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Notice 

GraFORTH 
LANGUAGE MANUAL 

ln1ofl and Paullutul r11erve the right to mallelmproyemenll In the 
product deecrlbed In thlt manual at any time and without notice. 

Disclaimer of sH WsiTBntles And L/sbHitles 
lnsofl Company •nd PAfl Lutu1 mAke no wnrranllet, ellher e11pre11ed or 
Implied, wllh re!lpect to Ute eoflwRre described In thll manual, lis quality, 
performance, merchantability or lllne11 for any Plrtlcular purpoee, Thll 
loflware 11 llcented • ., II". The enllre rllk 11 to the quellly end performlfiCI of 
the son ware Is wllh the buyer. Should the 1oflwere prove defective following 
Its purch1!1, the buyer (end not INSOFT Cnmpeny, or Peullulul, lhelr relellen 
or dlslrlbutort) essumn the enUre cOli of all necllllf'Y ~ervlclng, repair or 
correction and any Incidental or coneequenllal damegtl. In no evenl will 
IN SOFT Company, or Paul lulul be liable lor direct, Indirect, Incidental or 
consequential damagll resulllno from any defect In lheaoflware even If they 
hAve been advised of I he possibility of 1uch damagll. Some 1t11te1 do not allow 
the e•clu11ton or llmllellon ollmplled werranlln or llablllllel for Incidental or 
consequential damagel, 10 tha abovlllmll11llon or e11clullon may not apply 
to you. 

The word Apple and the Apple logo era reglllered trademark1 of 
Apple Computer. 

Apple Computer, Inc. mekel no werrant111, either uprttlld or Implied, 
ri!QIIrdlng the enciOIId computer 10flware package, 111 merchantability or Ill 
fllnes1 for any particular purpose. 

oos 3.3 Capyrlght 1171-1181 Apple Computer, Ina. 

·@ 19821NSOFT., • 
- <9 1981 P. Lutus-
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The Apple c~vte~ hts 1 
ceoehtlftfes, Ont or th:-' P~t~ntfetty Powtrrut ~reohfcs 
Pr~sence of hfeh-resolutfon-os ~ressf¥t or these Is the 
• ltrQe numbt~·or proqrems w~~::;nq~~h~cs, While there has been 
so~times In 1 MOst dr~~•tfc ~~ c use thfs c~pehflfty, 
outstenrlfn~ qrtohfcs utffftfes !;,:~~the~ hl¥f be~n seY@rtl . 
Aople Grtp~fcs to proqr•~ until en to etse the tes~ or eddfn~ 
been specfffctlly creited ;or th now, no COMPuter lenpuages have 
thne fettu~s. GreFOATit 1 J • purpose or fully t•Piofttne 

• ust such 1 lenqueqe, 

A Family of Languages 
Gr1FOATH fs the latest ~ · 
•~n~aqes• developed ror rns:r~'b; :owr~lru1 ~ •rtmfly or 
these ~••ted ltnquaqes t be au utus. The ffrst or 
Tren!F'O"TH and GrtF'ORTII 1 ':-e r"~I!:St~ wu TrtnsFrtRTff, Whf Je 
dtrrerent runctfons tnd ctpa~:,rt: • each or these ltnqua~es has 
different n~ds, They Ire ~ltt de:, :~~ fs dtsfQned to ~l!t 
fa~f 1.~ •~e reltted • th h e " ~ WIJS members of 1 
FOitTII llnQIIIQI, In 1 ~n:ve t~e Slllle Plrf!ntl!}l, that or the 
end discuss t~e dffferences be~e!! :,•t;~1 1oot at thtt herfttq!, 
fiiiPlementltfmts, Rut rt~ t 1 , •r• "" ff tnd other FORTH 
GraFOATff you'll very soon 1~ 1!!r~t!:~ It the capebflftfes of 

Features 
t:r11FORTif proyf efts n r 
co~uters, The sy~e! c!:tures not St'n before on sm1ll 
color, ~t rtte! that ~~e d~tw three-dtmensfontl tmaqes, fn 
PVsfc svnthesfrl!r, 1 part =~ ~:!'1:noossfhle, A SOPhfstfcated 
music IS ~~~ n sound to r.rtFORTII lfUI!Je, tltows the actdftfon or 
tn any size, color, or t~pef"c•, nn:r:r;!:S' lt~e•t dfspl•.r ""·' he 
on any part of tht screen " r . w qraphtcs IIM9fS 
cr~4ttcf, 1nd ronts fuJI 0 ; df~,!~!~':ed ~h1r1cter fonts MIY be 
bl! bloct prfntl!d to any scr''" loutf wo. flll'!nslontl fntactes 1111 , 
control. Cl•~trly this Is I on, vnct•r full proqram 

. • P roqr """' ncr 1 1 · .tl'olfutfons w~re fut soohfstf t d . nctttltql! ctesfqn•d for 
f"''Jorttnl, IIICh IS the dtvttfOOM!n~" ~ Clf'IPhfcs CIPibf l fty fs 
softwAre, · 0 qeme~ and enttrttfnment 
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Comparison with Standard FORTH · 
The above fettures ~~eMbodied fn I vfry ft,t, full, COMOI1ed 
verston or FOUif. HC!t~ly til othe~ Applf! ltnt~~tiQ!S ('"'t" RA'i!Cs, 
IJCSO Apple Pascal, llpp1e FORTRAN, 1nd mnst other F'ORTIIs) tr~ 
fnt~rpretf!d while tht.Y lrt ntnnfnq. This h ort"n dont t11 
prO¥ft1e wh11t h ·can.,... 'codt trJnsnortlbflftr', thfl t1'111ft.Y to 
takr. proqr11111 frot!l one c~ut.f!r anct run thf'lll on '"nthC!r wftft 
flthl!r no nr '""' ti!Ocflffcttfnns. llnfortun.,tely, this drnt.lt~11Y 
rP.rluces thr. spel!d or _your ttro'lrtllls. r.rarORTH ("nd Transrt'IIHH) 
hiiV~ hl!fn lfe~ f r~nr.lf for the cn~uter ~I! own, the ~PI' lro, Thttv 
hliVC! bl"t!n !lpectrlcally written to mal! llllllllll!tm us, of t.he 
re~tur•' huflt Into your ~chine, tnlf th!r•rore no atte~t ht~ 
bP.en ""'"' to cre4te trans,.,ortable cnrl'!. Ov cnM~~I Hn11 cffr~tct ly t11 
651'1?. ~chine 11nf1U4Cit, speed was !Jreatly incri!IISI!rl over "early 
every other ''"~aoe. 1 ~st for Slllooth, f11st, anfm~ti~ nuelltv 
qraphfcs. r.vr.n thouQh r.r .. rORTH fs fully co~Jflerl rnr thp nurnnsr 
of fncreued Sl't'tlf, C(JllllllandS ~.Y still 1M! l.Y11P.rf dlri'CtiY ~t th11 
k~yholrd, rather lfkt tn tntP.rnrflt~~ lanqu~"•· ~s lmol~~ntl!rl, 
then, Grt'IFORTII hiS both the SP"rl or I COIIIO I led hnfiiii!J'? anrf th~ 
flllllll!rfhte feerfhact or 11n fntl!rpreted lanlflto1Qe, the bl!st or oot.h 
worlds, Ffnally, r.raFOftTII, unlfke stlnd~rd.IIIID1e~nto1tiof,s (If 
FORTH, uses standard Ao11le OOS c~nlfs •n~ ffle stn•cturt'S, to 
rll!tafn co~~~Datfbf llty with the worlt .YOU have tlrP.acfy .tone wHh 
your c~utl!r, and to reduce the tlmp ft will t1kt to le~rn 
GrafORTif, 

tr rnu art 11frearf.Y flll'll lftr with anothtr Vl!rsfon nr HIRTH, ·'"" 
wf 11 flnrf m~ny SllllilarftfeS 11nd "'"ny differences b~tWitl'n Grar011fll 
and other FORTH v~rsfons, ~s r.rarORTH Is nnly loos~ly rel"t"" to 
t hr.!lt! othl!r I '"'liii!JI"!I. The ncnera I s true turtt or the 1.1nl1114"1! hn 
h~cn retained (at le~st outwardly), hut th~ imol~~ntattnn or 
th"t structuna Is v11st tv dHferent. Thesl! chan~tros htfl! ttoo~n 1111dt 
for vP.ry sptcHic rl'nons. In short, the fntenrlelf usa'l'! ,, 
GrafOqTif ,, Y!ry lflfferent frOIII thlt ror w~lch rnRTH was 
ortqtnally rf~si!fnl!~. r:raFORTII h 1 c,..,.,ut~r qrenhlc~ ''""""'""• 
and thts In ""d or f Ue H brouqht. •hout many tho1n1JI'~. rurthl'r I 
It w11s ~,,. Intention tone~,. r.reF'ORTH •s eo1~y to l~tarn o1nrl o1s 
sl111llar t'J e•lstinq ~pplr envtrnnment• •~ rnsslble: Thrrl!fnr~. 
If you alre11rly knnw fORTII, WI! hopr. :1011 wl1 I ~"" in 111lnrl t""'· 
tt,fs llln!f!lll'lf' hu hef't1 rfi''JI!Jnerl rnr thos~ wtlo ~n not. shu'! your 
knnwlerf'llt or FORTH-lilt! r.nviron~~~tnls Anlf who "''"t a fast, ~a~v tn 
ltarn '11'11Jhfcs 11nt~~IIIJ'!. For those or vou .,., rio no~ lin"" rni!TII, 
.the In! You wf11 find r.raFOfiTH to he 11 powerful, vet fntulth" 
"'""'""'"· Yt>ry sonn ynu will hf! usfn!fyl!ur 1\ppl• to rln t'llnn~ 
.YnU nP.ver thD'•qht WP.rl! fto,,l.,le hefnre! 
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f!omparison with TransFORTH 
By way of contrast, while GraFOATII ts 1 powerful graphics 
proqra ... tnq hnqu;IJt!, restrlctl!d to whole nulllber (lnteqer) 
calculations for the purpose of qraphlc~ speed, TransfORTH Is 1 
sctcnttrtc and business oriented lanquaqe with floattnq-notnt 
arlthMPtlc an~ 1 .uch -ore e•tenslve op~ratlnq syste•. 
TransFORTH also has two-dl-.nslonal llnP.·drawlnq and 
TUATLEfiRArtiiCS capabilities, hut no three-dt~~enslonal qraphtcs, 
and character qraphlcs are ll•ltect to selection of pre-defined 
character sets. Thus, TransFORTtl hiS •~eh 1110re calculatlnq 
ability, but less graphics. while Just the opposite Is true of 
r.raFORTH. 

Program Editing and Storage 
Proqra .. , suhrouttnl!s, or 'words', 11 they are known In FORTH, 
can he written In the languaqe editor and stored In text files 
for later .odtflcatlon or use. Recause these files are standard 
DOS text files, any editor of the user's chooslnq which creates 
such files -.y be used. Because progra• se~nts .,, he saved In 
this way, the accu-ulatlon of proven progra• -odules Is 
encouraged. which In turn encourages the practice •f good 
prograMing techniques .• 

Manual Overview 

Structure 
The text portion· of this .,nual Is divided Into three parts • an 
Introductory or context-setting section (Chapters 1 and 2), 1 
tutorial-based content section of sevP.n chapters to help you 
understand and put to use the r.raFOATH lanquaqe syst~ (l through 
q), and 1 section nf appended rtferencr. .atertal, Including the 
r.raFORTII Word ltbrary llstfnqs, Technical nata, and Index. 
Throuqhout these chapters, dlaqra•s 1rr. used tn support the text. 
These Illustrations end the abundant use of heedlnqs should .,ke 
It possible for you to ski• the text, qet 1 sense of the suh.tect 
.,tter, find generel topic areas In the b~ of text, end never 
lose your sl!nse of where you art. The India should help you ftnd 
SPtttftc tOPICS qutctly. 
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Review of Content 
Put II' the COIItPnt or the ntnual (that Is. th.lt Altl!rit'll whlcll 
Is 1hout the lan11111ge ttself) Is presentd In sevP.n N.lor chaptl!r 
dhtstons. Chlpter J Is prlurl l.Y an lntroc1uctton to the fOIHH 
language upects of r.rerOATII, lnclu•Jtnq An e•phnatton or the 
rteflnttton of words, stack operation, ""d control structurrs. 
(In artdttlon to betng I qnod lntro~uctiM to GrafORTH, nuch or 
the •tl!rlal co.,ered In this chepter perUins to other FORTIIs u 
well, lllitklng ft an excellent FOATII overview.) Chapter • covers 
text entry, spech1 characters, and the supplied ti!JCt "•lltor. It 
shows how to wrtte end 1110dlfy liraFORTH Prngrtms or Nwords" ""11 
how to cnmplle th.- tnto .e1110ry rro• the Pdltor ~.frer or rr~ 
disk. Chapter !i prfsrnts utr.nrted GraFOATM capabtlftll!~ an•l 
desert hes how tt opttretes, jlow tt relates to '"" usl'!s thl! nos J. 3 
disk operattnq syste•, end how Its data structures - v1rlahles 
and strings - art creeted and used. Cllepter ft Introduces 
GraFO!tTH's two-dhlltnstonal llriPhtCS capabilities lnc1utllnq 
plottlnq and ltne ~rawlng, color selectlon/fllllnq, and th~ 
TIIRTL£GRAPUICS co111111nds. r.hapter 7 describes ch1racter (lraphtu, 
partlcuhrly 1 proqr111 c11led CIIAAEOITOR, which allows the ctesl~n 
of new charecter fonts end ,.,,es that can be block prlntl!tl t.o 
the scrl!en. Chepter 8 reveals the GraFOATH J-0 qraphlcs srstl!~, 
lncludln9 .avlnq and manlpulatlnq o~j~cts In 3-0 spac~. Th~ 
prograM IMAGEDITOR, which allows the creation and ~lflcatton of 
3-0 objects, and another, callert PROFilE, which speeds up t~e 
process for the perttcuhr clan of objects which rotete 11r 
revohe around 1 central uts, are lntrottuctd. Another proqra111, 
na-ed PLAY, winds up the discussion of 3-n qraphics by allnwlnq 
.vou to "pla.Y" with an ob.IP.ct In space, IS ,You will ltlscGver In ., 
sh~t exercise at the end of this chapter, Chapter ~ d'-scrihes 
how to add .uslc (as opposed to soun~s) to your pro11raM~. •net 
Chapter 10 concludes Pert II with 1 dlscuJSion of marketlnq 
sortw•re developed uslnq r.raFOATH. That's • lot of conte"t, 
w!llch you surel.Y -ust he eo1qer to Cl'!t to, hut first per!'laps wP. 
should talk ebout the .,null for 1 ~tt. 
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How to Use This Manual 

Differences of Style 
It ts l~~~;~ortant to realf re that e¥eryon•! uses 1111nua h accord I nq 
to hi' or her own tndhldual learntnq st.yles and skt11 levels. 
There are those of us who start from th~ beqtnntnq and carefully 
rutt evttrY worr1, and there are others who ~ound ahead took tnq ro,. 
tu~t enouqh lnfor"'t\on to •qet on with It • Still others like 
to 1 tve on the edqe, hoot the dhk ftrst, 1nd only us" the 111anuat 
If they have to look s~thtnq up l1ter. Furthef'IIIOre, even the 
sa~ r·uder wl 11 hue diHe,.lnq 1110ods and levels of Interest, 1nlf 
will use 1 t~chntcal ~nual In dlffertnt ways It r1tfferent tl~~es 
~ccordtnq to his or her cu,.rent understandtnq of the product. 

Tutorial Learning 
This m.tnual Is set up to be, ftr~t of 111, I tutorial· to guide 
you qr11dually throuqh the steps you nee•l to take to learn the 
r;raFORTII tan!JUI'le and hc!IJfn to CJUt It to use. 'Tutorial 
learnln11' "" l)eCOIIII! the prf1111ry lllethod Of lllfCrOCOIIIfiUter 
Instruction. ~ctu1lly, It's 1 bft of 1 IIIISnOMtr. There Is 
re1l ty no t•1tor, unless 1 tP.chnlcal 1111nual cap be considered 
such. For the most part, It will be just you and the manual and 
whatever other resources you can pull toqethe,., Be advised, 
h001ever, thlt there are Nny dt rre,.ences between liraFORTH and 
other FOATII t.._,le~~~entltlons. Recause of these differences (we 
think or thM as IIIIProve~~tnts), we advise you, tvtn tf .YOU know 
FORTI! 1lr-eady, to read the 111c1nuat cartfu11y at the btqtnnfnq. 

lite,., of courst, you wf11 bt usfnq the 1111nuat ~rt IS 1 
reference qulde than as 1 tutorfat, and wftl need to be ablt to 
find specific ttfllls of fnfo~tton qutckty, Thert fs nothtnq 
1110re frultrltlng thin ltnowfng thlt .YOU s.w SOMething IOIIII!p1ac~, 
hut un't quite rellletllber whe,.e. We'll MIP .YOU find tt, after 
111, you 11111 be lhtng wfth this unua1 for 1 few wetlls. In 
~tther case, tutorla1 or reference, we hay~ tried to accOIIIMOdate 
all styles or te1rnlng. 
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Reference Aids: 

Multiple Tables of Contents 

As ~~~tnttoned above, the,.e ,,.. ••rlous reference atds whfch s~ou1d 
1110W yOU to find what yOU want quickly when USinq the llllnUil IS 
1 reference qutde. At the beqtnnlnq or th~ manu1i, thtre Is 1 
comprehensive table or contents which presents the -.jo,. topics 
or the 1111nua1, with PICJI nUIIIbers, tn the order In whtch they 
IPO~ar, £1ch chapter has 1 slmfl1r, hut 1110re COIIIPlete tahle of 
contents for that chepte,., 

The Word Library Definitions List 
Apoendfx A, fn the beck of the unuat, cont1tns an 
elphahetfcallv 1rranged lfst or annotated definitions of 111 the 
GraFORTII words whIch COIIII! wft" the s.vs ttm. Reca11St thIs 1s an 
IMportant source or fnfo,.rnat I on about the 1anquaqe to whl ch .YOU 
wilt be ,.ererrtnq frequently, we placed It first, and have also 
lncl11ded 1n 1ddlt ton a 1 c,.oss 11 st lnq or the worlls by suh.lect 
group t n gs, 

Index 

In Appendix£, at the end of the 1111nual, there Is 1 c~r-ehensfve 
Index which lists the ~jo,. topics 1nd terms of the ••nual once 
aqafn, but this tt111e alphabetically. 

Conventions Used 
Stv•ra1 stand1,.d conventions 1rt us-d to st.,ltfy the 
description,. All COI'IIIInds which you are to typt tn are p,.tnttd 
In uoper-case type, All 'systeM' ,.esponses are shown as they 
appP.ar on the scrP.en. 'Control character' P.ntrf~s tl'f denoted t,y 
ConTRol-X, where X would be repl1ced with the actual ch1r1cter · 
entered, Control character entries lr-t lllld! by holdtnq down the 
ConTRol hy whf1e depressIng the tndf cated ke.Y. · 
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Request for Feedback 
Let us k"ow •h1t you liked and didn't like about this .. nual. We 
have tried to .. ke It as co-olete and friendly as possible, but 
we know th1t s~thtnq, s~htre .. y he confusing. Let us know 
If we o•ltted 1 useful tip, or explained so-ethfnQ poorly. Also. 
let us know wh1t worked for you so we can continue to product 
high quality .,nuals for future products. 

Start-up Procedures 

Product Information Card and Replacement Policy 
The w1rr1nty or this diskette Is covered In tenera1 hy the 
st1t~ .. nt 1t the bott~ of the warranty and dlsciiiMtr Pl91 In 
the front of the .. null. Since Its .. ssage Is hidden In 
leqalese, let's just SlY thet rouqhly what II ••nt h that WI 
did our hest to ship the diskette In perfect condition, hut wt 
"ne no con&rol over whit happens to It enro11te to your dhk · 
drive. If, for some reason, It will not 'boot• (c~ uP on tht 
screen when the M~chlne Is turned on), then you should take or 
send It ~ck to the piiCf. where you purchased ft. If they cannot 
qet tt to boot, then we will replece It at no addttfonll cost to 
you, for 1 period of 30 days 1fter you purch1sed ft. 
(Thereafter, 1 no-tnal replace.,nt fee .,Y be charged.) Once you 
hive 1 disk that boots and runs, then It Is your responstbtltty 
to protect tt b.J ustnq It only for the purpose of .. ktng 
duplicate work disks and btckups (stt neat section). 

In the .. antt.e, we would 1pprectate It If you would ft11 out the 
Pro~uct lnforMitfon Card, This card qlves us valu1blt · 
lnfor .. tlon 1bout our cust.-ers 1nd helps us dest,n our Products 
1nd product ltne to better serve you. If everyone who buys 
Gr1FORTH turns out to be retired and ltvtnq In Florfdl, then this 
••null will have to he rewritten with 1 dtfferent set of Jokes. 
The card also 1llows us to keep you up to dlte. If WI dtctdt to 
send out 1n updated Gr1FORTH dtsktttt, thtn JOU would problbly 
w1nt to know about thlt. 

PUYillf I • I 

... 
.·'-

r.~ --~~ ---.., ... 

-I ... ... _ ...... ... 
-. .. , _:J 

'-~ E:::·· 

~~:: 
....... ,,_.,j 

~~ .. :~ 
~·--.., 

I 

. I . '-' 

~-·· ............. 
' .. . 

~ ........ .. ... ,...-. 
.... 
~ .. -~ E:..;. ___ _. 

I . • '"'•" ....• .......__ .. 

_I -• t:y.:::! 
~ ... :1 .... , __ _ 

I 

_I ..• 
lin· .••. , 
·r-

I -• 

0 ·;;;;; .. ···-· 

~::;_. 

Making and Using Backup Copies 

If .VOII hue not yet IIAde I hotck•IP Ct)P.Y of the GraF'nATII ti~l:ettl', 
thl'n now Is a !lOOft tt .. tn do so. Never use the nrtQino~l u " 
work disk, not even for 1 few •lnut'!s. Parttcul1rly, ne¥P.r use 
an orlaln1l lftsk to try tn solve 1 proble~ w~lch blrw up"inur 
work disk. fll.lke 1 new hack up If you un, 411d use thlt to 
expertllll!nt. P~tlllst lirafORTH Is COIIfJitfhh~ with DOS l.l, ""' 
copy proc1ra• .rou nor~~~ally use to CI)PY .Your 1~-sector Appl .. oos 
disks will work to copy this diskette. The COPYA proqra~ which 
c•., wtth your DOS J.J ~y,tem Mister dtskttte ts 1 particul•rly 
rell1ble onl!, 1nd we rec01:1111end ustng lt. In fact, It Is · 
reca-mended that you have two bfctup cootes so that If one qoes 
down, you won't h1ve to open your le1d-ltn~ vault to qet ai the 
orlqlnll. 

A PLA Yfu/ Review 

An Introductory Tutorial 

We suqqest thlt you stud.Y the hh 1 e of Contents 1nd the Manual 
Df1qr1" for 1 few •lnutes to qet 1n Idea of where we are 1nd 
where we have to !10. and then, t,ec1use we know you 1re Itching to 
'et your hands b1ck onto th1t .,chine and cre1te 1 few · 
three-dt~~ensfonll for~ to rotate In free-rloatlnQ and 
free-whneltn, SPICe, ~e'll gtve you 1 preview of whit's to come 
In future ch1pters ••• 

If .YOU CltiiO!IYOUr disk, .YOU'll ftnd lht ted file PLAY on It, 
PLAY Is 1 set of routines (or •words•), which when compiled anlf 
run, allows you to pull up 1 three-dl.,nstonal for• off the disk 
(sewertl lrl provided), and pla,y with It In l-0 space.· Later on, 
we'll ·tell .YOU how to use PLAY to understand better the J-D 
t .. qes you art cre1tfnq. Rut· for n~, we are just ,alng to have 
SOlie fun ustn!l PLAY. If you have not yet m~dt 1 backup copy of 
your ~lsk, we'll Just h1ve to Insist th1t you do so n~. fro­
now on. when W. spe1k or your Gr1FORTH dlskttle, we will 1ctually 
be referring to the copJ JOU use 11 1 work ~tskette. 
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Running the PLAY Program 

To rvn PlAT, h~t your dis~ end respond wtth en 'N' nr 'NO' to 
th~ ~P.IIIOnstrottlnn rJIIP.Stlo"• V'len the •Rf!tdy• prOiftltt COI!If!S ~. 
type 

A[An • PLAY • <r~turn) 

~' sur~ t~ typf! ft ~·~ct1, es It"' s~e tt, tncludlnrr the spaces 
etwttttn PLAY 11nrf thf! rruotatfon lllfrlts. Tht word Rf.An h a collllllfnrf 

that t~ 11 s the GraFOATII s.nt~"' to rud 1 rt le on t"e dis~ and 
comofle ft Into the word ltbrar.y, thet h, turn It Into ~~~achlne 
11nrru11rre For the m~~chfn~ to use. When the •Reedy• pr~t 
reappur' • t.rPe 'RUN'. 11nff • set or Ins true t tons wt 11 be dtsp 1 eyed 
on the scr~P.n, It Illustrated tn "''"r•- below: 

"""'y •••.• ·-· ............ ""' 
i·'1'f''" ~fff ••f+'f" "'f~'1111 

•·:;: .. ·:~.::· ............ ,.,_,,,, 
1!111.1 .. "' •• _ ... . 
iJi :: :;:w .:r::rr 

•· ~e·: •....... :r• , ......... . '""' •••••• , .. :t :: ;::, .... . ........ . 
1-t lo t"'-•r er tot COJttU U 

• 
~ 

The words, ROT, SCALE, TRANS, tnrf POS rtfer to tht four 
paramet~rs 10u .. Y use to M1nfpul1te the f-.ge tn space ROT 
stands For the ebf Ht.Y to rotate tht object iround any ;, three 
1x~s, SCALE sttnds for the ebfltty to change the sc1le or sfre or 
th~ obJect, T~ANS stends ror the abf I ft.Y to trenshte or IIOYf the 
Image In Its spece tnYelope', and POS st1nds for the ebfllty to 
IIIOYe the pos f t I on or tht I ~~~age on the screen. 

PRUI£V I • 10 

E~ .. j 
I 
I 

ir ..... .. 
'-- ...... .,J 

E...;_,~ 

T-~ 

·~ 

l~-~ 

E.fj 
~~~. 
9~~ 
9~j 

E:T~ 

E:r~ 
E=r~ 
~..::3 

Thr. chAracter•, 123 45~ 7A9 :-, 1r~ ~ress~~ to 1Ct1YIIt~ tnr of 
the aho•~ parameters alonrr '"·' of thfl ••es, ll:, Y', 11n~ Z, 
lndlc1t~d helow them. Th~ co~nds In th,. Ml~dlfl of t~ •cr~en 
start 1nd stop the sf!1ected ectton, or resP.t the Plrt~ters to 
their starttn~ po~ftfons (celled 'defaults'). Tou are to press 
.lust tltosf! bys which 1re hfqh-ltqht ... cf In fn•rrtt. If thtt ect '"" 
ever qets too fut for you or .YOII see s~thfnq you'd 1fb tn 
study, pressfnq ConTqol-S wt11 stOP the ectfon until you ort~l 
enothr.r ke.v. Sfmlhrly, •n• wfll rell!t th~ currently ecth~ 
p11r11111(!ter to Its cfef~ult ~osftlon, <F.SC> will I'Ut you ~ck et tftt 
h~~fnnlnq, and 'Q' wf11 put you out fn the cold 11t the "Relcty• 
promot. 

1\t the bottOI't or t~e scret!n, .rou are hf!IM ulted to answer 1 
questfon liS to where the IIM'!t! fs which .YOU W01fld lfke 
tllfnlpultt~ct. The qutckest wey to und~rsttnd the pro11rllll h to 
dl•t fn and try ft, ortssfn'f the Ylrtous kt.YS tlonct tilt! wn to 
see thefr effects. Rut ftrst, we ne~d en lllll~t to p1ey with, 

Unless you're wey ahetd or us, you rfn not h1~ 1 J-D IMII~ In 
mtn:~ory .ret, •o stlect '0' to 11nswer the ""~stt,n 1t tt.e hottom or 
thr. screen 11nd to ~oln the lmarrt 1o~dfno orocess. Ne•l, hit 
<r~turn> to defeult tht address to 1n1~ (~rt on th~t 11t~r), I"~ 
tnter 'XTZ' 11 tht lma11e fllen~~. 1\flafn, h~t <r~turn>. Your 
screen should now show • ptcture or 1 ~rtfc11l 1tn~ crossed by 1 
horizontal arrow. ln 1 IIIOIMnt you'll s~e thet thest ere rttlly 
three tntP.rsectlnq arrows. On the rloht sl~e of the scre~n 1r~ 
~v~ment c~nd•, ROT, SCALE, TR~NS, and POS. Ignore th~ 
latt~r two for the purposes of this short trfal rvn. How th~ run 
hP.flfns. Press '2', 11nd then the rlqht 1rr"" k'-7• ft~xt press 
'1', thtn th~ rlqht arrow key. Obs~r•e th~ mtmhers chanqlnf'l oYer 
on the rl qht, ~l!e H .YOII c11n rt "''re out what they do n .YOU 
sell!ct ke.rs to pr~S'I from th~ previous tflalfriiM, Tr.Y thP. l~rt 
arrow keys, end watch the action end the numbers chanqe. You m11y 
freeze the sl!lectlon l11st chanqed wfth 'F', and 11so by vstnrr th~ 
arrow k~ys to qet the par1~ters h1ck to rero, 

At thts pofnt, you should haYe i screen which l~s s~thlnq 
. 1 lh the one on the nut oa"'' 

PR£YI£W 1 - 11 

...... 



I' 

I 
. ' : , 

I 

i 
I 

I 
. I 
l 

I 
.'. ,. 
:! 

I 
I 

I 
. I ,, I . I 
i: I 
',· . 

I 

I ; I 

. I 
I 

I 
l I 

I 

[I]IMJr Velwe• II lat• -

!;CL 
•• ll 
0 

tRN 

8 
0 

~WI 

" 
' 

I 

Now press 'D' to reset your current par.u~eter to Its default; get 
the Ideal The 110re you press the arrow lte.Y~. the futer the 
,.,9e wtll turn. If you are worktnq on a color screen, you will 
see that each axts Is 1 different color, which -.y help to keep 
th .. stratqht. Re .. •ber, oresslng <esc> will set ell para.eters 
to their startlnq (default) positions, whtch .,, be needed If 
tt.ey start gettlnq out of htnd. In parttculu, U SCALE, TRAICS, 
end POS gf!l be.yond 1 certain stu, they wt 11 no longer ftt on tht 
screen, and they wtll begtn to ~rap around•, tppeertn~ qutte 
unexpectedly on the opposite stde of the screen. It will look 
IS tf you hive ltnes bouncing off the walls, but tt Is really 
only wraparound. If you like that effect, then ftnti but tf not, 
Just keep the n~ers s-t11er, 

That's enough fun. We hne to get back to wort and leam the 
rest of what GrtFOATH has to offer. We'll come back to PLAY In 
Chapter~. and learn what TRANS and POS actually do. But tf you 
just ctn't quite qutt yet, we'll .entlon (while the boss Is out 
of the r~) thtt the way to bring up another 3-D l.,qe to PLAY 
wfth Is to tyoe 'Q' and then RUN agatn, repeating all steps 
txctPt tht one whtrt you enter tht ftltna• (try ll(liSE), 
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What You'll Need to Have . 

Hardware Requirements 

r.rt~OATH requires that you htYt the rollowfn~ MlnfWUM htrdWtrt 
COfiiP011ent s: 

An Apple or Applt + compvttr Wfth •nk RAN 
Ont DOS 3.3 Apple lfhk ctrht with control.ltr 
A bltck en~ w~lte (or ~reen) •l~eo ~ltor, lnd/or 
A color monitor or color TY with 1n RF ~dvlator 

Recommended Peripheral Options 

In addition to the thove (lnclvdfn• the color dfsplay), It fs 
hlg~ly rec~nde~ t~et you htve t l~k RAM or·lanqveqe carlf to 
provldf! 1110re netltble 111e1110ry, and 1 second dfsk ctrlve. ' 

Software Requirements 

r.ra~ORTH fs written tn ~502 Mtchlne lanqvaqe vsfn9 the ALD SYSTEM 
Ass~mbler which WIS written by Ptul lutus and Is also avtlltble 
from lnsort. All graphics ere Internal and are therefore 
compl~tely fndP.Pendent or either Apple BASIC (fNTEr.f.R or 
~PPLES~FT). r.raFORTH hoots r~ the 'Monitor'• without 1 BASIC 
IIHLO orogram, IS ynu wl 11 notfce by thfo presence or the 

asterisk prompt (rather than t~e RASIC prOMPt), cturlnq hootup, 
This ~tes the boot proqram Independent or any resident lanqua~ 
In ROM, avoiding the ~lrrerences bftween Apple 11 and Apple· If+ 
machines which ere sometimes troublesome to sortwart. It also 
means, ~owever, that It fs not possible to tdd your own special 
lfEllO pro!lra111 to the dfst to hive ft do your fiYorftt tricks on 
bootup. ~ut don't ~spatr: we will show you tater how to ht•e 
GraFORTH autolllltlcally run any oro•r1~ you wfsh on bootup. 
Further, thtt pro~r•• Cln be written directly fn OrtFORTH. 
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What You'll Need to /(now 

What You'll Need to Know about Your Machine 
While ft Is tntendP.d thlt this ~null serve It 1 tutorial fn the 
""' or thP. ·GrtfOIHII lanljUIIJI, It h not tntencteff to Clt'ltr 
111ttert1l a1re~dy covered quite thorouqhly and thou'lhtrull' fn the 
set or Nnulh ctfstrlbuttd by the Applt COIIIOUttr COIIIDIIn_y, If 1011 
art 11 new unr, unfa111fllar with how to use your Apole tOIIIftVttr, 
we suqnest thllt you ttke the time to flO throuqh thP. A11olt 
RP.ferenct Manu11l, which time with your machine, You will not 
nP.~d to knOw e•erythtng fn tt to ute your Apple successrutt,, ~ut 
the~~ you know, the ettfer It wtt1 be to understand ~trltlons 
which 111l11ht otherwts~ seem ovrrtlnQ. 

What You'll Need to Know a!Jout the DOS 

With the exception or cert1ln smell chenqet (sl!t below), Gra~oqTH 
uses the standard ~pole Disk ODeratlnq System, Version J,l, ~nown 
affectionately IS 005 ),], If you tre at til unftmfllar with how 
to use your disk oper11tln!!' systttlll, we tUII'IttSt you tektt the tllllf 
now to study the 005 Manuel whfch Cllllf wltlt .YOUr dfst drhe(s). 
It wfl 1 be tt"" WI! tl spent. 

Minor Modifications In DOS 3_3 
Minor II!Odlflcetlons have been ~~~~~ In the dfst operetln'l svstem 
to 1111h l.t run smoothl.Y with GrafORTH. Most or the'lP. ch'"""' 
wl J I hi" '·USer-trtnsptrent' 1 nr Mt not fcta!!lll!, lind US lnq 005 frOfll 
nr1rORTH Is the s1me es using OOS froM elthP.r or AopiP.'s n•stcs. 
Roth crute TEXT tyPe dat• rt I es, an~ GraFORT!f P.Yl'n usl"s T£ XT 
rttes for SIIYfnn proqre~ 'S~IrCP. cod~'. Tlte OOS on the tupplff!d 
diskette has been 1110dlfled, howe•er, to teke ti•anta~ of '" 
exfstlnq hnqollllt card or RAM urd. Jr you hne such 1 card, OOS 
wf11 be. 1oad@d automettcally Into the 1anqua~ card, ''""'"" "'th 
more roo- (almost JOK) fn main ~~ry ror oroqr•• dl'vP.Io~nt, 
To take llfYIInt.aqe or this ~tddftfona1 ~ry, ~wo ~dltor~ have 
~n pro•fded nn th' dtst; OOJ.EOITORI ror s,st~s without 
111nnua0! car~s tncl ORJ.F.OifOR2 for syst~~ with lannuaqe card~. 
Hote that GreFOIITH requires the nos It h suopHtd wltll. '"'' can 
not transfer GrafORTH to 1 dlt\ wit~ 1 dlrrerP.~~~S! 
~~...=...;.·----- -
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Making Space on the Disk 
The G,.FORTII diskette, 11 delivered, ts nearly rull. Not only 
doP.s the disk contain all the syst.- flies needed to use 
r.rtFORTH, tt also contains .eny de-onstrttfon ffltl 11 well 11 
so_, specftlty files. After you have copied the diskette end 
e•h•usted ,your Interest fn the de1110s, you .,,. want to trl• your 
work dtsk down • hft to .eke r~ ror your own flies. The 
d~stratlon proqra•s will probably be the first to go. 
Appendix C lists the flits on the disk, lndlcattnt those which 
IIIA.Y 1M! deleted without danger to the G,..FORTH syste• by a •>•. 
See th~ sections which follow for help on how to dtlett flits 
fr011 your wort disk. 

Alternetlvely, you •lqht want to leave your work disk Intact and 
set up another disk for proqra• developMent. The GrafORTH syst .. 
would not need to be on such a disk: you could use, Instead, a 
standard DOS diskette. If so, you wtll need to copy the editor 
file or flies onto that disk as the GraFORTH word, EDIT, looks 
for the editor protra• on the 'current drive•. If you are using 
• hnquaqe c•rd, copy OBJ.EDITOR~ onto your progra• dtvelo....,.t 
disk, othtrw4se copy OIJ.EDITORl onto that disk. 

I ' 

Deleting Files 
There are three sl~le ways to delete•flles frOII the disk. One 
way ts to boot an Applesoft disk, then catalog the GraFORTfl 
diskette and delete the flies you want to re .. ve 11 you would on 
1 standard DOS disk. Alternathei,Y, you could use your faworlte 
flit utility. such 11 FIP on your DDS 3.3 Syst .. Mister Disk, or 
else boot GraFORTH end enter your DOS c~nds fr011 the proqra• 
Itself. If you art already In GrafoRTH, the latter .. thod Is tht 
•thod of chotci. To delete ftles directly fr011 the progra•, .rou 
wfll need to takt tht following steps: 
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1. Root GraFORTII and you will set the prOiftPt 

ne.anstratlon (Y/N)? 

:r. Answer 'N' end tht "Rttd,Y" prOIIIfll wl 11 IDDtlr. 

3. Respond with: 

EOIT <return> 

The drive wtll whirl 1 bit, loadtn~ the editor, and then the 
•dltlng title wtll appear along with 1 flashtng cursor. 

4. To enter a DOS COIINnd, t.YPt: 

ConTRol-D <return> 

end the following pr.-pt wtll appear: 

Enter DOS c..-.nd : 

s. Respond with: 

CATALnG <return> 

(or CATALOG,Ol <return> fDr two drive syste•s) 

and tht catalog wtll be listed. 

6. Select the flies to be deleted and type: 

DELETE fllen.-. <return> 

The drive wl 11 run brte'fi.Y, 1111ke Its usual scratchlnq snunds and 
the file's na• wl 11 he deleted frllll the disk directory. You ••1 
confirM that fact with another CATALOG cOMMand. Then repeat t~e 
P-rocedure to delete the other files you wish to re-ove frOM the 
disk. To return to t~e editor, press the <return> key twice 
without entering any DOS c...ands, and you will see,lhe bltnklnq 
cursor of the editor once aqaln. To return bact to GrafORTH, 
type 'RYE •, then press <return). The l.iraFOATII htlder and the 
"Ready" pro-.t should reapp11r. 
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Entedng Other DOS Commands 
The above steps ~present the procedure to b! followed to enter 
any standard nos 3.3 c~nd frOR GraFORTH ttse1r. l1ter on, 
we'll describe 1nothtr Method which enables y~ to use OOS 
c~nds frOM the wReady" PrOMPt directly without entertnq the 
editor. 

What You'll Need to.Know about Disk Care 
W~ 1~sume that by now you h1ve ~de 1 copy of the orlqtnal 
diskette. have stored It tn some sare place,·have had some fun 
with ~LAY and are anxious to 9ft down to "work". Bear wfth us 
ror one ~re cautionary remark (admittedly unntcessary ror almost 
all or you). In cue .YOU are not famtltar with the care 1nd 
reedlnq or floopy diskettes, what we ~an by •safe place" fs thlt 
the disk fs Hort>d vertletii.Y, h not hent or fohfed or eJCPOSf!'d 
to mAqnetfc fields or to temperatures outsl~e of the ranqf!' 50 to 
ll~ ~~qrf'es F., and that the •nakedw pnrtton or the dfsk· (as seen 
thro••qh the small oval opening In the plastic covering) h not 
e•posed to dust, flnqerprlnts, or cigarette ashes. We recommend 
that you always keep your dtsk tn 1ts protective sleeve and boll 
whenever 1t Is not actually In a disk drive. Never attempt to 
write on It with a pencil or ball~polnt pen. If treated In thll 
way, your diskettes should qtve yOu years or devoted servtce, and 
perhaps even become collector's Items of considerable value to 
your qrandchtldren (well, at least curtosttles) • 

What You'll Need to Know sbout Programming 
It Is not necessa~ to know how t~ proqram to learn proqra~tng 
In Graf'OATH. It Is our posIt I on that hoth TransFORTif and 
GraronTH are sl~le enouqh to learn that novices can ta~e th.- on 
IS btqfn11lng lanqoJa~~t~. 'we also btlteve that they are so 
powerful that advanced proqra~rs can use thtm tn 1 full range 
or co~rclal applications. While tt Is not necessary to learn 
proqra11111lnci prf or to start fnct tn oa GraFORTH, ff you Ire 11 ready 
famt1far wfth BASir. or another htqh-1eve1 lan~1qe, you will, of 
courn, learn GrtFORTII ltUCh faster. In particular, 1 ftmt1hrtty 
with Applesort and/or Applt Pascal will spttd t~ letrnlnq of the 
control structures, dlt~ structures, an~ thp fllt handltn' 
portions of the l1nqu1~. Familiarity with FORTH wt11 qfve you a 
head start on the OPeration of the stacks, postff• notation, and 
the word library. 
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What You'll Need to Know about Graphics 

nere '"''"· prior t•Ptrtenct In ,,.aphfcs proctr,..ffiCI h htlpfv1 
to learn proaramlng In GraFIJRTII, but It h not """Ired. 
r.raphlcs ts the heart or GraFORTH- all kinds or ~rap~lcs • 
standard two-dl~nstonal qraphtcs, TURTl£GRAPHir.S, color 
araphtcs, block prlntlnq or fmaat fonts, thr~e-~f~nstonat 
qraphlcs, 1 11 at speeds which ttl11 suoport aniNtlon, and set tet 
••sfc tr you like. If JOU do not Intend to dn 1 lot or nreet~lcs 
proqr111111lnq with r.raFORTH, then y~• MIY ~ave the wronq tanquAnt. 
(Perhaps you really need TransFOATH ••• ) 

With GraFORTH, powerful qraphlcs editors at1ow ,~,,. fma~s to ~ 
crtated with consl~erable ease. A p~errut c~~ set att~s 
the~~~ to bt IJUt In motion. Routines cen be Itt uP tJ lndPotnlfent 
words then tested out and stored, to be used aaaln an~ lqaln. 
nut 1;u do not ~td to know It all before you start. We'll take 
you through ft a step at 1 tfme. 

ttowevtr, If you art a beginner at !lf"IPhlcs, .YOU wt11 learn futer 
1 r 1ou draw uf)on several sources at once an~ approach til-. sub.lect 
frot11 111 sides. The Applesort Tutorial has 1 aood lntroll••ctton tiJ 
Apple qraphfcs, as does the Apple User's r.uli! hv Lon Poole, et 
al. The Apple Pascal lan~1aqe Reference Hanu~l has • ,ood 
chapter on TIIATlEGRAPIII CS, and If .YOU rt1111.Y want to ~t Into tht 
whole suhject, try Graphic Software for Hlcrocomouters hv D. J. 
lorltes (Kern Publications, 19Al). 

What You'll Need to Know about Music 
As mentfontd above, one IJf the features or !';rarntnll h 1 11111sfc 
synthesizer which enahles you to add music to the pro~r•~s 1~• 
write In the lanqua~e. Operation Is strffqhtforward, and I note 
table Is provided to ~ke ute or the music synt~esfttr as sl~le 
IS possible. We think .YOU wf 11 be llllfttd at the a~dtd dl"'!nsl,n 
It will !llvt to yn11r proqra111s. 
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What You'll Need to Do 

Get ah Overview 
One of the .ost tl.e-s1vln~ thln~s you c1n do right now Is to ~et 
'" overview of the .. null 1nd the structure of Gr1FORTH. Tt .. 
SPent on the c181os, 1nd stud.Yfn9 the tlble of contents end 
dl1qre-s will qfve you 1 9entr11 fre..work wht~ then Just needs 
to be filled tn wfth detail. 

In between this chapter end Ch1pter 9 art the chepters which 
expl1fn tn det1ll how t9 use Gr1FORTH. Chapter 3 gives an 
lptroductlon to the use of Gr1FOATH. It ts so.ethln~ of a 
•tnl ... nual In Itself, and even those of you who know FORTH ••Y 
ffnd tt a useful review of how GraFO~TH differs fr~ other FORTH 
11nguaqes. The next six ch1pters build so.ewh1t on one 1nother 
and shOuld be t1ken tn order, with the possible exception of 
Ch1pter 9 on .uslc, which could be reed and used 1nytt .. lfter 
Chapter 5, 

Run the Demos 
The set of d~ pro9ra•s on the diskette wtll ~lve you 1 good 
sensf! of wh1t Gr1FOATH can do. To run 1 deiiO, .lust answer 'Y' to 
the d..o question which appears 1fter bootup, and 'hen siMPlY 
select fro- the .. nus whtch follow. Later we shall tell you how 
to re-ove the ~ question. 

Plunge In 
At this point, there Is very little left to do but to load your. 
work copy of Gr1FORTH In the drtve. boot It up, 1nd plunge tn. 
St1rt 1t 1 pl1ce In the .. null 1pproprt1te for your"skf11s 1nd 
knowle~qe, read thlt section, turn to the proqra•, work the 
exa.,les, 1nd then see If you can .-.ze yourself wtth 1 few 
ex•.,les of your own, Th1t's 111 there ts to ft. Re .. Mber, tht 
chapters, like the l1nqu1qe, tend to build sequentlllly, so tt 
•1 not bt wht to sktp uound too •ch. 
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What You'll Need to Be 

confident, feerless, 1nd fun-loving. Wtllfng to t1ke risks, •~ke 
•htaltes, and learn fn~~ those •htakes. WllllnCJ to ask stupid 
questions 1nd .. ke 1 fool of yourself to find out what you need 
to know. Willing to let yourself enJoy 11ft and turn work tnto 
pl11. In short. just your average, run-of·tht-•111, Apple ~ntr. 
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Purpose and Overview 

As you'll soon see, GrafOATH is 1 complete, structured language, 
with all or the Interesting nuances of such a language. In this 
chapter, we'll Introduce GrafOATH as 1 lanquage. We'll discuss 
the GrafORTif syst~, the word I I brary (s011et l~~es called the 
dictionary), and the concept of 'words'. We'll show you how to 
use the stack to do arithMetic using Reverse Polish Notat!on, and 
then deftne your own words tn te,.s of extsttng ones. We 11 
discuss the looping and control features of GrafORTH, then tit up 
the chapter vlth s011 rules of thUMb for vrtttnq proqr••• tn 
GrafOATH. 

Thts chapter (as well as 'he others) contain• nuwerous '''"''' 
to helP you understand the GrafORTH syst••· We strongly 
encouraqe you to try these exaMPles on your co.,uter. And as you 
gain upertence with the conetpts, we encouro191 .You to uptrt•nt 
rurther, so that you blea-t truly ca-fortable working wlt­
GrafORTH. 

First Tflings First 
' 

lnJtrt your GraFORTH dtsk tn the drtvt and boot tt. After 1 few 
seconds you'll see: 

Gr1FORTH ][ (C) '· Lutus 1981 

o..onstratlon (Y/N) ? 

H you hnen't .Yet seen the GraFDRTH syste• de.onstratlon, you · 
•IQht want to do that now. The de~nstr1tfon Includes 
e.Pianatlons of what GraFORTit ts and what It does. As we go on, 
however, we'll Ignore this question, assumtnq-rfiit you've tlt~er 
already seen the· de.o or are no longer Interested. Later, WI 11 
show you how to re~v• the d..o question entirely ••• How let's 
qP.t Into the lan~att. Tyoe an 'N' to the ~stratton p~t, 
and you will stt: 

GraFORTII ][ (C) P. Lutus 1981 

R11dy 
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The word •Read_y• appears whl!ntver the systflll Is rl!ad.r for ynur 
Input. (Mikes sense ••• ) If at any tl111t you do not ser the word 
•Ready• when you think you're supposed tl), then It ... r be tllllt to 
start wondering ••• With the word •Ready• beckoning you on, let's 
back up for 1 few .oMtnts to discuss GraFORT~. 

·The System 
The l1nquaqe can be divided Into two .,In parts. Tht rtrst part 
contains the coMPiler and low-level syste• rnutlnes. For -ost 
applications, the Internal workings or these routines can be 
Ignored. They usua11.y do the t._tngs whtch nel!d to be done 
without a. lqt of fanfare. The second part or the syst~ Is the 
'word ltbrar.rt. The word library Is the •vtslh1e• oart or tht 
GrarORTII systt•, and 11 the basts for wrUtnq proqra111s. 

Words 
The word 1 lbrar.Y fs .. de up of 1 larqe nuMber of r.raFORTH 
•words •. You un ne thll 1 ht nf words 1t an.r tt1111 hy tyPinll 
the wnrct. •usT•. liST ts a GraFORTII word that list" a11 or the 
Gr-fORTit words. (LIST wt1l fjfsphy 20 words at a tt... To Stl! 
the P.ntlre list. press <return> at each pause. Press ConT~oL-C 
If you want to stop the 11stfnq.) 

Each GraFORTII word acco,..,ltshes a particular task. For exa01111le. 
the word •RELL• beeps the Apple speaker, tht word ••• adds two 
numbers to9ether, and the word •nRAw• draws a three-dt~nsl,nal 
tma9e on the screen. Nearly everythlnq I~ r.rafOATH Is either d 
word or 1 nUftber. Words can he proqra•s. su~routtnes, varlatiles, 
or strlnqs. Prnqra-s art wrttten, not by entering •prnqra• 
lines•. but ~ strtngtnq vords together. 

The naone of a word can he an.v strlnq or ASCII characters that 
does not Include a soacl! nr carrlaqe return. The sp,ce acts as I 
divider hetween words, and 1 carrl;ge return tells the syste• to 
coMPile the P.ntered line Into .achlne lanquaqe and. In ~S\ 
case,, execute ft. Since r.rafDATH uses spaces to deter•lne when 
nne word ends o~nd another beqlns, outt ln!l spac-.s between GraFORTH 
words Is very t.,ortant. 
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The Dsts Stsck 
· Vords are e•ecuted in the ord!r they art enttrtd. Vlten tht word 

"+" Is e•ecutP.d, It wants to add two nu~er• to~ther, rf9hl then 
and there. Thts means that both of the nu-bers to he added MUSt 
already be avetltble for ••• when tt ts ex~cuted. Vhtrt do the 
numbers watt before they art 1dded? They art on the 'd1t1 
stack', piece~ there by you before entertnq •••. 

A11 '""""'rs In r.raF'ORTH are routtd throuwh tht data stlcll, ..ttich 
we'll usue11y Just call the 'stack'. The stack Is st~ly 1 stack 
of nUMbers, oftf on toP of another, .uch like 1 deck of cards, or 
a steck or dinner plates. When you enter 1 nu~er, tt ts put on 
the top or the stack, above any ~btrs which •l9ht already bt 
there. Stmt words plact'nVMbers on the stacll. Sa.. words ,...,,. 
numhtrs rr0111 the sud. Stmt words do both. Tht word ••• ts an 
•••MOlt or this: It rtMOYts two nv.bers fr,. the stack, adds 

· th~, tnd plecPs the su. back on the st1ck. If the stack ts 
emot.f, enrf 1 worrf tries to re1110ve 1 nlltllber fr011 the steele, 1 
phentmPnon called 'stect underflow' occurs. Stick underflow wt11 
he discussed In 9reiter detail 1t the end of thts chapter. 

Numbers 
Gr1F'ORTH h 1n tnte,er ltn.-.lge. It "ustt numbers tn the rtnft 
-3276~ to +~2757,ou cln.enter nu.bers outside of thts range, 
but they wt11 bt "folded" bact tnto the ran~ (e.q. the nunber 
327~9 wt11 be stored as -327fi7). Certatn operattons, such as 
dlvtslon, will truncate decl•a1 ~rs bact Into Integers. For 
exiMPl@, 7/3•2.333333, but GrtF'ORTH will e•alutte 7/3 IS 2, 

Hands-On Experience 
"""'Y e•ery tntf'J in nraF'nRTN ts lftdH by '"'"'"' the <rtturn> 
hy. For the ·ex•""'" below, 1nd throuthout the rest of the 
~nu11, press the <return> lley after eYef'J entry unless we tt11 
you otherwise. 
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,---:3 
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"' yOU Step tl'lrOIIQI'I tr1fSt Ul,_ltl, you III.Y IIIUi.JPf IUII!et"ln", 
and rtnd yourself tn 1 sttu1tton JOU don't quttt 7et'know how to 
9tt ~·t or. If you c1n't rtcovtr things proutrly, ~on't worrJ: 
Tht power switch wat· PYt on tht ftDP1t for 1 qond rtasonf Just 
tun the puwer off end reboot tctlf"• thtn try to ""'"' out 
wh1t went wronq. We'll htlp you alon~ the w1y. · 

F:oouqh theOI'J'• let's tr7 101111! e•tiiD1et. Type: 

R11dy 3 I S 

The nUMbers 3, I, and S ha•e btP.n put onto tht stack. If 101 
hiYe 1ny doubts, .lust type the word SfACIC. 

Rttcly $TACit 

~lJ 
tsJ 
Rudy 

Typln' STACit turns on the stac~ dtsplay, so you ctn set what 
numbers art on the stec~. The sue~ display stays an unt II JOtl 
type STACK 1~11n, Thts dtsplly ts toqqltd on or off whenever you 
l.YPe STACK. You IIIIIY want to tr.Y this I htt, but IS WI 110 on, 
have the 1t1ct dlsplly on. Now type: 

R"cly 8 r 
(3] 
[4] 

f:~ 
[7] 
Rea ely 

The n.-btrs I and 7 ha•e been 1dde~ to the tOP or the stack. 
Notice thlt the st1ck dtsplly fs •upst~-down•: Vh1t we've hte" 
Cl11tnq 'too of st•ck' Is shown IS b-.fna ht1ow the oth-.r ~~rs. 
Mere's Why: sticks and 'tOP of stack' lrt ~oth stand1rd 
cOMPUterese con•entf~s, 1nd we dtdn't w~nt to hrtlk tr1dttfon hy 
calttng ft the "holt,. of stack". Rut the r.r1fOATH st1ck Cl" 
hold uP.t~ 11.A numbers wht1'- the Applt screen c~n only dlsnltf 1.1 
lint~. Vlth tht st1ck ~tsolay turne~ upsldt-~n. th'-ft the 'tno 
or stac•' (the1110st tccesslhle ftUIIIhtr) will always fie the m~r 
closest to tht "Reedy" prompt, Instead of bttnq scrol1ed orr the 
screen. 
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HI* that we have so111 nuMbers on tnt '~·"", ""•L ..... "'" ...... • ... 
t- Ont ng w , do - rlnt ·· '• T'-~ '"1rd • • '1terl,...•u 
r~ves 1 n~er fro. the stack and pr1nts 11. iype • period. 

Rtldy o 

7 

~!j 
(6 
Ready 

The 7 was ~Yed f~ the sta'k and printed. Now type •t•: 

Re~dy + 

(3) 
(4) 
[ ll) 
llttdy 

The nUIIbers 5 and 6 wen re110ved frM the stack. by tht •ord •t• • 
added toqether, and the s~ placed back on the stack. Now type 
three periods, separated by sp1ces: 

Ready 
1143 

Rtldy 

The 11, 4, and 3 were all printed, without 1ny spaces between 
the111. We'll show you how to posttlon the prlntotng of both 
nu~rs and text In 1 bit • 

You now know how to put numbers on the st~ck, 1dd the• to9ether, 
and re.ove the• by prlnttnq th~. Since ~ost words In GraFORTH 
use the stack, It's l~ortant to know exactly wh1t's happening on 
the st1ck when a word Is executed. let's Introduce a not1tlon 
tor the effect of 1 word on the stick. We'll list the word, 
followed by a •before 1nd 1fter• represent1tlon of the stack, 
then a brief description of whit the word does. The st1ck 
nu~ers 1re shown as letters, with a dash to the right Indicating 
top of st1ck. Re~Mhtr, the top of st1ck Is the diSh on the 
rlnht. An e~ty st1ck Is Indicated ~~ three dashes. Using thtl 
notation, here are the tour GrafORTH words we've shown so far: 
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.:~r~ 
"1~ 
~:T~ 

~3 
•t:::-" :3 
... l=;j 

~l-
~l:.~ 

It;~.~ 
~·-1--' 

l~ 
~:3 

E'~::3 
I 
I 

E~::3 
I 

~:~ 
I 

E::::..3 
I 
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LIST Lists the words In the Gr1FOATH 
word I lbrtry, 

STAC~ Toqgles the stack dlsPIIy on and 
orr. 

• " - Prints n. 

+ • n • p - Takes • lnd n orr the StiCk, ldds 
theM and pl1ces their su•, D1 biCk 
on the stack (P•••n). 

NotP. that there ~Y he other nu•bers on thP. stack be1nw thos• 
shown tn the before 1nd lfter dlagriMS, ~ut these are not 
affected hy the word. 

More Words 

Stack Words 

Here 1re SOMe Gr1FORTH words which .. ntpu1ate the nu~ers on the 
stack: 

DUP duplicates ( .. kes a coP.Y of) the top nur.lber on the sUck. 

SWAP sw1ps the position of the top t·"o stack entries. 

DROP re.oves the top nu~r frOM the stack. The nu~r Is lost. 

OVER Makes • copy of the numher 1~dtately btne~th top of 
stack, placing the copy on the top of the stack. 

PICK uses the top nu:aber on the stt'lck to select a nu111t,er fro111 
within the st~ck, then thn numher ts copied to top of stt'lck. 
For eUdlfllft, I fllr.k 1s equtulent to nuP, And 2 PJI;I( Is 
equlv1lent to OVER, 
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Word !!.!!!!. lli!!: Oescrtpt ton 

OUP " - " " . Oup1 fcths "• 

'"'" "'" . " . . Swtpl "' '"" "· 
DROP " . Oroos (for,.ts) n. 

OYU "' " . Ill ft II • Coptes "' to top or stack, 

'I Cit . . ... " - ....... Copttt nth tte• to too or ttack • 

k~~ptn, an eye on th~tt dtffntttons, I 01111 11101'1 t XIIIIP 1 fl 11111 bt 
h~lprut ~rt: 

R~ady l '- 3 
(I] 
[2] 
[J] 
Ready SWAP (hcheng~ postttons or the 2 tnd 3,) 

. (1] 
(J] 
[2] 
Ready OUP (Mdt 1 copy or the ?. • ) 
[1] 
(J] 
[2) 
[?.) 
Ret~y DRDP (RtiiiOYt tht copy just llldP.o) 
(IJ 
[:JJ 
[j') 
R~tdy OY£R (Copy the second fro~~ top or sttck.) 
(I) I 

[JJ 
[2] 
[JJ 
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..~··-1 ....... r~ 
It:.,.~ 

~·.,-·~ Er 
fi;-,--1 
~. r·~ 

ET~ 
~_,_~ 

~r-~ 

E~·~ 

+ ~ .. ~ 
~ r·~ 
ET::5 
·E-,....~ .. , -·~ 
;;...._..., ·.: ~r~ 
.. _, .• 1.-f ...... r-w· 
;;-;::;' 
-- I 

Rea~ nROP DROP. (fttiiiOYt 3 and I, then print the 2.) 
l 
[J] 
[I) 
Rtldy DROP DROP (RIIIIOYt tht rtNfnfnq 3 and 1. J 

~''~ (The stack Is n~ e1110ty.J 

Tou wf11 probt~1y want to expert-.nt further with "ch or t~~~ 
worcts wtth the ~tack dholty on. Wlttle their functions ""·' ""t 
be tl!rrfblr uctttnq 1 .•nu 1 1l rtncf they will be.,.,.,, usl!ful latl!r 
on ror p11lctnq nu111hers where the.r need to be at the rfqht tt-.. 

Arithmetic Words 
Tou 1 Yt sP.tn how ••• works; on the next paqe fs 1 lfstfnq or the 
GraFORTH artthmttfc words. 
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~ Before Arter Description - -
+ • n- p - ....... (addition) 

' . " - p • ....... (subtr~etlon) 

• • n- It • ....... (.ultlpltcetlon) 

I • It • p • , .. , .. (dlvtslon) 

MOO . " . r • re .. lndtr (IIOdulo) 

CHS " . • • ..... (change sl!lll) 

ABS n • . .: •AIS(n) (absolute value) 

SGII n • ·- •1 tr n)O, (si!IR) 
0 tr n•O, 

·1 If n<O 

Sill " - ·- -128<11<127 (sine) 

Mill • n. p - , .. If •<n, 
n If nCII 

C•lnl.u•) 

I. MAl • n. It -
p•• U ll)n, , .... _, 

n tf n>ll 
tl 

INO n • -32768Cn<32767 (ran~ nu~r) 
• 

11108 --- n • O<n<255 (rancto• b,rte) 

STAITIII GrefOITH 
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I 

f:!l::3 

~r~ 
::.l:-~ 

!!::r_j 
E:j~ 

e.T~ 
E(~ 
E:::~ 

~~ ..... -...... 
r;; _..., 
---4110-.4 

·I 

(.;;, ;r 
,..._.~ 

llere are so• ua11111les of the r.rafORTII artthllltt lc words In 
action: 

Ready 23 5 I • 
4 
Reidy 23 5 HOD • 
J 

(ZJ divided by 5 leiVIS 41 end I re-alndcr of 3.) 

Ready 6 CHS 
[-fi] 
Reld1 ABS • 
6 

Ready 1R 1-!1 MIN 
[lR] . 
Ready SGN • 
1 

Ready ·7 SGN , 
-1 

Rudy AND • 
-22317 

RHO leaves a rando• number on the stack. (Of course, the nu~r 
displayed will .ost likely be different fru. the one shown 
ahove.) 

Using Words 
Now that we've Introduced 1 whole slurry of words, let's pUt th.-
to use. · ·· 

For these examples, we'll assUMe the stack Is emoty before 
heglnnln!l• Thr::e are a few wtys to ei!IPtJ' the stAcll. lllth the 
suet dtsp lay on. you can t.vPe el ther PROP or •. • rtPettedly 
until the sta~k display shows t~ stack Is e.,ty. 

Another way to clear evnr.vthln!l ts to type the word ABORT. ARMT 
restarts r.raFORTH, resettlnq thln!IS hacll tn their Initial 
conditions. ~ORT can be hand.v when used fro• the keyboard, but 
If executed fron a runnlnq proqra•, It stops the pro~r•• 
1.-edtately. (There Is 111 exception to this which will be 
discussed In Chapter 5.) 
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.. 
'· l . 
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:, ~i. 

:j>. 
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,I 
•I 
'0, 

i· 

·L I I .... 

As YL- ·- alr ---.. Sttll., .... , wa~ .... add ~"" uulllbt:ra '' to en,tr 
the n~rs first, then typt •t•, 

Rudy J • • • 
7 
Ready 

This notation, where the nuMbers precede the operator, fs called 
Postfix, or ReYtrse Poltsh Notation, and Is used tn all versions 
of Forth, n well n In 1110st llew1ett-Pachrd calculators, Its 
Main advantage over •standard• notation ts that complicated 
expressions can bt evaluated without havfng to use partnthelllo 
For •••~••• tr y~t wanted to add l and S tottther, add 7 and 9 
together, then MUltiply thtfr su•s In 1 1an,ua91 ltkt Baste, you 
would type: 

I 

Note that sfnct lasfc tlways MUltiplies before addfng, 
parentheses were needed to group tht s~ together. In GraFORTH, 
you can so1•e the probl~ this way: 

Rtldy l 5 

[J] 
[5] 
Rudy • 

[8] 
Ready 7 IJ 

rnJ 
[7) 
[9] 
Rl!ady + 

[8~ 
[I~] 
Read.r • 

[WI] 
Ready • 
lliJ 
Ready 

This exaMPle was -unfolded• so you can see exactly what Is 
happentnq on the stack. Usu1lly, the tntfre expression fs 
entered on one ltne: · 

STARTING GrtFORTH , - 12 

Rudy l 5 • 7 9 • • • 
128 
Ready 

To ftnd the cube of 1 n.-ber, .¥0U can type the ~r three tt .. s 
and IIJl ttply: 

Ready 3 3 3 • • • 
27 

Anothtr way Is to typt the n.-btr once and use OUP to dupltc1t1 
tt: 

Rea ely l OUP tliP • • • 
27 

OUP allows you to ute '"' nutlbtr wtthovt hntnq to enter tt 
repeatedly. Thts wtll ~ very useful for general purpose 
opertttons Inside prograMS. 

Printing Text 
Prfntfnq tixt In GraFORTtt h strtflilttforward: typt the word 
rRJ"T, the word • (quote), the text to be printed, then another 
quote: 

Ready PRINT • SUPER ZAPPO SPACE GAM£ • 
SUPER ZAPPO SPACE GAME 
Re~dy 

Since the ~ott fs 1 GrtFORTH word, the sptces between the quotes 
1n~ the te~ are r~qufrPd. Note t~1t you can use quotes wtthtn 
the quoted text, as long as It ts not separated on both sides 
Wfth SPICtS: 

Ready PAINT • THIS IS THE •enT• GAM£ EY£11111 • 
THIS IS THE •eEsT• GAME EYER! 
At1Jy 

Since PRINT does not tut~tlcllly prtnt 1 SPICt or 1 carriage 
return at the end or the text, two other handy words to know tr4 
SPCE and CR. SPC£ prints 1 space, 1nd Cl Issues a carrta~e 
return. Notice the dtfferenc~ In t~ following three exa~les: 
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.... 

-. . !3 

Re1dy PRINf • FIRE • PRINT • ONE • 
FIREON£ 

Re1d1 PAINT • FIR£ • SPCE PIINT • TWO • 
FIR[ TWO 

Rudy•PRINT • FIR£ • Cll PRINT • TitRE£ • 
FIRE 
TillE£ 

•' I 

Prlnttn~ teal Is not very useful If the 5rst.- aqly prints the 
teat ~~~l1tely then for,.ts lt. Fortun1tely, GrafORTH c1n do 
•ch 110re thin th1t. 

Defining Nevy Words 
The p~r of Gr1FORJ" 11 1 llntul91 llts In the ahlllty to define 
n~ wor~s In ter~ or old ones. In fact, writing •pro,rl-s• In 
r.r1FORTH Is done h~ sl-oly dtflnlnq a series of new wor~s which 
AccOQpllsh the desire~ t1sk. These new words 1re 1dded to the · 
word llhr1r1 1n~ c1n be seen by typing the word LIST, In this 
"''·'' the GrtfORTH .. nquaqe Itself (or wttlch the word ltbruy Is 1 
Plrt) •eapln~s· to bee~ your proqr••l .. 
New words are crP.Ite~ with 'colon definitions' (so n1-ed because 
they beql~ -lth a colon). The for• ror • colon definition Is: 

: <word n1 .. > <strlnq of dtflnlnt words> ; 

The colon tells the syste• to begin 1 new wor~dPflnltlon. The 
u .. tli"i£ lllllll!dlitP.IJ follows the colon wl 11 he the na• of the 
nP.w word. The words th1t follow the n1 .... ke up the 
·~eflnltlon• or the word; they are the words to bP. eaecuted 
whenP.ver the defined MOrd Is typed. These words heh1ve Just as 
If they hid been typed In dlr~ctly at ttte keyboard. The 
se•lco19n Qlr\s the Pond of the colon definition, and causes the 
word ro-tie t-.1 le~ Into .. chine lln!IUafiP. and added to the word 
llbruy. 

As'" ea.-pie, Itt's define 1 word that 1dd1 t.o nulblrl lhtn 
prints their s.- 1lonq with 1 short .. ss•tt: 

R11cl.1 : Slit PIIIIT • Ttl£ SUit IS • + • ; 
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--.:~·~ 
.. -... J_~ 
~-.1 ...... 
·;t~ .. ...,.-~ 
~-.1--

·;; I ~ ...... 1_ ..... 
'h-,-...... 

~·-r~ 
e. j-~ 

cl~ 

El·~ 

E..i~ 

~-3 
9::3 
El-::3 
E::·-::3 

-· 
I ET..:i 

.. ---~f~· 

Followln~ the ror• for coion oertnl&lons, ~UH 1. •RV na~. u• the 

""' word, and 

PRill • THE SUM IS • + , 

ts uecu ted whenner the MOrd SUH IJ entered. The worct PRINT 
uuses the phrue •Ttt£ SUM 1s• to be prlntect, the + 1dfis the top 
two n~~t~bers on the st1ck, 1nd the period prints the sum. (Note 
that there 1re two spaces between the word IS 1nd the quote, so 
that 1 SPICe w1~1ppear between the teat an~ the nu.,.er.) Now 
let •s try our new word: 

Ready 25 31 SUM 
TH£ SUM IS 56 
R11dy 

LIST the word library, and you'll Itt that the word SUM has been 
1dded: 

R11dt LIST 

SUH 
CttS 
SGN 
CALL' 

A nice 1ddltlon to this word would be to reprint the nuMftlrs 
being added. But before we c~lt ourselves to a colon 
definition, let's try tt •ltwe•, where we can watch thln~s one 
step at 1 tl•: 

Reld.V STACK 

Rlld.Y 25 31 

[25] 
[31] 

We need to .. ke toples of the two numbers: one set will he 
reprinted on the screen, and other set will be 11tdtd toqether. 
(Aftllfllber that 1111ny GrtFORTH words consu111 nu...,.rs fr011 the 
st1ck s~ wn need to have the nu.bers readY to •reed• them!) The 
qutck;st ••1 to cnpy 1 p1lr of nu-bers Is by using OVER OV£M: 
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Reedy OYER 

[25] 
[ll] 
[lS) 
[Jl] 

Now tet's reprfnt tht rtrst set or nuMbtrs elont wfth so-~ 
tnror~tf•e te•t: 

RP.I~Y PRINT • THE SUM OF • 
Til£ SUM OF 31 
[25] 
(Jl) 
(25] 

Rt~dy PRINT • ANn • , PRINT • IS • 
ANO 25 IS 

(25) 
(Jl] 

Now let's 1dd tht n~rs ••• 

Ready • 
[56] 

••• an~ prfnt tht tu~: 

ltetdy • 
56 

Now Itt's put ft Into 1 coton deffnftfon, wfth 1 different ntMI. 
Note that yo. c1n enter the derlnftfon o•er lt¥tr11 lfnts (tr you 
tit!). 

Rttdy : SUHI 

Rudy OVER mtR PRINT • Tfft SUM OF • 

Reidy PRINT • AHO • , 

Ready PRINT • 1$ • + , : 

STARTING GraFORTH J • II 

,. 
-~ 

T :. i:j 
:r ·-·-· ""'·· .I......;J 
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.:···r~ 
~-1:3 
-~T.3 
t:.l:::3 
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.. ~r~ 
~-=i~ 
c.. ~ --,-

After entering the deffnltfon, the word SUMI fs 1tso on tht word 
library: 

ltudy LIST 

SUM I 
511" 
CIIS 
ARS 

ltflcf1 25 31 SUHI 
THE SUK OF 31 AHO 25 IS 56 , 

SUMt can now ht celled at eny tfMt, frOM tfthtr the •eyboard 01" 
another worll deffnftfon, n enf ty n any or tht ort,tnat 
GreFORTH words In the word tfbrery, 

Note: As you write end enter coton dertnltlons, be sure to enter 
1 S@Mico1on to flnfsh the derlnltfonl If you ~·t, r.raFORTH 
witt essu~ that e•erythfng you type fs part or 1 word to be 
e•ll!'cuted at 1 liter tfi!IP.. If GreFORTH ever resounds to wor~s 
tfke LIST wfth only 1 "RI"edy" pro~~~pt, .vou've probably 1ert 1 
semfcolon out or colon d~flnltfon • 

Forgetting Words 
Tou can set that tr W! hep on dP.ff nf ng new words, the word 
lfbrery wf11 continue to grow untft we use up 111 or the ~rv 
avellahle. SomPtf~s words are nn tonaer needed, or 1 word mfaht 
cont~ln a •lst.ake (77?). In etth~r c~se, to delete one or Mf"' 
words, the word FORGET fs used. It takes the ro~: 

Ready FORGET <wordne-e> 

FORGET cannot setect1•ely reMOve words froM the ~lddte or the 
word tfbrary. It only truncates orr tht toP, de1etfn~ the 
spectrltd word and every word ebove ft. In our •••molt, to 
delete both SUM end SU"I, type: 

Re~cf.y FORGET SUM 
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.. ··I 
:I 
; I .. , 
h .. , .. 

I 

CHS 
ARS 
SGM 

~otlcP. thtt both SUM tnd SUHI were re.oved fro. the word ltbrtry. 
lltd there been 110rt words Above thM, they would aho hnt been 
re•ovtd • 

Note: You wtll not get 1n error Mtsstge tf you try to FORGET 1 
word thtt ts not-rft the word ltbr1ry. Thts .,kes t.,leMtntlng 
proqr•• 'overltys' tester. (Overlays wt II be dhcussed tn 
Ch1pter 5.) llowewer, tr you •tsspe11 the word you want to 
forget, ~hen no words wtll be deleted fro. the word library, 
Thus, It s 1 qood \dea to ust LIST to rertfy th1t the right word 
or words hlvt bttn deleted. 

3 • II 

J;;:~ . ;; ..... ,_._ 
r.:._ _I . ----.. ........... 

I 
r:_ I . .... -~ ... ___ " 

~- -~ ............. 

E·~~-·-~ ·- .. 
E l • 

-~· ., ...... 

s;;; ..... j t:...,.-
1 

E, .. ~ 
J. l.::j 
E!l.::j 

E:f~ 
9~ 
E:r::j 

~·~ 

Looping Structures 

The r.rtFORTH no. LOOP construct ts avttlthle for repetitive 
tesks where the nu.ber or repetitions Is known thttd of tt~. 
The for• for 1 PO • LOOP ts: 

<endtng value> <tnttlll vtlue> DO <words to be repelttd> LOOP 

The word DO removes two vtlues fr~ the st~ck. The top nuMber ts 
used as an •tnttttl v1lue' and the next nu~er ts used IS •~ 
'endtnq value', The words between 00 1nd LOOP trt eJurcutetf, then 
the tntttal vtlut ts lncre .. nted by one. 'If this lncre~nted 
value (whtch we'll call the 'loop v1lue') Is sttll less thin the 
endtnq value, the proqra• loops back to eaecutt the words h-.tween 
DO end LOOP aqaln. Thts c.vcle Is reputed 11 lonca IS the lnop 
value ts less thtn tht endtn, vtlut. 

If you trt fa•llllr with Applesoft Rtslc, you will notice that UO 
-LOOP Is st•tltar to Applesoft's •rOR •• NExT• loopln~ 
structur11. 

It Is often handy to retrieve the current loop v1lue. l~stde the 
DO • LOOP, the word •1• retrieves the looP value tnd pl1ces It on 
the atack. Here ts 1n exaMPle: 

Ready 5 0 00 PAINT " HERE IS NIIMRER " I • CR LOOP 
HERE IS tutRER 0 
HERE IS NIIHIJER 1 
IIERE IS HIJI1RER 2 
IIEAE IS t.UMRER 3 
tiER£ IS NUHDER 4 

"5 0 00" sets UP the looptnQ structure for 5 loops, Inside the 
loop, the phrtse "HERE IS NUH9ER• Is printed, then the loOP vtlue 
Is retrieved by I, then prlnt~d with •,•, CR c1uses the c~rrtaqe 
return to put etch nUMber on tts own ltne, tnrl LOOP .. rks the end 
of the loop, c1ustn~ the loot value to be tncre~nted and 
ca.p1rtd with the ending valu~. Not-. thtt the loop continues 
onlv IS lon!l IS the loop vallte ts less thtn tht ending value. 
Thtt's why the loop stops tt 4, no~•• tn Applesort. 
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Thl! words DO 1nrf LOOP work IS I Plfr ltiCf IIIUSt 11weys ht INtcltfd 
ut, either on the SIMf ltne to~ther or entered In 1 colon 
dtffnftfon. Typing DO or LOOP tlone c1n h••• nesty 1nd 
un.,redlctltftle results. 

To~~~ 1 loop wtth en tncrtMtnt othtr than 1, 111 +LOOP Instead 
of LOOP. +LOOP rtMOYtl I nUMber froM lht stec• to VII IS tht 
lncre-.nt. Thts nUMbtr can be either ~sftfvt or newatfYt (for 
loOPS thtt count btcltwlrds). llert Is an UIIIIPlt: · 

Re1dy t~ 0 DO I • CR f +lOOP 
0 
1. 

• 6 
8 

The 2 w1s used bf +LP"P 11 the tncr..ent. 

Reidy lSD 200 DO I • Cit -10 +LOQP 
200 
ICJO 
181) 
170 
160 

loops c1n be nested fnsfde one tnother. Tht looP w1lue for the 
current InnerMOst loop Is a1w1y1 1ccesstd by •t•, 1nd the looP 
v1lue for the ne•t outer 1t~1 ts accessed wfth the word •J•, IS 
tn thts colon deftnttton: 

Rei~ : DOUBLELOOP 

Rea~ 4 0 DO 

Atldy PRINT • OOTU LOOP: 

Rttdy 3 0,00 ... ,., , . SPCE I • Cit 

It tidy LOOP 

RtttfY LOOP : 

STARTING GraF'OitTff 
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Al!tdY OOUOUlOOP 
OUTER LOOP: 0 
0 0 
n 1 
n 2 
O"TER lOOP: I 
1 n 
I I 
I 1. 
OOTf:R LOOP: 2 

2 " 2 I 
2 2 
OUTER lOOP: 3 
3 n 
3 I 
3 2 

' . 

The Inner loop ts cycled thrt'- ti-es for etch cycle or the outer 
loop. Note thtt the o•1ttr loop ulue Is rerertnced In tht outPr 
loop wfth "1", but Is referenced frOM the Inner loOP with •J• • 
,Jttst rtlllflllber thlt "I" 1lw1ys references tht lOOP v1fue for thl! 
current InnerMost loop. 

rr ~,., than two nested loops 1rt htfnq used, the 1~ v1lut nr 
th~ third IIJOP !Jilt ctn be 11ccessed fr0111 Inside tht lnnentOst looP 
with the word "K". 

The 'Return Stack 

no • lOOPs ""'"' tt•e or anfJth~r st•clt In tft~ r.r•F'ORTII s_,,tf!lll, 
sl•fllr to the dttt stack, ltnown •• the 'return •tack'. Th~ 
retttrn stack can also hold IZR numhtrs, thmJ~h r~r most 'rtJQrl~ 
It r11rely contatns mort th11n 1 few. (Most •erslons or F'ortft, 
bt!CIIIIIf they 1rt fntP.rpreted, use the ret11rn stlclt ror 1 YlrfetY 
or purpfJStSo ReClUSe r.raF'ORTII fs toiiiCifle" directly Into IIIA(~Iftl! 
11nqu1qe, the Apple's processor tts~lr t11tes c1re or these 
thln~s~) • 

When the 1110rct nn fs encount~red, t'- t, two '''"" Oft the dAU 
sto~~ct art IIIOYP.d fJYfr tiJ the return sttck, with tht '"" ''"" on 
tfllt '"" the endfn" YA1ut undtrntath~ Tht word lMr lncr.-.."t." 
the loop """ nn the return st11clt. The worct "I" pltcP.S 1 COllY 
or the toP return st1c1t ••"" anct pl1c~s It Oft the dtU st.tclt • 
Vh,n tht lOOP Is rtnelly e•lt~d, the two return st1c1t v11ues 1r~ 
r11110w~d. 
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There are 1 few words In r.r1FORTH thlt en1blt you to ust the 
return stack dl rect l:r. The return sUck un bt 1 hlndy place to 
put n~ers for a ~-ent while pl1ylng q•-.s with other nuMbers 
on the data stac,. (In Chapter 5 we'll show you how to decllrt 
varlahl'-S fnr -ore per-anent storage.) Care should be taken to 
1vol~ dlsturblnq the value and placeMent or existing return st1ck 
entrt~s when ustnq DO • LOOPs. (In other words, If you're not 
sure, don 1 tl) Here are tht words thet dlrtct1y control tht 
return stack: 

PUSH .aves the top dati st1ck entry to the return stick. 

PULL .avts tht top return st1ck entry blck to tht d1t1 stack. 

POP re-oves tht top return st1ck entry. Tht ~r ts lost. 
I 

Suppose thert are three nu~ers on tht stack 1nd you want to 
revtrst tht order or tht bott011 two. Here h ont way to do tt: 

[J] 
[2] 
[I) 
Reidy PUSH 

(Jl 
(2] 
Reedy SWAP 

[1] 
[J] 
Reidy PULL 

[2] 
[l) 
[I] 
Ieedy 
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Comparing Numbers 

A nu.ber nf GraFORTH words art devoted to co-pertnq m•~ers. 
Thtst words art: 

() 

• 
) 

( 

>• 
<• 

(not equal to) 
(equal to) 
(qreater than) lless than) 
greater then ~r equ1l to) 
ltss than or tqull to) 

Each of these worrls reMOves two ~rs rr011 tht stack, co~artnq 
the second stack nUlllher down wtlh th . top .stick nulllber, and 
returns on the stat~ either e I If the COMParison Is true, or 0 
If the co..,artson Is false. litre art a rev uai'!P1ts: 

Rea~ S 5 • 
1 

ltP.idy 5 7 • • 
0 

Ready -32 -6 < • 
l 

lleady 45 46 >• 
n 

~ cnuole or other words re1atl!d to the collll).rlsm words are AtiO 
and 011. These words re-ave two nuMbers fr~ the stack 1nd 
perfor• a logical operation between each or the lfi bits of the 
nu.bers. returntnq another nwaber to the stac~. 

ANO oerfo~s a hltwlsft ·AH~· between the two stack values; ~ 
perforMs a bitwise •OR•. Don't worry H .You're unfa1111lhr with 
the relationships hetween m1folhers and thetr btU. llsu .. lly thl! 
t..,ort1nce ,, MO and 011 ts between two .!!!:!! or '!0.!!!!!.1?. nlii!N!rs: 

I r both the top stac~ value and the sP.cond stack v111111 arP. 
nonzero (rr.presentlnq •true~then the ANn of thl! two nuobers 
will also be nonzero. If either 01" ~th nulllbers are lP.ro, thf!n 
the AND will also he ZP.ro. 
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tr rtthtr thr top st•c~ v1lut or th~ srcnnd stac~ v1lut 1rt 
nonrrro, th~n the OR or the two nUMbers wt11 bt 1lso nonzero, 
Only wh~n ~oth nuMbers 1re ztro wt11 th~ OR aptretton bt zero, 

ANO tnd OR art useful tor cOMbining the results of lwo or .ore 
tr!ts. The rollowtng e••~lt tests whtther or not 1 gf¥tn nu.-.r 
ts ~re1ter then 5 1nd ltss thin 10. We'll test wfth two numbers, 
7 1nd 3: 

Rudy 7 
[7) 
Rtady OUP 5 ) 
(7] 
[I) 
Rudy SWAP 
[1) 
[7) 
R~•dJ to < 

~n 
Rtacfy ANO 
[I) 

7 ts ~rrater then 5 tnd less then 10. 

RttAdy 13 
[13] 
Rudy OUP S ) 
(IJ] 
(I] 
R!tcfy SWAP 
[I] 
(13) 
R!!ady 1rJ < 
(I] 
(OJ 
Rtady Arm 
(0] 

ll ts not 9r11ter then 5 and less than tO, 
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Decision and Branching Words 
An •ssenttal p1rt or 1 c~ter language ts tht 1bflfty to ttst 1 
conctttton, thtn ffllkt 1 cteclston on the basts or the test. 
GraF'OATfl has rhe dtrrerrnt constructs thtt 1cco~llsh thfs. 
£~ch or the constructs contefns a worct which removes a nu~r 
rr0111 the stack. In 1110st cues, thr "declston• ts 1111dt on the 
bAsts of whether tht n~ber ts zero or nonzrro. Any nonz~ro 
number represrnts 1 condttfon bttnq true, and.• zero reprts~nt' 
raise. ("ote that the 1bove co~trtson-words pl1ce 1 ont on tht 
'i't'«'f tr the tOIIIPtrhon fs true, tnd zero tr the tOIIIPtrfson h 
r•tse.) 

A sfmplt flowchart ts tnclucted wtth e1ch of tht fo11owtno 
construct~. showfng the •rtow" or the proor1111. Tht errowt 
fndtcttt whit Is e•ecutect fn whtt ordtr. ·Tht bo•es reprtstnt 1 
oroup of words to bP. e~ecuttd. The dftmonds rtprestnt 1 ttst, 
usu1lly ror 1 ztro or nonzero ~r • 

flote: · hch or these constructt h "'"'' "" or tWf'l or 1110rt wnrctt. 
lf~e no. LOOP, thPte d,clslon words work toqethtr, lnd Clnnot ~ 
tntered 1lone. They ~st bt entered tfther on one 1fnt or rr~ 
wfthfn 1 colon dertnttlon. 

IF- THEN 
The stNPlest cttcfston construct ts IF - TH£"· Tht f~ ror IF • 
T14EN fs: 

<st1ct test ••1ue> IF 
. <words to be extcuted> 

rHEN 
Tht word IF rtiiiOYtS 1 nUIIIbtr ri"GGII the stack. I r the nU!IIhtr h 
not zero, then the words between IF 1nd THEN 1re txecuted. rr 
the nUIIIber fs zero, then the words betwttn IF 1nd TH£" lrt 
sktpptd o•er. In tfth~r tlst, tht progr•• conttnuts on arttr tht 
word THEN. Tht rlowchtrt ror IF • THEN follows on the next Pl~e: 
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THEN 

let's use IF 1nd THEN tn • couple of col~ dtftntttonaa 

R.,dy : TESTl 

Rtldy PRINT • Tl£ NUHBU IS • 

Rei~ If PRINT • HOT • THEN 

Rtldy PAINT • ZERO. • 

The ftrst tnd third PRINT ~rds 1re'executed ;very tt ... Tht 
word If re10ves 1 nuaber fra. the st1ck (whtch we'll supply 
before we execute TESTI). If the n~r ts nonzero, then 
PAINT • HOT •, which ts sandWiched between the IF 1nd THEN, tl 
executed. If the n~r ts zero, then tt ts not executed. 

Ready S TESrt 
THE NUMBER IS NOT ZERO 

Ready n TESrt 
THE NUHBE' IS ZERO 

If - THEN constructs c1n be used wtth nu~r co-o1rtson words. 
Re..-ber that thftse words return either one or zero, depe~tn~ on 
the success or f1llure of the co.partson. Suppose that for •~ 
appllc:atton, .YOU want to set 1 H•tt on the size or nulllhers. The 
fQIIowtnq word will let tny nu.ber less t~tn 25 PISS throuth 
•ufthlr-ad•, !Mit tny n~r over 25 wt11 he repltctd wtth 1 2~: 
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~j 
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ET~ 
E:y~ 

9:~ 
t:-.--l 
~r ... 
e:-p 
~~F 

ET 
E:.F 
E.'f~ 
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R11d.Y 1 UPPERLIHII 

Rudy OUP 

Really ?.5 > If 

Ready DROP 25 

Ready TIIEH ; 

The word OIIP NktS a copy of the toP stack vtlue. The word ">• 
co~eres the c1py wtth the nuaber 25, leaving 1 one on the steck 
If the nuabtr s qre1ter than 25,· or 1 zero tr It Is not, The 
word IF re•11oves the one or zero fro'" the stack to dtctde whether 
or not to ftaecute the fn11pwtn~ words, Ae.,Mb•r thet the 
qrtqlnll nu•ber ts sttll on the stack. If the co~artson Is 
false then the words between IF and THEN ert not ••~cuted, 1nd 
tht n~ber. ts left lnttct. If the ca.partaon Ia true, then OAOP 
25 Is uecuted, which re1110v11 &ht ortglnll nuMtttr fr011 the lUck 
and repllctl It with zs. 
Reld.Y 16 UPPEALIHIT • 
Hi 
Ruc(y 17 IIPPERLIMIT • 
25 
Ready 

IF- ELSE- THEN 
Another version of the IF - THEN construct Is IF • ELS£ • THEN. 
The for• Is: 

<test stack ·v•lue) 
If 

<words executed If nonrttro> 
ELSE 

<words executed If zero) 
TltlH 

As before, the word IF re.ovr.s 1 nunher fro- the stack. ~owever, 
If the nu.Otr Is nnnrerQ, then the words h~t~een IF And ElSr. 1rtt 
C!III"CIIted. 1 f the n!MIIher h zero, then the ~nrds het~een f.LS£ 111ft 
fllf.N arft exr.cutf!d, The ~o~ruqtll't thM conllnu.s aft,.r the ~orrt 
THEN. The flowchart for IF • ELSE • THEN follows on tht next 
p,qe. 
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IF 

..--..._ ... ELSE 

Rttdy : UST2 

R!ady nuP 100 ) IF 

Rea~ • PRINT • IS GR£ATER THAN tno • 

bady HSE 

THEN 

Ready • PRINT • IS lESS THAN OR EOUAl TO ton • 

Re~dy THErt ; 

Aqafn, ~·•e duplicated th~ ~r before c~artnq so that we 
could orfnt It 1at4!r, ustnq ont of the two ~erfods fnsfde the IF 
• ElSE • THEN, Also note that the controlled words are Indented. 
This Is certainly not 1 requlr~nt, but It qreatly Improves ~he 
readahtltty or the word dfffnftton. (In tht next chapttr, we 11 
show you how to ust the ttxt editor to sa•e the text or the word 
dertntt tons.) 

Ready liM T£ST2 
106 IS r~EATEA THAN tnn 

Ready 54 run 
54 IS lESS mAN OR EOOAl TO 100 
Retdy 

As wtth tooos, IF • TNEN constructs can be ntsted. Thfs example 
outs checks for hoth upper and lower tf•fts on • nUMber: 
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R~~~ : TWOliMITS 

Ret~ ~'tiP Z~ ) IF 

lttatly rtt INT • Gltt:ATtR THM H • 

ltellrfy 

Rt~~d.Y ElSE 

Reatf.Y lr'l < IF 

Re11dy PRINT • lESS TJIAN tn • 

neaii.Y F:lSE 

RP.ad.Y PRINT • BETW££N In ANO 25 • 

Rudy THEN 

Ready THEN ; 

One IF - ElSE - THEN Is placed ~tween the ElSE and THEN or 
another one. Note that before the ffrst c~arls~. we mJPitcat 
the nu111ber because we don't know yet whether or not ft will I"! 
needell for the seconll como11rtson. tr the n~er Is qre1ter thl~ 
ZS, then It fs not needed 1q1fn, and Is OROPoed. 

Reedy -62 TWOliHITS 
LESS TIIIIN 10 

Ready 19 TWOliMITS 
BETWEEN tn AHO 25 

Ready 684 TWOli"ITS 
GREATER THAN ZS 

BEGIN- UNTIL 
Another construct that allows repeated e•ecutfon ts WEGIN • 
UNTil. The for• Is: 

lEG IN 
<words to he reoeettd) 
<test stack ••1ue> 

UNTil 
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J 
Th~ "ord R[GIN •uh the beqlnnlng or thP. construct. The words 
hetwl!f'll IIEiiiH end UfiJIL are executed, thc•n the word UNTil re110vt1 
a nUIIhtr fra. the stact. If the nu~tr ts 1ero, theft the ~roqra• 
branchll back end the words httwttll REGitl and UNTil are exer.ut~d 
•t•ln. T~ts loop ts repeated until the stack value ts nonzern, 
t~en th~ pronre• continues pest the UNTIL. Thts ts the flowchlrt 
for IEGIN • UNTil: 

K-----'"" IEOIN 

•0 UifTIL 

The following •••.,le st1rts wtth • zero on the st1ck, then 
prints the n~r, tdds I to tt, then loops b1ck unttl the nu~er 
equ11s R: 

Rei~ 0 BEGIN DUP • CR I + DUP R • UNTIL 
0 
I 
z 
l 

• s 
6 
1 
[R] 

···~ The words •oup • ca• prtnt the ~r without losing tt 1nd 
tssue 1 urrl1ge return; •1 •• tncrMtnts till nUIIber· 1nd 
•mJP 8 •• dete,..lnes If the nu~r equ1ls B. Notlce'that thts 
loop leavl!s • COPJ of the nu~r on the st•ck when It ftnlshts. 
Acldlnt DROP to the end of tht ltnt tlktl c•rt of thh. 
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I:Jt:f.i/N • wHILe • REf't=A T 
The DF.ntN • NIIIU • REPEAT construct II st•l lar to IEiiiN • UtiTIL. 
The for• ts: 

BEGIN 
<words to bt reoetted> 
<test it4ck value> 

WHILE 
<controlled words> 

REPEAT 

fhe ~rd REr.IN 1qatn .,rks the beginning of .the construct. The 
words hetwP.en BEGIN and WIIILE are exr.;uted, then WHILE ~111oves • 
nu•her fr~ thP. st1ck. If this nu.ber ts nonzero. then t~e 
controlled words ~etween WHILE and REPEAT are execute~. then 
execution .tttiiiiU back again to the words 1rter the BEGIN, H the 
nulllber ts ·,.r,, then the proqra11 JuiiiPS dlrecti.Y put the word 
REPEAT 111d coratlnues on. The key to rtllf!lllberfnq this Is thlt the 
controlled words 1re REPEATed WHILE the stack value re~tns 
nonzero. Thts ts t"e rlowch11rt for BEGIN • WIIILE • REPEAT. Note 
thet the test Is at the btgtn~tnq of the controlled part: 

BEGIN 

words 

.---..J REPEAT 

The followlnq eliiiiPlt h sl•ll•r to the prevto111 UIIIIPle fetr 
BEGIN • UtntL. The nu.ber Is tested first thts t11111, ~hilt It 
ts not P.qual to 11, tt ts prlntetl •""' tncrtt~~ente~. 1nd the cvcll! 
Is repeated: 
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Reedy n R£r.IN "'" It <> WHIU nuP • tit I • lt£P£"T 
0 
I 
l 
J 
4 
~ 
6 
1 
[A] 
""dy 

CASE:- THEN 
s~tt~~~ts 1 cholct ntttls to ht Ndt , ... 1 r1n,._ or POSSible · 
numb~''· Tht C"SE: construct 1llows you to do thts. The ror. 
Is: 

(StiClt ¥11Ut) 

CASE: 
<word O> 
<word J> 
<word Z> 

. 
<wortl n> 

THEN 
The word CAS£: r.-oYes 1 ~r from the stack and uses thts 
n~tr to sel~ct 1nd execute 1 sln~le word rroM·I list or wordl • 
A r~ro selects Word 0, • one selects Word 1, etc. The word TtiEM 
~rks the end or the CAS£: construct, 1nd ts required. The 
flowchart ror CASE: rollows on the next pa~e: 
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, .. t----. CASE• 

)'tl 

I 

.__~·n~~1word n 1-l ~1 THEN 

RtldJ X PAINT • THE NUMOE~ IS ZERO • ; 

Atllf,Y T PAINT • THE NIJP10£R IS ONE • 

Re•dy : l PRINT • THE NUMftE~ IS TWO • 

Rea~ : CASE.TEST 

R~aiJy CASE: 

ReAdy I 

r.-.acty ' 

Atacly l 

ltl!~tiY ftF.ll 

Really Tlt[N : 

1, T, and Z art words Wf hive dtfftttd lttd 1re cA11tlf b7 the word 
CASF..TEST. Thl! CASE: list tn CASE.TE~T contetns four wortl~, s~ 
the construct uses tht nU"hP.rs n thr~t~h J. Zero select• X, I 
SI!IP.cts Y, ?. selects 7., and J Sl!l~cts AEtl: 
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Ready 0 CASE.TEST 
TilE NUMBER IS ZERO 

Ready I CASE.TEST 
THE NU"8ER IS ONE 

Ready 2 CASE.TEST 
THE NUHOER IS TWO 

Ready J CASE. TEST 
(The Apple speaker beeps.) 

Warning: If the nu•ber which CASE: re~nwes fro• the stack Is too 
large or Is less than zero, SOMething strange and probably 
not-so-wonderful wtll happen. For eaa~1e, the systeM .,y hang 
up. (In the above eaat'Pit, the only acceptable nullbers for 
CASE.TEST are n, 1, l, and 3.) The key to avol~lng trouble ts to 
siMPlY not let nuMb~rs out of the CASE: range go tnto the word 
CASE:. There are a 1\UMtr of ways to do thts. Here Is one for 
the abowt eaa.ple: 

ReadJ : SAFE.CASE 

R11dy OUP OOP 3 <• SWAP 0 >• AltO 

lt~lly IF 

Rea~ CASE,TEST 

Rea~ ELSE 

Rtttly PIJNT • THE IIJHBER IS HOT .BETWEEN n.AHD 4 • 

Read.Y OAOP 

Ready TIIEH ; 

SAFE.CASE first checks the nuMber to SIP. that tt ts between 0 and 
4 before plssln~ tt on to CASE.TEST. If It Is out of ranq4, a 
.arssaqe ts printed. (You uy want to try the words -nuP PJP 3 <• 
SWAP o > • AHo• dt rect 11 ,,. the ktybo•rct to stt how they work 
to~ther). 

RP.ady ?. SAF~.CASr. 
THE IIJMOER IS TWO 

RP.ady 7 SAF~.CASE 
THE IIJtiPEI IS HOT BUWE£11 Q AMP 4 
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Ready -6 SAFE.CA5f. 
TilE NUHIIEA IS NOT PET WEEN 0 ANO 4 

Program Structure and 
Other Miscellaneous Thoughts 

Notice that In the last e~aMPie ror CASE: ahov~. w~ beqan by 
dcflnln~ three short words: X, Y, and z. Then we tteflne~ the 
word CASE.TEST, which calls nne of those three words. Finally we 
defined SAFE.C~SE, whl~h calls CAS£.T£ST. . 

This •chatn• of drftnttlons Is the way 1onq prnqra~ In GraFORTH 
are built up. The 'low-level' words, whtch usually do rather 
menial tasks, are defined rtrst. Then the neat le.vel or words, 
which call the first set of words, are defined. This process 
builds layer ~Y layer unttl one last word Is added to the top of 
the word library, which •coordinates the show". The enttre 
progra• can be run by st .. ly typln9 the na1111 of thts top worrt. 

The bP.aut.Y of this schel'llt Is that each level or words can he 
thorouqhly tested and dehu~qed before movlnq on to the ne•t 
hlqher level. Thts helos to prevent the all-too-familiar scene 
of the proqramMtr helplessly wadlnq throuqh •lies and •l:es or 
COIIIPUter prtnt-out trytnq to find the elushe "buq• tn a proqra111. 

Another advantaqe ts that with separate word definitions, you can 
hnl! 110re than nnP. "prog,.,..• tn NIIIOr.v It 1 tllllt. Words un be 
derlnert coii!Pietely Independently or P.ach other, and used as 
Individual proqra•s or routines. 

•••• Whtch brings us back to sa-e spP.clflc pofnts on GraFOqTH • 

Word References 
Words In GraFORTH can only ~ defined In ter•s or already 
existing words, which resltte In the r.raFOATH word library at the 
t t111t. In ract, •nv referP.nce to a word that Is not currently In 
the word library will pro~tce an error MtSSiqe, and the unknown 
word will he lqnored: • 

Ready 5 n DO I • CR STRANr~ LOOP 
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Another sourcP. qr trouble fs deffnfnq 1 word wfth the 11~ na.a 
1s en 'lretdy extsttnq word. If thts htpptns, t~ new word ts 
tdded to ,.~he word Hbrtry, but a wtrnfniJ IIW!SUIJ'! h printed: 

Ready : 0Y£R PRINT • OYER THE RIYER ANO THRU THE WOOOS • 

OY£R Not llnfqve (Rttvm) 

Wtth two words wttH tht sa~ n1-e fn the word 1fbrary, how does 
tht sy't~ choose between the•? For our ex•~lt, any words that 
rtftrP.nced OYER before the new dtftnttfon wes added wf11 stfll 
rerer~nce the etrlfer wor~. Any new rererences to OYER wtll 
reference the new ~erfnftton. Thtt ~•ns thlt the orfgfnl1 
deftnttton ts no lonqer tccesstblt froM tht ktybolrdl 'In 
q!neret, deflntnq words wtth txtsttng word nlmeS Is not I qood 
Idea '"" should be IYolded. · 

Proqr~tiiiiiiP.rs who Hh to d1hble wfth recursion wt11 be hippy to 
hear th~tt GrarnRnt words c1n c111 themsel•es. Word definitions 
can ~tlso he nestP.d one definition lnsl~e 1nother, 1llowlnq the 
lnsld~ and outside words to c111 tach other. T~P.St clptbflltfts 
are very useful In ctrtlfn rec11rsht topltcatlons, but should be 
avoided If not needed. (Tour proqr1~ c1n fttt hlrd for people to 
follow I) · '' 

Speed and Flexibility vs. Error Checking 

GrtF'ORTif ts a •try fast ltngultlf. It has to t.. to •nfpv1ate 3-0 
l~qes,lt thP. speeds It dots. r.raF'ORrn-fs 1tso .,,,., rtextblt. 
As you It see tn C~IPttr 6, r.raFORTH wl•ts you direct control or 
your Apple. 

You My be 111r fnlf, •Vft•t 's the c•tcttt• Tht •ettctt• fs th1t 
Gr~trORTII hiS little built-In error chP.ckfn1. In tP.M!II or s~ttf, 
If ynur pro~r1• works correctly, then rep~tftf•t trror chtckfnq 
sch!r.II'!S ctn only slow your pro!lr•• cfown. · 
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In te~ or f1t•fhflfty, tr you're all~l!d to do nterty enythfnQ, 
thtn thert ts nothfn~ "to protP.ct you fr~·. GreFORTH fo11~s 
the Forth conYtntlon that If JOV Wlnt error chtclrtnq, JOU'11 
wrl tt ft Into _your prot~rtllt. If you rlon • t need error c~clt '"'• 
you don't hiYt to tncludf ft • 

Ont tx..,1e ts 'steclt undtrrl~ tnd ovtrflow'. Staclr Vftdtrrtow 
ts where 1 word trtes to remo•t 1 nUMber rroM the sttclr 1nd t~ 
steck '' eAPty. If this haooens, Gr1FORTH will merely return tht 
n•~ber thtt w1s ltst on tht st1ck. Steck overflow ts ceused by 
trytnq to place mort than 12A numbers on t~t stick. If this 
happens, the extra nVMhtrs art Ignored. If a st1ck underflow 
occurs When the sttck dlspliY fs on, ~ lonq.stre•• or st1ck 
nu~ers ~Y bt dtsplayecf, If this happen,, Just tyPt AnORT to 
cletr the st1ck. (Tht lrey to IYOf~fnq st1ck prob1t~s fs to bt 
ew1rt or wh1t Is heppentnq on tht st1ck 1t all ti-es. ~tt .. s 
"stnqle-stepPfniJ• throuqh.l tfst or words wtth the st1clt display 
on cen http,) 

Another tx,.Plt or trror chtckfnq Is with words that •e•Ptct• • 
nUMber fn a qiYtn r1nqe. Wt'Yt seen this 1tre1dy wtth the word 
CI\SF.:. Many words In GraFORTH ust numbers In 1 soteffltd r~tnqe • 
SomP. wor~s don't ~fnd the excess; they "folcf" thP. nu~r h1ck 
Into an epproprl1te ranqt ~tncf lqnort tht difference. Other ~rds 
(llkP. CASF.:) do not fold haclr, and must be gf•en a v1ttd nu..,er. 
As we lntro~uct words, tn!'lt Include an.Y Yllfd rangfs. 

Words Which Look Forward 
Hnst ~rds In r.reFORTif loolt to ttl-. stick for tny d1t1 or 
lnroriMtfon they IIIIQht need. S~ worfls, 1fkt PRINT or FrwtC:£T, 
lnok forward do"" tht tnout lint for fl•rthtr dati. You lliqht bt 
tf!lfltiilTonufld 1 colon lfertnt'tton lfkt the fo11owfnq: 

Rt~t~ : T£SfWnltD CR r.R PRINT 

Rt•dT TESTWOitO • HI THERE • 

Don't try ftf The word PRINT 1oolrs for the t~•t to bt prfnt~~ es 
tt .h. ~td, not when tt h executed. The lho¥11! tllai'IOlt wnr 
not. wort.Tn"crtt ~1 cause tlttr! s.vstflll tn QO orr tht fl!tll ''"'· •• 
Thl! nth~r wnrds (fntrocfuctcf In tater ch~toters) which fol't: to the 
Input 1tne for data work tht Slmt way, ancf should ht 115M n 
<Jescrtbed, 
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Te,., v's. t.Jraphics 
Since tht Apple grtphlcs scrttn ts uud for the noru1 firtFORTH 
dlspl1y, •lx•d text tnd gr1phlcs, chtnqelble chlrtcter sets, 1nd 
lower c1se dlspleys ctn ell be used In GrtfORTH. However, text 
scrolling is not IS f1st IS It would be~ 1 st1nd1rd text 
dlsplty.· GrtfOATH Includes two words, GA 1nd TEXT, which tnlb1t 
you' to switch between the qnphlcs dhpli.Y 1nd 1 text-only 
dlsplly. The only 1dv1ntene to uslnt the text display Is for 
ftster scrolllnq, which c1n occtslonally ta-t In htn~ when 
editing flits r~ the editor. 

Memory Considerations 
Beuuse or the 11rqe nuNer of futures IIIIP1etnenttd In GnfORTII, 
1nd the r1ct thet bo\h qr1phlcs screens 1rt belnq used, fre~ 
••ory for progr1• develo~nt Is sa-ewh1t ll•lted. Tht presence 
or 1 hnguege urd or RNt cerd f!Ues this lt•ltltlon 
consldertbly. The MP.-ary .. P In Appendix R shows the avatl1hle 
free -e-ory with 1nd without 1 11nguege c1rd, and with or without 
the text editor In ~-ory. He.ary consldtrltlons when uslnt the 
text editor will bt discussed In tht next chepter. 

The w1y to keep •~ry free Is to 1lweys FORGET words thtt ere no 
longer nee~d. lotdlng one l1rge program onto the word llbrtry 
1bove tnotlter fs 1 sure wey to run out or lll!mory. Be awere of 
wltet Is on the word llbrlrJ, end how .uch .e-ory Is being used. 

There 1re two words to help you: 

The word PRGTOP p1tces the address or th~ top~f the word llbr1ry 
on th• stick. This c1n let you know how l1rqe thlnqs 1re 
qettlnq. This exa~le wts done with no tddltlontl words on the 
word llbrery. (The tddresses printed htrf ere for exttiiPlt . 
purposP.s only. The 1ddress nu~ers dtspl1yed .. Y be sltqht1y 
d If r trent.) 

Rrady PRGTOP • 
-322~ 
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For peoole who •thin~· In hextdecl.el, the word $LIST can also be 
very useful. $LIST Is Identical to liST, except that It also 
dlspltys the hex1dect.el iddr•sses or e1ch word in the word 
llbr1ry. By co~arlnq adjacent nu•btrs. you can det•r•lne how 
1111cb •1110ry 11ch word t1kes. litre Is 1 Sl~le of 1 SliST: 

Reidy $liST 

SD2!i4 CIIS 
SR246 ABS 
Sfll24 SGN 
$81F4 CALL 
SfllE9 PREfi 
$81DE YAEG 

Since SliST dtspl1ys the 1ddress 1t which each word beqlns. the 
first 1ddress shown Is the heqlnntnq or the top word, not the tOP 
of the word 1tbrtry It the en~ of the word. To deter.lne the 
1~dress of the tOP of the word 1lbrtry In heudecllul, you ctll 
~,fine 1 •du-.y• word and then use SliST. The top address wtll 
be the top or the word llbrtry 1fter the du~ word Is deleted: 

Atldy : IT t 

RttdY SLIST 

$A2fiE IT 
$8254 CIIS 
SR246 ADS 

Ready FQRGET IT 

(•1r• does not execute 1nythlng.) 

$826E Is the he• 1ddress or the top or the word library, 
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l~t·s t1ke 1 bre1t here, end digest SOle of this fnfor.etfon. 
Thts •IGht bt 1 good tf-e to greb 1 ptzre, t1te 1 nep or co-e ott 
of hiding end Yhlt ..,.OM who hasn't sttn you In 1 few dlysf 
Anyway, when you c..e bact we'll ~.-. Into the te•t aspects of 

, GrtrOATH 1nd Introduce you to the supplied Gr1FOATH te•t editor. 
(NP.'II 11so show you SOMe wonderful spect1l chtrecttrs to -.te 
your Apple 1 little MOre friendly ••• ) 
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Purpose ancJ c.Jverview · 

In Chapter J, we learned (a.anq other thtnqs) how to define neN 
words tn ter-s of existing ones. The words were added to the 
dictionary and could be caliP.d at any tl-.. However, there was 
no way to save the text or the dtftnltton; to go back to the 
strlnt or words whl~ertned lt. 

Enter the GraFOATII text edttor, 1 stralghttorwtrd genertl purpose 
line-oriented editor. Text can bt created here, ~lfftd, s1vt~ 
to disk, read btck In, tnd ~rt. 

GraFOATH Includes words to ca-pflt text Into the syst~ frOM the 
editor or directly fro. the disk, If any defined words need to 
bt •dlfled, they doe not hue to be COIIIflletely re-entered. They 
can be chanted fro. the tdltor, then recOMPiled bJ the IJSt~ • 

In this chapter, we'll discuss how to use the text editor and how 
to c~lle r.raFORTH proqra.s fr~ the editor or fro. disk, We'll 
also give you sa.e pointers to keep both syst~ tnd editor .. -ary 
haopy. Rut first, we should discuss so.e of the special 
characters used In GraFORTH, both In and out of the editor, and 
how they can helP hoth your progra .. lnq and JOUr progra•s. 

Strange and Wonderful Characters 

Upper and Lower Case 
If you've looked at the r.raFOATH de.anstratton, 10u've seen all 
these lower case characters on your Apple screen, but unttl now, 
we haven't told you how to enter lower cast chtrlcters yourself, 
There's really no .. gtc, 11 we'll soon setl 

' -
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Upper and lowP.r ca51 can bt set In 1 nuMber or ways, and each Is 
1 two-key process • 

Wht le entertnq a line, tne ConTAol-0, then 

•E•: Subsequent entries will be In lower cue unless ESC Is 
pressed In advance. If ESC ts pressed first, the 
following character wtll bt ln upper case. 

•s•: F.ntrles wtll be shifted to upper case tr your ~pple ][ 
has the one wtre shift ke.Y 110dlflcatton. (A wire 
runntnt fr~ the shift key to the ~ .. paddle ANl Input). 

•u•: All entries will bt tn upper Cllt. 

•l•: All entrt es wtll be tn 10"':er cue • 

"Hidden Characters" 
Although the Apple J[ keyhoard won't accept a11 the ASCII 
characters, GraFOIHit wt 1 I, ltere are the keys to press to get the 
•htddtn chartcters•: 

ConTAol-Shtft-H qlves 1 left bracket 
ConTRol-Shtrt-M ~lves an und@rltne 
ConTRol-Shlft-P qives 1 reverse slash 

Shtrt-H qtves A rlqht hracket unless one of the lower 
case s~trt options has been set. 

Cursor Movement 
As .YOU III.Y have dtscov!red by now, the Apple arrow keys work as 
th'!y do t n 1101 t App 1 e lflP It uti ons: the I eft arrow 1 s a 
•backsptcl!• ke.Y thtt ttnables .YOU t:J btck up on the lint to 
correct •htakes. The rltht arrow ts a •retype• key. If you use 
the rt ght arrow ke.Y to IIIOV! the cursor over text on tile screen, 
the text will be treated by GraFORTH as tf It were helng type~ 
aqatn directly fr~ the keyboard. ' · 
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The Apple [SCe~e codes for MOYfn~ the cursor •1so wort frOM 
r.rerORTif. These un be handy for IMk lnq fast correct tons frOIII 
the Gr1rORTif ted editor. tr .rou're unf1111tltlr wtth the Apple 
ESCape co~es, we su,qrst JOU consult one or the Apple -.nuels. 
Most of the -.nue1s discuss these code~. 

Note: If en1 of the lower cest shtrt wodts ht•t bten set, then 
the ESC~pe key cennot bt ustd to MOYI the cursor. To MOYt the 
c11rtor using £SCII"• first set uPPtr use on1.r (ConTRol-0, U) 
shift 11101fe. 

Line Insertions 
Insertions can bt Mlde Into the Middle Gf 1 ltnt usln' ConTRol-f. 
Pressing ConlRol-1 pushes eny cherecters to the right or the 
cursor one ~rt spa~-. to the rtqht. 

To ••ke an Insertion using ConTRoL-1, first use the Apple ESCape 
codes to .o•e the cursor to the beginning or the line t~ ht 
ch~n!!fd. list the retype hy to ~" tht cursor to the point or 
Insertion, then press ConTRol-t enough tiMeS to oPtn up 1 spece 
tn thP. line ror tnsertloft. NGW enter the addltfon11 teat, then 
use the rttfpe key to IIIOYt the cursor to the end or tht 1tne, and 
press <return>. 

Note: The ConTRol-1 fe1ture works ror edltln' only one 
•o-ch1r1cter 1tne et 1 ttme. Pressing ConTRol-1 too many tiMes 
c•n P~Sh text orr the rlqht end or the screen and Into 
Ne•er-Ne•er land •••• 

The Text Editor 
There 1re 1ctue11y two teat ~ftors on tht Or1FORTH systtM dis•, 
n1Med on.J.EDITORt and no.J.EIUTORl. Tht first ts used on systellll 
thlt do not ha•e 1 11nQUIGf cerd or RAH c1rd and cen edit about 
lOOn ch1r1cters wfth~•t chlnQtn' the dtfeult setttn,s. Tht 
sec~nd ts use~ wtth syst.-s that ~••e 1an~aqp cards end can ~ft 
ehout II,SOD ch1racters. Otherwlst, the two editors ere 
ldentfc11. 

T£XT MAGIC 4 •• 

Note: Gr1rORTII and the GraFORTH tclltor both use stendlrd OOS 
text ff1fS fnr prortr•• storlllt'• If you hiYe 1 .text editor thlt 
you ere •ccustomed to thlt e1so 11e1 DOS teat r11e1, you.,,''~ 
It tnst~1d of th~ Gr1FORTN editor. ler,e protr•~ wfl1 bP. -or-. 
.anageahle In 1 text editor such as Apple Vrlter 2.0. C~ftfn~ 

· proqraiiiS Into the GraFOATif srsttM frOM lftsl: h the Sltlt 
· re9ardtess of what tdftor fs used to cr11te tht rne. 

For the tdftor e•aMPits fn thfs ch1pter, we wl11 use [n~tfsh 
~ent~ncel ror tP.at fntttllf or nr1rOATH pro•re-s. Tht tdftor 
dnftsn't know tht dlffertnct, end It Mlkts thtn•s tltftr to rted. 
The edttor ts or course usuetlr ustd for wrlttnq r.r1FORTM 
pro~ra•s. ThP Gr1FORTH word "EMRn, discussed tn the "'•t 
section, eltows text to be re1d '"" cu.ptted dtr-.ctly frOM th-. 
edt tor. 

To enter the P.dftor frO" "raFORTM, type rnlf. Tht l"rotrlate 
P.dltor wll1 eut~tfcet1y b! loaded. In 1 few seconds'~' shoftd 
see tht Gr1FDRTII tclf tor htldtr: 

Gr1FORTH ][ Editor (C) I•Rl '· tutus 

The rtrst c~nd to know In the tdftor fs .,.l the ouestfon 
.ar~. Enttrfnq • question Mtrk qf•es you the £dltor C~nd 
JndP.x, ~ tfst of ell the othP.r ectftor commands: 

? 

SIYe 
GP.t 
IMP.rt 
DP.lete 
Proqr111 
M1!1110ry 
lfst 
Vrltt 
[riSI! 

- AutonUIII 
Rye 
ConTRol-D•IMIS 

wt'11 dtscuss each or these cDM"tnds tn turn, but ffrst let's 
find out ha- to enter text Into the teat tdftor. 
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Une Entries 
Entries to the text editor art preceded by lint nu~rs. These 
1tnt nu..,ers hut no ••nlng to GraFORTII, and art not rttllntfl In 
th• proqr•• fl I• when It ts saved to disk. The.r siiiPIY serve 11 
an lndt• to the flit while It ts In ..-ory. The editor lint 
nuMbers are In st~PPI of 10, and whenever Insertions or deletions 
are .,dt, the flit Is renu~red aut~ttcallt, In steps of 10 
again. 

To enter 1 line, sl-oly type a 1tne ~r followed by the line, 
Here are so-e txiiiPII lints to enter: 

10 My very first editor llnel 
20 Entering lines In ~he editor Is 
30 sl•tl•r to entering lints In laslc. 

LIST 
To see that these text lines have betn stored, they can be listed 
by t_ypfnq •usJ• or siiiPIJ the letter •L•. (All of the editor 
c~nds are single letters, 1nd should be entered In upper 
cue.) 

L 
10 My very first editor line! 
20 Entertnq lines In the editor Is 
30 st•tlar to enterlnq lines In Baste. 

Done 

(The •none• -.ssaqe ts printed whenever an editor c~nd Is 
successfully acco!IPitshed, We're not qotng to show It In all or 
our ex.-ples, though.) 

lnsertlng'llnes In the text editor ts .uch the sa .. IS In 81slc, 
SIIIID I.Y enter a lint nullber between the I tnt nullbtrs yau w1nt the 
text Inserted Into. R.-eabtr thAt efter the Insertion ts .. dt, 
however, the lines will ht renu.hered tn steps or 10. Let's 
ln~ert 1 line between lint 10 and lint 20 by giving It 1 lint 
nUIIber or 15: 

IS With SGftt t-.ortlnt llCtpttons, 
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Now let's list the flit •n•ln to 111 th1t the lint w11 lnterttd 
1nd the rollowlnp lints wert renWiblred: 

l 
10 Hy ver.'t ft rst edttor line! 
20 With so-~ fiiPOrttnt exceptions, 
Jn Entertnw lines tn the edttor t1 
34 st~llar to entertng lines tn Baste. 

If the file befnq edtted ~ts rather lonq, you don't heve to ltst 
the entire ftle every tt... The ltsttnq tut~tlctlly stops 
r.very lfi lines. If you press ConTRoL-C durlnq the p1use, the 
ltstln9 will stop, If you press tny other ~ey, tht llstln, will 
continue. 

-You can tlso use •Ltst• to list a stn,lt lint or 1 ranqe of 
lines. Assu.lng 1 flit contains 1t least 15 lines (nu~re~ IQ 
to 150): 

LRO 
L an,Jsn 
L 80, 
~ ,flO 

lists line RO only • 
lists 1tnes 80 throuah 150. 
lists fr~ ltne 80 to the end or the file. 
lists fro. the beginning of the file to line an. 

AUTONUM 
The editor tlso provides tut~ttc line nu.Oertng. Golnq blck to 
our ortgtnal ext~le, ltst the fll-.. then press •A• for 
•Autonu••· The next line nu•ber, ltne 50, wtll appear for you. 

·Enter 1 couple of lines with Autonu. o~: 

A 
50 This Is 111ch nicer than havtnq 
60 to enter the lint nuMbers -wsilf. 
70 

To stop the Autonu• f"ture, .tust press <return> 1t the btqtnnlnq 
. of the ltnt 1fter the line nUIIbtr. 
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to chan9~ 1 line alre1d7 tn the edttor fl1e, SIMPlY ret'pe the 
line number followed by the corrected line. The ESCepe codP.s and 
the rlqht-arrow key can be used to retype 1 line thet ts on the 
screen, and ConTAol-1 ctn be used to w.ke Insertions wtthtn the 
1 Int. 

Sl~ly entertnq 1 tint nuMber fo11owtd b' <return> won't de1ett 1 
line, as Is true for Oeste. lnstetd this will creat~ 1 bltnt 
line, •ery useful In Its own rl9ht for separatlnq proqra~ 
se9ments and word definitions. To -.ke A blank lfne while the 
~utonum feeture Is In use, enter 1 spece, then press <return>. 

DELETE 
The ~n• (•oe1ete•) command ts used for de1ettnv a ltne or ranqe 
or 1tnes. Its for-.t•ts fdenttct1 to •tlst• (though tts effects 
art •ery different!): 

0 "" 
deletes only ltne RQ. 

D 80,1~0 
D AO, 
n ,AO 

deletes lln~s ~o through 150. · 
deletes froM lfne nn to the end of the ft1e. 
deletes fro- the beqtnntnv of the file to lfne RO. 

ERASE 
To erese the rtte tn ~ry, press •[• for •Erase•. A pro_,t 
w 111 appear: 

Erne (T/N) : 

Thfs pro~t prevtnts tnad•ertent ft1t erasure. Enter •y• and 
press Return to erase the file. 

Automatic Insertions 
In a pre•lovs exaMP1e, wt used Auton~ to tdd to the end of the 
ff1e. When use~ tn the •fd~1e or a rt1~, Autonu. also 
automatfu11., Inserts the tut, 1111tfncr ro~ for the tut and 
renumhtrlnt rater lines. ror these exaMples, 1tt's start wfth 4 
nP.W flit. Erase tht ftlt tn MtMOry, thtn enter a couple or 
I I nft: 

tn Th~ first lfnt tn the file ••• 
20 The lest ltne. 

TEIT MAGIC 4 - 8 

We can start tn Insertion b7 entertnq the ftrst lint ~r of 
the Insertion oursel•es: 

IS IIIUSt surel., be followed ~ others. 

Now, presstnq •A• wf11 caust aut.-etfc 1tnt ~rfnt that starts 
fol1owfng the last entered 1tne, lfne 1~. and fnsert this text 
Into the file. Since line I~ Is renu~red to becOMt tine ~0 
the next 11ne ~umber, printed with the Auton~ feature, Is it~e 
30: 

A 
30 Auton11111 dne!l 1110re than lfl!nerate 

· 40 ltne numbers. It also tnserts 
sn tnto the ~fddle or a rtte. 
60 

A,atn, AutonUM fs turned off by pressln~ <r~turn> with no t~xt. 
let's 1,tst the ftle now: 

l 
10Th, first ltne fn the rtte ••• 
?.0 111ust surely ~ rol lowect by otht!rs. 
JO Autnnum do~s mor~ than ~ntrAte 
40 ltne numh~rs. It 1lso tnserts 
50 Into t~e mldd1e or 1 r11e. 
fi~ Tht! last tine. 

INSERT 
Th~ •t• f•JNSERT") cOI"'IItnd can also be used to fnftfltt! 
fnsertfons Into I fliP., lnst.~ld or tyotn, the ftrst lnstrttcl 
line hefort uslnq Autonu~, '"~EAT Is used to Sf'tttf.Y th~ startlnq 
line n11mber. let's delete the lfnts we .lust entered, and 
re-enter th.-, thts tiMe usln~ INSERT. 

n 21J,Ijo 

none 

l 
10 The ftrst 1tne tn the flte ••• 
?.~ Tht! last ltne. 
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We want to Insert between lines 10 and 20, so enter: 

I 15 

Autonu•'wlll use this line nu~er IS the point of Insertion, 
Instead of the 11st 1ccessed ltne. 

A 
20 MUst surely be followed by others. 
lO Auton~ does ~re than aenerat• 
40 1 tne nu•rs. It also Inserts 
50 Into the •lddlt of 1 file. 
60 

List the ftle 191ln, end you wf11 111 that these lints hive been 
re-Inserted Into the flit. 

SAVE 
To s••• 1 file to disk, press •s•. A prOMPt wtll IPPtlr: 

s 
(ftlenue) : 

Enter the file name you want the flit to bt saved under. If 
desired, you can also specify 1 disk slot tnd drive nuMber htrt, 
separated by c~s usln9 the st1nd1rd DOS for.~t. Here art I 

couple of exaiiiCiles: 

(fllenaMt) : TESTFILE 
(fllen.-e) : TESTfll£,56,01 

U you want to sAve onl.Y 1 portion of the file to dfsk, enter I 
slash efter the fllene .. , followed by the r1nqe of line nu~ers 
to be IIYtd: 

Fllen1-e : TESTFILE/,90 S1ves beqtnnlnq to lint Rn) lfllenl~~ : TESTFILE/80,1§0 {Saves lines BO to 150) 

flltn..e : TESTFILE/Rn, Seves line An to end of the flit) 
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GET 
To get a file from disk 1nd loed It Into the editor -.~ry, press 
•G•: A pr~t will appear: 

G 
(Ftltnl•) : 
Epter the na• of the file to he lo1ded 1nd, If desired, the disk 
slot and drive et which It Is located, u~lnq the s•• fo,..t as 
SAVE. ' 

To qet 1 file end lnser~ It at 1 pArticular loc1tlon In the 
r.•tsttnq file, enter 1 slesh after the fllen••• follow~d by the 
dC!sttnatton line nUinher In the current file. This tXIIIIPle wt11 
Insert the file TESTFIL£ Into the current editor file between 
lines 110 end 120: 

(fllenl .. ) : TESTFILE/115 

Note: •Gn• 1h11ys Inserts the file Into the present •1110r.Y 
contents. The file contents are not trased by •G[J•. To erase 
the pre~ent tile end 9!l a new one, •f.RASE• the present ftle and 
then·•G[T• 1 new one. See~ sl~le enou~h. 

Note: Since •GET• and •sAvE• use slashes to specify certain 
llnP.S In 1 file, fllena .. s th1t contain sl1shes cannot be used 
with the tut editor. 

DOS Commands 
To enter 1 DOS c~nd directly fro• the editor, press ConTRol-0 
end <return>. A proMPt will eppe1r: 

Enter DOS c..-.nd : 

F r0111 thIs prompt, .YOU can enter 1n.Y ODS c0111111nd, to !Itt a 
cataloq, dP.lete flies, Joe~ files, etc. The pro~t repeats after 
ench DOS coenand so th1t you can C!•ecute seveul cotlllltlnds wltllout 
hntnq to press ConTRol-0 evr.r.Y ttw.. To rr.turn to tiiC! etfltor 
prompt (1 flashtna cursor with no prOMPt line), siMPlY press 
<return> t11t ce. 

TUT MAGIC 
4 • 11 

i 
' I 

I ,· 
I 



.. 

'I 

Printing Files 
tdltor files can ht ~rtnted directly frOM the editor. TYPI 
tonTRol~O an~ <retur~> to ~~t the OOS prOMPt, then tYPt "PAit•. 
(If your printer Is In another slot, substitute that nuMhfr,) 
The printer wl11 br. activate~. then oress(AP.turn>twfce to rtMOVt 
the 005 prOIIII'to 

With the printer eneb1td, yov can tJPe ~ • to lht the ff1t 
to the printer pressln~ <r~turn> when t~ 11stfn' ~tops every 18 
ttnf!s. "bett;r way Is to t.vPt "W" for "Vrlte•. ThiS option 
•rites the editor f11t out without any pau~••· 

Since •PAin• does not rtconnect Ora,~TH's spectat ~rephlc 
output, press AeJwt to ~urn the printer off and return to I 
normal dlspl1y. The "'~t chtpter Includes 1 discussion on how to 
1ccess peripherals 1nd return to GrarORTH In 1 norm~1 manner. 

Memory Considerations 
As the Gr•FORTII wrJrd ttbrtry ,rows, It can begin to use the 111111! 
~~~tmory thAt h used fr0111 the editor. If the word 1t brary h 
large enounh, addlnq words can erase 1 part of the editor file, 
or even the editor proqra• Itself. Conversely, uslnq the editor 
can destroy the top of the word library, rP.qulrlnq the s.yst.- to 
be rehootell. 

In addition, the amount of usable editor flte ~ry fs 
determlnP.d by the presence or absence or a lanqtaqe card. Ve 
suqqest you stu-tv the me1110ry NP In "ppendh 0 tnd become 
genf!ra11y fa111lltar wtth areas or llll!liiOr:Y u~ed by the GraFOATII 
language, the editor proqra• and the editor file fn your syste111. 

To find the a-ount of free ~ry 1eft fn the e~ftor ffle area, 
press "M" ro.r ""'mory•. You wf11 see: 

Fret Mttllory 

followed by the ~r of ~tes (or characters) of .t-ory left, 

Tou NY want to adjust tht aiiiOUnt of lllltiOrJ used b1 tht tut 
editor, to avol<t conflict wfth GraFORTH. To accO"P1fsh this. JOU 
.ay position the file either up or down fn ~ry, To do thfs, 
oress "P". A display wf11 eppe1r: 
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Proqratl length 
Pnsitlon 
Free Me.ory 
Chanqe Position (Y/N) : 

The lenqth, posftfon (starttn, address of the P.dltor file arta), 
and MP..ory l~h~l~ wf11 he roll~~ by thtfr pre~ent """'rfc 
valuf!~. Tn ch1n~ th~ ~dftor rtle position, enter.,. to thh 
option, Tou wt11 he prompted: 

£nter ""'Position : 

On 1 1entu•ne card s.ntflll, tht ffle position can f-. IIIGYfd 
somewhat hlqher to M~ke .ore r00111 for (ht GraFOATH wnrd library. 
On a non-1an!llllql! card syste•, It's otttn Mst to vsto tht tdftor 
wlthnut reqard to kteplnq the word 1tbrary Intact, tift tht 
edited rite to disk, and reboot GraFOATH rr~ scratch. This 
~~~tthod wtll he outlined In the neat section. 

Leaving the Text Editor . 
To le••• the teat editor and return to.GrarOATH, sf~ly type -t• 
for "Rye•. 

Program Compilation 
r.reFOATH normally accepts tts Input fr~ the keyboard. Each 11nt 
Is tOIIIPfled htwnedlately and acted upon If necessary • 

r.rarORTtl can also read 11 nn fr0111 the edftor ft1t or fr0111 1 df sk 
file, treating the lines as tr they wrre typed fr011 thP. keyboard. 
r.raFOATJI· proqra•s can ht wrt tten In the edt tor and sued to dl sk, 
then rtld and co.,tled Into the syste~. 

The word to rtad and cOIIIPilt te•t fr0111 the edftor ~rfftr Is 
MF.MRn. MEMAO removes 1 nuMber fro- the stick, lnttrpre~s t~ts 
nuMber IS an address, and hc!glns readlnq te•t fr0111 111!1110.'1 
startfnq at this address. It reads and c0111Pf1ts until It either 
re1ds ,·zero tlfte (.arklnn end-of-ff1e) or encounters an error. 
Control ts then returned back to the keyboard. 

The address of the tdftor ft1e huffer fs J4RI7, unless chanqed 
with the Proqr•• Position option fn the editor. To read the te•t 
fr0111 the editor, type: 
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To rtld •nd cn~llt directly fro- 1 text file, the word READ ts 
used. Tht for• for READ ts: 

lEAD •. <flltnl-.> • 

READ re1ds' to tht end of 1 flit, or until an ~rror ts 
encountered. 

ME~D 1nd READ 1re usu•lly used to co-ptle word definitions Into 
the word llbr1ry, but t.-.dlltt-tatcutfon lines c1n 1110 bt 
Included. 

Comments 
Usu1lly, the GriFORTH £dltor Is used for writing 1nd edtttnw 
Gr1FOATH proqr~ lnstP.•d of the text used earlier In this 
ch1oter. Co-ments tn the source fliP. of 1 Gr1FORTH proqr1• c1n 
often be very helpful for understanding 1nd keeping tr1ck of lonq 
progr..s • 

The Gr1FORTH word •(• Is IVIII1blt for tnserttnq co.ments. Into 
progr1~ flies. In compiling the progr1•, when Gr1FORTH sees 1 
•(• set off with 1 sp1ce on either side, It lqnores the rest of 
the text on the line until It sees 1 •)•. C~nts c1n be 
Inserted freely tn the source flit. Here ts 1n e••~le of such 1 
co-ent line: 

10 ( PARENTHESES AROUND A COMMENT 

Using the Editor with GraFORTH 
When s .. ller progriMS 1re being developed, the editor 1nd the 
Gr1FORTH syste• c1n he used closely together. load the editor 
1nd enter the proqrl•, then return to Gr1FORTH 1nd ca.pflt tht 
proqr•• wtth MEHRD. If the progr1• has buqs or needs further 
ch•n~s. sl~ly return to the editor 1nd Mike those ch1nges. 
When returning to r.r1FnRTH, FORGET the ortglnll word deftnttfons 
before co-piling the new nnts, to prtvent •Not Untq••• errors 
fr011 occurrlnq. (Unlen you're testing 1 'ltry short prov••• ,,ou 
should 1lso 11ve the proqr .. to ~lsk lfttr etch tdft.) 
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Whr.n Jarqer oroqrams are be I nq deve I oped 1nd GrafOR Tll/ed I tor 
-..mpry conflicts are likely, It's hest to separate edlttnq •nd 
cnii!PIItna. Use the editor to wrtte the oroqr111, then sue the 
proqrtiJ to dtsk, Thtn rtturn to GraFORTit 1nd co-pi It the prO!Jrlll 
with REAO or HEMAD. If the progr111 needs to be changed, FOAr.ET 
the words before returnlnq to the tdltor. so that editor us1ge 
won't er1s~tOP of the word library. frOM the editor. relold 
the progra• fr011 disk 1nd continue editing. 

Understanding and following the ahove guidelines wt 11 orotect you 
froM ~~~MGry conflicts. IRd wtll Mike proqriiiMing In GraFOATH MUCh 
enter. 

As you becOMe ~re cDftfortlhlt wtth progra~tnq In Gr1FORTH, you 
wtll prohab l.Y want ta use the editor to It st SOlie of the proqr~• 
flies on the syste• diskette. We encouraqe you to do thts. The 
systtM ft Itt provide uctlltnt progra•fng UIIIIPitS In GrtFORTtt. 
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Purpose and Overview 

· Chtpter 4 Introduced Gr1FORTH 11 1 l1nquagr. In this ch1pter, 
. we'll round OUt the 11ngu1qe lftd give you SOMe of the bltkground 

you need before .ovlnq on to the gr1phlcs re1tures c•wh1t? You 
~•n this langu1ge h11 gr1phlcs too?J•) In the next three 
chapters. 

We' 11 st~rt orr by lntroduclnq the GrtFORTif stanltard text 
.,nlpulatlon words (not to be confused with the fancy ones we'll 
show you tn Ch1pter 7). Then wt'11 discus, storing dlta In 
~-ory, 1nd the v1rlous words used to 1ccompllsh this. We'll 
t1lk 1bout the two other kinds of words tn Gr1FORTH (variables, 
and strtngs), 1nd how tftey can bt ustd to set astde ..-ory for 
d1t1 stor1ge.tn very convenient w1ys. Following this will be 1 
discussion of the string operators built tnto the 11st .. and on a 
dtsk "1e. 

Ne•t, we'11 t1lk about uslnq nos fro. GraFORTH, and Introduce 
SAV[PRr., th~ word that -.kes your work ~~n~nt. We'll t.lt up 
the Joost ends with 1 nUIIIher of words wliTCli-;;:textrtt1111 uttrul, 
but ev1dt strict cltegorlaatlon. 

Text Formatting Words 
These 1re the words which 1re used to position text and 
characters nn the screen, and c1tlr the screen,•or porttons or 
tt. [lch of these words Is str•lghtrorward. · ., 

Review 

You have s~en how to use PRINT, SPC[, and CR alreadr In Chapter 
3. For 1 quick revtew ••• 

PRINT prints followlnq ouoted text starttng at tht current 
cursor position. 

Cl Issues 1 c1rrt1qe return, .avlng the cursor to the 
beqlnnlng or the next lint. 

SPCE prints I SDICio 
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New Text Positioning Words: 
liT AI re110ves 1 nullber fr0111 the stiCk, Interprets tt as 1 

horizontal cursor position, and t1bs to th1t cursor 
posttton. The cursor re.,lns tn the s1-e verticil 
position. 

YTAB removes 1 number fra- the st1ck, lnterorets It IS 1 
verticil cursor position, 1nd t1bs to th1t cursor o~sltlo~ • 
The cursor re .. lns In the sa .. horizontal posltton. 

The valid ranqes ror HTAR and YTAO depend on t~e current 
ch1r1cter slz~ (CHRSIZE), which will he discussed tn Ch1pter 7. 
For the nor .. l ch1r1cter ·Size we are uslnq now, the rantt for 
tiTAR Is 0 to 39, 1nd the range for YTAI Is 0 to 23. 

WI"ODW re.oves four nuNbers fra- the stack to est1bllsh 1 text 
wtnlt011. ""''1ie text wtndCH Is 1 rectangular 1re1 on the 
screen deslqned to protect other parts of the sr.rten fra­
helnq overwritten. All text scrolllnq will occur Inside 

, the wlnctow, leavl~q the rest or the scrttn unaffected. 
The for• for WlltDOW ts: 

<left) <width> <top> <bottOM> WINDOW 

Left top and bottOM 1re 1ctu1l •arqtns for the window. Width 
spedrtes the rtqht 111o1rqln as the nu•her or chartcters fr0111 the 
ltrt .arqtn. The hottnM marqln nu.Oer should refertnce the lin~ 
t~rllately bP.low the window, For exa~le, 1 wlnrlow tn 
chuacters wldt! t,y 5 lines hlqh In the lower rlllht corner or the 
scrr.en would be set hy: 

Ready 30 10 19 24 WINDOW 

(The left .. rqln Is at position 30, the wlnltow wt~th Is 10 
characters, the top .,r,ln ts at line 19, anrl the hotta. .. rqtn 
ts ahove line ?.4,) 
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CltO' (Cle1r to End Of '•qe) ereses the screen f~ the current 
cursor posftfon to the end or the text window. 

CltOl (Cteer to £nd or ltne) trlttt f~ the current cursor 
oosttfon to the end or the ftne. 

t•Ast ereses the entire screen, reqerdfr.st of tht setttnq of the 
tut window. ERASE ts usu11ly fester thin tiOME. 

Data Storage and Retrieval 
r.r1r0Rnt h1s tht clolblllty of exe•fntnq end changtnt the Yalve 
stored tn ~~ 1oc1tt~ fn Memory. tr ~stred, the 1ctu11 dect-.1 
~ry 1ddriis c1n bt entered ,,._ the keybo1rd for storl9f or 
retrteYil. We'11 ShOW you dttl ICCeSS In thfS WIT ftrst, 1nd 
then dtscuss 1n e1ster technlqu~ ustn~ na-.d Ytrlab1es. 

GraFORTH Memory Addresses 
The 1\pplt ][ conttlns 65536 address1blt •tocltfons•. Thest 
loclltfons lire U!'UIIIIY numbr.red frOIII n to fi55J!i. Most or thtlll llrl 
used for RI\M ~mory, which can be either read fr0111 or wrftt~ to. 
Each ~~nry 1ocattnn tin stnrt one R-hlt 'byte', representlnq 1 
numher from n to 255. Two locations, or two bytes, can store 1 
number from 0 to fi553!i. Since two b_ytes Clift only reference 
po~ltlve numbers In thf rln~t n to fiS53~ and people sometimes 
like to use nr.Qatt•e numbers, one 'bit' of the nu~er fs used to 
tell us the numbers sf~n, oosltlve or neqtttYe. Therefor~, 
!iraFORTII uses a nu111ber rengt! of -32768 to 32767, Sfncl! It Is 
desirable that rero In both svstems be rero, 1 "wriP·tround" 
scheme Is used: 1\ddressl!s aho•t 3?.7fi7 art tre1ted IS neq1tt•e 
numhers, and continue to lncreue untt1 tht!.Y again ruch zero. 
(This Is fd~ntlca1 to the systtlll used b) Apple's 1nteqer B1slc, 
where 1 call tn enter the system MOnitor ~•st ht done with • 
neq1the n11111~i-: CAll -l!il;) A dla~ra111 wf 11 htst explain thts: 

• 
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Posttht nrarORnt 
ntcf~a1 Addresses Dect-.1 Addresses 

n 0 
l I 
2 l 

. . 
32765 3276fi 
JZ7fi7 l?.7fi 7 
3?.760 -327611 
327fi9 -32767 
:12770 -32761S 

• . 
65533 .] 
fi5~l4 ·2 
65535 ·I 

Notice th1t both address r1nqes continually increase, exceot th1t 
th~ GrerOitTII addresses hue 1 trensttton In the 111tddle rro111 
pos f t I Yfl to nP.I1c1t t Yt ntllll~rs. The lll(!lllltry .. , In llpoendf. n 
tnc1mtes Gr1FORTH decimal llddrtssl!~ and heudecflllll lddrtSSfS, 

Storage_ and Retrieval Words 
To store a """"'" directly Into 1 d~sfred mtfiiOry loe~~tton, slt~~~~1.v 
place the number you want to store and thf address where you want ft 
stored on the stack. Then type •pOK[W•. The word •poKEW• 
st11nds for •pnke-word• and removes two numhers fro- the stack,· 
lnterpretfnq tl1et11 u value and address, and stores tl1e data u1•re 
at the qtven location. Since r.raFORTH numbers occupy two hytes 
(c~n1y celled e 'word', not to be conrus~d with r.rarORTH 
words), It actually uses the ghen lout ton.!!!,!! the ont 
Immediately arter lt. 

This example stores the nt~r 1?.345 et loc11tton 1R1~ (w~lch 
happP.ns to ht the htqlnntnq or 1 llrQt free artta or memory In 
GraFORTII): 

R~at1v 1?.:145 2"16 

[1?.:145] 
(?R Hi] 
Aearly PntcEV 
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To recall 1 nuaher rra- aP.aory tnd oltcP. It on the stack, nla~e 
he a s ol des __ .111e1110... • _,ut t _____ , th\. .... tk a ....... Pt 

•p££kw•, The vord •PEEKW• stands for •peek-word• and redOves 1 
nuMber fro- the stack, Interprets It '' an tddrtss, retrieves 1 
nu~er fro• that address, and places the retrieved nuMber on the 
sttck. The following exa.,le recells the nu.otr we Just stored 
tn .. IIOt'.Y: 

Rttdy 2816 

(281~] 
Rttd)' P[[KW 

[12345] 
Ready 

To store 1 slnqle-bytJ value to one ~e.ory location, the word 
•poKE• is used Instead of •pQK£v•. The for• Is the .,... This 
eat.ple stor~s the n~r 255 to locetton ·28721: 

Ready ZSS -28721 POKE 

The word •p[[K• Is used to retrieve sin9le bytes fra. .. aory, 
The for• for •p[[K• ts the ,, .. 11 for •pE£Kw•. This exe.,le 
retds • special Apple location that contains the current 
horizontal cursor position: 

• 

Ready PRINT • DeMOnstrating PEEK • 36 P£EK 
Oeaonstrattng PEEK 

[IR] 
Ready 

Prlntlnq the phr1se •o.-onstratlng rEEK• 1110ved the cursor out to 
position 1~. Reading location lfi retrieved this position AS· 1 
nUIIber, 
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10 s~rtz~. here Is a table of the four storaqe 1nd retrieval 
words: 

Word Defore Arter Description 

POKEW • n • Puts two byte • Into loutlon n 

PEUW n • . -- Reads two byte • fro. locttlon n 

POitE • n - Puts one byte • Into lout ton n 

PEEK n • • •• Re,Js one )yte • froa location n 

Variables 
GraFOATII allows you to set utde SPACe for nulllber storttll! through 
the word •vARIABLE•, VARIABLE creates a new word and pl•ces It 
on the lirafORTII word llbnry. VARIAILE htS two rot~~~s; the rtrst 
one Is: 

,VARIABLE <vartab1e na .. > 
The v•rl1hle n1ae ts the na~ or the vord cre1ted and pl1ced on 
the word lthr1ry. For •••~It: 

Aetdy LIST 

CHS 
AilS 
SGN 

Aearly VARIABLE TEHP 

R~•dy LIST 

TEMP 
CIIS 
ARS 
SGN 
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1 s1de for storlnq 1 numher, 1nd 1 c1ll to 1n fnterntl Gr1f0RTH 
routine that either pl1ces the v11ue of the v1rleble on the st1ck 
or stores th~ st1c~ v11ue Into the v1rl1b1e, 

To store th~ nu~tr 12345 fn T£"'· type: 

Rudy 12345 
[12345] 

Rudy -> TEMP 

Rudy 

The GrafORTII word •->• ts 1 specfll word th1t 1111 "store Into•. 
It Is cruted by typfnq a 111lnus sfgn ' ' followed by 1 rlqht 
Arrow'>'. This word sets an Internal f1aq used by varl1btes to 
determine If 1 •store• or 1 "rtcl11" op~r1tlon Is to tl~t place. 
When the •->• word h executed tt sets thh fll!l so the nelCt 
referenced varfah1e w111 do a stortl r1ther thin 1 rec11r;-- Note 
that the var11ble will clear this r 19 so no spectat ooer1tbr ts 
needed when dolnq 1 rec111. 

Therefore, to rec111 the value Just stored fn the varfehlt tEMP, 
.tust type Its name: 

Ready TEMP 
[12345) 

Whenever you need to rec111 tht v1lue of 1 verteblt, siMPly type 
Its n1me. To store 1 v1fue Into 1 variable, t1ways type the 
r.rafORTH word ~efore tyofnq the v1rllblt n1me. 

Unless otherwise spectfle~. when 1 v1rt1ble ts first created and 
compiled u\lnq the word YARIARLE, the tntttal valut of th~ 
vartah1e Is l'.rn. To qlve 1 varfablt 1 different tnttlal value, 
the other form or VARIABLE Is used, where the Initial value Is 
entered on tht line with the decl1ratlon: 

<lnltlll value> YARIABL£ <vartlhlt ftiMI) 
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Ready 3~ YARIARL£ COUNT 

COUNT wtl1 contain the ••lue 35 until another v11ue Is ttortd 
over tt: 

R~ady COUNT , 
JS 

Ready 87 -> COUNT 

Ready COUNT , 
87 

We should brln~ uo tOMethtnq t~ortant here. The word YARIARLt 
(~s well IS STRINr., which we'll discuss shortly) ts 1 c~fltn~ 
word. tn that tt produces new words Itself. It fs also 1 word 
that 1oo~s forward down the Input line for the word n1~. It 
therP.for~ MUst be used wtth more care than most r.r1~0RfH words. 

Ae1d.V 25 1 * YARIA8L£ THING 

Strings 
Strlnqs tn nra~ORTH are wor•ls with space Sl!t nttll! for stortnq 
characters or text, rather thin nur.thers. Strtn'Js 1re used 
whenever tnput Is requested tr0111 the ke.,bolrd, or text has to ht 
~nlpul1ted In any w1v. Strtnq words are creat~d wfth the wor~ 
STRING, tnd 1 number of words devoted to ~ntpul1ttng strtnqs 1nd 
chtrlcter data are Included In r.r1fORTII. 1\ddltfnnll words, ror 
more complex strtnq tas~s. c~n be found on 1 dfsk ftle Cllltd 
•stRING WORns•, and c1n be cOMPiled Into the word library 1t any 
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Defining Strings 

The word •stRING• is used to cre•te words In the r.r1FOATH word 
llbr1ry th1t •r• used for strtnq stor1qe. The fo,. for the word 
STRING ts: 

<strlnq size> STRING <strlnq n1.,> 

The string n1., Is the n1., of the word to be ldded to the word 
llbr1ry. The strlnq stz• ts 1 nuMber SPP.Cifytnq the nu.Oer of 
bytes, or ch•r~cters, the strlnq wl 11 hoi II. Ae.aelllhertnq how 
precious coii!Puter f'ltiiOry ts. the string she should be .lust llfQt 
enouqh to hold whltever string d1t1 Is expected to qo Into the 
\trtnq. On the other h1nd, sufficient ro~ .ust ~ 111otted In 
the string for 1ny v1lue ever stored Into tt:-·--lf you 1tte~t to 
store too MUCh text Into 1 string, .YOU will 1ctu1I1.Y dauqP.. the 
Gr•fORTH word ltbr1ry. This will force you to reboot th~ entire 
systf• fro- scr1tchl To Increase speed, FORTH i~le.,ntltlons 
(Cr1fOATH Included) typlc1llyddo vefl little error chec~. 
Therefore u ts up to yOAJ to eter• ni'Delireh•nct tlie"sTii~strlng 
you will need. ' 

Sl•lllr to v1rl1bles, strlnq decl1r1tlons dr1w both thel~ string 
n•-e 1nd strlnq size fra- the Input line, 1nd h1ve the ,, .. 
restrictions for use 1s v1rl1hle decl1r1tlons. 

The followlnq •••~le cre1tes •·new word c1lled TESTSTRINr. which 
c1n store 1 strlnq up to 4~ ch1r1cters lonq: 

Re1dy 15 STRING TESTSTqiNG 

Re11tr LIST 

TESTSTitltlli 
CIIS 
ARS 
sr.tt 

DUV IIIG DUP£1 5 • ID 

_,., 

~~-~ 
...,_,.......i ... , ...... 
,.. ··s-....f 
...... -,.- ..... 
5W- ...... 

~T~ 
........ -~ 
~-·r···~ 

=r~ 
liot-.....,-...iil .__, .. ~ 
. .. I 
e:)·.::! 

I 

~ .. ; .. ~ 
. I 

t::::~ 

Gr1FORTH strlnqs 1re Indexed fro• 0 to the strlnq sllt•l. When 1 
string word Is execute~. the word re-aves • nuMber fra. the 
stack, 1dds this number to the 1ddress of the beglnnlnq of the 
strln~, then places this Address on the stack. Note th1t strlnqs 
differ fra- v1rl1bles In th1t 1 varl1ble 1ctu1lly places Its 
v1lue on the st1ck, while 1 string places the 1ddress of tbe 
beginning of the strlnq plus the specified Index on the st•c'· 
Getting the address Instead or the v1lue of the string ••Y not 
see• like .uch fun, but In a .o.ent we'll show you s~ powerful 
words to NOve string lnfor.,tton 1roundl 

In the following ex1~le, entering •o TESTSTAI~G· will pllc4ltht 
address of the btglnninq of the string on the stack. interlftq •s 
TESTSTRING• will pl1ce the 1ddress of ch1r1cter nu~er S tn 
TESTSTR&Nr. on the st1ck. The last ch1r1cter position or 
TESTSTRING is accessed with •44 TESTSTRINii•. Any portion of the 
string can be accessed quickly In this w1y. 

Ready 0 TESTSTRING 
-32?.41 

Ready ~ TESTSTRJNG • 
-32236 

Ready 44 TESTSTAING • 
-3?197 

Notice the addresses returned are neq1tlve. If you don't 
understAnd why, be sure to turn h1ck 1 few paqes to the 
discuss I on of GraFORTII •mory addresses I 

Note: The 1ddresses we show •re for ex1-ole purposes. The 
1ctual values .,1 be sllqhtly different. 

Using Strings 
In this section, we'll show you how to use those -emory ~~dresses 
that strlnqs 1e1ve on the st1ck. We'll ASSIGN te•t to 1 strtnq, 
and WAIT~ and REAO lines of text to 1nd fr~ the Apple's screen 
1nd keyboud. 
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To store text dtrec\11 Into 1 strlnq (or tnywhere In -e.ary), the 
word "ASSIGN• Is used, with the forM: 

<string tddress> ASSIGN • <quoted texi> • 

ASSIGN reMOwes I n~er froM the 1t1ck, Interprets It II I MeMOry 
•~dress, then stores the text hetween the quotes Into .emory 
st1rtln9 1t th1t tddress. Usutlly the tddress Is supplied by 
enurtnq the ntme of 1 strtnq before typlnq ASSIGN. tlere ts tn 
Ulmt1le: 

Re1dy n TESTSTRING 
[-J224l] 

Ready ASSlGN • SHE !;EllS SEAStl£llS • 

Reidt 
The phrue •sHE SEllS S£ASII£llS• hiS beP.n stored Into the string 
TESTSTRIIIG, 

To write the contents of 1 strlnq to the screen, the word 
•wRITELN" Is used, WRITElN re~•es 1 ~ber tr~ the stiCk, 
Interprets It IS • MeiiiOrJ tddress, then writes the ted sUrttnt 
1t thlt tddress to the screen. The for• of WRITElN is: 

<strtnq tddress> WRITEtN 

The fo11owlnq ext~1e writes the contents of the string 
1£STSIRING to the Apple screen: 

Ae1dy 0 TESTSTMING WRITElN 
SIIE SELLS SEASIIELLS 

Text ctn be retd In fra. the keybotrd tnd stored In 1 strtnq (or 
1ny~here tn ~1110ry) ustnq the word •R£ADtH•. READLN r.-owes 1 
number frOM t~e sttck, Interprets It 11 1 MeMOry tddress, then 
re1ds 1 1tne of text fro- the keyhotrd tnd stores the text In 
11111110rr sllrtlnq It th1t tddress. ltkt WRITELN, the fol'lll of 
REAOLN h: 

<string tddress) READLN 

D£LYIIIG DUPER s. u 
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Here ts 1n extMPle: 

Retdy 0 T[STSTRJNG READlN 
SEASttEllS (You lJIIt this 1fnt) 
Ready 

The phrtse •sEASHEllS• has bttn read tnto the ttrlnt TESTSTRING. 

Retdy 0 TESTSTRING WRtTrl" 
SEASitEllS 

Of course, lsslqnln~. readtnw and wrtttn~ don't ha•e to start 1t 
the beginning of 1 string. Strings c1n be 110dtfled by rP.tdfng 
Into the string, but startln~ In the Middle of the strtng: 

RetdJ 3 TESTSTRING READLN 
StiORE 

Aetdy n TESTSTRING WRITELN 
SEASHORE 

Tht word •slfORE• wu read Into TESTSTAINR, stlrttnw at chtrlcter 
nUdber 31 OYer the top or •sHELLS•. 

' 
Ready ~ T[STSTRING WRITElN 
ASIIOAE 

The string was printed starting wtth chtrtcter nuMber ~ letwfng 
only the_ •A• In •stA•. ' 
When 1 strln~ Is stored In .-MOry uslnt ASSir.N or R£AnLN, 1 
ctrrltgt return fs pltcr.d tfter the ltst ch1r1cter .,rklnq the 
end of the strtng. When vqJTElN wrttes 1 strtn~ f~ ~IIOrJ, tt 
sttrts at the spectfted address tnd continues until tt flndl 
either 1 ctrrltqe return or 1 bftt contttnlnq 1 zero. Etther of 
thes• .,rk the end of 1 strln4 for VAITElN. 

\ 
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String Conversion 
SOMetl.es 1 strlnq Nlll contain 1 nu~er stored IS text. The 
GriFORTH word •G£TNUH• Is used to reid the nu~r fro. the text,. 
plicfng the vilue on the Slick. GETHUH removes 1 nu.Oer fro. the 
stick, agiln Interpreting It as 1 --~ry address. It then reads 
the teat startln~ at that address and atte-.ts to find 1 nu~r. 
which tt places on the stack. 

In the following e••~Pie, the nu~er 321 Is first read Into 1 
strtnq as teat, then converted to 1 stack value with GETMtM: 

Ready 0 T£STSTRING R€ADLN 
321 

Ready 0 TESTSTIING GETNUH 
[321) 

When using GETNUM, nonnu.erlc characters .. Y follow the ftk~r 
without Interfering with the conversion, but the ~r .ust 
begin as the first ch1racter of the strlnq, 

If GETHUH cannot find 1 nu~r at the given string address, It 
places 1 zero on the stack. To deter.tne for certain whether or 
not the strlnq-to-nu~er conversion was successful, the word 
•vALID• h used. VAllO leaves 1 nuMber on the sUck. If the 
last GETNUH w1s successful, the nu.btr will be nonzero; If thf 
conversion failed, VALID will ret~rn zero: 

Ready 0 TESTSTRJHG REAnLN 
555 
Ready 0 TESTSTRING r~TNUH • 
555 
Reactt VALID , 
25l 

(VALID ts nonz~ro since GETNUM w1~ 1ble to convert the nulhtr.) 

Ready 0 TESTSTRING READLN 
YOU CALL THIS A NUMBERl7 
Rea4y 0 TESTSTIJNG GETNUM • 
n 
Retell VALID • 
I) 

(VALlO Is zero since r~TNUH failed to find a ftUNbtr,) 
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PAD: The System String 
GraFORTH Includes • predeclared te~Porary strln~ SPICe or 1?.4 
ch1r1cters called PAD. PAD ts convenient for reading keyboard 
tnput wtthout having to derlnt • strtng rtrst. 

Actuall.Y, PAD Is two thln~s: 1 124-byte free area of 1111110ry ustd 
for storlnq strtnq date~, •nd • word tn the GraFORTII word library 
na-.d PAD which places the iddress of thts free area of ~.ory on 
the stick. Note that the usual string tndealng ts ftlt used wtth 
PAD: . 

Ready PAD 
[812). 

(1112 Is the address of the PAP string buffer.) 

[812] 
Re1d1 READLN 
Gotn' back to ~ pad. 

• 
Ready PAD WRITELN 
Gotn' back to ~ pad. 

To access the •tddle of the PAD buffer, sl~ly add •n orfset to 
the address: 

RP.ad.Y PAD 
[812) 
Re1oty 6 + 
[RIA] 
R11t1 lfy IIR ITELN 
back to ~ pad. 

Nott: PAD Is considered 1 temporary string SPICe because the 
u• space h used by the GraFOATII syste• lfhen COIIPI ling words 
onto the word ltbrary, overwrlttng the previous contents or PAn. 
Pred~tclared strtngs should be used for ~re pe,..nent strtnq 
storaqe, 
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Accessing Individual Characters in Strings 
Since e1ch ch1r1cter tn 1 strtn9 occupies one -..ory lnc1tt0ft, 
.Individual ch1r1cters In strtnqs c1n be 1ccessed ustnq PEEK and 
PO~£. In this tXIMDte, I lfnt of text ts pt1ced In TESTSTAING, 
then the ASCII value or the first character Is re1d onto the 
stack: 

Ready 0 TESTSTRING ASSIGN • Strlnq plcklnqs • 

Reidy 0 TESTSTRING PEEK 
[Zll] 

211 Is the ASCII v1tue for the tetter •s•. •o TESTSTRING" placed 
the address or the first ch1racter or the strfn~ on the stack 
then r££K reid the ve1ue frOM this tddress. In· the nut ex1..P1e 
the •1• fn •strlnq• Is overwritten with tht 1ttter •e• by storln; 
Its ASCII v11ue: 

Reidy 239 3 T£STSTRING POKE 

Rudy n T£STSTR lNG WR ITELN 
Stronq plct lnqs 
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String Words on Disk 
Thtre ts 1 f11t on the r.raFORTH systee dtstette catted "STRING 
WORDS". This fttr contains tddltlonat words for ~nlpu1ttlnq 
strlnqs In more comollc1ted ways. To Make the strfnq wr~ds 
acthe, siiiiPlY co1110fle the file Into t~~tmory b.Y typlnq: 

Ready REAO • STRING WOROS • 

litre 1r1 the words In the fltt "STRittr. WORDS": 

END? Is called by a few of the other wnrds to d~tenRine If the 
~nr a strfnq has been re1ched. It removes 1n 1ddress from the 
stack, reads the v1lue from that tddress, 1nd returns 1 1 If the 
yalue fs 0 or 141 (the ASCII Yalue for 1 carrl1qe return), or 
returns 0 otherwise. 

LENGTII r11110vts a strtnq address fr0111 the staclt and returns tht 
lenqth (number of char~cters) of that strlnq: 

Re~rty PAO AS~ IGN " flow lonq ""' 11 " 

Ready PAn lENr.TH 
[14) 

Rtmemher that strlnq lndr.•fnq starts 1t 0 1nd ends at the strlnq 
lenqth-1, so the 1ast chdrlcter nf the 1hove strtnq fs char1ct~r 
number n. 
l£FTS ts st•tt1r to t~t ~pplesort "LEFTS" function. Tht ror• 
TorTI:FU ts: 

<snurct!> <rtestlnltlon> <'of ch1r1cters> lEFTS 

LEFU copies the ghen nulllber or ch1racters rro~~~ the snuru 
strlnq to the destination strln11. In the fo11owlnq P.UIIIIJ1e, the 
strln!J TESTST'UNG fs rl!l•l, then the rt rst 5 cheracters or 
TF.STSTRING 1rt asslqnod to PAO: 

Ready n f£ST~T~INR R£ADLN 
EliZARETII 

Rtlrfy n T£STSTRING PAn S LEFT~ 

ReAdY PAO VRIT£LN 
ELIZA 
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RIGIIT$ ts sl•ll~r to Appltsoft's •aiGitJS•, The for• ts the 11• 
~L£fTI, however the given nu~r of ch1r1cters 1re copied 
fro- the rtqht end of the strtng. Continuing fro. the previous 
ea1~1e, 4 ch1r1cters fro. the rlqht end of TESTSTRING 1re now 
1sslgned to PAD, overwriting Its previous contents: 

ReidY 0 TESTSTRING PAD 4 RIGHTS 

Re1d1 PAD WRITELN 
IElH 

Notice th1t wtth Gr1FORTH's string Indexing, the Applesoft 
functton •Mtos• e~n be duplle~ted with LEFTS. · This UIIIIIP1e r11ds · 
l ch1r1cters fro- TESTSTRING st1rtln• with the ch1r1cter ~r l 
(not n): · 

Reidy l TESTSTRINr. PAD l LEFTS 

Re1d1 PAD WRITELN 
LIZ 

MOVELN riiiiiPlJ copies 1 strlnq fro. one loc1tton to 1nother. Tht 
for• Is: 

<source) <destlnltton> MOVELN 

The following ea11111Ple copies the contents of TESTSTRING to PAD: 

Re1dy 0 TESTSTRING PAD MOVELN 

Reidt PAD WR ITELN 
UllAIETH i 
CONCAT conc1ten1tes two strlnqs toqether. The for• for CONCAT 
Is: 

<strlntl> <strlnq2) ,CONCAT 

CONCAT copies tht contents of strlng2 to the end of strlngl. The 
contents of strlnq2 1re unch•nqod, In this ea11111Pie, strlnqs lrt 
r~•d Into hoth PAO 1nd T£STSTRIHG, then CONCAT Is used to COihlnt 
th• strtnts In PAD: 
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ReidY PAD REAOLN 
GriFO!lTH: 

Aei~V n TE5TSTRIHG AEAnlN 
The Apple Gr1phtcs L1ngu1ge 

ReidY PAD n TESTSTRING CONCAT 

Reidy PAD WRITELN 
GrafORTH: The Apple Gr1phlcs Language 

COMPARE .. kes 1n alph1hettc11 ca-p1rlson hetween two strings, 
returning 1 value on tht stack. The fon1 for COMPARE Is~ 

<strlnql> <strlnR2> COMPARE 

If strtngl Is qre1ter than strtnq~ (In 11Phlbettcl1 order. 
strtngl c~s 1fter strtng2), COMPARE returns 1 l. If strtnql ts 
len thin strtnq'., COMPARE returns 1 -1. If tht two strlnqs lrt 
equ11, COMPARE returns • n. Here Is an ex1.,le: 

Read.v PAP ASSIGN • LIST • 
' Ready n TESTSTRINii ASSIGN • LOST • 

Ready PAn ·o 'TESTSTRIIIG. COiiPARE 
[·1] 

The word COMPARE returned 1 -1 on the st1ck because the contents 
or PAD ts •Jess th1n• the contents of TESTSTRIHii. 

Words Manipulating Individual 
Characters 
r.raFORTII also conUins words that print lndhtclu11 ch•ncters to 
the screen. 1nd !Ill lndhtdull chtruters frOf'l the ke.vho~rd. 
Thtto words Interpret nulllhers 11 the ASCII va1ues for chlriCttrs. 
(A Uhle or ASr.ll chtracters Cln ht found In APpondh n.) · 

Jhe lirtfORTtl word •puTt• (rUT Char~ctP.r) prints 1 slnqle 
character to Uut scroen, P•ITC rP.CIOvf!l 1 nur.1her fr0111 thft stack, 
lllterprets It as the ASCII nullbtr for • chlrlcttr, 1nd prints the 
ch.r1cter 1t tiM current cu•·sor posIt Inn: 

O[LV lllr. DEEPER S • It 

I, ,. 

I 

1 
I 
;; 
I 

'· ~( ,. .... 
~: 



.... 

r 
Re1dy 193 
[191] 
Aet'uty PllfC 
A 

(193 Is the ASCII ••lue for the letter •A•,) 

PUTC re.o•ed the 1~3 frOM the sttck tnd printed the chtrtcter .,., .. 
The GrtFORTH word G£TC (GET Chtrtcter) places 1 fl1shtn~ cursor 
on the screen, w1l~or 1 ch1r1cter frOM the teyho1rd to he 
entered, then pl1ces Its ASCII v1lue on the st•ck: 

Ready r.nc 
(Type the ch1r1cter •a•.) 

[194] 

(R£TC returns 194, the ASCII Yllue for tht ch1r1cter -a•.) 
To print 1 ch1r1cter reid tn wtth G£TC, st-oly PUPIIc1te the 
••lue reid, 1nd write It to the screen with PUTC: 

Ready G£TC IIIIP PUTC 

(Type the ch1r1cter •y•,) 

' [217] 

(217 Is the ASCII ••1ue for the ch1r1cter •y•,) 

To ch~ct If 1 ket hiS heen pressed without stOPPfnq to w1lt, . 
"fiETK£Y" tnd "ClltKEY" 1re usell. GETICU and CLRKEY directly Ill 
the Apple's sp~cl•l keyho1rd nemory location. 

When • key Is p~ssed, Its Apple ASCII Yl1ut ts stored tn tht 
Apple keybo•r~ lncltton, If 1 key h~s been pressed, tht ~r 
In this locttlnn Is tlw1ys I?.R or gre1ter. G£FKEY re1ds this 
loc1tlon •nd ol~ces Its ••lut on the st1c-. E•tcuttnq r.LAKEY 
torus the fllllt In tilt ••yhotrll loCAtiOft to ltn thtn 1211. hat 
nut hyortll 1rter t.UKEY 11 utcuttff wt11 ICIIfn brlnll tht vah•t 
to llA or qrt•ter. 

D£U lNG DEEPER s .. 20 

-,.- . . 

ThulJ, to ro1d the hyho1rd uslnq r.UKU 1nd r.UK£Y, rtrst e•ecutlt 
r.LRIC£Y to 1111ke the h.yhoud lout I on It II then I ZA, then list 
GETKEY unt 11 the returned •1 lue h un or !lrt1ter. Thh nUIIIhtr 
will he the ASCII "lue for the key thet fs press"d· r;wcn u• 
he lntP.rspersed with nther t1sks so th1t othtr thlnQS tilt occur 
while st.ult1neously readlnq the keyho•rd. Here ts 1 st~le 
e•ample thtt uses r.ETKEY and CLAKEY to "qrth 1 chtr•cter•: 

: GAAR.CHM 
CLRKEY 
REiiiN 

fiETICEf DtiP 
17.R ( 

Wll ILE 
DROP 

REPEAT 
CLRKEY 

DtlYING DUP£1 5 • 21 
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Using Numbers in Other Bases 

GrtfOilTtt un accept and dtsp11y nulllber In bues other than but 
ten. Four words (HEX, BINARY, DECIMAL,and BASE) all~ you to 
select what b1se Gr1fORTH uses. 

The word •H£x• c1uses GraFORTH to read and print nu~ers In 
heaadecl~l. bast 16. In this taaaple, a nu.ber Is pl1ctd on the 
stack, then base 16 Is selected usln~ HEX. 

Rudy 45 
[45] 

Ready HJX 
[20) 

Sl•llarly, the word •BINARY• selects bast two: 

Ready BINARY 
[101101] 

The GrafORTH word DECIMAL gets us back to fa•lliar territory: 

Read1 DECUW. • . 
45 

Tilt IIfOrd •BAS(• can bt used to select r1 bast. BAS£ acts IS 1 
variable: tht word •->• Is used to ass qn the bast. Tht 
following selects bast 8 (octal): 

ltadJ 8 ·>BASE 

Holt that since RASE Is 1 varlahlt, Its current value can bt'read 
and.dl!pllyed. tlowtvtr, any but value displayed In Its own bast 
ts 10 • For eaaaple, 1 2 In bast 2 Is 10, and a 16 In 
htaadtct•l Is also 10. Thus, to print the b111, you lUll piece 
Its value on the stack, change lAS£ to ,a.~ other base, then 
print tht stack value. In this short eaaaplt, the base selected 
above II cttsplaytd btfort and after changtn• beck to •ct•1a 

111111 IAU 
[10] 

DELVING PE£P£i 5 - 22 

• I I. 

l ~ 

'l' 
·h~-;;l ... _l_ ..... 

~-= 
·.,.;._._.~ _., .... , ... ~ 
..... , .. ..,] t:T ... 
·=-r'= 
~ .... - •. "Ri) 

-~·-r-~ 
ET~ 

~T~ 
E -.-:;;:3 ··r .. ~ 
.1::~ 
E;:-., .. -~ 
~-,-· ... 
El~ 
El:l 
e:r.:l 
E:-.~ 

_I ::I 

Readl' DECIHAL 
(8] 

Bcuuse heudect .. l and so111e other base nullbers use ·letters of 
the alph1bet as dlqlts, possible conflicts betwef.n nuabers and 
word nd-eS -ay occur. for eaa~le, In heaadectNI, ts •Ac£• • 
GraFORTtl word na• or 1 number? To help prevent thts, GrafOATtl 
allows dollar stgns (•s•) to precede nu~rs: 

Read.l' H£1 

Ready SAC£ 
[ACE] 

Note: All of the e•a.,les In thts •nual have assu-.d·that bast 
ten Is seiP.cted. In addition, so-e of the proqra~ on the 
GraFORTtl s.rste• dhk have nulllber forNtt tng that requires bast 
ten. You ue frtt to use other bt1t1 1 but the rtsults •.r be 
quite unprtdlclablel 

Using DOS From GraFORTH 

DOS Commands 
Using the Apple Disk Operattn9 Systtll fro• GrafORT~ Is IIUCh the 
sa.e as fr.- Baste. DOS c~nds can bt called dlrec\'' fr~ 
GrafOilTH, ettbtr fr011 the keyboud or In a word cteftn t'ton. DOS 
responds to a c~nd that hiS been preceded by a c1rrtaqe return 
and a ConTRoL-D (ASCII nw•her 132). (See the Apple DOS Nnual 
for AOre tnfor111tton on disk access tn general.) The fona for 1 
DOS c._.nd fr• r.rafORTH t 1: 

CR 132 PUTC PRINT • <DOS cu..and> • CR 

•ca• prints 1 carrtaqe return and •132 PUTc•.~rlnts a ConT~oL-0. 
The DDS c..-.nd Is printed neat, and the line Is ended with 
another curlage return. llert h an •••IIPit that prlnu a 
uta log: 

ltld1. CA 132 PUTC PRINT • CATALOO • CR 
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Using Data Files 
Te•t file eccess Is e1so sft~iler to 8estc. The rtle ts opened 
uslnq standard nn~ co~and,, en~ data cen he rtad frOQ or wrttten 
tn the file uslnq R£1\0lN or VR1T£LN. File ICCtSS CIA he 
sl~~~~tl trlert .,, dertnlnq file words ahead of time. For tiiiiiPll!, to 
heqln reartln'l frOI'I a ted ft le, .JOII CAn use • word llh 
OPEN.R£1\0, (The filename has been stored In PAD.): 

: OP£1f,R£AO 
tA I l?. PIITC PAINT • OP£11 • PAO WR ITELN CR 
CR 11? ~JTC PAINT • READ • PAD WAITF.LN CR 

After e•ecutlnq this word, the file will be OPened for readtn~, 
and rteta can be rea~ tn using R£AOlN, At the end of thl text, 
the file cen be closed by siMPlY ustnq the GreFORTH word •cLOSf.•, 
ClOSE closes any open file. 

Since r.reFORTH does not heve 1 function s1Mi1er to Appltsoft's 
•ON ERROR GOTo•, ons errors, Including End or nata, will produce 
en error messeqe and stott the proqr111. Tttfs ••ns that tither 
the lenqth of the file MUSt be known 1heact of tl~~e, or there .ust 
he a specl1l .. rker et the end or the file so that no -ore data 
will be read by the progr••· The last character In the fflt !lUSt 
also he 1 carrlaqe return. 

Mere ts 1 SIMPlt file th1t t~~kes use or a specfl1 End Of Ff1t 
marker. The. 111rker used here is an asterisk on the last ltne: 

Thts Is -r test file. 
E1ch or these lines wt11 ht printed 
by the proqr111 below. 
The lut I lne ••st he 1 spec tal •rhr 
to end the rt I e. tlert It Is: 
• 
ltt US SlY that WI haYt SaYed thfl fflt wtth tht niDI -TEST•, 
ltert Is 1 proqrlll that wl 11 read and prlftt each ltnt In the ftlt, 
end will stop when It encounters the end t~~rktr •••: 

PUUMG DUPER 5 • 2A 

: READER 
PAD ASSIGN • T(ST • 
OPEN.REAO 
BEG Iff 

PAD READlN 
Pl\0 PEEK 
170 () 

WHilE 
PAD WRITELN 

REPEAT 
ClOSE ; 

(P11Ct ff1tn ... tn P~ lnd Clll) 
(OPEN,REAO fro. lbOYe to open file,) 

(Read 1 1tne ,,..,. ftle.) 
(Get first ch1racter frOM lint.) 

·(WHILE thts char•cter Is not •••: ) 
(Write the line to the screen, end) 
(REPEAT back for the next line.) 
(Close the file.) 

As the spect•l GraFORTH 1~5 allots only one ff1~ buffer, only one 
file can be open It I tin~. The nOS c~nds •pR,n• and •tM,n• 
(where n Is 1 number from 1 to 7) cen be used fr~ r.raFORTH to 
route data to and frOM pertpher•l c1rds In the back or the Appl!. 
In this way, proqr•• te•t or date cen be sent to 1 printer or 
other peripheral. After ustn~ •PAin• or •JNin•, etther the 
t:raFORTII word GR or TEXT un be typed to re-establ hh the 
stend1rd GraFORTH 1/0. Oo not 1ttemot to use •PAin• as It wf11 
not leiYI GreFORTH Intact. 

The ro11owtn" word wt11 prfnt the .. text In the etfttor buffer to 1 
printer In slot 1. •It reads tht'characters one 1t a tt-. and 
prints th .. out untt1 tt finds a zero ~te, •arktnq the tftd of 
the editor flit. 

: PRINT.BUFFU 
CR 132 PUTt PRINT • PRII • CR 
34Rl7 -
RF.GIN 

DUP PF:Ete OUP 
0() 

wtlllF. 
PUTC 
l+ 

REPEAT 
GR ; 
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Program Control Words 

RUN 
The Gr1f0RTII word RUN IUtOIIIittully executes the top word M the 
dlctton1ry. This c•n ~ 1 gre1t convenience when lo1~ln~ 1nd 
runn t nq proqrt•s f r011 d hit, fly us t "!I RUN, .YOU don't hue to 
check whit the top word on the litcttonu.t h tfter CQIIIPtltn~ 1 
ftl~ tn order to run tt, In lddltton. If the top word his • AI .. 
SOI'Ifthln~ ltlte: 

SUPER .lAPPO, ElECTIIO,BLASTERS.APPLE, YJnEO.GAHE, 

using RUN ctn 11ve • btt of typlnq, too •••• 

AUTORUN 
The _,rd AUTOAUU IIOU 1 step bl!yond this, AUTOAIIH rtiiOVIS 1 
n~er fro- the st1c1t. If this nu~er Is nonzero, thP.n GrefOATH 
will 1uto-atlc1lly execute the top word on the dtctlontry every 
ti~ proqr•• control Is returned to the Gr1fOATH syste• level 
(I .e. whenever .vou expect to see 1 •Ready• ·PrOIIIPt), 00$ errors 1 

GrtFOATII or .,chIne llniJUIQI errors, uecutt ng the word ABORT • or 
press t ng the Reset lte.v wtth the AUTOAIIN opt I on on llfi II 111 cause 
the top dlcttonery IIford to be executed. llere Is tn lliiiiPlt to 
IJfve you a feel for the WI.Y AliTOAUN works: . 
Rtldy : TEST PRINT • AUTOAIIIt IS ONIII • ; 

We've 1dded thts word to the top of the dicttontry so thtt 
AUTOAUH wtl1 h1ve • very visible effect, 

ReidY 1 AUTOAUH 
AUTORUH IS ONIII 

Ae1dy 3 5 
AUT OAUit IS OH II I 

f~~ 
Aetdy SWAP 
AIJTOIUN IS Oft II I 

g~ 

DfUING OUPU s • 26 

-· 

Ready "'ORT 

(The scrnen cle1rs.) 

GraFORTH ]( (C) lq~l P, Lutus 
NITOIIUN IS OH! II 
Ready 

FortunatelY, the AUTORUN option can be turned off by tvptnq: 

Ready I) AUTORUN 

lludy 

If the top ~tcttonary word runs • •closed• pro9raa which never 
e•tts to the syste• level, the A~TORUN optton effectively makes 
the GrtfOATII hnquage ttself tnaccesslble. An.Y errors or ABORTs 
st.,Jy resttrt the progr••· 

Saving the GraFORTH System 

The r.r.FORTII language ts stored on the systea disk u 1n 
executable binary file with the name •ooJ.FORTH•, As mentioned 
tn Ch1pter l. when the disk 1s booted, this ftle ts autOfllltluJI.y 
loaded and run. 

The GraFORTH word SAVEPRr. ts used to cre1te Gr1FORTH binary fll~s 
s l11lltr to OBJ.FORTH, SAVEPRG saves the current GrtFORTH s.vste•. 
tncludfn!l 1ny new llfords .1dded to the dictlonar.Y, u a blntry 
file. Once cre1ted, thts file can be BRU" It 1ny ttae, brtnqtnQ 
the nodtfted GraFOATH syst .. back tnto -a110ry, 

SAYEPRG ts 1 powerful tool, You c1n save •custa.lzed• syste~s. 
with .vour fnortte special-purpose words 1lrud.Y tn the 
dtction1ry when the syste• ts booted. You c1n also s1vt ftntshfd 
IPPitcations progra•s, tn such a WIY thlt the proqra• 
tutoMattcally st1rts up when booted. This 1s tde11 for·g11111 
IPPIIcattons. where the obvious presence of 1 •Jtntulge• ts 
neither needed nor desirable. 

To use SAVEPRii, ftrst coniPi le the llfords to produce the •ttntshad• 
syste. you Wlnt to 11¥1 1 then type SAVEPRG: 
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Ret•ly SAYEPRG 

~AYE FILE NAMr. 

Ttth 11r01'1Pt ISitS for the ftlenllllf you w1nt the new S.Yitflll 
su-.11 n. The r.r1FOATH syst.l!f1 dhlc IUtOIIIItfuiJ.y ftRIIrts the rflt 
"ORJ.FORTH", SO H YOII Wlnt tltls IIC!W SYitM to hoot 
IUtOIIIal tully, yn11 ·should ntlll! J!JUr ffiP. "OBJ,FORTII" too. Tour 
file wfl1 th«!n overwrite the suppTrtd Gr1FOAnt systflll. (M1kt 
sure ynu're uslnq 1 copy or the disk 1nd not the orl~lnlll) Ym1 
trt then pr~ted: 

AIITORUN (YIN) : 

Thts pro~t 1slts whether or not .You w1nt the sned s.nt1111 to hoot 
up wtth the AUTORIIN opt ton on. I r you tnswer Yes to this 
11uest1on, then the new syst'eiii wltl tutONtlct11.Y run the toP MOrd 
on the dlctlontry, sttrtlnq 1 proqr1111 In .otlon. If desired, 
your proqrtm can later turn the AUTORUN option blck off, 
returnlnq tccess of the Gr1FORTH 11nquaqe to the user. If you 
tnswer the AIJTORIIN quest I on with No, the new s.Yitl!lll wl 11 dfsp li.Y 
the "Ready" prompt on boot-up, with l~~~mtlllltt 1cc~ss to the 
Jtngul91!• 

After tnswerlnq this qutstton, this disk whirs for 1 bit, s1vlnq 
the new syste• to disk. 

Note: As discussed In Chlpttr 2, I s1tqht1y -.dlrted version of 
nos Is used with GrtFO~TH, Any system Slvtd with SAVEPRG 
requires this version of DOS to be In .enory. New syste111s should 
he stvell to 1 copy or the GraFORTH dlslt, so th1t the specl11 nos 
wt11 be present. 

The GrtFOAnt s.rst1111 IS suop1ttd Includes 1n 1ddltfon11 word on 
the too or the dfctton1ry which 1sks the ~nstr1tlon pro-ot on 
boot-up, ThJs word c1n be found In the disk fllt "QUERY", Tht 
system wn sued wtth the AUTORIJN optfon on, so that 'tht dtiiO 
pro~t would come up aut01111tfc111y. When you answe~ ~o to thl 
dftiiO q11est ton, the word turns AIITDRIJN off ( frtetnq tht srst•), 
then roRr.ETs ftstlfl This 1e1ves the syst.- tn tts •usual• 
st•te. 

The GraFnRTII systP. can tMt Slvtd to dtst wfthout tht ...., prOIIPt 
s1moly ~Y uslnq SAVEPRG with no additional words on tht word 
llbrtry. (This should only bt clone to 1 £!!1. or your dtst, tn 
ctse llqhtnfnq decides to strike whl1t thi sist .. Is beln• 
written to dlst.) Root the disk, 1nswer No to the deiiiO question, 
thfn type: 
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ltady SAY[PIG 

SAVE FILE NAMr :OIJ.FORTH 

AUTORUN (YIN) :" 

After the dlst StOPS whlrrlnq, tu~n your AppJe off, then·on 
aqaln. When the systeM hoots, the demo orOIIIPt wl11 be qon~. 

You c1n also put the delllo p~t blct Into the syst... Type: 

R11dy READ • QUERY • 

This 1dds the word th1t 1sts the dtMo ouestlon to the top or the 
dictionary. Now type: 

AIIIIJ SAYEPRG 

SAVE Fll£ NAME :OBJ.FORTH 

AUTORUN (YIN) :T 

The syst1111 wl11 he saved with the de1110 pr01110t blck ln. 

Overlays 

r.r1FORTH progr1111s c1n IUtOMetlcal1y 1oed and run other GraFORTN 
prograllll, 1nd even delete themselves to free'up -.1110ry. rro'r,. 
segments that overwrite «!ICh other In this way are often ca11ed 
"overlays•. Tht GrtFOATII deMOnstration progralltl use over11ys 
extenshe1y. 

To •••cute an overtly, Include 1 word In thf first flit that 
r11ds the overlay, "'"" the rtrst 1tne In tht overlay FORGET tht 
words t1rlldJ In --~.Y. and tht liSt 1tne In the overhr fl1t 
the word RU~. To be .or«! specific: • • 

Nhen yov need an over11y, txtcutt 1 lEAD <fl1tn,..>, where 
<fflenl .. ) Is the "'"" nr the overlay, This file wl11 n~ he 
reid Into 11e1110ry, hut since tht rtrst 1tne of the ov~rlt.Y 
cont1lns 1 FORGET <wordna.,), where wordna., Is thl! n•~ of tht 
GreFORTII word you wt sh tn for!lft blck to ( f nclus he), the 
orlqlnll fllt (or portion thereof) wl11 be r..,vell. As re•lllnq 
or tht nverliY continues, It wl11 now fill .. .ury previously 
occupied by the original ft1e. 
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We urlje you to eu•lne the deiiOnstratton flh lhtlniJS as an 
eaa.,le of overlays. Since the fORG£T ~t the be9tnntng of each 

. r tl e dOes Mt cause an error If the word being for~otten does not 
exist. the detiO files (or any overlay) can •ho be directly loade•t 
and run. 

Moving Memory 
H0Vtt£M st.-ph I'IOVts • hlock of •110ry frOfl one location to 
another. HOVH£M r.-oves three nunbers froe ~he stack, Thl fo,. 
for MOVKf.M 15: 

<s,.•ru> <dest tnat ton> <I of bytes> HOVHEH 

The <source> n~er Is the starttnq address of the d1t1 to be 
110ved. The <destination> Is the 1ddress of wherd the block ts to 
bl! 110vetl to. <I of b.~tes> specifies hOo' 111n~ b.~tes ue to he 
110ved. For exao..,le, to .ove 2S6 bytes fr011 address 2048 to 
address 2Rl6, enter: 

Ready 204ft 2816 256 HOVHEH 

HOVM£M c~n be handy for relocattnq ch1r1cter sets and 3-0 t .. ge~ 
tn ~ry, IS will be discussed tn Ch1pters 7 1nd R. 

Retr(eving Word Addresses 
T!le word ·' (an apostrophe, also called 1 •ttc•) places on the 
stack the 1ddress of the word that follows tt, tnd prevents thlt 
word fr011 betnq executeli, litre Is 1n uai!Ple: 

Read~ ' ERASE 
[l07U] 

The tic placed the address of the word EMASE on the stack, and 
prP.vented ERASE fra- hetnq ex~cuted. Note that the ttc is 1 word 
that looks forward doWn the Input ltne 1 and retrieves the 1ddrtll 
when It Is ca-plletl, not every tt .. tt ts executed. 

The address returned by •ttc• ts always gretter than the 
heaadect .. l address shown with SliST. This Is because the SLI$T 
address Indicates the begtnnlnq of the word dtftnttton, and •ttc• 
returns the address of thft eaecuttng portion of the word. Set 
"pendh I for ..-e tnfor .. tton on tht word Hbrtr1 structure. 
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Calling Machine Language Routines 

Machine lanquaqe proqraiiS in ~~emory un be called d1rect1y fr011 
firaFORTII wlth the word CAll. CALL rer.10ves 1 nur.lber fro111 the 
stack, interprets tt as 1 tnemory adltreu, th~n calls the .-.c'llne 
lan!JuaiJf routine at that a•ldress. (The routine should end with 
an RTS (P.eTurn fro• Subroutine) Instruction to return to GrafOATH 
properly.) Machine lanqua~e proqr1•s c1n he loaded fro- disk 
u\ln!J the.OOS c~nd •oLO~l· Into any free area of .,oory then 
CALLI!d fro• GrafOIHH. . . ' 

Before • .. chine l1nquaqe CALL Is mide, values can be placed In 
the Apple processor's A, X, Y 1nd P reqtsters using the GrafOqflt 
v1rtahles AAEG, XREG. YREG and PREG. Before .,klnq the ~chine 
lanquaqe CALL, sl~ly place the desired values Into AREr. XAEr. 
YREG and PREG IS you would any other vari1ble. When CALL ts • 
eKecuted, It loads the processor re9tsters with th~ values fr0111 
these variables before doln11 the call. (Note the iiiiPortance of 
loadinll 1 proper value Into PREG. If tllll)roper processor bits are 
set. GraFORTII will not operate I) After the routine has executed 
the values of the re9lsters are loaded back Into the variables • 
and can be read fr011 GrafORTH. agttn, just as any other variable. 

ltere ts a nice euiiPie. which uses CALL to read the qame padltles. 
The Apple Syste• 110nttor contains 1 routine at lout ton -12SO for 
reading the gaM paddles. It expects to see the nullber of the 
qame paddle (0 to l) In the processor's X register. It returns 1 
number fro• 0 to 2S5 (basr.d on the position of the paddle) 1~ the 
Y register. The followlnq word realts the value of a qame paddle 
by placing the top stack value In XREr.. calling the paddle 
routine, then plactng the value of YREG on the stack: 

REAO.PAOOLE 
·> XREG 
-1250 CALL 
YREG ; 

(The Apple .. nu1ls warn that two consecutive readlnqs of a qa-. 
paddle can produce Incorrect results, and sugqest 1 short walt 
loop between retdlnqs.) 
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Compiling Number Tables 

The word •, • (c0111111) CllllfS a nlllllher to ht COIIIPI1f!d u a byte 
Itt rect ly Into r.rafORTH. S1111l1 usembl.Y lanfiU"Ile rnut tnes can he 
cor.~~~llert ustnq co11111as, or nullifier tlbles can 1-. fltneratf!d, liere 
Is an example or 1 wnrd that cont1tns 1 number t1hle of the 
vlslhle htqh r~solutlnn colors, Thf! nu~ers 1re stored IS 
tnltlvldu~l bytes followln'l the word n~me In ~mory: 

: COloq,TARlf. 1 t 1. t J t ~ I ~ t ; 

These numbers cnrrespond to the colors qreen, vtolet, ~tte, 
or11n9e, and blu'!. {C,lors In GrefORTII wl 11 be discussed fn 
c1et11ll In th~ next chaiJter.) Each numbf!r can be accessf!d b.Y 
uslnq the tic to retrieve thf! address or COLOR.T~RLE, thf!ft addfnq 
an offset (0 to 4) to pick out the 1pproprtat~ number with PEEl. 
Pfote tht1t COlOR. TARlE h.!!!!!. an f!llecutahle word! 

Thf! c~ ts the only r.rarOATII word that asse~les ~trectly at 
the hyte level, 11nd some ,recauttons are required to""' It 
effl'ct hely, The collllllll should only be used wlthtn worlt 
definitions. Also, for Internal reasons, the first byte of an 
assembly or code or lteta may not he qreater than 127 (he•arlectMtl 
~7f), nor can It be equtl to 10 (S~). Here 1re the retsons: 10 
Is 1 sp~cltl reserv~d compiler fl1q, and 1 numbtr ltss than 12R 
l'lll'lt follow each r.rtF'ORTII word "'"" to 11111rk Its tfld, (For 1110rt 
lnfor••tlon, see Anpf!ndf• B for technical tnrorM~tton on 
GrafORTH's ltlctlonary link structure.) 

Leaving GraFORTH (gently) 
The GrafOATH word •oy£• can bt used to tnter the Apple ][ syst.­
monttor. The r.raFOATH langulqe btqtns at hell location $6000. To 
rr.st11rt GrtfORTII fra. the monitor, type •&oooo• • 

Conclusion 
That about wraps uyt the language features of liraF'ORTII, Fr011 here. 
on out ""'11 be tall(fnq ahout the many t.rPes or graphics 
tvatlable with r.rafOATH. (That ts ~at you houqht tt for, Isn't 
It?) Thn next chapter wt11 cover-baste pofnt and ltne dr.awfn9 In 
lirafORTII, u -.11 as 1 discussion of the supplted TURTLEctRAPHICS. 
We'll 9et Into tht various modes, color selections anll ••• 

Well, that's the toptc of chapter ~I 
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Purpose and Overview 

the qr•phics CIPibllltles of r.r•fOAJH c1n be divided Into three 
.. in qroups: 

Two-ntaenstonll Grap-tcs (or •r.raphlcs of the first Kind•) 
Includes c~nds thlt plot points, draw ltnes, and fill 
rectanqular are1s on the screen, using a variety of colors and 
opt Ions. 

Ch1r1cter Graphics (or •Graphics of the S~cond Kind•) includes 
usinq and creattnq new character set,, dtsplaytnq text wtth 
different sizes and colors, 1nd deftnlnq co~letely new shapes 
1nd pictures tn ter-s of char1cter sets and dtsplaytnq these 
sh1pes using a speci1l block prlnttnq functton. 

Three-Diaenslon•l Graphics (or •Graphics of the Third Ktnd•) 
Includes creatinq and dlsplaylnq three-dlaenslon•l color t .. ges 
1t high speed for •nt .. ted effects. 

This ch1pter will discuss two-dlaensionAl qraphics. We'll start 
by talktnq about whit the Apple Itself Is upable of, and how 
GraFOATII uses these Clplhilltles. We'll show you how to plot 
points 1nd dr1w lines, 1nd then undraw thea IQiin, effectively 
reMOvlnq the• frOM the screen. We'll discuss color 1nd the 
dr1wtnq aodes (OAHOOE 1nd EXMOOE) and how they affect the 
dr1wtnq process. We'll also talk 1bout using Turtlegraphlcs, 
which Is especially useful for creating certain kinds of 
~raphtcs displays. 
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Apple Graphics 

The Apple screen dtsph.v, whether U be text or qr~phics, Is 
1nadP. out of thP. sa• units, ulled phels. A phel (1bbrevilttd 
form of 'picture cell') Is the smallest unit, or dot, which Mil 
he turned on or off of the surf1c1 or the screen, There 1re 
53,71\0 of thP.se SMallest units which Nke up the enttre screen, 
arranqed In 1 .. trh 2AO dots wide 1ntt 192 dots high. 

The stindard Apple teKt display divides the screen into 2• 
horizontal lines, e•ch ~dots high, Seven of these ~ verticil 
dots are used to for• the char1cters, while the eighth Is used 
to s~parate the lines frOfl one another. llorlzontall.v, the 
screen Is divided Into 40 colUIIRS, each 7 dots wltle. Five of 
these 7 hortzontil dots are used to rona the ch1racter, while 
one on each side of the ch1racter is used for sp1cln~ hetwcen 
the characters, The ASCII values for the characters on ~he teat 
screen are stored In a 1024 byte ~.ary area. The hardware 
Inside' the Apple continuously reads the values fro. this area 
•n~ places the 1pproprlate ch1racters on the screen. 

The Apple qraphlcs drsplay allows you to turn on or off all 
~3,760 dots on the screen Individually. There are two 'graphics 
pages' In ~eaory reserved for this function, but because of the 
higher resolution, each requires ftlq'- hytes to he set aside. It 
Is possible to alternate bl!tweP.n the paqes ver.Y rtpldly for 
animation effects (GrtfOATII does. this 1utoaatlully for 3-0 
dlsphys), but the Apple disph.v harllware cannot ~~er9e or blend 
the lnfor•atlon on the two pages. these two hloh resolution 
pAqes are often called 'picture buffers'. Each dot on the 
screen represents one btl froa the picture buffer. Seven of the 
8 bits In each byte are dlspla.ved on the screen, with the last 
bit used tn detenainlnq the colors of the other dots In that 
byte. 
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GraFORTH Graphics 

While It Is ~osslble to use the Apple text dlspla1 from r.raFORTH 
(wtth the worrl TEXT), thf! usual display Is tiM! qraphlcs lffsplay. 
To sp~clfy points nn the qraohlcs scre~n, r.raFORTH us8S 
'Cart~sl~n cnor~lnatf!s'. T~ls Is a stral~htforwarrl wav to 
s~lect a ~oint hy namlnq the colUMn and the row the point Is ln. 
Th-. horlzonttl position Is thf! X coor~lnate and the vtrtlcal 
position Is the Y coordinate. 

The ran'11! of screen coor~lnttes for flrtFORTII qraphfu h: 

~ from n (screen 11!rt) to ?.S~ (screen rl~ht) 

Y fro~ " (!cr~en top) tn 1q1 (scrl!en bottom) 

Thus, the u~pf!r-left cornP.r of the screen can ht represented 
with X•O and Y•O, or slmp11 the x-Y pair (0,0). 

flote: The GrafOATif qra~hlcs screen fs 9 pP.rcent narrower than 
the ma~l~•m posslhle (25~ points wide rather than 2RO) for the 
sake or operatlnq s~el!d. This Is one factor that contributes to 
r.rarORTH's fast line drawlnq. 

The sttndard A~~le text display still uses all 290 dots 1cross 
the scref!n for 40 char .. cters 11er line. T"e character~ 
themselve\, Instead of bf!lnq placed on 1 text screen by the 
~nple hardware, are "drtwn" from the text paqe onto the qraphlcs 
picture buffer. The full chtracter space, 7 dots hy 8 dots, can 
be used, '"~ h used for lower cas11 charActers tntf ~peclal 
chtracter styles. 

Two-Dimensional Graphics Words 

PLOT, LINE and FILL • 
ror th~s~ P.•a~les, ~ don't wtnt text scrolllnq 111 oyer our 
hl'lltJtlfu1 qraphtu, so Itt's establish 1 text wtndfJW tn the 
bottom part or the screP.n. These ext~les wl11 kttP tht 
qraphlcs above the text window 1nd away frnnt her'lll. To est1blfsh 
thf! window, type: 

Retd.Y 0 40 18 24 WINOOW 
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Thts sets 1 4n-col~ wtde window frD~ 1fnt I~ to tht botta- Of 
the scrP.e"• 'fow t.ype: 

Retdy ERASE 

T~ls cleers tht text th1t w1s still lboYe tht text wtn~. 

LP.t's hegln ~t the begtnnln~, wfth p1ott1n~ points. The 
r.rarORTH word PLOT removes two nu~ers r~OM the sttck, 
Interprets th~ IS X and Y coordinates, and plots 1 point 1t 
those coordinates on the screen. The form for PlOT Is: 

<X-coordfnlte> <Y-coordfnete> PlOT 

Thts example will plot 1 point In the upper left corner of the 
scrun: 

Ready 0 0 PlOT 

ltere fs 1nother pot nt, In the upper rt 9ht port ton of the screen: 

Ready 200 25 PlOT 
I 

The word LINE, llkP. PlOT, reMOves two nuMbtrs f~ the stick 1nd 
Interprets them as X and Y coordinates. liNE then draws 1 
stralqht 1tne frOIII the last plotted point to the !liven 
coordinAtes. To draw a line, we use the last point we plotted 
as one of tht endpoints. We simply gl•e liNE the coordinates of 
the other endpoint: 

Retdy SO 100 LINE 

This draws 1 dfaqOftl1 1fne frOM the point (100,'.5) to (50,ton). 
We clft dr1w 1nother 11ne, by usfnq PLOT tnd LINE toqether 1a1ln: 

Ready lnQ lO PLOT 100 J40 LINE 

This drtwl 1 verticil lfne thr~·~ the othtr 1tne 1nd 11-ost 
Into our text wtndbw. 

Rectanqu1ar 1r111 can he ft11ed tn quietly wtth tht word rill. 
Fill also r~ves X 1nd Y cnordtn1tes fr~ t~ ~tick. It treats 
the ll!t plotted point 11 on~ corner or the 1re1, tftd the qtven 
coordinates 11 tht opposftt corntr. This exi"Ple rt11s I" 1 
rectangular 1re1 on the rtqht side or the screen: 
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Rudy 110 125 rLOT 

Ready 100 75 fill 

for both liN£ anlt fILL, the •Jut plotted pofnt" ts alwa.vs the 
point last used by a plottln~ wor~. wheth~r It was PLOT, liN£, 
or FILl. Another word, POSH, re~ves X and r coordinates fro. 
the stack to act as a •1ast plotted point• without doln9 any 
plottlno. POSH c~n ht used to deter"tne the first tndpntnt of 1 
line or one corner of an area. Thts exaMPle uses POSN to set the 
first lft~olnt of 1 llftel 

Ready 22S 50 POSH 

Ready 25Q 125 LIN£ 

COLOR 
Of course, r.raFORTH can draw In colors, tool The color Is set 
with the word COLQq. COLOQ re~ves a nu~ber fra. the stack and 
us~s It to select 1 color. The eight color numbers (0 through 
7) ~re the 11111 u those used by Applesort llastc. Here Is 1 
llstlnq of the graphics colors: 

Color N~er Color 

I) 

I 
2 
3 
4 
5 
6 
1 

not used 
GreP.n (I) 
VIolet (l) 
llh He (1) 
Mt used 
Orange (2) 
Blue (2) 
Whitt (2) 

(depends on -anltor) 
(depends on .anltor) 

The oranqe and blue colors .ay appear different shades on 
different color .anttors. The colors can be divided Into two 
qroups. The nU4bers In parentheses represent the •qroup nu.Oer• 
(either 1 or 2). Because of sn.e Apple )[ hardwtre constrtlntl, 
It ~~ be desirable to use colors froa the Sllll qroUP when 
drawing lines or areas close together. We 1 11 show you an 
exa~l~ of thts In a bit. (The Apple ][ Reference Manual 
cnntalns ~re tnfo~tlon on tht Internal details of thtll 
constraints.) 

If you don't alnd a bit of typing, this exa-ole ~tl1 dlsplly 6 
cttatoUl lines In each rtf tilt vlslb1t colors: 
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Rcacty ERAS£ 

Ready l COLOR 0 0 PLOT 100 1~0 liN£ 

Ready 2 COLOR 20 0 PLOT 120 100 LIN£ 

Reacty l COLOR 40 0 PLOT 140 100 ll"£ 

Rea~y S COLOR 60 0 PLOT 160 100 LIN£ 

Ready 7 COLOR 100 0 PLOT ZOO 100 LINE 

With your color aonttor properly ld.tustelj, the cetlors or tllese 
lines (fr~ left to rlqht) shnuld be qretn, v1o1tt 1 white, 
oran"~' blue, and another branct of white. Note that the colored 
lines,;, not broken at all. as they 1re wtth •~e graphics 
dtsplavs (like Applesoft). GraFORTII draws all colored lines 
wHhout breaks. 

lines and points can he drawn over Filled areas, but the colors 
wl I 1 ht, ~Hected: 

Read.v ERASE 

Ready S COLOR 

Re.dy 0 0 PLOT 100 100 Fill 

This draws an orange rect1nqle In the upper left Portion of the 
screen. ~ow let's draw a lint of a different color throuqh tt: 

Ready 6 COLOR 

Ready 0 0 PLOT 100 100 LIN£ 

Note that 6 COLOR specifies blue. but btctuse of the orenn• 
hackqrm•nd, the line IPPtars white. Now let's try the, • ._ 
exaiiiPlt ata1n 1 thh t1111 using colors frOII dUferent Golor 
11roups: 

Re~dy ERASE . S COLOII 

Rttdy 0 0 PLOT 100 100 FILL 

Rei d.v l COLOR 

Rti~V 0 0 PlOT 100 100 LINE 
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Vhnopsl Tou should see 1 series of SM~ll Qrten rectlnqiP.I Jlon4 
the !ltaqon.tl. This Is t11e rnult nf the Asmte ][ h.rctware 
ll•"ltatlons. The solution tn avoltfln'J thh trouble Is to SIIIIPI.Y 
use colors or the Ulllf •troup wh~n lines or tr~l' 1rt 
superh~Jou!l or plotted close toqether. 

UNPLOT, UNLINE, and EMPTY 
So f.tr we've been uslnq the word ERAS£ to cle1r the qr1phlcs 
f r0111 the scrtl!n. In Gr1rORTH, PGI ots, 1 lne•, 1nd 1rtn un he 
s~tectlvely er1se~. let's EAASf. the tntlre screen nnw 1nd set 
the color h1ck to whltP., then plot • rew points: 

Rudy £'tASf. ] COlOR 

ReidY 50 25 PLOT 

Re1!1y 100 25 PLOT 

Re1dy 150 25 PLOT 

Points c1n he lndlrldu1lly removed with the word UNPLOT, UNPLOT 
h•s the s1me for~ IS PLOT, howP.v~r It er1ses the point It the 
9lven coordtnatts. (If there Is no po~ere to bt9ln with, 
nuthlnq h1ppens.) let's use UNPLOT to eru~t two of the· points 
we have on the screen: 

Rudy 50 25 UlfPLOT 

Rudy 100 25 IJHPLOT 

Sf•lllrly, lines c1n hi er1sed with the word UNliN£, Thts 
example dr1ws two tines, then erases one or the•: 

Reidy 0 n PLOT 100 I~ LIN£ 

Rt1dy 50 0 PLOT 150 IGn LIN£ 

Rudy 0 0 tlHPlOT 100 100 UftllN£ 

Rectangul1r 1rt1s Crtlttd with Fill c1n bt 1r1sed with the word, 
£MPTT, Here we'll FILL two 1re1s, 1nd er1se one: 
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ReidY lS 75 PLOT 100 125 fill 

Rudy 17!i 25 PLnT 2?.5 100 fIll 

Ready 25 75 UNPLOT 100 125 EMPTY 

Points, lines, 1nd 1reas must be UNdrtwn ustnq the s1-e color 
they were drawn fn. For eKaiiiPie, 111 of the 1Dove ohj8Cts wert 
llrawn with 3 COLOR set, The 111111 color wu st t 11 In effect wtttn 
some of the ob.tects were erued. Let's chan~~t the cotctr 1nd Ct1 
erastnq the re.atntn~ ltne 1nd are1: 

Re~cty 1 COLOR 

Re1dy 50 0 UNPLOT 150 100 UNLJN£ 

Since 1 COLOR Is set, the Gr1FORTH syst .. ISS~I I l~t" lint 
ts to be erase~. and le1ves 1 string of violet dots e nd, 

R11d7 t COLOR 

Reidy 175 25 UHPLOf•225 100 EMPTY 

Wtth 2 COLOR set, Gr1FORTII trfes to true 1 ylolet colored 1r11, 
changing the white to ~reen. 

INVERSE and NORMAL 
I' you prefer to do qr1~hlcs m 1 whitt blckqround, you c1n do 
this with the word INVERSF.. INVERSE siiiiPIY draws the 
'compleMents' of the selected color: Nhfte hec~s bllck, black 
beco-.s white, green becomes yfolet, blue becomes or1ng~. etc, 
To show the effects of INVERSE, let's ftrst er1se the screen, 
then enter INVERSE: 

Rlldy £RASE 

Reidy INVEitSE 

Notlct thlt tht .,.tidy• on tht 11st ltnt ts now dlsP11ytd tn 
•tnyerse•: bl1ck .ch1r1cters on 1 whitt blckground. Since only 
the word •rtelcty• WIS printed lfttr eKecutlng INVERSE, It Is tht 
only thtnt dlspl1yed In tnverse. Now type: 
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Re•dt ltOHE 

Since IIOHE cleus the ted window. now everythlnq tnsttJe the 
text window Is In Inverse. Mow type: 

Rt~dy ERASE 

ERASE has •erased• the entire screen to white. Let's draw the 
six colored Jines 191in: 

Reidy I COLOR 0 0 PLOT 100 lOR LINE 

Ready l COLOR 20 0 PLOT 11.0 100 LINE 

ReidY l COLOR 40 0 PLOT lAO 100 LlNE 

Ready 5 COLOR 60 0 PLOT 160 100 LINE 

Rtld, 6 COLOR RO 0 PLOT IAn 100 LINE 

Rufty 1 COLOR 100 0 PLOT 200 100 liNE 

Nnte that tht colors of the lines hlvt 111 ch•nqed. fro. left 
to right. the colors 1re now vl~let, green, bl•ck, hlue, or1nge, 
tnd another bl1ck. 

We'll eventu1lly want to return to 1 nor .. l blick-background 
dtsplly. T~ word HORHAL causes GrafORTH to use the non.~1 
colors 191in. Including good ol' bl1ck~ 

Rurty NORHAL 

Re1rfy ERASE 

ORMODE and EXMODE 
GraFORTH hiS two different •drawing .odes•, c1lled •oaHODE• and 
•EXHOOE·. AAizinql.v enn.,qh, these 110des ue set wtth the 
Gr.FOATII words ORHOOE anlf UHOOE. The 'def1ult 1 110de (the _. 
r.rafOATII use' when a mode h not specified) Is ORHOOE. The 
philosophy l~hlnd 0~1£ ts that the plotting words put dots or 
the spectfled '"lor on the screen regardless of what Is alre1dy 
on the screen. With EXMOO£ however. 1 drawlnq c~nd will put 
points on thft screen only where points are not already plotted, 
If sa-. points to he plotted are already plotted, those points 
will Instead be turned off • 
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A couple of exaMPles wtll he helpful here. let's first FILL a~ 
tru, then draw 1n over Iappin!' Hne In OAHOOEt 

At1d.V 100 50 POSN 150 100 FILL 

Reidy 50 50 POSN 200 100 LINE 

The 11ne goes str1lqht through the Middle of th• rectan~le. 
Watch what happens when we try to erue the line: 

Re~dy 50 SO POSN 200 100 IJNllNE 

The line was erased, but It n@atly chopped the rectanqle In 
half, too. Using EIHOOE, 1nythlnq that can bt done can also be 
undone. Let's do the sa .. exa.ple again, this tl .. In ElHOO[: 

Reidy ERASE EXMOOE 

Rcad.v 100 50 POSH 150 100 FILL 

Ready 50 50 POSH 200 100 LIH£ 

The line Is whitt\ excrpt where tt passes over the white 
htckqround of the rectanqle. ttere it Is chanqed to bl.tclt. How 
to erase the line, we want 'o .ake the white sections black, and 
the black tr1ce through the rectangle white. And this Is 

,ex1ctly what happens with requl1r plotting In EXHOO£. w,. c1n 
P.rase the ltne by telllnq GraFORTH to dr1w It again: 

Ae1dy 50 50 POSH 200 100 LINE 

The line Is er1sed, and the rect1ngle Is 1qaln l~tact. The key 
to underst1ndtng EXMODE ts thlt If s~thlng Is drawn once, It 
1ppears on the screen. If It Is drawn 191ln, It disappears, 
leAving the screen 11 If the object had never been dr1wn. 

EXHOOE works equally well with colors. In this exa.ole, 111 Qrttft 
line Is dr1wn throuqh the recttngle, the white rectln!llt Is 
erased, then the lint ts erased: 

ReidY 1 COLOR 50 50 PO~I 200 100 LINE 

Notice thlt the line 11 violet Inside the rect1nqle. 

Ready 3 COLOR lOR 5R POSN lSO 100 fill 
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The line Is now coMPletely 'rten, IS tr the rectenqle never 
existed. 

Ready 1 COlOR 50 50 POSN ~0 tnn LINE 

[XHOOE and ORMOOE tin be combined with INVER~[ 1nd NORMAL llonq 
with the sh colors to product 1 wide v1rlety of cnlor 1ncf · 
pattern comblnatto"'• more thin we could hope to fully expJore 
here, lit suqqest that you fXP'-rtiiW!nt rurther wtth thell! ~lrloUS 
combtn1tl011s, to see how they c1n work best for your 
appllcat tons. 

GPEEK 
Tour oroqra-s c1n deterMine whether or not 1 ~tven ootnt on the 
!Creen hiS been plotted with the word flPEEK. GPEEk removes X 
~~~d Y coordlnetes from the sleek, looks to those coordlnetes on 
tht scrten, end pl1ces 1 non zero number steck ff tht point 
there Is •on• (not bl1ck) or 1 zero If tht point ts •off" 
(black). The followtn~ exiMPlt draws 1 line, then checks twd 
points, one on the line 1ncf one off: 

Rtldy 3 COlOR 0 0 PLOT tnn ton LINE 

ReidY SO 50 GPEEK • 
?. . 

Re1dy 100 10 GPEEK. 
0 

Turtlegraphics 
Turtlegrlphtcs·ts elso IVIIllblt fra. GrtFOATH. Turtleqrephtcs 
Is 1 somewhat different way of spectfyfn~ how to drtw ltnes fn 
flr1FORTH. IMtqfne 1 tfny turtle sftttnq on the Middle of the 
screen with Ink on hfs t1tl. Whertver he MOves he dr~s 1 ltne 
hehtnd him. We c1n tell hf• to turn to the left or the rtqht, 
1nd we c1n tell hi• to walk forwtrd 1 qfven dfstanct leevfnq 1 
stretqht llnr bthtnH hf•. (for the Mtthtlllltlcttns 11110ng us, 
thts way of dr1wtnq lines could be considered 11 usfnq •relatt•e 
oolar coordinates•.) 

The Tttrt luraphtcs words lit flraFORTH lrt found on the syst .. 
disk tn a ted file called •TURTLE". Wt c1n cOIIIPtlt thtSe words 
Into the dlctlonery by t.yplng: 
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Ready READ • nJRTLE • 

We c1n see the words tdcf••cf to the dfctfonii'J by tyofng LtST. A 
few of the words lrt used by the other words: TIIIHLE.ll, 
TURTLE. Y, and TIIATLE.ANii lrt Ylrflblll, tnd TURTL£.WAU fs 
called h.Y both MOVE 1nd t10VETn. 

Let's "tnftfalfze• Turtlegraphfcs by tyotnq: 

Ready TURTLE 

TIIRTLF. resets qraphfcs mocte. erases the screen 1nd set! 1 ttxt 
wtndaw 1lonq the bott~ four lfnts, then stts 3 COLOR (w~fte) 
and positions the turtle In the center of the screen, factnq 
toward the top. 

MOVE 
The word MOVE IIIOYIS tht turtle fn the dfrtctlon ft Is polntfna, 
drawtn~ 1 line. The fo~ Is: 

<distance> MOVE 

The dlst1nce fs .easurtd fn o1•els. or dots. To -o•e the turtle 
SO phell, .t.ype: 

Read.Y 50 MOVE 

TURNTO 
The turtlt c1n be turned to 1 certain anqlt with TURNTO. TURNTO 
hit the for•: 

<angle>- TURNTO 

The 1n9l1 giYfn h. tn deqrees. tnd Increasing an~les 1re fn 1 
clockwise direction. Zero Is strtlqht up. ·90 ts'to tht·rtght, 
lAO Is flclnq down. and 270 Is to the left. let's .aYe the 
turtle fn our exaMPle to face to the rlqht (to 90 deqrees), then 
MOve ft 75 otxels: 

Atad.Y 90 TURNTO 

R11dy 75 MOVE 
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TURN 
The word TIJRH turns the turt It clockwise· fr011 tts current 
direction 1 qhen Ingle. The foM Is the S.•lle n for TUANTO, 
but TUAH Is 1 rel1t he turn fr011 the turtle's current dtrectton. 
The tollowlnq ex1gple now turns the turtle 4~ ~re deqrees 
clockwise, then ~ves the turtle sn ptxels: 

ltlldy •s TUAN 

Ready SO liOVE 

MOVETO 
l1stly, ~VETO ~ves the turtle directly to 1 specified X,Y 
position on the screen without dr1wlng 1ny lint. The rona for 
HOVHQ ts: 

<X coordlnatt> <Y coordln1te> HOVETO 

HOV£TO Is sl•lllr to POSH in thlt It simply tstlbltshes 1 new 
point on the screen, but HOVETO tlso upd1tes the turtle's 
position for further Turtleqr1phlcs c~nds. We can ~ve the 
turtle to the upper-left corner of the screen, turn tt to race 
to the lower-rlqht, then ~ve tt btclt to the center. dr1wlng a 
line, wtth the following c~nds: 

Re1dy Q 0 HOVETO 

Reidy 127 TURNTO 

leidY 160 MOVE 

Examples 

The adv1ntaqe of Turtlegrlphlcs Is that sh1pes can bt drawn In 
different sizes 1nd facing different directions with Jtttlt 
work. For ea.-ple 1 to draw 1 square. you can type the 
followinca: 

ltady TUITU 

ltady 50 HOVE 90 TURN 50 MOVE 90 lUQ 

ltady 50 MOVE to TURN 50 MOVE 
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A f1ster w1y ts to repe1t the words In 1 loop: 

Rudy TURTLE 

Ready 4 0 DO 50 MOVE 90 TURN LOOP 

This ltne c1n be put Into 1 word definition 1nd used 1t 1ny 
tl .. : 

: SQUARE 
· 4 o no 

SO HOVE 
90 TURN 

. ·LOOP i 

~ the squ1rt c1n be drawn starting 1t any point on the screen 
~ turned any direction: 

ft1dy TURTLE 

Rt1dy 0 100 HOVETO SQUARE 

Ae1dy SS 100 KOVET0'30 TURNTO S~JARE 

Rtady 120 100 HOVETO 60 TURNTO SQUARE 

Ready 190 100 HOVETO 9fl TIJRNTO S~AR£ 

(Note: The Gr•FORTII word SIN h uselt to comput• slnu of 1nqlts 
used In Turtleqrlphlcs. If you h1ve 1n IPPllcltfon• proqr•• th1t 
u'es 1ngles, tht word SIN c1n be very helpful. SIN rt-oves 1 Etr fr~ the sttck 1nd uses it to select and recurn • scaled 

ne v1lue. The t1ble repe1t1 for every 12R nu~tra. tnd 
turned values r1nge fro• -lZB to 127.) 
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Purpose and Ovf!rview 

lir1FORJ1t un do weird 1nd wonderful thlnqs with the chuteters 
dlspl•yed on the scrfen. Text c1n be reverse scrolled, down the 
scrl!en·. Ch1ncters c1n he .. de MUCh 1ir!ltr, 1nd dhpl1yeirfn 
color. Otfferent ch1r1cter styles, or 'fonts• can be selected 
1nd even cruhd In finfORTII. Entire l .. ges c1n be defined 
within 1 ch1r1cter font 1nd r1ptdly printed 11 1 block of 
•ch•r•cters• for •nt .. ted displays. 

In this ch1pter .a'll show you how to .. ke use of 11ch of these 
fe1tures 1nd gtwe you SOli su~gestlons for lncorporatlnq the• 
Into your own pro~r .... 

Special Output Characters 

a~sldes the specl1l Input ch1r1cters (ConTRol-1, ConTRoL-0, etc.) 
discussed In Ch1pter 4, GraFORTit 11so uses two specl•1 output 
ch1r1cters, ConTRol-L, 1nd ConTRoL-K. These ch1r1cter• 1re 
usu•lly printed fro. within 1 proqr••• lnste1d of entered at the 
keyboud. (They un be typed fr0111 the kt.vbo~rd, but GrafORTtl 
will try to re1d the• 1s ch1r1cters In 1 Gr1FORTH word.) 

ConTRol-L (Apple ASCII nu~er 140) erases the screen Inside the ' 
text window. Printing 1 ConTRol·l Is equlvl1tnt to executing the 
word IIOH£. 

ConTRol·K (Apple ASCII nUIIber 139) CIUSII I reverse ltne feed, .so 
thlt subsequent printing wl11 be one line higher. If printing Is 
•Ire•~ on the top line of the text windoW (tht vertical tlb 
equ11s the top wtndow .. rgln), then tbe dlsp11J wt11 scroll In 
reverse, -ovlng text down the screen. 
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Changing Character Size and Cdlor 

GrtFORTtl hu the unique 1btllty to print ch~rteters In R 
different shes us lnq the word CIIRSIZE. CHRSilE re-aves • nu~er 
frOM the Stick to select the ch1r1cter size. Yllld nu•hers 1re 
fro. 0 to 8. Ch1racter slzt 0 specifies the usual Gr•FOATH 
ch1r1cter display.· Ch1r1cter sizes 1 through A c1use t~e 
chuacters to be •duwn• onto the screen using GrtfOATII's color 
gr1phtcs clpabtlltles. Ch1r1cter size 1 Is the s•-. size •s 
ch1r1cter stze 0, 1nd the others 1re 2 through 8 tl_,s llrter. 

Let's Introduce sa-o of these features through exa~les. First, 
we'll set everything back to nor-.1 b)' typlnq: 

Ready ABORT 

Now let's er1se the nor.,1 sized chtrlcters fro. the scrten 1nd 
select 1 l1rger ch1r1cter size: 

Rea~ ttOHE 2 CURSIZE 

(Erasing the screen with H~~ Is 1 nor"'l but not requtred step 
In ch1nqtng ch1r1cter size. If HOHE Is not used before ch1nglnq 
size, In so.e c1ses not 111 entered ch1r1cters wl11 be printed.) 

The ·•Reidy• pronpt Is now twice Its nor.,l slzel You will notltt 
th1t the l1rqe ch1r1cter sizes t1k1 • lonqer tl .. to prtnt, ~nd 
that If •11owed. scrolling Is .uch slower th1n It Is when ustnq 
the st1nd1rd ch1r1cter size. Also, tht screen ts 1ctu1111 91 
n1rrower than the st1nd1rd slz•. since the qr1phlcs ft1tules 1re 
used to print th ... 

The 11rge chAracters can 1lso he displAyed In colorl Type: 

Ready tiOHE 1 COLOR ' . 

This wl11 c1e1r the screen, then Mike the te•t qreen. We ·l•••r4A 
the screen 191ln because cOMbining two color$ of text on t e 
screen can hive sa.e unusual effects or Its own. To see tAese 
effects, tJpe: 
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Rtttfy l COlOR 

Nnw hit ttte <return) hy 1 few t f•s to Co'IIISf! the ted to scroll. 
The "Reat~y• prompt thtt was qreen qets overwritten with the 
violet, t,.,t floes not scro11. Only text or the current color tntf 
of the currP.nt size will hehave •~ expected with text commands. 

Dbvlously, when the chtracters art 1arqer, fewer characters can 
hP displayed on the screen. When you selP.ct 1 new character size 
with C~RSIZE, r.raFORTH aut~tlctlly sets the text window stze to 
the correct lt~tts, to-'-~ the text on the screen. BP.Iow ts 1 
tahle relating tharact@r stzes to the nu~ber of chartcters that 
can bt displayed, lnd indtcattnq Whether or not colored text Is 
possible for that character stze: 

She Cohtlllnl Rows Color? 

0 40 l• flo 
I Jl 14 Yes ~with funny effects) 
l ~~ II Yu wtth better effects) 
3 Ill " Yes 

" 8 ~ Yu 
5 6 4 Yes 
6 5 4 Yes 
7 • l Yes 
A 4 l Yu 

You Mlqht want to try the fo11owtnq to see GreFORTH't 1erqest 
character she In color. First t.vpe ABORT to ~et .rourself back 
to a predictable placP., then type: 

Ready HOM£ ft CtiRSflE 5 COLOit 

A -.~th oran~ •Rel~y• pr~t wt11 appeer, split ecross two 
lines, with 1 hu,. luMhertnq cursor! Allowlnt tt-. for tht te•t 
to scroll, now enter: 

Ready JNY£RSE 

After another scrn11, the display chtntts to tnverst. Obviously, 
you wouldn't wtnt to enter 1 long proqraM thfs wayl l1r~~ . 
character sires wort 'ltry ve11 for oroqraM or q1111t dtsPli.Ys, hdt 
weren't really fntendtd to be used for tnpvt. The fastest way 
out or our current 1H111tlon (besides hltttnq <reset>) Is to 
type: 
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Rudy -RORT 

After tht text scro11s once -art, the A8~T Is extcwttd, and 
thfnqs are back to norMt1. 

Font Selection 

..... 

The character •styte• used fn 1 text dhphy (the actu11 set or 
shapes of the ch.1racters dhohyed) Is u11ed a charactt•r 'font • 
or character set. The Aople ]( contafns an uppercase-only ' 
chtracter set stored fn fts hardware. GraFORTH uses this when 
TEXT ~de Is sel~cted. However, GraFORTH's usual qraphlcs 
display Instead uses 1 character set fr~ mt~ry. T~is chartcter 
set h stored In a hfntr.Y fl te on the firaF'ORTH svst~ diskette, 
and Is read Into mt~ory when GrtFORTH Is ftrst booted. 

The dtsk actuall.Y cont1fns several charactttr sets, and 1nv of 
them can be used for te•t display. The character set flies on 
disk are: 

Clflt. SYS 
CHR.5TOP 
CIIR.SLANT 
CIIR.GOTHJC 
CIIR .BYTE 
CIIR.STtiFF 
CIIR .MAXW£ll 

(The last two Ire spectal chtracter sets used for 'character 
qraohtcs', tnd do not wo~ welt for 1 text dfsplly. We'll show 
you how to work with these In 1 bit ••• ) 

In ...o~y, 1 chlrtr.ttr set occupies 758 bytes. There 1re 9~ 
printable characters, end e1ch character uses A bytes In the 
character set. Th~se 8-byte blocks are actu1lly qraohlcs 
•ptctures• of each ch1r1cter. When GrafORTH Is hOoted tt loeds 
Cllft.SYS Into 111e1110r.v stlrtlng at location 20411. khenPv;r tt 
dlspliYI I character, It looks vP the "picture• or thtt Chlracter 
fra. this area or memory, and places tt on the screen. ' 

Chtracter sets elsewhere In .,aory c1n also be ustd for the ·t· 
screen dlsph.v. let's lotd tnother characttr set rr0111 dtslt fn o. 
1 free erea or MeMOry, The loc~tton ?.816 Is the beofnnfno of ' 
ltrtt fret 1rea of me~ry. We'll use a sten~ard DOS call to I ' 
the ftle tn: 
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Rtldy CA 132 PUTC PRINT • DLOAn CH~.BYTF.,A?.R16 • CR 

The disk whirs a bit, 4nd tile charlcter set Is lol.ded. To use 
t~ls chuiCter set for the dlspliY, the word CltRAilR Is useti. 
C~AilR st1nds for CHARtcter ADdRess, and It Is used to select the 
..-ory locttlon of the current ch1r1cter set. The fo,. Is: 

<tddress of ch1ncter set> CIIRAOR 

we lo1ded the ch1r1cter Sftt Into -.~ry st1rtlnQ It location 
21\lli, so this h the 1ddrtss we qhe to CIIRAOR: 

Reidy 2816 CHRAOR 

All printing will nnw use the new ch1r1cter set. The characters 
that were 11ready on the screen In the old ch1racter set, 
however, 1re unch1nged. Ch1r1cters fra. different ch1r1cter SP.ts 
c1n he dhphyed on tile screen at the u~~~e tl~~~e. llowever, U the 
screl!n Is scrolled, these characters 111111 be reprinted I line 
~lqher, uslnq the newest character set, 

The ASCII nulllbers for the printlnq chu~eters r~nqe fra. lliO to 
?5S. To display 111 of Lbft prlnttnq ch1racters In tho set It 
once usln~ PUTC, type: 

Retdy 256 160 DO I PUTC LOOP 

You .,, 1111nt to lotd the other char1cter sets Into ~.ary to se~ 
wh1t they look like. You can lo1d thea Into the s•~ 1re1 of 
~ory 1nd overwrite Ctm.BYTE, or you can use 1nother free 1re1 
of -.~ry 1nd select It with CHRAOR. The MqPOry Map In ApptndiK 
B shows tht free 1rtas of .. .ary. Therefore, It Is possible (and 
easvl) to htve 1evertl ch1r1cter sets tn .e~ry 1t once, quickly 
ch•.nglnq tr011 one to 1nother. C~re should be Uken, however, to 
1vold overwriting • portion of the Gr•FORTH systea. R.-e.otr 
th1t e•c- ch1r1cter set occupies 768 bytes of .. ~ry. 

Usu1l1y, you will w1nt to return to the syste11 (CIIR.SYS) 
chtriC.ter set. The GnFOATH word CHRSET returns the tddrtss of 
this chtracter ut,. 2048. Thus, to swttch b.ck to thts dlsplt.Y, 
you "" type: 

btdy CHRS£1 CIIIADA 

(Of course If you w1nt to, you ctn overwrite this trta ot ..-ory 
with lftOthtr chartcter set, too.) 
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The ·CHAREDITOR 

On the GrtFOATH syste•q dhkettt IS I tl It ulled CHAREOITOA. 
This pro~r•• entbles you to retd In th1r1cter sets, •••mtne 1n~ 
~~~e.~dtfy chtrtcUr shapes, crute luge block ,,.•ges thlt •re 
stored IS • series of chartcters, tnd save the new ch1r1cter sets 
to dhk 1g11n. 

CIIAREO IT OR Is one of the llr!ft!r progn•s, so It would ~e 1 900d 
Ide• to .LIST the dtcttontry 1nd FORGET 1ny words you ~•Y h1vt 
tdded before loading In CHAREOITUR. To lo1d the proqraN in, 
type: 

Readv READ • CIIAREOITOR • 

To run CIIAREOITOA, type: 

Ready IIOME RUH 

Notice that we cletred the screen hofore runnlnq the proqra~. 
CIIAREOITOR does not tutollktttully cletr the screen. Ttlh h '" 
that any graphics llllaq,·s on the screen can be retained 1nd used 
within the CHAREOJTOR, allowlnq you to •pult• lmaqes 1nd shapes 
tra. other progra•s Into your Gr1FORTH ch1r1cter sets. 

You will set • 11st ot coMminds to the right, the proMPt 
•Enter comMtnd:• near the bottom of the screen, lnd 1 flashlnD 
dot In the upper-left corner. This fl1shlng dot Is tht Mdr•wlng 
cursor• tnd will bt used for cre1tlng your own chtrtcttr shtpes. 

Selecting and Displaying the Character Set 
The chtracter editor 111orks wtth one char.tcter set It 1. tiMe. To 
~et '" understtndlng of things, let's st1rl by looklnq et tht 
syste• chtracter set that sttrts 1t loc•t1on 2048. The editor 
uses single-letter c~nds. To specify the address of the 
desired character set, press •A• for Addres~. Yov wtll then Itt 
the proapt: 
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Enter Chuset 
Work Ar~• Addr~ss : ~Rl~ 

Ttte Input cursor h "nhtn'l ov~r the •lAtiS•. Thfs ts the 
default 1ddres\, the 1ddress used If you do not so~clfy one. You 
c~n keep this address 'Imply by pressln~ <return>. HoWovor, ~ 
want ~o en~er the 11ldrus or fir1fORTII's st1ndard char.uter set. 
Type ?n4A over tho top of tho -?.At~~ 1nd press <return>. How 
204R Is the tddrus of tho charact.er set used boy th~ charttter 
edItor. 

Type •o• for ~ntsolay characters•. You'll see a display 1cross 
tho botto~ of the screen or all the characters In the character 
S'!t, In Inverse. To the left are the numbers 0, J?., and 1;4. 
These are lnde• numbers. Wh~n manlpul1tlng character sh1pes tn 
r.raFORTH, cllaractl!r numbers In the r~nqe or 0 to 95 are used 
Instead or the ASCII values {whlc"' ranqe frOIII JI)O to 255 for 
printing chartcters). The rtrst row or characters are numbered n 
throu~h Jl, the second row J?. throuqh fiJ, tnd the third row 64 
thrOU'Ih ')5. 

Displaying B Block of Characters 

If we want, we can take 1 stquentftl strfnq of char1cters 1nd 
display the~ In 1 rectanqular block on the screen. let's display 
the ~ charachrs -n• throuflh •s- In 1 '>lock that Is J characters 
wide by 2 characters ta11. To Sl!1ect 1 block or this she ttress 
"B" for •olockshe". You will he prompted: ' 

£nttr Block Horizontal Stre : 

Enter 1 J and press <return>. You wt11 see: 

Enter Block Yerttcal Size : 

Enter 1 2, press <return>, and you wt 11 lift the requ1ar 
"Enter co~nd:• prompt back. Also nottce that 4 .are dots heve 
appeared at the top of thl! screen, out 1tntng our 3 by 2 character 
b1ocll. 

Press •n• to hrfnt the char1cter set dtsplty bac~. Counttnw 
across thft botto- row frOM the Index nuMber 64, you will find 
that the character •n• ts character nu~er 78. To display the 
block or fi characters startfn'l with •n•, type •R• for -Read•. 
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You wl 11 see: 

Enter cheracter nuMber 
to be rud : 

We want character nu-ber 7R, so t,pe •7R-. The 6 chartcters will 
armear tn the block surrounded by the 4 dots. 

You can also display blocks stArting on other characters, ,r usl! 
1 different blockslze. When changtn~ blockslze, you ~Y want to 
erase the block from the screen. To do this, siMPly type -£- for 
•[rase", then answer •£rase {Y/N) :"with 1 •y•, 

We've been 1ook1nq at a hlock of standard characters, to show you 
how block printing ts done. Now let's see SOfllf! actual character 
graphics. To protect our precious systeM char1cter set, press 
"A" and select an addrrss of 2816 a9atn, back tnto oPen -e~ry. 
Type •r.• for •r.et•. This ootton allows you to load a character 
set tn froM disk. You wtll see: 

Enter load File Name: 

Type •cHR.STUFF•.' This char•cter set wt11 load Into ~ry 
startfnq at the location 2816. Type •o• to display this 
character set. Except for a few pUnctultlon symhols, those don't 
look .uch like charactrrsl You ca~ see pieces or th~ lnsort 
1oqn, parts of faces, ftnd an assortment or lines which are 
actually ~feces or 1 hplfcopter used In the GrafORTH 
demonstration oroqram. 

If you've changed the ~lockstre~ set It back to 3 char1cters 
horizontally boy 2 char11cters vertically. "ow type "R• and read 
char1cter number 7R. A smtltng face will appear fn the upper 
left. _Oy presstnq •o• aqatn, you can see that thh flee occupies 
the sa~ six char1cters that tht characters "n- throuqh •s~ 
occupied tn the system ch1racter set. The other three faces 
begfn at chtracter nu~bers 84 and 90. Just press •R• and enter 
the character number to see them. ' · 

The lnsoft lo,o uses a b1ockslzt of ft by 2 characters, and ht~tns 
at character nUMber 16. The three helicopters use 1 blockslz~ of 
5 hy 3 ch1racters 1nd ~~In at char1cter numbers Jl, 4R, and 63. 
You wt11 probably want to erase the block (wtth •E") before 
chan~tng the blockstze, so that part of the prevtous l~qe won't 
remain on the screen br.stde the new hlock. 
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Defining. Your Own Shapes 

To creAte your own shapes with the character editor, first select 
a blockslze for the l.aqe you want to draw. £rase the block tf· 
necessary. Here's where th~ drawlnll cursor co•s tn. R.Y 
presslnq the 1, J, k, and H keys, you can •ove thh cursor one 
ptxel up, left, rt qht, or down within the block. ! f .you t~~~nt t~ 
plot a potnt at the position of the cursor, press P for Plot • 
To draw a line fr~, the last plotted point to the cursor, press 
•L•. Notice that •p• and "l• art actually PLOT an~ liNE 
c011Nnf1s, wHh the coordinates spectrted by the cursor. Tht 
character 1 .. 9' Is created by MOvlnq tht cursor 1nd dr1wtng tht 
POints and lines that .. kt up tht , .. ~e. 

In addition, you can crP.ate char1cter l.ages In color. Press •c• 
for •color• and enter the nu•ber of the color you want to work 
111. (When colored char•cttr t111qes ue displayed In GraFORTII, 
tlte colors 111c1.v be different, clependlnq on whether the INC)e ts 
drawn heqinnlnq on an ocld-nuMbered col~ or an even-numhered 
coluiiiR. ·This cows about as a result of the wa.v the Apple ][ 
q~nerates hlqh-rP.solution color.) 

I 

If you plot a point that you didn't want, .YOU hn erase it by 
pressing •u• .,hich UIIPLilh the point. SIMI hrly, you can erase 
1 tnes by pre~sinq •r. If the drawinq cursor IIIOVP.S too slowly, 
you can. Increase its step size by presslnq "X•, then enterlnq the. 
nu~r of pl•els you want the cursor to .ave whenever you press 1 
cursor-110vinq key (1, ,J, It, tt). If your l111c1qe Isn't c011inq out 
the way you'd llke •••• we11, press •[• to erase It and try again! 

Experi~nt .,lth these keys to qet a feel for cr~attnq Images. 
All of the luges tn CHR.STIJFF .,ere created with the character 
editor. If YoU llktt, you un rud an uhtlng tuge fr011 the 
character set and use the drawing keys to MOdify tt. 

When you've cre1ttd an luge that you want to save, first 
~lttply the block vertical she ~Y the horizontal she, to 
deteralne how unt characters your laage will occupy. Then press 
•o• to see the current character set, and choose a range or 
characters In the character set to write your t .. ge to. Press 
•w• tor •wrtte•. You w~l1 bt pro-pted: 

Enter character nuabtr 
to bt written : 

CUAJACTEI GIAPIIICS 7 - 10 
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Type the character nu•ber of the first character tn the desired 
range. Your t~age will be written Into the character set 
starttnq 1t that character. Press •o• aqatn and vou will see 
your iaaqe neatly dissected and placed tn the charactet set. 

Images fra. one character set can be copied to another uslnq the 
CIIAREOITOR •T• (•Transfer•) option. You wt II be prOIIIj)telf for 1 
•fr~· address, 1 •ro• address, and 1 length. To copy an entire 
character set fr011 one address to another, SIIIPh enter the 
address of the character set to he transferred, tht address or 
where It Is to 90. and enter 768 for the length. Reae.otr thlt 
char~cttr stU are 76R by.tes lonjl. 

Transferrtnq only part of a char1cter set Is 1 little trickier. 
Rememner that each tharacter occupies 8 bytes. Compute the 
"fr~· and •Jo• addresses based on the character number and the 
addresses of the char1cter sets. The length Is the nu.Otr of 
characters tl.as 8. 

Saving a Character Set 
After a new character set has been created, you can save It to 
disk to be used aqaln later. To save a character set, press •s• 
for •save•. You will see: 

Enter Save File Name : 

Type the filename you've selected for the character set. Re sure 
that there are no flies with that n•~ on disk, unless you want 
to overwrite that ft le. Note that all of the ch4racter sets on . 
the GraFORTII system disk begin with thot prefix "CHR. ". This Is 
not a requirement; the prefix siii!C)l.Y acta u a realnder that the 
file contains a character set. 

When you want to leave the character editor, type •Q• for "Outt•. 
If you want to begin work "'lth another prograa, It would probably 
be best to FORGET the character editor flrst 1 since It takes up I 
lot of ro011 In the word library. The word "l• Is the first word 
tn the character editor, so to delete the tdltor, type: 

Ready FORGET l 
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Block Printing from GraFORTH 

Prtnt tnq blnch or chariCters h .tone lffrectty fr0111 GraFORTiliiiUch 
the s~me way a~ In the character editor. A ch1ract~r sP.t Is 
loadttd htto me1110ry. '" appropriate blodshe ·1s selected, and 1 
Uf'luentlal nn11e of ch1r1ctP.rs 1s l'rlnted In the block at the 
current horizontal and vertical posltlo~. · 

lttt's displays~ or the same fMtqes we saw earlier In the 
char•ctP.r ,,.ttor. first. load ·cHq.sTurr• hack Into .emory: 

Ready CR 132 PUTC PAINT • RLO~O CHR.STUFF.A28l~ • CR 

You could now type •z&l& CtfR~oR• to select the ch1racter set. but 
rtt~mber that this chlractP.r set rloesn't have IIIUCh In the way or 
r~co9nlzable characters! It contains helicopter parts and other 
thlnqs. Gr1FORTH can recoqnfze the char1cters fine. hut the 
screen dlspl1y Is unusahle. When we display a character lmaqt, 
we '11 .fump Into the character set. dfsp lay 'the lmaqe. then jump 
back out. 

BLKSIZE 
The hlock sire fn r.raFORTH Is set with tht word RLKSIZE. The 
ror~ ror RLKSIZF. Is: 

<horizontal size> <vertical sire> BlKSIZE 

As In the character editor. the horlrontat and vertical sire are 
measured tn charactP.rs. RLKSIZE remains set until chanqed~ The 
word ADOAT does not reset RLKSIZE. 

To prepare to S!l thP. s~fllnq faces, set 1 bloctslze of 3 
ch1racters wide by 1 characters ta11: 

Ready 3 ~ llKSIZE 
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PUTBLK 
The word that otctualh puts the h1od or characters on the scrftft 
Is rurnuc· .. PIJTilU retiiOVt•S a nul'lher '""" the hlclt and uus It u 
thl! start 1'111 character nulllher for the hlock to htt dhl11ned, 
Charactl!r n!Jtfthers ran'le fro111 n to 91i, as In the ~lfttnr. · Tht! 
numhP.r or ch..racters to he! printed h ctete~fftl!rf hy llll:SIZF.. The 
fJosltton or thP. block on thl! scrP.en '' ~et the Ul'll! w•v t"•t h 
posIt I onP.tt. wtth II TAR anrt ¥TAR • or the oth~r t~•t. pos I Uonl "" 
coMnands. · 

ll!t '1 bloc- .prl nt one nr tht facts tn CHit. ~T•JFF, For thIs 
exaMPle. type this entire line at once: 

Read.Y IIOH[ ?.AI~ CHRI\OR 7A PltnU CHRSH CHRAI'q 11. YT~B 

"110M£• clears the screen and posftlons prtntlnq to the unp~r-IP.rt 
cornP.r. "281~ CHRAOR" set~ thP. character SP.t arlrfress ror 
CIIR,STUFF • "7R PUTDUc• actually print' the ltn.tlll!, "CHR!ifT CHRAOR• 
rP.sets the s.vstem charactP.r set. and "I? VTAD" ~ts thl! rollowlnq 
"Ready• pro11111t down out or thP. wav. so that It won • t oveNd te 
the hlock just prlntP.d. 

A s111f ltnq rac~t should havr appeared In the u,pP.r-lert cornl!r or 
the screen. 

To uve on tyf'lnq 1 hit. IP.t's tiP.flne a cnuplP. or new words to 
help us In and out of the special character s~t. We'll call 
these words "IN" and "OUT": 

Ready : IN ~1116 ClfRAOR IIOHE ; 

Rudy : ftiJT CHRSET CllltAOR I?. YTAR 

To display another face. w~ can st~ly type: 

Rea~ IN R4 PUTOLK OUT 
• 

Unlth tellt prlnttnq. PUT91.1C does not utttfatt tftt ttorhontat 
cursor position. Thertfort•. once a prlntlnca position hu hP.en 
established, se•tral t1111qe~ can he drawn ~~~tentlally tn the sAMe 
Space. Tht fo11owtnn tXA~lt printS tht thr~ heliCOpter t~qe' 
In the same '"Itt tno times. keep your eyes open; 1t'l fRst: 

Ready 5 3 IIUSIZE 

Rtady IN lOO 0 DO 33 PUTBLIC 48 PUTBLK ~3 I'IITBU LOOP OUT 
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After ch1nqln9 the ~lnckslz~. th~ lnsoft lnqo (which st1rts 1t 
chaucttor nUIIII>er lli) un M tthphyed cl!ntertlt nn the screen: 

ReidY IN S YTAil IIi HTAII lfi P:JTBLK OUT 

lle'rt belnq uutlous 1hout t"e dtsphy hert hP.c.tuu we're •'htng 
the prtntlnq of block t .. qes uslnq one char.cter. set with rudlnq 
keybo1rd Input uslnq another. Host finished ~rogra•s will have · 
th-. changes planned out, so that the ~st effecttve·•lxtnq of 
chtracter luges and text dtspla.J can occur, 

To erase a charteter t .. q-., the word UNRLK ts used, IJHBLK s l,.ly 
erases a block In the current blockstze at the current prtnttnq 
~osltton. lht rollowlnq e•aMPI~ erases the lnsoft loqo we placed 
on the scrten : 

Read.J S YTAB 16 HTAO U~RLk 

The VTAO and IITAB tteter11lne the position of the block to he 
erued. Since II~BLK do•un•t print any chariCttrs, we dott't need 
to specify a character set, 

Of cours-., charachr l11.1qe\ can also be ~Ude larqer h.Y uslnq 
CIIRSilE. This euiiiPie displays the lnsoft loqo four tl1111s 1s 
large: 

Ae~dy IN 3 CHRSIZE l COLOR 16 PIITBLK 0 CtiRSllE OUT 

EXMODE Character Graphics 

Character sizes 1 throuqh ~will be drawn In •[IHODE• tf £XHODE 
Is set. T"ls allows you to draw characters or character t .. ies 
over other graphics, then erase the•, ltavlnq the ortqlnal 
graphics lnttct. However, EIMODE chtracttr gr~phtcs requires a 
few special consl~ratlons, 

As r.rafORTtt displays chariCttrs on the gra~htcs screen, It stores 
the ASCII values for thnse characters tn the text screen trea. 
If ... cltaracter about to ht ~rtnted h alteady in place 01'1 the 
screen, nn hl~-resolutlon printing ts done, since the character 
ts 1lrea~ present. This saves IUC:h tt1111 tn prtntfnt tnd 
tc:rolltnq, 
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liowe11er, when us lnq EXHOO£, you usuall.y want :o reprint the 541111 
char.cters In the same location to cause the• to diuppcar aqaln, 
Therefore, to unprlnt a line usln9 EXHOOE, you must first erase 
lhc text screen (this Is the actual Apple )( text screen, not t~e 
high resolution screen used by GrafORTH} to force a reprlntlnq, 
To do this, .vou use the Apple )[ 11101\ltor's screen erase routine 
(w-936 CALL•). then print the sa~ line In the same position, 
The followtnq word definition Is an e1a.ple of uslnq EXHOOE 
character qraphlcs. It tlraws a dhqonal line, wrft~s ted over 
the line, then er.ses the text, leaving the line Intact. It 
repeats this 4 tl.es: 

EXHOO£ ,OEHO 
ERASE 
1 CHRSIZE 
EXMOil£ 
0 0 PLOT 100 100 LINE 
4 n oo 

(Set up EXMOOE character graphics) 

(Oraw the line to bt written over) 
(Loop 4 tl1111s) 
(Delay loop, to slow It dOwn) 3000 0 DO LOOP 

5 YTAB 
!i 0 00 (Print the line 5 th•es) 

PRINT • Thts line can be erased w CR 
LOOP 

-936 CALL (Erase the text screen) 
LOOP 
0 CIIRSIZE i 

Summary 

Output Characters 

GrafORTH uses two special output characters: ConTRoL-l erases 
the screen Inside the text window, and ConTRoL-K causes a reverse 
line feed, 1111klng the scrnen reverse scroll If the cursor Is at 
the top of the text window, 

Character Sizes 
The GrafORTH word CHRSIZE uses a nuaher fr0111 the stack to select 
a character size. Yaltd nulllhert are 0 through 8. Stzes 1 
through R can be drawn tn color using the word COLOR. Characttr 
stze 0 Is tho nor1111l text dtspl•Y• 
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Font Selection 
Y1rt~•s char1cter ronts can he us~d hy ftlnftntn~ the• Into free 
1¥1110rv 1nd self!ct fnq tttat lllfiiiOI'Y wfth CIIR"'lR. Gr1f"OATII's sysU• 
ch1r1ct~r set beqlns 1t l~c•tlon 2~4n. The wnrd CHRSET returns 
t"h address. 

CHAREDITOR 
Thf! proqr•• CIII\AEDJT'JR Is usP.If to r.!Ofttry 1nct save character 
sholiU!S o1nlf l~~~aru!,, llere Is t~e norm1l SP.quence or P.Ytnts fn the 
use or CIII\AEOilOA, wHh eumple entries: 

1, Load And run ttte CHAAEOITOR proqr1•: 

Ready READ • CHAAE~ITOA • 

Rt1 dy HOM£ RUN 

2. Select 1 ch1r1cter set wor~ address: 

Enter Ctttrset 
Work Are1 1\ddress : 2AI~ 

J, (optional) load 1 char1cter set: 

Enter load Ffle flame : CHR.STUf"F 

4. Select 1 block sfre (single ch1r1cters lrt llWIJI I by 1: 
IIMIJtS 11111 til! larCJer): 

Enter Block llorlrontal Sf re : 3 
Enter nlock VerticAl Sfzt : 2 

5. Dr1w tht 1-.~ or ch1r1cter usln~ tht described sketching 
te.rs. 

5. Wrtte .Your IMt'lt or ch1racter fnto the charlcttr set: 

Enter Ch1r1ct.er H~er to bt Written: 90. 

7. S1ve the .odlrted ch1r1cter set to disk: 

Enter Save File N1-e : CI~.TEST 
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Block Printing from GraFORTH . 

Olspltylnq char1cter qrlphfcs fro. GraFORTH usv1lly tnYOl•es tht 
ro11owtn~ steps: 

J, load 1 ch1r1cter set Into IIII!IIIOry: . 
' 

Ready CR 132 PUTC PRINT • DlOI\0 CIIR.STUrF ,A21116 • CA 

z. Select the character set: 

Ready 2816 CI~AOR 

3. Choose an 1pproprfate blocksfze: 

Ready 3 ! OLKSIZ£ 

4. (optfonal) Stlect 1 ch1r1cter size 1nd color: 

Ready 2 CHRStl£ l COlOR 

s. Posttlon the cursor tnd dr1w the block: 

Ready 5 YTAB 2 HTAB 90 PUTRLK 

Stnce ~UT8lK dots not 1dvance the cursor, sever1l blocks ~Y be 
drawn on top or one another wtthout ha•in~ to reposition the 
cursor. The word UNOlK erases 1 block 1t the current position or 
the given blockstze. 

EXMODE Character Graphics 

Ch1r1cter stres l through n .,, bt drtwn using £XHOO£. This w1y, 
chartcters c1n bt dfsplayect over other graphics without ertsfnq 
thttll. lfOiftver, to erue 1 1f ne pri nttd in EXHOOE, the tut 
screen MUst rlrst bt ertsed with •-936 CALL• before tht line ts 
reprinted • 
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Conclusion 

This chapter lntro~ucerl r.raFOATH 1 S character qraphtcs . 
capabilities. So hr we havft covered the hn~Juaqe fe1turl!s or 
GuF()qTit, th potnt anrl ltne qranhtcs, •net now the set of 
graphics th•t Manipulate characters and block t .. qes. Ntxt 
chapter, we 1 I I Introduce the most ... z tnq aspect of Gr1FOR m, Its 
three dt .. nstonal color qr1phtcs CIPibtllty. So hold on to your 
ke.vboard, here we 90 I 
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CHAPTER EIGHT: 3 D GRAPHICS 
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Purpose and Overview 

P!rhaps thf mnst ~•ctttn~ I!D~ct or r.rarORTH ts Its hlqh-spoed 
J.n qro~phlcs Clf)ahll H les. C:rafORTH un manipulate .,, t.o \l'i 
thrfr-dllllllnSIM"I shAp!\ stmultl'lfousl.Y. In thfs ch1pter we'll 
tlltcuss how to use th~se features. 

W!'ll heqln with en ov~rvlew ~r how 3-df~nslonal shape! are 
accessed and "'"I pu 11 tetf, and qhe .YOU some I nt rotfuc tnrv 
~llllll!'les. Wt!'ll then erphln thl! variOtJS 3-0 paralllt!Ur·s 1ntf 
~tscuss the l~qe "format" In det111. We'll show you how to use 
the IMAGEOITOR to crutl! .vour own J-0 fmaqes, then tlfscuu :1-0 
display ~~~eth,cts. luth, we'll discuss two very useful proqra111t 
for lft>v~loplnCJ and Nnlpulatlnq your J-D lmaqe ff 1u. 

3-D Graphics at a Glance 

To rlhplay 1 J-0 ob.tect In Gr1FORTif, the •tmt1CIC!• lnfor~Mtfon 
tiP.scrlbtnq thP. sh.,,e or th~ oh.tect h first lo"lfoft Into " free 
•rea nr ~~~e1110r:r. then COflllllnds lrl! entered which tell the lirtFOIUit 
syst~ where the lma!Je h '" 1111!1!11)r1, and ttow the t111111e h to be 
dlsfJIIyetf. . 

r.raFORTH uses an lnternl1 arr1y to store the current fnfof'lllltlon 
ahnut 111 or the 3-0 obj~cts befnq displayed, The array stores 
the locations In IIII!IIIOry or the Actual tmaqes 1nrt the dlsplav 
111r111111ters (position, rntatlon, stu, etc.). A nuMber (rro111 D to 
IS) Is uu•rl to refer to tAch oh.fect, and to select which ob.ftct 
ts currently being Mtnlpulated, 

To view 1 3-0 lma~, let's first meke sure thtnqs art blck tn 
normAl: 

1te1rfy A80tn' 

and set 1 text win~ow so t~et text doesn't scroll over our 3-D 
I 1111 "es: 

l-0 r.RAPIIICS .. - 2 

E~~-·-.3 
I 

,.~ 
~-~ .... ·r·~ 
tf~ 

tT:3 
5-o-,-:'l 
~. T .:.J 

~:T::3 

~=--r3 
rr; ··,-·3 
~-r 
~_,... :::2 ... --~~ 
E-.,_..:::2 r_:] 
E:r_:3 

ET__3 
~ . ..,...:; 
~:··r-' 
E. ··r-:3 

~·-,--
E:-=3 

Now IP.t's 1nad an f111a11t fr~ dfsk fnto I trtt are1 or ~rv. 
The bl nar.Y rt le "liYZ" on tile liraFOitTH dh" conta t ns "" ,.,,.,f. ot 
thr~e Arrows, each. a different color, and etch pntnttn11 • 
different dlrtct.ton. This Is the SliM! oh.lect that was used In 
the PLAY ~e~onstratton In ChApter t. 

Really CR 132 PliTt PRINT • RLOAO UZ,A2RI'I • CR 

Reforr. we can view "XYZ", we have to tnftlelfre the Internal l-~ 
qraphtcs array. Since we're starttnq fr011 scratch, P.ntl!r the 
word ORJERI\SE. ODJERA~E clears the array, end should he uself 
when beqlnntnq 111 l-0 proqrams. 

Ready OR,JERI\SE 

Now we want to asstqn 1 number to the ob.tect ~·re about to view. 
R~ntP.mher that Gr11FORTII can handle up to 16 ob.lects at 1 tll'll!. 
Thr. word ODJECT Is used to SfJetlfy which object to maniDulate. 
on.JECT r~ntOYP.S 11 numher rr""' the stAck, and uses tltfs nufllber t~ 
select thr. current ohject. let's gtve the tma~ •xyz• the n~r 
0 In the Arra.v: 

Rl!ady 0 ODJECT 

For mtr exa"'"le, we will want the shapo to he drawn autOMattcall~ 
after each entered COIIJ'Iand. To do this, the word IIIITOORAW h 
used. AUTOORAW re1110ves a number from the stack. If this nu~r 
Is t, then thR currently srlected object will automatlcelly he 
lfr,.wn "fter each qraphlc cn""'antl. If tht! nulllher Is o, thr.n 
automatic drawtnq will not occur. (Ent~rln9 the word ORAU will 
draw the oh.tects· when AUTOORAW h not tn effect.) tet 't turn on 
automatic drawing with AIITOORAW: 

Ready I AIJTOORAV 

We've tnttt1ltzed the arr1y, 'et object n~btr 0, 1nd turned on 
euto~tlc drlwlnq, hut we haven't specified ~here the current 
ohject ts In 111e1110ry. The word OOJAOR Is used,to SDeclfy this 
1ddress. We loaded the ob.11!ct Into lllfiiOf'J start tnq 1t tltl'i, · so 
this Is the nUMber we qlve to OOJAOR: 

Reedy 2816 ORJ~ 

At thts POint (bec•use AUTOORAV ts turned on) tht IMIQf will 
eppear on the screen. Rlqht now It looks lfte 1 slnqle arrow 
with 1 line through It, hut that's only because we're s-.~tnq It 
head-on. 
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r.nfOIITII ttu IZ 51Pirate words for controlling the position, 
size, and orientation of 3-n objects. We'll Introduce these 
words prooer)J In 1 bit, but to cthe .rou •. Uste, let's roUte 
ttte 1 .. ~e • little for better vltwinq: 

Re~lfy I~ YROT 

How It's beqlnnlnq to co-o into vie-, and you can see parts of 
all thrr.e arrows. let's .ove It 1 little .ore: 

Ready 16 UOT 

and add a little perspective: 

leai1J S SCALZ 

3-D Image Format 
,Just u tllfO-dl•nslnnal quphlcs use C~rteslan coordinates 
laheled 1 and Y, three-dl~nslonal qraphlcs use a Cartesian 
coordinate syste• with the three directions labeled X, Y, and·z. 
The arrows In "XYl" represent the three dtrec~tons, or three 
'axes•. I ts a point alonq the horizont•l, fro. left to rtqht. 
y Is a point on the vertical, fra. tOP to botta.. Z Is 1 point 
f,.... rear to forward. POinting at the viewer. 

The points that .. ke up 1 3-D t-.qe are expressed as three 
nu•hers, one for each of the X, Y. and Z coordinates. The valid 
ranqe for each of these nuabers Is ·12~ to +127. Each arrow ltes 
on an axis. with two coordinates equal to zero, lftd the ends of 
e1ch a.rrow retching fron -128 to 127. At the center of the cube, 
where all t,,... arrows -.et, the three coordinates are all equal 
to ~ero. 

l·D GIAPHICS • • 4 

-.; .... .":iJ -... ....... 
.,.. __ .;ij 

...... , ... ~ 
I 

~---~ ........ _. 

I 

~--3 ... ...... . 

"'-·-:!l ........ -~ 
~~ .. -3 .......... 

I 
E~3 

I 
I 

~...!::3 ....... , 

I 

I 

E--:--:.3 

The above dtanra~ shows the lt•lts for each of the three 
coordinates. ·Note that these lt•lts define a •cube of spau", 
2!iti units along each side. All l-0 objects reside In this space. 
When .are than' one object Is being displayed, each object has Its 
own 3-D space. thouqh•these spaces ~Y overlap or even coincide 
on the screen. 

Image Parameters 
Once an i•1110 has been loaded Into 111.ar.v and selected wtth 
OBJECT and OBJADR. It can be rot•ted, positioned, scale4. and 
tr•nslated tn 1 nu•ber of wJys. 

Rotation 
An IMge un be rotated •round an.v ut s, us In !I XROT. YROT. or 
ZMOT. ·xROT rotates the IM!~ aro~nd the 1-••ls, YROT aro~nd the 
Y-axts, and ZROT around the Z-uts. Each of these words r11noves 
1 number fro. the stack and rotates the tMaqe to the selected 
angle. An!llel are spectrted tn units between 0 to ?.56 rather 
than degrees. An entr.v of (I to YROT (or for that ... uer. XAOT or 
ZROT) rot1 tes the i•a~e •round to a nor.,l position faclnq the 
vtewer An entry of 64 rotates to 90 de~rees, 12R rolates to lPO 
deqree;, 1nd so forth, unttl ?.Sfi, which (II'• 360 deqrees) Is the 
sa .. •s zero: 1 full revolution. · 
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E1rlter, we Ujed XROT 1nd TROT to tiP lh~ 1~9Q I bit SO thlt we 
coul~ or.t 4 hftt~r vie•. We c1n Also us~ 1 loop 1nd c1use the 
l~qe io rotate a rull circle. Tht rotlowlng word defl~ltton 
ex11cut"!S TROT repeatll!otlv, wt th 1n tncru' tn11 rotlt ton value: 

YSP lit 
i.'liO n on 

I YAOT 
4 +LOOP : 

Rudy YSPI" 

Whl'n YSPIM h ftnhhed, the oh.lect has 1 Y rotltlon of n, To get 
tt hact to our prll!vlous view, we enter the 1pproprt1te v1lue for 
YROT 111aln: 

RtadY ta YROT 

XROT and ZROT un, of course, he ~nlpulltP.It In tlfentlcal ways. 

Scaling 
Thr. hMI11! un hf channr.d tn wl•lth or hel!lht •Hh the wnrds SCAli 
1nd SCAl T. Doth or these words re1110ve 1 nulllber from the stick· to 
select the qtven X or Y sell"!. The valid ran11e Is rrom -31 to 
+Jl. Humhers outside or thh ranllt! wl 11 be "folded back" lnt4» 
the ranfje. When the 3-0 ob.tect array Is Initialized with 
ORJ[RASE, SCAlX 1nd SCAlY lrf! set to 16. Try these examples With 
"x yz": 

Rfll rfy Z 5 SCI\Lll 

Rtally A SCALY 

hady • SCI\LX 

Sett lnq a scale of rP.ro causes the oh.tect to hlvl! no •thttllness • 
•t all! 

Read.Y n SCALI 

"e11attve scale n~rs reverse the t.aqe: 

Rll!afly -8 SCALI! 

J-D r.UPIIICS II • 6 
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Note: This rtverse sc11111q ts ustfut tn Un!X~P.ct~ •• ,,. ror 
ual!lfllt, H .You are cre11ttnq the '""'"" or 1 hlrcf, ,ou only nt!f!d 
one wing h1aqe. The otht!r wlnq ts 'IIIIPlf the first with on11 
ne11ott I VI! sc,.le nurther to reverse the 11111411!. 

llere's 1 proqra11111tnq tliiiii!Jle of scalfno: 

Really : ~~lASH ll -12 00 I SCALX LOOP : 

Re1tty $QUASH 

Slncn for most Qraphtcs l~pllcAttons you wt11 w1nt to ch1n~ both 
the X '"'' .Y ·'c1le to ch1noe the tCJtal sh,. or the oh.tfct, the 
GraFORTII worlf SCALE h pro¥1 decl. SCI\lE hAS the u~~~e fof'll 11 
SCAU 1nd SCALY. It slr.~~~ly sets both SCALX 1nd SCAlT to the Sllllt 
nlue: 

lle11d.Y S SCAlE 

AP.Itly 1?. SCAt.£ 

Three-Dimensional Perspective 

There Is 1 fourth scaltnq word tn Gr1F'O'tTH, SCALZ. SCALZ doesn'C 
chanfje the she of the object In the salllt! way that the other 
scall1111 words dn; Instead It chan11es the perspective of the 
nl)jP.ct. E...trtl?s for StAll are also In the ranqe -JI to Jt. The 
default value for SCAll Is zero, which doesn't provide 
oerspecthe views. (The front of a cuhe, for eumple, wilt '­
the 511111! s lze IS the baclc.) If you enter • nonzero nutllber for 
~r.ALZ, perspective will he provided. 1r the entry Is posltlvt, 
the front or the object wt II he l1rqer thin the htck. If thP. 
~ntry Is neqAtlvt, ~reversP. perspective" occurs, 1 ~st unusu•l 
phenollll!nonl You N.Y whh to tr.v the fol1owlnq uamoles: 

Ready 2n SCAlZ YSPIM 

R~tad.Y -In SCAU YSPIM 

Ready n SCALZ YSPIN 

Note: Vhf!n SCAlZ Is nnnrero, t.a~s takt about 101 1on!!fr to 
draw In exch11nge for the pers~ectlve feature~. 
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Also, SCALZ us~s a fast alqorlt~ that closely approx1mttes true 
perspective. However, U you. are displaying an 1-...ge that hu 
end~ of lines ~~~eettnq at the •lddle or a ltM, and you are ustnq 
large a•ounts or perspective, the lma!Je may beqln to distort, It 
tttts happe11s, brealt the tuqe up Into a series of shorter lines 
so that 411 endpoints ~~eet other endpoints, rather than ~~~eutlnq' a 
line ttselr. · · 

Position 

Three-dl-enstonal t .. qes can also bt placed anywhere on the 
screen with the words.XPOS and YPOS, XPOS and YPOS re•ove a 
nuQer fr011 the st~ek to dtter.tne the X or Y posttton on tf11~ 
screen of the center of the 3-n cube, Especially If the scale ts 
larqP., to avoid screen wrap-around, ample roo. ~st be left on 
either side for the edges or the t .. ges. The valid entries tor 
XPOS are n to 255: valid entries to YPOS are 0 to lil, ·The 
default values are 123 for XPOS and 96 for YPOS, which ts the 
center of the screen. 

To ~v• the t .. qe around, let's first .,ke tt a bit s.,11er to 
avoid wrap-around, then try 1 few different postttons·on th~ 
screen: 

Ready S SCALE 

Ready SO XPOS 

Ready 40 YPOS 

Ready 200 XPOS 

Wt can cause the feared wrap-around by placlnt the obJett clost 
to one of the edges: 

Ready 5 YPOS 

Now let •s •ve the t .. ge Nck to a Mre reasonable position: 

R11dy 96 YPOS 
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Translation 
Translation occurs when the oh,iect 1s mved, nnt on the flat 
video ~creen, hut wlthtn tts own 3-dl~nenslonal spacl!. In 
GraFORTII, ob.1P.cts can he translated alonq the X, Y, or l uh 
with the wor~s XTRAN, YTAAN, and ZTRAN, When ustnq translation, 
you n1st keep the l•aq.~ inside the conrtnes of Its •cuhe of 
space•, If you do not, then "3-D wrap-around" wt 11 occur, 
bec.use GrafORTII cannot represent POints outsidf! or Its cuhe of 
J-0 space • 

Our current t_.qe, •xyz• alrea~y reaches to the edqes of Its 
space on all three axes. We can transl1te lt. hut wrap-aroun~ 
wtll occur 1.-edlately; 

Ready S XTRAN 

for some exatJII)les or translation, let's first load another J-0 • 
tma!Je, one that doesn't fill Its space. We'll load and set up 
t11e luge "HOUS£": 

Ready ERASE 

Rea~y CR 132 PUTC PRINT • BlqAo HOUSE,43000 " CR 

Ready I OBJECT JOOR ORJADR 

The l.aqe of 1 house should appelr, let's qet I better view: 

Rearly 20 XAOT 

Aead.Y 10 YROT 

Atarl.Y B SCAlZ 

Ready 10 SCAlE 

Now the house can be translated. It can be .aved ahout a bit 
before caus tng wrap-around. (In the nut snt ton, you '11 see how 
to deterMine the true size of an obJect froa the IHAGEDIIOA.) 

Ready -SO ZTRAN 

Ready 50 ZTAAH 

Realty -2S XTAAN 
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Jult for f••n. try usfncl YSPIN with the houst, now thllt tt hu 
hel!n trans ht.ecl away fr0111 the center of f U space: 

Ready YSPIN 

Object Color 
You noticed that each of the three arrows In •xyz• was a 
ell rrere11t cnlor. lma.,-.s can he trf!alecl wfth or without colors 
specified. If no color ts snectrtecl, then the object's col~r c~n 
he deter111lnell when It Is ctrewn later, usln~ OII.JCOlOq, OIJ.JCOlOR 
re111ovf!S • nu-hfr fr~ the stack tn select the color or t~e 
current ob.tect. The usual r.raFORTH color nullifiers ere use~. 

The house does not ht•e 1 set color, so we can SP.t Its color wtth 
ORJCOlOR: 

Ready I ORJCntOR 

Ready S ORJCOl.Oit 

Note thet ~-D ~raphlcs, like two-diMensional and character 
graphics, can be clone In either INVERSE or NORMAL, and either 
nnr~nE or F.XMOOE, producinG 1 wide variety of ~raphlcs effects. 
We l!ncounqe you to try some 3-D ~raphlcs c011111ands wltlt nrtous 
co111blnatlons of display IIIOcii!S, 

At the end of this chapter Is • discussion or the progra• PLAT, 
which enables you to set all of these para~~~tters (except for 
ODJCOlOR) Into 1110tlon. PlAY Is very useful In qettfn9 an 
Intuitive feel for exactly what tach of these nara-.ters clues. 

The Image Editor 

On the Gr1FORT1f syste• dhk ts 1 ftle called IMAGEDITOR, whtdl 
contains 1 progr1111 enabling you to cre1te JOUr own 3-D tillAges. 
To use the t•eoe editor, first delete any new words on the word 
library to MAke roO., then type: 

R11dy ABORT 

Rea~ READ • IKAr.EDITOR • 
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(NOTE:. fhe' IN!If eclftor Is I falri.Y lar .. Droor1111. On 
non-lan~II~P. card syst~~. Joa~tnq the l.,oe edttor will ~·~ the 
top of the word llbrar.r Into lite 111111 •~~~nry usl!d by thl! text 
edftor proor11111. I r the edt tor Is loa elect into •1110ry, It vlll 
overwrfte the tOP or the worct ltbrar.Y, forctniJ you 'to rl!!aclt ro,. 
the power switch, as the r.r1FORTH syst,. wtlJ hPcorne lnonl!!rahle, 
After ustn9 the lt~~aq• editor, r~er to FnRr.£r th~ proqra• 
hefore ustnq thf tut editor.) ·------

Now run the DrnqriM: 

Ready AIIN 

Tou wtll SP.t 1 list of co~nds to the rtght and, D~t: •Enter 
comm~nd:•. The fma~e editor works wtth one ~-n fM191 at 1 time • 

Address snd lmsge Selection 
As In the character editor, you MUst sel~ct 1 work area addrtss 
(or use the default address). To s~lect an address, press •A• 
for •Address•. You wt11 ~ee the prompt: 

Enter Ft le Address : • 
followed hy tlte nUIIIher •1.n1~·. (You should he qettlnq pretty 
f 1111111 fir wl th that number!) rr .rou want to use another ar111 or 
111t1110ry, enter that address. F"or thfs examp Je, .lust htt <returnS, 
and tlte 1ddr~s1 Z816 will he selectect. 

Jr yo11 are clolnq theSt tXIIIIIDltS stouentte11y, the t.,qe •nl• 
will st111 be tn lllf!IIIOry at ZRlfi. If you've turned the Applf! off 
stnct th1t tl1111, JOU will need to load It 11111n. Type •G• ro' 
•r.et• anct enter the fiJena~ •xyz•. The ftle will bt loaded Into 
~~~emory, 

Getting B Good View . . rr the ,.,~ was alre1dy tn -..ory, It won't IDDear unttl you 
rot1te It or 1110¥1 ft on the screen. r .. ges can bt rot1te~, 
positioned, and sc1Jtd fro111 the 1-.qe editor. 

To rot1te the f1111ge, type •R•. You wl11 set: 

Rotate [ I (nu.) to l (nu.) J : 
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for thh tOIMolllrl enhr the letter of the uls you w•nt to rol•le 
•rounct fnllowed hy the an!Jle you want to roUte. for thh 
eu111Plt1 t.YPe •yu;•, The IN•IC! will roliltfl uountJ the Y-uh. 
Type •a• aqaln and enter •x1~•. ·"ow you can seo the arrows well. 

To scale the object, type •s•. You will see the prompt: 

Scale [ (n~), or l,Y,Z (nu•) ] 

To sco~le ll and Y sl~~a.~ltanP.ousl.v. sii!!Pl.Y enter a nulllher. To sulll 
one of the coordinates, type X, Y. or z 4nd then the scale 
numhP.r. Since we're keeptnq the t-.qe tn the corner of the 
screen, lt"s best to keep the scAle 1 .. 11. jhe scale ts 
tnt~lally set to R, 

To change the position of the object, type •p•, You will see: 

Position [ X (nu.) or Y (nUM) ] : 

Enter an I or a Y followed hy the desired scre@n position. The 
t .. ge has '" Initial screen position of 1•6~ and Y•48. 

You can choose • color for the l.,qe, If the col~r Is not already 
set tn the l.,qe file, Press •c• for •color• and enter the · 
desired color nu~ber. You can also choose between EXHODE and 
OR~)£ views. Press •H• for ·~e·, then enter •x• for EXMOOE or 
·o• for •oaHOO£•. 

Image F11e Entries 
Now type •L• for •Ltst• to see the nuabers that .. ke up the 
INqe. You can press <return> to see all of the entries or press 
ConTRoL-C to stop. llellltllber that. as explained above, GraFORTII 
uses Cartesian coordinates. a syst .. of three nu~erS for each 
defined point, 
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Each entr1 tn the lltAfi[UITOM I htlnq has the foll~i"ll 
tnfnr~Utlon: 

. 1. Whether the point Is tn be (~) 1'1Qv'!t1 to without ctrawlnq, l)r 
(0) drawn to frolll the i)revtous line enllinq. (fills ~ans that 
uch ltlkliJP. flle rust bcCiill wtth (H), nnt {1'1), slntf! there are 
no prl!vlous lines at that tt~.) 

?.. What color shoulti hP. usP.tl for the ltne. The color nus1'IP.r (If 
present) ts directly uncter the letter •c• In the h~•1in9. 
(If It Is desired to use the word "OO,ICOLOit" to soecif.Y 
object color. then t10I\ 1t .. k~ Any color entries •lt~tn the 
huge ft I e.) 

3. The X, Y, and Z coordinates of the paint (eAch conrctln4te 
lies within the rAn•te -1211 tu 127). 

4, The address of the entry. Each entry occupies four bytes. 

The last sh 1tnes of the t~~~aqe ft le can also he seen by presslnq 
•[• for "Enter•, We will use the •Enter• coAmand in a ~nt to. 
create our own 3-D shapP., For now, press <return> to leave the 
"Enter• IIOde. 

Whl le us tnq the t.Uqt orlttor, .YOU NY want 1110r1 acreen space for 
text and less for lsnaqe drawlfi'J, or wtce veru. To accomplIsh 
thh .YOU can use "W" to IIIOYit the tut window up or down, position 
the 1nlol!le·ustnq •p•, anct scale the iNqe using "S", The "list" 
a111t •Enter• cnMands wi II use 11 Nny lines as the text window 
allows. 

s~tl.es. while atljustlnq the INQI! position. the tmaqe will 
•wrap around• on the gr~phlcs screen. If you want tn clean up 
the screen, type •w• and reenter 14 or s0111 other window top 
value. •w• clears the screen when It sets a new window. 

Creating New Images 
Now we will cre•te our'""" t .. cae. 1 cube. 'Firat, we nlect to 
erase •xyz•. Press •z•. anct you will see: 

Erase File (Y/N) : 

T.ype a •y• to erne the file. The IN9e won 1 t dl uppear rl qht 
away. (If tht presence of the old INqe disturbs you, prus •w• 
and enter 14 to cause the •window• c~nd to era11 the screen.) 
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~~ th1t W@ will he 1blt t~ see 111 sl~es or our ohject IS tt IK 
cr~~t~d. entP.r 1 Z sc1le or ~ ror PP.rsnecttve (press •s•, th~n 
"18"). llow preu "[" 1qatn. Notice that no rt It f!ntrlts are 
ltstetf, since we havt erased the111. You wl II see 1 proii!Pt: 

(M)nvl!, (O)raw, {•) Delete, (CR) l)utt : 

Sine~! the first entr.Y 111.1H he 1 IIIOY'!, tYPf! "M", You wl 11 he 
prOMPted ror 1 cnlor. l~t's not use 1 color, so that later we 
can select Its color with OOJCOUlfl. ,Just ore!ls· <return>. 

You will tllen be proii!Pttd ror X, Y, and Z '''"" In turn. We'rP. 
CJOin~ to start with the point 1t the lower left front corner or 
the cube. X 1t the lert Is -127, so enter -127 1nd press 
<return>. Y 1t the bottom ts 127. Enter 127 1n~ press <return>. 
l at the rrnnt Is 127, sn enter thlt And prf!SS <rf!turn>. 

,.,., still won't see 1nythtnq ~r1wn, because w hue only dtrtnetf 
a stnqle point, 1nd points aren't plotted In Gr1FOMTH 3-0 
qraphtcs, nnly lines. Now let's dr1w our ffrst line. Type "D" 
this tlllll! Instead or "M". Now enter an X v1lue or 127 (rl!~~~tmher 
the hst entry wn -127). lfe w1nt the other two veluet to st1y 
the Slllll!. In this "Enter• mode, to keep 1 previous v1lu~. just 
press <return>. The 11st v1lue will be repeated. Press <return> 
for both Y 1nd z. Now 1 line will 1ppe1r from left to rlqht 
(rrOM x • -127 to X • 127). 

Now repe1t the entry procl!rlure, pressing •o• e1ch tfMI 1nd 
chanqfng only one number per entry, presslnq <return> for the 
others: 

l to -127 
x to -127 
1nd l to 127 IQIIn. 

Theu entrlts wtll dr1w 1 squirt 1t the bott0111 or the ·11111111 
SDICI!. (If the view Isn't ver.Y 900d, press <return> to len• 
"Enter" ~•. ch1nqe the rot1tton or the Stllfng, then press "[" 
to r~turn to "EntP.r" ~de,) 

Note: If 1t '"' ti-e you .-ke an Incorrect entry, just tlntsh 
th~ ~ntr.Y, then press •.•. •.• deletes the last entr1 fn the 
ftle. 

Now tr we ch1nge Y to -127 1nd repe1t the tntfrt pfocelure, ~ 
wtll have most of the cube, 
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At thh l'~fnt thrf!t t~tlt!S art stf11 •fnfnq. Can,.,., """" out 
how to dr1w the 111lnln•1 edqes? 

The solution Is to (H)o~ to e1ch or tht rottowfnq toc1tlon,, 1nd 
(O)r1w a verticAl line (uslnq T) r~ bott~ tn tor: 

I • ~M) X • 127, y • 1?7. l • 127 
2. 0) X ( UIIIC), 1' • -P7, l (Sill!!!) 
3. t~~ • (S~flll!~, y • 127, l • -127 
4 • X (SAil!!! • ' . -tn. l ( UIIW!) 

lj, ~14) X • -127, y • 127. l ~~~ne~ 
6. D) X (UIIII!), y • -ll7. l Slt:lt 

Saving the Image File 
Now W@ can sne our cuhe. Press <return> with no entry to ltiYI! 
the "Enter" IIIOde, then 11rl!ss •~t• for "keep•. You wf 11 be 
prOIIIPt~d: 

F.nter File MIMI to Keep : 

Enter 1 file na.e here. The Gr1FORTH sy~te111 dtskP.tte 1lrearly 
contains 1 rtle nametl "CIIDE".· (It contains 1 cube lrl~ntlcal to 
the on~ we just malfP. her~.) If you're us i'1rt anoth~r disk, vou 
can use the f1l~na111e "ClinE" or 1nother rt lenalllf!, 

Three·Dimensional Display Methods 
From within 1 proqr1111, the word DRAW Is usu1lly used lnsteld of 
AUTOORAW to drlw 3-0 fiiiAt~e•• This WIY, 1~v~r1l pariM@t~r\ Cln ht 
chAnqed at onu berort the next 11111~ h drawn. When AIITOORAW h 
off, ~·ecuttng ORAW CIU~l!S the IIIIIQtS to he drawn. 

Aside r~ the mathe.-tfcll Methods (described in Appendix ft), 
Gr1FORTU has 1 rath~r complex dtsplly t~~tthod for 3-0 '""""· In 
general, when 1 ORAW c0111111nd Is Issued, the ro11ow1nq ·e.vents 
occur: 

3-n RRAPIIICS 8. u 

...• 

~I 

' 
;I 
I . 

. ! 
• ,r,, 
.li 

c ' 
.· ,;1 
.... ·: 
' . .. . 



a. The o1rtlwlnq rnutiMS .,. •ltrectetl It the !1r.Jptllcs screen U••t 
Is not currently belnq dlsplo~.~ed, so that the dr.wlnq won't 
be uen. 

l. The pre11tnus t .. ge •lll the lnvlsii)Je screen Is •unctr•wn•, 
ustnq lnfor .. tlon storttl when It was dr1w~. 

l. The new 1 .. 91 Is drtwn. 

•· The dlsphy h switched to the freshly dnwn scree11. 

This ~thod ~11rantees hlqh-qu1llty ant .. tlon t .. g-.,, since the 
entire proc-.ss or drawlnq Is conce1led fro. the viewer. 

You .. Y wish to note thlt character graphics, discussed In the 
last chapter, also t1r1ws to both screens, so th1t character and 
l-0 qraphlcs can be fre~ly tntir•taed. 

Redrawing Without Change 
for .... ..,. speed, an object Is an ly redrtwn by DRAW If a new 
c~nd Is Issued to lt. So In 1 proqn• with stveral ob.tects, 
only those that have been referenced since the last DRAW ~Ill be 
rectr1wn. Exa~le: 

0 OHJECT lfi XROT 
l OBJECT 24 YROT 
OIAW 

Only objects 0 and J will be redrawn when DRAW ts txte••t.tcf. 

If an object has ~-.en chinned and then drawn, the t .. nes or the 
object on the t-o qr1phlcs screens will not be the s1ne. If 
other objects are then repeatedly channed and drawn, causlnq 
r.rafORTH to switch grlphlcs screens, then the two unllte I .. Qes 
of the object ••11 be 1lternatet1, c1uslnq a blck-and•forth t1PI 
of residual .atlon. 

Therefore, If several objects 1re bttnq dr1wn lndependtntl), thet 
should bt referenced (uslnq the word OBJECT), If not ch1nqed• to 
cause the 1 .. !11--rci"Dt redrawn. This way, tht l•ges on both 
graphics screens will always be uPdated. For exa.,1e, 

I OBJECT 

causes 1 redr1w of obJect l at the neat draw c .... n4. 
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Erasing Individual Objects 
The lirefORTII word OFF Is us~ttl to •undr~w• an obj~tcl hut not 
redraw tt. Most ol),tech :.t"Y an the scref!R af~er the lut 11'11'111 
entry to their tattles. OI'F se1ecthe1y er•ses ohJf!Ct!\ tll.t .,.., 
no 1on•1r.r needed. Subsequent cOAUnds to •n o.,,lect wt II redraw 
tt. tlere Is 1n exaii!Pit ot Off: 

Ready 3 OBJECT Off 

Overlapping Objects .and UNDRA W 
In a c•se where there are sever1l overiiPDinq object,, or objects 
1re dr1wn over text. tt ts best to use •[XHOOE•, since this 
causes drawing 1nd undnwing to occur wtthout dP.stro.vt~fl the 
screen's orlqlnal contents. A1tern1thel.v. If •11 the ob,tects 
tre In continuous .. tton, It •.v be deslr~ble to use the word 
UNDRAW. 

IJNilRAW st.,ly erues 1 block or cher1cter sp1ces spectfled lly 
RLKSIZE just IS lmDLK does. However. UNDRAW IISD Cluses thf! 
next DRAW c~nd t~not c~ an aut~tlc ltne •undraw• betore 
drawing the next INge:-" This wa.v, you un use IIHDRA .. to erne 
the J-D l.ages yourself. Uslnq UNDRAW ts frequently f1ster th1n 
the auta-~ttc lint undraw th1t Is c1rrltd out by ORA ... 

For exaii!Ple. let us say we have an 11111ge In thl! center of the 
screen (1t X • 128, Y • gr.) that extends 20 plotting pntnts In 
radtus·lround this point. Re.e~er th1t numbers entered to 
BLKSIZE r~tfer to chartcters, not points. Text char~cters of sill 
0 tre 7 points wtde and 8 points hlqh. So an entr.v to BUSilE or 
6 b~ 5 will cover 1n 1re1 42 by 40 points, large enouqh tor our 
U•IIPlt t.,ge, Re•llber that UHORAW, like UNBU, ts controlled by 
VTAB 1nd ijJAB. Let's set the blockstze, then posttlon 1nd 
execute 1n UNDRAW before the next DRAW: 

Ready 6 5 BLKSIZE 

R11dy Ill 'VTAB 17 HTAB UHURAW MAW 
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~~~~lllh~r ahn that uNnR""• Hkt PIJTRllt and IJNOliC, dOf!sn' t advance 
tiTAO acriJU ti!P. scrtfn 11 for prlntfnq. Onu positioned, IINORAW 
un be us.d rctPt'lttdl¥ o•tr the Ullll! trt!"· 

Other Effects 
If YOU wish to prt'VP.nt undrawlnQ nf the fma'I!S (for SPP.Cf41 
tHt!ct\ ), Slr.IPIY liSP. IJNilRIIW, hut phce ttee undriiW ... lock IWolY from 
tht! lma~t!. For spee~. selt'ct a ~lockslre or l by 1 In this c«sP.. 

· It Is alsn posslhle to prevent screen SP.QUP.ncfnq altoqP.ther, 
ustnq SEOUEHC£, so that the procnss of drawlnq ~Y be observed. 
S£1JUF.Hr.£ re•110ves « numher from the stlclt. If thts nulllber Is 1 n, 
scrt!t!n uqueftc tn11 h turnP.tf orr. If the numbf!r ts 1, scre~n 
sereu~n~lnq Is turned bAck on. Thh uample will stotl scref!ft 
sfquencfn!J: 

llutfy n SF.QIIENf.F. 

Usually used with "O SEQIJENCE", the word "SCREEN" selects which 
graphics screen to rtlsplAy. The screens are numhered 0 tntf I. 
This example displays screen ~ber t:· 

Rt'lcfY l SCREEN 

PROFILE 
There Is another proqrtm on the GrtFORTH syst~ disk used for 
cr~atlnQ J.O lllllqf!s, called PROFILE. PROFII.F. acts u a sort of 
graphfcs •tathe"·, creattnq llllllqt!l thtt are c.yHnctrlcaf In nature 
from I SP.t of points dtflnlnq the profile or tht IMIIJfo Tht file 
•cttlll• on dtslt contains the 11111•11 or 1 chaltet, and Is an exaiiiPll 
or the lttftdS of lmaqes that cen be cretted with PROfiLE. 

To run PROFILE, first _.kt surt thtt there ts roo- on the word 
library ~Y FORGETtlnq eny extra word,, then type: 

Retdy READ • PROFit£ • 

Reid' RUN 
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Setting Parameters 
Ynu will seft the PRnFIL£ heading and so-t tnstructtons. ~e're 
qolnlt to use PROFILE In this example tn cr·e~te a sl1110le cnftl!. 
The ftrst question asked Is: 

Enter nuMber of polyqon sides : 

This deterMines how smooth the cone' ctrcu"fer•nc~ will b!. For 
1 perfect. circle, you wnuld ldetlly want tn P.nter an lnrtnlte 
number of sides. llnfortunttely, your Apple does nnt cMtal" tn 
Infinite amount of me•noryl For thh uamplll!, t!ntltr a ?0, 

The Mxt prOIIIIJt retlfs: 

Enter Ob.fect Ffle Address 

wtth a flOOrf ol' 2AJ6 al,.Aify selectl!d for you. lllllctes crflted 
with PROFII.E can easily ust! 1 lnt of lllffiiOry. Usually you will 
want to use the area of ~~~elllt)r.Y heolnnlng 11t ?!IIIIi or ·the S!)IICe 
.. hnve th~ word Hbrar_y. (To find thts addrl!ss, print th~ 
value of PRr.TOP arter lo .. rtlnq PROFILF., and add ahout ~o or '"" to 
t~ls tlfdrf!ss for ••trA sp~c~.) For this P.xtmple, just pr,.ss 
<return> to keep the atfdrt'SS ZRifi • 

Entering Data from the Keyboard 
Now you will see: 

Dat1 fr0111 [K]eybOird or [n]tslt ? 

You can either enter tht profl1ft coordinates directly f~ tht 
lteyhnard or use 1 text file th1t tont41ns the coordinates. tteNt 
we will enter the coordinates directly. Press •K• for 
•Keyboard•. You will see: 

Enter X,Y pttr (end • •£") : 

This ts where you actually enter the coordtntttt. The Y 
coordinate Is the vertical posttton In the profile. Tht •alld 
raniJf! ts -12R to 127. The X coordinate can actually he 
considered a radius, sfnce tt detl!rMines the distance fr~ th• 
ectqe to the center or the nbjtct. Its valid ranqe Is also -l?R 
to 1?.7, hut neqattve entrtr.s are Identical to positive ones, so 
only numhers fro~ 0 to 1Z7 need he used. 
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We're qolng to Hut our cone u a sinqle p()int, anl1 work down. 
The top of the cone Is at Y • -12R, and the radius (l) Is ZP.ro. 
As we 111ove ttown with lncreuinq r ulu~t~, we'll also sttldily 
Increase the radius. Hake the followinq entries: 

Enter X,Y pair (end • •[•) 
Enter l,Y p•tr (end • "E•) 
Enter X,Y pair (end • "£") 
fnter l,Y p•lr (enrl • •[•) 
Enter l,Y pair (end • •£•) 
fnter l,Y Pllr (end • •£•) 

0,-l?.ll 
32,-64 
64,0 
91i,64 
127,121 
E 

The l•st entry ~st bt •£•. for 1 f.- s~cond'• the phr•s~: 

Gentrltln~ t .. qe file (A24 bytts) • , • 

will IPPP.Ir on the scrP.en IS PROFII.£ COIIIPutes the points that 
~~ate up the cone, then the screen will be erased and the cone 
will appear. tfotlce that the cone has 20 vertical lines ~round 
Its clrcu~ference. This ts because we selected 20 poly~nal 
sides. There are 4 circles around the cone 1nd • point It the 
top. These ~re because we ~~ade S proft It entries. ~t the bottOII 
of the screen will be the Message: 

Enter object flit n~.e : 

Thh h so you un save the 3-D object to dl sk. If you want to 
save the COlli! to disk, enter 1 rt len1111 and press <return>. If 
you. don't want to save the l.,ge • .tust press <return> 1nd the 
progr~• wl II end. 

Entering Data from Disk 
As discussed earlier, PROFILE c•n also read a list of coordlnlttl 
frOIA a disk ftle. The tutftle •aJr.CtiAL • contains a list of 
coordinates that describes the profile of a chalice. You .,y 
wish to set this list at s0111 point. When PROFILE Is no lonqer 
tn ...ory, you c1n enter the text editor, 9et the file PIGCHAL. 
and list ft. You will see a list of nu.O.rs st•llar to the ont 
we entered to .,ke the cont. but longer. Note that the 11st 
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entry tn the file Is "E", 111arldnq tile end or thl! lht. 
for now thouoh, let's run PROFILE araAin, this ti~~~e us lnq the 
textrlle OIGCIIAL lnstea•l of. teyhoartt r.ntrtP.s. Aliff the proqr-tlll, 
select 8 polyqon sides, the address ?016, then •o• to read data 
fr011 dis~. You will tht•n be pro"'ted: 

Enter Oat• File HaM~ : 

Enter the naM "BlGCIIAL". The dtslt will whir for a btl, then the 
•esuqe: 

r~neratlnq t .. ge file (2724 bytes) ••• 

will appear. After a pause, the ch1ltce wtll appear on the 
screen. As before. you can either save the 3-0 l.,qe to disk, or 
press <return> to fxlt. 

Memory Considerations 
Because PROFILE can qenerate very Iaroe t .. rae files rapidl~. 
lmarae s tze checlt tng has heen I dried to help prevent overwr It I nq 
l~tPorUnt parts of ..etnort. 

llsua lly you will ust! one of two areu or memory for the J-0 INGI! 
file when uslnq PROFILE: either the free space fro. lncatlons 
2Rl6 to ~61\7, or the spar.e above the top of the word llbruy. If 
you select an address between 2~1~ •nd 5RR7, PROFILE will prevent 
the l•a~e frOIA extending beyond location 5887. 

If you select •n lddress qreater then 5887, then PROFILE assuaes 
the t.,qe Is above the word ltbrary. It then checks for the 
presence or I hngu19e CArd, If you lrt US lng a hnqualjt CUd, 
PROFILE will allow lmage5 to extend to location -16385, 
1~~~~~ediately below the Apple ][ 1/0 area. If .YOU do not have 1 
lan9uage card. PROFILE prevents the j.,ge fra. extendjng beyond 
location -2'113 1 t..ed1ately below DOS. 

If the t .. ge Is too lar9e to f1t In the prov~ded space,.the t.,qe 
wit I not be created or di'.lwn. and the following Msuge wj 11 
appetr: 

Hot enough ro~ here. 
(Requires nnnn hytes.) 

with nnnn belnt the actual nwaber or bytes the t .. ge requires • 
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Nettce that tf the starttnt a41ress yov select ts ta 1 •taft" 
,,.., of__,.,, t...,. NOfllf. wf11 pre~tftt the t.w f,..a 
clobhtrtnq IIIIIIOf"tant tnf.,...ttG~t. Kowner, U JOII select 1ft 
1uldren '" the •1-t.tle or Sftllltthlrttt fiiiPOf"tHt, ,_•n ftNI 
.Yourself "'"'"" to rehoot tiN! systM r..- scratctt •••• 

PLAYing Around 

The PrGfft'lll f'l.AY WIS briefly tntrodwc~td 1ft Ch .. ter I. "lAY Wll 
dest~ned for you to •play• with 1 J-n , .. ,., .,ntpul1tt~ tts 
rot1tlon. ~cale, translation, 1nd POSition per.-ettrs. ARJ or 
a11 of th-.sP. paratllftf'rS can he set Into 110tt~~t, Clh1nt ,.. 1 
rapt~ lntultl~r "ftel• for what tach or the Pltletttrs dots. And 
PlAY t~ • lot of fvn! 

!tote thet PlAY, 1 tkt IMAr.f.nlfOR, uses the 11111 ...,,., IS Ml tht 
text editor on non- hn9Uafll! card systeM. It sure to r.-.t 1ftY 
•• tra words In the word 1t brii'J (PlAY ts rathtf' 1 hrtt Protr•l 1 

then type: 

Ready REM • PlAY • 

.... dy '"* 
The tnstrvcttons are fairly tt1f·t.,11Aitory. Onct tht , .. ~ ts 
loaded and you begin •pll_ylnCJ•, yov can select 1 ,.,._tar ~tth 
one of the AV"~tr keys. To set the Plr..eter tn -otlon, ,..,s 
one or t ... arrow h_ys. The rt!fht arrOif Increases the pere•ttr 
ulue; the lert arrow decr••ses tt. ly preutnq Mftrll .......,_r 
hys aftd errow hys t1ternetely1 you Clft ·set 1 ftUIIIIIer of 
par.-eters tn .atlon et onc4. 

! f aft)' ~ pu,..ttr !lftl out of hiM, r• Clft ,..,, .,. te 
freeze Its· •tton 1 lenfn!l 1t 1t the cvrrtftt "'"· You ua 

also press •o• 1 to brt'"' tt bact to. tts "'efHtt• ••1M. 

If JOII w111t to """ tftf'Jthtntt, .tnt "'"' C."-l-S. lilt 
tttsplly wt 11 pews-., alld • """'"' curser wtn ..-.r ttl tM 
wpper-left corner. Just ~tress lftJ ter to rt~. If .fOil 
Wlftt to brht! everrt .. fn!l to I COIIIPltte ttlt'~ PN11 ISC. AU 
•tton vt 11 stop 111d 111 per,..ters wtn lie tel ...0 te tleeir 
default nlftt. Ffna11.Y, tJPtttt .,. wU1 dfspliJ tM tast...ct.ftl 
scrttft llllfft, •• -o• wtll q~~tt the ,....... · · 
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let's M~Wr the start-UP Qlltsttons IIIII •t thtntt~ .ovt'"l: 

The ftrst p~t you wt11 see ts: 

l•tt Itt [lt]llllrl or 01t [D]hU 

I f JOU 1lrHd.Y hnt 111 t•• tn ...,,., 1 press .,.. • If JCM1 wattt 
to 10111 1ft .t•• fra- dhk ttow, press •o•. For this eu,.le, 
press .,.. ltellt h the ....,.fiiiiOUs tdct.-eu que\tton: 

E:nttr t•tt. address : 

a!lff" wtttt-tltt ftUIIbtr 21'16 w1ft tnt for you. I r JOU want to use 
the address ZA16, just press <return>; otherwise enter thf. 
a~rtss you want. Press <return> for this era~le. If you 
selected to l01d 1ft tuqe fn. dhk 1 IICIIIfnt a110, yfN wt 11 then 
sn: 

Enter t•ge ftltft,_ 

Type the ....e of the ft1e yev want to load. let's loed the file 
•uouS£•. Lutly: 

Prtss Return to heql~ ••• 

Tilt screen will bt erased lftd the t .. qe wt 11 appetr. A 1 onq the 
ritht stde ,,.. the values for each of the paraaeters. When you 
press a ~r key, the selected pera-.trr wi11 also be displayed 
-. the b0tt011 ltne with tts current valJt and lncrtt~~tnt. 
Prtssln4 the arrow keys will chanqe the lncreMtftt lftd set the 
MJect tn •t tOtt. 

YIIU'll aho Mt 1 .,estton •rt tn the lower rtfht corner. Thts 
h jtlst to retatiMiyou that the tnstrvcttons un be dtsplayed It 
lilY t ·- ., typltt!l ., •• 

•ttlt PlAY. It's vt'J IISJ to 91t s ... of the perl.,ttrs out or 
bollnds, causlnt tcretft or •spece• wrtp-erouttd, It doesfl't hurt 
lftJthfnq, ~~td It can s.-..tt .. s produce rather. a~stnq effects! 
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Conclusion 

We've now looked at all three kinds of ~r•phtcs: two-dt.enstonal 
graphics, character ~r•phlcs, •nd three-dl.enston•l qr•phtcs. 
With the tnfor .. tton presP.nted In these ch•nters, you c•n 
tncorpor•te • wide v•riety of ant••ted color Qrdphtcs effects 
Into your own proqra•s. then use SAVEPAG to produce 1 syste• that 
boots •nd runs t~ auto-.tlcallyl 

The ne•t chlpter t•Plltns how you can create .ustc 1nd sound 
effects with GrafORTII. (We '11 also ~~~tnt ton 1nother pro!lr•• jou 
.. 1 he Interested tn ••• ) So without any further delay, on to 
chapter 91 

• 
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Introduction 

Gr1F'OIITII hu 1 snphhttuttd IIVSic syntheslnr th1t pliYs throuttll 
th! IIppi! ]( hut H-ln 'Sfll'lker. Note'S ""'Y he PhY!d In nine 
11httnct voices (not si""ltlnfllous lv). Tht"e re1turtts allow you 
to Incorporate ~stc or sounl1 effects Into your applications or 
game prottra111s, 

The t1110 GraF'ORTII ~~~Grds tltat control tht synthestzfllr 1re YOICE 1nd 
NOTE. 

VOICE 

The Gr1F'MTII 1110rd VOICE selects ont or q votus Ill whtch to pli.v 
notes. VOIC£ removes 1 number from the stACk, and usi!'S It to 
select 1 9lvP.n voice. Here are the VOICE numbers 1nd their 
meanings: 

"u111ber Vol ce 
~~~--~~------------------ ---------------
-fi to -1 Selects 1 constant 'dut.Y c_ycle' for the note, 

productnq 1 not'! th1t h constlnt in ¥Olu,.., -1 • !\til 
duty cycle, ·? • 25l tfut.Y cycle, ·:1 • 12.5'1 dut.Y 
cycle, P.tc. ~ller duty cycles decrease volume and 
increase the •mount of hlflh-frequenc.v energy In the 
11ote. 

0 "ote begins 1t 501 duty cycle, then decrtUIS to 01. 
The note seems to die away. 

The note ht~lns at nl, Increases to 501, then 
decreases ·~aln. 

2 The nott bfnfns 4t PI, then fncretses to 5~. Tht 
note see~ to fncretse In volume. 
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NOTE 

The r.r~trORTM word NOT£ ICtUA 11y CIIUSU I 110te to ~ phyelf, ffOT[ 
removes two numher~ fr0111 the staclt to sehct pitch and duration, 
then o II.YS the note. The ror111 for NOTE is: 

<pitch> <duration> I'IJTE 

The valid numbers for ~Itch 1nd duration 11re In the r1nqe 2 to 
255. ltroer n~bers for duration prolfuce lo·qer notes. laroer 
numb~rs for pftch produce lower pitched notes. 

let's play 1 couple of notts. The voice used It ont has not .. en 
sel~cted Is voice o. This example pl1ys an "A• two oct1ves belnw 
middle 1\: 

Re11dy J 2• 255 NI)T£ 

let's try 1 dlfterent note: 
• 

Read~ ~1. 12R NOTE 

This olayos a note tn octave hl~her fnr half 1s lono. Nnw let's 
chan~e the voice and play the same note: 

Ready -l VOICE 

Ready 62 12R NOTE 

Notice the chtnqe In tone qutllty. Ex~erl.-nt with the different 
voices to he1r their differences. 

Determining Duration and Pitch 
The duration or a note Is directly rtltttd to lht sfzt or tht 
dur1tfon nu111ber. 2~~ c11n bt considered 1 whol~ nnte, 12R 1 half 
not~, &• 1 qutrter note, tnd so forth. nr course, tr you want to 
play notes 1t 1 fester teii!PO, sl~ly use smaller ~ers. 
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lltrfl Is 1 tlblt rel1ttn~ notes to the pitch nu.Oftrs which produce 
th .. : 

Note Octnt Octlvt 2 Octave J Octue 4 

A 2411 124 ti:t 31 
AI 234 1 I 1 5R ?.'I 

R 221 110 55 Z1 
c 209 104 52 21i 
Cl 191 91\ 4~ 24 
0 11\6 Cll •6 23 
Dl 115 87 4J 21 
[ 11)6 RJ 41 20 
f 1~6 78 )9 Jl) 
fl 147 1J 36 18 
G 139 6!1 :l4 11 
Gl ll1 65 32 16 

Useful Music Words 
If you don't w1nt to look up the pitches for each note, .YOU tan 
uu the followtnq proqra• to !Jtnerlte the t1ble 111d st·ore It In 1 
strln~ 1rr1y c1lled •pJJCH". Each element of PITCH, lnsttld of 
cont1lnlnq 1 ch1r1cter, cont1tns the pitch v1lue for 1 note. 

50 STR lNG PITCH 

COMPUTE .NOTES 
241170 
48 0 00 

OUP 100 I I PITCH POKE 
OUP lA I -
OUP 1655 I • 

LOOP OAOP ; , 

le1dr COMPUTE.NOTES 

Aunnhua COHPIITE.NOTES gener1tes the Uhle In PIJCII. How the 
pitch v1lues for the 4ft notes (nu.O.red D throuqh 47) c1n be 
found by rudtng the. ulue frOJJ the proper e1e~~ent of PITCH. For 
eaa~le, the pitch v1lue for the note J In the t1ble (1 •c• fro. 
the first oct1ve) c1n be found tn posttton ~r 3 tn PITCH: 
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Ready 3 P ITCU PEEK • 
201J 

To phy.thts note u 1 half note, .vo11 un entf!r: 

Ready 3 P ITCtl PEEk 128 HillE 

You can 1lso define 1 short word th1t retrieves the pitch value 
for you: 

Reidy : r.ETP ITCtl PITCII PEEK • ; . 

Ready J GETP ITCII 
2M 

This word c1n be used with NOTE: 

Ready J 6£TPITCH 128 NOTF. 

Since the notes trt now numbered fro• 0 to 47, we can play 111 of 
the notes In thft sc1le hy using 1 loop: 

Ready 48 0 00 I GETPITCH 32 NOTE LOOP . 
With a little patience. w~ c1n put to"P.lhP.r • sonql The 
following word definition pl111 the first phrue fr0111 the "IIIDPY 
Birthday• song: 

ltAPPY.B 
12 GETPITCII 50 NOTE 
12 GETP lTC II 50 HOT£ 
14 fiETP lTC II 100 NOTE 
12 GETPITCH 100 HOT[ 
17 GETPITCH JOO NOTE 
lli GETPITCii 200 NOTE 

for longer tunes, repe1ttn' the words GETPITCH 111d NOTE will 
waste 1 lot of space. WP. w1nted to show here ha. stmplf the 
tunes can be constructed. A .uch more tfftatent ~ethod ts to 
store the nulllbers In .e~ory or on the StiCk, 1nd ntad the• and 
pl1y the notes tra. 1 loop. 

MUSIC VITti GAAfORTit 9 - 5 

... 

I 
' ' t 
I 

" 
I 
l/ 
1 
,· 

i '. ., 



II! I 
•. 
·: 

Postscripts 

Note: Tht qvt11t.Y or the synthttlur h ttfgher than can be· 
dt•onstrated with the Apple ][ built-In speaker. The us• of 1 
larq~ extern~l speaker Is recn~nded ror serious n1slc wnrk. 
Stt the ApplP. ][ R~rtrtnct Hanual or your local dealer for 
connection fnfor~tlon. 

ror two-pert wustc IDDllcatlons, the Electric nuet, atso w~ltten 
b.Y Paul lutus, h IYII hble frOIII lnsort. The f.lectrfc nutl' plays 
Z simultaneous notes through either the Apple speaker or In 
exUrnAI aq,11rter, 1nfl can be used to play 11111Sfc dlrtctty ,,.0111 
your r.raFORTII proqrllllt• It contltns 1 full fetture 1111SIC edttor 
with the ahlllty to trenspose both note pitch 1nd duration. · 
Music can be directed to either the Internal speaker or the Apple 
][ tape outPUt jeck. The suqqesttd price of the Electric Duet Is 
only SZ9.95. For .art Information, contect lnsoft or your local 
Apple dtaler. 
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CHAPTER TEI\f: FINAl. WRAP 

We've ~de ttl You have now hetn Introduced to th~ r.raFOWTN 
s.vstem, from lanqua9t features to coiiiCJlex '""'hies. Fr"" ~re an 
out, you will probably be usln9 this manual nnre 11 1 reference 
f1Ufdo than n 1 tutorial; therefore, we suqgP.st you qet 
acquainted wtth the appentllces. Ynu wtll find thl' Word library 
lfstlnqs tnYaluable, and the Index Ytry htlpful for flndlnq thost 
deffnttfons you'•t forgotten. The technical dati sP.ctlnn cnYPrs 
'lery useful fnfor1111t ton wP. suq~st you at lent browse throuqh, 
and the r.raFORTH ~lskette file listing and ASCII code ttlllrs art 
excellent references when you need the•. 

Please note that tf you art uslnt or Intend to use GraFORTH to 
develop software for re-sAle, we would like to talt with JOU. 
lnsort represents fine sortwtre (such IS thh I) for Apple, IBM, 
Attrt, NEC and other popultr Mlcroc~uters. Our rnyalty ratrs 
Are ••onq the hest In the industry, and our support team Is 
srcond to none. let us show ynu why using our t~•• of 
profr.sstonals ~kes qood ~ensel 

If you decide to ma~et software on your own, please call us fo, 
Information on 1 license aqree~nt to use GraFORTH. Thrre Is no 
fee for thfs license, howP.Yer, we do have a few restrictions ~ now It ts 111rteted (We'll show you how to lock GrtFORTH so that 
only JOUr proqram can be run.) Either way, plP.ase contact: 

Michael Brown 
lnsoft 
10175 SW Barbur Blvd. Sutte ~Oll 
Portland. Oregon. g7219 
(SOJ) 244-4181 

You now have 1 graphics syst,. that Is qutte nearly ll•fted only 
b.Y your tNqlnattonl Wt hope you enjoy learnfnq and ustn~ 
r.raFORTH as much as we have enjoytd the opportunity to brtnq It 
to youl • 
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APPENDIX A: 
WORD LIBRARY LISTING 

The following Is a list of the words In the GraFO~TH word 
ltbrar.y. The list Includes the word nallf!, 1 ~before anti after• 
stack picture, the page nuaber In tte text where the Nord Is 
first Introduced, and a brief description of what the word does. 

The sUck picture shown represents relevant. nu11hers on tile top or 
the stack as letters. The top of the stack Is to the rlqht, as 
Indicated hy 1 dash. lhree dashes represent an e~ty stack. How 
words use the sUck un usuall.Y be Inferred slllllliY fro111 the stack 

picture. 

The word descriptions here are not ~ant to he comprehensive. 
For 1110re Information on each word, we suqqest you refer boJck to 
the text, using the paqe nu•bers provided. 

GraFORTH WORD LIBRARY LISTING 

Word Name Ref ore After 

.. 3-ll 
A set of quotes surrounding text causes the text to ~ compiled 
Into the progr111. Used with PRINT, ASSIGN, and REAO. 

$LIST S-30 
Lists words tn word library with hexadecl .. l addresses. 

I • 5-JO 
1 • address of the word that follows '• and prevftnts that word's 
uecutton. 
( r • • 4•14 
lndlcat•s the hegtnntnq or 1 progra• c~nt. to be pasaed over 
by the GraFORTH CCNIPtltl'• 
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GraFORTH Word Library Listing 

Word "'"" n~tfore After h!!f! 

• "' n • p - 3-10 

P • "' • n (11111l 111.1 teat Inn) 

+ 111 n - ., - 3-6 
P • .. • n (arftfiUnn) 

+LOOP n • 3-?f\ 
Mar\s the entf of a loop structure, ustnq n as • loOP Yalue 
lncrP.~~~ent. 

CotiiPI les a slnft1e byte within word dertntttons. 

"' n -p • 11 • n (subtraction) 
p - 3-10 

-> (not IIIP1fcahle) 'S-A 
Causes tht ne•t yartable reference to store the tOP stack ta1ue 
Into the variable, rather than plactnq thf! yarla~le Yalue on the 
stack. 

. " -Prints n. 

I 111n- P· 
p • "' I n (dtvtston) 

3-10 

. 3-14 
Marks the bP.qtnnlng of an e•ecutable word rfeftnttton, 

; I 3-14 
Marks tht end of a word deftnttlon. 

< " "' • " - 3-2:1 
p • 1 If n < a, otherwise p • O, 

(e n a • p • 3-23 
p • l tf n <• "'• otherwise p • n. 

APP£NOIX A: WORn LIBRARY LISTING A • 2 

GraFORTH Word Librsry Listing 

Word Nalllt Reforfl! After Pane 

() n "'- p - 3-23 ., . It n <> m, othe~fse p • o. 

• " I'll -
p • 3-?.3 

p • tf n • 111, otherwise p • n. 
) " "'- p • 3-?3 
p • tf n > "'• otherwt ~~ p • n. 

>= n "' - p • 3-23 
p • l ff n >• a, otherwise p • n. 
ABORT 7-:t 
Restarts GraFORTH f~ scratch. Tht sere~ ts '-rase~. character 
sire of 0, cnlor of 3, all stack pointers tntttaltred to n. 

ABS n - "' • J.Jn 
"' • absolute nUtlllrfc value of n. 

AND n • • P • 3-13 
p • 1 1 f both n end m am no.nrero, otherwt se p • n. 

AREG (vartable) S-31 
Value of AR£r. ts placed In processor A reqtster before a CAll. 
After CAll, contents of A register are loaded back Into AREG. 

ASSIGN a • S-1?. 
Places following quoted tut Into ....,ry starting at address a. 

AUTODRA W n • 8-3 
H n ts nonnro, 3-D ob.tects wt11 aut011attc•1ly be driW!I after 
every !lraphtc comanll. If n Is zero, thts feature Is turned off. 

AUTORUN n • ~?5 
Jf n ts nonzero, the top word ltbrar,r ~ord wt11 1Ut0111t1ca11y 
uecute et @ver.Y rflturn to the syste111, If n Is zero, this 
feature ts turned off, 
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GraFORTH Word Library Listing 

Before After Paqe 

BASE (variable) !i-?2 
Value deter•lnes what base numbers 1re accepted and dlspllytd.ln. 

BEGIN 3-?.IJ 
Provides 1 proqr .. return point for the words REPEAT 1nd UNTIL. 

BELL 
Beeps the Apple speaker. 

BINARV !i-22 
Sets nu.her Input and output to base two. 

BLKSIZE h v • 7-12 
Selects 1 blocks1ze or h char1cters horizontally hy v vertically 
for use by PUIBLK, IINBL.K, and UNDRAW. ' 

BYE s-lz 
hiU GrafnRTII to Apple 110nltor. 

CALL 1 • s~JI · 
Loads processor registers fro• AREG, XREG, YREG, AND PR£r., talls 
~chine langu1ge routine at address a, then stores reQister 
values. 

CA$E: n - J-32 
Selects and eaecutes nth foJJowlng word froa 1 tst of words 
n~red stlrttnq froa 0. 

CHRADR I - 7-· 
Selects 1 IS address of current character set. 

CHRSET (variable) 7·4 
Value Is address of default chAracter set (2048). 

CHRSIZE n • 7-3 
Selects ch1r1cter size for subsequent charActer printing utlng 
PRINT, WRIT£LH, PUTC, and PUTBLK. 
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·---~ ........ ,_ ... GraFORTH Word Library Listing 

Word NaMe Befort. 

CHS II. 

n • - • (ch1nge siqn) 

A fUr 

n -

Paqe 

l-11) 

CLEOL !i-• 
Clears fro. the cursor position to the end of the current line. 

CLEOP - • - s-• 
Cleus from the cursor IJOsltlon to the end of the text window. 

CLOSE !i-24 
CausP.s DOS to close 1ny open ft Jes. 

CLRKEY 5-7.0 
Clears the Apple ]( keyhoard strobe so that 1 key can be rud 
with fiETKEY. 

COLOR n - ll-6 
Selects the color for line 1nd Jarqe chtracter drawinq • 

CR 
Prints ·I carriage return (ASCII value 141). 

l·ll 

DECIMAL 5-?2 
SP.ts number Input and output to b111 ten • 

DO • n - l-19 
Initializes a loop. uslnq n for an 1nttlal value and • as an 
ending Vllllt. 

DRAW .Il-lS 
Causes 111 3-D objects referenced since the' Jut DRAW to be 
drawn, using 3-0 displAY ~thods. 

DROP n- 3-7 
Otscards n fro- the stack. 

DUP n- nn- 3-7 

Maket 1 copy of n on the stick. 
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GraFORTH Word Library Listing 

Word "'"" Oefnrt Arter 

EDIT •-? 
Lo11ds fr0111 dhlt (tr neceuAr.Y) and runs the tpproprlett tnt 
ertlt or. 

ELSE 3·l1 
Separates the two controlled arets tn an IF - £L~£ • THEN 
construct. 

EMPTY II y - 6-R 
Era''' 1 rectan9Ular area fro- the last plotted ~oint to (•,yJ. 

ERASE 
Erases ~oth graphics screens. 

EXMODE s-10 
Cause\ plott•d pnints to turn on correspondin~ screen locations 
that are off, and turn orr locations that are on. 

FILL • r • fi.-4 . 
Ft lis a recUniiUhl' are• frOIII thl! last plotted point to (ll,.y). 

FORGET 3-17 
Truncates the GrtFORTH library back to the word that foiiOW1 
FORGET I 

GETC n • 5-ln 
r.ets 1 single ch1r1cttr frOM the keyboard, plactnq tts ASCft 
value on the sttck. 

GETKEY , n • 5·20. 
Ruds the keyboard without wtftln!l1 returnt'nq an ASCII nhle. 
Values over 17.8 are Yllfd. Should be followed by CLRK£T,· 

GETNUM 1 • n • 5-14 
Converts tert strlnq at address a Into 1 nuMber. UnsuccessFul 
connrs Ions return o. · 
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GraFORTH Word Library Listing 

Word Naill llernrt 

GPEEK 11 ., - n - ~-It 
Extmines point at screl!n coordinates (•,y), n ts nonzero tf 
point is turned on, or 0 tf potnt Is turn~d off, 

GR 3-311 
RePstablfshts nonMal GraFORTH input and output, and stts the 
qr~phlc dtsnlay mode. 

HEX S-?2 
Sets nullll1er input and ••utput ·to hast lfi. 

HOME ~-• 
Erases tht scretn tnstrl~ tht tert window and Sfts ltTAR tnd YTAit 
to the upper left corner of th~ window. 

HTAB h • • •• 
Sl!ts the col""'" for suh•P.quent prtnttnq. 

S-l 

n • 
Returns the current lnn·~rfiiOSt loop ¥11ue. 

IF n- ~~ 
If n ts nonztro, words hetween IF and THEN (or IF 1nrl ElSE) trt 
executed, otherwise l!recutlon continues after THEN (or bttw~tn 
ElSE end TIIEN), 

INVERSE 6-9 
COIIIPl~nts lht color for all tert end ,raphlcs dtspltys 
(lnclu~tng blac~-on-whltt tert), 

J n • ' 
Returns the loop valut for the ntxt outer loop, 

K n • l-21 
Returns the loop value fnr the thfrd outer 1oop. 

LINE 6-4 lC y -
Oraws 1 ltne fro- t~l! lest plotted point to (r,y). 
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GraFORTH ~ord Library Listing 

Word Hallf Before After 

L~T ~3 
Lists the words In tht Gr&FORT" word library. 

LOOP l-l.q 
tt.rks the end of 1 loop structure, incrP.IIIC!ntinq the loop value 
and looping btck to tht word after no If tht loop value Is less 
than the endlnq walut. 

MAX • n- p • l-10 
p • Lhe qreater of • or n. 

MEMRD a • 4-13 
Reads and co.plles text in llf.Ory startinq tt address •· 

MIN • n • p • l-10. 
p • the s .. ller of • or n. 

MOD • n • p • l-10 
p • re.a1nder after dlvldlnq • by n. 

MOVMEM 1 h n • r,.Jn 
Howes a block of n hytes froa addrtss 1 to address b, 

NORMAL 6·9 
Resets nor .. l color (white-on-black text) display. 

NOTE p d. 9-J 
Sounds a nott of pitch p and duration d In the current votce. 

OBJADR . a • tt-l 
Selects a as address of currently selected l-D object. 

OBJCOLOR n-
Selects color of current l·D object. 

8-10 

OBJECT n • • • • 8· 3 
Stltcts which object subsequent 3-D c~nds will refer to. 
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GraFORTH Word Library Listing 

Word Name Ref ore After PI']! 

OBJERASE R-l 
Initializes the l-0 tmAqe array. Should he used at thP. he~lnnlnq 
of l-0 qraphtcs pro!lrauos, 

OFF rt-17 
Causes the next DRAW conund to undraw t~e l-0 object. 

OR . m n - !) • l- 21 
p ts blt~wlse OR of • and n. (p Is nonzero If either ~ or n Is 
nonzero, otherwise p • 0.) 

ORMODE 6-10 
Causes points to be plotted reqardless of what screen locations 
are pn or orr. 

OVER • • n. 
Copies • to toP of stact. 

111 n • - 3-7 

PAD I - S-lS 
Returns the address (Al?) of a 120-byte strlnq space. 

PEEK • • n • s-'' 
Roads 1 single byte n fr~ address •· 

PEEKW a - n - 5·6 
Reads nu.ber n fro. address •· 

PICK •• • n - •• • P • l-7 
Coptes the nth stack item to top of ttack. 

PLOT x .Y • 6-4 

Plots 1 potnt at (x,y). 

POKE n a - 5-6 
Stores stnglt byte n at address •· 

POKEW n a - 5-5 
Stores n~tr n at address a. 
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GrsFORTH Word LiMery Listing 

_w.;..or_ti_NIIIIf~---__;"f!'"rl! ·Arter 

POP 3-2?. 
Olsurds top return stack value. 

POSN • 1. 5.5 
Establhhfl 1 posttton for 1 "last plotted potnt" wtthout 
plotttnq. 

PREG (vartahle) !i-ll 
Value of PREr. Is stor~tl tn proc~ssor status reqtstl!r hefort a 
CAll. After CAll, valuP. or status reqlster ts stored hack Into 
PR£r.. 

PRGTOP I • J-3 
Returns the address or the toP or the word library • 

PRINT 
Prints followtnq quoted text. 

PULL n • 3-2? 
Moves top return stack value to data stack. 

PUSH n • 3-22 
Moves top data stack value to return stack. 

PUTBI.K n • • • • 7-13 
Draws 1 block of characters wtth present blockstze starttna wtth 
character numbl!r n at the current cursor postttnn. · 

PUTC n • • • • S-19 
Prints character'wfth ASCII value n at thi current cursor 
posIt ton. 

READ 4-14 
Reads anlf cOMPt1ts text froM ft1t wfth f•11owfng ouoted fflfntMe. 

REAOLN 1 ·• • • • 5-12 
Reads 1 line fro. keyboard tnto strtnq starttnq at eddress '· 
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GraFORTH Word Library Listing 

Word Nallll! Ref ore After 

REPEAT 3-:11 
Marks the end of the Rr.GIM • WHilE - REPEAT construct, cau~tnq 
execution tn .Jump hack to words followtnq REGIN. 

RND n • 3-10 
n h 1 randolll number. 

RNDB n • 3-t!J 
n ts 1 randolll nUMber from 0 to ?.55. 

RUN 5-?6 
E xecutfl the top worlf nn the word 1 I brt~r.Y. 

SAVEPRG 
Saves current systtlll to disk. 

SCALE n. ft-7 
Sets the l and Y scales for the current 3-0 object. 

SCALX n • "-6 
Sets tt11! X scale (width) ror the current 3-n ob.1ect. 

SCALY n • tt-6 
Sets the Y scale (het~ht) fnr the current 3-0 ohject. 

SCALZ n • R-& 
Sl!ts the l scale (ol!rspecthe) for the current 3-D ob.t~ct. 
Faster drawfnq occurs wtth 1 SCALZ of 0. 

SCREEN n • • • • 8-IR 
Sl!lttcts dtsptay of the qhen qraphlcs screen •(0 or t). • 

SEQUENCE n • • • • R-18 
lr n • t, auto..ttc screen sequl!ntln4 for 3-D drlwfnq fs entbltd. 
If n • 0, sequenctnq ts enabled. (Default•t) · 

SGN 111- n - 3-tn 

n • 1 " Ill ) n, o tf • • o. -1 tr • < n. 
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GraFORTH Word Library Listing 

Ref ore Arter Page 

SIN " - n - 3-10 
n h a scaled sine valuP. for •· tn the ranqP. -l?.ll to 127, 
repeatin~ for every llR nu•bcrs. 

SPCE 3-13 
rrlnts a space (ASCII value 160). 

STACK 3-5 
To~qles the stack dhPh.Y on or off. 

STRING !i-9 
D~clares a strinq array wtth followtnq nt .. , setttnq aside nu.eer 
of characters specified before STRING. 

SWAP 111 n. n m- J-7 
Swaps position of top two sttclt values. 

TEXT 3-311 
ReutahllshP.s nor1111 I r.raFORTII Input and output, and sets ted 
di~play node (no qrtphtcs). 

THEN 3-2!i 
Harks the end or an If • THEN con.;tr•H:t, wh~tre P.JU!cutton 
continues fr011. 

UNBLK 7-14 
Erases a block with present blockslze at the current cursor 
posttlon. 

UNDRAW 8-11 
Erases a block and prevents tht next DRAW fro. perfo,.tng •h 
tutCMIIttc lint uadraw. 

UNLINE x 1 - 6·11 
Er.ses a lint fro. t~ lnt plotted point to (x,.Y)• 

UNPLOT • y • 6·8 
£rastl 1 point tt (x,y). 

UNTIL n • 3-29 
If • • o, execution Ju.p back to words that follow I£GIN. · 

APPE:JDII A: WORD LIIIAU LISTING A-U 

;: .. !_ ~ 
:··~-~ 
--T~ 
"" -.- ::;;, ..... -, .. ~ 

I 

I 
~ ·r-ood :r: 
--=r--
·-~··~ ~· r-~ 

""-.,...=­...... _.!_...,. 

t-r-:~ 

~ .~ •• - :::J 
~· ... .!l 

~--=-..... , ........ 

E.:::-3 

~···~3 ---
E ··-~ ·- .... ,.... 

'"·--~ .......... _ .... 

E.:::3 
-

GraFORTH Word Library Listing 

Word Name Rerore 
~~~~----------------

After 

VALID n- - S-14 
n is nonzero If hst liETNIIH produced a vtl1d nullher, otherwise n 
• o. 
VARIABLE 5-1 
Declares a variable with followtnq na.e. Any precedtnq number Is 
used as the variable's tntttal value. 

VOICE n - 9-2 
Sets the votce for subsequent NOTE c~nds. Valid nu~ers are 
-6 to 2. 

VTAB n - 5-l 
Sets the row for subsequent prlnttnq. 

WHILE • n - - - - 3-ll 
If n h nonzero, execution continues after WIHLE, otherwise 
execution jumps to worrls after REPEAT. 

WINDOW L w t b - 5- l 
Sets a text window with left .,rgi~ l, wtdth w, too .,rgtn t, and 
bottom marqin b. 

WRITELN a - !i-12 
Writes text to screen fr011 stdng at address a. 

XPOS n - R-8 
Sets X-positton of current 3-0 object to n. 

XREG (vartable) 5-31 
Value of XREG ts placed Into processor X (eglster before a CAlle 
After CALL, value of X register ts stored back into XREG. 

XROT n- R-5 
Sets rotation of current 3-D object around X-txis to n. 

XTRAN 1 n - • • • 
Trans latos ,.,.rent 3-D ob,jtet al onq 11-u II hy n. 

R-9 
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GraFORTH Word Library Listing 

llord "'"' Btfore . After Paqe 

YPOS n • 
S!ts T-rosftfon or curr!nt 1-0 ob.f!tt ton, 

YREG (YirtahlP.) ~-ll 
Valut or YR(G h placP.rl fnto processnr T rP.qfster before 1 CAI.l. 
After CALL, valut nf T reqtster fs stor!d hack fnto TREG. 

YROT n • 1'-~ 
Sets rotetfon or current 3-0 objP.ct around T-axfs by n. 

YTRAN n-
Translates current l-D ohject alonq T-exts ~Y n. 

R-9 

ZROT n • 8-5 
Stts roht f on or current 3-0 ob.tect trounrl Z-uts hy n. 

ZTRAN n • 8-9 
Translates current 3-0 object along Z-axfs by by n. 
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APPENDIX A: WORD LIBRARY 
BY SUBJECT GROUP 

Numeric Operator Words 

CIIS IIRS sr.H RMO RPmR 
MIN MAX flOKEW POY.E () 

• ) ( >• (• 

OR II NO rEEY.W rEEK SWAP 
OROP POP I J IC 

PUll PUSit OUP OVER PICK 
HOO I • • 
Slff AI\ SF: OfCIHI\l RINI\RT I lEX 
HOVMFH Vl\l 10 r.ETN11t1 

Program Brancf?ing or Control Words 

+LOOP LOOP 00 REPEAT 
IJNTI L OF. GIN IF THEN 
RYE STIICK FORGET VI\R I ARLE 
AIITORIIN MORT RFAO M[P4R(l 

: CA~E: ( CLOSE 
PRriTOP SIIVEPRii -> 

Input/Output Operator Words 

tiOMF. CUOP 
ClRKET PUTC 

ClEOl r.ETC 
JLIST 

Text Display Function Words 

YTAR 
SPCE 
" 

IITI\R 
TEXT 
STRING 

CIIRI\OR 
WINDOW 
PliO 

CIIRSET 
PRINT 
REI\OLN 
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General Graphics Words 

Gil GPHK ORHOOE EXMOOE ERASE 
COLOR INVERSE HORHAL 

., 

: ·' . ' . Two-Dimensional Graphics Words 
. ' .. 
.... • 

't . •. , .. .. · 
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.. 
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POSH 
FILL 

PLOT 
EHPTY 

IINPlOT LINE UNLINE 

Character Graphics Words 

PUTBLK CHRSIZE BLKSIZE UNBLK 

Three-Dimensionel Graphics Words 

SCREEN 
ORJECT 
SCALl 
lTRAN 
ZROT 

ORAW 
06JADR 
SCALY 
YTRAH 
Off 

SEQUENCE UHDRAW AUTOORAW 
ORJF.RASE 06JCOLOR SCALE 
SCALZ lPOS YPOS 
ZTAAH XROT YAOT 

Miscellaneous Words 

CALL PR£G 
I 

AREG 
NOTE 

XRECi 
VOICE 

YR£Ci 
BELL 

;pl.!! 
. . ,.r .. 

;•, t 
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GraFORTH Memory Map 

0 to f55 SooOo to SOOFF 150f P1ge Zero. Set P111t Zero 
1tstlng belON. 

PSI to 511 SOIM to SlUFF. 115112 Stick 

SIZ to 717 SnfOO to JOfFF Gr1FORTII lfne Input llurter 

718 to 1111 $0300 to SOUl 3-0 M1trt• scr1tch-P1d. 1re1 

au to 935 SOUC to J03A7 C~tler Stick, PAD Strtnq Are1 

931 to 975 SOlAB to SOXF Grtphlcs llortzont1l Ccilor Burrer 

971 to 1023 $0300 to S03FF 005 lt nit Are I 

10f4 to zou S0400 to S07FF Text Dtspl1' Screen (dted for 
gr1ph I cs 1lso) 

f041 to 2815 $0800 to S09FF Prt~r, ch1r1cter set 'tor1qe 1re1 

2811 to 5887 $0800 to S IliFF >>> User Free Splct <<< 
•. 

5888 to 1155 SHOO to SI9FF 1~91 position 1nd rotltlon dill 
(See the l~qe DIU Hat lng be low. J 

&11511 to 71179 SIAOIJ to SIOFF Grlphtcs 1ddress 1oolldf t1bles 

71110 t 0 79 35 Sl£00 to Sl£FF D1tl stick 

79311 to 1191 SIFOO to SIFFF Return stlcll 

819! to 113113 szoon to UFFF Grl,htcs screen 0 

11384 tl !4571 S4CIOO to SSFFF Grtphtcs scr11n 1 ... 
24571 to -32r58 • S&DOO to SIZOO Cr1FORTM Syst .. 11 dtlfteNd 

(Address lpproxt~te) 
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GraFORTH Memory Map 

Without Language Card 

-30720 to -28173 $8800 to SfiF'FF Text editor file lrtl (when used) 

-21197f to -21113 S9MO to S99FF Text editor pro~r•• (whtn used) 

-21114 to -1&385 S9AOO to SIFFF 005 3.3 

-113~4 to -12289 sconn to scrFF Apple ][ h1rdw1re 110 

-12288 to -1 SDOOO to SFFF'F' Apple ][ ROM 1re1 (ll1slc, Monitor) 

With Language Card 

-30720 to -18945 S8800 to SI5FF Text editor fl 1e lrfl (when •rsed) 

-18944 to -1&3A5 18&00 to SBFFF Te1t editor oro~r•~ (w~en used) 

-15384 to -12289 SCOOO to SCFF'F Apple ][ h1rdw1re 1/IJ 

-11.2R8 to -1 SDOOO to SFF'FF OOS 3.3 1nd Monitor 

onn-031 
032:079 
080 
082 
004 
006 
096-U7 
12fl-255 

· GraFORTH Page Zero Map 

SOO-lF) not used 
$20-4F) Apple )[ .onttor use 
$501 Gr1FORTH t~xt potnt~r 1 !z hytes) 
S52 Gr1F'OATH text pointer '- 2 bytes) 
$54 Gr1FORTH grtphfcs potnter 1 2 hytes) 
SS6 GraF'nRTII qr1phfcs potnte .. Z 2 bytes) 
S60-7F) not used (some DOS uses) • 
$00-FF') us~d ~y GraFORTM 
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Useful locations in Page Zero: 

128 (i80) list plotted X position 
130 iS82) last plotted Y position 
156 S9C) pointer to data stack 
157 S90) pointer to return stack 
218-255 ($0A-FF) paqe zero •trtx work area 

Image Data Map 

There are three data 5tts: 

5888 S1700 undraw 
6144 Sl800 lntert• 
6400 $1900 draw 

Each dati set contatns 16 data tables. one for each of the 16 
posstble objects. Each data table ts 16 bytes lonq: 

Function Relit he Byte 

Flag 
XROT 
YROT 

(draw. nodraw) 0 

ZAOT 
XTAAH 
YTAAH 
ZTAAH 
XPOS 
YPOS 
SCALI 
SCALY 
SCALZ 
OBJCOLOA 
l•ge Addreu 

1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
ll 
12 
13 and 14 

Each table begtns at a .ulttple of 16. Therefore to ftnd the object 
color for object 3: 

16 • 3 (object 3) + 12 (object color offset ) 
+ 6400 (data table base address) • 6460 
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. 
:... .-. .. -~-· 

~ -~--~ 
I ···-­·-· ,..-.... 
• 

. I ·--:;;;J 
-- 1 ·-~ 

...... ~;iii ...-.-Will 
i . 

~ ... ,..:;;;) ___ ... .,..,:;) 

Three-Dimensional Mathematical 
Method 

-

The three-dt~~enslonil dhplly Mthod used In GnfORTII )[ uses i syste• 
of .. trices th•t ire successively .ultiplted to provide the ultl .. te 
position for eich line In the displayed 1 .. ~ • 

In the following diagr••s. (X) throuqh (l) refer t~ rot•tlon anqles. 
and X through Z refer to cartesian scalar v•lues • 

Hatrh 1: 

Scale X 0 0 

n Scal'e Y 0 

0 0 Scale Z 

Matrix 2: 

0 0 

0 COS(X) -SIN( X) 

0 SIN(X) COS(X) 

Hatrh 3: 

COS(Y) " -SIH(Y) 

n 1 0 

SIN(Y) 0 COS(Y) 

Matrix 4: 

COS(Z) -SIH(Z) 0 

S1N(Z) COS(Z) 0 

0 0 
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Thh •trh transfol'lllltton occurs onct per filii~. Th~ tht ,..,vlt 
••trl• Is used to tr•nsfor• e1ch lint position using this lasL 1111trlx: 

I+ITitAN 

0 

0 

Y+TTRAN 

0 

0 

l+ZTRAN 

0 

0 

After this, If 1 nonttro value has btt~ se1tcttd for SCALZ 1 
persptct he COIIIPUtlt ton Is 1111de (In which cue lltllgt drawt~g 11 about 
201 slower), The plottlnq coordinates then art offset by the 
user-provided JPOS and YPOS values, and the lint Is drawn. 

Image Table Format · · · 

Thtrt are four bytes for each 1fnt ent,.j f1l the 3D dati table. ;fhrtt 
of these bytes are one-byte sfqned nu~ers havlnq 1 renqe of .,fR to 
127, and one byte contains detl about co.1or and whether· to position or 
dr1w 1 lint: 

For t~ch entry, 

lytt I bft 7 (high btt) Is set If 1 line ts to be drawn cleer 
otherwlst. llts O-f contain a color nuMber 0-7 (If zero: no color 
chanqt). Ust of ztro Is rec~ndtd, this •••• ft possible to co~trol 
l1111qt co1or fro. the prograM usfng OIJCOLOA. 

lytes 1-• are I, '• end Z positions Nlthln the JD space, 

Tht tnd of tM l•tt tlhtt It Indicated by hiving tM dati hyte (t) be 
equal to 255 (JFF). 
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.. 4·--~-· J 

-;; ...:.....:ri 
- -, •.• ;J 

......... _:~ 
...... , ••• 1'4 

....... -~ 
liN- I-·~ 

I 
;,-.. -:;.·· --,.-.;.,;jj 

I 

-. I -.. T~ 
"--;J 
--, .. :..J 

'"'--~ .... r,..';l 
~ --~ 
~-· r.:l 
·~ -.,..-;:l 

-··r~ 
~-~ .... -,-~ 
~ . .,....~ 
:·r~ .. :.r~ 
·~··..-iil 
~-., .... 
.,._,_ .. 
. •.. T .. ~. 
E~T3 
;.._;; 

Word Library Structure 
and Compilation 

£ech word entry 1n tht llbrery consfstt of thr!t plrtt: 

1. A •polftttr location• contatnln~ the address or the nt•t 1owP.r word 
In the word lfhrary, 

~. The word 111~ (ASCII characters with hfoh hit set). 

3. The tatcutab1t .achlnt 1enqulge code for the word • 

The he•adecf~ll nUMbers displayed hy SLIST are the addresses of the 
pointer locettons. A nu•ber returned b~ tic (') h the 1ddreu nf thf! 
executable portion of 1 word. 

During co-pl1atfon, GraFORTH separates thP. Input line by SPICP.S Into 
tndhldu1l words, 'then ~urcltts t"rouqh the 1 lbrlr'f for each w~trlf. 
For e1ch word search, r.raFOitTH first rtlds the currPnt value of PR~TO' 
to ffnd the top of the wnrd library. It then toots hPre to find 1 
pointer contalnln~ tht dddress of the top word within the word 
library. Beglnnln~ with this first word, It fo11CNs the pnlnters fr011 
word to )lOrd doWn throu•th the library, At tach word, 1 chrck h 1111111! 
to set If this fs the word belnq searched for. If the word Is not 
found, tht seArch fll1s throuqh to 1 routine ~lch 1tt~ts tn conyert 
the word Into 1 nulllber, If this routine fllh, the •Hot found• error 
ts then, 

'ro~•• 1tnes art c.-plied dfrtctly tnto &Snf MAchine 1anqua~ tn tht 
MIIIOry 1Med1Ati1J 1brtv•• the toP of the word lthrArJ. If lhr lint h 
1n •IMMtdlate• coMMand, and not part or 1 word definition, tht ~chlnt 
llngu,gt code h utt.utPct, then pr'OIIIIttiJ forqottrn, If the 11nt h 
p1rt of 1 word dtflnfttnn, the code Is saved, not e•tcuted, and the 
word library expands. ' 

At executfon tiMe, calls to othtr words art ~de throdqh direct 
1111chlnt 1engul~ JUIIIPS• This Is 1 Mtjor factor In the speed of 
GreFOATII • 
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Appendix C: Disk File Directory 

TYPE 

0 
n 
0 
T 
T 
T 
T 
T 
T 
0 
R 
0 
8 
n 
0 
0 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
IS 
0 
8 
B 
0 
0 
T 

FILENAME 

ORJ.FORTH 
01\J. Ell JTOR 1 
OhJ. EO I Hll12' 
CHAAEOITOR. 
IHAGEOITOR 
PIIOf ILE 
TIIIHLE 
PLAY 
STRING WORDS 
CIIR.SYS 
CHR.STOP 
CtiA,SLANT 
CIIA .BYTE 
CIIA .GOTIIIC 
CIIR. STUFF 
CIIR.fitAXWELL 
QUERY 
IIEAOEA • 
MEHU 
GRAPHICS I 
GRAPIIICS2 
liHAPIIICSl 
JUTOEMO 
FORTIIOESC 
FLEOERMAUS 
PIANO 
CLOCK 
TETRA 
XYZ 
OAT 
CUBE 
HOUSE 
CIIAL 
BIGCIIAL 

LEHiiTII 

36 
II 
II 
21 
24 
IS 
4 

22 
4 
s 
!i 
s 
5 
5 
5 
5 
2 

li' 
R 
R 
R 

10 
12 
17 
12 
II 
5 
2 
2 
2 
2 
2 

10 
l 

REHOV£ OK? 

NO 
Y£5, If li4K 
YES, If 4RK 
"0 
NO 
~I) 

NO 
NO 
tiO 
tiD 
YES 
Y£5 
YES 
YES 
Y£5 
YES 
YES • nwo 
rr.s - nrHo 
YfS • OEHO 
YfS - fl(HO 
Y[S • 0£110 
YES • OHIO 
Yf. S • 0£110 
YES • OEHO 
YES • ll[HO 
Y£S • DEMO 
YES 
Y[S • lO 
YES • Jfl 
YES - 30 
YES - Jfl 
YES • JO 
YES • lll 
YES • PROF IL£ 

I o 

I 
I 

" ,, 

I, 
'I,' .... 

c - I I . 

'• 
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Appeno1x D: 
ASCII Characters &Equivalent Numbers 

nEe 
12R 
PIJ 
IJO 
Ill 
IJ?. 
Ill 
t:lo1 
135 
I Jli 
IJl 
IJR 
1.19 
HO 
141 
142 
143 
144 
145 
141i 
147 
140 
149 
ISO 
lSI 
152 
IS] 
l!i-1 
ISS 
I !iii 
157 
l!iR 
1S9 
lfiO 
lfil 
Hi?. 
163 
164 
lli5 
lfi6 
16/ 
16R 
IM 

Set Iff'" R ft 

HEl 

All 
Rl 
ll?. 
~3 

• 611 
R'i 
Ali 
117 
1111 
lliJ 
M 
1:'0 
oc 
fU) 
IJ£ 
RF 
IJO 
91 
IJ2 
93 

~·" IJ5 
96 
97 
9A 
qq 
91\ 
9:1 
CIC 
110 
q£ 
l)f 

110 
/\I 
1\2 
1\3 
M 
115 
116 
A7 
AO 
1\9 

nEe 
I) 

I 
?. 
3 

" 5 
li 
1 
R 
9 

tn 
II 
12 
13 
14 
15 

.IIi 
11 
lA 
IQ 
20 
?.I 
22 
23 
24 
25 
?.Iii 
21 
zn 
?.9 
30 
31 
:t2 
ll 
34 
JS 
lll 
37 
JR 
]"' 
40 
41 

HEI 

no 
01 
02 
OJ 

"" 0!\ 
Ol'i 
07 
on 
011 
01\ 
m 
rx: 
no 
OE 
rtF 
10 
II 
12 
ll 
14 
IS 
lfi 
17 
lA 
19 
lA 
IR 
IC 
Jn 
IE 
IF 
20 
7.1 
27. 
2) 
24 
2!i 
21i 
?.1 
?A 
29 

1\PPf.NOil D: ASCII CODE TI\RLE 

CIIAR 

r.onTAol.-f' 
Cl)nlllol-11 
ConTRol-A 
ConTRnl-C 
Cn.,TRnl-fl 
Conf'foi.-E 
CnnTRnl-F 
CnnTiloJ.-r. (RI' II) 
ConTRnl-11 (LP.rt Arrow) 
Con TRol-l 
CnnT'tni.-J 
r.onTRol-1: 
r.ort Wnl. -L 
ConTRol-M (Relur"J 
ConTRol-If 
CnnTRol-0 
r.nnTitnl-P 
r:onll{nl.-'l 
CnnTI!ol-'« 
ConTilnl-li 
CnnTRol-T 
ConTIInl-11 (Rfqhl llrr~N) 
CnnTRol-Y 
Cnnllfni.-N 
ConTRnl-11 
r.nnT'tol-Y 
ConTnnl-Z 
E41C•P~ 
R~•~rse Shsh 
] 
lip Arrow 

SPACE 
I 
• , 
s 
I 

n - I 

! 
' I 

I 
• 
f 
) 
j·. i 

., 

I : 
I 
I·' 
"'' '. 
II 

I 

'l 
•! 

. 

r. 
J 
t 

•• • 
. l 
I• 
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APPEND II P: A~CII CHARACTERS AND £QIIIVAL£Hf .MERS 

Set High Btt Cl~•r 

!!!f. H£X 

170 AA 
171 All 
172 AC 
173 All 
114 A£ 
11!i Af 
171i ItO 
177 Kl 
1711 82 
179 Rl 
1RO 84 
181 811 
1112 86 
JAJ 87 
IR4 118 
185 WJ 
1116 BA 
1117 R8 
IRA RC 
~~~9 80 
190 BE 
1111 Rf 
192 en 
19:1 C1 
194 C2 
195 Cl 
191i C4 
197 cs 
1911 Cfi 
144 • C7 
zoo en 
201 r.4 
201 CA 
203 Cll 
204 cc 
2ns Cl> 
2M C£ 
207 CF 
2011 on 
204 01 
210 02 
211 Pl 

DEC 

41 
43 
44 
45 
olli 
47 
411 
49 
50 
51 
~1. 
53 
li4 
liS 
!16 
57 
SB 
5? 
60 
Iii 
fi2 
63 
64 
l'ilj 

66 
li7 
611 
li9 
70 
71 
72 
73 
74 
75 
76 
n 
18 
79 
80 
Ill 
82 
Ill 

11£1 

2A 
?II 
2C 
10 
2[ 
1f 
3n 
31 
l?. 
ll 
34 
:15 
Jli 
37 
JR 
39 
3.\ 
38 
JC 
JD 
J[ 
JF 
40 
41 
42 
43 
44 
45. 
46 
47 
411 
49 
4A 
40 
4C 
40 
4[ 
4f 
sn 
51 
52 
53 
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• 
• 

. 
I 
I) 

1 
'I 
J 
4 
5 
6 
1 
R 
9 

• 
( 

• 
) 

1 
ll 
A 
n 
c 
D 
[ 
F 
G 
II 
I 
J 
JC 

L 

" H 
0 
p 
Q 
R 
s 

D • 2 

.. : . _::J 

.......... .:;J 

~·I 3 .... =:: 
., . .. ;.....:;;;;;~ ..... - ... -~ 

-·~ ., ... _ 
~ ····-
- ':3 .... _ 
----·· I 
·~ -.; --· _ .... ,_ 

APPENDIX 0: ASCII CI,ARACTERS AND EQUIVALENT NUMRUS 

DEC 

212 
?.13 
?.14 
215 
216 
217 
218 
219 
?.20 
2?.1 
?22 
123 
224 
225 
221i 
?.~1 
21R 
229 
ZlO 
?.ll 
237. 
2ll 
234 
?.l'i 
2Jfi 
2l7 
2lR 
1)1\ 
2411 
?.41 
242 
?oil 
244 
:145 
?.41i 
?4 7 
24R 
?4 .. 
?.SD 

Set Itt gh J 1t 

tiEl 

04 
ll!i 
O'i 
07 
P8 
09 
OA 
Oil 
DC 
00 
0[ 
Of 
EO 
El 
E?. 
El 
[4 
f. I) 
f.6 
£7 
[8 
[C) 
EA 
Ell 
EC 
Ell 
u: 
(f 

FD 
Fl 
p 
f) 

r• 
·f'\ 
Fli 
fl 
fR 
F•J 
FA 

ill 
84 
RS 
R6 
81 
AA 
R9 
90 
91 
92 
QJ 
94 
9!i 
96 
1)7 
9R 
qq 

1110 
1fl1 

• 102 
103 
104 
11l'i 
IOii 
107 
1M 
109 
110 
Ill 
II' 
Ill 
114 
115 
lUi 
117 
1111 
uq 
1?0 
1?1 
1?.? 

Cletr 

HEI -
54 
S!i 
56 
!i7 
!ill 
59 
SA 
!iR 
r,c 
50 
SE 
SF 
6() 

61 
62 
fi3 
64 
!l'l 
fi6 
61 
6R 
6'1 
liA 
!iR 

"' fill 
li( 
(,f 

70 
71 
77. 
11 
14 
7!i 
7'i 
71 
1~ 
7•1 
7A 

APPENOII P: ASCII COil£ TARLF: 

~ 

T 
II 
v 
w 
X 
y 
z 
[ 
Af!verse '\lnh 
1 
Up Arrrrw 

• 
• 
h 
c 
•• 
e 
f 
q 
h 
t 
.I 
k 
1 
t.l 

n 
0 
p 
q 
r 

' t. 
u 
v .. 
• ., 
l 

t. 

D - 3 

' I 
I 
' 
I 

f 
' 
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Ap~ · ·· '1dix E: Index 

• 3-U IIUSIZ£ 7-U 
SLIST 5-Jn Rlod INctt 7-~ 

5-30 Block Prtntfnt 7-lt 
( 4-14 Blodsht 7-fl 
• 3-10 BY£ 5-32 
f 3-6 
•LOOP 3-20 c 11-32 
• 3-10 CAL~ ·) 5-" 

~-JI 
Car tsfan Coordinates 6-4 

• 3-fi CAS£: 3-32 
I 3-Jn Char1cttr Graphics 7-7 

J-14 Ch1racttr Silt 7-J . 3-ZJ • Ch~racter Sets 7-~ 
( J-23 Characters, ASCII 0-1 
<• 3-23 
() 3-13 

Characters, lis'"" S-1 ft 

• 3-ZJ 
CHARfOITOR 7-1 

) J-23 
CIIRAOA 7-ft 
CIIRSH 7-ft 

)• 3-ZJ CIIRSilE 7-l 
CtiS 3-Jn 
CL£0l .,_. 

A cunP 5-4 
CLOSE S-24 

ARORT 7-3 CLRK£Y S-20 

ADS J.Jn COLOR 6-6 

Addresses S-4 Co~m~tnts, £dftor 4-U 
ANn 3-2~ COMPARE 5-19 

Apple r.raphtcs fi- 3 Coflll)arfniJ N•btrs l-23 

AREG ·s-31 CompIling 4-ll 
ArlthR&ttc Vords 3-9 Conventions Used 1-7 
A~SIGN 5-12 Creetlng Cheract•rs 7-10 
AUTOOAAW R-3 Creatlnq 3-0 r~.,.s fl. I) 

'"Autonu•, £dt tor 4-7 Cursor Move•nt •-: 
AUT OR UN 5-26 CR l-1] 

8 o 
nackup Coptts 

,_g f)aU Storallf ~-· BAS£ 5-12 Oatl Staclr l-• 
Rases 11-?.2 flECIMAL 5-?.l 
REG IN 3-zq Oechton Words )-?5 

DEll .1-3 O~ttntnq Strfnqs 5-10 

DIHI\RY 5-22 O~ftnlnq Y•rfahlfS .,_, 

1\PPEHD II [ E - I 

-- .. -·-·· _______ .. - ..... ---,. 



. i 

'I 

;. 

,· . . . 
I. 

. 
' . 
• .. ·:1 

. 1·' 

. ·J .: '. ~. 
f ,.· .. : .. 

D 
Defintn!l Words 
Delete. Editor 
Developing Softwlrt 
Dhkettt Copy 
DhPII1 Spttd 
DO 
DOS C~nds, Editor 
DDS Co-muntc1tton 
DOS Lout ton 
DOS Hodtftcattons · 
OAAII 
Dr1wtng Ch1r. Blocks 
Dr1wtng 3-0 l.,ges 
DROP 
DUP 
Duutlon. Mustc 

E 
EDIT 
Edttor. Ch1r1cter 
Editor. lawqe 
Edttor. Text 
Electric Duet 
ELSE 
EHPH' 
UAS£ 
Erue. (dttor 
Er•stng 3-D Objects 
Error checking 
[lHf)f)( 

F 
FILL 
font Selectton 
FORGET 
ForQetttnq Words 
Forth 

3-14 
4-7 
10-l 
1-q 
3-311 
3-19 
4-11 
5-23 
2-3 
2-3 
8-15 
7-8 
8-3 
3-7 
3-7 
9-3 

4-2 
7-7 
8-10 
4-4 
9-S 
3-27 
6-R 
5-4 
4-6 
R-17 
l-36 
6-10 

6-4 
7-5 
3-17 
3-17 
1·3 

G 
Get. Editor 4-11 
G£TC 5-20 
G£TKEY 5-?0 
GETNUH &-14 
GPEEk fi-12 
GR 3-38 
Gr•phtcs Co,ors 6-6 
Gr1phtcs Dtsp11y 3•38 

H 
H1rdw1rt Requtre~~~e"ts ·2-2 
HEX 5·22 
Hidden Ch1racters 4-J 
HDHE 5·4 
HTAB S-J 

I.J. K 
I J.1q 
IF 3-25 
IHAGEOITOR 8-10 
1-.ge T1ble For .. t B-6 
Insertions 4-4 
Insertions. Editor 4-8 
INVERSE 6-9 
J 3-20 
It l-21 

L 
L1nqu1ge C1rd 2-3 
Le1vtng Editor 4-13 
leavtng Gr1FORTH 5·32 
LEFTS 5·17 
LENGTH. 5·17 
LINE 6•4 
Ltne Entrtes. Editor 4·6 
Line Insertions 4·4 

LIST 
Ltst. Editor 
LOOP 
Lowercase Entry 

M 
Mlthta~tiCI1 Method 
HAX 
Me111ory Addresses 
He111ory Considerlltons 
Memory, Editor 
Memory Hlp 
MEHRO 
MIH 
MOO 
HOVE 
MOVETO 
Hovln!l He110ry 
MOVELN 
MOVHEM 
Husta 
Music Words 

N 
Nap 
Nested Oeftntttons 
NOR HAL 
NOTE 
Nu11bers 
Nuntber Rues 
Nu111ber Tables 
NuMtrlc Range 

0 
OOJADR 
ORJCDLOR 
DRJECT 
Object Color 
Objects 
ORJERASE 
OFF 
OR 
OR HOllE 
Output Ch1r1cters 
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J-3 
4-6 
3-19 
4-2 

B-S 
J-10 
5-4 
J-38 
4-12 
R-2 
4;.1) 
3-10 
3-10 
6-13 
6-14 
!i-30 
~-IR 
5-30 
9-2 
9-4 

J-40 
3-36 
6-9 
9-3 
3-4 
!i-l2 
!i-32 
3-4 

R-3 
R-IO 
8-l 
R-IO 
R-2 
8-l 
8-17 
3-?3 
fi-10 
7-?. 

OVER 
Overlays 
Overvtew 

p 

l-7 
5-2t 
l-4 

PAD 5-15 
P•qt Zero He.ary Map B-3 
PEEK 5-6 
PEEKW 5-6 
Perspective 8-1 
PICK l-7 
Pitch, .Music Q.J 
Ptzz1 3-40 
PLAY R-22 
PLOT h-4 
POKE 5-h 
POKEII 5-S 
POP l-12 
Position R-8 
POSH 6-6 
Postfix Not1tlon 1-12 
PRF.G S-31 
PRGTOP 3-JR 
PRINT l-13 
Printing Files 5-25 
Printing Files. Editor 4-12 
Printing Text 3-ll 
PROFILE A-IR 
Proqr•,. Comptl•tlon 4-13 
Proqr•• Control Words ~-26 
Prnqr•M Size J.Jn 
Proqr•• Structure l-l~ 
PUll l- 'l 
PUSII l-21 
PUTRLK 7-ll 
PUTC 5-lq 

R 
AEAil 4-14 
R[AOLN ~-11 
REPEAT l-ll 
Return St1ck l-11 
Reverse Scroll 1-l 
Alr.HT$ ~-lA 
RHO :t-10 
ANOR l-10 

[ - l 

-. 

I· 
I' 

I i 
I. 

I! 
I 

I t 

I 



~··· !" .. -,I 
llot1tlon 11-S u E·· ~- ::1 
RUN 5-16 .··o-r IINRllt 7- t4 

s ttNDRIIW 8-17 
UNLJH£ 5-8 E:g:f Sne. Editor 4-10 IINPlOT 6-o· 

1 
SAY£PRG 5-27 UNTIL J-29 
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GraFORTH Word Library Listing 

Word Nalllt After Paqe 

EDIT •·? 
lo,.ds rr0111 dhk ( H necuurv) and runs the appropriate text 
editor. 

ELSE 3-27 
Separatt.s the two controlled areas tn an IF - El~E - THEN 
construct. 

EMPTY • y - 5-ft 
Er•••s 1 rtctanqular area from the last plotted ~otnt to (x,yJ. 

ERASE 
Erases ~oth graphics screens. 

EXMODE • • • 5-IQ 
C1uses plotted pntnlt to turn on corresponding screen locations 
that are ofr, and turn orr locations that are on. 

FilL a 'I • fi-'4 
Fl lls 1 recUn'IUlll' uoa from the lut plotted point to (ll,.y), 

FORGET 3-17 
Truncates the GraFORTH library back to the word that follows 
FORGET. 

GETC n • s.zn 
Gets 1 stnglt charlcter fr01 the keyboard, plactnq tts ASCII 
value on the stack. 

GETKEY , n • 5·20. 
Rtads the ll:tyboard "tthout watttn~, returnt'ng an ASCII ulllt, 
Values over 1?.8 are Yllld, Should be followed bV CLRK£Y,· 

GETNUM 1 • n • 5-14 
Converts te•t strtnq at address 1 Into a nu~r. Unsuccessful 
conversions retum 0. · 

APPENDIX A: WORD liBRARY liSTING A • 6 
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GraFORTH Word Library Listing 

Word N11111 Rernrt 

GPEEK x v • n • ~-12 
Eumtnes potnt It screen coordtnatfS (l •. Y). n Is nonuro If 
point ts turned on, or 0 If point Is turned off. 

GR 3-3R 
R~Pstabllshes no~1 r.raFORTH fnput and output, and stts tht 
qr~ohlc dlsolay mode. 

HEX 
Sets nulllher tnput and uutput ·to hue lfi. 

HOME ~-• 
£rases the scretn fnslrle the text wfndow and sets HTAR and YTAR 
to the upper 1ert corner or the wtndow. 

HTAB h • • - -
SP.ts the col""'" for suh~P.quent print tnq, 

5-l 

n • 
Returns the current tnn•!rfiiOst loop va1ue. 

IF n • 3-25 
If n Is nonzero, words hetwten IF and THEN (or IF' 1nd ELSE) 1re 
executed, otherwise Pxecutlon continues after TH(N (or betwern 
ElSE and TIIEH). 

INVERSE 6-9 
COMP1~nts the color for a11 text and 'raohfcs dfsplays 
(tnclu~tng black-on-white text). 

J n • • 3-20 
Returns the 1oop value for the next outer loop. 

K n • 3-21 
Returns tht 1oop value fnr the thtrd outtr 1oot». 

LINE )I 'I -
Draws 1 1tne frOM t~f! lest plotted pofnt to (l,'/). 
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GRAFORTH MANUAL ERRATA 

As with any manual as comprehensive as GraFORTH's. a 
few •bugs" managed to creep past our editors. 
Please make note of the following changes: 

PAGE 

3-23 

3-31 

4-12 

8-17 

CHANGE 

The last paragraph is inaccurate. The 
bitwi.se ·AfrO of some nonzero numbers 
will produce a zero result. However. 
the word AN~ is usually used with 
number comparisons that yield a 1 or 
0. If both the top stack value and 
the second stack value are 1 
(represen~ing •true•) then the AND of 
the two n~mbers will also be 1. If 
either or both numbers are zero. then 
the AND will be zero. 

The BEGIN ••• WHILE ••• REPEAT diagram has 
the •0 and <>O reversed. The text for 
this section is correct. 

The fifth paragrap~ should refer to 
Appendix B. not D. 

The word OFF does not immediately 
erase the currently selected object. 
It causes the next DRAW command to 
erase the object.·without redrawing 
it. Subsequent commands to the object 
wll redraw it. The following exaPple 
erases a 3-D object: 

Ready 3 OBJECT OFF DRAW 

I • 


