and b.auty. Bê warncd howcvêr, fêw
p.opl. wbo lcah FORTH ev.r go bact lo convêntronâl lÀnguâg€s.



LOADING FORIH

To loed and run FORTH follov ih6. simpl. st.ps.

l. lrad ùe cass.tt. ioto thc r.cordcr and rcwidd lo lhc bcdnning of thc tâF.

2. Prcss thc CTRI/SHIFT ând ESC kcys in rhet ord€r lo rcs.t thÊ compur.r.

J. Prcis play on lh. rccordcr.

4. Prcss th€ CTRL ând smâI ENTER kcy on lh€ lcyboard follo*Ed by âny k.y. FORTH will load
and s.lf stân on succcssfui complction.

Thc sign on m.ssa8Ê ' Ams.rad Fig-Fonh Vcrsion 1.0'.rill bc display.d indicating thc systcm is
running.

Ir is sù8gcst€d ât this stlg€ t\qr a bactup copy is mâdc !o safcguârd aginst accidcntâl dânagc to
thc mastcr. To do this ins€n a blank câsscttc into th. rccords and prcss play and r€cord.

Typc in thê FORTH word SYSDUMP cnsuriûg thât you arc in uppc! câse charâctcrs Ând prêss th.
ENTER kcy. Tllc FORTH sysrcm prosram will now b. sâv€d to câss.ttc and can bc r.load€d as d.scrib.d
abovc. Fo. a funhêr dcs4riprion of th. SYSDUMP command scc app€ndix 3.

USING FORTH

3.I THE FORTH ENI'IROMENT.

FORTH on th. AMSTRAD CPC-4é| occupics som. 34K offtcmory. Fi8 Ia shows a mcrnory map of
thc systcm. FORTH srans at 4000 hcx, thc immcdialc arcâ abovê dris conlains thêjump v€ctors for ùc
COLD and WARM stan op.rÀtions and âlso lhê cold sÈn paramctcrs (scc appcndir Il). Ncxt is thc
prcconpil.d or tcmcl vo€abulary. Thiq oc{upics âround loK b}t.s of mcmory add conrains all FIG-
FORTH words and drcnsions. Tbe cnd of th€ dictionary conlâins a dumny word TASK which is purcly to
indicâr€ thc cnd of thc prEcoftpilcd ponion- Th. fr.. dictionÂry âr.3 bcgins immcdiaicly abovc TASK, rhc
actual addr€ss can bc found frorn ùe FORTH systcm variablc HERE, althou8h this valu€ will changc as
ncw d.finitions arc âdd.d to th. vocabulary.

At a fixcd 44 blt. offs.t from HERE is rhê pad. Thb is a rcmporary Èxt storagc ar€a for us. by rhc
systcm d thc us.r. Tb€ slan addr6s for pad can bc found by using lhc syst.m hriablc PÂD. Around 8K of
frcc dictionary spacc is allocât.d in thc initial syst.d, whicb b nor. than cnough for cvcn rh. most intr.pid

Addrcss 8800 hcx s.c, tbc b€Sinning of th€ ærmiral input bufTÊr ând thc Paramctcr or Dârâ srack. The
p..râmctcr stâck mows down lorârds HERE *hilc thc Têrminâl input buff.r mov6 up towards bigh
m.mory. Thc addrcss.s of thcs. cân be found usin8 rhc systcm târiÂblcs TIB and S0 rcspcctivcly. Aftcr a
cold sl:n th.sê wlucs will b. thc san..

Abovê thÈ Têrminal inpur bùff.r i! lhc rËtum stack and u!.r rBnâblc ar.a.
Tbcrc ârc zl0 h.x bytcs allocarêd for th€ us.r râriablcs of which 31) h.r bFcs hâve b.en ùs.d. Ncw !s.r
variablcs may bc dcclercd using ân offs.t b.8innin8 with 32 h€x, two by:tcs bcinS used for cach us.r vâriablc
d€fin.d.

B.gioring at 88m hcx arc ciShr blo€t buff.is,.âch bufer bcing mâd. up of2 hcadcr byrcs, 128 dâÈ
bytcs and two (ail bytcs. Thcs. bufTcrs ârc us.d in thc Êâding and writinS of dâla to and from thc virtual
m.mory disc syst.m. Th. b.Sinning and .nd addr6s of th. buff€rs cân bc found from rhe sysiêm coosEnas
FIRST and LIMIT rÊspcctiv.ly.

Tbê virtuâl m.mory disc lics dircclly b.low th. pr.æmpil€d FORTH bcginnin8 ar locadon 0400 hcr.
Thcr. arc 14 cdit scrc.o! availablc cacb scrêcn bcinS I K bytcs in lcogth. For morc information on rh. screens
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3.2 KEYBOARD INPIIT.

All pr.c.npilêd words in thc FORTH dictiooary havc all bccn d.fin€d in uppcr-cas€ châractcrs,
thcrcforê ênsurê thar th. Icyboard hâs uppcr<3s. s.l.ct.d bcfor€ using thc systcm. Any ncw d.fioitions that
arc cnt!rcd Inây b. in upp.r or lowlr-c3sc lo suit thc u!.r.

All input fron rh. kêyboard is dirlctcd to thc tcrmiîal input buffcr prior to proc.ssin8. A cârriagc
rctum t€rminatcs cntry from thc kcyboard and allo*r thc inn.r intcrpr.t.r to proccss th. tcri hcld in thc
rcrminal input buffcr. Ih€ buff€r itlclf is 128 blt.s lon8, ils basc addrcss bcing found from th. FORTH
vÂriabl. TIB.

Thê only cditing fâcility avrilablc in thc immcdist. mod. is th. (DEL) kcy. Should you matc a typiDg crror,
bâctspacc wirh th. (DEL) Lêy to thc poinr whêrc ûc cnor wâs medc th.n rctypc !h. rcmaindcr ofrh.linc
tcrminating of coursc wilh lhc cnlcr tcy.

If you intcûd ro lypc in a substantial ammount of tcxl th.n thc scr.cn cditor should bc us.d, *hich is
fully dcsanbcd in s.ction 3.8

3.3 THE STACKS.

Fo(h uscs rwo sracks io its op.rÂlion, thc data stâck and thê pârÂmctcr stack. Both of rh.sc srâck
opêr.i. on 16 bit valu.s and arc of thc "last in first oul varict/. Thc pâramctcr stack is r.alis.d by using thc
softu,arc stack of thc 280 proccssor and is us.d prir,ârily for passinS par.mctcrs b.tw€ên FORTH words.
Thc rctum s!âck is softwar€ impl€m€n&d and il is us.d nainly to t.mporârily store vâlues during loop and
brancb oFÉtions aod also by the inncr in&rprclcr io control pro8raû flou



].4 ARITHMETIC

ïh. FORTH dictionary contain! a compl.t. int.gcr arithm€tic packâg. for opcrarion on 16 bir (sinslc
numb.rs) Ând 32 bit (doùbL Dumb.Is). A! with .[ FORTH syst.m! arithmctic is handlcd usin8 REVERSE
POLISH or POST FtX NOTATION i.c. thc opcranô follow th. op.rator. To illustrar. th€ poiot âddin8 th.
two numbcrs 123 and 456 in FORTH would b€ achicv.d by typin8 in t

123 456 + (Er{TER)

This would print thc rÊsult 579 on th. computcr sc.c€n.

Th€ numbcr bas. for âI ârithm.tic op.rations is s.a to dccimd whcn FORTH is loadcd froû ca.cr.nc or
aftcr a cold stan. Thc numb€r bas. c.n b€ cbaDgcd lo binary or hcr by th. us! of thc FORTH words
BINARY or HEX rcspcctiv€ly. All subs.qucDr ârithmctic oFrâtions T/ill bc calculatcd and dbplâyed in th.
rclêwrt numbêr bas.. Altcrnatiwly ôûy aumbêr basc in thc lanSc l-255 mây bc sct up by storinS th.
âppropriÂtc valu. in thc syst.m u5cr !âriâblê BASE €.8.

8 BASE ! (cûlcr)

s.ts thc numbcr bÂlc io OCTAL (bâs. t).

Thc numbd lângc .lloqæd i! FoRTH is:.
SinSl. ( 16 bit ) numbcrs -12768 to +32767
Doublc ( 32 bn ) îumb.rs -2,147 ,483,648, ro +2,147 ,443,647

3,5 MACHINE CODE

It is Elâlivcly câsy to dcfinc occ, words in FORTH which ar. prirnitivls i.c. words wri!&n purcly in
machinc codc. This has lhc advrotâ8. ofb.ioSabL to€r.3t sp.cific timê critical s.ctio ofcldêwhichwil
run ât thc full spccd of thc 280 micropro..ssor.

Thc ssiÈ$ way to illustratc thc m.thod is nith an êxâmpl. as shown bclow.

HEX ( S.t numbcr bas. ro h.xadccinal )
CREATE l+ ( Crcatc n€w d.finidon with th€ narllc l+ )

El C, ( POP HL - C.t râlu. olT top of stâck inio HL )
23C, (INCHL-HL=HL+l )
E5 C, ( PUSH HL - Put ncw luê onto lop of stâck )
FD c, E9 C, ( JP (lY) - Forc.s jump to inncr inlcrpr.tcr )

SMUDCE ( Allows nêw word ro b. "found')

This .xâmpL cr.atcs a primitirr of th€ FORTH word l+ wbicb âdds on. to rhc rduc on thê top ofrhc dara
stack. Th. FORTH word C, coclos.s thc bytc pr.c..din8 it inlo thc dictiooary. Wh.n cr.alingpliûri.ivcs in
thh way a f€w siûplc rul€3 must b. obcy.d i.c.

a) If your routin€ us.s thc BC rcgistcr paû savc thc cont€nts b.forc your routinc fu ctccurêd
and rctricvc thcm aftcr$,Nrd!

b) Do not usc rhc 280 alrcmârc rcSiit.r s.t. This may coollicr with rh€ AMSTR^D CPC-a6/t
oPcrarins s)srcm.

c) Do oot u!. th€ IY rcgistcr, lt is u!.d by ah. systcm to poin[o rh. inocr inrcrprcr.r routinc.

d) Always cnd your mschiûc c.dc with thc JP (IY) instrucrion folor*rd by SMUDCE.

!.6 RECURSION

R.cunion is a tcchni.qu. by which Â routin€ âctuauy calls itscq â tcst uruallybcinS idcludcd ia thc
routiûc ao cria it. Rccursion is not dcfio.d ia FiS.Fonh ho$rv.r this implcncotâtion suppons ir.

Usuâlly in FORTH if a dcfiûirioD aatcmpts lo c.ll it$lf it rcaùltr iD Âtr €r.or b.iog 8.n.l!tcd. Io thi3
implcmcnlâtion thc problcrn is rcmovd by ddining thc word MYSELF which compilca thc codc ficld
âddrcss of lùc word currc[dy bcin8 dcfiDcd into d|. dcfmition. A good .xÂmptc of æcurlior ir ahc
calcularion for thc factoriâl funclion. This cxamplc calk it!.If rÊpcat dly to calculârc th. factorid of e
numb.r in thc rân8! 0 to 7.



DECIMAL
: FACTORIAL ( Calculâtcs fsctonal of n. R.sult to T.O.S. )

DUP 0 < ovER ? > OR rF .'lDvalid numb./ QUIÎ THEN
DUP (F
IF DROP I
EIJE DUP I - MYSELF T
THEN ;

3.7 DTCTIONARY FORMAT

Tbc fornrt of compilcd dcfinitiom stor.d in thc dictionary b at follows:-

lÆ8th of Dâmc with bit ? slt ( I byt€ ) NFA
Chsractcrs i.a Danc. ksl ( n byt6 )
cbsractcr has bia 7 s.t

Link to prcviou! d.fioition ( 2 byr.s ) LFA

Point.r to crccuaioû cod.

Urt of codc âddrcss6 or
mechinc codc if prinilivc

(2blt.s)CFA
(nb}1cs)PFA
( n bytcs )

Addrcss of inn.r intcrprct.r ( 2 bltcs )

Th. rlamc ficld âddr$s (NFA) is mâd. up in th. followinS way:.

Blt 7 s.r (m.b)

Pre€rdence bir. r = imnediâte

Smùds€ bil. I = snudged

XXXXXXx
f____T--> N.ne ounr. Mlr rr

| "." ll "." I

3.t PRTNTER

Undcr normel conditions all outpul is dir€ctcd to lh€ scrc.n displây. Howcvcr using ûc FORTH word
PRINTER will forcc all output to thc c.ntroûics iotcrfacê and thus !h. printcr. Bcforc u!in8 this word cnsurc
lblt you bsv. conn.ctcd thc prittcr and thât il k on linc. To rcwrt back to normal scrc.n modc rhê FORTH
uld SCREEN c.n b. ulcd to rcdircct ell oulput b8ck to thc display.

Îb€ .Irmplc b.low wil dump thc dictionâry to thc priûtcr and nrum to scrc.n output.

PRINTER VLIST SCREEN (€ntcr)

3.9 SCREENS AND SCREEN EDITOR.

FORTH by convcntion us€s .diting scr.cm of 16 lin€s by 64 charact rs with linc numbcrs in rh€ ranSÊ 0
to 15. To comply with this th€ scr€.n cditor is impl.ncnt.d usin8 MODE 2 rcxr.

ln a convcnaion.l dilc ba!.d FORTH sxtcm, scrc.ns ârÊ hcld on disc and arc ca .d by ahc us.r as
rcquir€d. Tlis implcmênletion of FORTH simù1.æ3 r disc by ulirf a virtud m€mory systcm to hold scr.€ns
in RAM. Thc rlading lnd writinS to rh. scr€.ns is totally rrarspncot ro thc us.r. Tbc words availâblc to
acccas thc acrc.or indir.clly ffc fuly dcs.ribcd io apFadix 4.

Th.rc .rÈ 14 ddit scr..$.vidrblc, numbcrcd I to 14. Scr.co, 0 is usld to rEfcr to k.Èond inpur,
thcrcfor. sbould not bc u3.d ir this cont.n.

To cûtcr thc lcrc.n êditor, tyF 2 MODE rnd thên n EDIT whcr. n b rhc numb.r ofrh! scr.cn you wish
to cdit. Thc dirpl.y wil cl.ar and rhc linc numbc.s 0 to 15 will eppc.! togcah.r with th. dit r.r..n numb€r.
Thc Èn c1.l!sor which i! .lwaF in ahc ovcrwrit. modc wil b. loc{t.d aa th. b€8ioôirg oflin.0. T€Il mÂy
mw bc crrcrcd l! r.4uircd, 3l1y cxisti.og tclt ât ahc cur$r position bcing ovêrstiÙcn.



A numbcr of cditins colnmands âre avâilable ùese bcing dêscrib.d bclow.

EDITOR COMMANDS.

n EDIT - ENTERS EDITOR AT SCRÊËN n

CTRL/A . BLANKS ENTIRE SCREEN FILLING AREAS WITH SPACES

ClRL/O - OPENS UP A NEW LINE AT CURRENTCURSOR POSITION MOVINC SUBSEQUENT
LINES INCLUDING CURRENT LINE DOWN- ANY TÊXT ON LINE I5 IS LOST-

CTRL/W - WIPÊS OUTTHÊ LINE AT THE CURSOR POSITION MOVING SUBSEQUET.TT LINES
UP. LINE 15 IS FILLED WITH SPACES,

CTRL/Z - ERASES THE LINE AT THE CURSOR POSITION FILLING IT WITH SPACES. NO
OTHER LINES ARÊ AFFECTED.

CTRL/O . OUITS THE EDITOR RETURNING TO THE INPLTT MODE. ÀLL CHANCES MADE
ARE MADE PERMANENT.

CURSOR CONTROL KEYS.

+_ MovEs CURSOR TO THE LEFT.

--I MovEs CURSOR TO THE RIGHT,

4 
"aruar 

a,,*aar*,rP oNE L'NE
I

I

I MOVES CURSOR DO\ N ONE LrNE.

ENTER . MOVES CURSOR TO START OF NEXT LINE,

CTRL/---+ . MOVES TO NEXT HIGHER EDTÎING SCREEN.
CTRL,/ <_ . MOVES TO NEXT LOWER EDITING SCREEN.
CLR .INIERTS A SPACE AT CURAENT CT,RIIOI' POSITION

AND MOVES ALL SI'BSEQUENT TEXT TO THE RIGTTT
DEL . DELETEII THE CHARACTER AT THE CI'RRENT

cuRsoR PosmoN MovlNG St BSEQUENT ÎEXT LEFT

Scrccns may bc movcd ouiside of thc editor q,ith thc FORTH word COPY c.g.

I 4 COPY

will copy scr.cn I to scrccn 4. TÏ. oriSinâl conacnts of scrc€n I ârc not dcstroycd.

Screens nay bc compil.d usins n LOAD whcrc n i5 thc scrcd numb.r !o t c compilcd. If moft rhân on.
scrccn requircs compilinS th. FORTH word -> (pronounccd arrow) lnay bc us.d as thc lâ$ r.,ord on
âny scrccn. This will forcc compliladon of th. n.xt cdit scrccn.

Edit scrêêns ûay bc sâv.d to, Ând rcâd from cass.ttc usinS thc FORTH words PUT and CET
rcsp€ctivcly. THESE words âr. illustrated b.low.

I I PUT ( cnr.r ) - gvcs scrccn I lo ca$.trc.

I 5 PUT ( .ntcr ) - Saves scrc.ns I to 5 ro casscn..

I I GET ( cntcr ) - Loads scrccn I from cassctt€

I 5 CET ( cnrcr ) - lrâds scrcên I .o 5 from calsctt..

In âll cascs ênsurc that thc cssscltc rccord€r i! sêl up for play or rccord prior to €x.qrtion ôfah. words as no
prompt m.ssâgc is issu.d.



3.I{ GRÀPHICS AND EXTENSIONS
Ma'y €xÈnsions ar. includcd in FORTH to cât.r for thc colour and graphics facitincs of thc AMSTRAD
CPC'461. Whcrcv.r possiblc th€ FORTH word us.d, has bccn choos.n to bc eqlivalcnt !o irs BASIC

DRÀWING û PLOTTING
Th€ words provid€d fo. di:wing ând plotting ûc DRAW, DRAWR, PLOT and PLOTR. Thcs. Ârc dir.ct
.quivâlcnrs ro rhc BASIC commânds of thê sâmc namê but rcquirÊ tbcir X and Y pârâmct.rs on thÊ dâta
stack prior ro €recution c.g:

: DRAW.LTNE CLG 599 399 DRAW i

will draw â linc from rhc bottorn lcft to thc top riSht of th€ VDU scrccn in thc cuncnt 8raphics pcn. Th.
graphics pcn may bc changcd by usinS thc FORTH word GPEN which again r.quir€s its pâramctcr on th.

Herc is an cxâmplc which incorporatcs many of th€ graphics words availablc. lt s.lccrs modc I ând drâws
rândom lincs on thê screcn in diffcrcnt colours. Thc ints arc lhcn €han8êd Âr random to produ.t â pulsâtin8
picrurc. Th. program Inay bc Âbon.d by pr.ssing lh€ CTRI-/Q kcys.

: Xl 599 RANDOM i : X2 599 RANDOM ;
: YI 399 RANDOM ; : Y2 399 RANDOM ;
: LINE XI YI MOVE X2 Y2 DRAW :
: 4.LINES 4 O DO I GPEN LINE I
: DRAW-LINES 50 O DO +LINES LOOP :
: DELAY 5OO O DO LOOP ;
: INK-CHANGE 5OO O DO 26 RANDOM DUP 4 RANDOM INK DELAY LOOP :
: RESTORE I] 13 O INK O O I INK I PEN O PAPER i
: PATTERN RESTORÉ I MODE DRAW-LINES INK-CHANCE RESTORE ;
Typing thc word PATTERN will run thê rouliûc.

WINDOWS
Up to 8 strcams may b. spccificd .ach wilh its own widdow châract ristics. Th€ followinS cxânplc s.ts up a
window on str€âm 3. The co-ordinât.s sp.cifi.d ar€ in thc ordcr TOP, BOTTOM, LEFI, and RICHT.

3 STREAM ( sclccts tcxl s.rccn )
l0 z) 15 60 WINDOW ( S.t up wiodow ).
VLIST ( Shows cxtcnt of window ).
O STREAM ( RETURN TO DEFAULT SCREEN )

USEN DEFINED CHARACTERS
FORTH provid.s two words forcr.atiog uscr d€fincd charactcrs. Thefirstsymbol is€quimlcrtlo BASICS
SYMBOL AFIER COMMAND c.s.

I28 SYMBOL
will âllow all charactcrs iDcluding and aftcr 128 lo bc dcfincd. The word CHARACTER allo*s rhê rÊ-

HEX
0F 03 05 09 l0 20 40 80 A8 CHARACTER

will rëdcnn€ characl.r A8 (d€cimal 168) from thc r/. symbol to â diasonal ârrow.
To print this châractcr w. use thc FORTH word EMIT c.g.

HEX A8 EMIT

PENS AND IN(S
Pcns ând loks lnây b. chang€d within lhe c.nstraints of thc cuncnt scrc.n modc âs shown b€lor.

I MODE ( S.lcct modc I )
3 PEN ( Sclcct p€n 3 ic rcd in d.fuall )
ll ll0 INK ( Changc pco 0 to ink 13 )
16 9 I INK ( Changc pên I to ink! 16 and 9 i.c Flashing ).

GRÀPHICS TESTING
craphics points may bc rcstcd with thc TEST and TESTR comnand!. Thcs. rcrum lo thc top ro the shck



rh. p.n numbcr at thc X âtrd Y co-ordinrtcs supplicd a! parâmcr.rs ..8.
clc 100 lm PLoT (PLoTs PoINT IN CURRENT cpEN)
lm rm lEsT (RETURNS PEN TO TOP OF STACK)

JOYSTTCKS
Two c.mmands ic JOYo, JOY I rctums rhc laluc of thc jolstict as lhc acc.nd stâct cDrry with Â truc fl.ag âs
thc top. f th. joysricks arÊ nor acrivc a fall. {lag is placcd on thc lop of rhc srâct onty.
Th. valu.s rcrumcd for an .ctivê joystict a& sho*! b.low.

I

FIREBU"I'ION = ll5

e i3Ts4F#,----'-+ t

TIMER
On. dmbS fâcility is av&ilÂblc in FORTH. Th€ word oTIME s,ill !cs.t thc tim€r to z.ro ard bcgin th. count
s.qu.îcc. Thc *ord mME will put tbê currEnr dmcr valùc ooto !h. srâcl as a doublc numbcr. Thc rim.r is
incrcmcnlcd in stcpr of '/loo of â sccoûd. Thc timcr mây bc u!.d amonSst orhcr rhin$ for timh8 scctions of

O1TME ."HELLO'?TIME D.
Will print th. nunbcr 12 indicâtin8 that th. print statcmcnt tool 12 x ,/m !.coodr i.c. rpproximrtcly 0.04

ANNAYS AND ÎEXT STTNGS
3.1I

Siryt. and doubl. dimcnsion.rr.ys rtrây b. crÊ{rcd ùsitrg ah. dcfiring wo.d I-ARRAY aDd 2-ARRAY
rcsp.crivcly ..8.

IO I.ARRAY FRED

will cratc â singlc dim.nsion array of l0 clcmeûÈ calcd FRED. Notc th.l thÊrc srr in f.ca I I cLltlcnts in tbc
anay a! thcy rangc from ù10 (!hb is th€ samc s3 lhc BASIC rrrsion of rfrsy3). B.low i! an .'lmpl€ which
cr.at.s a two dimcnsion errây of 3 rows by 4 columns with lhc namc of BILL.

3 4 2-ARRÂY BILL

To writc â valuc inao for.Irmplc, ih€ err&y BILL, vt 3pcciry firn lhc ûumb.r to 3tor!, tùcû rà. ron,.od
column numbcrs ând th.n tbc ffrry nadc fouou,td by rhc FORTH wold ! which ltorcs aùc ûuûb.r ê.9.

235 llBILL!
will stor. rhc numb.r 235 .t row I columo 4 of lh. erray BILL.

R€ading from thc ôrray is i!ry similar. wc lpccify li'sa ahc roe â!d colum numbc$ tùca thc rrry nsmc
thcn .hc FORTH word @ (FETCH) c.g.
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I4BILL@
will r.âd row I column 4 of th. array BILL and storc th. valuc ot lh. top of lhc stâck.

Alrhough th. cxâmplcs shown arc for doubl. dimcnsioû arrays th. samc forroat applics to singl. dimcnsion
arrays. Notc hos,Ev.r that rc tcsts arc p.rform€d by FoRTH to chcck that you ârc acc.ssing a vÂlid array
lo€ârion thcrcforc unprcdicrablc rcsults rnay occut if this situâtion aris.s.

TNXT STItrJGS

ln addrion ro thc normâl tcxt handlinS words providcd in FORTH, two spcciat words havc b€cr providcd to
h.lp in tclt string handling.
Thê nrst c,ord is STRING ând is a d€fining word uscd in lhc form as shorn in thc cxamplc bclow.

æ STRINC NAME

This cr€atcs â drctionary cnlry call.d NAME and allo.âtcs spâcc for up to 20 t.n charactcls. Erccutin8 th.
word NAME afrer compitarioî plac.s th. addrÊss of thc string storcd in NAME onro thc srâcl whêrc il may
b. prinrcd by th. FoRTH word TYPE.

Th. word INPUT$ allo"5 a string to bc êntctcd from th. k.yboÂrd tcrminâtd by â cânia8c r.tum Ând
sror.s rhc string ât th. Âddrcss pr.ccding thc word. Th. cxÂrnplc bclow sho*E how rhê words STRINC ând
INPUÎ0 Âr. us€d.

l0 STRING SURNAME ( crcât.s hcâdcr câllcd SURNAME and auocâtcs 30 spacês )

: ASK-NAME
CLS CR .' WHAT IS YOUR SURNAME PLEASE'
SURNAME INPUî$ ( Rcâd charrct€rs from kcyboârd ând storc ât SURNAME )
." YOUR SURNAME IS " SURNAME TYPE CR : ( Print sumamc on scr€cn )

SOUND GENERATION

3.t2

Thc approach to sound g.ncration ùsing FORTH is somcwhat diffcr.nt to thaa crnploycd by BASIC. Thc
mcthod adopt.d is to cræt€ namcd sound datâ blocks which bold lh€ various pâramctcrs r.quir.d fo. souod
Scncrâtion. Thcs. dalâ block cân bc playcd using ûc FORTH word PLAY. Thc dcfining word uscd to
cr.âtc thc da.a blocls i. callcd SOUND and lhc Scoc.al form of SOUND b as shown bclow.

478 I SOUND AEEP

This crcalcs â souod nam€ BEEP with a tonc pcriod of 4?8 and to bc cxccutcd on chsnn.l A of th. sound
gcncrâtor. T'?in8 thc follorvinS will caus. tbc sound to b. play.d.

BEEP PLAY

Thc word PLAY trica lo add ùc rÊfêrênccd sound to th. sound qucu.s of of rhc rclêvanr chânncl (hcrc arc
fivc qu.ucs pcr channcl). tf an arcmpt to âdd â sound to thc qucucs fail.d an crror ûcssâ8. is Sivcn and thc

Thê layout of thê sound dâta blocts is shown b.low. Th.ir €Iâct us.âgc bcing fully dcscribcd in rhc CPC-464
OPERATTNG SYSTEM FIRMWARE SPECIFICATION (SOFT I58).

BYTE 0 Channcls ro usc aod rcndczvous rcqurrm.nrs.
EYTE t Amplitud. cnv€lopc ( dcfault 0 )
BYTÊ 2 Ton. cnvclopc ( ddauh 0 )
BYTE 3 Tonc cnvolopc ( dêfault 0 )
BYTES 3-4 Ton€ pcriod in th€ rane€ G4095 ( 0 is no sound )
BYTE 5 Nois€ pcriod in !hê rÂn8c G3l ( 0 is no sound )
BYTE 6 Initiâl amplirùd. ( dcfauh 4 )
BYTES 7-8 Duratiod or cnvclopc np.ât couît ( dcfâulr 20 )

Thc tonc pcnods and lh.rê corrcsponding musical notcs câr bc dcrcrmincd fron rhc rablc provid.d in
App.ndir VII of thc CPC-464 uscr instrucaions. Thc cbânn.ls to us! A, B and C arÊ rcprcs.ntcd by rh€
numbcrs l, 2 and 4 r.spcctiv.ly.
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The paramcrcrs of thc sound block may .âsily bc modificd to build up a complcx sound. Thê word! providcd
|o cnablc this to bc ca.ricd out aÈr
I). CHANNEL

Us.d in thc forn 2 BEEP CHANNEL now âssigns lh. sound BEEP to ChâoDcl 2. A
nurnbcr I would assign it to sound chann.ls I and 2 simultânêousry clc.

2). AMP-ENV
Us€ in th. form (n) BEEP AMP-ENV will aarign a pr.d.fin.d âmplitud. cnv€loF *bcrc
(n) is in thc rangc l-15 (sc. lâtcr).

3). TONE-El'Iv
Us.d as pcr ÀMP-ENV but spcciflng â tonc cnvêlopc (s.! lat.r).

4), PERIOD
Us.d in thc foûn 239 BEEP PERIOD wiX chrnSc thê nolc playcd from a middlc C to a C
one ociâv. highcr on tb€ musical s.it.. Thc nudbcr suppùcd must bc ir rhê rangc I to
a095. A8êin rcfcr to thc CPC-481 u!.r instruction manual for tbc p.riod to musicil noL
rclâdonship.

5). NOrSE
A vâluc suppli.d in .hc form (n) BEEP NOTSE will add nois. in thc souôd of BEEP.
Th€ nuûbcr (n) must li. in th. rangc G3l wh€r.0 rcprcscnts ûo rci5c.

6). VOLUME
Us.d in th. form (n) BEEP VOLUME will ic. !ùc volum. lcvcl to th. râlùc (n). Thc valuc
n musr li€ in th. rân8c 0 to 15 whcr! 0 is no volumc ând lJ is mânniun.

7). DURATTON
Us.d in thc form (n) BEEP DURATION whcr€ (n) is in thc raogc -12768 to +3n67.1t (î\
is a positiv. numbcr lhcr that rcprcscoù th€ dutâlioû of th. oot in ylmth! !.c.trd.
Whcrc thc numbcr is n.8Âtiv., thc positivc vrlu. of lhis Dumbcr r.pr€s.ols lh€ nuftbct
of timcs th. volumc .nv€lopc (if spccificd) sbould bc Êpcatcd. A vrluc of 0 câuscs ah.
durarion to b. govcmcd by th€ amplitudê cûvclopê rupptcd.

8). SHOLD
This whcD u!.d ir thc form BEEP SHOLD will prcvcnt lhit soutrd froo rullritr8 uDtil
rÊlcascd (s.€ RELEASE).

9). SFLUSH
This is u.cd in rh. form DEEP SFLUSH ![d !ct! thc flusb bit of thc souûd bloct. This
forccs tbc sound qucu6 to sb.îdon .ny cunlnt souad carblinS thc rÊfcrwcd soùod to phy
imm.diâÈly.

l0). RELEASE
This is u!.d in rhc form (n) RELEASE eod lyin rcl.a$ â sourd or chann.l (n) which x,!3
prtvioùlly hcld usiîg SHOLD

I I). FREEZE
Thi! r'i[ srop aI souûds in mid.fli8ht.

I2). CONTINUE
Rrlca!.s soùad! which h!v. bccn stoppcd u3iog FREEZE.

l3). RÊSET
Tbii rc-initiâ|fu.3 thc sound ftâôâgcr aod touad chip srd clcâB rll qu.u6

l4). swArr
Ulcd itr th€ form (û) SWAIÎ wil c.utÊ abc progfld io *rit urtil lhcrc fu rcoo on r
!ou!d qu.uc of cb.nncl (D) b.for. rddiû8.tly nolÊ touôd! to thc qucu..

t J). sQ
U!.d iD tbc fo.m (n) SQ wil r.tùrû to thc top of lùc d.ù rÈck th. rtrtur of lourd
cùsnncl (n). Tbc oumb.r ûùrEcd i. cncod.d . fouowt.
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Bitt 0..2 Numbcr of frlc.lott i. !h. toÛad qucu!,
Biù I CA.nrcl i! sriti$ to t!ôdczvou. rvilh cbrtù€l A.
8it 4 Chron.l ir wsirinS lo rcÀd.zvou! wiih cluût l E.
Bit 5 Ctr!ûcl i! rsitio8 lo rcDd.zvou! wilh ch.tû.I C.
Dit 5 Th. clrûlcl ir bcld.
tlt 7 Th. chr!.ncl ir produ.ila. rourd.

ENVELOPES

Eotù nrncd roplitud. .nd toû. cûvclotË mry bc cFrr€d with th. FORTH wordr ENv ltrd ENÎ. Thc
cnwlopc' ù. of. .i6ihr corllrucrion to tbod. urcd i! BASIC, ..ch cûv.lop. blvilt up to fivc E'tioo! of
tbÉ. FnEÈn, tbc ûritr diftcrlrcc bcing rb.t lh. p.raûctctl ûr all in rwÊrlc odcr to rù.t sD.cificd by
BASTC.
Thc cl.mplc bclow rbo*l tbc crr.tioû of l! rEplitud. cnwlop. of tbc 8ct.rrl forE .bovu ir Fig 3..

Tb. ndn poiût to !o& ir û.r ab. ewËlope Frloctr't l't rlv€Éd i.c. th. hr cavcloF rcction i dc.l^rd
fina. Thc ordcr for aach æctor of thc .nvlloF ir Fura tioc, rtlp airc aid rÈp coult. Thc ûuûbcr 4 bcfot!
tbc word Elw ir !o ildic.L lhc tudb.t of Elioor i! lhc drv.loF.

Th. rbovê ûcthod for dr.tiat rdplitud. rpDli.r ir ênrtly thc .rnc w.y to to!. cîvclop.r tnirS tùc ENT

DECIMAL

l-ll0 15012-t5l

I SHAPE
IM 1 SOUND CONG
O GONC DURATION
O GONG VOLUME
I GONC AMP.ENV
CONG PLAY

Fig 3â wavcform for SHAPE

3 5 4 ENv SHAPE ( cr€at. €nv€lopc )

( âssisn SHAPE to .nv.lopc numb.r t )
( cr.âtê sound Dam. coNC )
( allow Ènvêlopc to control l.n8th )
( AIlow ênvclop! to control volumc )
( Assign cnvclopc I to GONC )
( Ptay ir )
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ASSEMBLER

A FORTH Assernbler is rrry dilïerent to ih. stândard âlscmbl€r mosr of us are uscd to. It is dcsigned to
allow €ry cr.ation of ncw FORTH machin. codê prirûidv€s usin8 easy !o undcrstard mncmodcs. Thê
target memory for thc asslmbled code is thê frcc dictioûry ar€a ( d.signâtcd by thc FORTH word HERE ).
No symbol tâblê is us.d by th. âss€rnblêr, iDstcad dl branch orjurnp rcf.r.nces arc bandled by high lcvcl
structures via thc stÂck.

The âctuâl rnncmonic$ us.d ar€ in fact a nixlur. ofZE0 AND 8080 mncmooics ( rb€ 8080 is rhc for.fathcr of
.he 280 ) lh€ rcâion for usiog thc 8080 mncmonici bcinS that they !€nd ro rcsolvc some ofrhc addrcssirg
problcms rhat occur in limilarly namcd 280 instructions c.g. sêveral forms of addressing rnodcs for rhc 280
LD ifftruction.

One lalt poinr which must be pointed our b.fore wc êtâmin€ rhe âssêmbtcr in dcbil is that thc normât
FORTH posr lir notâtion srill âpplies bcrw€cn opcodes and op€rands uscd in rh€ codc (s€e latcr).

INSTRUCTION SET.

Tbc mnemonic instruction set supportcd by th€ FORTH als.mbler is givcn b€low togerhÊr wirh a briêf
dcscription of thcir functions. For a full des.ription il is su88cst.d rhât rh€ user consuk onc of thc mÂny
books availâble relÂting to the 280 microproc€ssôr.

r). ÀRITHMETIC ÀND LOGIC GROUP.

ADD
ADC
SUB
sBc
ADI
ACI
SUI
sBt
DAD
DAA
CPL
INC
INX
DEC
DCX
OR
ORI
XOR
XRI
AND
ANI
CP
CPI
scF
CCF

Adds conlcnts of Acc to rEg or (HL).
Adds wilh c{ry cortcnts of Acc to r.g or (HL).
Subtracts conrenrs of Acc from re8 oi (HL).
Sublracts wiû carry conlcnts of Acc from rcg or (HL).
Ad& irnrnêdiâte byte to contcnts of Acc.
Adds with cârry inn.diatc b]1c to contcnts of Àc..
Subtracts immêdiare b)1c lrom cont€nÎ! of Acc.
Subtracts with carry imm€diatc blt. from contcnis of Acc.
Add HL rcgis..r pair to r€g-pair.
D.cimâl adjust the accumulator.
Complidcnr ù. contcnts of thc ac.umulator.
Incr€mcnt! contmts of reg of (HL) by on€.
Incrcment! contmts of rc8-pair by onc.
D€cr.mênts contcnB of rcg or (HL) by on..
D€crcm€nts contenB of r.g-pair by onc.
Logi.âl OR accumlâtor with rcg or (HL)
Logicâl OR immcdàtc b).1ê witb accumulâtor.
Exclusiv. or âccumulator with reg or (HL).
€rclusivc or accumulator with imm€diât€ b'.!c.
accurnulator with rcs or (HL)
AND accumulâbr wirh imncdiatc blt..
Coftparê âc.umulâ.ôr with rcs or (HL).
Cornparê a€umulalor with inrncdiat€ byt .

S€t carry flag.
Cl€ar carr' flag.

b). LOÀD AND STORE GROIJP

STAX Load D (BC) or (DE) from âccumulator.
LDA lrad acluûulator frorD (sddr).
LDAX lrad ac.udulator from (BC) or (DE).
LHLD Lad HL froln (addr).
XCHG Exchao8. cont€nts of DE âtrd HL.
XTHL Erchans. (sP) and HL.
STA Load (addr) from a.cunulator
SHLD Load (addr) frorn HL.
SPHL Loâd SP frotn HL.
LXI Load rcg-pair $,ith 16 bir iûûcdiatc data.
MOV Load rcg or (HL) fro[t rcg or (HL)
Note that (HL) in th. FORTH assêmblcr i! dcsisnarcd by th€ word M.
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C). CALL ÀND IETURN GROTIP.

RET.C
RET.NC
RET.Z
RET.NZ
RET.P
RET.M
RET.PO
RET-PE
CALL
JP

PUSH
POP
OUT
IN
EI
DI
HALT
NOP
RST

Rctum if calry llag sct.
Rctum if carry not sct.
R€tùm if r6ult z.ro.
Rcum if r.sult not zcro.
Rclum if r€sult posiaivc.
Rdùm if r6ult Dcgativ..
Rê.um if paritt odd.
Rêturn if psrity cvcn.
Call subroutinc .t addr.

d). RoT^TE 
^ND 

SHIFr GROUP.

RLA
RRA
RICA
RRCA

e). MISCELL^NEOUS.

Rotâtc accumulrtor lcft throuSh catry.
Rotatc accumulator rigbt throu8h carry.
Rotatc .c.umulator l.ft cilcular,
Rotatc accumùlator li8bt circulâr.

Push rcg-pair to stacl.
Pop rc8-pair from sbck.
Ouiput accumulator to port.
Input from pon to ac.udùlâtor.
Enâblc int.nupts.
Disabl. intcnupts.
Hâlt procêssor until !€s.t or intcnupt.
No opcrârior.
Crll r r€st ra opcration.

O. STRUCTUIES

BEGIN - AGAIN
BEGIN - UNTIL
BEGIN-WHILE_REPEAT
IF - EIIE - THEN

s). coNDmoN Ls

0= Tcsts for thc zcro Ib8 b€ing !ct,
CS Tcsts for lhe carry flag bcing s.t.
PE Tcrts for cvêû parity.
0< Têst for sign flag b.ing sct i.c. (mious)
NOT Ncgêaés lhc abovc coDditionali.

USING THE ASSEMDLET

Thc âls.mblcr is irvokcd by usilg th. FORTH word CODE which cr..tcs a
dictionary .ntrt with thc mm€ folowing CODE .nd th.n ai!.mblcs th€ mDcmoûics
following. TT. cxlmpl€ giv.n b€low shows rh. usc of lhc a$cûbl€r in its simplcsr

CoDE ADD ( nl D2 - n3 a6 sum of nl + 12 )
HL POP ( Cct lst ûuûbcr froE stack )
DE POP ( C.t 2nd rumbcr fron $44t )
DE DAD ( Add HL and DE rcsult it HL )
HL PUSH ( Put r6ult ot top of rtact )
NEXT ( Jùmp to i!ôcr iltcrplcrcr )

C; ( End of dcfmitio! rctum to FORTH )

In thc âbovc qamplc th. q,ord CODE crort6 a Éw dictioorf,y h..d€r wiah th€ namc
ADD. Notc that thc mncnnorics that follow hâw thcn opc!!trd! prccc.dirg rhê
opcodc whrch is th. r.v.r* of a stand.ard sls.mbl€r. Tbc word NEXT c.opil.s th€ JP
(IY) iûstruction into thc dcfiûitioô which forc€ ajunp to tbc irmcr intcrprêrcr, THIS
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MUST ALWAYS EE TNCLT'DED AS I1IE LAST WORD OF A DEFTNITION.
Thc l.it rord C; compl€t6 lh. slscmbly procâs ad rEtum3 to aormil input ûod..
If rhc dcfinirion wâ! crcst.d using thc scrc.a cditor it mry no* bc compild u3inS
LOAD, ând lcatcd.

Thc sccond crrmplc shocm b.low tâtcs lwo tumbc.! frorn thc aasck isd logic.ly
oR's ihcm. tb. rcauh b.ing plâc€d oo dr. st ck.

CODE ORR ( nl û2 - n3 â3 loSrcal OR of nl nrd î2 )
HL POP ( G€t lst numb€r )
DE POP ( Gêt 2nd numb.r )
LAMOv(LotdAftomL)
E OR ( OR acrumulalor wirh E )
A L MOv ( Pùt rcauh ir L )
HAMov(Lo8dAfronH)
D OR ( OR a.cumulilor s,ith D )
AHMOv(PutrcsuhinH)
HL PUSH ( Put 16 bir r6ult to !r.ct )
NEXT ( Junp to iûlcr iôtcrprcacr )

C; ( Eûd dcfiaition )

Not. tbc rcgir&r ur..8. wilb t bii lord! i.c. th. loutcc r.8ntcr Û fitn, folowd by lhc
dcarinadon rcgirtcr c.8. L A MOv whcr. L i! rbc lourc. .trd 

^ 
i, rhc d.'tiDrtiotr.

Thc Lst €r.ûplc !ùow! tùc ulc of thc built i! nru.iur.. ebicb rt. rvriLblc .!
srândrrd i[ th. r$.mblcr. Thcrc.rc thc EEGIN-WHILE - T NTIL -êic. ûd th.
IF - ElsE - IHEN. Thclc raruc.ut!. arkc cûc of rDy Ehriw juopr thrt woùld
aorm.lly bc writ&n in elscdbly c6d.. To .id ùri.8 thcb . trumbcr of coditioDd tG.[
.r! providcd thclc bsvir8 3lr€sdy bcco d.r.il€d .boYc. Th. cxl'llPlc b.low dÊli4r r
eord t.recd NEWFILL which frlb rtr ùt of ûcûory with . .p.cifi.d byt!.

CODE NEIVFILL (.ddr D b - )
C L MOV ( Ssrç IP iîto HL )
BHMOV
DE POP ( Gcr by!. to fin wfth )
BC POP ( Gct c.uût of byrca )
XTHL ( Ercb.ûrc (SP) rnd HL )
XCHC ( Erchrû8F DE rDd ItL )

BECIN ( St n of NEWFILL loop )
B A MOV C OR ( Chc€t for courr z.ro )
F NOT ( Tcrt for z.ro flrg dot !.t )
WHILE ( Whil€ flrg i. ro. zcro )

L A Mov DE STAX ( Storc byrc iato d&!ls )
DE INx BC DCx ( Inc.rm.trl .dd!€.. rDd d.ctcæôi courl )

REPEAT ( Co btck ro bcgiD )
Bc POP ( R6torc IP from ltact )

NEXT C; ( Junp ao inocr idÊrprct.r rld. r..tcdblct )

Subrourinca msy b. dcfn d if rcquircd ( .kbougb in FORTH thir i! rct rqlty
ftcc&lery ) ll3iû8 th. word LABEL iD tb. folû r
LABEL orm€ (c!dc Dûcnonic!)

md lûây bc cdlêd usiq tùc âls.Dblct CALL iBtru€tioD! €.8.

mm€ CALL

Notc that thc ASSEIIBLER vocsbulâry nult bc sclcctcd to ù!. L^EEL.

l6



INTIODUCING FORTH.

4.I.WHAT IS FORTH

FORTH is â somcwhar uoiqu. langua8c. It hâs bc€n dc$cribcd by its creator as an op.rating syslem,
high l.v€l languagc, â sêr of dcvclopmcnt tools and a soflwar. dêsi8n philosophy.

FORTH is fast whcn comparcd ro inlÊrprclcd lân8uâ8cs such as BASIC, on âvcra8. rudnrn8 len ro
t\r,cnty times fast.r. h is â vcry transpoiablc lân8ua8. in ihâl il adhcrcs to lrcll dêlincd stardârds. A
FORTH program which wâs dcsigncd to run on onc tyF of conputcr can usually bc lansfcrrcd to â tolâlly
diffcrênt mâchinc with v.ry littl. nodificâtion, unlikc BASIC which ha! inany diffêr.nt dialccts.

To wnte â program in FORTH you dcfirc nê* commands, or to giv. thÊmthcircorrccttillc WORDS,
in Èrms ofWORDS which cxist in thc main cor. or VOCABULARY of thc lanSuagc. This approach giv.s
FORTH the advantagc in that ratb€r thân âcauâlly writiog a proSEm you arc io facl cxtêndiDg the languaSe.
Using this âpproach you can cr€ate ncw conlrol sarùctures ro add to, for insbncc th€ compilcr.

FORTH can b. consid€r.d ro consrsl of four mâin paflsr

a). Thc dictionsry.
b). Thc k.yboard intcrprct€r.
c). Tïê stacks
d). Thc disc.

4.2 THE DICIONARY.

Witb tbc FORTH syslcm up and running (sc€ s!.lion 2) lypc in th. FORTH wor d VLIST and prcss thc
.ntcr tcy (from now on d.not.d by (entcr)). Ensurc lhat lh. charact.rs you typc in arc in uppcr câsc only as
FORTH will not undcrshnd thêm in lo*rr cas.. You shouid s€. th.scrcênfill up *irh mânysrrangc words-
Thcsc words mak€ up thc FORTH diclionary. Fâch of thc words can b. thought ofas â comftaDd which
whcD rypêd in cx.cut€s a sp..ific routiDc. For cxâmplc thê word VLIST crêcutcs a routioe which prin6rhc
dictionâry to thc scrcen. If you examinc this lisl clos.ly you will scc rhar rhc word VLISTis also includ€d.

Nowt'?cin thc word COLDfollowcd bycûlcr. ThÈ scrccn will cl.sr and thê original sign on mcssaSc
will appcar. Thc word COLD cxccutês a.outinc whicb câuscs thcsystcm to rcboor itsclfas ifii hâdjusr becn
load€d in from ciss.tt..

A complêl€ list ofthcs. words ând thcir mcaniogisgiv.n inâpp.odix 3 and 4burdo oorrry toabsorball
ofthcsc at oncc, familiârity will conê with tim.. Morc than on. wordc:n bc rypcdio ata rim. but rhcy musl
b€ s.paratcd by ât lsst onc spâcc ..8.

VLIST VLIST VLIST (cDt€r)

will câus. thc dictionary roprinr thrcc tim.s in succ€ssion. Thc listingcan b. eJdrÊd in nid srrcam by pr.ssing
CTRI-/Q. Noricc ar rhc cnd ofrh.lisrinS rhc lcncrs OK. app€ar. This istol.ryou know thar FORTH has
€x.cutcd all of thc inst.uctions you rÊqucstêd and is now wâirin8 for funh.r iopur.

Should you a! âny tim. g€t an .nor mêssagc, lhis will Eor€ than lilcly siSnify rhar you hâvc made â
typing crror, just rclypc in lhc commands taling ca.. wilh spcllin8, spaccs .rc.

4.] THE KEYBOARD INTERPRETER,

Whcn you lyp. in chârâctc.s oD thc kcyboard, as w€ll as app€sring on rhc scrcen, thcy ar. sênr toan
arcâ ofmcmory krcwn as th€ tcrminal inpul buffcr. Wh.n yo! prcssthccnr.r k€ya rorrinc known as the
kêyboard int.rprct.r, s.arches throuSh thc dictionÂry and âltcmpts to march up thewords in rhc terminâl
input buffcr wirh rhc words io rhc dictionary. Ifit is succcssful it c&cur€s rhc rourine âssociarcd with rh.
words, if it is unsucccsiful il presumcs rhar what was lypcd in was a numbêr and rhcr€forc ancmprs ro
convert ûc chÂracrcrs ro â binâry numbcr. Ifrhis fâils rh.d rhc inre.prcr.r issucs ân elror mcssâgc (usuâlly
.rror 0) which mêâns th. int.rpr.rc. has dol undêr$tood what was rypcd in. Try typing som. râr|dom
châractcrsinto th. comput.r to illustrâtc lhê.rro. mcssâgc. FORTH should ccho whâlcvcr lrâs .nrcrcd via
the k€yboârd followcd by thc mcssâ8ê crror 0.

Now r'?. in thc follo*ids .nnplc b.ing carcful to ins.rr spâccs bctw.€n each FORTH word.
Rcmember thc phrÂsc (.ntcr) mcans prcss thc cntcr kcy, don't rry ând rypc it in.

I WELCOME CI.s .'W.l€omc to Fig-Fonh" CR ; ( cnter )

If all wcnl w.ll you should 8d an OK prompt back, ifyou aot an.rror mcssaa. insrcad rypc in cold to
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rcboot rhc sFtcm and stan agdn. Now typc in thc r{ord WELCOME and prcss cnt€r. H.y-pr.sto, thc scrc.n
clcars and th. m.ssâ8c "Wclcomc to Fig-Forth" apFârs wilh lhc OK prompl on th. ncll linê. If you now
.xâmin. th. dictionary by typinS VLIST you wil scc that IVELCOMEhas b..n added Âi thêtop. W. havê in
fâct crcâtcd our firsr FORTH proSram or dcfinition. So whât .nctly hÂpp.ncd?

Aficr w€ had ttp€d in th. Iinc oftcxt Ànd prêss.d cnt.r, thc kcyboard int.rprctcr bcgan to cx.cutc thc
FORTH words in thc linc. Tbc fir3t word it.ocountcr.d wÂs thc : (prcnounccd colon). This word r.lls th.
int.rprctcr thar wc wùh ro crcarc a ûcw dcfinition call.d WELCOME. At tbis point FORTH snitch€s to
compil. modc and cntcn thc namc of ùc nc$, word onto th. dictionÂry. Thc words followinS WELCOME
arc c.mpil.d onto thc dictionâry âftêr WELCOME, as thc €r€cutior or nrd dElc part of th. dcfiotion. Thc
FORTH word ; (s.mi{olon) stops compilaùon and rcturns ro rhc normal êxccution mod. of th.
intêrp.ctêr. We hâvc introduccd a f.w n.w FORTH wo.ds in this cxamplc th! first, CLS, is êrâcdy thc samc
as thc BASIC colntnând and sinply clcârs th€ scrc.n. Thc vord5 .'and " (pronounccd dot quot. and quot.
r.sp.ctivcly) arc cquivelc to rhc BASIC PRINT " 'command. Any Érl bctw€cn .'and " will b€
prinrcd onto thc scrc.n. It i, imponant to notc thât a spacc must b. includcd t'€twccn lbc ." and thc first
chârackr of th. tcxt rhough this spacc is not actuâlly printcd.

4,4 THE STACK.

All data lhar is proc€ss.d by FORTH is don via an arcâ of mcmory known as lhc dalâ or param.t.r
6rack. This slack can b€ likcn.d to a slack of coins whcrc ihc lâsl itcm put on thc strck is oo thc top. ThÈ typc
of â.rang€mcnt is câllcd Â last in lirsl out stack or L.I.F.O. stâck for short. To illusratc thc action of ih€
stack typ. in thc fôllowing|

12345(cni.r)
FoRTH should r.spoûd wirh thc OK prompt. Now typc th. FORTH word . (pronounc.d 'dot-) aûd

prcsscntcr,thcnumbr5wilbcprint.d.Typc.ândcntr4mor.tim€sandthcoumb.rs432lshould
appcar. What wc hav. doîc h to initially put fivc numb.rs onto thc stacL and thcn r.tricv. them onc by onc.
Fig 2a shows thc stâcl aftcr wc hav. tlap.d in thc fivê nlmb.rs atrd aft.r w. hâvc rctrievcd lnd prinl€d lhc

rt ,.

Th. inportant point to r.m.mb.I hcrc, i! thât th€ numb€rs on th. stack arc d.structivcly rcmov.d
NOT copicd as w! might haw crp.ctcd- If wc tb€r.for€ hâv. a numbcr on thc stack which w€ n€cd to ù!c
twicc, or cv.o morc tim6, wc î.cd romc m.thod of pr.s.rving il for futurc usc. Fonunalcly FORTH
providcs us wiih a WORD which allows us to do just thar. Typc in thc followingr

sP! I 2 3 DUP (cnt.r) .s (cnt.r)

You shauld sc. thc numbcrs I 2 3 3 appcar on ùc scrcd.
Wc hâv€ introduccd sornê n€$, FORTH words hcrê, so lcts c''amùc thcm on€ by onc. Thc FORTH word SP!
simply clcars thc slact of all currcnt cntrics, thc FORTH 'rord DUP duplicâtes thc top .ntry on th€ stâck
(cxâotly what \æ wcrc lookin8 for) and the word .S prinrs oul all ûc numt!.rs on thc stact withour
dcstroying thcm. This comnrÀnd is panicularly us.ful wh.n you wilh to s.€ thc atâtc of thc stack withoul
rcmovinS any valuca.
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FORTII Drovid.. r ûuôb.r of rcrdr for nrdpul.tiot tbc cootctB ofthc d.tâ 3t 4L. Thc D.i}r onca

ræ d!æribcd bclow i! dirSrrtraic form silh . lbort d.lctiPtiot of thcir fuûclioô.

t Dt P - CAl6 th. lo? . ry d ù. nrd.

3

3

ll) SWAP. S ps û. .op rro

lll) OVER - TL 2nd ,ûd .drr b cogLd to rb. .op.

3

I

AFTER

BEFOTE

rLd anldê..Ftrl
BEFOTE

E
AFTEX

tI
AFTEP

BEFOTE

Ir)
nOT - Tt 3nl tr.cl .oiry l! rtn|ov.d ao !ù. lop.

BEFONE
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v) DROP - Reltlovcs lhe top sticr. entiy.

ùD SP! - C1..6 rhe nid of.ll

E
BEFORE

Ft-
BEFORE

AFTER

4.5 THE DISC.

Fonb {,as oriSinaly d.sigrcd to support dalr ând progrjm stol'â8c on di!c. Program! ar. trâdidonâIy
.tor.d on dis. in I K brt. block! or tcrccns mÂd. up of 16 lincs of 64 charactcrs. Thcs. sct .ns could b. câllêd
from dtuc âr rrquircd and storcd by FoRTH in ao ar.â of RAM knowù as lhc bloct bulTcrs. suffici.nt block
buffcrs wcr. alloc.tcd to storc ooly two or lhrcc s.rccns ofdst at any on€ tim.. thit did not posc a problcn
for lârg. proSrams as th. procrss of r.âdiry aûd writioS scrc.ns to and from disc wâ3 vêry fast and wâs also
rraosparcnt ro thc u!.r. âcccrs bcinS csni.d oul undcr control of thc FORTH syst.m.

Thc AMSTRAD CPC464 v.rsion of FORTH do€s not support a tcal dis. systêm. lnst.ad it allocat€s
l4K of m.mory to prcÈnd it is Â dilc systcn. FORTH scr.c$ trc stor€d in this arca of mcmory ( 14 s.rc.ns
maximu ) and c.n b. rcad or $,rittcn to in cxâcaly lhc sâmc wây âs vould bô dodc in a truc FORTH disc
€nvirom.nt. Th. FORTH word LIST wi[ allow you to cxamin. th. contmts of any of thc scrcêns â]ailabl..
Typ. in thc followingr

I LIST (ctr.cr)

You .bould !.c th. rcrc.n clcar and 16 lincs nunbcrcd 0 to 15 wiu b. displâycd totcthcr wilh lhê scr€cn

numbcr you arc looking â4. A5 m.ntioncd prcvioûly tbcac scrccns arc or8ânbcd a5 16 lincs of64 charact.is
and ir i! otr rbês. scr.cru rh.r l,.rgc profr.ms would b. d.vclop€d and lcstcd. To allow t€xt to b. plâccd on
rh. sc.!cts, a firll scr.cn .ditor i5 availablc aod i5 fully dclcrib.d in s.clion 3.9.

4.6 NUMBERS AND ARITHMETIC

FORTH baûdhs numbcn in a .om€whât unusuâl way . To slan wiû it can only dêal with int.gc.s
wuâlly in th€ raryc of-3276? to +32768 ( 16 bit 3igr.d numbcn) though it cân dcâl wiù larger int.Scts s,hich
rlt will d.âl with lâacr. lr! r.cood ulu!ùal point i5 th€ wiy wc writ. arithmctic in FORTH. To add lwo
numbêru h FoRTH w. nrùr first put rhë ûumbcr3 on th. stâck and th.o tcll FoRTH what wc wish to do
lriah ahc oumbcrs. lrù ù.lc . timplc cÉmpl! lo show $hat w. mcan.

1223+.(.nrcr)

Hcrc wc havc awo numbcr! 12 and æ whicb w. with to add togpth.r and lhen prinl th. r.suh. First of all
tbc oumb.r arc put onto thc .lrcl and lh.tr thc opcraaor (thc plus sign) tclls FORTH lo âdd lo8êthêr lh€ top
rx,o ,trck cnrri.s and plâcc lhc r$ull oîto tb. top ofthc slâck. Thc FORTH word . (do, prinl6 th. top stâck
cnrry rvhich in this câs. i3 our rcanh. This m.thod of baodling numbcrs, wbcrc ùc op.ralor com.s aftcr thc
nuûb.r3 is Lnoll,n r! POST FIx or REVERSE POLISH NOTATIoN and is fuDdamcnlal to all FORTH
arith&cric. lÀs rry .om. lnoÈ simpl. .xampl.! lo fâmiliaris. ours.lvcs t ith lhb mcihod of worling. HÊrc
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thc norrûal mêthod of writinS thê cxprcssion is shos,n on thc l.ft with th€ cquivalcrt FORTH cxprcseion on
th. right. Typc in thc .xamplcs nakinS surc tbât thcy wort and thc! try to sca €xactly whar is hÂppcning ro
thc stâck. To hclp rcfcr to appcndir 4 for a fdl list ând dcscription of th€ opcrâtors.

U+ l2+ l0= 4 Z 12l0 + +. (.nrcr)

In the aborr .xâmpl€ not. th.rc ar. two plus si8ns, ooc for câch suSc in thc addition.

132-10=122 132l0..(.rLr)
$+ la.6= 5a 50 r0+ 6 -. (cr..r)

ln this clÂmpl€ whcrc w. hav. mixcd opcraaors rc must put th. rcl*rrt sign aft.r th. numb.rs wc arc
opcratin8 on. Th€ first psrt adds thc numbcrs 50 and l0 puttinS thc rênrlt on thc stâck thcn wê subirâcr thc 6
lavirg tùc final r€sult on th. top of lùc stacl.

5r6=30 56r.(..r)
Hcrc wc ârc uling th€ FORTH word i which rnulriptcs th€ lop tl,o numbcls on th. stâck lcâving ûê rêsuh

I't/3=6 305/,(.ntr)
This is thc divtuion opcreror uscd in FORTH. This dividcs thc s.cond stâck ênrry (thc 30) by rh. top €ntry
(thc J) l€aving rhc rcsult on ahc top of th. stâct.

Thcr. arc m.ny orhcr op.r.tors in FORTH but ir is impossibl. to dÊâl with th.m in this shon
introduction. In particular th.rc ar. op.ralors provid€d to work oo 32 bil or doublc l.n8th ounbcr6. On.
doublÊ lên8th numb€r is cquivalcnt to two singlc numb€rs Ând in flct oc-cupics rwo stsck losirions in
mcmory. It is not intêndêd to dclv. any funhêr into doublc numb.rs olhcr thaû ssyinS that tùcy grtady
incr.âsc lhe numb€r handlios capacity of FORTH (into millioû).

Thc only satisfactory 1+?y to b.comê aquaint.d witb FORTH numbcr notâtion is prâctic.. Try
examplcs of your own ch.ckinS thc rêsults as you pro€cd cr.ating morc cômplcr cxprcssions âs yoù rnasrÉr
thc simplc ôncs. If you hâw difficulty it is suSg.sted that you purchas. onc ofth€ mâny FORTH tutoriâls oû
thc markct (scê appctdix 5).

4.7 MAKING DECISIONS

FORTH suppons â struclurê \rhich is vcry similâr ro û. IF stsrcn.nr us.d in BASIC.
This is thc lF - - ELSE - - THEN slÂtcmcnt.
Thc g€ncral form of thir in FORTH ù:

l). Thc word IF which chccks thc top stact \,aluc ro rc. if it ir 'truc" i.c. a non æro rrluc.

2). Any ournbcr of FORfi words which arÊ crccur€d if rh€ top strct crtrt s,is tru€.

3). Thc word ELSE which û oprionâI, folow€d by sny numtcr of FORTH words lhrt aæ
exccut.d if thc top stack cntry found by IF was 'fals.'.

4). Th. FORTH word THEN which têrmirlat.s rhc crprcssiotr. This must bc itrcludcd unfitc
som€ BASICS which alow rhi! p3n to b. omnit d.

Thc usc of this can bc b.st illutrat€d by an .xÂmplc. Lcts sây wê hsvc .a .lccûooic cirEuit coorcctcd ao
oùr computcr which monitors thc t.mpcrÂtur. of a rcfrigcrâtor. Wc nccd ro dilplry oû ah€ scrccn I werûilg
mcssâgê if thc t.mFratur. iNidc rhc fridg. cv.r rircs abov. z.ro dê8rÊcs €!nri8..rdc. Th. ponicrdrr pen of
th€ FORTH proSram which docs thb could bê wria&û r' shown bclow.

: TEMPERATURE
DUP O>
IF .' 1VARNINC FRIDCE DEFROSTING'DROP
ELSE .' Tcnp€rrturc i5 " . ."dcgrlcs c$tigrad.'
THEN;

As this is pan of r rnain program ir is dcfind as â word crll€d TEMPERATURE. Th. colon 16 w. havr
alrcady mcntioo€d slarts thê conpilÊ modc within FORTH to crÊsrc â ncw dêfiltion. Thc DUp $rt mcnr
duplicarca th. top stack cntry which in rhis carc *r pr.sun. io bc lhc r.friSciôlor rcmpcnrurÊ put thcrc by
somc oth€. FORTH word which actualy did thc m.lsurinS. Thc FORTH word o>chccts th. top lract
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.nrr/ (rcmoving ir in th. proc€rs) to s.€ if it û grtjrêr thân z.ro. [f it i5 rh.n thc t6t was 'tru.' rlld r I i!
plac.d on thc lop of th€ stâck. If it is zcro or lcas than, thcn ùc t.st lcav6 r 'fals." or 0 on th. st ct.

Th. IF rakcs rhi! stâct vâluc .nd IF IT IS TRUE it prinls th€ waming m.ssaSc oo th. scrÊcD. Wc tbên
DRoP thc duplic{t.d tcmp.r.tur. valuc from th€ st ck as w. îo longcr rcquiæ it. IF IT IS FALSE tbê
waming m.sss8. rod DROP ar. iflorcd and tb€ ELSE pân is .xccutcd $,hich priat! th. tcrûpcr&turÊ
mcssagc. Notc th€ . (dot) b.iwccn th. two print stat.mcots, this r.môvcs thc duplicjrcd tcûp..sturc vâluc
from lhc stâck ând prints it on th. s...cn. Thc THEN t.rmitrarês thc IF structurê âDd ahc s.mi<olon
complêtcs tbc dêfmition.

Typ€ iû ùc abovc cxampl. usinS th. scr.d cdrtor, compilc it ârd thcn try it ùsing dit|rcnt valucs,
positivc aûd ncgativc, on th. stâcl as shown bclow.

l0 TEMPERATURE (.!t 1) wll Drlnt th. r.lrh8 û..!.gc.
-5 TEMPEMTURE (. .r) lltl prlll ll. t e.r.$æ,

4.8 REPETITION.

FORTH suppo.s scvcml m.thod! for rcFâting a s.qu.ncc of €vcnts. Th€ first of th.s. is thc DO
LOOP and is an .quival€nt of th€ BASIC FOR NEXT loop Typ€ in th€ following êrâmple ao run il You
should s.c thc numb€rs I to l0 on thc scr..n

:TESTI II I DO I. LOOP;

This routin. w. havc callcd TEST L Thc numbcn I I to I r.prcs.nt lh€ slan aod .nd rqlucs of ihc loop.
Thc loop slâns wirh â valuc of I and .srtcs all codc bclwê.n thc words DO and LOOP, incrÊm.otin8 th.
loop valuc rt clch psss unril it rcachcs lhc limit, which io lhis câs. is I L Not. that whcn thc limit is rcacbcd,
rhc loop fâlls throu8h i.c. it is nor crccutcd for th€ I lth timc. Tb€ FoRTH word I plâccs tbc currcnr loop
indcx onto thc stâck wbcr. it c5n b. print.d using th. FORTH word . (dot). This givcs us our count from I to

Thc loop can b€ mad€ to co'rnt in ilcrcmcnt! of morc than onc stcp usiûg thc FORTH word +LOOP
(cquiElcnt to thc BASIC STEP commaod) as shown bclow.

: TEST2 1l I DO L 2 +LOOP ;

ln ahis cxamplc th. valu. of 2 is add.d to thc loop inèx to forc€ thc loop to incromcna by 2. In this .âsr
rhc loop cnd! at ûc count of 9 â5 ahc ncr! valu. would .quâl (or cxc.d dcFndins on thc ird€x) thc loop
linil. Thc loop cln b! rnad. lo count downwards as shown in cBmpl. TEST3-

TTEST3 I ll DO t.l +LOOP;

Norê thât th. loop limits ar. rlvcr!.d coûpùrd to thc prcviou! cramplcs and ihât th€ ind.x is incr.mcnrcd
in stcF of -1. Finaly w. hÂir .n cxampl€ of ncsting morc than onc DO LOOP in a routin..

: SQUAXE CLS 250 I5O ORIGIN
100 0
DO 100 0

DO T J PLOT
LOOP

LOOP ;

This cxÂmpl. which v,. havc cr[cd SQUARE plots Â squârc onto rhc 3.rÊcn using thc th.8râphics
cxr.nsions supplicd as pan of th. Fi8-Fonh proSram. Thcrc arc s.vcral ncw words introduccd h.r€ which
may nc.d somc cxplânÂtion.

Thc nrs. word ir ORIGIN which is cquival.nt to lhê BASIC comrand of !h. samc nam. ORIGIN
rakcs lwo numbcrs from thc stâck, itr this c$c 250 and l5O and locarca th€ graphics cursor at thc x and y co-
ordinarcs rÊsp.ctivcly.

Thc \rord PLOT [ght! up â p el on rhc s.rccn ar rhc x and y co-ordinat€s givên by th. rop two numb.rs
on rhc stack.In this cxamplc thês. co-ordinalcs ârc supplicd by rhc FORTHword! I ând J which placê rhc
respc€tiv. loop indcxcs onto thc siâck.

As wê hâvc alreâdy mcntioncd, rhis routinc plots r squarc l0O pix.ls by lm pixcls onto thc scrccn. Th.
timc tak.n to plor âll of thc pixcls (10000 of th€n) i! appronmât.ly 4.5 s€conds. An equivalcnr routinc
writr.n in Basic râkes around 2a s.conds. This 8iv.s FORTH a 5 fold spÊ€d incrcasc in ptortins ovcr BASIC.



ln prâctic. FORTH can rur anlyhcr. bclwccn 5 to m tim€s thc sp€cd of BASIC d.pcrding on thc
applicÂlion and how wcll writt.n th. proSr'am is.

Fonh supports s.vcral oùer r.p.airivc structu.cs bas.d on thc word BEGIN, rhe first and simplêsr of
thes. b.ing th€ BEGIN ACAIN cxprÊssion.

This structurc in css.ncê forrns Â clos.d loop wiùin a proSram and in it5 simplcst form cândol bc cxirêd:

: CLOSED-LOOP BEGIN ." This will n€v.r .nd " AGAIN :

If you try thc âbovc cxamplc b. warn€d, you will havc to r€sêt thc computcr and rcload FORTH ai thc
proSram cânnot b. stoppcd onc. ia is running. In css.nc€ Âll thâl happcns is thât th. n.$ag. which is
.dcloscd b€t$€.n thc BECIN and AGAIN sÈl.ncol is printêd on th. scrêcn rcp.âtcdly. This panicular
structurê is usually used as lh. mâin body of â linâlis.d progran çàich usuâlly will nccd to b. of a
coûtinùous' loop form.

Th€ sccond BEGIN structurc islh. BECIN UmIL. ThbBlructurc hÂsa builtin testwhich allows thc
loop to bc cxitcd. Thc usuâl formal is:-

a) Thc word BEGIN which marks th. bcginning of thc loop.

b) Any s.qu.nc! of FORTH words which will cnd wirh thc dara s.ack holdinS a boolcân
flag, cithcr â I or 0 rcprcscntinS tru. or fâls. rcsp€€tivcly.

c) Th. word UNTIL which rêrûovcs the fLg from thc €tack ând if ir is rruê th€ loop i!
exitèd, if how.vêr thc flâg is fals! thc loop rcturns to thc codÊ âficr BEGIN and i5
er.cut.d oncc a8âin.

lrts havê a look at an €Iamplc using BECIN UNTIL.

: Y/N ( Acc.pG ycs or no rcply. Stact I = yês 0 = no )
BEGIN ." Answcr ycs or oo " KEY

32 OR DUP l2l =
tF I I ELSE DUP ll0 =

IF O I ELSE CR .' INCORRÊCT KEY PRESSED " CR DROP O

THEN
THEN

UNTIL
SWAP DROP ;

This plnicular clâmplc is â vcry us.ful routinc which prints a prompt ûcssag. and wairs for â kcy ro bc
prcrscd. If thc k.y is cirhcr "Y" or 'N" (iî uppcr or lowcr câ!c) th.n â I or 0 is put onro lhc srâck in rêsponsê
which cao bc usld to call an appropriat€ routinc, Lts .xamin. il! op.raiion clos.ly.

Th. rourinc is callcd Y,/N which hÊlps to dcs.ribc irs funcrion. Thc parcnthisis wbich follow arc êquivalcnt
to REM stât.m.nts in Bssic, any tclt cncloscd b€tw€.o rhcm b.in8 iSnorcd by th. conpilcr. Thê BEGIN
word indicatês th. b.8innin8 of th. loop. Th. prolnpt mcdsâ8. is nr$l displaycd and rhcn rh. FORTH word
KEY waitca for â kcy to b. prcss.d, thc âscii cquivalênt of this char.ctêr b€ing placcd onro the top of rhc
3aack. 1 ê thca coûvcn thc ascii numbcr lo uppcr<3sc (if it is oor alrcâdy so) by loSicâlly OR-in8 it witb
d.cimâl 32. Thê numbcr is thcn duplicât€d using DUPand comparcd to thc numb.r l2l, *hich is rhc âscii
numb.r for th€ Ltr€r 'Y". IF it i! a "f thc oumb€rs I I arc plac.d on rhc srâck and thc loop drops rhrough ro
thÊ UNTIL wbich æmoirs rhc top srâck cûry and if ia is rruc i.c non z.ro it cxirs rh€ loop. Th. words SWAP
DROP crchrûgc thc stâcl contcnls 4nd rcmovc th. ioirial charâct€i which wes duplicâtcd ar rhe bcginning
of rh. rourift. This l€av.s r I on thc top of th. srack which is to indicârê ahât thc rcspons. from tbc kcyboârd
wû of r 'YES" nrturc.

lf th. itritiÂl t.3t fôr r 'Y' r€.ponsc fails wc rhcn têst for a no rcsponsc by comparin8 with thc numb€r
I l0 which is th. ..cû rtprcs.llstion for uppcr-€s. "N". If this pasr.s lhc two numttcrs 0 and I arc put on thc
{.ck. Tb. I is io cniblc lrNTlL ro cir thc loop lnd rhc 0 is to indicâÈ tbc'No'rcspons. from thc tcyboard.
Thc word CR ridply priûts . ..niât. rctum rnd lin€ fccd ihus displâing rh. t.xt mcssâ8cs on ûcw lincs.

If both tcnr fiil th.î wc crn r$umc that an incorrcct k.y was prcascd, th€r.forc wé prinr ùc crror
nc'!.8., DROP tb. dupliÉa€d char8cl.r and plact r 0 onto th. stack. Whên UNTIL r.tricvcs rhii 0 it jurnps
bacl io thc c.d. afiêr BÊGIN which prints rhc prcmpt m€ssagc âgâih aod *?ias for k€yboard input.
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Thc lrlt of thca. t}?ca of stlusturcs is lhc BBCIN WHILE REPEAT, whosc ScncrÂl fornat is givcn

a). Tbc word BEGIN $hicb inÀrks th. stan of th. loop.

b). Any i.qu.Dc. of FORTH wor& which r6ult in a boolcan flâg b.ing pleæd on thc top of

c). Thc pord IVHILE which Èst5 thc rtacl valu€ ard if it is tru. €xccut s th€ cod.
follo*ilg it. (rc. d). If th€ strck contcDt! .rÊ fib. th. loop is t rminâr.d.

d). Ary 3.qu€Dc! of FORTH wolds which forû thc rnsin body of thc loop.
.). Thc vord REPEAT *hich 3êDd! control bâcl to rh€ c.dc afÈr BEGIN.

Bclow is r limplc €IrmpL *hich .hould illultral. thc fuactioo of thi! rtructuæ.

: TEST-KEY ( Loops uûtil rplc.+.r b prÊti.d )
BEGIN .' Prls thc aparc$.r ' CR

KEY32<>
WHILE .' I ldd '

R.EPEAT
.' Think you " ;

In this .I.ûplc wr ltârt by pridns lb. pronpt û..!.8Ê sftct ahc BEGIN. w. rhcD p.rforn 3 c.ûirSe
rctum .nd writ for r tcy ro b. Fcrscd, thc ùcù vrluc ofthittcy bcing plic.d onto th. !tâck. wc lh€n t.sl to
!.. if rh. k.y f,ll ôi .q..1 to t2 (tbc srcn c"d. for tù.3p.cè+.r). Iftll€ r!!uh n ml.qo.l io 32lhcn lbc
rat€m€nr wss truc .ôd . I i! phc.d or th€ rtict.

Thb fl.9 b rcnowd rd t6tôd by thc WHILE rdd if tru. thc codc bctec.ô wHILE aDd rcFit il
crccut d .nd control i! ænr b.ct ro ùc cod. sftcr BEGIN i.c. thc proropr acr!.gc. Thi. rÊFaù ûrll $t
prcss thc aps4càtr which t rmirrter th. loop (!bc tcrt by WHILE ir norr f.bc) ûd priûar thc 'Tb.at you'

Run this protrrû .ûd iûitidly pr.'r.try l€y othcr tbâû thê spsc€+&r. Noticc how on thc r€cond rnd
subrcqucnt pa3sar th. D.r!.g.r ræ priatld togcthcr a.r on . TliN ir bctaù!. aùâr i! rc cârriega rctum âtlar
lh€ mcrs.gc 'I 

'.id'. 
Wbc! you do pr!!r ûc !p6cc$.r !tê loop wil fdl thmugh Ând th€ "Thant you"

mca!.8€ will b. prinrcd.

:I-9 INPTIT/OUTPTJT

Compaæd c,itù BASIC, FOnTH doc! rot providc c.!y mc5û3 for inputirS and outputitrg d.tr to r
program. Wc baw akady æcn tbr! dcthod.. Thc word KEY *hich r!.d! . !ird. cbrâcÈr from ahc

kcybo.rd snd phc.s iù llcn vdu. on th. top of tbc ûrck rDd thc word! ." ând ' which Èiût rû 6cloôêd
,tring onto th€ dilpliy. Th.rc i! dro thc rcrd . (dot) which prilB lbc top !Èct cûtry oo thc disphy.

Tbcrc arÊ r.v.nl input wo!d! ir FORTH, hoftv.r !b€ only otc *. .ùâll cono.r! oursclvc! with i! ahê

wold QUERY. Thi! word Frdr cherrcÈr! typ.d ir .t !tÉ kcybo.rd t rmi t d by rh€ .Dt.r kcy, up to r
mrxiûud of 128 rDd ctorca tb€D itr th€ t rEind iûput buficr which *i! d.€rib.d il !€€rioa 4.3.

The example below us€d thc word QUERY to cr€atc â routinc which will r.ad in ao idtcScr dumb.r
fron the kcyboard and place the numb€r on lhe stack.

: INPUT QUERY 13 WORD HERÊ NUMBER DROP :

wc have called this vcry us€ful routinê INPUT as it b€havcs in a similar fashion to BASIC command of

The word qùery will âllow us to lype châractcis into .hc kêyboard which in this casc will bc a valid
nunber. The word WORD (no il is Dot â mistâke) r€ads aI t€xt from thc terminal input buffcr until if
reaches a dclimitêr which was put oo thc slâcl bêforc WORD, in this casê th. 13 which repr€scnts a câriagè
retum. WORD rransfcrs thc têxt to thc first fr€e locâtion fu lhcdictionary lcavinS a chamctcr counl ir thc
first bytê. Th€ word HERE puts this dictionary âddrcss onto thê stack for NUMBER which conv€rts â
strêam of ascii characters into a valid nudber, ùc rcsulting number beinS put onto thc stack.

So nuch for inputing informarion, what about outpul. Again thcr€ arc s.vcral words providcd which
allow for outputing data, somc of th€$ê we have âlr.3dy mêt. Thc output opcmtor w€ will dcal with now is
the word TYPE. This word tatcs an address ând byt€ counl f.om th€ slâck ând prints out ihc çount ofas{ii
cbârftlers at thar âddress,
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To illusrratc lhis firsa cntcr lhc scr€cû cditor at scr.cn onc and typ. in a linc of charectcrs on linc 0 Th€n

cxit thê cditor ând tyF in and run thc .Iamplc b.low.

: PRIMT 8 BLOCK 50 fiPE :

You should s.. thc firsi 50 charactcrs lhÂt wcr€ typ.d in scrccn I displayed on thc s.rc.n. This roulin.
which w. havc callcd PRINT u!.s a word câltcd BLOC!( which puts ihc addrêss oflinê 0 s.rccn I onto thê

stacl . TYPE râk.s this and thc charâctcrcount of 50 and prilts oul that ammount of charâctcts to thc
display.

VARIAELES AND CONSTANNT

a.l0

Vrli.bLr r.d coort Dtr .r! r corclp! foud ir Eod hiSh kvll coûpuÈr llûfu{r. .!d FORTH b Do
ctcption. How.\Er b.foæ wr cxrbiæ thc!€ il L r tood riEG to irtrodlE tbæ. nce FORTH *ord! ûmcly
@,?rd!.

TbÊ *ord @ Èt.: r[ rd&to ftoô !h. lbct .ûd r.pbcc' it with tb€ 16 bit vrlu. or.d 1 ùlt ddrrt , ,
(.imi!.r to BASICS PEEK coûûlnd). Thir vduc c.û tâcû b. dirtLy.d uriôf. (dot). Tb. sord ? combiÀ.'
botb @ lld . (dot) ùd Driûù tùc vrlu. dir.c{y to lhc ditphy. For crrnplc r

HEX3FFE@ or

HEX 3FFB ?

wil botb Fist tb. 16 bir vrluc côDt iæd rt rddt!$ 3FFB bcr otlo th. dirpl^y.

Tbc word t b roù8lly .quivdcal lo thc BASIC K)KE coEErDd .od t 1.| l! ddrrr. lld . 16 bit vdu.
fron !h. rtacl ûd tlorla thc vrlur ù ùat addraar c.i.

HEX lrEt l0æ r

wiU aort ùc vrlur l3E 3 inio lo..tioû lm b.r lûd lq)l ù.r, (ÈæEbc. iL r 16 bit du. tb.Eforr run
ba rtorcd i! tvo ocdory locationa).

Hrviû8 crlnird thc rbow wordr w! c.r ûor brw r loot rt vlrbbld wtiô û! dd!!d iû th. forEr
(n) VAùABLE Broc

vtcr! (a) ir th. ùitid vrllr ùd ôræ ir thc hb.l rt rLt to tivc rù. vlrilbL c.&

5 VARIABLE MONT}I

,iU ilitidir. r v.rLblc cil.d MONTH to thc vrlur 5 (to r.pr*!l ùc ûontù of Mty), W. c.û Ë.d tLir
ûbbh ulû r

MONTH @ . or Éort ...ily
MONTH ?

Wc cû nodify tù. coitlltl of MONTH by udlf th. rod I ..t.
6 MONTH I

A coônùrt b d.frd ir.irill' ûrhioo c.t.

12 CONSTANT DOZEN

û. odt difcræ bcila tbrt oE d.fl!.d r ooort !t c.!ûot (rd ,ùoold !ôr) ba dtcæd. To rt d tbc
colrt !t È do lot !..d to u* tù. rod @ .. i. rtquirtd by . r'|riôL . rr ody na.d r.y!

DOZEN .

to dirplry tùc coorud dlt on tùG ærrc!.

Tbis thcn cov.rs our shori inr.oduction inro rbc world of FORTH. ft is by no ncâns complcrc nor has it b€€n
cxtcnsivc. In r.âlity w. havê only scratch.d thc surfacc of thc words availâblc and thcrc usc. No âûcmpt has
bê.n mad. io tcâch FORTH pro8ramûin8 as this itscf would fill a larSc volum. of r.xl.

what it is hop.d is that you hâvc bc.n ablc to dcvclop â curiosity for rhc languâgc which you can now
dcv.lop, if n.c.isary with thc bclp of onc ofthc many texts arrilablc on thc markct. Appcndir 5 gilrs dctâils
of books Ecommcnd.d by thc author.
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APPENDIX I
ERROR CODES
The FIG-FORTH Systëm issucs rhc following er.o. codês. rflhc crror codc is followêd by an OK prompt
rhcn the messase is a wâming only. rf OK is âbs€nt thcdlhêrêwasatru..rrorwhich has causcd thc sFt.m
lô ABORT its curcnl op.ralion.

ERROR O ruNDEFINED)

ERROR I (STACK EMPTY)

ERROR 4 (NOT {JNIOUE)

ERROR 7 (DICTIONARY
OR STACK FULL)

ERROR I7 (COMPILATTON
ONLY)

ERROR I8 (EXECUTION
ONLY)

ERROR I9 (NOT PAIRED)

ERROR 20 ONCOMPLElE)

ERROR 2I (PROTECTED)

ERROR 22 (LOAD ONLY)

Thc word is not in thc conrêxr or cur.nr vôcâbulary. IfVLIST shows it ro
bc prese in the dicrionâry. thcn thcwo.d was nêvêr correcdy d.fined. i.e.
an error occurcd during compilation-

An alrempr has b..n madc to rcmovc ad il.m from ân enpry shck.

Thc cùrrênr d.finirion n.m. alrcâdy €xists in rhcdicrioûary. The new word
will sup.Ecdc tùe old on. unl.ss ir is r€mov.d with FORCET.

This word is issu.d if th. paramet.r stack or didionary comc within I 28
byrcs of.âch othcr. i.c. clos. to ovcr-writinS on! ânothcr.

The ref€renc.d word should only bc uscd during complâtion

Th. rcterenced word should only be ùsÊd during cxecurion.

The word shown hâs no pâir. c.g- â LOOP without a DO or REPÉAT
without a BEGIN crc.

The stâlemcnt has nol b..n complctcd, ê.9. an IF wirhout hs compl.rinS
THEN.

An atl.Inpr hâs be€n madc ro FORCET a rvord behind thc prot.ctivc
FENCE.

The word sho*î musr b. ustd only wh?n loadin8.

APPENDD( 2

COLD STÀRT PARAMETERS
Thc following is a list of rhc cold start paramctêrs used ât power ùp. Thcsc may b. modificd by rh€
cxpêricnccd FORTH us.r, to adopt thc systcm ro lh.ir own r.quircmcnc. by us. of lhc FORTH word
+ORIGIN, which plac.s the bâse addrêss and th. offsct on thc stacl.

0c +ORIGIN TOPMoST Yr'ORD IN.FORTH VOCABULARY. This is ihc add.css from
wh.rc dictionary s.ârchês will commêncc. Modifi.d by lhc FORTH {,ord
SYSDTJMP.

Backspac. CHARACTER (includcd for FIG-FORTH compâtâbilily only)

Pointcr to uscr arca.

Pointcr to ba!. of pâraûêtêr stack.

OE +ORICIN

IO +ORIGIN

12 +ORIGTN
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14 +ORIGIN Pointq to ba'. of rêtum stack.

16 +ORIGIN Pointcr to bai. of rcrminâl input buffêr.

l8 +ORIGIN Mâriûurn nÂmc lcnglh. Us.d by WIDTH and prcs.l lo 31.

lC +ORIGIN Tbis scrs thc FENCE bcloc, which wor& $,ill noi b. forSott.n. Pointsto thè
lsst c/ord d.fin€d lficr po*cr up and is nodificd by lhc FORTH word
SYSDUMP,

lE +ORIGIN Addr.ss of dictionâry poinlcr âl pow.r up. Mdificd by thc FORTH word
SYSDUMP,

æ +ORICIN Point.r to vocabulâry linl aa powcr up.

FOTTH LANGUAGE GLOSSATY

This glossrry contâins all of th! word dchtilions ùtilis.d in th.
implcmcntation of FIG-FoRTH for thc AMSTRAD CPC-461.

Tbc first rcction dctails word dclinitions which Âr. .It.nsions to thc bqsic
FIG-FORTH lan8ua8..
Th. sccôad secrior sivca dctsils of ihê FIG FORTH voc.bulaly.

NOTATION USED

Th. fiIsi linc of êrch d.finition shows â symbolic viqc of thc .tâck
.onditions b.foÈ ând rft r êx.cution of th. word ai sboni trlow.

sÈct condition Excculion stâck condirion

xx xx xx xx

ttr cach ca!., i.c. bcforc rnd rft.I crccutioD, ihc top strcl psramctcr is to thc
riBht.

Thc srâcl notrtion u!.d i! .! follo*l:.

rddr Mêmory sddtcas
b 8 bit byrc (MSB of 16 bn word = 0)
c 7 bit ASCII CHAR CTER Crop 9 bit3 = 0)
d 32 bit sigÉêd doublc l.nglh intcgÊr
f Eoolc.n th$ (citlicr truc or fd!.)
lT Boolcan fals€ flr8, i.c. 0
n 16 bir sign€d intcgcr
u 16 bit unligtrcd intct€r
tf BooLân rru., i... oon-zcro

APPENDIX 3

FIG.FOTTH EXTENSIONS
.). Sbcl oe.nlonF

.S Non dcstrudive prinr out of stack contenrs.

21 nln2-n3
Mullipliês nl by n210 lcâve nl (fastcr than 2 r)

2DROP nl n2 -Drops 2 single or I doublc number fron the srâck.
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2DUP .l n2 - nl n2 nl n2
Dùplicat€s top rwo numbers o. I double numbcr

2 OYER .l n2 .l n4 - nl n2 n3 n4 .l n2
copics 2nd pair of numb€rs o. 2nd double numb€r to toP of srack-

2 SWAP nl .2 .3 n4 - n3 n4 nl n2
Swaps Top two pâids of numbeF ôr two doublc numbc.s lo lh. nack.

PICK n - nl
Copies lhe nth il€m on lh€ stack to the top-

ROLL n - nl
Remov.s the nlh item on the slack to the top.

b) SYSTEM OPER^TORS

OTIME _
S.ts thc intcmal timcr to zcro and bcgins countinS cyclc

?TIME - d
Puts thc inrêrnâl limcr count ooto thc atâck as a doublc number. The tirn€.
continucs counaiûg. Thc numb.r may bc Printcd using D.

BELL Sounds a shon bcep

CASE Sc€ cxamplc
Associatcd words - OF. ENDOF, ENDCASE

I CASE-EXAMPLE (N _ )
CASE
I OF ."ooe" ENDOF
2 OF .1wo" ENDOF
5 OF .'five" ENDOF
0 OF .'zero" ENDOF
ENDCASE:

Câse êxegrtes thc routin€ âssociÂled with the topslack vâlue ifprcsenl, else
conrrol falls lhrough to words âfr€r endcâse.

CLS _
Cl.ârs thc V.D-U. screcn.

EDITOR Thc nanc ofthc cditor vocabulary. Exccùtion mak.s thèÈditorthcconlext
vocâbulart.

EDIT n -Invokês the scrêcn editor at scr€€n n.

GET nl n2 -Loâds screens nl lo n2 frotrl casslttc.

MYSELF -Compilcs C.F.A. of d.finition b€ing compilcd into di€tionary thei.bye
allowinS a word to "call' its.lf rccursiv€ly.

PRINTER _
Directs all output to th. prinl.r

GETKEY - ff (no tcy prcssêd)

- c tf (Kcy prêsscd)
Scâns thÊ keyboard for â key d.prcssion. Ifno kcy is pr.ss.d r.turns â fakc
flag. If â kêy is prÊss.d rêûms thc ascii codc for th. kcy ând â tnrê flâs.

PI'T nl - n2
Sav.s s.r..ns nl to n2 to cassctlc.

RAND nl - n2
C.n€rat.s a random numbcr û2 iû lhe raûgê I to nl
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SCREEN _
Dir€.ts âll output to thc v.D.U. l'ls.d aficr th. PRINTER command.

SYSDI,IMP _
savcs qrrr.nt vcnion of fonh to csss.ttc including sll ncrt d.finitions.
Fonh mây b. ttlordêd in thc normâl wsy.

TASK _
A dummy word mârking th€ md of ah. initiâl ptlcompil.d vocâbularica.

TLOAD nl ADDR -lrads nl bytcs from cass.o€ snd storês at addr.ss ADDR.

TSAVE rl ADDR. -
Sav.s nl bytês from add! lo câss.lt.

WAIT _
SurFnd! op€rarion lnd w!it! for a kcy ro b. prcsr.d. Op.râtion thcn
rc3UmCS.

C) GTAPHICS AND COLOURS

BORDER nl n2 -Sc$ Bordêr to r pair of colour6 nl, n2. Fo. ûorl flâlhitrg botdd nl = n2

CLG -Ocalr thc grrphics .crÊm.

DRÀW nl n2-
DrÉws â linc in ctrrrrnt gsphi€ pcn int from pdition ofgr-apbics cu$or to
point! nl and n2

DRAWR nl n2-
Draws a linc in currenr graphics pen ink from rhc positionofthe grâphics
cursor 1o â point which is the olTsel of nl n2.

EXCHANGE nl n2 -Swâps nâles of streans nl and n2

GPAPER nl -S.ts graphics paper ink ro colour nl

GPEN nl -
Scis pen number for graphics p€n

GwlNDOw nl n2 nl n4 -
Crêalcs eEphics wi.dow nl = Top. n2 = Borlom nl = Lefl, It4 = RiChr

INK nl n2 n3 -S.ts ink nl to a pair of colours nl and n2. if non flâshing nl = n2-

INVERSE _
Exchanges current pen and paper inks

LOCATE nl n2 --
Mov. cursr ot position nl. n2 ofcurrcnt tcxt window. nl column (l-80) n2
is line (l-25)

MODE ni -scl.cts screen mode. nl rak.n mod 4.

MOVE nl n2 --
Moves grâphics cùrsor rô posiriôn nl (X-DIR) ând n2 (Y-DIR)

MOVER .t n2 ---
Movcs the graphics cursor to a point relâlive ofirs currcnr posirio. by n I
(X-DIR). n2 (Y-DIR)
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ORIGIN rl n2 -S.ts lhê x, y origin of ùc graphics curso.

PAPER nl --
Sets colour of papcr to.l

PEN nl -Selecc pen foi cuænt scr€a mode

PLOT nl n2 -Plots a point in rhe currrenl araphics p€n ât locâtion nl, n2

PLOTR. nl n2 -
Plots a point on th.s.rc€din rhe cur.enl Sraphics pen al a pôslion from the
currcnt graÈhics cursor ors€t by nl ard n2

STREAM nl -
Selecls text str.am nl, n2 nust be in th..a.8. l-7

TAG cI -scoô cùl.lclc' cl to grphic. orrtof

TEST Dl 12 -D!T.rt th. poiÀt or thc grphic! ror.r rb.olulc froD tbc cûror, rFcifid by
nl (r{û) ltd !2 (rdir) L.virt ih. onr6t 8r.phic. pco ouûbcr t th.t
Poilt lr [3.

TESTR ûl !2 - 13
T.û tb. poiût or tb tF.plûo tcft.n ofr..n bt nl rûd tr2 frod thc inphict
clrnor. RatutD, !o tbc top of tùc rtact thc Strphio F! ouûbcr 13 at that
point.

TRANSPARENT ol -rl = 0 Dir.ôbr tr.ûFrctt optior
nl = I EnrbLa iralaparcrt optioa

WINDOW !l.2D3a{-
ol = Top, n2 = Eottoû, 13 = l*ft, oa = Rifbt

d) STRINGS AND ATRATS

I-ARRAY nl - (namc)
Crcat.s â single dmensiod array c:lled (nânê) of nl cl€mcnts

2-ARR^Y ûl n2 - (name)
Creatcs a two dimcrsion array câlled (name) of nl rows by n2 columns.

STRING nl - (namê)
Creâtes string storaa€ space of nl spaccs callcd (nam€)

INPUT$ pfa n *
Used to read input charactêm into â prcdifincd storaS€ spacc ( scc STRING ).

.) SOUND fACILITIES
AMP-ENV nl (name) -

Assigns ârnplitude envelope n lo souDd block (nan€)

CHANNEL nl (namc) -
Assisns channelG) nl to sound block (namc)

CONTINUE _
Releas$ all sounds t{hich hâvc becn hcld

DURATION nl (nânO -
S€rs th. duration of sound block (name) to lenSth nl

Creârcs a ton€ .nvclope. For a full d€scription rcfer to seclion 3.12

30

ENT



ENV
crcatcs an amplitudc cnv.loF. For â full d.scription tcfcr ao sccaion 3.12

FREEZE _
Srops all sounds h mid flight. may b. rca.ancd b] using CONTINUE.

NOISE nl (ûamc) -Adds â nois. compormt nl to sou blocL (ûrm.).

PERIoD Dl (nâmc) -S.ts rhc pcriod of rhc notc of sound blocL (nÂm.) to nl.

PLAY (narn.) -Erccut6 th. soutd block (mmc). if th. sound qucuc. ar. full rctums Âtr

crror m.ssaSr and crcqri.s ABORT.

RELEÀSE nl -Rclêa!.s . sould on chaûc(s) Dl which sas prcvi,ouslv hcld usin8
SHOLD.

RENDEZVOUS nl (oam.) -Will c{ù!c sound bloct (nam.) .o rctd.zvous riith chnncl(3) (tl).

RESET -
Rês.r lhc souDd dâûâ8ct tnd shuts dowtr thc sound chip causiry all sounds
to stop immidiatcly.

SFLUSH (nam€) -Sc$ thc llùlh bit ir lound blocl (ûrnc)
sHoLD (nânc) -
scts .hc hold bit of sound bloct (n!m.)

SOUND
This is thc rDain sound block crcâiion dcftoitioo. Fot a full dcscripiion rcf€r
to s.ction 3 12

sQ (n) -Rêums lhc stâtus of ch.nncl (n)
SwAtT (n) -Forc6 chson€l (n) to wait until thcrÊ is spac. on thc sound qucuc bcfor.

i$uing any morc aoutds !o th. qucuc.

TONFENV nl (oam€) -
Assigns ton€ mvclop.s nl to souDd block (namc)

VOLUME nl (n tac) -
S.l5 ih€ volumc of sound block (na$c) ao Dl
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APPE]\'DIX I FORTH GLOSSARY

! naddr-
Store 16 bits of n ât âddr.ss. Prônounccd ttore".

!CSP
Savc the stâck posilior in CSP. Used as pan of th€ compilcr securiry.

, dt -à2
CÊn€rate from â doublc nùmbêr d I , thê n.xt ascii charactcr which is plâccd
in an ôurput srring. Rcsuh d2 is thêquoticnt aftcr division by 8ASE, add is
maintaincd for further piocessinS. Uscd b.twecn <tandt>.S..*S

t> d - addr count
Tcrminatcs num€ric output convcrsion by dropping d, lcaving thc tcxt
addrcss and charactcr count suiiabl€ for fiPE.

#s dl -d2G€ncrâtês ascii tcxt in thc tÊrl output buJ|r, by thê usc oft, until a zcro
doubl€ nunbcr n2 rêsulis. Us.d b.tweên <tândt>

' - addr
Us.d in thc form:' nnnn. As a conpil.r dircc,tivê, .xccutcs in â colon-
dcfinition to compiL th. addrêss as s lit.tal. Ifthc word is not found aftd !
s.arch of CONIEXT ând CURRENT, ân appropriÂte error mêssa8€ is
given. Pronounccd'tick".

(
Us.d in thc fonn: ( cccc). Ignorê a commênt rhat will bc dclimircd by a righ.
parcnth.sis on th€ sâmê linc. MÂy ocorr durin8 creculion or in a colon-
dcnnition. A blank aftêr th. l.âdin8 parcnthesis is requirÊd.

(.')
Thc mn-tim€ proccdurc , conpilcd by.'which transmiG th€ following in-
lin. tcxt to th. sdcctcd output dcvicc. Sc. ."

(;CODE)
Th. rùn-lime proccdurÊ , compilêd by iCODE, thâr rêçlitcs rhc cod. fi.ld
of thc mosa rcccntly d€fincd word to point to lhc followirg nachinc codê
scqucncc. Sc€ :CODE.

(+LooP) n -The run+im. proccdurc compil€d by +LOOP, which incrcm.nts ahc loof'
ind€I by n ând t.sts for loop €omplction. Sc. +LOOP.

{ABORT)
Executes âfte. ân erro. when WARNING is -t. This pôrd nornaltv
e\rcures ABORT. bul ma\ be alrered twirh care) ro d 

'rseas 
attemariv;

proc€dur€ .

(DO)
The run-time procêdurc compiled by DO which movcs the loop conrrol
pârameters lo the retum srâck. s€e Do.

(FIND) addrl addr2 -- pfâ b tf (ok)
addrl addr2 -- ff (bad)

Searches the diclio.ary starting at the nainefield âddress add12. matching
to the rext ar addrl. Returns parameter fleld âddress. lengih byle ofnâh.
field and booleân truc for a Sood march- If no nÂrch is found. only a
booleân tâlse is left-

(LINE) nl n2 -- addr cou.t
Converr the li.e number nl and the scr€en n2 to rhe disc buffer âddress
containinB the data. A count of 64 indicates ihe full lin. rext IenFh.
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(LOOP)
Thc runnimc Drc€.dutÊ compiled by LOOP which increments thê loop
indcx and iêst for loop cornplerion. S.c LOOP.

(NUMBER) dl addr - d2 addr2
Conven rhcas.iircxr bcainning ât addrl+l with r.gard to BASE. Th. nêw
valuc is accumulalcd inlo doubl€ numb€r dl. b.ing Ieft as d2. Addr2 is thê
âddrcss ofthc first unconvcnablê dign. Us.d by NUMBER.

r nl n2 - prod
Llavê rhc signcd product of lwo signêd nutnbêrs.

'/ nln2î3-n4
bâvê rhc mtio n,l- nlrozn3 whÊrc all arc siSncd numbcts. Rctcntion of
an intcrmcdiatc 3l bil p.odud pcrmils Itcatcr accur"cy than would b.
availâblc with lh. sequcnc.: nl 12 . 11 /

i,/MOD nl n2 n3 - n4 n5
kav. !hê quotiênr n5 and rcmaindci n4 of th. op.ration nlinznl A 3l bil
bit iûlcrmcdialê product is us.d as for r/.

+ nl n2-sum
Irav. thc sum of nl+n2.

+l nl Âddr -Add n to ihc valuc al thc âddtcis. Prounccd 'plus-slorc'

+- nln2-n3
Apply lhc sign of n2 to nl. *hich is l.ft as n3

+BUF addl - âddr2 f
Advâncc th. disc buffer addrcss âddrl ro th. addr.ss oflhc nêi butTct
addr2. Boolcan fis fÂkc whcn âddr2 is lhc buffer prês.nlly point.d to by
vânâblc PREV.

+LOOP nl - (run)
addr ll2 - (complcrc)
Uscd in a colon dcfinition in rh. form: DO ... rl +LOOP. Al run-titnc,
+LOOP s.lcctivcly contrôls brânching back lo lhc corrêsponding DO
bâscd on nl, ihc loop indêx and rhc loop limit. Th€ siSncd incr.mÊnt nl is
âddcd to thcindcx and thclotal compâr.d to thclimit. Thê branchbâcklô
DO occuN until thc 

'€w 
indêx iscqual to orSrcalcrthÂnlhc limit (nl > 0), or

until th€ ncw indcl is cquâl to or lcss than thc limil(nl < 0), Upon €xiringlhc
loop. th. paramctcrs arc dis.ardcd Ând ex.cution continucs âhcâd.

Ar conpilc dmê, +LOOP compil6 thc run{iûc *ord (+LOOP) ând thc
branch ofïsct compùrêd from HERE lo thc addrcsr lcfi on th. stack by DO.
n2 is us.d for compil€ timc crror chcckins.

+oRlGlN n - eddr
lrâvc thc mcmory addrcss rclâiiv€ by n lo th. origin paramctc. arca. n is
thc minimum addr.$ unit, .irhcr bytc or wotd. This d.fintion is us.d to
accêss or modifv thê bôôl-up pâram.tcrs .l thc oriFin arca.

Stor. n into lhc n.xt âvailablc didionârv m€mcorv ccll, advancidg thc
dictionary point€r. (cornmÂ)

- nl tl2 - ditT
Lâvc thc diflcrcncÊ of nl-n2.

Continu. ircrprêtation with thc n.xt disc scrccn (pronounccd ncxÈ
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-DUP

.FIND

nl - dl (if zcro)

- nl nl (non-zcro)
Rêproduc. n I only if it is don-z.ro. this is usually usrd to copy a valuc jusl
bêforê IF, to climinatc thê n..d for an ELSE pan ro drop it

- pfa b tf (found)

- ff (not found)
Ac.cpts rh. n.n tcra word (dclinitcd by blânk) ir tbc input sticâû to
HERE, ând scôrch.s thê CONTEXTâ.td th.n CURREI.ITvocâbulârica for
a mârching €ntry. lf found, thê dictionary cntry's pâramctcr ficld addr.ss,
its l.ngrb b}1c, and a boolêan fels. i! l.ft.
ddr nl - Âddr n2
Adjusrs thc chârâdêr count nl of a tcxt string bcginninS ât sddr€ss to
suppr.ss thc outprt of lrâiling blanks. i.c. th. chÂrâctcrl at addr+nl ârc

Print . numb.r from sigrl.d 16 bit two's compl.mmt valuê, conv.ncd
âccordinS ro othcr n.mcric BASE. A trâiling blÂnks folloc,s. Proûourc.d

Uscd in ahc form:

Coftpilcs an inlinc stnnS ccc. (dclimitÈd by rhc trailins l with Ân
.xccurion procccdurc to trânsmit !hê rcxt lo lhê sêlcctcd outpur dcvic.. If
crccurcd ouisidc a dêfmition, .' u/ill immêdiatcly print rhc tcxr unril thc
lioâl '. Thc marimum numbcr of charactÊrs may bc an instâllation
dêpcndcnt vâluc. S.ê (.').

Print on thc t.nninal dcvic., Â linc of tcn form thc disc by its linc and scr€cn
nulnb.r. Trâiling blÂnks Âr. supprcss.d.

oln2-
Print rhc numbcr n I right aligncd in â ficld c'hosc width is n2. No following
blant is printcd.

nl n2 - quot
L.âvc thc signcd qùoticnt of nlln2.

nl n2 - ram quot
lcavc rh. rcmaindcr and ei8ncd quotiênt ofnlln2. Thc rcmÂindcr has thc
siSn of thc dividcnd.

Thcs. small numbcN ârÊ uscd so ofiên thât it is attractivc to d.finc thcm by
oâmc in thc dicriodary âs conslânts-

n-f
L.:v€ a truc flag if thê numbcr is lcss than zcro (ncgatirr), otbcrwis. l.âvê a
fals. flag.

n-f
l-.evc Â truc flag if th. nunb.r is cqual to zcrô, orhcn isÊ lcavc a falsê flag.

f-
Thô nrn.timc proc..durc to coûditioÉally b.aoch. if f ir f.&c (!cro), ih€
followùrg inlinc paradcrcr b rddcd to thc intcry.ltivê poirtcr ao brrnch
ahcsd or bact. Compil.d by IF, UNTIL, rûd WHILE.

nl-n2
Incr.mcnt nl by l.
nl-n2
Levc trl incrcmcît€d by 2.

.TRATLING

.LINE

,MOD

0123

0<

OBRANCH

l+

2+

v



iCODE

Us.d in thc for[l cdlcd â colon d.fmition

cr.sr.s a dictiooary .rtry ddraiûg cccc âs .quiv8lcûa !o !h. following
s.quênc. of Fonh s,ord d.finitions '-' unlil th. æxt ';' or ';CODE . Th.
conpiliog proccss is don. by lhc t.n int.rpr.t.r as long as STATE b ûotr-
zcro. olhcr d.rail arc rbat th. CONTEXT voc.bulary b sca to thc
CURRENT vocibulary ard that word! with thc pr.c.dcncc bit sct (P) û.
crccutd râthcr tban bci!8 compil€d.

T.rminâtc a colon.delinilion and srop funher compilarion Compilcs the

uscdio rhcforn : cxcr .... ;CODEâlscmblyEncmonics.Stop..mPil.rion
Ârd t.rmimtc a nêc, d.frd.8 tord cccc by conpilinS (;CODE). S.t lhê
coNTExT vocabùlary ro ASSEMBLE& asrcnbling ro mrchin€ cod. lhê
followinS mncmoûcs.
whcn cccc lâtcr crccutG ir thc formi cccc trnnn. Th. word nDDn will b.
crcrt.d witb i$ cxêoution Droccêdurc givcû by thc mâchin€ ..d€ followiÂg
cccc. Thsr is, whcû nnnn is €xccltcd, it docs so by jumpinS ro thc cod. dtcr
ntrnn. An .rirtiûg dÊfuin8 word mwt cxist itr cccc prior to ;CODE.

Stop iût.rprctaûon of. scr..!. ;S is âlso lhc ruo-ridc word coqilêd ât th.
€nd of s c.loo{cfoition which rctùrns cxc.ution to th€ câIin8 Proc.ldurc.

nln2-f
trâv. â lruc flag if nl is lcas thâû n2; otbcrwis. l€av. a fd!. flag.

S.tup fol pictur.d rullcric outpul formatting using ùc *ord5:
tfÀssrGNt

Tbc conv.Bioô i! don. on a doublc ouebcr prcducin8 t€n ât PAD.

U3€d within s coloojcfmition: :crcr < BUILDS ... DOES > ... ;
Eâch tim€ ccc. is c&cutcd, < BUILDS dcfincs a n.w wotd with a hiSh-lcv.l
.xccution proccdurc. Erccuiing c.44 in tbc form:

cccc t!!n
us.s BUILDS to cr.arc s dictionary mtry for nnm wiah â cell to tir.
DOES> psrt for nntrn. whcn noûû b lâlcr cxccùtcd, ir hs! th€ sddr€ss of
il! prnm€tcr arca oo lh. stsct &Id crcqrtca th. word! afa€r DOES> in
crcc. < BUILDS aûd DOES > ellow ruû aimc Proccdut! to *ritt.n iD hiSh
lêv€l rathcr thaû iD â3s.mbl€r cod. (.! rcquircd by ;CODEI

nl n2--f
Lavc s truc lk8 if Dl = 12; o6crwilc lcavc â fibc fl.8.

nl n2--f
Leave a true flag if nl is greater than n2; otherwise â false flag.

Remove a number form the computation stack and place as thc
most accessable on thereturnstack. Useshould be bâlancedwith >R
in the name definilion.

addr --
Print lhe value contained ât lhê addressin free formataccording to
the currenl base.

;S

<i

<BUILDS

>R
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?COMP
Issue error message if not compiling.

?CSP
Issue error message ifstack position differs from value saved CSP.

?ERROR fn --
lssue an error message number n, if thc boolcân flag is true.

?EXEC
Issue an error message if nol excculing

?I-OAT'ING
lssue an error message if not loading

?PAIRS nl n2 -Issue ân êrrolmcssâge if nl does not equal n2, The messâge
indicates that compiled conditions do not match.

?STACK
Issue an error message ifthe stack is out ofbounds. Thisdefinluon
mây be installation dependent.

?TERMINAL _ f
Perform a tst of the terminal key-board for actuation of the
CTRL/Q key. A true flâg indicates actuation.

@ addr -- n
aeave the 16 bit contents of address.

ABORT
Clear the stacks ând entertheexecution state. Retum control to the
op€fators terminâl, printing a message appropriate 1o the
installation.

ABS n --u
Leave the absolute value of n âs u,

AGAIN addr n -- (compiling)
Used in a colon{efinition in the fom:
BEGIN ... AGAIN
At run-time, AGAIN forces execution to retum to corcsponding
BEGIN. There is no etTect on the stack. Execution cannot leave this
loop (unless R DROP is executed one level below).
At compile time, AGAIN compiles BRANCH with an oflset from
HERE to addr. n is used for compile-timê error checking.

ALLOT n -Add the signed numbcr to the dictionary pointer DP. May be used
to resewe dictionary space or rc-origin memory. n is with regardto
computer address type (byte or word).

AND nl n2 -- n2
Leave the bitwisc logical and of nl and n2 as rr3.

B,/BUF __ n
This constant leaves the number of bytes per disc buffer, the byte
count read from disc by BLOCK.

B,/SCR __ n
This constant leaves the number of blocks per editing screcn. By
convention, an editing screen is 1024 bytes o.ganized as l6lines of
64 charâcters each.
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BACK

BASE

addr --
Calculate thc backward branch ofisct from HERE to addr and
compile into thc next available dicitionary memory address.

- âddr
A uscr variable containing the currr€nt numtrer basc used forinput
and output conversion

BL

BLANI(S

BEGIN -- addr n (compiline)

BLK

BLOCK

BRANCH

Occurs in a colon-dcfinitiôn in form:
BEGIN ... UNTIL
BEGIN ... ÀGAIN
BEGIN ... WHILE .,. REPEAT
At run-timc, BEGIN rnarks thc start of â scquencc that may bc
rep.titivêly cxecuted. It servcs as a rctum point frorn the
coiresponding UNTIL, AGATN or REPEAT. Whcn.x.cuting
UNTIL, a rctum to BEGINwill occurifthe top ofthestack isfalsc;
for AGAIN atd REPEAT a rctum lo BEGIN always occurs.
At compilc timc BEGIN leavcs its retum addrcss and n for
compilcr error checkinS.

A constant that leaves th. ascii valuc for "blank".

addr counl *
Fill an arca of me.nory bcginning at addr with blanks.

-- addr
A ùscr variable contâining thc block numb€r bcing intcrpratcd. If
zcro, input is being takcn from thc terminal input buffcl.

a -- addr
Lcavc thc memory addrcss ofth. block buffer contâining block û.
Ifthc block is not already in mcmory, it is transferred frorn disc to
which evcr buffcr c,âs lcast rccenlly wrilten. iflhablock occupying
thar buffcr has bccn merkcd as updatcd. it is rc\ùritrcn to disc
bcfor. block n is rcad irto lhc buffcr. Sec âlso BUFFER, R/w
UPDATE FLUSH.

Thc run-timc proc.durc to unconditionally brânch. An in-linc
offsct is addcd to thc ircrprative pointcr IF to branch ahêad or
bâck. BRANCH is compil.d by ELSE, ACAIN, REPEÀT

BUFFER n -- âddr
Obtâin thc ûcrt mcmory bullcr, aseiglin8 it to bloct n. If lhc com.nts ofthc
buffcr is martcd âs updrtcd, it is wril.ê! to thc disc. Thc rddr.ss lcft is thc
lirsl câI wilbin thc buficr for data storag..

C! b addr -Stor. 8 bits at address. On word addrcssing computers,
furthcrsp.cification is ûaccssâry rcgârdin8 byl. addrcssitg.

c. b-
Srorc I bits of b irro thc ncxt availablc dictionary bFc, advanci4 lhc
dictionary pointcr. Tbb is oûly availabl€ on bytc addrcasing computcrs,
and should bê us.d with crution on byc addr6sing mini-computcts.

C@ addr - b
Lcavc thc 8 bit coDtcnts of mcrnory addrcss. On word addrcssing
computc$, furthcr spccification is nccdcd rc8êrding byte
addrcssing.
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COMPTLE

CONSTANT

CONTEXT

CFA pfa --cfa
Convert the parametrer field address ofa dêfinitiontoits code liêld
address

CMOVE from to coùnt -Movc thc spccificd quantity of bytcs bêginning et addrcss from to
addrcss to. The coûtcnts of addrcss from is movcd frrst procêading
towârd high mcmory. Furthcr spccification is n.ccssary on word
addrcssing computcrs.

COLD
Tbe cold start proccedurc to adjust thc dictionary pointcr to thc
minimum standard and rcstart via ABORT. May bc callêd frorn
th. tcrminal to rcmovc application progiams and restart.

Wh€n the word containing COMPILE executes, the exccution
âddress ofthe word following COMPILE is copied(compiled) into
the dictionary. This allows specific compilation situations to be
handled in addition to simply compiling an execution âddress
(which the inrerpreter already does).

n-
A d€fining word used in the form:
n CONSTANT cccc
to create word cccc. with its parameter.field containiig n. When
cccc is later executed, it will push th€ value of n to the stack.

--- addr
A user variable contâining â pointer to the vocabulary within
which dictionary searches will first begin.

COUNT addrl --addr2 n
Leave the byte âddress addr2 and byte count n ofa message text
beginning at address addrl. It is presumed that the first byte at
addrl contains the text bytê count and the âctuâl text sta(s llith
the second byte. Typicâlly COUNT is followed by TYPE.

CR

CREATE

Trrnsmit a cârriage retûrn and line feed ro the selected output
device.

A defining word used in the form:
CREATE cccc
by such *ords as CODE and CONSTANT to create a dictionary
hèader for a Forth definirion. The code tleld conrains the addres;
of the words parâmeter field. TTe new word is created ir| the
CURRENT vocâbulerv

CSP -- addr u
A user variable temporarily storing the stack pointer position, for
compilation error checking.

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

D+- dl n -- d2
Apply the sign of n to the double number dl, leaving it as d2.

D. d--
Print a signed double number from a 32 bit two's a complement
value. The high-order 16 bits are most accessable on the stac*.
Conversion is performed according to the current BASE. A blank
follows. Pronounced D-dôt.
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D.R dn--
Print a signad doublc number d right aliSned in â ficld n characterc
wide.

DABS d --ud
Lêâve the absolute value ud of a double number'

DECIMAL
Set the numeric conversion BASE for decimal input_output

DEFINITIONS
Used in the form:
cccc DEFINITIONS
Sel the CURRFNT vocabulary to lhe CONTEXT vocabulary' ln
the example, execuling vocâbulary name cccc made it lhe
CONTÈXÎ vocâbulary and execuling DEFINITIONS made both
specify vocabulary cccc.

DIGIT c nl - n2 tf (ok)
c nl -- fT (bad

converts the ascii character c (using base nl) to its binary
equivalent n2. accompanied by a lrue na8. Ifthe conversion is
invalid, leaves only a false flag.

DLITERAL d -- d (executing)
d - (compiling)

If comDilinq. compile a atack doublenumberinlo a lileral willpush
it to tlie stick. lf;xecuting. the number will remain on the stack.

DMINUS dI -{2
Coûvert dl !o its double number two's complement.

DO nl n2 -- (execute)
addr n {compile)

Occurs in â colon-definition in form:
DO ... LOOP
DO ... +LOOP

At run time, DO b€gins a sequence with repetitive execution
controlled by a loop limit nl and an index with initial vâhre n2. DO
removes these the index is incremented by one. Until the ûew index
equals or execeeds the limit, execution loops bâck to just after DOi
otherwise the loop parameters are discatded and execution
continues ahead. Both nl and n2 are determined at run-time and
may by the result ofthe other opcrations. Within a loop I willcopy
th cùrrent value of the index to the stack. See I, LOOP, +LOOP,
L.EAVE. When compiling within the colon{efinition, DO
cornpiles (DO), leaves the following address addr and n for later
e.ror checking.

DOES>
A word which defines the run-time action within a highlevel
dcfining word. DOES> alters the code altels the code field and first
paramelêr of the new word to execute the sequence of compiled
word addresses following DOESZ Used in combination with<
BUILDS. when the DOES>Dart executes it begins with the addr(
of the first parameter of the new word on the stacK. This allows
incrpretation using this area or its contents. Typical uses include
the Forth assembler, multidiminsional arrays, and compiler
geneÉtion
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DP -- addr
A uscr variable, the dictionâry poirtar, which cootaiù the address
of thê ncxt frce memory above the dictionary. The value may be
read by HERE and altered by ALLOT.

- addr
A user variable containing thc number of digits to the right ofthe
decimal on doublê integer input. It may also be used hold output
column locâtion of a decimal point, in user generated formating.
The default value on singl€ numbe. input is -1.

Drop the number f.om lhe stâck

âddr n -Print the conlcnls ofn mcmory tocâtionsbcSinding at addr. Both âddresscs

ând contcf,ts are shom in the cunenl numeric base

Duplicat€ the value ôn thc slack.

addrl nl - addr2 n2
(compilins)
occurs wirhin a colon{efinidon in lhe form:
IF ... ELSE ,.. ENDIF
At rud-tim., ELSE.xecutes after rhe true part followinS IF. ELSEforces
execution to skip ov.r tùe followirg false pan ând resumes exccution afrer
the ENDIF. If hâs no. stack cffcct.
At compile-time ELSE emplaces BRANCH rclcri.s a branch OFFSET,
lÈâves rh€ âddress addr2 and n2 for error tcsting. ELSE also resolves the
pending forwârd branch form IF by câlculatins tbc offscl from addrl to
HERE ând sroring at âddrl.

Transmir asciii chârâcter c to the s.l€cted output device. OUT is
incrcm.nrcd for câch charâcter outpur.

Mark all block-butlcn as €mpty, not n.cesssarily âffecting rhc contents.,
Updâr€d blocks arc not writt.. to thc disc. This is âlso ân initialisation
proceedure bcfore firsl us. of thc disc.

addrl c -addrl nl n2 n3

Th. t.xt scânning primitivc uscd by WORD. Frorn thê tcxt addr.ss addrl
ând an âscii d.limitcr lhe b)'rc offset to th. lirst nondclimitcr charact.r nl,
the ofis€t to th€ first dclimia.r after th€ text n2, std lh€ ofrsct to th.lirsa
charactêr not included. This proc€.durc will not proc.ss past 3n â3cii 'nu['.
trcaiing it as an unconditiond delimitcr.

This is an'alias or duplicâte d.finition for UNTIL.

addr n - (compilc)
Occùrs in â colon{efinilion i. fo.h:
IF... ENDIF
IF... ELSE.., ENDIF
Ar run-rime, ENDIF scwcs only as thjc d€stinalion ofa forward branch
from IF or ELSE. It marks thc conclùsion of rhe condionâl structure.
THEN is ânother namc for ENDIF. Both nam€s âre suppon€d in fig-
FORTH. See âlso IF and ELSE. Al compilcniD., ENDIF computers the
forward branch offset from addrto HERE and storcs it al addr. n is used fo.

DPL

DROP

DTIMP

ELSE

ENCLOSE

DUP

EMIT

FMPTY.BT'FFFRS

ENDIF
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ERASE

ERROR

EXECUTE

EXPEC'T

FENCE

HERE

FORCET

FORTH

Clcar a rc8ion of m.mory to zciô from addr ovêr n addr€sses

linc - in blk
Erccut. crrd norilication and rcstan of syst.m. WARNINC i! fitst
exrmincd, If l, lh€ tcxt of liæ n, rclativ. to scrcco 4 to dnvc 0 is print.d.
Thi! linc numb.r may bc posiaiv. or n gâlivc and b.yond just scrccn 4. [f
WARNINC is 0, n is just priitcd .s a m.ssagc tumbc. (non disc
insrallation). lf wARNINC i! -l rhc d.finition (ABORT) is cxêcutcd which
cxccurcs rh. systcm ABORT. Thc us.r may câutioully modify lhis
êxccuiion by altcrin (ABORT). fi8-FORTH s.v6 th. conlmt3 of IN and
8LK ro alsiist in dctcrmining th. locâtion of the errot. Final action is
cxccution of QUIT.
addr -
Ex€cur. ù. dcfintion ir'hosc codc ficld addr.ss is on the stâck. Thc code
fiêld Âddrcss is also câll.d th. compilalion âddrêss.

Trânsf.r charactêrs from thc tcrminal to address. until a "rcturn" or lh.
count of charâclers hâvc bccû rcccivcd. Onc or morc nulls arc add.d ât lh.

- addr
A us.r vâriâbl. containinS an âddrcss bclow which FORCETTING is
trappcd.. To forget b.low lhis point thc us€r must altcr thc contcnts of
FENCE.

Fill mcmory at th. addrêss wilh lhc spccifi.d quantity of bytes b.

A constant that leaves th. aCdrcs, of thc firct (lowcst) block buffer.

Exccurd in lhe fornl
FORCET cccc
Dclcrcs dcfintion nâm.d cccc from rh. dicionary with all.tlrics physically
following it. In fig-FORTH, at.rror messâ8c will occur iflhc CURRENT
ard CONTEXT vocabulari€s ar. not currcntly thc san..

Thc namc of th. primâry vocabulary. Execution makcs FORTH th.
CONTEXT vocabulary. Until additional us€t vocabularics ar. defincd,
n.w dcfinirions b€conc a pan of FORTH. FORTH isimm.diate, so ir will
exccute during rh€crcalion of a colon dcfi nition,tos€l€ctlhkvocabularyat

Leav€ rhc âddrcss of thc n.xr avâilablc dictionary locâtion.

S.r th. numeric convcrsion base lo sixtcen û.xâdccirnal).

HLD -addrA uscr variable that holds lhc addrêss of the latcst chsractcr of text during
numcric oulpul convesion.

HOLD C_
Us€d betw€cn < f and * > to inscn an ascii châracter into â pictùr€d
numcric outpur slring. c g. 2E HOLD will plac. a dccrmâl poinl

Us€d wirhin â DGLOOP lo copy thê loop index tolhc stack. Otherus€is
implcmcntation dependent. Scc R.
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rD. addr -Print a definition's namc from its nahc fi.ld âddress.

f- (run time)

- addr n (compile)
occurs is a colonicfinlion in forln:

IF (tp) ... ENDIF
IF (tp) ... ELSE (fp) ... ENDIF

At run-ticm, IF s.l€cts .x.cution bâs€d or â booleân flâg. Iffis truc (non-
zcro), crêcutioû continucs ahcâd thru th. ùuê part. If f is falsc (z!ro),
.xccution skips till just âftêr EISE ro irêcutc ahc fâls! part. Aftcr êithcr
pân. crccutioD rcsumcs aft.r ENDIF. ELSE and itsfalsepan âre orional.:
if missins, falsc cx.curion skips rojusr Âfrcr ENDIF.

ENDIF
Atcompil.-rimc IFcompil€s 0BRANCH and res€rves space for ân offset ar
addr. âdd. aDd. are uscd latcr fo. .csolution oflhc offser ân eirorl.sting.

IMMEDIATE
Mark thc most rcsently madc d€finition so that whcn cncountered al
compile time, it will b€ executed rather than bcing compiled. i.€. the
precedêrce bit in ils hêader is set. TÏis merhod âllows dcfinilions lo handlc
unusual conpiling situations, rather than build lhem inlo ihè furdamental
compilcr. Th. uscr may fo.c. conpilalion ofan imm€diatc dcfinition by
prec.cdine it with ICOMPILEI.

IN - âddr
A us€r vâriable containing th€ bytc offs.t wilhin the curr€nt inpul tcxt
buffer (terrninâl ordisc)from which rh. ncxr t€xr willbeâccepted. WORD
uses ând moves rhe value of IN

INDEX from lo -Print the first linc ofeach scr.enoverthe rânge from. to. This is usedto view
thè commeît linês of an area of tcxl on dlsc s.r.ens.

INTERPRET
The ourer text interpreter which sequêDtialy executes orcompileslexlf.om
the input stream (lerminal or disc) dependins on STATE If the word nane
canoot b€ found afler â scarch of CONTEXT and then CURRENT it is
convcned 10 a number âccordinS to lhe current base. That also fâilin8. an
error mcssage echoinS rhe .ame with ?" will be given. Text inpul will be
tâken according lotheconvention for WORD. ifâ decimâl poinr is fou.das
part ofâ number,â double numb€rvalue will bê left. The decinal point has
no orh€r purpose rhan to force this action. S€e NUMBER.

KEY --c
Leav€ the ascii valùe of th. îex1 terninal kev slrùck.

LATEST - âdd.
L€âve the nam€ field addr.ss of the ropmost word in the CURRENT
vocabùlary-

LEAVE
Forc. lerminalio. of a DO-LOOP at the next opportunity by s.Ûing the
loop limil equal to the current value of the ind€x. The index iasclfremâins
utchansed, and execution proc.eds normally until LOOP or +LOOP is
e.counrered.

LFA pfâ -- lfâ
Cônv.n the paramete. field addrBs of a dictionary definition lo irs li.k
field address.
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LIMIT

LIST

A constânt lcavins rh. addr€3s justabov. thc highcst mcrnory availâblc for a
disc buffcr. Usually this is th. hiShcst systcm mcmory.

Displây rh. ascii t.xt of scrccn n on ihc sclccted oulput d€vic.. SCR
conlâins rh. screcn numbcr dunng and âfrer this proc6s.

within a colon-defi nition. LITisâutomâticâllycompilcd bcforÊêach l6bir
lircral numb€i .ncount.r.d is input tcit. I-al.r cxccution ofLIT causcs rhê
cont.nts oflhe n€xt dictionary âddrcss to b. push€d to th. srâck.

n - (compilids)
If coûpiling, thm compil. rhc stacl valu! n as a 16 bir litcrâI. This
dêfinition is imncdiât. so thal it will .xæut€ during a colon d.finirion. Thc

: xxr (calculatcs) LITERAL ;
Compilation is susp.ndcd for th. compil. timc câlculâtion of â vatue.
Compilâtioo is reusumcd and LITERAL compil.s this vÂluc.

Bcgin intcrprdâtion of s.r.€n n. Lôâding will terminat. Ât thê ênd ôfth.
s.r..n or .t ;s. s.ê ;s and ->
âddr n - (conpilins)
Oc.ùrs iî â colondcfinition in form:
DO ... L(X)P
At run-timc, LOOP sclcctivêly corltrols brsnchinq back to th€
conespondinS DO bsscd on thc loop indÊx âtd limit. Tlc loop ind.x is
incrcmcntcd brânch back to DO ocrun until th€ indcx cquals or €rc.cds thc
limil; at thât timc, thê pârÂmcters arc discardcd and €xccution continucs
ahê3d. At compilc-timc, LOOP compilcs (LOOP) and us.s addr to
calculat. an otTs.t to DO. n is ulcd for .nor lcsriog.

nln2-d
A ûixcd magnitud. math opcration which lêâlts thc doublc numbcr si8n.d
product of two sigfl.d numb.rs.

d11 -n2û3Amix€d magnitudc math opcratorwhich l.av6 thc sign.d r.mâind.r n2and
signcd quod€nt t3, from a doublÊ numbcr dividcnd ând divisor nl. Th.
rcmâind.r tal.s its sign from thc divid.nd.

lldl û2 - u3 ud4
An unsign€d nixcd maSnitud. mâth opôntor which l.avês â doublc
quoticnt ud4 and rcmaindcr u3, foûn a doublc dividcnd udl ând sioglc
divisor u2.

nl n2 - rDax
L.3vc th. Srcatcr of two numb.rs.

Print on thc selcct.d output d.vicc th. t.xt of lir. n rclativc to scr€cn 4 of
drivc 0. n rnay bc posirivc or n.88tiv.. MESSAGE mây b€ uscd to print
incidcniâl lcrt luch âs rcpod hcâdcrs. If WARNING i! zcro, th. m.ssâ8ê
will simply bc printêd as a nunb.r (disc un-av.ilâblc).

nl n2 - min

I-ev€ th. smallcr of two numb€rs.

nl n2-
L.avê thc tc,o's compl.m.nt of r nuûb€r.

LITERAL

LOAD

LOOP

M/MOD

MESSAGE

Mr

M/

MAX

MINUS
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MOD nl n2 - mod
I-Êâve thc rcnâinder of nlln2, with thc san. sign as nl.

NEXT
This is thc inner intcrpr.têr that ulcs thc inlêrpr.tiv. point€r IP lô êxccutc

conpilcd Fonh d€finitions. It is not dirccdy cxêc1rted but is thc rctum point
for all codc procdurcs. It acts by fctchiog thc âddr.ss pomlcd to bv thc
âddrcss pointêd lo by W. W points to th. cod. ficld of a dcfmition which
contains thc addrcss ofth. codc which cx€cutcs fol that dcfinition This
ûsage of indirêct thrcâdcd codc is a major contributor to th€ powcr.
portability, and êxtênsibility of Forth. Locâlion of IP and W at computcr
specific.

NFA pfa - nfa
Convcrt thc paramctêr fi.ld âddr€ss of a dcfinition to its nsm. ficld

NUMBER addr - d
Convert . chanctcr slring l.ft âl addr wilh a prccc.ding count. to a signêd

doublc numb.t, using thc cùrrcnt num.ric basc lf a d.cimal point is

mcountcrêd in thc l.it, its position will be Sivcn in DPL, but no othcr clï.ct
occurs. If numcric convetsion is not possiblc, an c.ror mcssaSc will b.
crv.n.

OFFSET - addr
A us.r vâriÂblÊ which nay contain a block offs.t to disc drivcs. Thc

contents ofOFFSET is âddcdto thc stack nulnbêr bv ELOCK Mcssagcs bv
MESSAGE are ind.p.ndcnt of OFFSET. Scc BLOCK' DRO' DRl.
MESSACE

OR nln2-or
l,câv€ th. biÈwis. logicsl or of ts'o 16 bil valùcs-

OUT - addr
A uscr variablê thât contains a valuc incrcrnênrcd bv EMIT. Thc uler rnâv

altcr and .xâminc ouf to control displav formatins.

OVER nl n2 - nl n2 nl
Copy thc sêcond stack râluc, plâcing it âs thc ncw lop.

PAD - addr
l,Êrve thc addr.ss of th€ tcxt output buficr, *hich is â fixëd offs.t abovc
HERE.

PFA nfa - plà
Convcrt th. namc field âddrcss of a compilcd dcfinition to ils paran.t.r
fiêld âddrcss.

PREV - addr
A wriablc contâining thc addr.ss of thc disc buficr most rÊcêndv
rcf.ranccd. Th. UPDATE commaod marts rhis bulrcr to t!ê lâtêr wridên ro
disc.

QUERY
Input 80 charâct.rs of &n (ot until a 'rêùm")from thê op.rators tcrminal.
Tcxt is positioncd at addrcss containcd in TIB with IN s.t to zêro

QUIT
Cl€ar thc r.tum stack, stop compilation, and rÊtum control lo thê
oFrators tcminal. No m.ssagc is givên

Copy th€ rop of thc r.tum slack to th€ compotation !tâck.

- âddr U
A uscr vâriÀbl. which may contôin thc location of an .ditin8 crrrsor, or
oth€r fil€ rêlâtcd function.

R'
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R/w - âddr blk f-
Th. fig-FORTH stândard dis. rêad-*Îi.c linl(agc, addr spêcifics thc sourc.
or dGtination block bufTcr. blt is thê scqucnrial numbcr ofrh€ r.f.rênccd
block and fh a fla8 forf-o writc ardf-I rÊâd. R Vd€tcrminêsth.Iocation
on mass storagc! p.rforms thc rcâd-*ritc ând pcrforms any crror ch.ctir8.

R>-n
Rêmovê tbc top valuê from thc rcturn stack and 1.5v. it on rhc computalion
stlct. S€c >R ând R.

R0 - addr
A us.r variâbl. clntaininS th. initial locâtion of thc .ctum slâck.
Pronounc.d R-zcro. S.c RP!

REPEAT addr n - (co.npiling) .
Usêd within a colon{cfiritiôn in thc form:
BEGIN ,.. TVHILE .-. REPEÀT
At run-timc, REPEAT forccs an unconditional brânch back to.iu3t aft rthc
corrcspondiog BEGIN.
At c.mpilc-litn., REPEAT compil.s BRANCH and thc olTs.t fiom HERE
io addr. n is u!.d for .nor tcsting.

ROT nl n2 n3 - n2 n3 rl
Rotatc thc top thrc. râlu.s on th. strck, brinSinS thc third to thê top.

RP!
A computcr dcp.ncnt pro.rcdùrc to initializê thc rctùm stack poitrtd from
ù5cr variablc R0.

S-> D n-d
sign dtcnd a singl. numbcr to form a doublc numb.r.

S0 - âddr
A us.r variablc thai contains thc rnftiel wluc for th. stact poi.rt.!.
Pronounc.d s.zlro. Sc. SP!

SCR - addr
A u!êr vâriâblc containing thÊ scrc.n numb.r most rcc.ntly rcfcrcncc by
T-TST

SICN nd-d
Storcs an ascii "-' sign just b€forc a convcrtcd numcric output strinS in th.
l.xt output bulT.r wh€n n is D.galivc. t is dhcardcd, but doubl€ numbcr d is
maintain€d. Musi by u!.! b€lwccD < t snd t > .

SMUDGE
Us.d durinS word dcfinirion to to8glc thc 'smudgc bit. in â d.finilions
nam. ficld. Tbis prcv.nts an uncompld€d d€finirion fron b€in8 found
durinS dictionary s.archcs, until compiling i! c.mplctcd withour crror.

sP!
A comput.r d.p€ndên! procc€durc ro initiatize rhc stack poirt.r froû S0.

sP@ - addr
A compùtcr dcpcnd.nr procccdurc ro rcrùrû rhc lddrcas of thc stack
position to thê top of rh. stack, as it rv.â! bcfor. SP @ $as cxccur€d.
(c.g. l2SP@ @... wouldryp.22l)

SPACE
TrâBsmit 3û ascii blanl to thc output dcvicê.

SPACES n -Transmit n âscii blanks to thc output dcvicc.
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STATE - âddr
A us€r vari.blc containiry th. compilaiion stâtc. A noû-zcro vÂluc

indicat.s compilation. Thc vâlu. irsclfûuy bc imPl.ncntatio! dcpcndcnl.

SWAP nl n2 - .2 nl
Erchangc thc top wo vlluês on lt. stlcl.

TI'EN
Atr alia! for ENDIF

TIE - addr
A usd vâriablc coûtainiî8 th. addrcls of thc tcrminrl itrput bufi.r.

TOGGLE

TRAVERSE

TRIAD

addr b -Complcmênt th. coûtcnls of addr by th. bit pâttcrn b.

addrl n - addr2
Mov. ac'oss th€ nam€ fi.ld ofÂ fis-FoRfi vâriâblc lcDSrh nânc ficld.
addrl i! rhê âddr6! of cithcr th. l€r81h byt. or tûê lân lct€r. lf n:-l, thc
motion is toward low mcmory. Thc sddr2 r.sultiûg is addrccr of ihc othcr

Dirplay on th€ s€Lclcd oupui d.vicc thc th.c€ scrc.ns which includc lhat
numbcrêd scr, bcgiDning with â scr.d .v.nlv divisiblc bv ttrcc Output is
sùitâbl. for sourc. tlxt rccords. and includ.s a tcfcrcncc linc al thc bonom

tal.n from linc 15 of scr." .

TYPE Âddr count -Transmit count charct.rs from addr to the sclccl€d output dcvice.

Ur ulù2-ud
Lcâvc thc unsigrcd doublc nùmbêr producl of two ùnsigned nunb.rs

U/ udul-ù2u3
t av€ rhc unsigncd icmaindcr u2 and unsiSncd quoti€nr u3 fron th.
unsisncd dôùblc dividcnd ud aod unsign€d divilor ul.

UNTIL f - (run-tin.)
addr t - (compilc)

Occurs within a colon-definition in th. formr
BEGIN .,. IJNTIL
At run-timc. UNTIL controls thc conditionâl brach back to lhc
con.spondinS BEGIN. Iff is fÂlse, execution relums to just after EECIN I if
lrue, excction continucs ahcâd. At compile-time, UNTIL compilcs
(oARANCH) and an ofisct frotn HERE lo addr' n is used for error tcsts.

UPDATB
Ma.ks thê most reccntly rcfcrêncêd block (point.d to by PRED âs âltcr.d
Thc bloct will subscqucntly bê tÉnsfcrr.d automaticâlly to disc shouldils
bufTcr bc r.quircd for storagê of a differenl block

USE -- âddr
A variâbt€ containingth. address oflh. block bufferto usc lext,as lh€least
recentlY writte..

USER n --
A definins rvord used in lhe fo.m:
n USER cccc
which creat.s â user vâriablecccc. fie pârâmclcr ficld ofccccconlains n as

a fixed oflset relâlive to the user pointer regi.ter UPforthis ùs€r variable.
whe. cccc is lâ1er executed. it places the sum ofits offs.l âûd the user ârea

base âddress on lhe stâck as lhe norâge address oflhat Panicular variable.
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VOC-LINK

VOCABULARY

\aIST

WARNING

VARIABLE

WIDTH

WORD

A definins word used in thc forml
n VARIABLE cccc
Whcr VARIABLE is executcd, it crcates lhc dclinition cccc wirh its
parameter field inirialized to n. whcn ccccis latercxccuted, the address of
its pârâmeler field (containing n) is left on the sÈck, so that a fetch or store
may access lhis locâtion.

-- âddr
User vâriâbl€ conraining the âddrcss ofa ficld in thc dcfinitiod oflhc most
recendy creâÎ€d vocâbulâry. All vocabularynamcsâre linkcd by thcsc fi.lds
to allow control for FORGETting multiple vocabùlarys.

A dcfining word used in thê forln:
VOCABULARY cc.c
to cr.al. a vocabùlâry definition cccc. Subscquent ùsc ofq.cwill ftâk. it
th. CONTEXT vo€bulary which is s.ârched first by INTERPRET. Th.
sequence "cccc DEFINITIONS" *ill also rnâkê cc@ thc CURRENT
vocabulary into which new dêfinitions are placêd. In fig-FORTH, cccc will
be so châined âs to includc all defini.ions ofthe vocâbulâry inwhich cccc is
its.lf definêd. All vôcâbulârys ùltimatcly chain to fonh- By convention,
vocabualry names ar. lo b. dælârêd IMMEDIATE. Scc VOC-LINK.

Lht the nâmês of thc dcfinilio in thê contert vocâbulary. 'Brcak" *ill
terminatc the listins.

- addr
A user vanable contaiDins â vâlu€ controlling rn€ssâg.s. If=l disc is
pres.nr. and Krecn 4 ofdriv.0 is th. ba\€ locaLion for mésâ8cs.lf=0. no
disc is pr6enl ard hcssas.s will bê prcscnted by numb.r- If= -1, êx.cule
(ABORI for a us.r sp€cifi.d proccdur. . S.e MESSAGE, ERROR.

adl nl - âdl nl ad2 n2
Occurs in a colondcfinitiod in thc form:
BEGIN... WHILE (rp)... REPEAT
At ruû-time, WHILE selccts conditional .xêcution base on boolcanûast
If f is tru€ (non-zcro). WHILE conlinucs .xÊcution ofthe lrue pan th.u to
REPEAT. which then bmnchcs back to BECIN. If f is fahc (zcro),
.xecution skips to just âfter REPEAT. exiting the structur.. At compile
tim.. WHILE.nplaces (OBRANCH) ând leâvês ad2ofth. rcs€rvcd offset.
Thc stack values will be rcsolved by REPEAT.

In fig-FORTH, â uscr vâriable conrainine thc marimum numb.r oflexêrs
savcd in thc compilation ofa definilions namc. Il must be I thru 31, with â
d€fault valuc of3l. Thc namc charact.rcoùnt andits nslumlcharâctcrs are
sav.d. up lo thc valuc i! WIDTH. Th€ vâlu. lnây b. changed ât ânytimc
wirhin thè,hôv. lihns

C_
Road rhe nexr l.xt characrÊrs fromlheinput slr€ambeinginterpretêd, unlil
a dcliniler c is found, slorins th. pacted charactcr string begind4s al tbc
dictioDary buffer HERE. WORD l€av.s lhc charact.r count in thc first
byt€ th€ cnaracl€rs ând eflds with two or more blanks. Lcading occuranccs
ofc are isnored. If BLK is zero,lext is takcn from the terrninâlunput bufïcr,
otherwise from rh€ disc block sror€d in BLK. S€. BLK. lN.

WHILE

17



XOR nl n2 -- ror
Leâve the bilwise loÊical exclùsive or of two vâlues

I
Used in â colon{efi.itio. in form:
: xxx t words t ûore I

Suspend compilation. The words afier I are executed. nol comPiled. This
allows calcùlalion or compilation excepl ions before resumi.S comp;lation
wirh I. See LITERAL. I.

ICOMPILE]
: xxx [coMPILEl FORTH :

fCoMPILEI will forc€ lhe compilalion of ân immediate definition lhal
would otherwise execute duringcompilalion.Theaboveexâmplewillselect
the FORTH vocâbulary whcn xxx executes. rather thân at compile time.

l
Resumes compilârion. iô ibe completio. of a colonnefinition see I
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APPENDIX 5

FUTÎHER TEADING.
Th. riil6 giv€n hcrc havc all bccn consuhÊd by th€ âuthor in thc \rriting ofthis v.nion ofFORTH and as
such all cân b. recomm.nd.d.

l). THREADED INERPRETIVE LANCUAGES by R.C. LocliScr.
Bylc Publicailons

This bool prcs€nls a rcvêalin8 insiSht into th. world of FORTH like laû8aù8.s. k is of pânicular
intcrcst to those wlah ctpcricnc. of programminS ai th. machin. langùag. lcv.l. An idcal book for thc
"hackcr- who likes ro tnow what makcs things tick.

2). STARTINC FORTH By L.o Brodic.
Prentice tlâll

This book was wriucn by a mcmbcr of FORTH inc. which is tbê conpeny foundcd by FORTH'S
invcntor Chârlcs MoorÊ. It is Ân cxlr.m.ly Sood book with a pl.âsam and oftcn ammusinS style ofwriting.

J). FORTH FOR MICROS By st.v. oak.y.
N.wn€s Programming Dooks.

A vÊry good book which Sivcs many clamplcs of FORTH tog€thcr with thcr€ BASIC and PASCAL
cquivalcnrs. Eâcb châptcr cnds with s€lf tcst cxcrcis. with samplc rnsw.rs provid.d.

4). BYTE Magâzinc, volum. 5, numb€r 8, Augusl 1980

An cntirc issu€ of this magainc dcvolcd !o th. FORTH lanSuâgc. Thû issu. is now out of prinr bur
cc.tâinly wonh reâdin8 iflou can lay your hands on a copy. Rcgard.d by somê pcoplc as a FORTH bibl..
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APPENDIX 6
FIG-FORIH VOCABULARY

TASK WHERE EDIT EDITOR PLAY SWAIT ENT ENV (TENV) (AENV) RELEASE SQ
(SOUND-QUEUE) FREEZE CONTINUE RESET SFLUSH SHOLD RENDEZVOUS DURATION
VOLUME NOISE PERIOD TONÊ.ENV AMP.ENV CHANNEL SOUND INPUT$ STRING 2.
ARRAY I-ARRAY BELL COPY CETKÊY PRINTER (PRINTER) SCREEN TESTR TEST
CPAPER CWINDOW CPEN DRAWR DRAW PLOTR PLOT MOVER MOVE ORICIN CLG
EXCHANGE STREAM TAC CHARACTER SYMBOL BORDER PAPER PEN INK MODE
INVERSE TRANSPARENT WINDOW JOYI JOYO LOCATE ?TIME OTIME WAIT DUMP CLS
ENDCASE ENDOF OF CASE RANDOM NCASE SEED 2OVER 2SWAP 2DROP.S ROLL PICK
OCTAL BINARY Y 2. 1.2. <> <= >= NOT MYSELF SYSDUMP SYSWRITE GET PUT
TLOAD TSAVE FORTH VLIST TRAID INDEX U. 1 , D. .R D.R #S 

' 
SICN 

'> 
<#

SPACES WHILE ELSE IF REPEAT AGAIN END UNTIL +LOOP LOOP DO THEN ENDIF
BEGIN BACK FORGET MESSAGE LIST _> LOAD FLUSH R/W BLOCK BUFFER,LINE
(LINE) EMPTY-BUFFERS UPDATE +BUF 

'BUF 
PREV USE' M/MOD ./ ./MOD MOD /

/MOD . M/ M. MAX DABS ABS D+- +- S.>DU< MIN COLD WARM ABORT (

DEFINITIONS VOCABULARY IMMEDIATE INTERPRET ?STACK DLITERAL LITERAL
ICOMPILEI CREATE ID. ERROR (ABORT) -FIND NUMBER (NUMBER) WORD PAD HOLD
ELANKS ERASE FILL QUERY EXPECT ." (.) -TRAILING TYPE COUNT DOES> <BUILDS
;CODE (;CODE) DECIMAL HEX SMUDGE I I COMPILE ?LOADING ?CSP ?PAIRS ?EXEC
?COMP ?ERROR /CSP PFA NFA CFA LFA LATEST TRAVERSE -DUP SPACE 8OT > < = C, ,

ALLOT HERE 2+ I+ HLD R'I CSP FLD DPL BASE STATE CURRENT CONTEXT OFFSET
SCR OUT IN BLK VOC.LINK DP FENCE WARNINC WIDTH TIB RO SO +ORICIN QUIT,
B/SCR B/BUF LIMIT FIRST C/L BL 3 2 | 0 USER VARIABLE CONSTANT I : DMINUS
MINUS-D++0< 0=RR> > R LEAVE ;S RP/ RP@ SPI SP@ XOR OR AND U/ U. CMOVE
ENCLOSE (FIND) DIGIT K J I (DO) (+LOOP) (LOOP) BRANCH OBRANCH CR 1TERMINAL
KEY (KÊY) EMIT TOCGLÊ I Cl C@ @ +/ 2DUP DUP SWAP DROP OVER LIT EXECUTE

50



NOTES

51



NOTES

52



NOTES

53



NOTES

54



Pubtshed by Interceptor Ltd.
Mercury House, Calleva Park Ind Est.

Aldermaston, Berks.
Telephone(07356) 71145


